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MEMARLIQ

APXUTEKTYPA i ARCHITECTURE

http://doi.org/10.58225/sw.2023.2-5-9
HEYDOR OLIYEVIN AZORBAYCAN MEMARLIQ IRSININ QORUNMASINDA ROLU

Abdullayeva Nigar Azar qizi— doktorant, Memarliq konstruksiyalar1 vo abidalorin barpasi
kafedras1, AzZMIU, aliyeva_88@hotmail.com

Annotasiya. Umummilli lider H. Oliyevin hakimiyyatda oldugu dévrlords, mohz birbasa soylori
naticasinda tarixon tosokkiil tapmis Azarbaycan soharlorinin borpasi vo qorunmasi istigamotinda
zoruri tadbirlor goriilmiisdiir. Onun miixtolif illords verdiyi miivafiq formanlari ilo Bakida Igarisohar,
Susa, Soki, Ordubad sohorlori, Bakinin Nardaran kondi,Gancodo Nizami Goancavinin Magbara
Kompleksi, Ismayilli rayonunun Lahic gesobosi, Qax rayonunun ilisu vo Soki rayonunun Kis
kondlori, Ordubad rayonundaki Qaragay cayimnin vadisi, Ciragqala vo godim Sabran qoruq elan
edilmisdir. Azorbaycanin qadim sohorsalma ononalarini éziinde oks edon 2000-ci ilda Igarisoharin
Sirvangahlar Saray Kompleksi va Qiz galasi ilo birgo YUNESKO-nun maddi irs siyahisina daxil
edilmasi do boyiik tarixi hadiss idi.

Acar sozlar: memarliq abidalori, modani irs, rekonstruksiya, milli 6ziinomoxsuslug, memarliq obrazi

HAYDER ALIYEV'S ROLE IN PROTECTING AZERBAIJAN ARCHITECTURAL
HERITAGE

Abdullayeva Nigar Azer- PhD student, department of Architectural Constructions and Restoration
of Monuments, AzUAC, aliyeva_88@hotmail.com

Summary. During the reign of the national leader H. Aliyev, the necessary measures were taken
towards the restoration and protection of Azerbaijani cities, which had historically developed as a
result of his direct efforts. According to the relevant decrees issued by him in different years, the
cities of Icherisheher, Shusha, Sheki, Ordubad in Baku, the village of Nardaran in Baku, the Nizami
Ganjavi Mausoleum Complex in Ganja, the Ordubad region, Chiraggala and ancient Shabran are
declared reserves. In 2000, taking into account the ancient urban planning traditions of Azerbaijan,
the OId City was included in the UNESCO list of tangible heritage along with the Palace Complex of
the Shirvanshahs and the Maiden Tower.

Keywords: architectural monuments, cultural heritage, reconstruction, national identity, architectural
image

Giris. “Xalg bir ¢ox xiisusiyyatlori ilo tanilir,sayilir va diinya xalglar icarisinda farglanir.Bu
xtisusiyyatlordan an yiiksayi,on boyiiyii madaniyyatdir” [1]. Bu qiymatli sozlor Azarbaycan xalqmnin
dahi oglu, diinya soviyyali siyasatci, Ulu Ondorimiz Heydor Sliyevo moxsusdur. Azarbaycan xalqimin
moadoaniyyati, tarixi vo madani irsi haqqinda ¢ox fikirlar s6ylonilib vo bundan sonra da sdylanilocak,
lakin Heydar Oliyevin dediyi kolamlar insanda 6z qadim modaniyystine hdrmaot va hadsiz qiirur hissi
asilayir. Xalqinin madani vo memarliq irsinin miihafizasi bu dahi soxsiyyatin daima diggstinds
olmusdur.

Umummilli lider H.9liyevin hakimiyyatds oldugu dévrlords, mohz birbasa soylori naticasindo
tarixon tosokkiil tapmis Azarbaycan soharlarinin barpasi vo qorunmasi istigamatinds zoruri tadbirlor
goriilmiisdiir. Onun miixtolif illordo verdiyi miivafiq formanlari ilo Bakida Icarisohor, Susa, Soki,
Ordubad goharlori, Bakinin Nardaran kondi,Goncada Nizami Gancavinin Magbara Kompleksi,
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Ismayilli rayonunun Lahic qosabosi, Qax rayonunun ilisu vo Soki rayonunun Kis kendlori, Ordubad
rayonundaki Qaragay ¢ayinin vadisi, Ciraqqala vo gadim Sabran qoruq elan edilmisdir. Azarbaycanin
zongin tarixini 6ziindo oks etdiron godim soharlordon biri do Baki qalasi -igarisohordir. igarisohorin
Qoarb gapisindan daxil olan kimi Sirvansahlar Saray1 minara va giinbazlarinin azomati ilo diggstinizi
¢okacakdir. Sirvan hokmdarlarinin igamatgahi olan Sirvansahlar Sarayi, godim sohards dominant rol
oynayir.

VI asrdon XV1 asra gadar méveud olmus Sirvansahlar dovloti hokmdarlarinin agilli va diizgiin
siyasati naticasinds min il yasaya bilmis, yalniz Sirvanin deyil, biitiin Azarbaycanin madani, ictimai-
igtisadi, siyasi cohatdon inkisafinda ovoazsiz rol oynamisdir.1191- ci ilodok Samax1 sohorinds yerlogon
paytaxt giiclii zalzalo noticasinds dagildigdan sonra Sirvan dovlatinin igamatgahi Baki soharing
kociirtilmiis vo Saray binasinin insasina baslanilmigdir. XIV- XV asrlords iss sarayin orazisi daha da
genislondirilorok miixtalif funksiyali tikililor insa edilmisdir. Kompleksin Yasayis binasi, Divanxana,
Seyid Yohya Bakuvinin tiirbasi , Key Qubad mascidinin galiglari, Sultan Murad darvazasi, Ails
tiirbasi, Sah mascidi va Saray hamami dovriimiizo gadar galib ¢atmis vo Qiz Qalast ilo birge 2000-ci
ildo UNESCO-nun “Diinya Moadoni Irs Siyahis1” na daxil edilmisdir. [1]. Bunun 6ziido bdyiik tarixi
hadiss idi.

Sakil 1. “Saray” hamami [7] Sakil 2. “Sirvansahlar” kompleksi [7]

Metodlar. Azorbaycanin miixtalif gohar vo kondlorino sofori zamani Heydor ©liyev daim
oradaki memarliq vo madaniyyat abidalarinin vaziyyati ilo maraqglanir, tarixi abidalors xiisusi digqqat
va mohabbat ilo yanasirdi. Bununla dahi liderimiz bu giin ki gonc nosilo sanki bildirirdi Ki, tarixin
osas dasiyicilari arxivlards saxlanilan gadim yazilirla barabar, yasi min illiklorls lglilon memarliq
abidalarinimizdir. Belo abidalordon biri do Ganca soharinda yerlason Nizami Gancavinin Magbora
Kompleksidir.

Sakil 3. Nizami Gancavinin mazari 1947 il (Handan kondi,indiki ©9hmadli kandi-Ganca s.) [2]

Molumdur Ki, vofatindan sonra Nizami Goncovi ata-baba yurdunda dofn edilmis vo mozari
tizorinds tiirba tikilmisdir. Miitoxassislorin fikrincs ilk tiirbonin tikintisi XI-XI1V asrloro aid edilir.
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Yeni mogbora isa II Diinya miiharibasindon sonra 1948-ci ildo Vakutinin layihasi osasinda
ucadilmigdir [2].

Miizakira. 1990-1991-ci illordo Heydar ©liyevin tagobbiisii ilo magbara Nizami Gancavinin
850 illik yubileyi orofasindo yenidon qurulmusdur. Azarbaycanin omokdor memar: F.
Imamverdiyevin layihasi osasinda ucadilmis mogbora Azarbaycanin XII osr memarliq iislubunda
tikilmis monumental memarliq asaridir. 1995-ci ildo Nizami Gancavinin Magbara Kompleksinin
yenidon barpa olunmasi hagda Serancam mohz Ulu Ondoarimiz tarafinden imzalanmisdir. Magbars
kompleksinin tiirbasi sairin “Xomso” sino daxil olan asorlordon bohs edon heykoltorasliq
kompozisiyasi, siini gél, bes buta, bes ¢arhovuz daxildir. [3].

Sakil 4. Nizami Gancavinin magborasi [2] Sakil 5. Nizami Gancavinin heyksli— Roma [2]

Heydor Oliyev 24 may 2000-ci ildo dahi sair vo miitofokkir Nizami Goncavinin mogbarasini
ziyarot edorok demisdi: “Nizaminin moagbarssinin qorumaq bizim miiqaddas vozifomizdir...Onun
yazdigr oSarlor diinyada mohsurdur. Tasovviir edin, 850 il bundan 6nco bu gador boyiik osarlor
yaratmag ! Bu asarlar tokca seirdan ibarat deyildir, onlarin har birinds boyiik elm var, boyiik falsafo,
dahi fikirlor var. Buna gérodo onun asarlarids yasayir, 6zidos yasayir” [1].

Hal hazirda Azorbaycan Respublikasinin Prezidenti, miizoffor Ali Bas Komandan ilham Oliyev
Ulu 6ndorin siyasatini, onun Azorbaycan memarliq irsininin qorunmasina gostordiyi qayginit davam
etdirorok Nizami Goancavinin 870 illik yubileyi arafosindo  Magboro Kompleksinds genismiqyasl
tomir-borpa va abadliq islorinin aparilmasi haqqinda saroncam imzalamigdir. Bu da milli memarliq
ononlarinin qorunmasi vo yeni nasillors 6tiiriilmasi igiin oldugca vacib shamiyyat kosb edir. Bununla
birgo XII asrin gorkomli sairin vo miitofokkirin abidasi Azarbaycan Prezidentinin soroncami ilo
Italiyanin paytaxt;, Roma sohorindo Villa Borghese parkinda, Viale Madame Leticia orazisindo
ucadilib. Abidonin miialliflori Azarbaycan Respublikasinin xalq roessami Salxab Mommodov vo
heykaltoras Oli Ibadullayevdir. Layiho, Roma sohorin Hokumatinin tarix va incasanat iizro komissiya
torafindon tosdiglonmisdi.

Daha bir gérkomli sairin magbarasindan bohs etmok istadikdos yadimiza XVIII asr Azarbaycan
sairi, moshur siyasi vo ictimai xadim, Qarabag xan1 Ibrahimxalil xan Cavansirin bas voziri olmus
Molla Poanah Vagifin muzey- mogbara kompleksi diisiir. Molla Ponah Vagqifin muzey-moagbara
kompleksinin ingasina memar A.V.Salamzads vo E.I Kanukovun layihosi osasinda 1977-Ci ildo
baglanilmisdir.

Kompleksin agilisi 1982-ci ilin yanvarinda bas tutmusdur. Kompleks Susa sohorinin moshur
yerindo- Cidir diiziino yaxin bir orazido boyiik sairin mozar iistiindo insa edilmisdir. Magbora
dordkiinc qurulusa malikdir vo marmorlo bazadilib. Burada Vagqifin Susa hoyatini oks etdiron dovro
aid olan soksono yaxin eksponat da sorgilonirdi. [5]. Sairin tiirbasinin insas1 masalasi hall edilorkan,
otrafdaki dag monzorasi vo gohorsalma xiisusiyysti nozoro alinmig, Azorbaycanin milli memarliq
qurluslarindan olan qiillovari tiirbalorinin kompozisiya qurulusundan istifads edilmisdir. Tiirbanin
ingasinda mialliflorin xalqg memarliginin yerli ananalorina, monumental-dekorativ va totbigi plastika
vasitolarina genis miiraciat etmolori diggsti calb edir.


https://az.wikipedia.org/wiki/XVIII_%C9%99sr
https://az.wikipedia.org/wiki/Az%C9%99rbaycan_%C5%9Fair_v%C9%99_yaz%C4%B1%C3%A7%C4%B1lar%C4%B1n%C4%B1n_siyah%C4%B1s%C4%B1
https://az.wikipedia.org/wiki/Az%C9%99rbaycan_%C5%9Fair_v%C9%99_yaz%C4%B1%C3%A7%C4%B1lar%C4%B1n%C4%B1n_siyah%C4%B1s%C4%B1
https://az.wikipedia.org/wiki/Qaraba%C4%9F_xanlar%C4%B1n%C4%B1n_siyah%C4%B1s%C4%B1
https://az.wikipedia.org/wiki/%C4%B0brahimx%C9%99lil_xan_Cavan%C5%9Fir
https://az.wikipedia.org/wiki/V%C9%99zir
https://az.wikipedia.org/wiki/T%C3%BCrb%C9%99
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Vagqifin tiirbasinds badii memarliq fikrinin son daraco aydinligi vo kompozisiyanin mantiqi
sadaliyi konstruksiya va badii suratinin ahangdarligi alds edilmisdir. Sairin abidasi kompozisiyanin
tamlig1 vo formalarin plastik zonginliyi ilo do forglonir. O, planda kvadrat sokilli, asagis1 bir gadar
genis, oturacaq soklinds olan xaricdon qirmizimtil Qarabag mormari ilo tizlonmis hiindiir biircdiir.
Tiirbonin oturcagmin ii¢ torafindon basqga biitiin fasadlarin hiindiirliiyii boyunca anodlasdirilmis
aliminium soboka ilo ortiilmisdiir [5].

Sakil 6. Molla Panah Vagifin muzey-magbora kompleksi, Heydor Sliyev Susada 1982 ci il [5]

Tiirbanin sohoro baxan torofi tosirli bastag gorkomi ilo nozars garpir. Bastagin atqisinda ag
moarmordon boyiik horflorlo sairin adi hokk edilmisdir. 18 metr hiindiirliikde ag moarmar salonun
morkazinds sairin qobri tizarinds gara marmordan sanduge qoyulmusdur. Tiirbonin daili memarlgina
is1q vo hava hopdurulmasi va heykaltoras A. Mustafayevin isi olan gabartmanin alavs edilmasi sairin
abidasini daha da zanginlosdirmisdir. Girise yonoaldilmis gabartma heykal interyerin miqyast ilo yaxsi
uygunlagdirilmigdir. Sobakalordan siiziilon isiq siialar1 insanda dinamik isiq vo kolga strukturlu daxili
mokan haqqinda nahanglik, tomtoraq vo romantik cosgunluq kimi xos duygular oyadir. Tirbonin
konstruksiya holli monolit domir-beton karkasa osaslanir. Bozok vurmaq tiglin yalniz yerli ingaat
materiallarindan istifado edilmisdir. Mioalliflor Azarbaycanin biirclii tiirbolorinin kompozisiyal
tortibati ononalorini davam etdirmislor. ©nonadon forgli olaraq qiillovari abidonin giinbazlo
qurtarmamasi, imumi kompozisiyanin miasir badii hollini tapmigdir. Glinbaz avazino yastt domir-
beton &rtiik layihoalosdirilmisdir. Ortiiyiin yanlarindan c¢ixint1 amalo gotiron yiiksok sdykonacoklar,
fasadlarin zorif aliiminium gobakalori ilo saquli kompozisiyada xiisusi yiingilliik, milli xiisusiyyat vo
ugus toassiiratt yaradir [6].

Gozal tobiot monzarasi ils tosirli tozad toskil edon, iri miqyaslh abidovi kompozisiyasina goro
yadda galan, daqiq va tasirli silueto malik abids ustaligla gozal dag monzarasine daxil edilmisdir.
Yiiksok pesokar soviyyoado hazirlanmig Vagqif tiirbasi qoruq sohar olan Susanin memarlq tislubuna
yeni bir nofos gotirmis gozol abidadir. Kompleksin insast dord ilo yaxin davam etmis vo o dovrdo
Qarabagda mosul vazifolordo ermoni rohbarliyinin maneslorine baxmayaraq yanvar aymnin 14-dos
acilis morasimi kecirilmisdir vo agilis marasimindo Ulu Ondor Heydar Oliev soxson istirak etmisdir

[4].

Qeyd etmoak isdordimki uzun miiddat Ermonistan Silahli Qiivvalari tarafindon Susa soharinin
isgal edilmasi naticasinds kompleksin binasi vo burada sargilonan onlarla eksponat mohv edilmis,
aparilmasi miimkiin olanlar1 iso dagimusdir [5]. Voton miiharibasindan sonra ilk dofo Susaya 2021-
ci ilin 14 yanvarinda— Vaqifin mogbarasinin agilisinin kegirildiyi giindon diiz 39 il sonra goldiyini
deyan Prezident [Tham Bliyev bildirib ki, bunun da bdyiik romzi manasi var idi va ilk gostorislordon
biri do 0 oldu ki, Vaqifin magbarasi barpa edilsin: “Yanvar ayindan bu giins godar, 7 ay orzinds artiq
¢ox boyiik islar goriiliib vo Susaya ikinci-tiglincii dofa golonlar bunu goriir.


https://az.wikipedia.org/wiki/Qaraba%C4%9F
https://az.wikipedia.org/wiki/Ba%C5%9Fta%C4%9F
https://az.wikipedia.org/wiki/G%C3%BCnb%C9%99z
https://az.wikipedia.org/wiki/%C5%9Eu%C5%9Fa

Elmi asarlar, Memarlq Scientific works, Architecture, 2023, N2

AR

i,
&
|
€
&

® O
03
L

L X e

NS
KKS
W

*
A
.o

\g

A
¢
\J
AT A

*
o
S
A

»
o
O

»

Sokil 8. Heydor Oliyev vo ilham Bliyev, ilham Bliyev Susada 39 ilin kegmisi vo bu giinii [5]

Dovlat baseist ¢ixisini bu sozlarls bitirib: ©ziz dostlar, toxminan 40 il bundan avval, bax, bu
yerdo atam durmusdu, mon iso o torofdo durmusdum. Saxtali-qarli havada Vaqifin mogbaorasinin
acilist idi. sokil 8,9. Ondan sonra ikinci dofs 1982-ci ilin iyul ayinda— iyulun 29-da atamla barabar
ikinci dofa Susaya golmisdim. O vaxt Vaqif Poeziya Giinlori kegirilirdi. Bu giin ise ikinci dofa Vaqifin
magbarasinin agiligini biz qeyd edirik. Vaqif Poeziya Giinlori kegirilorkon atamin 59 yas1 var idi. Bu
giin monim 59 yasim var. Bozilori hesab edo bilor ki, bu, tosadiifdiir. Ancaq mon hesab edirom ki,
burada boylik romzi mona var, tarix tokrarlanir. Azarbaycan tarixinin qara sohifasi artiq arxada qald:
va yenidon biz nofos almaga baslamisigq.

Dovlot baseist qeyd edib ki, Vaqifin magbarasi iggal edilmis torpaqlardak: biitiin digor tarixi
abidalorimiz kimi ermani vandalizmino moruz qalib. Bu giin iso magbara tam barpa edilib va ikinci
acilist olub. Biz gonc todqigatci-memarlar olaraq dahi soxsiyyst Heydor ©liyevin qodim memarliq
irsimizin mihafizosi tiglin foaliyyatini 6rnok alib, milli memarliq snanslorinin yagamasini, elmi
cohoatdon dyranilmasini, aragdirilmasi vo yeni memarliq carayanlarina salis inteqrasiyasini belalikloda
diinya miqyasinda daha da taninmasi vo yadlar torofindon 6ziiniinkiilosdirilmodon qorunmasini
tominindoa alimizdon goloni etmayi ali borc bilmaliyik.
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TARIXI SOHOR IRSI MUHAFIZOSININ CAGIRISLARI VO SOHORSALMA
INKISAFINA INTEQRASIYASI —- BAKI SOHORININ NUMUNOSINDO

Okbarli Aytac Sadraddin qiz1 — doktorant, Memarliq konstruksiyalari vo abidalarin barpast
kafedrasi, AzMIU, aytajakberli@gmail.com

Annotasiya. Mogalods Bakinin tarixi sahar irsi konteksti ¢argivasindo movcud istifads vo inkisaf
cagirislarinin imumi, lakin miixtalif aspektloro dayannan tohlili aparilmisdir. Todgigat prosesinds
Baki gohorinin tarixi, memarliq, soharsalma strukturu, landsaft, funksionalliq vo ya ictimai yaddas
noqteyi nozardon ohomiyyatli, lakin bilavasits tarixi sohor morkozi hesab olunmayan orazilori asas
gotlirtilmisdiir. Soziigedon orazilorin bir gqismi miiasir istismar toloblorino cavab vermass do vo ya
miasir sahar inkisafinda mohdudiyyst kimi goriilsa do, har birinin ayri-ayriligda 6ziinamoXsus
kimliyinin oldugunu nazars aldigda, bu kimliyi hamin orazilorin potensial inkisafinda xiisusi
yanagmalar1 tomin etmok ii¢iin bir aloto ¢gevirmok miimkiinliiyii geyd olunmusdur. Tohlillorin naticasi
olaraq, tarixi irs arazilorinin soharin inkisafina inteqrasiyasi yollari tizra tokliflor irali stirtilmiisdiir.
Notico olaraq iso, tarixi kontekst vo yeni inkisafin qarsiligli oalageds ola bilacayini vo onlarin
rolununun qarsiligh sokildo moéhkamlondirmak iigiin xiisusi, obyektiv vo ¢oxsaxoli yanasmanin
totbiqi zoruriliyi geyd edilir.

Acar sozlar: memarliq, soharsalma, sohor inkisafi, ¢agirislar, sohor irsi, memarliq irsi, abidalor,
barpa, yenidanqurma, konservasiya

HISTORICAL URBAN HERITAGE PRESERVATION CHALLENGES AND ITS
INTEGRATION INTO URBAN DEVELOPMENT - IN THE EXAMPLE OF BAKU CITY

Akbarli Aytaj Sadraddin — PhD student, department of Architectural Constructions and
Restoration of Monuments, AzZUAC, aytajakberli@gmail.com

Abstract. In the article, a general but different aspect analysis of the current use and development
challenges within the context of Baku's historical urban heritage was made. In the research process,
the areas of Baku city that are important from the point of view of history, architecture, urban planning
structure, landscape, functionality or public memory, but which are not directly considered the
historical city center, were taken as a basis. Although some of the mentioned areas do not meet the
requirements of modern utilization or are seen as a limitation in future urban development,
considering that each of them has its own unique identity, the possibility of turning this identity into
a tool to ensure special approaches in the potential development of those areas was noted. As a result
of the analysis, proposals were put forward on ways to integrate historical heritage areas into the
development of the city. In conclusion, it is noted that the historical context and the new development
can interact and the need to apply a special, objective and multifaceted approach to mutually
strengthen their role.

Keywords: architecture, urban planning, urban development, challenges, urban heritage,
architectural heritage, monuments, restoration, reconstruction, conservation

Giris: Miiasir dovrdo sohorlor urbanizasiya prosesi vo dinamik inkisafla paralel iglim
doyisikliyi, otraf miihitin miihafizosi, nogliyyat vo miihondis-kommunikasiya infrastrukturu
problemlori, bazar iqtisadiyyatinin taloblori, kiitlovi turizm kimi 6ziinomoxsus ¢agirislarin tozyiqi ilo
qarsilagirlar. S6ztigedon ¢agirislardan biri do, tarixan tosokkiil tapmis sohor markazlarinin va sahar
irsinin idara edilmasidir ki, bu da 6z novbasinds daha diigiiniilmiis vo strateji yanagsmanin totbiq
edilmasini talab edir. Sohar markazi dedikdo, bir qayda olaraq onlarin inkisafinin baslangic noqtasi
hesab olunan, hom memarliq, ham ds ictimai cahatdon shomiyyat kasb edon tarixi vo cografi morkozi
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osas gotirtliir. Lakin, miixtolif dovrlar arzinds saharlorin inkisafi vo {ifiiqi genislonmasi naticasinda
0z funksiyasi va shamiyyatina gora farglonon markazlorin say1 arta bilar.

Bununla bels, «tarixi sohar morkazi» anlayisindan forqli olaraq, «sohar irsi» daha genis sohar
kontekstini va onun cografi, sosial vo madani mokanini shats edir. Bu kontekst gar¢ivasinds inzibati,
ictimai vo turistik morkoz ilo yanasi bilavasito moarkozds yerlosmayan, lakin ham tarixi, ham
soharsalma inkisafi noqteyi-nazarindon, habelo sakinlorin, olalxiisus da yerli icmalarin six
moskunlasdigi, madani vo sosial aspektdon bagli olduqlart arazilori nazords tutmaq miimkiindiir.
Sohar irsinin qorunub saxlanmasi vo idara edilmasi sohorin xarakterini vo kimliyini qorumaq tiglin
miithiim shamiyyat kasb etsos da, siiratlo boyliyan soharlords inkisaf imkanlarini mohdudlasdira bilar.
Tarixi markazlors malik goharlords irsin qorunmasi va inkisaf arasinda inco balans talob edan unikal
problem vo mogsadlori miioyyan etmok lazimdir. Bu halda ortaya belo bir sual ¢ixir: inkisaf yoxsa
konservasiya?

Istonilon tarixi sohor miihitini basa diismok va idare etmok iiciin agar magam sohorin statik bir
abids vo ya binalar qrupu olmadigini, onu formalasdiran vo formalasdirmaga davam edan iqtisadi,
sosial vo madani sferalarda dinamik qiivvalars tabe oldugunu qabul etmokdir. Tarixi kontekst vo yeni
inkisafin qarsiliqh alagods ola bilocayini vo onlarin rolununun qarsilight sokildo méhkomlondirmok
ticlin xiisusi, obyektiv vo coxsaxali yanasmanin totbiqgi zoruridir [1]. Asagida qeyd olunan gagirislarin
holli soziigedon olagonin yaradilmasi vo dayanigli sohor inkisaf baxisi liglin zominin yaradilmasi
baximindan shomiyyat kasb edir (sok.1):

Tarixi irsin kohnalmasi va itirilmasi riski sohar inkisafi ti¢tin on ciddi bir ¢agiriglardan biridir.
Bu risk, bir sohorin koklii tarixi, moadoni Vo memarliq xiisusiyyatlorinin zamanla diizgiin olmayan
istismar vo baximsizligdan, habels antropogen miidaxilalorin naticasinds itirilmasi vo gozlonilmoz
bir sokilds doyisdirilmasi anlamina galir. Eyni zamanda, irsin mithafizasi sahasinda ganunvericiliyin
Vo idaraetma mexanizmlarinin geyri-gonastbaxs olmasi tarixi sohor irsinin kommersiya maraqlarina
uduzmasim siiratlondiron faktorlardan biridir. Tarixi vo modoni irsi qorumagq ti¢iin asash tadbirlor
gotilirilmoadikds, nizamsiz miasir inkisaf soharlorin ruhunu, xiisusiyyatlorini vo cazibasini manfi
istigamatdo doyisdira bilor.

Saharatrafi vo markazi arazilor arasinda inkisaf forqglarini aradan qaldirmaq ti¢iin, sohor
planlasdirilmasi va iqtisadiyyatinin diizgiin togkil edilmosi vacibdir. Tarixi memarliq abidalorinin,
sohar simvollarinin six yerlosdiyi, abadlasdirilmis va calbedici sahor markazi ilo paralel olaraqg, az
inkisaf etmis vo estetik cohotdon zoif orazilor bir ¢ox hallarda ictimai xidmatlordon belo mohrum
qalmagq tizradir va diizgiin infrastruktur ilo tomin edilmomisdir.

Investisiyalarin diizgiin sokildo sohoratrafi orazilorine yonlondirilmosi, infrastrukturun inkisafi,
ictimai xidmatlarin soviyyasinin yiiksaldilmasi, moadaniyyat va aylonca cohotdon cazibali mokanlarin
yaradilmast bu forglori azaltmaga komok edocokdir. Soharin markazi ilo onu shato edon orzilor
arasinda daha balansli bir inkisafi tomin elomok vo yasayis keyfiyyotini yiiksoltmok {igiin bu
addimlarin atilmas1 6namlidir.

Gentrifikasiya istismar dovriinii basa vurmus vo ya estetik cohotdon gonastboxs hesab
olunmayan miayyan orazilorinds yasayis mohallalorinin maddi cohotdon iistiinliik toskil bir qrup
torafindon alinaraq avozinds yeni yasayis vo ya ictimai binalardan ibarat komplekslorin tikilmasi
naticasinda Kirayslorin artmasi vo yerli sakinlorin macburi relokasiyasi ilo miisayist olununan bir
fenomendir.

Sosial yaddasn itirilmasi ilo birlikda, gentrifikasiya masalasi yerli sakinlorin comiyyato vo yera
aid olma hissi, sohorin tarixi vo memarliq irsin itirilmosi baximindan da tohliiko toskil edir.
Gentrifikasiya prosesi zamanla sohar monzarasini doyisdirir, sosial strukturlar1 zsiflodir va yerli
sakinlori macburi kogtirmaklo orijinal madoniyyast morkazlori vo yerli icmalari itirir. Bu da soharin
ruhunu, sosial baglarin1 va toplumun birliyini, adst-ananalarin davam etdirilmasini manfi sokilds
doyisdiroa bilor.

Gentrifikasiya bir ¢agiris olaraq, sohorsalma miitoxassislori, dovlat sektoru va ictimaiyyat {igiin
bir xabardarliq kimi dayarlondirilmalidir. Bu, ictimai naqliyyatin, modoni mokanlarin vo ictimai
infrastrukturun qorunmasi va giiclondirilmasi, yerli is¢ilorin vo sanatkarlarin dostoklonmosi, madani
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morkazlorin vo toskilatlarin saxlanilmasi vo yeni madoniyyat inkisafi vo kigik lokal biznes
tosobbiislorinin dastoklonmasi ila hayata kegirils bilor.

Nizamsiz vo dinamik sohar inkisafi xiisuson siiratlo inkisaf edon sohorlorin rastlasdigi
problemlardon biridir. Yiiksok sixligli tikintilarin soharda geyri-miitosokkil paylanilmasi, saharsalma
norma vo qaydalarina, habelo orazi planlasdirilmasi parametrlorina riayst olunmamasi naticosindo
tarixi irs zonalarinda tosadiifi vo parakondas sokilda yerlosdirilmis, tislub va hacmina goérs yerlosdiyi
orazi ila koskin uygunsuzluq toskil edon binalarin artmasina gatirib ¢ixarir va soharlords, xiisuson do
sohar irsi orazilorinds vizual ¢irkliyiyin biraz daha artmasi ilo naticalonir. Nozars almaq lazimdir ki,
bu ciir yanlis hallar soharin imumi manzarasinds geri doniisii olmayan naticalors gatirib ¢ixarir.

Bu halda, soharsalma miitoxassislori, homginin dovlst vo 06zal sektor {i¢iin daha sort
tonzimlonmas mexanizminin yaradilmasi zorurati ortaya ¢ixir. Nizamsiz inkisaf ictimai infrastrukturun
va xidmatlorin zaif oldugu bolgalords nogliyyat sixintilari, tohliikali mokanlarin artmast vo somarali
miihitdon mohrumlug kimi problemlora sobab olur. Bu, sshorin yasayis keyfiyyatini vo inkisaf
potensialini kaskin sokilde mahdudlasdirir.

Kohnalmis miihandis tachizati infrastrukturu sohorlorin yasayis keyfiyyati baximindan
tohliiko yaratmaqdadir. Kéhnalmis infrastruktur ayri-ayri tarixi binalarin istismar keyfiyyatini asagi
salmag, hotta onlara ziyan vurmagla barabar, tarixi orazilordo onlarin yenilonmasi vo ya yenidon
cokilmosi daha miirokkob bir icraat talob edir. Bundan slavs, tarixi binalarinin konstruksiyasi vo daxili
planlagdirilmasi1 oksor hallarda miiasir miithondis kommunikasiya sobakalarinin (enerji tochizati,
havalandirma, su-kanalizasiya sabokasi) qurasdiriimasinda mahdudiyyatlor yaradir.

Artan nagliyyat talabati vo avtomobillosmo soviyyasi daimi tixaclara sobab olaraq, soharin
miixtolif hissalorinin bir-birins slgatanligini vo tarixi-cografi morkozdon forqli sohar irsi zonalarinin
calbedicilik imkanlarini moahdudlagdirir. Bu moagamdan ¢ixis yolu, yiiksok Sarnisindasima
gabiliyyatino malik ictimai naqliyyat sistemini giiclondirmak tigiin ciddi tadbirlorin goriilmasidir.
Moveud metro naqliyyat sistemi yiiksok Sornisindasima gabiliyyati ila ictimai nogliyyatin asas rolunu
davam etdirocok. Lakin, metro tikinti xarclorinin yiiksok olmasi va tikinti miirokkabliyindon alternativ
ictimai noagliyyat layiholori, mosalon, tramvay sistemi sohor daxilinds siiratli, tohliikasiz, tomiz vo
rahat bir nagliyyat tacriibasini tomin eds bilar.

Miizakira: Yuxarida qeyd olunan c¢agirnislarin kompleks sokildo giymotlondirilmasini
apardirqda “Tarixi sohor irsinin idaro olunmasi ii¢lin hansi yeni idaragilik vo maliyya alstloring
ehtiyac var?”, “Soharlorin kimliyini neco qoruyub saxlaya vo giiclondira bilorik?”, “Saharin
miihafizasi yerli icmalarin ehtiyaclarina neco Xidmat eds bilor?”, “Sahar irsini gorumagla paralel onun
inkisafa inteqrasiyasina neca nail olmaq olar?” kimi suallar ortaya ¢ixir.

Sohorsalma inkisafi ilo yanasi irsin miihafizasi mosalosine Baki sohorinin niimunasinds
baxdiqda, burada soziigedon kontekst ¢orgivosindo miixtolif potensial inkisaf istigamatlorini geyd
etmok olar. Miixtolif tarixi dovrlorin vo memarliq Uslublarinin vohdsti Bakinin simasini
formalagdiran, onun kimliyini miioyyanlagdiran bir amilo ¢evrilmisdir. Bu miixtalifliya kompleks
sokildo yanasmagqla, onu fiirsato ¢evirmoklo paralel, strateji miihafizo todbirlorinin gériilmasini do
tomin etmak zoruridir.

Cox qisa miiddatds miixtalif inkisaf yollarindan kegmis vo giiniimiizdo do dayanmadan inkisaf
edon Baki sohori irsin miihafizasi vo idars olunmasi kimi masalslorin dayarlondirilmasi noqteyi
nazardoan unikal bir niimunadir. Burada biz gadim igarisohordon tutmus, ilkin neft kapitalizmi dvrii
irsing, konstruktivizm caroyanindan sohorin simvollarina ¢evrilmis miistaqillik dovriiniin miasir
memarliq niimunalorine kimi miixtalif istigamot vo islublarin six sokildo “qonsuluq” etdiklarinag
sahid ola bilarik. Bunlara niimuns olarag, XI1X asrin sonu XX asrin avvallorinds asasi qoyulmus
“bayir gohor” - tarixi forstadt ilo paralel formalasaraq six moskunlagmis yasayis mohallolorini
(masalan, “Sovetskaya” vo “Kubinka” kimi tanian orazilor), Bakinin sohorsalma inkisafinin asas
katalizatoru olan neft sonayesinin tarixi ilo bilavasito olagoali olan arazilori (Sobail, Xatai, Sabungu
rayonlarinda istifadosiz fabrik binalari vo s.), XX asrin ikinci yarisinda aktiv sokildo foaliyyot
gostorarok oOlkonin iqtisadiyyati iiglin boyiik ohomiyyat kosb etmis kegmis sonaye zonalarini
(masalon, “Ulduz” vo “Bakmil” metrostansiyalarini ohato edoan orazilor), 1930-60-c1 illor arasinda
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formalasmis nizamli yasayis kvartallarini, habela funksional va “yasil” mikrorayonlar1 qeyd etmok
olar.

Soziigedon arazilor istismar keyfiyyoti baximindan timumilikds gonastboxs hesab olunmasa da,
orada yerloson bir sira tarixi memarliq abidolori, habelo abido statusuna malik olmayan, lakin
memarliq vo sohorsalma strukturunda yeri noqteyi nozardon segilon binalar vo hamg¢inin yerli
sakinlorin yaddasinda tutdugu xiisusi yer (aidiyyat hissi, qonsuluq alagalori, adst-onanalar va s.) bu
orazilori saharin ayrilmaz bir hissino ¢evirmisdir. Yuxarida qeyd olunan arazilorin hor birinin ayri-
ayriliqgda 6ztinomaxsus Kimliya sahib oldugunu nazars alaraq, onlar1 sahar irsi zonasi kimi qabul
edorak, bu kimliyi onlarin potensial inkisafinda xiisusi yanasmalar1 tomin etmok ti¢iin bir aloto
cevirmok miimkiindiir. Nozoro almaq lazimdir ki, zamanla kéhnolmis vo istismar dovriinii basa
vurmus tikililor, slverissiz infrastruktur, mohdud miiasir istifado imkanlari, kommersiya maraqlarina
uduzan orijinalliq, homg¢inin, tarixi orazilords istonilon miidaxilo Vo yeni yanasmaya ictimai
miiqavimat, yerli kontingent ils raziligin alds edilmasinin galizliyi, habels barpa va yenidonqurmanin
yeni tikintilora nisbatdo uzunmiiddatli vo hossasliq tolob edon, miirokkab icraati sohar irsinin
idaragiliyinds baslica ¢atinliklordon biridir.

Biitiin bunlara baxmayaraq, sohar irsi orazilorinin tarixi kimliyi, memarliq-soharsalma, habelos
sohor sakinlorinin sosial yaddasi baximindan shomiyyati, omlak bazarinda yerlosdiyi oraziloro
miivafiq deyari sohar inkisafinin maraqli toraflori tiglin bir sira fiirsat va imkanlari taqdim edir. Misal
olarag, geyd olunan amillari prioritet gotiirorok edilon uzunmiiddatli investisiyalar naticoasinds bu
orazilorin hom turizm potensiali, hom do amlak doyari gat-qat yiiksalocokdir. Zoruri hissalords
arazinin badii-memarliq va hacmi-faza xiisusiyyatlorina, habels strafda yerlagon bina va qurgularin
miqyasina ahangdar sokilds uygunlagdirilacaq yeni tikililar olave etmoklo do, inkisaf vo konservasiya
arasindaki balansa nail olmaq va araziys yeni hoyat vermok olar.

Yuxarida geyd olunanlara misal olaraq, Baki soharinda gohar irsinin qorunub saxlanilmasinin
Vo miiasir istifadoys adaptasiyasinin bir sira gozal niimunoalori méveuddur. Masslan, Sabail rayonu
arazisinda bir zamanlar neft madanlarinin enerji tominati ti¢iin nazords tutulmus elektrik stansiyasinin
binasinin barpa-rekonstruksiya olunaraq Das Salnamo muzeyinin, 6ton asrin avvallarinds Siemenslor
torofindon tikilmis enerji stansiyasinin binasinin oyloncali todbirlorin kegirildiyi “Elektra Events
Hall”, Horbi Deniz Qiivvalarinina aid olmus binanin “YARAT” Miiasir Incosonot Mokani kimi
istifadoys verilmasini geyd etmok olar (sak.1, 2, 3). Bununla da, kegmis sanaye zonasinin miiasir Baki
Bulvariin bir hissasine ¢evrilmis modoni rekreasiya zonasina transformasiyasini miisahido edo
bilorik. Bundan olava, tarixi toponimin barpa olunaraq vs tobii landsaftin qorunmasi sartilo sohar
sakinlarinin istifadasine verilmis Combarokond parki, Rus memari1 A.S.Kandinovun layihasina asasan
1896-c1 ildo insa olumus yasayis binasinda (daha sonra Respublika Travmatologiya xoStoxanasi)
osasli yenidonqurma islorindon sonra acilmis Baki Kitab Morkoazi, konstruktivizm corayaninin
Bakidaki on g6zol niimunslorindon olan “Dinamo” idman saraymin miiasir toloblora cavab veron
mehmanxana olaraq yenidon qurulmasi, habelo Abseron goasalobarindo yerino yetirilmokds olan
regenerasiya islori sohar irsinin qorunub saxlanilmasi, miiasir istifadasi vo sohar inkisafina inteqrasiya
kontekstinds niimunavi islardandir.

Sakil 1. Das Salnama muzeyi [2] Sokil 2. “Elektra” hall [2]
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Sakil 3. “YARAT” Miiasir Incesonot Mokan1

Sahar vo tarixi irs orazilori arasinda sosial, iqtisadi vo fiziki inteqrasiyanin tosviqi yeni
istirak¢ilarin vo funksiyalarin colb edilmasini vo bu integrasiya naticasindo yaranan foaliyystlorin
somoarali sokilda tonzimlonmasini talob edir. Tarixi markozlori olan soharlorin inkisafinda tokco tarixi
miilklara investisiya etmok imkan1 olanlara deyil, saharin biitiin «istifadagilarinay, xiisusilo do yerli
icmalara fayda vermosini tomin etmok {igiin sosial va iqtisadi borabarliys tstiinliik vermolidir. Bu
sobobdon ictimai istirak¢iliga, yoni yerli sakinlorin, icmalarin bu vo ya digor orazilords yerinoa
yetirilmasi nazords tutulan layihalor barads oavvalcadon moalumatlandirilmasi, ray va tokliflorini
vermoalarina imkan yaradilmalidir ki, bununla da sakinlarin hayat vo yasayislarina, hamin yers olan
alagalarino hormatlo yanasmaqla yeni tokliflorin totbigina nail olmaq miimkiindiir. Bunun {igiin do,
ictimai istirak¢ilig1 sohorin tarixi simasini giiclondirmok vo yuxarida qeyd olunan fiirsatlorin yerina
yetirilmasi tigiin iiz tuta bilocayimiz bir alot kimi baxilmalidir. [2]

Natica. Sohorlor dinamik organizmlordir. Diinyada elo bir tarixi sohor yoxdur ki, 6z ilkin,
“orijinal” goriinilisiinii qoruyub saxlasin. Diizgiin yanasdiqda, sahar irsi turizm, kommersiya istifadasi
Vo daha yiiksok torpaq vo amlak dayarlari vasitasilo sosial-igtisadi inkisaf {ligiin katalizator rolunu
oynayacaq Vo bununla da qullug, barpa vo reabilitasiya xarclorini 6domok {igiin golirlori tomin
edocokdir. [1]

Yekun olaraq, tarixi sohar irsinin diizgiin idaragiliyini tomin etmak mogsadila saharlarin tabii,
modani Vo insan resurslariin tam qiymatlondirilmasini hoyata kegirmok, modani irsin qorunmast vo
idaro edilmosi sahosindo normativ-hiiquqi bazanin tokmillogdirmok, sohorsalma miitoxassislori,
dovlat-6zal sektorlar1 va digor maraql taraflorin amokdashigi ilo davamli inkisaf tacriibalorini tosviq
etmok, investorlar ti¢iin sohar irsi zonalarinda xiisusi imtiyazlarin totbiq etmok, sohar otrafi arazilorin
inkisafini tagviq edorok balansi barpa etmok va yerli kigik bizneslorin inkisafina dostok olmagla asrlor
boyu davam edocok yasana bilon, tarixi kimliyini qorumus vo canli gohar mirasi yaratmaga nail olmaq
miimkiindiir.
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VIiZUAL UNSIYYOT SONOTININ TOKAMUL VO TOSIRI, DiZAYN DUSUNCOSI

Badalova Firuzs Tofiq quz1- miiollim, Qrafik vo media dizayni kafedrasi, AzZMiU,
f.padalova.84@mail.ru

Annotasiya. Vizual linsiyyat gozlo gora bilocayimiz straf miihitin vo insanlarin bir-birina harokatlor
vasitosilo Otiirdiilyii molumatdir. Vizual tasvir hal-hazirda olmayan xoyali tosvirin yaratdigi
emosiyadir. Vizual {insiyyat obrazlardan, linsiyystdon vo miisahido yolu ilo alinan informasiya
noviidiir. Vizual informasiya mesaj ¢atdirmaq, emosiya oyatmagq ii¢iin genis istifado olunan tinsiyyat
vasitosidir.Miiasir dovrds faaliyyat sahalorinin bir ¢oxunda vizual iinsiyyat homisokindon daha
onamli rol oynayir. Vizual tinsiyyat vasitasilo kommunikasiya vo grafik dizayn sahslarinin comiyyat
torofindon daha yaxs1 qobul olunmasinin sahidi oluruq. Vizual {insiyyatin miixtolif mokan tiplorinds
tothiq vo tasirini ictimiyyat tarafindon bir manali garsilanmir. Vizual iinsiyyat, isaralor, tipografiya,
rosm, qrafik dizayn, illiistrasiya, sonaye dizayni, reklam, animasiya vo elektron resurslar kimi boyiik
bir sahoni ohato edon (lakin bunlarla mahdudlagmir) ideya vo malumatlarin 6tiiriilmasi ti¢iin: sosial
media, madaniyyat, siyasat, igtisadiyyat vo elm, reklam va video ¢arxlar, todris va tolim, istehsalatda
cixislar vo togdimatlar vo s. vizual {insiyyat mesajlar1 ¢atdiran oyani vosaitlori ohato edir va asas
movgeda durur. Genis aspektdo miixtalif vizual elementlori nozars alaragq molumatlarin Gtiirtilmasi,
elaco do miihiim rol oynamasinin sahidi olurugq.

Acar sozlar: grafik dizayn, isaralar, vizual {insiyyatin, vizual tasvir, illiistrasiyalar, dizayn, loqo

THE ART OF VISUAL COMMUNICATION, ITS EVOLUTION AND INFLUENCE,
DESIGN THINKING

Badalova Firuza Tofig- lecturer, department of Graphic and media design, AzUAC,
f.badalova.84@mail.ru

Abstract. Visual communication is the information that the environment and people transmit to each
other through actions that we can see with the naked eye. A visual image is an emotion caused by an
imaginary image that is not currently there. Visual communication is a type of information received
from images, communication and through observation. Visual information is a means of
communication that is widely used to convey a message, evoke emotions. Currently, in most areas of
activity, visual communication has become more important than ever. Through visual
communication, we are witnessing a better acceptance by society in the areas of communication and
graphic design. The application and effect of visual communication in different types of space is not
perceived as meaningful in society. Visual communication, signs, typography, drawing, graphic
design, illustration, industrial design, advertising, animation and electronic resources for the
transmission of ideas and information covering (but not limited to) a large area such as: social media,
culture, politics, economics and science, advertising and video clips, teaching and training, in
production, speeches and presentations, etc. In a broad aspect, we are witnessing that taking into
account the various visual elements play an important role in the delivery of information.
Keywords: graphic design, design of signs, visual communication, visual representation,
illustrations, design, logo

Giris. Zamanla hadisalorin doyismasinds vizual informasiya (xobar, isars, yazi, cizgi) vasitalori
sosial proseslorin inkisafi fonunda piixtalogorak soraito uygun yerini vo togqdimat tipini tapmalidir.
Comiyyatin inkisafinda isaralordon istifadonin genislondirilmasi piktografik informasiya dilini zaruri
hala ¢evrilmisdir. Bu informasiya formasi matn, nitq, roqomli gostaricilar, informasiyanin tagqdimat
formasidir. Miiasir goharin giindominds duran informasiyani fundamental isaralor nazariyyasi kimi
dork etmok lazimdir. Bu sababdon “memarliq ganunlarinin 6ziinds tozahiir edon xabarin badii estetik
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formada, mokan niimayisindo yerlosdirilmasi ke¢mislo olagoni asanlasdirir”. Vizual {insiyyatin
comiyyatds miihiim rol oynadigi danilmazdir. Vizual {insiyyat zaman-zaman inkisaf etmis vo yeni
ifado formas1 qazanmisdir. Insanlarin tarixi dévriin hor bir morhslosinde vizual {insiyystdon genis
istifadasi madii monbolords oksini tapir. Vizual insiyyat miiasir comiyystds vacib funksiya dasiyan
vasitolordondir. Qadim tarixo malik olmasina baxmayaraq, hal-hazirda diinyada aktualligimi va
ohomiyyatini qoruyub saxlamaqdadir [1,2].

Xoritolor, signallar, rosmlar, illiistrasiyalar, qrafikalar, kitablar, animasiyalar, veb dizaynlar,
reklamlar, filmlor vo s. kimi goriilo bilon hor hansi bir obyekt bu kateqoriyaya aiddir. Vizual tinsiyyat
insana tosir gostororok onun davranislarinda doyisikliklora sabob ola bilor. Bu iinsiyyat formasinin
qiymatlondirilmasi tabii ki, auditoriyanin anlamasindan asilidir. Vizual iinsiyyat sokillar, isarslor vo
s. yollarla comiyyoto molumat otlirmokdo xiisusi moaqsad dasiyir. Miiasir madoniyyatin gostaricisi
kimi vizual elementlorin taqdimatinda modellorden, qrafiklor, diaqramlar, xaritolor va fotosokillordon
genis istifado olunur.

Metodlar. Insan otraf alomdon qobul etdiyi molumatlar1 hansi yas qrupunda olmasindan asili
olmayaraq oxudugu informasiyalar1 daha asan yadda saxlamaga calisir. Lakin bununla mosgul olan
infoqrafika gostoricisindon moalum olar ki, insanlarin yalniz 10%-i esitdiklorini xatirlayir, yalniz 20%-
1 oxudugqlarini xatirlayir. Lakin 80% insanlar gordiiklorini vo etdiklorini xatirlayir. Bu sobabdon vizual
insiyyat dili daha ¢ox qrafik tosvirlorls ifads olunur ki, insan beyni vizual malumat1 daha tez qabul
edir. Malumatlarin &tiirtilmoesinds, alinmasinda va totbiginds vizual iinsiyyatin yeni formalarindan
istifado olunmaqdadir. Boazi elementlori nozoro almasaq vizual {insiyyatdo daha ¢ox bir nego asas
komponentdon daha doqiq desok rong vo formadan istifads edilir. Bu asas xiisusiyyatlor glindslik
hoyatda miihiim rol oynayir vo vizual vasitolorin togdimatinda genis totbiq olunur, masalon: elektron
plakat lovhalori, video ¢ixarislar, proyeksiya avadanliqlari, kompiiter dostokli togdimatlar.

= 1 plakatiar
B oxumagq vasitalori
o) sokillar

Vizual
unsiyyat
nimunalari

Sakil 1. Vizual niimunalar [2]

Bu giin artiq vizual iinsiyyatin giicii biitiin diinyaya ballidir. Comiyystdo vizual iinsiyyatin
sirlorini, mitkammal dizayn yaratmaq bacariqlarini, individual ideyalar1 neco yarada bilocoklori
haqqinda miihazirslor, moggalalor, miiqayisoli tohlillor aparilir. Vizual iinsiyyetin osas maqgsodi
miiasir diislinco,yeni forma va simvollar vasitasilo molumatlarin Gtiiriilmasi, auditoriyanin diqqatini
calb etmokdir.

Vizual {insiyyat mesaj ¢catdirmaq, doyisikliklora gars1 emosiya oyadaraq vizual elementlordon
istifads tocriibasidir. Vizual {insiyyet auditoriyada mona yaratmagq ii¢lin diizgiin elementlori (adston
motn, nisanlar, formalar, tosvirlor vo molumat vizualizasiyalari) segmokdon ibarstdir. Vizual iinsiyyat
dizaynin bir hissosidir. O Oyrodon, hovaslondirorok qrafik dizaynerin mesajlarini aydin vo goz
oxsayan sokildo catdiran dizayn prinsiplorindon istifado metod vo yollarini agilayir.

Vizual {insiyyat nozeriyyesing asagidakilar daxildir:

1. Isinizin tosirini gdstormok iiciin molumatlarin vizuallasdirilmasindan istifado
2. Olagoloeri, proseslori vo axinlar tosvir etmak ti¢iin forma va xatlordon istifado
3. Molumati daha yaddagalan etmok {i¢iin simvol vo nisanlardan istifado

4. Hekayalor danigmagq {i¢iin vizual molumatlardan istifado
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5. Onomli molumat1 gdstormak va digqgati calb etmok iigiin rongdan istifada [8].

Tobii ki, malumatlarin vizuallasdirilmas iinsiyyat iiciin giiclii bir vasitodir. Ilk olaraq miiossisalor
hesabat, prognozlasdirma vo marketing {i¢iin molumatlarin vizuallagdirilmasindan istifados edir.
Molumatlarin vizuallagdirilmasinda asagida gostorilonlordon istifads edils bilor:

1. Molumatlari calbedici etmoq moagsadilo rong hallorine diggot etmok

2. Bir sira molumat daxilindo meyillorin vo konar gostoricilorin miioyyon edilmosi

3. Molumatda tapilan hekayoni izah etmok

4. Arqument vo ya rayi gliclondirmok

5. Moalumat toplusunun vacib hissalarinin vurgulanmasi totbiq oluna bilar [9].

Vizual molumat asan basa diigiilon olmalidir. ©ks halda gsliz vizual goriintii molumatin qavranmasini
cotinlosdirmoklo borabor chomiyyatini do itiro bilar.

Molumatlarin vizuallagdirilmasi bizo illiistrasiyalar, diagramlar, tosviri motn vo calbedici dizayndan
istifado etmoklo molumatlari forqli sokilds gor¢ivoyo salmaga imkan verir. Vizuallagsdirma hamginin
molumatlar kateqoriyalar vo mévzular asasinda qruplagdirmaga vo toskil etmoyos imkan verir ki, bu
da basa diisiilon hissalore bdliinmoyi asanlasdira bilor. Vizual {insiyyat bdyiik vo kicik sirkstlorin
genis auditoriyada taninmasinda 6nomli rol oynayir.

Vizual tinsiyyat bir sirkotin imicini yarada bilor. Sirksts uygun nisan hazirlanaraq logo toyin
edilo vo ya toqdim edils biler. Indi bir ¢ox sirkatlorin logosu korporativ diinyada homin sirkotin
imicinin inkisafinda shomiyyatli rol oynayir. Logo ¢ox giiclii bir marka varlig1 ola bilor. Bir ¢cox
sirkotlor siirati adlarindan 6nco loqotiplori ilo miioyyon edilir. Loqotiplorin bizi ohato etmasi onlari
istehlakgr torofindon asanligla tanidir. Loqotip har hansi bir is vo mohsulun vacib elementidir. Loqotip
anlayigina yaxin olan termin" Markadir ". Marka, bazarda bir mohsulun imicini yaradir. Marka va
loqo(ticarat nisani) sinonimdir.

Yalniz "ticarat nisani"hiiquqi shomiyyato malikdir. Marka (amtoo nisani) qeydiyyata alindiqda ticarat
nisanina ¢evrilir. Yani ticarat markasi miioyyan bir prosedurla qeydiyyata alinan ticarot nigsanidir.
"Logo" termini inandirict bir matn yaradarkon montiq vo diisiinconin istifadosini ifado etmok li¢iin
istifado olunur. Loqonu mantiqi asaslandirmaq vaxt vo say talab edo bilor. Lakin loqotiplori basa
diismok va effektiv mantiqi miiraciatlor istifado¢ini maraglandirmaga komoak eds bilar.

Loqo neca yaramib va zamanla necd inkisaf etdi? Loqotipin yaranmasi ilk yasayis yurdlarinin
daha sonra monimsoma tofokkiirliniin inkisafinin genislonmasilo miisahido olunur. Logonun tarixinin
qodim misirlilorls bagli oldugu bilinir. Loqo orta asrlords ticari olagolorin inkisafinda mohsullarin
damgalamaq, heroqliflordon vo gerblor kimi qrafik tosvirlordon miixtalif tacirlorin statuslarini
miioyyanlogdirmak tigiin istifads edilirdi.

Sakil 2. Azarbaycan damga niimunalori“Yazili topa™ 1843-cii il Xoazar vilayatinin gerbi [2]
Daha sonraki dovrlords ticari alagalorin genislonmasi,bu sahays olan marag vo tacirlorin

mallarinin daha yaxs1 toqdim etmok istoklori grafika sahosino olan tolobat: artirdi. Insanlar artiq bir
tok istehsal¢1 haqqinda yox, eyni zamanda moahsul haqqinda malumat almaq istayirdilor.
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Miiasir logotiplor méveud markanin vo ya yeni markanin vozifasindon asilidir. Logotip
toskilatin biitovlikdo funksional kommunikasiyalarina olan kompleks identifikasiya sisteminin
morkazidir. Logolar1 piktografik simvollarla, tosvirlorls, sirkatin adi va ya bas harflorls ifads etmoak
olar. Miiasir loqo stili nadir? Miiasir loqotiplor tez-tez grafik fiqurlar v ya kigik xatt dizaynlar1 kimi
sads dizayn elementlorini slavs oluna bilor. Bu element vizual gérkoami maraq oyada bilar vo ya marka
aidiyyat1 sonaye sahasini isara edo bilor. Logotiplor miixtalif formalardan - handasi, sads va Xatlordan
ibarot ola bilor. Ug elementin simvol, sz isarasi Vo siiarin birlosmasindan yaranan logolarda rong
faktoru 6nom dasiyir. Logoda istifado olunan elementlar bir-birino baglanir vo onlar ayri-ayriligda
olgiilari doyisdirlmamalidir.Logonun istehlakg1 torafindon dorhal taninmasi nazards tutuldugundan,
onun tez-tez doyisdirilmasi oks natica vers bilar.

Miiasir logotiplar. Logolarin 1870-ci illordon (qirmizi xag Va qizil aypara emblemloari) istifado
olunmasina baxmayaraq, artiq bir ¢ox sirkat, mohsul, marka, xidmat, agentlik va digar toskilatlar
ideogramdan (isars, piktogram), emblemdan (simvol) va ya logotip kimi isars birlosmasindan istifads
edirlor. [7]

Ideogram nadir? Ideogram niimunalorini arasdirdigda onun miiasir diinyada holo do aktual
oldugunu goriiriik. ideoqramlar vasitosilo dil maneslori asanlhiqla aradan qaldiriir. Bu giin
ideogramlarin an ¢ox istifads olundugu saholor hava limanlaridir.

ELIACAN — ShEk
“I' DEPARTURES my
BAiE RN A

Tew
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Sakil 3. ictimai yerlorda simvollar [3]

Digor torofdon, ictimai yerlords simvollar, telefon isaralori vo digor nisanlar ideoqramlarla qeyd

olunur. Diqgeto almaq lazimdir ki, ideogram vo piktogram bir-birino ¢ox bonzayir. Bazon
ideoqramlarin totbigi comiyyat arasinda piktoqram adlandirilir. Lakin onlart ayiran kigik bir forq var.
Tasvirdo konkret bir isara vasitosils fikir ¢atdirilirsa bu piktoqramdir. ©gar bir nego element vasitasilo
fikir gatdirilirsa golizlosir vo alavs yazili formada fikirin gqeyd edilmasi vacib hala gevrilir.
Naticadas istifads olunan minlarls ideoqramdan yalniz bir negasi har kass tanis olmaya bilar. Effektiv
bir logo hom ideogramdan, hom ds sirkatin adindan (logotipdan) ibarat ola bilor ki, bu da grafik
goriintiiniin Ustiindoki ad1 vurgulayir, harflor, ronglor vo alava grafik elementlardan istifado edorak
unikal dizaynda toqdim edilir.

Natica. Hal-hazirda bu sahads gedan islahatlar,yeni totbiq formalar1 vizual iinsiyyats, loqo vo
grafikaya olan ehtiyacin artmasindan irali golir. Baxmayaraq ki, bir ¢ox totbiq formalar1 daha kamil
forma almigdir, lakin ananavi vizual {insiyyat tistlinliiyiinii qorumaqdadir. Bunu biz miixtslif mokan
tiplarindo, bizi ohato edon mokanlarin vizual tinsiyyat dilindo miisahido eds bilorik. Belaliklo, otraf
miihitda bas veran hadisolori, yeniliklori comiyyata 6tiiron vizual tinsiyyat informasiya vasitalori com
olub soboks formasinda bir-birini tamamlayan, asan qavranila bilon, comiyyati canlandiran ansambl
yaratmalidir.
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MUASIR SOHORLORIN MEMARLIGININ KOMPLEKS INKiSAFINDA LANDSAFT
AMILININ ROLU

Hasanova Faracova Kaklik 9lihasan qizi-m.ii.f.d., dosent, Memarliq Layihalondirilmasi vo
Soharsalma kafedrasi, AzZMIU, hasanovafarajovakaklik@gmail.com

Annotasiya. Magalods miiasir sohorlorin memarliginin kompleks inkisafinda landsaft amilinin rolu,
landsaft memarhiginin ekoloji vaziyysto tosiri, saglam vo estetik keyfiyyatloro malik saharlorin
formalasma prinsiplari tadqiq olunur. Tadgigat asnasinda landsaft memarligi niimunalorinin miixtalif
iglim soraitina malik arazilar, soharlorin salinmasi va ya inkisaf prosesinds qoyulan ekoloji talablora
tosiri miioyyan olunmusdur. Tahlillorin noticasi olarag miiasir sohorlorin funksional zonalarinin
layiholondirmo prosesinds asas amillor toyin olunmusdur. N6vbati illordo miiasir soharlorin bas
planina landsaft amilinin miisbat tosirinin artirilmasi istiqgamotindo dominant mogamlar miiayyan
edilmisdir. Todgigat sonunda belo naticays galirik ki, miiasir soharlarin sosial-igtisadi, modoni-tarixi
baximdan inkisafi iclin ¢oxfunksiyali, miiasir gostoricilora uygun vo genis saholi landsaft memarligi
niimunslarinin layihalondirilmasi vacibdir amillordan biridir.

Acar sozlor: miiasir sohorlor, landsaft memarligi, sohar ohalisi, ekoloji voziyyst, memarliq
elementlori

THE ROLE OF THE LANDSCAPE FACTOR IN THE COMPLEX DEVELOPMENT OF
MODERN URBAN ARCHITECTURE

Hasanova Farajova Kaklik Alihasan - Ph.D. in architecture, ass.prof., department of
Architectural Design and Urban planning, AzZUAC, hasanovafarajovakaklik@gmail.com

Abstract. The article discusses the role of the landscape factor in the integrated development of the
architecture of modern cities, the influence of landscape architecture on the ecological situation, the
principles of the formation of cities with healthy and aesthetic qualities. In the course of the study,
the influence of landscape architecture samples on territories with different climatic conditions,
environmental requirements imposed in the process of construction or urban development was
determined. As a result of the analysis, the main factors in the process of designing the functional
zones of modern cities were identified. In subsequent years, points were identified for consideration
in the direction of increasing the positive impact of the landscape factor on the master plan of modern
cities. At the end of the study, we come to the conclusion about the importance of designing samples
of multifunctional and extensive landscape architecture for the development of modern cities from
the socio-economic and cultural-historical points of view.

Keywords: modern cities, landscape architecture, urban population, ecological status, architectural
elements

Giris. Sohor arazisinin mokan taskili prosesinds istirak edon memarlarin miixtalif elementlor
vasitasilo layihalondirdiyi silsilo vo miixtalif ¢esidli landsaft kompozisiyalari bag planin asasini togkil
edir. Bu proseslords ¢oxgesidli bitki qruplari vo memarliq elementlarinin vahdoati miixtalif relyefo
malik orazilorin funksionalliq saviyyasini yiiksaldir. Tobii ki miiasir standartlara uygun landsaft
memarlig1 niimunalarinin layihalondirilmasi vo mévcud bas planin tokmillosma prosesi vahdot toskil
etmolidir. Miasir goharlorin tokmillosdirilocok bas planinin strukturunda méveud bag-park zonalari,
bura daxil elementlorin formalagma, tosnifat prosesi yiiksok dogigliklo icra olunmali vo gohoarin
cografi movqeyi, ekoloji vaziyyati nazars alinmalidir.
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Oton osrin 20-90-c1 illorinds Azorbaycanm orta vo kicik sohorlorinds daha ¢ox méovcud
landsaft memarligi niimunolorinin abadlagdirilmast mosolosi aktual idi. Daha ¢ox yasayis
montoagalari, ohalinin yasayis va istirahot foaliyyatlori arasinda saglam ekoloji miihitin tomin edilmasi
ilo bagl idi. Homin dovrda saharlorin bas planlarinda landsaft strukturu kompakt formada hall
olunurdu. Bu daha ¢ox sahar arazisinin tobii-iglim soraitinin inkisafi ilo alagali idi.

1990-c1 illardon sonra Azarbaycan sohorlorinin landsaft memarligi niimunaloring xiisusi
diggatlo yanasildi. Buna olavo olaragq, homin illordon baslayaraq bas planlarin keyfiyystindo do
mithiim doyisikliklor bas verdi, saharlorin ekoloji inkisafi {igiin saharlar va onlarla oslagoli arazilarin
yasilliq sxemindo ardicilliq sxemi yaradildi [7].

Metodlar. Son onilliklards bas vermis ekoloji doyisikliklor tabii landsaft amilina ciddi sokilda
tosir edib. Miiasir sohorlorin kompleks inkisafina uygun layihalorin torkibinds mévcud landsaft
amilinin somorali istifadasi vacibdir. Masir soharlarin golocok inkisafi ti¢iin ekoloji tomiz xidmat
texnologiyalariin soharin plan strukturuna daxil etmok dogru addim olard.

Bag-park landsafti anlayisi tarixan iki istiqgamatin tasiri ilo formalasib. Bunlardan birincisi
tobii landsaft gozolliyini geyd etmok ii¢iin yaranan bag-park landsafti, daha ¢ox peyzaj landsafti
istigamatidir.

Digor bir istigamat memarliga yonoalmisdi, forma va ranglorin dekorativ birliyi vasitossilo
landsaftin on méhtosom badii tasvirini yaratmaq istoyi vo yasilliq ortitytini digor tikinti materiallar:
kimi forma, material vo rong olaraqg gobul edilirdi [12].

Diinyanin biitiin meqapolislarinda sohar ohalisi hayat tempinin tasiri ils tabiatlo six linsiyyotds
olmaq imkanina malik deyil. Hotta, memarlar toqdim etdiyi layihalorin memarlig-planlagsdirma
strukturu vo bas planmi maksimum tobii elementlorlo zonginlogsdirmays ¢alisir. Yasayis
moskanlarinin tobii va ya siini su hovzalarinin yaxinliginda salinmasina xiisusi diqqat yetirilir. Tobii
landsaft amillorin orazinin yasilliq sxeminin yaradilmasi vo miihafizasi maksimum nozards tutulmasi
miitloqdir [3].

Azarbaycan orazisinin iglimi rongarang vo miixtolifdir. Respublika orazisini dagliq bolgalor
toskil edir. Bu gostaricilor osason, diizonlik orazi-40,1%, dagotoyi-17,5%, daglq ve yiiksok dagliq
arazilor-42,4 %-5 borabardir. Bu da 6lkads ham kond tossariifatinin inkisafi, hom do miiasir soharlords
landsaft memarlig1 obyektlorinin layihalondirilmasins ciddi tasir edir.

Dagliq vo dagatoyi qursaqlara yiiksaldikca yaginti migdarimin artdigi miisahids olunur. Tobii
ki, bu halda torpagin namliyi artir vo naticads hava temperaturu diigiir bu da insan orqanizmina manfi
tosir eds bilor [2]. Respublikamizda hom bdyiik, ham doa kigik saharlorin miiasir inkisafina xiisusi
diqgat yetirilir. Bu goharlorin relyef orazilorinds yuxarida qeyd olunan biitiin niianslar1 nozars almag
vacibdir.

Rekreasiya zonalarinin osasi olan yasilliq ortiiyli saglam vo estetik soharlorin 6zayini toskil
edir. Miasir iri sohorlorin ohalisi asudo zamanini tobii miihit vo rongarong landsaft memarligi
niimunolorinin biitévlik yaratdigi orazilorde kegirmoyi iistiin tutur. Bu orazilor galocok nosillarin
fiziki vo mental saglamliginin tominatinda 6nomli rol oynayir [4]. Eyni zamanda, sohar ohalisinin
vaxtinin somarali toskili imumilikda, soharin sosial-madoni hoyatinda inkisaf perspektivlori yaradir.

Tabii resurslarin effektivliyinin artiritlmasi tobiot vo comiyyatds bas veran proseslori nozoroa
almaqla miimkiin ola bilor. Ekologiya 06z {izorino tobii komplekslorin  foaliyyatinin
gqanunauygunluguna olan nazarati gotiiriir, homginin tobistdan rasional istifadanin nazariyyasini tahlil
edir [5]. Umumiyyatlo, kecmis tocriibalori tohlil etmodon yeni landsaft layiholori togdim etmok
ekoloji baximdan dogru deyil [10].

Landsaftin zonginliyini tolob edon amillor sirasinda kompozisiya qurulusundan olavs,
atmosferin vaziyyatini do geyd eds bilorik. Daha doqiq desok:

—Atmosfer havasinin kimyavi Kirlonmasi;
—Atmosfer havasinin fiziki kirlonmasi (radioaktiv fon, elektromaqnit siialanma, istilik kirlonmasi);
—otrafdaki tikintilorin oraziys oks etdirdiyi sos-kiiy vo vibrasiyalar [9].
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Miiasir ekologiyada bir-biri ilo six alagads olan iki anlayis formalasib-sohorlorin ekologiyasi
(urboekologiya) va sohoar shalisinin ekologiyasi.

Soharlords yasayis montagolorinin salinmasinda qarsiya qoyulan ekoloji-gigiyenik tolablor
bunlardir:
— Mikroiglim, istidon miihafizo va insolyasiya, aerasiya li¢lin miinbit soraitin yaradilmasi, arazidos
hava axininin idars edilmasi;
— Nogliyyatin yaratdigi sos-kily, zararli tiistiilordon miihafizs;
— orazinin abadlasdirilmasi vo yasilliq Ortiiyii ilo tominati [11].

Yuxarida geyd edilon magamlari nazars alsaq, landsaft amilinin miasir saharlorin strukturu
Vo ekoloji vaziyyatino shamiyyatli doracads tesirini goriiriik. Galacokda nazards tutulan

Naticalar. Sohar parklarinin layihslondirma prosesinds relyefin plastkliyi, su hovzalori vo
bitkilorin xiisusiyyatlori asas nozora alinan amillordir. Bu orazilorin estetik voziyyst almasi {igiin
relyefin saviyya xiisusiyyatlori, terras pillalori, ¢ixintilar, topalor vo ovaliglar kimi amillora birbasa
digget yetirilmolidir.

Sakil 1. Braziliya, San Paulo, Friedrix Bayer korpiisii (fragment) [8]

Diinyanin biitiin inkisaf etmis 6lkalorinds landsaft memarliginin halli “agilli” texnologiyalarla
dostoklonir. Park vo baglar, meydanlar, xiyabanlarda ohalinin rahat harokati tomin edilmoklo yanasi
homin orazids istirahstino do imkan yaradilir. Belaliklo, megapolislorin shalisi six is tempinin
tosirindon miioyyan godor uzaqlasa bilir va otrafdaki landsaft fargli niimunolori elementlori ilo tanig
olur.

Parklarda su hovzalori boyiik shomiyyat dasiyir. Belo Ki, sakit vo ya dinamik (fontanlar) su
hovzalari parkin va relyefin xiisusiyyatlorini daha estetik formada toqdim edir [8].
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Braziliyanin San Paulo sohorinds salinmis Friedrix Bayer korpiisii miiasir soharlords landsaft
memarlig1 vo innovativ metodlarin miisbat tandeminin niimunasidir. Korpii, Pineyros ¢ay1 vo kanal
aximi Uzorindo moévcud Quarapiranq su anbarinin birlosmasinds yerlosir. Caym yaxinligindaki
velosiped yollarin1 genislondirmoklo yanasi, sohor ohalisi vo sohordon konar yasayan ohalinin
yaxinligdaki metro stansiyasina girig-¢ixig tomin edir (Sokil 1).

Kérpii otrafda mdveud landsaftin daha rahat seyr edilmasi iiciin imkan yaradir. iki polad ada
90 metrlik kegid ti¢iin pillo funksiyasini yerina yetirir. Bu ham dasiyic1 konstruksiya baximindan
alverislidir, ham da sohar ohalisi va turistlor horokato manes yaratmadan tomiz havadan z6vq ala bilir.
Adalar beton siitunlara barkidilib vo {izorini yasilliq ortiiyli bazayir (Sokil 2). Tikinti zaman1 ¢ay
nagliyyatt da nozars alinmisdir. Belo ki, ehtiyac oldugu toqdirds korpii miixtalif istigamotlords agilib,
baglana bilir [13].

Sakil 2. Braziliya, San Paulo, Friedrix Bayer korpisii [13]

Miizakira. Landsaft memarhiginin miasir goharlorin kompozisiya qurulusuna miisbat
tosirindon alave, ham do ekoloji vaziyyat, insanlarin asudo vaxtinin samarali kegirilmasinda rolu
haqqinda geyd etdiyimiz zaman maraqli niimunslor sirasinda Baki gohori, Vaqif prospektinda
salinmig Dado Qorqud parki yer alir. 6 hektar sahoni ohato edon park 2013-cii ildon sohor ohalisi vo
qonaqlarin istifadasine verilmisdir. Parkin yaxinliginda yasayis zonasi, universitet, ictimai vo
moadani-moisot zonalari comlonib. Eyni zamanda yuxarida qeyd olundugu kimi parklarda miithiim
funksional zona sayilan siini su hovzasi va iizorinds korpii yaradilmisdir. Bu da 6z névbasinda
otrafdaki zonalar six naqliyyat yollarinin manfi tasirindon miiayyan doracodo miihafizo edir. Sohor
ohalisi va turistlor su hovzasinin atrafini piknik zonasi olaraq da istifads edir. Burada mévcud idman
zonasinin gol monzorasi ilo shatalonmasi do miisbat haldir. Umumiyyatlo parkin kompozisiyasinin su
hovzasinin atrafinda comlondiyini geyd eds bilarik (sok.3).
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Sakil 3. Baki sohori, Dads Qorqud parki

Azaorbaycanin on iri sohori Bakida miiasir park, bag vo diger rekreasiya zonalarinin say1 har il
artir. Daha bir miisbot mogam onlarin sahasinin digorindon daha genis vo funksional zonalarmnin
saymin artmasidir. Olkomizds layiholondirilon yeni parklarda miiasir texnologiyalarin tatbigi ilo
yanagt kompozisiya hallinin yerlogdiyi orazinin relyefina uygunlagdirilmis formada olmasi misbat
niianslar sirasindadir.

Tohlillor apardigimiz zaman gahar sakinlari ilo yanasi har il daha ¢ox qonaqlarin bu zonalara
axin etdiyini miisahido edos bilorik. Miiasir soharlorin inkisaf perspektivinin asasinda ilk siralarda
mohz bu amillor dayanur.

Mogalada tohlil olunan mogamlar1 nozors alaraq, miiasir sohorlorin kompozisiya halli vo
strukturunun inkisafi ti¢iin zongin funksional zonalara malik landsaft memarligi niimunslorinin
layihalondirilmasinin 6nomli oldugunu qeyd edo bilarik.
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KUJIBIE JOMA I'OCYJAPCTBEHHOI'O UICTOPUKO-KYJIBTYPHOI'O
3AITIOBEJHUKA NJINCY

I'am6ap Hursap Hatuk- accuctenr-nenaror, kageapsl ApXUTEKTypHbIE KOHCTPYKLIUHU
pecraBpanus mamaTHUKOB, A3YAC, nigar.gambar@gmail.com

AHHoTanusi. CTaThsi TOCBSIIEHA MCCIEIOBAHUIO APXUTEKTYPHO-CTPOUTENIBHBIX OCOOEHHOCTEMH
I'ocynmapcrBernoro HWcropuko-KymberypHoro 3amoBennuka Wnucy. Ha ¢done paccmotpenus
nanamadTa U OpUPOTHOU cpedbl Mincy paccKpbIBalOTCS XapaKTepHblEe YEpPThl APXUTEKTYPHO-
MPOCTPAHCTBEHHOM KOMITO3ULMU CEla, €r0 apXUTEKTYPHO-IJIAHUPOBOYHAS CTPYKTYpa, a TAKKE
XapaKTePUCTHKA HCIIOJIb30BAHHBIX CTPOUTENBHBIX MAaTepualioB, OCOOEHHOCTH UHTEpbepa U
BHYTPEHHETO yOpaHCTBa JOMOB. B cTaThe Ha mpuMepe >KUIIbIX JIOMOB, PACIIONIOKEHHBIX B KBapTae
lapagomnar - noma I'omxaeBbix, KepumoBbix, XanuiaoBbIX, AJNMMOBBIX U XAaCHJIOBBIX, aBTOP
OTMEYaeT UX KaKk HanOoJiee 3HAYMMbIE CTPOCHHS B CE€JI€ C TOUKU 3PEHUST apXUTEKTYPhl U ICTECTHUKH.
Yka3bIBaeTCs TAKXKe, UTO BCE ITH JKUJIbIE IOMA U IPYTHe TaMATHUKU apXUTEKTYPbI ObLTH MOCTPOESHBI
W3 MECTHBIX MAaTE€pUaJIOB — KaMHsI, PEYHOT0 OYJIbDKHHMKA, U3BECTKOBOTO PACTBOPA U 000MOKEHHOTO
KHUpIUYa, a KPBIIIM MOKPBITH Yepenuiieil. B cratbe oco0o nmoguepkuyto, uto ['ocyoapcmeennuiii
UCTOPUKO-KYIbMYPHBIL 3anoseonux Maucy, Hapsy ¢ OTpaKEHUEM apXUTEKTYpPHBIX 0COOEHHOCTEN
AzepbaiikaHa, OTIMYAETCS CBOCOOpa3HMeM M YHHKAIbHOCTHIO, HEMOBTOPHUMBIM apXUTEKTYPHBIM
CTHJIEM.

KinwueBbie caoBa: ['ocynapctBenHbii  Mcropuko-KynbTypHblii  3amoBeanuk — Mnwucy,
APXUTEKTYPHO-TIPOCTPAHCTBEHHAS KOMIIO3ULINUS, apXUTEKTYPHO-TUIAHUPOBOYHASL  CTPYKTYpa,
UHTEpPbEP, CTPOUTENIbHBIE MaTepuajbl, NaMATHUKU apXUTEKTYpbl, apOYHbIE BXOJHBIE JBEpPH,
OaJIKOHBI, KaMEHHBIE TAOJIUYKH

RESIDENTIAL HOUSES OF THE ILISU STATE HISTORICAL AND CULTURAL
PRESERVATION

Gambar Nigar Natiq- lecturer, departament of Restoration of Architectural structures and
monuments, AzZUAC, nigar.gambar@gmail.com

Absrtact. The article is dedicated to the study of architectural and construction features of the Ilisu
State Historical and Cultural Preservation. The study of landscape and natural surroundings of Ilisu
demonstrates characteristic features of spatial composition of the village, its architectural planning
structure, along with specific features of the usage of construction materials, interior design and
decorations. The author emphasizes the residential houses in the Garadolag neighborhood,
specifically the Gojayevs’ house, the Karimovs’ house, the Khalilovs’ house, the Alimovs’ house,
the Hasilovs’ house as the most prominent architectural monuments of the village due to their
architecture and aesthetics. The author also notes that these residential houses and other architectural
monuments are built from local construction materials — stone, river cobblestone, calcimine, burnt
brick, while the roofs are covered with tile. The article emphasizes that the Ilisu State Historical and
Cultural Preservation reflects the architectural features of Azerbaijan, while also distinguishing itself
for its unique architectural style.

Keywords: Ilisu State Historical and Cultural Preservation, architectural spatial composition,
architectural planning structure, interior, construction materials, architectural monuments, arched
front door porticos, balconies, stone nameplates
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BBenenue. Mnucy mo npaBy CYMTAETCS OJHUM M3 MHTEPECHEUIINX C apXUTEKTYPHOU TOUKHU
3peHust cen AzepOaiikaHa, KOTOPOMY MPUCYIIA HEOObIYHAS KpacoTa JaHAmadTa ¥ mpupoIHON
cpenbl. Unucy Bmecte ¢ cenamu CappiOam, Ak4ait u ["ax0arn cocTaBIsSIOT TEPPUTOPUIO UCTOPHKO-
KYJIbTYPHOI'O 3aII0BEHHKA.

Camo ceno Mnucy B memoMm mpenacTaBisieT COOOH KyJIbTYPHBIM HCTOPHUYECKUN TaMSTHUK.
HecMoTpst Ha TO, YTO NMOCTPOEHHBIE 3/1€CH JKUJIbIE JOMAa OTPAXKAIOT APXUTEKTYPHbIE OCOOEHHOCTH
AzepbaiikaHa, ecTb W yHHUKalbHble (axkTopbl. Hampumep, npuponHbie YCIOBUS U MECTHBIE
CTPOMTENIbHbIE MaTepHasibl OBLUIM OCHOBHBIMH (DaKTOpPaMH, ONpPEAENSIONMMU (HOopMUpOBaHUE
ApXUTEKTYPBI KUJIbIX T0MOB. Jlomenmue 10 Hac xuible Joma Miucy otHocsaTes K koHIy X VIII —
Hayany XIX BB. M HMEIOT CBOM HENOBTOPUMBIM apXUTEKTYpHbIH CTUIb. OHHM OTpaXKaroT
paIMOHATIBHYIO TUIAHUPOBKY, KOMIIO3UIIMIO U KOHCTPYKTUBHBIC IPUEMBI, YCOBEPLICHCTBOBAHHBIE B
TEUEHHWE JUINTEIBHOIO IIEpHoja BpPEMEHM. XOTS OKUJIble JOMa OTIWYAKOTCA  CBOEH
MHIUBUAYAIBHOCTBIO, 3[IECh 3aMETHA TECHas CBSA3b MX MOHYMEHTAJIbHBIX (OPM C MacITaOHBIM
ropusiM JaHmmadroMm. Jloma, Kak MpaBWIO, BBICOKHE, C TOJCTHIMH CTEHAMH, C BBICOKHM
MacTepCTBOM BBICTPOCHBI U3 MecaHo20 Kamus - OyavixcHuxa. Kpome TOro, MCIONb30BaHUE IMPU
CTPOUTEINILCTBE 3/IJaHUH IIJI0CKUX KaMHEH, U3BECTKOBOT'O PACTBOPA U INIMHUCTOIO IPYHTA 3HAUUTEIBHO
MOBBIIIAET YCTOMYMBOCTD JOMOB K IMOJ36MHBIM TOoYKaM. Kaxkaplii 10M B ceJie M0-CBOEMY KpacuB,
BHE 3aBMCHMOCTH OT pa3Mepa - OOJIbIION OH WM MaJleHbKUH. ITO OOBSCHAETCS MX KOMITAKTHBIMU
dbopmamu, MPaBUWIBHO HAWIEHHBIMU MPOMOPIUSMU U MEJIKUMHU apXUTEKTYPHBIMH JETallIMU Ha
dacane.

OcHoBHast yacTb. OTMETHM, UTO IIaBHAs ynuna Mnucy sBiseTcss OCHOBHOM MIAHUPOBOYHOM
OCbIO cella. JTa ylnuua sBJIsieTcs poJobkeHneM goporu u3 ['axa B Mnucy. Ona HaunHaercs ¢ mecTa
noa Ha3BaHueM «CaHrap» Ha BbE3JIe B CEJIO U HMJIET BBEpX A0 €ro BepIIMHBL. B 3aBUCHMOCTH OT
penpeda MIIOMAAM Cella PAcHojararoTcs TaMm, IIe paciuupsiercs DiaBHas ynuna. [loutm Bce
BTOPOCTETICHHBIC VIIMIIBI TEPECeKaloTCs MPUMEPHO TMOJ MPSMBIM YIJIOM C IJIaBHOW YIHIIEH,
oOpa3syromiell KOMITO3UIITMOHHYIO OCh IIlaHa ceja. Takoil cnoco0 TUTAaHMPOBKH BBITEKAET U3
OTPaHUYEHHOCTH 3€MEJIbHOTO YYacTKa, MPUTOAHOTO JJI CTPOUTEIBCTBA, TEM HE MEHEee, IUIOIIA/lb
YMEJIO HCIOJIb30Bajach JJis CTPOUTENILCTBA JKUJIBIX JOMOB. [IpuponHbie (opMbl UTpaan aKTUBHYIO
POJIb BO BHEIIIHEN MTAHOPAME U apXUTEKTYPHO-IIPOCTPAHCTBEHHOW Komno3uuu Uucy.

Kunas yacts cena Mnucy pasneneHa Ha J€BSTh KBapTajoB (Maxajuia), B TOM YHCIE
Canrapmaxamna, bymkarmaxanna, Jlabarmaxanna, bamxapmaxanna, ['apamaxanna, ['apanonarradbyH,
TosnaranarabyH, beritaOyn, Capbutap o6acel [1]. UHTepecHO, 4TO MECTHBIE KUTEIHU CEJia Ha3bIBAIN
BCE OTH KBapTalibl Kak "TaOyH'", 4TO SBISETCS IPEBHETIOPKCKMM BapuaHToMm: "Canrep TaOyH",
"Bymxkar Tabyn", "I'apanonar Tabyn" u T.1. Kaxxnas maxasmia cama o cede sBisieTcss 0co00i KUIoi
U XO3sHMCTBEHHOM enuHuLedl. OHa COCTOMT U3 OTAEIbHBIX OCOOHSKOB, JOMOB M HEOOJBIINX
JIBOPUKOB, COCAMHEHHBIX YIULAMU U mepeynkamu. Popma KBapTajioB COOTBETCTBYET OOIIEH
ApPXUTEKTYPHO-IJIAHUPOBOYHOM CTPYKTYype cefla. XOTs OHU M OTJIMYAKOTCS pa3MepaMu, HO CXOXKH
ApPXUTEKTYPHBIM PEIICHHEM U 00IIM BUI0M. KpacHbIe uepenuyHbIe KPBIIIN KIIIBIX JJOMOB H 3€JICHb
JIBOPOB MIPUJAIOT OCOOBIN KOJIOPUT 3aCTPOIKE KBAPTAJIOB U apXUTEKTYPHOMY OOJIUKY Cela B LIEJIOM,
nenasi ero emie Oojyiee BbIpa3uTeNbHBIM. [IpHBiiekaeT BHHMaHUE MPONOPLUUOHAIBHOCTH YIUI[ U
II0MIAIel, KBapTalloB, MaciITabd 3aHui, IETOCTHOCTh ApXUTEKTYPHOTO CHITYITA.

