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Abstract

The article examines the inherent benefits of civilian use of unmanned aerial vehicles (UAVS) and
the possible violation of fundamental rights such as the right to privacy and freedom of expression. The ar-
ticle describes the possibility of using UAVs at the data collection stage using the example of Israeli law
as a basis for overcoming the risks associated with the use of UAVSs. Israel is considered the leading ma-
nufacturer of UAVs, and therefore the integration of the Israeli legal system into both common and civil
law is attracting attention today. The article also discusses the solution of such problems adopted in the
USA and Europe.

Keywords: unmanned aerial vehicles (UAV), information technology development, reconnaissance,
confidentiality, continental law.
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Pilotsuz ucus aparatlarindan (PUA) miilki maqgsadloar iigiin istifada

va moaxfilik hiiquguna qars: potensial tahliika

S.S. Olizads
Azarbaycan Milli Aviasiya Akademiyas: (Mardakan pr. 30, Bak:, AZ1045, Azarbaycan)

Yazisma iigiin:
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Xiilasa

Magalods PUA-lardan istifadonin tstiinliiklorinin onlarin monfi cahatlorindon Gstiin olub-olmadigini vo ya ok-
sino prioritetliyini miioyyon etmok, problem va ya molumatlarm toplanmasi morholasinds, IHA-larin istifadasinin
mohdudlagdiriimast ehtimali vo s. otrafli tosvir edilib. IHA-larm istifadosi ilo bagl risklorin Shdosindon golmok iigiin
osas kimi Israil qanunu segilmisdir. Israil PUA-larin aparici istehsalgis1 hesab edilir, Israil hiiqug sisteminin hom
iimumi hiiququ, ham da kontinental hiiququ 6ziinds birlasdirmasi israil ganunvericiliyini én plana ¢ixarir. Magaloda
bir niimuno kimi Israilo digget yetirilir vo eyni zamanda ABS va Avropada gobul edilmis yuxarida tosvir edilon prob-
lemlarin halli yollar1 hortorofli aragdirilib.

Acar sozlor: pilotsuz ugus aparatlari (PUA), informasiya texnologiyalarinin inkisafi, kesfiyyat, moxfilik,
kontinental hiiqug.
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VJIK 629.7.05

Ucnoab3oBanne BIIJIA B rpakaaHcKux HesiX M MOTEHUHMAJIbHAS

yIpo3a KOH(PUACHIHAIBHOCTHU
I.C. Anu3ane

Aszepbatioscanckas Hayuonanvhas axademus asuayuu (Mapoaxauckuii np. 30, baxy, AZ1045,
Asepbatioican)

JUIs1 mepenucKu:
Asmmsane [[Tabuam / e-mail: sebnem.elizade@hotmail.com

AHHOTAUA

B craTbe paccmarpuBaloTCs IPEUMYILECTBA, NPUCYIINE TPAKIAHCKOMY HCIIOJIB30BaHUIO OECITUIIOT-
HBIX JieTarenbHbIX anmnapatoB (BIIJIA), 1 BO3MOXXKHOE HapylIeHHe OCHOBHBIX IPaB, TAKUX Kak MPaBO Ha
HETPUKOCHOBEHHOCTh YaCTHOM JKU3HHM U CBOOO/Y BHIpaKEHUS] MHEHHs. B craTtbe omucaHa BO3MOXKHOCTb
ucnonb3oBanus BIIJIA Ha sTane cOopa JaHHBIX Ha MPUMEPE N3PAUIBCKOTO 3aKOHOIATEIbCTBA B KAUECTBE
OCHOBBI JJIS1 IPEOJIONIEHNS] PICKOB, CBA3aHHBIX ¢ Mcmnonb3oBanneM BIIJIA. M3panns cuntaeTcs: Beaynmm
npousBoguteneM BITJIA, u moToMy MHTErpanus U3paniabCKOH MPaBOBOW CHCTEMBI Kak B O0Iee, TaK U B
KOHTHHEHTAJIbHOE MPaBO NPHUBJIEKAET CETOAHA BHUMaHHE. B craThe paccMmaTpuBaeTcs TakKe pelIeHne
nono6HbIX ipobnem, mpuraaToe B CIIIA u Espore.

KiroueBble ciioBa: OecrwioTHele sieTarenbhble anmnapatsl (BILJIA), pazsutne nadopmManmoHHbIX
TEXHOJIOTH, pa3Be/ika, KOHTHHEHTAIbHOE MTPABO.
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Giris

PUA-larin miilki istifadasi ti¢iin verilon
icazolorin sayinin artmasi diinya migyasinda
artan tendensiyadir vo eyni zamanda, onlarin
alimmasi vo istismart daha ucuzlasir. Miixtolif
olkalarin aviasiya organlari icazalorin verilmo-
sina va ugotun aparilmasinin tanzimlonmasina
cavabdeh olan tonzimlayici organlardir. PUA-
larin istismar1 tizro ABS-da Federal Aviasiya
Idarosi (FAA) ilk dofs 1990-c1 ildo PUA-larin
istifadasine icazo verib va 0 vaxtdan bari tox-
minoen 1500 IHA-nin istismarina icazolor ve-
rib. Bu icazalor Daxili Tohliikasizlik Departa-
menti vo Federal Tohgiqat Biirosu kimi hii-
qug-miihafizo organlarina, hamginin yerli po-
lis bolmalarina va universitetlora verilib. Bu
rogomin yaxim goalocokds artacagina siibho
yoxdur. Modernlosdirma Akti naticasinds
2020-ci ilds Birlogmis Statlarin milli hava mo-
kaninda toxminoen 30000 iIHA-nin ugusu hoya-
ta kegirilmisdir. Avropa Komissiyasinin elan
etdiyi hodofo gors, 2028-ci ilo godor miilki
IHA-lar Avropa hava mokanina tam inteqrasi-
ya olunacaq. indiyodok Avropada Avropa
Aviasiya Tohliikasizliyi Agentliyi toxminon
400 icazo verib [1] vo hazirda iyirmi Avropa
olkosindo 400-don ¢ox IHA-nin yaradilmasi
layihosi hoyata kegirilir [2]. Roasmi molumat
olmasa da, Israildo Israil Miilki Aviasiya Ida-
rasi (CAA) maxfiliys tasirlari nazars almadan,
IHA-lar1 idaro edon on az1 iki sirkoto tohliiko-
sizlik mohdudiyyatlorino cavab vermok sorti
ilo kommersiya magsadloari tigiin amoliyyat li-
senziyasi verib.

Isin mogsadi — IHA-larin istifadesina
totbiq olunan gaydalarin formalasmasina tasir
edo bilacok diger mosalolor, IHA-ya xas olan
kommersiya potensiali barasinds genis malu-
mat vermakdir. Oniimiizdoki onillikdo 89,1
milyard ABS dollart hacminda toxmin edilan

diinya bazar1 vo IHA sonayesinin amak bazari-
na gostaracayi tosir.

Belalikla, 6zal hedcing fondlar, institu-
sional va 6zal investorlarin sirkatlors vo star-
taplara maragini artirmasi toacciiblii deyil. Si-
yasoto tosir etmok ticiin pesokar lobbigilorin
iso gotlrtilmasi ilo yanasi, miilki moagsadlor
ticiin PUA-larin dizayni, inkisafi vo marketin-
ginda istirak edir [3] istehsalgilari va tonzimlo-
yicilari PUA istehsalgilarina vo operatorlarina
fayda veracok gaydalar1 gobul etmoali, habels
ictimaiyyatlo alagolor kampaniyasina baglama-
lidir. Miixtalif mahdudiyyatlors uygun olaragq,
6lkalar bu boyiiyan bazarda pay olds etmok is-
tosalor, THA-larin miilki istifadosine icazo ver-
mok ii¢iin aydm stimula malikdirlor. Israil
tocriibasinin PUA-larin miilki magsadlar ti¢iin
istifadosi fonunda moxfilik ganunlarinin mi-
vafiq qorunma toklif edib-etmomoasi ilo bagh
maragli sinaq niimunasi olmasinin ii¢ sababini
miiayyan eds bilarik. Birincisi, praktiki-igtisa-
di sobobdir. israil dovlati harbi vo miilki mog-
sodlor iigiin diinyanm on boyiik IHA isteh-
salgis1 hesab olunur [4]. Israilin aparict mov-
geyi, cox giiman ki, ona IHA-lar vasitasilo
toplanan molumatlarin ohato dairasins va belo-
liklo, fordin maxfiliyinin pozulma daracasine
tosir gdstormaya imkan veracok. Ikinci sobab,
Israildo miilki bazarda PUA-larmn istifadasi ilo
bagli heg bir ictimai miizakiranin olmamasi va
Israil ganunverici organinin hola ki, maxfiliklo
bagli meyarlardan vo/va ya toloblordon asili
olaraq IHA-nin istismarina icazo vermadiyine
toxunur (tohliikasizlik talablorindan fargli ola-
raq). Bu yanasma digor 6lkalordo goabul edil-
mis yanagmadan vo ABS vo Avropa Birliyin-
doki ictimai diskursdan forglidir. Israil ganun-
larinin, xiisuson do Moxfiliyin Qorunmasi Qa-
nununun (PPL) vo mévcud hiiquqi geararlarin
fordin moxfiliyini lazimi sokilds qoruyub sax-
lamadigin1 aragdirmag son doraco maragh
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olardi. Ugiincii vo son sebeb iimumi hiiquq v
miilki hiiqug prinsiplorini 6ziinds birlosdiron
Israil dovlatinda hiiququn unikal xiisusiyyatlo-
ri ilo baghdir. Insanlarin six moskunlasdig
arazilor (masalon, boyiik saharlar) tizarinds
uca bilmomasi THA-larim qabiliyyatina oho-
miyyatli dorocods mane olur, homin orazids
yerlasan fiziki soxslor hagqinda molumat top-
lamaq; daha az uguslar, 6z névbasinds, fordlo-
rin moaxfilik hiiququnun potensial pozuntulari-
n1 azaldir.

Asagidaki tohlildon iki asas natica ¢ixir.
Birinci natico ondan ibaratdir ki, bir ¢ox cohat-
don PUA-larin miilki bazara ¢ixarilmasi saxsi
hoyatin toxunulmazligi hiiququna gqarst yeni
bir tohliika noviidiir. ©nanavi tayyaralards fo-
tografiya avadanlhiglarinin yigilmasi vo yerdoki
obyektlorin monitoringi ti¢iin digar olagoli tex-
nologiyalardan istifado konsepsiyasi, PUA-la-
rin unikal xtisusiyyatlorinin vo PUA-larin miil-
ki kontekstdo gozlonilon genis istifadasinin
birlasmasi maxfilik hiiququ ilo baglh potensial
riski xeyli artirir. ikinci netico ondan ibaratdir
ki, IHA-larin miilki magsadlor iiciin istifadosi
noticasinda soxsi hayatin toxunulmazlig: hi-
ququ ilo bagl potensial riski ugurla azaltmagq
ticlin yeni ganunlar, gqaydalar va talimatlar top-
lusunun yaradilmasi zoruridir. Hokumatlor vo
siyasatcilor basa diismalidirlor ki, onun poten-
sial ohomiyyatli faydalari ilo yanasi, IHA-larin
istismar1 asason, soxsi hayatin toxunulmazlig
hiiququnu tohliike altina qoyur. IHA-larin di-
zayni, istehsali vo marketingina cavabdeh olan
sirkatlor sirf monfost giidmomoli, hom do
moxfilik masalalorini nazara almalidirlar. No-
hayat, PUA-lar1 miilki mogsadlor tigiin istifads
edon fiziki soxslor vo kommersiya sirkatlori,
moxfilik hiiququna vurulan potensial zararin
bu ciir istifads naticasinds yarana bilocok fay-
dalardan iistiin oldugu halda, onlarin istifads-
sini mohdudlasdirmaga razilasmalidirlar. Bu
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ciir razilasma ya koniillii (yoni, ITHA-larin isti-
fadasi ilo bagl risklori izah edan tohsil prog-
ramlart naticasinda) vo ya macburi (yani, ga-
nuna oasaslanan mohdudiyyatlor noticasinds)
ola bilar.

Soxsi  toxunulmazliq hiiququ qeyri-
miiayyan bir hiiquqdur, ¢iinki o, iki dinamik,
doyiskan amildon asilidir. Birinci amil sosial
dayison, ikinci amil iso texnoloji doyisondir
[5]. Digar fundamental hiiquglarda oldugu ki-
mi, soxsi toxunulmazliq hiiququ da comiyyat-
don asilidir. Bu sosial elementin iki aspekti
var. Birinci aspekt Israil comiyyatinin kollek-
tiv, sosialist comiyyatindon fordi inkisaf etdi-
ron comiyyato kegidi fonunda Israil hiiququn-
da aydin sokilda oks olunan sosioloji-sosialdir.
Buna goro do toocciiblii deyil ki, soxsi toxu-
nulmazliq hiququnun ganunvericiliklo ton-
zimlonmoasi, fordin istlinliiytinii vurgulamagla,
yalniz 1981-ci ildo bas verdi, soxsi toxunul-
mazligin osas hiiquq Kimi taninmasi yalniz
1992-ci ilds bas verdi. ikinci aspekt, kontekst-
do oks olundugu kimi, camiyyatdoki maxfilik,
ictimai norma ilo onun hiiquqi ifadssi arasin-
daki olagays aiddir. Bu aspekt miizakira olu-
nan icmann tarixini, modaniyyatini, mévcud
hoyat torzini vo ortaq doyorlorini oks etdirir.
Israilin 6ziinii miidafio etmok iiciin daimi ehti-
yaci, bazan hotta soxsi toxunulmazliq hiiququ
bahasina da olsa, miidafio ehtiyaclarinin tagdis
olunmasina gatirib ¢ixarmigdir. Birlogmis Stat-
larda tarixi koklor vo morkazlosdirilmis (ingi-
lis) idaragiliyino qars1 nifrat belo sorho sobab
olmusdur. Soxsi toxunulmazliq hiiququ bir
azadliq kimi vo xiisusilo administrasiyanin
Amerika vatondaslarinin hiiquglarini, o cimlo-
don, Birlogsmis Statlar Konstitusiyasina Dor-
diincii Diizalis vasitasilo pozmag gabiliyyatino
mohdudiyyat kimi gobul edilmisdir. Digar to-
rofdon, no ABS Konstitusiyasi, no do federal
ganun soxsi toxunulmazliq hiiququnun tam va
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hortorafli gorunmasini toklif etmir. Migavilo-
do, Avropa ittifagmin qobul etdiyi modelin
morkazinda moxfiliyin insan layagatinin ele-
menti kimi qobul edilmosi dayanir. Ikinci
Diinya Miiharibasino sabab olan diktaturalar
Vo Avropa Vatondaslart hagqinda toplanmis
molumatlardan sui-istifado hallar1 soxsi toxu-
nulmazliq hiiququnun asas konstitusiya hiiqu-
gu kimi taninmas1 yanasmasina zomin yaratdi.
Israil vo Avropa Birliyi oxsardir. IHA-larin is-
tifadosi ilo bagli moxfiliyin pozulmasi riskini
hall etmo yollarina shamiyyatli tosir gostore-
cok ifads azadligr hiiququ (vo olave ssas hii-
quglar) kimi, soxsi toxunulmazliq hiiququ da
texnologiya ilo qarsiligly, iki istigamatli olage-
ya malikdir [5]. Tez-tez iddia olunur ki, texno-
logiya hiiquqi mizakirslor, 0 ciimladan insan
hiiquglarmin midafissi hiiququnun mahiyyati
Vo ohato dairasi ilo bagli miizakiralor aparir.
Moxfilik hiiququnun miioyyan edilmo-
sindo geyri-miioyyanliyi azaltmaga ¢alisan
miixtolif yanasmalar IHA Kkontekstindo ii¢ So-
bobo gora vacibdir. Birincisi, maxfilik hiiqu-
guna nayin daxil oldugunu basa diismok IHA-
larin istifadasinin moxfiliyin pozulmasi olub-
olmadigin1 vo hanst soraitdo oldugunu basa
diismok ii¢iin vacibdir. ikinci sobob, zamanimn
miixtolif mogamlarinda Israil hiiqug sisteminin
togdim olunacaqg hor bir yanasmani: manimsa-
mosi ilo baghdir. Ugiincii sobob Israil ganun-
verici organinin PUA-larin miilki qurumlar
(dovlet organlari, korporasiyalar vo fiziki
soxslor) tarofindon istismarini Israil vatondas-
larinin moxfiliyinin tomin edilmasi ilo sortlon-
dirmamasi ilo baglidir. Belo olan halda, alter-
nativ tonzimlomolori miigayisoali noqteyi-no-
zordan arasdirmaq hom faydali, hom do zoruri
olacaqdir. ABS vo Avropada gobul edilon hal-
lorin tam shomiyyatini anlamaq vo onlarin Is-
rail ganunlarina uygunlugunu aragdirmaq tigiin
bu hiiqug sistemlarindo soxsi toxunulmazliq
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hiiququnun necs sorh edildiyini aragdirmaq la-
zimdir.

[HA-larin moxfilik hiiququna yalniz
marjinal tosir gostordiyini iddia edonlor 6z ya-
nasmalarini asagidaki iki magam tizorinds qu-
rurlar. Birinci arqgumentin asas1 6zliiyiinds ho-
qgigatin tapilmasidir ki, onilliklar arzinds biitiin
diinyada dovlet organlart miisahids, miisahids
Vo hiiqug-miihafizo faaliyystini hoyata kegir-
mok {igtin kameralarla tochiz olunmus heli-
kopterlordon va pilotlu toyyarslordon istifads
ediblor. Bundan alava, son illor biz miixtalif
miisahida sistemlarinin, masalon, cinayat to-
rotmis soxslorin qarsisini almaq va (zoruri hal-
larda) cinayot toratdiklori zaman sonadlogdir-
mok moagsadi dasiyan CCTV kameralarinin
qurasdiriimasinin sahidi olmusugq [6, 7].

Beloliklo, yuxarida gostorilonloro alter-
nativ olaraq, PUA-lardan istifads edilmalidir.
Bu ictimaiyyatin rifahini tomin etmok istayi ilo
soxsi hayatin toxunulmazligi hiiququ arasinda
inco tarazliga monfi tosir gostoron amil hesab
edilmomolidir. ikinci arqument PUA-larin isti-
fadasi noticasindo yarana bilocok 6ziinamox-
sus Ustiinliiklora (igtisadi vo insan hayatinin
xilas edilmasi baximindan) va effektivliys dig-
got yetirir. Bu kontekstds geyd etmok lazimdir
ki, PUA-lar uzagdan idarsetmo ilo idaro olu-
nur va belalikls, tohliikali bolgalards uguslar
zamani insan hayatini itirmos riski do daxil ol-
magla, insan mahdudiyyatlorina maruz galmur.
Avropa ittifaqr Komissiyasi iigiin hazirlanmis
sanads [8] asason, miilki qurumlar tarafindan
PUA-larin istifadasine xas olan dstiinliiklor
asagidaki dord Kkategoriyada togdim edilo
bilor:

(a) miilki: tobii folakatlor (dasqinlar) no-
ticosindo yaranan bohranlarin  monitoringi,
garsisinin alinmasi Vo Xobordar edilmasi, zal-
zalolar, yangmlar, Cernobil facissi Kimi niive
folakatlori). Artiq geyd olunan tipli bohranin
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bas vermasi ligiin siiratli reaksiya gabiliyyati,
sag qalanlarla vizual tomas va folakatdan zaror
¢okmis arazilorde kommunikasiyalar talob olu-
nur. IHA-lardan baglamalarm ¢atdirilma miid-
dotini qisaltmaq tgiin do istifado oluna bilor
[6];

(b) miidafia: sahil miihafizasinin giinds-
lik foaliyyati (xiisuson do genis sahil xatloring
malik olan ABS vo Avropa Kimi 6lkalards) va
limanlar, hava limanlar1 vo neft vo gaz yatag-
lar1 kimi oraziloro nozarat, ©l-Qaido Kimi ter-
ror toskilatlari;

(c) otraf miihit: havanin vo ya suyun
keyfiyyatino tosir edon narahatliglardan (te-
biotdo yaranan vo ya siini) mithafizo; yuxarida
gostarilonlordan irali galon iqtisadi tstiinliikle-
ro olave olarag, IHA-larin iqtisadi inkisafa vo
mosgullug bazarinin boyiimasine verdiyi toh-
foni vo onlarin aviasiya sonayesindon basga
sahalars tasirini geyd etmok olar;

(d) kommersiya: dasinmaz amlakin fo-
tografiyasi, icazasiz giris vo s.

Belalikls, toacciiblii deyil ki, son sorgu-
ya osasan, ohalinin 57%-i yuxarida sadalanan
foaliyyatlordon hor hansi biri iigiin IHA-larin
istifadasini doastokloyir, 88 % PUA-larin axta-
ris Ugtin istifadasini, 63 % isa cinayatlorlo mii-
barizodo istifadasini dostokloyir. Daha boyiik
PUA-larin (daha uzun ugus miiddati ilo) vura
bilacayi zararin, ar1 dlgiisiinda (soxsi evlara gi-
ra bilon) PUA-lardan golon zarordon daha ¢ox
Vo ya oksing, daha az agir oldugunu sdylomoak
miimkiin deyil. IHA-nm hor bir sinfi moxfilik
hiiququ iiciin forqli riski tomsil edir. IHA-larin
istifadasina garst olan arqumentlori asagidaki
gruplara bolmok olar: 1) psixoloji perspektiv;
2) texnoloji perspektiv; 3) sosial perspektiv.

Belaliklo, 2020-ci ildo ABS-da aparilan
sorgunun 42 % hiiqug-miihafizo organlarina
[HA-lardan miihafizo va polis mogsadlori
liciin istifado etmok icazasi verildiyi toqdirds,
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onlarin maxfiliyinin pozulacagindan ohomiy-
yotli narahatligini ifada edib. IHA-lardan sola-
hiyyatli organlar torafindon toplanan vo molu-
mat bazalarinda saxlanilan molumatlar moxfi-
liyin pozulmasina sabab ola biloar. Kommersi-
ya qurumlari tarafindan idars olunan PUA-lar-
dan fotosokil ¢okilisi zamanmi onlarin moalumat
bazalarinda saxlanmasina va PPL-nin 2-ci fos-
linin miiddealarinin e “Moalumat bazalarinda
moxfiliyin qorunmasi” fotosokillara tatbiq
edilmasino digqaet yetirilir. Bu baximdan, israil
ganunu ham dovlst, hom do 6zal-kommersiya
qurumlarina verilonlor bazasi ilo bagli miid-
doalar1 tatbiq edon Avropa hiiququna banzoyir.
Bunun oksins olarag, Amerika ganunlart 6zal
qurumlar tarafindon saxlanilan verilonlor baza-
larinin idars edilmasi ilo bagli 6hdaliklar goy-
maqgdan tamamilo imtina edir vo dovlst molu-
mat bazalarina miioyyan 6hdoliklar qoyur [6].
Avstraliyanin Maxfilik Aktina [7] asasan, 6zal
togkilat dron texnologiyasindan istifads etmok
niyystinds olduqda, yerli Moaxfilik Qanununa
uygun olmalidir. Belaliklo, IHA-nin foaliyyoti
operatorun tasiro moruz galan soxslora soxsi
molumatlarin toplanmasi, toplanan malumatla-
rin miihafizasi va bu ciir molumatlarin agiglan-
masinin yerli Moxfiliyin miiddealarina uygun
olacagi barodo bildiris vermasini tolob edir.
Akt Israil ganununun toyin olunmus verilonlor
bazalarinda saxlanilan soxsi malumatlarin isti-
fadasino mohdudiyyatlor goymas: Israil hiiqug
sistemindo nozarot formasi kimi moxfiliyin
ohomiyyatini  simvollasdirir.  Moalumatlarin
toplanmasi vo molumat bazalarina daxil edil-
masinin doyori ilo bagh mixtalif fikirlor ol-
dugunu vurgulamagq lazimdir. Israil ganunlari-
nin verilonlor bazalarinda saxlanilan saxsi me-
lumatlara verdiyi miihafizo saviyyssini basa
diismok ti¢iin PPL-nin bir ne¢o asas miiddoala-
r1 nozars almmalidir. soxsi toxunulmazliq hi-
ququ ilo bagh geyd edilmis vo qisa sokilda
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miizakira edilmisdir. PPL-nin 7-ci bélmasinda
“molumat” asagidaki kimi miioyyon edilir:
“soxsiyyat, soxsi status, intim miinasibatlar,
saglamliq vaziyyati, igtisadi vaziyyat, peso ix-
tisaslar1, roy vo inanclar1 hagqinda moalumat-
lar’; “hossas molumatlar” “soxsin saxsiyyati,
soxsi ailo minasibatlori, saglamliq vaziyyati,
igtisadi vaziyyati, roylori vo inanclar1 haqqin-
da malumatlar” kimi miiayyan edilir; va “veri-
lanlor bazasi1” “maqgnit vo ya optik vasitoalorlo
saxlanilan vo kompiiterds emal tigiin nazards
tutulmus molumat toplusu” kimi miiayyan edi-
lir. IHA-larm istifade iisulunu nazoro alarag,
onlar torafindon toplanan material PPL tarafin-
don miiayyan edilon verilonlor bazasinda sax-
lanilan molumatlar: togkil edir. Bu ciir malu-
matlarin saxlanmasi kontekstindo PPL miiva-
fiq verilonlar bazasinin inzibatgisina ti¢ 6hdos-
lik qoyur [8]:

(@ molumat bazasmi ictimai nozarot
ticlin agiq olan Reyestrdo geydiyyata almagq;
molumat bazasina daxil edilmis molumat hos-
sas oldugda bunu etmalidir; insanlardan dolay1
yolla toplanan; onlarin raziligi olmadan; vo ya
verilonlor bazasinin dovlet organina maxsus
oldugu hallarda;

(b) molumat bazasinda saxlamaq maqss-
di ilo bu ciir molumatlarin toplanmasina tabe
olan soxsa sorgu vermok; hamin malumati ¢at-
dirmaq ii¢iin ganuni vazifasinin olub-olmama-
s1 barada saxso malumat vermak; informasiya-
nin hanst moagsadls tolob olundugu barads sox-
si malumatlandirmag;

(c) malumatin kima ¢atdirilmali oldugu
Vo bu catdirilmanin mogsadlori barado malu-
mat vermoalidir.

Homginin geyd etmok lazimdir ki, bir
mogsad ii¢iin toplanmis molumat basga maq-
sadlor t¢iin istifado edilo bilmaz . Miilki ba-
zarda PUA-larm istifadasi naticasinds moxfi-
lik hiiququnun miimkiin pozulmasina qarsi
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adekvat miidafioni tomin etmok {igiin PPL-nin
moveud dili lagv edilmalidir.

Indiys godor aparilan miizakiralorden ¢1-
xarila bilon iki osas notico asagidaki kimi
tumumilosdirils bilor:

1) PUA-larin miilki istifadasi asas soxsi
hoyatin toxunulmazligi hiiququnu pozacag,
baxmayaraq ki, bu pozuntunun dagiq miqyasi
masalasi hom olavo arasdirma, hom do daha
onomlisi, IHA-larm miilki istifadasinin maxfi-
liyo praktiki tosirini daha yaxsi arasdirmaq
ticiin kifayat godor vaxt tolab edir;

2) PUA-larm miilki istifadasine xas olan
ustlinliiklor vo eyni zamanda moxfilik hiiququ-
nu qoruyarken miilki IHA-larin istifadasine
imkan yaradan hollin hoyata kegirilmasi vacib-
dir. Israil ganunverici organ1 genis imkanlar
spektrindan hall yolu sego bilor. ABS va Avro-
pa Ittifaginda ilk novbada sonuncu hiiquq sis-
temlori ilo Israil hiiquq sistemi arasinda nisbi
oxsarliq sabobindon vo olboatto ki, biitiin hii-
quglar fonunda. aidiyyoti &lkelor IHA-larin
miilki istifadasi ilo bagli oxsar problemlorlo
tizlagirlor. Texnoloji va sosial hallor “Dizayn
tizro Moxfilik (PbD)”: “Bu prinsip o demakdir
ki, maxfilik vo molumatlarin qorunmasi texno-
logiyalarmn ilkin dizayn marhalasindan onlarin
totbiqi, istifadasi vo son utilizasiyasina gador
biitiin hayat dovrii arzinds daxil edilir.” PbD-
nin gobul edilmasinin istiinliiyii ondan ibarat-
dir ki, moxfiliyin pozulmasina goro pul kom-
pensasiyas: kimi reaktiv addimlar deyil, IHA-
larin istifadasi ilo baglh qabaglayici todbirlor
gortilacak [9].

Belaliklo, masalon, THA-larin istifadosi
miioyyon cografi srazilorlo vo mahdud miid-
dotlorlo mohdudlasdiriimalr olacag. IHA-larin
istifadasi ilo alda edilacak asaslar vo mogsad-
lor baximindan soffafliq olmalidir. THA-larda
qurasdirilmis kameralarin pancarslors yonal-
momasini vo operatorun daha ¢ox moxfilik



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2023, cild 15, Ve 1, 5.7-15
Olizads §.S.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 1, pp.7-15
Alizada Sh.S.

gozlantilori olan arazilori (masalan, soxsi yasa-
yis yerlorini) hadof almamasmi vo diggstini
yonaltmamoasini tomin etmok iiclin todbirlor
goriilmolidir. Bundan oslave, THA-larin istifa-
dasi fordlarin tizlorini ehtiva edon foto vo ya
video goriintiilorin toplanmas: ilo slagsli ol-
dugu halda, IHA-n1 idaro edan toskilat anonim
video analitikasindan istifada etmoalidir. THA-
nin istifadasine icazo verilmali oldugu miioy-
yan edilon hallarda, masalon, miidafio mag-
sadlori tiglin, noticodo oldo edilon sokillora
baxmaq prosesinin “Moaxfilik Qorunan Naza-
rat” tolablarina uygun hoyata kegirilmasi to-
min edilmalidir.

“Tahliikasiz Vizual Obyekt Kodlasdir-
masindan istifads” prosesi. Qiymotlondirmo
yolu ilo moxfilik: miilki bazar ii¢iin IHA-lara
inteqrasiya edilocok yeni texnologiyanin for-
din moxfiliyino tasirini giymatlondirmokdo
togkilatlara komok edon strukturlagdirilmig
proses. Tohsil: dovlotlor PUA-larin istifadssi
ilo bagh faydalar barads ictimaiyyati maarif-
londirmoak ti¢iin foal addimlar atmali vo eyni
zamanda, 6z potensial miilki operatorlarini on-
larin harakatlorinin maxfilik hiiququ igiin ya-
rada bilocayi zorarli naticalor hagqinda maa-
riflondirmalidirlor. Bu yolla dévlot miilki ba-
zarda PUA-larin istifadasi ilo bagli ictimai
gorxulari ugurla azalda bilor.

[HA-larin toplamasina icazo verilocok
molumat novlori: miilki operatorun icazo al-
dig1 konkret mogsads uygun olmayan moalu-
matlarin silinmosi prosedurlari; malumatlarin
saxlanila bilocoyi miiddet vo IHA-nin topla-
dig1 molumatlarin istifads oluna bilocayi xiisu-
si sortlor nozoro alinmalidir. Eynile, IHA-nin
kommersiya omoliyyati lisenziyasinin oldo
edilmasi sortlori avvalcadon toyin edilmis in-
ternet saytinda dorc olunmasini tolob edacok;
sortlor amoliyyatin magsadlorine va Xxidmatin
hoyata kegirilocayi tarixlors istinad edilmali-
dir. Belaliklo, masalon, israil Dévloti adindan
moxfiliyin gorunmasina cavabdeh olan dovlot
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organi olan ILITA Google Street View xidmo-
tinin Israildo foaliyyat géstormosini xidmotin
mahiyyati ilo bagli milli moatbuatda svvalco-
don bildiris vermak sorti ilo sartlondirir. Oxsar
hall miilki PUA-larin istifadssi ilo bagl da go-
bul edils bilar.

Natica

Yuxaridak: toforriiath tohlildan irali go-
lon osas natice ondan ibaratdir ki, THA-larin
miilki bazarda istifadasi yaxin goalocokda mox-
filik hiiquguna boyiik problem yaradacag.
[HA-larin miilki mogsadlor {iciin istifadesine
xas olan risklorin 6hdasindan neca galo bilace-
yimizo dair genis fikir vo ideyalar spektri
movcuddur. Mévzunun miirokkabliyi vo miilki
bazarda PUA-lardan istifadonin stiinliklori
(eloca do gatismazliglar) oldugunu nazars al-
sag, hamg¢inin PUA-lardan miilki istifadonin
holo baglangic morhalasinds olmas: fonunda,
ganunverici organlar vo mohkomoalor bu ciir is-
tifadoya icazo verilocayi vaxt vo iisulla bagl
ciddi ganunlar va gorarlar gabul etmays tolos-
momalidirlor. Buna baxmayaraqg, artiq doérd
anlayisi togqdim etmok mimkiindiir. Birinci fi-
kir ondan ibaratdir ki, texnoloji toraqqi, bu
halda THA-larin miilki magsadlor iiciin istifa-
dosi gagilmazdir. ikinci fikir THA-larmn ton-
zimlonmasinin yalniz yerli aviasiya organlari-
nin moasuliyyati oldugu problemli vaziyyato
aiddir. Tohliikasizliys dair miilahizalarin sho-
miyyatindon konara ¢ixmadan, maxfilik hiiqu-
qu ilo bagh potensial riskin 6hdoasindon gol-
moak {igtin lazimi bilik vo vasitaloro malik ol-
mayan tonzimlayici organlara PUA-larin miil-
ki mogsadlor tiglin istifadosini tonzimlomok
vazifasi qoyulmamalidir. Basqa sozlo, PUA-
larm miilki magsadloar ti¢iin istifadasi ilo bagh
gaydalarin vo tolimatlarin formalasdiriimasin-
da miivafiq texnoloji vo moxfilik sahasinds bi-
liya vo tacriiboys malik olan ILITA kimi dov-
Iat qurumlar: ilo maslohatlosmalor apariimali
vo onlara aparici rol verilmalidir. Ugiincii an-
layis ondan ibaratdir ki, maxfiliyin pozulmasi-
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n1 mohdudlasdirmaq (qarsisin1 almasa bels)
ganunverici tonzimlomo, texnoloji vo sosial
todbirlorin birlosmasini tolob edir. Nohayat,
dordiincii fikir ondan ibarstdir ki, ITHA-larmn
miilki magsadlor tigiin istifadasi ilo bagl risk-
lori azaltmaq tigiin gobul edilocok hallorin ef-
fektivliyi dovlstlorin, kommersiya qurumlari-
nin Vo soxslorin 6z amoliyyatlarini slagslon-
dirmak gabiliyyatindon asilidir. Bu magaloda
togqdim olunan hallor ¢orgivesinds IHA-larin
miilki magsadlar ti¢iin istifadasinin tonzimlon-
mosi zamani yerli hokumatlorin yerino yetir-
moli oldugu rola xiisusi diqget yetirilmalidir.
Hokumatlar va siyasatcilor “geyri-kommersiya
sektoru” da daxil olmagla PUA-larin dizayni,
istehsali vo istifadosi ilo mosgul olan biitiin
qgurumlarla ictimai miizakiraloro baglamalidir-
lar. Umid etmok olar ki, bu ciir miizakiralarin
noticoasi miilki bazarda PUA-larin dizayni, is-
tehsal1 va istifadasi tigiin gayda vo tolimatlarin
koniilli genis sokildo gobul edilmasi olacag.

Bu gaydalar vs tolimatlar yerli ganunlara va
gaydalara 6z yolunu tapmalidir vo etmolidir.
Alternativ olarag, IHA-larin miilki mogsadlor
tictin istismart sortlori ilo bagl raziliq alds
edilmadiyi taqdirds vo miivaqgoti hall yolu ki-
mi yerli ganunvericilor va siyasatgilor moxfilik
hiiqguqu arasinda diizgiin balansi1 tomin edan
tonzimlayici rejim totbiq etmolidirlor. Bir to-
rofdon, IHA-larmn istifadssi ilo bagl faydalar,
digor torofdon, nohayat, IHA-lar1 bazara ¢ixa-
ran istehsalcilar vo sirkotlor PUA-lar1 mulKi
bazarda satisa c¢ixarmazdan oavval hartorofli
PbD proseduru ¢argivesindo IHA-larda yigil-
mis miiayyan texnologiyalarin vo fotografiya
avadanhiglarindan istifadonin naticalorini nos-
zora almalidirlar.

Maraglar miinaqisasi

Miallif bu magalods arasdiriimas: tolob
olunan maraglar miinaqgisesinin olmadigini
geyd edir.
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Abstract

This article studies various scenarios of the launch of satellites using an electric propulsion
system into predetermined orbits for the purpose of study of the Earth's radiation belts. The
parameters of various scenarios of the group satellite launch are calculated — considering both the
form of ridershare launch of a satellite and the clustered launch of two satellites into specified
elliptical orbits for the Earth radiation monitoring. The satellite launch scheme assumes successive
delivery of satellites with the help of a space tug, previously launched into a base circular orbit
and equipped with an electric rocket propulsion system. The problem of the spacecraft flight
trajectory optimization with low thrust under the condition of minimization of the flight time is
solved using the maximum principle of Pontryagin. Using the modified Newton’s method, the
boundary value problem is transformed to the Cauchy problem, the solution of which is found by
numerical integration of a system of ordinary differential equations. The results obtained
demonstrate the technical feasibility of the problem of satellites launch into specified orbits using
low-thrust engines.
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Yerin radiasiyasinin monitoringi ticiin peyklarin kicik darti qiivvasi

ilo orbitlara ¢ixarilmasi
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Xiilasa

Mogqalads elektrik raket miiharriklorinin istifadesi ils Yerin radiasiya qursaqlarmin Oyrenilmasi igiin
peyklorin orbitlora ¢ixarilmasinin miixtolif ssenarilori nozordon kegirilir. Peyklorin qrup soklindo buraxilmasi
sxemlor1 formalasdirilir — kigik peykin osas peyk ilo birgs orbito ¢ixarilmast vo iki peykin klaster soklindo orbitlors
buraxilmasi {lizro miixtolif parametrlor hesablanir. Peyklorin buraxilma sxemi ovvolcodon asagi dairovi orbito
buraxilmis vo elektrik raket miiharriklori sistemi ilo tochiz edilmis siirotlondirms blokunun kémayi ilo ardicil sokildo
nozordo tutulur. Ugus vaxtinin minimallagdirilmas: sorti ilo kicik darti qiivvesi ilo kosmik gominin ugus
trayektoriyasinin optimallagdirilmasi problemi Pontryaqinin maksimum prinsipindon istifado etmoklo holl edilir.
Modifikasiya edilmis Nyuton metodundan istifado edorok sarhod mosolasi Kosi mosalosine endirilir, onun hoalli adi
diferensial tonliklor sisteminin ododi inteqrasiyast ilo tapilir. Olds edilmis noticolor kigik darti qilivve
mihorriklorindon istifado etmoklo peyklorin miioyyon edilmis orbitloro ¢ixarilmast masolosinin  texniki
miimkiinliyiinii niimayis etdirir.

