Azarbaycan Miihandislik Akademiyasinin
XOBORLORI

Beynalxalq elmi-texniki jurnal

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

BECTHUK
A3epOanakanckod UH:KeHepHO AKajeMuun

Mesxcoynapoonulit HaAyUHO-MEXHUUECKU HCYPHAT

Cild 15. No 2
Vol. 15. Ne 2
Tom 15. Ne 2

BAKI - 2023



Azarbayecan Miihondislik Akademiyasimin
X9BI9RLIORI
Beynalxalqg elmi-texniki jurnal

Bas redaktor — akademik A.M. Pasayev
Bas redaktorun miiavini — akademik 9.X. Canahmadov

REDAKSIYA HEYOTI:

akademik 9.M. Abbasov, akademik B.H. 9liyev, akademik C.C. 9sgarov, miixbir lizv K.9. 9sgarov,
akademik N.H. Cavadov, akademik M.Y. Cavadov, miixbir tizv M.H. Hasanov,
miixbir tizv 9.G. Hiiseynov, professor A.Y. Qriqoryev (Belarus), akademik B.V. Qusev (Rusiya),
miixbir iizv K. T. Nabizads, akademik H.9. Mammadov, akademik G.H. Mammadova,
akademik H.F. Miralamov, akademik S.Y. Miisliimov,
miixbir iizv S.R. Rasulov, akademik I.R. Sadiqov

REDAKSIYA SURASI:

prof. N. Antoneski (Ruminiya), prof. Konstantin Bravo (Israil), prof. iqor Emri (Sloveniya),
prof. F. Franek (Avstriya), prof. K. Fridrix (Almaniya), akademik B.T. Jumaqulov (Qazaxistan),
prof. G.S. Kalda (Polsa), prof. D. Mavrakis (Yunanistan),
akademik S.V. Panin (Rusiya), akademik A.I. Prangisvili (Giirciistan),
akademik R.Z. Saqdeyev (4BS), prof. Jung-Young Son (Koreya),
akademik 9.X. Sahverdiyev (Rusiya), akademik A.I. Vasilyev (Ukrayna),
prof. A.I. Volgenko (Ukrayna), prof. Tuncay Yal¢ikaya (Tiirkiy2)

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

Editor-in-chief —academician A.M. Pashayev
Deputy editor-in-chief — academician A.Kh. Janahmadov

EDITORIAL BOARD:

academician A.M. Abasov, academician B.H. Aliev, academician J.J. Asgarov,
corresponding member K.A. Asgarov, academician N.H. Javadov, academician M.Y. Javadov,
corresponding member M.H. Hasanov, corresponding member A.G. Huseynov,
professor A.Ya. Grigoriev (Belarus), academician B.V. Gusev (Russia),
corresponding member K.T. Nabizada, academician G.A. Mamadov,
academician G.H. Mamadova, academician H.F. Miralamov,
academician S.Y. Muslimov, corresponding member S.R. Rasulov, academician I.R. Sadigov

EDITORIAL ADVISORY BOARD:

professor N. Antonesku (Romania), professor Konstantin Bravo (Israel),
professor igor Emri (Slovenia), professor F. Franek (Austria), professor K. Friedrich (Germany),
professor G.S. Kalda (Poland), professor Jung-Young Son (Korea), professor D. Mavrakis (Greece),
academician S.V. Panin (Russia), academician A.l. Prangishvili (Georgia),
academician R.Z. Sagdeev (USA), academician A.Kh. Shahverdiyev (Russia),
academician A.l. Vasilyev (Ukraine), A.l. Volchenko (Ukraine),
professor Tuncay Yalcinkaya (Turkey), academician B.T. Zhumagulov (Kazakhstan)



TOSISCi: “Azarbaycan Miihandislik
Akademiyas1” ictimai birliyi.

Jurnal 2009-cu ilin noyabr ayindan nosr
olunur. Dovriliyi ilds 4 dofadir.

Azorbaycan Respublikast Odliyys Nazirli-
yinda geydiyyata almmugdir.

Qeydiyyat Ne 2965, 23.06.2009-cu il.

Jurnal Azorbaycan Respublikasi Preziden-
ti yaninda Ali Attestasiya Komissiyasinin re-
yestrino namizadlik vo doktorlug dissertasi-
yalarinin naticalorinin dorc olunmasi {igiin
daxil edilmigdir.

Jurnal “Rusiyanin elmi sitat indekslosmo-
si" (REST) layihasine daxil edilib.

Jurnalin tam motn elektron versiyasi
“Rusiya Universal EImi Elektron kitabxa-
nasinin bazasi”nda moveuddur
(htpp:/www.elibrary.ru).

Nosr olunmus mogalalors DOI (Obyektin
Rogomsal Identifikatoru) verilir.

Jurnal International Scientific Indexing
(ISI) vo Scientific Journal Impact Factor
(SJIF) Beynolxalq Elmi Sitatlasma Bazala-
rina yerlosdirilib, SERTIFIKATLAR verilib,
impakt faktor I1SI — 1.888 vo impakt faktor
SJIF - 8.503.

Jurnal «Creative Commons Attribution —
NonCommercial 4.0» Beynolxalq lisenziya
ilo lisenziyalasdirilib.

Jurnal Web of Science Beynolxalq Elmi
Sitatlama Bazasinda yerlogdirilmays toqdim
olunub.

Jurnala “AzarPogt” ASC-nin pogt bolmo-
larinds abuns olmaq olar. Abuns il boyu da-
vam edir. Abuno indeksi: Hiqugi vo fiziki
soxslor tiglin — 1156.

Redaksiyanin iinvani:

Puskin kiigasi 30, 3-cii martaba.,
Baki s. AZ1010,
Azorbaycan Respublikasi

Tel/Faks: (+99412) 598 24 52

E-mail: amaxeber@yahoo.com
http://ama.com.az

s 8 4

é\ﬁ‘r; INTERNATIONAL d

P
LA

POCCUICKWA UHAEKC
HAYHHOTO LIMTHPOBAHWA »

Science Index

ISSN 2076-0515 (print)
ISSN 2789-8245 (online)

Scientifie Indexing

FOUNDER: Public union

“Azerbaijan Engineering Academy”

Journal published since November, 2009.
Issued 4 times a year.

Certificate about registration Ne2965,
June 23. 2009 was given by Ministry of
Justice of the Republic of Azerbaijan.

Journal was included into the list of ed-
ucation for publication of result of can-
didate and doctoral thesis by the supreme
Attestation Commission Attached to the
President of the Republic of Azerbaijan.

The journal is part of the project “Rus-
sian Science Citation Index” (RSCI).

The full text of journal is available elec-
tronically through Russian Universal Sci-
entific  Electronic  Library  database
(htpp:/www.elibrary.ru).

All articles are assigned the DOI (Digi-
tal Object Identifier).

Jounal was included into International
Scientific Indexing (ISI) and Scientific
Journal Impact Factor (SJIF), issued a
CERTIFICATES, impact factor ISI —
1.888 and impact factor SJIF — 8.503.

Journal licensed under Creative Com-
mons Attribution — NonCommercial 4.0.

The journal is submission to be posted
on the International Database of Scientific
Citation Web of Science.

Subscription to journal may be drawn
up at post offices of OJSC “AzerPochta”
Subscription index: For juristic and for
natural persons — 1156.

Address of editorial offices:
Pushkin str., 30, 3 floor,

Baku, AZ1010,

Azerbaijan Republic

Tel/Fax: (+99412) 598 24 52
E-mail: amaxeber@yahoo.com
http://ama.com.az

HAYYHAA SNEKTPOHHAA
BMBJIMOTEKA

LIBRARY.RU

. o
Sc'c""'ﬁc Journal Impact Fact®

YUYPEJAUTEJIb: O6uiecrBeHHoe 00beu-
HeHue «A3zepoaiikanckas UnxkenepHas Akaae-
MHUSI».

Kypnan nznaercs ¢ Hosiops 2009 roxa.

Tlepuonnunocts: 4 pasa B rox.

3apeructpupoBad MunucrepcrsoM HOctuimu
Asep0aitpkanckoii Pecrry6amkm.

Ne perucrpamuu: 2965 ot 23.06.2009 r.

XypHan BKIIOYEH B MEPEUCHb W3/AHHH, pe-
KOMEH/IOBaHHBIX IS IIyOJIMKANH OCHOBHBIX pe-
3yJIbTaTOB KaHIHJATCKUX M JOKTOPCKUX JHCCEp-
Tanuii Beiciiell aTTecTalMOHHOW KOMUCCHH IIPU
Ipesunente Asepbaiimranckoii Pecrryomuxkn.

XKypuan mnpencraBnen B mpoekre «Poccuii-
CKHMii MHJIEKC HayqHOro LuTupoBanus» (PUHLI).

TlonHOTEKCTOBAsT JNEKTPOHHAs BEPCUS XKYp-
Haja pasMelieHa B 0Oase JaHHBIX Poccuiickoit
YHUBEPCAJIbHOH Hay4HOH DJIEKTPOHHON OubIHo-
teku (htpp:/www.elibrary.ru).

OnyONMKOBAaHHBIM ~ CTAaThIM MPUCBAUBACTCS
Hudposoit Unentuduxarop Oowexra DOI.

XKypnan pasmenien B MeXIyHapOJHbIX 0azax
HaydHoro murupoBanus International Scientific
Indexing (ISI) u Scientific Journal Impact Factor
(SJIF), Boemanst CEPTUOUKATBI, wnmmakr
takrop ISI — 1.888 u umnakr ¢akrop SJIF —
8.503.

XKypHan IHIEH3UPOBaH 1O MEXIYyHAPOIHOM
mnensun  Creative  Commons Attribution  —
NonCommercial 4.0.

JXKypHai npecTaBlieH K pa3sMEIIeHUIO B MEX-
JIyHapOoJHbIX 0a3ax Hay4yHoro uuruposanus Web
of Science (WoS).

Tlopnucka Ha *ypHal OCYIIECTBISETCS B OT-
nenernsix OAO «Aseplloura» 1 IpoOIDKaeTCs B
TeyeHue roga. VHAeKC MOANMCKU Uil IOPHAH-
4yeckux u $puznueckux ui: 1156.

Adpec peoaxkuyuu:

ya. [Tymkuna, 30, 3-# sTax,
baky, AZ1010,
A3sepbaiixanCkas PecriyOnnka,
Ten./@akc: (+99412) 598 24 52
E-mail: amaxeber@yahoo.com
http://ama.com.az

© Azarbaycan Miihandislik Akademiyasi, 2023

© Azerbaijan Engineering Academy, 2023

© Azepbaiimkanckass Un:xenepHas Axanemus, 2023


mailto:amaxeber@yahoo.com
http://ama.com.az/
mailto:amaxeber@yahoo.com
mailto:amaxeber@yahoo.com

MUNDORICAT

Aviasiya

Karimli T.I. Pilotaj vo inersial navigasiya qurgularinda Suler perioduna sazlanma .............

Mexanika vo masingayirma

Canshmadov 9.X., Vol¢enko N.A., Cavadov M.Y., Nisuk V.V., Andreycikov Y.Y.,
Skripmk V.S., Juravlev D.Y. Oyloclorin metal friksion elementlorinin firlanan

sistemlarinin nanomayelarinds ¢okma va diffuziya (1 hiSSa) ....cccovvvvviiiiiiiiiiiee e,

ibrahimova E.N. Silisium ortiiklii borularin daxilinde mikrogatlarin yaranma sobablori ....

Qafarzads H.V., Qafarov A.M., Xankisiyev I.A. Masin vo avadanliglarin etibarliligimi

giymatlondirmak {igiin informasiyanin emali metodlarmnin tohlili .............ccccooviiiiiiiiiiins

Siilleymanov P.H. Ekstremal vaziyyatlordo masinlarin etibarliliginin vo uzunémiirliilii-

YUNUN ANALIZE oo

Neft vo gaz
9hmadov 9.S., Dadas-zads 9.R. Qaz gabarciglarinin moarkozdongagma nasosunun isino

102 [ TR

Oliyeva 0.9., 9liyev 9.S. Yeralt1 qaz anbarinda (YQA) laymn a¢ilma daracasine gora

gazodinamik tamamlanmamis yastidibli hasiledici quyunun debitinin hesablanmasi ...........

Hacibalayev E.R. Qazlarin tozyiq vo temperaturda dinamiki 0zIGHIYG ....ooovvveveieeicieienee,

informasiva texnologiyalari

dliyev B.H., Hasimov X.M., Mammoadova 9.E., Sultanova C.R. Nanotexnoloji

qurgunun mobil telefonlarda tathigi ...........ccoiiiiiiiiiic
9bdiyeva-dliyeva G.9. Kiber tohliikasizlikdo malumatliliq va iso tesir analizi ..................

Sofarova A.A. Katalitik kreking qurgusunun reaktor bloku fiigiin optimallasdiriima

MNOSOIOSININ MOl oot ettt et e e e e e e e e et eeeeeeeeeeneeeeeeeeeanannes

Energetika
Abbasov R.M., Manafov E.K., Hiiseynov F.H. Generatoru yerlo gapanmalardan

mithafizo edon gorginliklor balansi sxeminin todgigi ........ccooevereiiiiieieere e

Balametov 9.B. Enerji sisteminds dayanigligin yiiksaldilmasi va gorginlik saviyyalorinin

optimallagdirilmasinin tonzimlonmasi tigiin idars olunan FACTS-qurgularinin totbigi ........

Malikov E.A., Maharramova T.M. Texnoloji qurgularin vakuum blokunun foaaliyyatinin
optimallagdirtlmast STrateZIYAST ......ccvviieiiiiiiieii i

Geologiya

Mammadova S.B., Cafarova E.N. Cobrayil dagotoyi diizonliyinin geoloji qurulusunun
OYTONIIMOST ettt b et b et sb e e b e nb e e e nre s

Ekologiya

Bagirov A.9., Sirinov M.M., Somadov V.N., Bogopolskiy V.O. Neft yataqlarinin
istismart 110 bagli ekoloji TiSKIar ........oooiiiiii



CONTENTS
Aviation

Karimli T.I. Tuning for the Schuler period of primary flight and inertial navigation de-
Yo PR 7

Mechanics and Mechanical Engineering

Janahmadov A.Kh., Volchenko N.A., Javadov M.Y., Nischuk V.V., Andreichikov
Ye.Yu., Skrypnyk V.S., Zhuravlev D.Yu. Sedimentation and diffusion in nanofluids in

rotating systems of metallic friction elements of brake (Part 1) ........ccccocevveiiiienininiiinnns 15
Ibrahimova E.N. Causes of Microcracks Silicon Coated in the inside pipes .........c..cccce.... 23
Gafarzada H.V., Gafarov A.M., Khankishiyev I.A. The analysis of information pro-
cessing methods to assess reliability of machines and equipment ...........cccoccoevvviiiiiieinennn, 29
Suleymanov P.H. Analysis of reliability and durability of machines in extreme
(07000 110 4K 42
Oil and Gas
Ahmadov A.S., Dadash-zada A.R. Influence of gas bubbles on the operation of a cen-
ETUGAL PUMP e bbb sbe s 53

Aliyeva O.A., Aliyev A.S. Calculation of the flow rate of a gas dynamically imperfect
production well according to the degree of formation penetration in underground gas
(0] =10 [ (0L ) ISR 59

Hajibalayev E.R. Dynamic viscosity of gases at temperature and pressure ...........cccoceeveee. 64
Information Technologies

Aliyev B.H., Gashimov Kh.M., Mamedova A.E., Sultanova J.R. Application of Nano-
technological Devices in Mobile PRONES ..........cocoiiiiiii e 69

Abdiyeva-Aliyeva G.A. Awareness and employment impact analysis in cyber security .... 74

Safarova A.A. Solution of the problem of optimizing the reactor block of a catalytic
(o1 (o1 ST 0o TN T PSRRI 84

Energy Industry

Abbasov R.M., Manafov E.K., Huseynov F.H. Investigation of the voltage balance
scheme to protect the generator from ground fault ... 89

Balametov A.B. Aplication of controlled FACTS an effective way to increase stability
and optimize voltage levels in the pOWEr SYStEM ........cccovviiiiiieie i 97

Melikov E.A., Magerramova T.M. Strategy for optimizing the functioning of the vacu-
um block at the technological EQUIPMENTS ......cc.oiiiiiiiiiiiie e 110

Geology

Mammadova S.B., Jafarova E.N. Study of the geological structure of the Jabrayil foot-
NELS ettt et e e e et e e e tenreere e e reeneen 116

Ecology

Bagirov A.A., Shirinov M.M., Samedov V.N., Bogopolsky V.O. Environmental risks
associated with the exploitation of il fields ... 122



CONEPXKAHUE

ABHanus

Kapumum T.H. Hactpoiika Ha nepuon Illynepa nuioTaXHbIX U MHEPLUUAIbHBIX HaBUIaLlU-
OHHBIX YCTPOMCTB ..veeuvereureranesassseessresssssesaasesassseesssesssssessssessasssesssessssssesssessasesessessasesssnsessnsesesnsensns

MexaHHKA M MAIIHHOCTPOEHHE

Mxanaxmenos A.X., Boabuenko H.A., TxkaBagos M.S., Humyk B.B., AnapeituukoBs
E.1O., Cxkpemnabik B.C., KypaaeB J.}0. Cenumentanus u auddys3ust B HAHOKAIKOCTH
BO BPAIIAIOIIUXCS CUCTEMaX METAIUTMUECKUX (DPUKITUOHHBIX 3JIEMEHTOB TOPMO30B (4. I) ...........

HNoparumosa J.H. IlpuunHbl MOSBIEHUS MHKPOTPELIMH BHYTPU TPYO C CHIIMKOHOBBIM
1014 0) 07 TP TP PR

I'agap3ane X.B., 'agpapo A.M., XankumueB U.A. Aranusz meTogoB 00pabOTKH HHPOP-
MaITUH JUIS OLCHKU HAJISKHOCTH MAIIHH U OOOPYIOBAHUI ...vevviivveisvieieesieesieessieeieeseessiessseessnesnne

CyaeiimanoB IL.I'. AHanu3 HaAEKHOCTU U JOJATOBEYHOCTH MAallUuH B SKCTPEMaJbHBIX YCIIO-

Hedrb 1 raz

AxmenoB A.C., Jlapam-3aae A.P. Biusare ra3oBeix my3sipeil Ha paboTy HEHTPOOEKHOTO
5 BT ot TP TP PR PRPT

AgaueBa O.A., AnueB A.C. Pacuer nebura ra30IuHaMU4eCKUH HECOBEPIIEHHOH 3KCIITyaTa-

IIMOHHOM TUTOCKOJIOHHOM CKBa)KMHBI 110 CTEIICHH BCKPBITHS ILJIACTa B MOA3EMHBIX XPaHUIH-
10065 2T I (1 T S

I'apzkubanaes J.P. /lunamuueckast BA3KOCTh Ta30B TP JAABIEHUH U TEMIIEPATYPE ..oovverevrrenennn.

I/IHQ_)ODMaHHOHﬂble TEXHOJIOI'MHA

AumneB B.I'., FammmMmor X.M., Mamenosa A.J., Cyaranosa JI:k.P. [IpumeHenue HaHOTEX-
HOJIOTUYECKUX YCTPOHUCTB B MOOVITEHBIX TETIEMOHAK ..veevreureruressreasteesseesseesteessneanseessessseesnesssnesnns

AoaueBa-AaneBa I''A. OcBeIOMIIEHHOCTh U aHAIU3 BO3AEHCTBUS HA 3aHSATOCTHL B 00JIaCTH
KHOCPOECBOTIACHOCTH ....vevveesteetresuteauteasteesteesteesteeasstasseesbeesheesaeesaseasbeasbeebeeabeeabeeabbeenbeebeenbeesanesnneenne

Cadaposa A.A. Penienue 3aaun ONTUMU3ALUHA PEAKTOPHOTO OJIOKA YCTAHOBKU KaTaJUTHU-
YECKOTO KPEKITHT@ ..vtuveesteeseesseessressseasreesseessesasetasseasseesbeesseeseeeamneaane e et e R e e eE e e ebe e ebn e e nne e reenneenieennne s

JHepreTuka

Aodbacos P.M., Manados I.K., I'yceiinoB ®.X. HccnegoBanue cxembl OanaHca Hampsbke-
HUH JUIS 3aIUTH TEHEPATOPA OT 3AMBIKAHUH HEA 3EMITEO ....evveurivienriteaieestesteasresiesseensesseessessesseenees

BbanameroB A.B. Ilpumenenue ympasnsiembix FACTS 1uisi MOBBIIEHUS] YCTOWYHBOCTH U
OTHMU3ALNN YPOBHEH HAMPSKEHUNA B JHEPTOCHUCTEME ....veeuveerreeieieniasneesneesreesseesenessnesnessneesneesness

MeaukoB J.A., MareppamoBa T.M. Crparerusi onTuMu3aiuy GyHKIMOHUPOBAHUS BaKy-
YMHOTO OJIOKA TEXHOIOTHIECKHIX YCTAHOBOK .....veureeureesresssesssreasseesseesseesseessnessnesseessesssnsasnesseenseens

I'eosiorus

Mawmenosa C.Bb., [I:xkadaposa I3.H. 13syuenue reonornyeckoro crpoenus JxeOpansibsckoro
U010 10 ) 3 ST OO P PR PR

JK0JIOrus

Barupos A.A., llupunos M.M., Camenos B.H., Boronoabckuii B.0. Dkxonoruueckue
PUCKH, CBSI3aHHBIE C SKCILTyaTaMed HEPTIHBIX MECTOPOIKICHII .....vverveeereinreaieesieesieesineseeaneeens



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2023, cild 15, Ne 2, 5.7-14 2023, vol. 15, no. 2, pp.7-14
Korimli T.1. Karimli T.1.

Tuning for the Schuler Period of Primary Flight and Inertial

Navigation Devices

Karimli T.I.
Azerbaijan National Academy of Aviation (Mardakan ave. 30, Baku, AZ1045, Azerbaijan)

For correspondence:
Karimli Togrul / e-mail: tkarimli@mail.ru

Abstract

The article gives a review of operation of devices for measuring the spatial position of static
and dynamic objects. Mechanical pendulums for determining the spatial position of an accelera-
tedly moving object with a disrturbed action and a classical solution for eliminating the pertur-
bing inertial disrturbanse are considered. Variants of an universal-purpose pendulum undisrturbed
under the disrturbanse of inertia force are presented, in which there is no need to adjust for the
Schuler period.
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Xiilasa

Moagalads miixtalif tayinatl statik vo dinamik obyektlarin foza vaziyyatini 6lgon qurgular tohlil edil-
mig, onlarin ig prinsiplori arasdirilmigdir. Tacilli horokate malik obyektlarin foza vaziyyatini miioyyan
edon mexaniki raqgasin hayacanlanma halina baxilmis va hayacanlanmanin tasirinin aradan goétiiriilmasi-
nin klassik halli gostorilmisdir. Universal toyinata malik mexaniki roggasin tacilo géra hayacanlanmayan
variantlar: togqdim edilmisdir. inersial Navigasiya Sistemlorinda pyezoelektrik dziisazlanan giroskopun
asasinda Suler perioduna sazlanma aparilmadan bucaq parametrlorin tayin edilmasinin miimkiinliiyti gos-
torilmisdir.

Acar sozlor:  hava gomisi, foza vaziyyati, raqgas, Suler periodu, akselerometr, giroskop, korreksiya.
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VJIK 629.7.05

Hacrpouika Ha mnepuoa ILlyjaepa nmuioTaKHbIX U HHEPUHUAIBHBIX
HABUTAllMOHHBIX YCTPOUCTB

Kapumuau T.H.

Azepbatioscanckas Hayuonanvnas axademust asuayuu (Mapoaxsuckuii np. 30, baxy, AZ1010,
Aszepbatioscan)

Jas mepenucku:
Kapumu Torpya / e-mail: tkarimli@mail.ru

AHHOTAIIUSA

B cratbe mpoBoauTCst 0030p U MPHHIMITB pabOTHl YCTPONCTB H3MEPEHUS MPOCTPAHCTBEHHOTO T10-
JIOKCHHS CTATHYECKUX U JUHAMHUYECKUX 00BEKTOB. PacCMOTpEHBI MEXaHHMUECKHE MASITHUKY OTIPEICTICHIS
MMPOCTPAHCTBEHHOT'O TOJIOKEHUSI YCKOPEHHO IOJBIKHBIX OOBEKTOB C BO3MYIICHHBIM BO3ICHCTBHEM W
KJIACCHUYECKOE PENICHIE YCTPAaHEHUS BO3MYIIAIOIIET0 HHEPITMOHHOTO BIUAHUSA. [IpecTaBieHbl BapUaHThI
HEBO3MYIIAEMBIX T10J] BO3JIEHCTBAEM CHJIBI HHEPITUH MasTHUKOB YHHBEPCATHLHOTO HA3HAYCHUS, JIJIST KOTO-
PBIX HET HEOOXOAMMOCTH B HacTpoiike Ha nepuon Llynepa.

KiroueBble cioBa:  BO3JYIIHOE CYIHO, TPOCTPAHCTBEHHOE MOJIOXKEHUE, MasITHUK, iepuox [lymnepa,
aKceNnepoMeTp, THPOCKOI, KOPPEKIIHS.
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Giris

Ugus aparatlarmin (UA) harokatinin ida-
ra edilmasi ti¢iin onun tiftige nazaran foza vo-
ziyyatini, yoni kren vo tangaj bucaglarini
mioyyan etmok lazimdir. Bu magsadls, UA-
da orazinin cari saquli vaziyyatini tayin edon
qurgunun olmasi zaruridir. Malum oldugu ki-
mi, horokatli obyektlords fiziki roqgas tocilli
horokatlora hassas oldugundan, saquli gostori-
ci kimi istifads edils bilmoz.

Ug sarbostlik doracasine malik olan asta-
tik giroskop isa tacillo harokat edon obyektlor-
do hayacanlanmayan oldugundan, o, inersial
fozaya noazoron bas firlanma oxunu sabit saxla-
yir. Lakin, Yera nozaron harakat vo Yerin 6z
oxu otrafinda firlanmasi naticasinds girosko-
pun bas firlanma oxu avval saquli vaziyyatlo
ust-iisto diisso do, zaman kecdikea forgli giy-
moatlora malik olur.

Belaliklo, sarbast giroskop saquli voziy-
yot gostoricisi kimi istifado edilo bilmoz. Bu
mogsadlo UA-da giroskopik raggasdan, giro-
vertikaldan, girohorizontdan va girovertikant-
dan istifads edilir [1, 2].

Isin magsadi

Qarsiya goyulmus masalonin halli igiin
UA-nin pilotaj vo navigasiya mosalalarinin
halli zaman1 uguslarin tahliikasizliyinin saviy-
yasini artirmag mogsadilo foza vaziyyatinin
olgiilmasinin dogigliyini vo etibarligini artir-
maga imkan veran, torkibinds daha az korrek-
siya mexanizmlori olan qurgularin inkisaf et-
dirilmasi toklif edilmisdir.

Masalanin aktuallhig

HG-nin foza vaziyyatini vo avtonom ola-
rag navigasiya parametrlorini 6lgmok magso-
dilo elektromexaniki aviahorizont, osasini
inersial 6lgmo metodu toskil edon Inersial Isti-
nad Sistemi (IiS) - (IRS - Inertial Reference

System), Foza Voziyyati vo Yon Istinad Siste-
mi (FVYO) — (AHRS — Attitude and Heading
Reference System), Inteqrasiyali Ehtiyat Ugus
Displeyi (IEUD) — (ISFD - Integrated Standby
Flight Display) tetbiq edilir. Bucaq parametr-
lorinin 6l¢tilmoasi tigiin sistemo daxil olan asas
qurgu kimi rotorlu, lazer, optik-lifli vo miro-
mexaniki giroskoplar totbiq edilir. Giroskopla-
rin baslangic bucaqglar1 akselerometrlor vo ya
peyk navigasiya sistemi vasitasi ilo daxil edilir
Vo sonraki i prosesinds fasilosiz olaraq kor-
reksiyaya moruz qalir. Tacilli harokat natico-
sindo korreksiya prosesinds platformanin fak-
tiki saquli vaziyyati hoqiqi saquli vaziyyatdon
fargli olur.

Statistik malumatlara osason biitiin avia-
siya gozalarinin 20%-o gadar olan hissasi HG-
nin kren vo tangaj bucaglarimin itirilmasi nati-
cosindo bas verir [1, 2]. Ona gors do foza vo-
ziyyati ilo olagodar olan 6lgmalarin fasilosizli-
yini vo etibarligini tomin etmok son daraco
ohomiyyato malik aktual masalalordon hesab
edilir.

HG-nin kren vo tangaj bucaglar1 olaraq
foza vaziyyatini 6l¢on elektromexaniki va in-
tegrasiyali ehtiyat elektron aviahorizont sokil
1-do verilmisgdir.

HG-do elektromexaniki aviahorizontda
quragdirilan {i¢ sarbastlik doracali astatik gi-
roskopun xarici ¢argivasi tayyaranin enina oxu
lizro, bas firlanma oxu iso saquli ox tizro yer-
lasan vaziyyati nozardan kegirak (sokil 2).

HG ekvator boyunca iifiiqi istigamatdo
horokat edirss, saquli vaziyyatin yerdayismasi

U+ V/R siirati ilo miioyyon edilir. Girosko-

pun xarici ¢orgivoya Nazaron yaymma siiroti
asagidaki diistur ils toyin edilir.

a=U+"/p) 1)
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a)

AVIiAHORIZONTUN
UFUQi XoTTi

UFlqi vozivyaTe
GOTIRILM® DUYM®SI

SAZLAMA
DUYMBSi

b)

APPROACH MODE
SWITCH

APPROACH MODE
INDICATION

APP
BCRS
OFF

ATTITUDE RESET —
SWITCH

INTEGRATED STANDBY FLIGHT DISPLAY

Sakil 1 — Aviahorizont:

a) Elektromexaniki; b) inteqrasiyal elektron
Figure 1 — Artificial horizon:

a) Electromechanical; b) Stanby Flight Display

¢

)74
=
A |

R T
. 2

Sakil 2 — Astatik giroskopun srazinin saquli vaziyyastine
nozaron movgeyi

Figure 2 — The position of the astatic gyroscope relati-
ve to the terrain vertical position
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Burada U = 7.2921-10” rad/san Yerin
0z oxu otrafinda firlanmasinin bucaq siirati,
R - Yerin radiusu, V - HG-nin yol siirati,
H - giroskopun rotorunun kinetik momentinin
istigamatidir. Sokildon giirtindiiyti kimi HG 3
movgeyinds olduqgda cari saquli istigamat vo
giroskopun bas firlanma oxu arasinda a farg
bucagi 90° toskil edir [3].

Masalanin halli

Goriindiiyti kimi, ti¢sarbatlik doracasine
malik olan astatik giroskop cari arazinin fakti-
ki saquli vaziyyatini miioyyon eds bilmir. Bu
mogsadls iki tisuldan istifads edilir: 1) Rag-
gaslt hossas elementlorin signallar1 osasinda
giroskopun bas firlanma oxunu saquli voziy-
yato gatirmok (sazlamaq) tigiin korreksiya sis-
temlarindon istifads; 2) Bas firlanma oxu bo-
yunca asqiya nazaran giroskopun kiitlo marko-
zinin yerdayismasi.

Birinci tsuldan platformali vo platfor-
masiz giroskopik qurgularinda istifado edilir.
Bu iisul osasinda yaradilmig qurgular aviahori-
zont, girovertikal, girohorizont, girovertikant
adlanir. Girohorizont va girovertikant kosmik
ucus aparatlarinda vo raket sistemlorinds tot-
biq edilir [2, 3].

Ikinci iisuldan platformali  giroskopik
qurgularda istifado edilir. Bu iisul osasinda ya-
radilmis qurgular giroskopik raggaslar adlanir.

Elektromexaniki aviahorizontda totbiq
edilon giroskopun bas firlanma oxunu miinto-
zom olaraq cari saquli vaziyyoto gotirmoak
(korreksiya) iiclin sokil 3-do togdim edilon
sxemdon istifads edilir [4].

Korreksiya qurgusu cari saquli vaziyyati
toyin edan vo elektrik korreksiya signalini for-
malasdiran civali gravitasiya agarlarindan vo
onun kontaktlarindan, giiclondiricidan, daxili
Vo xarici kardan asqilar1 ilo giroskopun rotoru-
nun bas firlanma oxunu saquli vaziyyato goti-
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ron kren voa tangaj kanallar izro elektrik kor-
reksiya miiharriklorindan va tacilli harokatlor-
do yanlis korreksiya signalimi korreksiya mii-
harrikinin elektrik sobokasindan agan korreksi-
ya ayiricisindan (sokildo gostorilmayib) ibarat-
dir.

|1
—
“

“~._~~DAXILi KARDAN }
< . o
P>

7 ACARLARI

__ TANQAJ KANALI UZR3
KORREKSIYA MUHSRRIKI

TANQAJ OXU

KREN OXU
-
~

CivaLi QRAVITASIYA
AGARI (AGIQ)

\ CIXI§ KONTAKTLARI

k . ' -] GiRi§ KONTAKTI
GIROSKOPUN
savivyasi T~
| = [= =] .
/
TBYYAR® SiMVOLU L J
T
1

GUCLBNDIRIC

civaLi GrAVITASIYA
AGARI (QAPALI)

AKTI

soHV
INDIKASIYA

KORREKSIYA
MUHBRRIK

/

GIROSKOPUN UFUQI
VvaziYyeTe GaTiRILMBSI
UGUN HBROKAT

Sakil 3 — Korreksiya edilon aviahorizont
Figure 3 — Correctable artificial horizon

YANA BYiLMig
GlrOSKOP

Belo ki, tacilli harokatlords fiziki raggas
olan civali gravitasiya agarinin daxilindoki ci-
Vo tacilin yaratdigi qiivve ilo harokat edoaroak
miivafig kontaktlarda yanlis (sehv) elektrik
signali formalasdirir. Bunun garsisin1 almag
ticiin korreksiya ayiricisi bels halda (tacilli ho-
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rokatds) korreksiya miiharriklorini sabokodan
ayirir. Ona goroe, vizual cihazlarda viraj zama-
n1 xotanin qiymati artir.

Sakil 4-do 6lgmo ilo yanasi tacilsiz haro-
kotdos korreksiya moasalasini hall edan girosko-
pik roggas verilmisdir. Giroskopun agirliq
morkazi asqiya nazaran | masafasi qodar asagi
istigamato siiriisdiiriilmiisdiir. Daxili vo xarici
Kardan asqilarinda (gargivalords) donma bu-
caglarimi elektrik signalina g¢eviron kren bu-
cagl (KB) va tangaj bucagi (TB) bucaq verici-
lori qurasdirilmisdir.

Sakil 4 — Giroskopik raggasin kinematik sxemi
Figure 4 —Kinematic scheme of a gyroscopic pendulum

Daxili va xarici gargivalorin oxlarina no-
zoron giroraggas k tezliyina malik sénmoyan
ragslora malik olur.

)

Bu ragslarin periodu isa (3) disturu ils
miiayyan edilir.

H
Ter = 27Tm_gl 3

Molum oldugu kimi L uzunluguna malik
riyazi ragqqasin rags periodu

L
diisturu ils tayin edilir.
. H L
Ter = Tr sortindon an—gl =27 5
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riyazi raggasin uzunlugu asagidaki kimi tayin
edilir:
HZ

Boyiik H kinetik moments va kigik mgl
statik moments malik giroskopu se¢mokls bo-
yiik rags perioduna malik giroragqas olds edilo
bilor. Bununla, giroraqgasdan istifads etmaklo,
horakatli obyektlords cari orazinin saquli veri-
cisini yaratmag imkani alds edilir [3].

1923-cii ildo alman alimi Maks Suler no-
zori olaraq siibut etmisdir ki, uzunlugu Yerin
radiusuna borabor olan va rags periodu

T =2m \/5284.4 dog. diisturuna osason 84.4

doagigoya baraboar raggas (reggasin kiitlasi Ye-
rin moarkazinds olarsa) tacilin heg bir giymati-
no moaruz galmayaraqg Yerin faktiki saquli vo-
ziyyatindan kanara meyl etmir. Belalikls, rog-
gas hoyacanlanmayan xiisusiyyato malik olar
(sokil 5). Belo bir roggasi hazirlamaq miimkiin
olmasa da, onun horakatini modellosdirmak
miimkiindiir.

Pendulum oscillation period
if disturbed 84.4 minutes

I Schuler pendulum |

Sakil 5 — Hayacanlanmayan raggasin nozori modeli
Figure 5 — Undisrturbed pendulum model
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Miixtalif toyinatli sualti vo suiistii nog-
liyyat vasitolori, ugus aparatlart va onlarin
miioyyan sothlorini tfiiqi vo ya saquli vaziy-
yatdoa stabillosdirmok va idaro etmok moqgsadi
ilo inersial 6lgma metoduna oasaslanan platfor-
mali1 vo platformasiz inersial navigasiya sis-
temlorinds Suler periodu iizro sazlanma yerina
yetirilir.

Sokil 6-da, misal olarag, platformali
inersial naviqgasiya sistemindo Suler periodu
tizra sazlanma sxemi verilmisdir.

1/

f /

4
s Y
Sakil 6 — Platformali inersial navigasiya sisteminds Su-
ler periodu tizro sazlanma sxemi
Figure 6 — Tuning scheme for the Schuler period in a

platform inertial navigation system

1 giroskopu va 2 platformanin iizorinds
qurasdirilan 3 akselerometri X oxu boyunca
platformanin tacilini 6lgiir. Akselerometrdan
monimsanilon | signal 4 inteqratorunda integ-
rallanaraq giroskopun (G) oxu iizarindo yer-
lason moment vericisina (MV) daxil olur va
giroskopu presessiyaya moruz qoyur. Girosko-
pun mexaniki yerdoyismasi bucaq verici (BV)
ilo olgtilarak elektrik signali soklinda platfor-
man1 Y 0OXu iizro harokat etdiron 5 miiharriki-
no daxil olur. Platforma Y oxu {izro T=84.4
dog. rags periodu ilo harmonik rogsi harokot
edir [5]. Oxsar gayda ils, platformani X oxu
otrafinda horokat etdiron idaroetmo sxemi do
totbiq edilir (sokilda gostarilmayib).

Platformasiz Inersial Navigasiya Sistem-
lorinds Suler perioduna sazlanma program to-
minat1 asasinda icra olunur. Burada giroskop-



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2023, cild 15, Ne 2,5.7-14
Korimli T.1.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 2, pp.7-14
Karimli T.1.

lar vo akselerometrlor sart olaraq inersial blo-
kun govdasina barkidilir.

Sakil 7-do heg bir baslangic va cari kor-
reksiya amoliyyati, homg¢inin Suler perioduna
sazlanma tolob etmoyan dinamik obyektlorin,
0 ctimlodan hava gamilarinin foza vaziyyatini
olgan  Universal Mayeli Bucagolganlorin
(UMB) iki variant1 verilmisdir.

Sakil 7 — Universal Mayeli Bucagdlganlorin yeni
variantlar
Figure 7 — New versions of the Universal Liquid Angle
Indicators

Sokil 7a-da tesvir edilon qurgu X vo Z,
sokil 7b-dos iso tasvir edilon qurgu eyni zaman-
da X, Y va Z iizro obyektlorin maillik bucagla-
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rint (Kren, tangaj vo yon) dlgmays imkan verir
[6, 7]. UMB ovvalki variantlarindan forgli ola-
rag, slave Z oxu ilo HG-nin yo6niinii 6lgmak
ticlin qurguda qurasdirtlan magnitometrdan
(yon vericisindan) alinmis elektrik signal asa-
sida elektron ragamlarin indikasiya olunmasi
toklif edilir. Lakin bu qurgular vizual cihaz
gismindo istifads edila bilor.

Nozora almaqg lazimdir ki, ugus hiindiir-
lilyiindan, cografi koordinatlardan asili olaraq,
Suler periodunun adadi giymati dayisir. Dagiq
inersial navigasiya masalalorin  hoallindo bu
amil miitlag nozars alinmalidir. Siiratli manevr
edon taktiki vo strateji raketlords peyk naviga-
siyadan istifado edilmadikdo (avtonom ida-
roetmods) méveud masalonin holli xiisusi she-
miyyato malikdir.

UA-nin manevri zamani cari foza vaziy-
yatlarini istonilon makan va zaman ¢argivasin-
do yiiksak dogigliklo 6lgmak mogsadils, xiisu-
silo tacilli harokatlords, akselerometrin otalotli
kiitlosinda parazit tocildon yaranan qiivve Vo
yerdoyismoni qarsiliqh sokildo sxematik kom-
pensasiya etmays imkan veran, Suler periodu-
na sazlanma aparilmadan yeni elektron vo
MEMS  (Mikroelektromexaniki  sistemlar)
asash vericilorin islonmasi navigasiyada vacib
masalalardon hesab edilir.

Pilotsuz Ugus Aparatlarinda (PUA) 6zii-
sazlanan giroskop-akselerometrin (OGA) mor-
kozini yiiksok doagigliklo PUA-nin kiitlo mor-
kozinds yerlosdirmoaklo Suler perioduna saz-
lanmaya ehtiyac olmaya da bilar.

Bunun iiciin OGA-nm uc ndgqtalorinin
qarsiligh sokildo diferensial birlosmasi natico-
sindo PUA-nin manevri sababindon yaranan
tocillorin elektrik signallarint 6lgiib elektron
korreksiya blokunda qarsilighh kompensasiya
edilarak giroskop-akselerometrin bucaq 6lgma
rejiminda Suler perioduna sazlanma zorurati
galmur [8].
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Natica

Miilki HG-do pilotaj parametrlordon
olan kren vo tangaji, navigasiya parametri olan
yonii (vurnuxma) o6lgmok mogsadilo yiiksok
etibarliga vo avtonomluga malik UMB avval-
ki variantlarindan forgli olarag, vahid konst-
ruksiyada magnit kompasinin olgdiiyti slava
navigasiya parametri kimi HG-nin yoniini to-
yin etmays imkan veron qurgunun istifads
edilmasi toklif edilir.

Yiiksok dinamikliya malik UA-da pilo-
taj-navigasiya parametrlorini tayin etmok mog-
sadilo pyezoelektrik OGA osasinda tacilli ho-
rokotlordo OGA-nin uc toraflorinds diferensial
tocillorin giymatlori asasinda, program tomina-

t1 ilo Suler perioduna sazlanma aparilmadan da
cari saquli vaziyyat miiayyan edilmoklo PUA-
nin faktiki bucaglarint miioyyan etmok miim-
kiindiir. Boyiik dl¢iilii UA ii¢iin OGA uc ndq-
tolorini UA-nin kiitlo morkazinin oks toraflo-
rinds (sol-sag vo asagi-yuxari) simmetrik yer-
lasdirmoklo Suler perioduna sazlanma aparil-
madan UA-nin foza vaziyyatini vo navigasiya
parametrlorini toyin etmoyo sorait yaradan
qurgunun islonmasi toklif edilir.

Maraqglar miinaqisasi

Miallif bu moqalods arasdiriimasi tolob
olunan maraglar miinaqisesinin olmadigini
geyd edir.
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Abstract

According to the principles of nonequilibrium thermodynamics, it is necessary to study the process-
es of heat generation in friction pairs and the local nature of its removal from the inner surface of the brake
pulley rim. Such means are briquettes made of nanoparticles and forming capillary structures resting in
metal frames. The latter are installed in three rows in wide circular grooves on the inner surface of the
pulley rim, to which the fluid chamber is attached. The interaction of the latter with the nanocapillary
structure in briquettes is described. The connection between sedimentation and diffusion in a nanofluid
was carried out by means of the intensity of the entropy source caused by the frictional interaction of met-
al-polymer friction pairs. To assess sedimentation, the gradient theory was applied to pressure, velocity,
partial and specific volume, mass and molar concentration, as well as the determination of the sedimenta-
tion coefficient. The diffusion of nanoparticles was characterized by the coefficient and its mobility in the
liquid. Selection by molecular weight of various materials of nanoparticles was made. The results of ex-
perimental studies on a model band-shoe brake are presented and the cooling efficiency is established.
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Xiilasa

Mogaloda nanohissaciklordon hazirlanmis vo metal karkaslarda dayanan kapilyar strukturlar amala
gotiron briketlor nozordon kegirilib. Onlar maye kamerasinin baglandigi qasnagin halqasinin daxili
sathinds genis dairavi yivlords ii¢ corgodo qurasdirilir. Bu mayenin briketlordski nanokapilyar strukturla
garsihgh tasiri tasvir edilib. Nanomayeds ¢okmo vo diffuziya arasinda slags “metal-polimer” siirtinma
ciitiintin friksion garsiligl tasiri naticasinds yaranan entropiya manboyinin intensivliyi vasitssilo hoyata
kecirilmisdir. Cokiintiiniin giymotlondirilmasi ii¢iin gradiyent nozariyyssinin totbigi tozyiqin, siirstin,
gisman vo xiisusi hacmin, kiitlo vo molyar konsentrasiyanin, homginin ¢6kmo omsali toyin edilmisdir.
Nanohissaciklorin diffuziyasi onun amsali vo onun mayeds horakatliliyi ilo xarakterizo olunurdu.
Nanohissaciklarin miixtalif materiallarindan molekulyar ¢oki tizro secimlor aparilmsdir.
Acar sozlar:  lent-kiindali aylac, siirtiinma ciitii, ayloc qasnagi, nanohissaciklor, maye, diffuziya-¢6kmo

prosesi, molekulyar ¢oki.
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AHHOTaNUA

B cratbe paccMoOTpeHBI OpHKETHI, M3TOTOBICHHBIC W3 HAHOYACTHII W 00pa3yIolue KalmWUIIPHBIC
CTPYKTYpBI, HOKOSIIIIKECS B METANIMYECKUX KapKacax. OHU yCTaHOBJIEHBI B TPU Psifa B LIUPOKUE KPYTo-
BBIE T1a3bl HA BHYTPEHHEW MOBEPXHOCTH 000/1a IIKMBA, K KOTOPOMY MPHUKPEIUICHA KaMepa C KUIKOCTHIO.
Onmcano B3anMOJEHCTBHE 3TOW KUAKOCTH C HAHOKAMMILIIPHON CTPYKTYpo# B Opukerax. CBS3b MEXIy
cequMeHTarmel u muddys3ueir B HAHOKUAKOCTH OCYIIECTBIIIIACH ITOCPEICTBOM MHTCHCUBHOCTH HCTOY-
HUKa SHTPOITUH, BBI3BAHHOTO (DPUKIIMOHHBIM B3aWMOJICHCTBHEM Tap TPEHHS «MeTaui-momumepy. s
OILICHKHM CEAMMEHTAlMN IPUMEHSJIACh TPAJAUEHTHAsT TEOPUsS K JABIICHUIO, CKOPOCTH, MAPIUAIBHOMY H
yAEJIbHOMY 00bEMYy, MacCOBOH M MOJIBHON KOHIIEHTpAIIMH, a TaKXe onpezesicH Ko3(pPUIMEeHT ceauMeH-
tanuu. Jnddysus HaHOUWACcTHIl XapakTepu3oBaHa KOA((UIIMEHTOM U €€ TOJBIKHOCTBIO B KHJIKOCTH.
[IpownsBenen moa00p MO MOJIEKYJIIPHOMY BECY M3 Pa3IHUYHBIX MAaTCPUAIOB HAHOYACTHII,
KiroueBble cjioBa:  JICHTOYHO-KOJIOIOYHBIM TOPMO3, IIaphl TPEHHS, 0001 TOPMO3HOIO IIIKMBA, HAHOYA-

CTHIIBI, KUAKOCTh, TU(GDY3MOHHO-CEAUMEHTAIIMOHHBIC MPOIECCHI, MOJIEKYIISpP-
HBIN BeC.
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Introduction

Suspensions based on solid phase nano-
particles are called nanofluids [1]. The thermal
conductivity of suspensions with a low con-
centration of solid phase particles can be de-
scribed by the Maxwell theory [2]. The theory
is built on the basis of a number of assump-
tions: the concentration of particles of the sol-
id phase is small (the distance between the
particles significantly exceeds their size); par-
ticles are immobile in a liquid; particles have a
spherical shape, the equations of conductive
heat transfer are valid for describing the heat
transfer process. When using particles of the
nanometer range, shrouded in a polymer film,
which are dipoles, during the movement of a
nanofluid in cooling systems, a transformation
of charges occurs, leading to the formation of
electronic and ionic zones. The driving force
in a nanofluid is jumps of various kinds of
potentials. The large scatter of experimental
data is associated with a number of objective
reasons: the method of nanoparticle synthesis,
the size distribution function of nanoparticles,
the nanofluid manufacturing technology, as
well as the method of measuring thermal con-
ductivity and integrating results. In addition,
depending on the mode of rotation of the met-
al friction element of the brakes, the effect of
sedimentation of nanoparticles is observed.
Sedimentation is the settling of small nanopar-
ticles in a liquid or gas under the action of a
gravitational field and centrifugal forces.

Analysis of literary sources and the state of
the problem

In works [1-3] on the study of heat
transfer in nanofluids, it was shown that the
thermal conductivity of suspensions of ul-
trafine aluminum, silicon, and titanium oxides
in water at a volume concentration of the order
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of several percent exceeds the thermal conduc-
tivity of a pure liquid by tens of percent.

The results of the experiment with na-
noparticles of various sizes indicate that the
thermal conductivity of a liquid based on larg-
er particles is fairly well described using the
Maxwell theory [2].

First of all, the data obtained with theo-
retical models built to describe the thermal
conductivity of coarse suspensions. The first
such model was created by Maxwell [2], who
obtained the relation between the thermal con-
ductivity of the suspension A and the base flu-
id Ao.

