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UOT 004.89

UCUS APARATLARININ BORT SISTEMLORINDO UCUS
VERILONLORININ INTELLEKTUAL ANALIZI

LM. ISMAYILOV™, T.V. BINNOTOLIYEVA®

Maqalods ugus aparatinin ugusu zamani qiymatlori yazilmig ugus verilonlori coxlugunun intellektual analizi
metodikasina va bu metodikani realizo edsn sistemin qurulma prinsiplerine baxilir. Teqdim olunan {isulda ucus hadisesi
altcoxluqdan ugus verilonlorinin qiymatlori va ugus verilonlorinin ikinci ¢oxluglarindan birindon ugus verilonlorinin qiymotlori
osasinda agkarlana bilor. Toklif olunan iisul avvalcodon verilmis bas vera bilocok ugus hadisalori ¢oxlugundan ibarat olan
verilonlor bazasinin ilkin biliklorini zonginlogdirir. Buna ugus verilonlorinin ovvalcodon yazilmis qiymatlori vo ugus
verilonlorinin analiz olunan qiymaotlori arasinda korelyasiyanin avtomatik toyin olunmast ilo nail olunur.

Acar sozlar: bort pilotaj-navigasiva komplekslori, ugus verilonlorinin qeydetmo sistemlori, ugus verilonlorinin
analizi, Data Mining, intellektual sistemlar, intellektual analiz metodlart.
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Problemin aktualhgi. Miilki aviasiyanin inkisafinin mithiim sorti uguslarin tohliikesizliyinin
tomin edilmosi iizro daim artan toloblordir. Miilki aviasiyada ucus informasiyasinin (UI) emali hava
nogliyyatinin tohliikosizliyinin vo isinin semaraliliyinin yiiksoldilmosinde ohomiyyatli rol oynayir. Ul
biitiin ugus miiddati orzindo ekipajin foaliyyoti barosindo yegans obyektiv informasiya monbayidir.
Buna goéro do Ul-nin emali osasinda ekipajin ugus faaliyyetinin sistematik nozaroti vo giymotlon-
dirilmasi ekipajin pesokar hazirliq soviyyasinin shomiyyatli doracads yiiksoldilmosini tomin edir.
Bundan basqa ugus informasiyasinin yeriistii emali aviasiya texnikasinin vaziyyatinin toyin edilmasi vo
onun diaqnozlasdirilmas1 masalslarinin hallinds aparici rol oynayir [1].

Hal-hazirda aviagirkatlor 6z ugus aparatlarini ugus verilonlorinin maksimal hacminin yaziligini
tomin etmok magsadilo miixtalif vericilor ¢oxlugu ilo tomin etmiglor. Bu zaman onlar onu osas
gotiirmiiglar ki, ekspertds ugus verilonlarinin na gadar ¢ox giymatlori olarsa, bir o gadar ¢ox miixtalif
soraitlor verilonlor bazasina yazilacaqdir, yoni daha ¢ox ugus hadisslori askarlanacaq va ekspert bu
hadisalora gotiron ugus hadisalorini daha doaqiq qiymetlondira bilocakdir. Baxmayaraq ki, ugus
verilanlarinin yaziliglarinin v yazilan ugus verilanlari ¢oxluglarinin sayimin artirilmasi nozari cahatdon
ucus soraitlorinin ekspertizasinin doqiqliyini vo etibarliligini artirir, praktikada iso ekspert torsfindon
askarlanmig biitiin ugus hadisslerinin sistematik analizi ham ugus verilonlorinin giymatlorinin analizi
ticlin zaruri olan hesablama giiciinds, ham da eksperta diison is¢i yiikda 6ziinii biruzs veran shomiyyatli
masraflore gotirilmasi demakdir [2]. Digor torofden bir qayda olaraq ugus verilonlorinin  yalniz o
coxluglar1 vo o ugus hadisolori analiz olunurlar ki, hansilarin ki, analizi ucus tohliikesizliyi iizro
normativ sanadlore miivafiq olaraq tolob olunur. Belslikls bu ciir ekspertlar yalniz avvalcodan verilonlor
bazasina yazilmis va ugus hadisolorinin yalniz kigik bir hissasini tomsil edon ugus hadisalorinin ¢ox
kicik bir sayindan istifado edorok ugus soraitlorinin Gzlorinin diislindiiklori giymatlondirmoni
formalagdirirlar. Lakin ekspertin goziinde ohomiyyetsiz kimi goriinon ugus hadisolerinin bu “yazil-
mamis” hissasi potensial olaraq daha dorin goalacaok problemlori askarlamaga imkan verir, halbuki onlar
ucus verilonlorinin biitiin yazilmig qiymsatlorinin sistematik olmayan ekspert hesabatlarinda nozars
carpmurlar.
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Belaliklo, ugus aparatinin ugusu zamani yazilmis ugus verilonlori ¢oxlugunun analizinin
movcud tisullart ugusun identik soraitlori iiclin ugus hadiselorini va/va ya dinamikani miiqayiss edilmasi
imkanini tomin edir (eyni bir ugus aparati, eyni bir ugus sxemi). Lakin ekspert li¢iin ugus verilonlarinin
yazilmig giymotlori asasinda askarlamaga imkan veran biitiin ugus hadisolorine oalyetorlik imkaninin
olmasi daha magsadsuygun olardi. Bu istiqgamatds elo bir sistemin yaradilmasi tolob olunur ki, hamin
sistem 0zii yazilmis ugus verilonlarinin miistaqil analizinden sonra yeni ugus hadisalorini vo hatta ugus
verilanlarinin yeni goxluglarinin avtomatik formalagdirilmasi gabiliyyatine malik olsun, yoni sistem 6zii
ucus verilonlarinin intellektual analizini aparsin. Belo bir sistemin isi verilonlorin analizinin snanovi
alotlorindon forqli olaraq verilonlorin intellektual analizinin qabaqcil alqoritmlorine asaslanmali vo bu
alqoritmlor har hansi bir avvalcodon mévcud olmayan informasiya soraitinds avvalcadon gozlonilmoz
anomal hadisalori tapmaga imkan vermolidirlor. Bu halda ekspertin miidaxilosi yalniz hadisslor vo/va
ya ucus verilanlori ¢oxluglar arasinda har hansi bir konfliktlorin halli {i¢iin talsb olunur.

Ucus verilonlorinin miintozom intellektual analizi noticasindo insidentlorin vo gozalarin bas
vermasing sabab olan texniki meyletmalarin avvalcadon toyin olunmasi toyyaranin etibarligini artiracag,
planlagdirilmayan texniki xidmaet ils bagli olan dayanmalarin, masraflorin azaldilmasina va son naticads
uguslarin tohliikasizlik saviyyasinin yiiksaldilmasino goatirocokdir.

Masalonin qoyulusu. Bort Oziiyazicilari hava gomisinin harokotini vo voziyyatini (siirat,
hiindiirliik, kren, tanqaj, kurs va s.) vo onun sistemlarinin igini (miiharriklorin dévrlari, aparici vintlarin
dovrleri, yanacagin tozyiqini vo s.) xarakterizo edon fiziki parametrlori qeyd edirlor. Hal-hazirda qeyd
Olunan parametrlori 6ziinds oks etdiron ugus informasiyasinin analizinin asasinda ugusun bir nego
parametrlorinin avvalcadon miioyyan uygunlasmasindan (birlogsmasindon) irali galon hadisalorin axtarisi
durur. Faktiki olaraq bu ciir yanagma ucgus informasiyasinin analizi prosesi mahiyystco hansi bir
parametrin vo ya parametrlor yi§iminin harada mohdudiyyetlordon kenara ¢ixmalarinin yaziliglariin
axtarigina gotirir.

Verilonlorin analizinin ononovi alstlorindon forqli olaraq verilonlorin intellektual analizi
alqoritmlori har hansi bir avvelki informasiyanin movcud olmadigi halda avvalcadon gozlonilmoyon
anomal hadisolori miioyyan etmoys imkan verir [3]. Qeyd olunanlari nazore alaraq moagalods ugus
aparatinin ugusu zamani qiymotlori yazilmis ugus verilonlori ¢oxlugunun intellektual analizi
metodikasina vo hamin metodikani hoyata kegiron sistemin qurulmasi prinsiplorine baxilir.

Mosalonin halli yollari. informasiya texnologiyalarinin, homginin verilonlorin yigilmasi va
gorunmasi sistemlarinin inkisafi prosesinds ciddi problemlorden biri boyiik hacmli informasiyanin
analizi problemidir. Digor he¢ do shomiyystsiz olmayan masals verilonlorin ayani vo kompakt sokilds
togdim olunmasidir. Bu problemlor biliklorin fonlorarasi oblasti ¢argivasinds - verilonlorin intellektual
analizinds hoall olunurlar (Data Mining) [4]. Digor torafdon biliklorin axtariginin avtomatlagdiriimasi
Data Mining — intellektual analiz vasitolorinin kdmoyi ilo hoall olunurlar. Data Mining-in aerokosmik
sistemlords totbiqi istigametinde goriilon islori sorti olaraq ii¢ kateqoriyaya ayirmaq olar. Birinci
kateqoriyaya verionlorde (o ciimlodon telemetrik verilonlords) anomaliyalarin axtarisina va texniki
sistemlorin ~ monitoringina
hosr olunmus islor aiddirlor.
Ikinci kateqoriyaya sistemin
elementlarinin testlagdirilma-
si vo istifado olunan sistem-
lords nasazliglarin bag ver-
masinin  prognozlagdiriima-
sina hasr olunmus islor aid-
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Data mining bort sistemlarinin istifadesi minimum ii¢ istiqamat iizra aktualdir. Birincisi, bu ciir
sistemlor bag veran hadisalors tez reaksiya vermoyo imkan yaradir. Tkincisi, Data Mining bort sistemlori
prioritetlorin “savadli” sokildo yer-

-

lasdirilmasini, hamginin trivial ol- Airrnj‘ . o Enno..g
mayan hadiso barasinds informasi- Pavonorne. NI -
yanin ilk ndvbade toqdim olun- '
masimi tomin edir. Ugiinciisii, Data Fighi bela . oS4
. . S . Accpiistion Seftacrning Recnive 3
Mining bort sistemlari verilonlorin (Wp2) Aot OEM Expertise
113 99 L . (WPA)
qaralama” emalini hoyata kegirir D"('\';‘,’S';’,‘;"g : .
vo onlart ilkin verilonlars nisboton . F"g"éxpmo"‘f:"°"’ Smart Maintonanco
ohomiyyatli doracads kigik hocm- e (WPS)
do, “sixilmig” sokildo istifadagiya Data Bases gl
vera bilor. $ok.2-do aviasiya sis- Phght Sebuty

temlorinds ugus verilonlorinin Da-
ta Mining vasitasilo analizinin
struktur sxemi gostorilmisdir.

Sokil 2-don goriindiiyli kimi ugus verilonlorinin geyd olunmasi vo monitoringi sistemindon
(Airborne Data Recording & Monitoring) verilonlor vo miivafiq hesabatlar ucus molumatlarinin
yigilmasi blokuna (Flight Data Acquisition (WPZ2)) &tiiriiliirlor. Hor bir ugus vo hor bir toyyara
barssindo toplanmis molumatlar Aviasirkotin verilonlor bazasina (Airline Data Bases) verilirlor. Bu
blokun ¢ixisindan alinan informasiya eyni qayda ilo (verilonlar/hesabatlar) intellektual analiz magsodilo
Data Mining (WP3) sistemina Otiiriilir. Data Mining miivafiq modellor, alqoritmlor vo programlarin
kdmoyi ilo toyyaronin ugus zamani davraniginin va hor bir ekstremal hadisoyo miivafiq prognozlarin
intelletual analizini hoyata kegirdikdon sonra noticolor arasdirma vo qorar qeobul etmok iiciin
ekspertizaya (OEM Expertise (WP4) va Flight Operations Ekspertise (WP5)) gondorilir. Bu zaman
ekspertizani hoyata kegiron ekspert qorar qabulu zamani har bir ugus amsliyyatlarinin xiisusiyyatlorini
vo toyyaronin ugus-istismar xarakteristikalarini nazors almali, homginin ugus tohliikesizliyini
giymotlondirmalidirlor (Fliht Safety Assossment). Ekspertizanin naticalorine gora tokmillosdirilmis 6zii-
0zlina nozarat (Enhanced Self Inspection (WP4)) hayata kegirilir vo yeni freymlor ugus verilonlorinin
geyd olunmasi va monitoringi blokuna Gtiiriiliirlor.

Ugus aparatinin ugusu zamani qiymatlori yazilmis ugus verilonlori ¢oxlugunun intellektual
analizi metodikasina vo homin metodikani hayata keciron sistemin qurulmasi prinsiplerins baxaq [5].

Taklif olunan analiz iisulunun mahiyyasti agagidakindan ibarstdir.

Ugus aparatinin ugusu zamani qiymatlari yazilmig ugus verilanlarinin birinci ¢oxlugu yaradilir.
Bu ¢oxlugda hamin ugus verilonlarine gora ugus hadisasi agkarlanmis hesab olunur ve bu hadise o
halda askarlanmis hesab olunur ki, birinci ¢oxlugdan ugus verilonlorinin qiymetlori vo avvalki ugus
zamani yazilmis ikinci ¢oxluq adlanan ugus verilonlorinin diger ¢oxlugundan ugus verilonlorinin
giymetlori eyni bir ugus verilonlorine aid olan qiymatlari tomsil etsinlor. Bu zaman digor bir sort do
ondan ibarat olur ki, geyd olunan birinci va ikinci ¢oxlugdan ugus verilonlarinin geyd olunan eyni bir
giymatlori onlarin 6zlorinin miivafiq nominal giymsatlorini agir. Bundan basqa qeyd olunan birinci
coxluqdan ugus verilonlorinin he¢ olmasa bir elementini va/ve ya ikinci ¢oxlugdan he¢ olmasa bir
elementini 6zlino daxil edon ugus verilonlorinin an azi bir altgoxlugunu segmoak olar. Qeyd olunan
birinci ¢oxlugda ugus verilanlarinin an azi bir elementinin qiymatini geyd olunan ikinci ¢oxlugda ugus
verilonlarinin an az1 bir elementinin qiymati ile korelyasiyasmin komayi ils toyin edirlor. Burada digoer
bir sort isa ondan ibarat olur ki, verilonlorin on azi bir elementi dziliniin nominal qiymatini asir. Olava
olarag geyd etmok olar ki, daha sonra ugus hadisasi altcoxlugdan ugus verilonlorinin gdstarilon
giymotlori vo ugus verilonlorinin geyd olunan ikinci g¢oxluglarmin birindon ugus verilonlorinin
qiymetlori asasinda agkarlana biler.

Toklif olunan iisulun yuxarida gostarilon xiisusiyystlorini daha oyani tasavviir etmak {igiin onun
hoyata kegirildiyi ugus verilonlari ¢oxlugunun analizi sistemini nazardon kegirak.

Sok.2. Ugus verilonlorinin Data Mining vasitasila analizinin struktur sxemi
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Sokil 3-do FDM (Flight Data Monitoring-

ugus verilonlaring nozarat) kimi molum olan sistem (P} Ugus verilonlorinin
eskiz goklindo verilmisdir. [2] Bu sistem ugus C T qeyd edicisi
aparatinin ugusu zamani qiymotlori yazilmis ucus Rabits pa
verilonlori ¢oxlugunun {p(i)}ie analizi sistemini vasitalori
tomsil edir. V)i Esx
Burada IcD, D isa ugus verilonlarinin biitiin E;i-m
miimkiin ola bilon indeksloridir. Onlarin {v(i)}ie . askarifmma
giymatlorini ugus aparatinin ugusu zamani yazirlar.
Bu sistemin prinsipi ondan ibaratdir ki, ugus BDD E o)} er
aparatint bu {v(i)}ie; qiymatlorinin yazilisi1 vasitolori Verilanlor . '
ilo tochiz edirlor. Bu ciir vasitolor, mosolon “qara bazasi AN : see
qutu” vo ya yuxarida qeyd olunan xiisusi qeydedi- Esx
cilordir, mosolon ACMS (Aircraft Condition
Monitoring Systems — ugus aparatinin voziyyatinin §ok.3. Ugus verilonlarina nozarat sistemi

nozarat sistemi). Bu ugus verilonlori {p(i)}iy (miivafiq olaraq onlarin qiymatlori) miixtslif formali
coxluglar1 gobul eds bilorlor. Masolon, ugus verilonlorinin elementinin qiymoti ola bilor ¢ox6l¢iilii
Ol¢moni, ugusun parametrini (cari miihitin tozyiqini, hava siiratini, vibrasiya tezliyini va s.) va ya bort
heyati torafindon hoyata kecirilon (avtopilotun aktivlesdirilmesi va s.) horakatlorin yerina yetirilmasini
tomsil eds bilar.

Ugus aparatinin ugusu bitdikdon sonra va ya toyinat aeroportunda dayandiqdan sonra {p(i)}ie; —
nin giymatlorini kabel vo ya rabitonin naqilsiz vasitolori vasitasilo verilonlorin emali blokunun kémayi
ilo barpa edirlar vo verilonlorin intellektual analizi alqoritminden istifads etmaklo analiz edirlor.

Seansdan sonra analiz masalslorinin hallinin foaliyyatds olan aloti kimi boyiik verilonlor bazasi
daxilindo gizli qarsiliqlt slagolorin agkarlanmasi texnologiyasi hesab olunur — Data Mining (texniki
slavalords - Inductive Learning). Onun meydana golmasi ilk ndvbads verilonlor anbarlarinda yigilan
haddindan boyiik hocmli informasiyanin analitik emal1 zorurati ilo baghdir [3].

Bu mogsadle ekspert avvolcadon {p(j)}je; (burada JcD) verilonlor ¢oxlugunu miioyyen edir,
onlar1 vo {p(j)}je; ugus verilonlarinin har bir ¢oxlugu ilo bagli olan E;x ugus hadisslori coxlugunu BDD
verilonlor bazasina yazir. {p(j)}je; ucus verilonlorinin J ¢oxlugu ilo bagl olan hor bir E;y ucus hadisasi
bu goxlugun {vi(j)}je; qiymotlorine miivafiq olur. Bu qiymatlor avvalki ugus zamani verilonlar bazasina
yazilmis olurlar (k, mesalon, {v«(j)}je; qiymstlorinin yazilisina tolimati gostorir). Bu zaman onun
tizarina elo bir mahdudiyyast qoyulur ki, {p(j)}je; bu ugus verilonlarinin on azi bir elementinin vi(m)
giymati 6ziinlin L, nominal giymatini agmalidir. Bu qiymst hamginin avvalcadon yazilmis olur va elo
sokilde verilir ki, hor bir aviagirket torafindon gobul edilmis uguslarin tohliikasizliyi va uguslarin
sxemlari lizro faaliyyoatds olan normativ senadlarin talablorine cavab vermalidir. Riyazi ifads soklinda
E, k asagidaki kimi tosvir edilir.

Es={v() Healvk(j)> L7

Bu ifade {v(j)}jey bos olmayan goxlugu tomsil edir, yoni elo bir coxlugu ki, orada vi(j), Ln
nominal hiidud giymotindon boyiikdiir, yoni ugus verilonlorinin nominal olmayan he¢ olmasa bir
giymsati movcuddur.

Ekspert tarafindon ugus verilonlorinin bu miixtalif ¢oxluglarinin vo onlarla bagli olan ugus
hadisalorinin toyini vo saxlanilmasindan sonra o ugus aparatinin ugusu zamani {p(i)}ie ugus verilonlori
coxlugunun {v(i)}ie; qiymotlorinin yazilisindan sonra bu E;y hadisalorinin agkarlanmasi {i¢lin toyin
olunan va adaton kompiiter proqramlari soklinds olan vasitslori miiayyen edir.

Bu alqoritm vasitasilo o daha sonra askarlayir ki, agor nominal qiymati asan {p(i)}ie ucus
verilonlari ¢oxlugundan ugus verilonlori elementinin heg¢ olmasa bir {v(i)}ie| qiymati mévcuddursa vo
agor ugus verilonlarinin bu elementi avvalcadon BDD verilonlor bazasina yazilmis ugus verilonlarinin
{p()}je; soxlugundan ugus verilonlorinin elementinin {v(j)};e; qiymotino miivafiqdirss, E;\ hadisosi bas
vermisdir. Tocriibade BDD verilonlor bazasi bir ne¢d {p(j)}je; coxlugunu 6ziins daxil edir

Sistem homginin eksperto ugus hadisslorinin yuxarida gostorilon dinamikasini vo ya diger
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dinamikan1 oks etdirmok ii¢iin GUI (Graphical User Interface) grafiki vasitolors malik ola bilor.
Oksetdirma bazon cadvaller soklinds olur. Bu cadvellords nominal qiymatlari asan ugusun vo ya bir
ne¢o uguslarin verilonlori vo ya ugus verilonlorinin dinamikasin1  vo ugus hadisslorinde diger
dayisiliklori tomsil edon zaman diaqramlarinda tasvir olunurlar.

Daha sonra ekspert ucusun gedisini vo/ve ya dinamikanin deyismesini doqiqlikls izlomak
magsadils, giymatlondirmo {iglin bu oksetdirmolari analiz edir Ki, hogigaton do {v(i)}ie| giymatlorinin
analizi osasinda agkar olunmus ucus hadisolori ugus zamani bas vermis hadisolors miivafiqdirlormi.
Bunun asasinda ekspert ugus zamani vo ya ugus aparatinin bir ne¢o ucuslart zamani bag vermis ugus
hadisaleri arasindaki miinasibatlari alir vo oxsar ugus hadisalorinin tokrar yaranmasinin qarsisint almaq
iiciin yerina yetirilmasi zoruri olan amsliyyati prognozlasdirir.

Ekspertdo ugus verilalorinin qiymotlori no gadar ¢ox olarsa, bir o godor miixtalif situasiyalar
verilonlor bazasina yazilacaq, basqa sozls, bir o goder cox ugus hadisalori askarlanacaq va ekspert bu
hadisalora gotiran ucus hadisolorini daha daqiq qiymetlondira bilocakdir vo miivafiq olaraq potensial
galacok ciddi hadisslorin va qozalarin boyiik sayini prognozlasdira bilacokdir.

Qeyd olunan alqoritmoe miivafiq olaraq {p(i)}ie, ugus verilonlori ¢oxlugunun analizi sisteminin
eskiz soklindo tosviri sokil 4-do verilmisdir. Sokildo gdstarilon isaralor sokil 3-do gostarilon isaralorlo
ist-lista diigiirlor va eyni bir elementlori tomsil edirlar.

Sokildo gdstarilon analiz sisteminin torkibina verilonlorin emaliin T bloku daxildir. Bu blokun
torkibina {p(i)}ie| coxlugunda ugus verilonlorinin qiymatlori vo ugus verilonlorinin avvalki ucus zamant
yazilmis {p(j)}je; ugus verilonlari ¢oxlugundan ugus verilonlorinin {vi(j)}je; qiymotlari verildikds, E;x
ucus hadisoesinin agkar olunmasi vasitolori daxildirlor. Bu zaman ovvalki ugus zamani yazilmisg
qiymatlor eyni bir ugus verilonlorinin vi(M)me; qiymatlorinin {p(j)}je; vo {p(j)}jes ¢oxlugunda onlarin
miivafiq nominal qiymetlorini asmasi ilo bagli olan qiymstlordir.

Verilonlorin emalinin T blo-

ku homginin UV-in he¢ olmasa ugus Ugus verilanlorinin

verilolorinin bir {p(0)}eco alt cox- (T geyd edics

lugunu toyin etmok {ligiin Oziino Rabits

vasitolori daxil edir. Bu altgoxluq vasitalori Eu PO} jeres
{p()}e coxlugunda UV-in heg o ——

olamasa bir elementini daxil edir vo T _askarlanmas: @
ya {p(i)}es goxlugunda heg olmasa I T RS e | R
bir elementi 6ziino daxil edir, bu Korelyasiya agkarlan | yenilonmosi
sortlo ki, onun verilonlorin element- P} oL

lorindon he¢ olmasa biri 6ziiniin e P oo
nominal giymatini agsin. BDD E,; 0} e :

Verilonlorin - emali  bloku E‘*ﬁ‘af‘br : vee N hi:}t)'l‘:lﬁzm
adoton, homginin eyni bir ugus NN - a0 Pr(p,|p;)
aparatiin bir neg¢a ugusu zamani =
yazﬂmls verilonlor goxlugu iclin Sakil 4. Ugus verilonlori ¢coxlugunun analizi
qiymgﬂgrin vo ya muxtalif askarlan— sisteminin eskiz soklinda tasviri

mis ugus hadisalorinin statistikasini

hesablayir. Bundan sonra verilanlorin emali bloku onlarin asasinda bu ugus verilonlarinin va ya ugus
hadisalorinin zamana gors doyismasi ilo bagl olan dinamikani toyin edir. Bu dinamika riskin artmasi vo
ya azalmasini giymatlondirmoys imkan verir. Digor torofdon qeyd etmok lazimdir ki, ekspertdo ugus
verilonlorinin giymotlori no godor ¢ox olarsa, verilonlor bazasina bir o godor ¢ox miixtslif soraitlor
yazilacaq, yani daha ¢ox ucus hadisalari agkar olunacaq va ekspert bu hadisslara gatiran ugus saraitini
daha daqiq qiymstlondirs bilacokdir vo miivafiq olaraq golocakds potensial ciddi hadisslerin vo ya
goazalarin bdyiik saymin prognozlasdirilmasi imkani yaranacaqdir.

Natico. Toklif olunan iisul avvalcadan verilmis bas vera bilacok ugus hadisalori ¢oxlugundan
ibarat olan verilonlor bazasimin ilkin biliklorini zonginlegdirir. Buna ugus verilonlorinin avvalcodon
yazilmig qiymatlori va ugus verilonlorinin analiz olunan qiymatlori arasinda korelyasiyanin avtomatik
toyin olunmasi ils nail olunur. Bu zaman bu iisul ugus verilanlarinin yeni ¢oxlugunu (va ya altgoxlugu)
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formalagdinir vo noticodo ekspert torofindon prognozlagdirilmasi miimkiin olmayan yeni ugus
hadisalorinin askarlanmasina imkan verir. Bundan basqa, variantlardan birino miivafiq olaraq hor bir
altcoxlugu eksperto toqdim edirlor. Ogar ekspert qorara golir ki, altcoxluq bascoxluga daxilolmaga
layiqdirsa, 0 zaman bu alt ¢oxlugu saxlayirlar, agor o gorara golirss ki, altcoxluq yalan hayacandirsa, o
zaman bu altgoxluga artiq baxilmur.

Altgoxlugun geyd olunan toqdimati eksperto bu altcoxluglarla bagli olan ugus hadisslarinin
relevantliina nisbaton qorar gabul etmok imkaninin verilmosini tomin edir. Belslikls, sistema yalniz o
ucus hadisolorini slava edirlor, hansilar ki, golacok uguslarin tohliikasizliyi {igiin relevantdirlar vo ya
aviasiya sirkatinin ugus prosedurlarindaki dayisiliklarle baglidir.
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UHTEJUIEKTYAJIBHBIA AHAJIA3 IIOJETHBIX JAHHBIX B BOPTOBBIX
CUCTEMAX JIETATEJIbHBIX AIIIIAPATOB

.M. UICMAWJIOB, T.B. BUHHATAJIMEBA

B craTbe paccmarpuBaeTcs METOANKA HHTEIICKTYaTIbHOTO aHAIN3a MHOYKECTBA MOJICTHBIX IaHHBIX, 3HAUYCHHS KOTO-
PBIX OBUIM 3alFICaHbl BO BpeMs IOJIETA JIETATENFHOTO anapaTa, i NPUHIUIB TOCTPOSHHS CUCTEMBI, peau3yIonIell 3Ty MeTo-
IUKy. B mpennokeHHOM croco0e IOJIETHOE COOBITHE MOXKET OBITh OOHAPY)KEHO HAa OCHOBE 3HAUEHHI TOJIETHBIX JAaHHBIX U3
MTOJJMHO’KECTBA M 3HAYCHHU TTOJIETHBIX JaHHBIX U3 OJTHOTO U3 BTOPBIX MHOXKECTB ITOJIETHBIX TAaHHBIX. Eciu momeTHoe coObiTie
He 00Hapy)XEHO U3 MOJAMHOXKECTBA, TO C THM IOJMHOKECTBOM CBS3BIBAIOT BEPOSTHOCTH 00pa30BaHUs Mapbl MEXAY BTOPHIM
MHOKECTBOM U 3TUM [IOJJMHOKECTBOM.

Knrwwuesvie cnosa: 60pm06bl€ NUTOMANCHO-HABUCAYUOHHbLE KOMNJIEKCHL, CUCMEMbl pecucmpayuu nojaentHvlx oan-
HbIX, AHAJIU3 NOJIENMHBIX aaHHle, Data Mining, UnmeleKmydailbHole cucnemol, Memoowl UHmMeNNeKmyalbHo20 aHaiusd.

THE INTELLECTUAL ANALYSIS ALGORITHM OF AIRCRAFT FLIGHT DATA
.M. ISMAYILOV, T.V. BINNATALIYEVA

The article discusses the methodology of the intellectual analysis of the multiple flight data which were recorded dur-
ing the flight of the aircraft and principles of system construction which realizes this technique. In the proposed method, a
flight event can be detected based on the values of the flight data from the sets and the values of the flight data from one of the
second sets of flight data. Moreover, if a flight event is not detected from the subset, then this subset is associated with the
probability of pairing between at least one second set and this subset.

Key words: onboard flight navigation systems, flight data registration systems, flight data analysis, Data Mining, in-
telligent systems, methods of intellectual analysis.
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THE PROBLEM OF PROBABLE DISTRIBUTION PATTERNS OF THE
MAIN OPERATIONAL FRICTION PAIR PARAMETERS OF BRAKES

A.Kh. JANAHMADOVY, N.A. VOLCHENKO?, M.Y. JAVADOV?,
P.S. KRASIN, V.S. SKRIPNIK?, 1.0. BEKISH*

Prediction of the reliability of designed friction units of brake devices is possible only if there are patterns of the
probable distribution of their main operational parameters. The latter include the dynamic friction coefficient of friction units
and wear of the working surfaces of the pads.

The presence of numerous data from domestic and foreign researchers made it possible to describe the values of the
probable distribution of friction materials and operational parameters of friction pairs in curves with different frequencies and
amplitudes, which made it possible to establish the suitability of the use of materials, fluctuations in operational parameters
and uneven wear of the working surface of each friction overlays

Key words: braking device, friction pairs, patterns of the probable distribution of their main operational parameters.

DOI: 10.52171/2076-0515_2021_13 01_13_19

Introduction. The main operational parameters of vehicles disc brakes are the dynamic coeffi-
cient of friction and wear of their friction pairs. In contrast to brake discs, the base material components
for friction pads produced by various companies, i.e. the amount of different types of additives, deter-
mined by a huge number of of friction pad types. Moreover, manufacturers, as a rule, develop them
according to the materials of brake discs, which are heating energy storage devices, undergo a stress-
strain state depending on temperature conditions and the nature of braking. At the same time, there
should be minimal wear of the friction pair, durability of operation, minimal dependence on weather
conditions, environmental friendliness and economy of production and operation, comfort of driving a
car and its maintenance, etc. Among the largest world manufacturers of the braking pads, the following
may be noted: “Federal Mogul”, “Honeywell”, “TMD Friction”, TRW, “Allied Signal”, “Ferodo” (es-
tablishment — Great Britain), “Otto Zimmermann” (establishment — Germany), “Masuma” (Japan),
“Hankook FRIXA” (South Korea), EBC, “Brembo Group” (main office in Itali, braking systems for
Porshe and Ferrari Vehicles), ATE, “Akenobo” (Japan), “Kashiyama”, LPR, etc. In the CIS countries —
ATHU, TUUP, «MapKon» (Jaroslavl, Russia), “AKKOP” factory (Naberezhnye Chelny), Nizhegorod
braking pads factory “FOKKA” (Russia); “Dafmi”, “Best” (Ukraine), GNU IPM, PRUM “Molodechny
powder metallurgy plant” (Belarus) and etc.

Literature analysis and problem statement. The work [1] shows diagrams and graphical de-
pendencies for the main types of friction materials used in friction pairs of vehicles and their ranges of
change in operational parameters: sliding speeds, specific loads, dynamic coefficients of friction, sur-
face temperatures, linear and volumetric wear. However, the given data were not summarized and the
exact ranges of their variation, as well as the laws of distribution, were not indicated.
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The longevity distribution of polymer brake linings is characterized by position, scale and shape
parameters. In turn, the durability depends on the main operational parameters (temperatures: flash,
surface and volumetric; dynamic coefficient of friction) friction. A number of distribution laws are
known [2] normal, Gumbel, type I, exponential and Rayleigh, have a fixed form and do not require an
explicit form parameter. Other distribution laws: logarithmic, normal, Weibull, gamma distribution,
Student's, F - distribution and beta distribution, have one or more shape parameters, which allows you
to select more accurately the type of distribution to describe the sample data. Regardless of whether the
distribution has a shape parameter, sample data can be described with sufficient accuracy by selecting
suitable values for the position and scale parameters.

However, in this work, there were no attention paid to the distributions of the operating parame-
ters of the brakes according to the function of sines and cosines. Besides, there are no “pure distribu-
tions”, but there are hybrid combinations of distributions.

Electrodynamically established patterns of change in operational parameters (specific loads,
dynamic coefficient of friction, surface temperatures during heating and forced cooling and wear of the
working surface of the lining) metal-polymer friction pairs of band-block brakes of drawworks [3]. At
the same time, attention was not paid to the generalized pattern of changing the operational parameters
of several friction materials and brake linings.

Kragelski have presented as a group diagram wear distribution of a friction units. The first
group included disc and disc brakes, and the second - drum and shoe brakes. The groups were fixed
depending on the load patterns in friction pairs.

The purpose of the work is to substantiate the probabilistic distribution of the main operation-
al parameters of brake friction pairs.

Hypotheses for the distribution of density probabilities of parameters. Lets examine the
statistical hypothesis, which is some statements about the complex distributions, for example, the
statement that the time of failure-free operation of the brake friction pads when drilling at a depth of
4000 m is 50-60 hours, or that a random variable obeys this distribution.

Definition. Hypotheses stating that there is no difference between the compared values of the
parameters, and the observed deviations are explained only by random fluctuations in the samples, are
called null hypotheses and are designated as HO. All other hypotheses that differ from zero are called
alternative and are designated as H1.

Let's consider errors of the first and second kind. The error of the first kind, denoted by a, is
called the error of rejecting a correct hypothesis. The value 100 a% serves as a level of significance.

An error of the second kind, denoted by B, is an error of accepting a false hypothesis. The value
1 - B is called the power of the criterion. By expressing this value in terms of a certain parameter, a
power function is obtained. Obviously, the choice of the values of o and  should depend on the conse-
guences of committing errors of the first and second kind, respectively. The only way to simultaneously
reduce errors of both kinds is to increase the sample size of parameters [3]. The sample space for all
possible values of the statistics underlying the criteri-
on for testing the hypothesis is divided into two parts:
the region of admissible values and the critical region
in which the hypothesis is rejected (Fig. 1).

Hypothesis verification order

1. Hypotheses HO and H are formulated

2. a and P are chosen. (In some cases, instead
of B, n is chosen - the distribution law of the
smallest ordinal statistics of the sample
size).
Selective statistics (criterion) is selected.
The critical area is determined.
Statistic is calculated based on the sample. Tk raiosied) | (7 scoapied]

Hypothesis HO is accepted or rejected. Fig. 1 - The range of acceptable values and the critical
area of the selection of parameters

Distribution, in terms
of Hypothesis Hs Is true

R — e c— - — - — - ——

o 0ksw
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This is how the classical approach of
the distribution of the density probabilities of
the parameters are implemented.

Fig. 2 illustrates the distribution of
basic and sample functions, discrete density
probabilities and their analysis for the opera-
tional parameters of braking devices. Distribu-
tion of density probabilities of operating pa-
rameters of braking devices. Let’s examine
the approximate composition of the materials
used for the manufacture of friction linings
(Fig. 3). As a rule, rubbers (up to 200° C) and
phenolic resins or their modifications are used
as a polymer bond [5, 6], which withstand
temperatures on the friction surface up to 400
- 450° C. A slight increase in operating tem-
peratures can be achieved through the use of
polyamide resins of the API-2 type, but they
are much less technologically advanced [8].

The main types of abrasive additives
include powders of the following materials:
Si02, Al203, SiC, B4C, TiC, WC, Fe203,
Fe304, Cr203, MgO, ZnSiO4, etc. [7, 8, 9].
Typically, abrasives with a Mohs hardness of
7to 9 are used.

The introduction of modified additives
is aimed to solve a wide range of problems -
the formation of a friction membrane and
stabilization of the friction process (lubri-
cants), a decrease in wear, an increase in the
dynamic coefficient of friction, heat resistance
and thermal conductivity. Among the most
used modifying additives, the following may
be highlighted CaSiO3, Ca (OH) 2, CaCO3,
BaSO4, Mo03 and lubricants - MoS2, graph-
ite, coke, Sh2S3, PbS, Cu2sS [7, 8, 10]. Metal
powders - Fe, Cu, Al, Sh, etc., can also be
used as modifying additives, which, in addi-
tion to increasing thermal conductivity, cre-
ates oxidation-reduction membrane to reduce
wear and can play the role of abrasive addi-
tives.

As reinforcing materials, the follow-
ing are used: metal (for example, Fe, Cu,
steel) and organic (aramid and carbon) fibers,
ceramic fibrous materials (microfiber made of
K2TiO3, Mg4Si6015 (OH) 2 6H20 (sepio-
lite), Al203, glass and basalt fibers) [7, 8, 10].
Fibrous fillers, in addition to increasing the
strength and rigidity of the brake pad material,
like metal powders, improve the tribotechnical
and tribophysical characteristics of friction
materials.

DENSITY PROBABILITY DISTRIBUTION: IN TERMS OF MAIN

FUNCTIONS:
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Fig. 2 - Distribution by basic and sample functions, discrete
densities probability and their analysis for the performance
parameters of braking devices
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Fig. 3 - The main types of friction materials used in friction
pairs of vehicles and their operating temperature ranges:
volumetric (1), surface (1) and flash (111): 1 - leather, nylon,
cork; 2 - wood; 3, 5, 6 and 11 - rubber-based polymer, alumi-
num-based sintered powder materials; combined binder; resin
binder and resin binder after heat treatment; 4, 9 - sintered
powder based on: copper, iron; 7, 8 - composite with a matrix:
carbon, ceramic; 10 - cast iron

15



A.Kh. Janahmadov, N.A. Volchenko, M.Y.Javadov, P.S. Krasin, V.S. Skripnik, 1.0. Bekish

Fig. 3 shows that the bulk temperature of 500 °C can withstand the materials numbered 5-11,
and the surface temperature, which exceeds the permissible for many friction materials, only numbered

7..11.
Tab.
Main compound compositions of materials of friction linings based on a polymer matrix
Friction pads materials According to ‘t‘he pater’l,t US 6080230
Ferodo
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firm (11-th) based Fig. 4 a, b - Average values of the dynamic coefficient of friction f depending on the

ona polymer ma- specific loads p and the sliding speed V for friction pairs: a - "ceramic-matrix

trix, the following composites - cermets"; b - "gray cast iron — cermets"

is true according

to table: according to the first component - the Il material is
softer than the I; for the second component - the | material
will wear out faster than the II; for the third component - in
the | material, the wear-friction properties will be lower than
in the second; for the fourth component - the | material is
stronger than the II; for the fifth component - the | material
has better operating materials than the I1.

Thus, the | material can be used in the brakes of me-
dium-duty trucks, and the 1I- in road vehicles.

Proceeding to the pattern analysis of changes in the
average values of the dynamic coefficients of friction f de-
pending on the specific loads p and the sliding speed V for
friction pairs (Fig. 4): a - "ceramic-matrix composites - cer-
mets" (I); b - "gray cast iron - cermets” (Il). The analysis
showed the following: the first friction pair worked in the
range of f from 0.58 to 0.35, and the second - from 0.58 to
0.15; in the first pair of friction, the maximum jump f from
0.55 to 0.35 occurred at a specific load of 0.55 MPa, and in
the second - from 0.55 to 0.2 at a specific load of 1.0 MPa;
the sliding speeds were the same and amounted to 14.81 m/s.

Thus, the first friction pair is hard and has a high al-
lowable temperature for materials, and the second friction
pair is soft with a low allowable temperature for materials.

Distribution of the density probabilities for the
wear of the band-block brake linings of the drawworks.
Along with the dynamic coefficient of friction, one of the
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Fig. 5 a, b - Regularities of linear wear of

friction linings on the arc of the belt cov-

ering the brake pulley, depending on the
number of descents of the drilling tool
during six round trips for: a - 7, 11, 16,
18th linings; b - twenty-two belt blocks
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main operational parameters is the wear of the _
working surfaces of the friction linings [11]. "0
Based on the processing of experimental data 50 - Nt

from the wear of the working surfaces of the 40 W AR

1l regioa Il regioa

brake friction linings of the drawworks model 30

U2_5_5, analytical dependences were ObtainEd ° 1 23456 7 8 910111213141516171819202122

to determine the wear of the linings along the Lue 6) cumber of pad

width, the correlation coefficient correspond- I region U region I region

ing to each of the linings, the root-mean- sl /\/\/

square error. For friction linings of a brake 140 \/\/-/'\/\/\

band, the correlation coefficient varies within 130

the following limits: from r = 0.714 to r = -

0.995, respectively, for the 21st and 12th lin- 12345678 91011121314151617 1819202122
) oumber of pad

ings. The values of the correlation coefficients 260
r are close to 1.0, which indicates a stable rela-

1 regioa
tionship between the number of runs of the - \/\/v
drilling tool and the wear of the linings along 240 \/\/\/\/

Il regica I region

the width. The maximum and minimum wear 230

deviation for the above linings is 1.98 and -

1385% ; 12 34567 8 910111213141516171819202122
From the above-obtained analytical umber of pad

dependencies, graphs were built to show the Fig. 6 a, b, ¢ — Linear wear patterns of the friction linings

relationship between the linear wear of the working surfaces (n = 22 pcs) on the arc of the belt covering
working surfaces of the friction linings and the ~ the brake pulley after running the drilling tool: a - twenty; b -
number of runs of the drilling tool during six fifty; - eighty

round trips for: 7, 11, 16 and 18th linings (Fig. ;..
5 a); twenty two belt blocks (Fig. 5 b). It has 300

been established that the linings can work out o A TT] S

to permissible wear, that is, to a thickness of = W_—\A/\AT
26.0 mm, respectively, 82, 78, 92 and 75 runs  200- 4
of the tool when drilling a well with a depth of il '\/\N\/K/\—’VJ

4108 m, the average value is 82 runs. The de-
viation of other obtained values of the descents 100 "\/\M/\__——\—
from the average are, respectively, 12.2; 8.53; §
4.88%. Consequently, the number of descents >’ /\—"\———-\/\Nx

does not differ significantly, which indicates 0 v
some Ievellng Of the Specific Ioads of the 123456 7 8 91011121314151617 1819 202122
number of pad
above pads.
Fig. 6 a, b, ¢ and 7 show the regulari- Fig. 7 - Graphical dependencies of linear wear of friction
ties of linear wear of the working surfaces of linings (i) along the length of the band-block brake on the
the pads when running the drilling tool. The number of runs n of the drilling tool (curve 1 - n = 20;

obtained dependencies confirm the wave na- curve 2 -n = 40; curve 3-n = 60; curve 4 - n =80)

ture of wear at the center point of each belt block lining.
Fig. 8 and 9 a, b, ¢, d shows the histograms of the wear distribution over the width of the fric-
tion linings of the band-block brake of the U2-5-5 drawworks. Histograms were built according to the

following relationship:
P = Z mi/z m;

where m; - the total number of friction linings with uneven wear in the intervals: 0... 1,1 ... 2,2 ... 3, 3
..4,4 .55 ...6 mm; m, - the total number of the investigated friction linings (33 pcs).
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The histograms shown in Fig. 8 a, b, c, d are analyzed. For comparison, consider the 7th, 11th,
16th, 18th brake band lining of serial friction units, with the uneven wear ranges from 3.0 to 4.5 mm.
This corresponds to the following percentages, respectively, 10, 9, 10 and 4%. It may be observed from
other histograms that the linings of the incoming belt part have a smaller amount of uneven wear than
the outgoing This is due to the higher vibration amplitude of the outgoing belt part, which leads to
skewing of the friction linings and an increase in shock loads.

In the improved frictional units from the redistribution of specific loads (Fig. 9 a, b, c, d), there
is no uneven wear of the linings in the range of 3.0 ... 4.5 mm. If the wear is uneven from 1.5 to 3.0
mm, the linings (7 and 11) located on the incoming belt part have such percentages, respectively, 36
and 42%. For the blocks (16th and 18th) of the incoming belt part, they are 17 and 53%, respectively.
Therefore, the frictional
linings of the oncoming
strand of the belt have a
smaller amount of uneven
wear than the outgoing one.
As follows from the histo-
grams, the unevenness of ¢

the Weal’ Of the |InlngS F 0:.58 15 ;.f)).o&at,u;:'_l—h, MM 'ol,s ’1 s)f.o 3,045 4560 dh, MM x d-c-u.s '1-.;)041;54.5‘4:;&0 ah, uu ; I.-N.-s ’1,5:.0()-.04.3 u-ao .If:r) uuf
; : P ig. 8 a,b,c,d - Histograms of uneven wear distribution in serial linings (in width) o
glr%r\]/% dthirivgtli(:)tr? ISn}[]Se Ihrgs a band-block brake: a - 7th; b - 11th; ¢ - 16th; d - 18"

significantly decreased in
comparison with the values
of the uneven wear of the
serial friction units. This is
explained by a noticeable
decrease in specific loads :

and, @ a consequence, sur- Fi 'oﬁl)‘,;t;i:“a“ul—?i‘;burams of the uneven wear distribution in serial linings (in width)
face temperatures and the g.-vanc, 9 g

- of the improved frictional brake units: a - 7th; b - 11th; c - 16th.
formation of a steam cush-

ion between the brake friction pairs, which contribute to a decrease in the vibration amplitude of the
brake band and shock loads. The surface temperatures of the linings of the incoming part of the belt are
reduced to the temperature of the runaway, which causes some leveling of their wear. This leads to pos-
sible performance of the friction linings simultaneous replacement of the incoming and runaway
branches of the brake bands.

Conclusion. Theoretical and experimental studies of the main operational parameters probabil-
ity distribution of friction pair patterns in brakes, using various types of analysis showed the following
results.

The analysis was carried out sequential and correlation with the involvement of a one-, two-
and three-factor approach to assess the operational parameters of friction pairs; the factors were: friction
materials; number and amount of pads, number of runs of the drilling tool; operational parameters were:
specific loads, sliding speed, dynamic coefficient of friction, surface, volumetric and flash temperatures,
as well as wear of the working surfaces of the linings.

The description of the probability values of the friction materials distribution and the friction
pairs operational parameters by curves with different frequency and amplitude, made it possible to es-
tablish the suitability of the use of materials, fluctuations in operational parameters and uneven wear of
the working surface of each friction pad.
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OYLOCLORIN SURTUNMO CUTUNUN OSAS iSTiSMAR PARAMETRLORININ
EHTIMAL PAYLANMA QANUNAUYGUNLUGU PROBLEMLORI

9.X. CANOHMODOV, N.A. VOLCENKO, M.Y.CAVADOV,
P.S. KRASIN, V.S. SKRIPNIK, 1.0. BOKIS

Oylac qurgularinin layihalondirilmis siirtiinme diiyiinlerinin etibarliliginin prognozlasdirilmasinin yalniz onlarin asas
istismar parametrlorinin ehtimal paylanmasi ganunauygunlugu olduqda miimkiinliiyii gostorilmisdir. Sonuncuya friksion
diiyiinlorin dinamik siirtiinmo amsali vo onlarin 6rtiiklarinin is¢i sathlorinin yeyilmasi aiddir.

Mogqalads yerli va xarici todqiqatgilardan aldo olunmus ¢oxsayli molumatlar asasinda friksion materiallarin ehtimal
paylanmasi va forqli tezlik, eloco do, amplituda ils siirtiinms ciitii oyrilorinin istismar parametrlorinin tosviri gostorilmisdir. Bu
da 6z n6vbasindo, materiallarin istifadoys uygunlugunu, istismar parametrlorinin vibrasiyasi vo har bir friksion kiindanin isgi
sathinin qeyri-barabor yeyilmosini miloyyanlogdirmoys imkan verir.

Agar sozlor: ayloc qurgusu, siirtiinma ciitii, friksion materialin va istismar parametriorinin ehtimal paylanmasi
qanunauygunlugu.

K MPOBJEME 3AKOHOMEPHOCTE BEPOSITHOI'O PACHPEJIEJEHUSI OCHOBHBIX
IKCINIYATAIIMOHHBIX MTAPAMETPOB ITAP TPEHUS TOPMO30B

AX. JODKAHAXMEJIOB, H.A. BOJIBYEHKO, M.41. JUKABAJIOB,
I1.C. KPACHH, B.C. CKPBIITHBIK, 1.0. BEKUIII

[Toxa3zaHo, 4TO MPOrHO3MPOBAHUE HAJIEKHOCTH CIPOEKTUPOBAHHBIX Y3JI0B TPEHUS TOPMO3HBIX YCTPONUCTB BO3MOXHO
JUIIb B TOM CJIydae, €ClId HUMEITCA 3aKOHOMEPHOCTH BEPOSTHOIO pAaCIpe/iesieHHs HX OCHOBHBIX 3KCILTyaTal[MOHHBIX
napaMeTpoB. Y CTaHOBIIEHO, YTO K MOCIEIHUM OTHOCSTCS JMHAMHUYECKUH KO GHUIIMEHT TpeHUs! QPUKIIMOHHBIX Y3JI0B U U3HOC
pabounX MOBEPXHOCTEH NX HAKIIAIOK.

B pabote Ha OCHOBE MHOTOYMCIEHHBIX JAHHBIX OTEUECTBEHHBIX M 3apyOeXHBIX HCCIENOBaTeNed IPHBOJUTCS
OIIMCaHNe BEIWYUH BEPOSATHOTO PaclpereneHnst (PPUKIMOHHBIX MaTepHaloB M HKCIUTyaTAal[IOHHBIX MapaMeTPOB Map TPEHHS
KPHUBBIX C pa3MYHOM 4YacTOTOH W aMIUIUTYJOH, YTO TO3BOJHMJIO YCTAHOBUTH IPUTOJHOCTh HPUMEHEHHS TeX WIH
MHBIX MaTepHAaIOB, KOJeOaHHs SKCILUTyaTallMOHHBIX MMapaMeTPOB M HEPaBHOMEPHOCTh M3HOCA paboyell MOBEPXHOCTH KaXIOiH
(PUKIMOHHO HaKIIAAKH.

Kniouegvie cnoea: mopmosnoe ycmpoiicmeo, napvl mpenus, 3AKOHOMEPHOCMU BEPOAMHO20 pacnpeoeseHus
DPUKYUOHHBIX MAMEPUATIO8 U FKCNILYAMAYUOHHBIX NAPAMEMPOS.
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EXPERIMENTAL INVESTIGATION OF THE INFLUENCE OF THE
DEVIATION ANGLE OF THE ROPE ON ITS DURABILITY

N.M. FIDROVSKA, V.S. SKRIPNIK?, I.G.KERECHENKO?,
V.V. NESTERENKO?, 0.S. PYSARTSOV*

All ropes, according to the rules of the State Labour Service, count on the static load without taking into account the
bending and torsional stresses. The estimating the rope is based on the density of the rope and the maximum straight length.
The operating conditions of rope are very different from the conditions of their work on the running machine. However, exper-
imental studies conducted by scientists help to determine the influence of various factors on the durability of ropes. Based on
these experiments, the rope estimation methods were developed.

The use of the proposed machine with a rocker mechanism for fatigue tests will expand the empirical data on the
rope wear at different angles; therefore, will increase the durability of the use of ropes in lifting machines.

Key words: rope of the deflection angle, load, stress, durability, fatigue, wear.

DOI: 10.52171/2076-0515_2021_13 01 20 _24

Introduction. The current level of technology development requires new regulations for the re-
liability and durability of load hoisting ropes. When choosing the design of ropes you need to consider
the conditions in which they will be operated and make calculations based on these conditions.

Experimental studies conducted by B.S. Kovalskyi, D.H.Zhytkov, K.M. Maslenikov,
A.l. Kolchyn, I.F. Nikitin and others have shown that the durability of the rope depends on its design,
operating modes and cannot be determined only by static strength.

Problem statement. When winding the rope on the drum or when bending the rope on the
blocks of pulleys there is a deviation of the ropes from the rotation plane of the blocks. When increasing
the angles of deviation, there may be very negative effect caused by the fact that the deflected rope
slides on board of the block stream, while wearing itself and leads to wear of the stream of the block.
As the deflection angle increases, the contact line of the rope with the board of the block stream and the
relative speed of displacement of the rope increases. The angles of deviation are limited taking into
account the ratio D / d, where D is the diameter of the block, d is the diameter of the rope and the mode
of operation of the lifting mechanism. When deflecting the rope on the drum, it is necessary to take into
account the possibility of jumping rope into another groove and breaking the rope on the rowing
grooves. The works of Unold, Matthyas and B.S. Kovalskyi were devoted to this issue.

Analysis of current research and publications related to the problem. In [1] the modeling
of metal wire ropes under the action of axial tensile and bending load is considered. The authors’ stud-
ies are based on the hypothesis of the absence of friction between the wires, which is taken in the form
of a thin curved rod. It has been determined that on the one hand the twisting of the rope leads to in-
crease in the overall stress in the cross sections of the wire, and on the other hand, the fixing of the ends
of the rope leads to increase in contact stress, especially at point contact.
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Experimental investigation of the influence of the deviation angle of the rope on its durability

The authors have concluded that the problem of contact stress in multi-row ropes is a rather difficult
task and requires further study.

In [2], the actual stress state of the elements of steel spinning ropes is determined. The depend-
ence of the stress-strain state of the rope on the value of the effective pre-stresses is proved. The authors
have made conclusions that increasing the twist pitch of the rope reduces the contact stresses and, thus,
it increases the safety of lifting.

The work [3] is devoted to the theoretical research of steel ropes with axial tensile load. It has
been shown in the illustrated example that the central wire is loaded with 15.58% of the total load of the
spiral I, in other sections of the wire 84.4% of the load. The total twist causes a voltage of 5400.4 N.mm
in the outer wires. The authors have concluded that the tensile stress in the central wire is much lower
than in the outer wires.

In [4] the technical modeling of steel stretched ropes under the action of tension, torsion and
bending is considered. Studies have shown that the stresses from the action of contact forces increase
with decreasing axial forces in the wires. The proposed formula for the stress state of the cross section
is made in a three-dimensional end element in the form of a final beam. For this purpose, a static and
dynamic analysis of this element under the action of shear and rotation has been performed. Particular
attention is paid to the residual contact forces that correspond to the bending processes.

In [5] the problem of determining the stress in the wires of the rope that is wound on the drum
and the block is analysed. A formula was obtained to determine the additional loads in the rope depend-
ing on the geometric parameters of the rope and the bending radius of the rope when bending it on the
drum or block. The calculations obtained by this formula were compared with experimental data con-
ducted by I.F. Nikitin. The difference was about 5%.

The influence of the deflection angle on the durability of the rope and blocks was studied in the
research paper [6].

Based on the research, it is concluded that the greater the deflection angle of the rope that
strikes the block, the greater the value of the wear of the rope block and the reduced amount of rope
operation time [7] (Fig. 1).
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Fig. 1 Rope deflection on the block

Presentation of the main material. We obtained an analytical dependence to determine the
permissible angle of deflection of the rope that strikes the block. If we can allow the adhesion of rope to
the side of the block over a length c, then the maximum angle will be determined by the formula:

4(wl-thwl
tgy = 200D 4 1go (1)
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tgf — the angle of rotation at the point of separation from the surface of the block; D — block diameter;
2l — distance between blocks; T — rope tension; B — the rigidity of the bend of the rope; k — constant for
ropes of a certain construction; d — rope diameter.

dt vtgp ctgp
tge - (dv)v:C - (W)v=c - (g—h)2+cz (2)

The object of experimental research is an experimental setup to determine the durability of the
rope depending on the geometric parameters of the rope and the rope block (Fig. 2).

For experimental research, we made a machine with a rocker mechanism, which consists of an
electromotor, a cylindrical transmission, a worm gear and rope blocks. The machine is additionally
equipped with a crank-rocker mechanism connected to the output shaft of the worm gear, and the rope
blocks are fixed separately from the mechanism for adjusting the angles of the rope.

The machine with a rocker
mechanism for fatigue testing of the rope
consists of a frame (1), which is con-
nected to the floor by means of an an-
chor fastening (2). The electromotor (3)
is fixed on the frame, which by means of
a cylindrical transmission (4) drives a
worm gear (5), at the end of which a
crank (6) is fixed, which enters the
groove of the rocker arm (7), which is
hinged to the frame (1). At the other end
of the rocker arm is attached a rope (8), |
which pass_es through the bloc'_(s (9) and Fig. 2. Scheme of experimental setup:
(10), and is connected by a |Ift|ng eye 1 — frame, 2 —anchor, 3 — electromotor, 4 — cylindrical transmission,
nut (11) with the rod (12), directly on 5 — worm gear, 6 — crank, 7 — rocker, 8 — rope, 9, 10 — rope blocks,
which the load (13) is put (Fig. 3). 11 — lifting eye nut, 12 —rod, 13 — load.

—H4 4 (MO
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Fig. 3 Experimental stand, « — top view, b — side view

At the first stage, the study of the influence of the deflection angle of the rope which runs from
the block has been carried out. Three values of angle 3°, 5°, and 7° and three blocks with diameters of
96 mm, 72 mm and 48 mm were selected. The angle was 2 = 11°. The rope was stretched with a load
of 500N. The results of the obtained values are shown in table.
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Based on the obtained exper-
imental data, which are given in the
fourth section, the formula for the
coefficient of influence of the angle of

Table
Testing of a steel wire rope 0 (with linear contact of
wires between layers) for durability at different angles
of deviation and the block with a diameter of 48 mm.

deviation of the rope on the durability D deviation of
of the rope was derived: Test number - egrees EVI;iolon of a rope -
£ = 0,01045y% — 0,1672y + 1,361 (3) 1 9959 95729375 | 2654 2795
2 10134 9993 9468 9377 2807
Our research made it possible j 983392?;)79 922%36395 265&32&;77
to clarify the method of calculating the z 10031 9984 9347 2315
rope by service life. To do this, we 6 9968 9784 9398 5705
introduce four additional coefficients 7 9899 9966 9254 9385 2699 2755
in Kowalski’s formula: 8 99169993 | 95119395 2824
p="% (d+abcl) @ 9 10054 9972 9436 2789
10 9973 9456 2694
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Fig. 4 — A coefficient f Fig.5 Estimated and average value of rope strength tests for durability

at different angles of deviation

f — a coefficient that takes into account the angle of deflection of the rope when leaving the block (3)
(fig. 4);
a — a coefficient that depends on the material of the block (steel — 1,1; cast iron — 1,0; duralumin — 0,8;
nylon —0,6);
b — a coefficient that reflects the influence of the radius of curvature of the stream r and depends on the
tension of the rope and the direction of twisting;
¢ — a coefficient that takes into account the metal filling of the rope section. For six-strand ropes type
(with point contact of wires between layers) ¢ = 0.21, (with linear contact of wires between layers) ¢ =
0.20, for eight-stand ropes ¢ = 0.23:
A — a coefficient that establishes the relationship of the value % with the number of cycles N;
B — a coefficient that takes into account the influence of the rope structure;
C — coefficient that takes into account the influence of wire size on the endurance limit at pulsating
contact stresses.

The estimated and average value of rope strength tests for durability at different angles of de-
viation are shown in Figure 5.
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Conclusions. The question of the deflection of the rope on the drum and the block is the subject
of special discussion in the process of designing lifting machines. When solving the problem of the
limiting angle of deflection of the rope on the drum, some assumptions were made that reduced the
accuracy of the calculation. The article presents new dependencies that give an opportunity to take into
account the distance between the blocks, they are more accurate. The experiments have confirmed the
obtained analytical solutions.
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KANATIN SAPMA BUCAGININ ONUN UZUNOMURLULUYUNO TOSIRININ
EKSPERIMENTAL TODQIiQi

N.M. FIDROVSKA, V.S. SKRIPNIK, 1.Q. KERECENKO, V.V. NESTERENKO, O.S. PISARSOV

Biitiin kanatlar Dovlet ©moek Xidmeati qaydalarina uygun olaraq, ayilme vo burulma garginliyi nezere alinmadan
statik yiik li¢lin nozards tutulub. Kanatin hesablanmasi onun sixligina va maksimal xatti uzunluguna asaslanir. Kanatin isinin
real soraiti, horokatds olan masinin is soraitindon ¢ox forqlonir. Lakin alimlor torafindon kegirilmis eksperimental tadqiqatlar
kanatlarmn uzundmiirliiyline miixtolif amillerin tesirini miisyyen etmays kdmok edir. Magalads eksperimentlor asasinda
kanatlarin hesablanma metodikas1 islonib vo 6z oksini tapmigdir.

Yorgunlugun sinaqdan kegirilmosi {iglin toklif olunan garxqollu mexanizmli maginlarin istifadosi, kanatin miixtolif
bucaglar altinda yeyilmasina aid empirik molumatlar1 genislondirocok va belsliklo, qaldirici maginlarda kanatlardan istifadonin
uzundmiirlityii yliksalocok.

Acgar sozlor: kanatin sapma bucagu, yiik, gorginlik, uzunomiirliik, yorgunlugq, yeyilma.

IKCHEPUMEHTAJIBHOE UCCJIEJOBAHUE BJIUSIHUSA YI'JIA OTKJIOHEHUSA KAHATA
HA EI'O JOJI'OBEYHOCTb

H.M. ®UJJPOBCKA, B.C. CKPBIITHBIK, .I'. KEPEYEHKO, B.B. HECTEPEHKO, O.C. I[IbICAPLIOB

Bce kaHatbl, cornacHo npaBuwiiaMm ['ocyqapCcTBEHHOH CiTyKOBbl TpyZAa, pacCUMTBHIBAIOT HAa CTATHYECKYIO HarpysKy
6e3 yJera M3rnOArONIMX U KPYTHIBHBIX HalpsDKEeHHH. Pacder kaHaTta OCHOBaH Ha INIOTHOCTH KaHATa ¥ MAaKCHMAaJIbHOW MPSIMOH
unHe. PeanbHbIe ycioBUs pabOTHI KaHATa CHIIBHO OTJIMYAIOTCS OT YCJIOBUIT X pabOTHI Ha X00BOH MamuHe. OJHAKO JKCIIe-
PHMEHTAIbHBIE HCCIIEOBAHNS, IPOBEICHHBIE YUCHBIMH, TOMOTAIOT ONPEAEIUTD BIMSHUE Pa3IHIHBIX (PAKTOPOB HA JONTOBEU-
HOCTB BepeBOK. Ha 0cHOBE 3THX 9KCIEepPUMEHTOB ObLIH pa3paboTaHBl METOABI pacyéTa KaHATOB.

Hcnonp3oBaHKe NpeagaraeMoi MaliHbl ¢ KOPOMBICIOBBIM MEXaHU3MOM JJIsl UCHBITAHUI HA YCTaJIOCTh PacIlu-
PHT SMIMPHYECKHE AaHHBbIE 00 M3HOCE KaHATa I0J Pa3HBIMHU YIJIaMH, U, TAKUM 00pa3oM, MOBBICUTCS JOITOBEYHOCTb MCIIOJb-
30BaHMS KaHATOB B MOABEMHBIX MaIllUHAX.

Knroueewie cnosa: YroJi OTKJIOHCHHUS KaHaTa, Harpy3Ka, Halps>KeHHUe, 10JITr0OBEYHOCTh, YCTAJIOCTh, U3HOC.
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DOMIRYOL STANSIYALARINDA RELSLORIN iSTISMAR
ETIBARLIGININ QiYMOTLONDIRILMOSi VO iIMTINALARININ
PROQNOZLASDIRILMASI

E.K. MANAFOV*!

Maqals texniki stansiyalarin bas yollarinda relslarin istismar etibarliginin qiymotlendirilmasi va onlarin imtinalarinin
prognozlagdirilmasina hosr olunmusdur. Istismar etibarhgmin giymotlondirilmasi iigiin texniki stansiyanmn bas yollarindaki
relslorin yola qoyulma anmdan imtina etmo miiddatina qador olan statistik molumatlar1 tohlil edilmisdir. Imtina edon relslorin
say1 vo imtinaya qodor olan iglomo giymotlori osasinda paylanmani toyin etmok iiglin birinci imtinayadok orta isloms vo orta
kvadratik meyletmo komiyyotlori hesablanmigdir. Birinci imtinayadok orta iglomo vo orta kvadratik meyletmo
komiyystlorindon istifade etmokls uzundmiirliiylin normal paylanma modeli asasinda baxilan stansiyadaki relslorin imtinasinin
ndqtali ehtimal prognozu hesablanmus, relslorin buraxilmig yiik 6l¢iisiindon asili olan imtinalar qrafiki qurulmusdur.

Agar séozlar:domiryol stansiyasi, rels, imtina, istismar etibarligi, birinci imtinayadok orta isloma, orta kvadratik
meyletma.

Giris. Domir yolu miixtalif tobist vo iglim soraitlorindo horaket torkibleri ilo daim dinamik
qarsiligl alagads isloyon miixtolif ndvli materiallardan ibarst miirokkab konstruksiyaya malik olan bir
qurgudur. Istismar zamani yollarda horokot torkiblorinin kiitlosindon, otraf miihit temperaturundan,
riitubatdon va digor amillordon yaranan tasirlor naticesinds yeyilmo, qocalma, qaliq deformasiyanin
toplanmasi vo s. kimi fiziki proseslor bas verir. Biitiin bunlar zodslonmalerin, qiisurlarin, imtinalarin
yaranmasina sobob olur. Yolun kifayst godor mohkamlik ehtiyatina malik olmasina baxmayaraq, bels
catismazliqlar horakat siirotinin azaldilmasina, boazi hallarda iso hatta yolun saz vaziyysto gotirilmosi
ticlin qatarlarin horakoatinin mohdudlasdirilmasina vo hotta dayandirilmasina gotirib ¢ixarir.

Ogor sonraki foaliyyati tohliikesizlik vo iqtisadi taloblora gora yolverilmazdirss, yolun igloma
qabiliyyati mahdudlasdirilir (cox zaman horakat siiratine gora) va yol kritik vaziyyatds sayilir. Kritik
voziyyst toyin edilmis resursla miioyyonlosdirilir. Kritik veziyysto qoder tebii qocalma, yeyilma,
korroziya, yorgunluq deracasindon asili olan dagilma (deqredasiya) imtinasi da bag vera bilar.

Domir yolunun miixtolif materiallardan togkil edilmis ayri-ayr1 elementlori miixtolif etibarliq
soviyyslorine malikdirlor. Yol ¢coxelementli, tomiroyararli, barpaedilabilon miirokkeb miihondis qurgusu
olmasina baxmayaraq, asas vo aparici elements - relsloro gdro ehtiyata malik olmayan bir obyektdir.
Statistik gostoriciloro osason iimumi imtinalarin torkibinds yolun barpa olunmasi iiglin qatarlarin
harakatinds fasilo yaratmis imtinalarin 90 %-don ¢oxu relslarin tok-tok deyisdirilmesinin payina diisiir.
Catismazliglarin  agkarlanmasi zamani relslorin dorhal dayisdirilmosi tolob olunan makrogatlar,
gopmalar, sinmalar, bdyiikk hacmds korroziyaya meruz qalma ve tohliikkali sayilan diger qiisurlar
relslorin imtinasinin sabablaring aiddir. Relslorda kaskin qiisurlarin yaranmasinda yorgunlug, xiisuson
do tomasli-yorgunluq proseslori boyilik rol oynayir. Bu zaman relslorin xidmat miiddoti yeyilma vo
yaxud qiisurlar noticesinds tok-tok siradan ¢ixma intensivliyine goérs toyin edilir. Biitiin bunlar
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stansiyalarin sorhadlori daxilindoki yollarda bas verdikde, bu masalolor {imumilikds stansiyanin
foaliyyat etibarliligina tosirsiz Gtiismiir. Ona gore do stansiyalarda domir yolunun resursunun vo
relslorin xidmot miiddeatinin prognozlasdirilmasi {igiin onlarin istismar etibarli§inin qiymotlondirilmasi
aktual masaloalorden sayilir [1, 2, 3].