Acar sozlor: kigik dart1 qiivvasi, elektrik raket mitharriklori, orbitlorin analizi.
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BBIBCIIEHI/IG CHIYTHHUHKOB VI PAAUANUOHHOI'0O MOHUTOPHUHT A 3emiu

C MOMOIILIO MAJIOH TATU
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AHHOTALUA

B crartee paccmarpuBaroTCsi paziIMYHbBIE CIIEHAPUM BBIBEACHHS CIYTHHKOB HA OPOMTHI ISl HM3Y4eHHS
paAnaoOHHBIX MOSCOB 3€MIM C MCHOJIB30BAHUEM AJIEKTPOPAKETHON JIBUTATEIbHOW YCTaHOBKU. PaccuuThIBaroTCs
IapaMeTpsl CLIEHAPUEB IPYNIIOBOrO 3aIlyCKa CIYTHHUKOB — IOMYTHOTO 3allyCKa CIYTHUKA M KJIACTEPHOIO 3aIycKa
ABYX CHHYTHHUKOB Ha 3aJaHHBIC JSJITUITHUYCCKUEC Op6I/ITBI T paualiuOHHOI'0O MOHUTOPUHTA 3emimn. Cxema BBIBCIC-
HUS CIIyTHHKOB IIPEIojaraeT Moo4YepeHoe BhIBeIEHHE CITyTHUKOB C TIOMOIIBIO PA3TOHHOTO OJI0Ka, TPEABAPUTEIb-
HO BBIBEICHHOTO HA ONOPHYIO KPYTOBYIO OpOHUTY M OCHAIIEHHOTO 3JEKTPOPAKETHOM IBUTaTeIbHON YCTaHOBKOM.
3arava ONTUMHU3AIMH TPACKTOPUH MepeéTa KOCMIUECKOTro anmapara ¢ MaJloi TATOil pelraercst Ipu yCIOBUM MHHH-
MU3aIH BpEMEHH Tepeséra ¢ npuMeHeHneM npuanuna Mmakcumyma JI.C.ITontpsruna. Kpaesas 3agaga ¢ momoIsio
MOIH/I(i)I/ILII/IpOBaHHOFO MeToaa Hrrorona CBOOUTCSA K 3aga4eC KOH_II/I, peuicHue KOTOpOﬁ HaXOJHUTCA YHUCJICHHBIM UHTC-
T'PUPOBAaHUEM CHUCTEMBI OOBIKHOBEHHBIX ITU(QepeHHaNbHbIX ypaBHeHHH. [loinydeHHbIe pe3yapTaThl JEMOHCTPHPY-
10T TEXHUYECKYIO PEaln3yeMOCTh 3a/1a4M BBIBECHHS CIIyTHUKOB Ha 33JaHHbIE OPOMTHI C UCIIOJIL30BAHHEM JBHIaTE-
Jiel MaJoi TAru.

KiaioueBble ciioBa: Maias Tira, 3JICKTPOPAKETHBIC IBUTaTCIIbHBIC YCTAHOBKU, 0p6HTaJ’IbHLII>i aHaJIu3.
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Beenenune
B
yctanoBke (OP/1Y) snexrpuueckas sHeprus
OOpTOBOM JHEPrOyCTAHOBKH KOCMHUYECKOTO
anmapara (KA) ucnonb3yeTcst B KauecTBE HC-
TOYHUKA DHEPTUM JUIS CO3/IaHUs TSIrU. Xapak-

3JIEKTPOPAKETHOM  JABUTATEIbHOU

TEPHOW OCOOCHHOCTBIO BCEX THUIIOB 3JEKTPO-
paKeTHBIX JBUTATENEH SBIAETCS OYEHb Majlas
CWJIa TATH M, COOTBETCTBEHHO, YCKOPEHHUE,
HAaMHOI'O MEHBIIEE YCKOPEHUs CBOOOJHOIO
nageHust 3emnu. Ilpu 3ToM, B CpaBHEHUHU C
XUMHYECKHUMH  PAKETHBIMHU

OPJ1Y xapaktepusyroTcsi 6ojiee BHICOKHM 3Ha-

ABUI'aTCIISAIMU,

YEHUEM YJIETbHOTO UMITYJIbCA, COOTBETCTBEH-
HO MaHeBp ¢ ucnoJjb3oBanueM OPJIY 3arpa-
YMBaeT MeHbIle TominBa. Clie0BaTEIbHO,
OPJIY mnO3BOJSIOT CYIIECTBEHHO ITOBBICHTH
MaKCHMaJbHYI0O MAacCy BBIBOJUMOMW IOJIE3HON
Harpy3ku [1].

B crarbe paccmarpuBaeTcsi BbIBEICHUE
TPYIIUPOBKUA CIYTHUKOB Ha OpOUTHI AJs pa-
JUALMOHHOTO MOHUTOPUHIa 3€MJIM C IIOMO-
b0 pasronHoro 6moka (PB) cyxoit maccoit
1000 Kr, oCHAIIEHHOTO 3JIEKTPOPAKETHOM IBU-
raTejJbHOW YCTAHOBKOW W TMpPEABAPUTEIBHO
BBIBEJICHHOTO Ha OMOPHYIO OPOUTY (KPYTOBYIO
opbuty BbicoToit 200 kM) ¢ kocmopoma «Bo-
CTOYHBII» (poccuiickuii kocMoapoM Ha Jlanb-
HeM Boctoke B Amypckoit obnactu, BOIM3H
ropoaa [uonkoBckuit). Ilocne BeiBeaeHUs
BCEX CIIyTHUKOB, C LIEJIbI0 YCKOPEHHUS BBIBEIE-
nus Pb B atMocdepy (ans mpemoTBpaiieHus
yBeIUYEHUsI 00bEMOB KOCMHYECKOTO Mycopa B
OKOJIO3€MHOM TPOCTPAHCTBE), BBICOTA MEpHU-
rest Pb camkaercs 1o 100 km.

PaccmatpuBaroTcst mpu cuenapus BbI-
BEJICHUS CITyTHUKOB Ha 3a/IaHHbIE OPOUTHI:

1.Cnytauk Maccoii 100 Kr BBIBOIUTCS Ha
opOHTY C MmapameTrpamMHu [BBICOTA arores
Ra = 8000 kM, BeicoTa miepurest Rp = 600
KM, HaKJOHeHue | = 64.3°, aprymMeHr ne-
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pures o = 300°, goirora BOCXOJIAIIETO

y31a € — cB00O/IHAs | IOMIYTHO C BBIBOJIOM

OCHOBHOro cmytHuka maccod 1000 kr Ha

opbuty tuna «MOJTHUS», MUMEIOIIYIO Te

’K€ HAaKJIOHEHUE U BBICOTY IepuUresi, HO ap-

rymMeHT nepures 270° u BenuuuHy OO0Jb-

110# 1osryocu 26555 km.

2.JIBa ciyrHuka maccoit 100 Kr BEIBOISATCS
Ha opbuty ¢ mapamerpamu [Ra = 8000
kM, Rp =600 kM, i = 64.3°, w = 300°]
C pa3HMLEW B JOIrOTax BOCXOJISLIETO
y3na opour 30°.

3. Cnytauk maccoit 100 Kr BEIBOIUTCS Ha
opbuty ¢ mapamerpamu [Ra = 2000 kwm,
Rp =800 kM, i = 80° w = 300°, Q —
cBOOOHAsI| MOMYTHO C BBIBEJCHHUEM OC-
HOBHOTO CITYTHUKAa (WJIM TPYIIBI CITYT-
HukoB) maccoi 1000 kr Ha KpyroByro
OpOUTYy C TEM K€ HAKJIOHEHUEM U BBICO-
Toi 800 KM.

Ienabro cratbyu SABISETCS ONTHUMM3ALUA
TPAcKTOPUI BBIBEIECHUS CIIyTHUKOB Ha 3aJaH-
Hble OpOMTHI C IMOMOIIBIO AJIEKTPOPAKETHOU
JIBUTaTEIbHOM YCTAHOBKU IIPU YCIOBUH MH-
HUMH3ALUU JUIMTENBHOCTH NEPENIETa KOCMU-
YECKOI'0 ammapara, paccdéT IapaMeTpoB OIl-
TUMAJIbHBIX TPAGKTOPUH MEKOPOUTATIBHBIX
NEepENIETOB U JEMOHCTpALUs TEXHUYECKON pe-
aIU3yeMOCTH 3a/lauyd BBIBEACHUS CIIyTHUKOB
Ha OpOUTHI AJIS paMallMOHHOIO MOHUTOPUHTA
3eMJIu C IIOMOILBIO MAJIOW TATH.

Meroauka ONTHMHM3ALMHU CXeM BbIBEACHHSA
CIIYTHMKOB € MAJIOH TATOM

N3BecTHO, 4TO B OOJIBIINHCTBE CIy4aeB
pelieHre THHAMHYECKOM 3a7a4M MPOEKTHUPO-
BAHMS TPACKTOPUMN, ONUCHIBAIOIINX JBUKEHUE
LIEHTpa MacCc KOCMHMYECKOIO armmnapara, CBO-
JTUTCA K HEOOXOIMMOCTH PAaCCMOTPEHHUS pas-
JUYHOTO POJia ONTUMHU3ALMOHHBIX MPOOIEM.
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DTO0 CBSI3aHO C PUBUYECKUMHU OCOOCHHOCTSIMU
(YHKITMOHUPOBAHMS PEAKTUBHOTO JBUTATEIIS,
a TaKKe CO CJIOXKHOCTBIO IOMCKAa IPOrpaMm
yIpaBJI€HUs TATOM amnmnapara, T.K. YIpaBIeHUs
TACOM, MOJyYEHHbIE B PE3YJbTATE pEUICHUS
3a/laud  [IPOCKTUPOBAHUS CXEM BBIBEACHUS,
JOJDKHBI OTBEYaTh MHOTOUYUCICHHBIM TpeOo-
BAaHHUSIM W OrPAHUYCHHUSAM, HAJIaraéMbIM Ha
TpeOyeMoe TPaeKTOPHOE IBUIKCHHE KOCMHYE-
ckoro ammapata [2, 3]. OnTHUMH3aIUOHHBIN
MOAXOJ K PacCMOTPEHHUIO 3a7ad OaiucThye-
CKOI'O MPOEKTUPOBAHUS TPACKTOPUA KOCMUYE-
CKOTO armapara siBisiercss 6a30BbIM, U, HapSAy
C DJIeMEHTaMH HeOECHOW MEXaHUKH, SJIEMEHTHI
TEOPUH IKCTPEMANIbHBIX 33]1a4 COCTABIISIIOT €€
001y TEOPETUYECKYIO OCHOBY [4].

IIpy pemenun OoNTHMHU3AaLMOHHON 3ana-
YU B KaUeCTBE KPUTEPUs Ka4eCTBA pacCMaTpu-
BAETCSl MHTErPAJbHBIA WIM TEPMHUHAIbHBIN,
HEMpPEepBIBHBIA U HEMpepbIBHO AU depeHin-
pyeMblil pyHKIMOHAT, B OOJBIIMHCTBE CIIyda-
€B XapaKTepU3YIOLUN 3aTpaTbl TOIUIMBA Ha
MEXOPOUTATIBHBIA TepenéT WIM MPOJOTIKH-
TETBHOCTh MEXKOpOUTaIbHOTO Tmepenéra. B
KauyeCTBE OCHOBHBIX (DOPMAIBHBIX OTpaHHYE-
HUM 0OBIYHO paccMaTpUBaeTcsi 00JIacTh JOIMY-
CTUMBIX YIpaBJICHUH, XapakTepusyromas ¢u-
3MYECKUE OTpaHUYECHHs YIpaBIEHUsS almapa-
TOM, a TaK)X€ COOTBETCTBYIOIIME €i OTrpaHHu-
yeHusl (Ha30BBIX KOOPAMHAT, OIMHUCHIBAIOIINE
YIPABISIEMOE JABUKEHUE LIEHTPA MACC KOCMU-
YECKOIo arrmaparta, WIH XK€ OINpeAearonine
rpaHuily (a3oBOro MPOCTPAHCTBA JUHAMUYE-
CKOW cucTembl. PelienneM 3amadyv onTUMH3A-
WU CIIY>)KUT TIapa BEKTOP-(YHKIIMM, COOTBET-
CTBYIOIIAsl 3aIaHHOMY KPUTEPHUIO KadyecTBa W
XapakTepU3yrouasi yrnpapJ€HUE anmnaparoM C
AJIEKTPOPAKETHOM JBUTaTEIbHOW YCTaHOBKOM,
a Tak)Ke€ HEKOTOPBIM psiJl MPOUYUX XapaKTepu-
CTUK TPAa€KTOPUHU WJIM CaMOT0 KOCMHYECKOTO
ammapara [5, 6].
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OpOuTaNbHBI TEPEXOl MPU TOMOIIH
OPJIY 3aHumMaer nnuTenbHOE BpEMs IO CpaB-
HEHUIO C XMMHYECKUMHU PAKETHBIMH JIBUraTe-
JSIMU, TIOSTOMY IPU BBIOOpE CTpaTeruu ONTH-
MU3alUU [PEANOYTEHUE OTAAETCA ONTUMM3a-
MU BpeMeHM nepenéra. TpyIHOCTh B pelle-
HUU 3a7a49d OBICTPOICHCTBUS C JIBUTATEISIMU
MaJIOH TSTH COCTABIISIET OOJIBIIIOE BpEeMsl MOJIE-
Ta W, CIEAOBATEIbHO, HAKOIUICHUE 3HAYUTEIb-
HOW  BBIYMCIWTENHHOW OMIMOKH, KOTOpas
YXYIIIAaeT CXOJUMOCTb YHUCIEHHBIX METOJIOB.
B pemaemoili nBYXTOUEUYHOW KpacBOM 3ajaue
(Two point Boundary Value Problem, TPBVP)
C LEJNbI YJIYYLIEHUS CXOAUMOCTH HPUMEHS-
IOTCS CIICIYIOIIHE METOIbI [7]:

e Cucrema nuddepeHalbHbIX YpaB-

HEHHH 3aMeHseTCs OCpCI[HGHHOﬁ 10

BUTKY.
e Jlns BbIOOpa HaAuyaldbHOrO  MpeEa-
MOJIOKEHUsI 3HAYEHUH HEM3BECTHBIX

NEPEMEHHBIX B 3a/lay€ MHUHUMHU3ALNU
BpEMEHU TI0JIETa CHayajla pelaercs
3ala4a MUHUMU3ALUN SHEPTCTUUCCKUX
3aTpaTr mepenéra, B KOTOPOMl B Kaue-
CTBE IIEPEMEHHOM YIPABJICHUS pac-

CMaTpHUBAETCS YCKOpEHHue KOC-
MHUECKOr0 ammnapara 0e3 orpaHu4eHus
ee MOJyJIs.

Juddepenunanbaple ypaBHEHUs JBU-
s)kenusa KA ¢ OPJ1Y, 3anucanHble B reouHep-
[AAJbHOM JEKAPTOBOM CHUCTEME KOOpIUHAT,
umetot Bup [8]:

d?x U Su
az - Rt
dm 6P

dt

C HaAyaJbHBIMH YCIOBUSIMH X = X(ty), Xy =
x(ty), Tme x — BekTop moyiokeHus KA, u —
IpaBUTALlMOHHBIN Tapamerp, t — Bpems, T —
paccTosHHE OT NPUTATUBAIOIIETO IIEHTpa 10
KA, § — ¢yHKIus BKIFOUSHHs IBUTATEINS (pa-



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2023, cild 15, Ne 1, 5.16-25
Moammadzada T.H.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 1, pp. 16-25
Mammadzada T.H.

BeH O i 1), u — BeTMYrHA PEaKTUBHOM TSITH,
m — macca KA, w — CKOpOCTb HUCTEUEHUs
OPAY, e, — eNMHAYHBIA BEKTOP BIOJb BEKTO-
pa tsru OPJ1Y.

Jlnst obecrieueHrsT BHICOKOM TOYHOCTH U
BBIYMCIIUTEIILHOW TPOU3BOJIUTEILHOCTH, BBI-
YUCJIEHUSI MHOTOBUTKOBBIX TpaekTopuii KA ¢
OPJ1Y mnpousBoasTCca B PaBHOJCHCTBEHHBIX
anemenTax [9]:

a, ey = ecos(w + ), e, = esin(w + Q),

h, = tan (%) cos(Q), hy = tan (%) sin(Q),
L=w+Q+v,

rje a — OoJbIIas MoJyoCh, € — IKCICHTPHUCH-
TET, ® — apTyMEHT MEPHIICHTPa, 1 — HAKJIOHE-
Hue, ) — 10JIroTa BOCXOISIIETO yria, U — UC-
TUHHAs aHOMaJus, L — HCTUHHAS JT0NToTa.

[Ipumem BekTop X = [a, ey, ey, hy, hy].
Paccmotrpum ypaBHenuss l'aycca u3MeHeHus
OpOUTATLHOTO MOTOXeHHs KA

dx u
= L) —
Tt (x, )m
dL u
ai go(x, L) + 91(er)a

rae go(x, L), g1(x,L) u f(x,L) onuceiBatoTCsI
CIIETYIOLIMMHU YPaBHCHUSAMH:

u D?

a3 43

go(x,L) =

g.(x, L) = [o 0 \/%%(hxsinL—hycosL)

r 2aBD

2 0 0

w _?f —ey, (hysinL — h,cosL)
f(x,L) = \/%% w g ex(hysinL — h;cosL)
0 0 ~(1+h +h,*)cosL

0 0 ~(1+h +h,")sinl |

A,B,C, D, E onpenensorcs CleAyOIINUM 00-
pasom:

A=.1-eZ—¢e}

B = \/1+ 2e,cosL + 2eysinL + eZ + e}

C = 2eveycosL — sinL(e? — e2) + 2e, +

sinL
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D =1+ excosL + eysinL
E = 2eye,sinL + cosL(eZ — e2) + 2e, +
cosL

B 3amaue MUHUMU3aUK BPEMECHH TIepe-

Jn€Ta ABUraTelb alrrapara
YIpaBIA€TCA IMOCTOSAHHO. 38.,[[3‘13 OIITUMAJIb-

KOCMHYCCKOI'O

HOTO ynpaBiieHUs (HIEpenéT 3a MUHUMAJIbHOE
BpeMsi CO CBOOOJHOW KOHEUHOW HCTUHHOM
aHomanueit) GopMynupyercs CIeayrmuM 00-

pasom [9]:
( mint,
dx — Ful) u
dat G mg
dL u
- Jo(x, L) + 91(x'L)R
{dm  |ul
dt Jelsp
x(to) =xo x(t1) =x;
L(to) == O L(tl) CBO6.
m(ty) = my m(t;) cBO6.
\ t; CBOG.

3ajaya ONTUMHU3ALUU TPACKTOPUU Tepe-
J1€Ta KOCMMYECKOr0 anmnapara ¢ MaJod TIron
IIPY yCJIOBMM MUHUMU3ALMU BPEMEHU IEPEIIE-
Ta PELIAeTCs] C IPUMEHEHUEM IPHUHIIAIIA MaK-
cumyma JI.C. IlonTpsruna. Hennnelinas kpae-
Bas 3a7aya NpPUHIUIA MaKCHMyMa pPEIaeTcs
yuciaeHHo. B Hacrosmelt paborte 3amada pe-
HI€HA 10 BBIYUCIUTEIBHON CXEME C HCIIOJIb30-
BaHUEM MoJuuUIMpOBaHHOTO Meroaa Heto-
ToHa. 3afgadya Komm uHTErpuposanach MeTo-
noMm Pynre-KyrThl 8-ro mopsiaka ¢ aBromaru-
YeCKUM BBIOOPOM IIara.

Jnsa pemenus 3agaun MmeronoM HeroTo-
Ha clefyeT Noao0paTh OJIM3KOE K PEIICHUI0

Hns

nmoadopa HaYaIbHOTO MPHUOIMKEHUS B 3a/1a4e

JIOKQJIbHOE HavallbHOE MPUOIMKEHUE.

MHHAMH3AIMN BpeMeHH Tmepenéra CcHavaja
paccMmarpuBaeTcs 3aaadya MUHUMHU3AIMU SHep-
TeTUYECKUX 3aTpar mnepenéra (06e3 orpaHuye-
HUSI MOyIs yckopenus) [9]:
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( ti 1
min [U|<Umax f —uzdt
e 2
0
dx
< E = f(x; L)u
dt = go(x,L) + g1(x,L)u
x(to) = x9 x(ty) = x4
L(ty) =Ly L(t)) =1Ly
\ t; CBOO.

KpaeBas 3amaua coctout u3 10 ypaBHe-
HUH, B KOTOPBIX 5 HEU3BECTHBIX MEPEMEHHBIX
px(0) mpupaBHEHBI HYJIIO B KaYECTBE Hadallb-

HOTO TIPEATONIOKEHHS JJIsi PEIICHUS] KPacBOi
3a/1a4i.

Takum o0pazom, mpH peLICHUH 3aa4yu
MUHUMU3ALUN BpEMEHN HaudalibHbIC 3HAYCHUS
MEPEeMEHHBIX TMOAOUPAIOTCS CIEAYIOIUM 00-
pasom [7, 9]:

e5 HAYaNbHBIX 3HAYCHHH px OepyTcs u3
pelleHus 3a/1a4l MUHUMH3AIN dHEpTe-

TUYECKUX 3aTparT;

eHauanpHoe 3HaueHHE pm paBHO -1 (T.K.

ONTUMAJIbHOE 3HAYEHHE HETaTUBHO);

e HavanpHOE 3HaueHUE L, yCTaHABIUBAETCA

C YYETOM pEIICHHS 3aJa4d MUHHUMH3a-

AU SHEPTETUUECKHUX 3aTpar.
Pe3yabTaThl ONTHUMHM3AUMU TPAEKTOPHIi
BbIBEICHHUS CIIYyTHUKOB ¢ MAJIOH TATOM

HayanpHpIM MOJ0OKEHHEM Pa3TOHHOIO
6noka cyxoi maccoit 1000 kr co cnyTHUKaMu
CUMTAETCs HU3Kas OMOpHas opOuTa — KPyro-
Bast opburta BbicoTOM 200 kM. Hakinonenue u
JIOJITOTa BOCXOJISIIIIETO y3JIa OMOPHOU OpPOUTHI
MoAOUPAIOTCS TaKUM 00pa3oM, YTOOBI OMOP-
Hasg opOuTa OblJJa HAa OJHOW TUIOCKOCTH C
IJIOCKOCTBIO OPOUTHI CITYTHUKA, BBIBOJIMMOTO
nepBbiM. Kocmuyeckuid amnmapaT — NepBOHa-
YallbHO PA3TOHHBIN OJOK CO CIIyTHUKAMHU, Pa3-
BO3UT CIYTHUKA C OMNOPHOW OpOWTHI MO
Ha3Ha4YeHHBIM opOutam. [locne BwIBemaeHUS
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cnytHukoB Pb onyckaercsa Ha BeicoTy 100 kM
JUTsE BBIBOAA ¢ OpOUTHL. Mcmonb3yroTcs 3iek-
TPOpaKeTHbIE JBUTATEIN TMOCTOSIHHON TATH
0,332 H ¢ ynenpHbiM uMmmyiascoM 1500 c.
Macca KOCMHMYECKOTO amnmapara CUHUTaeTCs
MIEPEMEHHOI1, UTO MOapa3yMeBaeT EPEeMEHHOE
YCKOpEHHUE.

B kadecTBe MHEpLUMAIBHOW IEKapTOBOMU
CHCTEMBI KOOPAMHAT UCIIOJIB3YETCS MEXIyHa-
pOJHAs TeOMHEPUUAIbHAS CHCTEMa KOOPIUHAT
ICRS, onpenenénnas B konBeHuu 2003 rona
MesxtyHapo1HO# CitykObI BpallieHus 3eMiIu U
cucrem koopaunar (IERS) [10].

['paBUTaIIMOHHOE TOJIE 3€MIIM CUUTACTCS
LEHTPaJIbHbIM HBIOTOHOBCKHUM; TI'PaBUTAI[MOH-
HBIM BIIMSIHUEM TPETBUX TEJ, a’pOoJuHaAMHUYe-
CKUM CONPOTHBIICHHEM U CBETOBBIM JIaBIICHU-
€M I0TOKa COJHEYHOTO 3JIEKTPOMAarHUTHOIO
u3yyeHus B pacuérax npeneodperaercs. C e-
JIBIO PEIleHUs JUHAMHUYECKOHN 3a]]aui ONTHMHU-
3allUd BBIBEJICHUS CIYTHUKOB KOCMUYECKUU
anmapar (pa3roHHbI OJIOK CO CIYTHUKAMU)
paccMaTpuBaeTcsl B KadecTBe MaTepuaibHOU
TOUYKH, 0€3 ydeTa MPOEKTHBIX IapaMeTpOB afl-
napara.

Cuenapui 1
CnytHuk maccoit 100 Kr BBIBOOUTCS C

OTOPHOM OpOUTHI (KPYrOBOM OPOUTHI BHICOTOM
200 kM) Ha opbOuty c mapamerpamu [Ra =
8000 kM, Rp = 600 kM, i = 64.3°, w = 300°,
Q - cB00O/IHAsI] IONYTHO C BBIBOJIOM OOJIBIIO-
ro cnytHuka maccoid 1000 xr Ha opbuTy TuIa
«MomnHus», UMEIOIYI0 T€ K€ HaKIOHEHHE U
BBICOTY Ilepures, HO aprymeHnt nepures 270°,
BbicoTy nepures 3000 kM M BBICOTY amores
37362 kM (puc. 1, 2, 3, 4).

PesynbTarhl 3a1aun BBIBEICHUSI CITyTHU-
KOB B [IEPBOM CIIEHApUH MPEJICTaBJICHbI B Ta0-
maue 1.
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Tabdauma 1 — Pesynprarthl 3a7audl BBIBEACHUSA
CHYTHI/IKOB B II€PBOM CLCHApHUHU

Table 1 — Results of the first scenario of the
satellites delivery

[lepexon Ha|llepexon Ha
NIEPBYIO BTOpYIO0 | BriBenenue
LENEBYIO | LEJIEBYIO Pb
opoury opbury ¢ OpOHUTHI
(puc. 1, 2) | (puc. 3,4)
3atpatei ToM- | g4 7 484.6 27,9
ituBa (Kr)
CyMMapHBIit
4V (/o) 2676,2 3167,6 373,4
Bpews nepene- |- ogq 248 14,3
a (CyTOK)
Yrcino BUTKOB 3139,3 1032,6 29,8
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Pucynok 1 — M3MmeHeHue mapameTpoB nepenéra mnpu
riepexo/ie Ha MepBYI0 OPOUTY B IIEPBOM CLICHapUH
Figure 1 — Change of the trajectory parameters during

delivery to the first orbit in the first scenario
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PucyHok 2 — V3MeHeHne BBICOTHI (CBEPXY) W a3uMyTa
(cHM3Y) yria OpHMEHTAllMH BEKTOPA TATH IPH MEpexoie
HAa TEepBYI0 OPOUTY B IEPBOM CIICHAPHH

Figure 2 — Change of the height (top) and azimuth
(bottom) of the orientation vector during delivery to the
first orbit in the first scenario
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Pucynok 3 — l3MmeHeHHWe mapaMeTpoB Iepeiéra IMpH
mepexoie Ha BTOPYIO OpOHTY B IIEPBOM CLIEHAPUH
Figure 3 — Change of the trajectory parameters during
delivery to the second orbit in the first scenario
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Pucynok 4 — V3MeHeHne BBICOTHI (CBEpXY) M a3MMYyTa
(cHM3Y) yria OpHEHTAlMU BEKTOpa TATH NPH NEPexoe
Ha BTOPYIO OpOUTY B IIEPBOM CLIEHAPHU

Figure 4 — Change of the height (top) and azimuth
(bottom) of the orientation vector during delivery to the
second orbit in the first scenario

Cuenapuu 2
JBa cytHuka maccoit 100 Kr BBIBOASIT-

cs Ha opOuty c¢ mapamerpamu [Ra= 8000 kwm,
Rp= 600 ™, i = 64.3°, w = 300°] c pa3uu-
el 1onarot Bocxozsmero ysua opout 30°
(puc. 5, 6).

Pe3ynbrarhl 3a1aun BBIBEICHUS CITyTHU-
KOB BO BTOPOM CLEHApuUU IPEJCTaBIECHbI B
tabnure 2.
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Tabauma 2 — Pesynbrarthl 3a7audl BBIBEICHUSA
CIIyTHHUKOB BO BTOPOM CII€HapuHU

Table 2 — Results of the second scenario of the
satellites delivery

Cuenapuit 3
CnytHuk maccoi 100 kr BeIBOAMTCS Ha
opbuty c¢ mapamerpamu [Ra=2000 xmM,

Rp= 800 kM, i = 80°, w = 300°] nomyTtHO C

Ilepexon Ilepexon
Ha Ha BTOpyio | BhiBenenne | BBIBEIEHMEM OCHOBHOTO CITYTHHUKA (MU TPyI-
[IEPBYIO LIETIEBYIO Pb o
HeneByIo opGHTy ¢ opGuTH: bl cyTHUKOB) Maccoit 1000 kr Ha prFOBng)
Op6HTy (pPIC. 5, 6) Op6I/ITy C TEM K€ HAKJIOHCHHEM U BBICOTOU
3arpatsl 3392 3272 12.5 800 xm (pI/IC 7, 8)
ToIuMBa (Kr) ' ' '
C MapHBIﬁ PC3y.TII>TaTLI 3aJa4r BbBIBE€ACHUSA CIIYTHU-
- 2676,2 35585 169,8
dV (m/c) KOB B TPETHEM CLEHAPUHU IIPEACTABICHBI B
Bpems mepe- 174 167.8 64 tadsmre 3.
néra (CyToK) ' '
Hueno AT | 19406 1152,2 51,6
Kos Tadauuna 3 — PesynpTaThl 3a1adél BBIBEACHHS
- - CIIyTHHUKOB B TPETHEM CLIEHAPUHU
ol SNmm - T = Table 3 — Results of the third scenario of the
: % = satellites delivery
Foo ' IE \ e
a: I \ | !:: A T (- Iepexon | Ilepexon Ha
o =l \&__ / Ha [epBYI0| BTOPYIO 1iejie- | BriBenenne
B o T S o o o T neneBywo | By opoury (Pb c opOutsr
< (lon] . i opbury (puc. 7, 8)
e — AN 0 I e Sldwr | 419k 22,6 Kr
\\ / 1<\ 7 [rorIuBa (Kr)
el = I O R ‘ i
s 2 / CymMapubI | 335 4o | S374wmc | 327.9 wle
=l \ ] = s dV (m/c)
- i o N | -
R S R I G e e e R e e TB;o?évm:;)pene 26,3 mueit | 21,5 nueit 11,6 nneit
Pucynoxk S — M3MeHeHue mnapamMeTpoB Iepenéra Ipu T
Mepexo/ie Ha BTOPYIO OPOUTY BO BTOPOM CIICHAPHH Uucno BUTKOB 402,3 288,6 152

Figure 5 — Change of the trajectory parameters during
delivery to the second orbit in the second scenario
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PucyHnok 6 — V3MeHeHue BBICOTHI U a3UMyTa yIila OpHU-
EHTAIM{ BEKTOpa TATHU IPU Mepexoie Ha BTOPYIO opOu-

Ty BO BTOPOM CLIEHapuH

Figure 6 — Change of the height and azimuth of the
orientation vector during delivery to the second orbit in
the second scenario
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Pucynox 7 — I3MeHeHHe mapaMeTpoB OpOUTHI MPH T1e-
pexozie Ha BTOPYIO OpOUTY B TPETHEM CLICHApUH
Figure 7 — Change of the trajectory parameters during

delivery to the second orbit in the third scenario
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Pucynok 8 — I13MeHeHMe BBICOTHI (CBEPXY) U a3UMyTa
(cHU3Y) yriia OpUEHTAlMU BEKTOPA TSTH MPHU Mepexoie
Ha BTOPYIO OPOUTY B TPETHEM CLICHAPUH

Figure 8 — Change of the height (top) and azimuth
(bottom) of the orientation vector during delivery to the
second orbit in the third scenario

[lonyuyennble pe3ynbraThl (Tabnuua 4)
JEMOHCTPUPYIOT ~ TEXHUYECKYIO  pealin3ye-
MOCTb 3a/la4¥ BbIBEJCHUSI IPYNIHPOBKU CIIYT-
HUKOB C MCIIOJIb30BAaHUEM DJIEKTPOPAaKETHON
JIBUTaTeIbHOW YCTAaHOBKM Ha 3aJaHHble OpOu-
ThI ISl pAAUAllMOHHOTO MOHUTOPUHIA 3€MJIH.

Tabamnua 4 — OcHOBHBIE pe3yNbTaThl 33a4 BbIBE-
JIEHVsI CITyTHUKOB Ha OPOUTHI C MaJIOH TATOH
Table 4 — Results of the problem of satellites
launch using low-thrust engines

Cu. 1 Cu. 2 Cu.3
Hoansiii AV (m/c) 6217,2 | 64045 1197,7
Macca romusa (kr) | 1061,2 | 678,9 115,9
Macca ClyTHUKOB

1100 200 1100
(xr)
Oo011ee Bpemst Muc-

543 348 59
cum (CyTOK)

3akioueHue
PaccmarpuBaeTcs BBIBEICHHE CIYTHHU-

KOB Ha Op6I/ITBI IJId paaualiiluOHHOTO MOHHUTO-
pUHTa 3emimm ¢ IIOMOIIBIO BHCKTpOpaKCTHOﬁ
JIBUTaTeIbHOM YCTaHOBKH. SHCKTpOpaKCTHLIC
ABUTAaTCIIbHBIC YCTAHOBKH, B CPABHCHUU C XHU-
MHUYCCKUMH PAKECTHBIMU JABUTATCIISIMU, o0na-

naroT OoJiee BBHICOKMM 3HAYEHHUEM YIEIbHOTO
UMIyJbCa M, TEM CaMbIM, JUIsl BbIBEICHUS
CIIyTHUKOB TpeOyIOT MEHBUIMX 3aTpaTr TOILIH-
Ba. Takum o6pazom, DPJIY mo3BoJSIIOT Cyle-
CTBEHHO IOBBICUTh MAaKCHUMAJIbHYIO Maccy BbI-
BOJIMMOM MOJIE3HON HArpy3KH.

3ajaya MHUHUMHM3aLUU UIATEIbHOCTH
nepenéra ¢ UCHOJb30BAHUEM JJIEKTPOPAKET-
HOM JBUIaTelIbHOM YCTAHOBKU pELIACTCs C
npuMeHeHueM npuHuuna wmakcumyma JI.C.
ITonTpsiruna. KpaeBas 3amada ¢ IOMOIIBIO
Mo uduIMpoBaHHOro Merona HeroToHa cBo-
mutes K 3azade Komm, pemieHue KoTopoi
HaXOJUTCSl YMCICHHBIM UHTETPUPOBAHUEM CH-
CTEeMbl OOBIKHOBEHHBIX U] PEpeHITHATBHBIX
ypaBHeHUU. I ynydIeHns CXOOUMOCTH pe-
IIEHUH 337a4 MHOTOBUTKOBBIX MEXOpOUTaIb-
HBIX MEpeNETOB MCIONb3YETCS METOJ OCpel-
Henus [11].

B mepBoii 3amaue, B KOTOpoH paccmart-
pUBAJIOCH BbIBEAEHUE cnyTHHKa Maccoi 100
K Ha opbuty c BeicoToi amores 8000 kM u
nepuress 600 KM MONYTHO C BBIBEACHUEM
cnytHuka maccod 1000 xr Ha opOuty THNA
«MoutHusI», 3aTpaThl ToruBa coctaBmwm 1061
KI. BpIBe/ieHNE CIIyTHUKOB IO JaHHOW CXeme
MOXET OBITh OCYIIECTBICHO B TeueHue 543
cyToK. Bo BTOpO# 3ajmaue (BBIBEIEHHUE CITYT-
HUKOB Maccoil 100 kr Ha OpOUTY BBICOTOM
anores 8000 km u nepures 600 kM ¢ pazHuLER
B JIOJITOTE BOCXOASALIEro y3na opobut B 30°)
3aTpaThl TOIUIMBA COCTaBUIN 679 Kr (BbIBEIE-
HUe cryTHUKOB 3a 348 cyTok). B TpeTheil 3a-
nade (BbIBeeHHE cryTHUKA Maccoi 100 kr Ha
op6uTtsl BeicoToM amores 2000 kM u mepures
800 KM NOMYTHO C BBIBEJICHHEM CITyTHUKA
maccoif 1000 kr Ha KpyroByr OpOHUTY BBICO-
Toit 800 kM) 3aTpaThl TOIIMBA cocTaBwiIn 116
KT (BBIBEJICHUE CITyTHHKOB 32 59 CyTOK).

Takum oOpa3om, B paboTe NpOaEeMOH-
CTpUpOBaHA TEXHUYECKas pealin3yeMoCTh 3a-
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OpOUTBHI IS paJMAIIOHHOTO MOHHUTOPHHTA ABTOp 3asBis€T 00 OTCYTCTBHUM KOH-
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Abstract

The article examines the influence of geometric parameters of landing gear on the center of gravity
of the aircraft. It is found that the geometric parameters of the landing gear directly affect the displacement
of the center of gravity of the aircraft. A mathematical relationship is established between the weight and
center of gravity of the aircraft. The influence of changes in the geometric parameters of the landing gear
on the center of gravity and weight of the aircraft is shown in the MATLAB Simulink software package.
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Sassisinin handasi parametrlarinin hava gomisinin agirhq

moarkoazina tasiri
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Yazisma iiciin:
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Xiilasa

Mogalada sassinin hondasi parametlorinin hava gomisinin (HG) agirliq morkazins tosiri aragdiril-
mugdir. Miioyyan olunmusdur ki, sassinin handosi parametrlori bilavasito hava gomisinin agirliq morkozi-
nin siiriismasineg tosir edir. Hava gomisinin ¢oki Vo moarkazlogmasi arasinda riyazi asililiq miioyyan edil-
misdir. Sassinin hondasi parametlorinin doyismosinin hava gomisinin agirliq moarkoazi vo g¢akisina tasiri
Matlab-Simulink program paketinds géstarilmisdir.