An analysis of the influence of the size
of nanoparticles on the thermal conductivity
coefficient (1) of a nanofluid shows that the
coefficient A of nanofluids increases with an
increase in the size of nanoparticles [4].

In [5], the simulation of the thermal
conductivity coefficient of a nanofluid de-
pending on the different masses of nanoparti-
cles is presented. The authors found that A of a
nanofluid at a fixed size and concentration of
nanoparticles increases with their mass. The
dependence of the increase in the thermal
conductivity of a nanofluid on the mass of
nanoparticles means at the same time the same
dependence on the density of particles with
the same particle size.

The thermal conductivity coefficient of
nanofluids is also affected by the shape of
nanoparticles, which can be spherical, cylin-
drical, prismatic, flat, elliptical. Thus, in [2, 3],
the thermal conductivity of a nanofluid with
ZnO nanoparticles having prismatic and
spherical shapes was experimentally studied at
various volume concentrations of nanoparti-
cles in the range from 0.05 to 5.0%. It was
found that the coefficient A of nanofluids with
zinc oxide nanoparticles increased by 12% and
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18%, respectively, for spherical and prismatic
nanoparticles at ¢ = 5.0%, compared with the
coefficient A of the base liquid - water.

However, many of the experimental data
obtained so far have a large scatter and often
contradict each other. Some of the data indi-
cate an anomalous increase in the thermal
conductivity of nanofluids in comparison with
the theory [1]. But in the course of joint stud-
ies conducted by organizations from different
countries, an anomalous increase in thermal
conductivity at low concentrations of nanopar-
ticles was not found [6]. The classification of
nanofluids and the analysis of theoretical ap-
proaches to modeling the transport coeffi-
cients are given in [7]. In particular, it was
noted that a rigorous theory of transport pro-
cesses in nanofluids has not yet been devel-
oped, and the use of molecular dynamics
modeling of thermal conductivity still gives
predictions that differ from the classical theo-
ry. In work [8] on a new type of composite
brake pulley with a chamber of a band-shoe
brake in bench conditions, liquid (water) cool-
ing of its friction pairs was studied, the effi-
ciency of which was 10 -14%. The modes of
motion and changes in the parameters of
nanofluid and vapor along the length of the
inner wall of the pulley rim were studied in
[9]. The presence of the following zones from
the pinched edge of the rim to the free one was
established).

The first one is a single-phase convec-
tive heat exchange of a nanofluid with macro-
sections of thermal and hydrodynamic stabili-
zation; the second is the beginning of the
nanofluid boiling; the third is the beginning of
intense nanovapor content, after which the
intensity of heat transfer increases significant-
ly; the fourth - near-wall two-phase layers are
formed,; in this case, the mode of movement of
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the mixture, as a rule, is bubbly; fifth, super-
heated vapor and nanofluid move in the annu-
lar flow at saturation temperature; there is a
sequential change in flow regimes - from bub-
ble to dispersed-annular.The efficiency of air-
nano-liquid cooling of friction pairs of a band-
shoe brake in bench conditions of the material
is 16 - 18%.

However, the considered systems of
forced cooling of friction pairs of a band-shoe
brake have the following disadvantages: -
there was a sedimentation (falling) of nanopar-
ticles under the action of the settling of the
gravitational field and centrifugal forces on
the bottom of the pulley chamber, which re-
duced the efficiency of forced cooling; -
forced cooling contributes to uneven distribu-
tion of bulk temperatures from the pinched
edge of the pulley rim to the free one due to
the complex conductive heat exchange be-
tween the rim, its flanges and the mounting
lug; - no substantiation was made for the
choice of nanoparticles for capillary structures
and liquids in rotating metal friction elements
of brakes [10].

Formulation of the problem. It is nec-
essary to solve the problem of using nanopar-
ticles in the form of briquettes that make up
the nanocapillary structure in the system of
forced liquid cooling of the friction pairs of a
band-shoe brake and evaluate the effective-
ness of its operation.

The main issue of the article: the de-
sign and operation of a nanocapillary liquid
cooling system for friction pairs of a band-
shoe brake; the discussion of the results.

The purpose of the work is to substan-
tiate the performance of nanoparticles in capil-
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lary structures and in liquid in rotating brake
systems.

Design and operation of nanocapillary and
nanofluid cooling systems for brake friction
pairs. The principle of capillary-liquid cooling
of friction pairs of a band-shoe brake is based
on the following effects: convective, vortex,
radiant,  conductive, and  evaporative-
condensation in capillary structures located in
briquettes. Let us dwell on a brief analysis of
the types of cooling that were considered. The
vortex effect is the movement of air or liquid
layers, in which their small volumes not only
move, but also rotate around the instantaneous
axis, which are cooled due to the redistribution
of energy over the flow layers, leading to a
change in the specific density gradient.
Radiant heat transfer of a metal friction
element from matte and polished surfaces oc-

curs due to the conversion of its internal ther-
mal energy into radiation energy carried out
with the help of photons. The transfer of the
specified thermal energy into space where it is
absorbed by the ambient air or liquid in a dif-
ferent thermodynamic state. Conductive heat
transfer is the transfer of thermal energy by
microparticles (electrons, ions) from a more
heated area, a metal friction element, to a less
heated one. In this case, the microparticles in
the considered body of the friction element not
only move, but also interact. Let us proceed
directly to the design features of the nanoca-
pillary and nanofluid cooling system for the
tribological couplings of the drawworks band-
shoe brake. On fig. 1 a, b, c, d shows a band-
shoe brake, longitudinal section (a); in fig. 1 b
- section along A-A in fig. 1 ¢, d — longitudi-
nal section of the cooling device (view B from
fig. 1 b); d - diffusers and confusers.

b) A B 1

L, A4

CTAANNNN

A

Figure 1 a, b, ¢, d — Band-shoe brake with a forced system of nanocapillary liquid cooling: a — general view; in fig.
b - a section along A-A in fig. a; in fig. ¢ - longitudinal section of the cooling devices (view B from fig. b) located in
the upper and lower parts of the pulley rim; rice. 1 d - diffusers and confusers formed between the ends of fixed

briquettes during the rotation of the pulley rim
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A band-shoe brake with a nanocapillary
system and nano-liquid cooling consists of a
lifting shaft 1, a drum 2 with a flange 3, which
is fastened with a bolted connection 4 to a
heat-insulated protrusion 5 of the brake pulley
6. The latter has flanges 7, working 8 and non-
working 9 surfaces. The working surface 8 of
the pulley in the process of braking frictional-
ly interacts with the working surfaces 10 of
the polymer linings 11 attached with the help
of antennae 12 to the brake band 13, which
has an incoming (a) and running (b) branches.
The running branch (a) of the tape 13 is at-
tached to the support 15 by means of a thread-
ed tie 14, and its running branch (b) is at-
tached to the brake control lever 16.

Under the non-working surface 9 of the
rim of the pulley 6 there is a chamber 17 oc-
cupying the volume from the first radial side
wall 18, located on the side of the free edge of
the rim of the pulley 6 and to the second radial
side wall 19, located near the protrusion 5 of
the pulley 6. From above, the first radial side
wall 18 is located in groove 19 of the end of
the flange 7 and through the sealing gasket 20
with the help of bolts 21 is attached along its
perimeter to the rim of the pulley 6. The se-
cond radial side wall 19 is inserted with an
interference fit into the circular groove 22.
From the bottom, the walls 18 and 19 are in-
terconnected cylindrical ring 23. Chamber 17
is filled with nanofluid 24 through inlet valve
25, and the resulting vapor in chamber 17 is
vented into the atmosphere through outlet
valve 26.

The chamber 17 is filled with liquid 24
for 2/3 of its volume and above it the non-
working surface 9 of the rim of the pulley 6 is
polished and circular grooves 27 of various
widths are located in it (larger on the side of
the free edge of the rim and smaller on the
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side of its pinched edge). Convex U-shaped
briquettes are installed in circular grooves 27.
The frame for the briquettes is made of sheet
solid or perforated copper, in which there are
sintered nanoparticles 29. The unclosed ends
of the fixed briquettes form between them-
selves in the annular grooves 27 on top of the
pulley rim into diffusers 30, and from below
confusers 31.

Band-shoe brake with nanocapillary and
liquid cooling system works as follows. When
the brake control lever 16 is pressed, the brake
band 13 is tightened and the working surfaces
10 of the polymer linings 11 interact with the
working surface 8 of the brake pulley 6, which
contributes to the generation of heat on their
surfaces. At the same time, a significant part
of the heat is absorbed by the pulleys 6, which
is an accumulator of thermal energy.

The first case is illustrated in Fig. 1c,
when the liquid 24 does not wash the polished
non-working surface 9 of the rim of the brake
pulley 6 and its briquettes, and a gap has
formed between their surfaces. From the pol-
ished non-working surface 9 of the rim of the
brake pulley 6, radiant heat transfer is carried
out: a radiant flux qq is supplied from the pol-
ished working surface 8 of the rim of the
brake pulley 6 and, in accordance with the
Stefan-Boltzmann law, the flow of own radia-
tion with a density of C4T*; is diverted directly
to the surface of an absolute black body, i.e.
liquid 24. In this case, there is also a weak
convective heat transfer, since during the rota-
tion of the pulley 6, due to centrifugal forces,
liquid drops still fall on the polished non-
working surface 9 of the rim of the pulley 6
and into the nanocapillary structure of the bri-
quettes on which they immediately turn into
steam. Thus, in this case, it has weak convec-
tive-conductive and strong radiant heat trans-



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2023, cild 15, M 2, 5.15-22
Canahmadov ©.X. va basq.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 2, pp 15-22.
Janahmadov A.Kh et al.

fers, which reduce the energy load of the
brake pulley rim.

The second case is shown in Fig. 1 c,
when the liquid 24 is on the polished non-
working surface 9 of the rim of the brake pul-
ley 6 and in its briquettes. In this case, the
convective-conductive heat transfer is strong
when the liquid layers 24 interact with the
polished non-working surface 9 of the pulley
rim 6 with their weak radiant heat transfer.

From fig. 1 c it follows that the thermal
state of the parts of the brake pulley located at
different poles in the vertical plane is not the
same due to a change in the thermodynamic
parameters of the liquid and surrounding air,
which contributes to a change in their gradi-
ents, and as a result, the intensification of con-
ductive, convective and radiative heat transfer
in the proposed nanocapillary liquid cooling
system.

When liquid gets between the rings of
briquettes (I - 1) on the non-working polished
surface of the pulley rim, i.e., in the evapora-
tion zone, it heats up and evaporates. Subse-
quently, due to the created pressure drop be-
tween the evaporation and condensation zones
(between the rings of briquettes 11 - 111), the
liquid from the evaporation zone enters the
condensation zone by centrifugal forces aris-
ing from the rotation of the pulley. In addition,
part of the liquid heat carrier located in the left
and right parts of the cooling chamber, respec-
tively, under the free and pinched edges of the
pulley rim, depending on its position, circu-
lates in two phases - liquid and gaseous. The
ratio of the design parameters of the cooling
chamber provides the necessary amount of
liquid in the condensation zone to wet the
evaporation zone under the action of centrifu-
gal forces. In addition, the separation of drops
of condensate moving along the capillary
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structure of the briquettes under the action of
centrifugal forces is prevented.

Thus, when operating in the modes of
rotation of the brake pulley or frictional inter-
action of friction pairs of a band-shoe brake,
the following types of heat transfer take place:

- in the first mode - convective air and
liquid, conductive, as well as radiant with a
working and non-working surface (polished)
of the pulley rim; as well as evaporation-
condensation heat exchange with nanocapil-
lary structures of briquettes;

- in the second mode - convective, air
and liquid, conductive, as well as radiant with
a polished non-working surface of the brake
pulley rim; in this case, the nanocapillary
structure in the briquettes is saturated with
liquid (Fig. 1 d).

The listed types of heat transfer to an
unequal degree affect the energy load of the
friction pairs of the drawworks band-shoe
brake, and ultimately reduce their energy load,
and as a result, the durability of working sur-
faces.

The discussion of the results

Theoretical and experimental studies of
non-uniform nanocapillary and nanofluid
cooling of friction pairs of a model tape-shoe
brake of a drawworks made it possible to state
the following: - at temperatures above 100 °C,
an increase in the electrochemical potential
and the formation of a system of electronic
and ionic zones in the cavity, which contribute
to potential jumps, are observed; in this case,
the nanofluid acts as an electrolyte; - the use
of nanofluid in the cooling system of the com-
posite pulley made it possible to reduce its
energy load by 21,8%, wear of friction linings
by 19,9%, and increase the braking torque by
13,2%; - according to the principles of non-
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equilibrium thermodynamics, the processes of
heat generation in friction pairs and the local
nature of its removal from the inner surface of
the brake pulley rim were studied.

Conclusion

Thus, due to the circulation of the cool-
ant in briquettes with a nanocapillary structure
and in the volume of the pulley rim chamber
in different phases, its energy load is quasi-

levelled, which contributes to the stabilization
of the operational parameters of the friction
pairs of the brakes, and as a result, a decrease
in their wear.
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Abstract

Disappointments are seen in pipelines of oil field and oil refining gear working in high temperature,
pressure and synthetically dynamic climate after a brief time of activity. Research and testing have shown
that silicon-coated pipes' service lives are greatly reduced by defects, including roughness on the inner
surface of the pipe, microscopic bubbles, and macro- and microcrack layers. The paper that is being
discussed looks at the root causes of these flaws and offers solutions. The research was carried out in
"Khazar Pipe Coatings" and "Socar” companies. The quality coating within the pipe and their diagnostic
techniques are described in the text.

Keywords: silicon coating, micro- and macrocracks, cooling mode, heating temperature, in-tube
diagnostics.
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Xiilasa

Yiksok temperatur, tozyiq vo Kkimyovi aktiv miihitdo isloyan neft-modon vo neft-emali
avadanliglarinin boru xatlorinds qisa istismar miiddstindon sonra nasazliglar miisahido olunur. Aparilan
tadgiqatlar vo eksperimental tocriibolor géstorir ki, silisium ortiikli borularda asasen qiisurlarin, borunun
daxili sathindaki geyri-hamarliglarin, xirda gabarciglarin, makro vo mikrogat gatlarimin olmasi onlarin
istismar miiddatini xeyli azaldir. Toagdim olunan mogalads bu qiisurlarin yaranma soboblori arasdirilmigdir
vo onlarin aradan qaldirilmast {igiin iisul vo metodlar toklif edilmisdir. Todgigat “Xazor Boru Ortiiklori” vo
“Socar” sirkatindo aparilmigdur. Mogaloda borunun daxilino keyfiyyatli ortiiyiin ¢okilmasi vo onlarin
diagqnostika iisullar1 sorh edilmisdir.

Acar sozlor:  silisium ortiiklor, mikro vo makrogatlar, soyuma rejimi, qizma temperaturu, borudaxili
diagnostika.
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AHHOTAIUSA
Otka3pl HAOJIOJAIOTCS B TPYOOINpPOBOAax HE(PTEIPOMBICIOBOTO M HedTenepepadaThBarOIIero

000pyAOBaHMS, PadOTAIOLIETO B YCIOBUAX BEICOKMX TEMIIEPATYP, JaBICHUNA U XUMUYECKH aKTUBHBIX CPE
IIOCJIE HETIPOJOJIKUTENBHOIO IEepuosia dKCIUTyatauuu. 1IpoBeleHHbIE MCCIENOBAHMS U AKCIIEPUMEHTHI
MOKa3bIBAIOT, YTO Hajnuue Je(heKTOB Ha BHYTPEHHEH MOBEPXHOCTH TPYOBI, MENKHX ITy3bIpEH, CIIOCB
MakKpo- 1 MUKPOTPELIUH B TpyOaxX ¢ CHIIMKOHOBBIM MOKPBITHEM 3HAYUTEIBHO CHIKAET CPOK MX CITYKOBI.
B mpencraBneHHO# cTaThe paccMaTpUBAIOTCS IPUYUHBI BO3HUKHOBEHUS ATHX Je()EeKTOB U IpeiararTcs
MyTH U CpeACTBa WX ycrpaHeHud. MccnenoBanus npoBoauiuch B koMmnanusax «Khazar Pipe Coatings» u
«Socar». B craTtbe onmucaHbl MOKPBHITUS BHYTPH TPYOBbI U METOJIBI MX TUATHOCTHKH.

KuaroueBble ¢ji0Ba:  CHIMCHYMHBIC MOKPBITHSI, MAKPO- U MUKPOTPEILUHEI, PEXKUM OXJIaKJICHUS, TeMIIe-
paTypa HarpeBa, BHyTpUTPYOHas TUArHOCTHKA.
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Giris

Borudaxili silisium ortiiklor neft-modan
avadanlhglarinin boru xatlori ila yanasi, kimya,
gida vo atom sonayesinds tatbiq olunur. Boru
xatlorinin daxili sothindo intensiv korroziya
prosesi noticasindo miixtalif ¢at gatlar1, qop-
malar vo ¢okiintiilor amala galir. Boru kamari
zodalonma va sizma naticasinds siradan ¢ix-
diqda goza bas verir va nagl olunan mohsulun
itkisi ilo yanasi, otraf miihitin ¢irklonmasi do
bas verir. Toadgigatlar zaman1 miioyyan olun-
musdur ki, borularin istismar1 soviyyasinin
keyfiyyati 2-4 il orzindo kifayat godor asagi
diistir. Bu zaman tomira dayanmalarin say1 art-
magqla iqgtisadi somoralilik do asag: diisiir.

Neft sonayesindo borularin uzunémiir-
luyt ortiiklordo yaranan mikro-makro catlarin
va digar defektlorin vaxtinda agkar olunmasin-
dan, diagnostika prosesinin diizgiin aparilma-
sindan asilhidir [1, 2].

Isin magsadi

Movzunun aktualligr onunla izah olunur
Ki, muasir dovrda bir ¢ox boru kamarloari isteh-
sal vo istismar zaman siradan ¢ixaraq boyiik
igtisadi itgilorlo noticalonir. Belo hallarda de-
fektlori vaxtindan ovval askar etmok, onlarin
yaranma sobablorini miioyyan etmok vo ara-
dan galdirmag elmi todgiqat iginin asas magse-
didir. Qarsiya goyulan masalalarin halli ilo ya-
nasi, uygun diagnostika tisulunun seg¢ilmasi
moaqQsads uygundur.

Masalanin qoyulusu

Praktiki va nazoari tadgigatlardan malum-
dur ki, silisium ortiiklii borularda makro va
mikrogatlarin yaranma sobobi asagidakilaridir
[1-6].
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Borunun istehsal1 zamani segilon mate-
rialin keyfiyyatsiz olmasi; Borunun daxilino
ortik ¢okilma texnoloji prosesinin diizgiin
apariimamasi; Yiiksok temperatur (600-800°C)
miihitindan otaq temperaturuna gadar soyudul-
ma zamani yaranan termiki gorginliklor; Or-
tiklordo yaranan mikrogatlarin diagnostika
tisulunun diizgiin segilmamasi; Borunun istis-
mar1 zamani atraf miihitin (yiiksok tozyiq va
temperaturun) toasiri.

Silsium emal ortiiklorin materiallar: osa-
son I'OCT P 51164-98, CHull 2.05.06-85, P/1
153-34.0 20.158-2003 talablorino uygun segi-
lir.

Borularin daxilina ortiikk ¢okmok iigiin
texnoloji rejimin parametrlorino (n — borunun
sirati, V iraliloma
D — borunun diametri) miioyyan intervalda ol-
mas1 tonzimlonmalidir ki, istehsala keyfiyyotli
ortiklor tohvil verilsin [3].

Boru miiayyan firlanma va iraliloma ho-
rokati ilo toyin edilmis siiratlorlo sobaya daxil
olur vo ortiik ¢okilir. Gostorilon texnoloji para-
metrlorin giymatlorina diizgiin tonzi-mloma-
dikda borunun daxilina keyfiyyatsiz ortiik ¢o-
Kilir vo miiayyan miiddatdon sonra siradan ¢i-

firlanma suirati,

XIr.

Sobadan ¢ixdiqdan sonra havada va stini
soyutma kameras: ilo 600-800 C-don otaq
temperaturuna godar soyudulur. Bu zaman so-
yutma rejiminin doagiq riayst olunmasi vacib
mosalalordon biridir. ©ks halda ortiiyiin sot-
hinds borularin handasi 6l¢iilorindon asili ola-
rag makro-mikro catlar vo gabarmalar yarana-
raq Ortilyll yararsiz voziyyato sala bilor. Mo-
lumdur ki, xtisusi kovrakliya malik olan sili-
sium Ortiiklii borular xisusi rejimlo soyudul-
malidir. Bu problemi aradana galdirmaq tigiin
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25 doq arzinds har dofo ortilyiin sathinin tem-
peraturunu 5-10°C salmagla otaq temperaturu-
na godar soyuma prosesins nail olmaq olar [2,
3].

Silisium ortiiklii borularin diagnostikasi
zaman1 defektoskop oasasan borunun vo oOrtii-
yiin materialina uygun segilir. Borudaxili sili-
sium ortiiklor asasan elektroqigilcim defektos-
kopu ilo aparilir. Praktiki vo nazari molumat-
lara istinad edorok ortiiklordo yaranan defekt-
lori elektroqigileim defektoskopu ilo daqiq
miioyyan etmok olar.

Silisium ortiiklor otraf miihitin tempera-
turu -60°+350°C intervalinda vo tozyigi 10
Mpa godor oldugda todbig oluna bilor. Oks
halda ortiiytin daxilinds defektlor yaranir.

Masalanin halli
“Xozor boru ortiklori” va “Socar”
sirkotindo  borularin daxilindo bas veran

quisurlarin va ¢atlarin diagnostikasinin statistik
analizi aparilmigdir. Gostarilon sirkatlordon
diagnostika zamani alinan informasiyalarin
noticasindo catlarin yaranma soboblori tahlil
Belo ki, c¢atlarin dorinliyi
borunun divarinin gqalinliginin 15 %-ni togkil

olunmusdur.

etdiyi hallarda qiisurlu borular kimi gobul
edilib, tomirs gondarilmasi
moagsadauygun hesab edilir. Ortiiklii borularda
qiisurlarin
sortlora riayst olunmalidir [3-6].

Boru daxilindo qiisurlarin vo gatlarin

asash

tam azalmasit T{c¢iin asagidaki

azalmasi liglin avtomatlasdirma texnogiyasinin
islonmoasi; Normativ sonadlara riayst edilmo-
masi vo toloblorin tam yerina yetirilmomasi,
catlarin saymin artmasina gotirib c¢ixardir;
Qiisurlarin  vo g¢atlarin bag vermamasinin
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metodik interpretasiya vo onun programinin
olmamas1 va totbiq edilmomosi;
yaranmamasinin statistik-eksperimental tohli-
linin vo onun lazimi hesabatlarinin olmamasi

Catlarin

boru daxili sathinin siradan ¢ixmas.
Asagidaki codval 1-do 2018-2021-ci

illordo todqiqat aparilan sirkotlords yaranan

qiisurlarin catlarin miqdari

\& Saymin

gostorilmigdir.

Cadval 1 — Boru daxilinds gatlarin migdari
Table 1 — The amount of cracks inside the pipe

Diagnos | Hesabatda | Hesabatda | Catlarin
tikanin agkar agkar yaranma
aparildi | olunmayan olunan chtimali
gril catlar vo catlar vo
quisurlar quisurlar
say1 say1
2018 928 281 6
2019 1792 11 26
2020 2698 1245 277
2021 136 66 25
Comi 5554 1603 334
(74,14 %) | (21,40%) | (4,46 %)

Catlarin borunun daxilino niifuz etmo
dorinliyi sokildo gostorilmisdir. Burada cat-
larin dorinlik boyunca paylanmasi gostoril-
misdir ki, onlarin 94.6 %-inin darinliyi boru-
nun divariin qalimliginin 15 % qadarini, lakin
146 catin (5.4 %) dorinliyinin iss borunun
divarinin 15 %-don ¢oxunu togkil etdiyi qeydo
alinmisdir. Homginin 67 tohliikali defektlorin
20 % dorinlikds oldugu miiayyan olunmusdur.

'OCT-55999-2014 standartina  goro
“Boru daxili ortiiklorinds ¢atlarin  diag-
nostikas1”-na uygun talabloro asason gdstarilon
sirkatlordo diagnostika aparilmigdir [3, 4]. Bu
toloblora asason ortiiklarin sathinds yaranan
cat qatlarmin névlari, yerlosdiyi koordinatlart
Vo handasi formalari gostarilmalidir.
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Sakil — Mikrogatlarin borunun darinliyins niifiizetmos dorinliyi
Figure — The prospective depth of microcracs inside the pipe

Cadval 2 — Xozar boru ortiiklari (CPC), “Socar” va “Total France” boru sirkatlorinds 6rtiiklords yaranan gatlarin
tohlili

Table 2 — Analysis of the coverings' developing fractures in Caspian Pipe Coating (CPC), “Socar” and “Total
France” pipe company

Catlarin hondoasi Catlarin Keyfiyyatli
Borularin Catlarin Olgilori, mkm koordinatlan Keyfiyyatsiz boru
Olctilori, 1stigamatinin boru Srtiiyiiniin
mm . . 0 e e
doyismasi L h S I, Q, oOrtiiytiniin
. % -la
mm %-1o miqdar1
miqdart
?»300x20 En kasik 560 | 740 150 1550 32 6.51 1.8
@400x25 Ox boyu 720 | 980 240 | 3740 48 7.23 2.5
ps00x30 | Cnkesikk 900 | 1600 | 425 | 4870 | 55 5.12 3.2
1xtiyar1
pe00x35 | OXPOYU 1 1g50 | 580 | 680 | 6720 | 112 8.14 43
1xtiyari
En kasik
?»800x40 . 2720 | 3500 | 870 | 4240 270 9.75 51
1xtiyar1

Burada, L — gatlarin uzunlugu, h — doarinliyi, S — ortiiylin ¢atlarin qalinligi, 1 — ¢atlarin arasindaki masafasi, ¢ — en
kosiyin donme bucagidir.
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Codval 2-0 uygun olaraq, miixtalif
sirkotlordo aparilan miisahido noticasinda
metroloji 6lgmolarin parametrlarinin
diagnostik tohlili taqdim edilmisdir.

Cadvolda keyfiyyatsiz boru ortiiyiiniin
faizlo miqgdar1 boru daxilindo mikro-makro
catlar1 vo defektlori yaradan saboblor aradan
galdirilmadan diagnostikanin noticasi demok-
dir. Belo ki, 100 borudan 6-9%-i istismara

yararsiz olur.

Tocriibo zamani gotiiriilmiis 100 odod
sinaq borusundan 1-5 % keyfiyyotsiz ola bilar.
Bu borular sonayeys tohvil verilon zaman
onlarin istismar mudati 5 ildon 10 ilo godor
artir. Clinki, borunun daxilina ortiik gokilmasi
zamani texnoloji rejimi diizgiin riayat olunur
Vo soyuma rejimi togdim olunun intervalla
soyudularaq yararsiz borularin sayr 2 dofo
azalir.

Maraqlar miinaqisasi

Natica Miallif bu magalads arasdirilmasi tolob
Apardigimiz  todgigatda borundaxili  olunan maraqlar miinaqisesinin olmadigini
silisium  ortiiklordo  mikro-makro c¢atlarin  qeyd edir.

yaranmasina sabab olan problemlor aradan
qaldirildiqgda  keyfiyyatsiz  borunun faizlo
miqdar1 agag1 diisiir.
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Xiilasa
Mogalads, masin vo avadanliglarin etibarliliq parametrlorinin giymotlondirilmasi {igiin aparilan

tadgiqgatlarin naticalorinin emali metodlarmin analizi masalalorine baxilmigdir. Bu magsadlo Ehtimal
nozariyyasinin va Riyazi statistikanin osas prinsiplorinin  vo qanunlarinin totbiqi miimkiinliyt
aragdirtlmigdir.

Acar sozlor:  masin, avadanlq, detal, etibarliliq, eksperiment, natica, emal, ehtimal nazariyyasi, riyazi
statistika, giymotlondirma.
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Giris

Aydindir ki, masin vo avadanhgalrin eti-
barlilig
edon ayri-ayr detallardan asilidir. Masin ava-
danliglarmin detallarinin hor birinin haqiqi
Olgiilori miiayyan nov Xxotalarla xarakterizo
olunurlar. Bu xatalarin hamisi, néviindon asili
olmayaragq tosadiifi komiyyatlordir. Onlara,
sistematik, sistematik ganuna uygun, miitlog,
nisbi, gotirilmo, statiki, dinamiki, multiplika-
tiv, additiv, tosadiifi vo digor xotalar1 misal
gostormok olar.

Tosadiifi xotalardan basqa, yuxarida gos-
torilon Xatalarin tam oksariyyatini, bu vo ya di-
gor texniki-texnoloji todbirlori hoyata kegir-
moklo tam, yaxud gismon aradan galdirmag
olar.

Tosadiifi xatalar1 iso adi tisullarla miiay-
yanlosdirmok va yaxud avaz etmok kifayat go-
dor miirokkab vo ¢oatin masoalodir. Belo ki, on-
lar bir-biri ilo slagesi olmayan ¢oxlu sayda te-
sadiifi faktorlarin tosirindon yaranirlar.

Buna goro do emal edilon detallarin do-
qiglik vo keyfiyyot gostoricilorinin miixtolif
faktorlarin tasirindan doyismasini, Ehtimal no-
zariyyasinin vo Riyazi statistikanin osas miid-
doalart asasinda dyronilmasi miimkiinliiyii cox
aktual va vacib mosalolordan biridir.

Vo uzundmiirliiliyii, onlar1 toskil

Tadgigatin maqgsadi gomi masin va
avadanliglarinin detallarinin osas parametr-lo-
rinin etibarliliq gostaricilarinin eksperi-mental
todgiqatlar vasitasi ilo toyin edilmasi prosesin-
do, Ehtimal nazariyyasinin va Riyazi statistika
metodlarinin totbigi miimkiin-lityliniin arasdi-
rilmasidir.
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Masalanin goyulusu va halli

Molumdur ki, gomi masin vo avadanlig-
larinin detallarinin dagiqlik vo keyfiyyat gos-
toricilori, onlarin hazirlanmasi prosesinds ya-
ranan xotalarla slagsli olan tosadiifi komiyyat-
lordir. Tosadiifi kamiyyatlor, diskret va fasilo-
siz kamiyyatlora ayrilir. Tosadiifi kemiyyatlor
0 komiyyatlora deyilir ki, onlarmn giymatlori
tocriibadon-tacriibayo, tosadiifi olaraq doyisir.

Ogor tosadiifi kamiyyat, yalniz son, ya-
xud hesablanmig giymatlar ¢oxlugunu ala bi-
lirsa, diskret, gapali yaxud agiq (o ciimlodan
sonsuz) intervalda istonilon giymati ala bilirss,
fasilasiz adlanir.

Eksperimental tadgigatlarin naticalorinin
emali, yani detallarin daqiglik vo keyfiyyot
gostaricilarinin toyin edilmosi asagidaki ardi-
cilligla yerina yetirilir [1-10].

Todgigatlar aparilarkon tacriibalorin no-
ticolori (tosadiifi komiyyatlorin qiymatlori)
miioyyon artma ardicilligr ils diiziiliir:

X1 < Xy < Xgy ey < Xy,

Sonraki morholoda tosadiifi kemiyyatls,
onun ehtimali arasinda olagoni oks etdiron
cadval qurulur (cadval 1).

Cadvalin qurulmast ii¢iin xj-nin eyni giy-
motlarinin say1 m mioyyanlagdirilir vo Pi= m;/
n ehtimali tayin edilir. Burada n - tacriiba noti-
casinds alinan giymatlorin imumi sayi, k dars-
calorin sayidir. ©gor tocriibs zamani alinan ns-
ticolorin forgli giymatlorinin say1 15-20-dan
artiq olarsa, onda onlart qruplasdirmaq Vo
miioyyan sayda doracalora gatirmoak lazimdir.
Biitiin daracalarin eni giymotco barabar olma-
Iidar.
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Cadval 1 — Eyni vo fargli giymstloro malik 6lgma noticalarinin yerlogmasi ehtimali
Table 1 — Probability of location of measurement results with the same and different values

Yoxlama
Xi X1 X2 X3 Xk
k
ml ml mz m3 mk Z ml' =n
i=1
oxlama
m;
Pl = Pl P2 P3 Pk k
i=1
Doracalorin  sistemlogdirilmosi  tigin ~ Daracalorin  sorhaddinds  yerloson  X-in

asagidaki ardicilligdan istifads edilir:

- tosadiifi komiyyatin on boyik (X,,ax)
Vo on kicik (X,,in) qiymatlori toyin edilir.
R = Xpmax — Xmin  asiiligindan,  tosadiifi
komiyyatin ~ viisoti  (tesadiifi  komiyyatin
paylanma diapazonu) R miioyyanlosdirilir;

- doracolorin  say1 k miioyyan sayda
verilir. ~ Onlar,  tokrogomli
olmalidirlar. Olgmolorin {imumi say1 n > 100
olduqda, k =9 — 15, n < 100 oldugda iss
k = 7 goabul edilir;

- doracanin eni h = R/k ilo toyin edilir.

olgmolarlo

Hesabatlar1 sadalosdirmok {igiin k-nin alinmig
giymatini istonilon torofo yuvarlaglasdirmaq
olar;

- doracalarin sorhadlori toyin edilir va
hor bir doraca ti¢lin 6lgmalarin say1 hesablanir.

giymotini hesablayarkon, onu homiso eyni
doracaya (masalan, X-in ilk dofs rast galindiyi,
yani yuxart sorhaddi oldugu doracayo) aid
etmok lazimdir.

- har bir daracs tigtin onun ehtimal: tayin
olunur va paylanmalarin sirasi geyd edilir
(codval 2). Burada x; = Xmin, Xk+1 = Xmax
k;- doracadir.

Doaracalora gotirilmis tosadiifi komiy-
yatlori grafiki formada togdim etmok iigiin
gistogrammalar qurulur.

Qistogrammalar1 qurmaq tcilin bir sira
omaliyyatlari yerino yetirmok lazimdir. Bunun

ucin y; = Pi/ j, ordinatinin giymsti miioyyen-
lasdirilmalidir. Burada P; -tesadiifi komiyyatin

i doracasinds meydana ¢ixma ehtimali; h - har
bir daracanin enidir.

Cadval 2 — Hor bir daraca iigiin 6lgmalarin naticalorinin yerlosmo ehtimali vo paylanma sirasi
Table 2 — Probability of location and order of distribution of measurement results for each degree

kl x1 - x2 xz - X3 'xk - xk+1 YOXIama
k
hy hy hs b Y mi=n
i=1
Yoxlama
m; my m, my K
Po="fn | P=Tn | Py=T"/ EVE DY S
i = n 1= n 2 = n k= n e
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y = f(x) koordinat sistemindo h doracasinin
enina uygun, y; hiindirliyiiniin - giymati
yerlosdirilir  vo  elementar  diizbucaqlilar
qurulur (sokil 1). Sonra iso hor bir elementar
diizbucaqglinin sahasi s; hesablanur.

P;

5i=h3’i=hh

Qistogrammanin imumi sahasinin S,
ayri-ayri elementar diizbucaqlilarin sahalori-
nin camindan ibarat oldugunu nazors alsaq,
yaza bilarik:

(2)

(2) ifadasindon aydin olur ki, gistogramma ilo
mohdudlasan saha vahido barabardir.

vt

L
F
3
Y3
'y Yi
Yz n
X1 4
. r r X + >
hl h?_ hg Fi[ h” x
Sakil 1 — Paylanmanin gistoqgrammi
Figure 1 — Histogram of the distribution
Tacriibalorin - naticalorinin  analizinds

tosadiifi komiyyatlorin paylanma funksiyasinin
tipi, qistoqgrammanin xarici goriiniisiine Vo
yaxud appoksimasiyaedici (ifadsedici) ayriys
gora tayin edilir.

Ogor X tosadiifi komiyyatinin, x;-nin hor
hansi bir giymatindon kigik, yaxud ona
borabor oldugu ehtimalimi P (X < x;) ilo
isaro etsak, onda P (X < x) ehtimalinin x -in
giymatinin yiiksalmasi ilo artmasini gostoran
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asililig, paylanmanin funksiyas1 olacaqdir.
Paylanma funksiyas1 F(x) = P(X < x) ilo
isara edilir.
Paylanma funksiyasinin:

F(x), P(X < x) ehtimalina barabar oldugunu
Vo chtimalin sifirdan vahido Qodor doyiso
bilmo miimkiinlilyiinii nozoro alsag, onda
paylanma funksiyasinin da sifirdan vahido
godar dayise bilacayini gabul eds bilarik.

0<F(x) <1 (3)

Yuxarida gostorilonlori nozoro alsaq,

yaza bilorik:
P(XSX):ZP(X:.XL'):ZPL', (4)
XisX XisX
XisSX
Vo yaxud:

Burada m, X-don sagda yerlogsmoyan x;
noqtolorinin sayidir.

Paylanma funksiyasi asagidaki qayda
tizra qurulur [3]:

-F(x) vo x misstovi koordinat sis-
temindo x; vo F(x;) = P, noqtolori qeyd
edilir (sokil 2 a);

- geyd edilmis noqtadon x oxunu koasona
gador perpendikulyar diiz xott endirilir vo
ondan da x,-don galxmis perpendikulyari
kasana godar horizontal xatt ¢akilir;

-x;-don  qalxmis  perpendikulyarin
tizorino F(x,) = P; + P, yerlosdirilir;

- X, Vo F(xy)koordinatli noqtodon sag
torofo xott ¢akilir vo belsliklo proses davam
etdirilir.
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F(Y} '
1
Fy(x) }
P;
Fia (%) I
F, (x) J'
BZ Paylanmanin
Fl (‘L) “ funksiyast
B
E (1,) v >
0 X1 X3 X3 X Xgs1 X
'
F(x)
1
F(b)
Fi a ) Paylanmanmn
funksiyast
a b X

b)

Sokil 2 — Paylanma funksiyasinin qurulmasi
Figure 2 — Construction of the distribution function

Qurulmus grafik paylanmanin funksiyasi
adlanir. Qrafikdon goriiniir ki, sapalonmanin
funksiyasi sigrayislarla dayisir.

Sigrayisin x; noqtosindaki qiymati, bu
giymotin meydana ¢ixma chtimalina P;
borabordir. Alinmig paylanma funksiyasi
azalan deyil. Bu funksiya, arta bilon, yaxud 6z
giymatini doyismoyon funksiyadir.

Tutaq ki, F(x) funksiyas1 verilmisdir vo
x-in giymatinin a < x < b intervalinda olmast
ehtimalinin miiayyanlosdirilmasi tolob edilir,
yani P(a < x < b) - ni toyin etmak lazimdir.

Qeyd olundugu kimi P(x < a) = F(a).

Sakil 2, b-don aydin goriiniir ki,

Pla<x<b)=P(x<b)—P(x<a) (7)

(7) ifadosini asagidaki sokildo yazmaq
olar

Pla<x<b)=F(b)—F(a (8)

Buradan aydin olur ki, tosadiifi
komiyyatin  verilmis intervalda meydana
¢ixma ehtimali, homin interval sarhaddinda
paylanma funksiyasinin qiymatlorinin fargina
barabardir.

Paylanma funksiyas1 ilo gistogramma
slagoys baxag. Paylanma
funksiyasinin torifinden aydindir ki,

arasinda

Fi(x) — Fo(x) = Py; F(x) — Fi(x) =
Py, F3(x) — Fy(x) = Ps; ...;

Fi(x) — Fi_1(x) = P,.

Funksiyalar1 asagidaki kimi do yaza
bilorik:
Fi(x) — Fo(x) = AF; (x); Fr(x) — Fi(x)
= AR (x); F3(x) — F(x) =
= AF3(x); Fi(x) = Fioq (%)
= AF;(x).
Burada AF(x) paylanma funksiyasinin
artimidir.
Molum oldugu kimi qistogrammanin
ordinatlar1 asagidaki kimi yazila bilar:

_Pln —P2| —P3| . —Pi
}’1—h1' }’Z—hzr }’3—h3'---:}’i—hi-

Buradan,
hy = x, —x; = Axy;
= Ax,;
=Ax3 ;...;

h2=X3_xZ
hs = x4 — x3

hi = xi41 — x; = Axy,
Ax; - tosadiifi komiyyatin artimidir.
Qistoqgrammanin ordinatinin ifadssino P
Vo h ligin alinmis qiymatlori qoysagq, alariq:
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_ AF; (x) ) _ AF, (x)_
1= Ax; ' Y2 = Ax, '’
_ARB® AR
Y3 = AX3 ;o Vi = Axi )
AF(x)
= 9
A 9

(9) ifadesindon aydin olur ki, qisto-
grammanin ordinati, paylanma funksiyasinin

arttimmin  tosadiifi  komiyyotin  artimina
nisbatine barabardir.
owvalki hesabatlardan moalumdur Ki,

doracalorin say1 k, viisatin R intervalin enina h
nishatina barabardir.

k

R__ R
Py (10)
Ax-in azalmasi, doracolorin
artmast ilo eyni gqiymatlidir.
(9) va (10) ifadalorindan belo noticaya

golmak olar ki, daracalorin saymin artmas,

saymin

yaxud Ax-in giymotinin azalmasi gistogram-
manin hamarlanmasi ilo naticalonir va gistog-
rammanin sahasi doyismoadikdo paylanma
funksiyast F (x) vahido barabor olur.

Fasilosiz tosadiifi komiyyatlor iigiin
Ax - 0 oldugda gistogramma va paylanma
funksiyasi hamar oyrilor soklini aliir. Bu
halda da hamar oyrilorlo verilmis qistog-
rammanin sahasi avalki kimi vahids borabar
olur.

Qistogrammanin ordinati:
y = AF(x)/Ax , Ax — 0 voziyyatindo asagi-
daki sokilds yazilir:
AF(x) dF(x)

11
Ax dx an

= lim
Y Ax—0

Vo paylanma funksiyasmin F(x), x komiyyo-
tino gora tdromasina gevrilir.
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Paylanma funksiyasinin x doyisonina
goro téromosi paylanmanin  sixhigi,
grafiki iso paylanmanin oyrisi adlanir va
asagidaki kimi yazilir:

onun

dF(x)
dx

£ (). (12)

Inteqral hesablanmalarindan malumdur
ki, f(x) paylanma oyrisi daxilindo olan S
sahasi:

J f(x)dx

Burada A vo B x-in an kigik va an
boyiik giymatloridir.

Digar torafdon, molum oldugu kimi bu
saha vahida barabar gotiiriliir. Demali,

B

ff(x)dx =1. (13)
A

(13) boraborliyi, paylanma ayrisinin tomin
etmoali oldugu osas sortdir.

Tacriibalorin - naticalorinin - analizinda
tosadiifi komiyyatlorin paylanma funksiyasinin
tipinin, gistogrammanin xarici goriinlisiind Vo
yaxud appaksimasiya edici (ifads edici) oayriys
gora toyin edilmasino asagidaki misalda
baxag.

Tutaq ki, goami bragpillorinin yiik valinin
faktiki ol¢iilori emaldan sonra 50,00 mm-don
Bu olgiilarin
paylanmasi, intervallarina goéro cadval 3-o
daxil edilir.

Codval 3-do verilmis qiymotloro goro
grafik qurulur (sokil 3).

Absis oxu tizarinds ol¢iilor, ordinat oxu
tizorindo iss uygun tezliklor vo tezlik
gostaricilari yerlogdirilir.

50,35 mm arasinda doyisir.
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Cadval 3 - Yiik valinin 6lgiilorinin paylanmasi
Table 3 — Distribution of load shaft dimensions

Olgiilorin . T ezlik
. Tezlik, m gostaricisi
intervall, mm
m/n
50,00 — 50,05 2 0,02
50,05 -50,10 12 0,12
50,10 — 50,15 18 0,18
50,15 — 50,20 27 0,27
50,20 — 50,25 24 0,24
50,25 - 50,30 14 0,14
50,30 — 50,35 3 0,03
m
Zm — 100 Z— ~1
n
mn
m —
mn
i
30— 030 ¢
26 026 7‘
2 Lol
2
5 o -
4 L 0r4
0 =0 |-
§ L 005
2 =002 = solis | s0l2s | so)ss
50,00 010 5020 5030

Sokil 3 — Detallarin faktiki olgiilorinin paylanmasi:
1 - paylanmanin gistoqrami; 2 - paylanmanin poligonu
Figure 3 — Distribution of actual dimensions of details:
1- histogram of distribution; 2 - polygon of distribution

Detallarin doagigliyina bir-birindon asilt
olmayan ¢oxlu sayda mixtalif faktorlar tasir
etdikds, adoton Normal paylanma ganunundan
istifado etmok moQgsodo miivafiq olur. Eyni
zamanda qurulmus qrafik xarakterino goro
daha ¢ox Normal paylanma ganununun
ayrising yaxindir.
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Paylanma qrafiklori ilkin olarag, orta
hesabi giymat [,, vo orta kvadratik sapma o
ilo xarakteriza oluna bilirlor.

Detallarin orta hesabi giymoti asagidaki
diisturla toyin edilir:

n

%Z L. (14)

i=1

_ll+lz+l3++ln

or
n

Burada [; - ayri-ayr1 detallarin Glgiilori,
n- dlgiilon detallarin iimumi sayidir.

Orta kvadratik sapma o asagidaki
ifadadon tayin edilir:

2 2 2 2
xi+x; +x5++ x5

(15)

xp =1l —lor.

Codval 3-do vo sokil 3-do verilmis
giymatlordon, hamginin  (14) va (15)
diisturlarindan istifado edorok orta hesabi
giymati [,, vo orta kvadratik sapma o toyin
edilir.

lor = 50,18, 0=0,12; 36 =3-0,12=036.

lor , X Vo 0 —nin toyin edilmis parametrlorindan
istifado etmoklo R-in, y-in, Yymax-UN, Y4 VO Y5 -

nin,  homginin f_:ydx-ln giymatlorini
hesablamagq olar.
Normal paylanma ganununun nazori

ayrilari sokil 4 va 5-da verilmisdir.
Detallarin on boyilik vo on kigik haqiqi
olgtilarinin forqi paylanma diapazonu R adlanir.

R

lmax - lmin .
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F 3
F 3

—30 +30

F Y
F
h

[Dl*

Sokil 4 — Normal
ganununun) ayrisi
Figure 4 — Normal distribution law (Gauss's law) curve

.Ily

paylanma ganununun (Qaus

Sokil 5 — Orta kvadratik sapmanin ¢ Normal paylanma
ganununun ayrisinin formasina tasiri

Figure 5 — The influence of mean square deviation ¢ on
the shape of the curve of the normal distribution law

Qaus oyrisi asagidaki ifads ilo yazilir:

—x?

1
e20?

oV 2T '

burada e- natural logarifmanin asasidir.

(16)

1
oV2m

ymax -

Qaus oyrisi
ayilmayas malikdir.

A vo B noqtalorinds
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Y4 =Yg = 1 :ymax~06y =
A B G\/ﬁ \/E max (17)
0,24
=—.
Qaus oyrisi ilo oshato olunmus saho
asagidaki inteqraldan toyin edilir:
+00 400 L2
J ydx = e 202 dx =
oV2m
e too (18)
2 x?
= e 202dx =1
oV2m

Normal paylanmis tosadiifi komiyyat
tclin riyazi gozlomoadon o mosafads olan
noqtalorlo mohdudlasan intervalin sarhodding
dismo ehtimali 0,6813, M(x) — 20 dan
M(x)+ 20 intervalina  qodor  0,9544,
M(x) — 30 dan M(x) + 30 intervalina qoador
0,9973 olur, yani 99,73% ehtimal1 ilo hesab
etmoak olar ki,

M(x) — 30 <x <M(x)+ 30.

Bu ifado emal edilmis yiik valinin
kifayat godor yiiksok doagiglikls (0,360 < 30-
dan) hazirlandigini tosdiq edir.

Eksperimental todgigatlar apararkon
digor paylanma gqanunlarindan da istifado
etmak olar.

Bunlara misal olarag, Barabar ehtimal
(sokil 6), Simpson (sok. 7), Maksvel (sokil 8),
Kosik normal (sok. 9), Reley (sokil 10),
Veybulla (sok. 11) paylanmalarini gostormak
olar.

Asagida verilmis paylanma ganunlarinin
nozori ayrilorinin  (sokil 4-11), tocriibalor
naticasinds alinmis ayrilorin (sakil 12-15), [4]
analizindo istifado etmo miimkiinliiytino do
baxaqg.



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2023, cild 15, Ne 2, s. 29-41 .
Qafarzads H.V., Qafarov A.M., Xankisiyev I.A.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 2, pp. 29-41
Gafarzada H.V., Gafarov A.M., Khankishiyev I.A.

m,
n

m,

A= 2V3o

A J

l

»
P

Sokil 6 — Olgiilorin borabor ehtimal ganununa goro
paylanmasi

Figure 6 — Distribution of sizes according to the law of
equal probability

»
»>

L

Sokil 7 — Olgiilorin Simpson qanununa géra paylanmasi
Figure 7 — Size distribution according to Simpson's law

A=3.440

R
Sokil 8 — Olgiilorin Maksvel qanununa gora paylanmasi

Figure 8 — Distribution of sizes according to Maxwell's
law

3

P (x)

n| %,

e

=

P(x) =

[
L

X

0

Sakil 9 — Kasik normal ganunun qrafiki gostorilmasi
Figure 9 — Graphic representation of the cut normal law

A

P(y)

»
L

y

(]

Sakil 10 — Reley ganununun grafiki gostorilmasi
Figure 10 — Graphic representation of Rayleigh's law

 P(x) P(x) = apx=te F*

r

Sakil 11 — Veybulla ganununun qrafiki gostarilmasi
Figure 11 — Graphic representation of Weibull's law

38



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2023, cild 15, Ne 2, s. 29-41 .
Qafarzads H.V., Qafarov A.M., Xankisiyev [ A.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 2, pp. 29-41
Gafarzada H.V., Gafarov A.M., Khankishiyev I.A.

m, ad

28 A
NP
w1 /1
- \
A \

0 20 40 60 80 100 120 140 4, mhkm

T

&

Sokil 12 — Rotasion yonma ilo emal edilmmis detallarin
ayilmalarinin A, azotlasdirmadan oavval Vo sonraki
doyismolori.