N3BectHO, uTOo B cene Mimcy Obuto 9 mederedt, 7 U3 KOTOPBIX COXPAHMJIUCH JO HAIIETo
BpeMeHH. OHHU SBISITUCH OOLIECTBEHHBIMHU LIEHTPaAMH KBapTaJIOB, UTPay OOJIBIIYIO POJIb B TyXOBHOM
U COIMAJIbHOM JKHU3HU cefla. 3[1€Ch COBEPIIATNCH PETUTHO3HBIE 0OPSAbI, IPOBOIMIUCH KYIBTYpHO-
MIPOCBETUTENNbCKUE MeponpusaTus. HeOonbline KBapTajdbHbIE MEUETH IO CBOEM apXHUTEKType
HAIlOMUHAIOT KUJIbIE IOMA.

CreHbl KUJBIX JIOMOB CJIOXEHBI U3 3€JI€HOBATO-CEpOro IpyOboro OynmbDKHHKA, a TaKKe
MPSIMOYTOJIBHBIX TECAaHbIX KaMHEW Ha H3BECTKOBOM pacTBOpe. B HEKOTOpBIX ciiydasx, MOMHMO
KaMHs1, B HEOOJIBIIIOM KOJIMYECTBE HCIIOJIb30BAIU TAK)Ke O0O0MKEHHBIN KpacHbIM KUpHu4. XOTs 3Ta
TEXHHWKA KIAJKU He ObUIa IIMPOKO pacrmpocTpaHeHa B cene Mimcy, oHa Oblia xapakTepHa JUis
apxutekTypsl KaBkasckoit AmnbGanuu [2], W d3Ta JpPEBHSS TPAgUIUS IONY4YWIa IIHPOKOE

pacripocTpaneHue B 3oquectBe Mnucyiickoro cynranara u /xapo-banakaHckoil BOJBHBIX OOILIMH.
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XKunsle noma Mnucy B 0CHOBHOM NPSIMOYTOJIBHBIE B IUIAHE, @ TAK)KE U3PEIKA MOKHO BCTPETUTH I0MA,
noctpoeHHsbie B «I'» u «II»-00pa3noii hopmax.

He3aBucumo OT MJIaHHPOBOYHOIO PELIEHMs, BO BCEX JIOMaxX OAJKOHBI SBISUIUCH OCHOBHBIM
KOMIIO3HIIMOHHBIM 3JIEMEHTOM JIBOPOBBIX (pacazoB; OHU OOBIYHO BBIXOAMIIHM HA FOT M IOTO-BOCTOK, UX
YCTaHaBJIMBAJIHU C OJHOMW, 4 MUHOTZA U € IBYX CTOPOH A0Ma. ballkoHbI, BEIXOIALINE HA YIIUILY, apDOYHBIC
BXOJIHBIC JIBEpPH, KaMEHHbIE TyMOBbI (CHIEHBSI) MO OOEMM CTOpPOHAM JBEped TaKkKe SBISUIUCH
OCHOBHBIMH ~ apXUTEKTYpHBIMH OCOOEHHOCTAMH 3THX JOMOB. XYIOXKECTBEHHass 00paboTka
JICPEBSIHHBIX JIEMEHTOB (KOJIOHH, apOK) B IIIYOOKO 3aT€HEHHBIX OaJKOHAX Jenana OOJUK JKUIIBIX
JIOMOB e1ie O6onee KpacuBbIM. B neTHHe mMecsipbl 0aaKoHbl UCIIOJIB30BAINCH KaK JOIMOIHUTEIbHbIE
KHUJIbIe ToMelleHus. HeoThemieMoll 4acThl0 MHTEpbepa ObUT BHJ W3 KOMHAT Ha HPUPOIHBINA
na”amadT, KOTOPBIM NpUAABa apXUTEKTYPE KUIIBIX JOMOB 3CTETUUYECKUE KauyeCTBa, HEBO3MOKHBIE
JOCTUYb UHBIMU CPEJICTBAMM.

CrexyeT OTMETHTb TaK)Xe, YTO MHOTHE YEPThI, XapaKTEepHbIE AJIs a3epOailPKaHCKUX HAPOAHBIX
JIOMOB, TaKH€ KaK OaJIKOHBI, BHyTPEHHHUE TOJIKK (taxc¢a) MHTEephepa, BHYTPUCTEHHBIN KaMuH (buxara)
U HMILIY, B cTapbiX gomax Miucy O6buin oopMiIeHbl B COOTBETCTBUU C KOHKPETHBIMU YCIOBUSMHU
TaHHOTO perrnoHa. byxapbl ObLIH MpeTHa3HAYCHbI IS BEHTHIISIUH [1apa JETOM U ITOIOTPEBA 3UMOM.
Ota yacTh MHTEpbEpa ABJSUIACH CAMBIM TOP’KECTBEHHBIM MECTOM B JIOMax M BbLIENsUIACh OOraThiM
KpacO4YHBIM OpPHAMEHTHPOBAHHBIM JIEKOPOM C 3€pKajbHbIMU BCTaBKaMu [1].

BaKHBIM apXUTEKTYPHBIM 3JIEMEHTOM >KHJIBIX JJOMOB SIBJISIFOTCSI @pOYHBIE BXOJHBIEC JBEPU MU
Bopota. Takue ABepHr OOBIYHO JIENATHNCh B BHJIE TIOIYKPYIJION MM CTPENBIaTON apoOK, BIMCAHHBIX B
IpSIMOYToJibHYI0 paMy. [lo Gokam aBepHOro mpoema, 4yTh IIyOXKe IIOCKOCTH (acajga, Ha CTEHAX
pacnosiarajiich CIElHaJbHble KAMEHHBIE CKaMEMKU-CUACHUA. ODTH KOMIIO3ULIMOHHBIE AKIIEHTBI
BJIMSUTM Ha OOIIMI aHCaMOJIb J)KWIIBIX JIOMOB, a TAKXKe YIHLL, IJ7Ie 3TH JI0Ma pacIoiarajiuch.

BonbImMHCTBO TOMOB MMEIOT KaMEHHBIE TAOIMYKH Ha apaOCKOM SI3bIKE Y BXOAHOM JIBEpH, IIPU
9TOM HEKOTOPBIE HAJAINMCU HAa HUX MOYKHO YETKO YBHJIETh TOJBKO IPHU BIAXKHBIX ycioBusax. Ha atux
HAJMUCSX BBITPABUPOBAHBI J1aThl OCTPOMKU JOMOB, IMEHA BIaJENbLEB U MacTepoB. Cpeau KHUIbIX
JIOMOB, PacloONOKEHHbIX B KkBaprane [apamonar, noma l'omkaeBbix, KepuMoBbiX, XanunoBbIX,
AnMOBBIX U XaCUJIOBBIX C TOYKU 3PEHMSI apXUTEKTYPbl U ICTETUKH OTHOCATCS K YMCILY Haubosee
3HAYMMBIX APXUTEKTYPHBIX CTPOEHMM B ceine. Bce 3TM kuibple 1oMa M JApyrue NaMATHUKA
ApPXUTEKTYPbl MOCTPOEHBI U3 MECTHBIX MaTe€pHalioB — KaMHs, PEYHOro OylIbDKHHMKA, U3BECTKOBOIO
pacTBopa 1 000KKEHHOTO KUPINYA, @ KPIIIU MOKPHITH YePETUIEH.

B xauecTBe nmpumepa MOKEM PacCMOTPETH KUIIOW J10M [0/1KaeBbIX, KOTOPBIN SBIISIETCA OAHUM
U3 CTapUHHBIX U B TO K€ BPEMsI HHTEPECHBIX C APXUTEKTYPHOM TOUKH 3peHUs JOMOB cena. Haanucs
KaMEHHOM TaOnMuku Ha apaOCKOM $3bIKE, YCTAHOBJICHHBIN C JIEBOM CTOPOHBI BXOAHOW IBEpH,
yKa3blBaJl Ha TO, YTO JIOM ObUI mocTpoeH Xa3z3an-O0eem B 1883 romy. BakHbIM apXUTEKTypHBIM
3JIEMEHTOM JIAaHHOTO JIOMa SIBJISIETCSI COOPYKEHHasl ¢ OOJIBIIMM MAacTEPCTBOM U3 TECAHHBIX KaMHEH
napajHas BXOJ(Hasl IBepb WM BOPOTA CO CTPEIBYaTON apKoi, oOpamiieHHas IPSIMOYTOJILHOW paMoii.
ITo 6oxaMm qBEpHOrO IMpoeMa, KOTOPBI HECKOJIBKO TITyOke YpOoBHS (acasia, Ha CTeHaX YCTaHOBJIEHbI
CIElMaJIbHbIE CKaMbu Ui cujeHus. Ilo Tpagumuu, XapakTepHOM A1 JAHHOTO PEruoHa, Ipu
CTPOUTENIbCTBE 37aHMsI MCIIOJIb30BAJIUCh TECAHBIE M OOBIYHBIE KAMHH M H3BECTKOBBIM pacTBOp.
Ocoboe BHUMaHHE MPUBJIEKAET BBIXOASAIIUN Ha YiIMIly OaJIKOH, paclOJIOKEHHBIN 4yTh JieBee HaJ
BOPOTaMH, a BHYTPEHHUI OAJIKOH JoMa CpaBHUTEIbHO OoJblle U Mmupe. B neTHre Mecsibl 0aaKoHbI
UCIIONIb30BAINCh KAaK JIOTIOJHUTEIbHBbIE JKWIIbIE MOMELIeHUs. XyIOXKeCTBeHHas 00paboTka
JIEPEBSIHHBIX DJIEMEHTOB (KOJIOHH, apok) OalkoHa JenaeT BHEUIHMHA BHJ J0oMa ele Oonee
MIPUBJIEKATEIIbHBIM.

Cpenu npuBIEKaTENbHBIX C APXUTEKTYPHON TOUKH 3pEHUS IOMOB MOKHO OTMETUTH TAKXKE J10M
meiixa Maxmyna Ddennu, pacnoiiokeHHbIN B cene AnManbsl. OH COXpaHUJICS A0 HAlIUuX JTHEH, HO
MOABEPICS CYLIECTBEHHOM pEeKOHCTpyKIuU. B 3TtoM nome B koHue XIX — Havanme XX Beka KW
BUJTHBIN CBSIIIEHHOCITYKUTEIb M U3BECTHBIN yueHbIN meitx Maxmyn Ddpenau. B naHHbIi MOMEHT oM
ABJIIETCS OJHUM U3 MECT ITaJJIOMHUYECTBA T€X, KTO MOKJIOHSIETCS IyXy LIelxa.

Jlom Ks3pIMOBBIX TIpeACTaBISIET COOOW TPAAUIIMOHHBIA AHTOBBI JIOM C KOMHaTamH,

BBICTPOEHHBIMU BJIOJIb dHBaHa. OWBaH NEPBOr0 3Taka MEHbBIIE II0 BBICOTE U MPOILE IO
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KOHCTPYKIMsIM. YTO KacaeTcsi 3iBaHa BTOPOTO 3TaXka, TO OH SBISETCS JOBOJIBHO OOJBIIMM
IIPOCTPAHCTBOM, KOTOPBIM OrpaHUYEH AECPEBSHHBIMM KOJIOHHAMHU, COEIMHEHHBIMU JIEKOPATHUBHOMN
JEPEBSIHHON apKaTypoil ¢ TpexJIoNacTHbIM pUCYHKOM. CTeHBI, BO3BEICHHBIE U3 OyTOBOrO KaMHs Ha
M3BECTKOBOM PACTBOpE, 3aBEPILIAIOTCS MEPEKPHITOI Yepenuiieil CKaTHOM Kpbllel. YIu4HbIA acas
pemieH Oojiee MOHYMEHTAJIbHO: MMEIOTCA JBa apPOYHBIX CKBO3HBIX BXOJa, OIUH M3 KOTOPBIX
napagsaeiif. [Ipu crpoutenscTBe acaga aA0Ma, UMEIOIIET0 HHTEPECHYIO KOHCTPYKIHIO apKH,
UCIONb30BAIaCh  KJAJKa U3 TUIATEIIBHO OOpaOOTaHHBIX  KaMHEH. XyH0KECTBEHHYIO
BBIPA3UTENILHOCTh (acaqy MNpHAaeT Hecyllas MONYHHUPKYIbHAs apka C JIOHETOM, HMEIOIIUM
TPEXJIONACTHBIN pUCYHOK. VIHTEpbep, BBINOIHEHHBIHN ¢ TpUMEeHeHHeM ped, HULI U OyXapbl, ABJISIETCS
tpamunuonHoi ans Llleku-3araranbckoro peruvoHa ¢gopmoil. B atom cMmbicie ocoboe BHUMaHHE
IpUBJeKaeT Oyxapa Ha BTOPOM 3Take, OPHAMEHTHPOBAaHHbIN KPaCOYHBIM JIeKopoM [3].

UYro kacaercs nocrpoeHHoro B XIX Beke B kBapraie ['apagonar noma KepuMoBBIX, TO OH I0YTH
€IMHCTBEHHBIH oM B Mimcy, coxpaHuBIIMM 0e3 M3MEHEHUH NepBOHAYaIbHBIA BHJ MaHCap.bl,
YEpEeNMYHON KPBIIIU, KAPHU30B, JIECTHUI, OAJTKOHOB, MOTOJIKA U 1oa. [loaromy >xuiioit 10M nMeer
00pa31ioBOe 3HaYEHUE NP PecTaBpalus APYruX NOAOOHBIX KHUIIBIX JOMOB, PACIOI0KEHHBIX B CEJe
Nnucy.

[TocTpoennsiii B XIX Beke xmitoit qom XanmiioBbiX B kBaptaie ['apamomak (1870-1880 rr.)
COOPY)KEH U3 TECaHOro MW OOBIYHOTO OYIbDKHHMKA HAa W3BECTKOBOM pacTBope. HemHoro mpasee
KEJIe3HbIX BOPOT MMeeT OalKOH, BBIXOAALIMM Ha ynuiy. braroycTpoeHHbIl oM HaxoauTcs B
JKCIUTyaTalluy, COOCTBEHHUKOM M BIIAJEIIbLEM J0Ma sBisgeTcs XanuioB Xadbulyiia.

OnHuM U3 UHTEpECHEHIINX JIPEBHUX MOCeIeHU ["axckoro paifoHa, UMEIOLIEro CBOC0OPa3HYIO
aApPXUTEKTYPHO-IUIAHUPOBOYHYIO CTPYKTYpY, sBisiercst ceno Capbroam. CornacHO HCTOYHHMKAM, B
Cappibamie 6buto 149 nBopoB [4]. SIBHsSCH peAKUM HMCTOPUYECKUM MAMSITHHKOM CO CBOMMHU
[IOCEJICHUSAIMHU, KBapTajamH, JI€JICHUEM HacelleHus Ha TaOyHbl, TOXyMbl M cemeiicTBa, Capbroamn
OTJIMYAETCS  UCTOPUKO-apPXUTEKTYPHBIMH  OCOOEHHOCTSAMH,  TPAJAULUOHHBIM  YKJIAJOM U
reorpagudeckoit cpefoit. OHO uMeeT cBoeoOpa3Hbie (POPMBI YIHUIL, JOMOB, a €r0 YKUTEIISM MPUCYIIN
crnienu(puIecKre aHTPOIOJIOTHYECKHE YEPTHI.

Hexkoropele coopykeHus cena UMEIOT HCTOPUKO-apXUTEKTYPHYIO LIEHHOCTh. [IpruMepom MoskeT
CIy’KUTh M€UeTh Ta/pku TamnTeira, npeanonoxutenbHo garupyembiid XVII — XVIII BB. n 6exkckuii
noMm Tlamxuxamwnymarsl cepeanabl XIX B. DTOT J0M  BBIIACISIETCS HM3SIIECTBOM (acaja,
OOpaIlleHHOrO Ha 0T, B CTOPOHY PaBHMHBI, YTO XapakTepHo i aomoB Capsibama. ITo cioBam
MECTHBIX JKHTEJIeH, B TIOCIEIHUM pa3 oM ObuT oTpectaBpupoBaH B 1909 romy mactepom A3u30M.
[Tpenna3HaueHHBIA U XO3IHCTBEHHBIX HYXJ U MPHUCIYTH MEPBBIA ATaXX HE OTIMYAETCS OCOOBIM
U3BICKOM M pelleH CKpOoMHO. YUTO KacaeTcsi BTOPOTrO 3Ta)ka, TO OH BBIIEISETCS JI€KOpAaTUBHON
00paboTKOM M MPEBOCXOAUT €ro Mo BbICOTE. MICKyCHO 1€KOPUPOBAHHBIN 31{BaH Ha BBICOKMX TOHKHX
KOJIOHHAX MpHBIIEKaeT oco0oe BHUMaHUE. «JlepeBsiHHbIE KOJIOHHBI 00pabOTaHbl KaHHENIIOpaMU U
UMEIOT B BEpXHEH YacTu KaluTellb, COCTOALIYI0 M3 JBYX TOHKUX NPO(GUIMPOBAHHBIX KOJIEIl,
OTIOSICHIBAIOIIUX OCTOB OINOpP, U BOCBMUIPAHHOM abaku HaJl BEpXHUM KousiblioM. Ha HuX onuparorcs
JIETKHE JIEPEBSIHHBIE JIOTOCOOOpa3HBIE AIEMEHTHI, KOTOPBIE, CMBIKAsACh, 00pa3yloT MOA00KEe apKabl C
KpacUBBIM CTpeNbuaThiM pUCYHKOM»[3]. Bricokuil nepeBSHHBIN aKypHbII KapHU3, HaJ KOTOPBHIM
BO3BBIIIAETCS YEPENUYHAs KPOBJIs, 3aBEPIIAET KOHCTPYKIUIO IEPEKPBITHA HAJl 31iBaHOM. M3s1ecTBo
SliBaHy MNPUIACT METAJUIMYECKOE aXYypHOE OTrpaKIeHHE, 4YeM IOJUYEepPKHUBAET BEpPTHUKAJIbHBIE
npornopuuu Beero acana. CTpouTenbHBIM MaTepUaIoOM MOCITYKUI OyTOBBIM KaMEHb Ha M3BECTKOBOM
pactBope u gepeBo. Orpajia 1oMa ¢ BXOJHBIM OPTAJIOM MOCTPOEHA U3 UCKYCHO OOTECAHHBIX KaMHEH.
CrpaBa u cieBa OT BXoJa uMeeTcs snurpagduka ¢ apadckoi Ba3bro. YTo kacaeTcst APYrux Crapbix
KUIbIX JIoMOoB Capblbaiia, TO OHM QAHAJIOTHYHBI 110 KOMIIO3UIMHM, HO Oojee MpocThie IO
JIEKOPaTUBHOMY YOPaHCTBY.
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3akiouenue. TakuMm o00pa3oM, MOXHO OTMETUTh, 4TO [ocyoapcmeennviii Hcmopuxo-
KVIbMypHblll 3an08e0Hux Mnucy, peacTaBIsSIONUNd cOO0N KyJIbTYPHBIM UCTOPUYECKUN MAMSITHUK,
HapsIly ¢ OTPaKEHUEM apXUTEKTYPHBIX ocoOeHHOCTel A3epOaiipkaHa, OTIIMYaeTcs CBOeo0pa3ueM u
VHUKQIBHOCTBIO psAZia (DaKTOPOB, HEMOBTOPUMBIM aPXUTEKTYPHBIM CTHJIEM. DTO OTPa3WIOCh B
palMOHAIBHON MJIAHUPOBKE, KOMIIO3UIMM U KOHCTPYKTUBHBIX MPUEMAX, YCOBEPIICHCTBOBAHHBIX B
TEUCHHE JUIMTEIBHOTO TIEpUOJla BPEMEHH. 3HAYUTEIBHBIM BIUSHUEM Ha (QOpMHpPOBAHHE
apxXuTeKTypHOro janamadra Minucy okasblBalM TakKe MPUPOJIHBIE YCIOBUS U TPaAULMOHHBIE
MECTHbBIEC CTPOUTEINIbHBIEC MaTepUaJIbI.
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TPA®UYECKAS PUTOPUKA:UCKYCCTBO YBEXIEHUA B IU3ANHE ILJTAKATOB

I'acanoBa Jleiisia ®apman— 10KkTop Gritocopuu 1Mo apXUTEKType, CTApPIINi IPEro1aBaTelb,
kadeaps! ['padpuueckuit u Menua nuzaiin, A3ACY, leyla.hasanova9@gmail.com

AHHOTANUA. YcIleX BHU3YaJbHOM KOMMYHMKALlUM 3aBUCHUT OT TOrO, KaK JU3alHEp IIPUBIICKAET
LEJIEBYI0 ayJUTOPHUIO U JOCTUTaeT HYXHOM peakuuu. MHorma coobuieHue TpedyeT MrHOBEHHOTO
JCUCTBUS M JOJDKHO OBITh SICHBIM W TPOCTHIM, JIMIICHHBIM JIBYCMBICIEHHOCTH. Yaiie Bcero
BU3YyaJbHBIH 00pa3 HCMOIb3YeTCA MJs BBI30BA OMNPEECICHHOTO SMOLMOHAIBHOTO COCTOSHHS Y
3pUTEINsl, KOTOPOE IMO3BOJSIET €My JIy4dllle BOCHPUHATH IpeIHa3HauYeHHOE cooOiieHue. YeTkui u
MOILIHBIM BHU3yaJbHBIA CTHJIb HEOOXOIUM Au3aiiHepy, 4TOOBl TOYHO IepenaBaTh HH(GOPMALHUIO.
Takum 00pa3oM, TOH BU3YaJbHOTO SI3bIKA UTPAET BAXKHYIO POJIb B (DOPMUPOBAHUH ONPEACICHHOM
(GOpMBI M PUTOPUKH JU3AMHEPCKOTO BBICKA3bIBaHUS. PUTOpUKA SIBISETCS UCKYCCTBOM YOEXKIIEHUS
yepe3 cioBa. OnHaKo, €e pojib HE OrpaHUYMBAETCA TOJIBKO YCTHBIM BbIpakeHHEM. BusyanbHas
KOMMYHHKAIUS, 0COOCHHO B Irpad)UuecKoM Ju3aiiHe, TaKKe MOJIHA SJIEMEHTOB PUTOPUKH, KOTOPHIE
MOTYT BO3/ICHCTBOBATH Ha ayIUTOPHIO M TEpeaaBaTh KOHKPETHbIE cooOmeHus. YToObl moCTpouTh
CIJIBHYIO PHUTOPHYECKYI0 pedb, JApeBHUE (uaocodsl HCHOIB30BAIA UYTO-TO POJCTBEHHOE
COBPEMEHHOMY JIM3afHEPCKOMY MBIIIICHHIO, YTOOBI ONPEACTUTh W YTOYHHTH KaTErOpuHu
COOOIIIeHUs, apaHXUPOBKU, CTHIIA, MAMSATH M MoAayu B yOeautenabHoM auanore ['padudeckue
IU3aiiHEpbl — 3TO CBOETr0 poja KOMMYHUKATOPbl, KOTOpPbIE BU3YaJlbHO O3BYYMBAIOT HOBBIE
MIPOBOKALIMOHHBIE HJIEH, CO37aBasi rpauueckre u300paxeHus, KOTOpble MOTYT MH(POPMHUPOBATS,
yoexaarh, moOyXIaTh K JCWCTBUIO WM K€ Pa3BJICKaTh MHUJUTHOHBI Jroaei. [IpemocraBicHme
BHU3YaJbHOIO TOJIOCAa CUMBOJIaM U 3HAKaM CBSI3aHO C OTPOMHOM OTBETCTBEHHOCTHIO, U HEOOXOAUMO
OCO3HaBaTh POJIb MeAKa Au3aifHa B (POpMUPOBAHUU OOIIECTBEHHOM MACOJIOTUHA U MUPOIIOHUMAHUS.
B KOHTEKCTe BH3yaJbHOM KOMMYHUKALlUM, PUTOPUKA HWIPAET BAXKHYI pOJb B CO3JAHUH
3¢ (HEeKTUBHBIX TU3alHEPCKUX PELIeHUI. DTO UCKYCCTBO YOEKICHHS Yepe3 BU3yaIbHbIE QIIEMEHTHI U
KOMIIO3ULIUIO, KOTOpble ()OPMHUPYIOT ONpEAeICHHbIE YMOIMOHAIbHBIE U KOTHUTUBHBIE PEAKIMU Y
3putenel. JlaHHas cTaThsl paccMaTpUBaeT MPUEMBI UCIOJIb30BAHMSI 3JIEMEHTOB PUTOPUKH, METOIbI
MCIIOJIb30BAaHUs 3TUX NIPUEMOB, U IIpeAIaraeT pyKoBOACTBO JUIsl paClIO3HaBaHUS U BKIIOUEHUS ITHX
AJIEMEHTOB B BU3YaJIbHBIX OOpAIlICHUSX.

KiroueBble cioBa: rpaduueckoe HCKYycCTBO, Melnua AM3ailH, PUTOPUKA, BHU3YaJbHBIH S3BIK,
ayuteropus, Meradopa, apryMeHTaIust COOOIECHUs, MHTEPIPETaLUs COOOIEHUS

GRAPHIC RHETORIC: THE ART OF PERSUASION IN POSTER DESIGN

Hasanova Leyla Farman- PhD in architecture, senior Lecturer, department of Graphic and Media
Design, AzASU, leyla.hasanova9@gmail.com

Annotation. The success of a visual communication depends on how the designer engages the target
audience and achieves the desired reaction. Sometimes a message needs instant action and should be
clear and simple. Most often, a visual image is used to evoke a certain emotional state in the viewer,
which allows him to better perceive the intended message. A clear and powerful visual style is
essential for a designer to convey information accurately. Thus, the tone of the visual language plays
an important role in shaping the specific form and rhetoric of the design statement. Rhetoric is the art
of persuasion through words. However, its role is not limited to oral expression only. Visual
communication, especially in graphic design, is also full of elements of rhetoric that can impact the
audience and convey specific messages. To build powerful rhetoric, ancient philosophers used
something akin to modern design thinking to define and refine the categories of message,
arrangement, style, memory, and presentation in a persuasive dialogue graphic images that can
inform, persuade, inspire or entertain millions of people. Giving a visual voice to symbols and signs
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is associated with a huge responsibility, and it is necessary to be aware of the role of media design in
shaping public ideology and worldview. In the context of visual communication, rhetoric plays an
important role in creating effective design solutions. It is the art of persuasion through visual elements
and composition that form specific emotional and cognitive responses in viewers. This article
examines the techniques for using elements of rhetoric, methods for using these techniques, and
provides guidance for recognizing and including these elements in visual appeals.

Keywords: graphic art, media design, rhetoric, visual language, allegory, metaphor, message
argumentation, message interpretation

Beenenue. Ycnex BU3yaJlbHOM KOMMYHUKAIMU 3aBHUCUT OT TOr'O, KaK IU3aiiHEpP IPUBIIEKACT
LIEJIEBYIO ayJUTOPUIO M JOCTUraeT HY)XHOM peakuuu. MHorna cooOuieHue tpeGyeT MIHOBEHHOI'O
JEUCTBUS M JOJDKHO OBITh SICHBIM W TPOCTHIM, JIMIICHHBIM JBYCMBICIEHHOCTH. Yaiie Bcero
BU3YaJIbHBIH 00pa3 HUCHONb3YeTCsl JUIsl BbI30BA ONPEAEICHHOIO0 3MOLMOHAIBHOIO COCTOSIHUS Y
3pUTENS, KOTOPOE MO3BOJSIET €My JIYYIlle BOCHPUHATH MpEAHA3HAYeHHOE cooOmenne. YeTkuid u
MOIIHBIN BHU3YyaJlbHBIM CTHJIb HEOOXOOUM JM3aifHepy, YTOObI TOYHO MepeaaBaTh HMHPOPMALUIO.
Taxkum 00pa3oM, TOH BU3YaJbHOTO SI3bIKA UTPAET BAXKHYIO POJIb B (DOPMUPOBAHUH ONPEACICHHOM
GopMBl M PHUTOPUKH JAM3AWHEPCKOro BBICKA3bIBaHMA. JlaHHas cTaThs paccMaTpuBaeT HPUEMBI
WCIIOJIb30BAaHUSl JJIEMEHTOB PHUTOPHUKH, METOJbl HCIOJIb30BAaHUSA 3TUX IPUEMOB, U MpeAJiaraet
PYKOBOJICTBO JJIsl pACIIO3HABAHUS M BKIIFOUEHHUS ITHUX 3JIEMEHTOB B BU3YaJIbHBIX OOpALICHUSIX.

Metoabl ucciaenoBanms. s M3ydyeHUsS PUTOPUKU BHU3YaJbHOTO SI3blKa B rpaduueckom
Ju3aiiHe B JJaHHOW CTaThe HUCHOJB3YIOTCS MCTOPUYECKHME IUIAKAaThl Pa3HOM TEMAaTHKH B KadyeCTBE
SMIMPUYECKOTO Marepuana. MccinenoBaHus yu€HbIX M HMCKYCCTBOBEAOB B 00JacTHU IUIAKATHOIO
HCKYCCTBA IPEJICTABIIAIOT HEITOCPEICTBEHHBIM HHTEpeC AJis aBTOopa cTaTbi. Cpeiu HUX XOTeN0Ch Obl
BbIeTUTh uccnenoBanus: DiieH Jlronron (Ellen Lupton) - amepukaHckuil qu3aiiHep M Kyparop,
aBTOp KHUT O Iu3aiine u rpaduueckoM uckyccrse; Jxeitme [Napduna (James Garfield) - 6puranckuii
HCKYCCTBOBE/I, CIIEHUATU3UPYIOLINIICS HA U3yYEHUU HMCTOPUM IIJIaKaTa U €ro poJid B KYyJIbType U
obomecte; JBun Kynn (David Kunzle) - amepukaHckuif HMCKyCCTBOBEA U HCTOPHK,
CHEIHATM3UPYIOIUNCA HAa M3YyYEHUH MOJUTUYECKOro IIakaTa W €ro poJd B COLMAIBHBIX
nswkeHusx; Kimap ['mnman (Claire Gilman) - kypatop u uccieaoBaTesb B 00JaCTH COBPEMEHHOTO
HCKYCCTBa U TpaduyecKkoro qu3aiiHa. DTo JUIIb HeOOJIbIION CIUCOK COBPEMEHHBIX HCCieloBaTeNen
1 UCKYCCTBOBEJIOB, aKTUBHO 3aHUMAIOINXCSI U3yYEHUEM IIJIAKaTHOTO UCKYCCTBA.

OO0cy:xaeHue pe3yabTaToB. PaccMOTpUM MOHSATHE PUTOPUKHU U MTOIBITAEMCS MIOHSATh €r0 POJIb
B rpapuueckoM W Menua au3aiiHe. Putopuka sBiseTcsi MCKYCCTBOM YOEXKIECHHs 4depe3 CIIOBa.
OpHako, ee poJib HE OrPaHUYMBAETCS TOJIBKO YCTHBIM BbIpakeHHEM. BuzyanbHas KOMMyHMKAIuS,
0coOeHHO B TpauuecKkoM Ju3aifHe, TaK)Ke IIOJHA DSJEMEHTOB PUTOPUKH, KOTOpPbIE MOTYT
BO3/ICHICTBOBATh Ha ayJIMTOPHUIO U NEpelaBaTh KOHKpeTHbIe coodiieHus. [Iponcxoxaenne noHsaTus
PUTOPUKH CBSI3aHO C JIPEBHUMH IMyOJIMYHBIM BBICTYIJIeHUAM B ['penun u Pume, rne puropuka
npencTaBisuia co00il HaBbIK yOeKIeHUS MyOnuku. YUToOBI MOCTPOUTH CHIIBHYIO PUTOPHUYECKYIO
peub, JIpeBHHE (GMIOCO(PBI UCMONB30BATH YTO-TO POJCTBEHHOE COBPEMEHHOMY AM3aiHEPCKOMY
MBIIIJIEHHIO, YTOOBI ONPENIEIUTh U YTOUHUTh KaTErOpUU COOOIIECHNUS, apaHKUPOBKH, CTUJIS, TaMATH
U ToAayu B yOenWTEeNbHOM Juajore. B BU3yaqbHOH KOMMYHHKALMU JK€ TMOHITHE BU3YaJIbHOMN
PUTOPHUKHN OOBIYHO OMHUCHIBAET BU3YaJIbHBIN TOH r0JIOCA, BBIOPAHHBIH 17151 JTaHHOW KOMMYHUKAaTUBHOM
3amaun [1,2].

Apucrorens yTBEp)KAaj, YTO CIIOCOOHOCTb opaTropa YOeKJaTh ayAUTOPHUIO 3aBHCHUT OT €ro
yMeHHsI o0palaThes K Hell yepes Tpu pa3aIndHbIX GOPMBI: JIOToc, 3Toc U nadoc. Jloroc, aToc u nagoc
SBJIAIOTCS. BaXKHBIMU 2JIEMEHTaMU KOMMYHHUKAIIUH, JAK€ €CIM Mbl HE OCO3HAEM HX IPHUCYTCTBHE.
[Tonumast 1 pacro3HaBasi JIOroc, 3ToC ¥ Maoc B TEKCTAX APYTUX JIOAEH U COOCTBEHHBIX, Mbl MOKEM
CO3J1aBaTh SIPKHE U YETKHE BU3yalbHbIE COOOIIEHNUS, 00pallasch K YATATEIIM Ha Pa3HbIX YPOBHSIX.
Bwmecre 311 seMeHThl GOpMUPYIOT TO, YTO TO3/1HEE ObLIO HA3BAaHO PUTOPUUYECKUM TPEYTOJIbHUKOM.
Jloroc oOpamaercs k pazymy. OH npezicTaBisieT co00il apryMeHTaIuIo U croco0, KOTOPBIM IHCaTeNb
HOJICP>)KUBAET CBOK TOUKY 3peHHs. BaxHo, 4roObl mH(popMmanus Obula SCHOM M KOHKPETHOM,

APTYMCHTBI OBUIM BECKMMH M OCHOBAHBI Ha AOCTOBCPHBIX NOKA3ATCILCTBAX. Jloruka ApryMCHTAllUA
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U yOeqUTeIbHOCTh JOBOIOB HH(POPMATOPA TAKKE UIPAIOT BAXKHYIO POJIb. DTOC CBSI3aH C XapaKTEpOM
nH(pOpMAaTOpa U €ro CBA3BIO ¢ 00cy)kaaeMoil TeMoi. OH OTpa)kaeT poiib MUCcATENs B apryMEHTe U TO,
KaK OH CBs3bIBaeT cedsi ¢ TeMoil obOcyxaeHus. BaxkHo, 4TOOBI aBTOp MPOSABIAN YBa)KEHUE K
Pa3NUYHBIM TOYKAM 3pPEHHUS M HCIONb30BaJl MOIXOAAIMI TOH ronoca. [ladoc oOpamaercs k
HMOLUAM, BOOOPAXKEHUIO, YOSKACHUAM U HEHHOCTSIM. OH MOKeT BKJItOUaTh B ce0s1 IMOIIMOHANIbHbIE
aCIIeKThI, IPUMEPHI, ACTAIU U 00pa3bl, YTOOBI 33€HCTBOBATH SMOLUU U BOOOpPaKCHUE UMTATEIS.
[Tucarens Takxke MOXKET 00pamaThCs K IIEHHOCTAM U yoexaeHusM untaredis. [3] Bee aTu acrexTs
UIPaOT BaXKHYIO POJIb B KOMMYHUKALIUY U BO3/IEHCTBUU Ha ayIUTOpHUI0. Pa3ymMHOE ncnonbp30BaHue
joroca, yoeauTenbHOE NMPUMEHEHHE 3TOca U AMOLMOHAIBHOE oOpaleHue yepe3 nadoc moMoraror
co3nathk 3G (HEeKTUBHBIE U YOS TUTEIILHBIC TEKCTHI.

Jannas cxema GpopMm myOaudHOro 0O0paIieHus BIIOJIHE MPUMEHUMa U B cepe rpaduuecKoro
nu3aiiHa, TJ€ NP MOMOIIM PUTOPUKU BHU3YyaJbHOTO sI3blKa [4] pelaroTcs aHaJIOrM4YHbIE 3a7auu
nepefayd MH(GOpPMaLUU, BOBJIECUCHMs ayIUTOPHUM B ONPEIENEHHYK AMCKYCCHIO HHTPHUIYs €€
BHUMaHue. [ padudeckue au3ailHEPHI — 3TO CBOETO pojia KOMMYHHKATOPHI, KOTOPHIE BU3YaJIbHO
03BYYMBAIOT HOBBIE IIPOBOKALIMOHHbIE UJIEH, CO3/1aBasi rpaduyeckue n300pakeHusi, KOTOpble MOTYT
nHPOPMHUPOBATh, yOSXKIaTh, MOOYKIATh K JCHCTBUIO WJIM JK€ Pa3BIEKATh MUJUTHOHBI JIFOJICH.
IIpenocraBiieHne BU3yaabHOTO TOJIOCA CUMBOJIAM U 3HAKaM CBS3aHO C OTPOMHON OTBETCTBEHHOCTBIO,
1 HEoOX0JMMO OCO3HaBaTh POJb Meaua JAu3aiiHa B (OPMHPOBAHUM OOILIECTBEHHOW HJIEOJIOTUU U
MUPOIIOHMMAaHMs. B KOHTEKcTe BHU3yaJlbHOM KOMMYHHUKAallUM, PUTOPUKA UIPAcT BaXHYIO POJb B
co3aHuu d(P(HEKTUBHBIX TU3aHHEPCKUX PEIICHHA. JTO UCKYCCTBO YOEKACHUS Yepe3 BU3yalbHbIC
3JIEMEHTHI U KOMIIO3ULIUIO, KOTOPbIE (hOPMUPYIOT OINpeieleHHbIE SMOIMOHAIbHbIE U KOTHUTHBHBIE
peakuuu y 3puteneit [5].

[TepBbIM KJIHOYEBBIM ACHEKTOM PUTOPUKH B BU3YaJIbHOH KOMMYHHUKAIUH SIBJSETCS BBIOOD
LBETOBOM MAJNUTPHL. L[BeTa MOTYT BBI3BIBATh Pa3jIM4YHbIC SMOLIMM U accolanuu y roaei. Harmpumep,
SApKHE U HaCBILICHHBIC IIBETA MOTYT IPHUBJIEKATh BHHUMAHHUE U BBI3bIBATh YyBCTBO BOCTOPIa WM
SHEPTrUH, B TO BpeMs KaK HEKHbIE U MMacTeIbHbIE TOHA MOTYT CO3/1aBaTh OLIYIIEHHE CIIOKONCTBUS U
rapmoHuu. KoMOMHMpOBaHUE IIBETOB € LIENbIO Nepe1aTh ONPeIeIEHHOE HACTPOESHUE WK COOOIIEHHE
- 3T0 Qopma BU3yalnbHON pUTOpUKU. CIIEIyIOIUM Ba)KHBIM 3JIEMEHTOM PUTOPHUKHU B BU3YaJIbHOMN
KOMMYHHKAIMH sBisieTca Tunorpaguka. pud el UMEIOT cBOIO COOCTBEHHYIO 3CTETUKY U CTUIIb, U
MOTYT OBITH MCIIONB30BaHbl JUISI CO3JaHMSI OMNPEAENIEHHOrO BIIEYATJIEHUS WM TOAYEPKUBAHUS
OCHOBHOMH Hjien. Bb1O6op npaBuibHOTO mprdTa MOXKET MOMOYb YCUINTh BU3YaJIbHOE BO3/IEHCTBHE U
nepeaarh cooOlieHne ¢ HYy)XKHOW uHToHamwmel [2,5]. Kommo3umus - eme oAuH Ba)KHBIH acIEeKT
PUTOPUKH B BU3YaJIbHOM KOMMYHMKalMU. Pa3Melienne 31eMeHTOB Ha IIIOCKOCTH [ 7], 6anaHcupoBKa
MIPOCTPAHCTBA, MCIIOJIb30BAaHUE MPONOPIUI U BhIPAaBHUBAHUE - BCE ITO BJIMSET HAa BOCHPUSITHE U
noHUMaHue 3purens [6]. [IpaBuiibHas KOMIIO3ULIKS IOMOTAET YCTAaHOBUTh FTAPMOHUYHOE BU3YaJIbHOE
COOTHOIIEHUE U MOJYEPKHYTh IIaBHbIe uaen. HeoOxoaumo Takke ynmoMsiHyTh 00 MCIOJIb30BaHUU
BU3YaJIbHBIX MeTaop M CHMBOJIOB. PUTOpHKa MOXKET BKJIIOYaTh B ceOsl CO3JaHME BH3YyalbHbIX
o0pa3oB M accolMaluid, KOTOpbIE MOMOTalOT MepelaTh CIO0XKHBIE MJIEW WIM KOHUEHIMH Oosee
IPOCTBIM U JOCTYHHBIM criocoOoM. BusyanbHble mMeTadopbl U CUMBOJBI MOTYT OBITH MOIIHBIM
CPEICTBOM BO3JICHCTBUS U IIOMOTaTh 3pUTEIISIM JIeT4e MOHATh U 3alIOMHUTH UH(OPMAILIHUIO.

PaccMoTpuM M momnbITaeMcs ONPEAETUTh PUTOPUKY BU3YAIbHOI'O S3bIKA Ha INPUMEpE
IJ1akaTHOro TBopuecTBa 19-20 BekoB. Kak ennHBIN TUCT, pa3BEpHYTHIM M HalleYaTaHHBIM TOJBKO C
OJIHOM CTOPOHBI, TUIAKAT - 3TO CaMbIil MPOCTON HOCHUTENb MH(pOpMaMU B rpaduyeckoM au3aiiHe.
Kak ob6nactp rpaguueckoro au3aiHa, miakaTbl OTHOCATCS K KaTETOPUU MPE3EeHTAUN U peKJIaMHbIX
MaTepUasoB, IJie U300pakeHne U TEKCT, CBSI3aHHBIE €IMHBIM CMBICIIOM JIOJIKHBI B TO 3K€ BpEeMsI OBITh
MHTPUTYIOIIMMU 1 3aIIOMUHAIOLMMHUCS, IPU3BIBATH K IEHCTBUIO U BBI3BIBATH OIIPEAEICHHBIE YMOLIMH
Y 3pUTENS.

['paduueckuil au3aiiH o0nagaeT A3BIKOM C HEONPEAETCHHON I'paMMAaTHUKOW M IOCTOSHHO
pacIIMpSIOUIMMCS CIIOBAPHBIM 3al1aCcOM; HETOUHBIN XapaKTep ero MpaBujl 03HAYAET, YTO €r0 MOMKHO
TOJIBKO U3Y4YHTbh, HO HE YCBOUTh. MBI HE BCETJa MOKEM C TOUYHOCTHIO MHTEPIIPETUPOBATh PUTOPUKY
€r0 BU3YaAJIbHOTO SI3bIKa, [TOKA HE TPOYTEM TEKCT. SIpKMM IPUMEPOM TOMY CIIy>KAT IEPBBIE TIAKATHI

Ha yJIMUAX PaClIMPSBIIMXCS EBPONEUCKUX TOPOAOB KOHIIA AEBATHAAUATOrO Beka. [lepBblie muakarsl
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OBLITH BBIpKEHUEM SKOHOMUYECKOH, COIIMAIBHON U KYJIBTYPHOU JKU3HU 00111ecTBa [ 8], KOHKYpUPYS
3a TPUBIICYECHUE BHUMAHHUS TOKYIATeJIEH TOBAapOB W 3pUTEIEH TeaTpajbHbIX BBICTYIUICHUM.
BHuMaHue npoX0oXuX NPUBJIEKATH LIBET IJIaKaTa, KOHTEKCT M300pakKeHUs U PUTOPUKA €ro S3bIKA.
Nx wnmoctpanuy, NOAKPEIJIEHHBIE TEKCTOM MOJ — ONPENCIEHHBIA KOHTEKCT, OTPaKaJIH
XYI0KECTBEHHYIO MOJly TOTO BPEMEHH U IPUBHOCUIIN HOBYIO 3CTETUKY YIPOIIEHHBIX H300paKeHUH,
OCHOBaHHYIO Ha CPEJICTBAX BOCIPOM3BEICHUS TOrO BpeMeHH. [lo muTorpaduu miakaTel ne4aTaauch
METOJIOM BBICOKOH MeuyaTH, Mpu KOTOPOM H300paK€HUE MEePEHOCHJIOCh BPYYHYIO Ha ILIOCKYIO
MOBEPXHOCTh JIMTOTPAQCKUX IMEYATHBIX KAMHEW, TIe Uil KaKIOTO I[BETa WCIIOIh30BAICS OJIUH
KaMmeHb [9]. THor1a KOJM4eCcTBO 3TUX KaMHEH IOXOUIIO JI0 TIATHAAIATH. Takum 00pa3oM MosBHIIACh
BO3MO>KHOCTH BOCITPOU3BOAUTH CIIOKHBIN JIMara3oH TOHOB U I[BETOB MACIsHbIX KapTuH [3,4], Takux
Kak «MputbHBIC TTy3bIpu» (1886), 3HAMeHuTas kapTuHa /[xoHa Musie, KOTopyro OpuTaHCKUi OpeH T
«Pears» ucnonp3oBain i pekinambl cBoero Mpuia. (Puc.1)

Puc. 1. Jxon Muiute, «MblIbHBIE ITY3BIPHY», TOCTEP KOMIIAaHUU «Pearsy»

Takum oOpa3oMm, HEpBBIMM TpapHUUECKUMH JU3aiiHEpaMH CTald HMEHHO XYAO0KHUKH,
KOTOpBIE HEMOCPEICTBEHHO yYacTBYsI B CaMOM IPOU3BOJICTBE IJIAKATOB MOJYUMIH IPSIMON TOCTYI
K TIPOLIECCY BOCIHPOM3BEACHHUS CBOMX SKCHO3MLIMNA 0€3 COOII0AECHUS PAa3IMYHBIX TEXHUYECKHX
TpeOOBaHUM, OrpaHUYMBAIOIIMX UX TBOpUecTBO. VHTerpamus XyJq0’KHUKOB B WHIYCTpPHAJIbHBIN
nu3aiiH B KoHIE 19 Beka [10] onpenenuiia puTOpUKY BHU3YalIbHOIO SI3bIKA IJIAKATHOTO MCKYCCTBA,
KOI'Jla >KMBOIIMCh Hayaja CIYXKUTh 3ajadaM Trpaduyeckoro ausaiiHa. Pempoaykuus XyJo)KHUKa
3aIoJiHsIa Bech (hopMar Iulakara, Jajee pacnojarajics TeKC, UMeHHO 3Ta ¢popmyia— Gurypa-¢os-
TeKCT- [8] jeraa B OCHOBY KOMIIO3UIIMOHHOTO IOCTPOEHUs M1akaToB B EBporie n AMepuke Ha pyOexe
BekoB. Pabotsl XKrons Illepe siBisitoTcst emé OJHUM M3 MPUMEPOB MHTETpallUU XYJOXHHKOB B
IIPOM3BOJICTBEHHBIN ITpolecc co3lanus miakaroB (Puc.2).

FOLIES-BERGERE
{_"" n \

Puc. 2. XKronp Hlepe, Jlon @ymiep B Gonu-bepxep [10]
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Crynus llepe 3aHmManach penpoayKIMed W MedaTbi0 €ro COOCTBEHHBIX KapTHH, Gopmar
KOTOPBIX MOPOi ocTurai donee 2,5 METPOB, YTO 3aHUMAJIO TUIONIA/Ib HECKOJIBKUX JINCTOB OyMaru.
[Tourn Oe3 BapuanMu KOMIIO3MILIMS IUIaKaTa ObUIa MPOCTAa M COCTOSUIA U3 €IMHCTBEHHOU (UTYpPbI
KEHILMHBI, HAHECEHHYIO B HATYPaJIbHYIO BEIUUYHUHY U TEKCTA, COCTOSALIETO U3 OJTHOTO WM ABYX CJIOB,
MHOTJAa C UCHOJb30BaHUEM cioraHa. M3o0paxkeHuss 1nb0 Kak OOBEKTHBHOE IPEACTABICHUE
MPOAYKTa peKaMbl, TMO0 KaK CHUMBOJHMYECKOE MpEACTaBlIeHHE nuaen Obun peaku [11], ocHoBHOE
BHHUMaHUE XYA0KHHKA ObUIO HANpaBJICHO HA 3CTETUYECKYIO MPUBJICKATEIbHOCTh U MO3TUYHOCTH
rakata. HecMoTpss Ha NpPOCTOTY KOMMO3HMIMHK, TA€ H300pakeHHBbIE (QHUTYyphl OTOpPBAaHBI OT
MIPUBBIYHOM MEPCIIEKTUBBI U BUTAIOT, HE MPUKAcasICh KaKO-I1100 MOBEPXHOCTH Ha popMaTe Iiakara,
OHa 00NajaeT CBepX IMOBBIIICHHOW SMOIMOHAIBHOCTHIO C MpeodiaJaHueM 3JIEMEHTOB madoca,
BO3BBIIIEHHOCTH U [yXOBHOCTH, I03TOMY PUTOPHKA JAHHOTO S3bIKa OblIa HESICHOM U OTKPBITON AJIst
UHTEpIpeTaui.

HeoOxomumocts uHQOpMHpPOBaTH, a MOPOM UM HHCTPYKTHPOBATH MHOTOUYHCICHHYIO
ayTUTOPHIO B TICPHUOIBI TICPBON MUPOBOM BOWHBI BBISIBHIIA CYIIECTBEHHOCTh PUTOPHKH BU3YAIILHOTO
A3plKa B JU3aiiHe MIakaToB. BHymmTensHbie 00pa3bl U CIOraHbl HOBBIX IUIAKATOB MPHU3BIBAIN K
BOCHHOM Ci1y»k0€, MCII0Nb30BAINCH AJIsi OOBSABICHUN U MpomaraHjibl, sl IPUBJICUEHUS TPaKJIaH K
BOCHHOU cITy»0e, a TOpOii ¥ UCTIOIb30BAaHUS MUPHBIX JKUTEJeH B BOeHHBIX AeicTBusx [12]. [Toctepst
OTpa)kaJld XapaKTep PUTOPUKH I'JI€ 3JIEMEHT JIOroca SIBJIsUICS OCHOBHBIM MHCTPYMEHTOM BU3YaJIbHOTO
MOBECTBOBAHUS. 37€Ch HCIOJIb30BAINCH PUTOPUYECKHE MPUEMbl PALMOHAIBLHOTO OOOCHOBAHUSA,
OCHOBAaHHBIE HAa APTYMEHTALUU U YOEXKJCHUH, TaKhe Kak JuarpamMMbl, WLIIOCTpPAIMH, 3HAKH U
CUMBOJIbI BOEHHOW HACHTU(UKAIIMK 3BaHUM U CTaTyca, KOTOPblE MIHOBEHHO OIIO3HABAIUCH
nyOsimkoil. IlpomaranaucTckue IiakaThl BOIOIOIIMX CTpaH, aneuTUpylollne K MaTpHOTH3MY U
BBI3BIBAIOIINE YYBCTBO BUHBI Y T€X, KTO MO3BOJIAET APYTUM MOABEPraThCsl OMACHOCTH PAAH HUX, IO
XapakTepy PUTOPUKH OBUIM OJUHAKOBBIMUA OTIHYAIHCH JIAIIb XYJIOXKECTBEHHBIC NPUEMBI HX
BHU3YaJbHOTO s3bIKa. PabOTHI aHINIMICKMX U aMEPUKAHCKHUX XYAO0KHHKOB OTIMYAIHCH MPSMOTOMN
KOHTEKCTa, IJI€ OCHOBHBIM HHCTPYMEHTOM DPHUTOPHMKHU SIBISUICS 3JIEMEHT 3TOca. 3Je€Chb BOEHHAS
PUTOPHKA OCHOBBIBAJIACh HA KIFOUEBOM (pUTYpe opaTopa — MyOIMYHOTO AesTENs, yKa3aTels UCTHHBI,
UACHTU(PUKATOPA MOPATBHBIX YCTOEB, BHIMOIHSIONIEMY COIIHATHLHO 3HAYNMYI0 MUCCHIO U KOTOPOMY
JaeTcs MpaBo TOBOPHUTH HA 3aJIaHHYIO TEMY.

/ THE SECRET HISTORY
Or THE
\ s r'/ ROFAGANDA POSTER

Puc.3. Ansdpen Jlut, «Your country needs you». 1914 r [12]

BusyanpHas nocTaHOBKa IIakaTa OTJIMYaiach MPOCTOTOM KOMIIOHOBKU JJIEMEHTOB, TI€
MPOCTOTa H300pa)KeHUl, 4YETKOCTh JIMHUN, POBHOCTH IIBE€TAa M TEHEW, BBIPA3UTEIbHBIA TEKCT
CO3JIaBJIM TAPMOHUYHOE €JJMHCTBO, KOTOPOE 00ECTIEYNBAIIO BBIPA3UTEIHLHOCTh BU3YaJIbHOTO T0JIOCA.
CaMbIMH SIpKUMU IIPUMEPAMU TaKOTO KaHpa IJIaKaTHOTO UCKYCCTBA SABJSIOTCS pabOThl OpUTAHCKOTO
xynoxxuauka Anbppena Jiut («Your country needs you». 1914 r.) u aMepUKaHCKOTO XYyJIOXHHKA
Jlxeitmc Montromepu ®@marr (aBTopa 3HamenuToro miakara "l want you to U.S. army" 1917). (Puc.
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3-4). TlombITKM WCIIONB30BAaHUS BU3YyadbHON MeTaophsl B 3TUX paboTax peaKd, OCHOBHAS HJIEsS
OYKBaJIbHO TIEpeIaBaIach OCPEICTBOM MILTIOCTPAINI CTEPEOTHITHBIX 00pa30B BOCHHBIX TepoeB [13]
U TIOJIKPEIUISIIACh TEKCTOM, HE OCTABJISISI MECTa JJIsl POYMX MHTEPIIPETALIUM.

UOY THAW |
YMSIA.2.U 103

MOITATZ DUITIURDIR T2INAIM

Puc. 4. Jxxeiimc Montromepu ®sarr, "'l want you to U.S. army™ 1917 r [13]

[Tpy u3yuyeHuUM HCTOPUM IUIAKATHOIO MCKYCCTBA M €0 BU3YAJIBHOIO fA3bIKAa B KOHTEKCTE
PUTOPUKH, 3aMETHO, YTO HA PAHHHUX JSTalax Pa3BUTHs ATOr0 MCKYCCTBAa Mpeo0iIagaiv 3JeMEHTHI
nagoca ¥ HOITUYHOCTH, KOTOPbIE IPUaBalId PUTOPUUECKOMY SI3BIKY IJIAKATOB IBYCMBICIIEHHOCTD U
HEOIpeIeIEHHOCTh. B 0osee mo3aHue mepuobl, B 310Xy MHIYCTPUAIBHOTO JM3aiiHa, TOsSBUIACH
TEH/EHIUS HCIOJb30BaTh aJUIETOpHUYEcKoe IH(pOBaHUE COOOLIEHUH, M MadocHas PUTOPHKA,
OTKpBITAst UII CBOOOTHON MHTEPIIPETAINH, YCTYITHIIa MECTO 00Jiee KOHKPETHOMY TOHY BH3YaIbHOTO
apryMEHTHpOBaHUs, rie MeTaopa cTaja CpeJCTBOM BBIpaKE€HHs MJIeH, MOBBIIIAs MOTEHIUAT U
BO3MOKHOCTHY BU3YaJIbHOTO SI3BIKA.

O®paHiy3ckue  Iu3aliHEpbl  IepuoJa IEepBOM  MHUPOBOM  BOMHBI HECMOTps  Ha
MPOMAra’IMCTCKy0 MPUPOJY CBOMX IUIAKATOB, aKTUBHO MCIIOJIb30BAJIM aJUIETOPUYHBIE 00pa3bl C
LEIBI0 MEepeayu UACH MIIMTApU3Ma 4epe3 POMAaHTUUYECKOE MIPEACTABICHUE BOCHHBIX repoes. Ha
9THX IUIAKaTaxX IPHUEM BU3YaJbHOIO OOpalleHus K MyOJMKe OCHOBaH Ha 3jJeMeHTe nagoca, Iie
OIUCBIBACTCS MYTh I'eposi, €r0 MCTOPUS C MPEOJO0JICHUEM MPEMATCTBUM M CUACTIUBBIM (PUHAJIOM,
SBJIAIOIIMMCS OECTIPOUTPBIIIHBIM CIIOCOOOM BBI3BaTh AMOLUU ayTUTOPUU. AJIJIErOprs BU3yaJbHOTO
COOOIIEHNsI TOJYEPKUBANIACh TSKEIbIM KOHTPACTOM KOMIIO3UIMH TOPOH ¢ H300pakeHneM
pPEATMCTUYECKUX BOCHHBIX CLEH. SIpKMM NpPHUMEpPOM TaKOro IpuUeMa CIIYXKHUT IUIaKaT JeHTeHaHTa
XKana Jlpya. Ero uzBecTHbIit BoeHHbIH 1u1akaT «CTos B oKoIme Kak 3aps..» (Puc.5) obmanaet spkoit
00pa3HOCThIO, /1€ SIMOLMOHAILHOCTh €r0 BU3YaJbHOTO A3bIKa MOJAYEPKUBAET JOMUHAHTHBIM 00pa3
coJjiaTa, M300pakeHHOro Ha ()OHEe paccBeTa, TPe3sAIIero 0 CKOpoil modee u BO3BpaIlleHUH JOMOH.
3/1ech MOMUMO KOHTpacTa TeHeW 0co00oe BHUMaHHUE MPUBIIEKAET KOHTPACT KOHTEKCTa, B KOTOPOM
UJIee «PACCBETa» - KaK CUMBOJIY II0JIOXKUTEIBHOIO Hayalla IIPOTUBOIIOCTABIISICTCS CLIEHA «BOWHBD) -
cumBoNl Tpareauu. Ilpuem koHTpacTa SBJISSICH MOIIHBIM TpadUUYECKHUM CpPEICTBOM YCHUIICHHS
PUTOPUYHOCTH BHU3yaJbHOrO rosioca [14] ucnomb3yercs 3aech UIsl TOCTHXKEHUS MaKCHMalIbHOIO

s dexra.
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K A
DEBOUT DANS LA TRANCHEE
JUE UAURORE ECLAIRE, LE SOLDAT
A LA VICTOIRE 1 A SON FOYER.

OUR QU’IL PUISSE ASSURER L‘UNE:
~ ET RETROUVER LAUTRE, |
SOUSCRIVEZ !

Puc.5. XKan JIpya, «Ctost B oKkoIie Kak 3aps..» [14]

AnHanoru4yHeiM 0o0pa3oM, cnenu@uka poCcCUHCKUX MOCTEPOB JOPEBOIIOIMOHHOIO IMEpPHOAa
ompeneNsAiach IMPHUCYTCTBUEM QJUIETOPHH B  MATPUOTHYECKOW NPOMAraHje MOJUTUYECKUX
wutrocTpanuii. PaccMotpum cienyromuii npumep M3 Toro mnepuoga — pabora Jmutpus Mypa
«CmepTh MupoBomy umiepuanusmy» 1919. (Puc.6) Ilatpuotnueckas nurocTpanus NoJKperieHa
NaTPUOTUYECKOM NpomaraHjol — WIUIIOCTpalusi + cJoraH, re KOHTPAcT OMNATh K€ SBISETCS
OCHOBHBIM T'pa)iue€CKUM HHCTPYMEHTOM, IOJYEPKUBAIOIINM PUTOPUIHOCTS sI3bIKa. PUTOpHKA 3/1€Ch
OCHOBaHa Ha nagoce — 00pa3HOM IPEICTABICHUU ABYX POTUBHUKOB — pabO4Mii Klacc, CTUCHYTHIN
B THUCKaXx MHPOBOIO HMIEpUaniu3Ma (CTaporo M HOBOr0). 3J1€Ch JpPaKkOH H300pakeH Kak
OJIMLIETBOPEHHE 3J1a CUMBOJIM3UPYET MHUPOBOM MMIEpHAIU3M, KOTOPBIA CXUMaeT pabouuii Kiacc
(MIPOMBIIUIGHHUKOB), Ha TIOMOIIb KOTOPBIM CIEMIAT BOOPYXCHHBIE CHJIBI  PEBOJIOIHH.
OrpaHuyeHHas 1[BETOBas MaJUTpa U MUHUMAJIbHOE MCIIOJIb30BaHUE TeKCTa [15] nuinb ycuIuBaroT
BU3YJIbHBINA 2QPEKT KOHIICHTPHPYsI BHUMaHNE Ha JpaMaTHYHON CHMBOJIMKE TUTaKaTa.

CMEPTD MHPO0BOIY
HMNEPHAIN3IMY

Puc. 6. Imurpuii Myp «CmepTh MupoBOMY HMIepuanumy» 1919 [15]

B KOHTEKCTE PUTOPUKHU BU3YAJIBHOTO SI3bIKA CIIEIYET BBIIEIUTH IIJIaKaThl COBETCKOIO IIEPUO/A,
OCHOBaHHBIE Ha TPaJULHMOHHOM H300pa3UTENLHOM TBOpYECTBE. B mepBble Troabl PEBOIIOLUU
IJIAKAThl CTAJM KPAaCHOPEUMBBIMU OpPAaTOpaMH, BBIKPHUKHBAIOIIMMU CIOTAHbI, WIUTHOCTPUPYIOIIUMHU
nonutuyeckue amneropun. dortorpaduka ctaHOBUTCA (PyHIAMEHTAIbHBIM HOBOBBEIEHUEM, BO-
NEPBbIX, KAK CPEACTBO JJIsi CO3AaHUS MOJHOLBETHBIX N300paKEHUH, BO-BTOPBIX, KaK CPEACTBO IS
cBOOO/IHOTO pacmpeneneHus Tekcta Ha popmare nocrepa. Vcnonb3oBanue ¢pororpaduku, HaBBIKU
Iu3aifHepoB B TpadMuecKoM MpPEICTABICHUU CTATHUCTUKU U Kaprorpaduu [9] oObenuHMIMChH Uis
CO3/1aHUS M300paKEHUH, BBIXOISAIIUX 332 PAMKH OOBEKTHUBHOCTU B MO3TUYECKOM IPEACTABICHUI
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nporpecca. MMeHnHo pa3Butue Qororpadukd CTago0 TOMYKOM, OINPEACTUBLIINM XapaKTep
BU3YQJILHOTO $3bIKa IUIAKATOB COBETCKOTO IE€PHOAA, TAC AU3aiHEpbl, IKCIEPUMEHTUPYS C
(hOTOMOHTaKOM ~ co3AaBalid  cBOeoOpa3Hble BU3YalbHbIE IIOCTAHOBKH, Tl aJUIETOPUYHbBIE
M300paKEHUS COBETCKUX JOCTHKEHHUH COUYETAIHCH C MOSCHUTEIBHON CTATUCTHKON (MILTIOCTpanus +
cratuctuka). [Tnakar «IIstunerka» ['ycraBa Kinynuca (Puc.7) coueraet B cebe doTorpaduyeckue u
rpaduecKue 3JIEMEHTBhl, MAaclITa0UPOBaHHE KOTOPHIX CO3/1aeT pACUCTIMBYIO BH3YyaIbHYIO
UEepapXUI0, OMPENESIONIYI0 PUTOPUKY €r0 BH3YyaJbHOTO SI3bIKa, TE JIOTOC KaK apryMEHTHBHBIN
AJIEMEHT PHUTOPUKU COYETaeTCss ¢ MeTaopUyYHBIM BBIpOKEHHEM Haen — mnadocoM. Putopukxy
JAHHOTO IIJJaKaThl MOXHO IOHSATh, HE YWTas CJIOraHbl W TeKcT [16], OHM WurparT JHIlb
BTOPOCTETNICHHYIO POJIb MOAKPEIUIsist MeTadopruHble n300pakeHus. BepOiroa kak onMueTBOpeHHE
MPOLIOTO MPOTHUBOMOCTABIISIETCSA IOKOMOTHBY, OTMEUEHHOMY KpPaCcHOI 3B€3/10i1 - CUMBOJIY HOBOTO.
Kontpact mpeit — craporo M HOBOTrO, KOHTpacT ¢GopM U 00BEMOB rpaduyecKux 3JIEMEHTOB,
JOCTUTAIOIINICA 32 CYET MacIITaOUpOBaHUs M300paKEHUH, KOHTPACT B PACIIONONKEHUH TEKCTa U
KOHTPACT [BETa — 3/IeCh UTPAIOT KIFOUYEBYIO POJIb B IIOCTPOCHUH BH3yaIbHON PUTOPUKH.

Puc. 7. I'ycraBa Knynuc, «Ilsatunerka» [16]

B panpHelimie nepuoAbl MCTOPUYECKOTO pa3BUTUS (PYHKIMM Tpadudeckoro au3aiiHa
MeHstoTcs. B To BpeMs kak paHee OOIIECTBO HAaXOJUJIOCh B OOJIbIIEH CTENEHU MOJ BIUSHUEM
MIPUPO/IBI CPEJICTB MACCOBOM MHPOPMAIH HEXKEITH €TI0 COJIEP )KaHUEM, B MOCIIEYIOIINE IECATUIIETUS
rpaduueckuil qu3aiiH pemaeT KOMMYKaTUBHBIE TPOOJIEMBI, TJI€ MEANYMOM I'padMuecKoro aAu3aiHa
CTaHOBHUTCA - coobOmienue [14]. M3MeHeHust B CTHIIE BH3YaJIbHOTO SI3bIKa OBUTO BBI3BAHO TaK JKE
TEXHOJIOTUYECKUM TPOrPECccOM, Pa3BUTHEM MeAHMa U COLMAIbHBIMH HM3MEHEHUSMHU B OOILECTBE.
[lepexon OoT py4yHOTO MPOM3BOACTBA K MAIIMHHOMY IOBJIMSUI HA pa3BUTHE rpaHUuecKoro au3aiiHa,
YTO B CBOIO OY€pelb OKa3aJlo BIMSHUE HA Pa3BUTHE TBOPUYECTBA B IEJIOM OOECHEUMB MEPEX0]] OT
SKCIIPpECCUOHU3MA K (YHKIIMOHAJIN3MY, COIJIACHO KOTOPOMY IIeNIbl0 TpauyecKkoro u3aifHa
ABIISICTCA MPAKTUYECKOE BIMSHHUE Ha MOTpeduTens, MoOyXIeHUe K JCHCTBUIO, OPUEHTALUU WIN
ocMmbiciiennto uH@opmarmu [17]. Crnenuduka puTOpUKH B IJIakaTax nepuoja (yHKIHMOHATIU3MA
XapaKTepu3yeTcsl YIpOIEHHbIMU (popMaMu, SICHBIMU JTUHUAMU U MUHUMAJIMCTHYHBIM MOAXO0JIOM K
JU3aifHy, TJIe TJIABHOW IIEJbI0 TUIaKaTOB mepuoja GpyHKImoHanm3Ma Obuia 3¢ (EeKTHBHAS Mepeaava
uHpopmanuu. B 3TOT mepmon (PyHKIMOHAIBHBIE AacCMEKThl M IefieBas ayIuTopHs Obuln
MPUOPUTETHBIMH.

B ¢yHkumoHanucTuueckoM ctuse ObUTH CO3/1aHbl MOCTEPHI ISl TPOMBIIIICHHBIX BBICTABOK,
JEMOHCTPUPYIOIIME HOBBIE TEXHOJOTMH, MPOAYKTHI M HMHHOBAalMU. PeKIaMHBIE MOCTEPHI ATOrO
nepuoja CTPEMUIIUCH MepelaTh UHPOPMAIIMIO YETKO U JAKOHUYHO, UCTIOJIBb3YsI MUHUMAIUCTUYECKUE
rpadudeckue cpeacrtsa. OHM aKIIEHTUPOBAIM BHUMAaHUE Ha MPOJIYKTE UM YCIIyre U MOJYepKUBAIIN
ero (hyHKIMOHAILHOCTh M MPAKTHUYECKYIO MOb3y. Takke co3aBaiich NOCTEPHI C COLUANBHBIMU U
MOJINTUYECKUMH TOCHaHusAMUA. OHM HCIIOJIB30BATIM MPOCTHIE CHMBOJBI, SIPKHE LIBETA M UYETKYIO
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tunorpadguky, 4To0bl 3PPEKTUBHO KOMMYHHUIIMPOBATh CBOM COOOIICHHUS W BBI3BIBATH PEAKIIUIO Y
3puteneil. Bce oHM oTiaMyanuch mpOCTBIMH, rpadudeckuMu (Gopmamu, sICHON THIOTrpagukon u
aKLEHTUPOBAJIM BHUMaHUE Ha (DYHKIIMOHAIBHBIX acleKTax npoaykra. K Takum riakatam OTHOCSATCS
paboThl MTANBSIHCKOTO XYIOKHUKAa M HIUIIOcTparopa Mapuemno [ymoBuu. ABTOp mocrepa is
"FIAT - LA NUOVA BALILLA" - Mapuemio [lynoBud, mpoOCIaBWICSA CBOMMH KYJIbTOBBIMH
pPEeKJIIaMHBIMHU TUTaKaTaMH, OCOOCHHO TeMH, KoTopble ObuH co3manbl st FIAT B Hauane 20 Beka.
[Tnakarer JlynmoBuda oka3anau O0JIbIIOE BIMSHHUE HA MTpoaBrkeHUe aBTomoouieit FIAT, B oM uucie
monenu La Nuova Balilla. Ero xapakrepHslii cTuib coderan B ceOe CMeNble IBETa, JIETaHTHBIC
JUHUM U yBIIEKaTeJbHbIE KOMIO3MIMM, YTO JI€lajl0o €ro paloThl 3alOMHUHAIOIIUMUCS U
3¢ GEKTUBHBIME [T TPUBJICUEHHS] BHUMaHU 3puTeneil. (Puc.8).

\eleganza
della /ignoly

Puc.8. Mapuemno dynosud, "FIAT - LA NUOVA BALILLA" [17]

B noctepax nepuoaa GpyHKIMOHANM3MA TU3alfHEPBl CTPEMUIMCH MCIIOIB30BAaTh JIOTHUYECKUE
apryMeHTbl, OCHOBaHHbIE€ Ha PpALMOHAIBHOCTH U (PYHKIMOHAIBHOCTH MPOAYKTa WM HJIEU.
OTcyTcTBUE U3IMIITHEH NEKOPATMBHOCTH M YKpAILIEHUH CHOCOOCTBOBAIO MPSIMOMY U HArJIsTHOMY
oOuieHnto ¢ ayautopueld. TekcT ObUl OOBIYHO MPOCTHIM, SICHBIM M 0€3 JUIIHMX YKpalleHuH, a
[[BETOBasl MaJuTpa Oblja OrpaHuyeHa M (yHKIMOHAIBHO MOAoOpaHa. DTO CO3[aBajlo MPsIMOE U
JAKOHUYHOE COOOIIEHHE, KOTOPOE OTJIMYAIOCh OT 0oJjiee SMOIMOHAIBHBIX U aJUIETOPUYECKUX
MOJIX0/I0B MPEBIAYIINX MePHOA0B. B puToprke QpyHKIIMOHAINCTHYECKUX TOCTEPOB ITOC MOT OBITh
CKPBIT WJIM MEHEE BhIPAXKEH, MOCKOJIbKY (YHKIIMOHAIN3M CKIIOHSUICS K YMEPEHHOCTU U OTCYTCTBHIO
U3JIMIIHEH HMOLMOHAIBHOCTH. OAHAKO, Yepe3 MCIOJIb30BAaHUE IPOCTOTHI, SCHOCTH U
3¢ (deKTUBHOCTH Iu3aiiHa, TOoCcTephl PYHKIMOHAIN3MA CTPEMUIIUCH BBI3BATh JOBEPUE U YOEKIACHHE
y 3puUTened, MCXOAd W3  PALMOHAIBHOCTM W  IPAaKTUYECKOM  MOJb3bl.  Putopuka
(YHKIIMOHATUCTUYECKUX MTOCTEPOB OOBIYHO OOpalianack K pa3ymMy M pallMOHaIbHOCTH, U MOTOMY
SMOLMOHANBHBIM Tadoc ObT MeHee BbIpaXkeH. BMmecTo 3Toro, OHM CTPEMWJIHCh BBI3BATh
SMOILIMOHAIBHOE BOCIPHATHE Yepe3 aKLEeHT Ha (QYHKIUMOHAIBHOCTH, YAOOCTBE M MPAKTHUYECKON
1eHHOCTH. Mcronb30Banue MPOCTHIX U YUCTHIX (POPM, MUHUMAJILHOW IIBETOBOM MAIUTPHI U MPSIMBIX
JUHUI CO3/1aBaji0 BIEYATIIEHHE ASCTETHMYECKOTO MOpsAAKa W TapMOHHH, YTO MOTJIO BBI3BIBATH
SMOLIMOHAIBHOE BO3ACUCTBUE Y 3pUTENIEH.

3ak/royenue. B 3akiioyeHHH cieqyeT OTMETHTh YTO, PUTOPHKA HMIPaeT BaXKHYK pOJib B
BU3YaJIbHOW KOMMYHMKAlLIMM, IO3BOJISAA Ju3aiiHepaM 3¢ (EKTUBHO IeperaBaTh COOOLICHHUS U
BO3JIEHICTBOBATh Ha aynuToputo. LBera, Tunorpaduka, KoMIo3uius U BU3yanbHble MeTadopsbl - Bce
9TH AJIEMEHTHI SIBIISIIOTCS MHCTPYMEHTAMH PUTOPUKH, KOTOPbIE TOMOTAIOT CO3/1aBaTh yOeAUTEIbHbIE
Y 3alIOMUHAloLMecs qu3aiiHepckue pemenus. [lonnMmanre u npuMeHeHnue pUTOPUKH B rpadueckoM
Ju3aiiHe 1Mo3BOJIAET JOOUThCS yCrexa B BU3yalbHOH KOMMYHHUKAIIMHM M JOCTUTHYTH IMOCTABICHHBIX
nesied. BeIBoJS Ha NEpBbI MIaH BaXXKHOCTh PUTOPUKU B IIAKATHOM HCKYCCTBE M Ipad)uyeckoM
Ju3aifHe, Mbl pacKpblBaeéM YHHUKAJIBHYIO POJib, KOTOPYIO OHAa HMIPaeT B CO3AaHUU 3(P(PEKTUBHON
BH3yaJIbHOW KOMMYHHUKaIMu. Puropuka, BKiIroHaromias Jjoroc, 3toc ¥ madoc, [18] cranoBuTcs
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MOIIHBIM MHCTPYMEHTOM, MO3BOJIIONIMM JM3aifiHEpaM M XYIOKHHKAaM JIOCTHTaTh OMpEAEICHHBIX
1esiel ¥ BO3/IeCTBOBATh Ha aynuTopuio. Jloroc, oOpamaromuiicss K pa3yMmy, IOMOTaeT yoeauTb u
apryMEeHTHPOBATh UJICH, HCIIOJIB3YS JIOTUKY U JOKA3aTelIbCTBA. JTOC, OOpAIAIOIIUIics K XapaKkTepy
Y aBTOPUTETY, YCTAaHABIMBACT JOBEPUE U CBSI3b C AyAUTOPHEH, IOKAa3bIBasl yBAKCHNUE K €€ MHEHUSM
u nenHoctsaM. [ladoc, oOpamarommuiics K 3MOIMSAM M IICHHOCTSIM, 3aXBaThIBacT BHUMAaHHE U
BBI3BIBACT CHIIbHYIO PEAKIUIO, JeJasi COOOLICHNE 3alIOMHHAIOLIIMCS M SMOIIMOHAIILHO 3apsyKEHHBIM.
HcKyccTBO PUTOPHMKH TO3BOJISIET HaM CO37aBaTh IUIAKaThl M JAPYTUE PA3IHYHbIC BU3yaIbHBIC
KOMMYHHKAIIH, KOTOpbIe 3(pPEeKTUBHO MepearoT COOOIIEHNE, BEI3BIBAIOT HHTEPEC U BO3ACHCTBYIOT
Ha ayautopuio. [loHMMaHue U MCIOIb30BAaHUE PUTOPUYECKUX ITPUEMOB MO3BOJISIET HAM YIyYIIHUTh
HAIllM HaBBIKM KOMMYHHKAIIMH U CTAaTh 00JIee BIUATEIbHBIMU U YCIICITHBIMU B 00JIACTH BU3yaJIbHOTO
HCKYCCTBA.
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Abstract. On 6 February 2023, Turkiye was hit by a sequence of very strong and destructiveearthquakes that
affected 11 populated cities close to the ruptured fault line. The damage was very extensive in the region so that
it was even to understand the orderof magnitude of the huge devastation and loss caused by this earthquake
sequence.Many national and international research teams have been in the affected areas fromthe first day on,
trying to make field observations from all aspects and get the per- ishable field data to use for the purpose of
seismic loss mitigation for future poten-tial events. The observations reveal the fact that it will take a long time
for the coun-try to recover from the adverse effects of this event, but we should also start the takemeasures
immediately to mitigate the potential losses from future earthquakes.

Keywords: seismic base isolation, performance-based earthquake engineering, structural dynamics, friction
pendulu

Turkiye is located in a seismologically very active region that is influenced by thecomplex motions of
different tectonic plates and fault mechanisms nearby. The northward motion of the Arabian and African plates
causes a high rate of crustal deformation in the Anatolian plate which results in large events on the main fault
zones in the country (Figure 1). On average, a destructive earthquake occurs in Turkiye every 7 years according
to statistical data from past earthquakes. Among the two main fault systems in Turkiye, the North Anatolian
Fault Zone (NAFZ) hasbeen very active for the last century, creating many destructive earthquakes, includ-ing
the latest 1999 Kocaeli and Duzce earthquakes [1-2]. However, the East Anato-lian Fault Zone (EAFZ) had been
in a quiet period with only a few moderate earth-quakes for more than a century until the year 2010. On this
date, a moderate earthquake with Mw=6.0 occurred in the northeast segment of the EAFZ that caused local damage
in some of the rural villages in the region [3-5]. Then, ten years later,a stronger earthquake with Mw=6.8
occurred in the adjacent segment to the south-west of the EAFZ, this time affecting both rural regions and also
the city of Elazig. These earthquakes were deemed to be the signs of abnormal activity on the EAFZ,which was
unfortunately verified on February 6, 2023, by a sequence of very strongand destructive earthquakes that affected
11 populated cities close to the ruptured fault line. The damage was very extensive in the region so that it was
even to un- derstand the order of magnitude of the huge devastation and loss caused by this earthquake sequence.
Many national and international research teams have been inthe affected areas from the first day on, trying to
make field observations from all aspects and get the perishable field data to use for seismic loss mitigation for
future potential events. This paper includes the field observations of a technical team fromthe Earthquake
Engineering Association of Turkiye (EEAT) from seismological, geotechnical, and structural aspects.
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Figure 1. Tectonic map of Turkiye (modified from [6] General information about the earthquake
sequence

On February 06, 2022, at 04:17, a major earthquake occurred in the EAFZ with the epicenter in Pazarcik,
Kahramanmaras. The magnitude of the earthquake in terms of moment magnitude (Mw) was announced as 7.7
by the Disaster and Emer-gency Management Presidency (AFAD) (Latitude: 37.288 N, Longitude: 37.043 E).
According to preliminary data, the depth of the earthquake was determined as ap- proximately 8.6 km. The
tremors were markedly felt in the provincial capitals and districts of Kahramanmaras, Gaziantep, Adiyaman,
Sanliurfa, Diyarbakir, Malatya,Osmaniye, Kilis, Adana, and Hatay. The distance of the earthquake to the nearest
settlement, Akdemir village in the Pazarcik district of Kahramanmaras province, was 2.72 km [7].
Approximately six hours after the initial earthquake, another in- dependent substantial seismic event took place
at 13:24 along the Eastern AnatolianFault Zone, with the epicenter in Kahramanmaras Elbistan. The earthquake's
mo- ment magnitude (Mw) was declared as 7.6 by the AFAD. According to preliminaryinformation, the event's
depth was ascertained to be approximately 7.6 kilometers. The seismic occurrence's proximity to the nearest
settlement, Gumusdoven village within the Elbistan district of Kahramanmaras province, is 1.70 kilometers [7].
In accordance with AFAD Earthquake Deparment data, between February 6 and March 19, 2023, thousands of
aftershocks were documented, 3 of which exceeded Mw 6, 44 of which exceeded Mw 5, and 510 of which
exceeded Mw 4. The focal mechanism solutions published by the AFAD and the aftershocks' distribution are
given in Figure 2. As of March 20, 2023, it has been confirmed by the authorities that approximately 255,000
buildings have been damaged or destroyed so far, morethan 50,000 citizens have died and more than 107,000
citizens have been injured.

The left-lateral strike-slip EAFZ, along with the NAFZ, constitutes one of Turki-ye's most active primary
fault belts, extending approximately 580 km from Karliovato Antakya, and plays a crucial role in the region's
geodynamic evolution and seis-micity [8-17].

The DAFZ is comprised of seven primary segments. These include Karliova, llica,Palu, Puturge, Erkenek,
Pazarcik, and Amanos fault segments [18] extending fromthe northeast to the southwest (Fig.3). It is stated that
the Mw 7.7 Pazarcik earth-quake resulted from the rupture of the Erkenek, Pazarcik, and Amanos fault seg-
ments and is situated within the northeast-southwest trending DAF zone. The Mw

7.6 Kahramanmaras Elbistan earthquake occurred on the Cardak fault, which is po-sitioned in the western
portion of the northeast-southwest and east-west trending Surgu fault segment. This segment is also located
within the northern branch of theDAF zone.
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Figure 2. Mainshock activity of the Pazarcik (Kahramanmaras) Mw = 7.7 and Elbistan (Kahramanmaras)
Mw = 7.6 earthquakes and their aftershocks for which focal mechanism solution was determined by AFAD [7]

Figure 3. Map showing the segmentation of the East Anatolian Fault Zone [18]

Seismological aspects. The earthquakes occurred on the well-known seismic gap along the EAFZ includ-
ing the long Pazarcik and Amanos segments. The first earthquake with Mw=7.7 (USGS) occurred on the left
lateral EAFZ with an epicenter near Pazarcik, Kahramanmaras. The USGS fault planes indicate bilateral rupture
on multiple seg-ments of EAFZ for a total rupture length of 400 km approximately. The second event occurred
on the Northern segments of EAFZ near Ekinozu with Mw= 7.6 (USGS). Both events resulted in a large set of
strong motions recorded by the net- work in the region, however, the first event has more near-field records than
the second one. The shaking intensities in the region indicate an extreme event, partic-ularly for the first
earthquake.

Figure 4 displays two selected records from the first earthquake. The rupture dis-tances and site conditions
are also provided. The station with code 3138 is located on relatively stiff soils in Hassa, Hatay. The response
spectra of the horizontal com-ponents are very broadband in nature and they exceed the maximum design earth-
quake at almost all periods while they exceed also the maximum credible earth- quake level at longer periods.
Station 4615 is located in relatively softer soil conditions in Pazarcik, Kahramanmarash.
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Next, a comparison of the recorded strong motions against two existing ground motion models is made.
Figure 5 demonstrates the recorded PGA and PGV levels against models by [20] and [21], respectively. The
comparisons show that PGA val-ues overall confirm the median estimates of GMMs with a few exceptions.
How- ever, PGV values overestimate the median levels of the GMMs. This could be at- tributed to long-period
enhancements from basin effects, forward directivity pulses,or local soil behavior. Further conclusions can be
obtained by performing detailed residual analyses for PGA, PGV as well as spectral accelerations.

Further details on the recorded peak motion parameters, several intensity measures, and felt intensity values
of the Kahramanmaras sequences can be found in the reference [19].

Ground damages and geotechnical findings. Adiyaman CityO0 in the Golbasi district of Adiyaman province,
the presence of groundwater levelsnear the surface and alluvial soils has led to remarkably high damage,
particularly due to liquefaction-induced phenomena. In the flat areas of the city center, nearly all structures,
although not exhibiting structural damage, have experienced substan-tial settlements. Structures built under
similar conditions but extending towards thehighland topography, however, have not encountered settlement or
other types of damage.
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Figure 4. Acceleration time histories and response spectra at selected stations thatrecorded the Mw=7.7
Kahramanmaras earthquake
(figures are modified from the originally published versions in [19])
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Figure 5. Comparison of recorded peak ground motions against selected empirical models [19]
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Figure 6 displays a building that has entirely tilted backward on its foundation without any deformation in
its structural elements. The other photographs illustratethe soils have liquefied, leading to the settlement of the
building foundations and bulging of the soils surrounding the foundations.

Figure 6. Tilting of buildings and heaving of soils around foundations due to lig-uefaction
(Adiyaman- Golbasi) [19]

Gaziantep City. There are few damages in the Gaziantep city center. In the villages close to the city center,
a few collapsed single-story buildings were observed. Cave collapses, slope failures and rock falls caused by
earthquakes are existing both in the city cen-ter and its immediate vicinity.

Nurdagi is one of the districts in Gaziantep that was directly affected by surface fault rupture. Due to surface

faulting, large damages occurred in houses (Fig.7.a)and large deformations and settlements occurred on road
routes (Fig.7.b).

Figure 7. a) Major damage to houses due to surface faulting (left), b) defor-mations and settlements due
to surface faulting on the road in Nurdagi (right) [19]

Large mass failures due to rockfalls were encountered on the slopes along the Gaziantep Osmaniye road
east of Nurdagi (Fig.8.a). The retaining structure alongthe water canal on the railway route in the Fevzipasa
neighborhood of Islahiye (Gaziantep province) collapsed towards the canal due to lateral spreading (Fig.8.b).

Figure 8. a) Rockfall on the road route around Nurdagi, b) damages due to lateralspreading along the
stream channel in the Fevzipasa neighborhood of Islahiye [19]

Hatay City. Hatay has been subjected to major and destructive earthquakes in the historical process. The
city has developed on an alluvial valley basin, plains, and terrace sed-iments of different levels created by the
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Asi River. Especially in the center and dis-tricts of Antakya along the Asi River, settlements and lateral spreading
due to allu-vial soils increased the structural damage (Fig.9).

Figure 9. Settlements in alluvial soils along the Asi River in Hatay and damageto retaining walls due to
lateral spreading [19]

In the Cay neighborhood located within the borders of the Iskenderun district of Hatay province, sand boils
due to seismic liquefaction was observed intensively. The seaside fishing harbor in Iskenderun was heavily
damaged in the earthquake, and differential settlements were observed in the region (Fig.10).