Acar sozlar:  agirliqg markozi, hava gamisi, ¢oki, sassi, handasi parametrlar, yerdoyisma.
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BiinsiHMe reoMeTprMUYeCKUX NapaMeTPOB MIACCH HA IEHTP

THKECTH caMoOJIeTa
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AHHOTaNUA

B craTtbe uccie0BaHo BIMSHIE T€OMETPHYECKUX MAPaMETPOB IIACCH Ha IIEHTP TSHKECTH CaMoJIeTa.
VYCTaHOBIIEHO, YTO T'€OMETPUYECKHE IapaMeTpbl IIACCH HANpsMYyH BIHMAIOT Ha CMEIICHHE IIEHTpa
TSDKECTH camoJjieTa. YCTaHOBJIEHA MaTeMaTHYecKas 3aBUCHMOCTh MEXIY MAacCOi M LEHTPOM TSDKECTH
camoJiera. BiusiHue M3MEHEHHUs] TEOMETPHYECKUX MMAapaMeTPOB MIACCH Ha IEHTP TSHKECTH M BEC camMoJieTa
MOKa3aHo B mporpaMMHoM Komiutekce Matlab-Simulink.

KiroueBble cjioBa: LOEHTP TSAXKECTH, CaMOJIET, Macca, Maccu, TICOMETPUUYCCKUE IapaMETPEhl,
CMCIICHHUC.
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Giris

Hava gomilarinds harokatin tohliikasizli-
yini tamin edon asas faktorlardan biri toyyars-
nin diizgiin yiiklonmasi vo markazlosdirilmasi-
dir. ©gor bu taloblar diizgiin yerina yetirilmaz-
so va toyyaronin ugus Xarakteristikalarinin
normalar1 pozularsa, goza ehtimali yiiksak olar
[1].

Tatbiq olunan iisul vo vasitalorin effek-
tivliyino vo ciddi nozaratin olmasina baxmaya-
rag, toyyaralorin yiiklonmasina qoyulan nor-
malarin pozulmasi naticasinds gozalar bas ver-
mokda davam edir [2].

Hava gomisinin ¢oki vo agirliq moarkozi-
nin tayin olunmasina tayyaranin konstruksiya-
s1 vo sasSinin hondasi parametrlori bilavasito
tosir edir.

Sassinin hondasi parametrlari har bir ha-
va gomisinds miixtalif olsa da, onlarin hesab-
lanma gaydasi eynidir. Bu baximdan sassinin
hondosi parametrlorinin dyronilmoasi asas mo-
solalordan biri hesab olunur [3, 4, 5, 6].

Sassinin hondasi parametrlori dedikda,
sassinin hiindiirlityii, gabaq sassi ilo arxa sassi
arasmdaki mosafo, arxa sassilor arasimndaki mo-
safs, gabaq vo arxa sassilorin agirliq moarkozi-
na gadar masafalori nazards tutulur.

Sassinin hiindiirlityii — Yer sothindon
sassi dayaginin toyyarays birlosdiyi yera qodor
mosafadir.

Asagidaki sokillords sassilorinin hiindiir-
lilyli miixtalif olan bir ne¢o toyyara niimunasi
gostorilmisdir (sok. 1).

Sassinin miixtalif hiindiirliikds yerlos-
moasi hava gomisinin dl¢iisiindon va toyyaranin
cokisindon asilidir.

Bu hiindiirliik asason hava gomisi yerds
vo fiizelyaj lifliqi vaziyyatds olarkon 6lgiiliir.
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A
a) Sasssi flizelyaja birlasib (dayaqla)

e
v

b) Sassi ganada birlasib (dayaqla)

Sakil 1 — Sassinin yerlogsmasi
Figure 1 — Landing gear location

1. Wheel Base (Qabaq sassi ilo arxa
sassi arasinda masafa)-B. Bu masafs yiiklon-
moanin paylanmasinda xiisusi rol oynayir vo
toyyaranin yerdo dayanma stabilliyini xarakte-
rizo edir (sok. 2).

Hava gomisinin ¢okisi (W) iki osas va
bir gabaq sassilorin yiiklonmalarinin comina
barobordir. Dayanma stabilliyindon asili ola-
raq toyyaronin ¢akisinin 80%-i arxa sassilarin,
20%-i iso gabaq sassinin payina diisiir. Buna
gora burun (gabaq) tokorin Olgiisii arxa tokar-
lara nisbatan kigik olur.

Sokil 2-da asas sassilarin yiikklonmasi Fp,,
gabaq sassinin yiiklonmasi F,, osas sassi ilo
agirliq morkozi arasindaki mosafo By, gabaq
sassi agirliq markazi arasindaki masafo B, —la
isara edilmisdir.
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Agirhq moarkozi{ AM)

— dayaq — Hiindirlik(H)
& takar . _@sas yassi o
}4* Takor bazasiB) 44
9L i 2Q |
( ]
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Sokil 2 — Sassilor arasindaki mosafalor
Figure 2 — Distances between landing gears
Toyyars dayandigda iimumi yiiklonmo Billuia

agagidaki formula ilo toyin edilir:

SF. 0= F, +F, =I 0

M =0=FB-WB =0
o n m (2)

B B
?mevaFnzganolur.

buradan F,,

Yuxaridak: hesablamada toyyara dayan-
digina gors yalniz statik yliklonmo nozars alin-
misdir. Bununla yanasi, sasSinin yiiklonmasino
agirhiq morkazinin yerinin doyismasi va dina-
mik yiiklonma do tosir gostorir. Agirliq morko-
zinin miimkiin olan yerdoyismasi, yiiklorin
paylanmasi vo sarnisinlorin saymin miixtolif
olmasi sassilorin nominal statik yiiklonmaya
nisbaton forqli yiiklonmosine sabab olur. X-
oxu boyunca agirliq moarkozi icazo verilmis li-
mit daxilinds yerini doyisir (sok. 3).
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— Bllmax

«——— B, _,|4&m.

' Y
Cgfor Cgaﬁ
He,
| 0
Fa < B » Fu
Qabaq tokar Arxa toker

Sakil 3 — Agirlig markazinin X oxu boyunca yerdoyis-
masi

Figure 3 — Displacement of the center of gravity along
the X axis

Uygun olarag:

_ BnmaxxXW

E _ BmmaxxXW
mmax — B

' anax - B

©)

olur.
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Hava gomisi harokot etdikds, enmo va
galxma zamani sasssi dinamik yiiklonir. Toy-
yara tormozlanana gador burun sassilor dina-
mik yiliklonmoni gobul edir. Bu zaman qiivve
momenti asagidaki diisturla hesablanir:

L I
SM,=0->FB-WB, fl‘aL‘HEg =0
£ (4)

uygun olaraq:
Wla,|H,

F = Wﬁ +
B gB

()

olur.

Burada a, — tormozlanma tocili, g — sorbost
dismo tocilidir. Formulun birinci hissasi sta-
tik, ikinci hissasi dinamik yiiklonmoni xarakte-
rizo edir:

Wlap|XHcg
Fnain =
gB

(6)

Umumi halda burun sassisinin yiiklon-
mosi agagidaki kimi olacaq:

E, = Eymax + Fudin (7)

Hava gomisinin galxmasi zamani uygun
olarag, osas sassilor {iglin asagidaki ifadolori
yaza bilarik:

WIaTleCg
Fmdin =0
gB

(8)

— — WBnmax
Fm - meax + Fmdinmeax - B

©)

burada at — stiratlonma tacilidir.

2. Takar yolu (T). Toyyaroyo arxa to-
rofdon baxdiqda osas sassilor arasindaki mosa-
fadir (sok. 4).
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Takor yohu(T)

Sokil 4 — Osas sassilor arasindaki mosafa
Figure 4 — Distances between main landing gears

Arxa sasSilor arasindaki moasafonin diiz-
giin toyin edilmasi toyyaronin dénmasine vo
yerdo horokot etmasino bilavasito tosir gosto-
rir. Ona gora do bu mosafo donma bucaginin
miioyyan olunmasinda xiisusi rol oynayir (sok.
5). Toyyaranin yerds vo ugusda olmasindan
asili olaraq déonmo bucagimi 2 formada tayin
etmak olar:

a) Toyyaroyo yandan baxdigda agirhq
moarkozindon saquli endirilmis ox vo agirliq
moarkazindan asas sassiya endirilmis 0x arasin-
daki bucagla (®Dy);

“ Takar izi »

|‘_ Yoo —*

Sakil 5 — Dénmo bucaginin toyini
Figure 5 — Determination of the angle of rotation

b) Toyyarays yuxaridan baxdiqda agir-
liq morkozindon vo burun sassisindon (osas
sassidon kegmoklo) bir-birina paralel xatlor ¢o-
kilir, sonra agirliq morkozindon digor paralel
xatto qgodor ikinci bir xatt ¢okilir. Bu xatlor
arasindaki bucaq donmo bucagi hesab edilir
(sok. 6).
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Sakil 6 — Donma bucaginin tayini
Figure 6 — Determination of the angle of rotation

Isin maqsadi

Sassinin hondasi parametrlorinin hava
gomisinin ¢oki vo agirliq morkozina tosirinin
miioyyon edilmasi isin asas mogsadidir.

Masalanin halli

Goriindiiyii kimi sasSinin handosi para-
metrlori bilavasito hava gomisinin agirliq mor-
kazi va ¢okisina tosir edir.

Yiiklonmodon asilt olarag, hava gomisi-
nin yiiklonmasi-saquli yerdoyismasi
asagidaki riyazi ifadslor alinmigdir [7] :

ucln

b
X 2+
L

d?y;
dt?

dZYl_dZYZ
Ixcﬁ—ﬁ>=AXa—5xb
L

d?y,

Wo( dt?

x§=a+5
(10)

burada W, — hava gomisinin kiitlasidir, P1, P,
— On va arxa toroflora diison yiiklonmo (6n vo
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arxa sassilora paylanan ¢oki qiivvasi), a — hava
gamisinin gabagq sassisi, b — arxa sassi ilo agir-
liq markazi ndqtasi arasindaki measafs, L — ga-
baq sassi ilo arxa sassi arasindaki masafo a+b,
I — Hava Gomisinin (HG) perpendikulyar oxu-
na nozoran inersiya momenti, Yy, Y, — yiiklon-
modon asili olaraq, fiizelyajin 6n va arxa his-
salarinin yerdoyismasidir.

Miioyyan ¢evirmolardon sonra:

Wo a

_ (Yifar)xb+(Y2fax)a
= Woa( L2(Y25t=Y2max) ) L (11)
my = Wob ((Ylfak)x“("zmk)a) LWl (g
z2— 70 L2(Y gt —Yymax) L
AM = F2Xb (13)
alinir.

Burada m;, m, — yiiklonmadan asili ola-
rag, HG-nin 6n vo arxa toroflorindoki ¢oki,
Y1fak, Y2fak — yiikklonmodon asili olaraqg,
HG-nin 6n vo arxa toroflorinin faktiki yerdo-
yismasi, Yis, Y2st— HG-nin texniki xarakteris-
tikalarina uygun fiizelyajin 6n vo arxa toroflo-
rindon yers qodor olan masafalordir (yerds).

Verilmis riyazi ifadoni A330-200-tipli
HG-nin texniki xarakteristiklar1 osasinda [8]
Matlab-Simulink program paketinds asagidaki
Kimi gostora bilarik (sok. 7) [9].

a vo b — nin miixtalif qiymatlorinds he-
sablama aparsaq, asagidaki naticalori oldos edo-
rik (sok. 8):

a=1.1 m; b=21.07
a=2.17 m; b=20 m.
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Sakil 7 — Matlab-simulink program paketinds HG-nin ¢oki va agirliq markezinin toyini
Figure 7 — Determining the weight and center of gravity of the aircraft in the Matlab-Simulink software package
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Sakil 8 — Hesablamalarin naticalari
Figure 8 — Results of calculations
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Natica sino sabab olur. Uguslarin operativlyi vo toh-

Sassinin handasi parametlrarinin doyis-  liiksasizliyi ti¢lin sassinin hondosi parametlori
mosinin HG-nin ¢oki vo agirliq markazino to-  diizgiin toyin edilmalidir.
siri ayani misallarla tosdiglonmisdir.
Noticolordon goriindiiyti kimi sassinin
handasi parametrlarinin doyismasi HG-nin ¢o-
Kisino vo agirliq morkozinin yerinin doyismo-

Maraglar miinaqisasi

Miisllif bu mogalods arasdiriimasi tolob
olunan maraglar miinaqisasinin olmadigini
geyd edir.
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Xiilasa

Mogalodo miixtalif toyinatl statik vo dinamik obyektlorin foza vaziyyatini dlgon qurgular tohlil edil-
mig, onlarin ig prinsiplori arasdirilmigdir. Tacilli horokate malik obyektlarin foza vaziyyatini miioyyan
edon mexaniki raggasin hayacanlanma halina baxilmis va hayacanlanmanin tasirinin aradan gottriilmasi-
nin klassik halli gostorilmisdir. Universal toyinata malik mexaniki roggasin tacilo géra hayacanlanmayan
variantlar: togdim edilmisdir.
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AHHOTaNUA

B cratee mpoBomuTcs 0030p YCTPOWCTB ONpECNiEHUS MPOCTPAHCTBEHHOTO IOJIOXKCHHS
CTAaTHYECKUX U IMHAMUYECKUX OOBEKTOB Pa3IMYHOIO Ha3HAYEHUS, UCCIICIOBAHBI UX MIPUHIIUAILI PabOTHI.
PaccMOTpeHO BO3MYIIIEHHOE COCTOSHHME MEXaHMYECKOTO MasTHHKA IPHU OIpPEACIICHUU MPOCTPAHCTBEH-
HOTO TIOJIOKEHUSI OOBEKTOB TOJ] BO3IECHCTBUEM YCKOPHUTEIBLHOTO IBIDKEHUS W KJIIACCHUECKOE PEIICHHE
yCTpaHeHUs BO3JeWcTBUS Bo3MylleHus. [IpeacTaBieHsl BapHaHThl HEBO3MYILEHHOTO MEXaHUYECKOTO
MasiTHUKa YHUBEPCAJILHOIO Ha3HAYEHHUA.

Kurouessle ciioBa: JIeTaTeNbHBIA amnmapaT, MPOCTPAHCTBEHHOE IMOJIOKEHUE, MAATHUK, IEPUOJ
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Giris

Ugus aparatlariin (UA) tohliikosiz ida-
roedilmasi ticlin osas pilotaj parametrlor kimi
hesab edilon foza vaziyyatinin (kren va tangaj
bucaglarinin) toyin edilmasi zoruridir. Bu bu-
caglar giroskopik qurgular va peyk navigasiya
sistemi ilo miiayyan edilir.

UA-nin faza vaziyyatini 6l¢gmok magsoe-
dilo osasini inersial 6lgma metodu taskil edan
Inersial istinad Sistemi (iiS) - (IRS - Inertial
Reference System), Foza Voaziyyati vo Yon Is-
tinad Sistemi (FVYIS) — (AHRS — Attitude
and Heading Reference System), integrasiyal
Ehtiyat Ucus Displeyi (IEUD) — (ISFD - In-
tegrated Standby Flight Display) totbiq edilir.
Bu sistemlords platformali vo platformasiz
inersial metoddan istifads edilir. 1IS vo FVYIS
eyni funksiyalara malik olsa da, 1iS daha do-
qgiq sistem olub, inersial navigasiya masalalo-
rin hallindo istifads edilir. Bucaq parametrlori-
nin 6l¢iilmasi tglin sistemoa daxil olan osas
qurgu Kimi lazer, optik-lifli vo mikromexaniki
giroskoplar istifads olunur. Giroskoplarin bag-
langic bucaglari akselerometrlor vo ya peyk
navigasiya sistemi vasitasi ilo daxil edilir va
sonraki is prosesinds fasilosiz olaraq korreksi-
yaya moruz qalir. Tacilli harokat naticasinds
korreksiya prosesinds platformanin faktiki sa-
quli vaziyyati hagiqi saquli vaziyyatdan fargli
olur [1-3].

Masalanin aktuallig

1994-2003-cii illor tizro aparilmis statis-
tikaya osason Hava gomilorinin (HG) foza vo-
ziyyatinin pozulmasi naticasinds 202 aviasiya
gozast (accidents) geydo alinmigdir. Bunlardan
91%-i (184 goza) faciavi sonlugla naticalon-
misdir. Materiallarda toqdim edilon digor sta-
tistik molumatlarda qgeyd edilmisdir ki, biitiin
aviasiya gozalarinin 5-10%-i pilotlar tarofin-
don HG-nin foza vaziyyatinin diizgiin miioy-
yan edilmamasi sabobindon bas vermisdir vo
bunlarin da 90%-i 6liimlo naticolonmisdir.
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Umumi aviasiya gozalarmin bas vermasi
sobabinin 20% HG-nin foza vaziyysatinin itiril-
moasinin payina diisiir [1, 2]. Belo hal HG mii-
rokkab foza voziyyatino malik oldugda bas ve-
rir.

Miirokkab foza vaziyysti dedikds, HG-
nin misbat tangaj bucag 25°, monfi tanqgaj
bucagr 10°, kren (yana ayilmo) bucagi 45°
giymatlorindan ¢ox olan vaziyyat kimi gobul
edilir [3].

ABS-dan olan pilot-tadgiqate1 Bill Erko-
layn torafindon 1971-2000-ci illari ohato edon
aviasiya gozalarinin todqiqi aparilan isds geyd
edilmisdir ki, son 15 il arzindo HG-nin foza
vaziyyatinin itirilmasino gora 82 pilot halak
olmusdur ki, bu da A sinifli aviasiya gozalari-
nin 20%-ni toskil edir. Itirilmis texnikanin qiy-
moti 1.9 milyard ABS dollar1 togkil etmisdir.
Tadgiqat isindo gostorilmisdir Ki, pilotlarin ok-
sar hissasi (90%) HG-nin foza vaziyyatini gey-
ri-diizgiin giymotlondirmislor [4].

Digor bir misal olaraqg, 23 dekabr 2005-
ci ildo Baki-Aktau Ne217 reysini yerina yeti-
ron Azorbaycan Hava Yollarina maxsus An-
140-100 HG-nin faciavi gozasinin hoalledici so-
bobi kimi HG-nin foza vaziyystinin sshv qiy-
motlondirilmasi olmusdur [5]. Bu toyyarado
foza voziyyatini giymatlondirmak mogsadi ilo
elektromexaniki rotorlu giroskoplardan istifa-
do edilirdi.

Statistik molumatlardan goriindiiyti ki-
mi, imumi aviasiya gozalarinin boyiik hissasi
HG-nin faza vaziyyatinin sahv giymatlondiril-
moasi sabobindan bas verdiyino gors bu sahads
aparilan elmi todgiqat islorinin apariimasi ki-
fayat godoar ¢okisi olan aktualliga malikdir.

Isin magsadi

Qarsiya qoyulmus moasalonin halli zama-
n1 igin Magsadi UA-nin vo miixtalif toyinath
nagliyyat vasitalorinin, stabilizasiya edilon di-
namik obyektlorin  foza vaziyyatinin toyin
edilmasi ti¢iin elektrik gidalanma va tocilli ha-
rokatlords (saquli istigamatdo sorbast diisma
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tocili istisna olmagla) Suler periodu tizro saz-
lanma sxemi talob etmayan, hayacanlanmayan
universal raggashi qurgu ilo informasiya eti-
barliliginin vo uguslarin tohliikasizliyinin so-
viyyasinin artirilmasi tiglin goraitin yaradilma-
sindan ibaratdir.

Masalanin halli

Asagidaki sokilds elektromexaniki rotor-
lu aviahorizontun prinsipial sxemi verilmisdir.
Giroskopun rotoru Kardan asqisinda yerloason
tic sarbastlik doracasine malik mexanizmdir.
Giroskop yiiksak siiratlo 6z oxu otrafinda firla-
nan asinxron elektrik miiharrikdon vo ya va-
kuumlu intigala malik rotordan toskil edilo bi-
lor.

KREN iNDEKSi
KARDAN ASQISININ FIRLANMASI

KARDAN ASQISININ _
KREN UZR® CORGiVaSi
GIROSKOPUN
ROTORU

UFUQI iSTINAD QOLU

KARDAN ASQISININ TANQAJ
UZRa GBRCivasi

Sakil 1 — Elektromexaniki rotorlu aviahorizont
Figure 1 — Electromechanical artificial horizon

HG kren va tangaj bucaglarina malik ol-
duqgda, rotorun yiiksok Kinetik momenti hesa-
bina H kinetik momentinin istigamaoti sabit ga-
lir. Foza voaziyyati bucaglart rotorun Kinetik
momentinin istigamotine nozoron miivafiq
kren vo tanqaj skalalar1 iizro vizual olaraq
miioyyon edilir [6]. Ufiigi istinad qolu il tan-
gaj bucagi, kren indeksi ilo kren bucaglar
mioyyan edilir (sok. 1).

Lakin, Kardan asqisinin oxlarinda siir-
tiinma qiivvesinin movcud olmast sababindon
giroskopun dreyfi bas verir. UA-nin uzunmiid-
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datli ugusu zamani giroskop saquli vaziyyoato
gora korreksiya edilmozso, qiitblords vo ekva-
torda rotorun firlanma oxunun istigamati (ki-
netik momentin istigamati) nazoari olaraq sabit
galmasi1 hesabina giroskop cari saquli vo ya
fliqi vaziyyatdon konara meyl edir (sak. 2).

Sokil 2 — Korreksiya edilmayan giroskop
Figure 2 — Non-corrected gyroscope

Giroskopun firlanma oxunu miintozom
olaraq saquli voziyystdo saxlamaq tigiin kor-
reksiya sxemindon istifads edilir (sok. 3). Sxe-
min osasimi rotorun cari saquli vaziyyatini
olgan fiziki roggas olarag mayeli bucaq verici-
lori va ya civali raggas (HG-nin uzununa va
enina istigamatlori tizra), bu vericilordon ali-
nan elektrik signallar1 asasinda foaliyyst gos-
torib, Kardan asqisini iifiiqi voziyysto gotiron
kren vo tangaj kanallarnda momentlor yaradan
elektrik miiharriklori togkil edir [7].

TANQAJ BUCAGI

KINETIK MOMENT | H VERICISi

ROTOR

HG UZUNUNA OXU

KREN BUCAGI
VERICISI KREN MOMENTi
(kren iizra korreksiya)

MAYELI BUCAQ VERICILSRI
(cari saquli vaziyyat)

TANQAJ MOMENTI
(tanqaj iizra korreksiya)

Sakil 3 — Korreksiya edilon aviahorizont
Figure 3 — Corrected artificial horizon
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Giroskopun gévdasi Vo asqisi tifiigi ve-
ziyyatdon konara meyl etdikds cari saquli vo-
ziyyato uygun olaraq, fiziki raqgasin elektrod-
larindan corayan axaraq qravitasiya qiivvasi
ilo gorarlasan civali roggas vo ya mayenin da-
xilindoki hava govugcugu morkazi saquli vo-
ziyyato gotirilonodok korreksiya miiharriklori
Kardan asqisini iifiiqi voziyyato gotirir. Kren
Vo tangaj bucaglar1 hagqinda elektrik signalla-
r1 Kren vo tangaj bucagi vericilorinds forma-
lagar.

Fiziki roggas gismindo totbiq edilon gra-
vitasiya qiivvasina hassas olan elektrolit va ha-
va govugcugundan togkil olunmus mayeli bu-
caq vericisi (sok. 4) giroskopun govdasinin
tizorinds sart barkidilorok 1 siiso borudan, bo-
runun daxilinds yerloson 2 elektrolit mayedan,
4 hava qovugcugundan, platindon hazirlanmis
3, 5, 6 elektrodlardan ibarastdir. Giroskopun
govdasi vo asqisi iifiiqi vaziyyotds oldugda ha-
va govugcugu siiso borunun markazinds gorar-
lagir. Bu zaman elektrodlardan caroyan axmir
vo korreksiya miiharriklorina caroyan daxil ol-
mur. Ufiigo nozoron maillik bucag: doyisdikdo
4 hava govugcugunun 3 va 5 elektrodlara dog-
ru harokati kren vo tanqaj tizro korreksiya mii-
harriklorini iso qosaraq harokatli platformanin
Vo onun {izarinds yerlasan giroskopun vo ma-
ye-raggash vericinin {ifiiqi voziyyato gtiril-
masina sobab olur. Verilmis verici miirokkob
va giymatli elementlorla birgs foaliyyat gosto-
rorok yalniz konkret korreksiya masalasinin
halli Gigtin nozords tutulmusdur [8].

Sakil 4 — Mayeli bucaq vericisi
Figure 4 — Liquid angle sensor
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Sakil 5-do oxsar gayda ilo rotorun Kine-
tik momenti istigamatinin iifiiqi voziyyati, kor-
reksiya edilon girokompasin kinematik sxemi
verilmisdir [7].

$AQULI voziYYaT
UZR® KORREKSIYA

?\(

KINETIK MOMENT

MAYELI BUCAQ VERICISi
(cari saquli vaziyyat)

™ ROTOR

iBUCAQ

VERICISi

Sakil 5 — Korreksiya edilon girokompas
Figure 5 — Corrected gyrocompass

Moveud mayeli bucaq vericilori HG-nin
tocilli harakatinds, sohv korreksiyanin garsisi-
nin alinmast magsadila, xtisusi korreksiya aca-
r1 vasitasilo korreksiya sobokasindon ayrilir
(sxemdo verilmoayib). Bu zaman giroskop yad-
das rejimindoa isloyir. Tacilli harokat davaml
olarsa, mosalon, HG-nin viraji zamani, giros-
kopun 6l¢ma Xotasi toplanaraq, 3%-4°%-ys godar
catir [7-9]. Verilmis vericinin giymatli ele-
mentdon ibarat olmasi, (elektrod kimi platin-
don istifado edilir) olava olarag, korreksiya
ayirict kimi ikinci giroskopik qurgudan istifa-
do vo konkret korreksiya masalasinin hallindos
istifads edilmoasi, viraj zamani xatanin get-ge-
do artmast qurgunun qisurlar: hesab edilir.

Miixtalif toyinath sualti vo suiistii nog-
liyyat vasitolori, ugus aparatlart vo onlarin
miioyyan Sothlorini Gifiqi vo ya saquli voziy-
yotdo stabillosdirmak vo idara etmok mogsadi
ilo inersial 6lgma metoduna oasaslanan platfor-
mali vo platformasiz inersial navigasiya sis-
temlorindo (INS) Suler periodu iizro sazlanma
yerina yetirilir [10]. Platformali sistemda Suler
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perioduna sazlanmani tomin edan qurgunun
miirokkabliyi vo bununla slagadar olaraq ele-
mentlorin ¢oxlugu, platformasiz inersial navi-
gasiya sistemlari ilo miiqayisads qurgunun eti-
barliginin asagi giymato malik olmasina sobab
olur. Lakin, platformasiz INS-do hoayacanlan-
mayan saquli giroskopik qurgularda Suler pe-
riodu program tominati osasinda sazlanir.

Ugus aparatlarmin foza voziyyatinin
olgiilmasi ti¢iin giroskopik qurgularla yanas,
peyk, astronomik qurgulardan istifads edilir.
Peyk vo astronomik qurgularin isi asasan xari-
ci soraitdon asili oldugundan, etibarli informa-
siya manbayi Kimi giroskopik qurgularin {izo-
rina daha ¢ox masuliyyat diisiir. Malumdur ki,
geyd edilon informasiya moanbolori elektrik qi-
da monbayindon gidalanir.

Sakil 6-da Boeing 787 HG-do totbiq edi-
lon, ehtiyat cihaz gisminds istifads edilon, foza
voziyyatini lgon IEUD verilmisdir [11]. Bu-
rada tangaj bucagi miisbat oldugda goy rongli
skala, monfi olduqda iso torpaq rongli skala
tizra, kren sola vo ya saga torof olduqda iss ci-
haz 16vhasinin yuxari hissasinds olan ag rongli
tichucaga nozoron vizual informasiyalar sldos
edilir.

Cihaz iso qosulduqgda 15 san arzinds da-
xili test aparilir. Sonra igo salma ardicilligi 80
san davam edir. Giroskopun baslangic bucag-
lar1 (kren va tanqaj) cihazin daxilinds qurasdi-
rilmig akselerometrlor vasitasilo tapsirilir.

Iso salma zaman1 HG-do horakot geydo
alinarsa iso salma ardicillig1 6 dagigoyadok da-
vam edo bilor.

Ogor bu zaman da igo salma ugursuz
olarsa, ekranda ATT RST (Attitude Reset — fo-
za vaziyyatini yenidon iso sal) isarasi oks olu-
nur. Bundan sonra ATT RST diiymasi sixil-
malidir. RST ditymasi 2 dofo sixildiqda giros-
kopun uzlasmasi (sifra gatirilmasi) icra olunur.
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ATTITUDE RESET
SWITCH INTEGRATED STANDBY FLIGHT DISPLAY

Sokil 6 — Integrasiyali Ehtiyat Ugus Displeyi
Figure 6 — Integrated Stanby Flight Display

Belaliklo, an miiasir HG-ds elektrik gida
monbayindon asili olmayan, nishoton bdyiik
6lgma xotasina malik, lakin yiiksok informasi-
ya etibarligi ilo farglonan vo avtonom qurgu
hesab edilon magnit kompasinin tatbigi misa-
linda, foza vaziyystini mexaniki olaraq 6l¢mo-
yo imkan veron qurgunun yaradilmasi vo isti-
fado edilmoasi mulki HG-do, sulisti vo sualti
nogliyyat vasitalorinin tohliikasizliyinin soviy-
yasinin artmasina tohfo vermis olardi.

Sakil 7-14-ds heg bir baslangic sazlanma
tolob etmayan statik obyektlorin foza voziyyo-
tini 6lgon Universal Mayeli Bucaqolganlorin
(UMB) variantlari verilmisdir.

Sokil 7-8-do aciq konturlu soffaf yarim-
dairavi 1 siiso borunun daxilinds 2 maye va 3
hava govugcugu yerlosir. UMB maillik bucagi
Ol¢iilon obyektin tizarina qoyulur. Siisa boru-
nun tizarina ¢okilmis skalanin garsisinda hava
govugcugu maillik bucagini oks etdirir.

Sakil 7 — Universal Mayeli Bucaqolganlar (variantlari)
Figure 7 — Universal Liquid Angle Indicator (options)
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Sokil 7-da tosvir edilon qurgu bir, sokil
8-do tosvir edilon qurgu, eyni zamanda, iki
koordinat tizro statik obyektlorin maillik bu-
caglarin1 6lgmays imkan verir [12, 13].

Sokil 9-10-da soffaf 1 siiso borunun da-
xilinda 2 maye va 4 mayedon agir kiiracik yer-
losir. UMB maillik bucagi olgiilon obyektin
tizarina qoyulur. Siiso borunun {izarina ¢akil-
miy skalanmn qarslsmqa_ agur kiirocik Obyel_(t_m Sakil 10 — Universal Mayeli Bucagélganlor (variantlarr)
(masalon tavanin) maillik bucagini oks etdirir.  Figure 10 — Universal Liquid Angle Indicator (op-
Sokil 9-da olan qurgu 0-180° statik obyektlorin ~tions)
bucaglarini 6l¢a bilir.

Sakil 8 — Uneversal Mayeli Bucaqglganlor (variantlarr) Sakil 11 — Universal Mayeli Bucaqélgonlor (variantlari)
Figure 8 — Universal Liquid Angle Indicator (options) Flgu)re 11 — Universal Liquid Angle Indicator (op-
ions

Sakil 12 — Universal Mayeli Bucagolganlar (variantlari)
Figure 12 — Universal Liquid Angle Indicator (op-

4 tions)
Sakil 9 — Uneversal Mayeli Bucaqolganlar (variantlarr)
Figure 9 — Universal Liquid Angle Indicator (options) Sxemlords (sok. 11, 12) 0%-180C%nterval-
Sokil 10-da tosvir edilon qurgu 0-360° da, diger sxemlordo isa (sok. 13, 14) 0°+360°
diapazonunda statik obyektlorin maillik bu-  intervalda statik vo dinamik sothlorin X vao Y
caglarmi lgmays imkan verir. oxlar1 iizro maillik bucaglarmi toyin edon
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konstruksiyada soffaf dairovi 1 borunun bas-
langic vo son noqtalorinin oks slageli birlog-
moasi (gapali konturlu) tacilli harakstlordan ya-
ranan qiivvalora (xiisusilo markazagagma qiiv-
valaring) gars1 hossasligini kifayst godor azal-
dir. Universal — mayeli bucaqolgon mailliyi

olgiilon dinamik sath tizarine goyuldugda siiso
borunun daxilinds yerlason maye qravitasiya
quivvasinin tasiri ilo govugcugu saquli saviyys
tizra istigamotlondirir.

3
’ & »
<=0 :T])
4 <2
/ y &
/

1

Sakil 13 — Universal Mayeli Bucaqolganlor (variantlari)
Figure 13 — Universal Liquid Angle indicator (op-
tions)

Sakil 14 — Universal Mayeli Bucaqélganlor (variantlari)
Figure 14 — Universal Liquid Angle Indicator (op-
tions)

Dinamik obyekt sorbastdiismo tocili ilo
asagtya dogru harokat etmirso, sothin mailliyi-
ni tacilli harokatlords 6lg¢arkan, siiso borunun
lizarina harokat istiqamatina nozaran xoayali to-
xunan Xatt ¢oksak, mayenin kiitlosi va tacildan
formalasan parazit qiivvo toxunan Xxott iizro
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bir-birinin aksina yonalan iki qiivvaya boliiniir
(saat agrabi va saat agrabinin oksi istigamatin-
do).

Borunun gapal1 konturlu yarimdairavi va
ya dairavi formasi parazit qiivenin iki toskile-
dicilarinin bir-biri ilo garsilasmasina, vo bunun
naticasi olaraqg, bir-birinin zorarli tasirlorinin
neytrallasmasina sobab olur. Xiisusilo, dairavi
vo gapalt konturlu sxemlords (sok. 13, 14) to-
cilli harokatlorin yaratdig: parazit qiivvonin iki
toskiledicilori istigamotca oks, modulca bir-bi-
rina barabar oldugundan zororli tesir qlivvale-
rinin comi sifra, hayacanlandirici tosiri iso ta-
mamilo kompensasiya edilir.

Belalikls, maye vo govugcugun vaziyys-
ti yalniz maillik bucagindan asili olan gravita-
siya qlivvasi ilo gorarlasir, govugcugun siiso
boru tizarina ¢okilmis skaladaki movgeyi o6lgii-
lon maillik bucagina uygundur.

Natica

Verilmis sxemlordan (sok. 11-14) istifa-
do etmokls, diger 6l¢mo qurgulardan forgli
olarag, sazlanma tigiin zaman itkisi olmadan,
heg bir elektrik gidalanma tolob etmoyon ehti-
yat cihazi gisminds totbiq edilorso, istismar
edilon nogliyyat vasitalorinin istismarinin toh-
likasizlik soviyyasinin artirilmasi tigiin sorait
yaranmus olar.

Soffaf borunun tizorindoki skala fosforlu
boya ilo isaralonarss, yani dlgma qurgusu hs-
yacanlanmayan saquli vo ya iifiigi ehtiyat ci-
haz1 kimi foaliyyat gostoro bilor. Tacilli hors-
kotlordo otalot qiivvalarinin bir-birinin kom-
pensasiyasi miixtolif toyinatli horokotli obyekt-
lords, 0 ciimlodon UA vo gomilards, bels
qurgunun ehtiyat cihazt qisminds tatbigini
miimkiin edir. Hava gomilori tgiin optimal
oOl¢ii vo iki 6lgma kanalr ilo segilon sokil 11-do
tosvir edilon qurgu daha olveriglidir. ©gar ya-
rimdairavi borunun radiusu 57.5 mm olarsa,
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onda hamin borunun uzunlugu togriban 180
mm-o borabar olacag. Yani, har bir millimetr
bir daraco bucaga uygun golor. Viraj zaman
UA-nin foza vaziyyatini 6lgon elektromexani-
ki giroskoplarda yaranan xota (3-4°) ilo miiga-
yisadoa toklif edilon qurgunun Xatas: daha az
(1-2%) giymots malik olmas: onu gostorir ki,
miilki HG-do hayacanlanmayan universal rag-
gaslt qurgunun (Universal Mayeli Buca-

qolcanlar) ehtiyat cihaz olaraq totbiq edilmasi
golocokds aviasiya gozalarinin saymnin oho-
miyyatli doracads azalmasina sabob ola bilar.

Maraqglar miinaqisasi

Miallif bu magalads arasdiriimasi tolob
olunan maraglar miinaqisasinin olmadigini
geyd edir.
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Abstract

The article analyzes the features of hydrogen wear of friction pairs of a drawworks band-shoe
brake. The research is based on the components of structural steel 35SKhNL (35XHJI), from which the
brake pulley is made, and their interaction with atomic hydrogen. The general regularities of hydro-
gen wear as a specific type of surface destruction are considered. At the same time, the following was
established: the crystal lattice of the metal is the main calmer and exciter in the metal due to the une-
ven distribution of the components of the structure of the mismatch parameters, oxidation of the metal
at the grain boundary, distortion of the crystal lattice and other factors; an increase in the surface tem-
perature at the metal-polymer contact causes thermal degradation of polymers with the formation of
various kinds of hydrocarbons and other intermediate compounds, the dehydrogenation of which re-
leases hydrogen; the “oxygen-hydrogen” bond in the H20 molecule, according to Pauding, is 39%
ionic in nature, which allows, with an increase in water concentration, to shift the equilibrium towards
the formation of hydrogen ions; making through holes of different diameters in the pulley rim and in
the friction linings makes it possible to remove hydrogen from the friction zone of the brake friction
units.