1 — azotlasdirmadan avvalki,

2 — azotlagdirmadan sonraki doyismalor

Figure 12 — Variations of deflections of parts processed
by rotary cutting A, before and after nitriding.

1 — before nitrification,

2 — changes after nitrification

iy ad T
280 A

240 / \ =
200 / .

160
120
&0
ARV
[
g 20 40 60 80 100 120 140 160 A, mhkm

Sokil 13 — Adi koski ilo emal edilmis detallarm
oyilmalorini A, azotlagdirmadan ovval vo sonraki
doyismolori: 1 — azotlagdirmadan oavvalki,

2 — azotlagdirmadan sonraki doyismalor

Figure 13 — Variations of the deflections of parts
machined with a conventional chisel before and after
nitriding toA,: 1 — before nitrification,

2 — changes after nitrification

Gorlindiiyli kimi sokil 12-do verilmis
oyrilori Simpson, sokil 13-do verilmis ayrilori
Veybulla, sokil 14-do verilmis oyrilori
Maksvel, sakil 15-do verilmis ayrilori Normal
paylanma qganunlarinin noazori ayrilori ilo
aproksimasiya (ifado) etmok olar.
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Qeyd olundugu kimi gomi masm vo
avadanliglarinin detallarinin ol¢iilon
parametrlori  tosadiifi ~ kemiyyatlor  kimi
xarakterizo olunurlar.

Paylanmanin inteqral funksiyasi — elo
ehtimala deyilir ki, tosadiifi komiyyat, geyd
edilmis x giymatindon az qiymoto malik x;
giymatini gobul eda bilsin.

F(x) =P(x; < x) (19)

Tasadiifi kamiyyatin paylanma sixlig1
(paylanmanin diferensial funksiyasi, yaxud
ehtimalin s1x11g1) asagidaki kimi yazilir.
F(x+Ax) —F(x) _

Ax B

fGx) = lim
(20)
_dF(x)

T dx

= F'(x).

m, ad

')8 h‘

BN
y VI /1N
A N\
Ml \
| \

@ 20 40 60 80 jog 120 140 A, mEkm

&

Sokil 14 — Pardaglama ilo emal edilmis detallarin
ayilmolarinin A, azotlasdirmadan owvval Vo sonraki
doyigmoalori: 1 — azotlagdirmadan avvalki,

2 — azotlagdirmadan sonraki doyismalor

Figure 14 — Variations of deflections of polished parts
before and after nitriding toA,: 1 — before nitrification,

2 — changes after nitrification

Tasadiifi kamiyyatin paylanmasinin sorti
sixlign — paylanmanin  sixliginin - ehtimala
nisbatino  deyilir vo tosadiifi komiyyatin
giymatinin, qeyd edilmis qiymotdon artiq
olacagi nazardo tutulur.

eSO @
plx; >x} 1—-F(x)

(21)
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Sokil 15 — Detallarin daxili sathlorinin diametrlorinin
azotlagdirmadan ovval vo sonraki doayismoalari:

1 — azotlasdirmadan oavvalki,

2 — azotlagdirmadan sonraki doyismalor

Figure 15 — Changes of the diameters of the internal
surfaces of the details before and after nitriding:

1 — before nitrification, 2 — changes after nitrification

Ogor detalin imtinaya odor islomo
vaziyyatino tosadiifi komiyyat kimi baxsaq,
onda paylanmanin inteqral funksiyasi-imtina
ehtimalina, paylanmanin sixligt — islomanin
paylanma sixligina, paylanmanin sorti sixlig1 —
imtinalarin intensivliyino uygun olacaqdir.

Tosadiifi komiyyatin xarakteristikalari
ticlin paylanma funksiyalar1 ilo borabar, onlar
haqqinda daha ¢ox molumat veran odadi
gostaricilordan do istifado etmok miimkiindiir.
Tosadiifi kemiyyatlorin osas xarakteristikalar
riyazi  gozloma, orta kvadratik sapma,
dispersiya, momentlor, mediana vo variasiya
omsalidir. Riyazi gézloms — tosadiifi komiyyas-
tin orta giymatino deyilir.

Diskret tasadiifi kamiyyatlor iigiin riyazi
gozloma:

MG = o = ) xp(x0)

l

(22)
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Fasilasiz tasadiifi kamiyyatlor iigiin:

M((x) = f xf(x)dx = J xdF(x), (23)
Qeyri manfi fasilasiz tosadiifi
komiyyatlar digiin isa:
M(x) = f [1— F(x)dx]
0 oo (24)
= f p(x) dx
0

sokilinds ifads edilir.
Tosadiifi  kamiyyatlorin dispersiyast —

onun  riyazi  gozlomadon  sapmasinin
kvadratinin riyazi gozlomasidir.
D(x) = M[x — M(x)]?
() = Mlx = M()] 25)

= M(x?) — M?(x).

Fasilosiz  tosadiifi  komiyyat iiciin
dispersiya:
+00
D(x) = J [x — M(x)]? dF (x) (26)

ifadasi ilo tayin edilir.
Dispersiya tosadiifi kamiyyotin paylan-
masin1 xarakterizo edir.

Momentlor, tosadiifi komiyyatin pay-
lanmasinin asas xiisusiyyatlorinin, bir nego
ododi  xarakteristikalarla ifado  olunmasi
xassosidir.

Tosadiifi kemiyyatin variasiya (riyazi
tohlil) omsal1 — orta kvadratik sapmanin riyazi

gbzlomaya nishatindan tayin olunur
O-x
M 27)
Mediana (orta giymat), paylanmanin
inteqral funksiyas1 0,5-0 borabar olduqda,
fasilosiz  tosadiifi  komiyyatin  giymatino
deyilir. Mediana — kvantilin xiisusi halidir.

Ux
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p  seviyyesinin  kvantili, (p(x <u,)=
F(up) = p olduqda, u,, kemiyyatidir. Kvantil
- F(up) = p tonliyinin kokiidiir. Mediana —

p = 0,5 soviyyasinin kvantilidir. Kvantil
istonilon ~ paylanma  ganununun  ododi
xarakteristikasidir.

Moda — paylanmanin sixligr maksimum
giymot aldigi zaman tosadiifi komiyyatin
giymatino deyilir.

Moarkazlasdirilmis tasadiifi komiyyat x',
tosadiifi koamiyyatin ilkin giymatindon riyazi
gozlomani ¢ixmagla alinir:

x'=x—M(x). (28)

Normalasdirilmis tosadiifi kemiyyat x,

_ X
= (29)

Notica
Diskret tosadiifi  komiyyatlor iiciin

Binomal, Puasson, Hondasi vo Hiperhandasi
paylanmalardan, fasilosiz tosadiifi komiyyatlor

tclin iso Borabar olgiilii, Eksponensial,
Normal, Kasik normal, Logarifmik normal,
Simpson, Maksvel, Reley vo Veybulla
paylanmalarindan  istifado  etmok  daha

moaqgsads uygundur.

Maraqlar miinaqisasi
Miislliflor bu mogalodo arasdiriimasi

tgsadiiﬁ kemlyygtlrl ilkin - giymatini, orta ) lunan maraqlar ~ miinaqisasinin
kvadratik sapmaya bolmokls alinir: olmadigini qeyd edirlar.
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Abstract

The article deals with the issues of studying the problems of reliability and durability of machines
and equipment according to literary sources. The received data is analyzed. Some patterns related to the
reliability and durability of machines and equipment operated in extreme conditions are discussed.
Depending on the task at hand, when testing the reliability of machines and equipment, two types of tests
are used: identification and control tests. The collection of data to determine the reliability and durability
of machines and equipment is carried out using the relevant standards.
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Xiilaso

Moqalads, masin vo avadanliglarin etibarliliq vo uzundémiirliiliikk problemlorinin adobi monbolor
osasinda Gyronilmasi masaloalorine baxilib. Alinan molumatlar analiz edilib. Fovqelade vaziyyatlords va
ekstremal goraitlords istismar olunan masin vo avadanliglarin etibarliligi vo uzundmiirliiliiyii ils bagli bazi
ganunauygunluqlar miizakirs olunub. Masin va avadanliglarin etibarliligin1 yoxlayarken garsiya qoyulan
vozifodon asili olaraq, iki ndv simaqdan istifado olunur: toyinetmo vo nazarot sinaglari. Masin va
avadanliglarin etibarliligini vo dayanigligini miioyyon etmok {i¢iin moalumatlarin toplanmasi miivafiq
standartlardan istifade etmoklo hoyata kegirilir.

Agar sozlor: masinlar, avadanliglar, etibarliliq, uzunomiirliliik, istismar, sorait, fovgaladolik, analiz.
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AHaan3 Haﬂé)l(HOCTI/I A JOJT0BCYHOCTH MAIIUH B IKCTPEMAJ/IbHbIX

YCJIOBHAX
ILI'. CyaeiimaHnoB

Aszepbatiodcanckuti 20Cy0apcmeennblil HAYYHO-UCCIe008AMENbCKULL UHCIUNYM RO OXPAHe mpyod U mex-
nuku 6ezonacnocmu (ya. Tebpus, 108, baxy, AZ1008, Azepbatioxcar)

s nepenuckm:
CyneiimanoB [Tanax / e-mail: p.suleymanov@azdemtteti.az

AHHOTAIUSA

B craThe paccMaTpuBaIOTCS BOMPOCH H3yUEHUS Mpo0ieM HaAEKHOCTH U TOJITOBEYHOCTH MAIIAH H
00opyIOoBaHUI IO JUTEPATYPHBIM HCTOYHHWKAM. [loirydeHHBIE HaHHBIC aHATU3UPYIOTCS. OOCyKmaroTcs
HEKOTOPBIE 3aKOHOMEPHOCTH, CBS3aHHBIC C HAJAEKHOCTHIO U JIOJTOBEYHOCTHIO MAIllUH U 00OPY/IOBaHHIA,
SKCILTyaTUPYEMBIX B SKCTPEMAIbHBIX YCIOBUSX. B 3aBUCHUMOCTH OT MOCTaBICHHOW 3aJayd IPU UCIIBITA-
HUSX Ha HAJIEKHOCTHh MAIllMH W O0OPYAOBAHHWMA MPUMEHSIIOT JBA BHJAa MCIBITAHUN: ONpPEICIUTEIIbHBIC U
KOHTPOJIbHBIE UCTbITaHusA. COOp JaHHBIX JJIS ONPEICIICHUS HAICKHOCTH U JIOJTOBEYHOCTH MAIUH B 000-
PYAOBaHUN OCYIIECTBISETCS C IPUMEHEHUEM COOTBETCTBYIOIIUX CTaHIapTOB.

KaroueBble ciioBa: MAaITUHBI, 000PYIOBaHUS, HANEKHOCTD, TOJITOBEYHOCTE, KCILUTyaTaI|s, YCIOBHS,
Ype3BBIYANHOCTD, aHAIN3.
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BBeaenue

COBpGMeHHaSI TCXHUKA, HpI/IMeHSIeMaSI
NpyU JIMKBUJAAIMU PE3YJbTaTOB 3EMJIETpPS-
CEHUI, TpPU TYUICHUH TIOKAPOB Pa3IUYHOIO
Xapaktepa, NpHu aBapuitHO-
criacaTeNbHBIX pa0OT Ha CyIle W Ha BOJE, Ha

BBITTOJTHCHHUH

TPAHCIIOPTE, B CTPOUTEILCTBE, HA HEPTIHBIX
CKBRKMHAX, & TAKXKE HCIOIb3yeMasl MMPH JIUK-
BHJIAIIUH TIOCJICICTBUN APYTUX MHOTOYHMCIICH-
HBIX TPUPOIHBIX U TEXHOTECHHBIX IPOIIECCOB,
XapaKTepU3yeTcss MHOTOOOpa3ueM pa3IMdHbIX
MaIlliH U 000pyIOBaHHUN, MEXaHU3MOB, arpe-
raToB, MPHUCIIOCOOJICHUH W WHCTPYMEHTOB,
HAJIGKHOCTh KOTOPBIX SIBJSICTCS OMPEICIISIO-
M (akTopoM TpH obecnedeHun Oe3omac-
HOCTH JIIOJIEH M WX HUMYIIECTBA M HMMEET
00JIBIII0E HYKOHOMHYECKOE M COIMAJIbHOE 3HA-
YCHHE.

TexHOMIOTHH, TPUMEHSIEMBIE TIPH JINKBH-
JaIK pe3ylbTaTOB YPE3BbIUAHBIX M IKCTpE-
MaJlbHBIX CHUTYallMil, IMEIOT CBOIO cHerudu-
Ky. B coctaB o0opymoBaHus, sKCILUTyaTHpye-
MOTO B YPE3BBIYAMHBIX U IKCTPEMAIbHBIX CH-
TyanusiX, BXOJAT BCE U3BECTHBIC BUJBI MEXa-
HUYCCKUX COCIUHEHHH, 3JIEKTPO-, THUAPO- U
ITHEBMOCHCTEMBI, TPAHCMHUCCHH, JBUTATEIH
Pa3IMYHOTO BUJA, Y3JbI U MEXaHU3MBbI 00IIIe-
ro Ha3HA4YeHHs, pa3IUYHbIE 3JIEKTPOoOOpy-
noBaHus U T.1. be3ycioBHO, MamMHbI U 000-
pyIOBaHUS, SKCILTyaTUPyEeMbIe B Upe3BbIUaii-
HBIX CUTYallUSX U SKCTPEMAIIbHBIX YCIOBUSX,
MEepPBBIM JIONTOM OTHOCSTCS K OOBEKTaM,
(GyHKIIMOHUpPOBaHUE CBA3aHO C
oOecrnieueHreM O6€30MacCHOCTH.

KOTOPBIX

K oGopynoBanuto, mnpeaHasHAau€HHOMY
AJIg JSKCIUTyaTallud B J3KCTPEMAJIBHBIX CHTYa-
IUSAX, OTHOCATCSA: AaBTOMOOWIH, TPaKTOPHI,
KpaHbl Pa3IMYHBIX THUIIOB, HACOCHI, KOMIIPEC-
COpBI, PeXKYIIHE U 1e(HOPMHUPYIOIIHE YCTPOK-
CTBa, TCICCKOIIMYCCKUEC COCAMHCHUA 1 MHOTHC

JpyTye pa3inuHble MEXaHU3MbI U YCTpPOIICTBA.

K obopynoBanuto, pabo-TarmomemMy B IKCTpe-
MaJIbHBIX YCIIOBHSIX, MOKHO OTHECTH TaKXke U
OypoBoe W HehTEIPOMBICIOBOE 00O0pYyaOBa-
Hue. K 6ypoBoMy 00OpYyAOBaHUIO OTHOCATCS
POTOpBI ¥ BEPTJIIOTH, HACOCHI, TaJeBasi CUCTE-
Ma, npuBoj portopa u zp. K oGopynosanuto,
npeaHa3sHaAuYeHHOMY JJIsi 10ObIYM HePTH U Ta-
3a, OTHOCSITCSI: KOJIOHHBIE TOJIOBKU U (POHTaH-
HBIE apMaTypPbl Pa3IUYHBIX THIIOB, KOTOPBIMHU
OCHAIIAIOTCSl YCThS (POHTAHHPYIOUIMX M Ta3-
TUQTHBIX CKBaXHH; MOJ3EMHBIC M Ha3eMHBIC
YCTPOMCTBA JUIsl HACOCHOTO MeToja J100bIuY;
crenyanbHble 00OpYJOBaHUS Ul KOMOMHM-
POBaHHOW M pPa3[esIbHOM J00bIYM B pa3iny-
HBIX IIJIacTax u JIp.

AHaM3 yCIOBHU SKCIUTyaTallil MHOTO-
YHCJICHHBIX MAllMH ¥ 000PYIOBaHUI MOKa3bI-
BAET, YTO MX HAJIS)KHOCTh U JIOJITOBEYHOCTD BO
MHOT'OM CBSI3aHBI CO CIIO)KHOCTBIO B3aMMOJICH-
CTBHSI OTHEJIBHBIX HUX Y3JIOB U COEIMHEHHH C
OKpY’Karolle cpezoi, B KOTOpoil OoHM pado-
TalOT, C HECOBEPILIEHCTBOM MX KOHCTPYKIHH,
HECTaOMJIBHOCTBIO CBOMCTB MAaTepHAlIOB HX
netanei [1-8] u mp.

Hean padoTsl — oONpeAenuTh 3aKOHO-
MEpPHOCTH, CBSI3aHHBIE C HAJIEKHOCTHIO U J10JI-
TOBEYHOCTHIO MAIlIMH U O0OpYyIOBaHH, JKC-
IUIyaTUPYEMBIX B OKCTPEMAJIbHBIX YCIOBUSAX.

HanexxHocTh 1 10JIr0BEYHOCTHh MAlllMH U
00opymoBaHul, paboTaloIUX B Ype3BbIYA-
HBIX U DKCTPEMAJIbHBIX CUTYalUsX, 3aBUCST OT
MHOTOYHUCJICHHBIX CBS3aHHBIX MEXIY COO0U U
HE CBsI3aHHBIX (PAKTOPOB, KOTOpHIE OIpee-
JSTIOT WX 0€30TKa3HOCTh B YCIOBHSX JKCILTya-
§x:100%078

Teopusi HaIE)KHOCTU UMEET JIBa OCHOB-
HBIX HAIlPaBJICHHUS: BEPOATHOCTHO CTAaTHUC-
THUYECKOE U JETEPMUHUPOBAHHOE.

B pamkax mepBoro HarpaiieHUsl paspa-
00TaHBbI

MAaTEMAaTHYCCKHUE MCTOAbI OICHKH
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HaaACKHOCTHU BBICOKOHAACKHBIX

CTPYKTYp
TEXHUYECKUX CHUCTeM [9].

Bropoe HampaBneHue paccMaTpuUBaeT
MEXaHHU3MBI [POLIECCOB, OKa3bIBAIOIIUX OC-
HOBHOE BIIMSIHUE Ha HAJIe)KHOCTh, pa3padbarhl-
BalOTCS HOBBIE METOJIbI pacueTa U TeXHOJIOTHU-
YECKHUE METO/bl MOBBIIICHUS HA/IEKHOCTH Ma-
TEPUAJIOB, PJIEMEHTOB U 00BEKTOB. B Hacros-
miee BpeMsi O0BEAUHSIOTCS 3TH HaIpaBJICHUS,
IPU 3TOM METOJIbI M PE3yJbTaThl U3 OIHOU
00JIaCTH MCIONB3YIOTCSA B JAPYrOd M Ha 3TOM
OCHOBE BO3HUKAeT eAWHas o0Ias Hayka o
HAJICKHOCTH TEXHUYECKHX 00BEKTOB [9].

Y CTaHOBNIEHO, YTO COBPEMEHHAsi TEOPHUsI
HAJEKHOCTH OCHOBBIBaeTCs Ha (QyHIaMeH-
TaJTbHBIX 33aKOHAX MAaTEeMATHKU W (DHU3UKH.
[IpakTruecku, TpuHUMAsT Pa3TUYHBIE METOIbI
MaTEeMaTHKH, MOKHO peliaTh JI0ObIe 3a1a4H,
CBSI3aHHBIE C HAJEKHOCTHIO MalIMH U 000pY-
JOBaHM. YUWUTHIBas W MPUHUMAas BO BHUMa-
HUEe (U3MUYECKHE OCHOBBI pa3pylIeHUs MaTe-
pHUanoB, MOXHO IMPOTHO3UPOBATH M3MEHEHUE
XapaKTEPUCTUK U OCHOBHBIX CBOWCTB 3JIEMEH-
TOB MallMH U O0OpYyIOBaHUIl 3a OMpe/esIeH-
HBI TIPOMEXYTOK BPEMEHH HKCIUTyaTaIluu.
Kpome Toro, mpu moMomm MareMaTuuecKux
METOJIOB CTATUCTHUKHU MOXXHO OTPENEIUThH OT-
TUMaJbHbIE YCIOBUS IKCIUTyaTalliy MAIlliH U
000py/IOBaHUM, BBIMOIHSAIONIUX Pa3IHYHbIC
TexHoJiornueckue npoueccel [10-12] u np.
IIpuunHbl, cHUKAOMEe PpadoTocnocod-
HOCTh MAIIIMH U 000PYy10BaHM

Pe3ynbrarhl aHanmm3a OTKa30B MAaIlIWH U
obopynoBaHuid, pabOTAIOMNUX B YpE3BHIYAN-
HBIX U JKCTPEMAJbHBIX CHUTYaIUsX, TMOKa3bI-
BAaIOT, YTO MX BO3HUKHOBEHUE HEMOCpe-
CTBEHHO CBSI3aHO C Pa3IMYHBIMH IMPUYUHAMH.
MO03KHO YCIIOBHO pa3/iefiuTh UX Ha MEXaHUYe-
CKHE, 3JIEKTPUUYECKUE, aKyCTUUECKUE, THAPAB-
JUYECKHE,

ITHEBMATHUYCCKHUEC, KHHEMATHYC-

45

CKHE, 3JICKTPOMAarHUTHbIE, XUMUYECKUE U IP.
Kaxxaplii ki1acc MammH U 000pyI0BaHUN UMe-
€T CBOIO CIEeUU(PUUECKYIO0 MPUUHUHY OTKAa30B.
VYKa3zaHHbIE IPUYUHBI MOXKHO OTHECTH TaKXKe
U K OTJEJbHBIM Yy3JIaM U ME€XaHHW3MaM MallllH
1 00opynoBaHMi, pabOTalOMIKUX B Ype3BbIUaii-
HBIX CUTYalHSX U SKCTPEMAIBbHBIX YCIOBHSIX.
Hanpumep, Ui moKapHBIX aBTOMOOWIIEH Xa-
paKkTEepeH OTKa3 JIBUTaTeled, CBSI3aHHBIA C
MEXaHUYECKUMH, TUAPABINYECKUMU, TEILIO-
BbIMH M DJJIEKTPUYECKUMH BO3JICHUCTBHUIMU:
JUIsl KOpOOKH Tepenay, Kaprepa 3aJHero Mo-
CTa M XOJIOBOM 4YacTH — C MEXaHUYECKHMH,
KMHEMaTUYECKUMH U XUMUYECKUMU; ISl TOP-
MO3HBIX CUCTEM — C MEXAHUYECKUMU, TUIpaB-
JIMYECKUMH U TTHEBMATUYECKUMU; I DJICK-
c

TPOOOOPYAOBAHUS
SJICKTPOMArduTHBIMHA; IJId HACOCHOI'0 OTCCKa

AIEKTPUUECKUMH,

— ¢ MEXaHUYECKUMH (HaTu4ue TpelMH U Je-
dbopmanuii, cienpl KOppo3uud U 1p.); Ui Ba-
KYyMHOH CHCTEMBI — C MEXaHHYECKHUMH MU
ITHEBMaTU4YECKUMHU; 1JIs TT0KApHO-MEXaHU4IeC-
KOT'O BOOPY>KEHHUS — C MEXaHUUECKUMHU (HaJIH-
Yyre BMSTUH, NOTEPTOCTEH, BHYTPEHHHUX OT-
CJIOCHMM BBICACHIBAIOIIMX PYKaBOB, IIOBpE-
KACHUHM, nedopmanuii U CMATOW TETUBHI U
CTYIEHU JIECTHMI]) U THAPABIMYECKUMU BO3-
neiictBusMu — (HeoOecrneueHue MubepamMu
IFE€pMETUYHOCTH, HECMBIKAHUE COEAUHUTEIb-
HBIX I'OJIOBOK HAIOPHBIX IITYLIEPOB C BHICACHI-
BalOIIMMU W HaIllOPHO-BBICACHIBAIOLIUMU pY-
KaBaMH, HeoOecrieueHe repMEeTUYHOCTH KJla-
MAHOB U YIJIOTHUTENEH) U T.O. AHaIU3 MpHU-
YUH U BUJIOB OTKa30B OOBIYHO MPOBOIUTCS C
HebI0 UX peaynpexacHus [13-15].

KonmnuectBO mokazaTened HaIeKHOCTH
JUIs MHOTHX BUJOB MallliH M 000pyIOBaHUN
IIPUBEIEHBl B TOCYJAapCTBEHHBIX M OTpacie-
BbIX CTaHAApTaX, TEXHUUYECKUX YCJIOBUSAX H
JIpPYroi HOPMATHUBHO-TEXHUYECKOU JTOKYMEH-
Talu.
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[Ipu ananu3e HaACKHOCTU MAIIUH U Me-
XaHU3MOB MHOT/JIa BOSHUKAIOT CUTYyallMH, IPHU
KOTOPBIX ClydaiiHas BEJIWYUHA SIBISIETCS CO-
YeTaHUEM JIBYX WU Ooyiee CirydalHBIX BEJHU-
YUH C Pa3JIMYHBIMU PaCTIpeICIICHUSIMH.

KonuyecTBeHHbIE XapaKTEPUCTUKU Ha-
JICKHOCTH MaIlldH ¥ MEXaHU3MOB, B TOM YHC-
Jie MamuH U O00OpYNOBaHUH, SKCILTyaTHUpye-
MBIX B UPE3BBIYAWHBIX CHUTYalUSIX M IKCTpe-
MaJIbHBIX YCJIOBHUSX, OIIEHUBAIOTCS IO PE3YIib-
TaTaM HUCTBITAHUNA C YY€TOM OCHOBHBIX IOJIO-
YKEHUH TEOPHUH BEPOSTHOCTEH.

MareMaTHyecKuii  ammapaT — TEOpPHH
HAJEKHOCTH 0a3upyeTcs Ha OCHOBHBIX IOJIO-
KEHUSAX W TeopeMax TEOPHUH BEPOSTHOCTEH
[16-18].

B mnpouecce skcryaTaniMu MalluH M
MEXaHU3MOB, PaOOTAIOIMIMX B YpPE3BBIUAUHBIX
CUTYyaIMSIX U IKCTPEMATbHBIX YCIOBUSX, UHO-
I7la W3-3a U3MEHEHUS Harpy30K U YCIOBHM
AKCIUTyaTalluy MPOUCXOAAT HENPEIBUICHHBIE,
CIIy4alHBbIE IPOLECCHI.

BonpmumHCTBO PU3NYECKUX MPOLIECCOB U
SIBJICHUH, TPOUCXOAAIINX B MaTeprasax, uMe-
eT (U3MKO-cTaTUCTUYECKyI0 mpupoay. Cre-
JIOBATEJIbHO, TOJXOJ K aHaJIU3y COCTOSHUS
TEXHUYECKHX OOBEKTOB JOJDKEH OBITh, Kak
MPaBUJIO, CTPYKTYPHO-BEPOSTHOCTHBIM: CJie-
JIyeT paccMOTpeTh Kak (DU3HUECKYIO0 CTPYK-
Typy OOBEKTOB M MaTEpUANOB, TaK U CTaTHU-

CTUYECKHE, KHHEMaTHYeCKHE 3aKOHOMEp-
HOCTH IIPOLIECCOB.
XapakTep MPOLECCOB, BbI3BIBAIOIINX

0TKa3 MallMH U 00OPYIOBAaHUS, MOXHO H3Y-
yaTh Ha CYOMHKPOCKOIIMYECKOM, MHKPOCKO-
IIMYCCKOM U MaKpOCKOHI/I‘IeCKOM ypOBHSIX.
Kak u3BectHO, Ki1accupukanus BOSHHUK-
HOBEHHSI OTKa30B MOKET OBITh MPOBE/ICHA IO
TUILYy IIPUMEHAEMBIX MAaTepHaaoB, II0 BUIY
SHEPIHUM, 110 BUAY YCIOBHM JKCIUTyaTallUd U
np. Marepuansl geraneid MallMH U MEXaHW3-
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MOB OOBIYHO TPEACTaBISIOT CcO00M TBEpIbIE
TeJa, TaKWe KaK METaJUIbl, CIUIaBbI, KPHCTa-
JIbl, TIOJIUMEPHI U T. 1.

B 3aBucuMocTH OT MecTa NpPOTEKaHUs
nporecchl ObIBalOT OOBEMHBIE, NMOBEPXHOCT-
Hbl€ U IPOTEKAIOLIUE B MOABHKHBIX U HEMNO-
JBWOKHBIX COSIMHEHUSX JIeTalIeH.

CorunacHo [16], skcrutyaTaliliOHHbIE BO3-
NeMCTBUS, BIMSIOIIME HAa TPOLECCHl BO3HHUK-
HOBEHHUSI OTKa30B, MOXHO KJIACCH(HUIIMPOBATH
[0 CIEAYIOLIUM IIOKa3aTesssM: [0 BO3JCH-
CTBHIO OKpY)Karollel cpesl (Temrmeparypa,
JIaBJIEHUE, BIIAXHOCTb, XMMHYECKUH COCTaB,
3JIEKTPOMArHUTHBIE U3JIy4eHUs U T.J.) U BO3-
JeMCTBUSAM, BO3HUKAIOUIMM TOJIBKO MpH pado-
T€ 3JEMEHTOB (TpEHHE, DIEKTPUYECKHU TOK,
HarpeB mpH padboTe U T.1.), BIUSIHUE KOTOPBIX,
KaK MPaBUJIO, 3aBHCUT OT PEeKUMa IKCILTyaTa-
UM (MHTEHCUBHOCTH, IHMKIUYHOCTH, CTa-
OWJIBHOCTH U T.J1.).

ITo BO3ACUCTBUIO OKPYXKAIOILEH WU pa-
O0ouMx cpel pa3Iu4aroTcs afCcoOpOILMOHHBIE,
T dy3MOHHbIE,
HBIC, PaIUAIIIOHHbBIC, KABUTAIIMOHHEIE, 3PO3H-

XMMHUYECKHE, KOPpPO3UOH-
OoHHbIE Tponecchl. [lo xapakTtepy H3MEHEHMS
BO BPEMEHHU SKCILTyaTallMOHHbIE BO3AEUCTBUS
MO’KHO pa3JIeIuTh HAa BO3MYIIEHUS U Clay4ail-
Hble BJIMSHMSA (CTallMOHApHBIE, KBA3UCTALMO-
HapHbIE WK HECTallMOHapHBbIe) [17].

ITo Bugy W3MEHEHMH, TPOUCXOAAIINX B
MaTepuarie, paznuyarTcs o0OpaTumble
(HammpuMmep, ¢pu3uveckas aacopOLust razoB) U
HeoOpaTuMble (KOppO3Hsl, paCTBOPEHUE U T.1I.)
nporieccsl [19].

Kak u3BecTHO, (QyHKIIMOHANBHBIE 3aBU-
CUMOCTH, ONHUCHIBAIOIINE CTaTUCTHUYECKUE 3a-
KOHBI COCTOSIHMSA, HE BKIIOYAIOT (PakToOp Bpe-
MEHM B sSBHOM Buje. OHM MOTyT OBITH HC-
10JIB30BAHBI JUIsl IPOrHO3UPOBAHMS HAJEKHO-
CTH B CIIy4asX, KOIJla U3BECTHBI 3aKOHOMEp-
HOCTH M3MEHEHUS MapaMeTpoB M XapaKTepH-
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CTHK OOBEKTOB BO BPEMEHHU B IPOIIECCE IKC-
ryarauuu [17].

[Ipu oneHke HaAEKHOCTH MAIllMH U Me-
XaHU3MOB, Ppa0OTAIOMUX B YPE3BBIYANHBIX
CUTYyaIlusAX M
Hapsily ¢ KOHCTPYKTUBHBIMH U (DYHKIIHO-

OKCTpEMAJIbHBIX  YCIIOBUAX,

HATBHBIMU XapaKTEPUCTUKAMH, HEO0OXO0IUMO
YUUTHIBATh M BIMSIHIEC MEXaHUYECKHUX BO3JICH-
CTBUH: TeMIIepaTyphl, JABJICHUS, BIAKHOCTH,
XO0JI0]1a, CBETA, IBLIU MeCKa, paJANaluy 1 JApYy-
THX, M3MEHSAIOIINX KakK bu3nKo-
MEXaHMYCCKHE XapPaKTEPUCTUKH OTACIbHBIX
JeTanel, Tak U SKCIUTyaTallMOHHbBIC MTOKa3aTe-
JIM MalllvH ¥ 000PYIOBaHHI B ICJIOM.

CKOpOoCTh M3MEHEHHs IapaMeTpPOB Ma-
IIMH ¥ MEXaHU3MOB XapaKTepHa ISl MHOTHUX
MIPOLIECCOB M3MCHCHHS CBOMCTB Marepuala W
crapeHus. VIEHTHYHBIMH  3aBUCHMOCTSIMH
MOKHO OITHCATh TPOIECCHI, CBSI3aHHBIC C Te-
Ky4ecTbl0, MOJI3y4eCThIO, YCTAIOCThIO, ILIa-
CTHYECKHM TEUEHUEM U pa3pylieHHeM TBEp-
JBIX MaTepUANOB TPEHHEM U M3HOCOM TMOJH-
MEpOB U JIp.

OO6pa3oBanue aKTUBHBIX YaCTHII, TTOMU-
MO HarpeBa Marepuayia, MOXeT MPOUCXOIUTH
TaK)Ke 3a CUET MOHM3AINH, TUCCOI[HAIMH, 00-
pa3oBaHUsS PATUKAIOB, TOJ JCHCTBUEM 3JICK-
TPOMarHUTHOTO TIOJIS, AJIEKTPUYECKOTO pa3-
psifa, yabTPa3ByKOBOTO W3IyYEHUS M JPYTUX
¢dakropos [17].

Kpome Toro, m3aMeHeHue mapaMeTpoB
JeTaliel MallliH W MEXaHW3MOB, JKCILTyaTH-
PYEMBIX B YPE3BBIYAWHBIX CHUTYaIHSIX W DKC-
TPEMalbHBIX YCIOBHSX, YacTO MPOUCXOIUT
MO/ BO3JICUCTBHEM XHUMHUYECKHUX MPOIECCOB!
Mepexo/i aTOMOB, MOJIEKYIl, HOHOB, AHMCIIOKa-
WA, TUCHEPCHBIX YacTUI[ W T.A. U3 OJHOTO
COCTOSIHHS B IpYTOE.

JIeeKThI COCTOSTHUSI MaTEepPHAJIOB JIeTa-
JIel OKa3bIBAIOT OIpPEACAIoNIee BIUSHUEC Ha

UX CBOHCTBa U cocrosHue. HcciaemoBarenn
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Ne(eKTOB COCTOSIHHSI MaT€pPHAJIOB Pa3eIsioT
WX HA TOYCYHBIC, TBYMEPHBIC, TTOBEPXHOCT-
HBIE, TPEXMEPHBIE U OOBIYHBIE.

[Tpu muractuueckoi nedopmaruu, ooIy-
YeHUH WM 3aKalIke B MaTepuaie MpOUCXOIUT
00JIbIIIOE YHCIIO HEPaBHOBECHBIX MPOLIECCOB,
MPUBOIAIINX K PA3BUTHIO WIH OTCYTCTBHIO
nedeKToB pa3IuyHoro xapakrepa [17].

Kak wu3BeCTHO, TMPOYHOCTH W H3HOCO-
CTOMKOCTB JE€Tajel MAIMH XapaKTepU3yKTCA
B OCHOBHOM OJIHOMEPHBIMH JC(PEKTaMHU CO-
CTOSIHMSI MaTepHarna.

Jucnokanus B Kpuctaie obpa3yer
M30JIMPOBaHHbBIC 3aMKHYThIE MeTiu. Jlucnoka-
M UMEET JIBa BHJA: KpaeBas M BUHTOBAs.
[ToBbIIIICHHE TBEPAOCTH MATCPUAIOB IIPH
JUCIIOKAIIMA B TICPBYIO OYEPEllb CBS3aHO C
BO3HUKHOBEHHEM TIPCIISATCTBUN  JABMKCHUIO
nuciokaruii [20].

MHorue cTpyKTypHBIE U3MCHECHHSI B Ma-
TeprayiaXx JeTalled MaIllvH, YXYIAIIAIOMUX UX
HU3HOCOCTOMKOCTh, MOTYT IPOUCXOJIUTH H B
pesynbTate auddysuit. g neranei, moMuMo
00béMHON au(y3un, CYIIECTBEHHOE 3HaYe-
HUE MMeeT MoBepxHocTHas AuQdy3usi, KOTo-
pasi MPUBOJUT K U3MEHEHUIO (DOPMEBI JeTaleH,
HapaIlMBaHUIO, CTIAXUBAHUIO HEPOBHOCTEH,
BO3HUKHOBEHHIO BBICTYIOB M BMAJWH Ha IO-
BEPXHOCTH H JIP.

BbIsIBIEHO, YTO YCTalOCTHOE pa3pyllie-
HUE B OCHOBHOM SIBJISICTCS PE3yJIbTaTOM ILjIa-
cTrueckoi aedopmaruu Matepuanos [21-22].

MHOTOUNCICHHBIMU ~ UCCIIEOBAHUSIMH
YCTaHOBJIEHO, YTO YCTAJIOCTHOE pa3pylIeHHe
MOJKHO Pa3JIeluTh Ha YeThipe dTama. Ha mep-
BOM 3Talle MPOUCXOJUT HAKOIUICHWE TUTACTH-
YecKou JehopManuy, BTOPOH 3TaIl OTINJACT-
cs1 00pa3oBaHUEM MUKPOTPEIIUH, TPETUH ATar
— pa3BUTHEM MHUKPOTPEIINH 10 KPUTHIECKHUX
pa3MepoB, YETBEPTHIM — XPYNKUM pa3pyIiie-
HUEM.
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N3BeCcTHO, YTO YCTaJOCTHOE pa3pylle-
HHE HAYUHAETCA C MOBEPXHOCTH neTaiieii. B
CBSI3U C 3TUM METOJBI U CIIOCOOBI 00PabOTKH,
KOTOpbIe (POPMUPYIOT COCTOSIHHE TOBEPXHO-
CTEH JeTalield, TaKMX KakK IIepOXOBaTOCTh IO-
BEPXHOCTH, OCTaTOYHOE HaIPSHKEHUE, MUKPO-
TBEPIOCTH MMOBEPXHOCTHOTO CJIOS, OKA3bIBAIOT
CYIIECTBEHHOE BIIMSHUE HA YCTAJIOCTHOE pa3-
pylIeHUEe MaTepuana TOBEPXHOCTH JeTaliei
MaIlHH.

CrnemyeT OTMETHUTh, YTO Ha U3HOCOCTOM-
KOCTb JeTajeld MaIlWH IOJIOKHUTEIbHOE BIIMA-
HHME OKa3bIBAIOT ONTHMAJIbHBIE BEJIMYHUHEI IIIe-
pPOXOBAaTOCTH  TOBEPXHOCTH,  CIKUMAIOIIUE
OCTaTOYHbIC HAMPSOHKEHUS, BEIMYMHA U TIIy-
OWHA PACIPOCTPAHCHUS MHUKPOTBEPIAOCTH ITI0-
BEPXHOCTHOTO CJIOSI.

CymiecTByeT JBa OCHOBHBIX BHJA a-
copOnwu: BHEIIHSS W BHYTPEHHSS. BHeurHss
azicopOIMsl BIUSET Ha HapyXKHbIE MOBEPXHO-
CTH JeTajeil U BBI3BIBAET CHUKEHHE Tpeserna
TeKydecTu. BHyTpeHHss afcopOIus BO3HUKA-
€T Ha MOBEPXHOCTHU JeTalieil, MPUBOAUT K TO-
SIBJICHUIO JC()CKTOB BHYTPU MaTepuaya JeTa-
JieH, B pe3y/ibTaTe 4ero CHIKAETCS TPOYHOCTh
Y YBEITMIMBACTCS XPYITKOCTh MaTepHaa.

Paspymenue
BCJIE/ICTBHE KOPPO3Hi MPOUCXOAUT B PE3yib-
TaTe BO3JCHCTBHUS HAa HUX KUJIKOM WU Ta30-
0o0pa3HOil cpeibl, UTO MPUBOAUT K TEPMOIH-
HAMUYECKOW HEYCTOMYMBOCTH HX Marepua-
JIOB.

IIOBEPXHOCTEH  JleTaneit

CyTp XMMHYECKOW KOPPO3UH OCHOBBIBA-
€Tcsl Ha B3aUMOJICHCTBUU MaTepHalOB C
arpecCUBHBIMU CpelaMU PA3JIUYHOTO THIIA.
DIEeKTpOXUMHUYECKasl KOppO3Us HENocpen-
CTBEHHO CBSi3aHAa C KOPPO3MOHHOW CpPEIOM.
Cyl111ecTBEHHBIMU 3JIEMEHTaMU KOPPO3MOHHOM
cpeabl MOTYT OBITh BOJA, Pa3lUYHBIC BHJIBI
pacTBOpPOB BELIECTB U JAPYTrue XUMHUYECKUE U

HEXUMHNYECCKHUEC COCIUHCHU .
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DJIEKTPOXUMUYECKass KOPPO3Hs Xapak-
TEPU3YETCS B3aUMOJCHCTBHEM MeTauia C
AIIEKTPOJIUTOM.

["a3oBast KOppo3usl ABIAETCS YACTUYHBIM
Cly4yaeM XUMUYECKOW M TPOSBISAETCA B aK-
TUBHBIX Ta30BbIX Cpellax MPHU MOBBIIICHHBIX
Temneparypax (Hampumep, B arMmocdepe Bo-
nopona npu gasieHun 150 armocdep u Tem-
neparype 560°C mpenen NpOYHOCTH CTaIH
yepe3 CyTKH yMeHbIaeTcs B 2 pasza) [17].

ATMoOchepHass KOppo3usi SBIISETCSA OJI-
HOM W3 OCHOBHBIX NMPUYHMH DPa3pyILIECHUS Me-
TaoB. M3BECTHBI TPU OCHOBHBIX BHJIa aTMO-
chepHOi KOPPO3UU: cyXas KOPPO3Hsl, KOTopast
IpU OTCYTCTBHH BIIard MPOSBISAETCS Ha IO-
BEPXHOCTH JIeTaJIel, CKOPOCTh KOPPO3UU Ma-
J1a; BJIAXKHASI KOPPO3USs, KOTOpasi MPOUCXOIUT
MO/ TOHKHUM CJIOEM BJIar'v, CKOPOCTh KOPPO3UH
OYEHb BEJIMKA; MOKpas KOppO3Hus, KOTOpas
MPOSIBIISIETCSL TIOJ, BO3JICUCTBUEM KalleJIbHOMN
KOHJICGHCAallUd BJarM Ha MOBEPXHOCTIX JeTa-
Jed, CKOpPOCTh KOPPO3HH MPU ITOM BHJIE HE-
OobIas.

Koppo3usi B HeaneKTpuKkax MpoUCXOIUT
MO/ BO3ACHCTBHEM arpecCUBHBIX OpraHUdYe-
CKHMX U HEOPTaHUYECKUX COCTUHECHUI.

KoHTakTHas KOppo3usi MPOUCXOIUT TIPH
KOHTaKTE€ Pa3HOPOJHBIX MAaTEPUATIOB B CpeJie
anektponuta. llleneBas Koppo3usi MPOUCXO-
JUT B MPUCYTCTBUU DJEKTPOJIIUTA MEKIY pa3-
HOPOJHBIMHU Koppo3uss mog
HaIpsSOKEHUEM TMPOSIBIISETCS MpPU  OJTHOBpE-

MCTalJlaMU.

MEHHOM BO3JIeHCTBUM AedOopMaIi U KOPPO-
3UOHHOM CpEeJIbl.

Pa3pymienne marepuanaoB MOBEpXHOCTEH
JeTajged B pe3yibTaTe 3pO3MU OUYCHb PENKO
IIPOUCXOJUT N0 OJHOW NMPUYMHE, YTO YCIIOXK-
HSIET OLIEHKY IpUpojsl 3po3un. Haubonee nc-
CJICAOBAHHBIMHU BUIAAMU JSPO3UU SABIIAIOTCA:
MEXaHOXUMHUYECKasg, MHUKPOyIapHas, TEepMH-
yeckas, TUAPOIPO3Hs, Ta3oBas, abpa3uBHaf,
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rusipoabpa3uBHast 3po3us U T.1.

Korpma mis miactudeckoit nedopmanuu
HEJIOCTaTOYHAa »JHEPrusl IOTOKA IKHUIKOCTH,
rasa Wid TBEP/bIX YaCTHIl, IPOMCXOANUT MeXa-
HOXMMHUYecKas spo3us. Korma marepuan mo-
BEPXHOCTH B IOTOKE Ta3a, >KUAKOCTH WIH
TBEPIBIX YACTHUI] MOJIYYaeT yAapbl U SHEPTUs
3THX YIApoB JOCTaTOYHA JUIA IUIACTUYECKON
nedopmaruu,
MpeBpalleHii, HaOII0JaeTCs MHUKpOyJIapHas

CTPYKTYpHBIX WK (Pa30BBIX

3pO3us.

[Ipouiecc ruApO’pO3UU MPOUCXOIUT B
MEXaHOXMMHUYECKOM MEXaHH3Me WJIH B pe-
3yJlbTaTe MUKPOYAAPHOTO pa3pylICHUsI.

B pesynpTaTe KaBUTAMM 4acTO MPOSIB-
JISFOTCSL JIOKAJIbHBIE THAPABIMYECKUE YAApPbI
M3-3a TUJIPOJIMHAMUYECKUX (DIIyKTyaruii nas-
JICHUA.

l"azoBas spo3ust sABISETCA PE3yIHTATOM
KOHTaKTa MOBEPXHOCTU MaTEpUajoB C BBICO-
KOTEMIEPATypHBIMH U XUMHYECKH aKTUBHBI-
MU Ta30BBIMHU CTpysiMH. Kak u3BecTHO, razo-
BOI 9po3WM CHOCOOCTBYIOT TepMHUYECKas
YCTaJIOCTh, TOTJIOMICHHE Ta30B TBEPJBIMU Ma-
TepuajlaMd, BTOPUYHBIC 3aKaJTKA W OTITYCK,
[IEMEHTaIIMsl, a30TUPOBAHUE U T.]1.

Pazpymienue moBepxHOCTEN JeTalieid B
cpelie pacKaJeHHBIX Tra30B Ha3bIBaeTcs alis-
nuei. Jlns mporecca aONsAIUMM XapaKTEPHBI
MUPOJIN3, UCTIAPEHUS, CYOIUMAIUs U JIp.

I'unpo- u razooOpa3uBHas 3po3usi MPO-
HCXOJUT B MOTOKE XUAKOCTEH WM Ta30B MO
JNEeUCTBUEM TBEPABIX dYacTull. OCHOBHBIMH
(akTOpaMHy, OKa3BIBAIOIIMMH BJIMSHUE Ha
THUAPO- U Ta3000pa3UBHYIO IPO3UI0, SBISIOTCS
TBEPJIOCTh, TPOYHOCTH, pa3mep, ¢opma ua-
CTHII, CKOPOCTb U YTOJI X aTaKu, XapaKTep ux
nepeMenieHue u Jip.

I'anpoabpa3uBHas 3po3usl MPU KaBUTa-
MK HaOJIIOJaeTcs MpH OJHOBPEMEHHOM BO3-
NeCTBUM Ha MaTepuai JMHAMHYECKUX MOTO-
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KOB JKUAKOCTH, a0pa3MBHBIX YaCTHUI[ U JIO-
KaJTbHBIX KaBUTAIMOHHBIX THAPOYAAPOB.

WNuorna mpu OBICTPOM HarpeBe MpOUC-
XOJIUT HUCHapeHue (cyOnumanmus) Marepuaia
neraneit. Ilpomecc cybmumanuu OOBIYHO HE
XapakTepeH Juis JeTaleil 000pyI0BaHUii, IKC-
IUTyaTUPYEMBIX B YPE3BBIYAMHBIX U IKCTpe-
MaJbHBIX cUTyanusx. OJHAKO HEKOTOphIC Ma-
TEepHANbl, MPUMCHSICMbIC I IOKPBITUH
(Hampumep, KaJIMUN U LIUHK), B BaKyyMe IpH
Temmeparypax Boiure 120-180° C moryt ncma-
PATCS ¢ JOBOJBHO 3HAYUTEIBHBIMH CKOPOCTS-
MU (mopsiaka 1 MM/Tox), 4TO 3acTaBlseT y4u-
THIBaTh MpoOIlecC CyOMUMaIMu Mpu pacuére
paboTOCIIOCOOHOCTH JIeTaJIeH.

OpHOW W3 OCHOBHBIX INPUYHH, CHUXa-
IOIMX paboTOCIOCOOHOCTh MAIIMH U 000pY-
JIOBAHWM, SIBJIISICTCS TMPOIIECC CTApCHUs Mare-
pHaloB reranei.

Pe3ynbpTarel MHOTOUYMCIEHHBIX HaOIIO-
JIEHUH TMOKa3bIBAIOT, YTO MPU CTAPEHUU MOKET
MPOUCXOJUTh KaK yay4llIeHHue, Tak U yXy/Iie-
HUE (PU3UKO-MEXaHWYECKUX MoKa3aTenel Mma-
TEPHAJIOB JCTAJICH, a TaAKXKE W JPYTrUX Xapak-
TEPUCTHK MAIIUH ¥ MEXaHU3MOB.

