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XULASO

Konstruksiya ve alat poladlarinin termiki emal tasriibasinde an ¢ox ve tez-tez austenitlogdirmaye balangic
strukturu kristalloqrafik nizamlanmamus ferri-karbid qarisi-gindan (ferrit-perlitli, perlitli, ifrat karbide malik
perlitli ve s) ibarat olan poladlar ugradilir. Polad1 bohran temperaturundan yuxar1 qizdirdiqda polimorf cevril-
moasi bag verir ve bu zaman austenit rii-seymlari yerdeyisma mexanizmi ils yarandigindan, proses, faza gevrilmasi
zamani par¢imlonan aus-tenitin rekristallasma rejimine uygun gedir.Ona gora de bohran noqtesini kegdikda
xirda denali aus-tenit amols galir veo bu mexanizmda faza kegidi ve rekristallasma proseslari bir-birine uygun galir.
Sonraki qizdirma iss austenit sahasinds onun denalarinin bdyiimasine sebeab olur (y181c1 rekristallag-ma). Deyilon
yenidankristallasma mexanizminin poladin denasinin 6l¢iisiiniin deyismasins tesiri aydinlagdirilmamisdir.

Acar sozlar: Struktur, tabalma, gevrilms, emal, polad, karbid, qizdirma
STUDY OF STRUCTURAL TRANSFORMATIONS IN AUSTENITE CLASS STEELS DURING THE
ROLLING PROCESS
ABSTRACT

In the thermal processing of construction and tool steels, steels whose initial structure consists of a
crystallographically disordered ferri-carbide mixture (ferrite-pearlite, pearlite, pearlite with extreme carbide, etc.)
undergo austenitization most often. When the steel is heated above the critical temperature, polymorphic
transformation occurs, and since the austenite crystals are formed by the displacement mechanism, the process
corresponds to the recrystallization mode of austenite riveted during the phase transformation. Therefore, when the
crisis point is passed, fine-grained austenite is formed, and in this mechanism, the phase transition and recrystallization
processes are one. - corresponds to one. The subsequent heating causes the growth of its grains in the austenite area
(cumulative recrystallization). The effect of the so-called recrystallization mechanism on the change in the size of the
steel grain has not been clarified.

Key words: Structure, welding, transformation, processing, steel, carbide, heating

GIRIS
Qizdirma zamaru legirli poladlarda austenitlogsdirmo prosesi, polimorf a—y ¢evrilmasin-

don, sementitin va xiisusi karbidlorin, nitridlorin ve intermetallik birloasmalarin austenitds hall
olmasindan vo austenit denslarinin rekristallasmasindan ibarat olur.
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Austenitin nizamlanmamis mexanizmlo amsalo golmasi zamani polimorf a—y gevrilmasi
yeniden kristllasma ilo miisayiot olunur, daha dogrusu, yeni yaranan y-fazanin de-nesinin
Olclistiniin vo yonalms istiqamsatinin basglangic a-fazaya nisbston deyismosi ils bas verir [1].
Nizamlanmis mexanizmlo a—y kegidi yeniden-kristallasma ilo miisayiot olunmur, ¢ilinki
austenitin yerdoyismo ilo gevrilmasi zamani par¢imlonmis fazanin birinci rekristallasmas: daha
yliksok temperaturlarda bas verir. Bu ve ya diger yenidonkristallasma mexanizminin
miimkiinliiylinii miisyyen edan asas amil, baslangic strukturun névii, daha daqiq kristallografik
nizama salmmasidir. Nizamlanmis baglangic strukturunda (ferrit-karbid qarisig1-FKQ) tokca
nizamlanmamis yenidenkristallasma mexanizmi bas vera bilir.

Qizdirma zamani nizamlanmis baglangic strukturun faza yenidenkristallasma mexanizmi,
noazera carpacaq godar "normal” yenidenkristallasma mexanizminden miirakkebdir [3].
Miisyyon goraitde a—y gevrilmasi zamani poladlar yenidenkristallasma qabiliyyetini itirir. Iri
dansli nizamlanmamus strukturu Ac-den yuxari qizdirmaq yaranan austenit denasinin olgiisiinii
va yonalma istiqamatini baglangic strukturun denasi ile eyni eds bilar, yeni baglangic denanin
barpasi bag vera biler. Bu hadise poladlarda struktur irsililiyi adlanir. Legirlomadan ve qizdirma
stiratinden asili, struktur irsililiyinin yaranma deracesine gora poladlar1 qruplasdirmaq
miimkiindiir. Yiiksoklegirli poladlarda irsililik, qizdirma siiratinden asili olmayaraq, homise bas
verir. Legirli poladlarda siiratli vo yavas qizdirma, asagilegirli vo karbonlu poladlarda ise 1000
%C-dan yuxart siiratle quzdirma seraitinde struktur irsililiyi yarana biler [2,4].

Aydindir ki, legirlome qizmanmn bohran siiretine tesir edir vo Ac-don yuxar tokrar
qizdirmada baglangic iri denenin berpasi miisayist olunur, yeni xirda densli austenitin
yaranmasi bas vermir. Daha yavas (1-2 °C/daq) qizdirma seraitinde ¢ox poladlarda austenit
kristallografik nizamlanma mexanizmi ilo amsalo golir, bunun naticesinda va belo qizdirma
zamani baslangic strukturun denslerinin barpasi, daha dogrusu keskin goze carpan struktur
irsililiyi miisahide olunur. Qizdirma siiratinin artirilmasi, austenit strukturunun formalasmasi
(boytimasi) vo denalsrinin xirdalanmasi prosesinde nizamlamanin pozulmasina sebeb olur [5].
Nizamlanmanmn a—y kegidinde amsalo golon austenit, fazaca parc¢imlonmis olur. Qizdirma
temperaturunu T-dan yuxar artirdigda onun rekristallasmasi bag verir ve tokca bu vaxt austenit
denslari xirdalanir. Araliq miilayim qizdirma (100-150 °C/daq) siirstlerinds, a—Yy kegidinin
baslangicina godar martensit tam parcalanmaga imkan tapir ve poladin struktur irsililiyi tozahtir
etmir. Bu vaxt a—y kegidi rekristallasma ils {ist-iisto diisiir vo denolar tezliklo xirdalasir, daha
dogrusu yenidankristallasmanm normal nizamlanmama mexanizmi reallagir.

Torkibinde xrom ve nikel olan, asagikarbonlu (20X2H4A, 37XH3A, 30XHICA)
konstruksiya poladlarinda struktur irsililiyi daha yaxsi biruze verilir. Termiki emal zaman
gabaqcadan ifratqizdirilmis, torkibindoe giiclii karbidemslagatirici elementlar (Ti, V, Nb, Ta va s)
olan poladlarda struktur irsililiyinin tozahiirtine daha bdyiik ehtimal vardir. Lakin geyd etmak
lazimdir ki, yavas soyutma zamani bu halda biitiin legirli poladlar meyilli deyildir.

Tablandirma, normallagdirma ve tabalma zamanu ifratsoyudulmus austenitin pargalan-
masl bag verir ve li¢ nov gevrilmenin getmsesi imkan yaranir, araliq ve martensit gevrilmasi.
Legirloyici elementloer bu gevrilmslarin kinetikas1 ve mexanizmine shamiyyatli tesir gostarir.
Mbalum oldugu kimi, ifratsoyudulmus austenitin parcalanmaya dayanigliii, austenitin
izotermiki ¢evrilmo diaqramu ilo xarakterizo olunur. Karbonun miqdarmin dayismesi vo
austenitin legirlonmoasi perlit vo araliq gevrilmalorinin kinetikasina ve martensit gevrilmosi
temperaturuna tasir edir. Bilmak lazimdir ki, austenitin ve poladin 6z terkibi bir-birine uygun
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golmayo bilar, bu austenitlasdirme zaman legirlayici elementlarin bark mahlula tam ke¢moamasi
ilo izah edilir. Bu halda legirlayici elementlarin hall olmayan hissasi karbid fazasin tarkibinas
daxil olur ve austenitin dayaniqhigina basqa ciir tesir gos-terir.

NAd Y3 2
"y

Sakil 1. 18XIT poladlarin mikrostrukturu
a-soyuq yaymadan sonra, b-soyuq yayma+650 °C-ds quizdirmadan sonra,

c-soyuq yayma+700 °C-da qizdirmadan sonra, d-890 °C-da normallasdirmadan sonra, e-tablama+650 °C-da tabaksiltma, x500

Burada, austenitin dayanigliliginin artmasimi molibden va vanadium bu név poladlarin
kimyovi geyricinsliliyini azaltmas: ilo do izah etmok olar. Malum oldugu kimi, inkubasiya
dovriinii molibden veo mangan daha samarali, xrom vo nikel isa bir qader zosif artirir, kobaltsa
onu azaldir. Evtektoids qader poladlarda legirlayici elementlar ifrat ferrit fazasinin ayrilmasina
va ferrit-karbid qarisigimin amols gelmasine miixtalif clir tosir gostors bilir. Legirlayici elementlor
hamg¢inin martensit ¢evrilmasinin baslangic temperaturuna giiclii tosir gostorirlor. Martensit
gevrilmoasinin baslangic temperatuunu on giiclii manqan asag1 salir, xrom, vanadium, nikel,
molibden isa bir qader zeif tasir gosterir. Mis va silisium martensit noqtasinin veziy-yatine az
tosir edir. Kobalt ve aliiminium martensit noqtesini yiikssldir. Karbon ve azot martensit
gevrilmasi temperaturunu giiclii asag1 salir, poladda xeyli ¢evrilmamis austenit qalir. Martensit
gevrilmasi temperaturunu asag1 salan elementlar (C, Mn, Cr, Ni, Mo va s) tablandirmadan sonra
qaliq austenitin miqdarmu artirir, silisium ve kobalt ise oksins, onu azaldir.Perlit vo araliq
gevrilmasinin, par¢alanma diaqraminda bir-birinden ayrilmasi, terkibinde bir neg¢s legirlayici
element olan legirli poladlara maxsusdur. Karbidemolagatirici elementlarin poladda olmasi, bu
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xtisusiyyoti daha aydin biruze verir. Legirloyici elementlor perlit vo martensit gevrilmalorine
miixtalif clir tasir gostarir. Perlit sahasinda biitiin legirlayici elementlar (Co-dan basqa), qizdirma
zamar austenite kegarlarss, ifratsoyudulmus austenitin dayaniqhig: ytiik-salir.

Tablandirmadan sonra mealumdur ki, poladda martensitle yanasi, hamiss miisyyen godar
qaliq austenit da saxlanilir. Tablandirilmis konstruksiya poladlarinda qaliq austenitin miqdari,
adaston 3-5% (bazen 10-15%-a godar), tezkasan poladlarda ise 20-40% taskil edir. Yiiksokxromlu
istiliyadoztimlii alat poladlarinda (X18M) galiq austenitin miqdar: tablandirmadan sonra 60-80%
cata bilir. Legirli poladlarda taboksiltms zamam qaliq austenitin ya arahq pillesi ile
parcalana, ya da taboksiltme temperaturundan soyutma zamani martensite gevrilo bilir.
Austenitin parcalanma prosesinda ayrilan fazalarin gafsslerinin ana fazaya semti, bir fazanin
basqa fazaya uygunlasmasi ondan asili olur. Bu da, ana faza ilo ayrilan ifrat fazanin
sorhadlorindo xtisusi sathi enerjinin boytikliiyiinii miioyyen edir. Halbuki yeni fazanin
riiseymlorinin yaranma ehtimali, xiisusi sothi enerjidon asili olur, buna gors somtlonmo amili
parcalanmanin baglangic morholesinds kifayst qoder oziinii gos-termakls, ayrilmaqla olan
fazalarin riiseymlarinin ana fazadan teklanme marhsalasins tasir etmir.

a) b)

Sakil 2.18XI'T markali poladin soyuq yaymadan (a) ve isti yaymadan (1000 °C) sonraki mikrostrukturlari, x500

Cadval 1. 18XI'T markali poladin kimyavi terkibi

Poladin markasi Elementlarin miqdari, %
C Si Mn Ni S P Cr Ti Cu
18XTT Q & oy
<l:\|> <l:\|> :.\ 1) @ @ @ i o
- - KR = = = D = =
o o o — (e»)
Cadval 2. 18XI'T markali poladin béhran temperaturlar
Polad Bohran temperaturlari, °C
Aca Acs (Acm) Ar3 (Arem) An Mn
18XIT 740 825 730 650 360
Cadval 3. 18XI'T markali poladin 20°C-da mexaniki xassalari
Marka Mexaniki xassalor Termiki emal1
C)lgiisii, OB, o, o, vy, KCU,
18XI'T mm MPa | MPa | % % kC/m?2
Moftil - 980 885 9 50 780 Tablandirma ve taboksiltmo
T'OCT 4543-71
850°C-ds yagda tablandira, 200°C-
Nimuna 5 1520 | 1320 | 12 | 50 720 do tabaksiltmo (havada)
850°C-do yagda tablandira, 200°C-
Niimunas 20 980 730 15 | 55 1130 da tabaksiltma (havada)
Borklik- 217-229 HB
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Termiki mohkemlandirme zamari ise austenitin cevrilms temperaturu asag1 diisiir,
naticode moarkezds ifrat ferritin ayrilmas: bir qodar azalir ve dispers qurulus-lu perlit (bazon
beynit) almir.Yaymanimn sothinds kigik en kesikde martensit strukturu alma bilir, lakin asag1
karbonlu poladlarda martensit cevrilmasinin baslangic noqtesi yiiksek oldugundan alinan
martensit 0z-6ziline tabaksiltmays ugrayir. Bundan basqa, yayman stiratlo soyutduqda sathin
temperaturu sonradan daxili qatdaki istilik hesabmabarabarlesir ve alinan méhkemlandirma
strukturda 6z-6ziine tabaksiltma bas verir. Sonra yayma {igiin slave taboksiltma toleb olunmur
vo aparilan termiki emal ona bas edir. Qeyd etmok lazimdir ki, termiki moéhkemlondirma
zamani bu poladlarda tablandirma (yalmiz nazik sothi qat) bas vermir. Bu da yuxarida
dediklarimizle yanasgi, ifrat soyudulmus austenitin dayamglhigin asagr ve tablandirmanin
bohran siiretinin yiiksak olmast ile izah edilir. Goriindiiyii kimi termiki moéhkemlendirmaden
sonra sarbaest ferrit az alimir ve o densalar atrafinda ve daxilinds iyneyeoxsar formali nazik qatla
soklinde ayrilir. Strukturun belo dayismesi uygun olaraq, mexaniki xassolorin 1,3-1,5 dafe
artmasi-na ve soyugsinma zadealoanmasinin asag1 diismasina sabab olur. Bu da tikintide 15-60%
metala genast edir ve qaynaq konstruksiyasinimn etibarlii§ini artirir. Termiki méhkemlandirilon
poladlarin markalarinda T harfi yazilr.

Yiiksokxromlu poladlari slave nikells legirlodikds austenitli paslanmayan poladlar almir ve
torkibinda 0,10-0,15% C, 18%Cr olan poladlarda austenit strukturu almaq tigiin, ona 8-10% Ni
vermok kifayatdir. Bununla bagli, austenitli paslan-mayan xromnikelli poladlar1 18-10 ve ya 18-8
tipli poladlara aid etmak olar. Reqemlar xrom (18%) ve nikelin (10 va ya 8%) miqdarm bildirir.
Martensit noqtesi soyutma zamani otaq temperaturundan xeyli asagi, deformasiya zamani isa
yuxari olur. Poladin kimyavi terkibindan asili olaraq, martensit gevrilmasi 0-dan -190 °C-s gadar
doayisa bilir. Qeyd etmak lazimdir ki, austenit stukturu almaq tigiin, 18-8 poladi minimum
miqdarda nikel tolob etdiyindan, iqtisadi cohatca alverislidir ve istehsalatda genis yayilmisdir.

Austenit sinifli poladlarin {stiinliiklori, onlarin yiiksek istismar xarakteristikalari
(mohkamlik, plastiklik, bir ¢ox is¢i miihitlerds korroziyayadoziimliiliiyii ve s.) ve yaxs: texnoloji
xassaloridir. Ona gore de bu poladlar konstruksiya materiali kimi miixtelif masmqgayirma
sahalorinds daha ¢ox istifads edilirlor. Yiiksskxromlu paslanmayan poladlarda oldugu kimi,
xromnikelli poladlar ¢oxsayl dagidici miihitlars, xiisusi ile atmosfer seraitine doziimliidiirlar.
Korroziyayadoziimliiliiya molibden, mis, silisium alverigli tesir gostorir. Molibden timumi
korroziyayadoziimliilii-ytiniin artirilmasina imkan verir, mis de bu istiqamatde tesir edir.
Korroziyaya doziimliiliiyiin asag1 diismasine asas sebeb istismar geraitinds xloridlerin
olmasidir. Bu poladlarda yiiksek miqdarda (25%-den ¢ox) nikelin olmasi, gerginlik altinda
onlarin korroziyadan ¢atlamasmin qarsisi alir. Austenit sinifli poladlarin terkibi ve struktur
vaziyyetinden asili olaraq, denaler strafinda fazalarin ayrilmasi ile kvreklagsmsa bas vers biler vo
kristallararas1 korroziyaya meyl artar.

Xromlu poladlarda (18%Cr) austenitin amalagalmasine sebab ola bilacok basqa elementlor-
den mangan ve azotu gostermak olar. Lakin bir qayda olaraq mangan poladin korroziyaya-
doztmliiliiytinii pislesdirir. Xromnikelli austenitli poladlarda basqa elementlarin-qatisiqlarin,
karbon va poladlara xiisusi verilmis molibden, niobium, titan va s. elementlarin olmasi, termiki
emaldan sonra basqa bir ¢ox fazalarin ve struktur toskiledicilarinin yaranmasi ilo naticelenir.

Qizdirma zaman karbonun austenitde tamamils hall olmasi, tablandirmanin naticsleri ilo
geyd edilir vo bu halda tablandirma berkliyin artirilmasi tiglin deyil, aksina onun azaldilmas:
ugiin istifade edilir.Austenitli poladlar1 titan ve niobium ilo stabillogdirdikds (legirladikds),
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onlarm azot, oksigen va kiikiirde kimyevi yaxmnhglar1 nitrid, oksid ve sulfid birlesmalarinin
artmasma sabab olur. Ona gors, stabillagdirilecek poladlarda daimi qatisigla-rin migdarm
azaltmagq talab olunur, austenitli poladlar1 tam stabillagdirmak {igiin alava verilan titanin miqdar:
5 dafs, niobiumunku iss 10 dafs poladdaki karbonun miqdarindan ¢ox olmalidir.

Poladlarda austenitlagdirici elementlarin miqdari az olduqda, yiikssktemperaturlu qizdirma
zamani onlarda miiayyen godar d-ferrit yarana bilor ve o, soyutmadan sonra otaq temperaturuna
godor yasaya bilar. Poladda d-ferritin olmasi legirlayici elementlarin yeniden paylanmasina (aus-
tenitds xrom ¢ox, nikel az olur) sebab olur ki, bu da korroziyayadoziimliiliiyiin deyismasi il ne-
ticalana biler. Bu vaxt poladmn texnoloji xassalari, xiisusi ile plastikliyi pislesir, d-ferritin migdar:
15%-dan ¢ox alarsa, isti plastiki deformasiya zamani poladda ¢atlar ve dagilmalar bas vera biler.