Figure 10. Surface manifestations of the sand boil as seismic liquefaction in Is- kenderun Hatay (left),
lateral spread due to liquefaction in the fishing harbor area in Iskenderun, Hatay (right) [19]

Kahramanmaras City. No significant geotechnical damage was reported in Kahramanmaras city center.
There had been completely collapsed buildings concentrated in the southern parts of the city. Although
geotechnical damage has not been reported observationally, detailed site investigations should be carried out on
the quaternary alluvial sedi- ments in this region to determine whether the damage is soil related.

Traces of surface faulting along the EAFZ in the Turkoglu district are observed atthe east of the district.
Since a significant part of the district is located on alluvial deposits, these soils were especially effective in
increasing the damage in the area.Lateral spreading and sand boil due to soil liquefaction were observed in the
region(Fig.11.a and 11.b).

Figure 11. a) Lateral spreading (left), b) sand boiling due to soil liquefaction(right) [19]
Structural aspects. It can be observed that structural damage is severe and widely spread in the af- fected

areas due to the high demands imposed by the seismic action of the earth- quake sequence and also the high
seismic vulnerability of the building stock. The most affected cities are Antakya, Kahramanmaras, Adiyaman,
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and Malatya with tens of thousands of buildings either collapsed or severely damaged beyond repair. The number
of collapsed (or to be immediately demolished), severely damaged andmoderately damaged buildings declared
by the Ministry of Environment, Urbaniza-tion and Climate Change by 19 March 2023 are provided in Table 1
for the affectedcities, which add up to more than 300,000 buildings in total. In addition, provincesclose to the
ruptured fault line like Elbistan (Kahramanmaras), Pazarcik (Kahramanmaras), Nurdagi (Gaziantep), Islahiye
(Gaziantep) and Golbasi (Adi- yaman) lost most of their building stock so that the authorities are even planning
tocarry some of these provinces to new and seismically safe settlement areas. Some major site observations
related to this inconceivable structural damage are given inthe rest of this section.

Table 1. The statistics related to structural damage in the affected cities [19]

City Collapsed/To Be SeverelyDamaged Moderatelydamaged
Demolished
Adana 176 929 2112
Adiyaman 8202 21909 6876
Diyarbakir 87 4592 3363
Elazig 101 7442 506
Gaziantep 5679 13833 7426
Hatay 21003 64895 13102
Kahramanmaras 11815 37549 6696
Kilis 609 1803 642
Malatya 5482 33603 2305
Osmaniye 1187 8863 1397
Sanliurfa 1543 5468 3020

Antakya, Hatay is the most adversely affected city from this earthquake sequence. This is due to the fact that
the ground motion intensities had been drastically ampli-fied due to soft site conditions and the directivity effect
of the ruptured fault in the first earthquake. In addition, a large aftershock with Mw=6.4 took place in the vi-
cinity of the affected region and caused further destruction among the damaged structures. At the center of the
city near the Asi River, there is total destruction as seen in Fig.12.

Figure 12. The photos of total destruction in Antakya, Hatay (courtesy of the EEAT) Antakya city was
recognized for its cultural diversity and richness and it resided many historical structures, including invaluable
heritage belonging to different re- ligions. Unfortunately, most of these structures were either severely
damaged or collapsed during the sequential earthquakes of February 2023 in Turkiye (Fig.13) [19]

Figure 13. Damaged historical structures in Antakya after earthquake sequence;
a) Habib-i Neccar Mosque (courtesy of the EEAT), b) Rum Orthodox Church [19]
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Another highly affected city center, which is close to the epicenters of both Mw7+ earthquakes is
Kahramanmaras. Especially the mid-rise reinforced concrete (RC) buildings in the old city center that resides
on soft soil deposits were razed down under strong shaking (Fig.14).

Figure 14. Complete destruction in Kahramanmaras city center (courtesy of the EEAT) [19]

Similar views of damaged buildings exist in the city centers of Adiyaman and Malatya. This high percentage
of building damage seems to depend on many factorsfrom the design stage to the construction stage of these
buildings. The adversely affected buildings with ordinary beam-column framing systems have been observedto
be very flexible. This dynamic nature seems to have caused extensive drifts dur-ing strong shaking beyond the
deformation capacity of columns. In addition, the ground story with commercial use worked as a soft-story
mechanism in most of these buildings leaving no chance of survival for the occupants. Poor concrete strength,
insufficient detailing, and improper supervision during the construction stages of these buildings are among the
major issues that caused the high seismic vulnerability of these buildings (Fig.15).

Figure 15. Structural deficiencies observed in damaged buildings (courtesy of theEEAT) [19]

It was also observed that the buildings on the hillsides of the aforementioned citycenters with relatively
stiff soil conditions performed better during the earthquake with light damage on the non-structural infill walls
only (Fig. 16.a). Even old low-rise buildings with poor construction stood still without serious damage (Fig.16.b).
This shows the significant variations in seismic demand with changing topo-graphical and soil conditions.

Figure 16. Buildings on the hillside of Kahramanmaras city center; a) (left) new high-rise RC frame
buildings with no/slight damage, b) (right) old and low-rise RCand masonry buildings that performed relatively
well during the earthquakes (cour-tesy of the EEAT) [19]
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Critical structures like hospitals and school buildings behaved relatively well dur-ing the earthquakes. Some
hospitals with old and deficient construction collapsed during the earthquake, killing the patients and the medical
people inside the build- ings. Some others were damaged, especially with extensive non-structural damage,
causing the interruption of the medical services during the post-earthquake emer- gency period (Fig.17.a). Base
isolation systems had been used in some newly constructed hospitals and they all showed satisfactory behavior
during the strong shaking (Fig.17.b).

The school buildings also experienced varying levels of structural damage from none to severe damage
(Fig.18). It was fortunate that no students were injured during the earthquake sequence since the first main shock
happened at 4 a.m. beforedawn and none of the schools were open during the second main shock.

RS =
o
N AT

Figure 17. a) Existing city hospital in Kahramanmaras with extensive non-struc- tural damage, b) a new
hospital construction in Kahramanmaras with base isolationsystem (the isolators worked and performed well
during the earthquake although most of them were not installed yet)

(courtesy of the EEAT) [19]

Figure 18. a) A school building with no damage in Golbasi (Adiyaman), (top) b) a severely damaged
school building in Kahramanmaras city center (bottom) (cour-tesy of the EEAT) [19]

Summary and conclusions. On 6 February 2023, Turkiye was hit by a sequence of very strong and
destructiveearthquakes that affected 11 populated cities close to the ruptured fault line. The damage was very
extensive in the region so that it was even to understand the orderof magnitude of the huge devastation and loss
caused by this earthquake sequence.Many national and international research teams have been in the affected
areas fromthe first day on, trying to make field observations from all aspects and get the per- ishable field data
to use for seismic loss mitigation for future potential events. In this study, the seismic performance of the base-
isolated hospital buildings at the Kahramanmaras earthquakes was evaluated. Several base-isolated hospitals
locatedin the cities affected by the earthquakes were inspected in a field study. Isolator displacements as well as
structural damage if present were documented. The fol- lowing conclusions were reached:
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This paper summarizes the field investigations of a technical team from the Earth- quake Engineering
Association of Turkiye (EEAT) from seismological, geotech- nical, and structural aspects. The observations
reveal the fact that the seismic de- mand imposed by the earthquake was very high. On the other hand, the
majority ofthe building stock in the region is highly vulnerable to earthquakes since the area did not experience
a large earthquake for a long time. The RC frame structures arevery flexible and brittle, so they could not resist
the earthquake forces imposed by these earthquakes. There are also damages caused by the rupture and the
ground failures. Overall, it seems that it will take a long time for the country to recover from the adverse effects
of this event, but we should also start the take measures immediately to mitigate the potential losses from future
earthquakes.

References

1. Anderson JG, Sucuoglu H, Erberik A, Yilmaz T, Inan E, Durukal E, Erdik M, Anooshehpoor R, Brune JN,
Ni SD. Implications for Seismic Hazard Analysis, Earthquake Spectra, 2000, Supplement A to Volume 16,
Chapter 6, 113-137.

2. Sucuoglu H, Yilmaz MT. Duzce, Turkiye: A City Hit by Two Major Earth- quakes in 1999 within Three
Months. Seismological Research Letters, 2001, 72(6),679-689.

3. Bakir S, Canbay E, Erberik MA, Gulerce Z, Aldemir A, Demirel 10. 8 March 2010 Basyurt-Karakocan
(Elazig) Earthquake: Preliminary Reconnaissance Report. Middle East Technical University, Earthquake
Engineering Research Center, An- kara, Turkiye (2010).

4. Askan A., Gupta SP, Ugurhan B. 8 March 2010 Basyurt-Karakocan (Elazig) Earthquake: Supplementary
Report. Middle East Technical University, EarthquakeEngineering Research Center, Ankara, Turkiye (2010).
5. Akkar S, Aldemir A, Askan A, Bakir S, Canbay E, Demirel 10, Erberik MA, Giilerce Z, Giilkan P, Kalkan
E, Prakash S, Sandikkaya MA, Sevilgen V, UgurhanB, Yenier E. 8 March 2010 Elazig-Kovancilar (Turkiye)
Earthquake: Observationson Ground Motions and Building Damage, Seismological Research Letters, 2011,
82(1), 42-58.

6. Holzer TL, Barka AA, Carver D, Celebi M, Cranswick E, Dawson T, DieterichJH, Ellsworth WL, Fumal
T, Gross JL, Langridge R, Lettis WR, Meremonte M, Mueller C, Olsen RS, Ozel O, Parsons T, Phan LT,
Rockwell T, Safak E, Stein RS,Stenner H, Toda S, Toprak S. Implications for earthquake risk reduction in the
United States from the Kocaeli, Turkiye earthquake of August 17, 1999. United States Geological Survey
(USGS) Circular 1193:64 (2000).

7. AFAD-ERC. 06 February 2023 Kahramanmaras (Pazarcik and Elbistan) Earth- quakes Field Study
Preliminary Report. Earthquake Research Deparment, Disaster and Emergency Management Presidency
(AFAD), Ankara, Turkiye (2023).

8. Allen CR. Active faulting in northern Turkiye. Contr.1577. Div. Geosciences, California Institute of
Technology, USA (1969).

Arpat E, Saroglu F. Dogu Anadolu fayi ile ilgili baz1 gbzlemler ve diisiinceler. MTA Dergisi, 1972, 78, 44-50
(In Turkish).

9. Arpat E, Saroglu F. Tiirkiye'de baz1 6nemli geng tektonik olaylar. Tiirkiye Jeoloji Biilteni, 1975, 18, 91-
101 (In Turkish).

10. McKenzie DP. Active tectonics of the Mediterranean region. Geophysical Journal of the Royal
Astronomical Society, 1972, 30, 109-158.

11. Seymen I, Aydin A. Bingol Deprem Fayi ve Bunun Kuzey Anadolu Fay Zonuile lliskisi. Bulletin of the
Mineral Research and Exploration, 1972, 79, 1-12.

12. Saroglu F, Emre O, Kuscu I. Turkiye Diri Fay Haritasi, 1: 2,000,000 olcekli, Maden Tetkik ve Arama Genel
Midiirliigi, Ankara, Turkiye (1992) (In Turkish).

13. Ambraseys NN. Temporary Seismic Quiescence: SE Turkiye, Geophysical Journal 1989, 96, 311-331.

14. Taymaz T, Eyidogan H, Jackson JA. Source parameters of large earthquakes in the East Anatolian Fault
Zone (Turkiye). Geophysical. J. Int., 1991, 106, 433- 490.

15. Herece E, Akay E. Karliova-Celikhan arasinda Dogu Anadolu Fayi, Turkiye 9.Petrol Kongresi Bildirileri,
361-372 (1992).

16. Nalbant S, Hubert A, King GCP. Stress coupling between earthquakes in north-west Turkiye and the north
Aegean Sea. J Geophysical Res, 1998, 103, 469-486.

17. Duman T, Emre O. The East Anatolian Fault: geometry, segmentation and jogcharacteristics (2013) doi:
10.6084/M9.FIGSHARE.3453179.

50



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

18. METU-EERC. Preliminary Reconnaissance Report on February 6, 2023, Pa- zarcik Mw=7.7 and Elbistan
Mw=7.6, Kahramanmaras-Tiirkiye Earthquakes. Re- port No: METU/EERC 2023-01. Middle East Technical
University Earthquake En-gineering Research Center, Ankara, Turkiye (2023).

19. Boore DM, Stewart JP, Seyhan E, Atkinson GM. NGA-West 2 equations for predicting PGA, PGV, and
5%-damped PSA for shallow crustal earthquakes, Earth-quake Spectra, 2014, 30, 1057-1085.

20. Kale O, Akkar S, Ansari A, Hamzehloo H. A ground-motion predictive modelfor Iran and Turkiye for
horizontal PGA, PGV, and 5% damped response spectrum: Investigation of possible regional effects, Bull.
Seismol. Soc. Am., 2015, 105, 963-980

Maqalaya istinad: Erberik M., Askan A., Kockar M., Altindal A., Aydin M., Ozsimsir A., Sahin G. 2023-cii il
Kahramanmaras, Tiirkiya zolzolo  ardicilligimin  seysmoloji, geotexniki va struktur aspektlori. Elmi
osarlar/Scientific works, AzMIU, s. 41-51, N2, 2023
For citation: Erberik M., Askan A., Kockar M., Altindal A., Aydin M., Ozsimsir A., Sahin G. Seismological,
geotechnical and structural aspects of the 2023 Kahramanmaras, Turkey earthquake sequence. Elmi
osarlar/Scientific works, AzUAC, p. 41-51, N2, 2023

Maqgalo INTERNATIONAL CONGRESS ON ADVANCED EARTHQUAKE RESISTANT STRUCTURES
(AERS2023) adli konfrans materialidir.

51



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

http://doi.org/10.58225/sw.2023.2-52-57

PERFORMANCE EVALUATION OF BASE ISOLATED HOSPITAL BUILDINGS AFTER
KAHRAMANMARAS EARTHQUAKES

Kaatsiz Kaan- ass.prof., Deparment of Civil Engineering, Turkey, kaan.kaatsiz@ahievran.edu.tr
Aliar F.S.- ass.prof., Deparment of Civil Engineering, Turkey
Tanisher S.- technical office manager, TIS Technological Isolator Systems, Ankara

Abstract. The devastating effects of February 6", 2023 earthquakes have been documented for many types of
building systems located in the disaster region. Another important aspect of the region is that there are several
seismic base-isolated hospital buildings that were constructed or is under construction. In this study, the
performance evaluation of the base-isolated hospital buildings is discussed based on the data gathered from a
field study conducted after the earthquakes. Several conclusions regarding the seismic performance of the
isolator devices and behaviour of the isolated superstructure are made from these observations.

Keywords: seismic base isolation, performance-based earthquake engineering, structural dynamics, friction
pendulum

Introduction. Seismic base-isolation is a widely employed technology to mitigate response of building
structures during earthquake excitation. Application of seismic-base isolators has been mandatory in new
hospital building constructions in Turkey and base-isolated design structural design guidelines are included in
the latest edition of Turkish Earthquake Code [1] similar to other contemporary standards [2-4]. Therefore, there
is an important base-isolated hospital building stock in all regions of Turkey. The area affected by February 6™,
2023 Kahramanmaras earthquakes is no exception. Base-isolated hospital buildings were constructed in
Malatya, Hatay, Adana in recent years and several are under construction in Adiyaman, Kahramanmaras and
Osmaniye, the cities all of which have been severely affected from the earthquakes.

There are various analysis procedures to compute the design displacement of seismic base isolators.
Equivalent linear procedures are widely employed for this purpose. The accuracy of the method was investigated
by several researchers previously [5-8] and it has been determined that the estimation performance of the method
depends on isolator properties and earthquake characteristics [9-11]. Due to being simple and practical, the
equivalent linear procedures had been utilized to determine isolator design displacements of the base-isolated
hospital buildings in the earthquake-stricken cities. The isolator dimensions had been determined accordingly
by considering the performance objectives given by the seismic codes [1]. This study is devised to measure the
actual displacements on seismic base isolators and to make observations on whether the design displacements
had been exceeded in any of the hospital buildings.

A field study that has been conducted by the authors after the earthquakes documented the performance of
the base-isolated hospital buildings. The buildings that have been inspected in the study are given in Table 1.
The measured isolator displacements as well as residual displacements, if present, are also given. Friction
pendulum type isolators were employed in all inspected hospital projects. The friction material that is used in
this type of devices leaves some residual material during earthquake action, therefore it is possible to compute
the maximum displacement demand by measuring the maximum distance of leftover friction material from the
core on one side of the isolator plate. Due to symmetric behaviour, the same displacement demand is also present
at the top plate. By multiplying the measured distance by two, the total displacement demand is calculated. The
distance between top and bottom isolator plates is measured to compute the residual displacements. The
computed isolator displacements are found to be less than the design displacement of seismic base isolators at
all hospital buildings. The detailed observations and findings for each hospital project given in Table 1 are
discussed in the following sections.

52



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

Table 1. Inspected Hospital Buildings [1]

Hospital Measured Displacement Residual Displacement (mm)
(mm)
Elbistan State Hospital 30 25
Malatya Battalgazi State Hospital 160 10
Malatya Maternity and Children 30 ~0
Hospital

Hatay Dortyol State Hospital 40 ~0
Osmaniye State Hospital 60 25

Base-isolated building performance. Elbistan State Hospital. The distance of Teflon slider markings from
the isolator core was measured as 15 mm on one plate of friction pendulum isolator. In total, isolator
displacement is computed as 30 mm. It has been observed that seismic isolators which are located at the
basement story of the hospital are covered with gypsum boards to provide insulation from fire (Fig.1). Limited
damage in these gypsum boards were observed in all column axes due to isolator movement. Upon closer
inspection of a friction pendulum by removing the damaged boards, a residual displacement of 20 mm was
measured between top and bottom plates of the isolator (Fig. 2).

Figure 1. Cracking and slight damage in gypsum boards covering the seismic isolators due to
displacement during the earthquakes [10]

Figure 2. One of the friction pendulum type seismic isolators of Elbistan State Hospital [10]

Malatya Battalgazi State Hospital. Battalgazi State Hospital, which is located in Malatya city center
experienced both earthquakes and the seismic isolators were activated on both occasions. The maximum
displacement was computed as 160mm by measuring the slider marks farthest (80 mm) from the core of the
friction pendulum on one side (Fig.3). A residual displacement of 10 mm was also measured.

53



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

Figure 3. Maximum distance of the Teflon markings on one plate of the isolator (80 mm) [10]

Seismic isolators are located at the parking story of the hospital building. Accurate measurements were
taken from the elevator core isolators which are located at a lower elevation than the rest of the isolators. A very
rigid framing is present at the isolator interface both for the superstructure and fixed portion. Upon closer
inspection of the parking story, a well-designed seismic detailing for mechanical and electrical installations was
observed (Fig.4). No apparent deformation or damage was noted in these installations.

Figure 4. Seismic detailing of mechanical and electrical installation at the parking story [10]

Malatya Maternity and Children Hospital. The hospital building is in Yesilyurt district of Malatya city
center. The displacement capacity of the isolators installed in the project is £360 mm. The maximum
displacement computed from the slider marks on the isolator surfaces is 30 mm. No residual displacement is
observed. Several issues have been detected in and around the hospital building constraining the movement of
the isolated superstructure, hence the reason for low measured displacement.

The seismic isolators are located in the parking story of the structure. Upon inspection of the story, it has
been discovered that infill walls were constructed to create rooms. There was no seismic detailing in these walls,
as they were connected to the bottom slab of the isolated superstructure. Consequently, isolator movement has
been severely constrained during earthquake response due to pounding effects between the bottom floor beams
of the superstructure and the infill walls. Significant damage has been observed in these walls (Fig.5).

Figure 5. Infill walls at the isolator (parking) story, constraining the movement of the isolated
superstructure [10]
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Several access ramps were constructed around the building perimeter, further constraining the displacement
of the superstructure. The ramps were built using cast-in-place concrete with asphalt overlay. They provided a
rigid connection between the isolated superstructure and ground, resulting in a limited isolator displacement
response (Fig.6).

Figure 6. The access ramps of the hospital building cracked and deformed in places where the seismic
gap would have been [11]

Hatay Dortyol State Hospital. The hospital is in Dortyol district of Hatay province. The design
displacement of seismic isolators of the Hatay Dortyol Hospital building #400 mm. The maximum isolator
displacement has been computed as 40 mm (Fig.7), with no residual displacement Although the hospital is in
close proximity to the fault rupture of the first earthquake occurred on February 6th, evidence of minimal isolator
displacement has been observed. A significant factor for reduced demand could be that the hospital along with
Dortyol district is located on stiff soil. The structure has well- constructed seismic gaps detailing along its
perimeter (Fig.8). The gap is covered by hinged platforms that are connected to the isolated superstructure. The
free end of the platforms has an angled detail that allows for sliding movement along the contact points to the
pavement around the structure. No major damage has been observed in the seismic gaps apart from one corner
that collided with the pavement during the earthquake action. It is determined that the resulting superficial
damage did not constrain the isolator displacements (Fig. 9).

Figure 8. The hinged platform covers of the seismic gaps along the perimeter [11]
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Figure 9. Minor collision damage between a corner of the isolated structure and the pavement [11]

Osmaniye State Hospital. The hospital complex which was due to open one week after the February 6th
earthquakes is in Osmaniye city center. The maximum isolator displacement has been computed as 60 mm. The
isolators, which have a design displacement of +450mm, exhibited 25 mm of residual displacement (Figure 10).
No significant issues were detected at seismic gaps surrounding the structure and the isolation story. Hence,
seismic isolators were not constrained during the earthquake response. A passive displacement measuring device
composed of a marked plate and a needle was present at the isolation story (Figure 11). However, it did not
measure the displacement demands of the earthquakes correctly.

Figure 10. Residual isolator displacement in Osmaniye State Hospital [12]

Some nonstructural damage in stairwells of the isolated superstructure was determined. More importantly,
the fire suppression system has failed due to seismic action flooding several floors (Fig. 12). Due to inappropriate
seismic detailing, the plumbing could not resist the earthquake induced displacement. Hanged ceilings and
electrical components were found to be damaged due to flooding. If the hospital had been operational at the time
of the earthquakes, it would have been out of service for several days due to flood damage.

Figure 11. Displacement measuring device located at the isolation story of Osmaniye State Hospital [12]
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Figure 12. Flood damage at upper stories of isolated superstructure and resulting red (rust) residue at
Osmaniye State Hospital [12]

Summary and conclusions. In this study, seismic performance of the base-isolated hospital buildings at the
Kahramanmarag earthquakes was evaluated. Several base-isolated hospitals located in the cities affected by the earthquakes
were inspected in a field study. Isolator displacements as well as structural damage if present were documented. Following
conclusions were reached:

» Landscaping applications that include filling or closing the seismic gaps around the isolated structure affect the isolator
performance negatively such that it yields to damage which could leave the hospital out of service.

* A proper seismic detailing of electrical network and plumbing at the isolation story is of significant importance so no
interruption of service occurs after the earthquakes due to failure in these installments.

* The nonstructural wall damage occurring in the isolated superstructure is mainly due to providing insufficient connection
between constructed walls and structural frames. In addition, heavy wall construction material such as concrete bricks show
inferior performance during seismic action of the superstructure in terms of cracking and out of plane failure.

+ Appropriate seismic design of the installations at the isolated hospital building is necessary for uninterrupted service after
an earthquake. Hanged ceiling components, electrical connections, fire suppression systems should be designed according
to expected seismic demands of the superstructure. It has been documented that the hospital could be taken out of service
due to failure in these systems even though the structure survives the earthquake with no or minor damage.
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Figure 2. In-plane mechanisms [4]

When the literature is reviewed, it is seen that the main purpose of strengthening methods is to ensure
sustainability and cost-effectiveness, and researchers have gradually turned to the use of structural materials
with advanced technological properties. In some of the studies, jacketing was applied to the reinforced concrete
structural elements by using concrete and steel reinforcement with higher strength than the material strength of
the existing structure, and the bearing capacity of the structural element was tried to be increased [5-10].
Although good results were obtained in terms of bearing capacity, the difficulties encountered during the
jacketing application caused a decrease in the use of this technique. Instead, strengthening of the structural
elements with steel elements against shear and bending forces has come to the fore [11-13]. In this strengthening
method, cost and architectural concerns and risks caused by negative environmental effects such as fire or
corrosion were encountered. In the last 20 years, fiber reinforced polymers (FRP) have been widely used instead
of these strengthening methods and many structures have been strengthened with this method. Also, many
scientific studies have been carried out on the subject and FRP has become one of the most preferred materials
in the strengthening-retrofitting literature [14-25]. Strengthening with FRP has also been applied to masonry
structures and very successful results have been obtained [26-31].

From these studies, it was concluded that the strengthened method applied with epoxy bonded FRP

systems gave very positive results in terms of bearing capacity, displacement capacity, stiffness, and energy
consumption for masonry walls under the effect of different loadings. In the studies reviewed, it was seen that
the strengthening made by bonding the textile material to cover the entire surface of the test specimen is quite
limited. Within the scope of this study, four medium-sized masonry wall specimens were constructed and three
of them were strengthened with CFRP strips. Two of the walls were strengthened with CFRP strips and one of
the walls was strengthened by bonding CFRP to cover the entire surface of it. Behaviour of the masonry
panels/walls were assessed in terms of ultimate load, the displacement corresponding to the ultimate load,
stiffness, and energy dissipation capacity.
Experimental study. Test Specimens and Materials. Properties of the test specimens were given in Table-1. In
the name of the specimens, the first letter “S” refers to “strengthened”, the second letter “S” refers to “strip”, the
number written near the second letter S refers to the number of strips, the letter “L” refers to “layer”, the number
written near the letter L refers to the number of layers. For example, the specimen named as S-S2-L.1 was
strengthened with 2 strips and the number of layers was 1. Dimensions of the bricks and the wall specimens
were shown in Fig.3.

Table 1. Properties of test specimens [29]

Specimen Dimensions Number of strips Number of layers
Control 100 mm x 410 mm x 1200mm without strengthening
S-S1-L1 1 1
S-S2-L.1 2 1
S-F-L1 Full 1
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Properties of the CFRP Value Picture
Specific Weight (g/m?) 300 £ 10

Thickness (mm) 0,12

Tensile Strength (MPa) 4100

Modulus of Elasticity (MPa) 231000

Maximum Tensile Strain (%) 1,7%

Figure 3. Geometric dimensions and some details of the test specimens [29]
Masonry blocks of 50 mm x 100 mm x 200 mm were characterized by compression following [30]. A
cement-based mortar was used in the bed joints (10 mm wide). It is classified as M5 according to and was fully
characterized on bending and compression, and elastic modulus, according to [31] and respectively.

Table 2. Average mechanical properties of masonry materials and assemblages [30]

Material Compressive strength (N/mm?) | Flexural strength (N/mm?) | Elastic Modulus(N/mm?)
Solid brick 3.15 - -
Mortar 9.23 2.08 7.12

Strengthening details of the test specimens were shown in Figure-4 The properties of CFRP and two-
component epoxy used for strengthening were given in Table 3. Strengthening stages were shown in Fig. 5. The
surface on which the strip would be bonded was smoothed by a machine to remove protrusions. Then,
compressed air was applied to the surface and dust was completely removed from the surface with a wet cloth.
After the position of the strip was marked, the two-component epoxy was applied to the wall surface and the
CFRP strip was placed onto the epoxy by hand pressing. Finally, another layer of epoxy was applied on the strip.

Table 3. CFRP Sikawrap 300-C and Sikadur 330 [30]

Properties of the Epoxy Value Picture
Tensile Strength (MPa) 30 o
Modulus of Elasticity (MPa) (Bending) 3800 psll)
Modulus of Elasticity (MPa) (Tensile) 4500 ==
Maximum Tensile Strain (%) 0,9% B
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Figure 4. Strengthening details of specimens [30]

Figure 5. Strengthening prosses of masonry panels [30]
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Figure 7. Load- displacement graphs [31]

Table 3. Experimental Results [30]

Spec. # Ultimate Disp. At Ultimate Stiffness Energy Dissipation Max. strain
Load Load (KN/mm) Capacity (mm/mm)
(KN) (mm) (KN-mm)

Control 2.39 0.95 2.52 1.14

S-S1-L1 20.09 12.71 1.58 155.87 0.01125

S-S2-L1 22.81 14.33 1.59 220.26 0.00875

S-F-L1 43.04 14.04 3.07 322.91 0.00747

Figure 8. Failure mode of control specimen [31]

The control specimen reached/achieved a load of 2.39 kN with a displacement of 0.95 mm and collapsed with a

brittle manner. As seen in Figure 8, the collapse occurred at the mortar interface. There was no damage to the
solid bricks forming the masonry panel walls.

Figure 9. Failure mode of S-S1-L1 [31]

The specimen S-S1-L1 reached/achieved a load of 20.09 kN with a displacement of 12.71 mm, and because
of debonding of the CFRP strip from the masonry surface, the specimen suddenly lost its bearing capacity and
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collapsed. In the middle part of the masonry wall, it was observed that the solid bricks were crushed because of
compression (Fig.9).

Fig 10. Failure mode of S-S2-L.1 [31]

The specimen S-S2-L1 reached a load of 22.81 kKN with a displacement of 14.33 mm. The specimen
suddenly lost its bearing capacity and collapsed because of debonding of the CFRP strip from the masonry
surface. One of the strips deboned from the surface and the other one continued to contribute to the bearing
capacity despite locally debonding of it. It is thought that the reason why these two strips do not collapse at the
same time is a workmanship fault. Because the behavior of the strips was not identical even though there were
identical loads on both strips.

Figure 11. Failure mode of S-F-L1 [31]

The specimen S-F-L1 reached a load of 43.04 kN with a displacement of 14.04 mm. Although the failure
mode of the test specimen is similar with the other strengthened test specimens, the increase in the bearing
capacity is quite remarkable.

As shown in Figure 11, solid bricks had large cracks and damage unlike other specimens. In other words,
the specimen did not collapse due to the damages at the mortar interface. It determined that the solid bricks that
make up the specimen reached the bearing capacity and were failure to compression and shear (complex)
collapse.

The bearing capacity of S-S1-L.1, S-S2-L.1 and S-F-L1is 8.41, 9.54 and 18.0 times greater than the reference
specimen, respectively. The displacement capacities of the strengthened specimens have also increased. The
displacements at maximum load are 13.38, 15.08 and 14.78 times greater than the reference specimen,
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respectively. Significant improvements have been achieved in energy dissipation capacity. Compared to the
reference specimen, an increase of approximately 280 times has achieved.

Conclusion. Within the scope of this study, three of the four masonry panels produced were strengthened
with CFRP strips. It was aimed to determine the out-of-plane behavior of specimens under quasi-static three-
point bending and the following results were obtained,

—It has been demonstrated once again that masonry walls are extremely weak in out-of-plane behavior.

—The referencespecimen carried a load of approximately 3 KN and had an extremely limited displacement (0.95
mm).

—When the strengthened specimens are taken into account, the maximum carrying capacity has increased by at
least 8.41 and at most 18.00 times.

—Significant increases were also obtained in the displacement capacities of the strengthened specimens.
—Considering the reference specimen in terms of energy consumption, which is one of the most important
parameters during an earthquake, an increase of up to 280 times has been achieved.

—This study has shown that masonry walls can be strengthened simply and the out-of-plane collapse mechanism
that occurs during earthquakes can be prevented.
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Abstract. Corner failure mechanisms observed in masonry structures generally result in severe cases such as
large amount of material damage, out of use or loss of life. Despite these negative effects, there has been limited
research on the corner failure mechanism and the number of studies based on observations after the earthquake
is much less. Within this study, first of all, literature information about the corner failure mechanism is presented
and brief information is given about how numerical and experimental studies are carried out to investigate this
failure mechanism. Afterwards, corner failure mechanisms in masonry structures in Malatya after the
earthquakes in Kahramanmaras on February 6, 2023, were investigated. In the examinations, it was determined
that the corner collapse mechanism was caused by insufficient wall-roof connection, insufficient wall-slab
connection, insufficient axial load, insufficient material strength, poor workmanship, and lack of engineering
service. In addition, the corner failure mechanism has been observed as out-of-plane failure in many structures
which is the most observed and known failure type in masonry structures, and it has been determined that the
corner failure mechanism is triggered by out-of-plane and in-plane failure.

Keywords: masonry structures, corner failure, earthquake, Kahramanmarash earthquake

Introduction. It is thought that the masonry wall can theoretically have two classes of failure modes, in-
plane and out-of-plane, without impairment between brick and mortar. [1-2]. Out-of-plane behaviour includes
overturning mechanisms as shown in Figure 1, as well as belt-effect mechanisms classified as horizontal and
vertical bending mechanisms. In-plane mechanisms, on the other hand, are the mechanisms in which each wall
works individually and consists of various crack patterns such as crushing, tension, bending, diagonal shear and
shear cracks, as seen in Fig.2.

Figure 1. Out of plane mechanisms [2]
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Figure 2. In plane mechanisms [2]

There are many experimental studies in the literature modelling the in-plane and out-of-plane behaviour
of masonry structures under the influence of earthquakes [3- 7]. Apart from these failure mechanisms, the corner
failure mechanism is the most important failure mechanism that will occur when a masonry structure is not
constrained by other adjacent structures Although this failure mechanism is frequently observed under the
influence of earthquakes, there are only a few studies [8-10] in the literature. Casapulla et al. (2018) [11]
conducted an analytical study and updated the macro model approach to include frictional resistances. The most
fundamental experimental study in the literature was conducted by Casapulla and Maione in 2020 [12]. Although
there is an analytical section in the study, it is the first study to experimentally examine the corner failure
mechanism. In this study, the experimental behaviour of a wall corner is analysed by simulating seismic
horizontal movements through the gradual tilting of its base as shown in Figure 3. The corner wall joint is held
at both free ends by a wooden system to simulate the connection effect associated with a larger extension of the
real walls.
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Figure 3. Experiment setup created by Casapulla and Maione (2020) [12]

When the studies presented so far are examined, and as a result of the observations made on site due to
the earthquakes that occur frequently in our country, it is understood that masonry structures are frequently
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exposed to corner failure mechanisms under the influence of earthquakes. Photographs of a study made after
the Sivrice (Elazig) earthquake on February 9, 2007 are shown in Figure 4. As can be easily seen from the
photographs, corner collapse mechanisms are present in the masonry structures in the region.

In another study examining the 2003 Bing6l Earthquake, In another study examining the 2003 Bingdl
Earthquake [13] it was determined that the rate of collapsed heavily damaged masonry buildings in towns and
villages was approximately 30%, and that there were major damages in buildings with loose corner connections.
In the same study, it was observed that corner toughness could not be created in collapsed buildings, and houses
with large stones in the corners were less damaged. Failure to make wall-to-wall and wall-to-slab connections
in accordance with the procedures reduces the strength of the corners under the influence of earthquakes, and in
particular, corner points that are not properly supported cause unstable [13]. Separation and corner damage at
the corner points due to horizontal offset have been observed in many earthquakes and the importance of making
a solid, rigid corner connection has been emphasized in other studies. [15]. Erkut Sayin and others [16]., who
examined the Elazig earthquake, which our country has experienced recently and in which many lives were lost,
saw and reported that weak wall-to-wall connections and the absence of vertical and horizontal beams in
masonry structures caused structural corner breaks.

(b)

© ' @

Figure 4. Corner failure mechanisms in masonry structures in the town of Sivrice [16]

Within this study, information about the earthquakes that took place in Kahramanmarash on February
6, 2023 was presented and then the corner failure mechanisms that occurred in the masonry structures in Malatya
were examined.

6 FEBRUARY 2023 KAHRAMANMARASH EARTQUAKES. All of the information given in this
section has been obtained from the website of the Republic of Turkey Ministry of Internal Affairs, Disaster and
Emergency Management Presidency (AFAD).

The Eastern Anatolian Fault System (EAFS) forms a NE-SW left lateral strike-slip transform boundary
with an average width of 30 km and a length of 580 km between the northward moving Arabian Plate and the
westward moving Anatolian Block. [17-24]. It meets the westward movement of the Anatolian block together
with the EAFS and the North Anatolian Fault System (NAFS), which is one of the most active and active fault
systems in Turkey and forms the border between the Anatolian and Arabian Plates. EAFS starts from Karliova
junction point (Kargapazari) in the northeast and extends as a single zone to the west of Celikhan. The southern
branch of the fault, which splits into two branches here, continues from the north of Gélbas1 Basin and Pazarcik
to the Tiirkoglu junction in the southwest. The fault jumping to the right in the south of Tiirkoglu continues by
limiting the Saglik, Kocagdl and Amik plains from the west and ends by scattering in the south of Kirikhan. In
this part of the EAFS, the Sak¢ag6z and Narli parts of the Dead Sea Fault Zone delimit the dent basin, which
includes the Saglik and Narli plains, from the east. The Narli part extends from the North of Pazarcik to the

69



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

EAFS for 30-40 km in the NNE direction. The northern branch, which separates to the west of Celikhan,
conforms to the morphology of the Southeast Taurus Mountain Belt and forms a convex bend to the north. This
branch consists of the Siirgii Fault, Cardak Fault and the Savrun, Cokak and Toprakkale faults turning SW from
Goksun (Figure 5).
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Figure 5. Map showing the fault parts of the Eastern Anatolian Fault System

The Eastern Anatolian Fault System, which was the source of many major earthquakes in the historical
period until the early 1900s, had a seismically active period especially in the 19th century. It created a series of
earthquakes that started with the 1789 Palu earthquake, continued with the 1822, 1866, 1872, 1874, 1875, and
1893 earthquakes, and finally ended with the 1905 Malatya earthquake at the beginning of the last century.
Although it seems to have entered a relatively quiet period after this earthquake, the 22 May 1971 Bingol
(Ms=6.8) 5 May 1986 (Ms=5.8) and 6 May 1986 (Ms=5.6) Dogansehir earthquakes are earthquakes by EAFS.
These earthquakes are the average earthquakes produced by this fault in the last century.

A total of 13 earthquakes (Ms > 5.0) occurred that damaged the EAFS even in this period, when EAFS,
which did not produce more than 7 earthquakes in the 20th century and almost forgot itself, was calmer in terms
of producing large earthquakes compared to the 19th century. However, none of these were greater than Ms=6.8.
The epicentral distributions of these earthquakes tend to concentrate at the boundaries of the segments.

On EAFS, which entered a more active period in the 2000s, respectively; 01.05.2003 Bingol (Mw 6.3),
14.03.2005 Karliova Bingol (Mw 5.8), 21.02.2007 Doganyol Malatya (Mw 5.7), 08.03.2010 Kovancilar Elazig
(Mw 6.1), 24.01.2020 Sivrice Elazig (Mw 6.8), 14.06 .2020 Karliova Bing6l (Mw 5.7) damaging earthquakes
have occurred.
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Figure 6. Map showing aftershocks activity of 06.02.2023 earthquakes [16]
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On EAFS, on 06.02.2023, at 04:17 Turkey time, Pazarcik (Kahramanmarag) Mw 7.7 and Elbistan
(Kahramanmaras) Mw 7.6 earthquakes occurred. Oludeniz Fault with a line that includes parts of the Eastern
Anatolian Fault System between Celikhan Potiirge in the northeast of the epicenter earthquake (65 km between
Celikhan-Golbasi), Golbasi (90 km between Golbasi-Tiirkoglu), Amanos (110 km between Tiir-koglu-
Kirikhan). He broke the Pomegranate Piece at the North end of the System; The second Elbistan eccentric
earthquake was thought to be related to the Cardak Fault and the Dogansehir Fault Zone (Figure 6).

INVESTIGATION OF RECORDS FROM EARTHQUAKE STATIONS IN MALATYA WITHIN THE
SCOPE OF TURKEY BUILDING EARTHQUAKE REGULATIONS

As of January 2019, a total of 1056 earthquake observation stations, 299 of which are velocity and 757
accelerometers, are operated within the body of AFAD Earthquake Deparment.

Although some stations did not work after the Mw 7.7 earthquake, which is one of the 6 February 2023
earthquakes, data were recorded in many stations in our country during the Mw 7.7 and 7.6 earthquakes. Pictures
of the nearest accelerometers recording both earthquakes are given in Figure-7.
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Figure 7. Distribution of nearest accelerometer stations recording the Mw 7.7 earthquake [16]
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Figure 8. Distribution of nearest accelerometer stations recording the Mw 7.6 earthquake [16]

In Malatya, which is one of the provinces most affected by the Mw 7.7 and 7.6 earthquakes, data were
recorded at many stations during these earthquakes. The stations closest to Malatya Center are given in Fig.9.

71



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

6203
Arapgir ?
@ | 4410 o {
A 4405 4407 2309ebangara
- A, A
g f&z 2310 Elazg
Da&de s n
. 4406 . | KerokiyaBaroj 23%
Kale
A  Malatya °
® 4404
= 4408 &
A‘\ir

Figure 9. Distribution of accelerometer stations closest to Malatya Center [16]

The reaction spectra created according to the acceleration values received from the stations closest to
the center of Malatya, the coordinates of the stations and the graphs created according to the ground are given
in Fig.10. As can be seen from these graphs, the reaction spectrum of the earthquake is more than DD2 at most
moments and has reached DD1 level at some moments. This is one of the reasons why the destruction of
earthquakes is so great.
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Figure 10. Comparison of the response spectrum and design spectra based on the acceleration values obtained
from a) 4406, b) 4408 and c¢) 4409 stations [16]

Corner failures of masonry structures in Malatya. Corner failure is usually caused by out-of-plane
mechanism effect and wall-to-wall weak connections. This mechanism requires the intersection of walls. Thus,
vertical cracks develop, and the wall corners are separated. Weak connections between adjacent walls and the
absence of beams cause serious damage. Similar failures are observed at the corners of the roof level due to the
decrease in compressive stress and increase in seismic acceleration in the upper floors. In the absence of slab
stiffness at roof level, the upper corners are more vulnerable to collapse due to the cantilever-like behaviour
[16]. In order to examine these situations, masonry structures at the locations shown in Figure 11 were examined
one week after the 6 February 2023 Kahramanmarag earthquakes.
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Figure 11. Locations where investigations took place [17]

In the field, a 2-storey masonry structure shown in Fig.12 in Ak¢adag district met the research team at the
coordinates 38,38479 N, 37,95899 E. In-plane shear cracks were seen advancing approximately 45° from the
window corners of the building. The horizontal bending crack advancing from the window on the right has
progressed to the corner wall-wall junction area since there is no vertical beam. Corner collapse mechanism was
triggered as a result of in-plane and out-of-plane damage mechanisms, which occurred as a result of the
deterioration of the structural integrity as a result of not making the beam at the roof level and directly supporting
the wooden roof to the masonry wall.
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Figure 12. A 2-storey masonry building (38,38479 N, 37,95899 E) [17]
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Figure 13 shows the damage in a 4-storey masonry building in the town of Battalgazi at 38.35371 N,
38.32353 E positions. Also, in Figure 13, two masonry structures with adjacent order and not the same number
of floors are shown. The corner collapse mechanism was triggered due to the out-of-plane damage on the
perpendicular frontal walls of the rear building from the point where the roof level of the front building ends.
The architectural irregularities between the buildings and the horizontal and vertical discontinuities of the load-
bearing elements trigger out-of-plane collapse and corner failure mechanisms. The horizontal beams applied at
the top of the window in the building at the back preserved the structural integrity thanks to the box-type
behavior. In addition, by preventing the corner collapse mechanism from advancing along the floor, it prevented
the collapse at the frontal junction.

Figure 13. Two masonry buildings with adjacent layout and not the same number of floors
(38,35371 N, 38,32353 E) [17]

Again, the damage distribution in the masonry structure located at 38.35371 N, 38.32353 E positions in
Battalgazi district is shown in Figure 14. Shear cracks were observed in the wall parts between the window
openings on the ground and first floors of the four- storey masonry building. Corner failure mechanisms have
occurred due to the bossage in these wall parts. In addition, another out-of-plane damage was observed on the
left side of the main entrance door at the level of the first-floor of the building.
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Figure 14. A masonry structure with a corner failure mechanism and shear cracks
(38.35371 N, 38.32353 E) [17]

In Figure 15, the damages of a 2-storey masonry structure at 38.35267 N, 38.31155 E positions in Battalgazi
district are shown. In the two-storey masonry structure seen, failure mechanism due to lack of roof and
diaphragm, collapse of the wall part due to out-of-plane bending mechanism (left), heel bending of the partition
wall (middle), wall collapse due to in-plane shear damage (middle)

Figure 15. Damage distribution of a masonry structure (38.35267 N, 38.31155 E) [17]

Another masonry structure, which is very close to the structure shown in Figure 15, is shown in Figure 16.
The horizontal bending crack advancing from the window on the right has progressed to the corner wall-wall
junction area since there is no vertical beam. Corner failure mechanism was triggered as a result of in-plane and
out-of-plane damage mechanisms, which occurred as a result of the deterioration of the structural integrity as a
result of not making the beam at the roof level and directly supporting the wooden roof to the masonry wall.

Figure 16. Damage distribution in a single storey masonry building (38.35256 N, 38.31163 E) [17]
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Figure 17. A masonry structure that combines the causes of the corner collapse mechanism
(38.31279 N, 38.25054 E) [17]

The structure shown in Fig.17, on the other hand, is a masonry structure where the reasons for the corner
failure mechanism are together. It has been determined that there is insufficient connection between the roof
system and load-bearing walls in the building, which was built with adobe without any engineering service. The
front wall of the building collapsed due to out-of-plane bending, which caused separations at the corner joint
and the structure was heavily damaged. There are many examples of corner failure mechanisms given so far,
and some of the failure modes in Gunduzbey neighborhood are presented in Fig.18.

Figure 18. Corner failure mechanisms in masonry structures in Giindiizbey district [17]

Conclusion. Within this study, first of all, literature information about the corner failure mechanism is
presented and some information is given about how numerical and experimental studies are carried out to
examine this failure mechanism. Afterwards, corner failure mechanisms that occurred in masonry structures in
Malatya after the earthquakes in Kahramanmaras on February 6, 2023 were examined. In the examinations, it
was determined that the corner failure mechanism was caused by insufficient wall-slab connection, insufficient
wall-floor connection, insufficient axial load, insufficient material strength, poor workmanship and lack of
engineering service. In addition, the corner failure mechanism has been observed in many structures, as is the
out-of-plane behaviour, which is the most observed and known failure type in masonry structures, and it has
been determined that the corner failure mechanism is triggered by out-of-plane and in-plane failure.
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Abstract. In this study, the failure modes of masonry structures after the earthquake occured in Kahramanmaras
on February 6, 2023 were investigated by fieldwork. In this study, information was given about the building
stock in the Turkey and the Middle East countries, and a literature including studies examining the general
failure modes in masonry structures was presented. After presenting the ground acceleration data and earthquake
parameters measured during the earthquake, damage distributions in historical masonry structures and masonry
structures used as residences were examined. Failures were examined as out-of-plane, in-plane, and corner
damages. In the examinations, it has been determined that the failure mechanisms are trigerred by unqualified
wall-slab and wall-floor connections, insufficient axial load and material-strength, poor workmanship and lack
of engineering service. In addition, how an earthquake resistant masonry structure could be build also discussed.
Keywords: masonry structure, out-of-plane, in-plane, corner failure, earthquake

Introduction. In Turkey, which hosts the second most active group of fault lines in the world, masonry
building type is widely preferred especially in rural areas. Masonry structures, among other types of structures
(reinforced concrete and steel), are the most difficult type of structure to determine their behavior under dynamic
effects. Although there has been a decrease in the construction of new masonry structures in recent years, with
the increase in migration from rural areas to cities in our country, it is predicted that the masonry building
preference will continue in our country, at least considering the regional conditions and economic conditions in
rural areas [1]. As a matter of fact, in order to make these new structures earthquake resistant, a new heading
was opened for masonry building carrier systems under the influence of earthquakes in the 2019-Turkey
Building Earthquake Code (2019 TBDY- Chapter-11) and very important steps were recorded for earthquake
resistant masonry structure design. In addition, in order to increase the preferability of masonry buildings to a
higher level, rather than being an alternative only for rural areas, considering new technological developments,
masonry buildings with siege, reinforced and reinforced panel systems have been included in this new
earthquake regulation, as well as traditional unreinforced masonry structures. All these important developments
herald that masonry structures can be an alternative to other building types in our country, with new design
criteria and technological developments, even under the influence of earthquakes. However, as expected, it
cannot be said that special rules are applied for many masonry structures currently used, especially during the
design and construction process, taking into account the earthquake effect. Another important issue is that many
of our historical buildings are masonry structures. For this purpose, it is of great importance to determine the
performance levels of existing masonry structures against earthquakes and to strengthen them quickly and
economically, if necessary, either before the earthquake or in case of slight damage due to the earthquake. In the
literature, it can be easily seen that most of the studies on earthquake resistant building design are on reinforced
concrete and steel structure systems. This makes sense for many western countries because the usual building
type in these countries is usually reinforced concrete and steel [2]. However, brick, adobe and stone masonry
walls constitute the traditional building type in Turkey as well as in the Middle East and Eastern countries.
Earthquakes cause collapse and loss of life in masonry buildings as well as reinforced concrete and steel
structures. From this point of view, it is extremely important to understand the earthquake behavior of masonry
buildings and to make such structures safe against earthquakes. During an earthquake, masonry structures can
have different failure modes. A masonry wall that can carry and transfer vertical and horizontal forces without
collapsing should have geometric and physical properties that allow a monolithic behavior [3]. It is thought that
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such a masonry wall could theoretically have two classes of failure modes, in-plane and out-of-plane, without
any deterioration between brick and mortar [4-5]. Out-of-plane behavior includes tilting mechanisms, as shown
in Figure 1, as well as belt-based mechanisms classified as horizontal and vertical bending mechanisms. In-
plane mechanisms, on the other hand, are the mechanisms in which each wall works individually and consists
of various crack patterns such as crushing, tensile, bending, diagonal shear and shear cracks, as seen in Fig. 2.

Many experimental studies modeling the in-plane and out-of-plane behavior of masonry structures under
the influence of earthquakes are available in the literature [6-10]. Apart from these failure mechanisms, the
corner failure mechanism is the most important failure mechanism that will occur when a masonry structure is
not constrained by other adjacent structures. Although this failure mechanism is frequently observed under the
influence of earthquakes, there are only a few studies [11-13] in the literature. Casapulla et al. (2018) [14]
conducted an analytical study and updated the macro model approach to include frictional resistances. The most
basic experimental study in the literature was conducted by Casapulla and Maione in 2020 [15].

(3): Separation of Roofing from
Walls

(1): Diagonal Cracking in
Walls

(4): Vertical Cracking in Walls

(5): Out-of-Plane Wall Failure

(1): Separation of Walls at
Corner

5% Wall Detached

Connection {6}: Outof-Plans Wall
Defomatin  ou1.of.Plare Bending Out-sf-Plane Bending

{1): Out-of-Plane Wall
Collapse

{2): Diagonal-in-Pane
Cracking

(4): Large Opening

[3): Comer Failurs

Figure 1. Common failure mechanism for masonry structures [6]

When the studies presented so far are examined, and as a result of on-site observations due to frequent
earthquakes in our country, it is understood that masonry structures are frequently exposed to corner failure
mechanisms under the influence of earthquakes.

Photographs of a study carried out after the Sivrice (Elazig) earthquake on February 9, 2007 are shown in
Figure 2. As can be easily seen from the photographs, corner failure mechanisms are present in the masonry
structures in the region.
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(b)

© d)
Figure 2. Corner failure mechanisms in masonry structures in the town of Sivrice [6]

On February 6, 2023, many masonry structures were damaged and destroyed in the Kahramanmaras-
centered earthquakes. Malatya is among the provinces affected by this earthquake and heavy damages were
detected in the masonry structures. Within this study, the failure modes of the masonry structures in Malatya
were investigated by fieldwork. During the examinations, the buildings were divided into two as historical and
residential. Damages in the subject structures are considered as out-of-plane, in-plane and corner failure. Before
these, Malatya-based acceleration records and parameters of the earthquake were evaluated.

6 FEBRUARY 2023 KAHRAMANMARAS EARTQUAKES. All of the information given in this section
has been obtained from the website of the Republic of Turkey Ministry of Internal Affairs, Disaster and
Emergency Management Presidency (AFAD).

The Eastern Anatolian Fault System (EAFS) forms a NE-SW left lateral strike-slip transform boundary
with an average width of 30 km and a length of 580 km between the northward moving Arabian Plate and the
westward moving Anatolian Block. [17-24]. It meets the westward movement of the Anatolian block together
with the EAFS and the North Anatolian Fault System (NAFS), which is one of the most active and active fault
systems in Turkey and forms the border between the Anatolian and Arabian Plates. EAFS starts from Karliova
junction point (Kargapazari) in the northeast and extends as a single zone to the west of Celikhan. The southern
branch of the fault, which splits into two branches here, continues from the north of G6lbas1 Basin and Pazarcik
to the Tiirkoglu junction in the southwest. The fault jumping to the right in the south of Tiirkoglu continues by
limiting the Saglik, Kocagdl and Amik plains from the west and ends by scattering in the south of Kirikhan. In
this part of the EAFS, the Sak¢ag6z and Narli parts of the Dead Sea Fault Zone delimit the dent basin, which
includes the Saglik and Narli plains, from the east. The Narli part extends from the North of Pazarcik to the
EAFS for 30-40 km in the NNE direction. The northern branch, which separates to the west of Celikhan,
conforms to the morphology of the Southeast Taurus Mountain Belt and forms a convex bend to the north. This
branch consists of the Siirgii Fault, Cardak Fault and the Savrun, Cokak and Toprakkale faults turning SW from
Goksun (Fig.3).

80



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

Figure 3. Map showing the fault parts of the Eastern Anatolian Fault System [6]

The Eastern Anatolian Fault System, which was the source of many major earthquakes in the historical
period until the early 1900s, had a seismically active period especially in the 19th century. It created a series of
earthquakes that started with the 1789 Palu earthquake, continued with the 1822, 1866, 1872, 1874, 1875, and
1893 earthquakes, and finally ended with the 1905 Malatya earthquake at the beginning of the last century.
Although it seems to have entered a relatively quiet period after this earthquake, the 22 May 1971 Bingol
(Ms=6.8) 5 May 1986 (Ms=5.8) and 6 May 1986 (Ms=5.6) Dogansehir earthquakes are earthquakes by EAFS.
These earthquakes are the average earthquakes produced by this fault in the last century.

A total of 13 earthquakes (Ms > 5.0) occurred that damaged the EAFS even in this period, when EAFS,
which did not produce more than 7 earthquakes in the 20th century and almost forgot itself, was calmer in terms
of producing large earthquakes compared to the 19th century. However, none of these were greater than Ms=6.8.
The epicentral distributions of these earthquakes tend to concentrate at the boundaries of the segments.

On EAFS, which entered a more active period in the 2000s, respectively; 01.05.2003 Bingol (Mw 6.3),
14.03.2005 Karliova Bingdl (Mw 5.8), 21.02.2007 Doganyol Malatya (Mw 5.7), 08.03.2010 Kovancilar Elazig
(Mw 6.1), 24.01.2020 Sivrice Elazig (Mw 6.8), 14.06 .2020 Karliova Bing6l (Mw 5.7) damaging earthquakes
have occurred.

Figure 4. Map showing aftershocks activity of 06.02.2023 earthquakes [7]
On EAFS, on 06.02.2023, at 04:17 Turkey time, Pazarcik (Kahramanmarag) Mw 7.7 and Elbistan

(Kahramanmaras) Mw 7.6 earthquakes occurred. Oludeniz Fault with a line that includes parts of the Eastern
Anatolian Fault System between Celikhan Potiirge in the northeast of the epicenter earthquake (65 km between
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Celikhan-Golbasi), Golbasi (90 km between Golbagi-Tiirkoglu), Amanos (110 km between Tiirkoglu-Kirikhan).
He broke the Pomegranate Piece at the North end of the System; The second Elbistan eccentric earthquake was
thought to be related to the Cardak Fault and the Dogansehir Fault Zone (Figure 4).

INVESTIGATION OF RECORDS FROM EARTHQUAKE STATIONS IN MALATYA WITHIN THE
SCOPE OF TURKEY BUILDING EARTHQUAKE REGULATIONS. As of January 2019, a total of 1056
earthquake observation stations, 299 of which are velocity and 757 accelerometers, are operated within the body
of AFAD Earthquake Deparment.

Although some stations did not work after the Mw 7.7 earthquake, which is one of the 6 February 2023
earthquakes, data were recorded in many stations in our country during the Mw 7.7 and 7.6 earthquakes. Pictures
of the nearest accelerometers recording both earthquakes are given in Figure-5 and Figure-6.

@ " b
AFAD AT Ve Ak cunim
Tt BN

=

[
A >300 10-20
A 100-300 5-10
50-100 A 15

Figure 5. Distribution of nearest accelerometer stations recording the Mw 7.7 earthquake [7]
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Figure 6. Distribution of nearest accelerometer stations recording the Mw 7.6 earthquake [8]

In Malatya, which is one of the provinces most affected by the Mw 7.7 and 7.6 earthquakes, data were
recorded at many stations during these earthquakes. The stations closest to Malatya Center are given in Fig.7.
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Figure 7. Distribution of accelerometer stations closest to Malatya Center [9]

The reaction spectra created according to the acceleration values received from the stations closest to the
center of Malatya, the coordinates of the stations and the graphs created according to the ground are given in
Fig.8. As can be seen from these graphs, the reaction spectrum of the earthquake is more than DD2 at most
moments and has reached DD1 level at some moments. This is one of the reasons why the destruction of
earthquakes is so great.

ELASTICDESIGN SPECTRUM VS. RESPONSE ELASTIC DESIGN SPECTRUM V5. RESPONSE
SPECTRA SPECTRA

MALATYA AKCADAG (STATION:4406) MALATYA DOGANSEHIR (STATION:4408)
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Figure 8. Comparison of the response spectrum and design spectra based on the acceleration values obtained
from a) 4406, b) 4408 and c) 4409 stations [10]
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INVESTIGATION OF FAILURE MODES IN HISTORICAL AND PUBLIC BUILDINGS. In this
section, damage modes in Taghoran Culture and Art Center, Ulu Mosque, Siitlii Minare Mosque, Malatya
Governor's Office, Yeni Mosque are examined.

Tashhoran Culture and Art Center. Damages in this structure are shown in Figure 9. A rather large arch-
shaped frontal window on the entrance door has fallen to the ground. Although this is not the damage to the
carrier system, considering the weight of the glass and the floor it falls on, it is seen that the connection quality
of such elements is very important. In addition to this, some diagonal shear damages occurred, the largest of
which was at the junction of the stone blocks forming the wall on the right front. These shear damages occurred
at the mortar interface. There was no crushing or out-of-use in the carrier units.

Figure 9. Damage distrubition of Taghoran Culture and Art Center [10]

Ulu Cami. Damages detected in the historical Ulu Mosque are shown in Figure 10. No damage that could
cause collapse has been detected in the minaret, which was previously reinforced with carbon fiber textile. Local
capillary mortar cracks were observed in some areas. A nearby historical minaret, which was built at the same
time, was heavily damaged because no reinforcement was applied. Deep vertical cracks formed in the middle
part of the minaret were detected. At the ends of these deep cracks, failure of the joint mortars due to rotation
and peeling of the bricks were observed.

Figure 10. Damage distrubition of Ulu Cami [10]

In addition to these, collapses occurred in the regular masonry system buttresses, which were built in order
to prevent possible out-of-plane collapses on the walls. There was no serious damage to all buttresses. However,
while some of them had adherence losses at the junction with the main wall and local failures in the masonry
overflows (left), some of them were completely destroyed. The absence of any curvature in the plane of the
anchor rods driven into the main wall indicates that these rods did not hold the buttress wall sufficiently during
the earthquake.
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Sutlu Minare Cami. In the structure shown in Figure 11, the shear cracks starting from the minaret floor
on the left progressed diagonally, causing deterioration in the wall of the arch in the middle. In addition, as
examples of vertical and horizontal discontinuities, it has been severely damaged due to the irregularity of the
blocks in the building and the position of the arch in the middle. In addition, the corner failure mechanism, which
occurs as a result of out-of-plane behaviors, was observed.

Figure 11. Damage distribution of Siitlii Minare Cami [10]

Malatya Governor’s Office. In Figure 12, the damage distribution of Malatya Governorship Building
after the earthquake is given. The first image shows the typical shear damage of masonry structures, especially
on the ground floors. In the wall spaces between the windows, X-shaped diagonal shear cracks formed as a result
of the impulse-tensile effect. Thanks to the vertical and horizontal alignment of the gaps on the frontal and the
siege beams, the cracks formed here proceeded in a controlled manner and did not result in any collapse on this
frontal.

Figure 12. Damage distribution of Malatya Governor’s Office [10]
As can be seen from the second image in Figure 12, diagonal shear cracks were formed in the wall part

between the windows on the left and middle part of the building. In addition, linear connection cracks have
formed between the masonry wall and the vertical and horizontal beams. On the right side of the building, the
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horizontal bending effect disrupted the vertical stability of the wall, while the vertical bending effect caused out-
of-plane rotation damage in the middle part of the wall. The cracks produced by this rotational damage were
combined along the wall cross-section with X-shaped diagonal shear cracks formed as a result of in-plane
behavior. As a result, collapse occurred as a result of the articulation in the middle region of the wall.

From the third image in Figure 12, it was determined that typical shear cracks were formed in the wall part
between the windows on the left and right of the building. The horizontal and vertical distribution of the windows
and the presence of horizontal and vertical beams prevented the progression of these cracks throughout the
building.

As shown in the fourth image in Figure 12, it has been determined that there are serious cracks and failures
on the walls in the interior of the building. First of all, serious cracks were seen extending from the door openings
to the upper floor. Quite wide and deep shear cracks developed on the left. Corner failure mechanism of the two
walls and out-of-plane collapse of the right wall drew attention in the middle region. The main reason for these
collapses can be i) the lack of horizontal beam application despite the rather large wall height, ii) the irregularity
of the partitions such as rooms, corridors or doorways in the plan, iii) the discontinuity of the masonry walls in
the interior of the building.

In the fifth image, plaster cracks, which can be considered as slightly damaged, are shown. Very thin
capillary, non-progressed cracks were observed in the masonry wall opposite. In the last image, the heavy shear
damage at the junction of the vertical and horizontal beams is shown. Stirrups were opened, longitudinal
reinforcements yielded.

Damage distribution of masonry structures. In this section, firstly, images related to in-plane, ou-of-plane
and corner failure were shared. While the in-plane damage distributions are shown in Figure 13, the images
related to the out-of-plane and corner mechanisms are shown in Fig.14. In addition, examples of tie beam
application preventing the failure of the entire building are shown in Fig. 15.
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Figure 15. Examples of limiting damage in buildings using tie beams [10]

Conclusion. In the Kahramanmarag-centered earthquake of February 6, 2023, the structures in Malatya
were affected and some of them were severely damaged. One week after the earthquake, a field study was carried
out in Malatya and the masonry structures were examined in detail. After the field study, the causes of damage
distribution in masonry structures in Malatya can be listed as follows;

—Heavy buildings attracting large seismic forces,

—Very low tensile strength, especially in weak mortars,

—Low shear strength, especially in weak mortars,

—Brittle behavior in compression as well as in tension,

—Poor connection between walls,

—Stress concentration in window and door corners,

—General asymmetry in the plan and facade of the building,

—Asymmetry caused by the imbalance in the size and location of the openings in the walls,

—Defects in construction (substandard use of materials, unfilled joints between bricks, improper connection
between walls)
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Abstract. In Turkey, after two big earthquakes centered on Kahramanmaras on February 6, 2023, a catastrophic
damage occurred and more than fifty thousand people passed away, and a lot of people lost their comfort of life
even though they were rescued from the rubble. It has been emphasized by scientists that this great destruction,
in almost all types of structures such as concrete, steel, stacking and prefabricated, is usually caused by design
errors, poor material quality and workmanship. In this study, design errors and damage modes of reinforced
concrete structures in Malatya were examined with a field study. During the fieldwork, it was determined that
reinforced concrete structures were generally damaged or collapsed due to inadequate longitudinal
reinforcement and stirrup, poor reinforcement and concrete quality, design errors in the column-beam joint
region (strong beam-weak column and lack of stirrup spacing), torsional irregularity, ignoring the soil-structure
interaction and soft storey.

Keywords: RC structures, earthquake, failure modes, design deficiency

Introduction. Earthquakes turn into a disaster due to structures that have not received engineering services
and cause economic, social and psychological negativity on society as well as loss of life. In Turkey, which is
located on the seismic belt, the loss of life and property in the great earthquakes that have occurred in recent
years has brought many questions about the condition of the existing structures. The closest example of this was
experienced with two major earthquakes in Kahramanmarash on February 6, 2023. At 04:17 Turkey time,
Pazarcik (Kahramanmarag) Mw 7.7 and Elbistan (Kahramanmaras) Mw 7.6 earthquakes occurred. Oludeniz
Fault with a line that includes parts of the Eastern Anatolian Fault System between Celikhan Potiirge in the
northeast of the epicenter earthquake (65 km between Celikhan-Gd&lbasi), Golbasi (90 km between Golbasi-
Tirkoglu), Amanos (110 km between Tiir-koglu-Kirikhan). He broke the Pomegranate Piece at the North end
of the System; The second Elbistan eccentric earthquake was thought to be related to the Cardak Fault and the
Dogansgehir Fault Zone (Fig.1).
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Figure 1. Map showing aftershocks activity of 06.02.2023 earthquakes [3]
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Although some stations did not work after the Mw 7.7 earthquake, which is one of the 6 February 2023
earthquakes, data were recorded in many stations in our country during the Mw 7.7 and 7.6 earthquakes. Pictures
of the nearest accelerometers recording both earthquakes are given in Figure-2 and Figure 3.
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Figure 3. Distribution of nearest accelerometer stations recording the Mw 7.6 earthquake [5]

In Malatya, which is one of the provinces most affected by the Mw 7.7 and 7.6 earthquakes, data were recorded
at many stations during these earthquakes. The stations closest to Malatya Center are given in Fig.4.
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Figure 4. Distribution of accelerometer stations closest to Malatya Center [6]

The reaction spectra created according to the acceleration values received from the stations closest to the
center of Malatya, the coordinates of the stations and the graphs created according to the ground are given in
Fig.5. As can be seen from these graphs, the reaction spectrum of the earthquake is more than DD2 at most
moments and has reached DD1 level at some moments. This is one of the reasons why the destruction of
earthquakes is so great.
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Figure 5. Comparison of the response spectrum and design spectra based on the acceleration values [7]

Many technical and scientific reports have been written for the structures that have been destroyed or
severely damaged after the earthquakes in the past and it has been tried to shed light on the status of the existing
structure stock. For example, in the report published by the Chamber of Civil Engineers after Izmir Earthquake
that occured October 30, 2020, it was stated that collapses occurred at early levels due to inadequate
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confinemennt bar detail, inadequate clamping lengths and low concrete compressive strength in the structures
built before the 1998 Earthquake Code [1]. Damage distributions in reinforced concrete structures after the
earthquake attracted the attention of the researchers and many field studies were performed. Many research for
1999 Kocaeli earthquake [2], 2003 Bingol earthquake [3], 2011 Van earthquakes [4], 2011 Simav earthquake
[5], 2011 Van earthquakes [6-7] and 2020 Sivrice earthquake [8-9] presented in the literature. The causes of
damage caused after the earthquake in the reinforced concrete structures listed below have been reported and
discussed in detail [10].
—Inadequate transverse reinforcement of structural members
—The short column
—Insufficient space between adjacent buildings
—Strong beam — weak column
—Poor concrete quality and corrosion
—Collapse of the walls on the roof
—Damage in the infill walls
Within the scope of this study, the design errors and damage modes of reinforced concrete structures in

Malatya were investigated with the field study. During the field work it has been determined that, structures are
generally damaged or collapsed due to insufficient longitudinal reinforcement and stirrup reinforcement, low
reinforcement and concrete quality, design errors in the column-beam junction region (strong beam-weak
column and lack of stirrup tightening), torsional irregularity, ignoring soil-structure interaction and soft storey.

Field study to examine reinforced concrete structures in Malatya. In order to investigation the conditions
presented in the introduction section, concrete structures in the locations shown in Figure 6 were examined one
week after the 6 February 2023 Kahramanmarag earthquakes.
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Figure 6. Locations where investigations took place [7]

Soft storey. The difference in rigidity between the floors of the building creates a soft storey irregularity. It
is desirable that the total displacement of the building be divided by the total floor height. However, if there is
a floor with less rigidity, this floor displaces more and this floor is called soft storey. After the earthquake, the
examinations in Malatya indicated that, one of the most common causes of collapse was the soft storey.
Examples of structures damaged due to soft storey are shown in Figure 7.
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Figure 7. Examples of damage due to soft storey [9]

Failures of gable walls. Existing gable walls were weak against the out-of-plane mechanism during the
earthquake because these walls were constructed without bond beams. This type of failure is not a structural
damage but falling parts of wall can be cause loss of lives and properties. The main reason of damages to such
walls is the large unsupported wall lengths. It was determined that poor wall-to-wall, wall-to-floor connections,
and absence of lateral supporting walls were the other reasons of these damages [10]. The photos taken during
the investigations after the earthquake in Malatya and the damage caused to the gable walls are shown in Fig.8.

Figure 8. Failures of gable walls in Malatya [10]

Strong beam—weak column. In reinforced concrete structures, the stronger design of the columns than the
rafters is a very important design principle. Because the parts that are exposed to the most earthquake force with
the moments that will occur during the earthquake will be at the column-beam junction points and the formation
of plastic hinge will occur. The formation of these plastic hinges on the beams will prevent the structure from
being heavy damaged and will allow it to consume more energy However, during the field work, many strong
beams and weak column combinations were observed by the researchers in the buildings that were heavily
damaged and collapsed, and some of them were shown in the Fig.9.
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Figure 9. Failures due to strong beam- weak column combination [10]

Inadequate reinforcement. Another design error determined in reinforced concrete structures in Malatya
during the fieldwork is inadequate reinforcement. Examples of damages caused by this design error are shown
in Fig.10.

Figure 10. Damages caused by inadequate reinforcement [10]

Adjacent Buildings. Adjacent buildings are frequently preferred in Turkey, especially in old settlements. If
a building with insufficient seismic performance is located somewhere between adjacent structures, it can
perform better than expected by getting support from other structures. Although this situation was encountered
in Malatya, the opposite scenarios were also observed. That is, buildings that are individually modeled and
resistant to earthquakes, without considering the effects of adjacent systems, are usually heavily damaged or
collapsed if they are located at the outermost of the structures built as adjacent structures. A situation related to
this is shown in Figure 11 with the buildings in the same adjacent order.

Figure 11. Examples of damage and collapse in adjacent structures [10]
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Torsional irregularity. Torsional irregularity occurs because the rigidity center and center of gravity of the
structures do not overlap, or the limits given in the regulations are exceeded. This irregularity can often cause
structures to collapse with heavy damage. Examples of torsional irregularities observed in center of Malatya and
Dogansehir (district of Malatya) are shown in Fig.12.

Figure 12. Examples of damages in structures with torsional irregularity [10]

Poor quality of materials. During the fieldwork approximate compressive strengths were tried to be
measured with schmidt hammer from the concrete in the reinforced concrete structures that were demolished.
Generally, it has been determined that the compressive strength of concretes are below 10 MPa. As
reinforcement, unribbed flat reinforcement is used and its tensile strength is 220 MPa. In addition, a decrease in
cross-section due to corrosion was also detected in the reinforcements. Studies on material quality are shown in
Fig.13.

Figure 13. Poor quality of materials [10]

Conclusion. Within the scope of this study, one week after the earthquake in Kahramanmaras on
February 6, 2023, Malatya was visited and design errors in reinforced concrete structures in the field and damage
modes caused by the earthquake were investigated. As a result of the observations made in the field; it was
determined that the longitudinal reinforcements in the structural members were insufficient, and the stirrup
reinforcements were missing. In addition, the measurements made with the Schmidt hammer showed that the
concrete quality was lower than expected. Likewise, it has been clearly observed that the reinforcements used
in most of the collapsed buildings are unribbed and of poor quality. Neglecting of tighten stirrups at the junction
of columns-beams, which is one of the critical areas in buildings, and preference of weak column-strong beam
instead of strong column-weak beam reveals the design errors. Also, it is thought that important parameters such
as torsional irregularity, soil-structure interaction and soft storey, which should be considered during the design
phase, have been ignored and increased the destructive effect of the earthquake.
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HUNDUR BINALARIN ZOLZOLOYO DAVAMLILIGININ TOMIN OLUNMASINDA
AUTRIQQER VO KOMOR SISTEMLORININ SOMOROLILIYININ TODQIQi
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Xiilasa. Mogalo ¢coxmortabali hiindiir binalarin zalzals vo kiilok (iifiiqi) yiiklorina qarsi dayanighiligini rtiran
autrigger (outrigger) va kamor sistemlarinin névlarinin, tatbiginin vo somaraliliyinin arasdirilmasina hasr edilir.
Acar sozlar: Coxmortoboli hiindiir binalar, autriqger (outrigger), kamar, struktur, tifiqi yiiklor, sartlik,seysmika,
ayilma, miigavimot

STUDY OF EFFECTIVENESS OF OUTRIGGER AND BELT SYSTEMS IN ENSURING
EARTHQUAKE RESISTANCE OF HIGH BUILDINGS

Aliyev Valeh Muradkhan- researcher, Azerbaijan Scientific Research Institute for Construction and
Architecture, valeh-eliyev-1990@mail.ru

Summary. The article is devoted to the study of the types, application and efficiency of outrigger andbelt
systems that increase the resistance of multi-story buildings against earthquake and wind (horizontal) loads.
Keywords: Multi- storey tall buildings, outrigger, belt, structure, lateral loads, stiffness, seismic, deflection,
resistance

Giris. Coxmortabali hiindiir binalar, yasay1s, ofis vo asasan kommersiya faaliyysti tictin layihalondirilir.
Coxmortoboli hiindiir binalarin tikintisinin vacibliyi ilk novbada sohor oshalisinin siirotlo artmasi, isgilizar
foaliyyatlorin bir-birino miimkiin godor yaxin olmasi vo yerlogsma sahalorinin mohdud olmasina asaslanir.
Hiindiir binalarin incaliyi vo elastikliyi artdigca binalar kiilok va zalzalo naticasinds yaranan iifiiqi yiiklordan
ciddi sokilda tasirlonir. Bununla bagh olaraq, hiindiir binalarda iifiiqi yiikloro miiqavimat gdstormok tigiin
miivafiq struktur sistemlarini miiayyanlosdirmok hor zamanvacib masslolordon biri olmusdur. Hal hazirda
hiindiir binalarin tikintisinds tifliqi miiqavimeti tomin etmoak ti¢iin istifads edilo bilon bir ¢ox struktur sistemlari
movcuddur. Onlarin inkisafinda amerikali miithondis Fozlur Xamn miistosna rolu vardir [1]. 1969-cu ilds o,
hiindiirmartabali binalar1 memarliq xiisusiyyatlorino vo yiik dasiyici konstruksiyalar iigiin istifado olunan
materiallarin névlarina (hom polad, hom do damir-beton) gora tasnif etdi. 1973-cii ildo o, hiindiirmartobali
binalarin alds olan strukturlarini tokmillagdirdi, onun asarlori Mir M. Oli va Kyonq Sun Mun, V. Sueller va digor
todqiqatgilarm bir sira asarlorinds togdim olundu. Fozlur Xanmn asarlari biitiin 6lkalords hiindiirmartobali
tikintilorin inkisafi ticlin osas vo hiindiirliiyti 70 mortabadon ¢ox olan binalar tigiin konstruktiv sistemlorin
formalagsmasinda yeni eran1 geyd edan baslangic néqtasi oldu [1]. Diinya miqyasinda bir sira taninmug binalar,
tifliqi ytiklara effektiv bir sokildo miigavimat gostarmakda vo binalarin komfortunu tomin etmokdo effektivliyini
slibut etmis autrigqger struktur sistemins sahibdir. Asagidaki codvalds autrigger struktur sistemi totbiq edilmaklo
inga edilmis diinya miqyasinda mashur binalardan birne¢asi cadval 1-da verilmisdir [3].

Cadval 1. Autrigger struktur sistemi totbiq edilmakls insa edilmis diinya miqyasinda moshur
binalardan [3]

Bina Sahar Hiindiirliik vo martabalarin say1

Biirc Xalifa Dubay 828 (160)

Taybey 101 Taybey 509 (101)

Sanxay Beynalxalq Ticarot Markazi Sanxay 492 (101)
Beynalxalq Ticarat Moarkozi Honkong 483 (118)
Petronas okiz giillalor Kuala Lumpur 452 (88)
Nangin Qrinlond Maliyys Morkazi Nangin 450 (89)
Tramp Beynolxalq Hotel & Tower Cikaqo 423 (96)
Dubay Qiillasi Doha 438 (190)
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Plaza Rakyat Ofis binasi Malaziya 382 (79)
Aston Apartmantlar1 yasayis binasi Sidney 90 (30)

Miiasir dovrds hiindiir binalar asasan asagidaki struktur sistemlarindon istifads edilorok layiholondirilir:

Daxili yiikdasiyan sistem: Ufiiqi yiikloro garsi miiqavimot gdstoran struktur sisteminin osas hissasi
binanin daxilinds yerlosdikdo, daxili struktur sistemi kimi taninir; 1- Sart ¢or¢iva; 2- Giiclondirilmis gorgiva; 3-
Pardo divarlar, Oynaqli ¢orgivo; 4- Pardo divarlar, Ferma sistemi; 5- Autrigger (Outrigger) sistemi: 6- Autrigqger
(Outrigger) kamar ferma (belt truss) sistemi: [1].

Xarici yiikdasiyan sistem: Ufiigi yiikloro qars1 miiqavimot gdstoran struktur sisteminin asas hissosi
binanin perimetri boyu yerlosirsa, xarici struktur sistemi kimi taninir; 1- Boru ¢ar¢ive; 2-Boru igindo boru
sistemi; 3- Gliclondirilmis boru sistemi; 4-Birlogdirilmis boru sistemi; 5-Carpaz sobakali sistem; 6-Faza soboko
fermasi; 7-Super goargiva; 8-Xarici goruyuculu sistem: [1].

Ultra hiindiir (100 vo daha ¢ox mortoboli) binalarin struktur sistemlorinin vacib xiisusiyystlarindan biri
odur ki, struktur sisteminin daxili hissasi ilo xarici hissasi birgo foaliyyst gostorsin. Bu xiisusiyyoato malik
struktur sistemlorindon birids autriqqer struktur sistemidir. Hiindiir binalarda 50 ildon artiqdir ki, autriqger
struktur sistemi ugurla istifads olunur. Autriggerli binalarin ilkniimunalari yalniz kiilok ytiklarinin tosirlori igiin
istifado olunan bir sxem idi. Seysmiki qiivvaloro miigavimot gostormak va alava qiivve paylanmasini tomin
etmok ti¢iin autriggerdan istifads etmoak sonbir nega onillikds siiratlo inkisaf etmigdir. Autrigger sisteminin an
erkon sonoadlosdirilmis istifadolorindon biri, Kanadanin Montreal soharinds yerlogson “Tour de la Bourse”
binasinda olmusdur.Bu 47 moartobali domir-beton bina 1964- ci ildo tikilmisdir.

Hiindiir mortobali binalarin tikintisindo autriqqer ideyasi, iifiiqi yiikloro miiqavimat gostormokiiciin
binanin otraf vo daxili konstruktiv elementlorinin birgs isini tomin etmokdir. Autrigger vo komorferma struktur
sistemi binanin hiindiirlityii boyu bir vo daha ¢ox Saviyyoalords yerlosdirilo bilar. Autrigger elementlori (iiftiqi
elementlor) xarici siitunlarala sortlik 6zoyi arasinda olags yaradir, komar fermalar1 iSo binanin perimetri boyu
stitunlari biri birino baglayir. Autriggerli sistemlordo sartlik 6zayi,binanin markazinds va ya binanin bir torafinds
yerlosdirils bilar (sok.1) [2].

) Autrigger Autrigger

- q9¢ %‘L‘L
Autrigger Autrigger

Xarici Xarici
siitunlar siitunlar
\ Sortlik 6zoyi \ Sartlik 6zayi
I | ——
(a) (b)

Sakil 1. (a) Moarkoazi 6zokli autrigger sistemi: (b) Konar 6zokli autrigger sistemi [2]

Autrigger struktur sistemi sartlik 6zayins baglanmasina asason bir nego néve ayrilir [2,3,4].Konvensiyal

(enanavi) autrigger sistemi:

Konvensiyal (snanavi) autrigger sistemi vo kamar ferma sistemi:

Virtual autrigger (kamor) sistemi:

Virtual ofset autrigger (6zok divarlarinin miistavisindon konar yerlosmis iifiiqi autriqger elementlari)sistemi:

Konvensial (snanavi) autrigger sisteminds autriqqer fermalari va ya tirlori 6z miistavilarinds yerlagon
sartlik 6zok divarlarina vo 6zayin xaricinds yerlason siitunlara birlagir. Sortlik 6zok divari ilo eyni miistovido
yerlogon xarici siitunlar1 birbasa slagalondirir. Sartlik 6zayina vo 6zayin xaricindoaki stitunlara birlasdirilmis
autriqger fermalari, sortlik 6zoyinin firlanmasini mahdudlasdirir vo 6zokdoki agma momentinin bir hissasini
xarici siitunlarda saquli qiivvays gevirir.

Konvensiyal (enonavi) autrigger sistemi vo komor ferma sistemindo konvensiyal autrigger
elementlarinin qurulusu dayismoz qalir va oslave olaraq kemar fermalar verilir. Burada kemar fermalaribinanin
perimetri boyu yerloson siitunlar1 biri birino baglayir vo araliq siitunlar1 binanin iifiiqi yiiklors garst
miigavimatinin tomin edilmasinds foaliyyats calb edir (sok.2).
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Sortlik 6zayi ila

xarici stitunlar
birbasa olagalandiran
auu:i) er (}ennalan Kormar
99 / fermalan
= Komor i T dd
Xarici
fermalan e
siitunlar
B B
Sans Sortlik 6zayi
stitunlar
— B N Sartlik 6zayi ilo
\ Sortlik dzoyi xarici stitunlar
birbaga olagolondiron
[ ] autrigger fermalari

Sakil 2. Konvensial (ananavi) outrigger sistemi [4]

Virtual autrigger sisteminds sartlik 6zoyindoki asma momentinin xarici siitunlara otiiriilmoasi sortlik
6zoyi ila siitunlar arasinda birbasa alago olmadan olds edilir. Beloki virtual autrigger sistemindasartlik 6zayindoki
agma momenti autriqgerin 6z saviyyasinda yerlason, sortliyi artirtlmig asagi va yuxar1 désome tavalar (iifiqi
diafragmalar) vasitasilo sortlik 6zayindon xarici siitunlara vo kamor fermalarina saquli qlivva olaraq otiiriiliir.
Burada komor fermalar1 binanin perimetri boyu yerlogon siitunlart biri birino birlogdirir vo dosomo tavalar
vasitasilo komar fermalarina 6tiiriilon saquli qiivvaloribirlosdirdiyi xarici siitunlara paylayir (sok.3).

Virtual autrigger Virtual .
LA/ (komar fermalari _klrlua ?ulnq?cr
va monoloit ortik (e lcr.m.z.i arll(
tavas). v monoloit ortu
tavast).
/ / Xarici
sttunlar
o a
Xarici
stitunlar P 9 ’ "
) ) Sartlik 6zayi
X Sartlik 6zoyi

Sakil 3. Virtual autrigger (komar) sistemi [4]

Sistemin asas struktur reaksiyasi olduqca sadadir. Autrigger, sartlik 6zayini xarici siitunlara birlogdiron
sart bir qol rolunu oynadigindan, sartlik 6zayi autriqger saviyyssinds iiftiqi yiiklorin tasiri altinda yana ayilmays
calisarkon xarici siitunlarda dartilma, sixilma, gorginlik yaradir vo momentin aksina harakat edir. Autrigger
sobokasi sartlik 6zayindaki qiivvalari autriggerin uclarindaki asas xaricisiitunlara otiiriir Vo komar fermalari
vasitasilo araliq siitunlarida birlagdirarak strukturun birgs foaliyyatini tomin edir (sok.4) [5].
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Sakil 4. Adi sortlik 6zakli ¢arcive sistemi (a) ilo autrigqerli sortlik 6zokli sistemin (b)
miiqayisasi [5]

Burada: T, T, C, C siitunlardaki qgiivvalar, M, M isa biinévra momentloridir. Autrigger elementlori
hiindiir mortobali binanin sartlik 6zayinin enkasiyindoki gorginliyin 6zokotrafi konustruksiyalara
paylanmasini tomin edir (sok.5).

] — =
|
j+—Z
| +—Z

Sartlik Sartlik

T beayi T beayi

| - : : = Oynagh
/ | N birlosmo

Siitunlar

Sakil 5. a— Autriqger sistemi olmayan hiindiir martabali binanin sartlik 6zayinin enkasiyindokigarginliyin
paylanma diaqrami; b - Autrigger sistemili hiindiir mortabali binanin sartlik 6zayinin
enkasiyindoki garginliyin paylanma diagrami [5]

Sartlik 6zayi saquli bir konsol kimi ayildikdo autrigger sobakasi vasitasils tifiiqi yiiklarin tasir etdiyisathdo
yerloson siitunlarda dartilma gorginliyinin artmasi va iifiigi yiklarin tasir etmadiyi sathds yerlasen siitunlarda
sixilma gorginliyinin yaranmasi ilo dayaniqliligin tamin edilmasinds strukturun biitiin tizvleri istirak edir.
Autriqger struktur sistemi birlosdirdiyi xarici siitunlar vo Sortlik 6zayinin birgs islori osasinda agirma
qiivvalarinin biindvrayas somarali sokilds paylanmasina komok edir (5ok.6).
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Sakil 6. a— autriqqer sistemli binanin imumi sxemi; b- autrigqger sistemli vo autrigger sistemsiz binanin
horokat diaqramu; c- autrigger sistemli vo autriqger sistemsiz binanin hiindiirliiyt
boyu moment diaqramu [5]

Autriggerlarin M1, M2 vo M3 mohdudlasdirict momentlorini yaratmag tigiin kifayat godar sartoldugunu
gobul etsok, biingvradoki Mbiingvro momenti azalacag.