Jlist nmetaiield MaliMH, W3TOTOBJICHHBIX
U3 METaIOB, B TIPOIIECCE CTapeHUs Cylle-
CTBEHHOE 3HAYECHHE HMEET MAapTEHCUTHOE
MpeBpalleHie U W3MEHEHHE MapTeHCUTHOU
CTPYKTYpHI.

K MapTeHCHUTHBIM TpeBpaIIeHUsM OTHO-
CATCSl TAKXKe AIJIOTPONUYECKUE TPEBpAIICHUS
B 0E3yrJIepoANCThIX CIUIaBax. AJUIOTpOITHYe-
CKHE TIPEBpAIICHUS IPOUCXOAT B Pe3yIbTaTe
(GOpMUPOBAHUS KPUCTALTUYCCKUX PEIIETOK,
UMEIOIIUX Pa3HbIe CUCTEMBI U YHCIIO aTOMOB.
ATIOTPONUYECKUM TIPEBPAIICHUSIM TO/BEP-
JKEHBI TAaK)KE HEKOTOPHIE YNCTHIC MAaTEPUATIBL.

OmHMM M3 MaTepHalioB, A KOTOPBIX
XapakTepHO 0oJiee MHTEHCUBHOE CTApPEHHE IO

CpaBHCHHIO C METalllaMH, ABJIAIOTCSA ITOJIUMC-
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pel. st HUX XapakTepeH IpoLecc IECTPYK-
LUH. JNECTPYKIIUU TPOUCXOJST
MO/ BJIMSIHHMEM TeIUla, CBEeTa, KUCIOpoja, BO-
el ¥ Apyrux (axrtopos. JlecTpykuus mpouc-
XOJUT B pe3yNibTaTe paclajia OCHOBHBIX MakK-
pomonekyn. HaumbGonee uwacto BcTpeuaercs

ITpoueccol

TEpMUYECKash JECTPYKIHs TOJ JeHCTBUEM
Temna, (GoToxuMuyeckas JECTPYKLUHUS O[T
BO3/ICIICTBUEM YIBTPA(PHOIETOBOIO H3IIyUe-
HUS, OKUCIIWTENIbHAS JAECTPYKIHS TIOJa Jeii-
CTBHEM XMMUYECKHX arcHTOB.

Kpome BbllIeyka3aHHBIX BHIOB CTape-
HUSI, TAKXKE Pa3IMYaloOT AIEKTPUIECKOE CTape-
HUE I10]] BIUSHUEM IPHIOKESHHOTO HarpsbKe-
HUSL.

K BbllIeyka3zaHHBIM TPUYHMHAM MOKHO
npubaBUTh OECHPEPHIBHOCTh PabOTHl MaIIWH
1 000pyIOBaHMM, CBEPXIEPErpy3Ky MPHU IKC-
IUTyaTallid,  pa3juyHble  KIMMaTHYECKHe
YCIIOBHUS U JIp.

B 3aBucumocTH OT MecTa MpPOTEKaHUS
BCE€ YKa3aHHBIE MPOIECCHI JENATCS Ha 00beM-
Hbl€ U TIOBEPXHOCTHBIE, M, COOTBETCTBEHHO,
UX UHTCHCUBHOCTD OIIPEJENAETCS 00bEMHBIMU

HJIN MTOBEPXHOCTHBIMH XapPAKTCPUCTHKAMMU.

J1si moBbIlIeHUs1 0€30TKA3HOCTH Ma-
IIMH U 000pyAOBaHMI HEOOXOAMMO pa3pa-
00TaTh TaKue KOHCTPYKTHBHBIE M TEXHOJIOTHU-
YECKUE MEpOIPUATHUS, KOTOPbIE HAIPABIICHBI
Ha CHATHE YKa3aHHBIX HEJOCTaTKOB.

OpHako ciy4alHbII XapakTep MPOUCXO-
JSIIMX MPOLIECCOB MPHU IKCIUTyaTallMi MalluH
U MEXaHU3MOB, HEKOPPEKTHOCTh, HEIMHEH-
HOCTb, JUCKPETHOCTH IOKa3aTejeil HaJaeKHO-
CTH 3aTpyIHSET pellleHHe MOCTaBJICHHOU 3a-
Jlaun.

Haubonee TouHble JaHHbIE O HAJEKHO-
CTM MAllUH M 00OpYIOBaHHUN MOXHO TMOIY-
YUTh B PE3YJIbTATE NPOBEIEHUS DKCIIEPUMEH-
TaJIbHO-UCCIIEZI0BATENIbCKUX paboT. B cBs3M ¢
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3TUM TIPU ONPEICIICHUU MapaMeTpPOB HaJlCK-
HOCTH TIPUMCHSIOTCS PA3JIMYHBIC Memoobl
MOOeNUPOBaAHUSL.

OCHOBHOM 3a7a4yell OLIEHKN HAIEKHOCTU
ABIIIETCSL ONpENEICHUE ONTUMANbHBIX Mapa-
METPOB MallMH M MEXaHHU3MOB, OOecreynBa-
folux Hanbosnee YP(EeKTUBHBIE YCIOBHS JKC-
TUTyaTaly, ONTHMAILHBIC XapaKTePUCTHKH,
CrocoObl OOCITYKMBAHHUS M BOCCTAHOBJICHUS
[5, 17].

OrneHka KpUTepreB HaJASKHOCTH MAallliH
u 000pyIoBaHH OOBIYHO TNPOU3BOJAUTCS C
MIPUMEHEHUEM METOJIOB CUCTEMHOTO aHAJIH3a.
B MHOTO(MYHKIIMOHABHBIX CHUCTEMax H3-3a
VBEJIMUCHUSI YHCIIA BO3MOXKHBIX COCTOSHUHN
TPYJOEMKOCTh €€ TPUMCHCHHS CTaHOBUTCS
HerenecooopasHo. s ATUX yCIOBHI Tydlie
MPUMEHSTh JIOTUKO-BEPOSTHOCTHBIN  METOJ
[17].

JUISE  CITOXKHBIX TEXHUYECKHX CHCTEM
BO3MOXXHBI Pa3IUYHBIE METOJBI CHCTEMHOTO
aHaIM3a.

Yacto ans yBelIMUYEHUS HAACKHOCTH
MallMH U 00OpYJOBaHMM, JIUKBUAALNUUA HENO-
CTaTKOB, CBSI3aHHBIX C KOHCTPYKTHUBHBIMU,
TEXHOJIOTUYECKUMH,  SKCIUTyaTalllOHHBIMH,
OpPTaHW3AIMOHHBIMU U JPYTUMU MPHYNHAMH,
UCTIOJIB3YIOTCSl PA3IUYHBIE METOJBI Pe3epBU-
pOBaHHSI: BPEMEHHOE, CTPYKTYpHOE, HH(OP-
MalMoOHHOE, (YHKIIMOHAIBHOE, Harpy304HOE,
ONTUMAIILHOE U JP.

Hannuue orpaHuyeHWil yclOXHIET 3a-
Jady ONTUMHU3ALUU TPU PE3epPBUPOBAHUH, U
JUISL €€ pEeIIeHUs MPUMEHSIOTCS pa3uYHbIe
CrocoObl U METO/IbI, TAKHE KaK METOJI MPOCTO-
ro mepedopa, METOJ HEONPEJCICHHBIX MHO-
xutened Jlarpanxka, TpaJUEHTHBIC METOIbI
(MeTox HaWMCKOpeHIero MOKOOPAUHATHOTO
CIycKa), METOJl MaKCHMAaJIbHOTO JJIEMEHTa,
METOJl JMHAMUYECKOTO MPOTPaMMHUPOBAHUS,
MeTOJ BeTBeH U rpanuil [23].
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3a4acTyio TMpU PE3EPBUPOBAHUM IS
pacdera HaJe)KHOCTH MAIlMH M 000pyJ0Ba-
HUH C BOCCTaHOBJICHHEM HCIIOJB3YIHOTCS TO-
MOJIOTHYECKUE METOJIbI C TIOCTPOCHUEM rpada
cocrostaui [17].

BoccraHoBiieHHE OTKa3aBIIETO 3JIEMEH-
Ta — MPOILECC ero MmepeBojia U3 HepaboTOCIOo-
coOHOro cocrostHus B pabortocmnocobHoe. [To-
3TOMY B rpade COCTOSHUN CHUCTEM C BOCCTa-
HOBJICHHEM HapsIy C NEpeXOoiaMu U3 MPE.Ibi-
IOYIIUX COCTOSHUE B IMOCICIYIOIIUE JTOJIKHBI
OBITh YKa3aHbl U OOpATHBIC MEPEXOJbI U3 T10-
CJIIENYIOIUX COCTOSIHUM B NMPEIBbIAYIIUE C WH-
TEHCHBHOCTSIMU BOCCTaHOBJIeHUs W [17].

3ajaua TPOCKTHUPOBAHMS TEXHUYCCKHUX
O00BEKTOB MPEIyCMATPUBACTCS CTaHAapPTAMHU.
WHorma olieHKa HaJCKHOCTH MPH TPOCKTHPO-
BaHUM HE COOTBETCTBYET OOIIETEXHHUYCCKUM
HOpPMaM CTaHJIApTOB, U TOrJga pa3pabaThiBa-
IOTCA PAa3JIMYHBIC METOJAbI U CIIOCOOBI.

Jns

HaJIeKHOCTH MaIIMH U 00OpyJAOBaHUN HEOO-

CYIIECTBEHHOTO  TIOBBIIICHHS
XOMMO 00€CHeuuTh JOCTaTOYHO BBICOKUI
YPOBEHb TE€XOOCIIy>KUBAHMUS,
HOCTh OOCITY’KHBAIOILErO IepCoHaNa, KBaJIH-
¢unpoBaHHoe

HOATOTOBJICH-

IIPOBEJCHUE JUArHOCTHUKH,
COBEpIICHCTBOBAHUE METOAMKH 00paboTKU
MOJIyYE€HHBIX JaHHbIX.

HampaBiienuss BOCCTaHOBUTENbHBIX pa-
00T M peMOHTa HENMOCPEACTBEHHO CBSI3aHBI C
OCHOBHBIMM THUIIAMHM OTKAa30B, YCJIOBHUAMH
JKCIUTyaTalluu W Jp. B HacTosmee Bpems
Haubosiee pPaLMOHATIBHBIM CIIOCOOOM TOBBI-
IIEHUs] KaueCTBa T€XOOCTYXHUBaHUS U PEMOH-
Ta SIBJISIETCA CUCTEMA IIPEIBAPUTENIBHOIO IUIa-
HupoBanus [17]. Ilpu TexoOcmyxuBaHUHM U
peMOHTE HEOOXOMMO YUUTHIBAaTh Ha3HAYCHUE
U TUI OTKa30B MallMH U o0opynoBaHuii. B
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3aBHCHUMOCTH OT THIA IOBPEXKICHUN pa3iu-
4aloT TEeKYLIUH, CPEAHUM U KAUTAJIBHBINA pe-
MOHT.

Jns mocTpoeHus pas3IMuHbIX MOJAENEH
HKCIUTyaTallMi MalluH U 000pyIOBaHUHN IpH-
MEHSIOTCS METOABl TEOPUH MacCOBOro 00-
cinyxuBaHus. C TOYKU 3pEeHUs IPAKTUYECKOTO
NpUMEHEHHs HanOoJee YacTO HCIOJIb3YyeTCs
CTallMOHAPHBIA PEXUM (YHKIMOHUPOBAHUS
CUCTEM MacCOBOT'0 0OCITYKUBAHHUS.

Jiis MamuH W 000pyHOBaHMMA, TpUMe-
HSEMBIX B UPE3BBIYANHBIX CUTYaLUAX U DKC-
TPEMAJIBHBIX YCIIOBUSX, OCHOBHOW 3ajaueit
ABJISIETCA TOJydyeHre MHpopManuu od ux pa-
00TOCIIOCOOHOCTH B KOHKPETHBIX YCIOBHUSX
sKcIuTyaTanuu. Mcnomne3ys pe3ynbrarsl QyHK-
LMOHAJIBHBIX MCIIBITAHUM, MOYKHO B II€JIOM
OIICHUTH M HAJIEKHOCTH 000pyAOBaHUs, padbo-
TAIOIIETO B OKCTPEMAJIbHBIX YCIOBUSX.

Cnenyer y4uThIBaTh, YTO BPEMs HUCIIBI-
TaHUs TOJKHO OBITh MJCHTUYHBIM CO CpeaHen
HapabOTKOM MaIllMH U MEXaHU3MOB Ha OTKa3.

3akiiloueHue

B 3aBucHMOCTH OT MOCTaBIECHHOW 3aja-
YU TIPU UCTIBITAHUSX HAa HAJCKHOCTh MAIIUH U
000pyI0oBaHU HEOOXOIMMO TPUMEHATH JBa
BUJIa WCIIBITAHUI: OMpPEACNUTENbHbIE U KOH-
TPOJBHBIC UCTIBITAHUSI.

COop MaHHBIX TS OTpEACTICHUS] HaTeXK-
HOCTHU U JIONTOBEYHOCTH MAIMH U 000pyIo-
BAHMI OCYILECTBIAECTCS C MPUMEHEHUEM CO-
OTBETCTBYIOIIUX CTaHIApPTOB.

KoHnguukT uHTEpEcoB

ABTOp 3asBNsE€T 00 OTCYTCTBHH KOH-
(MKTa MHTEPECOB, CBA3aHHBIX C MyOJIMKaIU-
€ JaHHOU CTaThbU.
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Influence of Gas Bubbles on the Operation of a Centrifugal Pump
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Abstract

Analysis shows that many liquids contain soluble gas in them. Such fluids have low viscosity and
density. However, when pumping liquids, a number of problems arise, one of which is the appearance of
bubbles in the mixture. Such liquids with gas do not obey the law of homogeneous liquid and gas. There-
fore, in recent years, special attention has been paid to the hydromechanics of two-phase systems, such as
oil-gas, water-steam, etc. the appearance of gas bubbles also affects the operation of centrifugal pumps,
which manifests itself during pumping. The basic equations of a centrifugal pump are obtained taking into
account the gas in the mixture.

Keywords: centrifugal pump, gas-liquid system, gas bubbles, torque on the shaft, power,
mass of liquid.
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Xiilasa

Tohlil gostorir ki, bir ¢cox mayenin torkibinds holl olunan gaz var. Belo mayelor asag1 6zlilik vo sixliga
malikdir. Bununla bels, mayelarin vurulmasi zamani bir sira problemlor yaranir, bunlardan biri maye qarisiginda
gabarciglarin goriiniigtidiir. Belo gazli mayelor homogen maye vo qaz qanununa tabe olmur. Ona gors do son illords
ikifazali sistemlorin, mosolon, neft-qaz, su-buxar vo s., qaz qabarciglarinin goériintisii do morkozdongagma
nasoslariin igins tosir géstorir ki, bu da nasosun ¢okilmosi zamam 6ziinii gostorir. Moarkozdongagma nasosunun 2sas
tonliklori qarisiqdaki qaz nazors alinmagqla alinir.

Acar sozlar: morkazdongagma nasosu, qaz-maye sistemi, qaz qabarciglari, valdaki firlanma momenti, giic,
mayenin kiitlasi.

DOI 10.52171/2076-0515_2023 15 _02_53 58

VIIK 622.246
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AHHOTAIHUSA

AHaIu3 MOKa3bIBACT, YTO MHOTHE JKUIKOCTH COACPKAT B ceOe pacTBOPUMEIi ra3. Takue >KUAKOCTH 00JIaIatoT
MAaJIoi BS3KOCTBIO ¥ TNIOTHOCTHIO. OTHAKO TIPH MEpeKavKe KUIKOCTEH BOSHHUKACT PsIJI MPOOIIEM, OJJHOU U3 KOTOPBIX
SIBJISIETCS. BOBHUKHOBEHHE IMY3bIPHKOB B COCTAaBE CMeCH. Takue *HUAKOCTU C ra30M HE MOJUUHSAIOTCS 3aKOHAM OJIHO-
pOmHO# KUAKOCTH U ra3a. [loaToMy oco60oe BHUMaHHUE B MOCIEIHUE TOJBI OOPAMIAIOT HA THAPOMEXaHHUKY IBYX(a3-
HBIX CHCTEM THNa He(Th-Ta3, Boja-map u T.1. [losBIeHUE Ta30BBIX My3bIpEeil BIAMSIET W Ha paboOTy HMEHTPOOEIKHBIX
HACOCOB, YTO MPOSBISETCS MPHU Tepekadke. B craThe MonydeHbl OCHOBHBIE YpaBHEHHS IEHTPOOESKHOTO Hacoca ¢
Y4EeTOM Ta3a, HaXOSIIEeT0CsS B CMECH.

KaroueBble ciioBa: LHEHTPOOEKHBIH HACOC, Ta30-)KUAKOCTHASI CHCTEMA, MTy3bIPbKH ra3a, KpyTsIInii MOMEHT Ha
BaJTy, MOIIHOCTb, MacCa YKUJAKOCTH.
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BBengenue

B mocienHee BpemMsi OCHOBHas Macca
He(pTH  TMEepeKaymMBaeTCsl  LEHTPOOCIKHBIMHU
HacocaMd. MHOTOJIETHUH OMBIT TEPEKaAYKH
MMOKAa3bIBAET, YTO MHOTHUE JOObIBacMbIe HEPTH
SIBJIIFOTCSL JKHUAKOCTSIMU C HACBIIIEHHBIM TIa-
30M. OTMETHM, YTO Ha IOCIEIHEH CTaauH
AKCIUTyaTallil KPYIHEHIINX MECTOPOXKIACHUMN
B MPOAYKIUU CKBaXHH B 3HAYUTEIBHBIX KO-
JIMYECTBAX IMOSABISAETCS ra3 — CEPOBOJOPO/I.
Takoe mTposiBIeHUE yXyAlIaeT

He(TH, OCIOKHSCT WX TEpPEeKayKy W Iepepa-

Ka4yC€CTBO

00TKy, CO3/IaeT TPYAHOCTH MpPU TPAHCIOPTH-
poBke. CepoBOJOpOJl ONIACEH U B KOPPO3UOH-
HOM OTHOILIEHUH.

OT Koppo3uM paspymarTcs TPyooIpo-
BOJIbI M HACOCHI, B PA3BETBIEHHBIX TPYOOMpoO-
BOJIaX HapyIaeTcss TepMETUYHOCTh 3TUX 00b-
€KTOB. B pe3ynbrare mpoucxoasT aBapuilHbIe
MHOTOTOHHBIE pa3iuBbl HEPTH U cMeceill B
OKpPYKaIOIllYI0 cpeAy M ee HeoOpaTumoe 3a-
rpsi3HeHue. IloatoMy 3ammra OT KOppO3uH
BCEro 00OpYIOBaHUs, Hacoca, TPyOOIpoBoaa
SBJIAETCS BAKHOM TEXHUKO-DKOHOMHUYECKOU U
IKOJIOrHYecKoit 3amaueii [1-5]. Hacocsl momk-
HBI OBITH CITOCOOHBI HE TOJNBKO 3aIIHUINATH OT
pa3IMYHBIX BUJOB aBapHii, HO U OJTHOBPEMEH-
HO 3aMeUIATh IOSIBJICHUE ITy3BIPKOB Ta3a,
T.€. KOJMYECTBA CEPOBOJIOPOJIA B MPOLYKIHUU.
HanexHplil 3aMTOol OT KOPPO3WUHU SIBIIAETCA
y4eT Tra3oBbIX YacTHI], KOTOpbI€ BO3HHUKAIOT
MpHU TIepeKayke >KUJIKOCTH MpU MOMOIIHU LEH-
TPOOEXKHOro Hacoca.

Leabio padoThl SBISETCS HCCIIEIOBA-
HUE JIEHCTBUS MY3BIPHKOB Ta3a Ha paboTy
IIEHTPOOEKHOTO HAacoca M TPyOOIpoBo/Ia.
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ITocTanoBka 3agaun

B pamkax HOBOH albT€pHATUBHOM KOH-
LENIUU paccMaTpUBAEeTCd METOAMKA pacyeTa
Hacoca M TPyOONpoBOJa C y4eToM IByxdasz-
HOW CHCTEMBI «T'a3 — )KHUJIKOCTbY», 4TO 0COOYIO
aKTYaJIbHOCTb TMPHOOpPETaeT MpH IepeKauke
IBYX(a3HBIX CUCTEM U3 HE(TAHBIX U ra30BBIX
MecTopoxkaeHui. PaccmaTpuBaercs BIUsSHUE
rasa Ha paboTy TpyOONpoOBOJOB B ciyyae Ie-
pEeKayKu HePTEra30BOi CUCTEMBI.

[IpakTika moka3bpIBaeT, 4YTO M3 JIOMACT-
HBIX HAcocOoB HauOosiee HIMPOKOE MpUMEHe-
HUE TOIY4YMJIU LIEHTPOOEKHbIE HACOCHl. DTH-
MU HacocaMH IOJIb3YIOTCS MPAKTHUECKU BO
BCeX 00JacTsIX HE(TSAHOW MPOMBIIIICHHOCTH
—  BOJOCHA0KEHUH, npu
TPAHCIIOPTUPOBKE HE(PTU MO TPYOOIPOBOIAM
U 0COOEHHO 4acToO B XMMHUYECKOH 1 HedTexu-
MUYECKOW MPOMBIINLIEHHOCTH. OTMETUM, YTO

CTPOUTCIILCTBE,

JOIMOJIHUTECIIbHAA SHCPTUA Oa€T BO3MOXKHOCTD
YBCIUYNUTH HAYAJIILHOC TaBJICHUC.

Pemenne 3apaun

W3BecTHO, YTO mepeaada 3HEPTruu MOTO-
Ky JKMJKOCTH OT DJJIEKTPOIABUTATENS OCY-
IIECTBIISETCS MPH MOMOIIM paboyero Koleca.
[Tpu BpameHuu pabouero kKoieca CMeCh raso-
KUJIKOCTH,  3aMOJIHSIOWEH  MPOCTPAHCTBO
MCXKAY JOIAaCTsAMHU, NPUXOAUT BO BpallCHHUC.
HOJI BJIMAHUEM CHUJI, Pa3BHUBAIOIIUXCA IIpHU
ATOM, CMECh TMepeKauyuBaeTcs K mepudepun
kojeca. [Ipu ToM 0THOBpEMEHHO yBEJIMYNBa-
eTcsi OKpyxkHasi ckopocTb. Iloa neiicTBuem
MepeHoca JIaBJIEHUsI CMECh MOJHHMMAETCS IO
BcackiBaroniemy Tpybonposoay. [Ipupamnienue
SHEPrUu CMecHU B pabodyeM KoJiece MPOHCXO-
JUT B OCHOBHOM 34 CUCT YBCIWYCHHUA OKPYIK-
HOW CKOPOCTH.

B pa3znuuHbIX O0TpacisiX IpOMBIIUIEHHO-

CTH, TAKUX KaK aTOMHasd (1)I/ISI/IK3, XHUMHUYECKas
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TEXHOJIOTUS,  HE(PTENPOMBICIOBOE  JIEINO,
OoJbIIIOE 3HAYCHHWE MMEET TPAaHCIIOPTHPOBKA
yriaepoaoB mo tpybompoBoaam. Ocoboe 3Ha-
YEeHUE MIPU TPAHCIIOPTHPOBKE UMEET 3HAYCHUE
B HepTH U razofo0bIBaronMx orpacisax. Ko-
raa mo Tpyoe na muorume 1000 kumomerpoB
MEePEeMEIIAlOTCSI MIJUTHOHBI KyOOMETPOB KU /-
KOCTH M ra3a, BO3HHKAET NepeMeIleHHEe KU/

.
e
L

=

—

KOCTH TI0 TOPU30HTAJIbHBIM MOBEPXHOCTSIM.
J1is mepekavyky ¢ HU3KOTO YPOBHS HA BBICIIHIA
HaJg0 mpuMeHsATh: 1. Hacockl; 2. KoMIpecco-
pol; 3. razmudrel. M3 Kypca TUApaBIUKHA MBI
3HaeM, YTO HACOCHl — 3TO THAPOMAIINHBI, KO-
TOpBIE MPE0OPaA3YIOT MEXAaHHUUECKYIO YHEPTUIO
NEPEeKaYMBAONICH KHUJIKOCTH, TIOBBINIAS ee
naBieHue (puc.).

= -
[ &2 -

| £

6 ©

!

N

Pucynok — Cxema HacocHOH ycTaHOBKHU: 1 — Hacoc; 2 — pacXofHas eMKOCTb; 3 — IpHeMHast eMKOCTh; 4 — BcachIBa-
IOLTUH TpyOONIPOBOA; 5 — HarHETaTEIbHBIN TPYyOONPOBO; 6 — BakKyyMMeTp; 7 — MAaHOMETP
Figure — Pumping unit diagram: 1 — pump; 2 — consumable capacity; 3 — receiving tank; 4 — suction pipeline; 5 —

delivery pipeline; 6 — vacuum gauge; 7 — manometer

B nanHOM ciyyae mnpu mnepemernieHuu
YKUJKOCTEH W Ta3oB B HACOCE TPyOOINpoBOaA
SIBIISIETCSL pazHocme Oasnenuti. OHAKO CyIIe-
CTBYIOT ammaparsl, T/1€ ABWKYIIEH CHIOW SB-
JIAeTCS MPUPOJHBIA ra3 uiau Bo3ayx. Kak ot-
MeyaeTcsi B [6-7], mepeMenieHne KUIKOCTH B
ra3nu@Tax MPOUCXOIUT C PA3HOCTHIO MIOTHO-
CTEH M BSI3KOCTEH >KUIKOCTEW M ra3oB B Ta-
305KMIKOCTHOM CMECH.

B Hacrosiiiee Bpemsi M3BECTHO JIOCTa-
TOYHO MHOTO METOJIOB IO KOHCTPYKITUU HACO-
COB, KOTOpBIE OTJIMYAIOTCS 1O Ha3HAYEHUIO,
M0 KOHCTPYKIIMHU ¥ MO TIepeKavYnBaeMOn KU /I-
KoCTH. V3BeCTHO MHOTO KJIacCU(UKAIIMOHHBIX
CXeM HacocoB U TpybompoBoaoB. s ojHO-
POIHBIX CHUCTEM STOT Tpoliecc u3yudeH [6-7].
Kak ykazano B [6-7], naubonee pacmpocrpa-
HEHHBIMH CXEMaMH SBJISIETCS KJIacCU(UKAIIHS
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HACOCOB II0 HA3HAYECHHUIO; MO HNPHUHINNY JCH-

CTBHA, 110 KOHCTPYKIIMOHHBIM OCOOCHHOCTSIM.

B namy 3amady BXOAMT BOIPOC: COBpeE-
MeHHasi paboTa Hacoca U TpPyOOIpoOBOAA C
y4e€TOM BO3HMKHOBEHHS HOBOHM (hazbl — rasa.
OTtmeTnM, 4TO BO BCEX CiydasX BO3HUKHOBE-
HUS HOBOH (ha3pl pe3KO MU3MEHSIOTCS OCHOB-
HBbIE [T0OKA3aTENH CUCTEMBI.

IIpuBe€HHBIN HaMU  JIUTEpPATypPHBII
aHaJlM3 ToKa3aj, 4To HamboJjee pacrnpocTpa-
HEHHBIMU CTaJId LEHTPOOEKHBIE U OCEBbIE
Hacockl. CTpYKTypHBIH TUIaH Hacoca Ipej-
cTaBisieT co00il HaCOCHYIO YCTaHOBKY, KOTO-
pas HMeeT an1ekmpodsuzameinb, Nnepeoamoy-
HbIU MeXaHu3m u Hacoc. JlaHHbIE HACOCHI MO-
I'yT KOMIUIEKTOBATbCS  3JIEKTPOABUIATEIEM
J1000T0 MCIIOTHEHNS U MOIIIHOCTH.

3a pyOexxoM B MOCJIEIHUE TOAbI LIHPO-

KO€ pachpoCTpaHEHHE MOJIYUYUIH MOmOp-
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PeOyKmop u d1eKkmpoogueamens ¢ nepeod-
MOYHBIM MEXAHUMOM, BbINOJIHEHHbIM 8 Yellb-
Hom Kopnyce. Ha mpakTuke, B 3aBHCUMOCTH OT
HEO0OXOIMMOCTHA OHU MOTYT KOMILJIEKTOBATHCS
¢ mpeoOpa3oBaTeseM AJIs TJIABHOTO PETyIIUpPO-
BaHUs CKOPOCTH BpAICHUs, IIPU KOTOPOM I10-
BBIIIACTCS CTOMMOCTh Hacoca. Jlis pernieHus
JAHHOM 3aJ1a4uu Mbl MPUHSIIN, YTO CMECh JIBH-
KETCS MEXIY JIONacTsIMH paboyero Koseca
napajuieIbHbIMUA CTPYHKaMU M 4YTO BHUXPEBOE
JBYDKEHUE M TOTEPU HANopa IMpH JIBUKCHUU
CMECH KaHaJIax OTCYTCTBYIOT. YUUTHIBas W3-
BECTHYIO B MEXaHHUKE TEOpEeMy 00 M3MCHCHHH
MOMEHTA KOJIMYECTBA JIBUKCHHUS:

MmyCol—mycyly
At - MI{IJ (l)

rjae M; 1 M, — Macca XKUJIKOCTH, MPOIIS/IIICH
yepes pabouee KoJeco 3a BpeMsi OT Havasa Jio
KOHIIA; | — meyo MOMeHTa KoiauyecTBa JIBU-

JKCHHS,

m = pQat @)

[; =13C0800; ¥ 1y =7,0080; (3)
C1 u Cy — BEKTOpHI a0COMOTHOM CKOPOCTH;
04 Ml Qi — YTIIBI CXO0JIa CMECH.

Tak xak MBI IMEEM JIEJI0 CO CMECHIO, TO
Macca CMECH COCTOMT M3:

m=m,+m,, 4

C y4eToM IJIOTHOCTH U 00BEMA KUIKO-

CTH W Ta3a MOKHO 3alKcaTh KakK:

eV = oV + pxVy (5)

TJI€ Px U Pr — IJIOTHOCTH JKUIKOCTH U Ta3a; Vi
u V; — 00bEMBI KUIKOCTH U Ta3a; P — MJIOT-
HOCTh Ta30-KMAKOCTHOM cMecu; V — oOmmii
00BEM Ta30-)KUIKOCTHOM CMECH.
Pemmas oTHOCUTETHLHO BPEMEHH:
PQ = prQp + Pxly (6)

rae Qu 1 Qr — 00BEMHBIN pacxof )KUIKOCTH U
rasa.

m = 'DQE!T = ﬂrQr—ﬁ + 'D)KQX_III (7)
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C npyroii CTOpOHBI:
MpCaly=myCyly

=M, ®

rac NT — TCOPCTHUYCCKAsA MOUIHOCTH Ha Bally

pabodero komeca ¢ OECKOHEYHO OOJIBIIUM
YHCIIOM JIOTIATOK, W — YTJIOBasi CKOPOCTh Bpa-
nieHust paboyero koseca, H — namop, co3gasa-
€MBII HaCOCOM.
Pemass coBmectHO ypaBHeHus (8) u
(1), umeem:
Myl -mycyly  pgQH
Al W 9)
Pabora mentpoOexHOro Hacoca xapak-

TepusyeTcs ero mnojauyeil, Harmopom, moTpeo-
JsIeMONl MOIIHOCTBIO, KO3((UIMEHTOM I10-
JIE3HOT'0 JACUCTBUS U 4acTOTOMN BpameHus. 13-
BECTHO, YTO II0JJa4€l HACOCA HA3bIBAETCS pac-
XOJl KMJIKOCTH uepe3 HalopHbIH NaTpyOokK.
Tak ke, Kak M pacxof, Mojaya MOXKeT ObITh
00BEMHOI 1 MaccoBoi. Hamop mpencrasnser
co00M pa3HOCTb SHEPTHM eTMHUIIBI Beca KH/I-
KOCTH B CEYEHUHU Hacoca I0CIIe Hacoca.

"F:l -F, T!:I.: - T"::
H=Z,-Z +—>"2
g 2g (10)

rae H — nonHelil Hamop, co3aaBacMblil Haco-

+ + hy

coMm; Zy, Z, — TreOMETPUYECKU HAMop B Haya-
Jie U B KOHIIE ycTaHOBKH; P1, P, — naBienue B
HayajJie U B KOHIIE Hacoca; Vi Vo — CKOPOCTh
MOTOKA B Hayalle U KOHLIE Hacoca; p — IUIOT-
HOCTb JKUAKOCTH; § — YCKOPEHHE CBOOOTHOTO
najienusi; ht — morepu Hamopa Ha TpeHue.

Ecnu cucrema cocrout u3 AByX ¢as, T.e.
ra3 M >KHJKOCTh, TOT/Ia TUIOTHOCTh OTIPEIEsi-
eTcs Kak:

P = Px(l - @)+ Py (11)
TAe Px U Pr — IMIOTHOCTH XKUJAKOCTH U rasa,

% _ ncTuHHOE Ta30coAepKAHME.

[IpoBeneHHBIN aHaIM3 MOKa3ajl, 4TO HC-
TUHHOE Ta30COJIep)KaHUE MOKHO OMPEICTUTh
OT 00BEMHOTO Ta30COICPKAHUS:
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=083-p (12)
rze B — 00bEMHOE Ta30coepKAHUE.
Or
5=
Or+ Qx (13)

rae Qr u Qx — 0OBEMHBIN pacxo] ra3a u Ku/l-
KOCTH.
Y4YuTBIBasA, YTO B CHCTEME CYILECCTBYET
ras, IMEeM:
— _'“P — AP)K
Oxd Oxd {1 _

1
hy

1ls

@) (14)
rae AP — nortepu 1aBi€HUS B CMECU CHUCTEMBI
ra3-KuJIKoCTh; rae AP, noTepu naBieHus st
OJTHOPOJIHOM KHUJKOCTH.

Kak BuHO, BOBHUKHOBEHHUE ra3a B I0-
TOKE XHUJAKOCTH BIUSET Ha paboTy Hacoca, T.e.
B 3aBHCHMOCTH OT OOBEMHOrO ra3ocojepika-
HUS OOIIUI HAMop, CO3/IaHHBIM HACOCOM, Me-
HAETCS.

B naHHOM cilydae M MOIIHOCTH Hacoca
TOKE MEHSIETCS:
N=QgyHp
rae Q — obmuit pacxon cmecn: Q=Q+Qx.

(15)

TakuMm 00pa3om, MbI MOJIYUUIIH YpaBHE-
HUS Hamopa M MOULIHOCTU UEHTPOOEKHOTO
Hacoca C y4eTOM pacxoja ra3a, B COCTaBe
CMECH MepEKaYMBaIOLIEr0Cs Yepe3 Hacoc.

3akiro4eHue

[TomydeHbl OCHOBHBIE YPaBHEHUS IICH-
TPOOEKHOI'0 Hacoca ¢ y4eToM ras3a, Haxoms-
merocst B cMecH. ['a3 B cocraBe cmecu u3Me-
HSeT II0Ka3aTelld Hacoca, 4To HeoOXOIMMO
YUUTBIBAaTh MPU MPOEKTUPOBAHUHU U MOCTPOIi-
Ke TpyOOIIpOBOZIOB M Hacoca. YBenuueHue /
YMEHbILIEHUE MapaMeTpOB HAacoca 3aBUCIT OT
pacxoja rasa B CUCTEME, YTO SBJIETCS aKTy-
aJIbHON MpoOIeMON B MPOEKTUPOBAHUU TPY-
OONPOBOJIOB C LIEHTPOOEKHBIMU HACOCAMH.

KoHn@uukT uHTEpECcOB

ABTODBI 3asBISIOT 00 OTCYTCTBUH KOH-
(IUKTa UHTEPECOB, CBA3AHHBIX C MyOIMKAIIH-
€l JaHHOW CTaTbH.
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Abstract
The exact debit formula for the gas-dynamic unfinished flatbed production well drilled in the un-
derground gas storage has been derived. The reservoir layer is horizontal and homogeneous; gas wells
were not completed according to the degree of opening of the storage layer, and were completed due to the
nature of the opening. The infiltration flow from the open upper part of the formation to the production
well is simple flat-radial. The flow from the unopened part to the production well is complex, if the curve
is radial. A new method was proposed to solve the problem, where a flat-bottomed production gas well
was replaced by a production gas well with a hollow hemispherical surface, all other parameters were ac-
cepted as equal in price. Using the theory of gas filtration, a formula was derived for the gas flow rate of
the second production well with a hollow hemispherical surface, which will be the exact flow rate formula
for a flat-bottomed well.
Keywords: underground gas storage, flat-bottomed well, reservoir penetration degree, gas dynamic
imperfect well, debit formula, cone bit, capital the attachment, hemispherical-radial flow,
curvilinear radial flow, flat radial flow.
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Yeralti qaz anbarinda (YQA) laymn ac¢ilma daracasine gora gazo-
dinamik tamamlanmams yastidibli hasiledici quyunun debitinin

hesablanmasi

H 1 H 2
0.9. 9liyeva“, 9.S. 9liyev
'Azorbaycan Déviat Neft va Sonaye Universiteti (Azadliq pr. 16/21, Baki 5., AZ1010, Azarbaycan)
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Yazisma iiciin:
Oliyeva Afeliya / e-mail: aliyeva.afeliya@inbox.ru

Xiilasa

Mogalods yeralti qaz anbarinda qazilmig, layin agilma doracaSine gbra qazodinamik tamamlanmamig
yastidibli hasiledici quyunun dogiq debit diisturu ¢ixarilmigdir. Qaz anbarinin layr horizontaldir va bircinslidir; gaz
quyular1 anbar layinin agilma doracaSine gors tamamlanmamigdir, agilma xarakterino gdro iSo tamamlanmisdir.
Layin agilmis yuxari hissosindon hasiledici quyuya siiziilma axini sado yasti-radialdir; asagi agilmamis hissesindan
hasiledici quyuya axin iso miirokkabdir, yoni oyri xatli radialdir. Qoyulmus masaloni hall etmak iigiin yeni metod
toklif edilmisdir, burada yast1 dibli hasiledici qaz quyusu dibi ¢okok yarimsfera sothi soklinds olan hasiledici gaz
quyusu ilo avoz edilmisdir, biitiin digor parametrlor uygun olaraq, qiymotco bir-birino borabar gobul edilmisdir.
Qazm siizilmasi nozariyyssindon istifado edorak, dibi ¢6kok yarimsfera sothi olan hasiledici ikinci quyunun gaz
debiti liglin diistur ¢ixarilmisdir ki, bu da yast1 dibli verilmis quyunun daqiq debit diisturu olacaqdr.

Acar sozlar: yeralt1 qaz anbar1 (YQA), qazin aktiv vo bufer hocmlari, kasfiyyat, qaz kemori, Sonaye istismart,
geoloji strukturlar, qaz boslugu, maksimal vo minimal tozyiglor, kegiricilik, masamalik.
DOI 10.52171/2076-0515_2023_15_02_59_63

YK 622.27.621.52
Pacuer ge0uTa ra30AMHAMH4Y€CKOI HECOBEPIICHHOM IKCITyaTaAllH-
OHHOM IJIOCKOJAOHHOM CKBAKMHBI 110 CTENEHU BCKPHITHA IJIACTA B

nmoa3eMHbIX xpanmwiaumax raza (IIXI)
O.A. AnueBa’, A.C. Ainep’

YUsepbatioocanckuii 2ocydapemeennviii ynusepcumem nedpmu u npomviunennocmu (np. Asadawie, 16/21, Baxy,
AZ1010, Asepbaiioxncan)
2HUU Teomexnonozuueckue npobaemvl Hepmu, 2aza u xumuu (yr. [. Anuesou, 227, baxy, AZ1010, Azepbaiidxcan)

ﬂ.ﬂﬂ NEePENMUCKH:

Amesa Adenus / e-mail: aliyeva.afeliya@inbox.ru

AHHOTaUUA
B crathe BmepBbie BhIBENEHA TOYHAs (popmysa nedwTa ra3a MIOCKOJOHHOW CKBa)KHHBI, Ta30IMHAMUYECKH
HECOBEPIICHHOM MO CTENEHHM BCKPBITHS IDIACTa MOJ3EMHOT0 XpaHWIHIIA Tas3a. Ilmact rasoBoro ambapa TOpH30H-
TaJIBHO OJTHOPOJICH, Ta30BhIC CKBAYKHHBI Ta30IMHAMIYCCKH HECOBEPIICHHEI M0 CTENICHH BCKPHITHSA IUIacTa ambapa u
COBEpIIICHHBI 110 XapaKTepy BCKPHITUS IUiacta. Bo BCKPHITON BepXHEH yacTd Iiacta (GMIBTPAIIUOHHBIN ITOTOK Ta3a
u3 ambapa K CKBaKHHE TUIOCKO-PaUalibHBIN, a B HIKHEH, HEBCKPBITON YacTH IUIACTa K CKBKUHE IMPOXOIUT CIIOK-
HBIM, KpUBOJMHEWHO-pAAUANBHBIA MOTOK. JIJI pelleHus MOCTaBICHHON 3aJlauM NMPEASIOKEH HOBBIH METOJ: 3/eCh
TUTOCKOJIOHHAsI OOBIBAIOIIAs ra30Basi CKBa)KMHA 3aMEHEHa CKB)XXWHOHM, 32001 KOTOPOH MMeeT BOTHYTYIO MoJycde-
pUYECKYIO MOBEPXHOCTh, BCE APYTH€ COOTBETCTBYIOIIME MapaMeTpbl NPUHATHI paBHBIMH Jpyr aApyry. Hcnoinb3ys
Teopuro (puapTpanmii rasza, BeIBeieHa (hopMyina qeduTa ra3za BTOPOH CKBaXHHBI, KOTOpas SBISETCA (HOPMYIOH TOU-
HOTO Je0UTa ra3a 3aJaHHOH IIOCKOIOHHOW CKBaYKMHBI.
KuroueBble ciioBa:  moazemMHoe xpanuiuie Taza (I[1XI), miockoloHHAsS CKBa)KMHA, CTETICHb BCKPBITHS IUIACTA,
ra30JMHaMUYecKasi HECOBEPIICHHAsI CKBaXXHHA, popMyna neduTa, MapomeyHoe A0I0To, Ka-
MU TaNb, BJIOXKEHUE, MONyCPEPHIECKUN pPaluaIbHBIN TOTOK, KPHBOJIMHEHHO-paIUaIbHBIN T10-
TOK, INIOCKO-PaAUaIbHBIA TOTOK.
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Giris

Tobii gaz yataglarinda oldugu kimi, ye-
raltt gaz anbarlarinda (YQA) da karbohidro-
gen gaziin ozliliyt lay soraitlorinds olan di-
gor fliidlarin, yani lay neftinin va lay suyunun
ozliliiklarindon dofalorls asagi olur. Ona gora
do tobii gazin siiziilmo gabiliyyati (stiziilmo
stirati) onlara nisbatoan ¢ox yiiksak olur. Bu so-
bobdoan, gaz quyular: arasindaki mosafani neft
yata-gindakindan gox gotiirtirlor.

Hom do onlarmn layin agilma daracasine
gora gazodinamik tamamlanmis deyil, tamam-
lanmamis olmalar1 maslohatdir.

Isin magsadi
Molumdur ki, quyular saroskali baltalar-
la gazilirlar vs onlar yastidibli olurlar.
Yastidibli quyunu iso salanda, orda iki
miixtolif siiziilmo axinlar1 bas verir (sokil):

1. Laymn agilmis yuxari hissasinds - yastira-
dial sads;

2. Layin agilmamuis asag hissasinds - miirok-
kab (yani ayri xatli radial aximn).

Qeyd etmok lazimdir ki, neft yataglarin-
da layin agilma daracasine gora natamam yas-
tidibli quyunun doagiq debit diisturu hals indi-
yadok ¢ixarilmamisdir. Lakin hesablamalarda
bundan forgli olarag, toxmini diisturlar ¢ixaril-
musdir [1, 2].

Lakin tobii gaz yataglarinda yaxud ye-
raltt gaz anbarlarinda (YQA) indiyadak bunun
ticiin heg cohd do edilmomisdir vo adobiyyatda
bu masals ilo baglt heg bir malumat yoxdur.

Bu mogalods, geyd edilmis masalanin
halli tiglin ¢ox maragl bir tisul toklif edilmis-
dir.

Nel No2
s s (D
[ \_T -
//, Wi /114 4 (1)1 111
- . : D P,
3 it ) . DI
=h: : l\'l: :_
i %3 ‘\‘\‘\ <
X
3 / R«
Pg
P |
S s LSS S

Sakil — Qaz anbarinda hasiledici qaz quyusunun sxemlari: 1 - yastidibli; 2 - ¢6kak yarimsfera dibli
Figure — Schemes of production gas well in gas storage: 1 - flat bottom; 2 - concave hemisphere bottom

Sokildo asagidaki serti isaralor gobul edilmisdir: Ry - gidalanma konturunun radiusu; rq- quyunun radiusu;

h - layin qalinhigy; o - layin agilmig hissasinin qalinligi; 20 - iki qonsu quyular arasindaki mosafo; Py - lay

tozyigi; Py - quyudibi dinamik tozyiq; K; - layin yuxari hissesinde qaza gors kegiricilik emsali; K; - quyu Ne2 tizro
layin agag1 hissosinin qaza goro kegiricilik omsali.
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Isin yerino yetirilmosi

Toklif  edilmis yastidibli
hasiledici qaz quyusu, dibi ¢okok yarimsfera
soklinds olan hasiledici gaz quyusu ilo avaz
edilmigdir, 6zii do bu quyularin biitiin digor
geoloji-fiziki xassalari (parametrlori) giymotca
barabar gabul edilmisdir [3].

Yeralti gaz anbarinin (YQA) agilmisg
yuxari hissasinda har iki quyular (Nel vo Ne2)

usulda

lizro cari siiziilmo siiroti asagidaki diisturla
ifado olunur, ¢iinki burada yasti radial sado
axin bas verir:

2 2
Kes dp _ K (P2=P2) 1
uq dr r

(1)

l —
R
244 P(r)In =
i
Hasiledici qaz Ne2 quyusu iizro layin
acilmamis asagi hissosindo yarim-sferik sado
axin bas verir vo cari siiziilms siirsti asagidaki
diisturla toyin olunur [4-6]:
2 2
Ke dp _ Ky, (P2—P2)
? Lg dr

1

1 1 r?
2p(r)ﬂl(r_'R

q k

(2)

Qaz anbarinin yuxari agilmis hissasinda
cari siiziilma Sathinin sahasi
F, =2arh (3)

olacag.
Hasiledici qaz quyusu Ne2 iizro laym
asagl acgilmamis hissosindo cari siiziilmo

sathinin sahasi isa:
F, =2’

(4)
olacaqdir.

Yeraltt qaz anbarinin yuxari ag¢ilmig
hissasindan hasiledici quyu Ne2-nin gaz debiti
asagidaki sokilds olacaq:

27K h(PZ—P?)

Q, =Fu, = (5)

R
Postg In L
q
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Anbarin asag1 a¢ilmamis hissasindan
hasiledici gaz quyusu Ne2-nin gaz debiti isa

Q, =Fv, = KZ(PKZﬁPqZ) (6)

1 1
2p(r)u, (E_‘ i)
olacag.

Qaz anbarinin hasiledici qaz quyusu
Ne2-nin tam qazin debiti iso asagidaki kimi

olacaq:

()

K>
T 1
ZP(T)(G—'R—k

Diistur (7) ils hasiledici yastidibli quyu
Nel-in dogiqg tam qaz debiti toyin edilir.
Belaliklo, mogalode  qoyulmus  masalo
tamamils hall edilmis olur [5, 7].

Natica

Mogalads, yeraltt gaz anbarinda (YQA)
gazilmis layin agilma doaracasine gore gazodi-
namik tamamlanmamis yastidibli hasiledici
gaz quyusunun dagiq debit diisturu ¢gixarilmis-
dir.

Qaz anbarinin lay1 horizontal vaziyystda
yatmisdir vo bircinslidir; gaz quyular: anbar
layinin agilma doracasine goro tamamlanma-
migdir, agilma Xxarakterino goro isa tamamlan-
migdir.

Layin agilmis yuxari hissasindan hasile-
dici quyuya siiziilms axini1 sads yasti-radialdir;
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asag1 agilmamis hissasindan hasiledici quyuya
axin iso miirakkabdir, yani ayri Xatli radialdir.

Qoyulmus masaloni hall etmak tigiin ye-
ni metod toklif edilmisdir, burada yastidibli
hasiledici gaz quyusu dibi ¢okok yarimsfera
sothi soklindo olan hasiledici gaz quyusu ils
ovoz edilmigdir, biitiin diger parametrlor
uygun olaraq, giymotco borabor gotiirtilmiis-
diir.

Qazin stizilmasi nazariyyssindan istifa-
do edilorak, dibi ¢okok yarimsfera sothi olan

hasiledici ikinci quyunun gaz debiti ti¢iin diis-
tur ¢ixarilmisdir ki, bu da yast1 dibli verilmis
quyunun debit diisturu olacag.

Moasaloni bu ciir hall etdikds xeyli uzun-
lugda quyularin gqazilmasi ixtisar olunur va ka-
pital goyulusuna gonast edilir.