Xromnikelli 18-10 tipli poladlarda nikelin miqdar1 9-12% arasinda dayisir ve o-ferrit yiik-
soktemperaturlu qizdirma zamani amolo golir.Poladda Cr/Ni nisbati 1,8-don ¢ox olmazsa,
yliksoktemperaturda belo 15%-don ¢ox d-ferrit yarana bilmaz. Nikel, mangan, nikel, mis va
karbon ele-mentlarinin miqdarim tenzimlomek miimkiindiir.Austenitli poladlarda d-ferritin
olmasi arzu edilmaz haldir. Xromlu poladlarda (18%Cr) austenitin amalagelmasina sebsb ola
bilacek bagqa elementlor-don manqgan ve azotu gostarmak olar. Lakin bir qayda olaraq mangan
poladin  korroziyayadoztimliiliytinii  pislasdirir. Xromnikelli austenitli poladlarda basqa
elementlarin, qatisiglarin, karbon ve po-lada xiisusi verilmis molibden, niobium, titan ve s
elementlorin olmasi, termiki emaldan sonra bir ¢ox fazalarin vo struktur teskiledicilarinin
yaranmas ilo naticelenir. Bu tip poladlar adsten tablandi-rilmig (1050-1100 °C) veziyyetda
istehsal olunurlar. Qizdirma zamani kabonun austenitds tamamils hall olmasi, tablandiril-manin
naticalari ilo geyd edilir. Bu halda tablandirma barkliyin artirilmas: {igiin deyil, sksine onun
azaldilmasi tigtin istifads olunur.

Belaliklo, biitiin austenitli poladlarda, austenit strukturu otaq temperaturunda Oziinii
karbonla ifratdoymus bark mohlul kimi gosterir. Qizdirma zamani 450-700 °C-o godor,
austenitden CrzsCs xrom karbidi ayrilir ve polad kristallararas: kor-roziyaya doziimliiliiytinii
itirir (ferritli poladlarda sebebi aydin izah edilmisdir).

TODQIQATIN NOTICOLORI

1. Austenit sinifli poladlarin iistiinliiklari, onlarin yiiksak istismar xarakteristikalar1 (mohkem-
lik, plastiklik, bir ¢ox isci miihitlords korroziyayadoziimliiliiyii ve s.) ve yaxst texnoloji
xassalaridir.

2. Butip poladlar adsten tablandirilmig (1050-1100 °C) veziyystds istehsal olunurlar. Qizdirma
zamani karbonun austenitds tamamils hall olmasi, tablandirmanin naticelari ilo geyd edilir
vo bu halda tablandirma barkliyin artirilmasi {igiin deyil, aksina onun azaldilmas: iigiin
istifade edilir.

3. Austenit sinifli poladlardan hazirlanmis memulatlar soyuq deformasiya ilo moéhkemlen-
dirilir vo taboksiltmaye ugradilir. Plastiki deformasiya zamani austenit sinifli poladlarda
martensit noqtasi, deformasiya temperaturundan yuxarida dayanir, deformasiya martensiti
yaranir. Belo poladlar metastabil austenit sinifli poladlar adlanir, deformasiya martensiti
alave olaraq polad1 méhkem-laendire bilir, cox yarandiqda ise plastikliyi azalir.

4. Konstruksiya ve alat poladlarmin termiki emal tasriibasinds an ¢ox va tez-tez austenitlosdir-
maya balangic strukturu kristallografik nizamlanmamus ferrit-karbid qansigindan (ferrit-
perlitli, perlitli, ifrat karbide malik perlitli vo s) ibarat olan poladlar ugradilir.
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Tablama tablandirma prosesi zamani austenit sinifli poladlarda struktur cevrilmoalarinin tadqiqi

(1]

(2]

(3]-

(4]

(5]

Polad: bohran temperaturundan yuxart quzdirdiqda polimorf gevrilmasi bas verir va bu
zaman austenit riiseymloari yerdsyisms mexanizmi ils yarandigindan, proses, faza
gevrilmasi zamani par¢imlonan austenitin rekristallasma rejimine uygun gedir.

Austenit sahasinds temperaturun yiiksslmasi ve saxlama vaxtinin artirilmasi, austenit de-
nasinin boyiimasina sebab olur. Austenitin yigic1 rekristallasmasinin harakatverici qiivvasi,
sistemin sath enerjisinin, denslerin sarhadler boyu shatssinin azaldilmas: yolu ils, asag:
salinmasma ¢alis-maq lazim deyil. Poladlarin ¢oxun-da austenitin xirda densli alinmasi
zoruridir, ¢linki denaler no go-dor xirda olarsa, poladin moéhkemliyi, kévrak sinmaya
miiqavimeti va bir ¢ox basqa xassalari o goedar yiiksak almur.

Beloalikls, biitiin austenitli poladlarda, austenit strukturu otaq temperaturunda 6ziinii kar-
bonla ifratdoymus bark mahlul kimi gostarir.

Soyuq yayma baga catdigdan sonra, polad bilavasite austenit veziyystinden siirstls soyu-
dulur, naticeds adi istiyayillan poladdan forqgli olaraq, austenitin asagi temperaturlu
parcalanma strukturu almnir.
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ABSTRACT

Taking into consideration that the entrance and exit to Khirdalan city are currently unidirectional in nature, a
comprehensive evaluation was conducted to explore the feasibility of introducing an additional exit point to the
settlement. An initial objective of the analysis is to alleviate the direct traffic burden originating from Khirdalan
settlement and directed toward the M1 roadway (which connects Baku and Sumgait). Specifically, the aim is to redirect
between 30 and 40 percent of the traffic volume to an alternative exit. During the examination, it was deemed that the
bridge presented itself as the optimal choice. This article investigates the succinct particulars pertaining to the
developmental phases intrinsic to the construction of a bridge. The total cost of constructing the bridge at an optimal
cost was determined by accounting for the expenses associated with the requisite stages encompassing all the three
modules. The present discussion also encompasses a numerical optimization methodology.

Keywords: Bridge approach, Congestion, Numerical optimization, Bridge planning, Bridge proposal.

XIRDALAN SOHORINDO YARADILA BiLOCOK KORPU, NOQLIYYAT AXININ DOYISMOSi
YANASMASI VO ROQOMSAL VO XORC OPTIMIZASYASI

XULASO

Hazirda Xirdalan seharina giris-cixisin bir istiqamatli olmast nazere almaraq gesebays slave ¢ixis meantegasinin
salimasmim magsadauygunlugunun arasdirilmasi maqsedile kompleks qgiymatlandirma aparilmisdir. Tehlilin ilkin
moaqsadi Xirdalan gesebesinden yaranan ve M1 avtomobil yoluna (Baki ve Sumgqayiti birlagdiren) istiqamatlonmis
birbasa neqgliyyat yiikiinii azaltmaqdir. Konkret olaraq, maqsed trafik hacminin 30-40 faizini alternativ ¢ixisa
yonlandirmekdir. Aragdirma zamam korpiiniin 6ziinii optimal segim kimi teqdim etdiyi hesab edilib. Bu maqala
korpiiniin tikintisine xas olan inkisaf merhslslorine aid qisa teferriiatlari arasdirir. Kérpiiniin optimal giymete
tikintisinin timumi dayari har ii¢ modulu shate eden zaruri marhslalerle bagh xarclerin ugotu ile miisyyen edilmisdir.
Hazirki miizakire ham do adadi optimallasdirma metodologiyasini shate edir.

Acar sozlar: Korpii yanasmasi, Tixac, Regemsal optimallagdirma, Korptiiniin planlagdirilmasi, Kérpii teklifi.

MOCT, KOTOPBIVt MOJKET BBITh CO34AH B TOPOAE XUPAAAAHE, ITOAX0 A UBMEHEHUS
TPAHCIIOTOKOB 1 UNCAEHHAS OITTUMM3ALINISI CTOMMOCTU

AHHOTALIVSI

[TpuHuMas BO BHUMaHUe, 9TO Bbe3/4 U Bble3J B ropoA XbIpAalaH B HACTOsAIee BPeMsl HOCAT OAHOCTOPOHHUI
XapakTep, Obl1a IIpOBeJeHa KOMILAEKCHAsI OLIEHKa AASl M3YJeHVS BO3MOXKHOCTHU CO3AAHVI AOTIOAHUTEABHON TOUKU
Bble3Ja B I0ceAOK. IlepBoHawaAbHON I1eABIO aHaAM3a SBASETCS CHIDKEHMe Harpysky Ha IIpsAMOe TpaHCIIOPTHOe
ABIDKEHI€, VICXOAsIIIee U3 IToceaKa XbIpAalaH U HallpaBAsIoLeecs K asToMaructpaau M1 (kotopast coeanssieT baky
Cywmrant). B gactHOCTH, I1e4h COCTOMT B TOM, 4TOOBI HepeHanpasuTh oT 30 4o 40 mporeHTOB OOBbeMa Tpadpuka Ha
aZbTepHATUBHBIN BBIXOA. B X0e DKcrepTussl ObLIO MPU3HAHO, YTO MOCT OKa3aAcs ONTUMMAaABHBIM BRIOOpOM. B aroit
CTaThe MCCAeAYIOTCS KpaTKue CBeAeHNs, OTHOCAIIMECS K DTallaM PasBUTIA, IIPUCYIIIIM CTPOUTeAbCTBY MocTa. O01mas
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CTOMMOCTb CTPOUTEABCTBA MOCTa IIO OIITUMAABHOM CTOUMOCTU oIrrpeJeseHa IIyTeM ydeTa 3aTpaT Ha H€O6XO,Z|,I/IMI)IQ
DTaIlbl, OXBaThIBaIOINVI€ BCe TPU MOAYAS. HaCTO}IH_[ee o6cy>Kz|,eHme TakkKe OXBaThIBae€T METOAOAOTUIO YMCAEHHON
OIITUMM3aLI .

Karouesnle caosa: HOAXO,A, K MOCTY, Ieperpy>XeHHOCTb, 4MCJA€HHas OITMMM3alsl, IIAaHMPpOBaHIE MOCTaQ,
IpeaA0>KeHNe 110 MOCTY.

1. INTRODUCTION

The vast majority of structural optimization papers deal with the minimization of the
structure's weight. Although the weight of a structure is a significant part of the cost, the ultimate
goal for optimal use of available resources is cost minimization.[3] The optimization problem for
concrete structures should be formulated as a cost minimization problem because different
materials are involved. In contrast, the optimization problem for steel structures can be
formulated as a weight minimization problem. In addition, 3 dimensions should be taken into
account in the area where the bridge will be built [9]. Scientific, social and technological, through
these dimensions, the presence of residential areas will not be disturbed, it will add value to the
economy and the main topological compatibility of the place where the bridge will be created is
taken into account. Also, the composition analysis of the concrete bridge and many procedures
are investigated within these 3 dimensions. It is worth noting that deterioration of bridges as a
result of environmental impacts has been shown to have a negative effect on the stability and
service life of bridges. The rate of decline depends not only on material properties, but also on
environmental conditions.[7] This article has touched on these topics to some extent. We can find
few journal articles on cost optimization of very realistic three-dimensional structures. Thus,
there is a need for research on cost optimization of realistic three-dimensional structures,
especially large structures with hundreds of members where optimization can result in
significant savings.[1] The results of such research efforts will be of great value to practicing
engineers.

It is also useful to look at the preliminary details about the investigated place. It is one of the
biggest traffic jams in the direction of Baku-Sumgait.

"The Baku-Sumgayit road is not only used to go to Sumgayit. Also, all cars entering Baku
from the northern direction travel on this road. Besides Sumgayit, cars also enter Baku from the
direction of Guba-Gusar zone and Shamakhi [10].

In the morning and evening rush hours, the traffic jam covers Khirdalan circle and beyond.
The residents of Khirdalan have only one exit to the city. This exit is the exit to the M1 highway,
that is, the Baku-Sumgait road. For the purpose of analysis, I came from Baku Engineering
University to Heydar Eliyev Street and continued on my way by bus number 515. I rated only
500-700 meters of the 2.2 kilometer section of the road as good, and the other half as good. is
sufficiently appreciated. Roads after "Bridge-Construction " LLC were evaluated. Analyzes were
continued from "KBT" LLC to the M4 highway. The bridge proposed in this article will be deve-
loped under short headings. It covers processes from initial planning to cost optimization. Other
cases are not touched because they require precise calculations. In addition, it is worth noting
that structural design optimization is also carried out in addition to low-cost and numerical
optimization methods. However, without touching on this topic, we decided to mention, albeit
briefly, the tasks of structural design optimization in order of increasing complexity[2]:

- Optimizing the cross-sectional size (and shape) for individual structural elements such as
beams and columns or the thickness of continuous material such as panels or floor slabs.
This is often called size optimization.
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- Shape optimization, different placement of nodes or joints and definition of lines, curves and
surfaces that describe the structural shape.

- Topology optimization that changes the configuration and connection of members or
material.

2. RESEARCH METHOD

Bridge approach. A bridge serves as a connection between two locations that would
otherwise be separated by specific circumstances, claim Supriyadi and Muntohara in 2007 [1].
The requirement for transportation, technical issues, aesthetic-architectural concerns, including
movement, technical features, and aesthetic elements should all be taken into consideration
while planning and building the bridge. The superstructure, surface, substructure, foundation,
and abutment are just a few of the parts that make up a bridge. Other bridge components
include the beam, abutment, column, and floor slab in addition to the bridge pieces. The
abutment is the post on which the bridge rests.

The bridge is first planned, and social, scientific, and technological aspects should all be ta-
ken into consideration. Some substantial bridges, like the one across the Ganges or Brahmaptura
in India, are advantageous to the nation as a whole. Another is the bridge connecting Japan's
islands, Honshu-Shikoku. Three dimensions—scientific, social, and technological —are utilized in
the bridge's development[9]. In other words, scientists use the interactions between elements to
explain, engineers use technology to do chemical analyses there, and they watch and study how
a structure behaves dynamically by bringing in new substitute materials. Through mathematical
computations, forces and stresses are computed. Following construction, there may be a number
of social issues connected to the environment, pollution, and noise. The bridge is utilized because
it offers more than just movement; it also has a social component.

Different planning stages in bridge construction. The following are the key phases in
bridge building planning: 1. Bridge Needs Analysis 2. Traffic Analysis 3. Site Analysis 4.
Experimentation a) Alternatives Analysis b) Feasibility Analysis 5. Initial Engineering a)
Development plans; b) preliminary design and pricing; and c) alternative evaluation, risk
analysis, and final selection 6. Comprehensive Project Report 7. Application [9].

Traffic evaluation for bridge construction is carried out in three areas, the number of lanes
on the road or railway, geometric design parameters, and benefits to society. Two approaches
were evaluated during the analysis. Another third approach is briefly explained below.

Characteristics of geometric patterns. Getting a clear picture of how growth tactics such as
agricultural, industrial and business development affect traffic patterns requires in-depth data
collection. The early stages of bridge construction require significant investments. Minor
modifications and repairs after completion are not recommended. Therefore, it is recommended
to introduce a design that considers future capacity requirements and traffic variables. The
following factors should be considered when conducting a traffic evaluation study: An
economist or a traffic manager is primarily used to do this.

¢ Distribution of light and heavy vehicles in the stream

¢ Required maximum and minimum speeds

¢ Differences in annual growth rates

¢ The planned life of the range

64



Bridge that can be Created in Khirdalan City, Traffic Flow Change Approach and Numerical and Cost Optimization

Preliminary plan for bridge construction. Wilson (2005) defined value engineering as a
systematic, organized effort to analyze system, product, and service functions with the goal of
achieving or implementing a key function at the lowest life-cycle cost while maintaining required
performance, reliability, quality, and safety[5]. Life cycle cost is a life cycle cost model to
demonstrate the total cost of ownership for each building component, subsystem, functional
region and maintenance cost. This planning phase can be described as a technical and economic
feasibility study. Here, the technical details associated with the construction of the bridge are
studied in detail and all possible alternatives for continuing construction are presented.
Essentially, we find that the total cost of the project at this planning stage is plus or minus 15% of
the estimated cost. A minimum of field surveys and measurements, a site survey, and relevant
parameters should be conducted to complete the technical survey. This bridge construction site
record should have the following tabular content:

Total length of the bridge. Length of access roads, detours if necessary, corresponding
savings, expected traffic, and distance from the site to the nearest town.[8] Estimated duration of
bridge projects, type of flow to construction site, type and behavior of foundation soil layers.
Problems in the construction of bridges and roadways. Maintenance of bridges and driveways as
required. Internal rate of return or value of money damage to the ecosystem.

3. NUMERICAL OPTIMIZATION OF CONCRETE BRIDGES

Since our natural resources are limited, we should try to use them optimally. Using optimi-
zation methods in structural design is a step in this direction. Some examples of optimization in
high-profile projects and the recent increase in structural design practice are still not common [6].
Using optimization methods in structure design is a step in this direction.

In addition, optimization increases automation in the design process, which together leads
to the following advantages:

* A satisfactory design can be found in a shorter time.
¢ Costs or environmental impact can be kept to a minimum.
* Confidence that our designs are optimal can be increased.

¢ The risk of human error in the design process can be reduced.

Optimization and design automation also provide a unified approach to structural design.
This is because the process is not random. The same initial conditions for a particular objective
always lead to the same design.[§]

With this in mind, the question may be raised as to why optimization techniques are not
used more, and some possible reasons are:

1) Most structural optimization studies deal with weight minimization, which is not necessa-
rily minimum cost, especially not for bi-material reinforced concrete.

2) Optimization can make a big difference for large and complex structures, but the small
number of papers that focus on cost optimization rather than weight optimization mainly
deal with simpler problems such as single structural element optimization.

3) Structural engineers must manage the design process. Non-quantifiable characteristics such
as aesthetic appeal can play a significant role in design selection, and optimization algo-
rithms do not take this into account. These reasons have one thing in common:
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User's requirements are not met. Adeli and Sarma (2006) discuss the first and his second
reason. They emphasize the need for research on cost optimization of realistic his 3D structures,
especially for large structures.[1] They conclude that such research would be of great value to
practical engineers. We also discuss automated design and conclude that fully automated
structural design and cost optimization requires the application of large-scale design techniques.
Templeman (1983) discusses his third reason, emphasizing that optimization techniques should
assist engineers rather than take over their design process.[1] One way he achieves this is
through optimization so that designers are presented with a number of the best designs to
choose from or take inspiration from. It is also important that optimization software offers
designers the opportunity to adapt the optimization problem to real-world conditions. A typical
optimization process fits inputs to a function or process with the goal of minimizing or
maximizing the output value. The function to be optimized is commonly called the objective
function or cost function, and the set of input values is called the solution. can be mathematically
formulated as an optimization problem.

minimize fi(x) ,i=1,2,... M, (1)

subject to the constraints

§09=0,j=12,...,],@

h(x)=0,k=1,2,... K, (3)

where fi(x), gj(x), and h«(x) are functions of the design vector
x=(x1, X, ...,%d),X€RP (4)

The design variables.are denoted by the components xi of the design vector. The Objective
function., manifesting as function. fi(x), correspond to the mathematical expressions that
determine the optimization criteria. Furthermore, the constraints in the context of mathematical
optimization, encompassing both inequalities gj(x) and equalities hk(x), refer to the bounds
imposed on the admissible value. of the design variables.[6]

The focal point of interest in optimization problems is referred to as the Objective function.
This term encapsulates the mathematical formula used to determine the optimal solution to a
given problem. The Objective function.typically involves identifying an optimal solution that
maximizes or minimizes a particular output or outcome, while taking various constraints and
limitations into account. It serves as a crucial component of the optimization process, providing a
clear and systematic means of identifying the optimal solution Within a given set of parameters.
A sound understanding of the key characteristics and principles of Objective function is
paramount to achieving effective and efficient optimization solutions.

The Objective function.is a quantifiable depiction of the procedure for which optimum input
value. are being sought. Consequently, the quantity to be optimized is delineated by the
resultant value.of the Objective function.

The optimization problem's dimensionality is contingent upon the quantity of design vari-
ables, such that the presence of n variables.corresponds to an n-dimensional problem. A simple
problem that involves only two design variables.can be effectively illustrated through the means
of a surface plot, as depicted in Figure 1. Figure 1 typically refers to a cost surface or landscape
Within the academic discourse. Within the context of the discussed plot, every individual set of x
and y-coordinates denotes a distinct entity in the designated search domain, whilst the
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corresponding z-coordinate symbolizes the numerical output of the Objective function.at that
precise location. Objective function. typically exhibit multiple local optima, with a single global
optimum being the superior optimal value. The concept of optimal outcomes is contingent upon
the type of extremum desired, either a minimum or maximum value of the given function.