Keywords: hydrogen wear, friction pairs, band-shoe brake, hydrogenation, wear of a metal friction
element.
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Lentli-kiindali aylacin siirtiinmo ciitiiniin hidrogen yeyilmasi
9.X. Canohmadov', D.A. Volgenko?, M.Y. Cavadov®, D.Y. Juravlev?,

E.Y. Andreycikov?, V.V. Nisuk’, N.A. Volcenko”, A.S. Yevcenko’

Y Azarbaycan Milli Aviasiya Akademiyasi (Mardakan pr. 30, Baki, AZ1045, Azarbaycan)

2 [vano-Frankivsk Milli Texniki Neft vo Qaz Universiteti (Karpatska kiig.15, Ivano-Frankivsk, 76019, Ukrayna)
® Azorbaycan Miihandislik Akademiyasi (Mardakan pr. 30, Baki, AZ1045, Azarbaycan)

* Kuban Déviat Texnologiya Universiteti (Moskovskaya kii¢. 2, Krasnodar, 350072, Rusiya)

Yazisma iiciin: Juravlev Dmitri /e-mail: dmytro.2103@ukr.net
Xiilasa

Moagalods gazima bucurqadinin lentli-kiindsli aylocinin siirtiinma ciitliniin hidrogen yeyilmosinin xiisusiyyot-
lori tohlil olunub. Tadgiqatlarin asasim ayloc qasnaginin hazirlandigi 35XHJIT polad strukturunun komponentlori vo
onlarin hidrogen atomlari ilo qarsiliqh tosiri tutur. Sathi dagilmanin spesifik novii kimi hidrogen yeyilmasinin {imumi
ganunauygunluqglart nazordan kegirilib. Asagidakilar miiayyon edilmisdir: metalin kristal gafosi uygunsuzluq para-
metrlorinin struktur komponentlorinin geyri-borabar paylanmasi, donalorin sorhoddinds metalin oksidlogsmasi, kristal
gafasin tohrif edilmasi vo digar amillor sababindon metalda asas sakitlosdirici va qiciglandirict hesab olunur; metal-
polimer tomasda soth temperaturunun artmasi, termodestruksiya noticasinds hidrogenin ayrilmasi ilo miixtalif név
karbohidrogenlarin va digar ara birlosmolarin amala golmasi ilo polimerlarin istilik deqradasiyasina sabab olur; H20
molekulundaki "oksigen-hidrogen™ rabitosi, Paudingin giymotlondirmasina gors, 39% ion xarakterlidir ki, bu da
suyun konsentrasiyasinin artmasi ilo tarazhigi hidrogen ionlarinin amalo golmosi istiqamotinds doyismoys imkan
verir; qasnagin dondanasinds vo friksion kiindslords miixtalif diametrli desiklorin a¢ilmasi hidrogeni oylocin friksion
diiyiinlorinin siirtiinmo zonasindan ¢ixmasina sarait yaradir.
Acar sozlar: hidrogen yeyilmoasi, siirtiinmo ciitii, lentli-kiindali ayloc, hidrogenlosmo, metal friksion elementin

yeyilmoasi.
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AHHOTAIHUSA

B crarbe aHanu3upyroTcsi 0cOOCHHOCTH BOAOPOJHOTO M3HAIIMBAHUS Nap TPEHHUS JEHTOYHO-KOJIOIO0YHOTO TOP-
Mo3a OypoBoii ebenxu. B ocHOBY MccienoBaHni B3sTHI KOMIIOHEHTHI CTPYKTYpHO# ctanu 35XHJI, u3 koropoit u3-
TOTOBJICH TOPMO3HOM IIKWB, M UX B3aWMOJEHCTBHE C aTOMapHBIM BOAOPOJIOM. PaccMoTpeHs! 001ine 3aKOHOMEPHO-
CTH BOJIOPOJIHOTO M3HAIIMBAHUS KaK CIEIU(UIECKOro BHA HOBEPXHOCTHOTO pa3pylIeHHs. Y CTaHOBJIICHO CIIETyIO-
mee: KpUCTAJUTMYEcKas penieTka MeTalIa sIBJIETCSI OCHOBHBIM YCIIOKOWTENIEM M BO30yIUTENeM B METaJlle U3-3a He-
PaBHOMEPHOCTH pAaCHpeAeNieHHs KOMIIOHEHTOB CTPYKTYpHI IapaMeTPOB HECOOTBETCTBHUS, OKHCICHHE MeTaia Ha
TpaHHIE 3€PeH, HCKAKEHNE KPUCTAIUINIECKOH PeIIeTKH U APYTUX (haKTOPOB; MOBHIIICHUE IIOBEPXHOCTHOM TeMIepa-
Typel Ha METAJJIONOJIMMEPHOM KOHTAaKTE BBI3BIBAET TEPMOICCTPYKIIMIO TOIMMEPOB C 0Opa30OBaHUEM PAa3IMIHOTO
poJia YrIeBOJOPOJOB U APYTHX MPOMEKYTOUHBIX COSIMHEHHH, B PE3yNIbTaTe IETUAPUPOBAHNSI KOTOPHIX BBIACISICTCS
BOJIOPOJT; CBSI3b «KHUCJIOPOJ - BoJopoa» B Mosiekyine H,O, mo onenke [Tayaunra, umeer Ha 39% WOHHBIN XapakTep,
YTO TO3BOJISIET C YBEIMYCHUEM KOHIIEHTPALMH BOJbI CMEIIATh PABHOBECHE B CTOPOHY 00pa3oBaHUsl HOHOB BOJIOPO-
J1a; BBIMIOJIHEHNE CKBO3HBIX OTBEPCTUH Pa3IMYHBIX AUAMETPOB B 000/I¢ MIKUBA ¥ BO (PPUKLIMOHHBIX HAKJIAJKaX I103-
BOJISIET YAAJIATH BOAOPO] U3 30HBI TPEHUS PPUKLMOHHBIX Y3JI0B TOPMO3a.
KuroueBble cjioBa:  BOAOPOAHOE H3HALIUBAHUE, MApbl TPEHUS, JEHTOYHO-KOJOJOUYHBII TOPMO3, HABOAOPOKUBA-

HHE, U3HOC METAJUINYECKOr0 (PPUKIIMOHHOTO JIEMEHTA.
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Introduction

One of the intense types of hydrogen
wear of the rubbing surfaces of parts is ac-
companied by the destruction of a harder sur-
face layer of a steel or cast iron part and the
transfer of wear products to a softer mating
surface.

Most friction pairs of brake devices op-
erate in a water-containing medium, which,
when it gets on their heated surfaces, contrib-
utes to the generation of hydrogen. The inter-
action of the emitting hydrogen with the sur-
face layer of brake discs, drums and pulleys
causes their embrittlement materials and as a
result, intensive wear.

The study of hydrogen wear of metal
friction elements of brake devices is still at an
early stage, therefore, it is of scientific and
practical interest to determine the general pat-
terns of hydrogen wear, as well as the devel-
opment of scientific foundations for combat-
ing it.

Analysis of literary sources and the state of
the problem

The main types and mechanisms of wear
are considered [1]. From the standpoint of
modern ideas, the physicochemical properties
of the friction surfaces of parts, the conditions
for their contact interaction are described. The
types of friction, the main types of damage to
the working surfaces and the wear mecha-
nisms caused by them are analyzed. The re-
quirements for wear-resistant materials are
substantiated, and the main classes of wear re-
sistance of materials are described. However,
due attention was not paid to hydrogen wear.

The works [2, 3] consider the interaction
of hydrogen with metals and nonmetallic ele-
ments. The effect of hydrogen on various
types of metals and alloys and on the occur-
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rence of specific defects in them is illustrated.
Information about hydrogen embrittlement
and the effect of hydrogen on the mechanical
characteristics in the "hydrogen - metal” pair
in the groups of D. Mendeleev's periodic sys-
tem has been expanded.

The work [4] is devoted to the wear of
subroughness of friction surfaces in a hydro-
gen-containing medium. In the latter, hydro-
gen is pumped into the subsurface layer of a
metal body and interacts with its crystal lat-
tice. It is noted that the driving force in the
processes of hydrogen wear are temperature,
pressure, deformation, structure and defects of
the crystal lattice.

In works [5-8], physical and mechanical
processes on the friction surface of hydrogen
wear of machine parts and equipment were
studied. The causes of hydrogen release, hy-
drogenation of rubbing surfaces and their de-
struction are established. A complex picture of
the behavior of hydrogen in surface layers
during friction under the influence of various
factors is shown, and the influence of “bio-
graphical” hydrogen on the wear of parts is
determined. The reasons for the transfer dur-
ing friction of a harder material to a softer ma-
terial are stated: steel to bronze, cast iron to
plastic. Practical recommendations are given
to suppress hydrogen wear and increase the
durability and failure-free operation of friction
units of machines and equipment. At the same
time, the following was not considered: the ef-
fect of external hydrogen on the surface layer
of a metal friction element and its entry into
the subsurface layer by injection; the phenom-
enon of adhesion and the types of contacts of
friction pairs during their frictional interaction,
as well as the combination of adsorption-
diffusion phenomena observed in the surface
and subsurface layers of friction pairs, were
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not taken into account. And the most im-
portant thing is that external and internal hy-
drogen and their role in tribological reactions
have not been isolated.

It was found in [2, 9] that under severe
friction conditions, the maximum surface-
volume temperature is formed at a certain
depth from the friction surface. This creates
conditions under which hydrogen, if it is ad-
sorbed on the surface of the part, diffuses deep
into the surface under the action of a tempera-
ture gradient, concentrates there, causes em-
brittlement of the surface layers and increases
wear. However, it was not indicated what
happens in the subsurface layer of a metallic
element with the structures of its crystal
lattices.

Considering the foregoing, we have
come to the conclusion that no work has stud-
ied the interaction of hydrogen with the struc-
tural components of steel.

The statement of the problem is re-
duced to the consideration of the following is-
sues: design and operation of the drawworks
band-shoe brake; hydrogen wear in brake fric-
tion pairs; the discussion of the results.

The purpose of the work is to establish
the regularities of the influence of the compo-
nents of the brake pulley structure on the hy-
drogen wear of its working surface.

The design and operation of the band-shoe
brake of a drawworks

The main requirement for friction units
of drawworks band-shoe brakes is its reliabil-
ity, which ensures safety and trouble-free op-
eration. The practice of drilling wells in the
zones - the core system of drawworks of the
close-range units (HR-500, HR-5000; Ural-
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mash: 2500/1600 ESK-BM4; 3000 EUK;
3900/225 EK-6M; 5000/320 EKM-BM4 with
parallel echelons and etc.) and distant (types
of winches of the company "National”, "Oil-
well", "Continental-Emcoo","Mid-Continent",
Garden-Denver) with a diameter of the work-
ing surface of the pulley rim D, = 1070.0-
1680.0 mm and with a rim width b, = 213.0-
318.0 mm, made, for example, from steels
35L, 35KhNL, 35KhML, etc., have fine-shoe
brakes.

So, for example, studies have shown that
the intensity of destruction of pulleys made of
steel 35L increases sharply at a temperature of
-20°C and below, and that of steel 35KhNL at
-30°C and below. The manufacturer of the
considered brake pulleys guarantees their reli-
able operation at a temperature of -40°C.
However, Western Siberia (Russia) belongs to
a cold climate zone, where the equipment
must remain operational at a temperature of -
60°C.

Phenomena that occur during the de-
struction of the working surface of the pulley
rim under the action of generated electric and
thermal currents of a pulsed and long-term na-
ture, thermal energy accumulated in the layers
of the pulley rim, which contributes to the oc-
currence of high temperatures, and as a result,
temperature gradients, both surface and deep,
as well as permanent stresses on the pulley rim
with closed and open friction pairs of a band-
shoe brake. Therefore, the problem of taking
into account thermal stresses is not just a prob-
lem of thermal strength. In this case, it is nec-
essary to replace that the greatest influence on
the destruction of the working surface of the
pulley rim is exerted by electric and thermal
currents during electrothermomechanical fric-
tion of the metal-polymer friction pairs of the
brake. This circumstance should be taken into
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account when choosing materials for a real
friction unit.

The main part of the emerging stresses
iIs concentrated in the surface and subsurface
layers of the working surface of the brake pul-
ley rim, which affect its destruction [10,11].

Braking

a) .

According to the kinematic scheme
(see Fig. 1 a, b), the friction linings 3 are in-
stalled on the brake bands 2, which at one end
[from the side of its running branch (11)]-to the
crank journals 6 and 9 of the crankshaft 10.

Figure 1 a, b, ¢ - Schemes: kinematic drawworks (a); band-shoe brake (b) and its friction units (c)

Serial band-shoe brake drawworks work
as follows. By moving the handle 1, the crank-
shaft 10 is rotated, as a result of which the
driller tightens the brake bands 2 with friction
linings 3, and they sit on the brake pulleys 4.
The process of braking with a band-shoe brake
is characterized by the following stages: initial
(first), intermediate (second) and final (third).
Let's take a look at each stage separately.

At the initial stage of braking, the fric-
tion linings 3, located in the middle part of the
brake band 2, interact with the working sur-
face of the brake pulley 4. The front of inter-
action expands towards the friction linings 3
of the incoming branch (1) of the brake band 2.

The intermediate stage of braking is
characterized by the further propagation of the
interaction front towards the friction linings 3
of the running branch (1) of the brake band 2.

The final stage of braking is character-
ized by the fact that almost all fixed linings 3
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of the brake band 2 interact with the working
surface of the rotating pulley 4. During brak-
ing, the sequence of surfaces coming into con-
tact is repeated. The full braking cycle is com-
pleted by stopping the brake pulleys 4 with the
drum 5. The drawworks brake is also con-
trolled by supplying compressed air through
the driller's valve 7 to the pneumatic cylinder
8, the rod of which is connected to one of the
crankshaft journals of the crankshaft 10 of the
brake. The pressure of compressed air in the
pneumatic cylinder 8 is regulated by turning
the tap 7 of the driller.

With uneven wear of the friction linings
3 mounted on the belts 2, the balancer 11 at
the moment of braking deviates somewhat
from the horizontal position and equalizes the
load on the running branch (11) of the brake
belts 2, while ensuring uniform and simulta-
neous circumference of the brake pulleys 4.
Thanks to ball joints the implementation of
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loads from the brake bands 2 to the balancer
11 does not change.

The weakest link in the brake assembly
is the friction linings. They are made in the
form of separate parts that can be fastened in
various ways (for example, using antennae) to
a relatively flexible steel tape. Friction linings
with constant and variable pitch are installed
along the arc of the brake band around the pul-
ley. When installing overlays with a constant
pitch on the tape, their number is always even
(12; 16; 18; 20; 22; 26). With a variable step,
this number can be odd.

The total number of friction linings on
the brake band depends on their geometric pa-
rameters, as well as on the angle of wrapping
of the working surface of the brake pulley by
the brake band in a given drawworks band-
shoe brake.

When choosing a design option for new
friction units of a band-shoe brake, it is neces-
sary to proceed from the given conditions and
the mode of its operation. In this case, the
braking process should be smooth, without
disruptions and jumps during the interaction of
friction pairs of friction units, and the contact
of mating surfaces should be elastic.

Hydrogen wear in brake friction pairs.
Electrothermomechanical friction, increasing
the energy of the crystal lattice of the metal,
leads to a decrease in the work function of
electrons and causes the occurrence of elec-
tron emission. Electrons emitted from the
metal lattice during friction with excess ener-
gy are hydrated upon collision with molecules,
which leads to dissipative ionization of water
molecules (Fig. 2).

In this case, the oxygen-hydrogen bond
in the H,O molecule, according to Pauding,
has 39% ionic character. In addition, it follows
from the water dissociation equation that with
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an increase in water concentration, the equilib-
rium shifts towards the formation of hydrogen
ions. In this regard, air humidity has a strong
effect on the intensity of hydrogen wear of
metals.

This is of great importance for band-
shoe brakes operated outdoors and in condi-
tions of high humidity [12].

During friction of surfaces of metals of
different nature (Table 1), electrochemical
processes also occur at the contact points due
to the appearance of a potential difference suf-
ficient for electrolysis to proceed in an aque-
ous solution of an electrolyte containing impu-
rities or dissolved gases (CO,, SO, SOg, etc.).
When metal surfaces come into contact with
atmospheric moisture, ordinary electrochemi-
cal corrosion occurs [13]:

(cathode) 2H,0 + 2e — H, + 20H..
(anode) 2H,0 - 4e — O, + 4H".

In friction pairs of brakes, various poly-
mer composite materials are used, for which it
increases in modern mechanical engineering
[14]. An increase in temperature on the metal-
polymer tribocontact initiates the thermal deg-
radation of polymers with the formation of
low molecular weight saturated and unsaturat-
ed hydrocarbons and other intermediate com-
pounds, the dehydrogenation of which releases
hydrogen.

In the surface layer of a solid body, dur-
ing friction, as a result of mechanical action,
the chemical bonds of the crystal lattice break,
microdestructions occur, and the continuity of
the material is disturbed. Forming fresh frac-
ture surfaces of a solid material, they have
free, uncompensated chemical bonds with ac-
tive centers, are nonequilibrium, and differ
greatly in their properties from a conventional
surfa.
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The metals of transition groups (Cr, Ni,
Mn, etc.) contained in structural steel are ca-
pable of catalyzing the processes of dissocia-
tion of water molecules.

Thus, on the friction surface in the con-
tact zone of friction pairs, various physico-

Formation of microfractures on the friction
surface of a metal friction element with the
appearance of active centers

chemical processes can occur, leading to the
formation of hydrogen.

The mechanism of hydrogen wear of
friction pairs is characterized by a number of
successive processes occurring in the friction
zone of the contacting surfaces (Fig. 3).

Intensive release of hydrogen as a result of
physical and chemical processes in the sur-
face layers of the friction lining

Diffusion of hydrogen atoms into the surface
layers and deep into the material of a metallic

A 4

A 4

Hydrogen adsorption on active friction sur-
faces of a metal friction element

A

element

A

Accumulation of hydrogen in the surface lay-
er and in spatial defects of the crystal lattice

y

Destruction of the surface layer of the ele-
ment as a result of intense tribohydrogenation

Figure 3 — The main stages of hydrogen wear of the drawworks pulley rim

The liberated hydrogen is adsorbed on
the friction surfaces, for example, as a result
of desorption of the lubricant due to an in-
crease in temperature in the friction zone. In
the process of friction, hydrogen atoms gradu-
ally occupy the places freed from lubricant
molecules on the surface, since the hydrogen
desorption temperature is much higher than
the lubricant desorption temperature. Hydro-
gen atoms, due to their small size, have high
mobility and high penetrating power. The non-
equilibrium processes, temperature and stress
gradients that arise during deformation of the
surface layer of the material contribute to the
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diffusion of hydrogen into the surface layers
and into the volume of the material of the el-
ements of the friction pair.

The lightest element of this group - car-
bon - does not have the properties of a metal,
so a detailed consideration of its interaction
with hydrogen is beyond the scope of this arti-
cle. However, it is advisable to provide some
basic data on the C-H system for comparison
with the Si-H, Cr-Ni, Ni-H, Cu-H systems. In
addition, consideration of the C - H system
should also be stopped because carbon and
hydrogen are usually present together in iron-
based alloys. It is possible that the behavior of
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carbon and hydrogen in iron alloys are mutu-
ally determined processes.

At elevated temperatures, hydrogen
combines directly with carbon and forms
chemical compounds - hydrocarbons. At 500 -
1000 °C, the primary product of the reaction

is, apparently, methane, which is a volatile,
gaseous hydride under normal conditions. The
methane molecule consists of a central carbon
atom and four hydrogen atoms located at the
vertices of a regular tetrahedron.

Table 1 — The chemical composition of the components of the structure of steel 35 KhNL and their inter-

action with hydrogen

Chemical element and its

percentage

Interaction with hydrogen

Iron (Fe) (96,6 — 97,8)*

Hydrogen - iron systems, in which the last element can have three (a-
Fe, y-Fe, 5-Fe) modifications of the structure with different types of lat-
tice. Iron adsorbs hydrogen, and in any state the process of hydrogen
occlusion by iron has an atomic character. Hydrogen diffuses through
the crystal lattice of iron as a proton.

Silicon (Si) (0,20 — 0,42)

There are no data on the adsorption and occlusion ability of metallic
silicon in relation to hydrogen and other gaseous elements.

Copper (Cu) no more (0,30)

When copper enters the microprotrusions of the rim at a flash point of
1084 °C, copper passes into a liquid state, which leads to a sharp drop
in its thermal conductivity. It has been established that the thermal
conductivity of liquid copper is two times lower than that of solid met-
al. There is an intense occlusion between liquid copper and hydrogen.

Manganese (Mn) (0,40 —0,90)

At temperatures from 20 °C to 500 °C, the solubility of hydrogen in
manganese decreases; above 500 °C, occlusion becomes endothermic
and increases with increasing temperature.

Nickel (Ni) (0,70-0,90)

The adsorption and diffusion of hydrogen in nickel has been studied in
detail. It seems likely that the hydrogen containing nickel with a high
H/Ni ratio is a metallic bond type composition.

Phosphorus no

(0,047)

(P),

more

Phosphorus gives chemical compounds with hydrogen corresponding
to the formulas PH; (phosphine) and P,H, (diphosphine). The existence
of higher phosphorus hydrides has not been revealed.

Chromium (Cr) (0,50 —0,80)

Prone to adsorption and desorption at various temperatures. Two new
phases are observed in the chromium-hydrogen system. The maximum
hydrogen concentration is determined by the H/Cr ratio.

Sulfur (S) no more (0,04)

At 310°C, the reaction of direct interaction of sulfur and hydrogen pro-
ceeds towards the formation of H,S. At 400 °C, hydrogen sulfide is al-
ready decomposing: its formation at this temperature is possible only
when sulfur and hydrogen vapor interact. At 600 - 650 °C, the content
of hydrogen sulfide in the gas mixture is only 7% (vol.)

* Note: With increasing pressure and temperature, the diffusion rate of hydrogen in iron increases. The interaction
of carbon and hydrogen is discussed below.
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Data on the change in the concentration of methane in the gas mixture depending on the

temperature below (table 2).

Table 2 — The change in the concentration of methane in the gas mixture depending on the temperature

Temperature, °C 475 500 550 600 625
The content of CH, in 69,86 62,53 46,89 31,68 24,75
the gas mixture, %

Starting from 475°C, the amount of me-
thane in equilibrium with carbon decreases
with increasing temperature, i.e., the rate of
the reverse process, methane dissociation, ex-
ceeds the rate of the direct reaction of ele-
mental interaction.

At high temperatures, for example, at
the temperature of an electric arc, the primary
product of the interaction of hydrogen and
carbon is acetylene. Methane and lower hy-
drocarbons are much more thermally stable
than similar hydrides of the following ele-
ments of this group - silicon and germanium.

The uneven distribution of hydrogen in
the metal largely depends on the imperfection
of the crystal structure, for example, in the
cracks that have arisen, hydrogen atoms upon
collision form molecular hydrogen, the diame-
ter of which is much larger than the size of
atomic hydrogen. The reaction of formation of
atomic hydrogen is accompanied by the re-
lease of a significant amount of heat, which
also stimulates other chemical cracks (for ex-
ample, hydrogen enters into chemical reac-
tions with metal impurities, forming hydrides).
As a result of these processes, significant ten-
sile stresses arise, increased internal pressure
in defects destroys the metal along all devel-
oped and connected cracks. Numerous cracks,
merging, can instantly turn the surface layer of
metal into powder.

The degree of hydrogenation of surfaces
during friction changes under the influence of

environmental factors. The influence of hy-
drogen, as an accelerator of wear and destruc-
tion of metal friction elements of brakes, is
observed during the operation of various types
of friction units during thermal construction of
the working surface of the polymer lining, in
contact with water, as well as in hydrocarbon
media, with changes in humidity and tempera-
ture of the environment.

The process of hydrogen wear is intensi-
fied in humid and cold climates. One of the
reasons for the rapid wear of metal friction el-
ements of road construction equipment, han-
dling equipment, as well as vehicles operated
for a long time in a cold climate. Due to a sig-
nificant temperature difference, hydrogen at
low temperatures does not dissolve in the sur-
face layers of the metal friction element, it
concentrates between the friction zone and the
surface of the polymer lining. It has been es-
tablished that the wear rate under low temper-
atures exceeds by several times the values
recorded with positive thermocouples.

The study of the mechanism of hydro-
gen wear of metal friction elements of draw-
works band-shoe brakes made it possible to
dwell on the main methods of protection
against tribonation of hydrogen. The process
of hydrogen generation can be slowed down
by coating the active areas of the surface with
a layer of neutral molecules. An effective way
to protect against hydrogen wear is to intro-
duce copper oxide into the composition of
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composite materials [15], which, as a result of
its interaction with hydrogen, leads to the for-
mation of a copper film, which is a barrier to
the penetration of hydrogen. Hydrogen re-
moval accelerators from friction zones are the
implementation of through holes of various
diameters in the pulley rim and in friction lin-
ings. In addition, they intensify the number of
longitudinal and transverse changes of air sur-
rounding friction pairs. This leads to a de-
crease in the surface-volume temperature in
the zone of contact of the friction surfaces,
and as a result, to a decrease in their hydrogen
wear.

The discussion of the results

Based on the study of the components of
the Drawworks band-shore brake, and their in-
teraction with atomic hydrogen, it was possi-
ble to establish the following:

- the main supplier and recipient of
atomic hydrogen is the surface and near-
surface layer of the metal friction element;

- the crystal lattice of the metal is the
main damper and exciter in the metal due to
the uneven distribution of the components of
the structure of the mismatch parameters, the
oxidation of the metal at the grain boundary,
the distortion of the crystal lattice and other
factors;

- an increase in the surface temperature
on the metal-polymer tribocontact causes
thermal degradation of polymers with the for-
mation of various kinds of carbons and other
intermediate compounds, as a result of which
hydrogen is released as a result of dehydro-
genation;

- the oxygen-hydrogen bond in the H20
molecule, according to Pauding, is 39% ionic
in nature, which makes it possible to shift the
equilibrium towards the formation of hydro-
gen ions with an increase in water concentra-
tion;

- making through holes of different di-
ameters in the pulley rim and friction linings
allows you to remove hydrogen from the fric-
tion zone of the brake friction units.

Conclusion

In connection with the increasing me-
chanical and thermal load in friction units of
braking devices in mechanical engineering,
protection against hydrogen wear of their el-
ements is of particular importance in solving a
complex problem - increasing the durability
and efficiency of machines.
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Abstract

Since the bevel gears used in the drilling rotor operate under high stress-strain conditions, various
types of failures can occur. In rotary drilling, the rock is destroyed by the drill bit as a result of the longitu-
dinal load applied to the bit and the rotation of the bit. When working with a downhole motor, the reactive
torque generated from rotation is transferred to the body due to the stop of the driven conical wheel of the
rotor; in both cases, the conical pair of the rotor is in a stress-strain state. If we take into account that the
starting torque of the engine exceeds the nominal value, the shocks that occur in each cycle are repeated
and affect the contact of the gear pair. The combined effect of axial, torsional and transverse vibrations
that occur at the bottom of the well leads to crushing, bending and breakage of the teeth of the rotor
wheels. To use the power of drilling motors effectively, it is important to choose the right combination of
thrust force and rotational speed depending on the diameter of the bit. These issues are resolved depending
on many factors, including well depth, bit diameter, drilling fluid parameters, thrust values and frequency.
rotation, drill string diameter.

Keywords: drilling rotor, vibration, transmission power, axial force, rotational speed, useful work
coefficient.

DOI 10.52171/2076-0515_2023_15_01_55_64

Received 10.11.2022
Revised 16.03.2023
Accepted 27.03.2023
For citation:
Aliyev A M.

[Study of the mechanism of tooth wear in the drilling rotor]
Herald of the Azerbaijan Engineering Academy, 2023, vol. 15, no. 1, pp. 55-64 (in Azerbaijani)

55



Azaorbaycan Miihandislik Akademiyasinin Xoboarlori Herald of the Azerbaijan Engineering Academy
2023, cild 15, M 1, s. 55-64 2023, vol. 15, no. 1, pp. 55-64
Oliyev O.M. Aliyev A.M.

Qazima rotorunda dislarin yeyilma mexanizminin tadqiqi
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Xiilasa

Qazima rotorunda istifade olunan konus disli ¢arxlar yiiksok gorginlikli-deformasiya soraitinds islodiyinden
miixtolif xarakterli nasazliglar yarana bilir. Rotor tisulu ilo gazimada siixur baltaya verilon oxboyu yiik vo baltanin
firladilmasi naticasinds gazima baltas vasitosilo dagidilir. Quyudibi miiharrikls isladikds firlanmadan yaranan reak-
tiv moment rotorun aparilan konus disli ¢arxinin durdurulmasi hesabina govdaya otiirtiliir. Hor iki halda rotorun ko-
nus disli ¢arx ciitii garginlikli-deformasiya vaziyystinds olur. Miiharrikin igasalma momentinin nominal momentdan
artiq oldugunu da nazars alsaq, har bir tsiklds yaranan zarbslor tokrarlanir va disli ¢arxlarin tomasina 6z tasirini gos-
torir.Quyu dibinds yaranan oxboyu, burulma va enins titromolorin birgs tosiri rotorun disli ¢arxlarinda dislorin ozil-
masi, ayilmasi vo qirilmast ila naticalonir. Qazima miiharrikinin giiciindon somorali istifads etmak iigiin baltanin dia-
metrino gors oxboyu qiivve ilo firlanma siiroti kombinasiyasinin diizgiin segilmasinin mithiim ohomiyyst kosb
edir.Gostorilon masalslar ¢oxsayli amillarden, o ciimlodon quyunun doarinliyindan, baltanin diametrindon, gilli moh-
lulun parametrlarindon, oxboyu qiivvenin vs firlanma tezliyinin giymstlorindan, boru kemarinin diametrindon asili
olaraq hall edilmisdir.

Agar sozlor: gazima rotoru, vibrasiya, intiqal giicii, oxboyu qiivvs, firlanma siirati, faydali is omsali.
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HccnenoBanue MmexaHu3Ma U3HAIMBaHUs 3y0ObeB OypoBOro poropa
A.M. AueB

Azepbanioscancruil 20cy0apcmeeHublll yHugepcumem wemu u npomviutiennocmu (np. Asaoneie, 16/21, Baky,
AZ1010, Azepbaiioxcan)

g.]'lﬂ NEPENUCKHU:
Anues Aneckep / e-mail: alesker.meherrem@gmail.com

AHHOTALUA

[NockonbKy KOHMYECKHE 3y0UaThie Kojieca, UCIONIb3yeMble B OYpOBOM pOTOpE, PadOTAIOT B YCIOBHSIX BBICOKHX
HaTpsDKCHUR-TeopMannii, MOTYT BO3HHKATh Pa3MYHbIC BUABI OTKa30B. [Ipu OypeHHH POTOPHBEIM CIOCOOOM
IopoJia pa3pymaeTcs ¢ IOMOIIBI0 OypOBOTO J0JIOTAa B PE3yNbTaTe NSHCTBUS MPOIOIBHON HATPY3KH, MPHIABACMOM
JIOJIOTY, W BpaleHus jaojorta. Ilpu pabore 3a00WHBIM JABHTaTeNeM pPEaKTHUBHBIA MOMEHT, OOpa3yOIIUHCS OT
BpallleHHs, TepeaeTcs Ha KOPIyC 3a CYET OCTAHOBKH BEJIOMOTO KOHHUYECKOTO KOJieCa POTOpa, B 0OOHMX CIydasx
KOHHYECKasl Mmapa poTopa HAXOJUTCS B HAIMpPsDKEHHO-Ie()OPMUPOBAHHOM COCTOSIHMH. EcCiu ydecTb, 4TO MyCKOBOMH
MOMEHT JIBUTATeJIs MPEBBIIAET HOMUHAJIBHOE 3HAUCHHUE, y/Iapbl, BOHUKAIONINE B KAKJOM IMKJIE, MTOBTOPSIOTCA U
BIUSIIOT Ha KOHTAKT 3yOuaToil mapbl. COBMECTHOE BO3/ICHCTBHUE OCEBBIX, KPYTHJIBHBIX M TMOMEPEYHBIX KOJICOAHUH,
BO3HUKAIOMINX Ha 3200€ CKBXWHBI, MPUBOJUT K CMATHIO, M3TUOY M TOJOMKe 3yObeB Kosec poTopa. UToOsI
3¢ (GEKTHBHO UCIOIB30BaTh MOITHOCTh OYPOBBIX JBHTATEJICH, BaXKHO BEIOPATH MIPABHIBHOE COYCTAHUE OCEBOM CHIIBI
MU CKOPOCTH BpallleHUsI B 3aBUCMMOCTH OT AMAaMeTpa JI0JI0Ta. YKa3aHHbIE BOMPOCHI PELIAIOTCS B 3aBUCUMOCTU OT
[TyOWMHBI CKBAXKHHBI, JAAAMETpa JI0JIOTa, IMapaMeTpoB OYpOBOIO PacTBOpa, 3HAYCHUI OCEBOTO YCHIIMS M YacTOTHI
BpallleHHs, JuamMeTpa OypUIIbHON KOJIOHHBI U JIp.

KaioueBbie ciioBa: OypoBoii poTOp, BUOpAILHsl, IPUBOAHAS MOILI[HOCTh, OCEBOE YCHJIME, YACTOTA BPAIICHHS,
K03 (HUIIMEHT MOJIEe3HOM PabOTHI.
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Giris

Sonaye tisulu ilo neft ¢ixariimasi dévriindan
bu giina godar karbohidrogen mohsullar1 asas
enerji manbayi kimi 6z hegemonlugunu qoru-
yub saxlamaqgdadir. Yeni-yeni alternativ enerji
monbalarinin kasf olunaraq istifadays verilma-
sina baxmayarag, halo do neft vo gaz istehsali
0z aktualligimi qoruyur.

Quyularin yeni texnika vo texnologiya ilo
gazilmasinda topdrayv sisteminin tstiinliklori
ilo yanasi (gazimanin tmumi masraflorini
20%-5 godoar azaldir), miisyyan ¢atismazliglar
da vardir. Tal kanatinin daha ¢ox yeyilmasi,
texniki xidmato ehtiyacin artmasi, topdrayvin
cokisina gora vigskanin yiiksaxlama gabiliyyati-
nin azalmasi, sistemin imtinast zamani1 onun
prosesdon konarlasdirilmas: vo onoanavi rotor
tisulu ilo gazimaya kegirilmasi {igiin vaxt itgi-
larinin olmasi bu goabildan olan giisurlardir.

Rotor tisulu ilo gazimada transmissiya siste-
mi ilo gazima bucurqadindan alinan horakat,
quyu agzinda yerlogdirilmis rotora, oradan isa
aparici boru (islok boru) vasitesilo gazima ko-
moarina va nohayatds gazima baltasia otiirtiliir
(sokil 1).

Baltaya otiirtilacok firladict moment roto-
run aparan vali tizorindos oturdulmus aparan
konus ¢arx (3) vasitasilo rotor stoluna (2) qiz-
dirilma ilo birlasdirilmis aparilan garxa (taca)
(4) otiriliir. Rotor stolunun yuvasinda yerlos-
dirilmis igliklarin (1) vasitasila islok boruya va
sonradan boru komori vo baltaya otiiriiliir.

Rotor tisulu ilo gazimada quyu dibins endi-
rilmis balta, gazima borulari ils birlikde quyu
agzinda yerlosdirilmis gazima rotoru vasitasi-
lo horakato gotirilir.  Qazima komori giymati
Vo istigamoti miixtolif olan kiilli miqdarda
qiivvalarin tasirina maruz qaldigindan ¢ox gor-
gin soraitdo isloyir. Baltaya verilon oxboyu
yiik gazima komori agirliginin miioyyon hisse-
si hesabina aldo edilir.
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Rotor iisulu ilo gazimada siixur baltaya
verilon oxboyu yiik va baltanin firladilmasi no-
ticasindo gqazima baltasi vasitasilo dagidilir.
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Sokil 1 — Qazima rotorunun kinematik sxemi
Figure 1 — Kinematic scheme of the drilling rotor

Normal gazima soraitinds agirlasdirilmis
gazima borularinin ¢okisi hesabina yaradilan
oxboyu qiivvanin tasrindan baltanin saroskala-
rinin diglori ardicil olaraq siixura batir vo balta
istar quyudibi miihorrik, istarse do quyu agzin-
dan rotor vasitssilo yaradilan firladict momen-
tin komoayilo firladilir. Beloliklo, gazima zama-
n1 baltanin iraliloma vo firlanma hoarakatlorinin
birgs tosirindon quyu dorinlosir.

Saroskalar hom 6z oxlari, ham do birlik-
do quyunun oxu otrafinda boru kemari vasito-
silo firladilir. Noticoado bir disdon digarins keg-
dikdo oxboyu qiivvenin tosirindon yaranan
reaksiya qiivvosi asagidan yuxartya dogru isti-
gamatlonarok, bir hissasi verilon oxboyu yiiklo
miivazinatlogir, galan hissasi isa qazima komo-
ri vasitosilo quyu agzinda yerlosdirilmis qazi-
ma rotorunun kémakei yastigina tasir edir. Qu-
yudibi miiharrikls isladikds firlanmadan yara-
nan reaktiv. moment rotorun aparilan konus
disli ¢arxmnin durdurulmasi hesabina govdoyo
oturiiliir.

Rotorla islodikdo iso aktiv firladici mo-
ment aparan konus disli ¢arx vasitasilo apari-
lan ¢arxa — taca otiiriiliir. Beloliklo, hor iki hal-
da gazima rotorunun konus disli ¢arx ciitli gor-
ginlikli-deformasiya voziyyatinds olur. Miihor-
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rikin isosalma momentinin nominal moment-
doan artiq oldugunu nazars alsaq, hor texnoloji
tsiklin baslangicinda alinan zarbalor tokrarlanir
Vo bu da disli ¢arxlarin tomasinda 6z izini qo-
yur.

Firlanma ilo gazima ii¢ osas vibrasiya
noviindan tasirlonir: Yana titroma, oxboyu tit-
roms vo burulma titromasi (sokil 2). Bunlarin
sayasinds boru kamoarinin quyu divarina zarbo-
Si Vo onun oziinlin 0Xu otrafinda geyri-miinto-
zom firlanma horokati meydana ¢ixa bilor. Qa-
zima zamani bu titromolor ayri-ayriliqda v ya
birgo tosir gostora bilor. Baltanin sigrayisla
asagi-yuxari istigamatda harokati gazima roto-
ru elementlorindo miixtalif zadolonmalora vo
yorulmaya sobab olur.

Titrama

Sakil 2 — Titromalorin yaranma sxemi
Figure 2 — The scheme of the generation of vibrations

Quyu divart ilo siirtiinma va Kritik siirat-
lorlo islomo vibrasiyani giiclondiran asas so-
boblordondir. Qazimada yeriistu avadanliglarin
yaratdigi titromolorin miioyyon godor Syranil-
moasino baxmayarag, yeralti (quyudibi) ava-
danlhiglarin va texnologiyanin tasirlori kifayot
godar dyronilmomisdir. Miiasir nazarat tisulla-
rindan istifado edorok gazima qurgularindaki
titromolori analiz etmok, onun tasirlarini azalt-
mag Vs ya minimuma endirmak miimkiindjir.
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Burulma titramalari

Burulma titromalorino gazima komarinin
firladilmas: sabob olur. Burulma vibrasiyasi
komorin yuxar: hissasindoki firlanma bucaq
stirotinin gazima baltasinin bucaq siiroti Vo
movaeyi ila sinxronlasdirilmadigi zaman yara-
nir (sokil 3).

Cald

Sakil 3 — Burulma titromo
Figure 3 — Torsional vibration

Qazima baltast ilo siixur vo ya quyu di-
vart ilo gazima komori arasindaki qeyri-xatti
qgarsilight tosirlor burulmanin artmasina sobob
olur. Qazima islori davam etdikco, gazima bo-
rusu burulma enerjisini toplayir. Qazima boru-
sunda otalat enerjisinin toplanmasi1 qazima ro-
torunun disli ¢arxlarinin zadalonmasina, yorul-
masina sabab olan ani saat agrabi yaxud oksina
firlanma horokatina sobab olur.

Yiiksok burulma vibrasiyasi naticasinda
yaranan bu fenomen burulma rezonansi da ya-
rada bilor. Burulma vibrasiyasi kegici va sta-
sionar sokildo 6ziinii biiruzo verir. Kegici titro-
molara gazima intervalinin doyisikliklari ilo
alagolondirilon sartlor, mosalon, siixurdaki he-
terogenlik aid oluna bilar.