Maraglar miinaqisasi

Milliflor bu mogalods arasdiriimas: to-
lab olunan maraglar miinagisasinin olmadigini
geyd edirlar.
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Abstract

The following issues are considered in the article: the concept of viscosity in liquids and
gases; the effect of pressure and temperature changes on the process. Dependence of viscosity of
natural gas on pressure and temperature. Based on laboratory studies, the analysis was performed
using the small squares method and an empirical equation was obtained. Determining the error in
a given value of the correlation coefficient.
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Xiilasa

Mogalods asagidaki mosalalora baxilib: maye vo qazlarda 6zliliik anlayisi; tazyiq va temperaturun
doyismasinin prosesa tosiri. Tobii qazin Ozlililyliniin tozyiq Vo temperaturdan aililigi. laboratoriya
todqiqatlarini asas gotiirarak, kigik kvadratlar metodu vasitasilo analiz aparilmis vo empirik tonlik oldo
edilmigdir. Korrelyasiya amsalinin verilmis giymotinds Xata toyin olunmusdur.

Acar sozlar:  qaz, ozlilik, tozyiq, temperatur, laboratoriya todqiqatlari.
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AHHOTaNUA

B crathe paccMOTpeHBI BOIPOCH MPUMEHUTENBHO K MOHSATUIO BA3KOCTH B JKHIKOCTAX U raszax, a
TaKXe BIMSHHME W3MEHEHUs NABJICHUS U TeMIeparypbl Ha mporecc. [lomydeHsl 3aBUCUMOCTH BA3KOCTH
TIPUPOTHOTO Ta3a OT JABJICHUS M TeMIlepaTyphl. Ha ocHOBaHWYM JTaOOpATOPHBIX MCCIICIOBAHUI BBITIOJTHCH
aHaJIN3 METOJOM MAaJIbIX KBaJpaTOB M IMOIYYCHO SMIUPUIECKoe ypaBHeHUE. OTNpeneeHbl MOrpenTHOCTH
3aJIaHHOTO 3HAYCHUS KOAPPUIMEHTA KOPPEIAIUH.

KaioueBble ciioBa:  ras3, BI3KOCTb, IaBJICHHE, TEMIIEPATypPa, 1Ja00PaTOPHBIC HCCIICIOBAHMS.
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Giris 16vhalorin  biri  horokot edir. Bu zaman
Ozliiliik tobii gaza vo mayeys xarakterik l6vhalor miioyyan siiratdo horokot edir.

olan amillordon biridir. Ozliilik maye vo
qazlarin layda, nasos vo kompressor boru-

komoarlarinda nagl edilmasinds, siixurlarin
mosamolorindo  horokoti  zamani  xiisusi
ohomiyyatli  olan parametrlordon  biridir.

Ozliiliik, yaxud gazlarda yaranan daxili siir-
tinma qilivvasi molekullarin harokati zamani

bir-birino miigavimat gostormasindon
meydana ¢ixan parametrdir.
Odobiyyatda qazlarin bu xassalori

gostorilmisdir. Lakin bildiyimiz kimi layda
gazin tazyigi va temperaturu boyiik olur. Ona
goro do bir cox parametrlorin tozyiqi vo

temperaturdan asililigi  praktikada Oziinii
gostarir.

Laboratoriya tadqiqatlar1 gostorir ki, bir
¢ox hallarda tozyiq vo temperaturun

doyismosi, bir ¢ox parametrlorin doyigmasi
hom prosesa, ham do texniki hesabatlara tasir
gostorir. Bu hesabatlara osason qazin sorfi,
tozyiqlor forgi kaskin doyisir [1-3].

Aparilan  hesabatlar  gostorir ki,
ozliliyiin tozyiq va temperaturdan asili olaraq
doyismasi gaza, dinamiki proseslora tasir
gostorir. Hesabat1 asanlagdirmaq moqgsadi ilo
gotirilmis tozyiq Vo gotirilmis temperatur
anlayisindan istifade edilmisdir.

Isin magsadi
Odabiyyatda kiilli miqdarda laborato-
riya todqgiqatlart var. Bu molumatlari toplayib,

riyazi Usullarla analiz edib, tobii qazin
dinamiki  Ozliliyiiniin  temperatur  vo
tozyigdon asliligi  verilmisdir. Mayelorda

oldugu kimi, gazlarda da ozlilik anlayisina
malikdirlor. Forz edok ki, bir-birindan
miioyyan masafods yerloson iki miistovi
16vhoalorin arasinda qaz yerlasir. Qobul edok
ki, cox boyiikk olmayan qiivvanin tasiri altinda
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Lovhoys toxunan qaz qati basqa siirot ilo
harakat edir.

Qaz tobogolori arasinda molekullarin
xaotik horakati va garsiliqli cazibs qiivvasinin
tosiri ilo yaranan daxili siirtiinma naticasinda
tist tabago ilo birlikda harokata qosulur. Lakin
tobogolor arasinda siirotlor arasi forq yaranir,
yani alt tobago st tobagonin harokatini
dayandirmaga cohd edir. Bunun naticasinda
ist tobogonin siirati alt tobognin siiratindan
¢ox olur.

Bels tobogolor arasinda laminar horokot

yaranir.  Gostorilon harokot zamani oks
istigamato  yonalmis  siirtiinma  qiivvasi
naticasinda horokat edon 16vhadon

uzaqlagdiqca gaz molekullariin siiroti azalir
Vo torponmoz 16vhods olan qazin siirati sifir
olur.

Masalonin qoyulusu

Qaz dairovi boruda axarkon laminar
rejimdo horokot edon gaz molekullarin en
kosik boyunca radiusdan asili olaraq siiratin
parabolik verilir.
Gostarilon halda boru divarinda toxunan qaz
molekullarinin surati sifira barabar  olur,
borunun moarkazinds iss siirat maksimum olur.

Bir-birino  ¢ox yaxin olan qaz
tobogalorinin arasinda mosafoni (dx) u (dr)
isaro etsok, onda tobagolor arasinda siiratin
azalmasini (du) ifado edok. Onda hesabata
stirot qradienti anlayisin1 daxil etmok olar.
Onda gostormok olar ki, gaz tobogolorinin
horokatindo  siirot  qradienti  silirlismo
deformasiyasinin siiratina barabar olur.

Hesabati aparmaq Tl¢iin hor hansi bir
noqtolor arasinda qazin hocmini nozardon
kegirok. Tobagalorin miixtalif siiratlo horokot
etdiyini  nozoro almagla qazlar hacmi

paylanmasi qanunla
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deformasiyaya ugrayir. Onda kigik bucaq
du-dt
dx
Sonuncu tanliyi basqa sokilds do ifada

etmok olur.

ticiin yazmagq olur ki, de=tg(de)=

du-dt
dr

de =tg(de)= (1)
Tonliyi asagidaki, kimido ifado etmok
olar.

du

Wyoya
dx dt y dr

_de
dt

= )

Qeyd etmok olar ki, Nyuton ganununa
gora, qaz molekullarin horokat zamani daxili
sirtinma ~ qlivvasi  bu  qiivvanin  tathiq
olundugu tobagolorin sahasi va tobagalor
arasindaki siirat geadientinin modulu ilo diiz
miitanasibdir.

du du
F=tpus—voya F=+pus—

3)
Burada p-miitonasiblik  omsali
qazin dinamiki 6zliiliyi adlanir.

Sonuncu tonlikdon qazin  dinamiki
ozliliuyiinii tapmaq olur. Nyuton qanununa
tabe olan gazlar {igiin 6zliliik invariant xassasSi
sayilir. Ozliililyiin tors giymati iso axiciliq
adlanir. Bu 6zii xarici qiivvalorin tosiri altinda
qazin axma qabliyyatini xarakerizs edir.

olub,

Masalanin halli

Qazlarin ozliiliiyli temperaturdan ash
olarag doyisir. Lakin qazin  dinamik
Ozliliylinin  ham temperaturdan, hom do

tozyiqdon asliligini ifado edon diistur yoxdur.
Baxilan isdo aparilan tocriibalor osasinda
verilmis materiala asason Ozliiliiyiin tozyiq vo
temperaturdan asliligin1 goéstormokdadir [1-5].

67

Indiki zamanda qazlarin  dinamiki
OzIliliylinin  toyin  etmok {glin  xiisusi
nozariyys yoxdur. Ona gorads nozori hesabat
naticasinds ozliliyii tozyiq vo temperaturdan
asliligt ~ yoxdur. Bunu nozoro alaraq
labaratoriya todgiqatlarina miiraciot edilir.
Xarici adobiyyatda korrelyasiya metodu kimi
tobii qazin temperaturdan asliligi verilmisdir.
Lakin burda labaratoriya todqiqatlart yalniz
atmosfer tozyiginds aparilmisdir [1].

Digor yanast  [3-5]
odobiyyatdada kiilli miqdarda laboratoriya
todqiqatlarin1  verilmisdir. Bu labaratoriya
todqiqatlarini asas gotiirarok, kigik kvadratlar
metodu vasitosi ilo analiz aparilmis vo
asagidaki emprik tonlik anlinmigdir.

metodlarla

Mpr . . 1
MLOT = (1,85 p,4-0,29- P} + 1,51)(5)8 +

(1,81P, — 0,02 - P? + 1,82)(%)4 +

(0,01-P?—0,17- B, + 1,49) (4)
Burada M, ; — gotirilmis tozyiq vo tempera-
turda tobii qazin dinamiki ozlizliyi; M, —
atmosfer soraitinds, yoni normal tozyiq vo
temperaturda qazin dinamik = Ozlilyi; Py —
gotirilmis tozyiq; T, —gatirilmis temperatur.

Burda gotirilmis temperatur vo tozyiq
asagidaki tonliklords tapilir.

T

Ty

P
Pg :ETQ =

(®)
Burda P, vo T}, - verilmis gazin bohran tozyiqi
Vo temperaturdur.

Aparilan analiz zaman1 miixtalif torkibli
qazlarmn dinamiki 6ziilliiklori nazirs alinmisdir
[6]. Bunu nazars alaraq hesabatda tobii qazin
mol torkibinds gabul olunmusdur.

Py, =X 1Yibpi VoTp, =X 1yiTy; (6)
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Natica
Burada pj;Tp; - ayri-ayri komponent- Miixtalifin todgiqgatlar: asasinda labora-
lorin béhran tozyiq Vo VY; - qarisigin mol  toriya naticolori analiz olunmusdur.
komponentidir. Verilmis laboratoriya todqiqatlar1 osa-

Aparilan hesabatlar gostorir ki, verilmis ~ sinda hesabat metodu toklif olunur.
metod asasinda hesabatlarda xotta
korrelyasiya amsalinin 0,9 giymatinds 3-5 % Maragqlar miinaqisasi

toskil edir. Miisllif bu moagqalado arasdirilmasi tolob
olunan maraqlar miinaqisesinin olmadigini
geyd edir.
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Abstract

The purpose of the work is to acquire a new type of PowerBank by applying a device obtained
using nanotechnology to an existing PowerBank. For this, a Chinese-made PowerBank was purchased in
China, and a new type of PowerBank (YPB) was developed by adding a solar battery made on the basis of
palladium silicide using nanotechnology. YPB is powered by both battery and solar panels. On the other
hand, the YPB battery can also be charged via a solar panel. The advantage of YPB is that it can work in
places where there is no mains power. When charging YPB, it can be left in the network from night to
morning, as the solar panel is automatically disconnected from the network after charging the battery.

Keywords: nanotechnologe, solar battery, silicide, palladium silicide,battery, powerbank.
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Nanotexnoloji qurgunun mobil telefonlarda tatbiqi
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Xiilasa

Isdo nanotexnologiyanin komoyi ilo alinmis qurgunu mévcud PowerBanka totbig etmoklo yeni nov
PowerBankin alinmasindan bahs olunur. Bunun {igiin Cin istehsali olan PowerBank Cin Xalq Respublikasindan
alinmigdir vo ona nanotexnologiyanin komayi ilo palladium silisid osasinda hazirlanmis giinos batareyas: olave
edorak yeni nov PowerBank (YPB) hazirlanmigdir. YPB hom akkumulyator batareyasi, hom do giinog batareyasi ila
isloyir. Digor torofdon giinog batareyasi vasitaSilo YPB-mn akkumulyator batareyasim1 da doldurmaq olar. YPB-in
tstiinlityi ondan ibaratdir ki, o elektrik sobokosi olmayan yerlordo do isloys bilor. YPB-1 dolduran zaman onu
gecadan sahara godar do sobokodo saxlamagq olar, ¢iinki giinos batareyas1 akkumulyator batareyasini doldurdugdan
sonra avtomatik olaraq sobokadon ayrilir.

Acar sozlar: nanotexnologiya, giinos batareyasi, silisid, palladium silisid,akkumulyator, powerbagnk,

DOI 10.52171/2076-0515_2023_15_01_69_73

VK 539.216.1.
IlpyuMeHeHre HAHOTEXHOJIOTHYECKUX YCTPOHMCTB B MOOMJIBHBIX

TeJieoHax
B.I'. Aimes’, X.M. Tamumos’, A.J. Mamenosa®, J:x.P. Cy;iranosa’

"MAKA - Hnemumym sxonozuu (yn. C. Axynoosa, AZ 1115, Baxy, Asepbaiioscar)
2A3ep6aﬁc)9fcaﬁc1<uﬁ 2ocyodapcemeennulil sxkonomuyeckuti ynueepcumem (yi. Ucmuenanusm 6, baxy, Azepbaiiocar)
3 dedamcruii 20cydapemeennblii KOLIeOHe coyuanbHoll sxonomuky (Aedamckuii pation, AZ1122,Baky, Azepbaiioxcan)

g.]'lf[ NEPENUCKHU:

Ixeiipan Cynranosa /e-mail: ceyranrehmetova@mail.ru

AHHOTAIHUSA

B craree paccmartpuBaercs mnpuoOpereHne PowerBank HoBoro THma myTeM IpPUMEHEHHs YCTpPOWCTBa,
MIOJYYEHHOTO C IOMOIIBI0 HAaHOTEXHOJOTHH, K cymecTBytomemMy PowerBank. [list storo B KHP Obin 3akymien
PowerBank xwuraiickoro mpousBojcTBa, a Takke pazpaboraH HOBBIM THI PowerBank (YPB) myrem no6GaBnenus
COJIHEYHOH OaTapew, M3rOTOBJIEHHOI Ha OCHOBE CHIIMIM/A NaIausl C IOMOIIBI0 HaHOTexHoJoruid. YPB nuraercs
KaK OT aKKyMYJISITOpDHOH Oarapeu, Tak M OT coiHe4HoH Oarapen. C npyroit cToponsl, akkymyinsitop YPB Takxke
MOXHO 3apsDKaTh depe3 coHeuHylo Oarapero. [IpenmymectBo YPB B ToMm, 4TO OH MOXKeT paboTaTh B MecCTax, Te
HeT snekTpoceT. [Ipu 3apsake YPB ero MoXHO OCTaBIIATH B CETH C HOYM JI0 YTPa, TaK KaK COJIHEYHas Oarapes
ABTOMATHYECKH OTKJIFOYAETCS OT CETH MOCIE 3apAIKH aKKyMYJISTOPA.

KiroueBble cjioBa: HAaHOTEXHOJIOTHUS,COJTHEUHAass Oarapes, CWIWIWA, CHIWIUA TaIaaus, aKKyMyJsTop,
powerbank.
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Giris

Miiasir zamanda mobil telefonlardan is-
tifado giindalik hayat normasma ¢evrilib. In-
sanlarin oksariyyati sohar evdon ¢ixarkon hok-
mon telefonlarimi  gotiiriib-gotiirmadiklorini
yoxlayirlar. Onlarin 90%-don ¢oxu son pulla-
rin1 belo mobil balans: artirmaga xarclayirlar.
Telefonlarin oksariyyatinin giindalik yaxud
glinasirt doldurulmaga ehtiyaci olur.

Adoton telefonlart sobokodon Adapter
(doldurucu aparat) ya da PowerBank vasitasi-
lo doldururlar. Lakin sayahst zamani vo ya so-
boka olmayan yerlordo mobil telefonlar doldu-
rulmaga ehtiyac duyulur.

Toklif olunan yeni qurgu (yeni Power-
Bank - YPB) elektrik sobokasi olmayan yer-
lordo mobil telefonlar1 doldurmaga imkan ve-
rir. YPB olavo olaraq silisid palladium — sili-
sium Sottki kontakti osasinda giines elementi
ilo tachiz olunmusdur. Giinag elementlori (gii-
nos batareyalar1) Sottki kontaktli fotodiodlar-
dan toskil olunmusdur. Sottki fotodiodlarinda
aliminium kontaktir ovozina palladium silisid
(PdSi) gotirilmiisdir. PdSi  “Oratoriya-5”
qurgusunda magnetron ¢okdiirma tsulu ilo
alimmisdir.

Isin magsadi

Nanotexnologiyanin komoayi ilo alinmis
qurgunu movcud PowerBanka totbig etmoklo
yeni név PowerBankin alinmasidir.

Masalanin qoyulusu

Giinos elementlori timumi sahasi 6 x 10
sm? olan silisium 16vhs tizorindo planar iisulla
alinmisdir. Qalinligi 300 mkm, yiikdasiyicila-
rin konsentrasiyast 1,5 x 10" sm™ olan stan-
dart silisium yarimkegirici 16vhasi 20 saniys
arzindo kimyovi asmmaya moruz qalir vo
deionizasiya olunmus suda yuyulur. Sonra
16vha 1000°C temperaturda su buxart atmos-

71

ferindo saxlanilir vo bu zaman onun tizarinda
galinligi 0,5 mkm olan silisium dioksid tobo-
gasi formalasir. Sablonlarin kémoayi ilo oksid
tobagasindon fotolitografiya tisulu ilo kigik
pancars acilir.

Har bir pancaranin sahosi 1,2 x10°
sm? toskil edir. Novbati amoliyyatda silisium
tobogasinin iizorine vakuum buxarlanma, ya-
xud magnetron ¢okdiirm iisulu ilo 200 A° ga-
linligh palladium tobagasi ¢okilir. Magnetron
¢okdiirma “Oratoriya -5 qurgusunda asagida
gostarilon rejimds aparilmisdir: qurgudaki toz-
yiq P=5 x107 paskal; hadafs verilon garginlik
U = 450 V; anoda diison caroyan siddati J =
0,3 A; ¢okdirmonin davametmo zamam T =
200 saniyo; termiki emalin miiddati,termiki t
= 30 doq, 8 saat; termiki emaldaki qaz qarisigi
— Hy+0,.

Masalanin halli

“Oratoriya-5” qurgusunda plazma al-
maq tg¢iin is¢ci maddoa Kimi argon (Ar) tosirsiz
gazi istifado olunmusdur.

Termiki emal naticasindo palladiumla si-
lisium kimyovi reaksiyaya girorok palladium
silisid omalo gotirir [1].

Reaksiyada istirak etmoyon palladium
car aragl adlanan holledicinin komayi ilo ke-
narlagdirilir. Car aragr 3:1 nisbotinds xlorid
tursusu (HCI) ilo nitrat tususunun (HNO3) ga-
risigmdan ibarat mohluldur.

Palladium kontaktinin aliiminium kon-
taktindan ¢ox boyiik tstiinliklori vardir. Belo
ki, palladium silisid yaranan zaman texnoloji
prosesdo onun iizerindo ¢ox nazik (20 A°) ok-
sid tobagosi yaranir ki, bu da onu xarici tasir-
lardon goruyur.

Sok.1-do palladium silisid asasinda yara-
dilan giinos batareyasinin bir elementi gosto-
rilmisdir.
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Sokil 1 — Palladium silisid ssasinda giinas elementi
Figure 1 — Solar cell based on palladium silicide

Giinas enerjisi ila isloyan akkumulyator
batareyalarini hazirlayarkon miixtolif név mo-
bil telefonlar tgiin palladium silisid asasinda
giinos elementlorinin sayr miixtalif olur. Ele-
mentlorin say1 NOKIA-BM10 telefonlar iiciin
on az, Smartfon telefonlar; HONOR ID,
SAMSUNG, XIAOMI va s. tipli telefonlar
ti¢lin iso daha ¢ox olur [2].

Tarofimizdan yaradilan giines batareya-
larinin Ustiin cohatlorindan biri do odur ki, on-
lar batareyani1 doldurdugdan sonra elektrik
dovrasini agir. Sok. 2-do giinos batareyasi ilo
doldurulan NOKIA-BM 10 telefonu gostoril-
misdir.

Sakil 2 — Giinog elementina birlogmis mobil telefon
Figure 2 — Mobil Phone connected to the solar element

Sok. 2-do yeni PowerBankin (PB) biitiin
hissalori aydin goriiniir, belo ki, yeni qurgu
Cin istehsali olan PB-dan, onun gapagindan vo
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palladium silisid asasinda hazirlanmis 6 x 10
sm? dlciisii olan giinas panelindon (gara rongli)
ibarotdir.

Cin istehsali olan bu PB-da giinss ele-
menti olmur, o 3,7 voltlug akkumulyatorla is-
layir.

Torofimizds hazirlanan giinos paneli sla-
vo olarag homin akkumulyatora qosulur. So-
kildo akkumulyator qurgunun igarising, gapagi
iISo qurgunun yanimnda tosvir olunmusdur. Si-
naq iiciin NOKIA-BM 10 telefonundan istifa-
do olunmusdur. Sinaq zamani akkumulyator
tam bosaldilmis vo ona paralel olaraq giinas
batareyasi qosulmusdur. Giinas energisi ilo pa-
nel akkumulyatoru 25 dogige orzinds tam dol-
durmusdur. Yeni PB hom akkumulyatrla, ham
do ayriligda giinas paneli ilo isloya bilir. Ogor
elektrik monbayi olmayan yerds olsaq, giinos
enerjisi hesabina mobil telefonlar isloys bilor.

Yeni PB-da Cin istehsali olan PB-in
gapagi kosilorok giinos panelini orada yerlos-
dirmisik (sok. 3).

Sakil 3 — Giinos elementli yeni PowerBank
Figure 3 — New PowerBank with solar cell

Molumdur Ki, istehlakgilar ¢ox vaxt mo-
bil telefonlarin1 doldurmaq tigiin axsamdan so-
horocon elektrik sobokoasido qosulmus voziy-
yatdo saxlayirlar. Noticods telefonlarin akku-
mulyator batareyalar1 slavo enerji toplayaraq
qizir, quruyur, sisir vo telefon sertifikatlagsma-
migdirsa hotta partlaya da bior. Bu isa tokcs te-
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lefonlarin xarab olmasina yox, yanginlara va
miixtolif boboxt hadisalora ssbob ola bilar.
Umumiyyatls, telefonlarin vo smartfonlarim
partlama soboblori miixtalifdir [3-7].

Azad istehlakgilar Birliyinin apardigi
todgigatlar gostarir ki, bazi telefonlar sertifi-
katlasmadan kegmayirlor vo ona goro do ho-
min telefonlarin tohliikasizliyi toamin olunma-
yib.

Nazirlor kabinetinin 1 yanvar 1994-cii il
tarixli 343 sayli gorari dorc olunmusdur. Bu
gorara oasason telefonlar vo smartfonlar moacbu-
ri olaraq sertifikatlasdirilmahdirlar. Qorara
osasan, telefon 6lkonin amtos bazarina daxil
olmamisdan ovval yoxlamadan ke¢molidir.
Ona gora do istar telefon, istarso do akkumul-
yator batareyasini alarkon orjinalin1 almaq la-
zimdir. Telefondan istifado edorkon uzun
miiddot fasilasiz danismaqg olmaz. Telefon so-
bokods dolan zaman da onunla danismag ol-
maz, yalniz telefon doldugdan sonra soboko-
don ayirib sonra damigmaq olar. Telefonun

doldurulmasi vaxti yalniz onun akkumulyator
batareyasinin tutumundan, ne¢o amper-saat ol-
masindan asilidir.  Umumiyyotlo telefonlar:
dolduran zaman onlar1 2 saatdan artiq dovrays
gosulmus voziyystds saxlamag olmaz, oks hal-
da onlarin 6mrii qisalir.

Natica

Palladium silisid asasinda alinmig giinas
panelini ononavi PowerBanka olavo edarok,
yeni n6v PowerBank (YPB) alinmigsdir. YPB
hom Giinas elementlori, ham do akkumulyator
osasinda isloyir. YPB giinos enerjisini hom
toplayir, hom do PowerBankin akkumulyato-
runu doldurur. Ona géro do YPB elektrik sobo-
kasi olmayan yerlorda do isloya bilir.

Maraglar miinaqisasi

Miislliflor bu mogalado arasdiriimast to-
lob olunan maraglar miinaqisasinin olmadigini
qeyd edirlor.
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Abstract

The recent cyber wars and their consequences in the world, the available statistical data, lay the
foundation for regular awareness raising in the field of cyber security. At the same time, in order to pre-
vent incidents that occur, it should be one of the priority issues for specialists to simulate work impact
analysis scenarios. The article gives is to explore the importance of raising awareness of cyber security th-
reats and attacks, as well as the current challenges and solutions.
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Xiilasa

Son doévrds diinyada bas veran kibermiiharibalor va onlarin naticalori, mévcud statistik malumatlar
kibertohliikasizlik sahasinds miitomadi molumatliligin artirilmasina zomin yaradir. Eyni zamanda, bas
veron insidentlorin qarsisinin alinmasit moqgsadilo miitoxassislorin iso tosir analizi ssenarilori tizorindo
simmulyasiya etmasi prioritet moasalolordon biri olmalidir. Magalada, kibertohliikosizlik tohdidlari vo hii-
cumlarina garst malumatliligin artirilmasinin shomiyyati, eyni zamanda moévcud problemlor va onlarin
halli yollar1 géstarilmisdir.

Acar sozlor:  UEBA, Dar Vidar, Trickbot, Nit Ramnit, CVE, xHelper.
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AHHOTaNUA

HenaBHne kuOepBOWHBI W WX TMOCIEACTBHS B MHUpPE, IOCTYIHBIE CTATUCTUYECKUE JIaHHBIE
3aKJIaJIBIBAIOT OCHOBY JUIsl PETYJISPHOTO MOBBIIICHHUS OCBEIOMIICHHOCTH B 00JacTH KHOEpOE30MacHOCTH.
B 1O Xe BpEMs JIA NPEAOTBpAICHUA BOSHUKHOBCHWA WHIHUJIACHTOB OJHUM U3 IIPUOPUTETHBIX BOIIPOCOB
JUTSL CTIEIIMAIICTOB JIOJDKHO OBITH MOJICITUPOBAaHHUE CIICHAPHEB aHAN3a BO3JeicTBUs Ha padoTy. [lokasa-
Ha BaXHOCTHh IOBBIIICHHUS] OCBEIOMIIEHHOCTH 00 yrpo3ax M aTakax KHOepOEe30macHOCTH, a TaKkKe O
TEKYIIUX MpoOIeMax U PeleHUsIX.

Karouesble ciioBa: UEBA, Dar Vidar, Trickbot, Nit Ramnit, CVE, xHelper.
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Giris

Insanlar kiber tohliikesizlik vo iso tosir
analizi hagqinda diisiindiikdo, bir sirkastin toh-
likasizlik cohatdon pisniyyatli soxslor torafin-
don nazarati vo idarsetmani 6z solahiyyatlori-
no kecirmo riskinin giymaotlondirilmasi kimi
qobul edirlor. Isin davamlilig1 iiciin qgarsiya
goyulan moagsad olduqda, risklor do doyisir.

Xususilo nozers alinacag mogamlar
asagida toqdim olunmusdur: Sertifikatlasdiril-
mis Informasiya Sistemlori Auditorlarinin (CI-
SA) méveudlugu; Isci heyatin uzaq mosafodon
qosulmalar ti¢iin simsiz tohliikasizliyi; Virtual
Gizli Sabokalorin (VPN) istifadssi; Sifraloma
proseslarinin tatbiqi; Coxfaktorlu identifikasi-
ya ilo aplikasiya istifadacilorin girigini idars
etmok; Istifadoci vo aktiv davranisin monito-
ringi (UEBA); On az imtiyaz prinsipinas asason
istifada¢i girisinin mohdudlasdirilmasi [1].

Istifadaci giris programmm idara
mokda gecikirsa, artiq buna digqst yetirmayin
vaxtidir. VPN istifadagilarinin soboko iizarin-
do saytlara giris-gixigin1 nazarato almaq miim-
kiindiir. Lakin soboko tizorinds apardiglar bii-
tiin amoliyyatlara fiziki olaraq nozarot etmok
cotindir. Hoddon artiq verilmis solahiyyatlo
is¢ilor malumatlar1 sohvon tohlitko altina ata
bilorlar.

Istifadagi girisinin idaro edilmosi baxi-
mindan asagidakilardan molumatli olmaq va-
cibdir: Istifadacilorin rol anlayislari; Sifro si-
yasoti; IT ekosistemindo miixtalif sobokolors,
totbiglora vo bulud xidmatlorina girisin moh-
dudlasdirilmasi; Giris Siyasatine daxilolma
vaxti vo cografi yer kimi kontekstlorin daxil
edilmasi; Masafadon qosulmalar zamani super
istifadogilora girisin mohdudlasdiriimas: [2];
UEBA-nin Toahliikasizlik Planina daxil edil-
masi.
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Istifadacinin Fardi Davramsinin Toah-
lili (UEBA). Aktiv olaraq foaliyyat gostoran
biitiin sirkatlor tohdid vo hiicumlara maruz ga-
lirlar. Bu tohdidlar va hiicumlar iki hissays bo-
lintr: daxili vo xarici. Hakerlor tez-tez mon-
foot oldo etmok ii¢iin qurumlarda fardi, eyni
zamanda maliyys molumatlarina diggst yeti-
rirlar.

Tahdidlarin garsisim almaq iiciin ati-
lacaq addimlar. Bu tip hiicumlarin olma ehti-
malinin  prognozlasdirilmasina ehtiyac var.
Hazirda istifadogi davranigini izlomak va tohlil
etmok tigiin holl yollar1 lazimdir. Bu sistem,
istifadoginin davranisi hagqinda imumi molu-
mat toplamaga komaklik edir. Bu malumatlar,
normal vo ya siibhali davranmislar: askar edir,
eyni zamanda, aldo edilon malumatlarla otraf-
daki tohliikani asanligla miisyyanlasdirir va la-
zimi gqabaglayici todbirlori vaxtinda alir.

UEBA sistemi daxili tohdidlori, hadofli
hiicumlari, maliyys saxtakarligini agkar etmok
tictin istifado olunur. UEBA hallari insanin
davraniglari, cihazlari, totbiglori, serverlari,
molumatlar: v ya biitiin qurumlarin IP adresi-
No nozar salaraq biitiin potensial tohdid edilon
anormal hallar1 agkar etmoys imkan veron
magin 6yronmo alqoritmlori vo statistik tohlil-
lor totbiq edir. UEBA sistemi adston forg edil-
moyacak sui-istifadonin va zororli davranisin
askarlanmasini tomin edir.

UEBA biitiin istifadogilori vo proseslori
izlayir va bu hadisalari 6ziinds comlayir [3].

UEBA-nm isloma mexanizmi. Istonilon
istifadocinin - malumatlarint ogurlamaqg asan
ola bilor. Ancaq sobokads 0 insan kimi dav-
ranmaq daha ¢atindir. Bu sabobdan, pisniyyat-
li haker forgli bir sokildo horokat edorkon UE-
BA hayacan veracakdir.

UEBA program tominati, yeni totbiget-
molorin (aplikasiya) baslanmasi, sobokodoki
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foaaliyyatlor vo fayl ¢ixis1 kimi istifadagi hors-
kotlorino diggot yetirir. Faylin no vaxt alds
edildiyini, kimin daxil oldugunu vs hansi faa-
liyyatds oldugunu yoxlayir. Texnologiya, siib-
holi davranig niimunalori gotiirarak pisniyyatli
hakeri tanimaga komok edir. Hiicumu dayan-
dirmag tgiin heg bir tadbir gérmaz, avazinda
hiicumu askar edar va tohdidin vurdugu ziyani
minimuma endirar.

Kiber tohliikasizlik va gizlilik perspek-
tivlori baximindan bir ¢ox qurumda bu tip
yoxlamalarin bozi formalari yerinds ola bilar.
Bununla birlikds daha uzagq masafads isloyan-
lorlo yoxlamalarin olgatanligi on az imtiyaz
prinsipino gors uygun sokildo hiidudlanib-hii-
dudlanmadigint toyin etmok lazimdir. Maso-
lon, uzunmiiddatli islayanlor qurum daxilindon
ayrilarkon (vo ya isdon ¢ixarkon) kegmis sala-
hiyyatloro sahib ola bilorlor. Bu, biitiin ssla-
hiyyat haglarini nozardon kegirmays va lazim-
siz sistem imtiyazlarinin aradan galdirilmasina
dair gostaricidir. Qurumlar bunun on yaxs1 ga-
baglayici tadbir oldugunu bilmalarino baxma-
yarag, ¢ox insan bunu miitomadi olaraq nazor-
don kecgirmirlor. Basqa bir ¢atinlik do idaroet-
mo panelins tatbig olunan qosulmalar1 gézdon
kegirmok ola bilor. Bir ¢ox qurum iscilori yerli
korporativ Wi-Fi sobokasindan kritik shomiy-
yato sahib programlari oldo etmokdon uzaq
tutmaga ¢alisarkon adaton bu siyasatlor hoyata
kegirilon miiddatds oksik icra olunur. Virusun
yayildigi miiddatdo uzaq mosafodon xidmat
gostoranlor bu middoat arzinds karantins alin-
maya bilar, bu da biitiin xarici qosulmalari no-
zarot saxlamagin shamiyyatini gostorir. Sonda
isa fordi molumatlarin als kegirilmasi daha da
boyiik digget cokon mogamlardan birdir. Isci-
lorin uzagdan qosulduglart Wi-Fi tohliikasiz
deyilso qurumdaxili sistemlor SQL va saytlar-
aras1 komanda hiicumlar1 (XSS) tigiin daha bo-
yiik bir risk dasiyir. Biitiin bunlar uzaq mosa-

77

fadon qosulan bir is¢inin qurumdaxili biitiin iT
sistemlorini vo ekosistemi malumatlarinin hor
nov riskls liz-lizo galmasi diggst markazinds
olmasinin vacibliyini gostorir.

Tamamlanmayan malumatlarin tahlii-
kasizliyinin tamin etmak iigiin strategiyanin
islonmasi. Uzagq masafodon foaliyatds istifads
olunan program tominatin1 xiisusilo nazardon
kegirmak gizlilik vo tohliikasizlik risklorini
azaltmag ticiin gortilacak ilkin tadbirlordandir.

Isin davamlihg planmi (BCP) hazirla-
yarkon asagidakilara nozar yetirmok lazimdir:
gorunmasi lazim olan hassas malumat névlori;
hossas olmayan molumatlar 6ziinds saxlayan,
Otiiron vo comlayan tinvanlar; e-pogt vo moalu-
matlarin yiiksok keyfiyyatli sifrolomasi; bulud
xidmotlori "link ilo paylasmaq" parametrlori;
veb-sayt molumatlarinin idarsedilmoasi; bir-
basa mesajlasma totbiqi program molumatlari-
nin idaraedilmasi.

Uzag mosafadon foaliyyat gostoran isci
ilo is yerinds isloyan isci arasinda adston bir-
basa mesajlasma va e-pogt foaliyyati nazordon
qgacan iki osas risk monbayidir. ki forgli mii-
hitds isloyan is¢i arasinda siiratli sokildo sual-
cavab mexanizmi ilo is foaliyyati keyfiyyatli
formada davam etso do, bu tip foaliyyat uzaq
mosafodon isloyanlor tigiin forgli effekt vers-
cokdir. Birbasa mesajlasma vo e-poct totbiqi
programlarmin yenilonmasi zamani saxlanilan,
otiirilon vo daxil olan molumatlara neca tasir
edacayini nozardan kegirmok lazimdir.

Coxlu sayda istifadaginin uzag mosafo-
don islomasini nozars alarag, isin davamlilig
Vo uzaqdan planlasdirimasi {igiin asagidaki ad-
dimlarin yerino yetirilmosi lazimdir: is¢i ci-
hazlari t¢lin tohliikasizlik yenilomolorini tot-
biq etmok; video-konfrans programlarini yeni-
lomoak; oalavs isci qiivvasi talob edon miiraciot-
lara baxmag.
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E-poctlarda vo mesajlarda olan malu-
matlar1 izlomakdan slavs, qurumlar bu tatbigi
programlarin no qoadar tez-tez yenilonmalarini
do noazora almalidirlar. Bir mesajlasma platfor-
masi iso baslamazdan ovval yiiksok riskli bir
totbiq programi hesab edilmosa do, iscilor ofis-
don konarda olduqda kritik bir totbiq halina
goalo bilor.

Bununla yanasi, toskilatlara video-kon-
frans totbigetmolorini izlomoak imkan1 verilma-
lidir. Uzaqgdan isloyanlor WebEX, Skype va ya
Google Hangouts, Teams, Zoom kimi texno-
logiyalardan istifado etdiklori tigin bu tatbig-
lorin tohliikasizliyi kibertohliikasizlik riskini
azaltmaq tigiin zoruri hala golir.

Fisinq hiicumlar va aks tadbirlar. Bir
linki Kliklomayi va ya bir oalave agmag tolab
edon bir e-pogt vo ya qisa mesaj alsaniz, 6zii-
niizo bu suali verin: “Sirkotdo hesabim var vo
ya monimla olage quran soxsi taniyirammi?”
Cavab "Xeyr" olarsa, bu bir firildaqgg1 ola bi-
lor. Isi dayandirin v fisinq firlldaqgiligini ax-
tarmaq t¢iin tolimatlar1 nozordon kegirin. Da-
ha sonra fisingo dair siibho olarsa, mesaji bil-
dirin vo hamin mesaji silin. Cavab "Bali" olar-
sa, bildiyiniz bir telefon nomrasi va ya veb
saytdan istifado edorok sirkatlo olage saxlayin.
Cihaziniza e-pogtdaki moatn mesaji deyil, ola-
valar va baglantilar (linka kegid) zararli prog-
ram tominatin1 qurasdira bilor.

Zoararli program - cihaza bulasarsa,
miixtalif nov zorarli doyisikliklor gormays da-
vam etmoayimiz ehtimal olunur. Bazilori uzag-
dan masafadon foaliyyst gdstormok liclin miix-
tolif nov programlar toklif edon, is elan1 veb
saytlarma yonlonon istifadagilori hadoflomis
va s. kimi programlar toqlid edor.

Masalanin halli
Yuxarida geyd olunan masalalarin halli
olaraq daxil olan zarali kegidlor va ya slavale-
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ro dair malumatlhi olmagla yanasi kiber tohlii-
kasizlik vasitalorindan da istifads oluna bilar.

Golir cinayatina ¢evrilma. Issizliyin
artmasi, bozi insanlara, maliyys qurumlarina
qarst kiberhiicumlar zaman: bankomatlardan
ogurlanmis pul vasaitlarini ¢ixaran nagd pullar
kimi cinaystkar gruplar tgiin islomak Kimi
yiiksok maasli, yiiksok riskli is axtarmaga so-
bob ola bilar.

Iscilori va sistemlari gorumag. Iscinin
uzaq mesafodon IT idaroetmo sistemlori qurma
gabiliyyatinin, ham tohliikasiz, ham do effek-
tiv olmasina baxmayaraq, bosluglarin va prob-
lemlorin yaranacagi qagilmazdir. Misbat hal
olard1 ki, toskilatlar, ncadon fovgelads voziy-
yato uygun olaraq masafadon foaliyyat ilo bag-
1 todbirlor planimi (DRP) hazirlamis olsun.
Burada qarsimiza osas IT avadanliglari vo
program tominatinin movcudlugu ve diger
problemlor gixir.

Toskilatlarin soboko sarhodlori vo buna
gora hiicum sathi avvalkins nishoton daha bo-
yiikdiir. Artiq toskilatlarda bir gox molumatlar
6z hiidudlarindan kanarda slds oluna bildiyina
g6ra bu molumatlara yonalmis hiicumlarin ris-
ki yiiksok soviyyadadir. Bu magamda isgilor,
xiisusilo sosial miihondislik hiicumlarina va
oxsar firilldaggiliglara gars1 daha hassas olma-
lidir [4].

Ev sabakasi. Istifadocinin ev soraitindo
bant genisliyi yiiksok olan xattdon istifado et-
mosi, zoif Wi-Fi tohliikasizliyi, sizilabilon
paylasma noqtalori vo basqa kohna protokol-
lardan istifado edarok bu tip korporativ sobo-
kolara qosularag molumatlardan istifads etma-
si do olavo olarag bu molumatlar risko atmis
olur. Bu sababdan do tovsiyys olunan kéhna
metod LAN {izorindoan sabit soboka ilo VPN
istifads edarak korporativ sabokays qosulmag-
dan ibaratdir.
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Firewall, VPN va tahliikasizlik siyasa-
ti. Soxsiyyat vo Giris Idaroetmasi (IAM) kimi
etibarli bir slages ds vacibdir. Olbatts Ki, biitiin
iscilor yalnmiz VPN ils slage qurmalidirlar. An-
cag bunun mimkiin olmayacagi voziyyatlori
do planlagdirmaq lazimdir. Masalan, proble-
min pik hoddi olarag, zadslonmis vo ya sira-
dan ¢ixmus aparat tominatin1 diisiinmok olar.
Bu zaman, bir ¢ox toskilat isgilori uzag mosa-
fodon foaliyyst tiglin 6z cihazlarindan istifads
etmok zorurati ilo tzlosirlor. Qurumlarin Mo-
bil Cihaz Idaroetma (MDM) siyasatindon vo
hassas istifadagi, virtual masin vo diger texno-
logiyalarin mévcudlugundan asili olarag, bu
programlar hom {istiinliikk, hom do risklori
meydana cixarir. Istismar miiddatini bitirmis,
nasaz ve lisenziyasiz program vo aparat tomi-
nat1 tohliikasizliyi toamin etmok ovazins isi da-
ha da miirokkablosdirir.

Zang edanin saxsiyyati. Son zamanlar
saxta zong markazlori torafindon golon zang-
lorda daloduzlug hallari ¢oxalib. Bu tip fovqe-
lads voziyyatlords hamin firildaggilar tigiin ya-
ranan an uygun sorait shalinin stress voziyyo-
tindo belo zanglora hassas olmasindan ibarot-
dir. Xususilo korporativ sobokoys uzag
mosafodon qosulma zamani bas veran xotalar-
da va gqosulmanin miimkiin olmamasi ilo bagl
golon zanglards qarst torafin kimliyinin toyin
olunmasi ¢ox 6namlidir. Bu tip risklor nara-
hatgiliglara sobob olur. Etibarli rabito kanalla-
rinda foaliyyat ugursuz vo ya nasaz olarsa, toh-
liikasizlik iscilorinin nazarati altinda olmayan
konar soxslordon dostok almaq istifadagilora
cozbedici goriino bilor. Bu identifikasiya ilo
bagl ikinci masaloni ortaya c¢ixarir. Bu prob-
lemlardan bazilari har is stansiyasinda (server)
monitoring, telemetriya vo askaretmo vasitolo-
rindon istifado edorok problemin baslangic
noqtesinds barpa edilo bilor. Ekspertiza vo
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midaxilo vasitalorinin yaradilmasi ilo uzaq
mosafadon arasdirila vo lazim goldikds cihaz-
lar1 izolo etmok miimkiindiir.

Sifrani dayisdirmayin 3 sababi. Sifralo-
rin daha giiclii sifralorlo ovaz edilmosi iigiin
mitkommal zamandir. Sifralori ad, dogum tari-
Xi, ev tinvani, telefon nomrosi va kredit karti
molumatlar: kimi vacib soxsi molumatlar: giz-
latmok tigiin istifado olunan seyfin acar1 kimi
tosovviir etmok lazimdir. Cinayatkarlar fordi
molumatlar1 soxsiyyat ogurlugu tigiin istifado
edoa bilarlar. Sifro tohliikassizliyi vacibdir, ¢iin-
ki profillarinizdoki fordi molumatlar sifrolorlo
gorunur. Ancaq har kas sifro tohliikasizliyino
ohomiyyat vermir. Toocciibliidiir ki, bir ¢ox in-
sanlar "admin", "123456", "gwerty" va s. kimi
sado sifralordon istifads edir. Ayrica, aksar in-
sanlar parollar1 birdon ¢ox hesabda tokrar isti-
fado edirlor. Sados sifralordan istifado etmok vo
onlar1 tokrar istifade etmok tohliikasizlik tigiin
monfi xarakter dasiyir. Sifrolori daha giicli
formaya gatirmok {igiin onu doyisdirmoayin 3
sababi asagida toqdim olunmusdur:

1. Sifralar onlayn yerlasdirilmis fordi
malumatlarmizin agaridir. Bir e-pogt tinvani
Vo ya istifadogi hesabimiza giris tigiin istifado
edildikds, sifro istifadoci hesablarinizin agari-
dir. O hesablarda heg¢ bir surpriz yoxdur. An-
caq istifadagi hesablarinda g¢ox vacib saxsi mo-
lumatlarin oldugunu diisiiniirdiiniizmii? inter-
netdoki bir ¢ox xidmat, islomasi {igiin sizdan
soxsi molumatlari doldurmaginizi tolob edir.
Olbatto ki, har zaman yalan molumat vers bi-
larsiniz. Ancaq masalon, bir alis-veris icrasi
zamani diizgiin malumat vermalisiniz.

Bir pisniyyatli haker profilinizi slds et-
mok tgtlin istifado etdiyiniz e-pogt va sifro
kombinasiyalarint 6yranarss, hamin profildoki
biitiin soXxsi molumatlarinizi sldo edo bilar.



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2023, cild 15, M2 2, s. 74-83
Obdiyeva-Oliyeva G.O.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 2, pp. 74-83
Abdiyeva-Aliyeva G.A.

2. Sifralarinizi yoxlayan tak siz deyil-
siniz. Sifranizi yagin ki, he¢ kim bilmir. An-
caq istifado etdiyiniz veb xidmatlorin verilon-
lor bazasinda geyd olunur. Antivirus va VPN
kimi tohliikasizlik tadbirlari ilo 6z cihazinizda-
ki molumatlarinizi qoruya bilarsiniz. Ancaq
internet xidmatlorindaki istifadac¢i hesablar si-
zin nazaratinizdan konarda galir.

Qeydiyyatda oldugu servislorin siradan
¢ixmasinin garsisini almag t¢tin heg bir istifa-
daginin eds bilocayi todbir yoxdur. No qodor
diggotli olmaginizdan asili olmayarag, istifads
etdiyiniz servis siradan ¢ixdigda molumatlari-
niz tohliike altinda galir. Hor zaman servislor-
do siradan ¢ixma riski vardir.

3. Takrar istifada olunmus sifralar di-
gar profillara tahliike yarada bilor. ©ksor
insanlar sifrolori birdon ¢ox profilds tokrar is-
tifado edirlor. Bir pisniyyatli haker hor hansi
bir hesabda istifado etdiyiniz sifronizi oldo
edoarss, ¢ox giiman ki, digor populyar xidmat-
lords do sinayacaq. Hakerlor tez-tez Amazon,
eBay, Netflix kimi bank kartt moalumatlar
olan insanlarin profillorino daxil olmaga ca-
lisirlar.

Eyni sifroni forgli yerlords tokrar istifado
edirsinizsa, shomiyyatsiz goriinan bir profil
sifrasinin oldo olunmasi agir noticalor vers bi-
lor. Hor bir profildo unikal vo giiclii tosadiifi
sifrolordan istifads olunarsa, hesabin alo kegi-
rilmasi zamani digar biitiin hesablar da deyil,
yalniz hamin hesab zarar gorar.

Unikal sifro istifado etmok, sifronizi do-
yisdirmok lazim oldugunda vaxta gonast edir.
Bir tolob yarandiqda hesabinizi qorumaq tigiin
sifronizi doyisdirmoalisiniz. Unikal bir sifro is-
tifado edarkon yalniz talob olunan hesabda onu
dayisdirmalisiniz. Eyni sifroni digor hesablar-
da istifado etmisinizso, biitiin digor hesablarin
sifrasini doyisdirmalisiniz. Biitiin sifralorin do-
yisdirilmasi ¢ox vaxt talob edir. Bu miiddat or-
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zinds hesablariniz slo kegirilo bilar. Cinayat-
karlar hor zaman slo kegirdiyi soxsi malumat-
lardan yararlanmaq tigiin onlardan miimkiin
gadar siiratli sokilds istifads etmaya calisirlar.
Bir hiicumdan sonra zaman vacib faktordur.

Giiclii sifra ils tohliikasizlik tadbirlari.
Birinci gayda eyni sifroni basga hesabda istifa-
do etmamokdir. No godar tohliikasiz sifraniz
olursa olsun, yalniz bir profilds istifads edin.

Tohliikasiz bir sifro tapmaq ¢otindir.
Uzu ciimlolor, geyri-miioyyan xarakter vo say
satirlorindon istifado edorok birini yarada bi-
larsiniz. Bir ¢ox insan usaglarinin vo ya 6z ad-
larini sifro Kimi istifads edir. Bazon bu molu-
matlar sosial sobokodon gizladilo bilor. ©n
giiclii sifrolor xatirlaya bilmadiyiniz sifralor-
dir. Sifro idaroetmo panellori giiclii tosadiifi
sifralorinizi yadda saxlamaga komok edir. Bir
sifro idaroetmo paneli istifads edorkon digarlo-
rini gérmok ti¢iin yalniz bir sifroni xatirlamag
lazimdir. Sifro meneceri ila sifralorinizi unut-
mayacagsiniz.

on taninmis zararli programlar:

Emotet — Emotet inkisaf etmis, 6z-6zii-
no yayila bilon vo modulyar bir troyandir.
Emotet oslindo bir bank sektoruna hadoflon-
mis troyan idi, ancaq son zamanlar digor pis-
niyyatli kampaniyalarda distrubuter olaraq is-
tifado olundu. Toyin olunmagdan yayinmaq
ticlin galiciliq vo gacgirma texnikalari tgiin
coxlu metodlar istifado edir. Ustolik monfi xa-
rakterli slavalor vo ya kegidlorin oldugu sox-
siyyat ogurlugu spam e-pogtlar yolu ils do ya-
yila bilir.