Global Maximum

Figure 1: The objective function of a two-dimensional optimization problem visualized as a cost surface.
The search space is defined by x € [-3, 3] and y € [-3, 3]. [6, p.7]

Optimization problems can be classified according to their constraints. Problem unconstrai-
ned is an unconstrained optimization problem, Constraints is a constraint optimization problem
most optimization algorithms. Works best with unconstrained variables, but constraints often
exist. Linear constraints are much easier to work with because they directly impose a forbidden
region and narrow the search space. Nonlinear constraints, on the other hand, are more difficult
to work with. Three methods have traditionally been used to handle them:

¢ Direct method

¢ Penalty law

¢ Lagrangian multiplier method

The penalty method is prevalent and it is more often than not more effective than the
coordinate approach.[4] The fundamental guideline is that once a arrangement does not fulfill
the limitations, it is given a punishment esteem that's included to the objective work. The
penalized objective work can at that point be defined as

00, p,v) = f(x) + P(x,1,v) (5)

where f(x) is the objective function and P(x,u,v) is the penalty term. The penalty

term has several popular definitions, one of them is

PCx, 1, v) X2 1y max(0, g;(x))? L=y vie i (X)), (6)

where p;>0 and v« > 0 are the penalty factors. Another popular definition of the

penalty term is

PO 1Y) = By iy Hi[lg;00]97(0) + ZEoy vie Hlhi COIRE (1), (7)

where ;>0 and vi»1. The factors Hj [gj(x)] and Hi[hx(x)] fulfill the conditions

0if gj(x) <0,
H[g;(x)] = ,
ig;(0)] { 1 otherwise,
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To simplify the implementation, we can use u = ; for all j and 9 =9y, for all k. In

this case, the penalized objective function of Eq. 2.1 can be written as
MCx, m,v) = £(0) + u oy Hilg;0)] g7 () + v 2oy Hye [ (0)]RE (). 9)

In the aforementioned context, it is apparent that the duration of penalties is commensurate
with the degree of transgression against imposed restrictions. Ordinarily, the occurrence of a
significant transgression of imposed constraints warrants a rigorous corrective measure to steer
the optimization process away from unfeasible regions in the search domain. Moreover, Mezura-
Montes and Coello (2011) expounded in their audit that it may be efficacious to allow the penalty
variables to evolve over time during the optimization process. Thus, it is important to note that
substantial arrangements that have exceeded the established.[6] Boundaries will not necessarily
be forfeited at the initial stages of the optimization process. Regardless of the circumstance, the
repercussions associated with a breach of constraints are expected to intensify over time.
Consequently, the optimization algorithm will only designate viable solutions for consideration
in due course. In addition to the three conventional strategies previously discussed, several novel
constraint-handling strategies have emerged, including feasibility rules, stochastic ranking
(Runarsson and Yao, 2000), and the constrained method [4]. In this article we will not discuss
about those topics.

4. COST OF BRIDGE OPTIMIZATION

This region briefly covers the headway of program for bridge optimization. The foremost
reason of the application isn't to calculate the exact arrange or veritable regard, but to supply the
originator with a rapid and great course of action, showing up the proper course.

1)Structural examination to get fitting inner strengths and moments.2)Reinforcement plan
and cross segment confirmation. 3)Calculation of taken a toll counting fabric and labor costs

These three modules constitute the objective function of the optimization issue and are
executed within the sequence described over. The optimization handle is separated into the over
3 modules. To start with, an optimization demonstrate is built with plan factors, predefined
parameters, objective work, and limitations.

The third and final stage of the objective function is the calculation of the total cost of the
bridge, which can only be done after the design of the reinforcement. Calculated as total cost,

C= Csuper + Cpiers + Cslabs + Cpiles ’ (10)
where Csuper superstructure cost, Cpiers piers cost and base slabs cost are calculated according to
Cslabs.

Ci =Veicei +Vsics; + Agicr i, (11)

and the cost is calculated according to Cpits

Cpiles = Lpilescpiles- (12)

In these equations, the index i represents the structural part i (superstructure, piers or
foundation slabs); V., Vs and Ar are the concrete volume, steel volume and formwork area,
respectively; cc, cs, and cf are the unit costs for concrete, steel, and formwork, respectively; Lpies is

the length of the piles; and cpiles is the unit value of piles. The cost of foundation slabs also
includes excavation and backfill material.
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The volume of excavation is estimated to be approximately 150% of the volume of the
foundation slab, and the volume of backfill material is estimated to be approximately the same as
the volume of the foundation slab.

The amounts V., Vs and Ar of the superstructure are calculated by numerical integration
with the trapezoidal run the show. This implies that the direct variety of the cross-sectional
amounts (concrete region, steel region and border) is expected. Unit costs incorporate c., cs, c,
and cpiles fabric and labor costs, and the evaluated values of these costs are displayed in Table 1.
Parts of the bridge evacuated from the optimization show are moreover prohibited within the
fetched calculation. Hence, docks, side pillars, asphalt and different gear (eg lighting, rail, clamor
boundary, etc.) are not included within the fetched calculation.

Table -1: Considered unit costs for the cost calculation. Costs for labor and material are included.
A cost of 500 SEK/h was used for the labor. [6, P.28]

Description Cost Unit

Concrete: material C32/40 1700 SEK/m3
Concrete: material C35/45 1800 SEK/m3
Concrete: material C50/60 2000 SEK/m3
Concrete: labor of bridge deck (1.5 h/m2) 750 SEK/m3
Concrete: labor of piers (1.75 h/m2) 875 SEK/m3
Concrete: labor of foundation slabs (0.75 h/m2) 375 SEK/m3
Formwork: material 500 SEK/m2
Formwork: labor of bridge deck(1.5 h/m2) 750 SEK/m2
Formwork: labor of piers (2 h/m2) 1000 SEK/m2
Formwork: labor of foundation slabs (0.75 h/m2) 375 SEK/m2
*SEK is the Swedish unit and 100 SEK =9 $

Description Cost Unit

Reinforcement: material 9 SEK/kg
Reinforcement: labor of bridge deck (30 h/ton) 15 SEK/kg
Reinforcement: labor of piers (27.5 h/ton) 13.75 SEK/kg
Reinforcement: labor of foundation slabs (17.5 h/ton) 8.75 SEK/kg
Concrete piles SP1 450 SEK/m
Concrete piles SP2 550 SEK/m
Concrete piles SP3 700 SEK/m
Steel core piles 90 3500 SEK/m
Steel core piles 100 4250 SEK/m
Steel core piles 120 4750 SEK/m
Steel core piles $150 5500 SEK/m
Excavation for foundation slabs 150 SEK/m3
Refill material for slabs 200 SEK/m3
*SEK is the Swedish unit and 100 SEK =9 $
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5. CONCLUSION

The area of Khirdalan was viewed from the map and based on real analyses. There is a
suitable trajectory for bridge construction at the mentioned location. In the article, using cost and
numerical optimization, along with analysis, a general calculation formula for cost was obtained,
and an approximate labor and material cost calculation table was obtained, and in numerical
optimization, the objective function was obtained using the penatly method. From the formulas
used in cost optimization, the optimal cost for the bridge to be built from Khirdalan to Baku-
Shamakhi highway can be calculated.

Before the optimal cost can be calculated, it is necessary to conduct a modeling design. The
number of design variables should be minimized because it greatly affects the number of
iterations to find the optimal solution and the objective function will be computationally
expensive. In the article, research was conducted on purely cost numerical optimization,
planning, and the importance of the bridge proposal was emphasized by investigating the area.
In the process of building a bridge, it was only 1 of the 3 methods to use the penatly, which was
more optimal than the others. If the bridge is built, 30-40% of the population of Khirdalan will
use this road. On the other hand, optimizations other than cost optimization should be carried
out, and these processes can be controlled by GIS and civil engineering and design specialists,
who can look and make calculations, and finally use the numerical and cost optimization
method.And finally, the social factor dimension, which is only one of the 3 methods, was taken
into account in the planning process.
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XULASO

MBagqalads yeraltt qurgularina tesir edon qiivveler arasdirilmisdir. O climladen qrunt yiikii, qrunt teztigi ve
seysmik qiivvesi arasdirilmisdir ve hesablama sxemi gebul edilmisdir. Tunelin ardicil qurgularin birloasmasindan
qurulmus bir torofli sistem soklinda gebul edilmosi vo etibarligr masalosinin qoyulusu verilmisdir. Tunellorin etibarhig:
vo uzundmiirlityiiniin hesablamasma aid moévcud normativ senadler arasdirilmigdir. Ehtimal nazeriyye aparatim
istifads edarak tunelin istisamar zamanu etibarlig1 ve imtina etma sayist hesablanma metodikasina baxilmigdir.

Acar sozlar: tunel qurgusu, divar ortiik qurgusu, qurgunun imtina etmasi
RELIABILITY OF THE UNDERGROUND TUNNEL STRUCTURES
ABSTRACT

The article investigated the forces affecting underground structures. Among other things, the soil load, soil
pressure and seismic force were studied and the design scheme was adopted. A question was asked about the
acceptance and reliability of the tunnel in the form of a one-way system built from the connection of serial devices. The
existing standards and norm documents related to the calculation of the reliability and durability of tunnels have been
investigated. The method of calculating the tunnel reliability and the number of operation failures using the probability
theory apparatus was considered.

Keywords: tunnel structure, tunnel wall arrangement, design failure
HAAE)KHOCTB ITOA3EMHbBIX TYHHE/IBHBIX COOPYKEHUN
AHHOTAILIVS

B cratee mccaeAoBaHBI CHABL, BAVLIIOINNE Ha IIOA3eMHBIE COOPY>KeHMsL. B ToMm umcae ObLAM 1CCA€A0BaHBI
IPYHTOBasl Harpyska, JaBAeHUe IpyHTa 1 celicMMuecKasl Cuda, IpMHATa pacueTHas cxeMa. IlocrasaeH Borrpoc 00
yccAeJOBaHMM HaJeXXHOCTM TOHHeAsl B BUAe OAHOCTOPOHHEN CHCTeMBI, IIOCTPOEHHOM M3 COeAVHEeHIs
r1ocae/0BaTeAbHBIX KOHCTPYKUMIL. JccaeaoBaHbI CyllecTByIOIie HOpMaTUBHBIE AOKYMEHTB], KacaloIuecs pacdeTa
HaJAe>KHOCTU U AOATOBEYHOCTM TOHHeeil. bblaa paccMOTpeHa MeTOAMKa pacyeTa HaAeXKHOCTM TyHHeAsI M KOAMJecTBa
OTKa30B IIpY DKCILAyaTallii C MICII0Ab30BaHMeM alilapaTa TeOpUM BepOsITHOCTeIA.

Karouesbie ca0Ba: yCTPOIICTBO TYHHEeAs, YCTPOMICTBO 00AeAKM TYHHeAs, OTKa3 KOHCTPYKIIVIA

Giris

Yeralti qurgular (metro konstruksiyalari, tuneller, su-kanalizasiya borulari, su anbarlar1 ve
s.) mexanikanin an miirokkab hesablama tolob olunan qurgularidir. Ona gore ki, bu qurgular
birtorofli rabitoli qurgulardir. Yeraltt qurgular qruntun icorisinda (shatesinde) oldugu iiglin
onlara tosir eden qiivve (ister statik qiivve, istarse do dinamik, yaxud seysmik qiivve) bu qurgu-
lar1 qrunta teref italedikds qurgu tesire meruz qalaraq islayir, oks terefe itsladikds ise qurgu
islomir, yoni birterafli rabite siradan ¢ixir. Bunun naticasinds, qurgunun sartliyi dayisir. Bu ise
hesablamanin naticasine boyiik tesir edir. Bu hesablama dinamik vas seysmik hesablama zamani
boylik effekt yaradir. Analitik hesablama ilo yanasi smaq tisulunu (eksperimantal metodu ilo)
totbiq etmoak vacibdir. Belo olduqda, hesablamanin daqiqliyine nazarst etmoak olur. Mdévcud
yeralti tunel qurgularin agir ighm ve geoloji soraitds istismar1 gosterir ki, cox sayda tunellarin
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divar qati qrunt sulari, donma, siiriisma kimi faktorlarin altinda dagilmaya meruz qalrlar.
Beloalikls, tunel qurgusunun divar méhkamliyinin temini problemi yaranir. Bu, yeralti qurgunun
istismarmnda etibarliq qiymetlendirmesini irsli gekir. Buna gore tunel istismarinda efektivliyine
vo hazirhq saviyyesine forqli faktorlarin tesirinin kemiyyat giymstloandirmasini asas tutmaq
gorakdir. Bunun hesablamasi bu giin normativ sonadlar va standartlarla tomin edilir [1-5].

Yeralt1 tunel qurgularin hesablama sxemi

Yeralt1 tunel qurgularinin sahar iginds an boyiik olan metro tunel qurgular: sayilir. Onun
hesablama sxemi qurgunun en kasik sxemi kimi qobul edilir (sokil 1 4, b). Tok kecidi olan tunellar
nal sakilli, dairavi ve dortbucaq seklinds ola bilir (sokil 2 4,b.c) [5]. Qrunt modeli kimi ¢ox zaman
Vinkler modeli gabul edilir. Yeralti qurguya dastak veran konstruksiyaya ortiik qurgusu deyilir.
Ogor qruntlar geyri sabitdirss tizliikk qurgusu biitiin qurgu konturu boyu inga edilir. Divar ortiik
qurgusu ayri seqmentlorden yigilir. Bu seqmentlor 6 - 9 arasi sayda dayise bilir. Seqmentlor
demir tyubinq ve ya demir-betondan hazir edilir. Tunel hesablama sxemi, tosir edan giivvaler veo
gruntla baglanti modeli sakil 3-de gosterilmisdir. Otraf qrunt bir-biri ilo bagh olmayan yay
sistemi ilo avaz edilir. Yaylarin sartliyi asagidaki sokilde hesablanir:

2 (1)

burada b -divar Ortiiyliniin eni (hesablamada b=1 kimi gebul edilir); s: vo s: -yay dayaq
noqtasinden sag va sol terafe yonlii goxbucagin uzunluglaridir; k -qruntun Vinkler amsalidir.

S1+
2

D =kb

a)

11 09 8

Sakil 1 a. Ug tagh demir-beton tunelin en kesiyi: 1-tunelin divar qat; 2-orta divarm divar qati; 3- daban tybingi; 4-domir-beton
tyubinglor; 5-cuqun tyubing; 6-boyuna rigellar; 7-siitunlar; 8- dayaq bagmag; 9-monolit boyuna rigel; 10,11 -damir-beton bloklar.

b)

Sakil 1b. Uc tagh demir-beton tunelin hesablama sxemi
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Yeralt: tunelin insaatinda etibarliq qiymotlondirmoasi

a) b) c)

8

450

5350

\*.\\;.\\'\.‘.Y. AR LN R

R AL

Sakil 2. Tunel en kasik sxemlari: a) nal soklli; b) dairavi; c) dértbucaq

a) b) c)

2

Sakil 3. Tunel a) en kasiyina tasir edan giivvalar; b) dairavi en kasikli tunelin hesablama sxems;
¢) nal sakilli en kasiyi olan tunelin hesablama sxemi

Yeralth qurgunun istismar miiddeti ve uzundmiirliiliiyli onun xarici tesirloro moruz
qalmas, fiziki ve kimyavi aginmasidir. Damir-beton tunelin haddi veziyyati beton qoruma qati-
nin tam karbonlasmasi ve i¢indaki armaturun koroziyaya ugramasidir. Yeralti qurgunun uzun-
Omiirliiliiylin parlaq niimunasi Bakidaki Yasamal rayonunda yerlason yeralt1 Sollar su deposu
sayila bilar. 100 ilden artiqdir insanlarm xidmsatindadir [6]. Bu hidrotexniki qurgu iki boytik tari-
xi gaxsiyyate borcludur - boyiik xeyriyyaci, mesenat Hac1 Zeynalabdin Tagiyevs ve hidrotexniki
qurgular miihandisi ingilis Vilyam H.Lindleys (Sir William Heerleyn Lindley) (sokil 4).

a) b)

] Al

s, __a fs) >
—— X S
AN w. Lan e

9 W,
LTS

Sakil 4. Sollar su anbarinin tikinti zamani sekli (1911-ci il)-a ve onun tesir edan qiivvelarle en kasiyinin fragmenti-b

Bu giin Evrascon ASC miiassisenin Hidrotranslayihs institutu terafindan layihalondirilon ve
insaas1 davam edan Muganli-Ismayill yeralt: yol kegid tunelini de geyd etmak olar (sokil 5 4, b).

Bu kegid iki ayr1 tuneldan ibarstdir. Har birisi 14 m diametri olan yar1 dairavi torkret beton
ortiiklti monolit domir-beton tuneldan inga edilib.

73



Nicat Mastanzada, Haqiqat Riistamova

Sakil 5. Muganh-ismayllh yeralt1 tunel kegidinin {imumi goriinisii (7) ve en kosik sxemi (b)

Yeralt1 tunel qurgusunun etibarliginin hesablama metodikas1

Tunelin mohkamlik anlayisinda onun dag-geoloji sertinden, divar materialinin xassalarin-
dan asili funksiyalarin etibarh hallini tomin edon qurgunun dayanigligi nezerdos tutulur. Yeralt:
qurgulara olan asas toloeb insaat va istismari zamani etibarhiq sayilir. Bu da, yeralti gapali tunel
qurgusunun etibarliginin tomini ilo toyin edilir. Qapali tunel qurgusunun imtinasiz sarbastliyi
layihslondirma zamani temin edilir. Bu iss texnoloji faktorlardan, istismar seraitinden, dag
geoloji seraitden ve qrunt tezyiqindan asihidir. Qapali tunel qurgusunun etibarhig: tatbiqi xarak-
ter dasiy1r ve insaat qurgularmin hesablamasinda ehtimal nazariyyasi tisullarin temal tadqiqatla-
rina asaslanir. Qapali tunel qurgusunun etibarligy statistic xarakter dastyir, “imtina” saymdan asi-
lidir vo formal olaraq riyazi etibarliq nezeriyyesine aiddir. Bu durumda asas miihendis serait ve
dag madaninin etibarliq modeli nazars alinir.Ona gors miitlaq asagidaki model gobul olunmalidir:

1) Obyektin xarakteri;

2) Istehsalin toskili vo yataqlarm iglonmasi;

3) Sistem elementloarinin strukturu;

4) “imtina” xarakteri;

5) Istismar zamani tunel divarina tasir eden qiivveni imtina eden sebablori.

Qapali tunel qurgusunun ve ona tasir edan qiivvelarin etibarhig: riyazi etibarliq masslesine
aiddir. Qurgunun etibarlig1 yeralti qurgunun normal istismarinda on az xerc qoyma ilo tomin
edilir. Ad1 gekilon faktorlar 6z tebiatine gors etibarliq deracasils toyin edilir vo tosadiifi xarakter
dastyir. Bu zaman gqapali qurgunun etibarlig: tigiin etibarliq modeli gabul edilir. Etibarhq tenliyi
asagidaki kimi yazila bilir:

P(t) = dexp(—A1t) (2)
burada A -zaman i¢inds qurgunun “imtina” etms intensivliyi; ¢ -istismar zamanu.

Qurgu divarmnn yiik dastyic1 qabiliyyeti, gebul edilon hesablama sxemi vo faktiki qiivvaler-
don asihidir. Sistem isinin dayandirilmasimin hesablamasinda etibarligin torkib gostericileri kimi
nazarden kegirilon texnologiyanin ayri-ayri elementlarinin sixilmast ve barbasimin intensivliyi
gobul edilmisdir. Onda har hansi bir texnoloji tikinti sxeminin isloma ehtimali asagidaki kimi
miiayyen edilir:

Pi(t) = A= 1xP; = 1(8) = (4 + )P (8) — p; + 1 X P, = 1(2) (3)
burada i -zaman igindas prosesin barpa intensivliyi.

