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POLAD-KESTAMID SURTUNMO CUTLORININ TRIBOLOJI
XARAKTERISTIKALARININ EKSPERIMENTAL ANALIZI
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humirzeyev@beu.edu.az

XULASO

MBaqalada polimer asasli vo polad materialdan ibarat siirtiinma ciitlorinin siirtiinme va yeyilma smaqlarinin
naticalarine gore onlarin triboloji xatakteristikalar1 tadqiq olunmus ve analiz edilmisdir. PTFE polimer kompozi-
siya materialinin Kestamid adli i¢ noviiniin tripoxarakteristikalar1 dyronilmisdir. Pin-disk siirtiinme masininda
aparilmis sinaqlar zamanu siirtiinme amsalinin ytik, siirat, siirtiinma yolu ve zamandan asili olaraq deyismasi tod-
qiq edilmis ve yeyilma miqdari, intensivliyi toyin edilorok bu név siirtiinma ciitlarinin tetbiqi imkanlar1 arasdiril-
mugdir.

Agar sézlar:siirtiinms, yeyilms, siirtiinma amsali, yeyilmo miqdari, yeyilma intensivliyi.

EXPERIMENTAL INVESTIGATION OF TRIBOLOGICAL CHARACTERISTICS
OF STEEL-POLIMER (KESTAMID) FRICTION PAIRS

ABSTRACT

In the article according to wear test results has been investigated tribological characteristics of friction pair
with polymer based and steel materials. The tribological characteristics of three types of PTFE polymer composite
material, which called as Kestamid has been studied. Using pin-on disc type tribo machine friction and wear tests
carried out and variation of the coefficient of friction depending on load, sliding distance and sliding time has
been investigated. The wear volume, the specific wear rate and wear loss was determined and possibility of
application of this type of friction pairs has been discussed.

Key words: friction, wear, COF, wear volume, specific wear rate.

1. Giris.

Metal-polimer siirtiinma ciitlorinin tatbiq sahsleri giinii-giinden artmaqdadir.Bu mate-
riallar artiq kiitlavi istehsal olunur ve asanliqla slds edils bilar [1]. Onlar qida sanayesinds,
moaigaatds, informasiya texnologiyalari masinlarinda genis tatbiq edilmakls yanasi, son illar
hatta masingayirma senayesinds, miixtalif masinlarda masalan, liftlarin qaldiric1 ve qapi hare-
kati mexanizmlarinin bazi hissslorinda do 6zlarins yer etmislor. Kifayat qodar yiikgotiirma
qabiliyyatine malik olmasi, sassiz islomasi, taleb olunan yiikgotiirma qabiliyyatini ve xidmat
resursunu temin onlarin tetbiqi imkanlarmi daha da artirir. Buna gors ds polimer-kompozit
materiallarla polad siirtiinmsa ciitlorinin tribotexniki xarakteristikalarmin tadqiqi miihiim prak-
tiki shamiyyat kasb edir.

Metal-polimer siirtiinma ciitlorinin siirtiinmo-yeyilma davranislarinin dyranilmasine son
illor xeyli tadqiqat islari hasr olunmusdur [2-10]. [3]-ds universal siirtiinme masinindan isti-
fada etmokls siirlisma yastiqlar: iizerinda aparilmis tacriibalar naticasinda siirtiinmo amsal
todqiq edilmis, ona yiikiin, yaglama materialinin ve valin firlanma tezliyinin tasiri dyranil-
misdir. [4-7] islorinds pin-disk siirtiinme magimindan istifades edilmakls metal-polimer stirtiin-
moa ciitlerinin triboloji xarakteristikalari, siirtinms amsali ve yeyilms miqdarmin yiikden,
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siirtlinma yolu masafesinden vo polimer-kompozit materialin noviinden asililifl genis tod-
qiq olunmusdur. [8]-da eksperimentin planlagdirilmasmin Taqugi metodikasindan istifade
edarak AISI 304 poladi {izerinds PTFE materialinin yeyilmso testi pin-disk qurgusunda apa-
rilmis vo xiisusi yeyilms intensivliyine siirtiinma masafosinin yiikiin ve siirlisma siiratinin
tosiri Oyronilmisdir. Malum olmusdur ki, siirlisma siiratinia nisbatan yiik vo siirtiinma mosa-
fosi siirtlinme amsalina daha shamiyystli tesir gosterir. [9]-da issa PTFE kompozit materiali-
nin siirtlinms ve yeyilmo xiisusiyyetlari quru siirtiinma garaitinds dyranilmisdir.

Goriindiiyli kimi polimer-metal siirtiinms ciitlorinin siirtiinms va yeyilma xiisusiyyatla-
rinin dyrenilmasina xeyli islor sarf olunsa da, onlarin demsak olar ki, hamisinda {imumi polimer
materiali 6yrenilmis, onlarm konkret novlarinin trivoxarakteristikalar1 aragdirilmamigdir.

2. Tadqiq olunan materialar.

Tadqiq olunmag iigiin seilmis materiallar Tiirkiyonin POLIKIM Polimer ve kimya Senaye
A.S. firmasindan teadariik edilmisdir. Osas material Kestamid adlanir. Adaten o sar1 rongda
olur. Amma firma sifaris esasinda qara ve ya dayisik renglarde ds istehsal eda biler. Kestamid
universal metal vo agac email dezgahlarinda asanligla emal edilir. Onun kimyavi maddaloare
davamlilig1 ¢ox yaxsidir. Kestamid tokma poliamid va ya tokmo neylon adlari ilo de taninir.

Kestamid aliiminium, mis, tunc, polad ve s. metallarin istifads edildiyi bir ¢ox sahalarde
onlarm avezedicisi olaraq tatbiq edils bilar.Yiiksek mexaniki vo istiliye davamlilia malik ol-
dugu ve demak olar ki, yaglama talab etmadiyins gore prokat dezgahlarinin, diyirlenms yas-
tiglarinin bazi elementlari iiglin ideal material hesab olunur. Homginin liftlorin kanat-blok
mexanizmloarinds, istiqgamatlondirici, basmaklarinda ve s. totbiq edils bilar. Yiiksok zarbas 6z-
liltiytine ve yeyilmays davamliliga, kigik siirtiinme amsalina ve iistiin mexaniki xassalars
malik bu material lift mexanizmlarinds, qaldiric1 qiillalerds, kanat yolarda ve hava xatlerin-
da polad kanatlarin bloklarinin; aliiminium ve metal profillarin istiqgamstlondiricilarinin; de-
miryollar1 ve qatarlarmin bir ¢ox hisselarinin istehsalinda sessiz iglomaesi, korroziyaya ugra-
mamasi sebebinden genis istifade olunur. Umumilikdds PTFE - politetrafluoretilen adlandi-
rilan kompozisiya asash bu polimer materialar son illar yeyinti, toxuculuq, masingayirma,
kimya, insaat, dari ve b.sanaye saholorinde metal materiallarin avezinde ugurla islodilmok-
dadir.

Polimer kompozisiya materiallarindan tekce yuxarida hazirlanan sahalards deyil ham-
¢inin mexaniki otiirmalarin digli ¢arxlarinin hazirlanmasinda istifads edilmasi masimin titra-
yigsiz va zarbasiz iglomasini temin eds bilar. Xiisusile kigik ve orta qiymetli firlanma moment-
lorinin 6tiiriilmasinda biitiin nov disli ¢arxlarin, siirlisma yastiglarmin, oymaqlarin va s. detal-
lar hazirlanmasinda yiingiil vo ekonomik olan u materiallardan ugurla istifade etmak olar. Bu
materiallarin siirttinms clitlorinds tatbiqinin asas shamiyyati ondan ibaratdir ki, ¢ox kigik siir-
tiinma amsalin1 tomin edir ve yaglanma tsleb edilmir. Polimer siirtiinms ciitlarinin titrayisli,
zarbali yiiklarin oldugu sahslards tetbiq etmak ds ¢ox faydahdir, bels ki ¢ox yiingiil va elastik
olan bu materiallarin zarbslari udma, ragsleri sondiirma yeni amortizasiya qabiliyyeti de ¢cox
yliksokdir.

Metala nisbatan giymati ¢ox ucuz olan, asan qurasdirilan, demak olar ki texniki qulluq
tolob etmayan polimer kompozisiya materiallarinin galacayin asas konstruksiya materiali ola-
cag1 artiq sitbha dogurmur. Bu materiallarinsaat, poligrafiya, tekstil, toxuculuq va s. masinla-
rimin hissslerinin, o ctimladen yastiglarin, diyircek ve bloklarin, disli ¢arx, mufta ve bagsmag-
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larin, nizamlama vintlari, Iovhalar, yonoaldici profillor; konveyer vo elevatorlarin bir ¢ox hisse-
larinin, diyirlonma elemntlarinin, tekerlarin va istenilen detalin prototiplarinin hazirlanmasin-
da genis istifade edilocokdir (Sak. 1).

Sak. 1. Polimer materiallardan hazirlanan detallar.

Materiali istehsal edan firmanin melumatlarina gors yeni texnologiyalardan istifads et-
mokle kestamidin zarbays davamlili: artirilmisg, siirtiinme emsali azaldilmig,daxili gerilma
vo goarginliklor azaldilmis, mexaniki olaraq daha asan islone bilme halina gatirilmis, dlgiilari
boyiidiilmiis, rong gesidi artirilmisdir. Bu ciir yeni kmateriali diinya standartlarinda miixtalif
forma va Ol¢iilords istehsal edilir.

Kestamid polimer materialmin miixtelif dolqularla zenginlasdirilmis bazi novleri asagi-

da verilmisdir:

Kestoil-yasil rongli, yaglayict dolqulu yastiq materialidir.

Kestlub—qirmizi rangli, qat1 yaglayic: dolqulu yastiq materialidir.
Kestamid HS—istiliyo davamlilig1 artirilmis materialdir.

Kestamid NT — gida ve derman istehsal1 tigiin tovsiye olunan materialdir.

Kestamid GRF-gratfitli, tozyiqe davamli yastiq materialidir.

Cadval 1-da bu materiallarin fiziki vo mexaniki xarakteristikalar1 verilmisdir.

Cadval 1. Bazi PTFE materiallarinin ISO standartlari {izrs sinaq naticasinde miiayyan
edilmis fiziki ve mexanikai xarakteristikalari.

Xarakteristikalar 1SO Olgii vahidi | Kestamid |Kestoil Kestlub Kestamid HS | Kestamid GRF
Rangi Sar1 Yasil Qirmizi Mavi Tiind boz
Xiisusi ¢okisi 1183 kq/cm?® 1150 1140 1150 1,15 1,15
Mexaniki xarakteristikalar

Dartilmada mohkamlikhaddi 527 kq/cm? 850 750 800 800 750
Elastik modulu 527 Mpa 4000 4000 4000 4000 4100
Qurilmada nisbi uzanma 527 % >20 >30 >20 >20 >20
Sixilmada mohkemlik haddi 604 kq/cm? 950 950 950 950 1050
Spxalma modulu 604 Mpa 2700 2500 2600 2700 3000
Zar?oa}.fa miiqavimot (Charpy, 179 kJ/m? Qurilmadi  |Qurllmadi | Qirlmad: | Qirilmad Qirilmadi
kosiksiz)

E;’;?ke]’iy)a miiqavimet (izod, 180 |K/me 56 6 6 56 5
Siirtiinme amsali (Dinamik) 0,39 0,15 0,08 0,39 0,15
Yeyilmo siirati mg/km 0,44 0,11 0,02 0,44 0,20
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Termiki xassalori

Orime temperaturu °C 220 220 220 220 220
z;“;‘e‘r’;zfiaﬂl maksimal iglomo °C 110 110 110 125 115
g;";:;:i‘izﬂ‘ maksimal iglomo °C 170 170 170 185 175
Istiden genislonma amsalt 11359 |°C! 8x105 8x105 8x10° 8x10° 8x10°
Elektrik xassalari

Dielektrik sabiti 60250 37 3.7 3.7 37

Dielektrik miigavimati 60243 |kV/mm 25 25 25 25

Hoacmi miigavimet 60093 |Q.cm >1014 >1014 >1014 >1014

Sothi miiqavimat 60093 |Q >1013 >1013 >1013 >1013

3. Eksperiment
3.1. Sinaq qurgusu va tartibatlar

Metal-polimer siirtiinms ciitlorinin siirtiinmoe-yeyilma sinaqlar: mil-disk (pin-on disc) tipli
siirtiinme masminda aparilmisdir (Sok.2). Diskin materiali poladir, pin ise todqiq olunan Kes-
tamid, Kestoil voKestlub adli polimer materiallardan torna dezgahinda emal edilarak diizal-
dilmisdir. Onlarin diametral 6l¢iisii toxminan 8 mm, uzunlugu ise 12-15 mm olmusdur. Pin-
lar oymagq vasitesila pin saxlayic1 millers adgeziya birlosmasi (502 markali yapicqan) vasite-
sila birlosdirilmisdir (Sak. 3). Polad diskin xarici diametri 160 mm, siirtiinma soathinin orta
barkliyi 60 HRC olmusdur.

Tacriibe zamani polad disk elektrik miiharrikinden pazvari qayis otiirmaesi vasitasile ali-
nan sabit stiratls firladilmais, pin ise tarpenmaz vaziyystdes saxlayici tertibatin komayi il tatbiq
edilen xarici qiivve ile diske sigilmisdir. Pinin saxlayici mili xiisusi tartibat vasitesile qurgunun
konsol tirins barkidilmisdir. Masin isladikds stirtiinma qiivvesinin tasirinden konsol tir oyna-
g1 atrafinda miiayyon godoar donarak yiik tenzovericisine toxunur. Bu zaman yaranan stirtiin-
mo qiivvoesi Olgiiliir vo elektrik signallar1 gliclondirilorak kompiiters Stiiriiliir vo xiisusi prog-
ram vasitasilo yazilir.

ilkin agirhq

Yuk tenzovericisi

Yuklama tartibati

Polad disk

Sok. 3. Pinlarin saxlayic1 millars barkidilmasi
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3.2. Tacriibanin aparilma metodikasi.

Hor bir tacriibeys baglamaq {iclin 6nce simnaqdan kegirilon niiminalor segilir. Pinlorin sothi
sumbata kagiz1 tizerinde pardaxlanaraq diizaldilir, bu pinin biitiin sathi ilo diskin {izerine
otlirmasi {ictin vacibdir. Qeyd etmok lazimdir ki, bu proses na goder ugurla aparilsa da, pinle
diskin sothi miiayyen kalokétiirlitys malik oldugu tiglin real kontakt sahasi nominal kontakt
sahasindan kigik olur. Har bir sinaq niimunasi elektron tarszids ¢okilarak sinaga ugradilma-
dan 6nce onun kiitlesi teyin edilir. Sonra miisyyan rejim ve parametrlarls sinaq aparilir, sinagm
sonunda niimunanin kiitlesi yenidan olgiilarak kiitla yeyilmasi hesablanilir: Am = my, — m, bu-
rada my-niimunanin smaqdan 6ncaki, m-smaqdan sonraki kiitlasidir, mqr. Sonra hacmi yeyil-
mo hesablanilir:

AV = (m, —m) -y, mm53, 1)
burada, V-hacmi yeyilmenin miqdari, mm3; y- materialin sixligidir, qr/cm3.
3.3. Eksperimentin planlasdirilmasi va modelasdirilmasi metodikasa.

Eksperimentin planlagdirilmasi ve modellagdirilmesi Taquci metodu ile aparilmigdir. 2%
(k=3)-modelli 3 faktorlu eksperment Minitab 17 statistik proqraminin kémayi ile planlasdiril-
mis, L27 seriya {izrs, yoni 27 smaq aparilmigdir. Sonda slave olaraq 3 dogrulama smag: da
yoxlama magsadi ilo yerina yetirilmigdir. Idars oliunan faktorlar kimi yiik, siirtiinme mosa-
fosi ve materialin novii secilmisdir. Stirttinma masafasi bir tacriibonin davametma miiddatin-
dan vo polad diskin firlanma tezliyinden asil1 olaraq hesablanmisdir.:

§=10"®-m-D-n-t, km ()
burada n- diskin firlanma tezliyi, doq*; D - diskin {izerinds pinin cizdig1 gevranin orta diametri,
mm; t - tacriibanin aparilma miiddstidir, dagq.

Siirtlinma mosafesini diskin ¢evravi siiratinden (v, m/s) asili olaraq da hesablamagq olar:

§=006-v-tkm (3)

Yeyilmo intensivliyi gat edilon siirtiinms yolu arzinds tadqiq olunan materialin itirilmis
hacmins gore tayin edilmisdir:

AV 3

Jy =% 4)

Xiisusi yeyilmo intensivliyi olaraq vahid ytikiin tesirinden, vahid siirtiinma yolunda iti-
rilon materialin hacmi gotiirtilmiisdiir:

Am mm?3

Ky = ©)

S pFS’ Nm

Burada Am - sinaq miiddstinds niimunanin yeyilme naticesindas itirdiyi kiitls (g7), 0 — smag-
dan kegirilon materialin sixlig1 (qr/cm?), F — totbiq edilen yiik (N) and S - siirtiinma yolunun
uzunlugudur (m).
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3.4. Tacriibalarin naticalari vo onlarin analizi

Smagqlarin ve hesablamalarin naticalar cadvel 2-da verilmisdir.

Cadval 2. Metal-polimer siirtiinms ciitlorinin triboloji stnaglarinin naticalari.

