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Azarbaycan Miihandislik Akademiyasinin Prezidenti
Milli Aviasiya Akademiyasinin rektoru
akademik Arif Mir Calal oglu Pasayevin yubileyina

Cox hérmatli ARIF MIR COLAL OGLU!!!

Sizi, gorkomli elm va tohsil togkilat¢isini Azarbaycan
Miihandislik Akademiyasinin kollektivi vo 6lkonin miihan-
dislik ictimaiyyati adindan Sanli Yubileyiniz miinasibatilo
tirokdan tobrik edirik! :

Siz, 1996-c1 ildon “Azorbaycan Hava Yollari” Qapali
Sehmdar Camiyyatinin (“AZAL” QSC) Milli Aviasiya Aka-
demiyasina rohbarlik edirsiniz vo hazirda Azorbaycanda avia-
siya texnikasi sahasindo ali tohsilli miihondis vo elmi kadrla-
rin hazirlanmasi istigamatinda beynalxalq standartlara cavab
veran ali tohsil miiassisasi yaratmisiniz. Ominliklo deys bilo-
rik ki, hamin andan Milli Aviasiya Akademiyas1 6z inkisafi-
nin yeni marhalasine godom goydu. Bu miiddstds Sizin rohbarliyiniz altinda akademiyada
Elm-Istehsalat Birliyina daxil olan Nagliyyat vo Aerokosmik Problemlor EImi-Todgiqgat Ins-
titutu, Konstruktor Biirosu, Tacriibi-Eksperimental istehsalat, “Texnoritm”, “Tolobo Yaradi-
ciliq Evi”, “Tadris Talim Moarkazi” va s. yaradilmisdir.

Siz Azarbaycan Miihondislik Akademiyasinin prezidenti kimi eyni zamanda Beynolxalq
Miihandislik Akademiyasinin vitse-prezidenti segilmisiniz. Sizin uzaqgoron foaliyyatiniz bir
sira beynolxalq toskilatlarla baghdir vo bu da akademiyamizin digar akademiyalarla sarhad-
lorini genislondirib, miihondislik ideyalarinin global birliys integrasiyasini siiratlondirib. Bu-
nun montiqi naticasidir ki, Azarbaycan Miihondislik Akademiyasi bu yaxmlarda UNESCO
yaninda Umumdiinya Miihondislik Federasiyalar1 Toskilatmin (WFEO) Milli Uzvii secilmis-
dir.

Gorkomli beynoalxalg alim Kimi bir ¢ox xarici akademiyalarin acnabi tizvii segilmisiniz.
Siz “Elm vo miihandislik tofokkiiriiniin inkisafindaki xtisusi xidmatlariniza gora” Beynalxalq
Miikafatlar Laureatisiniz, xarici dovlatlorin va ictimai toskilatlarinin bir ¢ox orden vo medal-
larina layiq goriilmiissiiniiz.

Azarbaycan elminin va tohsilinin inkisafindaki xidmatlorinizo gora Azorbaycan Respub-
likas1 Prezidentinin Soroncamu ilo “Séhrat”, “Soraf” vo “Istiglal” ordenlori ilo toltif olunmu-
sunuz.

Siz 500-don ¢ox elmi asarin, 0 ciimlodan 50-ys yaxin monografiyanin, kitabin, dorslik vo
dars vosaitinin miiallifi, 2 elmi kasfin, hamginin 60-dan ¢ox patent va ixtiranin miallifi vo
hommiuisllifisiniz.

Sizin rohbarliyinizlo “Azarbaycan Miihandislik Akademiyasinin Xaborlori” jurnali 15 il-
dir ki, innovativ texnologiyalar sahasinds alds olunan nailiyyatlori ayani sokildo niimayis et-
dirir, elmi-miihandislik tofokkiiriiniin vektorunu miisyyanlasdirir va beynalxalq alomds bo-
yiik niifuz gazanr.

Hormotli akademik Arif Mir Colal oglu Pasayev! Azarbaycan Miihandislik Akademiya-
siin tizvloari, jurnalin kollektivi, 6lkanin miihandis va elmi-texniki comiyyatinin kollektivi,
eloca do acnabi hamkarlar Sizi sanli yubileyiniz miinasibatils tirokdon tobrik edir, sizo can-
sagligi, giimrahliq va ¢coxsaxali faaliyyatinizds yaradiciliq ugurlar: arzulayirlar!

Samimi arzularla,
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[Ipesunenty AzepOaiikanckoit HxeHepHOM akajgeMuu,
pekTopy HarmmonaneHOM akajieMun aBualuu
akajgeMuky A.M. IlamaeBy

Mmuozoysasxicaemwtit Apugh Mup /Ircanan oznwt!

Ot umenu u no nopydenuto CoBera IIpe3umeHToB MexayHapOJIHOW HHXKEHEPHOM
akagemuu u [Ipesmanyma Poccuiickoil MHXXKEHEpPHOW akajgeMuu mo3jpasisaio Bac ¢ Bammm
cimaBabIM FOOmIeem!

Bam >xu3HeHHBIH MyTh OCOOCHHO HAchINIeH, HaunHas ¢ 1996 roga, korga Bac Ha3Ha-
4y pekropoM HanmonansHOW akanemun aBuanuu, a ¢ 2005 roga el 6butn n30pansl Ipe-
3UIEHTOM A3epOaiiKaHCKON MH)KEHEPHON aKaJeMUH.

Bb1 BHecnu BBIJAIOLIUIICS BKJIAJ B Pa3BUTHE BHICIIETO 0Opa30oBaHUS U WHKEHEPHOU
HAyKH, 0COOEHHO B 00JIacTU paguopU3UKH, U TIO MIPaBy CYUTAETECh co3aaTenieM GU3MUECKUX
OCHOB HCCJIEIOBaHUSI MaTepuanioB OECKOHTAKTHBIMU METOJaMHU B OOJACTH BBICOKUX U
CBEPXBBICOKHX YacCTOT.

Bbl kak Bune-npesunaent MexayHapoaHOW MH)KeHEepHOH akanemud, [Ipesuaent Azep-
OaiiKaHCKOM MH)KEHEpHOU akaaeMuu, pekrop HannoHanbHON akageMuu aBUalluM BHECIU
CYILIECTBEHHBIM BKJIAJ B MOATOTOBKY MOJIOJBIX MH)KECHEPHBIX M HAYYHBIX KaJPOB, OCOOCHHO
B 00J1aCTH TpaKJAaHCKOW aBUaIuu. Baiie akTHBHOE y4acTHe B PYKOBOJICTBE M JESATEIHHOCTH
ATUX MEXIYHAPOJHBIX OpraHu3aiuii odecrneunBaeT dPPEeKTUBHYIO UHTETPAITUI0 HHKEHEPOB
Azepbaiimkanckoil PecriyOnuku u Ipyrux CTpaH B MHPOBOE COOOINECTBO, YKpPEIUICHHE B3a-
MMOJICHCTBUS TOCYIaPCTB B HAYYHO-TEXHUYECKOU chepe.

Mps1 nenum Bamn Bkian B cTaHoBiIeHHE U pa3BuTHEe MexayHapoaHoOU U AszepOaiimkaH-
CKOM MH)KEHEPHBIX aKkaJleMUi U oTMedaeM Baiiu Beiiaromuecs 3aciyr B HAy4yHOM, negaro-
TUYECKOHN M U3JaTEHCKOMN JAESITEIIbHOCTH, OOJBINON BKJIA]] B Pa3BUTHE UHXKEHEPHOTO JIeTa.

Bamm 3aciyru oTMedeHbl MHOTMMH TOCYIapCTBEHHBIMHU, MPaBUTEILCTBEHHBIMHU, 00-
IIECTBEHHBIMU U MEXIYHAPOIHBIMU OpJIEHAMU U MEJAJISIMHU.

OTnenbHO XOYy OTMETHTh, YTO YCIEIIHO Pa3BUBAIOTCS HAYYHO-TEXHHUYECKHE CBSI3U
MeXy YICHBIMU U HHKeHepamu Poccun u AzepOaiimkaHna.

[Tpumure, noporoit Apud Mup [[xanan oriel, Halllk camble J00pbIe MOXKeNaHus Kper-
KOT'O 37I0pOBbsI, OOJIPOCTH U ONTUMHU3MA, JATbHEHIINX TBOPUECKUX YCIEXOB, OIaronomydus
Y HEeUcCCsAKaeMoil sHepruu!

C ysaowcenuenm, ﬁ/‘/' b.B.I'ycen

[Ipesunent Mexnynapoanoi n Poccuiickoi
WH)KEHEPHBIX aKaJEMHIA,

Jlaypear I'ocynapcrBennsix npemuiit CCCP u PO,
7-u npemuii [IpaBurtenscTBa PO
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Abstract

The article presents the principles of creating a predictive control strategy based on a neural
network model of aviation systems. The use of neural networks for identifying and controlling dynamic
systems is substantiated, including the use of model predictive control for predicting the state (parameters)
of an aircraft as a dynamic system, more suitable among neural network architectures. For model
predictive control, a model of an object is used to predict the future behavior of the object, and an
optimization algorithm is used to select a control input that optimizes the future operation of the object. To
reflect the dynamics of the system in real time, the issues of training a neural network were considered, for
which a standard model, the NARMA model, was chosen as the structure of the model.
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Bort dinamik sistemlorin identifikasiyasi va nazaratinds neyron

sobokolorindan istifado

I.M. Ismayilov, T.V. Binnoatoliyeva
Azarbaycan Milli Aviasiya Akademiyast (Mardakan pr., 30, Baki, AZ1045, Azarbaycan)

Yazisma iiciin:
Ismayilov Ismayil / e-mail: ismayil.maa@gmail.com

Xiilaso

Moqalads aviasiya sistemlari {igiin neyron gabokasinin modeli asasinda prognozlasdirilan idaraetmo
strategiyasinin yaradilmasi prinsiplori taqdim edilmis, bu magsadls, dinamiki sistemlorin identifikasiyasi
vo noazarati liclin neyron gobokolarindon istifads, o ciimlodon neyrosoboko arxitekturalar: arasinda daha
miinasib olan, dinamik sistem kimi hava gomisinin vaziyystini (parametrlorini) proqnozlagsdirmagq iigiin
modelli proqnozlasdirici nozarstin totbiqi osaslandirilmigdir. Modelli proqnozlasdirict nozarst {igiin
obyektin modelindon obyektin galocok vaziyyatini prognozlagsdirmaq, optimallagdirma alqoritmindon iso
obyektin golocok faaliyyatini optimallagdiran nozarat giriginin seg¢ilmasi iiglin istifado olunur. Real
zamanda sistemin dinamikasini oks etdirmak {i¢iin neyron sobokasinin dyrodilmosi masalslorine baxilmis
va bu magsadlo modelin strukturu kimi standart model - NARMA-model secilmisdir.

Acar sozlor: ugus tohliikasizliyi, ugus dinamikasi, aviasiya intellektual idarsetmo sistemlori,
prognozlasdirilan nazarst, neyron sobakalori, statik metodlar, reqressiya analizi.

Hcnonb30BaHne HEMPOHHBIX ceTeil NPU UACHTU(PUKALUU U

KOHTPOJIC 60pTOBBIX JAUHAMHYCCKHUX CUCTEM

HU.M. UcmaungoB, T.B. bunnaraiueBa
Asepbaiioxcanckas Hayuonansnas akademus asuayuu (Mapoaxanckuii np., 30, baxy, AZ1045,
Asepbatiodcar)

s mepenucku:
Hcemannos Memani / e-mail: ismayil.maa@gmail.com

AHHOTAIUSA

B crarpe mpezacTaBieHpl NMPUHIMITEI CO3/IaHUS CTPATETHH IPOTHO3ZHOTO YIIPABIIEHWS HAa OCHOBE
HellpoceTeBOl MOAENHN aBUallMOHHBIX cucTeM. OOOCHOBAHO HCIIONB30BAHNE HEHPOHHBIX CeTel i WACH-
TU(UKAUA ¥ YIIPABJICHUS TUHAMHUYECKUMH CUCTEMaMH, B TOM YHCIIE IPUMEHEHUE MOJEIHHOTO TIPOTHO-
3UPYIOMIEro yMpaBIeHUs IS MPOTHO3WPOBAHUS COCTOAHHUS (TTapaMeTpOB) JIETATENBHOTO ammapara Kak
JUHAMHYECKOW CHUCTEMBI, OOJiee MOAXOAIICH CpeId HEHPOCETEBhIX apXUTEKTyp. s MOAEIBLHOIO MPo-
THO3UPYIOIIETO KOHTPOJISL MOJIENIb OOBEKTa MCIIOJIB3YETCsl C LEebI0 MPOrHO3UPOBaHHs OyIyILIero moBee-
HUSL 00BEKTA, a8 aJrOPUTM ONTUMH3AIMN HCIIOIb3YETCs JIJIsl BRIOOpa YIPAaBIISIOIIET0 BX0/1a, KOTOPBIH OIl-
TUMU3HPYET OyAymIyto paboTy oObekTa. [l oTpakeHus: AMHAMUKHA CUCTEMBI B pealbHOM BpeMeHH ObLTH
PacCMOTpPEHBI BOIIPOCHI 00yUEHUs] HEMPOHHOU CETH, IJIS Yero B KayecTBE CTPYKTYPHI MOJETH ObLIa BHI-
Opana crangaptHas Mojaens - NARMA-mozaens.

KiroueBble ciioBa: 0e30MacHOCTh MOJICTOB, AWMHAMHWKaA II0JICTd, ABUAIIMOHHBIC HWHTCIIJICKTYAJIbHBIC

CHCTEMBI YIIpaBJCHUS, NPOTHO3UPYEMBId KOHTPOJb, HEHPOHHBIE CETHU, CTaTH4E-
CKHE€ METOBI, pErPECCHOHHBIN aHaU3.
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Giris

Hal-hazirda miilki vo nogliyyat aviasiya-
simin inkisafinin asas tendensiyasi dasimalarin
hacminin artmasi saraitinds onun tohliikasizli-
yinin tomin edilmasidir. Ugus prosesinds hava
gomisinin  (HG) ekipaji pilotaj-navigasiya
kompleksinin (PNK) altsistemlorindon, homgi-
nin ¢oxfunksiyal: indikatorlardan verilonlori
alarag HG-nin idarsetmo doastoklorini horokoto
gotirmok yolu ilo idarsetmoni hoyata kegirir.
Bu zaman miihondis-texniki heyat ti¢iin tohlii-
kali meyletmalorin mévcudlugu vo ya onlarin
olmamasi barasinds informasiya monbayi Kimi
bort operativ molumatlandirma sistemi (BOM)
Xidmat gdstora bilor. Bu sistem ugus zamani
ucusun asas parametrlarinin emalin1 vo anali-
zini, homginin uguslarin tohliikasizliyino tosir
gostoran funksional sistemlorin iginin analizini
hayata kegirir [1]. HG-nin bortunda géstarilon
soraito baxarkon, homginin o fakti da nozors

Ucgus rejimlarinin

mohdudlasdirilmasinin

xabardarhgq sistemi.
Horizonta gatiron sistemlor.
Yera va havadaki obyektlara
yaxinlasmanin xabardarhq

sistemi.

Nitq
informatorlari.

indikatorlar

informasiya
sistemlori.

UA-nmn informasiya
tominat1 vd
avtomatlagdirilmasi
oblastinda miiasir
islomoalor.

almaqg lazimdir ki, ekipajin toyyaranin aparat
kompleksi ilo qgarsiligli tosirina pilotun psixo-
fiziologiyasi ilo bagli olan xiisusiyyatlori tosir
gostorir. Bortda yaranmis xisusi hallarin dof
edilmasi tizro ekipajin imkanlart mohdud ol-
dugu tigtin BOM-da intellektual vo virtual tos-
Kiledicilarin totbigi talob olunur. Bu toskiledi-
cilor xtisusi hallarda navigasiya vo HG-nin
idaro olunmasi1 oblastinda real ekspertlorin
davranis tocriibasini toplayir. Bels bir hal gos-
torilon togkiledicilorla tachiz olunmus bort sis-
temlarinin islonilmasini aktual problems ¢evi-
rir vo HG-nin ekipajina diison psixofizioloji
yiikkii azaldir [2]. Buradan bels bir naticoys
golmok olar ki, BOM-un golacok inkisafi eki-
paj1 dostokloyan sistemlarin va vasitolarin, si-
tuasiya molumatliligi sistemlorinin totbigi vo
HG-nin idars olunmasinin sonraki intellektual-
lagdirilmasti ilo six baghidir (sok.1) [3].

Elektron

asasinda

Sensorlu
idaraetmd
sistemlori.

Avtopilotlar.
Ug¢ma.
Enmo.

On sitsodaki
indigatorlar.

Sakil 1 — Ekipajin bort cihazlar ilo garsiligh tasiri
Figure 1 — Crew interaction with on-board devices
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Son zamanlar toyyaranin idars olunma-
sinin avtomatlasdirilmasinin bir sira masalale-
rinin halli i¢ilin intellektual sistem texnologi-
yasinin tatbiginin identifikasiyasi tendensiyasi
moveuddur  (neyron saboakolori, qeyri-salis
montiq metodlari, gorarin dastoklonmasinin
montiqi sistemlori). Siini intellekt elementlori-
nin HG-nin idars olunmasi sistemlarinds totbi-
gi konkret situasiyanin giymatlondirilmasina,
onun inkisafinin prognozuna va ekipaja zoruri
tovsiyyalorin - formalagdirilmasina osaslanan
ekipajin informasiya dostoklonmasinin keyfiy-
yatca yeni saviyyasini tomin edir [4-6]. Bu ciir
yanasma ugusun tohliikasizliyinin yiiksaldil-
moasi istigamotinds timidvericidir. Situasiyanin
inkisafinin prognozlasdirilmasi masalasini hall
etmok {iglin toyyaranin vaziyyati, onun koordi-
natlari vo siirati, digor hava gomilarinin hara-
koti, meteosoraitlor va s. barasinds kifayat qo-
dor boyiik hocmli informasiyanin olmasi zaru-
ridir.

Toyyaronin dogiq riyazi modelino avia-
siya sisteminin analizina vo idars olunmasina
miithiim birinci addim kimi baxilir. Bu model-
don toyyaranin idaro olunmasi vo dayanigligi
problemlarinin halli ii¢iin istifado etmok olar.
Alinmig model toyyara sathlorinin idars olun-
masinda va ugus sistemlarinin layihandirilmo-
sinds istifado olunan ugusun xarakteristikalari-
n1 modifikasiya edir [7].

Aviasiyada intellektual sistemlorin tatbi-
qgi istigamatindo gox timidverici istigamat no-
zarot vo prognazlasdirma oblastinda bir ¢ox
masalalarin hallinds siini neyron sobokalarin-
don (SNS) istifadadir. SNS-nin miivaffoqiyye-
ti birbasa onlarin hoalli adi metodlarla miimkiin
olmayan va ya ¢atin olan bir ¢ox masalalarin
yerina yetirilmasinin sadslosdirilmasi va siirat-
londirilmasi imkanlari ilo miioyyan edilir.

Neyron sobokolori dinamik sistemlarin
identifikasiyast vo nozarstindo miivoffa-qiy-
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yatlo istifado olunurlar. Prognozlasdirma vo
nozarat mosalolorinin holli {i¢lin hal-hazirda
daha timidverici Neural Network Toolbox pa-
ketlori ilo tochiz olunmus mashur neyro-sobo-
ko arxitekturalaridir. Bu arxitekturalar arasin-
da daha moshuru modelli prognoz-lasdirilan
noazaratdir. Bu arxitektura bir dinamik sistem
kimi UA-nin galacok vaziyyatini (parametrlo-
rini) prognozlas-dirilmasi tiglin daha gox qo-
buledilondir [8].

Modelli prognozlasdirict nazarat {igiin
obyektin modelindoan obyektin golocok davra-
nigint prognozlasdirmaq tgiin istifado edilir,
optimallasdirma algoritmindan isa obyektin
golacok faaliyyatini optimallagdiran nozarot
girisinin segilmosi tigiin istifado edilir.

Isin magsadi

Hoyacanlandirict tosirlor vo miixtolf to-
biotli angoallar soraitinds parametrlorin giymat-
londirilmasinin  dogigliyini  yiliksoltmok va
miisahidanin sonraki dovrii tigtin onlarin prog-
nozlasdirilmast magsodilo statik metodlardan
(regressiya analizi) vo SNS-don birgs istifado
etmoklo bort dinamik sistemlarin prognozlas-
dirtlan noazarst tisulunun, hamginin ugus sorai-
tinin genis diapazonunda va digor geyri-miioy-
yanliklords toyyaronin dinamikasininin gozlo-
nilmaz doyismolorini kompen-sasiya etmoya
gadir olan neyron sobokasinin Oyradilmasi
agoritminin islonilmasidir.

Masalanin qoyulusu

Bir dinamik sistem Kimi toyyaranin idara
olunmas: sistemlarinda siini intellekt element-
lorinin totbigi noticasindo ekipaj torofindon
konkret situasiyanin  qiymatlondirilmasina,
onun inkisafinin prognozuna va ekipaja zaruri
tovsiyyalorin - formalasdiriimasina asaslanan
ekipajin informasiya dostoklonmasinin prog-
nozlasdirilan nozarst vasitasilo hayata kegir-
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mok {iglin asagidaki masalalorin holli zaruri-
dir:

1. Prognozlagdirilan nozarstdo istifado
olunacaq modelin strukturunun segilmasi.

2. Identifikasiya mosalolorinin holli iiiin
prognozlasdirict tonzimlayicinin tatbiqi.

3. Miivafiq sortlor daxilinds neyron sobo-
kasinin 6yradilms metodlarinin tadqiqi.

4.  Prognozlasdirici nozaratds parametr-lo-
rin giymatlondirilmasinin daqigliyini yiiksalt-
moak vo miisahidanin sonraki dovrii ti¢iin onla-
rin prognozlasdiriimas: mogsadilo statik me-
todlardan (reqressiya analizi) vo SNS-don bir-
go istifado etmoklo bort dinamik sistemlarin
prognozlasdirilan nazarat tisulunun islonmasi.

y(k+d)=N[yk),y(k—1),..,y(k

Burada U(k) vo y(k)- miivafiq olaraq,
sistemlorin  giris vo ¢ixislaridir. Fazanin
identifikasiyast mogsadilo N geyri-xatti
funksiyaya yaxinlasmaq lciin (aproksimasiya
ticlin) neyron sobokasini mogq etdirmak olar.
Identifikasiyamin ~ bu ciir  prosedurundan
prognozlasdirici tanzimlayici (kontroller) tigiin

Mbasalonin halli

Oks olagonin  xottilogdirilmasindon
istifdo etmoklo dinamik sistemlorin
prognozlasdirilan nozaratinde birinci addim
nozarat olunan sistemin taninmsidir. Buraya,
ilk novbodo, real zamanda sistemin
dinamikasim1 oks etdirmok {i¢iin neyron
sobokosinin dyradilmosi daxildir.

Qeyd olunan masoalonin halli {igiin ilk
novbado istifads ii¢lin modelin strukturunun
secilmoasi zoruridir, yoni geyri-xotti sistemin
imumi diskret vaxtini oks etdirmok {i¢iin
istifado olunacaq bir standart modeli, masalon
NARMA-model (Nonlinear Autoregressive-
Moving Average):

—n+1),Uk), Uk —1), ..., Uk — 1] (1)

istifado edilir (NN Predictive Controller) [9].

Ogor sistemin ¢ixisinin - miidyyan bir
y(k+d)=y,(k+d) trayektoriyas1 {izro davam
etdirmosi tolob olunursa, o zaman geyri-xotti
kontrollerin  inkisafinin  ndévboti  addimi
olacaqdir:

U(k) =Gly(k),y(k—=1),..,.y(k—n+1),y.(k+d),Uk—1),.., Uk —1)] (2)

Tonzimloyicidon istifadodo  problem
ondan ibaratdir ki, gostorilon sortlor daxilinds
neyron sobokasinin dyradilmasi li¢lin hor hansi
bir G funksiyasinin yaradilmasi zaruridir, belo
ki, bu funksiya orta kvadratik sohvi
minimallagdirir. Bunun {igiin dinamiki oks
paylama metodundan istifado etmok olar.

Yk +d) = fly(k),y(k - 1),

Lakin bu zaman proses kifayst godor yavas
davam eds bilor. Homin problemin digor halli
sistemin  oks etdirilmasi  {iglin  togribi
(aproksimasiya oluna bilon) modellordon
istifado oluna bilor. Toqdim olunan isdo
istifado olunan tonzimloyici (NARMA-L2)
togribi models asaslanmigdir:

v, Vk—n+1D),Uk—-1),.., Uk —m+1)] +

+glyk),y(k—1),..,y(k—n+1),U(k—1),..,U(k —m+ 1)] 3

Bu modelds kontrollerin U(K) girisi gey-
ri-xattiliyin daxilinds deyildir. Bu ciir for-

manin Ustiinliiyli ondan ibarotdir ki, girisin
hesablanmasi sistemin ¢ixisinin etalon (arzu



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2024, cild 16, M2 1, 5. 9-18
LM. Ismayilov, T.V. Binnatoliyeva

Herald of the Azerbaijan Engineering Academy
2024, vol. 16, no.1, pp. 9-18
.M. Ismailov, T.V. Binnataliyeva

olunan) y(k+d)=y,(k+d) giymotino miivafiq
davam etmosidir. Noticavi olaraq, tonzimlayici

U(k) =

asagidaki formaya malik olur:

y(k+d)— flyk),ytk—1),..,y(k—n—1),U(k — 1),..,(k —n—1)]

Sonuncu  tonlikdon istifado  edarak
problemi hall etmok olar, bels ki, U(k) nazarat
girisinin tayini eyni zamanda y(x) ilo baghdir.

glyk),y(k—1),..,y(k—n+ 1), Uk —1),.., Uk —n+ 1)]

(4)

Belaliklo, modeldon istifado edorak,
prognozlasdirici nozaroti asagidaki sokildo
hoyata kecirmok olar:

y(k+d) = fly(k), y(k = 1), .,y(k —n+ 1), Uk), Uk = 1), ..., U(k — n + D] +

+g[y k), e, y(k =1 + 1), UCK), .., Uk = n+ 1) % U(k + 1)]

(5)

Todqiq olunan sistemin dinamikasinin neyron sobokoasi torofindon oks olunmasinin

strukturu sok. 2-do verilmisdir.

g( ) Neyron Sabakasinin Aproksimasiyasi

yit+1)

—p

wlt+l)

() Neyron Sabakoesinin Aproksimasiyasi

Sakil 2 — Tadqiq olunan sistemin dinamikasinin neyron sabakasi torafindon oks olunmasinin strukturu
Figure 2 — The structure of the reflection of the dynamics of the studied system by a neural network

Oksor hallarda todgigat obyekti baro-
sindo aprior informasiya mdvcud olmadigi
liciin todgiq olunan obyekts ham hoyacan-
landiric1 faktorlarin, ham do 6lgma kiiylarinin
tosiri soraitinds (6lgmoa metodlarindan, vasite-
larindan va 6lgmo soraitindon asili olaraq) ob-
yektin davranisi barasinds 6lgmo naticalarinin
se¢moalarinin  naticalorine  gbéro  miihakimo
aparmaq lazzim golir. Bu halda informasiya
emalmin statik metodlarina miiraciot etmok
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lazim golir vo bunun iiciin miivafiq 6lgmo
modellorindon istifado etmok miimkiindiir
(masalan, reqgressiya modeli). Bu moasoaloni hall
etmak {iglin reqressiya analizi metodlarindan
Vo prognozlagdirmanin digor metodlarindan
istifads edok.

Forz edok Ki, {X1,X2,...,xn} — ucusun N
portretlorindon  alinmis  nozarst  olunan
parametrin  nominal giymatindon meylet-
molorin se¢imidir. Nozarat olunan parametrin



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2024, cild 16, M2 1, 5. 9-18
LM. Ismayilov, T.V. Binnatoliyeva

Herald of the Azerbaijan Engineering Academy
2024, vol. 16, no.1, pp. 9-18
.M. Ismailov, T.V. Binnataliyeva

mioyyon edilmis hiidudlardan miimkiin ola
bilon ¢ixmasini prognozlasdirmaq maqgsadilo
nozarot olunan x parametrinin  doyismo
tendensiyasin1  toyin  etmok  zoruridir. X

meyletmasinin Ti ugus vaxtindan asililig1 xatti
model asasinda toyin edilir:

X; =a+ bt (6)
burada a, b — parametrlar; 7; — i-ci ugus ii¢iin
ugma vaxtidir.

a, b parametrlori on kigik kvadratlar
metodu ilo toyin edilirlor.

(6) modelindon  istifado  edorok
buraxilabilon meyletmalorin doyismasini prog-
nozlagdirmag Vo bilon
hiidudlardan konara ¢ixmalarini analiz etmok

onlarin buraxila

olar. Xotti regressiya modelindon ugus
vaxtindan meyletmonin monoton asililig1
giiman edildiyi halda istifado etmok olar.
Lakin bu asililigin xarakterina bir ¢ox sabablor
tosir gostorir. Bu iso ona gotirir ki, x(7)
monoton funksiya olmur. Belo hallarda x(7)
astliliginin xarakterinin ohomiyyatli doyismo-
lorini nozera alan modellordan istifado daha
mogsadouygundur. Yuxarida sadalanan catis-
mazliglara malik olmayan bir sira modellara
baxag. Forz edok ki,
{x;},i =1,N parametrin N OSlgmolori mdv-
cuddur vo o zaman X¥(N + 1) qiymaoti asagi-
daki diistur ils tayin olunur:

prognozlasdirilan

X(N+1)=aygx(N)+a;x(N—1D+...a,_1x(N -k +1) @)

Prognozlagdirma {igiin yalniz axirinci
“k” 6lgmolarindan istifads olunur.

a;(i =0,k — 1) parametrlori ¢oki vuru-
cularidirlar vo modeldo  miixtolif doyoarlori
nazare alirlar. (7) modeli prognozlasdirilan

prosesin doyismolorini nozoro almaga imkan
verir. Parametrlorin giymatlori tonliklor siste-
mindan on kicik kvadratlar metodu ila tayin
oluna bilarlar.

m
9
£Z[aix(k+j—i—1)—xj]2=0;i=0,k—1;m>k ©)
i“
j=1

Beloliklo, prognozlagdirma prosesi bas-
lamazdan ovval m+k miisahido naticalarine
malik olmaq zoruridir. (8) modeli ¢ox otalatli-
dir vo prognozlasdirilan prosesin ragsi Vo

sigrayis sokilli doyismalorini izlomays imkan

a; prognozun har bir addimi ila dayisirlor. O
zaman S-ci addimda (8) modeli asagidaki
sokilds olacaqdir:

Xi+k+1) =ajx(i+1)+
a;x(i+ 2)+...+ap_;x(i + k) 9

vermir X(i)-nin  giymatlorini  tosadiifi hesab
' . . etsok, a;j parametrlori riyazi gdzlomoanin
Prognozlasdirilan prosesin sort doyis- .. ) : e
. . A minimum sartindon toyin edilirlor:
moalarini nazars almaq tigiin hesab edacayik ki,
~ 2
0(a®) = M[Xit aix(i+ D+ k + 1) — 2] (10)

Prognozun qgobuledilobilon dagigliyini
tomin etmok ti¢iin (9) modelinin sazlanmasini
hoyata kecirmok lazimdir. Bunun {igiin
{x(k+1)...x(k+m)} kimi Gyradici se¢ima malik

olmaq zoruridir vo bu se¢imdos prognoz pro-
sedurundan istifado etmoklo a; parametrlori-
nin sazlanmasini hoayata kec¢irmok lazimdir [9].
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Parametrlorin giymotlondirilmasinin do-
gigliyini yiiksaltmok va onlar1 miisahidanin
sonraki periodunun prognozlasdiriimasi {igiin
yuxarida gostorilon sortlor daxilindo SNS-don
istifado etmok toklif olunur ki, bunlar da ham
miistaqil, hom do adaptiv vo optimal siizgacle-
mo metodlari ils tatbig oluna bilarlor. Bu halda
prognozun gobuledilabilon dagigliyi modelin
miivafiq dyradici se¢cimloro malik olan SNS-in
komayi ils, sonraki sazlanmasi ilo tamin edilir.
Bu se¢imdo prognoz prosedurundan istifado
etmoklo modelin sazlanmasini (neyronun soki-
lorini doyismakla) hoyata kegirirlor.

Prognozlasdirma masalalarinin halli za-
man1 neyron sabakasinin rolu ondan ibaratdir
ki, 0, sistemin oavvalki davranisina géro onun
golocak reaksiyasimi prognozlasdirir. Prognoz-
lagdirmadan oavvalki anlarda x dayisoninin qiy-
motlori barasinds informasiyaya malik olmag-
la soboka cari k aninda % (k) ardicilliginin daha
cox ehtimali olan giymotinin na ciir olacagi
barasinds halli hasil edir. Sabokonin ¢oki om-
sallarinin adaptasiyasi tigiin prognozlasdirma-
nin faktiki Xotasindan e = x(k) — £(k) vo bu
xatanin ovvalki zaman anlarindaki giymotlo-
rindan istifads olunur.

Qeyd etmok lazimdir ki, dinamik sistem-
lorin oksoriyyoti zaman siras1 omoalo gotirirlor.
Bu sira sistemin voziyyatini zamanin ardicil
anlarinda har hansi bir kemiyyatin giymatlor
coxlugu soklindo xarakterizo edir. Buna gora
do dinamiki sistemlarin prognozlasdirici naza-
rati neyron sabokalarindan istifads etmoklo za-
man siralariin proqnozlasdirilmasina gatirilir.

SNS-dan istifada etmoklo dinamik siste-
min noazarati misalinda prognoz proseduruna
baxaq. Dinamik obyektin prognozlasdirilan
nozaratinin strukturu sok.3-do verilmisdir [9].
Sok.3-do gostarilon strukturdan “onlayn” reji-
mindo dinamiki proseslorin modellagdirilmasi
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ticiin istifado etmoak olar. Onun slavasins tipik
misal olarag hamin modelin parametrlorinin
identifikasiyas1 proseduru rolunda neyron so-
bokasinin ¢ixis etdiyi geyri-xatti dinamik ob-
yektlorin imitasiyasini gostarmak olar.

Y

Sistem

Neyron Sabakasi
Model

*

Ovranma
algoritmi

Sakil 3 — Dinamiki obyektin progqnozlasdirilan
nozaratinin strukturu

Figure 3 — Structure of dynamic object predictive
control

Molum geyri-xotti funksiya ilo tosvir
olunan obyekt tosadiifi sokildo formalasdirilan
U vektorlar formasmda hoayacana reaksiya ki-
mi y, verilmis signallar ardicilligim generasi-
ya edir. Neyron sabokasindan bu obyektin mo-
deli kimi istifado edilir. Dinamiki obyektin
neyrosoboko modeli sok.4-ds verilmisdir

Prognozlasdirilan nazarotin  modelinin
formalasdirilmasinin birinci moarhalasi obyek-
tin miioyyon edilmis dinamikasini oks etdir-
mok ti¢lin onun dyradilmosidir.

Obyektin yj ¢ixisi ilo neyron sabokasinin
Ym ¢ixig1 arasindaki prognozun sshvindan
neyron sobokasinin Oyradici siqnali (neyron
sobokasinin parametrlarinin dagiqlosdirilmasi)
kimi istifads edilir. Bu zaman obyektin neyron
sobokasinin modeli obyektin ¢ixisinin galocok
gostaricilorini prognozlasdirilmasi {igiin ham
ovvalki giris signalindan, hom do obyektin
avvalki ¢ixisindan istifado edir.
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Sakil 4 — Dinamiki obyektin neyrosoboka modeli

Figure 4 — Neural network model of dynamic object

Giris signallar1 kimi zamanin hor hansi
bir intervalinda nazarst olunan parametrlorin
giymatlorini tomsil edon zaman siralarindan
istifado edilir. Cixis signali—giris signalt
dayisonlarinin altcoxlugu olan doyisonlor
coxlugudur.

Neyron sobokasinin  modeli konkret
zaman horizontu Ttzorindo obyektin dav-
ranigin1 prognozlasdirir. Prognozlardan kon-
kret horizont tizorinds novbati  Kriterini
minimallagdiran nazarot signalini toyin etmok

ticlin  optimallagdirmanin  ragoamsal  prog-
raminda istifads olunurlar [10].
Ny
J= ) e+ )=y + ) +
j=N
J=N1 (11)

Ny
+P Z(u'(t Fi—1) —w(t+] —2))?
=1

Burada N1, N2 vo Ny — iizerinds izloma
sohvlarinin vo nozarst artimlarinin qiymaotlon-
dirildiyi horizontlar1 xarakterizo edir; '
dinamiki obyektin neyrosoboko modelindon vo
optimallagdirma  blokundan ibarat olan
tonzimloyicinin  proqramlasdirilmas:  {igiin
istifado olunan optimallasdirma blokunun
cixigindakt doyison eksperimental yoxlama

signalidir: y,. — obyektin arzuolunan reaksiya-
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sidir; y,, — neyrosoboko modelinin reaksiyasi
(¢1x1); P — noazarot artimlarinin kvadratlar
cominin  yerino yetirmo indeksina tosirini
toyin edon omsaldir.

Coki  omsallarinin  adaptiv ~ se¢imi
asagidaki kimi toyin edilon kvadratik sshvin

minimallagdirilmasi prosesindo hoyata
kegirilir:
N 2
1, 1
j=0

Burada e; = (y; — d;) — neyronun ¢ixis
signalinin  faktiki vo gdzlonilon qiymatlori
arasindaki forq; x; — giris vektoru: w;; — ¢oki
omsallari. Mogsad funksiyasinin kosilmozlik
sortini  yerino  yetirmok {g¢iin  gradient
oyradilma alqoritmi totbiq edilmisdir, magsod
funksiyasinin minimallagdirilmas: ii¢iin isa an
tez enis alqoritmi totbiq edilmisdir. Coki

omsallariin giymatlori ya diskret iisulla
WU(t + 1) = Wl](t + r]el-xl-) (13)

Ya da analoq tsulu ilo — asagidaki

sokildo forg tonliklorinin halli yolu ilo
daqiqlosdirils bilar.
= pex; (14)

dt
Onlarda (12) asililigina miivafiq olaraq:

N
e; = di - Z WUX] (15)
j=0
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Burada m - Oyrodilmo omsali olub,
giymati bir gayda olaraq ya (0, 1) interva-
lindan empirik secilir, ya da (14) forq
tonliyinin halli ils segilir ki, hamin tanlikdo M
konstant1 (10) tonliyindoki n qiymatins analoji
rol oynayir.

Natica

Hoyacanlandirici  tasirlor vo miixtolf
tobiotli  ongallor soraitindo  parametrlorin
giymatlondirilmasinin doqiqliyini yiiksaltmok
Vo miisahidonin sonraki dovrii {i¢iin onlarin
prognozlagdirilmas1 moqgsadilo statik metod-
lardan (reqgressiya analizi) vo SNS-don birgo
istifado etmoklo bort dinamik sistemlorin
prognozlasdirilan noazarat tisulu islonilmisdir.
Istifado olunan metod vo SNS hom miistaqil,
hom do adaptiv vo optimal siizgacloma metod-
lar1 ilo birlids totbiq oluna bilarlor. Dinamiki

obyektin prognozlasdirilan noazaratinin
islonilmis strukturu “online” rejiminds dina-
miki proseslori modellosdirmak tigiin istifado
edilo bilar. Onun slavasina tipik misal olaraq,
geyri-xatti dinamik obyektlorin imitasiyasini
gostormok olar, hansilar iiciin ki, neyron
sobakasi homin modelin parametrlorinin iden-
tifikasiyas1 proseduru rolunda  ¢ixis edir.
Bundan basga ucgus soraitinin genis diapazo-
nunda va digear geyri-miioyysliklords toyyaro-
nin dinamikasminin gézlonilmoz  doyismo-
larini kompensasiya etmays gadir olan neyron
sobokasinin Gyradilmasi algoritminin islanil-
mosidir.

Maraqlar miinaqisasi

Miiolliflor bu moqalodo arasdirilmasi
tolob olunan maraqlar miinaqisesinin olma-
digin1 qeyd edirlor.
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Abstract

The article addresses the following issues: general principles of the state of superconductivity in
brake friction pairs; isotropic and Josephson effects; paired electron and its role in superconductivity;
vibrations of the crystal lattice and vortices in the metal friction element; the discussion of the results. The
exciting factor for particles of various kinds in metal friction elements is pulsed normal forces in the
mating of friction pairs. Conduction electrons in a metal at a low ambient temperature and its thermally
stabilized state are capable of forming pairs that unite particles with equal, oppositely directed impulses.
For this to happen, there must be an attraction between the electrons. Behavior and connections of pairs of
electrons and the interaction of their energy levels with the nodes of the crystal lattice of a metal friction
element. The presence of positive ions in the crystal lattice ensures that a moving electron attracts nearby
ions, they shift towards it and create a local excess of positive charge. A locally polarized region attracts
another electron, which moves towards the first one. Elastic vibrations of the crystal lattice are the
movement of phonons-quanta of sound waves. In this case, electrons are attracted, emitting and absorbing
phonons. Between electrons and vibrations of the crystal lattice occurring directly by the attraction of the
lattice of electrons prevailing over the Coulomb collision. The emergence of mechanical and magnetic
vortices, when the transport current fields exceed the minimum limit of its intensity, magnetic vortices are
born near the surface and migrate deep into the metal friction element.
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Xiilasa

Moagalads asagidaki moasalalora toxunulur: aylocin siirtiinms cutlorinds ifratkegiriciliyin voziyystinin timumi
prinsiplori; izotrop vo Cozefson effektlori; ciitlogsmis elektron vo onun ifratkegiricilikdoki rolu; kristal gofas
titromolori vo metal friksion elementinds rogslor. Metal friksion elementlorinde miixtalif ndv hissaciklor tigiin
hoyacan wverici amil siirtinmo ciitlorinin ciitlosmosinds impulslu normal qiivvalordir. Otraf miihitin asagi
temperaturunda metalda kecirici elektronlar vo onun termal sabitlogsmis voziyystindo borabar, oks istigamotli
impulslarla hissaciklori birlosdiran ciitlor omalo gatirmoays gadirdirlor. Bunun bas vermosi tigiin elektronlar arasinda
cazibas olmalidir. Kristal qofosdo miisbat ionlarin olmasi harakat edon elektronun yaxinliqdaki ionlar1 calb etmasini,
ona dogru yerdoyismasini vo lokal izafi miisbot yiikiin yaratmasim tomin edir. Lokal qiitblogmis bolgo birinciys
dogru horokat edon basqa bir elektronu cozb edir. Kristal gofosin elastik rogslori sos dalgalarinin fononlarinin-
kvantlarimin horokatidir. Belo olan halda, elektronlar fononlar1 buraxmagla vo udmagla calb olunur. Ssthdo yaranan
magnit ragslori metal friksion elementinin dorinliyino dogru yerdoyisms edir.
Acar sozlar: aylac qurgusu, siirtiinms ciitlori, metal friksion element, ifratkegiricilik, elektrik sahasi, magnit

sahasi.
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KoJIe0aHUsT KPHUCTAILUIMYECKONW PEIICTKH U BHXPU B METALIMYCCKOM (PHUKIMOHHOM 3JieMeHTe. Bo30ykmarommm
(akTOpOM AN YACTHI[ PA3IMYHOTO pPOJa B METALIHYCCKUX (PHUKIMOHHBIX 3JIEMEHTaX SBISIFOTCS HMITYJIbCHBIC
HOpMaJIbHBIE YCUJIUS B COMPSDKEHUHU Tap TPEHUsS. DJIEKTPOHBI IPOBOJAUMOCTH B METaJIe TIPY HU3KOH TeMIepaType
OKpPY’KaIOIIeH CpPelsl U ero TePMOCTAOMIM3aIIMOHHOM COCTOSIHHH CHOCOOHBI (hOPMHUPOBATH Mapbl, 0OBEAUHSIONINE
YaCTHIIBI C PAaBHBIMU TPOTHBOIIOJIOKHO HAMPABICHHBIMU HMITYJIbcaMH. JIJIT 3TOTO HEOOXOAWMO, YTOOBI MEXIY
3JIEKTPOHAMHU CYIIECTBOBAJIO MNpUTKeHHE. Hanuune B KpUCTAIIMYECKON pelIeTKe MOJ0XKUTEIbHBIX HOHOB
CITOCOOCTBYET TOMY, UTO JBHXKYIIECHCS JIEKTPOH MPUTATUBACT OJIM3JIeKAIINE HOHBI, OHU CMEIAIOTCS B €T0 CTOPOHY
U CO3JAIOT JIOKAIBHBIAH H30BITOK MOJOXHUTEIBHOTO 3apsnga. JIOKambHO MOJSPHU30BAHHBIA YYaCTOK HPUTSITHBACT
JPYTOi 3JIEKTPOH, KOTOPBIH CIBUTACTCS IO HAMPABICHHIO K TEPBOMY. YHIpPyrue KoJeOaHWs KPUCTAJUIMICCKOM
PEIICTKU SBISIOTCS JBHXXCHHEM (DOHOHOB-KBAHTOB 3BYKOBBIX BOJH. [IpH 3TOM SJIEKTPOHBI MPHUTATHBAOTCS,
UCIycKas U moromas (GOHOHBI. Bo3HHKarOIIME MPH 3TOM Y MOBEPXHOCTH MArHUTHBIC BHXPU MUTPHUPYIOT BIIyOb
METAJUTMYECKOTO (PPUKIIUOHHOTO DIICMCHTA.
KuioueBble ciioBa: TOPMO3HOE YCTPOWCTBO, TMAapbl TPEHHS, METAUIMYCCKUN (PUKIUOHHBIA JJIEMEHT,

CBEPXIIPOBOAUMOCTD, DJIEKTPUUECKOE IT0JIE, MATHUTHOE TIOJIE.
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Introduction

The presence of the triboelectric effect
in metal-polymer friction pairs worsens the
antifriction properties of materials, increasing
the friction force by 15-50% and wear several
times [1]. A valuable recommendation is to
suppress triboelectric effects by using bipolar
materials (i.e., materials that generate charges
of opposite sign). An increase in the number
of electrons in the triboconjugation helps to
intensify the superconductivity of the metal
friction element of the braking device.
Superconductivity in friction pairs is local in
nature.