Masalonin qoyulusu. Miixtslif istismar soraitlorinds relslorin xidmat miiddstini qiymatlondiren
osas Uimumilagdirilmis xlisusiyyst imtinayadok islome komiyyoti — onlarin iizorinden buraxilan yiik
miqdaridir (izerinden buraxilan yiiklii qatarlarin ¢okilorinin min. ton km brutto ilo comidir). Relslorin
xidmat miiddoati hor bir ndvboti osash tomirlorarasi dovra barabar olan islomo komiyyati ilo mohdud-
lasir. Azarbaycan Damir Yollar1 Qapali Sohmdar Comiyystinin (ADY QSC) bas yollarinda yolun agir
tipli tst qurulusundan istifade olunur va bu yollar iiciin isloms haddinin normasi 500 min. ton brutto
gobul edilmisdir. Yiik miqdarina gors islomo normalar1 qiisurlu rels imtinalarmin saymdan (1 km-o
diison siradan ¢ixmis doyisdirilon relslorin say1) asili olaraq toyin edilir. Etibarligin daha yiiksok
saviyyads tamin olunmasi {i¢iin bas yollarda oasasli tomir (biitiin relslorin dayisilmasile) yolun tipinden,
istismar goraitindon vo s. asili olaraq 1 km-o diigon imtina etmis qiisurlu relslorin saymnin 4...6 adado
catmasi zamani yerina yetirilo bilor. Osasli tomirdo bas yollardan ¢ixarilmis texniki cohotdon saz
vaziyyatds olan relslor ¢esidlonir vo daha agagi doracali yollarda (qobul-géndorma, dalan yollarinda vo
s.) istifado olunur [4].

Konkret istismar soraitlorindo faktiki islomo komiyyoti oxa diison agirliq, horoket siirati,
qatarlarin horakat rejimi, yolun plan va profili, yolun imumi vaziyyati vo konstruktiv xiisusiyyatlori,
iqlim soraiti va s. asili olaraq doyiso bilar. Stansiyalarin bas yollarinda relslarin etibarligint qiymotlon-
dirmokls onlarin imtinalarim1 prognozlagdirmaq vo bunlara osason islomo normalarinda diizslislor
aparmaq miimkiindiir.

Masalonin halli. Zodolonms sabablarindon relslorin imtinalarinin hesablanmasi ii¢lin imu-
milikds yolun miixtslif istismar goraitlori zamani1 yaranan imtinalar1 hesablamaq lazimdir. Bels ki, yiik
miqdarina uygun olaraq islomo miiddoti artdigca, imtinalar axininin parametrlori artir, imtinaya qodor
islomo komiyyati iso azalir. Axin parametri vo imtinayadok islomo miiddsti belo hesablanir:

a=1/To=n/Q ,

burada T, — orta islomo miiddati; Q — il arzindoki yiik gorginliyi, mln. ton km brutto; n — relslords bas
veran imtinalarin sayidir.

Bu zaman qeyd edilon etibarliq gostaricilorinin bdyiik dispersiyast (daginigligl) miisahide olu-
nur. Bu, rels poladinin yorgunluga gors dagilmasi, yolun sortlik gostaricilorinin vo hondasi vaziyyastinin
doyiskanliyi va s. ila alagadardir. Ona gora do miixtalif relslorin imtinayadok islomasi miixtalif amil-
lardan asili olan, doyiskean kemiyyatdir [5].

Relslorin istismar etibarliginin qiymatlondirilmesi {i¢iin ADY QSC-nin Bilacari stansiyasinin
bas yollarinda relslorin yola qoyulma anindan imtina etms miiddatine gadar statistik malumatlar tohlil
edilmisdir. ilkin verilonlor sinma, qopma vo zodolonmoloro géra bas yollardan ¢ixarilmis relslorin
geydiyyat cadvelinden (PU-14) va rels-gpal-ballast kartlarindan gétiiriilmiisdiir. Eyni istismar soraitindo
olan relslorin imtinas1 onlarin {izerindon buraxilmis miixtalif yiik migdarindan sonra yaranir. Miivafiq
olaraq relslorin imtinas1 tosadiifi hadise, imtinaya qoadar relslorin iizerindon buraxilmig yiik miqdart iso
tosadiifi komiyyat kimi qobul edilir. Vacib statistik emal prosesi asagidaki morhalslorden ibaratdir:
variasiya sirasinin qurulmasi, paylanma funksiyasinin noévii haqda hipotezin gabul edilmassi, gliman
edilon paylanma funksiyasimin ndvil li¢lin parametrlorin néqtali giymotlorlo gdstorilmasi, eksperimental
verilonlorin gabul edilmis paylanma funksiyasi haqda hipotezlo qeyri-ziddiyatliliyinin yoxlanilmasi,
paylanma funksiyasinin parametrlorinin interval hadlorinin qiymetlondirilmasi.

Stansiyanin bas yollarinda relslorin imtinas1 haqda verilonler imtinaya qador islomanin (relslor
tizarindon buraxilan yik miqdari) tesadiifi adadlerinin variasiya sirasini toskil edir. Bu sira asagidaki
qaydada yazilir:

L< tbh<tz<...<t.
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Emal iiclin verilonlorin zaman intervali yolun osasli tomirloraras1 dovrii ilo mohdudlasir, yoni
imtinaya qoder islomo barads verilonlorin emali tiglin tohlil olunan sahadoki relslorin bir hissosi
gotiiriiliir va gabul edilir ki, digar relslar t, isloma dovriine godor imtina etmayib.

Emal {iglin verilonlorin toplanma modelini NR(r,t) kimi tosvir etmok olar: relsloro fasilosiz
nozarat hayata kegirilir vo onlar hagqinda molumat eyni zamanda toplanilir, N sayda relslor miiayine
olunur, R sayda imtina etmis relslor saz vaziyyatds olan relslarlo avoz edilir, verilonlarin toplanmasi r
imtina say1 alds olunanana gader, yaxud t,islomo miiddati bitons kimi davam edir.

Bir topluya daxil olan relslorin imtinas1 haqqinda verilonlor asagida qeyd edilon toyinedici slamot
talablorina cavab vermalidir: relslorin tipina (termiki emal1 nazars almagqla), istehsalgi-zavoda, yolun {ist
qurulusunun tipina, yolun plan va profiling, yiik gorginliyi vo oxa diison tasira, gatarlarin horokot
stirating, homginin gpallarin, ballastin, baglayicilarin nviine gors va s.

Umumiyyatlo, monzillords tohlil edilon yol sahasinin uzunlugu relslorin etibarliq gdstaricilorinin
miisyyan olunma daqiqliyi ils toyin edilir vo oksar hallarda secim ii¢lin yolun eynitipli iist qurulusunun
uzunlugu 10 km-don artiq gétiiriiliir. Calagsiz yollarda relslorin etibarligimin qiymatlondirilmasi zamani
pletlor sorti olaraq qaynaq olunmus standart relslorin uzunluguna barabar olan 25 vo ya nadir hallarda
12,5 m parcalara boliiniir. Hesablamalar zamani tarazlagdirici relslor istisna edilir. Belo ki, onlarn
imtina intensivliyi plet relslorindon 5-6 dofo goxdur va pletin xidmot miiddati orzinds onlar bir nego
dofa doyisdirilir [5].

Etibarligin qiymotlondirilmasi zamani vacib morholo kimi relslorin uzundmiirliiyiiniin tedqiq
olunan prosesin mexanizminin anlasilmasi bazasina osaslanan paylanma funksiyasinin secilmasi gobul
edilir. Coxsayli istismar miisahidslorindon malumdur ki, yiikk gorginliyinin artmasi ilo relslorin imtina
intensivliyi do artir. Bu iso yorgunluqdan yaranan zoadslarin toplanma prosesinin ddnmoyan olmasi ilo
izah edilir. Buna gora do, paylanma funksiyasini imtinalari artan intensivlikli funksiyalar ndviine aid
etmok lazimdir [6].

Etibarliq nazariyyasinds artan intensivlikli imtinalara malik sistemin todqiqi liglin oksor hallarda
normal paylanma gqanunundan istifado edilir. Normal paylanma qanununun rolunun nozori
osaslandirilmast moarkazi hiidud (hadd) teoremina osaslanir. Teorema goro se¢imlorde miisahidslorin
saymin artirilmasi zamani istonilon ganuna goro paylanmis qeyri-asili tosadiifi komiyyatlorin orta n
paylanmasi (hatta sonlu riyazi gozloms vo dispersiyasi olan n-dok miixtolif paylanmaya malik) normala
yaxinlagir [7].

Relslorin istismar xiisusiyyatlorini nazars alsaq, normal paylanma qanununda rels imtinalarinin
paylanma sixlig1 asagidaki barabarliklo ifads olunacaqdir:

(t=Tor)?
e 20t

) = 5=

Paylanma funksiyasi iso asagidaki sokilds yazilir:

F(e) = [ f(b)dt,

burada t — imtinasiz is ehtimalin1 miioyyanlogdiran yiik 6lglisiinadok iglomo (mln. ton brutto); T, —
birinci imtinayadok orta igloms; oy — orta kvadratik meyletmadir.
Normal paylanma ikiparametrlidir. Tor vo o parametrlorini vermaklo paylanma tam toyin edilir.

Tohlil edilon stansiyada relslorin etibarliginin qiymstlondirilmasi ii¢iin ilkin verilonlor relslorin imtinasi
haqqinda verilanlar (R(t;), adod/km) va imtinaya qadar relslorin isloma verilonlaridir (t;, mIn. ton brutto)
[7].

Tor Vo oy parametrlorinin gqiymatlorinin hesablanma ardicilligi asagidaki kimidir:

- paylanma sirasmin qurulmasi zamani biitiin T islomo diapazonu sabit addimli r intervallaria
boliiniir;

- har interval {igiin artan comloma ilo imtina etmis relslorin tezliyi R(t;) hesablanir;

- R tezliyino gora F(t)) —nin bas verms tezliyi toyin edilir. Bu zaman hesab edilir ki, tj miiddati
arzinds sinaq edilon obyektlorin siradan ¢ixma ehtimal
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R(t;
Fe) =52,

burada Ny —1 km yolda qoyulmus relslorin Cadval 1
sayidir. Relslorin imtinas1 haqqinda verilonlor
- yolun iist qurulusu elementlorinin No t-dok R(t) Flt)= 0>

etibarh@min  giymotlondirilmosi  iigiin ) islerlns mln tezlilyi R(t) /l\llo bas kvar?%ili
Evantiﬁar. metoduridan isltifade edilir. Up; ton b;utto' odo d/kI,n Verrlna tezliyi
vantillori normal paylanmanin xiisusi
cadvallorinden istifade etmoklo F(tj) - nin ; 288 g’iggg 8’8532 g’igg
bas verms tezliyini oks etdiron qiymatlora : : :

o : 1 3 700 1,5008 0,01876 2,031
gbra tayin edilir [6]. Cadvellordo Fo(Up)
funksiyasinin gqiymotlori vo onlara miivafiq 4 800 1,7904 0,02238 1,984
Up giymatlori verilmisdir. F(t;}) - nin bas 5 900 2,0704 0,02588 1,941
vermo tezliyinin qiymeti “ehtimal” mo- 6 1000 2,3408 0,02926 1,869
nasint  veran va kvantillor cadvalindos / 1100 2,4856 0,03107 1,788
0,5 < P < [ qiymeatlori hiiddudlarinda verilon 8 1200 3,3464 0,04183 1,68
P indeksinin yerino qoyulur. ©gor P < 9 1300 5,1256 0,06407 1,512
0,5 olarsa, onda 1-P tayin edilir, yoni Uy p = 10 1400 6,5008 0,08126 1,398
-Up olur. 11 1500 7,8752 0,09844 13

- alinmus verilonlori codval soklindo
tosvir edoak (cadval 1).
- Up kvantillorine gérs R sayda tonlikdon ibarat tonliklor sistemi qurulur:

(Tor + Uprop = t;

Tor + Uppor =t

Tor + Upgoy = t3

Tor + Upror =t

( Tor — 2,2580; = 500
Tor — 22,1220, = 600
Tor — 22,0310, = 700
T,r — 1,9840, = 800
T, —1,9410; = 900
{Tor — 1,8690; = 1000
T, —1,788a, = 1100
T, —1,6800, = 1200
T,y —1,5120, = 1300
T, —1,3980, = 1400

T, — 1,30, = 1500

- alman tonliklar sistemi “an ki¢ik kvadratlar” metodu ilo hall edilir. Bunun ii¢iin sistemdaki har

bir tonliyin sol hissasi miivafiq olaraq Up;, Upy, Ups,...., Ups kemiyyatlorine vurulur vo alinan
biitiin R borabarliklori toplanilir. Naticods ilkin (birinci) normal ifade adlanan beraborlik olds
edilir:

Tor Xi=1 Up, + 0 21— U, = Xi=1 Up, ti;
Tor-19,883- 6¢-36,873 =18882,60 .

- ikinci normal ifads sistemdaki tonliklarin toplanmasi ile slds olunur:
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TorR + 0y Z?:l UPL- = erzl tis
Tor-11-01-19,883 =11000.
- alinmig ifadslor nisbi namalum T, vo o; komiyyatlorine goéra hall edilir vo onlarin qiymatlori
asagidaki kimi miioyyonlosdirilir:
Tor-19,883- 6;-36,873 =18882,60;

Tor11-01-19,883 =11000.

Buradan T, = 2936,93 =~ 2937 min. ton, ;= 1071,58 = 1072 min. ton.

Relslorin  imtinasinin  prognozlagdirilmasi metodikast uzunOmiirliilylin normal paylanma
modelindon istifadoyo osaslanir. Bu paylanma iki parametrin - T, vo oy komiyyatlorinin verilmasilo
toyin edilir. Prognozlasdirma zamani T, vo oy kamiyyatlorinin melum qiymatlarine gors t; islomasinde
relslorin F(tj) imtinasinin néqtsli ehtimal prognozunu hesablamaq lazimdir [7, 8, 9].

Almmmig parametrlora asason relslorin buraxilmis yiik dl¢ilisiinden asili olan imtinalar qrafiki
(relslorin siradan ¢ixma hallarinin comi) qurulur. Qrafikin kdmayils istonilon zaman aninda relslorin
prognozlasdirilan imtina qiymatini toyin etmok miimkiindiir.

Qrafikin qurulmasi {igiin hesablamalarin aparilma ardicilligini aragdiraq:

- relslorin imtinasini toyin edon islomo miiddstleri asagidak: kimi yazila bilor:
ty, = 1,4+Q, t3=1,+2Q, ..., tj =ty +(i-1)Q,

burada t; - asasli tomir yerina yetirilmis ilin sonunda isloma, min. ton brutto; Q — domiryol sahasinin
yiik gorginliyidir, ildo mln. ton km brutto/km;

- verilmis t; islomo miiddatlori iiclin normal Up; paylanma kvantillari bels toyin edilir:

Tor—ti
UP — or L ;
L (ors

- relslorin imtinalar ehtimalinin inteqral funksiyasi agsagidaki kimi toyin olunur:
Tor—t;

[Fo(a—l)]
F(t) =1—|—r7—|

T
Fo (JL:)

burada Fo(Upi) — Laplasin cadval sokilins salinmis funksiyasinin qiymatidir;

-t islomo miiddoati zamani 1
km-o yola diisan (adad/km)
relslorin imtina qiymatlari
(relslorin  siradan  ¢ixma
hallarmin comi) asagidaki
ifada ilo tayin edilir:

n(t;) = NoF (t;).

-t va n(t) kemiyyatlorinin
hesablanmis  qiymatlorino
goro hor 1 km-o diison
relslorin imtinalarimin qra-
fiki qurulur (sak.).

8

Imtinalar, adad/km

500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

Relslorin siradan ¢ixmasi Yik 8l¢list, min.ton —e—Prognozlagdiriian imtinalor
izro hesablamalar codval 2-do

verilmisdir Sok. Rels imtinalarinin yiik ol¢iisiinadak

islomadan asililig
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Cadval 2
Relslorin imtinalar sayinin toyin edilmasi
t islomo T, —t fmina imtinglarln Imtinalarin
P Tor — ti| Tor Tor . imumi say1 | comi (artan
comi, o Fo(——) — | EK(—) ehtimal ) ilo)
min. ton kvantili 9 | Ot Ot F(t) n(t), stra 1:2),
odad/ km adad
500 2,31 0,98951 0,00438 0,35 0,35
600 2,20 0,98603 0,00788 0,63 0,98
700 2,10 0,98202 © 0,01191 0,95 1,93
800 2,00 097714 | ¥ x 0,01682 1,35 3,28
900 1,90 0,97112 | & S 0,02288 1,83 5,11
1000 1,79 0,96399 © 0,03005 2,40 7,51
1100 1,69 0,95732 0,03676 2,94 10,45
1200 1,59 0,94696 0,04719 3,78 14,23
1300 1,49 0,93173 0,06251 5,00 19,23
1400 1,38 0,91612 0,07822 6,23 25,46
1500 1,28 0, 89970 0,09474 7,58 33,04
Prognozlasdirmanin nisbi xatasi (Z) bels toyin edilir: Caodval 3

r]pr — Ny

Z= -100%,

Ny
burada ny, — relslorin prognozlagdirilan siradan ¢ixma qiymati,
odod/km; ny - relslorin faktiki siradan ¢ixma qiymetidir,
odod/km.
Relslorin prognozlagdirilan vo faktiki siradan ¢ixma
giymeatlari codval 3-ds verilmisdir.

Notica. Rels imtinalarinin buraxilacaq yiik 6l¢iisiine-
dok iglomadon asililiq grafikinin va relslorin prognozlagdirilan
vo faktiki siradan ¢ixma qiymeatlorinin cadval soklinds tohlili
gostorir ki, iri texniki stansiyalarin bas yollarinda movcud olan
isloma normalarina diizaliglor etmok miimkiindiir. Belos ki, iri
texniki stansiyalarin bas yollar1 ilo domiryol sahasinin digor
bas yollarinin istismar garaitinds forqlor mévcuddur.

Relslordo bas veroan imtinalarin proqnozlasdirilmasi
relslorin dovrii defektoskop yoxlamalarinda istifads edils bilar.
Hazirda bu yoxlama dovriinlin hesablanmasi iicliin  yorgun-

Relslorin prognozlasdirilan vo
faktiki siradan ¢ixma qiymotlori

t -dok Relslarin prognoz- |Prognoz-

! lagdirilan va faktiki | lasdir-
islomo, .

min. ton suadan'glxma qiy- | manin

brutto motlori, odod/km | nisbi xo-

Nor tasy, E, %
500 0,35 0,9256 62,19
600 0,63 1,1952 47,29
700 0,95 1,5008 36,70
800 1,35 1,7904 24,60
900 1,83 2,0704 11,61
1000 2,40 2,3408 2,53
1100 2,94 2,4856 18,28
1200 3,78 3,3464 12,96
1300 5,00 5,1256 2,45
1400 6,23 6,5008 4,17
1500 7,58 7,8752 3,75
Orta E - 20,59

lugdan yaranan ¢atlarin inksaf siirati, hamginin bu ¢atlarin kritik dl¢liya (rels bashgmin 30 %-dok
sahasi) catmasi asas gotiiriiliir va yiik dl¢iistinden asili olaraq ayda 1-3 dofo toskil edir.

ADY QSC-nin stansiyalariin bag yollarinda isloms haddinin normasi 500 mln. ton brutto toskil
etdiyi halda diinyanin inksaf etmis 6lkolorinin domir yollarinda bu qiymot 3-4 dofo ¢oxdur. Rels
imtinalarinin prognozlasdirilmasi ilo yanasi miiasir kompleks diagnostik iisullar tatbiq etmokla digar yol
elementlarinin texniki voziyystlorinin do prognozlasdirilmasini hayata kegirib, yolun iist qurulusunun
planli-xobordaredici tomir sistemindon morhalali sokilds faktiki texniki voziyyato goro tomir sisteming

kegmok miimkiindiir.

Homginin, baxilan masslonin halli yollarin stansiyanin istismar etibarliligina tssirinin proq-

nozlagdirilmasina da imkan yaradacaqdir.
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OIIEHKA SKCILTYATAIIMOHHOM HAJIEXKHOCTHU M IIPOTHO3UPOBAHUE
OTKA30B PEJbCOB HA KEJE3HOAOPOXXHBIX CTAHIHUAX

9.K. MAHA®OB

B cCraree nmaHa omeHKa SKCIUTyaTalMOHHOW HAJEKHOCTH M IPOTHOZUPYIOTCS OTKAa3bl PENBCOB HAa TEXHHYECKHX
cTaHnusIX. [l OLEHKH 3KCIUTyaTaIllMOHHOH Ha/JIeKHOCTH IPOAHAIM3UPOBAHBI CTaTHCTUYECKHE NAaHHBIE C MOMEHTA YKIIaIKH
PETbCOoB B IIaBHBIE IIYTH TEXHWYECKOH CTaHIMM IO MOMEHTA MX OTKa3za. [lJIsl ompeseNieHus pacipeielieHHsl Ha OCHOBE YHCia
OTKa3aBIIMX PEIbCOB U 3HAYECHUH HapaOOTKH O OTKAa3a PacCUUTAHbl BEIWYMHBI CPEeJHEH HapaOOTKH IO MEpBOrO OTKa3a U
cpenHee KBaApaTUYHOE OTKIOHEHHE. 3Has BEIMYMHBI CpefHel HapaOOTKU 10 MEepBOTO OTKa3a U CpefHee KBaJpaTHIHOE OT-
KJIOHEHHE, PAaCCUUTANN TOUEUHBII IIPOTHO3 BEPOSITHOCTH OTKAa30B PENBCOB Ha paCCMaTPHBAEMON CTAHIMU Ha OCHOBE MOZIENU
HOPMAJIBHOTO pacHpesieieHus 10aroBeyHocTH. IlocTpoeH rpadyk 3aBHCHMOCTH 0TKa30B PEJILCOB OT MPOITYIIEHHOTO TOHHAXA.

Knrouesvle cnosa: ()IC€JI€3H0()OPOJICH(IFI CManyus, peivc, IKCna1yamayuoHHas H(l()eDICHOCmb, Cpe()Hﬂ}Z Hapa60mlca 00
nepeoco omkasa, cpe()Hee K@a()pamulmoe OMKJIOHEeHUe.

ASSESSMENT OF OPERATIONAL RELIABILITY AND FORECAST OF FAILURES
OF RAILS AT RAILWAY STATIONS

E.K. MANAFOV

The article is devoted to the evaluation of operational reliability and forecasting the rail failures at the technical sta-
tions. To assess the operational reliability, the statistical data were analyzed from the moment the rails were laid in the main
tracks of the technical station until the moment of their failure. To determine the distribution on the basis of the number of
failed rails and the mean time between failures, the average meantime between the first failure and the standard deviation are
calculated. Using the values of the mean time between failures and the standard deviation, the point forecast of the probability
of rail failures in the station under consideration is calculated on the basis of the normal distribution of durability model, and a
graph of the dependence of rail failures on the missed tonnage is constructed.
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I'MAPOANHAMMNYECKHUE TAPAMETPBI MOKPBIX ITAP TPEHUA
JANCKOBO-KOJOAOYHOI'O TOPMO3A TPAHCIIOPTHOI'O CPEACTBA

A.X. JDKAHAXMEJIOBY, A.11. BOJIbLMEHKO? M.M. HACPOBA',
H.A. BOJIbYEHKO?®, B.C. BUTBULIKUIA?, E.C.®EJIOTOB?

B craTtbe paccMOTpeHBI CIeayroNIie BOIPOCHL: BIMSHHE OCOOCHHOCTEH KOHCTPYKIUH Pa3IMIHBIX THIIOB JUCKOB TOP-
MO30B Ha HHTEHCUBHOCTb MX OpPOIICHHS BOJIOIf; HCIIOIb30BaHNE OOOOIIEHHBIX IEPEMEHHBIX IIPU aHATUTHIECKOM HCCIEN0Ba-
HHH JIEKTPOTEPMOMEXaHHIECKOTO ()PUKIMOHHOTO B3aUMOJICUCTBUSI MOKPBIX Iap TPEHUS ANCKOBBIX TOPMO30B; OIpe/eIeHHe
TOJILIMHBI CJIOSI BOJBI HA MTOBEPXHOCTH CIUIOLIHOTO JUCKA IPH 3JIEKTPOTEPMOMEXaHUIECKOM TPEHUH METOIOM 0OOOIIEHHBIX
HEPEMEHHBIX.

IIpoananu3upoBaHbl KOHCTPYKIUH CIUIOLIIHBIX U CAMOBEHTHIIMPYEMBIX TOPMO3HBIX TUCKOB C Y4ETOM IUIOIIANEH HX
MOBEPXHOCTEH, OPOIIAEMBIX BOJIOMH, a TAKKE BECOBBIX XAPAKTEPHCTHK, BIUSIONIMX Ha HSHEPrOHATPYKEHHOCTh MOKPBIX Iap
TPEHHSI TOPMO30B TPAHCHOPTHBIX CPEJICTB.

IIpemioxxeH HOBBI METOJ OIECHKH IOIMyCTHMOM TOJIIMHBI BOJISHOHN IICHKH, MOKPBIBAIOIICH MOAC TPEHHS JHO00TO
JHCKa Ha OCHOBAaHUH BTOPOH TEOpPEMBI MOJOOWS C MPHBIEYEHHEM MeToAa OOOOIIEHHBIX MEPEMEHHBIX C HCIOJIB30BaHUEM
KpuTepHeB mojoous. IloydeHo KpuTepHanibHOE ypaBHEHHE JUIS ONpPEIelIeHHs IOIMYCTUMOM TONIIMHBI BOJSHOH IUICHKH C
yué€roM Tomorpaduu IOBEPXHOCTH TI0sica TPEHMS JHCKa. Pe3ynbTaThl pacyeToB NMPEACTaBiIeHb! B BHJE IpadMIeCKUX 3aBHCH-
MocTei.

Knrouesvie cnosa: mpancnopmuoe cpedcmeo, OUCKOBO-KOLOOOYHbII MOPMO3, MOPMOZHOU OUCK, OONYCIMUMASL 8eNUYU-
HA MOJWUHBL B0OSHOU NIIEHKU, MEeNMOO 0O0OUJEHHBIX NEPEMEHHBIX, KPUMEPUATbHbIE YDASHEHUSL.

DOI: 10.52171/2076-0515_2021_13_01_32_42

BBenenne. Ecu Ha MOBEPXHOCTH MMEIOTCS HEKOMIIEHCHPOBAHHBIE CHIIbHBIE (MOHHBIE, KOBa-
JICHTHBIE, METAJUTMYECKUE) CBSI3M, OHA XOPOIIO CMaduBaeTcs BOAOH. Takue MOBEPXHOCTH Ha3bIBAIOT
rugpodunbHeIMA. Eciiu cBsI3M (MOJIEKYIIsipHBIE) cllabble I KOMIICHCHPOBAHHbIC CHITbHBIE, TOBEPXHO-
CTH Ha3bIBAIOT THAPOGOOHBIMH.

BoNbIIMHCTBO METAIOB XOPOIIIO OKUCIISIETCS MPH KOHTAKTE C BO3AYXOM, OOpa3yloIIuecs MmpH
9TOM OKHCIIBI Pe€3KO MEHSIOT CIIOCOOHOCTh TOBEPXHOCTH K CMaunBaeMOCTU. Ha HHTEHCUBHOCTh cMadu-
BaGMOCTH TAK)KE€ BIMSET HIEPOXOBATOCTh MOBEPXHOCTH, YCHIIMBAs WIIM YMEHBINAs €€ THAPO(UIBHOCTS.
Ha kpaeBoii yros cMauMBaHUs BIUSIOT YCIOBHS T€OMETPHS IOBEPXHOCTH, a TAKKE €e TeMIIepaTypa.

CriocoOHOCT K CMauMBaHHUIO TOBEPXHOCTH CHIBHO 3aBHCHUT OT €€ YHUCTOTHL. B anckoBo-
KOJIOZIOYHBIX TOPMO3axX NPH CMayMBaHUW UX Hap TPEHUS BOAOHW TMAPO(UIEHOCTE MOXKHO YBEIHYHTH
MCKYCCTBEHHO, ITOBBIIIAs y/IeIbHBIC HATPY3KHU. IOBEPXHOCTHYIO TEMIIEPATypy M CKOPOCTB (DHIBTPALHH.
C moBbIIIIEHUEM YJIEIbHOW HArpy3KH yBEITMYUBACTCS TIOBEPXHOCTHOE HATSDKEHHE CIIOSI BOJIBI 33 CUET ee
BBITECHEHUS B 30HY CBOOOIHOM MaTOBOW IMOBEPXHOCTH JIUCKA, TIPH 3TOM H30HpaATEIbHBIN YTroll cMadu-
BaHMsI yMEHbBILIACTCS.

! Aszepbaiimxanckas HanmonaneHas akagemus aBuanuu (T. baky)

2 Bano-®paHKOBCKHIT HAMOHATIBHBIN TEXHUUECKNH yHUBepcuTeT HeTH U rasa (r. lIBaHo-DpankoBCcK, YkpanHa)
s Ky0aHckwmii TocynapcTBeHHBIN TexHONMOTHYecknil yHIBepcuTeT (T. KpacHomap, Poccus)

+ Janahmadov Ahad, E-mail: dzhanakhmedov@yahoo.com

32



T'uopoounamuueckue napamempvl MOKpbIX NAp MpeHus OUCKOBO-KOI000YHO20 MOPMO3a MPAHCHOPMHO20 CPeOCmaa

[Tpu 37eKTpOTEPMOMEXaHUYECKOM (PPUKIIMOHOM B3aMMOJACHCTBHU TOSIC TPEHUS AMCKa HarpeBa-
ercs. Bona, Haxopsmasics Ha HEM, OTOMpPAaeT HEKOTOPOE KOJIMUYECTBO TEIUIOTHL. UeM OoublIyto cymmap-
HYIO TEIJIOTY UMEET BOAA, TeM rUApOo(dUIbHEE TOBEPXHOCTD TPEHUSL.

AHaJM3 JUTEPATYPHBIX JAHHBIX U MOCTAHOBKA MP00JieMbl. MHOTOUNCIIEHHBIE HCCIIEIOBAaHNA
[1-7] noka3anu, 4T0 CMaYNBaEMOCTh B 3HAYMTEIBHON CTEIICHU 3aBUCUT OT BSI3KOCTH TEIVIOHOCHUTEIIS, &
TaKXe OT TePMOJUHAMUYECKUX CBOMCTB IMOBEPXHOCTH (TEMJIONPOBOAHAS WMJIM TEIUIOM30JIMPOBaHHAs),
Ha KOTOPYIO OH MonajgacT. YKa3aHHble (pakTophl BIHSIOT HA MHTEHCHBHOCTh TEIJIO0OOMEHHBIX TpoLec-
COB, CBSI3aHHBIX CO CMaYMBAaEMOCTBIO TTOBEPXHOCTEN M3 pa3iIMyYHBIX MaTepuaios. [Ipu uccienoBaHusaX
IIpOBEZIeHa CepHsl HIKCIIEPUMEHTOB. B 1iepBOM OIbITe CpaBHUBAIUCh MHTEHCUBHOCTH TEIUIOOTIAYU MPH
KHUIIEHUHU BOJBI HAa TIOBEPXHOCTH, MOKPBITOM JIaBCAHOBOM CETKOM, M Ha JIaBCAaHOBOM ceTke. JIaBcaHOBas
CeTKa, MOKphIBAoIIasi OBEPXHOCTh, ObUIa mponuTaHa napaguHoM (yron cmauumBanus 0=105°), Ha
caMmy JIaBCaHOBYIO CETKY HambUISUTH CJIoH cepebdpa (6 = 63°). Bo BTOpoM oIbITe CpaBHUBAIHCH JKCITE-
PUMEHTaJIbHbIE JaHHbBIE Ha MOKPHITUAX K3 NephOpUpPOBaHHON (PTOPOIIACTOBOM IJIEHKH C TUAMETPOM
otBeperuit 0,45 Mm, 6 = 112°, 1 TO# e TUICHKH, MTOABEPTIICHCS CIIeNUaIbHON XUMHYECKOH 00paboTKe
HaTpHUi-HaPTATMHOBBEIM KOMIUICKCOM IS IPHUIAHUS €if Xoporei cmaanBaemMocTH (6 < 90°).

PesynpraThl n3MepeHuil TEIIOOTAAYH, NPEACTABICHHbIE B KOOPAMHATAX 0-(, MOKa3ajH, 4TO B
npeienax MorpeiHOCTH U3MEPEHUIT BO BCeX OIBbITaX TOYKM mpu = idem BocrnpousBosstes. [1o MHe-
HUIO aBTOpa [2] Ha TEMI000MEH NPHU KUIICHUH BOABI Ha MOBEPXHOCTSIX € MEePPOPUPOBAHHBIMH TTOKPHI-
TUSIMH YTOJI CMAa4YKMBaHUsI BIMSET OYeHb c1abo. BpickazaHa runores3a, 0OBSCHAOLIAS PE3YNbTAThI OIIbI-
ToB. Bce mccnenoBaHHbIe MOTMMEPHBIE MOKPBITHS 00J1aJat0T HU3KOM TETIONPOBOJHOCTBIO, T.€. SIBIISI-
I0TCS TCIIOM30JSTOpaMu. biaronaps 3ToMy CBOMCTBY NMPOUCXOIUT MepepacrpenesieHHe yeIbHbBIX
TEIUIOBBIX TIOTOKOB I1a IOBEPXHOCTH HarpeBa M MX KOHLEHTPALMUH B TEX MECTaX, IJe UMEIOTCS OTBEp-
CTHS B MOKPBITUH. IIOTHOCTH TEMIOBOrO MOTOKAa B KaXKIOM OTBEPCTHH NEepHOPUPOBAHHOMN IJICHKH
BBIIIIC CPE/IHEH, BEIYUCIICHHOM TI0 BCEH MOBEPXHOCTH. 3a CYET KOHIICHTPAIIMU TEIIOBOTO MOTOKA B 00-
JacTH OTBEPCTHH CTaOMJIBHOE My3BIPHKOBOE KUIIEHUE NMPHU MOHWKEHHBIX JAaBICHHUSX HAYMHACTCS MPH
3HAYUTEJIBHO Oojiee HU3KHX, OCPEAHEHHBIX IO MOBEPXHOCTH TEIJIOBBIX HArpy3Kax, YyeM IpHU OTCYT-
cTBUH TIepGoprpoBaHHON TieHKH. [lo MHEHUIO aBTOpa [2], BHIMOJHEHHbIE UM HU3MEPEHUs, a TaKKe
JIpyTHe JINTepaTypHble HCTOYHHUKH MTOATBEP)KIAI0OT BEICKa3aHHOE BBIIIE MTPEITOI0KEHHE.

HccnenoBaHus TOIIIUHBI MACISIHOM MJICHKH B HOAMINITHUKAX CKOJNBXEHUS BBIIIOJIHEHO METOA0M
CIIy4alfHbIX TIepEeMEHHBIX 0e3 y4éra TerrooOMeHa ¢ okpyskatomieit cpenoit [1]. Kpurepuansaeie ypas-
HEHUS JJIS OTIpeAeNICHHs TONIUHBI MACIISTHOM TUIEHKU MOJTy4Ye€HBbl HA OCHOBE MCXOJHBIX YPaBHEHHUN IS
KOHTAKTHO-TUAPABINYECKOW CUCTEMBl CMAaYMBAHUS «BaJl — IMOALIMITHUK CKOJIBKEHHSA» C yUETOM TIpa-
HUYHBIX KPaeBbIX YCIOBUM M YCIIOBHH OJHO3HAUYHOCTH, a TaKke OOOOIIEHHBIX XapaKTEPUCTHK B BUIE
KpUTEpHEB TOJO0HS COTJIaCHO BTOPOU TeopeMe Mo 100usl.

Opnaxko JaHHBIN METOJ HE MPUEeMJIEM ISl pacyeTa TOJIIMHBI BOJSHON MJICHKH, HaXOAIIencs Ha
MOsICE TPEHMS BPAIIAIOLIETOCs BEPTHKAJIBHOTO JUCKA, MO CICAYIOIUM NpHYMHAM. JlMHamudeckas
BA3KOCTh Maciya npuMepHo B §8-10 pa3 Ooibliie, 4eM BOJBI; CONPSKEHHBIE TIOBEPXHOCTH HE KaTATCS, a
CKOJIB3AT OTHOCUTENBHO JIPYT APYra; KOHTAKT TPYLIMXCS MOBEPXHOCTEN HE TOUEUHBIA U HE JIMHEUHBIN
KOHTAKT; B pacuerax [1] He yunThIBajcs Kputepuii Bi, xapakTepu3yrommuii HHTEHCUBHOCTD TEILIONEpe-
Jlauy yepes3 TONLINHY JHCKA.

B [2] nony4eHo ypaBHeHUe Jisi pacueTa paboThl 00pa3oBaHMsl My3bIpbka 00beMOM V ¢ MOTHOMN
IUIOIA/IbI0 TIOBEPXHOCTU A NP KUIICHUH >KUAKOCTH Ha TBEPAOI MOBEPXHOCTH, YacThb @ KOTOPOH CBO-
0omHa:

L=-ApV +o(A-a)+0"a-0c'a, (1)
A€ P — JaBleHHE B Iy3BIPbKE; 0, 0, 0 — TIOBEPXHOCTHOE HATSDKEHHE MEXIY JKUIAKOCTBIO M TIapoM;

KUJKOCTBIO U TBEPIOH NOBEPXHOCTHIO; IAPOM U TBEPIOH OBEPXHOCTHIO.
[Ipu cMaunBaHNMYM MOBEPXHOCTH B Touke B BO3HMKaIOT KannyuisipHbIe HanpsbkeHus (puc. 1):

o''= o'+o cosé. (2)

Torma

L=—ApV + MAI:].— %(1— cos 9)} (3)
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CJ'IeI[OBaTeJ'H:HO, pa60Ta 06pa3OBaHI/I}I ITy3bIpbKa 3aBUCUT OT BCJIMYMHBI OTHOIICHUA nnomaneﬁ
%_\ " OT KpaeBOro yrjia CMadrMBaHUs. HeO6XOHI/IMO OTMCTUTH, UTO IIPU U3MCHCHUHU YIJia 6 u3MeHseTcs

BEJIMYMHA OTHOIIICHHS & A
Takum 00pa3om, 10 HACTOSIIETO BPEMEHH OTCYT-
CTBYET METOJ| OIEHKU JOIMYCTHMMOH BEIMYMHBI TONIH-  ~ — 7 T
HbI BOASIHOW TUICHKH Ha MOSICe TPCHUS MCKA U €€ BIMsA- | ' . i
HHUE B MOKpBIX Mapax TPEHHUSI TOPMO3a Ha €r0 OCHOBHEIC : — "
2.9 87,

SKCIDTyaTallHOHHBIE TTapaMeTphl. JTa MmpodiieMa  SBIIS-
Puc. 1 - Cunwvt NOBEPXHOCMHO20 HAMANCEHUA HA

€TCs1 BECbMa aKTyaHLHOﬁ.
B AHHOHN NyOJIMKAIMA PACCMOTPEHBI CIELYIO- .
A Y 1 p P Ay 2panuye pazdena (has u kpaesoi yeon 0 na cmavu-
saemoti (1) u Hecmauusaemoti (2) nogepxnocmsax

IITHE BOTIPOCH TPUMEHUTENBHO K penraeMoit mpodieme:

— BIHSHHAE OCOOEHHOCTEH KOHCTPYKIIMH pa3ind-
HBbIX (I)pI/IKIII/IOHHLIX y3J10B TOPMO30B Ha UHTCHCUBHOCTDL OPOILICHUSA BOI[Oﬁ ux HOBCpXHOCTeﬁ;

— HCIIOJIb30BAHUC O606HICHHI:IX MEPEMCHHBIX MPU MATEMATUYCCKOM OIIMCAHUHN BJICKTPOTCPMO-
MEXaHI4IEeCKOTO (hPUKIIMOHHOTO B3aMMOAECHCTBUS MOKPBIX Tap TPEHHUS TUCKOBBIX TOPMO30B;

— OMIpCACJICHNUEC TOJIINHBI CJI04 BOAbI HA TOBEPXHOCTH CIUIOIIHOI'O TOPMO3HOI'O JHUCKaA IIPU IJICK-
TPOTEPMOMEXAHUYECKOM TPEHUHM METOJIOM 0000IICHHBIX TEPEMEHHBIX;

— 00CyXIeHHEe pe3yabTaToB
HCCICOOBaHMUA.

Iean padoTnl — ompesee-
HUE JOMYCTUMOI BEIUYHUHBI BOASHOU
IUICHKK Ha MOBEPXHOCTHU ITOsACa TpE-
HUs CIUIOIIHOI'O JUCKa U €€ BJIIMAHHEC
Ha OSKCIUIyaTallMOHHbIE IapameTphl
MOKpBIX Map TPEHUSI TOPMO3a TPaAHC-
IIOPTHOT'O CPCACTBA.

Bimsinne ocod0eHHOCTEH KOH-
CTPYKIIMHM  Pa3jJUYHBIX  THIIOB
(pUKINOHHBIX y3710B TOPMO30B Ha
HUHTCHCUBHOCTH OPOIICHUSA BO}IOﬁ
U NIOBEPXHOCTEH.

TOpMO?)HBIe JAUCKH BBIITYCKa-
I0TCA B ABYX BapHaHTaXx — C IMOJIBIMU
1 CIUIOIIHBIMH JHCKaMH. B monsix
JUCKAaX BO3MOKHO BBIIIOJJHCHHC YC-
PEAYIOUINXCS: OTBEPCTHI C pedpamu
0 JIyre; BBICTYIIOB C 3a30paMH; I0-
mypebep c pedbpamu: pedep (puc. 2 6,
2, 0, e). YKazaHHEIE DIIEMEHTHI B I10- Puc. 2 a, 6, 6, 2, 0, e, dc, 3, u — Koncmpyxkmugnvle sapuanmet
JIBIX JMCKAX BBIIOJNHAIOT (YYHKIMIO GEHMUTUPOGANHDLIX MOPMOIHBIX ouckog 1. ¢ omeepcmusimu 2 no

. KacamenvHou Kk (nanyy 3 u kanaskamu 4 (a, 6, 8); ¢ pedbpamu 5 (s, 3);
JIONACTCH, Kak 'y HeHTp06e)KHOF0 C BeHMUNAYUOHHBIMU KaHatamu 6 (2); ¢ evicmynamu 7 u 8 pasHnoii

BCHTHJIATOPA. KOHQuU2ypayuu, ¢ 20pu30HmMaibHbIMU CKEO3HbIMU omeepcmusimu 9;
BrinmonHeHne B CIUIONIHBIX 10, 11 — noayoucku (0, u) mopmosrnozo oucka 1

JUCKaX CKBO3HBIX OTBEPCTHH 110
KacaTeJIbHOH K (yiaHIy, a TaKKe BEHTHISUOHHBIX KaHAIOB (CM. pUC. 2 4, ) CIIOCOOCTBYET yBeluye-
HUIO BPEMEHH B3aUMOJICHCTBHS UX IMMOBEPXHOCTEH CO CKOPOCTHBIMU NTOTOKAaMU OMBIBAIOLIETO BO3yXa.
Kpome Toro, BBe/ileHHE yKa3aHHBIX KOHCTPYKTUBHBIX 3JIEMEHTOB B TEJIO TOPMO3HBIX JTUCKOB CHOCOO-
CTBYET BO3HHMKHOBEHHIO BO3IYLIHBIX BUXpEH, 0071aJaromuX MOBHILIEHHON 3()()EeKTUBHOCTBIO BBIHYX-
neHHoro oxnaxaeHus [8—10].

Oupma [MTre (CILIA) BeIycKaeT QpUKIIMOHHBIE HAKIAAKK | (puc. 3) ¢ KaHaBKamu 2 Ha TIOBEpPX-
HOCTH TPEHHs C Pa3HOOOPa3HbIM Y30pOM (C YIIIOBBIM PACIOJIOKEHHUEM KaHABOK — I; 3ursarooOpas3Hbl-
Mu KaHaBkamu — II; ¢ kanaBkamu B Buze enouku — l1I; ¢ BadensHbiM pucynkom — V), oxmaxnaromu-
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MU PaBHOMEPHO BCIO UX MOBEPXHOCTh. Takoe pacrioyioKeHUEe KaHABOK CO3/aeT MUPKYJISAIUI0 BO3AyXa
MeXIy pabodeil MOBEpXHOCTHIO TOPMO3HOTO OapabaHa w (PPUKIIMOHHBIMY HaKJIAJAKaMH, WHTEHCHBHO
WX OXJIAXK]IAsh ¥ OUYMINAs HAKITAJIKU OT MBLIH, TPSI3U U TIPOYKTOB U3HOCA.

i1

I 1 v
==
/’\ 4

Puc. 3 (1 - V) Kanaexu na paboueti nogepxHocmu puKkyUuoHHO HAKIAOKY PAZIUYHOO0
Hanpaeiexus u Konguaypayuu

W

\

PaccmoTpuM B KadecTBe TpuMepa JHCKOBO-KOJOJOYHBIH TOPMO3 TPY30BOTO TPAHCIIOPTHOTO
cpeacrea mogenu MAN mapku TGA 26.430. 3a60p Bo3Iyxa OCYNIECTBISIETCS Yepe3 OTBEPCTHS B CTY-
MUIIEe WM OCHOBAaHMHU BEHIIA TOPMO3HOTO JTUcKa. Bo3ayx BcachlBaeTCs BHYTPh BEHTIISIIMOHHBIX KaHa-
JIOB, TIPOXOJMUT TI0 HUM M BBIOpACHIBACTCS HAPYXKY, OXJIAXKIasl BHyTpEHHHE MoJocTH nucka. [Tlogbopom
PAlMOHATIBHOTO CEUCHHS KAHAJIOB U PaIUYCOB 3aKPYTJICHUS BHYTPCHHUX MOBEPXHOCTEH BXOJIHBIX OT-
BEPCTHUIl yaeTcsl MOBBICUTH CKOPOCTh OMBIBAIONIIETO TIOTOKA BO3[yXa B PAa3lMYHBIX TOYKAX JUCKA OT
5,0 mo 10,0 % [8, 9]. CamoBeHTHUIIMPYEMbIE TOPMO3HBIE TUCKU OBUIM YCOBEPIICHCTBOBAHBI ITyTEM BbI-
MOJTHEHUS HA WX T0sCax TPEHHs KAHABOK M OTBEPCTHM, PACMIOIOKEHHBIX BEEPHO U MO yrioM (puc. 4
0, e, e, 3, U, K).

Puc. 4 a, 0, 6, 2, 0, e, i, 3, u, kK — [ nasnvlii (a) u cOOKY (6) 6UOBL CAMOBEHMUIUPYEMO20 MOPMO3HO20 OUCKA C (haanyem,
€20 npoooabHbLLL paspes (8), Oumempus (2) u munvl OUCKO8 € dNeMEHMAMU OXAAHCOeHUs (O, ¢, I, 3, U, K).
1 — 6oxosvie nosepxnocmu oucka, 2 — nosica mpenus, 3 — paouanvbhvie pedpa, 4 — 6eHMUIAYUOHHBLE KAHALbL,
5 — ¢naney oucka,; 6 — kpenesicnvie omgepcmus; 7, 8 — omeepcmus pacnonoAHcenvl 00 Yeiom U 8€ePHO;
9, 10 — xanasku pacnonodicervl NOO Y2i10M U 6epHO

KoadduineHT TermooTnaud KOHBEKIHMEH y CaMOBCHTHJIMPYEMOIO IHCKa MPUMEPHO BIBOE
6onpiie, yeM y cromaoro [10]. Oanako oxmaxjaarorias CriocoOOHOCTh CAMOBEHTUIIMPYEMOTO JHCKA
CHUYKAETCSl Ha BBICOKUX CKOPOCTSIX TPAHCIIOPTHOI'O CPEICTBA M3-3a YBEIUMYECHHS CTATUYECKOIrO Hamopa
oMbIBarolero Bo3ayxa. HacocHoe neiictBue poropa (pedep, 00pa3yronmx MexIy CBOUMH OOKOBBIMU
NOBEpPXHOCTIMH JTU(GDY30pbI WM KOH(PY30PbI) OCIHa0IsAETCs M3-32 CTPEMIICHHS OMBIBAIOIIETO BO3/TyXa
MOKUHYTh POTOP B MEPEAHEH YacTH MOIYOKPYKHOCTH Arcka. Bo m30exaHue 3TOro Ha mosicax TPeHHS
BBITIOJTHEHBI OTBEPCTHUS O] YIJIOM M BEEPHO, KOTOPBIE IIPY TOPMOKEHHUHU 32 OJMH 000POT JAHMCKA MOCIIe-
JIOBATEIHHO BCE MEPEKPBIBAIOTCS HaKIaaKol. Kaxkaoe cekTopHOe MmepeKphITHe Mapoi «HaKIaAKH KOJIO-
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JIOK — TIOSIC TPEHHS JUCKa C OTBEPCTUSMIY SIBISCTCS BO3OYIHUTENEM BO3AYIIHBIX MMOTOKOB, IUPKYIIHU-
PYIOIIMX B ITyCTOTENBIX 00beMax AUCKA. DTOT (aKT SIBISETCS PELIAIOLINM B CHIXKEHUH HACOCHOIO ACH-
CTBHS poTopa aucka. Kpome Toro, BO3HMKAIOT I'PaJMeHThl IIIOTHOCTH BO3AYLIHOIO IOTOKA IO JJIMHE
muddy3opa u kKoH(py30pa, YTO BEAET K €r0 YCKOPSHHUIO.

PaccmoTpuM BiusiHME MOKpPBIX Iap TPEHUS HA SKCIUIyaTallMOHHBIE MapaMeTpbl TOpMo3a. YCTa-
HOBJICHO, YTO IIOCJI€ TONaJaHWs BJard Ha pabouMe MOBEPXHOCTH HAKIALOK AWCKOBO-KOJOJOYHOTO
TOpPMO3a TPAaHCIIOPTHOTO CPEICTBA HEOOXOAUMO ISl TIEPBOIO TOPMOXKECHUS MPHIOKHUTH ycunue B 3-6
pa3 OoJbliee, YeM NpU CyXUX Hakaakax. HopMansHOe ycuine BocCcTaHaBIMBaeTcs mocie 7-9 TopMmo-
keHui. JluHaMuueckuid K03 GuIeHT TpeHus: ymenbinaetcs Ha 20-40 %, npuyéM MUHUMAIbHOE 3HA-
YeHHE OTHOCHUTCS K IPENeNbHBIM Harpy3kaM Ha padounx MOBepXHOCTIX Haknagok 1,5-2,0 MIla. Bpems
cpabaThIBaHUS TOPMO30B BO BIQYKHOM BO3AyXe yBenuuuBaeTcs 10 1,2-2,0 cexynapl. [lonHoe ynanenue
BJard C CIUIOLIHOTO IMCKAa IOJ JeHCTBHEM LEHTPOOEKHBIX U MHEPLUHUOHHBIX CHJ, a TAKKE MOMEHTa
MHEPIMH TIPOMCXOIUT MpH 4acToTe Bpamenus 3,0-3,5 ¢, a co CIenHaNbHEIMU BJIaro0TPakKaTeNaMu
npu yactotax 2,0-2,5 ¢, Pa3pyIleHue KIIKOCTHOrO KIHHA HA ITOBEPXHOCTH I10SCA TPEHHS JUCKA MPO-
UCXOIUT, €CIIM TaM HMMEETCS] CUCTeMa BBIEMOK WM oTBepcTuil auamerpoM 1 mm. IIpu sTOM BBIEMKH
YAANSIOT Takke oOpasyroreiics BoasHOM nap. C 1enbio yCKOpeHHus mapooOpa3oBaHusl MOXKHO pUMe-
HATH NEPUOJNYECKUN MOAOTpeB AWCKa, Ha 4To pacxonyerca sneprus 0,17-0,37 kBr. dpukunonnsie
HaKJIaaAKU OOJIKHBI UMCTh NOPUCTYIO CTPYKTYPY € AOCTATOYHO TBEPABIM HAIIOJIHUTCIIEM U IMOJIHOCTBIO
NPONUTAaHHBIMU BOJIOKHAMH.

D¢ hexTUBHBIM CPEACTBOM 3aIUTHI OT BJIATH SIBIISICTCS TePMETH3AIUs BCEro TOPMO3a I dKpa-
HUpOBaHWE HAKJIAAOK. J[7s oGecreueHus] TOABIKHOCTH TTOCIIEAHUX B KAUeCTBE YIUIOTHEHHH MPUMEHSI-
IOTCSI METaInueckie cuinb(oHbl. B 3aMKHYTOM IpOCTpaHCTBE BOKPYI TOPMO3a LIEIECO00pa3sHO MoJ-
NIep>KUBaTh M30bITOYHOE AaBieHune Bo3ayxa 0,2-0,3 MIla. Jlns uckimroueHus: moJgorpeBa BHyTPH 3TOTO
MPOCTPAHCTBA TOPMO3HOM JHCK CHAOXKAIOT YCTPOHCTBOM Ui camMoo0ayBa. IHTEHCHBHOCTh CMavKBa-
HUS Tap TPEHUS AUCKOBO-KOJIOJOYHOTO TOPMO3a TPAHCIOPTHOTO CPEACTBA MPHU JBHUKEHUU 10 MOKPOMH
J0pore B CJIa0bIi WM CHIIBHBIN JOXKIIb 3aBUCUT OT PEeXUMa TopMoxeHus. [Ipu skcTpeHHOM TOopMOKe-
HUU CKOPOCTb BPALIEHUS JUCKA U3MEHSETCS OT MAKCUMyMa 10 HyJIs 3a MaJblid IPOMEXYTOK BPEMEHHU,
a yJelbHblE Harpy3Kd — OT HyJIs 10 MAaKCUMaJIbHON BEIWYMHBI. LIUKIMYECKUN pEXKUM OTHOCHUTCSH K
NPUTOPMAXUBAHUIO TPAHCIIOPTHOTO CPEICTBA OT 3aJaHHOM 10 PperJaMEeHTHPYEMOH CKOPOCTH IPH
IUTABHOM U3MEHEHUH yIENbHBIX Harpy30K. JIUTeNbHBIN peXUM TOPMOKEHHS TPAHCIIOPTHOT'O CPENICTBA
IMPOUCXOIUT MJJIIUTCIILHOC BPEMS ITPU 33I[3HHOﬁ MOCTOSTHHOM CKOPOCTHU M3MEHCHUA YACIbHBIX HAIPY30K.

O000meHHbIe TepeMeHHbIe IPUMEHUTENIBHO K 3JIEKTPOTEPMOMEXaHHYeCKOMY (PUKIIUOH-
HOMY B3aMMO/eifiCTBHI0O MOKPBIX Nap TPeHHUs AUCKOBO-KOJI0A0YHBIX TOPM030B. O000IICHHBIE TI€-
pemennbie (OIT) — Ge3pasMepHbIe CTEIEHHBIE KOMILIEKCHI, COCTaBICHHBIE M3 MapaMeTPOB JIEKTPOTEp-
MOMEXaHHMYECKOTO TPEHUS MPH OPOIIECHUH BOAOW Map TPEHHUS AMCKOBO-KOJIOJIOYHOTO TOPMO3a TpPaHC-
HNOPTHOTO cpencTBa. [lo CTpyKType OHM CXO0XKH ¢ KPUTEPHUSIMH 1O00US, OJHAKO MO CYTH OTIMYAIOTCS
ot Hux. [Tonstue OII Gosnee eMkoe, ueM KpUTepuH MOA00us. Ero mpuMEeHSIOT He TOJILKO TPH MO~
POBAaHHUHU TIPOIIECCOB 3JIEKTPOTEPMOMEXAHUYECKOTO TPEHHUS Ha OCHOBE SKCIIEPHMEHTANbHBIX JaHHBIX,
HO Y TIPY CHUCTEMaTHU3aLUH NPOLECCOB, ABJICHUN U 3((PEKTOB, a TAKKE NPU U3YUYEHHH UX BO3ACHCTBUS
Ha TpuOocuctemy. CielyeT OTMETUTh, YTO IPU MOAEIMPOBAHMH 0053aTENIHO JOJKHBI COOIIOAATHCS
TpeGoBaHUs TIepBOH TeopeMbl moaooust [3]. B To ke BpeMs Ipu cUcTeMaTH3aIllK SKCIIEPUMEHTATBHBIX
JaHHBIX U3 MHOXKECTBA KPUTEPUEB, XapaKTEPU3YIOIIUX 110001e CI0KHOU TPUOOTEXHUIECKOH cucTe-
MBI, BeIOMpatoT oauH B Buae OIl. CBs3p nccnempyeMbix 0000IIEHHBIX IEPEMEHHBIX C OCTaIbHBIMH KpHU-
TEpUSMH TIPH 3TOM, KaK [PaBUIIO, HE yUUTHIBaeTcs. B HacTosmee Bpems puznyeckoe TpruboMoienupo-
BaHUE MMO3BOJISIET OJiaroiaps pacyeTHOMY MaclITaOHOMY (akTOpy BOCIPOHM3BECTH HA MAIOrabapuTHBIX
o0pa3uax B X MOBEPXHOCTHBIX M MPHUIIOBEPXHOCTHBIX CJIOSIX HA MUJIJIM-, MUKPO- 1 HAHOYPOBHSIX TaKHe
K€ MEXaHUYECKHE, JIEKTPUUECKHUE, TEIUIOBbIE U XMMHUYECKHE MOJISA, KOTOPBIE UMEIOT MECTO B PEAJIBHOM
TpHOOCOMPSDKEHUH, HAPUMEp, B y3JI€ TPEHHUS JUCKOBO-KOJIOJOYHOTO TOPMO3a TPAHCIIOPTHOTO Cpe-
ctBa. [Ipn 3TOM yMeHbIIEHHE KOHCTPYKTHBHBIX MTAPaMETPOB JOHKHO KOMIIEHCHPOBATHCS N3MEHEHUEM
KaKHX-TH00 APYTHX MapaMeTpoB. DTHM HapamMeTpOM SBISIETCS BPEMSL.

MacmTal BpeMEHU COKpAIaeTCsl U MCIBITAHUS MPHOOPETAIOT YCKOPEHHBIN XapakTep, 4To B 00-
EM BHUE MOXET OBITh TIPEICTABICHO CUCTEMOM KPUTEpHATHHBIX YPAaBHCHUMN:
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C, =10,C, =10; C, =10; C, =10.

BBonst OMOTHUTENBHBIE YCIOBHS, YMCIO KOTOPBIX COTJIACHO TeopeMe baknHrema paBHO ymciITy
0a3MCHBIX IapaMeTpoB Oe3 mapameTpa, IPUHATOTO 3a U3BECTHBIN. Pemtas 3amicanHyio cucremy, Imoiy-
YUM 3HAa4YEeHUS] MacIITaOHOTO (aKTopa Ui KaXXA0ro U3 IMapaMeTpOB UCCIEIyeMOro mpolecca, sIBICHHS
i 3¢ dekra. ApyrumMu cloBaMu, BBISIBIISIEM T€ YCIOBHS HKCIIEPHUMEHTA, KOTOPBIE MO3BOJISIOT HA MO-
JIeTH TIPH YCKOPEHHBIX UCTIBITAaHUSAX MOKPBIX Iap TPEHHUS MOIydaTh UX M3HOCO-()PUKIIMOHHBIE XapaK-
TEPUCTHKH.

OOBIYHO KOHCTPYKTOPBI pPa3pabaThIBAalOT HOPMAJBHBIA psA  TUIOPa3MEPOB TPAHCIOPTHBIX
CPE/CTB M HX ANCKOBO-KOJOJOYHBIX TOPMO30B. MIMEHHO aJ1s1 0OBEKTOB TAaKOrO poja Ha OCHOBAaHWHU
HOMOTPaMM, TTOCTPOEHHBIX IO Pe3yJIbTaTaM MOJENBHBIX HCIIBITaHWUH, MPOBOANUTCS MPOTHO3UPOBAHHE.
[Tpu 5TOM NPHUXOAMTCS YYUTHIBATH BIUSHHUE PA3IMUHBIX MapaMETPOB Ha BBIXOJHBIE XapaKTEPUCTHKH
HCCIIETyeMOro 00beKTa.

HeonnHakoBBI 1 3aKOHBI pacIpeieNieHns] BEPOSITHOCTU [UI M3HOCA. YUeT CTOXaCTHYECKOH IpH-
pOIBI ACHCTBUS ATHUX MAapaMeTpoB MpHU (U3NUIECKOM MOJCTUPOBAHUU OCYIICCTBIISIETCS COBMECTHBIM
NPUMEHEHUEM METOJ0B OOOOIICHHBIX MEPEMEHHBIX CO CTATUCTHMYECKHMMH METOJaMH IUIaHUPOBAHUS
sKcriepuMeHToB. COBMECTHOE MPUMEHEHHE ATUX METOIOB MO3BOJSET YMEHBIINTH KOJIWYECTBO Mepe-
MCHHBIX U YCTAHOBUTBH BEPOATHOCTHYIO OLICHKY O6JIaCTI/I pacccuBanuAa pe3yjIbTaTOB IAJId Ka)KI[OI\/'I TOYKHN
nepeMeHHOH. KpoMe Toro, cylecTBeHHO COKpaIaeTcss 00beM IKCIEPUMEHTOB 3a CUET UCKIIFOUCHUS X
U3 Ynclia Heo0M3aTeNbHBIX. DTO JaeT BO3MOXKHOCTh YCKOPHUTD OLIEHKY M3HOCO-(DPUKIMOHHBIX XapaKTe-
PHCTHK, 9TO OCOOEHHO LIEHHO Ha CTaJIUH MPOSKTHPOBAHUS TPUOOCOTIPSIKSHUSL.

OpPUKLHUOHHBIE YCTPONCTBA, IPUMEHSIEMBIE B TPAHCIIOPTHBIX CPEICTBAX, SIBISIOTCS OTBETCTBEH-
HBIMH Y3J1aMH, ONIPE/ICISIOINMH HaJeKHOCTh U 0€30MIaCHOCTD JABMYKECHHS.

Ecnan mMeeTcsi COBOKYIHOCTh TapaMeTpoB [y, Py, Ps, ... Pp, XaPaKTEPH3UPYIONIMX MEXaHHUYe-

CKHE CBOMCTBA COUETAHMS MaTepuralioB, KOHCTPYKIHIO, PEKUMBI 3KCILUTyaTallui, TO OAHHUM U3 U3BECT-
HBIX MCTOAOB IIOJYy4YarOoT O606HLCHHLI€ IICPEMCHHBIC. I[JIS[ 9TOIr0 B ClIyda€ CPAaBHHUTCIBHO HECIOKHBIX
3a]1a49 UCIOJIb3YIOT MATEeMATHYECKYIO MOJIeITh, COCTABJICHHYIO HA OCHOBAHWU MPEJICTABICHUIN O TIPOIIeC-
cax, SBJICHUAX WU 3(1)(1)€KT3X, OMpEACTIAIOIINX BCJINYUHY SKCIUTyaTalUOHHBIX IMapaMETPOB TPECHUA U
HN3HOCAa B KOHKPETHOM THIIC TpI/I6OCOHpH)KCHI/I$I. TaK, B TOPMO3C NPUXOAUTCA YYHUTbBIBATbH MCXaHUYC-
CKOE, TeIJIOBOE U XUMHYECKOE B3aMMOJICHCTBHUE, a TAKKE THAPOJMHAMUKY CJIOS BOJIbI, TIOMAIAI0IIeH Ha
MOBEPXHOCTH TOPMO3HOTO AUCKA. B OoJee CIOXKHBIX 3a/1auax MPUMEHSIOT METOJT PA3MEPHOCTH, BHIOPAB
obmue jurst Bcex OII 6asucHbie mapamerpsl (bIT). C HUME MOCIEI0BATEIRLHO CBSI3BIBAIOT BCE OCTAlb-
HBbIE TTapaMeTphl. 3aTeM OCYIIECTBIIIOT IPOBEPKY MOTYYSHHBIX TakuM oOpazom OIl Ha HempoTHBOpe-

YUBOCTb UX CTaHAAPTHBIM O606H.IGHHBIM NEPEMCHHBIM U UX COYCTAHUAM. TaK, €CJI B 3a1a4C BCTpCUa-
2

JIOCHh BBIPAXKCHUE Pa T TO €0 MOKHO NNPEACTABUTH KaK KpI/ITepI/Iﬁ
2
2 pa
Nely 2 = 4
12 \Y

CorylacHO TEOpHM IOJ00MS 3HAYCHMSI OJIMHAKOBBIX OOOOIICHHBIX MEPEMEHHBIX Yy MOJCIU M
HaTypbl (OpUrHHAJIA) JOKHBEI OBITh paBHBL. Ecmu OIl Mozenn 0003HaYUTh B BUIE KPUTEPHS MMOA00HS
T » @ JUISL HATYPBL — 77y , TO MONYIUM 7y =7y Wi C, =10, rae C — CUMIUICKC, OTHOLICHUE O/(HHA-

KOBBIX KPUTEPHUEB MOJ00MS M OJJHOUMEHHBIX TAPAMETPOB, | — HOMEP CHMILICKCA.
Ha ocHOBaHWMH BBIIEH3IIOKEHHOTO ONPEACIHM TOJIINHY CIIOS BOJBI, ITOMAAoMIel Ha TOsC Tpe-
HUSI JIYCKA MTPU JIBKCHUH TPAHCTIOPTHOT'O CPEJICTBA [0 MOKPOMY TMOJIOTHY JIOPOTH.

Onpenenenne TONUMHBI €105 BOAbI HA MOBEPXHOCTH CIIOIIHOTO TOPMO3HOI0 THCKA NPH
3J1eKTPOTEPMOMEXaHMYECKOM TPEHUH METO0M 00001eHHBIX MepeMeHHbIX. BosiHOM cioli, oOpa-
3YIOIIUACS MEXKTy MUKPOBBICTYIIAMH TIAp TPEHUS «METAJUT — TOJIUMEP» JIMCKOBO-KOJIOJ0YHOTO TOPMO-
3a TPAHCIIOPTHOTO CPEICTBA, OKa3bIBAIOT BIMSIHUE HA X Pab0TOCIIOCOOHOCTH, 3P PEKTUBHOCTE U J10JI-
roBe4HOCTh. OT XHU3HHM BOJSHOM IUIEHKM JOMYCTUMOH TOJIIMHBI U BPEMEHU OPOLICHMS Map TPEHUS
3aBHCAT CIIEAYIOIINE JKCILTyaTallMOHHBIE MapaMeTpbl TOPMO3a: HOPMAaJIbHBIE YCHIIUS, CHJIa TPCHUS,
yIeNbHbIe HArpy3KH, TUHAMUYECKUH KO3()(OUIMEHT TpeHHs, TOPMO3HOM MOMEHT U W3HOC pabouux mo-
BEPXHOCTEN.
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I/ICXOILHI)IMI/I YpaBHCHUAMU IJIA KOHTaKTHO-I‘HI{paBJ’IH‘IeCKOﬁ CUCTCMbI CMAauMBaHUA Map Tpe-

HUA-CKOJIBXKCHUA ILI/ICKOBO KOJ'IOI[O‘IHOFO TOpMOSa TPaHCIIOPTHOI'O CPEACTBA ABJIAKOTCA:
ap

——6n(v1+v2) %, IpU X = 00, X = Xop = - = 0; (4)
h=ho + 550 ;(1;1‘% +) L@ ]S ®)
pcvgzlg—;+n(g—;)z+xvtg—z,npnx—>00;t=to; (6)
(00 = () et Q
t(x,h) = (m)l/z f_;ﬂg; h(xdW‘F to; 7 = 1pehP=abt, ®)

1€ 01 M U2 — OKPYXKHBIE CKOPOCTH, M/c; h — 3a30p, M; R — MIPUBE/ICHHBIN painyC KPHBHU3HBI —
1/R=1/R;+1/R,, rne Riu R, — paanycsl mosica TpeHus; ¢, C1, C,— yAETbHbIC TEINIOEMKOCTH BOJIBI M Ma-
TepuanoB napsl Tpenus, Jk/K; A, 41, 4, — k03QHUIHEHTs! TeIONPOBOAHOCTH BOABI K MaTEPUAIOB
naps! Tperns, Br/(M-K); f — neesokosddumment Bs3kocTy Bobl, M7/H; a — K03(hGHIEEHT 3aBHCHMO-
CTH BSI3KOCTH OT TeMIepaTypsl B hopmyne Peitronbaca, 1/K; x 1 Y — KOOpAMHATEI B0 U MTOTIEPEK
BOJISIHOH IJICHKH; € — JOTIOJIHUTENIbHAS TIEPEMEHHAS; Xo— abcuucca, rue p=aodp/ox=0; y — ko3 durment
TEIIOBOTO PACIIMPEHUS TUICHKH BOJIBI.

YcioBue 0AHO3HAYHOCTH: TEOMETPUIECKHIE XapaKTePUCTHKU Ry, R;, tnaMerp maTHa KOHTaKTa
d; mapameTpsI mepoxoBatoct ten Rz(a);; Rz(a), mpu 3agaHHbIX yaSIbHBIX HAPY3KaxX U MPUBEICHHOM
panuyce KpUBH3HBI, IUIOMAAN KOHTAKTa; YIPyrHe CBOMCTBa MaTepualioB map TpeHus. Bce mepeunc-
JICHHOE OJJHO3HAYHO OTIpeJIeIIseT IUIOMaab (PPUKIIMOHHOTO B3aUMOACHCTBHS A.

dusudeckre CBONCTBA BOIBIL: o, Po, Co, 40,0, f. DTH BEIMUUHBI OEPYT IPH XapaKTEPHOH TemIie-
patype MUKpPOBBICTYTIOB TIOBEPXHOCTEH TPEHUSL.

BennuuHbl, XapaKTepU3yIOIIUE CBOMCTBA MATEPUANOB KOHTaKTUpYrOWuX Ten: Ei, Eo ui, uo;
HB; p1, p2; c1, ¢2; A1, A2, OEPYT TIpH TEKYIIEH TOBEPXHOCTHOM TEMITEPAType B3aNMOACHCTBYIOIINX MUK-
POBBICTYTIOB.