Eksp. | Yiik, | Zaman, | Siirat, . ilkinkiitla, | Sonra kiitls, | Yeyilma, . Yeyilmoaintensivliyi, | Siirtiinmayoluy,

No,L | N daq daq?! Material qr qr mqr Yeyilms, mm? mm?/km km
1 20 20 160 | Kestlub 22.8017 22.8016 0.1 0.087 0.020 4.423
2 20 20 135 | Kestamid | 20.933 20.933 0 0.000 0.000 1.2
3 20 20 80 Kestoil 19.0356 19.033 2.6 2.281 1.901 1.2
4 20 40 160 | Kestlub 22.8009 22.8008 0.1 0.087 0.020 4.423
5 20 40 110 | Kestamid | 24.3978 24.3976 0.2 0.174 0.072 2.4
6 20 40 160 | Kestoil 22.9633 22.9591 4.2 3.684 1.535 2.4
7 20 60 160 | Kestlub 22.8 22.7998 0.2 0.174 0.039 4.423
8 20 60 80 | Kestamid | 24.3976 24.3974 0.2 0.174 0.048 3.6
9 20 60 80 Kestoil 19.0333 19.0328 05 0.439 0.122 3.6
10 40 20 135 | Kestlub 24.0166 24.0162 0.4 0.348 0.093 3.726
11 40 20 160 | Kestamid | 24.3974 24.3966 0.8 0.696 0.580 12
12 40 20 135 | Kestoil 22.959 22,9554 3.6 3.158 2.632 1.2
13 40 40 135 | Kestlub 24.0162 24.0161 0.1 0.087 0.023 3.726
14 40 40 160 | Kestamid | 25.0447 25.0446 0.1 0.087 0.036 2.4
15 40 40 110 | Kestoil 22,9168 22.9165 03 0.263 0.110 2.4
16 40 60 135 | Kestlub 24.015 24.0145 05 0.435 0.117 3.726
17 40 60 135 | Kestamid | 24.366 24.3646 1.4 1.217 0.338 3.6
18 40 60 110 | Kestoil 26.5496 26.5487 0.9 0.789 0.219 3.6
19 80 20 110 | Kestlub 19.784 19.7836 0.4 0.348 0.115 3.036
20 80 20 110 | Kestamid | 24.3646 24.3634 1.2 1.043 0.870 1.2
21 80 20 135 | Kestoil 22.9555 22.9536 1.9 1.667 1.389 1.2
22 80 40 110 | Kestlub 19.7835 19.7834 0.1 0.087 0.029 3.036
23 80 40 160 | Kestamid | 24.3612 24.3609 03 0.261 0.109 2.4
24 80 40 160 | Kestoil 22,9191 229181 1 0.877 0.365 2.4
25 80 60 110 | Kestlub 19.7834 19.7832 0.2 0.174 0.057 3.036
26 80 60 80 | Kestamid | 24.3633 24.3612 2.1 1.826 0.507 3.6
27 80 60 80 Kestoil 22,9182 22,9166 1.6 1.404 0.390 3.6

Tacriibanin naticslerinin orta statistik analizi naticesinde miisyyen edilmisdir ki, 40 daqige
arzinds tatbiq edilmis 46,7 N yiikls 2,4 km siirtiinms yolunda Kestamid adli materialin kiitls
yeyilmoasi 0,7 mqr, yeyilma intensivliyi iss 0,609 mm?3/km olmusdur. Eyni sertler daxilinds
Kestoil adli materiali iglin miivafiq olaraq 1,84 mqr ve 0,963 mm?km qiymatlori alinmisdir.
Belaliklo, miiayyan edilmisdir ki, Kestamid Kestoilo nisbaton 2,6 dofs daha ¢ox yeyilma
doztimlitytine malikdir. Amma bunu Kestlub adli material barade demok olmaz, bels ki, eyni
orta ylik vo zaman seraitinde amma 3,4 km siirtiinme yolunda aparilmus tacriibe naticesinda
Kestlub materialmin kiitle yeyilmasi 0,23 mq, yeyilmo intensivliyi isa 0,057 mm?®km olmusdur.
Yoni stirtiinms yolunun texminan 1,55 km artiq olmasma baxmayaraq Kestlub materialinin
yeyilma miqdar: orta hesabla 3 dafs az olmusdur.

Belaliklo, miiayyon edilmisdir ki, todqiq olunan polimer kompozisiya materiallarindan
yeyilmaya qarsi on doziimliisii Kestlub adli materialdir. Bu da onun terkibinds qati yaglayic
dolqularin olmast ile alagadardar.

Aparilmis smagqlarin sonunda polad diskin tizerinds yeyilmis Kestamid vo Kestoil polimer
materialimin izleri miisahids edilmisdir (Sok. 4.). Sar1 rangli izlor Kestamid adli materiala, yasil
rongli izlor isa Kestoil adli materiala aiddir. Daxilden ikinci izin qurmizi rongli Kestlub adli
materiala uygun ola bilar.
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Sak.4. Polad disk tizerinds tedqiq olunan materiallarin izlori.

0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35 =

0.3 \
0.25 ,I \/

0.2

0.15

0.1

0.05 Kestamid, 20 N
0 ———

0 50 100 150 200 250 300 350 400 450 500 550 600

Siurtiinma yolu, m

il

=Wl L JAY A
\ /1Y —If\\—

Siirtinma amsali

$oak. 5. Sriitiinms amsalimun siirtiinms yolu masafssindan asililig

Siirttinma-yeyilma tacriibalari naticesinds toplanmus statistik malumatlar asasinda stir-
tiinme amsalinin da dayismasi tadqiq olunmusdur. Sakil 5-ds bu tedqgiqatlardan birinin nati-
cosi kimi siirtiinma amsalini siirtiinms yolunun uzunlugundan asililiq qrafiki verilmisdir. Bu
qrafik Kestamid materiali ilo 20 N qiivvenin tasiri ilo aparilan tocriibaden miisyyen edilmis-
dir. Qrafikden goriiniirki, siirtiinme amsali orta hesabla demak olar ki, sabit qalir. Bels ki,
stirtiinma yolunun 600 m-a gadar artmasinda siirtiinme amsali ancaq 0,34-den 0,32-yo gadar
dayismisdir.

Bu da todqiq olunan polimer kompozisiya materiallarinin metal siirtiinms ciitlori ilo qar-
siligh alaqada kifayat qoader miisbat siirtiinma-yeyilma xaraketristikalarina malik oldugunu
gOstarir ve onlarin tatbiq sahslerinin genislenmasine imkan verir.



Hiiseyn 1. Mirzayev

Noatica:Aparilms tacriibalar vo hesablamalarla toplanilmis malumatlari iimumilesdirarak
asagidakilar1 geyd etmak olar:

1. Pin-disk qurgusu miivafiq materallarin siirtiinms vo yeyilma simaqlarinin aparilmasi
tiglin universal todqiqat magsmidir.

2. Kestamid polimer-kompozit materiallarin igorisinds yeyilmayo an doziimlii material
Kestlub, daha sonra ise kestamiddir.

3. Sirtiinmas amsalinin siirtiinma mosafssinden ve ya zamandan asililigini sabit gotiir-
moak olar. Bels ki, 600 m siirtiinma yolu masafesinds (taxminan 60 daqiqads) siirtiin-
mo amsali orta hesabla 0,32-dan 0,34-5 qodar doyigsmisdir.
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BIR MOHDUDIYYOTLI ARDICIL TIPROBOT
MANIPULYATORUN KiINEMATIK ANALIiZi

SULEYMAN SOLTANOV
Azarbaycan Texniki Universiteti
suleyman.soltanov@bk.ru
BAKI, AZORBAYCAN

XULASO

Toadgiqat zamani bir mahdudiyyatli ardicil tip robot manipulyatorun kinematik analizi aparilmisdir. Bu za-
man sintez edilmis robot manipulyatorun ¢ixis elementinin foza harokatliliyi A = 5, mahdudiyyatinin d = 1 olmas1
analitik olaraq tadqiq edilmisdir. Bir mahdudiyyatli robot manipulyatorun analizi zamani onun mahdudiyyatinin
qiymoti ve istiqameti askar edilmisdir. Baxilan robot manipulyatorun gripperinin alt fozada yerlosmis foza
trayektoriyasinin miisyyen edilmasi metodikasi hazirlanmis va totbiq edilmisdir.

Acar sozlar: kinematik analiz, son effektor, trayektoriya, siirat vo tacil, maehdudiyyat, koordinat.

KINEMATICAL ANALYSIS OF SERIAL TYPE ROBOT MANIPULATOR
WITH GENERAL CONSTRAINT ONE

ABSTRACT

During the research, the kinematical analysis of the serial type robot manipulator isinvestigated. In this case,
the spatial mobility of the executive body of the synthesized robot manipulator A = 5, the constraint d = 1 isinves-
tigated analytically. The number of the constraint and its direction for the robot manipulator with general constraint
one is revealed during the analysis. A methodology for determining the spatial trajectory of the gripper of the
robot manipulator in subspaceisprepared and applied.

Keywords: kinematic analysis, end effector, trajectory, speed and acceleration, constraint, coordinate.

KMHEMATUYECKUN AHA A3 POBOT-MAHUITY ASITOPA IIOCAEAOBATEABHOI O
CTPYKTYPAC OAHUM OI'PAHNYEHUNEM

AHHOTAL VS

B xosae mccaesosaHus mccaesyercs KMHeMaTUUYeCKUII aHaAM3 CepUITHOIO poOoTa-MaHmmyasTopa. ITpu
HTOM IPOCTPaHCTBEHHAs! MOABVKHOCTD VCITOAHNTEABHOTO OpTaHa CUHTe3MPOBaHHOTO pOOOTMaHUIIyAATOpa A =
5, orpannyenne d =1 nccaeayercs aHaAUTUIECKN. B Xoae aHaAM3a BBIABAAETCS YMCAO OTPaHUIEHNS U €TO HaIlpaB-
AeHMe AAs poOOTMaHUITyAATOpa C OAHUM orpaHudenueM. Ilogrorosaena u mpuMeHeHa MeTOAMKa OIIpeeAeHus
IIPOCTPaHCTBEHHOM TPaeKTOPUM 3aXBaTa pOOOTMaHUITyAATOpa B IIOAIIPOCTPaHCTBe.

Katouesble ca0Ba: KMHeMaTIIeCKIIl aHaAM3, KOHEYHBI 9(PPeKTop, TpaeKTopus, CKOPOCTh 1 YCKOpeHNe, orpa-
HIYeHne, KOOpAMHaTa.

1. GIRIS

Kinematik analiz aparmagq {i¢iin robot manipulyatorlarin qurulusu ve handasi formasi
moalum olmalidir. Tlkin marhalads bir mehdudiyystli robot manipulyatorlar sintez edilmisdir.
Tadgiqatin névbati marhslssinds SolidWorks proqramindan istifads etmekls bir mahdudiy-
yatli robot manipulyatorlarin modellari qurularaq analiz edilmisdir. Qeyd etmak lazimdur ki,
baxilan kompiiter proqrami (CAD va analiz) elektron laboratoriya olmagqla layihslendirilan
modellar vo onlarin analizinden alinan naticalarin real hayatda tatbiqi {i¢iin nazards tutul-
musdur. Analiz zamani malum olan dayisenlarle (miiharriklarls) son effektorun vaziyyeti
aragdirilir. Robot manipulyatorlarin kinematik tohlili trayektoriya, siirat va tocil analizlorini
shats edir.
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2. TODQIQAT METODU

flk 6nca tadqiq edilacok bir mehdudiyyetli ardicil tip robot manipulyatorun hisseleri onun
struktur sxemina uygun olaraqSolidWorks proqraminda hazirlanir ve bandlar arasinda me-
xaniki alagaler yaradilaraq yigimu tortib edilir. Sokil 1, a -da sfera — sfera kinematik ciitii tigtin
layihalandirilmis ikinci sinif bir mahdudiyyastli robot manipulyatorlarin 3D modellari tasvir
edilmisdir. 3D modeldan istifade etmaklo ¢ixis elementinin harakat trayektoriyas: sokil 1, b -
da gosterilmisdir.

a)

Sakil 1. Sfera — sfera kinematik ciitiiniin ¢evirilmasindan sintez edilmis ikinci sinif bir
moahdudiyyaetli ardicil tip robot manipulyatorun 3D modeli.

Cadval 1. Miihorriklar vo onlarin harokat tsikli

Rotary Motors | Start X | End X | Value | Rotary Motors | Start X | End X | Value
Motor 1 0 sec 5sec | 180 deg | Motor 4 0 sec 11sec | Odeg

5 sec 16 sec | 180 deg 11sec | 14sec | 60 deg
Motor 2 0 sec 5sec | Odeg 14 sec | 16 sec | 60 deg

5 sec 8sec | 40deg | Motor5 0 sec 14 sec | 0 deg

8 sec 16 sec | 40 deg 14 sec | 16 sec | 720 deg
Motor 3 0 sec 8sec | Odeg

8 sec 11 sec | 50 deg

11sec | 16sec | 50 deg

Robot manipulyatorun haraketi zamani bir ne¢s is¢i orqanlarin birgse haraketini temin
etmak lazim golir. Diiz kecid ile tohlil zamani yuxarida gosterilmis robot manipulyatorlarin
bandlerini haraket etdiren miiharriklarin hearakst miiddati (tsiklogram) ve yerdeayismasi
(taktogram) ilo yerino yetirilir. Baxdigimiz halda bes adad miiharrikden istifade edilmisdir
ki, onlarin xarakteristikalar1 cadval 1 va 3 -de gostarilmisdi. Miiharriklorin Cadval 1 vo 3 da
gostarilan naticalari robot manipulyatorun bandlarinin naticelari ile ekvivalentdir.

Robot manipulyatorun tutqacinin cizdig1 syri goriindiiyli kimi feza ayrisidir. Bu da 6z
novbasinds robot manipulyatorun tutqaciin fazada (1 = 6) harakst etmasi anlamma galir.
Baxdigimiz halda layihslondirilon robot manipulyatorun feza harakatliliyinin say1 A =5 -o
barabardir. Robot manipulyatorun bir mahdudiyyati iss d =1 onun bandlarinin oxlarim
birlogsmasindan alinan iki 0;ve 0, markazlarinden kegon oxun istiqamati tizra harakatinin
moahdud olmasi anlamina galir codval 2.
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Cadval 2. Cixis elementinin harakat trayektoriyas: boyunca A = 5 va d = 1 olmasi sati

I vaziyyat 1I vaziyyet 1II vaziyyat
:Axis 1 Axis1 Axis]

Cadval 3. Ikinci sinif robot manipulyator iigiin miiharriklorin yerdayisma, siirat,
tocil vo dartma parametrlorinin zamandan asililiq qrafiklori

Ne | Yerdayisma (deg) Siirat (deg/sec) Tacil (deg/sec2) Dart1 (deg/sec3)
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) 3 @00 i F 200 = f
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Cadval 2 -dan goriindiiyli kimi 0;va 0, markazlarinden kegan oxun istiqamatinda hara-
kot mahduddur. 0;va 0, moarkazler arasindaki masafe |04, 0,| = 146.68 -a barabar olmagqla
haraket zamani sabit olaraq qalur.

Toadqiq etdiyimiz robot manipulyatorun ¢ixis elementinin koordinatlar1 asagidak: cad-
voaldoe (443 koordinat {izra) verilmisdir ki, bu da 6z névbasinda robot manipulyatorun proq-
ramlagdirilmasi zamani tatbiq edils bilor Cadval 4. Trayektoriya boyunca baxilan harakat ko-
ordinatlar1 diger nov tadqiqat proqramlarma slave edils bilsr (.sldcrv va .exe genislonmaosi ilo)
ki, onlar1 tetbiq sahalerinden asili olaraq ferqlendirmak olar. Buna misal olaraq tibb, harb,
moisat, sanaye, kosmik tadqgiqat ve s. gostormak olar.
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Cadval 4. ikinci sinif robot manipulyatorun ¢ixis elementinin haraketi zamani koordinatlar:

Ne X(mm) Y(mm) Z(mm)
1 76.95 215.02 103.04
76.91 215.02 103.11
3 76.78 215.02 103.3
443 128.17 206.19 33.44

Tadqiq edilon bir mahdudiyyatli robot manipulyatorun ¢ixis elementinin X, y, z oxlari tizro
harakat trayektoriyasi gostarilmisdir gakil 2.

Trace Path

EX(mm) ® Y(mm) & Z(mm)

Sakil 2. Cixis elementinin x, y, z oxlari {izro harokat trayektoriyasi

Bu zaman ¢ixis elementinin koordinat baslangicindan maksimal ve minimal yerdoayis-
masi cadval 5 -da gostarilmisdir.

Cadval 5. Cixis elementinin maksimum ve minimum yerdayismasi

Displacement | X(mm) Y(mm) Z(mm)
max 76.95 205.54 128.83
min 129.55 218.15 102.96

Robot manipulyatorun harskati onun ii¢ parametri ilo xarakterizo olunur. Bunlar yol
(yerdayisms), siirat (bucaq siirati) va tacildir (bucaq tacili). Kinematik analizda baxilan robot
manipulyatorun tadqiqati zamani ¢ixis elementinin noqtenin xatti siirat va tacil, bandin isa
bucaq siirat ve tocil diaqramlart miiayyan edilmisdir. Ilkin olaraq ndqtenin xatti siiratinin va
tocilinin diaqramlaria baxaq sokil 3.

Novbati marhalada todqiq edilon robot manipulyatorun ¢ixis bandin bucaq siirati ve
bucagq tacili (sokil 4) vo kinetik enerjisi (sokil 5) analiz edilarak gostarilmisdir.

Plot3 [ <] Plotd B
% 168 g 7314 T
E125 Esam :
N = 1
T 84 2 3864 1
3 e 8o ] 18 ;
g 0 : § 15 utnsinn A, L¢ ‘l e “‘M‘n‘. -
= 0.00 1.60 3.20 4.80 6.40 8.00 9.60 11.20 12.80 14.40 16.00 E 0.00 1.60 320 4.80 6.40 8.00 9.60 11.20 12.80 1440 16.00
Time (sec) 5 Time (sec)
Sakil 3. Robot manipulyatorun tutqacinin ¢ixis néqtasinin xatti siirati ve xatti tocili.
Plot10 B o B
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Angular Accelerationt (deg/sec™]
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Sakil 4. Robot manipulyatorun tutqacinin bucaq siirati ve bucaq tacili.
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Plot12 B

=
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& 4
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Sokil 5. Robot manipulyatrun tutqacinin kinetik enerjisi
3. NOTICO

Bir mehdudiyyatli ardicil tip robot manipulyatorun kinematik analizi zaman tadqiq edilan
trayektoriyanin koordinatlar1 diger nov tedqgiqat proqramlarma slave edils biler (.sldcrv ve .exe
genislonmoasi ilo) ki, onlari tatbiq sahalarinden asili olaraq forqlandirmak olar. Buna misal ola-
raq tibb, harb, maisat, sanaye, kosmik tadqgiqat ve s. gdstarmak olar. Qeyd etmak istordim ki,
tibbda tatbiq edilon bu tip mahdudiyyate malik robot manipulyatorlarin sintezi, analizi va is-
tifadosi aktual mosalalordendir.
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SOBOKO OMOLO GOTIRON QABIRGALARLA
MOHKOMLONDIRILMIS, QRUNTLA TOMASDA OLAN
ORTOTROP SiLINDRIK QABIQLARDAN IBAROT ISTINAD
DiVARLARININ SORBOST ROQSLORI

D.S.QONIYEV

Azarbaycan Memarhq vo Insaat Universiteti

XULASO

Toqdim olunan maqalads Hamilton-Ostroqradskinin variyasiya prinsipi #sasinda qruntla dinamik tomasda
olan iki ortotrop seboke amals gatiren qabirgalarla méhkeamlandirilmis silindrik 6rtitkden ibarat istinad divarlari-
nin sarbast ragsleri tadqiq edilmis, rezonans tezliklori tapilmis ve xarakterik ayrilor qurulmusdur.

Acar sozlar: méhkamlandirilmissilindrik qabiq, istinad divari, rezonans tezliklari, ortotrop,qrunt, Pasternak
modeli.
CBOBOAHHVI TAHELL OPTOTPOITHBIX HNANHAPOB 3AIIINUTHBIX CTEH C CETBIO,
YKPEILIEHHOM CETEBOW PE3bEOM
PE3IOME

JanHas cTaTbsl IOCBAIEHA UCCAEA0BAHNIO OAHOM 13 AMHAMMYECKUX IIPOYHOCTHBIX XapaKTepPUCTUK-4aCTOThI
COOCTBEHHBIX KOAe0aHMI IIOATIOPHOM CT@HKM, COCTOSIIEN M3 ABYX OPTOTPOIIHEIX IIUAMHAPUYECKIX 000109eK, 3a-
IO/AHEHHBIX TPYHTOM M yCHAEHHBIX AVICKPETHO paclpeieAeHHBIMM IePeKPECTHBIMI CTEeP>KHEBBIMMU CHCTeMaMIL
pedep. Vicrmoansys sapuariuonsii npuHiunn ['ammasTroHa-OcTporpagckoro 4458 HaXOXKAEHMs 9acTOT KoaeOaHMIt
ITOATIOPHBIX CTEHOK ITOCTPOEHO YaCTOTHOE YpaBHeH!e, Hali4eHbI €T0 KOPHU U U3YYeHbIBAVISHYA (PU3NIECKUX U Teo-
MeTpUYECKUX ITapaMeTPOB, XapaKTePU3YIOLIUX CUCTEMY.