Analysis of literary sources and the state of
the problem

The influence of wear products on
friction and wear has long been established. In
the works of LV. Kragelsky and A.V.
Chichinadze [2, 3] it is noted that the presence
of wear particles contributes to a slight
increase in the dynamic coefficient of friction,
in some cases it is almost independent of the
presence or absence of such particles, and
sometimes they, acting like balls, they reduce
electrothermomechanical  friction.  Factors
influencing the retention of wear particles in
the friction zone may be the size of the area of
friction microprotrusions, the presence of
grooves or grooves on the surface, and the
mutual overlap coefficient. In the mentioned
works nothing was said about the magnetic
properties of wear products of brake friction
pairs. In [4] it is indicated that the volume of
the material under study has time to warm up
and the temperature differences do not exceed
150 °C, then, for example, during the braking
process of a real brake, such a large amount of
heat is released on the generating surface in a
short time (10+20) s that it occurs thermal
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shock directed deep into the elements of the
friction pair. Temperature differences along
the depth of the elements reach 700 °C or
more. This is due to the superconductivity of
microprotrusions of the metal sample. In [5], a
method was proposed for determining the
contact electrothermal resistance in tribo-
couplings of metal-polymer friction pairs of
braking devices. However, this method did not
say anything about the superconductivity of
the metal friction element. In [6] it is indicated
that a superconducting metal friction element
IS very sensitive to heat transfer processes and
is capable of weak forced cooling with fairly
small heat losses due to a decrease in the
thermal resistance of thermal conductivity.

When assessing the thermal stabilization
state of a metal friction element, it is based on
equalizing the temperature gradient across its
thickness [7]. However, this is only possible in
the superconducting state of the metal friction
element.

The article addresses the following
issues: general principles of the state of
superconductivity in brake friction pairs;
isotropic and Josephson effects; paired
electron and its role in superconductivity;
vibrations of the crystal lattice and vortices in
the metal friction element; the discussion of
the results.

Goal of the work — substantiation of the
effect of superconductivity in metal friction
elements of brakes.

General principles of the state of
superconductivity in brake friction pairs.
During the electrothermo-mechanical friction
interaction of brake friction pairs, an electric
current is generated at their interfaces,
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promoting the appearance of magnetic ring
lines around a cylindrical metal ring (Fig. 1).
The latter are the rims of drums and pulleys.

In drum and band brakes, the mutual
overlap coefficient is less than unity and
therefore high-speed switching will occur, i.e.,
the closure of sections of current circuits
depending on the braking time. Large currents
will contribute to the emergence of a local
superconducting state of the metal friction
element. The last is the pulley rim, which uses
magnetic insulation for its inner surface. This
circumstance allows one to consider local
superconductivity  from the side of
electrothermomechanical friction.

Other factors influencing supercon-
ductivity are shown in Fig. 2.

Figure 1 — Magnetic ring lines (1) around a cylin-
drical metal ring (2) with magnetic insulation (3)

Superconductivity in friction pairs

Field during the superconducting effect

electric magnetic thermal
Changing field settings and their states
Structure of friction pair materials
Effects during the implementation of superconductivity
isotopic Josephson

Application of superconductivity in technology

Figure 2 — Components of the superconductivity effect in brake friction pairs
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In this case, a first-order phase transition
occurs the total destruction of
superconductivity by a magnetic field. Phase
transition of the second kind is the
transformation of a paramagnet into a
ferromagnet or into an antiferromagnet. In
these cases, the density changes continuously,
heat is not released or absorbed, and the heat
capacity changes abruptly, but does not go to
infinity. The appearance of a mixed phase
determines the reaction of a type Il
superconductor to the passage of electric
current from a created external source.

Let us dwell on the physical processes
that contribute to superconductivity in metal
friction elements of brakes. Conduction
electrons in a metal at low ambient
temperatures are capable of forming pairs that
unite particles with equal and oppositely
directed impulses. For this to happen, there
must be attraction between the electrons.

Behavior and connections of electron
pairs and the interaction of their state with the
nodes of the crystal lattice of a metal friction
element.

The presence of positive ions in the
crystal lattice ensures that a moving electron
attracts nearby ions, they shift towards it and
create a local excess of positive charge. A
locally polarized region attracts another
electron, which will move towards the first
one [8]. Elastic vibrations of the crystal lattice
are the movement of phonons - quanta of
sound waves. In this case, electrons are
attracted, emitting and absorbing phonons.
Between electrons and vibrations of the crystal
lattice, the direct attraction of electrons by the
lattice prevails over the Coulomb repulsion.

The appearance of mechanical and
magnetic vortices when the transport current
field exceeds the minimum Ilimit of its

23

strength. Magnetic vortices are born near the
surface and migrate deep into the metal
friction element.

Normal electrical resistance arises due
to the dissipation of current carriers by
thermal vibrations of the lattice (in other
words, phonons), as well as by impurity atoms
and other inhomogeneities. If the current is
carried by individual electrons, then the
resistance cannot be zero [9].

Isotopic and Josephson effects

The isotope effect plays a decisive role
in constructing the theory of
superconductivity. Maxwell and Reynolds
established connections between the critical
temperature and the mass of isotopes. In the
latter, the nuclei of atoms have the same
number of protons (same charge), but different
numbers of neutrons (different masses). The
mass of an isotope is a characteristic of the
crystal lattice and can affect its properties. For
example, the frequency of lattice vibrations is
known to be related to the mass of ions by the
relation w ~ M ”. Superconductivity, which is
a property of the electronic system of a metal,
turns out to be related due to the discovery of
the isotopic effect with the state of the crystal
lattice. Consequently, the occurrence of the
superconductivity effect is due to the
interaction of electrons with the crystal lattice.
Interestingly, it is this interaction that is
responsible for the appearance of electrical
resistance. Under certain conditions, it should
lead to its absence, i.e. to the effect of
superconductivity.

There are stationary and non-stationary
Josephson effects. The first of them is the
possibility of flow through a tunnel contact
formed by two superconductors separated by a
thin layer (= 107 cm) dielectric, direct current.
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It is essential that this superconducting current
flows through a barrier characterized by a zero
potential difference.

The magnitude of the Josephson current
is described by the formula j = joSing, where ¢
— phase difference on both sides of the tunnel
passage. The wave function is a complex
quantity and as such is characterized by
amplitude and phase. It turns out that
superconductors separated by a fairly thin (d
<< &) dielectric layer, are characterized by a
stable value of their phase difference. The
magnitude of this difference can be controlled
by an external magnetic field. The experiment
showed that such a macroscopic phenomenon
as electric current is directly determined by
the phase of the wave function.

If the current flowing through the
contact reaches its maximum value, then a
potential difference appears at the junction V.
Its appearance does not exclude the possibility
of the flow of superconducting current.
However, this current becomes alternating (its

2eV

frequency sz).

possible to generate alternating current using a
constant potential difference. The described
phenomenon is called the non-stationary
Josephson  effect. The flow of a
superconducting current, which does not
require energy expenditure, in the presence of
V is accompanied by the emission or
absorption (in the reverse transition) of a
photon with energy haow=2eV .

Thus, it becomes

Paired electron and its role in
superconductivity

Electrons carry the same charge and
therefore cannot be attracted to each other
directly. However, when moving, the first

electron (Fig. 3 solid trajectory) attracts
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positively charged ions at the nodes of the
crystal lattice, displacing them and forming a
local excess of positive charge (and causing
elastic vibrations of the lattice - phonons).
This charge attracts another electron (dashed
line), binding the two particles into a virtual
pair. Cooper pairs of electrons are connected
by “invisible knots” and can only move in
concert. If one of the electrons “bumps” into a
defect in the crystal lattice (Fig. 4 black
circle), it cannot scatter because it is held by a
second electron from a given distance. And
the absence of dissipation means the absence
of electrical resistance [5].
N

e/
LA
[ ]

/

Figure 3 — Behavior and state of
interacting with a crystal lattice site

electrons when

Figure 4 — Behavior and connections of electron
pairs (according to Cooper)

A paired electron can undergo scattering
only by breaking its bond with its partner.
Therefore, to destroy superconductivity, the
average speed chosen by electrons in an
external electric field must exceed a certain
limit proportional to the binding energy of
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electron pairs. This limiting speed corresponds
to the critical current density. Pair bonds
should also be broken upon interaction with
phonons of sufficiently high energies, which
occurs when the temperature rises above the
critical one. Below this limit, when Cooper
pairs encounter phonons, they most often do
not break, but simply transform into new
states.

Since paired electrons move with
opposite impulses, in a magnetic field they are
acted upon by forces directed in different
directions and therefore work to break the
pair. If the field strength is low, it is more
profitable for the superconductor to push it to
the surface and keep the Cooper pairs in a
bound state. Although such ejection requires
energy consumption, it is more than
compensated by its savings while maintaining
Cooper pairs. The theory also allows us to
understand the physical meaning of the
coherence length, which corresponds to the
average distance between paired electrons.
This length is approximately equal to 10 cm
and is therefore a thousand times greater than
interatomic distances [6].

The superconducting state occurs at the
junction between atoms and electrons. For
example, it was found that for mercury
isotopes, the critical transition temperature to
the superconducting state varies in inverse
proportion to the square root of the atomic
weight.  This  directly indicated that
superconductivity occurs with the
participation of vibrations of the -crystal
lattice, the frequency of which obeys the same
dependence. Shortly before this, Herbert
Frohlich, a professor of theoretical physics at
the University of Liverpool, came to the same
conclusion. Frohlich's model did not explain
the Meissner—Ochsenfeld effect, but it
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supported suspicions that a superconducting
state was possible.

Vibrations of the crystal lattice of a
metal friction element under the influence
of loading in friction pairs. The laws of
elasticity that take place in the metal-polymer
friction pair during their frictional interaction,
at least with longitudinal and transverse (and
sometimes large) deformations, reflect one-to-
one relationships between the (current)
instantaneous values of deformations and
vibrations of the crystal lattice of the surface
layer of the metal friction element.

Energy quanta of elastic vibrations are
called phonons. Sound waves in crystals are
considered as the propagation of phonon
quasiparticles, and thermal vibrations of the
crystal lattice are considered as thermal
excitation of phonons.

Wave dispersion — dependence of the
phase velocity vph of a harmonic wave on its
frequency w. The latter depends on the wave
number of the plane k harmonic wave w
w(K). The dispersion equation can have

several branches, which correspond to
different types of waves (modes), i.e.
longitudinal and transverse.

In most cases, the dispersion of

longitudinal and transverse waves is caused by
the micro-nanoscale properties of the near-
surface layers of the metal friction element
(vibrations of atoms and molecules, their

thermal motion, structure of the crystal
lattice). In dispersive media, temporary
(partial) and  spatial  dispersion  are

distinguished depending on the braking mode.
Temporary is characteristic of emergency and
single braking of a cyclic loading mode and is
determined by the delay (inertia) of the
response of some physical quantity (for
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example, electrical or thermal polarization, The higher the temperature of the
mechanical displacement). surface layer of the metal friction element, the

Spatial dispersion of longitudinal and  greater the amplitude of oscillations, but it is
transverse waves occurs during a long-term  always significantly less than the lattice
braking mode, when the behavior of the near-  constant. Thermal vibrations (background) can
surface layer of a metal friction element  be superimposed by sound vibrations caused
depends on the dynamic and thermal loading by the propagation of elastic waves in the
of discrete protrusions of microprotrusions of  crystal generated by external influences in the
friction pairs not only on them, but also on  form of a pulsed normal force, which is a
neighboring low microprotrusions, i.e. there is ~ component of the dynamic friction coefficient
a non-local response microprotrusions of the  acting aperiodically.
surface to external influence. In Fig. 5 &, b, ¢, d show longitudinal (a)

The nature of vibrations of the crystal  and transverse (b) waves during vibration of
lattice of the surface layer of a metal friction  the crystal lattice and their distortion (c, d)
element is influenced by its defects, but also  under the action of normal forces (N) upon
by its heat load. them during electrothermomechanical friction.

If there are a lot of defects in the crystal, In this case, a significant change in the
then a local vibration excited at one can  amplitude body (A) occurs (z) during the
transfer to another. In this case, local action of normal forces (N). In the first case
vibrations have a narrow frequency band, i.e.,  (Fig. 5 ¢) the wave lengthens, and in the
they form an impurity zone of vibration second (Fig. 5 d) it is flattened, but the
frequencies [7]. amplitude of the wave remains the same.

Figure 5 a, b, ¢, d — Longitudinal (a) and transverse (b) waves during vibration of a crystal lattice and
their distortion (c, d) under the action of pulsed normal forces on them during electrothermomechanical
friction

The transverse vibration wave is  broadening of X-ray spectra, elastic
amplified by the longitudinal vibration wave. properties, etc. [10]. The maximum frequency

Let us move on to consider the influence  (vp) of metal atoms was determined by the
of the Debye temperature (Tp) on the vibration  following formula:
frequency of particles in the crystal lattice of a T, —k,
metal friction element. The Debye temperature B ' @
is a physical constant of metals, characterizing  \here k, — Boltzmann constant: h — Planck's
their many properties - heat capacity, thermal  ¢gnstant.
conductivity, electrical conductivity, line
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Table 1 — The value of the Debye temperature for metals and the vibration frequency of their particles

Ne /it Metal Temperature Oscillation frequency

Debye, Tp, °K particles, vp-10*, s
1 Pb 295,0 60,76
2 Zn 300,0 62,44
3 Cu 344,5 71,71
4 Ni 375,0 78,05
5 Mo 380,0 79,1
6 Ti 420,0 87,42
7 Al 429,0 89,29
8 Fe 464,0 96,58

In table 1 presents the results of  properties occurs in their materials. At the

calculations using formula (1) with the

following initial data: k, = 1,38:10% J/K; h =
6,63-10%* J-s. The ratio of these constants was
k./h=0,208-10"-K™"- s,

An analysis of the vibration frequencies
of particles in metal structural elements
showed the following: the maximum ratio is
the eighth and the first element and is equal to
1.59, and the minimum is the eighth and
seventh element, which is 1.08; being nearby,
structural elements with a large ratio number
create a local oscillatory overload in the near-
surface layer of the metal friction element,
which  significantly  affects its local
deformation. Using the example of a band-
and-block brake on a drill drawworks, in
which the pulley weighs 0.5 tons, let us
consider the occurrence of a negative
temperature gradient in its body without
taking into account the gradient of the
mechanical properties of the pulley material.

When braking with a brake, currents are
generated and heat is accumulated in the
surface layers of the working parts of the
friction unit. These processes cause the
greatest changes in the near-surface layers of
friction linings. During the process of plastic
deformation, a change in structure and
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same time, mechanical, potential and
temperature gradients in the surface layers of
metal-polymer friction pairs continuously
change, the level of which depends on the
braking modes. The value of the surface
temperature depends not only on the number
of hoisting operations performed by the band-
shoe brake of the drilling drawworks, but also
on the physicochemical properties of the near-
surface layers of their metal-polymer friction
pairs. It has been established that at the
beginning of lowering a 6-level tool, the
generated electrical and thermal energy is
spent on heating the pulley rim. In this case,
the temperature increase in the pulley rim is
minimal, but in the future it increases due to
an increase in braking time and weak forced
convective and radiation heat transfer from the
matte surfaces of the pulley, washed by high-
speed air currents. All processes are local in
nature.

In the crystal lattice of a metal friction
element

Of particular interest is the study and
application of the theory of highly excited
states in crystals of a metal friction element of
the plasticity and strength of its surface and
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subsurface layers. In this case, plastic
deformation (stresses) must be considered in
compliance with the laws of behavior of
inhomogeneous, highly  nonequilibrium
systems that wundergo local structural
transformations and move towards equilibrium
through the movement of the components of
new structures along the crystal under the
influence of gradient stresses. In this case, a
deformable crystal is capable of carrying out
plastic flow in local volumes, proceeding as a
dissipative process due to relay reorganization
between two adjacent structures.

The generation of entropy in the
considered zone of the crystal is a local kinetic
structural transition that promotes the onset of
plastic shear.

The noted structural transformation
differs from the thermodynamic structural
transition and must  correspond to
nonequilibrium thermodynamics, which is a
component of nonequilibrium tribology during
the frictional interaction of friction pairs of
brake devices. In this case, at each point of the
deformable  contact  spots  of  the
microprotrusions at a given moment in time
there is only one system of slip planes in
which a loss of shear stability occurs.

Shear information, which is anisotropic
in nature, is always accompanied by a material
rotation within the structural element of
deformation  (block grains, dislocation
structure cells, etc.). In this case, the material
rotation, unlike the crystallographic one, does
not affect the spatial orientation of the crystal
lattice [6]. This, in turn, causes a turning
moment on the part of the surrounding
material at the boundary of the structural
element of deformation. Rotational modes
(one of the numerical characteristics of the
probability distribution of a random variable,
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estimated by their density) of deformation sets
in motion the entire hierarchical structure of
the levels of deformable contact spots of
microprotrusions. Structural elements begin to
move as a whole, experiencing translation
(transmission) and crystallographic rotation.
Rotational modes of deformation form a field
of turning moments and provide, inside the
structural element of deformation, the release
of dislocations from their slip planes, which
causes misorientation of the cellular
dislocation substructure with the sequential
involvement of multiple sliding of contact
spots of microprotrusions as a vortex of
material rotations of crystallographic shifts on
a cylindrical surface.

The relationship between shears and
rotations shows that the elementary act of
plastic deformation is not a shear, but a
translational-rotational vortex. The latter in
scale can be at the meso, micro and macro
levels. The hierarchy of vortices arises due to
the formed hierarchy of different structural
levels of deformations. The movement of the
entire hierarchy of structural levels of
deformation causes its vortex character,
contributing to the emergence of new channels
of energy dissipation, more effective than
from the movement of individual dislocations.

The rotational modes of deformation at
different scale levels differ from each other.
Their evolution with increasing degree of
deformation is naturally reflected in a change
in the fractal dimension in places where
mechanical stress concentrators are present on
the surface of the metal friction element.

The hypothesis of a translational-
rotational vortex in relation to the structural
levels of deformable  materials of
microprotrusion contact spots is associated
with the energy levels of its core itself, in
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which temperature gradients increase across
the cross section of the core to the peripheral
layers, and, consequently, temperature
stresses. As for mechanical deformations, they
decrease towards the center of the core, and
consequently, the turning moments that arise.
The change in the gradients listed above is the
driving factor of translational-rotational
vortices that arise at the structural levels of the
deformable materials of the contact spots of
the microprotrusions of the metal friction
element.

If the current strength is small and the
magnetic field created by it is less than Hy,
(minimum intensity) Abrikosov vortices do
not arise. When the transport current field
exceeds this boundary, vortices are born near
the surface and migrate deeper (Fig. 6).

Figure 6 — Formation of magnetic vortices:
1 — core; 2 — vortex

If electrons are scattered by vortices
normal behind the nuclear cross sections, the
sample acquires electrical resistance. To
prevent this from happening, the vortices must
be stopped, i.e. pin, clinging them to specially
created inhomogeneities of the crystal lattice.
Thanks to this, through type Il supercon-
ductors (wear products between micro-
protrusions), it is possible to pass currents
whose density reaches hundreds of amperes
per 1 cm?. The rotating rims of the pulley and
drum are the core of the solenoid, which is
surrounded by magnetic ring lines [8].

29

Vortexes in a type Il superconductor can be
represented as “virtual” solenoids formed by
superconducting circular currents, the axis of
which is parallel to the external magnetic
field. Outside the vortices, the magnetic field
is zero [6].

The density of vortices increases as the
magnetic field increases. If it only slightly
exceeds Hcl, the vortices line up far from
each other and almost do not interact with
each other. As the field increases, the currents
of neighboring vortices overlap, and repulsive
forces arise between the vortices. Because of
this, the vortices form something like a crystal
lattice, which in homogeneous
superconductors consists of triangular cells.
As the field increases, the cells contract, and
upon reaching Hc2, the normal cores of
neighboring vortices merge with each other.
Bulk superconductivity is destroyed, and the
external magnetic field completely penetrates
into the sample. Thus, Abrikosov’s theory
explained the experimental results of the
Kharkov physicists. And the mixed state of a
type Il superconductor is often called the
Shubnikov phase.

The discussion of the results

The results of theoretical and
experimental studies of the state of
superconductivity at low and high

temperatures of metal friction elements of
brake devices made it possible to establish the
following:

- the exciting factor for particles of
various kinds in metal friction elements is the
pulsed normal forces acting in the interface of
friction pairs;

- conduction electrons in a metal at a
low ambient temperature and its thermally
stabilized state are capable of forming pairs
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that unite particles with equal and oppositely
directed impulses. For this to happen, there
must be an attraction between the electrons;

- behavior and connections of pairs of
electrons and the interaction of their energy
levels with the nodes of the crystal lattice of
the metal friction element;

- the presence of positive ions in the
crystal lattice ensures that a moving electron
attracts nearby ions, they shift towards it and
create a local excess of positive charge. A
locally polarized region attracts another
electron, which moves towards the first;

- elastic vibrations of the crystal lattice
are the movement of phonons - quanta of
sound waves. In this case, electrons are
attracted, emitting and absorbing phonons;

- between electrons and vibrations of the
crystal lattice, there is a direct attraction of

electrons by the lattice, which prevails over
the Coulomb collision;

- the emergence of mechanical and
magnetic vortices, when the transport current
field exceeds the minimum limit of its
intensity, magnetic vortices are born near the
surface and migrate deep into the metal
friction element.

Conclusions

Thus, an assessment of the state of
superconductivity of metal friction elements
of brake devices is given.

Conflict of Interests

The authors declare there is no conflict
of interests related to the publication of this
article.

REFERENCE

=

Kolesnikov V.I. Thermophysical processes in metal-polymer tribosystems. M.: Nauka, 2003. 279 p.
(in Russian)

. Friction, wear and lubrication (tribology and tribology) / Under the general ed. A.V. Chichinadze. M.:

Mechanical Engineering, 2003. 575 p. (in Russian)

. Kragelsky L.V. Friction and wear / 1.V. Kragelsky - M.: Mashinostroenie, 1986. - 480 p. (in Russian)
. Fedorchenko 1.M. Study of materials for brake and transmission devices / .M. Fedorchenko, D.Ya.

Rovinsky, E.L. Shvedkov // Kyiv: Publishing house “Naukova Dumka”, — 198 p. (in Ukrainian)

. On the issue of determining the contact electrothermal resistance in triboarrangements of metal-polymer

friction pairs of brake devices / A.l. Volchenko, M.V. Kindrachuk, D.A. VVolchenko [et al.] // Problems
of friction and wear: scientific. tech. Sat. K.: NAU. 2017, No. 1 (74). — Pp. 23-34.

. Kresin V.Z. Superconductivity and superfluidity / V.Z. Kresin // M.: Iz-vo Prosveshchenie, 1968. — 150

p. (in Russian)

. Design and verification calculation of friction units of drum- and disc-block brakes of vehicles / A.Kh.

Janahmadov, A.l. Volchenko, N.A. Volchenko et al. - Baku: Apostroff, 2016. - 366 p.

. Janahmadov A.Kh., Volchenko A.l. Nano-tribological processes at electric discharge of discrete

ohmic contacts of metal-polymer pairs // Herald of the Azerbaijan Engineering Academy, 2020,
Vol.12, N4, pp. 12-18 (in Russian)

. Energy levels of various types of contacts of microprotrusions of friction pairs / M.V. Kindrachuk, A.l.

Volchenko, D.A. Volchenko, V.S. Skrypnyk, A.V. Vozny // Fiz.-khim. mechanics of materials. 20018.
No. 6. Pp. 83-90.

10. Sopronyuk P.M. Diagnostics of materials and media. Energy characteristics of the surface of layers /

P.M. Yuzevych. — Lvov: FMI im. G.V. Karpenko NAS of Ukraine, from “SPOLOM”. 2005. — 292 p.
(in Ukrainian)

30



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy

2024, cild 16, M 1, s. 31-36 2024, vol. 16, no. 1, pp. 31-36
O.G. Huseynov va basgq. A.G. Huseynov et al.
UDC 621.082

DOI 10.52171/2076-0515_2024_16_01 31 36

Technological Features of Production of Precision Machine Parts
Made of Composite Material by Extrusion Method

A.G. Huseynov, V.A. Abbasov, Ch.M. Mammadov, Sh.N. Asadov

Azerbaijan Technical University (Hussein Javid pr., 25, Baku, AZ 1073, Azerbaijan)

For correspondence:
Mammadov Chingiz / e-mail: chingiz.mamedov.2018@inbox.ru

Abstract

In the article, in order to increase the efficiency and productivity and accuracy of the extrusion
process in the production of precision machine parts made of composite material, in pressure casting
machines (extruders) and thermoplastic machines, the working principle and technological losses of
nozzles made of brass and copper alloys, equipped with a straight flow nozzle, are revealed. the causes of
these losses have been determined.

Keywords: composite material, extrusion process, precision parts, injection molding machines,
thermoplastic automaton, screws.

Received 07.04. 2022
Revised 09.02.2024
Accepted 12.02.2024
For citation:

A.G. Huseynov, V.A. Abbasov, Ch.M. Mammadov, Sh.N. Asadov

[Technological Features of Production of Precision Machine Parts Made of Composite Material by
Extrusion Method]

Herald of the Azerbaijan Engineering Academy, 2024, vol. 16, no.1, pp. 31-36 (in Azerbaijani)

31



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2024, cild 16, M 1, s. 31-36 2024, vol. 16, no. 1, pp. 31-36
O.G. Huseynov va basgq. A.G. Huseynov et al.

Kompozit materialdan olan presizion masin hissalorinin ekstruziya iisulu ilo
alinmasinin texnoloji xiisusiyyatlori
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Xiilasa

Magqalads miiasir maginqayirmada, tozyiq altinda tokmo masinlarinda (ekstruderlords) vo termoplastavtomat
dozgahlarda, kompozit materialdan olan presizion masin hissolorinin alinmasinda ekstruziya prosesinin
somoraliliyinin vo moahsuldarhiginin, daqiqliyinin artirilmasit moqsadils, latun vo mis arintilorindon olan, diiz axinlt
qanovla tochiz edilmis miistiiklorin i prinsipinin vo texnoloji itkilorinin agkar olunmasi, bu itkilori yaradan sobablor
miioyyan edilmisdir.

Acar sozlor: kompozit material, ekstruziya prosesi, presizion hissalor, enjeksiyon goliblomo maginlari,
termoplastavtomat, sneklor.

TexHonornyeckne 0COOEHHOCTH MPOU3BOACTBA NMPEIU3HOHHBIX JeTaJIei
MAIIMH W3 KOMIIO3UIIMOHHOT0 MaTepHaia MeTOI0M IKCTPY3UH

A.T'. I'yceiinoB, B.A. A66acos, Y.M. Mamenos, III.H. Acagos
Azepbaiioxcanckuti mexnuueckuil ynusepcumem (np. I'veein [locasuoa, 25, baxy, AZ 1073, Azepbatioscan)

2!.]'[5[ NEPENUCKH:

Mawmenos Yunrusz / e-mail: chingiz.mamedov.2018@inbox.ru

AHHOTAIHSA

B craTbe ¢ 1eTbI0 MOBBIICHUS Y(PPEKTHBHOCTH, IIPOU3BOAU-TEIFHOCTH W TOYHOCTH MPOIIECcCa IKCTPY3UHU IIPU
MPOU3BOJICTBE MNPEUU3UOHHBIX JeTajlled MalluH M3 KOMIIO3UIIMOHHOTO MaTepHalioB, B MAIIMHAX JIUThS TIOJ
JaBlIeHHEeM (IKCTpyJepax) W TEpMOIUIACTaBTOMAaTaX PAacCMOTPEHBI OCOOEHHOCTH pPabOThl M TEXHOJOTHYECKHE
TIPOIIECCHI KCTPY3UH C TIPUMEHEHUEM COIIJIa M3 JIATYHU U MEIHBIX CIIABOB, OCHAIICHHBIE TPSIMOTOYHBIM KaHAJIAMH,
00Hapy>KEHBI TEXHOJIOTHUECKHE HEAOCTATKA M YCTAHOBJICHBI MPUIUHBI ATHX TOTEPD.

KiroueBble cjioBa: KOMHOSI/IHPIOHHBIﬁ MaTtepuall, MnpouecCc BJBKCTPY3UH, NPECHU3UOHHBIC AC€TAIA, JIMTHEBBLIC
MalInuHbI, TEPMOIIACTABTOMATDI, IITHCKU.
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Giris

Miiasir  masinqayirmada  kompozit
materiallarin sintezi vo emali proseslori ilo
onlarin  texnoloji  sxemlorinds  hissalarin

ekstruziya tsulu ilo alinmasi arasinda slago
digar spesifik texnoloji proseslara nishoton az
oyronilmamisdir. Hazirda diinyada toxminon
124 milyon ton istehsal olunan diapazonu ¢ox
genis olan kompozitlor var. Eyni zamanda,
kompozitlorin bir hissasi olan polimerlarin
istehsalinda artim, onlarin istehsalinin get-
dikco artan tiplosdirilmasi miisahido olunur,
yani sonaye saholorindo  oxsar
texnoloji tisul vo iisullardan, texnoloji proses-

muxtalif

larin hoyata kegirilmasi {igiin miivafiq avadan-
liglardan istifado olunur. Polimer materiallar
tobii vo ya siini monsoli, makromolekullart
monomer (elementar) baglar adlanan,
dofolorlo tokrarlanan atom qruplarindan ibarot
olan maddolordir. Makromolekulu taskil edan
monomer vahidlorin say1 100-don 1000-o
godor ola bilor. Molekulyar ¢oki doyari
polimerlorin xiisusiyyotlorino tosir gostarir.
Beloliklo, molekulyar kiitlonin artmasi ilo
polimerin hollolma gabiliyysti azalir, arimo
temperaturu yiiksolir, mohkomlik vo sortlik
artir. Bundan olavo, polimerlorin  xassolori
monomerlarin kimyovi tarkibindon, molekul-
larin  zoncirlorinin formasindan va onlarin
strukturundan (polimer qurulusundan) asilidir.
Kompozit materiallar asas komponent kimi
yiiksok molekulyar agirligh iizvi baglayicilar
(polimerlar) olan materiallardir. Emal zamani
lazimi formani almaq vo movcud qilivvalor
aradan qaldirildigdan sonra onu saxlamaq
gabiliyyatino gora polimer materiallara plastik
do deyilir. Miasir masinqayirma sanayesindo
bu materiallar yoani, kompozit materialdan
olan presizion masin hissalorinin tozyiglo
tokmo iisulu ilo istehsali vo hazirlanmasi osas
prioritet mosalolordon biri hesab edilir. Bu

eyni
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kompozit materialdan olan pretision masin
hissalorinin tozyigls tokmo iisulu ilo istehsali
Vo hazirlanmasi zamani tozyiq altinda tokmo
magsinlarindan (ekstruderlordon) vo termo-
plastavtomat dozgahlardan genis miqyasda
istifado olunur. Lakin presizion hissalarin
polimerdon ekstruziya tsulu ilo istehsal
texnoloji prosesinds bir sira g¢atigmazliglar
movcuddur ki, onlarin aragdirilmast vacib
problemlordon biridir [1-4].

Tadgiqatin asas qoyulusu va magsadi

Bu kompozit materiallardan o, ctimlodan
plastik kiitlodon hazirlanan presizion masin
hissolorinin hazirlanmasinda vo istehsalinda
totbiq edilon avadanliglarin, ekstruderlarin vo
termoplastavtomat dozgahlarinin asas  isgi
hissolorinin  doqiqliyi, buraxilan presizion
masin  hissolorinin - dagiq Vo qoyulmus
standartlarla alinmasina birbaga tosir gdstoron
osas faktorlardan biridir. Bu baximdan aparil-
mis uzun miiddotli istehsalat tocriibolori vo
miisahidalori, totbig edilon texnoloji avadan-
liglarin asas is¢i hissalorinin doagigliklo va
maksimal rejimds mahsuldar islomasina zomin
yaradir. Belo ki, burada totbiq edilon texnoloji
avadanliglarin asas is¢i hissalorindan biri olan
sneklordir ki, bunlarin da is¢i zonasinda xiisusi
konstruksiyaya malik diiz axinli qganovlu
miistiiklor totbiq edilir (sok. 1).

Tozyiq altinda universal tokmo masinlar
(ekstruderlar) vo termoplastavtomat dozgahlar
an genis ¢esiddo mohsullarin istehsali tgtin
nozordo tutulub vo onlarin  konstruksiyasi
injeksiya goliblorinin dayisdirilmosinin rahat-
l1gin1 va siiratini tamin edir, idaroetmo sistemi
iISo genis diapazonda tozyiq altinda tokmanin
texnoloji parametrlorini  dayismoys imkan
verir. Sokil 2-do hal-hazirda moévcud olan
dozgahlarda totbig olunan diiz axinl miistiik
Vo bashgin barkitmas is¢i zonasi gostarilmisdir.
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Burada, 1 — snek, 2 — sneko baglanmis diiz 2 D T
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¢1xan mayenin isci zonasi, 4 — Is¢l gapag, 5 — g 100 i SR
mistiiyiin oymagi, 6 — gizdirma oymaginin ﬁso i :
sxemlori gostorilmisdir. 1.,

~

_AA L“ L _d‘%zoilams?a kgr;lnp;;ss yiklanms zonast [_] :
- A T I |

—TM I ' Sakil 3 — Snekin silindrik hissasinds oridilmis
%‘" plastik kiitlo tozyiginin paylanma sxemi
L Figure 3 — The distribution scheme of the pressure
L.‘ of the molten plastic mass in the cylindrical part of
the screw

Sokil 1 — Diiz axin qanovlu miistiik
Figure 1 - Straight-flow nozzle Yiiksok ozliilikli materiallar1  emal

edorkon orinmis material silindrin 2 — diiz

axinli qanovlu miistiiyii shomiyyatli hidravlik
/—  migavimato malik olur, polimer orintisinin
/ sorbast buraxilmasinin garsisini alir vo snek
firlanmaga davam etdiyi {iglin bu sahado
- tozyiq yaranir (plastiklosdirici tozyiq yaranir)
Ki, bu onu uzaqlagdirmaga vo bununla da
sarbast dozanin hacmini artirmaga meylli olur.
Burada dozalagdirma zamani gsnekin oks tozyiq

qiivvesini, miistilylin ~ ucluguna  y1gilmis

\'\\\\\
2y

A

Sokil 2 — Snekin is¢i hissasids diiz axin gqanovlu

miistiik
Figure 2 — In the working part of the auger a  oridilmis hobbin tozyigini sxemds analiz
nozzle with a straight flow etmok miimkiindiir (sok. 3).

—

havd ek granmul hava  orinti granul hava arinti

preslama zonas yitklama zonast

Sakil 4 — Snekin plastikasiya zonalar1
Figure 4 — Plasticizing zones of the screw

Miistiiyiin - uclugunda yaranan tozyiq  harokat siirotindon birbasa asilidir. Oridilmis
qivvasi snekin diiz silindrik sonsuz vint  hobbin materialindan asili olaraq dozalasdirma
hissasindoki yaranan tozyiqdon vo snekin  zamani gnekin  horokot siirotinin  asagi
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salinmasi, plastifikasiya  prosesinin
soyumanin yaranmasina sobab olur ki, bu da

Vo

noticodo 3 — is¢i zonaya tokiilon oridilmis
maye hobbin tez soyumasma sobab olur.
Burada plastifikasiya temperaturu polimerin
axmn temperaturundan 10-20°S yiiksok olma-
lidir. Burada snekin firlanma siirati oridilmis
xammalin materialindan asili  olmayaraq,
asagl salimmali vo plastik kiitlonin diiz xott
lizro plastikasiyas1t Vo siirtinmodon yaranan
temperatur  hoddinin  nominal  giymotdo
saxlanmasi tomin olunmalidir. Miixtalif
xammal materialindan olan plastik orinmis
xammal materiallar {iglin standart {izro
sneklorin diametri, cevrovi siirot hoddi Vo
firlanma momenti miioyyon edilmisdir ki, bu
da asagidaki sxemdo boliinmiis miivafiq
zonalar lizro 6z qiymotinds totbig edilmoklo
emal zamani istifado edilir (sok. 4). Bundan
olavo miixtolif xammal materialindan olan
plastik arinmis xammal snekin diametrindan,
snekin g¢evravi siiratindon, snekin temperatu-
rundan va yaranan tozyiq qiivvesindon asili
olaraq plastikasiya ii¢lin standart firlanma,
burucu momentinin tapilaraq toyin olunmasi
tolob olunur ki, bu da mixtolif materiallar
tictin masalon, PP, PE — asag: firlanma burucu
momenti;, PMMA, POM orta firlanma
burucu momenti, PK, PVX vo s. — yuxari
hoddo firlanma burucu momenti qiymotlo-
rindadir.

Asag1 orimo o6zliiliiyiino malik polimer-
lorin emal1 vaziyyatinds iSs  dozanin toplan-
mas1 zamani basliq xiisusi bir klapan ilo
baglanir. Snekin plastifikatorunda talab olunan
polimer dozasi yigildigdan sonra material
silindrinin uclugu intiqal vasitasilo avvalcadan
gapali formaya — 5 verilir. Bu zaman snekin
sonsuz vintinde buruna, iraliys dogru
yonalmis Py oxboyu qiivvo yaranir. Miivafiq
olaraq, polimerin yigilmis hocminds yiiksok
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tozyiq (enjeksiyon tozyiqi) yaradilir vo
polimer habb diiz axili mistiiyiin hidravlik
miigavimatini asaraq qolibin gapi sistemi 4
vasitasilo daxil edilir vo amals galon bosluga
daxil olur. Doldurulma prosesi davam edarkan
polimer hobb bir nego miiddat orzinds tozyiq
altinda qalir, sonra soyuma prosesi gedir.
Bundan olava geyd etmak talob olunur

ki, bu mistiklorin materiali  snekin
materialindan ~ forgli olaraq latun, mis
arintilorindon  hazirlanmis  konstruksiyada

olmagla diiz axinli en kosiys malik kanalla
tochiz edilmisdir. Kompozit materialin toz-
yiglo piiskiirarok tokiilmosi prosesinds miis-
tilylin is¢i (L2, sok.1) zonasinda temperaturun
itmasi naticasinds kompozit maye kristallasma
halina golir. Movcud konstruksiyada kristal-
lasmis polimer hobblor miistiiyiin ganovunun
en kasiyinin geyri-borabar olmasi sobabindan
orima prosesindo buradan kegon polimer
materialin toplanaraq miistiik ganovu boyunca
geyri-barabor soyumasi bas verir vo naticado
polimer material mistilylin  ganovunun
cixisinda toplanaraq kristallagir vo barkiyir.
Bu halda miistik porg¢imlonorok oymaga
yapisir. Bu sobobdon snekin basliginda yerlo-
son miistiikk piliskiirma omaliyyatinin yerina

yetirilmasi  {iglin  vaxtasiri  snekdon agilib
¢ixarilir,  kristallasmis  kiitla  tomizlonir.
Mistiiytin ~ kristallasmis ~ kiitlo  ilo  birge

cixarilmas1 aninda kompozit material miis-
tikklo oymaq arasinda borkimis formada oldu-
gu tuclin sneklo borkitmo boyuncugundan
mistiiyii  tomizlomays agilib  ¢ixarilmasi
zamant, yani yiv hissasindon qirtlma bas verir.
Qirilmanin  bag vermasinin ikinci sobabi
kristallagmis hobb maye, diiz axinda qeyri-
borabor kristal kiitlo yarandigindan totbiq
edilon piiskiirmo qiivvesi axin boyu iizra
geyri-barabor paylanir, belo paylanmaya goro
tosir qlivvasindon tarazliq pozulur vo qirilma



Azarbaycan Miihandislik Akademiyasinin Xoboarlori
2024, cild 16, Ne 1, s. 31-36
O.G. Huseynov va basq.

Herald of the Azerbaijan Engineering Academy
2024, vol. 16, no. 1, pp. 31-36
A.G. Huseynov et al.

bas verir. Eyni zamanda, golibi tam doldura
bilmir. Buna goro do miistiiyiin yenisi ilo
avazlonmoasi tolab olunur ki, bu da material v
vaxt sorfiyyatina sobob olur, mohsuldarligin
asagl dismosine Vo digor itkilora gatirib
¢ixarir. Movcud olan konstruksiya ilo miixtalif
hacmli  TP-63, TP-125, TP-250, TP-500
termoplastavtomat dozgahlarda va ekstruziya
masinlarinda  totbig edilmoklo  kompozit
materialdan olan masin hissalorinin hazirlan-
masinda istifado edilir ki, buda mohsuldarliq
Vo texniki-igtisadi noqteyi-nazarindon sorfali
deyildir.

Masalanin halli

Apartlmis  noazori  analizlor, snekin
silindrik hissasinds oridilmis habbin yaratdigi
tozyiqin paylanma  sxemlori, snekin

plastikasiya zonalarmma bdlinmasi Sxeminin
analizi belo gorara golmoys osas verir Ki,
snekin uc is¢i hissosindo yaranan geyri-
borabar plastikasiya tozyiglori vo o0x boyu
qiivvalor, uc hissado yaranan temperaturun
itkisi vo kristallasmanin yaranmasi movcud
olan konstruksiyada catismazliglarin olmasini
bir daha siibut edir. Kompozit materialdan
olan presizion masin hissalorinin alinmasinda
yuxarida qeyd olunan osashi g¢atismazliglari
aradan qaldirmaq mogsadilo vo keyfiyyatli

naticalarin olds olunmasi tigiin totbiq edilon
texnoloji avadanliqlarda miistiiylin  sneklo
birgo konstruksiyasina yenidon baxilmasi
zorurati yaratmigdir. Bu mogsadls, burada
totbiq edilon texnoloji avadanliglarda sneklor
iclin yeni konstruksiyali miistiiklorin yaradil-
masi Vo bu istigamatlords toadqiqat islorinin

qurulmasi zoruri hesab edilmisdir.

Natica

Kompozit materialdan olan presizion
masin hissolorinin  alinmasinda ekstruziya
prosesinin samaraliliyinin vo moahsuldarhiginin
artirtlmasi, ekstruziya prosesinin ig¢i zona-
sinda, yoni miistiiylin qganovundan axan arimis
kompozit hobb materiallarda temperatur itki-
sinin azaldilmas1 hesabina, maye hobblorin
kristallagmasint  aradan qaldirmaq  igiin
miistiiylin  yiv  birlogsmosindon  qirilmasinin
qarsisinin alinmast magsadilo yeni konstruk-
siyal1 snek mistiiklorinin yaradilmas:t  va
tochiz olunmasi osas tozyiqlo tokmo emalinin

an prioritet mosalalarindan biri hesab edilir.

Maraqlar miinaqisasi
Miiolliflor bu mogalodo arasdirilmasi
tolob maraqlar

olmadigini geyd edirlor.

olunan miinaqisasinin
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Abstract

In the article, the physical modeling of the explosion, the excess pressure and the factors affecting
the shock wave generated during the explosion were analyzed. The physical modeling of the explosion in
different prisms has been considered, and so far only the atomic and electronic point of view has been
examined, and the effect of the processes taking place in the atom on the excess pressure and the shock
wave has been investigated.
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Yazisma iiciin:
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Xiilasa

Mogalods partlayisin fiziki modellogmasi, partlayls zamani yaranan izafi tozyiq vo zorbs
dalgasina tosir edon faktorlar analiz edilmisdir. Partlayisin miixtolif prizmalarda fiziki
modellosmasine baxilmigdir vo halalik yalniz atom va elektron ndqteyi nozardon atomda gedon
proseslorin izafi tozyige vo zorbs dalgasina tosiri aragdirilmigdir.

Acar sozlar: atom, niivo, elektron, izafi tozyiq, zorbo dalgasi, atomun stasionar vo geyri
stasionar hali.

duznveckoe MoJeJTUPOBAHNE B3PbIBA

H.3. Adoayanaesa, III.A. Axmenos, A.M. flpbeBa

Asepbatiodcanckuil mexHuueckutl ynusepcumem (np. I'yceiin [ocasuoa, 25. baxy, AZ 1073,
Asepbatiocan)
Axwmenos Illaun / e-mail: shahin.ahmedov.50@mail.ru

AHHOTANUA

B crarbe mpoaHanu3znpoBaHbl (U3NYECKOE MOJCTUPOBAHHUE B3phIBA, H30BITOYHOE J1aBIICHHE
U (bakTophl, BIMSIONIME HAa YAAapHYIO BOJIHY, OOpasyrollyrocsi mpu B3pbiBe. PaccmaTpuBaercs
¢du3nuecKoe MOJEIUPOBAHHUE B3PbIBAa B PA3IMUYHBIX MPHU3MaxX: C aTOMHOM U 3JEKTPOHHOM TOYEK
3penus. Mccnenyercs BIUsHUE MTPOLIECCOB, MPOUCXOA[IIUX B aTOME, HAa U30BITOUHOE /1aBJIEHUE U

yIAapHYIO BOJHY.

KiaroueBnle ciioBa: aToM, AdOpoO, OSIJICKTPOH, M30BITOYHOE JAaBJICHUC, YyJdapHas BOJIHA,
CTAlITMOHAPHOC U HECTAITMOHAPHOC COCTOAHUEC aTOMaA.

38



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2024, cild 16, Ve 1, s. 37-42
N.Z. Abdullayeva, S.0. Ohmadov, A.M. Yariyeva

Herald of the Azerbaijan Engineering Academy
2024, vol. 16, no. 1, pp. 37-42
N.Z. Abdullayeva, Sh.A. Ahmadov, A.M. Yaryeva

Giris

Diinyanin on ali varlig1 sayilan insanin
mithafizesi biitiin dovlatlorin aktual masale-
sidir. Diinyada yayilmis hadisalor igarisinda
texnogen hadisalor xiisusi yer tutur. Texnogen
hadisolor olaraq partlayls vo yangmlarin
garsisinin alinma yollarinin analizi hor bir
dovlatin aktual masalasidir. Masalonin optimal
holli yollarindan biri do partlayisin inkisaf
dinamikasinin fiziki modellosdirilmasidir.

Umumiyyatlo istonilon prosesi idaro
edon parametrlorin  arasdirilmasi, prosesi
anlamag vo onu idaroetmok, onun garsisini
almagin on boylk yollarindan biridir.
Partlayisin mohdud hocmda, qisa miiddot
orzinde ¢ox boyiik miqdarda enerjinin
ayrilmasi ilo bas vermosi, eyni zamanda
yiiksok tozyigli mohsullarin omalo galmasi,
genislonmoa zamani otraf miithito dinamik tasir
gbstormasi, Oziinil is1q, sas vo s. effektlor ilo
biruzo vermasi vo s. miirokkab naticalori onu
dorindon analiz etmayi tolob edir [1, 2].

