Azarbaycan Miihondislik Akademiyasinin
X9BORLOIRI

HERALD
of the Azerbaijan Engineering Academy

BECTHHUK

A3zepOanmxkanckod UH:keHepHOM AKageMuun

Beynalxalgq elmi-texniki jurnal
The international science-technical journal
Mesrcoynapoouslii HayuHO-mexHUYecKuil HeypHal

Cild 7.
Vol. 7.
Tom 7.

72z
W W W

BAKI - 2015



Azarbaycan Miithondislik Akademiyasinin
X9BIORLIORI
Beynoalxalq elmi-texniki jurnal

BAS REDAKTOR — AKADEMIK A.M. PASAYEV

Bags redaktorun miiavini — akademik A.S. Mehdiyev
Bags redaktorun miiavini — akademik 0.X. Canahmadov
Moasul redaktor — miixbir iizv H.F. Miralomov

REDAKSIYA HEYOTI:
akademik ©.M. Abbasov, akademik R.I. Abdullayev, akademik H.S. Bagirov,
akademik N.H. Cavadov, akademik B.H. 9liyev, akademik C.C. 9sgarov,
akademik A.Z. Quliyev, akademik H.9. Mammoadov, akademik G.H. Mommadova,
akademik I.R. Sadiqov, miixbir iizv N.A. Dliyev

REDAKSIYA SURASI:
akademik B.V. Qusev (Rusiya), prof. N. Antoneski (Ruminiya), prof. S. Sures (ABS), prof. Bravu
Konstantin (Israil), prof. Baur Reinhard (Almaniya), prof. F. Franek (Avstriya), akademik B.T. Jumaqulov
(Qazaxistan), prof. P. Jost (Bdyiik Britaniya), prof. Junq — Younq Son (Koreya), akademik A.V. Karimov
(Ozbokistan), prof. D. Mavrakis (Yunanistan), akademik N.K. Miskin (Belarusiya), prof. Nejdet Saglam
(Tiirkiyo), akademik V.E. Panin ((Rusiya), prof. S.Putko (Polsa), akademik A.I. Vasilyev (Ukrayna)

The international science-technical journal
HERALD
of the Azerbaijan Engineering Academy

CHIEF EDITOR - A.M. PASHAYEV, ACADEMICIAN

Deputy editor — A.Sh. Mehtiyev, academician
Deputy editor — A.Kh. Janahmadov, academician
Managing editor — H.F. Miralamov, member of correspondent

EDITORIAL BOARD:

A.M. Abasov, academician, R.I. Abdullayev, academician, H.S. Bagirov, academician,
N.H. Javadov, academician, B.H. Aliyev, academician, J.J. Asgarov, academician,
A.Z. Quliyev, academician, Q.A. Mamedov, academician, G.H. Mamadova, academician,
LR. Sadigov, academician, N.A. Aliyev, member of correspondent

EDITORIAL ADVISORY BOARD:

B.V. Gusev, academician (Russia), N. Antonesku, professor (Romania), S. Suresh, professor (USA),
Bravu Konstantin, professor (Israel), Baur Reinhard, professor (Germany), F. Franek, professor
(Austria), B.T. Zhumagulov, academician (Kazakhstan), Piter Jost, professor (Great Britain),
Jung — Young Son, professor (Korea), A.V. Karimov, academician (Uzbekistan), D. Mavrakis,
professor (Greece), N.K. Mishkin, academician (Belarus), Nejdet Saglam, professor (Turkey),
V.E. Panin, academician (Russia), S. Pytko, professor (Poland), A.I. Vasilyev, academician (Ukraine)



TOSISCI:

“Azarbaycan Miihondislik
Akademiyasi ” ictimai birliyi.

Jurnal 2009-cu ilin noyabr
ayidan nogr olunur.

Dévriliyi ilde 4 defadir.

Azorbaycan Respublikasi Odliyys
Nazirliyi terafindon rosmi qeydiyyata
almmigdir.  Qeydiyyat Ne 2965,
23.06.2009-cu il.

Jurnal Azarbaycan Respublikasi
Prezidenti yaninda Ali Attestasiya
Komissiyasiin reyestrine namizad-
lik vo doktorluq dissertasiyalarinin
naticalorini dorc olunmagq ii¢iin daxil
edilmisdir.

Jurnal Beynolxalq elmi sitat
sistemi SCOPUS ve Thomson
Reuters qeydiyyati prosesindodir.

Jurnal texniki elmlor lizro refe-
rativ molumatlarin beynslxalq ingilis
dilli bazasina daxil edilmisdir —
“INSPEC »

Jurnala abuns “Azarpogt ” ASC-
nin pogt bdlmalarinds yazilmaq olar.
Abuno il boyu davam edir.

Abuns indeksi: Hiiquqi va fiziki
soxslar tiglin — 1156

Redaksiyamin tinvani: Azarbaycan
Respublikasi, AZ 1010,

Baki gohori, K.Soforoliyeva 22.

Tel/Faks: (+99412) 598 24 52

(dax. 6-59)

E-mail: amaxeber@yahoo.com

http://ama.com.az

REKLAMLARIN YERLOSDIRILMOSI

IL© OLAQODAR REDAKSIYAYA
MURACIOT EDO BILORSINiZ

ISSN 2076-0515

FOUNDER:

Public union “Azerbaijan
Engineering Academy ”

Journal published since
November, 2009.

Issued 4 times a year.

Certificate about registration Ne
2965, june 23. 2009 was given by
Ministry of Justice of the Re-
public of Azerbaijan.

Journal was included into the
list of edication for publication of
result of candidate and doctoral
thesis by the supreme Attestation
Commission Attached to the Presi-
dent of the Republic of Azerbaijan.

The journal is in the process of
registration in the international
system  of  scientific  citing
SCOPUS and Thomson Reuters.

Journal was included into inter-
national English — language abs-
tracts database on technical scien-
ces “ INSPEC”

Subscription to journal may be
drawn up at post offices of OJSC
“Azerpochta” Subscription index:

For juristic and for natural
persons — 1156

Address of editorial offices:
Azerbaijan Republic, AZ 1010,

Baku, K.Safaraliyeva 22.

Tel/Fax: (+99412) 598 24 52

(inter. 6-59)

E-mail: amaxeber@yahoo.com

http://ama.com.az

CONCERNING ADVERTISING
PLACING TO ADDRESS
IN EDITION

YYPEJUTEJIb:

OO011ecTBEHHOE 00bEIMHEHNE
«Asep0aiimxanckas UH:xeHepHast
AKaaeMus».

Kypnan uzngaercs ¢ Hossopst 2009
roza.

Berxomur 4 pasa B roa.

Odunuansao 3apEerHCTPUPOBAH
MunucrepctBoM FOctunmu Azep0Oaiin-
xaHckoi  PecryOnuku.  Ne  perwc-
Tpamuu: 2965 ot 23.06.2009 r.

JKypHan BKiIIOUEH B IepeyeHb
U31aHNH, PeKOMEHIOBAHHBIX ISl 11y0-
JIUKAIMM  OCHOBHBIX  PE3YJIbTaTOB
KaHJMJATCKUX M JOKTOPCKHX IHCCep-
Tauui  Belcmell  arrecTanMoHHON
xomuccuu npu IIpesunente Asepbaiin-
JKaHCKOU PecryOnuku.

Kypnan Haxomurcs B IHpolecce
pEerucTpalMd B MEXKAYyHapOAHOI
CHCTEME  HAay4YHOIO  LIUTUPOBAHUS
SCOPUS u Thomson Reuters.

KypHan BKIIOYEH B MEXAy-
HApOJHYIO aHTJIOSA3bIYHYIO 0a3y pede-
PaTUBHBIX IaHHBIX MO TEXHUYECKHM
naykam INSPC.

[Moamucka Ha )KypHaT OCYLIECTBIISI-
ercs B oraencHusx OAO «Asepriod-
ta». lloamucka mpomomkaeTcss B
TEYCHHE TOJIa.

WHaekc nomnuMcku sl FOPHMIH-
4YecKHX U pusndeckux jui: 1156.

Aopec pedakyuu: Azepbaiinxan,
AZ1010, r. baky, yn. K.Cadapanuesa, 22.

Ten./®axc: : (+99412) 598 24 52

(BHYTp. 6-59)

E-mail: amaxeber@yahoo.com

http://www.ama.com.az

I10 BOITIPOCAM PA3MEIIEHNS
PEKJIAMBI OBPAILIIATHCSI
B PEJIAKIIUIO

© Azarbaycan Miihandislik Akademiyasi, 2015
© Azerbaijan Engineering Academy, 2015
© AzepOaiizkanckan Unkenepuas Axagemusi, 2015



MUNDORICAT

Mohkomlik fizikasi

Badalov A.Z., Zeynalova S.Q.

In,03-Si0,-Si-SiO,-Al strukturlarinda tarazsiz kasiblasma rejimindo

geyri-taraz saha effektinin relakSaSIYAST ....viviiiiririiriiieieise st 7
Aviasiva

Mammadov A.Z.

Saquli siirati 6lgon magnit levitasiya sisteminin parametrlorinin kegid

proseslorinin texniki optimum $arting gora hesablanmast ..........ccocevvvvererieiieiniinien e 18

Mexanika vo masingayirma
Kindracuk M.V., Vol¢cenko D.A., Kristopa S.1., Juravlyov D.Y.
Tribosistemin siirtiinma ciitlorinin mikrogixintilarmin miixtalif tipli kontaktlarin

enerji saviyyasinin giymatlondirilMasi .......c.ociiiiiiiiiiies e 26
Xalilov 1.0.

Avtomobilin friksion muftasi ilo ikikiitlali ragsi sistemin dempferlomo

gabiliyyatinin tocriibi todOIGE ..vecvvevveieeieie e sr e e sreeree e 38

Qafarov A.M., Siileymanov P.H., Qafarov V.A.
Ekstremal vaziyyatlords istismar olunan masin va avadanliglarin

detallarinin sathlorinin keyfiyyatinin uyusma dévriindon asililiginin tadgiqi .......ccccoverererieiiniinnnns 46
Sarifov Z.Z., Abbasov E.O.

Plunjer ciitlarinin is¢i sathinds yaradilan diffuzion 6rtiiyiin bohran galinliginin tayini .................. 56
Cavadov N.H., Mammadov 9.S., Mehdiyev O.M.

Labirintli nasosun handasi parametrlorinin onun basqisina tasirinin todgiqi .........ccceeevvivieiiieenenne. 61
omirov F.Q.

Ragomli programla idars olunan dazgahlarin totbiqi ilo sazlanabilon

avtomat xotlordo emal edilon detallarin toSnifatl ........cccccceeiiieiieiii i 66

Gozalov S.K.

Qeyri-salis geyri-miiayyanlik soraitinds goxmeyarli nogliyyat

logistik masalalarin hallinin genetik alqoritmi ...........ccooviiiiiiiii e 76
Neft va gaz

Ismayilov Q.Q., Nurullayev V.X., Zeynalov E.A.

Qorarlagmis rejimds neft kamarlarinds sarbast axin sahslarinin

toyini liglin qrafo-analitik TSUL. .......cocoiiiiiii e 91
Rzayev X.N.
Stasionar doniz platformalarinin tikintisindo XariCi tacriiba ........ccccovevereriniiiiiiie e 104

Neft-kimya texnologivasi
Mammadov C.I., 9kboarova K.H.
Neftds olan boyiikmolekullu nanostrukturlarla vs assosiatlarla miibariza

ticiin bis-d6rdlii amonium birlogsmalarinin sintezi vo tathigi .......ccoevviiiiiiec e, 112
Omirov F.9., Naibova T.M., Abdullayeva i.Q., Quluyeva P.X.
Oligomer-elastomer garisigi asasinda KOMPOZISIYA ......ccvevevriiiriiiieieeeee s 116

Kand tasarriifat
Oliyev B.H., Atababayev E.R.
Azorbaycan soraitindo suyagonastedon texnikanin vo suvarma texnologiyasinin

asas inkisaf istiqamatlori Vo tathiginin halli YOIlart ..o 122
Insaat mexanikasi

Salahov M.A.

Coxmaortobali karkasl binalarin qurulmasinin togkilati-texnoloji

proseslorinin 1ayinolondirilMash ........ccoiiiiiiii s 130
RESENZIYA ...ttt bbbt bR bR a b et 136
XIONTK@ ...t bbb bbb 138



CONTENTS

Physics of durability
Badalov A.Z., Zeynalov Sh.G.
Relaxation of nonequilibrium effect of field in In,03-S10,-Si-Si0,-Al structures

in regime of nonequilibrium IMPOVETISRMENT ........ccoiiiiiiiiiiieieee e 7
Aviation

Mamedov A.Z.

Calculation of vertical speed parameters of transition process gauge with system

of magnetic levitation providing technical optimum condition ............ccccecerierieiiniierenieee e 18

Mechanics and mechanical engineering
Kindrachuk M.V., Volchenko D.A., Kryshtopa S.I., Juravlev D.Y.
Assessment of power levels of various types of contacts of microledges of
couples of friction Of trIDOSISEEIM .....ievvieriiirieiiieiieiieeese e te et e e ere e esraesteeseaesebeesseesseesseesseesens 26
Khalilov 1.A.
Experimental research on damping ability of two-mass oscillatory system for car friction clutch .. 38
Gafarov A.M., Suleymanov P.H., Gafarov V.A.
Examination of surface quality of machine parts and equipment used at extreme
conditions depending on CUttING-1N tIME ......ccceercveriveeiieereerierreeereereereesseessresreaseesseesseesseesssesssenens 46
Sharifov Z.Z.., Abbasov E.O.
Determination of critical thickness of diffusion layer formed on working
SUITACES OF PIUNZET PAIT ..eouviitiiiieiie ettt ettt et e be e saee st e eateeabeebeebeenns 56
Javadov N.G., Mamadov A.S., Mekhtiyev A.M.
Research on influence of geometrical parameters of the labyrinth pump on fluid pressure ............. 61
Amirov F.G.
Classification of parts processed on automated lines of reconfigurable machine
tools with digital program management ...........c.cceccueercrieeiieerieeeieeesreesreeeteeesreeereeeereesreeesaeenenes 66

Gezalov S.K.
Genetic algorithms of multi-objective problems solution of transport
logistics in conditions Of fUZZY UNCETAINEY ........ccueeiuierieriiiie ettt e 76

Oil and gas
Ismayilov G.G., Nurullayev V.H., Zeynalov E.A.
Graph-analytic method for determining the free flow areas of oil pipline at established regime ..... 91
Rzayev Kh.N.
Foreign experience in the construction of stationary sea platforms ...........ccccceeveeveenieniienieenieneenne, 104

Chemical technology
Mamedova Ch.I., Akparova K.Q.
Synthesis and application of bisquaternary amines to control associates

and supermolecular NANOSLIUCTUTES 1N 011 ......ccvvvciiiiiieriierieiie et es 112
Amirov F.A., Naibova T.M., Abdullayeva 1.Q., Quluyeva P.X.
Compositions based on oligomer-elastomer compound ...........cceceerierierienienienie e 116

Agriculture
Aliyev B.H., Atababayev E.R.
Water saving technique and irrigation technology implementation ways

and the main development trends in the conditions of Azerbaijan ............ccccceveeviieriiiiiieieeiceeenee. 122
Struktural mechanics

Salakhov ML.A.

Design of organizational and technological processes of construction

of multystoried frame DUILAINGS .......cccvevviiiiiieiiiiecie e s reebe e enns 130
REVICW ..ottt ettt sttt et b e she e bt et s bt eanena e et ennesaeennen 136
CRIOMICIE ..ottt et et et be s reenn e b een e 138



COJAEPKAHUE

IHpukagaanada pusuka

bagagaos A.3., 3eitnanosa LT

Penakcanust HepaBHOBecHOTO 3 dekra mons B InyO3-Si0,-Si-Si0,-Al cTpykTypax

B PEKUME HEPABHOBECHOTO OOCITHEHUS ....euverveentereemtentenutentenseententesstensesieessensesseensessesnsessesseensessesnsens 7
ABuanus

Mawmenos A.3.

PacueT napaMeTpoB nepexoHOro NpoLecca MU3MEPHUTENs BEPTUKAIBHONW CKOPOCTH

C CHCTEMOI MarHUTHOM JIEBUTALIMH 10 YCJIOBUIO OOECTICUEHHUSI TEXHHYECKOTO ONTUMYMA............ 18
Mexanuka U MAIIHHOCTPOEHHE

Kunapauyk M.B., Boasuenko /[.A., Kpeimrona C.HU., XKypasaes /1.1O.

O1ieHKa SHEPreTHYEeCKUX YPOBHEH Pa3InYHbBIX TUIIOB KOHTAKTOB MUKPOBBICTYIIOB

AP TPEHHS TPHOOCHCTEMBI  ....eeutitieuieteeutenteateentesteeueensesseeneenseastenseeseesesseentensesseensesbeeseenseeneensenseenean 26
Xanuaos U.A.

OKCIepUMEHTAIBHOE HCCIICIOBaHUE JeMIT(PUPYIOIIEH CIIOCOOHOCTH

JIBYXMAaCCOBOH KOJIeOaTeNbHON CUCTEMBI C PPUKIHOHHON MY (PTOH ABTOMOOHIIST ..eovvvnveeneeeeaneennens 38

I'agapos A.M., Cyaeiimanos ILI'., 'adpapos B.A.
HccnenoBanne kauecTBa MOBEPXHOCTH AeTajeil MallluH U 000pyI0OBaHUH,

AKCIUTYaTHPYEMBIX B AKCTPEMATBHBIX YCIOBUIX B 3aBUCUMOCTH OT BPEMEHU MPUPAOOTKH ........... 46
IMapudos 3.3., Ad6acos 3.0.

Omnpenenenne KPUTHIESCKOH TOIIUHBI TUPPY3UOHHOTO CII0s, 00pa3zyeMoro

Ha pa00YMX MOBEPXHOCTSX TUTYHIKEPHBIX TIAD .ereveereerreerseeruesseesseesseesseesssesssenssessseesseesssesssesssessennns 56

dsxaanos H.I'., MamenoB A.C., MextuenB A.M.

HccnenoBanne BIUAHNSA T€OMETPHIECKHX TApaMETPOB JTaOUPUHTHOTO

HACOCA HA HATIOP JKUIIKOCTH ...eeevveerureeanreeennreessreenseeesseesnsseesnseesnseessseesnssessnsessnseessssessnsesssssessnseessnses 61

AmupoB @.T'.

Knaccuduxarus geraneii, o0pabaTbiBaeMbIX Ha TIEPEHATAKUBAEMBIX aBTOMATHYECKUX

JUHUSX U3 CTAHKOB C YHUCIOBBIM MPOTPAMMHBIM YIIPABICHUIEM ...cc.eveeenrreeereennreeennreesseessneeesseesnnees 66

I'ezanos C.K.

I'eHeTHUYECKHE ANTOPUTMBI PELICHHUS] MHOTOKPUTEPHANBbHBIX 337[a4 TPAaHCIIOPTHOM

JIOTUCTUKH B YCIIOBUSX HEUETKON HEOTIPEHCIIEHHOCTH ...ceeeruvrreerrureeersnrreessueeeessaneeeessnmeeeessnneeeesnnnnes 76
Hedrhr M ras

HUcemanaos I'.T'., Hypyanaes B.X., 3eiinanoB E.A.

I'padoananuTrueckuii METOM JIs ONPEACICHHUS CAMOTCYHBIX YYaCTKOB

B HEPTEPOBOAAX TIPH YCTAHOBHUBIIEMCS PEIKIIME ...c.eveeeereerereeaseeereseessseeessseesseeessseessesssssesssesensees 91
P3aes X.H.
3apyOesKHBII ONBIT CTPOUTEIHLCTBA MOPCKUX CTALTMOHAPHBIX TIATPOPM ...eonvereienieieniieieeneeeeneenes 104

HedbTexmMuuyecKkHne TEXHOJIOTHH
Mawmenos Y.U., Axnepona K.T'.
CHHTE3 ¥ IPUMEHEHUE OWC-YETBEPTUYHBIX aMMOHUEBBIX COSTUHEHUN B O0phOe

C acconmaTraMy M CyIpaMoOJIEKyIIPHBIMH HAHOCTPYKTYPAMHE HEMDTH ...ccvveereeerurerieeieeieenieenieenieeennes 112
Amupos ®@.A., Hau6osa T.M., Aoayaaaesa I.T'., Kyayesa I1.X.
Komrmo3uiiust Ha OCHOBE OJUTOMEPO-ITACTOMEPHOM CMECH ...eeuvveenreeenireenneeeeseeennreesnseeenseeesseeenneens 116

CeiabcKoOEe X03SCTBO
AmmeB B.I'., Aradaoaes J.P.
OCHOBHEbIE HalpaBlIeHHUs PA3BUTHUS U IyTH BHEPEHUS BomocOeperaromnen
TEXHUKH U TEXHOJIOTHUHU OPOIICHUS B YCIOBUAX A3ZCPOAMIIKAHA ...cccvveeenereeerieeireenveeereeenereeeseeenenas 122

CTponTeJbHAasgd MeXaHHKA
CamxaxoB ML.A.
IIpoexTupoBanue OpPraHu3alMOHHO-TEXHOIOTHYECKUX MIPOLIECCOB BO3BEICHUS
MHOTO03TaKHBIX KapKacCHBIX 3/1aHUH

Penen3usn
XpoHuka



Cild 7.Ne3 Azarbaycan Miihondislik Akademiyasinin XOBORLIRI Iyul — Sentyabr 2015
Vol. 7.Ne3 HERALD of the Azerbaijan Engineering Academy July — September 2015

PEJTAKCAIIUAA HEPABHOBECHOI'O DP®EKTA IT1OJIA B
IN,03-Si0,-Si-Si0,-Al CTPYKTYPAX B PEXXUME
HEPABHOBECHOI'O OBEJHEHUSA

A.3. BAJTAJIOB, II1.T. 3EMTHAJIOBA

B craTbe nccieayercs BIMSHAE Pa3IndHbIX GakTopoB Ha BpeMs skpanupoBanus 1n,03-SiO,-Si-
SiO,-Al ctpykryp. U3yueHo BIHsSHHE TEMIIEPATyphl OCBEIICHUS M HATNPSDKCHHS MHTAHWS HA BpeMs
HPOTEKAaHHs MpoLecca HEPAaBHOBECHOIO HECTAILMOHApHOro obenHeHus. McciemoBaHa 3aBHCHMOCTh
TOKa JEMOJISIPU3AINH OT JITUTSIBHOCTH UMITYIbCOB TIUTAHKS O€3 3aCBETKH U C 3aCBETKOM CBETOIHOIA.

Knrwouesvle cnosa:  nonynpoooHux, OUdIeKMpux, memnepamypa, mox 0enoaapusayui,
9IeKmpu4ecKoe noJe.

DddexTrl HapyIIeHUST PABHOBECHOTO PACIIPE/ICIICHISI HOCUTENCH B IMOYIIPOBOJHUKAX
TIOJIOKEHBI B OCHOBY pa®OTHI OOJBIIMHCTBA MOJYIPOBOJIHUKOBBIX MpuOopoB. Hanbomnee mu-
pOKoe HpI/IMeHeHI/Ie HaluIn HpI/I60pBI Ha OCHOBC BJ'IGKTpOHHO-)II)IpO‘-IHBIX HepeXOHOB, B KOTO-
PBIX HapylIeHUE PaBHOBECHOTI'O paclpeaeIeHNs IPOUCXOIUT IIPU IPOTEKAHUU TOKA.

B ciydae ucnosnp30BaHUs MEPEXOMAHBIX MPOIECCOB B CTPYKTYpax «IOJYHPOBOJHUK —
JUDJIEKTPUK» U3 BRICOKOOMHBIX TOJYIPOBOTHUKOB MOSIBIISIETCS €IIe OMH CIOCO0 HAapyIIeHUs
PaBHOBECHOTO pacHpe/elieHUs] U YIPaBIeHUS MMPOBOAUMOCTBIO B 00BEMe MOTYTPOBOJHUKA C
MOMOIIHI0 UMITYJIbCOB CPABHUTEIHHO HEOOIBIIOTO 3IeKTpudeckoro nomsi. EctecTBeHHO, 4TO
HOBBII71 CHOCO6 Hap}/HIGHI/ISI paBHOBGCI/ISI BCICT K HOCTpOCHI/IIO BHCKTpOHHI)IX 3JICMCHTOB C Ka-
YCCTBCHHO IIpyrI/IMI/I CBOfICTBaMI/I N BO3MOXHOCTIAMU H, B KOHCUHOM HUTOIC, MOXCET CyHIG-
CTBEHHO JIOTIOJHUTh M PACIIMPUTH BO3MOKHOCTH MOIYITPOBOAHUKOBOI AnekTponuku [1-8].

[TepexoaHBIC TIPOIIECCHI COTIPOBOXKIAIOTCS PE3KUM H3MEHEHHEM €MKOCTH H OOIIIETO CO-
MPOTUBJICHHUS CTPYKTYPBI, IPH 3TOM CTPYKTYpPa MMEET BBICOKYIO YYBCTBUTEIBHOCTH K CBETY,
CIOCOOHA HAKaIIMBATh JICHCTBUE JIyUYHCTOM YHEPTHUHM U 00J1a/1aeT BO3MOYKHOCTBIO MPeoOpa3o-
BaHUs W 3alIOMUHAHMS M300PaKEHUH, a TaKKe LEIBIM PSJIOM JPYTruX (PYHKIIMOHAIBHBIX BO3-
MOXHOCTeH. M3ydeHue BIMSHHA 3TUX (PAKTOPOB CIOCOOCTBYET CO3AAHUIO MPHUHLIUMHAIBEHO
HOBBIX IPUOOPOB U YIIYULICHUIO TAPAMETPOB CYIECTBYIOLIHX.

B pabote ucciemoBaHO BIHMSIHHE PA3IMYHBIX (DAKTOPOB (TeMIIEpaTyphbl, OCBEIICHUS,
HANpsDKEHUS MUTAaHUS U T.1.) Ha BpeMs MIPOTEKaHUs MPOIlecca HEPAaBHOBECHOTO HECTALIMOHAD-
HOT'0 00eHEHUS.



A.3. Baoanos, II1.I". 3etinanosa

Kpatko npoanamuszupyeM BpeMs NpPOTEKaHHUs Ipoliecca HEPAaBHOBECHOTO HECTalU-
OHApHOTO  OOEQHEHHS B  «METaUI-AUAIEKTPUK-TIOTYTIPOBOAHUK-AUIIEKTPUK-METAII)
(MAIIAM) cTpykTypax Ha OCHOBE BBICOKOOMHBIX MOJIYIPOBOJHUKOB p-THma. [Ipu mpumnoxe-
HUM UMITYJBCHOTO MHUTAHUS HA CTPYKTYPHl CBOOOJHBIC HOCHTEH, HAXOASAUINECsS B PAaBHOBEC-
HOM COCTOSHHU B 00BEME MOJIYIIPOBOJHUKA, PA3HOCATCS B MPUAJIEKTPOoAHbIe 001acTH. CTpyK-
Typa BBIXOJUT U3 PaBHOBECHS], IIPU 3TOM IPOTEKAIOT MEpPEeXOHbIe IMPOLECCh U o0pa3yercs
obemHeHHas 001acTh, onpeaesseMas: [1]

1/2

28,6,V (1)
aN,,

W =

rac VH - NaACHUC HAIIPSXKCHUA B IIOJYIIPOBOJHHUKE, (917 - JUOJICKTPHUYCCKas IMIPOHUIIACMOCThb

nonynpoBoxHuKa, ( - 3apsa daekTpona, N - KOHIIEHTpaLUs IOJHOCTbIO HOHU3MPOBAHHBIX

aKILIENTOPOB.

B oOennenHol 00saCTH MPOMCXOIUT WHTCHCUBHAS TeHEpalys HOCUTENeH, KoTopas
JOMUHHUPYET HaJl PeKOMOMHAINEH, U MO/ ICHCTBHEM BHELIHETO MPUIIOKEHHOTO T10JIs TeHepH-
pyeMble HOCHUTEIHM PA3HOCATCS B MPUAJIEKTpOAHbIE oOnacTu. B cBsi3u ¢ 3TUM cO BpeMeHeM
TOJILIMHA 00€eIHEHHOM 00J1aCTH YMEHBIIIAETCA [0 CJI0KHOMY 3aKOHY. Bce 3To cornpoBoxkaercs
INPOTEKaHWEM TOKa, 0 TeX IOp, IOKa B 00beMe IOJIyHNPOBOJHMKA BHYTPEHHHE M BHELIHHE
1oJsi He OyAyT KOMIEHCUPOBAHBI.

6)

a)

Puc.1. Ocyunnozpammor moka In,O3-SiO,-Si-SiO,-M cmpykmyp
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Ha puc.1,a noka3zana ocumutorpamma toka I(t) muddeperuupyrommeil 1emnoyku, cocto-
smteit U3 1N,03-Si0,-Si-SiOz-Al cTpykTyp ¥ Harpy3ouHoro comportuBieHus. Kak BuaHO U3
OCIIJIOrpaMMmbl, kpuBas |(t) Ha pa3mHUYHBIX ydyacTKax MMEET Pa3jInvHble 3aBUCUMOCTH. [1o
teopun [8], kpuByto I(t) MoxxHO pa3duTh Ha Tpu y4actka (puc.l,0), KOTOpbIE OMHCHIBAIOTCS
pasHbIMH 3aKOoHamu. [lepBbIil ydacTok At; xapakrepusyercsl MoJsipu3alueii B CTPYKType, B
3TOT MOMEHT BpeMEHH 00J1acTh OOCIHEHHSI PACUIMPSICTCS 10 MaKCHMAJILHO BO3MOXKHOTO 3Ha-
YCHHUS

W — ZgOgHVHMaKc (2)
MAKc
aN,,

B Teuenue Bpemenu At; cBOOOJHBIE HOCUTENN CO BCEro 00beMa MOITyIPOBOJHHUKA Pa3-
HOCSITCS B IPURJIEKTPOIHBIE 00IaCTH, co3AaBasi IpeiipoBbIi TOK

V
Iop:qoﬂpNAWHA (3)

rae A - wionaab METALTHYECKUX JIEKTPOIOB.

3apsa, HAaKOIUIEHHBIM B IPUAJIEKTPOAHBIX 00sacTsAX 3a BpeMs At;, He cnocoOeH 3Kpa-
HUPOBATh BHEIIHEE T0JI€, TAK KAK OH MEHbILIE MTOJIHOTO MOJIIPU3ALMOHHOIO 3apsa, 3TO BpeMs
XapaKTepu3yeTcsi BpeMeHeM Jpeii(a OCHOBHBIX HOCUTENEH NMPUAIEKTPOAHON 00IacTu:

W W?
:upE :upVY

Bropoii yuacTok At; xapakrepu3yeT BpeMsi, B TEUSHHE KOTOPOI'0 BO3MOYKHO pa3JieiicHUE
U HAKOIUICHWE HOCUTENICH y TpaHHI] C JUIICKTPUKOM, POXKICHHBIX O] BIMSHHEM TaKHX
BHEIIHUX (PaKTOPOB KaK TeMIIEpaTypa, HAMPSKCHUSI U OCBEIICHUE. DTOT MPOMEKYTOK BpeMe-
HU MOXKHO OTIPEICTUTh (hOpMYJIOn

ol
’ quupAtl (5)
rae G - CKOpoCTh TeHEepaIlii HOCUTENEH, 3aBUCSINas OT MaJAeHUs HAPSDKEHHS B 00€THCHHOM
obmacTu.

Tpetuii ygactok, I(t) cOOTBETCTBYyeT MPOMEXKYTKY BPEMEHH, 32 KOTOPOE MPOUCKOIUT
cKaTue ciiost 00eIHeHHO# obsacTh. [Iporece TUTest 10 TeX Mop, MOKa HOCUTENN HAXOASTCS B
HEPAaBHOBECHOM COCTOSIHUH.

Kak BUJIHO W3 BBIIIECKa3aHHOTO, BPEMs SKPaHUPOBAHUS CHIIBHO 3aBUCHUT KaK OT Iapa-
METPOB CJIOEB CTPYKTYpPHI, TaK W OT BHEIIHUX (hakTopoB. K mapameTpaM CJI0€B OTHOCHUTCS
NpOOMBHOE HANPSHKCHHUE IUAJICKTPUKA (KOTOPBIA XapaKTePU3yeTCsl AUAICKTPHUECKONW MPOHU-
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1Ia€MOCTbBIO M BEITUUYMHOMN AUIJICKTPUICCKUX HOTepL), KOHICHTpAaus CBO60,I[HBIX HOCHUTENEH U
CKOPOCThb TEILIOBOM reaepanuun HOCHUTEIICH.

10

Puc.2. 3agucumocms epemenu IKPALUPOSKU OmM HARPANCEHUA RUMAHUA RPU PA3TUYHBIX
memnepamypax: 1 — 282°K; 2 — 285°K; 3 - 288°K; 4 — 294°K

Hcxonst m3 BBIMIEU3II0KEHHOTO, TIOJPOOHO MCCIEA0BAIOCH BIUSHUE PA3IMUHBIX (ak-
TOpOB Ha BpeMsi skpanupoBanus 1N,03-Si0,-Si-SiO,-Al cTpykTyp.

Ha puc.2 mpencraBieHO ceMecTBO KPUBBIX 3aBUCUMOCTH BPEMEHH SKPAaHHUPOBKU OT
HANPSDKEHUS MMTAaHUS TP Pa3InYHbIX TemrepaTypax. M3 pucyHka BUAHO, UTO BpeMs IKpaHH-
POBKH, XapaKTepU3YIOIIeecss BpEMEHEM pellaKcallid HePaBHOBECHOTO OOETHEHMsI, BO3pacTaeT
C YBEJIIMYCHHEM aMIUTUTY/Ibl UMITyJIbCca MUTAHUS U XapaKTepu3yeTcsl AByMs ydacTkamu. [lep-
BBIIl y4aCTOK COOTBETCTBYET CIa0OMy IOJIIO, TP KOTOPOM BBINONHAETCA YCIOBUE Vg, <V .
Bropoii y4acTok COOTBETCTBYET CHIABHOMY OO, A€ Vy,>Vo,4. VicX0ms U3 TOTO, 4TO HAKOIH-
TEbHBIN PEXUM pabOThl MPUOOPOB, co3aaHHbIX Ha ocHOBe MITT/IM-cTpyKTYyp, XapakTepusy-
€TCsl BpeMEHEM HaKOIUIEHUS, KOTOPOE, B CBOIO OYEPE/lb, OTPAHUYHMBAETCS BPEMEHEM pellaKca-
I[UU HEPaBHOBECHOTO OOCTHEHUS B TaKUX CTPYKTYypax, ObUIO MCCIEI0BAHO BIUSHUE TEMIIEpa-
TYpbI U OCBEIICHUS HA BPEMsI HAKOTLJICHHMSI.

UccnenoBanue TemmnepaTypHOil 3aBUCUMOCTH BPEMEHU HAKOIUIEHHUS IMPOBOJIUIIOCH B
crienMaibHOM Kpuocrtare. K cTpykType moaaBaiuch NpsMOYTOIbHBIE UMITYJIBCHI C TeHEpaTopa
I'5-380 A, Bpems HakOTUIEHHUS HAOJI0IAIOCHh Ha ocimyutorpade. Ha puc. 3 moka3zaHbl OCIIUILIO-
rpaMMbl KHHETHUKH peJaKCallii HEPaBHOBECHBIX oOemHeHMid mpu TemmepaTtypax 303, 291 u
280 K, BepxHssl oCHMIUIOTPaMMa COOTBETCTBYET UMITYJIbCY MTUTAHUS ¢ aMIIuTynoi 60 B, mu-
TEABHOCTBIO Tn:1,4-10'20, vactotou ciaemoBanus 50 I'm.

10
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Puc. 3. Ocyunnozpammol KUHEMUKU PENAKCAUUU HEPAGHOBECHBIX 00eOHeH Ul npu
pasnuunvix memnepamypax a) 280°K, 6) 291K, ¢) 303°K

Kak BUJHO U3 OCHUJIJIOTpAaMMBbI, C YMCHBIICHUCM TCMIICPATYPbI BpCMA HAKOIUICHUS, TO
CCTh BpCMH, Tpe6yeMoe AJId KOMIICHCAlIUU MPHJIOKCHHOI'O BHCIIHETO II0JIA, YBCIMYHUBACTCA.
Ha puc. 4 noxa3aHa 3aBHCUMOCTb BPCMCHU HAKOIIJICHUSA OT TCMIICPATYPLI B HOHYI”pa(I)I/I‘-ICCKOM
Macmrabe. Kak BUJHO U3 PUCYHKA, 7y 9KCIIOHCHIIUAJIBHO Y6BIB3,CT C pOCTOM TEMIICPATYPHI.

11
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[Ipn uccrnenoBaHuM BPEeMEHHU HAKOII-
JICHUs TIPU Pa3INYHON WHTEHCHUBHOCTU OCBE-
HIeHUsT OOHAPYKEHO, YTO C YBETUYEHUEM WH-
102 T—> TEHCUBHOCTH CBETa 7 yMEHbIaercs (puc.5), a

MOCJIC SKPAHUPOBKH CTPYKTypa HE pearupyer
Ha CBET, TO €CTh TOK JCTOJIAPU3AIMN HE Me-
Hsietcsi. Ha puc.6 mokasanbpl OCIHIIIIOTPAMMBI,
JEMOHCTPUPYIOIINE 3aBUCUMOCTh MIHOBEH-
HOro ()OTOTOKAa OT BpPEeMEHH 3aJepKku. Ha
Au(Iny03)-Si0,-Si-Si0,-Al - cTpykTypy  co
10? ceeroanona AJI107A mnomaBaii MMITYJIbChI

N A~ O

CBETa TOM € YacTOThl, YTO W TNHUTAHUE HA
BpeMs, MEHBIIIE ¥ PAaBHOE BPEMEHHU SKpaHU-
poBku. [Ipu BpeMeHu 3a1epKKU MEHbIIIE Bpe-
MEHU 3KPaHUPOBKH MOSBISETCS MOJIOKHUTEIb-
HBII BBHIOPOC MTHOBEHHOTO (POTOTOKA, M TOK

100 K ACTIOJIIpU3alu YBCIIMUUBACTCA, HO IIPU BpPC-

25 27 29 31 s MEHHM 3aJIepKKHA OO0JbllIe BpPEMEHH SKpaHH-
POBKM CTPYKTypa HE pearupyer Ha OCBelle-
HHUEC U TOK ACIIOJIApU3alli HE USMCHACTCS.

Puc.4. 3asucumocmo épemenu IKpAHUPOCAHUS
om memnepamypeut 0 1N;03-Si0,-Si-Si0,-M

cmpykmyp Taxoke ucciacaonajiaCb 3aBHUCHMOCTH

TOKa JENOJIIPU3alUU OT JUIMTEIBbHOCTU HM-

IyJbCOB MHUTaHMs, 0€3 3aCBETKU U C 3aCBET-
KO# oT cBeroauona ¢ MourHocThio 1MBT npu nHanpsbkenusax 30B u 60B (puc. 7). 3HadyeHus
TOKa JENOJSIpU3alUKN CHUMAJIKNCh ¢ ocumiiorpada. M3 rpagukoB BUAHO ciaboe Bo3pacTaHUe
TOKa JIENOJIIpU3aluu |y ¢ pOCTOM JJINTENBHOCTH UMITYJIBCOB MUTAaHUA. TOK Aenoispu3aluy B
TedeHue BpeMeHU Ty , XapakTepHOTO Ui BHIOPAaHHONH MHTEHCHUBHOCTH, HE M3MEHSETCS C PO-
ctom T,. T, >Tp. HabnromaeTcst Bo3pacTaHue TOKa MPHUOIU3UTEIBHO IO JIMHEWHOMY 3aKOHY B
COOTBETCTBUU

(6)

1, =M A—qoaw . 2
T T

C
rae 7.- BpeMs CUMTBIBAHMS HAKOIUICHHOTO 3apsAJia, COOTBETCTBYIOLIEE BPEMEHHM CIaja UM-
MyJIbCa MUTAHMS.
ITpu T,=T,<7,,, HaKOIUIEHHBI 3apsAJ] JOCTaTOYEH JUIi IOJHOI0 SKPaHUPOBAaHHUs 00be-

Ma TMOJyIPOBOJHUKA OT MMPOHUKHOBEHHUS BHEIIIHETO TMOJISL, ¥ TOK JCTOJSIPU3ALNHN CTPEMUTCS K
HACBIIICHHIO, TO €CTh:

&€, E,

GWT, =
q

(7)

12
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Cnabas 3aBUCUMOCTb T4 OT T, Ha Ha4aJIbHOM Yy4acTKe OOBSICHSETCS 3aXBaTOM HOCHUTE-
Jeil TTOBEPXHOCTHBIMH JIOBYIIKaMHU. Tak Kak BpeMs BbIOpOca M3 JIOBYIIEK HaMHOTO OoJiblie
BPEMEHM CIIaJia UMITYJIbCA HANPSKEHMSI, TO €CTh BPEMEHHU CUMTBIBAHUSA, I0ITOMY 3TH HOCHUTE-
JIY HE JAI0T BKJIAJA B U3MEPSEMBIA TOK JEIOJISIPU3ALUU.

ITocne TOro Kak BeJIMUMHA 3apsi/ia HOCUTEIEH, HAKOIUIEHHBIX 32 BpeMs To, CTAaHOBUT-
cs1 60J1bI1IE TUIOTHOCTU IIOBEPXHOCTHBIX COCTOSIHUM, HAaUMHAET JIMHENHBIH pocT |,. ITpu 605b-
HIMX CKOPOCTSIX T'€HEPAIMH BBIIIOJIHEHUE 3TOT0 YCIOBHS POUCXOIUT 3a MEHbIIEe Bpems To ,
u KpuBbIe 15(T,) caBHUraloTCs K Hadary KOOpAUHAT.

IIpu uccnenoBanuy 3aBUCHMOCTH TOKOB ACTIOJISIPU3ALMU OT JUIMTEIBHOCTH MMILYJIbCOB
OUTaHusl OOHApPY)KEHO, YTO OHA TAKXKE XapaKTePU3YeTCs 4aCTOTOM CIelO0BaHMS HMMITYJIbCOB
nuTanys. [Ipy BBIKIIOYEHUM MMITyJIbCa HANPSYKEHUS HAKOIUIEHHBIE 3apsiibl BO3BPAIIAOTCS K
UCXOHOMY 00BEMY, U KOHIICHTpaLusi B 00beMe MPEBHIIIACT CTAMOHAPHYIO KOHIICHTPAIHIO.
N36piTOK HOCHTENEH pEeKOMOMHHpYETCS 3a BpeMs cousMmepumoe ¢ 3()(HEeKTUBHBIM BpeMEHEM

KHU3HU T 0
Ecmm — < 7,, TO OTCYTCTBYET 3aBUCMMOCTbh HAKOILUICHHOI'O 3apsiia OT JJIMTEIbHOCTH
ck
HMMITyJIbCa. OTO0 03HAYaEeT, YTO KOHIECHTpaus B 00bEME B TEUEHUE BpEMCHU AT ~ — BbrIIIIC €€

sl
CTAIlMOHAPHOTO 3HAYEHHUS M YTO 00Iee Ynciao CBOOOIHBIX HOCUTENIECH B 00bEME JOCTATOYHO
JUTSL TIOJTHOTO SKPAHUPOBAHUS TOJISA. DTOT MPOIECC 3aBUCUT OT IUIOTHOCTH ITOBEPXHOCTHBIX

cocrostauii Nss , 1 uem Gonbire Nss, Tem Gonbine g, ymoBnerBopsitoliee BbileyKa3aHHOMY
YCIJIOBHIO.

Taxum 06p330M, 3Has 3HA4YCHUC fsl , IIPH KOTOPOM HaKOILJICHHBIN 3apaa nICpeCTacT 3a-

BUCETh OT JUIMTEIBHOCTU MUTAIOLUIMX HMIIYJIbCOB, MOXHO XapaKTEpPH30BaTh MOBEPXHOCTHOE
COCTOSIHUE Ha TpaHMLE pasfieia MoJIyIpOBOAHUK-IUAIEKTPUK. Takxke uccienopagach 3aBUCH-
MOCTh TOJIAPU3ALMOHHBIX TOKOB OT aMIUTUTYAbl MUMIYJIbCOB mHTaHus (puc.4). M3mepenus
IpoBOIWIIM 0€3 OCBEIEHUs U ¢ OocBelleHne M oT cBetoauona AJI107A. AMIuMTy1a UMITYJTb-
COB MUTaHUS MeHsach oT 2 g0 60B mpu AIuTeTbHOCTH 1510%c u wacroTa ciexoBaHHS

f, =100/ . U3 rpadukoB (puc.8) BUIHO, YTO C YBEIMYEHHEM AMIUIMTY/IBI UMITYJIbCOB TUTa-

HUSl TEMHOBBIE TOKH HOJISIPU3ALUH U JETIONSpU3alun pacxoasdrcs, HauuHas ¢ 15B. C yBenuue-
HUEM HanpspkeHus: POTOTOK (TOK AETONIIPU3AIMU TPU OCBEIICHHH) BHAYalle pacTeT CBEPXIIH-
HeﬁHO, a 3aTEM CTPEMUTCA K HACBIIICHUIO.

TemnepaTypHble 3aBUCUMOCTH BPEMEHHU SKPAaHUPOBKH MOXKHO OOBSICHUTH, UCXOMS U3
aHaJIM3a TEMIIEPATyPHON 3aBUCHMOCTH CKOPOCTH T€HEpAaLM HOCUTEIEH.

Tenepp paccMOTpUM BIMSHUE TEMIIEPATYPhl HA XapaKTEp MPOTEKaHUS F€HEPALMOHHBIX
mporeccos B crpykrypax ML

13
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&2 g
e W
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-

Puc.5 Ocuuniozpamma moka noiapusayun Puc.6 Ocuyunnozpamma moKkog uepes cmpyKmypol
npu pasnuunom oceeusenuu 0e3 oceeuienus u pU 0C6EUWEHUU CO C6EMOOU00A
€ 3a0€PIHCKOI OMHOCUMETbHO UMAYILCA HUMAHUSA

5-10° cex, MOWHOCHbIO P=10"° Bm

|()/mA 2’

0 100 1, 10°

MKCEeK 104

Puc.7 3asucumocms moka oenonapuayuu om OaumeabHOCHU UMRYIbCA
npu nanpscenuu numanus 30B u 60B: 1,2 - 6e3 oceewjenus,
1,27 - c oceemenuem
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107
4 A

12

Puc.8 3asucumocmov noasapusayuoHHbIX NMOKOG OM
AMAIUMYObl UMAYIBCO8 NUMAHUA
1,2 - mok oenonapuzauuu; 3,4 - mok noaapusauuu

B pab6ote [9] riyOuHO# reHepariiOHHO-aKTHBHOM 00JIaCTH MPEAI0KEHO CUUTATH TOJI-
Hy10 T1yOuHy HepaBHoBecHOM OII3 (o6macth mpoctpaHcTBeHHOTO 3apsiaa) W. OgHako Takon

noaxoa MmpuBOJUT K OOJIBIIINM MOrpCIIHOCTAM IIPpHU ONIPCACICHUU GV - 00bEMHBIA TEMIT T'CHE-

panuu B KOHIIE PETaKCallMOHHOTO Mpoliecca, Korjia riyOnHa UCTOIEHHOTO CJI0sl IpUOImKaeT-
cs K cBoeMy paBHoBecHOMY 3HaueHHI0O Wy. B 3TOM oTHOIIEHUHM Oojee TOYHbIE Pe3yJIbTaTh
JaeT MOAXOJI, PeIOXKEeHHBIN B padorax [10, 11], rae rimyOnHa reHepallnOHHO-aKTUBHOM 00-
JIACTHU OTpEJENsieTCs] KaK pa3HOCTh MEXIy MOJHOUM riryOuHoil HepaBHoBecHOM OII3 W u ee
paBHOBeCcHBIM 3HaueHHeM Wy ipu JaHHOM HamnpsikeHHH. Vcnosb3ysi OCHOBHBIE COOTHOIIEHUS
JUIT  BBICOKOYACTOTHOM €MKOCTH CTpykTypbl MJ/III, a Takke CTaTUCTUKY TIE€HEpalMOHHO-
PEKOMOMHAIIMOHHBIX MPOIIECCOB Yepe3 JokanbHbie meHTphl [11], LlepbecT monyuun criemyro-
1€ BBIPAXKEHUS JJIs1 00bEMHONM KOMIIOHEHTHI T€HEPAIMOHHOTO TOTOKa B KPEMHUU:

Gy () = aw(y = M. Ze| S0y (8)
‘C}1 ‘z:Il

W3 5TOro COOTHOIIEHHSI CIEeIyeT, YTO TeMI OObEMHOW T'€HEpaluu MPOTOPLUHUOHAICH

n.
OTHOILICHUIO — , TJIe T, OTNPECIISICTCS BBIPAKCHHEM:
T
0
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_ Etv B Ei) Ei - Evt
R B Y AR S, (©)

1 1
e T, = (V-vp, "N, )7, Thy = (L-v,, -N,,) " - BpemeHa KU3HU ABIPOK U TEKTPOHOB B

HOJIyIPOBOJHUKAX N- U P-THUIIA COOTBETCTBEHHO.
CnenoBaTenbHO, B O0IIEM CiIydae TeMI O0BEMHOIN IeHepaluy 3aBUCUT KaK OT Xapak-

Tepa TEMIIEPaTypHO 3aBUCHMOCTH COOCTBEHHON KOHIIEHTpAluu N;, TaKk ¥ OT MapaMeTpoB

TE€HEPALMOHHO-aKTUBHBIX LIEHTPOB.
AHanoruyHas KapTHHA XapaKTepHa W JUIsl TEMIEpPAaTypHBIX 3aBUCHUMOCTEH MOBEpX-
HOCTHOW TeHepanuu. Tak, B 4aCTHOCTH, B CJIy4ae ITOJHOCTHIO HCTOLIEHHOW OBEPXHOCTH ITy-

OOKHX TeHEpalMOHHBIX IIEHTPOB TEMIepatrypHas 3aBucHMOCTh G ompenensiercs sHeprueit

AKTMBU3ALMM, PABHOM IOJIOBUHE NIMPHUHBI 3aIPEIIEHHON 30HBI, B TO BPEMs KaK CKOPOCTh IO-
BEPXHOCTHOM reHepaiyy OT TeMIIEPATyphl 3aBUCUT c1a00.

OKCIIEpUMEHTAIIBHBIE HCCIIEN0BAHUS TEMIIEPATYPHBIX 3aBUCUMOCTEH TeMIIa T€HEPALH,
IIPOBEJCHHBIE PA3JINYHBIMU aBTOpaMu Ha KpeMHueBbIXx M/III cTpykTypax, mokasaau, 4To Kak
o0bEeMHas1, TaK ¥ TIOBEPXHOCTHAsI OUTIOJISIpHAs TeHEpaLus Ha UCTOILEHHON OBEPXHOCTH OIIpe-
JeNsieTcsl AOCTaTOYHO TIyOOKMMH TeHEpallMOHHBIMHM LEHTPaMHM, JIOKAJTU30BAaHHBIMU BOJIU3U
CEpEeIMHBI 3aIPEUICHHON 30Hbl. DTO NMPEANOI0KEHUE XOPOIIO COTIacyercsl B cilydyae TeMiepa-
TypPHOW 3aBUCHMOCTH BpeMeHM HakoruieHus B MJIIIJIM-cTpykTypax, KOTOopas IOKa3aHa Ha
puc. 4. BugHO, 94TO B HCCIIEIOBAHHOM JIHana3oHe TeMIepaTyp 3akoH usmenenus 7y=f(T) npu-
ommkaetcst k Ni=f(T).
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In,03-Si0,-Si-Si0,-Al STRUKTURLARINDA TARAZSIZ KASIBLASMA REJIMINDO
QEYRI-TARAZ SAHO EFFEKTININ RELAKSASIYASI

A.Z.BODOLOV, §.Q. ZEYNALOVA

Moagalods miixtalif amillorin InyO3-SiO,-Si-SiO,-Al strukturunun ekranlama miiddstine tosiri tadqiq

olunur. Temperaturun, isiqlandirmanin vo gida gorginliyinin tarazsiz qeyri-stasionar kasiblagsma rejimino tosirine
baxilmigdir. Homg¢inin depolyarizasiya corayaninin isiq diodundan isiqlandirmasiz vo isiqlandirma ilo impulsun
davametmos miiddatindon asililig1 tadqiq olunur.

Agar sozlar: yarimkegirici, temperatur, depolyarizasiya carayan, elektrik sahasi.

RELAXATION OF NONEQUILIBRIUM EFFECT OF FIELD IN In,0;-SiO,-Si-SiO,-Al
STRUCTURES IN REGIME OF NONEQUILIBRIUM IMPOVERISHMENT

A.Z. BADALOQV, Sh.G. ZEYNALOVA

In the article, the influence of various factors for the period of shielding of In,O3-SiO,-Si-SiO,-Al of

structures is investigated. The influence of the lighting temperature and the supply voltage on the nonequilibrium
non-stationary impoverishment process is studied. The dependence of the depolarization current on duration of the
supply impulses without lighting and with lighting diode is also investigated.

Key words: semiconductor, dielectric, temperature, depolarization current, electric field.
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SAQULI SUROTI OLCON MAQNIT LEVITASIYA SISTEMININ
PARAMETRLORININ KECID PROSESLORININ TEXNIKI
OPTIMUM SORTINO GORO HESABLANMASI

A.Z. MOMMODOV

Maqalads saquli siirati Slgon maqnit levitasiya sisteminin (SSMLS) kegid proseslorinin texniki tapsiriq
osasinda miioyyon edilmosi mosolasi nozori olaraq asaslandirilmig, parametrlorinin kegid proseslorinin texniki
optimum sortina gére miioyysn edilmosi mosolesinin hallinin riyazi aparati yaradilaraq, MATLAB Simulink
program miihitinde simulyasiyasi yerins yetirilmisdir.

Acar sozlar:  kecgid prosesi, texniki optimum sarti, otiirma funksiyasi, diferensial tonlik, sistemin
parametrlari, kompyuter modeli, ikitortibli siizgac.

Giris. Todgigat obyekti olan saquli siiroti 6lcon magqnit levitasiya sistemi (SSMLS)
haqqinda dorc edilmis mogalslordo onun statik vo dinamik xarakteristikalar1 todqiq edilmis,
secilmis parametrloro goro sistemin dayaniqliq oblastt miioyyon edilmisdir. Miixtalif sortlor
asasinda kegid proseslori todqiq edilorok, miivafiq elmi naticolor toqdim edilmisdir [1-3].

Bununla belo, SSMLS-nin kegid proseslorinin konkret bir toloblo formalasan texniki
tapsiriq osasinda miioyyon edilmasi masolosi do todqiqatin qarsiya qoydugu vacib masalolordon
biridir. Belo ki, masalonin bu formada qoyulusu SSMLS-nin dayanigli sisteminin sintezi
probleminin halli istigamatlorini miioyyon etmoys imkan verir. Bu monada, SSMLS-nin para-
metrlorinin kegid proseslorinin texniki optimum sortino gors miioyyon edilmosi mosalalorinin
todqiqi aktualdir.