KaiodeBrble caoBa:mogKperi1eHHbIe I[UANHAPUYIECKIe 00010UKI,IIOAIIOPHBIE CTEHbI, Pe30HaHCHBIE YacTOTHI,
opToTpomnHas 000104Ka, TPyHT, MoJeas [Tacrepnaka.
FREE DANCE OF ORTHOTROPIC CYLINDER SHELTER WALLS WITH NETWORK,
STRENGTHENED WITH NETWORK RIB
ABSTRACT

This article is devoted to the study of one of the dynamic strength characteristics of the frequency of natural
oscillations of a retaining wall, consisting of two orthotropic cylindrical shells, filled with soil and reinforced by
discretely distributed cross-bar core systems. Using the Hamilton-Ostrogradsky variational principle to find the
oscillation frequencies of the retaining walls, the frequency equation was constructed, its roots were found, and the
effects of the physical and geometric parameters characterizing the system were studied.

Keywords: reinforced cylindrical shells, retaining walls, resonant frequencies, orthotropic shell, soil, Pasternak
model.

Giris. Nazikdivarl silindrik qabiglarin qovugsmasindan yaranan nazikdivarh feza kons-
truksiyalar: istinad divarlarinin asasini tagkil edir ve insaatda genis tatbiq olunur. Massiv de-
mirbeton istinad divarlarim nazikdivarh qabiglarla svez etmakls bosluqlu sistem almnir ve onun
dayanigligini artirmaq maqsadila bu bosluq qruntla doldurularaq, betona xeyli gonaat olunur.

Azarbaycan Respublikasi seysmik aktiv zonada yerlasdiyini nazars alsaq, bels konstruk-
siyalara dinamik qiivvalarin tasirini nazars almaqla sarbast ragslarinin tadqiqi, rezonans tez-
liklarinin tapilmasi boytiik praktiki shamiyyst dasiyur.
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Sabaka amala gatiran qabirgalarla mohkamlandirilmis, gruntla tamasda olan ortotrop
silindrik qabiqlardan ibarat istinad divarlarimin sarbast raqslori

Qeyd edoak ki, izotrop materialdan olan silindrik qabiglarin qovusmasindan yaranan
nazikdivarli foza konstruksiyalarindan ibarat istinad divarlarinin hesabati statik hal tigiin
yerinoa yetirilmisdir[1 — 3]. [1] isinda izotrop materialdan olan silindrik gabiqlarin qovusma-
sindan yaranan nazikdivarl foza konstruksiyalari istinad divarlarinin statik deformasiyalar1
Oyronilmisdir. [2] isinde miistovi deformasiya voziyyatinda olan {i¢ izotrop materialdan olan
silindrik oOrtiikden ibarat istinad divarlarinin hesabati verilmisdir. Masalanin halli adi diferen-
sial tonliklorin holline gotirilmis ve halli qurulmusdur. [3] isi temal kimi istifade olunan
izotrop materialdan olan silindrik gabiglarin divarla qovusma sartlerini qruntun sixilmada
vo siirlismada isini nezars almagla hesablama metodikasinin islonilmasina hasr olunmusdur.
V.Z.Vlasov asesrlarinda istinad divarlarinda ve hidrotexniki qurgularda ii¢ nazikdivarh faza
konstruksiyalarinda tetbigindon alde olunmus yiingiillosdirilmis istinad divarlarin otraf
denavar miihitlo alagada olmasi vo elastik asas tizorinds oturmasini nazars alan konstruksi-
yanin hesabatin1 vermisdir [4,5]. Elastiklik nazariyyasinds massiv istinad divarlarmin qrun-
tun tesirindan goarginlikli-deformasiya hallar1 trapes profilli kasik kimi otrafli dyranilmisdir.
Q.M. Muxadze [6] torofindon massiv istinad divarlarinin dabaninin 6lgiilerinin siniq arxa tilli
hal ti¢lin miivazinet, dayaniqliq ve mohkemlik sartlarindan tayin olunmasi verilmisdir.Z.V.
Tsaqareli [7] rasional profilli istinad divarinin minimal sahasinin teyini masalasini hall etmis-
dir. Epxov M. 1. [8] terafindan garginlik intensivliyin xarakteri barasinde bazi mehdudlagdir-
malar1 gobul etmakls silindrik qgabiglarin toxmini yiikgotiirma qabiliyyeti miioyyan olun-
mugdur.9dadi iisullarla, masalen sonlu farqlar tisulunu tatbiq etmakls massiv istinad divar-
larinin elastiklik nazariyyoesi ile hallari Q.Q. Msxiladze [9] terafinden verilmisdir.X.Q. Seyful-
layevin [10,11,12,13,14] elmi maqalalsrinds yatiq qabiqlarin kontur konstruksiyalari ils qovus-
ma moasalalari hall edilmisdir. Yatiq qabiglarin momentli nazariyyosinin diferensial tonlikle-
rinin ixtiyari sarhad sertlori daxilinds halleri qurularaq, miixtalif qovusma masalalorinin halli
verilmisdir. Bunlara misal olaraq diizbucaqli desikls zadslonmis 16vha va qabiqlar, ortoqonal
sobakali qabirgali qabiq ve lovhaler, konturunda qarisiq sarhad sartlari verildikde maesalale-
rin hallarini gostermak olar.

Tohlil olunan igler gostarir ki, méhkemlandirilmis silindrik gabiqlarin qovusmasindan
yaranan nazikdivarl istinad divarlarmin dinamika masalsleri 6z hallini tam tapmamaigdir.

Masalanin qoyulusu.Silindrik qabiqlarin potensial va kinetik enerjilarini yazaq [15]:

hR, au, \’ wWoou W by ( 09
9 = T_[j{blli (&j - 2(b11i +by, )Ea_ +?(b11| +2by, +b22') |:\2>22 [agj

W 08 1 du 88 au, Y 08 Y
-2(b,, +b, ) —=—+2b, ——— +b, +b | — | +
(b12| 22|)R2 66 b12| Rz 6X a@ 66i R [agj 66|(6X)

1agau}dxd0 (1)

]2 b

Buradai = 1 istinad divarlarini tagkil edan birinci silindrik qabiga, i = 2 ise istinad di-

K= 2R? (1 V2 )ﬁ

varlarmi tagkil eden ikinci silindrik qabiga uygundur (sokil 1); U;, &, W, - qabiglarmn yerde-

yismolari, R;, h.- uygun olarag, silindrik qabiglarm radiuslar1 ve qalinhqlaridir, b, b,,, b,
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b — ortotrop materialin asas elastikiyyat modullaridir vo koordinat oxlar1 istiqamatindoki

elastikiyyat modullar1 E;.E, , Puasson amsallar Vi1 Vo ilo asagidaki kimi ifads olunurlar:

b, = E, ‘b, = = b, = VaiEy _ Vi E, , §; — istinad divarlarin tegkil edan si-
to1- ViiVai 21— ViVai bo1- Vv 1=wvy,
lindrik gabiglarin sathidir.

Qruntun silindrik qabiglara tesiri (, (,;, 0, xarici qiivveleri ilo avez olunur. Bu qiivve-

larin noqtelarin yerdayismalards gordiiyii is

a3zld

=_Rj _[ (qxiui +qyi‘9i +0Q,;W, )dXd@ 2)
00

olar.

Mohkamlandirilmada tatbiq olunan millarin ve halqalarin tam enerjisini yazaq:

Sek.1.Qabirgalarla mohkemlandirilmis ortotrop silindrik gabiglardan ibarst istinad divarmin sxemi.

5 4 08, w. Y ow, w. ou. o)
H, -2 J. EiF % +E;F ﬂ"‘WJ' +E,F,; Yi _ Poi +
2 = 1 ay Ri X aXZ Ri2 Iz ayz R
K o ) 2 ) 2 ) 2 ) ) 2
+2 PiFj RiJ. . + . + s + D [ o dg, - 3)
j: 0 6t 6t 8t FJI at
147 au, oW, 829, 0P )
G 2 o _[ {Ekl Fkl ( a)l(( ) Ekl‘]ykl [ 8X > j Ekl‘]zkl [ axzk j GkIJkaz ( a; dX +

6u263.26W.ZJ.8¢.2
+ F ki ki + ki + Kpki Kpki
Zpkl klj‘ ( j ( at j ( at j Fki ( 6t

Nozards tutulur ki, ortiik ile gubuglar arasinda sart kontakt sortlori 6denilir:
U (V) = (X5, ) + (%, Y595 (0) = S (X, V) + Dy (X, y); Wi (%) =wi(x;, y);
0 =0, (X, Y); @i () = @1 (X;, ) h; =0,5h, +H}i' 4)

dx
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Sabaka amala gatiran qabirgalarla mohkamlandirilmis, gruntla tamasda olan ortotrop
silindrik qabiqlardan ibarat istinad divarlarimin sarbast raqslori

U, (x)=u (X, Yii ) + hki("l(xa Yii )’ 4i(X) = 19()(’ Yii ) +hge, (X, Yii )1
Wi (X) = W(X’ Yii )P () = @1 (X, ¥y, Pt (X) = 0, (X, ¥, ); hi = 0,5 + Hy;

(3), (4) ifadalarinda i = 1 istinad divarlarmi teskil edan birinci silindrik qabiga, i = 2 iso

9.

jir Vi
rilmads istifada olunan gubugqlarin yerdayismalori,Fj; — silindrik qabiga dairoavi istiqgamatdo

istinad divarlarin tagkil edan ikinci silindrik qabiga uygundur, U W;; - mohkamlondi-

barkidilmis j —ci gubugun en kasiklorinin sahsloari, Ej; — silindrik qabiga dairavi istiqamotda

J

kasiyinin agirliq markszinden kecon oxlara nazaran atalst momentloari, prji —burulmada

barkidilmis j —ci ¢ubugun dartilmada elastikiyyot modullari, J —j —ci ¢ubugunen

xji ' ¥ zji

atalat momentlari, t —zaman, k; — barkidilmads istifade olunan ¢ubuglarin say1, HJl_i - J—ad
halganin oxunun silindrik qabigin sathindan olan masafesi, O i —J —ci gubugun materialinin

sixigy, @5, @i halqanin en kasiyinin dénma ve burulma bucaqlari olub, qabigin yerdayis-

molari ilo asagidaki kimi ifads olunur:

oW, ow 9
P (y)= (Dl(xj Y) = _& - Dok ()=, (X, y;) = _(E + E] .
Hstuesas cucteMuHTaMeHePjUCH alllabblAAaKbl IIIKUAAS 0AAp:
2
=) (0 +K +H +G+4) )
i1

(2) ifadasina daxil olan qruntun silindrik qabiglara tasiri olan Q,;,0;, 0, Xariciqiivvalari

asagidaki sokilde gotiiraceyik:

ow. o*w, o°w, o°w.
0 =0,=0; Q,=pw _ksl{ 8X21 + ayzl} 0,2 = PoW, _ksz( 8X22 + 8}/22} (6)

— gruntlarin uygun olaraq sixilmada ve stiriigsmada sartlik emsallari-

Burada p;,pP,, k

dir. (2) va (5) ifadalorine konTakT vo serhad sortlori de slave edilir.Forz edacoayik ki, silindrik
gabiqlar bir-birils elastiki birlosmisdir. Yoni, kontaktda

si

Wl(x)|y1=0 = 192(x)|y2=0F191(x)|y1=0 = Wz(x)|y2=0F

a a9
ul(x)|y1=0 = uz(x)|y2=0F VEIX(X) = 200

(7)

y1=0 ox ly,=0
sortlori 6danir.

Silindrik qabiglarin x = 0 va x = a xatlari tizrs ideal diafragmalar iizerinds oynaga otur-
dugu gebul edilir vo bu halda sarhad sortlori asagidak: kimi ifads olunurlar:

uiZO,Wl‘:O,T1=O,M1:O (8)
Burada Ty, M; — silindrik qabigin en kasiyinda tasir eden qiivve ve momentdir.

Ostroqradski-Hamilton tesirinin gerarlasma sartinden istifads etmakls silindrik qabiqla-
rin qovusmasindan yaranan istinad divarlarinin moaxsusi raqs tezliklarini toyin etmoak tezlik
tonliyini almagq olar:

SW =0 )
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t
bypaga W = I I1dt Hamiltontssiridir. OW = Obaraberliyinde variyasiyalama smaliyyati-
fo

n1 hayata kegirsok vo OU,, 04, OW, variyasiyalarinin ixtiyari, asilh olmadiqlarini nazers alsaq,

qruntla dinamik tomasda olan silindrik gabiglarin qovusmasindan yaranan istinad divarlari-
ni moaxsusi tezliklorini tapmagq tigiin tezlik tanliyini aaapsir. Belslikls, qruntla dinamik to-
masda oaan silindrik qabiqlarin qovusmasindan yaranan istinad divarlarmin ragslari mase-
lasinin holli, konstruksiyanin (5) tam enerjisinin, (7) kontakt, (8) sorhad sortlori daxilinde birge
inteqrallanmasina gatirilir.

Silindrik qabiglarin yerdayigsmolerini asagidaki sekilds axtaragq:

U; = Uy COs x&(cosnd, +sinnd, )sin mt,

9 =& sin y&(cosné, +sinng, )sin wt, (10)

W, =W, sin y&(cosnd, +sinng, )sin wt,

Burada, U, ‘90i y Wp; —namolum sabitlar, , § = E,tl = woit, y,n=2k+1- silindrik qabi-
gin dogurani ve dairavi istiqamatlordaki dalga adadlaridir, 0: = % , 0<8: < %n' Bu gortlor
odoandikds 6; = %ﬂ serhaddinda oynaqli birlosma sortleri 6denacakdir. (10) hallarini (5)-ds

yerina yazib, (7) kontakt sartlarini ve (10) ifadslerini nazars almaqla, Ugy,, 1902 y Wy, sabitlarini

Uoz 1901, W, sabitlari ils ifads etsok, (5) tam enerjisi tigiin Uy, .901, W), sabitlarine nazaran iki

daracali alariq:
2 2 2
IT= énum + ézz‘gm + ésswm + &14”01‘901 + é55U01W01 + P Wog
@11, (bzz ) ¢33 ) ¢44 ) &55 ) é’es amsallarinin ifadslari miirakkeb oldugundan burada verilmir.

IT ifadesini asili olmayan Uy, %, W, sabitlorins nezeren variyasiyalasaq ve asih olmayan

variyasiyalarin emsallarini sifira barabar etsak, asagidaki bircins cabri tenlikler sistemini
alariq:

2éllum + 44‘901 + %swm =0

11
4loy T 20508 + PgeWy, =0 (11

55Uor 66‘901 +2 33Wor = 0

(11) sistemi xatti bircins cabri tonliklar sistemi oldugundan, onun sifirdan farqli hallinin
varlig1 tiglin zaruri va kafi sart onun bas determinantinin sifira baraber olmasidir. Naticoda
asagidaki tezlik tonliyini alariq:

20, é4 ‘>55
fzm 2£22 é 6 |=0 (12)

55 66 2 33

(12) tenliyini asagidaki sokilds yazaq:

41,ba + DusPssPoe — Plbrs — Vet — Pl =0 (13)
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Sabaka amala gatiran qabirgalarla mohkamlandirilmis, gruntla tamasda olan ortotrop
silindrik qabiqlardan ibarat istinad divarlarimin sarbast raqslori

(13) tonliyi adadi tisulla hesablanmisdir. Masalonin hslline daxil olan parametrlor
tiglin asagadakilar gotiirtilmiisdiir:

p1=py =7-10°N/m? ky =11-10°N/m? S =3,2 =2 v; =v, = 0,35.
by, =18,317la, b, =2,77QPa, b,, = 25,2QPa,b,, =350Pa,  p, = p; =1850 2/ 1

| - -
E. =6,67-10°N /mz;#%]:o,szsg.lo-ﬁ; ki =k, =20,ks; = 11- 10°N/m?
T

E;=6,67-10°N/m?* »=1,n=8; h; =1,39mm; R, =160mm;n =8,
=0,48mm*; 1 ,=19,9mm*; F, =575:un"; h =0,45mm;&=1.

Ikp.ji

I .
by = ky = 15,—21_=0,5305-10"°
2zR°h

w gy Ey;

1025 - ¢&=1

8,25

6,25

Sakil 2. Tezlik parametrinin 6; —dan asililig1

Hesablamalarin naticasi sokil 2- da tezlik parametrinin 8; —dan, sakil 3-ds a/R- nisbatin-
dan, sakil 4-ds birinci silindirin sethindaki ¢ubuglarin sayindan asililig: seklinds verilmisdir

(wm = bllz ] Sokil 2- don goriindiiyii kimi 6; bucag artdiqca, tezlik parametrinin giymati
PR

artir. Silindrik qabiglarin uzunlugu artdiqca sokil 3-don goriindiiyii kimi tezlik parametrinin

giymati azalir. Silindrik qabigin ortotropluq xassasi giiclondikco, tezlik parametrinin qiymati

artir. $akil 4-den gortindiiyii kimi ¢cubuglarin say1 artdiqca istinad divarinin mixsusi raqgs tez-

liklari artir.

12254 o

1 2 3 a/R

Sekil 3.Tezlik parametrinin a/R- nisbatindan asihhg

21



D.S. Qoniyev

10.

11.

12.

13.

14.

15.

16.

6,25

Sekil 4. Tezlik parametrinin &, —dan asihlif
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EQUILIBRIUM EQUATION OF NON-CIRCULAR CONTOUR
SMOOTH CYLINDRICAL SHELLS AND ITS TRANSFORMATION
BY THE PERTURBATION METHOD
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ABSTRACT

Boundary value problems on elaboration of practical calculation methods under hinge support of longitudinal
boundaries of a shell may be successfully solved based on V.V. Novozhilov complex equation describing the stress
state of non-circular contour (smooth) cylindrical shells.

A distinctive variant of the perturbation method in conformity to variable curvature and thickness shells
allow to divide a compounded boundary value problem described by a variable coefficient into several main prob-
lems. The solution of the problem is obtained for the case of free support although the solutions of other boundary
conditions may be obtained similarly.

Key words: small parameters, cylinder, shell.

DOVROSiZ KONTURU DOYi$ SILINDRIK SELLORIN TOQDIMATI
VO ONUN PERTURBASIYA METODU iLO DOYiSMOSsi

XULASO

Uzunlamasina ortiiklarin sarhadlarinin qaynaqli barkidilmesinda praktik hesablama metodlarinin iglanmasi
tizra sarhad vezifelori silindrik ortiiklarin geyri-deyirmi konturlarinin (hamar) six veaziyyastini tesvir eden V.V.
Novojilovun kompleks tanliyi asasinda ugurla hall edils bilar.