Partlayict maddolordon enerjinin ayril-
mast niivonin bolliinmoesi zamani ayrilan
enerji, qiilcim bosalmalart zaman elektro-
magqnit enerjisinin ayrilmasi, maddslorin tem-
peraturu va tozyiqi ilo miioyyan olunan termiki
enerji ayrilmasi, yer sothino meteoritlorin
diismoasi hallar1 partlayisin bas vermo hallari
olduguna goro bu prosesin hanst maddalorda
hans1 mexanizm iizro getdiyi ¢ox vacibdir

(codval).

Isin magsadi

Nozaro alsaq ki, partlayis diinyada ¢ox
genis yayilmis texnogen hadisadir, onun
arasdirilmasi da on aktual mosaladir. Bels ki,
partlayisin inkisaf dinamikasinin aragdirilmasi,
onu yaradan faktorlarin analizi, prosesin
imumilikdo fiziki modellosmoasi masalasini
mioyyan dorocoads holl etmis olur, yani

39

partlayis hadisosinin qarsisini almaga imkan
yaradir.

Cadval — Bir sira partlayict maddslor {iglin
detonasiya parametrlarinin giymatlori

Table — Values of detonation parameters for a
number of explosives

No Partlayici Sixhgq,| Detonasiya| Tazyiq,| Kritik dia-
3 maddalor kq/m’| siiroti, m/s | QPa | metr, mm
1 | Toékmo trotil- 1663 6900 19 16
2,4,6-trinitro-
toluol
CsHCH3(NO»)s3
2 | Uyiidiilmiis 1000 5100 6,6 3
trotil
3 | Preslonmis trotil | 1590 6900 17.7 -
4 | Heksogen-1,3,5- | 1816 8754 34 1
trinitro-1,3,5-tri-
aza-tsikloheksan
5 | Oktogen,1,3,5,7 | 1960 9100 39
-tetranitro-
1,3,5,7-tetra-
aza-tsiklook-tan
CJHXNA’OA’

Masalonin qoyulusu

Ilk baxisdan biitiin modellorin atom vo
molekullardan taskil olundugu, eyni zamanda
bunlarin miiayyan rabits ilo birlosdiyini nozars
alsaq, ilk ndévbado bu rabitonin qirilaraq,
ayrilaraq miioyyon mosafaloro  diffuziya
etmoasi, bdyiik enerji va istilik ayrilmasi ilo bas
verdiyini diisiinsok, partlayls zamani yaranan
tozyiqi anlamaq mimkiindiir. Olbatty, on
maraqli masalalordan biri bu prosesin miixtolif
hallarda mixtolif getmosidir. Atomlararasi
rabitonin qirilarag, onun miioyyan mosafoya
horokati niivo vo elektronlararast mosafodan,
onlar arasinda mévcud enerjidon va s. masale-
lordon asilidir [3]. Umumi diffuziya ganunu
ilo bu atomun harakat siirati:

[} g

1 , 1
ﬁﬂrom:J.mﬂx'wan:E J‘ﬁﬂ;lgﬂzimﬂ; (]J
1] —m
Lakin nozoro alsaq ki, bir atomun

horokot siirati adi diffuziya prosesindadir,
partlayls zamani bu siiratin dofolorlo artmasini
diistinsak, onda diisturumuz:
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o

1 ) 1
9 =n-J.m15'x-|19x|5n=inJ.rﬁﬂ;-é'n=£nm19; (2)

atom

Bu disturlar bir daha siibut edir ki,
atomun getmao siirati iki boylik faktorla idare
olunur: faktorlarla. Daxili
faktorlar atom daxili, niivo vo elektronlarda
gedon proseslor, eyni zamanda Xarici faktorlar
atomun yerlosdiyi voziyystdir. Bu voziyyatds
bir elektronlu funksional nozariyyslor gostorir
ki, elektronun miixtalif istigamatlorinds, miix-
tolif funksiyalar tiglin miixtalif voziyystlordo
miixtalif enerji vo siirato malik olur. Atomun
tam elektron enerjisi ligiin alinmig ifads bunu
tamamilo siibut edir:

E=IVf, 42000 - K,) 3

n vo v — burada elektronun miixtolif

daxili va xarici

voziyyatlorini xarakterizo edir.

Cox elektronlu atomun tam elektron
enerjisi:

E=Xf+:50 0 — 6 Ky) (4)

Buradan aydin olur ki, elektronun
miixtolif voziyystlordo malik oldugu enerji
atomun enerjisidir. Atom malik oldugu bu
enerji ilo rabitoni qurib bdyiik masafalorde
boyltik siiratlo horoket edib, tozyiq yaradaraq
partlayis1 yaradir [3, 4].

Olbotto (4)-cii diistur hom agiq, hom do
qapal1 tabagali atomlar {i¢iin dogrudur. Burada
Kupmans teorimina goéro atomda elektron
yerlogon on yuxari soviyyonin enerjisi ododi
qiymotco bu atomun ionlasma potensialina
borabordir. Atom spin orbitallarina uygun E,
enerjilorinin  comi tam elektron
enerjisi ilo Ust-listo diismiir. Olbotto burada
mosaloyo hanst metodla yanagsmadan ¢ox

atomun

asilidir. Lakin osas maosololordon biri do
elektronun orbitlor tizro stasionar vo ya qeyri-
stasionar halda malik oldugu enerjidir.

Elektronun enerjisinin ~ miimkiin  diskret
qiymoti:
136
E,=——eV; n=123.. (5)
Iki qonsu saviyyalor arasinda farq:
1

AE =E ,,—E =136 -—— 6

n ntl n Eﬂ+ 1}_ n2 ( ]

Osas masalolordon biri do atomun
diskret voziyyotdo olmasi, elektron toqqus-
malar1 zamani atomda yaranan voziyyotdir.
Belo ki, elektronun siirotinin asagi olmasi
noticosinds, o 0z enerjisini atoma vermir,
ancaq bu siirot miioyyon bohran qiymoto
catdiqda elektron 6z enerjisini atoma verir vo
atom hala kecir. Digor
masalolordon biri do hor hansi qazin tozyiqi
naticasinda is1iq soklindo  enerji
buraxmasidir. Burada bir ne¢o parametr artiq
osas rol oynamaga baslayir. Atomun daxilindo

stasionar asas

atomun

elektronlarin stiroti miioyyon hoddi kegdikdo
atoma enerji vermosi, eyni zamanda konar
tosirlor naticosindo (moasalon qazin tozyiqi)
atomun is1q soklindo enerji buraxmasidir. Bu
enerji:
_ 2mhc ke
=7 (7)
Digor torofdon massloni miirokkab-
losdiron hadisalordon biri do  yuxaridaki
faktorlarla borabor atomun foton siialandir-

masi, atomun yiiksak enerjili stasionar haldan
kicik enerjili stasionar hala ke¢maosidir. Foton
udduqgda iso atomun tors kecidi, yoni asagi
enerji saviyyasindon yuxari enerji soviyyosino
kecidi bas verir. Bu ke¢id atoma xarici tosirlor
naticasinda bas verir. Udulma zamani1 atomda
bas veran kecidlorin sayz1:

dimn
Ly = o )
Zﬂ:‘nr = Am?ﬂ ' N?ﬂ [g]
Qif:”r = Am?! ' hmmn ' N?ﬂ [10:]

Zn = B " (@) N, (19)
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Q:,‘S’L = Bnm ' h ’ mmn .u(wmnj ' N (12)
Ly = By U(0) "Ny (13)
Qs = B b 0 (@0, Ny (14)
(8)-(14)  disturlar1  atomun  enerji
soviyyolori arasinda spontan, udulma vo

induksiyalanmis kegidloar ti¢iin ifadslordir.
Ann — atomun daxili qurulusu ilo slagado
olan omsaldir.
Atomda udulma zamani spontan kegid
zamani spontan siialanma xottinin konturu:
Gp(@)dw =hw-N, -a,, (0)do (15)
Digor vacib mosalolordon biri  do
elektronun impuls momentinin saxlanmasi

ganunudur:

m In

nh=§pdq= J. Ppdep = P@J. dp = F,2m
0 0
(16) diisturu elektronun orbitlor {izro

kvantlanmas1  qaydasini  miioyyon  edir.
Elektron bir orbitdon digorino kecdikdo
asagidaki tezlikdo foton stialandirir:

(16)

g="n"Fm (17)
¢

Olbotto idarsedici faktorlardan biri do

elektronun trayektoriyasidir. Zommerfeldin

sortlorino goro bu elips kimi gobul olun-
musdur:

%Pmdrp =n,h=2mn,-h

%Pndr;r:nnh:Eﬂnn-h (18)

Bu distur bildirir ki, elektronun P,
imumilogmis impulsu kasilmaz deyil.
Elektronun kinetik enerjisi:

_ BF (1 fdr? i1
ri\ dp

W, = .
K oamp?

(19)
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Apardigimiz analiz tam olmasa belo
atomun daxilindo vo xarici tesir noticosinda
atomda yarana bilocok enerjini gostorir (sokil).

M=20kT 05 10 L5 20

Sokil — 20 kt partlayis zamani bir yay formasinda
olan ok dalgasinin (Mach tosiri) meydana galmasi
Figure — The formation of a bow-shaped shock
wave (Mach effect) during a 20 kt explosion

Artiq buradan partlayis zamani ayrilan
enerjinin, stialanmanin, izafi tozyiqin vo zorbo
dalgasinin yaranma saboblari ortaya ¢ixir. Bu
halda partlayisin timumi fiziki modelini artiq
gostora bilarik:

1. Yuxaridakilart nezore alaraq atomun
hor hans1 bir voziyyotdo digor atom ilo
rabitolori qiraraq miioyyon mosafoya boyiik
stiratls diffuziyast;

2. Diffuziya siirati atomun daxili voziy-
yatindon (stasionar vo ya qeyri-stasionar, elek-
tronun hansi trayektoriya {lizro horoksti vo s.)
va xarici tosirdon ¢ox asilidir;

3. Yuxarida qeyd etdiyimiz faktorlar
diffuziyam siirstlondirir.

Diffuziya  zaman bir atomun
yerdoyismao vaxti:
R,=[n+n+-trtn]"= ) (20)

i=1
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Kristalda atomun sigrama omsali: Zorba dalgasimin getma rejimi:
—in—j n 3 H
I A X t=— (26)
R =|ni’ 1+;ZZCOS€E (21) D,
jF1i=1 H — zorbo dalgasinin getmo rejimi;
Daxildo gedon proseslordon vo xarici D — zorbe dalgasinin stirati.
t9'51r .netlcgsmda atom bOylik m;?saf?lgrs D, = 340 || 1+830P, (27)
diffuziya edorok (20), (21) mexanizmi ilo 4
horokot edir [4, 5]. Bu zaman ayrilan enerji
izafi dalganin yaranmasina sabab olur: Notico
JcC 3 C Diisturlarin  analizi gostorir ki, izafi
AR, = 034? t DJZTF +07 P (22) tozyiq vo zarbo dalgasi radiusdan vo zamandan
Zoarbo dalgasi tozyiq impulsu: asili olaraq doyisir. Aydin olur ki, bu
fct parametrloro tosir edon ilkin faktorlarin

i=4

(23)  atomun daxilindo gedon proseslorin olmasidir.

R
Yaranan maksimal tozyiq: Partlayisin daha optimal fiziki modellogmasi
2/ bu parametrloro tosir edon digor faktorlarin
AP = 0,03? (24)  arasdirilmasidir.

Tozyiqin  zamandan asili  olaraq

doyismosi: Maragqlar miinaqisasi

_ Miislliflor bu moqalods arasdirilmasi
AP(t) = AR, (1 - ;) 0=st=7 (25)  tolob  olunan maraglar  miinagisesinin
olmadigini geyd edirlor.
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Xiilasa

Tacriiba Vo todqiqatlar gostorir ki, silisium ortiklii borularin daxilinds qiisurlarin, makro-mikro
catlarin olmasi onlarin istismar miiddatini shamiyyatli doracods azaldir. Bu qiisurlarin sabablori silisium
ortiiklii borularin daxili sathins totbiq edorkan texnoloji rejima doagiq riayat olunmamast ilo alagslondirilir.
ovvalki todgigatlarda toklif olunmus avtomatlagdirilmis Ortiikgokma sistemi va tokmillosdirilmis
diagnostikas1 qurgusunun tatbiqi ilo istehsala tagdim olunan borularla CPC sirkatinin oavvalki tisullara
osaslanan metodlarin naticolori miiqayiso olunmusdur. Catlarin statistik xotalart miioyyan olunmusdur.
Moagalads tadgiqatin naticaloari, ¢atlar yaranan borunun faizlo migdar1 gostorilmisdir.

Acar sozlar: silisium orttiklor, mikro- vo makro-gatlar, borudaxili diagnostika, statistik Xatalar,
etibarliliq.

CraTucTuyecKkuil aHajau3 TpPeNmIUH BO BHYTPEHHHX MOKPBITHIX

TPYObI M MOTPELIHOCTH U3MEPEeHUH
J.H. Uoparumosa

Asepbauiddcanckuii 20cy0apcmeenHblil yHugepcumem Hedpmu u npomvinennocmu (np. Azaonvie, 16/21,
baxy, AZ1010, Azepbatioxncan)

st mepenncku: Voparumosa Dintana / e-mail: elladai@inbox.ru

AHHOTanUA

OKCIEPUMEHTBI U UCCIEI0BAHUSA MMOKA3BIBAIOT, YTO HAIMYKE HEJOCTATKOB, MAKPO- U MUKPOTPEILIHUH
B Tpy0Oax ¢ CHJIMKATHBIM IMOKPBITUEM 3HAYUTEILHO CHIDKAeT padounii nmepuoy tpyo. [Ipuuunnsl nedekTon
BHYTPEHHEH TIOBEPXHOCTH TpyO0 C CHJIMKAaTHBIM TIOKPHITHEM CBSI3aHBI C  HECOOIOJCHHEM
TEXHOJIOTHYECKOT0 peXuMa mpu mpuMeHeHnH. CpaBHUBAINCH pe3yiabTaThl MeTog0B Ha ocHoBe CPC B
NPEebIAYIIHUX UCCIENOBAHUAX, OCHOBAHHBIX Ha IMPEJIaraéMoil aBTOMaTU3UPOBAHHON CUCTEME MOKPBITHS
Y Ha yCOBEPIIEHCTBOBAHHOM JIMAarHOCTHYECKOM YCTpoiicTBe. MneHTHPUIIMPOBAaH CTATUCTUYESCKUI aHATN3
TpenuH. B cTaThe Takke IMOKa3aHbl PE3YNbTATHl UCCICAOBAHUS W TMPOICHT TPENIMHOOOpPa30BaHUSI B

TpyOe.

KarwoueBble cj1oBa: CUJIMKATHBIC TOKPBITUA, MUKPO- 1 MaKPOTPECIIHNHEBI, JTUarHOCTUKA pr60HpOB0210B,
CTaTUCTUYCCKHUEC OI]_II/I6KI/I, HaJCXKHOCTD.
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Giris

Xazar regionunda foaliyyat gostoron CPC-
in (Caspian Pipe Coating MMC) asas faaliyyat
sahosi neft-gaz sonayesindo magistral boru
Xatlarinin tikintisinds istifade olunan borularin
xarici vo daxili sathlorinin korroziyaya qarsi
izolyasiyasi, yani silsium-beton vo emal
orttiklonmasindan ibarastdir [1, 2].

CPC-in texnoloji qurgularinda alinan
borularin sathlorinde makro ve mikro ¢at qat-
larin yaranmasi miisahido olunur. Yiiksok
aktiv kKimyoavi miihit vo Xozor donizi sularinda
pitting korroziyalarin yaranmasi ilo borunun
ayri-ayri saholorinds qabarciglar, siyrilmalar
Vo xirda-xirda qopmalar yaranaraq borularin
siradan ¢ixmasina sabob olur. Bunun sobobi
borunun daxilino ortiik c¢okilmasi prosesinin
dogiq vo diizglin aparilmamasi, homginin
uygun diagnostika tisulunun segilmomasidir.
Noticodo istehsala yararsiz borular tahvil
verilir vo bir miiddot istifadodon sonra siradan
cixir. Borularin siradan c¢ixma hallarinda
gozalar vo iqtisadi itkilor ¢oxalir. Bunlarin
garsisini almagq tigiin avvalki mogalalords yeni
avtomatik idaroetmo vo diagnostika sistemi
toklif olunmusdur [3]. Mogalods qurguda
texnoloji  prosesin  dogiqlosdirilmasi Vo
idaroetmo sistemlori ilo bu qiisurlarin aradan
galdirilmasinin - miimkiin oldugu gostoril-
misdir.

Isin magsadi

Borularin  daxilina  keyfiyyoatli = 6rtiik
cokmok Vo dogig diagnostika naticasinda
istehsala keyfiyyatli borular1 taqdim etmoakdir.
Bu zaman borularin uzunémiirliiyii vo etibarli-
ligin1 artirmaq miimkiindyir.

Maslanin qoyulusu
Boru daxilinds catlarin yaranma ehti-
mali borunun handasi 6lgiisiindon, variasiyasi
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intervalinin ehtimalindan va borularin Ortiik-
lorindo olan gatlarin sayina goro asagidaki
ifada ilo toyin edilir [2, 4]:

P=/1-y (1)

Burada N — gatlar yaranan ortiiklords borularin

say1, y — variasiya intervalinin ehtimalinin dos-
yismo omsalidir. y=0.65-0.92 intervalinda qo-
bul edilir.

Sokil 1-do boru ortiiyliniin sothlorinda
yaranan ¢atlarin yerlosmo koordinatlar1 gosto-
rilmisdir. Diagnostika zaman1 borularin gosto-
rilon parametrlori tayin olunur.

] 2 Je] |1

il ks
11 13

I o | ]P
PEESESR 3 4 ?]—b
[ i

\ A
«— L _—»

Burada 1, 2, 3, 4 — ortiiyiin sathindoki catlarin
niifuzetmo dorinliyi, I, I,, I3, |;— ¢atlarin borunun
uclarindan olan mosafosidir. ¢4, ¢,, @3, @, —borunun
diametral miistavido ¢atlarin yerlogmo meyillilik
bucagidir

Sakil 1 — Boru ortiiyiiniin sathlorinds yaranan
catlarin yerlosms koordinatlarinin xarakteristikasi
Figure 1 Identification of the location
coordinates of the cracks
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CPC sirkatindo miixtalif borularin diag-
nostika naticlori  aldo  olunmusdur. Bu
verilonlor imumi totbiq olunan metodlar
osasinda borulara ortiik ¢okilmasi va diagnos-
alinan naticolordir. Belo ki,
keyfiyyoto nozarot osasinda miioyyan olun-
musdur ki, istehsala tohvil verilon hor 100

tika zamani

borudan 6-10 aras1 etibarsiz sayilir. Lakin biz
toklif etdiyimiz yeni metodlar sayssindo 100
borudan 2-5 yararsiz hesab olunur [3, 4].
Miixtolif diametrli ortiikli borularda askar
olunan catlarin yararli vo yararsizliginin CPC
sirkotinin gostariciloring osaslanaraq cadval 1-
do tohlili gostarilmisdir.

Cadval 1 — Diagnostika qurgusunda boru ortiiklarinds gatlarin tayini
Table 1 — Determination of cracks in pipe covers in diagnostic facility

Borularin diametrlori 100 adad boru ortiiyiinda Idarsetmo ilo 100 adad boru
va qalinhg, yaranan c¢atlarin ortilyiinds mikrogatlarin
mm %-lo miqdar: %-1o miqdari
?300x20 6.51 1.8
P400x25 7.23 25
@500x30 5.12 3.2
P600x35 8.14 4.3
@800x40 9.75 51
100 adod standart diametrli &rtiiklii borularm

(1}

= i diagnostikasi

X

£ 10 1

— ]

> S8

S g 2

s E6

=

S

o 2

0

300 400

500 600 800 D,mm

e 1-CPC "Total" va Socar sirkatlarinda gatlarin diagnostikasi

—— 2- idarsetma va tanzimlamada mikrogatlarin diagnostikasi

Sakil 2 — Diagnostikanin naticalori
Figure 2 — Results of diagnosis

Boru ortiiyiiniin daxili sathindo yaranan
catlarin  doyigsmo xarakteristikas1 ortiiklorin
sothlorindo  gostorilmisdir. Bunlar nozors
alinaraq, aparilan misahids, todgigatlar vo
uzunmiiddatli tocriibalora asaslanmig diagnos-
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tik tohlil naticalorinin asililigr  sokil 2-do
toqdim edilmisdir. Bu statistik tohlil gostorir
ki, silisium emal ortiikli borularin 1-3% Xota
ilo alinmas1 asgkar olunmusdur.
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Masalanin halli

Aparilan todqiqatlarda g¢atlarin say1 bu
catlari hondasi 6lgiilorindan, yoni qalinligr vo
uzunlugundan asil1 olaraq garginlik va carayan
siddatinin artmasi ils toyin edilir. Ona gora do
orta hesabi xatalar malum ifadslorlo asagidaki
kimi tayin edilir [4].

X1+Xx2+ X 1
Xe = % = ﬁZ?:l Xi ()
Burada: x; — hor bir boruda yaranan catlarin
saylart; n — ¢at yaranan borularin sayidir; N —
iimumi ortiiklii borularin sayidir.
Istonilon borudak drtiiyiin ¢atlarin miitlag

Xotalarin say1 hesablanilir

Ax; = x. — x; (3)
I=123.n
Bununla orta miitloq Xotalar bela
hesablanilir.

Cadval 2 — Olgmo Xotalarmin tayini
Table 2 — Determination of measurement errors

1

Axl-——
N

D=1 Ax; (4)

L . A
Nisbi xotalar iso & === hesablanr.

Xc
Eyni zamanda, orta kvadratik meyletma Xatas1
asagidaki kimi toyin edilir [4, 5 ]:

_ Zliv(xc_xi)z
5 = (Rl (5)
Jn=i N(x ;)2
Voyas =0t = R (6)
Kornfeldin ~ {isuluna osaslanaraq

maksimum vo minimum noqtalorin miitlag
Xotast toyin olunur. 100 sayda miixtolif
diametrli polad borunun ortiiklorinds miisa-
hido olunan ¢atlarin sayinin xotalar1 hesab-
lanms vo giymaoti cadval 2-do gostorilmisdir.

. . Orta hesabi
Borunun diametri . . Xatalarin
. 4, mm Xatalarin qiymati, . . Catlarin say1, n
Vo qalinhg: o giymati, %
0

?300x20 1-15 2.78 2.63 1-3
?400x35 1.5-2.0 3.24 3.12 2-3
?500x30 1.5-25 3.68 3.54 3-5
?600x35 2.5-3.0 4.72 4.66 4-5
?800x40 3.0-3.5 5.21 5.12 4-5

Goriindiiyti kimi, silisium emal Ortii-
yiiniin digar ortik ndvlarina nisbaton daha
gicli  mihafizo gabiliyystinin  olmasina
baxmayaraq, bu ortiiyiin keyfiyyatinin yiiksal-
dilmasi problemi vardir. Bu da asasen Ortiiyiin
cokilmasi prosesinin doqiq Yyerino yetirilmo-
moasi, miirokkablik, ortiiytin ¢okilmasi prose-
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sindon sonraki diagnostika {i¢iin mévcud tisul,
qurgu tolob olunan saviyyads olmamasi ilo
olagadardir.

Hal-hazirda toklif edilon tisullar natico-
sindo “Neft-Daglarindan” sahilo godor gokilan
35 km uzunlugunda 40x20 mm boru Xatlo-
rindo alman qisurlar 1.5-2% intervalinda
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olmagla olverisli qurasdirma prosesinin daha
da keyfiyyatli olmasina zomin yaradilmisdir.

Natica

Aparilan nozori, eksperimental vo
sonaye totbigli todgigatlar bu boru komor-
lorinin etibarligmmi vo uzundémiirlitylinii  bir
ne¢o dofo artirmisdir. Todgigatlar osasinda
borularin sothlorina ¢okilon 6rtiiklarin - vo
onlarin qiisurlarinin 1-3%-o godor azalmasi ilo

igtisadi somaraliliyinin hesabati aparilmigdir.
Bu hesabatla xota 8-10%-don 1-3%-o Qgodor
azalmis, keyfiyyatli boru ortiiklarinin igtisadi
samarililiyi borunun 1 m uzunlugunda 40-50%
gador alds edilmisdir.

Maragqlar miinaqisasi
Miallif bu magalads arasdirilmasi tolob
olunan maraqlar miinaqisesinin olmadigini

geyd edir.
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Abstract

The oil fields of Azerbaijan are mainly characterized by stratification of reservoirs with
heterogeneous permeability. This is the reason for the rapid rate of water cut, the formation of residual
unrecoverable reserves in low-permeability reservoir zones, and a decrease in the rate of production. The
article considers the determination of the average value of phase permeabilities for layers with a drop in
the value of permeability with depth. In this case, water evenly moves from the upper layers to the lower
ones. The described method is generalized and is effectively applied under the condition that the
corresponding end points of the relative phase permeability curves will change from layer to layer.
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Heterogen qatlanmus laylarda faza kegiriciliklarinin orta giymatinin tayini
Y.V. Mammadova, M.Q. Abdullayev

Azarbaycan Déviat Neft va Sanaye Universiteti (Azadlig pr. 20, Baku, AZ1010, Azarbaycan)

Yazisma iiciin:
Mommadova Yevgeniya / e-mail: jenya_baku@mail.ru

Xiilasa

Azorbaycanin neft yataglari osason qeyri-bircins kegiriciliyo malik laylarin tobagolosmosi ilo
xarakterizo olunur. Sulasmanin siiratlo getmoasi, su kegiriciliyi asagi olan su anbari zonalarinda barpa
olunmayan qaliq ehtiyatlarin amalo galmoasi vo hasilat siirotinin azalmasinin sobobi budur. Mogaloda
dorinliya gora kegiriciliyin qiymotinin azalmasi ila laylar iigiin faza kegiriciliklarinin orta giymatinin
miioyyan edilmasi nazordon kegirilir. Bu voziyystdo su yuxart tobagolordon asagi tobagolora barabar
sokilda harokat edir. Tosvir edilon tisul imumilagdirilmisdir vo nisbi faza kegiriciliyi ayrilorinin miivafiq
son ndgtalarinin tabagadan tobagays dayismasi sorti ilo effektiv sokilds totbig olunur.

Acar sozlar:  geyri-bircins laylari, sulagma, kapilyar tozyiq, nisbi kegiriclik.

Onpenenenue ycpeaHeHHOT0 3HaYeHUsI (a30BbIX NPOHUIIAEMOCTEN B
HEOJJHOPOIHO CJIOKEHHBIX IJIACTAX
E.B. MamenoBa, M.I'. AGayaiiaeB

Aszepbatiodcanckuti 20cy0apcmeentblil yHugepcumem He@mu u npomviuiieHHocmu (np.,Asaoavie, 20,
Baxy, AZ1010, Asepbaiioscar)

JJis1 nepenuckm:
MawmenoBa Esrenust / e-mail: jenya_baku@mail.ru

AHHOTAUA

Hedrsausie MmecTopoxaeHus A3epOaiipkaHa B OCHOBHOM XapaKTEPU3YIOTCS CIIOMCTOCTBIO ILUTACTOB
C HEOTHOPOIHON TMPOHMIIAEMOCTHI0. ITO CIYXHT MPUYIUHONH  OBICTpOro Temma OOBOTHEHHOCTH,
(hOpMHPOBaHUIO OCTATOYHBIX HEW3BIIEKAEMBIX 3allaCOB B HHU3KONPOHHUIIAEMBIX 30HAX KOJUIEKTOPOB, U
CHIDKEHHIO TeMITOB 0TOOpa. B craThe paccMarpuBaeTcsi onpe/elieHue yCPEAHEHHOTO 3HAYCHUsT (Hha30BBIX
MIPOHMITAEMOCTEH IS CJIIOEB C TaJCHUEM 3HAUEHUS MPOHHUIIAEMOCTH I10 TIIyOonHe. B manHoM ciiydae Boga
PaBHOMEPHO TPOABHUTaeTCs U3 BEPXHUX CIOEB K HIKHUM. ONHUCaHHBIA METOJ] SIBJIICTCS OOOOIICHHBIM U
3(¢()EeKTUBHO TPHUMEHSETCS W TMPH YCIOBHH, YTO COOTBETCTBYIOIIME KOHIIEBHIM TOYKAM KPHUBBIX
OTHOCHTEJbHBIX (Da30BbIX MPOHHUIIAEMOCTEH OYAyT H3MEHSITHCS OT CJI0S K CJIOKO.

KiroueBble ciioBa: CJIOUCTO-HCOAHOPOAHBIC TIIJIACThI, O6BO,I[HCHHOCTB, KalmUWJUIApHOC aBJICHUC,
OTHOCHUTECJIbHAsA NPOHUIIAEMOCTb.
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Giris

Azorbaycanin osas neft yataglariin mii-
rokkab geoloji qurulusu, yani neft vo gaz lay-
larinin strukturunun geyri-bircinsliyi mshsul-
dar laylarin istismarinda miirokkablagmolorin
yaranmasina sobob olur. Bu baximdan hom
doniz yataglari, hom do Qarbi Abseronun neft
yataglar xiisusi maraq dogurur. Odobiyyatda
karbohidrogen laylaridaki qeyri-bircinsliyin
bir ¢ox formalari tasvir edilmisdir. Miixtalifli-
yin on xarakterik iki formasi tizorinds dayanaq
- cath va qatli (tabagoli) formalar. Qatli laylar
ola bilar ki, gilli arakesmalorlo ortiilorok bir-
birindan tacrid oluna bilar, yani, slagssi olma-
yan Vo ya oksino, kegirici sarhadlorlo slagosi
olan. Fliiidlarin stiziilmasinin tadqiqi vo hidro-
dinamiki olage mdvcud oldugda gatli laylar-
dan sixigdirmanin progqnozlasdiriimasi, erkon
morhalods prognozlasdirma va gorar gobul et-
mok ehtiyacinin yaranmasi ilo olagodardir.

Problemin qoyulusu

Laylarin  hidrodinamik  modellarina
asagidaki qgeyri-bircinslilik novlori xasdir: is-
lonma prosesinds lay fliidlarinin siiziilmasinin
geyri-bircinsliyini artiran moahsuldar horizont-
larin yuxari hissasinin strukturunun hondosi
geyri-bircinsliyi, tektonik va litofasiyalar. No-
ticodo asagidaki proseslor bas verir: yiiksok
kegiriciliya vo mohsuldarliga malik laylarda
comlonmis neft ehtiyatlarmin gabaglayici is-
tehsali, asagikegirici lay zonalarinda galiq eh-
tiyatlarinin formalasmasi, sulasmanin kaskin
stiratlo artmasi1 vo neft ¢ixarmanin tempinin
azalmasi [1, 3, 5].

Laylararasi1 qeyri-bircinslilik daracasini
todgiq etmoklo, laymn tobii potensialint mioy-
yan etmok, homginin mayenin harakatinin op-
timal yollarmi tohlil etmok olar. Islonmonin
asas masalasi bu potensiali miivafiq texnogen
tosir vasitasilo aktivlosdirmakdir.
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Metodika va tadgigatin naticalari

Qatli-geyri-bircins laylarda karbohidro-
genlorin stiziilmoasi do daxil olmagla laydaxili
proseslorin mexanizminin tasviri, bircins diiz
xattli laylar ilo miigayisads daha miirokkobdir,
¢linki onlarin parametrlori galinliq tizra layin
dabanindan tavanina dogru doyisocakdir
[1,2].

Buna baxmayarag, hesablama bircins
kegiriciliyi olan laylarda mayenin siiziilmasini
tosvir edoan asas (baza) metoduna oasaslanir.

Hasilatin hesabatin1 apararkon Bakley-
Leverettin barabar sixigdirma nazariyyassine va
su dillorinin yaranmasi zamani toplam hasila-
tin grafik tsuluna (Uelc tsulu) osaslanarag,
nisbi faza keciriciliyinin amsallar1 orta su ilo
doyma funksiyalart kimi gobul edilir (galinliq
zra) [2, 5].

Toklif olunan metodikaya goro, sixigdir-
ma omsali birdon kigik qiymat aldiqda, sixis-
dirma prosesi sabit hesab edilocak, oks halda
isa su dillorinin intensiv yaranmasi bas vero-
cok. Malumdur ki, geyri-bircins laylar 6z ara-
larinda hidrodinamik slagays malik ola bilor
Vo ya kegiriciliyi olmayan arakasmalarlo bir-
birindan tacrid oluna bilar.

Istismar obyektlorinda geyri-bircinsliyi
todgiq edorkan, kapilyar sonlug tasirlori kimi
bir parametrin shomiyyatini nazars almaq la-
zimdir. Fazalarin timumi sarfinds suyun payi
azaldigca kapillyar sonluq effektinin tosir do-
racasi artir va bu sixisdirma siiratindon asilidir
[4, 6].

Miirokkob quruluslu (miixtalif galinligi,
mosamoliliyi vo kegciriciliyi olan ii¢ qatli) hori-
zontal laydan neftin su ilo sixigdirilmasi prose-
sini nozoardan kegirok.
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h3 k3 m3
H

h2 k2 m2

h1 k1 mil

Sakil 1 — Farqli kegiricilikli vo masamoalilikli gatli (tabagali) lay modeli
Figure 1 — Layered layer model with different permeability and porosity

Cadval 1 — Hidrodinamiki slagoli qatli-geyribircins layin xarakteristikasi
Table 1 — Characterization of a hydrodynamically connected stratified-inhomogeneous layer

atin Keciricilik . atin Sixl
?Vg-si l-lg:O'12 m? Mosamolik, % hﬁr%ﬁrlﬁyﬁ suyun/nélftin

3 0,2 20 3 1,04/0,81

2 0,1 17 6,1

1 0,05 15 3

Forz edok Ki, gatin ixtiyari noqtosindo
(qalinlig1 h) dabandan z hiindiirliyiinds neft vo
su fazalarinda tozyiglor P, vo P, absis oxu
iizorinds iso uygun olaraq P,° vo Ps° olsun,
onda onlar arasindaki olags belo olacaqdir:

h Png
po=p —(—— )—
n =TT %)10133- 106

h Psg
e
s =% 7\27%)10133-10°

Birinci tonlikdon ikinci tonliyi ¢ixaraq
Vo suyun maksimum doyma noqtesinin z
movqeyini alacagini qabul edak.

Hiindiirlik boyunca kapillyar tozyigin
doyismosi [2]-doki asililigdan miioyyan edilo
bilor:

Py =2248(6,1—Z;_ ) (1)
Z1_s,, — maksimum su ilo doymus tobagoenin
hiindiirlilyiiniin isare ndqtasidir, burada, Py =0
(Ss =1-S5,,); Sg — suya gora doyumlulug.

Saquli tarazliq sortlarini gobul edarok va
maksimum su ilo doymus (Ss=1-Sn) lay
noqtalori tizro ardicil olaraq yuxariya dogru
horokot edorok, orta hesablanmis nisbi faza
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kegiriciliklarinin oyrilori qurulur vo miivafiq
doymada onlarin qiymotlori miioyyon edilir.
Bu halda, iki fazada (neft vo su) tozyiq,
doymadan forgli olarag, fasilosiz olaraq
dayisoacakdir.

Ogor maksimum su ilo doyma noqtosi
dabanda (laymm asagr noqtesi) Yyerlosirso
(Z,_s,, = 0), onda kapillyar tozyiq maksi-
mum giymat alacaq (sok. 2).

4 \\\
2 ‘\*
0 .

0 0.2 04 Ss0.6 0.8 1
Sokil 2 — 13,8 kPa psevdo tozyiqds geyri-bircins
laylarin qalinligi iizrs su ilo doymanin paylanmasi
Figure 2 — Distribution of water saturation over

the thickness of inhomogeneous layers at a pseudo
pressure of 13.8 kPa

10

8

6

Z,m
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Tavanin hiindiirliiylinde (Z;_g,, max)
Pg-nin giymoti bu zona ii¢iin minimum
giymati alir ki, bu da layin tam sulagsmasina
uygundur.

Codval 2-do  verilmis molumatlara
osason qurulmus qrafikdon goriindiiyti kimi,

ayri birinci va ikinci tobagalarin sorhoddinds
qirilmaya malikdir. Tozyigin P=7kPa giymao-
tindo alt qatin yuxari hissasinds (Z=3m) su ils
doyma (Ss) 0,69 toskil edir, ikinci tabagonin
asagl sorhoddindo iso bu parametr 0,63-o
uygundur.

Cadval 2 — Su ilo doymanin va nisbi faza kegiriciliklarinin paylanmasi
Table 2 — Distribution of water saturation and relative phase conductivities

Qatin Ne-si Z, (m) Py, kPa Ss Krs Kr n
12,2 27,6 0,2 0 0,8
3 10,7 24,1 0,2 0 0,8
9,1 20,7 0,2 0 0,8
9,1 20,7 0,22 0,002 0,53
7,7 17,3 0,24 0,003 0,5
6,1 13,8 0,29 0,02 0,4
2 4.6 10,3 0,45 0,07 0,2
3,0 7,0 0,63 0,17 0,05
3,0 7,0 0,69 0,2 0,002
1 15 3,5 0,78 0,23 0,002
0 0 0,8 0,25 0
Bir toboge iiglin su ilo doymanimn orta 5. = h1¢1§sl+h§<l’2§sz+ h3935s3 3)
giymatini asagidaki diisturla miioyyan etmok Xj=1hi®i

olar:

Ayri-ayriligda hor bir qgat ii¢lin vo biitiin

L tho (2)S.(2)dz qatlar ti¢lin imumilikds kegiricilik omsallarini
s = Oh—s (2) (4) va (5)-ci diisturlara uygun olaraq toyin edo
Jo #@ dz bilarik:
Baxilan hal {i¢iin ii¢ bircins qatin olmasi h
— — I k(z)krs(Ss(z))dz
. k,s(Ss) == 4
halinda orta doyumluluq bels olar: rs(Ss) T k@d@ 4)
ko (S) = hikikys1(Se1) + hokokrsy (Ss2) + hskskygs(Ss)
rs N ?zl hlk
()

Laboratoriya todgiqatlarinin moslumat-
larina osason qurulmus ayrinin tabistino gora
(sokil 3), laymn daban zonasinda kapilyar
tozyiqi miioyyan etmok miimkiindiir. Qrafik
aydin sokildo gostorir ki, qaliq su ilo
doyumlulugun 0,2 oldugu 1 nomrali tobago
tiglin kapilyar tozyiq 48,3 kPa olacaqdir.
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Gorlindiiyli  kimi, faza kegciriciliyinin
giymotlori laydan tavandan dabana dogru
azalir. Tasvir edilon tisul imumilasdirilmisdir
Vo nisbi faza kegiriciliyi ayrilorinin miivafiq
son noqtalorinin  tabagoadan-tabagoys doyis-
mosi sarti ilo somarali totbiq edilir.
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Cadval 3 — Nisbi faza keg¢iriciklorinin hesablanmasinin naticalori
Table 3 — Results of calculation of relative phase conductors

Pg, kPa Ss Ks K
48,3 0,2 0 0,68
13,8 0,4 0,04 0,51
7,0 0,5 0,1 0,40
0 0,63 0,2 0,26
-7,0 0,75 0,28 0,03
-13,8 0,8 0,34 0
qivvalorin  tasiri  olverisli amil olacaqdir.
o . Bununla  bels, saho  tizro  borabor
° \ doyumlulugun paylanmasi daha somorali
) \\ notica verir,
20 \\\x Natica

-

10

0,2 0,4 0,6

== igat 3, =w=qat 2, = gat 1.

Su ila doyumlulug (S.)

Sakil 3 — Tadqiq olunan ii¢ qatli layda kapilyar
tozyiqgin giymatlori

Figure 3 — Values of capillary pressure in the
studied three-layer layer

Sixigdirma prosesinin  todqiqi  zamani
ideal sort, miirokkab quruluslu laym yuxari
tobogosindo maksimum kegiricilik qiymatinin
olmasidir ki, sonradan alt qatlarda bu
keciricilik omsalinin daha da azalmasi bas
verir. Vurulan su layin yuxari hissasi boyunca
horokat edir vo eyni zamanda sixliglar forgino
(ps > py) goro asagi enir. Bu saboblora gors
suyla doyma prosesi boraborolgiilii xarakter
alacaq. Oks halda, asag1 tobagods kegiriciliyin
giymati maksimum giymoato malik olduqgda,
layda suyu qaldirmaga meylli olan kapilyar
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Qatli-geyri-bircins laylar {igiin orta faza
kegiriciliklorinin miiayyan edilmasi prosesi,
hor bir tobagodos doyumlulugun doyiskon
olmasi halinda, universaldir. Magalods yuxari
tobagodo maksimum kegiriciliyin olmasi Vo
daha sonra alt tobogolords laym dabanina
dogru kegiriciliyin azaldigt hal noazordon
kecirilir. Su ilo doyma eyni Olgiilii xarakter
alacaq. Profilin agagi diismasi ilo kegiriciliyin
artacagl halinda bu hesablama metodunun
totbiqi, sonra kapilyar qlivvelorin tasirilo lay
suyunu yuxari itoloyacok vo bu, sixigdirma
prosesino miisbat tosir edoacokdir. Bununla
bels, birinci hal on somoralidir, yani borabor
paylama hali.

Maragqlar miinaqisosi

Mislliflor bu moqalods arasdirilmast
tolob  olunan  maraqlar  miinaqisosinin
olmadigini geyd edirlor.
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Abstract

In solving the issues of rigidity of reinforced concrete elements, the determination of the
displacements of these elements plays an important role. As you know, in order for these displacements to
be determined, there must be a “moment-curvature" diagram. The authors have developed an effective
numerical method for constructing a tabular dependence of the moment curvature diagram. In the article,
an analytical expression was proposed that approximates diagrams in the form of a table with high
accuracy, and the application of this dependence to the determination of deflections of reinforced concrete
beams is shown. Based on the proposed methodology, displacements at an arbitrary load level can be
determined using a single algorithm. It is shown that the influence of nonlinear deformation diagrams of
materials on the value of deflections is strong, whereas the influence of static unsolvable diagrams on
static unsolvability is weak. The effectiveness of the proposed calculation method was demonstrated by
numerical examples.
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Holqovi en kasikli domirbeton elementlar iiciin “moment-ayrilik”
diaqraminin qurulmasi vo onun domirbeton tirlarin

heasblanmasina tatbiqi

M.9. Haciyev, M.M. Domirov
Azarbaycan Memarliq va Insaat Universiteti (Ayna Sultanova kii¢. 5, Baki, AZ1073, Azarbaycan)

Yazisma iiciin:
Haciyev Muxlis / e-mail: hajiyevmuxlis@mail.ru

Xiilaso

Domirbeton elementlorin sortlik masalalorinin hollinds bu elementlorin yerdsyismalarinin toyini
onomli rol oynayir. Molum oldugu kimi homin yerdoyismolorin toyin oluna bilmesi ii¢lin “moment-
oyrilik” diaqram1 mdveud olmalidir. Mislliflor torofindon moment oyrilik diagraminin cadval formali
asililigimin qurulmasi {igiin effektiv ododi metodika islonmisdir. Maqalods cadval sokilli diaqramlart
yiiksok daqiqlikle approksime edon analitik ifads toklif olunmus vo homib asililigin demirbeton tirlorin
oyintilorinin toyinino totbiqi gostorilmigdir. Toklif olunmus metodika osasinda yiiklomonin ixtiyari
saviyyasinds vahid alqoritm asasinda yerdayigsmolar toyin oluna bilir. Gostarilmisdir ki, materiallarin geyri
xotti deformasiya diaqramlarinin ayintilorin qiymatine tosiri giiclii oldugu halda statik hall olunmayan
tirlorin statik hall olunmazligina tasiri zeifdir. Toklif olunmus hesablama metodikasinin effektivliyi adadi
misallarla nlimayis olunmusdur.

Acar sozlor: moment, ayrilik, armatur, beton, deformasiya, gorginlik, ayinti, statik holl olunmayan tir.

HOCTpOeHHe ANaArpaMmabl «MOMCHT-KPpHUBHU3HA» JIJIA KeJ1e30-
0E€TOHHBIX JIEMEHTOB KOJIbIEBOI'0 CCUYCHUS U €€ IPUMECHCHUC

K pacyeTy Kejie300e TOHHbIX 0aJI0K
M.A. I'agxkues, M.M. lamupos

Azepbatiodcanckuil  apxumexmypHo-cmpoumenvhoviil  yHusepcumem (yn. Atina Cyammanosa 5, baky,
AZ1073, Azepbaiioxncan)

s mepenucku:

lampkueB Myxinc / e-mail: hajiyevmuxlis@mail.ru

AHHOTAIUSA

[Ipu pemeHnn 3amaqd KECTKOCTH JKEIE300€TOHHBIX AIEMEHTOB BAKHYIO POJIb UTPAET ONPEICICHIE
TIepEMEIICHU 3THX OJIIEMEHTOB. Kak W3BECTHO, UIsl OMNpeAeNiCHUs MPEMENICHUN BaXKHO HAITUIHE
IUarpaMMbl «MOMEHT — KpPUBH3HA». ABTOpaMu paspaborana 3(pQeKkTuBHAs YHUCICHHAS METOIWKA IS
MoCTpoeHust TaOnuuHOW (OpMbI JaHHOM jaMarpamMmbl. B cTarbe MpEUIOKEHBI AHATUTHYCCKUE
3aBUCUMOCTH, aIlMIPOKCUMMYIOIIHE TaO0In4IHbIe (hOPMBI THAarpaMMBl «MOMEHT — KPHUBHU3HA» M MOKa3aHO
MPUMEHEHUE O3TUX 3aBUCUMOCTEH JUIA OMNpPENCICHUs TIEPEeMEIICHUH JKeNe300€TOHHBIX  OalloK.
[IpennoxkeHHass METOAMKA TIO3BOJISIET I JIFOOOTO YPOBHSI 3arpyKeHHs IO EIWHOMY aJTOPUTMY
ONpPENeIUTh MPOruObl Keje300eTOHHBIX Oanok. [loka3zaHO, YTO BIHSHHE HEJIUHEHHOCTH IUarpamMMbl
nehOpMUpPOBaHKSI MaTepUAIOB HAa MPOTHOBI 0ANlOK OYEHb CHIBHO, HO MaJl0 BIMSIET HAa CTAaTHYECKYIO
HEOMpeAeTUMOCTh. D(H(HEKTUBHOCTD MPEIIIOKEHHOM METOANKHI pacdyeTa JeMOHCTPUPOBaHA Ha YHCIICHHBIX
puMepax.