DKclepuMEHTAIbHBIE TAaHHBIE TOMYYEHBI C Y4eTOM U3MEHEHUSI OCHOBHBIX (DU3NYECKUX CBOWCTB
BOJEI (7, p, ¢, 4, /) ¥ MaTepHaIOB Tell B 3aBUCHMOCTH OT yICIHHBIX HATPy30K M MTOBEPXHOCTHOU U 00B-
€MHOM TeMIeparyp.

KpaeBble yciioBus 3aat0T JUII CKOPOCTEH, YIENbHBIX HATPY30K U TEMIIEPATYP: V1, U2, De=01-02;
HOpMaJlbHasl Harpy3ka B KoHtakTe N; yaenbHas Harpyska Ha eauHuiy miomamu p,=N/A; P, — MakcH-

MaJIbHas yﬂeﬂBHaH Harpy3Ka B KOHTAKTC, Cpe,I[HHH TeMl‘IepaTypa HOBerHOCTeﬁ Hepe,[[ BXOA0OM B KOH-
801+602
2

O606LLI€HHLI€ XapaKTepI/ICTI/IKI/I. HCHOHB:;yH METO/ I/IHTeraHBHBIX aHaJIoT OB, I/ICXO,HHy}O COBO-
KYIIHOCTh YPABHEHHUH, TPAHUYHBIX YCJIOBHUH, YCIOBHS OJHO3HAYHOCTHU, HAXOAUM OIPEAEISIONME KPHU-

TepUaNbHbIe OTHOIICHUS U YCIIOBHS oao0wus [3]:

TakT Oy = , Tae oy, G2, — TEMIIEPATYPHI IOBEPXHOCTEH, BCTYMAIONINX B KOHTAKT.

p . A .
I, = ( ); I, = = idem; [I3 = —— = idem;
1 NVsk . 2 Bpmax 3 PoCoVsxb
NoVck : . AO 1 : .
[, =————=idem [l = ———% = idem
* 7 pocovscbby ’ 57 Ao Pes!? ’
AO 1 . i _ . .
[l = Ty P 1/2 = idem,; [, = aB, = idem;
0,46 . bv bv A
g = —p( 2 = jdem; Pey; = 2% Pey, = 202 g, = 2oL
AR ao Qo2 Co1Po1
aq(h+h
Aoy = 02 ; Bil = —1( 1) = ldem
Co2Po02 Arlp k1

®Ou3NYeCKHil CMBICI MOJIYYCHHBIX KPUTCPHUCB HO,Z[O6I/I$I COCTOMUT B CJIICAYIOLICM:

I, = (n: ) — OCHOBHOHM KOHTaKTHO-TMJIPOJWHAMHUYECKUH KPUTEPUM, XapaKTepU3YIOIUN He-
PAY

p(61+92)
R

CYILLYIO CIIOCOOHOCTb KOHTaKTa nL u ero aedopmupyemocts Ilg
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[1I1, = Bpmax ¥ II; = aBy — xpurepun, xapaxtepusyronme (HU3NUECKUE CBOWCTBA BOIBI B
(GyHKLIUHM TeMIepaTypsl U JaBICHUS;

I3 = ﬁ — OTHOILCHUE TEIUIOTHI, PACIIPOCTPAHCHHO!N TEIUIONPOBOIHOCTHIO, K KOHBEKTHB-
HOMY TEIUIONIEPEHOCY;
I, = #fb% — OTHOUIEHHNE KOJINYECTBA TEIUIOTHI, AUCCHITMPYEMOH BHYTPH BOISHOTO CJIOS,
K TEIUIONIEPEHOCY MyTeM KOHBEKIIHH;
Ao 1. Ao

1 .
5= 3 o1z = PRy OTHOIIEHUE TEIIJIOTHI, ITOCTYNAIOIICH B BOAY IIYTEM TEILIONPO-
01 Pey; 02 Pe,

BOIHOCTH, K TCIITIOTC, OTBOJIUMOi1 MUKPOBBICTYIIaMU HOBCpXHOCTCﬁ TpEHUA.

VBenuuenue IMPON3BCACHUA MUz IPUBOAUT K POCTY TOJIIHMHEI BOJISTHOH TIIICHKH ITIPU CKOJIBXKE-
HUW 1 YMCHBUICHUIO TUHAMHUYCCKOI'O KOS(I)(bI/IHI/IGHTa TPCHUA, BJIUAIOMICTO Ha aHepreTqucxnﬁ YPOBCHb
KOHTAaKTa. HpI/I OTOM HOJIOKHUTCIIBHOC BJIMAHWE HA TOJIIHNHY BOJISIHOM IUICHKH OKAa3bIBAIOT CKOpPOCTh
CKOJIBXKCHUA U Pa3BUBACMbBIC B 30HC KOHTAKTa YICJIbHBIC HAarPy3KH. OI[HB.KO Jaxe 1pu CyIECTBEHHOM
€€ YMCHBIICHNH, OHA crocooHa Pa3aAciiuThb SHEPICTUICCKUC YPOBHHU (I)pI/IKHI/IOHHI)IX KOHTaKTOB.

W3 noctaHOBKH FHI[pO,ZLI/IHaMH‘{CCKOﬁ 3aga4uu IJid JKCCTKUX CKOJBb3AIIHUX Iap TPCHHUA IIPH I10-
Nuzg

6

o h o
CTOSTHHOH BSA3KOCTH BOJIBI CIIEJTYeT + = 2,447 , T.€. OTHOCHUTEJIbHAsS TOJIIMHA BOJSHON INIEHKHA 00-

patHo mponopiuoHanbHa KputepusM 1111, = Bpmax ¥ 17 = aBy. DT KpUTEpUH XapaKTEPU3YIOT

(usryeckne CBOWCTBA BOJBI B PYHKIUKM 0OBEMHOM TEMIIEPATYPBI M YEIbHBIX HAIPY30K.
bUOZ

bv o
Uucna [lekne Pey; = a—°1; Pey, = XapaKTEPU3YIOT OTHOLICHHUE TEIJIOCOACPKAHUN TOTOKA
01

Aoz
B OCCBOM U HOHepe‘-IHOM HaHpaBﬂeHI/IHX.

Uucno buo (Bi) xapakTepu3yeT OTHOIICHUE KOd(hQUIMEHTa TeruooTnayn (a;) B OCEBOM
HaINpaBJICHUH C BHYTPEHHEH CTOpPOHBI IucKa K kodddummenty temnonepenaun (k;) ero HapyKHOM
cTopoHbl ¢ ¢uanneM. Kpurepuii Bi xapakTepu3yeT HHTEHCHBHOCThH TEIUIONEPEAAONIEeTo Mpolecca 1
MOKeT ObITh 1>Bi>1.

[lonmy4yeHHble KpUTepHaIbHbIE COOTHOLICHHUS SBJIIOTCSA Oe3pa3MepHBIMU OOOOIIEHHBIMH Xa-
PaKTEpUCTUKAMH IIPH COCTABICHUU YPaBHEHUI AJIsl ONpenesieHUs TOJIIHMHBI BOASHOW IJICHKH, JHHA-
MHUUYECKOro Kod(duimenta TpeHus, TeMIepaTyp U SHEPTeTHUECKUX ypoBHEH KoHTakTa. CTPYKTYpHI
MOJYYEHHBIX KPUTEPUEB MOTYT OBITH MCIIOJIB30BAaHBI JUIS MOJYYEHHUs] KaK ONpEeASISIomMX (comepixa-
IIMX YCJIOBHS OJHO3HAYHOCTH), TaK U OIpedensieMblx Kpurepues. IIpu 3TOoM crnemyer uMeTh B BULY,
YTO 3alMMCaHHBIC SMIIMPHUYCCKUE 3aBUCUMOCTHU MOKHO YCIICHIHO O606HII/ITI) B IOJIY4YCHHBIX 34€Ch Xa-
PAKTEPpUCTHUKAX TOJIBKO B TOM CJiy4da€, CCJIM IMPUHATBIC UCXOJHBIC MAaTEMAaTUYCCKUE 3aBUCHUMOCTH B
MOJIHOM Mepe OTpaxaroT (PU3MYECKHE CBA3H MCCIENYEMbIX MpoleccoB. HeyuTeHHOe HCXOAHBIMH YpaB-
HEHHSIMU BIIMSTHUE KaKUX-THO0 U3 (hakTOpOB MOTpeOyeT KOPPEKTUPOBKH YCTAHOBICHHBIX 0000IIEHHBIX
3aBUCUMOCTEH.

Pacuer TONIIMHBI BOJSHOTO CJIOA B KBa3HM30TEPMHUYECKOM PEKUME CMAUMBAHMS ISl Hapbl
TPEHUS] MO’KHO IPOU3BOAMTE 110 GopmyIe:

h — 0,4;78,71)5?’,{7 pfo,lRO,BﬂO,G BiO,l , (9)
C Y4€TOM CKOPOCTH CKOJIb’KCHUS B KOHTAKTEC!
h = 0,3n8.44vc—}<0.2p—0,1RO,BAO,ZGa—O,SﬁJO,GBi0,1. (10)

EnuHuUIb n3MepeHus BXOAAUX BenuunH: h — m; 770 — H c/m; p — MIla; R — m; v — M/c; ff —
M*/H; 4 — Br/(m-°C); o — 1/°C.

B 3aBUCHMMOCTH OT BS3KOCTH BOJIbI M €€ TEIUIOPU3NICCKUX XapaKTEPUCTUK A U o 3HAYEHUE CKO-
POCTH CKOJILKECHHS, COOTBETCTBYIOIIEE Hadaly 3aMETHOTO BJIVSIHHS CKOJIBKEHHS B IMpejeiax u3MeHe-
Hust BsaskoctH v = 2+1000 cCr (mpu 4 = 0,012 B1/(M-°C), o = 0,02 1/°C) cocraBisieT COOTBETCTBEHHO
Uge = 10 + 20 m/c. TonmuHa BOJSHOTO CJI0s MPOBEPSIIACH 110 YKa3aHHBIM (hOpMyJiaM, OHA COCTaBUjIa
h =0,5+6 MkMm.
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st pacueTra TONIIMHBI BOJSHOTO CIIOS 3aja-
BaJINICh CJIEMYIOIMIMMH HCXOIHBIMH IaHHBIMH: V=157
cCr; 7=141,3-10° He/m% p=2 MIla; R,,=0,132 m;
4=0,012 B1/(MK); 0=0,02 1/K.

Ha puc. 5 noka3aHo yCTaHOBIEHHOE B OMBITAX
BIMSIHIE CyMMapHOW CKOPOCTH CKOJIBKECHHS, BS3KO-
CTH BOJBl W Y/ACIbHOM KOHTaKTHOM Harpy3ku Ha 0e3-
pa3MEpHYI0 BEIMYMHY TOJIIIMHBI BOASHOM TUICHKU U
TUHAMAYECKHA KOAPOUITUEHT TpeHUsI. MOKHO OTMe-
TUTh TPOTHBOIIOJIOKHOE BIIUSHUEC HAa3BaHHBIX Xapak-
tepucTtuk Ha f u h. IIITpUXOBBIMH JTHHUSIMHU TOKA3aHBI
3aBUCHMOCTH TOJIIUHBI BOASHOTO CJOS OT KOHTAaKT-
HBIX ITapaMeTpOB, a CIUIOIIHBIE JIMHUW OTHOCATCS K
JIUHAMHYECKOMY KOA((QUIIUEHTY TPEHHS CKOJIBKCHHUS.
YBenuueHne CKOPOCTH CKOJBKEHWS MPUBOAHUT K OJI-
HOBPEMEHHOMY YMEHBIIICHHIO TOJIIUHBI BOISHOMN
IUICHKK M JUHaMU4eckoro koadduimenta tpenus
(puc. 6). YCTaHOBJCHO, YTO YBEIWYCHUE TOJIIIHMHBI
BOJSIHOTO CIIOSI TIPOHUCXOIHWT C POCTOM CYMMAapHOM
CKOPOCTH CKOJIBKEHUS TOJIbKO 10 10-15 m/c.

Ha puc. 7 a, 6, ¢ npeacraBicHbl 3aBUCHMOCTH
TOJIIIMHBI BOASHOTO CIJIOS, 00pa30BaBIIeTrocs Ha TOsCe
TPEHHS CILTONTHOTO JMCKa TOPMO3a MEepPeIHETo Koeca
TPaHCIOPTHOTO CPE/ICTBA, OT:

@ — CKOPOCTH CKOJIbXKCHUS: TOJIMHA BOASHOTO
CJIOSl PE3KO TAaJaeT, a 3aTeM KBa3UCTaOMIN3UPYETCs B
CBSI3U C POCTOM Y/ICIBHBIX HATPY30K B Mape TPEHHUS;

6 — YAENbHBIX HArpy30K: TOJIIWHA BOJASHOTO
ciost ipu cunnbHOM (psix 1) m cimabom (psan 2) moxknie
otnnyaercs B 2,0-2,5 paza;

6 — BEIWYHMHBI CPEJUHHOTO pajauyca Tosica
TPEHHS TUCKA: TOJIIMHA BOASHOTO CJIOS YMEHBIIIAeTCS
C yBeIHMUYEHHEM paanyca Tosca TPEHHUS B CBS3H C
BO3PAaCTaHUEM CHJI HHEPIIUH.

Oo6cy:kaeHne pe3yjabTaTOB MCCIAETOBAHMS.
PexxuM TOpMOXKEHHST TUCKOBO-KOJIOJOYHOTO TOPMO3a
TPAHCIOPTHOTO CPEJICTBA M COCTOSTHHE €T0 Map TPEHHsI
(MOKpBIE WM CyXH€) ONPEAENSAIOT 3KCILTyaTallMOH-
HBIE TApaMeTpbl TOPMO3HOTO MexaHu3Ma. Kpome
TOTO, HA HUX CYIIECTBEHHO BIIMSET BS3KOCTH BOJBI U
ee XUMHKO-(pu3nyeckuid cocTaB (YucTas WIH C
MpUMeCsSIMHU TBUTH | TPsi3u). B pesynbrate TeopeTu-
YECKUX M IKCIEPUMEHTAIBHBIX HCCIIEIOBaHUI ycTa-
HOBJICHO, YTO:

— BSI3KOCThH OpOIIA€MOM BOJBI ITOYTH HE BIIUSET
HA JUHAMHYECKUN  KOIPQUIMEHT TpeHHs Ha
CKOPOCTHBIX PEKMMaX TPAHCIOPTHOT'O CPEICTBA, MPH
KOTOphIX f He [gocTHraer CBOEro MakCHMajJbHOTO
3HaueHUs. bonblied HMCXOMHON BA3KOCTH BOABI C
OpUMECSIMA ~ BCErZla  COOTBETCTBYET  OOJjbIIas
BEJINYMHA TMHAMUYIECKOTO K03 duilnenra TpeHus;

— NIPY yBEJTMUYEHUU CKOPOCTH CKOJBKEHHS I1ap
TPEHUs] TOPMO3a PacTyT LEHTPOOEKHbIE U UHEPLIMOH-
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T'uopoounamuueckue napamempvl MOKpbIX NAp MpeHus OUCKOBO-KOI000YHO20 MOPMO3a MPAHCHOPMHO20 CPeOCmaa

HBIE CHJIBI, YTO CIIOCOOCTBYET YMEHBUICHHUIO
TOJIIIMHBI CJIOS BOJBI HAa MOSICE TPEHHS JIUCKa,
najiaeT ec¢ BI3KOCTh, YBEIMYUBACTCS JIUHAMH-
4eCKUil KO3 PUIIMEHT TpeHust; O0JIbIIas CTETIICHb
W3MCHEHHUS  AUHAMHYECKOoro  KoddduimeHnrta
TPEHUS OTMEUYEHAa TIIPH BBICOKUX CKOPOCTSX
CKOJIBKCHUS,

— MU YBETUYECHUH KOHTAKTHBIX yIEIbHBIX
HArpy30K BIUSHHE BS3KOCTH BOJBI Ha JIMHA-
MUYECKUl KOI()(UIMEHT TpeHHs CHUXKACTCS,
MOCKOJIBKY yYMEHBILAETCS TOJIIIMHA €€ CJIos Ha
MOsICE TPCHUS JTUCKA,

— JUIS TIPEJOTBPAIICHUS TOAMUTKA BOJOMH,
MOCTyMaloIed Ha MosiC TPEHUs MO KaHalaM
MUKPOBBICTYIIOB MAaTOBBIX TOBEPXHOCTEH Bpa-
HIAFONIETOCs TUCKA, HA TPaHMIE MEXIy MaTOBOU
Y TIOJMPOBaHHON MOBEPXHOCTSIMU HEOO0XOIUMO
NPEAyCMOTpPETh KOJBIIEBYIO BBIEMKY AJisi cOopa
BOJIBI.

3aknmouenne. C mpuBIedeHHEM MeETOJA
0000IIEHHBIX TEPEeMEHHBIX IPOU3BEACHO OIl-
pelenieHre  TONIIMHBI  BOJSIHOTO — CJIOSI  Ha
MOBEPXHOCTH TMOsiCA TPEHUS JUCKA B 3aBUCH-
MOCTH OT PEKHUMOB TOPMOKCHUSI.

YCTaHOBICHO BIMSHUE OSKCILTyaTalllOH-
HBIX MapaMeTpoB (YIeIbHBIX HATPY30K, CKOPOCTH
CKOJIL)KECHUSI W JUHAMHUYECKOro Kod(duIreHTa
TpeHus]) Ha TONIIMHY BOASHOTO cJOsi, 0o0pa-
3YIOIIErOCsl Ha TMOBEPXHOCTH Map TPEHUS JHUC-
KOBO-KOJIOJJOYHOTO ~ TOPMO3a  TPAHCIOPTHOTO
CpeJCTBa.
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Puc. 7. 3asucumocmo monuunsl 600AHO20 CILOSL HA OUCKE

mopmo3a nepednezo Koneca mpancnopmHo2o cpeocmed

OM CKOPOCU CKONbHCEHUA (@) U KOHMAKMHBIX YOeNbHbIX

Haepy30k (6) npu ee HAXOHCOEHUU HA CPEOUHHOM paduyce
nosica mpenusi Oucka (8)

Heobxonumo pa3paboTaTth SHEpreTH-4ecKHid METOJ pacdeTra H3HOCA MOKpBIX MNap TPEHUs
JMCKOBO-KOJIOIOYHBIX TOPMO30B TPAHCHOPTHBIX CPEICTB C YYETOM BCEX COCTABIISIOIINX TPEHHS

(MexaHMYeCKOM, TETUIOBOM U IJIEKTPOXUMUUIECKOM).

Joxazana HeoOxoaumocTh BBeeHMs B paBmio Ne 13 EBpomnefickoit DxoHoMuueckoit Komuccnu
npu OOH pexkoMeHmanmuyu 00 WUCHBITAHWSIX MOKPBIX Tap TPEHHs AMCKOBO-KOJIOIOYHBIX TOPMO30B

TPaAHCTIOPTHBIX CPE/ICTB.
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NOQLIYYAT VASITOLORININ DiSK-KUNDOLI OYLOCLORININ YAS SURTUNMO
CUTUNUN HIiDRODINAMIK PARAMETRLORI

9.X. CANOHMODOV, A.I. VOLCENKO, M.M. NOSIROVA, N.A. VOLCENKO,
V.S. VITVITSKIY, Y.S. FEDOTOV

Maqalads agagidaki masalolor nozarden kegirilib: miixtalif ndv ayloc disklorinin konstruktiv xiisusiyyatlorinin su ila
suvarma intensivliyina tasiri; disk oyloclorinin yas siirtiinmo ciitlorinin elektrotermomexaniki friksion qarsiliqlt tasirinin
analitik todqiqi zamani {imumilasdirilmis doyisonlorin istifadasi; imumiloagdirilmis dayisonlor metodu ils elektrotermomexaniki
stirtiinma zamani biitov disk sothindaki su qatinin qalinligimin miiayyanlosdirilmasi.

Biitov vo 6z-6ziina havalandirilan oyloc disklorinin konstruksiyasi, sothlorinin su ilo suvarilan saholori, hamginin
naqliyyat vasitasinin oaylacinin yas siirtiinms ciitlorinin enerji yiikiins tosir edon ¢oki xiisusiyyatlori do nazors alinmagqla tahlil
olunub.

Hor hanst bir diskin siirtiinmo komorini shats edon su qatinin buraxilabilon qalinliginin oxsarliginin ikinci teoremino
osason, oxsarliq meyarlarindan istifado edorok lmumilogdirilmis doyisonlor metodunun da colb olunmasi ilo
qiymotlondirilmosinin yeni metodu toklif olunub. Diskin siirtiinmo komarinin ssthinin topoqrafiyasi nozers alinmaqla su
qatinin buraxilabilon qalinliginin miisyyon eilmasi tiglin kriterial tonlik alinib. Hesablama naticalori qrafik asililiq soklinda
taqdim olunub.

Agar sozlar: nagliyyat vasitasi, disk-kiindali aylac, ayloc diski, su qatimn qalinhiguin buraxilabilon giymoti,
timumilagdirilmis dayisanlor metodu, kriterial tonlik.

RESEARCH ON HYDRODYNAMIC PARAMETERS OF WET FRICTION PAIRS
OF DISC-SHOE BRAKE OF VEHICLE

AKh. JANAHMADOV, A.I. VOLCHENKO, M.M. NASIROVA, N.A. VOLCHENKO,
V.S. VITVITSKIY, E.S. FEDOTOV

The article considers the following issues: the influence of design features of various types of the brake discs on the
intensity of their irrigation with water; the use of generalized variables in analytical study of electrothermomechanical friction
interaction of the wet friction pairs of disc brakes; the determination of water layer thickness on surface of solid disk during
electrothermomechanical friction by method of generalized variables.

The designs of continuous and self-ventilated brake discs were analyzed taking into account the areas of their surfac-
es irrigated with water, as well as weight characteristics that affect the energy load of wet friction pairs of vehicle brakes.

A new method of estimating the allowable thickness of a water film covering the friction belt of any disk based on
the second similarity theorem using the method of generalized variables using similarity criteria is proposed. A criterion equa-
tion was obtained for determining the permissible thickness of the water film taking into account the topography of the surface
of the disk friction belt. The results of calculations are presented in the form of graphical dependencies.

Key words: vehicle, disc-shoe brake, brake disc, permissible value of water film thickness, method of generalized
variables, criterion equations.
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THE MATHEMATICAL MODELING ASPECTS OF MULTI-FACTOR
OPERATIONS AND COMPLEX TECHNOLOGICAL PROCESSES OF
MACHINE AND EQUIPMENT PARTS PROCESSING

H.V. GAFARZADE!

The article considers the issues of multifactor operations and complex technological processes mathematical modeling
of high-precision details machining of machines and equipment. It is clarified that if the mathematical notation of operations
and processes is given as a form of finite and differential equations complex system, then the application of the mathematical
model depends significantly on the construction of an effective modeling algorithm.

Key words: machine, equipment, detail, processing, process, mathematical, model, system, equation, random quantty.

DOI: 10.52171/2076-0515_2021_13_01_43_49

Introduction. The main purpose of operations and technological processes models creating of
machine and equipment parts is to ensure the accuracy and quality of individual parts, as well as ma-
chine and equipment, to create conditions for high production efficiency. After analyzing the obtained
results, various changes can be made to the structure of the created models.

The most responsible stage of processing operations and technological processes mathematical
modeling is their construction. This stage, demands from specialist deep understanding of the investi-
gated processing operations and technological processes nature, in addition to mathematical prepara-
tion. The construction of any model begins with a formed explanation of the investigated processing
operations and technological processes. Mathematical models of technological processes can be created
by using individual operations models.

The purpose of the work is an analyze of some possibility aspects of the multifactor operations
and complex technological processes modeling of machines and equipment details processing.

Solution: Different types of dependencies can be included in the mathematical notation of vari-
ous processing operations and technological processes. Heat generated during processing operations,
equations expressing force and power characteristics, the dependencies reflecting events, occurred in
the individual transitions of operations and processes, expressions containing the relationship between
accuracy and quality indicators of processed parts and manufactured machine and equipment and tech-
nological factors, inscriptions characterizing restrictions put on the main technological factors of pro-
cessing operations and processes can be given as an example.

If there are no theoretical information about modeled processing operations and technological
processes, or they are limited, then mathematical expressions in the form of empirical dependencies
obtained by using data collected as a result of experimental researches and processed by static methods
can be used.

! Azerbaijan State University of Oil and Industry,
Gafarzada Hikmat, E-mail: aydin.qafarov@hotmail.com

43



H.V. Gafarzade

Such models are called static models and are expressed in the form of correlation or regression
relations between the technological factors of processing operations and processes, and accuracy and
quality of parts or machine and equipment [1-12].

Such connections are possible when there are required machines, devices, processing tools,
measuring and control tools and devices, materials (pastes) and other technical means to perform pro-
cessing operations and technological processes.

The disadvantages of such models are that the variation range of technological factors character-
izing the investigated operations and processes is within certain limits. The variation limits of these
factors are usually limited by the capabilities of the used machines and other technical means. Besides,
it becomes difficult or sometimes impossible to use these models for other operations and processes,
because they do not reflect the physicochemical properties of the events that occur during processing
operations and technological processes. Unlike static models, mathematical models are created taking
into account the processing operations and technological processes basic laws.

They are able accurately characterize the research objects, even at inaccurate quantitative esti-
mates of technological factors accuracy and quality. Thus, it is possible to determine the general proper-
ties of the appropriate processing operations and technological processes using such models.

It is important to take into account a number of points at the separate stages of selection or con-
struction of individual operations and technological processes models of machines and equipment parts
for various purposes.

1. Models should take into account the processing operations and technological processes main
characteristics, and their mathematical notation should be quite simple.

2. The main technological factors values characterizing the models can be defined by the accura-
cy and quality indicators of the processed individual parts, the operating parameters of the manufac-
tured machine and equipment, experimental researches, with the help of materials collected during op-
erations, or by other methods.

3. Separate mathematical models can be constructed for each transition in multifunctional pro-
cessing operations, and for each operation in multifunctional technological processes.

The type of mathematical model significantly affects the type of equations used for mathematical
notation. It is possible to use algebraic equations to show the stationary relationships between the fac-
tors of multifactor processing operations and the modes of technological processes.

Ordinary differential equations can be used in the mathematical notation of operations and tech-
nological processes non-stationary modes with centralized factors, as well as in the expression of sta-
tionary modes of operations and processes with distributed factors whose values depend only on one
spatial coordinate.

In the first case, time is used as a free variable in differential equations, and in the second case,
spatial coordinates are used. An important feature of mathematical notations, including ordinary differ-
ential equations, is to give them initial conditions.

Special derivative differential equations can be used for mathematically notations of processing
operations and technological processes dynamics with distributed factors and stationary regimes. Here
occurrence of distribution of factors according to at least one spatial coordinate is an important condi-
tion.

Except initial condition for special derivative differential equations used in the mathematical no-
tation of processing operations and technological processes dynamics, conditions related to the function
of time must be also given.

Only boundary conditions depending on the coordinates are given for special derivative differen-
tial equations characterizing the stationary modes of operations and technological processes.

Mathematical modeling of processing operations and technological processes using differential
equations sometimes requires very difficult and complex mathematical calculations. Therefore, in some
cases, to use a finite equations system instead of mathematical notation of operations and processes
with differential equations is more convenient. For this purpose, it is possible to move from continuous
operations and processes with distributed factors to discrete operations and processes characterized by
centralized factors. One of the key issues in modeling operations and processes is the algorithms devel-
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opment. It is possible to solve equations characterizing the mathematical notation of operations and
processes by using algorithms. There is no need to develop modeling algorithms in normal cases, when
it is possible to solve the system of equations expressing mathematical notations by analytical methods.
If operations and processes mathematical notation is given in the complex system form of finite and
differential equations, then the application of the mathematical model depends significantly on the
building possibility of an effective modeling algorithm. This is especially important for cases where a
modeling algorithm is included as part of a general modeling algorithm (such as an optimization algo-
rithm). In such situations, the opportunities of computer technology should be widely used for mathe-
matical models application. However, it is important to have numerical algorithms to solve a system of
equations reflecting the operations and processes mathematical notation while using computer technol-
ogy.

Numerical analysis methods cover many aspects of mathematical modeling. However, there are a
number of difficulties in the application of numerical analysis methods. Such cases include the follow-
ing issues of mathematical modeling [4]:

1. Solution of a finite linear differential equations system which have numerous variables.

2. Integration of an ordinary equations system which have boundary conditions.

3. Integration of a special derivative differential equations system.

Since there are no general effective methods for solving the problems mentioned in the numerical
analysis, the features of each issue that need to be addressed should be used in construction of algo-
rithms of the models. The physical nature of the obtained results can play an important role in resolving
such issues.

Processing operations having numerous technological factors and complex technological pro-
cesses parameters, iterative solution of a nonlinear equations system reflecting the relationship of de-
tails with accuracy and quality indicators can be given as an example. In some cases, the modeling algo-
rithm becomes so complex that in order to simplify the mathematical notation of operations or process-
es, to perform the modeling is needed to change the initial formulation of the problem statement. Such a
statement of the issue often requires replacing some analytical dependencies with simpler, relatively
less accurate expressions. This, in turn, reduces the models completeness of operations and processes,
creates a need to reduce some of the key technological factors, accuracy and quality parameters. The
structures of multifactor operations and complex technological processes mathematical models of de-
tails processing of machines and equipment are determined depending on processing modes and other
technological factors. The suitability of mathematical models should be determined by taking into ac-
count the accuracy, quality and performance of the details, machine and equipment as a whole.

Usually these indicators are expressed by different mathematical statistics laws and it is possible
to analyze them. Such approach is the main way to prove that the established mathematical models are
suitable for the processing operations or technological processes under study. One of the important is-
sues to be solved is evaluation of the reflection curves of changes in the accuracy and quality of indi-
vidual parts and machines and equipment as a whole as a result of technological factors during pro-
cessing operations and processes by mathematical methods.

Reflection curves are characterized by a random quantities static distribution. These quantities
should be considered as indicators of accuracy and quality that depend on the events taking place during
the processing operations or technological processes. They can be discrete or intermittent random quan-
tities.

Random quantities are characterized by the probability of their occurrence

P(x =x;) = P(x;) = Py. (1)

Here P — is the probability of occurrence of a random quantity; x — is a random quantity,
Xq1,X5, X3, ..., Xy, — are possible values of a random quantity.

Expression (1) shows that the probability that a random quantity x takes the value x, is equal to
P. In the experiment, the manifestation of any possible value (for example, x;) excludes the manifesta-
tion of other x,, x5, ..., x,, possible values. It becomes clear that the possible values of a random quanti-
ty are events that do not coexist. It is known from probability theory that the sum of two non-cohesive
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events is equal to one. Accordingly, the sum of all possible values of a random quantity can be taken as

a unit
Z P(x;) = 1. @)

Where x; — is the value of the random quantity i; n — is the total number of a random quantity
possible values.

It is known from probability theory that the relationship determining the connection between the
possible values of a random quantity and the probabilities corresponding to them is called the law of
random quantity distribution. The random quantity values are arguments, and the probabilities corre-
sponding to them are functions. The random quantities values can vary randomly from experiment to
experiment. A random quantity is called discrete if it can get only finite or calculated plural values,
continuous if it is able to get any price in the open or closed range.

The probability of getting less x; than the noticed value x of random quantity is called integral
function of the distribution

F(x) = P(x; < x). 3)

The main properties of the distribution function are as follows [11]:
F(—©)=0,F(+»)=1,0<F(x) <1,P(a<x; <b)=F()—F(a). 4)

The distribution density of a random quantity (differential distribution function or probability
density) is expressed as follows

) = hm F(x +Ax) — F(x) dF(x)

Jim v =— = F'(x). (5)

The distribution density propertles are followings
X

f(—0 <x < 40) >0, ff(x)dx—l F(x) = de(x)— ff(x)dx
b (6)

p(a<x<b)=F(b)—F(a) = ff(x)dx.

a
The conditional density A (x) of a random quantity is written by the following expression

fG  _ f()

A = plx; >x} 1-—F()

(")

Here f(x) — is a distribution density, and p{x; > x} = 1 — F(x) is a probability of being random
guantity more than noticed quantity.

If we take the accuracy and quality indicators obtained during processing operations or techno-
logical processes as a random quantity, then compatibility can be accepted like the integral function of
the distribution as the form and quality errors of these indicators, the distribution density as the distribu-
tion density of accuracy and quality errors, the conventional distribution density as the possibility of
intensity of error frequency formation.

If we denote the values of the marginal errors of accuracy and quality indicators in the processing
of machine and equipment parts and technological processes by y, then the following expressions can
be used to determine the dependence of their technological factors x, x5, x3, ..., X, [12]
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y = F(Xq1,X5,X3, v, Xp). (8)
If denote errors of technological by Ax;, then we can write
y+ Ay = F(xq + Axq, x5 + Axy, x3 + Axs, ..., X, + Axy). 9)
By dividing the function F to Taylor's order we can get

dF JdF
y + Ay = F(‘xll‘xZI‘x?)l ---pxn) + <—> ) Axl + <_> " sz +
£ _

0x1/ 4 dx, %,
oF oF
+ (a_xs)f3 * AX3+, ey + (a)f‘n * AXn + (10)
o <62F> A 2+<62F> Axj +<62F> AxF+ +(62F> Ax;
-\=—] -Ax — | -Ax — | Axz+ .+ || Ax;|
2 [\ 9x? % o \ox2 % 2 7 \ox2 % 3 dx2 %, "

We can determine approximate value of the accuracy and quality indicators errors by Ay made
from the technological factors influence, knowing that the errors squares values are very small.

oF oF oF oF
Ay = (—) “Axqy + (—) s Ax, + (—) sAxz+, .., + (—) s Axy,.
d0xy s d0x, %, 0x3 % d0x, z,

In general, can be written

Ay = En (aF) A (11)
1=

X

. . .. OF L .. .
Here a special derivative Fy of the function i for x;, can be called a transmission observation, or
i

an impact factor. Ax; = x; — x; are special errors. x; is an index indicating that the special derivatives
value is taken at x; = x;. The limit values of the y -indicator are y + Ay and y — Ay. Here y is the av-
erage value of y.

If we mark the difference between the errors limit values of accuracy and quality indicators ob-
tained in processing of details or technological processes like 6 = (yA + Ay) — (¥ —Ay) = 2Ay
and the difference between the errors obtained as a result of technological factors influence like
6x; = 2Ax;, we can write

= OF
5, = Za_xl dx;. (12)
=1
The errors scattering area in (12) can be indicated by the same symbols as in the observations, oy

and Sx;.

Given that the error Ax; is a random quantity, it becomes clear the expedience of appling the
quadratic summation in the calculation of &y. The calculation is done to determine the value of &y,
which is usually very big and random as a result.

According to probability theory, we can write the following form of expression for linear meas-
urement of Ay
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2

D, = i (%) - Dx;. (13)

The disadvantage of variance as a characteristic of a random quantity is that it is given by the
square of the random quantity size. Therefore, in most cases the scattering of random quantities is char-
acterized by mean square deviation given by their size.

n

oy = z (g—;) c02x;. (14)

i=1

Here D,, and o, are the dispersions and mean square deviations of the accuracy and quality indi-
cators rose in the processing of parts and technological processes, Dx; and ox; are the dispersions and
mean square deviations of the technological factors.

The accuracy of machine and equipment parts processing operations and technological processes,
can be mainly characterized by normal distribution, equal probability, exponential, shear normal, loga-
rithmic normal, Weibull, gamma distribution, Maxwell and Simpson's laws when its reliability is given
by continuous random quantities during operation, by binomial distribution (Pascal distribution), geo-
metric distribution, hyper geometric distribution laws, when it is given by discrete random quantities
[13, 14, 15].

For example, for a normal distribution law, § = 6 and hence g; = %Si. Then we can write for
any other distribution laws [12]:

n n

11 OF\? OF\*

ESy ~ = E (a) K?6x} vo by = E (a) K?6x?. (15)
n L L

=1 i=1

Here K; is the relative distribution coefficient.

The relative distribution coefficient for normal distribution law, is K = Z—Z: =1;
The relative distribution coefficient for equal probability law is K = 23%1- =1,73;
The relative distribution coefficient for Simpson's law is K = % =1,22;

The relative distribution coefficient for Maxwell's law, is K = 3210 =1,74.

Conclusion. Accordingly, the relative distribution coefficients can be calculated for other laws as
well. Their average square deviation g; or dispersion D; can be used for this purpose.

If we assume §; = 60; = TA;, then accuracy reports can be held to the permission areas Tj, ie the
difference between the largest and smallest values of the processed parts dimensions. Similar reports
can be held according to the difference between permission T; and observation boundaries
ES, El (es, ei).

Thus, it is possible to identify and evaluate processing operations and technological processes ca-
pabilities by modeling and mathematical calculation methods.
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MASIN VO AVADANLIQLARIN DETALLARININ EMALININ COX FAKTORLU OMOLIYYATLARININ VO

MUROKKOB TEXNOLOJI PROSESLORININ RiYAZi MODELLOSDIRILMOSININ BOZi ASPEKTLORI
H.V. QAFARZADS

Mogalodo masin vo avadanliglarm yiiksok doqiqliys malik detallarinin emalinin ¢oxfaktorlu omoliyyatlarinin vo

miirokkob texnoloji proseslorinin riyazi modellosdirilmosi mosalslorine baxilir. Aydinlagdirilmigdir ki, ager amoliyyatlarin vo
proseslorin riyazi yaziligi sonlu va differensial tonliklorin miirokkob sistemi soklinds verilirsa, onda riyazi modelin tatbiqi,
effektli modellogdirms alqoritminin qurulmasindan shamiyyatli deracads asili olur.

Agar sozlar: masin, avadanliq, detal, emal, proses, riyazi, model, sistem, tonlik, tasadiifi kamiyyat.

HEKOTOPBIE ACIIEKTbl MATEMATHYECKOI'O MOJIEJIMPOBAHUSI MHOTO®AKTOPHbBIX
OINEPAIIA M CJIOKHBIX TEXHOJIOTHMUYECKHX ITPOIECCOB OBPABOTKH
JETAJIEA MAIIIMH U OBOPYJIOBAHUI
X.B.TAGAP3AJIE

B craTthe paccMaTpHBaIOTCS BOIPOCH MaTeMAaTHYECKOTO MOIEIMPOBAHMS MHOTO(AKTOPHBIX OMEPAIMi M CIOXKHBIX

TEXHOJIOTHIECKHX MPONEcCcOB 00pabOTKH BHICOKOTOUHBIX J€TaNeH MalIiH ¥ 000pyoBaHMI. Y CTaHOBIIEHO, YTO €CIM MaTeMa-
THYECKOE OMNMCAHUE ONEPAINi W MPOIECCOB 33aeTCs CIOKHBIMHU CHCTEMaMH KOHEUHBIX M Au(depeHnnaTbHbIX YpaBHEHHH,
TOT/1a MPUMEHEHHEe MaTeMaTHIECKUX Moeleil Oy/eT CyIecTBEHHO 3aBUCETh OT 3(()EKTHBHOTO MOAEIUPOBAHHUS AT OPUTMOB.

Knruesvle cnosa: mawunsl, 060pydosanus, oemaib, 00pabomxa, npoyecc, Mamemamura, Mooeib, CUCIeMd, Ypaes-

HeHU:, Cﬂyuadna}z seluduna.
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THE ISSUE OF OPTIMAL DISTRIBUTION OF LIMITED
GASES BETWEEN THE WELLS WORKING
PARALEL WITH GAS-LIFT METHOD

A.N. QURBANOV", 1.Z. SARDAROVA!

The task of optimal distribution of limited amount of gas between parallel working gas-lift wells, having different
performance characteristics was set. Mathematical model of wells was obtained by means of numerical experiments and opti-
mization problem was solved with the application of the method of Lagrange multipliers, thus was shown obtaining of maxi-
mum performance.

In order to solve the issue, a mathematical model of the productivity characteristics of wells P(xi) should be pre-
pared. As mentioned, 3 different gas lift wells were selected for numerical experiment. To obtain the mathematical model of
the productivity characteristics of wells, 50 experimental values were obtained using the passive experimental method, and the
smallest squares method was used to find the coefficients of the mathematical model.

Key words: oil production, gas-lift, well, optimal distribution, productivity, experiment.

DOI: 10.52171/2076-0515_2021_13_01_50_53

Introduction. During using the gas lift method in oil production, wells are usually provided
with gas in a groups (16 and more), as parallel, and their productivity characteristics are considered
extremely (usually in the form of a parabola). In addition, the productivity characteristics of gas lift
wells differ between each other, and the amount of supplied gas is limited.

Statement of issue. It should be noted that,due to the limited amount of gas providing to wells,
it is not possible to load wells to the maximum measure, and in this case there appear a problem of op-
timal distribution of loads..

Solution methods. The issue of optimal distribution is considered under these conditions.
Oterwise, loads should be equally distributed between the wells [1].

Figure-1 shows the technological structural scheme of parallel working gas lift wells.

Here: i - quantity of gas-lift wells; X — total amount of gas; P(X;)— productivity of i wells ;

n
P(x) =) P(x) total productivity .
i=1
Considered that, the total amount of gas is limited:

x:ixiSA (1)

i=1

The issue of the optimal distribution of a limited amount of gas between parallel wells is being
set as below:

! Azerbaijan State Qil and Industry University
+ Qurbanov Abdulaga, E-mail: gabdulaga@mail.ru
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P(x) :i P(X;) —» max

ZXi <A (2)

i=1
Pmin (Xi) < P(Xi) < Pmax(Xi)
X <Xi <X;

imin = Imax

That means, the loads must be distributed in such way that,obtaining maximum productivity
with limited raw materials [2, 3, 4].

Regarding a numerical experiment was carried out to solve the problem, in order to simplify,
the problem of optimal distribution of loads between n=3 quantity different gas lift wells was consid-
ered. It should be noted that the issue can be resolved for, n=16,n=32 and more cases.

In order to solve the issue, a mathematical model of the productivity characteristics of wells

P(X;) should be prepared. As mentioned, 3 different gas lift wells were selected for numerical experi-

ment. To obtain the mathematical model of the productivity characteristics of wells, 50 experimental
values were obtained using the passive experimental method, and the smallest squares method was used
to find the coefficients of the mathematical model. Used Matlab Software’s polyfit and polyval tools
(functions) in order to find the experimental values of mathematical model, and the coefficients of the
model were clarified. Based on the obtained coefficients, the mathematical model of each well is given
in (3), (4) and (5), accordingly . Calculations show that the obtained mathematical models are character-
ize the object with the allowable accuracy.

P(x,) = —48,281 +1124x, —0,006x; ?)
P(x,) = —66,786 +1,003x,, —0,004x3 4)
P(x3) = —128,459 +1,602x, — 0,005} (5)

Based on the experimental values and the calculated mathematical models, the productivity
characteristics of each well are shown in Figures 2, 3 and 4, respectively. The given characteristics de-
scribe a curve based on experimental values with a broken line, and a curve based on a mathematical
model with a solid line.
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Fig.1 The technological structural scheme of parallel Fig. 2. The productivity characteristic of the 1st well..

working gas lift wells.
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Fig. 3. The productivity characteristic of the 2nd well. Fig.4. The productivity characteristic of the 3rd well.
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The optimization issue (6) is set by using the obtained mathematical methods, and (2).
P(X) = P(%) + P(X,) + P(X3) = —41,281+1124x, — 0,006%,” — 66,786 +1,003x, — 0,004x,> —
—128,459+1,602x5 —0,005x3 — max
In order to solving the optimization issue, used Lagrange’s the INDEFINITE
Xy +X, + X5 <370
80 <x, <100 (6)
120 < x, <150
150 < x, <180

MULTIPLACTION Method [4]. For applying this method, firtsly Lagrange function should be
created with using (7) and (8)

L(x2) =P() + 22.,(x) U
g(x) =X, +X,+X,-370=0 (8)

L(x) = 41,281 +1124x, —0,006x,” — 66,786 +1,003x, — 0,004x,” —128,459 +

9)
+1,602x5 — 0,005%3 + A(X; + X, + X5 — 370)

Based on obtained Lagrange function’s X;, X,, X; vo 1 variables,the special derivatives were
found,equalled to zero and the system of equations (10) was obtained.

i =1124-0,012x;, + 1 =0

0%

a =1,003-0,008x, + A =0

0Xy (10)
oL =1602-0,01x; + 1 =0

0X3

oL

— =X, + Xy + X3 —370=0

EY) 1 2 3

“The Kramer rule” was used to solve the system of equations and the optimal values (11), (12)
and (13) were obtained.

X, =91196 m°®/saat (11)

X, =121,628 m®/saat (12)

X, =157,203 m®/saat (13)
A=-0,03

The maximum debit rate was calculated using the obtained optimal values and mathematical
models (14).

P(Xmax) = P(X;) + P(X,) + P(X3) =1,185+ 0,668 + 1,515 =3,368 m?/saat (14)

Under the conditions of restriction, The total productivity of solution of the problem of optimal
distribution of loads, has a higher total productivity than any distribution .

Conclusion. From the research, we can conclude that, in case of restrictions to parallel working
gas-lift wells with different productivity characteristics and the total amount of the distributed gas,we
can gain the maximum productivity for the solution of the optimal load distribution issue.
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QAZLIFT USULU iLO PARALEL isLQYBN QUYULAR ARASINDA MOHDUD MIiQDARDA
QAZLARIN OPTIMAL PAYLANMASI MOSOLOSI

AN. QURBANOV, 1.Z. SORDAROVA

Miixtolif mohsuldarliq xarakteristikasina malik va paralel isloyan qazlift quyular1 arasinda mehdud miqdarda qazlarin
optimal paylanmasi mosoalasi qoyulmusdur. ©dadi eksperiment vasitasilo quyularin riyazi modellori alinmis, Laqranjin qeyri-
miioyyon vuruqglar metodu totbiq edilmoklo optimallagdirma masslosi holl edilmis vo beloliklo maksimum mohsuldarliq
alinmasi gostorilmisdir.

Mosaloni hall etmak iigiin quyularin mohsuldarliq xarakteristikalarinin P(Xi) riyazi modeli qurulmalidir. Qeyd

edildiyi kimi odadi eksperiment kimi 3 adad bir-birinden forqli qazlift quyusu secilmisdir,quyularin mshsuldarliq
xarakteristikalarinin riyazi modelini almagq {iglin passiv tocriibs tisulundan istifads edilorok 50 tocriibs giymati oalds edilmis vo
riyazi modelin amsallarin tapilmasi ti¢iin on kigik kvadratlar metodundan istifads edilmigdir.

Acar sozlar: neftcixarma, qazlift, quyu, optimal paylanma, mahsuldarlq, eksperiment.

3AJJAYA OIITUMAJIBHOI'O PACIIPEJIEJIEHUSI 'A3A B O'PAHUYEHHBIX KOJIMYECTBAX
MEXAY HAPAJJIEJIBHO PABOTAIOIIUMHU CKBA’KUHAMU METOJOM I'A3JITMPUKA

A H.TYPBAHOB, 1.3. CAPJJAPOBA

B pabore mocraBneHa 3amada ONTHMAIBHOTO pacHpeeleH s OTPAaHMYSHHOTO KOJIMYECTBa Ta3a MEXKAY HapaIelbHo
paboTaloIMMK  Ta3MU(PTHBIMA  CKBOXMHAMH, HMCIOIIMMH  Pa3MYHBlE  XapaKTEePUCTHKH  HPOWU3BOIMTEIBHOCTH.
Maremaruueckass MOJIENIb CKBaXKUH IOJy4eHa C IOMOLIbIO YHMCIEHHOI'O 3KCIIEPUMEHTa, a 3a/auya ONTHMHU3AlMU peIIeHa C
[IpUMEHEHHEM MeToJa MHOxuTenel Jlarpanxka. TakuM o6pa3oM MoKa3aHO MOJydEHHUE MAaKCUMAJIbHON IPOU3BOAUTEIBHOCTH.

Jlist peleHus] MOCTAaBICHHOM 3aaud TOCTPOCHA MareMarhdeckas Mojenb P(X;) MpOIYKTHBHBIX XapaKTEPHUCTHK
CKBaXWH. B KadecTBe UYHCIEHHOTO HSKCIIEPHMEHTa OBUTH BBIOpAHBI 3 pa3HbIe Ta3NMU(THBIE CKBaXHHBIL. I MONydeHHS
MaTeMaTHYeCKOl MOJENH NPOAYKTUBHBIX XapaKTEPHUCTHK CKBAXXHUH C HCIOJB30BAHHEM ITACCHBHOTO 3KCIIEPUMEHTAIHLHOTO
MeToa ObII0 momydeHo 50 SKCIepHMEHTATbHBIX 3HAYCHUH, a IS ompefeneHus Kod(Q(UIMEeHTOB MaTeMaTHIeCKOH Momenn
HCIIOB30BAaH METO/] HANMEHBIIINX KBaJPATOB.

Knrouesvie cnosa: dobviua nepmu, 2aznugm, ckeadcuna, ONMUMAaibHoe pacnpeoeierue, npoOYKMUGHOCMb, IKCnepu-
MeHm.
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MULTIFAZALI BORU KOMORLORINDO DAYANIQSIZ
HIDRAVLIK XARAKTERISTIKALARIN DiAQNOSTIKASI

F.B. ISMAYILOVAY, E.X. ISKONDOROV'*

Multifazali boru kemarlorinin istismar tocriibasi gostarir ki, naql olunan sistemlarin strukturundan asili olaraq, qeyri-
taraz xiisusiyyatlor, tozyiq doyiintiilori vo hidravlik xarakteristikalarda qeyri-stabil zonalarin mévcud olmasi tez-tez bas verir.
Odur ki, bu sistemlarin boru ilo axmasinin modellogdirilmasi vo axinin multifazalilig: ilo bagl geyri-stabil voziyystin bas
verma soraitinin agkar edilmosi miithiim shomiyyat kasb edir.

Mogqalads faza cevrilmoalori soraitindo qaz-maye sisteminin boru komari ilo axini ii¢lin riyazi modelin qurulmasina
cohd edilmisdir. Qaz-maye axininin hidravlik xarakteristikalarini qiymstlondirmok mogsadile komorin uzunlugu boyu tozyiqin
doyismosindon asil1 olaraq axinin miixtolif struktur formalarina baxilmigdir. Miisyyan edilmisdir ki, tozyiqlor forqinin sorfdon
astliligini kub tonlik vasitosilo ifads etmoak va stabil xarakteristikanin movcud oldugu zonalar1 miioyysn etmok miimkiindiir.

Agar sézlar: boru kamoari, qaz-maye qarisigi, multifazal axin, mikroriiseyim, struktur, tazyiq, stabil xarakteristika,
model.
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Giris. Boru komorlorindo multifazali sistemlorin harokotine hasr olunmus todqiqatlarin tohlili
gostorir ki, burada asason doyma tozyiqindon asagi qiymstlorde bas veran proseslor nozordon kegirilmis
va hesab olunmusdur ki, qaz qarisiglari doyma tozyiqginden boyiik vo ona yaxin giymotlordo homogen
miihitlora aiddir. Lakin g¢oxsayli tadgiqatlarda [1-8] gdsterilmisdir ki, bu sistemlorin kecidqabagi
hallarinda gazin mikroriiseymlorinin yaranmasi hesabina bircins olmayan strukturlar yarana bilor vo
yaranan mikrorigeyimlorin qatiligir diger borabor sortlor daxilinds tozyiqin qiymetinin vo tempinin
doyisilmasi ilo miioyyan olunur. Hom do miioyyan edilmisdir ki, torkibindo mayenin biitiin hacmi boyu
paylanmig gaz riiseymlari olan sistemds geyri-taraz xiisusiyyatlar tozahiir edir. Doyma tazyiqi vo ondan
yuxar1 hoadlerds gaz riiseymlorinin mévcudlugu ils boru komorlorinin sorf xarakteristikalarinda geyri-
xotti, bir sira hallarda iso aydin sokilds ifado olunmus geyri-monoton sahalor miisahide olunur. Bels
hesab etmok miimkiindiir ki, geyd olunan sorait hidravlik xarakteristikalarda, masalon, multifazali
sistemlarin naqli zamani miixtalif miirokkoblosmalorin yaranmasi vo alave xarclors sabab olan tozyiq vo
sorfin 6z-0zlino qalxmas1 kimi keyfiyyat doyismolorine sabab ola bilor. Bels halda bu sistemlorin boru
ilo axmasimin modellasdirilmasi vo multifazali axinlarda qeyri-stabil vaziyyotin bas verma soraitinin
askar edilmosi miithiim shamiyyat kasb edir.

Isin moqgsadi. Qeyd olunanlari nozoro alaraq, faza g¢evrilmolori soraitinde qazla doymus
sistemin boru ila axini tigiin riyazi modelin qurulmasina cahd edilmisgdir.

Forz edok ki, d diametrli, £ uzunluglu boruya hocmi qazliligi £ olan qazla doymus maye daxil
olur. Borunun baslangicinda tozyiq mikroriiseymlorin amalagslms tozyiqindon (P,,) xeyli ¢ox, sonunda
isa doyma tozyiqindon (Py) xeyli kigik qiymatlors malikdir.

Faza cevrilmalori ilo miisaiyat olunan qaz-maye axinmin hidravlik xarakteristikalarini
giymetlondirmak maqsadi ilo boru kemsrini uzunlugu boyu sarti olaraq ii¢ hisse ayirmaq olar. P>P,,

! Azorbaycan Dévlot Neft vo Sonaye Universiteti
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olan birinci hissado (0<x<¢;) axim1 homogen hesab etmok olar. Bu hissonin sonunda tozyiqin P,,
giymating diisdiiyii zaman sistemds qaz fazasinin mikroriiseymlori amala galmoyas baslayir vo tozyiqin
sonraki diismasi ilo onlarin qatiligl intensiv olaraq artmaga baslayir. Boru komorinin bu hissasi iigiin
(£1<x<¢y) sistemin Ozliiliiyliniin onun qatililigindan asililigr ti¢in A.Eynsteynin sortlorinin 6donildiyini
gobul etmok miimkiindiir [9]:
k= po(1+yc)

Burada: py-mayenin 6zlililyii; c- qaz riiseymlorinin qatiligi; y- sistemdos qaz riiseymlorinin 6lgii vo
formasindan asili olan omsaldir.

Nohayat, boru kemorinin tigiincii hissasi (£,<x<¢) artiq ikifazali axin zonasi hesab edilo bilar.
Qabul olunmus timumi tasavviirlora gora ¢,-don baslayaraq (harada ki, P= Py), qazin mayedon sarbast
sokilds ayrilmasi bag verir vo axinm komarin sonuncu en kasiyina dogru harokati zamani soraitden asil
olarag gaz-maye sisteminin miixtalif struktur formalart mévecud ola bilar.

Nazori tadqiqat.

Yuxarida geyd olunanlara asason multifazali boru kemarinds hor ii¢ hisse iizra tozyiq itkilori
nazors alimmagla siirtiinmays sorf olunan yekun tozyiq itkilori asagidaki kimi olacaqdir:

£,—¢ £,
AP = Ad2,+/1(1+yc) 2 12—p,+/1 ear [1+¢x [7—1]] (1)
Burada: p’, p"'- miivafiq olarag mayenin vo qazin sixligi;
W- axinin kiitlo stirati;
1 -axiin ikifazaliliq amsalz;
X- orta kiitlo qazlilig;

A- hidravlik miigavimat amsalidir.

Nozors alsaq ki, sistemds tozyiqin azalmasi ilo entalpiyanin (h) giymoti deylserek E E olur,

onda kiitlo siiratinin (W) malum giymatinds boru kemorinin qaz gabarciglarinin méveud olmadigi ¢;

hissasinin uzunlugunu asagidaki ifads ils toyin etmok olar [10]:
nd? ,, dhdP md?

Pl = W(he — hy) (2)
Burada: h,,, hy— uygun olarag P,, vo boru komorinin sonundaki tezyiqlerindo axinin
entalpiyasidir.
Yuxarida gostorilonlors analoji olaraq, boru komorinin diger iki hissalori iiglin asagidaki
ifadslori yazmaq olar:

2
ﬂww m$%=ﬂww hys) (3)
T (1= B~ £) B L~ Ty (hy — hy) (4)

Burada: hy; vo hg — uygun olaraq, doyma va boru komoarinin son toazyiginds sistemin
entalpiyasidir.

Hesab etsok ki [10], boru komorinin sonunda kiitlo qazlihgimi (hg — hy)/r (burada: r-gaz
ayrilmasinin enerjisidir) kimi gobul etmok olar, onda (4) ifadasini nazoro almagla x kiitlo gazliliginin
orta qiymati ti¢iin yazmagq olar:

7= %Xs p'(1- 32)5;; £;)dh dh dP (5)
£1,€, Vo x koamiyyatlorinin (2), (3) va (5) ifadalordaki qumatlsrml (1) borabarliyinds yerina
yazsaq Vs kiitls siiratini miihitin Q hacmi sarfi ils ifads etsok, ¢evrilmalardan sonra alariq:

AP = AQ3 + BQ* + CQ (6)
Burada:
164p'[(p'/p") — 1] [2yc (hq — hyy) (A —B) ]
A= hg — hg)?
3d7§—h C.fz_P (('/p") — 1) e (hamhy)
81¢p YA -p) "
B=nmsF— [(0'/p") = 1(hq - sﬂ

Ap(1- B)p [(p'/p"")-1] % dh aP

¢= nd3r dP dt (7)
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(6) ifadasindan goriindiiyl kimi, tozyiglor forginin ( AP) sarfdon (Q) asililigi iigiincii doracali
borabarlikls ifads olunur. Bu modelin analizi gostorir Ki, agar sorfin biitiin doyismo diapazonunda (6)
ifadoasinin halli bir hagiqgi vo 2 kompleks kokiin olmasi ilo naticalonarss, xarakteristika geyri-stabil
olacaqdir.

Mbohz homin modelo goro sirtiinmoys sorf olunan tozyiq itkilori sorfin {i¢ miixtolif
giymetlorinda eyni giymeot ala bilor. Belo geyri-stabil xarakteristika iki ekstremuma malik ola bilar. Bu
zaman miihitin sorfinin onlara cavab veron giymotlori agagidaki barabarliklo tayin oluna bilar:

%=3AQ2+2BQ+C=O (8)

Aydin mosoladir ki, stabil xarakteristikanin mdvcudlugu (8) barabarliyinin haqiqi koklarinin

olmamasi ilo miisyyan oluna biler. Bu iso B*>3AC halinda miimkiindiir. (7) ifadesindon A, B va C

omsallarint nozoro almagla, hom do hy = h,, (gobul olunur ki, sistemdo faza g¢evrilmalori riiseym

amoalagalmo anindan baslayaraq bas verir, yani boru kamarinin ikinci va tigiincii hissolari birlasir) gabul
etmoklo, xarakteristikanin stabilliyi asagidaki sort daxilindo miimkiindjir:

054 [(¢1/22)-1]
@1 < ¥ S

Sokilda (9) ifadasine asason €1/, vo p'/p"" simplekslorinin miixtalif giymatlorindo gaz-maye
sistemlorinin sorf xarakteristikalarinda aximin stabil vo geyri-stabilliyini oks etdiron zonalar
gostorilmisdir.

7.46 [(£/41)-1]
('/p")-1 ©)

0.6
Pxs
0.5
0.4
0.3

0.2

0.1

Sokil. Axinn stabil xarakteristikalar iigiin sarhad sartlori (1, 2, 3 va 4 xatlori
yuxart hadlori, 1°, 2°, 3’ va 4’ xatlori isa asagi hadlori gostorir)

Belaliklo, multifazali sistemlorin, baxilan halda iso gaz-maye qarisiginin boru komari ilo
axmasinin modellogdirilmasi asasinda kamarin hidravlik xarakteristikalarinda geyri-stabil zonalarin ya-
ranmasinin diaqnostikasi ilo naql zamani bas veran istismar miirokkablogmalorinin qarsisini almaq
miimkiindiir.

Notica. Multifazali boru kamarlarinds dayanigsiz hidravlik xarakteristikanin diagnostikas1 magQ-
sadilo gaz-maye sistemlorinin axini {i¢lin riyazi model qurulmus vo tohlil edilmisdir. Miisyyan
edilmisdir ki, tozyiglor forqinin sorfden asililigimi kub tonlikls ifade etmoak va stabil xarakteristikanin
mdvecud oldugu zonalart milsyyon etmok miimkiindiir.

Multifazali axinlarda geyri-stabilliyin yaranmasi qazliligin ham bdyiik, hom do kifayat godor
kigik qiymatlorinds bas vers bildiyi ticlin sarfin Q (¥ x; kompleksinin) tanzimlonmasi va kamar boyu
tozyigin doyismosine goro /¢, nisbatinin secilmoasi ilo hidravlik xarakteristikalarda geyri-stabil
zonalarin yaranmasinin qarsisini almaq miimkiindiir.
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JTUATHOCTUPOBAHUE HEYCTOMYUBBIX THIPABIMYECKHUX
XAPAKTEPUCTHUK B MYJbTUD®A3HBIX TPYBOITPOBOJAX

®.b. ICMAWBUIOBA, 3.X. UCKEH/IEPOB

OmBIT SKCIITyaTaluu MyJIbTH(GA3HBIX TPYOOIIPOBOAOB MOKAa3bIBAET, YTO B 3aBUCHMOCTU OT CTPYKTYp TPaHCIIOPTHpYE-
MBIX CHCTEM YacTO MMEIOT MECTO HEPOBHOBECHBIE OCOOCHHOCTH IMOTOKA, HAIMYHME CKAYKOB JAaBICHUS M HECTAOMIBHBIX 30H B
THIPABIMIECKUX XapaKTepHCTHKaX. [109ToMy, 4TOOBI CMOEINPOBATh TEUEHHE TAKUX CHCTEM I10 TpyOOIpOBOIY, HEOOX0IUMO
YUYHUTBIBATh YCIOBHS HECTAOMIBHOCTH B XapaKTEPUCTHKAX, CBS3aHHBIX C MHOTO(a3HOCTHIO IIOTOKA.

B craTbe crenaHa MmomsITKa HOCTPOUTh MATEMATHYECKYIO MOJIENb TEUEHHUS Ta30)KUAKOCTHOH CHCTEMBI 110 TPYOOIpOBO-
Iy TIpH HaIMYUH (ha30BBIX MepexomoB. sl ONEHKH THIPaBIMYECKUX XapaKTEPUCTHK Ta30)KMAKOCTHOTO IOTOKA OBLIM pac-
CMOTpPEHBI pa3IHYHbIE CTPYKTYPHBIE ()OPMBI TEUSHHUS C YIETOM HM3MEHEHHUS JaBICHUS 10 JIHHE Tpybomposoga. OOHapyKeHo,
YTO 3aBHCHMOCTD TI€pemaa JaBICHUS OT pacxoja MOKeT OBITh BhIpa)KE€HA KyOMUECKUM ypaBHEHUEM M NPEICTaBIIETCSA BO3-
MOXKHBIM OIIPE/IENICHNE 30H, B KOTOPHIX IPUCYTCTBYET CTAOMIIbHAS XapaKTePHCTHKA.

Kniouesnvle cnosa: mpy6onposoo, 2a30iCUOKOCIHASL CMECh, MYJTbMUpasHviil NOMOK, MUKPO3apoOblul, CMpYKmypd,
dasneHue, CmadUIbHASL XAPAKMEPUCMUKA, MOOEeTb.

DIAGNOSIS OF UNSTABLE HYDRAULIC CHARACTERISTICS IN MULTIPHASE PIPELINES
F.B. ISMAYILOVA, E.Kh. ISKANDAROV

The experience of exploitation of multi-phase pipelines shows that, depending on the structure of the transported sys-
tems, unbalanced features, pressure pulsations and the presence of unstable zones in hydraulic characteristics often occurs.
Therefore, it is important to model the flow of these systems through the pipe and to identify the conditions of instability asso-
ciated with the multiphase flow.

The article shows the possibility to build a mathematical model for the flow of gas-liquid system through the pipeline
in the conditions of phase transitions. In order to assess the hydraulic characteristics of the gas-liquid flow, different structural
forms of flow were considered depending on the pressure change along the length of the pipeline. It has been found that the
dependence of the pressure difference on the flow can be expressed by the cubic equation and the zones where the stable char-
acteristic is present can be determined.

Key words: pipeline, gas-liquid mixture, multiphase flow, microstructure, pressure, stable characteristic, model.
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Tamamlama islarindan sonra: 11.03.2021
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O BO3MOYKHOCTH BO3OBHOBJIEHUS] HE®TSIHBLIX
3ATIACOB HA MECTOPOKIEHUAX, HAXOJSIIINXCS B
IKCITYATALIMU JUIMTEJIBHBIN MEPUO/

E.B. MAMEJIOBA*

B mocnenHee BpeMst BO MHOTHX «CTapbIX» MECTOPOXKIEHHUSIX ATIIEpOHa, KOTOPhIe HadalH KCILTyaTHpoBaThes ¢ 40-x
U OoJee paHHHMX TOJOB, OTMEYAETCs SBJICHUE BOCIIOJIHCHUS 3aIlacoB yIIIeBOAOPOAOB. B mporiecce nzyuenus sddexra coBpe-
MEHHOTO IIOCTYIUICHUs YIJICBOJOPOAHBIX (IIIOUIOB B Ipoliecce pa3pabOTKH MECTOPOXKICHHI CICHANNCTBl Bee OOJblue
yOeXKIaroTCs B €ro MOBCEMECTHOM PAaCHpPOCTPaHEHUWH. AHANU3 TEKYIIETO COCTOSHHA pa3padoTku MectopoxiacHus «Hedt
Janutaper», co cpokoMm pa3paboTku Oonee 70 JeT, CBHOCTEIBCTBYET O MOCTOSHHOM BOCIIOJIHEHHWH 3alacoB HE(TH IIIACTOB,
CIIaraeMbIX 3TY 3aJIEKb.

HedrsiHbie 1 ra30BbIe MECTOPOKICHUS IIPEATIONIOKHUTEIBHO CBSI3aHbI C He)Tera30npoBOISIINMHI Pa3IOMaMH, KOTOPHIE
AKTHBU3HUPYIOTCS B IIpoIiecce pa3pabOTKH ¥ MOMOHSIOT JIOBYIIKH HOBBIMH TIOPIIMSIMH YTIIEBOJOPOIHEIX (MITIOMIIOB.

Knrouesvie cnosa: neghmezazosas 3anedico, nokazamenu papabomiu, nogvluieue 0ebuma, NPumox yenegooopood.
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Beenenne. CoBpeMeHHbBIE HCCIEIOBaHUS MOKa3alH, YTO HE(PTh U Ta3 SBIISIOTCS BO30OHOBIIsIC-
MBIMH NIPUPOJHBIMH PECYPCAMHU.

B nocnenHee BpeMsi IPOUCXOIUT HEYKIOHHOE CHH)KEHHE OCTATOYHBIX 3aI1acoB YIJIEBOIOPOIOB.
K omHvM M3 OCHOBHBIX (H)aKTOPOB, BIUSIOIIMX Ha ACCTPYKIMIO 3aMacoB YIJIEBOAOPOAOB, OTHOCHUTCS
IPOPBIB BOJBI, @ TAKXKE MPEPHIBUCTOCT U HEOAHOPOIHOCTH KOJUIEKTOpoB. IIponecc 3aBomHeHMs IUIs
NoJ/IepKaHus MOJTHOTHI OXBAaTa MECTOPOXKACHHUs 00yCIaBIMBAaeT HEPABHOMEPHOCTh MCTOLICHMS 3aIla-
coB Hetu. [ToaTOMY OCOOEHHO OCTPO CTOWT MPOOIEMa TTOUCKA U OIIEHKH 00HEMOB Pa3pO3HEHHBIX 3a-
TIacoB.

J1st CBOEBPEMEHHOTO M AETAIBHOIO U3y4YeHUs! MPOOIEeMbl MIPOBOIATCS PaOOTHI IO BBISBICHHIO
HaJIM4Msl BHYTPHUILUIACTOBBIX MEPETOKOB (DIIFOMIOB M MPOU3BOAUTCS aHANM3 JAaHHBIX THAPOJUHAMUYC-
CKHX HUCCJIENOBAaHUH.

Brumanue kK ctapbiM HEQTIHBIM MECTOPOKACHUSAM MO3BOJIMIO 33 HOCIEIHNUE TOJbl IPHUPACTUTD
3anacsl Heptu. bonee Toro, 3T0 OKazanock BeIrogHee U 3 hekTuBHEE, YEM MPOBEACHNE HOBBIX JIOPOTO-
CTOSIIIIMX T'€0JIOr0-Pa3BeA0UHbIX padoT [1-4].

B sTom mnane paspabareiBaeMmble 3anexu 3amagHoro AmmepoHa (bunaraaei, banaxansi, Cypa-
xanbl, Yaxnarmsp, Cyny-Tene, Kupmaky, llaGannar) nmpeactaBisitioT 0coOblii MHTEpEC, MOCKONBKY,
HecMoTps Ha Oosee ueMm S50-JieTHHI epHo] pa3paboTku, oHK cozepxar Oosiee 100 MIIH. T OCTATOYHBIX
3amnacoB HedtH [5, 6].