Mosalanin qoyulusu va halli. Saquli siirati 6lcon maqnit levitasiya sisteminin (SSMLS)
struktur sxemi vo bandlorinin 6tiirmo funksiyalart molumdur: (Sok. 1)

Wi(p) — saquli siirati 6lgon MLS-in qiivvalar qovsaginin 6tiirms funksiyasidir. Bu 6tiirmo
funksiyas1 maqnit i¢liyin Zy yerdoyigmasi va saquli istigamatds tasir edon inersiya qilivvasinden
asil1 olaraq G- ¢okisi ilo Fe- solenoidin elektromaqnit dart1 qlivvasinin forqi arasindaki slags ilo
mioyyon edilir: Fip = G — Fe;

1 K
W, (p) :

= = y K =1/R, ; T, =m/R, (1)
2 2
m-p°+R,-s s(T,-s“+1)
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G For— L UGWir—1Wr— VB r—1
— > Wip) Wa(p) [ Wilp) Wip) | Wis(p) &>

de - L4
Welp)

r

Wi(p)

Sak. 1. SSMLS-nin struktur sxemi

W>(p) — magnit i¢liyin yerdoyisma vericisinin 6tiirma funksiyasi. Bu 6tlirma funksiyasi
icliyin Zy yerdoayismasi ilo Holl vericisinin Uy — ¢ix1s gorginliyi arasindaki alago ils toyin edilir;
W2 = Kx; (2)

W;s(p) — elektron gorginlik giiclondiricisinin 6tlirma funksiyasi. Bu 6tiirmo funksiyasi
giiclondiricinin Uy — ¢1x1s gorginliyi ilo Uy — vericinin yerdoyismo gorginliyi arasindaki olaqo
ilo toyin edilir;

Ws = K;; 3)

Wi(p) — gorginlik boliiciisiiniin 6tiirms funksiyasi. Bu 6tiirma funksiyasi elektron giiclon-
diricinin Uy — ¢ix1s gorginliyi ilo tranzistorun U, — baza gorginliyi arasindaki olago ilo toyin
edilir;

Ky -(T,-s+1)  k,-(T,-s+1)
Ky Te-s+1  T,-s+1

W5(p) — corayan giiclondiricisi-elektron blokun sonuncu kaskadinin &tiirmo funksiyast.
Bu 6tiirmo funksiyas: tranzistorun Uy — baza gorginliyi ilo solenoidin Ie — emitter dovrasinin
coroyani arasindaki alaqg ils toyin edilir;

W4(S) =

(4)

__Ks

- T.-s+1
Ws(p) — elektromaqnit dempferloyici bondin 6tlirmo funksiyasi. Bu 6tiirmo funksiyasi

magqnit igliyin dZ/dt — yerdoyismo siirati ilo solenoidin coroyanimin Iy — dinamik toskiledicisi

arasindaki slaqgo ilo toyin edilir;

W, (S) 5)

Ko-Ki's  Kg:s
W, (p)=-—0 s> %6 v K =K, - K, 6
+(P) T,-s+1) ([T,-s+1) ° ° ©

W-(p) — oks alage bandinin 6tiirma funksiyasidir. Bu solenoidin Is — coroyani ilo inersiya
qiivvasindan asili olaraq solenoidin Fe — elektromaqnit dart1 qiivvasi arasindaki asililiq ilo toyin
edilir;

W7 = KG;
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Sistemin qapali hali iigiin &tiirmo funksiyasinin (OF) ifadasi miioyyen edilmisdir:

r2-S%+7,-S+1 )

1
W(s)=—- ,
) K, by-S*+b, -S®+b,-S?+b,-S+h,

m-(T, +K,-T,)+R,-T.- K, T, .

burada’ bO - M, b1 —
K K
o o MHR (T + Ky T )+ K Kg Ky T, . R+ K KG+K-T )
2= K v N3 — K y My
2
r, =T, + Ks Ko _ xarici qiivva tosirlorin birinci tromosinin zaman sabiti;

K. .T -K. -K? . .. ..
T, = {M - xarici qlivva tosirlorin ikinci téromasinin zaman sabiti;
K

K=K, -K, - Ky - Ks - Ko — ag1q sistemin 6tlirma omsalidir.

Todgigatin mogsadi sistemin kecid prosesini texniki optimum sortino goro tomin
etmokdon ibaratdir. Texniki optimum soartine goro, kecid prosesi- 0-dan baslayaraq, qerarlagsmis
giymatini aldo edonadok, ifrat tonzimloma gdstoricisi 4-10% -don artiq olmamalidir [3].

Todgiq edilon saquli siiroti 6lgon maqnit levitasiya sisteminin gapali hali iiciin OF-nin
xarakteristik tonliyinin tortibine uygun olaraq, bu sorti 6doyon normallasdirilmis xarakteristik
tonlik asagidaki kimidir:

64-T*.S*+64-T%.5°+32.T2.524+8-T-S+1=0 (8)

Burada T — normallasdirilmis zaman sabitidir. Dordtortibli xaraktristik tonliys malik
sistemin ke¢id prosesinin middati =147, ifrat tonzimlomo 0~6-7%. Sistemin Xxarakteristik
tonliyinin tortibino uygun olaraq, onun torkib avadanliginin elo 4 parametri se¢ilmolidir ki,
onlarin vasitosi ilo todqiq edilon sistemin xarakteristik tonliyini normallagdirmaq miimkiin
olsun. Bu monada asagidaki parametrlorin sec¢ilmosi mogsadouygun sayilmsdir: oks olago
vericisinin ( W(s)) otiirmo adadi — Ko; gorginlik boliiciisiintin ( W4(S)) korreksiya qurgusunun
Otiirmo odadi vo zaman sabiti — Ky, Tk ; elektron gorginlik giiclondiricisinin ( W35(S)) 6tiirma
adodi K.

Bu parametrlorin texniki optimum sortini ddayon qiymotlorini miioyyon etmok iiciin
asagidaki sistem tonliklor sistemi holl edilmolidir:

64T :m-Te K, T,

K
. m-(T,+K,-T,)+R,-T.-K,-T,

K ©)
gor2 o MHR (T + Ky T )+ Ky K§ Ky T,
K

8_I_:Ra+KS-K§+K-Tk

K
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MATLAB proqram paketindo bu tonliklor sistemi Ko, Kg, Tk , Ky hall edilmis vo
T, =6.918-10 s —emitter tokrarlayici dovrenin zaman sabiti; m =8.5-10"kq—maqnit i¢liyin

kiitlasi; k, =830V /m—yerdoyismo vericisinin dtiirmo omsali vo R, =17.7-10°N-san/m—

aerodinamik dempfer omsalinin qiymotlori osasinda asagidaki ifadolor alinmisdir (ifadslor
MATLAB formatinda gostorilmisdir) [4]:

K=0.156e6*(0.663e-9*T2+0.156e-13-.459¢-11*T) 2N (10

Ky=1.41*(0.101e-5*T>-0.138e-7*T?+0.705e-10*T- 0.160e-12)/
/(.663e-9*T?+.156e-13-.459e-11*T)W272 ) (11)

Kp=-0.124e-14/(.367e-4*T*-0.751e-6*T>+.597e-8*T2-0.233e-10*T+.397e-13)  (12)
Tk=0.474e11*T*(.426e-2*T>-.581e-4*T?+.297e-6*T-.675¢-9) (13)
Xiisusi halda ogor t=1-2 san. kecid prosesi tolob olunarsa, onda T=1/28=0.0357 san

oldugda: Ko =3.65; Ky =0.0407; Kp = 0.384e-4; Tk =2.2 alinmisdir. Bu zaman zaman kegid
prosesinin miiddoti #=/.5 san. Tapilmis qiymotlor osasinda t omsallar1 hesablanmisdir:

2 2
T KSP-(KO =3.34; 7, /w =0.9836 (14)

Beloliklo, sok. 2-do texniki optimum sortini 6doyon saquli siirati 6lgon maqnit levitasiya
sisteminin kegid prosesinin qrafiki gostorilmigdir. Onun, yuxaridaki verilonlor oasasinda
hesablanmis OF-1 iso:

1 0.9675-S° +3.34-S +1
(s)

= . 15
3.65 1.0396e—4-S*+0.0029-S° +0.0408-S? +0.2856- S +1 (19)

Kegid prosesindon goriindiiyii kimi, o,

kecid prosesinin davametmo miiddatino
olan sorti 6doyirso do, prosesin ovvoalindo
qorarlagmis qiymoto nozoron dofslorlo
bdyiikk olan ifrat tonzimlomo gostoricisine
malikdir. Onun qarsisin1 almaq mogsadi ilo
sistemo xarakteristik tonliyinin omsallar
avtomatik olaraq hesablanmis Kp , Ky,
Kp va Tk —dan asili olaraq miioyyon edilon
ikitartibli slizgac alava etmok lazimdir. Belo
bir ikitortibli siizgoco malik olan SSMLS-
nin struktur sxemi va kegid prosesi Sok.3-do

Sak. 2. Parametrlaori texniki optimum §artina
gora hesablanmig SSMLS-nin kecid prosesi (15)
ifadasi ilo miiayyan edilon OF

gostarilmisdir.
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h 4

1 1 006755243 34+ 1
— —#
268 09675243340+ 1 10306 -004:%0,00205%+0.0408: 240 2886+ 1

Step Seope
Transfer Fend Transfer Fen2 Transfer Fen

| | T T

Sok. 3. Parametrlari texniki optimum §artina gora hesablanmug va ikitortibli siizgaco malik SSMLS-
nin struktur sxemi va kecid prosesi (Siizgacin amsallart (14) ifadasi ilo miiayyan edilir.

Sok.4-do qurulmus modeldo MATLAB proqram paketindon istifado etmoklo, omsallari
avtomatik olaraq sazlanan ikitortibli siizgoco malik, parametrlori kegid proseslorinin texniki
optimum sortine gora hesablanmis, saquli siirati 6lgon maqnit levitasiya sisteminin modeli
asagidaki qaydada qurulmusdur.

Osas differensial tonlik:

4 3 2 2
dj(+bld;(+b2d;(+b3dx+x=rzd—2y d_y+
dt dt dt dt dt dt

tonliyidir. Bu tonlik “diferensial tonlik” submodelinds qurulmusdir (Sak. 5). Bu tonliyin sol

b, +7,

y (16)

torafinin bo-bs omsallar1 texniki optimum sortino goro sazlanmis va tapsirilmis kegid miiddati

prosesing goro avtomatik miioyyon edilir. Bu riyazi aparat iso “texniki optimum hesab.b

emsallari” submodelinde qurulmus (10) tonliklor sistemini hollino asaslanmigdir (Sak. 6).
Tanliyin sag torofinde olan 71 vo 72 amsallarint miioyyan edon ifadolor:

K, K¢
7, =T + SK t (17)
K, T, K, K
/K (18)
K=K, K- Kq-Ks- Ko (19)

normallasdirilmis zaman sabitindon asili olaraq miioyyon edilon (10)-(13) ifadolori ilo
avtomatik hesablanaraq, slizgocin differensial tonliyinin amsallarint miioyyon edir:

ST+ X=Y (20)
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Bu omsallar secilmis parametrlordon vo tapsirilmis kecid prosesi miiddstindon asili
olaraq “suzgecin emsallar1” submodelindo avtomatik olaraq hesablanir ($ak.7).

T=0.0357 san qiymoti li¢iin aparilan simulyasiyada simulyasiya miiddoti 2 saniyo
secilmisdir. Sok . 8-do osillograflar gostorilmisdir.

tzud | TauZ

0.0357

Y
3

cixish 1

¥

Constant

suzgecin emssllari

I I
’—b
|->

J L

¥

643

¥
-

tz cixish2 Scope4

ey ol

b2

8T

texniki cptimumu hesab. b emsallari differensial tenlik

Sok. 4. Parametrlari texniki optimum sartina gora hesablanmus va ikitartibli siizgaco
malik SSMLS-nin kompiiter modeli (MATLAB Simulink)

] coxish 1
L=
4 ish2.
—
[
x Seopet
:
===t L5
. =
i W e T
b1 ProtuTE: 3 X
F‘“J Produceo miegriort T
corsit
% =
(&>} { 1
= =, ot

] O 2

Froduct11

Sok. 5. Submodul “diferensial tenlik” (MATLAB Simulink)
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Constants flerpret 8T
Fon2 @_
Sok. 6. Submodul “texniki optimumu Sak. 7. Submodul “suzgecin emsallari”
hesab. b emsallari” (MATLAB Simulink) (MATLAB Simulink)

Sok 8. SSMLS-nin simulyasindan alinan osillograflar: Cixig 1 - siizgazsiz,
Cuoag 2 - siizgacli sistemin kegid prosesi (MATLAB Simulink)

Natica. Saquli siiroti 6lcon maqnit levitasiya sisteminin (SSMLS) kecid proseslorinin
konkret bir toloblo formalasan texniki tapsiriq osasinda miioyyon edilmasi mosalosi nozoro
olaraq osaslandirilmis, parametrlorinin kegid proseslorinin texniki optimum gortino goro
miioyyan edilmasi masalasinin hallinin riyazi aparati yaradilaraq, MATLAB Simulink program
miihitinds simulyasiyasi yerina yetirilmisdir. Miioyyon edilmisdir ki, parametrlorin doyismosi
kecid prosesinin texniki optimum sortini 6doyon halini saxlamasi tiglin omsallar1 avtomatik
olaraq miiayyan edilon ikitortibli slizgac totbiq etmok lazimdir. Bels ikitortibli slizgacin riyazi
modelinin omsallarinin avtomatik hesablanmasi ti¢iin riyazi aparat islonib hazirlanmisdir.
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PACYET TAPAMETPOB IIEPEXO/IHOI'O ITIPOECCA U3MEPUTEJISA
BEPTUKAJIBHOU CKOPOCTHU C CUCTEMOU MATHUTHOU JIEBUTALIUN
1O YCJIOBHUIO OBECHIEYEHUS TEXHUYECKOI'O OIITUMYMA

A.3. MAMEJIOB

B cratbe maHO Teopermueckoe 0OOCHOBaHWE 33[a4d (HOPMHUPOBAHUS MEPEXOJHBIX MPOLECCOB
IUISL U3MEPHTEIST BEPTUKATIBHOM CKOPOCTH C CUCTEMOI MarHUTHOM JIEBUTALIMH HA OCHOBE TEXHHYIECKO-
ro 3amaHus, pa3paboTaH MaTEeMAaTHYCCKUIl almapar sl PELICHUS 3aadn OIPEACICHHS TapaMeTpOB
MIEPEXOTHOTO TIPOIIECCa TI0 YCIOBHIO 0OECIICUCHHUSI TEXHUIECKOTO ONTUMYMa M BBITIONHEHA CHMYIISI-
ust B mporpammuoii cpere MATLAB Simulink.

Kntouesvle cnosa: nepexoonvie npoyeccwl, yciogue 00eCneueHuss MmexHUuecko2o OnmumyMmd,
nepeoamounas QyHkyus, ougpepenyuarvroe ypasHeue, napamemposl CUCIMEM, KOMAbIOMEPHAS MO-
delb, punbmp 6mopoeo nopsioxa.

CALCULATION OF VERTICAL SPEED PARAMETERS OF TRANSITION
PROCESS GAUGE WITH SYSTEM OF MAGNETIC LEVITATION
PROVIDING TECHNICAL OPTIMUM CONDITION

A.Z. MAMEDOV

The article provides the theoretical justification for the problem of formation of transient pro-
cesses to gauge the vertical speed of the system with magnetic levitation based on technical specifica-
tions, the mathematical apparatus is developed and tested in the MATLAB Simulink software package
for solving the problem of determination of transitional process parameters to ensure technical opti-
mum conditions.

Key words: transition processes, technical optimum condition, transfer function, differential
equation, system parameters, computer model, second order filter.
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OIIEHKA DHEPTETUYECKUX YPOBHEWM PA3JIMYHBIX
THUIIOB KOHTAKTOB MUKPOBBICTYIIOB ITAP TPEHUA
TPUBOCUCTEMbI

M.B. KUHJIPAUYK", JI.A. BOJIbUEHKO™,
C.1. KPUUITOIIA™, J1.10. )KYPABJIEB™

[TpousmrocTpUpoOBaHbl YHEPTETUYECKHE YPOBHH PA3IMYHBIX THIIOB KOHTAKTOB (HEWTpPAJBHOTO,
OMHYECKOTO M OJIOKMPYIOLIETO) MUKPOBBICTYIIOB Iap TPEHMS TPHOOCHUCTEMBI M BBIZETICHA POJIb IO-
BEPXHOCTHOT'O CJI0S MOJTMMEPHOI HaKIIalKH.

Knwouesvie cnosa:  08yx-mpexciounvle CMpYKmMypbl MEMALIONOIUMEPHBIX MPUOOCONPAICEHUI,
9HepzemuyecKue yposHU, KOHMAaKmbl MUKPOBbICHIYNOS.

BBegenne. OrpannueHHbI 00beM 3HAHUN 00 HPHEPreTHUECKUX YPOBHSAX PA3IUYHBIX TH-
OB KOHTAKTOB MUKPOBBICTYIIOB Map TPEHUS TPUOOCUCTEM CHUKAET TMara3oH UCIOIb30BaHUS
HOJMMEPHBIX MAaTEPUAJIOB (ABISIOIIMXCS CBOETO poJia 3JIEKTPETaMU) B y3J1aX TPEHUS U SBISAET-
Csl OIHOW M3 MPHUYMH MEIUICHHOTO Pa3BUTUS HAyYHO-OOOCHOBAHHBIX NMPHHLUIIOB CO3JaHMS
KOMITO3UIIMOHHBIX TOJIMMEPHBIX MaTepUaNIOB KaK (PPUKIUOHHOTO, TaK U aHTH(PPUKIMOHHOTO
Ha3HA4YCHMUS.

Crnennduka NoJMMEpPHBIX MaTEPHAJIOB 3aKIIIOYAETCS B TOM, YTO UX paboTa B TpubOcucTe-
MaX COIMPOBOXK/IAETCS MpoieccaMu TpubodnekTpusanuu, 1uddys3un [1 - 4], a Takke AeCTpyK-
ouu C O6pa3OBaHI/IeM PA3IUYHBIX (1)33 ", KaK CJICACTBUC, XUMHUYCCKU AKTUBHBIX ITPOAYKTOB,
KOTOPBIE MOTYT B3aMMOJICHCTBOBATH C IIEPOXOBATON METANIMYECKON MTOBEPXHOCTHIO.

B pabote [5] ObL10 yAeneHO YacCTUYHOE BHUMaHUE YHEPIeTUYECKUM YPOBHSIM KOHTAKTOB
MHUKPOBBICTYTIOB METAJNIONOJIMMEPHBIX Map TpeHus: TpudocucTeM 0e3 yueTa HaKOIUICHUS 3apsi-
JIOB IOBEPXHOCTHBIM CJIOEM MOJIMMEPHOMN HaKIaIKU.

IlocTanoBka 3agaun. B manHo#l myOnuKamuy pacCMOTPEHBI CIEAYIONIUE BOMPOCHI MPH-
MEHUTEIIBHO K JIAHHOH mpobieme:

- 0COOCHHOCTH OIHO-IABYXCIIOUCTBIX CTPYKTYP METaLUIOTIOIMMEPHBIX TPHOOCOPSKCHHIMA
TOPMO3HBIX YCTPOWUCTB U SHEPIeTUUYECKUE YPOBHH MOJIUMEPHON HAKIIAAKY;

* -~ ~
Hayuonanvneiii asuayuonneiii ynueepcumem (2. Kues, Yxpauna)
. . ! .
HUsano-DPpankosckuii HAYUOHATLHBIN MEXHUYECKULl YHUsepcumem nepmu u 2asa
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- JJIEKTPOTEPMOMEXaHUYECKOe (PUKLIMOHHOE B3aUMOJIEHCTBHE MHUKPOBBICTYIIOB METal-
JIONIOJIMMEPHBIX Map TPEHUS Ha BO3HUKAIOIIUX KOHTAKTAX:

- HEUTPaAJIbHOM;

- OMHYECKOM;

- OJIOKHPYIOIIIEM.

Heabo nanHoi padoThl sBIsSETCS 0OOCHOBAHME HOBOTO IMOAXO0JA K HHEPreTHUYECKUM
YPOBHSIM Pa3IMYHBIX THUIOB KOHTAaKTOB MHKPOBBICTYIIOB METAJUIOTIOJIMMEPHBIX Map TPEHHS
TPUOOCHUCTEM.

OaHO-ABYXCJIOUCTBIE CTPYKTYPbI MeTAJIONOJIUMEPHBIX TPUOOCONPSIKEHHIT TOPMO3-
HBIX YCTPOICTB H 3HepreTHyecKue YPoOBHHM NoJaIuMepHoii Hakiaaaku. CepuiiHble mapsl Tpe-
HUSI TOPMO3HBIX YCTPOMCTB, UMEIOIIUX Hapbl TPEHUS, MOKHO IMPEICTABUTh B BHJE JIBYX- U
TPEXCIOWHBIX CTPYKTYp, U300pa3uB ux 3apsusl. Tak, mapsl TpeHus JIEHTOYHO- (puc. la) u Oa-
pabanHo-KoM010uHBIe (puc. 1 6) TopMoO3a mpencTaBlieHbl B BHUIE JIBYXCIOWHONH CTPYKTYpPHI
TUTA ~TIONUMEpHas HaKJIaJKa — TOPMO3HOM IIKUB~ W ~TOPMO3HOH OapabaH — moJuMMepHas
Haksaaka”. UTo KacaeTcss HETPAAUIIMOHHOTO JICHTOYHO-KOJIOJAOYHOTO TOpMo3a [6], B KOTOpoM
HOJMMEpHbIE HAKJIQJKU YCTAaHOBJIEHBI HAa paboyeil MOBEpXHOCTH 000/1a TOPMO3HOT'O ILIKHUBA, TO
€ro napel TpPEHMs MPEJICTaBIE€Hbl B BHUJAE TPEXCIOMHOM CTpykTypbl (puc. 1 B) THHa
”TOpMO3Has JIEHTa — IIOJIMMEPHAs HAKJIaJKa — TOPMO3HOM LIKUB .

Jlsisl KauecTBEHHOW OLICHKH NPOLIECCOB, SIBJICHUN U (P (HEKTOB NMPHUBEIEM KIACCUYECKYIO
CXEMY 3aKOHOMEPHOCTEM M3MEHEHHUs NOTEHLHUala M HalpsKEHHOCTU 3JIEKTPUUYECKOTO IOJIs
(puc. 2 a) u HEpreTHYECKUX 30H (pHc. 2 0) MOTMMEPHON HAKJIAIKU MPU (QPUKIIMIOHHOM B3au-
MOJIEUCTBUU C METAJUNIMYECKUM 3JIEMEHTOM B 3aBUCHMOCTH OT mapamerpa x/S. OgHako B JaH-
HOW CXeMe HE YUYHMTHIBACTCS MMOBEPXHOCTHOE COCTOSHHE IMOJIMMEPHOW HAKIIAJKH BBIIIE JIOITY-
CTUMOM TeMIlepaTyphl JJIsl €€ MaTepUaIoB U CKJIOHHOCTH AJIEKTPOHA K CPOJACTBY. TeM cambIM
YCUJIMBAETCsl HOHHOE T10JI€ TOBEPXHOCTHU JIEKTPETA.

7

B) IR
< g

0.8
110

3 &
RN

Puc. 1 a, 0, 6. Cxemamuueckuii pa3pao nap mpenus jien mouno- (a, 8) u dbapadanno-
K0J10004HbIX (0) mopmo308: 1 — nonumepHas HAK1aoka; 2 — 0600 wikuea unu dapadana;
3, 4,5, 6 —3apaovi: nosepxnocmusle, 00vemHuble, OUNOIbHBIE (AU CMEUEHHbLE,
Komnencauuonnvle); 1 — mopmo3nas ieHma.
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a)

JAOBYUIKU!

3anonnennsie (s} .
céoboonbie [ €}

:

0 0,5 1,0
xX/s —>

Puc. 2 a, 6 3akonomepnocmu usmenenus nomenyuana [V (X,t)] u nanpsancennocmu
[E (X,t)] 21exkmpuueckozo nons (a) u snepzemuueckux 30n (6) NOAUMEPHOU HAKIAOKU NPU
63aUMO0CHCMEUU C MEMATNUYECKUM PPUKYUOHHBIM ITIEMEHIOM 8 3ABUCUMOCHIU OM
napamempa XIs; x — koopounama; S — moawuUna ROGEPXHOCMHO20 C10S HAKIAOKU;
I, — enybuna 3axeama nocumeneii; 1 — epemsa; M — nokazamenv cmenenu

DJlIeKTpoTepMoOMexaHnyeckoe GpUKIHOHHOEe B3aMMO/eiicTBHe MUKPOBBICTYIIOB Me-
TAJVIONOJMMEPHBIX N1AP TPEHUsI HA BOSHMKAIIINX KOHTAKTaX. B noIMMepHbIX HaKIaaKax,
COCTaBJICHHBIX M3 HEOJHOPOAHBIX MAaTEpUAJIOB, CYIIECTBYIOT aMOp(HBIE U KPUCTAJUIMYECKHE
¢a3pl 1 BO3HUKAET 3aXBaT MHOTO poJia — Ha MeX(a3HbIX rpaHunax. HakamiuBanue 3apsioB Ha
rpaHuIaXx O00yCIOBJICHO Pa3HUIICH B MPOBOJAUMOCTSIX paccMaTpuBaeMbix (a3 (3pdext Makc-
Besa - Barnepa). IIpu snexTpuzaiuy Takoro Matepraia HOCUTENH OyayT coouparbest BOIM3U
JTaHHOW MeX(a3HOM rpaHUIIbl WK, HA00OPOT, YXOJIUTh C HEE B 3aBUCUMOCTH OT TOTO, KaKOU
U3 JIByX TOKOB IPOBOJUMOCTHU OOJIbIIE: MPUTEKAIOUINI K TpaHULE 3apaI0B WIH yXOASIIUN OT
Hee. Paznuuus B JOKAJIBHBIX TOKax IMPOBOAMMOCTH HMPHUBOIAT TAKXKE K JUCCHUIIALIMU 3apsI0B
IIPU TOCIEAYIOLEM MPOBEIECHUN TEPMOCTUMYJIMPOBAHHOTO pa3psiAa, TaK Kak B 9TOM Cllydae
TOKH TEKYT YK€ B IIPOTUBOIOJIOKHOM HaIIPABJICHUU.

s mponeccoB HEUTpanu3alKuy 3aps0oB HEMAJIOBAKHYIO POJIb UTPAIOT TAKXKE CBOMCTBA
paboueii TOBEPXHOCTH METANTMYECKOTO (PPUKLIMOHHOTO 3JIeMeHTa. B3aMOCBI3b MEXTy SHEp-
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TeTHYECKUMHU YPOBHIMH OMPEIEIUM TMOCPEICTBOM (PPUKIIMOHHOTO KOHTAKTHOTO B3aUMOJCH-
CTBUSI MUKPOBBICTYTIOB TIAp TPEHHUS.

Ha puc. 3 mpowmmmtocTpupoBaH IETaNbHBIN MOAXOA K SHEPTreTHUECKUM YPOBHSM ISTECH
KOHTAKTOB MHKPOBBICTYIIOB 3JIEMEHTOB Iap TPEHHUS MPU AIEKTPOTEPMOMEXAHHMYECKOM (pHK-
LIMOHHOM B3aUMO/IEUCTBHUHU.

Ha puc. 4 a, 6, 6 yclioBHO NOKa3aHO PA3IUYUE MEXTY HEUTpallbHbIM, OMUYECKUM U 3a-
0JIOKHPOBAHHBIM KOHTAKTAMH.

HeiliTpanbHblii KOHTAKT. PacCMOTpUM cllydan BO3HUKHOBEHUSI HEUTPAJIbHBIX KOHTAKTOB
Ha MUKPOBBICTYIIaX METANIONOIMMEPHBIX Map TPEHHsI COrfliacHo puc. 4 a.

[TTHa KOHTAaKTOB MUKPOBBICTYIIOB
3JIEMEHTOB I1ap TPEHUs
| |

METaJUTNYECKOTO HOJIMMEPHOU HaKIIaJIKH
| |

HBOﬁHBI@ OJICKTPHUYCCKUC CIIOU MCKIY:
T I I

MHUKPOBBICTyIaMU MATHAMU KOH- YPOBHSMU
METAJINYECKOI0 TaKTOB MUKPO- KUJIKON (hasbl
DJIEMEHTA BBICTYIIOB HAKJIaaKu

dopmupoBaHuE MUKPO-KOHAEHCATOPOB U -OaTapeit
|
3aporkJIeHuEe, pa3BUTHE U NPEBPAICHNE KOHTAKTOB

IIPOBOAUMOCTH
I I I

HEUTPaIBHOTO OMMUYECKOI0 OJIOKHPYIOILErO
| | |
BosaukHOBeHME 1 pabOTa TUIIOB 3apsI0B: TEHEPUPYEMOTO,
WHAYLIHUPOBAHHOTO, TUMOIEHOTO U KOMIIEHCAITMOHHOTO
|
30Ha JeUCTBUS 3apsA0B: MOBEPXHOCTH, MPOCTPAHCTBO,

o0BeM
I

PacnipocTpaneHue, pacrpeneneHue, pejlakcanus, Iepeopu-
eHTauusi, OapbepHas NOJSApU3ALUsA, APeH(OBBIA 3/1BHT,
HEUTpanu3anus 3apsloB U MX IOBEJIEHUE B JIOKAJIBHUX
MOJISIX

Puc. 3. Dnepzemuueckue yposHu namen KOHMAKMO8 MUKPOGLICIYNO8 IIEMEHM 08 RAp MPEeHU
npuU INEKMPOMEPMOMEXAHUYECKOM PPUKUUOHHOM 83auUMOOelicmeul
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[lepBbIii cay4ali OTHOCHTCS K IMOBEPXHOCTHBIM TEMIIEpaTypaM IOJUMEPHON HaKIIAJKH,
KOTOpPbIE MMEIOT BEJIMUMHBI HIKE JOMYCTUMON 1115 ee MartepuainoB. CoriacHo puc. 4 a pabota
BBIXO/Ia AJICKTPOHOB M MOHOB M3 METAJUIMYECKOTO W HEMETAJUIMYECKOro (PUKIHUOHHOTO dJe-
MEHTOB paBHA MeXy co00i. bormbIryto mpubaBKy K paboTe BbIX0/la HOHOB U3 MMOBEPXHOCTHO-
TO CJ0sl HAaKJIaJKU JAaeT CPOACTBO K 3MIeKTpoHy. Ilociennee sABIseTCSI CHIOCOOHOCTBIO HEKOTO-
PBIX aTOMOB W MOJICKYJI TIPUCOCIMHATH T00ABOUHBINA 3JIEKTPOH M MPEBPAINATHCS B TIOIOXKH-
TEJIbHBIE MOHBL. Mepol CpeicTBa K DJEKTPOHY CIY>KUT BBIICISIFOINASCS TPH STOM DHEPTHSI.
LlenenanpaBieHHass IEPEOPHEHTALIUS SJICKTPOHOB B HOHBI ITO3BOJISIET TEM CaMbIM 3a CUET JIaH-
HOro 3¢ ¢eKTa JOCTUYb PaBEeHCTBA pabOT BBIXO/1A YACTHUII.

a g B
) Wy=Wp Y WysWy ) W“§>W"
0
Bakymubliii X | Myersie
" T~ YpOBEHb 3=> = Ec JOHOPpb!
s E 2l H B 3 2
3 = C B Hilexruposannsie B = =
B + ‘”p = ’\ + e
2y H 9f|empm.u>l Y LS +ﬂ:' —_r
—] EF ———'— 60 l EF E ——— EF

Puc. 4 a, 6, 6. SHnepzemuueckue yposHu 63aumo0eiiCMEYIOUUX NAP MPEHUS (MEMALTI-HOAUMED) C
DAa3IUYHBIMU MURAMU KOHMAKMOG: @ — HEUMPAIbHbII; 0 — OMUYECKUT WU UHICCKIMUDYIOW UL,
6 — onokupyrowuii: E¢, Er - snepzemuueckue yposnu: kpumuueckozo oguxcenus, @epmu; Wy, Wy -
Pabomul 661X00a INEKMPOHOE U UOHOE U3 MEMANA U NOAUMEPA; Oy — MOTUUHA 00eOHEeHH020 (a) u
o0b0zawennozo (6) I1eKMPOHHBIX C/10€8; ¥ — CPOOCHMEO0 K eeKMPOHY

Bropoii ciyuaii. [Ipu goctmwkennn pabodeil moBEepXHOCTHIO MOJUMEPHON HAKIIAJIKH TEM-
NepaTypbl BbILIE JOIYCTUMOMN AJI €€ MaTepHaIOB IPOUCXOIUT BHITOPAHUE B MOBEPXHOCTHBIX
U MOJIMOBEPXHOCTHBIX CIIOSIX CBS3YIOIIMX KOMIIOHEHTOB, UTO BEAET K 00pPa30BaHUIO KUIKOCT-
HBIX OCTPOBKOB Ha MMOBEPXHOCTU HakJIaAKu. [Tpu koHTakTe paboueil MOBEpXHOCTH METallInye-
CKOTO (PPUKITMOHHOTO JIEMEHTA C KHUIKOCTBIO HAOIIOJAIOTCS SBICHHS IEpexoja HMOHOB U3
MeTajuta B JKUJIKOCTh (pHC. 5 a, kpuBas 1).

MerTann BXOIUT B pacTBOP B BUE JIMOO MOJOKUTEIBHBIX HOHOB, JINOO KOMIIEKCHBIX OT-
pHUIATENTFHBIX MOHOB, €CIIM OH B3aHMMOJIEHCTBYET C pacTBOPOM >KUAKOCTH. [Ipu 3TOM moBepx-
HOCTh MeTajla NPHUOOpEeTaeT HEKOTOPBIM crnenuduueckuid MOTEHIMAlN, YyCTaHAaBIUBAIOIINUN
paBHOBECHE MEXAY IIPOLIECCOM BBIACIEHUS U OCAXIECHNS HOHOB. JTOT NOTEHIIMAJ 3aBUCUT KaK
OT MPUPOJBI METAJUIA, TAK U OT KOHLEHTPALIUN UOHOB B KUAKOCTU. [IpM HEKOTOPOM 3HaUYE€HUNU
kuciaoTHocTH (pH) MeTann He mockUTaeT B pacTBOP MOHBI, @ HAOOOPOT, IPUHUMAET UX U3 pac-
TBOpa, IpUoOpeTas 3apsi J0 HACTYIIJICHUS 3JIEKTPUUECKOI0 PaBHOBECHS.

Kak u3BecTHO, MeTayuIbl pacroiaraloTcsl B AMEKTPOXUMUYECKUN Pl MO0 OTHOIICHHUIO K
TIONIOKUTENEHOMY HOHY Boopona H' . IIpu morpy>keHHH B KHAKOCTh ABYX Pa3IHUHBIX METaJl-
JIOB KaX/IbIil M3 HUX UMEET OMpPEIeICHHbBIN MOTEHIIMAN 10 OTHOIICHHIO K XKuAKocTU. [Ipu KoH-
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TaKTC MCTAJI1JI0B BO3HHUKACT BHCKTpI/I‘IeCKI/Iﬁ TOK 0 TEX IIOp, IIOKAa B paCTBOPEC HE 6y,Z[YT Hcyep-
INaHbl BCEC MOHBI MCTAJUIOB WJIM BCC MOHBI paCcTBOpA. BHGKTpI/IquKI/IC TOKH MOTYT IIPOTCKATh U
MCXKAY pPa3IMYHbIMU TOYKAMH OJIHOM MeTaJNIMUEeCKOM IMMOBECPXHOCTHU, CCJIIM OHA 3apsiKCHa U

HEOJ/IHOPOJIHA.

0) do X
Jas 3
N
Y
/g [~ ————
B) N X
dzqy ) N
dx
N
~
X

Puc. 5 a, 0, 6. 3asucumocms r11eKMpoOKUHEMUUECKO20 NOMEHYUANA ¢ (@), HANPAICEHHOCHU NOA
E=dpldx (6) u nnomnocmu 3apadoe p=d°p/dx* (6) om koopounamer X: A — zpanuya nenodsuscnoi
uacmu 080UHO20 INeKMPUueckozo cnosa; K —ocuokocmo; T — meepooe meno;

Kpuevte 2 u 1 — coomeemcmeenno, 00 0ONYCMUMOU MEMREPAMYPbL MAMEPUATLO8
NOBEPXHOCMHO20 C1051 HAKNAOKU U 8blUe.

Kpome xuMuueckoro MexaHnus3ma 3JIEKTPUYECKUX SBJIICHUN B KOHTAKTE METAJUIA U JKHU[I-
KOCTH BO3MOXKEH M JPYrOM MEXaHU3M — DJIEKTPHU3alus MOBEPXHOCTEH METAIUIA U KUAKOCTU
IpU JABWKEHUM MOCHEIHEH, T.K. CIOH KUAKOCTH, NepeMeIlasich, YHOCUT ¢ COOON MOHHBIN 3a-
psa. PacueTsl OKa3bpIBalOT, YTO 3HAUYNTENIBHOE HAKOIUIEHUE 3aPsII0B IPU JBUKEHUH KUAKOCTH
TPOMCXOJUT MPH YAEIbHOM ee conpoTueiernn Boire 10° Om-cm. CUHTAaeTCs, YTO IPH STOM
Ha MOBEPXHOCTU METAJLIa, COMPUKACAIOIIEHCS C )KUJIKOCThIO, 00pazyeTcs IBOMHON dIeKTpUie-
ckuii cioil. IloBepxHOCTh MeTauIa B pe3ysbTare MoTeph WIK 3aXBaTa MOHOB MpUOOpETAeT He-
KOTOPBIM XMMUYECKUI TOTEHIMAII, ¥ 110 HEH paclpenenseTcss HeKOTopbii 3apsa. [Ipotusono-
JIO’KHBIN 110 3HAKY 3aps]] HAXOAUTCA B KUAKOCTH. Pacripenenenue 3apsiioB B KUAKOCTH MOXKET
XapaKTepU30BaThCsl MOTEHIUAIOM (), KOTOPBII MEHSETCA C PacCTOSIHUEM OT IOBEPXHOCTH B
COOTBETCTBUH C JIICKTPOCTATUYCCKHMMHU CHJIAMH W pacnpeneicHueM bonbivana (puc.5 a).
AHaJIUTUYECKOE BBIPAXXEHHUE AJI pacdyeTa BEJIMYMHBI IOTEHIMAlA (¢ IMOJyYaeM pEIICHUEM
ypaBHeHus [lyaccoHa B IpeaNoI0KEHUH O CYIIECTBOBAHUM SKPAHUPYIOLIETO ABOMHOTO CIIOS:
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co:%wexpk(d - X), @)

rae d - TONIIMHA CJI0s, TIPOYHO CBSI3aHHOTO C MOBEPXHOCTHIO MONIMMEpPHON Hakmanku; 1/K -
koddunmeHT 3kpanupoBanus Jlebas; ¢ - MIOTHOCTH 3apsiia MOBEPXHOCTHOIO CIOS; € - JH-
IJIEKTPUYECKAs IPOHULIAEMOCTD KUJIKOCTH.

Takum 00pa3oM, B yCIOBHSAX 3JIEKTPOTEPMOMEXAHHMUYECKOTO TPEHHs METAJUIONOIMMEp-
HBIX I1ap TPEHHS SHEPrOHATPYKEHHOCTh paboueii MOBEPXHOCTH MOJIMMEPHON HAKIIAIKA UTPAET
peIaronyo posib B (POPMUPOBAHUM HEUTPATBLHOTO KOHTAKTa B 30HE (YPUKIIMOHHOTO B3aUMO-
JIEHUCTBHS.

Omuueckuii koHTakT. Hanbonee yacto B METAJUIONOJMMEPHBIX Napax TPEHHs MpH-
MEHUTENIbHO K JIBYXCIOMHBIM (“MeTayll — HojauMmep”) CTPYKTypaMm TOPMO3HBIX YCTPOWCTB
BCTPEYACTCS OMHUYECKUH (MHKEKTUPYIOIIHI ) KOHTAKT (puc. 4 0).

Ha puc. 6 nmpuBeneHa 30HHas AuarpaMma KOHTaKTa ~METaul — 3JEKTPONPOBOIAIIMI
noaumep”. OCOOEHHOCTBIO 3TOM AMarpaMmbl SIBISETCS HAJMYKE Y3KOH 3JIEKTPOIPOBOIAIICH
30HBI B cepeinHe 1ienu noiauMepa. CorilacHO OIHOM M3 THIIOTE3, UMEHHO 10100Has y3Kas 30-
Ha MOJKET OTBEYaTh 32 TPAHCIOPTHBIE CBOMCTBA TOHKHUX AMAJIEKTPUUECKHUX IUIEHOK. M3MeHe-
HUS ToJoXKeHus: ypoBHs Pepmu Metaiuia B 06jacTu ero (pasoBoro mepexoaa OTHOCHUTEIHHO
y3KOH 30HBI B MOJIMMEPE U3MEHSET YCIOBUS MHXKEKIUU U3 METauia B MOJIUMEpP U TEM CaMbIM
XapaKTepu3yeT U3MEHEHHUE TPOBOAUMOCTH CUCTEMBI B LIEJIOM.

Puc. 6. Inepzemuueckan ouazpamma napvl mpenus Memasn - noaumep”:
Er, Fy -3nepzemuueckue yposenu: memanna (®epmu); nonumepa; Wy, Wy - pabomet evixooa:
INeKMPOHO8 UX MEMAILIA; UOHOG U ITIEKIMPOHO8 U3 NOUMEPA; ) — CPOOCHEO K IJIeKMPOHY
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a)
Bakyym 0) Bakyym

Vposensb
J0BYIIEK

i

-
N
N

S
\

SRAX
os’zé‘
)

RN

[Mosumep Mertaaa Ioaumep
N>Nc

Puc. 7 a, 0. Kauecmeennasn kapmuna snepzemuyeckKux 301 6 cucmeme memain - noaumep” npu
UMRYIbCHBIX HOPMATIbHBIX YCUTUAX, Oelicmeylowux Ha noaumepuyio niaenky: a — N<Nc; 6 — N>Nc;
Eq E, - 3uepzuu 301: OHa nP0600U MOCIU U 8471IEHMHO020 nomoaka noaumepa: Fy u Fy - yposnu
Depmu memanna u nonumepa; Wy, — paboma évixoda 31eKmMpona u3 Memania; WMPUxXoeds Kpueas

G(X) — pacnpedenenue unICEKMUPOBAHHBIX IIEKMPOHOE 6 NOTUMEPHOU NIIEHKE.

Ha puc. 7 a, 6 npencraBineHa MOZEIb SHEPTeTHUECKUX 30H B CUCTEME ~“MeTaJll — MOJIH-
Mep” CTUMYJIMPOBAHHON UMITYJIbCHBIMU HOPMaJIbHBIMU YCHIIUSMHU WHKEKIIMM HOCUTENIEH TOKa
U3 MeTajljja B 30Hy IIPOBOAMMOCTH nosinMepa. CorjiacHo 3TOH MOJENH CKAaTHE TOJIUMEpPa BbI-
3bIBA€T pacnaj MOBEPXHOCTHBIX COCTOSIHUM, UTPAIOLIMX pOJIb AKIENTOPOB 3JeKTpoHOB. He
HCKJIIOYEHO TaKXKe, YTO M3-3a YBEJIUYEHHUS MOJSPU3YEMOCTH OJHOBPEMEHHO MPOUCXOJUT MO-
HI)KEHHE JIHA 30HbI IPOBOAMMOCTH NojuMepa. B pesynbrate nmpu HekoTopoM 3HaueHHn N=N;
CTPYKTypa PHEpreTHUeCKUX 30H BOJIM3U T'paHUIlbl pa3zenia ’MeTall - MoJuMep” OKa3bIBaeTCs
OJTaronpusTHOW I MHXKEKIUKH HocuTenel, XoTs nmpu N<N; 3ToT mpomecc nubo BooOIIe He
peaninzyercs, Tu60 uMeeT KpaliHe HU3KYI0 3(h(PEeKTUBHOCTS.

Ha puc. 8 npeacraBnena ynponieHHas 30HHAsi AMarpaMMa TPEXCIOWHOM CTPYKTYpbI
“metain 1 — nonuMep — metan 2”. CIUIOIIHOM JKUPHOW JIMHUEH B CJIO€ MOJMMEpa MOKa3aHa
¢dopma moreHMaNEHOrO Oapbepa /uis 3apsjaa, koraa d Ooublne rryOUHBI TPOHUKHOBEHHS TI0-
BEPXHOCTHOTO 3apsijia, MyHKTUPHAsi KpUBasi COOTBETCTBYET Cydaro, kKorja 0 MeHbIe riryOou-
Hbl IPOHUKHOBEHUS IOBEPXHOCTHOIO 3apsijia, IITPUXOBKONH 0003HAUEHBI AIEKTPOHHBIE COCTO-
aHus. BpiOpaH BapuaHT KOHTaKTa, B KOTOpOM 00a MeTasla OAMHAKOBBI, pa0OTHI BBIXOA JJIEK-
TPOHA U3 METAJIJIa U MOJIUMEpPa TaKKe OJUHAKOBBI. JDTO TaK Ha3bIBAEMBIN CIy4ail IPsIMBIX 30H,
U MPU UCHOJIb30BAaHUU MOJMMEpPa B TaKOW CTPYKTYpE 4alle BCErO0 MOYKHO IMOJIYYHUTh OMHYE-
ckuil KOHTakT. [Ipu 3TOM He OyJaeM OCTaHaBIUBATHCS Ha JETANSAX MEXaHHW3Ma YCTaHOBIICHUS
ANEKTPUYECKOTO KOHTakTa. KoHcTaTupyeM TONBKO (DaKT, 4TO HATUYHE MEXKIY JIBYMS MeTaj-
JTUYECKUMHU DJICKTPOJAMU JUAICKTPHUKA ¢ OOIBIION MIMPUHOM 3aMpenieHHON 30HbI MOXKET TIpe-
IATCTBOBATh MPOTEKAHUIO 3apsiia MEXKY AJIEKTPOJaMU B CiIydae, KOTrJa TOJIIIMHA AUDIEKTPH-
YECKOW MPOCIONKH Beauka. [Ipu 3TOM Cioil AMAIIEKTPUKA UTPAET POJIh OTCHIIMAIBHOTO Oaph-
epa mpsIMOYTOJIbHOM (POpPMBI, BBICOTa KOTOPOTO OMPEIENAETCS Pa3HOCThIO MEXIy padoToi
BBIX0O/Ia METAJIA U SHEPTUEH SJIEKTPOHHOTO CPOACTBA MOJIUMEPA.
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"memann 1 — nonumep — memann 2”

IIpy yMeHbLIEHUHN TOJIIMHBI [TOJIMMEPHON IJIEHKU MOXET BO3HUKHYTh CUTyallMs, Koria
3apsi/ibl, COCPEIOTOUCHHBIE BOJIM3HM MPOTHUBOIOIOKHBIX I'PAaHHUI] PACCMATPUBAEMOI0 KOHTAKTa,
HAYHYT B3aMMOJICHCTBOBATh MEXIY COOOM, MPUBOAS K UCKAKEHUIO (POPMBI MOTEHIIUAIBEHOTO
Oapbepa. Hanbompiiel TOMIMIMHON IUIEHKHU, IPU KOTOPOM HayMHAETCs B3aUMOJEIHCTBHE Ipa-
HUYHBIX 3apsJ0B, MOXET CUMTATHCA YJIBOCHHAs BEJIMYMHA TAKOTO MapaMeTpa KOHTAaKTa, Kak
rIyOMHA MPOHUKHOBEHHUS MOBEPXHOCTHOTO 3apsiia. BzaumoselcTBue MpUIIOBEPXHOCTHBIX 3a-
PSZI0B MOXET MIPUBECTHU K TOMY, UTO B cepeinHe Oapbhepa HauyHET (POPMUPOBATHCA JIOKATIbHBIN
MUHUMYM, KOTOPBIi B NPUHIUIE MOXET MPUBECTH K NEPECEUEHUIO0 KPUBOM, ONMCHIBAIOIIEH
orubarolyto NOTEHIMAIBLHOTO0 O0apbepa ¢ ypoBHeM Depmi.

[Tpu TakoM rUMOTETUYECKOM BapHaHTe B cepenuHe Oapbepa Ha ypoBHe DepMHU MOTYT BO3-
HUKHYTb HOBBIE JIEKTPOHHBIE COCTOSIHUS, KOTOPbIE YBEIMYUBAIOT €r0 NMPOHMUIIAEMOCTb JJIs
371eKTpoHOB. Eciu HayuuTbcs ympaBisiTh TaKUMU COCTOSIHUSIMH, TO (pakTHuecku 3To Oyjaer
03HAYaTh CO3JIaHUE MPHUHIUIIHUAIBLHO HOBOTO 3JIEKTPOHHOIO TMOPUIHOTO HAHOCTPYKTUPOBAH-
HOTO METAJUIONOJIMMEPHOIO MaTepuaa.

[Ipu 5TOM BEeCcOMyI0 BaKHOCTh MPHOOPETAET BOMPOC YIPABIEHUS CUCTEMON ~MeTamt 1 —
HOJMMEp — MeTaJul 2” MyTeM MEePeKII0YeHNH B TOJUMEPHOH MieHKe 3P deKTa nHAYUPOBAHUS
3aps/i0B, MPU KOTOPBIX 00JACTH M3MEHEHHUs JIEKTPOIPOBOJHOCTH B HEW MPOCTPAHCTBEHHO
pazzaenensl. Jst uccaenoBannii ObUTH BEIOPAHBI IEPEKITIOUEHUS B CUCTEME 33 CUET U3MEHEHUS
IPaHUYHBIX YCIOBHUH B TPEXCIOWHOM CTPYKTYype “METasll — MOJIUMEp - METAJT”, 4TO MPUBETIO K
TJIABJICHUIO OJTHOTO W3 DJIEKTPOAOB [5, 7]. B pesynbpTaTe 4ero mpoWcXOAUT Mepepacipesesie-
HUE TTOBEPXHOCTHOTO 3apsijia B IPUKOHTAKTHOM 001acTH MmoiiMMepa BCIIEICTBUE PE3KOr0 U3Me-
HeHUS 3P PeKTUBHON pabOThl BBIXO/A ANEKTPOHOB MeTalsia BOJIM3U KPUTHUYECKOU TemIepaTy-
pbl. TakuM 00pazoM, mepexo1 MoJIMMepa B BEICOKOIIPOBOJISIIEE COCTOSHUE BhI3BaH H3MEHEHU-
eM nonoxenust ypoBHst Depmu Metanmna (3¢ heKTUBHON pabOThl BBIX0/a JIEKTPOHOB) B TOUKE
¢azoBoro mepexoja. AHAJIOTUYHOTO pE3yjbTaTa MOXKHO JOCTHYb, €CIM MEXIY METalsIOM,
npereprneBatonieM (azoBbIid Mepexojl, ¥ MOJTUMEPHON TUICHKOW MOMECTHTH IPYTOol METall,
CTaOWJIBHBIM B 3aJaHHOM HHTEpBajie Temmneparyp. B Takoll cuTyanum Bce CTPYKTYpHO-
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MEXaHUYECKUEe U3MEHEHUs (M3MEHEHHE arperaTHOro COCTOSIHHS, CTPUKLMOHHBIE SBICHUS U
T.I.) B IEPBOM METaJlJIe MOTYT OBITh [TOJIaBJIECHBI C OMOILBIO BTOPOTO METaJlIa, T.€. TEXHOJIO-
TMYECKOI0 PELIEHUS.

HeobOxomuMo OTMETUTH €Ile OJHY BaXXHYK) OCOOCHHOCTh OMHYECKOTO (MHIKEKTHU-
PYIOIIET0) KOHTAKTa HAa MMKPOBBICTYIIAX METAJUNIMYECKOTO AJIEMEHTA, MOBEACHHE KOTOPOTO
HAaIlOMHMHAET HarpeBHBIM KaToJ, YK€ B OTCYTCTBHE IOJI HA MOBEPXHOCTH, MOXKET CIIOHTAaHHO
MH)XEKTUPOBATh HOCUTENIN BHYTPh MOBEPXHOCTHOI'O CJIOS MTOJIMMEPHON Hakiaaku. Bo3Hukaro-
1iee nepes MEeKTPoJOM 00JIaKO IMPOCTPAHCTBEHHOI'O 3apsi/ia B KOHIIE KOHIIOB MOJHOCTBIO 3a-
IUPAET SIMUCCHIO C 3JIEKTPOJIa, €CIIM, KOHEYHO, 00JIaKo He paccachlBaeTcsl JeHCTBUEM NPHIIO-
’KEHHOTO TI0JIs1. [ paHMYHbIEC YCIOBUS HAa HHXKEKTUPYIOIEeM tekTpoe ceoasatcs K E (0, t) =0 u
IUIOTHOCTHU 3apsa0B p (0) = +oo, mpuyeM HOJISIPHOCTh ONPEACIAETCS 3HAKOM HHKEKTUPYEMBIX
HOCHUTEJIEH.

Baoxkupyomuii KOHTaKT. [IoBeIeHHe MUKPOBBICTYIIOB IIOJMMEPHON HAKJIAJKU B CUJIb-
HOM CTENEeHH 3aBUCUT OT MaTepHajia MHUKPOBBICTYIIOB METAJUIMYECKOTO (PPUKIIMOHHOTO 3Jie-
MeHTa. OOBIYHO MSATHA KOHTAKTOB MOCIEAHMX MHUKPOBBICTYIOB, IOKPBITHIE IUIEHKaMH, MpU
cJ1a0bIX U MPOMEXKYTOUHBIX HANPSKEHHOCTAX IOJIA SABJSIFOTCA OJOKMPYIOIMMHU KOHTaKTaMHU
(puc. 3 a). Takoil KOHTaKT NPENATCTBYET Mepeaye HOCUTENEH 3apsiia OT JIEKTpoJa BHYTpPb
IIOBEPXHOCTHOT'O U IOJIIOBEPXHOCTHOTO CJIOS IIOJIMMEPHON HaKJIaJKH, B TO K€ BpeMs caM OH
MO’KET IPUHUMATh HOCUTENH U3 BBILIETIEPEUNCIEHHBIX CIIOEB.

B nusnexTpuke ¢ GIIOKUPYIOIIMMHE KOHTaKTaMM, BOOOIE HE COAeprKalleM HOocuTenel 3a-
psna, MpoTeKaHHE CTAllMOHAPHOTO TOKA, OYEBHHO, HEBO3MOXHO. EciM ke B JMANEKTpUKE
UMEIOTCS. HOCUTENIM 00OUX 3HAKOB, MPUYEM C CHIIBHO OTJIMYAIOUIMMMCS 3HAYEHUSIMHU HX IO-
JBUKHOCTEH, TO BOJU3U MATEH KOHTAKTOB MUKPOBBICTYIIOB METAJUIMYECKOTO (DPUKIHUOHHOTO
3JIEMEHTa, 3HaK KOTOPOIO COBIMAJAeT CO 3HAKOM OoJjiee MOABMKHBIX HOCUTENEH, oOpasyercs
6aprep llloTTku. Bo3HMKaromas B 3TUX YCIOBUAX MOJApHU3ALUS MATEH KOHTAKTOB MUKPOBBI-
CTYIOB HaKJIaJKU OOyCIJIOBJIEHA KaK pa3 HAJMYUEM BJIEKTPOAOB. DTa CUTyaLUs JOBOJIBHO JIET-
KO OOBSICHAETCS B TOM IPEICIIBHOM Cllyyae, KOTJia OTCYTCTBYeT MOJBM)KHOCTb Y HOCHTENEH
KaKOi-TO OHOI MOJSIPHOCTH (HAampuMeEp, JIEKTPOHOB) M HE NMPOUCXOAMT JalbHeHIeil reHe-
pauuu cBoOOAHBIX HOocuTenel. [IpunoxkeHHoe mosie B 3TOM cilydae yAajsieT MOJIO0XKUTEbHbIE
HOCHUTEJM OT IATEH KOHTAKTOB MMKPOBBICTYIIOB HaKJIaJKH (aHO/IOB), (pacmojoKEeHHOTro, CKa-
xeM, pu x = 0).

Tak Kak 3TOT 3JEKTPOJ HE B COCTOSIHHM IEpeaBaTh MaTeprajaM MOJOKUTEIbHbIE 3apsi-
Jibl, BOJIM3U HETO B CJI0€ TOJNIIUHOMN Ss MeXy ItockocTsiMu x = 0 1 x = Ss oOpa3yeTcst 00s1ako
OTPULATEIILHOTO IPOCTPAHCTBEHHOIO 3apsiia C IUIOTHOCTBIO p. Ilocie Toro kak cioi mpo-
CTPAHCTBEHHOTO 3apsja OyAeT MOJHOCThIO chopMUpOBaH, HampspkeHHe V, NepBOHAYAIBHO
NaJ1aBILEE N0 BCEH TOJIIMHE METAININYECKOT0 MUKPOBBICTYTIA, TENEPh CTAHET PHIIOKEHHBIM K
CJIOSIM TOJIIUHOM Ss. B pesynbrare Tok 00patutcst B HyJb. [IpOTSIKEHHOCTD CII0S ONpeIeNsieT-

CiA q)OpMYHOfI Ss =4/ 2(‘?\/ /p 1 HC 3aBUCUT OT MPUIIOKCHHOT'O JICKTPHUICCKOI'O ITOJIA.