Etibarliq emsal1 () ve imtina ehtimali (Py) arast baglanti ve gozlenilen effektivlik saviyyasi
cadval soklinda verilmisdir [8].
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Yeralt: tunelin insaatinda etibarliq qiymoatlondirmasi

Etibarliq amsal1 (B) imtina ehtimal Gozlenilan effektivlik saviyyasi
Py =@(-p)
1,0 0,16 Tohliiksli
15 0,07 Qonaotsiz
2,0 0,023 Pis
2,5 0,006 Orta soviyyoaden asag1
3,0 0,001 Orta soviyyaden yuxari
4,0 0,00003 Yaxst
5,0 0,0000003 Yiiksok

Burada ®(—f3) — standart normal comlagdiron paylasim funksiyas.

Yuxarida toyin edilmis soviyyade yeralth qurgunun tikinti texnologiya sisteminin
etibarliginin qiymatlondirilmasi tikintinin hazirhq seviyyaesi ilo miiayyan olunur:

Kng(r) = 1+ 38| ()] o

KKgqi

Burada N -ardicil birloagsmis elementlarin (tunel seksiyalarmin) etibarhigy; Kji -sistemin ilk
elementinin etibarhq samsali, Ks=Pi. Bu, ayr elementin etibarliq emsalinin imtinasiz ve etibarhq

P

Failure

Imtina

P¢

0 UG G(E,R)
Sakil 5. Etibarliliq ve imtina arasi baglant1 grafiki

Strukturun miirakkebliyini ve dag islerinin miixtelif formalarin1 nazers alsaq yeraltt
qurgularin tikintisinds nazare alinmis texnologiyalarin miivafiq sxemlari ayrilir, avadanlglarm
ardicilli@1 ve is kompleksinin icras: tomin edilir.

Naticalar va tovsiyyalar:

1) Yeralt: tunel qurgusunun dayamqgligr ve onunla bagh etibarhig qurgunun ona tesir edan
qiivvelars qarst hesablanmis ve gebul edilmis imtina sayisindan asihidir;

2) Qurgunun etibarligi onun uzunomiirlitytinden asilidir. Yeralti metro tunel qurgularin
materialmin miiqavimati yiikssk olan halda qurgunun 6mrii 100-150 il arasi dayise bilir.
Hotda reqionda boytik zalzals ehtimali olan zaman;

3) Tunel qurgusunun divar ortitk qurgunun mohkemliyi divar materialinin (beton, polad
armature vo ya alave edilan fibranin) yiiksek miigavimati va istismar zamani slave tomir
xarclerinin minimuma gatirmasi ile ve ya ehtiyac olmamasila hesablanmalidir. Temir iglerin
goriilmesinin ara miiddstinin uzadilmasi etibarligin artimina getirir;

4) Dartilma miiqavimstinin ve c¢atadavamliginin artilmasi maqsadile tunelin betonuna
avvelcadan nisbati hesablanmus slave polad fibra qatilmasi tovsiyys edilir.
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XULASO

Damir-beton binalarda zalzale tesirine qars: diafraqma istifadenin tesiri boyiiktiir. Zalzels tesiri altinda binalar
iifigi yerdeyismaya moaruz qahrlar. Lakin, binalarm {ifiqi yerdayismoesinin limitli olmast istonilir. Bu sebabdan, binada
diafraqma tipli divar yerlosdirilmasi edilir. Diafraqmalar sertliyi ve saquli yiik gotiirmesini artirir ve binanin {ifiqi
yerdoeyismaesini azaldir. diafraqmalar dastyici sistem elementlari miimkiin zelzoalo zamani binanin zade gérmasini ve ya
az zado gormasini tomin edir. Maqalada sertlik divarlarnin binanin zslzalo zamani davranisimnin analizine baxilir.

ACAR SOZLOR: Domir-beton binalar, zalzals, diafragmalar, dayamgqliq, sertlik, ayinti

SOME RESEARCH RESULTS OF THE SIGNIFICANCE AND ROLE OF DIAPHRAGM IN DYNAMIC
LOAD EFFECTS IN MULTI-STORY REINFORCED CONCRETE BUILDINGS

ABSTRACT

The use of partition walls in reinforced concrete buildings is highly effective against earthquake impact. During
seismic activity, buildings are subject to lateral displacement, but it's desirable to limit this displacement. Therefore,
partition walls are installed within the building. These walls increase stiffness and resistive load-bearing capacity,
reducing the building's lateral displacement. Additionally, partition walls serve as structural elements that help
minimize or mitigate damage to the building during earthquakes. The article discusses the analysis of the behavior of
partition walls during seismic events

KEYWORDS : Reinforced concrete buildings, earthquake, diaphragm, durability, hardness, deformation

HEKOTOPBIE PE3Y/1bTATBI UICCAEAOBAHIISI 3SHAYEHWSI 1 POV OB BEMA B AMHAMMYECKIX
HATPY3KAX B MHOI'ODTAKHBIX >JKEAE3OBETOHHBIX 34AHMSIX
PE3IOME

DPdeKT OT UCII0AB30BaHMSI HECYIIVIX CTEH IIPOTHUB BO3AEVICTBII 3€MAETPSICEHNII B XKeAe300€TOHHBIX 34aHIIX
BeanK. Ilog BO3AelicTBMEM 3eMAETPsICeHMs 3AaHNUS IOABEPIaloTCs TOPU3OHTAABHOMY cMelreHmo. OAHaKo Ipeaa-
raeTcsl OrpaHMYeHHOe TOPU3OHTaAbHOE IlepeMellieHre 34aHuit. I1o 9Toil npuuuHe B 34aHMN pa3MeIaioT HaBEeCHYIO
creHy. HaBecHast cTeHa yBeAmdmBaeT >KeCTKOCTb UM BEPTMKAAbHYIO HAarpysKy, a Tak’kKe YMeHBIIIaeT TOPU3OHTaAbHOe
CMelleHNe 34aHVs1. DAeMeHThI HecyIlell CHCTeMbl HaBeCHBIX CTeH OOeCIIeunBaoT MUHMMAABHBIN yINepO 34aHMIO BO
BpeMsI BO3MOYKHOTO 3eMAeTpsCeHIs. B cTaThe aHaAM3MpPYeTCs TIOBeAeHIe HaBeCHBIX CTEH BO BPEM: 3€MAETPSICEHIL.

KAKOYEBBIE C/AOBA: JKeae3obeToHHBIE 3JaHILI, 3eMAeTpsiceHne, AuadparMa , YCTOIMMBOCTD, YKECTKOCTD,
poruo

GIiRis

Z3lzals qaydalarinda planda uzun kenarlarin (Iv) galinligina (bw) nisbati, en az 7 olan saquli
dagiyia sistem elementlari sortlik divari(diafraqma) olaraq deyilmekdadir. Hiindiir binalarda
fiigi yiiklerin gotriilmasinde diafraqmalar effektiv sakilde istifade edilir. Yiiksak martabali
binalarda sortlik divarlarinin istifade edilmasi , 6zslliklo demak olar ki har bolgasi zalzals risqi
olan 6lkemizda macburi hala galir.
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Diafraqmalar , siddatli zalzalslords ¢ox martabsli binalarda énamli zadslera nisbi stirsmalari
onamli deraceds azaldir. Uzun kenar istiqamatindaki stalst momentlari ¢ox daha bdyiik olub,
tiftigi yiiklori uzun kenar istiqametindo effektiv sokildo dasiyir. Coargivelora berabar veya
baglant1 siitunlar1 birleson diafragma gruplar1 halinda da istifade olunur. Cargive ilo baraber
oldugu halda Diafragmalarin sertliklori nisbatinde qarsilayir. Dastyici sistemlarin yiiksokliklori
artdiqca , diafragmalarin qoyulmasmin 6nemi de artir. Diafragmalar , yiiksek binalarda, yan
yerdayismolari limitlomak {iciin do istifads edilir. Diqqatli bir sekilds diizenlenan diafragmalar,
dagstyicr sistemin kog¢mesinin qarsisini aldigr kimi, xarici tesirlarin qarsisim almaqda da
effectivdir.

Diafraqmalar ¢argivelarls birlikds isfifads edildiyinds daha komplekt sistemlar slds edilir.
Sokil 1-de goriildyii kimi diafragmanin sekildsyismesinde ayici moment tosirli olur ve qatlar
arasi an boyiik yer deyismoe {iist qatlarda meydana goelorken, ¢orgiveds ise iifligi xottlor qat
sartliyine bagl olaraq kasici qiivvenin an boytiik oldugu alt kenarda meydana galir ve iist qatlara
dogru azalir. Belo iki forqli davrams gosteran diafraqma ve ¢orcive sisteminin barabar
islodiklarinds, dasiyici sistemin yerdayismesinds, ayilme va siirlismada tesiri olur. Qarisiq
sistemda binanin {ist torafindaki diafraqma yerdayismasi ¢orgivalorlo, ¢argivenin alt torofindoki
stirtisma iso diafraqmalarla engallonir.

Qarsiliglialage

-

Corcive+diafraq

Diafragm

merrr e e - B ]
Sokil 1. Uﬁqi yiik altinda ¢argive ve diafragmanin davranisi

Zslzale modellamesi {iglin baglangic telsbler. Zaslzaloye davamli bina dizayn etmsak {igiin
tomol qaydalar yetorli dayarniqliliq, yetorli sartlik ve yetorli elastiklik olaraq gosterilmakdadir. Bir
biitn olaraq bina yiiklsrini dastyan elementlarin har birinds, zslzsle yiiklarini temsls godar da-
vamli olaraq va tohliikesiz otiiriilmasini tomin edarak yetorince sortlik, dayaniqliliq ve hare-
katlilik olmalidir. Bu kriterlarin diafragmalarin dizayninda énamliliyinin aragdirilmasi tigtin bu
aciglamalara yer verilib. Bunlara alave olaraq, demir-beton binalarda davranislarla alagsli olaraq
istifads edilen yetarli sabitlik, yetorli sonma va yetorli alage prinsipleri do goz 6niinds olmalidir.

Dayaniqlihg-Yetorli dayaniqghiqda magsad ilk 6nce dasiyia sistem elementlari, 6z-0ziine
tosir edan yiik ya da yiik birlegsmsaleri sebabiyle yaranacaq kesisen hissalarin qirilmadan yeni
dagima giiciinii itirmadan dasiya bilmesidir. Zalzsls bolgasinds tikilecek binalar hagqinda ten-
zimlama binalarin zslzaloye dayamighigini, binanin zslzals enerjisini titkotmasi ilo qorunmasini
va bu moagsadle binanin sart olmast lazimdir. Tonzimlomenin maqgsadi , siddatli zalzalalorde
daxil olmagla binanin tamamils ya da gismen ko¢gmemasidir. Bu ii¢ asash bir tikinti normasina
asaslanar:

1. Tez yarana bilacek yiingiil siddatli zslzalelarda tikililerin elastik davranmasi, tikinti prose-
sinds vo tikinti prosesinds olmayan sistem elementlarinin har hansi zeds gérmamasi.

2. Orta sixliqda yarana bilocak orta siddatli zalzalslords tikililorin elastiklik limitine yaxinlas-
masi, tikinti ve tikinti prosesinde olmayan sistem elementlorinds yarana biacok zadslorin
tomir oluna bilacak seviyyade olmas.
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3. Nadir olaraq yarana biloecok siddatli zalzalslards tikililarin plastik davranmasi, heyat itkisinin
garsisini almaq maqsadiyle binalarin gismen ve ya tamamils kd¢gmasinin qarsisini almagq.

Elastiklik-Tikili vo elementlorin dasima giictinde 6nemli bir azalma olmadan sokil doyisdir-
moasi vo tokrar eden yiiklor tesirinds enerji qurulus tiglin kifayat qoder sortlik; dalga anlarimm
miimkiin godar kigik etmak, bas veran zalzalalords, yani istifadaye yararliliq haddi veziyyatine
cavab veran zalzealolordo, struktur lazimsiz zorerlori azaldir. Ufiiqi yiiklerin tesiri altinda struk-
turun maksimum sartliyi shomiyyastli meyarlar elementin 6z sartliyi ve alt martebe ilo miiqayi-
sado strukturda bir mortebeanin nisbi giictidiir. Sertlik strukturun hendesesi ilo deyil, saquli
dagtyicilarin va onlarin her ikisinin yeri ilo miiayyen edilir. Istiqamati ve dlciilori vacibdir. De-
mir-beton konstruksiyada saquli yiikdasiyict elementlar kimi siitunlar ve diafraqmalar doldur-
ma divarlarindan daha sert davrandigindan, sertliyin hesablanmasinda bu istifade edilmir,
elementlori nozare almagq kifayotdir.

Ceviglik-konstruksiya ve onun elementlorinin tokrar ytiklorin tesiri altinda homin struktu-
run va ya onun elementlorinin dasima qabiliyyeti shamiyystli deraceds azalmadan formasin
dayismak va enerji sarf etmak qabiliyysti ceviklik adlanir. Ogar struktur zadslenmadan yerdsyis-
ma yolu ils zalzals enerjisini gebul eds bilirss, strukturun ¢evik oldugunu séylemsk olar. Quru-
lusda bag veracok yerdayismalori bilmak strukturun gevik davranist hagqinda malumat verir.

Z»slzolonin tosiri altinda xotti-elastik davranan strukturlarda zalzelo zamami bas veracok
biitiin enerji plastik fazaya kegmozdon ovvel elastik fazada udulmalidir. Bu veziyyatds
strukturun dayeri artacaq. Tikinti xarclarini azaltmaq ve plastik fazada enerjinin bir hissasine
genast edilacok. Ogoar istehlakda nazerds tutulursa, struktur ¢evik davranis niimayis etdirmak
ticiin dizayn edilmslidir. Enerjinin boyiik hissesi strukturda amals gelon plastik birlogmalorda
sorf olunur.

Ceviklik nisbatinin yiiksek oldugu va geyri-xatti deformasiyalarin kigcik bir bélgaye yayil-
dig1 sistemlords geyri-xatti ayilme deformasiyalarmin plastik mentegalar adlanan kasiklarde
toplandigmi, diger bolgslerds ise sistemin xatti-elastik davrandigimi giiman etmak olar . Enerji
istehlaki baximindan, plastik birlosma ile bir bolma boytik bir deformasiya qabiliyyatine malik
olmalidir. Fasiloni ortaya qoyacaq shamiyyatli kesik deformasiyasi zamani o gadar enerji basqa
maqsadlars gevrilir ki, kasik tam qirilma ndqtesine ¢atir. Enerjinin demak olar ki, hamisi galmo-
misden avval istehlak olunur. Bels olan halda strukturun zslzsladen dagilmadan sag qalma
ehtimal1 artir. Quruluslarda qirilmalarm daha uzun miiddst srzinds bas vermasi istendiyi tigiin
strukturun ¢evik davranis ntimayis etdirmasi taleb olunur.

Diafragmalarmn planda yerlasdirilmasi-Damir-beton konstruksiyalarda sistemin handasasi
va ya qeyri-simmetrik yiiklonma sebebindsn bina elementlerinde burulma anlar1 bag verir.
Sistemin burulma sartliyi divarin kesismesinden ve planda yerlssdirilmasinden asili olaraq
dayisir. Diafraqgmalar burulma dayanigqliigma malik olmali, onlarin sertliyi simmetrik olmahdir
va asmaga qarst asash sokilds etibarli olmalidir. Diafragmalar1 planda yerlasdirarken, gozlenilon
plastik deformasiyalarin bina planinda barabar paylanmasim tomin etmok moagsadeuygundur.
Oks halda, bazi diafragmalar haddindan artig, bazilari ise tutumundan asag1 gerginliye maruz
qalacaq. Kesmo divarlar1 olan yiiksak martabali binada kifayst qadar sartliyi tamin etmak tigiin
sistem xatlori bir noqteden ke¢mayeon on azi ii¢ kesici divar formalasmalidir. Zslzaladsn
tosirlonen strukturda burulmanmn qargsisim almaq tiglin kiitle ve sortlik markazleri tist-iiste
diismalidir. Zalzalo qiivvalari martebanin kiitlo markezinda harakat edir. Kiitlonin moarkezi ilo
sortlik moarkezi iist-listo diismiirss, struktur sartlik morkezi otrafinda firlanacaq. Ciinki kiitla
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moarkeza tesir eden {ifiiqi qiivve sertlik merkezine kogliriildiikds sartlik markazins qiivvedan
alave M. = Fye qiivvasi alave olunur. Lakin zalzals yiikii bilavasits sartlik markazine tasir edarss,
struktura zolzels qiivvesi tesir edacokdir. Biitiin istiqamate baraber sokilde ¢evrilacayi tigiin heg
bir burulma ani1 bas vermoyoacok. Dosomadoaki burulma effekti saquli elementlora tosir edon
kesma qiivvesinin moment qolu ilo vurulmasi oldugundan, burulma effekti an boytiik oldugu
yer qolu olan divar ve ya ¢arcive olacaq. Diafragmalar burulma tasirini azaltmaq tiglin sartlik
divari sistemi ideal sokilde qurulmalidir. Buna gors;

1. Qurulusda an boyiik burulma sartliyini tomin etmoak {iciin kesici divarlar strukturun stra-
finda paylanmaldir.

2. Dogama plani daxilindas kesici divarlar els yerlagdirilmalidir ki, dogama yiiklarinin miimkiin
godar ¢ox hissasini eksenel qiivve kimi blindvraye otiirsiin.

3. Coxmartabali binalarda zalzalays davamlilig1 bir ne¢a diafragmada comlasdirmak.

Miiayyen noqtalerds ¢ox boyiik zalzals tesirlerine meruz qalir. Bunun garsisini almaq la-
zimdr, ¢iinki bu, iqtisadi cehatden agir bir temal sistemi taleb edir.

4.  Pardo divarlar her iki istiqamatds yerlagdirilmolidir ve miimkiin olduqgca simmetrik olmalhdir.
TODQIQAT METODU

Bu boélmads planda diafragmalarm miixtalif yerlasdirilmasi naticesinds amsale golon
davranis dayisikliklarini aragdirmaq {iglin 8 miixtalif goalib plan {izra naticalar miiqayiss edilir.
Naticalor nisbidir martsbs siirlismesi aS amsallar1 baximindan miiqayise edilmisdir ki, bu da
divarlar terafinden alman kesme qiivvesinin siiratini, yerdeyismsaleri ve burulma amsallarm
gostorir.

Bu bolmade arasdirlan planlar IDEA StatiCa struktur analizi programindan istifade
etmakls hazirlanmis ve tahlil edilmisdir . Tehlil naticasinds ortaya ¢ixan hesabatlardan alman
giymeatlarls hazirlanir. Naticalar Excel grafikinin komayi ile miiqayise edilmisdir.

Binalarm Struktur Sistem Xiisusiyyatleri - Bina; Sahesi 10x12 m, martabs hiindiirliiyti 3 m
olan 6 martabali binadir. Buna gora do binanin shamiyyat emsali I = 1 kimi gebul edilmisdir. 1-ci
zdlzalo zonasmda yerlasir.

Yerli torpaq sinfi Z>ve spektrin xarakterik dovrleri Ta = 0,15 va Ts = 0,40-d1r. Beton sinfi C25,
polad sinfi uzununa armatur {i¢tin A500C ve xamut {i¢lin A240-dir. Dasiyic1 sistemin reaksiya
amsal1 ¢arcive tipli strukturlar tigiin R = 8 ve kasici divar sistemlari {igiin R = 7 kimi gabul edilir.
Binadaki xarici siitunlarin olgtilori 300 mm x 600 mm, 300mm x 800mm; Daxili stitunlarin
Olgtilari 400 mm x 400 mm olaraq tegkil edilir. Binanin biitiin tirlori 250 mm x 500 mm, désoma
qalmhg iss 120 mm-dir. binanin zirzemisi moéhkem pardaler kimi diiziiliib. Bu xiisusiyyatlore
malik binanin miixtslif yerlorinde miixtslif dl¢iilii diafragmalarin yerlasdirilmasi ilo natico alda
edilir.