OpHUM U3 IPUMEPOB SABJISIETCS OMBIT pa3padoTKu MecTopokaeHus «Hedt Hammaper», skctya-
Tals KoToporo Hadanack B 1949 rogy. Cpok pa3paboTKH yKa3aHHOTO MECTOPOXKACHUS ObLII pacCUUTaH
reoioramu Ha 25 net. Crietyst 3ToMy TPOTHO3Y, TPOIIECC IKCILTyaTalluy JOJKEeH ObUT OBITh 3aBepileH
B 1974 ropy. OnHako aHaM3 TEKYLIETO COCTOSHUS Pa3paOOTKU JaHHOTO MECTOPOXKIECHHS CBUIETEIb-
CTBYET O MOCTOSTHHOM BOCIIOJHEHHH 3allacoB YTJIEBOAOPOIHBIX IIACTOB, CIaraeéMbIX 3Ty 3aiexb. Ha
CETONHSAIIHUN JIeHb, 10 ucTedeHuu 70 JIeT, MECTOPOXKACHUE MPOI0IDKaeT PYHKIIMOHUPOBATh, U 00be-
MBI 0TOOPOB MPEBHILAIOT OKUAAEMBIE, T.€. UAET MOANUTKA. J[0JI1 MUPOBOro 3amaca yriieBoJ10po0B o-

! A3sep0baii/pKaHCKHI TOCYIapCTBEHHBIN yHUBepcuTeT HedTH u npomsiiuiernoct (ATYHIT)
Mammadova Yevgeniya, E-mail: petrotech@asoiu.az
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O 803M0OHCHOCTU 80300HOBNCHUSL Hed)m}lelx 3anacoe Ha Mecmopo:)fcdeHuﬂx

MpEeXHEMY COCTaBIsieT okoio 57% (puc. 1).

IMocTranoBka 3amaun. Mexanu3Mm 00pa30BaHUsI YTICBOJAOPOJNOB HA ILIAHETE JIO CHX TOp JUIS
VUEHBIX BO MHOTOM OCTaeTcs 3arajkod. M3BeCTHO, YTO 3aKpBIThIC U 3a0pOIICHHBIC ObLIO CKBaYKHHEI
CHOBa HAYMHAIOT BOCCTAHABIMBATLCS NaBaTh HedTh. Tak mo PoMammHCKkOMY MECTOPOXKIESHHIO TE0I0-
T MIEPBOHAYANBHO OICHWIM MaKCUMAJIbHYIO OTAa9y HE(PTH OKOJO CEMHCOT MIJIJTMOHOB TOHH, OJTHAKO
Ha CeroJiHs 0OBITO OoJiee TPEX MUJLTUAP/IOB TOHH U KOHIIA HE MPEBHIUTCS.

Hpyroe mectopokieHue Bo BberHame «benblii TUrp» MPOU3BOAUT A00BIYY HE(TH M3 TOJIIIU
(yHIAMEHTAITBHBIX TTOPOJI, TJIe HepTH OBITH HE JOJDKHO.

O1n (pakTel MOKHO OOBSICHUTH KIIACCUYECKON OMOTEHHOW TeopHel MPOWCXOXKIECHUS yTIEBOIO-
pona. Eme JIOMOHOCOB MpeyIOKUI THIIOTE3Y, COTIaCHO KOTOpOi HedTh 00pazoBajach U3 OCTaHKOB
MEPTBBIX OPraHU3MOB M PACTUTEILHOCTH, MIOKPHIBABIICH 3eMITIO, M U3 UX OCTAHKOB 32 MUJUTUOHEI JICT
00pazoBarch He(TSIHBIE METOPOKICHU.

OnHaKo, MO TEOpUH Apyroro Bemukoro Imutpus MeHeneeBa, 0 KOTOPOH MbI MIOYTH HE CIIBIIIA-
71, HePTh CUYUTACTCS MPOIYKTOM XMMHUYECKUX PEaKIUil, KOTOPBIC MPOUCXO/AT Ha OONBIION IITyOrHE U
HE CBSI3aHHBI C OpraHMYecKUMU ocTaHKamMH. CKOPOCTB K€ 3TUX MPOIECCOB JOCTHTaeT COTHU (HMHOT/AA
1 JCCATKH) JIET.

Paccmorpum 00e  CTOPOHBI. 1990 2014 2035
Ecnmu npuaepxuBarbcs OUOTEHHOU T PPN
Teopun Muxauna JlomMoHOCOBa, TO Y ] i3 4@R
3amackl HepTH Ha 3emiie paHO WU e N 44 4 3
MO3HO MCYEPNAIOTCA. A YBEIUYUTH ’ )
HOKa3aHMs J00BIYM BO3MOXKHO TOJb- — o : :
KO IPH YCIOBHUH MOCTOSIHHONW OTKPBI- / /w 2
o 4 v

TS HOBBIX MECTOPOXICHHMA, YTO 5o A ( e 23
MaJIOBEpOSTHO. M3 9TOr0 MOXKHO - g /~__//
clleniaTh BBIBOJI, YTO B HE CTOJIb OT- s MPUPOIMMATAl W aTOMIAR IMEPIILA

> = nedro # FIIPOIHEPIIA ® BOJOCHORIASMAL IHEPTIA, BRI GHOTONMIBO
naneHHoMm OynmymeMm  (depes 40-50
JIET)HAC JKJIET NOCTOSHHOE YI0pOXKa- Puc. 1. Jlons yeneso0opooos 6 muposom snepzobanance, %.

HUE HEPTUPHE3HBIH TEXHOIOTHYE-
ckuil kpu3uc. Heo6xonumo mpuKianpiBaTh YCHIIMS MO MOMCKY HOBOTO CBHIPBS IUISI XUMHUYECKOU IpPO-
MBIIICHHOCTH, JUIS TIEPEBO/Ia TPAHCTIOPTa HA HOBBIE BUJIbI TOTLTUBA.

ITo BTOpO# MHHEpaNbHON TeOpuH, HEPTH 00pazyeTcsl MOCTOSIHHO, U 00 €€ MCYEe3HOBEHUH T'OBO-
PUTH TNpexaeBpeMeHHo. Torzma, cieayer OXHIaTh ONPEIENICHHOW CTa0MIM3alUMU YpPOBHS JOOBIYH
HegTH. HeoOXoauMo MpHHATH pellieHre O PalMOHAIEHOM HUCIIOJIb30BAaHUN YTIIEBOJIOPO/a, TPAMOTHOM
ee JI00bIYM, CO3/IaHus YCIIOBUH JIsl €€ BO30OHOBIICHUSI.

B nurepatype ormeueH peHOMEH €CTECTBEHHOTO IMOIMOJHEHUS YIJIEBOJOPOAOB HA MCTOLICHHBIX
U TIOJIHOCTHIO OOBOJHEHHBIX MecTopoxaeHusx CeBepo-KaBkasckoil He(dTerazoHOCHOH MPOBUHIIMU.
Taxxe Bo BpeMs BOB HedTaHbie ckBaxknHbl UeyHH ObUIM «3aKOHCEPBUPOBAHBI», M UX 3aIyCK IO
OKOHYaHUM BOCHHBIX NEHCTBHH IOKa3aj BBICOKUE 3HAYECHUS 1eOuTOB. M3BecTHBI (akThl, KOraa mocie
3aBeplleHus npolecca pa3padorku u npu ucuepnanHom KMH (skcrutyaranmu Gonee 50 net) uepes
OTIpeJIeJIEHHBII TIepro/i BpeMEHH 00bEeMBI YTIICBOAOPO/Ia B HEIPaxX JOCTUTAIOT TAKOT0 00beMa, 4TO 3TO
HE(PTSIHOE MECTOPOXKICHNE BHOBb BO3BpAILAETCs K IPOLIECCY pa3paboTKH.

OOBsCHSS JaHHOE «aHOMAJIbHOEY SIBIICHHE, MOKHO IPEAIIONOXKHUTh, YTO OLICHKAa HadaJbHBIX H3-
BJIEKaeMBIX 3amacoB Oana omuOOYHA W B PEAbHOCTH €€ 00BEMBI MPEBBIIAIOT PACCUNTAHHBIC 3HAUE-
HUSI, 4TO MaJIOBeposATHO. OIHAKO TIOCIIe TOTO, KaK MOYTH Ha BCEX JIOJNTOCPOYHO pa3padaThIBaeMbIX Me-
cropoxxkaenusix Cesepo-KaBkasckoil u Bonro-Ypansckoil npoBUHIMNA OBIIO 3a()MKCUPOBAHO MOMOJIHE-
HHE 3aIlacoB IUIACTOBOTO (UIOWAA, PAIOM HCCiIeAoBaTeNed ObUl MpOBEAeH INTyOOKHH aHanu3 JaHHOTO
¢axTa. Ha teppuropun AsepOaiikaHa 3aJie)kH TIOTOJTHIEMBIX 3aIacoB yIIIEBOJIOPOJIOB COCPEOTOYE-
HBI Ha MeCTOpOKAeHUsIX Mypanxanisl, Kamamackoe, «I'psizeBast conka» u ap.

Pesynbpratel  MccneqoBaHMiA, MPOBOJMMBIX Ha JAHHBIX MECTOPOXKACHUSIX IOKA3ald BBICOKHE
3HaYeHMUs BA3KOCTH TutactoBod HedTH (U >10 mlla*c), Hu3kyo mponuaemMocT KowiekTopos (< 0,01
MKM2), ¢ HU3KUMH KOHEYHbIMH Koddduimenramu HegreoTnaun. Temibl pa3paboTKH MO0 BCeM OOBEK-
TaM HEBBICOKHUE, CKBAKWHBI UMEIOT HU3KHUE IeOuThI (B cpeanem ot 0,3 1/cyT. o HedTH).
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E.B. Mameoosa

[To mpuuuHe MI0XOW TEKy4eCTH BO3HUKAIOT CIIOKHOCTH B MpoIecce J0OBIUM, TPAHCTIOPTHPOBKE
1 miepepaboTke. BbIcoKas BA3KOCTh HE TTO3BOJISIET OTOMPATh OONbIHe IeOUTH Jake MPU 3HAYNTETHHBIX
«TaccUBHBIX 3amacaxy». 1loaTomy, ocraTouHble 3amachl aHOMaJbHBIX HEe(TEHl 3a4acTyr0 HEBO3MOXKHO
U3BJI€Yb TPAAULIUOHHBIME METOJaMHM, U J00bIYa MX BJ€YEeT NMPUMEHEHHE CIEUUAIBHBIX OPOrOCTOs-
IIMX TEXHOJIOTHH, a TaK K€ HHHOBAL[MOHHBIX IOAXOI0B.

MeToauka ucciaegosanus. bosipuryo padoTy 1o HCCiIeA0BaHUIO ABJICHUS IPUTOKA IPOBEH CO-
TpyaHuku komnanuu «Henpa-Koncanty», 00bsCHHB IPUTOK HOBBIX 00OBEMOB YIIIEBOJOPOAHOTO (IIIOU-
Jia 1o KaHajaM TJTyOMHHBIX BEPTUKANBHBIX pa3ioMoB. MccaenoBatenu npoaeMOHCTPUPOBAIH MPEIo-
JIOKUTENBHYIO cxeMy (puimbTparuu He(pTH W Ta3a W3 TIIyOMHHBIX CIOEB 3eMJIM B pazpabaTeiBacMble
3aJIeKH YTIeBOAOPOIA.

BoBIMHCTBO T€0NOrOB YTBEPKAALOT, Hegranoe fazonce
9TO0 00pa30BaHKE MOMOJHEHUS HEPTAHBIX U
ra3oBbIX 3aJIEKEH COIPSHKEHO C HAIWIMEM
HEPTEra3onpoBOSIIMX KaHAIOB, IO KOTO-
PBIM U IIPOUCXOIUT JU(TUPOBAHUE YIJICBO-
Jloponia w3 TIIyOMHHOTO (pronma, 3ajeraro-
nrero Hmwke O6azanbToBoro cios (Puc. 2).

HexoTtopsle U3 3THUX MPOXOJIOB MOTYT
AKTUBH3MPOBATECS B MpoOLECCe pa3pabOTKH
3aJIeKH, BCJICACTBUE YEro JIOBYIIKH MOIOJI-
HSIOTCSL HOBOH JIoJied He()TH U Tasa.

OfHOBpPEMEHHO C HAaKOIUICHHEM B
3eMHOH KOpe yriepoia B TOJIIE HEAp M3
MaHTHU BBIJIEIAIOTCA MOIIHBIE ITOTOKU BO- Puc. 2. Cxema nononnenust 3anacog y2nes000pooa no KaHaiam
nopona. [Ipu BEICOKHMX TemrepaTypax U JaB- 2NYGUHHBLX PA3TOMOS.

JICHUU MIPOUCXOSIT XUMHUECKHE PEaKH, B Pe3yIbTaTe KOTOPHIX MOSBIISIOTCS Ta3bl, B TOM YHUCIIE Me-
TaH U KanenbHas HeQTb. 1 XoueTcs 3aMeTUTh, 4TO 3TOT MPOILECC MPOUCXOAUT HE 32 MAJUTHOHBI, a BCETO
32 HECKOJIBKO JICCSITKOB JIET.

OTKpBITBI MECTOPOKACHUSI HE)TH HEMOCPEACTBEHHO B 3éMHOM KOpE MOJ OCAZOYHBIMHU TOJIIIA-
MU, KyJa OPraHMYECKHE OCTaTKU HE MOTJIM MONACTh MPUHLUMNNAIBHO. TakoBO, K MpUMEPY, MECTOPOXK-
nenne «benpiit THTp» Bo BherHame. OHO yxe Aano 06ojbiie HeQTH, YEM OXHJIAIOCH [0 MPOTHO3Y H
JIeOUT CTaOWIIEH U HE CHIDKACTCS.

ABTOpa METAJUIOTUIPHUIHOW TEOPUH CTpOoeHUs 3eMiuH, Biagumup Jlapus 3asBui1, 4T0 4TO 3eMiId
COCTOMT U3 Bojopoaa Ha 60%, a He 1%, Kak cUMTarIOCh paHbIIIe.

Bo BceM Mupe mpoBOJSITCS MCCIEOBAHMS 1O TIOMCKY HAYYHOTO TMOAX0Ja K BhIOOpY Hambolee
3¢ GEeKTUBHBIX TEXHOJOTHH pa3paboTK MECTOPOXKICHUN TPYAHOU3BIEKaEMBbIX HEPTEH.

Ha srame BbiOOpa Hambonee 3((EKTUBHOTO METOAa TOBBIIICHUS HE(TEOTAa4d HEOOXOAMMO
NPUHUMATh BO BHUMaHue (OPMBI 3aJieraHus OcTaTo4YHOW HeTH B Iutacte. B 3aBHCHMOCTH OT MHOTO-
o0pasus (opM 3aneranus mwiacToblpx GIIOUIOB, C yYETOM PEOJOIMYECKHX CBOMCTB He(Tell 1 mpoHuU-
LIaeMOCTH TOPO/IbI, HEBO3MOKHO MPHUMEHEHHE €IUHOT0 YHHBEPCAIBHOTO METO/AA MO YBEIMYEHHIO KO-
a¢dunmenHTa U3BJICUSHHs YrieBoOpoaa. ToJIbKO Ha OCHOBAHMH NPOBEJICHHS KOMIUIEKCHBIX HCCIIEI0-
BaHM, BKIIIOYAIOIINX YUCICHHOE MOJAEIMPOBAHUE U TEXHUKO-?KOHOMUYECKUH aHajIu3 MOXXKHO o00oc-
HOBAHHO BBIOPATh Y3PPEKTUBHBIN BHIOOD.

PesyabTaThl uccaenoBanusa. Ecam Temn orOopa mpHu A00bIYE YIIIEBOJOPOJOB MPEBOCXOAUT
TEMIT MOAIUTKH, TO B KAaKOW-TO MOMEHT MPOUCXOJUT OOBOJHEHHE U MECTOPOXKICHUE TEPEBOJUTCS B
KaTerOpUI0 «UCTOIEHHBIX». OJHAKO MO MCTEYEHUH HECKOJBKUX JIET MECTOPOXKICHHE M CKBAaXKHHBL,
pacIoyioxXKeHHbIE HAa HEM, MOTYT OBITh OISATH BBEJECHBI B pa3paboTKy. B mepBylo ouepens B skcruryara-
IIUIO BKJIFOYAIOTCSI CKBKUHEI, PACIIONI0KEHHBIE HEMTOCPEICTBEHHO B 30HAX TOJITATKH.

OnwucaHHBI MexaHM3M 00pa3oBaHUs 3anexeld HePTH M raza OOBICHAET U CYIIECTBOBAaHHE
CBEPXTUTaHTCKUX MECTOPOKAEeHUI HedTH Ha riryOuHe cBbie 10 KM, 1 HECOOTBETCTBHE MEXKIY WICH-
TUPUIUPOBAHHBIMA OMOTEHHBIMU MCTOYHUKAMU U JIOKa3aHHBIMHU 3allacaMH YTIeBOJAOPOIOB IS OO0Ib-
NIMHCTBA TUTAHTCKUX HEe(TEra30BbIX MECTOPOXKICHUH, N HAIMYNE KPYITHBIX YTIIEBOJIOPOTHBIX 3aJIeKeH
B KPUCTAJUIMYECKOM (pyHIaMEHTE B OTCYTCTBHE HEPTEMATEPUHCKUX CBUT.

60



O 803M0OHCHOCTU 80300HOBNCHUSL Hed)m}lelx 3anacoe Ha Mecmopo:)fcdeHuﬂx

3axuouenue. [IpoBeneHHbIe HCCIEAOBAHUSA TOKA3aIM, YTO HE(Th U ra3 ABISAIOTCS BO30OHOBIIS-
eMBIMH TIPUPOAHBIMH pecypcaMu. TeKTOHWYEeCKHe pa3IOMbI CIyXKaT KaHAJIaMH, IO KOTOPBIM MTPOUCXO-
AT MHUTPANAS yTIEBOJOPOJOB M OCYIIECTBISETCS MOANNTKA HOBOW HE(THIO pa3pabaThIBaeMbIX 3alie-
xeil. OCBOeHHE MECTOPOKICHHUH YIIIeBOJIOPOTHOTO CHIPhS JOJKHO CTPOUTHCSA UCXOIs U3 OanaHca 00b-
€MOB TIOANHUTKH U 0TOOpa MPH UX dKCILTyaTanmud. Eciu mo0bIy yriieBogopoaoB MPOU3BOAHUTE C TEM-
MOM OTOOpa, PaBHBIM TEMITy MOANHUTKHA, TO MECTOPOXKJIEHHE CMOXKET JKCILIyaTHPOBATHCS OYEHB JITH-
TEJbHOE BpPEMs, BO3MOXKHO, COTHH JIET. DTO MOTPeOyeT KOPEHHOTO M3MEHEHHUs! CIIOCOO0B U PEKHMOB
9KCIUTyaTalluy He(pTerazoBeIX MECTOPOKACHUH, pa3paboTKy W BHEAPEHHE MPUHIMIIHAILHO HOBBIX TH-
OB 000PYZIOBaHUS U MaTEPHAJIOB.

Jo0bIva MONONMHUBIINXCS 3a1aCOB HE BKIIOYAaeT OypeHHe HOBBIX CKBaKHH U MO3BOJISICT MPUMeE-
HUTH UMCIOIYIOCS HHYPACTPYKTYPY, YTO CHIKAET (DUHAHCOBBIE U IKOHOMHUYECKHUE 3aTPATHI.
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UZUN MUDDOTLI iSTISMAR DOVRU ORZINDO NEFT YATAQLARINDA
NEFT EHTiYATLARININ YENILONMOSI IMKANI

Y.V. MOMMODOVA

Son zamanlar Abseronun 40 va daha ¢ox illar 6nca istismar olunmaga baglayan bir ¢ox "kdhno" yataqglarinda karbohid-
rogen ehtiyatlarinin doldurulmast fenomeni qeyd edilir. Karbohidrogen mayesinin miiasir hasilati prosesinin yataqlarin
islonmasi prosesing tosirini dyronorkon miitoxassislor onun genis yayilmasina daha ¢ox omin olurlar. 70 ildon ¢ox istismar
miiddati olan "Neft Daglar1" yataginin hazirki voziyyatinin tohlili bu yatagi togkil edon laylarin neft ehtiyatlarinin daim doldu-
rulmasina dolalet edir.

Neft vo qaz yataqlari, ehtimal olunur ki, iglonmo prosesi zamani aktivlogdirilon vo tololori yeni karbohidrogen maye
hissalori ilo dolduran neft-qaz kegirici bolgiilorls slagalidir.

Agar sizlor: neft-gaz yatagi, inkisaf gostoricilori, istehsalda artim, karbohidrogen axini.

ON THE POSSIBILITY OF RENEWING OIL RESERVES FIELDS OPERATING OVER LONG PERIOD
Y.V. MAMMADOVA

Recently, in many "old" fields of Absheron, which began to be exploited from the 40s and earlier, the phenomenon of
hydrocarbon reserves replacement has been noted. In the process of studying the effect of the modern influx of hydrocarbon
fluids in the process of field development, experts are more and more convinced of its widespread distribution

Analysis of the current state of development of the "Neft Dashlary" field, with a development period of more than 70
years, testifies to the constant replenishment of oil reserves of the formations that make up this deposit.

Oil and gas fields are presumably associated with oil and gas-carrying faults, which are activated during the development
process and replenish the traps with new portions of hydrocarbon fluids.

Key words: oil and gas field, development indicators, production increase, hydrocarbon inflow.
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SILiSiUM BORU ORTUYUNDO SOYUTMA ZAMANI YARANAN
TERMIiKI GORGINLIK REJIMININ TONZIMLONMOSI

E.N. IBRAHIMOVA!

Borularda yiiksok temperatur soraitinds silisium Ortiik ¢akmo prosesindon sonra yaranan catlarin vo nasazliglarin
qarsisini almaq ii¢in soyutma rejimi tonzimlonmisdir. Toqdim olunan moqalods identifikasiya mosalosi kimi tonzimlonmo
sisteminin sintezi mosolosinin halline baxilmigdir. Tortib olunmus riyazi modelo osason borunun daxilinde Ortiiyiin yiiksok
temperaturda soyuma siirotlori analiz edilmisdir. Matlab proqramimnm Simulink paketinde termiki gorginlinliyi tonzimloma
sisteminin modeli qurulmusdur. Aparilan todqgiqatlara osason Ortilyiin sathlorindo qaliq deformasiyalarin vo garginliklorin
tosirindon makro vo mikro ¢atlarin yaranmamasi Gigiin yiiksok temperaturdan otagq temperaturuna godar soyutma prosesinin
tonzimloma rejimi iglonib hazirlanmigdir.

Acar sozlor: termiki gorginlik, silisium ortiiklii borular, makro-mikro ¢atlar, soyuma prosesi, soyuma rejimi, soyuma
temperaturunun siirati.

DOI: 10.52171/2076-0515_2021_13 01 62_65

Giris. Neft-modon vo neft emali avadanliglarinda totbiq olunan metal borulart xarici miihitin
zorarli tasirlarindon (mosalon doniz suyu, yiiksok tozyiq Vo temperatur) qorumaq tigiin onlarin daxili
sothini qoruyucu tobago ilo drtmok talob olunur. Bu proses adoton yiiksok temperatur (600-800°C)
soraitinds apartlir.

Xiisusi hazirlanmis qurguda metal borularin daxili sothi gqoruyucu gat olan silisium tobago ilo
ortiliir vo sonraki morhalods soyutma kamerasinda yiiksok temperaturdan toalob olunan (20-25°C)
temperatura godoar soyudulur [1, 2].

Soyutma prosesi ham tabii, ham da siini yolla aparila bilar. Tabii yolla soyutma zamani prosesa
sorf olunan vaxt xeyli artir vo texnoloji qurgunun mohsuldarligi diisiir. Prosesin mohsuldarligim
artirmaq moqsadi ilo siini soyutma rejimindon istifado olunur. Lakin soyutma rejiminin diizgiin
secilmomosi sobobindan, ortiik tobagesinda ¢atlar omalo golir. Aparilan todgigatlar naticasinds soyutma
prosesi gismoan tonzimlonss doa, soyutma rejiminin tam yerino yetirilmomosindon ortiiyiin sathinda
makro-mikro ¢atlar yaranir [3, 4]. Bu problemlarin halli {igiin ortiiyiin sothinin soyutma rejiminin
avtomatik tonzimlonmasi garsiya qoyulmus masalonin aktualligini 6ziinda oks etdirir.

isin magsadi. Boru daxili silisium 6rtiiklerinds yiiksok temperatura goder (600-800°C) qizmus
borularin otaq temperaturuna qodor soyudulmasi zamani yaranan termiki gorginliyin xiisusi rejimlo
tonzimlonmosi, riyazi modelinin qurulmasi, soyuma prosesininin vo temperatur diskisiintin tohlili
masalalari magsads uygun hesab edilir.

Masalanin goyulusu. Molumdur ki, metal borular vo silisium ortiiklori miixtalif fiziki—
mexaniki xassalora malik oldugundan metalin sathi silisium Ortiiyiina nisbston daha intensiv soyuyur.
Belos ki, metalin istilikverma Va istilikkeg¢irma amsali silisium materialindan 15-20 dofs artigdir. Buna
goro metal vo silisium Ortiiyliniin eyni zamanda genislonmasi vo sixilmasi zamani, deformasiyadan
yaranan garginliklar naticasinds ortiiyiin sathinde makro vo mikro catlar yaranir [4, 5].

! Azorbaycan Dévlot Neft vo Sonaye Universiteti
[brahimova Ellada, E-mail: elladai@inbox.ru
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Silisium boru ortiiyiinda soyutma zamani yaranan termiki garginlik rejiminin tanzimlonmasi

Yaranan catlarin qarsisin1 almaq {iglin soyutma prosesi xiisusi rejimlo aparilmalidir. Catlar
asason silisium Ortiiyiin elo yerlorindo yaranir ki, yaranan deformasiya vo gorginliklor ortiiyiin
mohkomlik haddini kegir. Bu ikigat metal vo silisium Ortiiylindo soyutma rejiminin basa ¢atmasina
baxmayarag, ortiiyiin sathlorinds qaliq deformasiyalar vo gorginliklor yaranmasindan ¢atlar amalo galir.

Qeyd etmok lazimdir ki, silisium ortiiytin sathlorindo radial, oxboyu va toxunan istigamotda
mexaniki garginliklor yaranir. Bu gorginliklor ortiiyiin istilik parametrlarindon vo handasi dlgiilorindan
asil1 olaraq dayisir. Radial vo oxboyu istiqamatlords yaranan gorginliklorin asililiglar: parabolik ganuna
uygun doyisir vo R.A.Maksudovun va A.Q.Kanin aldiglar1 asagidaki ifadslorlo toyin edilir [4-6].

_ 5 riord
o, = Py - AT @
AE  1#
0, = ——— AT

1—prf—r?
Burada: E=1,2 10° MPa - silisium materialin elastik hoddi; A=1.7 10 C* 6rtiiyiin istilik kegirmo omsals;
D;=2r;=48+470 mm ortiiylin daxili diametrlori; D,=2r,=50+500 mm Ortliyiin xarici diametrlori;
D;3=2r;=580+540 mm metal borunun xarici diametrlori; AT- temperatur diisktsiidir; p - Puasson
omsalidir.

Molum diistura asasen qizma vo soyutmada temperatur diiskiisii asagidaki ifads ilo tayin edilir [6, 7].

AT = 9.81exp(*X) 2)
Burada a=1.6 10° m?/°C temperatur kegirmo omsali; 7=0-25 doq soyutma vo qizma miiddotidir.

2_ 2 - - - - -
r =231 _metal vo ortilyiin en kosiklarinin nisbi omsalidir.
r2—r?

Masalonin holli. Temperatur diiskiisii imumiyystlo zamandan, metal borunun vo oOrtiiyiin
handasi 6Slgiilorindon, onlarin fiziki vo istilik xassolorinden asili olaraq doyisir. Sok. 1-do temperatur
diiskiisiiniin ortiiytin galinhigindan asililigi taqdim olunmusdur. Qeyd etmok lazimdir ki, metal borunun
xarici radiuslar (r3) standarta uygun olaraq gebul edilir. Burada yalniz ortiiyiin xarici vo daxili (rp) vo
(ry) doyisilorak arqument kimi onun qalinhi@i qgobul edilir. Buna géro do alinmig qrafiklords 1,
komiyyatinin doyisilmesi yalniz vo yalniz 6rtiiyiin alinma galinligindan asilidir.

Aparilan tadqiqatlar gostorir Ki, r Kko-
miyyatinin ry rp ry giymatlorinds doyisikliklor
miisahido olunur. Belo Ki, T-komiyyatinin art-
mas1 bu ifadslorin azalmasi ilo miisayiat edilir.
Osas mosalo praktiki olaraq metal borunun xarici
vo daxili diametrlori asasinda ortiiyiin qalinligini
toyin etmokdir ki, bu da soyutma vo qizma
proseslorindo avtomatik tonzimlomo ilo oldo
olunur.

Bu komiyyatin doyismesi ilo zaman
miiddatinin, yoni soyutma prosesini tolob olunan
giymoto godor catdirilmasi da vacib bir moso- 0 e e L e "
ladir. Bu hallarda, an ¢ox totbiq edilon minimum '
orta vo maksimum r komiyyatlorinin bu proq-
ramla qurulmasi daha maqsads uygundur. Bunun
tigtin metal borunun diametrlori asason ¢57 x 3.5 mm, $89 x 4.5 mm, ¢$108 x 4.0 mm Olgiilordo
grafiklorin qurulmasi zaruridir. Sok.1 - Silisium 6rtiiklii borunun sothindaki soyutma temperaturunun
zamandan asililig1 gostorilmisdir. Alinmug qrafik tosvirs asason borunun daxilinds bas veran soyuma
prosesini tahlil etmak miimkiindiir.

Bu grafiklarin qurulmasi {i¢iin, avvalco metal borunun, an asast isa Ortiiyiin diametrlarini toyin
etmok lazimdir. Temperatur diiskiisii doyigsmo xarakteristikas1 ortiiylin qalinligmin doyismasi ilo diiz
miitonasibdir. Beloliklo, alinmis qrafike asason biitiin ortiiklor {igiin doyigsmo xarakteristikasi daha aydin
(2) diisturuna osason asagidaki ifadslorle togdim edilir.

Sak. 1. Silisium ortiiklii borunun soyutma prosesinin
xarakteristikast
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Burada yo(t)=10 exp (a.-) ; yx(t)=10 exp (a.-); y2(t)=10
exp (a%); y5()=10 exp (a%) hesablama t-soyutma prosesi

morhololorlo gostorilmigdir. Cadvoldo aparilan hesablamalar
gostorilmisdir.

Gordiiylimiiz  kimi, borunun daxilinde 10 doaqige
orzindo soyuma siirsti miixtolifdir. Belolikls, qrafikdoki 1 -
ayrisi, yoni metal borunun daxili sothi an gec soyuyur. Lakin
ona uygun olaraq daxili ortliyli (2) xarici satho nisbaton gec
soyuyur. Bu soyuma prosesini nozors alaraq silisium boru
oOrtllylindo soyutma zamani yaranan termiki gorginlik rejiminin
tonzimlonmasinds c¢atlar yaranmamalidir.

Soyutma rejimino dair diizgiin qorarlar gobul etmok
iglin soyutma prosesinin sokil 2-do Matlab proqraminin
Simulink paketindo modeli qurulmusdir. Idaroetmo obyekti
kimi bu halda ¢ixis doyisonlori olaraq borularin uzunlugu vo
radiuslar boyu soyutma prosesinds yaranan mexaniki gorginlik
gotliriilmiisdiir.

Idarosedici tosir kimi iso soyutma siirati (Vo ya qizma

o o dT .. . . . . .
stirati) P toyin olunmusdur. Digor giris doyisonlori ry, 1y, r3 is-
tehsalin xiisusiyyatlorin-
don asili olaraq tosadiifi
doyisdiyindan onlar ha-
yacanlandiran  taSirlor
kimi qobul edilmisdir.
Qurulmus modelin mag-
sadi hayacanlandirici to-
sirlorin -~ malum  qiy-
matlorino osason qizma
Vo soyuma siiratinin elo

Cadval
Ortiiklii borunun soyumasi
zamani borunun daxilinds

temperatur diiskiilori

bir giymatini se¢gmokdir
ki, yara-nan gorginliklor
texnologiyanin ~ miioy-
yan etdiyi giymatlordon
boyilk olmasin. Mo-
delds temperatur diiskii-
stiniin ani giymatlori (2)
diisturu ilo tayin olunur.
Bu ifadalor A blokunda
gostorilmis  elementlor
tizorinds reallagdirilir vo
temperaturun  zamana
gbra doyismo siiratini
olds etmoak t{iglin miioy-
yan diapazonda dayisdi-
rilo bilon omsal wva
soyuma prosesinds ya-
ranan mexaniki gorgin-
lik istifads olunur.

Yo(t) yi(t) Yo(t) ya(t)
10 10 10 10
9.608 9.704 9.418 8.939
9.231 9.413 8.839 7.866
8.839 9.139 8.363 6.977
8.521 8.939 7.833 6.188
8.187 8.607 7.408 5.488
7.833 8.363 6.977 4.936
7.658 8.103 6.67 4.317
7.261 7.933 6.198 3.829
6.977 7.634 5.827 3.396
6.703 7.408 5.488 3.012
6.44 7.189 5.139 2.671
6.188 6.977 4,933 2.369
5.945 6.771 4.594 2.101
5.712 6.67 4.317 1.934
5.488 6.376 4.066 1.653

2=250

$ak. 2. Soyuma rejiminin modeli

r3=300

Sak. 3. Soyuma zamani értiiklarda yaranan termiki gorginliyin zamandan asililigi

Ortiiklii borunun diametrlori verildikds amsalin giymati tacriibe yolu ilo secilorak garginliklorin
tolob olunan giymatlori 6denilir, tapilmis soyuma vo qizma siirati texnoloji qurgunun operatoruna
tovsiyyo kimi verilir. Operator soyuma prosesini tovsiya olunan rejimo uygun olaraq aparir. Boru
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Silisium boru ortiiyiinda soyutma zamani yaranan termiki garginlik rejiminin tanzimlonmasi

komorlarinin miixtalif radiuslarinda qizma va soyuma siiratinin segilmasi naticesinde uygun goalon
gorginliklor va grafiklor sokil 3-do gostorilmisdir.

Natica. Apardigimiz tadgiqata uygun olaraq ortiiklii borunun soyutma zamani yaranan termiki
gorginlik rejimi riyazi modelina asason tonzimlonmisdir. Ortiiklii borularda soyuma prosesinin tadgiqat:
apartlmisdir. Tocriibonin naticasindo miixtolif diametrli borularin daxilinde termiki garginliyin
yaranmamasi {i¢iin temperatur diiskiisii bir degigedo 5-10 °C soyudularaq real noticolor almmugdur.
Operator soyutma prosesini termiki gorginliyi avtomatik tonzimlomklo idars edir. Ortiiklordo yaranan
garginliklorin  maksimum qiymoatlori 8+10 MPa qiymotindo doyigmosi Ortiiklorin etibarliligr ilo
uzundmiirlilyiiniin artmasini tomin edir.
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PETYJIMPOBAHUE PEXKUMA TEIIVIOBOI'O HAIIPSTX)KEHUS TP OXUTA’KAEHUHN
KPEMHHUEBOM KPBIIIKHU TPYBbI

E.H. UBPATUMOBA

B Tpybax perymmpyercss pexuM OXJIOKACHUS Ul HPENOTBpPALICHUS TPEemMH U Ie(eKTOB IIOCIe HaHEeCEHUS
CHJIMKATHOTO MOKPBITUS HPH BBICOKHX Temmeparypax. CTaThsi MOCBSIEHA PELICHUIO HPOOIEMBI CHHTE3a PEryJIsSTOPHON
CHCTEMBI Kak mpoOiembl uaeHTHGHKauuu. Ilo pa3paboTaHHOI MaTeMaTHYeCKOH MOJEIM NPOaHAIU3HUPOBAHBI CKOPOCTH
OXJIX/ICHUS TOKPBITHS BHYTPH TPYOBI IpH BBICOKOW Temmeparype. Mojenb CHCTEMbl TePMOPETYIMPOBAHHUS HAIPSKECHUS
nocTpoeHa B makere Simulink mporpammer Matlab. [ToxydeHHBIE pe3yIbTaThl HPEACTABICHBI U NPEAOTBPAILCHNS TPEIUH OT
OCTaTOYHBIX JeopManyii 1 HaNpsHKEHUH Ha MOBEPXHOCTU HMOKPHITHA. YTOOBI N30€XaTh MOSBICHNS MaKpO- U MUKPOTPELINH,
pa3paboTaH pexUM PeryJupoBaHus MPoLEecca OXIXKICHHS OT BEICOKOH TeMIlepaTyphl 10 KOMHATHOM TeMIlepaTypebl.

Knroueewvie cnosa: mepmudecKkoe Hanpsadicenue, mpy6bl C CUTIUKOHOBbIM NOKpblMUeM, MAKpompeuiunsvl, npoyecc
OXJZCZ.?K’@@HM}I, pesrcum oxﬂaofcdenuﬂ, CKoOpocnb OXJIAHCOCHUSL.

REGULATION OF THERMAL TENSION REGIME OCCURRED DURING COOLING
IN SILICIUM PIPE COVER

E.N. IBRAHIMOVA

The cooling regime is regulated in the pipes to prevent cracks and defects after the silicon coating process at high
temperatures. The presented article deals with the solution of the problem of synthesis of the regulatory system as an
identification problem. According to the developed mathematical model, the cooling rates of the coating inside the pipe at high
temperature were analyzed. A model of the thermal voltage regulation system has been built in the Simulink package of
Matlab program. The researches mainly developed the regulation of the cooling process from high temperature to room
temperature in order to avoid macro and micro cracks due to residual deformations and stresses on the surface of the coating.

Key words: thermal stress, silicon coated pipes, macro-micro cracks, cooling process, cooling mode, cooling
temperature rate.
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TOKSIKI OLMAYAN KOMPOZISIiYALARIN KORROZIiYA VO
DUZCOKMOYO QARSI TOSIRININ TODQIQi

M.B. ADIGOZOLOVA?

Hazirda neft sonayesinds neft¢i muhandislor garsisinda duran oan mithum problordsn biri mshz, yataqlarin islonmasi
va istismarindan asili olmayaraq neftin hasilati, yigilmasi, hazirlanmasi, naqli vo emalinin biitiin morhalslarinde neft-madon
avadanliqlarinin duz¢dkms vo elektrokimyavi korroziya proseslori naticesinde istismar miiddstini basa vurmadan siradan
¢ixmasidir.Bu baximdan geyd olunan proseslora ¢okilon xarclori azaltmaq v neftin maya doyerini asagi salmaq magsadi ilo
istismarda olan avadanliglarin istismar miiddatinin artirilmasi istiqgamotinds yeni texnologiyalarin islonmasi va totbiqi zoruridir.

Bu moagqalods neft-moden avadanliglarinin istismar miiddatinin artirilmasi magsadi ilo elektrokimyavi korroziya va
duz¢okmoyo qarst yiiksok effektivliyo malik inhibitor tosirli, miirokkob torkibli kompozitlorin laboratoriya todqiqatlarinin
naticalorindan bahs edilir.

Kompozoitlorin torkibindoki komponentlorin miixtslif faiz nisbotlorindo qarisig1 laboratoriya soraitinds todqiq
edilorak optimal variant segilmis, korroziyadan vo duz¢gokmodon miihafizo effektivliyi toyin edilmisdir. Tocrubaler cod, galovi
vo neytral lay sularinda aparilmigdir. Hor ti¢c miihitds korroziya surati qravimetrik usulla toyin edilmisdir. Duz¢okmo prosesi
isa “soyuq borucuq” metodu ils aparilmigdir.

Aparilmis ¢oxsayli tocrubalorin naticolorinin analizindon moalum olmusdur ki, hor {i¢ lay suyu miihitindo eyni
zamanda Korroziya vo duz¢Okmoys qarsi yiksok effekt mohz M-4 kompozitinin 100 mq/l miqdarinda basg verir. M-4
kompozitinin 100 mq/l miqdarinda cod lay suyu miihitinde korroziya surati 0.06 q-m?/saat ( effektivlik 98%), duz¢kmo 0.50
g/l ( effektivlik 88%), golovi lay suyu miihitindo korroziya surati 0.10 q-m?/saat ( effektivlik 96%), duz¢kmo 0.50 o/l
(effektivlik 86%), neytral lay suyu mithitindo iso korroziya sursti 0.07 q-m’/saat ( effektivlik 97%), duz¢kmo isa 0.36 g/l
(effektivlik 89%) toskil edir.

Agar sozlor: kompozisiya, duz¢okmoa, cod, qalavi, neytral miihitlar, korroziya, inhibitor, toksiki

DOI: 10.52171/2076-0515_2021_13_01_66_73

Giris. Hal-hazirda inkifaf etmis neft sonayesi Olkolorinin oksor neft yataqlari istismarin son
morholasinds olmasi ilo olagodar olaraq, neftin hasilatt onun yiiksok sulagmasi soraitinde hoyata
kecirilir. Neft modonlorinin texnoloji sistemlorinds kiilli miqdarda lay sularinin mévcudlugu neftlorin
hasilati, yigilmasi, hazirlanmasi va naqli proseslorinds bir sira ciddi miirakkoblagmalarin yaranmasina
sobab olur vo bunlar da 6z ndvbasinde neft-modon avadanliglarinin normal istismar rejiminin pozul-
masina gotirib ¢ixarir. Lay sular, torkibinds hall olmus halda hidrogen sulfid, karbon gazi, oksigenin,
mexaniki garisiglarn, duz ionlarinin (Ca*, Mg?*, Na*, SO,%, CI"), suda hall olan naften vo mineral
tursularin vo osalarin, hamginin mikroorganizmlorin istiraki ilo alaqadar olaraq yiiksek aqressivliya
malikdir [1-4].

Bu sababdon do, neft-madon avadanliglar resurslarinin shamiyyatli azalmasina vo onun gazal
vaziyyatinin yliksalmasina gatirib ¢ixaran nisbaton daha ciddi vo kompleks miirakkablogmalardan biri
mahz metallarin korroziyasi va onun ndvlari hesab edilir. Texnoloji miihitlords aqressiv komponentlarin
mdvcudlugundan basqa, korroziyanin inkisafina metallarda ohomiyyatli mexaniki gorginliklorin
meydana galmasing sabab olan avadanligin texnoloji is rejimlarinin yiiksok intensivliyi (yiiksok tozyiq,
temperatur vo texnoloji miihit aximnlarinin siirati) boyiik tosir gosterir ki, bu da texnoloji miihitlorin
yiikak korroziya aqressivliyi ilo birlikde neft-madon obyektlorinin siirstli korroziyali-mexaniki dagil-
masina gatirib ¢ixarir [5-7].

! Azorbaycan Dévlot Neft vo Senaye Universiteti
Adigozalova Mehpare, E-mail: mehpareadigozelova@yahoo.com
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Toksiki olmayan kompozisiyalarin korroziya va duz¢okmaya qarsi tasirinin todqiqi

Digor bir torofdon neft yataqlarinin iglonmosi vo istismari tisulundan asili olmayaraq neftin
hasilati, nagli vo emalinin biitiin marhalslorinds galdiric1 lift borularmin divarlarinda, nasos ava-
danliglarinda, neftin emali vo yigilmasi zamani neft-modon avadanliglarinin daxili sothinds duz
cokiintilorinin omolo golmasi bas verir. Duzgdkmo prosesi noticasindo quyularin tomirarasi is
miiddotinin azalmasi, istismar prosesinin g¢otinlogsmosi, avadanliglarin korroziyast vo homginin neft
hasilatinin asag1 diismosi miisahids olunur [8-11].

Qeyd etmoak lazimdir ki, duzg6kma osasan istismarin son marhalasinds olan sulasmis quyularin
istismar1 zamani daha ¢ox miigahido olunur. Kimyavi torkiblari bir-biri ilo uygun galmoyon lay sularinin
qarigmasi, termobarik soraitin doyismosi, suyun qazsizlagsmasi, neft hazirlanma qurgularinda
buxarlanma, kollektorlarda minerallarin holl olmasi, qaliq neftin ¢gixarilmasi ( suvurma prosesi) ii¢iin
istifado olunan mextalif torkibli kimyavi sularin laya vurulmasi va s. duzg¢ékmoni yaradan osas
sobablordandir .

Duz¢okmo prosesi avadanliglar vo boru komorlorinin islomo gabiliyystine vo etibarliligina
ohomiyyatli tosir gostorir. Cox vaxt lokal korroziya proseslorinin inkisafina gotirib ¢ixaran duz
cokiintiilori sababindon neft-gaz madon avadanliglarinin dayanmalarinin sayi onlarin isinin imumi
dayanma sayinin toxminon 40%-ni toskil edir. Buda onunla olagadardir ki, duz amalo galmasinin
meydana golmosi hesabina boru koamarlorinin lokal korroziya sahslorinin vaxtinda askar edilmosi
praktiki olaraq ¢atinlagir. Bir ¢ox hallarda duz amala galmasi sebabindon neft-madon boru kamorlarinda
is¢i tozyiq ti¢ ay miiddatinds 3-4 dofo yiiksolmis olur. Belo soraitds istismar olunan boru kamorlori vo
digor avadanliglar lokal korroziya névlari ilo yanast korroziya yorgunluguna moruz qalir ki, bu da
onlarin siiratlo dagilmasina sabab olur. Aparilmis miisahidolordon molum olmusdur ki, neftlarin nagl
etdirilmasi zamani diametri 150 mm olan borularda qalinligi 1.5 mm olan duz ¢okiintiisii toboagosi
elektrik enerjisi istehlakint 15%-o godar, qalinligi 13 mm olan iso — artiq 60%-o godar artirir ki, bu da
miirokkablagmalor ilo olagodar igtisadi itkilorin yiiksok Saviyyasini gostorir.

Belaliklo, yuxarida soyloninanlora osaslanaraq demak olar ki, neft sonayesindo yaranan an
boylik problemlordon biri mohz neft-madon avadanliglarinin  duz¢dkmo Vo korroziya proseslori
naticasinds siradan ¢ixmasidir.Ona goéra do, neftin hasil edilmasina gokilon xarclori azaltmaqg vo maya
doyorini asagr salmaq moqQsadi ilo neft-madon avadanhgqlarin istismar middotinin artirtlmasi
istigamatinds yeni texnologiyalarin islonmasi, laboratoriya soraitinds tadgigi vo sonayeds totbigi aktual
mosala olaraq qalmaqdadir.

Korroziyadan miihafizads oldugu kimi, neft sanayesinde duz ¢okiintiilori ila effektiv miibariza
vasitasi Kimi kompleks tosirli ingibitorlarin istifado olunmasi hesab edilir. Duz amoalo golmoya qarsi
istifado olunan ingibitorlarimin tosir mexanizminin osasinda adsorbsiya proseslori durur.Belo ki,
inhibitorlar duz birlagsmalarinin ilkin kristal riigeymlarinds adsorbsiya olunaraq kristallarin bdyiimasina
mane olur, onun forma v 6l¢iilorini dayisdirir, bir-birina yapismasina mane olur, hamginin kristallarin
metallik sothlora adgeziyasini bloklasdirir [12-16].

Hazirda korroziyaya vo duz amalo golmasine qarst mubarizads bir sira texnoloji taloblari yerina
yetirmok xiisiisiyyatine malik kompleks tasirli ingibitorlarin islonib hazirlanmasi hesab edilir.
Kompleks tasirli ingibitorlar fiziki-kimyavi stabillik, korroziyadan miihafizo, duz ¢okiintilarindon
miithafizo olmagla har ii¢ parametrlori 6zunds birlogdirmalidir.

Bu mogsadlo neft quyularinda, yeralti vo yeriistii avadanhqlarda, o ciimlodan goruyucu
komardos, nasos kompressor borularinda, stanglarda, atqr xatlorinds vo digor madoandaxili boru
komarlarinds korroziya vo diizgokmoya qarst kompleks tasir giiciine malik yeni kompozit torkiblarin
hazirlanmasi va tadqiqi megsadsuygundur.

Tadqiqat isinin magqgsadi. Korroziya vo duzgokmoys gars1 effektiv tasirli kompozitlarin
hazirlanmasi va laboratoriya soraitinds tadgiqi.

Metodiki hissa. Cod, golovi vo neytral lay sular1 miihitindo korroziya intensivliyini tadqiq
etmok tigiin Ct 3 markali polad niimunslorindon istifads edilmisdir (codval 1).

Cadval 1
Ct 3 markal poladin kimyavi tarkibi (%)
novii C Mn Si P S Cr Ni Cu Fe
Ct3 0.2 0.5 0.15 0.04 0.05 0.30 0.20 0.20 98.36
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Olgiilori 30x20x1 mm olan Ct3 markali polad 16vhaciklorinin korroziyaya ugramasi siiratinin
kiitlo itkisino gére tayin edilmosi {igiin laboratoriya soraitinde 24 saat miiddetinds, 25°C temperaturda
kompozitlorin (M-1,M-2, M-3, M-4, M-5, M-6) 50; 100 vo 150 mgq/l sarf normalarinda todgiqatlar
aparilmsdir.

Ct3 markali poladdan hazirlanmis ve o6lgiilori 30x20xImm olan polad I6vhelor sliflayici
dozgahda sliflonmis, iizarilari aseton va spirtlo tomizlondikdsn sonra analitik torazide ¢okilmisdir. Tac-
riibalar ham kompozit olmayan vo ham do kompozit olave edilmis halda miigayiss tiglin paralel olaraq
eyni soraitdo aparilmigdir.

Laboratoriya sinag1 basa c¢atdigdan sonra polad 16vhealor miihitden ¢ixarilmis vo sothindoki
korroziya mohsullarindan tomizlonmisdir. Bunun ti¢lin 16vhalor 10%-1i xlorid tursusu va 40%-li for-
malindon hazirlanmig mohlulda pambiqla tomizlonmis, axar suda yuyulmus vo asetonda qurudul-
musdur. Lévhalor hom tocriibadon avval, ham do sonra stabil ¢okiya gotirilmak ti¢lin eksikatorda 10-12
saat saxlanilmigdir. Daha sonra lovhaler yenidan terazids ¢okilmisdir.

Korroziyanin siirati agsagidaki riyazi ifadoys asason hesablanmisdir.

K = m, —m,
St

Burada, m; — niimunonin sinaqdan avvalki ¢okisi, qr; M, — niimunonin korroziya mohsulunu
konar etdikdon sonraki ¢akisi, qr; S — niimunonin sahasi, m? 1 - sinagin aparilma miiddati, saat.

Longimo omsalinin hesablanmast iiciin istifade olunan ifads

y =
Kinh
Burada, K, — kompozit olmayan, Ki,n — kompozitin istiraki ilo olan miihitds korroziya siirati (q/mz-saat).
Kompozitlorin mithafizs effekti asagidak diisturla hesablanib

Z=K°_K100%

0

Burada, K, — kompozit olmayan, Kin, — kompozit olan miihitds korroziya siirsti (q/m?saat).

Korroziya siiratine asason niifuzetmo darinliyi asagidaki kimi toyin edilir.
8760K

Kp=—"-=-107 mnv/il

Burada, K, - niifuzetmo dorinliyi, mm/il; K-korroziya siirati, g/m*.saat, p-todqiq edilon metalin sixligs,
g/sm?, 8760-sabit kemiyyat olub bir ildoki saatlarin say1

Laboratoriya soraitinde duz kristallarinin metal sothinds ¢okmasi tacrubslari “soyuq borucuq”
iisulu ilo aparilmigdir.

Tacriibi hissa. MARZA-2, ammonium xlorid vo kerosin komponentlorin kombina edilmis
halda korroziya va duz¢kmaya qarsi tasiri laboratoriya garaitinde dyronilmisdir. Bu magsadle miixtalif
faiz nisbotlorinds alt1 kompozit forma hazirlanmigdir (codval 2).

Cadval 2
Kompozitlorin tarkibi voa markasi
Kompozitin tarkibina daxil Kompozitdos faiz Kompozitin markasi
olan komponentloar miqdar1,%
MARZA-2: NH,Cl:kerosin 5:38:57 M-1
MARZA-2: NH,Cl:kerosin 7:35:58 M-2
MARZA-2: NH,Cl:kerosin 9:32:59 M-3
MARZA-2: NH,Cl:kerosin 11:28:61 M-4
MARZA-2: NH,Cl:kerosin 13:25:62 M-5
MARZA-2: NH4Cl:kerosin 15:22:63 M-6
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MARZA-2- molekulun torkibino karbon, hidrogen, hallogen vo s. atomlari daxil olan {izvi
birlosmadir. MARZA-1 molekulu {igqat kovalent rabitoys malikdir [17]. Gotiiriilmiis kimyoavi kom-
pozisiyalardan duz¢dkmoeni azaltmaq xassasine malik ammonium xlorid, korroziya siiratini longiden
MARZA-2 va kerosin halledicinin miixtslif faiz nisbatlorinds qarisigi neft modonlorindon gotiiriilmiis
cod, golovi vo neytral miihitli lay sularinda (“Giinogli” yatagi) effektivliyi laboratoriya soraitinds todqiq
edilmigdir. Aparilmis gox sayli tocriibalorin naticolori cadveal 3-do verilmisdir. Cadvaldon goriindiiyii
kimi kompozit olmayan cod, golovi vo neytral lay sularinda korroziya siirati uygun olaraq 3.2, 2.6 va
2.3 g/m* saat, duz¢dkmo iso uygun olaraq 4.2, 3.6 vo 3.3 g/l olmusdur. Kompozitlorin istiraki ilo iso,
cod lay suyunda.

Cadval 3
Miixtolif torkibli lay sularinda kompozit torkiblorin korroziyaya va duz¢okmoays qars effektivliyi
Duzg¢dkma Korroziya siirati Niifuzetmo
Kompozitlorin | Kompozitin Effektivlik Effektivlik | Longimo | dorinliyi K,
markasi miqdart mq/1 g/l % q/m?-saat % amsal1,y mm/il
Cod lay suyu
- 0.00 4.2 - 3.2 - - -

50 151 64 1.34 58 2.39 1.49

M-1 100 1.43 66 1.15 64 2.78 1.29
150 1.30 69 0.96 70 3.33 1.07

50 1.47 65 1.18 63 2.71 1.32

M-2 100 1.34 68 0.77 76 4.16 0.86
150 1.18 72 0.38 88 8.42 0.43

50 1.26 70 0.70 78 4.57 0.78

M-3 100 1.09 74 0.41 87 7.80 0.46
150 1.01 76 0.12 96 26.67 0.13

50 0.67 84 0.41 87 7.80 0.46

M-4 100 0.50 88 0.06 98 53.33 0.07
150 0.59 86 0.96 70 3.33 1.07

50 0.76 82 0.38 88 26.67 0.13

M-5 100 0.71 83 0.58 82 5.52 0.65
150 0.63 85 1.02 68 3.14 1.14

50 0.84 80 0.32 90 53.33 0.07

M-6 100 0.80 81 0.93 71 3.44 1.04
150 0.71 83 1.08 66 2.96 1.21

Qoalavi lay suyu
- 0.00 3.6 - 2.6 - - -

50 1.19 67 1.35 48 1.92 151

M-1 100 1.04 71 1.14 56 2.28 1.28
150 0.94 74 0.98 62 2.65 1.09

50 0.97 73 1.17 55 2.22 1.31

M-2 100 0.86 76 1.01 61 2.57 1.13
150 0.72 80 0.78 70 3.33 0.87

50 0.86 76 0.93 64 2.79 1.04

M-3 100 0.68 81 0.70 73 3.71 0.78
150 0.54 85 0.36 86 7.22 0.40

50 0.65 82 0.39 85 4.56 0.63

M-4 100 0.50 86 0.10 96 10.00 0.29
150 0.57 84 0.72 72 3.61 0.81

50 0.61 83 0.20 92 13.00 0.22

M-5 100 0.72 80 0.57 78 4.56 0.64
150 0.79 78 0.75 71 3.47 0.84

50 0.64 82 0.18 93 14.44 0.20

M-6 100 0.82 77 0.80 69 3.25 0.89
150 0.97 73 0.98 62 2.65 1.09
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Neytral lay suyu

- 0.00 3.2 2.3 - - -
50 1.02 69 0.92 60 2.50 1.03
M-1 100 0.89 73 0.80 65 2.88 0.89
150 0.86 75 0.62 73 3.71 0.69
50 0.86 74 0.78 66 2.95 0.87
M-2 100 0.76 77 0.48 79 4.79 0.53
150 0.59 82 0.23 90 10.00 0.26
50 0.73 78 0.41 82 5.61 0.46
M-3 100 0.57 82 0.20 91 115 0.22
150 0.54 83 0.39 93 32.86 0.08
50 0.49 85 0.25 89 9.20 0.28
M-4 100 0.36 89 0.07 97 32.86 0.08
150 0.64 80 0.62 73 3.71 0.69
50 0.57 82 0.23 90 46.00 0.06
M-5 100 0.64 80 0.34 85 6.76 0.38
150 0.70 78 0.67 71 3.43 0.75
50 0.77 76 0.30 87 46.00 0.06
M-6 100 0.80 75 0.32 76 7.19 0.36
150 0.86 73 0.71 69 3.24 0.79

M-1 kompozitin 50mgq/l miqdarinda korroziya siirati 1.34 q/m’-saat (effektlik 58%), duzgdkmo
iso 1.51 g/l (effektlik 64%), kompozitin 100 mq/l miqdarinda korroziya siirati 1.15 q/m?-saat (effektlik
64%), duz¢okmo iso 1.43 g/l (effektlik 66%), M-1 kompozitin 150 mq/l miqdarinda iso korroziya siirati
0.96 q/m? saat (effektlik 70%), duz¢okmo iso 1.30 q/1 (effektlik 69%) olmusdur.

M-2 kompozitin 50mq/l miqdarinda korroziya siirati 1.18 q/m?saat (effektlik 63%), duz¢dkmo
isa 1.47 g/I (effektlik 65%), kompozitin 100 mq/I miqdarinda korroziya siirati 0.77 q/m?-saat (effektlik
76%), duz¢dkma isa 1.34 g/ (effektlik 68%), M-2 kompozitin 150 mq/l miqdarinda iss korroziya siiroti
0.38 g/m? saat (effektlik 88%), duz¢okmo iso 1.18 q/1 (effektlik 72%) olmusdur.

M-3 kompozitin 50mq/l miqdarinda korroziya siirsti 0.70 gq/m?-saat (effektlik 78%), duz¢kma
isa 1.26 g/l (effektlik 70%), kompozitin 100 mq/I miqdarinda korroziya siirati 0.41 q/m?-saat (effektlik
87%), duz¢dkma isa 1.09 g/l (effektlik 74%), M-3 kompozitin 150 mq/l miqdarinda iss korroziya siirati
0.12 g/m®-saat (effektlik 96%), duzgokmo iso 1.01q/1 (effektlik 76%) olmusdur.

M-4 kompozitin 50mq/l miqdarinda korroziya siirati 0.41 g/m? saat (effektlik 87%), duz¢dkmo
iso 0.67 g/l (effektlik 84%), kompozitin 100 mq/I miqdarinda korroziya siirati 0.06 g/m?*-saat (effektlik
98%), duz¢okmo iso 0.50 g/l (effektlik 88%), M-4 kompozitin 150 mq/l miqdarinda isa korroziya siirati
0.96 g/m’-saat (effektlik 70%), duzgkms isa 0.59q/1 (effektlik 86%) olmusdur.

M-5 kompozitin 50mq/l miqdarinda korroziya siirsti 0.38 gq/m?-saat (effektlik 88%), duz¢dkmo
iso 0.76 q/1 (effektlik 82%), kompozitin 100 mq/l miqdarinda korroziya siirati 0.58 q/m?-saat (effektlik
82%), duz¢okma isa 0.71 g/l (effektlik 83%), M-5 kompozitin 150 mq/l miqgdarinda iso korroziya siirati
1.02g/m* saat (effektlik 68%), duz¢okmo ise 0.63q/1 (effektlik 85%) olmusdur.

M-6 kompozitin 50ma/l korroziya siirati 0.32 g/m*-saat (effektlik 90%), duz¢dkma iso 0.84 g/l
(effektlik 80%), kompozitin 100 mq/l miqdarinda korroziya siirati 0.93 q/m’-saat (effektlik 71%),
duzgokma iso 0.80 g/l (effektlik 81%), M-6 kompozitin 150 mgq/l miqdarinda isa korroziya siirati 1.08
g/m*-saat (effektlik 66%), duz¢okmo iso 0.71q/l (effektlik 83%) olmusdur.

Qalavi lay suyunda.

M-1 kompozitin 50mq/l miqdarinda korroziya siirati 1.35 q/m?-saat (effektlik 48%), duz¢dkmo
isa 1.19 g/l (effektlik 67%), kompozitin 100 mq/I miqdarinda korroziya siirati 1.14 g/m*-saat (effektlik
56%), duz¢okmo isa 1.04 g/l (effektlik 71%), M-1 kompozitin 150 mq/l miqdarinda iss korroziya siirati
0.98 g/m’-saat (effektlik 62%), duzgkmo iso 0.94 q/1 (effektlik 74%) olmusdur.

M-2 kompozitin 50mq/l miqdarinda korroziya siirati 1.17 g/m? saat (effektlik 55%), duz¢dkmo
is0 0.97 g/l (effektlik 73%), kompozitin 100 mq/l migdarinda korroziya siirati 1.01 g/m?-saat (effektlik
61%), duz¢okma isa 0.86 g/l (effektlik 76%), M-2 kompozitin 150 mq/l miqgdarinda iso korroziya siirati
0.78 g/m’-saat (effektlik 70%), duz¢dkma isa 0.72 g/l (effektlik 80%) olmusdur.
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M-3 kompozitin 50mq/l miqdarinda korroziya siirati 0.93 g/m* saat (effektlik 64%), duz¢dkmo
is0 0.86 g/l (effektlik 76%), kompozitin 100 mq/l migdarinda korroziya siirati 0.70 g/m*-saat (effektlik
73%), duzgokma iso 0.68 g/l (effektlik 81%), M-3 kompozitin 150 mq/l miqdarinda iss korroziya siirati
0.36 g/m* saat (effektlik 86%), duzgokmo iso 0.54q/1 (effektlik 85%) olmusdur.

M-4 kompozitin 50mq/l miqdarinda korroziya siirati 0.39 q/m?-saat (effektlik 85%), duz¢okmo
150 0.65 g/l (effektlik 82%), kompozitin 100 mq/l migdarinda korroziya siirati 0.10 g/m*-saat (effektlik
96%), duz¢dkma iss 0.50 g/1 (effektlik 86%), M-4 kompozitin 150 mq/l miqdarinda iss korroziya siirati
0.72 g/m’-saat (effektlik 72%), duzgdkma iso 0.57 g/l (effektlik 84%) olmusdur.

M-5 kompozitin 50mq/l miqdarinda korroziya siirati 0.20 q/m?-saat (effektlik 92%), duz¢okmo
iso 0.61 g/l (effektlik 83%), kompozitin 100mq/l miqdarinda korroziya siirati 0.57 g/m?-saat (effektlik
78%), duzgokmo isa 0.72 g/l (effektlik 80%), M-5 kompozitin 150mgq/l miqdarinda iso korroziya siirati
0.75 g/m?saat (effektlik 71%), duz¢okmo iso 0.79 g/l (effektlik 78%) olmusdur.

M-6 kompozitin 50mq/l miqdarinda korroziya siirati 0.18 g/m?-saat (effektlik 93%), duz¢okmo
iso 0.64 g/I (effektlik 82%), kompozitin 100 mq/I miqdarinda korroziya siiroti 0.80 q/m?-saat (effektlik
69%), duz¢okmo isa 0.82 g/l (effektlik 77%), M-6 kompozitin 150 mq/l miqgdarinda iso korroziya siirati
0.98 g/m?saat (effektlik 62%), duz¢okmo ise 0.97 g/l (effektlik 73%) olmusdur.

Neytral lay suyunda.

M-1 kompozitin 50 mq/l miqdarinda korroziya siirati 0.92 g/m*-saat (effektlik 60%), duz¢dkmo
iso 1.02 g/l (effektlik 69%), kompozitin 100 mq/l migdarinda korroziya siirati 0.80 g/m* saat (effektlik
65%), duzgokma iso 0.89 g/l (effektlik 73%), M-1 kompozitin 150 mq/l miqdarinda iss korroziya siirati
0.62 g/m?-saat (effektlik 73%), duzgSkmo iso 0.86 q/l (effektlik 75%) olmusdur.

M-2 kompozitin 50 mq/l miqdarinda korroziya siirati 0.78 q/m? saat (effektlik 66%), duzgokmo
iso 0.86 g/l (effektlik 74%), kompozitin 100 mq/l migdarinda korroziya siirati 0.48 g/m* saat (effektlik
79%), duz¢dkma isa 0.76 g/l (effektlik 77%), M-2 kompozitin 150mgq/l miqgdarinda iso korroziya siirati
0.23 g/m?-saat (effektlik 90%), duz¢dkma isa 0.59 g/l (effektlik 82%) olmusdur.

M-3 kompozitin 50mgq/l miqdarinda korroziya siirati 0.41 g/m?-saat (effektlik 82%), duzgdkmo
isa 0.73 g/l (effektlik 78%), kompozitin 100 mq/I miqdarinda korroziya siirati 0.20 g/m?-saat (effektlik
91%), duz¢ékma isa 0.57 g/l (effektlik 82%), M-3 kompozitin 150 mq/l miqgdarinda iso korroziya siirati
0.39 g/m?saat (effektlik 93%), duz¢okmo iso 0.54 g/l (effektlik 83%) olmusdur.

M-4 kompozitin 50mgq/l miqdarinda korroziya siirati 0.25 g/m?-saat (effektlik 89%), duzgdkmo
isa 0.49 g/l (effektlik 85%), kompozitin 100 mq/I miqdarinda korroziya siirati 0.07 g/m?-saat (effektlik
97%), duz¢dkma isa 0.36 g/l (effektlik 89%), M-4 kompozitin 150 mq/l miqdarinda iss korroziya siirati
0.62 g/m’-saat (effektlik 73%), duzgdkmo iso 0.64 g/l (effektlik 80%) olmusdur.

M-5 kompozitin 50 mq/l miqdarinda korroziya siirati 0.23 g/m*-saat (effektlik 90%), duz¢dkmo
isa 0.57 g/l (effektlik 82%), kompozitin 100 mq/I miqdarinda korroziya siiroti 0.34 g/m?-saat (effektlik
85%), duz¢okmo iso 0.64 g/l (effektlik 80%), M-5 kompozitin 150mq/l miqdarinda iss korroziya siirati
0.67 g/m’.saat (effektlik 71%), duz¢dkmo ise 0.70q/1 (effektlik 78%), olmusdur

M-6 kompozitin 50mq/l migdarinda korroziya siiroti 0.30g/m?-saat (effektlik 87%), duz¢kma
isa 0.77 g/l (effektlik 76%), kompozitin 100mq/l miqdarinda korroziya siirati 0.32 g/m?-saat (effektlik
76%), duz¢okma isa 0.80 g/l (effektlik 75%), M-6 kompozitin 150 mq/l miqgdarinda iso korroziya siirati
0.71 g/m’.saat (effektlik 69%), duz¢skmo isa 0.86q/1 (effektlik 73%) olmusdur.

Laboratoriya todqiqatlarindan alinmig naticslorin analizinden moalum olur ki, hor g tip lay
suyunda M-1, M-2, M-3 kompozitlarinin migdar1 50 mq/l-don 150 mq/l- kimi artdiqca ardicil olaraq
kompozitlorin korroziya vo duz¢dkmoys qarsi effektliyi artir. M-4 kompozitinds iss bels bir artim 100
mgq/l migdarina kimi davam edir vo mohz hor {i¢ miihitds oan yiiksok effekt M-4 kompozitin 100 mqg/I
miqdarinda miisahido olunur. Lakin M-4 kompozitin 150 mq/l miqdar1 daxil olmagla M-5 vo M-6
kompozitlorin biitiin miqdarlarinda effektivliyin azalmas1 miisahids olunur.

Kompozitlorin faiz torkiblorindon gorindiiytt kimi M-1-M-6 istiqgamotindo MARZA-2 va
kerosin komponentlorinin miqdart artir, ammonium xloridin miqdar1 iso azalir. Bu sababdon do
MARZA-2 inhibitorun kompozitds miqdarmin miioyyon hodds qodsr artimi korroziya siiratini
azaltmagla yanasi, mohz duz¢6kma prosesine do boyiik tasir etdiyini demays asas vermis olur. Bunuda
onun ilkin yaranmis duz kristal riiseymlori tizorinds Ortiik amola gotirmokla, onlarin béyumasinin
qarsisini almast ilo izah etmak olar.
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Natica. Ilk dofo olarag MARZA-2, ammonium xlorid vo kerosin komponentlorin miixtolif faiz
nisbatlorindon hazirlanmig M-1, M-2, M-3, M-4, M-5, M-6 markali kompozitlorin laboratoriya
soraitindo Korroziya vo duzg¢okmoys qarsi effektivliyi neft modonlorindon gétiiriilmiis cod, golovi,
neytral tipli lay sularinda malum metodikalara uygun todqiq edilmis vo tocriibadon alinmig naticalarin
analizi aparilmigdir.

Aparilmis tacriibalarin naticolorinden molum olmusdur ki, M-1, M-2, M-3, M-4, M-5, M-6
kompozitlori hor {i¢ lay suyu miihitinds korroziya vo duz¢dkmoys qarst yiiksok aktivliys malikdirlor.
Miihitlorde kompozitlerin qatilign 150 mq/l kimi artdiqca effektivliklori do artir. Kompozitlorin 150
mg/l miqdarinda iss effektliyin azalmasi bas verir. Cod, golovi va neytral miihitlorde on yiiksok effekt
M-4 kompozitinin 100 mgq/l miqdarinda miisahids edilir.