KiroueBbie cioBa: MOMEHT, KpHBH3HA, apMarypa, O€ToH, nedopmauus, HamnpsbKeHHe, MPOruo,
CTaTUYECKU Heolpeennmas Oaka.
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Introduction

When studying the state of stress-strain
deformation during bending of the annular
cross-section of a reinforced concrete element,
it is assumed that for an arbitrary load level,
the plane section hypothesis for an
inhomogeneous element turns out to be
correct. This is one of the main provisions
adopted when creating the theory of
calculation of reinforced concrete structures
based on a modern nonlinear deformation
model [1,5,7,8]. The work of concrete in
tension is not taken into account and it is
believed that the tension stresses in the cross
section are perceived by the reinforcement
rods [6]. Well-known specialists in the theory
of reinforced concrete structures believe that
the state of stress-strain deformation and the
load-bearing capacity of reinforced concrete
structures as a whole are possible only with
the use of realistic nonlinear diagrams of
deformation of materials [2,3,4]. It is assumed
that the reinforcing bars deform based on a
symmetrical diagram with a limited yield area
in tension and compression. And the work of
concrete during compression is the fraction
proposed in the Eurocode - expressed by a
rational diagram [6,7]. The application of real

non-linear deformation diagrams of materials
generally allows to monitor the state of stress
deformation formed in reinforced concrete
structures depending on the level of loading.
The construction of moment-curvature
diagrams for reinforced concrete elements
with a complex cross-sectional shape based on
the nonlinear deformation model is one of the
actual problems of the theory of modern
construction structures and is of great practical
importance.

Construction of "moment-curvature™
diagram. Using the indicated diagrams of
deformation of materials in scheme 1, the
following expressions were obtained for the
internal normal force and bending moment,
which are formed as if due to compressive
stresses in concrete:

N, :Z'RZ'Rb'N;(ﬂ’ é)v

M, =2-R*-R,-M;(£, &) (1)
Where
k-ﬂ-(§—1+z)—(ﬂJ (&-1+72)
N ¢ S
f(ﬂ,aj,z)— ﬂ
1+(k—2)-2-(§—1+ Z)
g, o,

b

Scheme 1 — Calculation scheme of a reinforced concrete element of an annular cross-section works in

bending
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Yo (B, &,2)= [ 1(B, a? —z7%-dz, B.&.a,b)=[1(B, a?-z%-dz
Yo B, E1-E1) =Yy (B, & -y, 7); when 1+y<E<2
No (B, &)=Y (B E1-E1) =Y (B, £, 1= ¥); when 1-y<E<l+y
Yy (B, E,1-&,1); when O<&E<l—y
My (B8 E1-E1)-My(B & -7, 7); when  1+y<E<2
M (B, &)=1M (B, £ 1-E 1) - My (B, £,1-&,7); when 1-y<é<i+y (2
My (B, &1-&1); when 0<&<l-—y

Based on the accepted deformation schemes, the normal force and bending moment on the

armature rods are determined as follows:

nS
§)= Zo—sj '&j ;
j=1
Where
Ey-&g: When &g |=
Ry —>: Wwhen &g
gSj

In the above equations g = % - the level
&r
of deformation on the compressible surface of

. X . .
the section, & = R a dimensionless parameter

that determines the position of the neutral axis,
-elastic modulus of the armature beams, E -

deformations of the armature  rods
corresponding to the beginning of the yield
area, &, ,- the distance of the center of
gravity of the armature rods from the center of
the cross section. Based on the expressions
obtained, the equilibrium equations of the
cross section for an arbitrary load level are

written as follows:
2-R*-R,-N;(8,¢)+ NJ(8.£)=0 (5)
2-R*-Ry-M(B.¢)+ M (B.¢)= (6)
Here M is the bending moment acting
on the cross section. When constructing the

M:(ﬁ §)=iasj 'A¥j T 'Sin(osj (3)
&P
z (g 1+Esm¢SJJ‘ 5. ax
4)
gR'ﬂ

j,ax

z (5 1+E smgoSJJ

“moment-curvature” diagram based on the
equalities (5) and (6), the numerical technique
proposed by the first author [8] is used. Its
essence lies in the fact that, since the interval
of change of S parameter is known in
advance, a certain value is assigned to this
parameter from the area of its change, and
from equality (5) & parameter is determined
as the root of a one-dimensional nonlinear
equation with the required accuracy. Further,
on the basis of equality (6) and the known
values of £ and & parameters, the value of
the bending moment formed in the section
corresponding to the accepted value of f
parameter is calculated. After that, and based
on the known values of f and ¢ parameters,
it can be calculated based on the equation of
the curvature of the section
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_ P&

X _cf-—R (7
and, thus, obtain solutions such as (5, & y, M)
the solution of the equation of the system
above. Consequently, for the considered
element of the annular cross-section,
increasing S parameter by a certain step in the
area of its change, the ordinates of the
“moment-curve” diagram are determined. The
proposed solution algorithm allows you to set
the desired parameters with any accuracy and
IS very easy to program. Such a programm
module was construct, and various numerical
experiments were carried out using it. Based
on the conducted numerical experiments,
moment-curvature diagrams were constructed
and analyzed for various variants both in
tabular and graphical form and the following
dependence was proposed for the analytical
approximation of these diagrams.

aprla)] o

To determine the three unknowns B,, r

and m the parameters included in this
equality, provided that when y=y, then
M=M,, the wvalues of the experimental
dependence coincide at any point (Mo, yo) of
the analytical approximation dependence and
to determine them using the conditions of
equality of the areas under the approximation
and experimental curves, the following system

equation is constructed

M
=—4.(1+

7 Bo( 7)

M, M, )
ZO BO [ U(Muj} ()

2

%:MU,LF n

B, (2 m+2

Her N AT i

ere @, ;—2
the area of the experimental diagram obtained
in the form of a table. System (9), designed to
determine unknown parameters, is a system of
nonlinear equations. We bring this system to
the solution of a nonlinear equation taking into

account one of the parameters. For known

'(Mj _Mj—l) is

quantities y, = £° and yzz% by dividing

the first two equations of the system (9)
fromside to side, by entering their notation, we
express the parameter 77 with the parameter m

n= 71~ 7> (10)

m+1

V2 TN
Using this, the parameter B, can also be
expressed through the parameter m as follows

g, - M. (1+&J (1)
Xu /1

2
Finally, given the equalities (10) and
(11) in the third equality of the system (9), we
obtain the following unambiguous nonlinear
equation to determine the parameter m:

Mu-zu~(7z””—71){l+ 1 .71—72}%_0 (12)

m+1 m+1

72 =7 2 m+2 " -n

After this equation is solved by known
numerical methods, such as the method of
dividing the workpiece in half and m
parameter is determined, the remaining two
parameters can also be easily calculated based
on the above equalities. The programm
module that implements the definition of the
desired parameters was compiled and
calculations were performed with its use in the
presence of concrete B 20, R, =115MPa,

geometric cross-section dimensions R =15 sm
, r=8smthickness of the protective layer
a, = 2 sm, reinforcement A 400, Rs=350 MPa,
and their results are shown in Table 1 below.
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Table 1 — Ordinates of the "moment-curvature” diagram for various reinforcement schemes

12512 1214

M, kN Z m_1 Z m_1 M, kN /’{/’ m71 Z m_1

on the basis of equality (8) on the basis of equality (8)

B, = 4060,39 kN-m? B, =4501,20 kN - m?
n=15875; m=11,5061 n=214178 ; m=10,6097
0 0 0 0 0 0
9,077 0,0021 0,0022 9,706 0,0020 0,0022
16,951 0,0040 0,0042 18,138 0,0039 0,0040
23,954 0,0059 0,0059 25,654 0,0057 0,0057
30,297 0,0076 0,0075 32,480 0,0074 0,0072
36,121 0,0093 0,0090 38,768 0,0091 0,0087
41,349 0,0110 0,0107 44,627 0,0107 0,0103
44,852 0,0129 0,0125 49,412 0,0124 0,0123
47,461 0,0149 0,0146 52,263 0,0143 0,0141
49,726 0,0170 0,0175 55,010 0,0163 0,0167
50,864 0,0195 0,0195 56,993 0,0184 0,0193
51,967 0,0219 0,0219 58,219 0,0208 0,0215
53,006 0,0243 0,0248 59,358 0,0232 0,0239
53,769 0,0266 0,0272 60,196 0,0254 0,0260
54,505 0,0288 0,0300 61,008 0,0276 0,0283
55,219 0,0310 0,0331 61,798 0,0298 0,0308
55,717 0,0332 0,0355 62,288 0,0317 0,0326
55,708 0,0355 0,0355 62,554 0,0336 0,0336
12316 1218

M,kN | 7, m* z,mt M, kN Z m? z,m!

on the basis of equality (8) on the basis of equality (8)

B, = 5459,38 kN - m? B, = 6563,07 kN -m”
n=12017; m=113376 1n=1,0662; m=10,5669
0 0 0 0 0 0

11,097 0,0019 0,0020 12,525 0,0018 0,0019
20,788 0,0037 0,0038 23,531 0,0035 0,0036
29,480 0,0054 0,0054 33,471 0,0051 0,0051
37,428 0,0070 0,0069 42,626 0,0067 0,0065
44,804 0,0086 0,0082 51,183 0,0083 0,0078
51,727 0,0101 0,0096 59,271 0,0098 0,0091
58,199 0,0117 0,0112 66,985 0,0112 0,0105
63,221 0,0133 0,0130 73,944 0,0127 0,0123
66,552 0,0152 0,0148 79,122 0,0144 0,0142
69,794 0,0171 0,0176 83,016 0,0163 0,0164
72,522 0,0191 0,0210 86,834 0,0181 0,0195
73,858 0,0213 0,0231 89,849 0,0199 0,0231
74,888 0,0235 0,0251 91,100 0,0220 0,0249
75,891 0,0256 0,0273 92,323 0,0241 0,0269
76,756 0,0277 0,0295 93,025 0,0260 0,0282
77,075 0,0295 0,0304 93,379 0,0278 0,0289
77,365 0,0312 0,0312 93,704 0,0295 0,0295
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Also, for clarity, Graph 1 shows a
comparison of graphs corresponding to each
percentage of reinforcement. It is clear from
these graphs that the proposed approximation
makes tabular diagrams approximate with

0.04

almost engineering accuracy in the entire field
of variations. In these graphs, odd numbers
refer to tabular diagrams, and even numbers
consistently refer to the corresponding
analytical approximation dependence.

0.035

m
o
o
N
%

Curvature,

e

——1 —B-2 3

40
bending moment,

4 —%—5 —e—6

60
kNm

80 100

7

Graph 1 — Comparison of tabular and analytical approximation of "moment-curvature" diagrams

And now we apply the approximation of
the ”moment-curvature” diagram in the form
of (8) to the determination of the maximum
deflection under load of a statically solvable
beam sitting on two simple supports with a
regular distributed load. As is known from the
course of resistance of materials, the curve of
a given cross-section of any bending system is
determined by the Mor formula as follows
[9,10]:

A, = J. 2(x)- M (x)dx

Where x(x) is the value of the
curvature in an arbitrary X section from an
external load acting on the system, and M (x)
is the expression of the bending moment

1/2 o q|4
f =2 M (x)dx =
max '([l(x) (X) X 2. BO

0

-ff(ﬁ - 52)-@!5} v -n-(
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arising in the system from a uniform load
applied to the desired sectionk in the
direction of the desired curve. Bending
moment:

12 2\ X
Mi)= -e-27)i g=T

in an arbitrary section of a simple beam sitting
on articulated supports loaded with a normal
load. From the unit force applied in the middle
of the beam, the bending moment in the left

half of the beam M (x) I?g , then, applying

the Mor formula based on approximation (8),
we can write for the maximum curve of the
beam that:

ql®
2.-M,

j Jle-e) o ae
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After calculating the integral from the
first table for the maximum deflection, the
following expression is obtained:

4 2 \M
PR S A B L IO BT
B, 384 2 2™,

Where

I(é gytde 19

If we take into account that the

expression obtained above for the maximum
2

deflection M, =% for a simple beam can

be written in a simpler figure below:

.[1+ g-n-(&]ﬂ-km-“} (15)
5 qU

In the limit state is q =g,

_ 5.ql*
" 384.B,

4
max — 5q| (1+g77km4mj (16)
384-B, 5

Here, the second sum takes into account
the influence of non-linearity on the deflection
value. For the four reinforcement options
discussed above, the following values were
obtained, corresponding to the amount taking
into account the nonlinearity

192

§ =1 kp-4™=0,7863;
0,7228; 0,5983; 0,5443

From this it can be seen that the
maximum deflection of a simple beam,

|
Ag = _([Z B,

considered due to physical nonlinearity, can
increase from 1.5443 to 1.7863 times.

Based on a similar technique, the
following equality of the maximum deflection
of the console rod was obtained

j } (17)

Here, the second sum takes into
account the increase in the maximum bending
of the beam as a result of the development of
plastic deformations. As you know, the limit
for the console rod is the value of bending

ql* n
=1 1+ q
Ymax 8B, { +(2m+4) 2m-2 (

so the limit in the case of

moment M, quz

the console is the maximum value of the curve
of the free end of the rod

8B m+ 2 q

In the limit state is q =q,

4
A" (4, 27
8B, m+ 2

ymax, u = y(o)

Yoars = Y(0)- 0o

In a static unsolvable beam one end of
which is riveted, and the other end with a
hinge once, when choosing the main system,
as in scheme 2, M(x)=ql?-(R,-&—¢&%/2)
and M(x)=1-x=1-&expressions of bending
moments arise from both external load and
uniform force. Considering them, the
expression of the Mor formula for determining
the displacement of a B point will look like
this:

dx_q—|4 J(Ry-¢- 5/2)[1“7( J\R £ 5/2@
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q
+ [ *
q
- T}TB : C]I
M, gl
\LJ.U/‘T R gl
lr R
7
4

Scheme 2 — Beam design diagram

As can be seen from Scheme 2, when 0<&<2R; then R,-&—-£%/2>0 and when
2R, < &<1as R, -& - £%/2<0 the above integral can be written as follows

q|4 qI qlz M 2Rg
te= g [Re-e-g2) s - (M—J [ Re-g-grr2] e -

u
gl (q?) 7 el
Bo 77 [Mu] 2';!.3(5 2 R 5) §d§
Here, the first sum represents the linear ~ reaction was obtained by calculating the
system and can be easily calculated as a table  remaining two integrals by applying the rule
integral, the following non-linear equation for ~ of multiplication of epurs [10] of the
the determination of the unknown R; support  construction mechanics course

R, 1 o’ )" | @-4R2)"" @-2R, )" 4 RE™ 20
____77. e : m+1 m+1 -5 m+1 =0 ( )
3 8 M 3-8 6-2 3 2

u

From the obtained equation, it can be the load level as a result of calculations
seen that if nonlinearity is not taken into  performed using this programm module, is
account, that is when 7 =0, if the equation  shown in table 2 below. As is known from the

(20) is obtained from the material resistance materials resistance course, with the inclusion

course, the value R, =3/8 can be obtained. ~ Of Pplastic joints loaded with a regular
distributed load, one end is rigid and the other

end is attached to the hinge, the maximum

The other two limits take into account the
influence of physical nonlinearity on the value

of the solution. To solve this equation  penging of the beam M, = al” _ af
numerically with the desired accuracy, an 6+4v2 11657
appropriate programm module is compiled.  can vary to the value:

The change in the reaction of the support for .12 =M, .(6+4ﬁ): M, -11,657.

the examples discussed above, depending on
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2
This means that the value of 5=qML

parameter vary to 11.657. The value of the
reaction of the support or the moment of
support, even in extreme cases due to physical
nonlinearity in each of the four options
considered, differs from the value obtained

during deformations within the elastic limits
by only 8%. This once again shows that when
calculating  static  unsolvable  physical
nonlinear systems, the main solutions of the
force method can be assumed to be equal to
elastic values. Nevertheless, the physical non-
linearity causes a sharp increase in the value
of beam deflection.

Table 2 — Dependence of the support reactions on the load level for various reinforcement schemes

12512 1214 12216 1218
B, =4060,39kN-m? | B, =4501,20kN-m* | B, =5459,38 kN -m? B, = 6563,07 kN -m’
n =15875 n=14178 n =12017 n =1,0662
m=115061 m=10,6097 m=113376 m=10,5669
|2 _ |2 _ |2 _ 12 _
§:q_ RB §:q_ RB é‘:q— RB ézq— RB
M u M u M u M u
0 0,375 0 0,375 0 0,375 0 0,375
1,1657 0,3750 1,1657 0,3750 1,1657 0,3750 1,1657 0,3750
2,3314 0,3750 2,3314 0,3750 2,3314 0,3750 2,3314 0,3750
3,4971 0,3750 3,4971 0,3750 3,4971 0,3750 3,4971 0,3750
4,6628 0,3750 4,6628 0,3751 4,6628 0,3750 4,6628 0,3751
5,8285 0,3756 5,8285 0,3757 5,8285 0,3755 5,8285 0,3756
6,9942 0,3786 6,9942 0,3786 6,9942 0,3780 6,9942 0,3780
8,1599 0,3849 8,1599 0,3846 8,1599 0,3838 8,1599 0,3834
9,3256 0,3924 9,3256 0,3917 9,3256 0,3910 9,3256 0,3902
10,4913 | 10,3986 10,4913 0,3975 10,4913 0,3973 10,4913 0,3963
11,6570 | 0,3986 11,6570 0,3975 11,6570 0,3973 11,6570 0,3963

Now let's consider the determination of
the function of deflection of the beam under
consideration. We approximate the deflections
function as follows, taking into account the
kinematic boundary conditions and the
condition that the bending moment at the joint
is zero if the origin is taken at the hinge end:

y(E)=w.- f-9(&),

p(¢)=25" -3 + &, (21)

w, = 3,8465409103.
The parameter entered with this
acceptance of the deflections function

65

expresses the maximum deflections of the
beam. In the case under consideration, the
differential equation of the beam in bending is
written as:

Y'(&)+ Wy (&) 418" wo-y(&) | w(S)[" =0 (22)

Here, w(&)=R,-&-&2/2 is the
function of changing the curve of the bending
along the beam and w, =ql*/B, marking are
included. Since it is impossible to construct an
analytical solution to this differential equation,

let's solve it approximately by the Bubnov-
Galerkin method. Using this method, we can
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write the following equation to determine the

1
w.- - [@"(£)- p(£)dE +wp - fw

0

Here the first and second integrals, as
well as the tabular integral can be calculated
very easily. When calculating the third
integral, consider that,

Rp-& — &%/2; 0 < & < 2Ry
§2/2 — Rp-& 2R < €< 1

With this in mind, we show the third
integral as the sum of two integrals

-

2R,

A= [ ogt -8+ )Ry g - 212

0

- jzg -3+ &) (e 12-Ry &) e

2Ry

Thus, for the maximum curve of the
beam in question, we obtain the following
equality

R, 1
f=Wo’[— A o™ AsJ_Wo' 15 56+ﬂ_i _
W*'Ai W, Ai W*.E W E
35 35
:WO.[56R8—15+775m.35A3]
288w, w12

If we now took the value of the support
reaction equal to the value of the elastic limit,
taking into account that the dependence of the
support reaction on physical nonlinearity is
weak, as we showed above, we would get the
following expression for determining the

maximum  deflection  with  engineering
accuracy
= (1psmok,) (24)
W,
Here, the coefficient that takes into

account the increase in deflection due to

P(E)dE +17-5™ -, - ft//
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unknown maximum deflection

| (&))" -p()de =0

(23)

elastic-plastic deformations is calculated as
follows
1
k,=140- [ (25" -3¢° + &) 3¢ /8- &2 12| "dg (25)
0
Note that for each of the four cases

considered, the following values are taken for
the limit case parameter 6™ -k,,

(6™ -k, ) =0,4459; (5™ -k, ), =0,4066 ;

(6™ k), =0,3265; (6™ -k, ), =0,2935.

By analogy with a riveted beam at both
ends, scheme 3. Under the action of a uniform
distributed load, this beam from the symmetry
condition once becomes a statically insoluble
system, scheme 3.

q
M_F@il 1 iBM,qF

0,5g! T T 0,541
M, -ql’ Cl ! ~|' N E )M ql‘
05q¢1 | Tosqz
M,- ql‘ M, gl

osql*_L Llosql
)

Scheme 3 — Beam design diagram

M=1

From the condition that the angle of
rotation of the support is zero taking into
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account symmetry, the following equality was By entering the designation of the limit
obtained to determine the reference moment: of the integral, taking into account the
Wie g ql2 )" physical nonlinearity, we obtain the following

S 5 M Hdg - M| nonlinear equation for determining the
0 u

moment of support:

m

1/2 2 2
-I[i—i—m]-i—i—m 4e=0
0

1/2 2 2 m
o (V)= (ff_é_mj.f_f_m a (26)
0 !2 2 °ll2 2 0
1 M, g2 )" B
24_2‘0+77’(Muj Ky (My)=0 (27)

As can be seen when n=0then from  implements the definition of the reference
equation (27), we obtain the value M, =1/12 ~ Mmoment parameter. To determine the
maximum deflection in the middle of the
beam in question, the following formula was
obtained, acting as indicated above:

]} (28)

The maximum deflection of the beam in  the course of resistance of materials. Add this
the middle of the span, considered within the  value to the right side of the above equality

4 and subtract, then we get that,
q
is known from

known from the resistance rate of materials.
Based on the equation of the general case (27),
a programm module is compiled that

4 _ 2\"
fmax:cg.{%gfnlz.,,m ] {@M (2w 2w,
0 u

elastic limit, (f,,),==——
3848,

_ m _
ql* | 1 12M,-1 1 ql? My  oom (3 )| 3
f =2 ] = 4 + - .p-. 2 M - —M. |- —-M
mB, {384 96 2 "M 2 Mo | 2 %)z °

u

or in a simpler way:

£ ) (29)
" 384B, )

Here is a coefficient that takes into account the influence of nonlinearity on the maximum
deflection of the beam

My  m (3 )| 3
Ay =32 20 M, M= S M, | - M
M {2 Mo | (32 0] 32

m 2 \™
]; fm:48l\70—4+77-(2/+j Ay (30)

u

When using the above programm  consideration was investigated, and its results
module, the value of the maximum deflection  are shown in the table below.
resulting from non-linearity in the beam under
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Table 3 — Influence of non-linearity on the value of maximum deflections of beams

12(312; B, =4060,39 kN-m?;

12314; B, =4501,20 kN-m?;

n=15875; m=115061 n=14178; m=10,6007
2 2
5ol i, f, 5= M, fo
MU M u
0 0,0833 0 0 0,0833 0
1,6 0,0833 0 1,6 0,0833 0
3,2 0,0833 0 3,2 0,0833 0
4.8 0,0833 0 4.8 0,0833 0,0001
6,4 0,0833 0,0014 6,4 0,0833 0,0022
8,0 0,0833 0,0183 8,0 0,0833 0,0234
9,6 0,0831 0,1444 9,6 0,0830 0,1562
11,2 0,0821 0,7327 11,2 0,0821 0,6985
12,8 0,0796 2,3074 12,8 0,0797 2,0603
14,4 0,0758 4,9434 14,4 0,0763 4,3327
16,0 0,0721 8,9630 16,0 0,0728 17,7673
12 J16; B, =5459,38 KN-m?; 12018; B, = 6563,07 KN -m?;
p=12017; m=113376 n=10662; m=10,5669
|2 o I2 R
0= q_ MO 1:m = q_ MO fm
M u M u
0 0,0833 0 0 0,0833 0
1,6 0,0833 0 1,6 0,0833 0
3,2 0,0833 0 3,2 0,0833 0
4.8 0,0833 0 48 0,0833 0,0001
6,4 0,0833 0,0012 6,4 0,0833 0,0017
8,0 0,0833 0,0148 8,0 0,0833 0,0179
9,6 0,0831 0,1143 9,6 0,0831 0,1197
11,2 0,0823 0,5823 11,2 0,0823 0,5472
12,8 0,0801 1,9043 12,8 0,0803 1,6896
14,4 0,0767 4,2289 14,4 0,0771 3,6952
16,0 0,0730 7,6544 16,0 0,0736 6,6462

It can be seen from the table that the

value of the maximum deflection differs by
less than 0.155% from the value set within the
elastic limit, since the development of plastic
deformations is weak when the limit in the
example under consideration does not exceed
half the value of the load on a statically
insoluble rigid beam twice, but with a further
increase in  the impact load, plastic
deformations begin to develop intensively, as
a result, the value of the maximum deflection

68

of the beam begins. The deflection value
resulting from the ultimate plasticity, within
the elastic limit, can be several times higher
than the value determined by the formula of
the resistance of materials. This table also
shows that an increase in the percentage of
reinforcement leads to a decrease in the value
of maximum deflection. Please note that the
influence of the percentage of reinforcement
on the value of the maximum deflection is not
so great, and, for example, less than 20%.



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy

2024, cild 16, N 1, s. 56-69 2024, vol. 16, no.1, pp. 56-69
M.O. Hacryev, M.M. Domirov M.A. Hajiyev, M.M. Damirov
Conclusion For reinforced concrete elements of

An effective numerical technique for  annular cross-section, the corresponding

constructing a “moment-curvature” diagram  analytical formulas for determining the
for reinforced concrete elements of annular  maximum deflections are proposed.
cross-section has been developed.

For reinforced concrete elements of Conflict of Interests

annular cross-section, an analytical The authors declare there is no conflict
approximation of the “moment-curvature”  of interest related to the publication of this
diagram with high accuracy is proposed. article.

9.

REFERENCES

. Bibi E.V. Guide for designers to the Eurocode 2. Design of reinforced concrete structures.

Moscow, MGSU Publishing House, 2012, 292 p. (in English)

. Beglov A.D., Sanzharovsky R.S. European standards and nonlinear theory of reinforced

concrete. Moscow, Publishing House of the DIA, 2011, 216 p. (in English)

. Beglov A.D., Sanzharovsky R.S., Ter-Emmanuilyan T.N. Theory of short-term and long-

term resistance of structures based on the principle of plastic destruction // Construction
mechanics of engineering structures and structures. 2023. Vol. 19. No. 2. pp. 186-198.
http://doi.org/10.22363/1815-5235-2023-19-2-186-198 (in English)

. Sanzharovsky R.S., Minchenko M.M. Errors of international norms on reinforced concrete

and Eurocode rules // Construction mechanics of engineering structures and structures.
2017. No. 6. pp. 25-36. (in English)

. Khalilov G.A., Guliyev F.M., Asadov E.Z. Solution of the bending problem of reinforced

concrete elements of rectangular cross-section based on the model of nonlinear deformation//
Construction and architecture in Azerbaijan, Baku, 2015, Ne3(6), 27-34. (in English)

. Kolmogorov A.G., Plevkov V.S. Calculation of reinforced concrete structures according to

Russian and foreign standards. Moscow, DIA, 2014, 512 p. (in English)

. AzSCM2.16-1. Concrete and reinforced concrete structures.Design standards.Committee on

Urban Planning and Architecture of the Republic of Azerbaijan, 2015, 131 p. (in English)

. Hajiyev M.A., Alayeva S.M. Evaluation of the accuracy of simplified diagrams of European

standards in the study of the bearing capacity of reinforced concrete columns// Herald of the
Azerbaijan Engineering Academy, 2012. VVol.4, pp.65-79. (in English)

Feodosiev V.I. Resistance of materials. Moscow, fizmatlit. 2001, 501c. (in English)

10. Darkov A.V., Shaposhnikov N.N. Construction mechanics. Moscow, Stroyizdat, 2004, 656

p. (in English)

69



Azarbaycan Miihandislik Akademiyasinin Xoborlori Herald of the Azerbaijan Engineering Academy

2024, cild 16, M2 1, s. 70-78 2024, vol. 16, no. 1, pp. 70-78
0.0. Oliyeva, O.S. Oliyev O.A. Aliyeva , A.S. Aliyev
UDC 622.27.621.52

DOI 10.52171/2076-0515_2024_16_01_70_78

Conducting Field Surveys by Studying the Geological and Physical
Conditions in Underground Gas Storage Facilities

O.A. Aliyeva’, A.S. Aliyev’
!Azerbaijan State Oil and Industry University (Azadlig ave, 16/21, Baku, AZ 1010, Azerbaijan)
’Research institute “Geotechnological Problems of oil, gas and Chemistry” (D. Aliyeva str., 227,

Baku, AZ1010, Azerbaijan)

For correspondence:
Aliyeva Ofeliya /e-mail aliyeva.afeliya@inbox.ru

Abstract
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Qaz anbarlarinda geoloji-fiziki soraitlorin 6yranilmasilo madan tadqigatlarmin
aparilmasi

0.9. Oliyeva', 9.S. Oliyev’
'Azorbaycan Déviat Neft va Sanaye Universiteti (Azadlq pr. 16/21, Baki 5., AZ1010, Azarbaycan)
®Neftin, gazin geotexnoloji problemlariva kimya ETI (D. liyeva kii¢. 227, Baki, AZ1010, Azarbaycan)

Yazisma iiciin:
Oliyeva Ofeliya / e-mail: aliyeva.afeliya@inbox.ru

Xiilasa

Mogalads yaradilmis yeralti qaz anbarmnin geoloji-fiziki soraitlorinin 6yronilmoesi yollar1 sorh
edilmigdir. Layin kollektor xassalorinin vo gqazin fiziki xassolorinin Oyranilmasi ii¢lin laboratoriya-
eksperimentlari aparilmigdir. Lay parametrlorinin toyin edilmasi tigiin iso modon tadgiqatlarinin aparilmasi
barodo molumatlar verilmisdir. Isloyan quyularda gorarlasmis vo gorarlasmamis rejimlorde gazodinamik
todqiqat tisullari, islomayan quyularda ise anbarin temperatur rejimi todqiq edilir. Lay tozyiqi, dag tozyiqi
Vo layin hidravlik yarilma tozyiqi nozors alinaraq qaz anbarinin yaradilmasinin minimal darinliyinin toyin
edilmosi tsulu toklif edilmisdir.

Acar sozlar: yeralt1 qaz anbari, geoloji-fiziki sarait, madon todqigati, lay parametrlori, laboratoriya-
eksperimental, pozgunluq xatti, tektonik blok, indikator diaqramu, tazyiqin barpas1 ayrisi,
gazodinamik dinlomo.

IIpoBeieHUe TNPOMBICIOBBIX H3bICKAHUIT NyTeM H3y4YeHHs] TIe0J0ro-
(u3uYecKUX yCJI0BHA B MOA3€eMHBIX XPAHWJIHIIAX ra3a
0O.A. A.]meBal, A.C. Aines’

Y Usepbaiioocancruii 2ocydapemeentbiii ynusepcumem negpmu u npomwiuiiennocmu (np. Asaonie, 16121,
baxy, AZ1010, Azepbatioxncan)

2HUU 'eomexnonozuyeckue npobnemsl Hegpmu, 2aza u xumuu (yn. . Anueeou, 227, baxy, AZ1010,
Asepbaiiocan)

JLisi mnepenucKm:
Anmesa Odenust / e-mail: aliyeva.afeliya@inbox.ru

AHHOTaNUA

B crathe wu3NMOKEHBI MYTH H3YYCHHS T€OJOr0-PU3NYECKUX YCIOBHU CO3JIAHHOTO IOJ3EMHOTO
XpaHWIHIIA Ta3a; U JaHbl CBEICHUS O MPOBEJCHUH J1a00PaTOPHO-IKCIIEPUMEHTAIBHBIX UCCIEAOBAHUMN s
M3YYEHHUS KOJUIGKTOPCKHMX CBOMCTB IJacTa M (DU3MYSCKHUX CBOWCTB rasa, a TaKKe IPOMBICIOBBIX
WCCIICIOBAaHUN JUIS ONpEIENICHUs TapaMeTpoB Iuiacta. B  paboTarImux CKBRXKHHAX MPOBOJSATCS
ra30IMHAMHUYECKOTO METOJIbl MCCIICIOBaHMs Ha CTAIlMOHAPHBIX W HECTAI[MOHAPHBIX peXHMax padOTH U
CHUMAIOTCSI HMHJIUKATOPHBIC IUarpaMMbl W KPHUBBIE BOCCTAHOBJICHHS 3a00MHOIO HaBJICHWS Ta30BBIX
CKB&)XWH, a2 B HEpPAOOTAOIMX CKBAXMHAX MPOBOJATCS TEPMOJIUHAMHUECKHE METOIBI MCCICIOBAHMS IS
H3Y4YEHUS] TEMIIEPATYpHOTO peXuMa ra3oXpaHuiniia. B cratbe Takxke mpeanaraetcs MeTo/ ONpPEIesICHUS
MUHUMAJIbHOM TIyOWHA JJIS MOA3EMHOI0 T'a30XPaHUIIMINA C YYETOM 3HAueHHUH IJIaCTOBOI'O, FOPHOIO U
TUJIPaBINYECKOr0 pa3pbiBa IaBICHUH.

KaroueBbie cjoBa: ToJ3eMHas Ta30XpaHWIWINA, TEOJIOTO-(PU3MUECKOe YCIIOBUE, IPOMBICIOBEBIC
WCCIIEIOBAHNA, TapaMeTphl IJIacTa, Ja0OpaTOpHBIE OSKCIIEPUMEHTHI, JIMHHS
HapylICHUs, TEKTOHUYECKMM OJIOK, WHAWKATOpHAs JWarpaMmMa, KpuBas
BOCCTaHOBJICHUS IaBJICHUSA, Ta30JMHAMUYECKOE IPOCITYITMBAHUE.
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Giris

Yeralti qaz anbarmin geoloji-fiziki
soraitlori asagidakilarla xarakterizo olunurlar:
lay tozyiqi, lay temperaturu, layin qaza goro
kegiriciliyi, layin mosamoalik omsali, layin
geyribircinslik omsali, lay1 togkil edon siixur-
larin fraksiya torkibi vo s. Anbarda istirak
edon quyularin asagidaki kateqoriyalar1 olur:
qaz ¢ixarict quyular, qaz vurucu quyular vo
islomayan statik voziyystdo olan quyular. Bu
sonuncu quyularda laya gaz vurulmur vo
laydan qaz ¢ixarilmir, yoni onlar islomirlar,
logv edilmis quyulardir.

Isin magsadi

Layin siixurlarinin  fraksiya torkibi,
geyri-bircinslilik omsali, mosamalik omsali
quyularin gazilmasi zamani siituncuqlu balta
ilo mohsuldar laydan siixur
(kernlor) gotirilir vo onlar petrogtafiya
laboratoriyasinda todqiq edilir. Yuxarida
sadalanmig digor parametrlor iso anbarmn
quyularin1  stasionar vo  geyri-stasionar
qazodinamik {isullarla todgiq edilorok toyin
edilirlar.

Digor torofdon anbar qazinin sixligini
(xtisusi ¢akisini) va lay sotaitinds 6zliliytini

niimunalari

toyin etmok ticlin gotiiriilmiis qaz niimunalori
laboratoriyada moalum tisullarla toyin edilir [1].

Isin yerina yetirilmasi

Yeralti qaz anbarmin qaz c¢ixarict vo
gazvurucu, isloyon quyular1 qazodinamiki
isullarla todqiq edilir. ©sason bu tsullar iki
ciir todqiq edilirlor: stasionar iisullarla vo geyri
stasionar tisullarla.

Stasionar qazodinamiki tisulla indikator
diagram1 ¢ixarilir, bunun i¢lin quyunun 7-8
dofo is rejimi doyisdirilir, debitlor vo dib
toziglori Ol¢iiliir; bu diagram parabola oayrisi
soklindo alinir vo koordinat baslangicindan
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kegir. Interpretasiya zaman iki hodli asagidak1
axin tonliyindan istifads edilir:
AP? =aQ” +bQ 1)
Vo ovozlomo aparilaraq diiz  xottin
tonliyina gevrilir:
2
AP @
Q
Tonlik (2)-nin maili diiz xotti qurulur va
grafiki yolla a vo b parametrlorinin odadi

giymatlori toyin edilir; burada a — diiz xattin
2

=aQ+b

bucaq omsalidir, b — diiz xottin ordinat
oxundan aywrdigt diiz xott pargasinin
uzunlugudur.

a vo b parametrlorinin tapilmis qiymot-
lorino osason gaz anbari laymin gazodinamik
parametrlori toyin edilir. Bu tisula asason gaz
cixarict quyular todqiq edilir, c¢iinki alinan
naticalor gazvurucu quyulara nisboton daha
doqiq giymatlor verir, yoni xatalar az olur [2].

Qeyri stasionar qazodinamik iisulla qaz
anbarinin iglayan quyusu toadgiq edilonda
quyudibi tozyiginin barpasi ayrisi ¢ixarilir, bu
mogsadla quyu dubina lubrikatorun kémayilo
dorinlik manometri endirilir vo quyunun isi
dayandirilir, dib tozyiginin borpa oyrisi
manometrin kartoqraminda cizilmig oyriys
asason qurulur. Bu oyrido maili diiz xott
pargasi alinir; onun tizorinds gotiiriilmis iki
noqtonin koordinatlarina asasan onun bucaq

omsalinin vo AP’ ordinat oxundan ayirdigi
parcanin odadi giymatlori grafiki yolla toyin
edilir vo bunlara osason yuxarida adlar
cokilmis lay parametrlori toyin edilir .

Asagida Qalmaz qaz anbarinin 255 sayh
quyusunda 10.12.2015-ci il tarixinds aparilmis
ilkin tadgigat 6lgii islarinin naticalori hagqinda
Molumatlar verilmisdir.

Sokil 1-do Qalmaz gqaz anbarinin
struktur xaritosi toqdim edilmisdir. Bu struktur
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Xaritodon goriiniir ki, qaz anbart antiklinal
tektonik qurulusa malikdir, sorqdon qorbo
dogru bir uzununa pozgunluq xattine malikdir
Vo anbar1 iki simali vo conubi hissalore
ayirmisdir. Anbarin yuxari simal hissasi simal-
conub istigamotdo yerlogsmis dord tektonik
pozgunluq xatlorine malikdir vo onu bes bloka
bolmiisdirlor (XVIHI, XVII, XVI, XV va XIV
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Sakil 1 — Qalmaz qaz anbarinin struktur xaritasi
Figure 1 — Structural map of Kalmaz gas storage

Qalmaz yeralt1 qaz anbarinda comi yeddi
tektonik pozgunluq xatlori vardir; bunlarin
kegiron Vo ya kegirmoyan olmasi tayin
edilmalidir, ¢iinki bu masalonin hallinin bdyiik
praktiki oshomiyyati vardir [9]. Bu anbarin
simal hissasindoki XVII, XVI, XV vo XIV
bloklarda quyular yoxdur; bu o demokdir ki,
yuxaridaki (simal hissado) pozgunluq xotlori
kegirmayandirlor. Conub hissadaki qorbdaki
birinci blokda da quyular yoxdur; ikinci va
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bloklara). Anbarin asagi conub hissasi isa iKi
simal-conub istigamotdo yerlogmis tektonik
pozgunluq xottilo onu ii¢ bloka ayirmisdir.
Anbarin c¢oxlu sayda quyulari onun XVIII
blokunda yerlosmisdir. Bunlar hom qaz

gixarici vo (az vurucudurlar, hom islomo-
yanlar va ham doa logv edilmis quyulardir.

icilincli bloklarda iso isloyon qaz quyulari

vardir. Belo hesab etmok olar ki, birinci
pozgunluq xotti kegirmayandir, ikinci iso
kecirondir. Bu  fikirlor  osason  sadaco

forziyyslordir, oslindo onlarin neco olduqlar
molum deyildir, ¢iinki onu miioyyan etmok
ticlin he¢ bir todqigat aparilmamisdir. Bu
problemin diizgiin hall edilmosi {iglin
gazodinamik dinloma tsulunu totbig etmok
tolob olunur. Bunun fig¢iin iso pozgunluq
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Xattinin saginda vo solunda, bir-birina yaxin
mosafado yerlosmis iki isloyan gaz quyusunun
olmasi1 ¢ox vacibdir. Goriindiiyii kimi, Qalmaz
qaz anbarmnin struktur xoritesindo belo ciit
isloyon quyular yoxdur. Ona gora pozgunluq
xattinin bir torafindo olan isloyan quyuya
yaxin digor torofindo  bir yeni quyu
qazilmigdir. Masalon, XVIII blokdaki 339
saylt quyu tiglin sag torafds bir quyu, 637 sayli
quyu i¢lin solda bir quyu vo 629 sayli quyu
iiclin solda bir quyu qazmaq lazimdir. Yalniz
bundan sonra pozgunluq xsttinin keciran vo
kecirmoyan olmasi diizglin  fikir
sOylomak miimkiindiir. Biitiin bunlardan sonra
yeraltt gaz anbarinin (YQA) qaz tutumunun

barada

artirilmasi todbirlorinin iglonmasi vo tatbiqi
miimkiin olar [5].

Verilmis struktur xoritodon goriiniir ki,
Qalmaz anbarinin yatma dorinliyi onun tavani
tizro 1700 m-don 2300 m-o godardir. Quyu-
larin  oksariyyati  1500-1800m  darinlikdan
islayirlor. Conub bloklardan goriiniir ki, 1900
m dorinlikds do gaz yi1gilmisdir [6].

Asagida Qalmaz anbarinin 255 sayh
quyusunda aparilan todgiqat-olgii islarinin
ilkin  naticalorinin - molumatlart  cadvalds
verilmisdir. Sokil 2-do Qalmaz anbar1 255
sayli quyusunda dib tozyiqinin barpas1 ayrilori
togdim edilmisdir.

Cadval — Qalmaz anbar1 255 sayli quyusunda aparilan tadgigat 6lgt islarinin ilkin naticalori
Table — Preliminary results of survey measurements carried out in well 255 of Kalmaz reservoir

haqqinda malumat

Qalmaz 255 sayli quyuda tadgigat-6l¢ii iglarinin ilkin naticalori

Nosr tarixi:10.12.2015

Quyu molumatlari: Quyu dibi 1684 m. Siizgoc 1557m-1547m MQ 1hor. Effektiv qalinliq - ...m NKB
@ 73mm — 1497m. ist.kom. 146mm-1780m. Ol¢ii naticalori @43mm yiiklo NKB yoxlandi- 1465m-dok

Quyununcari voziyyati Dorinlik, m | Tozyiq, atm | Temperatur, e Qeyd
Quyu bagl 0 95,7 20,3 otraf quyular haqqinda
1050 104,5 36,9 molumatlar
07.12.2015 saat 15% 1250 106,3 39,6
1450 108,1 41,9

Quyu 6 saat arzinds
(saat 1530 — 2139) gaz
gOtiirmo rejiminda

Qsorf = 7000 — 7700 m3/saat

stuser @ 8

mm ilo

comi ...min m3 gaz

Qaz gotiirms zamani
dorinlik cihazi 1450m-
do saxlanmagla
tozyiqin diismo

isloyib gotiiriilib oyrisinin geydiyati
aparilib

Quyuda tezyig 0 104,1 22,4 Darinlikcihazi 1450m-

gorarlasandan sonra 1050 113,6 38,2 do saxlamagla 39 saat

olciiliib 1250 115,3 41,2 arzindas tozyiqin barpa

09.12.2015 saat 15°° ayrisinin geydiyyati

1450 117,1 43,5 Y A=yeyy

aparilib
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Sakil 2 — Qalmaz anbar1 255 sayli quyusunda dib tozyiginin barpasi ayrilari
Figure 2 — Bottom pressure recovery curves in well 255, Kalmaz reservoi
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Sokil 3 — Quyularda anbara gaz vurmadan vo gaz ¢ixarmadan sonra ¢ixarilmus dib tozyiginin boarpasi
ayrilori

Figure 3 — Bottom pressure removed after injection of gas into the reservoir and removal of gas in the
wells recovery curves
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Sokil 3 vo 4-do quyularda anbara gaz
vurmadan sonra vo qaz ¢ixarmadan sonra
cixarilmig dib tozyiginin borpasit oyrilori
toqdim edilmisdir. Bu oyrilordo ordinat
oxunda dib tozyiglori, absis oxunda iss
dogigolorlo barpa zamanlar1 gostorilmisdir.
Bunlarda yuxaridaki borpa oyrilori gaz
vurmadan sonra, ikinci ayrilor qaz ¢ixarmadan
sonra ¢ixarilmisdir. Bu toqigatlar miiddatinda
dorinlik manometri quyunun dibinds yerlos-
dirilmigdir vo sonra quyunun isi dayandiril-
musdir [3].

Umumiyyaetle, qaz anbarinin temperatur
rejiminin todqiqi yalniz islomayan, yani statik
vaziyyatds olan gaz quyularinda aparilir. Bu
mogsadlo  maksimal termometrlo miixtalif
dorinliklords temperatur o6lgmolori aparilir.
Ozii do 6lgmolor asagidan baslayaraq yuxariya
dogru deyil, yuxaridan baslayaraq asagiya
dogru aparilmalidir (diizgiin naticalor almag
iiciin). Olgmoalor qaz anbarmin  miixtolif
sahalorinds yerlogsmis islomoyan quyularda
aparilir ki, layin orta sopalonmis temperaturu
diizgiin tayin edilsin.

Tazyiq Temperatur
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Sokil 4 — Quyularda anbara gaz vurmadan ve gaz ¢ixarmadan sonra ¢ixarilmus dib tozyiginin barpasi

oyrilori

Figure 4 — In the wells without injecting gas into the reservoir and without extracting gas then removed

bottom pressure recovery curves

Cox sayli Olclilmiis temperaturlara
osason onun dorinlikdon asililiginin qrafiki
qurulur (sak. 4). Bu qrafik temperaturlar
oxunun kosismo noqtesi orta illik soth
temperaturunun  giymoatini verir [8]. Bu
grafikdon hom temperatur gradiyenti, yani 1 m
temperatur artimima diison dorinliklar forqi,
hom do geotermik pillo yoni temperaturun

1°C artmasi @i¢iin uygun golon dorinliklor
forgi toyin edilir. Bundan basqa qaz anbarinin

izotermik xoritesi qurulur, qonsu izoterm
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oyrilori  arasindaki  saholor  hektarlarla
pantoqraf adlanan cihazla ol¢iiliir vo asagidaki
orta sopslonmis lay temperaturunun qiymaoti

hesablanir:

t, +t
2

t,+1t,

-h

t, +t
2-h1+223h2+...+ .