Olave edilmis pardslerin qalmhigr 300 mm-dir. Onlarin uzunluglar: plandak: yerlsrinden
asili olaraq dayisir. Ps adlanan planda L formali coxbucaqh siitunlarin uzunlugu her iki istiqa-
matda 1500 mm-dir. Sakil 3-da goriindiiyii kimi, Po ¢orgive tipli struktur adlanir, P1 binanin xarici
hissasinin ortasinda x vo y istiqamatlorinde simmetrik olaraq yerlasdirilon diafraqma yaradilan
qurulus, P2- yerlosdirilmis diafraqmalarla yaradilmis qurulus adlanir. Binanin xarici kiinclari,

Ps - bolmanin kiinclarinds goxbucaql siitunlarin yerlasdirilmasinden yaranan konstruksiya,
Ps - binanin ortasma 6zek tipli pardalsrin qoyulmas: ile yaranan konstruksiya, Ps - binanmn
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kenarinda 6zak tipli pardslerin qoyulmasi ilo yaranan konstruksiya, Ps - pardslerin y istiqame-
tinds yalmz binanin xarici terafinde yerlasdirilmasi ilo amsals golon konstruksiyadir.

Qurulusun xarici terafine x ve y istiqamatlorinde geyri-simmetrik divarlarin slave edilmaosi
ilo yaranan qurulusa Ps, x va y istiqgamatlerinda geyri-simmetrik pardslarin qoyulmas: ils
yaranan qurulusa ise P7 adi verilmisdir. Asagidaki soklillorde pardalerin yerlogsmasi
gostarilmisdir.
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Sokil 2. Tadqiq olunan binalarin galib planlar1 (davami)
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Sokil 2. Tadqiq olunan binalarin galib planlar1 (davami)

Naticalorin miiqayisesi-Kasma elementinin siddatli zalzalelor zamani ¢oxmartebali binalar-
da shemiyyatli ziyana sebeb olan nisbi martebe siiriismalarini shamiyyetli deracads azaltdig:
moalum oldugundan, miixtslif név binalarn davranis xiisusiyyatlorini aragdirarken nisbi mor-
toba siirlisme dayerleri miiqayise edilmisdir.

Cadval 1. Miixtslif bina tiplarinin nisbi martebali siiriisme dayarlari

Po P P2 Ps P4 Ps Ps Py
6 0,0026 0,004 0,0038 0,0024 0,0039 0,0039 0,004 0,0042
5 0,0039 0,0043 0,0043 0,0028 0,0043 0,0046 0,0045 0,0046
4 0,0049 0,0045 0,0049 0,0031 0,0045 0,0049 0,005 0,0047
3 0,0057 0,0045 0,0051 0,0033 0,0044 0,0051 0,0058 0,0049
2 0,0061 0,0041 0,0048 0,0033 0,004 0,0048 0,0063 0,0051
1 0,0061 0,0031 0,0037 0,0028 0,003 0,0037 0,006 0,0048
0 0,0007 0,0012 0,001 0,001 0,0008 0,0008 0,0011 0,0013

Po tipli ¢argiveli bina ve diger kasikli ¢orgiveli binalar miiqayise edildikds, Po tipli binalarda,
xiisusen do agag1 martebalerde meydana gelen boytik nisbi martebali siirtisma dayerlarinin kasik
divarl gargiveli binalarda azaldig1 gortiniir.Maselen, Po tipli binada 1-ci martebadaki giymat 0,0061, P
tipli binada iss bu martebadaki qiymat 0,0028-dir. Bu dayisiklik texminan 54% tagkil edir.

aS amsali AzDTN 2.3.1-ds yiiksak geviklik saviyyesine malik divarlarin tomslinds alman
kasma qiivvalerinin cominin biitiin bina tiglin tomoalds bas veran timumi kesma qiivvasine nis-
bati kimi ifads edilir. Kasici divarm sistemdaki asas kesma qiivvaesinin shamiyyatli bir hissesini
uddugunu gormak iiglin miixtelif ndv strukturlarm davrans xiisusiyystlarini arasdirarken oS
amsal1 dayarlari miiqayise edilmisdir. Qrafikde P1, P2, P4, Ps, Ps vo P7 tipli strukturlar asagidaki
kimi gosterilmisdir.

Cadval 2. Kasmo ¢ar¢ivali konstruksiyalarin aS amsallar:

X Y
P 07 0,69
P2 0,71 0,56
P4 0,72 0,72
Ps 07 0,59
Ps 0,03 0,47
Py 0,69 0,57
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Forqli bina tiplarinde aS amsal1 dayerlari tedqiq edildikds, x vo y istiqamatlorinds an yiik-
sok dayerin ortasinda asas tipli pards olan Ps tipli binaya aid oldugu gortiliir. On kicik dayarlar
planda y istiqamatinda yalniz 1 pardasi olan Ps tipli strukturdadir. Ps va Ps tipli strukturlarm y
istigamatinde aS emsallarmin dayismasi 35% civarinda oldugu halda, x istiqamatinda dayisiklik
96%-o yliksalir.

Kasmeo divarlar iifiigi yerdayismeni mahdudlasdiran elementlar oldugundan, miixtelif név
strukturlarin  davrarnus xiisusiyyatlerini aragdirarken strukturlardaki yerdeayisms dayerlari
miiqayise edilmisdir.

Cadval 3. Miixtealif bina novlari tigiin x istiqamatinda yerdayisma doayarlari (mm)

Po P P2 Ps Ps Ps Ps P7
6 9,71 9,92 9,67 6,43 11,07 9,66 12,17 9,59
5 8,94 8,36 8,13 5,65 9,26 8,22 11,19 8,14
4 7,71 6,67 6,47 4,71 7,33 6,46 9,65 6,47
3 6,1 4,88 4,73 3,61 53 4,68 7,62 4,77
2 421 3,1 3 2,42 3,32 2,95 5,24 3,09
1 2,16 1,5 1,46 1,24 1,55 1,41 2,66 1,56

Cadval 4. 1-ci zalzalo zonasinda 6 martebali binalarin x istiqamatinda yerdayismae dayisikliklori gostarilmisdir.

Po P1 P2 Ps Ps Ps Ps P7
6 10,44 10,38 11,15 6,58 11,37 10,9 10,53 10,85
5 9,52 8,77 9,63 5,72 9,52 9,36 8,99 9,19
4 8,16 7,04 7,88 4,73 7,55 7,62 7,44 7,55
3 6,44 5,21 5,93 3,63 5,49 5,68 5,68 5,74
2 4,47 3,39 3,87 2,46 3,48 3,66 3,82 3,84
1 2,37 1,74 1,93 1,32 1,69 1,78 2,01 2,04
0 0,26 047 0,42 0,35 0,37 0,34 0,37 0,45

Damir-beton binalarda diafraqmalarin davranisa tesiri - Miixtelif nov planlarm yerdsyisma
giymatlari miiqayise edildikds, Ps va Pa tipli strukturlarin x istiqamatde yerdayismalarde mak-
simum giymaotlars sahib oldugu goriiniir. y istiqgamatinde

P4 vo P2 tipli strukturlarin yerdayismelarde boyiik giymetler aldigr goriiliir. Har iki istiqa-
matds an kigik dayaerlarin Ps tipli strukturda oldugu miisahide edilir.

On boyiik yerdayisme dayismasi Ps va Ps tipli strukturlarin x istiqgametinda bag verib. Ps tipli
strukturda 6,43 mm yerdeyisma qgiymetine qarst Pe tipli strukturda 12,17 mm yerdayisms
giymeati alinir. Bu deyisiklik taxminean 47% tegkil edir.

Burulma geyri-berabarlik emsallarimin ytiksek qiymsat almasina tesir eden amillers binanin
plan hendssesi, divarlara paralel olan oxlarin sayi, martebalsrin say1r ve planda divarlarin
yerlogsmasini aid etmak olar. Miixtalif tipli konstruksiyalarin davranis xiisusiyyetlori tadqiq
edilerken konstruksiyalarm burulma amsallar: bu amillars uygun olaraq miiqayise edilmisdir .

Cadval 5. Miixtalif struktur ndvlari diciin x istigamatinda burulma amsal dayarlori

Po P1 P> Ps Ps Ps Ps P
6 1,05 1,05 1,05 1,05 1,04 1,15 1,06 1,11
5 1,05 1,05 1,05 1,04 1,06 1,08 1,05 1,03
4 1,05 1,05 1,05 1,04 1,06 1,03 1,05 1,03
3 1,05 1,05 1,05 1,04 1,07 1,01 1,04 1,09
2 1,06 1,05 1,06 1,04 1,08 1,06 1,04 1,14
1 1,06 1,05 1,06 1,04 1,1 1,13 1,04 1,21
0 1,06 1,06 1,05 1,05 1,05 1,16 1,07 1,21
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Cadval 6. Miixtalif struktur novlari iiciin y istiqamatinde burulma amsalr dayarlari

Po P1 P> Ps Ps Ps Ps P
6 1,07 1,07 1,07 1,06 1,06 1,06 1,16 1,13
5 1,07 1,07 1,07 1,06 1,08 1,07 1,06 1,04
4 1,08 1,07 1,06 1,06 1,09 1,08 1,02 1,03
3 1,08 1,07 1,06 1,06 1,1 1,08 1,09 1,09
2 1,08 1,07 1,06 1,06 1,12 1,09 1,16 1,16
1 1,09 1,06 1,06 1,06 1,14 1,11 1,28 1,24
0 1,06 1,05 1,06 1,06 1,06 1,06 1,11 1,15

Miixtalif plan tiplarinin naticelari todqiq edildikds, x istiqamatinda Ps ve Pr tipli strukturlar,
y istigamatinda Ps vo P7 tipli strukturlarm an boytiik burulma amsali giymatlarine malik oldugu
goriiliir. P7 tipli strukturun har iki istiqamatda boytik burulma dayarlsrine malik olmasmnin sebe-
bi, bu tip strukturun x ve y istiqgamatlarinin bir terafinds kasici divarlarin olmasidir. ©msallarda
an boytik dayisiklik Ps va Pi, P2, Ps planlar arasinda y istiqamatinin yerdayismesidir. P, P2 va Ps
tipli strukturlarda y istigamatinds burulma amsal1 giymat 1,06 oldugu halda, Ps tipli strukturda
bu giymat 1,28-s yiiksalib. Bu giymatlorden gormak olar ki, pdiafragmanin diizgiin yerlasdiril-
mamasi sebabindan burulma amsal1 dayari 17,2% dayisir.

NOTICO

Bu miiqayisaler naticasinds an kigik yerdsyisme dayerleri kiinclarinds ¢oxbucaqh stitunlu
Ps tipli konstruksiyalarda, en kigik burulma amsali qiymeatlari iss simmetrik pards ¢arcive sis-
temli P1 va P2 vo Ps tipli goxbucaqh siitunlu strukturlarda bas verir ve an bdyiik aS amsal
qiymeatlari ortada asas tipli pards ilo Ps-do bas verir . Goriiniir ki, nisbi martabs siiriisme qiymati
kesici gargive strukturlarinda, xiisuson do asagi martebalorde alimir . Bu yalmiz gorgiveli
strukturlarla miiqayisede daha kigikdir. Noticeler tedqiq edildikds, kasici divarlarm her iki
istiqgameatda ve yliksak burulma sartliyi yaradacaq sekilds yerlagdirildiyi planlar olan Pi ve P2
tipli strukturlarm ve goxbucaqh siitunlu P3 tipli strukturlarin daha kicik oldugu goriiliir. Bu
naticalor gostarir ki, kesici karkas tipli konstruksiyalar arasdirilan meyarlara gore daha uygun
naticalor verir vo zolzaloys davamli konstruksiyalarin layihslondirilmaesi zamani demir-beton
sartlik divarlarindan istifade edilmalidir.
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AHHOTAI VIS

OaHo11 13 BaXKHBIX 3a4a4 IMPOEKTUPOBAHI M DKCIIAyaTalliy AI0OBIX MAIIIMH ABASETCs oDecriedeHre HaeKHOI
PabOTHI Ka’KA0TO y34a. /leHTa KOHBeliepa BBITIIOAHsET (PYHKIIUY IPY30HECYIIeTO U TATOBOTo opraHa. ITpusoaHoi Baa n
€T0 OIIOpHBIe MOALIMITHUKY, ITOABEP>KeHbl 3HaUMTeAbHON Harpyske. B AeHTOUHBIX KOHBeliepaX 0OAbIIIOe BHUMAaHIe
yAeAasieTcsl cucTeMe Iepejadl TPaHCIIOPTUpPyeMoro rpysa. ITpy 9ToM G0ABIIIyIO poab UIpalOT IPUBOAHON Bad U €T0
OIIOPHBIE MOAIIMITHIKY, KOTOPBIE B IIPOLecce DKCIAyaTalyy II0ABEP>KeHbI 3Ha9UMTeAbHOMY M3HOCY.

K]llO‘-IeBI:Ie CcA0Ba: 3HOC, Bal, HaTsSIDKeHIe, HpI/IBOAHOi[ Baa, JEeHTOYHBIN KOHBeIZep.
LENTLI KONVEYERLORDO DINAMIKi YUKLORIN YARANMASI SOBOBININ TODQIQi
XULASO

Maginlarin layihslandirilmasinin ve istismarmin asas maselasi, onun har bir diiyiiniin etibarl isinden ibaretdir.
Lentli konveyerlards yiik nagledici 6tiirms sistemlarine yiiksok diqqet verilir. Kon-veyerlorin lenti yiikdastyan ve dart1
orqanlarinin funksiyalarmi yerina yetirir. Otiiriicii val (baraban) ve onun dayaq yastiglari nazers carpacaq yiiklare
moaruz qalr.

Baxilan igdos lent konveyerin otiiriicli valimn isden ¢ixma sebabinin analizi, konveyerin lentinin 6tiiriicii val ila
kontakt sathina tazyiginin dayisme xarakterini, ilisme emsalinin tezyiqden asiiligin analitik ifadsleri isesalma ve
tomozlamada dinamiki yiiklarin hesabinda nazers alinmugdir.

Bunlar konveyer lentinde dinamiki gerilmenin ve konveyerin diger elementlsrinds slave yiiklerin yaranma
sababloarini xarakterizs edirlar.

Acar sozlar: etibarlig, yeyilma , val, garginlik, lentli konveyer
STUDY OF THE APPEARANCE OF DYNAMIC LOAD IN BELT CONVEYORS
SUMMARY

One of the important tasks in the design and operation of any machine is to ensure reliable operation of each unit.
The conveyor belt performs the functions of a load-carrying and traction body. The drive shaft and its support bearings
are subject to significant load. In belt conveyors, much attention is paid to the transfer system of the transported cargo.
In this case, the drive shaft and its support bearings play an important role, which are subject to significant wear during
operation.

Key words: wear; shaft; tension; drive shaft; belt conveyor.

/leHTOYHbIe KOHBEeMEePhI IIMPOKO PacpOCTPaHeHbl B AETKON ¥ IIMILEBON IIPOMBIIILAEHHOCT-
sX. /leHTOuHbIe KOHBelepsl, MCII0Ab30BaHHbIe B IIPOM3BOACTBE TaOaYHBIX M3AEANI, HAXOAATCS
BHYTPU MAIVH U SIBASIOTCS KOPOTKUM IO AAVHE KOMITAKTHBIX TOPM3OHTAABHBIX AE€HTOYHBIX
KOHBENEPOB.

ITpuBoano1 Baa (bapabaH) sBAsSETC OAHMM 13 HanbOoee Harpy>KeHHBIX HAeMeHTOB AeHTOY-
HOTO KOHBeltepa. Takoit mpuBoAHOI Baa, HartpumMep, umeeT AanHy 1100 mm 1 auamerp 80 Mm.

Kak 1oka3bIiBaeT OITBIT DKCIIAyaTal iy, OZHOI U3 IIpN49rH OTKa30B IIPMBOAHOIO BaJa
SIBASIETCSI M3HAIIMIBaHIIE CaMOI'O BaJa VM €TO OITIOPHBIX ITOAIINITHIIKOB.
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DTO NPUBOAUT K BO3ZHMKHOBEHMIO IOTPEIIHOCTY HOPMAaAbHON II0AQ4Y! CBIPbs, UTO B COXO
odepean, BeA€T K JepeKTaM M3TOTOBAEHHOTO ITPOAYKTa.

B aanHoI1 paboTe paccMOTpeHbI aHaAM3bI PUYMH OTKa30B NPUBOAHBIX BaA0B A€HTOYHOTIO
KOHBeliepa, olpeeleHrie aHaAUTIIeCKON 3aBUCUMMOCTY, YCTaHaBAMBAIOIIasl XapakTep U3MeHe-
HILSL AQBAEHNS 110 TIOBePXHOCTM KOHTAKTa A€HTHI C ITIOBEPXHOCTBIO IIPMBOAHOIO Bala KOHBelepa
¢ yuétom Kod(pPuIeHTa ClellAeHns OT JaBAeHIs], YIUThIBaHNe P pacdéTe AMHAMMIYIEeCKON
HaIrpy3K/ B A€HTOYHBIX KOHBeliepax Hpu ITycke ¥ TopMokeHun. OHHU XapaKTepusyloTcs
NOsABACHMEM AVIHAMMYECKMX HATsKeHMI B KOHBEIIePHON A€HTe U AOIIOAHUTEABHBIX HaIPy30K B
BAeMeHTax KOHBeriepa.

ITpu mmycke MO>KeT BO3HMKHYTh HEyCTOIUMBas paboTa IIPUBOAHOIO BaJa M €ro IPOOYKCOB-
Ka, KOTOpas COIPOBOKAAETCSI MHTEHCUBHBIM J3HAIIVBAHUEM Bala, €0 HaIrPEBOM U PEe3KUM
CHIDKeHVeM Ko PUIIeHTa CIeTL1eHIL.

IIpn TopMosxeHun B pesyabTaTe IlepepacipejeAeHis HaTsSDKeHUI B AeHTe MOXKeT IIpOou-
30JITHU TIOTepsI €€ IIPOAO0ABHON YCTOIYNBOCTY, OOpa3oBaHIe 3HAYNTeABHBIX IIPOBECOB 1AM TOPp,
IIPOCHIIIEN IPY3a, a TakKe ITPOOYKCOBKa Basa.

Takm 0Opa3oM, OCHOBHOM 3ajauell IpU pacdyéTe Harpy3oK B AEHTOYHBIX KOHBeliepax
SIBASIETCSI OIIpejeAeHNe pe3yAbTUPYIOIINX HATSKeHU KaK Ha MPUBOAHOM BaJe, Tak U BAOAD
CTaBa KOHBellepa C y4€TOM AVHAMMYECKUX M CTaTMY9eCKMX COCTaBASIOIIVX. DTO IIO3BOASET
BBIOMpaTh ONTUMAaAbHBIE IpeJBapUTeAbHbIe HATSKeHUS B A€HTe U MICKAIOYUTbH OTMedYeHHbIe
BBIIIIE SIBACHIISL.

JAuHammdeckas cucrteMa KoHseliepa (puc. 1, a) mpeacraBasieT coOOl 3aMKHYTBI KOHTYP
KOHBeIepHOJ AeHTbl, COCTOSIINIA U3 ABYX BeTBell — HaOeTaloIlell BepxHell 1 cOeraromiei HybK-
Hell. B 5TOM KOHType ¢ MOMOIIIbIO MeXaHIMYeCKOTO HaTsS>KHOTO YCTPOVICTBa 1, pacrioa10KeHHOIO B
3agHel JacTyl, CO34a€Tcs IIpeABapUTeAbHOe CTaTMYeCKOe HATsDKEeHMe Sc, PaBHOE HaTSKEHIIO
IIpY YCTAaHOBUBIIIEMCS peKIMe pabOThI.

a) Y 0)

Ser.
S,'u[ﬂ

W

Ser.

l < ﬁ?up‘ v

& +9

AF

Puc. 1. PacuetHast cxema rZ|,I/IHaMI/I‘«IeCKOI‘/'I CHCTEMbI A€HTOYHOTO KOHBeIZepa (a) u aAarpamma

A

AVHaMIJeCKOTO HaTsKeH!s1 B HabeTaloIeli BeTBY ITpu ero mycke (6).