XMRig - Monero kriptovalyutasinin
mayning (mining) prosesi tigiin istifado olunan
va ilk dofs 2017-ci ilin May ayinda meydana
¢ixan aciq kodlu bir CPU mayning programi-
dir.

Rick Trickbot - Trickbot, tez-tez yeni
gabiliyyatlor, xiisusiyystlor vo paylama vek-
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torlar1 ilo yenilonon basqin bir bank sektoru
Troyanmidir. Bu, Trickbotun ¢ox mogsadli kam-
paniyalarin bir hissasi olaraq paylasila bilon
elastik va 6zallasdirilabilon bir manfi xarakter-
li program olmasin1 tamin edir.

Agent Tesla - Agent Tesla, keylogger
vo sifro gomisi olaraq isloyon genis bir RAT
programidir. Agent Tesla, qurbanin klaviatura
daxiletmoalarini, sistem panelini izloms, topla-
ma, ekran goriintiisiinii alma va qurbanin brau-
zerlordoki (Google Chrome, Mozilla Firefox
ve Microsoft Outlook daxil) miixtalif giris-¢1-
x1s sistemlorino aid soxsi molumatlarini alo
kegirma gabiliyyatina sahibdir.

Formbook - Formbook, miixtalif brau-
zerlordon saxsi molumatlari alo kegiron, ekran
gortntiilorini toplayan, klavis basiimalarini iz-
loyan va yadda saxlayan v fayllart C&C sifa-
rislorina gora yiiklayib istifado eds bilon bir
vosaitdir.

Nit Ramnit - Ramnit, bank sektoru iizra
FTP sifralorini, aktiv hesab kukilarini va soxsi
molumatlart ogurlayan bir troyandir.

Dar Vidar - Vidar, Windows amoaliyyat
sistemlorini hodofloyon bir moalumat vasitasi-
dir. ilk dofo 2018-ci ilin sonunda askar olun-
du. Miixtslif brauzerlordon vo rogomsal pul ki-
solorindon sifralori, bank karti molumatlarin
vo digor hassas molumatlari ogurlamag iiciin
hazirlanmigdir. Vidar miixtalif onlayn forum-
larda satildi vo GandCrab fidyo proqramini
ikinci yiik olaraq yiikloyon pisniyyatli prog-
ram olaraq istifados olundu.

Lokibot - Lokibot, tomal olaraq sox-
siyyat ogurlugu e-pogtlari ils yayilan bir Infos-
tealer-dir vo e-poct soxsi molumatlari kimi
molumatlardan slave CryptoCoin pul Kisalari-
no vo FTP serverlarino qarst sifralori ogurla-
magq ti¢iin istifads olunur.

Hawkeye - ovvolco virus yoluxmus
Windows platformalarindan istifadagilarin
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soxsi molumatlarini ogurlamaq va bunlar
C&C serverino tohvil vermok ti¢iin hazirlan-
mis bir infostealer monfi xarakterli program-
dir. ©vvalki illordo Hawkeye, e-pogt vo veb
brauzer sifralori ogurlama va keyloggingin or-
ginal islorine olavo olaraq ekran goriintiisii al-
ma, USB ilo yayilma vo daha artigini eds bil-
mo qabiliyyati oldo etdi. Hawkeye adoton
MaaS (Xidmat olaraq ziyanli program) olaraq
satilmaqdadir.

H xHelper - xHelper, 2019-cu ilin
mart ayindan bu giino qodor goriilon diger
monfi xarakterli programlar yiikklomok vo g6-
rlintiilii reklam yiiklomak ti¢iin istifads olunan
pisniyyatli programdir. Program O6ziinii istifa-
dogidon gizlads bilar va silindiyi toqdirds 6zii-
Oziinli yenidon amoliyyat sistemino qurasdira
bilor.

9n ¢ox istismar olunan tahliikasizlik
agiqlarr:

MVPower DVR uzaq masafadan kod
inyeksiyas1 - MVPower DVR cihazlarina
uzaq mosafadon kod inyeksiya edils bilon toh-
likkasizlik acigidir. Uzaq mosafo olan bir pis-
niyyatli haker, tosirlonacok yonlondiricido ha-
zirlanmig bir istokls istonilon kod inyeksiya et-
moK {iglin bu zoiflikdon yararlana bilor.

Web Server Exposed Git bazasi1 malu-
mat askarlanmasi - Git bazasinda gostorilon
bir molumat sizdiran tohliikosizlik agigi-
dir. Bu tohliikssizlik agigini ugurla istismar
edorok hesab moalumatlarinin icazasiz sokilda
ifsa edilmasi miimkiindiir.

PHP DIESCAN malumatinin acigr —
Bir informasiyanin agiga ¢ixmasini tohliiko-
sizlik PHP sahifalori bildirdi. Ugurlu sokilds
istismar olunmasti, hassas molumatlarin server-
don ifsa olunmasina yol aga bilar.

Dasan GPON routerlarinds identifi-
kasiyasim asma (CVE-2018-10561) - Dasan
GPON routerlarinds giris identifikasiyasini as-
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maq {igiin istifado olunan tohliikasizlik acigi-
dir. Bu tohliikssizlik a¢iginin ugurlu sokilda
istismar edilmasi uzaq mosafodon hakerin has-
sas molumatlart aldo etmasina va tasira moaruz
galmis sistemdo solahiyyatsiz sokildo idaraet-
manin alo alinmasina yol agir.

SS OpenSSL TLS DTLS iirak doyiin-
tiisii malumatlarimin agiga ¢ixmasi (CVE-
2014-0160; CVE-2014-0346)- OpenSSL-daki
molumat sizintis1 tohliikasizlik agigidir. Tohlii-
kosizlik agigi TLS / DTLS paketlori istifado
olunarken yaranan xotadan gaynaglanir. Pis-
niyyatli haker qosulu bir istifadaginin vo ya
serverin yaddasindaki mozmunlari agiga ¢i-
xartmag tg¢iin bu tohliikasizlik agigindan fay-
dalana bilir.

Ache Apache Struts2 moazmun tipli
uzaq mosafadan kod yeritmo (CVE-2017-
5638) - Jakarta ¢ox hissali incalayici istifado
edon Apache Struts2-da uzaq mosafodon kod
yeritmo tohliikasizlik agigidir. Pisniyyatli ha-
ker, yiikklomok istadiyiniz bir hissasi olaraq eti-
barsiz bir mazmun tipi géndorarok bu tohliike-
sizlik agigindan yararlana bilor. Ugurlu bir so-
kildo istismar olunmasi, tasirlonan bir sistem-
do tosadiifi kod inyeksiyasina sobab ola bilar.

SQL Inyeksiyasi (miixtalif metodlar) —
Bir programin daxilindoki kodlarin tohliikasiz-
lik agigindan yararlanarkon, istifadogi torafin-
don programa daxil olmus bir SQL kod sorgu-
su inyeksiyasi alavoetmo agigidir.

HTTP iizarindan komanda inyeksiyasi
— HTTP tohliikasizlik ac¢igindan bir komanda
inyeksiyasini bildirilmisdir. Uzaq moasafodoki
bir pisniyyatli haker, qurbana hadoflonmis xii-
susi hazirlanmis bir istok gondorarak bu prob-
lemdon yararlana bilor. Ugurlu bir sokilds ya-
rarlanma pisniyyatli hakerin cihazda istonilon
kodu iso salmasina sabob olur.

WordPress  portable-phpMyAdmin
Olaveali Kimlik Dogrulama Baypas (CVE-
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2012-5469) - WordPress portativ-phpMyAd-
min Plugin-do autentifikasiya bypass hassas-
lig1 moveuddur. Bu hassasligin miivaffaqiy-
yatlo istifadssi uzagdan hiicum edonlors hos-
sas moalumatlar olds etmoya va tasirlonmis sis-
temo icazasiz giris alds etmaya imkan verir.

D-Link DSL-2750B uzaq masafadan
komanda icrasi - D-Link DSL-2750B router-
lorindo uzag mosafodon kod icrasini hoyata
kegiracok tohliikasizlik agigi bildirilmisdir.
Ugurlu bir sokilds yararlanmasi, tohliikasizlik
a¢1g1 moveud olan cihazda hadofa niyyats ola-
raq istanilon kodun icrasina sabab ola bilar.

on tammms moanfi xarakterli mobil
program alatlari:

xHelper — 2019-cu ilin mart aymdan bu
giino gadoar vo digar manfi xarakterli program-
lar1 yiiklomok {igiin, eyni zamanda goriintiilii
reklamlar yiiklomok tigiin istifads olunan mon-
fi xarakterli programdir. Program 6ziini istifa-
doagidon gizlodoa bilor vo oagor silinorss 6zii-
6ziinii sistemo yenidan yiikloyos bilor.

Gerilla - Android troyani, pisniyyatli
fayllar yiikloya bilon birdan artiq ganuni prog-
ram daxilinds gizladilmis olaraq agkar olunub.
Gerilla, program hazirlayan miitoxassislor
tictin hiylali reklam galiri yaradir.

AndroidBauts - IMEI, IMSI, GPS iin-
vanini Vo digor cihaz molumatlarini genislon-
diran va tigiincii soxs programlarin va qisayol-
larin mobil cihazlara yiikklonmasino icazo ve-
ron Android istifadagilorini hadaflayan reklam
programidir [5].

Natica

Azorbaycan kiber orduya sahib doévlatlo-
rin shatasindadir. Xiisusilo oksar dovlat va st-
rateji ohamiyyatli saytlarimizin serverlorinin
xarici 6lkalords yerlosmasi ciddi tohlitko mon-
bayidir.
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Bunlar1 noazoro alarag, kibercinayotkar-
ligla miibarizs sahasinds milli potensialin giic-
londirilmasi vo kiberhiicumlarin iso tosiri ana-
lizinin aparilmast vacib amillardondir.

Maraqglar miinaqisasi

Misllif bu magalods arasdirilmas: tolob
olunan maraglar miinaqgisesinin olmadigini
geyd edir.
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Abstract

Effective control of technological systems of complex structure depends on the correct
construction of optimal control algorithms based on mathematical models of various classes of
technological processes. In process control systems, optimal control or optimization problems are
solved depending on the type of technological processes under consideration in order to ensure
the selected optimality criteria. In the presented paper, an algorithm for solving an optimization
problem based on a mathematical model of the reactor block of a catalytic cracking unit has been
developed. This algorithm ensures the conduct of the technological process in the optimal
operating mode and the optimal value of the control parameters.

Keywords: catalytic cracking unit, reactor block, regression equation, objective function.
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Katalitik krekinq qurgusunun reaktor bloku iiciin optimallasdirilma
masalasinin halli
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Xiilasa

Miirakkab strukturlu texnoloji sistemlorin effektiv idaro olunmasi miixtalif sinifdon olan texnoloji
proseslorin  riyazi modellorin bazasi asasinda optimal idaroetms algoritmlorinin diizgiin qurulmasindan
asihidir. Texnoloji proseslarin idaroetmo sistemlorinds se¢ilmis optimalliq kriteriyalarinin tamin edilmasi
moqsadi ilo baxilan texnoloji proseslarin tipindan asili olaraq, optimal idarsetmo vo ya optimallagsdirma
masalalarinin halli yerina vyetirilir. Togdim olunan mogalodo katalitik krekinqg qurgusunun reaktor
blokunun riyazi modelinin bazasi asasinda optimallasdirma mosalasinin halli ti¢iin alqoritm iglonilmisdir.
Bu alqoritm texnoloji prosesin optimal is rejimindo aparilmasini, idaroetmo parametrlorinin  optimal
giymotini tomin edir.

Acar sozlar: katalitik kreking qurgusu, reaktor bloku, reqressiya tonliyi, moagsad funksiyasi.
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AHHOTAIIUSA

OddexTrBHOE yrIpaBiIeHHE TEXHOJIOIMUYECCKUMHU CHUCTEMaMHU CJIOYKHOW CTPYKTYphl 3aBHUCUT OT
MIPaBUIILHOTO TTOCTPOSHUS ONITUMANILHBIX AITOPUTMOB YIIPABICHUS HA OCHOBE MAaTEMaTHYECKUX MOJIEIICH
pa3IMYHBIX KJIACCOB TEXHOJOTMYECKUX TMpolleccoB. B cucremax ynpaBleHHUS TEXHOJIOTHYECKUMHU
MpoLIeCCaMH PELLAIOTCS 3a]a4ll ONTUMAJIBHOTO YIIPAaBICHUS WIM ONTHUMH3AIUU B 3aBUCUMOCTU OT THUIMA
paccMaTpuBaeMbIX TEXHOJOTHYECKHX IPOLECCOB C II€JIbI0 00ECleYeHHsT BBIOPAHHBIX KPUTEPUEB
ONTHMAJILHOCTH. B mpencTaBieHHON cTaThe pa3padOTaH aJTOPUTM PEIICHHs ONTHUMH3AITMOHHON 3a1adu
Ha OCHOBE MaT€MaTH4eCKOH MOJEIN PEaKTOPHOTO OJIOKa YCTAHOBKH KaTAMTHYECKOTrO KPEKHWHTa. DTOT
AJITOPUTM 00ECIICYMBACT IMPOBEACHHE TEXHOJIOIMYECKOro MPOoLecca B ONTUMAILHOM padoueM pPeKuMe U
OTNITHMAJIbHOE 3HAUCHHUE TTApaMETPOB YITPaBICHUSI.

Kurouessle ciioBa: YCTAHOBKA KAaTAINTHYECKOTO KPEKHHIa, PEaKTOPHBIM ONOK, ypaBHEHHE
perpeccun, nenesast QyHKIuUSI.
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Introduction

As we have already mentioned, the
experience of operating oil refineries
operating in our country has shown that there
are sources for increasing their economic
performance, depending on the current state of
automation and control systems. It is known
that crude oil for processing in the
technological complex of oil refining has a
different fractional composition. In addition,
the raw material usually consists of oil
fractions from individual fields. It should be
noted that in real production conditions this
technological complex operates in the
presence of many random disturbance
influences and factors [1, 2]. At the same time,
the presence of a number of specific
characteristics of such technological systems
makes it difficult to solve the issues of their
management. Examples of such characteristics
are a wide range of regime parameters, large
measurement errors of individual parameters,
and in some cases the lack of operational
means of monitoring their measurement,
uncontrolled change in parameters, changes in
process characteristics and non-linearity, as
well as other features. It is clear that the
composition of the vacuum distillate obtained
under such conditions - gas oil will be
different. Thus, the raw material supplied to
the catalytic cracking unit contains fractions
with different potentials.

Taking into account the above, it can be
concluded that in order to obtain the
maximum amount of reaction products
(components of high-octane gasolines and
diesel fuel) from various fractional feedstock
supplied to the catalytic cracking unit, the
cracking process should be carried out in
different modes, calculated on the composition
of the feedstock. All this indicates that today,
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in a market economy and at a time when
higher and more stringent requirements are
imposed on the quality indicators of petroleum
products, the determination of the optimal
operating modes of individual devices at the
operational control level in the reactor block
of a catalytic cracking unit is a multilevel
control that be able coordinating modes of
operation of these devices, which will allow
the processing of the system.

The experience of operating a catalytic
cracking unit has shown that, depending on
the current state of automation and control
systems, there are sources to increase their
economic performance [3]. One of these ways
is the development of optimization and
optimal control algorithms that allow these
technological complexes to be controlled in
more optimal modes compared to the current
technological modes [4, 5].

Purpose of the work

In order to ensure the design of an
optimal control system for the reactor unit of
the catalytic cracking technological complex,
the development of an algorithm for
optimizing the static modes of the unit and
determining the optimal operating mode based
on base of a mathematical model that can
adequately discribe the current technological
state of the main devices of the reactor block.

Problem statement

Taking into account the above, the
mathematical formulation of the optimization
issue in the catalytic cracking unit can be
represented as follows. Objective function:

F=B0 + B1X1+ B2 X2 + B3 X3 +

+ B4 X4+B5 X5+B5 X6 —> max (1)
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The restriction to the input and control

parameters:

0.845 < X; < 0.86

222 < X, < 237

527 < X3 < 542

1.02 < X4 < 1.17 2)

1.2 < Xs < 1.47

52 < Xg <66

120 <Y< 135
where X1 — raw material quality indicator (its
specific weight); X2 — consumption of raw
materials; X3 — temperature in the reactor; X4
— pressure in the reactor; X5 — catalyst
circulation number; X6 — level in the reactor;
Y — reaction products from the reactor (high-
octane gasoline).

The issue of optimal control of the
reactor block can be formulated as follows: for
given values of raw material consumption and
quality indicators in the technological block, it
is required to find such values of control
parameters in the reactor block from the
permissible range (2), which in this case
satisfies the maximum value of criterion (1),
characterizing the optimization problem [6].

Solving of the problem

For solving of optimization problem we
use the mathematical program MathCad
taking into account the objective function and
the limitation to input and control effects.
Here:

BO = -263,021
Bl = 212,8566
B2 = -0,41509
B3 =0,416644
B4 = 46,20876
B5 = 13,27996
B6 = 0,213648

are the coefficients of the mathematical model
characterizing the production of reaction
products in the reactor block.

b0:= -263.0210807
bl:= 212.8565622
b2:= -0.415085582
b3 := 0416643967
b4 := 46.20875545
b5 := 13.27995681
b6 := 0213648489

f(xl,x2,x3.x4,%5,x6) := b0+ bl-xl + b2-x2 + b3-x3 + bd-x4 + b5-x5 + b6

Given

0.845 < x1 < 0.86
222 < x2 <237
527 < x3 <542
1.02 <x4 < 1.17
1.2<x5 <147

52 <x6 <66

p = Maximize(f.x1,x2,x3,x4.x5.%6)

0.86
222
542
1.17
147
66

f(x1,x2,%x3,x4,%5,x6) = 122.083

Based on these values, the mathematical
model of the reactor block is expressed as
follows:

Y=-263,021 + 212,8566 X1 + -0,41509 X2 -

0,41644 X3 + 46,20876 X4 -13,27996 X5 +
0,21348 X6
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Optimal base values of parameters:
X1=0,86; X2 =222; X3 =542; X4 =1,17,
X5=1,47; X6=66; Y =122,083.
The obtaining values are the optimal
values of the facility's main mode parameters.

The optimal value of the objective function:
F=122.083

The results of solving the optimization
problem for the reactor block of the catalytic
cracking unit are given in table.

Table - Results of optimal solution for reaction products

Ne Technological parameters The real values of the Optimal values of
parameters parameters

1 | X1 -raw material quality indicator (its
specific weight) 0.847 0.86

2 | X2 — consumption of raw materials 224 222

3 | X3 —temperature in the reactor 529 542

4 | X4 — pressure in the reactor 1.04 1.17

5 | X5 — catalyst circulation number 1.34 1.47

6 | X6 — level in the reactor 54 66

7 | Y —reaction products from the reactor 122 122.083
(high-octane gasoline)

Conclusion a result of solving the optimization problem

Mathematical formalization of the issue
of optimal control of the reactor block of the
catalytic  cracking is performed. An
optimization algorithm is developed that
allows to calculate the optimal operating
modes of the reactor block. Values obtained as

for reactor block.
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Abstract

The article discusses the features of protecting the stator winding of the generator from ground
faults using the voltage balance method. It has been established that this scheme can be used regardless of
the generator load regime. The regimes of closing the generator winding to the ground for the voltage
balance circuit at various Ry are considered. The simulation results carried out using the MATLAB
SIMULINK software showed that the circuit is highly sensitive with ground fault resistances up to Rs = 3
kQ. It was found that the voltage balance circuit provides protection for 70% of the generator stator
winding.

Keywords: synchronous generator, ground fault, third voltage harmonic, relay protection, generator
operation regime, voltage balance circuit.
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Xiilasa

Moagalada generatorun stator dolaginin gorginliklor balansi sxemi asasinda iglayan miihafizasinin
xiisusiyyatlorino baxilir. Miioyyan edilmisdir ki, bu sxemin somoraliliyi generatorun yiik rejimindon asilt
deyil. Miixtalif R¢— miigavimatlori {i¢lin generator dolaginin yerlo qapanmalar zamani gorginliklor balansi
rejimlarina baxilmisdir. MATLAB SIMULINK program tominati ilo aparilmig simulyasiya gostordi Ki, R¢
= 3 kQ-a godor yerlo gapanma miiqavimotlor ti¢iin bu sxem yiiksok hassasliga malikdir. Garginliklor
balansi sxemi generatorun stator dolaginin 70%-nin miihafizasini tomin edir.

Acar sozlar:  sinxron generator, yerlo gapanma, gorginliyin ti¢iinci harmonikast, rele miihafizasi,
generatorun ig rejimi, gorginliklor balansi sxemi.
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AHHOTaNUA

B craTtbe paccMaTpuBaroTcs 0COOEHHOCTH 3aIUTHI CTATOPHON OOMOTKH reHepaTropa OT 3aMbIKaHUH
Ha 3€MJII0 C TOMOIIBI0 MeToja OajaHca HaNpsDKEHHHA. YCTaHOBJIEHO, YTO 3Ta CXeMa MOXET ObITh
WCTIOJIb30BaHa BHE 3aBUCHMOCTH OT PEKMUMa Harpy3KH TeHepaTopa. PaccCMOTpEHBI peXMMBbI 3aMbIKaHHS
OOMOTKHM TeHepaTropa Ha 3€MIII0 IJIsl CXEMBbI OalaHca HamNpsHKeHWHA MpH paznudHbiX Ry Pesymbrarsl
MOJICJINPOBAaHMS, MPOBEICHHOr0 ¢ Mmomolpblo mnporpammuoro obecneuenns MATLAB SIMULINK,
MoKa3alid, 4To cxeMa o0najgaeT BBICOKOW UYyBCTBUTEIBHOCTBIO NPH COMPOTHBICHUSAX 3aMBIKaHUS Ha
3eMIII0 BIDIOTH 10 Rf = 3 kQ. BrisiBieHo, 4TO cxeMa OanaHca HanpspbkeHUi obecrieunBaeT 3amuty 70 %
CTaTOPHOM 0OMOTKH TeHepaTopa.

KiiroueBblie ¢cj10Ba:  CUHXPOHHBIN TE€HEPATOp,3aMBIKAHUE HA 3EMITIO, TPEThS TapPMOHHKA HAMPSKCHUS,
peneitHas 3aimuTa, peskuM paboThI reHepaTopa, cxema dallaHca HaIpsHKeHHH.
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Introduction

As you know, single-phase short circuits
of the stator winding to ground are one of the
most common types of damage to a
synchronous generator. This requires the
installation of reliable protections that provide
disconnection of the damaged phase of the
generator.

The main disadvantage of the circuits
used to protect the stator winding of the
generator from ground faults is the presence of
a "dead" zone. If a fault occurs near the
neutral of the generator, the protection trip
current may be less than the ground fault
current, as a result of which the protection
sensitivity will be insufficient to disconnect
the damaged phase. Therefore, to ensure the
protection of the generator, special circuits are
used that respond to changes in the third
harmonics of the zero sequence voltage.

According to the above method, the
third harmonics of the zero sequence voltage
are measured near the neutral and at the
terminals of the stator winding of the
generator. When a short circuit occurs near the
neutral, as it approaches the zero point, the
third harmonic decreases to zero, and sharply
increases at the terminals. When a short circuit
occurs at the winding terminals, the situation
is reversed - the third harmonic increases near
the neutral and sharply decreases as it
approaches the winding terminals. Thus, the
ratio of the third voltage harmonics at the

. V-
terminals and near the neutral V—“ can be used

3n

to protect the generator windings from ground
faults [1-5, 6-8].

The purpose of the work

The aim of the work is to study the
effectiveness of the voltage balance circuit for
protecting the stator winding of the generator

91

in case of single-phase ground faults near the
neutral. Table 1 shows the nominal parameters
of the considered generator.

Table 1 — Generator Ratings

850
Power (S;) MVA
Contact resistance (X'q) 0.43
Supertransient resistance (X"y) 0.25
Zero sequence inductive reactance
0.13
(Xo)
Zero sequence active resistance (R,)  0.0025
Generator winding capacitance to 0.128
ground (C,) mkF
Ground resistance (R;) 1212 Q
Tire capacity (Cy) o
pacty (- mkrF
Capacitance between circuit breaker  0.25
and transformer (Cg) mkrF
. 0.2
Transformer capacitance (Cy) mkrE

The voltage balance diagram of the
generator-transformer unit is shown in Fig.1.

System

Generator Transformer

Neutral
Grounding

Transformer

Figure 1 — Scheme of voltage balance
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G (E3@150Hz)

©

T O T T
E :|: :|:? | :|: Gp
AC (E2160Hz)

Q0

1oL .. L

| QI :|: ) :|: Gp
AC (B35 150Hz)

1 N 1

= Ca = Co cp

I
—H
—H
—1H

Figure 2 — Generator equivalent circuit in normal regime Consider the circuit for the third harmonics of
the zero sequence voltage (Fig. 3).

VN
S/

Vion VOt
379 — Xcsi? _-— Arosl2+Ct

Figure 3 — Zero sequence voltage diagram

A simplified equivalent equivalent 1
P g g Cor ==Cy+ Ce + Cep + Cop =

circuit of a generator in normal regime is 2
shown in Fig.2. Here Cgy is the equivalent =0.642-10"7 4+ 0.55-107° =
capacitance of the tires, circuit breaker and =0.614-107°F
transformer. Capacitances on the neutral and winding
The calculation is made for the values terminals.
.. 1
given in Table 1. Xo, = —j — 165260
1 -6 —7 2.1 f3-Cop
Con = ECg =0.5:0.128-107°=0.642-107'F 1
Xor = = —j172810
ot ] 2.7 f; - Cop ]
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Here f; = 150 Hz is the frequency of the Table 3 — Values of the third voltage harmonics in

third harmonic. various load regimes
After solving these equations, the
. . Vo
impedance near the neutral is calculated. Load regime
%
_ —jXon 3R

n .
= o2 Tn _ 3469.18 — j763.480
Zon = 3R X J Full load 420 349 169

Typical values of the third voltage Light load 121 100 49
harmonics in normal regime at various loads of

the generator are given in Table 2 [3-6, 11-13]. No load 210 174 84

Table 2 — Values of the third voltage harmonics in The calculation shows that under all load
normal regime

conditions the ratio % = 0.48. Therefore, the
q on
Load regime Vo (V) voltage balance circuit can be applied
regardless of the generator operating regime
No load 210 [5-7, 9,10].To analyze the short circuit regime,
the third harmonics of the voltage are modeled

as 2 sources of alternating voltage (Fig. 4)

Light load 121 Third voltage harmonics near the neutral
and at the generator terminals.

Full load 420

Near the neutral, the third harmonic of E;, = kE; (1)
the voltage: E3r = (1 —k)Es
Z
Vo = Here k=0 - 1 is the distance from the

" 0 Zon — JXot : ;
neutral to the closing point.
3469.18 — j763.48

= 210(3469.18_],763'48) — 1728 174.65V _Capacitances -Cn and C; depend on the
location of the fault:

At the generator outputs: Cn =k Cq (2)
Xot Ci=(1-k)Cqy
Vor =V, > v -
ot ® Zon — jXot . L
Consider the short circuit of one phase to
3 —j1728 3 ground (Fig. 5).
=210 (3469.18 — j763.48) — j1728 8496V
Vo + Esp = (I — )Ry (3)
The calculation of voltage third V, = (I — )Ry + E3;

harmonics for full load and light load regime is
performed in a similar way. The calculation

. Here Rt - is the ground fault resistance.
results are shown in Table 3.
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R 5
Vn:k-E3-<1——f>: ®)
4 Zn
L = A (4)
n
Ry
= k . E3 . 1 - 1
__chan Rn_]Z-ﬂ'f3-k-Cg
" Rp—jXen Solving equations (1), (2), (3) and (4)

together, we determine the value of the third
voltage harmonic near the neutral.

AG {E3@15EIHZ}

3 CQT I T Cp
;TE. {E3@150Hz)
W
1 L L., L
= Cg 5 ©B Cp
Ac (E3n@@1 50Hz) AG (E3t@150Hz)
1

T T

Figure 4 — Ground fault equivalent circuit

AC (E3n@150Hz)

A
)
Ch—=
Vn
I
Y =

(EX@150Hz)

1., Lo
Nl

Figure 5 — Equivalent circuit for ground fault regime
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Modeling
Let us consider the regime of closing the

generator winding to the ground for the voltage
balance circuit at various Ry.

The results of the simulation carried out
using the MATLAB SIMULINK software are
shown in Fig. 6.

The value of the third voltage harmonic
at the generator terminals

Vo= (-0 -B)- () ©

Es is the third harmonic of the generator
voltage.

As can be seen, the voltage third
harmonics depend on the fault point (k) and the
ground fault resistance (Ry).

18} \ — R=lohm |
—— R =100 chr

W R=1kohm
\ R =3 kohm
\\ — R=8kotm

R=15kehn |7
— R =25 kohr
R=1\Mohm |7

voltage ratio

4 . - 1 - )
¢ 0 20 30 40 £ s /0 @0 9 10
% winding turns

Yot

Figure 6 — Dependence of the ratio on the

on

location of the winding damage

As can be seen, the circuit is highly
sensitive for ground fault resistances up to R¢ =
3 kQ. The setting for the voltage relay
operation is detuned from the ratio of the third

harmonics of the voltage in normal regime.
V-
V—“ > kV,

3n

Here k,=1.2 is the safety factor.
Considering that in normal regime:

(7)

Yt 5 0.58.

Vin

V020.48,

Fig. 7 shows the dependence of the short
circuit resistance on the location of the
winding damage. As you can see, the voltage
balance circuit provides protection for
approximately 70% of the stator winding on
the neutral side.

7000 b

6000 | .

short circuit resistance, Om
3
i
/

% winding turns

Figure 7 — The dependence of the circuit resistance
on the location of the winding damage

Conclusion

The results of the research are shown
below. The voltage balance circuit is universal
and can be used to protect the stator winding
under any generator load conditions. The
circuit is highly sensitive with ground fault
resistances up to Rf = 3 kQ. The voltage
balance circuit provides ground fault
protection for 70% of the stator winding on the
neutral side.
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Enerji sisteminds dayamighgin yiiksaldilmasi va garginlik
saviyyalarinin optimallasdirilmasinin tanzimlanmasi

iiciin idara olunan FACTS-qurgularimin tatbiqi
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Xiilasa

Mogalada enerji sisteminin gorginlik dayanigligi probleminin hoalli i¢iin idara olunan FACTS
istifadasi vo optimal yerlogdirma, cihazlarin qurasdirilmig giicii va itkilorin minimuma endirilmasi tgiin
optimallagdirma Gsullarinin totbiqi mizakiro olunur. Azorbaycan Respublikasinin statik sabitliyini
artirmaq {i¢lin enerji sisteminda giic axinlarinin birlosdirilmis tonzimlayicisinin yerlagdirilmosi ilo asagi
tezlikli dalgalanmalarin dempfinin yaxsilasdirilmasi toklif olunur.

Acar sozlar: elektrik enerjisi sistemi, FACTS, idara olunan garginliyin dayaniqligi, optimallagdirma
algoritmlari, vahid enerji axini tonzimlayicisi, asagi tezlikli rogslorin soniimlanmasi.
DOI 10.52171/2076-0515_2023_15_02_97_109

V]IK 621.311
Ilpumenenue ynpapiasembix FACTS 1 moBbllIeHUs YCTOHYHUBO-

CTH U ONITUMU3ALMY YPOBHEH HANPSAKECHUI B JHEProcucreMe
A.Bb. BaidameroB

OAO  "Azepanepocu” 00O  "Asepbauddicanckuii  HAYYHO-UCCIEO08AMENbCKULL U NPOEKMHO-
uccnedosamenvckuil snepeemudeckutt uncmumym"” (yu. A. Anuzaoe 10, Baxy, AZ1005, Azepbatioscarn)

Jas nepenucku:
Banameros Ampad / e-mail: balametov.azniie@gmail.com

AHHOTANUA
B craTtbe paccmaTtpuBaercst npumenenue ynpasiasieMblx FACTS st pemenus npobiaemsl ycTOWYH-

BOCTH HAIPsDKEHUS SHEPrOCHCTEMBI W MPUMEHEHHUS METOAOB ONTHMH3AINW IS ONTHMAaJbHOTO MeEcTa

pa3MelieHns, yCTaHOBJIEHHON MOITHOCTH YCTPOMCTB U MUHMMU3ALUU TIOTEPh. [l MOBBIMIEHUS CTaTH-

4yeckoll ycroiumBocTH A3zepOaiimkanckoit 39C mpeanaraercsi yiydlleHHe JAeMIQHUPOBaHUS HU3KOUa-

CTOTHBIX KOJIEOaHHWH pa3MelIeHHEM YHU(PHUIIMPOBAHHOTO PETryJIATOpa MOTOKOB MOIHOCTEH B 3HEProCHU-

CTeMeE.

KualoueBble cioBa:  3JEKTPOIHEPTETHUECKAs CHUCTEMa, YCTOMYMBOCTD HANPSKEHUS, YIPaBISEMbIi
FACTS, anmropuTmMbl ONTHMHU3ALNH, YHU(QHULUUPOBAHHBIA PEryJIATOP IMOTOKOB
MOIITHOCTH, AeMII(pHUPOBaHHE HU3KOYACTOTHBIX KoneOaHuil.
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BBenenne

YcToitunBoCcTh paboThl YHEPTOCHCTEMBI
SIBJISICTCSL OJTHMM U3 OCHOBHBIX HAlpaBJICHUI B
MOCJICIHUE BpEeMsl  H3-3a
MEXIy CIPOCOM M TeHepalueld aKTHUBHOM
MomHocTh. [lognepkaHue ypoBHEH Hamps-
JKEHHI B y3Jlax SBJISIETCA CJIOXKHOM 3ajadeit

HECOOTBETCTBUA

TUTAHUPOBAHUS U 00ecreueHHs] HAJIeKHOCTH U
OLIEHKM DJHEProCUCTEM. Y CTOMYHMBOCTH IIO
HANPSOKCHUI0 - 3TO CHOCOOHOCTh IHEPrOCH-
CTeMBI TIOJIEPKUBATh YCTOWYMBOCTH M TIPH-
eMJIEMOE HalpsDKEHUS Ha BCeX IIMHAX SHEepro-
CHCTEMbl B HOPMAJIbHBIX YCJOBHUSX 3KCILIya-
TallUM M T1I0Clie BO3JEHCTBUSA HapyLICHHUS.
[Tpobnemsl ¢ NOArOBpeMEHHON HECTaOMIIbHO-
CTBIO HAIPSDKEHUSI MOTYT BO3SHHUKATh B CHIIBHO
Harpy’»keHHBIX CHCTEMax, rie OoJbIIoe pac-
CTOSTHHE MEXIy TEHEpaTOpOM U Harpy3KoM.
CBoeBpeMEHHOE TNPUMEHEHUE KOMIICHCAITUH
PEaKTUBHON MOIIHOCTU WM cOpOC Harpysku
MOJKET MPEAOTBPATUTH 3TOT THUIl HECTaOMIIb-
HOCTH HampspkeHus. Bo3moxxHocTn 06paboT-
KU PEAKTUBHOW MOIIHOCTH CHCTEMbI MOTYT
OBITh YJIYYIIEHBI C yCTpOCcTBaMU TMOKON CH-
CTEMBI

nepeaadu TOKa

(FACTS). IlpumMeHeHue COOTBETCTBYIOIIETO

MNEPEMECHHOTO

kontposmiepa FACTS moBwImaer ycroinyu-
BOCTb DHEProcucTeMbl. B crarbe paccmarpu-
Baercsi npumeHeHue ynpasisieMblx FACTS
JUIs  pelleHust TMpoOJeMbl  YCTOMYHUBOCTH
HaIpPsDKEHUs DHEPrOCUCTEMBI M NPUMEHEHUS
METOJI0OB ONTHUMM3ALMM JJIs ONTHUMAJIBHOTO
MecCTa pa3MeUIeHHs, YCTAaHOBJIEHHOW MOIII-
HOCTH YCTPOMCTB U MUHUMU3ALIUU TIOTEPD.
CTpyKTypa 31€eKTpOIHEpreTUUeCcKoil cu-
ctembl (O0C) AsepOaiimxkaHa XapakTepH-
3yeTcsl CyLECTBEHHOW HEOAHOPOIHOCTBIO, B
OOJIBIIIOM KOJMYECTBE 3JIEKTPOIHEpreTuiec-
KHX PEKHUMOB HAOIIOJAeTCs HepaBHOMEpHas
3arpy3ka JuHuM saekrponepenaun (JIOID),

peXUM pabOThl IIYHTUPYIOLIEH AJIEKTpPHU-

99

YECKOW CETH MOXKET OrPaHUYMBATh BO3MOXK-
HOCTh TPAH3UTHOH IMepeIayu dICKTPOIHEPTUU
[0 cUCTEeMOOOpasyronum cBs3siM. [Ipumene-
uue ycrpoiicte Flexible AC Transmission
System (ruOkue TUHHH IIEpeaadn ICPEMEHHO-
ro toka) (FACTS) no3BosiseT mpumath mac-
CHUBHOM 3JIEKTPUYECKON CETH aKTUBHBIE CBOM-
CTBa W 3a CYET ITOTO OCYIIECTBIISATH THOKOE
yIpaBlieHUE peKUMaMH pPabOTHl IHEPTrOCH-
crembl. YcrpoiictBa FACTS mno3Bomistor mo-
BBICHTH MPOITYCKHYIO CIIOCOOHOCTH JJICKTPH-
yeckoil cetu. [lemmndupoBanue MoxeT OBbITH
JOCTUTHYTO 3a CYET HCIOJIb30BAHUS APYTUX
YCTPOMCTB, YCTAaHOBIEHHBIX CHEIHAIBHO JIJIS
MOBBILICHUST ~ yCcTOWyMBOocTU.  Haymienue
YCTOHYMBOCTH DJICKTPOIHEPTETUICCKON CHC-
TEMBI, SIBISICTCS PE3YIbTaTOM IIOTEPU CHH-
XPOHHOCTH POTOpa reHepaTropa B Pe3yJbTaTe
HEJ0CTATOYHOTO JEeMIT(PUPYIOMIET0O MOMEHTA
HU3KOYACTOTHBIX KOJIeOaHUI 4acTOThl (0OBIY-
Ho 0,1-1,0 I'r), MokanbHBIE KOJIEOAHUS YacTO-
1-3 T'n. Ilpemnaraerca ymydiueHue
neMnupoBaHUsS HU3KOYACTOTHBIX KoJeOaHu

ThI

pasMenieHneM YHU(DUIUPOBAHHOTO PEryJIsATO-
pa TIOTOKOB MOIIHOCTEH B JHEPTrOCHCTEME.
O} PeKTUBHOCT NPUMEHEHHUs MPOJIEMOH-
CTpUpOBaHa Ha TECTOBOM MpHUMEpe HEOIHO-
poaHoi cetu HamnpspkeHueM 220-330-500 kB.

Ycrpoiictea FACTS B ocHOBHOM Wuc-
MOJIb30BANTUCH JUISL PELLICHUS Pa3InYHbIX 3a7a4
yIIpaBJIEHUSI PHEPrOCUCTEMONH B YCTaHOBMB-
HIEMCSl pEXHME, TaKuX Kak peryJIupoBaHUE
HANPSDKCHUS, YIPABICHHE MOTOKOM MOIIHO-
CTH Y TIOBBIIIEHHE IPOITYCKHOW CITIOCOOHOCTH.

Kak mnpaBuino, ycraHoBKa YCTPOWCTB
FACTS ¢ equHCTBEHHON IEJBIO ITOBBIIIEHUS
CTaTUYECKOH YCTOWYMBOCTH 3HEPrOCHUCTEMBI

HEpeHTa0elbHa.

Heabio cTratbu sBISETCA pacmpese-
JIEHWE PEaKTHBHOM MOITHOCTH pa3MeEIICHUEM
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FACTS BTOpOro 1nokoyieHusi ¢ 3J1€KTPOHHBIMU
YCTPOHCTBaMH, YIy4IICHHUE OeMII(pUPOBAHUS
HU3KOYACTOTHBIX KOJICOAHHH C TIOMOIIBIO

YHU(PUIIUPOBAHHOTO  PETyJIsATOpa  MOTOKOB
MOIIIHOCTEH B SHEPrOCUCTEME.
AHanmu3upyeTrcss mpoOjeMa  yCTOWYH-

BOCTH DHEPrOCHUCTEMBI 33 CYET HCIOJb30-
BaHMs CTaTHYECKOIO CHHXPOHHOI'O KOMIICH-
catropa (STATCOM) nnst yBenmudeHHs JIEMII-
bupoBaHus

QJICKTPOMCXAHUYICCKUX KOJIC-

0aHW{l OSHEPrOCUCTEMBl U  PETYIMPOBAHUS
HanpsbkeHus cuctemsl. [Ipennaraemoe komOu-
HupoBanHoe ympasienne STATCOM wu
Unified Power Flow Controllers (UPFC) my-
TE€M OIEPATUBHOTO COTJIACOBAHHOTO PETryIu-
poBaHusl Ui AeMIupoBaHUS KoJeOaHHHA
MIO3BOJISIET  YJIYUIUIUTh CTaTUYECKYIO YCTOMi-
YUBOCTh HSHEPrOCUCTEMBI. OJTH YCTpOICTBa
JIOJDKHBI OBITH JOTIOJTHEHBI BCIIOMOTATEbHBIM
KOHTPOJJIEPOM 7Sl IeMI(UpPOBaHUS HHU3KO-
YaCTOTHBIX KOJICOAHHIH.

Crpykrypa anekTpudeckoi cetn Asep-
Oaii/pkaHa XapaKTepU3yeTCsl CYIIEeCTBEHHOMH
HEOJIHOPOAHOCTBIO, B CBSI3U C YeM B OOJIBILIOM
KOJIMYECTBE DJIEKTPOIHEPIreTUYECKUX PEXHU-
MOB Ha0JII0JIa€TCsl HEpaBHOMEpHasl 3arpy3ka
JIDII, B cBsi3u ¢ yeM peXHUM padOThI IIYHTH-
pYIOILEH JIEKTPUUECKON CETH MOXKET OIpaHHU-
YUBaTh BO3MOXKHOCTH TPAH3UTHOW TMepenayu
AJIEKTPOIHEPTUU TI0  CHUCTEMOOOPa3yIOIUM
CBSI3SIM.

[Ipumenenue ycrpoiicts FACTS nosso-
JsSeT MpUAaTh MacCUBHOM 3JIEKTPUUECKOH ce-
TH aKTUBHBIE CBOMCTBA W 3a CYET 3TOr0 OCY-
IIECTBIISATh THOKOE yIpaBiIeHHE peXUMaMU
paboTsI 3HEprocuctemsi [ 1-4].

Metoa 0000IEHHBIX MOKa3aTeJeH
4yBCTBUTEJbHOCTH DIC 11 pa3MeleHust
yerpoiictB FACTS. [Ipumenenue ycTpoicTB
FACTS B »aJeKTpUYEeCKUX CeTsX TpedyeT
OTpesieNieHUs] MECT pa3MElIeHMs], HACTPONHKU

[IapaMeTpPOB YIPABJICHUS U ONTUMHU3ALMHU ITY-
TEM YIpPAaBJIEHUS MapaMeTpaMH YCTPOMCTB.
AHajiu3 HEOIHOPOJHOCTEH MOXKHO MpOU3BE-
CTM Ha OCHOBE OOOOIIEHHBIX IOKa3aTesel
JJIEKTPUUYECKONW CETH BBISIBIIEHUEM Haumbolee
YyBCTBUTEIbHBIX JIEMEHTOB M HCIOJIb30Ba-
HUEM »HTOH uHboOpMaUMU s YIy4IIEHUsS
CBOICTB 3JIEKTPO3HEPI€TUYECKON CHUCTEMBI.
Mecrta pacnonoxenust ycrpoiicte FACTS B
Azepbaitxkanckoit 99C ompeneneHsl Ha Oc-
HOBE MCIIOJIb30BaHUS MHJEKCA CTaOMIIBHOCTH
HanpsDKeHUs, YyBCTBUTEJIBHOCTH IOTEPh aK-
TUBHOW W PEAKTUBHOW MOIIHOCTH IO pEaK-
TUBHOMY CONPOTUBJICHUIO I KaXIOW JH-
HUMU.

HeonHOpoaHOCTH CXeMBbI MpUBENa K Cy-
IIIECTBOBAHUIO PA3JIMYHBIX CBOMCTB UyBCTBH-
TEIbHOCTH U C€Ha0OCTM B pa3HbIX MECTax
93C. [lorToMy Takue MOAXOABI MOTYT pac-
CMaTpHUBaThCs KaK METOJIbl aHAJIN3a HEOJHO-
POJHOCTH U €€ IPOSABIICHUMN.

[Tpu ¢pynkumnonuposanuun 33C noxasep-
raeTcsi pa3aIMYHbIM BO3AECUCTBUAM: U3MEHEHUS
Harpy3oK, KOMMYTallus D3JIE€MEHTOB CXEMBI,
M3MEHEHHUs TeHepaluil MOIIHOCTH, BO3JEH-
CTBHSI aBTOMATHKH, KOPOTKHE 3aMBIKaHUS,
Oonbiire cOpochl (HaOpOChHl) HArpys3ok, OT-
KJIIOYEeHUs1 000pyAoBaHMs, paboTa 3alUT U
[IPOTUBOABAPUIHON aBTOMATUKH.

Bo3mymienus, npukiaasiBaeMble B pas-
Hble MecTa DOC, BBI3BIBAIOT 3aMETHYIO PEaK-
IIUI0 OJIHUX M TeX K€ MapaMeTpoB peKUMa:
Npyd  pPa3HOM  JIOKAIM3aUM  BO3MYIIECHHUM
00JbIlle BCETO M3MEHSIOTCS MOJYJIU Hamps-
KEHHs] B OJIHUX U TeX K€ y3/ax, Mmeperpyxa-
IOTCSI OJTHH U T€ K€ JIeMEHTHI [5, 6].

B [5] npuBenens! pe3yapTaThl UCCIIENO0-
BaHUsS BIIMSHUS BETBEW Ha HEOJHOPOIHOCTH
AzepbaiiykaHCKOW YHEPrOCHCTEMBI HAa OCHOBE
0000IIEHHOr0 TOKa3aTeNss HEOAHOPOAHOCTH
anekrpuueckoit cetu (OC) [5].
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CoBpeMeHHBIE MOIIIHBIE YHEPTOCUCTEMBI
XapaKTePU3YIOTCSl TPUMEHEHHUEM YCTPOWCTB
FACTS nns moBbIIICHHs] TMPOMYCKHOHM CIO-
COOHOCTHU JMHMA W yMEHBIIEHUS TMOTEPh B
Hux [6-7].

Lenbto TaHHOM CTAaThU SIBJISIETCS aHAIIU3
MecT pacnojiokeHus: ycrpoiictB FACTS nHa
OCHOBE HCTOJIh30BaHUS MMOKa3aTelNel, KaKk H-
JIEKC CTAaTMYECKOM YCTOMYMBOCTH HallpsiKe-
HUS, YYBCTBUTCIBHOCTh TOTEPh AKTHBHOW W
PEaKTUBHON MOIIHOCTH IS Ka)KI0M JIMHUU.

Hcnonab3oBanne o0paTHOl MaTpPHIbI
Sxo6u u oOpaTHOii MmaTpuubl Z. /{15 BbISB-
JICHUS] CEHCOPHBIX Y3JIOB, MapaMeTphl PeKUMa
KOTOPBIX Hauboiee YYBCTBUTCIIbHBI K TaKHUM
BHCIIHUM BO3MYUICHHAM, KaK U3MCHCHUSA aK-
TUBHBIX W PCAKTUBHLIX HArpy30K, MOXHO HC-
10JIb30BATh

[5]:

JIMHCAPU30BAHHOC  BBIPAKCHUC

6P aP
AP\ [Gs0u |\ (46
(AQ>_ 5050 | (ap) (1)
26 oU
M3BecTHO, YTO dJIEMEHTBI OOpaTHOM

MaTpuibl SIKoOM XapaKTepU3yloT CTEleHb
BIIUSIHUSL U3MEHEHUS aKTUBHBIX M PEAKTUBHBIX
HArpy30K B y3J€ | Ha u3MeHeHus (a3 u MOIy-
neil HanpspkeHuid B y3ne 1. Ilpu stom ecnm
3HAYEHUS! JAMATOHAJBHBIX AJIEMEHTOB MaTpu-
1l SlkoOu 3HauMTEeNnbHO OOJIbLIE HAJ| Helua-
TrOHAJIbHBIMU, TO U3MEHEHUS (ha3 HanpsKEHUI
B y3Iie 1 B OOINbIICH Mepe ONpenensioTcs u3-
MEHEHUSIMU aKTUBHBIX HAarpy3ok, a H3MeHe-
MOZYJIEH HaIpsSKECHUN
PEaKTUBHBIX HArpy30K B 3TOM Y3JI€.