Dayisen ayrilik ve qalinliq ortiiklarine uygun olaraq hiddst metodunun forgli variantt deyisen amsalla tasvir
edilen miirsakksb sarhad masalasini bir necs asas vazifeya bolmaye imkan verir. Masalenin halli azad dayaq hadi-
sasi ti¢lin aldoe edilib, baxmayaraq ki, diger sarhad sertlorinin halli ds eyni ciir slds edils bilar.

1. Introduction.

Every year, the thin-walled spatial constructions are integrated into technology more
widely; their behaviour under complex static and dynamical loads, under high and low tem-
peratures is studied more completely and profoundly. New structural materials are applied
while building shells. This requires development of new fields of theory of shells. The shells
and other thin-walled spatial constructions are applied widely in different fields of engineering.
In many cases, development of building, aircraft, and shipbuilding constructions in many cases
is connected with use of thin-walled systems. Economic efficiency of such constructions was
proved in practice. A thin-walled spatial system, i.e. a shell possessing enviable lightness is in
the form of exclusively stable construction. Wide scope of housing construction requires es-
pecially careful approach to choosing constructive form from the point of view of their eco-
nomic advantage.

Searches of engineers and architects include creating new constructive and architectural
forms of erections. However, development in this direction has not been completed yet.
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2. While solving the given problem, the distinctive
perturbation method is used.

The complex of equilibrium equation of non-circular cylindrical shells in Novozhilov form
in dimensionless coordinates:

X, _E
g_ﬁ’ n= h
has the form:
=N, (10T, 20T M
Alpa(™ )]+ 877(/0 anJ+ i2b o F(E ),
where
=2\ ion? aq, _ 0g 2)
Flen)- iz ala,) -0 |

Here, S and X are directed along the generator and direction of the cylinder.

Equation (1) may be represented in the expanded form:

2
AA(T) 126T 2bz1aT
p* on? p O&*
2 _~ —~
+1{6pAT+zapaA _1apaT} Een) 3)
p| on? ondn  p°onadn

We accept as a perturbation: v =1—p.

For all the values in the considered domain, where
A= a—2+a—22 b* = 3(1 ﬂz)h:- _r.

&% on

h is some typical linear dimension of the shell;

I' is a radius of the curvature of a directional curve;

M is a Poisson ratio; O is shell’s thickness;

0;,4,, 0, are intensity components of the load along directions;

L is dimensionless radius of the curvature of shell’s cross section.

The form of equation (3) allows to find its solution in the form of series in powers of per-

turbation
T=3T", (4)

We'll be able to select as much as desired values of the perturbation V <<1. Obviously,
the introduced dimensionless radius of the curvature p(y) satisfies the condition: 0< p<1.
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Further, expand 1 in the following series:
P

Substituting the values of (4) equation (3), equating the terms with identical powers of

-p")

20

Q|-

perturbation (V) in the both hand sides of the equation, we get the following infinite system

of recurrent differential equations:

-~ T, . 0T, =
AAT, + —K +ia=—K =F(&,7n), (©)
k a 2 aég2 (é: 77)

where (k =013,.. .), |5(§ , 77) are the known functions

~ . ag, oq

F(£,7)=2ib’h| Aq, +Z2 -1 || ©)
0(5 77) ( g, + 87] ﬁfj

3. Boundary conditions.

Depending on boundary fastening ways, the boundary conditions may be different. We
give some possible variants of homogeneous boundary conditions on the boundaries
& =const.

a) Free boundary T,=0;T, +} M, =0; N, +i6M12 =0; M, =0,
r
b) Hingely-supported fixed boundary u=0; v=0; W =0; M, =0.
1oM,,

¢) Hinge boundary free in normal direction N, + =

=0;u=0; v=0, M;=0.
h o6&

d) Hinge boundary free in tangential direction u=0; W =0; M, =0, T, =0.
W _
o5

4. Consequently, the boundary value problem may be formulated as follows:

e) Absolutely fixed boundary y=0; v=0; W =0; 0.

1) Area of arectangle 0<n <7, 0< &<

2) Boundary conditions on the boundaries 7 =const, u=0; W =0; M, =0; T, =0
. On the boundaries & =CONSt they are arbitrary.

The load for the first problem (first approximation) distributed with the components
0iy Gy, Q,, ie. the load function is the form (6). For the other problems (second, third and
etc. approximations) the first part of (5) may be considered as a fictitious load function. It is
assumed that the shell’s geometry is arbitrary. Some restrictions are accepted for boundary
conditions: these restrictions on boundary conditions are for linear boundaries hinge conditions,
in lateral boundaries arbitrary conditions are considered.

The solution of the mentioned problem is reduced to the solution of the system of equations
(5) with constant coefficients. Under the accepted boundary conditions expand the complex

functions ﬂ (f ) 77) and |Ek (f ) 77) in unitary trigonometric series
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To(&n)= iﬂm(é,n)sin I, @)

ﬁk (‘f’ 77) = i::lﬁkm(é:)sm ﬂ’mna

m
where A = LG Allowing for the expression

Th
T (Em) &= .
akéé;n) = _1Tkm((:! U)Sm Al ®)
2T © ~
TN 32 (hsin 2,
677 m=1
AAﬂ( d 2Tk B 2&“ 2Tk ZmTk ’ )
dg’
equation (5) takes the form:
Tk (€)+ AT (§)+ BTin(£) = Fim(6) (10)

where A=2i b2 — Zﬂ,ﬁq , B= ﬂ,ﬁq — ﬂ,ﬁq, Fk ({f ) is Fourie coefficient.
For solving the problem with satisfaction of boundary conditions on lateral boundaries
of the shell, all the moments should be expressed by the function T .

5. Consider the expressions of bending moments
by Novozhilov’s main function.

We'll look for them in the form of expansion in series in the following form:
I\/Ilk (51 77) = Z I\/Ilk,m (g)sm ﬂ’mn; M 2k (éj’ 77) = Z M 2k,m (é)sm ﬁmn' (11)
= m=1

Further, determine the quantity of the moments Mlk,m (5 ) and M 2k,m(§ ) acting in the
lateral and longitudinal sections, respectively by known relations:
oW, . W, . = oW, . O°W,
)=t S (&)= "+ (12)
0&? on ' on o0&

Transforming the expressions in such a way, and ignoring the imaginary part, we get
final values of the moments:

lk m(§ n

Mlk(gvn)_|:a \glzzm( ) 2kam( ):|Sinﬂ«m77! , (13)

o 6r)=| 1 0lE) 2 0o 2
where

ka(ég) = lzk_l x { i_l[akn(Aiann + Bln(Dn )+ bkn(bln\Pn - A1n(I)n )_\Nkr ]} (14)
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here

2b(

A =(u—2022)+ 1 =, + - +d?),

By = 17‘( +d?)- (2b2+y/1+/1)—4/1b2cndn,

Substituting the values of W, (£) in (13), we get the following expressions for bending

moments

Mlk (§)=—K2{i[akn( Py + Aln )+ bkn(Bln‘Pn - Aln(Dn)+ erk,m(é:)’ (15)

n=1 7

Mzk(éf): S{i[akn 1n n+A1n n)+bkn(Bln n Alnq)n)"'M;k,m(‘f)’

K
i Ky =—4; ;
2-1 /lmﬂ,fn—1

A, @ ZbAm%-l”ZCd ;;@ +d)

m
B, :1;:/1(05 +d§)—(2b2 + 1l +lm)—2bzcndn.

For obviousness, the values of M, (&), My (&) for k=0; (n=1,2,3,4) are given in
Table 1 in the explicit form.

Table 1.
k=0
n=1234
iM &) (201 (Byy @y + Ay Wy )+ by, (B, ¥, — A, )]+
K, " (20, (B, @, + A, ¥, )+ by (B W, — A®, )]+
[20s( 3®3+A13T3)+b03(813\P3 As®; )]+

O, + ALY )+b04(814\11 - AP 4)]+M10m('§)

= My, (&) (801 (B11 @, + AWy )+ by (B, W, — A, @, )]+

(a0 (Bug
(Byy

K, ™ [aoz(( zq)z + A12\I12)+ boz(Blz‘Pz A, )]+
+(Bug

[EEN

(20 B1CD+A&3 3)+bos(BisWs — Ag®s)]+
[ D, + AW, )+, (B, Y, — A,D )]+M20,m(§);

The values of A, and By, for k=0; n=12,34 for & =0, & =&, are given in Table 2.

Table 2.
k=0, n=1234

Akn Bkn
Ay =-1457,04 By, =—499,63
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Ay, = —1457,04 By, = 449,63
Ay =56760,03 Bys = —58424,63
Ay, =56760,03 By, = —58424,63
=-1457,04 =-499,28
A/ll =-1457,04 :1121 =-499,28
A, =5676,03 B, = 5842463
A, =5676,03 B,, = —58424,63

For finding the arbitrary constants &, bij , the conditions on fastening of lateral

boundaries under rigid stuffing are formulated as follows:
for $=0and & =¢;;
u=v=w=w'=0 (16)

Using the equilibrium equations, we get the equations indicated in Table 3 and by means
of a computer we get numerical values of the constants @; and bij .

As aresult, the diagrams for the moments M; and M, are constructed.

Table 3.
i=0, j=1234

a, = 0,048 by, = —0,0005
ag, =0,068 by, =—0,0016
8,3 =0,0003 b03 =-0,00007
a,, =0,0003 by, =—0,00027
a,, =0,042 by, =1,0230
a,, =0,092 b, =—0,0420
a,; =0,0004 by; = —0,00007
a,, = 0,0005 b, =-0,0190

6. Now, pass to numerical realization of the example of constructive
development calculation.

Overall dimensions of the shell in the plan are accepted as follows:

Shell’s width Li =10,0M , shell’s length L2 =20,0M . The following numerical

values of calculation parameters are accepted as an example:
surface load: g =0,75t/nm

shell’s thickness: & =0,07 M
arch’s length: s=11,7M
Poisson ratio (for ferroconcrete): — ;;=0,01.

Modulus of elasticity (for ferroconcrete): E =2,3x10°%t/m
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Expanded form of

5|1 the shell
4
I, =10,0M | 3
2
1
2 3 4 3| &
Ly =20,0M
Figl Fig2
Moments M
Table 4 TR, 75 g/ A2
L, =20,0M
007M
p— 1 :
1= E-’h
_ — — 2.0 =)
_;:[:I 2_l£ -‘—'—lf—' f—'—if—' £=4 L LM
- 4:,1 5 2-—|1 ] 4‘:'1 "“-‘1= 2[]0_112(
u - - : M
- 3 - - - 1-0,0487 ~0ATO0 |, 000
0487 #0510 | —0.047 | <0510 | —0.048 h 23 (2-3) ﬂ "
: : : a3 & 63
+0,0510  +0,0510
(3-3)
Moments A Table 5 (3-4)
-5,250
(3-3)
-7.417 4
1 My o =50 L —19.0m
=24 -2 (3-1)
2 0,00
7=0 n= 11} n= lff = 3’? =
2h ;' ahn
N . 0
N - —5.250 - - Fig 3
N - —7.41 - - £
N - 5,25
N - 0

Approximate calculation methods allow the designer to solve important practical prob-
lems by means of not complicated calculating devices
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XULASO

Toqdim olunan moaqalads tirtilli magmlarin 6tiirme sistemlarinin etibarliliginin giymatlondirilmasinda
aradan qaldirila bilmayen imtinalarmn tesiri arasdirilmisdir. Bu maqgsadle sistemin aradan qaldirilan ve aradan
qaldirila bilmayen imtinalar1 ayri-ayriliqda nazaerden kecirilmisdir. Markov modeli asasinda baxilan sistemin
etibarliliq analizi aparilmis ve etibarliliq gostaricilorinin zamandan asililig1 miiayyen edilmisdir.

Acar sozlar: Tirtilli masin, 6tiirms sistemi, imtinalar intensivliyi, imtinasiz isloma ehtimali, Markov modeli.
RELIABILITY EVALUATION OF GEARING SYSTEM OF TRACK-TYPE MACHINES
ABSTRACT

In this paper, a reliability analysis for gearing system is performed taking into account the non-recoverable
failures. For this purpose, recoverable and unrecoverable failures of the system are considered in detail. The
analysis of reliability of the considered system on the basis of Markov model is carried out and dependence of
indicators of reliability on time is defined.

Keywords: track-type machine, gearing system, failure rate, survival probability, Markov model.
O EHKA HAAEXKHOCTU HEPE,ZI,A‘IHOI;I CHUCTEMBI I'YCEHUYHBIX MAIIINH
PE3IOME

B mpeacrasaennoi paboTe mpoBeaeH aHaAM3 HaAe>KHOCTH ITepeJaTOYHON CHCTeMBI TYCeHMYHBIX MaIiH C
YY4eTOM HeyCTpaHUMBIX OTKa3oB. /Jas STOro IoApOoOHO paccMaTpeHbl YCTpaHMMBbIE ¥ HeyCTpaHMMBbIE OTKa3bl
CUCTEMEI B OTAeAbHOCTU. ITpoBeseH aHaAM3 Haae>XXHOCTU pacCMaTpUBAeMOl CHCTEMBI Ha OCHOBe MapKOBCKOI
MOJeAu U ollpejeaeHa 3aBUCMMOCTD I0Ka3aTeAell HageXXHOCTI OT BpeMeHI.

Karouesble caoBa: TyceHUYHasl MallllHa, IlepelaToOdyHas CYCTeMa, VMHTEHCUBHOCTh OTKa30B, BEPOATHOCTD
Ge30Tka3HOI paboTl, MapKOBCKas MOAeAb.

Tirtillh masinlar tekarlar avezine yollarda tirtillar vasitesi ile harekst edan bir naqliyyat
vasitesidir. Takerli naqliyyat vasitsleri ilo miiqayisede bu magmlarin ssas {iistiinliiyli daha
boyiik bir sahs ile temasda olmalaridir ki, bu da asag1 tazyigs imkan verir. Bu, onlarin palgig,
buz ve qar kimi yumsaq, asag siirtiinmaya malik sahalords istismar olunmasima imkan ve-
rir. Tirtilli masinlar mithandis qurgularinda, kend teserriiffatinda, insaatda, yol tikintisinda,
harbi texnikada genis istifads olunurlar.

Tirtillh magimlarin asas gatismazlhiqlarindan biri tirtilli harskstedici mexanizmin tekarli-
den daha miirakkeb bir mexanizm olmasi, agir is seraiti naticasinda bir sira detal va diiyiin-
larin tez siradan ¢ixmasidir. Ona gors de tirtillh masmlarin ve onlarm asas diiyiinlsrinden biri
olan Ottirma sisteminin etibarliliginin qiymatlondirilmasi aktual masalalarden biridir.

Tirtillh masilarin mexaniki transmissiyalarinda istifads olunan otiiriicti donma mexa-
nizmlarinin planetar dtiirmanin totbiqi ilo va eloca da bas va son Gtiirme arasinda yerlasdiri-
lon friksion dénme mexanizmindan ibarst konstruksiyalart mévcuddur [1]. $akil 1-ds belo
mexaniki transmissiyalardan birinin sxemi aks olunmusdur. Hal-hazirda tirtilli masinlarda
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hidromexaniki struktura malik transmissiyalar da genis totbiq olunur. Bir ¢ox hallarda kom-
pakthigmn temin olunmas: {iclin mexaniki transmissiya bir gévdads qurasdirilmis bas 6tiirms,
otlirmalar qutusu ve donme mexanizmlarindan ibarat olur. Bu, ham da transmissiyanin
tomireyararliliq qabiliyyastinin artmasina sabab olur. Bu gakilda konstruksiya edilmis trans-
missiyanin etibarliliginin qiymetlendirilmasi zamani ayri-ayr1 bloklarin imtinalar1 haqqinda
statistik malumatlar asas gotiirtile biler.

ll!ll"ﬁB!IHI!IIIIEIIIIHIIHI

LTI  Son

liEEEEEEEEENERRNREEE ==

Horakat hissasi
Miiharrik Mufta

__ Idarasetma
mexanizmi

MIIIH ‘IIIIIIII i
|| . ':l = Otiirma

==

mexanizmi

Hoarakat hissasi

I T}i <II!II 1:IH|IIIII.|IIIIWK—

Tirtilli masilar ve onlarin ssas diiytimlerinin is qabiliyyati istismar prosesinds berpa

Sakil 1. Mexaniki transmissiyal: tirtilli maginin sxemi

olunmagq qabiliyyatine malikdir. Yeni bu ciir sistemlarin istismar1 zamani meydana ¢ixan im-
tinalar texniki qulluq ve temir iglari vasitasi ile aradan qaldirila bilir. Bu ise sistemin etibarli-
liginin vo istismar keyfiyyotinin shamiyyatli deracoeds yiiksaldilmasina sabab olur. Ona gore
do is gabiliyyeti barpa olunan texniki sistemlarin etibarliliginin gqiymatlondirilmasinde tomi-
royararliliq gostaricilorindon genis istifade edirlor. Movcud adabiyyatda is qabiliyyati barpa
olunan texniki sistemlarin etibarlili§inin qiymatlondirilmesi zamani bag veran biitiin imtina-
larin aradan qaldirila bilen olmasi geabul edilir. Haqigeatds iss bu ciir yanagsma he¢ de hamigs
reallig1 oks etdirmir, yoani aksar texniki qurgularin istismar1 zamani meydana ¢ixan imtinalar
he¢ do hamise aradan qaldirila bilmir. Bazan istismar zamani ele imtinalar bas verir ki, onla-
rin aradan qaldirilmas: miimkiin olmur va texniki sistem is qabiliyyetini tamamils itirorak is-
tismardan ¢ixarilir. Tirtillhi masinlar ve onlarin Gtiiriicii mexanizmlari barpa olunan sistemlos-
ra aiddir. Bu ciir qurgularmn istismar1 zamani meydana ¢ixan skser imtinalar temir vasitesi ils
aradan qaldirila bilir. Lakin tesadiifi hadisalor (masalon goza, yangm, geyri-pesokar idara-
etma va s.) naticesinda elo imtinalar da bas vers biler ki, onlarin aradan qaldirilmasi heg ciir
miimkiin olmasin. Bundan basqa uzunmiiddatli istismardan sonra 6tiirma sisteminin oksor
detallar1 yeyilma va yorulma naticasindas tez-tez siradan ¢ixirlar ve kéhnalma naticasinda sis-
tem Oz rentabelliyini itirir. Naticods imtinaya maruz qalan 6tiirma sisteminin is qabiliyyati-
nin tomir vasitssi ila barpa olunmas: iqtisadi cehestden slverisli olmur ve o tamamils istismar-
dan c¢ixarilir. Belslikls, is qabiliyyati barpa olunan o6tiirticii mexanizmlsrin etibarliliginin
giymsatlandirilmesinde aradan qaldirila bilan ve aradan qaldirila bilmeyan imtinalarin ayri-
ayriligda analiz edilmasi ve onlarin etibarliliq gostaricilarine tesirinin tedqiq edilmasi aktual
bir masale kimi qarsiya ¢ixir. Ciinki har iki tip imtinalar xarakterine ve yaranma sabablorina
gora bir-birindan farqlanirler ve onlarin etibarliliq gostaricilarine tasiri miixtalif olur. Etibar-
liliq gostericilarinin daqiq qiymatlandirilmasi ise magmn parkinin hazirliq smsalinin yiiksaldil-
mosi va ehtiyat hissalarle somarali tochizat masslalerinds miihiim rola malikdir.
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Son illerde hom isgérme qabiliyyati barpa olunan, ham ds barpa olunmayan texniki sis-
temlorin etibarliliq gostericilorinin giymetlondirilmasi ile bagl ¢oxlu sayda tadqiqatlar
aparilmigdir. [2]-ds miixtalif masin ve qurgularin, elaca da onlari teskil eden diiyiimlarin eti-
barliliginin giymatlandirilmasinin miiasir metodlar1 va elmi istiqamsatlari atrafli sarh olun-
musgdur. Lakin burada barpa olunan va barpa olunmayan texniki sistemlerin etibarliliginin
giymotlondirilmasi ayri-ayriligda baxilmisdir.