Digor torofdon, belo titromolorin gazima
komoarinin tobii rezonansindan da gaynaglan-
mas1 miimkiindiir. Bu, an genis yayilmis burul-
ma vibrasiyasi noviidiir.
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Rotor dsulu ilo gazima zamani an ¢ox
rast galinon stasionar burulma vibrasiyasidir
ki, bu da gazima amoliyyat: zamani balta ilo
siixurun qarsiligh tomasinda meydana golon
tutub-buraxmalardir.

Noaticads, duyu divarina yapismis qazima
komoari ani siirtisarak bu titromalari gazima ke-
mori boyunca otiiracokdir. Bu titromalor roto-
run disli c¢arxlarinda doyaclonmoloro sobob
olacag.

Oxboyu titramalar

Oxboyu (uzununa) titromalor gazima
baltasi ilo quyu arasindaki qarsiligl tasirlor na-
ticosindo yaranir. Bu sababdon agirliq qiivvesi-
nin istigamati gazima kamarinin dayaq noqte-
sindan kegmir. Qazima kamari ham statik, hom
do dinamik oxboyu yiiklonmalors moruz galir.
Dinamik oxboyu yiiklor balta-suxur qarsiliqh
tosirindon gaynaq/lanir (sokil 4).

Sakil 4 — Oxboyu titromo
Figure 4 — Vibration along the axis

Bu, baltaya totbig olunan yiikiin zaman-
dan asili doyismoalarino sobab olur. Baltanin
belo sigrayish harokoati oxboyu titromalar noti-
cosindo yaranir. Belo oldugda rotorun ko-
mokei Vo asas dayaq yastiglarinda, disli ¢arxla-
rinda yorulmalara va bazon ciddi zadalonmoalo-
ra sobob ola bilir.
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Enina titramalar

Borunun quyu liilasi ilo eksentriklikliyi
sababindan enina titromoalor meydana galir; bu
homds gazima komoarinin spiralvari (iralilomo
vo firlanmanin birgo tosiri) harokoti kimi do
giymatlondirils bilar (sokil 5). Baltanin spiral-
vari harakoati quyu divarinda yumsaq stixurlar
sort siixurlardan daha boyiik diametro qodor
boylidocak. Bu titromo yeralti gazima alotino
dagidict tosir gostorsa do, bazan yer sothinds
heg bir gostarici geyd olunmaya bilar.

Sakil 5 — Yana titroma
Figure 5 — Lateral vibration

Ustalik, quyu divar ilo tomaslardan ya-
ranan zorbolor noticasinds quyudibi kompo-
nentlora zarar daya bilar. Enina titromalar bu-
rulma titromosindon daha yiiksok tezliys ma-
likdir. Onu tokca olgmolar osasinda prognoz-
lasdirmaq vo ya toxmin etmok daha ¢otindir.
Enina zorboalor quyu yuyulmalarina gotirib ¢i-
Xarir Vo quyu genislonmasine sobab olan rezo-
nanslar enina titrama ilo alagali an ¢ox rast go-
linan hadisalordondir.

Zorbs gisa miiddst davam edon mexaniki
quivvalarin tasirindon meydana golir va gox za-
man avadanlhigin siradan ¢ixmast ilo naticalo-
nir.
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Qazma komorinin eksentrik hoarokati bir
sira sobablordon meydana golir. Bura tez-tez
bas veran zarbalor, ayilma gorginliyinin boyiik
giymot almasi vo bir sira digor amillor daxildir.

Oxboyu va enina titromalarin birgs tasiri
rotorun disli ¢arxlarinda diglorin azilmasi, ayil-
masi Va qirtlmast ila naticalanir.

Masalanin qoyulusu

Rotorlarda konik disli ¢arxlardan istifado
olunur. Umumiyysatlo bir ¢ox hallarda vallar
90° olduqda giictin bir oxdan digarina otiirtil-
moasi tgiin istifado olunur. Bu garxlarin dislori
konik sathdo omolo golir vo normalda iki val
bir-birilo diiz bucaq altinda konusun zirvasinds
"Kosigir".

Disli carxlar yiiksok gorginlikli-deforma-
siya soraitinds islodiyindon miixtalif xarakterli
nasazliglar yaranir. Yerli qiisurlarin meydana
goalmasi daha tohliikali sayilir va siiratls inkisaf
etmaya meyllidir. Bu ciir problemlor giic 6tii-
riilmasina shamiyyatli daracads tasir eds bilar.

Ogor nasazliglar vaxtinda askar olun-
mazsa sothin intensiv yeyilmosi, dis qirilmala-
r1, qopmalar va kasilmalar kimi on tohliikali
yerli qiisurlarla naticolonon dramatik hadisalor
bas vera bilor. Yuma mayesinin tocaviiz xarak-
terli xassaya malik olmasin1 da noazors alsaq,
onda yeyilmonin hansi soraitdo vo neco bas
vermasini aydinlagdirmaq olar (sokil 6).

Rotorun asas teyinatindan olava olaraq
gazima kemoarinin galdirilib-endirilmasi zama-
n1 samlarin agilmasini Vo baglanmasini tomin
etmok mogsadils do istifado olunur. Maksimal
burucu moment yaradildigdan sonra, ilkin vo-
ziyyato qayitdiqda, sanki yay effekti yaranir vo
konus disli ¢arxin dislorindo olavo dinamiki
quvvalar yaranir. Bu qiivvalor qisa middatli va
boyiik qiymatlo tosir edir. Endirilon va galdiri-
lan samlarin say1 qodoar tsikllor tokrarlanir. Bu
zaman dislorin tomas soathlorindo yaranan gor-
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ginliklor qisa middotdo buraxilabilon hoddon
artiq qiymeat alir vo plastik deformasiyanin (ga-
liq deformasiyanin yaxud yeyilmonin) bas ver-
masina sobob olur. Rotor vasitasilo boyiik fir-
ladici momentlorin &tiiriilmasi  konus  disli
carxlarin diglorinin yeyilmasine gatirib ¢ixarir.

a)

b)

c)

Sakil 6 — Disin intensiv yeyilmasinin ardicilligi
Figure 6 — The sequence of intensive tooth decay

Quyunun oxu boyu yaranan titroyislorin
tasirindon dislor arasinda 6n vo radial ara bos-
luglar1 artir. Bu halda normal tomas pozulur va
aparan disli ¢arx o6z yerini doyismadiyindan
onun dislori frez kimi kasma tosiri gostarir va
aparilan ¢arximn dislorinin yeyilmasi siiratlonir.
Tsikllorin say1 artdigca yeyilms intensivliyi
daha da artir (sokil 6, b-da gevralorlo gostori-
lib). Is zamani1 ¢ox giiclii taqqltilarin vo zarbe-
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larin yaranmasi yiiksok yeyilmanin vs ya dislo-
rin sinmasinin olmasina dslalst edir.

Masalanin halli

Diiz diglor 6ziiniin biitiin uzunlugu bo-
yunca ilismaya daxil olur va ilismadon ¢ixir.
Bu zaman iki digin tomas Xatti (qovusmasi)
ilisma miistavisi amala gotirarok yerdoyismoya
moruz qalir. Biitiin vaziyyatlords sabit 6tiirmo
nisbatini saxlamaq t¢tin birinci ciit dislor ilis-
moadan ¢ixdigr an ikinci ciit dislor ilismays da-
xil olmalidir. Belaliklo ilismo Xattinin aktiv
hissasinin uzunlugu dislorin osas addimindan
az olmamalidir.

[lismo miiddatini 6n gapama omsali ilo
saciyyslondirmak gobul olunmusdur [1]:

1 1
& =1.88—-3.2 (— +—);
Z1  Zp

Adaton ¢, = 1.2...1.8 hoddinds olur.
&,-Nin giymatini artmasi ilo bir ciit disin
ilisma miuddati azalir. Bu isa dislarda goar-
ginliyin artmasina, sas-kiyilin yaranmasina
va ilismada dinamiki qlivvalarin yiiksalma-
sina sabab olur.

P 700 rotoru timsalinda (z1=18;
72=65) &, = 1.656 alinir, bu o demakdir Ki,
bir cit disli ¢arx ilismada tam istirak edir,
ikinci ciit disin ya 65.6%-i ilismays daxil
olur, ya da ilismadan ¢ixir.

Qazima amoliyyati zamani, statik siirtiin-
mo dinamik siirtiinmodon daha yiiksok oldugda
gazima komoarinds toplanmis enerji quyudibi
alotdo otalot enerjisina gevrilir. Otalst momen-
tinin istigamatindon asili olaraq balta slave to-
cil alaraq ya daha siiratli firlanacaq ya da lon-
giyacokdir. Buradan goriiniir Ki, rotorun disli
carxlart nominal firladici momentdon farglo-
non momentlori kamars otiiriir.

Molumdur ki, burucu momentin bir val-
dan digorina otiiriilmasi ilismada olan disli
carxlarin dislori torafindan ilisma Xatti boyun-
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ca istigamoatlonmis normal qiivvenin tasiri al-
tinda yerina yetirilir. Tlismodoki tomas méoh-

komlik sorti [2]:

O-H = 335 2
d3, (1~ 0.5¥pg,) Poe,

<ogp (1)

burada 335 — disli carx ciitiiniin hazirlandig:
materiallarin mexaniki xarakteristikasini, ilis-
monin hondasasini Vo govusmani nozors alan
omsal; k,, — dislorin geyri miintozom yiiklon-
mosini nozoro alan amsal; T, — rotor stoluna
otirulon firlanma momenti; u — otirma adadi;
d,, — bolgii gevrasinin diametri; g —disin
uzunlugunun xarici konus masafasine olan nis-
boti; oyp — materialin buraxila bilon tomas
gorginliyidir.

Diisturdan goriintir ki, tomas garginliyi-
nin doyigmasina asas tesir gostoran amil firla-
dici momentin artib-azalmasidir. Yuxaridaki
izahatda geyd olundugu kimi firlanmadan ya-
ranan otalot toskiledicisi isarasindon asili ola-
rag burucu momenti artira, yaxud azalda bilor.

Rotorun tolob olunan intigal giiciinii to-
yin etdikdo gazima kamarinin quyuda bosuna
firlanmasina vo baltanin firladilmas: ilo dag
stixurunun dagidilmasina sorf olunan giiclor
miiayyan olunur [3]:

Ppos = Cpd*Ln'71075 kVt

P, = 3.5kP,D,n1072 kVt

disturlarda € —quyunun ayilmo bucagini no-
zors alan amsal; p — gazima mohlulunun six-
lig1, g/sm*; d — gazima borularimnin xarici dia-
metri, m; L — gazima borularimin uzunlugu, m;
kamarinin

8k, Tu

n —gazima firlanma tezliyi,
dovr/daqg; k —baltabin dislarinin yeyilmasi-
ni nazars alan amsal; P, —baltaya verilon
oxboyu yiik, kN; D, —baltanin diametri, m.
Rotorun talab olunan intiqal giicli ¢ox-

sayl amillardan, asasan baltaya verilon ox-
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boyu yiikle dovrler sayinin kombinasiyasi-
nin diizgln secilmasindan asilidir.

Belaliklo, rotorun tolob olunan tam giicii:
P = Pyos + Py (2)
(1) va (2) ifadalarins asason hesablamalar apa-
rilmis Vo naticalar grafiklords tosvir olunmus-
dur (sokil 7 vo 3D formatinda sokil 8).

Rotor intigalt miiharrikinin giicti stolun
istonilon dovrlor sayinda sabitdir. Talob olunan
giic coxsayli amillordon asili olaraq doyisdi-
yindan har bir konkret halda miixtalif qiymat-
loro malik olur. Qazima baltasinin miixtalif
diametrlorinds rotorun faydali is amsalinin do-
yismo grafiki sokil 9-da tosvir olunmusdur.

L
[l
f==]

400

Pr ve Pm, kVt
[ S
o o o
o (=) o

fa=]

200 250

n, dévr/daq
Sokil 7 — Rotor stolunun miixtalif firlanma siiratlorinds
tolob olunan giiciin (Pr va Pm) dayismo grafiki (Py=220
kN; Db=0.215 m; d=0.127 m; L=3500 m)
Figure 7 — Change graph of required power (Pr and Pm)
at different rotation speeds of the rotor table (P,=220
kN; Db=0.215 m; d=0.127 m; L=3500 m)

50 100 150

Sokildon aydin olur ki, quyunun baxilan
dorinliyinds, gazima baltasinin vo oxboyu ya-
radilan qlivvonin miioyyan giymatinds intiga-
lin f.i.o. stolun dovrlor sayindan asili olaraq
doyisir. Miiharrikin giictindon somorali istifado
etmok igiin baltanin diametrino goro oxboyu
qiivvo ilo firlanma siirati kombinasiyasinin
diizgiin se¢ilmasinin mithiim shamiyyati var-
dir.

Digor torofdon firlanma siiratinin artmasi
ilo disli ilismada yaranan tomas gorgiliklari do
mithiim doracodos doyisir (sokil 10). Sokildon
aydin olur ki, tomas garginliyinin yiiksalmasi-
no an ¢ox dovrlar sayi tosir gostarir.
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P, kvt

InP = 1.5838631 + 0.0094731,/Qo,InQyy

+ 0.1335219(Inn)? (R?
= 0.9990348)

Sakil 8 — Rotor stolunun muxtslif firlanma siirotlorinds
Vo baltaya verilon oxboyu qiivvalords talob olunan gii-
ciin doyismoe grafiki

Figure 8 — The graph of the variation of the required
power at different rotational speeds of the rotor table
and axial forces applied to the chisel

Pox=220KkN; d=0.127 m; L=3500m

1.5
®
=1
0.5 /
0
50 100 150 200 250
n, dévr/daq

Sakil 9 — Rotorun mexaniki f.i.o-nin dovrlor sayindan
asililigi (Db=295 mm)

Figure 9 — Dependence of the mechanical efficiency of
the on the rotor number of cycles (Db=295 mm)

Sigma, MPa

0y = 166.35378 + 22138731C0x
InQox

(R? = 0.99918)
Sakil 10 — Diglorin tamas garginliyinin baltaya verilon
oxboyu qlivvadon vo stolun firlanma siirstindon asililigi
Figure 10 — Dependence of the contact stress of the
teeth on the axial force applied to the chisel and the ro-
tation speed of the table

+17.80817+/n
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Qazilacaq quyunun fordi is¢i layihasinds
boyiik oxboyu giymatlorls yanasi, asaslandiril-
mamis dovrlor sayinin asagi giymatlorinin go-
bul edilmasi intigalin faydali is amsalint (mii-
harrikin giictindan istifado omsalini) agagi salir
Vo haddoan artiq firladict momentls yiiklonmani
artirir.

Tsikllor tokrarlandiqca tomas gorginlik-
lorinin artmasi sayasinds vaxtindan avval yo-
rulmalar yaranir ki, bu da dislarin yeyilmasina
Vo qirilmalara gatirir. Disin qirilmasi zadalarin
on tohliikali novidir vo qirilan dis pargalar
aparan valin, disli carxin, yastiqmn vo digor
komponentlorinin zadalonmasina vo siradan
¢ixmasina sabab olur.

Hoddindan artiq yiiklonma va yerli zados-
lor gokil 11-do gostorildiyi kimi disin qirilma-
sina sobob ola bilor. Bununla yanasi, disli
carxlarin dislorinds an ¢ox rast galinon tokrar-
lanan ayilma yiiklonmalorin amalo gotirdiyi
yorulma sobobindon yaranir [3-4]. Bu adoton
ki¢ik catlarla baglayir vo disin bir hissasi vo ya
hamisi qopana godor yayilir. Disin galan hisse-
si daha ¢ox yiiklonmays moruz galacaq vo qi-
rilmaga daha da meylli olacaqdir (sokil 11-do-
ki 1a, 1b, 1c va digar mantagolordaki kimi).

Sakil 11— Dis qirilmasi
Figure 11 — Tooth fracture

Disli ¢arxlarda yaglanmanin diizgiin ho-
yata kegirilmomasi sabobindon yagl siirtinmo
yarimyagli vo bazon quru siirtiinmoays kegir ki,

bu da stitiinms va yeyilms itgilorinin artmasina
Vo tomas sathlorino temperaturun yiiksalmasi-
no sobab olur. Bu halda tomas sathlarinds ye-
yilma naticasinds qopmalar yaradaraq yerli ¢6-
kokliklar amala gatirir.

Cokaklik disin sath yorgunlugu sobobin-
don siradan ¢ixmasidir. Tomas goarginliyi yo-
rulmaya davamliliq limitindan ¢ox oldugda ¢o-
koyin yaranmasi bas verir. Yiikiin tokrar tsikl-
lorlo doyismasi ilo sathdaki kigik ¢okoklik sa-
hociklari yarandigdan sonra siiratlo yayilmaga
baslayir, ¢linki digar sothlor zadalonmis srazi-
nin dasidig1 yiiki do gabul etmali va 6tiirmali-
dirlar.

Noaticads ¢ox yiiksok istilik vo qovusan
sothlordo yerli gaynaq meydana ¢ixa bilor.
Disli ¢arxlar firlandigca bu gaynaglanmis nog-
tolor gopur va basga yerds problemlor yaradir.
Bu zodolor inkisaf etso do disli ¢arxlar halo do
giic otiira bilir. Zaman kegdikca disli ¢arxin to-
xunma sothinda ¢okoklor artir vo nshayatds
kasilma deformasiyasi naticasinds dislorin sin-
masi bas verir. Hom lokal, hom da sopalonmis
disli ¢arx zadoalori 6tiirmada problemlor yaradir
Vo qurgunun vibrasiya soviyyasini artirir.

Yerli zodolor cari vaziyyatin giymatlon-
dirilmosi baximindan daha vacibdir, xiisusilo
dis qirilmast falakatla naticalons bilor.

Natica

Qazilacaq quyunun fordi is¢i layihasinda
boyiik oxboyu giymatlorls yanasi, asaslandiril-
mamis dovrlor sayinin asagi giymotlarinin go-
bul edilmasi intigalin faydali is omsalin1 (mii-
harrikin gliciindon istifado amsalini) agag: salir
Vo haddan artiq firladict momentls yiiklonmani
artirir, tomas gorginliklorinin artmasi sayasin-
do vaxtindan ovval yorulmalar yaranir ki, bu
da dislorin yeyilmasino vo qirilmasina gotirir.

Miiayyan edilmisdir Ki, gazima miiharri-
Kinin giictindon samoarali istifado etmoak tiglin
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baltanin diametrina géro oxboyu qiivve ils fir-  Maraglar miinaqisasi

lanma siiroti kombinasiyasinin diizgiin segil- Misllif bu mogalods arasdiriimasi talab
moasinin miithiim shomiyyati vardir. Alinmis ri-  olunan maraglar miinaqisoesinin  olmadiginm
yazi modellordan istifado etmoklo bu masaloni  geyd edir.

hall etmok olar.
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Abstract

The article comments on the results of the hydrogasodynamic study of compressor and gas lift oil
wells. If no artificial impact method is applied in the oil field, then the process of fountain drilling of wells
takes 4-5 years, and compressor and gas lift wells can operate for 8-10 years, and they are transferred to
the rod depth pump operation. The structure of the Q = Q (V) curve of compressor and gas lift wells and
its character points are explained in detail. A method for constructing indicator diagrams for these wells
using the Q = Q (V) curves and methods for determining the hydrodynamic parameters of the formation
have been proposed. The results of the survey of gas lift wells in the Sand Island and Gunashli offshore oil
fields were analyzed and examined, and the minimum and maximum consumption rates of compressed
working agents injected into the wells were determined. It has been shown that as a result of such work it
is possible to determine the different features between these two wells.

Keywords: compressor well, gas lift well, hydrodynamic research, oil field, method of operation,
compressed working agent, formation pressure, research curve, characteristic points.

DOI 10.52171/2076-0515_2023_15_01_65_70

Received 15.03.2021
Revised 16.03.2023
Accepted 27.03.2023
For citation:

Mammadova G.G., Ismayilov Sh.M.
[Hydrodynamic study of compressor and gas lift oil wells]
Herald of the Azerbaijan Engineering Academy, 2023, vol. 15, no. 1, pp. 65-70 (in Azerbaijani)

65



Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy
2023, cild 15, M2 1, 5. 65-70 2023, vol. 15, no. 1, pp. 65-70
Mammoadova G.G., Ismayilov S.M. Mammadova G.G., Ismayilov Sh.M.

Kompressor va gazlift neft quyularmin hidrodinamik
tadgigatmin naticalari

G.G. Mammadova, S.M. ismayilov
Azarbaycan Dovlat Neft va Sanaye Universiteti (Azadlig pros., 16/21, Baki, AZ 1010, Azarbaycan)

Yazisma iiciin:
Mommodova Giilbahar / e-mail: gulbahar.mammadova@mail.ru

Xiilasa

Mogalodo kompressor vo gazlift neft quyularinin hidrogazodinamik todgigatininin noticalori barads material
sorh edilmigdir. ©goar neft yataginda heg bir siini tosir Gsulu totbiq edilmirss, onda quyularin fontanetmasi prosesi 4-5
il davam edir, kompressor va qazlift quyular: iss 8-10 il iglays bilirlar va onlar stangli dorinlik nasos istismar iisuluna
kegirilirlor. Kompressor vo gazlift quyularinin Q=Q(V) ayrisinin qurulusu vo onun xarakter noqtlori otrafli izah edil-
migdir. Q=Q(V) oayrilarindan istifads etmaklo homin quyular ti¢tin indikator diagramlarmin qurulmast tisulu ve layin
hidrodinamik parametrlorinin toyin tsullar1 toklif edilmisdir. Qum adas1 vo Giinasli doniz neft yataglarinda gazlift
quyularinin tadgigat naticalori tohlil edilmis vo aragsdirilmisdir vo onlarda quyuya vurulan sixilmis is¢i agentlorin sor-
finin minimal vo maksimal giymetlori miioyyon edilmisdir. Gostorilmisdir ki, bels igin nsticesinds bu iki quyular ara-
smdaki fargli xiisusiyystlori miioyyon etmok miimkiindir.
Agar sozlor: kompressor quyusu, gazlift quyusu, hidrodinamik tadgigat, neft yatagi, istismar tsulu, sixilmis is¢i

agenti, lay tozyiqi, tadgigat ayrisi, xarakterik noqtalor.

DOI 10.52171/2076-0515_2023_15_01_65_70

YK 622.276.52

O pe3yjabTaTax rHAPOAUHAMUYECKHUX MCCIETOBAHU M
KOMIIPECCOPHBIX M Ta3TU(MPTHBIX HEPTAHBIX CKBAKHH

I'.I'. MamenoBa, III.M. UcmanjioB
Asepbatidscanckuil 20cy0apcmeennbvlil yrusepcumem negpmu u npomviuiiennocmu (np. Azaonviz, 16121, baxky,
AZ1010, 4Azepbaiioacan)

ﬂ.ﬂﬂ NEePENnnuCKH:

Mawmenosa [ons6axap / e-mail: gulbahar.mammadova@mail.ru
AHHOTALUA
B cratbe m3noKeH Marepuan O pe3yibTaTaX THAPOANHAMUYECKHX HCCIEIOBAaHWN KOMIIPECCOPHBIX H
ra3nu@THEIX HEPTSIHBIX CKBaXHUH. ECiiM B HEDTSIHOM MECTOPOXKACHHM HE MPUMEHSETCS KaKoe-TO MCKYCCTBEHHOE
BO3/IeiicTBUE Ha IUIAcT, TO ()OHTAHMPOBAHME CKBAXXUH MpOJOJDKaeTcs 4-5 Jer, a KOMIIPECCOpHbIe M Ta3iu(THbIE
CKBaXXHHBI MOTYT paboraTh B TedeHue 8-10 jer, mocie 4ero uMx MEpPeBOIST B INITAHTOBBINA INTyOMHHOHACOCHBII
cnoco6 akcrutyatauuu. Bcectoponne oObsicHeHbl kprBble Q=Q(V) KOMIIPECCOPHBIX M Ta3IU(THBIX CKBAKUH H
XapaKTepHbIE TOYKH 3THUX KPHUBBIX, IOCTPOCHHBIX B pe3ynbTaTe HcciemoBaHus. [IpemnokeH crmocod mocTpoeHus
WHJUKATOPHBIX JHarpaMM W CHOCO0 OMpeseNieHrs THIPOJUHAMHYEKNX MapaMeTpoB Iacta u3 KpuBbix Q=Q(V).
[Mpoananu3upoBabl M pa3o0paHbl pe3yiIbTaThl HCCIEJOBAaHMH Ta3MUQTHBIX CKBAXHWH MOPCKUX HEPTSIHBIX
MectopoxaeHnit ['ym agacel n ['loHenutn, BBISBICHBI MUHUMAaJIbHbIE M MAKCUMAaJbHBIE PACXObl CXKAaThIX paboumx
areHToB, II0/IaBa€MBIX B Ta3MU(THBIE CKBAXWHBI, YTBEPXKIAETCS HAJIMYME BO3MOXXHOCTH YCTaHOBHUTH
OTJIIMYHTENbHBIE 0COOEHHOCTH KpUBBIX Q=Q(V) 3TUX JIBYX I'pyIl CKBa)KHH.
KaioueBble cioBa: KOMIIPECCOpPHBIE CKBaXHHBI, Ia3H(THBIE CKBRXUHBI, THAPOTra30JMHAMHUYECKOE HCCIIEI0BaHNE,
HeQTIHOE MECTOPOXKACHHUE, CIIOCO0 AKCIUTyaTaIllH, CXKATHI pabodunii areHT, IIacTOBOE JIaBie-
HHE, UCCIIeIOBATENbCKAs KPUBAsI, XapaKTePHbIC TOUKH.
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Giris

Molumdur ki, yeni kosf edilmis neft ya-
taglarinda gazilmis quyular fontan tsulu ils is-
tismar olunurlar. Bu quyularda fontanetmoa
prosesi 4-5 il davam edir, agar tamiz suyun va
karbohidrogen gazmin laya vurulmas: ilo laya
stini tasirlor hoyata kegirilmirss, onda komp-
ressor vo gazlift istismari 8-10 il davam edir.

Lay tozyiginin diismasi naticasinds fon-
tanetmo qurtardigdan sonra quyular asagidaki
iki tsullardan biri ilo istismara buraxilirlar:
1) kompressor istismar tisulu; 2) gazlift istis-
mar tsulu.

Bu tsullarda istismar olunan quyularin
is prinsiplori eynidirlor, lakin onlar arasinda
bir forgli xiisusiyyst movcuddur, hansi ki
asagidakilardan ibaratdir.

Isin magsadi

Kompressor iisulunda sixilmis yiiksok
tozyiqglli is¢i agent (hava yaxud karbohidrogen
gazi) Neftqazgixarma idarssinin - (NQCI)
kompressor stansiyasindan alinir, lakin qazlift
tisulunda gonsulugda yaxin mosafadas islonilon
gaz vs ya gaz-kondensat yataglarinin quyula-
rindan gotiriliir, ¢linki belo quyularin agzinda
yiiksok tozyiq olur, mosalon, Bahar gaz-kon-
densat yataginda tozyiq 60 atm otrafinda, Gii-
nosli neft yatagindaki qaz quyularinda iss toz-
yig 100 atm-don ¢ox olur. Hasil edilmis bu ga-
zin bir hissasi neft quyularinda neftin quyu di-
bindon yer sathino qaldirilmasinda istifado
olunur; digor galan hissosi iso utilizasiyaya
gondoarilir. Kompressor quyulart asagidak: qal-
diric1 konstruksiyalara malikdirlor: 1) bir cor-
gali, 2) iki cargoali vo 3) biryarim corgali; hom
do onlar asagidaki quyuya isci agentinin veril-
mosi sistemlarino malikdirlor: 1) borudaxili
(markazi) va 2) halgovi.

Biryarim corgoli galdirict konstruksiyasi
asagidaki moqgsadlorlo totbig edilir: birincisi
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galdiricinin (liftin) metal tutumunu ixtisar et-
mokdir, ikincisi galdiricinin qorxulu en kasiyi-
no diigon yiikiin azaldilmasidir. Hom do gazlift
quyularr, kompressor quyulart kimi ti¢ név
galdirict  konstruksiyalarina malikdir; lakin
bunlar is¢i agentin quyuya verilmasi sistemlo-
rina malik deyildirlar, ¢iinki buna ehtiyac yox-
dur [1-5, 7].

Isin yerina yetirilmasi

Kompressor quyularinda isci agenti Kimi
sixilmis havadan vo sixilmis karbohidrogen
gazindan istifado olunur. Hava atmosferdan
gotiiriilir. Bu havan1 mexaniki garisigdan to-
mizlomoak ti¢iin kompressor masiminin qabu-
lunda xitisusi siizgac qurulur. Karbohidrogen
gazi1 moadonin separatorundan gotiiriiliir, onun
tozyiqi 3-4 atm olur. Bu gaz1 kompressor stan-
siyasina gondarmok {igiin 30 atm tozyiq yara-
dan kicik kompressorlardan istifado olunur,
kompressor stansiyasi bu gazin tozyigini 50-
60 atm-dok yiiksaldir.

Kompressor quyularinda isci agenti Kimi
sixilmis havadan vo sixilmis karbohidrogen
gazindan istifado olunur. Hava atmosferdon
gotiiriiliir. Bu havan1 mexaniki garisigdan to-
mizlomoak ti¢iin kompressor masiminin qabu-
lunda xiisusi siizgac qurulur. Karbohidrogen
gazi madanin separatorundan gétiiriiliir, onun
tozyiqi 3-4 atm olur. Bu qaz1 kompressor stan-
siyasina gondarmok tigiin 30 atm tozyiq yara-
dan kicik kompressorlardan istifads olunur,
kompressor stansiyasit bu gazin tazyigini 50-
60 atm-dok yiiksaldir.

Kompressor va qazlift neft quyular yal-
niz bir Gisulla, yani quyunun maye debiti Q ilo
quyuya Vverilon sixilmis is¢i agentinin sarfi V
arasindaki Q=Q(V) asililig1 ayrisinin qurulma-
st ilo tadqiq edilir. Bu ayri monoton funksional
asitliligin qarafikidir vo quyuya verilon isci
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agentin sarflori oxuna (absis oxuna) nisbatan
gabariq vaziyyatdadir.

Ogor hasil edilon mohsul nyuton mayesi-
dirss, onda bu ayrinin dord xarakterik A, B, C
Vo D noqtalori alinir. A va D ndqtalari ayrini
is¢i agentin sarfinin oxu ilo kasismasi natico-
sinda alinirlar; bunlarda quyu mohsul vermir,
lakin quyuya verilon agentin sorflori vardir,
0zl do A noqtasinda onun sorfi kigik olur vo
quyunun neft debiti baglayib artir. B noqtesin-
do optimal rejimds islayir vo galdiricinin fay-
dali is amsali (f.i.a.) maksimum giymat alir.
Quyunu dagig B noqtesinds islatmak ¢atindir;
ona goéra onu bu noqts otrafinda yaxinda iglo-
dirlor. C noqtasi ayrinni zirvasinds yerloasir vo
bu rejimds quyu miimkiin olan maksimal ma-
ye debitini verir; lakin bunda quyunu istismar
etmok olmaz, ¢iinki is¢i agentinin sarfi ¢oxdur
Vo f.i.a. kigikdir.

oyrinin birinci baglangic ABC natics-
sinds is¢i agentin sarfinin artmas ilo quyunun
maye debiti yiiksalir vo maksimal giymotino
catir; ikinci sonuncu hissasinds iss is¢i agentin
sorfi yiiksaldikca, quyunun maye debiti sifira
gadar azalir, ¢linki burada agentin tozyiqi, bu
iSo 6z novbasinds quyudibi dinamik tozyiqgi ar-
tirir Vo quyuda totbiq edilon depressiyanin qiy-
moti azalir (todgigat vaxtinda lay tozyiqi do-
yismoyib sabit galir).

D noqtesinda quyu islayando onda yal-
niz is¢i agenti dovriys edorak harokot edir, ona
gora do loangimadan quyunun isi dayandirilir.
Ogor C noqtesi alindigdan sonra novbati re-
jimdo maye debiti azalarsa, onda todgigat1 da-
yandirmagq olar.

Koordinat sisteminin baslangic O noqto-
sindon A noqtasinadok olan hissasinds quyu
mohsul vermir, ¢iinki bu intervalda quyuda
maye Soviyyasi Oziinlin statik voziyystindon
galdiricinin bagsmaginadok sixigdirir. D noqts-
sindon sonra oagor quyunun isi dayandirilmaz-
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sa, onda is¢i agentinin quyuda dovriyyasi da-
vam edar va buna yol vermok olmaz. Q=Q(V)
ayrisinin eni D va A noqtalarinin absislori for-
gina boarabardir, ayrinin hiindiirliiyii quyunun
miimkiin olan maksimal debitins barabardir

/e

Q,m3/gln

B

D

V,m3/gun

A

Sokil 1 — Nyuton nefti veron kompressor vo ya qazlift
quyusu debitinin sixilmus is¢i agentinin sarfindon asili-
liginin grafiki

Figure 1 — Graph of the dependence of the Newtonian
oil compressor or gas lift well flow rate on the con-
sumption of the compressed working agent

Sokil 1-do nyuton nefti veran kompres-
sor va ya qazlift quyusunun Q=Q(V) oyrisi
gostorilmigdir.

Burada hom do Q=Q(Vy) ayrisini qurur-
lar, burada Vy - quyuya verilon is¢i agentinin
xisusi sarfidir.

Vo =—
=9 1)
Ogor kompressor vo ya gazlift quyusu
ozli-plastik neft verirss, onda qurulmus
Q=Q(V) ayrisinda A, B, C, E vo D xarakterik
noqtalori alinir [1].

Burada alinmig CE diizxatt pargas1 absis
oxuna paraleldir vo onun biitiin cari noqtalori
eyni giymotli maksimal miimkiin ola bilon ma-
ye debitina barabardir. E nogtasinds sabit ma-
ye debiti azalmaga baslayir; bu dayismalar ona
goro bas verirlor ki, ozli-plastik neftin bas-
langic toztiq diiskiisiiniin dof olunmasi prosesi
bas verir. E noqtaesindo maye debitinin azal-
mas1 is¢i agenti sarfinin artmasi ilo bas verir
Va bu doayisma D ndqtesinda sifira gevrilir.
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Sakil 2-da, 6zlii-plastik neft veran quyu-
nun Q=Q(V) oyrisi toqdim edilmisdir. “28
May” NQCI-nin Giinosli neft yatagi qazlift
qguyularinda quyuda verilon is¢i agentin an
yiiksok sorfi 20000-don 25000 m®/giin-odok
intervalda doyisir; burada oan az agent sorfilo
isloyanlordo bu gostorici  1000-don 5000
m?*/giin-adek intervalda doyisir. Bu iki miixte-
lif grup gazlift quyularinin todgigat naticalori-
ni tohlil edarak, onlarin farglarini miiayyan et-
Mok miimkiindiir.

Q,m3/gin

-

B8]

D
V,m3/gin

A

Sakil 2 — Ozlii-plastik neft veron kompressor vo ya gaz-
lift quyusu debitinin sixilmig is¢i Serfindon asililiginin
grafiki

Figure 2 — Graph of the dependence of the flow rate of
a viscous plastic oil compressor or gas lift well on the
consumption of a compressed working agent

Toadgigat naticasinda qurulmus Q=Q(V)
oyrilorindon indikator diagramlarimi1 da qur-
maq Vo layin asagidaki hidrodinamik para-
metrlorini toyin etmok olar: lay tozyiqini, kegi-
riciliyini, hidrokegiriciliyini, pyezokegiriciliyi-
ni vo quyunun ¢evrilmis radiusunu va s.

Kompressor vo gazlift neft quyularinda
Q=Q(V) oayrisindan istifads etmoko indikator
diagramlar: asagida toklif edilmis yeni tisulla
qurulur:

1) Q=Q(V) ayri lizarinds 4-5 noqta gotii-
riiliir; onlarin maye debitlori geyds alinirlar;

2) Gotiirtilmis har bir néqte {igiin galdi-
rict borular komori bagsmagidaki tozyiq he-
sablanir; bunun tgiin asagidak: diisturdan isti-
fado olunur [6, 7]:
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P - \,P":F 2 (00041 {2:?::?:_:-1[) ¥ -1
3) Qaldiric1 basmagindan asagida quyu
dibinadok olan maye siitununun hidrostatik
tozyiqi hesablanir:
F,.=(H-H,)y,

)
4) Quyudibi dinamik tozyiq hesablanir:
P.=P_+P,_
@ ®3)

Belo hesablamalar biitiin baxilmis is re-
jimlari Giglin aparilir va nahayat hasilatla quyu-
dibi arasinda (Q vo Pqd) indikator diagramlari
qurulur [8-9].

Ogor tadqigq olunmus quyular sulasmis-
dirlarsa, onda neftlo su garisiginin xiisusi ¢oki-
si bels tayin edilir:

Q.-7.+0.7.
0, +0.

(4)
Belaliklo, aparilmis tahlillor vo arasdir-
malar noticosindo Q=Q(V) ayrilorinin forgli
xuisusiyyatlorinin agkar edilmasinin miimkiin
olmas1 gostorilmisdir. Qum adast va Giinasli
doniz neft yataglarinda gazlift quyularinin tad-
gigat naticalori tohlil edilmis vo arasdirilmisdir
va onlarda quyuya vurulan sixilmis is¢i agent-
lorin sarfinin minimal vo maksimal qiymatlori
mioyyan edilmisdir. Gostorilmisdir ki, belo
isin naticasindos bu iki quyular arasindaki forg-
1i xtisusiyyatlori miioyyon etmok miimkiindiir.

Natica

Mogalodo kompressor vo qazlift neft
quyularinin  hidrogazodinamik tadgigatininin
noticolori barado maragli material sorh edil-
misdir. 9gar neft yatagina heg bir siini isullar-
la tosir edilmirso, onda quyularin fontanetmasi
4-5 il davam edir, kompressor vo gazlift quyu-
lar1 iso 8-10 il islays bilirlar va onlar darinlik
nasos istismar tisuluna kegirilirlor.
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Kompressor vo qazlift quyularinin
Q=Q(V) ayrilarinin qurulusu va onlarin xarak-
terik noqtalori otrafli izah edilmisdir.

Q=Q(V) oayrisindon istifado etmokls ha-
min quyular t¢iin indikator diagramlarinin qu-
rulmas iisulu vs layin hidrodinamik parametr-
lorinin toyini tisullar: toklif edilmisdir.

Qum adas1 va Giinagli doniz neft yatag-
larinda gazlift quyularinda quyuya vurulan si-
x1lmis ig¢i agentinin (karbohidrogen gazinin)

minimal vo maksimal sarflori tahlil edilorak,
toqdim edilmisdirlor.

Bu tohlillor vo aragdirmalar naticasinda
Q=Q(V) ayrilarinin farqli xtisusiyyatlorinin as-
kar edilmasinin miimkiin olmasi gostorilmis-
dir.