Mbiindvra = MO biinévra + M1 + M2 +M3 )
Diistur (1) asagidaki kimi yazila bilor:
MO biindvra = Mbiindvra -, Mi (2

Burada: Mj autriggerlorin i sayda mohdudlasdirict momentloridir: [1,4,5].

Autrigger sisteminin totbigi onlarin asagidaki stiinliiklora malik oldugunu gostarmisdir: Arasdirmalar
gostarir Ki autriqger sistemlori giiclondirilmis polad ¢ar¢ivali Sartlik 6zayi olan binalarda quragdirma islari daha
asan basa golir. Buna baxmayaraq beton vo ya kompozit konstruksiyalarin istonilonbirlogsmasindoads yaradila
bilor.

Sartlik 6zayinin firlanmasin1 mahdudlasdirir va 6zokdaki asma momentinin bir hissasini siitunlarda
saquli qlivvaya gevirir. Autrigger va kamar sistemlorinin birlogdirdiyi xarici siitunlar va sartlik 6zayinin birgs
islori osasinda asirma qiivvolorinin biindvraya somorali sokilds paylanmasina kémok edir, siitun vo biindvra
boyunca galdirma qiivvalarinin shomiyyatli doracads azalmasina nail olunur.

Binalar, autrigger vo kamar sistemlari vasitasilo sortlik 6zayi otrafinda xarici ¢argiva, Sort ¢argivatipli
alagalara ehtiyac olmadan "sada" tir va siitun gorgivasindan ibarat ola bilar vo naticads gonast yaranr.
Binalarda autrigger vo kamoar sistemlari 6zok va boru sistemlarinds shomiyyatli daracads agirhq yiikii dasiyan
stitunlar iifiiqi yiikke dayaniqh sistemo Samarali bir sokildo daxil edarak shamiyyatli daracads gonasts gatirib
cixara bilar [5].

Autrigger sisteminin tikinti praktikasinda totbiginin asagidaki catigsmazliqlart vardir: Autriqger
sistemlarinin istifadosindaki an shamiyyatli ¢atismazliq, onlarin yerlosdiyi martoboslords istismarsahalorini
mohdudlasdirmas1 vo montaj prosesinds ciddi amak saorf olunmasidir. Bu catigmazliglar baziyanagmalarla
minimuma endirilo bilor. Sistemin texniki martabalorlo eyni saviyyslora uygunlasdiraraq verilmasils.
Tokrarlanan tikinti prosesi Vo konstruksiyalarin olgiilorinin azalmasi naticasinds tikinti prosesinin
stiratlonmasilo.

Konvensial (enonavi) outriqger sistemi istismar sahslorini mohdudlasdirmasina vo qurasdiriima
prosesinda ciddi amok sarf olunmasina baxmayaraq ¢oxmaortabsli hiindiir binalarin sortliyinin artirilmasinda
garantili oldugu ti¢lin 6z mévqgeyini goruyub saxlamaqdadir [5].

Natica.

1. Autrigger va komar sistemlori polad, beton vo ya kompozit konstruksiyalarin istanilon birlosmasindoyaradila
bilir.

2. Autrigger vo kamor sistemlorinin martobslorinin say1 40 mortobadon ¢ox olan binalarda tifiigi yiiklors garst
dayanaqligin artirilmasinda istifads edilmosi mogsadouygundur.

4. Binanin yuxar1 vo orta sahosindos autriqger vo komor sisteminin yerlogdirilmasi 60 moartobays gadarolan
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binalar {iglin iqtisadi cohotdon somorali hesab olunur. Material sorfi vo binanin iifiiqi sartliyinin artirilmasi
baximindan sistemin somoaraliliyi 30% giymotlondirilir.

5. Autrigqger sistemini binanin hiindiirliiyli boyu texniki martobalords yerlosdirmak magsadouygun hesab olunur
bu halda binanin funksional toyinat1 pozulmur.

6. Aragdirmalar gostorir Ki, autriqger vo komar sistemi tatbiq edilmis bina modellarinds rags miiddati autrigger
Vo kamar sistemi totbig edilmomis bina modellorine nazaran daha kigik olur. Belaki, autriggerve kamor sistemi
totbiq edilmamis bina modellorinds rogs miiddstini azaltmaq tgiin struktur elementlarinin en kasiklarinin
artirilmasi tolob olunur.

7. Autrigger vo komor sistemi hiindiir binalarin tikintisinds on ¢ox inkisaf edan, aktiv va igtisadi cohatdon sarfali
sistemlardon biridir.
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TIiKINTIi iISLORI APARILACAQ SAHOLORDO ZOLZOLONIN TOSIRINDON
QRUNTLARIN FiZiKi-MEXANIKI XUSUSIYYOTLORININ ANOMAL DOYiSMOLORININ
NOZORO ALINMASI USULLARI

Qarayeva Nigar- elmi is¢i, Azorbaycan Insaat vo Memarliq Elmi Tadqigat Institutu,
azimeti@arxkom.gov.az

Xiilasa. Holl olunan masalalor tikinti aparilacaq araziys vizual baxis ke¢irmok vo ekoloji tohliiko (siiriisms,
¢okmo, ugqun va s.) ehtimal olunan amillori miisyyanlosdirmak, tikinti aparilacaq orazide miihandisi geoloji-
geofiziki kasfiyyat islorini aparmagla 100-150 m doarinlik tizra laylarin geoloji qurulusunu va onlar1 togkil edon
gruntun litoloji torkibini 6yronmok, laylarin osas ayirici sarhadlorini miioyyoanlogdirmok, dorinlik tizro seysmik
kosiliglorin qurulmasi, layli miihitin seysmik xiisusiyyatlorinin 6yronilmasi, geofiziki (seysmik, elektrik,
magnitometrik va qravimetrik) tisullarla tikinti aparilacaq sahonin geoloji-tektonik soraitinin dyranilmasi, tikinti
aparilacaq orazido laylarin geofiziki molumatlar asasinda 3D modelini qurmag, tikinti aparilacaq arazinin
seysmik rayonlagsma vamikroseysmik rayonlagma Xaritalori asasinda ne¢a balliq (MSK-64 skala asasinda) zonada
yerlogdiyini tayin etmok, tikinti aparilacaq orazide gruntun mexaniki xtisusiyyatlorini miioyyanlogdirmok,
Orazinin miasir ekoloji tohliikasizlik soraitinin giymatlondirilmasi vo tikinti normalar1 nazora alinmagqla
layihonin hazirlanmasi.

Acar sozlor: seysmik kasilislor, laylarin geoloji qurulusu, qruntun litoloji torkibi, geofiziki iisullar (seysmik,
elektrik, magnitometrik va gravimetrik), laylarin 3D modeli, seysmik rayonlasma vo mikroseysmik rayonlagma
Xaritolari, tikinti normalari

METHODS OF CONSIDERATION FOR ANOMALOUS CHANGES IN THE PHYSICAL AND
MECHANICAL PROPERTIES OF SOILS DURING EARTHQUAKES IN THE AREASOF
CONSTRUCTION WORK

Garayeva Nigar- researcher, Azerbaijan Scientific Research Institute of Construction andArchitecture,
azimeti@arxkom.gov.az

Summary. Solved issues visual inspection of the construction site and identification of possible environmental
hazards (landslides, landslides, avalanches, etc.) study of lithological composition of soil, determination of main
dividing boundaries of layers, construction of seismic sections at depth, study of seismic features of stratified
environment, study of geological-tectonic conditions of construction site by geophysical (seismic, electric,
magnetometric and gravimetric) methods, geophysical data To build a 3D model, to determine the number of
points (based on the CEC-64 scale)in the zone on the basis of seismic zoning and microseismic zoning maps of
the construction site, to determine the mechanical properties of the soil in the construction site, modern
ecological assessmentof safety conditions and design of the project taking into account the construction norms.
Keywords: seismic sections, geological structure of layers, lithological composition of soil, geophysical
methods (seismic, electrical, magnetometric and gravimetric), 3D model of layers, seismic zoning and
microseismic zoning maps, construction norms

Giris. Aparilan todqiqatlar gostarir ki, eyni konstruksiyali binalar eyni bir zalzalonin tasirindon miixtolif
daracali zadalonmaloar alirlar (sok. 1). Buna asas sabab binalar tikilan sahalords gruntun miixtslif név olmasidir.
Belo ki, yumsaq qruntlarda zalzalo qiivvasinin ragsinin tezliyi az, zalzalodon yaranan vo miihitds yayilan enins,
uzununa vo digar seysmik dalgalarin amplitudast ¢cox olur. Boark gruntlarda iss sksina olur, yani zslzalo
qiivvasinin ragsinin tezliyi cox, amplitudasi iss az olur. Qruntlarm bu xassasi bina layihslondirilon zaman nozaras
alinmalidir. Bina tikilmamisdon avval sahanin geoloji-tektonik qurulusu mitkommal Gyranilmalidir. Binanin vo
ya hor hansi inga olunan qurgunun zslzals ragsi zamani rezonans oblastinda iglomasi ti¢iin yumsaq qruntda sart
binalar, bark gruntda ise ¢evik binalar tikilmalidir. Qruntlar zalzaloys davamligina gora 3 kateqoriyaya boliiniir:
I, 11, 111 kategoriya. Bina tikilon zaman arazinin diizgiin se¢ilmasi va gruntun xassalarinin daqiq dyranilmasi ¢ox
vacibdir. Tikinti aparilacaq sahads relyefin vo kasilisds istirak edon laylarin mailliyi 15 doracadan artiq olan
yerdo, yanidik yamacda, bina tikmak maslohat goriilmiir. ©gor binanin biindvrasi goyulacaq yer batan vo ¢okan
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olamatlori olan gruntdan ibaratdirss, o zaman hokman qruntun bu qati tam gotiiriilmali vo yaxud da texniki
vasitalorlo miivafiq normalara uygun barkidilmalidir [1,2].

Sakil 1. Guclii zolzalodon sonraki dagintilarin monzarasi [2]

Orazido gruntun xassalori otrafli yronilmalidir, bunu toyin etmok miimkiin deyilss, onda biindvrani
doarindan gotiirmak lazimdir.

Tikinti norma va qaydalarina dair molumatlar daima nozardon kegirilir vo dogiglosdirilir. Yeni tisullarin
yaradilmasi tikinti normativlarinin daima tokmillosdirilmasini talob edir. Hazirda zolzoloys davamliliga
hesablamanin normalagdirilmas: (CHulI 11-7-81) asagidakilardan ibaratdir.

Sa'k = IE"1 ’ k? ’ k‘? A .lﬁ.ﬁt “Nik - Q:’k
k1 — bina vo qurgularin zadolonmosinin buraxila bilon haddini nozars alan amsal olub, zslzalo zamani galiq
deformasiyalar1 vo yerli zodolonmolori yol verilmoyon bina vo qurgular igiin k1=1, yiikdasiyan
konstruksiyalarinda adamlarin tohliikasizliyini va bina igarisindaki giymetli lovazimatin etibarli saxlanmasim
gorxu altina almayan zodalonmoalara bina vo qurgularin (yasayis, ictimai, sonayeva kond tosorriifatt bina va
qurgulari, hidrotexniki va naqliyyat qurgulari, enerji, yangmsondiirma vo SU tachizati sistemlari, bir sira rabito
sistemlori vo s.) hesablanmas1 zamani k1=0,25, yiikdasiyan konstruksiyalarinda binanin normal istismarinin
miivaqgoti dayandirilmasina gotirib ¢ixaran qaliq deformasiyalarina, ¢atlara, ayri-ayri elementlorin
zadalonmasina va onlarin boyiik nishi yerdoyismoasine icazo verilon bina vo qurgularin (i¢arisinds giymatli
lovazimat olmayan bir martobali Senaye vo kond tesarriifat: binalarr) hesablanmasinda ise k1=0,12 gétiiriiliir.
k2 —bina va qurgularin konstruktiv hollini (sxemini), xiisusiyyatlorini nazars alan amsal olub, mortabslarin sayi
(n) 5-dan ¢ox olan karkas, iribloklu va divarlari kompleks konstruksiyali (demir- beton siitunlarla giiclandirilan
das vo karpic divarli) binalarda

k, =1—-0,1(n—05)

ifadosinin kémoayi il tapilir. Martobolarinin say1 5-o godor olan iripanelli vo tokmo domir-betondivarl binalarda
k2=1,3 basqa binalarda iss k2=1 gobul edilir.
k' — binanin imumi sortliyini nozors alan omsal olub, planda 6lgiileri kigik gétiiriilon hiindiir qurgulara, siitunun
mortaba Saviyyasindoki hiindiirliyiiniin onun en kasik 6l¢iisiine nisbati 25-0 borabar vo ondan ¢ox olan va
homginin doldurucunun karkasin deformasiyaya ugrama xiisusiyyatlorino tosirgdstormoyan karkas binalarda
k¥=1,5 galan biitiin hallarda ise k=1 gotiiriiliir.
A-binanin hesabi seysmikliyindan asili olaraq 7;8 vo 9 bala uygun 0,1; 0,2 va 0,4 gdtiiriilonzalzalo
omsalidir.
Li — dinamiki amsal olub, bina asas1 rolunu oynayan grunt gatinin kateqoriyasi Vo binanin Sarbastragslorinin
periodudur. (Ti).
I név qrunt {i¢iin
II nov quint tictin Il név grunt tigiin
0,8< ﬂl—ﬂ_ <3

0,8< fli=—= <27
T
0,8< fi=<2
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nik — binanin vo qurgunun K néqtasine vo baxilan rogs formasina uygun omsal olub, asagidaki ifads ilo tapilir.
burada Uik vo Ujk — binanin baxilan (k) vo ¢okisinin morkazlosdiyi (j) noqtolorinds onun sarbast rogslorinin

z?:l Qj : Ujk

: UI'F.:
T.0, U

N =

uygun formasinda yerdoyismasi.

Qj — binanin hissasinin (j) ndqtasindo comlogdiran ¢okidir.

Qik — binanin (k) ndqtasine uygunlasdirilmis hissonin ¢okisidir. Bu zaman Q binanin hamin hissasinin hogigi
handasi 6l¢iilari Vo onun materialinin haqigi hacmi ¢okisi nozars alinaraq hesablanmalidir. Binanin bu hissasine
tosir edon somaralik yiik do hamg¢inin onun hagiqi giymotine uygun gotirilmolidir.

Tikinti meydangasinin hesabi seysmikliyi insaat normalari vo qaydalara asason asagidaki cadvala (cadval 1)
gbra miioyyan edilir.

Qeyd etmok lazimdir ki, tikinti normativ seysmikliyi 6 bal olan III kateqoriyali qrunt soraitindo aparilarsa, bu
halda hidrodiiyiiniin tikinti meydangasinin hesabi seysmikliyi 7 bal qabul edilmalidir. Gostarilon kateqoriyali
qrunt soraitinds zalzalonin normativ intensivliyi 9 bal oldugda vo xiisusi asaslandirma olmadiqda hidrotexniki
tikintinin aparilmasina icazo verilmir. Cadvaldon gorindiiyii kimi, biindvra gaya vo yarimqaya siixurlardan
toskil olundugda normativ seysmiklik zalzalonin intensivliyi ilo miiqayisads bir bal az gobul olunur.

Cadval 1.
Seysmiki Miixtolif normativ seysmiklikda
xassalarinag gora Biindvra gruntlari tikinti rayonunun
gruntun hesabi seysmikliyi (balla)
kateqoriyalari 7 8 9
| Qaya Vo yarimqaya siixurlar, ¢cox sixliqlt 6 7 8

pargali gruntlar
I Bork konsistensiyali gil vo qumlu gil, iri

pargali qruntlar, ¢inqil-qirmadas va iri donaliqum | 7 8 9
gruntlar
Il Yumsaq Vo axici-plastiki gil vo qumlu-gil, 8 9 9

orta vo xirda donali gum gruntlari

Biinovrs su ilo doymus gil qruntlarindan ibarat oldugqda iss oksins seysmiklik bir bal artiq gabulolunur.

Seysmiki rayonlagdirma xaritasina asasan qrunt saraitini nazars almagla toyin edilon hesabi seysmiklik
yalniz III va IV sinfs aid olan hidrodiiytinlarin layiholondirilmasinds istifads oluna bilor. Azarbaycan oarazisinin
seysmik payonlagmasi indiya Kimi son zalzalo malumatlari nozars alinmaqla qurulmamigdir, hazirda oarazinin
seysmikliyi 7-9 bal kimi saciyalonir (sok.2). Azarbaycanin son seysmik rayonlagdirilma Xaritasi 1989-cu ilds
tortib olunmus vo 1991-ci ilds bir godor dogiglosdirmokls uygun olaraq real vo potensial ocaq zonalar1 ayrilmis,
sonra isa gozlonilon seysmik effekt hesablanmigdir.
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Zolzololorin intensivitys
Gz) 1. 2, ¥ indekslor ¢
100, 1006, 10000 iido bi
lar) gstenilic

Soakil 2. Azarbaycan orazisinin seysmik rayonlagdirma Xoaritasi (1991-ci il) [5]

I va 11 sinfo aid olan hidrotexniki qurgular tiglin gostarilon gayda ilo miiayyon edilmis seysmiklikyalniz
layihalondirilmonin ilkin morhalasinds, yani texniki-igtisadi asaslandirma istifado oluna bilor. Birinci sinfo
monsub olan hidrotexniki qurgularin texniki-igtisadi osaslandirilmasinda hesabi seysmiklik normaya asason
gobul edilon seysmiklikdan bir bal artiq gobul olunur.

Osasli layihalondirmo vo qurgularin dayanighigmin hartorofli todqigi morhalasinds hidrodiiyiinlorin
ingaat meydangasinda xiisusi mithandisi-seysmoloji tadqiqatlar aparilir ki, bu da mikroseysmiki rayonlagdirma
adlanir. Belo todgiqatlarin asas mogsadi real geoloji vo tektonik soraiti nazora alamgqla bas vera bilocak seysmiki
tosirin asas parametrlorini miioyyoan etmoak va qurgularin layihalondirilmasi {igiin etibarli zomin yaratmaqdir.
Mikroseysmiki rayonlagdirma tikintimeydangasindan radiusu 100 km-o gadar olan bir sahads aparilir. Aparilmis
todgigatlar naticasinds avvalcs orta qrunt saraiti tigiin maksimal seysmiki effekt miiayyan edilir vo sonra da bu
effekt ingaat meydangasi tigiin real geoloji vo neotektonik saraiti nozars almagla dogiglosdirilir.

Seysmiki tosirin osas parametrlori (zalzolonin intensivliyi, tocili, siirot vo yerdoyismo) insaat
meydangasinin togkil edon siixurlarin akustik sartliyine tors miitonasib olarag gabul edilir. Bu da akustik sartlik
amsali ilo miioyyan edilir.

PoUoo
180—1 ,0119

Burada: p0, p1 — siixurlarin sixliglari; vp( Vo vp1 — homin siixurlarda boyuna elastiki dalgalarin yayilma
siiratloridir. Orta qrunt soraiti tigiin p0 = 2,0 t/m*; vp0 = 2500 m/s gobul etmok olar. Géstorilonp0-1 smsalindan
mikroseysmiki rayonlagdirmada zalzalonin analoq tipli yazilarinin tartibinds genis istifads olunur.

Zslzalads olan insanlarin evlarinin ugulmasi bizlari sarsidir, ancaq heg do toacciiblondirmir. Onagors ki, biz artiq
zolzalonin dagidict oldugunu bilirik. Zalzalodon bagqa da geoloji dagidici effektlor miisahids edilir. Yoni ugma,
gruntun ¢6kmasi, siiriismasi, sunami va s.

Seysmologlar zalzalonin naticalarini iki hissaya boliirlar.

1. Tobiotls olagadar mosalon, yer siiriismasi

2. Insan foaliyyati ilo olagodar. Masalon, bandlarin naticasinds olan su basqimi va s.

2000-ci ildo Azarbaycanda Bayil siirtismasi, Bayil dorasinin o biri tarafinds Songar dag massivinin gopan conub
hissasinda donizs toraf harokat edir. Bayil zonasinin konarini tektonik sarnir (dirsok) formasina salir. Homin
gopan hissa min illor 6z yerindo 3 km yaxin harokat edib. Bayil zonasini sixib, Bayil tirasi yaradib. O proses
indi do gedir. Horakat edan plitalorin dorinliyi 5 km-dir, ondan asagi horokat etmir. Bu proses homisa gedir, onun
aktiv vo passiv dovrlari olur. Siirisma naticasindo Karvansaray adasi— 0 ada ki, indi donizdadir— Baki
buxtasinda Badamdardaginin yerindan harakat edib, gedib ¢ixib donizs. Bu 0 demokdir ki, Bayil zonasinda an
yiiksok monfianomaliya Badamdar dagina diisiir ki, onun da grammametrik giymati monfi 15 milliqaldr.
Buproseslora bagqa planetlarin, ayin, giiniin da tasiri var. Onlarin tasiri miisyyon 6l¢ii omsallarini doyigir.
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Zolzala naticasinds amala galon basqa bir tohliike do gruntun ¢ékmasidir. Zalzala naticasinda grunt
silkalonon zaman onun masamoali, bos hissaciklari bir-birina sixlasir. Onda yerin imumi hacmi azalir vo naticada
¢Okmo bas verir. Cokmo zamani yer sothinin 6z qurulusunu doyismosi naticasindo yer sothinds bina va
qurgularin dagilmasi bas verir.

Daqiq layihalogdirms oldugda da bels bu dagilma bas verir, ¢linki ¢6kma naticasinds biinévra bir-birina
nisbaton ¢okiir vo bu da dagilmaya sobob olur. Bunun qgarsisint miiayyan godar almagq ti¢iin keyfiyyatsiz gruntu
gotiiriib avazinds svay biindvralordon istifado olunur. Bu svaylar masamali (zsif) gruntdan kegir bark grunta
catir.

Movcud insaat normalar1 vo qaydalarina osasen aktiv siiriismo bas veran sahil vo ya tobii yamaclarda
slirlismoa prosesinin garsisini ala bilocak etibarli mithandisi tadbirlar goriillmoadon bina vo qurgularin, yeristi vo
yeralti kommunikasiyalarin tikintisi gati sokildo qadagan edilir. Bununlaslagoadar olaraq siirlismo tohliikasi olan
arazilords bina vo qurgularin layihalondirilmasi ti¢iin onlara gostorilon istismar toloblorini tam tomin eds bilocok
etibarli mithondisi hesablama metodikalarinin islonmasi, insaat normalarinin hazirlanmasi oldugca vacib vo
dovlat shomiyyatli masalalordir.

Bir ¢ox hallarda siirismo zonalarinda texniki cohotco asaslandirilmadan bina vo qurgularin tikilmasi,
kommunikasiyalarin ¢okilmasi siiriismo prosesini intensivlosdirir va falakatli noticalora gotirir. Bu miigabildon
Bakinin Bay1l yamacinda vo ©hmoadli gosabasinds bas vermis siirlismalori gostormok olar. Ohmadli gosabasinda
layiha vo istismarda buraxilmig soahvlar naticasinde dogquz mortoaboli yasayis binasi on dérd metrdon ¢ox
slirismiis vo istifads ti¢lin tam yararsiz voziyyato diismusdiir.

Binanin siirligmasini yaradan baslica sobab onun real qrunt soraitini nazoro alaraq 6ziiliiniin qoyulma
dorinliyinin diizgiin se¢ilmamasi (kigik qrunt tobagasini kasmoklo mohkom gaya gruntu ilo slagalondirilmasi)
istilik, su va kanalizasiya borularinin nasazligi naticasinds su sizmasi va 6ziilaltt gruntun namlagsmasi natico
etibar1 ilo kontakt sothds biinovranin méhkomlik parametrinin itirilmasina, kontakt stirtismaya qars1 miiqavimatin
ciddi zoiflomasina va toxminon 10+15°lik meyl bucag: olan yamacda binanin siiriismosine sobab olmusdur.

6-7 mart 2000-ci ildo Bayil yamacinda bas vermis torpaq siiriismasi on folakatli siirtismoalordon biridir.
Bu siiriismonin bas vermasinds baslica sabab Bayil yamacinda geyri-qanuni sokildo miixtalif yeriistii vo yeralti
qurgularin insa edilmoasi vo bunlarin istismarinda ciddi sohvlara yol verilmasi naticasinds siirtison massivda
hidrogeoloji soraitin koskin doyismosi, miixtalif monboalordon sizan yeralti sularin tasiri naticasinds kontakt
sothdo yerlogon gil tobogolorinin axici-plastiki vaziyyato golmosi ilo olagedar kontakt siirligmoys qarsi
miiqavimotin ciddi azalmasi sobob olmusdur. Bununla yanasi Bayil yamacinda grunt sularmin tasirindan
hidrodinamiki vo suffoziya proseslorinin siirotlonmasi do torpaq siiriismoasinin intensivlogsmasine sobob
olmusdur.

Yamacda bas vermis siirlisma naticasinds iki yasayis evi, bir ¢ox yeralti kommunikasiyalar, o ctimladan
boyiik diametrli su borusu, Neft¢ilar prospektinds 120 m, Bagirov kiigasinda 3000 m yol, gami tamiri zavodunun
bir ¢oc qurgulari, LUKOYL yanacaq doldurma stansiyasi, Sobayil RXM-in binasi, qoruyucu istinad divarlari va
s. dagilmigdir. Torpaq yamacda 20 ha sahoni shato etmis, onun bas hissasinda kasilma divarlarinin hiindiirlityii
25-37 m olmusdur. Bu kasilmo divari hal-hazirda dagiistii parkda yaradilmis bas abido qurgularmin 50 m-
liyinda yerlosir vo onun tigiin boyiik tohliiks yaradir. Yamacin siiriisma bag veran hissasinin uzunlugu yamacin
diismoa istigamatindo 430 m, eni yuxari hissado 220 m, asagi hissads iso 350 m-dir siirlismo yamacinin miitlaq
soviyya diismoasi 100 m va onun orta galigi 35-40 m-a yaxindir. Siirismanin dil hissasinda yerin sathi 6 — 7 m
qalxmusdir.

Malum oldugu kimi Mingagevir su anbarinin sag sahilinds iimumi sahasi 75 ha olan genis arazidsoldugca
tohliikali bir siirigma proseslori bag verir. Bu arazinin sarhadlori conub sorqds yuxart Qarabagkanalinin giris
tuneli, simalda “Gomi buxtas1”, conub-garbdo Bozdag silsilasinin suayricisi, simal- sarqden Mingagevir su
anbarinin sahil zolag1 ilo mahdudlasir. Son 15 il orzinds burada bir ne¢o dofa tohliikali torpaq stiriismalori bas
vermis vo xosbaxtlikdon Mingagevir hidrodiiyiiniine daxil olan asas qurgulardan yan ke¢misdir. 1996 va 2000-
ci illarda bas vermis torpaq siiriismoalari Mingagevir torpaq bandinin sag cinah1 vo yuxar1 Qarabag kanalinin giris
tuneli ti¢iin ¢ox tohliikali olmus, lakin goza otlismiisdiir.

Mingagevir su anbariin sag sahilinds bas vermis siiriismalorin naticalorinin aradan qaldirilmasiiigiin
ilkin toxirs salinmaz tadbirlor goriilmalidir. Bu tadbirlorin siirlismo sahasinin 200 m miitlaq Saviyyaya godar
kosilmasi, karst qiflari vo catlarin doldurulmasi, ssth sularmin miitasokkil olaraq siirismo zonasindan
konarlasdirilmasi, sahilbarkitmo islari va yamacin kasilmasi kimi konstruktiv tadbiri gostarmak olar.
Gostarilon zonalarda golocokds tohliiksli siirismoalorin qarsisint almaq, daha etibarli miihandisi todbir
hazirlamagq tigiin siiriismoni yaradan sabablar dorindon arasdirilmali, yamaclar 8 balliq seysmikitasir do nazara
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alinmagla dayanigliliga hesablanmalidir. Yalmz belo oldugda siiriismani gabagcadan prognozlasdirmaq va ona
gars1 mithondisi tadbirlori layihalondirmak olar.

Natica.

1. Tikinti islori aparilacaq Baki vo digar sohorlords, isgaldan azad olunmus orazilords insa olunacaq dovlat
ohomiyyatli obyektlarin dayanigli olmasi, zolzalo bas verdikds onlarin dagilma tohliikasini azaltmag magsadila
gruntun mexaniki xiisusiyyatlarinin dagiq giymatlondirilmasi dogiglosdirilmalidir.

2. Bu islorin yerino yetirilmosino dair layihslorin hazirlanmasi zamanm bas veron zslzalslorin dagidicihiq
tosirinin nazoro alinmasi mogsadilo tikilacok binalarin vo qurgularin yerlosdiyi saholordo gruntun fiziki-
mexaniki xtisusiyyatlorinin dogiq miioyyan olunmus tisullarla aparilmalidir.

3. Umumilikdo toxunulan mosololorin daha genis arasdirilmasi, faktiki materiallar osasinda bas veran
zalzalalarlarin gruntun mexaniki xiisusiyyatlorinin doyismoasine tasiri va tikinti normalar1 nozarsalinmagqla daha
dayaniqli tikinti iglorinin aparilmasi tomin olunmalidir.
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SEISMOLOGICAL ISSUES IN THE EARTHQUAKE RESISTANCE OF BUILDINGS
(AS AN EXAMPLE IN AZERBAIJAN)

Garavaliyev Etibar Sayad- Phd candidate., ass. prof., head of Deparment- Republican Seismic Survey Center of
Azerbaijan National Academy of Sciences, getibar@rambler.ru

Abstract. Many dangerous processes of endogenous and exogenous origin occur on Earth. It has been
established that natural and man-made emergencies such as earthquakes, landslides, droughts, floods, sea level
rise and fall, and forest fires are more characteristic and dangerous for the territory of Azerbaijan. Since the
territory of Azerbaijan is a part of the active Alpine-Himalayan fold belt, strong and destructive earthquakes
have occurred here from time to time (427, 1139, 1235, 1667, 1902, 1961, 1963, 1989, 2000, 2007, 2012 years
and etc.). From this point of view, it is one of the important issues on seismologists and builders to ensure that
people can continue their life activities without problems and losses, buildings and facilities continue to
exploitation without serious damage during an earthquake in such a seismoactive zone. To achieve this goal,
civil engineers must have accurate seismological data reflecting the seismicity of the area. That is, the
effectiveness of earthquake-resistant construction can be achieved when the parameters of probable seismic
effects are correctly estimated and the effects of second-order factors (hazard) associated with these effects are
taken into account. From this point of view, the new information obtained in the seismic monitoring of the
territory of Azerbaijan with modern seismic devices since 2003 year has led to the resolution of many issue.
Keywords: earthquakes; tectonic faults; earthquake resistance of buildings; seismic code

Introduction. Since the territory of Azerbaijan is a part of the active Alpine-Himalayan folded belt,
strong and destructive earthquakes have occurred here from time to time (in 427, 1139, 1235, 1667, 1902, 1961,
1963, 1989, 2000, 2007, 2012, etc. earthquakes). About 4,000 earthquakes are registered in the territory of the
republic every year. About 20-25 of these earthquakes are felt (fig.1) [3].

Figure 1. Map of epicenters of earthquakes in Azerbaijan and adjacent territories
for the period 2003-2022 with mI>3.0 [3]

The recording of this number of earthquakes in a small area is directly related to the tectonics of the area.
A map of tectonic faults was prepared for the territory of Azerbaijan by different authors. One such map was
prepared in 2005. As can be seen from the picture, the territory of the republic is characterized by numerous
longitudinal and transverse tectonic faults (fig.2).
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Figure 2. Fault map of the territory of Azerbaijan (Author: Kengerli T.N., 2005) [3]

According to the map of epicenters of strong earthquakes (with M>5) that occurred in the territory of the
republic for the period 427-2022 years, we can say that strong earthquakes occurred mainly due to longitudinal
depth faults (fig.3) [3].

Figure 3. The epicenters map of strong earthquakes of Azerbaijan with magnitude M>5
(for the period 427-2022 years) [3]

Non- missing recording of low-magnitude earthquakes on the territory of the republic was achieved thanks
to the creation of a seismic network consisting of modern seismic stations (produced by the USA company
“Kinemetrics”). These stations were purchased and installed after the earthquake that occurred in the South
Caspian Sea on November 25, 2000. Currently, the seismic network consists of 92 seismic stations, 35 of which
are stationary.

The earthquake of November 25, 2000 caused serious damage in the capital city of Baku, so it became a
research object for seismologists and civil engineers.

The earthquake manifested itself in the form of 2 shocks, the time between shocks was 1.5 minutes, the
magnitudes were Mpv=6.2 and Mpv=6.4, respectively, and the depth h=30-35 km. As a result of the earthquake,
a total of 7350 buildings were damaged in the territory of the republic, 34 houses were partially destroyed.
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Mainly, 1-3-story houses built at the beginning of the last century were damaged and destroyed, high-rise large-
panel and frame buildings built 30-40 years ago were slightly damaged, 23 people lost their lives [3].

Unfortunately, the records of this earthquake overlapped on the seismogram and experts could not study
it extensively.

From this point of view, in such a seismoactive zone, ensuring that people can continue their life activities
without problems and losses, and buildings and facilities without serious damage, is one of the important issues
facing seismologists and builders, and is the basis for designing earthquake-resistant buildings. To achieve this
goal, civil engineers must have accurate seismological data reflecting the seismicity of the area. That is, as we
know, the effectiveness of earthquake-resistant construction is largely determined by correct forecasting and
taking into account possible seismic effects and the additional seismic loads caused by them on buildings and
structures. And these tasks are taken into account in regulatory documents. From this point of view, | want to
note that, until now, the Temporary Seismic Zoning map of the Republic of Azerbaijan (TSZ-89) is used in the
assessment of the seismic hazard of the territory of Azerbaijan (fig.4). Certain changes were made to this map
by the State Urban Planning and Architecture Committee in 1991 year. The map is drawn according to the
intensity parameter based on the MSK-64 seismic scale. As the name suggests, the map is temporarily prepared
and needs to be prepared on the basis of parameters (pga, pgv, pgd and etc.) that meet modern requirements and
are of interest to construction professionals.

Figure 4. Temporary Seismic Zoning map of the Republic of Azerbaijan (TSZ-89) [3]

Observations show that in ensuring the earthquake resistance of the building, it is necessary to take a
complex approach to the issue and solve complex issues, not by looking at it from one perspective, that is, not
only by making engineering calculations.

As we know, consequences of the earthquakes depends on the intensity of seismic waves reaching the
surface, the duration of seismic vibrations and their spectral composition, on the design features of buildings,
the type and condition of the foundation soil. In this regard, when considering the results of earthquakes (16
June 1964 year Niigata earthquake, 17 August 1999 year Kocaeli earthquake and etc.) in recent decades, one of
the most striking points is that buildings of the same type, built in close proximity to each other, behave
differently. This should be explained in connection with local engineering-geological issues. From this, we can
conclude that it is not correct to calculate and design buildings located close to each other according to the same
geological conditions based on the close distance, and geological and geophysical exploration should be carried
out to study the engineering-geological conditions for each building.
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Figure 5. Kocaeli earthquake, 17August 1999 year [3]

One of the main issues that should be solved by Azerbaijani seismologists and builders is bringing the
currently used building code Az.DTN 2.3-1 to a level that meets modern requirements. Here, in particular, one
can note the importance of determining the dynamic coefficient Bi from the response spectrum using
acceleration records of real earthquakes.

Conclusion

1. According to the of epicenters map of strong earthquakes (with M>5) that occurred on the territory of the
republic for the period 427-2022 years, it can be said that the territory of Azerbaijan is characterized by high
seismicity and strong earthquakes occurred mainly due to longitudinal deep faults.

2. The building code Az. DTN 2.3-1 and TSM-89 map does not meet modern requirements and it is important
to update it.
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79LZ9L9YODAVAMLIQ SiAHBSiN.DB NORMATIV SONODLORIN
ISLONILMOSI ILO BAGLI BOZI MO9SOLIOLIOR HAQQINDA

Qarayev Abdi Nazim oglu- t.ii.f.d., Azorbaycan Insaat vo Memarliq Elmi- Todqiqat Institutunun
direktoru, azimeti@arxkom.gov.az
Canmirzayev Agamirza Agababa oglu- Azorbaycan Respublikasi Dovlot Sohorsalma vo
Arxitektura Komitasinin Texniki normalar va lisenziya sobasinin miidiri

Xiilasa. Azorbaycanin seysmik rayonlasdirma xoritosi  seysmik  tohliikoliliyin  ehtimal
giymatlondirilmasi metodu osasinda islonmisdir. Seysmik tohliikoliliyin ehtimal qiymatlondirilmasi
metodunun zoif toroflorindon biri arazinin seysmik goraitinin xiisusiyystlorinin nazors alinmamasidir.
Azorbaycanin seysmik rayonlagdirma xoritosi seysmik tohliikaliliyin ehtimal qiymotlondirilmasi
metodu osasinda islonmisdir. Seysmik tohliikoliliyin ehtimal giymotlondirilmosi metodunun zaif
toroflorindon biri orazinin seysmik soraitinin Xiisusiyyatlorinin nozoro alinmamasidir. Xaritodo
zalzalalorin 100, 1000 va 10000 ildan bir tokrarlanmasi prinsipi asas tutularaq seysmik bal 1, 2 vo 3
indekslori ilo gostorilir. aparilan elmi-todqiqat islorinin naticalori asasinda qiivveds olan normativ
sonadlarin yenidon islonilorok aktuallagdirilmasi yolu ilo Azarbaycan Respublikasinin gohorsalma vo
tikintiya dair normativ sonadlor sisteminin formalasdirilmasi islori davam etdirilir.

Acar sozlar: seysmik zona, zalzoloyadavamlilig, normativ sonadlor, seysmik yiik

Giris. Molum oldugu kimi, Azorbaycan Respublikasi aktiv seysmik zonada yerlosir vo
seysmik risklordon sigortalanmayib. Tarixi faktlar gostorir ki, Azarbaycanda giiclii, folakatli zolzololor
bag vermisdir. 1139 vo 1235-ci illordo Ganca, 1192, 1667, 1859 vo 1902 illordo Samaxi zolzalalorindo
ad1 ¢okilon sohorlor tamam dagilmis vo sonradan yenidan tikilmisdir. Son illords bas veron Ismayill
(1981), Agdas (1998), Baki (2000) Zaqgatala (2012) Bords (2017) zalzalalari bina v tikililords ciddi
zadolorin yaranmasina sobab olmus vo bir sira hallarda iso binalarin dagilmasina gotirib ¢ixarmisdir.

Olkomizdo bas vera bilocok zolzololorin noticolorinin minimuma endirilmosi, bina vo
qurgularin (bundan sonra - binalar) seymik qiivvalorin tosirlorino qarst dayaniqlt olmasi vo dagilib
ucmamast ti¢lin beynalxalq tacriibanin nazars alinmasi va etibarli layihlondirilma norma va qaydalarin
islonmasi Azarbaycan Respublikasi Dovlot Sohorsalma vo Arxitektura Komitasinin (bundan sonra —
Komito) daimi digqet markazindadir.

Dagidici zalzoalolorin naticolari asasinda ABS Geologiya Comiyyatinin {izvii, seysmoloq Pol
Erlinin islotdiyi “insanlar1 zolzolslor yox, binalar 6ldiiriir” ifadosi 2023-cii il fevral aymin 6-da qardas
Tirkiyads bas vermis maqnitudasi 7,7 va 7,6 olan iki zalzalodon sonra insanlarin dilinde daha tez-tez
saslonir. Seysmik tokanlar naticasinds minlorls bina dagilmisdir. Dagintilar altinda on minlarls insan
holak olmus vo yaralanmigdir. Zolzolo Tiirkiyoys qonsu Suriyada da boyiik dagintilara vo insan
tolafatina  sobob olmusdur. Bu zolzolo etibarli normativ  sonadlorin  iglonilmasinin = vo
tokmillosdirilmasinin na qodor aktual oldugunu bir daha gostorir. Etibarli layihoalondirilmo norma vo
qaydalart ilo tikilmis binalar zslzalslorde ohalinin hoyat vo saglamligina tesir gostora bilocak
tohliikalorin, hamginin 6lkaya doys biilocok kiilli miqdarda ziyanlarin qarsisinin alinmasina imkan
yaradir.

Azorbaycanda seysmik tosirlora qarsi ilk norma sonadlari 1950-ci illorin sonu -  -1960-c1
illorin avallorindan tatbiq edilmoys baslamisdir. Respublikamizin arazisinin seysmikliyi 6 — 7 balla
qiymatlondirilmisdir. Sonradan 1981-ci il Ismayill1 vo 1989-cu il Spitak zolzalolorindon sonra seysmik
balliq hor dofa bir bal artirilmigdir.
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Olkomiz miistagilliyine qovusdugdan sonra ilk dofs olaraq 2010-cu il fevral aymnin 1-don
AzDTN 2.3-1 “Seysmik rayonlarda tikinti” (bundan sonra — AzDTN 2.3-1) normativ sonadi Komito
torofindon Respublika orazisindo qiivvoys mindirilmisdir. AzDTN 2.3-1 sonadi 6lkomizin gabaqcil
miitoxossislorinin istiraki ilo Komitonin tabeliyindo olan Azorbaycan Insaat vo Memarliq Elmi-
Todgqigat Institutu (AzIMET]I) torafindon islonilmisdir. Yeni normativ sonaddo Azerbaycanin seysmik
rayonlagdirma xoritosi Sovet doiivriindo gobul edilmis SR-78 seysmik rayonlagdirma xoritosi
saxlanilmisdir.

Azorbaycanin  seysmik  rayonlagdirma  xoritosi  seysmik  tohliikoliliyin  ehtimal
giymatlondirilmosi metodu osasinda islonmisdir. Seysmik tohliikaliliyin ehtimal qiymatlondirilmasi
metodunun zoif toroflorindon biri orazinin seysmik goraitinin xiisusiyyatlorinin nozors alinmamasidir.
Xoritoda zolzaloalorin 100, 1000 vo 10000 ildon bir tokrarlanmasi prinsipi osas tutularaq seysmik bal 1,
2 vo 3 indeksloari ilo gostorilir. Tocriibalor gostarir ki, zalzalolorin tokrarlanma ehtimali he¢ do 6ziinii
dogrultmur va bu tohliikali risklors yol acir. Hor hansi zalzalo bas verdikdon sonra onun 100, 1000 va
10000 ildon bir tokrarlanmasini gozlomok mantiqo sigmir. Zalzalslorin bas veracoyi vaxtinin toyin
edilmosi miimkiin deyildir.

Seysmik rayonlasdirma xoritolorindo orazilorin seysmik xiisusiyyotlorino uygun zonalara
boliinmosi sorti aparilir vo bir sira hallarda zslzolodon qruntlarda yaranan seysmik tocil xoritodo
gostarilon zonanin uygun tocilindon 1.5 — 2.0 dofs ¢ox olur. Bunun noaticasindo norma ilo
layihoalondirilmis binalar realda yaranan seysmik yiiklorin tosirino dayanigsiz olur. Tiirkiys zolzslosi
zamani yaranan qruntlarin seysmik tocilinin (740 sm/s?) giymotinin zalzalo zonasina uygun gostorilon
tocilden (400 sm/s?) boyiik olmasi bir niimunadir.

Seysmik rayonlasdirma xoritosindo orazilorin seysmik soraiti qiymatlondirilmoklo seysmik
zonalara boliinmasi zslzalo zamani qruntlarda yaranan seysmik tocilin qiymatino uygun aparilmasi
magsadouygundur.

Respulikamizin orazisi asason seysmik ballig1 8 vo 9 olan orazi zonalarina boliiniir. Seysmik
rayonlasdirma xaritosindo mévcud olan catismazliqlar nozors alinaraq AzDTN 2.3-1 sonadi ke¢gmis
SSRI-nin SNiP (CHull) II-7-81* “Seysmik rayonlarda tikinti” normativ sonodi osasinda forqli
doyisiliklor edilmakls islonilmisdiir. AzZDTN 2.3-1 sonadindo dyronilmamis orazilords seysmikliyi 7
va 10 bal ola bilocok rayonlar nozore alinaraq 7, 8, 9 vo 10 balliq seysmik rayonlarin tocil omsallarinin
giymati artirtlmis vo uygun olaraq 0.125; 0.25; 0.5 vo 1.0 qobul edilmisdir. SNiP (CHull) II-7-81*
normativ sonadindo 7, 8 vo 9 balliq seysmik rayonlar ii¢lin bu amsalin qiymati uygun olaraq 0.1; 0.2
va 0.4-diir.

Binalarin zslzoloyadavamliligi bilavasito orazinin qrunt soraitindon vo binalarin seysmik
yiiklors hesablanmasi metodlarindan, konstruktiv toloblordon asili oldugu nozors alinaraq AzDTN 2.3-
1-do asagidaki doyisiliklor aparilmigdir:

- arazidos yerlogon qruntlar seysmik xiisusiyyatlorine géra dord sinifo boliinmiisdiir. Qruntlarin
siniflori bina tikilon sahads 30 m dorinliys qodor yerlogon qruntlarda enino seysmik dalganin yayilma
sliratino vo stamplama testino uygun toyin olunur. SNiP (CHull) II-7-81* normativ sonadindo iso
gruntlar seysmik xiisusiyyatlorino gors {i¢ sinifo boliinmiis vo siniflor toyin edilorkon onlarin yalniz
fiziki — mexaniki xiisusiyyotlori osas gotlirilmiisdiir;

- bina tikilon orazinin qruntlarinin fiziki — mexaniki x{isusiyyatlorini doyismoklo seysmik
balligin dayisdirilmasinin yol verilmaz oldugu tslabi 6z oksini tapmisdir;

- seysmik tasirlora qarsi hiindiir binalarin dayanigli layihalondirilmasi hallarindan biri kimi
seysmiki yiikiin miioyyon edilmosi diisturuna binanin mortoba saymi nozoro alan omsal daxil
edilmisdir;

- seysmik yiiklor toyin edilorkon dinamiklik amsalinin qiymatinin tapilmasi diisturlar1 yenidon
islonilmigdir. Dinamiklik amsalinin qiymatinin tapilmasi diisturlarinin islonilmosi Tiirkiyos, Rusiya
normalarinin vo Avrokodlarin tolablorinin miiqayisali tohlili asasinda yerina yetirilmisdir;
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- layiholondirilon binalarin hesablanmasinda vo konstruktiv hollorin sec¢ilmosinds yeni
toloblordon biri hiindiirliiyii 75 m-don bdyiikk vo martabaliliyi 16-dan ¢ox olan, homginin yiliksok
mosuliyyatli binalarin zolzolo akseleroqramlari osasinda iki miixtolif hesablama programinda
hesablanmas1 vo miiqayisoli tohlil osasinda daha etibarli gostoriciloro uygun layihslondirilmasi
tolobidir;

-normaya binalarin uzunlugunun onun enino nisboti, binanin planda ¢ixintilarinin
mohdudlasdirilmasi, ylikdasiyan elementlorinin en kasiklorinin se¢ilmasinds konstruktiv toloblor daxil
edilmisdir.

Qeyd etmok lazimdir ki, binalarin seysmik qiivvolora garst dayanigliliginin tomin
olunmasinda seysmomiidafio sistemlorinin istifadasi ¢ox somaralidir. Seysmomiidafio sistemlorinin ilk
ndvbado xostoxana, moktobo qodor tohsil miiossisalori, moktab, qocalar evi yerloson vo s. mosul
binalarda totbiqinin macburi olmasi magsodouygun sayilmalidir. Lakin bu sahads toloblor qlivvads olan
normativ sonadlords 6z oksini tapmamisdir.

2024-cii ildo tokmillosdirilmasi planlasdirilan AzDTN 2.3-1 layiholondirmo norma vo
gaydalarinda yuxarida geyd olunan problemlar va doyisiliklor beynolxalq tacriiba nozors alinaraq 6z
hollini tapacaqdir.

Homginin geyd etmok lazimdir ki, “Azorbaycan Respublikasinin Sohorsalma vo Tikinti
Macollasinin tosdiq edilmosi, qlivvoys minmoasi vo bununla bagh hiiquqi tonzimlomos haqqinda”
Azorbaycan Respublikasinin 2012-ci il 29 iyun tarixli 392-IVQ némrali Qanununun totbiqi barada
Azorbaycan Respublikasi Prezidentinin 2012-ci il 4 sentyabr tarixli 199 némrali Formaninin 4.3.
bandino vo “Soharsalma foaliyyatini tonzimloyon norma vo qaydalarin tokmillosdirilmasi” haqqinda
Azorbaycan Respublikasi Nazirlor Kabinetinin 18 sentyabr 2008-ci il tarixli 217 nomrali Qorarina
osason Komito bina vo qurgularin layihslondirmosi sahosini tonzimloyon normativ sonadlorin
hazirlanmas1 vo gobul edilmasini hoyata kegirir.

Komitonin normayaratma faaliyyati ilo bagh goriilon islor ¢arcivesindo beynalxalq tacriiba
nazors alinmagqla tikinti obyektlorinin mexaniki tohliikosizliyinin vo dayanigliliginin tomin edilmasi
mosalalorini tonzimloyon normativ-texniki sonadlorin aktuallasdirilmasina xiisusi diqget verilmisdir.
Bunlara misal olarag AzDTN 2.1-1 “Yiiklor va tosirlor”; AzDTN 2.15-1 “Bina vo qurgularin qrunt
asaslar”; AzDTN 2.15-2 “Svay biindvralori. Layihalondirms normalar1”; AzDTN 2.16-1 “Beton va
domir-beton konstruksiyalari. Layiholondirmo normalar1”; AzDTN 2.18-1 “Polad konstruksiyalari.
Layiholondirmo normalar”; AzDTN 2.17-1- Das vo armaturlanmis das konstruksiyalari.
Layiholondirmo normalar1 vo s. normativ sonadlori geyd etmok olar.

Yeni normativ sonadlor hazirlanarkon 6z texniki tolablorino goro qabaqcil tocriiboyo malik
digor Olkolorin bu sahoys aid normativ sonadlorin toloblorine uygunlasdirilmasina vo ingaat
materiallari, momulatlart vo konstruksiyalarmin fiziki-mexaniki, termotexniki vo keyfiyyot
xarakteristikalarinin ytliksaldilmasina xtisusile diqqat yetirilir.

Binalarin dayanmiqliginin artirilmast mogsadi ilo Komitonin sifarisi asasinda AzZIMETI-da yeni
rezin metal dayaq yastiql seysmomiidafio sisteminin laborator sinaqglar1 aparilir. Bu seysmomiidafio
sistemin {izorindo tikilon binalara tosir edon seysmik yiiklorin qiymatinin azaldilmasi nozords tutulur.
Hal-hazirda seysmik yiikiin toyin edilmosi metodikasinin tokmillogdirilmasi vo bu ndv seysmomiidafio
sisteminin layiholondirilmosi vo tikintido totbigine dair tovsiyalorin iglonilmasi iizerinde is davam
etdirilir.

Notica. Hazirda diinyada bas veran siiratli texniki toraqqi, iqtisadi vo ictimai miinasibatlordoki
doyisikliklor, yeni texnologiyalar vo s. normativ-texniki sonadlorin daimi olaraq yenilonmasini vo
tokmillogdirilmasini tolob etdiyini nazors alaraq respublikamizin sosial, igtisadi, tobii-iglim, seysmik
vo milli moigot sortlori, miiasir tikinti materiallar1 vo texnologiyalar nozore alinmagqla yeni normativ
sonadlorinin hazirlanib qobul edilmasi vo eyni zamanda, aparilan elmi-tadqiqat islorinin naticolori
osasinda qiivvado olan normativ sonadlorin yenidon islonilorak aktuallagdirilmasi yolu ilo Azarbaycan
Respublikasinin sohorsalma vo tikintiyo dair normativ sonadlor sisteminin formalasdirilmasi islori
davam etdirilir.
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Abstract. Earthquakes take one of the first place among other natural disasters for destructive results, the number
of victims, material damage and human environment. The sudden revelation of earthquakes increases their
destructive effects. The death of people is caused not only by the earthquake, but also by various secondary
natural phenomena activated by the earthquake (creeping, subsidence, volcanoes, avalanches, etc.). Secondary
man-made effects create great dangers (release of fires, explosions, radioactive and toxic materials). Very often,
the primary damage and loss during the earthquakes is associated with secondary events. Properly organized
precision geodetic work can greatly contribute to the complex solution of earthquake planning by providing
information about the tectonic deformations of large areas of land resources without planning. At present, such
information can be obtained both from the analysis of repeated measurements in the astronomical geodetic
network, and based on the high-precision level network available in the territory of Azerbaijan, as well as from
repeated measurement cycles in geodynamic polygons.

Keywords: types of earthquake, earthquake magnitude, earthquake forecasting, geodesy measurements

Introduction. Under the influence of tectonic forces generated during mobility in the lithosphere layer,
sudden movements occur along fault lines in certain periods, and the vibrations caused by these sudden
movements spread throughout the lithosphere and cause destructive earthquakes. It is not possible to predict or
delay the earthquake with today's technology (Allen, 2003). It is known that the temperature increases to the
depths of the earth. The forces formed in the asthenosphere, especially in the expense of convection currents,
the stone peel is broken and divided into many "plates".

There are currently up to 10 large and many small plates. Together with the continents located on these plates,
they move in the asthenosphere at a speed that cannot be felt by humans.

The borders where the plates rubbed each other, crossed each other and they go under each other are the
places where the earthquakes occur in the world. The movement occurs when the fracture force is exceeded
between the pushing slab and another plate. This action occurs in a very short time and is shocking. Finally, the
earthquake waves are emerging until distances. At this time, territorial cracks, sometimes visible to the naked
eye, stretching for kilometers and called faults are formed on the earth. These fractures are sometimes not visible
on the ground and can be hidden by surface layers. It can also be noted that the two separate blocks formed as a
result of breaking move to the right or left relative to each other which is an example of right- or left-lateral
strike-slip faults. Sliding breaks have the potential to create high intensity (destructive) earthquakes
(Balkaransingh 2001, Dempsey 2012). Most breakings may have both horizontal and vertical motion.

Types of earthquakes. There may be different types of reasons for earthquakes. Although most earthquakes
(90% of the earthquakes) occur above (tectonic earthquakes), there are types of earthquakes that occur in small
amounts of other natural reasons. Earthquakes resulting from the movement of the plates are usually described
as tectonic earthquakes, and these earthquakes occur in the boundaries of more tiles (Fabrizio 2022).

Second type earthquakes are volcanic earthquakes. These are formed as a result of the eruption of volcanoes.
It is known that such earthquakes occur by the explosion of gases formed as a result of physical and chemical
events during the eruption of melted material in the depths of the earth. These earthquakes do not seriously
damage because they are related to volcanoes. Some of the earthquakes in Japan and Italy belong to this group.
Such earthquakes do not occur in Turkey, because there are no active volcanoes there (Bouchon 2002). In
Azerbaijan, mainly mud volcanoes are the majority (more than 220 mud volcanoes). The biggest of them are
Galmas, Toragay, Beyuk Kenizdag, etc. volcanoes. As a result of scientific research and studies, it has been
learned that strong earthquakes with a magnitude of 4-5 or more cause the eruption of mud volcanoes, that
means, if the center of the volcano is located in the same fault zone as the hypocenter of the earthquake or the
distance between the earthquake and the volcano is within a radius of 70-80 km, then the earthquake will cause
the volcano eruption (Kahraman 2017). In addition, during the "preparation” period of the earthquake, the
activation of volcanoes and the high percentage of some chemical elements in the gas and mineral water that
they release to the surface are monitored. This can tell us about the occurrence of the earthquake [1].
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Another type of earthquakes are earthquakes caused by subsidence. They are formed as a result of the collapse
of the ceiling block caused by melting in underground cavities (caves), coal mines, salt and gypsum areas.
Meteorites from large shifts and meteorites falling from the sky are also known to cause small boosts (Shishikura
2003).

When an earthquake occurs, the following earthquake parameters can be viewed for its description and
characteristics:

- Focus point (Hiposantr): The earthquake is the point where the energy is on the ground. This point is also
called the centerpiece or the internal center. In fact, this is not the point, but an area where the energy has
occurred, but is regarded as a point in practical applications.

- Foreign center (Episantr): It is the area where an earthquake causes the most damage and loss or is felt most
strongly.

- Focus depth: The shortest distance from the ground to the point where the energy was separated from the
ground is called the depth of the earthquake. Earthquakes can be classified according to the depth of focus. This
classification is valid for tectonic earthquakes. Earthquakes occurring at a depth of 0-60 km are characterized as
shallow earthquakes. Earthquakes at a depth of 70-300 km from the ground are earthquakes in medium-depth.
Deep earthquakes are earthquakes at a depth of 300 km. Shallow earthquakes cause greater damage and loss.

- Farifier earthquake (Foreshock): They are small tremors (waves) that occur seconds, hours, or weeks before
a larger earthquake or mainshock and occur at or near the rupture zone of a larger earthquake.

2.1. Wave types. "P" Wave: This is the first seismic wave to reach the receivers. Its speed varies between 1.5
and 8 km/s depending on the structure of the earth's crust. Movements of particles are in the direction of
spreading (longitudinal wave) and destructive effects. Paves are pressure / initial waves (Pressure / Primary
Waves), longitudinal or compression waves. Earthquake waves are mechanical waves and are the same as sound
waves. Sound wave speed: in the air-330 m /s, in water-1450 m / s, iron-5000 m /s, granite-5000 m / s (5
kilometers per second) [2,3].

Figure 1. Wave Types [3]

"S" wave: Seismic wave that reaches the second to receivers. Its speed is from 60% to 70% of the speed of
the "P" wave. The movement of particles is perpendicular or transverse (transverse wave) and destructive effects.
The waves of waves consist of from the transverse waves (Shear Waves, Transverse Waves) and Surface Waves
(Surface Waves, Rayleigh-Love) and are also known as secondary waves (Secondary Waves). Saves occur in
solid environments. The amplitude of the waves of waves is much larger than the amplitudes of p waves. Surface
waves are slower and longer term destructive waves in large amplitude. As Rayleigh and Love waves are divided
into two places. Love waves move back and forth in the direction they travel (fig. 1). Rayleigh waves, on the
other hand, are in circular motion, meaning that they move backward as the waves move forward (Ying Zhou
2022) [4,5].

2.2. Earthquake Severity and Magnitude.

The difference between magnitude and intensity is that magnitude is a measure of the energy released at the
source of the earthquake; intensity is the measure of the impact of this earthquake on buildings and people.

The magnitude of the earthquake characterizes the intensity of the land shaking during the earthquake
(sometimes the intensity of the earthquake™). The magnitude of the earthquake characterizes the overall energy
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of the seismic vibrations of the earth's surface. The magnitude is defined as the logarithm of the maximum
amplitude of the maximum amplitude of the waves of the defined earthquake (Andrzej 2004).

The impact of the earthquake to the earth is determined as the severity of the earthquake. In other words, the
violence of the earthquake is the size of its effects, nature and people.

Earthquake prediction by geodetic methods. Natural events, including earthquakes are also inevitable.
They cannot be avoided, but it is possible and important to reduce their destructive effect. For this, it is necessary
to know the causes of earthquakes, to study the processes related to their formation and occurrence, and to
develop methods for predicting these events. The forecast of the earthquake is understood to determine the
location, time and strength of the earthquake. According to the time, the forecast is divided into long-term (for
decades ahead), medium-term (years ahead), short-term (months-months ahead) and operational (minutes-hours
ahead). It should be noted that this division is quite conditional. Each stage of the forecast is based on a certain
set of data, that is, geophysical phenomena that precede and inform the earthquake [6-8].

We can list the contribution and responsibilities to earthquake research as follows (Prawirodirdjo 2010,
Riguzzi 2012): In previous research:

—Collection of three-dimensional (3D) territorial information with high-precision and detection of changes in
the area over time;

—Development and update of breaking (Fay) maps;

—Determination of geodynamic events (polar mobility, the speed of rotation of the earth);

—Determination of the gravitational area of the earth;

—Study of volcanic activities, tiles tectonics and movements of the earth crust;

—Connection of various sources (geodetic, geological, geophysical, seismic, etc.) in the geographical
information system. This research is determined and necessary to implement the correct solutions in long-term
research (shelter, repair, etc.) to provide effective and rapid intervention (transport, communications, rescue,
etc.), immediately after the earthquake.

—In post- earthquake research:

—research on damage and damage;

—Determination of deformations of engineering structures such as roads, bridges, dams and buildings;

—repair and strengthening damaged structures, restructuring if necessary;

—Repair of damaged geodetic infrastructure;

—The use of this model in possible cadastral work to create a deformation model of Earth and earthquake.

The exact concern is the important practical problem, as well as the establishment of a number of scientific
tasks in the whole area of the country, as well as the identification of the earth's figure with the gravimetric data,
determining the differences between the seas and the oceans.

Recurring high-precision geodetic measurements allow the movement of continental slabs in the upper
mantle of the Earth, the movements of the ground crust, the global and regional tectonic processes expressed in
large-scale dimensions of the earth. According to the results of re-geodetic measurements, the Earth's crust has
always been exposed to deformation processes (Feigl 2006, Okamoto 2002). Geodesy measurements help
determine the degree of activity of separate tectonic breakers, which is important for seismic zoning of the
regions.

The analysis of the results of repeated geodetic measurements allows to study the nature of the deformation
of the earth's surface, which is the extraction of minerals from the depths of the Earth or the construction of
complex engineering structures, the creation of water reservoirs, canals, etc. It occurs as a result of tectonic and
man-made activity as a result of human intervention [8].

At present, the method of high-precision geometric leveling, based on the results of systematic repeated
measurements, is widely used to detect vertical movements of the Earth's crust. The high-precision geodetic
base of our country consists of I, I, Il and IV classrooms. The length of the first-scale nuclear lines, which
organized a high-precision speech network of polygons, about 600-800 km, and the length of the 11 classrooms
is about 500-600 km. The network of warehouses complies with the requirements and recommendations of the
International Geodetic Association in terms of measurement, uniformity and violence. The forecast of
earthquakes with the geodetic measurement method has been repeatedly confirmed. For example, before the
earthquake, | leveling was carried out on the line for 2 months, immediately after the earthquake, re-leveling
was carried out and it was found that the earthquake process raised the area by 1.2 m. Modern vertical movement
rates of the Earth's crust (mm/year) are calculated by the following formula:

AV = (hy — hy /AT, (1)
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AT =T,—T,

Here, in hy and hy - in T2 and T (years) are excessive between adjacent level signs (mm/year). AT is the time
interval between repeated measurements (for years).

Despite the development of technology, it is impossible to control the tectonic plate and blocks. However,
through GPS stations, it is possible to identify risky areas by observing their direction of movement and changes
over the years. At present, there are 32 GPS stations that observe the main tectonic blocks in Azerbaijan.
However, taking into account the active fault zones and the movement of blocks, the number of GPS stations
needs to be increased by 2-3 times. (Delouis 2010).

According to the results of numerous geodesy measurements, it was determined that the largest mobility in
Azerbaijan is observed in the southern block (about 13 millimeters a year) (fig. 2).

— S— L

Figure 2. Mobility of tectonic blocks over the years [8]

Azerbaijan is considered as an “earthquake zone" because of a seismological point of view at the
intersection of Arabia and Eurasian tectonic tiles. Earthquakes registered in Azerbaijan are mainly due to the
flood of tectonic plates and blocks. However, earthquake risks also arise as an anthropological - that is the result
of human activities. Anthropological impacts include deep development of oil and gas fields, drilling oil wells,
as well as non-professional development of groundwater and reservoirs and other factors. There are 5 active
zones in Azerbaijan (fig. 3) [9]:

— Southern slope of the Greater Caucasus Mountains (Shamakhi, Ismayilli, Gabala, Sheki, Zagatala zone)
— The northern slab of the Lesser Caucasus Mountains (Karabakh, Mingachevir, Ganja, Shamkir zone)

— Talysh mountains area

— Guba- Khachmaz region

— Caspian Sea

Figure 3. Seismic active areas in Azerbaijan [9]
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Terrible earthquakes have happened many times in Azerbaijan at different times. The 10 largest earthquakes
in Azerbaijan according to their magnitude:

1. Ganja earthquake— in 1139 magnitude of 6.3. As a result of a strong shock, the Kepaz mountain flew and
blocked the Agsu river, and Goygol, Maralgol, Jeyrangol, Ordekgol, Zalugolu, Akgol, Karagol and Shamligol
were formed. According to some sources, 230 thousand and according to another sources 300 thousand people
died.

2. Shamakhi earthquake— in 1667 magnitude of 6.9. 80 thousand people died as a result of the earthquake. This
earthquake is considered as the most terrible earthquake in the history of Azerbaijan.

3. Shamakhi earthquake— in 1669 magnitude of 5.7. As a result of the earthquake 7,000 people died.

4. Shamakhi earthquake— in 1828 magnitude of 5.7. There is no information about the dead and injured.

5. Shamakhi - in 1859 magnitude of 5.9. As a result of the earthquake, the city of Shamakhi was completely
destroyed, so the center of Shamakhi Governorate was moved to Baku and the name of the governorate was also
updated - Baku Governorate. 100 people died as a result of the earthquake. The power of this earthquake was so
great that after this the expression of "As Shamakhi sank' was born.

6. Shamakhi earthquake— in 1872 magnitude of 5.7. The earthquake caused destruction in the city.

7. Shamakhi earthquake— in 1902 magnitude of 6.9. During the earthquake, more than 2,000 people were killed
and thousands were injured, and up to 20,000 people were left homeless, at the same time 4,000 residential
houses, 8 ancient mosques, 40 ancient eastern baths, bazaar, shops were destroyed.

8. Agdash— in 1999 magnitude of 5.4. Although there were no losses of the earthquake, more than 100 houses
were destroyed, and many houses were damaged.

9. Baku— in 2000 magnitude of 6.8. As a result of the earthquake, dozens of buildings were destroyed and 30
people died.

10. Zagatala earthquake- in 2012 magnitude of 5.6. There were damage to the buildings, but no human casualties.

Conclusions. Natural events, including earthquakes, are inevitable. They cannot be avoided, but it is
possible and important to reduce their destructive effect. For this, it is necessary to know the causes of
earthquakes, to study the processes related to their formation and occurrence, and to develop methods for
predicting these events.

It is known that since the arising of the world, earthquakes have consistently occurred in seismically active
regions, resulting the death of millions of people and the destruction of buildings. As there were many
devastating earthquakes in our country in the past, as a result of future earthquakes, it is a fact that we will
experience large life and losses.

A practically significant forecast is a forecast that reliably answers three questions, namely, the source of
the upcoming earthquake; determination of the maximum power that this earthquake source can generate; it is
intended to determine the moment of the earthquake.

Accordingly, the capabilities of modern forecasting systems: the accuracy of the location of the expected
earthquake is hundreds of kilometers, the possible energy is in six magnitudes, and the time is in years. It is
quite clear that such a prediction has no practical significance.

The uncertainty in assessing the seismic hazard of different parts of the Earth's surface is caused by the lack
of sufficient seismotectonic materials. However, the determination of the initial seismic score is possible under
the conditions of seismological monitoring and topogeodetic studies. Reliable information on the seismic threat
of a particular area will reduce construction costs, ensure the safety of the population and ensure the operation
of enterprises and facilities and significantly reduces the costs of restoration. The study of various actions and
deformations in the Earth's crust requires high-precision geodetic measurements of geodynamic landfills in
monitoring regime - geodynamic landfills. Serious requirements for conducting such geodetic works include
large areas covered by measurements, high level of accuracy in determining displacement and deformation
values, short periods between a number of instrumental measurements, all this determines the need to use
modern high-precision and productive geodetic equipment when conducting research.

In parallel with the development of technology, geodetic research for geodynamic purposes is increasing all
over the world:

—Geodetic networks should be planned in the most appropriate way, allowing to study time-dependent changes
and long-term movements in the earth's crust;

—There is a need for long-term information obtained from extensive areas on the ground surface with various
measurements to learn more about earthquakes;
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—An earthquake-oriented "geographical information system™ should be created to develop right solutions after
an earthquake;

—Information from multidisciplinary studies must be evaluated together in order to understand the earthquake
mechanism.
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Abstract. The conditions of acceptance of the superstructure and substructure of the building frame from a
structural point of view, their mutual structural effect on each other were investigated, and it was proposed to
use the results in the improvement of seismic codes in the article.
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The correct selection of the load-carrying system of the building and the calculation scheme of this system
is one of the basic principles of structural design. Calculation and modeling of the underground and above-
ground parts of the building frame separately or together, as well as based on the principle of superstructure-
foundation-soil interaction, especially with the consideration of the earthquake effect, becomes even more
relevant in the design. Unfortunately, in AzDTN 2.3-1 " Construction in Seismic Areas " code [1], which have
been in force since 2010, the issues of structural scheme selection and modeling have almost not been addressed.
In "Turkiye Building Earthquake Regulation™ [2], published in 2018, this issue has been given considerable
attention.

As a rule, building standards in seismic regions limit the height and number of floors depending on the
seismicity of the construction site and the load-bearing structures (structural scheme) of the building [1, table 8;
2, table 4.1; 3, table 8]. Designing experience shows that there is a need to clarify the concepts of "building
height" and "number of floors" from a seismic point of view.

Below, it was tried to examine the conditions of acceptance of the underground and above-ground parts
of the building frame, their mutual structural influence on each other. First of all, let's note that the structural
division considered here should be distinguished from the division of the underground and above-ground parts
of the building from the point of view of architecture, operation, MEP and other such aspects. We are talking
about the frame parts that make up the load-bearing system of the building, their distribution and correct
modeling in terms of their work under external influences, especially under the influence of earthquakes. To
distinguish between these approaches, the upper and lower parts can be called superstructure and substructure,
respectively.

AzDTN 2.3-1 codes contain a note "The height of the building is accepted as the height from the planned
surface of the pavement or adjacent land (if there is a slope) to the lower level of the cover of the last floor™ [1,
change 2, table 8, note 1]. According to CHull 11-7-81* "the height of the building is considered to be the
difference between the lower pavement or planning level adjacent to the building and the top of the outer wall"
[3]. The clarification provided in both norms is not complete, disputes arise in the determination of the lower
and upper levels, as a result of the lower and upper parts from the structural point of view, i.e. the heights of the
substructure and superstructure, the total height, as well as the placement of the foundation [5,6,7,8].

First of all, the issue of determining (accepting) the level that separates the building's substructure from
its superstructure should be clarified. First, in the seismic codes of the Russian Federation [4] see the following
note- "If the basement part of the building is separated from the soil fill or the structure of neighboring buildings
(including by deformation seams, from the author), the underground floors are included in the (above ground)
floors of the building and the limit height.".

By the way, according to another note right there, "The last floor, whose floor mass is less than 50% of
the average floor mass of the building, is not included in the (above ground) floors of the building and the limit
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height". At first glance, it seems that the issue has been clarified in general. However, when looking at the
solution of the issue with specific schemes, it seems that there are problems that need to be specified.
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Figure 1. The underground part of the building is connected to the soil from the side [1]

Above, with the notes taken from [1 and 4] it is possible to determine the heights and storeys of the
substructure and superstructure parts of a stand-alone building (Fig.1), and with the notes taken from [4] the
building with neighboring buildings around it (Fig.2).
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Figure 2. a) Neighboring buildings are in one block with the considered building.
b) Neighboring buildings are separated from the considered building by a deformation seam [4]

Buildng’s substructure 1 floor and superstructure 8 floor will be in figures 1 and 2a and heighs of these
parts will be following:
Hiower=h1+ hs and  Hupper=hz2+...+ ho (D)
Since the basement of the building in Figure 2b is separated from the structure of the neighboring
buildings, its basement floor is also included in the total structural height of the building (see note taken from
4). That is:
Hiower = ht and Hupper =h1+...+ hyo 2
However, upon careful examination, it becomes clear that the structural substructure and superstructure
division that is being discussed should not be considered simply as the height distances of building parts and the
number of floors. This division has an important place in the resistance of the building frame to earthquake
effects, and it should be treated very seriously in the creation and modeling of the calculation scheme of the
building frame. The substructure must ensure that all loads and impacts transmitted from the superstructure are
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properly transferred to the ground base. When viewed from the point of view of static loads, the working
principles of the upper and lower constructions are similar, and in fact they differ in the values of the loads.
Under the horizontal dynamic influence of the earthquake, the work of the substructure becomes much more
complicated.

The horizontal loads collected from the superstructure, seem to have really become a shearing force and
try to cut the vertical elements at the junction (interface) of building parts, that is, columns and shearwalls. The
direct dynamic effect of seismic waves on substructure elements should not be neglected. Taking these into
account, special conditions are provided that ensure that the substructure has a real base function for the upper
part of the building. First of all, it is required that the basement (substructure) is surrounded by reinforced
concrete shearwalls on at least three external sides along the perimeter, and at the same time, the ratio between
the total fundamental period of the building and the fundamental period of the upper section (Tpai<1.1 Tpupper)
is ensured. If the conditions are not met, basement floors are not included in the base of the building, and in a
building with a basement, as in a building without a basement, the base of the building is determined at the upper
level of the foundation [3].

Thus, it is clearly seen that the height of the building in earthquake calculations is calculated from the
base (heel) of the building. As a base, the upper level of the substructure (basement) should be accepted, if the
rigidity of the structural system that makes up the substructure (basement in simplified form) is ensured and a
reliable connection of this system with the ground is created, otherwise, the upper level of the foundation should
be accepted, regardless of whether or not there is an substructure (basement).

Depending on whether or not the building's substructure is considered as a full-strength load-bearing
system, the transmission of earthquake forces (bending moment and shear force) to the sub-unit elements and
finally to the foundation and soil foundation is fundamentally different. Therefore, in modern construction
standards, a special place is allocated to the construction of the calculation model of the upper and lower
structural schemes.

When calculating the buildings with basement surrounded by rigid reinforced concrete walls from the
outside by the equivalent seismic load method, the upper part of the building and the lower part with basement
are modeled together as a common single load-bearing system. In this case, two load-state calculation methods
(Figure 3) can be applied.

In the first loading case, the determined equivalent seismic loads, taking into account the relevant
behavior and resistance reduction factors, are applied only to the upper section (Figure 3b), and as a result of the
calculation, reduced internal forces are obtained in both the upper section and the lower section.

In the second loading case, again in the single load-bearing system model, only the masses of the basement
floors in the substructure and the approximate equivalent seismic loads acting on these floors are calculated by
including T=0 (Figure 3c). As a result of the calculation using the earthquake load reduction factor (Ra)iower =
Diower =1,5 for the substructure, the reduced internal forces in the substructure are obtained [3,4].

Figure 3. A similar approach can be adopted using these relevant calculation rules and coefficients in
modal calculation methods considering earthquake effects. Calculation methods, modeling of load bearing
systems [4]
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Modeling of building frames without a basement, as well as a lower part (substructure) without the
required rigidity, is performed based on the rules for the upper part (superstructure).

The structural scheme of the substructure seriously affects the work of the building foundation under the
influence of an earthquake. As it is known, the purpose of designing the building foundation under seismic
influence is to ensure that the carrying capacity of the foundation is not exceeded and that the displacements of
the soil base are within the permissible limits. The adequacy of the design bearing capacity of the soil base of
the foundation can be shown in general as follows

Ei < R¢ 3)

Here, E; represents the design effects that include static and seismic effects and depends on the bearing
system of the building frame substructure, and R, represents the design resistance according to the corresponding
collapse mechanism.

The horizontal shear force, which is the basis for earthquake design, is assumed by the passive earth
pressure generated on the side of the substructure together with the frictional resistance between the soil base
and the foundation [2,4]. For foundations without piles, the following inequality with respect to horizontal
displacement is required to be satisfied in each of the loading cases, which include statics and earthquake effects:

Vinh < Ry, + 0.3Rp¢ 4)

Here, Vi, represents the horizontal design force acting on the foundation base, Ry, represents the design

frictional resistance, and Rp, represents the passive design resistance.
Frictional resistance in design defined as:
Ren =—— )

Here, P, is the design vertical pressure force acting on the foundation base, and the coefficient of
frictional resistance is yg, = 1.1.

6 is the friction angle between the foundation and the soil base, which depends on the soil and concrete
of the foundation. As an example, let us show that 6 = 0,6 for a monolithic foundation on compacted soil, and §
=0,4 for precast foundation.

The second term of the above inequality expresses the horizontal force resistance on the side of the
substructure. Rp; is called passive design resistance and is calculated by dividing the characteristic passive
resistance of the soil by the resistance factor.

Thus, contrary to some misconceptions, it is necessary to increase the lateral passive resistance due to the
connection between the soil and the foundation and the connection of the substructure with the soil in order to
receive the horizontal forces transmitted from the building frame, especially the forces generated by seismic
waves.

Conclusion:

1. Structurally, the heights and number of floors of the lower and upper parts of buildings designed with
earthquake effects in mind should be determined not only depending on the location of these parts below or
above the ground level, but also depending on the structure, rigidity of the substructure, the connection of the
side faces with the ground or neighboring buildings.

2. In order to reliably transfer horizontal impacts from the foundation to the soil base, the cohesion of the
foundation to the subsoil and the connection of the substructure to the side soil must be ensured.
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Introduction. Throughout history, the material and spiritual cultural samples that have been created and
formed in Azerbaijan have also contributed to the universal value system. Unfortunately, these unigque cultural
values having faced a serious test as a result of natural disasters and earthquakes that occurred from time to time;
in some case it has faced the threat of extinction, and sometimes it has been completely destroyed. Historically,
the earthquakes that occurred in the territory of the country have not only damaged material and moral values,
but also resulted in numerous human losses and had a negative impact on demographic processes. It should be
noted that the information about the first earthquake in history dates back to 2050 BC. Earthquakes that occur
from time to time in different seismo-active zones of the world have caused numerous casualties and seriously
damaged material and moral values. Due to its scale and power, as well as the great destruction it caused the
Ardabil earthquake [year 893, death toll 150 thousand people] [1], the Kanto earthquake [1923 year, death toll
142 thousand people] [2], the Erzincan earthquake [1939, death toll 33 thousand people] [2], the Ashgabat
earthquake [1948, death toll 110 thousand people], the Turkiye-Syria earthquake [2023 year, the death toll is
more than 50.000 people] [2] which are especially remembered in the world and Azerbaijan are considered the
worst natural disasters in human history. On the whole, during the last 500 years, about 5 million people lost
their lives as a result of earthquakes in the world.

1. From the history of earthquakes in Azerbaijan

The first earthquake in the history of Azerbaijan occurred in 427. That year, hundreds of thousands of
people died as a result of the 9-magnitude earthquake that occurred approximately 25 km southeast of the city
of Ganja. The basis of the seismological history of Azerbaijan starts from this year [6]. We would like to note
that the information about this earthquake is very limited.

Musa Kalankatli (Movses Kaghankatvatsi) [8], while describing the events of the 5th century in Albania,
gives brief information about another earthquake that occurred in Albania in his book “The History of Albania”:
“A strong earthquake occurred at daybreak and all those standing there fell to the ground... at that moment a
black cloud descended from the sky and people were afraid of it and returned to their homes”.

This earthquake, described by Musa Kalankatli [8], is believed to have occurred in the northwestern
region of Azerbaijan. It appears from the description of the events that this earthquake did not cause such great
destruction and loss of life.

One of the most tragic earthquakes in Azerbaijan happened in Tabriz. As a result of this earthquake,
which occurred in 1042, a great loss of life was recorded. The medieval historian lbn Al Asir wrote about this
[7]: “This year (1042) there happened a big earthquake in Tabriz. The city fortress, wall, bazaar, houses and a
great part of the government building were destroyed. Amir escaped due his being in the garden at that time.
The number of people who died in the city was about fifty thousand...” [7].

Nasir Khosrov, a Tajik poet who came to Tabriz 4 years after the earthquake of 1042, wrote: “On Safar
(is the second month of the lunar Islamic calendar) 20, 438 (August 26, 1046) | reached Tabriz. This city is a
settlement of Azerbaijan. They told me that on the 17th of Rabi-ul-Awwal 234, on Thursday, after the night
prayer (November 4, 1042), an earthquake occurred in this city. Some parts of the city were damaged, while
other parts were not damaged at all. It is said that forty thousand people died at that time.

Qatran Tabrizi, a prominent Azerbaijani poet of the 11th century, who was a live witness of the Tabriz
earthquake, dedicated a special ode to this natural disaster [19, pp. 208-209, 249-251].

One of the most destructive earthquakes in Azerbaijan occurred in 1139 [8]. The biggest consequences
of this earthquake hit the city of Ganja. Albanian historian Mkhitar Gosh wrote about this in the “Albanian
Chronicle”: “...on the day of St. George holiday [September 30, 1139], the world was punished by God. The
fury of the earth and great destruction spread terribly and reached this Albanian land... As a result of this
earthquake, many places were destroyed in the provinces of Parisos and Khachin provinces (Karabakh region),
both in the plains and in the mountains. The capital city of Ganja was also destroyed by the earthquake along
with its population. Many fortresses and villages were destroyed in mountainous regions, along with monasteries
and churches that collapsed. Countless people perished under the collapsed buildings and fortresses...” [8].
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Historian Ibn al-Asir described this natural disaster as follows: “This year (1139) there was an
earthquake in Arran, Ganja and other places adjacent to Azerbaijan. But the most severe one happened in Ganja
and many places were destroyed. Countless people died. According to sayings, two hundred and thirty thousand
people died. Among the dead were the two sons of Azerbaijani ruler Gara Sungur...” [7]. We find information
about this natural disaster in Nizami Ganjavi’s poem “Iskendernameh” [6]:

An earthquake broke out, shook the sky,

Cities were destroyed and sunk into the ground.
As if needle stuck into Yusifs’ eyes,

As if the Nile overflowed and flooded Egypt.
No eye was left safe, believe me,

The world was in mourning

How many treasures was lost that night

Ganja disappeared on Saturday night. [6].

According to the information provided by historian Kirakos Ganjali, ... In those days, darkness and fog
covered all the mountains and plains, a terrible earthquake broke out and the capital Ganja was completely
destroyed. Many men, women and children died, and the number of deaths because of buildings collapsing on
them was uncountable. Also, Mount Kepaz collapsed and blocked the river bed here and formed the sea
(Ghoygol is meant - M.A.) that exists today”. [5].

One of the devastating earthquakes in Azerbaijan occurred at the end of the 12th century. The
devastating earthquake that occurred in the town of Shamakhy in 1192 hindered the development of Shamakhy,
which was progressing rapidly at that time, and caused the decline of the town. The Georgian source “The
History and Definition of Tajdars” describes this natural disaster as follows: “...The earthquake shook and
destroyed the walls and fortresses of the town of Shamakhy, and all those who were there died. Shirvanshah’s
wife and children also perished”. After the Shamakhy earthquake of 1192, Shirvanshah Akhsitan I had to move
his residence to Baku.

Information is found in historical sources about devastating earthquakes in different provinces of the
empire during the reign of the Safavi dynasty in Azerbaijan (1501-1736), [11, 12, 15].

It should be noted that 50 (51) of the most devastating earthquakes were recorded from 1503 to 1722 in
a wide area from Dagestan to Hormuz, Hakkari and Erbil up to Asfarayin, within the boundaries of the
Azerbaijani Safavi state [13].

In the 16th century, only in the city of Tabriz, three devastating earthquakes were recorded (in 1522,
1527, 1550) [13]. During the earthquake that occurred in 1522, 70.000 people died [13]. Even during the
earthquake of 1527, the number of people died in Tabriz is likely to be high, but exact statistical information is
not found [13].

Although the number of casualties is not specified in the 6- 7 magnitude earthquake that occurred in
Tabriz on January 20, 1550 [3], it is calculated to be much more. It is no coincidence that referring to lbn
Fazlullah al-Omari, Yahya Zaka wrote about this earthquake in Tabriz in his work “Tabriz Earthquakes” that
the earthquakes that occurred in Tabriz in 987 AH (1550 AD) lasted for 6 days and even a mountain near Tabriz
broke into 4 parts, the resulting dust and fog covered the horizons in darkness” [23].

The Safavi era Azerbaijani historian Iskender Bey Munshi Turkman, in his work “The History of Abbas,
who decorated the world (Tarixe-alamaraye-Abbasi) [11], gives information about the Khorasan earthquake in
1549/50 and writes: “A strange event occurred during the reign of the Late Shah (Shah Tahmasib-M.Z.) among
the events are the great earthquakes in the province of Khorasan called Gayin, which occurred in five villages
of that province in the year nine hundred and fifty-six (1549/50 AD) [11]. Thus, three thousand people were
destroyed by staying under the earth. Mevlana Baghi, the Qazi (confessor) of that province, was an astrologer
and lived in one of those five villages. He had informed the people of the village in advance and said that due to
the position of the horoscope and the influence of the stars, there will be a heavy earthquake tonight, so they
should stand outside and not stay in their houses as a precaution. The villagers did not listen to him, and the Qazi
left the house with his men and stayed in the desert until midnight. Unable to bear the cold, he listened to his
children and returned the village, and at that very hour an earthquake occurred. Qazi and all his children and
men, remained under the earth and perished” [11]. The sources of the period do not provide much information
about the earthquake that occurred in Tabriz in 1567. Abdi Bey Shirazi wrote about this in his work “Takmiltul-
Akhbar”: “In the house where Sam Mirza and his children were in the Qahgaha Castle, Algas’s sons - Sultan
Ahmad and Sultan Farrukh were talking together, and a strong earthquake happened and that house fell. All
perished...” [15].
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Iskender Bey Munshi Turkman reported in his work [12] about the next earthquake that occurred in
1619 in the imperial territory. The author writes about this: “This year, an earthquake occurred in some parts of
Zave province and in some areas of Khorasan, but in Dugabad, the prosperous gerye of that province, there was
an earthquake that such a destructive earthquake had never been seen before. We heard from truthful people that
the houses were collapsed on top of each other in such a way that the prosperous settlement turned into a huge
pile of earth, and there was no trace of the houses there. As most of the people of Dugabad went outside to
collect crops, only seven to eight hundred residents remained under the earth and died. A wedding party was
held in one person’s house. Seventy women of that party remained under the earth, and thanks to the wisdom of
the god, that joy turned into mourning. It is one of the rare and strange cases that the bride, out of fear, threw
herself between the door and the window and survived...” [12].

Among the earthquakes that occurred in Azerbaijan in the 17th century, the Tabriz earthquake of 1640
stands out due to the consequences it caused. On February 27, 1640, many people died as a result of an
earthquake in Tabriz and its surroundings. During this period, in the information provided by Rustam Khan, the
Beylerbey of Azerbaijan, to the Safavi ruler, Shah Safi, it is mentioned that 4.900 houses were destroyed and
12.600 people died during the earthquake in the city and surrounding settlements. [14].