[3]-ds is qabiliyyati barpa olunan sistemlarin etibarliliq gostericilarinin qiymsatlandiril-
masinda stoxastik modellarin, masealon Markov, Semi-Markov va diger proseslarin tetbiqi tisul-
larina baxilmigdir. Lakin bu {isullarin heg birinds aradan qaldirila bilmayen imtinalarin siste-
min etibarliligina tesiri masalasi 6z aksini tapmamaigdir.

[4]-da is qabiliyyati barpa olunmayan sistemlorin asas elementlorindo mohkemlik, yeyil-
ma va kooroziya kriteriyalarina gors etibarliligin qiymatlandirilmasi tisullarina baxilmigdir.
Lakin bu tisullar is qabiliyyeti barpa olunan sistemlerin etibarliliq gostaricilarinin giymatlon-
dirilmasi masalalorina samil olunmamaigdar.

Baxilan adabiyyatin icmalindan bels naticays galmak olar ki, bu vaxta qoadar is qabiliyya-ti
barpa olunan sistemlarin etibarhiliginin qiymetlendirilmasinds aradan qaldirilmasi miimkiin
olmayan imtinalarin etibarliliq gostericilorine tesiri nazers alinmamisdir. Ona gore do is
qabiliyyati barpa olunan sistemlarin etibarliligmin daha diiriist giymatlondirilmaesi ti¢lin miix-
tolif xarakterli imtinalarin ayri-ayriliqda analiz edilmasi vo har bir halin etibarliliga tosirinin
nazare alinmas vacibdir.

Is gabiliyyati barpa olunan &tiirma sistemlarinde imtinalarin xarakterinden ve aradan
qaldirilib-qaldirilmamasindan asili olaraq ii¢ miixtslif prosesin ayri-ayriliqda nazerdan kegi-
rilmasi etibarliligin giymatlondirilmasinde miihiim rol oynaya bilar (sokil 2). Bu proseslar
sokil 2-da hallar grafi sxeminda aks olunmusdur.

Aradan
qaldirdan
imtina

As(1), ;
0595 u@)
iy
Normal A1) | Aradan

qaldirdmayan
LI PROSES | imtina N
P e .. M
(o“’&* A,(0) 1 ISTISMARDAN +
OJ\Q « CIXARIIMA
Kohnalma /

Sakil 2. Imtinalarin yaranmast ve aradan qaldirilmasi graflart

On sads halda imtinalar intensivliyi zamandan asili olaraq dayismadikds etibarliligin
giymotlandirilmasi tiglin Markov modeli istifads oluna bilar. Yuxarida gosterilon sxems uy-
gun olaraq tirtilli maginin 6tlirma sisteminin barpa olunan har hansi bir diiyiiniiniin Markov
modelini graflarla asagidaki kimi tosvir etmak olar (sokil 3). Gorlindiiyii kimi istismar pro-
sesinda baxilan barpa olunan sistem iki halda ola biler: Co — qurgu tam saz halda istismarda-
dir vo Ci1 — aradan qaldirilan imtinadan sonra aqreqat tomirdadir. Bundan basqa aradan qal-
dirila bilmayen imtinalar naticasinds baxilan sistem tam yararsiz hala diisdiikden ve ya koh-
noalarak rentabelliyini itirdikden sonra istismardan ¢ixarilaraq Cz halina kega bilar. Imtinalar
va barpa olunma intensivliklarinin sabit olmasini gobul etdikds bu parametrlari asagidaki ki-
mi gotiirmak olar: As(t)=As, p(t)=pt, Am(t)+Ak(t)=Ac.
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Sokil 3. Markov modelinin qraflarla tesviri

Qurgunun har bir halda olma ehtimalini uygun olaraq Po(t), Pi(t) va P2(t) ilo isars etsak,
baxilan sistemin Markov modeli ii¢iin Kolmoqgorovun diferensial tanliklar sistemini asagidaki
kimi yaza bilorik|[2]:

dP,
I = —(Ap + A0 Po(t) + i+ Py(£)

dP:
D = 2y - Po(t) — - Py (1) (1)

dpP,(t)
\ 20 = ) Po(t)

Baxilan sistem homise ii¢ miixtalif haldan yalniz birinds ola bildiyine gore istismarin
istonilon aninda hamin hallarda olma ehtimallarinin comi vahide barabardir. Bunu nazora
alaraq asagidaki normalagdirma sartini yaza bilerik:

Po(t) + P () + P, () = 1. 2)

Istismarin baslangic aninda qurgu bir qayda olaraq saz halda olduguna gora asagidaki
baslangic sartlarini yaza bilarik:

Py(0) =1va P;(0) =0,i = 1,2 oldugda. (3)

Otiirma sisteminin har bir halda olma ehtimalini toyin etmak liglin normalasdirma (2) ve
baslangic (3) sortlorini nazare almagqla (1) diferensial tonliklor sistemini hall etmak lazimdir.
Bu tenliklar sistemini miixtalif miiasir kompyuter proqramlarinin komayi ile raqemsal tisulla
hall etmak olar. Baxilan sistemin oldugu hallarin say1 az oldugundan (1) tenliklor sistemini
analitik tisulla, masalon Laplas ¢evirmasinin tatbiq olunmasi yolu ilo ds hall etmak olar. Pi(t)
ehtimal funksiyasinin Laplas gevirmasini sade sokilds P;(s) kimi gosterak. Yoni

LIP(0)] = Py(s) = [y Pi(t) - e~*dlt. (4)
(6) baslangic sortlorini nazears almaqla Laplas ¢evirmoasini totbiq etsok, (4) diferensial
tonliklor sistemini asagidaki kimi yaza bilarik:

5 Py(s) =1 =~ + o) Po(s) + - Py (s)
5'P1(5)=/1b'ﬁo(5)_ﬂ'131(5) )
s P,(s) = A, By(s).

Sistemin son iki tenliyinden P, (s) vo P, (s) ehtimallarini P, (s)-1o ifads etsok, yaza bilarik:

Pi(s) = 2 Po(s)

_ 1 o~ (6)
Py(s) = ?C'Po(s)

Aldigimiz bu ifadslari (5) sisteminin birinci tenliyinde nazars alsaq, yaza bilarik:

Po(s) - [s + 2 +Ac—%] =1,

Vaya

Po(s) = o 7)

s2+s(Ap+ Ao+ +Acum
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Sonuncu ifadenin maxracini vuruqlara ayirmaqla, onu asagidaki sekilds de yazmaq olar:

sty
PoS) = o ®)

Burada a vo B adadleri s + s(4p + A + ) + A, - u = 0 kvadrat tonliyinin kokloridir. Yoni
_ _(lb+lc+ﬂ)+\/(/1b+lc+ﬂ)2_4’/1c'ﬂ .
2 7
_(lb+lc+ﬂ)_\/(lb+/1c+ﬂ)2_4'/1c'ﬂ
B = > :

Laplas gevirmasine aks ¢evirmani hayata kegirmok tigiin (8) ifadasini asagidak: sokilda
yaziriq:

Py(s) = — Pl ﬁ 9)
Burada hesablamalar1 sadalesdirmak ti¢iin M vo N parametrlori daxil edilmisdir:
_ Hta KB
M=V = e

Belalikls, [5]-0 @sasan elementar funksiyalarin Laplas ¢evirmalarinin ifadslarinden isti-

fads etmakls (9) ifadasine oks ¢evirmaeni totbiq etsak, sistemin saz halda olma ehtimalin1 toyin
edo bilarik:

Py(t) =M -e® + N - eft, (10)

Pi(t) vo P2(t) ehtimallarimi toyin etmoak {igiin (6) ifadasini (3) tenliklorinds nazars almagla
oks cevirmas amoliyyati yerine yetirilmalidir. Bu maqsadls [5]-o asasan elementar funksiya-
larin Laplas ¢evirmalarinin ifadslarinden istifadas etsak, yaza bilerik:

Py(t) —A”M(e“t emit) + 22 (eFt — emht); (11)
Py(t) = 28 (e — 1) + 22~ ”( Bt 1), (12)

Aldlglmlz (10-12) diisturlar: istenilen vaxt baxilan 6tiirma sisteminin oldugu vaziyyatin
ehtimalini miiayyen etmays imkan verir. Lakin bunun ii¢lin, imtinalar intensivliyinin vo bar-
paolunma intensivliyinin giymsatlari malum olmalidir. Bu gostariciler imtinalar ve temir haq-
qinda statistik malumatlar ssasinda is zamam miisyyen edils bilar. Voaziyyet ehtimallar1 bar-
paolunmayan imtinalarin intensivliyinin miixtelif qiymeatleri ti¢iin hesablanmisdir. Hesabla-
malarin naticalori sokil 4-ds qrafiki olaraq gostorilmisdir. Sekilden goriindiiyii kimi, sistem ele-
mentinin etibarlilig1 barpaolunmayan imtinalarin intensivliyinden shamiyyetli deraceds asi-

Iidar.
1 B B, N N ] )
A =05 p=1
Zos . : ! ! |
& \\-\_\_
= Aeg{=0
.‘g 0,6
—

5 —1 | Ael=0,05
n ——
S
_F_q 04
2
]
b hel=0,
2 < 2
£ o2 -
=]
£

o

0 1 2 3 4 5 6 7 8 9 10
Xidmat miiddati t

Sokil 4. Imtinasiz islomo ehtimalinin zamandan asililig
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XULASO

Nagliyyatin isinin logistik asaslar il togkili optimal texnoloji prosesin qurulmasini taleb edir. Bu baximdan
moqalads nagliyyatin isinin giymatlondirilmasi {i¢iin moahsuldarliga tesir gostoran miimkiin ¢ox faktorlupara-
metrlor nazarden kegirilir. Beloliklo, har spesifik naql prosesi iizro konkret gdstoricinin tesir saviyyasini miiay-
yanlosdirmokls optimal texnoloji prosesinva logistik asaslarin tomini miimkiin sayilr.

Acar sozlar: nagliyyat isi, mahsuldarliq, effektivlik, logistika, parametrlar, optimal, texnologiya.
MULTI-FACTOR DEPENDENCE OF SHIP PERFORMANCE
ABSTRACT

The organization of transport work on a logistical basis requires the construction of an optimal technological
process. Based on the above, numerous possible parameters are examined that affect the performance of the trans-
port, in order to evaluate transport work. Thus, with the determination of the impact of each specific indicator on
productivity, it is considered possible to achieve an optimal technological process and thereby transportation on a
logistic basis.

Key words: transport work, productivity, efficiency, logistics, parameters, optimal, technology.

MHOTI'O®AKTOPHASI 3BABICMMOCTbD ITPON3BOAUTEABHOCT KOPAB 51
AHHOTANIVS

Opraamsarius TPaHCIIOPTHO pabOTH! Ha AOTUCTUYECKOI OCHOBe TpebyeT MOCTPOKY ONITMMAaAbHOTO TeXHO-
AOTMYeCKOro mpouecca. VIcxoasa M3 yKazaHHOTO B CTaThe C I1eAbI0 OLIeHKM TPaHCIIOPTHOI pabOThI MCCAeAYeTCs
BO3MO>KHBIE MHOTOYVICAEHHEIe TIapaMeTpHl, BAVIOIINe Ha IIPOU3BOANTEABHOCTL TpaHCIopTa. Takum obpa3oM, ¢
oIpejeAeHNeM BAVSIHUS KaXA0TO KOHKPETHOTIO IIOKa3aTeAs Ha IIPOM3BOAUTEABHOCTh CUMTAETCS BO3MOSKHBIM
AOCTUYD ONTUMAaABHOIO TEXHOAOTMYECKOTIO IIPOoIiecca 11 TeM CAMOM TPaHCIIOPTUPOBKY Ha AOTMCTMYECKO OCHOBE.

Kaiouessie caoBa: TPpaHCIIOpTHasL pa60Ta, IIpON3BOANUTEABHOCTD, Bd")cl)eKTI/IBHOCTB, AOI'MCTHMKa, IIapaMeTphl,
OIITMaAbHasl, TEXHOAOTW.

Giris. Aparilmis tedqiqatlar naticesinds miisyyen olunmusdur ki, su naqliyyat: ile dasi-
malarda moahsuldarli§in tayininin ¢ox parametrli faktordan formalasan timumilssdirilmis
diisturu, har spesifik dasima iizra konkret gostoricinin tasir soviyyesini miiayyonlosdirmayas,
optimal vo effektiv dasimanin planlasdirilmasina genis imkanlar yarada bilir [1-6]. Aparilmis
todqgiqatlar zamani asaslandirilmisdir ki, gominin naql prosesinin, mahsuldarliginin miisyyen-
lagdirilmis timumi diisturu biitiin incaliklar ve ¢ox parametrli faktorlar nazars alinmagqla daha
aydin ve genis ifads oluna bilsr. Bu zaman mshsuldarlig: formalagdiran har bir gostaricinin
mohsuldarliga tasir deracesini miisyyanlesdirilme ehtimali artar ve bununla da daha optimal
texnoloji prosesin, effektiv variantlarin segilmasi reallasir.

Tadqiqatin metodu. Qeyd olunanlara ssaslanaraq su naqliyyat dasmalarinda geminin
mohsuldarliginin optimallasdirilmasi maqsadi ile naql olunma texnoloji prosesi ardicilligina
istinad edarak, tasir gostars bilocok parametrlor bazasinda mahsuldarliq diisturunun forma-
lasmas1 maqsad kimi gebul olunur. Praktiki ve nazeri tadqiqatlara asaslanaraq geminin mah-
suldarligini formalagdiran parametrlarden birinin dayisken, digerlarinin sabitliyini gebul et-
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moklo doayisken parametrin tosir deracasini miiyyanladirmakyolu ilo optimal mahsuldar istis-
mar saraitini planlagdirmaq. Bu baximdan naqliyyat gemisinin verilmis dovr {iciin (saathq)
moahsuldarligi onun icra etdiyi reyslerinin sayimn Z, faktiki dasidig: yiikiin miqdarma Qy, olan
hasili ilo miiayyanlasdirile bilar [6].

W, =Q:-Z, )

Gaminin faktiki dagidig: yiikiin migdart:

Qi =Qi7s )
burada Q,— geminin temiz yiikgotiirme qabiliyyati, pasport gostaricisi, t;

Vs - gominin yiikgotiirma gabiliyystinden istifade amsals;

Goaminin verilmis zaman orzinda icra etdiyi reyslorin say1:
T, T «a

Z =—t= , 3
t t_ts fyol '(m_l)_i_t_L -m ( )

burada T, - gominin verilmis zaman arzinds istismarda olma giinlori;

Ls - verilmis zaman arzinde tamamlanmis naqliyyat tsiklinin orta miiddati;

T - toqvim dovriinds, cari ilde gemi (istehsalat) giinlerinin iimumi say1;

¢ - gominin, taqvim dovriindaki gomi giinlorinden istifade emsali, & = ?';

Lyor - gominin iki liman aras1 mesafani dof etms, orta yolda olma vaxts;

M - nagliyyat tsikli dovriinde xidmat olunan limanlarin orta sayl, m=2;

t - naqliyyat tsikli dovriinds geminin liman arazisinde orta olma vaxti.

Dasman faktiki yiikiin miqdarinin (2) va reyslorin sayinin (3) toyini ifadslarini diistur 1-da
nazars alsaq, onda gominin verilmis zaman arzinds saatliq mahsuldarhig: asagidak: kimi toyin
olunar.

Wt:QF'thf QtyST,a (4)
., -(m=1)+f -m

yol *

MBshsuldarhigin teyini qabaqcadan dasima semaraliliyinin prognozlasmasina ve istismar-
da olmus geminin isinin real vaziyystini aragdirmaga, son naticeni semaralilik baximindan qiy-
matlondirmayae tam imkan verir. Belslikls, iki liman arasi birtarafli naql prosesini nazarden
kecirak (sok.1).

1 2
It é . {l:_} t, I
1 AB 2
tnhy tyol tbh
thy t3
thy ¢! D, t2 tam

Dl
(S—=® OpuiH
e-‘r'iik_lanma ®-Bn$alma - Reysin baslangic1 va sonu

@ - Liman arazisina giris qabag: gozloma (reyd) sahasi

Sak.1. iki liman aras birtarafli, sada reys (xidmat olunan limanlar sayi 2).
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Qeyd olunanlar nazars alinaraq gominin mahsuldarligina tesir gostara bilacak biitiin pa-
rametrlarin diisturda aksinin tapmasina nail olmaq taklif olunur. Onda, bir terafli sada reys
tizra (sok.1) gominin saatliq mahsuldarlig: asagidaki kimi olar:

Qys-T-a

1 1 1 1 1 2 2 2 2 2
+(tg +y + g, H g Tt +t o, )

=

1:yol

()
Goaminin yolda olma miiddati onun gat etdiyi masafadon va texniki siirotden asili oldu-
gunu nazars alsaq mahsuldarliq diisturu asagidaki kimi olar:

Wt: Qt-j/s-T-Ot (6)

yiik

1
nhy

2
n

+(tg +ty, +t, o Ft Dt Hth )+ 1)

t
Mshsuldarliq diisturunun (5) geminin ytiklii yiiriisiine olan hasili gominin ton millar ilo
ifada olunan mahsuldarligini teyin etmays imkan verir.

W, - Q 7s Traly, ©6)

yuk 1

nhy

+ (gt Rt )

t

Dovrii dasima tomin olundugunu nazars alaraq gominin tokrar birinci limana ytiklii qa-
yitmas1 aninda dagima iki liman arasinda tamin olunsa bels xidmat olunan limanlarin say1 tig
gebil olunur (sak.2). Belslikls, birinci limana iki dafe gemin daxil olmast ils o, avval ylikgon-
daren, miieyyen dovr kegdikden sonra iss yiik gebul edon liman gisminda istirak edir. Tkinci
limana ise gomi bir dafa daxil olmaqgla hom yiik gatirmis, ham ds yiik aparmis olmaqla bir li-
mana xidmat gostormis olur. Bu hal dovrii xidmat olunan limanlar say1 ikiden ¢ox olduqda
asasl1 sayilir.