Maraglar miinaqisasi
Mislliflor bu mogalods arasdiriimas: to-
lab olunan maraglar miinaqgisasinin olmadigini

geyd edirlar.
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Abstract

The annual oil production of the Pereriva formation, analyzed in the article, is more than 1.7 million
tons. The final coefficient is 0.6, and the current coefficient value is 0.55. To continue the effective deve-
lopment of this formation with the high production rates, an analysis based on geological and mathemati-
cal models is considered relevant. The Evolutionary Modeling program (Gompertz-Makem curves) was
used to forecast the field production. These curves project production and initial recoverable reserves 10
years into the future.
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Dinamik modellar asasinda cixarilabilon neft ehtiyatlarmin

hesablanmasi (Giinasli yataginin Fasila lay dastasi timsa/inda)
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Xiilasa

Mogalado tohlil olunan Fasils lay doastesinin illik neft hasilat1 1.7 min t-dan ¢oxdur. Burada son neft-
vermo amsalinin giymati 0.6, cari neftverma omsalinin qiymati iso 0.55-0 barabardir. Belo yiiksok gostori-
ciloro malik istismar obyektinin somoarali islanilmasini davam etdirmok aktual masaladir. Bu mogsadls Fa-
silo lay dastosinin islonmasi geoloji-riyazi modellor asasinda tohlil edilmisdir. Yatagin hasilatin1 prognoz-
lasdirmag magsadils “Evolyusion modellasdirma” programindan (Qompers-Meykem oyrilorindon) istifads
olunmusdur. Bu ayrilarin kémayils 10 il miiddatine hasilat prognoz verilmis va ilk ¢ixarilabilan balans eh-
tiyatinin giymati prognozlasdirilmisdr.

Acar sozlor:  islonma obyekti, hasilat, ¢ixarilabilon ehtiyat, Qompers-Meykem ayrilari, evolyusion mo-
dellasdirmo.
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AHHOTAIIUSA

l'omoBast no0bva HeTH aHANMM3UpPyeMOH B craThe CBHUTHI IlepepbiBa cocraBisier O6omnee 1,7 miH
ToHH. Koneunsiii koa¢ddurment pasen 0.6, a 3HaueHUe Tekymero kodgduuuenrta cocrasiser 0.55. s
MPOIOJDKEHUS d3PPEKTUBHON pa3pabOTKU JAHHOT'O 0OBEKTA ¢ BRICOKUMH MOKa3aTeNsIMH aKTyalleH aHalli3
Ha OCHOBE I'€0JIOTO-MaTeMaTHYecKux Mojeneil. st mporHosa g00bIMM MECTOPOKACHHUS HCIONb30BANIACH
nmporpamma «OBOJIIOIMOHHOE MozenupoBanuey (kpusble [ommepria-Meiikema). C TOMOIIBIO ATHX
KPHUBBIX IPOTHO3UPYETCS 1OOBIYA M HaYaJIbHbIE M3BJIeKaeMble 3anackl Ha 10 jer Bmepes.

KuaroueBble ciioBa: 00BeKTHI pa3paboTKH, M00bIUa, W3BJICKAacMble 3amachl, KpuBble [ ommepca-
Meiikema, 3BOJIFOIIMOHHOE MOJEITUPOBAHUE.

172



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2023, cild 15, N2 1, 5. 71-78 )
Siileymanova V.M., Cabizado N.1.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 1, pp. 71-78
Suleimanova V.M., Jabizade N.I.

Giris

Azorbaycan miixtalif név tobii ehtiyat-
larla zongin olsa da, hazirda sn miithtimi neft-
gaz ehtiyatlar1 hesab edilir. Neft sonayesinin
inkisafi qarsisinda duran asas moasalalordan bi-
ri do axtaris-kesfiyyat iglorinin genislondiril-
moasi, yeni neft vo gaz yataglarinin askar edil-
moasi, onlarin geoloji-igtisadi cohatdan qiymat-
londirilmasi va sonaye iisulu ils istifadays ha-
zirlanmasidir. Bununla yanasi, islonmads olan
yataglarda da hasilat perspektivliyinin artiril-
mas1 masalasi do 6n plana gakilir.

Respublikamizda uzun miiddat islomado
olunan yataglarin oksoriyyati islonmanin son
moarhalasindadir. Bu yataglarda boyiik hacmda
galiq ¢ixarilabilon ehtiyatlar moéveuddur Ki,
onlar da kompleks-moadon todgigatlarinin tot-
bigini talob edir [1, 2]. Yataglarin asas gostari-
cisi onlarin ehtiyatlaridir. Ehtiyatlar hesabla-
narkon asagidaki bolgiilor nozoro alimmali vo
osaslandiriilmalidir: balans - ilk va galiq (cari),
cixarilabilon - ilk vo galiq (cari). Tlk ¢ixarilabi-
lon ehtiyatlarin dogiglosdirilmasi, son neftver-
mo omsalinin artirilmasi neft-qaz yataglarinin
islonmosinds an aktual vo vacib masalalordan
biridir. Hal-hazirda bu istigamotdo miixtalif
yanagmalardan istifads edilir.

Hazirda SOCAR-1n balansinda olan ya-
taglardan c¢ixarilan illik neft hasilatinin 60%-
don ¢ox hissasi Giinasli yataginin payina diisiir
[3]. Malumdur ki, ehtiyatinin tam realizs edil-
mosi miimkiin deyil. Hotta on miiasir texnolo-
giyanin yataglarin ideal tobii soraitinds totbiqi
belo onlarm ilk (balans) ehtiyatinin 60-70%-
don artiq hasil edilmasina imkan vermir. Bu
baximdan yatagin ehtiyatlariin doqiglosdiril-
masi on plana ¢akilir. Xiisusilo do onun ¢ixari-
labilon hissasi. Bu gostaricinin giymatinin eti-
barli tayin edilmasi ti¢iin miixtalif Gsullar tok-
lif olunmusdur.
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Isin magsadi

Giinasli yatagi Abseron-Balxanyani qal-
ximlar zonasinda Neft Daslar1 yataginin sor-
ginda yerlasir vo homin yataqdan kigik yoaharlo
ayrilir. Yatagm uzunlugu 12,5 km, eni iso 4
km-dir. Yatagin karbohidrogen ehtiyatinin ef-
fektiv vo optimal islonmosini tomin etmok
ticiin, ilk novbads, onun daha otrafli Syranil-
moasi vacibdir. Giinasli qirisigi 4 uzununa re-
gional vo 10 enina qirtlmalarla miixtalif 6l¢iili
18 tektonik bloka ayrilir. Uzununa istigamotdo
kegan iki qirilma onun sahssini 3 zonaya (si-
mal, moarkoazi vo conub) bolmiisdiir (sokil 1).
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Sakil 1 — Yatagin 3D struktur-tektonik modeli
Figure 1 — 3D structural-tectonic model of the field

Giinagli galximinin geoloji qurulusunda
Neogen-Antropogen ¢okiintiilor kompleksi st
Miosendan baslayaraq, miiasir yasl ¢okiintii-
lor do daxil olmagla, galinligi 4300 m olan si-
xurlar kompleksi istirak edir.

Yatagin geoloji kasilisindo 18 neftli,
gaz-kondensatli vo neft hasiyasino malik gaz-
kondensatli horizont va lay doastalori mévecud-
dur. Yatagda hom ilk balans, ham ds ¢ixarila-
bilon neft ehtiyatinin hacmino goéro Fasilo lay
dostasi (FLD) ilk yerdadir. Burada son neft-
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vermo omsalimin qiymati 0,6, cari neftverms
omsalinin qiymati iss 0,55-0 barabordir [4-6].
Sakil 2-do FLD-nin ehtiyatlar1 verilmisdir.

uilk grxarilabilan ehtiyat, mint.
o Cam hasilat, mint.
4Qahg balans ehtiyat, min t.

Qaliq gixarilabilan ehtiat, mint.

Sokil 2 — FLD-nin ehtiyatlarinin faizlo ifadosi
Figure 2 — Percentage expression of BLG's reserves

Fasilo lay dostesinin (FLD-nin) islonil-
mosina simal-gorb periklinal vo conub ganad-
dan (1980-1985-ci il VII, IX, XII tektonik
bloklar) baglanmisdir. Sonralar conub ganad-
da, simal ganadda vo tagyani zonada (1986-
1990-c1 illar 1, 11, 11, VI, VII, XV tektonik
bloklar) quyular gazilaraq istismara verilmis-
dir. Daha sonraki illor simal-gorb pereklinal,
conub ganad va simal ganadda quyular gazilib
istismara verilorok soboko sixlagdirilmis, 0
ciimlodan tag vo tagotrafi zonada quyular ga-
zilmugdir [7, 8].

FLD-nin asagi hissosi yuxari hissaya
nishoton sahs iizro daha sabit neftlo doymus
galinliga malikdir. Ona goros do gazilmis hasi-
lat quyularinin 87 %-i horizontun asagi hisso-
sindan istismara daxil olmusdur. Tahlil edilon
obyektdo toplanmis hasilat ilk ¢ixarilabilon
ehtiyata yaxindir. Bu baximdan homin obyekt-
lor lizro galan ¢ixarila bilon ehtiyatlarin opera-
tiv sokildo dogiqlosdirilmasi vazifosi aktual-
lasib.

Masalanin halli

Hal-hazirda ¢ixarilabilon ehtiyatlarin he-
sablanmas ti¢iin bir sira tsullar (analogiyalar,
hidrodinamik, grafik, riyazi), o ciimlodan eks-
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ponensial artim ayrilori islonib hazirlanmigdir.
Bu sinfinin novlori Kifayat godor genisdir va
bura hamginin S-vari ayrilor do aid edilir. Ho-
min ayrilor asagidakilardan ibarstdir [1, 9]:
Qompers-Meykem ayrilori

y=a-exp-[—b-exp(—c-t)] 1)
Logistik ayrilor

y=a-[1+b-exp(—c-t)]™? (2)
Modifikasiyalagdirilmig eksponent

y=a-[1-b-exp(—c-t)] 3

Biitiin ayrilords, a — asimptota, ¢ixarila-
bilon ehtiyatin miqdarina barabardir; b vo ¢ —
omsallar; t — zamandir.

Dinamik modellarin qurulmasinda ya-
taglarin asagidaki xiisusiyyatlorindan istifads
olunur:

1. Integral oyrilor vo yaxud neftin top-
lanmus hasilat1 — Qp,.

2. Differensial ayrilor vo yaxud neftin il-
lik hasilat1 — qp.

3. Asimptota vo yaxud neftin ¢ixarilabi-
lan ehtiyyatlar1 — Q..

Toalob olunan masalanin halli tgiin za-
mandan asil1 olaraq, neft hasilatinin gézlonilon
dinamikas1 modellogdirilir. Belalikls, prognoz
asililiglart ekstrapolyasiya ilo ifads olunur vo
asagidaki kimi izah edilir:

a) integral oyrilor ilo toplanmis hasilatin
miimkiin olan saviyyalari vo neftin ¢ixarilabi-
lan ehtiyyatlar1 miiayyan olunur;

b) differensial ayrilor ilo neftin galacok-
do illik hasilatinin miimkiin olan saviyyalori
tayin olunur.

Bu mosalalarin hallinds Qompers-Mey-
kem oayrilori tortib olunmusdur. Gostarilon tip
ayrilarin totbiginin asas toyinati, yataglarin is-
lanilmasinin ke¢mis dovrlering istinad etmok-
la, golocok illordo oldo edilo bilacak neftin
miqgdarin1 tayin etmasidir [10].

Giinssli yataginin FLD-si timsalinda ilk
cixarilabilon ehtiyatin daqiglosdirilmasi {igiin
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Qompers-Meykem ayrilorindan istifado edil-
misdir (cadval 1, 2).

Cadval 1 — Qompers-Meykem vo modifikasiya
olunmus ayrilarin cobri-comi

simal hasilatdan 10 %-don ¢ox oldugundan
burada Il marhals ayrilmamaisdir.

Cadval 2 — Hesablanmisg vo faktiki neft hasilatlar
Table 2 — Calculated and actual oil production

Table 1 — Algebra-sum of Gompers-Mackham and Hesablan- | Faktiki - | Hesab- | Faktiki
modified curves . mis com - | com neft - | lanmus |illik neft
YEATEXP(BLYEXP(CLX-2L))+B2*(1-EXP(C2(X- {llor neff hasila-| hasilat, - [illik nei?t- hasilat,
- Z22)))+...+BI*(1- XP(CI(X-2J))) t, min t, mint, | hasilat,, | mint,
J=1|0pess| B=-8.5767 | C=-216000 | Z=1980 min t,
=2 B=-5096.17 |C=-530000E-01| Z= 1984 1980 13 12 13.6 12
=3 B=-12462.2 | C=-319000 | Z=1988 1981 | 1332 140 120.2 128
=4 B=-1716.64 | C=-583000 | Z= 1992 1982 | 2935 286 160.3 | 146
=5 B=27348.2 |C=-.600000E-01] Z=1996 1983 | 858.7 853.1 | 565.2 | 567.1
=6 B=31149.0 |C=-630000E-01] 2=2000 1084 | 22537 | 22651 | 1395 | 1412
il B- 207228 |C=- DO0000E-01| 2= 2004 1085 | 4982.7 | 50051 | 2729 | 2740
=8 B=9665.04 |C=-.700000E-01] Z= 2008
=9 B 170342 | c=_159000 | Z= 2002 1986 | 8537.7 | 8551.1 | 3555 | 3546
J=10 B=-3009.25 | C=-.108000 Z= 2016 1987 | 12456.9 | 12490.3 | 3919.2 | 3939.2
Q=A+B2+..+BJ= 0,155 g.v. 1988 | 16393.1 | 16416.5 | 3936.2 | 3926.2
Fasilo lay dostasi islonmays 1980-ci ilds ig:z ;iggg; ;igi;g 43;?52 2233
daxil olmusdur. 1980-1992-ci illori ohato edon 1991 | 287583 | 287925 | 4535 4534
islonmanin | marhoalasinds Fasils lay dastasin- 1992 | 334974 | 335065 | 47390 | 4714
don hasil edilmis neft, islonmonin sonunda ha- 1093 | 377133 | 377104 | 22159 | 42039
sil olunacaq neftin 23.6 %-ni toskil edir (cad-
vl 2) [4, 5, 8]. Belo ki, yataq ilk axtans quyu- =5 e e e e e a6 4 | 31359
su vasitosilo askar edildikdon sonra neftli lay : : : :
strukturunu izlomok vo konturlagdirmag mag- 2016 | 1214256 |121550.74) 25475 | 25719
sadilo quyularin kiitlovi istismara daxil edil- 2017 | 123682.2 |123816.84) 22566 | 2266.1
mosi noticosindo illik neft hasilat yiiksok | 20v0 | 1257324 |125876.64) 2050.2 | 20598
templo artmaga baslayir va miioyyan vaxt kec- 2019 | 127588.5 |127742.64| 1856.1 1866
dikdon sonra &ziiniin pik ndqtesine catir, bu- 2020 | 129383.6 |129532.44| 1795.1 | 1789.8
nunla da yatagin islonilmasinin I marholasi 2021 | 131088.8 |131234.44) 17052 | 1705
basa catms olur (odval 3). 2022 | 132712.1 |132917.44] 1623.3 | 1680
FLD-nin maksimum neft hasilat1 1992- 2023 | 134231.2 1519.1
ci ildo (4714 min t.) olmusdur. islonmonin 11 | 2024 | 135654.1 1422.9
marhalasinds illik neft hasilatinin hocmi onun | 2025 | 136988.6 13345
maksimum giymatindon texminon 10%-a qo- | 2026 | 138238.8 1250.2
dor forglonmayan giymotlorine uygun golon | 2027 | 1394153 1176.5
zaman intervalr aid edilir. 1993-cii ilds illik | 2028 | 140421.9 1006.6
neft hasilatinin giymotinin (4204 min t.) mak- 2029 | 141362 940.1
2030 | 142242.3 880.3
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Sakil 3 — Yataqda illik neft hasilat1 vo quyularin say1

Figure 3 — Annual oil production and number of wells in the field

Cadval 3 — Islonmo moarhololeri iizro neft hasilatlar:

Table 3 - Oil production by stages of development

Yatagin islonmo morhalalori Islonma dovrii Yataq iizro hasil edilon neft
min t %
| - hasilatin pik dvri 1980 - 1992 33506,5 23,6
I11 - hasilatin azalmas1 dovri 1993 — 2015 85472.34 60
IV - hasilatin prognoz dovri 2016 — 2030 23364.2 16,4

Yatagda islonilmanin ilk illarinds oldo
edilon boyiik neft hasilati onun enerji monba-
yinin xeyli istifadosino sabab olur.

Odur ki, sonralar quyu fondunun maksi-
mum hissasinin igo salinmasina va lay enerjisi-
nin enmasina qarst todbirlorin  gériilmasine
baxmayaraq hasilatin koskin asagi enmasi
miisahids olunur.

Yatagin islonmasinin 11l morholosi
1993-2015-c1 illori ohato edir. Bu marhalads
Fasilo lay dostasindoan hasil edilmis neft, islon-
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monin sonunda hasil olunacaq neftin 60 %-ni
toskil edir (sok. 3).

Islonmanin son dévrlorini daha miifassal
tohlil etmak moqgsadi ilo hasilat dinamikasi ilo
hasilatin diismo tempinin grafiki qurulmusdur
(sokil 4). Qrafikda diggoti calb edon asas mo-
salolordon biri, 2016-c1 ildo hasilatin diismoa
tempinin giymotinin 3,1 %-don 21,93 %-o
galxmasidir ki, bununda naticasinds islonilmo
tempinin giymati 1,81 %-o diismiisdiir. Mahz
bu ildon islonilmanin sonuncu (IV marhalasi)
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baslanilmisdir. Umumiyyatlo islonmonin 1V
morhoalasi, yani hasilatin prognoz dévrii 2016-
2030-cu illori shate edir va bu miiddst arzinds
yatagdan 23364,2 min t. (16,4 %) neft hasil
edilmasi gozlonilir.

Bu moarholonin islonma  gostoaricilori
prognoz molumatlara osaslanir. Yatagin hasi-

latin1 prognozlasdirmag magsadilo Qompers-
Meykem ayrilarindan istifads olunmusdur (so-
kil 5). Bu oayrilorin komayilo 10 il miiddatins
prognoz verilmis vo ilk ¢ixarilabilon balans
ehtiyatinin ~ gqiymati  prognozlasdirilmisdr.
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Sakil 4 — Yatagin hasilat dinamikas1 vo hasilatin diisma tempi
Figure 4 — Production dynamics of the field and the rate of production decline
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Sakil 5 — Qompers-Meykem ayrilarinin grafiki ifadesi

Figure 5 — Graphical expression of the Gompers-Meykem curves

Prognozlasdirilmis ¢ixarilabilon ehtiya-
tin giymati (0,155 s.v.), faktiki ¢ixarilabilon
ehtiyatdan (0,141 s.v.) boyiik alinmigdir. Ogar
yatagdan c¢ixarilan illik neft hasilatmin cari
dovrds 1790 min t. oldugunu noazars alsag, on-
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da tosdig olunmus neft ehtiyat1 2030-2031-ci
illordo tiikonmoalidir. Yatagin islonilmasinin
cari gostaricilori iso (illik neft hasilati 1790
min t., cari neftverma omsali 0,55) bu miiddot-
lo uzlagsmir. Alinmis modelin faktiki giymat-
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lorlo hesablanmig qiymatlori arasinda olan nis-
bi sohv 2,3 % olmusdur ki, bu giymat do uzun
miiddoat prognoz tigiin olverisli hesab edilir.

Com hasilata nozor saldiqda goriirtik ki,
hesablanmis vo prognoz com hasilatlar bir-bi-
rindon demok olar ki, forglonmir. Illik hasilat
iso yalniz islonmoanin ilk marhalalorinds farg-
lonmis, son moarhalasinds isa demoak olar Ki,
forq yoxdur. Prognoz edilon dévrds hasilatin
azalmasinin qarsisini almaq tgiin geoloji-tex-
noloji tadbirlorin aparilmasi zoruridir.

Natica

Fasilo lay dostasi tizro faktiki islonma
dovriindoki toplanmis vo geoloji-madoan istis-
mar moalumatlarina osaslanaraq neft hasilatinin
modeli qurulmus vo prognozlasdiriimigdir.

Yatagin ilk ¢ixarilabilon balans ehtiyati-
nin qiymati prognozlasdiriimisdir.

Yatagmn somarali islonmasini tomin et-
mok magsadils, suvurma ilo yanasi basqa mii-
toraqqi istismar tisullarindan, elaca do quyudbi
zonaya tosir tisullarindan genis istifads edil-
masi magsadauygundur.

Neftli laylarin sulagsma intensivliyinin
qarsisin1 almaq Vo neftin sixigdirilmasi istiga-
motini  tonzimlomok moaqgsadilo izolyasiya
tisullarinin totbiqi genislondirilmolidir.

Maraqglar miinaqisasi

Mialliflor bu mogalods arasdiriimas: to-
lab olunan maraglar miinaqgigasinin olmadigini
geyd edirlar.
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Abstract

The oil fields of Azerbaijan are mainly characterized by stratification of reservoirs with heterogene-
ous permeability. This is the reason for the rapid rate of water cut, the formation of residual unrecoverable
reserves in low-permeability reservoir zones, and a decrease in the rate of production. The article consid-
ers the determination of the average value of phase permeabilities for layers with a drop in the value of
permeability with depth. In this case, water evenly moves from the upper layers to the lower ones. The
described method is generalized and is effectively applied under the condition that the corresponding end
points of the relative phase permeability curves will change from layer to layer.
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Xiilasa

Azorbaycanin neft yataqlart osason heterogen kegiriciliys malik laylarin tobogelogmasi ilo
xarakterizo olunur. Suyun kasilmasinin siiratlo getmosi, su kegiriciliyi asagi olan su anbar1 zonalarinda
barpa olunmayan qaliq ehtiyatlarin amalo golmasi va hasilat siiratinin azalmasinin sababi budur. Magalada
dorinliya géra kegiriciliyin dayerinin azalmasi ilo laylar {iglin faza kegiriciliklorinin orta giymatinin
miioyyan edilmosi nazordon kegirilir. Bu voziyystdo su yuxari tobogolordon asagi tobogolora borabar
sokilda harokot edir. Tosvir edilon iisul imumilogdirilmisdir vo nisbi faza kegiriciliyi ayrilorinin miivafiq
son ndqtalarinin tobagodan tabagays doyismasi sarti ilo effektiv sokilds totbig olunur.

Acar sozlar:  qeyri-bircins laylar, sulasma, kapilyar tozyiq, nisbi kegiricilik.
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CJIOUCTO-HEOTHOPOAHBIX IJIACTAX

E.B. MamenoBa
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AHHOTAIUSA

B cratbe paccMOTpeHBI 3a/1a4M BBISIBIEHUS 0COOCHHOCTEH Tpoliecca JIN(TUPOBAHKS aHOMAIBHBIX
He(Tel, CyIecTBEHHO BIMSIONIMX Ha pacxoj]l pabodero areHra, U Ha3HAYCHHUS CIUHBIX PEXUMOB IS
CKB2KHH CO CXOJHBIMH I'€0JIOTO-TEXHHUECKUMHU YCIOBUSAMHU pa0OThl. AHAINM3 PE3yJIbTaTOB IOKa3all, pH-
4iHy 00pa30BaHMs B CKBAXXUHHOM (DIIFOMIE MOBBIIIEHHOTO 00beMa ra30Bol (hasbl, 0 CPABHEHHUIO C TLIa-
croBoif HeThI0. [Ipy MogBEMe BI3KOYIPYTHX HEPTEH, B OTIIMYUU OT BSI3KUX HCKITIOYAIOTCSI TAaKHE SIBIIC-
HUA, KaK TPOCKaTb3bIBAHNE HATHETAEMOTO Ta3a, YTo MPUONIKaeT ero padoTy K IMPOoIecCy MOPITHEBOTO
BBITeCHEHUs. [Ipy poOBEJICHNN OILIGHKH BpPEMEHH pellaKcallii HEHBIOTOHOBCKUX He()Tel YCTaHOBIECHO,
YTO MO MEPE YBEIMYEHUS TEMIIEPATypbl OTMEYAETCs] BBHIPOXKIACHUE BSI3KOYNPYTUX CBOWMCTB, YTO B CBOIO
odepenh CKa3bIBACTCs MPH ATUX K€ YCIOBUAX Ha YACIBHBINA pacxoa pabodero cocraBa, KOTOPHIH MPOSB-
JIeT TEHACHIIUIO K POCTY.

KiroueBble cjioBa: CJIOUCTO-HEOAHOPOAHBIC IJIACTHI, 06BOZ[HCHHOCTB, KalmnuJUIApHOE JaBJICHUC,
OTHOCHUTCJIbHAsA NPOHUIIAEMOCTb.
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BBenenne

OcHoBHast mpobiema SKCIUTyaTalluu
HEPTIHBIX MECTOPOXKACHUN 3aKiIiouaeTrcs B
HEONTUMAJIBHON cucTemMe pa3paboTKu, 0cCo-
OEHHOCTH T'€OJIOTUYECKON CTPYKTYpBI KOTO-
PBIX OCHOBBIBAETCSI HA CTPOSHHH HEOIHOPO.I-
HBIX TPOJAYKTHBHBIX IUTacTOB. B 3TOM mu1ane
NPEACTABISIOT OCOOBI MHTEPEC KaK MOPCKHE
MECTOPOXKJICHHS, TaK U HEPTSIHBIC 3aJeKU 3a-
nagHoro Ammepona. B reomoro-mpomsic-
JIOBOM TMpPaKTHKE BBINEIAIOTCS CIIEAYIONIHNE
BUIBl HEOJHOPOAHOCTEH: TE€OMETpPHUYECKas
HEOJHOPOJHOCTh CTPOEHHS KPOBIH IPOAYK-
TUBHBIX TOPU30HTOB, TEKTOHUYECKAs M JIUTO-
noro-(arnuanbpHas, KOTOpbIe B Ipolecce pas-
pabOTKN YCWIMBAIOT (DIIOMIATBHYIO HEOJHO-
ponHOCTh. B pesynmpTare HECOOTBETCTBHUS
MIPOUCXOJIUT OTEeperKarolasl BeIpadOTKa 3ara-
cOB He(pTH, COCPENOTOUCHHBIX B BBICOKOIIPO-
HUIOACMbIX W BBICOKOIMPOAYKTHBHBIX KOJIJICK-
TOopax, GOpMHUPOBaHUE OCTATOYHBIX 3aITACOB B
HU3KONPOHMULIAEMBIX  30HaX
OBICTPBI POCT OOBOJHEHHOCTH U CHU)KEHUE

TemmnoB otbopa [1, 3, 5].

KOJIJICKTOPOB,

ITocranoBka 3agauu

CreneHu HEOHOPOAHOCTH ONPEAEISAIOT
MIPUPOJHBIN NOTEHIMAN IUIACTa U KOHTPOJIU-
PYIOT ONTUMAaJbHBIE MYTH MUTpaALUM (BIrou-
noB. OcHOBHas 3aada pa3pabOTKH COCTOUT B
TOM, YTOOBI AaKTHBHPOBATh 3TOT IMOTEHIHAI
COOTBETCTBYIOIIIMM TEXHOTE€HHBIM  BO3JCH-
CTBUEM.

JI1st MECTOPOXKIAECHUN ¢ HAJIMYNUEM CIIOU-
CTO-HEOJHOPOAHBIX IUIACTOB IPOLECC BBITEC-
HEHHUsI YIIIEBOJOPOJAA U €ro ONMCAaHNE ITPUHU-
MaloT 0oJiee CIOXKHBIM XapakTep, 4eM MpH
ONMCaHUU  OJHOPOAHBIX  NPAMOJIUHEHHBIX
IUTACTOB, TaK KaK MapaMeTphl X OyAyT u3Me-
HATBCS [0 MOLIHOCTM B HaIpPaBICHUU OT

KpOBJIX OO0 IOJAOIIBHI. HGCMOTpH Ha 9TO, 3a
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OCHOBY pacyera npuHUMaeTcs 0a30BBI Me-
TOJI, ONKCHIBAIOIIUI (QuiIbTpauio (aouaa B
I1acTax ¢ OAHOPOJHON IPOHUIIAEMOCTBIO.
[Ipu »TOM oOTHOCHTENbHBIE (Ha30BBIC
IIPOHUILIAEMOCTH IIPUHUMAIOTCS B BUJE yCpe-
HEHHOI BOJOHACBIIIEHHOCTH (110 MOLIHOCTH),
YTO IO3BOJISIET, ONUPAsACh HAa TEOPUIO PAaBHO-
MepHOro BbITecHeHUs baknu-JluBeperra u
rpadUuecKuil METO]] HAKOTUICHHOW TOOBIYM Ha
MOMEHT MpOpbIBa BOAbI (METOX YaJKa),
pou3BecTH pacyer 1oo0buu [2, 5]. Ilo mpen-
JIO)KEHHOM METO/IMKE BBITECHEHHE CUUTAETCS
YCTOMUUBBIM, €cii KO3((UIMEHT BbITECHE-
HUSl MEHbILIE €IUHHULBI, B IPOTUBHOM Cllydyae
IPOUCXOUT MHTEHCUBHOE 00pa3oBaHUE SI3bI-
KoB. HeonHopoaHble IUIacTbl MOTYT HMMETh
THJIPOAMHAMHYECKYIO CBSI3b MEXIYy o000
OBITh W30JUPOBAaHHBIMH JAPYr OT Jpyra
HETPOHUIIAEMBIMH TTEPETOPOIKAMH.

Pemenue 3apaun

Hccnenyst HEOAHOPOIHOCTh B HKCILTya-
TAI[MOHHBIX OOBEKTAX, YUYUTHIBAETCS BBEE-
HUE TakuxX d3((EeKTUBHBIX IMapaMeTpoB, Kak
KalWUIsIpHble KOHLEBble 3 dekThl. CTeneHb
BIIMSIHUSL KOHIIEBOTO 3¢ (deKTa BO3pacTaeT ¢
YMEHBIICHUEM IO BOABI B CyMMapHOM pac-
xojqe (ha3 U CyIIeCTBEHHO 3aBUCHT OT CKOPO-
CTH BbITeCHEHUS [4, 6].

PaccMOTpUM TpEXCIOWHBIN IUTACT Mps-
MOJIMHEWHOW (OPMBI C pa3IUYHBIMU Iapa-
METpaMH 10 MOIIHOCTH, a TaK)Ke MOPHUCTOCTH
u mnponunaemoctu (tabn.l). Kanumnspraoe
JTaBJICHUE M3MEHSETCS C BBICOTOU (ITpH HaIH-
YUH BOJIbI U HE(TH) 110 3aBUCUMOCTH [2]:

P? =2248(6,1—Z;_s,.) (D

rac Zi_ — OTMCTKa BBICOTHI CJI0s1 C MaKCHU-
1-Sor

0

MaJbHOM BOJOHACBIIEHHOCTBIO, Pc
(Sw =1- Sor)-
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Tabmmma 1 XapakTepucTuKka  CIOUCTO-
HEOHOPOJHOTO TUIACTa TPH HATWYHHA THAPOIH-
HaMHYECKOU CBA3U

Table 1 Characteristics of a layered-

heterogeneous reservoir in the presence of hydro-

dynamic communication

No Ilopucmocmyo, | Bwvicoma
Iponuyaemocmo % 05
croz 1%10712 52
3 0,2 20 3
2 0,1 17 6,1
1 0,05 15 3
HpI/IHI/IMaH yCI10oBUA BCPTHKAJILHOI'O

PaBHOBECHUS U TIOCIIEIOBATEIBLHO IEepeMeniast
BBEPX TOYKM C MAaKCHMAJIbHOW HAaCBIIIEHHO-
cTbto (Sw=1-Sor), cTposTCs KpUBbIE YyCpen-
HCHHBIX OTHOCHUTEIIBHBIX (pa30BbIX MMPOHHIIAC-
MOCTEH UM OIPEICISIOTCS UX 3HAYCHHS IPH
COOTBETCTBYIOIICH HACBIICHHOCTH. 3HAYCHUE
napaMmerpa jAaBiieHuss B oOeux ¢azax (HepTh
U Bojia) OyleT MEHSTHCS HENpPEpbIBHO, B OT-
JU4YMe OT HacklmleHHOCTH. Ecnu Touka Bomo-
HACBHIIICHHOCTH PACIOIOKEHa Ha MOJOIIBE —
HWKHEH oTmeTke (Z1_g, = 0), To Kamusp-
HOE JlaBiieHHe OyneT MakcuManbHbIM. Ha BBI-
core KpoBiH (Z_s, Max) 3HadeHue PY mpu-

HUMaeT HauMEHbIIIEeEe 3HAYCHUE IJI1 JaHHOMU

30HBI, YTO COOTBETCTBYET IOJIHOMY OOBOJIHE-
Huto miacrta (puc. 1).

10

A

e

0 ;
0.2 0.4Sw 0.6 0.8

Pl/lcyl-[OK 1- PacnpeneneHI/Ie BOJOHACBIIICHHOCTH I1IO
TOJIIWHE HCOAHOPOAHOIO IJIaCTa MpU NCCBAOAABICHUHN
13,8 kI]a.

Figure 1 — Distribution of water saturation over the
thickness of an inhomogeneous reservoir at a pseudo
pressure of 13,8 kPa

Kak BugHO U3 rpaguka, mocTpo€HHOrO
[0 JaHHBIM, [IPUBEACHHBIM B TaOHIe 2, KpU-
Bas MMEET pa3pblB Ha TpaHUIE IMEPBOTO U
Broporo cinoeB. Ilpu maBnenun P= 7klla, y
KPOBJIM HUXKHETO CJI0s1 (Z=3M) HACBIIIEHHOCTb
o Bojae (SW) cocrasnser 0,69, a Ha HIDKHEH
IpPaHULIE BTOPOTO CJIOSI 3TOT MapaMeTp COOT-
BeTCTBYeT 3HaueHuto 0,63.

Tabésmua 2 — PacnipeesieHue BOJOHACBIIICHHOCTH U OTHOCUTEIBHBIX (Da30BbIX MPOHHUIIAEMOCTEH
Table 2 — Distribution of water saturation and relative phase permeabilities

Ne cios Z, (M) P, xIla Sw Krw Ko
12,2 27,6 0,2 0 0,8

3 10,7 24,1 0,2 0 0,8
9,1 20,7 0,2 0 0,8

9,1 20,7 0,22 0,002 0,53

7,7 17,3 0,24 0,003 0,5

) 6,1 13,8 0,29 0,02 0,4
4,6 10,3 0,45 0,07 0,2

3,0 7,0 0,63 0,17 0,05
3,0 7,0 0,69 0,2 0,002
1 15 3,5 0,78 0,23 0,002

0 0 0,8 0,25 0
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YcpenHeHHOE  3HAYEHHE  BOJOHACHI-
IICHHOCTH MOXHO OTIPECIUTh 10 hopmyIie:
h
—— _ |y 9(@)Sw(2)dz
i v )
Jy @(2) dz

B nmanHOM ciydae miis TpexX OAHOPOJI-

HBIX CJIOEB CPEIIHSSI HACBHIIIIEHHOCTh COCTABHT:
_ h1‘P1§w1 + hz(Pzng + h3(P3§w3 3)
? —1 hi;
COOTBETCTBEHHO IPOHUIIAEMOCTh ISt

w

KaXKJOTO CJIOSl M JUIS BCEX CJIOEB B COBOKYII-
HOCTH MO>KHO OIPEAEIUTH 10 (hopMyJiam:

_ K@k (Sw (@) dz
Kew (Syw) =2 4
rwiW [P k@)d@) )
hikiKrw1 Swi) + hzkzkrwz (Sw2)
= s + h3K3Kpw3(Sws)
k (SW) =
rw ]3=1 hk

KanunnsgpHoe naBieHue Yy MOJOLIBBI
IUIacTa MOKHO OMNpPEAEIUTh MO KPUBOH, mO-
CTPOEHHOM 1O JaHHBIM JIaOOPATOPHBIX HCCIIE-
noBanuit (puc. 2). B maHHOM ciydae npu
HACBIIIEHHOCTH OCTaTOYHOW BOJOW paBHOM
0,2 xanwinsipHOE HaBieHUE cocTaBUT 48,3
klla.

Kak BuaHO, 3HaueHus (a3oBoi MpPOHU-
[[aeMOCTH CHMJKAIOTCSI MO HAMpaBJIEHUIO OT
KPOBIIU /10 IOJOUIBHI I1acTa. OMUCaHHBIA Me-
TOJ sBiAETCS 0000LIEHHBIM U 3((EKTUBHO
IPUMEHSIETCS M TPU YCIOBUH, YTO COOTBET-
CTBYIOIIME KOHIIEBHIM TOYKaM KPHBBIE OTHO-
CUTENIbHBIX (Pa30BBIX MpOHUIIaEMOCTEN OyayT
H3MEHATLCS OT ¢liod K ciioro. ITo mamHoN Me-
TOJIMKE TIPOBEICHBI PacUeThl, pe3yJIbTaThl KO-
TOPBIX OTOOpaXKeHbI B TabuIE 3.

WneanbHBIM yCIOBUEM BBITECHEHUS SB-
JseTcs Haluyhe MaKCUMAalbHOIO 3HAa4YeHUs
MIPOHHUIIAEMOCTH B BEPXHEM CIIO€ CIOXKHOCO-
CTaBHOTO IJIaCTa C JAJIbHEUIITNM MOHUKEHHEM
kod(puimeHTa MPOHUIIAEMOCTH B
KaIlUX CIOSIX.

HHWXKEJIC-
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Pucynox 2 — Pacrpezesnenue BOJOHACHIIEHHOCTH 110
TOJIIUHE HEOAHOPOJAHOIO IJ1acTa IMpyu NCEBAOAaBIICHUU
13,8 kI1a.