Hanpumep, npy  IUIOTHOCTH HETOIBHKHBIX (3aXBauEHHBIX) HOCHTEeH
p=110"Kn/em®, e =2-10"®/cm u V =1,0 tonmmmna cnos Ss cocrapmser 1,25-107
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cM. Mrak, ucnonb3oBaHue OJOKMPYIOIMX KOHTAKTOB MPEMATCTBYET MOJIHOMY YAAJCHHUIO IO-
JBYDKHBIX HOCHUTENEH U3 AMANIEKTPHKA, IPUYEM BHE 3aBUCUMOCTH OT 3HAYEHMS MX IOJIBUKHO-
CTH.

Hannuue HenpoBoasiieil NpOCIONKY KOHEYHOM TOJIIIUHBI MEKY IUIICKTPUKOM U DJIEK-
TPOZOM MOJKET BbI3BaTh 00pa3oBaHue OapbepHOi noispusanun. IlpaBaa, MoneKkyIsipHbIe pa3-
Mepbl 00pa3yIOLIErocss JIBOMHOIO CJIOS MOJOXKHUTEIbHBIX U OTPHUIATEIBHBIX HOCHUTENEH He
MO3BOJIAIOT OOHApYXKUTh €ro B OOBIYHBIX BHEIIHUX H3MEPEHHSX, HAIpUMEp KOMIIEHca-
IIMOHHBIX 3apsA70B Ha aekrpoae. Kpome Toro, o6pa3oBaHue IBOMHOIO Ciiost HE JaeT OJIOKH-
pyroriero ¢ dexra.

Taxkum oOpa3oM, eciiu KOHTAKThl 3a0JIOKUPOBaHbI, HEUTpaIU3alus J0/DKHA IPOTEKATh
BHYTPH METAJJIMYECKOTO 3JI€MEHTa TPEHUs HE3aBUCHUMO OT BHMJA KOHTAKTa (SBIISETCS OH WH-
KEKTHPYIOIIUM 3JICKTPOHBI WIH OJOKUPYIOLIMM). DTO 3aBUCHT JIMIIb OT TOTO, KaKas u3 padboT
BBIXO/Ia JIEKTPOHOB WJIM MOHOB OOJIbINE: METALTUYECKOTO WM HOJIMMEPHOTO (PPUKIIMOHHOTO
anemenTta. Ecnu pabota BbIXOAa U3 MEPBOTO 3jieMeHTa Oouible, 4eM CO BTOPOro, oopasyercs
Onokupyromuit 6apbep. Hanuuue nocienHero no3possieT u3yyaTb METOJIOM TEPMOCTUMYJIUPO-
BAHHOT'O pa3ps/a MOIyU30IATOPbI U MOTYIPOBOIHUKH, KOTOPBIM CBOMCTBEHHBI OOJIBIINE TOKU
IPOBOJUMOCTH. BiIoKupyoIiye KOHTaKThl AEHCTBYIOT POTUBOIOJIOKHBIM 00pa3oM: OHH IIpe-
IATCTBYIOT KaK MH)KEKIMY, TaK U HEUTpanu3aluu 3aps10B.

BobiBoabl. Takum 06pa3zoM, Mpon3BeCHA OLIEHKA YHEPTETUUECKUX YPOBHEH pa3IMyHbIX
TUIIOB KOHTAKTOB (HEUTPaIbHOI'O, OMUYECKOTO M OJOKHPYIOIIET0) MUKPOBBICTYIIOB Tap Tpe-
HUS TPUOOCHUCTEM C YUETOM 3apsHO-Pa3psIIHBIX CBOMCTB MOBEPXHOCTHBIX CJIOEB MOJIMMEPHBIX
HaKJIaJOK.
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TRiBOSISTEMIN SURTUNMO CUTLORININ MiKROCIXINTILARININ MUXTOLIF
TiPLi KONTAKTLARIN ENERJi SOViYYOSININ QiYMOTLONDIRILMOSi

M.V. KINDRACUK, D.A. VOLCENKO, S.I. KRISTOPA, D.Y. JURAVLYOV

Tribosistemin siirtinma ciitlorinin mikrogixintilarinin miixtolif tipli kontaktlarin (neytral, omik va
qapayici) enerji soviyyasi qiymatlondirilib vo polimer kiindolorin sath qatinin rolu gosterilmisdir.

Agar sozlar: metalpolimer tribociitlorin iki-ii¢ layly strukturlari, energetik saviyyalor, mikrogixintilarin
kontaktlar.
ASSESSMENT OF POWER LEVELS OF VARIOUS TYPES OF CONTACTS OF
MICROLEDGES OF COUPLES OF FRICTION OF TRIBOSISTEM
M.V. KINDRACHUK, D.A. VOLCHENKO, S.I. KRYSHTOPA, D.Y. JURAVLEV
The article shows the energy levels for different types of contacs (neutral, ohmic and blocking) in micro-
projections of friction pairs within tribosystem, and the role of the surface layer of the polymer overlay is under-

lined.

Key words: two and three layered structures of metal-polymer tribo-conjunctions, energy levels, con-
tacts of micro-projections.
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SKCHEPUMEHTAJIBHOE UCCJIEJJOBAHUE JEMII®UPYIOIIEN
CIIOCOBHOCTH JIBYXMACCOBOM KOJIEBATEJIBHOMW CUCTEMBI
C ®PUKIIMOHHOMN MY®TOMN ABTOMOBIJISI

N.A. XAJINJIOB

B cratbe mpeacTaBieHbl METOMOJIOTUS U PE3YJBTAThl SKCIEPUMEHTAIBHOTO UCCIIEIOBAHUS
JeMIrpupyroneil criocoOOHOCTH JIBYXMAacCOBOM KOJIeOATeIbHOW CHCTEMBI B IaKeTe ¢ (PUKIIMOHHOMN
My(}TOH COBPEMEHHOTO JIETKOTO aBTOMOOWIA CpemHero kiacca. [ImaHupoBaHue SKCIEpUMEHTa Ipo-
BOJIMJIOCH C TIOMOIIBIO IIPorpaMMHEOro obecrederns Modde”. TIpolecc HCTBITaHMIT OTPETYTHPOBAH C
oMoIIbI0 TporpamMMel Sirius®, a o0paboTka TaHHBIX OCYIIECTBISUIACH MporpaMMmaMu Marc® u
Famos®. ITo nmomy4eHHBIM pe3ynbTaTaM HOCTPOSHbI I'pauKy 3aBUCHMOCTEN YacTOTHI BPAIICHUS Be-
JYIIETo W BEJOMOTO Bajia IPUBOAA OT BPEMEHH M OLIEHEHa JeMII(HPYIOIasi CIOCOOHOCTh CUCTEMBI.
JlaHBI peKOMEHIalMH U1l ONTUMAJIbHOTO MPOEKTUPOBAHHS IIPUBOAHON CHCTEMBI B LIEJIOM.

Knrouegvle cnosa: npueood, 08yXMAacco8as KONeOamenrbHas Cucmema, QpuKyuoHHas
My@ma, naanuposanue IKCnepumMenma, 0emMnupyrouas cnocoo-
HOCHb, KPYMUTbHASL HCECMKOCHTb.

BBenenne. Hane)xHOCTh, TONTOBEYHOCTh W KayeCTBO PabOTHl pa3IMYHBIX MAIIUH BO
MHOTOM 3aBUCAT OT KoOJeOaHWIi, BOZHUKAIOIIUX B MPHUBOJHONU cucteme [1-6]. YMeHbIIeHUE
KoJe0aHUN U TUHAMUYECKUX HArpy30K B TPAHCMHUCCHUSX MAIIMH BO MHOTOM CBSI3aHO C IIpa-
BUJIBHBIM BBIOOPOM COEAMHUTENBHBIX My()T. My(THI SABISIOTCSI OCHOBHBIMH 3JIEMEHTaMH TIPH-
BOJa, KOTOPLIC MOT'YT KOMIICHCUPOBATH HUJIHU ,Z[GMH(l)I/IpOBaTB PA3INIHBIC CTOXACTUYCCKUE OT-
KIIOHCHUS MapaMCTPOB OT UX HOMUHAJIBHBIX 3HAUEHUN. DTH q)aKTOpI)I HUMCIOT PA3JIMYHBIC 10-
JICBBIC 3HAYCHUSA C TOYKH 3PCHHA BIIUAHUA HA JUHAMHWYCCKUEC CBOMCTBA IMPUBOJ0OB MallllH [2]

CoryacHO MPOBEIEHHOMY JHUTEPATYPHOMY aHAJINW3Y OJIHUM M3 OCHOBHBIX (DaKTOpOB,
BIIUSIONINX Ha JUHAMHYECKHE CBOWMCTBA MPUBOA, SBJISETCS KPYTHIIbHAS KECTKOCTh BCEX dJie-
MEHTOB TPHUBOJHOW CHCTEMBI U COEAMHUTENTbHOW My(]Thl, B uyacTHocTU. [lnsg mpuBOgHOU
TPAaHCMHCCHUU aBTOMOOWIIEH 3Ta Tema elle Oojiee akTyalbHa, TaK KaKk B CBS3U C HEypaBHOBE-
HICHHON paboToil MOTOpa MpH e3/e BIHsSHHE ITHX (AKTOpOB 3HAuMTENnbHO. [lodTomMy mms
YpaBHOBEIIMBAHUS IUHAMHUYECKOTO COCTOSIHUSI TPAHCMUCCHI aBTOMOOMIICH MPUMEHSIOT B 00-
nieM ciaydyae ppUKIMOHHYI0 My(Ty B MMaKeTe C JBYXMAacCOBBEIM MaXOBUKOM. B TpaHCMHCCHSIX
aBTOMOOWIIEH KpYTUJIbHBIE KOJIeOaHHsI HUMEIOT Oojiee BECOMOE BIMSHHE HA TUHAMUYECKOE CO-
cTostHue mpuBoja. VccnenoBanne KpyTHIHBHOM KECTKOCTH IBYXMAacCOBOHM K0JieOaTeIbHOM CH-
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cremsl (JIKC) maxoBuka B nmakere ¢ ppUKIHMOHHON My(QTOH NpeacTaBiseT Hay4YHOE U MPaKTH-
YecKoe 3HaueHHe Ul ONTUMAILHOTO IPOEKTUPOBAHUS PUBOIHON CUCTEMBI.

Ha ocHoBe 3TOro mcciaenoBaHus MOKHO TaKKe€ KOHCTPYMPOBATh CUCTEMY «(DPHUKIMOH-
Hast My(Ta — MaxOBUK», oOeclieunBas HaMMEHBIINH Bpes KoJeOaHuil B IPUBOJHON CHUCTEME
aBToMOOMIA. TakuM 00pa3oM, MOXKHO YBEIUYUTH KOM(OPT €3/1bI U YBEIUYUTh HAJC)KHOCTh U
JIOJITOBEYHOCTh COCTABHBIX 3JICMEHTOB MPHUBOJIA M aBTOMOOMJIS B 1ieioM [6].

MaremaTuueckas moaeb. Cornacto [1, 2] muddepeHimanbabie ypaBHEHHS IBHKCHUS
npuBojaa ¢ JIKC MoxHO nIpecTaBuTh B ciaeayroiieM Bujae (puc.l):

Lod . Cy o ML) M,(t)
R I RN @)

IJIe ¢=@1-2 — YroJI OTHOCUTEIHHOIO 3aKPY4YHBaHUS MOJyMYy(DT, @1 U @2 — COOTBETCTBCHHO,
yIJIbl IOBOPOTA Beaylei u Begomoit noiaymydr (rpam); Mi(t) u Ma(t) — coorBeTcTBEHHO, MO-
MEHTBI BpallleHUs Beaymiei u Begomon momymydrer (Hwm); I\?I1 51 I\?I2 — COOTBETCTBEHHO, aM-
TUTMTY/IbI MOMEHTOB BpallleHHs Beayieil u Beaomoit monymyd el (Hm); J=J1J2/(J1+J2) — npu-
BEICHHBIl MOMEHT HHEPLMH BPAIIAIOLIMXCS Mace cucTeMbl (KrM); J; 1 Jo — COOTBETCTBEHHO,
IIPUBEICHHBIC MOMEHTbI HHEPLHH BEAYIICH U BeZoMOil BeTBH mpuBoga (Krm?); Cy — KpyTHIIb-
Has xectkocTh MydThl (HMm/pan); d — nemndupyromas cnocoOHOCTh My(ThI, IPOMOPIIMOHATb-
Hast ckopoctn (Hwmcek/pan), 21 u £, — COOTBETCTBEHHO, OKPYXKHasl 4acTOTa KOJcOaHUi Bpa-
IATOIIET0 MOMEHTA B BEYIICH W BEIOMOM BETBH IpHBOa (Cek ™).

M, (t) =M, -sinQt M, (t) = M, -sinQ,t
—_— J1 Jo  ——

c,. d

Puc. 1. Ilpueoo mawunul é eude «08yXmaccosoii KoiedameapbHoll Cucmemoly

N3 ypaBHenus (1) crienyer, 4To KpyTUIIbHAS AKECTKOCTh U AeMI(UPYIOIIas CIOCOOHOCTh
My THI 3aBUCSIT OT OTHOCUTEIHLHOTO yTiia TOBOPOTA MOIYyMy(PT:

(0:@1_?02:.[(@1_0)2):“ (2)

IJIe W1 ¥ @ 2 — COOTBETCTBEHHO, OKPY>KHAs YaCTOTA BpAIllCHHS BEIYIICH U BEIOMOM MOIyMyd-
-1y.
oI (cek 7); t — Bpems (cek).
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IIpu coctaBnenun ypaBHeHus (1) momyckaeTcs,, YTO COEIUHSEMbIE Ballbl aOCOIIOTHO
KECTKHUE U WX KPYTUIIbHBIC >KECTKOCTH HE YUYUTHIBalOTCs. HO mpoBeneHHbIE HCCIEIOBaHUS
MOKA3bIBAIOT, YTO HAPSIAY C KPyTHIBHOM jkecTKOCThI0 JIKC KpyTHibHas )KECTKOCTh COSoMHsIe-
MBIX BaJIOB TOKE UMEET CYIIECTBEHHOE BIIMSHUE Ha pa0dOTy MPUBOJIa MAIIIHHEI.

OnHUM W3 OCHOBHBIX MTAPaMETPOB IS MPABUIIHBHOTO MTPOSKTUPOBAHMSI IIPUBOJIA SIBIISIETCS
KpyTwibHas skecTkocTh My(dTer IKC, 1 0OHa 3aBHCHUT OT MHOTOUYMCIECHHBIX (pakTopoB. Kpome
TOT0, 4acTOTa BpallleHUsI U KPYTALIUMI MOMEHT B BeAyIllIeWd BETBU IMPHBOJA UMEIOT OOJbIINE
kosebanusi. TeopeTuueckoe orpenereHue KpyTuibHOU skecTkocTH MydThl JIKC B cBsizu ¢
MHO>KECTBOM HEU3BECTHBIX MApPaMETPOB SBIAETCS CIOXKHBIM BompocoM. [loaToMy B JaHHOM
ciIy4ae He0OXO0IMMO MPOBEICHUE IKCIIEPUMEHTAIBHBIX HUCCIIETOBAHUH.

JKcHnepUMeHTA/IbHOe ucciaenoBanue. s ouenku kpyTuwibHON xkectkoctu JIKC c
(bpukimonHol My(TOoi OBUIM MPOBENEHBI SKCICPUMEHTAIBLHBIC HCCIICIOBAHUS HAa HCIIBITA-
TETHHOM CTCHJIC IPUBOTHON CUCTEMBI (puC.2).

Kak mokazano Ha puc. 3, IKC ¢ ¢puknmoHHOH MyQTOH I aBTOMOOWIISI CPEIHETO
KJj1acca OblIa MOHTHpPOBaHa MEKIY JBUKYILIUM U TOPMO3SIIUM MoTopamu. [IpuBoa cocTouT u3
JIBYX CBEPXJIMHAMUYHBIX 3JIEKTPOMOTOPOB U CONPSDKAIOLIETO pelyKTopa. B kauecTBe TopmoO-
3siieit (paboueit) MalMHbI ObUT HCIIOJIB30BAaH ACUHXPOHHBIN 3JI€KTpOoABUTaTesb. [ ycrpaHe-
HUS HECOOCHOCTEW BaJIOB Benyinas W Beaomas uHepruonHas macca [IKC c dbpukunoHHON
My(TON OBLTH MOHTUPOBAHBI COOCHO C TIOMOIIBIO CeHanbHOM BTYIKU. Benymas yacts JJKC
ObLIa HEMOCPEICTBEHHO COSAMHCHA BUHTAMU Ha (DIIAHIEBBIM TOPEIl IBHXKYIIEro (BMECTO KO-
JIEHYaTOr0) Baa.

R

\
\

W\ e

Puc. 2. HcnvimamenvHulit cmeno 014 uccied08anus NPUGOOHON CUCHEMBL J1€2K020 A6HOMOOUA
cpeonezo knacca, umerowjuii /IKC 6 nakeme ¢ ppuxyuonnoii mygpmoii

HJ’IH JIyqmero MOoACJIMPOBAHUA U CUMYJISIIIUA pa6OTI>I ABUTATCIISI BHYTPEHHET'O Cropa-
HUS ObLIH MNPUHATBHI YCTBIPC BXOJHBIX IapaMcTpa: YUCJIO O60pOTOB, KPYTSIIJ_II/Iﬁ MOMCHT, 4a-
CTOTa KOJIcOaHUN Yucia 060pOTOB U aMIUIUTyda 4uciia 060pOTOB. Cormacuo XapaKTCPUCTHU-
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KaM €3Il JIETKOr0 aBTOMOOWIISI CpEHEro Kjacca 3TH MapameTpbl BapbUPOBAIUCH B CIEIYIO-
IIMX JUarna3oHax: yucio oboporoB B auamnazone 700 ....4000 MI/IH_l; KPyTSALIMHA MOMEHT B
muanazone 0 ....230 Hwm; gacrtota koneOanuili umcna obopoToB B amamazone 0....5 kI
aMIuTHTyAa 9rcia 060potos 0 ... 50 mun™'. B kauecTBe BBIXOHBIX TAPAMETPOB OBLTH IPHHATEL
4qrca0 000pOTOB M KPYTSAIIMH MOMEHT, KOTOpbhIe M3Mepsutuch B Tpex nozunumsx: |, 11 u 111
(puc. 2).

MopenupoBaHue 1 X0 MPOBEACHUS UCIIBITAHUIN OBLIIN OCYIIIECTBIIECHBI TIO CXEMaM, Mpejl-
CTaBJICHHBIM Ha PUCYHKaX 3 U 4, TJie YKa3aHbl METO/IbI BBOJIa, U3MEPEHUS U 00pabOTKH BXOI-
HBIX U BBIXOJHBIX MapameTpoB. [1o moirydeHHBIM pe3yiibTaTaM ObUIA OIEHEHBI CIICIYIONINe
napaMeTpsl MPUBOJIA MAIIUHBL: OTHOCHUTEIBHBIA yTol MOBOpOTa (Tpaj.); KPyTHIbHAS KECT-
KOCTb 110 YHCITy 000POTOB; KPYTHUIIbHASI )KECTKOCTh 10 YTy KOJICOaHHS.

Topm.
— “ UcnblTaHUA 3 p
= 4 MOTOp

FAAS5E555]

PEAYKTOP

\ A 4

IIpeoGpa3oBaTesib CUTHAJIOB:
N1; N2; My My

OopaboTka usme-
PUTEJILHBIX CHT-

Bxoanble — HaJjI0B i
. S QO H .

JTaHHBIE: : %g = 00 O : Pe3yabTarsr:
Ny(t), Ma(t), =2 = 00 © . Ny(t), Ma(t), C, 0
4acToTa, am- gz 3 0o o .

IJIMTYAA = g = SOOI O OO IO T

Sirius® ».> TORnado f—) Marc® ot Famos® J

Puc. 3. Moodenuposanue ucnvtmamenbHozo CmeHoa 0Jia UCC1ed06aHus
JIKC ¢ nakeme c ¢ppuxyuonnoii myghpmoii

JIyise yMEHBIIICHHST KOJHUYECTBA UCTIBITAHUI MTPUBOA C YETHIPbMsI BXOJIHBIMH ITapaMeTpa-
MU, BAPbUPYEMBIMH B IIUPOKOM JIHATA30HE, M JUIS JIYUYIIer0 PaCCMOTPCHHUS Pa3IMYHBIX 3HAYC-
HUI BXOJHBIX IMapaMeTPOB U MX KOMOHMHAIMI OBLIO MPOBEICHO TUIAHUPOBAHHUE SKCIIEPHUMEHTA
C TIOMOIIBIO TPOrPAMMHOTO O0ECTICUeHUs Modde®. TeMm cambIM KOJTHYECTBO HCIIBITAHAIN GBLIO
ontumusupoBano meronom Methode DoE (Design of Experiments), uro mo3Bosuio paccMar-
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puUBaTh BCEBO3MOXKHBIC KPUTUYCCKUEC CIIYUanl COBMECTHOTO BIIMSAHUSA CTOXACTUYCCKUX BXOAHBIX
napamMeTpoOB.

BxoHbIe mapamMeTpbl BbIX0qHBIE TapaMeTpPBI Ouenka
____________________________ TITTITTTIIIIET
.............. ‘_‘ ““
oy ff#****iiiifff
HC110 000p0TOB B 12202000 000004

aman. 600...5000 mun’;

¢ Kpyrsummii MOMeHT B
mmamn. 0 ... 230 Hwm;

® Yacrora Koj1ed0aHuii B
mman. 0 ... 5 kI'y;

® OTHOCUTE/IBLHBII YroJ
nosoporta (°);

® VrioBasi CKOpOCTb;

® VrioBoe yckopeHue;

¢ KpyruiabHas xecT-
KOCTb 0 YHCJIy 000pOTOB;
¢ KpyruibHas xKecT-
KOCTh 110 yIJ1y KoJe0a-
HMS,

® JIuHaMH4YeCKHe CBO¥i-
CTBA NepeJavyn

Yuciao 060poToB;

"®  KpyTsimuii MOMeNT;

e e

HUcnpiTaTeabHbIH

¢ AMILIUTY/A YHMCIa
000pOTOB B ANAIIL

B e R e e

IInannposanue

. } 9400040409004+
metoabl DoE Modde® PSS 880995584

Puc. 4. Ilapamempul 6600a, usmepenus u 00padomMKu UCHbIMAHUTL

ITporiecc 3KCEpUMEHTAIBHBIX HCHBITAHUN OBII OTPETyJMPOBaH C IMOMOIIBIO MpO-
rpamMmmHoro obecniedenust Sirius®. C TOMOIIBIO 3TON MPOrpaMMbl MOKHO B JIF000€ BpeMsl BO3-
JIecTBOBATh Ha XOJI UCTIBITAHUI U U3MEHATh BXOJIHBIE MTAPaMETPHI.

B kayecTBe BBIXOJHBIX U3MEPUTENIBHBIX JAHHBIX OBbUIM BBIOpPAaHBI YHCIO OOOPOTOB U
KPYTSIUNA MOMEHT. M3MepsieMble CHTHANBI YCUJICHBI ¢ TIOMOIIBIO peoOpazoBaTens. Y CHIICH-
HbIE CUTHAJBI ObUTH 3alMCaHbl Ha peructpaTope naHHbIX Tornado®. TapupoBaHHBIE JaHHBIE
OBLTH OTIPABJICHBI HA XpaHEHHUE C MIOMOIIIBIO MpOorpaMMHOT0 obecniedeHus Marc®. [lorom stu
JaHHbIe ObUTH TIepeBeIeHbl Ha Famos® u o1leHeHH!.

O6o006menHas ouenka JIKC ¢ ¢ppukuuonHoi MyToil mpoBoanuIach ¢ yueTOM MOMEHTOB
MHEPLNN BpalIAIOIIMXCS Macc B BEAyIleW M BEIOMOW BETBH NpHUBOJA. JMHaMUYECKHE CBOIi-
CTBA CUCTEMBbI ObLIM MPEACTaBIEHbl B BUJE PYHKIUI, 3aBUCALIMX OT CIEAYIOLINX apaMeTpPOB:
KPYTAIIMNA MOMEHT, YUCIO0 O0OpPOTOB, aMIUIUTYAa M 4acToTa KojeOaHWid, Yucio o0OpOTOB B
BeyIIEH BETBH MIPUBO/IA.

Pe3yabTaTsl uccaenopanus. [1o pesynprataM UCHIBITAHUN OBUIM TOCTPOCHBI 3aBUCH-
MOCTH 4aCTOT BpAIIEHUs OT BpeMeHH pu obopoTtax N=1000 aur’; 2000 mun™ u 3000 mun™ u
IIPH YacToTe KOJIeOaHUH IBIDKYIEro MoMeHTa f=5 x/7y B Tpex BBINICHA3BAHHBIX MO3HIHAX: I,
Il u I (puc. 5).
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ny  (n=3000 aun” f=5xly ) 1 5 (n=3000 _t-mn",l J=5xIy )

33004
3200

3
3100 100

3000 'h-»—-_

2900

3000 Mt

2900

1
Yacmoma epawjenus n, [uun’ ]

-1
Jacmoma spawenuss 1, [mun |
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27004

R - o . L
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2500 ‘ | ‘ |
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Puc. 5. 3asucumocmu uacmom epauwienus om epemenu 6 nosuyusax: 1, 11, 111

CornacHo npeAcTaBICHHBIM PUCYHKaM, KOJIeOaHHUs aMIIUTY/Abl YaCTOThI BPAllleHUs Ha
BeZoMoM Baiy (N no3uuus 1) 3HaunTENbHO MEHbIIIE OTHOCUTENIBHO BEAYLIETO Baia (N1 MO3H-
st |) mpu pa3HbIX 000pOTax, 4TO yKa3blBaeT Ha KOMIEHcUpytolyto cnocodHocTs JIKC B na-
Kere ¢ ¢ppukunoHHoi mydToi. Ilpu 3TOoM ¢ yBenmuenuem uucina odoporos JIKC B makere ¢
(GPUKIMOHHOM My(TOH Jyullle CTiIa’KUBAIOTCS aMIUIMTYJbl JUHAMUYECKHUX BOJIH KoseOaHMH
CHCTEMBI, BBI3BaHHbIE PaOOTON JBMXKYILEro, MEpPeJaTOYHOTO U PadOvYero OpraHoOB MAIIUHEI.
ITpoBeneHHBIE DKCIIEPUMEHTANIBHBIE UCCIIEJOBAHMS TIOKA3aJIM TAKXKE, YTO C yBEIMUEHUEM YHC-
71a 000pOTOB YMEHBILAETCA aMILUIUTYa KoleOaH!uii B BEyILEM Bally IPUBOAA.

BbiBoabl. OnTuManbHblid BEIOOp (PPUKLIMOHHOM MY(THI U JABYXMacCOBOI'O MaXOBMKa
JUIs TIPUBOJIOB aBTOMOOMJIEH He BCera sIBISETCS OJHO3HAYHOHM 3amaueil. KpyTuipHas sxect-
KOCTb U JieMndupyromas cnocooHocTs MaxoBuka (JJKC) 1omkHbI ObITh TaK OTPETYJIUPOBAHBI,
YTOOBI aMIUTUTY/Ibl BPEIHBIX TUHAMUYECKHX HArpy30K ObUTH ObI MUHHUMAJIbHBIMHU. OTY ILIEJb
MOYKHO JIOCTHYb C TOMOILBIO Pa3pabOTKU CUMYJIIIUOHHONW MOJIEIH.

[TpaBusIbHBII BRIOOP MaxoBHKa M (PPUKIIMOHHOW MY(PTHI, 00ECTIEYMBAIONINX HACKHYIO
paloTy MalluHbI, TECHO CBSI3aH C YCJIOBUSAMHU PaOOTHl U KOHCTPYKIMEH MPUBOJHON CUCTEMBI B
nenoM. MaxoBuK u (ppUKIIMOHHAS My(Ta ITOHKHBI MAKCUMAIBHO YMEHBIIUTH TUHAMHYECKUE
kosiebanus. Ilpu Gonbmmnx KoneGaHusAX KPyTSIIEro MOMEHTa Ha BEJAOMOW BETBU MPUBOJA CO
CTOpPOHBI pabodero opraHa MamuHbBl HEOOXOAMMO HW3MEHUTHh COOTHOIIEHHE >KECTKOCTH H
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nemidupytromei crmocooHocTu. Takke HEOOXOAMMO MPOBEPUTH HECYIIYIO CIIOCOOHOCTH CH-
CTEMbI «MaXOBHK — (pPUKIMOHHAS My(]Ta» MpH KPaTKOBPEMEHHBIX neperpy3kax. Eiie ogHuM
Ba)XHBIM BOIIPOCOM TIPH BBIOOPE CHUCTEMBI «MAaXOBHK — (PpPUKIMOHHAS My(Tay SBISETCSA TPO-
BepKa J0JroBedHOCTH. [loaToMy HE0OX0aMMO TpOBECTH 0000IIIaroIIee HCCleA0BaHNE ITUKITH-
YECKOM yCTaJIOCTHOM MPOYHOCTH MPU KOJIEOAHUSX KPYTSIIEro MOMEHTA.
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N

AVTOMOBILIN FRIKSION MUFTASI iLO iKiKUTLOLI ROQSI SISTEMIN
DEMPFERLOM®O QABILIYYOTININ TOCRUBI TODQIQI

1.6. XOLILOV

Maqalads orta sinif miiasir minik avtomobilinin siirtinme muftasi ils birlikds ikikiitlali ragsi sisteminin
dempferlomo qabiliyyatinin tocriibi sinaq metodologiyasi vo naticolori togdim edilmisdir.  Tocriibalorin
planlagdirlmast Modde® proqram tominatinin komoyi ilo yerino yetirilmisdir. Sinaglarin apariimasi prosesi
Sirius® proqraminin kdmayi ilo tonzimlonmis, molumatlar Marc® u Famos® proqramlari vasitosi ilo emal
edilmigdir. Alinmis naticalora gors intiqalin aparan vo aparilan vallarinin firlanma tezliyinin zamandan asililiq
grafiklori qurulmus va sistemin dempferloma qabiliyysti qiymatlondirilmisdir. Biitovliikds intiqal sisteminin
optimal layihalondirilmasi {iciin tovsiyalor verilmisdir.

Acar sozlar: intiqal, ikikiitlali raqsi sistem, siirtiinma muftasi, dempferloma qabiliyyati, firlanma sartliyi.

EXPERIMENTAL RESEARCH ON DAMPING ABILITY OF TWO-MASS
OSCILLATORY SYSTEM FOR CAR FRICTION CLUTCH

I.LA. KHALILOV

The article presents methodology and results of experimental research on damping ability of two-mass
vibrating system for friction clutch of lightweight vehicle. The experiment was planned and conducted using the
software package Modde®, and the data was processed through programs like Marc® and Famos®. The RPM vs
Time graph for driving and driven shafts were plotted from the obtained results, and the damping ability of system
is estimated. The optimum design recommendations are presented for the transmission systems in general.

Key words: drive, two-mass oscillatory system, friction clutch, damping ability, torsional rigidity.
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EKSTREMAL VOZiYYOTLORDO iSTISMAR OLUNAN MASIN
VO AVADANLIQLARIN DETALLARININ SOTHLORININ
KEYFiYYOTININ UYUSMA DOVRUNDON ASILILIGININ TODQIiQi

AM. QAFAROV, P.H. SULEYMANOV, V.A. QAFAROV

Moagqalado ekstremal voziyyatlordo istismar olunan masin vo avadanliglarin yiiksok
daqiqliye malik detallarinin sathlarinin keyfiyyat gostaricilorinin texnoloji omoliyyatlar-
dan, omoliyyatlarin yerino yetirilmo ardicilligindan vo uyusma dovriindon asililig
todqiq olunmus, alinan ganunauygunluqlar analiz edilmisdir.

Agar sozlar:  avadanliglar, sath, uyusma dovrii, kala-kétiirliik, qaliq garginliyi,
mikrobarklik, yeyilma.

Fovgolado hallar soraitindo vo ekstremal vaziyyatlords isloyon masin vo avadanliglarin
islomo soraiti vo istismar zamani yliklonmosi, onlarin detal vo qovsaglarinin keyfiyyat vo do-
giglik gostaricilorino yiiksok tolabatlar vermayi tolob edir. Belo qovsaq vo detallar oksor hal-
larda geyri sort va nazik divarli olduqlarindan, istismar vo texnoloji nasazliglara hossasliglari
ilo forglonirlor.

Ekstremal voziyyotdo isloyon masin vo avadanliglarin ¢ox sayli detallar1 istismar
zamani yeyilmoyo, qirilmaya, dagilmaya moruz qalir vo onlarin siradan ¢ixma intensivliyi,
detallarin isci sathlorinin voziyyetindon va detallarin forma xstalarindan shomiyyatli doracods
asilidir.

Fovgolado hallar soraitinde vo ekstremal voziyyotlordo istismar olunan masin vo
avadanlhglar miixtalif atmosfer vo klimatik soraitlords igloyirlor. Onlarin asas qovsaq ve detal-
lara riitubot, istilik, soyuq, is1q, qum tozlari, asaglr vo yuxari tozyiqlor, radiasiya vo digor
faktorlar tosir edirlor.

Coxsayl todqgiqatlarin noticolori gostorir ki, atmosferdo olan daimi riitubot metallarin
korroziyaya ugramasini siirotlondirir, hidrolizo sorait yaradir, masin vo avadanliglarin fiziki-
mexaniki zadoalonmalaring sobab olur.

Miirokkaob, mexaniklosdirilmis, fasilosiz vo ekstremal goraitdo isloyon (maosalon, neft
quyularinin qazilmasinda vo istismarinda, yanginlarin sondiiriilmosinda, digor texnogen vo
tobiot hadisolorino garsi miibarizolordo) masin vo avadanliglarin etibarliq mosalolorini kom-
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pleks sokildo qiymotlondirmok lazimdir. Moasolon, neft quyularinin gazilmasinda vo
istismarinda, kaskad yanginlarin sondiiriilmasindo biitov sistemin etibarligi, noinki bu zoncirs
daxil olan ayri-ayr1 aqreqatlardan, eyni zamanda nozarot quruluslarinin etibarligindan da
asilidir. Hal-hazirda miiasir mexaniklosdirilmis komplekslora 25-35 masin, ¢oxlu sayda noqliy-
yat vasitolori, aqreqatlar, nasoslar, kompressorlar, alotlor, elektrik miihorriklori, nizamlayici,
nozaratedici vo idarsedici aparatlar daxildir.

Masin vo aqreqatlarin etibarli isi, onlarin masul detallarinin toqribi borabaryeyilma
davamliligini tomin etmokdon birbasa asilidir. Detallarin yeyilmoyo davamliliq xarakteris-
tikalarim toyin etmodon, ayri-ayri masinlarin, avadanliglarin, aqreqatlarin, alostlorin va
biitovliikde komplekslorin effektli islomo miiddstini miioyysn etmak ¢atindir.

Masin  vo avadanlqlarin detallarimin  yeyilmoys davamliligi, etibarliligt  vo
uzundmiirliiliiyli, hazirlandiglart materiallarla barabor, onlarin is¢i sothlorinin voziyyati ilo do
xarakterizo edilir. Bu gostoricilorin, ayri-ayri texnoloji proseslordon vo onlarin parametrlo-
rindan asili olaraq nizamlanmasi xiisusi shamiyyat kasb edir.

Bu baximdan fovgolado hallar soraitinds vo ekstremal voziyyatlords isloyon masin vo
avadanliglarin mosul detallarinin yeyilmoyo davamlilifinin texnoloji omoliyyatlarin optimal
ardicilliginin vo onlarin parametrlorinin rasional qiymatlorinin toyin edilmosi yolu ilo artiril-
mas1 miiasir magingiinasligin on vacib problemlorindon biridir.

Gostaricilori nozere alaraq todqiqatlarin asagida verilmis mosololori miioyyon edil-
misdir:

1. Miixtolif texnoloji proseslori totbiq etmoklo emal olunmus detallarin sothlorinin
keyfiyyat gostaricilorinin tadqiqi.

2. Miixtalif texnoloji faktorlarin, detallarin sathlorinin yeyilmo intensivliyino tosirinin
todqiqi.

Todqiqgat isinin obyekti kimi fovgolado hallar soraitindo vo ekstremal voziyyotlordo
istismar olunan masin vo avadanliglardan istifads edilmisdir.

Todgigatlar, qoyulmus mosalolora uygun olaraq, laboratoriya vo istehsal soraitindo,
masinqayirma texnologiyasinin, metallarin siirtiinmasinin vo yeyilmasinin elmi asaslarini totbiq
etmoklo kompleks sokildo aparilmisdir.

Detallarin yeyilmoyo davamliliq xarakteristikalari todqiq edilorkon, baxilan proseslorin
va yerind yetirilon amaliyyatlarin ardicilliginin texnoloji imkanlar1 nozors alinmagla, sistemli
analiz metodlarindan istifado edilmisdir.

Tadqiqatlarin naticalorinin dogrulugu eksperimental vo istehsalat sinaglari ilo miioyyon
edilmisdir.

Detallarin pardaqlanmas1 36227 modelli pardaq dezgahinda yerins yetirilmisdir. Kosici
alot kimi miixtalif forma vo donaverliye malik ITI125A251 markal1 pardaq dairalori ilo tochiz
edilmis xtisusi bagliglardan istifado edilmisdir.

Detallarin xarici sothlorinin emal1 bir spindelli 3M-82C modelli saquli xoninqloma
dozgahinda aparilmigdir. Kasici alot kimi material parametrlori 160/125M1-100%, hondasi
parametrlori 100x8x5 mm olan ACB 16vholori ilo tochiz olunmus xiisusi xoninglomo
basligindan istifado edilmisdir.
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Masin detallarinin yiiksok doqgiqliys malik daxili sothlori xiisusi xoningloma basligi ilo
emal edilmisdir. Oymaqlarin xoninglonmasi 3M-82C modelli bir spindelli xoninqloma
dozgahinda yerins yetirilmigdir. Kasici alat kimi ACB250/200M1-100% markali, handasi 6l¢ii-
lori 100x8x5 olan, dord c¢ollokvari almaz roliklor tochiz olunmus xiisusi xoningloma
basligindan istifado edilmisdir.

Vibrokantaktlama 1K62 vo 1K62M dozgahlarinda aparilmisdir. Emal aloti kimi
miixtolif diametrli kiiraciklorlo tochiz edilmis, ¢ox corgali doyonokloma basliglarindan istifads
edilmisdir. Doyanokloms basliqlarin kiiraciklorinin diametrlori, eksperimental tadqiqatlarin
naticolorindon asili olaraq secilmisdir.

Detallarin sothlorinin yeyilmoayo davamliliq xarakteristikalar1 xiisusi stendds todqiq
olunmusdur. Yeyilmo masinina sinaq {igiin eyni zamanda iki siirtinma ciitii yerlogdirilmisdir.
Sinaqglar, natural nlimunslordon istifado etmoklo aparilmisdir. Detallarin birinin digorine
nazaran siiriisma siirati 0,4-0,5 m, tozyiq qiivvasi 700-900 H-dur. Abraziv Kimi, istismarda olan
neft quyularindan gotiiriilmiis kvars qumundan istifads edilmisdir.

Coxsayl1 todqiqatlarin noaticalori gostorir ki, asas detallarin vo y1§im vahidlorinin texniki
voziyyotinin doyismosine sobab olan proseslori analiz etmodon, masin vo mexanizmlorin
etibarliligini1 vo uzundmiirliiliiyiinii qiymatlondirmak geyri miimkiindiir.

Miiasir nazori vo eksperimental tadqiqat metodlari, noinki masin detallarmin texniki
voziyyatinin doyismasi proseslorini geyd etmoyi, eyni zamanda asas faktorlarin bu proseslorin
axarmin xaraktering tosirini do qiymatlondirmays imkan verir.

M.M.Xrusovun toklif etdiyi tosnifata goro yeyilmo mexaniki, molekulyar-mexaniki,
korroziya-mexaniki novlora ayrilir.

[.M.Svetsovanin va 1.V.Kragelskinin yeyilmo névlorinin tosnifatinin osasini sathlorin
yaxinlagsmast vo sonraki siiriismosi, onlarda mexaniki vo molekulyar qarsiligli tasirin
yaranmasi, bunun naticasi olaraq sirtiinon sothlordo mexaniki, kimyovi vo struktur
doyismolorinin bag vermasi, sonra iso miixtalif nov dagilmalar togkil edir.

F.P.Boudens gora detallarin kontakt sothlarinin ii¢ ndv slagesi miiayyon edilmisdir.

P.A.Rebinder torofindon bork cisimlorin, miihiti nozoro almagla yeyilmasi sahosindo
todqiqatlar aparilmisdir.

V.A.Beliy polimer materiallardan siirtiinmo qovsaqlarinda istifado edilmasi sahosindo
fundamental todqiqatlar aparmisdir.

Masin hissalorinin yeyilmoys davamliliginin artirilmasinin on genis yayilmis tisulla-
rindan biri texnoloji metodlardir. Maginlarin uzunémiirliililyiiniin artirilmasinin asas texnoloji
todbirlorino asagidakilari aid etmok olar: masinlarin miixtalif istismar soraitlorini nozors
almaqla, miiasir metodlardan istifado etmoklo méhkom materiallarin yaradilmasi vo onlardan
Ol¢iilorino goro hazir detallara uygun olan postahlarin alinmasi; detallarin verilmis doqiqliyini
vo sabit fiziki-mexaniki xassolorini tomin edo bilon miiasir texnoloji tisullarin totbiqi.

.V Kraqgelskinin, N.B.Demkinin, M.M.Xrusovun, M.M.Tenenbaumun, B.I.Kostets-
kinin, ©.X.Canashmadovun, R.M.Matveyevskinin, A.M.Dalskinin, A.S.Pronikovun, N.M.Mi-
xinin, V.N.Vinogradovun, Q.M.Sorokinin, V.N.Kaseyevin, P.I.Yaseritsinin, S.N.Kozirevin,
V.S.Muxinin, L.V.Podzeyin, A.F.Proxorovun, A.M.Sulimanin, N.E.Dyacenkonun, A.N.Ov-
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seyenkonun, A.M.Qafarovun, E.V.Rijovun, D.D.Papsevin, V.S.Kombalovun, A.Q.Suslovun,
A.A.Matalinin vo basqalarinin islorinde miioyyon edilmisdir ki, masin hissolorinin uzun-
Omiirliililyiinii miioyyon edon holl edici faktor, siirtiinon sothlorin doqiqliyi vo onlarin {ist
qatinin ilkin voziyyatidir.

Tadqgiqatcilarin asarlorinin analizi gostorir ki, bu sahado ayri-ayr1 xiisusi mosololor
kifayot godor Oyronilmomisdir. Odobiyyatlarda, miixtalif konstruktiv, istismar va texnoloji
faktorlarin siirtlinmonin xarakterino, yeyilmonin intensivliyino, masin vo mexanizmlorin
etibarliligina vo uzundémiirliliiyiine tosiri ilo bagli ¢ox sayl ziddiyystli miilahizalors rast
golinir.

Oksar tadqiqateilar torafindon alinmus, yeyilmonin miixtalif faktorlardan asililiglart gox
halda eksperimentlorin aparilmasi soraiti ilo mohdudlasir vo agir ekstremal soraitlords isloyon
masin v avadanliglarin detallarinin ugradiglar spesifik nov yeyilmolors samil edilo bilmaz.

Oksar tadqgiqatlarda, detallarin sothlorinin yeyilmasi, soth qatinin doqiqliyi ve keyfiyyati
nozora almmadan Oyronilmisdir. Texnoloji faktorlarin, detallarin sothlorinin yeyilma
xarakteristikalarina tosiri barads vahid fikir halo do formalagsmamisdir.

Detallarin yeyilmosi proseslorinin todqiqindo, sothin kolo-kétiirliiyliniin, qaliq gorgin-
liyinin, doyeonoklonmis qgatin galinligmin, soth qatinin yeyilmoys davamliliq xarakteris-
tikalarma tosir etmosins kifayat qodor diqqget ayrilmamisdir.

Stirtinma vo yeyilmoys aid olan melum toedqiqatlar oksor hallarda boyiik xarici ve
daxili qlivvalarin tosiri altinda olan, qeyri sart, nazik divarli detallarin xiisusiyyatlorini nozars
almur.

Fovqolado hallar soraitindo istismar olunan masin vo avadanliglarin mosul detallarinin
vo biitovliikdo masin vo mexanizmlorin siradan ¢ixmasinin digor sobablori do mévcuddur vo bu
mogsadlo xiisusi tadqigatlarin aparilmasi magsads uygundur.

Fovqolads hallar soraitindo vo ekstremal voziyyatlordo istismar olunan texnoloji ava-
danliglarin etibarliligini vo uzundmiirlitylinii toyin edon, yiliksok doqigliys malik detallarin on
genis yayilmig novlorindan biri nazik divarlt geyri sort detallardir (masalon, hidrosilindrlor, da-
xili yanma miiharriklorinin detallari, kompressorlarin vo miixtalif tip nasoslarin detallar1 va s.).

Tadqgiqatlarin naticolori gosterir ki, silindrlorin daxili sothlori daha intensiv yeyilmoya
maruz qalir vo onlarin doqiqlik parametrlorine miixtalif giic faktorlar: tosir edirlor.

Cox sayli miisahidolor gostorir ki, fovgolado hallar vo ekstremal soraitlordo istismar
olunan masin vo mexanizmlarin detallar1 iiclin osason istismar zamani agir yiikklonma, yorul-
madan qirilma, tokrar statik vo birdefolik normadan artiq gorginlikdon dagilma vo yeyilmo
xarakterikdir. Molumdur ki, detallarin sothlorinin yeyilmoyo davamliligi, onlarin siirtiinmo
qabiliyyati ilo diiz miitenasibdir vo siirtiinmo qabiliyyati artdiqca yeyilmoya davamliliq artir.
Detallarin sothlorinin yeyilmoys davamliligi ¢oxlu sayda texnoloji faktorlardan, istismar
soraitindon, materiallarin borkliyindon, soth qatinin fiziki-mexaniki xassoalorindon, kolo-
kotiirliikdon, daqiglikdon vo s. asilidir. Miioyyon edilmisdir ki, fovgolado hallar soraitindo
istismar edilon avadanliglarin detallarinin sothlorinin kolo-kétiirliiyiiniin on az yeyilmo tomin
edon optimal qiymeotlori, kinematik ciitlorin real istismar1 zamani, uyusma dovriindon sonra
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yaranan kolo-kotlirlilys uygun golon qiymaotidir. Bu, eyni zamanda toyini yeyilmoys uygun
galon kolo-katiirliikdiir.

Stibhasiz ki, sothin digar keyfiyyot gostaricilori (sixilan qaliq gorginliyi, mikrobarklik)
toyini yeyilmo dovriindoki gostoricilordon asagi soviyyado olmamalidir.

Aydinlasdirilmisdir ki, masinlarin detallarinin is¢i sothlorinin yeyilmo davamliligina,
onlarin emal olunduglar1 metodlar da tosir edir. Ilkin yeyilmoda sathin kolo-kétiirlilyiiniin R,
azalmasi, rotasion, pardaglama vo xoninglomo metodlar1 ilo emal edilmis detallar ii¢lin daha
intensiv xarakter dasiyir vo bu gostorici ilkin kolo-kdtiirliikle sortlondirilir. Uyusma dovriindo,
stirtma vo almaz sigallama ilo emal edilon detallar {iglin R, parametrinin ciizi doyismaesi bir
daha gostorir ki, bu metodlarla alinmig kols-kotiirliik, optimal toyini kolo-kétiirliiya cox

yaxindir (sokil 1) [1].
Ra,
mkm
1,0

o \

0,4

0,2

T,
0 120 240 360 dogq

Sakil 1. 40X poladindan hazirlanmug detallarinin sathlarinin kala-kotiirliiyiiniin
Ra uyusma vaxtindan T asili olaraq dayismasi. 1 — rotasion emal; 2 — pardaglama;
3 — xoningloma; 4 — siirtma; 5 — almaz sigallama.

Uyusma prosesindo ilkin qaliq gorginliyi do miioyyon doyismoloro moruz qalir.
Masalon, uyusma dovriinds detallarin sothlorindaki dartilan qaliq gorginliklori tadricon azalir
vo dartilan qaliq gorginliyindon sixilan qaliq gorginliyino gevrilirlor. Sixilan qaliq gorginliys
malik sothlordo, uyusmanin baslangicinda sixilan qaliq gorginliyinin miioyyon godor artmast,
sonra isa tadrici stabillogsmasi miigsahids edilir (sokil 2).
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Sakil 2. 40X poladindan hazirlannus detallarinin spthlorinin qaliq
garginliyinin ¢ uyugsma vaxtindan T asili olaraq dayismasi.
1- rotasion emal; 2— pardaqlama; 3— xoningloma; 4— siirtma; 5— almaz sigallama.
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Sakil 3. 40X poladindan hazirlanmus detallarinin sathlorinin mikrobarkliyinin
H uyusma vaxtindan T asili olaraq dayismasi. 1- rotasion emal; 2— pardaglama;
3— xoningloma; 4— siirtma; 5— almaz sigallama.

Uyusma naticosindo sathin mikrobarkliyi do miioyyon doyisiklikloro moruz qalir.
Sinaqlarin avvalindo miixtalif metodlarla emal edilmis sathlorde mikroborkliyin kaskin artmasi
bas verir. Sonraki yeyilma, mikrobarkliyi shomiyyatli doeracods artirmir vo har bir soth gati

51



A.M. Qafarov, P.H. Siileymanov, V.A. Qafarov

iclin miioyyon mikroborklik formalasir. Bu, uyusma doévriinds hor bir siirtiinmo soraiti iigiin
optimal kala-kotiirlilylin yaranmasi ils izah edilir vo har bir keolo-kétiirliiys, 6ziinlin mikro-
barkliyi uygun galir.

Miioyyon edilmisdir ki, uyusma dovriindo baslangic kolo-katiirliik 1,1-6 dofs, qaliq
gorginliyi 1,2...1,4 dofs, mikroborklik 1,2...1,6 dofs azalir (sokil 1-3).

Yuxarida gostorilonlor, ekstremal voziyyotlordo isloyon masin vo avadanliglarin val-
silindr ciitlorinin siirtlinon sothlorinin, uyusma dovriindo miixtolif temperatur-giic, tursu-
abraziv vo digor konkret istismar soraitlori ilo xarakterizo olunan deformasiyalarla miisayist
olundugunu demoys asas verir.

Rotasion kosmo ilo emal zamani polad 45, 40X vo 30X13-don hazirlanmis detallarin
sothlorinin kala-kotiirliyli, R;=0,4 mkm-o gador tomin edilir. Sothin kala-kotiirliiyliniin R,=2,0
mkm-o godor qalxmasi, biitiin materiallar Gi¢lin yeyilmoni artirir. On az yeyilmo 30X13
poladindan hazirlanmig detallar iiciin, on ¢ox yeyilmas iso 40X vo 45 poladlarindan hazirlanmis
detallar tigiin miisahido olunur. Bu, 30X13 poladindan hazirlanmis detallarin borkliyinin, 40X
vo 45 poladindan hazirlanmis detallarin borkliyindon ¢ox olmasi ilo izah edilir. 30X13
poladindan hazirlanmis detallarin yeyilmoasi, 40X vo 45 poladindan hazirlanmis detallara
nisbaton 1,1 va 1,2 dofs azdir.

Yeyilmonin, pardaqlama omoliyyatindan sonra kolo-kétiirliikdon asililigi gostorir ki, R,
parametrinin artmasi ilo miitonasib olaraq yeyilma do artir. Kals-kétiirlitylin R;=0,25-don 1,25
mkm-o godor galxmasi biitiin materiallar {i¢lin yeyilmoni 2 dofs artirir. Xoningloms ilo emal
olunan detallar tigiin bir qadar farqli naticalor alinmisdir. Masalan, kala-kétiirliiyiin R,=0,16dan
0,63mkmo qgodor qalxmasi zamani yeyilmo intensivliyi, kolo-kotiirliiyin R;=0,75mkm
giymatino vo daha artiq gqiymotlora nisbaton azdir. Bu, xoninqlomado sathin kolo-kotiirliiyiiniin
artmasi noticosindo dayaq sahosinin azalmasi ilo izah edilir.

Sothin ilkin kolo-kétiirliiyiiniin 0,04 don 0,08 mkm-o (siirtma ilo emal olunan detallar
tictin) va 0,08-don 0,10 mkm-o godor (almaz sigallama ilo emal olunan detallar iigiin) artmasi
ilo detallarm yeyilmasi azalir vo minimuma catir. Ilkin kolo-kétiirliiyiin R,=0,08-don 0,12
mkm-a (siirtmo ilo emal olunan sathlar ii¢iin) vo 0,10-dan 0,14 mkm-a godar (almaz sigallama
ilo emal olunan sathlar {iciin) artmasi ils yeyilmonin azalmasi va ya artmasi miisahide olunmur.
Kalo-katiirliiyiin sonraki artmasi ilo detallarin yeyilmasi artir. Sothin kalo-kotiirliiyliniin genis
intervalinda on az yeyilma, slirtmo omoliyyatinin tomin etdiyi R, =0,05...0,08 mkm do vo almaz
sigallamanin R;=0,10...0,16 mkm qiymatlorinds alinir.

Miixtalif emal metallarindan sonra, forqli materiallardan hazirlanmis detallarin soth
qatinda dartilan qaliq gorginliklorin artmast ils yeyilmao iki dofo artir.

Pardaglama omaliyyatindan sonra detallarin yeyilmosinin qaliq gorginliyindon asililigi,
faktiki olaraq rotasion metodla eynidir.

Oymaglarin desiklorinin xoninglonmasi zamani soth gatinda yalniz sixilan qaliq gor-
ginliklori yaranir.

Siirtmo vo almaz sigallama omoliyyatlarindan sonra yeyilmonin sixilan qaliq gorgin-
liklorindon asiliigi gostorir Ki, o-nin qiymaoti artdiqca, detallarin yeyilmosi 1,1...1,25 dofa
azalir.
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Rotasion emalda, sothin mikroborkliyinin artmasi ilo yeyilms, biitiin materiallar tigiin
1,5-2 dofo doyisir. Sothin borkliyi eyni oldugu hallarda, polad 30X13-don hazirlanmis
detallarin yeyilmasi, digor poladlara nisbaton 1,1...1,2 dofo azdir.

Pardaglama vo xoninqloms omaliyyatlarindan sonra yeyilmonin, miixtalif material-
lardan hazirlanmig detallarin mikrobaorkliyinden asililiginin xarakteri eynidir. Bu asililiglarin
analizi gostorir ki, sothlorin mikrobarkliyinin artmasi ilo, detallarin yeyilmasi shomiyyatli
doracados asagi diisiir. Sothin mikrobarkliyinin 5000 MPa-dan 8000 MPa-ya vo ondan bir gador
cox artmasi detallarin yeyilmosini 2...3,5 dofs azaldir. ©On bdyiik yeyilmo davamliligi polad
30X13-don hazirlanmis detallar, on az yeyilmo davamliligini isa polad 40X vo polad 40-dan
hazirlanmis detallar gostarirler.

Stirtma amoliyyatindan sonra, mikrobarklik artdiqca detallarin yeyilmasi azalir.

Almaz sigallamadan sonra, 30X13 poladindan hazirlanmis detallarin yeyilmasi, 40X va
45 poladlarindan hazirlanmis detallarin yeyilmasindan uygun olaraq 1,1 vo 1,2 dofo azdir.

30X13 poladindan hazirlanmis detallarin almaz sigallamadan sonra yeyilmasi, siirtma,
xoningloma, pardaqlama vo rotasion metodlarla emal edilmis detallardan, uygun olaraq 1,5;
2,0; 2,5 va 3 dofs azdrr.

Soth qatinin tolob edilon keyfiyyot gostoricilorini vo is¢i sothlorinin yeyilmoyo
davamliligini tomin etmok magsadi ilo detallar, miixtolif mexaniki, fiziki mexaniki, termiki vo
digor ndv amoliyyatlara ugradilirlar.