Hipke mpMBOASITCS OCHOBHBIE pe3yAbTaThl AMHAMMYECKMX pacdeToB KOHBeltepoB. OHHU
3aBMCAT OT MOAYAS YIIPYTOCTY MaTepyaja A€HTBI, er0 ILA0THOCTY, PaclipeaeA€HHON AVHeHONI
Harpy3Kku Ha A€HTe, €€ HaTsS KeH.

rAe — Scryp — CTaTMYecKoe HaTsDKeHVe HaOeraroIrei BeTBI; U — KOO(PPUIVEHT CIeTLAeHIs
AEHTHI C BaA0OM; @ — yroa obxBaTa BaJa AeHTOM; K, — KO PUIIMEeHT 3aI1aca CiA TpeH!s Ha Ipu-
BoaHoM Baae (k, = 1,1...1,15).

ITpy TOPMOBHBIX peXKMMax OIlpejeAseTcsl MMHMMaAbHOe HaTsDKeHMe B BepXHeil BeTBU
AEHTHI, TIPY KOTOPOM He IPOMCXOAUT IHoTepsi eé nonepedHoit ¢popmbl. COOTBETCTBYIOITAs
AVHaMIJecKas cucTeMa KOHBeliepa IoKasaHa Ha puC. 2.
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AvHamIgecKyie HaTpy3K/ B A€HTe IIPY HeCTal[MIOHAPOM ABVIKEHUY PaBHbI
S = CpU(t) (1)
IAe ¢ — CKOPOCTh pacIIpOCTpaHeH sl YIIPYIOl BOAHBI BETBeVI KOHBelepa;
p — ILAOTHOCTD BETBEN KOHBelepa;
v(t) — CKOPOCTb CMeIIeHNsI CeUeHIIs AeHTBI.

Hamu npuHATO, 4TO IIPMUBOAHOI Baa BeAeT AeHTy Oe3 IIPOOYKCOBKM, ITpU ITyCKe 40CTaTOYHO
HalITV OKPY>KHYIO CKOPOCTb 00044 Baa 1 TOTAa AMHaMIIecKe YCUAN MOXKHO OIIpeAeANUTh 110

dopmyae (1).
PaccMoTpuM KoBeliep >KeCTKOM HAaTsKHOM YCTPOVICTBE, PacIlOAOKEHHBIM B XBOCTOBOII

qacCTu.

JuddepenimaibHoe ypaBHeHIEe A4 OKPY>KHOI CKOPOCTM Bada TP >KeCTKOM HaTs>KHOM
YCTPOJICTBE

dv

Map dt

+ ¢ prV + cpyv = AF
(2)

WU mnp% + Av = AF

rae A = copr + Cupy

Cr U € — CKOPOCTDb pacpOCTpaHeHusl YIIPYTOM BOAHBI COOTBETCTBEHHO IPY30BON U IIOPOXK-
HAKOBOJ BeTBeJ KOHBeriepa;

Pr Y1 Py — TAOTHOCTBIO COOTBETCTBEHHO TPY30BOII U1 IIOPOXKHAKOBOII BETBEII KOHBelepa;
AF = (Fy — W,) — n30BITOYHOE yC1auie B IIPUBOAE;

Fy — ycpeaHeHHOe 3HaUeHIIe ITyCKOBOE yCIANE;

Wy — cymmapHast cr4a CONPOTUBAEHNS ABVKEHIIO A€HTHI;

My, — IpUBeAeHHast K 0004y Basa Macca IPUBOJA.

_ k(GD)3i?
mp 9Dy

)

k =1,2 + 1,3 xoopPuImeHT, yIUTHIBAIOIINII MHEPIUIO peAyKTopa; | — IepelaTodHOe 4YUCA0
peaykropa; (GD)% — MaxoBoii MOMEHT poTopa AurareAss; D, — AMaMeTp IPMBOAHOIO Baja.

Pemenne anddpepennnaabHOro yrpasaenns (2) npu HadaabHOM ycaoBumn v = 0 mpu t = 0
VIMeeT B/

A
A B
v(t) = —7F<e Map — 1) (4)
CoraacHo sbrpaskeHnio (1) AMHaMIgecKe HaTsDKeHMe olpejeaseTcs 110 (popMye:
A
AFCI‘pI‘ __t \
Sus(0) = —T(e np. — 1>; g
Surs(®) = — e (Tt _ 1),
AHO - A ;

JuHaMmuyaeckast BoAHa Ha cOeraroIreli BETBU SIBASIETCSI BOAHOI CKATUS.
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Hatsxenne B Touke HaberaHmst orpeaeAseTs1 aMH/H/ITy,ZI,OﬁI Ha,Zl,aIOHleﬂ BOAHBI PaCTsI>)KEeHVT

L L
B MOMEHT BpEMEHIN T = C_ + C—, I10C/€ 9€ro YBeANYIEHVISI HaTSIDKEHVST ITPEKaTUTCSI.
T 1

Hp06}7KCOBKa Ha HpI/IBO,ZI,HOIZ Baa OTCYTCTBYET IIPI BbIIIOAHEHNI YCAOBIST

SCT.H6+S,£IH6 — i . [[,la (6)
SCT.06+S,£LC6 Ky

rAe Spue U Sy — AMHaAMIYECKOe HaTsDKeHMe B HaberaroIeit 1 B cOeraroIeii BeTB;
K. =11+ 1,15 - koo uimeHT 3araca c11 TpeHUs ITPUBOAHOIO Bala;
Y — KOs PUIIMEHT CIeTLIeHI MeXKAY A€HTOM 1 IIPUBOAHBIM BaAOM;
@ — yroa obxsaTa BaJa A€HTOIL.

Takum o6pa30M, IIpn pemeHnn 3adaqdn IryCcka KOHBef/]epa HeO6XO,ZI,I/IMO CpaBHIBATbh BpeM:1
pa3roHa 1prBoga KOHBEMEpPaA tp C BpeMEHEM IIp1XO4a OTpa’kKe€HHOU BOAHBI.

Bpewmst pasrona nipusoaa 1o (4)

— _ M ( _ AVH)
=7 (1= ?)
BpeM}I HpI/IXO,ZI,a OTpa>I<eHHOI7I BOAHBI AA51 l“py)KeHHOI"O KOHBeﬁepa OHpeAeMeTCﬂ
«_ L L
t" = - + o (8)

rae L — aauHa KoHBerepa.

CpasnuBanus Bpemst t,, € t*, MOXKHO yCTaHOBUTD, UTO SBASETCS ONPEAEASIONINM IIPU pac-
yeTe AMHaMMYeCKIX ITPOLIeCCOB.

B TOPMOSBHBIX pe>XMMaxX ATHaMI4IeCKNe yCmAn:1 H€O6XOAI/IMO paccanThIBaTh, YTOOBI VICKAIO-
YUTDb HpO6YKCOBKy A€HTbl OTHOCUTEABHO IIPMBOAHOIO Bada, 4451 OIlepeAeAeHrsI MaKCMaAabHO
AOITyCTMBIX yCI/I/lI/H7I TOPMO3HBIX yCTpOIZCTB, O6eCHe‘II/IBaIOH_U/IX DKCTPEHHOE TOPMO>KEHIIE.

PaccmMoTpuM 1poliecc TOPMOXKeHMsI KOHBellepa C >KeCTKUM HaTsDKHBIM  YCTPOJICTBOM,
YCTaHOBAEHHBIM C XBOCTOBOJI YacTy KOHBeliepa (puc.2)

_ - A
~ %5
— |

=
—A s
%)
Fr A

é% Mup.

Puc. 2. CoBmeménHas pacdéTHast cxeMa AMHAMITIECKON CYICTEMBI AeHTOUHOTO KOHBeliepa I AriarpaMma
AVHaMITJeCKOTO HaTsDKeHM:sl B HaberaroIeli BeTB) IIPY eT0 TOPMOSKEHMIA.

JuddepenimaibHoe ypaBHeHe ABIKeHI: 0004a IIPUBOAHOTO Baja

d(Vycr.—v
Myp % + Crpr(vycm - v) + Capn (UYCT- - U) =Wo + Fr ©)

TA€ Vycr, — YCTAHOBUBIIASICS CKOPOCTD KOHBeliepa repes TOPMOXKEHNEM; U — TeKyIIast CKOPOCTh
IIPUBOAHOTIO Baaa; Fy — mpuBegeHHOe K 0004y Bada TOPMO3HOE yCuAle.
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Pernenvie ypastenist (9) ipu HauaAbHOM YCAOBUU UV = Vyor TIpU t = 0 nMeeT Bu

V= Vyer, + @ [exp (— 4 ) — 1], (10)

Myp

rae A = c.pp + Cypy-

AI/IHaMI/I‘IeCKOG HaTsIDKeHVe CoKaTrid B Ha6era10me BeTBU

Spis = DL e (- ) — 1], an

ol 2

ITpu TOpMO>KeHuM 3arpy>KeHHOTO KOHBeliepa HanOo4ee HeDAarolpuATHOE COOTHOIIeHIe

1 HaTsIDKE€HIe pacTsDKEHIT B c6era10me17[ BeTBU

Sﬂﬂﬁ — (W0+I;T)Cnpn [1 — exp (_

HaTsDKEHUI OKa3bIBAETCsI HpI/I6/H/ISI/IT€AI)HO B MOMEHT BpeMEHI

L, L
t=t=(£+7) (13)
CaeaoBateabHO, MaKCMaAbHbIe AMHAMIYECKIe YCHUANS OIIpeAeAsIOTCs KaK
(WotFr)ecpr A
S 6,0 = % [exp (— _— ‘[) — 1], (14)
(Wo+Fr)Cepr A
Snchy = % [1 —exp (— _— ‘[)], (15)
OrcyTtcTBre TpOOYKCOBKM Ha IIPUBOAE 3alMIlIeM B BUAe
SCT.C6+SLLC6M3K — i . fﬂa (16)

SCT.H6+SAH6M3K Ky
rae y(:/lOBI/Ie HpOGyKCOBKI/I HpOBepﬂeTCﬂ I10 XyAUIeMy C/lyanO.
YcaoBue (16) II0O3BOAsIET OHpe\Zl,e/H/ITb MaKCMaAbHO AOHYCTI/IMOQ TOpMOSHOQ YCI/I/H/Ie FT'

Haunboaee aocToBepHble pe3yabTaThl IIOAYy4alOT ITyTeM IpaKTUYecKuX U3MepeHUull Ha
peaabHbIX OOBEeKTaXx.
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AszepOaiiaxanckas Pecrrybanka, 1. Baky

PE3bIOME

B crarbe pellleHbl TpM CTalMOHApPHBIE IMAPOAVHAMUYECKNE 3aJady O IIPOCTHIX (PUABTPAIIOHHBIX ITOTOKAX
HECK/IMAeMOll HEHBIOTOHOBCKOII HeT B OJHOPOJAHOM TOPM3OHTAABHOM IL1acTe II0 HEAVHEHOMY 3aKOHY
¢uasrparu A KpacHonoasckoro.  /as  paccMaTpuBaeMBIX — I110CKO-TIapaAAeAbHOTO, I1A0CKO-paAMiaAbHOTO U
rroaycheprIecK-paaraAbHOTO IIPOCTIX ITIOTOKOB HEC)KMIMAeMOlT HEHBIOTOHOBCKOUT HepTH OBLAY BRIBEAEHBI OCHOBHBIE
pacdeTHBle TMAPOAMHAMMYecKre (POPMYAbI DKCIIAYATALIMOHHBIX CKBaXXMH I Trajepen U (OPMyABl IOKasaTeaeit
paspaboTKu 0AHOPOAHOII 3a1eXX1. Bee BhIBejeHHEIE POPMYABI HEOOXOAVMO VICIIOAB30BATh TPV PEIeHNN pa3ANIHBIX
TEOPeTUYECKNX U IIPaKTMIECKUX 33aJad pa3paboTKy 3aae>Kell HEHBIOTOHOBCKOI He(TH, a TakKe IPU COCTaBAEHNUMN
ITpoeKTa pa3paboTKI HOBOTO pa3BeJaHHOTO HeTIHOTO MECTOPOKAEHVSL.

Karouesble caoBa: HEHBIOTOHOBCKas He(Th, CTAalMOHApHAs 3adada, I1AOCKO-TIapalAeAbHBIN IIOTOK, ILAOCKO-
PaAnaAbHBIN IIOTOK, 10AychepIIecKI-paaialbHBblIil IIOTOK, Ae0UT HepTH, CKOPOCTh GUABTPALINI, TEKYIlee AaBAEHNe,
TpaAVieHT JaBAEHNs], ITPOAOAKUTEABHOCTD ITPOABYDKEHVIST HePTIL.

SIMPLE STATIONARY FILTRATION FLOWS OF INCOMPRESSIBLE NON-NEWTONIAN OIL IN A

HOMOGENEOUS RESERVOIR ACCORDING TO A. KRASNOPOL’SKY’S LAW

ABSTRACT

The article solves three stationary hydrodynamic problems about simple filtration flows of incompressible non-
Newtonian oil in a homogeneous horizontal reservoir according to A. Krasnopolsky's non-linear filtration law. for the
considered plane-parallel, plane-radial and hemispherical-radial simple flows of incompressible non-Newtonian oil, the
main calculation hydrodynamic formulas of production wells and galleries and formulas for indicators of
homogeneous reservoir development were derived. All the derived formulas must be used in solving various
theoretical and practical problems of developing non-Newtonian oil deposits, as well as in drawing up a project for the
development of a new explored oil field.

Key words: non-Newtonian oil, stationary problem, plane-parallel flow, plane-radial flow, hemispherical-radial
flow, oil production rate, filtration rate, current pressure, pressure gradient, duration of oil advance.

AKRASNOPOLSKI QANUNUNA GOR® BIRCINS LAYDA SIXILMAYAN QEYRI-NYUTON
NEFTININ SADO STASIONAR SUZULM& AXINLARI

XULASO

MBagqalads A.Krasnopolskinin geyri-xotti siiziilme qanununa asasen bircins iifuqi layda sixilmayan geyri-nyuton
neftinin sade siiziilmes axInlarma dair {i¢ stasionar hidrodinamik masals hall edilmisdir. Sxalmayan geyri-nyuton
neftinin baxilan yasti-paralel, yasti-radial ve yarimsferik-radial sads axinlari {i¢iin hasilat quyular1 ve qalereyalara gora
asas hidrodinamik hesablama diisturlar1 va bircins laym islanme gostaricilari {iglin diisturlar ¢ixarilmisdir. Biitiin bu
¢ixarilmis diisturlardan geyri-nyuton neft yataglarimin islonmasinin miixtelif nazeri ve praktik masslelerinin hallinds,
habels yeni kasf edilmis neft yataginin islanma layihasinin tortibinde bilavasits istifads edilmalidir.

Acar sozlar: Qeyri-nyuton nefti, stasionar masels, yasti-paralel axin, yasti-radial axin, yarimsferik-radial axin, neft
debiti, stiziilma siirsti, cari tozyiq, tozyiq qradiyenti, neftin hareketinin davamlihig.

B cratpe periens! Tpu cTaloHapHbIe TMAPOAMHaMMYeCKHe 3a4adll B KOTOPBIX (PuUAbTpa-
LM TOAYMHSIOTCS TOABKO HeAMHeHoMY 3akoHy A.Kpacnonoasckoro [1, 4-13].
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1. B nepsoii 3agaue, puabTparyist HepTy MPOUCXOANT C ILAOCKO-TIapalleAbHBIM ITOTOKOM. Ha
puc. 1 nokasaHa cxeMa CICTeMB, «IIpsAMOAMHeNHas Talepest — 10A0co00pa3Hasl 3a1eKb», B
KOTOPBIM ITpeAcTaBAeHbI CAeAyIOIINe YCAOBHBIE I11aCTOBOe ODO3HaUeHs:

Py - maacToBoe aaBaeHne, - AMHaMI4Yeckoe 3aD0lHOe JaBAeHue radepen, F—TeKyllee JaBe-
HI1€, X— TeKyIllas [IPOCTPaHCTBeHHAsl KOOpAUHaTa, Ly - AauHa 3aaeX1, h - Toammua IIPOAYKTVB-

HOTIO I11acCTa, 0X - OCb a6cumcc.

VIO, / VIV

P, 2 Py =
0 S S LA X
: SN
X
Lk

Puc. 1. Cxema crcreMbl «prIMOAI/IHeIZHafI raaepes — HOAOCOO6paSHa51 3aA€XKb».

Heaunnermsiin 3akoH ¢uastpammm A.KpacHomoasckoro B aAnddgepeHiaibHoin gpopme
BBIPa>KaeTCs B CAeAYIOIIeM BIJe:

dap .t
v= _C(E E SRR ¢ |

[1ao11aab moBepXHOCTY PUABTpaLIVM OyAeT:
F=B R ()

rae B- mupuHa 1oaocoodpasHoii 3aaexu, I - ToammHa rnaacra.

Vcnoansys snauenns v u F B popmyaax (1) u (2), noayuaem caeayiomiee gudpdepeHiaib-
HOe ypaBHeHe:

Q=F-v= —BhC(Z—z)% ............... 3)

Pazaeasem ypasHenue (3) Ha IlepeMeHHbIe 1 MHTeTPUPY:I ero B ipejeax 1o P ot P, 40 P, n
IO X OT HyAsI AO Ly , BRIBOAUM CAeAYIOIIyIO (POpMYyAy AAsl AeDNTa ralepern:

Q=225p, - prﬁ ..................... @)
Ly

CkopocTb ¢puabTpaIy HeHbIOTOHOBCKOI He Ty Oy eT:

v=S5(P— e N )

2
Lk

Kak Buano u3 popmyasl (5), TeKylas cKOpocTb puAbTpaIUy He M3MEHSeTCs B 3aBUCHMOC-
TH OT IIPOCTPAHCTBEHHOM KOOPAVMHAThI TO-eCTh OT aOCIIMICCHI X , @ OCTAeTCsI IIOCTOSHHOIA.

A Tenteps uHTerprpyem auddepeHiimaibHoe ypapHeHue (3) B Apyrux npejeaax, T.e. 1o P
or P, aAoPumnox or L, a0 x :
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Li Py
- th)zf dx :f dp
x P
(- th) (Lg=x) =P —P.......... ©)

IToacraBasis sHauenne Q m3 gopmyast (4) B popmyae (6), moaydyaeM CAeAYIOIINIA 3aKOH
pacnpeeAeHis TeKyIero AaBAeHls B II010CO00Pa3HOI 3a4eKI:

LkX

P=pP X (p Py %

2
Lk

Juddepentiupys P o x B popmyae (7), moaydaeM caeAyioliee BhIpaskeHne AAs TeKyIIlero
rpajguieHTa AaBAeHNs B AaHHOI 3a4eXKIL:

O o (PR e (8)

Lz
Aasi  HaxoXKAeHWs — 3HAYEHMSI  YaCTUYHON — IPOAOAKUTEABHOCTU  IIPOABVKEHIS
HEHBIOTOHOBCKOVI He(PTI JCIIOAB3YEM DTO M3BECTHYIO CBSI3b:

IAe W- CpeAH:sl MCTUMHHAs CKOPOCTh ABVKEHISI HEeHBIOTOHOBCKON He(TU B IIOPOBBIX KaHaJax
IIOPOABI I1AacTa, V - CKOPOCTb (uabTpauyy, m - KO3(PQPUINEHT HOPUCTOCTU IIOPOA
MPOAYKTMBHOIO I14acCTa, t -IPOAOAXKUTEABHOCTh IPOABVDKEHMsI He(PTU B APEHa’KHON 30He
raacra (Bpems).