©)

t =
oy h+h, +..+h,

Qaz anbarinin miixtalif sahalarinda
yerlosmis qaz quyularinda toyin edilmis lay

tozyiginin giymatlarina osason izobar Xaritasi
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(A tsulu ilo) qurulur va qonsu izobar ayrilari
hektarlarla pantografla
Olgiiliir vo asagidaki diisturla orta sopalonmis
lay tozyiqi hesablanir:

arasindakt sahalor

P, +P

nl n

P +P
122 hl+

P, +P,

h, +...+

" (a)

P

lay —

h +h, +...+h,

Qaz anbarinin qaz quyularinda dib
tozyiglarinin barpasi ayrilarindan barpa olma
middatlori tayin edilmalidir, ¢iinki bir gisim
praktiki masalalorin  hollindo bunlar lazim
olurlar.

Isloyan bir-birine yaxm qonsu quyularda
gazodinamik dinloms tisulu totbig edilmalidir
(masalan 208, 610 vo 608, 232 islayan quyular
ciitlorinds). Burada, har ciitiin quyular1 dibina
dorinlik manometri endirilir vo sonra ciit
quyularm birinin isi dayandirilir, digarinin
reaksiyasinin olub olmadigi qrafiki yolla
miioyyon edilir.

Ogor ikinci quyuda reaksiya yoxdursa,
onda ya bu iki quyular arasinda keg¢irmayan
pozgunluq xotti kegir, yaxud da bu ciitliin bir
quyusu basqa horizontdan isloyir. Ogor
reaksiya vardirsa, onda demoli ciitiin
quyularmin ikisi do bir horizontdan isglayir vo
onlarin arasindan pozgunluq xotti kegmir, ya
he¢ bir pozgunluq xotti kegmir yaxud da
pozgunluq xatti kegir. Qazodinamik dinloma
tisulu ilo todgigat noticasinds pyezokegiricilik
omsalinin qiymoti tayin edilir, hom do tozyiq
impulsunun reaksiya edici quyuya c¢atma
miiddoti tayin edilir.

Yeralti qaz anbarinda qaz quyularinin
dibinds su vo kondensat siitunlarinin logv
edilmasinin isulu totbig edilmalidir.

Molumdur ki, dag tozyiginin giymati
asagidaki diisturla hesablanir:
H7 or.x.g

P —
10

dag —

(5)
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burada H qaz anbarmin yatma
dorinliyi, m-lo, ¥orxc.= 26 Q/sm*-qaz
anbarindan yuxarida yer sothinodok yatmis
biitiin stixurlarin orta xtisusi ¢okisidir.

Dag tozyiqi iki hissaya ayrilir, yani:

P

dag

=P

lay

(6)

— lay tozyiqi, Py, — siixurun

+ P,

burada P

lay
skeletina diigon tozyiqdir.

Dag tozyiginin giymotini anbarin qaz
quyularinda 6l¢iilmiis lay tozyigilo miiqayiso
edorak, laymn hidravlik yarilmasinin (LHY-
nin) bas verib-vermadiyini yoxlamaq lazimdir
[7]. Yeralti qaz anbart (YQA) asagidaki
laylarda yaradila bilor: tiikonmis tomiz Qgaz
yataginda vo quru ibarat olan
laylarda, 0zii do onlarin giicii (qalinhig),
mosamolik omsali vo kegiriciliyi miimkiin
godor yiiksok olmalidirlar. Bu anbarlar
arasinda  forqli  istismar  xiisusiyyatlori
movcuddur Ki, bunlar da osason asagida-
kilardan ibaratdir.

- Tiikkenmis tomiz qaz yatagindan sec¢ilmis
yeraltt qaz anbarinda yalniz gaz ¢ixardici
quyularin dibinds su siitunu vo mexaniki
qarigiglar yigila bilirlor, tikonmis qaz-
kondensat yataqlarinda yaradilmig yeralti

siixurdan

qaz anbar1 qaz quyularinin dibindo hom
do qaz-kondensat siitunu yarana bilar;
quru layda yaradilmis qaz anbarn gaz
quyularmin dibindo do su siitunu vo
mexaniki qarigiqlar yigilir.

Bunlarin logv edilmosi f{igiin moalum
tisullardan istifado edilir [4].

Yeralt1 qaz anbarlarina quyulardan quru
gazin vurulmasi iigiin 60-70 atm quyu agzinda
tozyig yaradan kompressor stansiyasinin
kompressor maginlart ilo  vurulur. Dag
tozyigini va layin hidravlik yarma tozyiqini

nozors alaraq yaradilan qaz anbarmin
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yaradilmasinin  minimal
etmok lazimdir.

Ogor gaz vurma tazyigqi bu minimal
dorinlikli anbarin lay tozyigindon ¢ox yiiksok
olarsa, onda yer sathinadok siixurlarda catlar
omolo galor vo anbarin biitiin gazi atmofera
piiskiira bilor.

Ogor 100 at yaradan kompressor
magsinlart ~ totbiqg  edilorss, onda anbar
dorinliyinin minimal giymati daha ¢ox olar.
Buradan aydin olur ki, yeralti qaz anbarinin
darinliyi na gadar ¢ox olarsa, bir o qadar yaxst
olar.

darinliyini  tayin

Natica

Belaliklo, gaz quyularinda toyin edilmis
lay tozyiglorina osasen fiicbucaq tsulu ilo
izobar xaritasi qurulur vo orta sopalonmis lay
tozyigi toyin edilir. Dag tozyigini vo layin
hidravliki yarilma tazyiginin giymatlorine
osason qaz anbarmmin yaradilmasi iiglin
buraxila bilon minimal yarma darinliyi tayin
edilmisdir.

Maraqlar miinaqisasi

Miiolliflor bu moqalodo arasdirilmasi
tolob  olunan  maraqlar  miinaqisosinin
olmadigini geyd edirlor.
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Abstract

An experience in the operation of subsea pipelines, which are part of the existing offshore collection
system, shows that for trouble-free and efficient operation of the collector-transport system and its indivi-
dual subsea pipelines, it is important to choose the optimal operating modes. In the article, based on
known calculation methods and considering the characteristics of heterogeneous well products, an analyti-
cal method for hydraulic calculation and determination of the optimal operating mode of liquid pipelines
is developed, which is tested at the Gunashli field.
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Sualt1 fliiid komorlarinin energetik xiisusiyyatlarinin retro-tahlili

asasinda hasilat quyularinin is rejimlorinin optimallasdirilmasi
(“Giinagli” yatagimin timsalinda)
Q.Q. ismayilov!, S.Z. ismayilov', S.Z. ismayilov?, A.V. Sultanova®
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Yazisma iiciin: Sultanova Arzu / e-mail: arzu-sultanova@rambler.ru

Xiilaso

Daniz yataglarinin méveud yigim sistemina daxil olan sualti boru komoarlorinin istismar tocriibasi
gostarir Ki, yigim-naql sistemi vo bura daxil olan ayri-ayri sualti komoarlorin qozasiz vo somoarali islomasi
tigtin onlarin optimal is rejimlarinin diizglin se¢ilmoasi vacibdir. Magalodo malum hesablama iisullarina is-
tinad etmoklo vo heterogen quyu mohsullarinin xiisusiyyatlori nozars alinmagla fliiid komorlorinin hidrav-
lik hesablanmasi vo optimal is rejiminin toyini tigtin analitik tisul islonmis vo “Giinasli” yataginda sinag-
dan ¢ixarilmisdir.

Acar sozlor:  hasilat quyusu, fliiid komari, optimal rejim, hidravlik hesablama, analitik tisul.
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AHHOTANUA

OnpIT 3KCIUTyaTaliy MOJBOAHBIX TPYyOONPOBOIOB, KOTOPHIE SBISIOTCA YaCTHIO CYIIECTBYIOIIEH
MOPCKOH CcHCTeMBI cOOpa, MOKa3bIBaeT, UTO i Oe3aBapUiHON U 3PPEKTUBHONW paOOThI KOJICKTOPHO-
TPAaHCHOPTHOW CHUCTEMBI W BXOZSIIMX B HEE OTACIBbHBIX NOJBOAHBIX TPyOOIPOBOJOB Ba)KHO BHIOPATh
ONTHMANbHBIE PEXUMBI paboTh. B cTarbe Ha OCHOBE H3BECTHBIX METOAOB pacdeTra U C YYETOM
XapaKTepUCTUK  HEOJHOPOJIHBIX  TPOAYKTOB  CKBRXHMH  pa3pabOoTaH  aHAINTUYECKHH  METO[
THIIPAaBIMYECKOT0 pacueTa U OlpeesIeHHs] ONTUMAIBLHOTO pekuMa padoThl XKHUIKOCTHBIX TPYOOIPOBO/IOB,
KOTOPBII OBUT UCTIBITAaH HA MECTOPOXKICHUN «[ TOHEIIIN».

KuaroueBble ciioBa: JKCIUTyaTaIllAOHHAsT CKBaXXWHA, JKUIKOCTHBIM TpyOONpPOBOJ, ONTHMAaILHBINA
PEXUM, TUIIPABINYECKUI pacyeT, aHaTUTUUYECKUI METOS.
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Giris

Mbolumdur ki, Xazar donizinda karbohid-
rogen yataglarimin istismari ayri-ayri doniz
oziillarindon gazilimis quyular, quyu mohsul-
larmin yigilmas: vo nagli iso miirokkob relyef
vo termobarik soraitds isloyan sualti boru ko-
morlori vasitasi ilo hoyata kegirilir. Relyeflo
olagodar asas ¢atinliklor onunla baglidir ki, ha-
silat quyular1 vo onlarin mohsuldarliginin
qurgulart mixtalif o6ziillordo yerlogir. Oksor
hallarda oziillorarast yigim Kollektorlarinda
asagidan yuxari vo okSino yuxaridan asagi
axinlar movcud olur. Moahz relyef vo termoba-
rik soraitlorin doyismosi ilo bagh sualti fliiid
komarlorinds naql soraitinin vo qaz-neft axin-
larmin struktur formalarinin deyismasi hesabi-
na sistemds tozyiq doyiintiilori bas verir, qoza
hallarinin ehtimali ¢oxalir. Madandaxili boru
komorlorinin isinin tohlili gostorir Ki, oksor
hallarda onlarin optimal is rejimlori tomin
olunmur [1-3].

Istismar prosesindo bu vo ya digar so-
bablordon bas vermis doyisikliklarin (quyula-
rin isdon dayanmasi, yeni quyularin iso dis-
moasi, boru xotlorindo bas veran neft-gaz siz-
malar1 vo digor miirokkoblosmalor) sualtt boru
komorlarinin energetik xiisusiyyatlorino eds
bilacak tasirlor iso demok olar ki, xiisusi tadqi-
gat obyekti olmur. Quyu mohsullarinin yigil-
masi vo naqlini hoyata kegiron sualti komorlor
(neft-qaz vo ya fliiid komorlari) quyuagzi toz-
yiq altinda isladiyi ii¢iin onlarin is rejimlarinin
diizglin qurulmasi ¢ox vacibdir. Tahlil gostarir
ki, asas problemlor neft-qaz (fliiid komorlori-
nin) istismar ilo bagl yaranir. Odur ki, mii-
rokkob soraitdo istismar olunan sualti daniz
neft-qaz komorloarinin energetik xiisusiyyatlo-
rinin tohlilinin aparilmasi, onlarin rasional is
rejimlarinin tomin olunmas: hasilat quyulari-
nin optimal is rejimlarinin tamini, eko-istismar
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gostaricilarinin  yaxsilasdirilmasi baximindan
xiisusi shomiyyat kasb edir.

Neft-gaz garisigi naql edon fliiid komor-
lori tigtin optimal is rejimi xiisusi enerji sorfi-
nin (AP/Q) minimum giymotino uygun goalon
hal hesab olunmagla, bir gayda olaraq, grafiki
tsulla Q=f(AP) asililigina koordinat baslangi-
cindan ¢okilmis toxunanla mioyyanlosdirilir
[4]. Toxunanla AP=f(Q) oyrisinin toxunma
ndqtasing uygun golon AP va Q-nin giymatlori
koamarin optimal is rejiminin gostaricilori Kimi
gobul edilir. Eyni ilo xiisusi enerji sarfinin
sorfdon asili olaraq qurulmus qrafikinds xtisu-
si enerji sarfinin minimal giymotino uygun go-
lon sorf gostoricisi optimal rejim gdstoricisi
demokdir. Aparilan tohlil gostorir ki, he¢ do
hamiso geyd olunan grafiki tisullarla komorls-
rin optimal is rejimini doqiq miioyyonlosdir-
mok miimkiin olmur. Qeyd olunanlari nozars
alaraq, asagida fliiid komorlorinin energetik
xiisusiyyatlorinin tohlilini aparmaq, onlarin
optimal is rejimini toyin etmok ti¢iin asagidaki
analitik tisulun islonmasino baxilmisdir.

Neft-qaz garisigini noql edon boru ko-
moarlorinde Gimumi tozyiq itkilori, gravitasiya
itkilori do nozors alinmazsa, asagidak: kimi to-
yin edilir [4, 5]:

AgarPaarVe
“AqarPqarVqar™ qar qarL z :
hqallgpqall

- Z henigpeni
i=1

burada Aqar —

omsalt; Pgar, Vgar —

Ap =

qarigigm hidravlik miigavimat
uygun olaraq, qarisigin
sixhigi (kg/m3) vo orta axin siirati (m/s); L vo
D — uygun olaraq, boru kamarinin uzunlugu vo
diametri (m); hgq, hen
komorinin  asagidan

yuxaridan asagi enon hissasinin uzunlugu (m);

— uygun olaraq, boru

yuxart qalxan vo

Pgal» Pen — uygun olaraq, galxan vo enon
hissolords garisigin sixligidir, kg/m?®.
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Qaris181n orta siiratinin:
4
T 86400(1 — f)mD?
ifadosini (1)-do nazors alsaq, fliiid komarinin
hidravlik (sorf) xarakteristikasi {igiin asagidaki
ifadoni alariq [5]:

Ap = aQ?, +
p=aQ,+b @
_ ~10 AqarPqar | L
a = 1.08693.10710 =L - =

b= thaligpqali - zhenigpeni
i=1 i=1

Burada f — qarisigin hacmi sarf qazlihigs;
Q — qanisigim sorfidir, m*/giin.

Fliiid komorlorinin sarf xarekteristikasi-
na osason onlarin optimal is rejiminin toyini
tictin analitik tisulun iglonilmasine ham xiisusi
enerji sarfinin minimal qiymati, hom do toxu-
nan tisulu nazors alinmagla baxilmigdir.

Xiisusi enerji sarfino gora analitik iisulun
islonmasi

(2) tonliyinin hor iki torofini Q-yo bol-
sok, qgazli neftlori noql etmok tdiglin xususi
enerji sarfinin boru komarinin rejim gostarici-
lorindon asililigini alariq:

©)

Nozari vo riyazi-tacriiba todqiqatlarina
osaslanaraq, a vo b omsallarinin sorfdon asili-

liglarini, praktiki olaraq qgobul olunan
doqiqglikls, asagidaki ifadoslorlo miioyyon
etmok olar [6]:
— B
a= A.lan
(4)

b — eAZ |n2 (an )+BZ In(an )+C2
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Burada 41, 4> vo By, By vo C, — verilon
boru komari {iglin sabit komiyyatlordir. a va b-
nin ifadolorini (2) tonliyindo nozoro alsaq,
alanq:

%P = A,0Q81%1 4 1. e A2 In*(Q)+B;In(Q)+C; (5)

Sonuncu ifadonin hor torofindon Q-yo
gbro toromo alaraq, sifira borabor edib Q-yo
gora hall etsok, boru komorindo axan neft-gaz
qarigigmin optimal sorfini hesablamaq {i¢iin
ifadoni almagq olar:

KlQKZ — eAzlnz(Q)+len(Q)+C2

_ A(B+1)
' 1-2A,In(Q)-B,

6)
K2=Bl+2

(6) ifadosinin hor iki torofini natural
loqarifmlosok vo In(Q)-yo gora alinan kvadrat
tonliyi hall etsok, optimal sorfin hesablanmasi
tiglin asagidaki ifadoni alariq:

—(Bz—K2)+J(Bz—K2)2—4—A2(Cz—ln(Kl))
245

Qopt =e @)

Sonuncu ifadoys daxil olan K; omsali da
Q-don asili oldugu ii¢iin bu ifadodon optimal
sarfin qiymati 0.001% doaqiqliklo hesablanir.
Bunun ii¢lin 1-ci addimda Q-nin qiymati
borudan faktiki axan qarigigin sorfino barabor
qobul edilir, Kij vo Qgpti hesablanir. Sonraki
addimlarda K;; qiymatini hesablamagq ti¢lin Q-
nin qiymoti Qopt¢-1-in  qiymotino borabar
edilir. Lazimi doqiqlik alinandan sonra
optimal sorfin Qqpti -in son qiymotino barabar
gobul edilir.

Beloliklo, (7) ifadesino osason xiisusi
enerji sorfinin qiymotlondirilmasi osasinda
fliiid komorinin optimal sorfini hesablamaq
olar.
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Toxunan iisuluna asason giymoatlondirms

Toxunan isulu ilo gqiymotlondirmoayo
osason fliiid komorinin optimal sorfinin toyini
liclin analitik {isulun islonmosi magsadilo
toxunma noqtesindo  (4p)' =k  oldugunu
qobul edok. Bu ndqte toxunanla AP=f(Q)
oyrisinin ortaq noqtosidir. Onda asagidaki
ifadoni alariq:

(Ap)' =k = A;(By + 2)Q%* + (24,Q7" X

x In(Q) + BZQ‘l)eAzlnz(QHBz In(Q)+C,

(8)

Toxunma noqtesinds toxunanin  vo
AP=f(Q) oyrisinin iimumi ndqtasinin ordinat-

lar1 barabar oldugunu nozors alsaq:

Ap = A,QB1%2 4 eA21n?(Q)+B2In(Q)+C; — kQ
= Q[A1(By + 2)Q"*! + (24,Q7'In(Q) +
_I_BzQ—l)eAzlnz(Q)+len(Q)+C2]

A,QB1+2 4 eA21n?(Q)+B2In(Q)+C; —

= A;(B; +2)Q5*% + (24,In(Q) +
+Bz)eAzln2(Q)+len(Q)+C2

A1Q31+2 _ Al(Bl + 2)Q31+2 —
= 24,In(Q) + B, — 1)e42n*(@+B2In(Q)+C;

A1(By + 1)Q™™? = (24,In(Q) +
+B,— 1)eA21n2(Q)+len(Q)+CZ

Ai(B;+1)
1-24,In(Q) — B,
= gA2In?(Q)+B;In(Q)+C;

QBl+2 —

Sonuncu ifade (6) tenliyi ilo eyni
alindigindan, sonraki omaliyyatlar1 aparmadan

fliid komorindo sorfin optimal giymotini
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hesablamaq tiglin (7) ifadosi ilo eyni olan
asagidaki diisturu aliriq:

~(B,—Kyp)+y(B,—K;)? 44, (C, ~In(K, )
Qe =€ 2
opt (9)

Gortindiyt kimi (7) va (9) analitik ifa-
dalari eynidir. Yoni hor iki tisulla hesablanmis
neft-qgaz garisiginin optimal sorfinin giymati
eyni olacaqdir.

Fliid komorlarinin energetik xiisusiyyat-
lorinin tohlili magsadilo “Giinogli” yataginin
timsalinda retrospektiv moalumatlar osasinda
fliiid komaorloari tigiin [3, 4, 7-10] hidravlik he-
sablamalar aparmagq ti¢iin Microsoft Excel sis-
temindo makroslardan istifado etmoklo xiisusi
program tortib olunmus va 15 vo 5-ci Oziillor
arasi “15-5, 5 va 2-ci oziiller aras1 “5-2” vo 8
ilo 13-cii Oziillor aras1 “8-13” sualt1 fliiid ko-
morloari tiglin sinagdan kegirilmisdir.

Homin komaorlorin hondosi olgiilori vo
faktiki rejim gostaricilori cadval 1-da verilmis-
dir. Fliid kemarlorinin hidravlik hesablanma-
sinin naticalori iso cadval 2-do gostorilmisdir.

Islonilon program tominathi diagnostik
metodikaya osason aparilmig hesablamalarin
naticolorine  gora  fliiid komorlori  {iglin
AP=f(Q), AP/Q=f(Q) asililiglar1 qurulmus,
onlarin optimal va faktiki is rejimlori miiqayi-
s9 edilmis vo yiiklonma doracslori miisyyan-
losdirilmisdir.

Qeyd olunan asililiglar uygun olaraqg, se-
kil 1-3-do gostorilmisdir. Homin sokillords yu-
xarida geyd olunan analitik {isula asason tayin
edilmis sorfin optimal giymati miivafiq ayrilor
tizarinds geyd olunmusdur. Homin grafiklords
hamginin sualt fltiid kemarlarinin faktiki sorf
gostaricilari do verilmisdir. Sokillordon goériin-
diiyti kimi, baxilan komarlorin heg biri optimal
is rejiminda islomir (yiiklonmo daracalari
asagidir).
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Cadval 1 - “Giinasli” yataginin sualt1 fliiid komorlarinin handssi dlgiilari vo faktiki rejim gostaricilori
Tablel — Geometrical dimensions and actual regime indicators of the underwater fluid pipelines of
“Gunashli” field

Oziillor Fliiid kemarlorinin handssi dl¢iilari Tozyiq Sorflar
arast
Komorlor uzunlugu | diametri hu?i:ﬁ:jyu hurfgillguyu baglangic | son neft qaz
L D hqal hen pb ps Qn Qq
m m m m MPa MPa | mgiin | m%giin
15-5 1200 0.325 122 119 2.13 1.67 2000 | 780000
5-2 1100 0.325 119 108 1.67 1.33 536 252050
8-13 1600 0.325 159 160 2.79 2.28 258 35000
Cadval 2 — Sualt1 fliiid kemarlarinin hidravlik hesablanmasinin naticalori
Table 2 — Results of hydraulic calculation of underwater fluid pipelines
Neft-qaz axinlarinin faktiki rejim gostoricilori
Oziillor Nogl Axinin Hidravlik AP =aQ’ +b Umumi
arasi ssrajtinde (.)‘rta. miigavimot modelindo .tez.yiq.
komorlor | qarisigin sorfi suirati omsal1 4 vo b —nin faktiki itkilori
giymaotlori
Quq Vaar A Alfak Brak Ap
m>/giin m°/s MPa
15-5 2096 6.50 0.0128 1.166-:10° 0.1101 0.161
5-2 563 2.65 0.0153 1.996-10° 0.2159 0.222
8-13 275 0.22 0.0261 0.6507-10° 0.9850 0.986
1.10 ' 3
1.00
2 o0 41 T 25
§_, 0.80 \ %
< 070 \ T 2 g
2 060 \ 1,5 &
g 0.50 A ’ E
€ o040 \ @
= N T1 &
£ 030 T~ ic}
£ 020 B — S = o
b T e—a o] = 0.5 =7
0.10 Y = Z
0 1000 2000 3000 4000 5000

Qanyigin sarfi, Q (m*/gin)
—&— Toklif olman iisulla optimal rejim
—{1- Faktiki rejim
—A— Toxunan usulla optimal rejim
Sokil 1 — “15-5” sayli sualt1 fliiid kemarinin optimal is rejiminin toyini (“Glinasli” yatagi)
Figure 1 — Determination of the optimal operating mode of the underwater fluid pipelines “15-5”
("Gunashli" field)
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Sokil 2 — “5-2” sayli sualti fliiid komarinin optimal is rejiminin tayini (“Giinasli” yatagi)
Figure 2 — Determination of the optimal operating mode of the underwater fluid pipeline “5-2”
(“Gunashli” field)

110 45
1.00 4
- =+ 40
%‘ 0.90 ¢ 1 &
T e
< 080 \ =
< 070 X — T 3038
Z 060 . - T ¥ &
o 050 & ~—] +H,:; 20 &°
? 0.40 1 15%
= 030 3 1 .o
Z 020 g
- %4 1.
010 -
000 “+—==5 - 7 0
0 5000 10000 15000 20000

Qangigin sarfi, Q (m*/gin)

—4  Toxunan isulla optimal rejim
- Toklif ohman isulla optimal rejim
—{1 Faktki refm

Qeyd: Sakillordaki optimal is rejiminin gostoricilori analitik tisulla daqiqlasdirilmisdir.

Sokil 3 — “8-13” sayl1 sualt1 flilid komerinin optimal is rejiminin toyini (“Giinosli” yatagt)
Figure 3 — Determination of the optimal operating mode of the underwater fluid pipeline “8-13” (“Gunashli” field)
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Natico

Sualtt deniz fliiid kemarlorinin optimal
is rejiminin toyini {i¢lin analitik tisul islonilmis
va simaqdan ¢ixarilmigdir.

Retromolumatlarin  (2009-cu il) tohlili
noaticasindo miioyyon edilmisdir ki, “Giinagli”
doniz yataginin quyu mohsullarinin y1gimi vo
noglini hoyata kegiron flilid komorlorinin
yiikklonmo doracolori  asagidir
optimal is rejiminin tomini Ug¢iin komorlor

va onlarin

olavo yliklonmolidir. Homin komorlor iigiin
xiisusi enerji sorfinin  minimum qiymoto
catmasli, yoni, is rejiminin optimallagdirilmast,
hasilat quyularmin is rejimlorinin optimallas-

dirilmasi ticilin ¢ox vacibdir.

Maragqlar miinaqisasi

Miuslliflor bu moqalods arasdirilmast
tolob maraqlar
olmadigini qeyd edirlor.

olunan miinaqisasinin
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Abstract

Taking into account the affecting factors, such as the initial pressure drop and deformation of the
reservoir rocks, in the conditions of a deep occurrence of a non-Newtonian oil field, a method for deter-
mining the change in time of the natural and technological characteristics averaged over the reservoir -
reservoir pressure and reservoir porosity, as well as well flow rate is proposed. Thus, by determining the
changes in time of the average values of reservoir pressure and reservoir porosity, the well productivity is
determined for a given allowable drawdown on the reservoir, as an integral characteristic of well opera-
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Qeyri-nyuton neft yataqlarinin horizontal quyularla istismari

zamam tabii-texnoloji xarakteristikalarin hesabati
S.V. Abbasova

“Neft, Qaz va Kimyamn Geotexnoloji Problemlori” Elmi-Tadgiqat Institutu,
Azarbaycan Doviat Neft vo Sanaye Universiteti (Azadlig pr., 34, Baki, AZ1010, Azarbaycan)

Yazisma iiciin:
Abbasova Samira / e-mail: abbasovasamira@mail.ru

Xiilasa

Tazyiqlor forqi vo suxur kollektorlarin deformasiyasi kimi faktorlarin tasiri nozers alinmaqla derin
laylarda yerlason geyri-nyuton neft yataqlarinda zamana gors laylarin ortalanmig tobii-xarakteristikalarinin
lay toziqi, layimn mesamaliyi, ham¢inin quyunun debetinin doyismasi toyin edilir. Belsliklo, lay toziginin vo
laym mosomoliyinin orta qiymatlarindan istifado edorok zamana gora doyisilmosini miiayyan etmokls veri-
lon laya buraxila bilon depressiya quyusunun mohsuldarligi toyin edilir ki, bu quyunun istismarinin integ-
ral xarakteristikasidir. Hesabatlar dag quyularinin mixtalif qiymeatds sixilmasi zamani aparilmisdir vo ho-
rizontal quyularda bu giymatlor tiglin lay toziqi vo debetin doyisilmasi tapilmisdir.

Acar sozlor:  geyri-nyuton nefti, neft yatagi, horizontal quyu, ilkin tozyiq diismosi, siixur deformasiyasi.

Pacuer NmpUpPOIHO-TEXHOJIOTHYECKHUX XAPAKTEPUCTHK ILUIACTOB He-
HBIOTOHOBCKOI He(TH NMPH HUX IKCILUIyaTAMH TOPU3OHTAJIBLHBIMH

CKBAXKUHAMU
C.B. AbbGacoBa

HUU «'eomexnonocuneckue npobiemvl Hepmu, 2aza u Xumusiy,
Azepbatiodicanckuli 20Cy0apCcmeeHuslil yHugepcumem ne@mu u npomviuiiennocmu (np. Aszaonvie, 34, ba-
Ky, AZ1010, Azepbaiiosncan)

JUIs1 mepenucKu:
A66acoBa Camupa / e-mail: abbasovasamira@mail.ru

AHHOTaNUA

C ydyeTroM Biusionux (pakToOpoB, TAKMX KaK HAYaJbHBIN MEepenaj JaBjieHus U AehopMariys Iopo/I-
KOJUIEKTOpa B YCIIOBHUSX TIIYOOKOTO 3ajlieTaHus MECTOPOXKICHUS HEHBIOTOHOBCKOW HEe()TH, MpeiaraeTcs
METOJI OINpEJIEIEHNU U3MEHEHUSI BO BPEMEHU OCPEJIHEHHBIX IO IUIACTY MPUPOJAHO-TEXHOJIOTUYECKUX Xa-
PAKTEPHCTHUK - TUIACTOBOI'O JABJICHUS U MOPUCTOCTH IIJIACTa, a TAKXKe 1eOuTa CKBaKUHBL. Takum oOpa3oM,
onpeensis U3MEHEHUs] BO BpEMEHH OCPEIHEHHBIX 3HAYEHUH IIACTOBOrO JIABJICHUS U MMOPUCTOCTH ILIacTa,
onpeaensieTcs: IPOU3BOAUTEILHOCTh CKBAXKHUHBI MPU 33JaHHON JTOIYCTUMOM JIEMPECCUH Ha IJIACT KaK UH-
TerpajbHasl XapakTepUCTUKA IKCIUTyaTallud CKBaKUH. PacdeTsl MPOBEEHBI MPU Pa3UYHbIX 3HAYEHUSAX
CKUMAEMOCTH TOPHBIX MOPOA, U AJIA ATUX 3HAUCHUU OMNpeNEieHbl MOKA3aTea HU3MEHEHHUs IIaCTOBOIO
JIABJICHUS U 1eOUTa TOPU30HTAIEHON CKBaKUHBI.

KioueBble cioBa:  HEHBIOTOHOBCKAs HEPTh, HEPTIHOE MECTOPOXKIICHHE, TOPU3OHTAIBHAS CKBYKHHA,
HaYaIbHBIA TIepena qaBieHus, 1ehopManus rOPHBIX TOPOI.
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Beenenune

Pa3paboTka MECTOpPOKICHHI HEHBIOTO-
HOBCKOM HE(TH C LEIbI0 JOCTHXKEHUS IPO-
eKTHBIX 3HA4YeHUH He(TeoTAaun Henocpen-
CTBEHHO CBsi3aHa C HEOOXOJIUMOCTBIO CO3/1a-
HUS U NpUMeHeHus 3(p(HEeKTUBHBIX PaCUETHBIX
METOZOB JJIsi OLEHKHM HMX TEXHOJIOTMYECKHX
xapakTepucTuk. OHAKO MPaKTHKa MOKa3bIBa-
eT, 4To 0e3 MOJHOr0 Yy4eTa BCEX OCHOBHBIX
BIMSIIOIIMX Ha TPOIECC pa3pabdOTKU MeCTO-
pOXJIeHU (PAKTOPOB HEBO3MOXKHO, C OJIHOM
CTOPOHBI, 00JIee aJeKBaTHO IMPOBECTU OLIEHKY
9THX XapaKTEpUCTUK, C APYrod — IepeBecTH
paboTy CKBaKMH Ha Oojee 00OOCHOBAHHBIN
ONTUMAJIbHBI TEXHOJIOIMYECKHH PEXUM IpH
YCIIOBHH BIMSHUS 3THX (akTopoB. [loaTomy
MIPHU OCYIIECTBICHUU COOTBETCTBYIOIIUX IIPO-
EKTHBIX PacueTOB BCE Yallle CTPEMSATCS IIPOBE-
CTH WX C Yy4YETOM BO3MOXKHBIX BITHSIOIINX
(bakTopoB.

OTH (HaKTOphl MOYKHO pa3JeNUTh Ha JBE
Ipymnmsl: a) (akTopsl, BO3ACHCTBYIOIIUE B
paMKax KOHCTPYKIMOHHBIX M OCYIIECTBJICH-
HBIX BHYTPHUCKBXHMHHBIX AKCIUTyaTaI[HOHHO-
OTEpaIMOHHBIX OcoOeHHOcTel; 0) (akTopsl,
XapaKTepU3YIOIIne
CBOMCTBa CHUCTEMBI ‘“‘(QuIrona-miopoaa” B Iija-

(bu3MKO-MEXaHUUECKHE

CTOBBIX ycioBusx [1].

[IpoBenenne HEOOXOIMMBIX MPOEKTHBIX
pacueToB Mpu pazpaboTke 3ajekell HEHbIOTO-
HOBCKOW He(TH TOPH30HTAIBHBIMU CKBAXKHU-
HamH TpeOyeT ydera 3TUX o0eHx rpymnn (ak-
TOpoB. Mcrmonp30BaHHE pacyeTHBIX METOJIOB,
CO3MIaHHBIX 0€3 WX yd4eTa, ¢ NPaKTUIECKOH
TOYKH 3peHHsI, OyZeT HOCUTh HETIOTHOIICHHBIN
XapakTep, Tak Kak IMpH CO3/JaHuH 0ojee a/iek-
BaTHBIX PACUYETHBIX METOAOB B 3TOM CIllyyae
HEOO0XO/UM OJHOBPEMEHHBIN y4eT KOHCTPYK-
IIUOHHO-PEKUMHBIX OCOOECHHOCTEW M IUIACTO-
BBIX THJIPOJIMHAMUYECKUX YCIOBHH.

89

Pa3paboTka riryOOKO3aleralonumx Mme-
CTOPOXKJIEHUH TPOMCXOJUT B CIIOKHBIX MPH-
POIHO-TEXHOJIOTUYECKUX YCIOBUSX, U MOITO-
My IpH NPOSKTHPOBAHMH HOBBIX PaCYETHBIX
METOJIOB [UISl OCYIIECTBICHHS COOTBETCTBY-
IOIINX MPOEKTHBIX PadOT Cpein BCEBO3ZMOKHO
BIMSIOIUX (AKTOPOB TpeOyeTcs BBIICIUTH
JMIIb HECKOJbKO BAKHBIX M HPOLECC CO37a-
HUSl 9TUX METOJIOB NPOU3BECTH B PAMKAX HX
yuetra. OHAKO y4deT B OOJbIIEM KOJIMYECTBE
THX (HaKTOPOB CIOCOOCTBYET JHILIB YCIIOXK-
HEHUIO, KaK TP CO3JaHUM HOBBIX METOJOB
NPOEKTUPOBAHUS, TaK M NPU UX HCIOJIb30Ba-
HHUH B IPAKTHYECKUX IEIISX.

Heo0xoauMo OTMETHTB, YTO K HAacTOS-
IeMy BpPEMEHH HAKOIUIEH OOJBIIOW OMBIT
MIPOBE/ICHUSI MCCIICAOBAHUM, MperycMaTprBa-
IOIIMX Pa3IMYHble MaTeMaTudeckue u (pusu-
YeCKHE MOIXO/IbI TIPH TTOCTAaHOBKE M PEIICHUN
3a7jad Mo MPOEKTUPOBAHUIO PAOOTHI TOPU3OH-
TaJbHBIX CKBaXHH B HE(QTAHBIX, ra3oBbIX U
ra30KOH/ICHCATHBIX MECTOPOXKICHUSIX [2-4].

Kak nposomkeHue B 3TOM HalpaBieHUN
paboT B JAaHHOW CTaThe pacCMaTPUBAETCS 3a-
Jada  ONpEeAENICHHS OCHOBHBIX IPUPOIHO-
TEXHOJIOTUYECKUX XapPaKTEPUCTUK (ITOKa3aTe-
nien)

npu  pazpaboTke

HEHBbIOTOHOBCKOM He(bTH C HCIIOJb30BaAHHEM

MECTOPOKACHUI

TOPU3OHTAIBHBIX CKBAaXHH, C Y4YE€TOM KOH-
CTPYKIIMOHHBIX XapaKTEPUCTHK CKBAXXHUHBI U
(U3MKO-MEXaHNYECKUX OCOOCHHOCTEH HeTH
¥ TOPHOW TIOPOJIBI TIACTA.

[ToMHMMO KOHCTPYKLIMOHHBIX OCOOEHHO-
CTEeH CKBAXHHBI, TAK)KE YUYUTBHIBAIOTCSA (HU3H-
KO-MEXaHWYEeCKHE CBOMCTBA CHUCTEMBI “Quiro-
UJI-TIOPOJIa”~, TaKue KAaK HadaJIbHBIA mepenaj
JaBJIeHUs U JledopManus MOpOA-KOIEKTOpa,
CBSI3aHHBIX C IOBEIEHHUEM HE(PTH U TOPHOH
MOpPOJBl B YCJIOBUSAX TIyOOKOTrO 3ajieraHus
MECTOPO’KJICHNUSI HEHBIOTOHOBCKOM He(TH.
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Leas padorbl - omucaHue METOAMKH,
MO3BOJISIONICH  OMPEAETUTh MOKa3aTelan pas-
pabOTKM MECTOPOXKICHUN HEHBIOTOHOBCKOM
HEPTH C TOPU3OHTAJIHHBIMH CKBAXHHAMHU C
y4eToM (PaKTOpOB MPOSBICHUS HAYAIBLHOTO
nepernajaa JaBieHUs U JaedopMaify TOPOJ-
KOJUIEKTOpA.

ITocTaHoBKA M pelieHUe 321a41

H3BecTHO, UTO NEOUT HAKIOHHOM CKBa-
KUHBI TIPU CTAllMOHAPHOM IPUTOKE HePTH U3
racTa mpu KpyroBoi (opme 30HbI APEHUPO-

BaHUs PACCUUTHIBAETCA C WUCIOJIb30BAHUEM
27Kk hAp
h

dbopmyiel bopucosa FO.I1. [4, 5]:
q-
y[ln 4_rk +—1In J
Isina |

obmass jgemnpeccuss B IIJIACTE,

(1)

hsina
27,

e Ap -
Ap=p,—p.: p, 1 P.- COOTBETCTBEHHO
KOHTypHOE W 3aboiiHoe naBieHue; k - K03(-
(GUIMEHT TPOHUIAEMOCTH IUIacTa; A - TOM-
MyWHa I1J1acTa; 4 - AUHAMHUYCCKass BA3KOCTH

Ty

HG(I)TI/I; - paauyC BIIMAIHUA CKBaKHUHBI;

l - JJIMHa HpHMOHHHCﬁHOﬁ 4acTu CKBa’XHHBI

(HAKJIOHHOTO ~ y4acTKa OCH  CKBa)XHHBI);
Q' - 3€HUTHBIA YTroJl HAKJIOHHOW CKBa)KUHBI;

¥, - painyC CKBa)KUHBI.

Cornacro [4], mpu o =90° u3 dopmys:
(1) mnsa pacuera paeOuta TOPU3OHTAIBHOM
CKBa)XHMHBI ObLIIa TIOJTy4eHa opmMya:

g= 27khAp , (2)
In st + ﬁIn N
AT o

C TIOMOIIIBIO, KOTOPOH, COrTacHo paboThl [5],
UL pacyeTra neOuTa TOPH3OHTAIBLHOW CKBa-
KUHBI TIPU CITydae MPUTOKA BI3KOIUIACTHYHON
(HEHBIOTOHOBCKOMW) He(pTH MMeeM POopMYITy:

90

27kh(Ap - Ap,) 3)

rae Ap, - HadalubHBIN Iepenaj AaBIcHUs (He-

HoJIe3Has 4acTh OOLIeH Jernpeccun — 3aTpayu-
BAEeTCs Ha MPEOAOJICHUE NPEAEIbHOIO Hamps-
KEHUs CIBHMra BSA3KOIUIACTUYHOM HedTH B
IUIacTe); 17 - CTPYKTYpHas BSI3KOCTb HE(PTHU B

IJIaCTOBBIX YCIIOBHUAX.

HpeI[l'IOJ'IO)I(I/IM, 4TO T'OpU3OHTAaJIbHAA
CKBa)XMHa PACIIOJIOKCHA CUMMCTPUYHO OTHO-
CUTCJIbHO KpPOBJIM M IOAOWIBHI IJIaCTa, T.C.
CX€Ma pPACIIOJOXKCHUA CKBaXXHWHbBI B IIJIACTC
MNPpUHHUMACTCSA CHUMMCTPUYHO II0 TOJHIUMHE
[J1aCTa, a KOHTYpP IHUTAHUA T OpHBOHT&J’IbHOﬁ
CKBAXXHHBI IMPCAIOJIAracTCa paaiiajibHbIM U HE
3aBUCUT OT AJIMHBI CKBAKHUHBI.

[Ipumem crenyromee 0003HauCHNUE:

27tkh
,u(ln

h, h

+—Ih—
[ 2m,

Torma dopmyna (2) mpuoOperaer cie-

JIYIOIIMI KOMITAKTHBIA BUJ:

q=K(Ap - Ap,) @)

OTtmeTuM, 4TO 1eOUT CKBAKUHBI, C Y-
roil CTOPOHBI, MOKHO ONPEIEIUTh MO CIEay-
fo1eMy 6aJlaHCOBOMY YPaBHEHHIO ISt HEPTH:

K:

4r,

dm

= _V ]
="

()
rie V' - 0Obem mmacta; m - MOPUCTOCTH TIa-
cTa.

B oroit dopmyne mnpuHHUMaercsa, 4YTO
HE(TEHACBILIEHHOCTh MOp IJIacTa 3a BECh Ie-
puoa pa3paboTKH HE U3MEHsIeTCS W IPHUpaB-
HUBACTCS K €AUHULE.
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Taﬁmma — M3MeHeHHe IJ1aCTOBOrO JIaBJICHUS U I[€6I/ITa CKBA>XUHBI ITPU PA3JIMIHBIX KOB(l)(l)I/II_II/ICHTaX

YIPYTOil CKUMAEMOCTH TOPHBIX TTOPOJT

Table - Change in reservoir pressure and well flow rate at different coefficients of elastic compressibility

of rocks
!, cyrkn p . Mlla q , M*/cyTku P, Mlla q , M/cyTu
B, =107 1/MIla B,=05-10"1/MIla
0 15 0 15 0
10 13,503 78,429 12,007 31,541
20 12,565 49,040 11,252 7,903
30 11,978 30,647 11,063 1,978
40 11,611 19,146 11,016 0,495
50 11,382 11,958 11,004 0,124
60 11,238 7,468 11,001 0,031
70 11,149 4,663 11,000 0,008
80 11,093 2,912 11,000 0,002
90 11,058 1,818 11,000 0,000
100 11,036 1,135
110 11,023 0,709
120 11,014 0,442
130 11,009 0,276
140 11,006 0,172
150 11,003 0,108
160 11,002 0,067
170 11,001 0,042
180 11,001 0,026
190 11,001 0.016
200 11,000 0,010

Taxxe mnpeHeOperaercsi CKUMAEMOCTh
HedTu. B ciiywae ydera C)KMMaeMOCTH MOpH-
CTOM Cpebl MOPUCTOCTH IUTACTA ONPEEISAETCS
B 3aBHCHUMOCTH OT H3MEHCHHsS IJIACTOBOTO
nasnenus (p) [6, 7]:

— Bu(p—ro)
m=mye"™ : (6)
rae [, - KodphHUIMEHT YIPYroi CKUMAaeMo-
CTH ILIacTa, mo )41 pO - COOTBCTCTBCHHO,

HadaJibHasA NOPUCTOCTb U JaBJICHUC.
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[InacToBoe naBneHue OyneM NPUHUMATh
NpUONMKEHHO PAaBHBIM K BEJIMYUHE JIABICHUS
Ha KOHTYpE IPEHUPOBAHUSA CKBAXKUHBI, T.€.
IIPUMEM, YTO p = P, .

Hanee, ocymectBisisi auddepeHupo-
BaHWE MO BpeMeHH, u3 (GopMynbl (6) momy-
YUM:

dm

S (0~ dp q

p— ll(p 1’0) —

—=m,Be — =
/’ 0 I

a v 7
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Torna u3 (3), (4) u (6) wig onpeaeneHus
3HAYeHUH U3MEHEHHUsI BO BPEMEHHU Pa3paboTKu
IlacTa BEJIMYMHBI  IJIACTOBOTO  JIABJICHHS
OKOHYATEJIbHO MOJIy4YrM U depeHInaIbHOe

ypaBHEHHE:

K p—p.—Ap,
eﬂn(p—po)

dp _

o 8
dt Vm,p, ®

JlaHHOE ypaBHEHHUE JIETKO peLIaeTcs Ipu
3aIaHHOM Ha4aJIbHOM YCJIOBHHU p(0) = p, -

C MCIIOJIb30BAaHUEM YHCIICHHBIX METOJIOB.

[IpuBenenusie cootHomeHus (4), (6) u
(8) MO3BOJIAIOT MPOU3BECTH pacueT MmoKasare-
JIeH, U3MEHSIOIIUXCSI BO BPEMEHH: IJIACTOBOTO
nasneHus (popmyna (8)), neduta CKBAKUHBI
(¢popmyna (4)) u mopuctocTH iacta (Gpopmy-
na (6)) npu 3aJaHHBIX 3HAYCHUSX U3MEHEHUS
3a00WHOTO JaBIICHHUSL.

Pe3yabTaThl M 00Cy:KI€HUE

B kauectBe pacueTHOW peanu3aluU
MPEAJIOKEHHOTO METO/Ia HAa OCHOBE BBIBE/ICH-
HBIX (OPMYIT TPOBEJIEH YMCICHHBIN dKCIIEpH-
MEHT TIPH CJIEYIOUTUX UCXOIHBIX JaHHBIX:

p, =15 MlIla; p, =10 MIla; Ap, =1 MIla/m;
7, =100 m; k=0,1-10"m%;

. . -3
m, =0,2; h=20 w; S, =10"1/MIla
u [ =05-10"°1/MIla; 7=10-10"° MIla-c;
[=50m; . =0,1m.