In 1721, 75 percent of the city was destroyed as a result of the earthquake that occurred in Tabriz. As a
result of the earthquake, 10 thousand people died, and according to some estimates, the death toll varied from 8
to 250 thousand people [10].

As the Shirvan region of Azerbaijan is located in the seismologically active phase, most earthquakes
occurred in these areas. The earthquakes that occurred in Shamakhy in 1667, 1669, and 1671 are considered the
strongest natural disasters in the history of Azerbaijan [1]. More than 100 thousand people died as a result of
these earthquakes. The earthquake that occurred in Shamakhy in 1667 had a magnitude of over 8, and 80.000
people died as a result of the earthquake. As a result of the earthquake that occurred again in Shamakhy in 1669,
thousands of houses were destroyed, and 7 thousand people became victims of this terrible natural disaster [1].

At the beginning of the 70s of the 17th century, the Dutch traveler Jan Streis reported about the previous
earthquakes that occurred here while he was in Shamakhy. The traveler described the terrible earthquake of
Shamakhy in 1667 so: “What surprises me more than anything is that the city was rebuilt after not even three
years had passed since its destruction and desolation. During the year | was here, there were several earthquakes.
However, no one remembers such a strong earthquake as the earthquake of 1667. As a result of the earthquake,
the city was shaken to its foundation, not only large buildings and towers did not survive, but even residential
houses collapsed so quickly that no one could save their lives. They calculated that during this terrible
devastation, if women, children, and servants are not taken into account, more than 80.000 men with weapons
in their hands died, and the misfortune not only befell Shamakhy, but also its surroundings. Solid mountains and
solid rocks were separated, entire settlements and villages were destroyed and plunged into ravines. The roads
were so destroyed that the caravans often had to take a detour...” [9].

Jan Streis, who was a live witness of the earthquake of 1671, describes what he saw: “...on the first day
of 1671, when we wished each other happiness, there was such a heavy earthquake that many people remember
this day with sadness because of the great losses. People experienced fear, sadness and horror. It was painful to
see the destruction of numerous houses, the death of people and livestock... The earthquake made itself felt again
the next evening, creating the fear of great and terrible consequences, but compared to the previous one, it was
weak and stopped without causing much damage...” [17].

The Russian orientalist Ilya Nikolayevich Berezin, who visited Azerbaijan in the 1940s, reported in his
“Travelogue” about the earthquake that occurred in the Mashtaga settlement of Baku. He writes: “... Indeed,
Mashtaga was a very beautiful settlement. Most of the houses were destroyed by the recent earthquake. This
village suffered from the earthquake 80 years ago as well. In December 1841, the village of Mashtaga suffered
this misfortune again. Heavy earthquakes started at 10 o’clock in the morning, dwellers were unable to take
anything from their homes. Most of the houses were destroyed, but no one died. Earthquakes were recorded at
great distances. The chief of Baku uyezd and other officials personally went to Mashtaga. | also was among
them...” [4].

The 1859 earthquake in Shamakhy, which was considered one of the largest guberniyas of the South
Caucasus in the mid-19th century, dealt a great blow to the city’s political and economic position. Since the
devastating earthquake occurred in 1859, in Shamakhy, one of the largest guberniyas of the South Caucasus [1],
heavily destroyed the city, the center of the guberniya was moved to Baku. As a result of the earthquake, a
number of historical buildings were destroyed.
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One of them was the famous Shamakhy Juma (Friday) Mosque. As a result of this earthquake, 100.000
people died [1]. The magnitude of that earthquake was so great that it was not erased from people’s memory for
a long time. The phrase “as Shamakhy was destroyed” [28] also appeared after that natural disaster.

The Shamakhy earthquake of 1902 is also considered one of the strongest and most terrible earthquakes
in the history of Azerbaijan. As a result of the earthquake that occurred on January 31, 1902 at around 12 in the
day-time, the city was completely destroyed [1].

During the earthquake that occurred in 1902, more than 2.000 residents of the city died, thousands of
people were injured, up to 20.000 people were left homeless, 4.000 residential houses, 8 ancient mosques, more
than 10 madrasas, 40 ancient oriental baths, many bazaars and shops were razed to the ground. As a result of the
earthquake, more than 3.000 houses, 40 mosques and many farm buildings were destroyed in 126 villages
located in Shamakhy region [1].

Even during the years of Soviet rule, earthquakes occurred in Azerbaijan that did not cause serious
consequences. On September 2, 1953, an earthquake of magnitude 7 occurred in Oghuz district. The impact of
the main earthquake was most felt in the villages of Ogua, Mukhas and Jumat. Cracks appeared in the corners
and walls of most houses. In some places, the walls were separated from each other, the tops of the windows
and doors fell off [16]. Even after Azerbaijan regained its state independence, although earthquakes occurred
with small shocks, they did not cause serious consequences. However, the earthquake that occurred in Baku on
November 25, 2000 was different from the others. An earthquake with a magnitude of 6.2 was felt in Baku [27].
Although cracks appeared in certain buildings as a result of the earthquake, no serious damage was observed in
general.

Conclusion. Analyzing information about earthquakes in historical and literary sources, it can be
concluded that very destructive earthquakes have occurred in Azerbaijan throughout history. As a result of these
earthquakes, hundreds of thousands of people died, social and economic life was severely damaged, and material
and spiritual monuments were destroyed. When comparing the historical data on earthquakes with the that
available today, it can be concluded that seismo-active regions that have existed in Azerbaijan for hundreds of
years still maintain their degree of danger. Analyzing the data related to earthquakes in historical sources in a
consistent and comparative manner, it is possible to obtain very important conclusions by evaluating the
geographical area of this natural disaster that occurred in Azerbaijan in all periods, its scope, power,
consequences, and loss of life.
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Abstract. The seismic resistance of a structure is ensured both by the choice of a seismically favorable
construction site, and by the development of the most rational structural and planning schemes for the
structure, special design measures that increase the strength and solidity of the supporting structures,
creating the possibility of developing plastic deformations in structural elements and nodes,
significantly increasing the resistance of structures to action seismic forces. Of great importance for
improving the seismic resistance of structures is the high quality of building materials and works. This
article outlines the general requirements for engineering systems of buildings under construction in
earthquake-prone areas.

Keywords: seismic resistance, engineering systems, earthquake-prone area, fastening pipelines

BINALARIN MUHONDIS SISTEMLORININ SEYSMiIiK MUQAVIMOTI

9kbarova Samira Misirxan qizi-texnika elmlori namizadi, dosent. Miihandislik sistemlari va
qurgularmin tikintisi kafedrasi, AzMIU, samira.akbarova@azmiu.edu.az
Okbarli Reyhan Sayyad quzi- riyaziyyat iizro folsofo doktoru, Mexanika kafedrasi, AzZMIU,
reyhan.akbarli@azmiu.edu.az

Xiilasa. Qurulusun seysmik miigavimati ham tikinti {igiin seysmik cahatdon olverisli bir sahanin
secilmasi, ham do qurulusun an rasional struktur vo planlasdirma sxemlarinin inkisafi, doastoklayici
strukturlarin giiciinii vo monolitliyini artiran, struktur elementlords plastik deformasiyalarin inkisafina
imkan yaradan xiisusi konstruktiv todbirlor ilo tomin edilir.strukturlarin seysmik qiivvalarin tasirina
garst miigavimatini ohomiyyatli dorocads artiran Komponentlor. Tikinti materiallarinin vo iglarinin
yiiksok keyfiyyati strukturlarin seysmik miiqavimatini artirmaq ti¢iin boyiik shamiyyat kasb edir. Bu
mogalods seysmik tohliikali orazilords tikilmokds olan binalarin miihondis sistemlori tiglin imumi
toloblar gostarilir.

Acar sozlor: seysmik miigavimat, miihondis sistemlori, seysmik tohliikali Rayon, montaj boru
komorlori

Introduction. Seismic engineering is a branch of civil engineering that specializes in studying
the behavior of buildings and structures under seismic impact in the form of ground shaking, soil loss
of its bearing capacity, tsunami waves and the development of methods and technologies for building
buildings that are resistant to seismic impacts [1]. The seismic resistance of a structure is ensured both
by the choice of a seismically favorable construction site, and by the development of the most rational
structural and planning schemes for the structure, special design measures that increase the strength
and solidity of the supporting structures, creating the possibility of developing plastic deformations in
structural elements and nodes, significantly increasing the resistance of structures to action seismic
forces [2]. Of great importance for improving the seismic resistance of structures is the high quality of
building materials and works. This article outlines the general requirements for engineering systems of
buildings under construction in earthquake-prone areas [3].
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Seismic resistance and internal engineering systems. Over 20% of the territory of Azerbaijan
belongs to seismically hazardous zones, in which tremors exceeding 4 points on the Richter scale are
possible. Recent studies and observations have shown that in many areas the estimated level of
seismicity is underestimated. Also, a technique has not yet been developed that makes it possible to
predict with high accuracy where and at what time an earthquake will occur [4].Therefore, the
forecasting of seismic activity and the development of special measures for construction in seismically
hazardous areas is one of the most important objects of state attention.

According to experts in Azerbaijan, there is no need to completely abandon the construction of
facilities in potentially seismically dangerous zones. For example, in China, Japan and Chile,
technologies are successfully used to ensure the safety of structures in seismically active areas. One of
the technical solutions is to increase the rigidity and stability of structures. Also abroad, the technology
of building on seismic isolators is very widely used. Their main task is to dampen dynamic loads at the
base of buildings. In our country, seismic isolators are just beginning to be used [5]. To ensure the
safety of buildings in seismically hazardous areas, special seismic-safe foundations and special seismic
belts are used, which are "reinforcements™ between the floors of buildings. In addition, buttresses are
used to strengthen buildings - vertical protruding parts of the walls that ensure the stability of the
structure by creating a counterweight [6].

At the same time, experts are concerned about the safety of high-rise buildings that have been
actively built in our country over the past 10 years. The higher the building, the greater the amplitude
of oscillations it develops. It is important that not only the structures of such buildings withstand the
earthquake, but also the engineering systems. The modern building is a complex of complex
engineering systems. Water supply, heating, cooling - in all these systems there is a large volume of
water, if they are damaged at the initial stage of an earthquake, the evacuation of people from the
building can be significantly complicated. But according to the recommendation of the Ministry of
Emergency Situations, at the first tremors, it is necessary to leave the building as soon as possible. The
performance of the fire extinguishing system is also important. It is known that significant damage
during earthquakes is caused by subsequent fires. The reasons for their occurrence are the breakage of
electrical wiring in buildings during tremors, the fall of heating devices, stoves, etc [7]. When designing
water supply networks and structures for areas with a seismicity of 5-9 points, special measures should
be provided (installation of emergency pumps, electrical installations, etc.) to ensure the supply of
water to extinguish fires that may occur during an earthquake, uninterrupted supply of drinking water
, as well as water supply for urgent needs of production [8].

Fire hydrants, as well as wells with valves on pipelines, should be located so that the likelihood
of their blockage in the event of a collapse of surrounding buildings and structures is the least. To do
this, it is recommended that fire hydrants and wells with valves be located at the ends of buildings.
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Figure 1. Suspension Seismic Bracing System Steel Support for HVAC Duct [9]

General rules. During seismic shocks, loads significantly exceeding its own weight act on the
pipeline network, since the weight of the transported liquid and the weight of heat-insulating and
protective materials are added to it. This requires an increase in the rigidity of the entire pipeline
structure and the organization of reliable resistance to overloads.

In Azerbaijan, there are basic rules for the design of residential and public buildings for
construction in seismic areas, which should be followed not only in the development of load-bearing
structures, but also in the design of engineering networks and structures [9-11].

When developing project documentation, you should:
—apply structural schemes, materials and structures that provide the lowest values of seismic loads;

- make space-planning and design decisions that, as a rule, ensure the symmetry and regularity of
the distribution in terms of the structure and height of its mass, stiffeners and loads on floors;

— assign sections of structural elements and their connections, taking into account the results of
calculations;

— design butt joints, support elements and nodes in such a way that they ensure reliable transmission
of forces and joint operation of load-bearing structures during an earthquake;

— to create the possibility of development of admissible inelastic deformations in certain elements;

— provide for constructive measures that ensure the stability and geometric invariability of
structures during the development of inelastic deformations in the elements or joints between them, as
well as excluding the possibility of their brittle fracture;

— locate, if possible, the joints of the elements outside the zone of maximum effort.

— Testing of pipelines and equipment

- In accordance with the law "On Technical Regulation”, new building materials and products
intended for mass production are subject to mandatory assessment and confirmation of compliance
with safety requirements.
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— An important step in such studies is the evaluation of characteristics that affect the seismic
stability of materials and products, such as critical shock, vibration and longitudinal-transverse
mechanical loads. For research, dynamic loading stands, vibration platforms, as well as special
vibration machines capable of reproducing three-dimensional vibrations and simulating the loads
experienced by engineering systems during earthquakes are used. Both pipes and supports on which
pipelines are attached are tested.

— The data obtained as a result of the tests make it possible to determine the physical-mechanical,
operational, and, if necessary, other characteristics, for example, the dynamic performance of the
system under test. If during the testing process there was a destruction or violation of the tightness of
the pipeline, then the manufacturer needs to develop ways to improve their reliability.

— Features of laying pipelines in seismically hazardous areas

- The following features of laying pipelines in seismically hazardous areas should prevent their
deformation and destruction under seismic loads:

- Rigid sealing of the pipeline in masonry walls and foundations of buildings and structures is not
allowed. Holes for passing pipes through walls and foundations must have dimensions that provide a
pipe gap of at least 0.2 m in the masonry. The gap must be filled with an elastic water- and gas-tight
material, the elastic properties of which have a durability comparable to the estimated operating time
of the object;

— with a design seismicity of 9 points, a deformation compensator is installed at the points of entry
into the building of pipes of water supply systems, which makes it possible to neutralize vibrations and
possible precipitation of the building and pipelines;

— itis not allowed to cross the constructions of expansion joints of buildings with sewer pipelines;

— butt joints of socket pipes and pipes connected on couplings laid in areas with seismic activity of
8-9 points should provide compensation for possible subsidence, for which rubber sealing rings should
be used;

— in places where the riser is turned from vertical to horizontal, concrete stops should be provided;

— when designing water supply systems for buildings of industrial enterprises located in areas with
a seismic activity of 8-9 points, for which the interruption of water supply can cause accidents or
significant material losses, two inputs using two independent water supply sources should be provided;

- inside buildings at the intersection of expansion joints on pipelines, the installation of
compensators should be provided;

— at the inputs in front of the measuring devices, as well as at the points of connection of pipelines
to pumps and tanks, it is necessary to provide flexible connections that allow angular and longitudinal
movements of the ends of the pipelines;

— when performing welding work on the implementation of joints of steel pipe joints, equal strength
of the welded joint with the pipe body should be ensured. Manual gas welding is not allowed. Welded
joints of pipelines laid in areas with a seismic activity of 9 points should be reinforced with overhead
couplings for welding;

— internal wiring of water communications must be securely attached to the supporting structures;

— risers of pipeline systems should be laid in places least vulnerable to earthquakes (internal walls,
stairwell walls, sanitary blocks, etc.).

Supports for fastening pipelines. Main pipelines inside the building are usually laid parallel to
each other with perpendicular intersections and branches. The operability of the pipeline is ensured by
the ability to withstand the destruction (collapse) of communication networks, guarantee the minimum
number of possible damages localized in each network circuit and the possibility of the safe presence
of people and the use of the premises and networks of the facility for its intended purpose.

Resistance to destruction is primarily due to the general ability of the pipeline network to flexibly
(elastically) respond to the displacement of the building structure. The minimum number of possible
damages is provided by the resistance of each element of the network to seismic action. Therefore, the
pipeline supports must compensate for the displacement of building structures during an earthquake so
that mechanical stresses do not arise in the pipes, leading to their deformation and destruction.

136



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

On fig. 1 shows a view of a pipeline support with compensation slides and a guide collar. This
support allows the pipeline to move two-dimensionally to compensate for the resulting deformation
loads.

Figure 2. Pipe support with compensating slides and guide clamp [11]

On fig. 2 shows the method of fastening the channels on the compensation rollers. This method
of fastening has its drawbacks: breaks are required in the heat-insulating layer in the place of the
pipeline where it comes into contact with the rollers. In addition, in the event of lateral movement, the
pipe may go beyond the roller.

Fig. 3. Fastening of channels on compensation rollers [11]
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In order to ensure three-dimensional movement of the pipeline, a pipeline hanger, shown in Fig.
3. The suspension provides freedom of movement of the pipe, ease of installation of a heat-insulating
coating, but requires a large number of spacer anti-seismic fasteners. In addition, for the installation of
such a suspension, it will be necessary to install special support scaffolding for temporary laying of the
pipeline console.

Figure 4. Seismic suspension of pipelines [11]

At present, an anti-seismic element for engineering networks has been developed specifically for
Japan, which makes it possible to compensate for the stresses that occur in the system during
earthquakes of more than 9 points when the pipeline crosses the damping joints in the building. A
similar anti-seismic system, shown in Fig. 4, consists of a flexible section of the pipeline and its
attachment to the building envelope.

Figure 5. Anti-seismic system [11]
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Conclusion. Restoration and strengthening of engineering communications after earthquakes.
Engineering structures during an earthquake receive the following damage:
—If the load-bearing structures of a building or structure are preserved during a calculated earthquake,
water supply and heating systems made of metal pipes with a diameter of 25-75 mm receive minor
damage. Engineering communications are damaged by an earthquake with an intensity of 8 points or
more;

Figure 6. Gensets [11]

— Significant damage to metal piping systems in buildings and structures is observed when the
supporting structures are destroyed, as well as in the case of unreliable fastening of communication
pipes to these structures or in the absence of elastic gaskets in the fastening devices;

— the requirement to preserve external communications near the building and structure during an
earthquake is mainly due to the deformation properties of the base soil and is provided by a constructive
solution for introducing pipes into the basement of the facility.

— Restoration and strengthening of water supply, heating and sewer networks is carried out in
accordance with the state of the supporting structures of the building and structure.

— All damaged sections of pipelines are replaced with new or serviceable ones. Nodal connections
and angles of rotation must be securely attached to the supporting structures of the building or structure.
Fixing devices of pipelines must have elastic gaskets.

— In all pipelines entering a building or structure, it is necessary to arrange elastic outer shells
with a wall thickness of 2-4 cm, excluding hard contact of pipes with bearing and enclosing structures.

— When replacing pipes, preference should be given to lightweight and durable metal structures,
arranging, as far as possible, flexible butt joints.

— Activities carried out for seismically hazardous areas

— In order to reduce the risks for the population living in seismic areas, it is necessary to:

— development of fundamentally new and effective ways to improve the seismic resistance of
buildings and structures;

— improving the quality of designing facilities for seismological zones;

— strict control over compliance with the quality of construction, building codes and regulations,
the exclusion of defects;
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— Carrying out certification (inventory) of civil, industrial, transport and municipal facilities in
seismically hazardous zones in order to identify their seismic resistance;

— Carrying out special works to improve the seismic resistance (strengthening) of buildings and
structures, dismantling (dismantling) insufficiently resistant buildings and structures.
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Annorauusi: B crarbe ommchIBalOTCS 0COOCHHOCTH CTaTHYECKOr0 M JWHAMHYECKOTO TIOBEACHUS
PE3MHOMETAITUYECKUX BHOPOHU30IATOPOB, IJIAHUPYEMBIX K HCIIONB30BAaHMIO JAJIsI BUOPOU3OISIMH 3AaHUN B
COBPEMEHHOM CTPOUTEIBHOM KoMIUIeKce. [IpuBomsATCS pe3ynbTaThl KOHEUYHO-JIEMEHTHOTO MOJICIUPOBAHUS
BUOPOU3OIISITOPOB C 1IETbI0 ONpEAETICHUS] CTATHUECKUX U JTWHAMUYECKUX XapaKTepUCTUK. PaccMOTpeHbI Kak
OJTHOCJIOIHBIE BUOPOU3OJIATOPHI, TaK M BUOPOM3OIISATOPHI, BKIIOYAIOIINE B ce0sl TPU PE3MHOBBIX cios. Kak
H03aKa3aii pe3yyIbTaThl pacyeTOB, HATHMYHE NepQopannii CyIecTBEHHBIM 00pa30oM CKa3bIBAaeTCsl Ha HECYIIeH
CIIOCOOHOCTH BHOPOU3OIATOPOB, 3HAYMTENHHO yMEHbINas e€, omHako, 3((eKTUBHOCTh pPabOTHI TaKHMX
BUOPOU3O0IISITOPOB CYLIECTBEHHO MOBBIMIAETCS [0 CPABHEHUIO C MOTHOCTHIO MOHOIUTHBIMHI BUOPOU30IISATOpAMH
0e3 oTBepCTHil. JTO OOBACHACTCS ILENBIM PSAAOM NPUYUH, OJHA M3 KOTOPBIX — O3TO IIPaKTUYECKas
HEC)KMMAEMOCTh PE3MHOBBIX c0eB. DaKTUUECKH, PE3UHOBBIE TEJIa MOTYT IOJBEPraThCsl CKATHUIO TOJIBKO 32
cueT neopMHPOBHUS OOKOBOW MOBEPXHOCTH, TAKUM 00Opa3oM, pa3BuBasi OOKOBYIO MOBEPXHOCTH PE3MHOBBIX
CIIOEB MOYKHO JTOOUTHCS NMPHEMIIEMOH KECTKOCTH BHOPOM3OJIATOpPA KaK KOHCTPYKTHBHOTO JJIEMEHTa, YTO
NO3BOJIUT ~ CHMU3UTH JKECTKOCTh CHUCTEeMbl BHOpom3osiuuu. CymiecTBEHHO BaXKHBIM  SIBISIETCS U
HPOCTPAHCTBEHHOE PACIOIOKEHNE OTBEPCTHI, TaK Pa3MeIIeHne OTBEPCTHI BOJIM3M OT OOKOBOW MOBEPXHOCTH
PE3UHOBOTO CJIOSI JA€T CYIIECTBEHHO MEHbBIIHH 3P QEKT, M0 CpaBHEHHIO C pa3MeIlIeHHe OTBEPCTHI B IIeHTpe. B
mpolecce pacyera BBISICHWIIOCH, YTO B CXKaThIX PE3MHOBHIX CIOsAX HaOmoaercs 3¢p¢ekr oOpa3oBaHUs
SIPKOBBIPQ)KEHHBIX 30H BCECTOPOHHETO CkaTusl. Hanmume meHTpaabHBIX OTBEPCTH MPUBOJHUT K pa3pyLICHHUIO
TaKuX 30H B OOJILIIMHCTBE OOpa3IoB, YTO MO3BOJISIET B OONBIIEH CTETIEHU TIOHU3HUTH MEPBYIO COOCTBEHHYIO
YacTOTYy BUOPOM3OJUPYEMOH CHCTEMBI, TE€M CaMbIM, CIOCOOCTBYIO MOBBIIICHHIO S()(OEKTHBHOCTH
BUOPO3ALIUTHBIX MeponpusaTHid. BeiOoop kKoH(Urypamun oTBepCcTHii mpeAcTaBIsieT cO00H ONTUMH3AHOHHYIO
3ajady, TAe, C OJHOH CTOPOHBI, HEOOXOIUMO O0ECHEYUTh MPHUEMIIEMYIO C TOYKH 3pEHHS MPAKTHKH
BHOPOU3OIISIIIH HECYITYIO CITOCOOHOCTH BUOPOU3OIISATOPOB MPHU 3aJaHHBIX pazMepax BUOPOH30IATOpa B IUIaHE,
a, C JPYroil CTOPOHBI, MaKCUMaJIbHO CHHU3HUTh JKECTKOCTh CHCTEMBI, YBEJIWYMBAs, TaKuM 00pa3om,
3¢ (eKTUBHOCT BUOPO3AIIUTHBIX MEPOTIPUSTHIA.

KarwueBble cioBa: pe3nHOMETaNTNUECKHE BUOPOU3OIISTOPEI, BUOPO3AIINTa, METOA KOHEUHOTO 3JIEMEHTA.

FEATURES OF THE CALCULATION OF RUBBER-METAL VIBRATION ISOLATORS WITH
HOLES IN THE RUBBER LAYERS
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Annotation: The article describes the features of the static and dynamic behavior of rubber-metal vibration
isolators planned for use for vibration isolation of buildings in a modern building complex. The results of finite
element modeling of vibration isolators are presented in order to determine the static and dynamic
characteristics. Both single-layer vibration isolators and vibration isolators, including three rubber layers, are
considered. As the calculation results showed, the presence of perforations significantly affects the bearing
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capacity of vibration isolators, significantly reducing it, however, the efficiency of such vibration isolators
significantly increases compared to completely monolithic vibration isolators without holes. This is due to a
number of reasons, one of which is the practical incompressibility of the rubber layers. In fact, rubber bodies
can be subjected to compression only due to the deformation of the side surface, thus, by developing the side
surface of the rubber layers, it is possible to achieve acceptable rigidity of the vibration isolator as a structural
element, which will reduce the rigidity of the vibration isolation system. The spatial arrangement of the holes is
also essential, since the placement of the holes close to the side surface of the rubber layer gives a significantly
smaller effect compared to the placement of the holes in the center. In the process of calculation in the
compressed rubber layers, the effect of the formation of pronounced zones of all-round compression was
observed. The presence of central holes leads to the destruction of such zones in most samples, which makes it
possible to reduce the first natural frequency of the vibration-isolated system to a greater extent, thereby
contributing to an increase in the effectiveness of vibration protection measures. The choice of hole
configuration is an optimization problem, where, on the one hand, it is necessary to ensure the bearing capacity
of vibration isolators acceptable from the point of view of vibration isolation practice for given dimensions of
the vibration isolator in plan, and, on the other hand, to minimize the rigidity of the system, thus increasing the
effectiveness of vibration protection events.

Keywords: rubber-metal vibration isolators, vibration protection, finite element method

BBenenue. B coBpeMEHHOM CTPOUTENHFHOM KOMILIEKCE MCTIONB3YETCs PAa3IMIHbIE METOIBI OOpHOBI C
BHOpaIneil TEXHOTEHHOTO TPOMCXO0KICHISI, BOSHUKAIOIIEH OT ABIKEHUS ITOE3/I0B METPOITOJINTEHA, TPAMBAEB,
JIMHUH JKEJIEe3HBIX TOpOor. B OONBIIMHCTBE CiTydaeB JaHHBIE BUOpAIMKU a0COMIOTHO OS30TaCHBI C TOYKU 3PCHHS
OKa3bIBAEMOI0 BJIMSHUS HA CAMU HECYIIME KOHCTPYKIIMH, HO BBI3BIBAIOT 3HAUUTEJIbHBIC H3MEHEHUS B 3J0POBbE
JOAe Tpu WX ATUTeNbHOM Bo3xaelicTBuu [1,2]. Jlronu, moaBep >KeHHBIE TOBTOPSIONIEMYCSI BHOPAIIHOHHOMY
BO3/ICHCTBUIO, HCIIBITHIBAIOT 3HAYUTEIBHBIC CTPECCHI, Yallle OOJCIOT U YTOMJISIOTCS, IPOCXOAUT IMOCTEIICHHOE
CHI)KEHHE pa00TOCIIOCOOHOCTH U, B IIEJIOM, CHHKACTCS KAY€CTBO KU3HHU. be3yCI0BHO, MOJHOCTHIO UCKITFOUYHUTh
HETaTUBHOE BO3/ICHCTBE BUOpAIlMU, pACIHPOCTPAHSIONICHCS 1O TPYHTOBOMY MAaCCHBY OT HCTOYHHKA
BO3JICUCTBUS M, Jajiee, MO KOHCTPYKUHUSAM 3[aHUS HEMOCPEACTBEHHO Ha OrpaXJawllue U HEeCyllue
KOHCTPYKITUH DKCIUTYaTHPYEMBbIX JKHJIBIX U OOIIECTBEHHBIX TIOMEIICHUN 31aHUs TIPAKTUYSCKH HEBO3MOXKHO, HO
HETaTUBHOE BJIMSIHUE JKEJATEJbHO U BO3MOXHO OIPaHUYUTh. B Hacrosiiee BpeMsi OCHOBHBIM HOPMAaTHBHBIM
JOKYMEHTOM, perjaMeHTupyromeM Ha Tteppuropuu Poccuiickoit denepanuu MakCUMaibHO JOIYCTUMBIE
YPOBHHU BHOpAIMK B IMOMEIIEHUAX JKUIIBIX, OOIIECTBEHHBIX 37aHuii U Ha Tpou3BojcTe sisercs CAHITMH
1.2.3685-21 '"TMTMEHUYECKME HOPMATHUBBI W TPEBOBAHHUA K  OBECIIEYUEHUHIO
BE3OITACHOCTU U (MJIM) BE3BPEJHOCTHU JJIS1 HEJIOBEKA ®AKTOPOB CPEJbI OBUTAHUMA".
WmMenHO 111 YIOBJIETBOPEHUS TPeOOBAHUH JAHHOTO HOPMATHUBHOTO JIOKYMEHTA U IPUMEHSIOTCS, B OCHOBHOM,
CUCTEMBbI BHOpPO3alUThl 3aHuii. M3BeCTHBI pa3M4HbIC CIOCOOBI TalieHUs BUOPAIMOHHOI'O BO3JCHCTBHIA,
OOJBIIMHCTBO M3 KOTOPBIX 3aKIIFOYAETCS B ONMUPAHUN OCHOBHBIX HECYITNX KOHCTPYKIIUH 3/IaHUS HA Pa3IMYHOTO
pona ynpyrue cucteMbl. B kauecTBe ynpyrux 3JI€MEHTOB Yallle BCEro MPUMEHSIOTCS PE3MHOMETANINYECKUE
BUOPOHU30JIATOPBI, ICHOMOJUYPETAHOBBIC MaThl,  TAKXKE CUCTEMbI, OCHOBAHHBIC Ha TPYKUHHBIX COOpKaXx.

B mpaxTike oTedecTBeHHON BHOPO3AIIUTHI HAUOOIbIIee MPUMEHEHNE HAIIUIA CHCTEMbI, OCHOBAaHHbBIE
Ha WCTIONH30BAHUN PE3MHOMETAIUTMUECKUX BHOPOU3OIISTOPOB, YCTAHABIUBAEMbIE B KOHCTPYKIIMH 3/IaHUH 110
Metoguke a.T.H.  M.A.[lamesckoro. IlogpoOHOE H3JI0KEHHE OCHOB METOAUKH  BUOPOM3OJISALIMH,
OCYIIECTBIISIEMON 1O TEXHOJOTHH "OTCPOYEHHOTO MOHTa)xka", MOXHO HaWTH B KHHTe [3]. CyTh TEXHOJIOTUH
OTCPOUYEHHOTO MOHTaKa 3aKJIF0YAETCS B yCTAHOBKE BHOPOU3OIISITOPOB B MTPEIEax CIEUAILHO yCTPAauBAEMOT0
"mosica BUOPO3aIIUTHI", pa3MeniaeMoro B Mmpolecce MpOSKTUPOBAHKS M CTPOUTENLCTBA 3[]aHMUs Yallle BCETO B
YpPOBHE TMOJBAIBHOTO JTaxka. [losic BHOpPO3aNmIUTHI yCTpaWBaeTCsS C WCIOJIB30BAHMEM KOHCTPYKITUH U3
MOHOJIUTHOTO JKeNe300€TOHa ¥ BKIIOYAeT B ce0S CHEIMaTbHO OOOPY/OBaHHHBIE HUINW JUISl YCTaHOBKHU
BUOpPOM30JIATOPOB. YHHUKAIBHOH 0OCOOEHHOCThIO Meroma M.A. JlamieBckoro sBI€TCS YCTaHOBKa
BUOPOHM30JIATOPOB B YK€ BO3BEIACHHOM JI0 ITPOSKTHOM OTMETKE JKee300€TOHHOM KapKace 3[aHus J0 Havalia
nepruoia OTHENOYHBIX pabor. B mpenmenax mosica BUOPO3AIIUTH PE3NHOMETALTUYECKHE BUOPOHU3OISATOPHI
CKUMAIOTCS C HUCIOJIb30BACHUEM THUAPABIWYECKUX JOMKPATOB, UYTO MO3BOJIAET TOYHO MOBTOPUTH 'IMIOPY
JICHCTBYIOLIMX JaBJICHUI" OT Beca 3MaHHs, U, TAaKUM 00pa3oM, M30eXaTh JIFOOBIX ONIMOOK M HETOYHOCTEH,
KOTOpble HEW30CKHBI NPU BBINOJHEHWH pacdera 37aHus. TeXHOJIOTHS "OTCPOUYEHHOrO MOHTaKa" Takke
MO3BOJISIET OCYIIECTBUTh 3aMEHY BBHIMICAIINX U3 CTPOS PE3MHOMETAJUIMYECKUX BHOPOU3OISATOPOB C
UCIIOJIb30BAHUEM UX TOBTOPHOIO MOHTaka. BHEMHWN BHJ YCTAaHOBIEHHOTO B MPEKTHOE IOJOKEHUE
BHOPOM30JIATOpA IPUBOJAUTCS HA CICAYIONEM PUCYHKE.
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Butpousonatop

OnopHas nnuTa us 3"(;290"'30”“””0““"”7' Huwa nog  BUGPOU3ONALIMOHHDIN
WHCTPYMEHTaMNbHOM AOMKpaT  LLoB
cTanm

OnopHble yromnku

Puc.1. BHeniHuil Bu yCTaHOBJICHHOTO B IPOEKTHOE MOJIOKEHUE YETHIPEXCIONHOI0 pe3NHOMETAJUIMYECKOTO
BHOPOHM30JIATOPA HA OTHOM K3 00beKTOB B Mockae [3]

Heckonpko mo3mHee Ha TeppuTOpHM Poccun Hayaloch NPUMEHEHHWE CHCTEM BHOPOHM3OJSIIIUU
CTPOUTENIBHBIX OOBEKTOB C HCIOJb30BAaHUEM IOJMYPETAaHOBBIX MaToB. JlaHHas TEXHOJOTUS MEHee
TpeboBaTellbHa K NPHHAMAaeMbIM TPOEKTHBIM pEHICHUSM, B MEHBIICH CTEMCHHW 3aTparuBacT HECYIIUE
KOHCTPYKIMH 3/IaHUS, Ye€M HCIIOJIb30BAHNE PE3MHOMETAIUINIECKUX BUOPOU3OIISTOPOB, HO TPEOYeT YCTaHOBKH
NOJMYPETaHOBBIX MAaTOB YK€ B IPOLECCE CTPOUTENBCTBA, TO €CTh JIIOObIE HETOYHOCTH B ONpPEAEICHUHU
BEPTUKAIBbHOW HArpy3KH Ha KOHCTPYKILMH 3aHHS B 3TOM ClIydae OTPa3ATcsl HA PABHOMEPHOCTH OCAIKH 3aHUsL,
PAacCIIOJIOKEHHOTO Ha BHOPOHM30JIMPYIOIEM CJIO€; 3aMeHa BHOPOU30IMPYIONIETO TOACTHIIAIONIETO CIIOS TaKKe
HeBo3MOXkHa [4,5].

Heckonbko MeHee pacnpoCTpaHeH B CTPOMTENBHOM KOMIUIeKce Poccuu MeToJ, OCHOBaHHBIM Ha
NPUMEHEHUH COOpOK U3 CTajJbHBIX YIPYrHMX MpyxXuH. JlaHHBIA MeToJ,, oOnajasi  HEOCIOPHUMBIM
NPEUMYIIECTBOM — MaKCUMAIBHOW 3(QEKTHBHOCTHIO BUOPOU3OJISIIIMN, OCOOCHHO B HU3KOM JIMANa30He YacTOT
BO3/ICHCBHSI, OJJHAKO, SBJSIETCS] HANOOJIee IPOMO3KHM IO IPUHUMAEMbIM KOHCTPYKTHBHBIM PELICHUSIM.

Hanee B crtatbe OyJeT paccMaTpUBATHCS PE3MHOMETAIUTMYECKHH BHOPOHM3OJATOP, KAaK OCHOBHOM
3JIEMEHT BHOPO3alIUThl OOBEKTOB IO TEXHOJOIHMH "OTCpOUeHHOro MoHTaxka". J[0 HacToAIero MOMEHTa
KOHCTPYKLMM JaHHBIX YCTPOWCTB HE NpeAnoyiaraia Haluyusg nepdopauuii, pasMelaeMblX BHYTPH
BUOPOU30JIMPYIOLIETO YIPYTrOro pe3nHOBOrO CJIOS, 3TO OOBSICHSIOCH JKEIaHHEM ClHeNlaTh TaKOe yCTPOMCTBO
HanOoJiee KOMMAKTHBIM M TO3BOJSUIO TPW HCIIOJIB30BAHUM MHOTOCIIOMHBIX BHUOPOU3OISTOPOB JOCTHYD
NPaKTUUECKH 000N Tpebyemoil 3¢ dexTuBHOCTH BHOpo3ammTel. C 1enbi0 HOBBIIIEHUS 3PQPEKTUBHOCTH
BUOPOM3OISIIMOHHBIX  pabOT W CHWXKEHUS WX CTOMMOCTH OBUIO  NPEAJIOKEHO  HCIOJIb30BaTh
BUOPOHU30JIUPYIOIIKME 3JICMEHThI ¢ OOJIBIICH TUIONMIAAbI0 OOKOBOM MOBEpXHOCTH. JlaHHbIi 3 ekt JocTUraercs
3a CUET BHEJIPCHHUSI B PE3MHOBBIC CIIOM BUOPOU30ISATOPOB HEOOXOMMOTO YHCIa0TBepCcTHil. PaccMaTpuBaetcst
JMHEHKA OAHOCIOWHBIX PE3MHOMETAJUINYECKUX BUOPOU3OIISITOPOB C pa3MepaMu pe3uHoBoro cios 450x350x40
MM, 450x300x40 MM, 450x350x30 MM, 450x250x30 MM, 450x150x30 MM, 450x480x40 mm 1 450x480x30 MM,
0e3 OTBEepCTHUH, C OJIHUM OTBEPCTHUEM JHaMeTpoM 50 MM, a TakKe CTPEeMS-IISAThI0 OTBEPCTHAMH, U3 KOTOPBIX
LEHTPaJIbHOE OTBEPCTHE OOJIaZaeT TeM € IUaMeTpOM, a OTBEPCTHs, pa3MELICHHBIE ONIKe K Kpasm
BUOpoU30IIsATOpa 00J1aAat0T MeHbIINM JuaMeTpoM 30 Mm. [ToMuMO 0HOCTONHBIX 00Pa3LOB UCCIIEAYIOTCS TPH
TPEXCIIONHBIX BUOPOHM30JIATOPA C TPEMS PE3UHOBBIMH IIACTHHAMHU pa3MepaMu 450x480x30 MM ¢ aHaJIOTUYHBIM
pasMelieHreM OTBepCcTHi (OIMH M3 TPEXCIOWHBIX BUOPOU3O0IISTOPOB Takke 0e3 oTBepcTHif). Bee Tpexciolinbie
BUOPOU30JIATOPBI APMUPOBAHBI CTAJIbHBIMH JIUCTAMHU TONIIMHON 4 MM, BBIXOJSIIMMHU 32 MIPeIebl pE3UHOBBIX
cioeB Ha 20-30 mMm. CrayibHble apMHUPYIONINE IUIACTUHBI B PE3MHOMETAJUIMIECKUX BUOPOU3OISATOPAX KECTKO
NPUBYJIKAHW30BaHbl K PE3UHOBBIM CIIOSIM, YTO TIO3BJSIET 3HAYUTEIHHO IOBBICHTH TPY30MOJABEMHOCTh H
n30eKaTh SIBICHUS HEOTPAaHUUECHHOTO TOPU30HTAILHOTO CMEICHHS PE3UHOBBIX CIIOEB MPH MX CTATUYECKOM
cxatuu [3].
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Metonnl ucceaenoBanusi. B mporecce mccieqoBaHUS HCIONB3yeTCS COBPEMEHHBIN MPOTrpaMMHBIN
KOMIUJIEKC, PEeaM3yIOIInii METOJ] KOHEUYHOI0 3JIeMEeHTa. Bee yacTu pe3nHOMEeTauIn4eckoro BUOpou3omsaropa
(pe3uHOBBIE CJIOM W  CTajJbHbIE APMUPYIOIIME IJIACTUHBI) MOIEJIUPYIOTCA C  HCIIOJIb30BAHUEM
npocTpaHcTBeHHBIX SOlid KOHEUHBIX ANIeMeHTOB. McX0/1s U3 M3BECTHBIX PEKOMEHAAIHIA IO TOJIIUHE KaKIO0TO
PE3UHOBOTO CIIOS AOJKHO OBITH HE MEHee 2-X-3-X CIOeB KOHEUHBIX 3JIEMEHTOB. [IpH BBIMONHEHHH PacuyeToB
JUIS PE3UHOBBIX IUIACTHH TOMIMHON 30 MM IPUHSITO TPH CJI0SI IPOCTPAHCTBEHHBIX KOHEYHBIX 3JIEMEHTOB, B TO
B BpeMsl KaK JJIsl TUTACTHH TOMIHWHON 40 MM IIPUHSATO YETHIPE CII0S KOHEUHBIX 3JIEMEHTOB. J[11s1 MoaenpoBaHus
CTaJIbHBIX TJIACTUH MPHHSATO /IBa CJIOS KOHEYHBIX 3JIEMEHTOB. B paMkax JOMyIIeHUs] paccMaTpUBacMOil 3a1aun
MaTepHaj pPe3UHOBBIX M apPMHUPYIOIIHX CJIOEB HNPUHST KaK JIMHEWHO yNpyrui. Pe3uHOBBIE CIOM NPHUHATH CO
CIIeTyFOIIMMH XapaKTepUCTHKaMu: MOayIb yrpyroctu 5,0 MIla, koaddurnment [lyaccona 0,49.

[Ipy BBIMOTHEHWHW CTATUYECKOTO pacyera Ocaaka OJHOCIOWHBIX M TPEXCIOWHBIX BHOPOU3OISTOPOB
npuHuMaeTcs kak 0,17 oT nepBoHa4aIbHOM BBICOTHI PE3MHOBBIX CIIOEB. 3aKPEIUICHUS BEPXHUX U HIDKHHUX y3JI0B
KOHEYHBIX JJIEMEHTOB - XECTKOE, 4TO B HauOONbLICH CTENEHH COOTBECTBYET YCIOBUIO COBMECTHOH
BYJIKAHM3AIIMU PE3UHBI M CTAJbHBIX IUIACTHH. BepXHsis omopHast IIIOCKOCTh BHOPOH30IIATOpa MEpeMeIaeTcs Ha
BennuuHy cxatus (B MKD monenu 3amaHo BepTHKalbHOE MEpeMelleHre BepXHHMX y3710B). BHemnuil Bun
xapaktepHblx MKD Mozenell pe3uHoBOro ciiost nokasaH Ha Puc. 2.

Puc 2. XapaktepHble KOHEYHO-3JICMEHTHBIC MOJICIM PacCMaTPUBACMOM JIMHEHKU BUOPOU30JIATOPOB
(TIoKa3aHBl MOJIEH, COOTBETCTBYIONIHE Pe3uHOBOMY citoro 450x350x40 mm) [5]

AHAJOTUYHO PACcCMOTPEHBI TPH MOJAENH TPEXCIOHHOIO PE3MHOMETAIIIMYECOro BHOPOU30JIATOpA C
OJTHOW M TATHIO Mepdopanusmu. Baemnuii Bug MKD Monenelt TpexciioifHoro BUOpOM30IIsATOpa MOKa3aH Ha
Puc.3. CranpHble apMUPYIOLIHE CJIOU HE UMEIOT Iepdopaiuii B MeCTax pacioI0KeHUs] OTBEPCTHH B PE3MHOBBIX
CIIOSIX.

Puc 3. KoHeuHO0-3/1eMEHTHBIC MOJICIIH TPEXCAOWHBIX BUOPOU30JIATOPOB
(mByXx niepOpUpOBaHHBIX U TMOJHOTETOr0) [5]

[ToMEMO CTaTHYECKOTO pacueTa Pe3MHOMETAUIMYECKHX BHOPOHM30JIATOPOB OBLIO OCYIIECTBICHO
orpeJiesieHre COOCTBEHHBIX 4acToT. OCHOBHOE BHHMaHHE YAEIIOCh BEPTUKAIBHOW (QopMe COOCTBEHHBIX
KosiebaHuil, Hanbosee BaKHOW C TOUKM 3peHus obecreueHHus BUOpPO3AaLIUTHBIX CBOMCTB. C 3TOH LEJBIO
paccMaTpuBaliach pacyeTHas CXeMa, peJCcTaBlIeHHas Ha cienyromeM Puc.4.
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PocnpedeneHHas mMacca

Z Pe3uHobbil cnod

34 S0 3,

Z

Puc 4. PacueTHast cxeMma JJIst ONpeieIeHHs] COOCTBEHHBIX YAaCTOT HATPYKEHHBIX PE3MHOMETATIMIECKHX
BHOpOM30ATOPOB [5]

Hwxass rpane MKD mopmenn BuOpom3onsTOopa TNMpH BHIIOTHEHWHM MOIANBFHOTO aHanmu3a Oblia
MOJHOCTBIO 3aKpPEIUICHa OT NePEMEICHHUI M0 TPeM HAlpaBICHUSIM, B TO BpeMs Kak AJIsl BEpXHeH rpaHu Oblia
OCTaBJIcHa OJIHA CTENEHb CBOOOJBI — BO3MOXKHOCTh BEPTHKAIBHOTO TepeMemieHus. s MoaearpoBaHUs
pacripeneneHus Macchl IO MOBEPXHOCTH BEpPXHEN I'paHH BO3MOKHBI ABa criocoda. IlepBriii cioco6 3akirouaercs
B CO3JaHMM Ha BEpXHEH TIpaHd BUOPOM3OJATOPA IUIACTUHYATBHIX KOHEYHBIX 3JIEMEHTOB, O0JaJar0IInX
MIOBBIIICHHON JKECTKOCTBIO (3KECTKOCTh Ha HECKOJBKO MOPSIKOB OOJBbIIE KECTKOCTH PE3WHOBOTO CJIOSI Ha
cxarue). [IIOTHOCTh JaHHBIX KOHEYHBIX JIEMEHTOB I0JDKHA OBITH IOZ00paHa TaKUM 00pa3oM, YTOOBI C y4ETOM
3aJaBacMOM TOMIIMHBI (PUKTHUBHOM IUIACTUHKH CMOJENHMPOBATH MAacCy, HNPWIOKEHHYIO K BEpPXHEW IpaHH
(yuuThIBaeT BeC 3/aHUsA, NCHCTBYIOUIUI Ha BHOpOM30JATOp). BTOpoil crnocod 3amaHus pacnpeleieHHON 1o
HOBEPXHOCTH BEPXHEH rpaHM BUOPOM30JIATOPA MACChl 3aKJIFOYACTCsl B MCIIOIBb30BaHUM TaK Ha3biBaeMbIx Rigid
3JIEMEHTOB, KOTOPBIE CBA3BIBAIOT CTENEHU CBOOOBI KOHEUHBIX JIEMEHTOB C OJHUM IMPOHM3BOJIBHBIM Y3JI0M, K
KOTOPOMY M TIPHKIAIBIBAETCS cOCpefoToueHHas Macca. CorjacHO OONBIIMHCTBA peKoMeHmammi [6], k
KOHEYHORJIEMEHTHBIM TPOrPaMMHBIM KOMIUIEKCAM HanOoJiee MPEANOYTHTENBHBIM SBIISIETCS BTOPOU CIOCO0,
TaK KakK IO3BOJIIET M30€XaTh CYLIECTBOBAHMS B paMKaxX OJHOM MOJEIM KOHEUYHBIX 3JIEMEHTOB C CHJIBHO
pa3IMyaroNIMMHCA JKECTKOCTAMH, YTO MOXKET NPUBECTU K YHCICHHON HEYCTOMUMBOCTU. B cTaThe MpuBOAATCS
JIaHHbIC, TIOJTy4YeHHBIE C HCToNIb30BaHKeM Rigid a1eMeHTOB.

PesyabTaThl M 00cy:aeHus. [locie BBEITIONHEHHUS CTAaTHYECKOTO pacueTa JIMHEHKH OJIHOCIOWHBIX
PE3SMHOMETAINIMYECKUX ~ BHUOpom3omaATopoB 0e3 mepdopauuii ObUIM  HOMYyYEHBl TIPY30MOABEMHOCTH
BUOPOU3O0IISITOPOB, a MOCIEYIONINA MOJATFHBIN aHAIN3 MTO3BOJIHII ITOJyYUTh 3HAYEHUS TIEPBBIX COOCTBEHHBIX
yacToT. [lanHbie npuBosatcs B Tabmuie 1.

Ta6muua 1. Pe3ysbrarsel pacuera st BAOpOHU30TOpoB O3 nepdoparuii [6]

Ne m.m. Pa3smepsl Bennuuna BepTUKaNbHOU [epBast cobcTBeHHAsS
peakiuu, Tc. yacToTa, ['11
1 450x350x40 MM 108,01 Tc 11,71 I'g
2 450x300x40 MM 84,19 Tc 12,85 T
3 450x350x30 Mmm 114,04 tc 12,92 I'ng
4 450x250x30 MM 67,10 Tc 14,24 '
5 450x150x30 MM 26,32 1 15,96 I'
6 450x480x40 MM 122,67 Tc 13,21 I'g
7 450x480x30 MM 128,45 Tc 13,11 I'g

OOparmaer Ha ce0s BHUMaHHE TOT (DakT, 4TO 11 OOIBIIMHCTBA 0OPA3LOB BHYTPH PE3MHOBOTO CIIOS
Ha0II0JaeTCA HATMIHE 30HBI, B KOTPOI MaTepral HaXOANUTCS B COCTOSTHAN OJTM3KOM K BCECTOPOHHEMY CXKATHIO.
Uckirouennem u3 storompaBmia cran obOpazen NeS, oOmagaroumuid BRITSHYTOH (opMoil W OoIbIIUM
COOTHOILCHHEM IUIOMIag CBOOOJHOM OOKOBOW MOBEPXHOCTH K IUIOLIAIM ONOPHBIX IUIOCcKOocTel. JlaHHYIO
CUTYallUI0 WIIIOCTPUPYET IIPUBEICHHBIE Ha CIEOYIOLUIEM pPHUCYHKE W30MO0JI HaNpsDKEHMs CKaTus,
JIEHCTBYIOLIETO Ha TOPU3OHTAIBHBIX IUIOIAAKAX BEpXHEHN IpaHH.
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Puc 5. PacrionokeHne 30HbI BCECTOPOHHETO CHKATHSI BHYTPU PE3HHOMETAIIHIECHX BHOPOM30IIATOPOB C
pasIMYHBEIMK TabapuTaMu B TUIaHe [6]

Haiinennele coOOCTBEHHBIE YAaCTOTBHI IO3BOJSIIOT ONPEACTHTh TEOPETUYECKYIO 3I(PPEKTHUBHCOTH
BHOPO3aIIHTHI TIO TIpocTeiiel (hopMyIie, ONMMCHIBAIOIIEH MTOBEIEHNE OTHOMACCOBOTO ocImuusITopa. ['paduku
oxxuaeMoi 3pPEeKTHBHOCTH BUOPOU30JISALINY JIJIsi BUOPOU30IISITOPOB 0€3 nepdopaliuii mpuBoAsITCsS Ha Puc.6.

MnacTvHa ¢ pa3mMeparn
450x350x40
MNacTWHa © pasMepari
450x300x40
MnacTWHa © pa3Mepari
450%350x%30
MnacTWHa ¢ pa3Mepari
450x250x30
MnacTuHa ¢ pazmMeparn
450x150x30
MnacTuHa ¢ pa3mMeparn
450x480x40
MNacTWHa © pasMepari
450x480x30

SdppekTHEHOCTE BUOpou3onaumn, dB

I. .
20 40 0 ] 100 120
YacToTa B03geRcTEmA, U

Puc 6. Oxunamast 53pPEeKTHBHOCTH BUOPOM3BOJISIIMH JUIs TIOJIHOTEBIX BHOPOHU30JISATOPOB JIJIsl Pa3IMYHbIX
YaCcTOT BHENIHETO BO3aeicTBUs [6]

AHAJIOrMYHO JUIsl 3aJaHHOM JIMHEHKU OJHOCIIOMHBIX BHOPOU30JIATOPOB ¢ mepdopanusMu (0HOMN 1O
[EHTPY) ¥ TPEMsI-TIATH ObLITN BBHITOIHEHBI CTATUYECKUE PACUETHI M OTpeieNICHIE MIEPBBIX COOCTBEHHBIX YacTOT.
Pesynbrarel npuBossatTcs B Tabmure 2.

Hamnune mnepdopannii 3HaYMTENbHO W3MEHWIO KapTUHY paclpeieieHUs] HaNpsKeHUH BHYTPH
BUOPOU30JIATOPA, 30HA BCECTOPOHHETO CXKAaTHA YMEHBIIWIACH U CTajla 3HAYUTENIbHO MEHEE BBIPAXKEHHOH.

Puc 7. PacniosioxxeHue 30HbI BCECTOPOHHETO CXKATHUS ISl BUOPOU30JIATOPOB C OAHUM OTBepcThEM [6]
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Puc.8. Pactionosxenne 30HbI BCCCTOPOHHETO CXKATHUA IJId BI/I6pOI/I30II$ITOp0B C HCCKOJIbKMMHU OTBCPCTUAMU [6]

Tadnuua 2. Pe3yabpraTel pacueTa Jjisi BAOPOHU30JIATOPOB ¢ OHOH mepdoparueii [6]

Ne m.m. Pasmepbt BenuunHa BepTHKATLHON IepBas cobcTBEeHHAS
peaxkuuu, Tc. 4yacToTa, I'11
1 450x350x40 MM 70,55 Tc 8,31 T
2 450x300x40 MM 53,89 1c 6,16 '
3 450x350x30 MM 77,39 1 7,41 T
4 450x250x30 MM 43,25 ¢ 7,351
5 450x150x30 MM 17,48 tc 7,31 T'g
6 450x480x40 MM 81,52 Tc 6,12 'y
7 450x480x30 MM 88,92 tc 7,37 T

Tadauua 3. Pe3yapraTel pacueTa st BAOPOHU30JIATOPOB C TPEMSI-IISITBIO OTBEPCTHIMHU [6]

Ne Pasmepsl Bennuuna BepTUKaIBHOU [NepBast cobcTBeHHAs

IL.I1. peaxkuuu, Tc. yacToTa, I 11
1 450x350x40 MM 46,42 1c 6,16 't (mATH OTBEPCTHIN)
2 450x300x40 MM 32,92 ¢ 6,16 I't (maTH OTBEpCTHIT)
3 450x350x30 MM 49,63 1c 7,31 I't (msaTH OTBEPCTHIN)
4 450x250x30 MM 23,25 1c 7,28 I't (mATH OTBEPCTHIN)
5) 450x150x30 Mm 10,71 tc 7,28 I'1 (Tpm oTBEpCTHS)
6 450x480x40 MM 55,70 Tc 6,10 'y (11T OTBEPCTHIA)
7 450x480x30 MM 59,73 ¢ 7,34 I'u (151TH OTBEPCTHIN)

Ha crnepyromux rpadukax mokasaHa 3aBHCHMOCTb HECYLIEH CIOCOOHOCTH BHOpOM30iIATOpa OT
BEJIMYMHBI CBOOOIHOM OOKOBOM IMOBEPXHOCTH PE3MHOBOTO CIIOS, MEHSIOIIIEHCS 32 CUET pa3MellleHHsT OTBEPCTHH.

MNacTuHa c paMepami
® 50x350x40

MnacTika C pa3Mepami
4 150x300x40

MnacTika C pa3Mepami

450x350x30

MnacTika C pasMepami
® 15005030

MnacTika C pa3Mepami
* 450x150%30

MnacTika C pa3Mepami

250x480x40

MAacTuHa C pasMepami
®  150v480x30

=

py3ononbeMHOCTR, TC.

&

Pt
=

| | |
0.04 0.05 0.06 007 0.08 0.09
Mnowaae ceobogHon GOKOBOR NOBEPXHOCTH, M2

Puc. 9. I'paduku 3aBUCHMOCTH HECYIIIEH CIOCOOHOCTH BHOPOHU30JIATOpa OT TUIOIIAANA CBOOOIHOM
MTOBEPXHOCTH [6]

147



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

Taxke kak W I BHOPOU3ONIATOPOB 0€3 OTBepcTHi s mephOpUPOBaHHBIX BHOPOU3OJIATOPOB
BO3MOJKHO ITOCTPOUTH TpaduKu TEOPETUIECKON d(PPEeKTUBHOCTH BHOPO3AIIUTHI, pacCCMAaTPUBAas MPOCTEHIITYIO
MOJIENTb OAHOMAaccoBOTO ocmiuiaTopa Puc. 10 u Puc. 11.

MNacTHHa © Pa3MEpaMK
450x350x40

MnacTWHa C pa3MepamMm
A50x300x40
MnacTuHa c pasMepamn
450x350x30
MnacTuHa C pasMepamMm
450x250x30
MNacTWHE C pasMepamMi
450x150x30
MnacTWHa C pasMepamMm
450x480x40

MNacTHHa © pa3MEpaMK
450x480x30
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HacToTa Bo3NenCTENA, ML
Puc. 10. Oxunamas 3pPeKTUBHOCTH BUOPOU3OJISIIIMHU )11 BUOPOU3O0JISATOPOB C OJJHUM LIEHTPATbHBIM

OTBEPCTUEM ISl PA3JIMYHBIX YaCTOT BHEIIIHETO Bo3/eiicTBus [8]

MnacTWHa © pa3MepamMn
450x350x40
MnacTuHa C pa3MepamMn
450x300x40
MnacTuHa © pa3MepamMn
450x350%30
MnacTuHa © pa3MepamMn
450x250x30
MnacTuHa C pa3MepamMn
450x150x30
MacTWHa © pa3MepamMn
A50x480x40
MnacTuHa C pa3MepamMn
450x480x30
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-
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40 &0 80 100
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Puc. 11. Oxunamas 3pPeKTUBHOCTH BUOPOU3OIISILIMK JJIs BUOPOU30JIATOPOB ¢ HECKOJIbKUMU (3 1 5)
OTBEPCTHUSIMHU JUTS PA3JIMIHBIX YaCTOT BHEIIHETO Bo3aeicTBHs [6]

JIJis TPEXCIIOMHOTO BUOPOU30JISTOPA C OTBEPCTHAMU U 0€3 TaKkKe ObLIM MOJIyUEHBI 3HAYCHHSI HeCYIIeH
CMOCOOHOCTH M 3HAuYeHHWsS COOCTBEHHBIX YacTOT. JlaHHBIE 3THUX pacuyeToB MNpuBoaATcs B Tabmuie 4.
Hcmonk3oBaHue NpOrpaMMHOTO KOMIDIeKca, peanusyromero MKD B cimyuae pacdera TpeXCIOWHOTO
BUOPOHM30JIATOPa, OCOOCHHO MPH HAJIWYMM OTBEPCTUH IO3BOJIAET 0Ojiee IOAHO OIKCATh HAIPSHKEHHO-
JIe(pOpPMUPOBAHHOE COCTOSHHE.

Puc. 12. KoHeyHo-311eMEHTHBIE MOJICITTH TPEXCIOHHOT0 BHOpou3oistTopa ¢ Rigid snemMenTamu (He3aBHCHMBIN
y3en Rigid ajeMenTa coeiMHeEH ¢ 3JIeMEHTOM Macchl) [6]
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Ta6auna 4. Pe3ynbTaThl pacyeTa MHOTOCIONHOTO BUOpou3osTopa [6]

Ne Pazmepnl Bennuuna ITepBas
ILIL BEPTHKAIIbHOM coOCTBEHHAS
peaxkuuu, Tc. qacToTa, I'11
1 Tpu mnactuast 450x480x30 MM 6e3 4,44 T 128,45 1c
OTBEpCTUI
2 Tpu mmactuasr 450x480x30 MM ¢ 4,37 T 88,92 1¢
OJIHUM OTBEPCTHEM IO IICHTPY
3 Tpu mnactunst 450x480x30 MM ¢ 4,37 T 59,73 1c
OJTHIM OTBEPCTHEM TIO IICHTPY U 4-Ms
B yIJiax

st 0OAHOCTIOWHOTO BHOPOU30JIATOPA HAMYUE OJHOTO OTBEPCTHS, PACIIOKEHHOTO MO IEHTPY 30HBI
BCECTOPOHHETO CXKATHUS MPUBOAUT K 3HAYMTEIBHOMY CHIDKEHHIO IPY30104beMHOCTH (B cpenHeM Ha 30 %).

Hanmune wnHeckompkux (3-5-Tp) oTBepcTHil mnpuBOAMT K Ooiiee 3HAYUTEITHHOMY CHIDKEHHIO
rpy30n0BeMHOCTH (B cpeaHeM Ha 50 %).

Jnst ofHOCIOHHOTO BHOPOM3ONATOpPAa HAJIMYME OJHOTO OTBEPCTHA IOBBIMIAET 3PPEKTUBHOCTH
BUOpOM30IIAIINH B OKTaBHOM mosoce 31,5 I'm B cpeqnem Ha 10-11 nb.

Hannune nonogHUTENBHBIX OTBEPCTUH, pa3MEIIEHHBIX OJIMKE K KPalo PE3MHOBOTO CJIOSI HE TIPHUBOAUT
K OoJblieMy yBeauueHUto s¢dekTuBHOCTH. HabOmrogaercs JHIb 3HAYMTEIBHOS YMEHBIICHUE HECyIIeH
CHOCOOHOCTH.

B wMHOTOCNOIHOM BHOpPOHM3OIATOpPE HAJIW4YWE, IJMOO OTCYTCTBHE OTBEPCTHHA CKa3bIBaeTCS B
HE3HAYUTEIBHOM cTerneHu Ha 3Q(HEKTUBHOCTH PadOThl CHCTEMBI BHOPOHU3OJISIIIMK, OTHAKO HAIMYNE OTBEPCTHH,
TakK K€ KaKk ¥ B OJHOCIOHHOM BapHaHTE NMPUBOIUT K CYIIECTBCHHOMY COKpAIIECHUIO HECYLIEH CIIOCOOHOCTH.
Bo3MOXHBIM IyTeM NpPEOJOJICHUSI JaHHOW CHUTYalMH SIBIsieTCS paboTa pPEe3MHOBBIX CIIOEB B MHOTI'OCIOMHBIX
BUOPOU30IISATOPAX MPU 3HAYUTENHHO OOJIBITNX OTHOCUTEIBHBIX JeOPMAITUSIX CKATHSL, a TAKIKE UCIIOb30BaAHUE
OJTHOCJIOMHBIX BUOPOU3OIATOPOB € IepPOpaLusiMu, HO 00JIaIal0IIMMU OOJbIIEH TOMIUHONH PE3UHOBOTO CIIOS.
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Abstract. According to construction norms and rules, the territory of the Republic of Azerbaijan is a region prone to
moderate and strong earthquakes. Therefore, it is of great importance to obtain information about the nature and main
parameters of seismic events that may occur in the territory of the Republic of Azerbaijan and its adjacent zones, as
well as to determine the seismic stability of buildings under construction and operation. It is important to conduct
dynamic studies to study the stability of buildings. The theoretical calculation of the period of free oscillations of
buildings based on the stiffness, mass, geometric dimensions and shape of the load-bearing system is based on an
important assumption. Experimental determination of dynamic parameters is of great importance in the investigation
of how the building behaves during its construction and use. It is an important issue to determine the dynamic
parameters of the 16-22-story monolithic reinforced concrete frame buildings built in Baku and whose construction
has become massive. By determining the dynamic parameters of buildings and comparing them with the values of
normative parameters, it is possible to have certain knowledge about the earthquake resistance and condition of
buildings. The object of investigation of the research work is a complex of buildings built at M. Huseyn Street, 1A,
Sabail District, Baku City. In this work, research works on determining the dynamic parameters of the residential
building with the mobile diagnostic complex "Struna-3 Expert" were carried out.

Keywords: dynamic tests, seismometric stations, construction complex, free oscillations, dynamic parameters

Introduction. As a result of a large number of random natural phenomena and so on (earthquake,
vibration, strong wind, additional loading), the dynamic parameters of the building change. Therefore, repeating
the dynamic tests for that building after a certain period of time and comparing the obtained dynamic parameters
with the previous parameters can be of great importance. This will allow to reassess the durability of the
residential building after a certain period of operation. Taking into account that the area is a landslide zone, it
would be appropriate to conduct annual dynamic tests to determine the dynamic parameters of the stiffness
characteristics of the building structures and to take strengthening measures if necessary. There is always a
possibility of landslides in the area. It is important to install permanently operating engineering seismometric
stations in the building and surrounding area. Tests are repeated several times to get reliable results. By using
the received seismograms, the period, frequency, and longitudinal wave propagation in the building structures
are determined.

Brief information about the investigated building. "BAKI FLAME TOWERS" construction complex is
located at 1A, M. Huseyn Street, Sabail District, Baku. This building complex includes a hotel, office and
residential buildings. The residential building has 38 floors. Basements are designed on 4 levels in the building.
The building's stability and spatial rigidity are ensured by the joint work of reinforced concrete frames and
monolithic facing plate. A general plan of the site and a general view of the residential building are shown
below (Fig.1,2) [2,3].
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Figure 2. General view of the building from different directions [2,3]

Physical-geographical and geomorphological description of the construction site. The area where the
office building is built is an area with a slope of 15-200 degrees towards the sea, in the north-east direction. In
the immediate vicinity of the studied area, 50-55m. There is a sliding zone in the distance towards the north.

Engineer-geological characteristics of the construction site. Clay, sand, clay and limestone soils are
mainly involved in the geological structure of the area. The characteristics of the base soil obtained as a result
of literature materials and laboratory studies are given below (Tab. 1).

Table 1.
Serial number Indicators Averages
1 Bulk mass, g/sm3 2,14
2 Uniaxial compressive strength (in natural state) kgf/sm? 65
3 Uniaxial compressive strength (under water) kgf/sm? 48
4 Softening factor 0,74

Hydro-geology and seismicity of the construction site. From the point of view of earthquake safety, the
construction site has I1-level seismic composition according to the table No. 1 of TN and Q 11-0.7-81, and it has
been evaluated as a 7.0-point area. During the construction of the building itself, groundwater encountered in
the field is transferred through the drainage system. The correction added to the score due to soil is (0.51+0.12)
points. Thus, the maximum intensity of vibration of the area where the residential building is located from the
strongest earthquakes is 7.5 points. This score (8.0) was accepted as a normative document for calculating the
building.
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Experimental determination of dynamic parameters of the building. Tests were conducted with the help
of "Struna-3" type mobile diagnostic complex to detect the dynamic parameters of the building's vibration
movement and the location of closed (hidden) damage in the building structures. The dynamic parameters of the
building were determined experimentally by impacting the building's X and Y (longitudinal and transverse)
directions with the help of a loading device on the soil of the area where the building is located (Fig.3.).

Figure 3. General view of the loading device [3]

Taking into account the large number of floors of the building (38 floors), the tests were performed in 2
variants. In the 1st option, the seismic receivers are placed on the 1st, 4th, 8th, 11th, and 19th floors, and in the
2nd option - on the 1st, 19th, 25th, 32nd, 36th floors. The location levels of seismographs in the building during
the test are shown in figure 4.

z
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| 3enfloor JN

35 floor

34 floor

337 floor

3203 floor - ——
31= floor

30 floor
29 floor
28* floor
27 floor
26 floor

24 floor

2379 floor
224 floor
21= floor
20" tloor
19 floor =5
18 floor
177 floor
16* floor
15 floor
143 floor
13* floor
12 floor
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10" floor —_—
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5% floor /" <
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204 floge—"_

L
/4” i

Figure 4. Location levels of seismographs in the building during the test [3,4]
With the help of the loading device, blows are made in the directions of the X and Y axes of the building.

The building dance begins to move. The shaking movement of the building is received by seismographs placed
on different floors and recorded in a computer connected to the seismographs with the help of wires (Figure 5).
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Figure 5. General view of the computer [3,4]

In addition to the impact methods, the recording of the building's oscillation movement due to the wind effect
was also carried out (Figures 6-7). The wind speed is determined with the help of a mechanical device of type

ARC-48.
Free oscillations due to the influence of wind (Vk=3.0-4.0 m/sec)

JaTume 1
il T
DLI06 - - - e e e e e e e e e e e e o e e o e e e
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-0,005 4
-1/
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031

Figure 6. Free oscillations along the floors of the building. X-axis oscillations test1x01x [5]
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Figure 7. Free oscillations along the floors of the building oscillations on the Y axis. file: test 1x01y [5]

Processing and analysis of seismograms obtained as a result of tests. The seismographs recording the
building's vibration are located on the 1st, 4th, 8th, 11th, 19th, 25th, 32nd and 36th floors of the building and

are oriented along the X, Y and Z axes of the building.
The constructed spectra of the building's swaying motion caused by wind are given below (Figure 8). In

the spectrum graph, the horizontal axis represents period (T) or frequency (F), and the vertical axis represents
displacement (U, microns).

Spectra of free oscillations formed in the building due to the influence of wind

DT |
\/\ H : H -
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] 1 H 3 ] 5 5 T o
DT 4

un

Figure 8. X-axis spectrum of the free oscillation of the building. file: test1x01x [5]

The constructed spectra of the building's oscillating motion caused by the impact in the X and Y direction are
given below (Figure 9-12).

Forced oscillations due to transmission of seismic impulse along the X-axis
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Figure 10. Free oscillations along the floors of the building oscillations along the Y axis. file: test1x1ly [5]
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Figure 11. Free oscillations along the floors of the building Z-axis oscillations. file: test 1x1z [5]
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Figure 12. Free oscillations along the floors of the building X-axis oscillations. file: test 1x2x [5]

The degree of damage to the building was determined by comparing the value of the normative period
of the building's vibration with the value of the period determined as a result of the tests. The empirical formula
given below is used to determine the normative value of the period of the building:

T=a-n (1)

Here: n-the number of floors of the building; O - is a coefficient that depends on the construction of the
building and the type of its foundation.

The value of the coefficient for the most common types of buildings in medium-density soils is
determined according to the following table (Table 3).
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Table 3.
Serial number Type of building a - coefficient
1 Large panel residential building 0,045
A residential building with load-bearing walls of brick,

2 0,056

stone and large blocks
A large hollowed-out school and other buildings with walls

3 - X 0,065
similar to those in P 2

4 Monolithic reinforced concrete frame buildings with walls 0.064

filled with brick or light concrete ’
5 Infilled steel frame buildings as in P 4 0,08

An increase in the period of the building is characterized by a decrease in the rigidity of the building.
These quantities are inversely proportional to each other. When calculating the value of the normative period of

the residential building under test, the value of Ol should be taken O + 0,011, in the direction of the X axis

of the building and in the direction of the Y axis the value of Ol should be taken Ot & 0,0125, . Using these
coefficients, let's calculate the normative values of the period along the X and Y axes of the building:

in the direction of the X axis

7™ =(+0011)-n
7°™ =0,075-38=285san.
77°™ =0,053-38=2,01san.

In the direction of the Y axis
7,°™ =(ar £0,0125)-n
Tynorm =0,0765-38 =291 san.
Tynorm =0,0515-38 =196 san.

Thus, the normative values of the period in the direction of the X-axis of the building contane:
7;7°™ =201-285san.

And in the direction of the Y axis
T,°™ =196 —291san.

According to the results of the conducted test, the period (T) of the free oscillation of the building on
the X, Y, Z axes is given in the table below.
Ground period: 0.22 - 0.24 sec.

According to the results of the test, the values of the amplitudes of oscillations on the floors in the direction of
the X, Y, Z axes of the building are given below (Table 5).

The speed of seismic wave propagation on floors along the height of the building is given in the table below
(Table 6).
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Table 6
V
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rates are determined according to Table 7.

The comparison of the price of the period obtained as a result of tests of the building with the price of
the normative period allows us to come to the conclusion that they differ from each other by an average of 8.7%
on the X-axis and 7.1% on the Y-axis. Based on the comparison of the value of the period of actual free
oscillations obtained as a result of the tests of buildings and facilities with the normative values, their damage

Table 7.

Degree of injury

Increase in the period of free oscillations, %

1-undamaged, light 0-10
2-medium 11-30
3-strong 31-60
4-heavy 61-90
5-catastrophic 91-100

From the table and comparison, it can be seen that the degree of damage to the building can be attributed
to category 1, light, undamaged. The results of the seismic wave propagation velocity in the structures by floors
suggest that the velocity variation is small. The strength of concrete varies less in the upper floors than in the
lower floors. As a result of the inspection, it was found that the strength of concrete is B 30.
It is possible to determine the seismic coefficient A and the dynamics coefficient B by knowing the
experimental dynamics parameters of the building's vibration movement:

Y” .

A=T0

g

1 .
p=—"rr’

- Lo
T,

Here: v~ - ground vibration acceleration; g - acceleration of gravity;

ql

T, - dominant period of the soil; T, - the period of free oscillation of the building .
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The value of A will be lower for our case. This is due to the fact that it is impossible to create an effect
corresponding to points 8 and 9 with the load on the ground. The value of [3 does not depend so much on the

strength of the effect. Therefore, we determine the value of B according to the formula given above:
a) for transverse oscillations 3,, =1,016

b) for longitudinal oscillations A, =1017

Conclusion.

1. It was determined that the height of the residential building is 12.40 m above the ground. installed on the
foundation layer at the level of the bottom of the pit to be dug in depth, the foundation poles of the buildings are
20-31m.

2. Taking into account the analysis and analysis of geological-geophysical, tectonic, seismological materials,
the engineering-geological and hydro-geological conditions of the construction site, the change in the intensity
of the earthquake impact, if the foundation is designed on clay soil through piles, the site is evaluated with 8.0
points.

3. As a result of the tests, the spectra of oscillations in the direction of the X, Y and Z axes of the building were
obtained and analyzed. By impacting the soil of the area where the building is located with the help of a loading
device and conducting tests under the influence of wind, the period of the building's oscillation movement is
Ty=1.83 sec. in the width of the building, in the Y direction, T,=1.85 sec. in the longitudinal X direction, and
Tz=1 in the Z direction. ,81 sec. and the dominant period of the soil is 0.22-0.24 sec. received.

4. The comparison of the period of the experimental free oscillations obtained according to the analysis and
analysis of the spectra of the building oscillation with the period of the normative oscillations calculated
according to the given methodology showed that these periods differ from each other by an average of 8.7% on
the X-axis and 7.1% on the Y-axis. Therefore, according to Table 7, the degree of damage to the building can
be classified as undamaged, light, 1st category.

5. As a result of the conducted tests, there is little change in the speed of propagation of the seismic wave on the
floors of the building from the bottom to the top. This suggests that the change in strength of concrete from the
bottom to the top is negligible. In other words, the brand of concrete hardly changes along the height of the
building.

6. According to the obtained experimental results, the coefficients used to calculate of seismic forcesare B =
1,016 in the longitudinal direction of the building and in the transverse direction § = 1,017 .
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INVESTIGATION OF INFLUENCE OF THE LOCAL GROUND CONDITIONS ON
THE SEISMIC HAZARD OF A CONSTRUCTION SITE

Imamaliyeva Jamila Nusrat- PhD in tech.sc., ass.prof., Deparment of Exploitation and
reconstruction of buildings and constructions, AzZUAC, ncamila@rambler.ru

Abstract. When studying seismic hazard, it is necessary to evaluate the local effect of earthquakes.
The main factors that determine the parameters of surface vibrations during earthquakes include local
effects associated with the response of the soil, the effects of surface topography and the topography
of internal boundaries (heterogeneities, inclusions, sedimentary basins, etc.). At present, methods for
reliable estimation of these effects have been developed in seismology. Knowledge of the probabilistic
parameters of surface vibrations is necessary to calculate the reaction spectra, dynamic stresses and
deformations that can cause destruction of buildings, to assess the possibility of soil liquefaction. The
article examines the influence of local soil conditions on the seismicity of a construction site during an
earthquake. To assess the seismic stability of structures erected on a layered foundation, it is necessary
to investigate the influence of local soil conditions on surface vibrations during an earthquake. The
influence of local soil conditions on the change in the characteristics of vibrations of the surface of the
construction site of a structure during an earthquake is the result of a complex process of the passage
of seismic waves. The resulting seismic effect of the construction site is affected by the parameters of
the initial seismic load and the characteristics of the soil layers underlying the base. Under certain
ground conditions, dynamic amplification or attenuation can occur in the form of a change in the
amount of peak acceleration or the duration of oscillations. The layers of the underlying soil are capable
of changing the frequency characteristics of the oscillations of the seismic wave coming to them. The
result of such changes may be an increase in oscillations in certain frequency ranges, which may
coincide with the natural frequencies of the erected structure, which leads to resonance effects.
Keywords: vibration spectra, soil conditions, frequency range, seismic oscillations, earthquake-resistant
construction

Introduction. Analysis of earthquake consequences shows that ground conditions affect damage to
buildings and structures in seismic areas, with the physical and mechanical properties of soils, which
characterize the ability of a given soil to perceive and transmit seismic waves excited by an earthquake,
being of primary importance. The causes of the influence of ground conditions on the destructive effects
of earthquakes are related to the dynamic characteristics of soils in the surface layers of the Earth, located
on the bedrock of deeper layers, as well as the bearing capacity of soils themselves. As studies show, the
presence of weaker soils over dense rocks leads to an increase in the intensity of vibrations at the surface.

Methods.The use of data on the frequency characteristics of the soil layer at the base of buildings and
structures is necessary to ensure high seismic resistance and minimize the cost of seismic protection
measures. In seismic microzoning, to determine the vibration frequencies of the main types of buildings,
structures and structures (Table 1) and the maximum vibration spectra during strong earthquakes [1,2],
the frequency range from 0.05 Hz to 20 Hz is studied.

Table 1. Approximate values of natural oscillation frequencies [3]

Building type Dominant frequency (Hz)
Single storey buildings 10
3-4 storey buildings 2
Tall buildings (10+20 floors) 0,5+1,0
High rise buildings 0,17
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The amplitude-frequency characteristic of the soil stratum under the construction site can be obtained
instrumentally using records of earthquakes or microseisms.

In areas with low seismicity, registration of earthquake oscillations is not always possible,
therefore, seismic observations at the construction site are carried out using microseismic registration.
The registration of high-frequency microseisms gives approximate values of the frequency response
of the soil stratum, therefore, in this case, only the increase in seismic intensity is estimated in points
of the macroseismic scale.

Engineering-geological and seismological data on the structure, physical and mechanical
properties of the soil stratum of the construction site make it possible to build seismo-geological
models and calculate the frequency characteristics of the soil base of the construction site under study
using the Thompson-Haskell matrix method [4].

In the practice of seismic microzoning, the mechanisms of linear transformations of seismic waves
in the near-surface soil layer, which lead to increased oscillations and resonance phenomena, have
been sufficiently studied. To model the behavior of the soil stratum under seismic impacts, a linear or
non-linear approach is used. During an intense earthquake, the proportionality between stresses and
strains is violated, a saturation phenomenon occurs, when the stress increases more slowly than at
lower strains, therefore these phenomena cannot be described by the linear theory of elasticity. The
stress value at which the proportionality of the dependence between stresses and strains disappears is
the threshold of elasticity. The elasticity threshold for different categories of soils is different [5] and
is determined by the absorption of seismic energy by soils [6]. Therefore, to analyze the response of
soil to seismic impacts, considerable attention has recently been paid to nonlinear approaches
[5,6,7,10-11]. Under high-intensity seismic impacts, the nonlinear approach to the response of the soil
stratum will depend on the magnitude of seismic deformations [12, 13]. An incorrect approach to
modeling the response of soil to seismic effects from earthquakes will lead to inaccurate values of the
resonant frequencies of the soil stratum, which during an earthquake can lead to the destruction of the
building due to resonance effects not taken into account in the design.

In the world practice of earthquake-resistant construction, equivalent linear modeling of the soil
response to seismic actions is widely used [5], where the soil is considered as a linear viscoelastic
material, and its nonlinear properties are taken into account by introducing the dependences of the
shear modulus and absorption coefficient on the amplitude of shear deformation. Such dependences
are selected for each layer of the soil stratum model separately for the data obtained as a result of
laboratory or field studies [2,5].

Conclusions. Analyzing real records of strong earthquakes, as well as the results of numerical
simulation [12], we can conclude: Nonlinearity of the response of the near-surface ground strata leads
to changes in the spectral composition of seismic vibrations, and to changes in the amplification of
seismic vibrations [12].

At high intensity of oscillations nonlinear absorption mechanisms begin to operate, which lead to
attenuation of oscillations at high frequencies, but do not attenuate at the same time low-frequency
oscillations. Changes in the spectral composition of oscillations at the surface, associated with the
nonlinearity of the response of the ground strata, manifest themselves in a shift of the resonance
frequencies to the low-frequency region. The amplification of seismic oscillations at the surface
decreases due to the nonlinearity of the ground response compared to the linear response in dry soils
(when groundwater is at a depth of 10 m or more). In water-saturated soils (when the water table is
less than 10 m deep), this enhancement is less noticeable.

When modeling the response of soils to seismic effects, for soils of category I according to the
classification of the Building Code AzDTN 2.3-1 "Construction in seismic areas", a linear dependence
between stresses and strains may be used. For soils of category Il, a linear dependence on intensity of
8 points may be assumed. And for soils of categories Ill and IV - non-linearity should be taken into
account starting from 6-7 points.

Soils of the construction site are classified upon their seismic characteristics to I, 1, Il and IV
classes (Table 1).

162



Elmi asarlor, Insaat Scientific works, Construction 2023, N2

Table 1.
Category of Soils The velocity | Nspt Calculated resistance
Soil of seismic Stroke | of soil Ro,kqqg/cm?
wave, V, m/s | quantity
I All type of solid rocks, sand rock, >800 -- >10,0

Soils (with net mass>2,2t/m?)

which 70 % broken from rock

pieces and 30% consist of sand
clay mixture

I | class soil, but detrited, with 500800 >50 3,0~10,0
emptiness in its structuture; Less
damp or damp, with big or medium
density, Big or small grainy sands,
Pebbly sands with consistency
coefficient il<0,5;
porosity coefficient
e<0,9 Hard clays

I Damp, small grainy, sands with 200+500 15+50 1,5+3,0
small density, consistency
coefficient il<0,5
porosity coefficient e<0,9 half
solid clays

v Fine sands, sandy soils not <200 <15 <15
depending from density of grain
and saturated with water; dusty

clays with consistency coefficient

i1<0,5;

Linear modeling in seismic microzonation of construction sites is recommended only for soils of
categories | and Il. And for soils of categories Ill and 1V, their possible nonlinear behavior should be
taken into account. It should be taken into account that the accumulation of seismic energy (resonance
effects) significantly depends on the duration of seismic oscillations, i.e., in local earthquakes,
resonance effects are less dangerous than in strong subcrustal earthquakes.

To ensure high seismic resistance and minimize the cost of seismic protection measures, it is necessary to use
data on the frequency characteristics of the ground strata at the base of buildings and structures to exclude the
coincidence of natural periods of seismic vibrations, reinforced by local ground conditions with natural periods of
buildings and structures vibration.
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Abstract. The study of the earthquake phenomenon has recently been of interest in connection with the increasing
frequency of earthquakes. Seismic microzoning evaluates the influence of local engineering-geological conditions of
a construction site on the parameters that determine the nature of the destruction of buildings and structures under
specific soil conditions. These parameters include the intensity, the form of recording and the spectrum of vibrations
of the upper part of the soil section during possible earthquakes. Since in some cases resonant effects can occur in
soils (significant amplification of oscillations at specific frequencies) even under favorable (in terms of seismic
rigidity) site conditions, the seismic safety of buildings or structures built on it is not guaranteed.In earthquake-
resistant construction, it is necessary to know the magnitude of the intensity of vibrations, the values of maximum
accelerations and the distribution of seismic effects in frequency. The soils on which structures stand affect the
vibrations of these structures. When calculating the structure-foundation oscillatory system for all modes, the
forecast of its resonant frequencies and peak displacement amplitudes, considered as limiting - the most
unfavorable conditions for the operation of the structure, is of great importance. In the spectrum of a seismic
wave, there are fluctuations with frequencies close to the natural frequency of a number of structures, which for
different modes often ranges from fractions to a few hertz (characteristic periods from 0.2 to 2 s). At resonance,
stresses increase at the contact of the foundation with the soil, and in the structure of the structure, the probability
of its destruction increases. For the first time, the formation oscillation is described in the work, the frequency of
oscillations from the wavelength is determined. The equation of oscillation of an elastic body is taken as a basis. The
case of functions periodic in X and an arbitrary variable in height and depth is considered.

Keywords: wavelength, seismic effect, elastic soil, inertial forces, oscillation period, angular frequency

Introduction. The resonant amplification of pendulum oscillations is especially dangerous when the center
of gravity of the structure is significantly removed from its fulcrum, which is typical for bridge supports, pipes
and high-rise buildings. The seismic effect is determined by three parameters: 1. amplitude level; 2. prevailing
period; 3. duration of fluctuations. The duration of vibrations can be critical to the stability of structures short-
term high acceleration loads may not be dangerous for many of them. The longest period of the Earth's
oscillations is about 1.5 hours. The periods of oscillations of the Earth's layers during earthquakes are of the
order of a fraction of a second. Therefore, it can be assumed that earthquakes are independent of the Earth's
vibrations. In the work under study, the reservoir is considered independently of the Earth's oscillations.
Estimated values of ground displacement parameters during earthquakes (table 1).