IToacraBass sHaueHMe v 13 popmyasl (5) B ypasHeHMe (9), ToAydaeM:

c I a
(P = PB)? = 5 e (10)
mLi
Orcrosa umeem:

1
2

dt = —25  dx e, (11)

C(Pk_Pr‘)E

Vurerpupys ypasnenne (11) B ripeaeaax 1mo t ot HyAst 40 ¢ M IIO X OT X A0 Ly , ToAydaem:
1
mL2
t= k
C(Pk—P, r)i
ITo popmyae (12), BeramcasieTcst YacTU4IHas IIPOAOAXKUTEABHOCTh ITPOABVIKEHNST HeHBIOTO-
HOBCKOJI He(pT! B OAHOPOAHOI 11010CO00Pa3HOIl 3aAeK! OT TeKYIIero IOoA0KeHIs X 40 raje-
pen. IIpnux = 0:t = T n nmeem:
3
2
mL2

T=—"tk
C(Pr—P.)2

ITo ¢popmyae (13) BbruMCAsAETCA MOAHAs ITPOAOAKUTEABHOCTb ITOAHOTO IPOABIVKEHIA
HEHBIOTOHOBCKOM He(pTU B OAHOPOAHON I1010COOOPa3HOI 3a4€XM OT KOHTypa IIMTaHUsA A0
raaepen.
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2. Bo BrOpoIl 3agaue $uAbTpausl HEC)KMMaeMOll HEHBIOTOHOBCKOI HePTH IPOMCXOAUT C
I110CKO-paariaabHBIM IIPOCTBIM IOTOKaM [3, 5, 8, 10].

Ha puc. 2 npeacrasassi cxema CUCTeMBbI «CKBa>KMHA-KPYTOBasl 3a4€XKb» B KOTOPOM IIpeAc-
TaBAE€HbI CAeAyIOIVe yCAOBHbIe 0O03HadeHILs: Py, - I11acToBoe gaBaeHne, P - TeKyllee AaBAeHue,
P, — AHaMIyeckoe 3a00IHOe AaBAeHue CKBaXKMHEL, Ry - paguyc KOHTypa IMUTaHUS, T, - paalyc
CKBa>KIHBI, T - TeKYIIIUI paANyCc-BeKTOP, h - MOIITHOCTD (TOAIIIMHA) IIPOAYKTUBHOIO I11acTa.

Heaunernsii 3akoH ¢guasTpanuy A.KpacHONOABCKOTO 4451 ILAOCKO-PaAuaabHOIO IIPOC-
TOTO ITOTOKa MIMeeT CAeAYIOITIA BUA;

I'c

Rk

Puc. 2. Cxema crcTeMBI «CKBaYKMHA-KPYTOBasI 3a1€5Kb»
Vcnioawsyst sHauenus1 v u F us popmyast (14) u (15), noaydaem caegyiorriee Anddepeniina-

/AbHO€ YpaBHEHIIE:!

Q=F v= 2nrhC(Z—‘:)§ ........................ (16)

Pasaeasa Ha nepeMeHnnsle ypasaenue (16) u unrerpupys ero s npeaeaax 1o P or P, 40 B, n
IO 7 OT Ry, A0 T, , BBIBOAUM (pOpMYyAy AAs1 Ae0MTa CKBa>KMHBI B BUAE:

A Teneps unterpupyemM anuddepennmaibHoe ypasHenne (16) B gpyrux npegeaax 1o P ot
Py a0 Punor or Ry a0 :

Q ~2 (Prdr _ Pk
G’ [z =1p"dpP

1 1
—L (G- Rik)z = (Pt = P) eooooereseseren (19)
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IToacrasass sHauenue Q us ¢popmyast (17) B popmyae (19), moaydaeM caeayromninii 3aKOH
pacripeseaeHyisl TEKYIIETO AaBAEHVIS B APEHa>KHON 30He OAHOPOAHON KPYTOBOM 3aA€KU:

Pr—P. 1 1
P=Pk—1k 1'(;—R— ......................... (20)
e Ry k

Auddepenrmpys P 1o r 8 popmyae (20), moaydaeM caeayiolriee BeIpaskeHNe A4s1 TeKyIrje-
TO rpayieHTa AaBAeHVL:
dP _ Py—Pc 1

dr 1_1 42
rc Rp

IToacTaBasst 3HaYeHMe TeKylllero rpaAleHTa gapaeHnst u3 popmyasl (21) 8 popmyae (14),
HaXOAMM cJeAylolllee BRIpakeHne 4451 TeKyIell CKopocTy pUABTpaliy HEHPIOTOHOBCKOI Hed-
TH B APeHa’KHOI 30He O4HOPOAHOI KPYTOBOJI 3a1€3K!, KaK OHO ITOAY4I1A0Ch B popmyae (18).

A Ternepr onpeaeanM 4YacTMIHYIO IIPOAOAKUTEABHOCTD ITPOABUIKEHIIT DTON HeCl)TI/I oT
TEKYILEeTO IOAOXKEHILT " 40 CKBa’KMHbBIL

1
C(Pe=P2 1 _ _ dr
— (i_i)% T T s (22)
Tc Rk

Pazaeass Ha mepemenHble Aud pepeHITIaabHOe ypaBHeHe (22) 11 pellias ero B IIpejeAax 1o
o t OT Hyasd A0 t M IIO T OT HyAd AO T, , IIOAy4aeTcs 4YacTU4YHas IPOAOAKUTEABHOCTD
NpOABIKeHIs HepTH, B BUAe:

1

1 1=
———)2
m(rc R

k 2 _ .2
t=—"—F (" = 75) e, (23)
2C(Pg—Pc)2
IIpur = Ry, t = T u nmeem:
m(i_i 2 ez 2
T=—"—""5" (R = 1) rrrrrrrrrmrrrerrsrrune. (24)
2C(Pk—Pc)?
ITo »To¥1 popMyae BBMMCASETCS HOAHASI MPOAOAXKUTEABHOCTh NPOABVDKEHM HepTU OT
KOHTypa NUTaHM:A A0 CKBa>KVHBI.

3. B Ttpetreir zagaue PpuabTpalusa HeCKMMaeMON HEeHBIOTOHOBCKOV He(pTU MPOMCXOAUT C
roAycgeprdecK-pasuaibHbBIM IIPOCTHIM IIOTOKOM B I11acTe C OOABITION MOIITHOCTBIO.

Ha puc. 3 mpeacraBaeHa cxeMa CCTeMBI «CKBaKIMHa-T10AycpeprdecKi-palraabHast 3a4e5Kb»,
B KOTOPOI1 IIpeACTaBAeHbI CAeAyIOIIVe YCAOBHbIe OOO3HaYeHsT: Py, - 111acToBoe AaBaeHne, P —
TeKylllee AaBAeHue, P, - AuHaMumdeckoe 3a0O0JHOe JaBAeHVe CKBaXKUHBI, Ry - pasuyc KOHTypa
MIUTaHUA, T, - PAAUYC CKBaXKVHBL, T - paANyC-BeKTOP

o

e

&/

&>
D>

Pric. 3. Cxema cucreMs! «11oaycdepudeckas 3a1€5K-CKBaXKIHa».
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Heanneitnpiit 3akoH ¢uasTpanum A4s MoAycgepudeckoro IIpocToro IOTOKa TOXKe BhIpa-
Kaetcs o popmyae (14). ITaomaas Tekyimeit moaycepudeckoil IOBepXHOCTY (PUABTpAIIUU
Oyaer:

F=2T72 oo (25)

Vcnoansys snavyennst v u F us popmyant (14) u (26), moaydaem caegyioiee gudpdepeHiim-
aAbHOE ypaBHEeHMe:

1
Q =Fv=2mr2C(5)2 e (26)

Pasaeasia Ha mlepeMeHHbIe ypaBHeHMe (26) 11 MHTeTpupys B IpeeAax IO IO 7 OT Ry, A0 1, u

o P ot Py, a0 P, , BBIBOAUM c])opMyAy Ae0nTa CKBa>KMHbI, B BIAE:
1
Q = 2mC-BIE2 e 27)
V3(R-13)2
C ygetom ¢opmya (25) u (27), moaydaeM caeAyioniyio popMyay AAs TeKyIIeil CKOpoCTI
¢uapTpanuy HepTU B HTOI 3aA€KI:

1
2

= PP e (28)
V3 (Rk—r3)2 r
Nurerpupyst auddpepeniinaabHoe ypaBHeHne (26) B ApyTux Ipedeaax o r OT Ry 40 7 1 110
PorP,a0P:
2 Rk dr _ Pk
(ch) S = [5dP e (29)
roay4JaeM:
(LypoEeeE (30)
2nC (Rk—r3)2

IToacrasass sHaueHne Q u3 popmyast (28) B popmyae (31), moaydaem caeayroliee BEIpasKe-
HIEe AAs1 3aKOHa pacIipejeAeHIs TeKyIero AapaeHns P B 3aaex:
P=Pk—%-(R,3—r3) ....................... (31)
Juddepentimpys P 1o r 5 popmyae (32), noaydaem GpopmMyay TeKyIero rpajieHTa jaBae-
HILL, B BUAE:
dpP Py — P,
ar9R-13) |
YactryHas IpoA0AXKUTeAbHOCTh IPOABVKeHsI HepTH B I1AacTe OT TeKYIIero MOAOXKEeHIs
T A0 CKBa>KVHEI OITpeAe/eHa, B BIJe:

P G B B 32)
3C(Pk_PC)2
I[Ipur =Ry ;t =T mn:
7= BMR g3 3y 33)
3C(Pk—PC)2

I'lo sToMM Cl)OpMYAe BbIIMICAAETCSI ITI0AHAsI ITPOAOAKUTEAPHOCTD HeCl)TI/I B 3a4€>XKI OT KOHTYypa
IINTaHMA A0 CKBA>KIIHBI.

BeiBoab1

1. B crartbe peleHsl Tpy CHAIIMOHAPHONM I'MAPOAMHAMUYECKON 3a4a4l, B KOTOPHIX (PUAbTpa-
UMM IIOAYMHSIOTCS TOABKO HeAuHerHoMy 3akoHy A.Kpacnomoanckoro. B stmx sagagax
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IIpOMNCXOAUT  IIPOCTBbIE (l)I/I/lBTpaI_U/IOHHBIe IIOTOKM: I1AOCKO-IIapalleAabHasd, ILAOCKO-
paaraapHasi 1 HOAYCq)epI/I‘IeCKI/I-pa,Zl,I/Ia/H)Ha}I.

BriBegeHBI Bce OCHOBHBIE pacdeTHbIe (POPMY Bl XapaKTepU3YIOIyie IIPOLecChl (PABTpaIiun
HEeHBIOTOHOBCKOI HepTI B ITPOCTBIX ITOTOKAX, T- AeOUTHI raJepen 1 CKBaXKIH, TeKyIIiee CKO-
pocTtu puAabTpaIuy, TeKyIero rpaaieHTa AaBAeHs 1 T.4.

Brisegennsie popMyAbI HY>KHO MCIIOAB30BaTh HPY pellleHn Pa3ANdHBIX PaKTUYecKUX
3a/a4 pa3pabOTKM 3aje>keil HeHbIOTOHOBCKOV He(TH, B TOM ulcAe, IPU COCTaBAEHUM
ITpoeKTa pa3paboTKI HOBOTO pa3BeAaHHOTO He(PTIHOTO MECTOPOXKACHIL.

Anaansupys Bce BbIBeJeHHBIe (POPMYABI, MOXKHO BBIABUTDH CITEI[MIIeckyie 0COOeHHOCTI
pa3paboTKI yKa3aHHBIX 3ade’Kell, pa3paboTaTh U BHEAPATh HEOOXOAVMMBIE MEpPOIPUATIAA
I10 YCTPaHeHMIO BCeX BO3MOSKHBIX BIAOB OCAOXKHEHUI 11 HeKeaTe AHbIX SIBASHUIA.
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PISTONLU MASINLARDA DIRSOKLI VALIN ROQSI
HOROKOTININ TODQIQi VO MOHKOMLIK HESABI
Aygiin A. BOKIROVA

Azarbaycan Texniki Universiteti,

aygun.bekirova@aztu.edu.az

XULASO

Neft-qaz sanayesinds istifads olunan pistonlu kompressorlarin va nasoslarin fasilasiz ve etibarl istismart tacriiba
tigtin boyiik shamiyyat kasb edir. Kompressorlarda ve nasoslarda mexaniki ve raqsi hereketlorlo bagh miirakkab
moasalalorin dyrenilmasi neft vo qazin istismari ve naqlinin dayaniqhgmin artirilmasi maselalorini holl etmays imkan
verir. Kompressor-nasos stansiyalarmm semarsliliyinin ve dayamqligmmn yiikseldilmasi bilavasito miixtelif
elementlorin diizgiin hesablanmasindan ve konstruksiyasi pistonlu masmlarin mexaniki parametrlarinden asihdir.

Pistonlu kompressorlarmn krank-porsenli mexanizmlorins tesir eden qiivvelerin toyini problemi isci hisselorde
stirtiinma prosesinin dyranilmosi, hamginin bu kompressorun harakat edan dirsak valinin ragsi harakatinin dyrenilmasi
zamani yaranir. Porsenli kompressor islodikde, eyni zamanda vala dairavi regsler ve ayilme raqsleri tesir edir. Dirsokli
valin miixtalif kesiklorinde firlanma momentdsn yaranan toxunan gorginlikden basqa, ayilms momentindan yaranan
normal gerginlik do yaranir. Valin is rejimini diizgiin giymeklondirmak {i¢lin biitiin bu goarginlikleri nazere almaq
lazimdir, bels ki, valin etibarli isi, bu gerginliklarden asilidir Porgenli kompressor islodikds, eyni zamanda vala dairavi
ragslor vo ayilme rogslori tesir edir. Dirsakli valin miixtelif kesiklorinde firlanma momentdsn yaranan toxunan
gorginlikden basqa, ayilms momentinden gerginlik ds yaranir. Valn is rejimini diizgiin qiymeklondirmak {igiin biitiin
bu gerginliklori nazers almaq lazimdir, belo ki, valin etibarh isi, bu gerginliklorden asihdir Bu sertlor kompressorun
birlesdirici cubugunun ve krank saftinin qirilmasina sabeb ola bilocek tohliikali gerginliklor yarada biler.

Tadqiqatin naticeleri neft-qaz senayesinds istifade olunan kompressor stansiyalarmin layihslondirilmasi ve
istismart ti¢lin faydal ola bilar.

Acar sozlar: Pistonlu kompressor, rogsi haraket, méhkemlik,val.

ABOUT THE OSCILLATING MOTION AND CALCULATING HARDNESS OF THE SHAFT IN PISTON
COMPRESSORS

ABSTRACT

The uninterrupted and reliable operation of piston compressors and pumps used in the oil and gas industry is of
great importance for practice. The study of complex issues related to mechanical and oscillatory movements in
compressors and pumps allows us to solve issues of increasing the sustainability of the operation and transportation of
oil and gas. Increasing the efficiency and stability of compressor pumping stations directly depends on the correct
calculation of various elements and mechanical parameters of piston machines.

The problem of determining the forces acting on the crank-piston mechanisms of piston compressors arises when
studying the process of friction in the working bodies, as well as when studying the oscillatory motion of the moving
crankshaft of this compressor. When a piston compressor operates, the shaft is simultaneously affected by circular
vibrations and bending vibrations. In addition to shear stress caused by torque, normal stress caused by bending
moment also occurs in various sections of the crankshaft. All these stresses must be taken into account to correctly
calculate the operating mode of the shaft, since the reliable operation of the shaft depends on these stresses. When a
piston compressor operates, the shaft is simultaneously affected by circular vibrations and bending vibrations. In
addition to the shear stress caused by torque, normal stress is also caused by bending moment at various sections of the
crankshaft. All these stresses must be taken into account to correctly calculate the operation of the shaft, since reliable
operation of the shaft depends on these stresses. These conditions can create dangerous stresses that can lead to failure
of the compressor connecting rod and crankshaft.

The results of the study can be useful in the design and operation of compressor stations used in the oil and gas
industry.

Key words: Reciprocating compressor, dancing, hardness, shaft.
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O KOAEBATEZABHOM ABVDKEHUN U PACYETE TBEPA4OCTU BA/A B ITOPIITHEBBIX KOMITPECCOPAX
PE3bIOME

BoarIrioe 3nayenne A4s MpakTUKy MMeeT OecriepeOoliHasi U HaJeskHas paOoTa MOPIITHEBRIX KOMIIPeCCOPOB 1
HacoCOB, ITpUMeHsAeMBIX B He(pTera3oBoit oTpacan. VccaejoBaHne CA0KHBIX BOITPOCOB, CBA3AHHBIX C MeXaHIYECKVMI 11
koae0aTeAbHBIMI ABVDKEHUAMI B KOMITpeccopax M Hacocax, TIO3B0AseT PeITUTh BOIPOCH ITOBBIIIEHMs YCTOMYMBOCTI
9KCIIAyaTallii U TPaHCIOPTHPOBKU HepTH 1 rasa. ITopbimienne sPpQPeKTUBHOCTI U YCTOMYMBOCTY KOMITPeCCOPHO-
HaCOCHBIX CTaHIVII HAIpPsAMYIO 3aBUCHT OT IIPaBMABHOTO pacdeTa pPa3AMYIHBIX DAEMEHTOB ¥ MeXaHIJIecKIX
IapaMeTpOB ITOPIIHEBbIX MaIlIVH.

3ajaya orpeseseHns Cna, AGMCTBYIOMIVX Ha KPMBOLIMITHO-TIOPIIIHEBbIe MeXaHM3MBI ITOPITHEBBIX KOMITpecco-
OB, BO3HMKaeT IIpU MCCAeAOBaHMM IIpoliecca TpeH!Us B pabounx opraHax, a Takke IIpU MccAeA0BaHuM KoAeDaTelb-
HOTO ABVDKEHI ABVDKYIIErocs: KOAeHJaToro Bada STOro KoMirpeccopa. Ilpu paboTte nopimesoro koMmpeccopa Ha Baa
OJHOBPEMEHHO BO3AEMCTBYIOT KPYTOBble KoAeOaHus 1 U3IMOHble KoaebaHys. [ToMnMo KacaTeAbHOTO HaITpsIKeHILs,
BBI3BAHHOTO KPYTSIIVM MOMEHTOM, B Pa3AMYHBIX CEKIVSIX KOJEHYaTOIO BaJa TakKKe BO3HMKAeT HOPMaabHOE
HarpsKeHue, BRI3BaHHOe M3rMOalonuM MoMeHTOM. Bee 9Tu HampsikeHMst HeOOXOAMIMO YYUTBIBATD A5 ITPaBUABHOTO
pacdeTa pe>krMa paOOTHI BaJa, TaK KaK OT DTVX HaIIpsDKEHUI 3aBUCHUT HajeXKHasl padoTa Baaa.Ilpu pabore roprmseso-
TO KOMITIpeccopa Ha Ba/l OAHOBPEeMEHHO BO3AeNCTBYIOT KPyToBble koAeDaHms 1 m3rnoHble Koaebanus. [Tommmo Kaca-
TeABLHOTO HaITPSIKEeH:], BHI3BAHHOTO KPYTAIINMM MOMEHTOM, HOpMaAbHOe HaIlpsKeHMe TakKe BBI3BIBaeTCs M3rmoaro-
IIIM MOMEHTOM B Pa3AMJHBIX CeJeHIsIX KOAeHUaToro Baja. Bce 9Tu HanpsbKeHMs HeOOXOAMMO YUUTHIBaTh AAsl IIpa-
BIABHOTO pacdeTa pabOTHI Bada, Tak KaK OT STVX HaPsKeHNUIT 3aBMCUT HajeXKHas paboTa Baaa.DTy yCAOBMS MOTYT
CO34aBaTh OIacHbIe HAIIPsKEeHIIs, KOTOPbIe MOTYT IIPMBECTH K IIOAOMKe IIaTyHa KOMIIPeccopa 1 KOAeHYaToro Baja.

PesyabraThl mccAeA0OBaHMA MOTYT OBITh ITOAE3HBI IIPY ITPOEKTUPOBAHMU M DKCIIAyaTallyy KOMITPECCOPHBIX
CTaHIIUI, MCITOAB3yeMBIX B HepTera3oBor OTpacAL.