Pe3ynbrarhl BEIYMCIEHUN TPUBOASITCS B
tabaune. JlaHbl 3HaYCHUS M3MEHCHUS IIJIaCTO-
BOTO JIaBJICHUS U JIeOUTa CKBAKUHBI TIPHU pas-
JUYHBIX KOd(UIMEeHTax yrnpyrou cxumae-
MOCTH TOPHBIX TTOpOJA. AHaIHM3 MPUBEICHHBIX
JAHHBIX TMOKA3bIBAET, YTO TMOBBLIIMICHHE KO-
(bUIMeHTa C)KUMAaeMOCTH TOPHBIX MOPOJT TIPH-
BOJUT K IOBBIIICHHUIO IJJACTOBOTO JABJICHHUS U

neduta CKBaXWMHBL. BuauMo, Takoe COOTHO-
[IEHHE MEeXIy Kod3(h(UIUEeHTOM CKUMaeMo-
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CTH TOPHBIX MOPOJ U OMPEACTAEMbIMI TEXHO-
JIOTUYECKUMH XapaKTEPUCTUKAMH JKCILTyaTa-
UM CKBaXHH CBSI3aHO C TE€M, YTO IMPH OOJIb-
IMX 3HAYCHHUAX KOAPPHUIMEHTA CKUMAEMO-
CTH TOPHBIX TOpOA, corjacHo ¢opmyne (6),
IPU OJJMHAKOBOM 3HAYCHUU CHW)KCHUS JIaBJIC-
HUSA (p - p,) IOPHUCTOCTh MEHSETC HHTEHCHB-

HEe, U 3TO CIIOCOOCTBYET MOBBIIICHUIO IebuTa
ckBakuHbl. C Opyroil CTOpOHBI, TaK Kak 3Ha-
yeHue 3a00MHOro naBieHus B 00OUX ClIydasx
ObUIO MPUHATO PAaBHBIM, TO OOJbIIOE 3Haye-
HUE J1eOuTa CKBa)XHMHBI IMOJY4YaeTcss 3a CueT
OOJIBLIIOrO 3HAuYEHMs JENpPEecCUd B IUIACTe
(p— p.) mpy OXMHAKOBOM 3HAYCHUH BpeMe-

HU pa3paboTku MecTOpokaeHus [8].

3akjiaoueHue

[Ipenyaraercss  Merolx — ONpeneieHus
IIPUPOJTHO-TEXHOJOTUYECKUX XAPAKTEPUCTUK
pa3paboOTKU MECTOPOXKJICHUH HEHbIOTOHOB-
CKOM He(TH C TOPU3OHTAIBHBIMU CKBaXKHHA-
MU C YUETOM TaKUX BIUSIOIUX (PAKTOPOB, KaK
HavyaJIbHBIN Nepenan JaBieHus U aedopmanus
MOPOJ-KOJUIEKTOpa Hapsay ¢ KOHCTPYKILHMOH-
HBIMH OCOOEHHOCTSIMU CKBa)KMHBI. B kauecTBe
pacyeTHOI peanu3aluy MPeUI0KEHHOIO Me-
TOJJa Ha OCHOBE BBIBEIECHHBIX (OpMYN ObLI
IIPOBEJIEH YMCJIEHHBIA DKCIEPUMEHT, U YCTa-
HOBJICHO BIIMSIHUE CXXMMAEMOCTH IOPOJ-
KOJJIEKTOpAa Ha HM3MEHEHHE IUIaCTOBOIO JaB-
neHus u nebuta ckBaxkuHbl. [lokazaHo, 4TO
MOBBILIEHHE KO3 PUIIMEHTa CHKUMaEeMOCTH
TOPHBIX MOPOJ] MPUBOJUT K MOBBIIIEHUIO TJIa-

CTOBOTI'O AAaBJICHUSA U )Ie6I/ITa CKBa’>XHHBI.

Kondauxkrt uarepecon
ABTOp  3asBusier 00

CBA3aHHbBIX

OTCYTCTBUHU

KOH(JIMKTa  WHTEPECOB, C

myOuKaIuei JaHHOM CTaThH.
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Abstarct

The formation of a homogeneous mass at formation of the polymer composition materials with the
aim of the improvement of their physical-mechanical properties and expansion of the areas of application
is the important criterion at the creation of composition materials meeting modern requirements. In
inclusion of the corresponding apprete in an optimal ratio into the filled polymer mixture, the penetration
of molecules on the surface of the filler is the main factor influencing on the qualitative indices of the
purposeful product and is considered its characteristic peculiarity. By processing the penetration of the
apprete onto the filler surface, one can increase the strength of the adhesive bond between the polymer
matrix and the filler and create a wide range of applications. Thus, one of the main factors of preparation
of composites with high physical-mechanical properties is the availability of an apprete in the system. In
the article, the copolymer of heptene-1 with acrylic acid has been synthesized and used as an apprete in
composites.
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fonomer quruluslu appretin polimer kompozisiyalarda rolu
V.C. Cafarov, P.S. Alxanov, M.O. Manafov, S.A. Bektasi, S.M. Xalilova,

G.H. Musayeva
Azarbaycan Respublikasi Elm va Tahsil Nazirliyi, Polimer Materiallart Institutu (S. Vurgun kiic., 124,
Sumgqayit sah., Azarbaycan)

Yazisma liiciin:
Cofarov Valeh / e-mail: valeh_ani@ mail.ru

Xiilaso

Polimer kompozitlords appretin istiraki ilo homogen kiitlonin amolo golmasi noticasinds fiziki-
mexaniki gostaricilorin yiiksaldilmasi, totbiq sahslorinin genislondirilmosi miiasir tolobata cavab vera
bilocok polimer kompozisiya materiallarinin yaradilmasinda osas amil sayilir. Mohz bu baximindan
secilmis miivafiq appretin tosiri, yani doldurucunun sothino niifuz etmosi matris-doldurucu arasinda
adgeziya qiivvesinin artmasina sabab olur. Sistemds dispers doldurucu ilo matris arasinda slagonin
artmasinda kompozisiyada sintez olunmus appretin hesabina alds edilir. Hepten-1-in akril tursusu ils 1:1
mol nisbatinds sopolimeri sintez edilmis vo kompozisiyada appret kimi istifado edilorok, kompozitin
fiziki-mexaniki gostoricilorine 6z miisbat rolunu gostormisdir.

Acgar sozlor:  siixur, doldurucu, hidrofob, hidrofil, dispers, appret, Sar1 Topa, Ceyrangél, a-kvars albit.

Posb anmpera MOHOMEPHOM CTPYKTYPbI B MOJUMEPHBIX

KOMIIO3UIIUAX
B.J. Axadapos, ILLI. Aaxanos, M.A. Manados, C.A. bekrammu, C.M. Xajuu-

Josa, I'.I'. MycaeBa

HUnemumym Honumepuvix Mamepuanos, Munucmepcemeso Hayxu u Obpazosanus Azepbatiosncanckou Pec-
nyonuku (yn. C.Bypeyna, 124, 2. Cymeaum, Azepbatioscan,)

s mepenucku:

Ixxadapos Banex / e-mail: valeh_ani@ mail.ru

AHHOTAUA

OOpa3zoBaHue TIOMOTCHHOW Macchl TpU (OPMUPOBAHUHM IOJIUMEPHBIX  KOMIIO3MIIMOHHBIX
MaTepuajoB C IENbl0 YIydlieHus WX (U3UKO-MEXaHWYECKMX CBOWCTB M pacliupeHus obiacreit
NPUMEHEHUsI SIBISICTCS BaXXHBIM KPUTEPUEM TPHU CO3JAHUU KOMIIO3UIMOHHBIX MAaTE€pUajoB,
YIOBIICTBOPSIIONIAX COBPEMEHHBIM TpeOOBaHUSM. BxiioueHHe B  ONTHMAIbHOM  COOTHOIICHUH
COOTBETCTBYIOIIETO allpeTa B HAIMOJHCHHO-TIOJUMEPHYIO CMECh W TIPOHUKHOBEHHE MOJICKYJ Ha
MTOBEPXHOCTh HAIIOJIHUTEINS SBJISETCS OCHOBHBIM (DAKTOPOM, BIUSIONIMM Ha Ka4€CTBEHHBIC IMOKa3aTeln
LIEJIEBOTO MPOJYKTA, U CYUTAETCS €ro XapakTepHoH deproil. OOpadarhIBasi MPOHMKHOBEHHE aIlllpeTa Ha
TTOBEPXHOCTh HAIOJHUTENS, MOYXHO IOBBICHTH IMPOYHOCTH aATE3MOHHOW CBSI3U MEXIY TOJIUMEPHOU
MaTpUIled W HAIOJHUTENIEM W CO3/1aTh IIUPOKUH CIHEKTp NpUMEHEeHHs. Takum o0pa3oMm, OAHHM H3
OCHOBHBIX (DaKTOPOB TOJYYECHUS KOMIIO3UTOB C BBICOKMMH (PH3MKO-MEXaHHMYECKUMH TI0Ka3aTelIsiMu
SBIIICTCS HAIMYUE B CHUCTEME ammpeTa. B cTaThe CHHTE3WPOBAH COIMOIMMEpP TenTeH-1 ¢ aKpHIIOBOM
KHUCJIOTOH M UCITOJI30BaH B KAYECTBE alllIPeTa B KOMITO3UTAX.

KuroueBble cjioBa: ropHas MOpPo/Aa, HATIOJHUTENh, TUAPOGOOHBIH, THAPOGUILHEIN, TUCTICPCHBIHN, arl-
npet, Capsl Teme, J[xeiipanyens, 0-KBapi-aIbOuUT.
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Giris

Polimer kompozitlordo homogen kiitlo-
nin amalo golmosi ilo fiziki-mexaniki gostari-
cilorin daha da yiiksaldilmasi va tothiq sahale-
rinin genislondirilmasi mogsadi ilo miiasir to-
lobata cavab vers bilocok kompozit materialla-
rinin alimmasi polimer kompozisiya material-
larmin yaradilmasinda vacib masals-lordon bi-
ridir. Doldurulmus-polimer garisigina miivafiq
appretin optimal nisbatds daxil edilmasilo mo-
lekullarin doldurucunun sathina niifuzu alinan
son magsadli mohsulun keyfiyyat gostaricilari-
nd tasir edon asas amil olub saciyyavi mahiy-
yat dastyir. Appretin doldurucunun sothina nii-
fuz edilmasinin islonilmasi ilo polimer matris-
lo doldurucu arasinda adgeziya olagasinin
mohkom-londirilmasinin artirllmasima miivof-
foq olunur va genis istifado sahalarine imkan
yaradilir. Beloliklo, yiiksok fiziki-mexaniki
gostariciloro malik kompozitlorin alinmasinin
osas amillorindon biri sistemdos appretin istira-
kidir. Magalada hepten-1-in akril tursusu ilo
sopolomeri sintez edilmis vo kompozitlordo
appret kimi istifads olunmusdur

Sec¢ilmis mineral siixurlarla (doldurucu
ilo) yanas1 miivafiq appretin matrisa (PE) daxil
edilmosi naticasindo alinan kompozitlarin
kompleks sokilda fiziki-mexaniki xassalarinin

Cadval 1 - "Sar1 Topa" slixurunun kimyavi torkibi
Table 1 — Chemical composition of "Sari Tepe" rock

tokmillasdirilmasine o ctimladon, keyfiyyati-
nin yiiksaldilmasi ilo yanasi xammal bazasinin
genislondirilmasinoe vo maya doyarinin asagi
diismasina nail olunur.

Sistemdoa Gadaboay rayonunun “Zshmaot”
kondi orazisindaki Sar1 Tops yataginin mineral
siixurundan vo Tovuz rayonunun "Ceyrangol"
orazisindoki a-kvars albit (miiol: V.C.) siixu-
rundan ilk dofs doldurucu kimi istifado edil-
misdir.

"Sar1 Topa" yataginin mineral siixuru-
nun Kimyovi vo mineraloji torkibi asagidaki
cadvallarda verilmisdir.

Toacriibi parametrloro osason oksor hal-
larda kompozisiyada doldurucunun optimal
migdar1 onun tobiatindon, torkibindan, dispers-
liyindon, moasamaliyindon asili olarag kompo-
zisiyada doldurucunun miqdar: 70 kiit % hotta
80 kiit%-dok galdirmagla keyfiyyatli materia-
lin alinmasina sorait yaradilir. Lakin sistemo
doldurucunun optimal migdarindan ¢ox daxil
etdikda niimunoanin kovraklik xassasinin amala
golmosi ilo elastiklik xassosinin  azalmasi
miisahido olunur. Belsliklo do matris-dolduru-
cu arasinda adgeziya qiivvasinin zoiflomasi
bas verir. Noticodo niimunoanin fiziki-mexaniki
gostaricilarinin qiymati azalir [1-5].

Na,O MgO A|203 S|02 P205 SO3 K,O CaO
4,54 1,43 16,62 63,44 0,23 0,03 1,53 4,07
TiO, MnO Fe, O, SnO Cr,0; Zn0O Cl YTIi
0,16 0,06 4,94 0,07 0,02 0,0075 0,01 2,55
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Cadval 2 — "Sar1 Topa" stixurunun mineraloji torkibi, %
Table 2 —-Mineralogical composition of "Sari Tepe" rock %

a-kvars albit Col spat1 Diopsit Ilit F,O3; hematit Digar qarisiq
40 32 12 10 4 2

Cadval 3 — a-kvars albitin kimyavi torkibi,%

Table 3 — Chemical composition of a-quartz albite,%

Na,O Zr0O, MgO Al,O4 SiO, P,Os SO,
2,96 0,02 1,51 13,66 63,75 0,12 0,17
K205 CaO T|02 MnO FeZO3 Cl YTi
3,26 3,77 0,50 0,23 4,24 0,03 5,62

Sistemdo Godoboy rayonunun "Zshmot"
kondi arazisindoki Sar1 Tops yataginin mineral
stixurundan vo Tovuz rayonunun "Ceyrangol"
orazisindoki o-kvars albit (miol: V.C.)
stixurundan ilk dofo doldurucu kimi istifado
edilmisdir. "Sar1 Topa" yatagin mineral siixu-
runun kimyavi vo mineraloji torkibi agagidaki
codvollords verilmisdir.

Sistemdo istirak edoin ikinci mineral
stixur o-kvars albitin kimyavi vo mineroloji
torkibi cadvallords gostorilmisdir.

Cadval 4 — a-kvars albitin mineroloji torkibi, %
Table 4 — Mineralogical composition of a-quartz
albite, %

Si Kalsit, Albit Kaoli | 111 | F,O;
O, | Magnezit | Na(AlSi; | nit it | hema
(Ca,Mg(C Os)) tit
03))
34 20 30 15 7 4
Tacriibi Hissa: ASPE-don matris kimi,
«Sart Topo» siixurundan doldurucu kimi

istifado etmoklo miixtalif (30:70, 40:60, 50:50,
60:40, 70:30) kiit.% nisbotlorindo kompozisi-
yalar hazirlanaraq emal prosesino gondorilir
vo 20-25 dog. veardonado 120-130°C-ds ho-
mogen kiitlo alimanadok qarigdirilir. Alinan
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kiitlo pres altinda 15 MPa tozyiqdo 15-20 dogq.
sixilir vo 16vholor formasina salinir. Alinan
l6vhalor standarta uygun xiisusi forma bigaqla
kosilir vo dartma masininda dartilmada
mohkomlik haddi (6) (MPa), nisbi uzanma (¢),
% OAG (qr/10daq) tayin edilir. Alinan tacriibi
parametrlor asagidaki codvallorde gdstarilir.

Cadval 5 - ASPE va “Sar1 Topa” siixuru ssasinda
kompozitin gostaricilari (appretsiz), %

Table 5 - Indicators of the composite based on
ASPE and "Sari Tepe" rock (without appret), %

Komponentlor | Dartilma | Nisbi I9AG
% haddi | uzanma | qr/10daq
MPa €%

PE:dol* 70:30 12,89 47 0,03
PE:dol 60:40 15,27 32 0,30
PE:dol 50:50 10,76 16 0,04
PE:dol 40:60 12,21 24 0,02
PE:dol 30:70 14,63 13 -

ASPE "Sar1 Topa" mineral siixuru vo
(heksen-1-at) sopolimerindon appret kimi
istifado  edilorok  komponentlor  qarigigi
osasinda kompozitin fiziki-mexaniki gosto-
ricilori codval 6-da gostorilmisdir (appretlo).
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Cadval 6 — ASPE vo “Sar1 Topa” siixuru osasinda
kompozitin fiziki-mexaniki gostaricilari (appretlo)

Table 6 — Physical and mechanical indicators of
the composite based on ASPE and "Sari Tepe"
rock (with appret)

Dartil Nisbi IAG
Komponentlor ma uzanm | qr/10ds
% haddi a q
MPa %
PE:dol: ap**- 14,71 40 2,81
70:30
PE:dol ap-60:40 | 18,07 32 2,29
PE:dol ap-50:50 | 19,26 26 2,54
PE:dol ap-40:60 | 22,04 24 2,63
PE:dol ap-30:70 | 15.81 26 2,95

*  Doldurucunun dispersliyi 106 mkm

** - appret 5% (heksen - 1-at)

Cadvel 5-6-da alman kompozitlori
appretsiz appretlo miiqayiso  etdikdo
appretin istiraki ilo alman kompozitlorin
fiziki-mexaniki ~ gostoricilorinin ~ yiiksok
qiymato malik olduglart askar goriiniir.
Mosalon:  eyni  kiit.% nisbotlordo  30:70
dartilmada mohkomlik hoaddinin  qiymati
0=14,63MPa, appretin istiraki ilo dartilmada
mohkamlik haddinin qiymati iso 0=15,81MPa
vo yaxud kompozisiyanin digor nisbati 50:50
kiit.% nisbotindo 6=10,76MPa oldugu halda
appretin istiraki ilo 6=19,26MPa qiymaot alir.
Burada o-nin qiymoti appretin istiraki ilo
oldugda demok olar ki, 2 dofo cox olur.
Parametrlorin belo forqli qiymatlorinin sababi
kompozitdo appretin istirakinin bariz miisbot
tosirini gostarir.

Ikinci osas soboblordon biri do “Sar
Topa” siixurunda oksor metal oksidlor a-kvars

N

albit siixuru ilo miiqayisads torkiblori demak
olar ki, yaxin oxsar qiymotloro malikdir.
Yalniz Al;O3 %-1o miqdar1 “Sar1 Topo” siixuru
ilo miiqayisado nozora carpacaq doracado
forglonirlor. Belo ki, a-kvars albitdo Al,Os
miqdar1 13,66 oldugu halda «Sar1 Topo»
stixurunun %-ls miqdar1 16,62 % toskil edir.
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Yoni Al,O3 Sar1 Topo slixurunda 3% ¢ox
oldugu ii¢lin homin siixur osasinda alinan o-
nin qiymatinin ¢ox olmasina asas verir.

PE-nin  hidrofob qruplar1 ionomer
tobiatli appretin hidrofil qrupu ilo vo mineral
stixurun torkibindoki metal oksidlorinin hidro-
fob qruplari bir torafdon, digor torafdon PE-nin
hidrofil qruplar appretin hidrofob qruplar ilo
mineral siixurun torkibindoki metal oksidlorin
hidrofil qruplar1 arasinda qarsiliqh
noaticoasinds yaranan alagalorin mévcudlugu ilo
kompleks birlosmolor omolo golmasi ehtimali
vo onunda miigabilinds sistemdo istirak edon

tosiri

komponentlor arasinda uyusma yoni tam
gablagdirmaya  sorait yaradildigina  goro
kompozitin keyfiyyot gostoricilorinin; dartil-
mada mohkomlik hoaddinin (o), nisbi uzan-
manin (g), orintinin axiciliq gostoricisinin
(©AG) vo s. giymatlorinin tonzimlonmasine
imkan yaranir.

Belalikls, appretsiz kompozitlara
nisbaton appret istiraki 1lo alman kompo-
zitlorin  fiziki mexaniki gostoricilori mii-
qayiseli tohlilo osason daha yiiksok qiymatlore
malik olur.

Cadval 5 ilo 6-nin miiqayisesinda eyni
nisbat torkibds kompozitlorin appretsiz (cad.5)
vo appretlo (codval 6) moas: 30:70 nisbotindo
0=14,71 50:50 nisbotindo o©=10,76 MPa
oldugu halda, appretlo ©6=19,26 MPa-dok
(cadval3); 30:70 nisbatinde ©=14,63 MPa;
appretlo 0=15,91 MPa; 60:40 nisbotindo
0=15,27 MPa, appretlo iso 6=18,07MPa olur.
Oksar eyni torkib nisbatlorde appretin istiraki
ilo (o) dartilmada mohkomlik hoddinin
qiymatlorinin daha yiliksok oldugu miisahido
edilir vo belo notico appretin miisbot tosirinin
gostaricisi Kimi hesab edilir.

Appretin  tosirini  digor  doldurucu
osasinda alinan kompozitlorin miigayisali
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tohlili noticasinda cadvallora 7, 8 nozor
yetirok. Ikinci sistemdo doldurucu kimi a-
kvars albit gotiirilmiisdiir.

Codval 7 - ASPE-a-kvars albit osasinda
kompozitlorin fiziki-mexaniki gostaricilori
(appretsiz)
Table 7 - Physical-mechanical indicators of
composites based on ASPE-a-quartz albite
(without appret)
Kompozisiyalar | Dartil | Nisbi IAG
% ma uzan | qr/10ds
hoddi | ma q
MPa £ %
PE:dol-70:30 11,30 53 0,43
PE:dol-50:50 12,33 39 0,32
PE:dol-40:60 15,3 34 0,44
PE:dol-30:70 14,73 21 0,10

Cadval 8 — ASPE-o-kvars albit osasinda alinan
kompozitin fiziki-mexaniki géstoricilori (appretla)
Table 8 — Physical and mechanical indicators of
the composite obtained on the basis of ASPE-a-
quartz albite (with appret)

Dartil | Nisbi

Kompozisiyalar ma uzan IAG
% haddi | ma | qr/10daq

ocMPa | €%
PE:dol-app-70:30 | 11,0 40 2,75
PE:dol-app-50:50 | 13,2 28 1,66
PE:dol-app-40:60 | 15,2 20 2,06
PE:dol-app-30:70 | 15,8 10 0,8

ASPE-la a-kvars albit vo appretin istiraki
ilo alinan kompozitlorin fiziki-mexaniki gosto-
ricilori cadval 8-do verilmisdir.

Cadvoaldon goriindiiyli kimi "Sart Topa"
stixurunun dartilmada méhkomlik haddinin a
kvars albitlo miiqayisali tohlili nsticasindo
30:70 kiit% nisbatlorindo ¢=14,73 MPa-dan
0=15,8-dok daha yiiksok qiymot aldig
miisahido edilir. Istifado olunan mineral
stixurun torkibindoki Al, Mq, Fe, Ti oksid-
lorinin saciyyovi tasiri ilo 9sason yanasit Al,Os
miqdarimin nisboton ¢ox oldugu ilo olagoli
oldugu ehtimal olunur.
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Tacriibi naticalora osason doldurucunun
miqdarinin (G) kompozitin moéhkomlik had-
dindon (o) nisbi uzanmasindan (g¢) asilliglar
sokillords qurulmusdur.

o(MPa)
4 2
161

10 20 30 40 50 60 70 80 Goy,

Sokil 1 - Kompozitdo Sar1 Tops mineral
stixurunun miqdarinin (G) dartilmada qirilma
qiivvasindon (o) asilligi: 1 - appretsiz; 2 - appretlo
Figure 1 — Tensile fracture of Sari Tepe mineral
rock content (G) in the composite

Dependence on strength (c): 1 - without appret; 2 -
with appret
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Sokil 2 — Kompozitds Sari Teps mineral
stixurunun miqdarinin (G) nisbi uzanmadan (&)
asilligi: 1- appretsiz; 2 - appretlo

Figure 2 — The dependence of the amount of Sari
Tepe mineral rock (G) on the relative elongation
(¢) in the composite: 1- without appret; 2 - appret

Ikinci sistemdo doldurucu kimi istifado
olunan - a-kvars albitin asilliq cizgilari “Sar1
Topa” siixuru ilo miiqayisads az farqli, lakin
oxsar olduglarini nozars alaraq sokillorin tortib
olunmasina ehtiyac duyulmadig: tigiin sokillor
qurulmamisdir. ASPE-dan matris Kimi vo “Sa-
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r1 Topa” mineral stixurundan, ikinci sistemda
iso ASPE-don matris kKimi a-kvars albit mine-
ral stixurundan doldurucu kimi istifads edorak,
har iki sistem ili¢lin hom appretsiz hom do app-
retin istiraki ilo kompozitlor alinmis vo onlarin
doldurucularin miixtalif nisbstlordo miqdarin-
dan va nisbi uzanmanin doldurucunun migda-
rindan asilligi sokillordo tortib olunmusdur.
Sokillordon gériindiiyii kimi (c)-nin (G)-don
vo (g)-dan asilliglarinda appretin kompozitds
istirak1 ilo daha miinasib parametrloro malik
oldugu miisahids olunur. Belsliklo appretin ig-
tiraki ilo alinan kompozitlorin fiziki-mexaniki
gostaricilarinin yiliksaldilmasi ilo onlarin istifa-
dasino imkan yaranir.

Notica

Aparilan todgigatlarin miigayisali tohlili-
no osason belo noticoyo golmok miimkiindiir
ki, poliolefinlarin tabii mineral stixurlarla, dol-
durulmus yeni sistemi torkiba daxil olan kom-

ponentlarin tabisting, fiziki-Kimyavi-mexaniki
xassolarino gora keyfiyyatli kompozisiya ma-
teriallarinin alinmasina imkan yaradir. Mahz
qarstya qoyulan mogsodo nail olunmasinda
osas amillordon biri appretin kompozitds isti-
raki ilo tam uyusmaya miinbit sorait yaratmag-
la homogen kiitlonin alinmasi naticasinds fizi-
ki-mexaniki gostoriciloro malik daha keyfiy-
yatli magsadli mohsulun alinmasina nail olun-
maqdir. Appretin kompozitds optimal migdar:
3-7 kiit.% miioyyon edilmisdir. Appretin isti-
raki ilo alinan kompozitlorin fiziki-mexaniki
gostoricilori daha yiiksok giymoto malik ol-
dugundan sonaye vo texnikada konstruksiya
materiallarinin hazirlanmasinda istifadosi tov-
siyys edilir.

Maraqglar miinaqisasi

Miislliflor bu moagalads arasdiriimast to-
lob olunan maraglar miinaqisosinin olmadigini
geyd edirlar.
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Abstract

The article presents new technology for the manufacture of microwave absorbers. This technology
is based on the implementation of the following processes: 1) obtaining a dispersed composite by
incorporating finely dispersed iron (111) oxide from a mixture of the latter with a surfactant into particles
of powdered activated charcoal; 2) fixing in the matrix of the resulting dispersed composite. The results of
the experimental substantiation of this technology are presented. In the frequency range of 2.0-7.0 GHz,
the absorption band width of absorbers manufactured in accordance with the presented technology is 3.0
times greater than the effective absorption band width of absorbers made from powdered activated
charcoal. These absorbers seem to be promising for use in instrumentation, in particular, in order to
protect the elements used for the manufacture of radio measuring instruments, as well as these instruments
themselves, from the effects of active and passive electromagnetic interference in the microwave range.
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Toz halinda aktivlosdirilmis komiir vo domir (I11) oksidi asasinda
dispers kompozitdon mikrodalgalh elektromaqnit siia

uducularmin istehsali texnologiyasi
0.V. Boiprav', M.H. Hasanov’, V.A. Boqus®

Y “Belarus Déviot Ihformatika va Radioelektronika Universiteti” tahsil miiaSSisasi (P.Brovki kii¢., 6, Minsk, 220013,
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2 Azorbaycan Texniki Universiteti (H. Cavid pr. 25, Baki, AZ 1073, Azarbaycan)

Yazisma iiciin:
Boiprav Olga / e-mail: smu@bsuir.by

Xiilaso

Magalods mikrodalgal diapazonda elektromagnit siialanma absorberlorinin istehsali igiin yeni texnologiya
toqdim olunur. Bu texnologiya asagidaki proseslorin hoyata kecirilmosino osaslamir: 1) sothi aktiv madds ilo
sonuncunun garisigindan nazik domir (111) oksidini toz halinda aktivlasdirilmis komiir hissaciklorina daxil etmokla
dispers kompozitin alinmasi; 2) sldo edilon dispers kompozitin matrisds fiksasiyasi. Toqdim olunan naticalors asassn
mioyyan edilmisdir ki, togdim olunan texnologiyaya uygun olaraq hazirlanmis mikrodalgalh diapazonda
elektromaqnit siialanma absorberlari ¢oxzolaglh tezlik segici absorberlordir (metal althqlara qurasdirilmag sorti ilo).
2.0-7.0 GHz tezlik diapazonunda tagdim olunan texnologiyaya uygun olaraq istehsal olunan absorberlorin udma bant
genisliyi toz halinda aktivlesdirilmis komirdon hazirlanmis absorberlarin effektiv udma bant genisliyindon 3.0 dofa
goxdur.

Agar sozlar: aktivlosdirilmis komiir, domir (I11) oksid, elektromaqnit siialanma absorber, mikrodalgali diapazon.

TexHoJIOTHsSI M3rOTOBJIEHUSI MOTJIOTHTENEeil IJeKTPOMATHUTHOTO W3JIyYeHHs
CBY-auana3oHa W3 JAUCIIEPCHOr0 KOMIIO3MTA HA OCHOBE NMOPOIIKO0OPA3HOIo
AKTHBHPOBAHHOIO JIPEeBECHOTO0 yrJjisi U okcua keeza (I11)

O.B. Boiinpas', M.T. I'acanos®, B.A. Boryur"

Y Vupeorcoenue obpasosanus «Benopycckuii 20cyoapcmeentblii YHUSEPCUMEN UHGOPMAMUKY U PAOUOINEKIMPOHUKILY
(va. II. bposxu 6, Munck, 220013, berapycv)
2A3ep6at70:»ca1—tcr<u12 mexnuyeckuii ynusepcumem (np. I. Jorcasuoa 25, Baky, AZ 1073, Azepbaiioxcan)

2!.]'[5[ NEPENUCKH:
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AHHOTAIHUSA

B crathe mpezicTaBieHa HOBas TEXHOJIOTHS W3TOTOBJICHUS IMOTJIOTHTENEH AJIEKTPOMArHUTHOTO H3JIYUCHUS
CBU-gmnama3zona. JTa TEXHOJIOTUS OCHOBAaHA Ha peallU3alliH CICTYIONIUX MPOIECCOB: 1) MoMydeHrue TUCIIEPCHOTO
KOMIIO3UTa IIyTeM HHKOPIIOPUPOBAHMS B YACTUIBI IMOPOIIKOOOPA3HOTO AaKTUBHUPOBAHHOTO JIPEBECHOTO YT
MenkoaucnepcHoro okcuaa kenesa (1) w3 cmecnm mocienHero ¢ MOBEPXHOCTHO-AKTHBHBIM —BELIECTBOM;
2) 3aKperyieHde B MAaTPHIE TOJYyYEHHOI0 IHMCIEPCHOTO KOMIO3uTa. Ha OCHOBE NpPHMBENEHHBIX PeE3YJILTATOB
YCTaHOBJICHO, YTO MOTJIOTUTECIIN JJICKTPOMArHUTHOI'O HU3JIYyYCHUS CBq-zmana30Ha, HU3TOTOBJICHHBIC B COOTBECTCTBUU
C HpeHCTaBHeHHOﬁ TeXHOJ’IOFI/IeI\/’I, SBJIAKOTCA MHOTI'OIIOJIOCHBIMHU YaCTOTHO-CCJIICKTUBHBIMU ITIOTJIOTUTCIIAMHU (HpI/I
YCIIOBHH, €CJIM OHM 3aKPEIUICHBI Ha META/UTMYECKUX MMOUI0KKax). B quamazone gacror 2,0—7,0 I'T'1 muprHa mMOI0CH
MOTJIOIICHHS TOTJIOTUTENICH, HW3TOTOBJICHHBIX B COOTBETCTBHM C MPEACTABICHHOW TexHojormed, B 3,0 pasa
MPEBBIIACT MHUPUHY 3(POEKTUBHON MOJOCHI MOTJIONMICHHS IOTJIOTHTEICH, H3TOTOBICHHBIX U3 MOPOLIKOOOPa3HOrO
AKTUBHPOBAHHOIO JAPCBECHOTO YTJIS.

Kurouesnle ciioBa: AKTUBUPOBAHHBIN peBeCHBIN yrois, okcu xkenesa (III), mormotutens 3neKTPOMarHUTHOTO
usnydenusi, CBU-nuanason.
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Introduction

Microwave absorbers are currently
widely used in the field of instrument
engineering, in particular, in the development
of radio measuring instruments. The main
advantage of microwave absorbers compared
to reflective electromagnetic shields is that
they don’t cause the formation of passive
electromagnetic interference. This is why
microwave absorbers are more often used in
the development of radio measuring
instruments than reflective electromagnetic
shields [1].

The following products are
manufactured using these absorbers: housings
for radio measuring instruments; containers
for storing and transporting components for

the  manufacture of radio measuring
instruments and these instruments
themselves; screens designed to separate

indoor areas in which radio measuring
instruments are manufactured or adjusted.

To manufacture microwave, carbon-
containing materials (powdery or fibrous) with
a modified composition are currently widely
used. Such materials include graphite,
expanded graphite, graphene, graphene oxide,
single walled and multi walled carbon
nanotubes [2-4].

Modification of the listed carbon-
containing materials composition is carried
out using one of the following methods [5]:
ball milling; hydrothermal; acid treatment;
electroless plating of surfaces of particles or
fibers of carbon-containing  materials;
electrodeposition; sol-gel.

The use of the listed methods, as a rule,
isaimed at including nickel and iron-
containing components in the composition of
carbon-containing materials. This is due to a
combination of the following reasons: nickel-

and  iron-containing ~ components  are
characterized by magnetic properties; the level
of losses due to the absorption of energy of
electromagnetic radiation interacting with a
material is directly proportional to the value of
the relative magnetic permeability of this
material (i.e. microwave absorbers based on
carbon-containing materials, which include
components  characterized by magnetic
properties, are more effective than absorbers
based on carbon-containing materials, which
don’t include the specified components) [5, 6].

In [7], the prospects of using powdered
charcoal for the manufacture of microwave
absorbers were substantiated for the first time.
The prospects for using this carbon-containing
material for the manufacture of microwave
absorbers are due to the fact that it’s
characterized by a lower cost compared to
graphite, graphene and carbon nanotubes.

In [8], it was proposed to modify the
composition of powdered activated charcoal
by chemical deposition of nickel nanoparticles
from aqueous solutions into its pores.

The authors of paper [9] proposed
to modify the composition of powdered
activated charcoal by including iron (111) oxide
nanoparticles into the structure of its particles
using the pyrolysis technique.

Papers [10, 11] show that powdered
activated charcoal is characterized by high
adsorption capacity, and therefore the authors
of these papers recommended its use for
purifying water from fine suspended matter. In
this regard, the authors of the present article
put forward a hypothesis about the possibility
of modifying the composition of powdered
activated charcoal by immersing it in a liquid
medium containing a suspension in the form
of finely dispersed material characterized by
magnetic properties. Essentially,  this
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modification consists of incorporating a finely
dispersed material characterized by magnetic
properties into the pores of powdered
activated charcoal particles. The result of this
modification is the formation of a dispersed
composite, the matrix of which is particles
of powdered activated charcoal, and the filler
is afinely dispersed material characterized
by magnetic  properties. The cost of
implementing such a modification is lower
than the cost of implementing modifications
using the methods presented in [5]. This is due
to the fact that the cost of the equipment
necessary to implement such modification is
lower than the cost of the equipment necessary
to implement the modification using the
methods presented in [5].

The Work Aim

The aim of the research, the results
of which are presented in the article, was to
test the hypothesis put forward and was aimed
at experimentally substantiating new
microwave absorbers manufacture technology
based on modifying the composition of
powdered activated charcoal by incorporating
finely dispersed material characterized by
magnetic properties into its particles. Iron (111)
oxide in the form of nanoparticles was chosen
as such a material due to the cost effective
technology of its manufacturing [12].

The Objectives Statement

To achieve this aim, the following
scientific and engineering objectives were
stated:

1) to justify the auxiliary components
and equipment for producing a dispersed
composite based on powdered activated
charcoal and iron (I11) oxide;

2) to document a new technology for
microwave absorbers manufacturing, taking
into account the results of the first objective
solving;

3) in accordance with the documented
technology, to produce experimental samples
of microwave absorbers from a dispersed
composite based on powdered activated
charcoal and iron (I11) oxide, characterized by
a certain content of the latter;

4Ato carry out an assessment of
electromagnetic radiation absorption
characteristics of the manufactured experimental
samples, based on the results of which to
establish the following: type of absorbers
manufactured inaccordance with the new
technology, depending on the width of their
effective absorption band(s); limit values and
width of the effective absorption band(s) of
absorbers manufactured in accordance with
the new technology; maximum and average
values of electromagnetic radiation absorption
coefficient in the effective absorption band(s)
of absorbers manufactured in accordance with
the new technology;

5)to develop recommendations
for the practical use of absorbers manufactured
in accordance with the new technology.

The results of the Stated Objectives Solving

Based on the results of solving the first
objective stated to achieve the research aim,
isopropyl alcohol was selected as an auxiliary
component to obtain a dispersed composite
based on powdered activated charcoal and iron
(1) oxide. This choice is due to a
combination of the following reasons [13]:

1) isopropyl alcohol is a surfactant;

2) a mixture of a surfactant and a finely
dispersed material is characterized by a lower
viscosity than a mixture of a non-surfactant
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and a finely dispersed material, due to which
the porous material (in particular, activated
charcoal) immersed in the first of these
mixtures absorbs more finer material particles
from it than the porous material immersed in
the second of these mixtures.

A drying oven was chosen as an
auxiliary equipment for producing a dispersed
composite based on powdered activated
charcoal and iron (I1I) oxide. The choice of
such equipment is due to the need to reduce
the time costs associated with waiting for the
completion of evaporation of isopropyl
alcohol used in the process of obtaining the
specified  composite.  The  technology
documented based on the results of solving the
second objective stated to achieve the research
aim includes the following stages.

Stage 1. Preparation of a  dispersed
composite based on powdered activated
charcoal and iron (IIl) oxide by implementing
the following operations.

1.1 Preparation of the mixture based on
isopropyl alcohol (50.0-90.0 vol.%) and finely
dispersed iron (111) oxide (50.0-10.0 vol.%).

1.2. Immersion of particles of powdered
activated charcoal, the size of which is not less
than 3.0 mm, into the mixture prepared as a
result of operation 1.1, provided that the
volume of the immersed particles should be
2.0 times less than the volume of the prepared
solution.

1.3. Drying the mixture obtained as a
result of operations 1.1 and 1.2 in a drying
oven at a temperature of 50.0 °C for 0.5-1.5
hours (depending on the volumetric content of
isopropyl alcohol in the mixture prepared as a
result of operation 1.1).

Stage 2. Fixation of dispersed composite
particles obtained as a result of Stage 1 in a

matrix based on a polymer self-adhesive film,
gypsum binder or adhesive composition.

Stage 3. Drying in forms of the material
obtained as a result of Stage 2 (if the material
is obtained by fixing a dispersed composite
inamatrix based on a gypsum binder or
adhesive composition). In the course of
solving the third objective stated to achieve
the research aim, four groups of experimental
samples were manufactured. Each group
included 10 experimental samples. Samples of
group 1 were made by fixing particles of
powdered activated charcoal in a matrix based on
a polymer self-adhesive film. The thickness of
the layer of these particles was 3.0£1.0 mm.
Samples of groups 2, 3 and 4 were manufactured in
accordance with documented technology.
They are characterized by the following
features: for the manufacture of samples of
each group, a dispersed composite was used,
obtained using the mixture based on isopropyl
alcohol and finely dispersed iron (I11) oxide,
characterized by a certain volumetric content
of the latter (C) — see Table 1;in the
manufacture of samples, the matrix based on a
polymer self-adhesive film was used; the
thickness of the layer of dispersed composite
particles based on powdered activated
charcoal and iron (IlIl) oxide in the
manufactured samples was 3.0+1.0 mm.

Figure 1 shows particles of dispersed
composites based on powdered activated
charcoal and iron (IlIl) oxide used for the
manufacture of groups 2, 3 and 4 samples

Table 1 — C values characteristic of each of the
mixtures used during the manufacture of samples

Samples nhame C, vol. %
Group 2 samples 10.0
Group 3 samples 30.0
Group 4 samples 50.0
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Figure 1 — Appearance of particles of powdered activated charcoal used for the manufacture of groups 2

(a), 3 (b) and 4 (c) samples

As it can be seen from Figure 1,
the distribution density of fine iron (111) oxide
particles over the surface of powdered
activated charcoal particles in the dispersed
composite used for the manufacture of group 4
samples exceeds the distribution density of
fine iron (I11) oxide particles over the surface
of powdered activated charcoal particles in
dispersed composites used for the manufacture
of groups 2 and 3 samples.

In addition, the distribution density of
particles of fine iron (Ill) oxide over the
volume of internal pores of particles of
powdered activated charcoal in the dispersed
composite used for the manufacture of group 4
samples exceeds the density of distribution of

particles of fine iron oxide (IlIl) over the
volume of internal pores of particles of
powdered activated charcoal in dispersed
composites used for the manufacture of groups
2 and 3 samples. The indicated feature was
established based on the results of an analysis
of SEM images of particles of dispersed
composites used for the manufacture of these
groups samples (Figure 2). Such images were
obtained using a Hitachi S-4800 scanning
electron microscope. Also, in the course of
solving the third objective stated to achieve
the research aim, the elemental composition of
the dispersed composites used for the
manufacture of groups 2, 3 and 4 samples was
analyzed.
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Figure 2 — SEM images of chipped particles of dispersed composites, used for the manufacture of groups

1(a), 2 (b), 3(c) and 4 (d) samples

In particular, the percentage of atoms of
elements included in the composition of the
dispersed composites used for the manufacture
of groups 2, 3 and 4 samples (Car2, Cas, Cats,
respectively) was established. For this
purpose, the energy dispersive analysis (EDX)
method was used. When implementing this
method, a Bruker QUANTAX 200 analyzer
was used. The results of the study of the
elemental composition are presented in Table
2. As it can be seen from Table 2, the content
of iron atoms in the dispersed composite used
for the manufacture of group 4 samples, is
higher in 1.6 times and 2.1 times than,

respectively, inthe dispersed composites used
for the manufacture of groups 3 and 2 samples.

Table 2 — The results of EDX analysis of the
powdered activated charcoals, used for the
manufacture of groups 2, 3 and 4 samples

imﬁ?' Cuo, at. % | Cys, at. % ftat%
C 915 89.7 87.89
0 754 9.01 10.11
Fe 0.96 1.29 20

Based on the results of solving the
fourth objective stated to achieve the research
dependences  of
electromagnetic radiation absorption coefficient

aim, the
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(A(f)) of the manufactured samples fixed on a
metal substrates were obtained. These
dependencies were obtained in accordance
with the methodology presented in paper [14].
The obtained dependencies are shown in
Figure 3. As it can be seen from Figure 3, if
the studied microwave absorbers are fixed on a
metal substrates, then they are multiband
frequency-selective absorbers.

1

b
[~}

<
=N

A(S), relative units
< (==}
SRS
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2345678 91011121314151617

f,GHz
] eeeeen R S—

Figure 3— A(f) of groups 1, 2, 3 and 4 samples
fixed on a metal substrates (curves 1, 2, 3and 4
respectively)

Table 3 — Characteristics of the studied samples
fixed on a metal substrates

Samples | Absorption A A
name band Af, raxs an
rel. rel.
ranges, GHz units. | units.
GHz

Group 1 3.5-4.5; 1.0; 0.8; 0.65;
samples | 52-62; | 1.0; | 075, | 0.6;
8.5-17.0 8.5 0.95 0.8

Group 2 2.8-6.5; 3.7; 0.9; 0.7;
samples | 85-170 | 85 | 095 | 0.8
Group 3| 3.0-4.2 1.2; 0.7, 0.6;
samples | 5565, | 1.0; | 0.85 | 0.8;
8.5-17.0 8.5 0.95 0.8

Group4 | 35472 0.7; 0.6; 0.55;
samples | 5565 | 1.0, | 09; | 0.7
10.5-12.5; | 2.0; 0.6; 0.6;

13.5-17.0 3.5 0.9 0.8

Table 3 presents the following main
characteristics of these absorbers: absorption
band  ranges; absorption  band  width
(Af); maximum  values of electromagnetic
radiation absorption coefficient in absorption
bands (Amax); average values of electromagnetic
radiation absorption coefficient in absorption
bands (Aay).

As it can be seen from Table 3, in the
frequency range of 2.0-7.0 GHz, group 2
samples are characterized by a higher Af value
than groups 1, 3 and 4 samples. In particular,
in the specified frequency range, Af value
characterizing group 2 samples is higher in
3.0-5.0 times than Af value characterizing
groups 1, 3 and 4 samples. In addition, samples
of group 2 have Anmax and A, values in the
absorption band lying in the frequency range 2.0
7.0 GHz, are higher on 15.0% than that
of groups 1, 3 and 4 samples. The indicated
features may be due to the combination
of the following reasons:

1)the efficiency of electromagnetic
radiation absorption by a material (SEa) is
directly proportional to the multiplication of its
electrical conductivity (o) and relative
magnetic permeability (p), as can be seen

from the following formula: SE, =8.7d

where d - material thickness,
electromagnetic radiation frequency [5];

2)a dispersed composite based on
powdered activated charcoal and iron (1)
oxide, in contrast to powdered activated
charcoal, is characterized by magnetic properties,
which is due to the corresponding property of iron
(1) oxide [5];

3) specific electrical conductivity value
of the dispersed composite based on powdered
activated charcoal and iron (IlIl) oxide,
obtained using a mixture whose C value is

ftou,
f —
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10.0 vol. %, is higher in ~ 2.0 times than the
specific electrical conductivity value of the
dispersed composite based on powdered
activated charcoal and iron (IlIl) oxide,
obtained using a mixture whose C value is
50.0 vol. % (see Figure 4).