Table 1.
Earthquake Ground displacement Ground Horizontal ground

intensity in points acceleration, sm/s? displacement speed, displacement, mm
(MSK-64 scale) sm/s

VI 30-60 3-6 1,5-3

VI 61-120 6,1-12 3,1-6

VIII 121-240 12,1-24 6,1-12

IX 241-480 24,1-48 12,1-24

Methods. A layer of earth with a thickness of y, is considered, there are no stresses on the surface, o, =
0 and n g, = 0; at the base v = 0 and g, = 0, i.e. there is no vertical displacement and the ground slides

freely in the horizontal direction (Fig. 1)
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Horizontal ground slip. Solutions of wave equations in polar coordinates r, 6 are found
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in the form of
_ 21V, J_ 1 a+b |
t

Il

a

+F _[A (a, b)ydr)+r— jA (a, b)ydr+—(A4(a b) —

Iy O:u -y
a+b | a a
- bd——Aba d—— b,a) —
o JA@D) D - o j (b,8) udz — —(A(b2)
a b (3)

a+h |
-~ [Ab.a) ud)

rO,u I-Iy

b
where: ¢ and y - potential functions, described waves the transferring volume expansion and rotation;

_ A+2u 1) _ . .
magnitudes a = and b= _[— are determine the velocity of propagation of waves of
P P

expansion and waves of rotation;A u p - constants of Lama; p - density of medium; A - Laplacian; Vo — constant
speed of cylindrical inclusion; H(t)- Hevisayd’s unit function, determined by a formula

H(t) = 1,t>0 .
10, t<0 @

Results. For simplicity, a two-dimensional problem for an elastic soil is considered. The equations of
motion are

pZt %= A+ 2m)V?u (5)

92
psz= A +2m)V? ©6)

where p — soil density, A, u — Lame's constants, t - time, u, v — displacements in horizontal and vertical

directions. V2= — + —, 1 and u are considered permanent.

a 2’
Assuming that there is an oscillatory motion with an angular frequency and a standing wave length I, we
have

u= Usina)tcoszTnx @)
and v= VsinwtsinzTnx (8)
where u and v — fuction of y.
Substituting (7) and (8) in (5) and (6), we obtain

27‘[

—pw?U = (A + 2u) [ — U + U"] 9)
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—pw?V =(A+—mo[—(%ﬁzv>rvq (10)

Solving equations (9) and (10) relatively to u and v, we obtain
u = ¢;5inQly + c,cosQy (11)
V = DysinQly + D,cosly

2 2 2
where [ e (—”)
A+2u l

Shear stress

w  d 2 N 2
Oxy = UExy = I (é + ﬁ) =u (TnV +u )smwtcosTnx (14)

Satisfying the conditions at the lower bound: y = 0,v = 0,0,, = 0, we get

D,=0; ¢, =0 (15)
On the upper border y = y,, gy, = 0,0y, = 0, we get

axy|y=y0 = u(D; sinQy, — chsinﬂyo)sinwtcoszT”x =0

or
2D —0C, =0 (16)
From (11) and (15) expressions
U = cycosQly,
V = D;sinQy, a7

Further
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From (16) and (18) expressions
wz — 2(A+M) (19)

where v — frequency
w
V= 2m
Conclusions. In this paper, for the first time, the formation oscillation was presented, the frequency of
oscillations from the wavelength was determined. The layer of earth under the construction site acts as a filter:
at some frequencies, the soil layer transmits vibrations almost unchanged, while at others it amplifies or absorbs
vibrations. When designing earthquake-resistant buildings and structures, it is important not to allow the maxima
of the frequency response of the soil layer to coincide with the natural frequencies of buildings and structures.
To determine the amplitude-frequency characteristic of the soil stratum, frequencies corresponding to resonant
forces are considered. The frequencies to which the resonant amplifications correspond can be determined from
the amplitude-frequency characteristic of the soil stratum. In this case, it is desirable to consider a wide frequency
range from 0.05 to 20 Hz. This range is of the greatest interest in seismic microzoning, since it contains the
vibration frequencies of the main types of buildings, structures and their critical structures, as well as the maxima
of the vibration spectra during strong earthquakes.
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Introduction. About 30% of the territory of Azerbaijan is located in the zone of seismic activity. In the
Alpine-Himalayan geosynclinal belt, where Azerbaijan is located, the movement of lithospheric plates
continues, as a result of these movements, tectonic faults, uplift of mountains, and depressions of the plain were
formed [1]. The causes of earthquakes have been the subject of study since ancient times. Many ancient scientists
expressed various hypotheses about the causes of earthquakes, but this issue was most fully considered by
Aristotl [2,3]. He believed that the cause of earthquakes is the movement from the depths, spirit, solid matter,
and he saw proof of this position in volcanic activity. In many parts of the world, earthquakes are also caused
by volcanic activity. Earthquakes occur and as a result of human activity, powerful explosions (especially
nuclear ones), the construction of large reservairs, et al.

In 1910, A. Wagner suggested that once all the continents were part of a single supercontinent [4]. This
hypothesis has become a proven theory, called the theory of plate tectonics, the main content of which is that
the outer shell of the Earth (the lithosphere) consists of several large and strong plates moving one relative to
the other. The thickness of the plates is about 80 km [4]. In the zones of their contact with each other, rocks are
under the influence of large tectonic forces, causing physical and even chemical changes in them. The plate
system itself is undergoing constant change.

Among the plates currently distinguished are Eurasian, African, Pacific, North and South American, Indo-
Australian, etc. At a depth of 650-700 km, the plate material is completely absorbed by deep rocks and mixed
with them [5].
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Figure 1. Plate tectonics Small plates: 1-Filipino, 2-Coconut, 3-Caribbean, 4-Nasca, 5-Arabian [5]

Tectonic earthquakes usually have the greatest force. They arise when the stresses that arise in the rock
ofthe earth's crust do not have time to relax and exceed the strength of the rocks, resulting in a rupture, a shift
in the form of a fault and reverse. The appearance of faults in rocks is accompanied by the release of
accumulatedelastic energy, i.e. occurs due to elastic deformation.

The rupture plane, together with the area around it, is called the source (sometimes focus) or hypocenter
ofan earthquake. The surface of the earth's crust above the hypocenter-epicenter.

According to the depth of the foci (foci), earthquakes are classified into deep-focus - with a depth of 300-
700 km, intermediate - with a depth of 60-300 km, normal - with a depth of less than60km [6]. The greatest
destruction is caused by shallow-focus earthquakes (with hypocenters at a depth of no more than 15 km) [6].

The development of environmental oscillations, caused by part of the released elastic energy, is
accompanied by the propagation of three main types of elastic waves. Of these, only two types of waves
propagate inside the volume of rocks: longitudinal or primary (P) whose movement has the same character as
sound waves, slower transverse or secondary (S) transverse waves do not pass through those parts of the Earth
that consist of
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Table 1. Elastic wave propagation velocities in rocks [8]

Specific  [Velocity of elasticwaves, km/c Vs
Soils and rocks gravity,
11, kH/™M® E
Longitudinal | transverse
VP VS
Bulk loose (sands, sandy loams, 14-17 0,1-0,3 0,07 -0,15 0,62-0,4
loams) unsaturated
gravel-sandy 16 -19 0,2—0,5 0,1-0,25 0,62-0/4
Sandy:
dry 14 - 17 0,15-0,9 0,13-05 | 0,62-0,55
medium humidity 16 -19 0,25-1,3 0,16 - 0,6 0,55-0,4
water-saturated 17-22 0,3-1,6 0,2-0,8 04-0,1
Sandy loam, loam 16 -21 03-14 0,12 -0,7 0,6-0,3
Glia:
wet, plastic 17 -22 05-28 0,13-0,2 04-0,1
dense, semi-hard, hard 19-26 20-35 1,1-20 0,62-0,4
Loess 13-16 0,38-04 | 0,13-0,14 0,35
semi-rocky and rocky:
1) marl 18 — 26 1,4-35 0,8-2,0 0,62 -0,4
2) sandstone:
loose weathered 17-20 1,0-3,0 06—18 0,55-0,3
dense 20 - 26 2,0-43 1,1—25 | 0,62-0,55
3) limestone durable 20-30 3,0-6,5 15—37 0,62 - 0,55
4) shales 20 -28 2,0-5,0 1,2—3,0 0,62-0,2
Igneous and metamorphic rocks: fractured 24 -30 3,0-5,0 1,7-3,0 0,58 -0,48
(gneiss, basalt, diabase, et 27 -33 40-6,5 2,7-4,3 0,65 -0,58
al.) non-fissured (granites, gneisses)

The propagation speed of these waves depends on the density of the rocks through which they pass. The
speed of propagation of the P-wave is about 8 km/sec, the transverse S-wave is 4.5 km/sec. Using the relations
of the theory of elasticity, it is possible to connect the elastic characteristics of the earth's crust with the

propagation velocity of P- and S-waves: Wave propagation speed
V.- F _[E_
P 2p(1+v) (1)

V - E@-v)
P\ pL+Vv)(1-2v)
E, v, G - respectively, the deformation modulus, Poisson's ratio, shear modulus p - rock density.
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Figure 2. Different types of seismic waves

Measure of the total energy of seismic waves is the magnitude (M)-decimal logarithm of the maximum
amplitude of a seismic wave record obtained by a standard type seismograph at a distance of 100 km from the
earthquake epicenter. This value as a characteristic of an earthquake was developed by Wadachi in Japan in
1931, and improved by Richter in 1935 in California. The magnitude rating of an earthquake is often referred to
as the Richter scale. The magnitude characterizes the focus of an earthquake.In contrast to the characteristic of
total energy, calculated by magnitude, there is the concept of earthquake intensity, calculated according to the
MSK, Mercalli, IMA scale, depending on which scale is adopted in a particular country. Intensity scales
characterize the appearance of a shock at a particular point on the globe, i.e. the intensity of the same earthquake
is different in different parts of the globe, but the magnitude is the same.MSK-64 scale 12 points. In North
America, the 12-point Mercalli scale is widely used, the IMA scale developed in 1949 in Japan, 8 points (there
is a score of 0, and the maximum value is 7 points) The transition from the IMA scale to the Mercalli scale can

very approximately be carried out by the formula

Iv = 0.5+1.51 liwa (2

Table 2. Values of acceleration, speed and displacement on the MSK-64 scale

Score . Offset of the center of the
Acceleration 10 m/c? Speed 10 2 m/c standard pendulum 10°3
5 15-25 1-2 05-1
6 26— 50 2,1-4 1,1-2
7 51-100 41-8 2,1-4
8 101- 200 8,1-16 4,1-8
9 201- 400 16,1 - 32 8,1-16
10 401- 800 32,164 16,1 -32

In addition to describing the consequences of earthquakes, the MSK scale contains the values of
displacements, velocities, and accelerations on the soil surface corresponding to one or another magnitude.
These parameters are especially necessary in the calculation of building structures.

Modern engineering activities have relatively recently encountered the fact that water can provoke
earthquakes. A series of earthquakes (700 aftershocks) in the Denver region (USA) with a magnitude of 0.7 to
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4.3. It was at this time that the Rocky Mountain military plant located in this area began to pump liquid
production waste into a well 3670 m deep. An increase in water pressure in the well caused groundwater to flow
into the cavities and cause cracks to form along the pre-existing faults. It is assumed that the increase in pore
pressure, in turn, led to a decrease in effective stresses in the rocks and contributed to shears [8].
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Figure 4. Nomogram for transition from intensity scores to magnitude and back [8]

The filling of the Nurek reservoir on the Vakhsh River with a depth of 300m has led to an increase in local
seismic activity. About 200 tangible shocks were registered. The maximum intensity reached 6 points on the
MSK scale. These earthquakes practically did not affect the construction of the hydroelectric complex.

As follows from the above, the weight of the dam or reservoir could not lead to the provocation of an
earthquake with a source at a depth of 10 km, since it causes too small stresses compared to the stresses acting
at this depth. The most convincing explanation is the effect of pore pressure and a decrease in the bearing
capacity of rocks that are in a state close to the limit.

In addition, when creating large reservoirs, one should keep in mind the possibility of the occurrence of
seiche-standing waves in reservoirs caused by earthquakes.

Particularities design of hydraulic structures. The dynamic method opens up great opportunities for
studying the operation of complex structures of hydraulic structures. This method made it possible to obtain not
only qualitative, but also quantitative results in the analysis of the operation of structures. At the same time, its
wide use in design practice is difficult due to the complexity of obtaining initial information (computational
seismograms and accelerograms); the lack of a method for assessing the performance of a dam in the traditional
form for designing in terms of the reliability factor and the need to assess performance based on residual
displacements; In addition, dynamic analysis requires qualified engineers who specialize in such calculations in
laboratories and groups.
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H 14 pNEI
H"\ p'E 3)

Where T/ H’, p’— are respectively the oscillation period, the height of the dam and the density of the
material of the body of the dam (in this case, the height of the model H=100 m).

For rough estimates of seismic forces in dams, one can use the eigenmodes according to Fig. 4, bearing
in mind that they are built for a dam with a height of 100 and 120 m. According to formula (3), the periods of
oscillations are recalculated according to the forms, while with an increase in the height of the earth dam more
than 120 m, they increase in comparison with the model, which in the end often leads to a slight increase in T’
compared to T", H"”, p"’ for design dam.When designing dams with a height of less than 120 m, the decrease in
density and modulus of elasticity should not be taken into account if these characteristics when laying soil in the
body of the dam are close to those used in the calculations of dams with a height of 120 m.

Since the main tone of natural oscillations carries about 60-80% of the energy of oscillations,
preliminary estimates can be made on the basis of one first mode of oscillation. Estimation of the fundamental
tone period of a concrete gravity or earth dam can be made by the formula

T'=T

T=07—2—pn |2
B+ B, G, 4

Bo, B-respectively, the width of the dam along the crest and base, H is the height of the dam, p- is the
density of the material of the dam body, Gy is the elastic shear modulus.

For the most rough estimates of the stability of the slopes of an earth dam made up of loose
soils under seismic impacts (with a margin), you can use the formula that reflects the stability of a stone on a
slope under a horizontal seismic impact:

K —_ 199
" tg(a+9) (5)
Where tgo is the coefficient of soil friction on the slope surface, a is the slope angle to the horizon, § =

arctg (u"Tkl) horizontal acceleration, g - gravitational acceleration, ki - coefficient taking into account the
permissible damage to buildings and structures, as well as the reduction of acceleration due to the development

of plastic deformations or the appearance of cracks in the structure. (%) acceleration of the base in fractions
of the acceleration of free fall (seismicity coefficient)

The appearance of pore pressure in coarse-grained soils under seismic impacts can significantly reduce the
stability of dam slopes. To combat the development of pore pressure along the slope, a zone is created from
strongly filtering material: from rock mass or more homogeneous pebbles. Inside the persistent riding prisms, if
they are made of sand and gravel soil for a dam with a core, drainage is arranged from sorted pebbles. In the
downstream prism, drainage is arranged to relieve the pore pressure caused by the flooding of the
downstream thrust prism due to infiltration during seismic action.

An analysis of the operation of an earth dam under seismic impact shows that the most dangerous
collapse curves are located in the upper parts of the dam, where seismic forces are greatest. Therefore,
it is possible to increase the stability coefficient of the dam by placing slopes in the upper third of the
dam, widening the crest and replacing the gravel (if the dam is being built from it) with a ragged stone
with a higher angle of internal friction.

Conclusions. The article gives a general analysis of the seismic impact on hydraulic structures,
especially when designing dams from concrete and soil materials. The use of modern calculation methods and
building materials makes it possible to create safe structures that meet all the requirements for the reliability of
hydraulic structures. Based on the presented study, for the analysis of earthquake-resistant hydraulic structures,
it is necessary to establish the following parameters: a generalized maximum value of force, deformation
(mixing), bearing capacity, strength, the degree of influence of plastic deformations on the bearing capacity of
structures.
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Abstract :The prestressed concrete application of cylindrical structures is now recognized as one of the most
cost-effective designs. Circular prestressing addresses the weaknesses of leakage and cracking that are common
in traditional reinforced concrete tanks. It requires less maintenance, has superior fire resistance, and is a suitable
substitute if steel is costly. This study investigated the entire application of circular prestressed concrete condeep
platform supports and provided recommendations for a circular prestressing methodology.

Keyword :condeep platforms, circular prestressed, post-tensioned concrete, hollow concrete sections

Introduction. Condeep platforms are large concrete structures that are used for offshore drilling and
storage. The main support structure is a large concrete cylinder sunk into the seabed using a technique known
as gravity-based structure (GBS) (Fig 1.) GBS involves the construction of a concrete cylinder on land that is
then towed to the site and sunk into place. The storage tanks on a Condeep platform were designed to withstand
the weight of the stored liquids and environmental conditions. The location of the storage tanks at the top of the
platform has several benefits, such as easy access for maintenance and inspection, reduction of the risk of
contamination from seawater or other external sources, and prevention of damage to the tanks from marine life
or other environmental factors.

Cylinders are essential components utilized in a wide range of engineering applications to confine or resist
liquids entering or exiting them. A Condeep platform storage tank is used to store a variety of fluids, including
water, liquid petroleum, petroleum products, and similar products. These storage tanks are built to endure high
hydrostatic pressure, which is expected to be distributed equally within each layer, but fluctuates vertically along
the direction of the shell.

Researchers have investigated various aspects of their design and behavior to ensure the safe and reliable
performance of these structures. Among the relevant literature, Daftardar et al. (2017) presented an analytical
solution for the calculation of hoop tension in liquid storage cylindrical tanks. The authors used classical bending
theory to derive the formula and applied it to tanks with bottom-fixed and top-free boundary conditions. [1] It
is noteworthy that Timoshenko (1959) applied the solution of the radial deformation of a tank wall to a similar
or superior equation of the deflection of a beam on an elastic foundation. In certain approaches, subgrade reaction
coefficients are included in the equations [2]. Lui's dissertation (1960) comprehensively analyzes the design of
circular prestressed concrete tanks and proposes a seldom-used circular prestressed concrete tank approach in
the United States. The study includes a dynamic analytical investigation, a detailed explanation of the proposed
prestressing approach, and an illustration of the complete design procedure. Additionally, the study conducted
a comparative evaluation of several commonly used circular prestressing methods to arrive at a final decision

[3].
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platform storage tonk

T e, S -\H\"/

Figure 1. Condeep types offshore platform (Credit: energyfaculty) [3]

Pasternak (1932) also made a valuable contribution by presenting practical calculations for the design of
folds and cylindrical shells that consider bending moments. [4] Wills (1953) investigated the design and
construction of prestressed concrete reservoirs and presented a case study of a 10,000-gallon tank [5]. Finally,
Nwakonobi (2015) conducted a static analysis and design of laterized concrete cylindrical shells for farm
storage, which provided insights into the behavior of such structures under different loads and soil conditions.
The aforementioned studies collectively demonstrate the importance of understanding the behavior and design
of cylindrical tanks and shells, as well as the significance of analyzing their responses to various loads and
boundary conditions [6].

This study investigates the influence of circular prestressing on the design of deep platform columns and
storage tanks subjected to both internal and external hydrostatic pressures. Prestressing is a technique for
increasing the strength and longevity of concrete constructions by compressing the material before subjecting it
to external stress. We aimed to determine the appropriate prestressing force for Condeep platform columns and
storage tanks under hydrostatic pressure, which is essential for safe and effective operation.

Analytical modelling. it is considered that the thickness of the tank wall is relatively modest in
relation to its height, and the thin cylindrical shell analysis concept is applied. The tank had a closed-
ring implementation. Moments and shear forces were observed mainly in the zy plane and on the
horizontal edges. The material is considered elastic and isotropic, and the tangential force is constant.

(Fig. 2)
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Figure 2. Internal forces and displacements scheme in Condeep platfor support
sections and storage reservoir[3].

a) Force equilibrim

Force equilibrium refers to the state in which all the forces acting on a body or system are balanced, and there
is no net force acting on it. For a system to be in force equilibrium, the sum of all forces acting on it must be
zero.
1. The concept of equilibrium in mechanic states that if an item does not accelerate in the vertical direction
(along the z-axis), the total of all the forces acting on it must equal zero.

N, =—[Bdz+ C, @)
2. Similarly, the concept of equilibrium in mechanic states that if an item does not accelerate radially, the total

of all the forces acting on it in the radial direction (perpendicular to the axis of rotation) must equal zero.
Z E. = 0;

T Py
= Vyin = V) + 2=+ P =Py =0 )
b) Compatibility equilibrium.
Compatibility equilibrium refers to the condition under which the deformation of a structure must be
compatible with the applied load. In other words, the deformation caused by the applied load should be
consistent with the deformation capacity of the material. This requires that the structure not undergoes any
significant deformation, which would cause failure or instability.

1
£, = E(O'Z - VG¢)
1 2m(R +w) — 2nR w
gp =5 (09 —voz) = - 2R "R

The vertical unit stress, also known as axial stress, is stress that is vertical, whereas the tangential unit stress,
also known as circumferential stress, is stress that runs tangentially or circumferentially.

E

0o, = 1_—\}2 (EZ + VEq)) G¢, = 1_—\)2(8(]) + VSZ)
A=1xt=t

The vertical load or force acting on a cylindrical structure, as determined by the axial stress, o,, and the cross-
sectional area, A

Et

N,=0,XA= 1—v2(€¢ +vg,)
Et (du w
N = (@ - ve) ©
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L_v¥=0 (4)
Accordingly, for tangential or tension force:

Et

o= T—yz (80 T Ve2)
Et w du

To =125 (_E + VE) ()

T Et ( w + ZW) _ Etw
¢y URTVR/IT TR

¢) Moment-curvature equilibrim
This equilibrium refers to the balance between the moments and curvatures of an element. The moment-
curvature relationship is typically derived from the stress-strain relationship of the material and can be used to
determine the strength and stiffness of the element.
When studying a surface's curvature, it is critical to understand the many directions in which curvature might
occur. One such example is parallel to the y-plane. The curvature is represented by the variable K,, which is
defined as the reciprocal of the radius of curvature in the zy plane, indicated by R,.
1
K, = R,
It is also critical to evaluate the behavior of a complex surface while evaluating its curvature. The xy plane is
one such plane, and its curvature is defined by variable K. It is defined as the reciprocal of Ry and the radius of
curvature in the xy plane. However, in the case of a flat surface in the xy plane, the radius of curvature becomes
infinite, resulting in Ky equal to zero.
1
Kx=qg =5=0
By understanding how curvature affects the strain in different directions, it can better predict how a material
will deform or behave under various conditions and describe the relationship between the curvature-induced
strain in a material and the radius of curvature in the zy and xy planes.
t

t
eZ:tXKZ:R_Z eX:tXKX:R_Xz
The relationships among stress, strain, and curvature can help determine the behavior of materials subjected to
curvature-causing external pressures.

_E(+ )_E(t+t)_EXt
2T e T VA T T R, va T 1-v2R,

_E ( ) = E t t
ox——l_vz & T Ve, =1 R—X+R—v

M. = Et3 d?w _E d?w
27121 =v®)\ dzz2 )T P\ dz2

E T ——
DT 1201 -v®)

When we consider that it possesses flexural stiffness,
d3w
We obtain the resulting equation by solving the (2) equilibrium equation.
_d'w  Etw  Pps  Pi_ Pa_
dz*+ EpR? EpR  Ep Ep 0 (8)
When we consider in the flexural stiffness and simplify the equation, we obtain

4121 —v2)
B= (2R)?t?
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Et

Ep = ———;
T (2R)2p?
The equation's final state;
W o 4gty = Pi_Pa_ Pes
dz* AW = Ep Ep EpR ©)
Coefficient verification and modification. Since equation (9) is a heterogeneous differential equation, its

solution can be viewed as a combination of general (wg,,) and specific (w),) solutions.

W = Wgepn + Wgp (10)
d*w .
m + 4‘3 w=20
Wgen = eP?(C,cosPz + C,sinpz) + e P%(C5cosPz + C4sinfz) = 0

We may recalibrate the coefficients, C; and C,because H is several times bigger than t.

— . 1 P P P
W = Wgep + Wsp = €7 P%(C3cosPz + C4sinBz) — pro (ﬂ — ﬁ — EDL;)
Internal pressure: P, =C'yi(H-2z)R (11
External pressure: P4 = C'yqHR (12)

_ Pz . _ 1 (C'yi(H-z2)R _C'ygHR _ Pps
w = e P%(CzcosPz + C,sinfz) e ( i By EDR)
The coefficients C; and C, are determined from the bottom fixed supported condition.

1 (C'yi(H-z)R C'ygHR P
WZ—0=0=C3__( YI( ) _ Yd _ pS)=O

= 4p4 Ep Ep EpR
C. = L(C’yiHR_ C'ygHR Pps)
37 4\ Ep Ep EpR

dw - oy —Bz : —Bz . 1 (C’vi(H—Z)R C'ygHR Pps)] _
% (z=0) = [BC3e (cosPBz + sinPz) + BC4ue " P%(cosPz — sinPz) i B By o)l = 0
dw , . 1 C’yiHR) .
o @=0)=B(Cs—Cs) — 1z () = 0
d 1 (C'yiHR C'yqHR P 1 C'yiHR
Yez=0)=p(c, - _( Yi _L_ﬁ) _ 1 ClyiHR _
ClZ 4B4 ED ED EDR 4'84 ED

1 (C'yiHR 1 C'ygHR  Pps
Cp=—(2—(1-2) o= =

464 Ep B Ep EpR

! 1 ! 14
_ _BZ(L(CyiHR_CdeR_ Pps) L(C yiHR( _l)_CdeR_ Pps) . )_

w=e¢e B\ By By EuR cosfz + 8 By 1 5) "By ER sinfz
1 (C’yi(H—z)R _ C'yqHR _ Pps)
44 Ep Ep EpR

w= ;:ZD (((C’yiHR — C'y4HR — ‘%) cosBz + (C’yiHR (1 - %) — C'y4HR — ‘%) sinBz) - (C’yi(H —Z)R -

P

C'yqHR — %)) (13)

As a result, the ring tension and moment developed in the wall can be estimated using the following formula:

_ _Bw_ _Et)efr "vHR — C'y HR — 72 , 1) _ v HR — P25 sinBz ) —
Ty=—F7= R{4B4ED<<(CYiHR C'yqHR R)cosBz+(CyiHR(1 B> C'yqHR R)smBz)

(C'vitH - 2R - c’deR—%)ﬂ (14)
Eqg. (15) gives an equation for the circular prestressing force and is dependent on various parameters such as the
Young's modulus of the wall material, the thickness of the wall, the radius of curvature, the depth of the wall,
and other parameters such as the coefficients of pressures and the prestressing force. This equation involves
several terms with trigonometric and exponential functions and can be used to estimate the circular prestressing
force at different wall depths.

M, = —bp (&) = 2 ((CIHR(W —va) =) sing + (CHR (1 - 2) — C'yghR - 722 s) (15)

Eq. (16) gives an equation for the moment, and is also dependent on parameters similar to Eq. (15). The
formula involves second-order differentiation of the wall deflection with respect to the depth and includes terms
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with trigonometric and exponential functions. This formula can be used to estimate the moment at various wall
depths. As a case study, the basic mechanical formulas (15) and (16) allow us to accurately evaluate the changes
in tension (Fig. 3) and moments (Fig. 4) obtained by circular prestressing in a shell at a depth of 100 m. This data
may be applied to best prepare the condeep structure's design and ensure that it can handle the projected loads and
environmental conditions.
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Figure 3. Tension force changing from the effect of prestressing force [6]
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Figure 4. Moment changing from the effect of prestressing force [6]

The proper distribution of ring tension and prestressed force is essential for system analysis and
performance. (Fig. 5). It affects the level of stress and strain experienced by the system, and the mode of failure
of the system. If the forces are evenly distributed, the system may fail in a controlled manner, allowing for proper
mitigation measures to be taken. Therefore, it is important to prioritize the even distribution of these forces and
ensure that they are properly balanced.
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Figure 5. The distribution of ring tension and prestress force along the length of structure for
the dicplaced structure [6]

Discussion and conclusion. For a constant-thickness case, the provided equations can be
implemented with a low error rate. In a cylindrical tank, circular prestressing is used to generate
pressure that opposes and balances the hydrostatic water pressure. Because the specified segment was
submerged in water, the impact of the external liquid was sufficient to counterbalance the hydrostatic
pressure within the structure of Condeep's multiple marine platforms. However, circular prestressing
does not provide a significant advantage for Condeep-type platforms, as demonstrated by Fig. (3) and
(4). Instead, it adds stress to the reinforced concrete section by either "supporting” the external pressure
or increasing the magnitude of the stresses. The impact of the circular prestressing force can balance
the moment produced by the external load when the prestressed concrete tank is full. This is the primary
benefit of prestressing during concrete tank construction. When the tank is empty, only the bending
effect of the circular prestressing wire occurs. In most cases, an empty tank represents the critical
design condition. Hence, it is essential to investigate the tensile stresses induced by prestressing forces.
For instance, it may be advantageous to add conventional mild steel-reinforced bars to handle tensile
loads, resulting in partial prestressing.

Definitions and abbreviations

P, — Vertical pressure

T4 —Tangential force or ring tension
P, —Internal forces

P4 —External force

R —Radius of Condeep supports

P,s —Prestressed force

Ep —flexural stiffness

C' — Impact factor

v; — Density of liquid inside

Yq — Density of liquid outside

H —height of structure

V — Shear force

M —Bending moment

w — Radial displacement of sturcture
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Abstract Caspian Sea is one of the regions that attracts attention in terms of seismic activity. The presence of
oil and gas deposits in the region and the export of oil and gas produced here to world markets make the seismic
study of the Caspian Sea an international necessity. For this, it is necessary to strengthen the geological and
seismic research of the region. In order to ensure the effectiveness of these studies, there is a need for regional
cooperation of the relevant institutions of the states located in the Caspian basin. It is also important that
international companies engaged in oil and gas production take part in the investigation of seismic processes in
the Caspian Sea. In the article, the seismic situation of the Caspian Sea was studied, and the importance of the
geopolitical aspects as well as the geophysical aspects of the issue was noted.

Keywords: region, seismic activity, Caspian Sea, geopolitical, oil

Introduction. The Caspian Sea is one of the seismically active regions. There are numerous earthquake
foci at different depths in the Azerbaijani sector of the Caspian Sea. Therefore, the presence of earthquakes in
the Caspian Sea is expected from time to time, and this is related to the seismicity of the area. The development
of residual reserves of oil fields located in the Caspian Sea is of great economic importance for the Republic of
Azerbaijan. Despite the fact that most offshore oil fields have been in development for a long time, each field,
horizon and well is considered individually and appropriate geological and technical measures are taken to fully
realize the reserves. For the first time in the world, the development of offshore oil fields began in Azerbaijan
[1,2].

General analysis of the seismic situation in the Azerbaijani sector of the Caspian Sea.

The Caspian Sea is one of the seismically active regions. There are numerous earthquake foci at different
depths in the Azerbaijani sector of the Caspian Sea. Therefore, the presence of earthquakes in the Caspian Sea
is expected from time to time, and this is related to the seismicity of the area [2]. The development of residual
reserves of oil fields located in the Caspian Sea is of great economic importance for the Republic of Azerbaijan.
Despite the fact that most offshore oil fields have been in development for a long time, each field, horizon and
well is considered individually and appropriate geological and technical measures are taken to fully realize the
reserves. For the first time in the world, the development of offshore oil fields began in Azerbaijan.

The beginning of the first work for the purpose of industrial production of oil and gas in the waters of
the Caspian Sea dates back to 1906, when the Union of Qil Producers in Azerbaijan announced a competition
to draw up a project for backfilling the shallow part of the Bibi-Heybat Bay on the outskirts of Baku. The
excavation works started in 1909 were completed in 1922 and on the 350-hectare territory of the Bibi-Heybat
Bay, which was filled up and reclaimed from the sea, on February 18, 1923. A year later, well No. 71, drilled at
this field in llyich Bay from an artificial island built of wooden piles, became the first well in the world to
produce a commercial flow of oil from under the seabed. The fountain of oil obtained from this well gave an
impetus to the intensification of further prospecting and exploration work in the Caspian Sea [3].

Strong earthquakes have repeatedly occurred in the water area of the Caspian Sea. In the last century,
15 strong earthquakes with M > 5.0 occurred in this zone, with an intensity of VI-VIII points at the epicenter.
They were felt in Baku and coastal areas up to V-VII points. A strong deep-focus earthquake that occurred in
the Caspian Sea to the north of Absheron on September 18, 1961. with M = 6.6, it was felt up to 7-8 points on
the northern coast of the republic (Siyazan, Gilazi, Nasosnaya), in Absheron and Baku up to 6 points on the
MSK-64 scale. Another strong earthquake with M = 6.2, which occurred on January 27, 1963 north of Absheron,
was also felt in Baku up to 6 points on the MSK-64 scale. In Baku, collapses of plaster, cracks in stone walls
were observed. The earthquake that occurred on March 6, 1986 with M= 6.2 was felt on Oil Rocks with an
intensity of 7-8 points, in Baku - up to V points. Earthquakes on August 24, 1989 with M = 5.7 in the northern
marine subzone and on September 16, 1989 with M = 6.2 in the middle part of the Caspian were felt in the
northern coastal regions of the republic and Baku with an intensity of V points.
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The beginning of the century was characterized by an increase in seismicity in the southern marine
subzone. In 2000, south of Absheron, a seismic event took place in the form of two shocks, which were felt
almost throughout the entire territory of the republic, and in Baku and the surrounding areas, the intensity
reached VI-VII points. This event was accompanied by a large number of aftershocks, some of which were
tangible. In recent years, the level of seismic activity in certain sections of the Caspian Sea has increased, the
amount of seismic energy released in the Central Caspian has increased several tens of times. Along with strong
seismic events, a large number of weak earthquakes occur in the study area, which make it possible to study the
seismicity of this region in connection with its deep structure. Note that the formation, migration and
accumulation of hydrocarbons in the Caspian region occur in the sedimentary cover. Although various
geological and geophysical studies have been carried out to date, no exploration work has been carried out in
the region, taking into account the seismic geodynamic conditions of oil and gas and their patterns.

In the water area of the Caspian Sea, 90% of hypocenters are distributed at a depth of more than 35 km.
However, there are also surface earthquakes. As can be seen from Figure 2, 10% of the hypocenters are
distributed at a depth of 0-20 km, which corresponds to the Meso-Cenozoic sediment complex, which is
promising in terms of oil and gas potential. The manifestation of earthquakes in the sedimentary cover indicates
that the layers in this range are in a mobile energy state. The formation, migration and discovery of hydrocarbons
are associated precisely with this interval. Recent studies have shown that there is a certain pattern between oil
and gas fields and seismicity in the same interval. The relationship of seismic activity and its role, among other
factors, in the formation of hydrocarbons in the indicated depth interval has been proven by experimental studies

[4].

The development of geological exploration and large-scale hydrocarbon production in the future will
lead to new major discoveries, new major economic projects and intensive development of the oil and gas
complex in the region. In this regard, the study of the history of the formation and development of the oil and
gas complex of the Caspian region is an urgent task and, undoubtedly, the analysis of history can contribute to
the development of the oil and gas complex. For further development of the territory of the Caspian Sea, it is
necessary to intensify the development of geological exploration and the introduction of innovative technologies
into the practice of hydrocarbon production, which in the future will allow developing the oil and gas complex
in the region at the proper level. On the other hand, the effect of earthquakes on the process of involvement in
the filtration flow of oil is the greater, the smaller the depth of the earthquake source that caused filtration
pressure waves in the deposit. Taking into account the fact that in recent years the level of seismic activity in
certain sections of the Caspian water area has increased, and the amount of seismic energy released in the Central
Caspian has increased several tens of times, it can be assumed that the change in oil production in many offshore
fields in the northern part of the Absheron-Pribalkhan fold system is associated precisely with this. The
development of oil and gas resources in the territory of the Caspian Sea is currently an urgent problem, the
solution of which largely determines the growth of reserves and the growth of oil and gas production.

Method. Factors to consider before and after oil and gas production.Qil production in the Caspian Sea
is also important for other Caspian countries. It is for this reason that Caspian countries are trying to take
advantage of the opportunities of the oil and gas sector of the sea. However, in order to properly use the resources
of the Caspian Sea, seismic factors must be taken into account. It is necessary to take advantage of the seismic
methods used in the process of drilling boreholes in the relevant literature. One of them is seismic exploration.
Seismic exploration is used to solve the following geological issues: a) seismo-geological zoning of territories
and identification of rock complexes; b) tracking and mapping of geological boundaries in the sedimentary
cover; c) study of the relief of the surface of the crystalline foundation; d) identification and detailed study of
traps; e) detection of tectonic faults, etc. There are two main methods in seismic exploration: the method of
reflected waves and the method of refracted waves. The method of reflected waves is based on the registration
of seismic waves that have bounced off the boundaries between rocks with different wave resistances. The
method of reflected waves is carried out along profiles, on which, at certain distances, points of excitation of
seismic waves and recording devices are located. Seismic waves are excited by explosive charges located on the
surface, in wells, in water, or by non-explosive sources (vibration or impulse). Reflected seismic waves are
recorded by seismic receivers, which. Fluctuations are converted into electric charges transmitted by cable to a
seismic station, where after filtering they are recorded in the form of seismograms [8].

The intensification of oil and gas production in large oil and gas regions, in turn, causes changes in the
natural (geological) environment, including a significant restructuring of hydro-gas-dynamic and geodynamic
processes in the earth's crust to depths of up to ten or more kilometers in areas up to several tens of thousands
of square kilometers, creating conditions for the emergence of a number of environmental problems that
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significantly affect the development of nature and the quality of life of the population in the region. As a result,
dangerous physical-geological and techno-natural processes develop in large oil and gas regions, causing an
increase in seismic activity with unpredictable consequences. The solution to this problem is possible on the
basis of an interdisciplinary comprehensive study of the processes occurring in the subsoil under the influence
of hydrocarbon (HC) production using a number of scientific disciplines - mathematics, physics, geology,
hydrogeology and hydraulics, technogenesis teachings, accounting for technological processes and much more.
Basically, only at the intersection of sciences is it possible to effectively solve the tasks set for the study of
technogenesis in the bowels. The knowledge of these processes will allow answering many questions on
improving the safety of oil and gas production, their transportation by pipeline transport, ensuring the safety of
the population and its activities in the region. The complexity of the problem lies in the coverage by
technogenesis of large volumes of the upper part of the complex in structure and natural dynamics of the earth's
crust [5]. The solution of geoecological problems caused by hydrocarbon production is based on the results of a
study of natural and technogenic changes in geophysical and geodynamic processes in the areas of developed
oil and gas fields and the identification of geophysical, geodynamic and other indicators of technogenic
transformation of the geological environment.

Discussion.On the necessity of seismic cooperation between the countries of the region. Cooperation in
the seismic field in the Caspian Sea and between the countries of the region in general is important. There are
also some examples in this field. General Director of the Republican Seismological Service Center under ANAS,
Gurban Yetirmishli, participated in the discussions on "Mineral raw material base of the Caspian region"
organized by the Russian State Geological Exploration University named after Sergo Orjonikidze of the Ministry
of Education and Science of the Russian Federation. Q. Yetirmisli also held a number of meetings on the
development of bilateral cooperation. Also, an Agreement on "Scientific-technical cooperation" was signed
between the Russian State Geological Exploration University named after Sergo Orjonikidze and the Republican
Seismological Service Center under ANAS. The document was signed by Vadim Kosyanov, rector of the Sergo
Orjonikidze State University of Geological Exploration of Russia, and Gurban Yetirmishli, director general of
the RSXM. The agreement envisages the expansion of relations within the framework of bilateral cooperation,
mutual exchange of experience, conducting joint scientific research on the Caspian Sea basin, studying
environmental risks [6].

It is known that the memorandum on the "Dostlug" field is a new page in the history of the development
of relations between Azerbaijan and Turkmenistan. This is an oil and gas field the estimated reserve of the field
allows to put it in the same line as fields like "Karabakh". The important point here is that the reserves will be
determined by modern seismic exploration methods. Scientific cooperation with neighboring countries,
including Azerbaijan, is very important for Turkmenistan, according to the published material of the Institute of
Seismology of the Academy of Sciences of Turkmenistan. Since extremely rare seismically active regions
thousands of kilometers long are located within the same state. Each of these regions is usually characterized by
the unity of seismogeodynamic development. In Turkmenistan, at this stage, a new map of the seismic zoning
of the territory is being developed. Without information about the frequency and strength of earthquakes that
occurred in the past in the border areas, it is impossible to build a reliable map of zoning (10). The new map is
needed to assess the socio-economic and environmental vulnerability of territories, rational land use, earthquake-
resistant construction and seismic risk reduction. The Scientific Research Institute of Turkmenistan notes that
one of the innovations in early recognition and possible warning of earthquakes is the RNM ASP (Station of
robust noise monitoring of anomalous seismic processes) seismoacoustic station created in the Republic of
Azerbaijan. There are five such stations in Azerbaijan that monitor seismoacoustic noise. Specialists of the
Institute of Cybernetics of the National Academy of Sciences (NAS) of Azerbaijan at international conferences
held in Ashgabat have repeatedly presented reports on the results of experiments on monitoring anomalous
seismic processes. Held on the initiative of President Gurbanguly Berdimuhamedov in the Avaza National
Tourist Zone on August 12, 2019, the First Caspian Economic Forum launched the implementation of joint
investment projects and programs, the development of joint promising areas of cooperation between the regions
of the Caspian states. This forum also intensified cooperation between scientists from the Institute of Seismology
and Atmospheric Physics of the Academy of Sciences of Turkmenistan and the Institute of Control Systems of
the National Academy of Sciences of Azerbaijan. In order to implement the Program “Reducing seismic risk in
seismically hazardous zones of Turkmenistan” approved on January 23, 2019 and in pursuance of the Order of
the President of the country dated February 1, 2019 on the development of international scientific and technical
cooperation with the countries of the Caspian region, Turkmen seismologists accepted the proposal of the
Institute of Control Systems of the National Academy Sciences of Azerbaijan to create an intelligent system for
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identifying information received by RNM ASP stations during the occurrence of anomalous seismic processes. The
forthcoming cooperation plans include related work to connect the network of seismoacoustic stations operating in
Azerbaijan with the future network of seismic acoustic stations in Turkmenistan. A lot of work preceded the signing of the
Memorandum of Understanding between the two specialized institutions. Specialists of the Institute of Seismology and
Atmospheric Physics of the Academy of Sciences of Turkmenistan got acquainted with the work of Azerbaijani stations,
and analyzed the possibility of creating such a warning system in Turkmenistan. Scientists of the two countries have
previously taken part in the discussion of the results of experiments on monitoring anomalous seismic processes. A site for
one station was chosen, joint experiments were carried out that demonstrated the efficiency and information content of the
seismoacoustic station, and places were identified for the construction of several stations, which, together with the Turkmen
stations, will form a unified information system of advance warning [6]

On April 3, 2023, a conference on "Seismic data calibration" was held within the framework of the international
project "Extension of the seismic network in the Caucasus and Central Asia" in the city of Almaty, Kazakhstan.
Representatives of Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Ukraine, USA and other partner
countries took part in the event. Azerbaijan was represented at the event by Sabina Kazimova, PhD in Geology and
Mineralogy, Head of the Center's Deparment of Dynamics of Earthquake Centers. The main discussions at the conference
were related to the construction of a velocity model to accurately determine the coordinates of earthquakes. It was reported
that accurate data calculation about hypocenters, assessment of seismic hazard, clarification of the location of tectonic
faults, obtaining an accurate geological model of the Earth's crust, etc. for this purpose, a new accurate speed model should
be established. For that purpose, it was proposed to carry out a number of nuclear and industrial explosions, as well as to
register these explosions in seismic stations. Representatives of the participating countries spoke at the conference and
talked about currently used speed models. Sabina Kazimova made a presentation on "Seismic caliber experiments in
Azerbaijan- past, present and future”. At the end of the conference, a protocol was drawn up on the results of the meeting

[91.

Conclusions. Thus, it is known that offshore oil and gas production is closely related to the course of seismic
processes. The processes taking place in the world, especially the recent earthquakes and their volume, are already very
complex. Prevention of these complications, as well as minimizing their consequences, requires regional and international
cooperation. In a number of cases, it is possible to find examples of cooperation in the seismic field between the countries
of the Caspian region. However, it should be further improved and brought to the form of joint activity of the seismic
services of the countries of the Caspian region.
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FiZiKi VO HONDOSI QEYRI- XOTTi LOVHOLOR VO YATIQ QABIQLARIN
DEFORMASIYASINA DAIR MOSOLOLOR

Sadiqov Ismayil Rza oglu- t.e.d., professor, Mexanika kafedrasi, ismayil.sadiqov@azmiu.edu.az

Xiilasa. Maqalada 16vhalarin vo yatiq gabiqlarin materialinin fiziki vo handasi geyri — xattiliyini
nozoro almagla deformasiya mosalolorine baxilir.Qoyulan masalolorin halli li¢iin energetik tisuldan
istifado olunur. Bu halda materialin fiziki qeyri — xattiliyi kubik kik haddli parabola soklinds qobul
olunur: solda bir haddli gorginliklor vo sagdaiki haddli deformasiyalar (birinci tortibli vo tligiincii
tortibli). Belo asililiq deformasiya diagraminin simmetrikliyini tomin edir. Mithiim {stlinliikk hom do
ondan ibarstdir ki, bu diisturla hesablanan xiisusi potensial enerjinin ifadoesine deformasiyalarin
qiymatlori ciit tortibli sokilde daxildirlor. Bununla oalagodar miirokkob gorgin halda masalonin hallini
gapal1 sokilde alinmasi1 miimkiin olur.

Magqalos agagidaki ii¢ hissalordon ibaratdir:

—16vhanin fiziki geyri — Xatti vo handasi Xatti deformasiyasi;

—l16vhanin fiziki va hondasi geyri — Xoatti deformasiyast,

—l6vhalorin va yatiq gabiglarin fiziki vo handosi geyri—xatti deformasiyalarinin toqribi hesablama
usulu.

Acar sozlar: 16vho, yatiq qabiq, fiziki vo hondosi geyri — xattilik, energetik {isul, deformasiyanin
potensial enerjisi, toqribi hesablama tisulu, kubatur diisturla hesablama

I. Lovhanin fiziki qeyri— xatti, handasi xatti deformasiyasi. Konturu iizro oynaqh
borkidilmis, ortasinda F topa qiivvaesi ilo yiiklonmis diizbucaqli 16vhoys baxag. Moasalonin
energetik tisulla hallini nazardoan kegirak. Bu magsadlo 16vhanin deformasiyasinin xiisusi potensial
enerjisini asagidaki sokilda gobul edok:

g
0
Lovhonin materialinin fiziki geyri — xattiliyini
soklinda gabul edirik. (2) — ni (1) — yerino yazib aliriq:
— 1 1
U= > Ee? - 2 Ee', 3)

burada €; gorginliklor intensivliyi ifadasini miistovi masalods oldugu kimi [1] — doki (17.01)

€ :g\/G(gf +8§ +8ng)+gyfy

diisturundan kokaltindan \/6 — n1 ¢1xarsaq, alariq:

2 1
g, :ﬁ\/€f+g§+gxgy+zyfy : (4)

burada
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& =—1y, = 282w & =-1ly, = zﬁzw' Ve =—2L)y = 225\2 (5)
X X OX 2 y y ayZ ! xy Xy = axay
Lovhonin biitdvliikdo deformasiya enerjisini toyin etmok {igiin (3) ifadosini 16vhonin biitiin
hocmi iizro inteqrallayiriq:

1]

2
a-b h
2

1_, 1_ 4
—Ee —=—E,e’ |dxdydz 6
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(5)-i (4)—do nozors alinmus ifadeni (6)—da yerino yazib Z —a goro inteqrallayaraq aliriq:
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1
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4 _ s 2 s 1,
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Baxilan mosalads ayintiloro nisboton u vo @ yerdoyismoalari cox kicik oldugundan nozero
alinmir. Oyintiler funksiyasini asagidaki sokilde qobul edirik:

w (X, y)=W,w,w, ®)

burada w_, — 16vhonin orta ndqtosinin dyintisi, w, Vo W, oyintilor funksiyalar1 soklindo

qobul edilir:

— = "

( X k+1

-

Wx:k+2(1—§jL—1;
k+1 a k+2

- o 7 )
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Wy:k+2( _Xj L—l;
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Bu ifadolor qeyri—xatti elastiki materialdan olan tirin oyilmis oxunun 16vhadaki eyni sorhad
sortlori {igiin tortib olunmuslar. (8) ifadosini (7) — do yerino yazib (5) — 1 nozoro almaqla [2]
potensial enerjisini ayintilor funksiyasi ils ifads edirik:

U= TT{ Eh [ (W W, ) +W§-W§—W§-W§+(W;W;)2]—
Sa s (10)
_4_5Eh [ (WW ) +WZ.W;WX-Wy+(W;-W;,)Z]Z}dXdy

Bu ifadodo X vo Yy — o goro inteqrallama toqribi aparilir. Bu magsadls 16vhonin diizbucaqlt
sahasini dord hissays boliiniir (sok. 1) vo 4, funksiyasinin 0, 1, 2, 3, 4 noqtolordoki giymatlori
hesablanir.
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o
4)(Q/2'r2 _
2 _L_%?W_L_
Ol lojel
3 132

Sakil 1. X vo y- o goro inteqrallama

burada istirak edon W;,W;,,W; Vo W'y' funksiyalarini (9) funksiyalarini diferensiallayaraq aliriq:

k+17]
W’:ul 1_[1_51 :

“ k+1 a a
k+1 ]
Wrzw.il_(_z] ;

YT k+1 b b

] (11)

1 y “
W, =(k+2)-b—2( __j

(10) ifadesindon potensial enerjisini toyin etmok uciin X vo Yy doyisonlorino goro
inteqrallamani toqribi olaraq riyazi analizin odadi tisullarindan istifado olunur [3]. Lovhoys tosir
edon F topa qiivvenin gordiiyii is

V=F-w,, (12)
Baxilan sistemin tam enerjisi iso agsagidaki ifadas ilo toyin olunur:
W=u -V (13)

1. Fiziki vo handasi qgeyri— xatti 16vha ii¢iin iimumi deformasiya. Gostorilon qoyulusda
mosalanin halli 16vhanin deformasiyalar enerjisi asagidak: diisturla toyin edilir [4]:

0= el 1l 2nF ol 2 P o2y 2, )+ ey 222, F -

1 1 ) .
2 2 2
_ZEl'I:(ex_ZZX) +(ey—Z}(y) +(eX_ZZx)(ey_Zly)+Z(exy_22)(xy) :| dXdy
burada €, 1€y1€y — 16vhanin boyuna va enino deformasiyalari, habels onun orta sothinin siirligmo
deformasiyalaridir:
o :5uo +1(6_Wj2 :890 1( ow 2. . :8u0 +819 ow ow (15)
“ox o 2\ ox Yooy 2ley)T Y ex ey ox oy

(15) ifadosini (14)-do yerino yazib lovhonin deformasiya enerjisinin yerdayi¢cmalarlo
ifadosini alariq. Xiisusi hal olaraq 16vhoni [5] membran soklinds gobul etsok, onun orta sothi — tokco
dartilmaya moruz qalacaqdir. Ona goro do (14) ifadosindon potensial enerjisini almaq iiglin

Xx =Xy =Xy =0 gobul edirik vo alinms diisturu £ — o gbro inteqrallayib asagidaki soklo

saliriq:
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U :SEh:*T 'T (ef+e§+exey+e§y)2dxdy—
0 0

A (16)
4 4
—4—5Eh I j (e§+e§+exey+efy) dx dy
00
burada h — membranin qalinligidir.
(15) ifadolarini (16)—da yerina yazib potensial enerjisini yerdoyismolorls ifads edirik:
2 2
Ehs“ { (awﬂ 89 l(awjz
)3 ) ax 2\ ax oy 2oy
) 2
ou 1(ow)’ au 18\N 18u 8.98W6W
Sk = L dxdy+
x 2\ ) oy 2y 4oy ox oy o
A7)

2 2
4 285 oy 1/aw] o9 1(aw)
+—Elhj j —+ | — H—+ | =
a5 31 Y ax 2l ax oy 2\ oy

| 1(@)2 a 1fow) |, 1
X OX oy 2\ oy 8y ox 8y OX

Lovhonin yalmiz bir vertical intensivliyi  olan yayilmis xarici qiivvalorin tosirindon
goriilon is asagidaki kimi ifads olunur:

Y =q? T wdx dy (18)

Masalonin hallini u, @ vo W triqgonometrik funksiyalar soklinds tortib edok. Misal olaraq

planda kvadrat membran (a =b) gotirok vo onun konturu iizro biitiin yerdoyismolori sifira
barabar olan gabul edirik:

. 7IX
u=c-sin— cosﬂ;
a 2a
: 7iX
.9:c-smﬂcos—; (19)
a 2a
X
w=w, - cosﬂ COS—.
2a  2a

(19) ifadalerini (17) ve (18) — do yerine yazib inteqrallart hesablayaraq C vo w, iki

parametrlorin funksiyalar1 olan xarici vo daxili qiivvalerin gordiiyl islorin ifadslorini alariq. Bu
halda homin asagidaki variasiya tenliklorindon @ ve w, ifadolori almar:

oW oW i X 7y
1 —_0 — AW, OW._ - COS— - cos—dxd 20
) 2 qH o 00S y (20)

0
Sonuncu tonliklorina daxil olan inteqrallar ¢ox miirokkob olduqlarmdan, onlar1 yalniz toqribi
iisullarla holl etmok miimkiindiir.
Sort — plastiki membran {i¢iin masolonin hollini daha sados tisulla almaq miimkiindiir [6].
Lovho ticiin (4) ifadesini miioyyon doqiqlikle asagidak: sokildo gobul etmok miimkiindiir:
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2
& :ﬁ(gx +‘9y) (21)
Bu ifadoni almagq ticiin (4) ifadesini bu soklo salaq:

o =2 6, +¢ )2+17/2 — &8,
| \/g X y 4Xy X7y

buradan birinci kokalt1 haddini ¢ixarib aliriq:

1,
2 Yy T 3 ng
€ =—"1 (‘9 X
V3
Sonuncu ifadodoki kokaltinin ikinci haddi birinci (1) haddine nisboaton kigik oldugundan
nazordon atilir vo (21) ifadssi tesdiglonir. (15) ifadslorini (21) diisturunda yerins yazib aliriq:

+éy 1+ >
Exté,

2 2
ex—le, + y,z+e, + x,2)]=—=(+ 2 (22)
ﬁ( Z2+e, +1y2) @( 22)
burada €=€, +€,, ¥ =y, + 1y (23)

(21) ifadasini (7)—ds yerino yazib vo miivafiq inteqralladiqgdan sonra deformasiya enerjisi asagidaki
sokli alir:

2 +a +a
U=—0o,h e dx dy, (24)
N
burada (23) —don €=€, + €, ifadesindo (15) ifadesinden birinci iki diisturlari yerins yazib aliriq:
—\2 —\2
ou, 08, 1|(ow w
"My, 0%  Lifow) [ow (25)
ox oy 2|\ oX oy
Sonuncu ifadodo yerdayismolor iiciin xiisusi 1sar919r qsbul edok:
u=cu;, 9= 019 W=W, W (26)
(26) — n1 nazars almagla (25) ifadeasini (24) — do yerina yazib aliriq [7]
2 w’
u=—o,hlc-I,+¢c, -1, + =1 (27)
\/§ a { 1 1 2 2 3:|
burada
+a +b +a +b
du 09
= [ j —dxdy, L= [ 2 dxdy, (28)
-a b OX -a —b ay
+a +b —\2 —\2
ow ow
I, :j I (—) +£—J dx dy. (29)
—-a —-b aX ay
Xarici qiivvelorin potensialinin doyigsmasi asagidaki kimidir:
+a +b
\Y :j I qw, wdxdy=qw,I,, (30)
-a -b
burada
+a +b
I, :j j w dx dy (31)
-a b

Deformasiyanin tam enerjisini aliriq:
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2
W=U -V =%aah(c-ll +¢C -1, +W—2013J—qwO -1, (32)

(32)-ni w, —a goro diferensiallayib vo téromaoni sifira boraborlosdirib gorginliklorlo deformasiyalar
arasindaki asililigi aliriq:

d :%aah%—wo, (33)
4

Buradan goriiniir ki, oayinti ilo yiik arasinda xotti asililiq mévcuddur vo bu hal tocriibs ilo
tosdiglonir. Yikin giymsati 1, /1, inteqrallar nisbati ilo miioyyan olunurlar, hansilara ki, U v &
boyuna yerdoyismolar funksiyalari daxil deyillar.
I11.  Fiziki va handasi geyri — xatti lovhalarin va yatiq qabiqlarin taqribi hesablama iisulu.
Gostarilon toqribi hesablama tisulunu deformasiyalarin intensivliyi Gigiin (21) sadslogdirilmis
diisturu tizorindequrmag miimkiindiir. Nozoro almaq lazimdir ki, bu disturdan konturlarinin
yerdoyigmolori miimkiin olan gabiqglar iigiin qobul edilon dogigliklo todbiq etmok olar [8]. (21)
ifadasini (6)—da yerina yazib daxili giivvalorin iginin (potensial enerjisinin) ifadesini aliriq:

h
212 4

U= jh [ﬁ E(e+y,) —§E1(e+gz)4}dxdydz (34)
2

Sonuncu ifadeni £ — o géra inteqrallayib aliriq:

u=Zaf 26 rrl) {eosi)

_ _ (35)

( hY h’
SR
—ﬂEl- 2 2 > dx dy

9 X

Burada ikiqat inteqral gabigin biitiin dayaq sahosini shato edir. Bununla olagoadar olaraq qilivve ilo
oyinti arasindaki asililigin  iimumi xarakterini toyin edok. Bunun tiglin kubatur diisturla
hesablamalarda [9] tokca bir sifir ndqtesi ilo kifaystlonok:

2 h)’ hy’
) 35[[90 +Z°2) _(eo_lozjjl

V3 ° Xo

(36)

- dx dy

Burada e_ vo y, (23) komiyyatlorinin (a/2, b/2) koordinatlarmin & ndqtosindaki (sok.
1) qiymatloridir. (23) diisturlarint nozoro alaraq asagidaki ifadesini gobul edirik:
192



Elmi asarlor, Totbiqi riyaziyyat va mexanika Scientific works, Applied mathematics and mechanics, 2023,N2

2

e, =(e+e,)a, —(k, +k )\N Wo—= b, (37)

burada a,, \TVo,bO — u,9 vo W funksiyalar1 vo onlarin téromoalorini koordinatlari (a/2, b/2)

olan ndqtesinds qiymatlorini ifade edon bazi machul amsallaridir. ils gqabigin ortasindaki ayinti
isaro edilmisdir. (37) diisturunu tortib etdikdo (26) ifadosi nozoro alinmigdir (10).

Digor forziyys ondan ibaratdir ki, &, @; vo w, omsallari ilo asililiq xattini nozariyyaya

uygun gobul edirik:
2 3\
W
C=W, kx 31—703_2;
2 (38)
Wo

burada a,, a,, b, b, — toyin edilmasi tolob olunan bozi omsallardir. (38) ifadolorini torof — torafo
toplayaq:

C+C =W, ( k, +k Xa1+b1 a2+b) (39)
(39) — u (37) — do yerina yazib alirq:
2
W
:Wo(kx+ky)-s+7°m, (40)
burada _
s=(a, +b )a, -W,; m=b,—(a,+b,)a, (41)

Xarici qiivvalorin isi tiglin (12) diisturunu, habels (41) asilili§ini nozors alaraq, sistemin tam

enerjisinin ifadosini toyin edirik [11]
2 hy’ hy’
5 gE eo"’ZoE - eo_ZoE
W=—abo

J3o® o

ol nf el
9 1 0 Zoz 0 Zoz 16ab
qw

o

(42)

Bu ifadedon w_ — a goro toromo alib qiivve ilo dyinti arasindaki asililign miioyyon edirik.
Bu asililig (40) ifadssi qiymatlorini yerino yazib asagidaki sokli alir (diistur silindrik planda
kvadratik qabiq tigiin ky =0; b =a oldugu halda alinmisdir):
_ 27%c, [ B(3cw, - B)-B(3cw, - B) B(5cw, — B)— B(50w, - B) .
V3 w2 -c, w2 -c,
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Burada:
2

B=w, kxs+%m+g Co Wy;

2
= w, h
B=w, Kk, S+—=>m-— c, w,;
2 2
(44)
—w. b PTLLINY
C=W, 0, —W-K, +ECO’
- h
c=w, b, -w-k, _EC"
Asagidaki 6l¢iisiiz parametrlori daxil edok:
4
o) w o f .o 120 2gh
ER* " h 77 h 7 " R a2 a?
burada f_ — gabigmn ilkin galxmasi; d —qabigin kvadrat oturma planinin tersfinin yarisi.
(44) ifadslarinds bazi dl¢iilori uygun kamiyyatlor gabul olunmusdur:
m bo Co
ng’ bO:?’ C'O:? (46)
(45) va (46) ifadolorini (44) — do yerino yazib aliriq:
h? m, Co)| h?
B=—|25,,+—=¢+— |=—b*¢;
az{ o 265 ZJ a’ s
2 - 2
= m, Co|_h
B=—1|2s{, +—&—— |=—Db*¢;
az( Sy ZJ a’ Co)
h — . Co
C= az(bog —2Wo§0 +2J = ?C*,
- h(-, .~ . C) h-
C :az(boé:—ZWogt—zJ =¥C*

(45) vo (47) ifadolorini (43) — do yerino yazib aliriq:

P 0 036 %b*)-(b*)ac*—b ) (6*)56*-b*)-(6~)se*—b)]- £+, (a9

burada

m, Co
b*=2s&, + —&+—;
SotoetS

b*=2s¢, +m§—%°;

2 (49)

C* = Dol — 2Wol, +C7°;

C* = Dol — 2Wol, —%;

Dy = . (50)
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(49) ifadslorindoki mochul omsallari (ﬁ, Bo, S, V_Vo, (_Jo) asagidaki sortlordon toyin edirik [12].
l. k=0; A=0,; &, =0 oldugda (48) ifadssi &, = &, (miitonasib haddi ilo avaz edildikdo)
(48) diisturu asagidak: soklo diistir:
r'o,,0,h
16a2/3
2. kK =1; A= E olduqda (48) ifadosi bu gokli alir:

3 2 2
P:alg +0(2§ §o+a3§‘§o +0[4§. (52)
(48) diisturundan 1 vo 2 sortlorini imumiloasdirib qiivve ilo ayinti arasinda iki asililiglart aliriq:

lk=0,A=0,,:

q 72'2 BOWOhG ]
== mh? 53
3\/5 az h ( )
2. k=1 A=E:
2 _ _ o 2 2
P :165 m bo 53%7;2(23 bo — mwo)foéz —%SWo§§§+82L7C§§. (54)

(52)—ni (51) ila, (54)—i iso (52) ilo miiqayiso edib Bo, E, S, V_Vo Vo co bes omsallarinin toyin
edilmosi ii¢lin asagidaki bes tonliklori aliriq:

- 3% 16n°: —
bo:T; 3 bo M=q;;
2 —_— —_——
32 (25 w—mwo)=ar,; (55)
128t o BT
0 3 27 0 2
(55) tonliklor sistemini hall edib homin omsallar1 tapiriq:
- 377 — 3« 3a
bo="gi M= s=g i
- 2 2
Wo:_37z ay _3x ﬁﬂlz; (56)
16 g, 64 o -
o _33 Jay
° 2\2 o«
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FREE OSCILLATIONS OF A RING-REINFORCED, SHEAR-DAMAGED CYLINDRICAL
SHELL IN CONTACT WITH VISCOELASTIC SOIL AND FLUID

Latifov Fuad Seyfaddin- doctor of phy. and math.sc., professor, department of Higher
Mathematics, AzUAC, flatifov@mail.ru
Mardanov Ilham Jumail- doctor of phy. and math. sc., prof., department of Higher Mathematics,
AzUAC,
Sadikov Polad Mammed- doctor of phy. and math. scie., ass.prof., department of Higher
Mathematics, AzZUAC, sadikov-54@yandex.com

The system we studied consists of a cylindrical shell reinforced with discretely distributed
ribs made of viscoelastic, orthotropic material in contact with viscoelastic soil. The incisions are
rectangular in shape and located in a section divided by rings, as shown in Figure 1.

To study the oscillations of this system, we will use the full energy of the viscoelastic,
orthotropic perforated cylindrical shell reinforced with ribs, as well as the work done in the
displacements of the points of the cylindrical shell and the contact conditions added to them.
However, the total energy of the system is carried not over the entire S surface, but over the ,
§— S, surface, where 5, is the cross-sectional area. It should be noted that the liquid is located
inside the cylindrical shell, while the soil is located outside. The liquid is considered ideal, while the
soil is considered viscoelastic.

Figure 1. An orthotropic, rectangular cross-sectional viscoelastic cylindrical shell in dynamic
contact with fluid and viscoelastic soil, reinforced with rings

The total energy of the system consisting of an anisotropic cylindrical shell reinforced with
discretely distributed rings on its surface is given by [1]:

Hdh =2ER2 ffS‘—S‘i_(NllEll + NEEEEE + lefu _M11X11 - MZZXEE -

2

Mllei}dgd ++§f;n[Eij(ﬂ— %)2 4 E . (azw;_'_ﬂ) N

RO J Bx2 R=

o Zu; Y- - . s 2 2
tEz (Ria;z _%) + Gjfp; (BR?;EﬂL%%) ]dﬂ +po R g% f;"[@_ﬁ)z H() + (aa_:) ]

ddo+
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+X52, B,FR [y [(ﬂ)2+(@)2+(""’”) e (S ]d ;s (Az=Gzz)wdSd 6 (1)

at at at
The expressions of internal forces and moments are:
h;j,,[cr 4 zwy; )dz; M, ; h?';:ﬂ[ir_:r 4+ zw,;)zdz (2)
Wy = 511.1'11 + byaXazs Waz = Dyaxgy + bagxaa; Way = Wyo = bgg Xia-
(2) The stresses 0;; and components of the deformation tensor &; ;jof the middle surface are
included in the expressions as follows:

gy = by ey by, Oy = bggeyy  0pp = bppeyy + by, 3)
We will take the deformation components —&;; (i,j = 1,2)included in (2) and (3) as
t -
follows: £, = E,+ f_m F(t—1)&;(r)dr 4)
Here
. Bu . 8 . fu , O #w. dw aw
11 T L. Eaz =a__~,-+w’£13 =a_}_+ B X“:Eu_‘:' Xz = gyt X1z =-2 dxdy ®)

r'(t— ) — is the viscosity core.
In expressions (2) and (3), b1, b2, b12 and bes are the main elastic moduli of the cylindrical shell
made of orthotropic material, the Young's moduli in the direction of the coordinate lines El. Ez

are expressed as the Young's modulus ( and Poisson's  coefficients Vq,

E, E, v By v, E,
i byy = —2—; b, == —+2—; b.. = G,, = 6.
1—wy vy 1—w, 1,'3'l 1z 1—w, vy 1- 1:-_1::" 56 1z

In expression (1), w, @, w — displacements of the points of the middle surface of the cover,

Vaiby, =

Uu;, 1?- W; — displacements of the shaft points, R, h — the radius and thickness of the cylindrical
shell, respectively, E Young's modulus of the material of the ring, F — j Cross-sectional area of

the -th ring, f”. f;:pj—— moments of inertia of the cross-section of the j-th ring Gj — Jung's modulus

of the j-th ring in sliding, R’E— number of rings, t — time, 25— of the cylindrical cover, ﬁj-j - are the
densities of the materials of the th ring.
It is assumed that the following rigid contact conditions between the cylindrical cover and the
rods are satisfied [2]:
u;(x) = ulx, v),0,(x) = 9(x, v;) w;(x) = w(x,y;) (6)
It is assumed that the anisotropic cylindrical cover is finite and its ends are connected by joints.
That is, the following conditions are satisfied at the edges
E=0voé=¢,:9=w=0;T,=0; M,=0 ©)
The effect of the soil and liquid on the cylindrical cover q_,q__ is calculated as follow

A==l (a-a.ywagde 8)

Here > is the normal force acting on the cylindrical shell by the viscoelastic soil and is calculated
as follows:
g. = kw+ f_rm T (t—1)w(r)dr
(9)
Here r.is the (t-t)-viscosity kernel.

Since the force does not act on the section, the work done by them in the displacement of the points
of the cylindrical shell will be zero.
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As a result, the solution of the considered problem is the (1) total energy (6) contact and (7)
boundaries of the structure consisting of a cylindrical cover with a rectangular cross-section, which
is in dynamic contact with the visco-elastic soil and liquid, and the anisotropy and visco-elastic
properties of its material are taken into account. is brought to joint integration within the conditions.

We will look for the components of the shell displacement vector as follows:w = ey sinyé

cosnf sinwt
? =19, cosyd sinnf sinwt (10)
w = wy, cosyfCOSng sinwt

Here & ==, ., 8,, w,- are unknown constants.

Using the property of the integral [J._. = [J.— [[. and the solutions of (12), the pressure

force applied to the cylindrical shell from the soil and liquid sides is seen in the displacements of
the points of the shell we can calculate the work. Since S+ is a rectangular area, we can write
(h=x<l+a@ R<b<—g¢,R)

g o (a.:z — K) wisinwt + (ksing wt + fr T, (t— 1) sin® mrdr) X (11)

-

w
‘ql}d -

4nm R

] +% sin 2ya cos2y(2 1, + a,)} wy

{ ﬂj—;g[:—g—gpuﬂ += sznZn(——gﬂD RJCGS

Substituting expressions (10) into (1) and con3|der|ng (11), we obtain for the total energy of
an orthotropic viscoelastic cylindrical shell with a rectangular cross-section, reinforced with rings,
in dynamic contact with viscoelastic soil and a liquid:

[y = &11 Mﬁ T &22 ﬁg t &EEWEI? + &12 Uy Uy +&13 Uy Wy +&23 Ty Wy (12)

- h h
11=[2R(b11.1’ +b66n)( +F(¢U))+Po Ew ]X

X{l I TR R+1 ) (T[R R) 4nnﬁ']x
5T I - @, sin2n . @, R |cos .
wlas Loz 2(zz+)}
—a — Eln acos a
4T g,k Xl 20R R?E
j=1

d”_[ (s n* + beg 17 )( +F(MJ)+ Pug

X{l 7 m R 11?le ) (TER R) 4
211 k. — @ sin2n k. Po cos

2 K¢S
+—51n2;(ar3052;f(2 L, + a)}"‘_ZE F sin” =L — @ TEZ} \0;F;cos X{r
2x 2R L

d ={i[—ix2b ) n2+—(nsz +n*h )+Ex2n2b +
33 = 150 |72 12—, D22 ’ 12 22 66

T h 1 TR TR
+b,, (2—+F(w])+ Do —w}{—n! [k—l— @, R+- sm2n(k—l—
—(,UDR) ”TR]X a+—sm2;(amsz,7((2 L +a)}
er; {r _.i k{f
ZRZ( 7 (1= L +R2E’I’*P-f”2k2mSzT_

2
—w? TEZ p;F; cos?y&;

j=1

H .
2w’

199



Elmi asorlar, Tatbiqi riyaziyyat vo mexanika Scientific works, Applied mathematics and mechanics, 2023,N2

5 wLh T T . T
d, = anﬁ (bys + bgg) (—+F(m)){23ﬂl— k—f—tpo R+ism2n(k—R—

2o 1
4nm R

— @y R)CGST]x$a+$sin21a6052;{(231+a)}
T

—+F(w)|X

4 4 2 ( ))

1 TR 1 TR 4nnR
X{E’ITI— k_l_w°R+£ stn(k—l—qpuR)msk—l]x

- h . h . h 5
dyz=(2)b,+— by +—n Xbu__baa;l’n) 2w

ko -
1 1 . T nzk{}‘j , k&
Xia—kasmz;{'acos2;{(2!1—|—a)}+2mRZFj FE ] cos rp.j
j:
- h h h T
x{l ] TR R—i—l 9 (TER R) "-l-HTER]x
—ml—|—— —sin2n|l— — coS———
2 Kk, Ty k, %o k,

k

}{1 +l in 2 2!:2!4—)} 2 zliljnzgp.gk‘ff
—a+—sin2 yacos a)t———= ) —E.F. sin"—
24T,k X124 JoRL, R ST
j=1

If we vary the equation (12) according to the free quantities uﬂ.ﬁg.wﬂ and take the

coefficients of the free variations to be zero, we get the following system of homogeneous algebraic
equations. Since the obtained system is a system of linear homogeneous algebraic equations, it is a
necessary and sufficient condition that the principal determinant is equal to zero for the existence of
its non-trivial solution. As a result, we get the following frequency equation:

8&11 &22 &33 + &22&23&13 + &12&23&12 —=2 &zzdn%a —2 &11&53 -2 &33 dn%z =0 (13)
Equation (13) is a transcendental equation with respect to the unknown . Its roots are found
by the numerical method. In the calculation process, the quantities determining the cover, ribs,

cross-section dimensions and soil were taken as follows[3,4]:09 = 2; = 0,26 10* Nsan2/m4, ﬁ =
0,05. E, = 6,67. 1{]9325 v =033
k=5,3-10"N/m?;¢, :%;a:SOmm

The results of the calculation are given in the form of dependence of @, on the wave number
n in figure 2, viscosity parameter of e, in figure 3, and the number of transverse ribs 2 in figure 4
b11 =18,3 QPa; b2z =25,2 QPa; bes=3,5 QPa; b12=2,77 QPa; v =y, 0,05 is taken.
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Figure 2. Dependence of frequencies on wave number
n
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Figure 3. Dependence of frequencies on viscosity parameter y

Figure 2 shows as the wave number n increases in the circular direction, the true frequencies of
the structure decrease and take a minimum value and increase again. In this way,

1;.’) = lﬁ} = 0 corresponds to solid lines, and IP = IﬁJ = 0,05 to broken lines.

v

Figure 4. Dependence of frequencies on the number of rings k2
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As shown in Figure 3, an increase in the viscosity parameter leads to a decrease in the
frequencies corresponding to the characteristic oscillations of the structure. Figure 4 demonstrates
that an increase in the number of rings initially causes an increase in the frequencies corresponding
to specific oscillations of the structure, but after a certain increase in the number of transverse ribs,
the frequencies begin to decrease. This occurs because the mass of the transverse ribs increases,
which strengthens the effect of inertia on the oscillation process. The broken lines in Figures 3 and
4 represent the oscillations of the cylindrical shell attenuated by the hole, while the solid lines
represent the oscillations of the intact cylindrical shell. It is evident from the figures that the
oscillation frequencies of the hole-attenuated cylindrical shell are lower than those of the intact
cylindrical shell. It is worth noting that the holes can be in other shapes, such as circles, and the
solution method for these cases is similar to that for rectangular holes, with the only difference
being that the domain S; is circular. Additionally, multiple holes can be opened on the surface of the
cylindrical shell without introducing any fundamental difficulty in solving the problem. The only
change is that the number of integration areas Si increases.
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ELASTIC-PLASTIC BENDING OF A RECTANGULAR BEAM

Sazairov Amirkhan Bahsat- PhD. in phy. and math.sc., ass.prof., department of Mechanics,
sazairov_emirxan@mail.ru

Annotations. The article under review examines the stress-strain state of a rectangular beam,
referred to a support with hinges at both ends, in flat bending under elastoplastic deformations. As a
result, a differential equation for the bent axis of the beam was obtained and solved.

Keywords: elastic-plastic deformation, elastic bending, yield strength

With increasing load, the bending moment in the cross section of the beam reaches the value
M., = oW, (g, —is the yield strength of the material, 17 —is the axial section modulus), at the

most distant points of the section from the neutral axis, the material passes into a plastic state, in
accordance with the Prandtl diagram (Fig. 1). Strain begins to increase at constant stress.

With a further increase in the load, plastic deformation gradually occupies an increasing part of
the cross section. The diagram of normal stresses divides the section into three zones:in the central
elastic core, the stresses change linearly along the ordinate axis, and in the two extreme plastic
zones remain constant and equal to +¢._.

] 2) b) i
O, Or
| - o
My-n y-n My-n an : an O; 1
hih x [t N =N | .
o |\ ) UJE ) i
4 = \
\ = =
Or Or
b -

Figure 1. Prandtl diagram [4]

Denote the thickness of the elastic core by arfr, depending on the value of the coefficient
a, we will distinguish three types of bending:
a) @ = 1 —elastic bend:

bh?

M}-‘np = oW}, M}rnp =M, =0 W, W :?
bh*®
b) @ = 0 —plastic bending: an = L’TTWM ' W.m = T

this state in which the stresses at all points of the section are equal to the yield strength, is called a
plastic hinge, unlike a conventional hinge, a is a constant value equal to the limiting moment
M,,,Which corresponds to the complete exhaustion of the bearing capacity of a given section.

¢) 0<a<1- elastoplastic
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Let us determine the bending moment during elastic-plastic bending, for which we will use the
stressdiagram from Fig. 1,
ho1 o1 h 2 h a*
My _p = 2 [bchEI —a)>-s(1+a) s+ boaz E“E] =My, (1-7) (1)

Find the bent axis of the beam and consider an example. Let two identical, oppositely directed
moments be applied to the end sections of a hinged beam (Fig. 2.). In the cross section, normal
stresses are distributed according to the following law:

ah

Ee |yl<—

— 2
i =

ah

o lyl=—

Figure 2. Oppositely directed moments [4]

According to the hypothesis of flat sections, the deformation at the point of the section
with the ordinate y,

e =¥ — here p is the radius of curvature of the curved axis of the beam.
el

Bending moment in section:

h ah h xh
il CLIN Ll g 20
M= [, oydd=2[}0oydA+ f_f,_hE;jfdA == 20, [HydA + ;j_ﬂ,r_hyzdﬂ = 20,5™ +
2 2 2 2
EI}"UP
i )
Included in this expression s7* —is the static moment of the upper (or lower) plastic zone, and

P _ _ N . . .
= control is the moment of inertia of the elastic core relative to the neutral axis

h
h — o
= by® BR® - biah)®
SE‘”:f&bj}d}f:T azh=?[1—zr2); I p=T=a3Ix (3)
: an

2

From equation (2) we find the curvature of the curved axis:

2
2
1 M 25", an(l—?—“r“ )_E M, 20

T

p EF®  EIP «3El, " 3aEl, aEh
This formula can be used to determine the stress in an elastic core:
E 20,
Fg=—"yY=—"V
P " {rh "

and in the plastic zone it is constant: ¢ = o, .
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Assuming that the displacements are small even under plastic deformations, we write the

approximate differential equation of the curved axis:
1 dZw 2o,
—=—= (4)
fe] dz aEh
Separating the variables of the differential equation and integrating twice, we obtain the

following equations for the angle of rotation - and deflection W:

dW 20, c
v dz  aEh 2460
W = o Z8+C -z +C
aEh 1 2

The constants of integration are found from the boundary conditions: For z = ¢ and z =
- W =20
Substituting the found constants €; = — % -1 and ¢, = o, , we finally obtain the equations for

the angle of rotation and deflection:

O Or 2
2z —1); W=—— — Iz
trEh{ z ) n’EhEz )

P E—

Maximum deflection (in the middle of the beam, z = é):
1 g,

_— n 2
4 aEh

If the beam is in an elastic state (when ¢ = 1),

1 M2 10,
T8EIL,  4Eh
and if in the plastic one (a = 0), then w — os, Which means that the deflection increases
indefinitely.

2
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EARTHQUAKE RESISTANT COAST GUARD AND FLOOD PROTECTION FACILITY
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Abstract. The article is devoted to the design features, principles of operation and identification of
shortcomings of well-known coastal protection structures designed to protect river banks from
erosion and erosion, as well as from floods and floods, as well as the development of their
earthquake-resistant design. It has been established that the known embankment structures have a
number of disadvantages, and their ability to withstand earthquakes and floods is very low. In order
to increase the efficiency of coast guard facilities and expand their functionality, a new coast guard
complex was developed, different from its predecessors, and its design, operating principle and
protective ability were explained. The proposed coastal protection device consists of bottom
thresholds with a practical profile, a guide wall, a protective guide head, a reinforced concrete
coating, a shock-absorbing intermediate layer, a sand-gravel preparatory layer, a heel and large river
stones laid on the heel part. The device has the ability to work as a coast guard device, embankment
protection and flood protection.

Keywords: coastal protection device, earthquake, flood, protection, design, principle of operation,
functionality

Introduction. In rivers, mountain rivers with high flow rates, as well as a result of natural
and anthropogenic impacts on the riverbed and slopes in their bends, bends and narrow sections,
complications such as erosion of banks and channels, cliffs and flooding and destruction of adjacent
territories, settlements, communication lines and other objects arise. At the same time, the collapse,
erosion and erosion of slopes and riverbeds lead to premature filling and failure of reservoirs built
on them, regulating and other hydraulic structures that bring silt and bottom. It reveals the need for
the use and construction of coastal, coastal protection and flood control structures to eliminate these
complications.

2. The object of the study is coastal protection and flood protection structures used on rivers.

3. Research methodology. Data were collected on hydraulic structures and drainage processes for
the development of a coastal protection structure, the principles of construction and operation of
similar structures were studied, their advantages and disadvantages were identified with the
involvement of scientific analysis.

4. Analysis and discussions. In case of floods, floods and earthquakes, flushing of the river bank
and bottom leads to an increase in the intake and weighing of particles, and ultimately to the filling
of the reservoir located in the lower parts of the river with sediments and premature failure of
structures at the waterworks.

On the other hand, the erosion of the banks of the river leads to a change in its natural flow,
causing floods and floods during high water. For example, frequent floods and floods of rivers
flowing in the Sheki-Zagatala zone of Azerbaijan have led to damage and destruction of
settlements, communication lines, industrial facilities and other structures and structures, causing
enormous damage to the economy and population of the country.

Therefore, it is important to strengthen the bottom and banks of rivers, especially mountainous
and prone to floods, and to prevent erosion processes.

The analysis of literary sources shows that there are two ways to deal with the collapse, leaching
and erosion of the banks and river bottoms (Bosikos 19681, I'pumima 1955).

1. Reduction of the flow flushing speed and power due to displacement of the flow hose from the
flushing zone;

2. Increase of stability and resistance to flow in the flushing zone.
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The first method, i.e. removal of the drain (its mass) from the flushing zone, it is carried out with
the help of longitudinal and transverse devices in the bend of the river (in this area, the river leaves
the channel both during high water and during high water).

The second method, namely, increasing the stability and resistance of the channel in the arrival
and flushing zone, is carried out with the help of protective jackets of the flushing zone and shore
protection devices (Annepun 1973, Cmupnosa 2002).

In the first method, longitudinal structures include guide dams, reinforced concrete walls, special
steel plates and spurs (I'pumun 1962, I'punmn 1979). At the entrance to the flushing zone, one end
of the dam or the guide wall (this is called the channel) is put on 3-10 m on the river bank, and the
other end (this is called the channel) freely goes into the river. A partition is installed in the
remaining space between the dam or the guide wall and the river. The dam is made in a curved form
in plan. The flow, changing its direction, leaves the flushing zone. At this time, a rotational
movement of water (vortex) in the direction of the current occurs between the dam and the shore.
Due to the change in the direction of the vortex and whirlpool, the water flow rate decreases. The
washing of the shore disappears, and in the interval between the dam and the shore, the arches
collapse. The partition connecting the shore and the dam increases the stability of this dam (or
wall), and also accelerates the collapse of the drains. Depending on the characteristics and
conditions of the rivers, guide embankments (shields) are used as longitudinal structures. Seedlings
can be submerged to the bottom-stationary and floating above water-temporary and permanent.

The transversely located structures include hemispheres (semi-dams) and spurs. Labels or spurs
are placed in the flushing area perpendicular to the flow axis or at a certain angle. Their root (one
end) is put on the shore, and the other end remains in the river.

This is how hemispheres work. The stream shrinks due to semi-deserts and moves away from the
shore. He approaches the shore again, and a whirlpool appears between the hemispheres. At this
time, the energy of the flow is turned off, and the conclusions collapse between the hemispheres.
Thus, the flushing of the shore disappears. To increase the distance between the hemispheres, they
are placed in a direction inclined to the axis of the flow. The slope ranges from 5-15° per angle.

On some banks of rivers that have a fast current or interfere with their flow, along with the
spread of the banks, their bottom is washed away. To prevent flushing, not too high lower
thresholds are used. Bottom rapids divert runoff from the bottom of the river and reduce its speed.
A vortex forms between the thresholds in the direction of the horizontal axis, and part of their
bottom sediments settles in the zone between the thresholds. This eliminates the flushing of the
river bottom. These devices are destroyed faster during earthquakes. Therefore, their seismic
resistance should be increased.

One of the rivers whose bottom and banks are eroded and deformed is the Tarter River (Quliyev
2015). As a result of interventions in the riverbed in the village of Zyumurkhan of the Bardansky
district, its natural stability has been completely lost. The same case was recorded in different areas
of the Tartar River. Therefore, design and construction work was carried out to restore the stability
of the river.

The mentioned, that is, the first method and the structures necessary for its implementation
partially protect the bottom and the river bank. But these structures are considered more effective in
regulating the flow processes in the river. However, the mentioned structures are dangerous for
fleeting floods and do not give the expected effect on rivers with sharp turns, the consumption and
level of which often fluctuate. Therefore, the second method is used, that is, ways to increase the
stability and resistance of the riverbed in the flushing zone, and devices (structures) that perform
them.

One of the simplest constructions when attaching a ramp is planting grass, grass and woody
vegetation on the slope, combining fascine on the slope, shah-shavalin and stone with fascine (a set
of branches or twigs) (I'putmu 1955, I'pumma 1979). This design is an outdated design and when
they are used, it becomes impossible to mechanize the work.
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One of the designs of the pitched fastening is the laying of stones consisting of one or two layers
on the banks of rivers prone to landslides and leaching. This structure cannot withstand high water
speeds, the effects of flood waves and quickly fails. To make up for this shortcoming, large-sized
stones are poured onto the ground on the bottom and slope of the river and give it a slope. If there
are not enough large stones, gravel-gravel material is poured onto the bottom and slope of the river
and stone prisms are created on it. Such structures cannot withstand specific, high-speed mudstone
flows and are destroyed during flood flows. When fixing river slopes, gabion mattresses and gabion
braid are also used. In these constructions, gabion mattresses are laid directly on the bottom and
slopes of the river. The gabion braid is sewn in a combined way. The bottom of the river is lined
with gabion mattresses, and rectangular gabions are braided on top. In the remaining space (area)
between the gabion spit and the slope, either soil is poured or gradually filled with river bottoms.
Practice shows that this gabion fastener is also resistant to floods and landslides.