Coxsayli laboratoriya sinaqlarina asason miixtalif lay sularinda neft-modon avadanliglarinda
korroziya va duz¢dkma siiratini azaltmaq xassasine malik kompozitin M-4 vo optimal sarfi isa 100 mq/1
oldugu toyin edilmisdir. M-4 kompozitinin 100 mq/l miqdarinda cod lay suyu miihitinde korroziya
siirati 0.06 q.m%/saat (effektivlik 98%), duz¢okmo 0.50 g/l (effektivlik 88%), golovi lay suyu mithitindo
korroziya siirati 0.10 q.m?*/saat (effektivlik 96%), duzcskmo 0.50q/I (effektivlik 86%), neytral lay suyu
miihitindo iso korroziya siirati 0.07 q.m?saat (effektivlik 97%), duz¢okmo ise 0.36 g/l (effektivlik
89%), toskil edir.
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HUCCJIEJOBAHUE BJIMAHUSA HETOKCUYHbBIX KOMIIO3UTOB
HA KOPPO3UIO U COJIEOTJIOXKXEHUE

M.b. AIBI'E3AJIOBA

OpHa U3 BaKHEHIINX MPOOJIEM, C KOTOPBIMH CErOJIHS CTAJKUBAIOTCS HEPTSIHUKN B HETSAHOM oTpaciu, - 3TO BBIXOA
U3 CTPOs HEe(TENPOMBICIOBOrO O0OPYIOBaHHMSA Ha BCEX OSTamax JIOOBIYM, XPAaHEHWs, MOJATOTOBKH, TPAHCIOPTHPOBKU M
nepepaboTKu He(TH, HE3aBHCHMO OT pa3pabOTKH M OSKCIUTyaTallkd MECTOPOXKICHUS, B PE3yJbTaTe COJCOTIOXKCHHE WU
ANEKTPOXHUMHYECKON KOppo3uH. UTOOBI CHU3UTH 3aTPaThl Ha 3TH NPOLIECCHI U YACUICBUTh HEPYTH, HEOOXOIMMO pa3padaThiBaTh
Y IPHMEHSITh HOBBIC TEXHOJIOTHH ISl YBEIHUYCHHS CPOKA CIIY)KOBI CYIIIECTBYIOLIETO 000PyI0BaHHUSL.

B cratbe 00CY)XHArOTCS pe3yJbTarhl JAOOPaTOPHBIX HCCICAOBAaHHI KOMIIO3HIMOHHBIX KOMIIO3HTOB C BBICOKHUM
HUHTUOMPYIOIIUM JeHCTBHEM MIPOTHB SJIEKTPOXUMHUYECKOH KOPPO3UH M COJICOTIOKEHHS C LEIbI0 YBEIMYCHHUS CPOKA CITyKObI
HE(PTENPOMBICIOBOIO 000PYI0BAHHSL.

CMech KOMIIOHEHTOB B Pa3HOM IIPOLICHTHOM COOTHOIIECHHM ObLIa HCCIIEOBaHA B JabopaTopuu, ObUT BBIOpaH
OITUMAJIbHBIA BapHaHT, onpeneaeHa 3G(HEeKTHBHOCTD 3allIUThl OT KOPPO3UH U COJCOTIOKEHHA. DKCIEPUMEHTHI IPOBOANIHCH
B JKCCTKHX, IICJOYHBIX W HEHTpaIbHBIX IUIACTOBBIX BOJaX. Bo Bcex Tpex cpemax CKOpPOCTb KOPPO3HH OMpEAeIsiiach
rpaBuMeTpuyeckd. [Iporiece coIeOTI0KEeH S TPOU3BOANICS METOIOM «XOJIOIHOTO CTEPXKHSI».

B pesymprare aHanu3a pe3ysbTaTOB MHOTOYHCICHHBIX 3KCIICPUMEHTOB OBLIO YCTaHOBJCHO, 9YTO BBICOKHIA
AQHTHKOPPO3HOHHBIN M COJNCOTIONKEHHBIA 3((EKT BO BCEX TpeX IUIACTOBBIX BOJHBIX Cpeqax MpPOSIBISETCS OJHOBPEMEHHO B
konmmaectBe 100 mr/n kommosuta M-4. CkopocTs Koppo3un kommo3uta M-4 B kommdectBe 100 MI/a B KeCTKOW IIACTOBOM
BoxHoit cpexe 0,06 r-m%/u., (3ddexruHOCT 98 %), comeornoxenue 0,50 r/1 (3(dexTHBHOCTS 88%), CKOPOCTH KOPPO3HH B
LLENIOYHOM IacTOBOH BogHOM cpene 0,10 r-M%Yu ( addexTuBHOCTS 96%), concotnoxkenne 0,50 /1 (3deKTHBHOCTE 86%),
CKOPOCTb KOPPO3HH B HEHTPAIBHON MLIACTOBOI BomHoil cpexe 0,07 r-M%/4 (3ddexTrBHOCTs 97%), concotnoxkerne 0,36 1/
(3ddexruBHOCTS 89%).

Kniouesvie cnosa: Kkomnosuyusi, CONEONIIOJNCEHUE, JHCECMKUE, WeN0UHble U HelmpaibHbie Cpedbl, KOppO3us,
UH2UOUMOP, MOKCUUHDILIL.

STUDY OF THE INFLUENCE OF NON-TOXIC COMPOSITES ON CORROSION
AND SALT DEPOSIT

M.B. ADIGOZALOVA

One of the most important challenges facing oil engineers in the oil industry today is the failure of oilfield equipment
at all stages of oil production, such as storage, preparation, transportation and refining, regardless of the field development and
operation, as a result of salt deposition and electrochemical corrosion. In order to reduce the costs of these processes and
reduce the cost of oil, it is necessary to develop and apply new technologies to increase the service life of existing equipment.

This article examines the results of laboratory studies of composite composites with high inhibitory effect against
electrochemical corrosion and salt deposition in order to increase the service life of oilfield equipment.

The mixture of components in different percentages of the composites was studied in the laboratory and the optimal
option was selected, the effectiveness of protection against corrosion and salt deposition was determined. The experiments
were performed in hard, alkaline and neutral strata waters. In all three environments, the corrosion rate was determined
gravimetrically methods. The salt deposition process was carried out by the method of “cold tube" .

The analysis of the results of numerous experiments showed that in all three strata water environment a high effect
against corrosion and salt deposition occurs simultaneously in the amount of 100 mg/l of M-4 composite. The rate of corrosion
of M-4 composite in 100 mg/l of hard strata water is 0.06 g-m%h (efficiency 98%), salt deposition 0.50 g/l (efficiency 88%),
corrosion rate in alkaline strata water 0.10 g-m%h (efficiency 96%), salt deposition 0.50 g/l (efficiency 86%), in a neutral strata
water, the corrosion rate is 0.07 g-m?h (efficiency 97%), and the salt deposition is 0.36 g/l (efficiency 89%).

Key words: composition, salt deposition, hard, alkali, neutral environment, corrosion, inhibitor, toxic.
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BO3MOXHOCTH UCITOJIB30OBAHUSA KUAKUX OTXOA0B
HE®TSIHON IMTPOMBIIIIJIEHHOCTH JIJISI TIPUTOTOBJIEHU S
KOMIIO3UTOB

®.T. MYPBATOB?, B.T. VCYBAJIMEB!, A.K. P3AEBA,
M.M. TACAHOBA!, AT'. KEPUMOBA'®

B crartbe paccMaTpuBarOTCS BO3MOXKHOCTh M HEOOXOMMOCTB MCHOJIB30BAHUS JKUJIKMX OTXO/I0B HE(TIHOW MPOMBIILI-
JIEHHOCTH — 00pabOTaHHOTO ILETOYHOr0 OTXO/a AU3EIbHOH (paKUMM U LIENTOYHON BOABI — IPU NPUTOTOBICHUH HAHOCTPYK-
TYpPHOTO KOMIIO3UTa C LIEJIBIO BO3JICHCTBUS Ha NpH3a00WHYI0 30HY. Pe3ynbraTel 1abOpaTOPHBIX HCCICAOBAHUN M OIBITHO-
MPOU3BOJICTBEHHBIX PAabOT IMOKAa3alH, YTO C HCIOJIb30BAaHUEM BBINICYKAa3aHHBIX JKHIKHX OTXOJOB, KPOME CHYDKCHHS 3aTpar
peareHTa, OJHOBPEMEHHO YIIyYINAalOTCS PEOJIOTHYECKHe CBOWCTBAa He(Tel, yBemMIMBAeTCs M00bMa HE(TH U yIIydmiaercs
XHUMUYECKHI COCTaB IUIaCTOBOU BOAbI, pH KOTOpOIi CTaHOBUTCSA ClIab0-IIETOYHBIM.

Knroueevle cnosa: npuzabounas 30Ha, HAHOCMPYKMYPHBIIL KOMNO3UM, OU3CTbHO-UEI0UHOU OMX00, NAACMO8As. 80-
oa, JrcecmKkocms 6006bl.

DOI: 10.52171/2076-0515_2021_13_01_74_79

BBenenue. Pazputre HedTSHONW MPOMBIIUIEHHOCTH A3epOalipkaHa Ha COBPEMEHHOM JTarle Xa-
paKTepHu3yeTCs CHMKCHHEM KadecTBa ChIphbeBOW 0as3bl. B o0miem OanaHce pa3padaThiBa€MbIX MECTO-
POXIEHHH MpeodIasaloT MECTOPOXKACHUS, BCTYNMBIINE B O3HIOIO CTaIUI0 Pa3paboTKH U, KaK ciel-
CTBHE, HAOJIOJAaeTCsl 3HAYMTENbHOE YXYALICHWE HX CTPYKTYpBl, YBEIWYEHHE JO0JIU TPYIJHO-
W3BJIEKaEMBIX 3a1acoB HedTH, 0OBOIHEHHE TIACTOB M TPOIYKIINN CKBAKUH.

Tak, npu J00bIYE TSHKENIBIX HeTel cepbe3Hoi MPoOIeMoid, BBI3BIBAIOIIECH OCIIOXKHEHUS B paboTe
CKBa)XMH, HE(TEPOMBICIIOBOr0 000PYI0BaHUS U TPyOOIPOBOIHBIX KOMMYHUKALUH, SBISETCS 00pazo-
BaHME acarprocMosnonapaduHUCTHIX aCCOLMATOB, (POPMUPOBAHNE KOTOPBIX MPUBOAUT K YXYALICHHIO
PEOJIOTUYECKUX CBOMCTB HE()TH M CHHXKEHUIO MPOU3BOIUTEIHLHOCTH CUCTEMBI B 3 heKkTuBHOCTH pabdo-
TBI HACOCHBIX YCTAHOBOK [1, 2].

Kak u3BectHO, 60ppba ¢ ACIIO B nmponeccax go0bun HETH BEAETCS MO ABYM HAIPABICHUSM:
npoduiakTiKa (WM IpeJoTBpalleHue) 00pa3oBaHUs OTIOKEHUS, yajIeHHEe yKe cHOPMHUPOBABIINXCS
otioxeHuil. Beibop ontumanbHbIX crioco00B 60pb0bl ¢ ACIIO 1 3 GEeKTHBHOCTH Pa3TUYHBIX METOI0OB
3aBHCUT OT MHOTHX (DaKTOpPOB, B YACTHOCTH, OT crioco0a 100bYM HEeBTH, TEPMOOAPUUECKOTO peKuMa
TEYCHHUS, COCTaBa U CBOMCTB J00ObIBaeMol npoaykiuu. Tak, B mpu3adoiiHoi 3oue miacta (I[1311) nepe-
YHCcIIeHHbIe (DaKTOPBI MEHSFOTCSI HEMPEPHIBHO OT Mepruepru K LEHTPATLHON 00JIACTH B CKBOKWHE, a B
CaMOH CKBa)XHHE — OT 320051 10 YCThs, TO3TOMY KOJIMYECTBO U XapakTep OTIOKEHUH HE ABISIOTCA IO-
CTOSTHHBIMH.

[pakTrka 1o0bYHM HEQTH HA IPOMBICIIAX MTOKA3bIBAET, YTO OCHOBHBIMHU y4acTKaMU HAKOILICHHUS
ACIIO sBnsitoTCS: 30Ha MPOXOAMMOCTH, CKBaXHMHHBIE HACOCHI, MOJBEMHBIE KOJOHHBI B CKBa)KHMHAX,
BBIKU/IHBIC JIMHUH OT CKB)KUH, Pe3epBYyaphbl POMBICIIOBBIX COOPHBIX ITyHKTOB [3].

! HUU «eotexnonorndeckue IIpo6nemsr Hedru, ["aza 1 Xumms»
* Usubaliev Beybala, E-mail: ubeybala@gmail.com
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ACITIO, o0pa3oBaBiviecs B pa3HbIX CKBaXUHAX, OTJIMYAIOTCSA JIPYT OT APyra M0 XUMHYECKOMY
COCTaBy B 3aBUCHUMOCTH OT TPYIIIIOBOIO YTJIEBOJOPOJHOTO cocTaBa He(dTeil, JOOBIBAEMBIX Ha ITHX
ckBaknHax. Ho mpu BceM BO3MOXXHOM pa3HOOOpa3ui COCTABOB IS BCEX OTIIOKEHUI YCTAaHOBIEHO, YTO
COJIepKaHue B HUX ac(haaIbTOCMOJUCTHIX U Mapa(UHOBLIX KOMIIOHEHTOB Oy/IeT UMETh 00paTHOE 3HAUe-
Hue: yeM 6ompire B ACIIO momist achanbTOCMOIHICTRIX BEIIECTB, TEM MEHBIIIEe OyAeT cofepKaTbCs Ta-
paduHOB, YTO, B CBOIO OYepelb, OMPEIECIIUTCS UX cooTHomeHneM B Hedtu. Takas ocobeHHOCTH 00y-
CJIaBJIMBAETCS XapaKTEPOM B3aUMHOIO BIMSHUS TapaduHOB, CMOJ M ac(hajlbTCHOB, HAXOISAIIMXCS B
He()TH 10 MOMEHTA X BBIICIICHNS B OTIOKEHHS [4].

Boprba ¢ ACIIO mpemycMmarpuBaeT mpoBeeHHe paboT MO MpexynpekIeHUI0 00pa3oBaHUs OT-
JIoXKeHUH u X ynaneHuro. CyliecTByeT HECKOJIBKO HanOoJiee U3BECTHBIX M aKTUBHO MPUMEHICMBIX B
He()TeTOOBIBAIOIICH MPOMBIILIICHHOCTH MeToZI0B 60pb0bl ¢ ACIIO. Ho MHOrooOpasue ycinoBwuii paspa-
0OTKH MECTOPOXICHUHN U pa3Indue XapaKTePUCTHK MOOBIBAEMOM MPOIYKIINH YacTo TpeOyeT WHINBU-
JyaJTbHOTO MOIX0a U Pa3pab0TKHA HOBBIX TEXHOJIOTHH.

Pa3pabotan moctaTouHO MIMPOKUIT aCCOPTUMEHT XUMHUYECKHX peareHToB i 60ps0bl ¢ ACIIO.

XuMudecKkre MeToApl 0a3WpyIOTCs Ha AO3MPOBAHWU B JOOBIBAEMOM MPOAYKINH XUMHYECKHX
COETMHEHU, YMEHBIIAOIMNX, 2 HHOTJAa W MOJHOCTHIO MPEJOTBPAMIAIONINX 00pa30BaHUE OTIIOKEHUH
[5]. Hecmotpst Ha Gosbiioe pasnoobpasue metoaoB 60pebsr ¢ ACIIO, mpobiema eriie gaieka oT paspe-
IICHHUS M OCTACTCsl OJIHOM U3 BaXKHEUIIIMX B OTCYSCTBEHHOU U 3apy0OexHOH He(hTeT00BIBAIOIINX OTpac-
TSX.

B nocnemuue roapl HaMu pa3pa0bOTaHbl U MPUMEHEHBI HECKOJIBKO HOBBIX TEXHOJIOTHUH 110 OOphOe
¢ ACIIO u o yBenu4eHuto He)TEOTAAUN CKBAXKUH, KOTOPhIe 0a3UPYIOTCS HAa HAHOCTPYKTYPHBIX KOOP-
MUHAIIMOHHBIX TojuMepax. Kak M3BeCTHO, peareHThl TaKoro THIA M3-3a YCIOBHM CHHTE3a 0OXOJATCS
JIOpOTO.

Hens padoTsl. L{enbto HacTOsAIICH pabOTHI ABISCTCS UCCIEAOBAHUE BO3MOKHOCTH HCIIOJIb30Ba-
HUS JKUJKUX OTXOJIOB HE(TIHOW MPOMBINIICHHOCTH PecnyOnuKu Ui MPUrOTOBICHUS KOMITO3UTHBIX
PacTBOPOB HA OCHOBE HAHOPEATrEeHTOB C IENBI0 YBENUICHUS d(PPEKTUBHOCTH TEXHOJIOTHIA.

IMocranoBka 3apauu. C 1enpio BO3IEHCTBUS Ha MPHU3a00HHYIO 30HY CKBKUH KOMIO3HTHBIMH
pacTBOpaMH Ha OCHOBE HAHOCTPYKTYPHBIX KOOPJIMHAIMOHHBIX MOJUMEPOB JJIs YBEIHYCHUS O00bema
peareHToB OOBIYHO HCIIONB3YETCS YHCTas BOJA WM XHMHYECKHE pacTBOpHUTENH. B maHHO# paboTe wc-
clieToBaHa BO3MOKHOCTH MCTIONB30BAHMSI KUAKUX OTX0J0B HE(DTSHOM MPOMBIIIUIEHHOCTH, B YaCTHOCTH,
nIacmosble 600bl U WELOUHOU OMX00 OU3EIbHOU DPaKYUU.

Pemenne 3aqaun. KoMITO3UTHI TPUTOTOBIEHBI HA OCHOBE KHJIKOTO CTEKJIa, HAHOYACTHII JKeJe3a
¥ KOOPJAWHAIIMOHHBIX TIOJHMEPOB.

st poBeieHus 1a00paTOPHOTO HMCIBITAHHUS MPUTOTOBMWIIM 5%-H pacTBOp JKUIKOTO CTEKJIa,
2,5%-i1 pacTBOp HaHOXkene3a U 1%-i pacTBOp KOOpAMHAIMOHHBIX monuMepoB B JIIO (au3zenbHo-
IIEJIOYHOH OTXO.).

C 1enbio BO3/JCHCTBUN Ha TPU3a00HYIO 30HY CKBaKUH OBLIH MPOBEICHBI JJAOOPATOPHBIE HCCIe-
JIOBaHMS JIJIsl YBEJIIMYCHUS 00beMa PEareHTOB U BO3MOXKHOCTBIO HCIIOJIb30BaHHS B JalIbHEHIIIEM ILjia-
cTOBBIX BOA. OOpa3ibl I1acToBO# Bob! ObLTH B3ATH M3 Caganckoro nmpueMHoro 6acceitna HI'IY Cus-
3anpHE(PTH. K 00pa3iam, B3sThIM B KommuecTBe 1mo 250 mu1, mpubasisum 2,5, 5 u 7,5 MI1, COOTBETCTBEH-
HO, 5%-r0 pacTBopa *xuakoro crekia B JIO u npoBoamiv GU3NKO-XUMUYECCKUIA aHAJIN3,

Pesynbrarel aHanm30B 00pa3IoB BOABI IPUBEICHBI B Ta0mIe 1.

Tabauuya 1
Pe3yabTaThl GU3NKO-XUMHYECKUX AHAJIN30B 00Pa3IoB BOABI ¢ 5%-M pacTBOpoM
skuakoro crexkiaa B JIIO

No O0BeMm XUMHYECKHUH COCTaB IUIACTOBOM BOJBI, MI/JI

n06asku, w1 | CO3 > | HCO;- (ol Na" K" Ca** Mg** Twum Bozbl
1 0 0,024 0,144 1,987 1,223 0,025 0,058 MgCl,
2 2,5 0,032 0,192 1,563 1,095 0,032 0,064 MgCl,
3 50 0,077 0,144 1,676 1,057 0,029 0,059 MgCl,
4 7,5 0,060 0,124 1,848 1,247 0,008 0,043 NaHCO,
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Pe3ynbrarhl uccienoBaHUil MOKa3bIBAIOT, YTO IUIOTHOCTH BOJBI HE MEHSETCS C YBEIUYCHUEM
o0rema mobaBku. B mmactoByro Bomy (o0wem 250mim) Opiia mpubaBiena mo6aska IO (awm3emsHO-
ieaI04HOM 0TX01). KonuecTBo HOHOB CO5%, HCO;, Ca®* n Mg2 ¥ yBEJIMYUIIOCH, 2 KOJIMYECTBO HOHOB
Cl u Na'™+K" ymenbmmiocs. B pesynsrate Tun Bojsl octaics MgCly , T.e. 6e3 usmenenuit. Ilpu no-
OaBJIeHUH JXHIKOTO cTekia B ooseMe 5.0, mpurorosnerHoi B IO, mo cpaBHEHHIO ¢ IepBOit 100aB-
KoM (2,5 M), KOTHIECTBO HOHOB COZ uCl YBEJIMYNIIOCH, & TUI BOJBI HE N3MEHWICA C YMEHBIIIEHHEM
KOJINYECTBA OCTAaBIIMXCS MOHOB. HakoHel, ¢ yBenudeHuneMm a00aBKH 0OBEMOM 7,5 MII KOJIUYECTBO
nonoB Na" u K* yBenuuunocs 1o cpaBHeHHIo co 2-if 106aBKoii (5,0 M), 06pa3ys KOMOUHAIIMIO HOHOB
CO5% 1w HCO ¢ NaHCO;. B pe3ynbTaTe BoJa M3MEHMIIa CBOM THIT M cTaia mieodHoi (Tabnwma 1).

K o0pasiy Boasl B 00beMe 250Mi1, B3ATOr0 M3 ATayaiiCKOro MPUEMHOTO OacceliHa, m00aBisum
25%-nb1ii pacTBopa HaHoxkene3a B IO u npoBoanmy GU3NKO-XUMHUYECKHA aHATIH3.

Pesynbrarher ananm3oB 006pa3ioB BOABI IPHUBEICHBI B TA0IHUIIE 2.

Tabnuya 2
Pe3ynbTaThl GU3NKO-XUMHYECKUX AHAJIN30B BOABI Nocje npudasienns 2,5%-ro
pacTtBopa HaHoxkeje3a B 11O B o0beme 7,5 mu

Ne O0beM XUMHYECKHUI COCTAB IUIACTOBOM BOJBI, MI/JI
mo6askn, | COs2 | HCO;” | CI' [ Na*,K* [ ca* Mg* Tun
MII BOJIbI
1 0 0,024 0,116 1,630 | 1,019 0,019 0,045 MgCl,
2 2,5 0,026 0,156 1,668 | 1,400 0,031 0,040 MqgCl,
3 5,0 0,027 0,154 1,705 | 1,411 0,028 0,050 MgCl,
4 75 0,028 0,156 1,768 | 1,411 0,031 0,040 NaHCO;

CormacHo pe3ylbTaTaM HCCIIeJOBaHUs (Tabmuma 2), KOJIUIeCTBO NOHOB OBLJIO YBETHYEHO MyTEM
nobasnenus 2,5% cmecu (2,5 mur) yactun Hano-xene3a IO B mactoByro Bomy oobemom 250 mil.
Hukakux u3MeHeHH B TUIIE BOJBI He HaOmoaanock. [locne npubdasnenus no06aBku 5,0 M yMEHBIIHU-
JI0Ch TOJIbKO KosndecTBO MOHOB HCO3- (10 cpaBHEHUIO C MpeABLAyIIeH J00aBKO), B TO BPeMsl U IO
JpyTUM MOHaM HaO0Aanoch HeOOobIoe YMEHbIIeHHe. Tl BOAbI HE U3MEHMWICA. A mocne mpudasie-
Hust 106aBKH 7,5 Mt nonbl Cl” yBeTHUMBAINCH B pasMepax, coeaumsisich ¢ nonamu Ca’ " u Mg? " ¢ oGpa-
30BaHMEM HEOOJIBIIMX KOJMYECTB COJIeH, B TO BpeMs kak HoHbl Na® + K* 06pa3oBbIBaii KOMOMHAIMIO
NaHCO;, u3mensist TUTT BOJBI U TIPEBpAIas €€ B MIEI0Yb.

Crnenyer OTMETHTb, YTO IpH NPUOABIEHUH KOMIIO3UTHOTO PAacTBOpa B IUIACTOBYIO BOIY
MOJy4eHHasi cMech MpHoOpeTaeT MOJIOUHBIH IBET M TaM 00pa3yeTcs CYCIEH3US TeMHO-KOQEHHOro
[BETA C KICIOIIUMH cBoiicTBamu. [lonydeHHast cycrieH3us He pacTBOPSETCsl B BOJIE, HO XOPOUIO pac-
TBOpSIETCS B ChIpOM HE(PTH. DTO CBONCTBO CYCHEH3MH MOKET OBITH MOJIE3HBIM AJISI MPEAOTBPAILECHHS
MPOHUKHOBEHHS TNIACTOBOM BOBI B TPH3a00HWHYIO 30HY CKBaXKHH.

K o0pa3sity Bojabl B 00beMe 250 M1, B3siTol u3 ['miaiickoro mpueMHoOro oacceiina, 1o0asism 2,5;
5,0 u 7,5 ma 1%-ro xomnosuta B AI11O BA®-1 u BA®-2 B paBHOM KonMuYecTBE U ObLI poBeIeH Gu-
3UKO-XUMHYECKUN aHaJIH3.

Pe3ynpTaThel aHaMM30B MPUBEACHBI B TA0IHIIE 3.

Tabauua 3

Pe3ysibTaThl aHAJIN30B MPU B3aMMO/IeliCTBHH KOMIIO3UTHOI0 PACTBOPA € IUIACTOBO BOIOH

Ne O0BeM 10- XUMHUYIECKHUI COCTaB IJIACTOBOM BOIKI, MI/JI
aBku, m1 | CO3 > HCO; | CI Na" K" | Ca® Mg** Tum Boztel

1 |0 0,06 0,197 ]1,643 1,120 | 0,029 0,058 MqCl,
2 |25 0,050 0,156 | 1,699 1,092 | 0,030 0,087 MqCl,
3 |50 0,042 0,226 | 1,643 1,160 | 0,025 0,060 MgCl,
4 175 0,100 0,251 | 1,784 1,166 | 0,032 0,067 NaHCO;

Kax BugHO 13 Tabnuiel 3, myreM npubaBieHus 100aBKH 2,5 MII HOHBI Na'+ K3 n HCOs3- ymensb-
ek, nousl CI'u Mg" pesko yBenmuumiuce. Jlanee nocie npubasinenus 106asku B 5,0 Mi noHbl Na*
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+ K" 1 HCO3- pe3ko yBeIHUMIHNCh, 2 OCTAIbHbIE HOHbI YMEHBIIMINCh. OIHAKO HUKAKUX H3MEHEHHil B
THUIIEC BOJBI He ipon3onnio. HakoHen, npubasuim 100aBky 7,5 MII, ¥, KaK BHJIHO, C YBEIMYEHHEM KOJIU-
yectBa HoHOB CO3; 1 HCO yBenmnuuBarOTCSt 1 HOHBI Na® + K", uTo IpUBOAUT K M3MEHEHHUIO TUIIA BOJIBI.
Wonsl Ca’ u Mg * HeMHOTO yBETHUUINCH 1 YMEHBIIUIN KOITH4ecTBO HOHOB Cl.

Takum o0pa3om, cuiabHble KuciaoTHble octatku (SO, ~ ClY) coequHSAIOTCSA ¢ CHIIbHBIME IIET0Y-
ueiMu Metamnamu (Na®, K') u B miacToBbIX Bojax oOpasyeTcsi BHICOKas coleHocTh. Korya B muacrto-
BYIO BOJY 100aBIIAETCS IETOYHOE BELIECTBO, MICTOYHBIX METAJUIOB CTAHOBUTCS OOJIbIIE, YEM OCTATKOB
CWJIBHBIX KUCIIOT, & OCTABIIUECS MIEIOYHBIC METALIBI OOBEIUHSIIOTCS CO C1a0bIMU KUCIIOTHBIMH OCTAT-
kamu (CO;5;7, HCO.;) ¢ oOpazoBanueM nepBUYHOM mienouu. [1o Mepe yBeTHUeHHs KOJHYECTBA MEI0UYH
menouHo3eMenbHble Metamibl (Ca’, Mg") 00bequHAIOTCS ¢ OCTANbHBIMU OCTATKAMHU CIIa00H KMCIOTHI ¢
obpazoBanreM BTOpHYHOH miemoun, a yriuesomopoasl (Ca (HCOs),, MgCO; Mg (HCOg),, Mg
(HCO:s),) yBenu4uBaroTCs, THIT BOIBI MCHSCTCS M CTAHOBHUTCSI [IIETIOYHOM.

[Mocne aToro Hamu OBUTM TPOBECHBI UCCIIEIOBAHUS, 1IE]Tb KOTOPHIX ObLIA MPOBEPUTH JICHCTBHE
3%-X KOMIIO3UTOB B IIACTOBOM Boje HAa He(Th. Jlst aTOTr0 M3 5%-r0 pacTBOpa KUIKOTO CTeKIa, 2,5%-
ro pactBopa HaHOXxene3a u 1%-ro pactBopa BA®-1 u BA®-2 B /IO npuroroBumm 3%-i pactBop
KOMIIO3HTA B IJIACTOBOM BOJE, B3ATOW M3 ATa4aiicKOro MPUEMHOTO MIYHKTa, U WX MPUOABISLIIN K 00pa3-
ny Heti B ob6beme 300 MII M clequiIn 3a M3MEHEHHWEM MX IoKazaTeleid. Pe3ynbTaThl mpUBeIeHBI B
tadnuie 4 u 5.

Tabauua 4
Bo3zneiicrBue 3%-ro pactopa (60mJ1) KUIKOr0 CTEKJIA B IJIACTOBOI BO/Je HA MOKA3aTeIU HeTH

Ne [Tokazarenu Jo nobaBku [ocae no6asku 100m1)

1. Uucras HeTh, % 60,0 68,0

2. V nenbHBIN BEC, KT/M® 889,5 891,0

3. Brigenennas Boaa, % 1,67 10,0

4, Kunemartunueckas Bs3kocTh, cCT 12,0 48

5. Cwmonsl, % 40,0 34,0

6. Mexanunueckue cMmecu, % 32,33 22,0

Kak BugHO M3 TabuuIikl 4, mocie 100aBKU YUCTOTa 0Opa3ia HeTu MmoBkIacTces Ha 8%, yaeib-
HbIH Bec — Ha 1,5/M°, BolnenenHas Boga — Ha 10%, a KHHEMaTH4YECKas BS3KOCTb Hedtu Ha 7,2 cCr, KO-
JIUYECTBO CMOJIBI U MeXaHW4ecKre cMecH ymeHbmatorcs Ha 6% u 10,33%, cooTBeTCTBEHHO.

Tabnuya 5

BozaeiictBus 3%-ro pacteopa (60mu) pearenToB BA®-1 u BA®-2 B mi1acroBoii Boae

HA NoKa3aTeju HepTu

No Iloxa3zaTenu Jo nobaBku ITocne mo6asku (100mi1)
1. V nennHEIH BeEC, KT/MS 870,0 885,0

2. Uucras HeQTh, % 66,0 70,0

3. Brinenennas Boma, % 0,0 13,33

4, Cw™moisl, % 40,0 26,0

5. Kunemarnueckas Bsi3kocth, CT 7,0 2,8

6. Mexanunueckue cMmecu, % 30,0 20,0

W3 TaGmuie! 5 BUIHO, UTO HOCHE JOOABKH Y/Ie/bHbIi Bec HedyTH moBbimaercs Ha 15 kr/m® (20°C),
ynctoTa — Ha 4%, BhIZeNeHHast Boja Ha 13,33%, a kuHeMaTuueckas Bs3kocTh HehTH — Ha 4,2 cCr, KO-
JIMYECTBO CMOJTBI M MEXaHUUECKUE CMECH YMEHBINIAIOTCSI COOTBETCTBEHHO Ha 14% u 10%.

Pesynprartel n1a00OpaTOpHBIX HMCCIEAOBAHMH MMOKa3amd, 4yTo 5%-il pacTBOp KHIKOTO CTEKJa,
2,5%-i1 pactBop HaHoxene3a U 1%-il pacTBOp HAHOCTPYKTYPHBIX KOOPIMHALMOHHBIX MOJUMEPOB B
JIIO cHmWKAIOT MOCTOSHHYIO KECTKOCTh TIACTOBOM BOJIBI.

Kak u3BecTHO, )KeCTKOCTh BOABI 00YCIIaBIMBACTCS COMSIMH KaJIbLHM U MarHus B Boje. Taxke n3-
BECTHO, YTO BPEMEHHYIO >KECTKOCTh BOJIE MPUAAIOT THMIPOKApOOHATHI, a TOCTOSHHYIO — CYIb(aTsl U

xnopuzabl Ca u Mg (11).
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JKecTkoCTh BOJBI YCTPaHSIOT (PU3NYCCKUMH U XUMUYCCKHUMH METOJaMH.

XUMHUECKOE YMSTYCHHUE OCHOBAHO HA BBEJICHUM B BOJy PEarcHTOB, 00OTANIAIONINX e¢ aHHOHAMHU
CO3* n OH’, B pe3ymbTate gero obpasyiorcs TpyaHopacteopumsie CaCOs 1 Mg(OH),. [lst atoro npu-
POIIHYIO BOAY 00pabaThIBaOT TallICHONW U3BECTHIO MITH COZOM.

[Tupokoe pacnpocTpaHeHWE B TEXHUKE MOJYYMI METOJ| YCTPAHEHUS JKECTKOCTH BOJBI MyTeM
WOHHOTO oOMeHa. B 3ToM MeTojie Hcronb3yeTcsl CiocOOHOCTh HEKOTOPBIX MPHUPOJIHBIX H UCKYCCTBEH-
HBIX BBICOKOMOJIEKYJISIPHBIX COSAMHEHHH — HOHUTOB — OOMEHHUBATh BXOMAAIIME B UX COCTaB PaJHKaIbI
Ha VOHBI, HAXOIAIIUECS B PACTBOPE.

[To xapakTepy 0OMEHUBACMBIX HOHOB CpPEId HOHUTOB Pa3IMYaOT KATHOHUTHI U aHUOHUTHI. Ka-
THOHUTAMH SIBISIOTCS ATIOMOCHIIMKATHI Thma Ieonuto, Hampumep, Na[AlSi,Og] -nH,O, wuckyccr-
BEHHO MPHUTOTOBJICHHBIC THAPATHPOBAHHBIC ATFOMOCHIHNKATHI-IEPMYTHTHI, PSIJT CHIIHKATOB H JP.

Jnis yMsSTYeHus BOJBI IPUMEHSIOT TAKXKE Pa3InYHbIC HCKYCCTBEHHBIC OPTraHUYEeCKUE BBICOKOMO-
JIEKYJISIpHBIE BEIIECTBA, Ha3bIBAEMble HOHOOOMEHHBIMU CMOJIAMHU, KOTOPBIC COACPKAT AKTUBHBIC TPYII-
el —SO H, -COOH, -OH, -NH, =NH, [6].

KoMIo3uThl, MPUrOTOBICHHBIC HAa OCHOBE JKUAKOTO CTEKJIA, HAHOXKENE3a U HAHOCTPYKTYPHBIX
KOOPJIMHAIMOHHBIX MOJMMEPOB BBITIONHSIOT BBIIICYKa3aHHbIC (PYHKIMH U YCTPAHSIOT B KAKOW-TO CTe-
MIEHU KECTKOCTh IJIACTOBOM BOJBL. A B COCTaBE HCIIOJIb30BAHHBIX KOMIIO3UTOB coaepxutcs A0, B
KOTOPBIA BXOJAT Pa3INYHbIC HA()TCHOBBIC KUCIIOTHI, HATPUEBAs COJIb HA()TEHOBBIX KHUCJIOT U INEI0Yb,
KOTOPBIC BHIMOIHSIOT ()YHKIIMY HOHOOOMEHHBIX KATHOHOOOMEHHBIX CMOJT.

JKunkoe cTeKIo Takke SBJISETCS KATHOHHUTOM, COCTOSIIUM M3 MICTOYHBIX PACTBOPOB CHIIMKATOB
uatpust Na,O(SiO,], wumun K,0(SiO,], [7,8]. TIpoucxoasiuiit Mexay CHIMKATOM B HOHOOOMEHHBIMH
CMOJIAMH U KECTKOH BOJONH 00MEH MOHAMU MOXKHO CXEMAaTHUECKHU MPEICTABUTh CICAYIONUMH ypaBHe-
HUSIMU PEaKLUn:

(NaR) Na;R + Ca(HCO3), = CaR + 2NaHCO,
Na,R + CaSO, = CaR + Na, SO,
NaOH + MgCl, = Mg(OH), +2NaCl

rae R - aHnoHBI HAQTEHOBBIX KUCIIOT U CHIIMKATOB.

Bropoil komnosut cocrout u3 HaHoxkenesza u AI1O. 3aecs Tonpko HIO, B coctaB KoTOpOro
BXOJISIT HAQTEHOBBIC KUCIOTHI M HATPHEBAsI COJIb HA()TEHOBBIX KUCIIOT, ITPH B3aUMOJIEHCTBHUH C TUIACTO-
BOM BOJION CHUXKAET €€ HKECTKOCT.

Tperuit KOMIO3UT, COCTOSAIMINNA U3 HAHOCTPYKTYpPHBIX KOOPAMHAIMOHHBIX monumepoB u IO,
TaK)K€ CHIKAET JKECTKOCTh IUIACTOBOM BOJBI ITyTeM HOHHOTO OoOMeHa. VloHWTamMu SIBISIETCSI TaKxkKe
HATpHEBas COJIb HAQTEHOBBIX KUCIIOT, a KOATYJISIHTAMH — KOOPIWHAIIMOHHBIE TIOJIMMEPHI.

Takum 00pa3oM, U3 BBIIIEH3IOKEHHOTO MOXKHO CJIeNIaTh BBIBOJ, YTO IUIACTOBAsi BOJa MPU BO3-
JIEHCTBUH Ha TIPU3a00HYIO 30HY CKBaXKHH C pe€areéHTaMH MOXKET YCIICITHO UCTIOIh30BAThCS MPH IIPUTO-
TOBJICHUU KOMITO3UTOB.

Ha ocHOBaHWM pe3yNbTaToOB J1a00PATOPHBIX HCCIEAOBAHHUN OBbLT MIPOBEJCH PSJl MEPOTIPUATHI Ha
npu3aboiiHoi 30He ckBakuH 111 n 198 Ha mecTopoxnennn Canan u 1483 Ha MecTOpOXXIeHUN AMUp-
xaHnbel. M3 kaxaoro koMmmo3uta Obi1 npurotosiieH 3%-ii pacTBop B miactoBoii Boje. CreayeT oTMme-
THUTb, YTO ]IS TIPUTOTOBJIECHUS Kommo3uta ucmnonb3yercs 0,002 T HaHOCTPYKTYpHOTO peareHTa, 4To
cocrapysieT 0,017% ot obmielit Maccel. OcTanbHas Macca kommnosuta coctouT u3 IO u mnacroBoii
BOJIBI, KOTOPBIE SIBIISIOTCS OTXOJaMU He(TSHOW MPOMEBIIIICHHOCTH. B TedeHue rojga w3 3TUX Tpex
CKBKUH JIOTIOJHHUTEIBHO ObLIO T0OKITO eme 550 ToHH HedTH.

3aknouenue. Pe3yabTaTel MPOBEEHHBIX HCCIEIOBAHUN M OMBITHO-TIPOM3BOJICTBEHHBIX PaboOT
MOKAa3bIBAIOT, YTO C IIEJIbI0 JEHCTBUS Ha NPU3a00iHYI0 30HY CKBaKMH IPH HNPUTOTOBJIECHUH KOMIIO3U-
TOB Ha OCHOBE HAHOCTPYKTYPHBIX KOOPJWHAIMOHHBIX IOJIMMEPOB MOYKHO YCIEIIHO HCIOJIb30BaTh
KHUJIKAE OTXOJBI HEPTSIHOW MPOMBIIUIEHHOCTH, B YACTHOCTH, MIEJIOYHON OTXOJI TU3EIbHONU Qpakiuu 1
IIJIACTOBOM BOABI
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KOMPOZITLORIN HAZIRLANMASINDA NEFT SONAYESININ MAYE TULLANTILARININ
ISTIFADOSININ MUMKUNLUYU

F.T. MURVOTOV, B.T. USUBOLIYEV,
A.Q.RZAYEVA, M.M. HOSONOVA, A.Q. KORIMOVA

Maqals quyudibi zonaya tesir maqgsadile nanoquruluslu kompozitlerin hazirlanmasi zamani neft sonayesinin maye
tullantilarimdan — qolavilagdirilmis dizel fraksiyasi tullantisindan ve lay suyundan maksimum istifadonin miimkiinliyiino vo
zoruriliyino hosr olunmusdur. Laboratoriya todqiqatlarinin vo sonaye tocriibi-sinaq islorinin noticalori gostormisdir ki,
nanoquruluslu kompozitlarin hazirlanmasi zamani yuxarida gostarilon maye tullantilardan istifade etdikds reagent sorfi xeyli
asag1 diismokls barabor neftin reoloji xassolori yaxsilasir, neft hasilatinin effektivliyi artir vo lay suyunun torkibi yaxsilasaraq,
miihitin pH—1 zsif galovi olur.

Acgar sozlor: quyudibi zona, nanoquruluslu kompozit, qalavilosdirilmis dizel fraksiyasi tullantisi, lay suyu, suyun
codlugu.

POSSIBILITIES OF USING LIQUID WASTE FROM THE OIL INDUSTRY FOR THE
PREPARATION OF COMPOSITES

F.T. MURVATOV, B.T. USUBALIEV,
A.Q. RZAYEVA, M.M. HASANOVA, A.Q. KARIMOVA

The article studies to the opportunities and the need to use the liquid waste from the oil industry, such as treated with
alkali waste diesel fraction and layered water-in the preparation of nanostructural composites with the target of the action at the
bottomhole zone.

The results of laboratory studies and pilot production showed that when preparing nanostructured reagents using the
above liquid waste, in addition to reducing the costs of the reagent, the rheological properties of petroleum products are simul-
taneously improved, oil production is increased and oil production is improved, and the chemical composition of the produced
water is improved, the pH of which becomes slightly alkaline.

Key words: bottom zone, nanostructured composite, diesel-alkaline waste, formation water, water hardness.
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TEPMHUYECKASA ITPOYHOCTD
CNJIMKATHOI'O HOKPBITHUSA TPYBbI

H.I0. UBPATUMOB!

B cratbe uccienoBana TepMudecKkasi IPOYHOCTh CHIIMKATHBIX HOKPBITHH TPYO B YCIOBHSX BBICOKOMHHEPAIN30BaH-
HBIX CpeJl IPU MOBBIIIEHUN TEMIICPATyphl, 1aBICHUS U CKOPOCTHU IIOTOKA CPEbL.

YcTaHOBIIEHO, YTO HA TEPMHYECKYIO IIPOYHOCTH IMOKPBITHI TPYO BIIUSIOT: H3MEHEHUE TOJIIIHMHBI CTCHKHU MTOKPBITUS 1
pe3Koe YBEIMYEHHE OCTATOYHBIX TePMHUYECKUX HanpspkeHnil. Kosdduiment nuHeiiHOro pacuimpeHust HOKPBITHS OKa3bIBaeT
3HAUUTENHHOE BIUSIHUAE Ha TEPMUUYECKYIO IPOYHOCTh CHIIMKATHOTO MOKPBITHS TPYOBI.

IIpencraBneHo ycnoBre TepMUIECKOI MPOYHOCTH CHIIMKATHOTO MOKPBITHS TPYOBI.

Kniouesvie cnosa: cunuxamnoe nokpvimue mpyovl, ulepoxo8amocms, nepenao memnepamypbl, 3a3op mexncoy no-
Kpblmuem 1 Memaniom mpyobvl, mepmuiecKue HanpsadjiCeHus, ycioeue mepmMuieckoll npouHOCHU.

DOI: 10.52171/2076-0515_2021_13_01 80 84

Beenenne. B TexHonornueckux nexax HeTEXMMHUYECKOTO 3aBOAA TPYObI PAa3IMUHBIX AUAMET-
POB M3 CTalM BCEX MAapOK pa3pylIAlOTCs TOJ| JEHCTBHEM KOPPO3MOHHO-MEXaHHMYECKOTro H3HOCA.
Haunbonee WHTEHCHBHO STH MPOIECCHl MPOTEKAIOT HA BHYTPEHHEH MOBEPXHOCTH TPYO B pe3yJsbTare
KOHTaKTa METAJUINYECKOH MOBEPXHOCTH C MUHEPAJIM30BAHHBIMH CPEIaMH B IIMPOKOM JHAMa30HE 3Ha-
YEHHUH TEMIEePaTyphl (300-500° C) 1 naBnenns (30-50 MIla) [1, 2].

B Hacrosmee Bpemst Ha HeTEXUMHUUECKHX M TETIOOHEPTETHUECKUX YCTAHOBKAX JJISl 3AIUTHI
TpyO OT KOPPO3UH ¥ MEXAaHWYECKOTO HOBPEXACHHS B BEICOKOMHUHEPATN30BaHHON Cpelie MPUMEHSIOTCS
CHJIMKATHbIC TOKPBITHA (KEPaMUKa, IMajb, CTEKIO U T.J.). OTU TPyObl pabOTalOT B YCIOBHUIX BBICOKHX
TeMIlepaTyp, AaBJICHUI U CKOPOCTEH MOTOKA arpecCUBHBIX cpej [2].

N3BECTHO, YTO CHJIMKATHBIE MOKPBHITUS YCTOMYMBBI K BO3JACHCTBUIO MUHEPAIN30BAHHON CPEJIbI
U BBICOKMX Iiepemnaj Temmepatyp. OaHako, IOMUMO YCTOWYMBOCTH K arpecCHUBHBIM peareHTaM, CHIIU-
KaTHBIC MOKPBITUS HA CTAJBHBIX TPYOax JOJDKHBI 00JIaAaTh BBICOKOH TEPMHUYECKOW MPOYHOCTHIO. JTO
CBOWCTBO 3aBHCHT B OCHOBHOM OT COCTaBa MOKPBITHS, (PU3NKO-MEXaHUUIECKOTO CBOWCTBA, HAPSHKEH-
HOT'O COCTOSTHHUS HOKPBITHUS TPYOBI U T. 1.

B nepuop skcrmyaTaudu CHMIIMKaTHBIE TPYOBI MCIBITBIBAIOT PE3KUE IMepenabl TeMIepaTyphl,
YTO MOJKET BBI3BaTh B MOKPBITUAX YIPYTHe HANPsSIKEHHS, MPEBHIIIAIONIME MPEAes MIPOYHOCTH MOKPHI-
THSl, U IPUBECTH K Pa3pyLICHUIO OKPBITHS CIIOEB TPYOBI.

IMocTranoBka 3agaum. [Ipy NOBBILICHUH TeMIEpaTyphl cpelbl eOpMalUl HOKPBITHSI U Me-
Taya TpyOsl ONMpEeNstoTeS UX KodPPUIIMEHTaMU JTMHEHHOTO paciupeHus. B aToMm ciydae paBHOBe-
CHe JIBYXCJIOHHBIX CHCTEM TpPyOBl HACTYIAET TOCJIE TOTO, KaK B MOKPBITUM U B METalie CO3/IAI0TCS
TEPMHUUYECKU-YIIPYTHE HAPSKEHUS pa3HOro 3Haka [3, 4]. [loaToMy BennmurHa TEPMUYECKON TPOYHOCTH

! A3zepOaiipkaHCKUH TOCyJapCTBEHHBIN YHHBepcuTeT HehTH 1 npoMeiiuieHHocTH (AI'YHIT)
Ibragimov Nazim, E-mail: nazim.ibragimov2015@mail.ru
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Tepmuueckas npoOYHOCMb CUTUKAMHO20 NOKPLIMUS MPYObl

MOKPBITHSI JODKHA OTJIMYATHCSA OT TEPMOCTONKOCTH MaTepHalia MOKPHITHS B CBOOOTHOM COCTOSIHUU. B
OOJBIIMHCTBE CITy4aeB BCIEACTBHE HEJOCTATOYHONW TEPMHUUYECKOW MPOYHOCTH Pa3pyIIEHHE MOKPBITHS
TpYOBI HACTYTIAET paHbIIIe, YeM pa3pylIeHNE B PE3YyIbTaTe XHMHUYECKOTO BO3/ICHCTBYS, N3HAITNBAHUS H
Opyrux (paxTopoB.

Pemenue 3apaun. B pe3ynpTaTe aHamu3a METONOB pacyeTa TEPMUYECKON MPOYHOCTH OPraHu-
YECKOT0, HEOPTaHMYECKOTO, & TAKXKEe METAJUIMIECKOTO MTOKPBITHS TPyO, MpUBEIEHHBIX B padoTtax [4, 5],
YCTaHOBJICHO, YTO TIOJIYYCHHBIC (POPMYJIBI HE MOTYT HEOCPEICTBECHHO HCIIOJIB30BATHCS JIJISl TePMUUC-
CKOH MPOYHOCTH CHUJIMKATHBIX TPYD. DTO OOBICHSIETCSA TEM, UTO CYIIECTBYIONIUE (DOPMYJIBI HE YUHUTHI-
BalOT TEPMUYECKU-YIIPYTHUE OCTATOYHBIE HAMIPSDKEHUS TP HAHECEHWH TIOKPBITHH TpYO [5].

UToOBl y4ecTh 3TH SBJICHHUS W BIUSHHUS CYIICCTBYIONIMX (DaKTOPOB HAa TEPMHUYECKYIO MPOY-
HOCTb, BOCTIOJIB3yEeMCsl YCIIOBUEM COBMECTHOCTH Je(pOpMAaIIi MOKPBITHS M METAJUTUYECKON YacTH TPY-
OnI (puc.).

Yy ———

A
v
A
A 4

Puc. Cosmecmnas mepmuueckasn depopmayus noOkpvimus u mpyoul: 1 — cmanvhas mpyéa, 2 — cunuxamuoe
nokpvimue; 3 — oeghopmayus memaniuieckol mpyovl, 4 — deghopmayus CUTUKAMHO20 NOKPLIMUSL

YcnoBue COBMECTHOCTH MTPOJIOIBHON JiepopManuy MpeI0CTaBICHO B CIEAYIOIEM BHUIE:
e=xy T+U; =a,T—-U, Q)
rIe aq, &y - Ko3QQUIMEHTH! TUHEHHBIX PACIIMPEHUH MOKPBHITUS B MeTamia Tpyobl; T - TemriepaTtypa
HarpeBa CUIIMKATHOTrO NOKPbITHsA TPYObl; U; U, - OTHOCUTENbHBIE YJIMHEHMs HOKPBITUS M MeTajla
TpyOBI U onpezensiercs 1o 3akony ['yka.

_ 0 . _ 0
U1—E_(1—H1)-U2—E_(1—ﬂ2) 2)
1 2
3nech 04, 0, - HOpMaJIbHbIE PACTATHBAIONINE (C)KUMAIOIIUE) HANPSHKEHUSI METAIJIa U TTIOKPBITUS TPYOBI;
E1 E; py, pp- Monyns ynpyroctu u kodgduuuents! [lyaccona nokpbITHs U MeTajlIa TpyOBL.

C npyroii CTOpPOHBI, U3 YCIOBUSI PAaBHOBECHS YCHIIMS IIOKPBITUSL U METaJlIa TPYOBI, TP pacTs-
JKEHHH (CKATUH) CHIIMKATHOTO IOKPBITHSI TPYOBl HMeeM:

0,F+0,F,=0 (3)
rae F;, F, - mionaay monepevyHoro ceueHrne MOKPBITHS U METaJIa TPYOBI.
Fy =n(R; — R); F, =m(R} - Rj) (4)

rae Ry, Ry, R; - BHyTpeHHUI, HOrpaHUYHBII U HAPYKHBIH PagyChl IIOKPHITHS U TPYOBI.
Pemas coBmectHO ypaBHenus (1) u (3), ¢ yueTom BeIpakeHUs (2) nMeeM:
01=Enp (@ — a1) T, 05=Epp, (@ —ay) T (%)

81



H.IO. Hbpazumos

3nech Epnp, s Enp,- TPUBEIECHHBIE MOJYJIH YIPYTOCTU MOKPHITUS U METAIUIA TPYObI, KOTOPBIE MOXKHO

3almcaThb TakK:
Eq E;

Enp1:1—u1F LAz Enpzzl_ﬂlF Y (6)
Eq 1 Ep 2 Eq1 2 Eo 1
VcnoBre pa3pyiieHus HOKPBITHS TIPU TOBBIIIEHHH TEMIIEPATYPBI:
01 < 0p—0p (7

TZIe 0y - OCTaTOYHOE HAIIPSHKEHUE MPH CXKATUH NMOKPBITUA [3]; 03, - mpeaen NpOYHOCTH IPHU PacTHKEHUU
MOKPBITHUS TPYOHI [2].

YuuteBas Gopmynsl (5) u (7), MOXKHO ONpeNeNuTh Mepenan TeMIepaTypbl, IpH KOTOPOH
JOJDKHBI Pa3pyIIAaThCSI MOKPBITUS BIOJb LIEHTPAIbHON OCH TYOBI:

T—Ty=AT=—2%__ €))

Enp, (X2—ay)
rae Ty - TemnepaTypa oKpy»Karomen cpesl.

AHaJIOTHYHO MOXKHO OINpPEIENUTh TEPMHUYECKYIO0 IMPOYHOCTH IOKPBHITHSA IO PagUaIbHOMY
HaIlpaBJICHHUIO, JOTIOJHUTEIBHO ONPEAEIHB IO IONEPEUHBIX CEUCHNI MOKPBITHS U METaJlla TPYy-
ObI:

Fi=2nR,l F,=21R,! 9)
3neck | - nmuHa ydactka TpyOBbI.

Pe3yabTaThl pacuera. 1 WUTIOCTpanyuy NOIyYeHHBIX GopMy (6) u (8) mpoBeIeHBI pacueThl
TIpU CIIEYIOINX JaHHbBIX [4]:

11=0,280, E; = 0.75 10° MIIa, A, = 8,13 1073C™*

4>=0,207, E, = 2.1 10°> MIla, 1, = 13,6 1076C™!

B Tabauue 1 nmpuBeneHs! pacyeTbl TEPMUUECKOTO Pa3pyIICHUs [0 OCEBOMY HAIPABJICHUIO I10-
KPBITUS TPYOBI.

Tabnuuya 1.
Pe3yabTaThl pacueTra TEPMHUYECKOr0 paspylleHUsl NOKPBHITHA TPYObI
Pamuycer nByxcioitHod TpyObl, MM OcraTouHble IIpenen AT, °C
Ry R, R; HaIMpsDKEHUA MIPOYHOCTH
0o,MIla o, ,Mlla

19 20 25 38.5 74.5 442
31 32 38 32.3 62.4 383
48 50 o7 28.1 59.3 345
58 60 39 24.8 54.9 232
67 70 75 22.3 52.2 210
77 80 89 214 50.1

OnbITH ImoKa3aji, 4TO 3TO HAINPsS)KCHHOC COCTOAHHME I10 BCIMYMHE HHOrJa IIPEBOCXOIUT
HaINpsHKSHUs JOMYCKaeMOro 3HAYECHUs PACTSDKEHUS (COKATHsI) TMOKPBITHSA M YTO HAOJIONAFOTCS TPELIH-
HBI, OTCJIaWBaHUsI M Pa3pylICHUs] TOBEPXHOCTH TMOKPBITHs TPyObl. Ilpu oxmaxneHnn (HarpeBaHuM) B
TOPUECBLIX ITOBEPXHOCTHLIX CJIOAX HOKpBITI/Iﬁ BO3HUKAIOT MMPOJOJIBHBIC U OKPYKHBIC TCPMUUYCCKUEC OCTa-
TOYHBIC HANPSDKEHHS CxKaTust (pacTspkeHus). [103ToMy TPOYHOCTh CHITMKATHBIX TPYO OyIeT 3aBHCETh OT
9TUX HaNPsHKEHUH, BOSHUKAIOIIUX HA IIOBEPXHOCTH MOKPHITHSI.

[ony4yennas dopmyna (8) MO3BOISAET ONPEACTUTh TEPMUUECKUE Pa3pYIICHUS, BOSHUKAIOIIHE
MIPHU PaCTSDKEHUH (CXKATHH) TMOKPBITHS M MeTajuia TPyObl ¢ YY4ETOM OCTATOYHBIX HANpPSKEHHWH MOKPHI-
THSL.

0, = 61160.0, = 0, — Gy (10)

TAC Oy, Op - TCMIICPATYPHBIC HAIPS?KCHUS IMOKPBITHUA U METaJllla TPY6BI C yLIéTOM OCTATOYHBIX HAIIPSKE-

HUH; Gp— OCTaTOYHOE HANPSHKEHHE HA TPAHMIIE TIOKPHITUS C METAJNIOM TPYOBL.
OcraTouHOe HaMpPsHKEHUE OMPEesIeTCs 10 cienytomieit popmye [4.5]:
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Tepmuueckas npoOYHOCMb CUTUKAMHO20 NOKPLIMUS MPYObl

R R
E,_(R%_R%) fR; a,Trdr — E;(R3_ RY) lez a,Trdr
Og =
(1-u1)R5 (R5—R3)

rJie I - TeKYIIHH Pajiyc MOKPHITUS U TPYOBI.
CrexyeT OTMETHTb, YTO TPH BBICOKOW TeMIlepaType HarpeBaHus (JIMOO OCTHIBAHWH) MEKIY
METAUTHUECKOW TPyOOl M CHIIMKATHBIM MTOKPHITHEM BO3HMKAET KOHTAKTHOE JaBJICHHE, OMPEaeIsIeMoe
o popmye [3,4]:
o = B8 (R3=RY) (Rs— RY)
K™ 2R2 Rs— R?

11

rae P, — KOHTaKTHOE JaBiieHHE; O — 3a30p MEXIy METAJUIOM U IIOKPHITHEM TPYOBI.
Brruncnsiercs mo cnepyromieit popmyore:
0=U,-U;
U;, U, — panuanpHble epeMeneHns IOKPBITHS U METalla PaBHBIL:

— 2 2
Ul - 1-py R3R2 Pk _ 1+u; RiRs Pk ( 12)

E; RZ-R? E; RZ-R?
_1-u, RS 1+ 4, R3Rs
U, = E R—Rzpk+ E, RZ-R?
2 2 1 2 2 1

Pk

Taxum o6pa30M, paagruaIbHBIC U TAHI'CHIHUAJIIBHBIC HAIPSAYKCHUA, BOSHUKAIOIIHUE B IMMOIICPCYHBIX
CCUCHHUSIX CUIIMKATHOTO MOKPBITHS TPYObI, ONPEIEIIAIOT 1O (GOpMyIaM cOCTaBHBIX TPYO [4].

_ P«R{ R

"T RZ-R2 -3 (13)

r2

P(R?
=z (*
R3-R?
VYuuThIBas HANpPsDKEHUS, BOSHUKAOLINE B IPOAOJIBHBIX U MONEPEUHBIX CEUCHUAX CHIMKATHOTO
MOKPBITUSL TPYOBI, MOXKHO OMNPEACTUTh YCIOBUE Pa3pyLICHUsS] TMOKPBITHS MpPU BO3JCHCTBUU BBICOKUX
TEMITEpaTyp MO SHEPreTHUECKOM TCOPUH IPOYHOCTH Clieayonmm odpazom [5, 6].

R
r2

Gt

Jo2 + a2 +02 —oy0, —oy0.— 0,0, <[oy] (14)

rae [0y, ] - npenen mpoYHOCTH MPU PACTSHKEHUH CHIIMKATHOTO HOKPBITHS TPYOBI.

JJist iIuTIoCTpalMy OTy4eHHOH (GOopMyIBl MPoBeAEM pacu€T Ha MPOYHOCTh CHIIMKATHOTO I0-
KPBITHS TPYOBI IpH creytommx Aaunbix: T = 300+400°C; 0,=8,13x10°%¢; 0= 13,6x10°%"

B Tabnuie 2 npuBeneHs! pe3yabTaThl pacuETOB HOKPHITHS TPYOBI.

Tabnuuya 2
IlapameTpsl U pacyéTHbIE 3HAYECHUS HANPSAKEHUH MOKPBHITHH TPYO
Pasmepel TOIHHBI TeMmnepaTypHble HalIpsSHKEHUS IIOKPBITHS, OCTAaTOUHbIE Ipenen

Mra IIPOYHOCTH

Tpyo MIOKPBITHS HAIPSOKEHUS HOKDEITHS

MM Mwm G, o o Go, Mna [0, ], MITa
0 19x1,5 0,1+0,2 28,5 354 16,2 214 46,2
0 25x2,5 0,2+2,5 32,4 40,2 18,5 24,6 58,4
0 32x4,0 0,3+0,4 38,5 46,3 20,4 26,2 61,2
0 27%3,5 0,4+0,5 40,2 51,2 22,5 30,5 70,3
0 57%3,5 0,5+0,8 42,3 56,5 28,4 32,4 75,1

[onyuyennsie Gpopmynsl (10), (13) u (14) NO3BONAIOT ONPEACTUT YCIOBHE Pa3pyLICHNUs CHIH-
KaTHOTO TOKPBITUS TPYOBI.
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3akuawuenue. Pe3ynbraTel HCCICIOBAHUSA TEPMUYECKOH MPOYHOCTH CHIIMKATHBIX TOKDPBITHI
TpyO mMoOKa3aiv, YTO YMCHBIICHUE TOJIIMHBI CTCHKH MOKPBITUS B mpenenax 1.5-0,5 MM BBINONHSAET
YCIIOBHE MPOYHOCTH TIOKPBITHS OT TIOBEIIICHHUS TEMITEPATypPhI 210°C npumepro 10 450°C.

AHanu3 MOJyYeHHBIX PE3yJIbTaTOB MOKA3BIBACT, YTO HA TEPMUYECKYIO MPOYHOCTH MOKPBITUSL
3HAYUTENLHO BIHsIET KO3(QOUIMEHT JIMHEHHOTo paclIupeHus OKPBITUS TPYObl. PaccunTano ycioBue
MPOYHOCTH CHJIMKATHOTO MOKPBITUS TPYOBI.
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BORUNUN SIiLIKAT ORTUYUNUN TERMiKi MOHKOMLIiYi
N.Y. IBRAHIMOV

Mogalada yiiksak minerallagmug mithitds yiiksok temperatur ve tozyiq altinda siirstli harakot edon miihitin silisium
ortiiklorinde borunun temperatura davamliginin todqiqati apartlmisdir. Ortiiylin xatti genislonme omsalinin  borunun
temperatura davamligina tosir gostormosi askar edilmigdir. Ortiiyiin mohkomlik sorti toqdim olunmusdur.

Acgar sozlar: silisium ortiiklii borular, temperatur diismasi, kalo-kotiirliik, temperatur gorginliyi, ortiik ilo metal
arasinda ara boslugu, ortiiyiin mohkamlik gorti.

THERMAL STRENGTH OF SILICATE PIPE COATINGS
N.Y. IBRAGIMOV

The article examines the thermal strength of silicate coatings of pipes in highly mineralized environments with an
increase in temperature, pressure and flow rate of the medium.

It has been established that the thermal strength of pipe coatings is influenced by a change in the thickness of the
coating wall and a sharp increase in residual thermal stresses. The coefficient of linear expansion of the coating has a signifi-
cant effect on the thermal strength of the silicate coating of the pipe.

The condition for the thermal strength of the silicate coating of the pipe is presented.

Key words: silicate coating of pipe, roughness, temperature drop, gap between the coating and the pipe metal, ther-
mal stresses, thermal strength condition.
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SISMIS GILLORIN BORPASINA VO KECIRICILIYINO
HOLLEDICI TORKIBLORIN TOSIRININ TODQIQI

E.A. MOMMODOV?!, M.F. 9SODOV!, T.P. MUSAYEV?,
V.M. FOTOLIYEV?, K.L. ZEYNALOVA! G.R. IBADOVA®

Mogqalodo miixtolif torkibli holledicilor vo sathi-aktiv maddolorin (SAM) gil-qum qarigigindan ibarot lay modelindo
neftin kapilyar islatmasina tasiri todqiq edilmisdir. Tadqiqatlarda hoalledici kimi toluol va izopropil spirtinden, SAM kimi isa
naften tursusu osasinda miirokkeb efir, kation sothi-aktiv madds ve LKI1A deemulqatoru istifade olunmusdur. Miiayyan
olunmusdur ki, suyun adsorbsiyasindan sonra qum+gil qarisiginin izopropil spirtinds 5,0 %-1li mohlul ilo yuyulmasi neftin
niifuzetms siiratinin gismen barpasina sabab olur. Lakin, neftli (qum+gil) qatinin torkibinds 1,0 % naften tursusu olan toluol
ilo, sonra isa sathi-aktiv maddenin izopropil spirtinde 5,0 %-li mohlulu ils emal olunmas: neftin kapilyar islatma siiratinin
yiiksalmasini tomin etmisdir.

Acgar sozlor: kapilyar islatma, gil, qum, miirakkab efir, sathi-aktiv maddas, deemulgator.

DOI: 10.52171/2076-0515_2021_13_01_85_91

Giris. Bentonit gillorinin osas torkib hissasi montmorillonit(Al,03-4Si0,-H,0) va baydelitdon
(Al,03-3Si0,-nH,0) ibarotdir. Miibadilo kationlarmin torkibino goro bentonitlor qgolovi (osas
komponenti natrium kationudur), qolovi-torpag (kalsium, magnezium, kalsium-magnezium vo
magnezium-kalsium bentonitlar) va garisiq tipli (golovi va galavi-torpaq kationlarmin migdari toxminan
borabardir) olmagqla forqli xassalors malikdirlor [1, 2].

Giller su ilo tomasda olduqda su qatlararas1 fozaya daxil olur, gil hissaciklori sisir vo sulu
suspenziya amoalo gotirirlor. Montmorillonit qrupu minerallarin sath xassslorini shamiyyatli doeracads
doyismok iiclin miloyyon kationlarla sothin modifikasiya olunmasi kifayatdir. Gilin hidrofoblugunu
artirmaq {i¢iin NH,,H" (tursu ilo aktivlesdirmo), Na* K*, Mg*" kationlarindan istifade olunmalidir.
Miibadilo hacmi normal doydurularken hidrofob xassoli materiallar alina bilor [3]. Gil minerali
strukturunda olan Na* vo Ca*" ionlar yiiksok yiik sixligma malik oldugundan giiclii hidratlasma
qabiliyyatine malikdir. Gilin sigsmasine sobab olan adsorbsiya olunmus su saths hidrogen rabitosi ils
mohkam birlasir vo 6z fiziki xassolorine gors adi sudan forqlonir. Anomal xasssli adsorbsiya olunmus
su gatinin qalinligr gil mineralinin tipindan va sothin hidratlagsma xarakterindon asili olaraq doyisir.

Layin quyudibi zonasinda gillarin sismoasi naticasinds suxurlardan quyu mohsulunun siiziilorak
quyudibi zonaya axini zaifloyir vo hotta tamamils dayana bilir. Bu problemin halli istigamstinds bir sira
tadgiqatlar aparilmis va davam edir [4-9].

Isin moaqgsadi. Sismis gillorin barpasini uzunmiiddoatli tomin etmok mogsadilo holledicilorin vo
miixtalif torkibli sathi-aktiv maddslorin todqiqi ve quyudibi zonanin islonmasi texnologiyasinin
iglonmosidir.

Problemin formalasdirilmasi. Layin quyudibi zonasinda sismis gillorin barpasi neft hasilatinin
artimini tomin edon amillordon biridir. Bu moqsadle layin quyudibi zonasinin polielektrolitlarlo,
torkibinds natrium karbonat va hidrogen peroksid, tursular olan mshlullarla emal olunmasi vo basqa

! Azerbaycan Texniki Universiteti
+ Asadov Musa, E-mail: musa.asadovl@gmail.com
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metodlar iglonmisdir. Gilli minerallarin sathi iizvi maddslarls ortiilii oldugundan bu metodlarin totbiqi
zamani ion miibadilo proseslorinin siirati adoton ¢ox asagi olur. Digor torofdon dehidratasiya zamani
disperqasiya prosesi baslayir. Sothdon ayrilan hissaciklor neftin agir komponentlori kimi masamolarin
kanallarinda toplanaraq filtrlonmonin tam kosilmosine vo ya xeyli
zoiflomosino sabab olur. Quyudibi zonanin kimyavi reagentlorls islonmasi
zamani bu hallarin qarsisini almagq iigiin holledicilorin, sothi-aktiv maddslorin
tadqiqi vo prosesin texnologiyasinin islonmasi aktual massladir.

Isin aparilmasi. Layin mosamolorinin sothi-aktiv madds vo neftlo
secici islatmasini todqiq etmok emaldan sonra suxurlarin sothinin xarakterini
xarakterizo etmoyo imkan verir. Bu tadqiqatin asasi kapilyar islatma metodu
toskil edir [10, 11].