0,6
0,5

04
| N
§0.3 —\
g 02
01

0,0 1
0 10 20 30 40 50
G vol %

Figure 4 — Dependence of the specific electrical
conductivity of dispersed composite based on
powdered activated charcoal and iron (lI1) oxide
from the C value of the mixture used for this
composite obtaining

The dependence presented in Figure 4
was obtained based on the results of
measurements of the electrical conductivity of
dispersed composites used for the manufacture
of groups 2, 3 and 4 samples. These
measurements were carried out in accordance
with the methodology presented in the
monograph [7, p. 30-31].

Conclusion

Thus, the optimal C value for a mixture
of isopropyl alcohol and finely dispersed iron
(1) oxide used to obtain a dispersed
composite based on powdered activated
charcoal and iron (Ill) oxide in the
manufacture of microwave absorbers in
accordance with the proposed technology is
10.0 vol. % (provided that in this process
a polymer self-adhesive film is used as a
matrix to fix the particles of powdered

activated charcoal, into the pores of which the
fine iron oxide particles are incorporated).
This statement is due to the fact that the
absorbers manufactured in accordance with
the proposed technology using a mixture with
the specified C value are characterized by a
3.0-5.0 times greater absorption band width and
a 15.0% greater electromagnetic radiation
absorption  coefficient  than  absorbers
manufactured in accordance with the
presented technology using a mixture with a C
value lying in the range of 20.0-50.0 vol. %.

Compared with the analogs [5, 9]
the absorbers  manufactured in accordance
with  the  proposed technology are
characterized by wider absorption band. Such
absorbers seem promising for the manufacture
of screens intended to separate indoor zones in
which radio measuring instruments are
manufactured or adjusted. Also, such
absorbers can be included in the structure
of the walls and lids of containers used for
storing and transporting both components for
the manufacture of these devices, and these
devices themselves.

Further research will
obtaining the following data:

—patterns  of changes in the
electromagnetic radiation absorption
characteristics of absorbers manufactured in
accordance with the proposed technology,
depending on the material of the matrix in
which the dispersed composite based on
powdered activated charcoal iron (I11) oxide is
fixed;

—the optimal value of C for a mixture
of isopropyl alcohol and finely dispersed iron
(1) oxide used to obtain a dispersed
composite based on powdered activated
charcoal and iron (Ill) oxide in the
manufacture of microwave absorbers in

be aimed at
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Abstract

The general strategy is shown of management by economic on based the increasingly full
application of intensive methods of management. The needs are analyzed of the volume of com-
pressed gas for the normal and continuous operation of oil and gas wells, which are determined
by the number of simultaneously operating compressors. It has been established that technologi-
cal facilities, from the formation to the supply of associated petroleum gas to the intake of the
gas-lift compressor system are a single, multi-link, inseparable system.
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Neft vo qaz quyularimin mahsulunun toplanmasi sisteminin soma-

raliyinin artirilmasi ild enerji tohliikasizliyinin yaxsilagsmasi
T.A. Agadiyeva

“Nefiin, gazin geotexnoloji problemlari va kimya” ETI (D. Oliyeva kii¢. 227, Baki, AZ1o010, Azarbaycan)

Yazisma iiciin:
Agadiyeva Torano / e-mail: aqtaal@mail.ru

Xiilasa
Maqalads intensiv idarsetms metodlarinin getdikco daha dolgun totbigine osaslanan iqtisadi

idaroetmonin imumi strategiyasi gostorilmigdir. Eyni vaxtda isloyon kompressorlarin say1 ilo miioyyon
edilon neft vo qaz quyulariin normal va fasilasiz istismari li¢iin, sixilmig gqazin hacmins olan tolobat tohlil
edilmisdir. Miioyyon edilmisdir ki, texnoloji quruluslar lay ssthindon baslayaraq samt neft qazinin qazlift
kompressor sisteminin gobuluna daxil olana qadar vahid, ¢coxbandli, ayrilmaz bir sistemdir.

Acar sozlor:  dorin su, doniz platforma, qazlift, kompressor, somt qazi, quyu, yataq, boru kemaori, analiz.

O Mepax NoBbIICHHUS JHEPreTHYecKou 3P PeKTUBHOCTH
KOMIIPECCOPHOM ra3jiuTHOM cucTeMbl HeTera3oBbIX CKBAKUH
T.A. AragueBa

HUU «l'eomexnonoeuueckue npobremvl nepmu, 2aza u xumusay (ya. [ .Anuesou, 227, Baky, AZIoio,
Asepbaiiocan)

Juis mepenucku:
Aranunesa Tapana / e-mail: aqtaal@mail.ru

AHHOTaNUA

B crarpe mpoananu3upoBaHbl MOTPEOHOCTH 00BbEMA CKATOTO Ta3a sl HOPMaJIbHOU U OecripepbiB-
HOM SKCIUTyaTallud He(TEra3oBbIX CKBaKMH, KOTOPBIE ONPEAEISIIOTCS KOJIMYECTBOM OJHOBPEMEHHO pado-
TAOIUX KOMIPECCOPOB. YCTAaHOBIIEHO, YTO TEXHOJOTHYECKHE OOBEKTHI, HAYMHAs OT IjIacTa A0 MOCTYTI-
JICHHSI TIOITyTHOT'O HE(PTSIHOTO ra3a Ha MPUEM Ta3IM(THON KOMIPECCOPHOW CUCTEMBI, SBISIOTCS SIMHONW 1
HEpa3pbIBHOW MHOTO3BEHBEBON CUCTEMOIA.

KioueBblie cioBa:  rIyOOKOBOJHBIA, MOPCKOE OCHOBaHHWE, ra3iuT, KOMIIPECCOp, MOMYTHBIA ras,
CKBa)KHMHA, TPOMBICE, TPYOOTIPOBOI, aHAIH3.
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BBeaenue

NHTeHcuBHOE ~ pa3BUTHE  MHUPOBOIL
HedTerazo100bIBaIONICH MPOMBIIIJICHHOCTH, B
TOM uucie B AzepOaiipkaHe, BIedeT 3a co0oi
yBeJIMYeHUE N00bIMM He(dTH, KOHACHCATa H
rasza, BMeCTe ¢ TeM TpeOysl MOBBIIICHHS (-
(DEKTUBHOCTH TEXHOJOTUYECKHX IMPOIECCOB,
COBEPIICHCTBOBAHUS CHUCTEM pa3pabOTKH H
IKCIUTyaTalul  HEPTEra3oBbIX MECTOPOXKIe-
HUH, HAXOASAIIUXCS B CPEIHEN M MO3/IHEN CTa-
JUSIX UCTOILICHHUS.

Buenpenue pa3inyHbIX METOJIOB U TEX-
HOJIOTUYECKUX TPOIECCOB A0OBIUM HEPTH U
raza He(Tera3oBbIX MECTOPOXKICHUH Kak Ha
cyme, Tak 1 Ha Kacnmiickom mope TpeOyer
3 (HEKTHBHBIX TEXHOJIOTUW BO3JCHCTBUS Ha
MPOIYKTUBHBIC TIJIACTHI.

B sTOoM acnekrte Henb3si HE OTMETUTh
Bkiag [.A. AnmneBa B noBeiieHue d()PeKTHB-
HOCTH DJHEpreTudeckoil 0e30MacHOCTH pec-
nyonuku. [locTtpoeHne 3aBoja Mo U3rOTOBIIE-
HUIO TJIYOOKOBOJHBIX MOPCKHUX OCHOBAaHMM
CZeJIaJi0 BO3MOXKHBIM OCBOEHHE MOPCKHX Me-
CTOpPOXKAeHUM B A3epOaliKaHCKOM CEKTOpe
Kacnuiickoro mopsi. B 1970-1980 roasl moj
pykoBojcTBoM ['eiinapa AnueBa B baky Obu1
MOCTPOEH 3aBOJI MO HM3TOTOBIEHUIO TIIyOOKO-
BOJIHBIX MOPCKHMX OCHOBaHui. BBoA B 3KcIuIy-
aTalMI0 3aBOJIa MO3BOJIMJI 3HAYUTENIBHO YBe-
JUYUTH TOObIYYy HEPTH W raza, SBISIOLIUECS
OCHOBOI mMOBbIIEHNs 3((EKTUBHOCTH 3HEp-
TEeTHYECKON 0e30MmacHOCTH pecnyOaukn. 3a-
BOJI TO3BOJIUJI TaK)K€ BBECTH B Pa3pabOTKy U
«A3zepu-

OKCILTyaTaluro MECTOPOKACHUC

Uslpar - riry0oKkoBogHast yacThb [ FoHen.

AKTYaJIbHOCTB NPO0JIeMBI

3&[[8.‘13. SHAYUTCIBbHOI'0 YBCIUYCHHUA 10-
Oblun He()TH W Ta3a HEPa3phIBHO CBS3aHA C
MOJICpHH3aIlMel BCEr0 KOMIUIEKCa, 00yCTpoii-
CTBOM He(TerazoBbIX MECTOPOXKJIEHUHN BBICO-

Kod(exkTuBHBIM 00OpyAOBaHUEM. Y COBEp-
[ICHCTBOBaHUE  CYIIECTBYIOIICH
KOMITPECCOPHOU Ta3nu(THON H00bI4H, cOopa,
MOJTOTOBKH U TPAaHCHOPTUPOBKH IPOIYKIIUU

CHCTEMBI

He(TEra3oBbIX CKBAKMH W KA4eCTBEHHBIH
cOop mHQpOPMAIH O TEXHOJIOTHYECKUX Mapa-
MeTpax paboThl BCEH CHUCTEMBI I03BOJISET
JIOCTOBEPHO aHAJIM3MPOBATh MPOIECC AOOBIYH
He(TH U rasa.

ILeab cTraTbu - NPOJEMOHCTPUPOBATS,
KaK JIOOUTBCSI TOBBIIICHUS SHEPreTUYeCcKOn
3(pGEKTUBHOCTH BCEW KOMIPECCOPHOM, TIa3-
mudTHON cuctembl. [lokasars wnenecooOpas-
HOCTh  IPaBWJIBHOIO I0A0Opa  TEXHOJIO-
TMYECKUX MapaMeTpoB padOTHl KaxIO# ras-
TUQPTHOW HEPTSIHOW CKBaXXKHUHBI, CTPOTOro
COOJIIOJIEHHSI TEXHOJIOTHYECKOTO perjaMeHTa,
pa3pabOTaHHOTIO MPOMBICIOBBIMU T'€OJIOTaMH,
¢ y4€TOM COCTOSIHUS IIacTa, 3a00MHOro, pa-
O0odero M YCThEBOrO JaBIEHMs, AMaMETpa
NOBEMHBIX TPYO, cucTeM cOopa MPOIyKIUH,
MOMYTHOTO HE(TSIHOIrO rasa HU3KOTO JlaBiie-
HUS, a TaKXe MHCIIOJIb30BAHUS CMEXKHBIX

BCIIOMOTaTCIBbHBIX CHCTCM.

ITocTaHoBKa 3agaun

C yBenuueHueM 004N He(TH BO3pac-
TaeT ¥ A00bYa TOMYTHOTO He(TSIHOrOo Trasza
HHU3KOTO [IaBJICHUS, COOTBETCTBEHHO, YBEJIU-
YHMBAETCS MAPK KOMIIPECCOPOB, UCIIOJIb3yEMBIX
B CHCTE€Max Ta3nu(THON JKCIUTyaTallud MOp-
CKHUX HerTel"aSOBLIX CKBaXXHH, JA0XaTusa Hu
TPAHCIIOPTUPOBKH ATOTO Ta3a Ha MEPepadOTKy
U CyXOro Ta3a mocjie nepepaboTKu K moTpedu-
TensAaM. HemnpepelBHOCTH  TEXHOJIOTHYECKOTO
mpolecca ra3nudra u TpaHCTIOPTa ra3a MOXKET
06€CHG‘-II/IBaTI>CH H€O6XO,Z[I/IMI:IMI/I TCXHHUYC-
CKUMH CpPEACTBaMH, B TOM YHUCJE KOMIIpEC-
COPHBIM 000pYIOBaHHEM, COOTBETCTBYIOIIUM
HEMPEPHIBHOMY TEXHOJIOTHYECKOMY IPOLIECCY
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paboTHl U TapamMeTpaM a00buM HepTH U Tasza
[1, 2]. W3-3a OTCYTCTBUSI JOCTATOYHOI'O KOJIH-
YecTBa COOTBETCTBYIOIIEH KOMIIPECCOPHOI
TEXHUKU CTENEHb HCIOJb30BaHUs J0ObIBae-
MOTO TIOIYTHOTO HE(TSHOTO raza U3 HEKOTO-
pPBIX MECTOPOXKIEHUM, PACIOJIOKEHHBIX B
TPYAHOJOCTYIIHBIX 30HaX, a TakXke IIyOOKo-
BOJAHBIX akBaropusax Kacnwmiickoro Mops,
MIPUBOUT K €ro MOTEPSIM.

CxaTelii Ta3 MO MPOMBICIOBBIM Ta30-
MPOBOJIAM BBICOKOTO JaBJICHUS HAMpPaBISETCS
Ha rasopacrpeneiauTeNbHble CTaHIMH, KOTO-
pBle MOTYT pacrojaraThCsi Ha Oepery wiu B
LIEHTPE KCIUTyaTallMOHHBIX CKBAXXUH Ha CYIIIE
WIM B MOpe, Ha METaJUIMYECKOM KYyCTOBOM
ioniaske JMbo Ha OTBETBIEHUU IJIABHOMN
ACTaKajabl, U OTTYyJa paclpenesseTcs Mo Kax-
JbIM Ta3MU()THHIM HEPTSIHBIM CKBAYKUHAM.

Jlis co3ganusi yCIOBUIT MHHMMAIbHOTO
YIEIBbHOIO pacxoda CXaToro rasa Mnpu Hojb-
éMe J00bIBaeMON MPOIYKIIMH KENaTEeNbHO,
4yTOOBI OH paloTal B peXHUME ONTHUMAIbHOTO
neouTa, I 4ero HeoOXOAMMO HauOOJIbIIEe
MOTPYKEHNE HACOCHO-KOMIIPECCOPHBIX TPYO,
TO €CThb clleyeT OpaTh IJIUHY NOJBEMHBIX
Tpy0  MakCHUMalbHOMH,
CKBQ)KUHBI.

paBHOM  riyOuHe

BcenenctBue nageHus naBieHus Ha Iia-
cTe U B 3a00e Mo Mepe pa3paldOTKH IuiacTa
PEKOMEHJIyeTCsl, dTOOBI JUIMHA HACOCHO-
KOMIIPECCOPHBIX TpyO Obuta Obl B JBa pasa
0OJIbIIIE BBICOTHI TOABEMA IKUAKOCTH, TIPH
3TOM JIMHAMUYECKUH YpPOBEHBb MKHUJIKOCTH B
CKBOKWHE W JaBJICHHE y OamMaka ormpejies-
€TCsl B 3aBHCHUMOCTH OT pabodero IaBICHUS
CKB&XXHHBI [3 - 6]:

Ps = Ppa6 - (0,3 - oaS) (I)
rie Ps — naBnenune y Oammaka cKBaXXHHBL, Ppyg
— pabouee naBiIeHHE CKBaXMHBI, KOTOPOE
00bIHO Oepétcs Ha 0,3 + 0,5 MIla Huxke nas-

JICHHUA CXKATOI'0 rada B CUCTEMC rasnmpTa, KO-

TOPOE YCTAHABIIMBACTCS TEXHOJIOTUYCCKUM
periiaMeHTOM pa3pabOTYMKAMH MECTOPOXKIC-
HUSL.

Ha ocHOBe HaKOIJICHHOTO MHOTOJICTHE-
ro ombITa paboThl KOMIIPECCOPOB B CHCTEMAaX
ra3nudTa U TpaHCIOPTA MOMYTHOTO HEe(PTIHO-
ro ra3a HU3KOrO JIaBJICHHS, KOTOPHIC MPOXO-
JISIT, C TEXHOJOTUYECKOW TOYKU 3PEHHUS, B
KpaiiHe TsDKENBIX TMPOMBICIOBBIX YCIIOBHUSX,
YCTaHOBJICHO, YTO TOKa3aTeian paboThl B €IH-
HOW cucTeMe ra3imdra W TpaHCIOpTa rasa
TEXHOJIOTUYECKHA B3aUMOCBSI3aHbI MEXIY CO-
ooti (puc. 1).

Pucynok 1 — TexHosoruueckass cxema DKCILIya-
TaIWy ra3Mu(THON CUCTEMbI HEPTSHBIX CKBAKHH
Figure 1 — Technological scheme of operation of
the gas-lift system of oil wells

Ha puc. 1 moka3zana TexHonoruyeckas
cXxeMa Ta3MU(PTHOH CHCTEMBI HKCILUTyaTalluu
HEPTSIHBIX CKBA)XXHH, I/ OJHAMH M3 COCTaB-
HBIX YacTel SBISAIOTCS KOMIIPECCOPHI, yCTa-
HOBJICHHbIE HA Ta3nu(THOW WM JOKUMHOMN
kommpeccoproit crannusax (I'KC, JJKC). Kax
BUIHO U3 TEXHOJOTMYECKOW CXEeMbl, B IpO-
[[ecce JKCIUTyaTalluy Ta3auTHBIX HEPTIHBIX
CKBa)XHH MPOIYKIWs, TOOBIBaeMast U3 32004 I,
yepe3 JTU(PTOBbIE (HACOCHO-KOMIIPECCOPHBIE)
TpyObI 4, (DOHTAHHYIO apMaTypy 5 ¥ BBIKH]I-
HYIO JIMHUI0O 6 TIOCTYMaeT B MPOMBICIOBBIN
MEPBUYHBIN MYHKT MOATOTOBKHU IPOIYKIUH,
rZie ¢ MOMOIIbIO HedTerazocenaparopa 7 mpo-
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UCXOJUT pa3JelieHne Ha >KUAKOCTh (HE(Th,
BOJIa, MEXaHUYECKHE MPHUMECH) U TOMYTHBIH
HeTsIHOM ra3.

XKuakocth Mo JIMHUM Q HAIPABISETCS B
MyHKT TOATOTOBKM He(TH, a MOMyTHBII
He(TSHOW ra3 MO MPOMBICIOBEIM Ta30IPOBO-
naMm 8, ¢ naBieHueM 0,38+0,6 MIla, nanpas-
JIsileTCsl B IPOMBICTIOBBIN razocenapanuoHHbINA
nyHKT 10. [Ipoiing Tam 2-cTyneHuYaTyro cema-
PAIMOHHYIO MOATOTOBKY, IO MPOMBICIIOBOMY
ra3onpoBojly 8 TPAHCIIOPTUPYETCS Ha PaCCTO-
SITHUM 25-35 KM K TOJIOBHOMY ra3ocernapaTropy
11 I'KC wmm JIKC. [MonytHbli HedTsHON ra3
HU3KOTO JIABJICHHS TOCJE MOATOTOBKMU Ha To-
JIOBHBIX Ta3ocernapaTopax HampaBiseTcs Ha
npuém raznudrroit 'KC nnu JKC 12, rae ras
¢ nmaBieHueM 0,38+0,5 MIla moxumaercs Ha
I'KC no nmaBnenms 3,5+3,7 MIla nns omgHO#
ra3iuTHOH CHCTEMBbl WJIM JO JIaBJICHHS
7,5+7,8 MIla nmns npyroit. Ha xaxmoit ['KC
umu JIKC, cormacHo moTpeOHOCTH TTPOMBICTA
Ha CXKaThIN ra3, yCTaHABIMBACTCS 6-10 €AMHUIL
KOMITPECCOPOB.

Crnenyer oTMETUTh, YTO, HE3aBUCUMO OT
ycloBuil paboOThl KOMIIPECCOPOB B CHCTEMax
ra3nudTa U TPaHCIOPTA MOMYTHOTO HEe(PTIHO-
ro ra3a, 3TH KOMIIPECCOPHI MOJHOCThIO OTBE-
YalOT TaKUM TOKAa3aTelisiM, KaK HaJI&XHOCTh,
0€301acHOCTh, TEXHOJIOTMYHOCTh W HKOHO-
MUYHOCTb.

Pemenue 3agaun

Ananmu3 Tabnmuibl 1 BBIABIAET JBa
HanpaBjeHUsl TMOBBIIIEHUA 3(deKkTuBHOCTH
100bIYM He(hTH M Ta3a KOMIPECCOPHOH, ras-
TU(GTHON CUCTEMOM: yMEHbIIECHHE Yncia 3Be-
HBCB, TO €CTh IIHWPOKOC NPHUMCHCHHUE BHYT-
PUCKBa)XUHHBIX Ta3lu(THBIX KJIAlaHOB U CO-
KpalleHHe, MPU ITOM, NPOMEKYTOYHBIX CH-
CTEM KOHTPOJS M JIPyroro oO0OpyAoBaHMs 3a
pacxoIoM CXaToro rasa, IO KaxIOM ras-

TU(THON CKBa)XMHE, TMOBBIINICHHE KO3(PuIin-
€HTOB IOJIE3HOT0 JEHCTBUS Ka)XJIO0ro 3BEHa,
nyTéM NPUMEHEHHUS COBPEMEHHOW TEXHOJO-
THH.

[ToBeimeHNsT 3HEpreTudeckor AP dek-
TUBHOCTH BCEU KOMIPECCOPHOH, ra3nudTHON
CHUCTEMBl MOXHO JIOCTHUTHYTHh TPAaBHILHBIM

noa00pOM  TEXHOJOTMYECKHX  IapaMeTpOB
paboTbl  KaxaoW Ta3nmupTHOH, HeDTIHON
CKBOXHUHBI, IYTEM CTPOTOTO COOJIIOICHHS

TEXHOJIOTUYECKOTO perjaMeHTa, pa3paboTaH-
HOTO IPOMBICIIOBBIMU T€0JIOTaMH, C YYETOM
COCTOSIHUS IUIacTa, 3aboiHOro, pabodero u
YCTHEBOTO JIaBJICHHUS, AMAMETpPa MOIBEMHBIX
TpyO, cucteM cOopa IpOAYKIMH, B TOM YHCIIE,
MOMYTHOTO HE(TSHOTO Ta3a HU3KOTO JaBlie-
HUS, a TaKKe€ CMEXKHBIX BCIIOMOTaTEIbHBIX
cucreM. IloaToMy KOMIOpECCOpHBIM, ras-
TUQTHBIA MeToJ] 100bIYM HEPTH U ra3a Xapak-
Tepusyercs omnpenaeneHHoN 3((HEeKTUBHOCTHIO
U TI03BOJISIET OCYIIECTBUTH JOOBIYY HEPTH U
ra3a Ha HeOOXOJMMOM YpOBHE, TaXKe U3 TPY/-
HOJIOCTYIIHBIX ~ Y4YacTKOB  He(TerazoBoro
MECTOPOXKICHHS.

OObIYHO [UIsI BBOJAA B OKCIUIyaTaIUIO
CKBaXXHMHY ITyCKOBOE JJaBJIEHUE BhIIIE padoue-
ro, U 3TO OCJOXHSET HOPMAaJbHYIO 3KCILTya-
TaIMI0 APYIUX ra3nu@THBIX CKBaXXHMH, BBHIOOP
KOMIIPECCOPHOT'O arperata M KOMIIOHOBKY
000COOJIEHHBIX YYacTKOB, TaK Kak JUIsl IycKa
ra3nu@THBIX CKBAXUH HEOOXOIUM HCTOYHHUK
raza ¢ IIUPOKUM JHAla30HOM W3MEHEHUS
JABJICHUSI M JIPYTHX TEXHOJOTHYECKUX I1apa-
METPOB C)KAaTOro Tasza, pAcCCYUTAHHBIX Ha
o0ecrieyeHne MyCKOBOI0 U paboyero pexuma.

[Tpu 3TOM mpenenbHO JOMyCTUMBIN pac-
X0l C)KaToro He(TSHOro raza Ha MOABEM I T
YKHUJIKOCTH ONPEAEISIETCS U3 COOTHOIICHHS:

R = (R;+)( 1 - ny/100) (2)
rae R; — MakcuManbHO TOMYyCTUMBIN [J1s AaH-
HOTO HE(TEra30BOTO MECTOPOXKACHUS 00BEM-
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HBIN pacxoj ra3a Ha moabéM I T HedTh; I —

ra3oBblii (akTOp; Ny — COACP)KAHHUE BOJBI B

npoaykuuu ckBaxkuH (% 00.), onpexaenseMmoe
B TIPOMBICIIOBOH JIAOOPaTOpHH.

Ta6auna 1 — YcpenHeHHbIC IPAKTHYECKUE 3HAYCHUS KO PHUIIMEHTOB MOJIE3HOTO ICHCTBHS KOMpECcop-
HOM ra3nudTHOI cucTeMsl (1 €€ 3BeHbeB), 00beanHERHOM Mt yenoswid AByx HI'IY 'HKAP.
Table 1 — Averaged practical values of the efficiency of the gas-lift compressor system (and its links),

combined for the conditions of two oil and gas production departments SOCAR.

KommpeccopHas

IITI Ko3ddHuHEeHTE 3BeHBEE P P
= raz1HGTHAA CHCTeMa

] ITonHOH OTAa9H MOIDHOCTH, IIPH CAATHH rasa 0.08

raz0BOTO JBHTATENA, My ’

,  [[a30MOTOPHEIH MOPITHEBOH KOMIIpeccop (KoM- 0.75

~  |mpeccopuotigactH TMK). 7 ’

3 |TIpOMBICTOBBIE TA30TIPOBOIBI, Tar 0.98

4  |lFasopaclpelelHTeIbHbIE CTAHIHH, Tfpe 0.98

5 |Pa3BoIAINHE rasoIpPOBOIBL, Ty 0.98

6 |laznudTHad HedTAHAA CKBAKHHA, Moxs 0.68

7  |BcA cHCTeMa KOMIIPeCcCOPHOT0 rasaHdTa, Mirc 0.47

VYenemnas JKCIUTyaTalus ra3-  craausx pa3paOoTku, OOJIbIlIOE BHHUMaHUE

TUQTHBIX, He(TErazoBbIX CKBOXUH M cOOp
N0OBIBa€MOM MPOAYKIUHU, B YCIOBUSAX YACTBIX
W3MEHEHUH JaBIIEHUS M pacxoja CKaroro,
MOMYTHOTO HE(TSHOTO ra3a, BO MHOTOM 3aBU-
CHUT OT MPaBUIBLHOTO BHIOOPA KOMIIPECCOPHOTO
arperata 4 O0OOCOOJICHHBIX YYacTKOB, JUIs
HOPMAJIbHOW JKCIUTyaTallud, B IIEJIOM, CHUCTE-
MBI Taznudra. IT0 00ycIaBIMBaeT BHEAPCHHE
B pa3pabO0TKy He(TEera3oBbIX MECTOPOKIACHHUI
ra3uTHOTO METOoAa KaK Ha Ccylle, TaK U Ha
MoOpe, a TaKXKe B cucTeMy cOopa 100bIBaeMoit
MpOAYKIHH A(P(PEKTUBHBIX U HKOHOMUYHBIX
TEXHOJOTHYECKHUX IMPOIIECCOB, HAMPABICHHBIX
Ha pecypcocOepexeHne, 00eCTeunBaroInX
3HAYUTEIIFHOE CHIDKEHUE KAIMTAIBHBIX BIIO-
JKEHHH, HKCIUTyaTallMOHHBIX 3aTpar, COKpa-
IeHue moTepb HepTH U raza.

[ToaTomy B mocnenHue TOabl HAPSAY CO
crabunm3anueit 1o0suu HeTH U3 HeTeraso-
BBIX MECTOPOXICHUU Kak Ha CyIle, TaKk U Ha
MOpE, HaXOSIIMXCSA B IO3IHEHM U CpelHEUn

YACNAETCS] yCOBEPIIEHCTBOBAHUIO BCEH CHU-
cTembl 100bIuM He(TH U ra3a, cuctem cbopa u
MOJATOTOBKU TMPOAYKIUU CKBOXHUH, HEPTU H
MOMYTHOTO HE(PTSHOTO ra3a ¢ 4acTo M3MEHS-
FOIIUMHUCS TEXHOJOTUYECKUMH TapaMeTpami,
YTOOBI MOJHOCTBHIO HUCKIIOYHUTH TOTEPHU yIIIe-
BOJIOPOJHOTO CHIPBSI.

VYyuTbIBas, 4TO NOMYTHBIA HEPTAHON
ra3 COCTOUT U3 CMECH Ta30B, T. €. OTJACIbHBIX
YTJIEBOJOPOAHBIX KOMIIOHEHTOB, IUIOTHOCTh
ra3oBOM CMECH MOKHO OINpPEAEIUTh aJJAUTHB-
HBIM CIIOCOOOM [7]:

_ ?21 nijwi

B 22,4
rae n;, M; — MOJsIpHOE COJepKaHUE U MOJe-
KyJsipHas Macca i-ro KOMIIOHEHTa, ONpees-
€MbI€ Ha TIPAKTHUKE B JaOOPATOpPUH XPOMATO-
rpaguvecKkuM crocooom.

[TonytHpIii HEDTAHOW Ta3 HACHIIICH
JIETKUMH KOMIIOHEHTaMu HE(TH, U €ro IIoT-
HOCTb i Kaxzaoro HI'JIY omnpenensercs ort-
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JIeNIbHO, MPAKTUYECKU — B JIAOOpATOpPHUH, TIe
OCYILIECTBISICTCSl Ta3nu(PTHAS HSKCIUTyaTalus
He(Tera3oBbX CKBaKUH. Pe3ynbTarhl onpene-
JIEHUi IpuBeeHbI B Ta0. 2.

Ta6auma 2 — CpenHue 3HAYCHUS TUIOTHOCTH IMO-
MYTHBIX HEQTIHBIX Ta30B, MOCTYMAIONINX HA TPU-
&M ra3IM@THBIX WM JOKHUMHBIX KOMITPECCOPHBIX
craanui mo HI'IY T'HKAP.

Table 2 — Average values of the density of associ-
ated petroleum gases supplied to the intake of gas
lift or booster compressor stations at OQPD (oil
and gas production departments) SOCAR.

HITTY III0THOCTE, KTAP
adcor. OTHOC.
Hedrt Jamiape 0.7705 0.596
Fm. H. HapumaHosa 0,7353 0.596
['ymazacel 0.7538 0.583

EcTtecTBeHHO, Ha IpakTHKE B IpPOLECCE
JKCIUTyaTallud  TaKOro  TEXHOJIOTHYECKOTO
LUKJIa B CUCTEME Ta3nudTa, 3TO MPUBOAUT K
CIIEAYIOIIMM HEAOCTaTKaM B paboTe Bcel cu-
CTEMBI raz-nudra:

I. TOSABJIECHUIO IIpoliecca MpoJIETa CKa-
TOro ra3za B 3a00€ CKBa)XMHBI, KOTOPBIM MpH-
BOJAMUT K TOTEpSM KaK CXKaToro rasa, Tak H
J00BIBa€MON HPOAYKIUH, B T. Y. MOIMYTHOTO
He(TIHOTO raza;

2. K HENOJHOMY 3allOJIHEHHUIO €IUHOIO
BcackiBaroniero kowiekropa I'KC nmm [IKC, a
TaK)K€ BCACHIBAIOUIMX TOJIOCTEH KoMMpeccop-
HBIX UWJIMHIPOB I-0il CTYNEHH, OT KOTOpPOTO
3aBHCHUT MTPOU3BOUTEILHOCTH KOMIIPECCOPA;

3.
YEeCKUX IapaMeTpOB IMOMYTHOTO HEPTSIHOrO

JacTOMy HU3MCHCHHIO TCEXHOJIOTH-

ra3a, HallpaBJISIOIIErocs Ha NMPUEM KOMIpec-
copa;

4. K HEpaBHOMEPHOMY pacCIpEIEIICHUIO
MOMYTHOTO HE(TSIHOTO raza M3 €JUHOro BCa-
CBIBAIOILErO KOJUIEKTOPA MO XOMy €ro JBHXKe-

HUS HAa TpUEM MO KaXIOMY M3 8+I0-TH KOM-
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npeccopoB, ycraHoBieHHbIXx Ha ['KC wim
HKC;

5. K U3MEHEHHIO TEXHOJIOTMYECKUX Ta-
paMeTpoB CKATOTO Tra3a BO BCEH cUCTEME rasz-
audTa, 0COOEHHO BO BpeMsI OCBOCHHS HOBBIX
WIA TIOCJIE PEMOHTa Ta3MU(THBIX CKBAXHH,
NPUBOAAIINX K M3MEHEHUIO pabodux, TEXHO-

B JIpyTHUX
JTUQTHBIX CKBO)XKMHAX, HAXOISAIIUXCS B JKC-

JIOTUYECKUX IapaMeTpOB ras-
IUTyaTaluy B eJJMHON CUCTEMe Ta3udTa.

Ha mpombiciax 4YHCIO TYHKTOB ISt
coopa TPOAYKIMH, AOOBIBaMON U3
TU(THBIX CKBa)KMH, a TakXKe JIs coopa HePTH

ras-

U TIONMYTHOTO HE(PTIHOrO Ta3a 3aBUCUT OT
pa3MepoB He(TEra30HOCHOW IUIOMIA[IUA, OT
oOmiero

00bE€Ma MPOIAYKIIMK U MOXKET KoJeOaThCs B

IPEABAPUTEIIFHO  ONPEICIICHHOTO
npezenax oT 2-X 10 20. Eciu motok momyTHO-
ro He(TAHOro ra3a, HU3KOTO U CPEIAHEro JaB-
JIeHUs, pachpesessercs IO  HECKOJIbKUM
Hanpas-neHusM (Ha ['KC wm AKC, razmudr,
JIpyrue TEXHOJIIOTUYECKUE HYKIBI, TOILIHBO
JUTS BBIPAOOTKH TIapa M AJIEKTPOIHEPTHU U T.

1.), TO YUCJIO TTyHKTOB, 1O TIOATOTOBKE HEDTH

U Tra3a, MOXET COOTBETCTBOBATh YHCIY
HaIlpaBJICHUMN.
Ilepen MNpPOEKTUPOBUIMKOM, B TaKHUX

CIIy4asiX, BOZHUKAET BOIPOC: KAKUMHU XK€ Clle-
JyeT MPUHUMATh JTUAMETPHI BCEX IPOMBICIIO-
BBIX I'a30IIPOBOJIOB U KAaK HMX O6OCHOBBIBaTB, B
YACTHOCTH, AMAaMETP OKOHYATEIbHOro cOOp-
HOTO, IPOMBICIOBOrO Ta30NpoOBOJa, TPaHC-
MOPTUPYIOLIETO MPAKTUYECKH BECh O0BEM
J00BIBaEMOI0 ¢ HE(PTHIO MOMMYTHOTO HEPTSIHO-
ro raza Kak HU3KOro JIaBJIEHUs, C 4acTO U3Me-
HAIOLMMUCS NapaMeTpaMH, TaK U CPEAHETO
JIaBJICHHUS.

B 3aBucumocTu ot MNpUHUMACMOI'0 Jua-
MeTpa ra3olpoBOAa MPOBOIAT OINpe/eIeHue
CTOMMOCTH CaMoOro TpyOOIpoBOJia, a CTOHU-
MOCTb KOMIIPECCOPHOI'O arperara OIpezens-
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eTcs, ucxons u3 ero momuoctu (N, kBT), pac-
CUUTaHHOM M0 creayroeil popmyie:
N-22 3)
1027
rae Q - pacxon rasa, M/c; y - yAEIbHBIA BEC
raza, kr/mM’; P - 1aBieHme raza Ha BBIKUIE
KoMIIpeccopHoro arperata, Mlla; n - ko3-
(UIMEHT TOJE3HOr0 ACHCTBUS KOMIIPECCOp-
HOTO arperara.

[IpoeKTUPOBIIMKHN JOHKHBI YUUTHIBAThH
elle OJHO BaXHOE YCJIOBHE: ABM)KEHHE IIO-
MyTHOTO HE(PTSAHOTO ra3a HU3KOTO U CPEIHETO
JABJIEHUS IO MPOMBICIIOBOMY TIa30IPOBOY
MIPOUCXOAUT BCJIEACTBUE IMEpPEXoJa MOTEHIHU-
albHOM SHEPruM IOTOKA Tra3a B KUHETUYe-
ckyto. Eciu B Havyasie razonpoBoja J1aBiIcHUE
pasHoO P, a B xoH1IE P,, TO:

P,-P,=h (4)
n OyzeT BbIpa)kaTh TY SHEPrui0 (CKOPOCTHOMN
Harop, h), koropas M3pacxojloBaHa Ha IIpe-
OJIOJICHUE BCEX CONPOTUBJICHUM NIpHU Iepe-
JIBUKEHMM IIOTOKA rasa, COJAEpKalllero B COo-
CTaBe OOMJIbHOE KOJHMYECTBO BJIATU M TSDKE-
JIbl€ YTJIEBOJOPOJHbIE KOMIIOHEHTHI, 110 Tra30-
MIPOBOAY, MPUBOIIEE K NOTEPE 1aBICHUS.

B mocTpoeHHBIX Ha TakOM MpPHUHIIMIIE
00BEKTaX, TEXHOJIOTMYECKUH MPOLECcC TpaHC-
MOPTHPOBKH  IOIYTHOTO, HE(PTIHOro rasa
HU3KOTO M CPEJHETO JaBJIECHMS OCYILECTBIIS-
€TCsl 110 KOJIBLIEBBIM, ITPOMBICIIOBBIM Ia30Ipo-
BoZaM Hu3Koro aasyieHus Ha npuéM I'KC nmmn
JKC, a cxaroro raza - mo rasid@THBIM
He(TAHBIM CKBa)XMHAM U K TOTPEOUTEITIO.

[TonyTHBIN HeDTAHON ra3z ¢ JaBIEHHEM
0,38+0,5 Mlla u3
CenapalMOHHOIO MTyHKTa MOCTYIAeT Ha MPUEM
I'KC nwmu JIKC, rae ycTaHOBIEHBI KOMIIpEC-
COpBI THIIA 10’ KHAM2/5-55 15RI0
10’ KHAM3/5-100. Ilocne moxaras ma I'KC
umu JIKC ra3 ¢ naBneHueM 4,2+4,7 Mlla Ha
10l KHAM2/5-55 wnu

TOJIOBHOT'O ra3o-

KOMITpECCOPC  THIIA

6,7+7,5 MIla na xomnpeccope 10l KHAM3/5-
100 3amepsieTcs Oo0BEM CXKATOro rasa MU IO
IIPOMBICIIOBOMY Ta30MPOBOJY BBICOKOTO J1aB-
JICHUS TPAHCIOPTHPYETCS B CUCTEMY Tra3iud-
Ta U K notpedburemto. 1o Oyner cnocodcTBO-
BaTh TOMY, YTO JIIO00E€ OTKJIIOUYEHHE TOrO MU
MHOTO y4yacTKa TIPOMBICIOBOI Tra3oTpaHc-
MOPTHOM CUCTEMBI HE OyAET CONMPOBOKAATHCA
M3MEHEHHEM KaK B CHUCTeMe J100bIuM, cOopa,
MOJATOTOBKU U TPAHCHIOPTHPOBKH MPOJIYKIUH,
B TOM 4YHCIE IOIYTHOTO, HE(PTIHOro rasa
HU3KOTO JaBJICHHS, TaK U B CHUCTEME TpaHC-
MOPTHPOBKH CXKATOTO Trasa.

Ha navanbHOM 3Tamne n100b14M He(TH U
raza ra3nu@THBIM crocoOoOM, IS 1eneil mpo-
MBICIIOBOW MTPAKTUKU, OTPAHUYUBAIOTCS ABYMS
YCIIOBUSIMHU:

I. OTOOp MPOAYKUMU W3 Ta3TuTHBIX
CKB2XHH OTPaHUYEHHBINH; 3TO O3HAYAET, YTO
3apaHee M3BECTEH JE€OUT MO MPOIYKIUU KaxK-
JIOM CKBaXKWHBI, 3a00MHOE aBJIEHWE U PACXO/l
MPUTEKAIONIETO C)KATOTO Ta3a;

2. 0TOOp TPONYKIHMH W3 Ta3TUPTHBIX
CKBaXMH HE OrpaHMYEHHbIN, TO €CTh JIOTMOJI-
HUTEJIBHO NMPaKTHUECKU MOJUIeKAT OIpejiene-
HUIO IYTEM HCCIeNOoBaHMUs U 00pabOTKU pe-
3yJIBTaTOB JAE€OMT MO MPOJIYKIMH, 3aboiiHOe
JTABJIEHUE U PACXOJ CXKATOTO Ta3a.

Kak m3BecTHO, 4acThle M3MEHEHUS IaB-
JICHHUS B TIPOMBICIIOBBIX Ta30MPOBOAX HU3KO-
rO W BBICOKOTO MABIICHWsI, CBSI3aHHBIE C CH-
CTeMOI J00bIYM MPOJYKIMU U3 Ta3TU(PTHBIX
CKBAXHH, ONPEACISAIOTCS MX aMIUTUTYAOH M
4acCTOTOM.

AMIUTATYJIA - 3TO Pa3HOCTh MEXKIY MaK-
CUMaJIbHBIM B Hauayie MPOMBICIOBOTO TIa30-
MpoBosia (KOHIIEBOM Y4YacTOK cOopa rasa) u
MUHUMAaJbHBIM B KOHIIE Ta30MpOBOJA JaBiie-
HUEM B JaHHOM TOYKe ra3onpoBoja (Hadajb-

HBIf yYacTOK TOJIOBHBIX Ta30CernapaTopoB
I'KC umu IKC).
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YacTora M3MEHEHUs JaBJICHUS Ipexnae
BCEr0 3aBUCUT OT CTPYKTYphl IPOIYKIIHH,
MOJIHUMAOLIEHCs 0 NOoABbEMHBIM TpyOam Ha
yCTb€ CKB@)XMHBI, KOTOpasi onpezensercs Ko-
JIMYECTBOM I0JIaBAEMOM B BBIKUAHYIO JIMHUIO
npoayKkuuu (HedTh + Boja + rasz + mex. Mpu-
MECH) M AUaMETPOM BBIKUIHOM JIMHUH, A TaK-
ke (U3NYECKHMHU CBOMCTBAMH IepeKaynBac-
MBIX XKHUJIKOCTEH M ra3za u, 0COOCHHO, TTOBEPX-
HOCTHBIM HaTSDKEHHEM CHCTEMBbl He(Th-ras.
IIpu TakoM TEXHOJIOIMYECKOM Ipoliecce, YeM
OoJiblIIe CKOPOCTh MOTOKA MOIYTHOIO, He(Ts-
HOro rasza, NpU €ro TPAHCIOPTHUPOBKE IIO
MIPOMBICIIOBBIM Ta30IMPOBO/IaM, TeM OOJIbIIe
94acToTa W3MEHEHHUS [aBJIeHUS ras3a. Yem
MEHBIIE CKOPOCTh MOTOKA ra3a, TeM OoJiblie
aMIUTUTY/Ia M3Me-HeHUs naBieHus rasza. llo-
3TOMY, Ha IPOMBICIIE, HE3aBUCUMO OT KOJINYe-
CTBa ra3nu(THBIX CKBa-KUH, €KEIHEBHO JKC-
IUTyaTallMOHHUKAaMU BelyTCs U3MEpeHue, yuér
U aHaJM3 TEXHOJOIMYEeCKUX (PaKTOPOB IO Iie-
MOoYKe JOOBIYM TPOAYKIHH, B TOM YHCIE
HEe(TH M ra3a KaKAbIX B OTJEIBHOCTH, PacXo-
Jla CKaToro, MOMYTHOI0, HEPTAHOTO rasa, 1no-
JaBaeMoro Mo Ta3Mu(THBIM CKBaXHHAM, a
TaKXKe MapamMeTpoB JIOOBITOTO U COOPaHHOTO
MONYTHOT0, HE(TAHOrO ra3za HHM3KOIO JlaBJie-
HUS, C YaCTO U3MEHSIOLUIMMHUCS MapaMeTpaMu,
Tpancnoptupyemoro Ha npuéMm I'KC wmm
JKC.

[Ipu muTensHOM BpeMeHH y4éTa U aHa-
JU3a TEXHOJIOTUYECKUX (HaKTOpoB pabOTHI
CUCTeMBbI Ta3iu(Ta YyCTaHOBJIEHO, 4YTO IIO-
TpeOHOCTH 00BEMaA CXKaTOro raza JUisi HOp-
MaJIbHOM M OecrpephlBHOM SKCIUTyaTalluu
He(TEera3oBbIX CKBAXXHH ONPEEIISIOTCS KOIH-
YEeCTBOM OJHOBPEMEHHO pPAa0OTAIOMIUX KOM-
IIPECCOPOB.

IIpoeKTHBIM HMHCTUTYTOM, B 3aBHCHUMO-
CTH OT TOTPEOHOCTH CHUCTEeMBbI razimudTa, B
cxaroM rasze npoektupyercs ['KC Ha naBie-
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Hue 10 8,0 MlIla u npexycmarpuBaercs Tam
YCTaHOBKA [0 €IUHUIl KOMIIPECCOPOB THIA
10’ KHAM 3/5-100. B mpomecce 3kcrtyara-
LAA KOMIIPECCOPOB  MPOU3BOJIUTEIBHOCTD,
3amepenHas Ha Bbikuje ['KC, ctanoBuTCs Ha
12 % MEHbIIE MACIOPTHOM, U CIIEI0BATEIbHO,
IIPOCKTHOM.

[Torepu momyTHOrO HEPTIHOTO rasa
HU3KOro naasieHus Ha npumepe HIJY wum.
Hapumana HapumaHoBa, mpakTUYeCKH, MOXK-

HO OMNPEIEIHTD 10 GopMmyIie:
WZ

Ap = p—3Su Q)
rie P - IUIOTHOCTH MOIYTHOTO, HEPTSHOTO
ra3a, MoCTyMaroulero U3 €IuHOro, BCAChIBAIO-
mero komiekropa Ha npuém I'MK, ompene-
JIEHHass B aTTECTOBAaHHOW Ta30BOil y1aboparo-
pum, p = 0,7353 Kr/M>; &, - MECTHOE COIpPO-
TUBJIEHUE Ha BBIKHIHOM, Ta30BOM TpPyOOIpoO-
BOJIe, TJIe UMEETCS] MHOTO KOJIeH, U3TUOOB H
pSAI IPYTUX Tperpaa Mo XOAy JBHXKEHHS I0-
MyTHOTO, HEPTSHOTO raza, MPUHUMAETCS IO
pekomengauun JIeHkHUNXMMMama u I1.1.
[Inactununa, &, =1,5; W - CKOpOCTh MOTOKA
ra3a, MOCTYIAIOIIET0 U3 €JUHOTO BCACHIBAIO-
HIEr0 KOJUIEKTOpPA BO BCACBIBAIOIIYIO Ta30BYIO
KOMMYHUKAIUIO KOMIIPECCOPOB, OMPEAEISIET-
cs 1o hopmyre:

2,03

_e__¢9
W= F 0,785-d?