Emal tsullarinin nvii vo onlarin yerino yetirilmasi ardicilligi osason soth qatinin
voziyyati ilo toyin edilir, ciziglar qilivvatli yerli deformasiyalarin naticosindo yaranirlar vo emal
prosesindo sothlorin hazirlanmasindan asilidirlar. Emal metodlarindan vo onlarin yerina
yetirilmasi ardicilligindan asili olaraq ilkin deformasiyalar qismon, yaxud tam aradan qaldirila
bilor.

Todqiqatlarin noticolori gostorir ki, optimal emal metodlarinin vo onlarin rasional
ardicilligmin secilmasi, faktiki olaraq detallarin sothlorinin yeyilmoyo davamliligini artiran
yegana texnoloji tisuldur.

Aydmlasdirilmigdir ki, texnoloji amaliyyatlarin miixtalif yerino yetirilma ardicilliqlari,
detallarin istismar xassoloring, xiisuson onlarin yeyilmosino oshomiyyatli doracods tosir edirlor.
Burada soth dasmin boazi fiziki-mexaniki xassolori irsi olaraq sonraki texnoloji amsliyyatlara
otiirilir [2].

Miioyyon edilmisdir ki, ilkin pardaglamada sothin kolo-kétiirliyti 1,2...1,35 mkm-o
qodor azalir. Ilkin pardaqlamadan sonraki pardaqlama omoliyyatinin totbiqi kelo-kotiirliiyii
ohomiyyatli doracodo azaldir.

Pardaqglama prosesindan sonra sothlorin almaz xoninglomasi do kalo-kotiirliiyti, toqriban
2 dofo azaltmaga imkan verir.

Kolo-kétiirlityiin R, sonraki azalmasi siirtmo omoliyyatinda da miisahids olunur. Siirtmo
naticasinds sothin kolo-kotiirlilyii 1,5...2,0 dofoya qodor azalir.

Almaz sigallama prosesi kolo-kotiirlliyo on az tosir edon omoliyyatdir. Almaz
sigallamada sothin kolo-kotiirlilyii ohomiyyotli dorocods doyismoso do, qalximlarin
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radiuslarinin vo profilin dolma omsalinin doyismosi hesabina dayaq miistovisi artir, eyni
zamanda profil bucagi da azalir.

Mikroborkliyin sath qatinin dorinliyine niifuz etmesinin analizi gostorir ki,
omoliyyatlarin  biitlin yerino-yetirilma ardicilliqlarinda, kicik dorinliklords (5...10mkm)
miixtolif emal metodlar1 {iglin mikroborkliklorin qiymotlorindo ohomiyyotli forq vardir
(pardaqlamada on az, almaz sigallamada an ¢ox).

30 mkm dorinliyinds biitiin emal novleri li¢lin mikrobarkliyin qiymoti azdir vo termiki
emal zamani almman mikroborkliys uygun golir. Bu dorinlikdon sonra, mexaniki emalin
ndviindon astilt olan irsi tosir shomiyyatsiz daracaya ¢atir.

Pardaglama naticasinds mikrobarklik ilkin gdstoriciye nozeron artir vo 7200 MPa-ya
catir. Aparilan todqiqatlarin analizi gosterir ki, pardaqlamada, sigallama harokstlorinin say1
artdiqca, temperaturun azalmasi ilo olagodar mikroborklik do artir. Xoninglomoa prosesi,
pardaqlama naticasinds alinan yumsaq soth qatini gotiirorok mikroborkliyi artirir.

Pardaglama-tomiz pardaqlama-xoningloma-siirtmo-almaz sigallama sxemi ilo emal
noticasinda soth gatinin mikroborkliyi 1,37...1,40 dofs artir. Xoninglomo mikrobarkliyi 30-35%
artirir vo niifuz etmoni 15-20 mkm haddins catdirir. Mikroborkliyin almaz sigallama prosesinds
ohomiyyatli dorocade artmasini, soth qatinin qiivvatli plastiki deformasiyaya ugramasinin
naticasi kimi gabul etmoak olar.

Emal ardicilliglarinin biitiin variantlarinda emal metodlar ii¢lin gorginliklorin eyniliyi
xarakterikdir: pardaglama ti¢lin dartilan, xoninglomso, siirtmo vo almaz sigallama {icilin sixilan
qaliq gorginliklori. Miixtalif emal vatriantlar ti¢lin gorginliklorin giymatlorinds vo darinliys
niifuz etmolorindo miioyyon forqlor miisahido olunur.

Ilkin pardaqlamada vo pardaqlamada dartilan qaliq gorginliklorinin yaranmasi
xiisusiyyatlori forglidir. ©gor ilkin pardaglama iiclin qaliq gorginliklorin yaranmasi soth gatinin
elastiki-plastiki deformasiyalar1 ilo baglidirsa, pardaglama ii¢iin qizma-soyuma prosesindo
yaranan istilik deformasiyalarinin irsiliyi ilo olagadardir. Sonraki “soyuq” omoliyyatlar:
xoningloma vo silirtma, emal pay1 ilo birlikdo dartilan soth qatimi sixir vo sixilan qaliq
gorginliklori yaradirlar. ©On boyliik sixilan qaliq gorginliklori almaz sigallamada yaranir.

Natica. Masin hissalorinin yeyilmaya davamliliq xarakteristikalarinin tadqiqi gostorir ki,
uyusma dovriinde kolo-kétiirliik 1,1...6 dofs, qaliq gorginliyi 1,2...1,4 dofs, mikrobarklik
1,2...1,6 dofo azalir.

Miixtolif emal metodlari, texnoloji proseslor, ayri-ayri omoliyyatlar, onlarin osas
parametrlori vo yerino yetirilma ardicilliglart ig¢i sothlorin formalagsmasina vo yeyilmosinag
ohomiyyatli deracads tesir edir.

Ekstremal soraitds isloyon masin vo avadanliglarin detallarinin yeyilmoayo davamliliglart,
tatbiq edilon emal metodlarindan va rasional rejimlordon asili olaraq 25-45% artirila bilor.

54



Ekstremal vaziyyatlords istismar olunan magin va avadanhiqlarin detallarinin sathlorinin...

REFERENCE

1. Canshmadov 9.X., Qurbanov R.9., 9liyev 9.M. Tribologiyanin asaslari. Baki: Casioglu, 2001.
276 s.

2. Gafarov A.M. Tehnologicheskie sposoby povyshenija iznosostojkosti detalej mashin. Baku:
«Elm». 1998, 318 s.
I'agpapor A.M. TexHoNOrHMYecKHe CIIOCOOBI ITOBBHINMICHUS W3HOCOCTOWKOCTH JETajieil MallvH.
baky: «Omm». 1998, 318 c.

HCCIEJOBAHUE KAYECTBA IIOBEPXHOCTH JIETAJIEA MAIIIAH 1
OBOPYJOBAHHMU, DKCINIYATUPYEMBIX B 9KCTPEMAJIbBHBIX YCJIOBHUSIX,
B 3ABUCUMOCTHU OT BPEMEHU ITPUPABOTKH

AM.TA®APOB, IL.I. CYJIEUMAHOB, B.A. TA®APOB
B cratne HCCIEAYETCA 3aBUCUMOCTD Ka4€CTBA IIOBEPXHOCTU BBICOKOTOYHBIX ﬂeTaneﬁ MalllH U 060py,£[0—
BaHI/If/'I, OKCIIITYaTUPYEMBIX B OKCTPEMAJIBHBIX YCIOBUAX B 3aBUCUMOCTH OT TEXHOJIOTHYECKUX onepaunﬁ, I10-
CJI/IOBATENILHOCTH BBITIOJIHEHHUST ONepannii 1 BpeMEHU MPHUPAOOTKH, aHAIM3UPYIOTCS TIOJyYSHHBIE PEe3YIlb-
TaThl.
Knrouesvie cnosa: ob6opyoosanue, nogepxHocms, 8pems. NPUPaboOmKu, uepoxo8amocms, OCMAamoyHble
HANpAMNCEeHUA, MquOm@e‘p()OC‘mb, U3HOC.
EXAMINATION OF SURFACE QUALITY OF MACHINE PARTS AND EQUIPMENT
USED AT EXTREME CONDITIONS DEPENDING ON CUTTING-IN TIME
A.M. GAFARQV, P.H. SULEYMANOV, V.A. GAFAROV
The article examines the dependence of the surface quality of high-precision machine parts and equip-
ment, used in extreme conditions, on the technological operations, operation sequences, cutting-in time, and

the obtained results were fully analyzed.

Key words: equipment, surface, cutting-in time, roughness, residual stress, micro-hardness, wear.
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PLUNJER CUTLORININ iSCi SOTHINDO YARADILAN
DIFFUZION ORTUYUN BOHRAN QALINLIGININ TOYINi

Z.Z. SORIFOV, E.O. ABBASOV

Magqalads plunjer ciitlorinds barpa naticasinds yaradilan diffuzion qatin béhran qalinlig
ilo onun yiikdasiyiciliq qabiliyyoati vo uzundmiirlilliiyti arasindaki qarsilighh  slagoya
baxilmigdir. Plunjer vo oymaq arasinda yarana bilocok abraziv hissaciklorinin tutulmas: ve
dagilmas1 miizakire olunmus va onlarin bohran diffuzion qatin igins tesirini qiymatlondirmok
iiclin analitik ifadolor alinmisdir.

Acgar sozlar:  plunjer ciitii, diffuzion ortiik, béhran qalinligi, abraziv hissacik,
borklik, uzunomiirliiliik.

Giris. Molumdur Ki, plunjer ciitiiniin yeyilmasinin asas novii abrazivlorin tutulma,
zorbali xirdalanma vo onlarin hissaciklarinin doldurucu pancarslor rayonunda pazlarin va
araligin  6ziindo diyirlonmoasi ilo miisahido olunmalidir. Presezion sathlorinin dagilmasi
tadrican, hissaciklorinki iso bir anda bag verir. Plunjer vo oymaq arasinda hissaciyin sixilmasi
(sok. 1,a) onda dorhal sixilma gorginliklorin yaranmasina gotirir. Plunjerin horoksti davam
etdiyindon (sok. 1,c) o ya sixan sathloro daxil olaraqg mikrokosmo yaradir vo ya dagilir.
Mikrokasma prosesi asagidaki nisbota riayat edildikds baslaya bilar [1].

ot

burada hy, - abraziv hissaciyin materiala yeridilmo darinliyi, hansindaki hissocik dagilir;
Rgat - hissaciyin gatirilmis radiusu.

Sakil 1. Plunjer (1) va oymagin (2) kanarlar: aralarinda abraziv
hissaciklarin (3) tutulmasi va dagilmast
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Naticalorin miizakirasi. 1.V. Kragelskiyo géra [1] miioyyon edilmisdir ki, abraziv
hissaciyinin bdhran goarginliyinin komiyyati [oa] Vo materialin soth borkliyi H, hansilarin
arasinda hissaciklor sixilir, (1) asililigi ilo baghidir:

h_p [Uab ] ’ (l)

R 2H

gt

Goriiniir ki, kvars hissociklor iigiin [c4]=400 MPa vo korund hissaciklari igiin
[0ap]=1000 MPa vo detallarin soth barkliyi 15000 MPa-dan ¢ox oldugda hissaciklorin
yeridilmasi va sonraki mikrokasma prosesi bas vermayacok. Bundan natica gixarmaq olar ki,
mohkomlondirilmis detallarli plunjer ciitlorinin abraziv yeyilmsa mexanizimina abraziv
hissaciklorinin yiiksok mohkom sothlor arasinda tutularkon onlarin xirdalanmasi kimi baxila
bilor. Yeyilma mikrohacmloarinin sathlorinin yorgunluq dagilmasinin komiyyati ilo miioyyan
edilacok.

Belo yeyilmo abraziv hissaciklorinin dagidict tasirinoe miigavimat gdstormays
gabiliyyati olan Kkifayat godor diffuzion qatin galinligina malik méhkomlondirilmis detallarda
Oziinii gostara bilar. [3]

Mohkamlandirilmis detallar mexaniki emal olunduqda diffuzion qatin qalinligr xeyli azala
bilor (s0k.2)

Diffuzion ortik kovrok dagilma tobistina, detalin 6zoyi iSo yumsaldilmis metalin
dagilmasina malikdir. Abraziv hissaciklorin zorbali tosirindo vo “qat-6zok™ sisteminin asagi
sartliyinda soth gatin abrazivls basilib sinmas1 miimkiindiir (sok.2,b).

pete

\w\/

Sakil 2. Abraziv hissaciyin va az qalinliql diffuzion ortiiyiin dagilma sxemi:
a) h>hy olduqda abraziv hissaciyin dagilmasi;
b) h<hy, olduqda abraziv hissacikla abraziv ortityiin dagilmasi;
1-abraziv hissacik; 2-qalinlig1 h olan diffuzion ortiik; 3-6zok; P-hissaciyya tasir edon giic;
r, -abraziv hissaciyin sothlo kontakt radiusu
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Bu halin istisna olunmasi {i¢iin gatin béhran galinligt molum olmalidir, hansinda ki,
sixilmus abraziv hissaciklo basilib sindirma haloki bas vermoyacokdir.

“Qat-6zok” sistemino qalinligi “h” dan yiiksok bork gat kimi baxag. Bu gat plastik
yarimfazada yerlosir. Mohkomlondirilmis satho ona perpendukilyar, oxa simmetrik zarba giiclo
yiiklanmis, radiusu Ry, olan abraziv hissacik tasir edir.

Asagidakilart gobul edok:

Ust qat eynicinslidir,barabor qalinliga malikdir va 6zoklo sort baglidir;

Qatlar arasinda siirtiinma yoxdur;

Ozayin, qatin (ortilyiin) vo hissaciyin materiallar1 6zlorina moxsus elastiklik modulu
(E), Puasson amsal1 (p), son garginlikls [o;] xarakterizo olunur;

P giiciin istigamati ilo koasismo ndqtesinds 6zayin va qatin normal garginliklari biri-
birina borabardir.

Belo mosolo dinamik kontaktli masalalor sinfina aiddir. Belo masalarin halli ii¢iin bir
sira toxmini Gsullar iglonilib. Bu tsullarin har biri miioyyan sinfin masalalarinin halli {igiin
istifado oluna bilor. Kontakt dinamik masalonin ciddi riyazi ardicilligla halli bu tadqigatlarin
¢argivasinin xaricindadir. Odur ki, gatin aparict gabiliyyatinin taxmini giymatlondirilmasi ti¢iin
[2] isdo gostorilon oxsar masalalorin hallinin naticalorindan istifado etdik. Qat-6zok”
sisteminin dastyiciliq gabiliyyatini miioyyan etmak iigiin bohran qiivvenin (Py) kemiyyatinin,
hansinda ki, qatin basilib sindirilmasi bas verir, ona uygun olan diffuzion qatin bdhran
qalmliginin (hy) va yerli basilib dagilmanin (o) kamiyyatinin toyin olunmasi kifayatdir. Bohran
qiivvasinin maksimal kamiyyatinin miioyyan edilmasi ii¢iin asagidaki ifade alinmisdir [1].

8G-a’
P.= , 2
" 3R, @)
E .
burada G = ——— — siiriismoa moduludur, MPa;
2(1- )
E@-u,)

got= — diffuzion Ortiiyilin gotirilmis elastiklik moduludur, MPa;

(L=2,) 1+ 1)

11,12 Vo uz —miivafiq olaraq abraziv hissaciyin,ortiiyiin vo 6zayin Puasson amsallaridir;
a - lopirin radiusudur,mm;
Ryt - abraziv hissaciyin gatirilmis radiusudur, mm.

Digor torofdon baxilan “plunjer-oymaq” qovusmasinin harokotlilik sortindon abraziv
hissacitin dagilmasi ti¢iin talob olunan gilic béhran giiciin kamiyyatindon boyiik ola bilmaz va
miioyyon edilo bilor [1]:

Pb:ﬂ' Rgstz[o'ab] (3)

Bu ifadoays uygun olaraq olgiilari 20 vo 30 mkm olan korund hissaciklorinin dagilmasi
tictin kritik gilictin kamiyyati 0,31 vo 0,71 N toskil edacak.
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Diffuzion gatin bdhran galinliginin hesabat {igiin (2) ifadasini doyisdirok. Qatin
qalmhiginin (h) lapirin radiusuna (a) nisbatini A=h/a isaro edok. Onu (2) ifadasinda yerina
qoyaraq aliriq:

3R, -P.A1-
h":?’\/ 4krE( ) @
gt
(2) ifadasindon P, giymatini qoyaraq aliriq:
3 43 _
h, = 3\/ 3R qs‘/14[gab](1 ) , 5)
got

“Qat-6zok” sistemin iimumi deformasiyasina iki toskiledicinin comi kimi baxila bilar [1]
a=aitaz , (6)

burada a; - deformasiyanin elastiki togkiledicisi, mm;
ap - deformasiyanin plastiki togkiledicisidir, mm.
Deformasiyanin elastiki togkiledicisi Hersin tonliyindon miiayyan edils bilar:

o=k P"*, (7)

3(1- 1 . _— :
burada h, _i/(wJ_toqqusan cisimlorin elastiklik xassslorindon vo formasindan

4E,, /R

ot

asili olan omsaldir.
Deformasiyanin plastik toskiledicisi o, Y.A.Islinskinin empirik asililigindan tapila bilor:
[03]=0,36 HB (8)
voya
Px=/03] F/0,36, 9)
burada HB-materialin barkliyi, MPa;
F - lopirin sahasi,mm?;
Py - hissaciyas tasir edon qiivva, MPa;
[03] - 6zoyin materialinin méhkamlik haddidir, MPa.
Nozors alaraq ki, ap Vo a-nin miiqaisa oluna bilon kamiyyatilorinds lopirin sahasi F yerli
azilmanin doarinliyi ilo baghdir, onda:

F~2md, , (10)
(10) ifadasini (9) ifadasinys yerina goyaraq, a,-nin giymatini aliriq:
_ 016-P, | (11)
780
(11) ifadosini (7) ifadasi ilo toplayaraq, aliriq:
o =3 31— 1) . 1 ) sz/:a n 0,18F, (12)
4 Eqst Rqst 72}&[0'3 ]

Belalikls, (2), (5) va (12) ifadslari diffuzion qatin dasiyiciliq gabiliyyatini giymatlon-
dirmok iiclin hesabat aparmaga imkan verirlor. (2) ifadoasindan irali golir ki, gatin bohran
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qalinlig1 abraziv hissaciklorin 6lgiilorina, onlarin daxil olmus darinliyina vo sixilmada moh-
komlik haddina diiz miitonasibdir vo “qat-6zok™ sistemin gotirilmis moduluna oks miite-
nasibdir. (5) vo (12) ifadalordan irali galir ki, 6zoyin materialinin barkliyi artdigca (Ego,[03])
sistemin dasiyiciliq qabiliyyati yiiksolir. Diffuzion emaldan sonra 6zoyin moéhkamlik
xassoalorini termiki emal metodlarini tadbiq etmokls yiiksaltmok olar.

Notica. Mohkomlondirilmis detallarda bohran komiyystdon boyiik diffuzion qatin
movcudlugu onlarin uzundmiirlii isini tomin edocok. Hesabat sisteminds normal giicdon forgli
olaraq basqa abraziv hissacCiys toxunan qiivvalords tasir edir. Bu, hissacik tiglin buraxila bilon
gorginliyin asag1 diismasina gatirir vo bununla da “qat-6zok™ sisteminin méhkomlik ehtiyatini
boylidiir.
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OINPEJIEJIEHUE KPUTHYECKOM TOJIIUHBI JUDDY3UOHHOI'O CJI104,
OBPA3YEMOI'O HA PABOYUX NOBEPXHOCTAX IIVIYHKEPHBIX ITAP

3.3. LIAPN®OB, 5.0. ABBACOB

B cratee paccMoTpeHa B3aMMOCBSI3b MEK/Ty KPUTHIECKON TONIIMHON AH((Y3MOHHOTO CIIos, 00pa3yeMoro
Ha IUTYHXXEPHBIX Iapax B pe3yJbTaTe BOCCTAHOBJIECHUS, IPY30IM0IbEMHOCTHIO M JOJTOBEYHOCTHIO 3THX map. O0-
CYXJICHBI BOIIPOCHI 3aXBaTa aOpa3WBHBIX YacTHUEK, 00pa3yeMbIX MEXIy IUTYH)KEPOM M BTYJIKOM, M IOJy4YCHEI
AHATNTHYECKIE BBIPAKCHUS IS OIICHKY BIHSHUS X Ha KPUTUIECKYIO TONIIHHY TU(PHY3HOHHOTO CIIOS.

Kniouegvie cnoga: niynoicepnas napa, ougghysuonnoe nokpvimue, Kpumuveckdas moawuna, abpasus, 4a-
cmuyKa, meepoocms, 00J1206€4HOCHb.

DETERMINATION OF CRITICAL THICKNESS OF DIFFUSION LAYER
FORMED ON WORKING SURFACES OF PLUNGER PAIR

Z.Z. SHARIFOV, E.O. ABBASOV

The article considers interrelation between the critical thickness of the diffusion layer formed on the
plunger pairs as a result of the recovery, load capacity and durability of these pairs. The issues of capturing the
abrasive particles formed between the plunger and bushing are studied and the analytical expressions for the eval-
uation of their influence on the critical thickness of the diffusion layer are obtained.

Key words: plunger pair, diffusion coating, critical thickness, abrasive particle, hardness, durability.
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LABIRINTLI NASOSUN HONDOSIi PARAMETRLORININ
ONUN BASQISINA TOSIRININ TODQIiQi

N.H. CAVADOV, ©.S. MOMMODOV, ©.M. MEHDIYEV

Mogqalads labirintli kipgace malik olan, kimyovi maddslarin vurulmasi ti¢iin yiiksak basqili va
kicik verimli impeller tipli nasos toklif olunur.

Qeyd olunur ki, nasosun asas is¢i organinin hissolori arasinda (impellerin hissolori arasinda)
stirtiinmo olmadig1 ii¢lin onun uzundmiirliilityii tomin olunur.

Acar sozlar: impeller, verim, basqi, oymagq, ¢ixinti, nasos, tazyiq.

Arasikasilmoz kimyovi proseslordo nasosun verimi kimyavi reaksiyanin ¢ox kicik olan
stiratindon asili oldugundan verim da ¢ox kicik, nasosun basqist iso kommunikasiya xattinin
uzunlugundan asili olaraq boyiik olmalidir. Ona goro do kimya sonayesinin aramsiz inkisafi
yiiksok basqili (160 m qodor) nisbaton kicik verimli (6 {/san) miixtolif kimyovi maddslori
vuran nasoslara ehtiyac getdikco artir.

Yiiksok basqi vo kigik verim qabarcigli labirintli nasos vasitasi ilo alina bilar, ¢linki bu
nasoslar verim vo giico goro tam yiiklonmomis rejimdo morkozdongagma nasosu kimi isloyo
bilor.

Kigik verim vo bdyiik basqinin alinma masolosini gdvdo ilo impeller vinti arasindan
gabarcigli mayenin axma rejimini 0yranmaklo hoall etmok miimkiindiir.

Impeller qurgusu silindrik gévdonin daxilinds miioyyan bucaq altinda kosilmis vintvari
cixintilar vo bu silindrin i¢orisindo gévdadaki ¢ixintilarin bucaginin oksins yonolmis ¢ixintilara
malik digor sinindrdon ibaratdir. (9gor vintdo ¢ixintilar sag istigamotdo kosilmigso oymaqda
cixintilar sol istigamatds kasilmalidir). Belo qurgular labirintli impeller adlanir.

Impellerin is prinsipi asagida gostorilmisdir (sokil): Impellerin vinti 1 gdvdoya 2
nisbaton firlanma haroksti edarkon onun ¢ixintilarindan gabarciqlar qopur, bu qgabarciglarin
yaratdigi axin gdvdonin ¢ixintilari arasindan qopan maye iso vintin ¢ixintilar1 arasindaki
bosluga axir.
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Sokil. Labirintli impellerin konstruktiv sxemi

Mayenin siirtiinma qiivvasinin impellerin divarina tosirini nazors almadan labirintli nasosun

xarakteristikalarini toyin edok.
Impellerin oymagmin vo vintin ¢ixintilarina tosir edan tozyiqlor farqini

AP =kp(V, = V,)? &)
sokilds yazmagq olar.
Burada k — sabit omsaldir.
V, = v cosa — ¢ixintinin horakat siiratidir. (2)
V. = 9sin o — mayenin orta horokat siirotidir. 3)

m

Q - nasosun verimidir
F — nasosun ¢ixisinin en kosik sahosidir.
V — vintin firlanma harokatinin siiratidir:
zdn
V="
60

N — vintin doqiqodoki dovrlar sayidir.
(1) tenliyino V, va V, qiymatlarini yazsaq

62



Labirintli nasosun handasi parametrlorinin onun basqiSina tasirinin tadqiqi

AP = kp(% c03a—%sin a)’ (4)

alariq, burada @ — V ilo % arasindaki bucaqdir.

Ap tazyiqlar forqi vintin vo oymagin parlorinin mayeya tosir edon reaksiya qlivvasini
tayin edir.

Nasosun timumi tazyiqlor forqi nasosun oxu boyunca ¢ixintilarin arasindaki tozyiqlor
forqinin comina borabar olar.

Cixintilar arasindaki bosluglarin sayz:

i lz
S
olar.
Burada S - ¢xintilarin addimidir; z — vintin vo oymagin ¢ixmtilarinin girislorinin
sayidir .
Digor torafdon
7d
Qa =—
J S
yazmag olar, onda
. (zt
== ©)
nd
alinar.
Burada d — vintin xarici diametridir.
P-sina -n1 M -5 vursaq nasosun yaratdigi tozyiqlor forqini alariq:
E V Q 2 =2
AP, =kzp— (= —-=1ga)" -cosa-sin“ a 6
n =kzp— (5 - £ 192) 6)
Nasosun basqisi iso
2
Hn:A_P“:ﬁ.Z_E(\L_thaJ @)
y g md\2 F
olar.

Burada: k, =k-cosa-sin®«;
y — mayenin xiisusi ¢okisidir;
g — sorbast diismo tocilidir.

Indi iso nasosun is¢i hissolorinin uzunlugunun basqiya tosirino nozor salaq. (7)
tonliyindon gdriiniir ki, nasosun basqist verilmis sorf ii¢lin onun is¢i hissosi ilo diiz miitonasib
olmalidir.

Nasosun basqi amsal1 k; -0 miixtolif parametrlorin tosirini arasdiraq:
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k, =k-cosa-sin’ a

omsalinda k =1=const gotiiriilorso K, -in maksimum qiymati o =54°40"olar. o = 90°

gotiirtilorsa k;, =0 vo H =0 olar.

Birinci halda c¢ixintilar vintin oxuna paralel nov soklino diisor vo mayedo basqi
yaratmaz. a =90° olan halda ¢ixintilar halgovi nov soklini alar vo yena do basqi yaratmaz. Bu
o demok deyil ki, & ilo H arasinda asililiq yoxdur, ¢iinki asililiq basqa formada ola bilor.

Qeyd etmok lazimdir ki, K omsal1 vintdon mayeya oOtiiriilon enerjini xarakterizo edir.
Bu omsal no godoar bdyiik olarsa otiiriilon enerji do o godor boytik olar.

Verilmis sorfdo nasosun kigik ol¢iido alinmasi ii¢iin kz qgiymotini boyiik goétiirmok
lazimdir.

Dairovi araboslugunun 6 nasosun basqisina tosirini arasdirsaq gororik ki, ¢ixintinin
hiindiirliiyliniin oymagin va vintin Slgiilorinin sabit qalmasi sorti ilo ¢ -nin azalmasi nasosun
basqisinin artmasina sabob olur, ¢iinki axinin gabarciqh silirtiinma qilivvosi artir.

Impellerin ¢ixintilarmin formasmin (trapesiya, iicbucaq, diizbucaqli sokilli) basq
omsalina tasirino baxsaq gororik ki, ¢ixint1 ticbucaq soklindo oldugda ¢ixitinin hiindiirliiyt
artdigca k -nin qiymati do artr.

Basqi amsalinin ¢ixintilarinin girisinin sayindan asililigini analiz etsok moalum olar ki,
k-— ifadesindo ¢ixintinin hiindiirliiyiinin h onun addimma t nisbatinin — artmasi ilo
cixintinin girislorinin sayinin doyismaklo nasosun basqisinin maksimum qiymsotini almaq olar
((7) diisturuna bax).

Naticalor.

Nasosun is¢i organi bir istigamotds ¢ixintilar kosilmis torponmoz oymagq igarisindo, digo
istigamoatdo ¢ixintilar kosilmis firlana bilon vintdon ibarat olan nasos toklif olunur.

Hidravlik proseso gors nasos qabarciqli nasos olub labirintli kipgoco malikdir.

Sads is¢i orqana (oymaq vo vint) malik olan nasosun is¢i organlar1 arasinda siirtiinmo
yoxdur. Nasosun bu elementlori metaldan, geyri-metaldan hazirlana bilor vo bu nasos vasitosi
ilo miixtolif kimyovi maddoslor vurula bilor.

Kipgac kimi labirintli impellerdon istifado olunub.

Labirintli impeller istifado olunan bu nasosun islonib hazirlanmasi vo todqiqinin

aparilmas1 vacib mosalalordon biridir.
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NCCIEJOBAHUE BJIUAHUA TEOMETPHYECKUX TAPAMETPOB
JABUPUHTHOI'O HACOCA HA HAIIOP ’)KUJIKOCTH

H.I. JUKABAJIOB, A.C. MAMEJIOB, AM. MEXTHUEB

B crathe mpemiaraercsi HaCOC UMIICIUICPHOTO THIIA, MMEIOIIMHA JTAOMPUHTHBINA YIUIOTHUTENb, HC-
MIOJIB3YEMBIi JTs IEPEKAYKH XUMHUCCKH aKTHBHBIX )KHIKOCTEH C BHICOKUM JaBJICHHEM U HH3KOW 1M0j1a-
Yeu.

OTMedaeTcs, 9TO MEX/y OCHOBHBIMH JICTAJSIMU HACOCA JIAHHOTO THIA CYIIECTBYET HU3KUI KOI(]-
¢bunueHt TpeHusi, 00eCeYnBAIOIIHNN T0JITOBEYHOCTh Y3II0B.

Knrwoueswvie cnosa: umneiuuiep, npou3300umeﬂbHocmb, Hanop, KoJjvblyo, Hacoc.

RESEARCH ON INFLUENCE OF GEOMETRICAL PARAMETERS OF THE
LABYRINTH PUMP ON FLUID PRESSURE

N.G. JAVADOV, A.S. MAMADOV, A.M. MEKHTIYEV
The article proposes a pump of the impeller type with a labyrinth sealing to pump chemically ac-
tive liquids with high pressure and low feed.
It is noted that a low coefficient of friction between main parts of this type of pump provides dura-

bility of its units.

Key words: impeller, productivity, pressure difference, ring, pump.
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ROQOMLI PROQRAMLA IDARO OLUNAN DOZGAHLARIN
TOTBIQI ILO SAZLANABILON AVTOMAT XOTLORDO
EMAL EDILON DETALLARIN TOSNIFATI

F.Q. BMIROV

Detallarin emalt zamani texnoloji proseslorin yerino yetirilmosindo asagidaki
parametrloro baxilmisdir: detalin konstruksiyasi, sothin hondssi vo doaqiqlik parametrlori,
detallarin odlciilorine goéra qarsiligh yerlosmo parametrlori, buraxilis hocmi ve hazirlanma
daqiqgliyi. Eyni zamanda 6lgiilorino goro detallarin tosnifati, onlarin handasi modellagdiril-
masi vo tam hazirlanma prosesi tiglin koordinat sisteminin qurulmasi tisuluna baxilmigdir.

Acar sozlar:  sazlana bilon avtomat xatt, roqgamli programla idaraetmo, texnoloji
proses, detalin konstruksiyasi va ol¢iilari, handasi parametriar.

Giris. Miiasir maginqayirma sanayesi ¢oxgesidliliyi ilo segilir, seriyali mohsullar isteh-
sal edir vo mohsul istehsalinin tez-tez doyismasi ilo xarakterizo olunur. Masingayirma sanayesi
mohsullart isa yiiksok konstruktiv miirokkobliyi, ¢oxlu sayda orijinal konstruktiv halleri ilo
xarakteriza edilir. Bu iso, istehsal olunan mohsulun hazirlanmasina ayrilan vaxti xeyli qisaldir.
Deyilon sobabdon dozgah sisteminin yaradilmasi vo istehsalin texnoloji hazirligi vaxtinin
azaldilmasina tolobat yiiksalir. Bu iso mohsulun hazirlanma miiddotini, yeni mohsul istehsalinin
buraxilisini vo ¢evik siirotdo operativ olaraq doyisdirilmasi tolobatini 6domis olur.

Avtomat dozgah sistemi (ADS) kompleksindo metalkoson avadanliglar ¢oxcesidli
istehsalin tolabatlarina daha ¢ox cavab verir [1-3, 8-11]. Eyni zamanda, aparilan islorin totbiqi
tocriibasi gostarir ki, bunlarin ¢oxu iqtisadi cohatdon olverisli deyildir. Lakin bu sahodo kifayot
godor somarali istifado olunma misallar1 da gostormok olar. ADS-in asagi samaraliliyinin
sobablori odur ki, milli masingayirma sanayesindo uygun infrastruktur vo inzibati-texniki
sortlor yaradilmamisdir.

Bu giin on aktual problem xarakterli mosslo tolob edilon avtomatlagsdirma soviyysli
coxcesidli dozgah sisteminin yaradilmasidir. Coxcgesidli istehsalin  somoraliliyinin
yiiksoaldilmasi onun prinsiplorine cavab veron istehsalin togkili vo idaroetmo toloblorine uygun
olmasidir.
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Texnoloji proseslorin layihoslondirilmosi zamani ¢oxgesidli istehsal {iciin dozgah
sistemlorindon istifadodo modul texnologiyalari prinsipi xiisusi ohomiyyat kosb edir [4-11].
Modul texnologiyasinin mahiyysti odur ki, mohdud ¢esidli modullar ailosindon modullar
coxlugu secilo bilor. Hor bir modulda bir nega tipik texnoloji proses iglona bilir ki, bu zaman
detalin materialinin torkibinin mixtolifliyi, olgiilori, doqiglik vo tomizlik tolablori, sathin
keyfiyyati vo bir cox digor parametrlori nozors alinir.

Modul vo qrup texnologiyalarmin birlogdirilmasi, texnoloji avadanligin ayri-ayri
govsaglarmin icra edilmosi osasinda dozgah sisteminin yaradilmasina sorait yaradir. Bu
omoliyyatlar naticosindo elo modul tiplori yaradilir ki, modul tiplori sistemi totbiq edilmoklo
biitiin masinqayirma kompleksindas tipik detallarin istehsalin1 togkil etmaya imkan yaranir.

Isin magsadi: Texnoloji proseslorin {imumi layiholondirmoe prinsiplarinin islonilmosi vo
osaslandirilmasi, detallarin tosnifatt vo tipik texnoloji proseslor imumi masinqayirma
texnologiyast nozoriyyosinin inkisafinda vacib mosslolordon biridir. Eyni zamanda, avtomatik
xotlordo (AX) detallarin hazirlanmasi iigiin tipik texnoloji proseslor islonilmisdir.

Tosnifat dedikdo, detallarin konstruksiyasi, Olgiilori vo onlarin hazirlanma prosesinin
texnologiyasimna goro iimumi hesab edilon miioyyoan qrup vo sinif halinda birlogsmasi basa
digiliir.

Detallarin tipikliyi dedikde, sazlana bilon avtomatlagdirilmis xatlords (SAX) hazirlanacaq
detallarin optimal texnoloji proseslarinin islonmasi iiglin osas sayilan vo homin sinfi ohato edon
biitlin detallarin hazirlig1 vo prinsipial texnoloji marsrut {izro kec¢idlora uygun detallarin
sothlorinin emali1 prosesi basa diistliir.

Detallarin  hazirlanmas1 {igiin texnoloji proseslorin islonmasindo halledici qorarlar
asagidaki faktorlarla xarakterizo edilir: detallarin konstruksiyasi, sothlorin hondasi 6l¢iilori vo
onlarin doqiqlik parametrlori, detallarin Olgiilorino goro parametrlorin qarsiliglt yerlogsmosi,
buraxilis hocmi vo hazirlanma doqiqliyi [1, 2, 7-11]. Qeyd edilonlordon basqga, detallarin
postahlarinin alinmasi tisullar1 da boytlik shomiyyat kasb edir.

Masalanin halli: Belaliklo, detallarin tipik hazirlanma texnologiyasini toyin edon osas
faktorlar asagidakilardir:

- detallarin oOlgiilori;

- detallarin buraxilis hacmi;

- pastahlarin alinmasi tisullar;

- detallarin formasi (konstruksiyast);

- hazirlanma doqiqliyi.

Yuxarida sadalanan faktorlarin detallarin hazirlanma texnoloji prosesino tasirini
arasdiraq.

Detallarin oOlgiilori bir ¢ox hallarda onlarin hazirlanmasinda istirak edon avadanligin
xarakteristikasinin toyin edilmasindo miithiim rol oynayir vo detallarin emal prosesino kifayot
gador ciddi tosir gostorir. Miixtalif dl¢iilii, lakin eyni formaya malik detallarin sothlori eyni
kinematikaya malikdir. Lakin 6lgiilords kifayat qodor forqlor olarsa, detallarin sathlorinin forma
kinematikasi bir-birindon forglonas bilar [1, 2, 9-11].
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Masalan, iri vo ¢ox da boylik olmayan govda tipli detallar1 hazirlayarkon onun avadanligi
vo formasinm kinematikasi 6z aralarinda kifayoat godor forglonir. Olgiilori 300x400x825 mm
(sok. 1) olan birsiral1 alt1 silindrli miiharrik blokunu emal edorkon nohong frezlomo, yonma,
aqreqat vo digor dozgahlar tolob edilir [11].

Cox da boyiikk olmayan gdovdos tip detallar (su nasosunun govdosi, sok. 2) coxspindelli
torna-karusel vo ya ¢oxkaskili revolver va ¢ox da boyiik olmayan burgulama dozgahlarinda tam
hazirlanir [11]. Frezlomo ilo birlikdo sothlor hamarlanir vo tomizlonir. Kifayot qodor kigik
Olciilii vo ¢okili detallarin istehsali istisna olmagla, biitiin goévde tipli detallarin mexaniki
emalinda bazalagdirma {isullar1 vo amasliyyatlar ardicillig1 eynidir.

Qeyd edok ki, emal edilon detallarin qabarit olgiilori AX-in nogledici, yiikloyici vo
bosaldic1 qurgularinin konstruksiyasina ciddi siirotds tosir edir.

Istehsal edilocok detallarin hocmi texnoloji kegidlor iizro (emal iisullar1) emal edilocok
sothlorin forma yaradan marsrutlarinin se¢ilmosino ciddi siiratds tosir gostorir. Bu tosir 6ziinii
alatlorin harakatlorinin forma yaradici kinematikasinda vo onlarin hazirlanmasinda géstormaklo
yanasgi, naqletmo sisteminin vo AX-in ixtiyari movgelorinds istirak edon yilikloma-bosaltma
sistemino sart tolobatlari ilo do segilir.

Sakil 1. Miiharrikin silindr bloku

68



Ragamli programla idara olunan dazgahlarin tatbiqi ila sazlanabilon avtomat xatlorda ...

150.026
130 .02

i :

; :
U o - P
S g e \\¥

e d Y
Q

146

Sakil 2. Su nasosunun govdasi

Detallarin buraxilis hocmi bir omoliyyatda hoyata kecirilon texnoloji kecidlorin ovoz
edilmasi soviyyasino do tosir gostorir. Bu iso, istifado edilon avadanligin texnoloji imkanlarini
toyin edir vo beloliklo, detallarin hazirlanmasimin texnoloji prosesina vo miirokkablik
dorocesing tosir gostorir. Detallarin mexaniki emalinin omok sorfinin toyininds onlarin
hazirlanma iisullar1 ciddi rol oynayir. Praktikada asagidaki pastahalma tiisullarindan istifads
edilir: 1) yayma poladdan dograma; 2) sorbast yayma, doyma; 3) stamplayici press, ddyma
magsini, ¢okiclo qapali stampda stamplama; 4) ¢ubuq hissalori soyuq stamplama; 5) agac
modellor iizro ollo formalasdirmaqgla postahlarin tokiilmasi; 6) bir nego hissodon postahin
qaynaq edilmasi; 7) metallik modellore osason masmin formasi iizro pastahin tokiilmesi; 8)
tozyiq altinda presloms vo ya yayma ilo pastahin tokiilmasi.

Qeyd edildi ki, miixtolif iisullarla alinmis eyni detallarin pastahlarinin texnoloji prosesine
sorf edilon omok sarfiyyati bir birindon ciddi forglonir. Masalon, sorbast doyma iisulu asasinda
cubugdan va ya pastahdan hazirlanmis detallar stamplama tisulu ilo hazirlanmis detala nisboton
2 va daha ¢ox texnoloji kecidlarin olmasini vo vaxt sarfiyyat:1 tolob edir. Bu proses miixtalif
iisullarla alinan pastahlardan, istifado olunan materialin istifado olunma omsali ilo olagadardir.
Eyni zamanda emal edilocok materiallarin yararsiz qatinin qalinligindan birbasa asilidir.

Avtomatlasdirilmis axin xottinin kdmaoyi ilo istehsalda tipik texnoloji proseslori yerino
yetirmok {iclin miitloq sokildo bir nego postahalma iisullarindan tam sokildo imtina etmok
lazimdir. Ciinki miiasir masinqayirmanin inkisaf saviyyesi ndqteyi nazarden bu is ham iqtisadi,
hom do texniki cohotdon magsadsuygun sayilmur.

Detallarin texnoloji prosesinin hazirlanmasinin aparici faktoru onlarin konstruktiv
qurulusudur. Eyni zamanda miixtolif xarici formalara malik detallar, homiso onlarin
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hazirlanmasinda miixtolif texnoloji proseslori talob edir. Govda tip detallarin, kronsteynlorin vo
dayaqlarin xarici formalarimin miixtolifliyino baxmayaraq, onlar tofsilathh hazirlanan
texnologiyalara malik olurlar. Adlar1 sadalanan momulatlarin  tipik  formalarinin
hazirlanmasinin nozori asasini iki yuvasi olan sothlordo homin momulatlarin borkidilmaesi,
sothlorin emalinin ardicilligi vo hazirlanma morhoalosi, yoni mexaniki emalin aparilmasinin
texnoloji ardicillig1 (sothlorin kobud, tomiz vo inca emali, agilan yuvalarin kobud va inco emali
vo s.) taskil edir.

Omoliyyatlararast nogletmo zamani detallarin formasi onlarin pastahlarinin bazalasdirma
sxemlorino ciddi siiratdo tosir gostorir ki, bu da sonradan istifads edilocok yiiklomo-bosaltma
qurgularinin kinematik sxemlorinde vo konstruksiyasinda 6ziinii gostorir. Osas amoliyyatlarin
ardicilligint doyigsmodon yiiksok doqiqlik vo tomizlik olds etmok {igiin bir c¢ox olave
omoaliyyatlar aparilir. ©lave amaliyyatlar naticosindo mexaniki emalda amok tutumu artsa da,
hazirlanan detallarin mexaniki emali texnoloji proseslorine uygun olaraq onlarin daqiqlik
sinfinin artirilmasina imkan yaranir. Porsen barmaqlar1 va resorlar {iciin texnoloji proseslorin
keyfiyyatli hazirlanmasi codvoldo gdstorilmisdir (sok. 3) [11].

Cadval
Porsen barmaglari va resorlarin xarici silindrik sathlarinin emalinin miiqayisasi
Resor tipli barmag: d=22mm, 1=112mm, diametral Porsen tipli barmaq: d=22mm, 1=76mm, diametral
miisaids T=45mkm, kalokétiirlik R,=1,25 miisaido T=2,5 mkm, kalokétiirliik R,=0,16
T=80 mkm miisaids ilo xarici diametrin yonma vo ya T=80 mkm miisaids ilo xarici diametrin yonma va
stirtmo ilo emalt ya siirtmo emal1
HRCS56...62 borklik tomin edilmakls materialin termiki | HRC56...62 barklik tomin edilmoklo materialin
emalla moéhkomlondirilmasi termiki emalla méhkomlondirilmasi
Maorkazsiz-pardaxlama dezgahinda xarici silindrik Markazsiz-pardaxlama dozgahinda xarici silindrik
sothin pardaxlanmasi. Emal pay1 Ad=0,3 mm, miisaido | sothin kobud pardaxlanmasi. Emal pay1 Ad =0,3
T=45mkm, kolokotiirliikk R, =0,63 mm, miisaide T=30 mkm, kolokétiirliik R,=1,25
Maorkoazsiz-pardaxlama dozgahinda xarici silindrik
sothin tomiz pardaxlanmasi. Emal pay1 Ad =0,15
mm, miisaido T=15 mkm, kalokoétiirlik R, =0,32
Morkazsiz-cilalama dozgahinda xarici silindrik
sothin tomiz cilalanmasi. Emal pay1 Ad =20 mkm,
miisaido T=10 mkm, kalakotiirliik R, =0,080

Analoji forqi miistovi vo fasonlu sothlorin, yuvalarin daha doqiq emali prosesindo
miisahido etmok olar. Belaliklo, analoji texnoloji proseslords istirak edon, doqiqliyine vo ayri-
ayr1 sathlorin cilalanma soviyyasina gora forqlonan uygun tipli detallar ii¢lin yeni texnoloji
proses yaratmaq lazim deyildir. Sadoco olaraq tipik texnoloji proseso tamamlayici texnoloji
kecidlar alava etmok lazimdir.
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Istehsalda sazlanabilon texnoloji avadanliglar miixtalif emal iisullar1 soraitindo emal
tisullarinin  ardicilligmmi tomin etmoali vo universallig baximindan texnolojiliyi tam ohato
etmolidir (yonma, burgulama, frezlomo vo s.). Bu ndqteyi-nozordon hal-hazirda istehsal olunan
vo raqomli proqramla idare olunan torna qruplu emal moarkazlori tokrar sazlanabilon oldugu
liclin, bir omoliyyatda bir yerlosdirmado miixtolif formalara malik pastah sothlorini emal edo
bilir. Basqa s6zlo desok, miiasir texnoloji avadanligin elo bir unikal imkan1 vardir ki, onlar eyni
omoliyyatda coxmovgeli vo coxspindelli avtomatlara moxsus hacmdas islor goro bilorlor.
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Texnoloji tortibat-qovsaqli sazlanabilon istehsali universalliq ndqteyi nozordon els tomin
etmok lazimdir ki, postahlarin bazalagdirma sxemi vo osas konstruktor bazasinin nozori
sxemlori iist-listo diigsiin (bu SAX-Ii istehsal ii¢lin asas faktor hesab edilir). Bu isi yeni texniki
toloblori nozors almaqla sothlorin qarsiliglt voziyyaetini verilmis Olgiilora goro doyismoklo,
asanliqla hoyata kegirtmok olar. Bu, konstruktor vo texnoloji bazalarin iist-iisto diismasini
tomin edir.

Axin prinsipli istehsalin togkilinds istifads edilon detallarin hazirlanmasinda onlarin
forma vo toyinatinin identikliyini (oxsarli§in1) nozoro alaraq professor F.S. Demyanyuk
torofindon ¢okisi 100 kg-a godor olan orta 6l¢iilii masin detallarinin alt1 sinfo boliinmosi toklif
edilmigdir [6, 11]. Bunlar asagidakilardir:

1) govda tipli detallar;

2) dairavi ¢ubuglar;

3) silindrlor;

4) disklar;

5) dairavi olmayan ¢ubugqlar;

6) borkidici detallar.

Govdo tipli detallar, ayrica sinfo aid edilmisdir. Belo ki, bu genis istifado edilon detallar
qrupuna aiddir. Xarici formalarimin miixtalifliyina baxmayaraq, biitlin govds tipli detallar
analoji proseslor osasinda hazirlanmaq olar. Oxsar proseslor osasinda dabanlari, dayaqlari,
16vhalari va bucaqliglart hazirlamaq olar. Bunlar da tesnifat codvaline gore gévdo detallar
ailosine daxildir.

Tosnifat codvolindo “Dairovi cubuqglar” sinfino adi wvallar, oxlar, ¢okiclor, dairovi
dayaglar, diiz vo yumruqvari vallar, konarlar1 ¢ixintili disli ¢arxli vallar aiddir. Onlarin da
xarici goriiniislorinin miixtalifliyine baxmayaraq, eyni hazirlanma proseslorins malikdirlor.

“Dairovi ¢ubuglar” sinifli detallar “Vallar” adi ilo miiqayisodo daha iimumi olan ¢ox
sayda detallar sinfini ohato edir. Ciinki “porlor” sinfi dedikdo yalniz firlanma horokotli yaylar
nazards tutulur.

“Silindrlor” adlanan detallar sinfino noinki oymagqlar, hotta oymaqlara oxsar barabanlar,
porsenlar, toplar vo s. daxildir.

“Disklor” sinfino daxil olan detallar dedikdo, diskin xarici diametrinin yarisina borabor
olan hiindiirliiklii firlanan sathlor nazards tutulur.

“Dairavi olmayan ¢ubuglar” sinfino miixtalif tipli destoklorden basqa, qisaldilmis formali
digor dairovi olmayan detallar aiddir. Masolon, benzinlo isloyon miiharriklorin sorucu vo
vurucu kollektorlari, avtomobillorin qabaq oxlarin ¢argivalori, satunlar1 vo digor oxsar tipli
detallar vo s. aiddir [11].

“Borkidici detallar” sinfino boltlar, qaykalar, isgillar, sancaqlar, vintlor vo s. daxildir.

Lakin bu tosnifat RPI dozgahlarinda detallarmn emal xiisusiyyatini nozoro almir. RPI
dozgahlarinin idaroetms proqramina daxil edilon detallar konstuktor sxemlori osasinda
hazirlanmis detallarin sothlorinin hondasi 6l¢iilorino nazoron segilir. Ogor detallarin hondasi
modellarini texnoloji baza asasinda qurmaq miimkiin olarsa, onda artiq ovvolcodon detallarin
konstruktor vo texnoloji bazalarini eynilosdirmoklo yol verilocok xotalar1 aradan qaldirmaq
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olar. Yuxarida deyilonlordon belo notico ¢ixir ki, rogomli proqramla idaro edilon
avadanhglardan istifado etmoklo ADS qurduqda miitloq hazirlanacaq detallarin sinfini
bazalasdirma nozoriyyoasinin koordinatlar sistemini nozors almagla tortib etmok lazimdir.

Bunun {i¢iin 6lgiilorino gors detallarin tosnifati, onlarin hondasi modellogdirilmasi vo tam
hazirlanma prosesi {igiin koordinat sisteminin qurulmasi tisuluna osaslanmaq lazimdir.

Detallarin toklif edilon tosnifatinin asasini {i¢ toyinedici faktor toskil etmalidir:
detallarin Olgiilori (onun qabaritlori vo ¢okisi), hondosi modellogdirmo tiglin koordinat
sisteminin qurulma tsulu vo onlarin emal prosesi. Detallarin pastahinin alinma tisulunu vo
onlarin buraxilis hocmini tipik texnoloji proseslorin yaradilmasi zamani nozors almaq lazimdir.

Qeyd edak ki, movciid tocriibays asasan biitiin masin detallarinin dl¢iilorine goéra qruplara
boliinmasi osasinda tosnifat hazirlamaq {iglin orta 6l¢iilii biitiin masin detallarin1 dérd qrupa
bolmok gorara alinmigdir: boyiik, orta, bdyiik olmayan vo kigik 6l¢iilii detallar.

Detallarin  Olgiilorino goro boliinmosi miivafiq dozgahlarin tipik o6lgiilorino  goro
boliinmasina uygundur:

- boyiik Olctilii detallar dedikds, biitiin név boyiik 6lciilii dozgahlarda emal edilo bilon
detallar nazords tutulur;

- orta Olgiilii detallar dedikdo, orta Olgiilii dozgahlarda emal edilo bilon detallar nozordo
tutulur;

- nisboton kicik 6l¢iilii detallar dedikdo, kicik modelli dozgahlarda emal edilo bilon
detallar nozords tutulur va s.

Dord qrupun hor birino aid olan detallarin tosnifat codvolino miixtolif detallar1 daxil
etmok olar. Masalon, boyiik ol¢iilii detallar sinfino gévdo detallar, boyiik ol¢iilii vallar, disli
carxlar, silindrlor, nazimgarx vo s. daxil edils bilor.

Yuxarida qeyd edildi ki, rogomli proqramla idars edilon avadanliqdan istifads edilorsa
(dozgahlar, nogliyyat funksiyali robotlar, dozgah tortibatlarindan postahlart yiiklomok vo
bosaltmaq ti¢iin istifado edilon robotlar vo s.) detallarin diiziiliisiiniin koordinat sisteminin
qurulma tsulu kifayst qodor shomiyyat kosb edir. Basqa s6zlo koordinat oxlarinin vo ya
koordinat miistovilorinin 6l¢iilorinin toyini iiclin detalin hansi sothlorindon istifado edilmasi
praktik ohomiyyat kosb edir. Ona goro do, detallarin sothlorinin 6l¢iilorinin baza voziyyetini
bilmoklo qurulmus koordinat sistemindo, detallarin is¢i cizgilorino asason biitiin detallarin
boylik hacmli handasi modelini qurmaq olar.

Natica. Aparilmis todqgiqatlar texnoloji proseslorin miixtolif morhalalorindo pastahlarin
bazalasdirilmasi vo hazirlanan detallarin hondasi modellari ilo olagalori, eyni zamanda istifado
edilon miiasir texnoloji avadanligin texnoloji imkanlarini nazare almagla gostormisdir ki, biitiin
detallar gabarit dl¢iilorine gors 3 sinfs va 4 qrupa boliine biler.

Aparilmis totqiqatlar gostormisdir ki, texnoloji avadanlhigin etibarliligt asagi olduqca
texnoloji kegidlori bir mévqgedo birlogsdirmok daha effektlidir.

73



F.Q. Omirov

REFERENCE

Amirov F.G. Povyshenie effektivnosti i obespechenie nadezhnosti avtomaticheskih linij.
«Vestnik Mashinostroenija», 2004, Ne5, s. 77-78.

AmvupoB ®@.I'. TloBeimenue 3¢ dekTuBHOCTH M 00ECleYeHne HaJe)KHOCTH aBTOMATUYECKHX
nuHKl. «BecTHuk MaruHocTpoeHusy, 2004, Ne5, ¢. 77-78.

Amirov F.G. Obshhie polozhenija sozdanija perenalazhivaemyh avtomatiches-kih stanochnyh
sistem. Moskva: «Mashinostroenie», «Sborka v mashinostroenii , priborostroenii», 2011, Ne7, s.
44-47

AmupoB @.I'. O0uye monoxKeHus: Co3AaHus NepeHaTaKMBAEMBbIX aBTOMATHYECKUX CTaHOY-
HBIX cucTteM. MockBa: «MamuHocTpoeHue», «CO0pka B MalIMHOCTPOEHHH, MPUOOpOCTpoe-
Hum», 2011, N7, c. 44-47

Vladzievskij A. P., Belousov A.P. Osnovy avtomatizacii i mehanizacii tehnologicheskih pro-
cessov v mashinostroenii. M.: «Vysshaja shkola», 1966, 382 s.

Baansuesckuii A II., BesoycoB A.Il. OcHOBBI aBTOMaTH3aIlMK U MEXaHU3aIMU TEXHOJIOTH-
YECKUX MPOIECCOB B MAIIMHOCTpoeHuU. M.: «Bricmias mkonay, 1966, 382 c.

Dashhenko A.l., Belousov A.P. Proektirovanie avtomaticheskih linij. M.: «Vysshaja shkolay,
1983, 328 s.

Jamenko A.M., BeaoycoB A.Il. IIpoexkTtupoBanue aBTOMaTHyecKuX JUHUU. M.: «Bpicmas
mkona», 1983, 328 c.

Dymshic E.S. Razrabotka metodov rascheta nadezhnosti avtomaticheskih linij po zadannym
znachenijam nadezhnosti ih elementov. M.: kENIMSy, otchet po teme, etap 3, 1964, 1952 s.