Figure 2 — Distribution of water saturation over the
thickness of an inhomogeneous reservoir at a pseudo
pressure of 13,8 kPa
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PucyHnok 3 — 3HaueHns KaNWUBIPHBIX JaBJICHUN B
HCCIIEAyEMOM TpEXCJ’IOfIHOM J1acTe

Figure 3 — The values of capillary pressure in the stud-
ied three-layer reservoir

B
MMPpOABUTACTCA IO BEPXHEMY CJIOIO M OIHO-

JaHHOM cCJjIydya€ Hara€racémas BoOOa

BPEMEHHO OIMYyCKAaeTCsl BHU3 M3-32 TIOTHOCTH
Oonpuieil, yeM y HepTH. BcenenctBue storo
IpoIecC BOJOHACHIIIEHHOCTH IpHOOpeTaeT
paBHOMEpPHBIN XapakTep. B mpoTuBHOM ciy-
Yae, KOT/Ia caMO€ BBICOKOE 3HAUYECHUE MPOHU-
IMAEMOCTH MMECT HIMKHHU CIIOM, TO JCHCTBHE
KaMWUISIPHBIX CHJI, CTPEMSIILUXCS TOIHSTh
BOJly B IuTacTe, OyJET SIBISATHCS OJarompusT-
HbIM (akTopoM. OJHAKO pacrpeseseHue paB-
HOMEPHOW HACHIIIEHHOCTH MO0 YYaCTKy HUMEET
6onee a3 hexTuBHBIN pe3yabTaT (puc. 3).
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Taﬁmma 3- Pe3yj'H>TaTI>I pacyeTOB OTHOCUTCIILHBIX (1)21301351)( HpOHI/IHaCMOCTCﬁ

Table 3 — Results of calculations of relative phase permeabilities

ng klla §W K., I_(ro
48,3 0,2 0 0,68
13,8 0,4 0,04 0,51
7,0 0,5 0,1 0,40
0 0,63 0,2 0,26
-7,0 0,75 0,28 0,03
-13,8 0,8 0,34 0
3aKJIlOlIEHI/Ie BaTbCA C IAaACHHUEM HpO(l)I/IHH, TO ﬂeﬁCTBHH

[Iponiecc ompeneneHuss yCpeIHEHHBIX
(ha30BBIX TNPOHMIAEMOCTEl Ui  CIOUCTO-
HCOAHOPOJHBIX IIJIACTOB, B KOTOPBLIX HACHI-
IMIEHHOCTHU B KaXXJAOM CJIOC HU3MCHANOTCA, SAB-
JsieTcs yHUBepcaJbHBIM. B paccmoTpeHHOM
cllyyae B BEpXHEM CJIO€ POHUIIAEMOCTh Oblia
HauOoJIbLIEH U OTOM B HOCIEIYIOLUUX CIOAX
CHMJKQJIACh 110 HANpaBJIEHUIO K MOJOLIBE IUIa-
cra. Ecnu npoBecTu aHayor pacdera i Cily-
qad, KOJa IMPOHUIACMOCTH 6YI[GT YBCINYU-

KallWUIIPHBIX CHJI OyIyT CTPEMHUTHCS IMOJ-
HATH IJIACTOBYHO BOAY, YTO IIOJOXHUTCIBHO
HOBJIMSAET Ha nporecc BeITecHeHust. Hanbonee
3¢ PEeKTUBEH TEPBBIA ClTy4aid, T.e. paBHOMEpP-

HOC pacIpecaciCHuc.

KondaukTt unrepecon
ABTOp 3asBIsieT 00 OTCYTCTBHUHM KOH-
bnvkTa WHTEPECOB, CBSA3aHHBIX c

nmyOnuKaIuen JaHHOM CTaThbH.
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Abstract

Newly synthesized complexes of samarium and gadolinium (I11) with terephthalic acid were studied
by X-ray, elemental, IR spectroscopic and derivatographic analysis. Based on the results obtained, the
chemical formulas of the complexes, the form of coordination of p-phtahalic acid, as well as the processes
of thermal decomposition and the formation of isostructural supramolecular coordination compounds were
established. It was also found that, despite the same compositions and structures, the thermal decomposi-
tion of these compounds is not lonely, which is explained by the nature of the metals and the stereochem-
istry of the ligands.
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Sm va Gd (III) tereftal tursusu ilo supramolekulyar birlosmalarinin
sintezi va fiziki-kimyavi tadqiqi

S.R. Mammadova', M.K. Miinsiyeva', F.B. Oliyeva', M.M. Hasanova®

'AMEA-min M. Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu (H. Cavid pr., 113, Baki, AZ1143,
Azarbaycan)
*Azarbaycan Déviat Neft va Sanaye Universiteti (Azadliq pr. 16/21, Baki, AZ1010, Azarbaycan)

Yazisma iiciin:
Mommadova Sobins / e-mail: sb_mamedova@mail.ru

Xiilasa

Samarium vo gadoliniumun (111) tereftal tursusu ilo yenidan sintez edilmis komplekslori rentgen,
element, IQ- spektroskopik va derivatografik analizlori vasitosilo todgiq edilmisdir.©lds olunan naticalors
osason komplekslorin kimyoavi formulu, tereftal tursunun koordinasiya formasi, homginin termiki
parcalanma vo izoquruluslu supramolekulyar koordinasion birlosmoalorin omola golmosi miiayyanlog-
dirilmigdir. Bu birlogmalarin torkibinin vo qurulusunun eyni olmasina baxmayaraq, termiki par¢alanmasi
forgli gedir, bu da metallarin xarakteri vo ligandlarin stereokimyasi ilo izah olunur.

Acar sozlar: komplekslor, lantanidlor, tereftal tursusu, izostruktur, molekulyar birlagmalar,
polimermasamali qurulus.
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coenuHenuit Sm u Gd (III) ¢ TepedrasieBoli KHCIOTOM
C.P. MaMeImBal, M.K. MyHmneBal, D.b. A.]meBal, M.M. I'acanoBa®
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AHHOTANUA

B cratbe mpuBonATCA pe3yibTaThl U3yUEHUSI BHOBb CUHTE3MPOBAHHBIX KOMILIEKCOB CaMapHsi U ra-
nomuaust (III) ¢ TepedraneBoit KUCIOTOH MeToJaMH pPEHTreHOrpaduueckoro, asjaemeHTHOro, MK-
CIEKTPOCKOIMYECKOr0 M JIepUBaTOrpauueckoro aHajinsa. Y CTaHOBJICHBI XUMHUYECKHE (POPMYIIBI KOM-
IJIEKCOB, (popMa KoopauHAIIMK TepedTaneBol KHCIOThI, a TAKXKE MPOIECChl TEPMUUECKOTO Pa3lI0KEHUS U
(hopMHUpPOBaHUS W3OCTPYKTYPHBIX CYIIPAMOJIEKYJLIPHBIX KOOPIWHAIIMOHHBIX CoequHeHui. Takke ycra-
HOBJICHO, YTO, HECMOTPS Ha OJMHAKOBBIE COCTABBl U CTPYKTYPbI, TEPMUUECKOE PA3JIOKEHHUE STUX COEIU-
HEHUI MPOUCXOUT HEOJIMHAKOBO, YTO OOBSICHSAETCS XapaKTepOM METAJUIOB M CTEPEOXUMHUEH JINTaH 0B.

KiroueBble c10Ba: KOMIUICKCHI, JIAHTaHUJIBL, TepedTaneBas KHCI0Ta, U30CTPYKTYPa, MOJIEKYJISPHBIC
COEIMHEHMSI, TOTMMEPHAs TIOPHUCTask CTPYKTYpa.
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Beenenune

Penkozemenbubie anemenTs! (P33) u ux
COEIMHEHUS HAXOT IIUPOKOE IPUMEHEHHE B
Pa3IMYHBIX 00JIACTAX HAyKH, TEXHUKHU U MPO-
n3BojcTBa [ 1, 2]. OcoOblil MHTEPEC MPEACTAB-
JSAI0T KoMIuleKcHble coenunenus P30 (1) c
OpPraHMYECKUMHU JIMTAHAAMH, KOTOpBIE UC-
IIOJIB3YIOTCS B PaJUO3JIEKTPOHUKE, B CO3[a-
HUM KBAHTOBBIX T€HEPATOPOB, B KaueCTBE
JTIOMUHO(OPOB, B aHATTUTUYECKONH XUMHUH MIPU
CO3/IaHUU HOBBIX (PU3UKO-XHUMHUYECKUX METO-
JIOB aHaJIM3a.

B Ouonoruu ucmnonb3oBaHHE TaKUX CO-
€IMHEHUN TO3BOJISIET UCCIIEI0BATh MPOLIECCHI
MeTtabonu3ma U oomena BemiectB. Kpome To-
ro, CUHTE3 M MCCJIEI0BAaHUE TaKUX KOMILJIEKC-
HBIX COEJMHEHUN MPEACTaBISET OIpeaeseH-
HbIA TEOPETUUYECKUN MHTEPEC B CBS3U C HU3Y-
YEeHHEM HUX CTPOEHHUs M crocobda KoOopIuHa-
LUU.

CucremMaTu4eckoe H3y4YeHUE KOMILIEK-
coB P30 ¢ MOHOKapOOHOBBIMH KHUCIOTaMH, B
YaCTHOCTH C OCH30MHON KHCIOTOH U ee Mpo-
W3BOJHBIMU, C a30TCOJAEpPKAIlMMHU TeTepo-
LIUKINYECKUMH COEIUHEHUSIMH, a WMEHHO C
1,10-penanTponHoM 1 2,2l-z[Hnan)mH0M, c
ocHoBanueM llludda Hauato 1OBOIBHO TaBHO
[3-7].
CTPYKTypE€ 3THUX COEAMHEHHH MaJylo, 4YTO, IO

OpHako B JuTepaType [JaHHBIX O

HaIlleMy MHEHHUIO, CBSI3aHO C TPYIHOCTSIMH
MOJIy4eHUsI MOHOKpHCTaIoB. MMetoTes cBe-
JICHHUSI TOJIBKO IS HECKOJIBKUX COCOUHECHHI
P39 ¢ Gen30iiHOI KUCIOTON M €€ MPOU3BO/I-
c 2.2-
TUTIUPUANHOM, Heoauma u epornus ¢ 1,10-

HBIMH: HeEOIMMa W TaJOJIMHUS
(eHaHTPOIMHOM U 2,21-211/IHI/IpI/IJII/IHOM [3-6,
8, 14]. Ha ocHOBaHMHM STHX HCCIICOBAHHIMA
caenaH BbIBOA, 4To KoMiuiekchl Nd m Eu ¢
1,10-denarponuaoMm U 2,21-,[II/IHI/IpI/I,Z[I/IHOM

U30CTPYKTYPHBI.
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Taxxke U3y4eHbl pa3HOJIUTAHTHBIC KOOP-
JUHAIMOHHBIC COEIMHCHUS JIAHTAHOUIOB C
1,10-penanTponuHOM, 2,21-I[I/IHI/IpI/I,Z[I/IHOM u
CAIMIIMIIOBON KHCJIOTOM; MPEIIOKEHO CTpoe-
HHUeE, MoKazaHHoe B [9].

JIIs  TOATBEpXKICHUS TMPEAIOKESHHOTO
CTPOCHUS PA3HOJIMTAHIHBIX KOMIUIEKCOB OBLIT
BBHITIOJTHEH KBAaHTOBO-XUMHUYECKHI pacueT Tr'u-
MOTETUYECKUX KOMILJIEKCOB, KOTOpPhIE BHIOpa-
HBI B KAUECTBE MOJICJIbHBIX COCIUHEHHIA:

La (LY2(NOs)su LaL'HL*(NOs),,
rmue Ll-l,10 - (peHaHTpOIUH; HL* - CaAJIALIAIIO-
Bas KMCJIOTA.

Ha ocHOBaHMHM KBaHTOBO-XMMHUYECKOTO
pacyera MOJYYCHbl pacueTHBIC TaHHBIC MEX-
ATOMHBIX PACCTOSIHUW W 3apsiIoB aTOMOB IS
MOJICTIFHBIX COCJMHCHUN W Pa3HOJIUTAHIHOTO
LaL'HL*(NO3),.Takke  panee
HaMU OBUTM CHHTE3HPOBAHBI KOMILUICKCHEIC

KOMIIJICKCa

COEJIMHEHUsl camMapusi, HEOAMMa U TaJI0JIMHUS
¢ o-(praneBoll KMCIOTOW C XMMHUYECKOH (op-
MYJIOH:
Smy(CeH4(COO0),)3(H20),Nd2(CsH4(COO),)s(
H,0), Gd,(CsH4(COO),)3(H20)

Y KJIaTpaTHbIE COCTMHEHUS:
[sz(C6H4(COO)2)3(H20)2(HCOOH)3,
[Gd2(CsH4(COO0),)3(H20)s5](CH3COOH),
[10,11].

AHanu3 JIUTEpaTypHOro MaTepuajia Io-
Ka3bIBaeT, YTO OCOOBI MHTEpeC MpeacTaBs-
o1 komruiekesl P30 (III) ¢ apomaTndeckumu
JIBYXOCHOBHBIMM KHCIJIOTAMH, B YAaCTHOCTH C
0- 1 n-pTaIeBBIMH KUCIOTAMH.

Heablo manHOW pabOTHI SIBISETCS CHUH-
Te3 U (U3UKO-XMMHYECKOe HCCIeI0BaHNEe HO-
BbIX mpenacraBureneid P32 ¢ opranmyeckumu
JUTaHJaMU, B YacCTHOCTH C TepedTaleBoi
KHCJIOTOM.
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B paborte wucnonb3oBaHbl METOABI HC-
CIICIOBAHMSI: SJIEMEHTHBIH W PEHTTeHoda3o-
BBl aHanu3bl, MmeToabsl MK-cnekTpockonuu u
TEPMOTPAaBUMETPHUH.

Oo0cy:xnenne pe3yJbTaToB

ConocraBieHue PEHTIEHOIPAaMM CUHTE-
3UPOBaHHBIX COEJUHEHUM NPEICTaBICHO Ha
puc. 1, a, 6.

AHanu3 peHTreHorpamMm I0Kasaj, 4To
IIOJIyYEHHBIE COEJUHEHUSI COCTOST W3 OJHOU

Commander Sample ID

¢da3pl U BBICOKOKpUCTAUTMYHBI. Pacmpoctpa-
HEHUE MUKOB IO Bcel audpakrorpamme o3Ha-
YaeT, YTO COCTUHEHHS UMEIOT BBICOKYIO CHM-
METPUIO U TapaMmeTphl 3JIEMEHTAPHBIX sUeeK
npubmsurensro 10.03; 9,70; 6.06A u 10.11;
9.63; 6.03A u xopomo HIEHTHOUIUPYIOTCS
M0/l YKa3aHHBIMU MaKCUMYMaMH.

Kak BugHO W3 yKa3aHHBIX AUQPPAKTO-
rpaMM M MapaMeTPOB AJIEMEHTAPHBIX SYEEK,
OHU WJICHTUYHBI ¥, BUAUMO, U30CTPYKTYPHBI.

n_TE_30092019 raw (Strip ka2)

Pucynok 1 — JIudppakroramMmma KOMIDICKCHOTO COETMHEHMS caMapus (a) U ragonuHus (0)c TepedTaieBoil KHCIOTOH
Figure 1 — Diffraction pattern of a complex compound of samarium (a) and gadolinium (b) with terephthalic acid

DJIEMEHTHBIE COCTaBbl CHUHTE3HPOBAH-
HBIX 00pa3lloB KOMIUIEKCHBIX COEIUHEHUI
Mpe/ICTaBJICHBI B TaOIHIIE.

[lo pe3ynpraraMm XHUMHUYECKOTO 3JI€-
MEHTHOTO aHaju3a ObUI clleJlaH BBIBOJ, UTO
COCTaBbI MOJIYYCHHBIX COG)II/IHGHI/Iﬁ OTBCYAIOT
reKkcaakBa-TpuTepedTanaTo-aucaMmapus U TeK-
caakBa-tputepedTanato-nguragonunaus (II1) u
XOpOIIO COTJIACYIOTCS C pe3yjbTaTaMU PEHT-
reHorpauuecKux aHaJu30B.

BaxxHo oTMETUTh, YTO paHee HaMHU Mpo-
BEJICHHBIE HCCIEAOBaHUS IOKa3ajiu, 4TO A-
CbTaIIaTBI camMapusd U ragojJruHUs HEHU3O0CTPYK-
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TYpHbl U IO BCEM NapaMeTpaM OTJINYaKTCs
Ipyr ot npyra [11]. 3To, no HalmeMy MHEHUIO,
HENOCPEACTBEHHO 3aBUCUT OT CTEPEOXUMHHU
KHCJIOT.

HK-cnekTpockonn4eckne Ueciaeq0BaHus
KOMIUIEKCHBIX COEIMHEHUH IOKa3bIBAIOT, UTO
B UK-cnekTpax, COOTBETCTBEHHO B 00JaCTIX
1585-1463, 1532-1377 u 1505-1308cm-1 u
1586-1424, 15401311 u 1505-1311 cwm-1 mo-
ABIIIOTCS YETKUE TOJIOCHI, KOTOPhIE OTHOCAT-
Csl K aCUMMETPUYHBIM (V'as) U CUMMETPHUYHBIM
(Vs) momocam morfomeHus: KapOOKCHIBHBIX
rpynn repedTanaTHhIX AMAaHUOHOB [12].
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Taﬁmma —P €3yJIbTAThbl 3JICMCHTHBLIX aHAJIN30B 06pa3u013 CHUHTC3UPOBAHHLBIX ITPOAYKTOB
Table — Results of elemental analyzes of samples of synthesized products

CoenuHeHus Bpyrro-hopmyna Copneprxanne (HalZieHO/ BBIYUCIEHO),%
Sm, Gd C H
Smg(n'C6H4(COO)2)3(H20)6 Sm2C24H24018 32.95/33.37 31.68/31.99 2.49/2.68
Gdy(n-CeH4(CO0),)3(H,0)6 Gd,C,4H,4045 33.96/34.37 31.22/31.51 2.39/2.64
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Pucynoxk 2 — UK-criekTpbl KOMIUIEKCHOTO COEJUHEHMSI CaM
Figure 2 — IR spectra of a complex compound of samarium

Otanunst Mexay Vs U Vi, KOTOpBIE, CO-
OTBETCTBEHHO, cocTaBisaroT 122, 155 u 197
cM-1 1 162, 229 u 194 cm-1 moka3eIBaIOT, YTO
KapOOKCHIIaTHBIE aHUOHBI TepedTaraTHBIX
KHUCJIOT UMEIOT XenaTHyto GyHkumio [13].

Kak Bumno wu3 puc. 2, a6, B HUK-
CHEKTpax HMEIOTCS IIMPOKHE IOJIOCHI COOT-
BeTcTBeHHO B 00acTsax 3200-3600 cm-1 (max.
3451 cm-1) m 3200-3600 cMm-1 (max. 3461 cm-
1), oTHOCSIIIIMECS] K MOJIEKYJIaM BOJIBI.

BUK-cnektpax oOHapyXeHbl TaKKe I0-
socel pu 1608,23 u 1608,57 cm-1, coorBet-

apus (a) u ramonuaus (0) ¢ TepedTaneBoi KHCIOTOMH
(a) and gadolinium (b) with terephthalic acid

CTBEHHO, OTBedaroue JehopMarmOHHBIM
konebanusiM mosiekyn Boasl (HOH), uto mos-
TBEP)KAACT HAIMYME KPHUCTATU3AUOHHON
BOJIBI.

Jnis  ompesneneHust KOJMYECTBA BOJBI,
TEMIEpaTypbl M XapakTepa Jeruaparaiuu,
TEPMUYECKON JECTPYKIMH IMPOBEACH TEPMO-
rpaduyecKuil aHaTN3 KOMIUIEKCHBIX COEIMHEe-
HUH B TemmeparypHoii obmacti 20-1000°C,
(CKOpOoCTh  HarpeBaHUs IOO/MHH, STAJIOH
Al,03).

89



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2023, cild 15, M2 1, s. 85-92
Mammadova S.R. va bagg.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 1, pp. 85-92
Mammadova S.R. et al

W3 mpencraBieHHBIX Ha puc. 3, a u O
JIEpUBATOIPAMMKOMIUIEKCHBIX ~ COEIUHEHUM
BUJIHO, YTO, HECMOTPSl Ha U30CTPYKTYPHOCTb
U OJMHAKOBBIM XMMHUYECKUH COCTaB, TEPMHU-
gyeckas JAECTPYKLUS KOMILIEKCOB IPOTEKAET
paznuyHo. Tak, Ha kpuBoit JITA komriekc-
HOTO COEIMHEHHs] camapHs HabOIromaTCs
7Ba SHAOTEPMHUECKUX IPQeKTa ¢ MaKCH-
MyMaMU IIpU 108,2°C u 248,1°C, IIPU KOTO-
pbix ypamstores 4,9% u 7,9% maccsl, cooT-
BETCTBEHHO. JTU MAacChl COOTBETCTBYIOT 2 U
4 monexynam H;O. D10 03Hauaer, 4to Mo-
JIEKYJIbl BOJIbI U3 KPUCTAJUINYECKOM PEIIETKU
YIQIAIOTCS B JIBE CTaUMU.

% ATA /(MKBIMr)
a— Miec 614.4 °C, 7.975 mxBimr 13K

i 544.4 °C, 6.778 weBlur

Tl 181.5 °C, 2.025 wniur

100 200 300 400 500 600 700 800
Temneparypa /°C

puf5s

Tl 776.3 °C, 4.438 e

90

80

70

60

100 200 300 400 500 600 700 800
Temneparypa /°C

Pucynok 3 — JlepratorpamMmma KOMITJIEKCHOTO COEIH-
HeHHs camapus (a) u ragonuHus (0)c TepedraneBoit
KHUCJIOTON

Figure 3 — Derivatogram of a complex compound of
samarium (a) and gadolinium (b) with terephthal-
icacid

B ciydae raxosMHOBOrO KOMIUIEKCA
TaKOE€ K€ KOJIMYECTBO BOJBI U3 KPUCTAJLIM-
YECKOHM PEIICTKU yAAIAETCS B OJHY CTaIUIO
C MaKCUMYMOM YE€TKOI'0 3HAOTEPMUYECKOIO

90

sddexra npu 181°C. Dro, mo-uammoMmy,
00yCJIOBJICHO MPUPOAOI MeTallIa U UX KpHU-
cTayuiorpaduueckoil mo3unuen B CTpyKType.
be3BonHbIe MTPOAYKTHI KOMIUIEKCHBIX
COCMHEHHUIN YCTONYMBBI 10 Temmeparyp280
1 500°C, mocne 4ero HauMHACTCS pazioxe-
HUEe OE3BOAHBIX MPOAYKTOB KOMIUIEKCHBIX
COCJMHEHUI B TEMIIEpPAaTypHBIX HWHTEpBAJIaX
280-776°C u 500—8980C, COOTBETCTBEHHO.
Kak Bunno u3 xpusoit [ITA, paznoxe-
HUe OE3BOJHBIX MPOAYKTOB M BBITOpaHUE
OpPraHMYECKUX OCTATKOB TAKKE MPOUCXOIUT
cBoeoOpasHo. Paznoxenune 6e3BOAHOTO MpoO-
JIyKTa KOMILIEKCAa caMapHsi IPOUCXOAuT 0e3
KaKoro-Jmbo sHA0TepMUYECKOro dddekra —
Cpa3y HA4MHAETCS BBITOPAaHHWE OpraHUye-
CKOI 4acTH KOMILIEKca, U 3TOT MPOLECC CO-
MPOBOYKAAETCSI IIMPOKHM IK30TEPMHUECKUM
3¢dekToM B TeMIlepaTypHOM HHTEpBaie
280-898°C, a pasnoxeHne GE3BOIHOTO TPO-
IYKTa KOMIUIEKCHOTO COEIMHEHUs — rajo-
JWHUS CONPOBOXKAAETCS HEYETKUM DHJIO-
TEPMUYECKUM JPPEKTOM C MaKCUMyMOM
540°C. CiumkoM BHICOKast TEMIEpaTypa He
JlaeT eMy J0 KoHIa (opMUpOBaThCs U Tepe-
KpbIBaeTCs HK30TEPMHUECKUM dPPEKToM,
KOTOPBIH TIOSIBIISIETCS 32 CYET BBITOPAHUS
OpPraHUYecKoro ocraTtka. B aTom ciydae BbI-
rOpaHWe OPraHUYecKOro OocTaTka MIET To-
pa3fo ObICTpee MO CPAaBHEHHIO C KOMILIEKC-
HBIM coeluHeHueM camapus. [lpu sTom mo-
Tepss Macchl cocTaBisAlOT 49,16% (BbIU.
49,27%) un 48,77% (48,55%),
cTBeHHO. KOHEYHBIMU TIPOJYKTaMH TEPMO-

COOTBET-
mm3a  seistoress  SmpO3uGd,O3  cooTBet-
CTBEHHO.

Takum 00pa3oM, KOMIUIEKCHBIMU (u-
3UKO-XMMHUYECKUMHU UCCIICIOBAHUSMH BBISB-
JICHO, YTO KOOPAWHAIIMOHHOE YUCIIO KaX[0-
r0 HEHTPAIBHOTO aToMa 9, U 3TO 0OBACHSET-
Ccsi ydacTHeM B o00pa3oBaHWUU CBsize f-
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opOuTaneil. A KOOPIUHAITMOHHBIN TOIHIIP-
ACBATUBCPIINHHUK. Taxoxe YCTAHOBJICHO,
YTO IMOJIYYCHHBIC KOMIIJICKCHBIC COCAUHCHUA
HUMCIOT, COOTBECTCTBCHHO, XUMHNYCCKHEC (bop-
MYJIBI:

sz(C6H4(COO)z)3(H20)6
Gd(CsH4(COO0),)3(H20)6

U U30CTPYKTYPHBIL.

B koopauMHAIMOHHOE OKpYKEHUE Me-
TAJJIOB BXOJAT MIECTh aTOMOB KHCIIOPOJIA
TpeX KapOOKCHIIATHBIX TPYII JHAHUOHA, TPH
aToMa KHCIOpOJa W TPEX MOJICKYJIbI BOJBI.
Ha ocHOBaHWM TMOJNyYEHHBIX PE3yJIbTATOB
MPUBEJICHA TIpe/roiaracMas cxeMaTHyecKast
CTPYKTYypa COCIMHCHUI
(puc.4), oHa - moaUMEpHO-ciIoucTas. B
CTPYKType 00pa3yIOTCsl KOJIOHKH, NMEIOIIHE
dbopMy TIPaBHIBHOTO IIIECTUTPAHHUKA C

KOMIIIICKCHBIX

nuaMeTpoM pubausuTeabHo 20A.

Pucynox 4 -

IIpeanonaraemas cxemaTuuyeckas
CTPYKTypa KOMIUIEKCHOTO COCIMHECHHUsI caMapus M
rafoNIMHUA ¢ TepeTaneBoil KUCIOTOH

Figure 4 — Supposed schematic structure of the
complex compound of samarium and gadolinium
with terephthalic acid

[Ipeanonaraem, 4ToO KOOPAUHALMOHHO
CBA3aHHBIC MOJICKYJIBI BOABLI YYAaCTBYIOT B
00pa3oBaHUM BHYTPU- U MEKCIOUCTON CETH
BOJIOPOAHBIX CBSI3eM W TakuM oOpaszom 2D
CTpPYKTypa mpeBpamaercs Ha 3D cTpykTypy
U CYIIPaMOJIEKYILY.
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JKCNEePpUMEHTAIbHAS YaCTh

PentrenodazoBelii aHAIM3 MPOBOAWIN
npudope Sample ID
(CoupledTwoTheta) ¢ MemHBIM KaTOIOM.
HUK-criekTppl  MOTJIOIMICHUS
cnekrpomerpe Nicole 1810¢upmbr Thermo
Scientific, B o6mactu 400-4000 cm™. OG-
pasipl TOTOBHIIM B BHJIE CYCIEH3UIl B Base-

Ha Commander

CHUMAJIM Ha

JMHOBOM Macjie MpH KOMHATHOW TemIiepa-
Type. JlepuBarorpaMMbl 3alMChIBAJINCh Ha
nepusatorpade STA-449, F-3 (OPT). Dne-
MeHTHBINH aHanu3 Ha C,H BeIoHEH Ha aHa-
mu3atope CHNSO«E» ¢upmbr CarloERBA.
ConepkaHre METaNIOB PACCUMTHIBAIIU U3
KPUBOW TMOTEPH MACChl MO KOJHYECTBY OK-
CHJIOB, TIOJNYYCHHBIX IIOCJIC HarpeBaHMs Ha
nepuBaTtorpade 10 900°C.

CuHTe3 KOMILIEKCHBIX COeIMHEeHU I

s cuHTE3a KOMIUIEKCHBIX COEIMHE-
HUI HCIOIB30BATIN
SmCl;-6H,0,GdCl;-6H,0,NaHCO3 «xu»
U TepeTaneByro KUCIOTY «XU».

B3BemmBanu aBe HaBecku Tepedrane-
Bor kuciotel mo 0.498 r (0.003 momp) u
KXyl pacTBOpsuid B 50 MJI ITUCTUILIUPO-
BAaHHON BOJABI C MpHOaBIEHUEM K Kaxa0i
0,504 r (0.006 mons) NaHCO3. K nonyyen-
HBIM TOPSTYMM PacTBOpaM IOCTENEHHO IMpH-
oamsum 0,729 r (0,002 mom) m 0,743 r
(0,002 wMom) BOAOPACTBOPUMBIX  COJIEH
SmCl;-6H,0 u GdClz-6H,0, cOOTBETCTBEHHO.

OTdunbTpoBaHHBIE OCAJKU CHayasa
MIPOMBIBAINCH HECKOJBKO pa3 JAUCTUILIUPO-
BAaHHOM TEIUION BOJOM, a IOTOM OEH30JI0M, U
BBICYLIMBAJIMCh BHAyaje Ha BO3JyXe, a 3a-
TEM B CYUIMJIBHOM IIKady mpu 50°C. Homu-
KPUCTAJJINYECKUE TOPOLIKA HMMEIOT KENTO-
BaThIi 1BET.
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3akioueHune

BriepBbie CHHTE3UPOBAHBI KOMILJICKCHI
camapus M rajojJuHus ¢ tepedraneBoil Kuc-
JIOTOM U YCTAHOBJIEHO, YTO, B OTJIUYHE OT
¢draneBoit o0Opa3zyror
U30CTPYKTYpHBIE KOMIUIEKCHI. Psimom ¢usu-

KHCJIOTHI, OHH

KO-XUMHUECKUX HCCJICIOBAHUN YCTaHOBIICH
X coctaB m xumuyeckas (opmyna. [Ipen-

JIOKEHA TpeJroiaraeMas cxemaTudeckas
CTPYKTYpa CUHTE3UPOBAHHBIX KOMIUIEKCHBIX
COCTUHEHUN.

Kondaukr unrepecon

ABTOpBI  3asBISIIOT 00 OTCYTCTBHHM
KOH(JIMKTA HHTEPECOB, CBA3AHHBIX C MyOJIH-
Kaluen JaHHOU CTaThH.
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Abstract

A methodic approach to the Lorenz curve application in the efficiency analysis of the Oil-Gas Pro-
duction Department (OGPD) main production well stocks usage is developed. The scientific-research
work consists of two stages: preliminary and main. In the preliminary stage, gathering and systematization
of major technical-economic, accounting, geological and other indexes are conducted, the basic chart for
the OGPD well survey is developed. In main stage, considering well division by quintile, the following
action are carried out: 1) the factorial application of the Lorenz curve (calculation); 2) calculation of re-
turn on assets by all wells, as well as necessary calculations on determinant factors influencing return on
assets. They are followed by the Lorenz curve plotting on determinant factors. Then, based on well divi-
sion by quintile, the graphs on return of assets and determinant factors are developed.

Keywords: methodic approach, Lorenz curve, quintiles, well, capital productivity,
determinants.
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Lorens ayrisinin neft-qaz senayesinin iqtisadiyyatinda tatbiqi
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Xiilasa

Mogalodo Lorens oyrisinin Neft-Qaz Cixarma Idarolorinin (NQCI) osas istehsalat fondlarmn
istifadasinin somoralilik tohlilinds totbiq olunmasina metodik yanagsma islonib hazirlanmigdir. Elmi-
todgiqat isleri 2 morhalodon ibaratdir: ilkin vo osas. ilkin morholode baslica texniki-igtisadi, muhasibat,
geoloji vo digor gostoricilarin toplanib sistemlosdirilmasi hoyata kegirilir vo NQCI quyularinda todgigat
aparmaq mogsadilo baza cadvali tortib olunur. Osas marholoda quyularin kvintel {izro bolgiisii nazors
alinmagqla asagidaki tadbirlor hoyata kegirilir: Lorens oyrisinin faktorlar iizra totbigi (hesablama); biitiin
quyular iizro fondveriminin hesablanmasi, elaco do fondverimino tasir edon miioyyonedici amillor {izra
zoruri hesablamalarin aparilmasi. Daha sonra Lorens ayrisi faktorlar tizro qurulur. Bundan sonra quyularin
kvintel bolgiisii nazars alinmagla fondverimi vo miiayyonedici amillar tizra grafiklor tortib olunur.
Acar sozlar:  metodik yanagma, Lorens ayrisi, kvintellor, quyular, miisyyanedici amillor, fondverimi
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Ilpumenenne kpusBoii JlopeHna B 3KOHOMHMKe HedTerazogoobI-
BaloLIeil NPOMbIIIJICHHOCTH
C.I'. CasiumoBa

Hayuno-uccreoosamenvcrkuii u npoexmuuiti uncmumym «Hegpmeeas», THKAP (np. I'. 3apoabu,
88a, AZ1012, Azepbaiiodncan)

st mepenucKu:
CanmmoBa Ceetiana / e-mail: salimovasvetlanaO@gmail.com

AHHOTAIUSA

Pa3paboran Meromuveckuii TOAXOA TIO TpUMEHEHHMIO KpuBoil JlopeHna mpu aHammze
3¢ ()EeKTUBHOCTH KCIIOJIB30BaHUS OCHOBHBIX IPOM3BOJCTBEHHBIX (OHIOB He(TEerazom00bIBAIOIINX
ynpasnennit (HI'/1Y). Hayuno-uccnenoBatenbckast paboTa COCTOUT U3 JIBYX 3TAlOB: IPEABAPUTEILHOTO U
OocHOBHOTO. Ha mpenBaputensHOM 3dTare NpoBOIUTCS COOp M CHUCTEMAaTH3alusl IMEPBHUYHBIX TEXHHKO-
9KOHOMHUYECKHUX, OYXTaJTepCKUX, TCOJOTHUYECKUX M JAPYTruX I0Ka3aTejei, COCTaBIAIOTCS 0a30BbIC
TaOJIUILIBI [T TPOBECHMs nccienoBanus o ckpakunam HI'JIY. Ha ocHoBHOM 3Tarne (¢ yueToM pa3OuBKU
CKB)KWH 110 KBUHTEIISIM) TIPOBOTUTCSI MOGaKTOPHOE pUMEHeHHe KprBoii JlopeHia (pacyer), BEIUUCIICHUE
(hoHIO00TIaUN TI0 BCEM CKBKHHAM, a TAKXKE€ BBITIOJTHSIIOTCS HEOOXOMMMBIE PAacUeThl MO OMPEACIISIOIINM
(dakTopaM, KOTOpble BIUsOT Ha ¢GoHmooTAaudy. [lamee ciemyer mocTpoeHue KpuBoi JlopeHiia 1o
onpeaenstonyM ¢pakrtopam. 3aTeM Ha 0a3e pa30MBKU CKBAXKWH IO KBHHTEISM CTPOSTCS TPapUKH IO
(dhoHIOOTAAYE W ONPEACIAIONIUM (haKTOpaM.
KiaroueBble cj1oBa: METOJIMYECKUI oAX0, KpuBast JIopeH11la, KBUHTEINH, CKBAXKHUHBI, ONPEICIIIONINE

¢axTopsl, GoHIOOTAAYA.
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Beenenune

HepaBHOMEpHOCTB pacnpenencHuss Mu-
POBBIX 3aI1aCOB HEPTH U Ta3a MpeJoIpeensieT
HaJIM4ue CTPaH 3KCIOPTEPOB M HMIIOPTEPOB
YIJIEBOJAOPOAHBIX pecypcoB. AszepOailjkaH —
npeBHermmi HedTsiHOM pernoH mupa [1]. B
HACTOAILEE BPEMs OH CTall OJHHUM M3 MHUPO-
BbIX He(TAHBIX LEHTpoB. Pecrmybnmka oOma-
naeT OOJBIIMMHU YIJIEBOAOPOJHBIMU 3ariaca-
mu. [Ipu muaupyromeit ponu Azepbaiiikana B
PErHoHE OCYILIECTBIISIOTCS KPYIIHBIE TPAHCHA-
LIUOHAJIbHBIE DHEPreTUUYECKUE IPOEKTHI, pac-
TeT 3HaueHue PecnyOiauKu Kak HaJeKHOTO
MIOCTaBIIMKA SHEproHocuTenei. Azepoaiikan
HE TOJIbKO UIpaeT BaXKHYIO poJib B obecrede-
HUU 3HepreTuyeckoit 6ezonacHoctu B EBpore,
HO B [IEPCIEKTUBE MOKET TAK)KE CTaTh HOBBIM
HCTOYHUKOM <«3EJICHOI» BSHEepruu uis €Bpo-
MENUCKHUX CTPaH M BHECTH OOJBIION BKIAd B
JIUBEPCU(PHKAIINIO TOCTABOK SHEPTrOPECYPCOB.

Crparernyeckoe 3HaueHNe He(TH U ra3a
KAaK CBIPBEBBIX PECYPCOB, a TAK)KE€ BBICOKAs
KallUTaJIOEMKOCTh  He(Terazono0bIBatomien
OTpaciii, NpPEIONpPeAesaioT BaXHOCTh pac-
CMOTPEHHSI TEXHHUKO-IKOHOMUYECKUX acleK-
TOB Mpo0ieMbl 3((HEKTUBHOCTH HCIOJIB30BaA-
HUS OCHOBHBIX (OHIO0B. M3BecTHO, uTO OC-
HOBHbIE (OHJABI SBIAIOTCA OJHUM M3 BaX-
HEHImMX (aKTOPOB IFOOOTO MPOU3BOJICTBA,
OCHOBOM  MaTepHaJbHO-TEXHUYECKOW 0a3bl
npeanpusaTus. X cocrosiHue u panoHanbHOE
HCIIOJIb30BAaHNE OKa3bIBAET HENOCPEICTBEH-
HO€ BJIMSIHWE HAa KOHEYHbIE pPe3yJbTaThl XO-
3SIUCTBEHHOM  JESTENBHOCTH  MPEATPUSITHS.
D¢ddexTuBHAS HKCIUTyaTalls] OCHOBHBIX (DOH-
JIOB Ha MPOU3BOJICTBE CIIOCOOCTBYET yiydlle-
HUIO BCEX €0 TEXHUKO-KOHOMHYECKHX IOKa-
3aTesneil, a UMEHHO pPOCTY BbIIyCKa HPOIYK-
IIUHM, CHHKCHUIO €€ ce0eCTOMMOCTH U TPYJI0-
€MKOCTH MPOM3BOICTBEHHOT0 IpoLecca U JIp.
B cBs3u ¢ 3TUM akTyalbHOCTh B HedTeraso-
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JOOBIBAIOMICH MPOMBINIJICHHOCTH MPOOIEMBI
aHanmu3a 3(pPEeKTUBHOCTU HUCIOIB30BaHUS OC-
HOBHBIX TPOM3BOACTBEHHBIX (oHmoB HIAY
He BbI3bIBaeT coMHeHms. OreHka QakTuye-
CKOT'O COCTOSIHHSI OCHOBHBIX (DOHIIOB T03BO-
JISI€T ONPENEIUTh NajbHEUINE HaIPaBICHUS
10 MOBBIMIEHUIO Y(P(PEKTUBHOCTH MX IKCILTya-
Taluu.