The river slopes are also bonded with asphalt concrete lining. An asphalt concrete layer 5-10 cm
thick is laid in the slope leaching zone. Asphalt concrete coatings are made of two types. In factory
conditions, pallets (plates) with an area of up to 15 m2 are made and brought to the construction site
by laying them with a crane in the right place. Asphalt concrete coating is made directly on the
stand at the construction site. An asphalt concrete mat (covering) with an area of 50 m2 is wound on
a drum and placed on the shore by a crane. The tip of the coating at the water level is attached to the
ground using anchor piles. The end, which remains under water, is weighted with a concrete beam.
This design is considered cost-effective. However, this type of construction does not withstand the
destructive effects of flooding. Such a fastening design can be used on rivers whose speed is
relatively low.

A structure with a perforated reinforced concrete frame is considered to be a more effective
structure in terms of strength and durability. This structure consists of reinforced concrete piles with
a diameter of 150 mm and precast reinforced concrete perforated panels. Piles are driven at certain
distances from each other, and perforated panels are placed between them from head to toe. Piles
are used as supports to hold panels. This design is quite expensive to manufacture and build.

One of the fastening structures that can be erected at the bottom and above the water is a
structure made of reinforced concrete supports and filled with stone inside. This design with holes
from head to toe is characterized by mobility and durability. But it occupies most of the river.
Ultimately, this leads to a decrease in the width of the river and an increase in the speed of the river
flow. The latter leads to the erosion of the river bottom and leads to flooding of the floodplain.

Among the mentioned fastening structures, reinforced concrete coatings (monolithic or
prefabricated) and elastic reinforced concrete gratings are considered the most reliable and durable.
Reinforced concrete coatings are laid on top of the sand-gravel preparatory layer. They are
manufactured in various designs, such as pallets, reinforced concrete chains, beams, grilles, etc.

In recent years, a number of coastal protection structures have been developed to strengthen the
banks of rivers (I'abu6os 2012, I'a6u6os 1991). Employees of the Azerbaijan Research Institute of
Land Reclamation B.M.Akhmedov, I.A. Agayev, A.M. Muslimov have developed very original
shore-protection or shore-protection devices and obtained patents of the Republic of Azerbaijan for
these devices (Ohmodov 2007).

One of the coastal protective structures consists of concrete pallets, a tongue-and-groove tooth, a
heel part and piles surrounded by a grid and filled with river stones inside (©hmadov 2008). All the
elements are firmly interconnected. To resist the eroding and destructive effect of flooding, both
piles and a stone tongue-and-groove were used.

The second coastal protection structure is designed to strengthen and protect the banks of rivers
from the destructive effects of flood and flood waters. The cup holder consists of concrete pallets,
supporting parts of pallets and processed large-diameter car tires mounted on supports, two rows of
processed small-diameter car tires firmly connected to each other and filled from the inside with
river stones, as well as the heel part (©hmadov 2007).
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The study and analysis of the principle of operation, design features and conditions of use of
known coastal protection structures and structures allows us to conclude that known structures and
structures have a number of disadvantages.

1. The fields of application of known structures and structures are limited, and most of them
cannot be used on mountain rivers.

2. They have poor resistance to earthquakes, floods and flood flows. For example, a significant
part of the coastal, coastal protection and coastal protection structures built in the Sheki-Zagatala
region of Azerbaijan could not withstand small earthquakes, floods and flood flows, and their
individual sections collapsed and failed.

3. Well-known shore protection, shore protection and shore protection structures and structures
do not participate in the regulation of the current and have a passive effect.

4. Known structures and structures have little or no effect on changing the internal structure of
flood and flood flows flowing in rivers, reducing their speed and impact force, as well as on the
flow processes.

5. The overall dimensions of most of the known structures were quite large, narrowing the
riverbed in the areas where they were built, causing compression of the stream and an increase in its
speed. This also leads to the flushing of the river bottom. At the same time, the narrowing of the
river creates a real basis for the occurrence of floods, preventing the release of flood waters.

The above-mentioned emphasizes the need to create a more reliable, durable, efficient and
suitable for use on rivers with different characteristics of coastal protective structures. With this in
mind, a coastal protection device was developed, which differs from its predecessors in design and
principle of operation.

4.1 The new Coast Guard.

The proposed installation consists of a bottom threshold, a guide wall, a protective guide head, a
reinforced concrete lining, a sand—gravel preparatory layer, a heel part and river stones laid on the
heel part (Fig.1).

PLAN

Figure 1. Coast Guard and flood protection: a-cross section of the bottom threshold; 1-bottom
threshold; 2-guide wall (spur); 3-protective guide head; 4-reinforced concrete lining; 5-river bank;
6-sand-gravel preparatory layer; 7-heel part; 8-clay layer; 9-river stones; 10-shock-absorbing
intermediate layer; DSS-flood water level; NSS-normal water level.

At the entrance to the coastal protection structure - two bottom thresholds are placed at the
bottom of the river to turn off the speed and energy of the flood current and retain part of the bottom
runoff. On the left and right sides of the central part of the bottom thresholds, submerged guide
walls (spurs) are built on the slope in order to direct the flow direction to the center of the river and
partially eliminate the erosion of the banks, as well as to muffle the kinetic energy of the flow in the
channel. The guide walls are also designed for the subsidence of part of the supply material between
the protective guide head. The entrance part of the reinforced concrete lining at the beginning (in
front) of the section of the river subjected to overflowing and flushing is dressed on the one hand to
the shore, and on the other-at a certain angle to the central axis of the river to direct the flow to the
center of the river, damping the energy of the flood flow, protection from the destructive effects of
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the supply products of the protective lining and prevention of seepage, which in case of an
earthquake, it penetrates into the back side of the cladding and weakens the stability of the structure
in the form of a protruding protective guide head. In order to increase the stability of the device,
prevent it from washing and flying, deforming and slipping, the heel of the visor is made in the
form of a retaining wall seat. The height of the protective guide head (Wall) is assumed to be 0.5-
0.1 m higher than the difference between the flood water level (DSS) and the normal water level
(NSS). This height can direct both floods and normal flows. To prevent the displacement of the
lining during an earthquake, shock-absorbing intermediate layers are placed between the brackets of
reinforced concrete linings.

To prevent leaching and seepage of the lower and heel parts of the unit, a layer of clay and river
pebbles is laid on top of the heel (seat).

This is how the proposed stand works.

Flood and flood streams bring with them a large amount of materials (mud, stones, sand, gravel,
pieces of rocks, tree stumps and branches, etc.), which enters the zone of constant flushing and
flooding of the river at high speed. At this time, bottom thresholds and submerged guide walls
located in front of the coastal protection structure resist the current, partially extinguishing its speed
and Kinetic energy. A certain part of the terminals settles in front of the lower threshold and
between the guide wall and the protective guide hood. Due to the protective and guiding pressure,
the velocity of the weakened flow decreases somewhat, and the flow rod together with the terminals
moves along the central part of the installation, deviating from the shore. The contact of the
protective lining with the flow terminals is greatly weakened, and its friction and impact on the
terminals disappear. This ensures the protection of the cladding.

Practice shows that all coastal protection structures and structures fail prematurely due to erosion
and wear of their bottom, mainly the construction part. But as a result of changes in the flow rate,
power and structure in the proposed installation and due to river stones laid on top of the heel part,
the process of washing the bottom and the construction part of the installation does not occur.

In case of an earthquake, a layer of clay laid at the base of the protective lining and shock-
absorbing intermediate layers placed between the facing brackets soften the earthquake transmitted
to the object and prevent it from collapsing.

The proposed coastal protection structure works according to the principle described above, even
during the absence of floods, floods and landslides on the river, while the threat of collapse, erosion,
erosion and deformation of the banks is completely eliminated. At the same time, since the
combined installation regulates the flow structure, the probability of flooding does not arise, thereby
eliminating the threat of flooding of settlements, agricultural land, construction and industrial
facilities, communication lines and other facilities.

Conclusions. In contrast to the well-known structures and structures, the coastal protection
structure can be used both in areas of increased seismicity and in rivers with inclined slopes, as well
as in channels of rigid and rectangular shape. The structure can be built on both sides of the river-on
the right and left banks, as well as on the river bank, which is more prone to spills and washouts.
The proposed installation is able to work more efficiently on sharp turns of the river.
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TEOPETUYECKHE OCHOBBI HCCJEJTOBAHUA CEUCMOCTOMKOCTH
N3I'MBAEMBIX )KEJIE3OBETOHHbIX 3JIEMEHTOB

JixaopausioBa I'yisHapa XaHaap- T.e.n., JIOIEHT, Kadenpa JKCIUTyaTallud U pEKOHCTPYKIUH
3paHuii U coopyxenunii, A3ACY, gulnara.djebrailova@gmail.com

AnHoTauus. B pabote paccmaTpuBaeTcs omnpeneneHHe CEHCMHYECKONW Harpy3Ku Ha OCHOBaHHMHU
HeJIMHEeHHON nedopMaliMOHHON MOJenu U3rudaeMbIX *Kejle300€TOHHBIX 3JeMeHTOB. Llenb paboThl
3aKJII0YAETCsl B TOM, YTO B MPAKTHUECKUX PacdyeTax MpU OMpPeesICHHH )KeCTKOCTEH M3rnOaeMbIX U
APYTUX 3JIEMEHTOB )KEJIe300€TOHHBIX COOPYXEHMH BBECTH PealbHbIE XapaKTEPUCTUKU OETOHAa U
apMaTypbl U UCCIIE0BATh BIUSHHUE ATUX N(POPMALMOHHBIX XapaKTEPUCTUK Ha CEHCMOCTOUKOCTD
KeJe300€TOHHBIX  JIEMEHTOB. B 3aBUCMMOCTH OT JKECTKOCTH DJIEMEHTOB COODPYXKCHHMU
UCIOJIb30BaH JUHAMMUYECKUH METOJ CEeHCMOCTOMKOCTM KOHCTpykuuid. HoBuzHa paboThl
3aKJII0YAeTCsl B TOM, 4YTO MPH ONPEAEICHUU )KECTKOCTU M3rH0aeMbIX )KeIe300€TOHHBIX 3JIEMEHTOB
UCTIOJNB3yeTCsl HeNuHeiHas aeopManuoHHAs MOJAETh MEXaHWKH TBEepAbIX Tenl. [lpuBomurcs
quceHHble npuMepbl. Ha OCHOBaHMM pe3ysIbTaTOB YHCIEHHBIX IMPUMEPOB CJlieNaH BBIBOJA 00
3HAQYUTEJIBHOM YBEJIMYEHUH CEHCMUYECKOM HArpy3kM IIpH Y4eTe IIOJI3y4eCTH M JUIMTEIbHOU
IIPOYHOCTHU OETOHA.

KioueBble cioBa: JXecTKOCTb, KeIe300€TOHHBIN dJIEMEHT, HeNuHeWHas IedopManroHHAs
MOJIEJIb, CEHCMOCTONKOCTD, CEHCMUYECKUI UMITYJIbC, JUHAMUYECKUI METO.L

THEORETICAL FOUNDATIONS FOR THE STUDY OF SEISMIC RESISTANCE OF
BENT REINFORCED CONCRETE ELEMENTS

Jabrayilova Gulnara Khanlar-PhD in tech.sc., ass.prof., department of Operation and
reconstruction of buildings and facilities, AZUAC, gulnara.djebrailova@gmail.com

Abstract. This paper will focus on finding the seismic load based on a nonlinear deformation model
of the bent reinforced concrete elements. The aim of this paper is to introduce the real
characteristics of concrete and armature in practical calculations of finding the rigidity of bending
elements and other elements of reinforced concrete structures and to study the effect of these
deformational characteristics on the seismic resistance of reinforced concrete elements. The method
of seismic resistance of the construction is chosen based on the rigidity of the elements of the
construction. The novelty of this research work lies in the fact that a nonlinear deformational model
of solid mechanics is used in order to find the rigidity of bent reinforced concrete elements. This
paper provides numerical examples. The conclusion about a significant increase in seismic load was
made based on the results of numerical examples, that are considering creep of concrete and long-
term strength of concrete.

Keywords: Rigidity, reinforced concrete element, nonlinear deformational model, seismic
resistance, seismic impulse, dynamic method

Bo Bpems 3emiieTpsiceHHi MPOUCXOAIT OecropsI0YHbIe CMELIEHHS U KoJeOaHusl TOBEPXHOCTH
3eMHOH KOpPBI, KOTOpPBIE B OOIIEM Cllydae MOKHO Pa3joKUTh HA TOPU3OHTAIbHBIC U BEPTUKAIBHBIE.
OTu cMmelleHusl U KojebaHus MepelaloTcss HEMOCPEACTBEHHO (YHIaMEHTY COOpPY)KEHHUS, a uepe3
HEro UM CaMOMYy COOpPYKCHHIO, BBI3bIBas B HEM J00aBOYHBIC HArpy3KH HHEPIIMOHHBIC CHUIIBI,
KOTOpbIe HEOOXOIMMO YUHUTHIBATh MPU pacyeTax JIEMEHTOB COOPYKEHUH.

HHepuroHHbIe CHUIIBI COOPYXKEHHS 3aBUCAT KaK OT CMEIICHHH 1 Kolebanuii pyHaaMenTa, Tak u
OT CMEILIEHUH COOPY>KEHUS U €r0 MIEMEHTOB U )KECTKOCTU ITUX JIEMEHTOB.

Hano oTMeTuTh, 4TO MpH ONpEaeseHHH KECTKOCTH JKEJIe300€TOHHBIX AJIEMEHTOB JI0 CHX IOp
HE YYUTHIBAJIHUCH 1e(hOpMallMOHHBIE XapaKTEPUCTUKN OETOHA U apMaTyphl.
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Ienp Hacrosimiedl pa®oOTHl 3aKiIOYacTcs B TOM, UYTO B NPAKTUYECKUX pacueTax IpH
OTIpe/ICNICHUH KECTKOCTeH M3rubaeMbIX U JPYrUX AJIEMEHTOB BBECTH pEalibHbIE XapaKTEPUCTHKU
0eToHa 1 apMaTyphl U UCCIIEOBATh BIUSHUE 3TUX PEANbHBIX 1e(hOPMAIIMOHHBIX XapaKTEPUCTHK Ha
CEMCMOCTOMKOCTh KEJIe300€TOHHBIX JJIEMEHTOB. B 3aBUCMMOCTH OT >KECTKOCTEH 3JIEMEHTOB
COOPYKEHMsI UMEETCS IBa METO/1a pacueTa- CTaTUYECKUN U TUHAMUYECKUI.

HoBuzna paboTel 3akioyaercs B TOM, UYTO IPHU OINPEAETICHHH H3THOHBIX >KECTKOCTEH
XKeNe300€TOHHBIX 3JIEMEHTOB HCIOJb3YeTCs HeNWHEeHHas aeopManuoHHas MOJAETb MEXaHUKU
TBEPABIX J1e(QOPMHUPYEMBIX Te€J, 4YTO MPUBOAUT K MPUMEHEHHUIO JIMHAMUYECKOrO0 MeEToj1a
CEHCMOCTOMKOCTH.

Kak wu3BecTHO, MpH UIMTENHHOM JEHCTBUU HArpy3ku B OETOHE MPOUCXOAMUT MOJ3YyYeCTh U
pe3yabTare yMEHbIIEHHE MPOYHOCTH OeroHa. B pesymbraTe Heynpyrux aedopmanuii u
YMEHbIIIEHUE MPOYHOCTU OETOHA, a TaKKe YIPOYHEHHE MPOYHOCTH apMaryphbl Iocje Mpeselna
TCKYYCCTH 3HAYUTCJIIBLHO BJIMAIOT Ha CeHCMOCTONKOCTh )KCJ'I6306GTOHHBIX DJIEMEHTOB. YUET JTHUX
XapaKTePUCTHK, a TaKkKe HCCIEeJOBaHHE BIUSHUS pealbHBIX Ie(OPMAIMOHHBIX MapaMeTpoB Ha
CEMCMOCTOMKOCTb COOPYKEHUH HMEET Ba)KHOE IPAKTUYECKOE 3HAUCHUE.

B JATCPATYPEC MOKET OBITh UMEIOTCS HEMHOTOUYHMCICHHBIE pa6OTI)I, KOTOPBIC 6I)IJ'II/I ITOCBAILIICHBI
sToM mpobiieme. [losToMy, Ha HaII B3I 3Ta IPOoOJieMa penIaeTcst BIEpPBLIE.

BBuny toro, yto B paboTe pacueT COOpY>KEHUH BEAETCS B OCHOBHOM IPH KMHEMATUYECKUX
BO3MYILIEHUAX UX (HYHIAMEHTOB.

B ynporieHHoO# nocTaHOBKE 3a7jaua CBOAUTCSA K pacueTy U3rudaemMoi 0ajiku ¢ pacipeiesieHHOM
Maccoi.

[lepememienne Macchl CKJIAQIBIBACTCS M3 TIEPEMENICHHS OT CMeIIeHUs (yHIaMEeHTa W
MepeMeIeHHs BCIEICTBUE U3rH0a OalKH.

W=w+wg

CelicMuyeckasi peakiysi — CHJIbl HHEPLIMH OIIpeIeNsieTcs CIeyOIUM 00pa3oM:

I =—M(Ww+wg) —BM(wg +w)

Ceiicmuueckasi Harpy3ka JEWCTBYIOIIAs Ha KEJIe300€TOHHBIM W3THOAIOIMUNA  DJIEMEHT
orpejensercs 1no Gopmyie:

S(x,t) = —M w — BMyiry = —j—?(ﬁzﬂ + B)

HOCKOHBKy HHCPILIMOHHAA CHUJIa —M W — mo CYIIECTBY BCJIIMYMHA 3alaHHAA, TO OHA MOKCT

OBITh MEpCBCACHA B KAaTCrOpHUIO M3BCECTHBIX HeﬁCTBYIOIHHX cua. DTO OOCTOSTEIHLCTBO IO3BOJISIET
pacueT Ha BBIHYXJICHHBIC CMCIICHUA 3aMCHUTH pPACUCTOM Ha 3aJdHHBIC CHJIIbL [—M WEI] npu

Ha4YaJIbHBIX YCJIOBUAX JIBUKCHHA pacnpeneneHHoﬁ MAacCCHBI.

Cuibl CONMPOTUBJICHUA 3aBUCAT OT MHOI'UX (l)aKTOPOB U ONpCHACIICHUA UX B aHAJIMTUYECKON
(l)OpMe CBsA3aHbI C TPYAHOCTSMU.

P(x,t) = —MEMwt

1
31ech 8 - K03 (DUIHEHT BHYTPEHHETO TPEHUS, p—
Takum oOpazom, BO BpeMs 3EMIIETPSACEHHs Ha Kele300€TOHHBIH 3JIEeMEHT JeWCTBYIOT

CHEAYIOIIUE CUJIBIL:
-3alaHHas aKTUBHAs HArpy3Ka q.;

8 w
- Cuitbl mHEpUAN —M ﬁ ;
-Cuna conpoTHBIICHUS ABUKCHUS OaIKU
P(x,) = ~MB
x,t) = —MB—
at

BHemnsasa Harpyska OyJeT paBHa:

d-w dw

_ M_
dt? B dt

S(x,t)=q,— M
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B kapkacHbIX 30aHMAX CXEMax ONUPAaHUS M3TUOAEMBIX JKEJIE300CTOHHBIX AIIEMEHTOB
pasznooOpaszHa. JuddepenuuanbHoe ypaBHEHHE H3rHOAaEeMBbIX KEI€300€TOHHBIX 3JIEMEHTOB HMMEET
CHEAYIOUIUI BU:

% w
Dw"™ = —5(x,t) wmxe Dw' + M-+ P(x,t) = —q(x,t)

3nech D — JKECTKOCTh HM3THMOAEMBIX JKEJIEe300€TOHHBIX JIIEMEHTOB M OIpeNeNseTcs Ha

OCHOBAHUU HETMHEWHOW Ae(hopMariMOHHONW MOJIENTM MEXaHUKH TBEPIBIX 1€(POPMHUPYEMBIX TEI.
Hago orMeTuTh, 4TO 10 CUX MOp MpPU HCCIEAOBAHUU 337aya CEHCMOCTOMKOCTH M3THOAEMbIX
XKene300€TOHHBIX JIEMEHTOB pellanach B YINPYrod craauud paboThl OETOHAa M HE YYMTHIBAIACh
pabora OeroHa mNpu JUIMTEIHHOM JEHCTBHUM HArpy3KH, KOTJa MPOHCXOAUT TMOJ3Y4YeCTh U
JUTATEIbHASI MPOYHOCTh OeToHA. 3amada CBOOOTHBIX KOJICOAHHMH M3THOAEMBIX IKEIe300€TOHHBIX
AJIEMEHTOB CBOJUTCS K PELICHUIO clieayromiero quddepeHanbsHOoro ypaBHeHHUS.
a*y 9%y
ax* dt?
Pemenne 3TOrO ypaBHEHHSI MMEETCS B MHOTOUYHCICHHBIX paboTax MO TEOPHH KoJeOaHWiA
U3rubaeMbIX JIEMEHTOB 0€3 yueTa Moji3y4ecTu OeToHa.
[IpuHuManucey pemeHus ypaBHeHHUsI CBOOOIHBIX KoyieOaHHil 0anok B BUJIE:

=0

y(x, t) = sinwt Z Cpy X (%)

m
31ech @ -4acToTa CBOOOIHBIX KOjeOaHuii 0aJloK:

X, (x)- bopma cBOOGOIHBIX KOJICOAHHI, YIOBICTBOPSET YCIOBHUS Ha KPasiX 3aKperIeHus OanKu

¥l TIPUHSATHI B CIICAYIONIEM BUJIC:
X, (x) =B, [sind x —shd x— A4, (cosd, x—chd, x)]

3mech

1 = Zm—-1 __ sindp HtshdgyH
m g Tm cosdp Hichdy, H
YacToTbl CBOOOJTHBIX KOJIEOAHUN W3TMOAEMBIX KEI€300€TOHHBIX JJIEMEHTOB OIMPEACIISIOTCS

cienyromiei GopMyInoii:
i DH 1

Wy = Fm[iiﬂ J an(xjdx]

dynnamenTanbHble GyHKIMK Oanok nausl B [3] u onpenensercs B Buje:
H

v — 74 . 2 —
Xm (.’1’) —.-;Lme(I), _er(I?]dI—E
Takum o6pa3om, 4acToTa CBOOOTHBIX KOJeOaHHH onpenensercs mo Ggopmyre:
Q;, = DA,
Beuny Toro, npuHnMaercst (15, = Mw2 | Toraa
¥ (2m—1)*D

16H* M

B nanHo# paboTe ydumThIBaeTCsS auarpaMma COCTOSIHUS OeTOHa, MMEIoas IBYXJIWHEHWHYIO
dbopMy, IpuBeIcHA B BU/IE:

, D,
W :H‘lm =

Aoy Ao

Puc 1. Jluarpammbl cocTosiHUASL O€TOHA M apMaTypPhl
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Ilocne wu3yueHuss CBOOOTHBIX KoJIeOaHUH OalloK, paccMaTpUBAETCs CEHCMOCTOWKOCTD
’KeNne300eTOHHBIX 1eMeHTOB. CeiicMuYeckas Harpy3Ka OIpeessieTcs B BHIC:
S(x,t) = Myy(t)
31ech ¥, (t) — ceificMUUECKHI HMITYJIBC.
OyHKIMS CEHCMUYECKOT0 UMITYJIbCA IPUHSATA B CICIYIOIINX H3BECTHBIX (hOpMax:
wg (t) = aysinwt  ( mMmmynsc 3aBpueBa)
wi (t) = ae **"sinwt  ( uMoynsc Kopunackoro)

&

wg (t) = ayte " sinwt (uMmynsc Bepnare)

A ow b

wy (t) = a,Q(t)e " sinwt (0600weHHas popma UMITyIIbCA)
Hamo ormeruTh mnepBbie aBe (DOPMBI CEHCMHYECKHX HMITYJIBCOB HE YIOBICTBOPSIOT
HaYaJIbHBIX YCIIOBUIi 3a1a4H:
Wy(0)=0 unwg(0)=0
VpaBHEHHE CEHCMOCTOMKOCTH M3rHOAEMBIX 3JIEMECHTOB IPHHUMACT CJICAYFOLIUHA BU/:

E

d
pw" + M ¥ = —5(x,t)

gt
HNJIN KC
AL
e | _-'1 = W
dx? at2 5
rac

Mwi (t) = Hig%wje_fnr [p(t) sinwt + @(t)coswt]

3aaya pemraercs B 001IeM BHJIE:
[punumas wg (t) = ay,@(t)e o sinwt
BBenst crenyrorine 0603HaYCHUS:

qurzD i ]

K = == a=g S(x,t) = K ge " [p(t) sin wt + ¢ (t)coswt]

3neck noauHoMbl P(t) u @(t) B 3aBUCHMOCTH OT BBIpaXKeHUS 00OOLIEHHOTO CEHCMUYECKOTO

UMITyJI6ca Wi (1) MMeroT ciemyromuii BU:

pu)=(1— Q(t)

s

o

)@(m%@m—

L

o)) ==—20() - =6()

Takum 00pa3oMm, ypaBHEHHE CEMCMOCTOMKOCTH UW3TMO0AEMBIX DJIEMEHTOB IPUHUMAET

CHEAYIOIIUN BU:
8%
D Fpn +M

Z:: = K.qe " [p(t) sin wt + @(t)coswt] Q)

Pemenue ypaBHenus (1) ceHCMOCTOMKOCTH M3TMOAEMBIX AJIEMEHTOB MPUHUMAETCS B BHJIC
PAIOB, PA3IOKEHHBIX 110 COOCTBEHHOHN (hopMe KoieOaHu B BUJIE:
w(x, 1) = Xy T (£) X (%) )
[IpaByto vacTh ypaBHEHHUsS ceHcMOCTOMKOCTH (1) Toke paszmaraercs mo ¢Gopme CBOOOTHBIX
KoJjeOaHUi W yYUTBIBas OTU PEIICHUS B YPAaBHEHUU CEHCMOCTOMKOCTH M3THOAEMBIX DIIEMEHTOB,
MOJIY4HM:

-

s 1
T:l:n (t) + mme (t) = Eqm(tj (3)
PeI_HeHI/Ie 3TOT'O ypaBHeHI/IH HpI/IHI/IMaeM B CHeJIyIOHleM BUC:
1
T:l:n [t] = E Ks G1m E_Enr [pl[t] sin wt + ey [t] CG.S'CLPt]

- 1
T:l:n [t] = EKS GMm e_snr [pf (t] sin wt + P [t] casmt]
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3nech 1,, ABisgeTcs Kod3hdumreHToM POpMBI KOJIeOAHUS U UMEET BHI:

_ S X (x)dx
TR () dx
Yr06s1 T,,(t) 06110 pemenue (1), HOIYyIUM CIEAYIONINE YCIOBUSL:

p, () + m:l:npl(t) = p(t) 4)
@, (t) + wl,0,(t) = o(t)
3neck nonuHOMBI Py (t) u ¢, (t) B 3aBUCHMOCTH OT NpUHATOrO @(t) ABIAIOTCS N3BECTHBIMHU.
[MonuuoMBI P5 () 1 @, (t) B 3aBucuMocTu ot @(t) onpenensrorcs us (4) B BujE:
P (1) = (EE;. - m:]pl[t] - Eguﬁlttj +F§1(tj + EEquul(t:] — 2wg, (t)
@2 (t) = (g5 — @), () — 25,6, (£) + "Pl(tj — 2g5wp, () + 2ewpy (t)
[Ipu penieHMy 3a4a4M CTENEHHM MONUMHOMOB Py(t) u ¢, (t) IpPUHMMAIOT paBHBIM CTEHEHH
noiuaoma Q(t).
B GOoJbIIMHCTBE Clydasx cTeneHb nonuHoma @(t) NpUHMMAETCs paBHBIM ABYM, HOITOMY
p,(t) u @, (t) Toxke mMpUHUMAaeTCA B BUJIE:
p,(t) = At* + Bt +C
@, (t) = At + Bt +C,
Vuureieas nonuHoMul py(t), @, (t) u @Q(t) mna nomunomoB P, (t) m @, (t) nomyunm
CIENYIOIINE PEIIEHUS:
P2 (£) = [(£2 — ™) A4 + 20,4, 117 + [(E” ;;; Jg;ffﬂl i
+[(e5 — w*)C — 2,B + 24 + 25w C, — 2wB,]
02(8) = [(£3 — )4, + 205 Ale% + | E;D;;”_)id _E;Eﬂ_"l;; .
+[(g5 — @*)C; — 25,8, + 24, + 255w C + 2wB]
[1— (g5 — @™)A+ 2we A, ]t +
Brm(t) = €779 | [[sg — @) € — 26,8 + 24 + 25,0C, —] sinwt +
—Z2wd,
[1— (g5 — @?)A, + 25,wA]t" +
+e %0 ¢ [(gf — w®)B, — 45,4 — 25,0 + dwA]t +  coswt
[(s5 — w®)C, — 26,B, + 24 — 25,C + 2wB]
Onpenenenne kodpduuuentos A, B u C u 4,, B, €, nomuromos p,(t) , ¢, (t) cBogurcs k
PELIECHHIO CIEAYIONIMX MMOCIIEI0BATENBHBIX AIreOpandecKuX ypaBHEHUIA:
£y

Je+

e+

i

(g5 —@® — @2 )A+ 25wA;, =1 — —
4 =
. . . 2gq
| —25wA+ (55— w” —wp )4 = —

(e —w" —w, )B4+ 25 wB, = —?D + 454 +4wA,

) 5 - 4
| —25wB + (ef —w” —w,)B, = —~ 4g,d, + wA

m

" " . 2
(g —w" — @, )C +25ywC) = — + 25,B — 4wB, — 24
?

—2g,0C + (5§ — w® — w3 )C, = 2¢,B, — 2wB — 24,
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[TocnenoBarenbHO pEIMB ATU ANreOpanyeckre ypaBHEHHS, HaXOIUM:

1 ES . . . 2 9
A=—I1——|(gf —w* —w),) — de5w”
JIjl]l:'z e

1 |25, . . ES
L= D_Du ?(EE —w" —w, )+ 25w (1 — m:)]
deg, . . .
1 (? + 45,4 + 4{0141) (g5 —@* —wj) +
B = D_ 4
on deyw (— — 4wA — 45[,.41)
w
4z,
1 2eyw (; + 45,4 + 4&.;}11) —
Dl}n

4 5 5 5
- (— + 4wl —4ey(5y —w” — m;ﬂ]}ll)
w

1 2 2 5
C = o [(22,B — 2wB, — 24) — (g5 — &” — w )]

m
On

1 1 4
C,=— [— (—— 2eyB + 2wB, + 2;—1)}

JI:':II]';'z Dl}n w
rae
Dy, = (g5 — @” — @y, )" + 45 0°
Takum 00pa3oM pelieHre 3aJa49y IOIyIUTCS B BUIE:
wlx, t) = %e Tt Y M [Py (t) sinewt + ¢, (t)coswt] X, (x) (5)

[Mocne HaxoxaeHusi pemieHus T, (t) MOXHO HaliTH pelIEHUs ypaBHEHHS CEHCMOCTOMKOCTH

Pa3IOKEHHBIE B PS/IBI.
IIpaBas yacTh ypaBHEHUS CEHCMOCTOMKOCTH UMEET BUL:

0.(6.8) = =M(# +5) — BM(irg +) = K, ) 1y B, (2)
m

3nech B, (t)-k0>pPUIMEHT TMHAMUYHOCTH CEHCMHUYECKUX CHIL

3ajava cBelleHA K OMpENeNIeHUI0 Tpex KOod(PUIIMEHTOB 3a/auu ceiicMocTtoikocth: K, 1, u
B (2).

Koaddunmentst K, u 17, HE 3aBHCIAT OT BPEMEHHM U ONPEIECICHBI B COOTBETCTBHH C
neicTByromuMu HopMaMu[2]. 3afaBasich ypaBHEHHUEM JIBUKEHHS TPyHTa B 00001IeHHON hopMe BO
BpeMs 3eMJICTPSCCHHUS:

wg(t) = a,Q(t)e " sinwt

MOXHO HaWTH 3HAYEHUs CEUCMHUYECKOM Harpy3ku. Popma CEMCMUYECKUX HMITYJIbCOB
IpUHEMaeTcs B 3aBHCHMMOCTH OT Q(t) um oHa 0600IaeT Bce yKa3aHHBIE BhINIE (OPMBI H
MIPUHUMAETCA B BUJE:

Q(r) =1t?

3azaya pemaeTcs B CIEAYIOIIEH MOCIeI0BaTEIbHOCTH.

Ipu @Q(t) = t* nmonunomsl p(t) u @(t) npUHUMAIOT cleIyOmHil BUL:

g2\ . 4e 2
p(tj=(l— “i)r—+—”r— _
e

2e, . 4
—2t2 ——¢

@(t) = — »

B COOTBETCTBMM 3TUM IOJIMHOMAM, MOJUHOMBI Py (t) u @, (t) Toxe mpuHMMAKOTCA B BHJE

MOJIMHOMOB BTOPOM CTETEHHU.
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CrnemoBaTenbHO, pEMICHUE 3a7a4yd TOJTYYCHHOE BHINNIE, YIPOINAETCSs B BHUAEC TOrO, 4YTO

nonuHoMsl Py (t) u @, (t) npunaTHL B BUjE:
py(t) = At?; @, (t) =A1t:

Hpyrue koapdunuents B, Bin C,Cinpunumarorcs paBabiMu Hyimto. B=B, =0:C=C, =0

Torna:

p.(t) =[1— (g5 — w™)A+ 2wy A, ]t7 — 4(5 A, + wA)t + 2A

@, (t) = [1— (g5 — @?)A; — 2weyAlt” — 4(g,A, + wA)t + 2A,

B.(8) = 9_50*{[1 —(gf —w?)A + 2weyd ]t —
—4(g,A; + wA)t+ 2A

+e N [1 — (gf — w™)A; + 2e,wAlt* — 4(g,A, + wA)t + 2A, Jcoswt

}sinmt +

31ech
1 Eé ( En En > ) 4 -"|
=— —— & —w” — w; g2
DI}” Y o m o
1 |25, . . ES
= —|— ey —w” —w: )+ 25,0 | 1 — —
* Dl}u w ( ¢ mj ° ( Cr.?‘)]

JI:':III!I:'z = (Eé - w” _m::nj: +4E§Cﬂ:
Hammra OeJb 3aKJI4acTCa B TOM, LITO6I)I HU3y4aTb BJIUAHUA TIIO0J3Y4YCCTH U I[JII/ITGJILHOﬁ
IIPpOYHOCTH OeroHa Ha BCJIIMYUHY CENCMUYUECKOH Harpys3kKHu.
B BoipaxkeHuu f,,(t) KBagpaT 4acTOThl CBOOOJHBIX KOJIEOAHMI M3rMOAEMBIX 3JIEMEHTOB

3aBUCAT OT X KCCTKOCTHU I/ISFI/I68.IOH_II/IX ’KeJIe300€TOHHBIX JIEMEHTOB.

:_H4 2m— 1\*D
wh=m(3) u

KoadduunenTs! penienus 3a1auu TOKE 3aBUCAT OT KBaJpaTa yacTOT CBOOOJTHBIX KOJeOaHM
U3rubaeMbIX 3JIEMEHTOB, 3HAYEHHs] KOTOPOTO IMpPHUBEAEHBbI Bbille. B o0meM ciydae 3agaud 3Tu
UCCIIEIOBAaHMSI CBA3AaHBI ¢ OOJNBIIMMH BBIUMCIUTENBHBIMU paOOTaMH.

[enbto HacTosimiel pabOTHI SABISETCS B TOM, YTO MPU ONPEJEICHUH >KECTKOCTH HM3TnOaeMbIX
3JIEMEHTOB Ha OCHOBE HEJIMHEWHO! J1e(OpMallMOHHON MOJIETN MEXaHUKHU TBEPAbIX TN, YUUTHIBATh
peasibHble  AeQOpMAIlIOHHbIE W  IPOYHOCTHBIE  XapaKTepUCTHKU  OeToHa.  JKecTKocTb
KEIe300eTOHHBIX JIEMEHTOB uMeeT Buf [1]:

D = KyE, (K, 1., + nK.I, )

K, = 15(1-5K8) =y (1+3) 1= Ko 1, =72

7 4 55 . _ =5
I..= A (hy —v)° +:—;A3(}r— 4)?; K, =—L

g:Hy
[Tpu ynpyroit pabote 6etona Ky =1 u ¥;,; = 1 KeCTKOCTh NMPHU U3rube onpeaenseTcs
crenytomeit popmyIoit:

D,=E, lb—+mﬂl (hy— v]]

Bricota cxatoii 30HBI O€TOHA OMpEeAeNseTcs W3 pEIIeHUs CIEIYIOIIero KBaJApaTHOTO
YpaBHEHUS:

&+ 2np f — 2np, =

rae

. =— | n=—
5 Bh, Ey

VYuuThiBas peanbHble Xapakrepuctuku Oerona (Ky; =0,2 wu ¥, = 0,85) xecTkocTh

M3ru0aEeMBIX JKEJIe300€TOHHBIX AJIIEMEHTOB OIPENesSeTCsl CIeAYIoEeH GopMyoii:
D, = KB, (K, 1., + K1)
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BricoTy cxxaToii 30HBI OeTOHA ITpH U3THOE ompenensercs mno ¢popmyne [1]:
Ng [t
Rz

,:':
1—K,—05(1—1y,,)(1-K,)
31ech
_ R . — _Ss . — fig—¥
"R g, K, kg ' Bs T Fp2T

Jus  WUIIOCTpallMd  BIMSHUS  JUIMTENBHOTO  JeMCTBUS — CeMCMUYECKON — Harpys3ku
paccMaTpUBAIOTCS CIEIYIOIIUE IPUMEPBL.

f— 1m=100sm

158m 13sm

P 2 e
oSS
12@10A400 9 425m

PaccmorpuM u3ru0® mpocTtoro pedpUCTOro MEepeKphITUS. APMUPOBAHHE CEUEHUS TOJIOCHI

IMPUBOJUTCA HUXKC.

g, = —22=0,0072 : hy =15— 2 = 13cm
100 +13

Beron B25 (R, = 14,5 wmlla; E, = 30-10° wmIla); Apmarypa A400 (R, =365 wlla;
E, =2-10° mlla)

ES
n, =—==6,67

Eb

[TonoskxeHne HEUTPAIBLHOTO CJI0SI CEYEHUS ONPENEIAETC PELICHUEM CIEAYOLIEr0 KBaIpPaTHOIO
ypaBHeHus, ipu Ky = 1u ¥, = L

§+2-667-0,0072-8—0,096=0

B ympyroit cragum 6eToHa HaXOAUM KECTKOCTh M3rnbdaeMoil mosocsl, mupuHon 1,0M.

C yderoMm peanbHBIX XapakTepuctuk Oerona (K; = 0,2 u y;,; = 0,85) )xecTKOCTh MpU U3TUOE
KEJIe300€TOHHBIX  DJIEMEHTOB  MEpPEKpBITUA  Ompenensercd  cienyromed  Gopmysoi:
Dp = KDEb [Kb I.r,b + H'KS '{xﬁ)

I'ne
1, L
K, = 1:5(1 - gfi'@) = 1=y, )1 +0,5K,)(1 - Ky)= 1,5(1 - §0,23) —085-1,1-08=1,35
BbicoTa cxaroif 30HBI O€TOHA C Y4EeTOM JJIUTENBHOW MPOYHOCTH M IOJI3Yy4ecTH OeToHa

onpenensiercs mo ¢popmyse [1]:
Npie

CTIoK, —05(1- -k
— B _ 385 _ = . =
ng =R 1a: 31,74, K; =02 ; y,, =085
31,74 -0,0072 0,228
&= = = 0,31

1-08-05-085-08 0,74
y=¢&h, =031-13= 4,03 cm
Jlepopmarius pacTssHyTOM apMaTyphl OyJIeT paBHA:

hy—v 13 — 4,03
E, = &po——— = 0,0035——=0,0078 > ¢,
oy 4,03

Eg 0,00175

K.=——= =112
ek, 0,0078-0,2
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5 100- 4,032 .
D, =10,2-30-10°(100) 1,35T+ 1,12- 6,67 -9,42(13 — 4,03)°

=5164,3 - 10°N - em?
B pCSyHLTaTe HOJ‘I3y‘leCTI/I 6eTOHa JKCCTKOCTD DJICMCHTA yMeHLH_IaeTC}I.

D, _ 5164,3
-+ =——=10,24 paza.
D, 21300

CrejoBaTeNnbHO, KBAJPAT YaCTOTEL CBOOOIHBIX KOJICOAHUI TO K€ YMEHBIIIACTCS:
Spm _ 31843 _ 524 @l =0,24w?
wim 21300 pm m
Junamudeckuii koadduuuent f,, ompemenasercs B 3aBHCUMOCTH OT (OPMBI CEHCMHUYECKOTO
HMMITYJIbCA.
Hpumep 1. [Ipeanonoxum, 4To celCMUYECKUI UMITYIIbC IIPUHAT B BUAE: Wy (t) = aysinwt; g, =0
Torma f5,, ompenensercs O Cleayroniel u3sectHoi Gopmyse S5, < 2,5,
1

m

Uto0Ob! n30eKaTh CEHCMUYECKHI PE30HAHC, TPUMEM CIICTYIOIIHNE YCIOBUS:

ot ol ot

— < 0,6 wn — =< 0,6; — <0144
& om 0,23 0wy & ym
s e 0,13
[MIpunumaem: — = 0,13 u— =— = 0,54
& gm “om 0,24

CelicMuyeckuil nuHaMudeckuii K03 PUIMEHT pu yrpyroit pabore 6eToHa OyIeT paBeH:
1

Pom = 1013~ 087

[Tpu yuere monszydectu OETOHA, T.€. IPU AJTUTEIHHOM JICUCTBUU HATPY3KHU.

M 1-054 046
Taxum 006pa3oM IpyU JUTMTEIEHOM JCHCTBHM HAarpy3KkH ceiicMuueckas Harpyska yBEIHYHMBAaeTCs B
217
115
Ipumep 2. CelicMudeckuii IMITYIIbC 3aJaHbI C yIETOM 3aTyXaHUs KoneOaHHil B TPyHTE.
wg (t) = age *efsinwt ; g, # 0.

= 1,15

= 2,17

7 1,9 pas.

B sToM ciyuae 3aaua perraercs ciaelyronuM 00pa3om:
Ceticmuueckuii  kodpuuuent f,,(t) 3aBucur or Bpemenu. I[lo3ToMy, B HaHHOM IIpUMEPE

v ' T
paccmarpuBaeTcs ciy4ai, korja sinwty, = 1 u Haxoqum t, = —. [Ipu sTOM
i

—mE, . .
Bnltp) = e 20 [1— (g5 —w )A+ 2wey4,]
31ech
1 E: mﬂ E: 2
JIjl]l:'z W m[_!-m m[_!-m ml}m
1 |2¢ > o 2g g2
A=— —”(1— — +—2 )+ ﬂ”(l— > )]
DDJ: o Wim Wim igm Wim
rae

. (i g\ Eptu”
DI}” = gy 1- T 3 +4 4
l:“":'IIEI:'J'I l:“":'IIEI:'J'I l:“":'IIEI:'J'I

qTO6bI I/136€)KaTI> CECMHUYECKOTO pe30HaHCa NPUHUMAKOTCA CICAYIOMUC COOTHOIICHU:
@™ w .
=< 0,161

2

o

«—2 <07 =2

] a2
“rm 0,250 5 &g
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IIpuHumaem:
Y =0,1225; 2-=0533; "= =004; 2=22_0 144 = =0,0016
&om & rm LWom ) 0,35 Wom
o —0,092: — =0,0085: < =0,013
g Siam 2

B cootBeTcTBHY C IMPUHATBEIMHU COOTHOIICHUAMMU BbIYHCIAEM KO3(1)(1)I/II_[I/ICHT

s > Eé - Eé w>
DD:I: = gy 1- 2 + 2 +4 4 =
mlim mlim ml}m
ﬁm (tgj .

= wg, [(1—0,1225+ 0,0016)% + 4 -0,0016- 0,1225] = 0,87 w,,,

i (G IO e

1
=———[(1-0,013)- 0,879 —4-0,0016] = —
0,87 wgy,y, Wi

4y =20 ﬁ(1— 2+ )+2f’“’ (1— %0 )]=
Dl}n e mlim mlim mﬁm mlim
1
=——[(0,228-0,879+ 2-0,4-0,35-0,987)] =
0,87 wg,,
1,147 0,261
=——[(0,2004+ 0,0276)] = —
E'JZH wﬁ?:ﬂ
w* g2 28,0
By = %Y (1+n,98 — —0,98— 42 -0,251) =
l:AI"'IE_!':'!I"I l:AI"'IE_!':'!I"I wﬁ'?ﬂ

=0,885(1+ 0,121 —0,0018+2-0,04-0,35-0,261) = 1,1
C yuetroMm aedopmaru moji3y4ecTH:

-

- g\ Epw”
l———t+— TEd—| =
':""";_:m Wim ':""";_:m

= w,,, [(1 0532+ 0,0085)* + 40,0085 0,532] = 0,24w;,

— 4
Dl}n - wpm

pm
w? 4,08 1,81
A=—7" "—[(1-0,013)- 0,468 — 0,018] = ——- 0,444 = —
D,Z45mpm W W
Cr..":
Ap= o 22 —[2:0114-0468+2:0,092:073] = 208 01067 +0,1343) = 228
r mpm w;_:m wi_”ﬂ

Bom = e ®7(140,533-1,8 + 1,81 - 0,0085 + 0,0692) =0,885 - 2,048 = 1,81

JuHamuueckuif KOX(PQGHUIMEHT ¢ Yy4eToM &z M TMOoJ3ydecTH OeTOHAa YBEIMYMBAETCS B
1.81
1.1

= 1,65 pasa.

W3 nonydeHHBIX pe3ynbTaToOB BUJHO, YTO YUYET £; MPHUBOJUT K YTOUHEHHIO KOd(uImeHTa

JAHAMUYHOCTH.

Takum oOpa3oM, HA OCHOBAaHHH PE3YJIbTATOB UYHCICHHBIX MPUMEPOB CJIIETAHBI CIEAYIOIINE
BBIBOJIEI.
1. Ha ocHOBaHMHM IWHAMHYECKOTO METOJa CEWCMOCTOMKOCTH 0000IIeHO ¢opMa CEHCMHUUYECKUX
WMIYJbCOB, KOTOPasi MO3BOJISIET YTOUYHUTh 3HAYEHUSI CEMCMUYECKOUN CUITBI.
2. BmepBele monydeHa HoOBas Qopmyna JUISL  ONPEIENCHUS HKECTKOCTH  HM3THOaeMbIX
KEJIe300€TOHHBIX JJIEMEHTOB, IIyTEM TMPHUJIOKECHHUS HETWHEWHON neopMarmoOHHON MOeH
MEXaHUKH TBepAbIX Tesl. Kak MOKa3pIBalOT pe3yNbTaThl YMCICHHBIX NPUMEPOB, YUYET peajbHBIX
nedOopMaIlMOHHBIX XapaKTEPUCTUK O€TOHA JAMHAMHYECKHE XapaKTepPUCTHKH TIpH H3rube, T.c.
9acTOTHI CBOOOIHBIX KOJIEOAHUN YMEHBIIAIOTCSI.
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3. Ha ocHOBaHMHM 4YHCICHHBIX MPUMEPOB, YCTAHOBJICHBI 3HAUWTENBHBIC IMOBBIIICHUS 3HAUYCHUUN
CeliCMMUYECKON Harpy3ku, y4eT KOTOpPhIX HEOOXOAMMO NpPHU MPOEKTHPOBAHUHU IKEJIE300€TOHHBIX
3JIEMEHTOB.
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VWHBECTHIIAU B YEJJOBEYECKHWI KAITATAJI B IIEJISIX OGECIIEYEHU A
WHHOBAIMOHHOI'O PA3BUTHS U KOHKYPEHTOCIIOCOBHOCTH
CTPOUTEJIBHBIX ITPEANIPUATUUN U OPTAHU3ALIUN

AraeBa Kényab Acad- x.3.H., T011eHT, Kadeapbl DKOHOMUYECKas Teopust © MapkeTHHT, A3ACY,
konul.aghayeva@gmail.com

AHHoOTanuA. B cTaThe uccneayroTcss COBpEeMEHHBIE IKOHOMHYECKUE TOIXO0IbI K OIEHKE TPYIOBBIX
pecypcoB (mepcoHana) KakK YeJIOBEYECKOTO KamuTala, €ro HWHBECTHPOBAaHHUS Kak phluara
WHHOBAIIMOHHOTO  pPa3BUTUA  TIPEANPHUATHIA, OIIMCBHIBAECTCSA  BIUSHUEC  WHHOBAIMOHHO-
OPUCHTHUPOBAHHOTO  TOBBIIMICHHWS  KBaJIM(HUKAllMM  TEpcOHaJia HAa  OOCCIEYCHHE  MX
KOHKYPEHTOCTIOCOOHOCTH; OIIPEICIISACTCS CBSI3b MOTHBAIIMH ITePCOHaANa U (PMHAHCOBBIX PE3YJIbTATOB
JEATEIbHOCTH TNPEANPUATHM M OpraHu3alui, B YaCTHOCTHU, C YYE€TOM KOHEUHBIX PE3YJIbTATOB
MPOEKTOB.

KitoueBble cjI0Ba: CTPOUTENBHBIA CEKTOpP, TPYAOBBIE PECYpPChl, MOTHUBALMS, (DUHAHCOBBIC
pe3yiabTaThl, KOHKYPEHTOCIIOCOOHOCTb, JIOSTIbHOCTh, KOMMYHHUKAIIUU, MHBECTUIINH, TEKY4Ka KaJIpOB

INVESTMENTS IN HUMAN CAPITAL IN PROVIDING INNOVATIVE
DEVELOPMENT AND COMPETITIVENESS OF CONSTRUCTION ENTERPRISES AND
ORGANIZATIONS

Aghayeva Konul Asaf- PhD in economics, ass.prof., department of Economic theory and
marketing, AzZUAC, konul.aghayeva@gmail.com

Summary. The article examines modern economic approaches to the assessment of labor resources
(personnel) as human capital, its investment as a tool for the innovative development of enterprises;
describes the impact of innovation-oriented staff development on providing their competitiveness;
the relationship between personnel motivation and financial performance of enterprises and
organizations, in particular, taking into account the final results of projects.

Keywords: construction sector, labor resources, motivation, financial results, competitiveness,
loyalty, communication, investment, employer turnover

BBenenue. [IpoBefeHHBIM aHaNM3 MOKa3aj, YTO CTPOUTENBHBIM PBHIHOK A3epOaiimkaHa
obyajjaeT XapakTepUCTUKaMu, TUUYHbIMU i peiHKoB CHI'. CrtpourtenbHas oTpacib 3aHUMAaET
BaXKHEilIlIee MECTO B 5KOHOMUYECKOW CUCTEME CTpaH, OJM3KUX K A3zepOailkaHy T€ONOTUTHIYECKH U
C TOUKH 3pEHMSI IKOHOMUYECKOTO pa3BUTHUs. CTpouTeIbHasi IPOMBIIIIEHHOCTh TEHEPUPYET OKOJIO 12
nporeHToB BBII Azepbaiimkana [5].

CrouMocTh MOTpeOIeHUsT MPOMEXKYTOUHOUW MPOAYKIMH, CBA3aHHOW CO CTPOHMTEIHCTBOM,
MOCTABIIMKAMU TMPOJAYKIIMM W TOCTAaBIIMKAMU YCIYI TaK)Ke€ O4YeHb BBICOKA, COCTaBiss OT 16,2
nporeHTa B AsepOaiikane 10 8,4 mpoueHta B Poccun, 4yTo mpesnonaraeT 3HaYMTEIbHBIN BKJIa
TOrO0 CEeKTopa B Jpyrue ortpacid. Manble H cpelHHE OpraHM3aliH, 3aHUMAaoIIHecs
CTPOUTENIBCTBOM, 3aHMMAIOT OKOJIO YETBEPTH CTPOMTEIBHOIO phIHKA B A3epOaiipkaHe U IPYTHX
ctpanax CHI'. Ognako ctpouTenbHbie pabouune, 3aHAThIC B 3TUX OPTaHHU3AIUAX, COCTABIISAIOT JIUIIb
13% ot obmero uncia 3aHATHIX [5]. CTPOUTENBHBIA CEKTOp SBISACTCA OAHUM W3 KPYMHEUIIHX
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paboronateneir B A3zepOaifjpkaHe, 4TO €IIe pa3 MOAYCPKHBACT HPKOHOMHUYECKOE W COIMAIBHOE
3HaueHue otpaciu. KoiaumdecTBO JOACH, 3aHATHIX B CTPOUTENBHOW OTpaciu Asepbailimkana,
JOCTUraeT § MPOLIEHTOB HaceleHHs. TakuMm o0pa3zoM, 3¢ (eKTUBHOE YIpaBleHHE MEPCOHATIOM B
CTPOUTENIbCTBE CTAHOBHUTCSI OYCHDb AKTYaJIbHBIM, TOCKOJIBKY TOMUMO OYEBUIHBIX (DYHKIIMOHAIBHBIX
poJeii, paboune cUNTarOTCA 3aMHTEPECOBAHHBIMU CTOPOHAMH. YYeT MHTEPECOB 3aMHTEPECOBAHHBIX
CTOPOH CYHUTAETCSl KJIIOYEBBIM 3JEMEHTOM JF000ro IUIaHa YCTOMYMBOTO pas3BuTusi [4]. Bricokas
YJIOBJIETBOPEHHOCTh COTPYIHUKOB BaXKHa JUIsl paOOThl MPOrpaMM YIIPaBJIEHUS U3MEHEHUSMHU WU
WHUIMATHB B 00JIACTH YCTOWYMBOTO pa3BUTHS [3].

CrpouTtenpHble IPOEKThl UMEIOT O0JIbLINE POOIEMBI M KOJIMYECTBO UX JACHb M30 JIHS PacTerT.
XOTs 1O CPaBHEHUIO C APYTUMH OTPACISIMA SKOHOMUKH, B TAHHOH OTPAciH YelIoBeUYeCKUui (hakTop
UCHOJb3yeTcsl B OOJIbLIEH CTENEHHU, YIpPaBICHHE 4YEJIOBEYECKHMMM pecypcaMu B CTPOUTENIbCTBE
MPOJOJDKACT OCTABATHCS HEAAeKBaTHOW U Hed(h(HEKTHBHOI.

Taxum 006pazom, ynpaBieHHe YeT0BEUECKUMH PECYypCaMu- 3TO IPOLIECC YIIPaBJIECHUS JTF0AbMU
BHYTpU OpraHu3anuu. B cTpouTenbCcTBe yrpaBieHUE YETOBEUECKMMU PECYPCAMHU B IIEPBYIO OYEPEh
3a00TUTCSI O TOM, 4TOObI B NPOEKTE OBLIO JOCTATOYHO YEIOBEYECKUX PECYpPCOB C HYKHBIMHU
HaBbIKaMU U OIBITOM JJISl YCIIEIIHOT'O 3aBEPIIEHUS POEKTA.

Metoabsl wucciaegoanusi. KonmdecTBeHHble JaHHble ObLIM  00pabOTaHbl METOAOM
aHanutuyecko uepapxuu (AHP), npennoxxennbim Tomacom Caatu B MPRIORITY 1.0. Meton
MAMU no3BosisieT aHaIM3UPOBaTh UEPAPXUUYECKUE CTPYKTYPbl METOJIAMH CTaTUCTHUUYECKOW OLIEHKH,
TPYIIIUPOBKYA M TIOCTPOCHUSI MATPHUIBI, B KOTOPOH JaHHBIC CPABHUBAIOTCS MEXKIY COOOW BHYTPH
IPYIIIIBL, C IO OLIEHKU UX 3((eKTa. MM OTHOCUTENIbHBIN BEC C MOCIEAYIOIINM PAHKUPOBAHUEM
ux oT OoJiee BBICOKOTO K Oosiee HU3KOMY. JpyruMu MeToJaMH, UCIIOJIb3YEMBIMU 3/1€Ch, SIBIISIFOTCS
pacyer HWHAEKCa OTHOCHUTEIbHON BAaXXHOCTM M CPaBHUTENBHBIM aHanu3. lcnonbp3oBaHue
MPRIORITY 1.0 mnst 0o0paOOTKM HAaHHBIX CHIDKAeT PHCK CyOBEKTHBH3MA TIpU CO3IaHUU
PEUTHUHIOBBIX TAOJIUI] U NOBBIILIAET TOYHOCTh PACUETOB.

Anamm3. CTpOUTENbCTBO— 3TO OTpacib, KOTOpas TpeOyeT MOCTOSIHHOrO OOyudeHus u
pa3BUTHs COTPYAHMUKOB. IIo Mepe TOro, Kkak B UIpy BCTYMAarOT HOBBIE TEXHOJIOIWH, paOOTHHKaM
HE0OXOJIMMO HAy4YUThCSI UCIOJIb30BATh 3T TEXHOJOTWH, YTOOBI OCTAaBaThCs BOCTPEOOBAaHHBIMU B
OTpaciIu.

Hampumep, 1poHbI HCTIONB30BAIMCh HA 00BEKTaX AJII U3MEPEHHs Mporpecca, 1 OHU MOTYT
1oJiaBaTh MpPEeIyNpekaAeHUs O Oe30MacHOCTH, €CIIM CTPOUTENISIM YIpO’KaeT OMAacHOCTb MaJeHUs
MIpeIMETOB WM oracHoro odopynoBanus. HR-rexHonorun Moryr nomMmous B 00y4€HUU U Pa3BUTUU
COTPY/IHUKOB, YTOOBI OHM OBLTH FOTOBBI K TOMY, KOTJ[a ’TH MHHOBAIIMM BCTYNAOT B UTpy. OCHOBHBIE
OTJIMYUTEIbHBIE OCOOCHHOCTH CTPOMTENBbHOM OTpaciu, BIMSIONIME Ha IMPOLECC YIPaBICHUS
4eJI0BEYECKMMH pECypcaMu, 0OKa3aHbl HAa pUCYHKeE 1.
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N
Cnenunduka crpouTebHOI 0TPac/iv, BIAUSIOIIAS HA MPoLece yNPaBJIeHus

MEePCOHAJIOM CTPOUTEILHBIX KOMIIAHUI

.

YHHUKaJIbHOCTH OOJIBLIIMHCTBA CTPOUTEIIBHBIX IPOEKTOB, ONPEIeIoLIast
HEO0XOIMMOCTh Pa3pabOTKU HOBOW MPOESKTHOM JOKYMEHTALIUH H, KaK

CIIeICTBUE. VITNARIEHYECKNX N WHKEHENDHBIX DENIeHUH

pa3zHOo00Opa3ne BHIOB CTPOUTEILHEIX PAOOT

J \ }\

3aBUCHUMOCTBH CTPOUTEIIBCTBA OT IOT'OJHBIX yCJ'IOBI/Iﬁ

j\

JUTMTEIbHBIN )KU3HEHHBIN LUK CTPOUTENbHON mpoaykuuu (1o 100 nert)

BKYIIE C HEOOXOUMOCTBIO 0OecTieueH s 0€30IaCHOCTH AKCILTyaTalliuy
CTDOUTENBHBIX 00BEKTOB HA MDOTSHKEHUH BCETO UX KM3HEHHOIO IIUKJIA

AN

aHaJN3 peHTa0eIHbHOCTH YIPABICHYECKAX PEUICHUH OCIIOKHSIETCS

RN

JJIUTCIIBHOCTBIO peaIn3allii CTPOUTCIIBHBIX ITIPOCKTOB

AN

KBaJTM(UKAIIUS KaK PYKOBOJIAIIETO COCTaBa (Ha CTaJMU MOJATOTOBKH H
peann3anmm), Tak ¥ NPOU3BOJCTBEHHOTO IIepcoHana (Ha cTauu
CTPOUTENHFHO-MOHTAXXHBIX Pab0T) BO MHOTOM OMpeesieT 0€30MacHOCTh

JAJIbHEHIIICH SKCIUTyaTallui 00beKTa CTPOUTEIILCTRA

MHOT'O3TaITHOCTh [TOJrOTOBKU CTPOUTEIBHBIX IPOEKTOB, OOJIBIIOE
KOJINYECTBO YYaCTHUKOB BKYIIE CO CJIOXHBIM MPOIieccoM 0hOpMIICHHS
JOKYMEHTOB, UTO MIPUBOJUT K CIOKHOCTH ONpPENENICHHS IPEeIMETa U yPOBHS
OTBETCTBEHHOCTH 32 OLIMOOYHBIE PELICHUS

Puc.1l. Cnennguka cTpouTeNsHOM OTpaciiy, BIUSIONIAs Ha MPOIECC YIPaBICHHUS YEIOBEYECKHUMU
pecypcaMu CTPOUTENBHBIX KOoMIaHuii [3]

HexoTtopsie pe3yibTaThl HOATBEPAUIN ONBIT APYTUX UCCIEAOBATENEH, CBUAETEIbCTBYOIINN
O CYILIECTBOBAHUU TI00ANTBHOTO TPEeHJa B 00JacTH MOTHBAIMM MepcoHana. B xoxe uccienoBaHus
BBIICHHUJIOCH, YTO CPE€AN OCHOBHBIX MOTHUBAIIMOHHBIX q)aKTOpOB CEeroaHs IJjist CTpOHTCJ’ICfI MOXHO
BBIIETTUTh YPOBEHb 3apaOOTHOM MiaThl (B TOM YHCIE CBOEBPEMEHHOHN €€ BBIMJIAThl), HaA0aBOK U
JOIIOJIHUTCIBHBIX JIBT'OT. Ot PE3YIBTATHI COTTIACYIOTCA C BBIBOJAMU NPEABIIYIIUX I/ICCJ'Ie)IOBaHI/Iﬁ B
3TOM 00acTu: GaKkTOpHkI, CBI3aHHBIE C 3apa0OTHOM MIaToi U OOHyCcaMH, BXOJAUIIHU B IEPBYIO MATEPKY
Haubonee BaxHbIX [10, 19, 20, 22-26, 29]. B to *xe Bpems uccrnemoBanue Ghoddousi et al. [3]
MOKa3aau, 4YTO Ui CTPOUTENHHBIX pPAOOTHUKOB OOJNBIIE BCErO0 BaXKHBI HUCKIIOYHTEIHHO
HemaTepHaibHble (PaKTOphI: OOIBIIAS OTBETCTBEHHOCTH / KOHTPOJIb HA paboTe, IMoXBaja Co CTOPOHBI
MEHe/Kepa, YyBCTBO BBITIOJTHEHHOTO JI0JITa, U3yYeHHUE HOBOTO.

HeobxonuMo Takxke OTMETUTh POJIb KOMMYHUKAIIUN B TIOBBIIICHUH JIOSIIBHOCTH MEPCOHANA.
KoMMyHuKausi wurpaer BaXHYO pojib B  (OPMHUPOBAHUU  JIOSJIBHOCTH  COTPYIHUKOB.
KoMMyHHKAITMOHHBIH TIPOIECC B KOMIIAHUH JOJKEH ObITh CTPYKTYpUPOBaH AJsi HH)OPMHUPOBAHUS
u O6y‘IeHI/I$I COTPYAHUKOB. OH Taxxe JOJDKCH MMOAYCPKHYTh U MOATBCPAUTH COTPYAHUKAM, YTO UX
BKJIaJ] CIIOCOOCTBYET POCTY KOMITAHHH.

Mexanuszm WHTEHCU(PUKALIUU [IEpCOHAIOM HCIIOJIB30BaHUSA (bakTopoB
KOHKYPEHTOCTIOCOOHOCTH COCTOMT B HMHBECTUIIMOHHOM TIPOIECCE MPEAJIOKECHHUS U PeaTu3aliu
WHHOBAITMOHHBIX PEIICHHH.
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XOTSl MHBECTUIIMU B YEJIOBEUYECKUI KamMTajl MOTYT IMPUHECTU OIPOMHBIE BBITOJbI, HENb3s
OTPHILIATh YaCTO BBICOKHE (prHAHCOBBIEC 3aTparbl. C HEKOTOPHIMUA MHBECTHLIMSMHU B YEJIOBEUYECKHE
pecypchl KOMIIAHMM TaKXe PHUCKYIOT KOHKYPUPYIOIIMMU (UPMaMH MOKMHATh IJIOJBI B Cllydae
OercTBa COTPYJIHUKOB C KOPaOJIs.

Crnenyrolye nmpeuMyIiecTBa MHBECTUIIMM B YEJIOBEUECKHUI KaruTail JaloT MPeICTaBICHHE O
TOM, TIOYEMY CTPOUTEIbHbIE KOMIIAHIH YacTO FOTOBHI OpaTh Ha c€0sS 3TH PUCKH.

1. [ToBbIIEHNE CTAOMIBHOCTH COTPYAHUKOB

CornacHo cratuctuke, coopanHoii Autodesk, B cTpouTenbCTBE B LIEJIOM 110 OTPACTH 000POT
coctaBisaeT 21,4%. OTo oauH U3 caMbIX BBICOKMX MOKa3aTesel mo Bcel sakoHomuke. Kpome toro, no
naHHbIM LleHTpa amepuKaHCKOro mporpecca, CTOMMOCTb TeKydecTH uacTo jpocturaer 20% ot
0a30BOM 3apIUIaThl YBOJBHSIOIIETOCS.

[TosTOMY HEYAMBHUTEIBHO, YTO MMOBBIIICHUE ITOKA3aTeNeH yIepKaHHs COTPYAHUKOB SIBIISIETCS
TJIaBHBIM MPUOPUTETOM JIJIsI MHOTHX CHEIUAIKUCTOB MO YIPABICHUIO CTPOUTENbCTBOM. MHBecTULINN
B YEJOBEYECKHMI KalUTal MOTYT IOMOYh B 3TOM. B KOHIIE KOHIIOB, COTJIACHO HCCIIEIOBAHHUIO
OOmiecTBa ympaBiieHUs 4eloBeuecKMMH pecypcamu, Oonee 40% paGOTHHKOB CYHTAIOT, 4YTO
MIPUBEPKEHHOCTh MX OPTaHU3AIMH Pa3BUTHIO COTPYJHHKOB HEOOXOAMMA /ISl YAOBICTBOPEHUS MX
paboToH.

CopnepxaTh pabounx Ha 3apruiate HenmemeBo. Kak o0cyxaanochk B 3TOH CTaThe, 3aTpaThl Ha
pabouyro cuily B CTPOUTENHCTBE BKIIOYAIOT HE TOJIBKO 3apabOTHYIO IJIaTy, HO ¥ TOCYIapCTBEHHbBIC
CTpaxoBBIE B3HOCHI Ha TIOcOOHe 1Mo Ge3padoTulle.

[TprMeuaTebHBIM IPEUMYIIIECTBOM YBEIMUYEHUS YEIOBEUECKOT0 KauTalla BISETCs TO, YTO
9TH 3aTPAThl BIIOCIEICTBUY MPUHECYT e1ile OOJBIIYIO OTAaYYy.

[TocmoTpuTe Ha 3TO C APYroil cTOpoHbl. BakHO MHBECTUPOBATHh B UEIOBEUECKUN KamuTal,
MOTOMY YTO MHA4€ BCE PaBHO, UYTO KYIUTh JOPOroe 000OpylIoBaHME, a IOTOM HE 0OCITYKHBATh €TO.
JleHbru, KOTOphIE BBl TPATUTE Ha €ro XpaHEeHHE (HEe TOBOpS YK€ O MEepPBOHAYAIBbHON CTOMMOCTH
o0opynoBanus), OyayT UMeTh YOBIBAIOIIYIO OTHady, YeM [OoJibllie BBl IpeHedperaere
00CITyKHBaHHEM.

VHBECTUIIMN B YEIOBEUECKUH KAlUTAJl 3aCTaBsAT Bac JYYIIE PAacIopsHKAThCs TAaHHBIMH 00
yIpaBJIeHUH TE€pPCOHAIOM. B KOHIIE KOHIIOB, 3TH JaHHble B KOHEYHOM MTOT€ IIOMOTYT BaMm
OTpelIeNIUTh HJealbHble OO0NacTH Afs MHBecTHMIMHA. B cBoro ouepens, Oosee 3¢dexkTuBHOE
OTCJIEKHMBAHNE JAHHBIX O paboyeil cuiie MpUHECeT MHOXKECTBO JAPYTUX MPEUMYIIECTB I Ipoliecca
yrIpasieHus: paboydeil CuIoi B Balliei KOMITAHHUH.

HaxonuTh HOBBIX COTPYIHUKOB HAMHOTO IPOILE, KOT/a Ballla KOMIaHUs PU3HAHA B OTPACIIH
Cephe3HOI OpraHu3areil pa3BUTHsI COTPYIHUKOB. OCOOEHHO OBICTPO pemyTalHs pacpoOCTpaHIEeTCs
B CTPOUTENILCTBE, MOCKOJIBbKY PAaOOTHUKH HECKOJBKUX (UPM HEPENKO MEepPEeroBapUBAIOTCS MEXKAY
co0oit Ha paboYNX MecTax.

[TocaykHOH CMCOK MOAJEPKKU MPO(HEeCCHOHAIBHOTO PAa3BUTHUS TaKXKe MOXKET yoepeub Bac
OT HEOOXOAMMOCTH TUIATUTH OOJIee BEICOKYIO 3apa0OTHYIO TUIATY, YeM BaIlld KOHKYPEHTHI, TS HaliMa
JYYIIUX CHEIUATUCTOB.

WHBECTUIINY B YEIOBEUYECKHI KAMTal BaXKHBI, IOTOMY YTO OHH MOMOTAIOT CTPOUTEIHHBIM
KOMITAHUSM HaxOAUTh pPaOOTHHUKOB, CHOCOOHBIX MPUHECTH ele OONbIIYI0 MONb3y Ha JPYrHX
TOJDKHOCTSIX.

DTO OYEHb CIOXKHO, KOrJa pabOTHHUKH COCPENOTOYCHBI HCKIIOYUTEIFHO Ha TOYHOM
BBITOJIHEHUH CBOMX JIOJDKHOCTHBIX 0053aHHOCTEH, TOTOMY YTO BpEMEHH Ha pa3BUTHE HE BBIJEIICHO.

Jomnyctum, Bbl 00y4yaere pabouux paboTe C OMpEeNeNIeHHbIM TUIIOM obopynoBanus. Eciu
OJIMH M3 COTPYAHUKOB JIEMOHCTPHPYET €CTECTBEHHYIO CIIOCOOHOCTH 3(PPEKTHBHO HCIOIb30BATH
00opyI0BaHNE, MOXKET OBITH I1EJIECO00pa3HO MIPUBJIEKATH €r0 K MPOEKTaM, KOTOPhIC B 3HAYUTEIIHHOM
CTEIIEHH 3aBUCAT OT Hero. Bo3aMoxkHO, y Bac He OblI0 Obl BO3MOXXKHOCTH OMPEAETUTH HaBBIKH 3TOTO
paboTHuKa 63 UHBECTUIINI B 00y4EHUE.

WMHBeCTUIIMM B YENOBEUYECKHM KamuTal TMOOYXKIAIOT COTPYIHHKOB paboTaTh BMecTe H
OTIPEACIATh YIYYIIEHHUS, KOTOPbIE MPUHECYT UM HEMOCPEICTBEHHYIO MOJIb3y. DTH WHBECTUIUU
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4acTO CIOCOOCTBYIOT OTKPBITHUIO KaHAJIOB CBSI3U MEXIY OTIENaMU M YPOBHSMHU YIIPaBIICHUS,
MO3BOJISIS UEIOBEUECKOMY KamuTalty 0osiee CBOOOIHO T€Ub BHYTPH OpraHU3AIHH.

OT0 0COOEHHO Ba)XHO B CTPOUTEIHCTBE, YUUTHIBAs, YTO paboTa KaXJIOTro OTAesa OOBIYHO
00 CTPOUTCS, THOO CITYKUT OCHOBOM 7151 paOoThI Apyroro. CIIOYeHHOCTh- 3TO MPEUMYIIECTBO!

Paboune B cTpoUTENbHOM OTpaciu MNPOUCXOASAT W3 CaMBIX Pa3HBIX SKOHOMHYECKUX H
COLMANIBHBIX cioeB. MHOrma »tu (OHBI NPEACTaBISAIOT COOOW HEIOCTATKH, KOTOPHIE HEJIETKO
MPEOJ0NETh. DTO MOXKET IOMelIaTh pabOTHUKAM MOJHOCTBIO PACKPBITh CBOW MOTEHIMAI.
WHBecTUIIMU B YEJIOBEYECKHE PECYPCHI MPEICTABIISAIOT COOOH IMPHBIIEKATEIBHOE DPELICHHUE 3TOU
npo6iembl. OHM MOTYT MOMOYb PabOTHHKAM, KOTOpPHIE, BO3MOXHO, HE CMOIJIM CaMOCTOSITEIbHO
MPONTH ONPENENICHHYIO MOATOTOBKY /10 MPUX0/1a B KOMITAHUIO.

KnuenTsl Moryt ckaszatb, Korja paOOTHMKHM Ballleid KOMIAHHHM HE 3aHATHL. JTO HE OYEHb
NpUATHAs KapTHHA, OCOOCHHO KOrJa OTCYTCTBHE WMHBECTHIMHA B YEIIOBEUECKMH KamuTall
CHOCOOCTBYET BBICOKOM TEKy4eCTH KaJpOB, YTO NPHUBOJUT K 3aJ€pKKaM IMPOEKTOB U
HEIOTIOHUMAHHUIO.

W Hao0opoT, BoBIIeUeHHAs paboyasi CUiia 3aCTaBUT KJIMEHTOB YyBCTBOBATH c€0sl YBEPEHHO B
CBOEM pEeIIeHUH BecTH Om3Hec ¢ Bameld ¢upmoil. C BammM# COTPYAHHKAMU OyIeT MpHsTHEe
B3aMMO/ICIICTBOBATD, YTO JIa)K€ MOXET IIOMOYb CIIIAJUTh ClIy4aiiHble COOM B paboTe HaJ MIPOESKTOM.

Korna y paGOTHUKOB €CTh ITyTH Pa3BUTHSI © HHCTPYMEHTBI, HEOOXOAUMBIE JIUIsI TPOIBETAHNS,
OHU OYAYT YyBCTBOBATh ce0s1 HAMHOTO JIy4llle, IPUCTynas K pabote, Oy1b To Ha pabodyeM MecTe Uiu
B o¢uce. ONBITHBIE CIEUUAIMCTHI MO YIPABICHUIO CTPOUTEIBCTBOM MPU3HAIOT 3TO KIIFOUYEBBIM
MPEUMYIIECTBOM HHBECTUIIMN B UEJIOBEUECKUI KamuTall. DTo AenaeT paboune OyAHH HEMHOTO spye,
a TaKkXKe CIIOCOOCTBYET APYTrUM IMPEHMYIIECTBaM (HEKOTOpPHIE M3 KOTOPBIX MBI YK€ YIOMHHAIIH,
HanpuMep, yIydllleHue yJIep>KaHus COTPYIHUKOB).

PabGoune Takxe, BeposiTHO, OynyT 6oJjiee OTKPOBEHHBI B OTHOIIEHUU OITMOOK B TTO3UTHUBHOM
cpene. Takoe oTHomieHHE paboOYMX camMo MO cebe MOXKET 3HAYUTENbHO CIACTH CTPOUTEIHHYIO
KOMITaHUIO.

VY Kax10il CTpOMTENbHONM KOMIIAHMU €CTh MpOoOesbl B HaBBIKaX, KOTOpble PaOOTHUKU HE
00513aTeNIbHO CMOTYT BOCIIOJNIHUTH 1O MPHOBITHH. CTpaTerndyeckue WHBECTUIIMH B YEJIOBEUECKHIA
KaIuTall HO3BOJISIOT BaM 00y4aTh paOOTHUKOB B TUX KOHKPETHBIX 00J1aCTAX, 1I0BOJIA Ballly pabouyro
CHJTY 10 KOMaH/Ibl, HEOOXOJMMOH JiTst 0OecTieueH sl ycrexa Baleld KOMITaHNH.

Takum 00pa3oM, MHBECTUPYEMbIH y4aCTHHMKAMM IPOEKTOB KalWTal WM aKTHBBI MOTYT
BBICTYIIATh B pa3IUYHbIX popMax (Tadu. 1) 1 ObITH MCTOUHUKOM NOJTy4yeHUsI 000CHOBAHHOM MPUOBLIN
YYaCTHHKA B OOIIUX pe3ysIbTaTax MPOeKTa.

Ta6auna 1. Kanuran u aktiBb mpoekTa [5]

Yenoseueckuii |Mudopmarmonn| EcrecTBeHHBIC [IpousBoacTeeHHbie | PUHAHCOBBIN

Kanwuran bI€ aKTUBEI AXKTHUBBI AKTUBBI Kamuran
0060
Men WNnren- [Ipu- p ennsr
Hensu- | y- |Mare-|/leHsr
emx-|  Ilpou. nekty- | bpenn | 3emist | poaHbie e
o JKUMOCTB | TIOBaH [pUajbl| U
MEHT AILHBIN pecypceel e Oymaru

Hcmounuk: cOCTaBIEHO aBTOPOM.

B 1abn. 1 moka3aHo, 4TO BCE€ BBl aKTUBOB YYaCTHUKOB (POPMHPYIOT 3aTPaThl MPOEKTa U
TOJIBKO YeJIOBEYECKHH KamuTaj Croco0eH MHHUIMHPOBATH JOXOJbl W HpUOBLIL (3eMIIeBIa/ICeHHE
¢dopmHpyeT peHTy) B 3aBUCUMOCTH OT KOMOMHAIIMM aKTHMBOB BO BPEMEHH, MPOCTPAHCTBE U IO
CTOMMOCTH.

Takum  oOpazom, auaiusz  ¢Gakmopog nonyuenus  KOHKYPEHMHLIX — NpeuMyujecme
npeonpusmuaAMU ~ OONOJHEH  UHBECMUYUOHHLIM — MEXAHUSMOM — MOMUBUPOBAHHO20  BIUAHUS
yenogeuecko2o hakmopa Ha ux GopmMuposanue U UCnoab306aHue.
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OmnmcagHas BEIIIE cXeMa MOCJICA0OBATCIIBHOTO HMHBECTUPOBAHUA B PA3JIMYHBIC AKTUBEI C

OTEePEKAIOIIUMHI MHBECTUIIUSIMU B UEJIOBEUECKUN KaIlUTall pe3yIbTUPYIOIIE IIPEICTABICHA HA PUC.
2.

‘ NuBectuumn ’
YenoBeueCckUi Kanurai < > NndopmanmoHHble aKTUBBI
uHoBanmn
EcrtecTBeHHEBIC [Ipou3BoACTBEHHBIE DUHAHCOBBIH
AKTUBbI AKTHUBbI Karurall
i [Mpu6bLIB i

Puc. 2. lHBecTHpOBaHUE B YEITOBEUSCKUN KANMMTAI, UHHOBAIIMA U MOTHBAIIMOHHBIN
HMCTOYHMK aKTHBU3AIUH repcoHana [5]

Hcmounuk: cOCTaBIEHO aBTOPOM

3akmoyenune. Takum o00pa3oMmM, Ha OCHOBE MATPHUYHOW Moaenn ©  (PAKTOPOB
KOHKYPEHTOCIIOCOOHOCTH TOKa3aHa MCXOJHAas TeHepUpyrollas pojb YeOBEYECKOro KamuTaiga B
oOecnieueHnr dS(PPEKTUBHOCTH HMHBECTHIIMOHHBIX CTPOUTENBHBIX TPOEKTOB U  IOBBIIIEHUU
KOHKYPEHTOCIIOCOOHOCTH ~ CTPOMTEIbHBIX HNPEANPUATUH-YYACTHUKOB M UX MPOAYKIUH U
TEXHOJIOTHH.

Cpenu psina ¢pakTopoB 3¢ (HEeKTUBHOCTH U KOHKYPEHTOCIIOCOOHOCTH OpraHu3aIuii (poeKToB
U MIPEeNPUATHI ) uenoBedeckuil (hakTop Urpaet ocoOyro pojib, KOTOpasi COCTOUT B YIPaBIE€HUU BCEMU
OCTaJIbHBIMU MaTepUAIbHBIMU M (PUHAHCOBBIMHU pecypcaMu Kak (akTopamMu obOecreueHus
KOHKYPEHTOCIIOCOOHOCTH. TakuM 00pa3oM, 4eJI0BEUECKHUE PECYPCHI BHICTYIIAIOT BCeOoOIIel 0CHOBOM
MCIOJIb30BAaHUS IPOUYUX PECYPCOB OpraHu3aluil (IPOEKTOB M MPEANPUATHI) C LENbI0 MOTy4EeHUS
MpUOBUIN U €€ IEPBOOCHOBON, UMEIOIIEH CTOMMOCTb.

CTOMMOCTB 4EI0BEUYECKUX PECYPCOB PACCMOTPEHA B CTaThe KaK YEJIOBEUECKUN KaIUTal, JUIs
(GhopMHUpPOBaHKS KOTOPOTO M JJisi TMOBBIIICHUS OTJAAaud OT KOTOPOro TpeOyroTcsi O0OOCHOBAHHBIC
MHBECTULIMU, B YAaCTHOCTH, MHBECTUIIMM B MHHOBAllMM B paboTe mepcoHana. Takum oOpazom
dbopMupyeTcsl 1eToYKa: MHBECTHIIMM B 4YEJIOBEUECKHUH KalluTal — MCIOJIb30BaHHME IEepcoHalla B
(GOpMHpPOBAaHUN KOHKYPEHTHBIX NPEUMYIIECTB 3a CYET AaKTHBHM3allMM OCTAJbHBIX (HDaKTOpOB
KOHKYPEHTOCIIOCOOHOCTH — MOJTyYeHHE Pe3yJIbTaTOB - MOTHBAIIMS MIEPCOHANIA 110 Pe3yIbTaTaM.
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AZORBAYCANDA QEYRI-NEFT SEKTORUNUN INKiSAFINI SORTLONDIRON BOZi
AMILLOR

Aslanova Turan Tofiq quz1—i.i.f.d., dos., Senayenin toskili vo idars edilmosi kafedras,
AzMIU, turan.aslanova@mail.ru
Fatahova Nargiz Rafael quz1- i.ii.f.d., Iqtisadi nozoriyys vo marketing kafedrast,
AzMIU, nargiz.fataxova@mail.ru

Xiilasa. Mogalods iqtisadi inkisafin tomin edilmasi {iglin sanayenin vacibliyi vurgulanir. Bununla
bagli beynalxalq tociirbodon niimunalor gatirilir. Eyni zamanda moagalods, iqtisadiyyatin
formalagsmasinda tabii-iqgtisadi tistlinliilorin boyiik paya sahib oldugu vo miiasir dovriimiizds iso elmi-
texniki toraqqinin, innovasiyalarin vo investisiyalarin ohomiyyatli rola malik oldugu vurgulanir.
Iqtisadi prororionallign vo rogabati tomin etmok bagimindan Hirisman-Herfindal indeksi
igtisadiyyatin miixtalif sektorlar1 iizro hesablanir vo bu baximdan biz do todqiqatimizda istifads
etmisik. Alinan natico fostorir ki, imumon o6lko iqtisadiyyatinda tomargiizlosmo yoxdur, lakin
moadang¢ixarma sonayesi lizro miioyyan moanfi va xosagalmoz tendensiyalar imumi iqtisadi inkisafda
ola bilor. Qeyri-neft sektorunun inkisafi ilo bagh yanasmalar1 géstormak va geyri-neft sektorunun
moveud vaziyyatini giymatlondirmakdir. Qeyri-neft sektorunun potensial inkisafi baximimdan asagi
Saviyyados tomarkiizlosma meyllorinin hiss edilmosi vardir ki, bu da ham 6lkads rogabstin inkisafin
Vo ham dos yeni is yerlorinin yaradilmasina manea ola bilor. Qeyri-neft sektorunun inkisafinin
davamlilig1 vo milli iqtisadiyyatin inkisafi baximindan hirisman-herfindal indeksi hesablanmigdir.
Acar sozlar: sanaye, geyri-neft sektoru, milli igtisadiyyat, miiqayisoli istiinliik, bizness inam
indeksi, hirisman- herfindal indeksi

SOME FACTORS DETERMINING THE DEVELOPMENT OF THE NON-OIL SECTOR
IN AZERBAIJAN

Aslanova Turan Tofig- PhD in econ., ass.prof., department of Organization and management of
industry, AzZUAC, turan.aslanova@mail.ru
Fatahova Nargiz Rafael- PhD, department of Economic theory and marketing, AzZUAC,
nargiz.fataxova@mail.ru

Abstract. The article emphasizes the importance of industry for ensuring economic development. In
this regard, examples from international experience are given. At the same time, the article
emphasizes that natural-economic advantages have a large share in the formation of the economy,
and in our modern era, scientific-technical progress, innovations and investments have an important
role. In order to ensure economic proportionality and competition, the Hirishman-Herfindahl index
is calculated for various sectors of the economy, and in this regard, we have used it in our research.
The result shows that there is no centralization in the country's economy in general, but there may be
certain negative and unpleasant trends in the mining industry in general economic development. The
purpose of the article is to show the approaches related to the development of the non-oil sector and
evaluate the current situation of the non-oil sector. The results of the article - in terms of the potential
development of the non-oil sector, there are low levels of concentration tendencies, which can be an
obstacle to the development of competition in the country and the creation of new jobs. The
Hirschman-Herfindahl index was calculated in terms of the originality of the article- the sustainability
of the development of the non-oil sector and the development of the national economy.

Keywords: industry, non-oil sector, national economy, comparative advantage, business confidence
index, hirishman-herfindahl index
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Giris. Inkisaf etmis 6lkolordo igtisadiyyatin osasmi sonaye saholori toskil edir. Tosadiifi
deyildir ki, bir ¢ox iqtisad¢1 hazir sanaye moahsulunun milli ixracda payinin 40%-0don az olmasini
adoton sonayenin zoif inkisafi kimi xarakterizo edirlor. Bu baximdan inkisaf etmis 6lkoalords sonaye
siyasatina iimuman alverisli biznes miihiitinin yaradilmasi, sonayenin ayri-ayr1 sahalorinin davamli
inkisafin1 tomin etmok ii¢lin sosial vo Sonaye infrastrukturunun yaradilmasi siyasoti kimi
yaxinlagdigini goriiriik. Sonaye siyasati ilo bagli beynoalxalq tocriibanin tohlili gostarir ki, onun hoyata
kegcirilmasi 6lkonin xarakterik xiisusiyyatlorindon, inkisaf saviyyasindan, global alomds malik oldugu
miiqayisali tstiinliiklordon asilidir. Sonayenin inkisafi texnologiya axinlarini va yeni is yerlorinin
yaradilmasin tosviq edir, yeni tohsil programlarinin hazirlanmasini stimullasdirir, insan kapitalinin
inkisafini, sonaye bacariglarinin artmasini, sosial infrastrukturun, maliyya alotlorinin vo maliyya
bazarlarinin formalasdirilmasi da daxil olmagla bir nego istigamot iizro foaliyyatlorin
olagolondirilmasi vo nizama salinmasina sabab olur. Bu baximdan tosadiifi deyildir ki, inkisaf etmis
olkalar bizness inam va istehlakg1 inam indekslarini har ay giymatlondirir vo bunun inkisafina uygun
gorar gabul edirlar.