=T B G
t%h tﬁh
t3 ty

tha B ti Otﬁh,

D,;~ 2 I

g
e-Yij.k_lan.ma @-Bosa].ma -Reysin haslangic: va sonu

@ - Liman arazisina giris gabag: gozloma (reyd) sahasi
Sok.2. Liman aras1 dovrii reys (xidmat olunan limanlar sayi 3 va gox)

Daniz dasimalar1 dovrii xatt {izra icra olundugunu nazars alsaq, onda gominin mahsuldar-
liginin toyini tiglin diistur asagidak: sokili alar.
Qt Vs T-a

fyo,(m ~1)+ (ty +15, +t5, + o, + 1 +tg2 +t2 +tE +t +t§h +t52y +tn2hy + (7)

W, =

2 3 3 3 3 3
+io g o G+t +1)

vaya

Ql Vs ‘T -a
T (M=1)+m(t} +t2 +t3) +(m-1)(E,, +, +T,, +T +T, +T) +E(M-2) +t5, +t (8)

t =
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MBohsuldarliq diisturunun (8) gominin ytiklii ytiriistine olan hasili gominin ton millar ilo
ifads olunan mahsuldarligini teyin etmayes imkan verir.

W= Qt'yS'T'a'I (9)
=
| _ o o _
—gk (Mm—1)+m(ty +12 +3)+(M-1)(E,, +E, +T,, +T +6, +T) +E(M=2)+t3, +t7
t

Belslikls, tam aciglama ilo verilmis liman-gemi sistemi texnoloji proses miiddatleri her
bir parametrin moahsuldarliga tosir deracesini miieyyonlosdirmaye imkan verir. Natico etibar1
ils liman-gemi sistemi baximindan geminin mahsuldarligina tasir eds bilacak bir gostaricini
dayisen digarlarini sabit gebul etmakls dayigsen gostericinin mehsuldarhiga tesirini tam daqig-
lik ils ifade etmak imkani yaranur.

Gaminin naql prosesi zamani iimuman liman arazisinds olma vaxti (f.) iki dovrii shate
edir, gaminin herokestds komokci ve geminin limanda durma vaxtini. Bu baximdan liman ara-
zisinda olma vaxtmi gaminin timumilagdirilmis mehsuldarlhq diisturunda nazars alaq:

W_ Qt-?/S.T.a _ Qt.}/S.T'a
t_ — — — — — 7
tyol '(m_l)+(thk +tdur)'m tyol '(m_1)+m'thk +m'tdur
W Q. T-a (10)

" (M=1)+m-f, +m-f,

dur

Tedgiqatlar zamani geminin limanda durma vaxti asasen geminin yiikleanma-bosalmas:
dovriinii shate etdiyi miiayyanlegsmisdir. Onda, geminin limandaki dovriiniin limanin, yani
onun texnoloji vasitelarinin yiik amaliyyatlar1 iizra mehsuldarligindan istifade olunaraq tayin
edilmasi torafimizden asasl sayilir.

t _Qf_Qt'j/s_Qt'ys'fa
== =—= = —
M Mtv qtv

tv

(11)

Elo bu baximdan da ilk dafe olaraq su naqliyyat vasitasinin, gominin mahsuldarliginin
¢ox faktorlu parametrlarden, o climladon de geminin limanda ytiik amsaliyyatlar1 altinda ol-
ma vaxtindan, liman texnoloji vasitelarinin imkanlarmni xarakterize edsn parametrlarden
asililiq diisturu tersfimizden asagidaki kimi teklif olunmusdur.

W= Q7. Ta ’
t " Q7
£, - (M=1)+m-f, +m- I;W s (12)
tv
T (13)
fo - (M=1)+m-f, +m- =
Mtv
vaya
Wt— QtysTaQ ‘_/
fyo,-(m—1)+m-fhk+m-@ (14)
tv
e = S Q t
£ - (M=1)+m-f, +m- (fj 2 (15)
tv
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burada T - toqvim dévriinds, cari ilde gemi (istehsalat) giinlarinin {imumi says;

¢ - gaminin, taqvim dovriindaki gomi giinlarindan istifads emsali, o = ?i;

M - naqliyyat tsikli dovriinds xidmat olunan limanlarin orta say1, m=>2;

tyol - gominin iki liman aras1 mosafoni dof etms, orta yolda olma vaxti;

t, — gominin hoaraketds-komakgi, akvatoriyaya daxil olma va tork etma

korpiiye yan alma-ayrilma va barkidilma-boslama amaliyyatlar vaxti;

My — verilmis zaman arzinds liman yiik emali texnoloji vasitalarinin orta mahsuldarligy;

t, — liman yiik emah texnoloji vasitelorinin bir dafays asirilan yiik miqdarma sorf etdik-
lori orta vaxt;

0., - liman yiik emali texnoloji vasitelorinin bir dafeye agirdiqlar yiikiin orta miqdars,
kiitlesi.

Nazare alaq ki, maqgsed geminin istismar effektivliyini artirmaga imkan veran liman tex-
noloji vasitelari ve ¢ominin meahsuldarli1 arasinda qarsiligh asilihg miisyyenlasdirmakls tok-
mil vasitolor sisteminin yaranmasidir. Onda, mahsuldarliq diisturunda(12)parametrlorden
birini deyisken digerloarini ise sabit saxlayaraq onun tasir deracesini todqiq edak.

1. Mahsuldarligin bilavasite iki parametrdan, geminin temiz yiikgotiirme qabiliyyatin-
don (Qy) ve gominin yiikgdtiirma qabiliyystinden istifade smsalindan ( 75 ) asiiligina bax-

digda diisturu (12) asagidak: kimi yaza bilarik:
W, =A-Q -7, =A-Q; (16)

burada A= T-a

tv

o -(M=1)+m-, +m-
Diisturdan (16) goriindiiyii kimi, gomi mahsuldarligr onun dasidig yiikiin faktiki miq-
darindan diiz miitenasib olaraq xatti asilidur.

2. Mahsuldarligin gominin iki liman aras1 masafeni qot etms, orta yolda olma vaxtindan
('[_yol ) asililigina baxdiqda diisturu (12) asagidaki kimi olar.

w, [t (m—1)]+vv{m-thk+m.QtM7S}=Qt-yS-T-aonda

tv

yol

W, -[E,, (m-1)]+w,-B-C =0 (17)

yol

burada B:{m.fthrm.QliA'?/s}

tv
C=Q, 7, T«

Diisturdan (17) goriiniir ki, gomi iki liman aras1 masafeni gat etms vaxti artdigca onun
mohsuldarligr azalir. Lakin bunu da qeyd etmak lazimdir ki, dasima masafesinin boyiik had-
lorinda dasimaya sarf olunan vaxt gomi moahsuldarligina tasiri azalaraq shamiyyetsiz hala
cevrilir.
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Nozars alsaq ki, limanlar aras1 masafani ot etmo vaxti asagidak: diisturla teyin olunur
onda geyd etmak olar ki, dasima masafesinin artmasi mahsuldarliga manfi, gominin texniki
siiratinin artmasi iss miisbat tasir gostarir.

|
t _ ylk
yol 9 (18)

burada lyix - limanlar aras: ytiklii yiiriis;
tgt - gominin texniki siireti.

3. Gominin mahsuldarligibilavasite liman yiik emali texnoloji vasitalarininmahsuldarli-
gindan (Mw) asililigina baxdiqda, onda diisturu asagidaki kimi yaza bilarik.
Qt Vs 'T'a'Mtv
(m_1)+ m-t, ]+m-Q, -y,

vaya

W, =
M tv[t

yol =

W, '[fyol(m_l)+m'fhk]+wt '{m'Q,i/l.ysi':Qt vl -gonda

tv

tv

WI-D+W[-{m~QI{A'yS}—C:O (19)

burada D = ltyol (m —1)+ m ‘fth

C=Q7.Ta

Tadqiqat isinin miizakirasi vo onun noaticesi. Arasdirmalardan goriiniir ki, geminin
mohsuldarlig liman texnoloji vasitalarinin mahsuldarlig artdiqca artir. Lakin bu zaman geyd
etmok lazimdir ki, liman texnoloji vasitalorinin verilmis kicik hadlerinde mahsuldarliginin
artirllmasi daha effektiv sayilir nainki onun verilmis boytiik hadlsrinds artirilmasi. Belalikls,
miivafiq asaslandirmalara istinad olaraq qeyd etmak olar ki, liman xidmeatlarinin keyfiyyati
ilo gominin istismar effektivliyi artdiqca liman yiik dovriyese da artmig olur. Liman texnoloji
vasitolorin mahsuldarligimin artirilmasi siirat ve tohliikesizlik faktorunun olmasi ilo mahdud-
lagir.

Gominin istismar effektivliyi liman-gomi qarsiliqli alagesli vehdatinin temini tizerinda
barqgerar ola bilmasi asash sayilir. Bu baximdan ilk dafs olaraq su naqliyyat vasitasinin - ge-
minin, mahsuldarhiginin ¢ox faktorlu parametrlerden, o ciimladen de geminin limanda yiik
amoliyyatlar1 altinda olma vaxtindan ve liman texnoloji vasitelerinin imkanlarin1 xarakterize
edan parametrlorden asililiq diisturunun toklifi xiisusi shamiyyat kasb edir. Natica etibari ilo
gominin istismar effektivliyinin liman texnoloji prosesinin vo yiik asirma islorinin togkilin-
don asili toyini mahsuldarligin artirilmas: istiqamatinds optimal variant sayilir ve asagida-
kilar1 serh etmays imkan verir:

Natica.Gominin istismar effektivliyinin yiiksakliyi liman texnoloji prosesinin va yiikagir-
ma iglerinin tekmil, optimal tagkili ils six slagalidir.

Gominin faktiki dasidig: yiikiiniin miqdar artdiqca liman texnoloji vasitalarinin sayimnin
artiritlmasi vo bir nego paralel yiik amaliyyatlarinin tagkili asasl sayilir.
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Goami mahsuldarligiin onu toskil edon parametrlorden asililiginin program tominatinin
olunmasi yolu ile ani zaman arzinde miimkiin variantlardan iistiiniiniin segilmasins, opti-
mallasmaya zomin yaradar.

Geminin mehsuldarhigimin tayini diisturunda ardicilligla bir gostericini dayisen, digarle-
rini isa sabit gobul etmaklo mahsuldarligin bu parametrdan asili deyismasini miiayyenlosdir-
mok, optimallasdérmaqve prognozlasdirmagq olar.

Su naqliyyat vasitesinin mehsuldarliginin liman texnoloji vasitalorinden funksional asili-
l1ig1 qarsihiqlidir. Yani gemi mahsuldarligmin artimi liman yiik dovriyyesinin artimina bilava-
sito sobobdir.
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ABSTRACT

The paper presents a new Coupler Critical Dimensions (CCD) approach to define mobility criteria (crank,
rocker conditions or existence) for linkage mechanisms. The method is based on the analysis of extreme lengths of
a mechanism coupler link when the mechanism is on the extreme of its existence or changing its mobility
condition. An application of the method yields a set of analytical relations between dimensions of the mechanism
constant parameters and the exact limits of the coupler link in the mechanism. The analysis reveals that these
expressions are the minimum sufficient and necessary dimensional conditions for the mechanism to exist and
become a turning point to change its mobility from crank to rocker and vice versa. At the boundaries of the coupler
dimensions these expressions correspond to the change-point configuration when the mechanism changes it work
function from one to another or from existence to non-existence. The method has been successfully applied to the
planar 4R, spatial RSSR and planar multiloop linkage mechanisms. The obtained results prove the effectiveness and
accuracy of the method in defining the limits of the mechanism rotatability conditions or existence in general.

Keywords: linkage mobility, crank condition, change point configuration.

LINGLi MEXANIZMLORIN HOROKOT SORTININ TOHLILi UCUN SURGUQOLUNUN
KRITIK OLCULORININ TOYINININ YENIi METODU

Magqalada lingli mexanizmlarinin harakat sortlorini (dirsek, kromislo ve ya varliq) tehlil etmak {igiin siirgii
golunun kritik dl¢iisiiniin (CCD) teyininin yeni metodu taqdim olunur. Bu metod, mexanizmin dirsayinin varliq
sortinda va ya bir harakatlilik formasindan digarins kegid vaziyystinds olduqda, onun siirgiiqolunun sarhad &l-
ciilorinin analizine asaslanir. Bu metodun tatbiqi naticasinds miiayyen sartlor daxilinde mexanizmin sabit para-
metrlari ila siirgiiqolunun daqiq sarhad 6lgiileri arasinda slageni analitik sakilde qurmaq miimkiindiir. Tahlil
naticesinde miisyyen edilmisdir ki, mexanizmin bir hareket formasindan digarine kecid sertinds, yoni onun aparan
bandinin dirsak veziyystinden kromuslo veziyystine kegmasi tigiin siirgiiqolunun kritik 6l¢iilerinin almmais analitik
ifadalarls teyini zaruru ve kafidir. Bu ifadslar, mexanizmin konfiqurasiyasimi bir névden digerine deayisdirma
anina va ya onun varliq sertinden harekatsizliys ke¢id anina uygun golir. Takil edilon metod 4R yast1, RSSR foza
v yasti cox konturlu mexanizmlerin isgérmaqabiliyystinin analizinds ugurla tetbiq edils bilar. Alinmis analitik
ifadalor mexanizmin aparan bandinin firlanma qabiliyyati {i¢iin serhad sartlarini ve ya dirsayin varligimni teyin
edoarken effektiv ve daqiq naticaler verir.

Acar sozlar: lingli mexanizmlarin harakatliliyi, dirsayin varliq sartlori, mexanizmin bir islek vaziyyetindin
digarine kegid sortlori.
HOBBIVI METO/ KPUTUYHBIX PASMEPOB IITATYHA A/51 AHAAU3A YCAOBUMN
ABVIKEHWST PBIYAKHBIX MEXAHIM3MOB

Crartps 1peacTaBAsieT HOBBIN MeTOJ, KpUTHUHBIX paB3Mepos matyHa (CCD) 445 aHaau3s yCAOBUIT ABVMIKEHIS
(kpMBOIIMITa, KPOMBICAA MAY CYIIeCTBOBAHII) PEIYBDKHBIX MEXaHM3MOB. DTOT MeTOJ OCHOBBIBAeTCS Ha aHaAM3e
TPaHMYHBIX pa3MepoB IIaTyHa B MeXaHM3Me KOrda MeXaHI3M HaXOAUTCS Ha TpaHMUIle CyIIeCTBOBaHM:A AN B COC-
TOsIHUE IIlepexoja OT OAHOV pOPMBI MOOMABHOCTH B APYIYIO. B pesyapTare npuMeHeHNs 5TOTO MeTOJa yAaA0Ch
YCTOHOBUTH aHAAUTUYIECK! B3aIMOCBA3h MeXKAY ITOCTOAHHBIMU ITapaMeTpaMl MeXaHM3Ma U TOYHbIe TpaHIIHbIe
pasMepsl IIaTyHa B 9TUX yCAOBUAX. AHAAM3 110Ka3aA YTO DTU aHAAMUTUYECKNe BHIPa’KeHMs SABASIOTC HeoOXoAu-
MBIMEI U JOCTOTOYHBIMI pa3MepPHBIMI YCAOBMAMM ITIaTyHa PV KOTOPBIX MeXaHM3M HaXOAMUTCA B YCAOBMAX ITe-
pexoArr OT 0AHOI (POPHI MOABVKHOCTU B APYTYIO, T.€. IIEPeX0Abl BeAYITIero 3BeHs MeXaHn3Ma OT YCAOBIUS KPWBO-
ImmMIa K KpOMBICAY ¥ HaOOpoT. B ®THX BEIpa’keHIsAX COOTBETCTBYIOT MOMEHTY KOT/Ja MeXaHM3M MeHsAeT KOHPU-
rypdmmio oT 0AHOTO BUJa K AyPYTOMY MAY MOMETY Ilepexoja OT YCAOBUS CyITieCTaOBaHMA K HeAOABVIKHOCTI. DTOT
MeTo/, Obla YCIIeIIHO IIpVMeHEeH A4s aHaAm3a poborocriocodHocty 4R maocknx, RSSR mpocTpaHCTBEHHBIX U O4-
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HOTO BHMAa ITAOCKMX MHOTIOKOHTYPHBIX ME€XaHN3MOB. HOAy‘{eHHI)Ie pe3yabTaThl AOKa3bIBAIOT B(PQ)GKTI/IBHOCTI) u
npeaeAbHYyIO TOYHOCTD B OITpeAeAeHNIe I'PaHIHbIX yC/lOBI/II7I Kpusommniia 4451 BeAymero 3BeHa AN ITIOABVI>KHOCTU
MeXaHN3Ma B I1eA0M.

Kaiouessbie caoBa: IIOABM>KHOCTD PbIYa’KHBIX ME€XaHNM3MOB, YCAOBI KpMBOMIINIIA, I'PaHUYHbIE YCAOBMSI ITa-
TyHa IIpU I1epexoge MexaHmnsma o4HOro pa60qero COCTOSTHMSL B APYTOY.

1. INTRODUCTION TO THE METHOD
OF COUPLER CRITICAL DIMENSIONS

Mobility analysis of four-bar linkages is a well-established field. Many years the Grashof
criterion has been applied to predict the mobility of planar four-bar linkage mechanisms. Chang
et al. [1] justified Grashof’s theorem from the perspective of the occurrence of stationary con-
figurations and uncertainty configurations of four-link chains. The link length relations at
stationary configurations and uncertainty configurations are examined in detail based on the
triangle inequality. Five-bar Grashof’s criteria were transformed into an extended version,
namely law for N-bar kinematic chains, by Ting et al. [2]. They provided proof of the theorems
concerning the mobility of planar N-bar linkages based on the assemblability condition of N-
bar linkages and the revolvability condition of an angle. Ting and Wang [3] presented a unified
and comprehensive treatment for the full rotatability identification of six-bar and geared five-
bar linkages, regardless of the choice of input joints or reference link. The have presented a
general way to identify all dead center positions and the associated branches. Gogate [4] pre-
sented explicit input link rotatability analysis of Watt six-link mechanisms by using evolutio-
nary optimization algorithm. Midha et al. [5] have utilized the triangle inequality concept in
formulating the mobility conditions for a planar four-bar linkage. More significantly, a mani-
fest graphical interpretation was offered, enabling an expeditious mobility determination.
Angeles et al. [6] have reduced the mobility analysis of four-bar linkages to finding the global
extrema of a quadratic function on a cylinder, which then leads to the geometric problem of
finding the intersections of a circle and a hyperbola. Li et al. [7] have investigates the rotata-
bility of planar parallel mechanisms by revealing the crank conditions that relate to link para-
meters. Their research has leaded to classification of three types of crank existing conditions
including three-crank’s, six-crank’s and nine-crank’s of 3-RRR planar parallel mechanisms.
Bai [8], [9] has recently revisited the problem of mobility analysis of planar four-bar linkages.
The mobility is analyzed in terms of the range of rotation of the coupler link, with a special
interest on its full rotatability when the linkage is driven by the coupler link. By virtue of the
constraint triangle, a new formulation on the couple curve rotation is derived. The mobility
is analyzed in terms of the range of coupler angle by a geometric approach.