Apimmnn E.C. PazpaboTka MeTosoB pacyera HaJeKHOCTH aBTOMATHUECKHX JHHHUI MO 3a-
JIAaHHBIM 3HAYCHHSIM HaACKHOCTH UX 3JieMeHTOB. M.: «K OHUMCy», otdeT 1o TeMe, stam 3, 1964,
1952 c.

Demjanuk F.S. Tehnologicheskie osnovy potochno avtomatizirovannogo proizvodstva. M.:
Vysshaja shkola, 1968,700 s.

Jdembsiniok ®.C. TexHOIOTHYECKHE OCHOBBI MTOTOYHO aBTOMATH3MPOBAHHOTO ITPOU3BOCTBRA.
M.: Beiciias mkona, 1968,700c.

Erpsher Ju.B. Nadezhnost i struktura avtomaticheskih stanochnyh linij. M.:
«Mashinostroenie», 1962, 179 s.

Opmuep F0.b. HanexxHOCTh M CTPyKTypa aBTOMAaTHYECKHX CTAHOYHBIX JIMHUM. M.: «Mamu-
HOCTpoeHuey, 1962, 179 c.

Makarov 1.M. Sistemnye principy sozdanija gibkih avtomatizirovannyh proizvodstv. - M.:
Vysshaja shkola, 1986. - 176 s.

MaxkapoB U.M. CucremMHble TPHUHIUIBI CO3JAaHUS THOKMX aBTOMATU3UPOBAHHBIX IPOU3-
BOACTB. - M.: Beicmas mikoira, 1986. - 176 c.

Sultan-zade N.M. Metod optimizacii strukturnoj komponovki avtomaticheskih linij. // Sb.:
«Sistemy upravlenija stankami i avtomaticheskimi linijami», M.: «VZMI», 1982, s. 9-13

74



Ragamli programla idara olunan dazgahlarin tatbiqi ila sazlanabilon avtomat xatlorda ...

Cyaran-3age H.M. MeTon onTuMu3auuu CTpyKTYpPHOH KOMIOHOBKH aBTOMaTHYECKUX JIMHUM.
// C6.: «CucremMbl yIpaBieHHs CTAaHKAMU U aBTOMAaTUYCCKUMHU JTUHUSAMI», M.: «B3MIW», 1982,
c. 9-13

10. Sultan-zade N.M., Timkovskij V.G. Metod optimizacii struktury odnopotochnyh
avtomaticheskih linij. // Sb.: «Sistemy upravlenija stankami i avtomaticheskimi linijami», M.:
«VZMl», 1983, 5.93-96.

Cyaran-3ane H.M., TumkoBckuii B.I'. MeTon ontumMu3auu CTpyKTYpbl OJHOTIOTOYHBIX aB-
tomatndeckux JuHui. // CO6.: «CrucTemsl yrpaBieHusI CTAHKaMHA M aBTOMAaTHYE€CKUMHU JIMHUSA-

mu», M.: «B3MUM», 1983, ¢.93-96.

11. Sultan-zade N.M., Amirov F.G. Klassifikacija detalej dla izgotovlenija ih na perenalazhivae-
myh avtomaticheskih linijah s ispolzovaniem obrabatyvajushhih centrov s chislovym pro-
grammnym upravleniem // «Nauchnye izvestija» Sumgaitskogo gosudarstvennogo universiteta,
2012, Ne2, s. 106-113

Cyaran-zage H M., Amupos ®.I'. Kitaccudukarus neraneil 11 W3rOTOBJICHHS WX Ha Tepe-
HaTAKUBAEMBIX aBTOMATUYECKUX JIMHUSAX C HCIOJNB30BAHWEM O0padaThIBAIONIMX IIEHTPOB C
YHUCIIOBBIM TMPOTpaMMHBIM yrpaBieHueM [/ «Haydnbsie u3Bectust»y CyMIrauTCKOro Trocy-
JapcTBeHHOTro yHUBepcutera, 2012, Ne2, ¢. 106-113

KJIACCU®UKALUAA JTETAJENA, OBPABATBIBAEMBIX HA
INEPEHAJIA’KUBAEMbBIX ABTOMATHYECKUX JINHUAX CTAHKOB
C YU CJIOBBIM ITPOI'PAMHBIM YIIPABJIEHUEM

o.I'. AMHPOB

PaccMoTpeHBI ciiemyronye mapaMeTpbl TEXHOJMIOTHYECKHUX IPOIECCOB 00padOTKH AeTanei: KOHCTPYKIHS
JeTayeil, reOMEeTPHUUECKHE ITapaMeTphl M OKA3aTeIH TOYHOCTH MOBEPXHOCTEH, ITapaMeTphl B3aNMOPACIIOIOKEHUS
M0 Pa3MEpPHBIM JTaHHBIM JIeTajel, 00BbEM BBITYCKa M TOYHOCTh M3TOTOBJICHUs. PaccMOTpeH crocod mocTpoeHuUst
CHCTEMbI KOOP/MHAT JUISi UX FE€OMETPUYECKOr0 MOJCIMPOBAHMS M MOJHOTO M3TOTOBJICHHS, KIACCU(PUKAIMU I10
pa3sMepHBIM TaHHBIM.

KnaioueBsle cinoBa: nepenanasicusaemas agmomMamuieckas JUHUs, NPOSPAMMHOE  YRpAGIeHUe, MexXHO-
JI02UHeCcKUull npoyecc, KOHCMPYKYUs u pasmepbl oemaietl, 2eomempuieckKue napamempbi.

CLASSIFICATION OF PARTS PROCESSED ON AUTOMATED LINES OF
RECONFIGURABLE MACHINE TOOLS WITH DIGITAL PROGRAM MANAGEMENT

F.G. AMIROV
The following parameters of technological processes parts: design details geometric parameters and indica-
tors of the accuracy of the surfaces, the parameters relative position on the dimensional data items, production
volume and precision manufacturing. However, it is considered a method of constructing a coordinate system for
their geometric modeling and complete fabrication, dimensional data classification.

Key words: reconfigurable automatic line, digital control process design and dimensions of parts, geo-
metrical parameters.
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GENETIC ALGORITHMS OF MULTI-OBJECTIVE PROBLEMS
SOLUTION OF TRANSPORT LOGISTICS IN CONDITIONS
OF FUZZY UNCERTAINTY

S.K. GEZALOV

We have worked out the criterion of fuzzy interval for minimizing target function with fuzzy
coefficient. The given criterion shows adaptability of genetic algorithms for building Pareto-optimal
solutions of multi-objective problem of transport logistics with fuzzy coefficient of objectives.

Key words:  shipping logistics, triangle fuzzy numbers and trapezoidal fuzzy interval, genetic
algorithm, Pareto-optimal solutions.

Introduction. In the period of centralized management of the economy, transportation
planning between product manufacturer and consumer within the frame of problems was under
way: transport and routing. At the stage of operational planning in automobile operating com-
panies, discretization, especially intensive in transportation, kind and amount of rolling stock,
weight capacity of utilizable automobiles etc. helped to correct reviewed transportation plans.
Automobile operating companies used to be as economical companies then.

From the point of view of shipping costs, the main idea of transportation task was ra-
tional rigid fixing of consumers after suppliers. This idea was for planning bulk cargo transpor-
tation: fertilizing and holding harvest work in agriculture; mechanical engineering products;
constructive freight etc.

During 1990...2000’s there were radical changes in economy of the post-soviet repub-
lics; drop in production and enterprise disaggregation which caused some troubles in relations
between consumers and suppliers.

There were two essential tendencies in transport: volume contraction of transportation
and deterioration of motive-power fleet. Privatization, denationalization and corporatization in
the sphere of automobile transportation were the reason that nowadays there are about 10 roll-
ing stocks in automobile operating companies. In parallel to it, there was a rescheduling of car
parks to the advantage of light-duty and heavy-duty machines, related with the development of
internal and international market.
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It is necessary to mention that shift in demand of transport services caused cargo mix
contains 80% of Standard Shipping Note within freight turn-over, transported or pendulum
lever or deliver (assembled, assembled-delivery) routes. The necessity of transport problem
solution does not fail at such chart of transport organization [1].

Nowadays they solve classical transportation problem for large firms, that have store
and branch network and for medium-sized and small enterprises, for reduction of transportation
costs at bulk transport of raw material and finished products as well. The solution of routing
problem is still especially actual in local trucking transport.

It is obvious that due to economy growth of the country, efficiency rise of transporta-
tion process requires new approaches to organize shipment. It has led to appear a new direction
of shipping logistics. According to the definition [1], logistics is a science of planning, organiz-
ing, management and control of moving material and informational flow over a distance and
time from protosource to final consumer; logistic system (LS) is a complex executive complete
(structured) economical system, which consists of network elements linked in a single manag-
ing process of material and accompanied by their flow.

The strategy (concept) of logistic system deals with managing the materials and manag-
ing the distribution. American scientists consider logistics as a structure of planning, not func-
tion of entrepreneurship, and determine logistics as an integrated process of management of
material and informational flow, aimed at supporting maximum possible need satisfaction of
consumers with minimum gross expenses [2]. In other words, the aim of management in the
sphere of logistics involves not management of material flow but supporting device of analyz-
ing problems and strategies, which may carry out daily activities [3].

Supply chain is a complex multi-structural system with active elements, which per-
forms in conditions of fastest growing market environment. Supply chain activity deals with
material uncertainties. Uncertainty sources may serve as swings in demands, forecast error,
breakdown of resources, inaccuracy of data, managers’ wrong decision, uncertain transfer of
information and interpretation of various events, focused actions on destruction of supply
chain (terrorism, pilferage), and such extreme cases as changes of political and natural condi-
tions.

Four essential groups of uncertainty sources that appear in integrated supply chains [4]:

e factors referred to the object with which interaction of environment, subject or sub-
jects take place (for example, in the form of knowledgebase) [first group of factors];

e factors referred straight to the environment (uncertainty of environmental impact on
“absorbed” object in it) [second group of factors]

e factors, caused by uncertainty, nebulosity mentality and human knowledge is a sub-
jective or personalistic uncertainty, which emerges in interaction with a human and
his environment [the third group of factors];

e factors, conditioned by uncertainty, fuzziness and inconsistency of stored
knowledge, uncertainty of those or other procedures [fourth group of factors];
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It is necessary to note that above described variants of classification (and any other var-
iant) do not allow reflecting all difficulty of interrelation of treated factors of uncertainty. For
example, axiological aspects of uncertainty (Greek axia -utility, value, logos -study) deals with
as multi-objective aspects of uncertainty. As one of the main problems, due to the particular
utility function, the problem of formation of total preference relations, possible or in other
words, fuzzy — possible uncertainty, elements including the content of corresponding utility
function [5]. One can also find relations between linguistic uncertainty, which reflect uncer-
tainty, double-meaning words and phrases of natural language and various types of logical un-
certainty.

One of the peculiarities of studying difficult systems, as well as supply chains are list of
factors, quantity description of them are either considerably difficult in virtue of uncertainty or
pointless (for example, factors of firm reputation, immediacy of orders etc. In solution of such
kinds of problems, the theory <<fuzzy sets>> has been developed in the frame of system anal-
ysis (Fuzzy—method) [5, 6, 7].

The method-fuzzy (fuzzy logics) based on the criterion where a great many events of
objective reality can be classified with the help of specific rank of peculiarities, but not based
on certain physical value. Application of the given method can be divided into several stages:
definition of primary structure system, reference to industrial data, conceptual study model -
Fuzzy and its description in changeable- Fuzzy. In conceptual study of Fuzzy — model, you de-
termine primary characteristics of the object that needs comparison and evaluation. Then de-
scription of the given model with the help of Fuzzy — terms takes place, where linguistic
changes are used. Variety of factors that influence planning and management of transport flow
lead to uncertainty in some or all coefficient of target function. For example, transport service
costs, shipping time etc. are not available to determine.

Let us study the so-called solid transportation problem—STP, where you can use similar
conveyances for loading of goods. Multi-objective problems STP (multi — objective STP—
MSTP) represent major concern in practice. Examples of target function (criterion) of
transport problem are: expected time of goods delivery, traffic reliability, convenience of users,
date of consumption of perishable goods etc.

Solution of the problem, including several target functions involve the finding compro-
mise decision among several undominated decisions (i.e. Pareto - solution [8]).

The given work studies multi-objective solid-body three-index transport problem with
fuzzy coefficient of target functions (fuzzy multi— objective STP). Solution of this problem
(briefly f-MSTP ) shows applicability of genetic algorithm (GA) not only in case of coefficient
presentation of target functions with triangle fuzzy numbers (TFN), analyzed in [9], but in case
of their presentation by trapezoidal fuzzy intervals (TFI). Algorithm used allows the generali-
zation on multi-index multi-objective transport problems (including shipping of different kinds
of goods) with fuzzy coefficient, where existing methods solve them as in classical case (with
clear coefficient and one target function) [10].
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I. Setting of multi-objective transport problem with fuzzy coefficient of
target functions

First transport problem with fuzzy coefficient (fuzzy transportation problem) was inves-
tigated in the work [11]. Gene and others [12—-14] suggested the improved genetic algorithm
for solution of the problem MSTP with fuzzy numbers (fuzzy MSTP-f-MSTP ).

Problem f-MSTP is formulated in [6]. Let m be a dispatching point (origin), n delivery
point (destinations) and k means of conveyance (conveyances). Quantity a; of similar goods
are for each dispatching point that travel to n delivery point with application b; for supply of
goods, which must be delivered to j- delivery point. Let further, e,— number of goods, which
may be delivered k by conveyance. Fuzzy coefficient characterizes commodity units, trans-
ported from dispatching point i to delivery point j with the help of k means of transport, to
q - target function (g = 1,2,...,Q). Changeable x;j, is unknown quantity of goods, which
must be delivered from point i to point j by means of k — transportation means. Then problem

f-MSTP will be:

minLq = X2, Xk, T Egk *Xjp 9=12,..,Q (1.1)
At restricted
;'l=1 Zg:l xijk = a; i = 1'2' -, M, (12)
R Yk Xk =by,  j=12,..,1, (1.3)
?ll 2?21 xl]k = ekl k = 1127 '--)K; (14)
xijk = 0, Vi,j,k (15)
Where a; =0,V;; b; =0, Vj; e =0, Vy; ‘fjk >0, Vi
Equilibrium criterion
mia =YL, by =Xk, ex (1.6)

Is essential and sufficient condition for occurrence of permissible problem solution
(1.1) - (1.5).
Let us consider that fuzzy coefficient Cijy are either triangle fuzzy numbers (TFN) or

trapezoidal fuzzy intervals (TFI). Concept definition of fuzzy numbers and fuzzy intervals and

arithmetic operations are over [5, 15, 16].
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2. Ranking of fuzzy numbers and fuzzy intervals

For ranking fuzzy numbers let us use simple and practical method, suggested by Luin
and Wang [17]. We may use this method for TFN and TFI and is based on the calculation of
several integrals.

Left side of integral characterizes the acceptance of pessimistic solution and right side
of integral as optimistic solution. Convex combination of two integral value with parameter o ,
reflecting optimism level, named in [17] by common value of integral.

Let A be TFN, determined number triple (a4, a,, a3), with membership function

(x-a;)/(aza;), a;<x<a,
HE() =1 (x-a3)/(az-a3), a, Sx < ay (2.1)
0, For other cases

where a,, a,, a5 are real numbers; a; < a, < as.
Suite of the view usually represent TFN
A= (s,m;,my) (2.2)
S=a,, my=a,—a, m,=as;—a, (2.3)
Relevant reverse functions for pz (x)" = (x-a,)/(az-a;) and
uz(OR = (x-a3)/(az-a3) are consequently expressed by functions
gi' = a, + (a; — a)y, ga* =as+ (az — az)y, ye[0,1] (2.4)
L - abbreviation of English «Left», and R - of Englisht «Right».
Left and right value of integral, compared with TFN A is formulated as in (fig. 2.1.).
1(A)" = Supn = J 950"y, (25)

~\R 1
I1(A)" = Sppc = [, 92 )"dy (2.6)
Here S,pg and Sgpc — area of triangle ADB and BDC .
Total value of integral, compared with TFN A = (a4, a,, a3) according to [18] is writ-

ten as
18(A) = al(d)F + 1-)I(A) =1[aa; +a, + -] (27)
where o - given level of optimum, o € [0,1].

AT o = 0 total value of integral I%(K) represents optimistic solution, where in such

case Ip(A) coincides with left side value of integral I(A)", calculated due to lesser variables
Xijk, provided that (1.5) leads to lesser value of relevant target function. For pessimistic solu-

tion of (a = 1) total value of integral I$(A) coincides with right side value of integral I(Z’X)R.
Certainly, in case of maximizing the target function a = 0 will answer to pessimistic solution,
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and o = 1 — optimistic one. For moderate solution at o = 0,5 (as in minimizing so maximiz-
ing of target functions), total value of integral is I§#(4) = %[I(A)L + I(/T)R] and we approach
to the method of comparing fuzzy numbers [6].
Let us take I$(A) in the place of comparison, we will get following criterion of ranking
the fuzzy numbers 4 ; and A ; [18]:
1. Ecnu I%(ZL) < I%(Av]), TOAVl' < Av]
3.Ecu I#(4;) > I?(Zj), T04; > Zj.
Now let A be TFI, determined number quadruple A = < b, ¢, o, f >t

With membership function

( X'(z'a), b-a<x<b,
e =1{ 1, b<x<g (2.9)
%ﬂg), c<x<c+§p.

s;=b, s,=cmy=a, m,=L is usually for TFI and they are written as: A=
(s1, s, mq, m;). Herein s;, s, is called upper and lower modal value, and m;, m, - is left and
right coefficient of uncertainty of TFI; interval [s;,s,] is called «nuclear», and interval

[s1-my, s, + m,] - «support» of membership function p(x), as u(x) # 0 at x € [s;-my,s; +

mz] .
B A

gaON®?

[
»

Fig. 2.1. Geometric interpretation I(4)" and 1(A)"
FOI’ TFN A =< al, az, a3 >LR

; 0
:194()’) s

U

v

Fig. 2.2. Geometric interpretation I(A)" u I1(A)"
For TENA =< b,c,a, 8 >¢
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Number quadruple (b, ¢, a, B) and (s4, s, m;, m,) are connected with correlations
s;=Db, s, =¢c, m;y=a m,= (2.10)

Let us mark with E;midpoint of segment BC and b" = ¢ = %, with x = g, (y) and

x-(b-a0)

X = g,(y) - functions, reverse to functions y = — and y = x(c+h)

correspondingly:

x = gz(y) and x = g,(y) - straight-line equation BE; and CE; (fig. 2.2).
Then

91y) = (c —a) —ay, 9:y) = (c + B) + By, (2.11)
gsy) =b"+ (" —b)y, gs(y)=c"+(c—c)y.

Integral value I(A)" and 1(&)" for TFI & = < b, ¢, o, B > will be recorded as:

1 1
L
IT(A) = Saper, = Sap,p + 25pB,E, = J.!h()’)dy + 2 f gs(y)dy =
0 0

= [}I(b — @) + ayldy +2 [[[b" + (b" = b)y] = 3b" —<; (2.12)
1 1
R
IT(A) = Skcpe, = Sce,p T 2SccE, = fgz(}’)dy + 2]94(}’)@’ =
0 0
= fol[(c + B) + Byldy +2 fol[c* +(c—c)yl=2c+c"+ % (2.13)

Formulae (2.11) - (2.12) allow distributing ranking criterion (2.7) in case of trapezoidal
fuzzy intervals A.
Let F be set of TFI and Zy(x) — TFI, is value of the criterion zg in (1.1) at some xeF.

Determination of arithmetic operations on TFI are in [15]. As a comparison of values Z,(x) at
various x from F let us take the function R[Z,(x)] = I1%[Z4(x)] and with its help define the
concept of Pareto-optimal solution of the problem f-MSTP .

the problem f-MSTP , if xeF does not exist, for which

R[Z;()] <R[Z,(®]  vq=1,..,Q, (2.14)
Besides, at least one of the inequality (2.14) would be strict, i.e. for some pe(1, ..., Q)
R[Z,()] < R[Z,(®)] (2.15)
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3. GENETIC ALGORITHM OF A PROBLEM SOLUTION {-MSTP

3.1. Data initialization

It is natural to represent solution of the problem in hand, in the form of three-
dimensional array. Aimed to generating a primary population, satisfying all restrictions of the
problem, we suggest the following procedure [5].

Initializing procedure.
beqin
m= {1,2,.., mxnxK}
repeat
selection of random normal number 1 out of set m;
evaluating of corresponding indexes below;
i: = [(l - 1Dmod(m-n)/n+1];
j: =U—-1)/m modn + 1;
k: = [(I—1)mod(m-n)] + 1;

Definition of acceptable value x;;

xijk .= min{ai, b], ek};

Alter the data;

a. =a; — xl-jk; bj = b] - xl-jk; €. = e — xl-jk;rr: = T[\{l},
Go to repeat until m will become an empty set

End

3.2. Genetic operators

Holland [19] first offered genetic operators (crossing and mutation) and later Goldberg
[20] advanced it.

lation in a random way N, = [p. - pop_size] chromosome xpomocom (individuals of popula-
tion), where pop_size - is the size of population and [a] - is an integral part of a number a.

In every generation of genetic algorithm, randomly chosen N, chromosome (genome)
comprises sequence of various parent pairs (in any sequence order) (X;,X,), where X; =
(xx), X2 = (x7;). Total number of these pairs is Cg; .

Crossing of pairs (X4, X;) (X;-"he", X,-"she") consists of the following steps.

Step 1. Let us form two intermediate vectors D = (dj;) and R = (ry;,) with compo-
nents:

dij = [(xiljk + xizjk)/Z], rijk = (X{j + Xf)mod2.
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Vector D performs averaging of variable values x;; correlative to both parents, and

vector R determines the necessity of averaging. The relation between two vectors are given by
equations:

m K 1 m K
b] _zzdl]k =§Zz ijr (] 1121 )n)l
i=1k=1 i=1k=1
m n 1 m n
ek_zzdijszzznjk' (k—12 ,K)

Step 2. We shall part vector R into two matrixes R' = rfand R?* = rf) to satisfy the
conditions:

Obviously, a great number of variants can part R into R'and R? so that equation referred
above is to be satisfied.
Step 3. Now let us form two descendants

X! =D +R! and X} =D + R?

Doing the same operation for each of Cﬁll pairs (X4, X,), we end the process of crossing
and include the resulting descendants with their parents into the population, in case if number
of population individuals does not exceed pop_size.

Mutation. At a specified probability of mutation (mutation rate) p,, is randomly chosen
N, = [pm - pop_size]| by chromosome. Sequence of various parent pairs is set up in every gen-
eration of these N, chromosomes. Chromosome sets up sequence of various parent pairs
(X1, X2).

Operation of vector X; and X, mutation is executed in three steps.

Step 1. We shall form relevant sub vector for each parent vector (X; and X,). Let us
chose random indexes {i,, ..., iy}, {jl, ...,jy} u {kq, ..., k,} and form (x X y X z)- measuring sub
vector W = (wyj), where {iy, ..., 1.} is subsets from {1,2,...,m} and 2 < x < m, {jl, ...,jy} -
subsets from {1,2, ...,n}and 2 < y < n, {k, ..., k,},- subsets from {1,2,...,k} and 2 < k < K.
Add wyj;i item value x;; of parent vector.
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Step 2. Let us place goods delivery in accordance with the constructed sub vector W .
Accepted values of the of goods delivery a}’, iel, = {iy, ..., i}, demand b}", jel, = {j;, ..., jy}
and capacities of transportation means and capacity a ey, keK, = {ky, ..., k,} is determined

due to the sub vector W as in:
a‘i” = 2 2 Wijk’ I:Glx;

Jj€Ty keK,
wo_ i .
iely k€K,
wo_
ey = Z Z Wijk, keK,.
€ly je€Ty

With the help of initialization procedure, we shall determine new values of vector com-

ponent W, satisfy a constraint of the problem (1.2)—(1.4) with new right units
a;’ (iely),bj’ (jel,), ey (kekK,).

Step 3. Let us replace elements of each parent vector with indexes iel,,jeJ,, keK,
with elements of relevant sub vector W and add new received elements into the population.

Having done the same operation for both of Cﬁzpairs (X4,X,), we shall complete the
process of mutation and received a new pair (X3, X¥') include into the population, if in case a
number of individuals does not exceed pop_size.

Basic procedure of genetic algorithm

Step 0. Enter dimensions: population size (pop_size), mutation norm (p,,), crossing
norm (p.), maximum number of generation (max _gen) and number of initial-value t = 0. Let
us set optimism level o, and relative importance (w,) for each q target function.

Step 1. We shall perform initialization procedure (described above).

Step 2. We shall calculate value of each target function for each individual (chromo-

some) of population Xs = {x§} (s = 1,2, ..., pop_size):

n

m K
Zq(Xs) = Z Z Z Eiqjk xisjk;

i=1 j=1k=1

Zg = [24(X1), 24(X2), . Zqg Kpop_size) |, 4 = 1.2,...,Q

We shall select Pareto-optimal solutions in the meaning of 3.1 with comparing function
R{Z,(x)} = 1#{Z,(x)}. We shall exclude solution x, from further consideration, which is not
Pareto-optimal.
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Step 3. Let us choose the solution relevant to the minimum I(Z&™) (or maximum
I%(Z{fax)) of each target function and compare it with the solution, chosen on previous genera-
tion:

(2") = min (120 s = 12190

(q=12,..,Q);
I?(Z;nax(t)) max {I“( ;nax(t 1)) I?(Zét)(Xs))B =1,2,...,pop_size)
(g=12,..,0).

Step 4. Let us calculate weight of each target function in utility function
6q — Ig(Z(I?naX(f)) _ I%(Zénln(t)), q= 1,2, o, Q

By = =8

Q
Zq 16q

q=12,..,Q.

Step 5. Let us calculate the utility function

eval(X;) = Z Bq 15 (Zq(Xs)), Vs =1,2,...,pop_size.

For forming the best compromise solution, we shall use TOPSIS method (Technique for
Order Preference by Similarity to Ideal Solution), suggested by Huang and lon [18] for multi-
alternative problem of decision-making. Let us denote

PIS: I#(Z;(t)) = min{I#(Z;(t — 1)), 1# (22 (), ... 1§(25(®©)} g = 1.2, ..., Q;

NIP: I#(Z; (1)) = max{I#(z;(t — 1)), I#(2L(©), ... 1§(25(©)} g = 1.2, ..., Q;
where t - generation number, v - number of Pareto-optimal solutions PIS and NIP .
accordingly mean « Positive Ideal Solution » and « Negative Ideal Solution ».

Let us calculate the weighted Euclidean distance:

¢ Q
Sk = wa?(hfl —h)’ s = ZV%%(hZ —h7)", k=127,
q=1 =
where h§- norming for z&, determined by formula
17 (%)
2 2
\/Z Ia(zp) (1%(2;)) + (17@(25))

h* and hy - norming for Z; and Z, associated and wq,q = 1,2,...,Q - relevant importance

, k=12, ..,v,

(weight) of target function, satlsfylng the conditions Z _1Wq =1 (at the same relevant im-

portance of all target functions wq = /q).
Then, we shall calculate Euclidean distance
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Sk
dy =— —,k=1.2,..,v
Sk + Sk

The best solution is, where dy is much more nearer to 1.

If we observe a low improvement (i.e. diminution) of middle utility of population after
several number of generation, then we can stop the process, choosing the best Pareto-optimal
solution according to the method TOPSIS (described above).

Step 6. Execute mutation operation (described above).

Step 7. Execute crossing operation (described above).

Step 8. If t = max _gen, then stop the process and choose the best solution from majori-
ty Pareto-optimal solutions due to the method TOPSIS.

Otherwise, we suppose t: =t + 1 take step 2.
For the problem f-MSTP in case if coefficients Ei‘}k of target functions are TFN, inte-

grals 1(Z)"and 1(z)", including formula for 1%(%, ), are calculated according to the formu-

lae (2.5) and (2.6), and in case, when &{i, is TFI, integrals I(Zq)L and I(Zq)Rare calculated

according to the formulae (2.12) and (2.13).

Numerical example.

We consider a concrete numerical example m = 4,n = 4,k = 3, which illustrate effi-
ciency of abovementioned method.

Let delivery, demand and capacity of cargo carrier is limited in value: a, = 24, a, =
8, a3 =18, a, =10; b, =11,b, =19, b3 =21,b, =9; ¢, =17, e, =31, e; =12, and
fuzzy coefficient of target functions has a shape of triangle fuzzy numbers (TFN) and set in the
table 3.1 of [9].

Calculations due to genetic algorithm were held at parameter value max _gen = 2000,
pop _size = 20, p,, = 0.2,p. = 0.4 and coefficients of relevant importance of target functions
w; = 0.6 and w, = 0.4.

Convergence method at various optimum degrees a = 0 (optimistic solution), a = 0.5
(moderate solution) and o = 1.0 (pessimistic solution) were supplied for not more than 10
generations. Figure 3.1 shows the convergence of genetic algorithm in a« =0, 0.5and 1. As
fig. 3.1 shows, least value of valuation function (and correspondingly, least value of target
function) is achieved at a = 0, but most value of valuation function (and correspondingly most
value of target function) is achieved at o = 1.

The received Pareto-solutions are in fig. 3.2. for optimistic case (a = 0), in this case,
the best compromise solution for (z,,z,) is (665.5, 335) with Euclid distance 0.7634. Corre-
sponding value of variables x;jy:

X132 = 13, X123 = 11, X222 =8, X311 = 8, X312 = 2, X323 = 8,
X441 =9, X431 = 1.
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Table 3.1
The rest of values x;; is zero.
q 1 2
k 1 2 3 1 2 3
el (12,15,16) | (16,18,20) | (15,17, 17) (3,6, 8) (5,7, 8) (5,8,10)
el (12, 12, 15) (19, 22,25) | (10,13, 17) (7, 10, 15) (4,6,8) 4,5, 7)
ca (6, 10, 13) (3,4,7) (8, 12, 16) (8,11, 13) (2,3,5) (6,7, 10)
13
o (4,8, 10) (8,11,14) | (12,13,15) | (8,10,12) (7,9,11) (4,6,8)
14k
ek (16,17,20) | (17,20,23) | (18,19,22) | (11,13,15) (5, 8, 10) (7,11, 15)
5l (18,21,23) | (17,21,22) | (19,22,24) | (8,12, 16) (1,2,5) (7,9, 14)
o (17,21,22) | (15,19,23) | (14,18,22) | (17,20, 24) (14,15,17) | (10, 13, 18)
23
el (27, 30, 33) (8,10,14) | (21,23,25) | (15,17,21) (12, 15, 18) (9, 13, 17)
ek (10, 14, 17) (8,11,13) | (10,12, 16) (3,5, 8) (4,6,7) (5,7,8)
il (22,25,28) | (30,34,37) | (30,33,38) | (8, 11,13) (8,9,12) (7,7,8)
o4 (17,20,23) | (13,16,17) | (12,15,18) | (7,10,11) 4,5,7) ,2,4)
63_3,{‘ (18,21,25) | (19,23,26) | (18,22,25) | (14,15,17) | (12 14,17) | (16, 18,21)
34k
o (19,22,25) | (15,18,22) | (10,13,17) | (10,13, 15) (5,6, 8) (5,6, 8)
41k
et (20,24,26) | (31,35,37) | (29,32,37) | (14,17,18) (10,11, 13) | (14,18, 22)
ot (14,18,20) | (20,21,25) | (13,14,17) | (9,12, 15) (13,16,19) | (11,12,15)
—-q
Caak (9, 13, 17) (19,23,27) | (18,20,24) | (17,18, 20) (13, 14, 16) (6,7,9)
900
800
700 =+
Moderate solution
600 \ a=05

500

400

500

1000

1500

descendants
Fig. 3.1. Convergence of genetic algorithm ata = 1;0,5; 0.
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430

350 .

270

540 680 720 740

Fig. 3.2. Pareto-solutions at o =O0.

Conclusion

1. Partition of membership function of trapezoidal fuzzy interval into triangle units, helps

us to make test of ranking of fuzzy intervals, decision-oriented of minimization problem.

2. A received test ranking shows adaptability of genetic algorithm to find Pareto-optimal

solutions of multi-objective transport problem with fuzzy coefficient target functions.

3. Algorithm accepts extension in case of multiindex, multi-objective transport problems

with fuzzy coefficient target functions.
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QEYRI-SOLIS QEYRI-MUOYYONLIK SORAITINDO COXMEYARLI NOQLIYYAT
LOGISTIK MOSOLOLORIN HOLLININ GENETIiK ALQORITMi

S.K. GOZOLOV

Qeyri-solis omsalli mogsad funksiyalarinin  minimallagdirilmas1 ti¢lin  geyri-solis intervallarin
ranglagdirilmast meyart islonib hazirlanmigdir. Bu meyar osasinda qeyri-solis omsalli mogqsod funksiyali
coxmeyarli noqliyyat logistik mosolonin Pareto-optimal hallorinin tapilmasi iigiin genetik alqoritmlorin tatbiqi
gostorilmigdir.

Acar sozlor: nagliyyat logistikasi, iigbucaqsakilli qeyri-salis adadlar va trapesiasakilli qeyri-salis
intervallar, genetik alqoritm, Pareto-optimal hallor.

IT'EHETHYECKHE AJII'OPUTMbI PEHIEHUS MHOT'OKPUTEPUAJIBHBIX 3AJAY
TPAHCIIOPTHOM JIOTUCTUKHA B YCJIOBUSAX HEUETKOM HEONPEJEJEHHOCTH
C.K.T'E3AJIOB

Pa3paboTan kpurepuii paH>)XKMpOBaHMS HEUETKUX WHTEPBAIOB IUII MUHUMM3ALMH LEIEBBIX (QYHKIUH C
HeueTKUMH Kod(p¢unnenrtamu. Ha ocHOBe maHHOTO KpHUTEepHsl NMOKa3aHa MPUMEHHUMOCTh T€HETHYECKUX aJlTOpPHUT-
MOB JUJIs1 TocTpoeHust [1apeTo-onTUMalIbHBIX PElIeHH MHOTOKPUTEPHAILHOM 3a/1auil TPAHCIIOPTHOM JIOTUCTHKHU C

HEYETKUMH KOd(PPUITHESHTAMHA TENIEBBIX (PYHKITHIA.

KiawueBble cjioBa: mpancnopmmnas jlocucmuka, mpeyeoJjibHble HeuemKue 4ducia u mpaneuueeud:—tble
HedyemKue unmepedaiol, 2eHemuyecKull aleopumm, Hapemo—onmwwaﬂbnble peuterust.
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QORARLASMIS REJIMDO NEFT KOMORLORINDO SORBOST AXIN
SAHOLORININ TOYINI UCUN QRAFO-ANALITIK USUL

Q.Q. ISMAYILOV, V.X. NURULLAYEV, E.A. ZEYNALOV

Magqalada, sorbast axin sahalori va onlarin yaranma sabablori, naticelori hagqinda molumat
verilir. Qeyd edilir ki, sarbast axin sahalorinin todqiq olunmasi va tayin edilmasi neft komarlori
sisteminin tohliikasiz vo somarali istismari {i¢iin xiisusi shamiyyat kasb edir. Muslliflor torafindon
gorarlagmis rejimdo neft komorlorindo sorbost axin saholorinin toyini {i¢iin qrafo-analitik tisul
toklif olunmus vo sinaqdan ¢ixarilmisdir.

Acgar sozlar:  sarbast axin sahalari, qrafo-analitik visul, agirim noqtasi, doymus buxar
elastikliyi, naglin parametrlori, trasin profili.

Neft vo neft mohsullar1 komarlorinds bosluglarin (sarbast axin sahslorinin) yaranmasi
komarin gorarlagsmis is rejimlorindo do tez-tez miisahido olunur. Sorbast axin saholorinin todqiq
olunmasi vo toyin edilmosi neft komorlori sisteminin tohliikasiz vo somarali istismari {i¢ilin
xiisusi ohomiyyot kasb edir. Bu basqisiz zonalar asason asirim noqtosi (vo ya noqtolori) ilo
bagli oldugu {igiin komarin is rejimindon asili olaraq onlarin mévcudlugu he¢ do miitlaq deyil.
Ciinki, hidravliki maillik xottinin komarin profilini kasmadiyi hallarda asirim ndqtesi moéveud
olmadigindan homin zonalar yaranmir. Yoni komorin qorarlasmis is rejimi miixtalif tozyiglordo
ola bildiyi ii¢lin sorbast axin saholorinin yaranmasi istisna deyil. Asirim noqtosinin vo ya
sorbast axin zonalarmin yaranmasi  komorin is rejiminin doyismosi, hor hansi nasos
stansiyasinin  iginin  dayandirilmasi, noql olunan neftin reoloji vo fiziki-kimyovi
xlisusiyyatlorinin doyismasi zamani miimkiindiir [1, 2, 4].

Asirim noqtesinin movcudlugunu miioyyon etmok {igiin artiq qeyd olundugu kimi,
hidravlik maillik hesablanmali vo qurulmalidir (sokil 1). Komarin son ndqtesindon (K) profili
kasona godor hidravlik maillik (i) xatti kegirilir. Homin xatto paralel olan vo heg yerds profili
kosmayan xattin (3) profillo toxunma noqtasi (D) agirim ndqtasi olacaqdir.

Ogor komorin sonunda olavo tozyiq (Ps) olarsa, onda sonda hidravlik maillik xotti

Hy=7Z;+ ;—; basqt hiindiirliiyiine uygun golon K’ ndqtasindon komarin profilini keseno qodor

(2) ¢okilir. Bu halda da profili kasmayon xatt (3) D noqto-sinin asirim noqtosi oldugunu
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miioyyon edocokdir. Asirim ndqtosinin olmamasi (sorbast axin saholorinin yaranmamast) tigiin
hidravlik maillik xotti gorok profili he¢ bir ndqtods kosmasin vo ona toxunmasin (4 qirig-qiriq
xottl). Asirim ndqtasi méveud olan biitlin hallarda homin ndqtodon (vo ya nodqtolordon) sonra
sarbost (basqisiz) axin saholori yaranacaqdir. Sorbost axin saholorinin baglangici miivafiq
asirim noqtolori, sonu iso komorin sonundan c¢okilon hidravlik maillik xottinin profills
miivafiq kosismo noqtosi olacaqdir. Masoalon, sokil 1-do 1 vo 2 hidravlik maillik xatloring
miivafiq olaraq a vo b ndqtalori yaranan sarbast axin sahalarinin son noqtslarini gostoracakdir.
Bosluglarin yaranmamasi ii¢lin neft komorinin istonilon noqtesindo pyezometrik basqi
(hiindiirliik — H) vakuumetrik hiindiirliik (hy) nozore alinmaqla geodezik hiindiirliikdon (Z) az

olmamalidir:
Ppe
H>Z+hv,hv=ﬁ (1)

Burada, Pye. — neftin buxar elastikliyi tozyiqidir, Pa.

H, m
Z,m| > n

200

150

100 | i

N H~=Z + B

pg

.

i K
50 N /
F
0 25 50 75 100 125 150
L, km

Sakil 1. Sarti boru kamarinin sixlagdirilmis profilinda sarbast axin zonasinin tayini

2
Qeyd edok ki, bu zaman siirot basqis1 ¢ox kicik oldugundan nozoro alinmir (Z—g = 0).

Sorbast axin sahasinin koordinatini miioyyon etmok {igiin hidravlik maillik xotti ilo profilin
kasigmo noqtosindon absis (L) oxunadok perpendikulyar diiz xott ¢okilir. Bu zaman kosismodon
alman x noqtosi (sokil 2.) sorbest axin sahasinin son ndqtesinin koordinatini miisyysn
edocokdir.
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Sorbast axin zonasmin uzunlugunu miioyyon etmok iiglin ovvolco asagidaki nogl
parametrlori toyin edilir:
Axinin harokat siirati

_ s
v=— )
Reynolds adadi
vd
Re = 7 (3)
Hidravlik miigavimot amsal1
1= lami e I
= — — laminar rejim {igtin (Re<2300)
0,3164 e -
=T —hamar kalos-koétiirliik zonasi tigiin (Re>2300)

> (4)

Kk, 68\025 k
A=0,11 (E + E) —qarisiq siirtiinma zonast ticiin (10'Re " <500)

0,25
A=0,11 (g) - kvadratik harokat rejimi zonast ii¢iin (Re - S >500) J

Burada, k — boru ti¢iin ekvivalent kolo-koétiirliik adlanir. Boyiik diametrli boru kemarlari
tictin k=0,1 mm gobul etmok olar.
Hidravlik maillik

.. v?
1_1257 (5)

Sokil 2-ya asason (DE hissasinda) a bucagi malum oldugu {i¢iin sorbast axin sahosindo
hidravlik maillik asagidaki kimi olacaqdir (hidravlik maillik xatti homin sahado profilo paralel
olmagla ondan h, masafasindon kegir):

Zas—ZE,

(6)

i* =tga =
g LE*_Las

Burada, Z,g, Lgg vo Zg,, Lg, - uygun olaraq asirim ndqtosi vo sorbost axin sahasi méveud
boru komori hissasinin (seqmentin) sonu iiclin vakuumetrik hiindiirlilk nozors alinmagla
geodezik hiindiirliik vo komarin baslangicindan olan mesafslordir, m.

Onda sokil 2.2-yo asason asagidaki baraborliyi yazmag olar:

Zg +i* (Lg, —x) = Hg, +i(Lg, — x) (7)

(7) ifadasindan sarbast axin zonasinin son ndqtasinin koordinatinin (x) vo uzunlugunun

(lsa) toyini Giglin uygun olaraq asagidaki ifadonlori alariq:
HE* _ZE*

(o ®

lg=x— Las

Burada, i” vo i — uygun olaraq boru kemorinin sorbest axmn ve tam dolan hisselorindo
hidravlik maillik; Hg, — sorbast axin sahosi mévcud olan boru komari hissesinin (seqmentin)

sonunda olan basqidir vo asagidaki kimi hesablanir:
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Hg, = Hy —i- (Lpy — Lg,), m ©)

Burada, Hs — boru komorinin sonunda yaranan basqini gostarir. Bu basq1 (tozyiq) adoton
molum olur.

Ogor baglangicda olan basqi vo ya tozyiq verilmoyibso, onda onu hesablamaq olar.
Bunun ii¢lin basqilt zonanin hidravlik mailliyi ve agirim ndqtesinin melumatlarindan, yoni Z,,
L4, hamginin vakuumetrik hiindiirliikdon (hy) istifade olunmaqla baslangicdaki basqi asagidaki
kimi toyin edilir:

Hy =Zgg+ hy + 0+ Ly (10)

Burada, i - Lgg—asirim ndqtesine kimi boru komarinds yaranan basqr itkisidir, m. Onda
baslangicdaki basqiya miivafiq olan tozyiq P, asagidaki kimi olacaqdir:

D

Z,:=200 |
ol | H(100) =142 m
| Z,,=50m
l
75 km X 100 km
Sakil 2. Sarbast axin zonasinin tapilmasi
P,=p-g-Hp Pa (11)

Burada, p —nogl olunan neftin sixlig1, kg/m% g=9,81 m/s%.

Qorarlagsmis is rejiminds boru komorinin sorbast axin sahslorindo neftin sorfi eyni olsa da,
axin siiratlori forqli olur. Basqili harakat zonasinda siirat soarbast axin zonasindaki siiratdon az
oldugu iiclin kosilmoazlik (sorfin sabitliyi) ganununa géra sonuncu zonalarda mayenin horokati
borunun tam en kosiyi boyu bas vermoyacok. Bu zaman har bir sorbast axin sahasinds borunun
maye ilo dolmus en kosik sahasi borunun tam en kosiyindon az olacaqdir. Sorbast axin
sahalorinin dolma amsali (Kg) boru komorinin diametrine uygun sorf moduluna asasen tayin
edilir [3, 5]. Verilon diametro goro sorf modulunun miixtolif dolma omsallarina uygun
doyismosi codval 1-do gostorilmisdir. Sorfin molum vo sorbast axin sahosi iigilin hidravlik
mailliyin hesablanmis qiymatlorine asason sorf modulu (M) asagidaki kimi toyin edilir:

M = Q/\i*, ms (12)

Burada, Q — neftin sorfi, m*/s; i — sorbast axin sahasindo hidravliki maillikdir, m/m.
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Cadval osason (12) diisturu ilo toyin olunmus sorf modulunun qiymstine uygun dolma
omsalinin (Kg) qiymeti toyin edilir. M-in alinan qiymati codvoldoki qiymatlorlo iist-iisto
diismodikdo dolma omsal1 interpolyasiya iisulu ilo asagidaki kimi tapilir:

_ . (M1-M) . (M-My)
Kq(M) = K4(M;) M, —My) + Kq(Mp) M,—My)

Burada, My, M; — verilon diametrdo alinan M-o asagi vo yuxaridan yaxin cadval
qiymatlori; K¢(Mg), Kg(M1) — miivafiq olaraq My vo Mj-o uygun golon dolma oamsallarinin
qiymotloridir.

Belolikla, sarbast axin sahasinda bosluglarin hocmini asagidaki kimi toyin etmok olar:

dZ
Vbos = (1-Kjy) nT “lsa

(13)

(14)

Bu hocm inventarizasiya amoliyyati zamani boru kamarinin handasi hacmindon ¢ixilir.
Cadval

Sarbast axin sahalari iiciin dolma amsalinin va sarf modulunun qiymatlarinin
boru komarinin diametrindan ash dayismasi

Dolma Boru komarinin diametri d,mm
omsall,

Ka 200 300 350 500 600 700 800 1000 1200
0,05 0,0184 | 0,0542 | 0,0818 | 0,2118 | 0,3444 | 0,5195 0,7417 1,3449 2,1869
0,10 0,0368 | 0,1058 | 0,1636 | 0,4236 | 0,6888 | 1,0390 1,4835 2,6897 4,3738
0,15 0,0552 | 0,1627 | 0,2455 | 0,6354 | 1,0332 | 1,5586 2,2252 4,0346 6,5607
0,20 0,0736 | 0,2170 | 0,3273 | 0,8472 | 1,3776 | 2,0781 2,9669 5,3794 8,7476
0,25 0,0920 | 0,2712 | 0,4091 | 1,0590 | 1,7221 | 2,5976 3,7087 6,7243 10,9344
0,30 0,1104 | 0,3254 | 0,4909 | 1,2708 | 2,0665 | 3,1171 4,4504 8,0692 13,1213
0,35 0,1288 | 0,3767 | 0,5727 | 1,4826 | 2,4109 | 3,6367 5,1922 9,4140 15,3082
0,40 0,1472 | 0,4339 | 0,6545 | 1,6944 | 2,7553 | 4,1562 5,9339 | 10,7588 | 17,4951
0,45 0,1656 | 0,4882 | 0,7364 | 1,9062 | 3,0997 | 4,6757 6,6756 | 12,1037 | 19,6820
0,50 0,1840 | 0,5427 | 0,8182 | 2,1180 | 3,4441 | 5,1952 7,4174 | 13,4486 | 21,8689
0,55 0,2024 | 0,5964 | 0,9000 | 2,3298 | 3,7885 | 5,7148 8,1591 | 14,7935 | 24,0558
0,60 0,2208 | 0,6509 | 0,9818 | 2,5416 | 4,1330 | 6,2343 8,9008 | 16,1383 | 26,2427
0,65 0,2392 | 0,7051 | 1,0637 | 2,7534 | 4,4774 | 6,7538 9,6425 | 17,4832 | 28,4296
0,70 0,2576 | 0,7593 | 1,2273 | 3,1770 | 4,8218 | 7,2733 | 10,3843 | 18,8280 | 30,6165
0,75 0,2760 | 0,8136 | 1,3091 | 3,3888 | 5,1662 | 7,7928 | 11,1261 | 20,1729 | 32,8034
0,80 0,2944 | 0,8678 | 1,3909 | 3,6006 | 55106 | 8,3124 | 12,6095 | 21,5177 | 34,9903
0,85 0,3128 | 0,9221 | 1,4728 | 3,8124 | 5,8550 | 8,8190 | 13,3512 | 22,8686 | 37,1771
0,90 0,3312 | 0,9763 | 1,5546 | 4,0242 | 6,1994 | 9,3514 | 14,0930 | 24,2075 | 39,3640
0,95 0,3495 | 1,0306 | 1,6363 | 4,2360 | 6,5438 | 9,8709 | 14,8350 | 25,5532 | 41,5509

daha daha daha daha daha daha daha daha daha ¢ox
¢OX ¢OX ¢OX ¢OX ¢OX ¢OX ¢OX ¢OX
1,00 0,3500 | 1,0800 | 1,7000 | 4,2000 | 6,8882 | 10,3905 | 15,5767 | 26,8972 | 43,7380

Indi iso sarti boru kemarinin profilinde (sokil 1) sarbast axin sahasinin toyini mosalasing
baxaq. Tutaq ki, uzunlugu L=150 km vo diametri D=530%7 mm olan neft komori ilo sixlig1
p=850 kq/m3, kinematik ozliiliiyli =15 sSt olan neft naql olunur. Komorin sonunda tozyiq

Ps=0,3 MPa toskil edorss, baslangicda tozyiq neco MPa olmalidir ki, neftin sorfi Q=500 m>/saat
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olsun. Hesablamalarda neftin buxar elastikliyi tozyiqi Pp¢=0,03 MPa, k=0,1 mm gobul etmak
olar.

Profildon goriindiiyii kimi, D ndqtesi komorin asirim ndqtesidir vo bu ndqtodon
baslayaraq sorbost axin zonasi movcud olacaqdir. (2 vo 3) diisturlarina asason avvalco noglin
parametrlorini tapaq:

v=4Q= 4500 =0,67m/s
nd? ~ 3,14-(0,516)2-3600
Re =04 06770516 _ 508
v 15-10-6
A= % = 00257
V23048
_ 1 v? 1 (0,67)2 m
i = AEZ =0,0257 - 0516 2981 = 0,001139— = 1,139 m/km

Baxilan hal tigiin vakuumetrik hiindiirliik asagidaki kimi olacaqdir:
P,. 0,03-10°
pg 850-9,81 3

Boru komorinin sonunda (K ndqtasinds) basqini H(150) toyin edok:

P 0,3-10°
Hyg (150) = Z;5, +E =50 +—850 981 ~ 86m

Onda boru kemarinin digor noqtslari (F, E, D) iiciin basqilarin qiymatlori asagidaki kimi

olacaqdir:
Hp(125) = Hx(150) +i-25=86+1,139-25=1140m>0+3,6 =3,6 m

Hg(100) = Hp(125) +i-25=114+1,139-25=142m >50+ 3,6 = 53,6 m
Hp(75) = H;(100) +i-25 =142+ 1,139-25=170m < 200 + 3,6 = 203,6 m

Sonuncu basqinin ifadesindon goriindiiyii kimi Hp(75) < 203,6 m. Malumdur ki, basqi
geodezik hiindiirlikdon az ola bilmoz. Odur ki, 75 vo 100-cii km-lor arasinda (D vo E
noqtolori arasinda) sorbost axin zonasi movcud olacaqdir. Bu zaman x=75-ci km sorbast axin

h, = 6m

zonasinin baglangici olacaqdir (sokil 2).
Sarbast axin sahasinds hidravliki maillik asagidaki kimi olacaqdir:
Zy—Zg 200 — 50 _
= =6-1073
(100 —75) - 103 25000
(8) ifadasinoe asason sarbast axin sahasinin son ndqtasinin koordinatini toyin edak.
e =75 _qps o120 g1074m = 81,074 km
i =1 (6 -1,139)-10"3 '
Onda sorbast axin sahasinin uzunlugu asagidaki kimi olacaqdir:
lsa =x —Lgg =81,074 — 75,0 = 6,074 km = 6074 m
Sonra qalan kesiklor (C, B, A ndqtalari) li¢iin tam basqilar1 yoxlayaq.
Ho(50) = Hy(75) + i - 25 = 203,6 + 1,139 - 25 = 232,1m >150 + 3.6 = 153,6 m
Hp(25) = H;(50) +i-25=232,1+1,139-25 = 260,6 m >100+ 3,6 = 103,6 m
H,(0) = Hg(25) +i-25=260,6 +1,139-25 =289,1m >100 + 3,6 = 103,6 m

" =tga =

x:LE_
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Belolikls, hesablamalardan goriindiiyli kimi basqa sorbast axin zonalar1 yoxdur. Onda
boru komorinin baslangicinda tozyiq asagidaki kimi olacaqdir.
P, =p-g[H(0) — Z,] = 850-9,81[289,1 — 100] = 1,58 - 10°Pa = 1,58 MPa

Indi iso sorbast axin zonasinda boru komarinin en kosiyinin hans1 hissesinin dolmasini
miioyyon edak.

ovvalcs (12) diisturuna asason sorf modulunu hesablayaq:

3

M= Q _ >00 =1793 =
Vit V6-103-3600 s

Cadvaldon M-in giymatine vo diametra (D=500 mm) uygun M,=1,6944, M;=1,9062,
Kd(M1)=0,45 vo Kg(Mo)=0,40 oldugunu miioyyonlosdirorak (13) ifadosino osason dolma
omsalini toyin edirik.

(1,9062 —1,793) (1,793 — 1,6944)

Ky(M) = 0,45 - ,40 -
a(M) (1,9062 — 1,6944) * (1,9062 — 1,6944)

= 0,43 (43%)

Sarbast axin zonasinda en kosik sahosinin maye ilo dolma doracasi 43 % oldugundan
yaranan boslugun hacmi (14) ifadasine asason asagidaki kimi olacaqdir:
3,14-0,5162
Vpos = (1 —0,43) — 6074 = 723,6 m3
Sorbost axin zonalarinin toyini mosolosino real neft komori timsalinda da baxilmisdir. Bu
mogsadls neft komorini sixlagdirilmis profili vo naql gostericilorindon istifade edilmisdir.
Sorbost axin zonalarinin movcudlugu, koordinatlart vo hacminin toyini iki variantda — noql
parametrlorinin minimum vo maksimum qiymatlori tigiin aparilmisdir.
1-ci Variant (noql parametrlorinin minimal qiymotlori) Ilkin verilonlor:
— Komorin baslangicinda tozyiq Pp=6 kqg/sm?;
— Komorin sonunda tozyiq Ps=0,6 kqg/sm?;
— Neftin sorfi Q=300 m®/saat=0,0833 m®/s;
— Komorin daxili diametri dgz=0,704 m;
— Komorin uzunlugu Lyx=35984 m;
— Neftin sixlig1 p,=855,0 kq/m3;
— Neftin buxar elastikliyi Pp.=23996 Pa;
— Effektiv kolo-kotiirliik omsali k=0,1 mm:;
— Neftin kinematik 6zliilityii v=11,8-10° m%s;
— Komorin sixlagdirilmig profili (sokil 3);
- Zp=128m; Z=127m
Hesablanmis naql parametrlori:x
v =0,214 m/s; Re=12171; 2=0,0299; i=0,0001 m/m=0,1 m/km; h,=2,86 m
Molum tozyiqloro osason komorin sonunda vo baslangicinda yaranan basqilar

hesablayaq:
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P, 60000

Hs =ZS+E= 12,7+m= 19,8571’1
Py 600000

Hb =Zb +E= 12,8+m= 84,33m

Sarbast axin zonalar1 olmasaydi, onda hidravliki maillik asagidaki kimi olacaqdir:

H,—Hs 8433—-1985 179y T
Lyx 35984 7T km

i =

Ancaq baxilan halda kemords agirim ndqtesi (E ndqtesi) méveuddur vo hamin ndqtado
basqi (1) diisturuna osason Hyp = Zp + h, = 84,6 + 2,86 = 87,46 m toskil etdiyi {igiin
komorin baslangicinda olan basqi Hy'He alinir. Bu iso o demokdir ki, boru kemarinin iso
diismasi ticlin baglangicda olan basqi kifayat deyildir.

Verilonlora asason baslangicda tolob olunan basqi ve ya tozyiq uygun olaraq asagidaki
kimi olmalidir:

Hg =Hg +i-L; =87,46+0,1-22,53 =89,72m

Kk
P, = pg[H, — Z,] = 855-9,81[89,72 — 12,8] ~ 6,4 %

Onda hidravlik maillik asagidaki kimi olmalidir:
Hy —Hg 8972-8746 m

=0,1
Ly 22,53 km

i =

Bu hal {igiin boru komarindo sorbast axin zonalarinin mévcudlugunu yoxlayagq.