HHA -U3MCHCHUAMU

NnenTnduxkanuss  4yBCTBHTEJIbHBIX
Y3JI0B C LeJbI0 HAWIYYIIero pa3sMelleHust
YCTPOMCTB JIi KOMIIEHCAIIUU PeaKTUBHOM
MOIIHOCTH. /{151 3TOM 1enu B [5] mpennaraer-

Csa UCIIOJIB30BaTh IIOKa3aTeClib, KOTOpBIﬁ Ha3bI-
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BaeTCsA II0KAa3aTeJIeM CTaTUYECKOM yCTONYH-
BOCTH 10 Hampspkenuto (Static Voltage Stabil-
ity Index - SVSI). Dror mokasaTeib MOKHO
UCTIOJIB30BaTh ISl OTPENCICHUS MECTOIOJIO-
xenust FACTS B OC. Ilokazatens craruye-
CKOW YCTOWYHMBOCTH TI0 HANPSDKCHHIO IS

HpOCTOﬁ MOACINU JIMHHUU C ,Z[BYMH y3J'IaMI/I
NMECT BU.
2 \/xz +R2)-(P2+Q%) -
- VE-2X,Q; - 2R,P,

Hcnonb3yercst Takke, YCKOPEHHBINA I10-
Ka3arelb CTATHYECKOW YCTOHYMBOCTU IO
nanpspkenuto (Fast Voltage Stability Index -
FVSI). PaccuntanHbplii 111 BCeX BETBEH 3TOT
[I0Ka3aTellb MOJKET OBITh HCIIOJIB30BaH IS
OTIpe/IeNICHUs] YyBCTBUTEIBHBIX y370B. Ormpe-
JICJICHUE TaKWX Y3JIOB OCHOBAaHO Ha MAaKCH-
MaJIbHOW pEaKTUBHOMN Harpyske.

W3BecTHO, 4TO eciu y3en | sBIsIeTCs
HAYaJIOM JIMHUH, TO HANpsDKEHHWE KOHIA JIH-
HUU ONpeeNseTcs U3 ypaBHeHHsI OalaHca pe-
aKTUBHOM MOILIHOCTH:

2
X+R—

X JQ"

VYcioBueM, npu KOTOPOM JAHHOE ypaB-

VS

J

0

(Esin S5+ coséSjViV. +(
X J

HCHUC HMECT IMOJIOXKUTCIIbHOC PCIICHUC, SB-

JSEeTCS:
47°Q X
_ Q <1
V7 (Rsin &+ X cosd)
[Ipu yuere ycnoBusa o =~ O umeeM:

47°Q.

oie Tj = @)
VX

rae Z MoJIHOe CONMPOTHBIICHHUE JIMHUU, X pe-
aKTUBHOE COIPOTUBJIEHHE, Vi HANpSIKEHHUE B
Hayaie, Qj peakTHBHAas MOIIHOCTb B KOHIIE
JIMHUM.

Haubonee yyBCTBUTENBHBIE Y3IIbI COOT-
BETCTBYIOT y3jJaM C MEHBIIMMHU MaKCHMajb-
HBIMU PEaKTUBHBIMH Harpy3kaMmu. J{is ycToii-



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2023, cild 15, M2 2, s. 97-109
Balametov A.B.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 2, pp. 97-109
Balametov ©.B.

4ypBOro cocTosHUs JC Ky IPUHUMAET 3HaYe-
Hus ot 0 mo 1. Kyw=1 mpencraBusier coboii
HEYCTOMYMBOE cocTostHue. Jljisi ycToMunBOi
CUCTEMBI Ky JOIDKEH IOIJEPKUBATHCS Ha
YPOBHE 3HAUUTEIILHO HUXKE YeM 1.

YyBCTBUTEJBHOCTh NMOTEPh PeaAKTUB-
HOM MOIIHOCTH MO PeryJupyeMoMy mnapa-
MeTPY THPHCTOPHO-YIPaBJIAEMOI0
pojabHOoro kommencaropa (TYIIK).

npo-
s
TVIIK, ycTaHOBJIEHHOrO Ha JIMHUU MEXIY
y3JIaMH | ¥ | pEaKTUBHOE COMPOTHUBIICHHUE JIU-
HUHU MOYKHO paccMaTpuBaTh B KaueCTBE peEry-
JUpyeMoro mnapamerpa. Torjga 4yBCTBUTEIb-
HOCTb IOTEPh PEAKTMBHONW MOIIHOCTH IO pe-
rynupyemoMy napamerpy TVYIIK  MoxHO
MPEJICTaBUTh B BUJIE

OX.;

[

2 2
ry =X
2 2\

(ru +Xij)

Ilocnennee YpaBHCHHUEC ITOKA3bIBACT, YTO

= V2 +VZ -2V, coss, | (4)

ij

yeM  Oosiblie KO3 GUIUEHT

TCJIBHOCTH, TEM OoubIIIe nepegaromas  CIo-

YyBCTBU-

COOHOCTB JIMHUU BO3PACTAET IOCIIE YCTAaHOBKU
TVYIIK.

Jlnst BceX JTMHUN ONpenensioTcs WHAEK-
Cbl YYBCTBUTEIBHOCTH, U Ul pa3MeIleHUs
TYIIK BeIOMpaercs JHMHUS € HAUOOJIBIIUM
MOJIOKUTEIBHBIM HHAEKCOM YYBCTBUTEIBHO-
CTH NOTEPh PEAKTUBHOM MOIITHOCTH.

YyBCTBUTEJIBHOCTh IOTEPh AKTHBHOM
MOIIHOCTH. YyBCTBUTEIBHOCTh NOTEPH aK-
TUBHOM MOIIHOCTH NpPH Tepenaye Mo IMpo-
JOJIBHOMY  PEAKTUBHOMY  COIIPOTHUBIICHHUIO
OTIpeJIeNIAeTCs CIeIyIOIUM 00pazomM
_ P

ij

b

= 2]V +VZ -2V, coss, |- G,B, (5)
ij
B obmem ciyqae, uem 6ombie ko3¢ du-
[UEHT YYBCTBUTEIBHOCTH, TeM OOJbIIE Tepe-
Jaroriasi CoCOOHOCTh JTMHUH BO3pAcTaeT Io-
cie ycranoBku TYTIK.
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WccnenoBanusi 1o BBISIBIEHUIO CEHCOP-
HBIX 3JEMEHTOB A3sepOailJukaHCKOH sHepro-
CUCTEMBbI OBLITU MPOBEJICHbI HA IPUMEPE IKBU-
BAJICHTHOM CXEMBbI, cocTosied U3 24 y3J0B U
26 BerBed. [nsg omnpeneneHus MokaszaTeneit
YyBCTBUTEIBHOCTH ObLTH MpoBeaeHbl PYPOC.
Haubonee 4yBcTBUTEIBHBIMU SIBISIOTCS MO/I-
cranuuu A3-00C22: 1 - TOC-A3, 3 - MuH-
I'DC, 5 - AGmepoH, 7 - Xsipaanad, 10 - Cym-
raibiT-TOC, 18 - ['oBcansl, 23 - Armpkadeau.

AHanM3 2JIEMEHTOB MaTpHIlsl SkoOu
MOKAa3bIBAaeT 3HAUMUTEIbHOE MpeobiagaHue
JUArOHAJIBHBIX 3JIEMEHTOB. Jluarpamma ycko-
PEHHOTr0 TOKa3aTelil CTaTUYeCKOW YCTOMYH-
BOCTH [0 HANPSOHKEHHUIO AJsl BeTBel 24-x y3-
JIOBOM CXEMBbI pUBEJEHA Ha pucC. 1.

W3 puc.l cnenyer, 4yro Hambojee 4yyB-
CTBUTEJIBHBI K U3MCHEHUSM aKTUBHBIX Harpy-

30K (pa3bl HanpsbKEeHUH B y3nax 4, 5, 6.

File Edit Wiew Insert Tools Deskiop ‘Window Help

D He | ARG ODRDEL- (2|08 O

025

10

15 20 25 il

Pucynok 1 — JluarpaMMa 4yBCTBUTENIbHBIX BETBEH Ha
OCHOBE YCKOPEHHOI'0 HH/IEKCA yCTONYMBOCTH

Figure 1 — Diagram of sensitive branches based on the
accelerated stability index

K wu3MeHeHMsIM peaKTHBHBIX Harpy3ok
HanOoJiee YyBCTBUTENBHBI Y3IbI 2, 3, 6. Mak-
CUMaJbHbIE 3JIEMEHThl MaTpullbl Z (Auaro-
3JIEMEHTHI)

HaJIbHBIE XapakTEPU3YIOLIUe
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HamOoJee CEHCOPHBIC Y3IbI COOTBETCTBYIOT
y31am 5-7.

Jns HaxoXXIeHWsl JIy4IIero Mecra it
pasmemenust TYIIK Taxke MoxeT ObITh HC-
MOJIb30BaH aHAJIU3 YYBCTBUTEIbHOCTH. Cy1ie-
CTBYIOT HECKOJIBKO MHJIEKCOB JUISl HMCIOJIb30-
BaHUs NPU HAXOXKJIECHUU ONTUMAJILHOIO MECTa
ycranoBku TYTIK.

MeToabl ONTHMH3ALUM JHEpPreTuyec-
Koii cucrembl ¢ ycrpoiictBamu FACTS.
YcerpoiictBo FACTS Ha nuHumM snektpornepe-
Ja4yd UrpaeT BaXHYIO POJb B MOJACPKAHUH
YCTOMYHMBOCTU SHEPTOCUCTEMBI. 3a MOCIIeTHUE
BpeMsl ObUIM TPEUIOKEHBI M PEaM30BaHbI
pa3UYHbIE METOJBI ONTUMHU3AINH C yCTPOW-
ctBamu FACTS. Tlocnennue NOCTHIKEHUS B
KOMIIBIOTEPHON HMHXEHEPHUH W  CIIO0XKHOCTB,
CBSI3aHHAsI C ONTHUMH3AINEH YHEPTOCHCTEMBI,
IPUBEIN K HEOOXOJIMMOCTH pPa3pabOTKU Me-
TOJIOB NPOrPaMMHUPOBAHUS, KOTOPbIE MOKHO
UCIOJIb30BATh JIUIsl TOUCKA ONTHUMAJIBHOIO Me-
cra ans pasmernenus ycrpoicte FACTS. K
HUM OTHOCSTCS JMHAMHYECKOE MPOTpPaMMH-
poBaHue, MeTOApl MHOXkuUTenen Jlarpanxa,
IBPUCTHUYECKHUE METOIbl W HBOIIOIMOHHBIC
METO/IbI, TAKHE KaK TeHETHIECKUE alITOPUTMBI.
OTH METOJIbl YacTO HCHOJIB3YIOTCS B KOMOU-
HAllMd MHOTUMH JIPYTHUMH METOJAaMH HHTEI-
JIEKTYaJIbHBIX CHUCTEM, BKJIIOYas MCKYCCTBEH-
ueie Heiiporasle cetn (MHC), skcnepTHbie
cuctemsl (IC), anroputmsl Tady-nioucka (TC)
n Heuetkyto joruky (HJI) [7]. TIpoGrema
pa3memienus ycrporictB FACTS pemraercs
TaKXKe C WCIOJIb30BAaHHEM JBPUCTHUECKUX
METOJZIOB ONTHMH3AIUHA, KOTOPBIE Pa3HOO0-
pa3Hbl ¥ IOCTOSTHHO COBEPILICHCTBYIOTCH.

Cospemennsie ycrporictBa FACTS Tpe-
OYyIOT COBPEMEHHBIX MOIXOJOB HCIBITAHUNA M

TCCTUPOBAHMUA. Ot KOMIICHCATOPbI TaKKC

MO>KHO MCIIOJIb30BAaTh JUUIsl YMEHbBILEHUS KOJle-
OaHui HaIIPSDKEHUSL.

KparkoBpemeHHbIC TTPOOIEMBI C YCTOM-
YUBOCTHIO HAIPSHKEHUS OOBIYHO CBSI3aHBI C
OBICTPOI peakiueil peryasaTopoB HaMPSHKEHUS
(APB renepaTtopoB) U CHJIOBBIX JJIEKTPOHHBIX
npeoOpa3zoBareneil, Takux Kak Te, KOTOpbIe
BCTpEUaIOTCs B TUMOKOM cuCTEMeE Ieperadyu
IIEPEMEHHOT0 ToKa. B ciywae perynstopos
HAIpsDKEHUST HEYCTOMYMBOCTH —HAIPSKEHUS
0OBIYHO CBSI3aHa C HENPABUIbLHON HACTPOIKOM
CHUCTEMHBIX KOHTPOJLJIEPOB.

IIpumenenne ycrpoiictB FACTS nas
ralieHusi HU3KOYACTOTHBIX KoOJIe0aHUH B
HeprocucremMax. OCHOBHBIM IpeuMylIe-
ctBoM CTATKOM-a u yHuuUIHpoBaHHOTO
peryisitopa motoka momHocTu (YPIIM) sB-
nsieTcs ObIcTpozeiicTBue. BpeMs nepexona u3
pEeKMMa MaKCUMAJIbHON BBIPAOOTKU PEaKTHUB-
HOM MOIIHOCTH B PEXHM MaKCUMAJIBHOTO IO-
Tpebnenus coctanmser meHee 0.01 cexk.

Y CTOWUYMBOCTh JHEPrOCUCTEM BBI3BAHA
CJIOHBIMU B3aUMOCBSI3SIMU U SIBJISIETCS TJ1aB-
HOM 1po0IeMOi IHEPTOCUCTEMBI.

B 99C moxer nepecrarh obecrieunBaTh
aZieKBaTHOE JAeMI(upoBaHUE [UISI MEX30-
HAIBHBIX KOJEOAHWU W Bapualnuu TPOoQUiIs
HATPSKEHUS. [Ipumenenue YCTPOWCTB
FACTS wmoxetr oOecneunBath 3(pQeKTUBHOE
nemMnupoBaHre HU3KOYACTOTHBIX KoJeOaHui
U yAY4IIUTh YPOBHU HANPSHKEHUH B y37ax.

YHuGUUIUpPOBaHHBIM PEryasaTop MOTOKa
MOIIIHOCTUA SBJIIETCSI Hambojee TMepcriek-
TUBHBIM ycTpolicTBoM B KoHuenmuu FACTS.
OH uMeeT BO3MOXXHOCTH PETYJIMPOBaTh TPU
napaMmeTrpa YInpaBlieHHUs, TO €CTh HAMpsHKEHHE
Ha LIMHE, PEaKTUBHOE COMPOTUBIICHUE JIMHUU
nepenavyu ¥ (HazoBbI yroll MeXAy JBYMS IITH-
HaMH OJTHOBpeMEHHO wiu HezaBucumo. UPFC

BBITIOJIHACT O3TO IIOCPEACTBOM  YIIPABJICHUSA
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cuH(A3HBIM HAIPsDKEHHEM, KBaJpaTyPHBIM
HaIpsDKEHUEM U KOMIIEHCAllMeN 1IyHTA.

UPFC mosxer ympaBisiTb TpeMs Iapa-
METpaMHU yIpaBjieHus Ju00 MO OTAEIbHOCTH,
700 B COOTBETCTBYIOIIMX KOMOWHAIUSAX Ha
CBOEM IOCIIEZI0BATEIHLHO COCTUHEHHOM BBIXO-
1€, COXpaHsis MPH 3TOM MOJAJIEPKKY PEaKTHB-
HOM MOIIIHOCTHM Ha CBOEM MapajieIbHOM BXO-
€.

OO6menpusHano, 4To 100aBJICHHE [0-
noJHUTEIbHOTO KoHTpoiwiepa k UPFC moxer
3HAYUTENIBHO  yAYYIIUTh JAeMI(QUPOBAHUE
sHeprocucteMsl. [103TOMy OBLIO MPEATOKEHO
HECKOJIbKO CXEM VIpaBICHUS JJIs BBIMOJIHE-
HUS 33241 JeMIPUpOBaHus KoneOaHuil.

Nwmeercs monbiTku pasmemenns UPFC
JUIS  SHEPrOCUCTEMbl Ha JIMHUU 3JEKTpPO-
nepegayd C JABYMS 30HaMH Ui JeMIi(u-
pOBaHMs pexuMa KoJieOaHUM MEXIy ydacT-
KaMH.

beut npenoxen [1M-kouTpomiep ¢ He-
CKOJIbKUMH BXOJIaMH U HECKOJIbKMMHU BBIXO-
namu. [lokazaHo durto, eciau OGosee OIHOTO
koHTpoiutepa UPFC, Takoro xak KoHTpoIiep
MTOTOKAa MOIIHOCTH, KOHTPOJUIEP HANPSKEHUS
MIEPEMEHHOT0 TOKAa M KOHTpOJUIEp HampsKe-
HUSl TMOCTOSIHHOTO TOKa, OBLIM pa3padoTaHBbI
OTIENbHO, IUHAMMYECKOE B3aMMOJCHCTBHE
MEXIy pPa3IUYHbIMU KaHAJaMH yIpaBJICHUS
MO’KET HapyllaTh yCTONYUBOCTb CUCTEMBI.

Pa3zpa®oTanbl pa3iavyHble HHTEIUIEKTY-
aJlbHble KOHTPOJUIEPHl AeMII()UPOBAHUS IS
UPFC mist memmniupoBaHus Kak JIOKAIBHBIX,
TaK U MEXK30HAJbHBIX MOJ KojeOaHud ams
MHOTOMAIIIMHHON cUCTeMBbl. DPPEKTUBHOCTD
TaKMX KOHTPOJUIEPOB ObUIA MPOAEMOHCTPHU-
poBaHAa M OMNHCaHA C YAOBJIETBOPUTEIHLHBIM
YCIIEXOM.

VYerpoiictBa FACTS no3BossitoT pemarh
IIMPOKHIA KOMIUJIEKC 3a7iad — OT PEryJIupoBa-
HUS HalpsDKEHUS B y3JlaX DJIEKTPUUECKOH ce-

TH W TMepepactpeieiCHus] MOTOKOB aKTUBHOMN
U PEaKTUBHON MOIIHOCTH MEXIY CETSIMHU pa3-
JUYHOTO KJlacca HampsHKEHHS A0 MOBBIIICHUS
CTENeHH HCIOJIb30BAaHUS MPOMYCKHOW CIIO-
COOHOCTH AJEKTPUYECKON CETH.

OddexruBHocth npumenenns UPFC u
STATCOM TonpKk0O i ramesuss KoiaeOaHuit
gacToTbl DDC MOXeT ObITh SKOHOMUYECKH
HeomnpapaaHHOU. Mcnosib30BaHWE TakxKe it
VIPaBICHUS ONTHMAJIbHBIMA YCTAaHOBHBIIIU-
MUCSI pSKHMaMH JaeT OOJIBIITYI0 dKOHOMHYE-
CKyI0 2 deKT.

Ynpasasiemble U
yYCTpO#icTBa NPOAOJbHOH KOMIICHCAIIUH
(YIIK). Ilpumenenue VIIK
MO3BOJISIET YBEIMYHUTH IPOIYCKHYIO CIOCO0-

HeylnpasJsieMble
YCTPOICTB

HocTh JIOII M KOHTpOIMpYyEMBIX CEUEHUH,
OCYILIECTBUTh IIepepaclpeieIeHue IOTOKOB
akTHBHON MomHocTH 1o JIDII, B ToM umcie
pa3HBIX KJIACCOB HAIIPSDKEHUsA, a TaKxkKe
neMn@upoBaHue HU3KOYACTOTHBIX KosleOaHUH
MourHocTH (mpu Hamuuuu B cocrtaBe YIIK
yIpaBIsieMON YacTH).
[Ipumenenne (a3omOBOPOTHBIX  YCT-
poiictB (®IIY) mo3BossieT o0ecneynuTh pery-
JUPOBaHUE HAIPSHKEHUS Ha OOBEKTE YCTaHOB-
KU HE TOJIbKO 1O BEJIMYUHE, HO U 10 (aze, u3-
MEHss [IPU OTOM KaK aKTHBHYIO, TaK U peak-
TUBHYIO MOIIHOCTb II0 COOTBETCTBYIOLIEMY
JJIIEKTPOCETEBOMY JJIEMEHTY.

I'noGanbHoe ynpasjeHue aemnu-
poBanuem (WADC) - 310 Ki1acc CHUCTEM aB-
TOMATUYCCKOI'0 YIpaBJICHUA, HCIOJb3YCMBbIX
JJI1 TIOBBIIIICHUA YCTOfIQHBOCTH COBPEMEHHBIX
AIEKTPOIHEPIETUUECKUX CHCTEM, H3BECTHBIX
KaK MHTCJIJICKTYAJIbHBIC CCTH. HpI/IBCI[eHI/Ie B
NEHCTBUE KOHTpOJIepa oOecreunBaeTcs I0-
CPEICTBOM MOAYIISALIUU CIIOCOOHBIX YCTPOHCTB
AKTUBHOW WJIM PEAKTUBHOHW MOIIHOCTH IO

104



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2023, cild 15, M2 2, s. 97-109
Balametov A.B.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 2, pp. 97-109
Balametov ©.B.

Bceil cetn. Takue MCHOTHUTEIbHBIC MEXaHU3-
MBI Yallle BCEro IMPEJCTaBIIAIOT COOOW paHee
CYLIECTBOBABIINE YCTPONCTBA HHEProcUCTe-
MBI, TaKH€ KaK CTAaTUYECKHE KOMIIEHCATOPbI
PEaKTUBHOI MOILIHOCTH, KOTOPBIE CIyXaT OC-
HOBHBIM LIEJISIM, HE CBSI3aHHBIM HAINPSMYIO C
npumenenuem  WADC.  HeycroiiuuBocth
KPYITHOU D3JIEKTPUYECKON ceTH, He 000pyIo-
BanHoui WADC, siBrisieTcs pe3ysnbTaToM MoTe-
pU CHHXPOHHOCTH pOTOpa TeHepaTopa u
OOBIYHO paccMaTpUBaeTCs Kak TIeHepaTop
(unu Tpymmna reHepaTtopoB), KOJIEOTOIIHIACS
M0 He3aTyXarollel SKCIOHEHIIMAIbHON TpaekK-
TOpPUU B pe3yJabTaTe HEJOCTATOUHOTO JEMII-
(bupyromero MOMeHTa.

JloGaBieHne K IHEProcUCTEME C JABYMS
3onamu komOmHammu CTATKOM u UPFC
NPUBOAUT K 3HAYUTEITHHOMY YBEIHUCHHIO
nemrdupoBaHusi KojieOaHUNW M TOBBIIIEHUIO
YCTOMYMBOCTH SHEPTOCUCTEMBI (puC 2).

IIpenycmaTpuBaercs KOOpIUHAIIHS
Mexy koHntposiepom STATCOM u UPFC,
MPUHUMAETCS BO BHUMAaHHUE Ui yIy4IICHUS
CTa0MIIBHOCTH CHCTEMBI TIPU TIEPEXOJIHBIX
nporeccax,
HaNPSOHKCHUS B CHCTEME.

a TaKXke I PEryJHpPOBaHUS

u 1 Uz
! : T

S 403

IH-1 IH-2

Pucynok 2 — Mogens cucrembl YPIIM s ramenust
Kxosebanuii 9C
Figure 2 — System model UPFC for damping
oscillations ES

Craruueckuil CUHXpPOHHBIM MOCIEI0Ba-
tenbHbld kKomnencatop (CCIIK) (static syn-

chronous series compensators SSSC) siBnsier-
csl THOKOM CHCTEMOU Tiepenadyn MmepeMeHHOTO
TOKa, KOTOpasi COCTOUT U3 MHBEPTOpPA MCTOY-
HUKa HANpsIKEHUs, COCAMHEHHOIO C TpaHC-
dbopMaTopoM, KOTOPBIN MOCIEA0BATEIHHO CO-
€MHEH C JINHUEW MepeauH.

DTO yCTPOMCTBO MOXKET MOAABATh MTOYTH
CUHYCOMJIAJIbHOE HANpsDKEHHWE  I10CIIeN0Ba-
TEIBbHO C JIMHMEW. BBeleHHOe HanpspKeHue
MO>HO paccMaTpHUBaTh KaK MHIYKTUBHOE WIH
€MKOCTHOE PEAKTUBHOE COIPOTHUBIICHHE, KO-
TOPOE MOCJIEIOBATEIBHO MOJKIIOYAETCS K JIU-
HUM nepenadu. Jta GyHKIUS MOXET obecrie-
YUTh YIPABIAEMYIO KOMIIEHCALUIO Hampsike-
Hug. Kpome toro, SSSC moxer peBepcupo-
BAaTh IIOTOK MOIIHOCTH, BBOJS JOCTaTOYHO
00JbIIOE  TOCJIEOBATEIbHOE  PEAKTUBHOE
KOMIICHCUPYIOLIEE HAIPSKCHUE.

UPFC
YCTPOMCTBA, KOTOpbIE o0ecreynBaroT
(GYHKINOHATIBHYIO rMOKOCTb, OOBIYHO
HEIOCTHXKUMYI0 €  TOMOUIbIO  OOBIYHOM
TUPUCTOPHO ympasisieMoil cuctemsl. UPFC

cobon

HCIIOJIB3YCT TBEPAOTCIIbHBIC

MIPEACTABIISIET KOMOMHAIINIO
CTaTMYECKOI0 CUHXPOHHOTO KOMIIEHCATOpa
CTaTMYECKOI0 CHHXPOHHOTO IOCJIEI0BATENb-
HOTO KOMIIEHCATOpa KOTOpPbIE CBSI3aHbI 4Yepe3
OOI1YIO JINHUIO MOCTOSHHOTO HANPSHKEHUS.

VYerpoiictrea FACTS, ©Ha  ocHoBe
STATCOM wu yHHMBepcalbHOTO peryiasTopa
MOTOKA MOIIHOCTH.

YeroitunBocts OC - 3T0 CcOCOOHOCTH
AIIEKTPOIHEPIeTUYECKON CUCTEMBI IPU 3aJaH-
HBIX HAYalbHBIX Pa0OYMX YCIOBHSAX BOCCTa-
HaBJIMBaTh COCTOSIHHE PabOyYero paBHOBECHUS
rocjie BO3JIEHCTBUSL (PU3UYECKOTO BO3MYIIIE-
HUS, TIPH 3TOM OOJIBIIMHCTBO CHCTEMHBIX II€-
PEMEHHBIX OTPAaHUYEHO TAKMM O00pa3oM, UTO
MPAaKTUYECKH BCS CUCTEMa OCTAETCS HETPOHY-
TOM.
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Cratudeckuil KOMIIEHCAaTOP PEaKTUBHOM
(SVO)
myHTUpytomux ycrpoictB FACTS, kotopslit
MOBBIIIAET YCTOWYMBOCTh CETH, OTpaHUYMBAs
HU3KOYaCTOTHhIE KojeOanus u np. Cralu-
nuzatop (PSS) taxxke wurpaer sddexkruBHYyIO
poJIb B teMIipupoBaHuE KOJICOaHUH.
CTATKOM wumeer koHTpoJiep oOpat-

MOIIHOCTHU ABJIACTCA OJHUM U3

HOM cBsA3M 1o Bbixoay, a PSS wumeer IIU-
perynstop. Otu ycrporictBa CTATKOM wu
PSS wucnonb3yroTcss COBMECTHO Ui yiyd-
HIeHUs1 JeMI(upoBaHus KoneOaHHUs 3HEepro-
cucremsl [6-8].

Cuctembl BO30YXIEHUS C BBICOKMM KO-
3G GUIMEHTOM YCUJICHUS U MallblM BpeMEHEM
OTKJIMKA 3HAYUTENIHO YIY4YIIAl0T YCTOWYH-
BOCTH NEPEXOAHBIX MPOIECCOB, HO TAKKE MO-
T'YT CHIDKaTh YCTOWYMBOCTH MAaJIbIX CHTHAJIOB
(nemnupyromuii MOMEHT). YTpaBJieHHE CTa-
OUIIM3aTOPOM SHEPrOCUCTEMbl BHOCHUT MOJIO-
KUTEJIbHBIM BKJIAJ 3a CUeT rauleHus Koiebda-
HUH yria poTopa reHeparopa, KOTopble Haxo-
ISTCA B IIMPOKOM JIMANa30HE 4acTOT B 3HEp-
rOCUCTEME.

CnaOble cBsi3u B paboTe JIMHUN U O0Jb-
IIUX HAarpy30K Ha CUCTEMY MOTYT MPUBECTU K
IJI0X0 JAeMI(pUPOBAHHBIM peXUMaM. YIIpaB-
nenue PSS, xak mpaBwmiio, MoxxeT 00ecTieUnTh
3HAYUTENIbHbIC YIYy4IlIeHUs B AeMII(pUpPOBaAHUH
peXHMMa 3a cYeT MPUMEHEHUs CTaOUIN3aTOPOB
K OOJILIIMHCTBY OJIOKOB, KOTOPbIE YYacCTBYIOT
B peXKUMaxX KayaHUsl MOIIHOCTH.

PSS obGecneunBaer moaynsuuio Hamps-
JKEHUsSI BO30OYXKIECHMsI, KOTOpasi TacuT Kojeba-
HUS MOIIHOCTH U CKOPOCTH 3a CYET OOBIYHOTO
yIOpaBIEHUSI PETYIUPOBAHUEM HAMPSIKEHUS.
HccnenoBanne HaCTPOHKH OMpeeNseT ONTH-
MajbHble HacTpoiiku PSS Ha ocHOBe KOH-
KpPETHOTO TeHepaTopa, HAaCTPOEK aBTOMAaTHye-
CKHX PETYJISITOPOB HANPSDKCHHUS U XapaKTepH-
CTHUK CUCTEMBI.

Pemenne 3agauu

DOKBHMBAJICHTHAs! D3JIEKTpUYECKas cXxema
yuacTtka 220-330-500 kB AszepOaiimxaHckoi
33C o0beauHAOIIas ABE 30HbI MPUBE/ICHA HA
puc.3.

2 10
02 ) ! | 08 220 5B
240074 | 250 MVA
2500 MVL4 4k 3 s
340330 40330 22 o Mine HY
2505 Fan 2428 b zackamn | | oo e
Lodas
5 N 7 | 2cidgds
—] & 41 | 485k

WPIIW

4

180 MV
mmﬁ§ Q| . |
N AN MVE  Ageu —1—— T 9 Qehele

220 5B
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s s

¥
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PucyHok 3 — DKBUBaJICHTHAS dJICKTpUIecKas cxema ydactka 220-330-500 kB
Figure 3 — Equivalent electrical circuit of the section 220-330-500 kV
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PaccmarpuBaeTcsi ycraHoBKa Ha MIMHAX
y3na 220 kB mnoxcranmuu AGuiepoHcKas
STATCOM kyna noaxoaut JIDIT 220, 330 u
500 kB u YPIIM Ha nunuu 500 kB. I'enepa-
U DJEKTPUYECKHUX  CTaHIMA  ceBepo-
3anaaHon 30H6I DDC AsepOaiikaHa COCTaB-
nsgetr okosio 3400 MBT. I'enepauus 35eKTpu-
YEeCKUX CTaHIMKA AOIIEPOHCKOHN 30HBI COCTAB-
aser okoimo 3000 MBT. Mecro ycTaHOBKH
STATCOM u YPIIM na xonue BJI 500 kB co
croporsl ATP 800 MBA (500/220 kB) 220 kB
IICT AGuepoH.

PaccmoTpenst
aKTUBHOI MOIIHOCTHU B 30He AOIIEpOH (B y3i1e
Ne6) 1600 MBT npu or6opax akTUBHOM MOIII-

PEKUMBI  TOTpeOICHUS

HOoCcTH Ha moactannusax 220 kB Arpam, Arcy,
I'abana mo 50 MBTt. PacueTs! npoun3BeieHbI HA
OCHOBE IporpamMHoro komrmuiekca Az HU u
I[N 13 [9, 10]. Ilpu MoaenupoBaHUM PEXU-
MOB TPEIyCMOTPEHO HCIOJIb30BaHUE aJleK-
BaTHBIX Maremarmueckux wmozeneir FACTS.
[IpomyckHast cmocoOHOCTh B CUCTEME Tepe/a-
Yy OTpaHHuY€Ha H3-3a Pa3IMYHBIX (aKTOPOB,
TaKMX Kak Mpe/e] YyCTOMYMBOCTH YCTaHOBUB-
IIIETOCSI COCTOSIHMS, TEPMHYECKOE OrpaHHYe-

HHE, MPEAesl INMEPEXOJHOW YCTOMYMBOCTH H
neMI(GUupPOBaHNE CUCTEMBI.

Heonnopoanocts B cxeme cetu (puc. 3)
npuBoaut K neperpyske BJI 220 kB u pocty
MIOTEPb aKTUBHOW MOIIHOCTH. II0TOKM akTHB-
HOM MoIIHOCTH npu yctaHoBke YPIIM no BJI
500 kB pacryr ¢ 888.3 MBT no 971.4 MBr,
o BJI 220 kB cuuxatorcs ¢ 482 MBT no 433
MBrt. Ilorepn Momuoctn ¢ yderom YPIIM
yMmenblnatorces Ha 11.46 MBT.

Harmpsixenus B y3/1ax CXeMBbI C Y4ETOM U
6e3 yuera YPIIM npusenens! Ha puc 4.
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Pucynok 4 — IIpodunu HanpspKEHUS TI0 y3J1aM CXeMbl
Figure 4 — Voltage profiles by circuit nodes

Tabéanua — Pe3ynbTaThl pacuera peKUMOB ¢ yueToM U 0e3 yueta YPIIM

Table — Voltage profiles by circuit nodes

VPIIM B IToToKkM aKTUBHOM MOIITHOCTH [ToTepu akTuBHOM MoutHOCTH BJI, s,
BeTBU 4-6 BJI, MBt MBT rpagyc
Ps00 P330 P220 APgym APspg AP339 AP
C 9714 403.1 433.0 57.81 30.7 12.3 14.4 -21.09
bes 888.3 449.0 482.0 69.27 30.5 17.6 21.2 -25.95

[Torepu Mommuoctn ¢ ywderom YPIIM
ymenbmatorcs Ha 11.46 MBT. (cM. Tabnuiy).
VYcranoBka Ha mmHax 220 kB B 30He AOme-
ponckas 3Heproysna (yzen Ne6) CTATKOM B
HOPMaJIbHBIX PEXUMaX I103BOJSET CHU3UTH
MOTEpH aKTUBHOW MOITHOCTH Ha Gosiee uem 10
MBT.

OIHOBpeMEHHAsI YCTaHOBKA B y3ye Neb
CTATKOM u VYPIIM, B ycTaHOBUBLIMXCA
pPeKHMax TO3BOJIICT CHU3HUTH MOTEPU AKTHB-
HOM MOITHOCTH Ha Ooiee yem 12 MBT [9-11].

3aBUCHUMOCTH MMOTEPh aKTUBHON MOIIIHO-
CTH OT IIONEPEYHOr0 COCTABIIAIONIETO KOM-
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IUIEKCHOTO KO3 HIMEHTa TpaHChopMalun
IOKa3aHa Ha puc. S.
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Pucynok 5 — 3aBUCHMOCTH ITOTEPh aKTHBHOW MOIIHO-
CTH OT NOHOCPCHYHOIro COCTABJIAIOMICTO KOMINICKCHOTO
KO3 unreHTa TpaHCPOPMALTUT

Figure 5 — Dependence of active power losses on
the transverse component of the complex trans-
formation ratio

[Ipu pexxume nepeaaun MoutHocty 1600
MBT HeoOxoauMmasi reHepanus peaKkTUBHOU
MOIIHOCTH B y3i1e AOmepon coctasisieT 320
MBAp. OcHoBHON 3(dekT nocturaercst 3a
CUeT ycTaHOBKH B y3ie Ne6 YPIIM.

HHEProCUCTEME HAa OCHOBE HCIIOJIb30BAHMS
MHJIEKCA YCTOMYMBOCTU HAIpPSDKEHUSA, YYB-
CTBUTEJIBHOCTH MOTEPh aKTUBHOW M PEAKTHB-
HOM MOIIHOCTEH. [l MOBBILIEHUS CTaTUye-
CKOM ycToiunBocTH A3zepOaiimkanckon D3C
npejaraeTcsl yiydileHue aeMrndupoBaHUs
HU3KOYACTOTHBIX KOJIE0aHUI pa3MelleHueM
YHU(DUIIUPOBAHHOTO  PETYIATOpPA
MOIIIHOCTEH B DHEProcucTreMe. Y CTaHOBIICHO,

IIOTOKOB

4YTO panuoHanbHOE pasmemenue YPIIM nos-
BOJISIET YJIYYIICHHE TEXHUKO-PKOHOMHYECKUX
nokasareneir AszepOaitmkanckoit D3C mpu
BCEX pEeXHMMaXx; IepepacrpeiefieHue MOTOKOB
aKTUBHOI MoIHocTH 1o BJI B HEoqHOPOIHOM
cetu 220, 330, 500 kB; 3arpy3ka BJI 500 kB
Ha 6osee yem 100 MBT u pasrpyska BJI 220
KB; CHW)XEHHE MOTEepb AKTUBHOM MOIIHOCTH
Ha Oonee yem 12 MBT; ynydmeHue ypoBHEH
HarnpspbkeHud 10 10% B y3/max 3HEprocucre-
MBI.

Kondauxkr uarepecon
ABTOp 3asBisieT 00 OTCYTCTBUM KOH-

3akiouenue (bMKTa UHTEPECOB, CBA3AHHBIX C MyOIMKaIu-
OmnpeneneHbl  MecTa  pa3MEIICHUS il TaHHOHW CTaThH.
yerpoiicte  FACTS B AzepOaiimxaHckoi
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Abstract
In the submitted article, on the basis of a comprehensive analysis and study of the

peculiarities for the complex processes occurring at the oil primary processing installation,
(electro-desalting plant of atmospheric-vacuum tube type) the issues of developing a
mathematical statement of the optimization problem for one of the important technological blocks
of the investigated technological complex - the vacuum block are considered. The experience of
operating a process installation in recent years shows that changes in both the quality and
consumption of processed oil over a wide range are random in time. The main reason for this is
that oil, as a raw material, supplied for processing to the installation from different wells, has
different quality indicators. Therefore, the necessity of using, in this case, the approach and
method of stochastic programming to the problem for the optimizing the functioning of the object
under study with probabilistic constraints is substantiated.
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Xiilaso
Toqdim edilon mogalo ELOU-AVT neftin ilkin emali qurgusunda bas veran miirokkab proseslorin
xususiyyatlorinin - hartorofli  tohlili vo todqigi osasinda texnoloji kompleksin miihiim texnoloji

aparatlarindan biri olan vakuum bloku {iglin optimallagdirilma massalasinin riyazi qoyulusunun islonib
hazirlanmasina hasr edilmigdir. Texnoloji qurgunun son illards istismar tocriibasi gostarir ki, emala verilon
xam neftin istor keyfiyyat gostoricilorinin vo istarso do sorfinin doyismosi genis diapazonda olmagla
borabor miioyyan zaman kasiyinds tosadiifi xarakter dasiyir. Bunun da osas sobobi xammal kimi qurguya
emala verilon neftin miixtolif modolonlordon miixtalif keyfiyyst gostoricilorina malik olmasidir. Buna
g0ra, tadqiq olunan obyektin iglonmasinin ehtimal mohdudiyyatlori ilo optimallasdirilmasi masalasine va
stoxastik programlagdirma metodundan istifads zarurati osaslandirilmisdir.

Acar sozlor: ilkin emal, optimallagdirilma maosSolasi, riyazi qoyulusu, texnoloji proses, ehtimal
xarakteri, riyazi model, vakuum bloku.
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TEXHOJIOTHYECKHUX YCTAHOBOK
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AHHOTaNUA

B craThe Ha OCHOBE BCECTOPOHHEIO aHaJIM3a M MCCIICAOBaHNSI OCOOCHHOCTEN CIIOKHBIX IPOLIECCOB,
MPOTEKAIOIINX Ha YycTaHOBKe mepBu4yHOM mnepepabotkn DJIOY-ABT, paccMmaTpuBaroTcs BOHPOCHI
pa3paboTKH MaTeMaTHYECKOW MOCTAHOBKH 3a/la4H ONTHMHU3AIIMN OJHOTO M3 BaXXHBIX TEXHOJIOTHYECKUX
anmapaTtoB MCCIEILyeMOro TEXHOJOTMYECKOr0 KOMIUIEKCa — BaKyyMHOro Ojoka. OIBIT 3KCIUTyaTaluu
TEXHOJOTMYECKON YCTAaHOBKM B IOCIEIHUE TOABI MOKa3blBAE€T, YTO WM3MEHEHHUs KadecTBa M pacxoja
nepepabaTeiBaeMoil HE(PTH B IMIMPOKOM TUATA30HE HOCST CIy4YailHBIA BO BpeMeHH xapaktep. OcHOBHas
MpUYMHA 3TOTO COCTOMT B TOM, YTO HE(PTh, TMOoAaBaeMas B KadeCTBE CHIPbs I TMepepaboTKH Ha
YCTaHOBKY C Pa3HBIX CKBAXXMH, MMEET pa3jMyHbIe MOKa3aTenu KadecTBa. [loaTomy B maHHOM cityudae
00OCHOBBIBa€TCS HEOOXOJUMOCTh HCIOJB30BAaHUS TOAXOAA M METOAa CTOXaCTHYECKOTrO Iporpam-
MHUpPOBaHUSI K 3aja4e ONTUMH3AIWU (YHKIHOHHUPOBAHUS HCCIEAYEMOTO OOBEKTa C BEPOSITHOCTHBIMHU
OTpaHHYECHUSIMH.

KiroueBble cjioBa: nepBUYHAA nepepa60T1<a, 3aJadya OIITHUMH3AIMH, MaTréMaTH4YCCKas ITOCTaHOBKa,

TEXHOJIOTHYECKHUI TpoLIecC, BEPOSITHOCTHBIM XapaKTep, MaTeMaTHUeCKasi MOJEIb,
BaKyyMHBII OJIOK.
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Intoduction

It is known that the process installation
for primary oil refining is greatly influenced
by the mode of each process apparatus
operation for the system under study, both in
terms of productivity and in ensuring the
quality indicators of each final product.

Therefore, it would be more correct in
the matter of developing a mathematical
statement for the optimization problem,
mathematical modeling of the vacuum block
and developing an optimal control system, to
consider it as a whole as an electro-desalting
plant of atmospheric-vacuum tube type
installation, consisting of a large number of
different apparatus interconnected by various
technological and complex interconnections,
and also as a complex and mixed
technological system [1, 2].

Already all over the world, due to the
lack of technical conditions and methods of
operational control in industrial conditions, the
quality indicators of light oil products are
determined by traditional methods, i.e. only in
the factory.

The purpose of the work

For technological complexes with
probabilistic characteristics of output target
products, develop a universal physically
justified statement of the problem in order to
develop an optimal strategy for the
functioning of the object under study.

However, an analysis of this type
installation, one of the large-scale techno-
logical processes of primary oil refining
operated at an oil refinery, shows that even
after its modernization, the amount of crude
oil supplied to these units for processing and
its quality indicators vary over a very wide
range according to random patterns.
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In  connection with the above
circumstances, the existing local systems for
monitoring and stabilizing the regime

parameters of the main apparatus, built on a
single-loop principle, cannot provide the
necessary technical and economic indicators.
Therefore, as a result of real operation
experience under production conditions of the
electro-desalting plant of atmospheric-vacuum
tube technological complex, which performs
primary oil processing, we can conclude that a
more correct and appropriate approach is to
research and study complex technological
systems of this type as control objects
operating under conditions uncertainty [3-5].
Therefore, the development of complex
mathematical models, the mathematical
statement of the optimization problem taking
into account the stochastic properties of state
coordinates, the development of an algorithm
for the numerical solution of the stochastic
programming problem and the synthesis of
controller regime coordinates of amultilevel
control system for a technological complex of
primary oil refining at the level of automatic
control is an urgent task both scientifically and
and from an economic point of view [6].

Taking into account the indicated
specific features, a number of mathematical
models and a method for optimizing the
stochastic regime at the level of operational
management are proposed.

For a physically justified mathematical
formulation of optimal control problem for the
vacuum  block of this technological
installation, we directly use the general
simplified basic structural diagram of the
primary oil refining processing plant (fig.).
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Figure — Schematic diagram for the technological installation of the electro-desalting plant of

atmospheric-vacuum tube

This structure consists of four main
blocks listed below:

- | block - distillation column K-1;

- Il block - distillation (atmospheric)
column K-2;

- 1l block -
column K-10;

- IV block - stabilization column K-8
and distillation columns K-3 and K-4.

Before giving a mathematical statement
of optimizing problem considered
technological complex (electro-desalting plant
of atmospheric-vacuum tube), we present
mathematical models that characterize the
quantitative and qualitative parameters of the
output fractions in the form:

distillation (vacuum)

vi = fi(opug) + &g =1 k=11 (1)
vie = Ge(x,pug) + & i=Tm, k=11 (2

Here y, and v, are respectively the flow rate
and quality indicators in accordance with the

fractions of oil, x is the flow rate of crude oil
fed to the processing plant, p is the quality
indicator (specific gravity) of crude oil, u, are
the control parameters in the distillation
columns (temperature, pressure, level, etc. at
different points), and &, and ¢ are random
variables characterizing errors, the average
estimates of which are equal to zero.

Problem solution

It can be seen from expressions (1) and
(2) that the functions are also determined with
certain errors, and therefore, f; (x, p,u,) and

gr(x,p,uy) the average values of the
functions are calculated using the regression
dependence. In this regard, the solution of the
optimization problem based on the average
indicators of target oil products cannot be
considered correct, such an approach can lead
to significant losses.

Restrictions on quality indicators for any
fraction of oil produced at the technological
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facility of primary oil refining (based on
specific technical conditions and standards)
can be written in the following mathematical
form:

i=Tml<q<rk=11 (3)

Here b;. and by are indicators of light oil
products quality characterizing the permissible
extreme values. All this determines the
probabilistic nature for the functional
restrictions imposed on the quality indicators
of light petroleum products for the intended
purpose. Then one can write that

Plvig)) =2 a;, i=1m 4)

0<a;<1

The values of restrictions on the quantity
and quality for the light oil products and the
possibility of their implementation are
determined by the process operator in
accordance with the regulations of the process
under consideration.

Each light oil fraction produced at the
process facility under study must be no less
than the potential value of the thick crude oil
included, i.e.:

Yk = fi(x, p, ukffk)_z Qx,
q=1rk=1,1 (5)

Due to the presence in expressions (3)
and (5) of random variables &, changes in the
x and p parameters will also be random
variables. And this means that the provision of
the above conditions for the restriction can be
provided with a certain probability.

Thus, in the matter of optimizing the
modes for the primary oil refining plant within
the framework of the regulation that
characterizes any technological mode of
operation for the plant under study and is

installed at any value of its parameters x and
p, it is required to calculate the values of the
controls wu;, so that the qualitative parameters
of the resulting target oil product are provided
with a predetermined probability P,, but their
number should not be close to the minimum
amount (limit) of the potential value @, for
crude oil entering the installation:
P(Yx = Qk,Vik € Bix,
i=1mk=110=P, (6)

Vi = Qi k=1,1, P(vik € By,

,m,k = 1, Z'Qik' bik € Bik) > 0.94 (7)

=

i =

Here, B;; is a set of performance ratings for
oil fractions, P, = 0.94 - probability of
fulfilling restrictive conditions.

In this case, as a criterion in the
optimization problem, you can use the
maximization of the mathematical expectation
of the profit received from the target light
fractions:

® = max, o5 E{Xk=1 ek — s}, (8)

where E(-) is the mathematical expectation,
s(x) is a function that characterizes the cost of
raw energy, raw materials and etc. to an oil
refinery, s(x) — linear in variables function, ¢,
is the price per unit of the k-th type for the
light oil product for its intended purpose.

Conclusion

From the above, we can conclude that
the optimization problem (1)+(8) by its nature
can be considered a non-linear stochastic
programming problem. To solve this problem,
a preliminary decision was made that the
restrictive conditions of the flows are
determined, and the restrictions characterizing
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the qualitative parameters for the resulting
target oil products are of a probabilistic nature.
In addition, the analysis of the obtained
experimental results shows that y,, k = 1,1,
Vi, i = 1, m participating in the process under

consideration, obey the normal distribution
law.
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Abstract

The article is devoted to the study of the geological structure of the Jabrayil foothills. The Jabrayil
foothill plain is located in the southern part of the Republic of Azerbaijan. Climatic conditions are very
different in the area. The average annual temperature varies from 10° to 13° C. The amount of atmosphe-
ric sediments is unevenly distributed throughout the area. Most sediments occur in the form of rain. The
soil cover in the study area is mountain chestnut. Mesacaine sediments are involved in the structure of the
study area. The lithological area consists of river stones-gravel, clay and clays.

Keywords: climate, weather, mezakaynazoy, sediments, clay, structure, area, clays.

DOI 10.52171/2076-0515_2023 15 02 116 121

Received 18.03.2022
Revised 16.06.2023
Accepted 21.06.2023
For citation:

Mammadova S.B., Jafarova E.N.
[Study of the geological structure of the Jabrayil foothills]
Herald of the Azerbaijan Engineering Academy, 2023, vol. 15, no. 2, pp. 116-121 (in Azerbaijani)

116



Azarbaycan Miihandislik Akademiyasinin Xoborlori Herald of the Azerbaijan Engineering Academy
2023, cild 15, M2, s. 116-121 2023, vol. 15, no. 2, pp. 116-121
Mammadova S.B., Cafarova E.N. Mammadova S.B., Jafarova E.N.

Cabrayil dagatayi diizonliyinin geoloji qurulusunun 6yranilmasi
S.B. Moammadova, E.N. Cafarova

Azarbaycan Doviat Neft va Sanaye Universiteti (Azadlig pr., 16/21, AZ1010 Bak:, Azarbaycan)

Yazisma iigiin:
Cofarova Emiliya / e-mail: cafarova.emiliya@mail.ru

Xiilaso

Magalo Cobrayil dagatoyi diizonliyinin geoloji qurlusunun Gyronmoasine hasr olunub. Cabrayil
dagotoyi diizonliyi Azorbayean Respublikasmin conub hissasinda yerlosir. Iqlim soraiti orazide oldugca
miixtolifdir. Havanin orta illik temperaturast 10°-13°C-qador doyisir. Atmosfer ¢okiintiilorinin miqdari
orazi lizra geyri-barabar yayilir. On ¢ox ¢okiintiilor yagis halinda olur. Tadgiqat oarazisinds torpaq o6rtiiyii
dag sabalidi ronginds yayilir. Todgiqat arazisinin qurulusunda mezakaynazoy ¢okiintiilori istirak edir. Li-
toloji orazi gay daslari-gaqillardan, gilli va gilcolordan ibaratdir.