(6)

MPOU3BOIUTENILHOCT OJHOTO KOM-
IIpeccopa, 3aMEPEHHOE CPEAHECYTOYHOE 3Ha-
yeHue e€ Ha BBIKHJE, KOTOPBIH COCTaBIIsSeT
Q = 175400 M/CyTKH = 2,03 M’/CEK.
[ToncraBnsiss nanHele B dopmyny (5),

Py =1,8 M/cex

MOCJIE YIPOLIECHUHN MOITYYUM:
1,8
Ap =0,7353— 0,15 = 0,02 Mlla (7)
IIo mpakTH4YecKMM JaHHBIM, KpalHe

CJIOKHBIC TCPMOAWMHAMHNYCCKUC TNPOUCCCHI,

MPOUCXOAAIINE B IJIACTe, B 3a00€, B CTBOJIC
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CKBa)XXHHBbI, a TAK)XXC MHOXCCTBO TCXHOJIOTH- OonpeaAcCIICHHUA TCXHOJIOIMYCCKUX MW TCEXHHUYC-
YECKUX M I'€OJIOTHYCCKHX (baKTOpOB B 3HA4YHU- CKHX ITOKa3zareie OKCILTyaTallui KOMIIPECCO-

TEIBbHOM CTENEeHU OCIOXHAIT MPOLEAYpPY  POB 3allUCBIBAIOTCSA UX [OKA3aTeNId B BAXTEH-
INPUHATUS HaumbOosiee TOYHBIX, TEXHMYECKMX  HOM JKypHase, IOCje aHalu3a KOTOPBIX CIie-
pELIEHUH MO YJIYYIIEHUIO 3KCIUTyaTallud BCe  LUAJMCTaMU CIYKO ONpenesoTcss MEPOIpHU-

CUCTEMBI Taznu@ra. SATUS 10 YIYYIIEHUIO UX 3 (HEKTHBHOCTH.
Cnemyer yduThIBaTh, 4YTO HW3MEHCHUE
3akjouyeHue apaMeTpoB, B TOM YHUCIIE MOMYTHOTO, HEQTS-
Y4uuThIBas BBIMICCKA3aHHOE HYXXKHO OT-  HOTO Ta3a Ha BCACHIBAIOIICH I'a30BOH KOMMY-

METHUTb, YTO MPOOJEMBbl TEXHOJIOIMU J0ObIYM  HUKAIMM KOMIPECCOPOB IMPUBOAUT K U3MEHE-

He(TH U rasa ra3in@THBIM CIOCOOOM HEJb3s  HUIO BCEX MapaMeTpoB, B TOM YHCIIE IPOU3BO-

OTIENBbHO HU3y4YaTb TOJBKO HA OCHOBE JMIIb  JUTEIBHOCTH, KOTOpas HPSAMO IPONOPLHO-

OJIHOM CHCTEMBI, IIOTOMY 4YTO TEXHOJIOTMYE-  HAJIBHO 3TUM IIapaMeTpam.

CKUe OOBEKTHI, HauWHasg OT IuIacTa J0 II0-

CTyIuleHUsl momyTHoro HedrsHoro ra3za Ha  KoHQUIMKT MHTepecoB

npuéM ['KC wmm JKC, sBustorcs eguHOM ABTOp 3asiBIsieT 00 OTCYTCTBHUHM KOH-

MHOI'03BEHbEBOW, HEPA3PBIBHON CUCTEMOI. (GMKTa WHTEpECcOB, CBSA3aHHBIX C IIyOJH-
Takum o0pa3zom, /Ui CBOEBPEMEHHOIO  Kallueil JaHHOH CTaTbU.
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Abstract

The article considers the definition of the kinematic parameters of a four-bar spatial mecha-
nism. For this purpose, a new graph-analytical method based on a three-dimensional computer
model is applied. A new analytical dependence between the parameters of the mechanism is ob-
tained and the kinematic parameters of the mechanism are calculated from it. The advantages of
the proposed method and the reliability of the obtained results are confirmed by comparing relia-
ble data obtained by the graphical method.
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Foza mexanizmlarinin kinematik analizi ti¢iin yeni qraf-analitik tisul
M.R. Mustafayev, N.C. Panahova, A.N. Yahyayeva

Azarbaycan Milli Aviasiya Akademiyasi (Mardakan pr. 30, Baki, AZ1045, Azarbaycan)

Yazisma iiciin:
Yohyayeva Aygiil / e-mail: aygul.yehyayeva@mail.ru

Xiilasa

Mogalads, dordbandli lingli foza mexanizminin kinematik parametrlarinin toyinine baxilmisdir. Bu
mogsadlo, yeni, U¢olgili kompiiter modelino osaslanmus, qraf-analitik {sul istifado olunmusdur.
Mexanizmin parametrlori arasinda yeni analitik asililiq alinmis vo onun osasinda kinematik parametrlor
hesablanmigdir. Toklif olunan tisulun tstiinliiklori vo alinmig naticalorin daqiqliyi, etibarli qrafiki tisulla
alinmig giymatlorlo miigayiso edilorak tosdiglonmisdir.

Acar sozlar: foza mexanizmi, kinematik ciit, kinematik analiz, siirat, stirotlonma, 3D model, grafik
metod, graf-analitik {isul.

HoBblii rpadoanaiuTuyeckuii MeTo/1 1Jisi KHHEMATHYECKOT0 aHAJIM-

3a MIPOCTPAHCTBEHHBIX MEXaHU3MOB
M.P. Mycradaes, H./I. IlanaxoBa, A.H. SIxbsieBa

Hayuonanvuas axademus asuayuu Asepbaiioncana (Mapoaxsancxui np. 30, baxy, AZ1010,
A3zepbatioican)

JLisi mepenucKm:
SIxwsesa Aiirrons/ e-mail: aygul.yehyayeva@mail.ru

AHHOTAUA

B cratbe paccMOTpeHO omnpeaelieHne KUHEMAaTUYECKUX apaMeTpOB MPOCTPAHCTBEHHOTO YEThIPEX-
3BEHHOI'0 PBIYAXXHOTO MeXaHu3Ma. J1Jis 3TOM 1ieJii MPUMEHEH HOBBIN rpadoaHaIuTHUECKUN METOI, OCHO-
BaHHBII Ha TPEXMEPHOM KOMIIBIOTEPHON Mojenu. Mexay napaMerpaMu MEXaHu3Ma IOJIydeHa HOBasd
aHAJIUTUYECKasl 3aBUCUMOCTb U OT HEE BBIYMCIICHBI KUHEMAaTHUECKUE NapaMeTphl MexaHu3ma. [Ipeumyiie-
CTBO MPEUIOKEHHOTO METOAA U JOCTOBEPHOCTh MOJMYUYEHHBIX PE3YJbTaTOB IMOJTBEPKACHA CPaBHEHUEM
Ha/IC)KHBIX JIAHHBIX, MOJIyYEHHBIX IPaduIecKuM CriocoOoM.

KiroueBnble cjioBa: HpOCTpaHCTBCHHBIﬁ MCXaHN3M, KHHEMATUYCCKas 1apa, KHHEMaTHYECKHUI aHalIu3,

CKOpOCTh, ycKopenue, 3D monaens, rpaduueckuii crnocod, rpadoaHaTuTHUSCKUN
croco0.

122



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2024, cild 16, M2 1, s. 121-130
M.R. Mustafayev, N.C. Panahova, A.N. Yahyayeva

Herald of the Azerbaijan Engineering Academy
2024, vol. 16, no.1, pp. 121-130
M.R. Mustafayev, N.D. Panakhova, A.N. Yakhyaeva

BBenenue

Kak wu3BecTHO, MPOCTPAHCTBEHHBIE PHbI-
Ya)KHble MEXaHU3Mbl 00J1a/1al0T BCEMH JIOCTO-
MHCTBAMHU IUIOCKUX PBIYaKHBIX MEXaHU3MOB;
OHU 00ECIeunBalOT HAJEKHYIO paboTy MalIuH
Ha BBICOKUX CKOPOCTSIX M, KPOME TOTO, MO3BO-
JISIOT: TEpe/laBaTh JIBIXKEHHE MEXy Iepece-
KaIOUUMUCA U CKPEIIMBAIOIIMMUCS OCSIMU C
MaJIbIM YUCJIOM 3BEHBEB U TPYIIUXCA Hap; My-
TEM COKpAIllCHHs YMCIia TOJBM)KHBIX 3BEHHEB
B CX€Max, yJIy4lllaTh AUHAMUKY paboThl MeXa-
HU3MOB U MAlllUH U JIp.

Hecmotpst Ha OTMEUEHHBIE TOCTOMHCTBA,
MIPOCTPAHCTBEHHBIE PHIYAKHBIE MEXAHU3MBI 110
CUX TIOp HE TOJIYYHJIH €Ie MOA00a0IIero UM
pacnpoctpanenus. OCHOBHBIE MPUYUHBI, TI0-
BUJIUMOMY, 3aKJIFOYAIOTCS B CJIOXKHOCTH U HeE-
JOCTAaTOYHOW pPa3pabOTaHHOCTH METOIOB HE
TOJIbKO CHHTE3a, HO M aHaiM3a MpOCTpaH-
CTBEHHBIX MEXaHH3MOB. MI3BeCTHO MHOTO TpY-
JIOB TI0O TPOCTPAHCTBEHHBIM MeEXaHHU3MaM, U
BCE K€ METOJbl UX aHallu3a U OCOOEHHO CHH-
Te3a OCTAlOTCAd B pAJIe CIIy4aeB HEIOCTYIHbBIN
KOHCTPYKTOPAM.

I'paduueckue Meroapl aHanmm3a gaxe
MPOCTHIX MEXaHU3MOB 4YacTO TPEOYIOT, OJHa-
KO, TPOMO3JIKUX TOCTPOEHUN U HEOOXOIUMBI
riyOoKHe 3HaHHsS HauepTaTeIbHOW TIeoMeT-
pHUU; OTCIOJIa-HEBBICOKAs TOYHOCTh IOJIydae-
MBIX p€3yJIbTaTOB.

Jl7is IpUMEeHEeHHs] aHATTUTHYECKUX METO-
JIOB KHHEMAaTUYeCKOrO0 aHaju3a MpOCTpaH-
CTBEHHBIX MEXaHHU3MOB YacTO OBIBAIOT HEOO-
XOJIUMBI TJTYOOKHE 3HAHUS CICIHAIBHBIX pa3-
JIEJIOB MaTeMaTHKH, YTO CYIIECTBEHHO CYXH-
BAET I'PAHUILIbI MPAKTUYECKOTO MCIOJIb30BaHUS
3TuX MeToJoB [1]. M3BecTHO, YTO 3aBUCHUMO-
CTH MEX]y MapaMeTpaMy MPOCTPAHCTBEHHBIX
MEXaHU3MOB, KaK MMPaBUJIO, OYE€Hb CIOXKHBIE, a
MMOTOMY BO MHOTHX CIIy4asiX HE OBLIU MOJTy4e-

Hbl aHanuTh4decku. OJHAKO, CPaBHUTEIHHO
JIETKO MOTYT OBITh YCTaHOBJICHBI I'PaUUECKH.

Jlis KMHEeMaTU4YecKOoro aHaiusa IMpo-
CTPAHCTBEHHOTO MEXaHHW3Ma MpUMe-HEeHHBIN
rpaduyecKkuii MeTOJl, OCHOBAaH Ha HayepTa-
tenbHOM TeomeTrpuu [1-4]. IlepeBonm Takoro
pelIeHHUs Ha aHAIUTUYECKUX SI3BIK HE YIO0OCH,
Oonee ymoOHBIM sIBIIsIeTCS Tpaduueckoe pe-
IIEeHHE, OCHOBAaHHOE Ha TPEXMEPHOM MOEIH-
pPOBaHUH.

Leas pabGoTbl 3akirouyaeTrcs B paspa-
00TKEe MPOCTOr0 U JOCTATOYHO TOYHOIO Ipa-
(oaHaIUTUYECKOTO MeTOoJa aHajiu3a Mpo-
CTPaHCTBEHHBIX MEXAaHHU3MOB, OCHOBAaHHBIX Ha
3D KOMIIBIOTEPHON MOJIEIH.

ITocTanoBka 3axaun

3agaua pemaercs rpauyeckuM CIOCO-
o6oM Ha 3D KOMIBIOTEpPHOH MOJICIM M KOH-
KpeTHOe rpaduyecKkoe peleHue, paccMarpH-
BaeTcsd Kak JIOrMyeckas cXema sl BbIBOJA
AHAIUTUYECKON 3aBHUCHUMOCTH, KOTOpas 0000-
maer rpaguueckoe penieHne M IO03BOJISET
[IPOAHAIM3UPOBATh 3aJady, a TaKXKe BbIUUC-
JUTh HEWU3BECTHBIE MAapaMETphl ¢ JII0OOH cTe-
neHbto TouHocTH. I[Ipemmaraemerii rpadoana-
JUTUYECKUA METOJ NPUMEHEH B CTaTbhe IS
pelIeHns 3a1a4 KMHEMATUKH NPOCTPaHCTBEH-
HOTO IIAPHUPHOTO YETBIPEX3BEHHOIO MeXa-
HU3Ma, KOTOpBIN U300paxeH Ha puc.l. Tak kak
Ha MPaKTHUKE 4acTO MPUMEHSETCS TOT BUJ Me-
XaHU3Ma, B KOTOPOM BpallleHuEe KPHUBOILIHWIIA
AB (puc.1) Bokpyr ocu, napamieabHOW OCH Z,
npeoOpaszyeTcsi B KauaTeJlbHOE JIBUYKEHUE KO-
pomeicia DC Bokpyr ocu, nmapaniensHOW ocu
x. Takum oOpaszom, Touka B maryna BC npu-
KETCs TI0 OKpYKHOCTH [ — [3, nexamied B
mockoct XOy, a Touka C 1Mo ayre OKpyKHO-

cTH Yy — Y, Jexaiien B mockoctu zOy [2].
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Pucynok 1 — Cxema mpoCTpaHCTBEHHOTO IIap-
HHUPHOI'O YETBIPEX3BECHHUKA

Figure 1 — Scheme of a spatial hinged four-bar
mechanism

HauOoiiee ciioxHOM 3ajadell aHaiavsa
MPOCTPAHCTBEHHBIX MEXaHU3MOB
Omnpe/eiCHUEe MOJIOKEHUM 3BeHbeB. [Ipu sTOoM

SABJIICTCA

rpaduUecKrue METObl OKa3bIBAIOTCA Hanboiee
MPOCTBIMH M HarIAgHBIME. [ padndeckuii cro-
co0 pemeHust 3amad OOJIETYACT MBICICHHOE
BOCIIPOM3BE/ICHUE XOJla pEIICHUs U, TEeM ca-
MBIM, YCKOPSIET PEIIEHUE ITOCTaBICHHOM 3a/1a-
YM, TAK)Ke HCIIOJIb30BaHHE I'pauyecKoro pe-
LIEHHSI JAaeT BO3MOXKHOCTb OLICHUTH KOPPEKT-
HOCTh pEIIECHUs «HA B3IJISAA», YTO KpailHe
BaXXHO B MHXKEHEpHOHN mnpakThke. OCHOBHBIM
HEZ0CTaTKOM IpaUyecKkoro MeToja CUMTAET-
Csl: MEHbIIAsi TOYHOCTb, YEM Y aHATUTHUECKUX
METOIOB U OOJbIIasi TPYJOEMKOCTh Tpaduye-
CKUX nocTpoeHuii. OIHaKo, pa3BUTHE CPEICTB
BBIYHCIIUTEIBHON TEXHUKH, B YACTHOCTH, TIPH-
KJIaIHBIX TpagUuecKuX MporpaMm BHOCHT CY-
IIIECTBEHHBIC M3MEHEHUsS B pe3yibTaT Irpadu-
YEeCKUX pEILIEHUI, COXpPaHHWB CBOM JOCTOMH-
CTBa, HAYKMCTO JIMIIMIIUCH CBOMX HEAOCTAaTKOB.
ToyHocTh rpaduueckux MOCTPOSHHM cTana
CpaBHMMa C aHAJIMTUYECKOM, a HeoOxonu-
MOCTh B T'POMO3JKHX OJIHOTHUITHBIX IOCTPOE-
HUSX OTHAAAET IIPHU HUCIIOJIB30BAHUU MAapaMeET-
puuecKux rpapudeckux Mojenei [5].

Kpome Toro, rpaduueckoe pemieHue

YCTaHABIMBAET CBS3M MEXKAY IapaMeTpamu
3a/layl B KOHKPETHBIX YCIIOBUSIX, STH CBSI3U
BUJHBI HA rpa@uuecKkux U300pakeHusx, a mo-
TOMY IIEPEBOJ] UX HA aHAJTUTHYECKUN S3bIK HE
BBI3bIBACT OOJBIIMUX 3aTPyIHEHUN. AHAIUTH-
yeckasi 3aBUCUMOCTb, BBIBEJICHHAs HAa OCHOBE
rpaduuecKkoro pemieHus, He CIYYaiHO SIBIIS-
eTcsi HanboJiee KOMITAKTHBIM M €CTECTBEHHBIM
[0 CPAaBHEHUIO C SKBHUBAJEHTHOW 3aBHUCHMO-
CTBIO, BBIBEICHHOW IPYTrUMU MYTSIMH, TaK KaK
pazymHoe rpadudeckoe pelieHue 3a1auu yka-
3bIBaET Ha HamOOJee eCTECTBEHHBIM Mepexoy
OT 33JIaHHOTO K HICKOMOMY.

N3 CAD-cucremax, ajisi co3gaHus TpeX-
MEPHOM MOJENIU MPOCTPAHCTBEHHBIX MeXa-
HU3MOB yn00eH AutoCAD, Tak Kak IIMPOKO
pacrnpoCTpaHEH Cpelin MOJIb30BATEIIEH, OTKPBIT
JUISL JIOTIOJTHEHUS, B HEM BCTPOEHBI SA3BIK IPO-
rpaMMHpPOBaHUSI BBICOKOTO ypoBHsi AutoL ISP
u BbluncnurenbHas cuctema CAL [6, 7]. Pa3z-
paboTka MIPHIIOKECHUS
AutoCAD sBnsercs ogHo u3 3¢ (HEKTUBHBIX
CrocoOOB CO3MaHMSI €IUHOM Cpelbl ISl BBI-

I10JIB30BAaTCIBCKOI'O

YUCIIUTENbHBIX Pa0OT U rpadpuuecKux MmocTpo-
EHUM.

[Ipoanas3upyeM cxeMy MeXaHHM3Ma
(puc.1). Mexanu3M umeeT 1Be BpalllaTelbHbIE
napsl (A u D) u aBe mapossie mapsl (B u C).
B 3TOM MexaHu3Me JIMLIHSSA CTENEHb MOABHXK-
HOCTH IIOJIy4aeTCsl 3a CUET BO3MOYKHOI'O Bpa-
nieHus 3BeHa BC BOKpyr cBO€H NMpomoJIbLHON
ocu. MexaHM3M HMEET OJHY CTEeNeHb IIO-
JIBUKHOCTHU, CKOPOCTh U YCKOPEHHE 3BEHbEB U
TOYEK MEXaHW3Ma 3aBHUCAT TOJBKO OT 0000-
IIEHHON KOOPAMHATHI .

Jns  omnpeneneHuss MOJOXKEHUH Mpo-
CTPAHCTBEHHBIX MEXAHHU3MOB HCIIOJIb3YETCS
KMHEMaTU4YECKUE CBOWCTBA IPYMIbI 3BEHBEB.
Ot cBolicTBa BepBble oTMeueHbl I, bapa-
HOBBIM B pabote [8]. Metong ocHOoBaH Ha
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OIIpEICIICHUU T€OMETPUUYECKUX MECT DJIEMEH-
TOB Pa3OMKHYTOM KHMHEMAaTHYECKOW Mapbl C
MOCJIEAYIOIUM HaXO0XACHUEM JIMHUM U TOYEK
UX [IEpECEUCHUs.

PaspenquuuM MexaHu3sM B IIApOBOM
mapuupe C u paccmorpum auaay ABC. Tak,
TFEOMETPUYECKUM MECTOM IOJOXKEHUM TOYKHU
C oTHOCUTENBHO TOYKM B ecTh MOBEpXHOCTH
chepel ¢ LEeHTpoM TOUYkH B u paamycom
R=BC. C npyroii cTopoHsl, €cil BEpHEMCS K
PacCMOTPEHHMIO BCErO0 MEXaHM3Ma B LIEJIOM,
mapoBoi mapHup C HaXOOUTCS B IUIOCKOCTH,
neprneHAuKyIsapHoi ocu mapsl D. Takum 006-
pasoM, mapoBoi mapHup C HoKeH Haxo-
JUTHCSl Ha IIEPECEYCHHH HA3BAHHOM IIIOCKO-
CTH C MIOBEPXHOCTHIO chephl.

Pemienue 3axauu

[IppuHruMaem  miId ONPENENIEHHOCTH
XA=50 mm, YA=50 mm, zA=0, XD=0, yD=75
mm, ZD=50 mm, lag =25 mmy, lgc=90 mm, lpc
=40 mm. (IlpumMep OCHOBaH Ha MPEAIOIOKHU-
TEJIbHBIX UCXOJHBIX JTAHHBIX U IO3TOMY UMEET
YHCTO METOJMYECKOE 3HAUCHHE. )

; [IporpaMma Juist MOCTpOEHHUS IUIaHA MTOJIOKCHUS;
) YETBIPEX3BEHHOTI'O MPOCTPAHCTBEHHOI'O

; MexaHu3Ma Fpad)I/I‘IeCKI/IM METOJI0OM

(defun c:dbfm ( /)

s peuieHuss MOCTaBIEHHOW 3a7aud B
AutoCAD-e BbIOHMpaeTcs CceBepO-BOCTOYHAS
nzometpus (NE) TpexmepHO# cuctemsl KOOp-
JUHAT, 4YTOOBl B CO3JaHHOW TPEXMEPHOH MO-
JeNd MEXaHU3Ma, HalpaBlieHUE KOOpAUHAT-
HBIX Oocel cooTBeTcTBOBaNO puc.l. Ilo koop-
nuHataMm XA,yA,zZA u XD,yD,zD onpenenser-
cs nonoxkenun Touku A u D.  Taxxe, ompe-
JIEJIUB KOOPJIMHATBL Xg = X4 + lyp cOS @,

Yy = Ya + l g sin @ omnpenensercs Ju-

nus AB. Jlanee coznaercs cepa ¢ pagumycom
R= lgc ¢ nienTpom B Touke B u ompenensiercs
nepecedeHue cdepsl ¢ miockocteio yOz. Ilo-
noxenue Toukn C ompenensiercs Kak TOYKa

nepeceueHre JIMHWUM, TEepPEeceYeHuu chepsl

(oxpyxHOCTh Cp ¢ pamumycoMm 1, = /1% — x5
¢ nenrpom B touke 0(0,yg,0) ) ¢ OKpyKHO-
CTH paguycoMm 1; = l.p uentpom Touku D.

Jnst mocTpoeHus IjaHa MOJOXKEHUS Ha
3D wMonenu 4YeTHIPEX3BEHHOTO MPOCTPaH-
CTBEHHOT0 MeXaHu3Ma TpaduyecKuM METO-
JIOM, UCTIoNb3y4 136k AutoLISP, pa3zpaborano
noJib30BaTebckoe npmioxkenue Kk AutoCAD,
TEKCT KOTOPOTO IMPUBOIUTCS HUKE.

; BeIOOp crcTeMBI KOOPIMHAT U TIOCTPOSHHE KOOPAWHATHON OCH
(command "view" "Ne" "ucs" "W" "erase" "all" " "cal" (cal "1*1"))(setvar “osmode™ 0)
(setq PO(list 0 0 0))(setq P1(list 120 0 0))(setq P2(list 0 120 0))(setq P3(list 0 0 120))

(command "line" p1 p0 " "line" p2 p0 p3 ")
; BBoz pazmep MexaHusma

(setqg xa 50 ya 50 IAB 25 yD 75 zd 50 IBC 90 ICD 40 fi 30 r1 ICD)
(command "line" (list 0 xa 0') (list xa ya 0) " "circle" (list xa ya 0) IAB)

(command "ucs” "w" "ucs" "3" p0 p2 p3)

(command “circle” (list yD zD 0) LCD)(setq cevl(entlast))

(command "line" (list yd 0 0) (list yd zd 0)"")

(setq xb(cal"xa+lAB*cos(fi)") yb(cal"ya+IAB*sin(fi)"))

(command "ucs" "w"

(setq PA(list xa ya 0) PB(list xb yb 0)) (command "line" PAPB ") ;

(command "sphere" pB IBC)(setq sf(entlast))

(command "section" sf """ "yz" "")(setq cev2 (entlast)) (command “erase" sf ")

(command "ucs" "3" p0 p2 p3)(setvar "TRIMEXTENDMODE" 0)

(command "trim" cev2 " "F" (list yd (+ zD (* 0.9 r1)) 0) (list yd (+ zD (* 1.2 r1)) 0) " ")
(command "erase" cev2 ") (setq anl(cdr(assoc 51(entget cevl))))

(setq ksil (cal"an1*180/pi™)) (setvar "TRIMEXTENDMODE" 1) (print ksil)

(princ)
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Ornpe/iesiuB MOJIOKEHHS BEIOMOTO 3BEHA
B 3aBUCHMOCTH OT 3aJaHHBIX IOJIOKCHUHN Be-
JYLIEr0 3BEHA, MOXKHO IOCTPOMTH TIpaduK
Y = f(@), KOTOpPBIH TMO3BOJSET HAWTH CKO-
POCTh M YCKOPEHHE XapaKTEPHBIX TOUEK H
3BEHbEB MEXAHU3MA.

Cxopoctb Touku C

Ve = wslpe (1)
_dy_dvde_  dv
37 dr  de dr W1 do '’ (2)

Vrinosoe YCKOPEHUE BCAOMOI'O 3B€HA

d(l)3 2 dzlp

& =—=wi— 3
3 dr 1 d(pz ’ ( )

A yckopenue Touku C OmpeaeauTes mno

yYpPaBHEHHUIO
dc = df + at, 4)
Vg dp\2
at=i=oilc(3), O
_ 2y
a¢ = eslpc=wilpc (d_(pz)' (6)

Tak kak df u al B3amMHO Teprenu-
KYJISIPHBI, TO MOAY/b YCKOPEHHS

ac = i ZCD\/(ﬂ)4 + (32_(;/;)2 (7

de
N3 paccMOTpEeHHOrO BHAHO, YTO JJIA

OTIpeNIeNIeHUs] KHHEMaTHYECKUX XapaKTepH-
CTUK MEXaHW3Ma JI0CTaTouHO mpoauddepeH-
poBath rpaduk y=f(¢).

OnHako MeToj KMHEMaTHYeCKUX ua-
rpamMM JUIsl ONpEeNeHHUs] YCKOPEHMH, UMeeT
HE BBICOKYIO TOYHOCTb, TaK KaK €ro TOYHOCTb
3aBUCUT OT TOYHOCTH Trpaduyeckoro audde-
PEHIIMPOBAHUS, MPEIBAPUTEIBHO ITOCTPOCH-
HOW JMarpaMMbl HM3MEHEHHUS CKOPOCTH TIO
BPEMEHHU, T. €. TpPH PEHICHWH, BO3MOXKHO
HaKOIUIEHHE OIINOOK.

Jlns  ycTpaHeHue »JTHX HEIOCTAaTKOB,
paccMOTpUM TMOJy4YeHHE AaHAJIUTUYECKOH 3a-
BUCUMOCTH P = f (@) Ha OCHOBe TpaduIecKo-

ro pemenus. Kak ormedeno, touka C MOXKHO

OTIPE/ICITUTh KaK TEPEeCceYCHUe OKPYKHOCTH Cp
U Cp pacmoyioKEHHOM B mIockocTH YOZ.
OKpY>KHOCTh C1 IMEET PAJNyC 77 U LIEHTpP pac-
MoJIOKeHUs B Touke D, a OKpy»KHOCTB C, UMe-
eT panuyc 1, = +/l5, — x5 W neHTp pacmono-
kenus B Touke O(0,yB,0) (puc.2).

Jns Havana HaiiieM pacCTOSHHUE MEXKIY
IIEHTPaMHU OKPY>KHOCTEH.

do = (yp — yp)? + 23,
Ecmu do> ri+ rp, torga pemieHuWil HeET:

KPYTH JIEXKaT OTAEIbHO. AHAJOTUYHO B CIIydae
do <| r1 — Iz | - TOrma HeT peUICHHMI, TaK Kak
OJIHa OKPY>KHOCTh HAXOJMTCSI BHYTPH JPYTOM.

Y =yp)?+(z—2zp)* =17
24,2 _ 2 (8)
y—yp)+z° =13
CoBMeCTHO peliasi ypaBHEHHH OKpYX-
HOCTH C1 U Cy (8) ompenensieM KOOpPIWHATHI
touku nepecedenun Ci(yl, z1), Cy(y2, z2) u
HOJTy4aeM 3aBUCHMOCTbD JUIA .
Y =arctg((z; — zp)/(y1 — yp) (9)

—-b+VbZ-4ac
2a

Z1y = kiy1p + ko, ki = (yg —¥p)lzp ,
ky = (vp — y§ + 25 — 1 +15)/22p,
=1+ k7, b=2(ksk; — y5),
c=yi+ki-r}.

JloCTOBEPHOCTh MOTYYEHHBIX pPE3yJbTa-
TOB IIPOBEPEHO IrPahuIEeCKUM CIIOCOOOM.

W3 ypaBHeHus (9) ompenenrM CKOPOCTb
touku C, B OZIHOM U3 €ro MOJIOKEHUI mpu U3-

rae Yi2 =

BECTHBIX 3HA4YCHUU ¢, l-p W YIIIOBOM CKOPO-
CTH BEAYIIETO 3B€HO 1.

ay
[Tpu 3TOM pUOINKEHHOE 3HAYCHHE 70

MOXHO BBIYUCIIMTH YUCICHHBIM METOJOM H3
ypaBHenus (9) o ¢popmye [7].

ﬂ ~ PY(p+Ap)-p(p—Ap) (10)
de 2A¢@
2 — —
*Y_p(p+ap) -2 (@) +(p-Ap) (12)

dg? Ap?
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[Ipu 3nauenun ¢=30°, Ap = 0.0001° u
w; =10c™1, u3 (9) ana (AY/A@) p=3¢ 1O-
ayden  0.969605815753782 U COOTBET-
ctBeHHo u3 (1) mumeem paaV, = 387.842
MM/c. JIOCTOBEpHOCTDH MOIYYEHHBIX pe3ylbTa-
TOB MPOBEpUM TpaduyecKuM CIIOCOOOM TO-
CTPOMB IJIaH CKOPOCTEH.

g onpenenenus ckopoctu Ve toukn C
UMeeM JBa YpaBHEHHUS:

I7C=VB+I7CBH I7C=I7D+VCD

Tak xak Vp=0, To

V)CD = ‘73 + ]_/)CB (12)

) “V=2 % Av
b)

Pucynok 3 — IlpocTpaHCTBEHHBIN IIapHUPHBINA
YCTBIPCX3BCHHUK! a) MMPOCKIUN CXEMBI; b) IJ1aH
cKopocTen

Figure 3 — A spatial hinged four-bar mechanism:
a) schema projections; b) velocity plane

I'padnyeckum crnoco6OM TMOCTPOECHUS
IJIaHA TOJIOKEHUS U IUIaHA CKOpPOCTEH OTMe-
YEHHOI'O0 MEXaHW3Ma, OCHOBAaHHOIO HauyepTa-
TEJNBbHOM TeoMeTpuM MNOAPOOHO H3JI0XKEHO B
[2] 1 ucnosbp3ys 3Ty METOJUKY IIOCTPOEH TUIaH
MIOJIOKEHHU W IUIAaH CKOPOCTEM MexaHu3Ma
npu ¢ = 30°, npuBenén B puc.3. U3 miana
ckopocreit st Ve momyden 387.84 mwm/c. Kak
BHUJIHO 3HAUEHUE BBICOKOW TOUYHOCTH COBIIA/a-
€T C JaHHBIMU PACCYMTAHHBIMU U3 ypaBHEHUS

9).

OpHako, IUJIAaH CKOPOCTEH MOJYyYEHHOIO
Ha OCHOBE HAYEpTaTEIbHON TIE€OMETpUU HE
y100€H B HCIOJIb30BAaHUM B KAayECTBE allro-
pUTMa JJIsl MOJIyYEeHHUs aHAJUTHYECKON 3aBH-
CUMOCTHU JIJISi ONpPEENICHUs CKOPOCTH Xapak-
TEPHBIX TOUEK MEXaHU3Ma.

PaccmMoTpuM mocTpoeHuE TpeXxMEepHOit
KOMIIBIOTEPHON MOJENH, IUIaH CKOPOCTEN Me-
XaHU3Ma OIUpas CBOMCTBA “‘CKOPOCTU ABYX
TOYEK TBEPAOrO Tejaa MMEKT PABHbIE IPOEK-
LIMM Ha NPSMYI0, COEIUHSIOLIYIO 3TH TOUYKH .
[TokaxkeMm, KaKk MOXHO BOCIOJIb30BaThCS ITH-
MU CBOWCTBaMU B mnocTpoeHuu 3D minaHa cko-
pocTeit MPOCTPaHCTBEHHBIX MEXAHU3MOB.

st aToro BeIOMpaeM TpEXMEpPHBIE KO-
OpJIMHATHBIE CHUCTEMBI, aHAJIOTUYHO IMOKAa3aH-
Hble B pucyHke 1. Ha mimockoctu xOy oT npo-
u3BoJIbHOTO MoJifoca Py (puc. 4, b) B BeiOpan-
HOM MacIlTade OTKJIaJbIBa€M BEKTOP CKOpPO-
CTH 173 (Vg = wq1lyp, 17)3 1 AB) u omnpenenseM
touku b. Takxke vepe3 mosoc Py npoBoaum
npsmyro napamwiensioii BC u gnmuHo# lpe n
KOHEIl TUHUU 0003HauuM Toukoit 1. Jlys toro,

4TOOBI TOJIYYHUTh MPOEKIUU CKOPOCTH 173 Ha
npsimoit Py 1, co3ma€rcsi momp3oBarenbckas
crcTeMa KOOpIUHATHI Yepe3 Touku Py, 1, b u
Ha 1wiockocth XOVY mpoBoauTcs NEPHEHIH-
KyJIsip OT TOYKH b k otpe3ky Py 1. Touka me-
peceueHus NEpIeHIuKylsapa 00o03HauuM 2.

Otpesok Py 2 cooTBeTcTBYeT npoekuus 173 Ha
npsamytro Py 1. Jlng onpenenenus ckopocTu
touk C, MepeHOCHM Hayajlo KOOpAWHATHI Ha
Touky Py 1 Ha minockocth yOZ uepe3 Touky Py
IIPOBOAMM MpPSMYIO B HANpaBICHUM BEKTOpa
I7C (I7C 1 DC) nnuHO# paBHOMY lp- ¥ KOHeIl
JMHAN 0003HAYMM TOYKOM 3.

CozaB  MOJIB30BATENBCKYI0 CHCTEMBI
KOOpIHMHATHI Yyepe3 Touku Pv, 1, 3 m Ha muioc-
kocth XOVY npoBOIUTCS MNEPHNEHIUKYIAP OT
Touku 2 K otpe3ky Pyl. Touka nepeceuenus c
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NEPIEHIUKYJIApOM U O0Tpe3ok Py3 coorBer-
CTBYeT ckopocTH Touku C.

b

Pucynoxk 4 — IlpocTpaHCTBEHHBIH IIaPHUPHBIN
yeTbIipex3BeHHUK: a) 3D mogmens cxemsr; b) 3D
MoJielb IiaHa ckopocted; ¢) 3D momens rutaHa
YCKOPEHHH.

Figure 4 — A spatial hinged four-bar mechanism:
a)3D model of scheme; b)3D model plane of ve-
locity; c) 3D model plane of acceleration

Jia onpenenenus ckopoctu Touku C
JIOCTATOYHO 3HATh CKOPOCTh TOYKHU B. Tak,

cosa

VC :VB

(13)

coss !

e, cosa = (VE+ & —12,)/(2Valge),

lLip =~/ (e —xp)2 + 1e — ¥p)? + (210 — 2p)?
X1¢c = =X+ Y1c = Yc — YVB 1 Z1c = Zc »

xp = —Vgsing ,y, =Vgsing,z, =0

c0s8=(2 lpc — I{3)/(2l3c),

liz = \/(xlc —x3)% + (V1 — ¥3)? + (Z1c — 23)%,

x3 =0, y3=-lgcsiny, z3 =lg;cosy
X, =0,y, = —|V¢|siny, z. = |Vc|cosy.

Taxxe 3HaueHHe

Vep = \/(xb = %)%+ Oy — Yo% + (2p — 2:3)%. (14)

Jlnst ompeneneHus 3HAYCHUHM XapaKTep-

HBIX TOYEK M 3BEHEB MEXaHMW3Ma JOCTATOYHO
3HaTh CKOPOCTh OJTHOM TOYKH MEXaHH3Ma.

PaccmoTpuM mocTpoeHne TpeXMEpHOTo
KOMITBIOTEPHOTO TJIaHA YCKOPEHHUS MEXaHH3-
Ma. Yckopenue Touku C MOKeT OBbITh HalIeHO
B COOTBETCTBUU C YPABHEHUSIMU

{&C = dp + dpg + dgp
dc = d¢p + dep (15)
s 3Toro BhIOMpaeTcs TpexmepHas Ko-
OpAMHATHasE CHCTEMa, AHAJOTHYHO IOKa3aH-
Hasg B puc.l. Ha mnockoctu xOy ot mpowus-
BOJIbHOTO Tonmoca P, (puc 4 ¢) B BBIOpaH-
HOM MacuTabe OTKIJIaJbIBaeTCs BEKTOP YCKO-
peHust dp:

ap = CU% lap; agl||AB;

Tak Kak: w; = const,a = 0 1 COOTBETCTBEH-
Ho (dp = d}) HampaBIEHHOE IO OCH 3BEHO
AB ot Touku B k Touke A. Jlamee ot Touku b
6 BBIOpAaHHOM MacIlTabe OTKJIaJbIBAECTCS BEK-
TOp YCKOpEHUs dpp —HOPMAILHOE YCKOPEHHUE
B aBwkeHnu Touku C kK Touku B, HampaBieH-
Hoe 1o ocu 3BeHa BC ot Touku C k Touke B u
pasHoe no Benuuube (aly = Vi /lcg).

Hanee, yepe3 Touky Pa nposogum mps-
MYI0, apajuienbHyro Hanpasienuto CD 3BeHa
3, 1 OTKJIaJIbIBacM Ha Heil yckopeHue ag. Bek-
TOp a; HampaBiieH oT Toukd C k Touke D u
pasen a = VZ,/lcp. Bextopsl df u db pac-
noJjioxeHsl Ha Tiockoctd yOz. U3 koHeuHOH
TOYKHM BEKTOpa dj MPOBOIUTCS MpsAMas, UMe-
Iollasi HampaBleHHe YCKOpeHMs ab, meprieH-
JUKYJISIpHO K HanpasieHuto DC.

Hanee, nns omnpeneneHus yCKOPEHHUH
toukn C depe3 KOHEUHYIO TOUKY BEKTOpa agp
MPOBOJUTCS TUIOCKOCTH, MEPIEHIUKYISPHO K
3BeHy BC u ompenensercst Touka nepecedeHne
3TOH TJIOCKOCTH ¢ BEKTOPOM Q.

Jliss poBepKH JOCTOBEPHOCTH BBIUHKC-
JIEHHOT0 3HaueHus oT ¢opmyisl (9) u Tpex-
MEpPHOTO IIJIaHa YCKOPEHHWsS, PACCMOTPHUM IIO-
CTPOCHHE TUIaHa YCKOPEHHS MeXaHW3Ma, OC-
HOBAHHOTO HAuYepTaTEIbHOW TEOMETPUHU TpH
¢=30°. IToncuuThIBaeM YCKOPEHHE TOYKH MO
dopmyne ap =VzZ/lyp ¥ OTKIAABIBAEM €O
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MPOEKIMH OT MPOU3BOJILHOTO TMOJIOCA P, B
BbIOpaHHOM MaciiTa0e IIaHa YCKOpEHHUs Ha
mwiockocty XOy. Haitnem Tenepb yckopeHue
toukn C. YckopeHue nr000M TOYKH IIaTyHa
BC npumMeHHUTENpHO K JaHHOMY CIy4ar0 MOXK-
HO IPEICTAaBUTh COCTOSILIUM W3 IEPEHOCHOIO
u otHocuTeiabHOro yckopenui [9, 10]. Oue-
BUJIHO, YTO YCKOPEHHUE B IIEPEHOCHOM JBIKE-
HUM €CTh HE YTO MHOE, KaK YCKOPEHHE TOUYKU
B.

OTHOCUTENbHOE YCKOpEHHE TMpeacTaB-
nseT co0OW TeOMETPHUECKYID CyMMY JIBYX
YCKOPEHUI: BpallaTeIbHOr0 U LEHTPOCTPEMHU-
TEIBHOTO.

Jlyis obmiero cirydasi IBMDKEHUS TBEPIO-
ro Tejia OIpeNeIeHUE BEJIMYMHBI U HallpaBlie-
Hus 3TUX yckopeHuil npano B [10]. Ilpu pac-
CMOTPEHHH TMPOCTPAHCTBEHHOT'O JBUKCHHS
tonbko ocu BC maTyHa Benmu4MHA IIEHTPO-
CTPEMUTENBHOTO YycKOopeHus Touku C Haxo-
muThes o popmyne aly = wilge = Vi /lgc
U HampaBieHa oHa Baosib ocu BC k neHTpy
BpalleHus, T. €. Kk B. BpamarenbHoe yckope-
Hue OyJeT JeXaTh B MJIOCKOCTH, MEPHIEHINKY-
nspHoit k ocu BC.

Takum oOpazom, yckopenue Touku C
MOJKET OBbIT HallJIeHO B COOTBETCTBUM C YpaB-
HeHusimu (15).

Haiinem otpe3ok bnj, coorBercTByMO-
1187071

-n
acg-

HECHTPOCTPEMUTCIIBHOMY  YCKOPCHUIO

bn, = az‘lB/ Ug

JUid  OTBICKaHUS TPOEKIUH OTpe3Ka
bn, HaxXoM WCTHHHYIO BEJIWYHHY OTpE3Ka,
npoBeieHHoro ot Touku b mapamtensao BC u
Ha HEM OTKJIaJbIBa€M HaWJEHHYIO BEJIUYUHY B
BHJIe oTpe3ka byn (puc. 5). Tak kak BEKTOp
atp NOIKEH NexkaTh B IUIOCKOCTH, MEPIIEH/IH-
KymsipHoil k matrynHy BC mpoBoauM Takyro
IJIOCKOCTh A 4epe3 TOUKY M.

Ny

Pucynok 5 — IIpocTpaHCTBEHHBIN IIAPHUPHBII
YEeTHIPEX3BEHHHUK: a) MPOEKIMH CXeMBI; D) rmman
YCKOpEHUI

Figure 5 — A spatial hinged four-bar mechanism:
a) schema projections; b) plane of acceleration

Haiinem otpe3ok p,n,, COOTBETCTBYIO-
MUK EHTPOCTPEMHUTEIHLHOMY YCKOPEHUIO

atp = Vhe/lpc.
PaN2 = Acp/Ha

Jlis OThICKaHUS IPOEKIUH OTPE3Ka PNy
HaXO/JUM MCTUHHBII OTpPE30K, MPOBEACHHBIN
OT TOYKU pynapamienbHo DC u Ha Hem oT-
KJIa/IbIBa€M HAiJIEHHYIO BEJIMYUHY B BUJAE OT-
pe3ka paNn,, . Tak Kak BEKTOp aAjp MODKCH
nexath B iockoctd YOz. [TosTomy mpoeknus
BeKTOpa dgp Ha miockoctu YOZ monyuuTes B
WCTUHHOM BenuuyuHe. BpamarenbHoe yckope-
HUE Oy/IeT JIeKaTh B TUIOCKOCTH, TIEPIICHTUKY-
nspHoit k ocu BC.

N3 miaHa yCKOpEHMiI, OCHOBAaHHOIO
HauepTaTeIbHOW TEeOMETPUM U TPEXMEPHOIO
KOMITBIOTEPHOT'O IUIaHA MOJY4YEeHHBbIE 3Haye-
HUS COOTBETCTBEHHO st a. 3978.2 m 3980.1
MM/c? ¢ BBICOKO TOYHOCTBIO COBIAJAIOT C
JAHHBIMHU, pacCUMTAaHHBIMU U3 ypaBHeHUs (7)
3979.6 Mm/c?.

3akiaro4eHue

B 3akitoueHMM OTMETHM, YTO pELICHUE
3a/la4 aHaJIu3a IIPOCTPAHCTBEHHBIX MEXAHU3-
MOB B HACTOSIIEE BpEMS MOXKHO BECTH B
TPEXMEPHON KOMIIBIOTEPHOM MOJIENH, I03BO-
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JISAIOIIEH MPOU3BOAUTH PacueT MHOTOYHCIICH-
HBIX BApUAHTOB MEXAaHU3MOB, H3 KOTOPBIX
KOHCTPYKTOPOM MOTYT OBITh BBHIOpaHBI ONTH-
MasibHbIe.  [IpennokeHHbIi METOJ MPOCTOM,
HarISAHBIA U JOCTATOYHO TOYHBIM.

KoHn}umKT HHTEpecoB

ABTOpBI 3asBISAIOT 00 OTCYTCTBUM KOH-
(GIMKTa MHTEPECOB, CBS3aHHBIX C MyOJIMKAIU-
€l TaHHOU CTaThH.
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