Many attempts have been made to derive direct rotatability criteria for the RSSR and other
types of spatial linkages. Most of them such as Bottema [10], Cheng et al. [11], Nolle et al. [12],
Pamidi et al.[13], Ting et al.[14] are mainly based on the analysis of discriminant function and
some used geometrical concept [15]. However, compared to Grashof criterion the resulting
mobility criteria appeared to be quite complicated and are based on lengthy mathematical
treatment. Gupter et al [16] attempted to derive direct rotatability criterion for spherical four-
bar linkages. They have achieved solution of the problem for some values of constant twist
angles. However, the solutions do not provide sufficient conditions for the mechanism to exist
and work either as a crank-rocker, or a drag-link (double crank), or a double-rocker mechanism.
Kazerounian and Solecki [17] have introduced equation Z=(cos2)-1=0, where u is the trans-
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mission angle of an R-S-S-R four bar linkage. They have defined the mobility of the linkage by the
number of real roots of this equation. Furthermore, it is believed that there were no serious
attempts to solve similar problem for the multiloop linkage mechanisms.

The method of critical coupler dimensions introduced by the author yields much simpler and
readable closed-form expressions for the crank criteria when it is used for the bimodal or
multiloop mechanisms. The method is based on deriving an explicit expression of coupler link
length as a function of all other constant and variable parameters of a linkage mechanism by
using any appropriate method of kinematic analysis. Theoretically, the mechanism existence
(possibility to assemble) and possible mobility can be defined then in between the limits
(maximum and minimum critical values) of the coupler lengths identified for all possible
values of mechanism variable parameters. Therefore, the coupler explicit expression becomes
a multivariable function of all variable and constant parameters of the mechanism. By
defining stationary points, i.e. points where partial derivatives of function with respect to
variable parameters become zero it is possible to calculate maxima and minima of the
coupler function, namely coupler lengths. These points will define the extremes of the
mechanism existence or changepoint configurations when linkage switches form one type of
mobility to another (for example from double-crank to crank-rocker. The following analysis
of various linkage mechanisms proves the validity of the proposed theory.

2. MOBILITY ANALYSIS OF FOUR-BAR PLANAR LINKAGE MECHANISM
Figure 1 shows a four-bar planar linkage mechanism, where OC predefined as a ground link.

In Figure 1, i, j, e1, e2, es are the unit vectors associated with the axes of the reference frame
and mechanism links respectively; @1, ¢z, @3 are the angles that links 1, 2 and 3 make with X-
axis of the frame. Using a vector method, one can easily derive the target multivariable function
for the length of the couple-link AB (dotted line).

AB?2= OA2 +BC2 +OC2 +2- OC-BC-cos ( ¢3) — 2- OC-OA-cos ( ¢1) -

-2- BC-:OA-cos (1) - cos ((@3) - 2- BC-OA-sin ( ¢1) - sin ( ¢3) (1)

Figure 1. Schematic diagram of four-bar planar linkage mechanism

From (1) it is obvious that AB is a function of lengths of constant parameters BC, OC, OA,
and two variable angles ¢i1, 3. Following the proposed method, the partial derivatives of
function (1) with respect to variables ¢1, @3 can be derived and equated to zero. Subsequent
analysis shows that function (1) reaches its stationary points if the following is satisfied:

sin (@3) =sin (1) =0 )

This will define the change point configuration of four-bar linkage when OA simple aligns
with BC. The condition (2) holds true for combinations of angles, such as a) ¢:=0°, @3 =0°; b)
¢@1=180°, @3 =0° or c) @i=0°, g3 =180° and d) ¢i1= 180°, @3 =180°. Substituting them into (1) we
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can get analytical expressions for the four possible critical dimensions of coupler link AB. They
are as follows:

AB.2=(OC + BC - OA)? 3)
ABw? = (OA + BC + OC)? (4)
AB2 = (BC + OA — OC)? (5)
ABg# = (OC + OA - BC)? (6)

The coupler critical dimension ABv? (4) is the largest among (3), (4), (5), and (6). This di-
mension of coupler ABv?(14) corresponds to the configuration of the mechanism when it has
reached the verge of its existence and will not be considered for possible crank mobility con-
dition. The remaining expressions (3), (5), and (6) are sufficient to derive crank criteria for the
four-bar planar linkage mechanism. The criteria are derived by comparing the lengths of AB
from (3) (5), and (6) with each other for all possible pair combinations (six possible combination)
and testing the crank condition numerically with computer. The obtained criteria are as follows:

i) double-crank mechanism occurs when link OC is the smallest one (OC<OA, OC<BC)
and AB is within the range

OC + |OA - BC| < AB< OA +BC-0OC @)

ii) crank-rocker mechanism occurs when link OA is the smallest one (OA<OC, OA<BC)
and AB is within the range

OA+ |OC-BC| < AB< OC+BC-0A 8)

iti)double-rocker mechanism occurs when conditions (i) and (ii) do not satisfy and AB
is within the range

smallest (AB1, ABs, ABs) < AB < OA +OC + BC 9)

The equal sign in (7) to (9) means the linkage has reached its change-point configuration.
In this configuration, the dimension of coupler AB corresponds to its boundary value when
the mechanism changes its work function from one to another (7), (8) or has reached the
verge of its existence (9).

The obtained results are consistent with the Grashof criteria of rotatability. However,
criteria (7) to (9) are more suitable and takes less computation for the synthesis of four-bar
linkages than Grashof criteria because it requires only one inequality expression instead
of several conditions defined by the Grashof method.

3. MOBILTY ANALYSIS OF FOUR-BAR
SPATIAL LINKAGE MECHANISM

The schematic diagram of the RSSR linkage mechanism is shown in Figure 2. In Figure 2,
i, j, k, ey, ez e3 e4, es are the unit vectors associated with the co-ordinate axes and mechanism
links respectively. For simplicity link OC (vector e2) is predefined as a ground link located on
X-Y plane and axes of the input joint O (vector i) and output joint C (vector es) are also loca-
ted on X-Y plane but not parallel to each other. Fig. 2 shows that (¢2i + @32) is the angle between
input and output joints on X-Y plane. In this configuration, ¢1,is mechanism variable input
angle associated with link OA (measured between j and e1) and @45 is mechanism variable
output angle associated with link BC (measured between esand es). es is perpendicular to ea.
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The kinematic analysis of spatial RSSR linkage mechanism can be carried out by vector
method. That analysis eventually leads to the target multivariable function for the length of
couple-link AB (dotted line):

AB?=0A?+ OC? + BC?- 2-OC-BC:-sin ((3:2)-cos (945) - 2-:OC-OA-sin(@2,i) -cos(¢1,)-

-2-BC-OA-cos (¢2i+p32)- cos ((¢s45) -cos(1,) - 2-BC-OA -sin(pas)-sin(ei) (10)

From (10) it is obvious that AB is a function of lengths of constant parameters OA, BC, OC
and two variable angles ¢1jand ¢us. Partial derivatives of function (10) with respect to variables
¢1jand @45 can be derived and equated to zero. Subsequent analysis shows that function (10)
reaches its stationary points if the following satisfy

sin (@14) = sin (@45) =0 (11)

Expression (11) defines the change point configuration of four-bar RSSR linkage. The con-
dition (11) holds true for combinations of two angles, such as a) @i= 0°, @45 = 180°; b) @1= 180°,
@45 =0°; or ¢) 1= 0° @45 =0° and d) ¢i= 180°, @3 =180°. Substituting them into (1) we can get
analytical expressions for the four possible critical dimensions of coupler link AB. They are as

follows:
AB22= OA2 + OC2 + BC2+2.0C-BC-sin (¢32) - 2-OC-OA sin(¢z,) + 2-BC-OA-cos (¢2i+¢32) (12)
ABw?= OA? + OC2 + BC2-2-0C-BC-sin (32) + 2-0C-OA sin(¢z) + 2-BC-OA-cos (i +932) (13)
AB2= OA? + OC? + BC2-2-0C-BC:sin (32) - 220C-OA sin(¢z) - 2.BC-OA-cos (¢2:+¢32) (14)
ABa2= OA? + OC2 + BC2+2-0C-BC-sin (32) + 2-0C-OA-sin(¢z) - 2-BC-OA-cos (g2 +32) (15)

Figure 2. Schematic diagram of the RSSR spatial linkage mechanism

It can be seen that AB (14) is the smallest among all the critical dimensions defined by
(12), (13), (14), and (15). This dimension of coupler AB (14) corresponds to the configuration
of the mechanism when it has reached extreme of its existence and will not be considered for
a possible crank mobility condition. The expressions (12), (13), and (15) are sufficient to
derive crank criteria for RSSR spatial linkage mechanism. The criteria are derived by
comparing the critical lengths of AB from (12), (13), and (15) with each other for all possible
pair combinations (six possible combinations) and testing the crank condition numerically
with computer. The obtained criteria are as follows:

i) double-crank mechanism occurs when link OC-sin(z2,i) < BC-cos (@2i+(32);

OC:sin (@32) < OA-cos (¢2i+@32) and AB is within the range
AB&(15) < AB2< AB22(12) (if BC-sin (¢32) < OA-sin(2)) (16)
AB4?(15) < AB2< ABw? (13) (if BC-sin (¢32) > OA-sin(z.)) (17)
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ii) crank-rocker mechanism occurs when link OA-sin(@2,) < BC-sin (¢32);

OA-cos (¢2i+@32) < OC:sin (¢2i) and AB is within the range

ABv?(13) < AB?< ABa2(12) (if BC-cos (92i+@32) < OC-sin(2,)) (18)

ABw?(13) < AB2< AB4? (15) (if BC-cos (@2,i+@32) > OC-sin(¢2.)) (19)

iii) double-rocker mechanism occurs when conditions (i) and (ii) do not satisfy and AB
is within the range

ABZ (14) < AB? < largest [AB+?(12), ABv%(13), AB4*(15)] (20)

The equal sign in (16) to (20) means the linkage has reached its change-point configuration.
In this configuration, the dimension of coupler AB corresponds to its boundary value when

the mechanism changes its work function from one to another (16), (17), (18), (19) or has reached
the verge of its existence (20).

4. MOBILTY ANALYSIS OF MULTI-LOOP PLANAR LINKAGE MECHANISM

Figure 3 shows a Stephenson type six-bar planar linkage mechanism.

Figure 3. Schematic diagram of six-bar planar linkage mechanism

For simplicity of analysis all three fixed pivots F, O, and C are taken on a single horizontal
ground line. In Figure 3, i, j, e1, ez, es, es, es5, e are the unit vectors associated with the axes of
the reference frame and mechanism links respectively; ¢1, @2, @3 ¢4, @5, and ¢s are the angles
that links 1, 2, 3, 4, 5, and 6 make with X-axis of the frame. Angle o is a constant angle that
permanently exists between e: and es. That means there exists the following expression
between @sand ¢2 angles:

Q4= Q2+ Ol (21)
By taking link OA as an input link, the kinematic analysis of the linkage mechanism
(Figure 3) can be carried out by vector method based on the following two loops equations:
OA-e1+ AB-e2= OC-i + BC-e3 (22)
FO-i+ OA-e1+ AD-es=FE- es+ ED- es (23)
In multi-loop mechanism (Figure 3) equations (22) and (23) are connected via expression (21).
The mechanism in Figure 3 can be viewed as an extension of the mechanism shown in
Figure 1 by adding a loop OADEEF to it. The link OA remains as an input link for both loops
of the multi-loop mechanism in Figure 3. Therefore, the mobility conditions derived in Section
2 still remain valid for the loop OABC in Figure 3 as well. The change point configuration in
the loop OABC occurs when sin ( ¢1) = 0, i.e. i = e1 (2). At that configuration the multiloop

mechanism takes the position as shown in Figure 4 and acts as a four-bar linkage with regard
to loop FEDAO.
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e]1
0 ‘ 1 =0

The mobility condition of four-bar linkage (7) then can be applied separately to the loop
FEDAO (with coupler ED) in order to achieve full rotatability of links FE and AD regardless
of rotatability conditions in the loop OABC. Full rotatability of links FE and AD can be achieved
when FA=FO+OA is the smallest one (FA<FE, FA<AD) and ED is within the range:

FA + |FE- AD| < ED< FE + AD - FA (24)

The condition (24) does not depend on value of constant angle a. Expressions (7), (8), (9)
and (24) establish simultaneous change point configurations for both loops OABC and FEDAO.
In connection to the entire multi-loop planar mechanism the following statements are true:

i) triple-crank (OA, FE, BC) mechanism occurs when conditions (7) and (24) are satisfied
ii) double-crank (OA, FE) - rockers (BC) occurs when conditions (8) and (24) are satisfied
iii) triple-rocker (OA, FE, BC) mechanism occurs when conditions (9) and (24) are satisfied

iv) the mechanism does not exist if none of the above conditions are satisfied.

4. CONCLUSION

The present paper introduces a new method of critical coupler dimensions to analyze the
mobility or crank condition for single-loop planar and spatial linkage mechanisms as well as
for a multi-loop planar mechanism. An advantage of this method is that it can be easily applied
to any linkage mechanism, does not require to perform full kinematic analysis of the mecha-
nism and analyze the discriminant function of the mechanism. The method which works on
the input-output function of the mechanism leads directly to the critical (boundary) dimensions
of coupler-link when the mechanism abruptly changes its mobility function from one to another,
for example, from double-crank to crank-rocker and vice versa. It also shows the limiting
values for the coupler link in connections to other links when the mechanism ceases to exist.
The paper first time introduces a complete set of relationships between constant parameters
of planar and spatial four-bar mechanisms that cause them to operate either as a double-
crank or crank-rocker, or double-rocker one. It also introduces a complete set of relationships
between constant parameters of multi-loop planar mechanism that cause it work either as a
triple-crank or double-crank-rocker, or triple-rocker mechanism.
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NEFT VO QAZ SONAYESINDO INVESTiISIYA EHTIiYATLARI
VO ONLARIN TOSNIFATLASDIRILMASI

K.A. ABBASOVA
Baki Dovlat Universitetinin
Qazax filial
abbas.k@bk.ru

XULASO

Azarbaycanda neft vo qaz ehtiyatlarinin mévcud veziyyetimiiasir dévrdea bu senaye sahasinin Respublika-
mizda siiratle inkisaf etmasine gotirib ¢ixarib. Bildiyimiz kimi an galirli qeyri-filiz faydali qazintilardanolan neftya-
taqlar istismar edildikce, ehtiyatlar tiikonir, quyuda fantan vurma doévrii mahsuldarilifinazalmasiils naticelonir.
Buna gora do neft vo qaz ehtiyatlarininmeanimseanilmesindemiiasir texnika ve avadanliglarin tetbiqi, hamginin neft
vo qaz ehtiyatlarindan somorali istifadeemaklatiikenmosini kompensasiya etmak olar.Bu isoRespublikamizin an
aktual maselalarinden biridir. Maqalada neft vo qaz senaye sahasinda investisiya ehtiyatlar1 genis aragdirilmisdir.

Acar sozlar: neft, qaz, sanaye, kapital, investisiya, asinma, qazima, qurgu, avadanliq, dévriyys.

INVESTMENT RESOURCES IN THE OIL AND GAS INDUSTRY AND THEIR CLASSIFICATION

ABSTRACT

The current state of oil and gas reserves in Azerbaijan has led to the rapid development of this industry in the
country in modern times. As we know, as oil fields, one of the most profitable non-metallic minerals, are exploited,
their reserves are depleted, and the period of drilling wells results in a decrease in productivity. Therefore, the
use of modern machinery and equipment in the development of oil and gas resources, as well as the efficient use
of oil and gas resources can compensate for the depletion. This is one of the most pressing issues of our Republic.
The article examines investment resources in the oil and gas industry.

Key words: oil, gas, industry, capital, investment, erosion, boring, plant, equipment, turnover.
VIHBECTUIIVIOHHBIE PECYPCHI B HE®TET'A30BOVI OTPACAU U X KAACCUDPUKAILIVS
PE3IOME

B AszepbaiiakaHe TeKylliee cOCTOAHME HePTU U ra3a IIPUBEAO K OBICTPOMY Pa3BUTHUIO BTOV OTPACAU B HbIHEII-
Hoe BpeMs1. Kak 13BeCTHO, OAHUM M3 CaMBIX IIPUOBLABHBIX HEMETAAAMIECKX MUHEPAAOB SIBASIOTCS, HeTIHbIE
MeCTOPOXXAEHM:, KOTOpBIe DKCIIAYaTUPYIOTCA, MX 3aIlachl MCTOMIAIOTCS, a IIporecc OypeHus CKBasKVMH IIPUBOAUT
K CHVDKEHMIO IIPOM3BOANTEABHOCTH. B pesyabTare BHeApeHUN 1 IPYIMEHEHIY COBpeMEeHHOM TeXHUKM 11 060py0-
BaHM:A IpU pa3paboTKe HePTAHBIX U Ta30BBIX PECYpCoB, a TakXke 0oaee d(PpPeKTUBHOE MCIOAb30BaHNe AAHHBIX
HePTSHBIX 1 Ta30BBIX MCKOIIaeMBbIX IIpUBEAET K KOMIIEHCAIIMY UCTOIIEHNs. A BTO ABASETCs CaMbIM aKTyaAbHBIM
BOITPOCOM U ITPODAEMOIi 4451 Hamllell peciryoAuku. B Toit crathe 601ee MOApOOHO M3yJaANch U paccMaTpUBaAUCh
VHBECTUIIVIOHHBIE PECYPCHI B OTpacAy HeTIHOI U Ta30BOJ IIPOMBIIILAEHHOCTA.

Kalouepble caoBa: HedTh, ras, IIPOMBIILIEHHOCTD, KallTal, MHBECTUIINY, M3HOC, OypeHue, yCTPOICTBO,
obopysoBaHue, 000pPOT.

Maqalada miisahids, tasviretma, miiqayss, 6lgma ve bir sira nazari tetqiqat metodlarmdan
(abstraktlasdirma, aksiomatik, analiz, sintez vo s.) istifada edilmisdir.

Bildiyimiz kimi neft vo qaz senayesi miiassisesinin daxili strukturu, onun {iciin faydal
olan hacmi vo faaliyyet dairasi vardir. Bu senaye sahasinin foaliyyati fasilasiz olaraq davam
edan bir proses olmasinin asas sababiinvestisiya ehtiyyatlarinin davamli olaraqyenilonmasi
vd ya barpa olunmasihamginin is prosesine isgilorinmiitomadi olaraq coalb edilmosi ilo
alagadardir. Miiassisenin qazanmis oldugu pul vasaitinin bir qismi maddi xarcleri, hemginin
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amoak haqqi vermak tigiin istifads olunur. Qeyd olunan proses miitomadi olaraq davam edir
va yenidan tokrarlamir. Bu prosese investisiya ehtiyatlarmin, istehsal fondlarmin yaxud
kapitalin dovrani deyilir.

Investisiya ehtiyyatlar1 (yaxud istehsal fondlar1 ve ya kapital) neft vo gaz moahsulunun
istehsalinda istifade edilon investisiya amtoalori yaxud da miixtalif ehtiyyatlar, basqa sozle
golir gatiran bir proses olaraq basa diistiliir.