Komorin profilindon goriindilyii kimi, asagidaki seqmentlords sorbost axin saholori
moveud ola bilar: [E; Eq]; [D; Da]; [C; Ca]; [B; Ba] vo [A; A1] (sokil 3).

Profilo osason gostorilon noqtolor {igiin geodezik hiindiirliiklor vo baslangicdan olan
mosafolor agagidaki kimi olacaqdir:

Zp=846m Zp=66,0m Z-=58,1m Zp=539m Z,=50,4m
L;=22,53 km Lp=24,4 km L-=25,2 km Lg=27,4 km L,=28,5km
ZE1:43,7 m Zp,=35,5m ch=52,3 m ZBlz46,5 m ZA1=-2,5 m
Lg,=23,6 km Lp,=24,7 km L¢,=25,7 km Lp,=27,8 km L4,=32,3 km

Komaorin sonunda olan basqiya asason A, B, C, D vo E sociyyavi noqtalor (kesiklor) ti¢ilin
basqilar1 hesablayaq vo geodezik hiindiirliiklorls tutusduraq:

H, = Hg + (Lyj — La) - i = 19,85 + (35,984 — 28,5) - 0,1 = 20,6 m < Z, + h, = 50,4 + 2,86 = 53,26 m
Hy=Hy+ (Ly—Lg) i = 20,6 + (28,5 — 27,4) - 0,1 = 20,71 m < Z + h, = 53,9 + 2,86 = 56,76 m

He = Hg+ (Ly — L¢) - i = 20,71 + (27,4 — 25,2) - 0,1 = 20,93 m < Z. + h, = 58,1 + 2,86 = 60,96 m
Hp = He + (Le — Lp) i = 20,93 + (25,2 — 24,4) - 0,1 = 21,01 m < Z, + h, = 66 + 2,86 = 68,86 m

Hy = Hp + (Lp — Lg) - i = 21,01 + (24,4 — 22,53) - 0,1 = 21,19 m < Z; + h, = 84,6 + 2,86 = 87,46 m
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0.0. Ismayilov, V.X. Nurullayev, E.A. Zeynalov

Hesablamalardan goriindiiyii kimi, baxilan biitiin noqtolords (kosiklords) basqi geodezik
hiindiirliikden az oldugu {i¢iin sarbast axin zonalar1 mévcud olacaq.

E noqtosindon (kosiyindon) baslayan sorbost axin sahasi [A; A1] seqmentindo do davam
edocokdir. Indi iso sorbast axin sahasinin sonunu miioyyonlosdirak. Profilden goriindiiyii kimi,
sorbast axin zonasi baslangici E noqtosi, sonu iso [A; A;] seqmentindo olmagla mdvcud
olacaqdir. (6) ifadosino osason sorbost axin sahosindo hidravliki maillik asagidaki kimi
olacaqdir:

 Zas—Zg, Zg—Zs, _ 846+25 _go1s ™
~ Lg, —Lgs Ls, —Lg 323-2253 7777 km

A1 noqtasindoki basqi vakuumetrik hiindiirliik nozars alinmagqla
Hy, = hy + Hs+ (Lpyx — La,) - i = 2,86 + 19,85 + (35,984 — 32,3) - 0,1 = 23,08 m
Onda sorbost axin zonasmin koordinatt vo uzunlugu (8) ifadesine asason uygun olaraq
asagidaki kimi olacaqdir:

Hyy =24

.~ Zg, L~ Zy, 23,08 + 2,5
X=Llp — =, — L 1 =323

it —i 8,979 —10,1
lea =% — log = x — Ly = 29,398 — 22,53 = 6,868 km = 6868 m

= 29,398 km

Sorfin molum, hidravlik mailliyin (i") hesablanmis giymetlorine ssasen sorf modulunu
(12) ifadasinoe uygun hesablayagq:

0Q 0,0833 m3
= 0,8824 —

VT /8915103 s

Cadval 1-don d=700 mm diametrino vo M=0,8824 qiymatino uygun asagidakilar1 tapiriq:
M=0,5195; M;=1,0390; K4(Mg)=0,05; K4(M;)=0,1.
Onda (13) ifadasins uygun olaraq sorf amsali asagidaki kimi olacaqdir:
1,0390 — 0,8824 400 0,8824 — 0,5195
1,0390 — 0,5195 1,0390 — 0,5195

M

K (M) =0,1 = 0,065 = 6,5 %

Gorilindiiyli kimi, sorbast axin sahosindo borunun maye ilo dolma doracosi ¢ox asagi
olmagqgla 6,5 % toskil edir. Onda yaranan boslugun hocmi (14) ifadosine osason asagidaki kimi
olacaqdir:

3,14 - (0,704)2
Vios = (1 — 0,065) - 7 - 6868 = 2498 m3

2- ci variant (noql parametrlorinin maksimal qiymatlori ) Tlkin verilonlor:
— Komorin baslangicinda tozyiq P»=6,5 kqq/sm?;

Komorin sonunda tozyiq Ps=1,2 kqa/sm?;
Neftin sorfi Q=630 m®/saat=0,175 m?/s;
Komorin daxili diametri dg.,=0,704 m;

— Komorin uzunlugu Ly x=35,984 km;
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Neftin sixlig1 p,=855,0 kq/ms;
Neftin buxar elastikliyi Py =23996 Pa;
Effektiv koalo-kotiirlik omsali k=0,1 mm;
— Neftin kinematik 6zliiliiyii v=11,8-10° m?%s;
— Komorin sixlagdirilmig profili (sokil 4);
- Zp=12,8m; Z=12,7m
Hesablanmis noql parametrlori:
v =0,45 m/s; Re=26847; 1=0,0247; i=0,00036 m/m=0,36 m/km; h,=2,86 m
Molum tozyigloro osason komerin sonunda vo baglangicinda yaranan basqilar
hesablayaq:

P; 120000

HS :ZS+E: 12,7+m: 27,0m
P, 650000

Hb =Zb +E= 12,8+m= 90,19m

Sorbost axin zonalar1 olmasaydi, onda hidravliki maillik asagidaki kimi olacaqdir:
H, —H; 90,19 —27,0 m
= =1,756 —
Lb.k 35,984‘ km

i =

Ancaq baxilan halda hidravlik maillik xatti profili kesdiyi {li¢iin komards asirim ndqtasi
(E noqtesi) vardir vo homin noqtodo basqi (1) diisturuna osason Hp = Zp + h, = 84,6 +
2,86 = 87,46 m toskil etdiyi ti¢lin hidravlik maillik asagidaki kimi olacaqdir:

H,—H; 90,19 — 87,46 m
b = =012 —
Lg 22,53 km

i =
Komaorin sonunda olan basqiya asason A, B, C, D va E sociyyavi ndqtolor (kosiklor) tigiin
basqilar1 hesablayaq vo geodezik hiindiirliiklorlo tutusduraq:
Hy =Hg+ (Lpx —Ly) i =27,0+(35984—-285):012=279m<Z;+h, =
= 50,4 + 2,86 = 53,26 m
Hg =Hy+ (Ly—Lg) i=279+(285—-274)-012=280m<Zg+h, =
= 53,9+ 2,86 =56,76 m
He =Hg+ (Lg —Lc) i =280+ (27,4—-252):0,12=283m<Z;+h, =
= 58,1+ 2,86 = 60,96 m
Hp=H;+ (L —Lp)-i=283+(252—-24,4)-012=284m<Z,+h, =
=66+ 2,86 =68,86m
Hy =Hp+ (Lp —Lg)-i =284+ (244 —-2253)-012=286m<Zg+h, =
=84,6 + 2,86 =87,46m

Hesablamalardan goriindiiyii kimi, baxilan biitiin néqtalords (kasiklordo) basqi geodezik
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hiindiirliikden az oldugu iiciin sorbast axin zonalar1 mévcud olacaq. E noqtosinds (kasiyindo)
baslayan sorbast axin zonasi [A; Aj] seqmentinds do davam edocokdir (sokil 4). (6) ifadasing
osason sarbast axin sahosinds hidravliki maillik asagidaki kimi olacaqdir:

Zas—Zg, Zp—1Zy, 84,6 + 2,5

m
= = = ~ 8915 —
' Tls —La Ly —Lg 323-2253 kem

A noqgtosindaki basqi vakuumetrik hiindiirliik nozors alinmaqla
Hy, =h, + Hg + (Lb_k — LA1) i =2,86+27,01+ (35984 —-32,3):0,12=30,3m

Onda sorbast axin zonasinin koordinati vo uzunlugu (8) ifadosino asason uygun olaraq
asagidaki kimi olacaqdir:
Hp —Z H, —Z 30,3+ 2,5
iy e ey Ml g, 303425
* 1 i*—1 8,915 —-10,12

- = 28,571 km
1" —1
lsq=%—log=x—Lg = 28571 — 22,53 = 6,041 km = 6041 m

Sorfin molum, hidravlik mailliyin hesablanmis giymatlorine asasen sarf modulunu (12)
ifadasino asason hesablayagq:

Q 0,175 m3
1,853 —

VI /8915-103 s
Codval 1-don d=700 mm diametrino vo M=1,853-0 uygun asagidakilar1 tapiriq:
Mo=1,5586; M;=2,0781; K4(Mo)=0,15; K4(M1)=0,2.
Onda (13) ifadasine uygun olaraq sorf amsali asagidaki kimi olacaqdir:
2,0781 — 1,853 0,05 1,853 — 1,5586
2,0781 —-1,5586 '~ 2,0781 —1,5586

M

Kd(M) = 0,2

=0,1150 =11,5%

Onda yaranan boslugun hocmi (14) ifadosine asason asagidaki kimi olacaqdir:

3,14 - (0,704)2 ,
Vyos = (1 — 0,115) - 7 - 6041 = 2080 m

Hesablamalardan goriindiiyii kimi noql parametrlorinin maksimal qiymatlords yaranan
bosluglarin hocmi 2498-2080-418m* az olacaqdir. Bu da onu géstorir ki, noql parametlorini
tonzimlomoklos yaranan bosluglarin hocmini azlatmagq, hatta minumuma ¢atdirmaq miimkiindiir.

Beloliklo, toklif olunan qrafo-analitik {isulla qorarlasmis horokot rejimlorindo neft
komoarlarinds yaranan sorbast axin zonalarinin yeri va hacminin tayin edilmasinin miimkiinliiyii
gostorilmis va tisulun real neft komorinds sinaginin naticolori gonastboxs olmusdur.

102



Qorarlasmig rejimda neft komarlorinda sarbast axin sahalorinin tayini iigiin qrafo-analitik tisul

REFERENCE

1. Miralomov H.F., ismayilov Q.Q. Neft vo gazin boru kemarlori ilo noqli. -Baki: NQETLI, 2010.
506 p.

2. Aliev R.A., Belousov B.D., Nemudrov A.Q. Turboprovodnoy transport nefti i qaza. Ucebnik dlya
vuzov. - M.: Nedra, 1988, 368 p.

3. R 50.2.040-2004. Rekomendacii po metrologii. QSI. Metrologiceskoe obespecenie uceta nefti pri
ee transportirovke po sisteme magistralnix nefteprovodov. Osnovnie polojeniya. - M., 2004.

4. Novoselov V.F. Ekspluataciya nefteprovodov pri nepolnoy nagruzke. M.: VNIIOENQ. 1995, 68 p.

5. Lure M.V. Zadacnik po truboprovodnomu transportu nefti, nefteproduktov i gaza. - M.: Nedra,
2004, 350 p.

TPA®OAHAJUTUYECKHAN METO/ J1JIs1 ONPEJEJEHUS CAMOTEYHBIX YYACTKOB
B HE®@TEITPOBOJAX ITPU YCTAHOBUBHIEMCS PEXKUME

I'.T. ICMAWJIOB, B.X. HYPYJUIAEB, E.A. 3EMHAJIOB

B crarse maercs nHbopManmsa 0 HaTHMYUHE OE3HAMIOPHBIX (CAMOTOYHBIX) YYACTKOB W IPUYMHBI HX BO3HHK-
HOBeHHs1 B HedrenpoBonax. OTMeuaeTcs, YTO UCCICJOBAaHKE U ONpeesieHHe CAMOTOYHBIX YYaCTKOB HMEET 0CO-
0oe 3HaueHue I Oe30macHoil 1 3¢ GEeKTUBHOMN IKCIUTyaTallul He(TEnPOBOIOB.

IIJ'IH OMpPEACIICHNA MECTa U BEJIMYUHBI CAMOTCUHBIX YYaCTKOB B MaruCTpajJbHBIX He(bTel'IpOBOllaX Ipu cTa-
[IOHAPHOM PEXXHUME aBTOPaMHM IPEUIOKEH U arpoOupoBaH rpadoaHaIuTHYECKUH METOI.

Kniouesvie cnoga: camomeunvlii yuacmox, epagoanaiumux, nepesanvHds moyka, ynpy2o0cms HACblUeH-
HbIX NAPO8, NApAMEmpbl REPEeKAUKU, NPOPULL MPACChl.

GRAPH-ANALYTIC METHOD FOR DETERMINING THE FREE FLOW AREAS
OF OIL PIPLINE AT ESTABLISHED REGIME

G.G. ISMAYILOV, V.H. NURULLAYEV, E.A. ZEYNALOV
The article provides information about the presence of free flow areas in oil pipelines and their cause. It is
noted that study and determination of free-flow areas are of particular interest for safe and efficient operation of
pipeline. Authors proposed and tested the graph-analytic method to determine the location and the magnitude of
free-flow areas of main pipelines at stationary regime.

Key words: free-flow area, graph-analytic, initial point, saturated vapor pressure, pumping options, pipe-
line profile.
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3APYBEKHBIN OIBIT CTPOUTEJIBCTBA MOPCKHUX
CTAIIMOHAPHBIX IIVIAT®OPM

X.H. P3AEB

CraThs MOCBSINECHA KPATKOMY aHAIU3Y PA3BUTHUS KOHCTPYKTHBHBIX (POPM MOPCKHX CTAIHO-
Hapubix mwathopm (MCII) 3a pybexom. [IpuBomutcs knaccudukanus MCII mo paznuuHbIM NpuU-
3HAKaM.

Knrwoueswvie cnosa: cmayuonapuvie niam@opmul, 2UOPOMEXHULECKUE COOPYICEHUSL, MEXHON0-
eudeckue onepayuu, cpasumayus, Oypetue, y2ie000poobl, MOPCKOU
wenb@, yenmp 3anesxceu.

OCHOBHBIM 3JIEMEHTOM 00YCTpPOICTBA MOPCKUX MECTOPOKIEHHUM YIJIEBOJOPOIHOTO TOTI-
JMBa SIBJIIIOTCS MOPCKHE CTallMOHapHbIe MmiatdopMel. B knaccupukanuy ruipoTeXHUYECKUX
COOPY>KEHUM MOPCKHX HE(QTENPOMBICIOB OHM OTHOCATCS K KJIACCY JKCIUTyaTallMOHHBIX CO-
OpY>KEHUH, MPEAHA3HAUEHHBIX JIJISl BBHIOJHEHUS Pa3jIMYHOTO poJia TEXHOJOTHYECKHX oIepa-
IIUi{, KaK B IpoOLECcCce BBIMOJHEHUs OypoBbIX paldoT, Tak U B Ipolecce A00bIYM HeTH U raza
[1].

Ha mnardopmax pasmemaercss 00CITyKMBAIOMIAN TEPCOHAN, HEOOXOIMMOE TEXHOJIOTHU-
yeckoe 000pyloBaHKHE ¢ POU3BOJCTBEHHBIMHU 3alacaMy, UCTIOIb3YEMBIMU B NEPUO]T OypeHHs
CKB@KHMH M B AKCIUTYaTallMOHHBIN Tiepuoy [2].

OTH COOPYKEHUS TOJIKHBI YAOBIETBOPATH KECTKUM TPeOOBaHUSAM OE30MaCHOCTH B Te-
YEHHE BCETO BPEMEHU IKCIUIyaTallud C YYETOM CaMbIX CYpPOBBIX BHEIIHMX BO3JeHCTBUH [3].
Cpok city>0bl TAKMX COOPYEHMH OIpaHMYMBACTCS MOLIHOCTHIO MECTOPOXKIAECHUHN U TeMIamu
no0bran HedTH 1 ra3a. O0baHO 310 25-30 JeT.

Cospemennsie MCII coopyskaroTcsi ¢ UCIIOIB30BAHUEM Pa3IMYHbIX MaTEpUAJIOB: METaJI-
Ja, ’Kene300€TOHa, KOMIIO3UTHBIX MaTepUaloB.

Knaccudukanmonnsie npusHaku MCII oTpakaioT BHEIIHHE OCOOCHHOCTH 3THX COOPY-
KEHUH, a TaK)Ke TUI WIM CIIOCOO ONMMPaHUs OMOPHBIX OJOKOB MIATGOPM Ha TPYHTOBOE OCHO-
BaHUE — IPABUTALlMOHHOE, CBAHOE WU CIEIUAIBHOE.

OynkumoHanbHbIe cBolicTBa Beex THIOB MCII obecnieunBatorcst paboToil MX KOHCTPYK-
TUBHOU (OPMBI M, KaK MPaBUJIO, T€OMETPUs IUIaT(OPMBI, €€ KECTKOCTHbIE U MPOYHOCTHBIE
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XapaKTePUCTUKU JOJKHBI COOTBETCTBOBATH pe3ylibTaTaM aHalli3a IMOBEACHUS COOPYKEHUs
MOJ] ACMCTBUEM JOMUHHUPYIOIMIMX CHJIOBBIX BO3/ICHCTBHIA.

Jst MCII TakoBBIMHU SIBJISIFOTCSI BO3AEMCTBHYSI, CBSI3aHHBIE C MHEPIIUOHHBIMU IPOSIBICHU-
amu aBumxeHust MCII — BonHOBBIE, JIeZJOBBIE, CEICMUUECKUE, BETPOBBIE. BenuunHa nepemerie-
HUs onopHbIX KOHCTpyKumii MCII nox nelicTBUeM TMHAMUYECKUX CHJI MO3BOJISIET HANTH CTe-
MEeHb €€ MOIATINBOCTH.

[To BenmnuuHe oTHOIICHUS Tiepuonaa 1 konebaHuil TatGopMbl K IEPUOIY BO3MYIIAOIIIE-
r'0 BO3JICHCTBUS 7, HAIIPUMEP IITOPMOBBIX BOJIH, Pa3JINYatOT TP OCHOBHBIX THUIIA COOPYKEHHIL:

— cekrop 1 — menkoBoaasie MCII ipu 7/ 7 < 0,3;

— CeKTop 2 — riry6okoBoHbIE TaTgopmsl ipu 7/ 7 < 0,6;

— cexTop 3 — rubkue coopykeHus npu 1/t > 2.

Takoe paznenenne MCII Ha Tpu rpynnbl OTpaskaeT pa3IudHbIe MOAXOAbI K pacueTy He-
CYIIUX KOHCTPYKIIUI OMOPHBIX OJIOKOB MIAT(POPM, a TaKKE K ONMPEACTCHUIO CUIIOBBIX BO3/CH-
CTBUH U PEAKIIUH COOPYKEHHUIA.

MenkoBogHbIe TIATGOPMBI PACCMATPUBAIOTCS KaK KOHCTPYKIIUH, BOCIPHHUMAIOIINE
CcTaTHUYeCKHe 00 KBA3UCTaTUUECKUE HATPYy3KH OT BOJH.

[TepBas 3apyOexHas miaTdopma Obuta CMOHTHpPOBaHA B MEKCHKaHCKOM 3anuBe B 1947
rojay Ha riryoune 6 m [4]. DTO coopyKEHHE COCTOSIIO U3 JIBYX OMOPHBIX OCTPOBHBIX COOPYIKE-
Huil. OIHO TpeIHa3HAYAIOCH JJIsl BHITIOJTHEHHSI TIPOM3BOACTBEHHBIX 33/1a4, IPYroe — Jist ooec-
MEUYCHUS KUHECATEIIbHOCTH MepcoHaia. bioku coe AMHSIINCH IEPEXOIHBIM MOCTHKOM.

151 yMEHBIIIEHHS] BOJIHOBOTO CHUJIOBOTO JIABJICHHS CTEP>KHEBBIC AJIEMEHTHI B PEIIETYATHIX
koHCTpyKuusax MCII u3rotaBiauBaiuch U3 TPyO4aToro CTaabHOTO MPOKATa.

B 50-e roapl riryOMHY OCBOEHHUS MOPCKUX MecTOpoxkaeHui mogoouasiMu MCIT noenu 1o
30,0 M, HO IpU ATOM CTaJIU MPOSABIATHCS CIEAYIOIINE KOHCTPYKTUBHbIE HETOCTATKU:

— mIaTgopMbl UMENH B IJIAHE YACTOE PACIIONIOKEHHE BEPTUKAIBHBIX OMOP C OOJBIINM
KOJIMYECTBOM CBaif, 4TO CTaJI0 BHI3bIBATh 3HAYUTEIbHBIE CUIIOBBIE BO3IEUCTBUSA MIPH IITOPMAX;

— KOHCTPYKTHBHBIE DJIEMEHTHI B Y3JIaX COCAUHSIIMCH C TIOMOIIBIO JTUCTOBBIX (PACOHOK, U
paboTa IUIIh OAHOTO y37a MPH TaKOM PEIICHUHU CTajla ONpPEAeNsATh MPEJCIbHOE COCTOSHHE
KOHCTPYKLIUU B IIEJIOM;

— pelieTka maHesnel OMOpHBIX OJIOKOB M3rOTaBIMBajach M3 TPyO Majoro auamerpa, a
WHOT/A U U3 NMPO(PUILHOTO METANIONPOKATa, U MPU 3HAYUTEIHHBIX BOTHEHHUSIX MOPS ATH dJIe-
MEHTBI TTOJTy4adl MECTHBIEC TPOTHOBI;

— BO3BeJIeHHE TIaTGOPM BEJIOCH OTAEIBHBIMU JIEMEHTAMHU HEMOCPEJICTBEHHO B MODE.

Bce aTi HemocTaTku TpUBENH K MEPECMOTPY TPAAUIIMOHHBIX Ha TO BpeMs CIOCOOOB
MIPOEKTUPOBAHUS, U3roToBIeHNU U MOHTaxa MCII.

K cepenune 60-x To0B ¢ pOCTOM TUIyOMH OCBOCHHSI HE(TETAa30BBIX MECTOPOKICHHM,
Jnoxoasamux B Te roasl 10 90-100 M, popmupyetcst HoBast KoHcTpykTUBHas popma MCII — mo-
HOOJIOYHOE OMIOPHOE OCHOBaHME [5].

DTO OCHOBaHUE OBLJIO MPUHATO BIIOCIECACTBUH KaK TUIIOBOE.
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ITpu pacuere TakMX KOHCTPYKLMI CTalIM HUCIOJIb30BAaThCs HOBBIE MMOAXOABI IIPU OIpeie-
JICHUM CUJIOBBIX BOJIHOBBIX BO3JEWUCTBUM, YUMTHIBAIOLIUE YK€ AUHAMUYECKUE MPOSIBICHUS B
pabote Hecymmx kKoHCTpyKIuit MCII [6].

KopenHbIM 00pa3oM M3MEHMIIACh TEXHOJIOTUSI M3TOTOBJIEHHUSI OCHOBHBIX OMOPHBIX KOH-
crpykiuit (010oxoB) MCII. Teneps BeCh OMOPHBINA OJIOK M3rOTABIMBAJICS B CTAIIMOHAPHBIX 3a-
BOJICKUX YCIOBHUSX. TpyOdareie 31eMeHTHl B y3imax uMenn OecdacoHouHoe coeauneHue. [lo-
JNOOHBIN cIT0CO0 Y3JI0BOTO PELICHUs MO3BOJISII CUYUTATh Y3JIbl )KECTKUMH U HE BIUSUI Ha HECy-
Y10 CITIOCOOHOCTh KOHCTPYKIIUU B IIEJIOM.

[Tpr mpoexTUpOBaHMHM MOHOOJIOKOB ONPEICISIONIYI0 POJIb B KOHCTPYKLIUHU IUIATHOPM
UTpaJl IPUHATHIN CII0COO YCTaHOBKH OMOPHBIX OJIOKOB HAa MECTO HKCILTyaTaIluH.

[TpakTHyecku Bce COOpYKEHHE LIETUKOM JOCTaBIsUIOCh B 30HY MOHTa)a Ha MOHTOHAX.
Coopy>XeHre MMEJI0 BBICOKYIO CTENEHb 3aBOJCKOM IOTOBHOCTU. 3aT€M IOHTOHBI 3aTalulvBa-
JIMCh, @ C HUIMU U HEOOXOJMMOE KOJIMUYECTBO TPYO OMOPHOTo OJI0Ka.

B pesynbrare BeimonHeHUs 3TUX onepanuii 610k MCII 3aHuMAan mpoeKTHOE MOJI0KEHHE.
ITocne 3Toro ¢ NOMOIIBIO CBall OCYIIECTBIAIOCH KPEIUICHHE KOHCTPYKIIMHU K JIHY.

[TepBast rmy0oKOBO/HAs CTallMOHApHAas IuIaTdopMa Ha CBaifHOM OCHOBAaHUM ObLTa ycTa-
HOBJICHA B MEKCHUKAaHCKOM 3ajiuBe y mobepexbs mrarta Jlyn3unana Ha riryoune 115 m B 1970
roxy [7]. OnopHslii 6J10K Ha YPOBHE BEPXHEI0 CTPOEHUS UMeN pa3Mepbl 18%36 M; Ha ypoBHe
nHa — 36x72 M; BepxHee cTpoeHue umeno maccy 900 1; omopusiii 610k — 1800 1. Bocemb
TpyOUaThIX CBall, 3a0UTHIX Yepe3 KOJOHHBI OTMIOPHOTO OJIOKA, UMENN HAPYKHBIN TuaMeTp TpyO
1,22 m. TommmHa cTambHBIX TPYO B 3TOM ciydae coctaisuia 25 mMm. CBan 3a0MBavCh Ha IITy-
ouny ot 60,0 10 90,0 M.

CoopyxeHre pacCYUTHIBAJIOCh HA CYMMapHYIO TOPU30HTAJbHYIO Harpys3ky OT BeETpa,
BOJIH U TeueHus, paBHyto 13,5 MH. MakcuManbHbIil OIPOKU/IBIBAIOIINNA MOMEHT OBbL OIpee-
aed B 1000 MH-m. Ha npyrux MecTOpoXJIeHHSIX MPH CXOAHBIX BHEUIHUX YCJIOBUSX MPH IMPO-
extupoBanud MCII KOHCTPYKTOpBI MPUHHMMAIM BO BHMMAaHHUE CIEIyIOIIee OOCTOSTENbCTBRO:
YeM BBIILIE OTMIOPHOE OCHOBAHUE U YEM IIUpe ero 0aza, TEM MEHbIIEE y4acTue B BOCHPUATUU
OTNIPOKH/IBIBAIOLIIETO MOMEHTA NMPUHUMAJIHM cpeiHue cBau. IlosToMy Ha HEKOTOpBIX ILIATdOp-
Max OrpaHUYHMBAIMCH YCTAHOBKOM CBail TOJBKO IO YTJIaM OMOPHBIX OJIOKOB [7].

B aBrycre 1974 roga Ha Hedgrsinom Mectopoxxaenun dopTuc, mpuHaaIexKaIieM aHrini-
ckoif «British Petroleumy, Obiu ycranosnens! miargopmsl Ha rinyoune 130 m [7]. MCII pac-
CUUTBHIBAJINCh HA BO3ACHCTBUE BOJIH BbICOTOM 28,2 M ¢ mepuogom 15-18 cekyHa u BeTpa co
cKopocThio 58 m/cek. OnopHbIN 0JIOK MUpaMUIATBHOU (GOpMBI UMeN BBICOTY 135 M ¢ pa3me-
pamu B miaHe: BHuU3Y 70,5%57 M u BBepxy 40%x36 M. Macca omnopHoro 0ioka cocTaBisia
20000 T. Pa3mepsl BepxHero cTpoeHus B miaHe — 51,8x51,8, BeicoTa Tpex manxy0 cocTaBisiia
90,2 M. Bepxusis nanyOa Bo3BbIIIasIach HaJ JHOM Mopst Ha 170 M. Macca MeTauIOKOHCTPYK-
U1 BepXHEro cTpoeHust ¢ obopyaoBanuem coctasisiia 1800 t. O6mas macca MCII ¢ o6opy-
noBaHueM U cBasimu — 53500 T [7].

B TedeHue cienyromux IECATUIETUH CTPOUTEIBLCTBOM METANIMYECKUX KOHCTPYKLUN
MCII B mupe 3anumanocs yxe 6onee 80 nHocTpanHbx kommnanuii [8]. B reuenue 1987 roxa,
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Harpumep, OblI0 BO3BeZeHO OKosIo 130 OypoBBIX M IKCIUTyaTallMOHHBIX IIATGOPM Ha IIEib-
¢bax paznmuunbix rocynapcts: Kanaapl, bpasunuu, Aprearunst, Konro, Erunra, AHromns! u T.1.

Kpynno6ounsie coopysxenuss MCII Ha cBaliHBIX OCHOBaHMSIX MO3BOJIMJIM OCBOUTH TJIy-
6unbl 10 300 MeTpoB. MaTepualioM JUIs TaKUX COOPY>KEHUH CITY»KUT, Kak MPaBUiIo, ctaib. [Ipu
COEJIMHEHUH BEPTUKAIBHBIX OIOpP C MONEPEYHbIMU 3JIEMEHTaMU TpedyeTcst 00JIbIIasi TOYHOCTh
U IPUMEHSIOTCS TPYJOEMKHE 3JIEKTPOCBAPOUHbIE pad0oThl. OCOOEHHO CI0’KHA CTHIKOBKA KOH-
CTPYKTHBHBIX 3JIEMEHTOB B y3JIaX IO CJIOKHBIM KPUBOJIMHEHHBIM ITOBEPXHOCTSIM.

Takum 00pazoM, MOHOOJIOUHBIE, CTABIIME TPAAUIIMOHHBIMH, cTaidbHbie MCII, ucnonb3y-
eMble Ha riryonHax Mops Uit Mekcukanckoro 3anuBa 6onee 300 M, a s ycinoBuii CeBepHOTO
Mops yke Ha TiayOouHax 6osee 100 M, cTaHOBATCS SKOHOMMUYECKH HEpAIllMOHATILHBIMU HE TOJb-
KO M3-3a TOTO, YTO BO3PACTAaE€T Macca OTMOPHOTO OJIOKAa, HO U MO NMPUYMHE CHUXEHUS dhPek-
TUBHOCTH pabOTHI CBAHOTO OCHOBAHHS.

B cBs3u ¢ 3TuM MHOTHE He(Te100BIBAOIINE KOMIIAHUHU CTalld UCIOIB30BATh niameop-
Mbl 2pABUMAYUOHHO20 MUNQ.

OO0mas ycTOMYMBOCTh TPABUTALIMOHHBIX TJTyOOKOBOJHBIX CTAIIMOHAPHBIX TIATPOPM TOA
JIeicTBHEM BHEILIHETO HarpyXeHus oOecredrBaeTcs 3a cueT COOCTBEHHOr0 Beca, Beca Oasuia-
CTa W 3a CYeT pa3BUTOM IIowmaau onupaHus riargopmsl. [lepBas Meramnueckas rpaBUTaIu-
OHHas Tuiaropma ObUIa YCTaHOBIIEHA HAa MECTOPOXKIACHUHU y ocTpoBa CHIMINS HA TUIOTHBIX
[JIMHUCTBIX JOHHBIX OTJIOKEHUsX B 1976 rony. ['my6una ycranoBku coctasisiia 200 m. Macca
MeTauToKoHCTpyKimid — 12500 T; 6eTonnbiit 6amnact — 9450 T. [Inardhopma umena Tpeyroyib-
HyI0 OpMY B IIaHE C ONUPAHUEM Ha TPH OTAEIBHBIX OMOPHBIX MOHTOHA. [ImaTdopmy coopy-
JKaJli B OJTHOM JIOKE, TI0CJIE 3all0JIHEHHS TI0Ka BOJIOM miaTdopma BCILIbIBala, U ee OyKcupoBa-
JIM JI0 MECTa YCTaHOBKHU. DTH TUIaT(HOPMBI MOJy4YUIN Ha3BaHue « Technomare» mo uMeHH UTa-
JBSTHCKON (UPMBI — pa3pabOTINKa KOHCTPYKIUH 1IaT(OpMBEI.

Paznuunble MOTUGUKAIIMK 3TOTO TUMA TIATGOPMBI B MOCIEAYIOIINE TOAbl yCTaHABINBA-
nuck y 6eperoB Konro, B CeBeprom u CpennzeMHOM Mopsix [6].

CrpemiieHre yMEHBIINTh PacXo/ MeTaula IPU CTPOUTENHCTBE METAIUIMUECKUX IPaBUTa-
UOHHBIX MJIaT(GOPM JOMOJHUTEIBHBIM IPUMEHEHHEM XKeJle300€TOHA HECKOJIbKO pallOHaH-
3UpOBAJIO KOHCTPYKTUBHYIO popmy «Technomare». Hanpumep, nucnons3oBanue Tpex OmoOpHBIX
MIOHTOHOB M3 kene300eToHa obmiet maccoit 45000 T MO3BOJIWIO CYIIECTBEHHO YMEHBIIUTH
Maccy CTalbHBIX KOHCTPYKUUI omopHO#l (pepmbl u HazBaHoi uiatdopmsl g0 14000 1. XKene-
300€TOHHBIA POCTBEPK-TIOHTOH M3TOTABIUBAJCSI B CyXOM JIOKE M CITyCKaJlcs Ha BOIY, 3aTe€M
OyKcHpoBaJICs Ha MECTO YCTAaHOBKU M MoOrpyxayucs Ha JHO. OTCeKH pocTBEpKa HMCIOIb30Ba-
JMCh JJ1s1 XpaHeHust He(Tu.

CranpHy1o onopHyto ¢pepmy codupanu Ha Bepdu U CIycKali Ha BOJY B TOPU3OHTAIIBLHOM
N0JI0’KeHUHU. TpaHCHIOPTHPOBKA OCYLIECTBIISATIACH HA OMIOPHOM IOHTOHE, KOTOPBIN nepen orme-
panuei Harpy3Ky IIaTGOPMBbI OATAIUIMBAJICS.

3areM croenuanbHOM omepanueil 3aTarmauBaid MOJOCTH TpyO Hecymmx ¢epm, BCie-
CTBHUE YETO, MOTPYKasCh, OMOPHI epM BXOJIUIN B COOTBETCTBYIOIIME THE3/1a IOHTOHA. 3aMeHa
CTaJIbHBIX ITOHTOHOB Ha 0oJjiee JelIeBble KeIe300€TOHHBIE ONMOPHBIE MOHTOHBI CO3/1ana Kiacce
KOMOWHHPOBaHHBIX rpaBuTarimoHHsx MCII [9].
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B aBrycte 1975 r. [10] OblIM M3rOTOBJIEHBI U YCTAHOBJICHBI JIBE MEPBbIE TPABUTAIL[MOH-
Hble MCII, HOJTHOCTBHIO U3TOTOBJICHHBIE U3 JKEI€300€TOHA.

MoHTaxX OCyIIEeCTBIISIICS Ha MecTopokaeHusx B CeBepHoM Mope. Haubombiee pacmpo-
CTpaHEHME IOJIyunsIa KOHCTPYKTHUBHas ¢opMma, pa3paboTaHHAsh HOPBEKCKHUMH KOMITAHUSMU
«A/S Hoyer Ellison», n3BectHas kak «Condeepy» (tun A; B; C).

HHTEepec K MOPCKUM COOPY>KEHHUSIM U3 Kele300eToHa 0OBSICHIETCS, B IEPBYIO OYepeib,
npoctoii (B cpaBHeHuM ¢ Metasumyeckumu MCII) TexHonorueit n3roToBaeHHs OMOPHBIX OJ10-
KOB ’ke€J1e300eTOHHbIX I'paBUTalMOHHBIX MCII, 4TO CylIEeCTBEHHO CKa3aJoch Ha CTOMMOCTH
M3TOTOBJICHHS TUIAT(OPM 3TOTO THIIA.

[To naHHBIM HOPBEXKCKHMX CHEIMAIMCTOB, SKCIUTyaTallMOHHbIE PacXojabl MO /0 ruiat-
dbopmam cocTaBisitoT 1% B To7l OT CTOUMOCTH COOPYKEHHSI IO CpaBHEHUIO ¢ 5% 10 MeTasu-
geckuM [10].

Beixon Ha riryObunbl ocBoeHus, npesbimatomue 300 M, morpedoBan oT pa3pabOTUYMKOB
BHE/IPEHUs] HOBBIX KOHCTPYKTUBHBIX (popM MCII, mockonbKy HepalroHaJIbHbIM CTaHOBHJIOCH
UCIIOJIb30BaHUE KOHCTPYKUMI omnopHbix 0;0koB MCII ¢ nmonatnuBocTeio rpynnsl 2. Macca
wiatpopM 3TOM Tpynmbl pe3Ko BoO3pacTaja, a CTPEMJICHHE HMPOEKTHPOBIIUKOB COXPAaHHUThH
’KECTKOCTHBIE XapaKTEPUCTUKU COOPY>KEHUH MPHU yBETUUYEHUH TITyOHMH HATAJIKUBAJIOCh HA KO-
HOMMUECKYIO HEIeJIECO00PAa3HOCTh TaKUX MOIBITOK.

[Tpu co3nanum HOBBIX KOHCTPYKTUBHBIX (popm MCII anst paGoTel Ha menbde ¢ rryou-
HaMM B HECKOJIBKO COT METPOB ONPEAETHINCH CIIeIyIOIINE HAllPABICHHSL:

— HCIIOJIb30BaHUE MIPU CTPOUTEIBCTBE 0OJIEE ACIIEBbIX KOHCTPYKTUBHBIX MaT€pHaJIOB, a
C HUMHU U 0oJiee MPOCTHIX TEXHOJIIOTUH. DTO HAINpaBlIEHHE XapaKTepU30BAIOCh MPUMEHEHHEM
XKene300eToHa U Pa3TMIHBIX KOMOMHAIUH cTanu u 0eToHa [5];

— WCIOJIb30BaHUE TMOKMX CTAllMOHAPHBIX IUIATGOpPM B BUAE OalleH W B BHJEC Kayalo-
MMXCS IIaT(HOPM: MAUTOBBIX C OTTSKKAMHU M MasiTHUKOBBIX.

CTpouTenbCTBO HOBBIX MOHTaXHBIX Oapk «MuTepHam 650» 103BOISIO TpaHC-
MOPTUPOBATh U CIIyCKAaTh HAa BOJY LiEJbHbIE OCHOBAaHMSA Ha TiyOuHbl 10 412 M [11], omHako
CPaBHUTENBHBIN aHAJU3 IPOEKTOB, METOJOB U3TOTOBJICHUS M MOHTa)Ka OOBIYHBIX INTyOOKOBO/I-
HBIX I1aT(HOPM BBISBUI HEOOXOAUMOCTh CHIKeHHs croumoct MCII.

beun paccMoTpeHs! Tpu THa onopHbIX 010k0B MCII:

— JKECTKOrO;

— KECTKO KOMOMHUPOBAHHOIO;

— MOJATIMBOTO KOMOMHUPOBAHHOTO.

YMeHblIeHHE 3aTpaT Ha U3TOTOBJIIEHUE U MOHTAX IUIaT(OpM pelaercs 3a cYeT U3MEeHe-
HUSI KOHCTPYKIMH HU)KHEH 4acTH OIOPHOTo OJI0Ka, KOTAa CO3/4al0TCs YCIOBUS IIepeHOca YacTH
Harpy30K, BO3HUKAIOLIUX IO/ JIEHCTBUEM MAacChl KOHCTPYKIIMU Ha CBaW. JTO JIOCTUraeTcs 3a
CYET 3HAYUTEJILHOTO BBIBEICHUS CBAil HaJl JHOM, YTO BEJAET K IIEPEPACIPEIEICHUIO BHYTPEH-
HUX yCUJIUH. B KOHCTpyKLMU NOJATIMBOIO KOMOMHUPOBAHHOIO 0JI0Ka BEPXYLIKH CBail 10X0-
JAT TOYTU JI0 TIOJIOBHHBI BBICOTHI OCHOBAaHMA. VIHEpLIMOHHBIE HAarpy3KHU MpU KojedaTeIbHOM
JBIDKEHUM THOKOH Tu1aT¢opMbl AEHCTBYIOT B HANpPaBICHUU MPOTHUBOIOJIOKHOM BOJHOBBIM
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Harpyskam M, CJIeJ0BaTelIbHO, AMIUIUTY/1a OOKOBBIX YCUIMHA, KOTOPbIE YUUTHIBAIOTCS MPH HPO-
€KTHPOBAHUU, YMEHBIIAIOTCSA, T.€. MPUCYTCTBYET 3P (HEKT TMHAMUYECKOTO TameHus [ 12].

OpHUM U3 HampaBJICHUH Pa3BUTHS KOHCTPYKTHBHOH (Gopmbl riryookoBogHbix MCII siB-
JISI€TCSl UCIIOJIb30BAaHUE ONOPHBIX KOHCTPYKLIMM B BHJI€ MauT, COCTOSLIMX M3 BEPTHUKAIBHOIO
CTBOJIa TIOCTOSIHHOT'O CEYEHUS U YJIEP’KUBAIOIIUX €ro OTTSKEK, MPUKPEIJICHHBIX K aHKepaMm
TUPJSHAAMU IPY30BbIX MAacCCHUBOB 3asSKOPEHHbBIX KO AHY. IIpu OOBIUHBIX Harpy3kax THUpPJISH]BI
MacCHBOB HE OTPBIBAIOTCS OT JHA M MCKIIIOYAIOT OOKOBBIE MEpeMelleHus: cTBoja. Bo Bpems
HITOPMOB, OJIM3KUX K pacyeTHBIM, THPJSHABI MacCHBOB OTpBHIBAIOTCSA OT JHA. B pesynbrare
ATOr0 BHEUIHUE HArpy3KH aMOPTU3UPYIOTCS KOJICOaHUSIMU TUPIISHA.

ATNBTEpHATUBHBIMM 110 OTHOLIEHUIO K CBAallHBIM M I'PAaBUTALMOHHBIM COOPYXEHHSM SIB-
JSIOTCS MasiTHUKOBBIE (IIapHUpPHBIE) MOpckue miaTdopMbl. Kak HOBBIN THI MOPCKUX THAPO-
TEXHUYECKUX COOPYKEHUH MasTHHKOBBIE Tuiat¢opmbl (MII) Obutm BnepBbIE NPEUIOKEHBI U
pa3paboTtansl rpymnmoil ppaniry3ckux ¢upm [7]. IlepBas skcniepumentansHas MII Obina ycra-
HoBJIeHa B 1968 r. Ha riryOune 98,5 M B buckaiickom 3anuBe. [TnaTdopma Obuta paccunTana Ha
BO3JICHICTBUE BOJH BBICOTOM 19,8 M ¢ mepromom 16 cek., BeTpa co CKopocThio 10 60 M/cek.

[Tnardopma cocTosna U3 CIUIOMIHONW LMIMHAPUYECKON KOJOHHBI C IIECThIO BHEIIHUMHU
MOTJIaBKAMH U MPSIMOYTOJIBHON OMOpHOM miuThl. L{uianHapuyeckas KOJIOHHA COEIMHANACH C
ONOpO ¢ MOMOUIBIO YHUBEPCATBHOIO mapHupa. K OCHOBHOW HHJIMHAPUYECKON YaCTH KOJIOH-
HBl IPUKPEIISUIMCH HIECTh HAPYKHBIX MOIUIABKOB, KOTOPHIE CO3/aBall BOCCTaHABJIMBAIOILYIO
CWJIy TIPU OTKJIOHEHUU IJIATPOPMBI OT BEPTUKAIBHOTO MOJOKEHUS MO/ JIeHCTBUEM TOPU30H-
TalbHBIX Harpy3ok. Hanbonpmuii pacyeTHbIi yros OTKIOHEHUs cocTaBisil 7°. s komneHca-
LIMY TIOJBEMHOM CHJIBI MOIUIABKOB M YMEHBIIEHHs BEPTUKAJIbHOW HAarpy3Kd Ha OCH LIapHUpA,
BHM3Y IWJIWHIPUIECKON KOJIOHHBI OB YJI0’KeH Oautact Maccoi okoiio 40 T.

OO611as Macca KOJIOHHBI C MOIUIaBKaMu U OatactoM coctasisiia 1500 T.

Pa3meps! onopHo# mmTel — 21%24 M. Obmiast macca onopHoi mutel — 800 1. [Tnardop-
Ma OblJ1a U3roTOBJICHA U ycTaHOBIeHa komnanueit CFEM (®panrus).

Okcmutyatanus miaTGopMbl MoKa3ana, 4yTo Mepuosl coOcTBeHHbIX konedanuii MII co-
ctaBisu1 58 cek. [Ipu nmpoBeneHny U3MepeH BICOTa BOJIHBI JocTUrana 12 m, a nepuon — 13
CeK.

Okcrutyaranusi nepBor skcrnepuMentansHoit MIT «Elfocean» monarBepauna pacyeTs
KOHCTPYKTOPOB M NEPCHEKTHUBHOCTb HCIIOJIb30BAHHUS MAsSTHUKOBBIX IIATGOPM A1 OCBOCHHS
Oonpmmx rayOuH. CTpOUTENBCTBO 3arpy304YHON KOJIOHHBI M3 >Keje300eToHa i (UpMbI
«Phillips Petroleum» 0b110 BhIMonHEeHO (upmoii «Dorisy 11 MecTOpoXkJeHus, rae riayonuHa
BoJibI gocturaeT 100 m [13].

[Toctpoennbie u npoektupyembie MIT u MCII knaccuduiupyroTcs mo:

— 005acTy NIPUMEHEHMUS,;

— THUILy KOHCTPYKLHUHU OIIOp;

— MaTrepuany KOHCTPYKIIUU.

[To obnacTu mpHUMEHEHHUs pa3IUYalOT: OKeaHorpaduueckue, HePTEra30npoMBICIOBbIE,
MasiuHble, CTAHIIMH PHIOOJIOBCTBA U T.1I.
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ITo TuITy KOHCTPYKIMI ONOP: CKBO3HBIE; PEIIETYAThIE WK CILIOLIHBIE; HEPA3PE3HbIE MU
TEJIECKOIMYECKUE; OJHOIIAPHUPHBIE WM MHOTOLIAPHUPHBIE; OALICHHbIE WM MadTOBBIC; C
IIOJIOKUTEBbHON MIIM OTPULIATEIILHOM TUIABYUYECTHIO.

[To maTepuany KOHCTPYKLMH Pa3IM4al0T METAJUIMYECKHE, JKEIe300€TOHHbIE U KOMIIO-
3UTHBIC, CTajecOeTOHHBIC [14].

3akiarovyenue. AHanM3 pazIMYaOT 3apyOEKHOTO OIBbITa Pa3BUTUS KOHCTPYKTHUBHBIX
¢dopm MCII no3BoJsieT caenarhb CIeayIone BEIBOIBL:

— JIOBJEIOIUM (aKTOPOM HaJl BCEMHU PACUETHBIMU XapaKTEPUCTHKAMHU SBISETCS oOec-
nedyeHne oO0mell yCTOWYMBOCTH OT ONMPOKUABIBAHHS MPH CyMMapHOM (BO3MOXKHO W OJTHOBpE-
MEHHOM) AEMCTBUM Harpy30K C TOPU30HTAIbHBIM HAlPAaBIEHUEM CUIIOBOIO BEKTODA;

— ryounsl MectopoxkaeHuit B 300-400 M CTaHOBSTCS TpeNeIbHBIMU TIyOWMHAMH IS
wiatdopMm 1-ii u 2-i rpynmel. Ha Takux oTMeTKax KOHCTPYKTHBHasi opma TiIyOOKOBOIHBIX
1aT(OopM CTAHOBUTCS] SKOHOMUYECKH HEILleJIecO00pa3Hoil;

— rubKkue wiaThopMbl Pa3InYHbIX TUIIOB HA CETOAHALIHUNA J€Hb MPEACTaBIEHBI JUIIb B
OKCIIEPUMEHTAIBHOM W TPOEKTHOM BapuaHTax. Takoe TOJ0KEHHE OOBSACHSETCS B IEPBYIO
ouepelb TeM, YTO Ha CETOAHAIIHUN JIeHb Y KOHCTPYKTOPOB OTCYTCTBYIOT paOouue METO]IbI
OBICTPOTO U a/IEKBATHOTO aHAJIN3a JUHAMUYECKOTO MMOBEACHUS KOHCTPYUPYEMOI'O COOPYKEHHS
Ha paHHUX CTaJAMSIX NPOEKTHBIX pa3padoToK. Vcrnonbp30BaHUE K€ CYLIECTBYIOIUX PACUETHBIX
nporpaMM, ocHoBaHHbIX Ha MKD (MeToJe KOHEYHBIX 3JIEMEHTOB), TaKOW BO3MOKHOCTH HE
naet. Jlaxe mpu OETEPMUHUCTUYECKOM IOAXO0JE€ MAaTEMaTHYECKOE ONMCAaHUE IpoLecca Koe-
0aHui THOKUX W MAasATHUKOBBIX TIATGOPM Ha ACHCTBUE PACUCTHBIX PETYJISPHBIX BOJH IPUBO-
JUT K JOCTAaTOYHO CJIOKHBIM HENMHEHHBIM AuddepeHnanbHbIM YpaBHEHUSAM, pEIIeHne KOTO-
pBIX TpeOyeT MPUMEHEHUS YUCIIEHHOIO MHTEIPUPOBAHMUS;

— Hau0oJjee NepcreKTUBHON KOHCTPYKTUBHOM (popMoii onopHbix 6;10k0oB MCII crnenyer
NpPU3HATh KOMITO3UIIMIO U3 CTAIBHOW 00OJIOUKU C 3alOJHEHUEM BHYTPEHHMX IOJIOCTEH OeTo-
HOM. JTa opma Hanbosee TEXHOIOTHIHA.
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STASIONAR DONiZ PLATFORMALARININ TiKiNTIiSINDO XARICi TOCRUBO
X.N. RZAYEV

Mogqals stasionar deniz platformalarinin (SDP) konstruktiv formalarinin xaricds inkisafinin qisa analizino
hosr edilmigdir. SDP-nin miixtolif slamatlora gore tosnifati verilmisdir.

Agar sozlar: stasionar platforma, hidrotexniki qurgu, texnoloji amal, gravitasiya, qazima, karbohidrogen,
doaniz selfi, neft yataglart.

FOREIGN EXPERIENCE IN THE CONSTRUCTION OF STATIONARY SEA PLATFORMS
Kh.N. RZAYEV

The article is devoted to a brief analysis of the development of constructive forms of fixed offshore plat-
forms (FOP) abroad. Classification of FOP according to various criteria

Key words: stationary platforms, hydraulic structures, technological operations, gravitational, drilling
swings, hydrocarbon, sea shelf, oil field.
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CHUHTE3 U IPUMEHEHME BUC-YETBEPTHUYHBIX
AMMOHUMEBBIX COEJJMHEHUH B BOPLBE C ACCOIIMATAMMU U
CYIIPAMOJIEKRYJIAPHBIMU HAHOCTPYKTYPAMU HE®TH

9.1. MAMEJIOB, K.I'. AKIIEPOBA

OYHKINOHANBHO 3aMEIEHHBIE YETBEPTUYHBIE AMMOHHEBBIE COEIMHEHHS C KHCIOPOACO-
JIepKAIUME (pparMeHTaMH, B YaCTHOCTH, C OKCHATIJICHOBEIMH ¥ CIIOKHOA(HUPHBIMU (hparMeHTaMu, 00-
JaJafoT CBOWCTBAMH NPHCAAOK PeryiasTopoB. OHM BIMSAIOT HA PEOJIOTHUECKOE IMOBENECHHUE HE(PTSIHBIX
JIICIIEPCHBIX CHCTEM. [yl BBeIeHHS B CTPYKTYpPY (PyHKIMOHAIBHO 3aMEIIEHHBIX aMMOHHEBBIX COEIIMHE-
HUHA nipocToit 3¢upHoi rpynmupoBku (C-O-C) ucnonp30BaHbl OMC-TPETUYHBIE aMHUHBI, KOTOpPBIE OBLIH
CHHTE3UPOBaHBI U3 2,2—TUOpOMANAIKIIOBEIX 3¢hupoB (3, 3a, 4, 4a) myTeM peakuy UX C JUITHIAMU-
HOM.

Knwouesvie cnosa:  6vicokodpghexmugnvie opeanuueckue peazenmul,
uemeepmuyHvle aMMOHUEBbIE COCOUHEHUS,
OpomMuUcmo8o0opooHsle conu buc-mpemuyHblX AMUHOS.

[Tocneanue rofpl B SKCIUTyaTalMIO BOILIN HE(TSHBIE MIIACTHI, U3 KOTOPBIX J10OBIBAETCS
TsDKenas HeTh. BsA3kocTh Takol HeTH BBICOKAs, U JUI TPAHCTIOPTHPOBKH €€ TpeOyeTcs mpH-
MEHEHHUE BBICOKOA()(DEKTUBHBIX OPraHUYECKHX PEareHTOB, CIIOCOOHBIX MHOTOKPATHO CHHXKATh
BSI3KOCTh. bliarogapsi pa3BUTHIO HAHOTEXHOJIOTHI YCTAaHOBIICHO, YTO TIPH YBEIMUYCHUHU BS3KO-
CTH He(DTH MPOUCXOTUT HEKOBAJICHTHOE B3aWMOJICHCTBUE MEKIY KOMIIOHEHTAMHU U YTJIEBO-
noponaMu HedTH, MPUBOAAIIEE K 00pa30BaHUIO aCCOLMATOB, HEPTIHBIX CMOJI, ac(haIbTCHOB U
JIPYTUX MEKMOJIEKYJISIPHBIX 00pa3oBaHuii. OCOOEHHO 3TH SIBICHUS YCUIMBAIOTCS B XOJOIHBIH
nepuoA roaa. B pesynabpTaTte mosBIsSETCS MHOKECTBO TPYAHOCTEH Al HE()TAHUKOB MpHU JOOBI-
4e U TPAHCIOPTHUPOBKE HePTH 1O TpyOompoBogamM. HekoBaneHTHOE B3aMMOJICHCTBHE MEXIY
KOMIIOHEHTaMU He()TH MPUHOCUT HEOIICHUMBIN BPEJl MPU BHITECHEHWH HE()TH U3 IKCILTyaTH-
PYEMBIX CKBOXHMH U IUIACTOB. B CBSI3M C 3TUM yBEIMUYWBAIOTCS PAcXOAbl CPEICTB, Tpyda U
sHepruu. [Ipu TpyTHBIX MOTOIHBIX YCIOBUSAX HEPTIHUKAM MPUXOAUTCS UCKATh MPUHIUTHAb-
HO HOBBIC A (PEKTUBHBIE CIOCOOBI OOPHOBI C AITUMH SIBJICHHSIMHU.

Jns  cHuKEeHHsI TeMIepaTyphl 3aCThIBAHUSA M YJIYULICHHUS] PEOJOTMYECKUX CBOMCTB J0-

ObIBaeMOI TsKENOM He(TU Ha MECTOPOXKICHUSAX MPUMEHSETCS LEIbId psii TEXHOJOTUM: Tep-
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MUYecKas 00paboTKa | JApyrue METOIbl (U3MYECKOTO BO3JICHUCTBUS, pa30aBICHUE Pa3IMYHbI-
MU PaCTBOPUTEIISIMU WIIM JIETKUMH (DPaKIUSIMU, & TAK)KE BBEACHHUE MPUCAIOK, PEryIUPYIOMIIIX
BSA3KOYIIpYTHe cBoicTBa HeTH. BrepBrie aBTOpHI [1] MoOKa3amu, 4TO CBOMCTBaAMH MPHCATOK
PETYJISITOPOB PEOJOTHYECKUX MOBEICHUI HE(DTAHBIX JUCIEPCHBIX CHCTEM 00JIaTar0T (YHKIIN-
OHAJBHO 3aMEUICHHBIC YETBEPTUYHBIC aMMOHHEBBIC COCAMHEHUS C KUCIOPOJCOICPKAIUMHU

¢bparmMeHTamMu, B YaCTHOCTH, C OKCUITUIIEHOBBIMU M CIIOKHO3(QUPHBIMU (pparmeHTamu [2, 3]:

s

R@ O—(CHs~CH,— O)7— C—CHZ—I\ll—RZ
R3

Hannune GyHKIMOHATIBHBIX TPYIII B ’THX aMMOHHEBBIX CHCTEMax IMOMOTAeT PETyJInpo-
BaTh BI3KOYIIPYTroe TeUCHNE HE(DTAHBIX TUCTICPCHBIX CHCTEM.