Karouessie caosa: IToprrHesoit komiipeccop, koaebaHue, TBepAOCTE, Bad.

Giris

Neft-qaz senayesinde istifade olunan porgenli kompressorlarin nasoslarin fasilesiz ve
etibarli istismar1 tacriibs tigiin boyiik shamiyyst kasb edir. Kompressorlarda ve nasoslarda
mexaniki vo termodinamik hadisslarls bagh miirekkeb masalalarin dyranilmasi neft ve qazin
istismar1 vo naqlinin dayanighigiin artirilmasi masalalerini hall etmaye imkan verir. Kompres-
sor-nasos stansiyalarinin semaraliliyinin ve dayamiqhigimin artirilmasi birbasa miixtelif element-
lorin diizgiin hesablanmasindan ve porsenli masinlarin mexaniki parametrlarinden asilidir.

Pistonlu kompressorlarin krank-porsenli mexanizmlarine tasir eden qiivvalarin tayini prob-
lemi isci hissalerds vibrasiya prosesinin dyrsnilmasi, hamginin bu kompressorun hareket edan
dirsek valmin ragsi hareketinin Oyrenilmasi zamani yaranir. Porgenli kompressorun dirsakli
valinin ayilma ragsine hesabi, xiisusi ayilma ragsinin tezliyinin ve bu tezliyin valin tasirlondirici
tezlyi ilo miiqayisesi veo hamginin valin an tohliikali kasiklorinds slave ayilme garginliklorinin
hesabi ilo baghdir. Bu sartlor valin miixtslif kasiklorinds firlanma momentdan yaranan toxunan
gorginlikden basqa, syilme momentindan yaranan normal garginlik de yarada biler. Valn is
rejimini diizgiin giymaklandirmak {igiin biitiin bu gerginliklari nazars almaq lazimdir, bels ki,
valin etibarli isi, bu gerginliklorden asilidir.Bu isds, is prosesini miisayist eden asas amillor
nazars alinmagqla, porsenli kompressorun valina tesir eden garginliklor onun xiisusi xiisusiyyat-
lori baximindan miisyyan edilir. Dirsakli valin ayilme raqsi kompressorun vali boyunca detal-
larin titromasindan(vibrasiyasi) de yaramnr.

Tadgigatin naticslari neft-qaz senayesinds istifade olunan kompressor stansiyalarinn layi-
halendirilmasi ve istismari ti¢iin faydali ola bilar.
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Pistonlu masinlarin is¢i parametrelarinin tahlili

Porsenli kompressorlarin ,carxqolu-dirssk mexanizmins tesir eden firlanma tayin edilmasi
mosalasi isci hissalards vibrasiya prosesinin dyranilmesi, hamginin bu kompressorun harekat edan
krank valinin ragsi harakatinin dyrenilmasi zamani yaranir. Gostarilan gerginliklar kompresso-
run zaman fasilasinds, diskin periodik dayisen firlanma momentinin smale getirirdiyi macburi
ragslor vala miiayyen tesirlor gosterir.. Bu rogsler valin materialinin yorulmasima sebab olub ki,
bunun da naticesinde onun qirilmasimna sebeb ola bilir. Gosterilen bu gartlor kompressor krank
saftimin qirilmasina sabab ola bilacak tehliikali garginliklar yarada biler Ovvalce, valin firlanma
ragsinin tasiri altinda yaranan toxunan garginliyin qiymsetini teyin edirik. Gosterilon amillarle
proses dord yers boliinersak aparilir.1.Valin firlanma ragsinin tesiri altinda yaranan toxunan
gorginliyin qiymeatini , 2. Valmin hissalerinin elastiklik qiivvesinin momentini , 3. Kompressorun
firlanma raqsi harakati zamani ekvivalent disklarin dénmae bucaglarmni.

Pu

s iy

9y
/

Sakil 1. Pistonlu kompressorun indigator diagramu.

Miixtalif konstruksiyali masinlarda CSM-o tesir edon garginliklorin toyini asagidak: islarde
gormoak olar [2,3]. Yuxarida geyd olunan islords pistonlu kompressorlarin is prosesi biitiin asas
amillor nazare alinmagqla tam Oyrenilmisdir. Taklif etdiyimiz metodologiyada kompressorun
dirsek valinin isini tomin edan biitiin asas amiller ds nazara almmugdir [3 — 12].

Bu diaqramlardan istifads edsrek kompressorun isloma prosesinin xarakterik noqtelerinde
faza acilarmi tapacagiq.l. Ovvelco, valin firlanma ragsinin tesiri altinda yaranan toxunan
gorginliyin giymotini toyin edirik.Rezonans ragslerin amplitudasi zamari valin hisselarinda
toxunan goarginlikloari, uygun olaraq asagidaki formuladan istifade etmakls tayin olunur:.

— Meimax
Ty = L (1)

burada, Mg; pqx — valin baxilan hissslorinds elastik giivvesinin maksimal momentidir; Wy, — va-
Iin firlanma qiitb momentidir. Asagidaki ifadelorden istifade etmoklo valinin hissalorinin
elastiklik qlivvesinin momentini agagidaki formula ils teyin etmak olar:
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Moy = £Cii41 (@141 — 90) (2)

burada, C; ;41 — valin (i,i + 1) sahasindaki firlanma sartliyidir; ;44 ve ¢; —i-ci vo i+I-ci kiitle-
larinin ragsi bucaq ampitudasidir.

Asagidaki ifadoleri istifads edarak,

(c; — Jos2w?)Ays + i?bswByg — c; A1 =0

—i?bswAyg + (¢; — Jos?w?)Bys — ¢;B1s =0

—C1Aps + (€1 + ¢ — J152w?) A5 — A5 = ags (3)

—c1Bos + (€1 + €3 — J18?w?)Byg — ¢3B55 = by

= A1 + (c3 — J,52w?) Ay = ay

=3B + (€3 — J25%2w?)Byg = byg

Noaticoda bu sistem tonliklorin hall etmokls machul amsallar: toyin edirik.

_ Agos . _ Agos
AOS A IBOS A

_ Qs _ Dpis
A =24sp 0

_ Dazs | _ Dpas
AZS A IBZS A

(3) sistem tonliklorini holl edorak, Ags, Bos, A1s, B1s, A2s Vo By machul amsallarmi toyin
etmok olar

Ovvalco, asagidaki (1.4) barabarliyindon kompressorun firlanma roqgsi haroketi zamani
ekvivalent disklarin ¢, ¢; vo ¢, donms bucaqlarmi, sonra iss bu diskler arasimndaki hissalerda
C1 (91 — ®o) vo C; (@, — 1) firlanma momentlorini toyin eds bilorik.

@o =Dy + Z(AOS cos swt + By sin swt)
@1 = Dy + Y(Ay5 cosswt + By sinswt) (4)

@, =D, + Z(AZS cos swt + By sin swt)

burada,
DO = 0

1 L
Dy = __(l @ — Mo — _Msijrl)
c l

1/ Ly 1/ Q10
D, = _a [-a— Mg _TMsijrl _a(l * @ — Mgiro — Mgir1 — Msiro +T)

(@i — Po)max Vo (92 — ®1)max maksimal giymatlarini toyin etmak ti¢iin ¢, ¢, vo ¢, don-
msa bucaglarmin, s=1,2,3,....18 ardicillig ile ¢arxqolunun ¢ dénms bucagindan asih olaraq qrafi-
kini qurmaq lazimdir.

Qrafikden 2.den goriiniir ki, carxqolunun dénms bucagi ¢ = 25° olduqda, (91 — @¢)max =
0.005, carxqolunun dénms bucag ¢ = 65° olduqda, (¢, — ®1)max = 0.005 olur. Onda, valin
hissasinda elastiklik qiivvesinin maksimal momentloari:

M; max1 = C1(@1 — 90)max = 28.03-10°-0.005 = 14015 Nm
Mg maxz = C2(02 — ®1)max = 26.91-10° - 0.005 = 13455 Nm
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LY

M, (&)
M)

—20 40 60 0~ 120 44D 460 480 200 220 240 260 ~~— 300 320 340 360 ¢

Sakil2. Vala tasir edon momentin dirsok valin @ donma bucagindan asilliq qrafiki

Valin hissalarinda(valin I sahasi {igiin) Mg 41 momentindon toxunan garginlik:

 Meimer 14015103

Ty = = = 41.3276 MPa
y1 Wy 3.14-1203/16

Valin hissalarinds(valin II sahasi tigtin) M} 1451 toxunan garginlik:

o Metmars _ 13455 - 103
y2 Wy 3.14-120%/16

= 39.6762 MPa

Valin hissalarinda(valin I sahasi tigiin) My 1,4, statik momentinden toxunan garginlik:

Mymax 63000
Tel = = = 18.582 MPa
T W T Wy

Valin hissalarinde (valin II sahasi {iglin) M, 4, statik momentindon toxunan gorginlik:

My max 55903.75
Tep = = = 13.5361 MPa
¢z VVfLr WfLr

Bu hesabatlar gostorir ki, valin dinamik hesabatindan alinan garginlik, valin moéhkemliya
statik hesabatindan yaranan goarginlikden bir neg¢o dafs boyiikdiir. Masalen, valin I sahasinde

dinamik hesabatindaki toxunan garginlik vz _ 223270 _ 2.23 dofe, I-sahasinde 22 = 2°7°2
Tc,  13.5361

Tcy  18.582

2.93 dafo statik hesabatdakindan boytikdiir.

Indi valin ayilms ragsinden yaranan gorginliyin tayinins baxagq.
MBalumdur ki, ayilms sartliyi asagidaki formula ilo hesablanir:

c= 3EJj-(a+b) (5)

a2-p?
burada, E = 0.215 - 10® N/mm? - valin materialmin elastiklik moduludur; | — valin en kasiyinin
otalot momentidir; ] = wd*/64 ; a ve b miivafiq olaraq sol ve sag dayaglardan olan mesafodir; / —
dayagqlar arsindaki masafadir, I=a+b.

Valin materialimin elastiklik qiivvesi asagidaki formula ile hesablanur:
P=c-A(6)
burada, A - yerdayismadir, ayilma raqgsindan tapilir.

Bu hesabatlardan goriiniir ki, maksimal ayilme garginliyi kompressorun valin II sahasinda
alinur.

Valin I'I-ci sahesinde yekun garginliyi toyin edak:

0= |02+ 412 =/72.992 + 4-39.67622 = 107.8 MPa > [¢] = 100.0 MPa
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Bu baximdan, dinamik hesabatlardan alian gerginlik tohliikslidir ve kompressorun valinin
qurilmasia sebaeb olur.

Hesabatlar gosterir ki, posenli maginlarda ¢arx qolu mexanizmlarindes firlanma ve ayilme
rogslorinde nazars alinmalidir, hansi ki, bu, diizgiin statik hesabatlar1 aparilmis bels vallarin tez-
tez qirilmalarma sebab olur.

Noaticolor

Pistonlu kompressorlarin valin moéhkemlik analizi naticesinds valin hissesinde elastiklik
qiivvesinin , maksimal momentlori giymatlorinin hesablanmast islonib hazirlanmigdir.

Ikitosirli silindrli ve boru kemarli porsenli kompressorlarin real is prosesinin valin hissale-
rinda(valin I ve I sahasi {igiin) M,;  momentinden toxunan gorginlik Mpa hesablanmigdr.

Valin hissolorinda(valin II sahesi tligiin) M, toxunan gorginlik nazerdon kegirilmis vo .
Struktur ve dinamik analiz kompiiter proqramlarinda da aparilmigdir. Bu isde valin toxunan
gorginiklori vo valin ragsi hareket zamani yerdayismalar tohlil edilir. Porsenli kompressorda
posenli maginlarda ¢arx qolu mexanizmloerinds firlanma va ayilma ragslerinds nazere alinma-
lidir, hansi ki, bu, diizgiin statik hesabatlar1 aparilmamuis bels vallarin tez-tez qirilmalarina sabab
olur.Alinmis naticalarini tahlil edarak, bu masinlarin istehsali ti¢iin hansi handasi vo dinamik
parametrlorin davamli olmasi qorara alinir. Tedqgiqatin naticalari neft ve qaz senayesinds istifads
olunan kompressor stansiyalarmnmn ve boru kemeorlarinin layihslondirilmasi ve istismar {igtin
faydal1 ola bilar.Pistonlu kompressorlarm valin mohkemlik analizi naticasinde valin hissasinde
elastiklik qlivvesinin maksimal momentloari tasir etdiyi toyini tisulu islonib hazirlanmisdir.
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Mogalads UOT va PACS kodlar1 gostorilmolidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadgiqat metodu

Tadqiqat isinin miizakirasi vo onun naticolori,

Istinad odobiyyat: rus dilinde oldugu halda orjinal dili métorzs icorisinda gdstarmoklo yalmz Latin olifbasi
ilo verilmalidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyystdo vo moatn igarisindo olmalidir. Sakil,
rosm vo grafiklorin yazilart onlarin altinda yazilmalidir. Cadvellords basliq cadvalin iistiindo yazilmalidir.

Manbalor moatn icorisindo kvadrat motorizo daxilindo gdstorilmoklo moqalonin sonunda motn daxilindoki
sira ilo diiziilmalidir. Eyni monbays iki vo daha cox istinad edildikds avvalki sira say1 saxlanmaqla miivafiq
sohifolor gostorilmolidir. Masalon: [7,s0h.15].

Odobiyyat siyahisinda verilon har bir istinad haqqinda molumat tam va doaqiq olmalidir. istinad olunan monbanin
bibliografik tasviri onun ndviinden (monoqrafiya, darslik, elmi moqalo va s.) asili olaraq verilmalidir. Elmi mo-
qalalera, simpozium, konfrans, va digor niifuzlu elmi todbirlerin materiallarina vo ya tezislorina istinad edarken
maqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbgqala: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, VVol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Balka, 01-03 Noyabr, 2007, ss 384-391

Maonbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sohifo ol¢iilori: listdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boylikliiyiindo, Palatino Linotype yaz tipi ilo vo tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Maqalsnin nagre taqdimi agagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisllif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
tarafindan ¢apa toqdim oluna bilar.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Makine ve endiistri miihendisligi” onceler yayimlanmamus orijinal
calismalari ve yazarin kendi arastirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler Ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin baslig1, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig1 dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her {i¢ dilde yazilmis 6zeti birbirinin ayn1 olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az ii¢ sdzciikten olusmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugsmalidir:

Giris,

Aragtirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gostermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun {iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde koseli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
muracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gosterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A 1. Appligation of Information-Communication Technologies
in Science and education. Il International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Balka, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tst: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto bilyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal aragtirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri génde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana génderilir.

Uzmanlarm tavsiyelerini dikkate almak icin makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan génderilen ve yayimlanacak olan makaleler igin,(derginin kendilerine gonderilmesi za-
mani posta karsiligr) 30 ABD Dolar1 veya karsiligi TL, T.C. Ziraat Bankasi/Uskiidar-Istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.



ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - MexaHnueckue 1 IIPOMBILILIEHHOIO CTPOUTEALCTBA ITYOJIHKYeT
OpUrHHAIBHBIC, HAYYHBIC CTAThH U3 00JIACTH HCCIICOBAHMS aBTOPa U PaHee HE OITyOIHKOBAHHBIE.

Cratbu TIPUHUMAIOTCS Ha AHTJIMMCKOM SI3BIKE.

Pykomucu IOMKHBI OBITH HabpaHsl cornacHo nporpammbl Microsoft Word u oTnipasieHsl Ha 371€KTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HasBanue cTathy, UMs ¥ (haMIIIKs aBTOPOB
Mecto paboThI

DICKTPOHHBIN aJipec

AHHOTAIMS ¥ KITFOYCBBIC CJIOBA

3ary1aBue cTaTbH IHILIETCS JUISL KOKIOM aHHOTAIINH 3arIaBHBIMHU 6yKBaMI/I, KUPHBIMHA 6yKBaMI/I M pacriojiara-
€TCA IIO LICHTPY. 3arnaBue u aHHOTaluu JOJIXKHBI OBITE MpPCACTAaBJICHBI HA TPEX A3BIKAX.

AHHOTAIMSA, HAIUCAHHAS HA SI3bIKE MPECTABICHHOM CTaThH, TOKHA coaepkath 100-150 ciioB, HaOpaHHBIX
mpudrom 9 punto. Kpome TOro, mpencTaBisioTcs aHHOTAMK Ha OBYX APYTHX BBINIEC YKA3aHHBIX A3bIKAX,
MePEeBO KOTOPBIX COOTBETCTBYET COJIEPKAHIIO OpUrnHaia. KiroueBbie cloBa JOMKHBI ObITh MPECTABICHBI
MOCJIE KaXK/I0M aHHOTAIIMU HA €T0 SI3bIKE M CO/ICPXKATh HE MEHee 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

[IpencraBneHHbIE CTaTbU JOJKHBI COJEPIKATh:

BBenenue

Mertoj ucciaen0BaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccputaroress Ha paboOTy Ha PYCCKOM sI3bIKE, TOTJA OPUTHMHAIBHBIA SI3bIK YKa3bIBACTCSA B CKOOKaX, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ayihaBUTE.

PucyHKH, KaDTHHKH, TPAQUKH ¥ TAGIUIbI JOJDKHBI OBITh YETKO BBIIOJIHEHBI U pPa3MeleHbl BHYTPH CTaThU.
INoxnwcu K prCyHKaM pa3MENIaloTCsl MO PUCYHKOM, KapTHHKON min rpaduxoM. HazBanue TaOmwipl mumeTcs
HaJ TaOJINIEN.

CchIIKY Ha HICTOYHUKH JJAIOTCS B TEKCTE NU(PPOH B KBaJPaTHBIX CKOOKaX M PACIOIaraloTcs B KOHIIE CTaTbU
B HIOPAIKE IUTHPOBAHUS B TeKCTe. ECiM Ha OIMH M TOT K€ MCTOYHUK CCHUIAIOTCS /1Ba M Oojiee pa3, HeoOXo-
JUMO yKa3aTh COOTBETCTBYIOILIYIO CTPaHHILY, COXpaHssA MOPSIKOBBIN HOMep IuTHpoBanus. Hanpuwmep: [7,
ctp.15]. bubnuorpadudeckoe onucaHue cchUIaeMOi JTUTEPATYPHI TOKHO OBITH MPOBEIEHO C yYETOM THIIA
HCTOYHUKA (MOHOTpadus, yaeOHUK, HayuHas cTaThs  1p.). [Ipu cchlike Ha HAYYHYIO CTaThiO, MaTEPHUAIIBI CHM-
MO3uyMa, KOH(PEPEHIIMH WM JIPYTHX 3HAUMMBIX Hay4YHbBIX MEPOIPHUATHH JIOJDKHBI OBITh yKa3aHbl Ha3BaHHE
CTaThH, TOKJIQJa WK Te3Hca.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knuza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies
in Science and education. 1l International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, ss.384-391

Cnmcok MUTUPOBAHHOW JUTEpaTypsl HabupaeTcs mpudtom 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaga 2.5. Tekcr nedaraercs mwpudrom Pala-
tino Linotype, pasmep mpudra 11 punto, uHTepBan-oanHapHbli. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHBIN 00BbEeM OPUTHHAIBHON CTaThH, KaK IPABUIIO, HE TOJDKEH MPEeBHIIATh 15 cTpaHu.

Hpe)ICTaBJ'IeHI/Ie CTaTbH K IMCYATU NPOU3BOJUTCA B HUKEC YKA3aHHOM MOPSAIKE:

Kamaaﬂ CTaThs NOCBIJIACTCS HE MCHEEC JIBYM 3KCIICpTaM.

CTaThs IOCHLIACTCS aBTOpY JIA ydeTa 3aMeYaHul OKCIICPTOB.

CTaTBH, IoCJie TOr0, KakKk aBTOP Y4Ye€J 3aMcHaHHA SKCHIEPTOB, peHaKHI/IOHHOﬁ KOJUIeruei JKypHajia MOXCT
OBITH PEKOMECH/IOBAHa K Ie4YaTu.
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