Miisahidalor gostorir Ki, 2018-2022-ci ilds iqtisadi ©mokdasliq vo Inkisaf Togkilat: (IDIT)
olkolari iizro Bizness inam vo Istehlak¢1 inami indeksi asagidaki kimidir.

100
99
98
97
96
95
” 2018 2019 2020 2021 2022

Istehlakc1 Inam indeksi (i) 97.2 97.5 97.8 98.1 96
Biznes inam Indeksi (BI) 96.7 96.9 97.2 99.7 98.8

Sakil 1. 2018-2022-ci ildo Iqtisadi ®mokdasliq va Inkisaf Toskilat: (IDIT) lkalori iizro Bizneso
Inam vo Istehlakg1 Inam1 indeksi [1]

2022-ci ildo Istehlak¢1 inam indeksi vo bizness inam indeksinin azalmaga meyilli olmasi
inflyasiya gézlontilorinin asagi diismasi ilo bagli olmusdur.

Sonaye sahalorinin formalagsmasun nazri-metodoloji xiisusiyyatlori. Arasdirmalar
tosdiglayir ki, istonilon 6lkads iqtisadiyyatin strukturunun formalasmasi kortabii prosesin noticasi
olmamigdir. Nozori yanagmalar gostorir ki, iqtisadiyyatin strukturunun formalagmasinda asas masalo
Olkalorin malik oldugu tobii iistiinliiklor olmusdur. Basqa s6zla, hansi 6lks hansi istehsal faktoru daha
¢ox boldursa hamin sahonin inkisafi labiid hala ¢evrilmisdir. Neft ehtiyyatlar: bol olan 6lkalor neft
sahosinin inkisafi {izro, omok resurslar1 bol olan 6lkalor kond tosarriifatinin inkisafi tizro, elm-texnika
sahasi inkisaf edon 6lkalor isa texnologiya sahasi tizra ixtisaslagdigini goriirtk.

Qlobal alomds sanayenin inkisafi ilo alagadar agar 1900-cii ilds diinya enerji dasiyicilarinda
neft vo neft mohsullarinin pay1 3% olmusdursa bu gostarici, 1914-cii 5%, 1939-cu ilds 17,5%, 1975-
ci ilds 41,5%, 2000-ci ildo 65%, 2017-cu ildo 70% qodor qalxmisdir. 1995-cii ilds ilds hibrid
(elektrik) avtomobillorin meydana golmasi vo golocokdsa bu tendensiyanin giiclonmasi neft
mohsullarma olan tolobin zamanla azalacagini gostorir [2]. Inkisaf etmis olkolorin tociirbosi
tosdigloyir ki, sonaye sahalorinin formalag-masi xiisusiyyatlori comiyatin artan talablorini nozars
alaraq bir qayda olaraq, istehsalin transformasiyasina yonoaldilmoalidir. Sonaye sahalarinin
formalagmasi xiisusiyyatlori ilo bagli nozori yanagmalar gostorir ki, asas amillor kimi asagidakilara
istiinliik verilmoasi magsadauygundur [3].
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1. Sonaye saholorinin formalasdirilarkon ilk novbods 6zal sektorda miigayisali va rogabat
ustlinliiyli on planda olmalidir. Toclirba gostorir ki, iqtisadi resurslarla (kapital, omoak, tobii
ehtiyatlarla) tochiz edilms heg do hamisa istehsalin mévcud strukturunun optimalligina va rogabatin
tomin edilmasina uygun golmir. Bu masslodo ddvlstin miiayyan tonzimlonmo todbirlori hayata
kegirilmasina ehtiyac duyulur.

Azorbaycan alimlorindon D.©.Valiyev, A.M.Osadov 6z todqiqatlarinda gostarirlor ki, istehsal

amillarinin geyri-barabar artimi bir sira moanfi noticalor dogurur. Har hansi bir istehsal amilinin
stiratli artimi1, onun intensiv istifads olundugu iqtisadiyyat sahasinds xiisusi ¢okisinin coxalmasina
Soboab olur. Bu biitiin digar sortlor daxilinds basqa istehsal sahalorinin nisbi azalmasina gatirib ¢ixarir.
Ciinki, ucuzlagsmis istehsal amili daha ¢ox istifade olunan saha hom do istehsal amillarini diger
sahalordan 6ziins daha ¢ox coalb edir[4].
2. Elmi-texniki toragqinin (ETT)naliyyatlorina vo innovasiyalara dostoyin gostorilmosi. Cagdas
dovriimiizde ETT-nin vo innovasiya iqtisadiyyatin strukturuna tasiri boyiikdiir. ETT yiiksok inkisaf
edon 6lkoalords texnoloji vo struktur issizliyinin yaranmasina gatirib ¢ixarir. Nozars almaq lazimdir
ki, texnoloji issizlik elmi-texniki toragginin naticesinds yaranir. Struktur igsizlik iso elmi-texniki
toragqinin tosiri altinda igtisadiyyatin miqyasinda stuktur doyisikliyi olur.

Miisahidalor tasdigloayir ki, igtisadiyyatinin strukturunun formalasdirilmasi comiyyatin artan tolabi
qarsisinda bir ¢ox hallarda yetrli olmur. Bu baximdan iqtisadi inkisafi stimullasdiritlma masalalori
ohomiyyat kasb edir. Bu zaman;

—Aktiv sonaye struktur siysasati
—Passiv sonaye struktur siysasati.

Aktiv sonaye struktur siyasatindo dovlat iqtisadiyyatin proporsionaligina, passiv sanaye struktur
siysasotindo iso osas diqqet igtisadiyyatin bazar mexanizminin formalasdirilmasina yonosldilir. Belo
halda iqtisadiyyatda tolob vasitasilo iqtisadiyyatin strukturunun formalasdirilmasina yonoldilir vo
dovlat bu mosalads yalniz kapitalin sarbast axini tiglin qanuni osas yaradir.

Igtisaiyyatin saho strukturu formalasma xiisusiyyatindon asli olaraq onu giymotlondirmok
miimkiindiir. Belo yanagmalardan biri do Beynolxalq praktikada konsentrasiya va ya 6lkads rogabati
soviyyesini giymotlondirmok iiciin istifads edilon Herfindal-Hirsman indeksidir(HHI). Daha dogrusu,
1982-ci ildon ABS ©dliyye Departamentinin Federal Ticarot Komissiyasi inhisar¢ilii arasdirir.
Ogyalar1 almaq ii¢iin HHI-don istifado olunur. IQI hor hansi bir 6lkonin iqtisadi sektorunun fordi
gostoricilorini nozore alan bir indeks oldugundan, CPI-nin doyigmosi onun arasinda olacagq.
Tacriibado HHI-nin hesablanmas1 asagidaki kimidir [5].

HH/ = ansf
i=1

Hirshman-Herfindal indeksinin mahiyyati ondan ibaratdir ki, sektorlarin UDM-da bazar paylarinin
kvadrat1 Onlarin comi miiayyon edilir.

HHI - Hirshman-Herfindal indeksi; Si i-ci sahonin bazar payidir. HHI-nin giymotlondirilmasi
asagidaki yanagmaya osaslanir.

Cadval 1. Hirsman- Herfindal indeksinin bazar konsentasiyasi {igiin meyyarlari [5]

HHI-nin meyyarlari Tomorgiizlosma Soviyyasi
HHI <1500 asag1 soviyyada tomoarkiizlosma

1500 < HHI <2500 orta saviyyads tomorkiizlogma
HHI > 2500 yiiksok Saviyyada tomarkiizlogsmo

Azarbaycanda qeyri-neft sektorunun inkisf xiisusiyyatlorinin tohlili. Igtisadi inkisafin
somoarali taskilindo onun sahs strukturunun optimalligi an dnamli masalslordan biridir. Miistaqilliyin
ilk illorindon 6lks iqtisadiyyatinin struk-turunda asas mosalalordon biri dévlst paymin azaldilmasi
geyri-neft sektorunun xiisusi ¢okisinin artirilmasi ilo bagli olmusdur. Dgor 1995-ci ildo UDM-da
geyri-dovlat sektorunun payi comi 30.3% olmusdursa bu gostarici 2021-ci ildo 83.5%-dir.
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Cadval 2. Umumi daxili mohsulda geyri-dévlat bélmasinin pay1, (faizls) [5]

2015 2016 | 2017 | 2018 | 2019 | 2020 | 2021

Umumi daxili mahsul-comi 81.2 83.7 | 838 | 84.7 | 850 | 80.8 | 835
Sonaye 83.0 87.6 | 879 | 89.6 | 89.8 | 85.6 | 88.8

Tikinti 84.5 86.8 | 84.6 | 80.2 | 829 | 84.6 | 875

Koand tosarriifat: 99.8 99.9 | 999 | 99.9 | 999 | 99.9 | 99.9
Ticarat vo xidmotlor 99.6 99.6 | 99.7 | 99.8 | 99.7 | 99.9 | 99.7
Nogliyyat 81.7 828 | 824 | 83.1 | 83.6 | 80.1 | 84.8

Rabito 81.0 805 | 81.2 | 82.0 | 824 | 80.8 | 815

Sosial va sair xidmotlor 57.8 58.0 | 56.1 | 56.4 | 58.2 | 51.0 | 52.5

Cadval 2- nin molumatlar gdstorir Ki, sosial vo sair xidmatlor istisna olmagla UDM-do digor
saholordo geyri-dovlot paymnin hoddi 81%- don artiqdir. Kond tosorriifati, ticarst vo xidmatlor
sektorunda iso qeyri-dovlat bolmasinin UDM-do pay1 demak olar ki, 100%-dir. Olks iqtisadiyyatinin
inkisafi baximndan bazar iqtisadiyyatinin prinsiplori, xiisusilo do 06zal sektorun inkisafi
arzuolunandir. Lakin nozora almaq lazimdir ki, geyri-dovlat bolmasinin inkisafi iqtisadi prinsuplora
adekvat olmalidir. Bu xiisusilo mohsul istehsali baximindan nazars alinmalidir. Qeyd etdiyimiz kimi
son illor UDM-da geyri-dévlet bolmosinin iimumen pay1 80%-don ¢ox toskil etmasina baxmayarag
2017-ci ildo neft-qaz sektorunun UDM-do pay1 36% toskil etmisdirsa, bu gostorici 2021- ci ildo 47%
godar yiiksalmigdir. Bununl bagli cadval 3 va sokil 2- ya nozor salmaq maraqli olar.Tohlil {igiin
gotiiriilon digar illords daha yiiksok olmusdur. Dovr orzinds yalniz 2020- ci ilds yalniz bu gostarici
comi 28% olmusdur ki, bu da homin dévrda global pandemiya slasgadar olmusdur. Basqa s6zlo,
statistik tohlillor onu demays osas verir ki, geyri-dévlat bdlmasinin UDM-da xiisusi ¢okisi ¢ox olsada
mohsul istehsal edir. Belo analoji fikirlori neft-qaz vo geyri-neft sektorlari tizra artim templaring do
deyd etmok olar. Lakin, moahsul istehsali tizra Hirisman-Herfindal indeksini hesablayan zaman aydin
olur ki, igtisadiyyatin madon-¢ixarma sonayesi tizra tomoargiizlosmo meyillori vardir.

Cadval 3. Igtisadiyyatin neft vo geyri-neft bolmalorinds iimumi daxili mohsul istehsali
(milyon manatla) [5]

geyri-neft xiisusi neft-gaz xususi mohsula va idxala
illar UDM sektoru ¢okisi sektoru ¢okisi xalis vergilor

Min. man. Faizlo MIn. man. Faizlo | MIn. man. Faizlo
2017 | 70,337.8 | 40,328.0 57.3 25,005.4 35.6 5,004.4 7.1
2018 | 80,092.0 | 41,662.0 52.0 32,231.7 40.2 6,198.3 7.7
2019 | 81,896.2 | 444818 54.3 30,051.9 36.7 7,362.5 9.0
2020 | 72,578.1 45,312.2 62.4 20,417.5 28.1 6,848.4 9.4
2021 | 93,203.2 51,122.2 54.9 34,501.4 37.0 7,579.6 8.1
2022 | 133,8258 | 416195 46.0 62,340.9 46.6 9,865.4 7.4

Eyni zamanda, neft-gaz sektoru vo geyri-neft sektoru tizro artim tempino nazor saldigda aydin

olur ki, geyri-neft sektoru iizrs artim tempi daha yiiksokdir.
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Ho0 104.0 107.1 109.0
105.0 97.1
100.0
97.3
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94.7
90.0 035
85.0
2017 2018 2019 2020 2021 2022
neft-qaz sektoru geyri-neft sektoru

Sokil 2. Neft- gaz va geyri-neft sektoru tizro artim tempi avvalki ilo nisbaton, (faizlo) [2]

Bu baximdan fikrimco, UDM- nin geyri-dévlot bdlmasinin paymna uygun mohsul istehsalina nail
olunmas1 shomiyyatli olardi.

UDM-nin geyri-dovlot bélmasinds mévecud payina uygun mohsul istehsalina nail olunmamasi
diistindiiriici oldugu ti¢iin bu sahads ilk ndvbada istehsal saholori {izro timumi buraxilig statistik
gostoricisi osasinda HHI osasinda tomargiizlosmoni asagida gostorilon saholor iizro hesablamaq
ohomiyyatli olardi.

Cadval 4. istehsal saholori {izro {imumi buraxilis [2]

Igtisadiyyatin saholori 2018 2019 2020 2021
Kond tosarriifati, meso tosarriifat1 vo baliggiliq 47.2 55.5 73.0 57.5
Maodoangixarma sonayesi 973.9 | 808.5 | 463.2 | 756.0
Emal sonayesi 87.7 1044 | 1244 | 145.2
Elektrik enerjisi, qaz va buxar istehsali, boliisdiiriilmasi va tachizati 3.2 3.1 4.7 4.2
Su tochizati, tullantilarin tomizlonmasi vo emali 0.1 0.1 0.1 0.1
Tikinti 1514 | 1478 | 150.3 98.3
Ticarat; nagliyyat vasitalorinin tomiri 1125 | 120.6 | 1485 | 120.5
Nogliyyat vo anbar tosarriifati 45.9 43.5 57.9 57.0
Turistlorin yerlogdirilmasi va ictimai iago 6.4 6.9 1.4 1.8
Informasiya va rabito 2.9 3.7 4.8 35
Maliyys vo si8orta foaliyyati 3.0 3.3 3.9 3.2
Dasinmaz omlakla slagodar omoliyyatlar 6.1 7.0 8.5 7.0
Peso, elmi vo texniki foaliyyat 3.8 4.0 4.4 3.7
Inzibati va yardime1 xidmatlorin gdstorilmosi 0.4 0.5 0.6 0.5
Dovlat idaroetmosi vo miidafio; sosial tominat 13.9 16.8 27.5 23.7
Tahsil 6.2 6.8 10.1 8.0
Ohaliya sohiyys vo sosial xidmatlorin gostorilmasi 2.9 3.4 7.6 4.9
Istirahot, aylonca va incosanat sahasinds faaliyyot 0.6 0.6 0.6 0.6
Digor saholords xidmaotlorin gdstorilmasi 1.2 1.2 1.2 1.1
Faaliyyat novlari tizra (HHI) 1469.3 | 1337.6 | 1092.9 | 1296.9

HHI indeksi osasinda almnan naticolor onu gostorir ki, 2019-cu ildo asagi soviyyado
tomorkiizlosmo hiss edilir. Umumilikdo gotiiriildiikdo iso dlkodo asagn soviyyoados tomorkiizlosmo
meyllari hiss edilir. Dogrudur 2020-ci ildo bu gostorici demoak olar ki, yox soviyyasinds olsa da
fikrimca, bu hamin dévrds Covid-19 pandemiyasi ilo bagli olmusdur.

Coadval 4-in molumatlar1 gostorir ki, 6lkodo asagi soviyyads inisarlasma meyllori osasen
modongixarma sonayesi, tikinti, ticarat vo naqliyyat vasitolori iizro hiss edilir. Beloliklo do aparilan
tohlillor osasinda asagidaki naticolora golmok olar.
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Ayri-ayri 6lkalarin tacriibasi gostorir ki, ¢agdas dovriimiizde milli igtisadiyyatin inkisafi {i¢iin
hazirda artiq inkisaf etmis Glkolordo konkret sonaye saholorinin inkisafina deyil, iqtisadi artimin
tomini G¢iin ilkin sortlorin formalagsmasina sobob olan slverisli biznes miihitinin yaradilmasina,
iqtisadiyyatin strukturunun transformasiyasina vo bazar ugursuzluglarinin kompensasiyasina
yonalmis faaliyyat kimi yanasmani osas gotirirlor. Bu da ayri-ayri 6lkoalords bir-biri ils
sinxronlagdirilan miixtalif iqtisadi siyasotlorin (pul-kredit, biidco-vergi, rogabst va s.) tozahiirii
formasinda miiayyanlosdirilir.

Notica. Qeyri-neft sektorunun mohkom tomollor {izorinds formalasdirilmas: vacib

moasalalordondir. Bunun ii¢iin ilk névbads informasiya vo maslohoat dastayinin tamin edilmasi va insan
resurslarinin inkigafinin dostoklonmasi shamiyyatli olardi. Qeyri-neft sektorunun inkisafi baximindan
bu sahads foaliyyat gostaran isgilar {igiin alavs pesa proqramlari tizra tolim va tadbirlorin kegirilmasi,
metodik vo elmi-pedaqoji dastesin gostarilmasi vo elocads geyri-neft sektorunun inkisafi tigin bu
sahads istehsal olunan mohsullarin xarici ticarat istigamatindo dastoklonmosi vacib masalslordon
hesab edilo bilar.
Eyni zamanda onu da bildirok ki, dovlat iqtisadiyyatin inkisaf baximindan gerido qalan miixtalif
sahalarinin inkisafini stimullagdirmaq ti¢iin miiayyan doastaloyici addimlar ata bilar. Nozara almaq
lazamdir ki, tobii sarvatlori bol olan oksar 6lkalords analoji problemlor yana bilir. Tobii ki, geyri-neft
sonaye saholorinin stimullagdirilmasi ti¢iin 6lka daxilinds gostarilon tadbirlalordan biri kimi daxili
baxarin qorunmasi tiglin on genis yayilmis metodlardan biri kimi proteksionizm siyasati do hoyata
kecirilmasi ola bilar.
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BANKLARIN KREDIT XiDMOTININ TOSKILI

Quliyeva Cahan Niftah quz1- miiollim, Iqtisadi nazariyys vo marketinq kafedrasi, AzZMIU,
cahan.quliyeva0901@mail

Xiilasa. Istehsalin fasilosizliyinin tomin edilmoasinds, pul dovriyyesinin vo onun hoarakatinin
tonzimlonmasinds, eyni zamanda genis tokrar istehsalin mliyyslosdirilmasinds kredit sistemi boyiik
ohomiyyato malikdir. Togdim edilon moagalods kommersiya banklarinin togkili qaydalart ilo barabar,
miiasir soraitdo onlarin faaliyystlorinin xiisusiyyatlori 6z oksini tapib. Miiasir banklar tarafindon
totbiq edilon amoaliyyatlar vo gostorilon xidmatlor, xiisusilo amanat vo depozitlorin banklara calb
edilmasi, miixtalif kredit xidmatlorinin gostarimasi, valyuta bazar1 vo valyuta smoliyyatlari, qiymatli
kagizlarla amaliyyatlar, lizing, trast, faktoring amoliyyatlari, nagd vo nagdsiz hesablagsmalari, kassa
omoliyyatlar1 va S. amoaliyyat vo xidmatlorin toskili vo totbiqi qaydalar1 va xiisusiyyatlorinin otrafli
geyd edilmasi miithiim shomiyyat kasb edir.

Acar sozlar: fondlarin dévrani, pul vasaiti, depozit, cari hesab, xarici kredit

ORGANIZATION OF BANKS CREDIT SERVICE

Guliyeva Jahan Niftali- lecturer, department of Economic theory and marketing, AzZUAC,
cahan.quliyeva0901@mail.ru

Summary.The credit system is of great importance in ensuring the continuity of production,
regulating money circulation and its movement, as well as in financing extensive reproduction. In
the presented article, along with the rules of organization of commercial banks, the characteristics of
their activities in modern conditions are reflected. The operations and services provided by modern
banks, especially the attraction of savings and deposits to banks, the provision of various credit
services, the foreign exchange market and currency operations, transactions with securities, leasing,
trust, factoring operations, cash and non-cash settlements, cash operations, etc. It is important to note
in detail the rules and features of the organization and application of operations and services.
Keywords: circulation of funds, currency, deposit, current account, foreign loan

Giris. Kredit latin sozii olub “kreditium” soziindon gotiiriiliib. Manas1 ssuda, borc, nisya
verimis pul vo ya omtoo demokdir. Umumiyyatlo, omtoea-pul miinasibatlorinin, ¢oxmiilkiyyatgiliyin
movcudlugu vo miisssisalorin istehsal fondlarinin dovrant vo dovriyyasinin xarakteri bir igtisadi
kateqoriya kimi krediti zoruri edir. Bildiyimiz kimi, mohsullarin istehsali va satis1 prosesinds pul
vasaitinin alds edilmasi vo onlarin istifado olunmasi eyni vaxta diigmiir. Buna gora do miioassisalorin
bir qrupunda miivaqqati sorbast pul vesaiti toplanir, homin dévrde miiassisalarin digoar grupunun
homin sorbast vasaitino ehtiyact olur. Buradan da kredit vo kredit sisteminin mévcudlugu tiglin
iqtisadi sorait yaranir.

Kommersiya banklarinin fondlarinin bir hissasi daim pul formasinda, digor hissasi iso daim
material formasi ehtiyatinda olur. Banklarin dévriyyads olan pul vesaitlorinin hacmi homin dévrde
material ehtiyatlar1 almaq ticlin kifayat etmir. Bozon bir ¢ox miiassisalorin material ehtiyat1 almaq
tigiin pulu olmur. Homin dévrds diger miiassisalorin iso miivaqqoeti artiq pul vesaitlori olur. Pul
vasaitine olan yiiksok tolobatin cari pul galirlori ilo 6donilo bilmomasi istehsal prosesinin
uzunmiiddatli olmasindan irali golir. Masalon, kond tosorriifatinda istehsal xorclori 1 vo I
kvartallardan ¢akilir, todariik iso 111 kvartalda olur. Mohsul satanla, mohsul alanin hodden artiq uzaqda
yerlosmasi do mohsul satanin pulunun gec daxil olmasina sabab olur, moévsiimi istehsal vo movsimi
todariik posesinda do slave pul vasaiting ehtiyac yaranir.
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Miiossisalor fondlarin ii¢ marhalodon kegon dovriyyasini basa vurduqdan sonra, istehsal
prosesi basa ¢atdigdan sonra hazir mohsulu satib omtos formasindan pul formasina g¢evirirlor. Son
naicado satisdan aldo edilon pulun bir hissasini mohsul istehsalina ¢okilon Xarclarin 6danilmasine sarf
edirlor. Digoar hissasi isa miiassisalorin saroncaminda qalir va yavas-yavas istehsalin genislonmasina
sorf edilir. Hom do genislonmays sarf edilib qurtarana gador miioyyan miiddst miivaqqoti sorbast
qalir. Elo homin bu miivaqgsti sarbast galan pul vasaiti homin vaxtda ehtiyact olan digor miiassisslore
kredit kimi verilo bilor. ©lbatta, kredit manbolari tokco amanot vo ehtiyatlardan ibarat deyil, basqga
monbalords do movcuddur. Bankin kredit kimi verdiyi pulun monbayi birinci ndvbado 6ziiniin
nizamnamo fondu, miiassiss, idars, toskilat, firma, assosasiya, kommersiya togkilatlarinin va shalinin
geri qaytarilmaq sorti ilo banklarda miivoqgoti saxlanilan pul vesaitloridir. Bundan basqa, banklar
osas Vasaitlori, amortizasiya fondlari, dévlat biidcasinin va sigorta fondlarinin vasaitlori, giymatli
kagizlarin (sshm, istigraz, omanat sertifikatlari va s.) satisindan vo 6zallosdirma naticasinds banklarda
toplanilan pullardan kredit verilmasindo istifads edilir.

Kreditin bir sira formalar1 vardir. Bunlar bank krediti, veksel krediti, istehsal krediti, dovlat
krediti, beynalxalq kredit, ipoteka kreditloridir. On genis yayilan isa bank kreditidir. Bank kreditinin
¢ novii forglondirilir: Qisamiiddotli kredit- bu bir ilo goder miiassisa vo banklarin dévriyys
vosaitlorinin tamamlanmasina verilir. Belo ki, istehsalin fasilosiz davam etdirilmasi tigiin xammal,
material, yanacaq vo s. alinmasi {igiin, gecikdirilmis amok haqqmnin vaxtinda verilmasi tiglin
kommersiya banklar1 yeddi giindon bir il miiddstine qisa miiddstli kreditlor verirlor. Orta miiddatli
kredit iki-i¢ il miiddatina, bozi hallarda bes il miidstino asasen istehsalin texniki cohatdan
qurulmasina, avadanhglarin tozlonmasi vo modernlagmasing, yeni texikanin vo texnologiyanin
totbiqina va s. verilir.

Banklar omanatlori gebul edarkan faiz 6hdsliklori kimi, kredit verdikds faiz alirlar. Ona géra
do banklar yi1gdiglar pullart dévriyyoaya buraxmali vo qazanc (faiz) gotiirmalidir. Ogor bu yigilan
vasaitlor istifadasiz galarsa bank tezlikls iflasa ugrayar vo amanata topladigi pullarin haqqini (faizini)
6days bilmoaz. Mohz buna gora do banklar omanats yigdiglari pullart gorok kredito verib faiz alsin,
daha dogrusu satsin. Banklar adoton pul alveri ilo mosguldurlar. Homin vosaitlori kommersiya
banklar1 ham topdansatis kredit bazarinda vo hom do porakonds satis bazarinda sata bilalor.
Topdansatis kredit bazar1 dedikdo, adoaton banklararasi kredit nozords tutulur. Banklarin vosaitlori
artiqhq etdikdo, miiossisa vo kommersiya toskilatlarina kredit kimi vera bilmadikda bu vasaitlori
ehtiyact olan digor banklara satirlar, yoni faizi ilo kredit verirlor. Parakondo satis bazari iso bir basa
miistorilors, yoni miiassisalora, firma vo assosasiyalara, sirkatlora, kondli-fermer tosarriifatlarina
kredit kimi verirlor. Kredit bazarinda kreditlorin faizinin miiayyan edilmasi ¢ox vacib masalalordan
biridir. Adston kommersiya banklari omanotlors faiz verib, verdiklori kredito gors yiiksok faiz alirlar.
Daha dogrusu, banklar pul vosaitlorini agagi qiymotos alir vo daha yiiksok giymoto sataraq golir oldo
edirlor. Faizlor miixtalif amillarin tasiri altinda — talob va toklifin saviyyasina gora uygun olaraq
miioyyan olunur. Miixtalif 6lkalords verilon kredit tizro faiz doracolori miixtolifdir.

Azorbaycan Respublikasinda banklarin isindo kredit xidmatlorinin osas yer tutmasina
baxmayarag, omanatlorin banklara colb edilmasi prosesi halolik zoifdir. Banklara amanat vo
depozitlorin calb edilmasini artirmagq tigiin bir sira stimullagdirici tadbirlor goriilmali vo xalgda inam
yaradilmali,omanatin vaxtinda vo tam qaytarimlasina tominat verilmalidir. Bunun ii¢iin banklarda
sigorta vo ehtiyat fondlar1 yaradilmali, omanatlor itkiys vo infilyasiya noticasinds azalmaya moruz
galarsa, homin fondlar hesabina borpa olunmalidir, xarici dlkalords oldugu kimi. indi bizim 6lkoda
do amanatlorin sigortalanmasi prosesine baglanmigdir Hazirda 30 min manata qadar olan amanatlor
sigortalanir.

Morkazi Banklarmm on vacib xidmatlorindon biri do  pul hesablagsmlarinin tahlilidir.
Hesablasma vo todiyys mexanizmi bazar iqtisadiyyatinin oan vacib tnsiirlorindondir. Miilkiyyat
miixtalifliyi vo istehsal-ticarat sorbastliyi soraitinds pul vesaitlorinin vaxtinda vo diizgiin bankin
xidmat etdiyi miiassisalorin hesabina kogiiriilmasi ham vacibdir, ham do miirokkob masaladir. Burada
is iki istigamotds aparilmalidir. Hom hesablasma sistemi diizgiin qurulmali, hom dos borclarin hiiquqi
formalagsmasinin vo 6demalarin sonsuz vo vaxtinda hoyata kegirilmasi tomin olunmalidir.
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Umumiyyatlo, banklarda pul dévriyyasi nagd vo geyri nogd formada hoyata kegirilir. Yoni pul
dovriyyasinin 91 faizi nogdsiz formada banklarda hesabdan-hesaba kdgiirmo qaydasinda apartlir.
Ohali ilo hesablagsmalar adston nogd formada, gismon do qeyri-nogd formada aparilir. Dovlot
miiassisalari, ictimai vo kooperativ toskilatlar arasinda hesablasmalar adaton nogdsiz formada, xirda
Odonislar iss nagd formada aparilir.

Miiassiso, idar, toskilat, firma va sirkatlorin xiisusi vo Calb edilmis pul vosaitlori miitloq
banklarda saxlanilir. Xirda cari xarclori 6domok ii¢lin az miqdarda pul miiayyan limit daxilinda
miiossisalorin kassasinda saxlanilir. Miiassiso Vo togkilatlarin pullarii bankda saxlamaq vo geyri-
nogdsiz omaliyyatlar1 aparmaq ti¢iin onlarin orazisine osason onlar ii¢iin banklarda hesablagsmalar
hesabu, cari hesab, biidca hesab1 va s. hesabatlar agilir. Bankda agilan hamin hesab novlori, miiassisa
Vo toskilatlarin faaliyystinin xarakterindon vo banklarda toplanmis pul vasaitlorinin toyinatindan
asilidir. Bankda agilan hesablar igarisinds asas yeri hesablagsma hesab1 va cari hesablar tutur. Bu iki
hesabdan bankda biri oldugda digor hesablarin da agilmasina icazs verilir. Hesablasma hesab1 xiisusi
dovriyya vasaiti Vo Sarbast balansi olan tosarriifat hesabli miiassiss, birlik, taskilat, firma va sirkatlora
acilir. Cari hesab iso tosorriifat hesabinda olmayan idars va togkilatlar {i¢iin acilir. Bunlara partiya,
homkarlar va ictimai togkilatlar aiddir. Biidco hesablar1 isa biidcadoan maliyyalasan idars va toskilatlar
ticiin agilir. Bankda hesablasma vo cari hesablar1 agmagq {li¢iin miiassiso, idara, birlik, 6zal qurumlar
Vo s. yaradilmasini vo foaliyyat gostormosini tosdiq edon sonadlar, tasdiq edilmis nizamnamanin
surati, imza vo mohiir niisxalorinin kartogckasi arizs ilo birlikds banka togdim edilmalidir. Bankda
acilmis bu hesablardan haqg-hesablar adston, nagdsiz formada aparilir. Respublikamizda nagdsiz
hesablagsmalarin formalari Morkozi Bank torofindon miioyyan edilir. Alici vo satici arasinda
baglanmis miiqavilodo bu hesabalasma formalarindan ancaq biri gosterilir. Hazirda kommersiya
banklar1 torofindon totbiq edilon hesbalsmalarin konkret formalar1 bunlardir: 6donis talobnamasi,
Odonis tapsiri@i, hesablagsma g¢eklori vo akkretivloridir. Bunlardan basqa son zamanlar elektron
hesablagma vo 6donis kartlardan genis istifado edilir.

Moarkazi bankalarin maliyyasinin togkilino miixtalif amillor tasir gostorir. Bunlar iki qrupa
bolmok olar: a) tosarriifatciligin toskili- hiiquqi formalart; b) sahonin texniki — iqtisadi xiisusiyyatlori
ilo olagodar olan amillor. Tasarriifatgiligin toskili- hiiquqi formalar1 bazar iqtisadiyyatina kegidla
olagodar respublikadak: tosorriifat subyektlorinin hiiquqi veziyystinds ciddi doyisiklik etmis,
Konstitusiya tarafindon miioyyan olunur. Mévcud ganunlara asason hiiquqi soxs kimi o togkilat taninir
ki, onun miilkiyystindo omlaki, bankda hesab1 vo moéhiirii olsun va ganun dairasinds ona cavabdeh
ola bilsin. Bu sortlo ki, o 6z adindan hamin amlaka dair hiiququnu hoayata kegirs, onunla oslagoadar
miioyyan vazifa yerino yetira, mohkomads iddiag1 vo yaxud cavabdeh kimi ¢ixis eda bilor. Adoton,
hiiquqi soxs kimi miixtalif tosorriifat miiassisalori, togkilat vo comiyyatlori, istehsal kooperativloari,
dovlat vo baladiyys miiassisalori va s. ¢ixis edirlor. Maliyys miinasibatlori tosarriifat subyektinin
nizamnamo kapitali formalasdigi vaxtdan etibaran meydana galir. Bu andan baslayaraq homin kapital
igtisadi cohatdon tosorriifatci subyektin omlaki sayilir. Belsliklo, tosorriifatgiligin toskili- hiiquqi
formast onunla olagodar meydana golon maliyys miinasibotlorinin  xisusiyyatlorini
miiayyanlosdirmak olur.

Banklarin isindo kredit xidmatlorinin asas yer tutmasina baxmayaraq, smanat vo depozitlorin
bankalara calb edilmasini artirmagq tigiin bir sira stimullasdiric1 tadbirlor goriilmali vo xalaga inam
yaradilmali, amanatlorin vaxtinda vo tam qaydada qaytarilmasia tominat verilmalidir. Bunu ti¢iin
banklarda sigorta va ehtiyat fondlar1 artirilmali, amanatlor itkiys va inflyasiya naticasinds azalmaya
moruz galarsa, hamin fondlarin hesabina barpa olunmalidir, inkisaf etmis 6lkalords oldugu kimi.
Omanatlorin goxalmasi ilo banklarin kredit potensiali daha da artar va noticads sosial-igtisadi inkisaf
stiratlonar vo onun samaraliliyi daha da yiiksalar.

Bankalar torafindon verilon kreditlorin 6lks tizra qruplasdiriimasinin tohlili gostorir ki, 2006-
c1 ilo godar Azorbaycanda verilon kredilorin investisiya moagsadlarina yonaldilon hissasi nisbaton az
olmusdur. Yoni o dovrda verilon kreditlorin sokson yeddi faizi qisa middadtli kreditlordir vo bu
kreditlor investisiya moqsadlorino deyil, xidmat vo ticarat saholorino yonoldilmisdir. Verilon
kreditlorin asas hissasi uzunmiiddatli olsaydi va investisiya magsadlorine yonoaldilsoydi daha ¢ox iri

miiossisalar yaradilardi, mohsul istehsali siiratlo artardi vo yeni is yerlori agilardi, somaralilik daha da
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coxalardi. Yeni toSorriifat¢iliq formalarina kegid soraitindo  ictimai istehsalin samaralilinin
yiiksaldilmasinds osas vasitalordon biri olaraq kreditin rolu vo shomiyyasti daha da artir. Diinya
tocriibasi gostorir Ki, Kkreditlordon genis istifado edon o&lkalor siirstlo inkisaf edir, istehsalin
somoraliliyini siiratlo artirirlar. Lakin yuxarida qeyd edilon saboblor iiziindon son zamanlara kimi
Azorbaycanda subyektiv va obyektiv sabablor tiziindon kreditdon tam samarali istifado olunmurdu.
Belo ki, 0 zaman ham kredit veralorin, ham dos kredit alanlarin imkanlart mohdud idi. Ona gora ki,
banklar ki¢ik vo kredit almaq istoyoanlorin girov qoymaq imkanlari mohdud idi. Buna gors
sahibkarlarin bir hissasi kredit almagdan imtina edirdi. Belo hallar iso kreditin vo istehsalin
somaraliliyinin yiiksaldilmasini mohdudlasdirirdi. Ona goéra do sokkiz-doqquz il bundan avval
dovlotimiz xarici kreditlordon genis istifado edirdi. O zaman respublikamizin xarici kreditlor tizra
borcu limumi daxili mohsulun on dord, on bes faizini toskil edirdi. Xarici borcun timumi daxili
mohsuldak1 xiisusi ¢okisi 47 faizdon ¢ox olanda hor hansi bir 6lko {igiin tohlikke yaranir.
Xosboxtlikdon 6lkomizin aldigi kreditlor tizra borcu bu tshliike haddindon xeyli asagi idi, ham do
xarici kreditlorin ¢ox hissasi beynalxalg maliyya-kredit toskilatlarindan alinirdi vo onlar orta hesabla
2,8 faizli idi. Xarici kreditlor Azorbaycan kommersiya banklar tarafindon verilon daxili kreditlora
nisbaton hom uzunmiiddadtli, hoam do ucuz, yani asagi faizli idi. Azerbaycan Milli Bankinin milli
valyuta ilo banklara verdiyi kredit 16 faizli, kommersiya banklarinin toSorriifatlara verdiklori
uzunmiiddodtli kreditlor 27-32 faiz idi, halbuki xarici 61kalar va beynolxalg maliyys-kredit togkilatlar
torafindon 6lkomizo komok moqgsadilo verilon uzunmiiddatli xarici kreditlor xeyli ucuz faizli idi.
Moasalon, Beynolxalq Valyuta Fondundan on iki, on alt1 il miiddatine alinmis kreditlor 4,6 faizli,
Avropa Inkisaf vo Yenidenqurma Bankindan 1,7 faizli, Diinya Bankindan otuz yeddi ilo almmis
kreditlor 0,86 faizli idilor. Homin kreditlor yeni obyektlorin yaradilmasina vo nagliyyat yollarinin
inkisafina sorf edildi vo yaxs1 somora verdi Belo ki, Samkir rayonunda Yenikond su elektrik
stansiyasinin tikintisi igiin Almaniyadan asagi faizli olli bes milyon dollar kredit alinmisdi. Bu kredit
hesabina hamin stansiya tikilib qurtarib, artiq islayir vo enerji verir. Yaponiyadan 0,96 faizlo alinmis
kredit hesabina Bakida istilik-yanacaq elektrik stansiyasi yenidon qurulub vo istifadays verilib vo s.

2000-ci ilo godor Azorbaycan xarici vo daxili  kreditlor, biidco maliyyslogsmasi vo
sahibkarlarin investisiya qoyuluslar1 hesabina sosial-igtisadi voziyyati xeyli yaxsilasdirdigdan sonra
xarici kreditlordon istifadoni azaltmis do daxili kreditlordan istifadoys tstiinliik vermisdir. Hom do
beynolxalg maliyys-kredit togkilatlar1 Azarbaycanin iqtisadi imkanlart genislondiyina gora ucuz vo
glizostli kreditlorin verilmosini xeyli azaltmigdir. Artiq Azorbaycanda els bir sorait yaradilmigdir ki,
xaricdon kredit alan 6lkadan bazi xarici 6lkalara kredit veran 6lkoya ¢evrilmisdir, xaricds obyektlor
yaradir vo somorali aktivlor alds edir. Hazirda Azarbaycan bir torofdon xaricdon kredit almaga davam
edir, digar torafdon isa alinmis kreditlor tizra vaxti ¢atmis borclarin 6danilmasina dévlat biidcasindan
xeyli vasait xarclayir. Belo olan halda xarici kreditlordan somarali istifado mexanizminin yaradilmasi
hokumatin xiisusi diggat markazinds olmus, iqtisadi siyasatin asas istigamatindan birina g¢evrilmisdir.
Hom do indon belo Azorbaycan xaricdon qisamiiddotli, homginin giizostli olmayan orta vo
uzunmiiddatli kreditlorin alinmasina son qoymalidir. Ona géra do avvala Azarbaycanin maliyya
imkanlar1 genislonib, digor torofdon giizostli olmaya kreditlorin  faizi (qgiymoti) yiiksok olur,
qisamiiddatli kreditlor iss istehsala deyil, tadaviil dairasina xidmat edir. Miiasir dévrds bizos istehsali,
xiisusilo geyri-neft sektorunu genislondirmok lazimdir ki, hom mohsul bollugu yaradilsin, ham do
daha cox is yerlori agilsin.

Xaricdon alinmig kreditlorin tohlili gostorir ki, hamin kreditlordon yeni istehsal sahslorinin
yaradilmasinda vo 6lkonin valyuta ehtiyatlarinin formalagmasina yonosldilon hissasindon diizgiin
istifado olunmusdur. Milli Bank xarici kreditlor hesabina hom da 6lkonin valyuta ehtiyatlarini idaro
edorkan likvidlor, tohliikesizlik vo somoraliliyi rohbor tutmusdur. Olkenin valyuta ehtiyatlar:
diinyanin an yiiksok reytinqli banklarina depozitloro yerlosdirmoklo daha da artirilir. Umumiyyoatlo,
bank krediti ictimai tokrar  istehsalin fasilosizliyino komok etmoklo yanasi istehsalin
genislondirilmasini pul voasaiti ilo  tomin etmoyin ¢ox bdyiik monbayi olub, osashi vosait
goyuluslarmin samaraliliyini yiiksaltmayin foal vo tosirli vasitosidir. Islomokdo olan miisssisalarin
yenidon qurulmasi va genislondirilmasine, avadanliglarin modernlosmasinas Vo yeni texnikanin tatbiq

olunmasi va istehsal texnologiyalarinin yaxsilasdirilmasina ¢okilon xarclorin xeyli hissosi kreditin
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hesabina togkil edilir. Kredit massisalords va xalq tosarriifatinin miixtalif sahalorinds slave vasaits
yaranan talabati pul ehtiyatlari ilo tomin edarak, ictimai tokrar istehsala xidmat edir.

2012-ci ilds 6lkamizin bank-kredit toskilatlar1 tarafindon hiiquqi va fiziki soxslors verilmis
kreditlorin hacmi 2008-ci il ilo miiqayisads 9,1 faiz vo ya 766,8 milyon manat artaraq 9, 1 milyard
manata ¢catmisdir. Kredit qoyuluslarinin 41,7 faizi dovlat, 56,4 faizi 6zal banklar, 3,2 faizi geyri-bank
kredit toskilatlar1 torofindon hoyata kegirilmisdir. Verilmis kreditlorin 73 faizini uzunmiddatli
kreditlor toskil etmis, 6,3 faizinin 6domo vaxti kegmisdir.

2011-ci il yanvar ayinin birina olan molumatlara gora ohalinin  banklardaki omanatlariin
moblagi dord milyard manat toskil edarok avvalki ilin eyni dovrii ilo miiqayisads 28,9 faiz artmisdir.
Bu iso onu gostorir Ki, azorbaycan banklarmin kredit vermok imkanlari genislonmisgdir.
Iqtisadiyyatimizin biitiin saholorinin inkisafi iigiin sahibkarhigin inkisafina milli kémok fondu
vasitasilo verilon giizostli (8-9 faizlo) kreditlor regionlarin siiratlo inkisafinda boyiik rol oynayir.

Natica. “Azorbaycan Respublikasinda Kredit sisteminin togkili xiisusiyyatlori” mévzusunu
aragdiraraq asagidaki naticoni geyd etmok olar:
1.Azorbaycan Respublikasinin bank sistemi bazar iqtisadiyyatinin toloblorina  casaratlo
uygunlasdirilir;
2.Azorbaycanda qabaqcil dlkalorin tocriibasinds sinagdan kegmis kreditin biitiin ndvlarinden vo
onlarin funksiyalarindan genis va diizgiin istifads edilir;
3. Respublikamizda ham daxili, ham do xarici banklarin yaradilib faliyyat géstormasi tigiin 10 milyon
dollarliq nizamnama fondunun yaradilmasi talob olunur. Bu limiti tomin etmayan banklarin faaliyyati
dayandirilir vo yenisinin agilmasina icaza verilmir. Xarici tosisgilorin imkanlari genis olduguna goéra
bu limitin 6hdasindon asanligla golirlor, Milli kommersiya banklar1 iso yox. Ona goro do Milli
kommersiya banklarmin son 3-4 ilds toxminan iyirmi iki mininin foaliyysti dayandirilib. Bizo belo
goalir ki, Respublikamizin Markazi Banki tarafindan els bir optimal variant islonib hazirlanmisdir ki,
hom milli banklar, ham da yiiksok kapitala va texnologiyaya malik xarici banklar bir-birini sixigdirib
logv etmadan har ikisi normal foaliyyat gostorsinlar.
4. Azorbaycanda halolik iri sonaye miiassisaslorinin bir qismi iglomir. Ona gors ki, istehsal texnikasi
Vo texnologiyasi fiziki vo monovi cohatdon kéhnolib. Bels texnika ils istehsal olunan mohsullar baha
Vo keyfiyyatsiz basa goldiyina gora satilmir. Yeni texnikanin alinmasi tigiin iso vosait mahduddur.
Ona goro do diinya tocriibasinds genis yayilan lizingdon, yani miiasir texnikani icarays gotiiriib
haqqini uzun miiddato, hom do bank krediti hesabina 6domok iisulundan istifado etmok lazimdir.
5. Diinya praktikasinda lizinqin 12-don artiq ndviindon istifads edilir. Investisiya qoyulusunun asas
hissasi, istehsalin an miiasir texnika vo texnologiya ilo tochizi bu novlordon istifado asasinda tamin
edilir. Bizim 6lkamizds da bu névlardan genis istifads edilso daha yaxsi naticalor olds edilor.
6. Banklara vosait colb etmoyin, kredit ehtiyati yaratmagin, nohayot c¢oxlu golir gétiirmayin
yollarindan biri do balansdan konar omoliyyatlardir. Tohlil gostorar ki, 6lkomizin kommersiya
banklar1 bu omaliyyatlardan, xiisusila yeni yaranan digar banklara, massiso va togkilatlara, firma vo
sirkatlora broker, agent, maslohatgi, zomanatgi, nou-hau Kimi xidmatlori zaif toskil etmislor.
7. Diinya tacriibasinds trast omoliyyatlari genis yayilib. Lakin bizds bu xidmat ndviiniin hiiquqi bazasi
zoif olduguna gors halalik ¢ox genis yayilmayib.
8. Qeyri-nogd hesablagsmalarin, 6donis tolobnamasi (aspekt) aparilmasi formasinda Gdonis
sobablorinin banklararast dovriyyasi ¢ox uzun ¢okir. Sonadlorin miiddatini ya qisaltmaq, ya da onu
basga hesablagma formasi ilo ovoz etmok daha yaxsi olardi.
9. Respublika ohalisi 6z amanatlarinin toxminan 70 faizini 6lkado foaliyyat gostoran xarici banklara,
ancaq 30 fizini milli banklara qoyurlar. Els sorait yaratmaq lazimir ki, amanatlarin aksariyyati milli
banklarda yerlosdirilsin.
10. ©halinin milli banklara gars1 inamsizligin1 aradan qaldirmaq tigiin banklara qoyulan amanatlora
zomanoti Respublika Morkozi Bankinin vermosini, sigortalanmasini vo kommerisya banklarina
havals edilmasi maslohat bilinir.
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NOQLIYYAT SEKTORUNDA KONTEYNERLOSDIRMONIN TEXNOLOJI
PROBLEMLORI

Homidov Namiq Ragqif oglu- t.e.n., bas miiollim, AzZMIU, namikhamidov@gmail.com

Xiilasa: Moqalo miisllifi mallarin biitiin naqliyyat ndvleri ilo dasinmasi iiclin diinyanin miixtalif
yerlorinds foal istifado olunan konteyner yiik dagimalari mévzusuna miiraciot edilr. Konteyner yiik
dagimalart hor hansi bir boyiik logistika sirkotinin ayrilmaz hissasino ¢evrilmisdir, ¢iinki bu nov
mallarin ¢atdirilmasi genis ¢esidli problemlori hoall etmoys imkan verir. Konteynerlor limanlarda vo
koglirmo bazalarinda artma islori zamani xidmat ig¢ilorinin tohliikasizliyini tomin edir, homginin hava
soraitindon vo miimkiin fors-major voziyyatlorindon asili olmayaraq yiiklorin tohliikasizliyini tomin
edir. Bu moqgalodo konteyner dasimalarinin problemloarinin analitik icmali hazirlanmis vo onlarin
hallinin miimkiin yollar1 toklif edilmisdir. 2013-2023 - ci illor iiclin konteyner kogiirmslarinin
hocminin statistik molumatlar1 tohlil edilmis, ytiklorin konteynerlogdirilmasinin osas istiinliiklori
verilmis, konteyner ndvlorinin toyinatindan asili olaraq tosnifati qurulmusdur.

Acar sozlar: Logistika, nogliyyat, konteynerlosdirma, yiik daginmasi, multimodal naqliyyat

TECHNOLOGICAL PROBLEMS OF CONTAINERIZATION IN THE TRANSPORT
SECTOR

Hamidov Namiq Ragqif- tech.in sc., senior lecturer, AZUAC, namikhamidov@gmail.com

Abstract: The author of the article addresses the topic of container cargo transportation, which is
actively used in different parts of the world for the transportation of goods by all types of transport.
Container cargo transportation has become an integral part of any large logistics company, since the
delivery of this type of goods allows you to solve a wide range of problems. Containers ensure the
safety of service personnel during increment work at ports and transfer bases, and also ensure the
safety of cargo regardless of weather conditions and possible force majeure situations. This article
has developed an analytical review of the problems of container transportation and proposed possible
ways to solve them. The statistical data of the volume of container transfers for 2013-2023 were
analyzed, the main advantages of containerization of cargo were given, and the classification of
container types depending on their purpose was established.

Keywords: logistics, transport, containerization, cargo transportation, multimodal transportation

Giris. Nogliyyat texnologiyalarmm tokmillogdirilmosi mallarin yiiksok keyfiyyatli vo
vaxtinda ¢atdirilmasinin asas vazifalorindan birinin hallini tamin etmali olan nagliyyat xidmatlarinin
keyfiyyatini artirmadan miimkiin deyil. Bu mogsads ¢atmagq, birincisi, yalniz miixtalif nagliyyat
novlarinin qarsiliglt alagoesi, ikincisi, nogliyyat xidmatlorinin konteynerlosdirilmasinin tatbiqi ilo
miimkiindiir, ¢iinki bu, nagliyyat proseslorinin inkisafi vo optimallagsdirilmasimin on miitoraqqi
saholarindoan biridir. Bundan alavas, konteynerlosdirmoa nagliyyat giymotini azaltmaga imkan verir vo
bu, bazar igtisadiyyatinin artan ragaboti soraitindo ¢ox vacibdir. Yiiklorin konteynerlosdirilmasi
nogliyyat prosesinin ¢ox diapazonunu da tomin edir (yiiklorin bir naqgliyyat noviindon digorino
dasinmasi imkani).

Hal - hazirda daha ¢ox bdyiik vo kigik sirkatlor konteyner xidmaotlorindon istifado edoarok genis
cesidli nogliyyat xidmotlori toqdim edirlor miivafiq olaraq miixtolif logistika zoncirlorinin
formalagmasina, ekspert qiymotlondirmoalorino gors, diinyada konteynerlosmo Saviyyasi quru
yiiklorin daginmasinin orta hesabla 50-60% - ni, bir sira Avropa limanlarinda iso konteynerlosmo
90%- don ¢oxdur.

242



Elmi asarlar, Iqtisadiyyat Scientific works, Economics, 2023, N2

Analitiklorin fikrinca, uzaq perspektiv baximindan Asiya ilo Avropa arasinda yik
dovriyyasinin shamiyyatli doracads genislondirilmasi planlasdirilir, bu, lkslorin iqtisadiyyatinin
igtisadi bohrandan sonra barpa olunmasi vo bununla da biitiin 6lkalords ixrac v idxala tolabatin
artmasi ilo oalagodardir. Miivafiq olaraq, 1999-2022— ci illar li¢iin konteyner dasimalarinin hacminin
prognozlasdirilan arttmi ildo toxminan 8%, 2020-2023-ci illor {iglin isa ohamiyyatli doracads
azalmayacaq va 5,5-6% toskil edacak [1].

Nogliyyat prosesinin konsolidasiyasina va naticads konteyner dovriyyasinin artmasina sobob
olan nagliyyat. 1999-2023-ci illar ii¢iin konteyner dovriyyasi cadvali sok.1. togdim edilib.

— 5351
20 4 = O1fQa
yiiksak

10 ¢

Nagliyyatm hacmi
59

(] v v v v v v . v v v v

O > ) “ ¢ 3 N % el A S ~ )
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Sakil: 1. Konteyner dagimalarinin hacminin artim coadvali [1]

Konteynerlasdirmanin nagliyyat prosesine totbigi hom da sifariscilor torafindan irali siiriilon
on vacib tolablordon birini ugurla yerino yetirmoyo imkan verir - yiikiin tohliikasizliyini vo tamligini
tomin etmok, bu da optimal yiikklomoa rejimlorino riayst etmoklo vo yiiklorin nogliyyat
konteynerlorindo  somarali  yerlosdirilmasi ilo miioyyan edilir, homginin taranin &ziiniin
multimodalligi. Konteynerlor kompaktligi, istifadesi asanhigi vo miixtolifliyi sobobindon bu osas
vozifalorlo miikommal miibariza aparirlar. Istonilon yiikiin keyfiyyotli dasinmasini tomin eds bilarlor.

Moagsadindan asili olmayaraq, biitiin név konteynerlorin iimumi ¢akisi, olgiilori, birlogdirici
olgiilari, habelo avtomobil nagliyyatinin harokatli heystino vo yiikloma vo bosaltma magsinlarinin
tutma mexanizmlarine qosulma cihazlarinin dizayni ilo standartlagdirtlir.

Konteynerlarin an vacib amaliyyat parametrlori, gapinin eni (2286 mm), hiindiirliyt (ICC va
IAA igiin — 2261 mm, IC va IA iiglin — 2134 mm) va daxili hacm kimi konteynerlarin daxili
olgtloridir.

Yiik konteynerlori ayri tosnifatlara boliiniir. Hor bir tasnifat tosnifatin xiisusiyystlorindon asili
olaraq konteyner istehsal1 standartlarint miioyyanlosdirir.

Konteyner tosnifati:

1. Boyiik tonnajl yiik konteyneri - imumi ¢akisi 10 ton olan yiik konteyneri. va daha ¢ox.

2. Orta tonnajli yiik konteyneri - imumi ¢oKisi on azi 3 ton, lakin 10 tondan ¢ox olmayan yiik
konteyneri.

3. Asag1 tonnajli yiik konteyneri - imumi ¢akisi 3 tondan az olan yiik konteyneri.

4. Universal Yik konteyneri-genis ¢esiddo, genislonmis yiik vahidlori vo tarno-par¢a yiiklor {igiin
yiik konteyneri.

5. Xiisusi yiik konteyneri-mahdud nomenklatura vo ya miisyyan ndv mallar Gigiin yiik konteynerlari.
6. Sistern konteyneri-xiisusi yiikk konteyneri, hom do tozyiq altinda yiikiin bosaldilmasi vo
mayelosdirilmis qazlarin, maye vo ya toplu yiiklorin daginmasi {igiin nazords tutulmus, armatur vo
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digar qurgularla tachiz olunmus bir ¢argiva (gar¢iva elementlari), sistern vo ya sisternerlordan ibarot
xiisusi bir gab.

7. "Qutu" tipli tozyiq olmadan toplu yiiklorin dasinmasi ti¢iin konteyner, an azi bir son divarda bir
qapist olan va caziba qiivvasi il bosaldilmig diizbucaqli bir quruluslu bir gabdir. Bels bir konteynerin
universal olaraq istifads edilmasins icazs verilir.

8. Platforma konteyner-alt kiinc armaturlar istisna olmagq]a, iist kiinc armaturlari ilo tochiz olunmus,
yalniz désomoasi olan bir baza olan bir konteyner.

9. Izotermik konteyner-divarlari, ddsomasi, dami vo qapilar drtiilmiis vo ya konteynerin daxili hacmi
ilo otraf miihit arasinda istilik miibadilasini mohdudlasdiran istilik izolyasiya edon materialdan
hazirlanmig xiisusi bir gab.

10.  Soyuducu konteyner-soyuducu avadanliglar1 olan izotermik konteyner (mosalon, mexaniki
kompressor, absorbsiya qurgusu va S.).

ISO 830 standartina uygun olaraq, yiik konteyneri asagidaki toloblors cavab veron nogliyyat
avadanligiin predmeti kimi basa diisiiliir:

e tokrar istifads tiglin uygun olmagq tigiin kifayat godor méhkom bir qurulus;

e konteyner haddindan artiq yiiklonmasina, xiisusan da bir nagliyyat néviinden digarina &tiiriilmasine
imkan veran qurgularla tochiz olunmalidir;

e yiikklomo Vo bosaltma proseslorini miimkiin godor asanlagsdirmaq ti¢iin bu sokildo hazirlanmig
konteyner olmalidi, [2]. Konteynerlorin novlari vo miixtalif yiiklorin dasinmasinda genis istifads
olunan istifads sortlori

Cadval 1.Konteynerlorin toyinatina gors tosnifati [2]

Konteyner novii Toyinat
Tarno-parga yiik Genis ¢esidli vahid yiiklorin daginmasi {igiin nozards tutulmus universal
konteynerlori konteynerlor
Ixtisaslasdirilmis Fiziki-kimyavi xiisusiyyatlori va nogliyyat sortlori ilo homojen olan
konteynerlor mohdud nomenklaturali mallari miixtalif nogliyyat novlori ilo daginmasi
ti¢iin nozords tutulmus konteynerlor
toplu ytiklor ii¢lin Maye, mayeloasdirilmis qazlar va toplu yiiklorin daginmasi iigiin sistern
konteynerlor konteynerlori
Danoavar va dagilan Toplu yiik ti¢lin gargivays Sart sokilda barkidilmis yiik dasiyan
yiiklori dagimaq tigiin strukturdan ibarst konteynerlor
konteynerlor
Rejim yiik konteynerlori Temperatur, riitubst Vo havalandirma preslorini qorumagq tigiin xiisusi
tochiz olunmusg konteynerlor

Qeyd etmok lazimdir ki, ¢evikliyina gora konteyner dasinmasi nagliyyat xidmatlori bazarina
ohomiyyatli daracads tasir gostarmisdir:

e yeriistii yiik nagliyyatinin calb edilmasi doniz dasiyicilarina nagliyyatin dayarini azaltmaga imkan
verdi ki, bu da topdansatis xidmatlori kimi gobul edils bilar;

e hava nogliyyati ¢atdirilma samaraliliyi ilo calb olunur;

e domir yolu nogliyyati digar nogliyyat névlori ilo foal omokdasliq yolu ilo imumi yiiklorin dasinmasi
sahasinds giiclondi.

Biitiin bunlar diinyanin istonilon négtasine miixtalif nogliyyat birlosmalorindan istifads edarok
multimodal nagliyyatin toskili xidmatlori toklif edon logistika agentliklorinin sayinin artmasina tosir
gostarmisdir.

Bununla birlikda, yiiklorin konteynerlosdirilmasinin biitiin istiinliklorino baxmayaragq,
olkamizds konteyner dasimalarinin inkisafinda bir sira problemlar aydin sokildo goriilo bilor: lazimi
sayda infrastruktur obyektlorinin olmamasi, onlarin inkisaf saviyyasinin kifayst godor olmamasi.

Owvvala, bu, infrastruktur komplekslorinin emal konteynerlorinin yavas yenilonmasi ilo
olagodardir ki, bu da miivafiq olaraq diger 6lkalorlo miigayisada ragabat gabiliyystinin azalmasina
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tosir gostorir. Ayrica, yik gondarmayin miixtalif hiiqugi sxemlori kifayst qodar keyfiyystca hoyata
kecirilmir. Yuxarida gostarilon amillar yiik dovriyyasinin hacmi va yiik dasinmasi sahasinds istonilon
inkisaf tempi ilo bagh garsiya qoyulan magsadlors gatmaga imkan vermir.

Noticodo geyd etmok lazimdir ki, konteyner dasimalar: sistemlarinin inkisaf potensiali 6z
resursunu tiikkandirmayib ki, bu da gealocokds daha yiiksak zirvalora ¢atmaga va yiikk amoliyyatlarini
avtomatizma optimallagdirmaga imkan veracakdir.

Konteynerlosdirmoni  dovletin - nogliyyat prosesino daxil etmok iigiin  nogliyyat
texnologiyalarinin tokmillagdirilmasine, miiasir logistika nagliyyat zoncirlorinin yaradilmasina va
olkanin diinya nagliyyat xidmatlori bazarinda rogabst gabiliyystinin artirilmasina imkan veracok
todgiqat faaliyyatinin va hiiqugi bazanin inkisafina ciddi investisiyalar qoymag lazimdir.
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MUASIR VERGI SIYASOTININ OSAS ISTIQAMOTLORI

Mustafayev Rasad Arzuman oglu- doktorant, Azorbaycan Kooperasiya Universiteti,
resad_320_m@mail.ru

Xiilasa. Vergi siyasatinin dovlat biidcasinin galirlorinin formalasmasindaki rolu vo miiasir vergi
siyasatinin osas istiqamatlorinin tohlil olunmasi. Vergi planlasdirmasinin etibarli metodunun
yaradilmasit biidconin tortibi prosesinin tokmillosdirilmasi istigamatlorindan biridir.VVergi siyasati
eyni zamanda, ganunvericilik sanadlorinds nozards tutulmus miiddsalara uygun olaraq vergilor vo
odonislor haqqinda zaruri masalalori ohato edir. Bu baximdan biidco dayaniqligiin tomin edilmasi
somarali vergi siyasatinin yaradilmasini talob edir. Vergi tonzimlonmasi biznes subyektinin maliyya
foaliyyatinin ugurunun osas komponenti kimi ¢ixig edir. Onun asas moqsadi vergi gilizostlori vo
iistiinliiklorindon istifads, vergi rejimlorinin vo vergitutma obyektlorinin diizgiin sec¢ilmosi 9sasinda
qanuni Usullarla vergi Odonislorini minimuma endirmok, ugot siyasoti elementlorinin
formalagdirilmast va istifadosi lizro savadliliq kimi masalslori ohato edir. Miiasir vergi siyasati totbiq
edilon vergi novlorinin miixtolifliyinds, vergi doracolorinds, vergi 6doyicilori vo vergitutma
obyektlori dairasinin yaradilmasinda, vergi giizostlorinin totbiqindo 6z oksini tapir.

Agar sozlar: vergi, blidco, galir, tanzimloma, prognozlasdirma

MAIN DIRECTIONS OF MODERN TAX POLICY

Mustafayev Rashad Arzuman- PhD student, Azerbaijan Cooperation University,
resad_320_m@mail.ru

Summary. The purpose of the study - The role of tax policy in the formation of state budget revenues
and analysis of the main directions of modern tax policy. Applied significance of the research -
Creating a reliable method of tax planning is one of the ways to improve the budgeting process. Tax
policy also covers the necessary issues of taxes and payments in accordance with the provisions of
the legislative documents. In this regard, ensuring budget stability requires the creation of an efficient
tax policy. Tax regulation acts as a key component of the success of the financial activity of a business
entity. Its main purpose includes issues such as using tax benefits and advantages, minimizing tax
payments by legal methods based on the correct selection of tax regimes and taxation objects, and
literacy on the formation and use of accounting policy elements. Modern tax policy is reflected in the
variety of applied tax types, tax rates, the creation of the circle of taxpayers and taxation objects, and
the application of tax concessions.

Keywords: tax, budget, revenue, regulation, forecasting

Giris. Vergi siyasoti vergi novlorinin miixtalifliyinds, vergi o6doayicilori va vergitutma
obyektlori dairasinin yaradilmasinda, vergi giizastlarinin totbiginds 6z oksini tapmaqgla biidco
planlagdirmasi sahasinds problemlorin hallino yonslir. Miiasir vergi siyasati totbiq edilon vergi
novlarinin mixtalifliyinds, vergi doracalorinds, vergi 6dayicilari vo vergitutma obyektlori dairasinin
yaradilmasinda, vergi giizostlorinin tatbiginds 6z oksini tapir. Vergi siyasati 6ziiniin hoyata kegirilma
istigamatlorindon asili olaraq bir-birindon asili olan magsadlorin rellagdirilmasina xidmat edir.
Homin mogsadlors daxildir: biidco goalirlorinin formalagsmasinin tomin edilmasi; dévlat orqanlarinin
foaliyyatinin maliyyslosdirilmasi {igiin zaruri olan vo miivafiq funksiyalarin hoyata kegirilmasi;
iqtisadiyyatin prioritet sahalorinin va foaliyyatlorin davamli inkisafina komok gostorilmasi; golir
vergisinin tutulmasinda sosial adalatin tomin edilmasi vo s. Qeyd etmok lazimdir ki, vergi siyasati
miixtalif vergi novlarina miioyyan edilmis doracalor daxilinds hoyata kegirilir.
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Miiasir vergi siyasoti totbiq edilon vergi novlorinin miixtalifliyinds, vergi doracalorindo,
vergi 0dayicilori vo vergitutma obyektlori dairasinin yaradilmasinda, vergi giizostlorinin totbigindo
0z oksini tapir. Vergi siyasoti 0ziinlin hoyata kegirilma istiqamotlorindon asili olaraq bir-birindon
asil1 olan mogsadlorin rellagdirilmasina xidmat edir. Homin magsadlors daxildir: biidce galirlorinin
formalagmasinin tomin edilmosi; dovlot orqanlarinin foaliyystinin maliyyslosdirilmasi iigiin zoruri
olan vo miivafiq funksiyalarin hoyata kegirilmasi; iqtisadiyyatin prioritet saholorinin vo
foaliyyotlorin davamli inkisafina komok gostorilmasi; golir vergisinin tutulmasinda sosial adalatin
tomin edilmosi vo s. Qeyd etmok lazimdir ki, vergi siyasoti miixtalif vergi ndvlorino miioyyon
edilmis doracalor daxilinds hoyata kegirilir.

Biidconin planlagdirilmasinda, eloco do biidco layiholorinin hazirlanmasinda vo tortibi
prosesinda vergilor vo onlarin dorocalori miitlaq sokildo nozoro alinir. Bununla yanasi vergi
siyasatinin osas istiqamatlori biidco planlagdirmasi sahasindo problemlarin  halling, iqtisadi
subyektlors igtisadi foaliyystin aparilmasi sartlorinin sabitliyina vo miiayyanliyina hadoflonir. Vergi
siyasati gostarilonlar nazars alinmagla, ganunvericilik sonadlari vo normativ-hiiquqi aktlarda nazards
tutulmus miiddealara uygun olaraq vergilor va 6danislar haqqinda zaruri masalalori ohats edir. Qabul
edilon daha tokmil ganunvericilik sanadlari vo normativ-hiiquqi aktlar vergi siyasatinin soffafliginin
Vo prognozlagdirila bilonliyinin artmasina gotirib ¢ixarir. Vergi sahosindo miivafiq orqanlarin
foaliyyatlorinin prognozlasdirila bilinmasi, investorlar {igiin uzunmiiddatli investisiya gorarlarinin
gobul edilmasi baximindan xiisusi shamiyyat kosb edir. Azarbaycan Respublikasinda mévcud
qanunvericilik “vergi sistemini, vergitutmanin imumi asaslarini, vergilorin miiayyan edilmasi,
odanilmoasi va y1gilmasi qaydalarini, vergi 6dayicilorinin vo dovlat vergi orqanlarinin, habels vergi
miinasibatlorinin digor istirak¢ilarinin vergitutma masalalori ilo baglh hiiquq vo vozifolorini”
miioyyanlosdirir [1].

Vergi siyasatinin déviat biidcasinin  galirlorinin  formalagmasinda rolu. Arasdirmalara
osaslanaraq geyd etmok olar ki, vergi siyasati fiskal siyasatin vacib hissasi kimi ¢ixis edir. Qeyd
edilonlordon aydin olur ki, vergi siyasatinin foaliyyat istiqamati, vergilor vo vergitutma sahasinds
dovlatin hoyata kegirdiyi todbirlor sistemini oshato etmoklo miioyyan tonzimlayici funksiyalar da
yerina yetirir. Bununla yanasi vergi siyasati hesabina biidco dayanigliginin tomin edilmasi somorali
Vo sabit vergi sisteminin yaradilmasini tolob edir. Bu iso ilk ndvbodo innovasiyalarin vo
investisiyalarin doStoklonmosi kimi miihiim todbirlorin hoyata kecirilmasi vasitosilo miimkiindiir.
Respublikamizda dovlot biidcasine vergi daxilolmalarinin dinamikasina nazar saldigda malum olur
ki, 2017-ci illo miiqayisodo 2021-ci ildo dovlat biidcasinin galirlori 61,2 faiz, o ciimlodon fiziki
soxslordon alian golir vergisi 14,8 faiz, hiiquqi soxslorin monfoot vergisi 29,4 faiz omlak vergisi 18,3
faiz, olavo doyaro vergisi 42,1 faiz, aksiz vergisi, 80,5 faiz, madon vergisi 24,6 faiz, xarici iqtisadi
faaliyyatlo bagli vergilor 50,6 faiz, sair daxilolmalar iss 95,3 faiz artmigdir. Miigayiso olunan dévrdo
torpaq vergisi 9,3 faiz, digor vergilor iso 17,2 faiz azalmigdir [4].

2017-ci ilds dovlat biidcasinin galirlorinin 56,7 faizi vergi 6danislori hesabina formalagsmisdir.
Dovlat biidcasinin golirlorinds golir vergisinin xiisusi ¢okisi 6,3 faiz, hiiquqi soxslorin monfoot
vergisinin xiisusi ¢okisi 13,8 faiz, olavo doyar vergisinin xiisusi ¢okisi s 22,2 faiz olmusdur. 2021-
ci ilds biidcasinin golirlorinin 47,5 faizini vergi daxil olmalar toskil etmisdir. Biidco goalirlorinin 4,5
faizi fiziki soxslorin monfaat vergisinin, 11 faizi hiiquqi soxslorin manfoot vergisinin, 21,3 faizi iso
olava doyar vergisinin hesabina formalagsmisdir.
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Cadval 1. Dovlat biidcasing vergi daxilolmalari, milyon manat [4]

2017-ci illo
miigayisado
2017 2018 2019 2020 2021 Zoquzi T
faizlo
Golirlor-comi 16516,7 22508,9 24398,5 26077,9 26631,7 161,2
0 ciimladan:
Fiziki
soxslorin golir
vergisi 1040,3 995,9 952,1 1151,0 1194,6 1148
Hiiquqi
soxslarin
moanfaat (golir)
vergisi 2285,9 2499,7 2546,0 2351,7 2958,4 129,4
Torpaq vergisi 50,4 50,6 50,0 40,8 45,7 90,7
Omlak vergisi 178,6 182,2 212,6 186,8 211,3 118,3
Olava doyar
vergisi 3668,6 4287,6 5185,1 4818,3 52145 142,1
Aksiz 612,6 728,6 854,7 898,2 1105,8 180,5
Madoan vergisi 1111 137,4 133,8 130,2 138,4 124,6
Xarici igtisadi
foaliyyatlo
bagli vergilor 903,0 1143,7 1343,2 1160,6 1360,0 150,6
Digor vergilor 505,7 561,6 4775 413,8 418,8 82,8
Sair
daxilolmalar 7160,5 11921,6 12643,4 14926,5 13984,2 195,3

Miivafiq illor iizro vergi daxilolmlart hesabina biidca galirlorinin indeksino nozar saldigda molum
olur ki, bu gostarici 2018-ci ilds 36,3%, 2019-cu ilds 8,4%, 2020-ci ilds 6,9%, 2021-ci ilds 61,2%
artmigdir. Goriindiyii kimi, 2018-ci vo 2021-ci illordaki artim tempi digor illori tistaloyir. 2019-cu vo
2020-ci illordo artim geydos alinsa da miiqayisonin qpqrildig: digar illorlo miiqayisado shohmiyyatli
dorocads agagidir.
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2017 2018 2019 2020 2021

Sokil 1. Vergi daxilolmlari hesabina biidca goalirlori indeksi, %-1o [4]

Vergi planlagdirmast va prognozlarin hazirlanmasi. Malumdur ki, vergi planlagdirmasi vergi
siyasatinin torkib hissasi kimi ¢ixis edir. Vergi planlasdirmasi dovlot vo tosorriifat subyektlori
torofindon perspektiv {iglin vergi vo 0Odonislorin mabloglorinin hesablanmasi prosesini ohato
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edir.Vergi planlagdirmasinin kémayi ilo vergi mexanizminin elementi kimi dovlat, iqtisadiyyati idara
edir vo iqgtisadi proseslori tonzimlomayas ¢alisir. Bu baximdan vergi planlagdiriimasinin magsadlori
makro vo mikro saviyyads forglidir. Mantiqi olaraq dovlat, miivafiq vazifalorin icrasi iigiin biidcaya
Vo biidcadonkanar fondlara miimkiin qador daha cox vergi golirlori aldo etmays, fiziki vo hiiquqi
soxslar isa 6z vergi 6hdoliklorini azaltmaga soy gostarir.

Aragdirmalar gostorir ki, vergi planlagdirmasinin iqtisadiyyatda artan rolu ilkin olaraq asagidak:
amillorlo miioyyan edilir: vergi yiikiiniin agirligi; vergi qanunvericiliyinin miirokkabliyi vo
doyiskonliyi. Vergi planlagsdirmasi iqtisadi subyektlor iiglin biznesi inkisaf etdirmok vasitosidir.
Bununla bels, sahibkarligin inkisafi ticin miivafiq soraitin yaradilmasi, togobbiiskarligin togvigi an
miithiim masalalordan hesab edilir.

Vergi planlasdirmasinin digor amillorino subyektlorin 6l¢iisii vo foaliyyst formalarinin
miirokkabliyi daxildir. Gostorilon amillor misssisalorin foaliyyst strukturunu da miirokkablogdirir.
Bunun sabablori inkisaf etma, o climlodon yeni istehsal vo biznes sahaloring investisiya goyma,
risklorin yenidon béliisdiiriilmosi ehtiyac1 ilo shomiyyatli doracads baghidir. Isgiizar foaliyyatin
miqyasi, miirokkobliyi vo miixtalifliyi bu prosess xiisusi diqqgot yetirmayi tolob edir. Bu zaman
istehsal hacminin, maliyyslosma monbalarinin vo resurslarin miioyyan edilmasi, vergi totbiginin
naticalorinin hesablanmas1 miihiim masaloalor kimi 6za ¢ixir.

Xarici miihitin horokatliliyi vergi planlasdirilmasinda digor bir amil kimi ¢ixis edir. Xarici
biznes miihiti yiiksok doyisiklik stirati ilo xarakteriza olundugundan onun harakatliliyi ilk névbado
istehlak talobinin yiiksok Saviyyada ddanilmasi, miixtalif va siiratlo doyison xarakteri ilo baglidir. Bu
baximdan otraf miihitin harokotliliyi daxili igtisadiyyatin dinamik xarakteri vo geyri-sabitliyi ilo
miioyyon edilir. Belo soraitdo miivafiq saholordo qorarlarin gobulu xarici miihit hagqinda
molumatlarin daim yenilonmasing, onlarin tohliling, yeni strategiyalarin vo taktiki yanasmalarin
axtarigina asaslanir. Ona goro do vergi planlamasinda qeyd edilonlorin nozars alinmasinin zaruriliyi
ortaya ¢ixir. Bu kimi amillarin diggotds saxlanilmasi xarici miihitdoki doyisikliklari giymotlondirmok
ticiin adekvat qorarlar gobul etmays imkan verir. Belaliklo, verginin planlasdirilmasi strateji xarakter
alir. Vergi planlagdirmasi biidcays gozlonilon vergi daxilolmalarinin igtisadi cohatdon asaslandirilmis
keyfiyyot vo komiyyst parametrlorinin islonib hazirlanmasi prosesi kimi asagidar masalalori
birlogdirir: biidconin vergi goalirlori vo mévcud vergi ganunvericiliyi haqqinda moalumatlar; biidco
sisteminin digar saviyyolori vo normativ golirlorindon ayirmalar {i¢iin normativlor; gostorilon maliyys
yardiminin gézlonilon moblogi; biidcalor arasinda yenidon bolisdiiriilmiis xarclorin ndvlari va hacmi.

Bundan slavs, biidco layihasinin hazirlanmasi {igiin zoruri olan molumatlara dévlot vo ya
boladiyys xidmatlorinin gostorilmasi iiglin maliyyo Xorclorinin vo minimum biidco tominatinin
normalar1 haqqinda malumatlar daxildir. Bu prosesds miivafiq dovrii ii¢iin sosial-igtisadi inkisafla
bagli molumatlar hazirlanir, iqtisadiyyatin vo sosial sahonin inkisaf tendensiyalart osaslandirilir.
Beloliklo, vergi planlagdirilmasinin birinci marholasi biidconin vergi galirlori tizro planin islonib
hazirlanmasi {igiin ilkin sortlorin tohlilini ohato edir. Orazinin golocok inkisafi ti¢iin prognozlarin
formalasdirilmasi vo biidcays vergi daxilolmalarinin hesablanmasi tiglin 2sas olan digar materiallarin
tortibi do bu prosesds asas masalalardan hesab edilir.

Vergi planlasdirmasinin ikinci marholosinds vergi siyasoti tonzimloanir, salahiyyatlor vo golir
monbolori miiayyon edilir. Vergi planlasdirmasinin ikinci marhalasinin bir hissasi olaraq vergi
siyasatindo mithiim istiqgamotlor miioyyan edilir. Vergi siyasoti dovlstin miiayyan funksiyalarini
yerina yetirmayi hodafloyir va son naticads comiyyatin igtisadi sabitlosmasi ti¢lin sorait yaratmagi
hodofloyir. Bu mogsadlo igtisadiyyatda bas veron transformasiyalar soraitinds, olkonin vergi
sisteminin hadaflori vo bu moagsadlori tocriibods hoyata kegirmoays imkan veron isullar
mioyyanlosdirilir.

Vergi daxilolmalarinin biidca sisteminin saviyyalori iizro ayrilmasi zorurati iqtisadiyyatin
miixtalif sahalorinin sosial-igtisadi sortlorindaki forglorls, onlarin iqtisadi potensiali ilo baglidir.
Saholora maliyys doastayi, sabit galir bazasinin yaradilmasi biidca sisteminin har bir saviyyassi tigiin
biidca konsepsiyasini oks etdirir. Vergi siaysatinin hoyata kegirilmasinin spesifik formalar1 bir-birini
tamamlayan iki tendensiyanin birlogsmoasindon asilidir: iqtisadi inkisafin lazimi tempinin va galirlorin
tomin edilmasi.
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Vergi planlagdirilmasinin {iglincii marhalosi biidcoys daxil olan vergilorin  moblaginin
hesablanmasimi oks etdirir. Vergilorin mobloginin miioyyan edilmasi fundamental yanasmalar
osasinda hoyata kegirilir, eyni zamanda planlasdirma prosesinin spesifik metodologiyasi biidconin
saviyyasindan asili olaraq 6z xiisusiyyatlorino malikdir. Aragsdirmalar gostarir ki, vergi daxilolmalari
sahalorin  sosial-igtisadi inkisafi tizro perspektiv proqramlari, biidcalorarast miinasibatlorin
formalasmasi tisullarint ohate edir. Vergi planlasdirmasimin bu marhalasinin asas vazifasi qisa vo
ortamiiddatli dovr {igiin biidcoys vergi 06donislorinin  hocminin miisyyan edilmasi, vergi
daxilolmalarimin iimumi mabloginin 6donis ndvlari {izra bdlgiisiindon ibaratdir.

Vergilorin moblaginin hesablanmasi biidca galirlorinin hacminin prognozlasdirilmasi: zamani
hoyata kegirilon vergi planlagdirmasinin son moarhalasi hesab olunur. Vergi mabloginin
hesablanmasinin miitaraqqi tsullarinin tatbiginin zaruriliyi biidcoys 6danislor sisteminds bas veran
dayisikliklorlo izah olunur. Bir ¢ox oOlkolordo sabit foaliyyat gostoron vergi sistemi, vergilorin
hesablanmas1 prosesinin kompleks metodoloji tominati sisteminin islonib hazirlanmasini
sortlondirmisdir. Qeyd edilon metodologiyalarda iqtisadi modellor, sistemli yanasma, iqtisadi
programlasdirma, bir sira analitik vo giymatlondirma tisullarindan istifads olunur.

Vergi daxilolmalarinin prognozlasdirilmasi bir qayda olaraq, qanunvericilikdo nozords
tutulmus hor bir vergi novii tzro il orzinds gozlonilon golirlori oks etdiron baza biidcasinin
hazirlanmasi ilo baslayir. Prognozlar zaman siralarinin reqressiya modellaring, vergi 6hdsliklarinin
Odonis novlori tizro bolisdiiriilmosi {iglin bir sira omsallara, vergi yigimlarinin hacmindoki
dayisikliklorin dinamikasina osaslanir. Biidco golirlorinin asas saviyyssinin progqnozlasdiriimasi
tisullarindan biri ekspert giymatlondirmalari metodudur.Bu, bir qrup miitoxassisin sorgu vasitasilo
ardicil giymotlondirmasino osaslanan kollektiv ekspert giymotlondirmolorini oks etdirir. Eyni
zamanda, ekspertlorin névbati morhalods gorarini daha da ssaslandirmagq tigiin avvalki naticalarlo
bagl ekspertlor molumatlandirilir. Biidco planlasdirmasinda totbiq edilon bu tisula asasan, bir grup
ekspert gozlanilon vergi daxilolmalari ilo bagli moalumath fikirlorini bildirir. Bu ciir toxminlor
prognozlasdirilan vergi moblagi barada naticalori daha dolgun oks etdirss do igtisadi saviyya Kimi
digor amillordon asili olaraq doyisdirila bilmaz.

Umumilikds biidca galirlorinin vo vergilorin illik daxilolmalarinin hocmini hesablamagq {igiin
nozarat doyarlorinin miisyyan edilmasi metodundan istifads olunur. Basqa bir tisul golocok xarclorin
miioyyan edilmasi, xarici maliyya manbaloarinin giymatlondirilmasi vo yalniz bundan sonra daxili
resurslara ehtiyacin miioyyon edilmosidir. Vergi sistemindo vergi daxilolmalarinin hacmino
miinasibatdo nozarat rogomlorinin osassiz miioyyan edilmosi, bir gayda olaraq, odalstli vergitutma
prinsiplorinin pozulmasima sobab olur. Umumiyyatls, vergi galirlorinin prognozlari planlasdirmadan
asilidir. Ona goro iqtisadi foaliyyatin soviyyasi, vergi tutulan golirin hesablanmasini tonzimloyan
vergi qanunlari, vergi oOhdaliklori vo 6donilmali mabloglorin  6donilmasi, o ciimlodon vergi
odayicilarinin bu ganunvericiliys na daracads amal etma daracasi miitlaq sokilds nazars alinmalidir.

Aragdirmalar gostorir ki, vergi golirlori {izro prognozlarin obyektiv qeyri-miioyyanliyi
sobobindon prognozlar vo faktiki yigimlar arasinda forglor gagilmazdir. Adoton uygunsuzluglar
asagidakilarla bagl olur: tohlil iigiin istifado olunan igtisadi hesabatda sohvlar; prognozlagdirma iigiin
yanlis model se¢imi; qanunvericilikdo gozlonilmoz doyisikliklor; vergi 6dayicilorinin davranisini vo
ya verginin igini doyisdiron amillor sistemi; vergi inzibatgilig1 sistemindo doyisikliklor vo vergi
odayicilarinin ganunlara riayst etma daracasi va s.

Natica. Beloliklo, vergi planlasdirmasi biidco prosesinin morholalorindon biri kimi vergi
daxilolmalarimin hacminin elmi ssaslarla hesablanmasina sdykenir. Hazirda verginin hesablanmasi
metodologiyasi biidca golirlorinin, habelo miixtalif amillorin biidca galirlarinin hacmina tasirinin
etibarli modellosdirilmasi {i¢iin zoruri olan molumat bazasmin formalasmasini tolob edir. Bu
istigamotdo miivafiq dovr {igiin biidco galirlarinin hacminin giymotlondirilmasi, biitiin soviyyalorda
biidcanin vaxtinda va keyfiyyatli tortib edilmasinin tomin edilmasi zoruridir.

Yaxin illor ii¢iin iqtisadi inkisaf perspektivlarini giymotlondiron ortamiiddstli prognozlar
gozlonilon naticalor nozars alinmagqla iqtisadiyyatin inkisaf modellari asasinda tartib edilir vo fiskal
siyasotdoki doyisikliklori nazars alir. Belo modellor dovlatin fiskal siyasstinin uzunmiiddstli magsad
Vo vazifalarina uygun golon iqtisadi prognozlari oks etdirir. Biitiin bunlar gostarir ki, vergi siyasati
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formalasdirilarkon osas hadoflorin miioyyanlosdirilmasinds hom dayanigli inkisaf amillarinin, ham
da biidca golirlorinin formalagsmasinda bilavasits istirak edon subyektlorin foaliyystinin xiisusiyyatlori
Vo miqyasi nozoro alinmalidir. Arasdirmalar gostorir ki, vergi planlasdirmasinin iqtisadiyyatda artan
rolu ilkin olaraq asagidaki amillarlo miiayyen edilir: vergi yiikiiniin agirligt; vergi qanunvericiliyinin
mirokkobliyi va doyiskonliyi. Vergi planlasdirmasi iqgtisadi subyektlor {i¢iin biznesi inkisaf etdirmok
vasitosidir. Bununla belo, sahibkarligin inkisafi ligiin miivafiq soraitin yaradilmasi, tosobbiiskarligin
togviqi on miihiim mosalolordon hesab edilir.
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