Jis BBelCHUS B CTPYKTYpPY (PYHKIIMOHAIBHO 3aMEHIEHHBIX aMMOHHUEBBIX COCTUHCHUH
npoctoii 3pupHoii rpynnupoBku (C-O-C) Mbl Hcnonb3oBaiu Ouc-TpeTudHbie aMuHbI (1) u (2),
KOTOpbIE OBUIM CHHTE3UPOBaHbI U3 2,2—1HMOpOMAMATIKIIOBBIX 3¢upoB (3,3a, 4, 4a) myTeM UX
PEaKIMU C TUATUIAMUHOM TIO CXEME:

CaHs — —
o HBrN 0 N-HBr

/ N\ / N\
CoHs CiHs CoHs CiHs

/ k / N\
X O X + HN
\CyHs

(3), R= H; X=ClI

(3a), R=H; X=Br
(4), R= CHg; X=ClI
(4a), R= CHjs; X=Br

+KOH (la), R=H
(16), R = CHs
Y
|
N0 N+ 2H,0 + 2KBr

/ N\ / N\
CoHs CiyHs CoHs CiHs

(1), R=H; (2),R=CHs
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OO6pa3zytomuecs: OpOMHCTOBOIOPOJHBIE CONMH OUC-TpeTHYHBIX amMuHOB (la) u (16) mpu
obOpabotke 1enousto (KOH) KonuuecTBEHHO MpEBpAILAIOTCS B COOTBETCTBYIOLIME Ouc-
Tpetnunble amuHbl (1) u (2). WUmes B cBoem pacmopsbkenun (1) m (2) m 2,2—
nuopoMarankuioBeie 2¢upsl (3,3a, 4, 4a), MBI OCYIIECTBHIIM CHHTE3bI BEICOKOA(()EKTUBHBIX
MaKpOIUKINYECKUX MOJIMYETBEPTUYHBIX AMMOHHMEBBIX COeIMHEHHH (5) U (6), ABISIOMUXCS

peryJaTopamMu CBOMCTB TSKEIONW HeDTH.

CH3
C2H5 | CZHS

>+~ \/ —\+/CH
HsC2 TSNBr O BN I °°

~

+ _ 4+
NBr O BrN
HsC; 7 \ / \ / §C2H5

C,Hs
H
CoHs CHs
(5),R=H
(6), R = CHs

[Tpu nobaBke 0,01-0,05% >TUX coeauMHEHMI K TAXKeJIOol HePTU BAZKOCTh HE(DTHU CHIDKA-
ercs B 5-6 pas.
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NEFTDO OLAN BOYUKMOLEKULLU NANOSTRUKTURLARLA
VO ASSOSIATLARLA MUBARIZO UCUN BiS-DORDLU AMONIiUM
BIiRLOSMOLORININ SINTEZi VO TOTBIiQi

C.I. MOMMODOV, K. H. DKBOROVA

Miirokkob efirli funksional ovoz edilo bilon dordlii ammonium birlosmelori tonzimloyici asqarlar
xilisusiyyotino malikdir. Onlar1 neft dispersiya sistemlorino olavo etdikdo onlar neftin reoloji xassalorino miisbot
tosir gostorir. Bu amonium qruplarinin torkibine (C-O-C) efir qruplarinin olave edilmosi iigiin 2,2 dibromdialkil
efirinin dietilaminlo peaksiyasindan alinan bis-ii¢lii aminlordon istifads edilmisdir.

Acar sozlar: yiiksak effektli iizvi reagentlar, dordlii amonium birlasmalari, bis-ii¢lii bromhidrogen amin

duziar.

SYNTHESIS AND APPLICATION OF BISQUATERNARY AMINES
TO CONTROL ASSOCIATES AND SUPERMOLECULAR
NANOSTRUCTURES IN OIL

Ch.l. MAMEDOVA, K.Q. AKPAROVA

Functionally susbstituted quaternary amines with oxigen-containing moieties, in particular, the oxyethylene
and complex ether moieties have properties of regular additives. They affect on the rheological behviour of oil
disperse systems. The bistertiary amines, which were synthesized from 2,2—dibromide alkyl ethers (3, 3a, 4, 4a)
by theri reaction with diethylamine, are used for an introduction into the functional structure of subsitutued
amonium compounds of the ether group (C-O-C).

Key words: highly effective organic reagents, quarternary amines, hydrobromic salts encore-tertiary
amines.
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OLiQOMER-ELASTOMER QARISIGI DSASINDA KOMPOZIiSIYA

F.0. OMIROV, T.M. NAIBOVA, 1.Q. ABDULLAYEVA, P.X. QULUYEVA

Maoqalads reaksiya qabiliyyatli fenol-formaldehid oligomerinin (FFO) BNK-26
markali butadien-nitril elastomeri ilo modifikasiya prosesi Oyronilmis vo alinmisg
qarisiglar osasinda Ortiik kompozisiyast hazirlanmigdir. Todqiq olunan Ortiik
kompozisiyalarin asas gostericilori vo totbiq sahslori miioyyanlogdirilmisdir. Doniz
suyunda vo miixtslif aqressiv miithitlorde kompozisiyalarin dayaniglig1 yoxlanilmisdir.

Agar sozlor:  fenol-formaldehid oliqomeri, modifikasiya, rezol, butadien—nitril
elastomeri, kompozisiya, ortiik, korroziya.

Giris. Sonayedo oliqgomerlor osasinda miixtalif mogsadlor tglin  kompozisiyalar
hazirlanir. Lakin bu oligomerlorin miioyyon ¢atismayan Cohatlori oldugundan totbiq saholori do
mohdudlagir. Catigmayan c¢ohotlori aradan galdirmaq ticlin oligomerlor miixtalif tobiotli
monomerlor, polimerlor vo ya elastomerlorlo modifikasiya olunur. Belo ki, oligomerin
torkibino olavo funksional qruplarin daxil olmasi onda olan c¢atismayan Cohotlori aradan
qaldirir. Naticads bu oligomerlor osasinda hazirlanan kompozisiyalar nisbaton ekoloji tomiz,
istiyadavamli, zorboyadavamli, yapisqanliq mohkomliyi yiiksok olan birlosmoyo ¢evrilir vo
tatbiq saholori genislonir [1-3].

Mosalonin qoyulusu. Dagidici miihitlorde istifado edilon qurgu veo avadanliglarin
istismar uzunmiiddotliyinin qiymotlondirilmosinin doqiq tisullart olmadigi {i¢iin onlarin
korroziyadan qorunmasina kompleks yanagsmanin osas istiqgamotlorindon biri yiiksok qoruyu-
culuq effektina malik polimer asasli kompozisiya materiallarinin alinmasidir. Gostarilonlori
nozora alaraq, yliksokmolekullu birlogsmolorlo modifikasiya edilmis funksional oliqomerlor vo
oligomer-clastomer qarisiglar1 osasinda kompozisiyalarin, onlar osasinda yiiksok effektliyo
malik qoruyucu ortiiklorin alinmasi osas todqiqat istigamati kimi miioyyonlosdirilmisdir.

Mosalonin halli. EImi adabiyyatlarda bu todqiqatlara hosr olunmus islorin analizi gostorir
ki, ¢ox funksiyali kompozisiyalarin, o ciimloden, qoruyucu ortiik kompozisiyalarinin alinma-
sinda osas istiqgamot FFO osasli kompozisiyalarin alinmasina va gostaricilorinin todqiqine
yonolmisdir. FFO osasli kompozisiyalarin bir sira ¢atismamazliglart molumdur. Bu ¢atismayan
cohotlordon baslicast yapisqanliq gabiliyyatinin asagi vo kévrak olmasidir. Odur ki, FFO-nin
miixtolif birlogsmalarlo modifikasiyasi bu masalonin asas halli yollarindan biridir. Malumdur ki,
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metal  {izorino ¢okilmis lak-boya Ortiiyliniin yapisqanliq qabiliyysti qarisigin  makro-
molekulunun funksionalligindan, qurulusundan v tobistindon asilidir [4-5].

Sinaq iisullari. Modifikasiya olunmus fenol-formaldehid oliqomeri asasinda lak-boya
oOrtliyliniin hazirlanmast {igiin ilk névbado rezol tipli fenol-formaldehid oligomeri alinms, sonra
iso butadien-nitril kauguku ilo modifikasiya olunmusdur. Rezol tipli fenol-formaldehid
oligomeri almagq ti¢iin xammal kimi fenoldan, formaldehiddon va katalizator kimi ammonyakli
sudan, modifikator kimi iso BNK-26 markali butadien-nitril elastomerindon istifado
edilmisdir.

Rezol tipli fenol-formaldehid oliqgomeri asagidaki nisbotlords elastomerls qarigdirmaqla
modifikasiya olunmusdur (cadval 1).

Cadval 1
Modifikasiya olunmus fenol-formaldehid oliqgomerinin tarkibi
Komponentlor
FFO (k.h.) BNK-26 (k.h.)
90 10
95 5
97 3
98 2

Ovvalca hesablanmis miqdarda elastomer va rezol tipli FFO ayri-ayriliqda asetonda hall
edilir. Sonra oligomer-clastomer garigiginin bircinsli mohlulu alinana kimi (~20 daqigo) 80-
90°C temperaturda qizdirilir.

Tocriibolordon miioyyon olunmusdur ki, an yaxsi notico FFO: BNK-un 98:2 (k.h.)
nisbotindo alinir.

Oligomer-elastomer garigiginin, homginin miiqayiss ii¢iin modifikasiya olunmamis rezol
tipli FFO-nin vo BKN-26 markali butadien-nitril elastomerinin 1Q-spektrlori udma zolagmin
700-4000 sm™ intervalinda “®T-02 WHOPOIIOM*“ markali spektrometrdo cokilmisdir
(sokil 1-3).

BNK-nun iQ spektrlori- (sm™) 960-980, 1575 v C=C, 2869-2880 v C-H, 1680 v CN,
FFO-da 760 def. benzol, 1200-1255 CH,, 3200-3460 v OH, 1590 v benzol holgesi udma
zolaglar1t miisahido olunmusdur.

Elastomerlo modifikasiya edilmis FFO-do 3480 sm™ R-OH, 2320 sm™-do CH,, 11307,
1432-1472 sm™-do C=C oberton, 1688 sm™ CN, 1225 sm™ C-H, 720, 1201 sm™ benzolun
udma zolaglar1 askar olunmusdur [6-8]. Bu da prosesin mexanokimyoavi modifikasiya olmasini
bir daha tosdigloyir.

Bu gostorilonlor oligomer-elastomer qarisiglart osasinda yiiksok qoruyuculuq gosto-
ricilorine malik kompozisiyalarin islonmasinin aktualligini tasdigloyir.

Modifikasiya olunmus fenol-formaldehid oliqomerinin torkibinds olan sorbost fenol
Koppesar iisulu ilo miioyyan edilmisdir. Malum olmusdur ki, modifikasiya olunmamig FFO-da
sarbast fenol 10-12 %, modifikasiya olundugdan sonra bu gostorici toxminon iki dofo azal-
migdir.
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Sakil 3. Modifikasiya olunmus oliqomer-elastomer qarisiginin IQ spektri

Elastomerlo modifikasiya olunmus vo miiqayise ticiin modifikasiya olunmamis fenol-
formaldehid oliqomerlorinin asas fiziki-kimyovi va fiziki-mexaniki gostaricilori tadqiq olun-
musdur [6]. Miioyyon olunmusdur ki, elastomerlo modfikasiya olmus fenol-formaldehid
oligomerinin osas gostaricilori modifikasiya olunmamis fenol- formaldehid oligomerinin uy-
gun gostaricilorindon ~1.5-2 dofs yiiksokdir (cadval 2).
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Cadval 2
Elastomerlo modifikasiya olunmus va modifikasiya olunmamuis fenol-formaldehid
oligomerlorinin 3sas gostaricilori

Gostaricilor FFO MFFO
Sixlig, kq/ m* 1250 1280
Yumsalma tempraturu,’C 60-65 90-95
Nisbi 6zliilik, san 1,22 2,04
Sorbast fenolun miqdar ,% 10-12 5-6
Sarbast formaldehidin migdar1 ,% 4.6 2.8
Borkimo doracosi (ekstraksiya 92 98
isulu ilo), %
Yapisganlig moéhkomliyi,MPa 1,6-1.8 2,4-2.6
Zoarbaya davamlilig, kg/sm 4.5-5.0 14-15

Modifikasiya prosesi naticasinda fenol- formaldehid oliqgomerinds sorbast fenolun vo
sarbast formaldehidin miqdar1 azalmis, yapisqanliq méhkomliyi, zerbays davamliligi, barkliyi
va istiliys davamlilig: yiiksalmisdir.

Todqiq olunan oliqomer-elastomer qarisigi hom kimyovi, hom do termiki iisulla
barkidilir. Kimyavi iisulla barkimado qarisiga 1-2 % (kiitloyo goro) urotropin — heksametilen-
tetramin — (CgH12N4) olava edilir. Qarisdirildigdan sonra kompozisiya tomizlonmis polad
niimuns iizorino ¢okilir vo otaq temperaturunda 24 saat miiddotinds qurudulur.

Termiki borkimo tisulunda tomizlonmis polad niimunsloro kompozisiya ¢okilir, sonra iso
termoskafa miixtolif temperaturlarda (80, 100, 120, 140°C) vo miixtalif vaxtlarda (20, 40, 60,
80 doq.) barkidilir. Noticade miioyyon olunmusdur ki, oligomer-elastomer asasli kompozi-
siyanin barkima doracasi  120°C —do 20 doqigoe miiddatinda 98% -dir.

Hazirlanmis  oligomer-elastomer osasli  kompozisiyadan poladdan  hazirlanmis
avadanliglarin  doniz suyunda korroziyadan qorunmasinda istifado olunmasi toklif
olundugundan sismoa doaracasi miixtalif vaxtlarda yronilmisdir. Malum olmusdur ki, oliqgomer-
elastomer osasli ortiik kompozisiyasinin doniz suyunda sismasi vaxtdan asili olaraq 0.2-1.2%
intervalinda doyisir (sokil 4).

a, %
124

1,0..
0’8..
0,64
041

0,2+

» T, saat

0 24 48 72 9
Sakil 4. Modifikasiya olunmus rezol tipli fenol-formaldehid oliqgomeri asaslt
ortiik kompozisiyasinin daniz suyunda sisma daracasinin vaxtdan asiligi
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Oligomer-elastomer qarisig1 osasinda hazilanan oOrtiik kompozisiyasinin aqressiv
mihitlors do dayanigligi yoxlanilmigdir. Alinmis noticolordon goriiniir ki, bu kompozisiya
kimyovi dayanigli sayila bilor (codval 3).

Cadval 3
Oligomer-elastomer asash ortiik kompozisiyalarinin aqressiv
miihitlors dayanmiqhg:
HCIl, % |CH3COOH, % | NaOH, % NaCl, %

Kompozisiyalar

5 33 5 85 3 30 3 30

Kiitlab itkisi, %

FFO asaslhi 1,6 1,8 1,2 1,4 0,8 2,8 1,1 0,8

FFO +BNK-26 asash 0,9 1,2 0,7 0,9 0,3 12 | 0,05 | 06

Notica. Todgiqat isindo oligomer-elastomer osasli kompozisiya hazirlanmigdir.
Kompozisiyanin fizikik-mexaniki vo istismar gostoricilori miioyyon olunmusdur. Malum
olmusdur Ki, oliqgomerin elastomerlo modifikasiyasi noticosindo alinmis kompozisiyanin
molekul kiitlosinin artmasi vo alava funksional gruplarin amala galmasi noticasinda barkimo
prosesi siiratlo getmis, torvari qurulus amals galmis, tadqiq olunan miihitlords diffuziya prosesi
longimis, istismar gostaricilori yliksolmigdir.

REFERENCE

1. Nikolaev A.F. Sinteticheskie polimery i plasticheskie massy na ih osnove. M-L.: Himija, 1966,
768 s.
HuxonaeB A.®. CuHTETHYECKHE TTOJIUMEPHI U TNIACTHYECKHE Macchl Ha X ocHoBe. M-JI.: Xumus,
1966, 768 c.

2. Shvarc A.G., Diizburg B.l. Sovmeshhenie kauchukov s plastikami i sinteticheskimi smolami.
M.:Himija, 1972, 343 s.
IIBapu A.I'., Inn30ypr b.A. CoBmemenne kayqykoB ¢ TUIACTUKAaMH U CHHTETHUECKUMH CMOJIa-
mu. M.: Xumus, 1972, 343 c.

3. Knop A., Shejb V. Fenolnye smoly i materialy na ih osnove. M.: Himija, 1983, 273 s.
Knon A., lIleii6 B. ®eHonbHBIE CMOJIBI U MaTepUabl Ha UX ocHoBe. M.: Xumus, 1983, 273 c.

4. Entelis S.T. Reakcionnosposobnye oligomery. M.: Himija, 1985, 303 s.
Iurenuc C.T. PeakimonHocnocoonbie onmuromepsl. M.: Xumust, 1985, 303 c.

5. Bilalov Y.M., Hiiseynov F.I., Abbasova L.M.. Modifikasiya edilmis polimer kompozisiyalari.
Baki, 2002, 200 s.

120




Oligomer-elastomer qarsig: asasinda kompozisiya

6. Kazicyna L.N., Kupletskaja N.B. Primenenie UF - IK i JaMR spektroskopii v organicheskoj
himii. M: Vysshaja shkola, 1971, 266s.
Kasunsina JILLH., Kymierckas H.B. [Ipumenenne YO - K u SIMP cnekTpockonuu B opraHuye-
ckoii xumuu. M: Briciias mkoia, 1971, 266¢.

7. ©mirov F.9., Caforova R.9., Abdullayeva 1.Q. Uzvi maddolorin torkib vo qurulusunun
absorbsion optik cihazlarla todqiqi (IQ-spektroskopiya).Baki, 2002, 50 s.

8. Tarutina L.1., Pozdnjakova F.O. Spektralnyj analiz polimerov. L.:Himija, 1986, 245 s.
Tapyruna JI.U., [Tozausakosa ®.0. CnexTpaibHbli ananu3 noiauMepos. J1.: Xumus,1986, 245 c.

9. Kasterina T.N., Kalinina L.S. Himicheskie metody issledovanija sinteticheskih smol i plastich-
eskix mass. M.:Goshimizdat, 1963, 284 s.
Kacrtepuna T.H., Kamununa JI.C. XuMuyeckue METOIbI UCCIEAOBAHUS CUHTETHUYECKUX CMOJ U
miactuyeckuX Macc. M.:I'ocxumusnat, 1963, 284 c.

KOMITO3UIIHS HA OCHOBE OJINTOMEPO-3JJACTOMEPHOM CMECH
©.A. AMUPOB, T.M. HAUBOBA, N.I'. ABIYJUIAEBA, I1.X. KYJIVEBA

Pa3paboTana koMno3uusi Ha OCHOBE (PEHOIOPOPMATBICTUIHBIX OJUTOMEPOB, MOAU(PHUIMPOBAHHBIX OY-
TaJUCH-HUTPUIIbHBIM 3JIACTOMEPOM.

OmnpeneneHbl GU3NKO-MEXaHUUECKHE M IKCILTyaTal[HOHHBIE CBOMCTBA KOMITO3UIHH.

H3yyeHa ycTOHYMBOCTh pa3pabOTaHHOM KOMITIO3UIIMU B MOPCKOM BOJIC U B PAa3JIMYHBIX arpeCCHBHBIX Cpe-
Jax.

YcraHoBIEHO, 4TO pa3paboTaHHas KOMIO3UIMS obecrieurnBaeT d(QGEKTHHYIO 3alUTy OT KOPPO3UH 000py-
JIOBAHMS 1 KOHCTPYKIINH, SKCIUTyaTUPYIOLIMXCS B arpECCUBHBIX CpeJiax.

Knroueswie cnosa: gpernon-gpopmanvoecudnvle onueomepsi, MoOupuKayus, pe3oi, 6ymaoueH-HumpuibHbuli
anacmomep, KOMno3uyus, NOKPuIMus, KOppo3sus.

COMPOSITIONS BASED ON OLIGOMER-ELASTOMER COMPOUND
F.A. AMIROV, T.M. NAIBOVA, 1.Q. ABDULLAYEVA, P.X. QULUYEVA

The developed composition is based on phenol-formaldehyde oligomers, which are modified by nitrile
butadiene elastomer.
The physical-mechanical and peformance properties of the composition are defined.

The stability of the developed composition is studied in the sea water and various corrosive
environments.

It was discovered that the developed compositio provides protection against corrosion for equipment and
structuires operating in listed above media.

Key words: phenol-formaldehyde oligomers, modification, resole, butadiene-nitrile elastomers,
composition, coating, corrosion.
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OCHOBHBIE HAIIPABJIEHUSI PABBUTHS U ITYTU BHEJIPEHUSI
BOJIOCBEPEIrAIOIENA TEXHUKHU U TEXHOJIOI' MU OPOLIEHHUS B
YCJIOBUSIX ABEPBANIJKAHA

b.I'. AJIMEB, 5.P. ATAGAGAEB

KoHeuHbIlt ypOBeHb ypOKaHOCTH CEITBCKOXO3SIMCTBEHHBIX KYJIBTYP ONpEAesieTcs ONTH-
MyMOM BiaroobecneueHust pacteHuil. [Ipu opomaemMoM 3emienenuyu WHTEHCUBHOCTh BOJOIOIAYH,
PaBHOMEPHOCTH PACIpPEAEICHHsT BOJBI MO MOBEPXHOCTH W IO BPEMEHH HANpPsIMYIO BIMSIOT Ha KO-
HEYHBIN pe3ynpTaT. B paboTe mpenmaraercss Npu MPOESKTHPOBAHUN OPOCUTEIBHBIX CHCTEM BBECTH B
000pOT TakWe MOHSTH, KaK «TOTOBHOCTH CHCTEMBI K pab0Te», «CTETIeHb Ha/Ie)KHOCTH CHCTEMB». Ye-
pe3 npeanaraembie (OPMYJIBI TIOKa3aHa peabHasi BO3MOKHOCTD BBIYMCICHUS KO3 QUIIMEHTOB BiIMs-
HUS JaHHBIX ()AaKTOPOB HA TOKa3aTenyd NpHOaBKH ypoXkas M, COOTBETCTBEHHO, (POPMHUPOBAHUE KO-
HedHoro ypoxad. [Ipemnaraercs mpu dKCIUTyaTallud OPOCUTEIbHON TEXHUKU yUUTHIBATh IIOKa3a-
TeNb MPOCTOSI TEXHUKH.

Knwoueswvie cnosa:.  sodocOepecaroujas mexHuxa, mexHor02Uus opouleHust, 6OOHbIL PeHcUM
nouswl, eudponocuyeckue hakmopol, UHMEHCUBHOCHb 8000N00aYU, KO-
aghuyuenm comognocmu, cpedHee 3HaAUeHUe OMKA308.

Beenenue. l3BecTHO, 4TO numa, BOAa, BO31yX, TEIUIO SBJISIIOTCS OJHUM M3 IVIABHBIX
KPUTEPUCB CO3JIAHMS adpalluy ISl )KU3HECSITeNbHOCTH pacTenuii [1-4]. Hemoctarok Biaru B
MIOYBE OKa3bIBaeT OOJIbLIOE BIMSHUE Ha €€ BO3AYIIHbIN, TEIUIOBOM M MUKpPOOMOJIOrMYECKUN
YPOBEHb, a TAaK)K€ M Ha IHTATEJIBHBIM PEXHUM, a CIEAOBATEIbHO, HA IJIOJOPOAUE IIOYBBI U
HarpaBlieHue 1104BooOpa3oBaTenpHOro npouecca. CieayeT Takke OTMETUTh, YTO OT BOJHOIO
pEeKHMMa MOYBBI B 3HAUYUTEIIBHON MEPE 3aBUCAT MPOLIECCHl HAKOIUIEHUS U pa3pylLIEHUs] OpraHu-
YECKOI'0 BEILECTBA. BOAHBIN pEXUM CUIIBHO BIIMAET Ha BEIUYMHY U YCTOWYUBOCTH yPOXKAEB.
EcTecTBeHHBIN BOAHBIM M IHUTATEIBHBIA PEKUM IIOYBBI M 3€MEIBHBIX MACCUBOB BO MHOTHX
CIy4asx He COBIAJAIOT C HYXXHBIM JUIS HAaWJIy4IlIEero CEIbCKOXO3IMCTBEHHOIO IOJIb30BaHUS
3eMeNb peXUMOM. B OIHMX Cilyyasx CeIbCKOXO3MCTBEHHBIE KYJIbTYPBhl HCIBITBIBAIOT HEIO-
CTaTOK BJaru, B JAPyTUX, HA00OPOT, MOJyUYCHHE HEOOXOJANMBIX YPOXKACB TOPMO3UTCS U3OBIT-
KOM BJIard U HEJI0CTaTKOM B IOYBE BO3/yXa M yCcBanBaeMoil pacteHusMH nuied. Takum obpa-
30M, U30BITOK WJIM HEJOCTaTOK BJIArM M CBSA3aHHBIE C HUM SIBJICHUS OOYCIIOBIMBAIOTCS JIEH-
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CTBHEM WJIM OOLIUX KIMMATUYECKHX U TUIPOJIOTUYECKUX (PAaKTOPOB, WIM MECTHBIX MPUYHH:
penbeda u ruaporpauuecKkoro MojoKEHHs, CBOMCTB I'PYHTA, XapakTepa X03sICTBEHHOTO HC-
MOJIb30BAHMUS JAHHOW TEPPUTOPHUH, YACTO XKE BIUSHUEM TeX U IPYTUX (PaKTOpOB BMECTE.

[To xnuMatnyeckum ycinoBusM AzepOaikaH OTIMYAETCS OT BCEX APYIMX PErHOHOB
osiBIIero Coerckoro Coro3a TeM, yTo 9 u3 11 KIMMaTHYECKUX MOSCOB, CYLIECTBYIOIIUX B
HOpUpoOZe, UMEIOT MecTO B Hamel pecnyOnuke. CreayeT Takke OTMETUTb, YTO BBINAJCHHE
0CaJIKOB Ha TEPPUTOPUU BEChbMa HEPAaBHOMEPHOE, a B PAJEC PETMOHOB HEIOCTATOYHOE JUIs
obecrieyeHHs: NOTPEOHOCTEH CENbX03KYIbTYP B NEPUOJ UX BEreTaluy, T.€. UMEeT MECTO OCT-
pBIi 1e(UIUT BOJIBI.

B takux ycnoBusix mpumeHseMasi Ui OpOILEHHs CeITbCKOXO035IMCTBEHHBIX KYJIbTYpP BO-
nocOeperaromas TEXHWKa W Oe30MacHas TEXHOJOTHS TOJIMBa B Pa3IMYHBIX MOYBEHHO-
KJIMMaTHYECKUX 30HaX PECIyOIMKH UMEIOT OOJIBIIOE HAPOIHO-X035ICTBEHHOE 3HAUCHHE.

[TpenmymiecTBo BogocOeperaromiel TEXHUKM U TEXHOJIOTMU 3aKII0YaeTcs B TOM, 4TO
IIPU 10/1a4€ BOJIbI B COOTBETCTBUH C MOTPEOHOCTSAMHU CEJIBbXO3KYJIbTYP OHU CO3/1al0T yCIIOBUS
JUIl PAaBHOMEPHOTO PACIPENENICHUs] BJIarM Ha BCEM opollaeMoi IUIOMaaH, 00pa3yloT o4aru
YBIIQXHEHUs Ul 00Jiee MHTEHCUBHOIO Pa3BUTHUS PACTEHUM, CI€10BATEIbHO, 3HAUUTEIIBHO T10-
BBILIAIOT YPOXKaHOCTh CEIBCKOXO03SIMCTBEHHBIX KYJIBTYP.

Bwmecte ¢ Tem npumeHeHne HOBOM BojocOeperaromieil TEXHUKA U TEXHOJIOTHUHU OJINBA
IIPUBOJUT K SKOHOMHH IIOJMBHOM BOJBI B 2-2,5 pa3a U yBelIUUYeHUIo ypoxaes B 1,3 - 1,5 paza.
Kpome Toro, mosiBisiercss BO3MOKHOCTh PallMOHAJIBLHOTO NMPUMEHEHUsS yA00peHHH BMecTe ¢
MOJIMBHOM BOJIOW, a Takke ynoOCTBa ISl OCYIIECTBICHHS COOTBETCTBYIOIIMX arpOTEXHH-
YECKUX MEPOTPUATHUI JIJIs BBIPAIIMBAHUS CEIbCKOX03IHCTBEHHBIX KYJIbTYD.

Cnenyer OTMETUTh, YTO MPUMEHEHHE BOJOCOEpETaroniel TEXHUKU U TEXHOJIOTHH I10-
JMBA CO3JAI0T YCJIOBUS Ul MAKCUMAJIbHO BBITOJJHOI'O HUCIOJIb30BAHUS €CTECTBEHHBIX OCAJKOB
IyTEeM pEeryJupoBaHMs pPeXHMa PabOThl TEXHUKH I1OJMBA B COOTBETCTBUU C MPUPOJHBIMU
YCIIOBHSIMU PA3JIMYHBIX PErHOHOB A3zepOaiikaHa.

Buenpenune BomocOeperaromeil TEXHUKH ¥ TEXHOJOTHH IOJUBA SIBJISICTCSI HA CETo-
JTHSIIHUNA JIEHb OJHOW M3 CaMbIX CJIOXHBIX HAyYHO-TEXHUYECKHX 3a]ad OpOIIaeMOro 3emiie-
nenus. 9To MpexJie BCero He00XOAMMOCTh YCTAaHOBIEHHSI OMOJIOTHYECKH ONTUMAIbHBIX YCIIO-
BUH BJIQXXHOCTH IIOYBBI M IIPU3EMHOIO CJOS BO3AYyXa, a TAKKE IKOJOTMUYECKH JIOIYyCTHMBIH
YPOBEHb BJIQXXHOCTH M a’3pallly MOYBBI AJII COXPAHEHUs U MOBBIIIEHUS €€ IUIOA0POAUs NPH
OpOILIEHUHU Ha (POHE eCTECTBEHHBIX, MAJIO IPOTHO3UPYEMBIX 10 CPOKAM BBINAJCHUN OCaIKOB.

[Ipu BHenpeHuu BojocOeperaronieil TEXHUKM M TEXHOJOTMHM IOJMBa HEO0OXOAUMO
Y4ECTh CJIEIYIOIINE apaMeTPBbl:

- HHTEHCUBHOCTb BOJIOIO/Ia4y U BOJOIIOTPEOIICHNUE;

- COOTHOIIIEHHE YacTeW BOAOINOAAYM, UIYLIEH HA CO3[aHUE IIOYBEHHON M BO3AYIIHON
BJIQXKHOCTH;

- COOTBETCTBHE MHTEHCUBHOCTH BOJOINOJAYM U €CTECTBEHHBIX OCaJKOB aKKyMYJIUPY-
FOLIIEN CIIOCOOHOCTH CJIOSI AaKTUBHOTO BJIarooOMeHa IMOYBEI.

IHocranoBka 3agaum. ['1aBHON 3a7a4ell TPUMEHEHUSI HOBOM TEXHUKU U TEXHOJOTHUU
OpOILIECHHUS SBJISIETCS TIOUCK PEIIEHUI ONTUMAIBHOTO PACCPEIOTOUEHHSI U PABHOMEPHOTO pac-
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npezieNieHst CTOKa BOJIBI B IIpOIiecce ee MepeBoia B COCTOSHUE MTOYBEHHOM M BO3yIIHON Bia-
ru. Yewm Boltie ko3 uuneHT 3¢(HeKTUBHOCTH MOJINBA, TEM BBILIE YPOKAHHOCTD.

Heo0xoauMo OTMETHTB, YTO €CITU COTOCTAaBUTh MHTEHCUBHOCTH BOJOIOIAYH M WHTEH-
CHUBHOCTH IBAIlOTPAHCIHPAIMH, TO UX COOTHOLICHHE Y PA3IMYHBIX TEXHOJOTHIA U CPEACTB I0-
nuBa kosebnercsa or 1 1o 1000, mpuyeM MeHbIINE 3HaYEHHsI COOTBETCTBYIOT TEXHUKE MaJIOMH-
TEHCUBHOTO OpOLICHMs (MEUIEHHOE M MPEPHIBUCTOE JOXKAEBAaHUE, CUHXPOHHO-MMITYJIECHOE
JIOX/IEBaHUE, a3PO30JIbHOE YBIAKHEHHE, KalleJIbHOE U UMITYJIbCHO-KAleJIbHOE OPOIIECHHUE).

[Tpu perieHun Bonpoca TEXHOJIOIMM OPOLIEHHUsS HEOOXOIUMO Y4YecTh MpoOIeMbl ONTH-
mu3zanuy. [Ipo0iema onTUMHU3aMK TEXHOJIOIMYECKOTO MpOIecca OPOIIEHUs TOJKHA OpraHu-
YeCKM BKJIIOYATh arpoOMOJIOTHYECKYI0, SKOJIOTHYECKYIO0 U COLUAIbHO-I9KOHOMUUECKYIO OLIEH-
Kd. OTH GaKTOpsl — TpeOOBAHUS CEIbCKOX03IHCTBEHHOTO MPOU3BOACTBA. ATPOOHOIOTHYECKHE
TpeOOBaHUS MPEAyCMATPUBAIOT ONTUMATILHOE CHA0KEHUE pacTeHul Booi. JlJist 3Toro mojaus-
Hasl TEXHUKA JTOJDKHA 00ECIIEUNTh 10/1ayy BOJABI B HY)KHOM KOJIMYECTBE, HEOOXOAMMOTO Kade-
CTBa U B TpeOyeMble CPOKH B COOTBETCTBUH C OMOJIOTUYCCKUMU (a3aMH Pa3BUTHS PACTCHHMA:
pPaBHOMEPHOE pacHpeziesIeHHe BOJbl HA T0JI€ U M0 NOYBEHHBIM FOPU30HTaM B COOTBETCTBHH C
pasMelleHeM KOPHEBOW CHUCTEMBbl PACTCHUM; MOJI0XKUTEIbHOE BO3JCHCTBUE MOJIMBA HA OKPY-
KAIOILYI0 pAacCTeHUE CpeAy U CO3JaHHe TPeOyeMOoro BO3IYLIHOI'O TEMJIOBOTO M IHUIIEBOTO pe-
KHMOB B TMOYBE U MHUKPOKJIMMATa, COOTBETCTBYIOIIUX (DPU3HOIOTUYECKUM OCOOEHHOCTSIM pas-
BUTHS PACTEHUH; HCKIIOUYEHHE MEXAHWYECKHX IOBPEXJACHUIN pacTeHUil W OTPHULIATELHOTO
BO3/ICUCTBUS Ha HUX BOJHOT'O TOKA U JIOKAEBBIX KaIlelb.

DKkonoruyeckoe TpeboOBaHUE CBOJUTCA K COXPAHEHUIO M yIyUIIEHUI0 MUKpopenbeda,
MEXaHUYECKOTO COCTaBa IMOYBHI U MEIMOPATUBHOTO COCTOSIHUS 3eMelb. JIJIst 5TOro MOJIHMBHAS
TEXHUKA W TEXHOJIOTHUS TOJMBA HE JOJDKHBI JIOMYCKATh BOAHON DPO3HMH TOYBHI: Pa3pyIICHHS
CTPYKTYpPBI U YIJIOTHEHHUS TIOYBBI, IOTEPh BOABI HA NIyOMHHYIO (pUiabTpanuo u cOpocsl, BTO-
PUYHOIO 3aCOJICHHS U 3a00J1a4MBAHUS OPOLIAEMBIX 3€MEIlb.

ConuanabHO-3KOHOMUYECKHE TPeOOBaHMs CBOJATCS K PallMOHAIBLHOMY U BBICOKOI (-
(eKTUBHOMY HCIIOJIb30BAaHHUIO MOJMBHON TEXHUKH, BOABI U TPyJa Ha MOJUBHOM ydactke. [Ipu
ATOM TIOJIMBHAs TEXHWKA JIOJDKHA 00ECHeunBaTh BBHICOKOA(P(PEKTHBHOE M paIlMOHAIBHOE WC-
TIOJIb30BAHUE TIOJIMBHOW TEXHUKH, @ DIKCIUTyaTallMOHHAs HAJCKHOCTh TOJDKHA OBITH BBIIIE TIO
CPaBHEHUIO C paHEe MPUMEHSIBIICHUCS TEXHUKOM.

Teoperndeckoil NpeAnoCbUIKON Ul pelIeHuUs BbIllIeyKa3aHHbIX TpPeOOBaHUM sBIISETCS
panroHaIbHOE MCII0JIb30BaHMs BOJAHOTO (DakTOpa M UX BIUSHHUE HA YPOKaHHOCTb.

Pemenue 3anaun. BiausHue GpakTopoB Ha BEIMUMHY YpOKasi BbIpa)kaeTcs clelyroeit
3aBHCHUMOCTBIO:

v=A - [1[1-1-')? ] (1)

rae A - MaKCUMaJIbHBIN TPUPOCT YpOxKas MPH ONTHMAJILHOM 00eCTieYeHHH BceMU (hak-
TOpaMu;

f' — OTHOCHTENBHAS BETHUMHA i-TO (axTopa;

N - grcio (paKkTOPOB BIMSHUS Ha ypOKail.
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Cuuraem, 4To 3a BereTanoHHbIi nepuon (o, T) mpoBoguTcs 1 MOIMB B MOMEHT BpeE-

MEHU 7, 7, £

......... Z ;. ZT. llpumem 7;,, =T.

Torpa ¢ Y4€TOM 3aBUCHUMOCTHU 3HaYCHHI Q)aKTOpOB OT BPEMCHHU U IIPU JOMYIICHUN TO-

T'O, UTO IMPUPOCTHI YPOIKaAA B PA3JIMIHBIC MCIKIIOJIMBHBIC IICPUOJAbI HC3aBUCUMBI, BBIPAKCHUC (1)

IMPpUMCT BU:

-

q+1-1

j=1

A

7+l p

[ TI k-a- )2k

4 i=l

)

rae Aj — IpupoCT ypoxasi 3a J-i HOJMBHON IMKI (7 j, 7 j+1) IPH ONTHMAIbHOM 00Oec-

NECYCHNH BCEMHU q)aKTOpaMI/I 3a MEXKIIOJIUBHOM nepuoa U B Ipouecce 1mojirBa.

Kimmmaru-

Cpeansist Cpennsist CkopocTb U C/x KymBTYpa
qecKue TeMmnepaTypa BIAYKHOCTh HOBTOpSiE- (basza Be
(akTopsl BO3MyXa BO3AyXa MOCTh BETpa "

FeTaHI/II/II
v
ArpoHoMHU-
YCCKHEC HMHTEHCUBHOCTD 3BaNlOTPaHCIIMPALUU Crio¥i akTHBHOTO BIIaroobMe-
baxTopsl Ha
I'unpouto- 0 - - .
FHYecKie ONTMBHAS BIIA- auMCHBIIAs OKHAN
TOEMKOCTh BJIArOEMKOCTb Ipenen
dakTopbl Pa—
v l l
OuIbTpaloH-
HBIE CBOWCTBA Arpomnponomqecm/le CBOICTBA MMOYBbI
TIOYBBI
v
v A 4
PasoBas Bozporo-
HNurencus- IIpennonuBHas
HOCTB BOJIO- BIIQXKHOCTh Aatia
magaymn

TexHoorHa 1MoJINBa
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DakTOophl U3MEHSIOTCS B PA3IMYHON CTENEHH, OKa3blBas Pa3iIM4HOE BIHUSHHUE Ha (Op-
MUpPOBaHUE ypoxkas. XapakTepHble U3MEHEHHs (aKTOPOB U UX BIUSHHUE HAa YpPOKaWHOCTH 3a
MEXITOJIMBHOM MEPUO/I MOKa3aHbI BHIIIIE.

N3 cxem oueBUIHO, 4TO MHOT00Opasue GakTOpOB, BIUSIONINX HA YPOXKai, 3aTpyIHSET
HEIMOCPEICTBEHHO UCIOJIb30BAHUE ITOW 3aBUCUMOCTH (WJIM IPYTUX, aHAJTOTHYHBIX eif). Camoe
0oJbIIOE BIMSIHHE Ha ypo)kail OKa3blBaeT TOT (hakTop, ybe abCONIOTHOE 3HAYCHHE BETMYMHbI
Haubosee MaKCUMAJbHO KOJEOJEeTCsl OTHOCUTENbHO eAuHULbl. CHIKEHHE YpOXKailHOCTH B
JOJISIX €TMHUIBI MOKHO BBIPA3UTh B CIEIYIOIIEM BU/IE:

AY=1-(1-V,/Vo)-(1-K./2)? (3)

3necy AV - mokasareib CHHKEHHUS YPOKAMHOCTH B JIOJIAX €INHHIIBL.

[Tpu mmaHupoBaHUM BOJIOTIONB30BAaHUSI HEOOXOAMMO YUUTHIBAThH BIUSHUE MOKa3aTemeit
HAJIC)KHOCTH TIOJUBHOM TEXHUKH U 00OPYIOBAaHUS OPOCUTENBHBIX CUCTEM Ha JKCILTyaTalluoOH-
HBII pEKUM OPOILECHHS U HA YPOKAUHOCThH CEIbCKOXO3SUCTBEHHBIX KYJIbTYp. OpOCHUTENbHbIE
CHUCTEMBI CO CTAllMOHAPHBIM M MOOWIBLHBIM 3JIEMEHTAMH, KaK U JAPYTUe TEXHUYECKUE CUCTE-
MBI, B MIPOIECCE aKTUBHOTO (PYHKIIMOHUPOBAHUS BBIXOJAT U3 CTPOS U HE 00ECIIEUNBAIOT BOJIO-
[10/1a4y Ha BCIO KOMAHJIHYIO IUIOIIA/Ib.

[TepeGoil B paboTe TEXHUKH WM CHHXKEHUE KAaueCcTBa BOJOpACHpEesICeHUs] HApYIIal0T
IUIAHOBBIM PEXHUM BOJOMNOJIaYM, YTO OTPHULATENIBHO CKAa3bIBAETCS HA BEJIUYMHE IOIY4aEMOI0
ypoxast. 711 OpOCUTENBHON CUCTEMBI, XapaKTePU3YIOIIEHCS ONpeeIeHHbIM KO3 hUIIMEHTOM
TOTOBHOCTHU, JOJTOBEYHOCTHIO 00OPYIOBaHUS M CPEAHUM 3HAUYCHHEM OTKAa30B, ymiepOd OT He-
JIOTIONIMBA, A 3HAYUT, U BEJIMUMHA HEJOMONYUYECHHS YpOKas MOXKET A0X0auTh 10 30%.

HanexxHocTh paboThl TEXHOJIOTHYECKOTO 000PYI0BaHHSI OPOCUTENIBHON CUCTEMBI Olie-
HUBAETCS KOMITICKCHBIM TIOKa3aTesieM — KO3 PHUIIMEHTOM rOTOBHOCTH K , XapaKTepH3YIOIIUM
BEPOATHOCTh PabOTOCIOCOOHOCTH OOBEKTa B NMPOU3BOJIbHBIM MPOMEXYTOK BPEMEHH, KpoMe
MEPUOOB, B TEUEHHE KOTOPBIX HCIOIb30BaHNE 0OBEKTA 10 HA3HAUEHHUIO HE TPEyCMOTPEHO.

Koad¢uimeHT roroBHOCTH CHCTEMBI OKa3bIBAaET HEMOCPEACTBEHHOE BIUSHUE HA T0-
Jy4YE€HHE MAKCUMAJIbHBIX YPOXKAEB CEIbXO3KYIBTYP.

Jlist moATBEpKISHHS CKAa3aHHOTO HEOOXOAMMO PacCMOTPETh HEKOTOPHIE TEeOpeTHde-
CKHME aCIEKThl IIPOTHO3a YPOXKAWHOCTU CEIbXO3KYJIbTYp. Y POKAWHOCTh B 3aBUCHUMOCTH OT
OPOCHUTEILHOM HOPMBI OTIPEIEISIETCS 110 CIIEAYIomel hopmyIie:

YZYO+(Y|\/|-y0) MT (4)
M
3neck Yo - ypoxkaitHOCTh 0€3 opoIeHust; Yy - MaKCUMaIbHO BO3MOXHBINA ypokail pu
HOpMe M.
Ecnm 0603HaunTh ypoxait ¥Yi, nmpu Hopme M3, TO U3 (4) MOKHO TIOJTYYHTh CICAYIOIIEE
BBIpa)KEHUE:

M
V1=VYoH(YMm-Yo) — (%)
M

IIpn HOpMe M= M umeem:
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V2=VYu (6)
U3 (4) u (6) umeeM noOTEPIO Yposkasi U3-3a MPOCTOS SJIEMEHTOB CUCTEMBI:
AY =Y5-V1=Yy-Yo-(Ya-Yo) % i AY =(Yy-Yo)(1- %) )

Ecmu CpeaHeC BpEMs 10 OTKAa3a paBHO To " CpcaHEC BPEM BOCCTAHOBJICHUA TB, TO 3a
BpEMA 3JICMCHT CUCTCMBI ITPOCTOUT:

T
TO
Torna BpeMst uncToi paboThl OyAeT paBHO
tp=t-typ =t (1- -_II-_—B) )

0

Ecnu Takux 31€MeHTOB B ycTpoiicTBe OyeT N, TO
h .
Thi
tp=t(1- 2, —) (10)
; To
Ecmu npussTh, uro t=T opocuTenbHOMY MEpHOIy, TOTJAa BpeMs YHUCTON pabOThHI 3a
OpPOCHUTEIBHOM MEPUOJ COCTABUT:

h -
Thi
T, =T (1- — 11
» =T ( Z o) (11)
CoOTBETCTBYIOIIAsE ’TOMY BPEMEHHU OPOCUTEIbHAsI HOpMa paBHA
h -
Thi
M;=QT (1- — 12
( .le Toi ) (12)
Ecau Ob1 cucTeMa OTKa3bIBajia, TO
M=QT (13)
U3 (12) u (13) umeem:
h -
Thi
M=M (1- — 14
M3 1) 14

N3-3a 0TKa30B AJIEMEHTOB CUCTEMbI BEJITMYMHA OPOCUTEIHHONH HOPMBI CHHXKAeTcss oT M
a0 Ml.

Takum 00pa3oM, MPU MPOESKTUPOBAHUH CUCTEMBI C IEJIBIO IOJyYEeHUS MaKCHMAJIBHO
BO3MOKHOI'O YpOxKasi HEOOXOIUMO YBEIMYUTh JJIUTEIBHOCTh MOJMBA UM K€ IIPU BO3MOXKHO-
CTH Pacxo[] BOJbl, 101aBa€MON Ha CUCTEMY.

Hcnonp3yeMoe 10 HaCTOSIIIET0 BpeMeHH BeipaxkeHne Q=q!-S He yunThIBaeT Ha/IeXKHO-
CTH CHUCTEMBI, T.€. CUNTACTCS, YTO TEXHUKA a0COIIOTHA HAa/IeKHA.

C y4eToM CKa3aHHOT'O CTAHOBUTCSI OYEBHUIHBIM, YTO BBIPAKEHHUE, 3aKIIOUYCHHOE B CKOO-
k1 B popmyie (14), ecTb HIUTO UHOE, KaK KOA((PUIIMEHT TOTOBHOCTH CUCTEMEBI K paboTe, T. €.
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" Thi
K,=1- — 15
P ,Z::‘ Toi (15)

TakuMm 0o0pa3oM, CTAHOBUTCS OYEBUIHBIM BIUSHUE KO3((HIIMEeHTa TOTOBHOCTH Ha Be-
JUYUHY ypOXKas CeIbX03KynbTyp. OTKa3 ycTpoicTBa TpeOyeT MOMOTHUTEIbHBIC 3aTPaThl Ha
BOCCTaHOBJICHHE ero paborocrnocoOHOCcTH. Tpebyemas HaieKHOCTh PabOThl TEXHOIOTHYECKO-
ro 000py0BaHUS CUCTEMBI JOJKHA OBITH BHICOKOM.

Jns BogocOeperaromieil TEXHUKU U TEXHOJIOTUU CUCTEMbI OpOIIeHUs KO3 PULIUEHT ro-
ToBHOCTH mnpuHumMaercs 0,98, Hacoca cmiioBbix arperatoB - 0,99, TpyOOnmpoBOIHON CETH H
apMarypsl - 0,99, BHyTpUXO03SiCTBEHHBIX OopocuTenbHbIX cuctem 0,83-0,95. B xauecTBe Kpu-
TepHsl PABHOMEPHOCTH paclpeeNieHusl CIosl JOXKASI UCTIONb3yeTcsl KodphuueHT 3 heKTuB-
HoctH nosiuBa K,. JInst  BomocOeperaromieil TexHUKU U TexHonorun K, He oymkeH ObITh MeHee
0,95.

3akiouenue. Briieyka3aHHble TEOPETHUECKUE MPEINOCHUTKUA U (POPMYJIIbI BBIBEICHBI
aBTOpPaMHM M JIOKa3aHa HEOOXOJMMOCTh y4eTa IepEeUUCIeHHBIX (PaKTOpOB Mpu pa3paboTKe U
IIPOEKTUPOBAHUH, @ TAK)KE BHEIPEHUU BOJOCOEperammeil TEeXHUKU U TEXHOJIOTUU CUCTEMbI
opoieHusi. CiaeayeT TakKe OTMETHTb, YTO ATH MOKa3aTeNu OTPaXkaloT KaueCTBO M HAJIEKHOCTh
TEXHOJOTMYECKHX MPOIIECCOB BOJ103a00pa, BOJOpACIIPEICTICHHS MTOJINBA, a TAKXKE CTEIEHb HC-
MOJIb30BaHMUS BOJHBIX, TPYAOBBIX, YHEPIeTUYECKUX U MaTepUaTbHBIX PECYPCOB.
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AZORBAYCAN SORAITINDO SUYAQONAOTEDON TEXNiKANIN
VO SUVARMA TEXNOLOGIYASININ 9SAS INKISAF ISTIQAMOTLORI
VO TOTBIQININ HOLLI YOLLARI

B.H. OLIYEV, E.R. ATABABAYEV

Kond tosorriifat1 bitkilorinin mohsuldarliginin yekun soviyyesi bitkilorin riitubstle tomin olunma
gostaricilorinin  optimalligt ilo miioyyonlasir. Suvarilan okingilik sisteminds su tochizatinin intensivliyi,
suyun zaman c¢orgivesinds vo soth miistovisindos baraber paylanmasi yekun natico gdstoricising
bilavasito tosir gostarir. Mogalodo suvarma sistemlarin layihalondirmesi zamani “sistemin iso hazirligi”
vo “sistemin etibarliliq soviyyesi” kimi anlayiglardan istifado olunmasini tovsiyys edirlor . Toklif olunan
diisturlardan istifado etmokls, slds edilon slave mohsula, vo miivafiq olaraq yekun mohsula, gdstorilon
faktorlarin tosir omsallarmin hesablanmasinin realligt gostorilmisdir. Eyni zamanda suvarma sisteminin
istismari zamani texnikanin istifado olunma gostoricisini nozors almaq tdvsiyo olunur.

Agar sozlar: suyaqanaatedon texnika, suvarma texnologiyasi, yerinin su rejimi, gidroloji faktorlar,
suvarmanin intensivliyi, hazirliq amsali, intinanin orta giymati.

WATER SAVING TECHNIQUE AND IRRIGATION TECHNOLOGY
IMPLEMENTATION WAYS AND THE MAIN DEVELOPMENT TRENDS IN
THE CONDITIONS OF AZERBAIJAN

B.H. ALIYEV, E.R. ATABABAYEV

The final level of agricultural plants productivity is determined by optimum of plants’ moisture ensur-
ing. In the conditions of irrigated agriculture the intensity of water supply, the uniformity of water distribu-
tion over surface and within some period directly forms the final impact. In this article suggest using such
concepts as “readiness of system for work™ and “system reliability” for irrigation systems design. It is ob-
viously shown, that by implementation of suggested formulas it is possible to calculate the influence coef-
ficients of mentioned factors for additional yields data and respectively the final production. To use the no-
tion of technique downtime during the operation of irrigation equipment is recommended.

Key words: the water preserving equipment, the water preserving technology of an irrigation, the

water mode of the soil, hydrological factors of formation of a crop, uniform distribution of moisture,
intensity of water giving, an availability quotient, durability of the equipment, average value of refusals.
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IMPOEKTUPOBAHUE OPTAHU3AIIMOHHO-TEXHOJOI'MYECKUX
INPOIECCOB BO3BEJAEHUSA MHOT'O9TAXHBIX
KAPKACHBIX 3JAHUI

M.A. CAJIAXOB

B crarbe paccMOTpeHbl MaTeEMaTHUYECKHE METOIBI pacieTa MOHTAKHOM yCTOMYMBOCTU KOH-
CTPYKTHUBHBIX 3JIEMEHTOB MHOTO3TaKHOTO KapKaCHOTO 3[aHusI.

Knroueswle cnosa: opeanu3ayuoOHHO-MexXHOI02UYECKAsL HA0EICHOCMD,
KOHCMPYKmMUBHble dj1eMeHmsl KapKacad, Ko3gguyuenm
MOHMANCHOU YCMOUYUBOCTU, HASPY3KA.

Brenenne. Kak nmokasann TeXHUKO-YKOHOMUYECKHE CPABHEHHS, CTPOUTEIIBCTBO 3/IaHHUM
MOBBIIICHHONW 3TAXKHOCTH COKpamaer muiomanb 3acTpoiku Ha 30-40%. Ilpu skcruryatanuu
NPOIICHTHOE COOTHOIIEHHUE IUIOMIAJCH, 3aHATHIX PAa3IUYHBIMH (DYHKIIMOHAJIBLHBIMH 30HAMH,
KakK MpaBUIIO, MEHSETCS. B CBSI3U C MHOTOIENIEBBIM HCITOJIB30BAaHUEM 3JIaHUH YCHIINBACTCS
HEOOXO0MMOCTh B IJIAHUPOBOYHOM M MPOCTPAHCTBEHHON THOKOCTH 00BEMHO-TIIIAHUPOBOYHBIX
pELICHU.

Bwmecte ¢ TeM MpOeKTHPOBaHKE M CTPOUTEIHCTBO 3JaHHI MOBHIIIICHHON YTAXKHOCTH SIB-
JSIETCSI CIIOKHOM MH)KEHEePHOU 3a/1adueil, CBSI3aHHOM ¢ PSAAOM KOHCTPYKTUBHBIX, apPXUTEKTYPHO-
TUTAHUPOBOYHBIX, TPAOCTPOUTEIBHBIX U JPYTHUX MPpoOIeM, TpeOyIOMuX JaabHEHIIero n3yde-
HUSL.

[ToBbIIeHNE BBICOTHI 3/IaHUN MPUBOJUT K APXUTEKTYPHO-TUIAHUPOBOYHBIM M KOH-
CTPYKTHUBHBIM PEIICHHSM, a TAK)XEe ONTHMAJIBHBIM OPTraHU3aIMOHHO-TEXHOJIOTHYECKAM pelle-
HUSM T10 X BO3BEJCHHIO. Bce 3TO CTaBUT mepes] CTPOUTENISIMA KOMIUIEKC CIIOXKHBIX TEXHHKO-
SKOHOMHYECKHX 3aJ1a4d. ECTeCTBEHHO, MOSIBIISIETCS HEOOXOAMMOCTD CO3/IaHUS TPUHITUITHAIIEHO
HOBBIX THIIOB MHOTOATQKHBIX 3[IaHUH, 00JIAArOINX BHICOKMMH JKCIUTyaTallHOHHBIMU U JKO-
HOMHYECKHMHU Ka4eCTBAMU: KAIMTAIbHOCTBIO, HAJICKHOCTHIO, BHICOKOH TEXHOJIOTHYHOCTHIO,
ACTETUYHOCTBIO U aAPXUTEKTYPHOH BBIPA3ZUTEIBHOCTHIO.