Kapilyar islatma iizro islor lay modelindo, mosamali miihit kimi
0,01-0,25 mm fraksiyali kvars qumundan istifads etmoklo aparilmisdir.

Laboratoriya modeli kvars qumu ilo 120 mm hiindirliys kimi
doldurulmus diametri 20 mm olan siiso borudan ibaratdir (sokil 1).

Tacriibalor qumda qaliq suyun olmadigi seraitde aparilmisdir. Bu
mogsadlo qum istifadodon svval 105 °C-do qurudulmusdur.

Laylarin nisbi kegiriciliyi suxurlarin mosamsliliyinden, hamg¢inin
tadqiq olunan neftlorin fiziki-kimyavi xassolorindon asilidir.

Aparilmis todgiqatlarda H.Z. Tagiyev adina NQCI Buzovna-Qala neft
qarigigindan  istifado olunmusdur. Neftin gostoricilori  cadval  1-do
gostorilmigdir. Bizim apardigimiz todqiqatlarin mahiyyoti asagidakilardan
ibaratdir: yuxarida yazilan metodla hazirlanmig mesamsli miihitin niifuz
etmoasi ovval neftlo miioyyon olunmus, sonra iso neftli qum miixtalif

Sakil 1. Neftin va sathi-
aktiv maddoalorin

torkiblorlo tomizlonmis va sath ingibirlosdirilorak neftin niifuz etmasi todqiq kapilyar islatmasinin
olunmus vo naticolor miiqayiso olunmusdur. Neftin emal olunmus qum tadqigi tigiin qurgu.
niimunolorinds niifuz etmosi qumun vahid vaxt orzinds islanma hiindiirlityiino ~ Biizmali sothli giiso

boru; 2 — qum gati;

gora ifads olunmusdur. 3 — metal tor

Qumun neftlo kapilyar islanma siirati hor 5 mm qum qatina neftin
galxma vaxtina gors miioyysn olunmusdur. Neftin yuyulmus vo qurudulmus qum qatina niifuz etmo
stiratlorinin qiymati codval 2-do gdstarilmisdir.

Alinan naticalor gostarir ki, bu qum niimunasinag neft ilk anda boyiik siiratlo niifuz edir — ilk 20
mm hiindiirliikds siirat 1,25-2,15 mm/daq toskil edir. Vaxt kegdikca bu siirat tadricon azalir vo sonda
0,08 mm/doq olur. Bu onunla slagodardir ki, agagi zonalarda qumun sothinds toplanmis neft onun
sonraki horaketini ¢otinlogdirir vo neftin niifuz etmo siirsti koskin azalir. Miisahido olunan asililiq
grafiki halda sokil 2-da gostarilmisdir. Sonraki marhalode qumun iizarinds y1g1lmis neft toluol vasitasila
yuyulmusdur. Yuma ii¢lin gotiiriilon toluolun hacmi bir hacm quma barabar olmusdur. Qum toluol ils
yuyuldugdan sonra qurudulmus, sonra yenidon neftin niifuz etmosi tadqiq olunmusdur.

Alinan naticalarden goriiniir ki, toluol ilo yuyuldugdan sonra qumun ilkin xiisusiyyatlori qisman
barpa olunur va ilk anda neftin kapilyar islatma siirati yiiksok (1,71-2,31 mm/daq) olur. Lakin sonradan,
neftin niifuzetms siiroti tomiz qumda alinan gostericilorlo miigayisads daha kigik olur. Bu iso qumun
neftdon tam tomizlonmomasi ilo slagadar ola bilor. Buradan bels bir naticoya golmak olar ki, qumun
avvalki xiisusiyyatlorini tam barpa etmok ii¢iin istifade olunan halledicinin miqdar1 ¢ox gotiirilmalidir .

Cadval 1
Buzovna va Qala yataginda ¢ixarilan neft garisiginin analizi naticalori
Ne Gostaricilarin adi Gostaricilorin giymati
1 20 °C-do sixlig, kq/m’ 917,1
2 Birlogmis halda suyun miqdar1, % 15,0
3 20 °C-do dinamik 6zliiliik, mPa-san 80,524
4 Kiikiird birlogmalorinin migdari, % 0,2049
5 Emulsiyada duzlarin miqdari, mgq/l 380,0
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Cadval 2
Qumun neftly kapilyar islanma siiratino reagentlorin tasiri
Qumun neftls kapilyar islanma siirati, mm/daq
Neft- Buzovna-Qala sahasi, t=25 °c
Qum qgatinin Qumdan neft toluol ilo Qumdan neft toluol ilo
hiindiirlityii, mm Yuyulmus tomiz yuyuldugdan va yuyuldugdan va 1,0 %-li
qum guruduldugdan sonra LK2A ils islondikdon sonra
0 0 0 0
5 1.7 1.71 1.77
10 2.08 2.31 1.33
15 2.15 1.05 1.25
20 1.25 0.55 1.2
25 0.86 0.45 1.1
30 0.64 0.42 0.97
35 0.52 0.38 0.8
40 0.32 0.33 0.52
45 0.14 0.28 0.35
50 0.08 0.16 0.25
2.5

.

[uny
A

Neftin niifuzetma siirati, mm/daq

o
o w
]\

10 20 30 40 50 60 70
Qum qatinin hiindirliiyii, mm

o

Sokil 2. Qumun neftlo kapilyar islanma siiratina reagentlorin tasiri:
Tomiz qum, 2. Neftli qum toluol ilo yuyulduqdan va quruduldugdan sonra; 3. Qum toluol ila
yuyuldugdan vo LK2A deemulqatorunun toluolda 1,0 %-li mahlulu ila islondikdan sonra.

Qumun toluolla yuyuldugdan sonra sathinin sathi-aktiv madda ils islonmasinin tasirini tadqiq
etmak tgiin LK2A deemulqatorundan istifado olunmusdur. Deemulqator izopropil spirtinds 1,0 %-li
mohlul halinda istifade olunmusdur. Neftlo doyduruldugdan sonra toluolla yuyulmus, sonra iso
deemulqgator mohlulu ilo islonmisdir. Qum quruduldugdan sonra neftin kapilyar islatmasi todqiq
olunmusdur. Alian naticalarin tohlili gosterir ki, avvalki iki haldan forqli olaraq burada neftin kapilyar
islatma siirati qum qatinin hiindiirlityii boyu yiiksok qiymste malik olur- deemulgatorun qumun sathindes
adsorbsiya olunmasi naticasinda neftin sothda ilismasi zaiflayir vo bunun naticasinds qum qatinin neftlo
doyma vaxti azalir (sokil 2).

Qumun sothino miixtalif sothi-aktiv maddolorin mohlullar1 ilo tosir etdikdon sonra neftin
kapilyar islatma siirati todqiq olunmusdur. Sathi-aktiv madds kimi Laprol-3603 poliefir gotrani, naften
tursusu asasinda aliman miirokkab efir vo kation sothi-aktiv madde - KSAM1 — istifads olunmusdur.
Mohlullar tomiz qum qatinin izorinden buraxilmagla emal aparilmig, sonra qum qurudulmusdur. Sathi-
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aktiv madde mohlullar il tasirdon sonra qum qatina neftin niifuz etms siiratorinin qiymati cadval 3-do
va sokil 3-do verilmisdir. Alinan naticolor gosterir ki, kation sothi-aktiv madde diger todqiq olunan
SAM-larla miiqayisodo sothin daha dorin modifikasiya olunmasini tomin edir vo bu halda neftin niifuz
etmo siirati qum qatt boyunca yiiksak olur (sokil 3).
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Sokil 3. Qumun neftlo kapilyar islanma stiratina sathi-aktiv maddalarin tasiri:
Qum + L-3603-iin izopropil spirtinds 0,2 %-li mahlulu. 2. Qum + miirakkab efirin izopropil spirtinda
1,0 %-li mohlulu. 3. Qum + kation sathi-aktiv maddanin (KSAM]1) izopropil spirtinda 1,0 %-li mahlulu

Cadval 3
Qumun neftls kapilyar islanma siiratina sathi-aktiv maddslarin tasiri
Qumun neftlo kapilyar islanma siirati, mm/doq
Neft- Buzovna-Qala sahasi, t=25 °C
Qum gatinin Yuyulmus tomiz qum Tomiz qum + miirokkeb | Temiz qum + KSAM1-
hiindiirlityii, mm +L-3603-iin izopropil | efirin izopropil spirtinds | in izopropil spirtinds 1,0
spirtinda 0,2 %-li 1,0 %-1i mohlulu %-1li mohlulu
mohlulu

0 0 0 0
5 1,23 1,36 1,2
10 0,51 0,61 1,2
15 0,44 0,54 11
20 0,389 0,33 0,82
25 0,326 0,2 0,78
30 0,082 0,2 0,545
35 0,07 0,15 0,35
40 0,15 0,27
45 0,18 0,22
50 0,14 0,14
55 0,1
60 0,07

Sonraki todgiqatlarda lay modeli kimi 10,0 % gildon vo 90,0 % qumdan ibarat qarisiq
gotiiriilmiisdiir. Neft niimunosi kimi ©.9mirov adina NQCI, I maden, 1886 quyunun neftindon istifdo
olunmusdur. Quyunun nefti yiingiil neftdir, hasilati neft- 0,3 t/giin, su — 1,5-2,0 m*/t-dur. Neft -10 °C-ys
kimi soyuduldugda donmur, 20 °C-do 6zliiliiyii 62,1 cP-dir. Toluol ilo yuyulmus (qum+gil) gatina bu
neftin niifuz etmo siirati yiiksokdir — ilk anda 4,3 mm/daq (sokil 4), Neft (qum+gil) qatina niifuz etdikca
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onun kapilyar islatma siiroti azalmig, lakin yeno yiiksk soviyyads - 0,5-1,5 mm/daq olmusdur. Qumun
torkibinds gilin olmasi1 naticasinds suyun bu qat1 miixtalif saviyyalorde ayri-ayr1 siiratlorls isladir. Biitiin
(qum+gil) qgat1 tizro suyun kapilyar islatma siirati 1,0—6,0 mm/doq toskil edir (sokil 5). Su ilo doymus
(qum+gil) gatinda neftin paylanmasi bas vermir. Onun nefto goro niifuz etmasini barpa etmok
maqsadils (qum+gil) qatt LK2A deemulqatorunun izopropil spirtinde 10,0 %-li mahlulu ils (~1 hocm)

yuyulmusdur.
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Sakil 4. Nefti toluol ilo yuyuldugdan sonra (gil (10 %)+qum) qatinda neftin (quyu 1886, ©.Omirov
ad. NOCI) niifuzetma siiratinin dayismasi

)
>

T~
/

\ PN

/
VI N\

w

Suyun niifuzetma siirati,
mm/daq

1

0

10 20 30 40 50 60 70
(Qum + gil) gatinin hiindirliiyii, mm

Sakil 5. Gil (10 %)+qum qatinda suyun (quyu 1886, 8.0mirov ad. NQCI) kapilyar islatma siiratinin dayigmosi

Bu texnoloji amaliyyatdan sonra (qum+gil) gatinda neftin udulmasi qismen barpa olunmusdur
(sokil 6), lakin neftin kapilyar islatma siirati kigik (0,1-0,65 mm/daq) olmusdur. Alinan naticalor
gostorir ki, (qum+gil) qatinda neftin kapilyar islatma siiratini artirmaq ti¢lin layin deemulqatorla emal
miiddatinin va istifads olunan reagent hacminin artirilmasi tolob olunur.

LK2A deemulqatoru ilo yuyuldugdan sonra (qum+tgil) gatinda toplanmis neftin laydan
tomizlonmasi torkibinds 1,0 % naften tursusu olan toluol vasitasilo aparilmigdir.

Ikinci morhalodo (qum+gil) gatt LK2A deemulqatorunun izopropil spirtinde 5,0 %-li mohlulu
ilo islonmisdir. Iki merholali islomodon sonra (qum+gil) qatinda neftin niifuzetmo siiroti ~ 3 dofd

89



E.A. Mommadov, M.F. Osadov, T.P. Musayev, V.M. Fataliyev, K.L. Zeynalova, G.R. Ibadova

yiiksolmigdir. Neftin kapilyar islatma siirati 0,1-0,65 mm/dag-don 0,31-1,94 mm/dag-yo kimi doyis-
misdir (sokil 7).
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S$akil 6. Su ilo doymus gil (10 %)+qum qati LK2A deemulqatorunun izopropil spirtinda 10,0 %-1i mahlulu ilo (~1 hacm)
yuyuldugdan sonra neftin kapilyar islatma siiratinin dayismasi (quyu 1886, 8.0mirov ad. NOCI)
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Sakil 7. (Qum+gil-10 %) qati neftdon (toluol+1 % naften tursusu) ilo, sonra isa (izopropil spirti+ 5,0 % LK2A4
deemulgatoru) mohlulu ilo yuyulduqdan va quruduldugdan sonra nefiin niifuzetma siiratinin
dayismasi (neft — quyu 1886, ©.Omirov adima NOCI, 2 sayli NOCS)

Alinan tadqiqat noticolori asasinda quyudibi zonanin agir komponentlarindan, gil-su palgiq
garigigini laydan kenarlagdirmaga va lay suxurlarinin sathini emal etmays imkan veran iki morhalali
tomizloma metodu toklif olunmus va sinagdan kegirilmigdir.

Notica. Buzovna, Qala vo Lokbatan sahasi neftindon istifado edorok qumdan vo qum-gildon
toskil olunmus lay modelindo neftin kapilyar islatma siiratine sothin hslledici (toluol, toluol+1,0 %
naften tursusu) va sathi-aktiv maddslorls islonmasinin tosiri tadqiq olunmusdur.

Neftli qum gatinin toluolla yuyulmasi neftin islatma siiratini qismon tomin edir, lakin toluol ilo
yuyulduqdan sonra qum qatinin LK1A deemulqatorunun izopropil spirtinds 1,0 %-li mohlulu ils
islonmasi qumun neftlo doyma siiratinin artmasini tomin edir.

Qum qatinin sothinin miixtalif xassali sothi-aktiv maddalorlo - Laprol-3603, naften tursusunun
miirokko efiri vo kation sothi-aktiv madds ilo islonmasi naticesinds neftin niifuzetms siirotine kation
sathi-aktiv maddenin daha yaxs1 tosir etmasi miioyyan olunmusdur.

Miioyyan olunmusdur ki, neftlo doymus qum-gil qat1 halledici (toluol+1,0 % naften tursusu),
sonra iso LK2A deemulqatorunun izopropil spirtinds 5,0 %-li mohlulu ils islondikds neftin niifuzetmo
stirati ~ 3 dofo - 0,1-0,65 mm/daqg-den 0,31-1,94 mm/daq-ys kimi yiiksolmisdir.
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HCCJIEIOBAHUE BJINSIHUSI PACTBOPUTEJIEN HA BOCCTAHOBJIEHAE
U ITPOHULNAEMOCTbD PAZBYXIIUX I'NIMH

9.A. MAMEJIOB, M.®. ACAJIOB, T.Il. MYCAEB, B.M. PATAJIVEB,
K.JI. 3EMHAJIOBA, I'.P. UBAJIOBA

B craTpe nccnenoBaHo BIUSHAE PA3THYHBIX PACTBOPHUTEIICH M MOBEPXHOCTHO-aKTUBHBIX BenlecTB (IIAB) Ha xammi-
JSIpHOE CMa4yMBaHUE HE()TH B TIMHOIIECUYAHOH cMecH. B kauecTBe pacTBOPHUTEINS B HCCIICIOBAHUSAX HCIOIB30BAIICH TOMYON U
M30TPOIIIIIOBBIA CIIUPT, a B KadectBe [IAB — crnoxHbIil 2¢Qup HaQTEeHOBOH KHCIOTHI, KATHOHHOE ITOBEPXHOCTHO-aKTHBHOE
BemecTBo U aedmynerarop LK1A. YcranoBneHo, 94TO MpoOMBIBKa clios cMecH mmHa-niecok 10,0%-abiM pactBopoMm [TAB B
M30MPOIIIIOBOM CIIUPTE YaCTHYHO BOCCTAHABIMBACT MPOHHIIAEMOCTh HedTH. [IpoMbIBKa HaCHIIIEHHOW HE(THIO CIIOS, COCTO-
SIIIETO M3 CMECH TIIMHBI U Tiecka, cHavyana 1,0 %-HbIM pacTBOPOM Ha(TEHOBOW KHCIOTHI B TOIyoJe, a MoToM 5,0 %-HbIM pac-
TBOpOoM aesmyineratopa LK1A B M30mponuioBoM COHPTE CHOCOOCTBYET MOBBIICHHIO CKOPOCTH KAMMILUIAPHOTO CMAdyWBaHUS
HeTH.

Knrouesnvle cnosa: xanuiisphoe cmavudanue, 2iund, Necok, CIONCHbLIL I(pup, N08epXHOCMHO-AKMUEHOE 6CUeCE0,
oesmynveamop.

INVESTIGATION OF THE EFFECT OF SOLVENT ON THE REGENERATION
AND PERMEABILITY OF SWOLLEN CLAYS

E.A. MAMMADOV, M.F. ASADOV, T.P. MUSAEV, V.M. FATALIYEV,
K.L. ZEYNALOVA, G.R. IBADOVA

The article studies the effect of various solvents and surfactants on capillary wetting of oil in a clay-sand mixture.
Toluene and isopropyl alcohol were used as a solvent in the research, and naphthenic acid ester, cationic surfactant, and LK1A
demulsifer were used as surfactants. It was found that washing the clay-sand mixture layer with a 10,0% surfactant solution in
isopropyl alcohol partially restores the oil permeability. Washing the oil-saturated layer consisting of a mixture of clay and
sand, first with a 1,0% solution of naphthenic acid in toluene, and then with a 5,0 % solution of the LK1A demulsiferin isopro-
pyl alcohol, increases the rate of capillary wetting of the oil.

Key words: capillary wetting, clay, sand, ester, surfactant, demulsifier.
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GOMIi KRAN ELEKTRIK INTIQALLARINDA TEZLIK
CEVIRICILORININ GORGINLIYININ FORMALASDIRILMASI

E.F. SULTANOVY, EM. MOMMODOV*

Mikroelektronikanin, yarimkegiricilordon hazirlanmig elektrik geviricilorinin inkisafi vo miiasir texniki inkigafla slagadar
olaraq, gomi elektrik avadanliginin qurulusu tokmillasir, istismari asanlasir va avtomatlagma daracasi artir. Tam avtomatlagsma
daracesine malik olan ticarot gomilerinin on lazimli elektrik intiqallari (siikan vo komokei siikan, yiik nasoslari, basg
mitharriklorin kdmok¢i mexanizmlorin elektrik intiqallar1) yarimkegiricilordon hazirlanmig tezlik geviricilori ilo igo salinir vo
lazim olduqda firlanma tezliklori do homin geviricilor vasitosilo tonzim olunur. Adston, bels intiqallar gominin merkozi
postunda qurulmus mikroprosessorlarla idars olunur. Belo gomilords firlanma siirstinin tonzim olunmasi tolob olunmayan
bdoyiik giiclii rotoru qisa qapanmis asinxron mithorriklorinin igo buraxilmasi da tezlik ¢eviricisi vasitasilo yerina yetirilir. Gomi
elektrik intiqallar1 {iglin isoburaxilma tisullarindan on alverislisi tezlik ceviricilori vasitasilo igoburaxma {isulu sayilir. Bu
mogsadlo, miiasir tezlik ceviricilerinin istehsalinda IGBT tranzistorlari istifade olunurlar. Mogqalode gomi yiikqaldirict
mexanizmlorinin elektrik intiqallarinda totbiq olunan tezlik geviricilorinin ¢ixig gorginliyinin formalagdirilmasi tsullari
aragdirilmigdir. Homginin gomi yiikqaldirict mexanizmlorinda, idaraetms sistemlorinin elektrik enerjisinin sarfini azaltmaq vo
etibarligimim yiiksoldilmasi moagsadilo elektrik intiqallarinin enina impuls modulyasiyal tezlik geviricilori ilo idaro edilmasi
toklif olunur.

Agar sézlor: yiikqaldirict mexanizm, elektrik intigali, asinxron miiharrik, tezlik ¢eviricisi, enina impuls modulyasiya.

DOI: 10.52171/2076-0515_2021 13 01 92 96

Giris. Beynolxalq Doniz Tagkilatinin asas talablarindsn biri gomi yiikqaldirict mexanizmlarinin
elektrik intigallarin1 miiasir avadanhqlarla tochiz etmok vo idars qurgusunun avtomatlasdirma
sistemlorini sadslogdirmakdir. Bu mogsadls gomi yiikqaldirct mexanizmlarinin elektrik intigallarinda
tezlik ¢eviricisinin (TC) totbiq olunmasi vacibdir [1, 2].

Sinfaz manealarinin azaldilmasi, sabit gorginliyin tonzimlonmasi, giris corsyaninin doyiintiile-
rinin azaldirlmasi, gorginliyin yiiksolmasinin qarsisinin alinmast kimi, digar ikinci doracsli, idarsetma
masalalari diizgiin modulyasiya tisulunu segmoklo hoall oluna bilarlor. Eyni zamanda biitiin bunlarin
hamisina nail olmaq miimkiin deyil, burada kompromis variantin olmasi vacibdir.

Modulyasiya tisullarini dord asas qrupa bolmok olar:

e  EIM- enino-impuls modulyasiyas1
e FVM- foza-vektor modulyasiyasi
e  Harmonik modulyasiyasi
e  Doyison tezliklorin modulyasiya tisullar
Idars impulslarinin hasil etmok iigiin modulyasiya metodlarim totbiq etmokls, ¢ixis
gorginliyinin istonilon parametirlori ilo (ayri formasi, tezlik, amplituda) sintez edilmosi miimkiindiir.

1 Azorbaycan Dévlot Deniz Akademiyast
* Sultanov Elshan, E-mail: elshen_sultanov@mail.ru
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Gomi kran elektrik intiqallarinda tezlik ¢eviricilorinin garginliyinin formalagsdiriimas:

Cixig gorginliyinin maksimal qiymoti, sabit coroyan bondinin gorginliyinin qiymsoti ilo toyin olunur.
Boyiik giiclii yiikiin effektiv idarsedilmasi {igiin, sabit carayan bondinin yiiksok qiymatli gorginliyi talab
olunur, lakin tocriibado bu gorginlik yarimkegirici cihazlarin maksimal is¢i gorginliyi ilo
mohdudlasdirilir. Masalon kigik gorginlikli IGBT tranzistorlar1 690V -a gador ¢ixis gorginliyini tomin
edirlor. Bu gorginlik mohdudiyystinin aradan qaldirilmasi {igiin, son zamanlar ii¢ vo daha ¢ox saviyyali
ceviricilorin sxemlori hazirlanmigdir [1, 2].

Togdim olunan mogalodo qisaqapanmis rotorlu asinxron miihorriklorin siirotinin tezlik
ceviricilari ilo tonzim olunmasindan, tezlik geviricisinin gixigindaki garginliyin formalasdirilmasi {igiin
istifads olunan enino impuls modulyasiyali tezlik ¢eviricisinin iistiinliiklorindon bahs edilir [1, 2].

Modulyasiya metodlar1 birbasa olaraq biitovliikde energetik sistemin (giic dovresi, idars
dovrasi) effektivliyino tosir gostororak, iqtisadi somorsliliyini vo msohsuldarligini toyin edir.
Modulyasiya metodlarinin asas moqgsodi — minimal enerji itkilori ils, gorginlik va caroyanin signal
formasinin yaxsilagdirilmasidir.

2000-ci ildon baglayaraq istehsal edilon vo Xozar donizindo (AUT1) avtomatlagdirma daracasi
ilo istismar edilon ticarst gomilorindo (“Heydor Oliyev”, “Oziz Oliyev”, “Cabbar Hosimov” tipli
tankerlorin) vacib elektrik intigallarinin (kdmakei siikan, yiik nasoslarinin elektrik intiqalt vo s.) iso
salinmasi va firlanma siiratlorinin tonzim olunmasi tonzimlonon g¢eviricilar ilo hayata kegirilir [3, 4].

TC vasitasi ilo elektrik miiharriki avvalco asagi tezlikls igo buraxildigi {igiin onun sixaclarina
verilon gorginlik do, tezliyo miitonasib olaraq az olur. Kigik gorginliklo iso buraxilan miihorrik do
sobokadon az coroyan tolob edir. Sonra iso tezliyin vo gorginliyin qiymatinin todricon artirilmas,
miiharrikin siirstinin nominal giymsts ¢atmasina sabab olur [1, 2].

Osas hissa. Gomi elektrik intigallar1 Giglin isoburaxilma isullarindan on olveriglisi tezlik

ceviricilori vasitosilo isoburaxma {isulu sayilir. Bu moqsadlo, miiasir TC-nin istehsalinda IGBT
tranzistorlari istifado olunurlar [3, 4].

Bu tranzistorlar yiiksok kommutasiya tezliyi ilo agilib-baglanaraq coroyanin salist sokildo
miiharrike verilmasini tomin edir. TC-nin totbiq olunmasi naticasinds, elektrik intiqallarinin siiratinin
tonzimi zamani, pilloli idaroedilmo solist idarsedilmo ilo ovoz edilir, tonzimedilmo hoddi artir vo
asinxron miiharrikin etibarli iglomasi tomin edilir.

Sokil 1-do asinxron miiharrika verilon corayanin tezliyini tonzim etmok ii¢lin sabit corayan
bondli, enina impuls modulyasiyali (EIM) gorginlik invertoruna malik olan TC-nin sxemi
gostorilmigdir. Sxem VD - 3
fazali VD - diod korpi B ian T e e vz

sxemli diizlondiricidon, C- ; { } s = -
tutum siizgocindon, UZ- 3 IR X WY OJ@ OJ ‘J@
fazali korpi sxemli invertor- 'R =i :

dan, VD1-VD6 oks coroyan 'S [

diodlar1 ilo oks-paralel qo- 77T } }
iy AT BT NG SN € L

sulmug

tranzistorlarindan ibarat-dir.

Bu invertorda c¢ixis B
gorginliyi VTI1-VT6 tran-
zistor modullarinin, idaroet- A c
ma sistemi-nin verdiyi alqo-
ritm izro ardicil kommu- @

tasiyasinin naticesinds, Uy Sakil 1. Tezlik geviricisinin prinsipial elektrik sxemi
sabit girig gorginliyi doyison
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enino impulslu ¢ixis gorginliyino cevrilir. Idaro olunan VT1-VT6 ventillorindon asinxron miihorrikinin
corayaninin aktiv miirakkabasi, VD1-VD6 diodlarindan iss hamin carayanin reaktiv miirakkabasi kegir.
Sokil 2-do belo invertorun ¢ixis gorgin-

liklorinin zaman diaqrami gostorilmisdir. VT] [ 180—»j=— |80—>{=—— 180>
Ikisoviyyali avtonom invertorun on uygun ¥—Tr§ _— —
xarakteristikalar1 180° bucaginda reallasir. Gor- \\ﬁ‘; — _—

diiyiimiiz kimi tranzistor modullarinin kifayet VT6
gader qisa miiddatli, ani miiddote yaxin, kom-
Mmutasiyasinda, miihorrikin stator dolagina Uy 23 U

verilon faza gorginliyi pillali formaya malikdir.

Bu halda statora verilon xotti gorginlik do diiz- A =
bucaq formada olacaq. Asinxron miihorrikin
faza coroyan1 eksponentlorin parcalarindan of

formalagir (sokil 2, faza A). Stator sargilarinin | | i

fazalarma verilon gorginlik, invertorun tran-

zistor gollarmin qosulmasi alqoritmino uygun U,
olaraq, miixtolif miiddatli gorginlik impuls- — l_J—I_| ot
larinin ardicilligindan formalagir.
Invertorun ¢ixis gorginliyinin impulslari- VU
nin enini sinus qanunu ils idars etdikdo ¢ixis Uip ¢

gorginliyinin orta qiymoti sinus oyrisi kimi @

olur.

EIM, sinusoidal ganunla idaro olunan
invertorda doyison coroyan1 sabito coroyana Sokil 2. Enina impulsﬁ m.odul.yqsiyall garginlik invertorunun
ceviron diizlondiricide diizlonmis gorginliyi guts gorginliklorinin zaman diagram

tonzim etmok lazim golmir, bu funksiyani in-

vertor 6zii yerina yetirir vo buna gors do tezlik ceviricisinin sxemi sadolasir, giiclonms amsali iso artir.
Idaroetmo ganunlarinin miixtolifliyino gore ¢ixis gorginliyinin formalasdirilmasi iisullarina daxildirlor:
Enino-impuls-tonzimlayicisi (EIT), enino-impuls modulyasiyast (EiM), EIT vo EIM birlikdo vo
sinusoidal gorginlik etalonunun izlonmasi [4, 5].

Hor bir {isulun istiinlilyti TC-nin ¢ixigindaki gorginliyin tezliyini vo amplitudunu tonzim etmok
imkaninin olmasi, EIM- nin sado kommutasiyaya malik olmasi vo nohayat c¢ixisda pilloli formali
gorginlik formalagdirilmasidir. Tonzimlonms prosesinds pillalerin eni kigilir vo onlarin arasinda fasile
yaranir. Bununla da ¢ixigda gorginliyin giymatinin doyismesi almir. Bu iisul eyni qiitblii EiT adlanir.
Eyni qiitblii EIT-do fasilo vaxti

gorginlik koasilir, yiik iso qisa-ga- U Tene

panmis olur. Ikiqiitbli EIT-do p Tow

fasilo vaxti gorginlik qiitblori de-

yisir vo qiymatco doyismoz qalir. F

Fasilonin eni tonzimlonmonin do- 2 A
rinliyindon asihidir vo tonzim- ——

lonms bucagi a -ilo toyin olunur Ter

(Sakil 3). Sokil 3. EIT vo EIM-in birlikda tatbiqi ilo is prinsipi

Onlarn say1 iso ¢ixis gorginliyini T,=1/f,, periodu orzinde modulyasiyanin tezlik doracasi ilo toyin

olunur. Burada, T, - modulyasiya periodudur. Tonzimlonmo bucaginin doyismosi vaxti tezlik spektri
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Gomi kran elektrik intiqallarinda tezlik ¢eviricilorinin garginliyinin formalagsdiriimas:

doyismoz qalir. Yalmz qoyulmus harmonikalarin amplitudasi dayisir. Tonzimlonon gorginlik fasilalorla

oVoz olunan impulslardir. Cixig gorginliyinin f7 tezliyinin doyismosi ilo U/f=const nisbati qorunub
saxlanilir. Bu iso firlanma siirati, tezliyin doyisdirilmasi ilo, tonzimlonan doyison coroyan elektrik
intiqallar1 iciin vacib sortdir. EIM-in totbiqi ilo diizlonmis gorginlik periodik olaraq. f,=1/T, tezliyi ilo
kommutasiya olunur. EIM-in formasindan asili olaraq TC-nin yiikii periodik olaraq agilir, baglamr
yaxud oks qiitblorle qosulur [4, 5].

Kommutasiya noticosindo eynigqiitblii EIM-do qoyulmus osas tezliyin qiymoti, qoyulmus
gorginliyin amplitudu va tezliyi, modulyasiyanin tezliyins vo derinliyine uygun olaraq toyin olunur. Bu
iisulun secilmasinin osas kriteriyast TC-nin ¢ixisindaki tezliyin vo gorginliyin sslis tonziminin genis
hadlorde vo verilmis qanuna goro idaroetmo impulslarinin vaziyystinin modulyasiyasinin tomin
olunmasinin miimkiinliiyii hesab olunur.

EIT vo EiM-in birlikds totbigindo hor iki {isulun iistiinliiklorindon istifads edilir. EIT-do yiiksok
tezliklordo yaxs1 keyfiyyatli gorginlik, EIM-do iso yaxs1 keyfiyyatli ¢ixis gorginliyi asag tezliklorda
almir [4, 5].

Sinusoidal gorginliyin etalonunun izlonmasi tisulu birbasa TC-do siini kommutasiyalar vasitasilo
hoyata kecirilir. Bu sistem bagli vo agiq izlonmo sistemi prinsipi asasinda qurulmusdur. Burada osas
moagsad TC-nin ¢ixisinda sinusoidal formaya yaxin gorginliyin alinmasidir. izlonmoe {isulu ¢ixisda yaxst
keyfiyyatli enerjinin alinmasina imkan verir. Lakin sxemdo etalon gorginlik generatorlarinun olmasi,
tonzim olunan gorginliklo etalon gorginliyinin miigayiseli bondlorinin olmast bu proseslori
miirokkoblosdirir.

Cixis gorginliyinin formalasdirilmas: iisullarinin miiqayissli tohlilindon aydin olur ki, yliksak
tezliklorda EiT iisulu ¢ixisda keyfiyyatli enerjinin alinmasini tomin edir. EIM {isulu iso asag1 tezliklordo
tonzimlonmoani mitkommal yerins yetirir.

Yoni agag tezliklordo fasilolorin artmasini tomin edon tezlik modulyasiyasinin haddini artirmaqla
cixigda keyfiyyatli gorginlik almaq miimkiindiir.

TC-nin ¢ixisinda sinusoidaya yaxin gorginliyin alinmasi {iglin sinusoidal gorginliyin etalonunun
izlonmosi isulu da effektli iisul sayila bilor. Ancaq burada gorginlik generatorunun mdovcudlugu
proseslori bir qodor miirokkablosdirir. Bu baximdan EIT vo EIM iisullarinin hor ikisinin yuxarida
sadaladigimiz Ustiinliiklarindan istifads etmoklo daha samarali natica alds etmok olar [6].

Natico. Maqalada boyiik giicli gami yiikqaldirict mexanizmlarinin elektrik intigallarinda totbiq
olunan qisaqapanmis rotorlu asinxron miiharrikin siiratinin tenzimlonmesi zamani tezlik ceviricisinin
cixigindaki garginliyin formalasdirilmas: isullar1 aragdirilmisdir.

Idaroetmo sistemlarinin etibarhigini yiiksoltmok va enerji itkilorini azaltmaq mogsadilo boyiik giiclii
gomi ylikqaldirici mexanizmlorinin elektrik intiqallarinin enine impuls modulyasiyali tezlik geviricilori
ilo idara edilmosi toklif olunmusdur.
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®OPMHUPOBAHME HANIPSI)KEHUA YACTOTHBIX ITIPEOBPA3OBATEJEN
CYJOBBIX KPAHOBBIX 3JIEKTPOIIPUBOJOB

9.0. CYJITAHOB, 5.M. MAMEJIOB

Pa3BuTne MUKPO3JIEKTPOHMKH, 3MEKTPHUECKUX IpeodpazoBaTeseil Ha OCHOBE MOJYIIPOBOJIHUKOB M COBPEMEHHOE TeX-
HOJIOTHYECKOE Pa3BHTHE CIIOCOOCTBYIOT YCOBEPIICHCTBOBAHHIO CYIOBOTO 3JIEKTPOOOOPYIOBAHUS, a TAKKe YIPOIIEHUIO JKC-
IUTyaTalliy ¥ TOBBIIICHUIO CTEIICHH aBTOMaTH3alMi. Ha MONMHOCTRIO aBTOMAaTH3MPOBAHHEIX TOPTOBBIX CyZax ITycK B paboTy
OTBETCTBEHHBIX 3JIEKTPOIPUBOIOB (PyJIEBOE M MOJPYINBAIOIIEe YCTPOHCTBA, IPY30BEIe HACOCHI, BCIIOMOTaTeIbHBIC MEXaHH3-
MBI TJIABHOH SHEPreTHYECKOH YCTaHOBKH) OCYILIECTBIISIETCS ¢ TOMOIIBIO MOIYIIPOBOAHIKOBEIX YaCTOTHBIX IIpeoOpa3oBateliei,
IpU HEOOXOAUMOCTH OOECIEUHBAIOIIUX PETyINPOBaHHE CKOPOCTH BPAIIECHHS 3IEKTPONpPHUBOAOB. OOBIYHO yNpaBIEHHE YKa-
3aHHBIX THIIOB 3JIEKTPONPHBOJOB 00ECIEUNBAETCS MHKPONPOIECCOPHBIMU CHCTEMaMH, PACIOI0KEHHBIMUA B IIEHTPAIbHOM
MOCTY YIPaBICHUS Cy/HA.

Ilyck B paboTy 6e3 HEOOXOIUMOCTH PEryJUPOBAHUS CKOPOCTH BPAILICHHUS CYIOBBIX aCHHXPOHHBIX JABUTATeNeH OOJIb-
IIOH MOIIHOCTH C KOPOTKO3aMKHYTBIM POTOPOM TaKKe OCYIIECTBISIETCS C NMPUMEHEHHEM YacTOTHBIX IpeoOpa3oBaTeliei.
HawnGoiee BBITOJHBIM U3 CIIOCOOOB IyCKa CYIOBBIX JICKTPOIPHUBOJIOB SIBIISIETCS ITYCK C IIOMOIIBIO YaCTOTHEIX IIpeoOpa3oBare-
7ieit. C 3Toil LeMbio COBpEMEHHbIE YACTOTHBIE MPeobpa3oBaTeNu cTposTes Ha ocHobe IGBT TpaH3ucTOpOB.

HccnenoBans! criocoObl (POPMHUPOBAHUS HANPSDKEHUsI HA BBIXOJE YaCTOTHOTO IpeoOpa3oBaTess, NMPUMEHSIEMOro B
3NEKTPONPHUBOJIAX CYIOBBIX TPY30IOIbEMHBIX MEXaHU3MOB. C LENbIO CHIDKEHUSI IOTEPh SHEPTUH H TOBBIIICHHS HaJEKHOCTH
paboTHI CHCTEM YIPABIECHHS MPEUI0KEHO YIPABICHHE YKa3aHHBIM THIIOM 3JIEKTPOIPHUBO/A € IOMOMIBIO YaCTOTHOTO Mpeodpa-
30BaTeNsl ¢ MIUPOTHO-UMIYIBCHON MOAYIALUEH.

Knrouesvie cnosa: epy30no0véMHblll MeXAHU3M, 2AEKMPONPUBOO, ACUHXPOHHbLIL O8ucamens, npeodpasosament ud-
CMOMbl, WUPOMHO-UMNYI6CHASL MOOYISYUS.

FORMATION OF VOLTAGE OF FREQUENCY CONVERTERS OF MARINE
CRANE ELECTRIC DRIVES

E.F. SULTANOV, EM. MAMMADOV

Due to the development of microelectronics, semiconductor electrical converters and modern technical development,
the structure of ship's electrical equipment is improving, ease of operation and the degree of automation is increasing. The most
necessary electric transmissions of merchant ships with a high degree of automation (steering and auxiliary rudders, cargo
pumps, electric drives of main engines) are activated by frequency converters made of semiconductors and, if necessary, ad-
justed at these speeds. Typically, such transfers are controlled by microprocessors installed at the ship's central post. In such
ships, the start of high-power rotor short-circuited asynchronous motors, which do not require speed control, is also performed
by means of a frequency converter. The most suitable method of starting a ship for electric drives is the method of starting
through frequency converters. For this purpose, IGBT transistors are used in the manufacture of modern frequency converters.
The article examines the methods of generating the output voltage of frequency converters applied in the electrical drives of
ship lifting mechanisms. It is also proposed to control electrical drives with pulse modulation frequency converters in ship
lifting mechanisms in order to reduce power consumption and increase the reliability of control systems.

Key words: lifting mechanism, electrical drive, asynchronous motor, frequency convertor, pulse with modulated.
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COMPARATIVE ANALYSIS OF TRADING SYSTEMS PERFOR-
MANCES WITH RESPECT TO TRANSACTION COSTS (Part I1)

E.A. JANAHMADOV!

The purpose of this paper is to compare and analyze the performance of trading rules applied to the underlying and
derivative products. Three different trading market indictors were chosen from the range of trading rules according to their
performance relatively to Dow Jones Industrial Average. On the basis of these technical indicators the automated trading sys-
tems were developed and then applied to the underlying instrument such Dow Jones Industrial Average. The performances of
trading systems and profit/loss indexes were compared and analyzed. The results are compared with “buy-and-hold” strategy
and performance of underlying security. The results of the research intend to show the effect of the transactions costs on the
performance of trading systems and optimal could be applied to invest into underlying or derivatives of underlying.

Key words: trading systems, underlying instrument, profit-loss, performance.
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Main Part. Defining methodology (Section 1). So in order to design good automated trad-
ing systems we should try to capitalize on advantages of mechanical approach, and avoid pitfalls
and disadvantages mentioned earlier. We will use the simulation approach, or historical back-
testing. It is the powerful analytical techniques ever devised to find effective market strategies.
The correct way to test Technical Market Indicators is to use walk-forward, blind simulation, also
known as ex-ante cross validation. This is an orderly, systematic procedure for realistically testing
a hypothesis that can be performed in nine steps. These nine steps are described by Robert W.
Colby in his book The Encyclopedia of Technical Market Indicators [1 - 5].

1. Form Hypothesis. Start with a reasonable hypothesis about market behavior, one well- found-
ed in logic and observation. There are more than hundred promising and clearly defined hy-
potheses (Technical Market Indicators) to choose.

2. Get Data. We acquire the largest quantity of accurate historical data on tradable financial in-
strument of interest that we can find. The more data, the greater is the significance of our test
results.

3. Check Data. We carefully examine our data to insure its accuracy. The easiest way to check
data is to chart and then look for outliers, or odd excursions. Also, we systematically spot
check the rest of our data against an independent data source. Accurate data is essential for

! SAEQ LTD
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testing indicators.

4. Segment Data. Divide the database into reasonable fixed-length time intervals, such as years,
quarters, months. The initial data segment should be the longer than rest.

5. Optimize. Load the earliest data segment, and then find the specific parameter that would have
maximized reward/risk performance. Optimization, which is also known as curve-fitting, is
the systematic search for the beast specific indicator parameter — best in the sense that this pa-
rameter would have produced the highest and most consistent net profit relative to the worst
peak-to-trough drawdown in cumulative equity. The best parameter for the oldest data seg-
ment is found through brute-force number crunching: we systematically vary the values of the
parameter in our selected indicator formula in order to identify which specific constant would
have produced the highest returns relative to risks of loss. We strictly limit our optimization to
the earliest data segment in order to avoid over curve-fitting. The earliest data segment we use
to find our best specific parameter is know as seen data (or in-sample data), while later and
more recent data segments not yet used are known as unseen data (or out-of-sample data). We
hold back the more recent unseen data segments for walk-forward simulation (Step 6). Here in
Step 5, we make note of which specific parameter would have produced the optimal re-
ward/risk performance, but we do not record any performance data based on seen data. Rather,
only performance data based on unseen data can be counted in our walk-forward simulation
performance evaluation. (in Step 9).

6. Walk Forward. This newly discovered, optimal indicator parameter (from Step 5) is projected
forward in time into the next ad most recent segment of out-of-sample, unseen data that was
not included in the brute-force optimization search. We record the performance for this simu-
lation for evaluation (in Step 9).

7. Add. We add the data segment we just used for our walk-forward simulation (Step 6) to our
previously seen database (from Step 5). After each walk-forward step, our seen database
grows and our unseen database shrinks.

8. Repeat the cyclical pattern established in Step 5,6, and 7 until we use all unseen data. We start
the Step 5 optimization process again, with the just-seen data (from Step 6) now included in a
larger seen database we use for optimization in Step 5. After rerunning the Step 5 optimiza-
tion, we use the resulting newly found best parameter to walk forward (Step 6) on the next
segment of unseen data. Then we add back that just-seen data (just used in Step 6) to the seen
optimization database (from Step 5), which grows larger with every repetition. We repeat this
loop, performing Steps 5, 6, and 7 over and over again until we walk forward over all unseen
data, bringing us to the current moment in time. This may seen like work, but it is extremely
quick and easy compared to judging and indicator in real-time, one day at time.

9. Evaluate Results. If we have acquired enough clean (accurate) data, and if we have broken
that data into enough segments, we have gained a realistic perspective on how indicator would
have evolved and performed through many iterations over the years. We have seen whether or
not our indicator would have been sound and consistent through past time. We can now com-
pare the simulated results of a variety of indicators so that we can select the best indicators for
real-time application. We have an objective basis to accept or reject our indicator hypothesis.

Setting the data (Section 2). In order to develop our analysis we use the daily open, high,
low, close and volume values for Dow Jones Industrial Average from 1st of October, 1928 to 24th
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of November, 2004 (19,120 values). The acquired historical data is largest in terms of quantity.
The data has been carefully examined by systematic spot check and insured concerning its accu-
racy. Accurate data is essential for testing indicators. The data set was divided accordingly into
reasonable fixed-length time intervals, Training Set, Test Set and Prediction Set as it is shown in
Table 2. The source of DJIA values is www.finance.yahoo.com.

Table 2.
Dow Jones Industrial Average Data
Name Initial date Final date No of values
Training set October 01, 1928 April 30, 1959 7648
Test set May 01, 1959 March 08, 1982 5736
Prediction set March 09, 1982 November 24, 2004 5736

The Descriptive statistics of DJIA, given in Table 3 for the range of daily prices from 1st of
October, 1928 to 24th of November, 2004, shows that our data are normally distributed and dis-
tribution is peaked (leptokurtic), due to fact that k>3, and positive skewness means that distribu-
tions have long right tail. Load the data segment will help to find the specific parameter for cho-
sen hypotheses that would have maximized reward/risk performance and produced the highest
and most consistent net profit relative to the worst peak-to- trough drawdown in cumulative equi-
ty.

First hypothesis — Exponential Moving Average Crossover Rule (Section 3). Our first hy-
pothesis is Exponential Moving Average Crossover Rule; it is also referred to as Exponential
Smoothing. It is the most widely used technical indicator of all, and we will use it as benchmark
to compare the measurement of performance of the optimized automated trading systems. The ef-
fect of a Moving Average is to slow down the price movement so that the longer term trend be-
comes smoother (or less volatile) and therefore more obvious. The longer the period of the Mov-
ing Average the smoother the price movement is. The EMA represents an excellent compromise
between the overly sensitive weighted moving average and overly sluggish simple moving aver-
age. Compare to other averaging techniques, the EMA follows the trend of the current data
smoothly and seamlessly, minimizing jumps, wiggles, and lags. The choice of a Moving Average
depends on the trader’s time frame for holding trades. Day traders, for example, would use short-
term MA’s and position traders longer-term MA’s.

Moving Averages can be calculated on either a simple or an exponential basis. A Simple
Moving Average is constructed by totaling a set of data and dividing the sum by the number of
observations. For a Simple Moving Average the values for each day are all given the same
weighting. The resulting number is the mean average

N

1

nZ Ce
t=1

where C,— the closing price, N — number of observations.
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The formula for an Exponential Moving Average for n-days is

Et = (1 - a)Ct + aEt_l, a = ﬁ,

Where E, — the Exponential Moving Average for the current period, C; — the closing price

for the current period, a — a smoothing constant, 0 < a < 1, E,_; — the Exponential Moving Aver-

age for the previous period, n — the total number of periods.

Table 3.
The Descriptive statistics of DJIA
Open High Low Close Volume
Mean 1845.7 1866.3 1825.1 1846.1 1.5287e+006
Std.Devn. 2841.2 2878.2 2804.0 2841.7 3.4326e+006
Skewness 2.1359 2.1397 2.1320 2.1352 2.9585
Excess 3.3390 3.3560 3.3233 3.3360 8.5510
Kurtosis
Minimum 41.630 42.610 40.560 41.220 1300.0
Maximum 11719 11909 11506 11723 2.7756e+007
Asymptotic test: 23419.[0.0000 23561.[0.000 23284.[0.000 23394.[0.000| 86145.[0.0000]
Chi/\2(2) ]** 0]** 0]** 0]** *k
Normality 61199.[0.0000 61422.[0.000 60928.[0.000 61169.[0.000| 92473.[0.0000]
test: Chi*2(2) 1** 0]** 0]** 0]** *x
Correlation matrix
Open 1.0000 0.99996 0.99995 0.99992 0.92390
High 0.99996 1.0000 0.99994 0.99996 0.92423
Low 0.99995 0.99994 1.0000 0.99996 0.92345
Close 0.99992 0.99996 0.99996 1.0000 0.92394
Volume 0.92390 0.92423 0.92394 0.92394 1.0000

For an Exponential Moving Average, the values from each day are weighted differently us-
ing an exponential factor which gives greater importance to the values of the more recent days. In
either case, however, the Moving Average is interpreted basically the same way for analysis. A
significant advantage of this superior computational method is that the EMA is never distorted by
old data suddenly dropped because it is not actually part of calculation.

For particular purposes, the effect of past data fades away gradually due to the ever de-
creasing weighting of yesterday’s EMA. The EMA’s method of calculation correctly avoids the
problem of erratic current movement caused solely by irrelevant and obsolete data dropping out of
calculation. There are many ways to use Moving Averages in trading. Among the most popular are
(1) Moving Averages as support and resistance levels, when price of the instrument should stop
and reverse direction for some period of time, and (2) Moving Average Crossovers as buy and sell
signals, when the price of instrument moves above or below a particular moving average.

A Simple Moving Average Crossover system only works well in a trending market. In
sideways market it will tend to give false signals. The Exponential Moving Average is helpful to
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identify trend reversals and is a shortcut to obtain a form of Weight Moving Average. If an EMA is
too sensitive for the monitored trend, one way to sort out the problem is to extend its time period.
Another way is to smooth the EMA by another EMA.
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Figure. Density of Dow Jones Industrial Average Data

The Moving Average Crossover Rule is simply defined as buy when the daily price close
crosses above the Moving Average and sell when the daily price crosses under the Moving Aver-
age.

The MetaStock System Testing rules are written as follows
Buy Order

C > Mov(C,0ptl,E) AND Ref (C,—1) <= Ref (Mov (C,Opt1,E),—1)
Sell Order

C < Mov(C,0ptl,E) AND Ref (C,—1) >= Ref (Mov (C,0pt1 ,E),—1
Buy to Cover Order

C > Mov (C,0pt1,E) AND Ref (C,—1) <= Ref (Mov (C,0pt1,E),—1)
Sell Short Order

C < Mov (C,0pt1,E) AND Ref (C,—1) >= Ref (Mov (C,0Opt1,E),—1)
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TICAROT SISTEMLORININ FOALIYYOTININ SMOLIYYATIN DOYORIND
NISBOTON MUQAYISOLI TOHLILI (11 hissa)

E.©. CANOHMSDOV

Maogqalonin mogsadi asas vo alavo mohsullara totbiq olunan ticarst qaydalarinin effektivliyini miiqayise etmok va tohlil
etmokdir. Dou-Cons Sonaye Indeksino nisbaton onun gostaricilorine uygun olarag, ticarat qaydalar1 arasindan ticarot bazarimin
¢ forqli gostaricisi segilib. Bu texniki gostaricilor asasinda avtomatlasdirilmis ticarat sistemlori islonib hazirlanib vo sonra
Dou-Cons Senaye Indeksi kimi baza avadanligina totbiq edilib. Ticarat sistemlorinin gdstoricilori vo monfaat/zorar gostericilori
miigayiss edilib va tohlil edilib. Naticalor “al vo saxla” strategiyasi ilo vo asas tohliikesizlik gostaricilori ilo miigayiss olunur.
Tadgqiqatlarin naticaleri eamaliyyat xarclorinin ticarat sistemlarinin faaliyyatine tasir géstarmok moqgsadi dastyir. Optimal haller
asas vo tdramo maliyys avadanliglarinin investisiyasina totbiq edilo bilor.

Acar sozlor: ticarat sistemlori, baza (asas) avadanhqlar, manfaat/zarar, gostarici.

CPABHUTEJILHBIA AHAJIN3 JEATEJGHOCTH TOPTOBBIX CUCTEM
B OTHOLIEHUH CTOUMOCTHU ONEPALIMU (vacms 1)

D.A. IDKAHAXME/JIOB

B cratse maercsa cpaBHeHHE U aHANU3 3(Q(HEKTUBHOCTH TOPTOBBIX MPABUII, IPUMEHSIEMBIX K 0a30BBIM U IPOU3BOAHBIM
npoaykram. M3 psiia TOproBBIX MPaBMII BEIOPAHBI TPU PA3NUYHBIX WHIUKATOPA TOPTOBOTO PHIHKA B COOTBETCTBHUHM C UX IMOKa-
3aTeJsIMH OTHOCHUTEIFHO MPOMBIIUIEHHOTO HHAekca Jloy-/Ixonca. Ha ocHOBE 3THX TEXHHYECKUX MHIUKATOPOB Pa3pabOTaHEI
ABTOMAaTH3UPOBAHHBIE TOPTOBBIE CHCTEMBI, KOTOPBIE 3aTeM OBUIM NMPHUMEHEHBI K 0a30BOMY MHCTPYMEHTY, TaKOMY Kak Ipo-
MBIIUICHHBI nHIeke Dow Jones. CpaBHUBAIKCh M aHATU3HPOBAIMCH XapaKTEPUCTUKH TOPTOBBIX CHCTEM M MHAEKCHI «IIPHOBI-
m / yObITKay. Pe3ynbTaThl CpaBHHMBAIOTCS CO CTpaTerHell «IIOKymai M XpaHW» M HMPOU3BOAUTEIBHOCTHIO 0a30BOH IIEHHOW
Oymaru. Pe3ynbTaThl HccieioBaHMs MPU3BaHBI TOKA3aTh BIMSHIE TPAH3AKIMOHHBIX M3/EPKEK Ha MPOU3BOJUTEILHOCTE TOP-
TOBBIX cucteM. ONTUMAaNbHBIE PEIICHNS MOTYT OBITh IPHMEHEHBI IJIsI MHBECTHPOBAHUS B 0A30BBIH aKTHB WM IPOM3BOAHBIE
(hMHAHCOBBIE HHCTPYMEHTEI.

Kniouesnle cnosa: mopeoguie cucmemvi, 6a308blii UHCMPYMEHN, NPUOLLIL-YOLIMOK, Pe3VIbmam.
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AZORBAYCANIN EMAL SONAYESIi MUOSSISOLORINDO YARANAN
RISKLORIN RASIONAL IDARO EDILMOSi METODLARI

Q.S. SULEYMANOV?, S.V.IBRAHIMOVA'*

Maqalade dlkemizds faaliyyat gdsteran emal sonayesi miiassisalorinin istehsal-tasarriifat faaliyyetinin innovasiyali
inkisafina tosir edon risk amillorinin tesnifati aparilir. Bu mogsadls, moqalads tesnifata daxil olan gostericilorin torkibi
mioyyonlogdirilmis vo gostaricilor kompleksinin somorali idars edilmasi iigiin diinya tocriibasinds istifado olunan rasional
idaroetma metodlari islonib hazirlanmigdir.

Mogqalads sahads yaranan risklorin qiymotlondirilmosi iizro ekspert qiymotlondirmo metodundan istifads edilmisdir.
Bu moqalods sonaye miiossisalorinin roqabstodavamli  inkisafina tosir edon risk amillori osas, holledici, shomiyyatli, az
ohomiyyatli, imumilikdo doyorlondirilmis vo miiessisodo yaranan risklorinin daha doqiq giymotlondirilmesi ii¢iin metodika
toklif edilmigdir.

Bununla yanasi, mogalods risk amillor qrupunun ranq deracalorine géra somarali idars edilmasinin prognoz modeli
islonmigdir. Risk doracasinin azaldilmasi Uglin sigortalamadan basqa, sahibkarliq faaliyystinin tacriibasindo maliyya
xarclorinin limitlesdirilmasi, kapital qoyuluslariin diversifikasiyast ve miixtalif faaliyyat ndvlerinin genislondirilmasi tohlil
edilmigdir. Risklorin iqtisadi vo hiiquqi idare edilmosi {izro somorali sistemin yaradilmasi, qorarlarin informasiya-analitik
tominat1 vo foaliyyat prosesinds riskin miivafiq soviyyado saxlanilmasi tisullarindan istifado edilmasi toklif edilmisdir.

Acgar sozlar: roqabotodavamli, ekspert giymotlondirilma, emal sanayesi, risk amillori, igtisadi amillar, kapital
qoyulusu, limitlosdirma, tosarriifat subyekti.

DOI: 10.52171/2076-0515_2021 13 01 103 109

Giris. Risk — doyar kasb edan har hansi bir amlakin, vasaitin, vaxtin va s. itirilmo ehtimalidir.
Risk, arzuolunmaz hadisanin bagverms, yaxud gozlonilon hadisenin bas vermomasi ehtimalidir. Risk,
hor hansi bir igin, harakatin naticesina 100 faiz doqiqlikls amin olmadigda meydana ¢ixa bilar.

Riskin xarakterik xiisusiyyatlori asagidakilardir:

1. Qeyri-miioyyonlik risk, ancaq hadisolorin gedisatinin bir nego istigamotdo inkisaf etmo
ehtimal1 olduqda mévcuddur;

2. Zarar risk, ancaq hadisslerin gedisatinin itkiys (ziyana), yaxud diger neqativ naticalora sobab
olma ehtimali oldugda mévcuddur;

3. Analiz imkan risk, ancaq hadisonin "g6zlayanlor"i torafinden subyektiv roy formalasdiqda vo
golacak dovr ticilin hadisaler keyfiyyst vo kamiyyat {izro qiymetlondirildikde mévcuddur;

4. Ohomiyyatlilik risk, gozlonilon hadiso praktik ohomiyysts malik olduqda, an azi bir
subyektin maraqlar1 dairasinds yaranir. Risk mansubiyyatsiz yaranmur.

Risklarin bir ¢ox klassifikasiyast movcuddur. Miimkiin naticalorden asili olaraq risklor 2 qrupa
ayrilir:

1. Xalis risklar - monfi vo ya "0" naticonin alinmast;

2. Spekulyativ risklor - hom monfi, ham do miisbat naticalorin alinmasi [1, 2, 3].

1qtisadiyyat1n istonilon sahasi, ticarot, xidmot, istehsalat vo s. sahasi 0z foaliyyst miihitino
uygun olan risklara moruz qalir. Bu ciir risklorin garsisin1 almaq, onlarin manfi tesirinin hacmini
azaltmaq moagsadilo sirkatlor risklori giymatlondirir vo onlara nazarat sistemini yaradir. Sirkatlordos
risklorin effektiv idaroetmo sistemi formalagdirilmalidir. Bu da sirketin maraqli soxslorinin menafeyina

! Azorbaycan Dévlot Neft vo Sonaye Universiteti
+ Ibrahimova Sedaget, E-mail: ibrahimovasadagat0O6@gmail.com
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cavab vermokls, onun foaliyystinin somorsliliyinin tomin edilmasi istigamstindo ciddi bir addimdir.
Risklarin idare edilmesi sisteminin totbiqi miisssisonin inkisafinin stabilliyinin tamin olunmasina, riskli
soraitlordo gorar gabulunun assasliliginin yiiksaldilmasine vo maliyys veziyyastinin yaxsilagdirilmasina
imkan verir. Bu baximdan, risklorin idars edilmasi sistemi sirkotin giindslik idarsedilmo sistemina
inteqrasiya olunmalidir (Sokil 1).

Fragmentasiya Inteqrasiya

Hoar struktur bélms 8z
funksiyalarma uygun olaraq
fardi qaydada risklarin idars

edilmasini hoyata kegirir.

Proses rahbarlik tarafindan
koordinasiya edilir, har bir
amakdag risklarin idars
edilmasine 6z iginin bir
hissasi kimi yanagsnr.

Epizodiklik Fasilasizlik

i Risklorin idars edilmasi §
| menecerin istayins baghde. | Risklarin idars edilmasi
E ' prosesi fasilos olaraq hayata

kegirilir.

O, n> zaman lazmm bilss, o
vaxt hayata kegirilir,

sisteminin tatbiqi

P L e L L L T T

Mbshdud tatbiq
sahasi
Miisyyan risk seqmentina
diggat ayrilx, biitiin risklor
qiymatlondirilmir.
Risklorin idare edilmosinin
ononovi sistemi

Biitiin faaliyyat
sahalarinin shatasi

Risklarin idara edilmasii

Biitiin risklar va onlarm idars
edilmasi imkanlar: nazardan
kegirilir.

Miiasir
risk-menecment

Sakil 1. Risklorin idara edilmasi sistemi

Tadqiqatlar gdsterir ki, sanaye miiassisalorinin, o climlodon do emal sonayesi miassisalarinin
roqabatodavamli, innovasiyali, dayaniqli vo davamli inkisafi sahonin inkisafina tosir edon risk
amillorinin qiymatlondirilmasindon bilavasits asilidir. Biitiin bunlar onu demoays asas verir ki, Azorbay-
canin emal sonayesi milassisalorinin innovasiyali, yani, raqabatadavamli inkisafinin qiymotlondirilmasi
va onun samoarali idars edilmasi aktual problemlardandir.

Bununla yanasi, aragdirmalar gostordi ki, avtomatlagdirilmis idaroetms sistemlorinin layiho-
landirilmasinda yaranan risklarin qiymatlondirilmasinde miirokkob vo shamiyyatli morholalordon biri
do idaroetmo obyektlorinin identifikasiyasidir. Yoni, idarsetmo obyektinin &tiirma funksiyasi
tapildigdan sonra risklarin Glglilmasi sisteminin parametrik sintezi hayata keg¢irilir. Beloa sistemlords
yaranan risklorin hesablanmasi {igiin obyekti idaraedici va hayacanlandirict tosir kanallari iizro identifi-
kasiya etmak lazimdir. Risklor nazors alinmagqla obyektin 6tiirma funksiyasinin alinmasi iigiin sistemda
barabar intervallarla informasiyanin yigilmasi talab olunur va problemin halli mogsadilo istehsal plan
lizro aragdirmalar hoyata kegirilir [4].

Digor aragdirmalar gostordi ki, sonayenin ayri-ayri1 saholori {izro mosgul olan ekspertlor
(miitoxassislor) sahods yaranan risklari vo onlar1 doguran sabob vo amillari bu zsruratdon irali golorsk
asagidaki kimi qruplasdirirlar (cadval 1) [5].
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Emal sonaye miiassisolorinin innovasiyal faaliyatino mane olan risk amillor qrupu

Cadval 1

Innovasiyalara mane olan amillori asagidaki kimi
dayoarlondiran miiassisalorin say1

asas v hoalledici shomiyyatli az shomiyyotli
2016 | 2017 | 2018| 2016| 2017| 2018| 2016| 2017 | 2018
Iqtisadi amillor
Oz pul vosaitinin kifayot qoder 24 20 22 | 33| 40| 28 | 15 13 14
olmamasi
Dovlat tarafindon maliyys yardiminin 8 14 11| 17 | 18 | 16 | 19 16 19
kifayat gadar olmamasi
Tozo mohsullara 6donis qabiliyyatli 3 9 5 24 | 18 | 21| 15 16 11
tolobatin agag1 olmasi
Yeniliklorin doyarinin yiiksak olmast 11 8 13 | 26 | 22| 23 | 14 17 11
Yiiksok iqtisadi risk 6 12 11 | 20| 18| 16 | 16 13 13
Tozo mohsullara ¢okilon xarclorin 4 4 3 17 15 20 | 31 29 17
ovazinin d6donilmasi miiddstlerinin
uzun olmasi
istehsal amillori
Miisssisonin innovasiya potensialinin 5 8 7 28 | 28 | 29 | 20 16 14
asagi olmasi
Ixtisasli iscilorin catismamasi 3 6 3 17 16 | 16 | 32 29 18
Yeni texnologiyalar hagqinda 2 10 4 24 | 16 | 19 | 23 21 14
informasiyanin ¢atigmamast
Miisssisalar torafindon yeniliklorin 3 3 3 13 | 13 8 20 17 18
gabul edilmomasi
Satis bazarlar1 hagqinda informasiyanin| 1 2 3 16 9 16 | 17 20 13
catigmamasi
Digor miiassisalor va digar elmi - - 1 4 6 7 26 19 16
toskilatlar ilo kooperasiya ii¢iin
imkanlarin olmamasi
Digar sabablar
Daha avvalki innovasiyalar naticosindo 2 1 1 10 | 12 | 10 | 22 16 16
tozo mohsullara ehtiyacin olmamast
Innovasiya foaliyyatini tonzimloyon vo 3 4 3 19 | 18 | 13 | 19 14 13
havaslondiran qanunvericilik vo
normativ-hiiqugi sonadlorin olmamasi
Innovasiya prosesi miiddotinin qeyri- 2 1 1 15| 10 | 10 | 18 18 |14
miioyyon olmasi
Innovasiya infrastrukturunun 2 3 3 18| 16 | 15 | 18 19 15
(vasitagilik, informasiya, hiiquq, bank
va s. xidmatlorinin ) inkisaf etmomasi
Texnologiyalar bazarinin inkisaf 4 4 2 22 | 20| 17 | 20 21 18
etmomasi

Monba: Azorbaycan sonayesi, DSK, Baki, 2019.

Birinci qrup iqtisadi amillar adlandirilir. Bu amillors daxildir:
e miiossisonin 0z pul vesaitinin kifayot qodor olmamasi;
e miiossisonin ddvlat torafindon maliyys yardiminin kifayst qoder olmamas;
e miiossisonin tozo mohsullara 6danis qabiliyystli tolobatin asag1 olmas;
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e yeniliklorin doyarinin yiiksok olmasi;
o yiiksok iqtisadi tohliika vo tozo mohsullara ¢okilon xarclorin avazinin 6donilmasi
miiddatlorinin uzun olmast;

Ikinci qrup istehsal amillori adlandirilir. Bu amillors daxildir:

e miiossisonin innovasiya potensialinin asag1 olmast;

e miiassisads ixtisash is¢ilorin ¢atismamasi;

e miisssisads yeni texnologiyalar haqqinda informasiyanin ¢atigmamasi;

e miisssisalar terafindan yeniliklarin gobul edilmomasi;

e satig bazarlar1 hagqinda informasiyanin gatismamast;

o digor miiassisalor vo digor elmi togkilatlar ilo kooperasiya iiglin imkanlarin olmamast;

Uciincii qrup digor amillor adlandirilir. Bu amillors daxildir:

e daha ovvalki innovasiyalar naticasinds tozo mohsullara ehtiyacin olmamast;

e innovasiya foaliyyatini tonzimloyan va havaslondiron qanunvericilik vo normativ-  hiiquqi
sonadlarin olmamasi;

e innovasiya prosesi miiddetinin geyri-miioyyan olmast;

¢ innovasiya strukturunun (vasitagilik, informasiya, hiiquq, bank va s. xidmatlorinin) inkisaf
etmomasi;

e texnologiyalar bazarinin inkisaf etmomasi.

Risklorin ekspert qgiymoatlondirilms metodu. Sahodo yaranan risklorin qiymotlondirilmasi
iizro movcud metodlarin todqiqine osaslanaraq risklorin qiymotlondirilmasinde genis totbiq edilon
ekspert giymotlondirmo metodundan istifado edok. Bu mogsadlo, sahado yarana bilon risklorin
sabablarini tadqiq edon ekspertlorin bilik gostaricilori (bilik amsali K,) statistik vo digar manbalardon
(daxili vo xarici) aldiglart malumat vo 6z miilahizalarine asason asagidaki asililigla hesablamaq olar:

Ke=S(Kn +K3), 1)
Burada, Ky, — moalumatliliq (etibarliliq) emsali; K, — arqumentasiya (esaslandirma) omsali; S-biliklori
nozors alian iimumi fikirli ekspertlorin say1.

Mboslumatliliq ve arqumentasiyanin qiymotlondirilmasi onballiq skala tizro aparilir.

Ekspertin biliyi timumilikds obyektiv vo subyektiv gdstaricilorin hasili ilo miioyyan edilir.
Ekspert qiymotlondirilmasi zamani molumatlarin emali zamani har masslo iizro ekspertlorin {imumi
fikirlori vo fikirlorin razilagdirilmast doracesi miloyyon edilmoalidir. Yoni, kollektiv ekspert
giymotlondirilmasi ayri-ayri ekspertlorin biliklarinin nazors alinmasi ilo aparilir. Bu halda timumi
giymsatlondirms asagidaki formula ilo aparilir:

n n
Sjk=1 Z cikj @)
1

Burada, Sjy—biliklori nozere alinan imumi fikirli ekspertlorin say1; Kjj.V - ekspertin bilik omsali; Cj—
ekspertlorin say1.

Qiymotlondirms zamani ekspertlorin fikirlori adston miixtolif olur. Buna goéra do onlarin
cavablarinin (fikirlorinin) razilagdirilma derocasini nozors almaq lazimdir. Fikirlorin razilasdirilmasi
doracasi olds edilmis qiymetlorin variasiyast emsalinin (V}) kdmoyi ilo miloyyen edilmisdir:

V=L 3)
] Sj '

Burada, oj — orta qiymotdon kvadratik konarlasmasi; Sj — miioyyon amilin qiymotlorindon orta qiymoto
gora konarlagmasidir.

Qeyd etmok lazimdir ki, Vj no qodor az olarsa, amilin nisbi mithiimliiyii (vacibliyi) barads
ekspert fikirlarinin razilagdirilmasi doracasi bir o godear yiiksak olur.

Taklif edilon metodika asasinda Azarbaycanin emal sonayesi miiassisalorinda yarana bilan risk
amillorinin qiymetlondirilmasini aparaq. Bu amillor eyni zamanda osas vo ya holledici amillor,
shamiyyatli vo azohomiyyatli amillor kimi tasniflagdirilir.
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Sahads yaranan risklarin ranqlagdirilmasi. Sahs {izro ekspertlorin (codval 1-do gostorilmis)
moveud miiossisolor iizra apardigi qiymsatlondirmoys goro osas vo ya holledici amillords iqtisadi
amillorin xiisusi ¢akisi 62%, istehsal amillorinin xiisusi ¢okisi 29%, diger amillorin xiisusi ¢akisi 9%-
dir.