Acar sozlar: iglim, hava, mezakaynazoy, ¢okiintiilor, qurulus, orazi, gilcalor.
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AHHOTaNUA

B craree uccienyercs reonmormdeckoe crpoeHue JIkeOpamsibCKOro mpenropbs (FOXKHas 4acTb
AzepOaiimxanckoit PecrryOnnkn) n KIMMaTH4ecKue yciuoBus pernoHa. OnpeaeneHo, 4To KIMMaTHIecKue
yCIIOBUSL B OTOM paiioHe pasnuybl. CpemHerojoBas Temrmeparypa koseosmercs ot 10° go 13°C.
KonmvecTBo arMocepHBIX OTIONKEHHUH paclpe/ielieHO 10 TEPPUTOPUM HEPaBHOMEPHO, OOIBIINHCTBO
OTJIOKEHUI MPOUCXOANT B Bue N0XkAs. [IouBEHHBIN MOKPOB HAa UCCIEAYEMOH TEPPUTOPUHN KalITaHOBBIN
ropHsldi. B crpoeHum w3y4aeMoil TeppuUTOpHHM  HAOMIOJAIOTCS  MECAKaWHOBBIE  OTJIOKECHHA.
JIuTonornyeckuii pailoH COCTOUT U3 PEUYHBIX KAMHEH - IPaBUs, [JIMHBI U TJIMH.

KiroueBble ciioBa: KJIumMar, rmoroja, MeBO-KaﬁHOSOﬁ, OTJIOKCHUS, CTPOCHUEC, IIJI0IIAAb, ITUHBI.
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Giris

Cobrayil dagotoyi diizonlik Azarbaycan
Respublikasinin conub hissasinde Araz ca-
yinin vadisinds yerlasir vo conubi-sorq sorhad-
larindan ibaratdir [1-6].

Iglim xiisusiyyatlorino gora todgiqat ora-
zisi oldugca miixtalifdir-yumsaq isti vo quru
qs iglimindan yumsagq isti yay iglimi mévcud-
dur. Havanin orta illik temperaturau dagatoyi
zonadan Araz c¢ayma dogru qorbdon sorqge
dogru 10°-13°C-qader dayisir.

Atmosfer cokiintiilorinin miqdar1 orazi
lizra geyri-borabar yayilir vo conubi-garqdon
simali-qorba dogru 284 mm-don 595 mm-o qo-
dor doyisir. On ¢ox ¢okiintiilor yagis halinda
olur. Tadgiqat orazisinds an ¢ox istirak edon
torpaq ortiiyii kigik dag yamaclarinda dag sa-
balid1 ranginds yayilir. Tadqgiqat arazisinin qu-
rulusunda mezakaynazoy ¢okiintiilori istirak
edir. Qarstya goyulmus mogsadi hall etmok
ticlin dordiincti dovr ¢okiintiilori - Okara lay
dostasidir. ©kara lay dostasi Cobrayil dagatoyi
diizonliyinin orazisinin xeyli hissasinds yayi-
lir. Bu lay dastasi orazi iizro gaylarin gay doro-
lori ilo ayrilir vo alliivial, alliivial-prolivial
omoalogolmolordon ibarotdir. Litoloji torkibco
bu lay dostasi ¢ay daslari-gaqillardan, gilli vo
gilcolordon ibaratdir vo onlarin qalinligr 500-
750 m-o gatir. Dordiincti dovr ¢okuntiilori vul-
kanogen qirint1 vo kontinental amoalogalmalor-
don ibaratdir. Bu ¢okiintiilorin galinligi 200 m-
J catir.

Isin maqsadi todgiq olunan rayonun
geoloji qurlusunun oyranilmasidir. Tadqiq
olunan rayonun sahasi 2012 km?-dir. O, kigik
Qafgazin conub-sorq hissasinds Araz ¢ay1 va-
disi boyu yerlosmisdir ki, bu da onun conub-
sorq saorhaddi sayilir. Cobrayil Qafgazin dago-
toklori ilo birlasir. Cobrayil dagatoyi diizonliyi
adminstrativ cohotdon Azarbaycan Respubli-

kas1 Fiizuli, Cabrayil, Qubadli va Zangilan ra-
yonlarmin torkibins daxildir.

Burada okingilik, maldarhq, tiziimgiiliik
vo ipak emali inkisaf etmisdir. Rayonun hid-
rografiyas1 ¢oxlu migdarda caylardan ibarot-
dir, bunlarin da on sululart Araz, Xagingay,
Oxgucay, Hokoro vo Kondoslongaydir. Dagoto-
yi diizanliyinin iglim xiisusiyyatlori ¢ox doyis-
kondir. Ox¢ucay vo Hokora caylarinin yuxari
hissalorinds iglim sabit-isti, qis1 quru kegir, si-
mal-sarq toraflordo kondolon ¢ayrin baslangi-
cinda isa iglim sabit isti, yay1 iso quru kegir.
Havanin orta illik temperaturu 11°C  ilo
14,10C arasinda doyisir, havanin temperaturu
dag otoklorindon Araz ¢ayina va qorbdon si-
mala toraf getdikca artir.

Havanin minimal orta ayliq temperaturu
yanvar aymda (-I°C) , maksimal iso (25°C vo
ondan yuxar1) iyul-avqust aylarinda miisahido
edilir. Bozi giinlordo havanin miitlog maksimal
temperaturu 40°C-don ¢ox olur.

Il orzinda atmosfer ¢okiintiilorinin mig-
dart 272 mm-don 632 mm Kimi doyisir vo co-
nub-sorqdon simal-garba torof artir. Onlarin
¢ox hissasi intensivli yagislarla diistir. Leysan-
lar nadir hallarda vo az miiddatli olur.

Havanin nisbi riitubati 45-82 %-dir. Yay
aylarmda havanin nisbi riitubati 45-60%, qis
aylarinda 68-82 % toskil edir. Diizanlikds si-
mal-qarb vo conub kiiloklari asir. Kiiloklarin
orta ayliq surati 1,7-3,1 m/s.

Buxarlanmanin miqdart 800-1400 mm il
toskil edir. Dagliq zonaya yaxinlasdigca bu-
xarlanmanin miqdari azalir.

Rayonda an ¢ox inkisaf etmis sabalidi
torpaglardir ki, onlarda algaq dag yamaclarin-
da miisahido edilir. Quru cay vadisindo vo
Araz cay1 boyu agig-sabalidi torpaglara rast
galinir. Araz ¢ay1 boyu bataqlig-karbonatl tor-
paglar inkisaf etmislor, Araz ¢ayinin qollari
boyu isa boz torpaglar yayilmaslar.
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Relyefin nisbaton yiiksok hissalorinda
kifayot dorocodo az yayilmis dagliq - kserofil
bitkilorini miisahido etmok olar. Cay vadilori-
nin yataglarinda kol bitkilori nozora ¢arpir.
Araz ¢ayi sahalori boyu iss batagliq bitkilorini
gbérmok olar.

Diizanliyin geoloji qurlusunda Yura, To-
basir, Uciincii vo Dérdiincii dovr ¢okiintiilori
istirak edirlar.

On qodim siixurlar, dyranilon orazinin
simal-qorb hissasinds Orta Yura yash ¢okiin-
tillordon toskil olunmusdur ki, onlar da iri ¢ath
vulkanogen siixurlardan-torflu konglomerat-
lardan, tuflu brekgiyalardan, tuflu gravelitlor-
don, tuflu qumdaslarindan, porfiritlordon iba-
rotdir. Bu gat traneqressiv olaraq vo kimmeric
cokiintilori ilo Ortiilmisdiir. Titon ¢okiintilari
uygun olaraq kimmericli vulkanogen ¢okiintii-
lori izorinda yatirlar va transqressiv olaraq ho-
teriv-barrem karbonath ¢okiintiilori ilo ortiiliir-
lor. Yura ¢okiintiilorinin goriinon qalinlig
250-1000 m-dir.

Tabasir ¢okiintiilori ohangdaglar: ilo ve-
rilmisdir. Onlarin qalinligr 1250 m kimi catir.
Tabasir sistemi ¢okiintiilori Eosen (Pg,) sobo-
sinin gilli, mergelli vo qumdash ¢okiintiilori
ilo goriinmoz Ortilmiglor. Onlar Hokora vo
Oxgugay cayarasi saholorinds inkisaf tapmis
vo Horadiz rayonunun quyular vasitssilo agi-
Imisdir. Xudafarin rayonunda Dar1 dag galxi-
m1 Maykop lay dostasi ¢okiintiilori ilo ortiil-
miislor. Diizonliyin galan hissalorindo onlar
ayri-ayr1 quyular vasitasi ilo agilmiglar.

Orta vo iist Miosen do Xudafarin rayo-
nunda istirak edir vo antiklinal vo onunla ga-
ris1q sinklinal tobagalor amols gatirirlor. Onlar
gumdasli vo qumlu alevrolitli gillorlo verilmis-
lor vo onlarin galinligi 882 m-o catir.

Alt vo orta Pliosen Hokara ¢ay1 hovzasi-
nin dagoatoyi zonasinda yerlosmisdir.

Abseron vaxtindan baslayaraq burada
kontinental ¢okiintiilorin iri catlart yatmuslar.
Abseron ¢okiintiilorinin asagi hissasinin kasi-
lisindo boz gaqillar, ovuq konglomeratlar, go-
nur vo gilcalar gortriik ki, bunlar da vulkan
tozlari ilo garismislar. Hokors lay dostasi ¢ay
daslar1 va caqillarla, gilcalorls, miixtolif rongli
gillordon ibaratdir ki, konglomeratlar vo vul-
kan tozlar1 ilo novbalogmisdir.

Hokoro lay dostosinin galinligr boyiik
doayismoalarla xarakterizo olunur Ki, bu da rayo-
nun miirakkob geoloji qurlusu vo geomorfoloji
xiisusiyyatlori ilo slagodardir.

Elektrik kosfiyyat islori qazilmis quyular
vasitosi ilo Cobrayil dagotoyi diizonliyindo
miioyyon olunmusdur ki, antiklinal struktur
daxilindo kontinental ¢okiintiilorinin galinlig
500-650 m-o catir.

Belo ki, Xacingay-Hokora cayarasi saho-
lorindo  kontinental ¢okiintiilorinin  galinlig
150 m-don 200 m-o Kimi doyisir. Litoloji tor-
Kibca asason qumcalarla dolmus ¢ay daslar1 vo
cinqillarla vo ¢aqilli-ginqilli  ¢okiintiilordon
ibarotdir. Bura homginin gil vo gilcali nazik
lay tobaqolori do rast golir. Hokero-Incocay ca-
yarasi saholorinin kontinental ¢okiintiilarinin
galinlig1 300 m catir, incogay-Caxmaxcay ca-
yarasi saholorinds iss bu galinliq Araz gayina
yaxinlagdigca 250-300 m-o catir.

Incogay-Caxmaxgay cayarasi sahalarinin
kontinental gatinin xarakter cohoti ondan iba-
rotdir ki, bu gat ¢ox da bdyiik olmayan sahalo-
o birdon-bira doyisir vo amolo golmis qalxin-
tilar enmolarlo ndvbalasir. Qalxmis sahalor an-
tiklinal qirisigliga yaxinlasir.

Incogay-Cobrayilgay cayarasi saholorda
kontinental gathi ¢okiintiilor sakit yatmalarla
xarakterizo olunur. Onlarin galinligi 50 m-a,
yuxari hissalora qalxdiqca 300 m-o kimi do-
yisir. Cabrayil rayonunda gazilmis quyularda
kontinental ¢okiintiilors 50-70 m dorinliyinda
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rast golir. Conub-sorgo getdikco onlarin galin-
lig1 artir vo 250 m va daha ¢ox olur. Kozliigay-
Sarakyangay c¢ayarasi saholorinds isa konti-
nental ¢okiintiilorin galinligr 70-150 m-o ¢atir.
Kontinental ¢okiintiilarinin maksimal galinlig
(600-650 m) Kondslongayin orta aximi boyu
miioyyon edilmisdi. Kontinental gatin bdyiik
galinhiglarda doyisilmosi Incocay-Caxmaxcay
cayarasi saholords oldugu kimi Kondolongayin
orta aximi boyu da miisahido edilir. Mas: Fii-
zuli rayonunda onlar 130-150 m-o, Alxanlida
iso 600 m-o Kimi ¢atir. Araz ¢ayina yaxinlas-
digca bu qat azalir va 150-200 m-o ¢atir.

Bunlardan basga demok lazimdir ki, agor
lay dostesinin kasilisina fikir versak, gorarik
ki, burada sulu siixurlar olverisli soraitds yatir-
lar. Diizonliyin markazi hissasinds onlar (80-
100%) toskil edir.

Dordiincti dovr ¢okiintiilori vulkanik va
kontinental cathi ¢okiintiilordon toskil olun-
musdur. Vulkanogen ¢okiintiilor diizenliyin
garb va canub goarb hissalarinds tullardan, tuf-
lu brekgiyalardan, vulkanit tozlardan vo lava-
lardan ibaratdir. Kontinental ¢okiintiilora gay
vadilorindas rast galinir vo Orta vo Ust Dérdiin-
cli dovrdo miiasir yaslh alliivial, allivial-proli-
vial va deliivial-proliivial ¢okiintiilords toskil
olunmusdur.

Tadgigat rayonu minik dagatoyini toskil
edir. Dagotoyi diizenliyi 500-800 m hiindiir-
likdon azalaraq Araz cay1 vadisi boyu 100-
200 m-o gatir. Burada ii¢ gay terrast ayrilir Ki,
bunlar da biri digarini uygun olaraq, 5-2, 4-5
vo 18-20 m hiindiirlitylinds ayirirlar. Xagingay
vadisinds terraslar az yayilmiglar. Diizonliyin
sothi coxlu migdarda doralors va topalors ay-
rilmigdir. Daralarin yamaclar: pillovaridir.

Relyefin timumi sothi Araz ¢ayr vadisi
boyu intensiv parcalanmalarla, monoklinal
grabenlarin tasiri ilo pozulur va onlar disloka-

siya olunmus, Maykop lay dastasi siixurlarin-
dan tagkil olunmuslar.

Hokars ¢ay1 moansabinds vo ondan sorq-
do tadqiq olunan diizonlik asason Hokoars lay
dostasinin gilcalorlo ortiilmis alliivial-prolii-
vial ¢okiintiilori ilo verilmisdir. Diizanliyin
sathinds vo ona birlogsmis vadilarin yamacla-
rinda andezit vo bazaltdan togkil olunmus ¢ay
daglarimi goérmoak olar. Cobrayil dagotoyi dii-
zonliyini geomorfoloji baximdan bes zonaya
ayirmagq olar. 1-ci zona Maykop lay dastasinin
gilli fasiyadan togkil olunmus Daridag qalxi-
min1 ohato edir. Bu zona arid-denudasiyon st-
ruktur daglarinda inkisaf zonasidir. 2-ci zona
sorqi Qarabag sira daglarinin konar hissalarini
ohato edir. Bu zona arid-denudasiyon daglarin
inkisaf oblastidir. 3-cii asas zona Oyranilon
orazinin boyiik hissolorini ohato edir vo akku-
mulyativ-denudasiyon plato vo diizonliklordon
ibaratdir. 4-cii zona diizonlikdoki Araz vo Ho-
kora ¢ay vadilorinin allivial-terrasli holosenli
saholorini ohato edir. 5-ci zona ¢ay vadilarinin
doro vo terraslart ilo birlikdo Araz cayina
diison hissalarini ohato edir. Oxgugay, Hokars,
Incocay, Caxmaxcay, Cabrayilcay, Gozliigay,
Saraxyanigay, Kondolongay ¢ay vadilarinin
Cobrayil dagatoyi diizenliyi ilo garsilasmasi
naticasinde diizonlik giiclii parcalanmalara
moruz galmisdir. Osason diizonliyin sothinds
giiclii pargalanma Hokora vo Cobrayil gayarasi
sahoalarinds miisahida olunur.

Natico

Aparilan isdo belo naticoyo golmok olur
ki, relyefin xarakterino gors todgiq olunan ra-
yon tipik dagoatayi diizenliyidir.

Rayonun hidrografiyas1 ¢oxlu miqgdarda
caylardan ibaratdir ki, bunlardan da on sulular
Araz, Xacingay, Oxgucay, Hokors vo Kdndo-
longay caylar1 va bir sira azsulu ¢aylar gostor-
mok olar.
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Cobrayil dagatayi diizenliyinin iglim xii-  brekgiyalardan, tuflu qum daslarindan vo po-
susiyyatlori ¢ox doyiskendir. Oxgugay vo Ho-  rofiritlordon vo miixtolif nov tobasir yash
kora ¢aylarinin yuxari hissalorinds iglim sabit-  ohong daslarindan ibaratdir.
isti, qis1 quru kegir, simal-sorq toraflordo Kon- Kaynazoy c¢okiintiilori Neogen vo Dor-
doalongayin baslangicinda iso iglim sabit-isti,  diincti dovr ¢okiintiilori ilo verilmisdir. Alt
qis1 quru kegir. 11 orzindo atmosfer ¢okiintiilo- Neogen ¢okiintiilori osason qumdaglar1 va
rinin migdar: 272 mm-don 632 mm-o Kimi do-  qumlu gillarls verilmisdir. Onlar asason Xuda-
yisir va conub-sorgs torafs dogru artir. forin dorasi orazisinds tiza ¢ixirlar.

Cobrayil dagatayi diizonliyl1 Mezazoy vo
Kaynazoy ¢okiintiilorindan toskil olunmusdur.  Maraglar miinaqisasi
Birinci daghq zonada iizo ¢ixirlar. Ikinci iso Mialliflor bu moaqalods arasdirilmas to-
dagotoyi diizonliyindo ayrilirlar. Mezazoy ¢6-  lob olunan maraglar miinaqisesinin olmadigini
kiintiilori yura yasli iri ¢atli vulkanagen siixur-  geyd edirlor.
larindan - tuflu konglomeratlardan, tuflu
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Abstract

The article is devoted to the study of the causes of environmental risks in the oil and gas industry in
the context of environmental protection. Environmental risk - the risk associated with the normal opera-
tion of the industry; operational, chemical, industrial wastewater, emergency discharges and discharges. It
mainly provides information on the risks that may arise when drilling and operating oil and gas wells in
offshore conditions. The concept of environmental risk is accepted not only as a criterion of environmental
cleanliness, but also as a key indicator of human health.
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Xiilasa

Moagals neftqaz ¢ixarma sonayesinda otraf miihitin gorunmasi soraitinds ekoloji risklorin yaranma
saboblorinin aragdiriimasina hoasr olunmusdur. Ekoloji risk dedikds sanayenin normal islomasi ilo bagh
risk; istismar, kimyovi, sonaye ¢irkab sular, goza zamani atqilar vo tullantilar aid edilir. Burada osason do-
niz soraitinds neft vo qaz quyularinin qazilmasi va istismari dovriinds yarana bilacak risklor haqqinda mo-
lumat verilir. EKoloji risk anlayisi otraf miihitin tomizliyinin meyar1 kimi gobul olunmagla yanas: eyni za-
manda, insan saglamliginin asas gostoricisi kimi gobul edilir.

Acar sozlor: ekoloji risklor; potensial risk; real risk; riskin kamiyyat gostaricilari; riskin
giymatlondirilmasi.
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AHHOTANUA

Cratbs MOCBAIICHA M3YUCHHUIO NPUYHUH BO3HUKHOBCHHUSA 3KOJIOT'MYCCKUX PUCKOB B He(i)TeI‘aSOBOfI
OTpacid B KOHTEKCTE OXpaHbl OKpYKaloIIeH cpenpl. DKOJOTMYECKHI PHCK — PHUCK, CBS3aHHBIA C
HOpPMaJIbHON pPabOTOM OTpaciv; SKCINTyaTallMOHHBIE, XUMUYECKHE, MPOMBINIICHHBIC CTOYHBIC BOJIBI,
aBapuitHble cOpockl M cOpockl. B OCHOBHOM mpejcTaBieHa MHQOpMAIMSI O PUCKAX, KOTOPHIE MOTYT
BO3HUKHYTh TIpH OYpEHHHM M O3KCIUTyaTalMH HE(TSHBIX M Ta30BBIX CKBAKUH B MOPCKUX YCIIOBHSX.
IToHsATHE PKOJIOTHYECKOTO puUCKa NpUHATO HE TOJBKO KakK KpI/ITepI/Iﬁ SKOJIOTUYECKOM YUCTOTHI, HO U KaK
KITIOYEBOI MOKAa3aTelb 310POBbs YETOBEKA.

KioueBblie c10Ba:  DKOJIIOTUYECKUE PUCKH; MMOTCHIMAIBHBIA PUCK; PEaNIbHBIA PUCK; KOJMUYECTBEHHBIC
MoKa3aTeNy PUCKA; OI[CHKA PUCKOB.
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Giris

Tohliikali istehsalat obyektlorinds goza-
larin bas vermasi neft-qaz sonayesi tigtin istis-
na deyil. Qozalar olduqca tez-tez bas verir, bu-
na gora tohliikali istehsal obyektlorinin tahlii-
kasizliyinin tomin edilmasinin bir hissasi goza
riskinin giymatlondirilmasidir. Qozalar tez-tez
g6zlonilmaz naticalors gatirib ¢ixarir, buna go-
ro do onlarin riskinin giymatlondirilmasi pro-
sesi onlarin sayini Vo naticalorini shomiyyatli
daracads azalda bilocak [1].

Bu moagaloda neft-gqaz sonayesinds goza
riskinin giymatlondirilmasi masalalori miizaki-
ra olunur. Bu sonaye sahasi tigiin risklorin giy-
motlondirilmasinin osas tsullart verilmisdir.
Bu mogaloda gostarilon risklarin giymotlondi-
rilmasi tsullariin otrafli istifadasi gozalarin
bas veracayi toqdirda naticalorini shomiyyatli
doracado azaldacaqdir.

Isin magsadi

Miasir soraitdo insan foaliyyati tobiotin
ekoloji miihitino boyiik ziyan vurur. Bir torof-
don, neft vo gaz quyularinin monimsanilmo sa-
yinin artmasi ¢ox aktualdir, ¢linki 6lkani iqti-
sadi vo siyasi cohotdon yanacag-enerji resursu
ilo tomin edir. Digar torofdon, xtisusi tohliikali
sonaye sahalari iiciin ekoloji toloblorin sartlos-
dirilmasi asas masalalordon biridir. Bu masalo
ilo masgul olan sirkatlor yenidon qurulma, mo-
dernlasdirilmo, daha samoarali yeniliklorin tot-
bigi neft vo gaz quyularinin tikintisi zamani
goza ehtimalini azaldr.

Masalanin qoyulusu

Hal-hazirda istehsal foaliyyatinin mov-
cud zorarli va tohliikali amillorindon asili ola-
rag, peso riskinin giymatlondirilmasi tisullar:
islonib hazirlanmalidir.

Neft-gaz sonayesindo ekoloji risklora
obyektin normal faaliyyati ilo bagl risk, (istis-

mar, lisenziyali atqilar vo kimyavi tullantilar,
sonaye ¢irkab sular1 vo s.) va goza atqilar1 vo
tullantilar riski daxildir [4].

Ekoloji risk dedikds, tobii obyektlordo
vo amillards har hansi dayisikliyin otraf miihit
ticlin monfi naticalarinin bas verma ehtimali
basa disiiliir. Risk komiyyat parametrlori ilo
ifado edilir, miioayyon zaman middatinds fov-
golads hadisalorin bas vermo ehtimali kimi go-
bul edilir. Ekoloji riskin texnogen aspekti daha
¢ox nazora almir - otraf miihito vo ya insan
saglamligina ohamiyyatli zorar vera bilocok
texnogen gozalarin ehtimali. Bozi risklor spe-
sifikdir, digarlori iso konkret olaraq miioyyan
edilo bilmoz. Peso risklori var Ki, peso xasto-
liklori tohliikasi yaradir.

Ekoloji risk ¢ox vaxt iki aspektds nozor-
don kegirilir — potensial risk vo real risk. Po-
tensial ekoloji risk tobii vo ya antropogen
amillarin tasiri naticasinds canli organizmlarin
otraf mihitlo slagoasinin pozulma tohliikasi ha-
disasidir. Hoqiqi ekoloji risk onun hoyata kegi-
rilmoasinin miimkiin tezliyi nozors alinmagla
potensial risk torofindon formalasir. Tozahiir
xarakterino goro ekoloji risk gofil (texnogen
qoza, zalzalo va s.) va yavas (yerdayisma, sel,
eroziya va s.) ola bilar. Riskin giymatlondiril-
masi onun bas verma sobablarinin vo miioyyan
bir voziyystdo tozahiir doracasinin tahlilidir.
Naticalori baximindan shamiyyatli olan texno-
gen qgozalarin tohliikkosi daha ¢ox kimya vo
neft-kimya miiassisalori, atom va istilik elekt-
rik stansiyalari, saxtalar vo kanalizasiya ilo
baghidir [2].

Texnogen gozalarin bas vermo ehtimali
osason otraf miihitin miihafizasi todbirlorinin
effektivliyi ilo miioyyon edilir. Ekoloji risklor
hasilat miiassisalarinin yerli tasirlarindon iba-
rotdir [6].
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Ekoloji risklori ti¢ sahado qruplasdir-
maq olar: toskilati vo igtisadi; texnoloji; tobii
resurs.

Danizda neftgaz quyularmin qazilma-
st zamani ekoloji risklor. Daniz canli orga-
nizmlarina vo ekosistemlarina tasirlor artiq do-
niz dibinin (selfindo) neft vo gaz yataglarim
toyin etmok mogsadilo geoloji vo geofiziki
todgigatlarindan baglayir. ©n ¢ox seysmik kos-
fiyyatlardan istifads edilir. Doniz seysmik kos-
fiyyat: seysmik dalgalarin askarlanmasi v tit-
romolorin geydiyyati, doniz dibinin sathindon
gayidan va ¢okiintii siixurlarda neft vo gazin
strukturu hagqinda miihakimo yiiriitmoys im-
kan verir [5].

Suyun zorba effekti 15 Pa goador oldug-
da, boyiik va kigik baliglarin va canlilarin 6lii-
miino vo ya organ vo toxumalarim mohvino
gotirib cixarir. Seysmik todgiqgatlar aparilan
saholords 1asos, nars vo s. tipli giymatli cinsi
baliglarin miqrasiya yollarini1 doyismoys mac-
bur edir. Seysmik todgigatlar naticasinds yara-
nan sas-kity doniz organizmlarinin digor saslo-
ri tanimasini, bir-biri ilo oalage saxlamasini vo
gida axtarisin ¢atinlosdirir. Bu, xiisusila, naro
vo siyanak baliglar tigin dogrudur.

Boyiik doniz neft-qaz layiholorinin toc-
riibasi gostarir ki, bu faaliyyat novii boyiik
miqdarda emissiyalarla miisayiot olunur: at-
mosfers, doniz miihitino vo s. [3]. Yataqda
neft vo ya qaz hasilati dayandirildigdan sonra
da ekoloji risklor halo do galmagdadir (sok.1).
Seysmik todgigatlarin neft vo gazdasiyan
strukturlarin mévcudlugunu gostordiyi orazi-
lordo quyularin qazilmasi artiq geoloji vo geo-
fiziki todgigatlar morholoasinds baslayir. Kar-
bohidrogenlarin kosfiyyati, quyularin gazilma-
s1 vo neft gazin hasilatinin demak olar ki, bii-
tiin morhalalari vo omoliyyatlari maye va bark
tullantilarin atilmas: ilo misayist olunur. Bu

atqilarim hacmi tullanti gazma mohlullart vo
quyuda qazilmis siixurlarda olan slamlar
soklinda har istismara verilon quyu ti¢iin 5000
m3-a catir.

Maye tullantilarda gazma zaman istifa-
do olunan tomizlayici avadanliginin diizgiin is-
lomasi vacibdir. Qazma zamani lazim olan
coxlu sayda kimyavi reagentlor, zohorli mad-
dalor, gazma islorindon yigilan agir metallar,
habels atq1 yerlarinds suyun bulanigligini arti-
ran gil siispansiyonlar: daxildir.

Neft, polimer va s. asasli qgazma mohlul-
larinin istifadosi boyiik tohliiko yaradir. Bela
mohlularla yer sohtino qaldirilan hopdurulmus
slamlar qazma islori zamani neftlo ¢irklonmo-
nin asas moanbayidir. Digor mithiim ¢irklonma
moanbayi quyulardan goalon lay sularinin axidil-
masidir. Onlarin tarkibi tokcoa neft karbohidro-
genlarinin vo agir metallarin yiiksok torkibi ilo
deyil, ham do adoton doniz suyunun duzlu-
lugundan yiiksok olan anormal minerallasma
ila segilir (sok.1). Bu, lay sularinin axidilmasi
sahasindo hidrokimyavi rejimin pozulmasinin
sababi ola bilar. Bundan alava, onlarin tarki-
binds tobii radionuklidler var ki, onlar deniz
suyu ilo tomasda oldugda ¢okiir vo yerli mik-
roklasterlor amalo gotirir. Lay sulart ilkin to-
mizlonmo ilo vo ya tomizlonmadon doniza
gaytarila vo ya yenidon tobii su anbarlarina
(quyulara) vurula bilar.

Ekoloji ganunvericiliyino goro, islonmis
gazma mohlulu va digor tullantilar yigiimali
va sonraki emal ti¢lin dasinmali va atilmadan
avval xtisusi emaldan kegirilmalidir. Cox vaxt
bu ehtiyat todbirlori qagirilir. Hazirda neft
mohsullarimin emali tgiin effektiv texnologi-
yalar moveud deyil, ixtisaslasdirilmis anbarlar
haddindan artiq dolur. Bir quyudan tullantila-
rin yerli tosiri 3-5 km radiusda geyd olunur,
lakin quyularin say1 kifayoat qodor boyiikdiirsa,
onlarin monfi tesiri biitiin baliq¢iliq sahilini
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"6rta™ bilor. Masalon, Norveg Doaniz Tadgiqat-
lar1 Institutunun malumatma géro, Simal doni-
zi ekosisteminin qithgi neft vo qaz faaliyyati-
nin naticasidir.

Neftin qazah dagilmasi. Neft vo qaz ya-
taglariin islonmasi, elaca do karbohidrogenlos-
rin daginmast neft vo ya kimyavi maddalarin
tosadiifon dagilmasi ilo miisayiot olunur. Qo-
zalarin an ¢ox yayilmis soboblori arasinda ava-
danliglarin nasazligi, insan sohvi (faktoru) vo
ekstremal ekoloji sorait daxildir. Tosadifi tul-
lantilarin ekoloji naticalori xiisusilo sahil ya-
xinhigmda vo ya su miibadilasinin yavas ol-
dugu orazilords bas verdikdos agirlasir.

Sakil 1 — Daniz gazimasinda ekoloji risklorin galmasi
Figure 1 — Remaining environmental risks in offshore
drilling

Qazma qozalarnt lay tozyiginin anomal
yiiksok oldugu zonalarin agilmasi zamani qu-
yudan maye va qaz halinda olan karbohidro-
genlorin go6zlonilmoz dagilmasidir (sok. 2).
Nadir hallarda, ¢cox boyiik tozyiq diismasi ilo
goza uzunmiiddatli falakatli xarakter dasiya-
caq vo partlayislar dayandirmaq tigiin konara
cixmis quyular gazilmalidir.

Digor gozalar qrupuna slave gazma ol-
madan bir ne¢o saat orzindo dayandirila bilon
miintozom "normal™ partlayislar daxildir. Bu
ciir buraxiliglarin tohliikoasi onlarin miintozom-
liyindadir ki, bu da son noaticods doniz miihiti-
nd xroniki tasirlors gotirib ¢ixarir.
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Sokil 2 — Neftin qozali dagilmas
Figure 2 — Accidental oil spill

Birdofalik vo ya sistematik neft dagilma-
lar1 doniz ekosisteminin faaliyyatinin ciddi so-
kildo pozulmasina sobab ola bilar:

e suyun kimyavi tarkibinin vo onun fizi-
ki gostaricilorinin (soffafliq, temperatur vs s.)
pislosmasi;

e dorinin va tiikiin Sath gatina neft moh-
sullarinin daxil olmasi naticasinds canli orga-
nizmlorin 6limii;

e migrasiya yollariin moacburi doyisdi-
rilmasi, arima, yuva vo kiirii tokmo va s.

Hava emissiyalari. Atmosfers ¢irklon-
diricilorin atilmas1 hamiss istonilon neft yatag-
larin1 miisayiot edir. Belo emissiyalarin an ¢ox
yayilmis monbayi quyularin sinagi va istismari
zamani Somt gazinin Vo artiq karbohidrogenls-
rin mogoldo yandirilmasidir. Bozi hesablama-
lara goro, mosoldos yandirilan karbohidrogenlo-
rin 30%-o godari atmosfers buraxilir vo sonra
doniz sothina diisiir vo gazma platformalarinin
otrafinda nisbaton qeyri-sabit nazik toboagolor
amola gatirir.

"Istixana” qazlarmin emissiyalar:.
Neft vo gaz sonayesi CO, vo CHy4 kimi boyiik
miqdarda istixana gazlarmin buraxilmasi vasi-
tosila iglim dayisikliyina shamiyyatli tohfo ve-
rir. Bu emissiyalarin oksoriyysti yatagda qu-
ragdirtlmis  hasilat platformasmin istismari
ticiin lazzm olan enerjinin yaradilmasi {igiin
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neft vo ya gqazin yandirilmasi, hamginin samt
gazinin masalds yandirilmasi naticasinds yara-
nir.

Neftqaz yataglarimin istismar1 ilo
bagh ekoloji risklarin giymatlondirilmasi va
onlarin qarsisimin alinmasi. Inkisaf etmis so-
naye vo infrastruktur, nogliyyat vasitslorinin
sayinin artmasi, ¢oxlu sayda sonaye obyektlo-
rinin ki¢ik bir orazido yerlosdirilmasi otraf mii-
hito texnogen yiikiin artmasina sobob olur,
onun dayismasina Va ¢evrilmasina sabab olur.
Tobiotdon istifadonin iqtisadi mexanizminin
formalasmasi, yaranmasina antropogen foaliy-
yat proseslari ilo baglayan miimkiin ekoloji va
igtisadi risklorin naticalarinin nozars alinmasi-
n1 nazards tutur. Texnogen yiikii giymotlondir-
mok {iglin texnogen obyektlarin tobii miihitin
komponentlarino haddi tasirinin konsepsiyasi
toklif olunur. Umumi monada texnogen yiikiin
giymotlondirilmasi ohali tigiin tohliiko yarada
bilon sanaye va digar sanaye va obyektlorin is-
tismar1 naticasinds otraf miihits va/va ya insan
saglamligina monfi tasirin miiayyan edilmasi,
giymotlondirilmasi  vo  prognozlasdiriimasi
prosesini shato edir. Risklarin giymatlondiril-
mosi ekoloji tohliikasizliyin idara edilmasinin
vasitasidir. Ekoloji risklorin giymotlondirilmo-
si otraf miihita manfi tasirlorin bas verma ehti-
malin1 giymatlondiron bir proses kimi miioy-
yan edilir.

Umumilosdirilmis risk giymotlondirmasi
tohliiko amillorinin miiayyan edilmasini va in-
san saglamligina vo atraf miihitin voziyystino
tosir soviyyasi baximindan bu manfi tasirin do-
racosinin miioyyan edilmasini ohato edir. Risk-
lorin idaro edilmasinds insanlara vo otraf mii-
hita tasirin tanzimlonmasi vazifalari hall edilir,
onun iqgtisadi bloku tasirlorin migyasini miioy-
yan bir saviyyays endirmok ti¢iin todbirlorin
effektivliyinin tahlilino asaslanir. Moagsad vo
isin hacmindan, malumat va vasitalordon asili
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olaraq, fordi addimlar (skrining tahlili) vo ya
tam risk giymatlondirilmasi hayata kegirilo bi-
lor. Masalan, bir va ya bir nega zararli ekoloji
faktorun yaratdig: tohliikonin 6l¢iisiinii miioy-
yan etmok lazimdirsa, bu amillorin tasirina go-
ra risk giymatlondirmasi tatbiq edilir. ©gar vo-
zifa hoar hansi monbadon emissiyalardan yara-
nan riski azalda bilon miixtalif mosraflorin tex-
niki hallorini segmokdirss, iqtisadi risklarin
idara edilmasi yanasmalarindan istifads etmok
lazimdir. Migayisali risk tohlili istifadagilors
mohdud vasaitlor nozoro alinmagla, biitiin
miimkiin olanlar arasindan prioritet vo halli
asan problemi neca segmoak barads talimat ve-
rir.

Daimi texnogen yiik va ya manfi ekoloji
Vo igtisadi naticalors sobab olan fovgelads hal-
lar sobabindan ekoloji risklarin giymatlondiril-
masi vo tohlili komiyyat risk gostoricilorini
asagidaki formada giymatlondirmays imkan
verir:

1) tobii ekosistemlarin zodoalonmasi;

2) agreqatlarin, konstruksiyalarin, qur-
gularin siiratlonmis asinmasi soklinds iqtisadi
itkilar;

3) otraf miihitin ¢irklonmasinin artmasi
noticasindo shalinin saglamligina doymis so-
sial-igtisadi zarar;

4) gozalarin va falakatlorin naticalarinin
aradan galdiriimasi tigiin alava xarclor.

Istifado olunan iqgtisadi meyarlarin ko-
miyyat doyari ekoloji risk faktorlarindan asili-
dir. Umumiyyatlo, ekoloji riskin igtisadi qiy-
motlondirilmasi texnogen yiiklo olagodar otraf
miihitin vaziyyatindo potensial vo ya real do-
yisikliklordon zaror vo faydanin hesablanmasi-
na osaslanir. Bu giymotlondirmo iki osas as-
pektin - tasirin alicilarinin vaziyyatinin va tex-
nogen tasirin xisusiyyatlorinin tahlilino asas-
lanir [5]. Otraf miihitin pozulmasindan igtisa-
di zoror dedikdo, straf miihita dagidici tasir no-
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ticasindo tosarriifat subyektlorino doyan faktiki
Vo miimkiin itkilorin dayari basa disiilmalidir.
Miixtoalif 61kalor milli xiisusiyyatlordan, ekolo-
ji ganunvericiliyindon, mdvcud resurslardan
vo digor amillordon asili olaraq miixtalif me-
xanizmlardon istifado etmoklo ekoloji va iqti-
sadi risklori giymotlondirirlor. Masalon, Hol-
landiyada, ABS-da va bir sira digar 6lkalords
prinsipdan istifads olunur ki, bunun mahiyyati
regionun miiayyan bir ¢irklondirici {i¢iin iimu-
mi icazo verilon emissiya doracasini miioyyan
etmoasidir. Bela bir norma gorgivasinds timumi
yol verilon emissiya hocminin miiassisalor ara-
sinda bolisdiriilmasi, eloca do har bir miiassi-
sonin emissiya hacminin ayri-ayri ¢irklonma
moanbolari arasinda bolisdiiriilmasi tonzimlon-
molidir.

Ekoloji risk anlayisi otraf miihitin miiha-
fizosi xorclorinin artimini miioyyoan edilmis
emissiya standarti ilo deyil, otraf miihitds ¢irk-
landiricinin daimi moévcudlugu va ona uygun
galon risk saviyyasi ilo miiayyan edilon itkilo-
rin azaldilmasimin goézlonilon dayari ils alage-
londirir. Eyni zamanda, insan saglamlig: itki-
lorin osas gostaricisi kimi gobul edilir. Otraf
miihitin temizliyinin meyar1 ¢irklonmonin nor-
mativ soviyyalori deyil, ekoloji amillorin ya-
ratdigi xostaliklorin  olmamasidir. Normativ
yanasma ilo miiqayisads ekoloji risk nozariy-
yasina osaslanan ekoloji zararin igtisadi qiy-
motlondirilmasinin hesablanmasimin istiinliyi
otraf miihitin ¢irklonmasindan itkilorin daha
tam (hortarofli) ugotu hesabina maksimum ef-
fekt oldo etmok istayidir, insan vo ya ekosiste-
min gorunmasi Vo onun miihafizasi vo barpasi
tigiin foaliyyatlords rasional investisiya struk-
turunun segilmasidir.

Risk nazariyyasins asaslanan straf miihi-
tin ¢irklonmasindon doymis zororin iqtisadi
giymatlondirilmasi mexanizmi normativ ya-
nagma ilo miiqayisada ¢irklondiricilora va on-

larin monbalarina antropogen amillorin tasiri-
nin naticalarini pul baximmdan daha dolgun
nozors almaga imkan verir. Bu halda, ekosiste-
min vaziyyati va insan saglamligi igiin poten-
sial tohliikali olan otraf miihitin ¢irklonmasi
faktorlarmi prognozlagdirmaq miimkiin olur.
Texnogen sferada tohliikasizlik nazariyyasinds
tohdidlars ¢evrilon vo miixtalif risklor yaradan
onlarla potensial tohliikalor mévcuddur.

Riskin kamiyysat tahlili miiayyan bir toh-
likasizlik saviyyasine va ya konkret mogsads
nisbaton omoliyyat imkanlarini miioyyon et-
mok tigiin istifads olunur. Cox nadir hallarda
rast golinan va buna gora do onlarmn tezliyini
Vo naticalarini tokca statistik tisullarla miioy-
yan etmok miimkiin olmayan irimiqyash qoza-
lar1 giymatlondirmak tigiin hazirlanmisdir.

Hazirda ABS vo Avropada bu tisul niiva
vo kimya sonayesindo genis istifado olunur,
clinki 0, tohlikasizliyin giymatlondirilmasi
ticlin on ¢ox yonlii Vo ohatali tisuldur.

Riskin kamiyyat tohlili metodu hor hansi
bir foaliyystlo slagodar biitiin miimkiin fovQe-
lads hallar1 nazardon kegirir va har bir hadiso-
nin bas verma ehtimalini (tezliyini) vo onlarla
bagli naticalori taxmin edir.

Fordi risk — tadgiq olunan goaza tohliikasi
amillarina moruz galma naticasinds bir soxso
doyan zorarin tezliyidir. Kollektiv risk miioy-
yon miiddot orzindo miimkiin gozalar natico-
sindo xosarat alan insanlarin gozlonilon sayi-
dir. Sosial risk, an az1 N nafarin miiayyan so-
viyyado oaziyyat c¢okdiyi F hadisalorinin bas
vermo tezliyinin bu N sayindan asililigidir.
Fordi risk saviyyasini miioyyan etmok iigiin
gozanin xarakteri, “risk zonasi”-nda galma
vaxtia nisbati vo “riskli soxsin” yeri nozors
alimmalidir.

Bununla olagodar olaraqg,
asagidaki diisturla hesablanir:

fordi risk
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n
Ring = z Qney " Qi * Ppr()
1

burada R;nq — fordi riskdir, 1/il; Qny — i-Ci
goza ssenarisinin hayata kecirilmosi zamani
insan xosaratinin sorti ehtimalidir; Q; - il or-
zinds i-Ci goza ssenarisinin hayata kegirilmasi
ehtimal; P,.(; - i-Ci qoza ssenarisinin zadalo-
yici amillorinin tasir zonasinda soxsin olma
ehtimali; n - goza ssenarilorinin sayidir.

Episentrdon miioyyon mosafodo buxar-
hava garisiglarinin yanmasi zamani yaranan
haddindan artiq tozyiqden, eloco do bogazda
yangin zaman istilik radiasiyasindan insanin
zadoalonmoasinin sorti ehtimali istifado etmoklo
hesablanir.

Fordi risk, neftqaz sonayesindo miixtolif
isci kateqoriyalart {igiin hesablanir, orada
miioyyon bir ixtisasin iscilorinin (operatorlar,
cilingarlor, mithandislor — sex miidiri, novbo
ustasi, texnolog va s.) gqalma miiddati nazoroa
alinir. Miimkiin qozanin zororverici amillori-
nin tesir zonasmda personalin olma ehtimal
agagidaki diisturla miioyyon edilir:

T "N
Pory = =77
burada 7; — iscinin bir novbado zadalayici
amillor zonalarinda kegirdiyi vaxtdir, s; T - bir
ildoki saatlarin sayidir; n; - illik is novbalori-
nin sayidir.

Kollektiv risk asagidaki diisturla hesab-

lanir:
n

Ryor = Z Qi N;
i-1

burada Ry, — kollektiv riskdir, adam/il; Q; - il
arzinds i-Ci goza ssenarisinin hoyata kegiril-
moasi ehtimali; N;, - i-Ci goza ssenarisinin ho-
yata kegirilmasi zamani 6lonlarin sayidir.
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Orta fordi risk asagidaki kimi hesabla-
nir.

burada R,,; - orta fordi riskdir, 1/il; N; — risk
altinda olan personal, adam.

Dovriimiizdo istehsalin texnoloji saviy-
yasi ¢evik texnologiyalardan istifads daracasi
nozora alinmagla giymatlondirilmalidir, texni-
ki nasazliglarin va ¢oxlu sayda insan sshvlori-
nin 6hdasindan galo bilmali va ya oks tadbirlo-
rin gortilmasi {igiin kifayat godor vaxt tomin
eda bilmalidir. Riskin giymatlondirilmasi tex-
nologiyanin va ya konkret problemin hortorof-
li, integrasiya olunmus gqiymatlondirilmasine
elo integrasiya edilmolidir ki, alinan noticalor
gorar gabulu prosesinds istifado olunsun.

Riskin azaldilmasi iizrs is ¢ox mahsuldar
ola bilar, ¢iinki bu, prinsipcs, yeni texnologi-
yalarin, materiallarin, strukturlarin yaradilma-
sii1 tomin edir, materiallari, strukturlari, insan-
lar1 6z ehtiyaclarina vo imkanlarina, tobistdoki
yeri va roluna tongidi yanagsmaga macbur edir,
Cunki "miiasir texnologiyalar insan1 bu giina
godar 6z harokatlorina géro masuliyyata layiq
olmayan talablora moaruz qoyub”. Hal-hazirda
risk nozariyyasi neft-gaz vo kimya sonayesinin
miixtalif sahalorinds genis istifads olunur, po-
tensial tohliikali obyektlorin layihalondirilmo-
sinds va onlarin istismarinin icaza verilon tah-
liikasizlik saviyyasinin yenidon nozordon kegi-
rilmasinda, yerlosdirilmasinda, rasmi tasdigin-
do istifads olunur.

Bu giin risk nazariyyasi neft-gaz vo kim-
ya sonayesinin miixtalif sahalorinds genis isti-
fados olunur, potensial tohliikali obyektlorin la-
yiholondirilmoasinds vo onlarin istismarinin
icazo verilon tohliikasizlik saviyyasinin yeni-
don nozardan kegirilmasindo, yerlosdirilmasin-
da, rasmi tasdiginds istifads olunur.
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Notica

Tohlil gostordi ki, yerli va regional mig-
yasda formalasan real ekoloji riskin giymaot-
londirilmasi meyar1 kimi sonaye istehsalinin
texnogen amillori ilo kamiyyatco olagali iqti-
sadi itkilorin potensial xarakteristikasi istifado
edilo bilar.

Risk nazariyyasins asaslanan straf miihi-
tin ¢irklonmasindon doymis zororin iqtisadi
giymatlondirilmasi mexanizmi normativ ya-
nasma ilo miiqayisads ¢irklondiricilor vo onla-
rin manbalari torafindon antropogen amillarin
tosirinin - naticalorini  pul ifadssindo daha
dolgun nazors almaga imkan verir.

Bu halda, ekosistemin voziyyati va insan
saglamlig: ii¢iin potensial tohliikali olan otraf
miihitin ¢irklonmasi faktorlarin1 prognozlas-
dirmaq miimkiin olur. Texnogen sferada tohlii-
kasizlik nazoriyyasinds tohdidlora gevrilon vo
miixtolif risklor yaradan onlarla potensial toh-
liikolor mévcuddur. Umumiyyatlo, texnogen
olar:

1) texnogen tohliikasizlik fovgoalads vo
folakotli voziyyatlorin bas vermasi va inkisafi

zamani insanin, obyektlorin vo otraf miihitin
yaradilmis vo foaliyyat gostoron miirokkob
texniki sistemlordon yaranan tohliikalordon
miihafiza doracasini miiayyan edir;

2) texnoloji tohliikasizlik insanin, comiy-
yatin, obyektlorin vo otraf miihitin 6lkanin
asas milli maraglarina nail olunmasini tomin
edon texniki sistemlorin, texnoloji proseslarin
vo materiallarin asassiz yaradilmasi vo ya ya-
radilmamasi ilo bagli tohliikalordan qorunmasi
doracasini miiayyan edir.

Texnogen sferada potensial vo real toh-
liikalorin artmasi texnogen va texnoloji tahlii-
kasizlik problemlarinin hoallinds dévlstin rolu-
nun giiclondirilmasini talab edir.

Goalacokda texnogen sferada risklor kos-
kin sokilda doayiso bilar: texnogen risklor tex-
noloji risklori avaz edacok vo milli texnoloji
bazanin mohv edilmasi naticasinda zororlor
yaranacad.

Maraglar miinaqisasi

Miislliflor bu magalads arasdiriimast to-
lob olunan maraglar miinagisasinin olmadigini
qgeyd edirlar.
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