MHOT03Ta)KHOE KapKaCHOE CTPOUTEILCTBO MPEJCTABISET COO0M BECbMa CIIOKHBIC MPO-
CTPAHCTBEHHBIC CTEPIKHEBBIE CUCTEMBbI C BKJIFOUCHHUEM B HHUX IUIOCKOCTHBIX M OOBEMHBIX dJIe-
MEHTOB U3 COOPHOTO M MOHOJIUTHOTO >K€J1e300€TOHA WIIM METAJUIMYECKUX PEIIeTYATHIX CH-
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CTEM M UCHOJB3YETCS IOYTH BO BCEX OTPACIAX HApOAHOrO XO3siicTBa. TeXHHMYeCKUi INpo-
Ipecc B CTPOUTEIBCTBE IPUBEI K PE3KOMY YCIIO)KHEHHIO IPOU3BOJICTBEHHBIX TEXHOJIOTHYE-
CKHX IIPOLIECCOB, KOMIIOHOBOK 3[JaHUM U COOPY’KEHMM, COCTABJIAIOIINX IMOJCUCTEM U JIEMEH-
TOB (J1a3epHasl TEXHUKA, CJIOKHbBIE CUCTEMbl KOMIJIEKCHON MEXaHMU3allK), OpraHU3alOHHbIX,
IJIAHOBBIX U IKOHOMHUYECKUX PEILICHUN.

Psan pesynapraroB mo 000CHOBaHWIO 3()()EKTHBHOCTH OpPraHU3aLMOHHO-TEXHOJIOTHU-
YECKHMX PEHICHUH MHOTO3TAaKHBIX KapKACHBIX 3/aHMM €I1e HE Hallel OKOHYATEJIBHOI'O BHEM-
peHus B NpakTUKy. Penennio 3tux npo0seM nocBsieHa HacTosIIas CTaThsl.

ITocranoBka 3agauM. Bo3BeeHME MHOTOATaXKHBIX KapKaCHBIX 3[JaHUN pacCcMaTpUBa-
€TCsl KaK BEpOSITHOCTHBIN MPOLIECC B CIOXKHOW JTUHAMUYECKON CUCTEME (BBLAEISAIOTCS OCHOB-
HbIE MapaMeTpbl, KpUTepuH 3P(HEKTUBHOCTH, CTABUTCSA KOHKpETHas 3ajada, (hopManusyercs
1eseBo (pyHKIMOHAN, T.e. pa3pabaTbiBaeTcs MaTeMaTHdecKas MOJAEIb INPOU3BOJICTBEHHOIO
mpoiiecca).

JUid mony4yeHus: ONTUMAJbHBIX PELIEHUIN IIPU pealu3aluy MaTEMaTHUYECKUX MOJENIeH
UCIIONIB3YIOTCS JIMHEMHOE U JUHAMHUYECKOE IIPOrpaMMHUPOBAHKUE, TEOPUU ONTHUMAJIIBHBIX IIPO-
1IeCCOB, rpa)oB, MHOKECTBEHHOU KOPPEIISALIUH.

Peanuzanus paccMOTPEHHBIX MPOOJEM Ha OCHOBE PAa3BUTHUS MCCIIEAOBAHUM B yKa3aH-
HBIX HaNpaBJICHUSX TPeOyeT HOBYIO METOJOJIOTHIO MPOSKTUPOBAHUS M BO3BEACHUS d(PPEKTHB-
HOT'0 MCIOJIb30BaHUSI aBTOMATU3MPOBAHHBIX CUCTEM C II€JIbIO MOBBICUTH JI0 JIFOOOI0 Harepen
3aJIaHHOTO  yYPOBHS  HAJEKHOCTb  IPUMEHSEMBIX IIPOEKTHBIX M  OPraHHU3alMOHHO-
TEXHOJIOTMYECKUX PEIICHUH U 00ECIEeUuTh TEM CaMbIM OPIraHMU3ALlMOHHO-TEXHOJOTHYECKYIO
HagexxHocTh (OTH) HameuaembIX MIAHOBBIX MOKa3aTeslel MPOJIOJKUTENIBHOCTH, TPYI0EMKO-
CTH, ce0eCTOMMOCTH.

Pemenne 3agauun. [Ipu BeIOOpE ONTHMANBbHBIX PEIICHHUH, B YACTHOCTH IO MOHTaXy
CTPOUTENBHBIX KOHCTPYKLUH, II€ OCHOBHBIMU KPUTEPUSMH SIBISIOTCA MPOJOJDKUTEIBHOCTD,
TPYAOEMKOCTb, CTOMMOCTb €AMHUIIBI IPOIYKIUH, PACCMaTPUBAIOTCS INIABHBIM 00pa3oM opra-
HU3aLHOHHO-TEXHOJIOTHYECKNE U MAaTEpUAIbHO-TEXHUYECKUE BOIPOCH! BO3BeAeHUA. OqHaKo,
KaK IOKa3aJld MCCIIEeJOBaHUs, TakoW BbIOOp 0€3 JAOCTATOYHOrO ydera CTaTU4EeCKOH paboThl
HECYIIUX KOHCTPYKTHUBHBIX 3JI€MEHTOB KapKaca He BCerja rapaHTHpyeT HaJeKHOCTh U 0e3-
OTaCHOCTh paboT, a TAKXKE HE SABISETCS IKOHOMMUYECKH U TEXHUUYECKH OOOCHOBAHHBIM.

Kak npaBuio, B IpakTHKe MOHTa)Ka CTPOUTEIbHBIX KOHCTPYKLUH pacueT, 000CHOBa-
HHUE U 00ecreyeHrne yCTOMUYMBOCTH SBJISIOTCS CII0KHONH MHOTO(aKTOPHOM 3a1a4eid, pereHue
KOTOPOM 3aBUCUT OT OOBEMHO-IUIAHUPOBOYHBIX, KOHCTPYKTHUBHBIX M OpraHU3allMOHHO-
TEXHOJIOTHUECKUX (PaKTOPOB.

Haunbonee 00beKTUBHBIM, TTO3BOJISIFOIIMM OTPA3HUTh BIHMSIHUE BCeX (DaKTOPOB HA TEXHO-
JIOTHIO MOHTAKa, MOYKHO CUUTaThb METO[, OCHOBAHHbIH HA TEOPHH CIy4YaHHBIX IPOLECCOB
[1, 2].

YcnoBue HaneKHOW CTAaTHUECKOW pabOThl KOHCTPYKTHBHBIX 2JIEMEHTOB KapKaca, KOTO-
poe obecreunBaeT ero yCToH4MBOCTh B JAHHBIM MOMEHT BPEMEHHU, MOYKHO MPEICTaBUTh B BU-

ac:
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R > o (Y. (1)

rae R — mpuBeneHHas MPOYHOCTHAS XapaKTEPUCTHKA dJIEMEHTa KapKaca,
o (Y,) — HampspKeHHE B 3TOM dJIEMEHTE, SBIISomeecs QyHKIMEH Harpy3Ku Ha KOHCTPYKITUIO
(npononbHas cuna N, n3rubarommii MOMEeHT M u 1ip.).

Ecnu B TedeHrne HEKOTOPOTO BpEMEHH MOHTaxka 7, BEPOSATHOCTH MPEBBILICHUS HATPS-
XKEHUS ay, ypoBHs (i okaxkeTcs Oouible, YeM 3a/laHHas (3, yCTOWYMBOCTh Kapkaca obecreye-
Ha. JT0 OyJeT XapaKTepru30BaThCsl HEPABEHCTBOM:

k k
qu:"< /Il q, [R> a (yw)] (2)

rac i— HMHACKC KOHCTPYKTHUBHOT'O 3JICMEHTA, K - YHUCJI0 UX KOHCTPYKTHUBHBIX DJIEMCHTOB.

JlaHHas BeJIMYMHA 3aBHCHT OT MApaMETPOB PaCIpECICHUS M XapakTepa HW3MEHCHHUS
0(Ym) BO BpeMeHU. [l OLICHKU BIIMSHUS IMapaMETPOB PACHpPE/ICICHHS U XapaKTepa U3MeHe-
HUSI BO BPEMEHH BBIpaXeHUs 0 (V) PACCMOTPUM CIIy4dau, KOTOPbIE BO3MOYKHBI TIPU MOHTAXKE.

Benuuuna R crporo onpenesnennas, o (y,) He U3MEHSETCS BO BpeMeHH, 0 (Yy) = const.
HamnpsokeHne B KOHCTPYKTHBHBIX JIEMEHTaX Kapkaca OyJeT BEJIMYMHON MOCTOSHHON. BeposiT-
HOCTh 0€30TKa3HOW PadOThI TAKOTO JIEMEHTA ONpeAeIsieTCs apaMeTpaMu pactpeieiacHus R u
0 ()/) ¥ OIMCBIBACTCS aHATMTHYECKON 3aBUCUMOCTBIO (puc.1):

O=>d (yr) +0,5 (3)

rne @(yr) - byHkuus pacnpeneneHus Jlamaca; yr - XapaKTepUCTHKa O€30MaCHOCTH MPOU3-
BOJICTBA MOHTQ)XHBIX palOT.
O003HaYMM BTOPOI COMHOXKUTEITH BRIPAKEHHS Yepe3

—_ V
Kp== 11—z’ 4)
y‘—II/ITLIBaSI, qTO HpI/I pvaeTe KOHCprKTI/IBHBIX 9JICMCHTOB, 06eCHe‘—II/IBaIOHII/IX MOH-
TaKHYI0 YCTOWYMBOCTH IPH ONTHMHU3AINHU, YPOBEHb R HaxoauTcs ot o(y,) Ha GOJBIIOM yia-
JICHUHM, MOXKHO TIPUHATH 3aKOH paclpe/eleHus] NMpPEeBBIIICHUS ypoBHS R mporueccom o (yy)

IIyaCCOHOBCKUM, MHA4€ BEPOSTHOCTDH MpeBbIlIeHUs YpoBHS R 3a Bpems monTtaxa 7, Oynet
UMETh BUJL:

P=n"/mle"y , ®)

rie N - cpeJHee YHCIIO BHIOPOCOB Ha ypoBHE R HampshkeHUst o =Y, M — 9HCIO BO3MOXKHBIX
npesblieHn R 3a Bpems MoHTaxa Ty,

Urak, 6e30TkazHas paboTa 3JI€MEHTOB KapKaca 3aBUCUT OT BpEMEeHHU MOHTaxa Ii, Ha KO-
TOpOE OHA paccuuTaHa, ypoBHS R MaTeMaTuyeckoro 0>XKMJaHusl IUCIEPCUU, BBI3BAHHOTO pa3-
JUYHBIMU METOJIaMH MOCIIE0BATEILHOCTH COOPKHU M CPETHET0 YKciia BHIOpocoB 7. Mcronb3ys

9TH 3aBUCHUMOCTH, MOKHO OIPEIEIUTh NT€OMETPUUECKYIO0 XapaKTEPUCTUKY DJIEMEHTa KapKaca,
00€CTIeYNBAIOIIEr0 €ro MOHTAKHYIO YCTOMYMBOCTh, KOTOpask MOABEPKEHA IEHCTBHIO CITydaid-
HO M3MEHSIONIEHCS HAarpy3Kd. DTOT KOHCTPYKTUBHBIN AJIEMEHT JOJDKEH 00eCTIeYrBaTh YCTOM-
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YUBOCTh C BEPOSITHOCTHIO B TE€UEHME 3aJaHHOIO BpeMeHM 7u. Pemias cOBMECTHO ypaBHEHHS

OTHOCHTEIIBHO O () , TOTydaeM:
R

o ={yM) = (6)
1+JD_G/[a(yM) [-21nGr ]
BBenem o0o3HaueHuU:

0 =Ds | G (y)k; Y= |-21nCn) )

rze ¢ — ko3 UIMEHT Bapualyii B IPOIeCcCe MOHTaXa.
Torna BeipaxkeHue (7) mIpuUMET BUJT

o) =R/ (1+m) (®)

W3 zaBucuMocTy 6e30I1aCHOCTH OT BEPOATHOCTH HafleXKHOW MOHTa)XKHOH yCTOMYM-

BOCTH Tipu pasnudHbix 77 (puc.l) u us Gopmyisl (7) BUAHO, YTO KOHCTPYKIIUIO HEOOXO-
IVIMO TIPUBOAUTH B IIPOEKTHOE IIOJIOXKEHWE KaK MOXXHO OBICTpee, YTO COOTBETCTBYET MH-
TeHCU(UKAIUY MOHTAXA WJIM YKPYIITHEHUIO KOHCTPYKIIUI HEIOCPeJCTBeHHO Ilepej, MOH-
TaXoM [3, 4].

FeOMeTpI/I‘-IeCKI/Ie napaMeTpH ceuyeHuqa HECYH_[I/IX KOHCTPYKTI/IBHIJIX DJIEMEHTOB Kap-
Kaca, 00ecIleynBaloMUX €r0 MOHTXHYIO YCTOMYMBOCTD, MOXKHO OIIPeJeIUTh U3 BBIpAXKe-
HUSA

I=yx /{R(1+9Yy)}, (9)

TZe yu - CpelHss Harpy3Ka.

O6o03HaunM BeipaxkeHue 1+@y, yepe3 R, . Torna 3aBucumocts (8) nmpumer BU:
I=v. /(RK,) (10)

N3 dopmyisl (9) BUAHO, YTO TEOMETPUUESCKAsI XapaKTEPUCTUKA CEYCHHUS JOJDKHA OT-
pakaTb MaTEMATHUYECKOE 0’KMJIAHUE HAarpy3KH Ha YPOBHE P, yMHOKEHHOE Ha HEKOTOPBIA KO-
3¢ puuueHt Ri , yUUTHIBAIOUIMN YCUIHE Y 10 CPABHEHUIO C €r0 MATEMATUYECKUM OXKHIAHU-
eM, T.e. Ry uMeeT cMmbIca KoddduiMeHTa neperpy3ki KOHCTPYKTHBHOTO 3JIEMEHTa KapKaca B
nepuoa MoHTaxa K. [lpuunHa neperpysku — MOJydYE€HHbIE B HAType AKCLEHTPUCUTETHI U
JpyTHe MOTPEIIHOCTH.

B ornmnuune ot npumeHsieMbIx ko3punueHToB, Ky HermocpecTBEHHO CBsI3aH C Xapak-
TEPOM HaNpsKEHUH, BEPOSTHOCTHIO 0€30TKa3HOM pabOThI U CPOKOM MOHTaXka.

[TonHOe 3HayeHHe ATOro KO3PPHUIMEHTa MOKHO MOIYYUTh FKCIIEPUMEHTAIBHBIM ITy-
TeM. Jl7s 3TOro Hajo MOCTPOUTH paclpesieieHne MaKCUMaJIbHBIX Harpy3oK, COOTBETCTBYIO-
IIUX CPOKaM MOHTaxa, I, €ro nocieaoBaTeIbHOCTH U JIPYTMM HMPOU3BOJCTBEHHBIM YCIOBH-
aMm (puc. 2).
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InP n=1; P=0,95
n=1, ym = ’—21n(— 17;_1\4)

Ky -
3;; : ) 35— =
7 = 2,75 - > w=02
o — 2,25 —m :
65 = - 175 |— ZEOTL
“45 a6 87 08 a9 P 2 7 e
Puc. 1. 3asucumocmp 6e30nacnocmu vinoyHe- Puc. 2. 3asucumocms KoIhpuyuenma nepe-
HUA padom y no 6036€0eHUI0 MHOZ0IMANCHBIX 2PY3KU KOHCHPYKMUBHBIX IJIEMEHM 08 Kap-
KapKAacHbIX 30aHUIl OM 8EPOAMHOCHU HAOEHCHOIL Kaca npu monmasice Km om paznuunvix
ycmoiiuugocmu P gaxmopos

BepositHOCTh 6€30TKa3HOM pabOTEI MOKET OBITH ornpeseneHa mo gopmye (5), a cpen-
HIOI0 9aCTOTYy OTKa30B 0003HA4YMM BBIpAKEHHUEM, CTOAIIMM B 3HaMmeHatene, uepe3 K, Hazo-
BEM €ro KO3 PUIMEHTOM MOHTaXXHOW yCTOHYMBOCTU CTPOUTEIbHBIX KOHCTPYKIHUIL:

(A+ym /(p2+v2+1/1\24<p2v2)
= (11)

Ky = (1-vgv)

Koadduuuent obmiero 3amaca mpoyHOCTH KOHCTPYKTHBHBIX 3JIEMEHTOB Kapkaca, odec-
NEYMBAIOIIUX MPOYHOCTh U YCTOMYMBOCTh KOHCTPYKIUH (Y3JIbl COIpPSDKEHUS, BPEMEHHBIE
MOHTQ)XHBIE CBSI3M OCTOHOMOHOJIMYMBAHUS), YUYUTHIBAET BO3MOXHOCTHh OTACIBHBIX IEeperpy-
30K 3TUX JIEMEHTOB, HEOJHOPOJHOCTh MaTeprasa Ipu BO3BEACHUH KapKacoB [5, 6].

KoHcTpyKk1nio npoekTUPYIOT Ha 3aJjaHHbIE HArpy3KU U MaTepUaIbl, a TP MOHTAXE CO-
3naercs pakTUyecKas HaJIeXKHOCTb, KOTOpasi 10JKHA ObITh HE HUXKE MPOESKTHOM.

3akiroyenue. PaccMoTpeHHbBIE MaTEMaTHUECKHE METO/Ibl pacieTa MOHTaXXHOU yCTOM-
YUBOCTH KOHCTPYKTHUBHBIX JIEMEHTOB KapKaca Ha OCHOBE HaOJIIO/IEHUH 1 SKCIIEpUMEHTA 1103-
BOJIAT YBEJIMYUTH HAJIEKHOCTh MHOTOJTaXKHOI'O KAPKACHOTO 3aHHUS.
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COXMORTOBOLI KARKASLI BINALARIN QURULMASININ
TOSKILATI-TEXNOLOJi PROSESLORININ LAYiHOLONDIRiLMOSi

M.A. SALAHOV

Magqalads ¢oxmartabsli karkasli binanin konstruktiv elementlorinin quragdirma dayaniqligi-
nin hesablamasinin riyazi metoduna baxilmisdir.

Agar sozlar: tagkilati-texnoloji etibarliligi, karkasin konstruktiv elementlori, qurasdirma
dayaniqhq amsali, yiiklonma

DESIGN OF ORGANIZATIONAL AND TECHNOLOGICAL PROCESSES
OF CONSTRUCTION OF MULTYSTORIED FRAME BUILDINGS
M.A. SALAKHOV

In article mathematical methods of calculation of assembly stability of constructive ele-
ments of the multistoried frame building are considered.

Key words: organizational-technological reliability, constructive elements of a framework,
coefficient of assembly stability, loading.
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PEIHEH3UA

HA MOHOrpaguo
«A.M. I1amaes, A.X. Jl>kaHaxme/10B.

dpakTajbHble MOAX0Abl B MEXaHUKE Pa3pylICHUS.
baky: AIIOCTPO®®, 2015. - 440 c.»

OreHka MPOYHOCTH B MH)KEHEPHOM NTOHMMAaHMU CBOJUTCS K pacueTy, JIUMUTHPYIOLIEMY He-
CYIIYI0 CIOCOOHOCTh KOHCTPYKIMH. Takumu (hakTopaMu MOTYT OBITH 3HaUMTENbHOE (hOpMOHM3Me-
HEHMeE JIeTallell B pe3yJpTaTe IJIacTU4ecKux AedopMaluii, paspylieHre MaTepyana mpy ele J0Iy-
CTMMBIX OCTaTOYHBIX Je(OpPMaIUAX OT IMPEBBIIICHUS JT0IyCKaeMOT0 3HAUYCHUSI HAarpy3KH U T. 1.

HanpskeHHbIe COCTOSIHUS peabHbIX JeTallel, JaXKe MPU CaMbIX MPOCTBIX CXeMaxX MPHIIOXKe-
HUS CHJI, BCErJa SIBJSIETCA CIOXKHBIM MPOIECCOM, TaK Kak B MOJABISIONIEM OOJILIIMHCTBE CIy4yaeB
BCE JIMHEIHBIE pa3Mepbl KOHCTPYKTHUBHBIX 3JIEMEHTOB JIeTanel con3Mepumsl. [1oaToMy pe3yiabTaThl
MIPOYHOCTHOT'O pacyeTa B 3HAYUTEIbHOW CTEMEHU 3aBUCAT OT MPUHATOW TEOPUH MPOYHOCTU U MOJ-
XO/I0B, Ha 06a3e KOTOPBIX MOXKHO, UCXOJIs U3 JaHHBIX O (PU3MUECKON NMPHUPOJE MaTepHaia, MpHu Ipo-
CTEHIIMX HArpyXEHUSAX MPEeACKa3aTh, KOrJa HACTYMHUT OMACHOE COCTOSHHE MPHU JEHCTBUH JIO00M
CJIOYKHOM CHCTEMBI HaIIPsKEHUIA.

Haunnas ¢ 80-x rogoB XX Beka, Ui pelIeHNs aKTyalbHbIX Ipo0ieM (U3NKH, MEXaHUKH, Ma-
TEPUATOBEICHUS U JIP. YCIEIIHO NMPHUMEHSIOTCS 00BhEeIUHEHHBIE MOAXO/bl CHHEPTeTUKU U TEOPUH
(pakTanoB C UCIOIb30BAHUEM 3aKOHOB HEPAaBHOBECHOM TEPMOAUHAMUKH.

ABTOpBI MOHOTpa Uy, U3BECTHBIE a3epOailkKaHCKUe yUYeHbIe, UCIOb3Ysl 3TH MOIXOIbl, pac-
cMoTpenu (pu3nYecKre 3aKOHOMEPHOCTH YIPYTOMIaCTUIECKOM JeOpMaIiK TOBEPXHOCTHBIX CIIOEB
MatepuanoB. B MoHorpagumn npuBeneH moapoOHBIN aHAINW3 OCHOBHBIX (PaKTOPOB, OTBETCTBEHHBIX
32 0COOCHHOCTH YNPYTOIUIACTHYECKOTO 1e()OPMHUPOBAHUS B MMOBEPXHOCTHBIX M MPUMOBEPXHOCTHBIX
CIIOSIX MATEPHAJIOB C MO3UIMI CHHEPTeTUKU U TeOpUU (HpaKTaiIbHBIX CTPYKTYp. [IpoaHanm3upoBana
KMHETHKa pa3pyllieHHs ¢ MO3ULUN Teopuu (pakTaloB, YCTAHOBICHBI CBSI3U (paKTaILHONU pa3mep-
HOCTH JUCCHUIIATUBHOM CTPYKTYpPBI 30HBI IPEAPA3PYIICHHUS C MEXaHUYECKUMHU CBOMCTBAMH M KPUTH-
YECKUMH COCTOSIHUSIMH J1e(hOpMallii METAJJIOB M CIUIABOB, a TaKXKe MYJIbTU(PPAKTAIBLHBIA XapaKTep
npoliecca CIUsHUS MUKPOTPEIUH.

Monorpadusi COCTOUT U3 BBEICHHS, BOCHMH TJIaB, 3aKIIOYCHUS U JIUTEPATYPhl K KOKIOH Tia-
BE.

Bo BBeneHHN aBTOPHI OMUCHIBAIOT MPOOIEMbI IPOUHOCTH MAaTEPHATIOB C yUeTOM (pU3MUeCcKOi
OPUPOJIbI MPOLIECCOB, MPOUCXOASIIMX B MaTepuaie MOJ Harpys3koil, CBsi3b TBEPAOIrO Tela C €ro
CTPYKTYpOM, COCTOSTHHEM, (PU3UKO- XUMUYECKUMHU SIBJICHUSMH MPH 1e(hOPMUPOBAHUH, C MEKATOM-
HBIMH CHUJIAMH U T.II.

He menee akTyanbHBIM SIBISETCS OOHApyKEHUE CKEMJIMHTOBBIX 3aKOHOB, KOTOPHIE HMMEIOT
Ba)KHEHIIIME CBOMCTBAa PAacCMAaTPUBAEMOTO SIBICHUS B H3MEHSIOIIMXCS BPEMEHHBIX M IPOCTpaH-
CTBEHHBIX MacmITabax. PeanbHple TEXHUYECKHE CUCTEMBI B OOJIBIIMHCTBE CIy4aeB SBISIOTCS CTOXa-
CTHYECKH OIPEICJIEHHBIMY, U UX IapaMeTpbl NOJBEPKEHbI CIydalHbIM U3MeHeHUsM. [loaTomy aB-
TOPBI MOHOTpa(UU, UCHOJb3Ysl CKEHIMHIOBbIE 3aKOHBI U CTOXAaCTUYECKOE MOJICIMPOBAHKE, yCIIeI-
HO 0000MIal0T 3aKOHOMEPHOCTH MEXAaHUKH YCTAIOCTHOTO Pa3pylIeHHs MaTepuajioB. B pesynbrare
MHOTOYMCJICHHBIX HCCIIEJOBAaHUN aBTOpAaMU MPUBOAMTCA CHUHEPreTHYECKass MOJEIb pa3pyLICHHs
(rnaBsr 1-3).
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B 4 rnaBe paccmarpuBaeTcsl KHHETHKA pa3pylleHus ¢ Mo3uluil Teopun ¢pakTaaoB u auarHo-
CTUPYETCs] KOHTAKTHOE B3aMMO/IICTBUE TBEPABIX TeJ P YNPYIOM U INIACTUYECKOM KOHTAKTaX.

Kak u3BecTHO, pa3znnuHble pU3ndYecKue OOBEKTHI U CUTHAJIbI, e 00J1aJaroliie Npu3HakaMu
caMoIr10,1001sl, OYeHb PEAKO MOTYT OBbITh OIHCAHBI C TIOMOILBIO JIUIIb OJHON BEIUYHHBI - PpaKTalb-
HOMU pa3mepHOCThI0. [103TOMY aBTOpHI [l ONUCaHUS HEOJHOPOAHBIX (PAaKTAIBHBIX OOBEKTOB MPH-
MEHSIOT MYJbTH(paKTaNbHBII aHaIN3 IPOLECcCca YCTAIOCTHOTO pa3pylleHus, Hesd KOTOPOro COCTo-
UT B Pa3JIOKEHUH HMCCIETYyEMOI0 MHOXKECTBA CO CJI0XKHOM CTaTHCTHKON IO MHOKECTBAM HEOHO-
POIHBIX (PPAKTATIOB C YETKO BBIPAKEHHOW (hpaKTaIbHON pa3MepHOCTHIO (T1aBa 5).

B 6 riaBe NpuBOAUTCS KOHKPETHOE MPUMEHEHHE (hpaKTaJIbHOr0 aHaJIM3a Ipolecca yCTanocT-
HOTO Pa3pyIIeHUs XO10BOU Mapsl B 00JaCTU yNPYroIUIaCTUYECKON Je(OpMaliH.

B 7 u 8 rnaBax MoHorpaduu paccMaTpUBaeTCs MEXaHHU3M YCTAJIOCTHOTO pa3pylIeHHs 3Ja-
cToMepoB. [IpUBOAATCA OCHOBHBIE TEOPUH IIPOYHOCTH U YCTAIOCTH 3JIaCTOMEPOB, OCHOBHBIE XapaK-
TEPUCTUKH U yCJIOBUS pabOThI 3JIEMEHTOB KOHCTPYKIUl, 0COOEHHOCTH TepMeTH3HUpYIoLIel crocod-
HOCTH YNIPYTHX JJIEMEHTOB. J{151 KOJIMYECTBEHHOTO ONUCAHUS CBOMCTB yNPYIHX 3JIEMEHTOB ABTOPHI
Hay4YHO 000CHOBAaHHO BBIOpAM PEOJIOTHUECKYIO MOJIeNIb MaKkcBelia U YCTaHOBIIIH, YTO NIPH OYeHb
MEJIJICHHOM Harpy>kKeHUH Pe3HHa SBJSIETCS MSTKOMH, a pU O4eHb ObICTPOM HArpyKEHUH - TBEPIOH.
B oOnactu cpeqHMX 3HA4YEHUIl TEMIIOB HArpy>KeHHs pe3uHa BeleT ceOs Kak Bs3Kas XHIKOCTb. C
Y4€TOM 3TOro OOCTOSATENBCTBA ABTOPHI JKCIEPUMEHTAJIbHO [OKA3alIM, UYTO PE3UHOBBIA YyHpyrui
3JIEMEHT, HE3aBUCHMO OT Harpy>K€HHi, KOJIMYeCTBa OTBEPCTHH (OJHO MIIM HECKOJIBKO) M UX pacIio-
J0KeHHs (KOHLEHTPUYHO WIIM 3KCIIEHTPUYHO), IIPH CPEIHUX 3HAYCHUSIX OTHOCUTEIBbHBIX AedopMa-
Ui BeZieT ceOs Kak XKUJIKUI MaTepuall, Mo UuHsomuiica 3akoHy Ilackans.

B 3akimo4eHuM aBTOPBI NMOKA3BIBAIOT BO3MOKHOCTH IIPEUIOKEHHOTO MOAX0Ja € y4eTOM MHO-
TOYpPOBHEBOTO XapakTepa Ipollecca IUIaCTHYecKOl nedopmanuu U paspyiieHus TBepaoro tena. C
MOMOIIBIO JTAHHOTO MOJX0J/1a BO3MOXHO CO3/[aBaTh MaTepHallbl C MYJIBTUMOAYJIBHON CTPYKTYpOIl,
obuazaroeil yHUKanbHbIMH (DPU3HKO-MEXaHUYECKHMMU M (DYHKIHMOHAIBHBIMU cBOlicTBamMu. Bee 310
OTKPBIBAET HOBBIE NEPCIEKTUBBI JATbHEHIIETO Pa3BUTHA BBIIIEYKa3aHHOIO HAYYHOIO HaIpaBJICHHS,
U MOXHO C YBEPEHHOCTBIO CKa3aTbh, YTO (PpaKTalbHbIE MOIXO/bl B MEXaHUKE pa3pylleHHs HaixyT
€Ille MHOTO BayKHBIX TPAKTUYECKUX MTPHUIOKECHHH.

Knura npenHa3zHaueHa /711 HAyUHBIX M MH)KEHEPHO-TEXHUUYECKUX PAOOTHUKOB, 3aHUMAIOIUX-
cs BolpocamMu (pU3MUYEeCKOM NPOYHOCTH MEXAHUKH pa3pyIleHHs], a TaKXKe JUIs ACIIMPAHTOB M CTYICH-
TOB CTapIIMX KypCOB.

Pernenzent:

IIpe3unent MexnyHapoaHoil u Poccuiickoi

WH)KEHEPHBIX aKaJIeMUM, Jaypear rocy/1apCTBEHHBIX

npemuit CCCP u PO, akanemuk B.B.I'yces
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Xronika

AKADEMIiK ROALD SAQDEYEV VO AZAL-IN PREZIDENTI
CAHANGIR 9SGOROV AZORBAYCAN MUHONDISLIK AKADEMIiYASININ
QIZIL MEDALI iLO TOLTIiF OLUNUBLAR

Baki, 3 iyul, AZORTAC

Azorbaycan Miihondislik Akademiyasinin prezidenti vo Milli Aviasiya Akademiyasinin
rektoru, Kosmos Surasimnin sodri, akademik Arif Pasayevin rohborliyi ilo Azorbaycan
Miihondislik Akademiyast vo Milli Aviasiya Akademiyasi “Azorkosmos: Bu giinii vo
perspektivlori” movzusunda “doyirmi masa” kegirilib.

Miihandislik Akademiyasinin vitse-prezidenti, akademik ©hod Canohmadov AZORTAC-a
bildirib ki, “doyirmi masa”da akademiyanin iizvlori, alimlor, miitoxassislor istirak ediblor.

Akademik Arif Pasayev “doyirmi masa’ni1 giris szl ilo agaraq vurgulayib ki, bu giin
“Azorspace—1”in sayasindo milyonlarla insan dayanigli informasiya vo kommunikasiya
xidmatloring ¢ix1s imkanlar1 olds edib. “Azarspace—1" Afrika, Avropa, Markozi Asiya vo Yaxin
Sorqde 50—don artiq Olkeni birlogdiron ortaq mokanda miihiim informasiya Gtiiriiciisii
funksiyasini ugurla yerino yetirir. Yiksok ixtisasli pesokar heyoto vo texniki imkanlara malik
olan “Azorkosmos” ASC yaradilmasindan 6ton dovr orzinde 6lkado vo biitdvlikde regionda
informasiya-kommunikasiya texnologiyalar1 sektorunun aparici qiivvalorindon birino ¢evrilib.

“Azorkosmos” ASC-nin son dovrlordoki foaliyyoti barado comiyyotin sodri Rosad
Nobiyev molumat verib.

Sonra ABS—in Merilend Universitetinin professoru, kosmik tadqiqatlar sahasindo gérkemli
alim, akademik Roald Saqdeyev ¢ixis edib.

Movzu otrafinda genis miizakirslor aparilib.

Yekunda 6lkomizin miilki hava naqgliyyatinda gostordiyi xidmotlorino goro “Azorbaycan
Hava Yollar1” QSC—nin prezidenti, Miihondislik Akademiyasinin haqiqi izvii Cahangir Osgorov
Akademiyanin “Miihandislik Rasadoti” qizil medal il taltif olunub.

Gorkomli alim, akademik Roald Saqdeyev o6lkomizlo kosmik sahodo faydali
omokdaghigina, Azarbaycan ilo ABS arasinda beynolxalq olagslorin méhkomlondirilmosinds vo
inkisafindaki xidmotlorino goro akademiyanin “Miihondislik Rosadoti” qizil medali ilo toltif
edilib.
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Xponuka

AKAJIEMHUK POAJIbJI CATIEEB U ITPE3SUJIEHT «A3AJI»
JKAXAHTHP ACKEPOB HATPAKJIEHBI 30JI0TBIMA MEJIAJIIMU
A3EPBAMIKAHCKOM MH)XEHEPHOM AKAJTEMUA

baky, 3 uona, AsepTAIPK

ITon pyxoBomctBoMm Ilpesumenta AszepOailkaHCKOW WH)KEHEPHOW akaJeMUHU, PEeKTopa
HanmonanwsHoit akanemuun aBuanuu, npeacenatens Cosera Kocmoc akamemuka Apuda I[lamaesa
cocTosuicst Kpyribii ctol "Azepkocmoc: Ceroasst M NepCrneKTUBbl", OPraHU30BaHHbIN A3epoaii-
JKaHCKOM MHYKEHEPHOM akaJeMueld COBMECTHO ¢ HanmoHabHOM AKajemMuen aBualui.

Kak coobmmn AzepTAJIXK Bulie-npe3uneHT WHXKEHEpHOW AKaaeMuu, akageMuK Axaj
JlxanaxMezioB, B paboTe KpyIJIOro cTojia MPUHSUIM y4acTHEe WIEHb! aKaJleMHUH, YUCHbIE U CIICIH-
QJIACTHI.

OTkpbIBasi KpyTriablid cTOJ, akageMuk Apud [lanraeB Bo BCTYNHUTETLHOM CIIOBE MOAYEPK-
HYJI, 4YTO cerojHs Omaronaps "Azorspace-1" MWITHOHBI JIOAEH MOMYYWIN JOCTYI K YCTONYHM-
BBIM MH()OPMAIIMOHHBIM U KOMMYHHUKAIIHOHHBIM yciyram. "Azorspace-1" ycremmno obecreyn-
BaeT nepeaady uHpopMaiyu Ha oduem npocrtpanctse 6onee 50 crpan Adpuku, EBponsi, Llen-
TpaiabHOM A3uM U bimxnero Bocroka. brnaronaps BeicokonpodeccHoHalIbHBIM KajpaM U TeX-
HUYECKUM BO3MOKHOCTSIM OAQO "A3epkocMoc" ¢ MOMEHTa CO3/IaHUs CTAJl U SIBJISIETCS OJIHUM U3
BEAYIIUX CWJI B CEKTOpEe HH()OPMAIMOHHO-KOMMYHHUKAI[MOHHBIX TEXHOJOTMH B PErHOHE U B
CTpaHe B LIEJIOM.

O nestenmsHOCTH OAO "A3eprkocMoc" 3a UCTEKIIHHA Mepro HHPOPMHUPOBAT MPeICeaaTeNb
obmectBa Pamang Habues.

3arem BbIcTynUI npodeccop Moapunenackoro ynuBepcutera CHIA, BUIHBIN ydeHBIH B
00J1acCTH KOCMUYECKUX HCClleloBaHuM, akageMuk Poansa Carzaees.

[To Teme OBLTM IPOBEICHBI IMPOKHUE OOCYKICHHUS.

B 3akimroueHnH cocTosulach LEPEMOHUS Harpa)JIeHUH. 3a 3aciyrd B TpakJaHCKOM aBua-
LMY CTpaHbl ObLI HarpakJeH JAeWCTBUTENbHBIN uiieH MHxeHepHol akanemuu, npe3ugaeHT 3A0
" AsepGaiimkan Xapa Mommaper" Jaxaarup AckepoB 30110Toi Menanbio akagemun «mkenep-
Hast [loOnectb». Brimarommiics yueHsldd, akamemuk Poampn CarpeeB 3a COTPYIHHUYECTBO C
HaIlIel CTpaHOl B KOCMHUYECKOW cdepe, 3a YKpeleHHe U pa3BUTHE CBA3eil Mexay Asepbaii-
mxaHoMm 1 CIIIA Obut HarpakieH 30J10Toi Menaibio akaaemun "MuxenepHas [{obmects".
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MOQALOLORIN TORTIBATI QAYDALARI

“Azarbaycan Miihandislik Akademiyasinin
Xabarlori” jurnalinin redaksiyasina gondorilon
maqalslar asagidaki toloblors cavab vermaslidir:

1. Mboqalonin mévzusu vo mozmunu jurna-
lin profilino uygun olmali vo fikirlor ¢ox aydin
yazilmalidir.

2. Moqals azarbaycan, rus va ingilis dille-
rindo yazila bilor. Ciddi redakto olunmali vo A4
formatda ag kagizda ¢ap olunmali, sohifolonmali
vo bir niisxads toqdim edilmolidir. Eyni za-
manda, moaqalo elektron variantda CD diskindo,
Word for Windows matn redaktoru formatinda
taqdim edilo, elektron pogtla géndarils bilor.

3. Mbogqalonin birinci sohifosinin yuxari sol
kiinciinds YDK indeksi olmali, maqgalenin adi,
miiollifin (miislliflorin) adi, soyadi va is yerinin,
caligdig togkilatin tam tinvani olmalidir. Sonraki
sohifads 0,5 sshifolik hacmds makina yazisi ils
rus dilindo referat vo asas sozlilkk, moqalonin
motni, qeydlorin, odobiyyatin siyahisi; ingilis
dilinds misllifin ad1 ve soyadi, maqalsnin adi,
referatt oks olunmalidir. Referat todqiqatin
movzusu oldo edilon naticolor haqqinda dolgun
molumat vermoalidir. (“Natica” bolmasini tokrar
etmamolidir.) Maqals bdlmalardan ibarat olmali-
dir, mosoalon: “Giris”, “Masolonin qoyulusu”,
“Sinaq tsullart”, “Smagin naticolori vo onlarin
miizakirasi”, “Natica”.

4. Sekillor vo qrafiklor ayrica varaqlords
toqdim edilib, asagidaki kimi tartib olunmalidir;
ya ag kagizda qara tusla (6x9 sm Olgiisiindon
kicik va 10x15 sm — don boyilik olmamagla) va
ya “Excel” cadval prosessorunun kémayi ila.

Yarimton fotosokillar (orijinallar miitlaq) par-
laq kagizda togdim olunur vo kontrast aksi olma-
lidir. Fotogaklin dlgiisii 6x6 sm-dan kigik, 10x15
sm-don bdyiik olmamalidir.

5. Cadvallar bilavasite moqalonin matninds
yerlagdirilmalidir. Hor cadvalin 6z basligi olma-
lidir. Cadvallorde miitlaq 6l¢li vahidi gostoril-
molidir.

Olyazma moatnds sokillor vo coadvallarin yeri
gostorilir. Eyni bir malumati matnds, cadvalda
vo olyazmada tokrarlamaq yolverilmozdir.

6. Moqalads istifads olunan isarolor bilava-
sito matnds agiqlanir.
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7. Motnds xarici soyadlar geyd olunduqda,
onlarin rus dilindo yazilisindan sonra méto-
rozads orijinalda oldugu dilds vermak lazimdir
(ensiklopediyada olan moshur soyadlar vo ado-
biyyat siyahisinda geyd olunan soyadlar istisna
olmagla). Xarici miiassisolorin, firmalarin, firma
mohsullarinin vo s. adlarinin rus dilinds transli-
teriyasi motorozodo onlarin  adlari
orjinalda yazildig1 kimi verilmalidir.

8. Mogqalade istifado olunan o&lgii vahidlari
beynolxalq 6l¢ii vahidlori sistemino uygun olma-
lidir. Qobul olunmus sézlorden bagga vo s, va
i.a., qisaldilmig s6zlardan istifads etmak olmaz.

9. Umumi adebiyyat siyahis1 moqalonin so-
nunda ayrica bir sohifado gostorilmsli vo tam
bibliografik malumatlari shats etmalidir.

10. Mogalos biitiin miislliflor torofindon imza-
lanmalidir. Miislliflor 6zlori haqqinda ayrica so-
hifado asagidaki molumatlar1 goéstormalidirlor:
soyadi, ad1, atasinin adi, yazigmagq ii¢lin poct in-
deksi va doaqiq iinvan, is yeri vo tutdugu vazifo,
elmi dorocosi, hansi saho iizro miitoxassisdir,
homginin telefon (ev, xidmoti) nomrolori, fax-
simel rabits va elektron poct tinvani.

11. Miisssisada yerina yetirilon tadgigatin ne-
ticolarini agiglayan mogqalonin ¢ap edilmosi iigiin
miivafiq yazil raziliq olmalidir.

12. Redaksiya moqalonin 9sas mozmununa
xolol gotirmoyon redakto doyisikliklori
ixtisarlar1 etmoak hiiququnu 6ziinds saxlayir.

13. Maqals ¢apa verilmadikds redaksiya he-
yotinin qorar1 barodo miiollifo molumat verilir vo
olyazma miisllifo qaytarilmir. Redaksiyanin
moagqaloni yenidon islomok haqqinda miiraciati,
onun ¢apa verilocoyini ehtiva etmir, belo ki, ona
ovval resenziyacilar sonra iso redaksiya heyati
yenidon baxir. Cap iiclin moagbul sayilmayan
moqalo miiollifinin mogqalonin ¢apina yenidon
baxilmasi xahisi ilo redaksiya heystine miiraciot

zamani

Va

etmoak hiiququ var.

14. Mogalonin korrekturast miiollifo gon-
dorilmir. Magqals ¢ap olunandan sonra redaksiya
jurnal1 gostarilon {invana gondarir.

15. Mogalo sadalanan tolobloro cavab ver-
mozsa baxilmaq {iglin qgobul edilmir. Slyaz-
manin daxil oldugu vaxt redaksiyanin motnin
son variantinin redaksiyaya daxil oldugu giindon
sayilir..



GUIDE FOR AUTHORS

Papers should meet the following re-
quirements.

1. Contents of a paper should be written in
line with the scope of the journal and clearly
expressed.

2. The paper may be written in Azeri,
Russian and English edited thoroughly and
submitted in one copy to the Editorial Office.
The manuscript should be printed on A4 white
paper with all pages numbered. In addition, the
authors must submit the electronic version of
their manuscript either on a floppy (CD) or by e-
mail in Word for Windows format.

3. The paper title printed in capitals on the
first page is followed by the name(s) of the au-
thor(s), authors' affiliations and full postal ad-
dresses next to which are an abstract of no more
than a half-page, keywords, the text itself, no-
menclature, and references. At the end of the
manuscript give, please, authors' names, the pa-
per title, and the abstract in English. The ab-
stract should outline the subject of the study and
results obtained (please, do not duplicate the
Conclusions). The text should be divided into
sections, e.g. Introduction, Problem Formula-
tion, Experimental Methods, Results and Dis-
cussion, Conclusions.

4. Each figure should be presented on a
separate page as a drawing 6x9 to 10x15 cm in
size or a printout made in the Excel, Quattro Pro
or MS Graph processors.

Halftone photographs (only originals)
should be glossy and contrast (6x6 to 10x15 cm
in size).

Ilustrations should be necessarily present-
ed in electronic form as separate files of tif, pcx,
bmp, psc, jpg, pcd, msp, dib, cdr, cgm, eps, and
wmf formats.

5. Tables should be inserted into the text
and have titles. Units arc required to be indicat-
ed in tables.

The authors should mark in margins the
location of illustrations and tables in the text.
Please, do not duplicate data in the text, tables,
and figures.

6. Notations should be explained when
mentioned first in the text.
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7. When citing foreign names in the text
the authors should print them in the original in
parenthesis after Russian transliteration except
for generally known names included in encyclo-
pedia and names cited in references. If names of
foreign institutions, companies, products etc. are
given in Russian their original spelling should
be printed in parenthesis.

8. All measurements and data should be
given in SI units, or if SI units do not exist, in an
international accepted unit. The authors are ad-
vised to avoid abbreviations except for generally
accepted ones.

9. Publications cited in the text should be
presented in a list of references following the
text of the manuscript. References should be
given in their original spelling, numbered in the
order they appear in the text and contain full
bibliography. Please, do not cite unpublished
papers.

10. The manuscript should be signed by
all authors. They should provide the following
information on a separate sheet; name, surname,
zip code and correct postal address for corres-
pondence, organization or company name and
position, title, research field, home and office
phone numbers, fax number, and e-mail address.

11. The Editorial Board has the right to
edit the manuscript and abridge it without mis-
representing the paper contents.

12. The Editorial Office informs the au-
thors of paper denial and the reviewer's conclu-
sion without returning the manuscript. A request
to revise the manuscript does not imply that the
paper is accepted for publication since it will be
re-reviewed and considered by the Editorial
Board. The authors of the rejected paper have
the right to apply for its reconsideration.

13. Proofs are not sent to the authors.
Three offprints of each paper will be supplied
free of charge to the corresponding author.

14. Papers not meeting the above require-
ments are denied. The date of receipt of the final
version by the Editorial Office is considered as
the submission date.

15. In case of questions relating to paper
submission and acceptance and the status of ac-
cepted papers, please, contact the Editorial Of-
fice.



MPABUJIA O®OPMJIEHUSA CTATEN

Cratbu, HampapisieMble B PeJaKIMI0 KypPHaJia
"BectHuk AzepOaitmxanckoit WmkeHnepHoit Axane-
MUH", TOJDKHBI YHAOBJIETBOPATH CIEIYIOIUM Tpebo-
BaHUSIM.

. Matepuan cTaThyl HOJKEH COOTBETCTBOBATH MPOQHU-
JII0 JKypHAJIa M U3J1araThbCsl MPEJebHO SCHO.

Cratest MOXeT OBITh HammcaHa Ha a3epOaii-
KAHCKOM, PYCCKOM M AaHIJMHCKOM S3BIKaX, TIIa-
TENBHO OTPENAKTUPOBAHA M MPEACTABICHA B OJHOM
SK3EeMIUIIpE, pacliedaTaHHOM Ha Oenoit Oymare ¢op-
MaTta A4 ¢ mpoHyMepoBaHHBIMH cTpaHuuamu. OHO-
BPEMEHHO 3JIEKTPOHHBIA BapHaHT CTaTbU MPEACTAB-
nsercs Ha CD, nu0o0 1Mo 3MeKTpoHHOH modrte B ¢op-
MaTe TekcToBoro penakropa Word for Windows.

B 51eBOM BepxHEM yIiy NEpBOM CTaHULBl CTAThU
noykeH crosate unaeke YK, Huke pacnonararorcs
Ha3BaHUE CTAThH, HHUIMAJBI U (DaMIIns aBTopa (aB-
TOPOB) | TIOJIHBIN aZpec OpraHU3alHd, B KOTOPOH OH
pabotaer. [lanee cneayroT Ha PyCCKOM SI3bIKe pede-
pat crateu o6peMoM 10 0,5 CcTp. MaIIMHONHCHOTO
TEKCTa WM KIIIOYEBBIC CJIOBA, TEKCT CTAThH, CIIUCOK
0003HAYCHNH, JHUTEpaTypa; Ha AHIJIIMHACKOM S3bIKE
(ammTHs ¥ MHHALHAIBI aBTOPOB, Ha3BaHUE, pedepaT
CTaThH M KIIOUEBBIE cloBa. Pedepar nomkeH naBaTh
MIPEACTABICHNUE O TPEIMETE MCCICHOBAaHMS M IIOITy-
YeHHBIX pe3yNbTaTax (He XyOnmpoBaTh C pa3mesioMm
"3axmouenne"). CtaThs OJDKHA COIEpIKaTh paslie-
ne1, HanipuMmep; "Beenenne”, "[locranoBka 3amaun’,
"Metoap! ucnbITaHuil", "Pe3ynpTaTel 3KCIIEpHMEHTa
1 ux obcyxnenue", "3akmrodeHue".

. PucyHku u rpauky mpeAcTaBIsIFOTCS Ha OTACTIBHBIX

JIUCTaxX W JOJDKHBI OBITh BBIOIHEHBI: JTHOO YEpHOU
Tymbio Ha 6enoit Oymare (pa3mep He MeHee 6X9 U He
6omee 10x15 cm), MO0 TpU TOMOUIH TAOIMIHBIX
mporeccopoB "Excel" u np. IlomyroHOBEIE (hoTOTpa-
¢un (00s13aTENIFHO OPUIMHAIIBI) TIPEJICTABISIOTCS HA
TIISTHIEBOW Oymare M JOJDKHBI MMETh KOHTPAacTHOE
n3o0pakeHre. MUHUMAaNBHBIA pa3mep ¢oTtorpaduit
— 6x6, MakcuMaNIbHEIH -10x15 cMm.
O06s13aTenbHO TIPEACTaBICHNE WUTIOCTPATHBHOTO Ma-
Tepuaia B 3JeKTpoHHOM BHIE (popmart tif, psx, bmp,
pcce, jpg, ped, msp, dib, cdr, cgm, eps, wmf) Ha muC-
Ke.

. Tabmuupl pacrmosaratoTcss HEMOCPEACTBEHHO B TEK-
cte crarbu. Kaxknas Tabiuma JOmKHA HMETh 3arolio-
BOK. B Tabnmmax o0s3aTenbHO yKa3BIBAIOTCS €IMHH-
16l U3MepeHus BeauduH. [loBTOpEeHHe OmHUX M Tex
K€ JaHHBIX B TEKCTE, TAOIUIAX U PUCYHKaX HEJOITy-
ctumo. K cratbe mpuaraercsi Cucok MOJpUCYHOU-
HBIX [OAIUCEN.

OO6o3HaueHus, TPHUHATHIE B CTaThe, pacuudpo-
BBIBAIOTCSI HETIOCPEJCTBEHHO B TEKCTE.

. [Ipu ynmomuHaHNHM WHOCTPAaHHBIX (HaMUINI B TEKCTE
HEOOXO0ZMMO J]aBaTh MX HA SI3bIKE OPUI'HHANA B CKOO-
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Kax TIOCJIe PYCCKOTO HaIHMCaHU (32 MCKIIOI0YCHUEM
00IIeN3BECTHRIX (haMHIIM, BCTPEYAIOIINUXCS B JH-
OUKIONEeNNH, W (QaMmwinid, Ha KOTOpPHIC MAAIOTCS
CCBUIKH B CIMCKe JuTeparypsl). Ilpn ynomuHaHmM
WHOCTPAaHHBIX YyUpexkIeHud, ¢upMm, QUPMEHHBIX
MPOAYKTOB M T. A. B PYCCKOH TpaHCIHTEpalldN B
CKOOKax MOJDKHO OBITh JaHO WX OPHTHHAIBHOE
HamrcaHue.

Pa3MepHOCTE BCeX BEIMYMH, MPUHSATHIX B CTaTbe,
JIOJIKHA COOTBETCTBOBATh MEKIYHApOJHONW CUCTEME
equann m3mepennii (CH). He crexgyer ynotpe6isath
COKpAIIIEHHBIX CIIOB, KPOME OOIIETIPH-HATHIX (T. €., U
T. A., U T. TL.).

. JIutepatypa nomxHa ObITh IIPUBEJCHA B KOHIIE CTa-

TBM B BHJC CIICKAa Ha OTICNBHOW CTpaHUIE M CO-
JlepXKaTh TOJHBIE OubiInorpaduyeckre ITaHHBIE.
CCBUIKM JAIOTCSI B OPUTHHAIBHOW TPAaHCIUTEPaLUH.
Crmcok IuTeparypsl JOJDKEH OBITh COCTABJICH B IO-
psOKe YHOMHMHAHHMSA CCBUIOK B TekcTe. CCBUIKM Ha
HeoITyOIMKOBaHHBIE pabOTHI HE AOIYCKAOTCS.

10. CraTpst gomKHa OBITH OANKCAHA BCEMH aBTOPaMHU.

ABTOpaM HE00XOAWMO Ha OTACNBHOW CTPAHHUIE CO-
obmmTe 0 cebe ciuemyromue cBeAeHUs: (amwmms,
HMs1, OTYECTBO, MOYTOBBI MHIEKC M TOYHBIM anpec
JUTSL TIEPETIMCKH, MECTO PabOTHI U 3aHUMaeMast TOJIK-
HOCTB, YUCHAsI CTEIICHB, CIIEIIAIICTOM B KaKOW 00-
JIACTH SIBIISIETCS aBTOP, a TaKXKe HoOMepa Tene(oHOB
(momarmHAH, CiyXeOHBIH), (HaKCHUMIIBHONW CBS3H H
aJpec IEKTPOHHOM MOYTHI.

11. Crarbu, u3naramoomme pe3yIbTaThl HCCICIOBaHUM,

BBINIOJIHEHHBIX B YUPEKACHUAX, ODKHBI UMETh CO-
OTBETCTBYIOIIEE pa3pellcHNe Ha OyOINKOBaHHUE.

12. Pegakmms ocraBisieT 3a co0o0if IpaBO MPOU3BOIUTH

PEAAKIUOHHBIE U3MEHEHUS U COKpAIICHUsS, HE HCKa-
JKaromIMe OCHOBHOE COACPIKAHUE CTAThH.

13. B cny4yae OTKIIOHEHUS CTAaThH PEeNAKIUs COOOIaeT

aBTOPY pELICHHE PEOKOJUIETHH W 3aKIIOYCHHE pe-
[IEH3CHTa, PYKONHCh AaBTOPY HE BO3BpAIIaeTCs.
[Ipocsba pemakmmu o AOpabOTKE CTaTPM HE O3HA-
YaeT, YTO CTaThi NPUHATA K IE€YaTH, TaK KaK OHa
BHOBB pacCMaTpUBAeTCs PEICH3EHTaMH, a 3aTeM pe-
JAaKLIMOHHOW KoJyulerned. ABTOpP OTKJIOHEHHOM cCTa-
TBU WMeEeT MpPaBO OOpaTUThCA K PEAKOIUIETHH C
Mpock00il MMOBTOPHO PacCMOTPETh BOMIPOC O BO3-
MOKHOCTH OIyOJIMKOBAHHUS CTATHH.

14. Koppekrypa aBTOopam He BbIChUIaeTcs. Ilocie

OITyOJIMKOBAaHUS CTAaTbU PEAKLUS PACCBUIAET XKyp-
HaJIbI 110 aJpecaTaM.

15. Crarpu, He OTBeHalOIIKe NEPEYUCICHHBIM Tpebo-

BAaHUSM, K PACCMOTPEHHIO HE IMpHUHHUMAaroTcA. JlaToi
MOCTYIUICHNS! PYKOIMCH CYUTACTCS JICHb HOIydYCHUS
penaknyeil OKOHYaTEIbHOTO TEKCTA.
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