Bu qiymaotlondirmeni shamiyyatli amillor lizra aparaq. Ekspertlorin 329 miiassiss iizra apardigi
giymotlondirma belo noticoys golmoys osas verir: iqtisadi amillorin xiisusi ¢okisi 45%, istehsal
amillarinin xiisusi ¢okisi 28% va digar amillarin xiisusi ¢okisi isa 27%-dir.

Bu qiymotlondirmoni az shomiyystli amillor {izro 251 miiessisodo aparsaq, ekspertlor belo
naticaya golirlar ki, iqtisadi amillorin tasiri 34%, istehsal amillarinin tosiri 36% vo digor amillorin tosiri
183 30%-dir.

Biitovlikde iso Olkomizin emal sonayesi miiossisolorindo yaranan risk amillorinin
giymatlondirilmasi (698 miiassisade) zaman1 timumilasdirilmis bilik (fikir) gostaricilari iqtisadi amillori
iizra 0,43, istehsal amillari iizra 0,32 vo diger amillor tizra 0,25 olmusdur. Bu o demakdir ki, ekspertlor
risk amillorinin mithiimliiyii barads fikirlorin razilagdirilma doracasinin kifayst qodor yiiksok
soviyyesini xarakterizo edon qiymatlor vermislor [5, 6]. Ekspertlorin fikrino osason miiassisanin
foaliyyatine daha shomiyyaetli tosir gostoron asagidaki risk amillori ayrilmigdir (cadval 2).

Toklif edilon bu metodika miiossisodo yaranan risklorinin daha doqiq qiymatlondirilmasi-ni
hoyata kecirir. Belo ki, bu metodikada miixtalif miitoxassislorin fikir vo tacriibalori, onlarin noqteyi-
nozarlarinin razilasdirilma deracesi nozords tutulur. Bundan basqa, bu metodikada nstico daha daqiq
almir. Belo ki, sorgu edilon ekspertlorin bilik, malumatliliq vo arqumentasiyasinin ugotu naticasinda
imumilogdirilmis ekspert giymotlondirilmasinin subyektivlik doracasi asag diisiir.

Cadval 2
Sonaye miiassisalorinin rogabatodavamh inkisafina tasir edan risk amillori qrupu
Amillor | Ekspert Amillor qrupunun doyorlondirilmasi
qrupu say1
Osas vo ya Ohomiyyatli Az shomiyyatli Umumilikda
holledici

coki ranqg coki rang coki ranq coki ranq
omsali | dorocesi | omsall | dorocesi | omsali |doracesi| omsali | dore-

cosi

Iqtisadi | 118 0,62 1 0,45 1 0,34 2 0,43 1

Istehsal 329 0,29 2 0,28 2 0,36 1 0,32 2

Digorlori | 251 0,09 3 0,27 3 0,30 3 0,25 3

Comi 698 1 1 1 1

Moanba: Azarbacan sonayesi. 2019, DSK-nin materiallar1 asasinda miiallif torafindon tortib edilmisdir.

Biitiin bunlar risk amiller qrupunu ranq doracslerine gore semarali idars edilmasinin prognoz
modelinin iglonmasini zaruri edir. Bu magsadlo amillar qrupunu ayri-ayriliqda tadqiq edak.

Sahado yaranan maliya risklorinin giymatlondirilmosi metodikasi. Iqtisadi amillor qrupuna
daxil olan vo miiasisonin 6z pul vesaitinin vo dovlot torofindon maliyys yardimlarimin kifayst qader
olmamasi adlanan amili ham daxili, ham do xarici investorlarin giiclinden istifadeni zoruri edir. Lakin,
investor sahoyo kapital qoymamigdan aval o, birinci olaraq yarana bilon homin risk iizro maksimal
miimkiin zorarin hocmini miioyyan etmsli, onu qoyulan kapitalin hacmi va 6zilinlin maliyys resurslari ilo
miiqayisa etmoli, kapital itkisi miiflislikla noticalonib-naticolonmomasini miioyyan etmoalidir [7].

Kapital qoyulusu iizra zararin hacmi homin kapitalin hacmina barabar ola bilar, hamginin ondan
az vo ya ¢ox ola bilor. Birbasa investisiyalar zamani, bir qayda olaraq zororin hocmi miiossisa
kapitalinin hacmina barabar olur. Masalan, investor riskli igo 100 min manat hocminds kapital qoyulusu
etmisdir vo ugursuzluq naticasinds homin pulu itirmigdir. Lakin, inflyasiya nozers alinmaqla onun real
itkilori miimkiin kapitaldan daha az ola bilar. Bels olan halda, zararin hacmi inflyasiya indeksinin ugotu
ilo miioyyon edilir. Lakin, portfel investisiyalari, yoni tokrar olaraq bazarda satila bilon qiymotli
kagizlarin alinmasi zamani zororin hacmi adston xarclonmis kapitalin hocmindon az olur. Maksimal
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miimkiin zoror hocmi ilo investorun maliyys resurslarinin hocminin nisbati miiflisliye aparan risk
daracesini ifads edir. O, risk amsalinin kdmayi ilo dl¢tiliir:

Kp ==, 4
Burada, K;— risk omsali; Y — maksimal miimkiin risk moblogi, manat; C — vosaitlorin doqiq balli olan
madaxilinin nozers alimmasi ils investorun maliyys resurslarinin hacmi, manat.

Qeyd etmok lazimdir ki, ham 6lko, hom do xarici alimlar terofindon risklorin qiymotlondirilmasi
vo idara edilmasi tizra aparilan tadgigatlar bela noticoyo golmaya asas verir. ~ Birincisi, optimal risk
amsal1 0.3-0 boraber, investorun miiflis olmasina gotirib ¢ixaran risk amsali 0.7 vo bundan daha ¢ox
oldugda bas verir. Ikincisi, investor zororin maksimal moblogini vo bunun no ilo noticolonacoyini
bilmali, hamginin riskden imtina, onun 6z masuliyyati altina alinmasi vo ya diger soxso Otiiriilmasi
barada qorar gobul etmolidir. Ugiinciisii is, riskin digoer soxso &tiiriilmasi zamani investor sigorta
miikafat1 va sigorta mablagi arasinda olan slverigli nisbati miioyyon etmolidir.

Bels ki, sigorta miikafati vo ya sigorta 6donisi — sigorta riskine gora sigortalinin sigorta edono
0dadiyi moblogdir. Sigorta mablogi — sigortalinin maddi dayarlarinin (hayat, saglamliq va s.) sigorta
edildiyi moblogdir. Belo olan halda, agor zararin mablagi sigorta soraitindon asili olan sigorta ddonisi
moblogindon ¢ox olarsa, investor riski qobul etmomoalidir. Sigortanin mahiyyati ondan ibaratdir ki,
investor, qisman vo ya tam olaraq riskdon boyun gagirmaq {i¢iin golirlorin bir hissosindon imtina edir.
Riskin sigortalanmasi — risk deracesinin asagi salinmasmin on ¢ox yayilmig vo totbiq edilon
iisullarindandir. Sigortalama {iglin mogsadli toyinat vo avvalcadon razilagdirilmis hallarda yaradilmig
pul fondunun xarclonmasi saciyyavidir. Sigortalama prosesinds vasaitlorin sigorta fondunun istirakgilar
arasinda boliisdiiriilmosi bas verir [6, 7].

Sigorta edonin foaliyystinin risk ehtimali asagidaki gostaricilorlo miioyyan edilir:

1. Sigorta hadisalorinin tez-tez bas vermasi (bir sigorta obyekti ti¢lin sigorta hadisalorinin say1).

2. Risk kumulyasiyasinin omsali (zerorgokmis obyektlorin saymin sigorta hadisslorinin sayina
olan nisbati).

3. Sigorta mobloginin zorarliliyi (6denilmis sigorta moblaginin biitiin sigorta obyektlorinin
s1gorta moblogins olan nisbati).

4. Zorarin agirlig (Y) sigorta moblaginin hansi hissasinin mehv edildiyini gostarir.

Bu asagidaki diisturla miioyyon edilir:
_ B#n

~ Cxm (5)

Burada, B — 6donilmis sigorta moblaginin doyari, manat; n — sigorta obyektlorinin say1, adad; C —
sigorta moblogi; m — sigorta hadisasi naticasinds zarar¢okmis obyektlorin sayi.
Galirlarin xarclar tizerindoki stiinliiyli sigorta fondunun maliyys dayaniqligi smsali ilo ifads edilir:

Kq=(G+X)/P, (6)
burada, Ky — sigorta fondunun dayaniqliq omsali; G — tarif dovrii orzindo sigorta edonin golir mobloagi,
manat; X - tarif dovrii arzinds sigorta edonin xarclor mablogi, manat; P — ehtiyat fondlarinda vesaitlorin
mablagi, manat.

Notica. Aparilmis todqgiqatlara osaslanaraq belo noticoys golmok olar ki, risk deracesinin
azaldilmasi {igiin sigortalamadan basqa, sahibkarliq foaliyystinin tocriibesinde asagidaki iisullardan
istifada edilmosi moqsadsuygundur:

Maliyys xarclorinin limitlogdirilmosi (limitlogdirma - bu limitin, yoni, xarclorin, satislarin,
kreditin vo s. son moblaglorinin miioyyon edilmasidir, limitlosdirms risk derocesinin azaldilmasi-nin
miihiim vasitslarindondir va banklar torafindon overdraft miiqavilolerinin baglanmasi zamani ssudalarin
verilmoasi zamani, tasarriifat subyekti torafindon yol ¢eklari vo avrogeklar lizra mallarin kreditlo satisi
(kredit kartlar1 ilo) zamani, investor torofindon kapital qoyulusunun mabloginin miioyyon edilmasi
zaman istifads edilir;

Kapital qoyuluslarmin diversifikasiyast vo miixtalif faaliyyat novlerinin genislondirilmasi
(diversifikasiya — bir biri ilo olagesi olmayan obyektlor arasinda investisiya edilon vasaitlorin
boliisdiiriilmasi prosesi);

Risklorin iqtisadi vo hiiquqi idars edilmasi {izra somarali sistemin yaradilmast;
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Risklorin idars edilmosi lizro gorarlarin informasiya-analitik tominati (neqativ tendensiya-larin
tosirini azaldan, pozitiv doyisikliklorin istifade imkanlarini genislondiron vo bu proseslorin gedisat
xarakterini nazaratds saxlamaq imkanini yaradan preventiv tadbirlorin islonmasi);

Faaliyyatin aparilmasi prosesindo riskin miivafiq soviyyads saxlanilmasi.
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KJIACCUDPUKAIIUA PUCKOB HA TIPOMBIIIVIEHHBIX IEPEPABATBIBAIOIIUX ITPEJAIIPUATUAX A3EP-
BAWJIXKAHA 1 MEXAHU3M WX Y®®EKTUBHOI'O YIIPABJEHUS

I'.C. CYJIEMUMAHOB, C.B. UBPATIMOBA

B craTbe npuBeneHa xiaccudukanys GakTopoB pHCKa, BIUSIOMNX Ha HHHOBAIMOHHOE PAa3BUTHE PON3BOACTBEHHO-
XO3SHCTBEHHOH JESATENFHOCTH NPEIIPHATHH IepepabaThIBalolieil NPOMBIIUICHHOCTH Hameld crpaHbl. OmpeselieH cocTaB
nokaszaresied M pa3paboTaHbl PAIMOHAIBHO HCIIOIb3YeMbIE METOABI YIPaBICHHS MHPOBOTO YpPOBHS s 3(deKTHBHOTO
yIpaBlIeHUs TOKa3aTeasMUu. B cTaThe UCMONIB30BaH METO]| SKCIEPTHOM OLIEHKH IO OLICHKE PUCKOB, BO3HUKAIONINX B JIAHHOM
obmacta. DakTOps! pUCKa, BIMUAIONINE HA KOHKYPEHTHOE Pa3BUTHE MPOMBIIUICHHBIX NMPEANPUATHH, IpeUIoKeHsI Ui Oomee
TOYHOW OIEHKH KIIOYEBBIX, PEIIAIOIINX, 3HAYNMBIX, MEHEE BAXKHBIX, OOBIYHO OIEHHUBAEMBIX M BO3HHUKAIOIIUX
HpeIIPHUHIMATEIECKUX PUCKOB.

Pazpaborana nporro3Has Mozenb 3(GEKTUBHOTO YNPABIECHUS PHCKAMU TPYIIIBI PUCKA M UCKIIOYEHO CTPAaXOBaHHE
Ha CHIDKEHHE pHUCKa: OrpaHWYeHHe (UHAHCOBHIX 3aTpaT B IPEANPHHUMATEIHCKOH JAEATENbHOCTH, IUBEPCHUKAIHS
KalMTAJOBIOKEHUH ¥ pacHIMpeHHe pa3NYHBIX BHUJOB JNEATEIBHOCTH, co3faHue J()(EKTUBHOH CHUCTEMBI YIpaBICHHS
SKOHOMHMYECKHMMH U IOPUIMYECKUMH DPHCKaMH, YIpaBieHHe pHcKaMHu. I[lpennaraercss HCIoib30BaTh HH(OPMAIMOHHO-
AQHAJIMTUYECKOE CONpPOBOXKAEHHE pemeHud no pemeHuto CoBera JUPEKTOPOB, METOJbl YACp)KaHUS PUCKOB Ha
COOTBETCTBYIOIIEM YPOBHE.

Kniouesvie cnoea: KoHKYpeHmMOCNnocoOHOCMb, IKCHEPMHAS OYEHKd, nepepadamvléarowds npoMblUIeHHOCHb,
Gaxmopwl pucka, IKOHOMUYECKUE YAKmMopbl, KANUMALOBIOICEHUS], OZPAHUYEHUS], XO3AUCMBYIOWULL CYObeKm.

RATIONAL RISK MANAGEMENT METHODS IN THE PROCESSING INDUSTRY OF AZERBAIJAN
Q.S. SULEYMANOV, S.V. IBRAHIMOVA

The article provides a classification of the risk factors affecting the innovative development of production activities
of the processing industry in the country. To this end, the article determines the composition of indicators included in the
classification, and rational management methods used in world practice have been developed for efficient management of
indicators. The article an expert appraisal method was used for risk assessment in the field. The risk factors affecting the
competitive development of industrial enterprises are assessed as key, decisive, significant, less important and has been
proposed as a methodology for more accurate assessment of enterprise risks.

Along with the article a predictive model of effective risk management for risk groups has been developed and in
order to reduce the risk in addition to insurance. Limitation of financial expenses in the practice of entrepreneurship,
diversification of capital investments and expansion of various activities, the creation of an effective system of economic and
legal risk management system, data analysis support for risk management, the use of appropriate risk retention processes are
proposed.

Key words: competitiveness, expert appraisal method, processing industry, risk factors, economic factors, capital
investment, restriction, business entity.
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OMTOO NISANININ XUSUSIYYOTLORI VO ONUN
BiZNES UCUN OHOMIYYOTI

R.O. ISMAYILOVA!

Mogals "Omtas niganlart vo cografi gostarislor hagqinda"Azorbaycan Respublikasinin Qanununa uygun olaraq amtoo
nisaninin hiiquqi miihafizasinin verilmasi masalalorina hosr olunmugdur. Sahibkarlarin diqqeti smtes nisaninin hiiquqi
miihafizasi ilo bagl biitiin funksiyalarin va sonraki hiiquqi shamiyyatli amaliyyatlarin hayata kecirilmasi ii¢iin amtss nisaninin
geydiyyatinin shomiyystine yonsldilib. Omtos nisaninin hiiquqi miihafizesinin tosirini mohdudlasdiran amillor gdstorilmisdir.
Hiiquq sahiblorinin digqatine catdirilir ki, amtoo nisanlarinin geydiyyata alinmasindan sonra onlar miitloq ondan istifado
etmolidirler.

Dovlot torafindon verilon omtos niganinin hiiquq sahibinin miistosna hiiququnun mozmunu agkar edilmisdir. Omtos
nisanina miistosna hiiququn qiivvado olma miiddstinin uzadilmasma dair qanunun 21-ci maddesinin redaksiyasinin
dayisdirilmasi barada taklif irali siiriiliib.

Omtos nisanina aid olan biitiin dayisikliklor barade hiiquqi mithafizenin tesdiq edilmesi {iciin ©qli Miilkiyyat
Agentliyino malumat verilmosinin zaruriliyi qeyd edilmisdir. Hiiquq sahibi terafindon slave menfast alde etmak iiglin amtas
nisanindan istifads hiiququnun toqdim edilmosinin miimkiin variantlarina baxilmigdir. ©mtoo nisaninin bazar strategiyasinda,
biznes aktivlorinin artirilmasinda vo haqgsiz roqabasto qarsi miibarizods hiiquq sahibinin stiinlilyiinds rolu vurgulanib.

Acar sozlor: amtaa nisanlari, geydiyyat, miistasna hiiquq, biznes.

DOI: 10.52171/2076-0515_2021_13 01 110 114

Giris. Comiyyatin siliurunda omtooys tolobati formalagdiran osas amil onun omtoonin
fordilogmasi ilo bagli mashurlugudur. Mallarin fardilagdirilmasi {igiin nazards tutulmus aqli miilkiyyast
obyektlori (OM) sirasina amtoo nisani daxil edilir. ©mtas nisanlart halo qodim dovrlordon comiyyato
malumdur. Raqgabotli miibarizode bazar qazanmaq ii¢lin onlar alicilarin colb edilmosinds istifado
edilmigdir vo bu giin amtos nisani1 6z funksiyalarini itirmoyib. Buna gora biznes niimayandslari ticarat
nisaninin hiiquqi mithafizesinin tomin edilmasi zamani olds etdiklori imkanlar1 bilmalidirlor.

Masalonin qoyulusu. Miiasir bazarin bollugu istehlak¢inin amtss seg¢imindo istiqgamat-
lonmosini ¢atinlagdirir. Yalniz dobli mahsulu deyil, hom ds keyfiyyatli mshsulu slds etmok istoyan alict
onun meongayina diqqat yetirir ki, bu da Brend, loqotip, ticarst markasi kimi terminlorlo asaslanir.
Hiiquq baximindan, bu gortlor amtos nisanina vo xidmat slamatlorine uygun golir.

Omtao nigani bir ¢ox hallarda istehsalgilarin imicinin inkisafina kémok edir, ¢iinki istehlakgilar
malin se¢imi zamani onun mangayina daha ¢ox digget yetirirlor. Mohsullarina olan talabati saxlamaq
iiciin firmalar alicinin tolobina cavab veran yiiksok keyfiyyotli mallarin istehsalinda maraqh
olmalidirlar. Keyfiyyatina zomanat veran mal ii¢iin raz1 olan alic1 daha ¢ox 6demays hazirdir. Bu da 6z
novbasinds istehsalgiya malin doyerini artirmaga imkan veracak. Lakin, medalin arxa torsfi do var.

! Azorbaycan Dévlot Neft vo Sonaye Universiteti
Ismailova Rugia, E-mail: rugiyya.ismailova@mail.ru
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Omtaa nisaniin xiisusiyyatlori va onun biznes iigiin ahomiyyati

Bazar tolobatin1 nozors alaraq, raqib eyni keyfiyyato uygun golmoyon mallar {i¢iin taninmis amtoa
nisanindan istifade edo bilor. Istehlakcilar asag1 keyfiyyoato malik mohsullar alarkon yamila bilor, onda
alicinin amtos nigsani sahibinin mohsullarin1 almaq istoyi itocokdir. Noticads istehlak tolobati asagi
diisacok vo satis bazari azalacaqdir. Tosssiif ki, biznes niimayondslori amtes nisaninin hiiquqi
miidafissindon alds eds bilacak imkanlar1 barads kifayet qader melumath deyillar.

Toklif olunan moqalonin moagsadi sahibkarlarin 6z bizneslorini ugurla inkisaf etdirmok ii¢lin
hansi vacib addimlar atmasi lazim olduguna diqqget yetirmokdir.

Mosalonin holli. “Omtos nisaninin” torifi onun omtooys mensublugundan mslumatlandirir.
Buna goro amtoo niganinin sahibi hiiquqi soxs va ya 6zal sahibkar ola bilar.

Malin faordilasdirilmasi tiglin nazards tutulmus aqli miilkiyyat obyektlori sirasina omtas nisani
daxildir [1].

Lakin onun funksiyalar1 bununla mshdudlagsmir. Omtes nisani1 keyfiyyatli mallarin reklamina
xidmat edir, sahibkara bazarda mallarin togviqi ilo miibarizade kdmok edir vo saxta mohsullarin

yayllmasinin qarsisini alir.
Omtos nisaninin biitiin funksiyalarini hoyata kecirmok iiclin sahibkarlar onu geydiyyatdan

kegirmalidirlor. Omtos nisaninin qgeydiyyati {igiin miiraciot etmozdon ovval, sahibkar onun ticarot
nisaninin taninmis omtaa niganina nisbaton eyni va ya qarisiq olmadigina amin olur.

Basqa s6zls, amtoo nisaninin geydiyyati {igiin onun yeniliyi zoruri sortdir [2]. Qoy "yenilik"
meyari sahibkarlar1 6z miqyasi ilo qorxutmasin. Nozors almaq lazimdir ki, yeniliklorin yoxlanilmasi
zamani sahibkarin bazar {igiin hazirladig1 analoji mallar ii¢ilin taninmis omtos nisanlar tohlil edilir.

Sahibkarlarm istifado edo bilocayi verilonlor bazalarinin siyahist Umumdiinya ©qli Miilkiyyat
Toskilatinin (UBMT) veb-saytinda toqdim olunur: http://ecommerce/vipolint/databases/trademark.

Omtos nisaninin ugurlu geydiyyati ona hiiquqi miihafizoni tomin edocak, hansinin ki, harokati
asagidaki amillorlo mohdudlasdirilmigsdir [3]: sohadotnamodo gostorilon mallarin siyahisi; orazi
geydiyyati; hiiquqi miidafionin qiivveds olma miiddati.

Omtos nisaninin hiiquqi qorunmasinin shats dairssinin 6z cografiyasina malik oldugunu nozors
alaraq, qeydiyyat 6lkosinin secimi secilmis bazardan asilidir. Olkomizin orazisinde hiiqugi qorunma
olds etmok iiglin amtos nisanimin geydiyyati Azorbaycan Respublikasinin Oqli Miilkiyyst Dovlst
Agentliyindo (OM Agentliyi) aparilmalidir. Xarici bazarlarin se¢imi zamani geydiyyat Azarbaycanin
beynoalxalq miigavilalorine uygun olaraq Agentlik vasitasilo hoyata kegirilir. Qeydiyyatdan ke¢mis
omtao nisani "Sonaye miilkiyyati" ©M Agentliyinin rosmi biilleteninds dorc olunur. Belslikls, bazara
dovlat torofindon "Omtas nisanmi vo cografi gostoriglor haqqinda" Azarbaycan Respublikasinin Qanunu
(ganun) asasinda hiiquqi miihafizs edilon yeni amtos nisaninin yaradilmasi barodo moalumat verilir.

Omtoo nisam qeyri-adi aqli miilkiyyat obyekti, qeyri-mohdud faaliyyst miiddsti olan hiiquqi
miithafizodir. Bununla slagoadar olaraq, Qanunun 21-ci maddssine diqqet yetirmok lazimdir, hansinda ki,
"amtos nisaninin geydiyyatinin qiivvads olma miiddstinin uzadilmasi" imkani gostorilmisdir.

Ik baxisdan, Qanunun baxilan maddesinin bu ciir tofsiri ticarat nisaninin hiiquqi miidafiasinin
qiivvads olma miiddestine uygun olaraq gabul edilo bilor. Lakin digor qarsiliqh slageni do nozars almaq
lazimdir, daha daqiq desok, geydiyyat obyektinin (emtos nisaninin) yaradilmasi faktini tasdiq edir, onun
geydiyyat1 faktina goro iso sahibin miistesna hiiququna gotirib ¢ixaran omtes nisaninin hiiquqi
miihafizasi yaranir [4]. Hliquqi miihafizonin yaradilmasi va alds edilmasi fakt1 arasinda mévcud olaqoni
nozars alaraq asagidakilar1 gostormok olar: hiiquq sahibinin adina geydiyyati iddia sanadi verildikda
amtos nisaninin bir dofs aparilir; amtos nisaninin amala galmis hiiquqi miihafizasi ganunla nazardos
tutulmus miiddat arzinds giivvads olan sahibino miistosna hiiquq verir.

Buna gora do, amtas nisaninin geydiyyatinin uzadilmasi miiddstini idara etmok diizgiin deyil.
Qeydiyyat naticasinds sahibin miistasna hiiququnun qiivvads olma miiddsti uzadilir.
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Bu baximdan, qeyd olunanlara osason, Qanunun maddosini asagidaki redaksiyada toqdim
etmak olar: "ticaroat nisaninin Hiiquq sahibinin miistosna hiiququ geydiyyat {igiin arizs verildiyi giindon
10 il miiddatinds qiivvadadir”. Dovlat riisumu 6domok sorti ilo ticarat nisani sahibinin arizasine asason,
gostarilon miiddat on il miiddatins sorhadsiz sayda dofs uzadila bilar.

Eyni movgedon OM Agentliyinin biilletenindo "omtos nisanmin geydiyyat miiddetinin
uzadilmasi1" ovozinoe "omtos nisani iliglin miistosna hiiququn qiivvado olma miiddostinin uzadilmasi"
barado molumat gostorilmalidir.

Onu da nozere almamaq olmaz ki, amtes nisaninin geydiyyata alindigi andan hiiquq sahibinin
yalniz ona hiiququ deyil, hom do vozifolori yaranir. Saxlamaq li¢iin 6z miistosna hiiquglarinin
miihafizasi amtos nisaninin sahibi onu 5 il arzinde (qanunun 30 maddssi) boyan edilmis hocmde
fasilosiz istifado etmolidir. ©ks halda amtos nisanmin hiiquqi miihafizosi gsohadstnamoda géstorilon
istifade edilmomis mallarin spektrinden asili olaraq tam vo ya qismon dayandirilacaqdir. Bels vozifs
tamamilo odalatlidir, ¢iinki qeydiyyatdan kegmis amtos nisanindan istifade etmomok basqa istehsal¢inin
analoji mallarimin eyni vo/vo ya oxsar omtos nisami ilo markalanmasinin  miimkiinlilylinii
mohdudlasdirir. ©gor amtos nisani sahibindon asili olmayan sobablora gore istifado edilmomisdirss,
siibut movcuddursa, hiiquqi miihafizo miiddsti saxlanila bilar.

Dovlat torofindon toqdim edilon omtos nisani sahibinin miistosna hiiququ asagidakilardan
ibaratdir: amtos nisani istifado etmoak hiiququ; amtas nigan1 istifads ti¢ilincii toraflorin gadagan hiiququ;
omtao nisanindan istifade hiiququnu vermok.

Mohsul satildiqda, sorgi vo yarmarkalarda sorgilonir, omtas nisaninin hiiquq sahibi onu
mohsulun 6ziindo, etiketlords, sanadlorde gdstormak hiiququna malikdir .

Omtos nisanindan istifadoyo qadaga hiiquq sahibinin pozucudan onun todaviildon
gotliriilmasini vo ya kontrafakt Mohsulun mohv edilmasini, amtos nisaninin amlakdan, sonadlorden
gotliriilmasini, habelo zororin vurulmasina miivafiq moblogdo kompensasiyani tolob etmoys imkan
Verir.

Saxta mohsullarla miibarizo aparmaq tiglin geydiyyatdan kegmis omtos nisanini GOomriik
Xidmatinin Reyestrine daxil etmok lazimdir. Bu, mallari istehsal edon vo amtos hiiququnun sahibi olan
firmanin icazesi olmadan 6zgo omtos nisani ilo qanunsuz markalanmig malin gatirilmasinin vo
aparilmasinin qgarsisint almaga imkan veracak.

Oz miilahizasino gora Hiiquq sahibi 6z omtos nisanindan istifade etmok iiciin iiciincii soxslora
milayyan hiiquglar vera bilar: lisenziya miiqavilasi ilo miiayyan sortlar asasinda va ya hiiququ (miistosna
hiiququn 6zgoninkilogdirilmasi) vermak. Miistasna hiiquq 6zgoninkilosdirildikds, ilkin sahib ticarot
nisani iiclin biitliin hiiquqlar itirir. Lisenziya miiqavilesi baglanarkon, ilk sahibin omtos nisani {igiin
biitiin hiiquqlar1 gorunur [5].

Lisenziya miiqavilasinin sortlori, o ciimlodon, miioyyan edilmolidir: amtos nisanindan istifa-
doaya icaza verilon orazi; miiqavilonin baglandigi miiddst (emtos nisani sahibinin miistasna hiiququnun
qiivvads oldugu miiddstdon artiq olmamalidir); tshvil verilon hiiququn istifads oluna bilacayi mallarin
siyahisi; Sublisenziya hiiququ verilmasi; miikafat 6l¢iisti vo digor sortlor.

Lisenziya miiqavilasi tortib edildikds, habels ticarat nigan1 hiiququ verildikde Hiiquq sahibi
malin keyfiyyatinin qorunmasi {igiin sortlars riayat etmayi talob etmolidir.

Har iki halda amtas nisanina hiiquqlarin verilmasi biznes niimaysndslorins slave faydani tomin
edir. Bu onunla izah olunur ki, amtos nisan1 "spesifik" mal kimi ¢ixis eds biler, ¢linki onun istifade
hiiququ miikafat ii¢iin verilir.

Hiiquq sahiblari tiglin shomiyyatli xatirlatma, OM Agentliyino amtos nisani ila bagli biitiin
doyisikliklor barado molumat vermokdir. Biitlin molumatlar. Agentliyin biilleteninin sohifslarinds
yerlosdirilir. Belo doyisikliklor asagidaki ndvlors boliinmiis ola bilor:
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Omtaa nisaniin xiisusiyyatlori va onun biznes iigiin ahomiyyati

1. Bibliografiyanin doyisdirilmesi: hiiquqi soxsin adinin doyisdirilmesi, soyadi, ad,. atasinin adz;
hiiquq sahibinin va/va ya oldugu yeri vo ya yasayis yeri.

2. Hiiquqi statusun doyisdirilmosi: omtos nisani iiglin miistosna hiiququn qiivveds olma
miiddotinin uzadilmasi; miiddstin basa ¢atmasi ilo olagodar amtoo nisaninin hiiquqi miidafiosine xitam
verilmasi; omtoo nisanina miistosna hiiququn hoarokotlori; omtoo nisaninin hiiquqi miidafissine vaxtindan
avval xitam verilmasi tamamils va ya qismen.

3. Digor hiiquglarin verilmosi: miiqgavils iizro omtoo nisanindan istifado hiiququnun verilmasi
(lisenziya miigavilasi, sublisenziya miiqavilasi, kommersiya giizost miiqavilesi); miiqavilasiz (varasalik
lizro) amtoo nigsanina miistosna hiiququn kegmosi; biitiin mallar vo ya mallarin bir hissasi barasindo
miiqavilo {izro miistosna hiiququn omtos nisaninin 6zgoninkilosdirilmasi (kegmasi); miiqavile iizre
amtos nisanindan istifade hiiququnun verilmasi ilo slagadar geydiyyatda doyisiklik (masoalon, maliyys
sartlorinds doayisikliklar, istifadoci oldugu yeri).

Ogor bibliografiya vo hiiquqi statusa aid doyisikliklora riayat olunmasi hiiquqi miihafizonin
tosdigine tosir gostarirss, amtos nisanina hiiquglarin verilmasi biznes niimayondslarine slava fayda
tomin edir.

Maraql faktdir ki, amtos nisani ii¢iin miihafizo sonadindo ("Omtos nisan1 haqqinda sohadot-
nama") digor obyektlordon forqli olaraq omtos markasinin miisllifi gosterilmir. Bu halda omtos
nisaninin hazirlanmasinin yaradici xarakteri ilo razilagmamaq olmaz, yaradan iso ticarat nisaninin badii
tortibat1 ticiin miiolliflik hiiququnun qeydiyyatini elan edo bilor [6]. Omtos nisaninin hazirlanmasi
ticlincii torofin sifarisi ilo hoyata kegirilirss, sifaris¢iys (firmaya, sahibkara) omtos nisanina miiolliflik
hiiququnun verilmasi barads miiqavilo baglamaq lazimdir.

Omtos nigsaninin forqglondirici, qoruyucu, zomanat vo informasiya funksiyalari ilo sahibkarlarin
tanig olmasi amtos nigsaninin istehlak¢i ilo miinasibatlorin qurulmasi iiclin shamiyyatini qiymatlon-
dirmoys imkan veracokdir. Ticarot nisaninin hiiquqi miidafis imkanlarii gqiymetlondiran biznes
niimayondalori istehsalin keyfiyyatini yaxsilasdira, firmanin imicini yarada vo "Made in Azerbaijan"
brendinin iralilomasi ii¢ilin istehsalgiya sormayes yatira bilacoklar.

Notica. Omtos nisanmi istehsalginin ugurlu strategiyasi liciin miithiim amildir vo bazarda
vicdansiz roqabot miibarizesindo, mallarin satisindan satis hocminin vo monfastin  artmasinda
iistiinliiklori tomin edir. ©Omtas nisanmin hiiquqi mithafizasinin alds edilmasi {i¢iin onun geydiyyata
alimmasi miithiim addimdir va bu, sahibinin mohdudiyystsiz miiddete miistosna hiiququnu tomin edir.
Omtos nigant hiiququ olde etmok va saxlamaq li¢lin biznes niimayandslorine "Omtas nisanlari vo
cografi gostarislor hagqinda" Azarbaycan Respublikasinin Qanununu rahbar tutmaq lazimdir.
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R.O. Ismayilova

OCOBEHHOCTH TOBAPHOI'O 3HAKA ¥ ET'O 3HAYNMOCTS JIJISI BU3HECA
P.A. UCMAMJIOBA

CraTbsl NOCBSAILEHA BOIIPOCAM IPEIOCTABICHUS IPABOBOI OXpaHBI TOBAPHOMY 3HAKy B COOTBETCTBHH C 3aKOHOM
AzepOaiimkanckoit Pecmybmuku «O TOBapHBIX 3HaKaX M reorpaguueckux ykazaHusx». OOpallleHo BHUMaHHE Ipes-
HNpPUHUMATENCH Ha 3HAYCHUE PErHCTpallii TOBAPHOIO 3HAKA JUIS Pealu3allid BceX ero GyHKUMH M MOCIeAYIOIHX IopHanYe-
CKH 3HaYMMBIX OIEpaIii, CBsI3aHHBIX C IPABOBOM OXPAaHOH TOBApHOTO 3HAKA. YKa3aHbI ()aKTOPHI, OTpaHUYUBAIOIINE ICHCTBHE
MPaBOBOI OXpaHEI TOBAapHOTO 3Haka. OOpaleHo BHIMaHue paBoobIagaTesell Ha BOSHUKHOBEHUE 00s3aHHOCTH 110 UCIIOJB30-
BaHUIO TOBAPHOTO 3HAKa ITOCJIE €ro perucTpanuy. PackphITo cozepikaHne MCKIIOYHTEIRHOTO IpaBa mpaBoobiafaTess ToBap-
HOTO 3HaKa, IPEAOCTaBIIEMOT0 Trocy1apcTBOM. BHeceHo npeioxkenne 00 N3MEHeHHN peJakiun cT. 21 3akoHa OTHOCHUTEIBEHO
MPOAJIEHUs] CPOKa AEHCTBUSA HCKIIIOUUTEIHHOTO MpaBa Ha TOBApHBIM 3HaK. OTMedeHa HEOOXOIUMOCTh cOOOIIeHUs 000 Bcex
U3MCHEHUAX, KAaCcaIOLINXCA TOBAPHOI'O 3HAKA, ATEHTCTBY 110 MHTEJUICKTYaJIbHOI COOCTBEHHOCTH IS MOATBEPXKICHUS MPaBO-
BOI OXpaHbl. PaccMOTpeHbI BO3MOXKHbIEC BAPUAHTHI MIPEIOCTABICHUS IIpaBa Ha HUCIOJIb30BaHUE TOBAPHOTO 3HAKA VIS IOJy4e-
HMS JIOIIOJIHUTENbHOI NpHObLUIM NpaBooOaanaresto. IToquepkHyTa pojb TOBApPHOTO 3HAKa B PIHOYHOM CTPATEIUH, B yBEIHYe-
HUM aKTHBOB OM3HECa M MPEHUMYIIECTBE MpaBoobianaTels B 60pb0e ¢ HeZI0OPOCOBECTHOM KOHKYPCHIIUCH.

CraTesl TpeAHa3HaueHa /IS O3HAKOMIICHWS, HPEXKAE BCEro, MECTHBIX HpeANpHHUMATENeH CO 3HAYUMOCTHIO
TOBApHOT'0 3HaKa JUIsl YCIIEIITHOro OM3Heca B CBeTe 3akoHa Azepbaiipkana «O TOBapHBIX 3HAKax».

Kniroueswie cnosa: mOBaprlﬁ 3HAK, pecucmpayusl, UCKIIoYUumelbHoe npaeo, ousnec.

TRADEMARK FEATURES AND ITS IMPORTANCE FOR BUSINESS
R.A. ISMAYILOVA

The article is devoted to the issues of granting legal protection to a trademark in accordance with the law of the Re-
public of Azerbaijan "on trademarks and geographical indications". The attention of entrepreneurs is drawn to the importance
of trademark registration for the implementation of all its functions and subsequent legally significant operations related to the
legal protection of the trademark. The factors limiting the legal protection of a trademark are indicated. The attention of the
right holders is drawn to the emergence of the obligation to use the trademark after its registration. The content of the exclusive
right of the trademark owner granted by the state is disclosed. A proposal was made to amend article 21 of the law concerning
the extension of the exclusive right to a trademark.

It was noted that it is necessary to report all changes related to the trademark to the intellectual property Agency in
order to confirm the legal protection. The possible options of granting the right to use the trademark for additional profit to the
right holder are considered. The role of the trademark in the market strategy, increase of business assets and the advantage of
the right holder in the fight against unfair competition is emphasized.

Key words: trademark, registration, exclusive right, business.

Redaksiyaya daxil olub: 25.10.2020
Tamamlama islarindan sonra: 11.03.2021
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INPUYNHBI BOSBHUKHOBEHUA I'/IOBAJIBHOI'O NTOTEIVIEHUA
N EI'O BJIUAHUE HA OIIYCTBIHUBAHUE

H.I. JDKABAJIOBY, B.I'. AJIUEBY, D.P. ATABABAEB*

B cratee paccmarpuBaeTcsi BakHeWIas mpobieMa COBPEMEHHOCTH — IJI00AIbHOE MOTEIJICHHE U aHTPOIIOTeHHEIE
(haxTOpHI, BEI3BIBAIOIINE €0, YBEINUCHNE ITaPHUKOBBIX I'a30B B aTMoc(epe, co3anne napHuKoBoro 3ddexra, a Taxxke cymie-
CTBEHHOE M3MEHEHHUE KIIMMAaTa, HETaTHBHO BIMSIONIEE Ha Bce 0OJIACTH JKU3HEASSITENILHOCTH YenoBeka. OTMeuaeTcs, 4To KpH-
THYECKU BaKHBIM SBIIIETCSI TPAMOTHOE PAllMOHATBHOE UCIIOIb30BAHUE KaXKI0TO MOTEHIIHANBHO IJI0JOPOJIHOTO YI9acTKa CYIIN.

TloguepkuBaeTcst, YTO MOBBIIICHUE TEMIIEPATyPhI JETEPMUHHUPYET (HaKTOPHI, KOTOPHIE B CBOEM KPUTHIECKOM IIPOSIB-
JIeHHH 00yCIIaBIMBAIOT MPOIECC ONMyCTHIHUBAHUA. s perneHnst IpoOIeMbl yBEINUEHHUS TII0A0POAHOTO YyIacTKa HE00X0IUMO
YMEHBIINTH MIPOLECCH OIYCTHIHMBAHMS. B cTaThe ommcaHbl METOABI pelIeHHsT JaHHOW POOIeMBl, T0OKa3aHO MaTeMaTHYeCcKoe
MO/JIEJIMPOBaHKe Ipoliecca OMycThIHUMBaHUs. OCHOBAHHBIN Ha MAaTEMAaTHUECKOM MOJEIUPOBAHUYU AHAIU3 I03BOJIAET BBIIBUTH
BIIMSIHAE KaXKAOTo (pakTopa Ha MPOLECC OMYCTHIHMBAHHS M, COOTBETCTBEHHO, OIPENEIUTh MHCTPYMEHTHI IPEeNOTBpalieHHs
WIN aJalTalluu Ul COXPaHEHHs SKOJIOIMYEeCKOr0 PaBHOBECHSL.

Kniouesvie cnoea: anmponozennvie akmopel, onycmulHuganue, mamemamuieckdas mooens, oug@epenyuanvivle
YpasHeHus.

DOI: 10.52171/2076-0515_2021_13 01_115 125

BBenenue. Ha mpoTshkeHnn Bcelt UCTOpPHH pa3BHUTHE TUIAHETHI KojeOaHUs KIMMara 3aBeplia-
JIUCh OTHOCUTEIHHBIM MOTEIUICHUEM WJIN MOXOJoIaHueM. UepenoBanue TeMIepaTypHbIX KOJIeOaHUu! B
TEUCHUE JUTUTEIHHOTO TEPHOJIa BHI3BIBATIO COOTBETCTBYIOIIME Tpoliecchl. [loTeruienrne mpuBOAMIO K
TasHUIO JISTHUKOB, YTO CITOCOOCTBOBAJIO YBEITMYCHHUIO KOJIMYECTBA BIIaTd 1 MHTEHCUBHOMY BBITIAJICHHIO
atMocdepHbIx ocanakoB. Ilpu moxonogannu, HA00OPOT, CHUKAIIOCH O0IIee KOJUIECTBO Biard. Bo BTo-
poii mosoBrHe XX CTOJIETHS UHTEPEC YUCHBIX K KIMMAaTHYECKUM KOJIEOaHUSIM 0COOEHHO BO3poC. DTO
OBLJT TepHo/, KOT/la KIMMaTHIeCKHe aHOMAJIMH MPHHOCHIIN KOJIOCCaIbHbIe OCICTBHS HACEICHUIO, U, B
CBOIO O4Yepelib, MOCIEACTBUS OTPAXKAIMCh Ha SKOHOMHUKE OTIENBHBIX TOCyNapcTB. B aTm mepuonsl, ¢
Pa3BUTHEM IIPOU3BOIUTEIHHBIX CHJI, YEJIOBEUECTBO BO3JCHCTBOBAJIO HA MPUPOIHYIO CPEIy, B PE3yJib-
TaTe 4ero 00pa3oBaJCs IKOJOTHUECKHUHA AUCOATIAHC, OTPA3UBIIHIICS HE TOJBKO HA CETbCKOXO3SHCTBEH-
HOM TIPOM3BOJICTBE, HO U HA 3JI0POBhE HACEIIEHUS BCEH IJIAHETHI. Y YeHBIC-KIMMATOJIOTH CUUTAIOT, YTO
BO3pacTarolee CoAepPIKaHne YIIIEKHCIIOro ra3a B arMocdepe BeleT K MOTEIUICHUIO KJIUMarta, 4To CIIo-
COOCTBYET TasHUIO JISASHBIX U CHETOBBIX MIOKPOBOB, & TAKXKE CMEIACT apKTHUECKYIO JICJIOBYIO BEPIIIH-
HY W TIpY 3TOM HapyIllaeT MPUPOTHBINA OanaHC.

B cocraBe atmMocdepsl B IPUPOJTHOM COCTOSIHUW COJIEPIKUTCS ONPENCICHHOE KOJIMIECTBO €CTe-
CTBEHHBIX Ta30B, T.€. COCTaB BO3MyXa SIBISICTCS CTAOMIILHBIM W HEM3MEHHBIM Ha HIDKHEM CJI0€ aTMO-
chepbl U B ONTUMAIILHOM COCTOSIHUW TTOCTOSIHHO TIPOUCXOJIHUT IOTJIONIEHHE M SKBUBAJICHTHOE BBIjIETIC-
HUE Tra30B. BelpaBHUBAETCA U OCTaeTCsl OAMHAKOBBIM COOTHOIICHUE COeNUHEeHU a3zoTa - 78,08%, kuc-
sopoja - 20,95%, aprona - 0.94%, yriekucinoro raza - 0,03%.

1 o
HammonaneHoe AspokocMudeckoe AreHTcTBo AsepOaiimkana
+ Atababayev Elchin, E-mail: elchinrafi@gmail.com
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H.I'. [[orcasaoos, B.I'. Anues, O.P. Amababaes

OnHako CIOXHBIIAsICA SKOJIOTHYECKash 0OCTaHOBKAa Ha IUIAHETe, CO3[aBasl MapHHUKOBBIA (-
(exT, HapylaeT eCTECTBEHHBIN cI0i aTMoc(epsl, T.€. IPOUCXOAUT YBEIUUEHHE COACP)KaHUs I'PYIIIIbI
MAPHUKOBBIX ra30B, TAKUX KaK 3aKHCh a30Ta, METAaHA, YIVIEKUCIIOrO ra3a. YBeJIuueHHe AUOKCHIA yrile-
ponma B armocdepe mnpuoOperaeT karactpoduueckuii xapakrep. [lo mamaeim H.I'puna, VY.Crayra,
A.TI'eitmopa, TIpy COKUTAaHUHM HCKOIIAEMOTO TOILIMBA BBICBOOOXKIACTCS 5x10" xr yriieposna B rof, 4To
JOCTaTOYHO AJISl YBEJIMUEHHsI KOHIIEHTPALMK YIJIEKUCIIOro Ta3a B atMocgepe.

ABTOpBI CUHTAIOT, YTO Ha cyiie npu dorocuuTese (ukcupyercs 35x10% kr yrmepoma B rox;
MIPH IBIXaHUM )KUBOTHBIX U pacTeHUM Bbiaensercs 10X 10%%kr yriiepozaa B TO/I.

Kpyrosoport yriepona B npupose 3aBUCUT OT aBTOTPOoGOB U rereporpodos. McTouHnkamu yr-
JIEKUCIIOTO Ta3a B BO3AYyXE SABIAIOTCS IbIXaHUE XXUBOTHBIX M PACTECHHUM, pa3lioK€HHE OPTraHMYECKOTrO
BEIIECTBA MUKPOOPraHW3MaMH, T.€. “AbIxaHue” mouBbl. C Apyroi CTOPOHBI, YITIEKUCIBIN ra3 ycBauBa-
eTCsl 3eJICHBIMU PACTEHUSIMH IIPH NIPeoOpa30oBaHUM Ty4rcTON 3Hepru CONHIA B SHEPTHIO XUMUYIECKUX
cBs3eil. biarogapsi TakoMy 3aMKHYTOMY LMKITY, YCTAaHOBJICHHOMY IPUPOIOH, COEpKaHNE YIIIEKHUCIIO-
THI B aTMOC(epe MOIAEPKUBACTCS Ha MMOCTOSHHOM ypoBHe. OHAaKO Bec BO3PACTAIOUINX 3arpsi3HEHUI
IUTAaHETHI HapyIIaeT NPUPOIHbII OanaHc. YBEIUUYEHNE YITICKUCIOTHI SIBISETCS CErOIHs OJHUM U3 Kara-
cTpodudecKkux (GaKTOPOB B Pa3pyIICHUH 030HOBOTO CIIOSI aTMOC(EpHI.

ConeprkaHre JBYOKHUCH YTJIEpoja MPOIyCKaeT JydHucTyro 3Hepruto ConHIa, HO 3a/ep)KUBaeT
uH(pakpacHoe uziaydeHue. B crekrpe comHeuHoro nzinydeHus: Y @-ryuu HoraomamTes 030HOM, mapa-
MH BOJIbl, YTJICKHUCIOTOM, HO OTpa’keHHAsl 3¢MHO-BOJIHOBAs YacTh CIIEKTpa AMOKCH] yriepoja He IMpo-
MyCKaeT Y4 B KOCMOC, UCXOJISIIIINE OT HArpeToit 3emin. TakuM 00pa3oM, BBICOKOE COJepIKaHUE JHOK-
cuja yriepojia U Ipyrux MapHUKOBBIX Fa30B YBEIMYUBAET TEMIIEPATYPHI TOBEPXHOCTH 3EMJIH.

Y ®-1yun NOrI0LMIar0TCs 030HOM, YITIEKUCIOTON U BOASHBIMU IIapaMH B COOTBETCTBHH C BIIaXK-
HOCTBIO BO3AyXa. BraxxHOCTh BO3Ayxa B 3eMHOI aTMochepe KoeOeTcsl B IUPOKKX mpenenax. Tak, y
3€MHOI TIOBEPXHOCTH COZCPKAHKUE BOJSHOIO Mapa B BO3JyXe cocTaBisieT B cpenHeM ot 0,2 % 1o o0b-
€My B BBICOKHMX LIMPOTax U J0 2,5% B TpomuKax. YIPYrocTh BOASHOIO Mapa B MOJISPHBIX IIHPOTaX
3umoit focturaet 1 mbap, 1eToM noBeiaercsa 10 5 mbap, B Tponukax ke oHO Bo3pactaet 1030 mbap, a
uHorna u Oomnbie. B cyOTponuyeckux MyCTBIHSAX YIOPYrocTh mapa moHmkaercss 10 5-10 mbap. Ilpu
CJIMIIKOM HHU3KOHW HITH CIIMIIKOM BBICOKOH BJIYKHOCTH HaOItoAaeTcs ObICTpasi yTOMIIIEMOCTh YEJIOBEKa,
yXyIIIEHHE BOCHPUATHS U MaMSTH, BBICHIXaHHE CIU3UCTOM OOOJOYKH, a IABMKYIIHMECS MMOBEPXHOCTH
TpecKaroTCsi, 00pa3ysi MUKPOTPEILMHBI, Ky/1a HANPSIMYIO IPOHUKAET BUPYChI, OAKTEPUU, MUKPOOBI.

O4eBHIHO, YTO BIAKHOCTD BO3/[yXa TOXKE SIBJIAETCS OJHUM M3 OCHOBHBIX 3KOJOTHYECKUX ITOKa-
3arenet cpelpl OOMTaHUS BCETO KUBOTO MHpa. CIOXKMBILASACS SKOJOrHYEcKass 0OCTAaHOBKA Ha IJIAHETE
BBI3BIBACT MHTEPEC U NMPHUBIEKACT BHUMAHUE YUEHBIX MUPA K PELICHUIO MPOOJIEMbI II100aNbHBIX H3Me-
HEHUI OKPYXKAIOLIEH Cpelibl ¥ KIIMMATA.

CocTtosinne npoodJembl. Kak HapylieHHE SKOJIOTHIECKOTO PABHOBECHUS MBI SIBIISIEMCSI CBUJIETE-
JSIMH YBEJIMYEHHUS YaCTOTHI M aMIUIUTYIbl SKOJIOTUYECKUX KATaKJIM3MOB (3aCyXH, HABOAHEHUS, U T.1.).
Y4eHble 0JJHO3HAYHO CBSA3BIBAIOT MPOUCXOIAIYIO KAPTHHY C YBEINYEHUEM TEMIIEpaTyphl MOBEPXHOCTH
riaHeTsl. OIHUM U3 CYIIECTBEHHBIX (DAKTOPOB IMOBBIIICHHUS TEMIIEPATYPhl CUMTACTCS YBEIHMYEHHE CO-
JepKaHus TPy «IIapHUKOBBIX T'a30B» B aTMocdepe, K KOTOPBIM HapsAdy C IPYTMMH OTHOCHUTCS M OK-
CHUJ yIlieposa.

Ceifvac 4eJI0BEYeCTBO CXKHTraeT eXeroaHo 4,5 MIp/. T yrist, 3 MIpA. T HePTH U HEPTETIPOAYK-
TOB, a TaKXe INPUPOIHBIN Ia3, TOpd, TOPIOYME CIaHIBI U ApoBa. Bee 3TO mpeBpamaercss B yriaeKUCIbIi
ras, cozepxanue koroporo B armocgepe Bozpocio ¢ 0,031% B 1956 roxy no 0,035% B 1992 rogy u
MPOJIOJDKAET PAacTH Mo cel neHb. Kpome Toro, pe3ko yBETHMYWIUCH BHIOPOCHI B atMocdepy apyroro
MApPHUKOBOTO Tra3a — MeTtaHa. C yueToM TOro, YTO OJTHUM MX OCHOBHBIX IMHUTEHTOB JIAHHBIX Ta30B SBJIS-
eTcs XO3SHCTBEHHAas JEsITeNbHOCTh UYeJIOBEeKa, ceddyac OOJIBIIMHCTBO KIMMATOJIOTOB MHUpA NMPHU3HAIOT
POJIb AHTPOIIOTEHHOTO (haKTOpa B MOTEIJICHUH KIIUMATa.

AHTpOIIOTeHHBIE (HaKTOPHI, BIUSIONINE HA TI00ATBHOE TOTEIJICHHE — TO, B TIEPBYIO OYepelb,
HEKOHTPOJIMPYEMOE BO3JEHCTBHUE 4YENIOBEKa Ha TPHUPOJIHBIE JKOCHUCTEMBI. VHTEHCHBHOE pa3BUTHE
HAYYHO-TEXHHUUECKON peBooIMU B XXI CTONETHH CO37al0 KOJIOTUYECKYI0 HECTAaOMIBLHOCTD Ha Illa-
HeTe, B Pe3yJbTaTe 4ero MPOUCXOANUT TMOBBIIIEHUE CPEIHEH TeMIlepaTypbl 3eMIlH, YBEIHYEHHE COIep-
KaHWS YTJIEKUCIOTH B arMocdepe, BOBHHKHOBEHHE «ITapHUKOBOTO 3(dexTar, MOBBIIIEHHE YPOBHA
MHPOBOT'O OK€aHa, YMEHBIIEHUE 030HOBOTO CJIOSI, BOJHAS M BETPOBAsl HpO3Us MOUBBI, yTpaTa MPOIyK-
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TUBHOCTH 3€MeEJb, YTO B KOHEYHOM UTOT€ BEJET K OMYCTHIHUBAaHUIO TEPPUTOPUHU M HAPYIIAET YHUKAIb-
HBIM reHeTHdecKnuid hoH T IIaHeTsI [1].

Y4eHBIMH YCTaHOBJIEHO, YTO MHTEHCHBHOE BO3pacTaHHE AMOKCHIA YIJepoJa Ha IJIAHETE CBS-
3aHO CO C)KMT'aHHEM Pa3NUYHBIX BHJIOB TOIUIMBA, YIS, HSYTENIPOAYKTOB, T'a3a, OKUCICHUEM yIIIepoaa B
nmouBe. Bo3pacranue nuoKcuma yriepojia MpuBeIeT K riodanpHOoMy moTteruieHnto Ha 1,5°- 4,5°C, 9ro
Oyzer 0coOEHHO 3aMETHBIM B MOJIAPHBIX 00IacTsIX. MI3MEeHeHUsI KMMarta B IEPBYIO OUepeb OTPa3siTCs
Ha pacmpeaesieHuH OCaJKOB M Ipoliecce HCIapeHus, NOTeMICHHEe KInMaTa IpuBeIeT K TasHHUIO JIe/s-
HOT'O KyIoOJia ¥ TOBBIIICHHIO CPEIHETr0 YPOBHS MOpS, YBEJIWYECHHUIO TPOMUYECKOTO THMa KIUMara M
YMEHbBIIIEHUIO 60peaTbHOTO.

Bospacranue cpeaneii TemrnepaTypbl Ha 3emjie MPUBEAECT K YBEIUYCHUIO PAa3UYHBIX TPHOKO-
BBIX 3200JI€BaHUH CEIbCKOXO03SHUCTBEHHBIX KYJIbTYD, PA3MHOXCHHUIO BPEAHBIX HACEKOMBIX.

Pernonsl ¢ He3HAYUTENBHBIM KOJIMYECTBOM aTMOC(EPHBIX OCAAKOB OyIyT CTpasaTh OT 3aCyXH.

Knnmaruueckue M3MeHEHHsI TeMIepaTypbl OTPa3siTCs U HAa TEMIIEPATYPHOM PEKUME ITOYBHI.
s pocTa 1 pa3BUTHUS CENBCKOXO3IHCTBEHHBIX KYJIBTYp HapsAy C HAIMYMEM B [TOYBE BOJBI U BO3MyXa,
HEOOXOIUMBIX AJIsl IPOTEKaHUs] OMOXMMHUYECKUX IPOLIECCOB, BEChbMa CYILIECTBEHHYIO POJb UTPAET OIl-
TUMaJIbHasl TeMIIEpaTypa MOYBBI. TEIIOBOI PEeKUM MOYBHI SIBJISETCS ONHUM U3 TJIABHBIX HOKa3aTeneH
JUTSL IPOU3PACTaHUsl CEMSIH pacTeHHid. 711 BCXOKECTH pacTeHHi TpeOyeTcs omnpeeeHHast TeMIepary-
pa MouBEl. DTOT PEKUM UTpaeT OONBUIYIO POJIb U B MUHEPAILHOM IUTAHWU PACTEHUH, a TaKkXke MpH
ra3oo0MeHe, YCBOGHHH MUTATEIbHBIX IEMEHTOB, aKTUBU3UPYSI ACATEIbHOCTE MUKPOOPTaHU3MOB 0Y-
Bbl. CHIDKEHHE WM YBEITMYECHHE TEMIIEPaTyphl MOYBbI 3aBUCUT OT MHTEHCHBHOCTH COJTHEYHOH pajua-
uun. Poct, pazBuTHe, )KU3HEACATENEHOCTh CEHCKOX03HCTBEHHBIX KYJIBTYP M OHOJIOTHYECKUE TpoLiec-
CBbl 3aBHCST TAKXe OT TEIUIOBBIX CBOMCTB M TEIUIOBOTO PEXKUMA MOYBCHHBIX THUIOB [2]. I'1aBHBIM uc-
TOYHHMKOM TEIUIa B IIOYBE SIBJISICTCA JTyducTas 3Heprust ConHua.

MexaHH4YecK i COCTaB U BIaXXHOCTDH MOYBbI TAKXKE UIPAIOT POJIb MPU MOTJIOMEHNH TeTa M0Y-
Boii. Hampumep, mecyanble U cymnecdaHble TOYBBI OBICTPO MPOTPEBAIOTCS, H TAKKE OBICTPO TEPSIOT
Teruto. Pe3oHaHCHBIN MHTEpec K (DEHOMEHY IMOTEIUIeHHs KJIMMaTa BhI3Balio mmosiBiieHue B 1981 romy
(cpa3y Ha 6 s3pikax) JJoknana «Hare obmiee Oyayieey», moarorosieHHoro komuccuei OOH Bo riaBe
¢ npembep-muHucTpoM Hopeeruu I'py Xapnem bpynamianrom. B noknajne nmoayepKuBanoch, 4To I10-
TEIUICHHUE BBI3bIBAECT OypHOE TasiHUE JIbAOB AHTApKTUABI U [ peHnanany, pe3Kuil HoabeM YPOBHS MUPO-
BOI'0 OK€aHa, 3aTOIUICHHE NPUOPEKHBIX TEPPUTOPHUH, UTO OYAET CONPOBOXKAATHCS SKOHOMHUUECKUMHU U
COLIMAITLHBIMH TTOTPSICEHUSIMU.

Bonpocamu u3ydenust r1o0anbHOrO NOTEMJICHUST M OXPaHbl OKPY’KalOIIeH cpesbl MacITaOHO
3aHUMAIOTCS BCE MHIYCTPHAIILHO pa3BUTHIE TocyaapctBa. B 1988 roxy I'enepanbsnoit Accambieit OOH
Obuta co3laHa MeXNpaBUTENLCTBEHHAS TPYIIa JKCIEPTOB MO TpobieMaM H3MEHEHHs KiInMmara
(MI'OUK). B 1992 roay nHa xonpepenm OOH mo oxpaHe okpysxatomiel cpensl B Puo-ne-XXaneiipo
crpanamu-wieHamu OOH Opia moxmucana pamodHasi KOHBeHIMS «OO0 M3MEHEHHM KIIMMAartay, a Ha
MEXKITpaBUTENbCTBEeHHOW Manpujickoit kondepenuun B 1995 romy OOH mpoBosriacuna riobansHoe
nortervieHue HaydHbIM (pakToM. Co37aH psJ] MEKIPABUTEIbCTBEHHBIX MMPOTPaMM MO U3MEHEHUIO KIIU-
mata. Korna OOH Tonbko npuctynuia K OpMUPOBAHUIO MUPOBOTO OOIIECTBEHHOI'O MHEHUS 110 OOpb-
0e ¢ yrpo3oil M3MEHEHHUS KJIMMaTa, MHOTUE CUUTAIM 3TO TEOPETHYECKMMH M3bICKaHUsMH. KapTuHa
pe3ko uzmenmiack B 2006, B Hayane 2007 roja, mociie BbIX0/la B CBET HaN0OJIee aBTOPUTETHOTO JOKJIa-
na MI'DUK. IlpopriB B 0051aCTH KIIMMATHYECKOTO MOAEIMPOBAHMS, cOOp M aHaJIU3 JAaHHBIX, 0030p ak-
TyaJbHBIX Hay4yHbIX IyOnukaumii mo3zsonmiu MIOUK koncratupoBaTth ¢ 90-IpOLIEHTHOM CTENEHBIO
YBEPEHHOCTH, YTO MI00aIBHOE MOTEIICHHE POTPECCUPYET U TEMIIBI €T0 HApacTaIOT, MOATBEPKIast TEM
CaMBIM CBO€ aHTPOTIOI'€HHOE MpoUcXoxkaeHne. Kpome Toro, mocieacTBus ero y»ke 3aMe4yeHsl, U CUTya-
st OyIeT TONBKO yXYAIAThCs, €CJIM He OyAyT MPHUHATH PEIIUTEIbHbIE MEPHI 110 UCTIPABJICHHUIO T0JIO-
JKEHHUS.

AzepOaitkan siBisercst ctopoHod koHBeHnmu Puo (The United Nations Convention on
Climate Change, UNFCCC — 1992), a takxe yuactHukoM [lapmxckoro Cornamenus (2015). {annsie
coramieHust 00ycIaBIMBaOT KOHKPETHbIE 0053aTeNbCTBA 110 BEIOpocaM B aTMocdepy [3].

«HarmonansHbeiil BkiIan mo Asepbaitmkany» (Nationally Determined Contributions — NDCs)
MOAPa3yMEeBaET COKpaIleHNE MAaPHUKOBBIX BEIOPOCcOB 110 35% k 2030 roxy [4]. Homas ceapcKoro X03si-
CTBa B 001l IMHCCUU MTAPHUKOBBIX Tra30B B AzepOaiikane 1oxoaut 1o 14%.
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MHorourciieHHbIe YU9eHble MUPa U IKCIEPTHl B 0071aCTH M3MEHEHHs KIMMaTa €JUHOMYIIHBI B
TOM, UTO, €CH OyIyT COXpaHEHBI CETOMHSAIIHIE TEMITBl BHIOPOCA MAPHUKOBBIX ra30B, TO KOHITy 3TOTO
BeKa B MHUpE TOJDKHO MPOM30WTH MOBBIIMIEHUE cpeqHei TemmepaTypsl Ha 3°C. DTo moBiedeT 3a co0oi
pe3Koe U3MEHEHUE TeMIIEPaTyPHBIX PEKUMOB, TOSBICHHE ATUTEIbHBIX MEPHOJOB CHIIBHOW JKapbl, U3-
MEHEHHE pPO3bl BETPOB, CHIIBHYIO 3aCyXy B OIHHX PETHOHAX W aHOMAaJbHBIE HOPMBI aTMOC(HEpHBIX
0CaJIKOB B IPYTHX, TasTHAE apKTHYECKUX JIHI0B U MOBBIIIICHNE YPOBHI MUPOBOTO OKeaHa.

Kak m3BecTHO, CONHIIE M3JIyyaeT B KOCMOC OTPOMHOE KOJMYECTBO dHEPTUH, KOTOpas pacrpo-
CTpaHsieTCsl B BUAE DJICKTPOMArHUTHBIX BOJH. MarHuTHOE MoJjie 3eMJIH BIUSET Ha MOTOK 3apsKEHHBIX
YaCTHII, HCITyCKaeMbIX CONHIIEM. [I0TOK 31eKTpoHOB, (pOKyCHpyeMbIil MATHUTHBIM TIOJEM 3eMJTH, ITPO-
HHUKaeT B 00J1aCTh MOJIIPHBIX CHSHHWH, BBI3bIBAs U3MEHEHHE TEMIIEPaTyphl 1 MOHH3ALUIO0 HOHOC(HEPHL.
[TporcxoauTt BHEApEHHUE U B APYrHe 00JIACTH MOHOC(EPHI, IPH 3TOM 00pa3yroTCsl HEYCTOHYMBEIC Mar-
HUTHBIE TOJs. 3apsOKeHHBIE YacTHIIBI, BRIOpAChIBa€MbIe aKTHBHOHM 4dacThio COJHIIA, BHI3BIBAIOT Mar-
HuTHBIE Oypu. [I0TOKM 3apsHKEHHBIX YacTHI], IPOHUKAS B BEPXHHE CIOM aTMOC(epbl, HapyIIalT HOp-
MaJIbHOE CTPOCHUE HOHOC(EpHI, BBI3bIBAas OOJbIINE MarHUTHbIE Oypu — HENpaBHJIbHBIE KOJEOaHUS
MarauTHOro mosg 3emiu. Hapymienns B ciosix atMocepsl BIEKyT 3a cO00M M3MEHEHHs B aTMocdepe B
EJIOM.

OCHOBHYIO 4acTh CTpaToc(epbl COCTABIIAECT 030HOBHIH cioi. B cioe «10 — 50 kM» OT ypoBHs
3eMim CBOOOAHBIN KUCIOPOA O] JCHCTBUEM COJIHEUHOW paualiy IpeBpamiaeTcs B 030H. O30HOBOI
CJION — 3TO TOHKHWH Ta30BEIN cIoi B cTparocdepe Ha paccrostaun 6onee 10 kM oT ypoBHS 3eMITH, KOTO-
PBIF 3alIMIIaeT MOBEPXHOCTh 3eMJIM OT Pa3pyIIUTEIbHOro 3ddekra comHeuHbIX YIbTPa(QUOIETOBBIX
Jy4ei.

B cepenune 1970-x ro1oB psl OTKPBITHN MOATBEPAWIL, UYTO HEKOTOPbIE XUMHUYECKHUE BEUIECTBA
AHTPOTIOTEHHOTO IPOUCXOXKIEHUS, BKIIOYasl XJIOP(HTOPYTIIEBOAOPOIBI, CONECHCTBOBAIN Pa3pyIICHUIO
coJiep KalIerocs: B atMocgepe 030Ha U UCTOIICHUIO 030HOBOTO CJIOSI.

Ota npobiiema o0pesa MeXayHapoaHbIe MaciITa0Obl. 3BeCTHO, UTO BO3AEHCTBUE YiIbTpaduo-
JIETOBOM paluaIiyl BEI3BIBAET PaK KOXKH, KaTapaKTy TIa3, MOJaBIIeT IMMYHHYIO CUCTEMY YelIOBEKa H
HAaHOCUT HETIPEACKA3YCMbIC IMOBPCKACHUA paCTCHUAM, BOJOPOCIIAM, )KUBOTHBIM U HHHIGBOf/i O, 3KO0-
cucTeMe B 1eioM. Mosekyia 030Ha OTIIMYAETCsl OT OOBIYHON MOJIEKYIBI KHCIOPOJia TEM, YTO COCTOUT
HE W3 JIBYX, a U3 TPEX aTOMOB KHCIIOPOJIa, COSTUHEHHBIX IpyT ¢ ApyroM. B atMocdepe 030H CKOHIIEH-
TPUPOBaH B 030HHOM cJoe Ha BeicoTe 30 kM B mpenenax crpatochepsl. [[porncxoauT noriomeHue yib-
Tpa(HOJICTOBBIX JIyuel, ucmyckaeMbix COJIHIIEM, MHA4Ye COJIHEYHAsl pajuanus Morja Obl HaHECTH
0OTBIIION Bpen KM3HU Ha TIOBepXHOCTH 3eMutd. [loaTomy mobast yrpo3a 030HHOMY CJIOK0 3aCITyKHBAeT
CaMoT0 CEPhE3HOTO OTHOIIEHMUS.

B 1985 roay OputaHckue yueHble, paboTatomme Ha HOxxHOM moioce, OOHAPYKUIIH, YTO BO
BpeMsl aHTaPKTHYECKOI BECHBI yPOBEHb 030HA B aTMOC(epe TaM 3HAYUTENBHO HUKe HOpMBL. Exkeromno
B OJIHO W TO K€ BpeMsI KOJIMYeCTBO 030HA YMEHBIIAIOCh, B OOJBIIEH MM B MeHbIIeH creneHu. 11omgo6-
HBIC, HO HE CTOJIb BBIPAXCHHBIC O30HOBLIC JbIPLI MOABJIAIUCH HAJ] CeBepHI)IM IMOJIFOCOM BO BpEMs aH-
T&pKTH‘IGCKOﬁ BecHBI. B IMOCJICAYOIIUEC oAbl YUCHBIC BBIACHUIIN, OTUCTO IMOABIIACTCA O30HOBAA AbIpa.