Istehsal fondlarinin birdafalik deyil, daimi olaraq tokrarlanan bir emaliyyat olmasma onun
dovriyyesi adlanr.

Istehsal fondlarinin faaliyysti miiayyen dévr arzinde tokrarlanir. Bundan slavs istehsal
fondunun harekati miiayyan dovrii shate edir. Onun istehsal ve tadaviilden kecdiklari mii-
ayyan vaxta dovriyye vaxti deyilir. Yoni istehsal fondlarmin dovriyye vaxti onun pul forma-
sina gevrilmasi {iglin sorf olunan vaxt ile pul formasinda geriys donacayi vaxt arasinda olan
miiddati shats edir. Demsali dovriyye vaxti 2 yera boliiniir:

1.Istehsal vaxty;

2. Tadavil vaxti.

Istehsal vaxti - investisiya fondlarmin istehsal markezinds oldugu vaxt basa diisiiliir.
Istehsal vaxti asagidakilardan ibaratdir:

1.9sas va dovriyys istehsal fondlarmin istehsalat ehtiyati formasinda oldugu vaxtdir
2.Insanlarin (alicilarin) istirak etmadiyi tebii proseslerin davam etdiyi vaxtdir.
3.Is dovrii

4 Miiassisads is rejimi istirahat giinlari, novbaler arasinda olan fasilalar va s. yani iglanil-
moamaokls bagli olaraq istehsalda bas veran fasilslor.

Todaviil vaxt: - istehsal fondlarinin tadaviil markezinda oldugu vaxta deyilir. Tadaviil
vaxti imumi olaraq iki hissaye boliiniir:

LInvestisiya amtoalorini almaq ve miiassiseni isci qiivvaesi ilo tomin edilmasi ilo bagli ola-
raq sorf olunan vaxt;

2.9mtoonin reallagsmasi ilo bagh olaraq serf olunan vaxt.

Madi istehsalin bas vermasi tiglin istehsalin maddi ve saxsi amillari istehsal prosesinda
daimi slagaye girmslidirler, yani qarsiliqh faaliyyet gostermalidirlar.

Isethsalin maddi amillari iki qrupda birlagdirilir.
1.asas kapital yaxud esas istehsal fondlari;
2.dovriyyads olan kapital yaxud dovriyys istehsal fondlar [2,seh.121].

1. Osas istehsal fondlar (Osas kapital).

Neft vo qaz senayesinda asas istehsal fondlar istehsal prosesinds birbasa istirak etmakls
yanasi istehsalda bir dofe deyil, dafslarls istirak edirlor vo bu istirak miitemadi olaraq tokrar-
lanir. Osas istehsal fondlar1 istehsal prosesinda istirak etdiyi miiddatds mahsuldarligini azal-
dir. Bels ki,tadriconkdhnalir vo sonda iso istifadasi yararsiz halda oldur. Bu proses asinma
adlanir. Osas istehsal fondlarinin agsinmasi iki tisulla reallasir.

1.Fiziki asinma

2.Mbanavi asinma

53



K.A. Abbasova

Fiziki asinma - asas istehsal fondlar1 istehsal propsesinde davamli olaraq yeni mahsulla-
rin hazirlanmasinda istirak edir vo miisyyan zaman ke¢dikca 6z keyfiyyatini itirarok yararsiz
hala diisiir. Osas istehsal fondlarminfizikiasinmasi 2 ciirdiir:

l.islandikes fiziki asinmaya maruz qala bilor.

2.tobii qiivvalarin, yani isti, soyuq, alovun, suyun vo s tesiri ilo vo ya islomadan ds ¢lirii-
y9, paslana, yararsiz voziyyotoe diise bilar.

Neft vo qaz sanayesinds avadanlaglarin tomiri iig tisul il aparilir:
1.Cari temir - Burada istismar prosesi zamani avadanligin temiri aparilir.

2.0rta tomir - Bu tamir novii asasan sex garaitinds aprilir. Orta temirds neft vo qaz sena-
yesi avadanliglar1 qisman sokiilerek sexds temir edilir yeniden qurlagdirilir.

3.9sasli tomir - Bu temir noviinds neft ve qaz senayesi avadanlig xiisusi ixtisaslasmis
tomir mantagalarinds aparilir. Osash tomir zamani avadanliq tamamils sokiilerak temir olu-
nur vo yenidon qurlagdirilir. Bu tomir zamani kapital qoyulusu ile aprilaraq amortizasiya ayur-
malari1 ilo may dayerine birbasa tosir gostarir [1,s0h.92].

MBanavi asinma iss - neft ve qaz senayesi tikililarinin, magm ve avadanliglarmin texniki
taraqqinin tasiri ile elagadar olaraq 6z dayerini itirmasidir. Osas istehsal fondlarinda menavi
asinma iki ctir olur:

1.Investisiya amtoalari istehsal olundugu arazids amak mehsuldarhig: yiiksalirve asas is-
tehsal fondlar1 az xarc telab edarak istehsal olunur, qiymatlari iss 6ten illors nisbaten daha
asag1 diislir. Bunun naticasinds eyni istehlak dayerine malik avadanhqlar: sixigdiraraq siradan
¢lxmasina sabab olur. Bir qayda olaraq onun real deyari mahsulun ilkin dayari ilo yox, barpa
edildikden sonraki dayarls, yani hemin miiddatde onun ne gadar xarce basa goldiyi ils qiy-
matlondirmak lazimdir.

2.kohns neft ve qaz masin ve avadanliqlar kiitlasi eyni olan mahsulu daha qisa vaxtda
vo daha az amoak sarf etmak imkanina sahib olan yiiksek moahsuldarliga sahib tokmillasdiril-
mis masin va avadanliqlarla avez olunur. Naticads asas istehsal fondlarinin texniki xiisusiy-
yatlori deyismadan fiziki baximnan yaxs1 halda olmasina baxmayaraq yeni magin ve avadan-
liglarla miiqayisads yararsiz hala diigs bilar.

Neft vo qaz senayesi avadanliglarmin modernlagdirilmasi - Mahsuldarligi artirmaq
moagsadi ilo avadanligin miiayyan hissesinin yenilondirilmasidir ve onun zavod tarafinden
hayata kecirilmasi magsadauygun hesab edilir.

Osas investisiya ehtiyyatlarinin (istehsal fondlarinin va ya asas kapital) tosnifat: -
Neft vo qaz senayesinda asas investisiya ehtiyatlar: tosnifatina binalar, anbarlar, quyular, ava-
danliglar, mexanizmalar, qazma qurgular, madan orazisi, rezervuarlar, mithandis istehsalat
komnukasiyalat1 va s. aid edilir. Osas istehsal fondlarmin qruplasmasinin izah1 asagida gos-
torilmisdir:

1.Binalar - Neft ve qaz sanayesinds binalar asagidak: kimi qruplasdirilmigdir:

1.Idarsetms apratlarinin yerlasdiyi binalar - bura neft ve qaz senayesinin idars binalar
aid edilir.

2.sex binalar1 - bura madan idars sexlari binalari, kompressor toesarriifat: sexi, nasos to-
sorriifat: binalar1 ve miihandis texnoloji xidmatlarin comlasdiyi binalar aid edilir.

3.anbar binalar1 - bura neft vo qaz sanayesinin material texniki tachizat toyinath binalar
aid edilir
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4.mexaniki va tomir binalar1

5.kigik sahani shate eden madan mantaqgesi
6.yarimsaksiya binalar1

7.su nasosxanalari

2.Anbarlar - bura neft anbarlari, qaz anbarlari(yeralt: vo su alt1), rezervuarlar, fardi ma-
teriallar tiglin nazards tutulan xiisusi anbarlar, seyyar anbarlar aid edilir.

3.Quyular - burada vurucu quyular, istismarda sayilan neft ve qaz quyusu, mahsuldarl-
ga stnanmada olan va ya ekspermental quyulari, toyinatini gézlayan ve lagv edime prosesin-
da yer alan quyular yer alir.

4.Qazma qurgular1 ise neft ve qaz tesarriifatinda yer alan qazma qurgularidir ve bura
yalniz kompleks amolo gotiron qazma qurgular: aid edilir.

5.Avadanliglar - Neft vo qaz sanayesinda yer alan avadanliqlar ii¢ qrupa boliintir:
1.Stasionar avadanhqlar;
2.Harakotds olan avadanliqlar;

3.Sayyar qurgu avadanhgqlar.

Madan avadanhiqlar teyinat terkibina gore iki yera boliiniir:

1. yeriistii toyinat: - bura mancanaq dazgahi, separatorlar, traplar, madan daxili otiiriicli
nasoslar aiddir.

2. quyu teyinath - bura nasos kompressor borulari, nasos stanqi, samavar terkibds olan
avadanliq ve derinlik nasoslar1 aid edilir.

6.Qazima qurgulari - Neft ve qaz senayesinds qazzimada ham qazima qurgusu komplek-
sina daxil olan, ham da slave avadanhqlar yer alir. Qazima qurgularina daxil olan asas va sla-
vo olmagla iki qrupda comlanir. Osas qazima avadanliglarina preventor, rotor, qazima bucur-
gadi, gazima nasosu aiddir. Olave qazima avadanlqlarina ise gilqarigdirici, gazzma mahlulu
hazir edan blok, gazima mahlulu ¢anlari aid edilir. Osas vo komakgi sexlar ti¢iin nazarda tutul-
mus avadanliglar (homginin asas vo komokgi avadanliglar daxildir) stasionar avadanliglar
hesab olunur.

7 Mexanizmlor - neftgixarmada ve hamginin qazimada istifads edilmis miitiin avadan-
liglar aid edilir. Neft vo qaz senayesi mexanizmlari 2 qrupa boliiniir:

l.endirms ves qaldirma funksiyasi ile temin edilon emsaliyat: siiratlondiran mexanizmls;

2 kicik mexanimzlar - bu tip mexanizmlar daha qog¢ quyular qazilarken, hamginin quyu-
larin tomiri zamanu istifads olunur. O qazima borular1 quyunun agzina dartilarken ve ham-
¢inin nasos kompressor borular1 quyu agzma dartilarken istifads edilir.

8.Madan arazisi - Bura dovlat neft torpaqlaridir ki, hans1 ki neft vo qaz senayesinin faaliy-
yati iclin nazards tutulmusdur.

9.Miihandis istehsalat komnukasiyasi - Bura quyu ¢enlari, boru kemarlar, Stiirticii vasi-
tolar, su xatlari, glic mexanizmlari, isiqlandiric1 vastalar, trap sistemi aid edilir.

Osas istehsal fondlarindan alave geyri istehsal fondlar1 da mévecuddur. Qeyri istehsal asas
fondlar istehsal prosesins birbasa deyil dolay1 yolla tasir gostarir. Qeyri istehsal asas fondlar:
asas istehsal fondlarindan farqlondiran asas alamatlorden biri do onlar miiassisanin deyil di-
gor togkilat vo ya orqanlarin tabeliyinds olurlar. Qeyri istehsal asas fondlarma makteb bina-

lar1, xostoxanalar, yasayis binalari, sanatoriyalar yaxud istirahat ve aylance markazlari vo s.
adi edilir.
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2.Dévriyye investisiya ehtiyatlari(istehsal fondlar1) Neft vo qaz sonayesindos istehsal1
togkil etmak tiglin asas investisiya ehtiyatlar1 ile yanas1 dovriyys investisiya ehtiyatlarmin da
olmasi zoruridir. Dovriyyas istehsal fondlarina material, xammal, yanacagq, su, enerji, yarimfab-
rikat vo s. aid edilir. Istehsalda emal edilon xamal vo materiallar avvalki istehlak formasin iti-
rorak yeni dayars ve goriiniise sahib olurlar.Dovriyys istehsal fondlar1 kapitalin dévrani basa
catarken tamamile istehlak olunaraq 6z dayerini yeni yaradilmis emtaanin tizarine kegirirlar.

Demali, dovriyys istehsal fondlar: - kapitalin istehsalda tamamils istehlak edilen, 6z de-
yarini istehsal edilmis yeni emteaanin iizerins otiiren, bir dévran miiddatinds istehsali basa
¢atmis mahsulun satilmasindan sonra pul formasinda 6z sahibine dénan hissasidir.

Dovriyye isvestisiya ehtiyyatlarinin tesifatt 2 qrupda birlesdirilmisdir: 1.Qazima islari
idarasi tizro; 2.Neftgixarma idaralori tizra.

1.Qazima islori idarasi tizre: Quyularin qazilmasi - dovriyye investisiya ehtiyatlarinin
gazilmanin magsadindan asili olmayaraq tesnifatina asagidakilar daxildir:

1.kimyavi raegentlor - agirlagdiricilar, materiallar, 9.gatirilon xammal va yarimfabrikatlar

texniki su, gil betonit daxildir 10.ehtiyat hissalori

2.qazima borular: 11.burugq tikinti materiallar

3.elektrik enerjisi 12.qablasdiricilar (kisa, yesik, callok), siixur niimu-
4.siirtgii yaglayict maddalar nasi gotiiranlar, kicik mexanizmlar

5.qoruyucu borular 13.alak konveyer tipda olan texniki vasitalor
6.qazima turbinlori 14.s0l yivli qaza alatlari va boltlar,

7.sement 15.6l¢ii nazarat va 6l¢ii cihazlar: hamginin yardime:
8.boru qifillart istehsal texniki vastalar va s.

2.Neft¢ixarma idaralari iizra - Neft¢ixarma dovriyys investisiya fondlarina asagidakilar
daxildir:

1.darinlik nasosu stanq1

2.qaldirici lifti nasos kampressor borulari

3.darinlik nasosu

4.pazvari qayislar

5.quyu agz1 samovarlar

6.yaglayici stirtgii maddalari va s [4,s0h.76].
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Monbalar 9 punto yaz1 tipi bdyiikliiylinds olmalidir.

10.

11.
12.

Sahifa olgiilori: iistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm vo 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.

Magqalsnin nagre taqdimi agagidaki qaydada aparilir:
Hor mogqalls an az1 iki eksperto gondarilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moqalo miiollifo gdndorilir.

Moqalas, ekspertlorin tonqidi qeydlori miisllif torafindon nozors alindiqdan sonra Jurnalin Redaksiya Heyoti
tarafindan ¢apa toqdim oluna bilar.


mailto:journal@beu.edu.az

8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Makine ve endiistri miihendisligi” onceler yayimlanmamus orijinal
galigmalari 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 ti¢ dilde yazilmis 6zeti birbirinin aynt olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

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 gdstermekle 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
bulunmalidr.

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
miracaat 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, VVol.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”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiyiikliigi 9 punto olmalidir.

9.

10.
11.

12.

13.

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

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

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

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana génderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

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

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler igin,(derginin kendilerine gonderilmesi za-
mani posta karsilig1) 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» - MexaHuueckue 1 IPOMBILILIEHHOIO CTPOUTEALCTBA ITYOJIHKYeT
OpWrHHAIBHBIC, HAYYHBIC CTAThH U3 00JIACTH HCCIICIOBAHMS aBTOPa U PaHee HE OIlyOIHKOBaHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJIMMCKOM SI3BIKE.

Pykomucu IOMKHEI OBITH HabpaHsl cornacHo nporpamMmel Microsoft Word u oTripasiieHs! Ha 371€KTPOHHBIH
anpec (Journal@beu.edu.az). OtnpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HasBanue cTathy, UMs ¥ (haMIIIKs aBTOPOB
Mecto paboThI

DICKTPOHHBIN aJipec

AHHOTAIIMS U KITFOYCBBIC CIIOBA

3araaBue cTaThbH IHUIICTCS I KaXKI0M AHHOTAIlUHW 3arjlaBHbIMH 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U1 pacrioJiara-
€TCA IIO LICHTPY. 3arnaBue u AaHHOTalluu JOJIXKHBI OBITE MPEACTABJICHBI HA TPEX A3BIKAX.

AHHOTAIMS, HAMIMCAHHAS HA S3bIKE MPEACTABICHHON CTAaThH, NOJDKHA comepkath 100-150 cioB, HaOpaHHBIX
mpudrom 9 punto. Kpome TOro, mpencTaBisioTcs aHHOTAMK Ha OBYX APYTHX BBINIEC YKA3aHHBIX A3bIKAX,
MePEeBO KOTOPBIX COOTBETCTBYET COJIEPKAHIIO OpUrnHaia. KiroueBbie clioBa JOMMKHBI ObITh MPECTABICHBI
MOCJIE KaXK/I0M aHHOTAIIMU Ha €T0 SI3bIKE M COIEPIKATh 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 OPUTMHAIBHBIA SI3BIK YKa3bIBACTCS B CKOOKaX, a
CCBITKA JaeTcs TOJIBKO Ha JIATHHCKOM ali(haBuTe.

PucyHKH, KapTHHKH, TPa)MKH ¥ TAGJUIbI JOJDKHBI OBITh YETKO BBITIOJHEHBI U pa3MeleHbl BHYTPH CTAThU.
INoxnwcn K prCyHKaM pa3MenIaloTCs 110J] PUCYHKOM, KapTUHKON WM rpadukoM. HazBaHue TaOIMIIBI MUMIETCS
HaJ TaOJIHIEN.

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 COOTBETCTBYIOIIYIO CTPaHHMILYy, COXpaHsAsS MOPSAKOBBIA HOMep IuTHpoBaHus. Hanpumep: [7,
ctp.15]. bubnmorpaduueckoe onucaHue cChlIaeMOM JIMTEPATYPhI JOJDKHO OBITh MPOBEJCHO C YYETOM THIIA
HCTOYHUKA (MOHOTpadus, yaeOHNK, HayuHas cTaThs U 1p.). [Ipu cchlike Ha HAYYHYIO CTAaThIO, MAaTEPHAIIBI CHM-
MO3UyMa, KOH(PEPEHIIMH WU JPYrUX 3HAUMMBIX HayYHBIX MEPONPHUATHH JOJDKHBI ObITh yKa3aHbl Ha3BaHHE
CTaThH, IOKJIA/a UM TE3UCA.

Hanpumep:

Cmamuws: 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

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

Kongpepenyusa: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

>

in Science and education. Il 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.

Pa3mepn! crpanuubl: cBepxy 2.8 cM, cHu3y 2.8 oM, cieBa 2.5 u cripaga 2.5. Tekcr neyaraercs mwpudtom Pala-
tino Linotype, pasmep mpudra 11 punto, uaTepBan-oauHapHblii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

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

HpC,Z[CTaBIICHI/IC CTaTbhbH K ICYATH NPOU3BOJUTCA B HUKC YKA3aHHOM ITOPAIKE:

Kamuaﬂ CTaThs NOCHIJIACTCA HE MCHEC IBYM JSKCIICpTaM.

CTaThs IOCHLIACTCS aBTOpY JIA ydyeTa 3aMeYaHul OKCIICPTOB.

CTaTLH, TMOCJIC TOIr0, Kak aBTOpP YUY€ 3aMCUaHHs DSKCHEPTOB, pCHaKHHOHHOﬁ KOJLIETHEH JKypHajla MOXKET
OBITH PEKOMCHIOBAHA K IeYaTH.
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