Korna ComnHile npsiaeTcs U HaUWHAETCS JOJTast MOJISIPHAst HOYb, IPOUCXOIUT PE3KOe MaJIeHNe
TEeMIIEpaTypsl U 00pa3yroTCs BHICOKHE cTpaTocepHble o0liaka, cofepKaiine KprucTamibl ibaa. [loss-
JICHUEC OTUX KPUCTAJUVIMKOB BBI3BIBACT CCPUIO CIIOKHBIX XUMHWYCCKUX peaKnHﬁ, MMPUBOAAININX K HAKOII-
TEHUIO MOeKYAApHo20 Xaopa. 1IpOUCXOaUT pa3phiB BHYTPUMOIIEKYISIPHBIX CBsI3eH, U B atMocdepy
YCTpEMIISIETCSI IOTOK aTOMOB XJIOPA.

OTH aTOMBI BBICTYNAIOT B POJIM KAaTaJu3aTOPOB PEAKIMH MpPEBpaIleHUsI 030HA B MPOCTOM KHC-
JIOPO/I, MPOTEKAIOIIUX 0 CXEMe:

Cl+O;3 —» CIO+0,. ClIO+ —>»0;Cl + 20,

B pesynbraTe 3THX peakiuii MOJIEKYJIbl 030HA MPEBPAIIAIOTCS B MOJIEKYJIbl KUCIOPOAa, IPUYeM
WCXOJHBIE aTOMBI XJIOpa OCTAIOTCA B CBOOOJHOM COCTOSHHMM M CHOBa YYacTBYIOT B 3TOM IPOIIECCE.
BcnencBue 3T0i enovKy NpeBpalieHHBIA 030H HAaUMHAET Mcye3aTh U3 arMocdepbl Hag AHTapKTHIOH,
00pasys 030HOBYIO JbIpy. OIHAKO C TOTEMJICHUEM aHTApPKTUUECKUE BUXPHU Pa3pyIIAlOTCs, CBEKHUI BO3-
JyX, COZIep KAl HOBBIM 030H, YCTPEMIISIETCS B 3TOT PaliOH U JIbIpa HCYE3aET.

AHTpPONIOTEHHOE BO3JIEHCTBHE B PE3yJbTaTe 3arPA3HEHUS OKPYKAIOMIEH CPeAbl MPOUCXOIUT HE
TOJILKO Ha O30HOBBIH CIIOi, HO BIMSIET Ha BCIO Ouocdepy, yBenuuuBas NapHUKOBBIN 3 dexT. Kak us-
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BECTHO, OCHOBHBIMHU TapHUKOBBIMHU T'a3aMH, B MOPSIIKE WX OLCHWBAEMOTO BO3JEHCTBUSI Ha TEIJIOBOU
Oanmanc 3emiy, SBIAETCS BOJASHOM ap, yIJIEKUCIbIH ra3, MEeTaH, 030H, OKCHIIBI a30Ta U (TopcoaepkKa-
urye raspl. BoasiHO# nmap — OCHOBHOM €CTeCTBEHHBIN MapHUKOBBIN T'a3, MPSAMOE aHTPOIIOTE€HHOE BO3IEH-
CTBHE KOTOPOTO He3HauuTeNbHO. OHAKO YBEIMUYEHUE TeMIepaTyphl 3eMIi, BBI3BaHHOE APYTHMH (ak-
TOpaMH, YBEJIMYMBAET UCIAPEHHUE M OOLIYI0 KOHLEHTPALUIO BOISHOTO mapa B arMocdepe Ipu MocTo-
SIHHOW OTHOCHUTENBHOM BIAXXHOCTH, YTO, B CBOIO OUEPEb, IOBBILIAET ITAPHUKOBBIN 3D (DEeKT.

YBenuueHue TEIUIMYHBIX Ta30B B aTMOc(epe, co3aaBasi NapHUKOBBIH 3 (EKT, BEI3BIBAET CYIIIe-
CTBEHHOE M3MEHEHHs KJIMMaTa, HEraTUBHO BJIMSS HA BCe 00JIACTU KHU3HEIESTENbHOCTH YenoBeka. Kiu-
MaTHYECKHE U3MEHEHUS OTPAXKaIOTCS Ha CEIbCKOM XO3SIHCTBE, MEAULIMHE, SKOHOMHUKE, IIPOMBIIIUIEHHO-
CTH, BOJHOM U JIECHOM XO3SICTBE U T.1.

Jns perenust mpoGiieMbl TA00aIBHOTO MOTEIUIEHUST aTMocepbl 3eMITH CleayeT pacCMOTPETh
HECKOJIbKO 3aJjau, CBSI3aHHBIX C aHTPOIIOI'CHHBIMU U NPHUPOIHBIMHU (GakTopaMu. DTU 3afadd TpeOyroT
TOYHOH OLIEHKH (haKTOPOB, BIMSIOLINX HA IT100aJIbHOE OTEIUIEHHE B MacIITabax BCEro MUpA.

TenneHuuei mocaeIHUX AECATKOB JIET SIBISIETCS MHOTOKPATHBIM POCT YUCICHHOCTH HAaCEICHUS
3emiH, 4TO Ha (POHE OrpaHMUEHHOTO KOJIMYECTBA PECYPCOB HAIEH IUIAHETHl HNOPOXKIAECT B IEPBYIO
ouepenb MPOAOBOJIBCTBEHHYIO MpobsieMy. B 3To#l cBs3M fABIsETCS KPUTHUECKU Ba)KHBIM I'PaMOTHOE
paloHaNbHOE HCIIONb30BaHUE KaX/I0TO MOTEHIUAIBHO MJIOJOPOJHOTO y4acTKa cymu. [ pemeHus
po0JIeMbl yBETHMUSHHS TUIOIOPOJHOTO YUACTKa HEOOX0IUMO YMEHBIIUTh TPOLIECCHI OYCTHIHUBAHMUSL.

OnycTbIHMBaHUE SIBJISETCS OJHUM M3 CAMBIX SPKHUX [IPUMEPOB KOMILIEKCHOM Aerpajaluy noy-
BBI, BKITIOYAIOIee B ce0s Takre HeOIaronpuaTHBIC MPOLECChl, Kak dpo3usi, NequIsIus, 3acoIeHHe, 0CO-
JIOHIIeBaHue, nepeymiotHeHue U Ap. B kouBennun OOH «Ilo GopsOe ¢ OmMyCTHIHUBAaHUEM» SBJICHHE
OIyCTHIHUBAHMS OIpPENeNACTCS KaK «Aerpajanus 3eMelb B apUIHBIX, CYOapHIHBIX 3aCyLUTUBBIX
CyOTyMUIHBIX paliOHaX B pe3yibTaTe ACHCTBUS Pa3IHMYHbIX (JaKTOPOB, BKIIOYAs H3MEHEHHUE KIIMMaTa U
JIeSITENNBHOCTD YelIoBeKay [5, 6].

ITo manueiM OOH, Ha 3acynuinBhIe paOHBI MPUXOIUTCS 10 43 MPOIEHTOB BO3JEIBIBAEMBIX
3eMenb B Mupe. Jlerpananus 3eMenb NPUBOAUT K MOTEPSM CENIbCKOXO3IUCTBEHHON MPOAYKIMH Ha CyM-
My 42 mupa. nomnapos CHIA B rog.

OxkoJo TpeTH Bcex BO3/AEBIBACMBIX 3eMelb B Mupe B nociequue 40 et Obuin 3a0pomieHsl 1mo
MIPUYHUHE YTPaThl CBOCH MPOAYKTUBHOCTH B PE3YJIbTATE 3PO3UH MOUBLL. ExeronHo emie 20 MIIH reKTa-
POB CEIBCKOXO035IIICTBEHHOI 3eMJIN HACTOJIBKO AETPAAUPYIOT, YTO NEPECTAIOT MCIOIb30BATHCS ATl BBI-
palirBaHus CEIBCKOXO3SHUCTBEHHON MPOAYKINHU, JTHUOO «IIOTJIOMIAIOTCS» TOPOJaMU BCIEACTBHE YCKO-
peHusl TeMIloB ypOaHu3auuu. B TeueHue mocneniHuX MATH JECATWIETHH HEOOXOIUMOCTh YBETUUCHHS
00BEMOB CEIBCKOXO035HCTBEHHOTO IPOU3BOICTBA, IS TOTO YTOOBI MPOKOPMHTH PACTYIIEE HACEICHUS
3emitn, OKa3bIBaIO Bee Ooiblliee JaBlIeHre Ha 3eMIIsiHbIe U BOJHBIE pecypchl. I1o cpaBaenuto ¢ 1970-mu
rojlaMd B HacTosllee BpeMs MPOKOPMHUTh HeoOXoauMmo Ha 2.3 miup[. 4yenoBek Oombure. 1o cux mop
TEMIIbI IPOU3BOJICTBA MIPOAOBOILCTBUS HE OTCTABAJIM OT TEMIIOB POCTa YUCICHHOCTH HACEJICHUS, UTO
o3Hayaer, yTo Ommkaimue 30 ner HaMm MoXeT nmoTpedoBaThes Ha 70 TPOLEHTOB OOJBINE TPOJOBOIIb-
CTBHSL.

[lo mHeHnI0 MUHHCTEPCTBA SKOJOTUM W MPUPOIHBIX pecypcoB AzepOaiipkaHa, OJHONH U3 OC-
HOBHBIX SKOJIOTHUYECKHX IpobieM B AszepOaiipkaHe siBisercsl mpolieMa OIyCThIHWBAHUS, NPHYHHOM
KOTOpOTO SIBJIIETCSl YpE3MEPHBII BhINac JomMamrHero ckora [7]. Kpome Toro, B HacTtosmiee Bpems 3.7
MJIH FeKTapoB TEPPUTOPUH A3epOaiiiKaHa MMoIABEPKEHbI 3p031H, 10 1.2 MIIH reKTapoB IOYBbI OABEP-
JKEHBI 3aCOJICHHUIO.

Hapsiny ¢ camMmum (akTopoM OINYyCTHIHUBAHHUS MPOUCXOAMT OMOJIOTHUECKOe OOCIHEHHE, YHH-
YTOXKAIOTCS pa3IvuHbIe BUABI (IIOPHI U (DayHBbI.

Bcero B Mupe monBepKeHO ONMYCTHIHMBAaHUIO Oosiee 1 MIIpI. Ta IMpakTHYECKH HA BCEX KOHTH-
HEHTaX.

[IpuuviHbl ¥ OCHOBHBIE (PAKTOPBI ONMYCTHIHUBAHUS Pa3NHuHbl. Kak mpaBmiio, K OIMyCTHIHUBAHUIO
NPUBOJUT COYETAaHHE HECKOJIBKUX (PaKTOPOB, COBMECTHOE JIEHCTBHE KOTOPBIX PE3KO YXYAILIAET 3KOJIO-
THUYECKYIO CUTYAalHIO.

Ha TeppuTopun, moaBep>KeHHOW OMYCTHIHUBAHUIO, YXY/IIAIOTCS (pU3ndeckue CBOHCTBA MOYBHI,
TUOHET pPacCTUTENHHOCTH, 3aCOJSIIOTCS TPYHTOBBIE BOIBI, PE3KO IMagaeT OMOJormyYecKas MpPOIyKTHB-
HOCTb, CJIEIOBATEIbHO, NOAPBIBAETCA M CHOCOOHOCTh DKOCHUCTEMBI BOCCTaHABIMBaThcsa. Kak cumraer
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OJIVH M3 HCCIIE0BATENICH, «ECIU 3PO3UI0 MOXKHO Ha3BaTh HEIYroM JaHamadra, TO OMyCTHIHUBAHUE —
3TO €ro cMepTh» [8].

IIpomecc 3TOT MOMYYMIT CTOIH MIUPOKOE PACTIPOCTPAHEHHUE, UTO SIBIIICSA MPEIMETOM MEKIyHa-
POIHOMN MPOTpaMMbl «OMYCThIHUBaHUEY. OMYCTHIHUBAHUE — ATO PE3YbTAT JIUTEIBHOIO HCTOPHUIECKO-
ro Tpolecca, B X0 KOTOPOr0 HEOIAaroNpHUsITHEIE SBICHUS MPUPOABI U JIEATEIIbHOCTD YelIOBeKa, YCH-
JUBas APYT ApyTa, MPUBOIAT K M3MEHEHHUIO XapaKTePUCTHUK MPUPOIHBIN cpeapl. DTO MPOLEcC Aerpaja-
IIUU 3e€MeJIb B OTHOCUTEIILHO CYXUX 00JIaCTSIX HallleH TUIAHETHI, BBI3BIBACMBIN PA3JIMYHBIMU (PAKTOPaMH,
BKJIIOYAsl €CTECTBEHHOE U3MEHEHUE KIIMMaTa U JIEATEIHHOCTh YelOBeKa. JTa Aerpafaius 3eMeib Mpu-
BOJIUT K PaCHIMPEHHIO WM 00pa30BaHUIO MYCTHIHB, JINOO K BOSHUKHOBEHHIO YCIOBUI BHEIIHEH CPEIIBI,
CXOKHX C YCIOBHSIMH ITYCTBHIHH.

Craaus oOpa3oBaHHs CTeNEH, NPENIIECTBYIONIAs OMYCTHIHUBAaHUIO, HA3bIBAETCS CTENeoOpa3o-
BaHWEM. B Hacrosiee Bpems B pe3ysbTaTe 3TOTO Mpolecca oO0Mas MIomaab IIOAOPOIHBIX 3eMeNTb Ha
IJIaHETE SKETOMHO COKPAIMASTCS — MPHOIM3UTENHHO Ha 12 MIJUTMOHOB TEKTapOB, YTO MPUOIM3UTEIEHO
paBHSETCS TUIOIIAIN NAaXOTHBIX yrojauii ['epmanuu. [Ipu 3TOM HaOrOMaeTCsl TCHISHIMS K TajbHEHIIe-
My YXYAIICHHIO CUTYyaIllu.

Nzydas mpoOiieMbl OMyCTBIHWBaHUS, HEOOXOIUMO BBISICHUTh NPUYHWHBI BOSHUKHOBEHHS OITY-
CTBIHMBAHUSL.

JleuT BOIBI — HEXBAaTKAa BOJHBIX PECYpPCOB JIJIS yIIOBJICTBOPEHUS OMOJIOTHMUYECKOM MOTpeO-
HOCTH CEITbCKOXO3SHCTBEHHBIX KYIbTYp M APYTUX BUIOB PACTUTENHHOCTH JJISl HX HOPMAaJIhHOTO pOCTa
W Pa3BHUTHUSA, a TaKXke TPEOOBAHMS OKPYKAIOIIUN CPEIbl 10 CTAOMIU3AIlUU Pa3BUTHUS IKOJIOTHUSCKUX
MIPOLIECCOB.

3acyxa — JUIMTENBHBIA TIEPHOJ BPEMEHH TOAa C HEJOCTATOYHBIM KOIUYECTBOM OCAIKOB WIIH
TIOBBIIIICHUE TEMIIEPATyPhI BO3IyXa.

Apunuzanys K1MMara — YCHJICHHE 3aCyIUTMBOCTH KJIMMaTa 3a CYeT YBEJIHMUEHUS TeMIIEpaTyphl
BO3/1yXa, UCHAPSIEMOCTH U YMEHBIICHHUS KOJMYECTBA OCAJIKOB, T.C. TIOBBILICHUE NePUINTA BIaKHOCTH
BO3/lyXa W CHI)KEHHE KO3 (UIMEHTa YBIAXKHEHHOCTH. APUIAN3AIlHsl IOYBBI — 3TO CIOXKHBIA U Pa3HO-
00pa3HbIii KOMILICKC MPOLIECCOB YMEHBIIICHHUS YBIQKHEHHOCTH OOITHUPHBIX TEPPUTOPHIA M BHI3BAHHOTO
9THM COKpAIICHHUsI OMOIOTMYECKON MPOAYKTUBHOCTH IKOJIOTHYECKUX CUCTEM.

MHorue y4eHsie TOKa3bIBalOT, YTO HETATHBHBIE aHTPOIIOT€HHBIE (JaKTOPHI, BIUSIONINE HA MIPH-
POy, B KOHEYHOM 3Tarie MPUBEAYT K OMYCTHIHUBAHUIO TEPPUTOPUI KUBOH mpupossl. [IpuBenem aHa-
JU3 MyTeM MaTeMaTH4YeCKOro MoAeJMpoBaHu. [ nmoTe3oi mpu pa3paboTKe MaTeMaTHUECKUX Mo/ie-
Jel ciemyeT pacCMOTPETh aHTPOTIOTeHHbIE (DaKTOPHI, BIHSIOIINE HAa IPUPOTHBIE CPEMIbI, U HX BO3JEH-
CTBHUE HA BECh )KHBOTHBIA MHUP.

IocTranoBka 3agaun. [Tycteias W 00beIUHSICT MHOXKECTBO YUAaCTKOB R, OTMEUeHHBIX Majon
rycToroil pacturenbHOCTH P. CKOpPOCTh M3MEHEHNS TUIOIAIN MOXKHO OIUCaTh ypaBHEHHEM [9]:

Y N4 1
i )

rae N — IpupoHbIE IBIEHUSA, A - aHTPONOTeHHble, W — ITyCTBIHS, S - MIONIalb TyCTHIHH.
ITycTsIHS XapakTepu3yeTcs Mo CIeAyIomui Gpopmyie:
i

W=P<Pmin (2)

3neck P — xapakTepucTHKa IyCTOTBI paCTUTEIBLHOCTH MOKPOBa, Rj — pernoH. 3agada, npeacTraBiIcHHAs
ypaBHeHueM (1), umeer cienyronie 0COOEHHOCTH: U3MEHEHHE OIYCTHIHEHHOHN TUIOIAAN OIHMCHIBAETCS
TG PepeHIHATEHBIMU ANTe0pandeCKUMH TPAHCICH/ICHTHBIMU YPaBHEHUSIMH — M3MEHEHHS, MTPOUCXO-
JSIIIUE W3-32 aHTPOIIOTCHHOW JIESITEIBbHOCTH, MOTYT OBITh ONKCAaHBI TOJBKO B TEPMHHAX 3KCIIEPTHBIX
OLIGHOK, HO OIIEHKAa IOCTEACTBUN aHTPOIIOTCHHON AEATENBHOCTH OISIThb-TaKH TpeOyeT NpPUMEHEHHS
METOJIOB MaTEMaTHYECKOTO MOIETHPOBAHMS.

3ajaua siBisieTCs THOPUIHON 3a1auel SKCIIEPTHOTO MOAEIUPOBAHUSL.

Pemenne 3apauu. Biusiaue npupoousix yciosuti Ha OyCTHIHUBAHUE.

PaccMoTpuM mitomans MyCTEIHK, PAaBHYO CyMME IUTOMAAEH yUYacTKOB:

SW=ZSWWi+Wi<W (3)

120



Hpullqul BO3HUKHOBEHUSL 2100AIbHO20 NOMENJICHUSL U €20 GlIUsHUEe HA onycmuslHUBaHUe

VYuutsiBas (3), Beipaxenue (1) menecooOpazHo paccMaTpuBaTh B CIEAYIOMIEM BHIE:

di—ZN-+ZA- “)
dt - i i
W, <w

B nannoM ypaBHeHMHM CYMMHPOBAHHUE B IIPABBIX YACTSIX YPAaBHEHHUS BEACTCS IO y4acTKaM OIMy-
CTBIHUBAHUS PacCMATPUBAEMON TEPPUTOPHU.

OmnycTeIHMBaHHE OT NPHUPOAHBIX (PAKTOPOB CBA3AHO C HEAOCTATOYHOM BIIA)KHOCTBIO MOYBBI By,
C 3aCOJICHHEM M KapOOHATH3aIlMeH MOYBKI; C HEJJOCTATOYHOCTHIO TyMyca B IOYBE; Pa3BUTHEM HPUPO/I-
HOW 5PO3WH TIOYBHI; Pa3BUTHEM €CTECTBEHHOW ACQIIAIINN MOYBBI, PA3BUTHEM aHTPOIIOTEHHBIX (haKTo-
POB H T.II.

Hpemz[e BCETO MPEACTABIACT UHTCPEC MOCTPOCHUC U U3YUCHUC OCHOBOMOJIAraroIiei 3aBUCUMO-
CTH:

P =13, +cT+uf, +nSy+ACy + pG + 6p 5)

3nmeck, 2, G, 1, A, 4,0, — sMIOuprdecKrue KO(PQPUIMEHTHI, KOTOPbIE HODKHBI OBITH ONPENeNeHBl IS
paccMmatpuBaeMoro peruona; G — 3po3us mouBsl, 6, — nedusius, f, - BIAKHOCTh aTMOC(EPHOTO BO3-
nyxa, S — MHTEHCUBHOCTB 3acoienus, C; — MHTEHCUBHOCTh KapOOHATH3AIIMH TTOYBBI.

[MapameTtpsl Mogenu (5) MOTYT OBITh JIETKO UIACHTH(OUIIMPOBAHBI METOAOM MHOXKECTBEHHOH pe-
rpeccun. [Ipu 3TOM 3, U, 17, A 00pa3yrOT BEeKTOp, KOTOPBI OIICHWBAETCSl PEIICHUEM CHCTEM HOpMallb-
HBIX YPAaBHEHHMH C UCIIONB30BAHUEM ONBITHBIX NaHHBIX P, By, I, B, Sy C4, d Monemu. Oto nossosster
YUECTh U3MEHEHHE TUIOTHOCTH PACTHTENHEHOIO MOKPOBA, TUIOIOPOJHOCTD MTOUYBBI, XapaKTEPHU3YIOLIYIOCS
3HayeHueM P. FIM MoxeT OBITh JIt000M M3 MEPEUUCICHHBIX HUXKE M JIOCTYITHBIX KOHTPOJIIO IMOKa3aTese
pacdeTa IepBOTO ypaBHEHHUS: p | = KOJIMYECTBO PACTCHUIL; p; = 00beM KOpPHEH; p3 = BEC IUIOJOB; Py =
00beM HaJI3EMHOM YacTH PaCTeHUH; ps = CPEIHUI POCT pacTeHuid pu h > hmin ;p 1, py — CyMMapHBIHA
00beM HaJ[3eMHOHM YacTH PacTUTEIBLHOTO MOKPOBA. DTH MOKA3aTeNId HE SBIISIOTCS YHUBEPCATBHBIMU U
3aBUCAT OT THIIA PACTEHHH, COCTABIISIONINX PACTUTEIBHBIN IIOKPOB KOHKPETHOTO pernoHa. PemapameT-
pH3aIys abTepHATHBHON MoJiernH (5), kotopas TpeOyeT cOopa OONBIIOro CTPaTernueckoro Marepuana,
MOJXHO IMPEACTaBUTH B BUJIC!:

§= Z Swi (Bi < Bmin) + Z Swi (I; < Lnin) + Z Swi Sk < Smax) +
) St (6 < Gmax) + ) Suwi (6 < Cna) + ) S (Gy) (©)

rie G — 3po3us MOYBHI

Mogens (6) Tpebyet cOopa MEHbIIEro 00beMa CTaTUCTHYECKOTO MaTepuaia. TeM He MeHee, 3Ta
MOJIeJh JOCTaTOYHO aJ€KBAaTHO OIMMCHIBAET MCCIIEAYyEeMbIi MPOIIECC ONMyCTHIHUBAHMS.

IIpouecc onmycTHIHUBAHUSA SBISETCS Pa3BUBAIOLIMMCS BO BPEMEHH, T0O3TOMY JJIsl €r0 ONUCAHUS
ucnonb3ytoTes auddepennanbaple ypaBHEHNI B KOMOMHAILIMM C MHBIMU criocobamu onrcanus. Ode-
BUJIHO, YTO YCJIOBUSI YCTAHOBUBILIETOCS CTAI[HOHAPHOTO COCTOSIHUSI MOTYT OBITH TIOJIYYEHBI ITyTEM TIpH-
paBHUBaHUSI K HYJIIO MPABBIX YaCTeH CHCTEMBI TUPPEepeHIIMAILHBIX ypaBHeHUH [1].

Mopenb BIaXXHOCTH MOYBBI. Bi1akHOCTh OYBBI B OCHOBHOM 3aBHCHT OT BIa)KHOCTH BO3/yXa,
BEJIMYMHBI UCTIAPEHUS, BEJTMYNHBI OCAIKOB, BEJIMUYMHBI PEYHOTO CTOKA, HAIWYHS CTOKOB F0YKHOW JKCIIO-
3HULIMH, TUIOTHOCTH MOJI3EMHBIX BOJI, @ TAK)KE OT MHAEKca anbden0 3emin.

J1Jis OLIeHKH BIa>KHOCTH MOYBBI HCIIONIB3yeM Au(depeHInanbHOe ypaBHEHHUE:

by
dt

= AyBy + AaBa + ApP + AzZ + AgD + A log(Z) + AgT, + Arty + AsA+ AgE  (7)
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311ech f; — BIAXKHOCTb TOYBBI, t — BpeMs; B, — BIAKHOCTh artMoc(hepHoro ucnapenus; E — Bennunna
ucnapenus; P — Bennunna ocankos; Ag, Ag, Ap, Az, Ag, Ar, Ar, Ay, Ap — SMnupudeckue KodpuuueH-
THI, A — ans0eno 3emnn, Z — riryOnHa moA3eMHbBIX Boa, D — uHAeKe cyxocTtr, L — minHa CKIIOHOB TOH-
KO 3KCIO3MILUHM, X — yroJl HalpaBJeHHs CKIOHOB I0KHOM sKkcno3unut, Tq— TemnepaTypa moussl, To—
TEeMIIepaTypa aTMOC(EPHOTO BO3TyXa.

31ech U3 U3BECTHBIX COOOpaKEHUH OTHOCHTEILHO (DM3UKH PacCMaTPHUBACMBIX SBIICHUH MOYKHO
MOJIOXKUTE, 9T0 Ag=-1; Ap=1; As=1 npu Z>Zpmax, TO €CTh IPH ydeTe OOIBIION TIyOMHBI 3aJICTAHUSI
MOJI3EMHBIX BOJI, B MPOTUBHOM ciydae A, = 0. B obmem cinyqae A,<0.

Pemenne ypaBueHus (7) ¢ y4eTOM yKa3aHHOTO MMEET BHUI:

B,(t) = B(1 + exp(4,t) + C(t) — C(0)) (8)

HeobxomumMo 0TMETHTb, 9TO BIQKHOCTHh NTOYBBI 3aBHCUT HE TOJIBKO OT YCIOBHH TEKYIIETO Me-
cAlla, HO M OT YCJIOBUH HPONLIBIX JieT. Mcxons u3 atoro, nuddepeHnuanbHoe ypaBHEHUE BIAKHOCTH
MOYBKI JIOJDKHO UMETh 0oJjiee 00muil BUI, OJM3KUN K YPAaBHCHHIO aBTOPETPECCUH:

dBy err
ot = Ycond*(t —i)B 9

3nech cond” - BEKTOP YCIOBHH B MOMEHT BPEMEHH, B — BeKTOp KO3 GHUIIMEHTOR.

Mogenb 3aconenus mouBbl. [Ipoliecc 3acojeHHsi MOYBBI OMUCHIBAECTCS TU(PQEepeHINATEHBIM
YPaBHEHUEM:

E = VrpTP — VspSP (10)
dt
3neck Vrp, Vsp— aMnupudeckne KodPPHUIHEeHTHI, T — 3aCOIEHHOCTH MOYBO0OPA3yIOMIUX MTOPO/I.
OTO0 ypaBHEHHE OIHCHIBAET OCBOOOKIEHHE CONEH IpH THIPOJIN3e MUHEPATIOB U3 COJIECOAEP-
JKallluX HOBBIX COC}Z[I/IHGHI/Iﬁ.
Bropoe ypaBHEHHE CHCTEMBI — 3TO YpaBHEHHE CKOPOCTH U3MEHEHHS 3aCOJICHHOCTH II0YBO00Opa-
3YIOIIHUX IMOPOA, YTO OIMUCHIBACTCA YPABHCHUCM!

dT

— = —xP 11
Frimi (11)

X - SMIUPHUYECKH ONpeeeHHble KO3 HUINEHTbI, KOTOphIe paBHHI 1,3.

Mopgpenb Temneparypsl nouBbl. [IoBeieHHE TeMIEpaTyphl IOYBBI HA Pa3JIMYHBIX y4acTKaX OIH-
ceiBaeTcs AudepeHaIbHbIM ypaBHEHUEM, YYUTHIBAIONINM TEMIIEPaTypPy MOYBbL, IOTPpEOIeHHE Terlia

PACTUTCIBbHBIM ITOKPOBOM U KOJIMYCCTBO IIOIJI0MAEMOT'0 IIOYBOM TeIlIa:

dt,
E = ClRl - Ztg - C3P (12)

rae Ry — konudecTBo morsomaeMoro nousoi termia, C; - C; = 1.3 — sMnupuuecky onpeieieHHbIe KO-
3¢ HUITUEHTEHIL.
B Mozenu He yuuThIBaeTCS po3a BETPOB, KOTOPas YYUTHIBACTCS B BETMYNHE CBOOOIHOTO YJICHA.
KonndecTBo nornoneHHOro no4Boit teria R onpexaesnsercs kak
n
Ry =Ry(1-7)(02+ 5) (13)
n
3nech 5~ ~ OTHOWICHHE MPOJIOJDKHTENLHOCTH COIHEYHOTO CHSHUA K TCOPETHYECKH BOSMOKHOMY; R -

anb0e10 3eMHOW MMOBEPXHOCTH, XapaKTEPHCTUKA €€ OTPaXKaIoLIel CIIOCOOHOCTH, KOTOPasi BBIPAKaeTCs
OTHOIIICHHEM IIOTOKA, PACCESIHHOTO BO BCEX HANpaBICHUAX K manarorieMy. COrjaacHO MOJENH, OHO
BBIYHCIISIETCS KaK
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ho

As = Agg [1 + w, (w1 - %) (1 — Agp)sin® (% - 7)] (14)

3neck Ag,— anp0eo mpu 3aKaTHOM yTIIe CONHIA, paBHOM () Tpagycos.

a,(t L) =

15
1+ 0,808L + 0,731L? (15)

3necs L — mIomans JUCTHLEB.
Mopens TemnepaTypsl Bo3ayxa. [loBegenne Temieparypbl BO3yXa OMHCHIBACTCS ypaBHEHHEM
B BHUJIE:

deg
d_t = le + de - d3tg - d4ta (16)
3,HeCI) di — SMIIMPUYCCKHU OMPCACTIACMBIC MMapaMETpPhI: 121,4, W — cpeanssa 0aJIIbHOCTD BCTPOB 3a CE30-
HbI C YUCTOM PO3LI BETPOB U UX TEMIICPATYPhI.

MoJienb 3p0o3HMH OYBBI. YBEIHYCHUE TUIONIAH MyCThIHb MPOUCXOJUT TAKXKE 32 CUCT DPO3UH,
BO3HUKAIOIICH TOJ BIMSHHEM J0KJICBOTO CTOKA: ©CTECTBCHHOTO WJIM aHTpornoreHHoro. OHa umeer
MECTO, KOTJla MHTCHCHBHOCTh JTOXKS MPEBBINIAET WHTCHCUBHOCTh BITUTHIBAHUS W BO3HHKAIOT CTOKH,
paBHbIC MEXy HHTEHCHBHOCTBIO JIOKSI U CKOPOCTBIO BITUTHIBAHUS BOJIBI.

WMHTEeHCUBHOCTH BIMTHIBAHHS BOJIBI OllcHUBaeTCs (hopmyioit A.Koctskopa:

Ky = KO(%)“ 17)

3neck K;— HHTEHCHBHOCTD BIIUTHIBAHUS BOIBI Y€PEe3 WHTEPBAI BPEMEHH t; to — MPOLIEIINIA OT HaJaa
noxnst; Ko— HavaneHast (OT Havasa JOXKIs); a — IMIUPUIESCKUN KOIPPHUIINESHT.
OueBUAHO, UTO BCE 3TU MApPaMETPhI 3aBUCST OT THIIA MTOYBBL. TOra MOYKHO JIOMYCTUTb, YTO

Ko = Kogg (18)

rie Ko— smnupudeckuit koo puimenT; g — THIT TIOUBEI.

Crox npoucxoaut, kornaa K<g, rie g — ”HTEHCUBHOCTb JIOMK/IS.

CkopocTb T€YeHHs BOJBI, IPU KOTOPOH HAYMHAETCs pa3pyllarollie BO3JECHCTBUE HA IIOUBY,
Ha3bIBACTCSI KPUTHUUECKON CKOPOCTBIO.

. I |d(y — Yo) p
kp =% [T o

K Yo
3nech k — smnupuueckuii ko3ddupent, d — TnamMerp YacTUL, Y - INIOTHOCTh YacTHL, Yo — IJIOTHOCTD
JBIDKYILEHCS cpefibl, § — yCKOPEHUE CBOOOIHOTO MaIeHHUSI.

MHTEeHCUBHOCTH 3PO3HH, IOMUMO PACTUTEIHLHOTO IIOKPOBA, 3aBUCHUT OT YKJIOHA:

(19)

L=tja=— (20)

3nech Ah — pa3HOCTB BBICOTHI IBYX TOYEK MECTHOCTH, L — paccTosiHHE MEX/Ty HUMH.
MaremaTtnueckast MOJEJIb HHTEHCUBHOCTH 3PO3UH B 3aBUICHMOCTH OT YKJIOHA UMEET BUJL:

Q=kK" (21)

rie k — k03 GUIHeHT NPONOPIMOHATBHOCTH; 1 — YKJIOH; N — SMIMPUYECKUI MTOKA3aTeNb.
XapakTepHUCTHKa 3pPO3MOHHON PACTUTENBHOCTH TEPPUTOPUH OIHCHIBAETCS YPaBHEHUEM:
L
K; =— (22)

3nech L — mimuHa BceX oBparos; S- IIOMAIb.
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JIJ1sl KOHKPETHOTO pEeruoHa MOKHO MOCTPOUTH AU PepeHIINAIEHOC YpaBHEHUE BHUIA!

L
i m;Qq +myQ (23)
_ 043 0,301:0,04-312 24
Ql - Y 6,613 ( )
3nech Q; — dakTop KpyTH3HBI, Q; — GaKTOp ATUHBI CKIIOHA.
i
= m 25
0:= (3513 (25)
rie | — KpyTu3Ha ckiioHa B %.
Mogens pedusauun nouBsl. Jleduisnus 3aBUCUT MIPEXIE BCEro OT MHAECKCA CYXOCTH:
E
Ko=5 (26)
Toraa mo V. Yennuny:
P
0=c(2)v @7)
g

3mech ¢ — KOHCTaHTa JaHHOH MOYBBL;, P — TUIOTHOCTH BO3/ayXa, I/cM S9- YCKOpEHHE CBOOOIHOTO Tajie-
Hyst, M/c%; Y — CKOPOCTB BETPa, CM/C.

Hcxonst U3 BBIEH3II0KEHHOTO, MOXKHO MPEINIOKUTE HU(depeHIInanbHOe YpaBHEHUE BbITyBa-
HUS ITIOYBBI:

Q _ b P 3K, (28)
dt ¢ g)’ c
UYepes daxTtop mednsaiuu wim B APYroM BUAE MOXKHO INepedpa3upoBaTh YpaBHEHHE CIEIyO-

MM 00pa3oMm:
dQ y®
dt ~ (P —E)? (29
Ero mHTEHCUBHOCTH JOMKHA MPOU3BOAUTHCS MPHU 3HAHUH cojaepxkaHus rymyca. C apyroi cro-
POHBI, CKOPOCTh M3MEHEHHS COJEPXKaHUs TyMyca Ha i y4acTKe OmHMChIBaeTcs auGdepeHInaIbHbIM
ypaBHEHHEM, MPABbIC YaCTH KOTOPOT'O 3aBHCAT OT BETPOBOW 3PO3UH, W3OBITKA BOIbI, MPUBOISIIETO K
UPPUTallMOHHOW 3PO3UH, PE3KUX TEMIIEPATYPHBIX KOHTPACTOB MEXJY 3MMHHMM U JIETHUM CE30HAMM U

HEKOTOPBIMH IPYTUMH (HaKTOpaMHu.
dr;
d—t‘ =G ,W + G,Ts + G, Ty, + GpsA + GpD (30)

3neck I — coneprkanue rymyca B ouBe i ydacTka; W — cpenusis 6amibHOCTb BeTpa; Ty,
- CpenHsis TeMIiepaTrypa 3uMoil; AA — H30BITOK BOJBI.

MO]IGJ'H) FJ'IV6I/IHLI 3aJICTaHUA TTOA3EMHBIX BOJ OITUCBIBACTCA YPABHCHUCM!

dz B
— = O+ $27 = 966 (3D

3nech Ok, ¢, O _ dIMIUpHUecKUe K0IQOUIIUEHTHI.
Moens u3MeHeHHs 00beMa 3armac MOI3EMHBIX BOJI OTTUCHIBACTCS YPABHEHHEM:

da

3neck Vg, Vz, Vg — amnupudeckue KO3 OUITUSHTEHI.
Moenp BIIQXKHOCTH BO3AYXa
IIpumem Mozens B BUIE

_ (Ca®?

Ba = 1695 (33)
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31ech a — OTHOCHTENbHAS BIaXHOCTh BO3yXa; t — CpelHECYTOUHAs TeMIepaTrypa Bo3ayxa; 1695 — me-
peBoaHON KO3 pHIHeHT.

ITo manaeiM BcemmpHoit MeTeoposormueckoit Oprannsanuu, mporaosupyercs qo 1.5 - 2.0°C
YBEIMUEHHSI CPEIHETr0I0BOM Temmepatypsl B AzepOaiimkane 1o 2040 roga; mo 2.5 - 3.0°C — yBenuue-
HUE cpemHerofoBoil remmnepatypsl B mepuoa 2040 — 2070 rr. u go 5°C — yBenuueHune CpemHeroI0BOH
temriepatypsl B iepuoa 2071 — 2100 rr. YMeHbIleHne ypoBHsI 0CaAKOB mporHo3upyetcs Ha 5 % [10].

3axuiouenue. [loBeilieHNE TEMITEPATYphl AETEPMUHHUPYET PAaKTOPbI, KOTOPBIE B CBOEM KPUTH-
YEeCKOM MpOSIBICHHH OOYCIABIMBAIOT MPOLECC OMyCThIHMBaHUSA. OCHOBaHHBIM Ha MaTEeMaTHYeCKOM
MOJICITUPOBAHUY aHAJIN3 TIO3BOJISICT BBISIBUTh BIMSHUE KaXIOro (haKTopa Ha MPOIecC OMyCTHIHUBAHUS U
OTIpEIeNIUTh MHCTPYMEHTBI IPEAOTBPAILICHHS HITH alalTaliy IS COXPaHEHHS SKOJIOTHUYECKOTO PaBHO-
BECHSL.
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QLOBAL iSTILOSMONIN YARANMASININ SOBOBLORI VO SOHRALASMAYA TOSIRI
N. CAVADOV, B.Q. OLIYEV, E.R. ATABABAYEV

Moagqalado dovriimiiziin an vacib problemi olaraq qlobal istilogma vo buna sabab olan antropogen amillar, istixana
effekti yaradan istixana gazlarinin miqdarmin atmosferdo artmasi vo insan hoyatinin biitiin saholorino monfi tosir gostoron
ohomiyyatli iqlim doyisikliklori arasdirilir. Beloliklo, iqlim doyisikliklori tosiri 6z oksini kond tosorriifatinda, tibbdo,
iqtisadiyyatda, sonaye, su, meso tosarriifatinda vo s. tapir. Bu baximdan, hor bir potensial mohsuldar torpaq sahosindon soristsli
istifado etmok vacibdir. Mohsuldar torpaq sahasinin artirilmasi problemini hall etmok ii¢lin sohralagsma proseslorini azaltmaq
lazimdir. Magalado bu problemin halli metodlar1 tosvir olunur, sohralasma prosesinin riyazi modellogdirilmoasi gostarilir.

Agar sozlor: antropogen amillor, sohralasma, riyazi model, diferensial tonliklor.

CAUSES OF GLOBAL WARMING AND ITS IMPACT ON DESERTIFICATION
N. JAVADOV, B.G. ALIYEV, E.R. ATABABAYEV

The article discusses the most important problem of our time as global warming and anthropogenic factors causing it,
an increase in the amount of greenhouse gases in the atmosphere, also significant climate changes, that negatively affecting all
areas of human life. So, the impact of climate change is reflected in agriculture, medicine, economy, industry, water forestry,
etc. In this regard, the competent rational use of each potentially fertile land area is critically important. To increase the fertile
area, it is necessary to reduce the desertification processes. The article describes methods for solving this problem, shows the
mathematical modeling of the desertification process

Key words: anthropogenic factors, desertification, mathematical model, differential equations..
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TUIIOMOP®HBIE 3HAUYEHUS DJIEMEHTOB-IIPUMECEMN CAMO-
POJTHOI'O 30JI0TA B MECTOPOKJIEHUSIX KOJTYEJAHHBIX
®OPMAIINN JIOK-TAPABAXCKOM 30HBI MAJIOI'O KABKA3A

I.C. TYCEMHOB!

B craTbe paccMoTpeHbl THIIOMOpP(HEBIE 3HaYEHHs 3JIEMEHTOB-IIpUMEcei, BXOIIUX B COCTaB CaMOPOIHOTO 30J0Ta.
ITpy aHAIUTHYECKOM HCCIICIOBAaHUN U3YYEHBI COCTAB U COJCP)KaHUE JIEMEHTOB-IIPUMEcel B CAMOPOIHOM 30JI0T€ B KaXKIOM
OITMCHIBAEMOM MECTOPOXKJCHUH OTACNIBHO. Jla3epHBIM PEHTI€HOCIIEKTPaIbHBIM aHAJIH30M B €r0 COCTaBe OOHApY)KeHa OTHOCH-
TEJIbHO MOBBILIEHHAs KOHIEHTpamus Sh, Bi, As, nMeromux THIIOMOp(PHOE 3HAYEHHUE.

VYcraHOBIEGHHAsE OTHOCHTEIFHO MOBBILICHHAS KOHICHTPALUS IIPUMECH B MECTOPOKICHHSAX MOXKET CIYKUTb JIOOJI-
HMTENIBHBIM TIPU3HAKOM IIPU PELICHUH BOIIPOCa O CTAJUHHOCTU U 3TAIHOCTU PyA00Opa30BaHMS U OJHOBPEMEHHO CBHUACTEIIb-
CTBYeT 0 (POPMHUPOBAHUH HCCIIEYEMBIX MECTOPOXK/ICHHIT B MaJOTJIyOMHHBIX YCIOBHSX.

B Hacrosmeii pabore 0O0BEKTOM HCCIENOBAaHUN BBIOpAHBI MECTOPOXKICHHS KOM4eHaHHBIX (opmanuii Jlok-
I'apabaxckoii cTpykTypHO-(hopMannoHHoit 30H5 Manoro Kaskasa: ['enadexk, I'p3pu10ynar, INoma, Jlarkecaman.

ABTOpOM Ha OCHOBAaHHH COOCTBEHHBIX MaTE€pUaJIOB, COOPAHHBIX B XOJ€ UCCIEAOBATEIbCKUX JaHHBIX, YCTAHOBIICHA
0oJiee MOBBINICHHAS KOHIICHTPAIHS B cCaMOpoJHOM 3o0ii0Te (Sb, Bi, As).

Kniouesvie cnoga: rnemenmul-npumecu, camopooHoe 3010mo, pyooobpaszosanue.

DOI: 10.52171/2076-0515_2021_13 01_126_130

Beenenne. Mudopmanust 06 s3eMeHTax-MPUMECsX B CAMOPOJTHOM 30JI0TE BCErjia MpHBIIeKalia
BHHMAaHHE UCCIIeJIOBATENEH, OCOOEHHO B MOCIEAHIE TOABI. DOTH TaHHBIE HCIIONB3YIOTCS IS CYKIACHUS
00 OCOOEHHOCTSIX TPOIECCOB KOHIIGHTPAIWW 30JI0Ta, €r0 MHUTPAIMA W PAcCeWBaHUSl B JHIOTCHHBIX
YCIIOBHSIX.

CoctaB U conepKaHHe JJIEMEHTOB-TIpUMEcEeld B CAMOPOJHOM 30JI0T€ B 3HAYUTEIHHOH Mepe
OTIPEACIISAIOTCS TEOXUMHYECKUMHI OCOOCHHOCTSMU METAINIOTEHHYECKUX MPOBUHIIMNA U OTAEIHHBIX Me-
CTOPOXKACHUH, C(HOPMUPOBABIIUXCS HA Pa3IMYHBIX TIIyOMHAX B MpefesiaX OJHUX M TeX XK€ 30J0TOHOC-
HBIX obOnacteil. M3ydeHne syieMeHTOB-IpUMeceld B CAaMOPOJHOM 30JI0T€ UMEET BaYKHOE MPAKTHYECKOE
3HauYEHHE.

OO0BeKTOM HCCIIeIOBaHUH B JTaHHOW paboTe BBIOPAHBI MECTOPOXKISHUS KOMYETaHHBIX Qopma-
muit — I'enabek, ['e3puiOynar, [omra, Jlarkecaman — Jlok-I"apabaxckoii CTPyKTYpHO-(OPMAIHOHHOM
30HBI Manoro KaBkasa.

YcTaHOBIEHO, YTO ONpeAeNeHHBI HA0Op 3JIEMEHTOB-TIPUMECEH B CAMOPOJIHOM 30JI0T€ TECHO
CBSI3aHO C yCJIOBHSAMH ero oOpa3oBanusi. Tak, mpumecu Sb, As, Bi cBuneTenbcTByOT 0 pOpMUPOBAHUN
OpyaACHCHHA B MaJ'IOF.HYGI/IHHBIX YCIOBHUAX, a NOBBIIICHHBIC KOHUICHTpaIuU Hg B CaMOpPOJHOM 30JI0TC
YKa3bIBaIOT Ha ()OPMHUPOBAHKE U JIOKATU3ALUIO OPYACHEHHS B 30HAX TTTyOMHHBIX Pa3jiOMOB.

Kak mpaBuino, camopoiHoe 30710TO OTJIaraeTcs B KOHIIE KaXKAOH pYJHON CTaAMK M COACPIKUT
MHUKPOBKIIFOUCHUE PAHEC BBIACIMBUINXCA PYAHBIX MUHEPAJIOB, 06ora1ua;1c1, HUX DJICMECHTaAMH.

Hapsany ¢ MexaHHUECKUMH OTMEYalOTCs TAK)Ke CTPYKTYPHBIE 3JIEMEHTHI-IIPUMECH, BXOJSIINE B
KPUCTAIUTMYECKYIO PELIETKY camoro 3oii0ta. I[IpucyTcrBrue nux B caMOpOJHOM 30JI0T€ YCTaHABINBACTCS

! AzepbaifpkaHCKHI TOCYIAPCTBEHHBIN YHHBEPCUTET HE()TH U MPOMBIIIIICHHOCTH
Huseynov Gamed, E-mail: gamedhuseynovv@mail.ru
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OOBIYHO TIO OCOOEHHOCTSIM pacrpefelieHus. DTO OIMpeneseT TUMOMOpP(QHOEe 3HAUYEHUE SJIEMEHTOB-
MpUMeceil Kak moka3areyieil reOXUMUYECKUX U MUHEPAJIbHBIX TUIIOB MECTOPOXKICHUN U PETMOHAIbHON
reoXMMHUIEcKoi oocTanoBku [1-3].

Heanb padoTbl — U3yyeHNE IEMEHTOB-IIPUMECEH, BXOISIIIUX B COCTaB CaMOPOJHOTO 30JI0Ta B
MectopoxaeHusx Jlok-I'apabaxckoit cTpykTypHO-popMmaimonHoi 3086 Manoro Kaskaza: ['emabex,
I's3puiOymar, I'oma, Jlarkecamas.

s pemieHus MOCTaBICHHOW 3a/aud MCIOJIB30BAHO ONpeAeiIEHHOE KOIMYEeCTBO Mpold (3epHa
30JIOTHH) W3 BBIIICHA3BAHHBIX MECTOPOXKIACHUN. DIEMEHTHI-IPUMECH B CAMOPOAHOM 30JI0T€ yCTaHOB-
JIEHBI JIA3ePHBIM PEHTT€HOCTIEKTPAIEHBIM METOJIOM.

T'eoabexckoe mecmopoycoenue. upopmains 00 3IIEMEHTAX-MPUMECSIX B TIOCICIHUE TOIBI
UCTIONIB3YETCs UTs BEISICHEHUS] 0COOEHHOCTEH MPOIeCCOB KOHIEHTPALUH 30JI0Ta, €T0 MUTPALlUK U pac-
CEeMBaHMs, KaK B JHJOTEHHBIX, TaK M IK30T€HHBIX ycioBHsx. COCTaB M COJepKaHHE SJIEMEHTOB-
mpuMeceil B CaMOpPOJHOM 30JI0T€ B 3HAYUTEIHFHOW Mepe OINpeneisieTcs T€OXHUMHUIECKIMH OCOOEHHO-
CTSIMU METAJUIOTCHUYECKUX TPOBUHIIMIA B OTACIHHBIX MECTOPOKICHUSIX, COPMHUPOBABIINXCS HA pas-
JUYHBIX TITyOMHAX 30JI0TOHOCHBIX 00JIacTei.

ABTOpOM HM3YYEHBI IEMEHTHI-IIPUMECH, BXOJSAIINE B COCTAaB caMOPOIHOTo 30s0Ta ['emabex-
CKOTO0 MecTOpoKJeHHUs. JIa3epHBIM PEHTTCHOCIEKTPAIBHBIM aHATU30M, TOMUMO AJ, B €ro cocrase
0o0OHapyKEeHBI CAeIyIoNIHe dIeMeHTh-puMecH, %: Cu (0,008 — 0,012), Sb (0,03 — 0,04), Fe (0,015 —
0,06), As (0,001 - 0,02), Bi (0,002 — 0,005), Zn (0,008 — 0,1), Pb (0,03 — 0,06), Mo (0,0002), octab-
HBIC 3JICMCHTBLI-IPUMECH COACPIKATCA OT TBICAYHBIX JO CTATBICAYHBIX noneﬁ IIpoOUCHTA. HpI/I MHKPO-
30HI0BOM aHanu3e oouapyxeno 0,1 - 1,27% Hg [4, 5].

Ha ocHoBanmm moONy4eHHBIX JAaHHBIX MOCTPOEHBI AMArPaMMBbI, TTOKA3bIBAIOIINE COCTaB U CO-
JiepKaHue IeMeHTOB-TipuMeceit B 30mote ['emabekckoro mectopoxaeHus (puc. 1).

Kenabekckoe MecTopoxaeHue

B Mo-0.0002% 0O Cu-0.01%

O Sb-0.035% Fe-0.008%
-0. o

Bi-0.0035% Ag—23. 63%

@ Zn-0.009%

enemMeHTbI

npvmecen
0,

1.77% N-Au-74.6%

Hg-1.7%

(D1 m2m3m4m5 06 m7

Puc. 1. Cocmag u cpedrnee codepacanie snemMeHmos-npumeceti ¢ camopoonom 3onome I'edabexckoeo mecmoposicoeHs

Kak BuanO m3 puc. 1, B caMOpOJHOM 30JI0T€ OCHOBHBIM 3JIEMEHTOM-TIPUMECHIO SIBIISIETCS Ce-
pebpo (AQ), comepxkanue ero cocraBisieT 23,63%. OcranbHbIe 3JIEMEHTHI-TIPUMECH C PTYTHIO COCTaB-
nsr0T Beero 1,77%.

Ilo MHeHUIO WccenoBaresei, B BEPTUKAIBHOM pa3pe3e PYIAHBIX Tel KOJWYECTBO M COAepiKa-
HHUE DJIEMEHTOB-IIPUMECE B CAMOPOJIHOM 30JI0TE M3 MECTOPOXKIEHHI Pa3HBIX TIYOMH PE3KO OTIHYa-
I0TCsI. Y CTaHOBJICHO, YTO ONPECIICHHBIN UX HA0OP TECHO CBSI3aH C yCIOBUSMH pyaooOpa3oBanus. Taxk,
HOBBILICHHBIE TpuMecH SD u AS CBUIETENBCTBYIOT O (POPMHUPOBAHHH OPYACHEHHUS B MAJOTTTYOUHHBIX
YCIIOBUSIX B 30HAaX MIyOWHHBIX Pa3liOMOB, HEPEIKO BHE CBS3U C ONPE/CICHHBIMU UHTPY3UBHBIMU KOM-
wiekcamu. PopMUpOBaHKE M JOKATU3aLUsl OPYIEHEHUS B 30HAX TIIyOMHHBIX Pa3loOMOB OIpEAesseT
HaJIM4re MOBBIIICHHBIX KOHLEeHTpauri Hg B camopoaHoM 3o1ote [6].

ITomumo Fe u Pb, B caMOpoIHOM 30J10T€ OTMEYACTCsl OTHOCUTEIHHO TOBBIIIICHHAS! KOHIIGHTpA-
st Sb (0,03 - 0,04), Bi (0,02 - 0,05), As (0,001 — 0,02) u Hg (1,27%).

[NoBeiiennas konuentpamms Sb, Bi, As no3soisier npeanonarath, uyto ['egabexckoe MecTo-
poxeHre cGopMUPOBAIOCH B MAJIOTITyOWHHBIX YCJIOBHSX, a Oojiee TOBBIIIEHHOE cojepxanue Hg
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(1,27%), Hapsny ¢ npyruMu (akTopamu, JaeT OCHOBAHUE MPEANOJIOKHUTh, YTO NPU (HOPMHUPOBAHUH
MECTOPOXICHHUS OTIPEIETICHHYIO pOIlb chirpai I'enabeKcKuii rITyOMHHBIN pa3ioM.

T'vizbinbynazckoe mecmoposcoenue. V3BecTHO, 9TO B 3aBUCHMOCTH OT pa3HBIX IIyOuH (op-
MHUPOBAHHUSI MECTOPOXKACHHS JIEMEHTHI-IPUMECH B CAMOPOJHOM 30JI0T€ PACHpPEAesoTcs KaK paBHO-
MEpHO, TaK M 30HAJIBHO. DTH OCOOCHHOCTH 3JIEMEHTOB-TIPUMECEl MOTYT CIYKUTbH JIOTIOJTHUTEIBHBIM
NPU3HAKOM IIPU PEIICHWH BOIPOCA O CTAAWHHOCTH M ATAIHOCTH IIpoIecca pynooOpa3oBaHus, O TITy-
OMHE OTJIOKEHHS 30JI0Ta, 8 TAKXKE MPH BEIOOPE ONTUMATIBHBIX CXEM €r0 M3BJICUECHUS U ero aduHaxe.

OMHUCCHOHHBIM CIIEKTPaJIbHBIM MHKpoaHain3oM (mo meroauke M.II. JlaHueBa) ycTaHOBJIEHO,
YTO CaMOPOIHOE 30J70TO [ BI3BIIOYIArcKOro MECTOPOXKICHUSI CONEPIKUT HIDKECIETYIOMNE dIIEMEHTHI-
npumecH, %: Ag (16 — 18), Cu (0,18 — 0,20), Fe (0,057 — 0,070), Sb (0,002 — 0,03) As (0,015 — 0,02),
Mn (0,0001), Hg (0,2).

CocTaB 1 comepkaHue 3JIEMEHTOB-TIPEMECEH B CAMOPOIHOM 30JI0T€ OTPAKEHBI B JJHAarpaMme
(puc. 2).

Kbi3b1n6ynarckoe mectopoxaeHune

@ Sb-0.0002%

Ag-11.57%

eneMeHTbI

I™-o cu-0.19% npuveceii
0.43%

® Hg-0.17%

\-Au-88.0%

@ Mn-0.0001%

- Fe-0.064% \—cr As-0.0015%

Puc. 2. Cocmag u cpednee cooepicanue sneMeHmos-npumeceti camopooHozo 3010ma I vi3vliby1a2cko20 MecmopoicoeHus

Kak BHIHO W3 TOJYYCHHBIX JaHHBIX, B CAMOPOHOM 30JI0T€ OTMEYAETCS OTHOCUTEIIBHO MOBBI-
menHas kKoHIeHTpanus CU u Fe. Dto, BeposiTHO, OOBSCHAETCS TEOXUMHUIECKUMH OCOOCHHOCTSMU Me-
cropoxkaenus [3]. Tak, 30J10TO B JAHHOM MECTOPOXJICHUH TECHO CBA3aHO C CYIb(QUIHBIM OPYICHEHU-
€M, T.C. 30JI0TO YaCTO aCCOLUUPYETCS ¢ XaJIbKOIMUPUTOM M NMUPUTOM. [103TOMY MpPHCYTCTBHE OTHOCH-
TEJIbHO MOBBINIEHHOTO coziepkanust CU n Fe kak aneMeHTOB-TIpuMeceii 3akoHoMepHo. Cepedpo 1 Melb
SIBIISIFOTCS. TIOCTOSTHHBIMM CITYTHUKaMH 30JI0Ta, ¢ KOTOPBIMH 30JI0TO 00pa3yeT TBep/ble pacTBOphl. B
CaMOPOJIHOM 30JI0TE TPHUCYTCTBYET OTHOCHTEIBHO MOBEIIeHHOE copepkanue Sh (0,002 — 0,03) u As
(0,015 — 0,02). [MonyuyeHHbIe JaHHBIE JAIOT BO3MOXKHOCTH MPEIIIONIOKHTh, YTO pynoodpazoBanue ['bi-
3BUIOYIIArCKOT0 MECTOPOXKICHHS COPMUPOBAIOCH B MATIOTTTYOHMHHBIX YCIOBHSX.

Towmunckoe mecmoposcoenue. Kak U3BeCTHO [5], 2I€MEHTHI-IPUMECH B 30JI0T€ YCTAHABIUBA-
I0TCSL OOBIYHO 1O OCOOCHHOCTSIM PACIIPENCICHUS. DTO ONPELNIIeT TUIIOMOP(HOE 3HAYCHHUE DIIEMEH-
TOB-TIpUMeEcel Kak IMoka3areiedl TeOXUMHYECKHX M MUHEPAbHBIX THUIIOB MECTOPOXKICHHA U PErvo-
HAJILHOU T€OXMMUYECKON 00CTaHOBKH.

Bonbiast wacte mpuMeceil pacrnpeseneHa B caMOPOJHOM 30JI0T€ HEPAaBHOMEPHO M CBS3aHa C
MPUCYTCTBUEM B 30JI0OTHHAX MHUKPOCKOIMMYECKUX U CYOMHKPOCKOIMYECKUX MUHEPATbHBIX BKIIIOUCHUI
— nuroduisHbIe dneMeHTsl Fe, As, Pb, Bi, Te, S, paBHomepHOe pactpeenenue B 3oimotuHax Hg, Cu,
Pd, a Takxe, Bo3amoxHO, Sb, Cd, Pt. OH1 00pa3yroT ¢ 30J10TOM OrpaHHYCHHBIE TBEP/IbIC PACTBOPBI.

3JIeMEHTHI-IPUMECH B CAMOPOJIHOM 30JI0TE HAa JaHHOM MECTOPOXKJCHUHU OTpEJIeIIeHbl SMUCCHU-
OHHBIM CIIEKTPAJIBHBIM METOJIOM. YCTaHOBJIIEHO, YTO CaMOPOJHOE 30JI0TO, HaXOJsIieecs B KBapIl-
30JI0TO-TEJLTYPUIHOM THUIIE PYABI, SBISETCS MPOIYKTHBHOMN acconuanueil [3] u COAepKuT CleAyIoe
snemeHThI-ipuMecH, %: Cu (0.008 — 0,01), Fe (0.01 - 0,22), Pb (0,003 — 0,004), Zn (0,001 - 0,002), Sb
(0,06 - 0,08), Bi (0,03 —0,04), As (0,02 — 0,03), Te (0,02 — 0,5). OcranbHBIE 3JIEMEHTHI-TPUMECH TIPH-
CYTCTBYIOT B HE3HAYMTEILHOM KOJIMYECTBE.

CocraB u cojiep)kaHue JIEMEHTOB-TIPHUMECEH B COCTaBe CaMOPOIHOTO 30JI0Ta OTPAXKEHO B JHa-
rpamme (puc. 3).

128



TunOMOquHble 3HAY€HUA aﬂemeHmos-npumeceﬁ cazwopodnoeo 3oioma 6 Mecmopoafcdeuuﬂx KON4eOaHHDBIX ...

Jazkecamanckoe mecmopodicoenue. 110CKOIBKY 3IIEMEHTHI-TIPUMECH B CAaMOPOJHOM 30JI0TE
pacmpenensoTcsl Kak paBHOMEPHO, TaK W 30HAIBHO, TO 3TH 0COOCHHOCTH 3JIEMEHTOB-TIPAMECEH MOKHO
WCIIOJB30BaTh KaK JOMOJHUTEIHHYI0 HH(POPMAIHMIO TP YTOYHEHWH YCIOBUH (DOPMHPOBAHUS MECTO-
POXKICHUS.

lowwuHckoe MecTopoxaeHue
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@ Bi-0.035%
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f
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Puc. 3. Cocmas u cpeonee cooepaicanue snemenmos-npumecell 8 camopooHom 3oaome I ouuHcKko2o mecmoposircoeHus

B pesynbrate MHUKPO30HAOBOIO CIIEKTPAJIHLHOTO aHAIN3a JIEMEHTOB-TIPUMECEH B CaMOPOIHOM
3050Te JlarkecamMaHCKOro MeCTOPOXXKICHHS YCTAHOBJIEHO, YTO B €0 COCTABE MPUCYTCTBYIOT CIIEAYIO-
e 3eMenThi-pumect, %: Cu (0,08 — 0,15), Fe (0,27 — 0,32), Pb (0,29 - 0,33), Zn (0,13 — 0,21), Te
(0,001 - 0,006), Sb (0,001 - 0,02), Bi (0,01 - 0,062), As (0,001 — 0,003), Mn (0,0003). 113 snemenTOB-
npUMecel MPUCYTCTBYIOT: OCHOBHbIe mpumecu Fe, Cu, Pb, Bropocrenennnie AS, Bi, criopamnueckue
Mn.

PesynpTarhl MoMy4eHHBIX aHATU30B MOKa3aiu, 4To kpome CuU u Fe B camopomHOM 30J0TE OT-
MEUaIOTCs OTHOCHTENBHO TOBBIIeHHBIE KoHIeHTpanuu Pb (0,29 — 0,33%) u Zn (0,13 — 0,21%). Bepo-
ATHO, 3TO OOBSICHSAETCS I€OXMMUYECKUMH OCOOCHHOCTSAMH JlarkecaMaHCKOro MecTopoxiaeHus. Tak,
30JI0TO Ha JAHHOM MECTOPOXICHUH TECHO CBSI3aHO C TOJIMMETAJUIMYECKUM OpYyJICHEHUEM, TO €CTh 30-
JIOTO YacTO aCCOLHMHUPYETCS C MO3AHUMH CyNb(OUAHBIMU MHHEpanaMu (cdaneputom, raeHuTom). [lo-
3TOMY HPHCYTCTBHE B COCTABE CAMOPOIHOIO 30JI0TA MOBBIIICHHOTO cojaepikanus Pb u Zn kak siemMeH-
TOB-TIpUMECel BechMa 3aKOHOMEpHO [2]. OcTalbHBIE AIIEMEHTHI-TIPUMECH B CAMOPOJIHOM 30JI0TE TIPH-
CYTCTBYIOT B HE3HAUUTCIIbHOM KOJIMYCCTBE, UX COACPKAHUC KOHG6HCTCH OT ACCATHUTBICAYHBIX O ACCA-
TBIX JOJIEH MPOLICHTA.

CocraB u coaep:KaHue NEMEHTOB-IIPUMECEN B 30JI0T€ OTPAKEHO B 1uarpamme (puc. 4).

[larkecamaHckoe MecTopoxaeHue
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Puc. 4. Cocmag u coodepoicanue snemenmos-npumeceii 8 camopooHom 3010me J{askecamancko2o MecmopoicoeHus,

ITomy4yeHHbIC TaHHBIE IO KOJUYECTBY M COJIEPIKAHUIO JIEMEHTOB-TIPUMECEH B CAMOPOJTHOM 30-
JIOTE, & TAKXKE B3aMMOOTHOIIICHHE C MTO3JHUMHU CYJIb(OUIHBIMA MUHEPAIAMH ITO3BOJISIET MIPEAIIOJIOKHUTS,
4yTO pyAbl JlarkecaMaHCKOro MECTOPOXKIEHUS CPOPMHUPOBATUCH B MaJIOTITyOUHHBIX YCIOBUSX [ 1, 4].

3akawuenue. Pe3ynbpraTel IpOBEIEHHBIX Pab0OT MO3BOIMIIN MPEATIONIOKNUTE, YTO MECTOPOKIE-
HUs KouemaaHHeix (opmaruii Jlok-I"apabaxckoii cTpykTypHO-(hopMaIMoHHOM 30HEI Majoro Kaekasa
c(hOpMHUPOBAIKCH B MAIOTITyOUHHBIX YCIIOBUSX.

JlazepHbIM PEHTTeHOCIEKTPAIbHBIM METOJOM HU3YUYEHBI 3JIEMEHTHI-NIPUMECH, BXOMSIINUE B CO-
CTaB CaMOPOJHOTO 30JI0Ta. Pe3ynbTaTel aHATN30B MOKA3aJIM, YTO B CAMOPOIHOM 30JI0TE ONHCHIBAEMBIX
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MECTOPOXICHUN OTMEUaeTCs MOBhINIEHHas KOHIeHTpanus Sb, Bi, As. IIpucyTcTBue ux B cCaMOpPOTHOM
30JI0T€ yCTAHABIMBAETCA OOBIYHO MO OCOOEHHOCTSM pacmpeaeNeHus. DTO ompeaesieT THnoMopdHoe
3HAYCHUE JIEMEHTOB-IIPUMECEH KaK MoKa3areyell TeOXMMUYECKUX U MHUHEPATBHBIX TUTIOB MECTOPOXK-
JICHUI U PETUOHAIBHON reOXUMHYECKON 00CTaHOBKH [3].

B cratbe paccMOTpeHBl THIIOMOP(HBIC 3HAUCHHS JIEMEHTOB-TIpUMECEH, BXOSIINE B COCTAB
CaMOPOJIHOTO 30JI0Ta, KOTOPhIE MOTYT CIY>KUTh JOTIOJTHUTEILHBIMY MPU3HAKAMHU NIPU PEIICHUU BOIPO-
ca 0 CTaJIMHHOCTH W ATAITHOCTH B MPOIECCe Pya000pa3oBaHus, O TITyOUHE OTIIOKEHUS 30JI0Ta, 30HAIb-
HOCTHU OPYJICHCHHSI, a TAK)KE TIPU BHIOOPE ONTUMAIIEHBIX CXEM €T0 U3BJICUCHHS ad)(hUHAKEM.
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KiCiK QAFQAZIN LOK-QARABAG ZONASININ KOLCEDAN FORMASIYASINA AiD
YATAQLARINDA SORBOST QIZILDA ELEMENT-QATISIQLARIN TIPOMORF OHOMIYYOTIi

Q.S. HUSEYNOV

Mogalado sarbast qizilda olan element-qatisiglarin tipomorf shomiyyotino baxilmigdir. Lazer rentgenspektral analizi
ilo qizilda tipomorf ohomiyyst kosbedon element-qatisiglarin (Sb, Bi, As) nisboton yiiksok konsentrasiyasi miioyyon
olunmugdur. Element-qatisiqlarin miisyyan edilmis yiiksok konsentrasiyas: qeyd edilen regionda filizomaloagalmenin marhala
va etapinin dyronilmasi zamani slave malumatlarin alinmasina xidmot eds bilor. Analitik tadqiqatlarla qeyd edilon yataqlarin
har birinds, ayriliqda qizilda element-qatisiqlarin tarkibi ve miqdari yranilmisdir. Analizlorin naticaleri gosterir ki, qatisigin
torkibi vo miqdar1 yataglarin monsub olduqlari formasiyadan asili olaraq forqlidir. Oyronilon yataqlarda tipomorf shomiyyato
malik element-qatisiglarin paylanmasi asagidaki kimidir: Sb, As (Gadabay, Qizilbulaq), Sb, Te, As, Bi (Qosa), Te, Sb, Bi
(Dagkosomon, Madneuli).

Yataqlarda qizilda miisahido edilon element-qatisiglarin nisboton yiiksok konsentrasiyasi filiz omologolmonin
moarhalo vo etapmin miioyyon edilmosi mosalolorinin holli zaman1 slavo molumat monbayi kimi istifado edilo bilor vo eyni
zamanda geyd edilon yataqlarin azdorinlik soraitinds amolagalmosine sahidlik edir.

Agar sézlor: element-gatisiglar, sorbast qizil, filiz omalagalma.

TYPOMORPHIC VALUES OF IMPURITY ELEMENTS OF NATIVE GOLD IN DEPOSITS
OF PYRITE FORMATIONS IN THE LOK-KARABAKH ZONE OF THE LESSER CAUCASUS

G.S. GUSEYNOV

The article deals with typomorphic values of impurity elements that make up native gold. An analytical study exam-
ined the composition and content of impurity elements in gold in each described deposit separately. The analysis results
showed that the impurities in gold, depending on the formation of the deposit, are different.

The established relatively increased concentration of impurities in the deposits can serve as additional features in
solving the problem of staged and staged ore formation and at the same time indicate the formation of the studied deposits in
shallow conditions.

Key words: impurity elements, native gold, ore formation.
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