Cocrosinue npodaemMbl

TpaguunonHo kpusas JlopeHa HCIONb-
30Bajach B DKOHOMMKE B CBSI3H C PELICHHEM
npoOjeMbl U3MEpEeHUsi HEpaBEeHCTBA B pac-
IpeJesieHM COBOKYITHOTO J10X0/a O0IIecTBa.
HepagsenctBo n1oxom0B B KoHIle XIX — Hauane
XX Beka CTajllo OOBEKTOM H3Y4YEHHUS MHOTUX
skoHoMmucTtoB CIIA wn 3amagHoit EBpormsbl.
LlenTpanbHOW MPOOIEMON JAHHOTO HCCIE0-
BaHUs SIBJISIETCS OLIEHKA CIPABEUIMBOCTU U
3P PEKTUBHOCTH CIOXKHBILETOCS B PHIHOYHOU
HKOHOMHKE pacIpe/ielieHus] T0X00B U Oorat-
ctBa. B 1905 rony amepukaHCKHl 3KOHOMHUCT
U cTaTUCTUK Makc JIopeHI TpeioKul METo
OLICHKH JIOXOJIOB HACEJNEHMs, MOJyUUBIIMH
Ha3BaHue KpuBoil Jlopenna [2]. Ona siBisercs
rpaguyeckuM HU300paKeHHEM (PaKTUUECKOTO
pacnpeziesieHnss J10XOA0B IO OIpeeIeHHbIM
CJIOSIM HAcEJIEHUS] MEXAY IBYMs IPEICIIbHbI-
MU cllydasMHu: 1) T0XOAbI BCEX CEMEN paBHBI,
2) BeCh JOXO]l y OTHOM CEMBH.

B nepBoM ciydyae Teoperuueckass BO3-
MOKHOCTh a0COJIIOTHO PAaBHOTO paclpeserne-
HUSL JI0XO0Jla B OOIIECTBE MOXET ObITh Mpe.-
CTaBJieHa Ha rpaduke B BHJe Mpsimoil (Ouc-
CEKTPHCHI), Ha3bIBAEMOMN JTMHHEH abCOIIOTHO-
IO paBeHCTBA.

Bo BTOpOM ciywae, TO e€cTb B Cilydae
IIOJIHOTO HEpaBeHCTBa, KpuBas JlopeHua Ha
rpaduke BbIpazuiach Obl BEPTUKAIBHON Hpsi-
MOM, Ha3bIBacMOM JIMHHEH aOCOJIOTHOIO He-

paBeHCTBa. [l KONMMYECTBEHHOIO H3Mepe-
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HUS CTENICHH HEPAaBEHCTBA J0XOZa MO KPUBOU
Jlopenna npumensotr kodduuuent Jlopen-
na-Jbxkuaun. OH  xapakrepusyeT nuddepen-
[UALUIO JCHEKHBIX JI0XOJ0B HACEICHUS B BU-
Jie CTETEeHU OTKJIOHEHHUS (aKTHYECKOTO pac-
IpeeIeHus T0X0J0B OT a0COIIOTHOTO PaBHO-
IO UX pacrpeneNeHnuss MeX/y BCEM HaceleHH-
eMm. Yem Oonpmie 3TOT K03(duuueHt, Tem
CUJIbHEE HEpaBeHCTBO. B ciydae ecnm pac-
CMaTpUBaeMbIii KOA((QUIIMEHT paBeH HYIIIO,
3TO O3HAYAET BCELENOe PAaBEHCTBO A0XO0Ja, a
€CJIM paBeH eIUHHMIIE — KpaliHee HEpaBEeHCTBO,
TO €CTh KOrJa BCS COBOKYITHOCTb JI0XOJIOB
NPUHAJUICKUT, HAIPUMEP, OAHOMY WHIUBUY.

B nacrosmiee Bpemsi kpuByto Jlopenua
MPUMEHSIOT HE TOJBKO JUIsl OIICHKH pacrpeie-
JICHHUS JTOXOJIOB OOILECTBa, HO M JUIS OIpee-
JeHus JoJel phIHKAa s GupMm B oTpaciw,
MIPUPOJIHBIX PECYPCOB 1O TOCYAapCTBaM H JIp.
Ona Hamuia cBoe NMPUMEHEHHUE U 3a Ipejena-
MU 3KOHOMHUYECKON HAyKH.

BriepBele B mpakTuke HedTeno0bun
akagemMukoM A.X. Mup3ampkaHzane ObUIO
MPEIJIOKEHO  HMCMOJIb30BaTh KO3 dUIneHT
Jlopenua-/[>kuHu 1pu ornpeneneHu 0TOOpOB
He(TH U BOJBI IO CKBAKUHAM B pa3HBIC MEPH-
OJIbI Pa3pabOTKH 3aJeKH C eI MPUHATUS
ONTUMAJIFHOIO pEIIEeHUs] MO YIPaBICHHIO
nporeccoM ee pazpadorku [3]. OmHako cre-
IyeT OTMETUTh, YTO MpolieMa MpUMEHEHHUs
kpuBoi JlopeHlla B SKOHOMHKE HedTerasono-
ObIBaroIiell MPOMBIIIICHHOCTH TNPaKTHYECKU
He pa3paboTaHa.

easro Hay4HO-
UCCIIEI0BATENLCKON PAabOThI ABISETCS pas3pa-

MPECTAaBICHHON

00TKa METOAMYECKOTO MOAX0Ja MO MpHUMEHe-
HUIO KpuBoil JlopeHmna mpu ananuze 3¢pdek-
TUBHOCTH HCIIOJIb30BAHHUS OCHOBHBIX INPOM3-
BojacTBeHHBIX (onnoB HI'Y. [lpu pemenun
3aa4  UCCIICJOBAHHSA CJIEAyeT IPUMEHUTh
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HKOHOMHKO-CTaTUCTHUYECKHE, Tpaduieckue u
JIpyrue MeTOo/Ibl aHAIN3a.

ITocTanoBka 3agaun

[Ipu co3maHuM TEOPETUKO-IIPAaKTUYEC-
KOW OCHOBBI METOJAMYECKOr0o mojaxoAa IIo
npobiemMe npuMmeHeHus KpuBoil Jlopenma B
SKOHOMHKE HePTEera3oqo0bui, B YaCTHOCTH
npu aHanu3e 3QpPEeKTHBHOCTH HCIOIH30BAHUS
OCHOBHBIX MTPOM3BOACTBEHHBIX PonmoB HI'AY
IIPEJICTABIISIET MHTEPEC PACCMOTPEHHE JIeH-
ctBymomero ¢onna ckaxud HI'JLY. s ato-
ro cieayer. pa3padoTaTth alrOpUTM METOIU-
YECKOro IMOAX0oJa MO MNPUMEHEHUIO KpPHUBOU
Jlopenna npu ananuze >QQPEKTUBHOCTH HC-
[I0JIb30BAHNS OCHOBHBIX IPOM3BOJCTBEHHBIX
donmos HI'IY; ampobupoBarh mpemsarae-
MbId METOJWYECKUH TOAXOJ Ha NpHUMEPE
HI'J1Y, B ToM uncine (B 3aBUCUMOCTH OT LEIH
UCCIIEIOBaHMsI) Ha OTAENBHBIX HE(TIHBIX
obOwekTax. [Ipeapiaymnye uccneaoBaHus aBToO-
pa no npoOieMe aHanu3a 3PPEeKTUBHOCTH HUC-
MOJIb30BaHUS OCHOBHBIX IPOU3BOJCTBEHHBIX
(GhoHI0B OBUTH CBSI3aHBI C pa3pabOTKOM Teope-
THUKO-TIPAKTUYECKON CTOPOHBI METOIUYECKOTO
M0JIX0JIa K JETaJbHOMY aHaiau3y (OoHA00TIa-
un 1o ckBakuram HI Y [4-7].

Pemienue 3apaun

AJNTOpUTM MpeIaraeMoro MeToJAuYec-
KOro MOJXO0/a MO NpUMEHEHUI0 KpuBoH Jlo-
peHIa npu aHanuze dPGEKTUBHOCTH HCIIOIb-
30BaHMUSI OCHOBHBIX TPOW3BOJICTBEHHBIX (HOH-
noB HI'ZTY npencrasnen Ha puc. 1. Uccneno-
BaHHE MPOBOJUTCS B JIBa dTama: a) MpeaBapu-
TeNbHBINA U 0) OCHOBHOM.

Ha npensapurenbHoM 3Tane uccieaoBa-
HUSL OCYIIECTBIISIETCS COOp M CUCTeMAaTH3aIlHs
nepBuYHbIX nokaszarened no HI'LY, cocras-
TSI0TCsE 0a30BBIC TAOTUIIBL.
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MeToudeckuii IOIX0 1 10 MPUMEHEHUI0 KpuBoii JIopeHta npu anamu3e 3 PEKTUBHOCTH HCITOJIb30Ba-
HUSI OCHOBHBIX IIPOM3BOJICTBEHHBIX (hoHmoB HI' Y

v

[IpenBapurtenbHbIid 3T

COop u cucremMaTH3anys NEPBUYHBIX TEXHUKO-DKOHOMUYECKUX, OyXTalnTepCKUX, TEOJOTHUECKIX U APY-
rux nokaszateneil. CocraBieHrne 6a30BBIX TaOIHIT TS TPOBEICHHS NCCIIe0BaHNA TT0 ckBakuHam HI'J[Y

}

OcCHOBHOI1 dTan

\ 4

[Toctpoenne "kpuBoii Jloperna" mo onpenensromum GaxkTopam

Ha 6a3e pa30uBKM CKBa)KHH 1O KBHHTEIISIM MOCTpOeHHE TpaduKoB o GpoHmoo0TAAYE U

A\ 4

OTIpENEIISIOMNM (paKTopam

AHanmu3 MoTy4eHHOT0 MaTepraia 3a roj (COOCTABUTEILHBIN aHaTN3 3a Psif JIET)

A\ 4

v

BrIBOIBI M pekOoMeHAaNN

Pucynok 1 — Anroput™ npeiaraeMoro METOJAMYECKOTo MoAX0/1a o MPUMEHEHHI0 KpuBoil JlopeHIia nmpu aHanuse
3¢ PEKTUBHOCTH UCIIOJIL30BAHUS OCHOBHBIX NPOMU3BOICTBEHHBIX GoHmoB HI'JIY.

Figure 1 — The algorithm of the methodological approach proposed on the application of Lorentz curve in the
analysis of the efficiency of using main stocks of OGPD.

OCHOBOW 1JIs1 TPOBEAECHUS aHAIU3a SB- W3HOC CKBAXWH, 3) OCTAaTOYHAs CTOMMOCTH
JSI0TCA TEpBUYHBIE MaTepuajbl MO CKBaXKU-  CKBaOXWH; 4) TiyOMHA CKBaXKMH; 5) BO3pacT
HaM M JIpyrue MoKa3aTeld, MOJyYeHHblE W3  CKBaXHUH; 6) 1e6ut HedTu; 7) ne6UT Boabl; 8)
pasnmuunbix moapazmenenud HIAY. Ilpm  meOut KuakocTu.

HCO6XO,Z[I/IMOCTI/I (B 3aBUCHUMOCTH OT LECJIH HUC- OcHoBHOM 2Tan nmpeamnoJjaract  JABa
CJ'IC,Z[OBaHI/IH) MOTYT OBITh BKJIIOUEHBI JOII0JI- HaIlpaBJICHHUA UCCIICIOBAHUS.
HUTCIIBHBIC CBCACHUA IO CKBAXXHMHaM: MCCTO- I Hanpaejlesue — pacdent U nocnmpoeHue

POXIeHUE, TOPU30HT, CIIOCO0 IKCIUTyaTallul U Kpusoti Jlopenya no onpeoensrowum gakmo-
np. beun uccienoBansl ciaenyomuye onpeae- — pam. Jnus moctpoeHus KpuBbIX JlopeHna
nsrone (paxkTopel, BIMsAOMME Ha (OHIOOT-  HEOOXOAWMO pacCUUTATh KyMYJISTUBHBIE JOJIU
nady: 1) GamaHcoBasi CTOMMOCTh CKBaXHH; 2) MO KaXaoMmy (aKTOpy COTIACHO KBHUHTEIISM.
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IIpu »>TOM (uKcHUpyeTCsT aHATU3UPYEMBIi
¢bakTop, y Apyrux (GpakTopoB — 3HAUCHHS CO-
IJIACHO PacyeTy U Tak 0 KaKAoMY (GakTopy.

IIpencraBnsier MHTEpeC IOCTPOEHUE
KkpuBoi JIopeHna 1o kaxjaoMy 3aQUKCHpOBaH-
HOMY (akTopy 3a pan jer. OHO NPOBOAUTCS C
LEJIbI0 aHAJIM3a JAMHAMUKU MX M3MEHEHHUsS 3a
paccmarpuBaemble rojel. Ilo xapakrtepy TeH-
JNEHIIMM U3MEHEHUs (PaKTOpOB MOXKHO OyAeT
crenarb BBIBOJBI 00 3(h(deKTuBHOCTH paboOTHI
HI'AY 3a psn ner. Ilpubnuwkenue KpuBOit
JlopeHua 1o (akropam K JMHUU aOCONIOTHO-
IO PpaBEHCTBA TOBOPUT O IOJIOKUTEILHON
TEH/ICHIUH Pa3BUTHSL IPEIIPUATHSL.

B nanHOM ciydae BU3yanbHOE COOTHO-
nieHre KpuBbix JIOpeHLla 1o3BOJISIET HE pac-
cunuThIBaTh K03 purment Jlopenmna-/[xunmn.

Il nanpasnenue — na 0Oaze pazoueKu
CKBAJICUH NO KEUHMENAM pacuem u nocmpoe-
Hue (c yuemom onpeoersiowux ¢axmopos)
epaguxos no ¢ondoomoave u Opyaux oua-
2pamm, HEOOXOIMMBIX NS OLEHKU JPdek-
TUBHOCTU 3KCIUTyaTalldd OCHOBHBIX IPOU3-
BozcTBeHHBbIX ponaoB HI'JIY.

[ns npoBeaenus ucciaenoBanui mno Il
HaIpaBJIEHUIO CJIElyeT Ha OCHOBE 0a30BbIX
Tabmuiy (cM. | HampaBieHHe HCCIeAOBaHUS)
IIPOBECTH HEOOXOJMMBIE PACUeThl JUIsl OIpe-
JeNICHUsI CPEHUX 3HAYCHWH OIpeesIIonX
(akTOpOB Ha OJJHY CKBaKUHY COTJIACHO KBHUH-
tensiM. Jlanee moa BO3JEUCTBUEM OJHOTO W3
(bakTOpOB oOmpenensercs M aHAIU3UPYeTCs
pe3yabTUPYIOMUNA ToKazarensb ((poHmooTmayua
[0 CKBaXUHaM) U Jpyrue (pakTopsl ¢ yueToM
Pa3OMBKH CKBaKUH 110 KBUHTEJIISIM.
Moaupumpo-
BaHHas (opmyna pacdera ¢GoHgooTHAUM [8]

Hwxe  npennaraercs

no ckBaxuHaMm (fijj) mo i-my 3adukcupoBaH-
HOMY (haKTOpy J-Of KBHHTEIH:
~ gk, N365(366)
ij = FO
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IJ€ (jj — CPEAHECYTOUYHBIN JEOUT CKBAKUH 110
I-My 3aduKCHpOBaHHOMY (hakTOpy j-Oif KBHH-
tenn; Ky — k0dpHIMEHT HCIOIB30BAHUS
ckBakuH; N
uonHoro (¢onga ckBaxkuH; 365 (366) - uymc-
70 mHe# B roay; Fo — cpemHeromoBasi cToM-
MOCTh OCHOBHBIX (OHIOB (IO OCTaTOYHOU

KOJIMYECTBO OKCILIyaTa-

CTOMMOCTH).

st obnerueHus: aHainusa pe3yJbTaTOB
uccnenoBanus mo 1l HanpaBneHuto ObUTH Tak-
K€ MCTOJIBb30BaHbI rpaduieckne Merosl. Mc-
CJIEJOBAaHUE IMPOBOJMIOCH IO KaXIOMy 3a-
(bUKCUPOBAaHHOMY OIpENEIoIEMy (QaKTopy.
CornacHo KBUHTENSIM OBUIM IOCTPOEHBI I'pa-
¢uku 3aBucHMOCTH (DOHAOOTAAYU IO CKBa-
KUHAM OT BBLICJICHHOTO (hakTopa, JUHAMUKA
u3MeHeHns (akropa u (poHmOOTHAYM TIO
kBuHTesAIM. Jlanee mo HI'IY B nenmom Obutn
MOCTPOEHBI IrpaUKu U3MEeHEeHUs (OHI00TIa-
YY1 ¥ ONpeesstomux pakTopoB Ha 1 CKBaxu-
HY COIJIACHO KBUHTEJSM, NIPH 3TOM OAMH (pak-
Top 3aukcupoBadH. OH MO3BOJSAET JETATBHO
IIPOAHAIIM3UPOBATh TEHACHLUUIO H3MEHEHMUS
¢oHmooTnaun U (PAKTOPOB, BIHUAIOILIKX Ha
Hee.

[IpencraBisier MHTEpEC MPOBECTH CpaB-
HUTEJbHBIN rpaguueckuil aHanu3 (OHI00T-
Jlauu M0 KaxJaoMy 3a(pHUKCHPOBaHHOMY (hak-
TOpY MO0 5 KBUHTENSM U CPaBHUTH UX C (OH-
npoornayert HI'LY B nenom. beumn paceMort-
PEHBI J1Ba B3aUMOCBSI3aHHBIX BapUaHTa aHAJIH-
3a ()OHJ00T/IAYM C UCIOJIH30BAHUEM CTOJOM-
KOBBIX JHarpamMMm: a) JMHaAMHKa U3MEHEHUS
IIECTH PACUYETHBIX BapHUaHTOB (HOHAOOTIAUM
(Bce dakTtopel 3adUKCHUPOBAHBI) TIO TMATH
KBUHTEIISIM; 0) TMHAMHUKaA U3MEHEHUS 10
KaX/10il KBUHTENM IIECTH BapUaHTOB (OHJIO-
OTJauu COTJIACHO 3a(pUKCHUPOBAHHBIM (HaKTO-
pam.
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JlaHHoe rccieoBaHue MOKa3bIBAET:

1) xak MEHSIOTCS MO KaKIOMY 3a(uK-
cUpoBaHHOMY (hakTOpy (POHI00TAAYA MO MATH
KBUHTEJISIM;

2) Kak M0 KaKJI0W KBUHTEIIM MEHSICTCS
dbongo0TIAYa O 3adUKCHUPOBAHHBIM (PaKTo-
pam.

B oboux ciydasx ¢doHmooTmaum cpas-
HUBAJIUCh C AHAJOTUYHBIM IIOKa3aTejeM II0
HI'IY. IlogoOHble uccienoBanust ObUIM TaK-
KE TIPOBEJCHBI 10 OTICIbHBIM HE(TSIHBIM
Oo0BEKTaM.

Metoaudeckuii moaXo[ MO IpHUMEHe-
Huto KpuBoi Jlopenua mpu anamuze 3ddek-
TUBHOCTH HCIIOJb30BaHUS OCHOBHBIX IPOU3-
BOJICTBCHHBIX (DOHIOB OBLI YCIICIIHO arpoOu-
pOBaH Ha PA3IMYHBIX HEPTIHBIX OOBCKTAX.
Bonbmioii 00beM MOJIYYEHHOTO AaHAIUTHYC-
CKOTO MaTepuajia HE TO3BOJISIET MOJIHOCTHIO
MPEJICTaBUTh PE3YNIbTaThl HCCIEAOBAHUS B
JTAaHHOM CTaThe.

Ha puc. 2, 3 noka3aH oauH W3 BapuaH-
TOB TPUMEHEHHUsS MpeaaaraeéMoro MeToirye-
ckoro moxaxoxa. Ha puc. 2 (I mampaBieHue
HCCTIeI0BaHMs) U300paXkeHbl KpuBbie JlopeH-
a MO IIEeCTH ONpPeNesIomuM (paKkTopam
(daktop 1 3aduKcuUpoBaH) ¢ y4€TOM pa3OUBKH
CKB2)KWH MO KBHUHTENSIM, U3 KOTOPOTO BUIHO
pacrnonoxxeHue (GakTOpOB OTHOCHUTEIHHO JIH-
HUU aO0CONFOTHOTO PABEHCTBA.

Ha puc. 3 (Il nanpaBnenue uccienosa-
HUS1), COTTIAaCHO Pa30MBKE CKBAXKHH IO KBUH-
TeJsIM, TT0OKa3aHa (OHAO00TAaua M0 CKBAXKHHAM
U omnpeaensonye GakTopsl TaHHOTO BapHaH-
Ta pacuera (paktop 1 3adukcupoBaH) OTHO-
CUTEIHPHO WTOTa. AHAJIOTMYHBIE HCCIIEI0Ba-
HUS TIPOBEJICHBI MO BCEM OCTAIBHBIM OIpejie-
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nsronM pakropam. Jlanee donmoornada mo
BCeM 3a(UKCUPOBAHHBIM (PAKTOpaM CpaBHH-
BaJlaCch MEXy COOOM.

3akiro4yenue

Pa3paboran mMeToauYecKHil Moaxon Mo
IIpUMEHEHNI0 KpuBoM JlopeHua npu aHamuze
3¢ (HEKTHBHOCTH HCIIONB30BAHMSI OCHOBHBIX
npou3BoJcTBEeHHBIX oo HI'LY.

HoBu3na nperaraeMoro MeToau4ecKo-
ro MoAX0Ja 3aKJIFYaeTCss B TOM, YTO € IIOMO-
b0 KpuBOHM JlopeHlla MOXHO OCYLIECTBUTH
HAaIJSIIHYI0 OLEHKY HEOJHOPOJAHOCTU H3Me-
HEHUs TEPBUYHBIX JAHHBIX [0 CKBAKMHAM
HI'JIY. KpuBas Jlopenna no3Bonsier nodax-
TOPHO Ha OINPEJCIICHHbII MOMEHT BpEMEHU
CpaBHUTh  (DaKTUYECKHE  TEXHHUKO-DKOHO-
MUYECKHE MOKa3aTeau (B JaHHOM Cllydae Bbl-
OuparoTcs MoKas3aTenu, BIUsoLIMEe Ha GOHI0-
OTJIa4y CKBaXXMH) MO BceM ckBakuHaMm HIJIY
C Y4eTOM MX pa30MBKHM HAa KBUHTEIH C JTMHUEH
a0COJIIOTHOTO PAaBEHCTBA M C JUHHEH abco-
JIOTHOTO HEPaBEHCTBA.

WupiMu cioBamMH, MOXXHO OyZeT rpadu-
YECKHM, C HUCIOJb30BaHHEM KpuBoil JlopeHia
II0OKa3aTh TEHJCHIMIO PAaCIpENCIICHHUs Ollpe-
JeSomuX (akTopoB, BAUSIOMUX HA (OHIO-
otaauy, o ckBaxxuHam HI'ZIY (oOGbr4HO CBOIA-
CTBEHHO HEPAaBHOMEPHOE paclpe/IesICHNE 3Ha-
YeHUH (aKTopoB).

[lanee npu mpoBEACHUM HUCCIIEIOBaHUS
ObUTIO Takke pa3paboTaHO HaIpaBlCHHE HC-
M0JIb30BAaHUS B KadecTBe OLEHKU d(pdexTus-
HOCTHU OKCIUTyaTalldd OCHOBHBIX (OHJIOB HE
TOJIBKO OIpeNeNsonmx (akTopoB, HO U ca-
MOT0 Mokazaresns (OHI00TIauu.
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Pucynok 2 - Kpusas JlopeHna no onpenenstomumM pakTopam ¢ yueToM pa3OMBKH CKBRXUH MO KBUHTENSIM ((akTop
1 3aukcrupoBan)
Figure 2 — Lorentz curve on the determinant factors considering the well division by the quintiles (factor 1 fixed)
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Figure 3 — The capital productivity on the fixed determinant factor considering the well division by the quintiles
(factor 1 fixed)
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[IpemyiaraeMbiii METOAMYECKUN IOIAXO.
[0 NPUMEHEHMIO KpuBOW JIopeHua Kak HWH-
CTpyMEHT aHanu3a 3((HEeKTUBHOCTH UCIOIB30-
BaHHS OCHOBHBIX MPOU3BOJCTBEHHBIX (OHIIOB
paHee He HCHOIb30BaicA. JlaHHBIA MOAXON
ObLT anpoOupoBaH B HedTerazoao0bIBaOIICH
npombinuieHHOcTH Ha ypoBHe HI'JIY (HedTs-
HBIX OOBEKTOB), OJIHAKO OH MOXET OBITh HC-
MOJIb30BaH M HA MPEANPHUATHIX IPYTrUX OT-
pacieil MPOMBIIIUIEHHOCTH (C y4ETOM HX 0CO-
OCHHOCTEH).

Metonuyeckass W TpakTUYecKas IeH-
HOCTh MPOBEJIEHHOTO HCCIIECIOBaHUS 3aKJIIO-

YaeTcsi B TOM, YTO MPEAJIOKEHHOE HarpaBiie-
HUE NPUMEHEHHUs KpuBOM JIopeHna B 3KOHO-
MUKe He(dTerazoo0bIBalOIIe MPOMBIILICH-
HOCTH TIO3BOJIAIET 33/€MCTBOBATh €ro Kak JKcC-
pecc-MeToJl MpH JETaJbHOM aHaJu3e HC-
MOJIb30BAHUS OCHOBHBIX MPOU3BOJCTBEHHBIX
dongo HI'IY c nenwio nossimeHus 3¢ ¢ex-
TUBHOCTH MX 3KCILUTyaTallHu.

KoH}umKT HHTEpecoB

ABTOp 3asBIsieT 00 OTCYTCTBHUM KOH-
(bAMKTa UHTEPECOB, CBSA3AHHBIX C MyOIMKaIlu-
€l TaHHOH CTaThU.
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Abstract

The problem of calculating the size of memory buffer in the NGN networks during the speech
transmission, based on the Poisson distribution, as well as self-similar traffic transmitted by IP packets, is
considered. To find the size of memory buffer in these networks, approaches are proposed based on the
classical single-channel queuing systems of the M/M/1 and M/D/1 types with the corresponding
exponential and deterministic distributions of the service times.
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Miixtalif nov trafiklorin otiiriilmasi zaman1 NGN sabakalarinda
yaddas buferinin hacminin giymatlondirilmasi
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Xiilasa

IP paketlori ilo 6tiirtilon Puasson paylanmasina asaslanan nitg vo eloco do 6ziino bonzor trafiklorin
otiiriilmosi zamani NGN sobokolorinds yaddas buferinin hacminin giymotlondirilmasi masalosine baxil-
migdir. Bu sobokolords yaddas buferinin hacminin giymatlondirilmoesi ii¢iin Puasson paylanmasina
osasla-nan nitq, eloco do ozlino bonzor trafiklorin xidmot vaxtlarinin eksponensial vo deterministik
paylanma ganunlarini 6ziinds oks etdiran uygun bir kanalli M/M/1 vo M/D/1 név klassik kiitlovi xidmot
sistemlori asasinda yanagmalar toklif edilmisdir.

Acar sozlar: NGN sabokalari, nitq trafiki, 6ziino banzar trafik, yaddas buferi, yaddas buferinin hacmi,
bir kanall1 klassik kiitlovi xidmaot sistemlori.
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Ouenka oo0bema 0ygepa namsatu B cersix NGN npu nepenaye
pPa3JIM4YHbIX TUNOB Tpaduka

@.I'. Mamenos, M.I'. I'acanos, H.Y. I'apaes

Azepbaiioncanckuii Texnuueckuil Ynusepcumem (np. I /[picasuda 25, baxy, AZ1073, Azepbatioxcan)

Juis mepenucku:
I'acanoB Mexmas / e-mail: mhasanovnew@gmail.com

AHHOTAIUSA

Paccmotpen Bompoc oneHkn o6bema Oydepa mamatu B cetsx NGN mpu mepenade pedn, OCHO-
BaHHas Ha pacrpeneneHus [lyaccoHa, a Takke caMmonogoOHOro TpadukoB, nepenaBaemole |P-makeramu.
Hnst onenkn obbvema Oydepa maMsaTH B 3THX CETIX, NPEAJIOKEHBI MOAXOIbl HA OCHOBE KJIACCHUECKUX
OJTHOKaHAIILHBIX CHUCTEMaxX MaccoBoro obOciyxuBanus tuna M/M/1 m M/D/lc cooTBEeTCTBYIOIIMMU
AKCTIOHEHIIMATLHBIMH U JIETEPMHUHAPOBAHHBIMU 3aKOHAMH PacIipe/ielieHHs] BpeMeH 00CITyKUBaHHS.

Kiouesbie cioBa: ~ Cetu NGN, peueBoii Tpaduk, camonogoOHsiii Tpaduk,0ydep namsry,
00beM Oydepa namsITH, OJHOKaHAIbHBIE KITACCHYECKHE CUCTEMbI
MacCOBOTO OOCITy>KHBaHUSI.

103



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2023, cild 15, M2 1, s. 102-109
Mammadov F.H., Hasanov M.H., Qarayev N.C.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 1, pp. 102-109
Mammadov F.H., Hasanov M.H., Garayev N.Ch.

Introduction

New generation networks are universal
multiservice networks that transfer infinitely
many information (voice, data, video and
multimedia, etc.) based on NGN packet
commutation. This information creates the
information flows in the networks. These
information flows circulating on NGN
networks are characterized by non-
homogeneity and non-stationarity [1]. All the
information flows exchange falling to the
share of the network entry are implemented in
the form of IP packets. The traffic transferred
by IP packets is characterized by rate of fall
(packet/ sec.), average length of the packet
(bit, byte), interpacket time gap, traffic
intensity (bit/ sec.), lost packets percentage
and accidentally accepted packets percentage.
We can conveniently classify the traffics
transferred on NGN networks with the packet
commutation into two groups [2]:

e Poisson distribution- based voice traffic
created using 10T device.

e combined traffic with self-
feature.

Poisson distribution- based voice traffic
is characterized by ripple factor, high latency
sensitivity, as well low information loss
sensitivity. This traffic includes the signs of
stationarity, simplicity and post- impact signs

[2].

similar

A stationarity sign indicates that the
probability characteristics do not depend on
the time. It does not depend for these flows
on the probability on the falling of certain
incidents on the time gap with the length t, as
well selection of their benchmark.

A simplicity sign demonstrates the
probability of falling two or more incidents
on infinitely many short time gap.

Post- impact sign demonstrates that the
voice information, falling on the networks
entry, fall on this
entry not depending of each other.

These features show that the
distribution of interpacket gaps in the voice
traffic is subject to exponential law, and the
packets flow is subject to Poisson
distribution. Therefore, the nature of the
network traffic had been considered for a long
time to be consistent with the Poisson
process, and it was modelled in accordance
with the Poisson model.

However, as multiservice networks
with new packet commutation were created
based on modern technologies as time went
on, there was the need for the clarification of
the nature of the network traffic. This matter
was successfully solved by the scientists from
leading Universities and Research centres all
over the world. Main purpose of the
researches was to develop models that
characterize the characteristics of network
traffic.

The network traffic was widely studied
in Boston University, University of Berkeley,
University of North Carolina, as well in some
Western research and educational institutions.
The most interesting work in this field is the
research conducted by the of Boston
University staff - Mark Crovella and Azer
Bestavros [3]. These researches demonstrated
that the packets circulating on new networks
types fall on its nodes not separately, but as a
whole set and are of the leap nature. Thus,
based on the results obtained from the
measurement of the features of real network
resources, these studies proved that the
network traffic has self- similar feature. For
this purpose, taking into consideration self-
similar features of the traffic, it was necessary
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to review developed network models for
different networks using real data. The
reviews were implemented both in local and
in global networks. During this process, many
interesting questions arose related to the
formation of the traffic with self- similar
feature. The explanation for these questions
was given in more detail in the researches
conducted by Mark Crovella and Azer
Bestavros.

For the first time, high- precision study
of the network traffic was conducted by
Leland and Daniel Wilson in Ethernet local
networks based on hundreds of millions of the
packets [3]. These studies proved that the
traffic in Ethernet local networks has self-
similar feature. Main point was the
demonstration of the fact that it was not
always possible to model self- similar traffic
through Poisson process used in the teletraffic
theory.

The fact that the network traffic has
self- similar feature was determined also by a
number of the scientists studied Ethernet
traffic in Bellcore network, such as W.Leland,
M.Taqqu, W.Willinger, D.Wilson [3]. It is
also was revealed that computational methods
based on Markov models and Erlang
formulas, which were successfully used in the
designing of the telephone networks, lead to
unreasonable optimistic solutions for the
computer networks and incorrect assessment
of the load.

Another one research conducted in this
field is the study of Asterisk network traffic
by J.A. Taradayev and K.A. Bokhan [3].
Asterisk VolP telephony server traffic was
studied in this research. Main point of the
research was determining self- similar feature
of the traffic. In order to do it, statistical
processing of the data was implemented on

selected server using a number of the
methods. As a result of the research
conducted it was determined based on Hurst
exponent that Asterisk network traffic has
self- similar feature. Nowadays, the network
modelling is successfully implemented taking
into consideration self- similar feature of the
traffic.

Self- similar feature of the traffic is
associated with one of the types of fractal
processes, i.e., with the fact that when the
scale changes, the correlation structure of
self- similar process remains unchanged.
Fractality is a feature specific to self-similar
processes. Fractal is mathematical structure of
any part similar to the whole. Fractal concept
was first introduced by Franco-American
mathematician Benua Mandelbrot [4]. From
mathematical point of view, fractal has
fractional (incomplete) value. One of main
features of the fractal is its self-similarity, i.e.,
invariance, in other words, scale invariance.
In comparison with purely random process,
self- similar process seems less smooth, i.e.,
more unequal, in other words, has greater
dispersion [4]. In such a case, important
problems have emerged such as conducting
perfect analysis of self- similar processes and
developing the algorithms for the synthesis of
the network traffic reflecting main features of
these processes.

There is a number of such the
algorithms nowadays. Thanks to the use of
these algorithms, the transmission capacity of
main channels of the networks is used
relatively economically. When submitting the
information flows from different sources on
one main channel the frequency band of this
channel is allocated to each of the sources by
statical or statistical submission method. In
such a case, unlike static multiplexing on the
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frequency band of main channels of the
networks, the benefit is obtained equal to
certain band during statistical multiplexing. In
most cases when analysing self-similar
feature of the network traffic statistical
multiplexing algorithm is widely used [4].

Experimental studies [5-9] show that
the self- similarity of the traffic is formed due
to the distribution of the size of transferred
document on the network, caching effect, the
setting of the users on the file submission,
human factor, superposition of variety of the
communications in the network, as well
combination of many isolated information
sources. In addition, self- similar traffic is
able to be formed in the network due to the
user behaviour, network scaling and
reconfiguration, as well autocorrelation in
non-Poisson traffic within different time
scales. These reasons lead to serious leaps in
the traffic intensity in NGN networks. It
should be noted that self- similar stochastic
processes theory is not as advanced as
Poisson processes theory. However, in
comparison with Poisson model, self-similar
processes model more accurately
characterizes the features of the network
traffic.

Setting a problem

NGN networks designing is multi- stage
process based on Poisson distribution- based
speech, as well complex transfer of the traffic
with self- similar features. The features of
these traffics and the processes occurring
when they are transferred separately have
significant impact on the memory buffer size
of the networks under consideration. In this
regard, when designing the networks under
consideration, it is necessary to assess the
impact of the traffic features on their memory

buffer size and to conduct their comparative
analysis. Therefore, this research sets the task
to assess the memory buffer size of the
networks under consideration when transfer-
ring Poisson distribution-based voice, as well
self-similar inbound traffic and analysing the
results obtained. Such the problems are
usually solved using mathematical devices
such as one-channel classic mass service
systems [10-12]. Therefore, in order to assess
the memory buffer size in the networks under
consideration in this research, Poisson
distribution-  based  voice, as  well
corresponding one- channel classic mass
service systems of M/M/1 and M/D/1 types
reflecting the distribution laws of the service
time of self-similar traffics were used.

Research objective Assessing the
memory buffer size in MGN networks based
on Poisson distribution-based voice, as well
corresponding one-channel classic mass
service systems of M/M/1 and M/D/1 types
reflecting exponential (M type) and
deterministic (D type) distribution laws of the
service time of self- similar traffics, as well
conducting comparative analysis of the results
obtained.

Solution of the problem

The memory buffer size g, was
assessed based on the method demonstrated
in [11]. Based on this method, the memory
buffer size of NGN networks is determined as
follows, taking into consideration the Hurst
exponent characterizing the degree of self-
similarity of the traffic:

Qpuy = p*/2A~H|(1-p)H/C-H), 1)

whereat H is Hurst exponent, p — shows the
network load.
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If we solve this formula taking into
consideration Hurst exponent H=0,5, we
shall get the following formula for one-
channel classic mass service system of
M/M/1 type reflecting
Poisson distribution- based voice traffic and
the distribution of the distribution of the
service time based on exponential law:

Apus = P(1-p).

the feature of

)

Required buffer size in one- channel
classic mass service systems of M/D/1 type
reflecting self- similar feature of the
network traffic and deterministic service
time shall be able to determined as follows:

Qour= (pO/CA—H(1-p)H/A=HD)

The (3) formula is simplified for the

system under consideration at Hurst

exponent H=0,5 and gets the following

form:

Qour = pI(1-p) — p*12(1-p). (4)
In order to determine required

memory buffer size in NGN networks p = 0;
0,1, 0,2; 0,3; 0,4; 0,5; 0,6; 0,7; 0,8 and
H=0,5; 0,6; 0,7; 0,8 inputs were used based
on the (1) — (4) Formulas and computing
experiments were conducted Based on the
results of conducted computing
experiments, the graph of dependency p of
required memory buffer size on qpyy
network load was built (Fig. 1) and
comparative analysis of obtained results
was conducted based on this graph.

2 H/(1-H
—(p?12(1-p)H/CA=HD), (3)
 bu r
=4
MDM/1 modeli, H = 0.5
438
MDD /1 modeli, H = 0.8
42
M/NLL modeli,. H = 0.7
ML/I1 modeli. H = 0.7
30
24 MMI1 modeli, H = 0.6
18 M/ modeli., H = 0.0
2 MNM'1 modeli, H= 0.5
M/ID1 modeli, H = 0.5
o

0

=
tn

0.6

0.7

Figure 1 — The dependency of the memory buffer size in NGN networks on the network load

Conclusion
When p network load and H Hurst
exponent value increases, the memory buffer

size of the network in M/M/1 and M/D/1
models decreases as a whole. When the
network load varies within p= 0+0,6 required
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memory buffer size values at Hurst exponent
H=0,5, 0,6, 0,7 in M/D/1, and H = 0,5, 0,6 in
M/M/1 get very close values. When the
network load varies within p=0 +0,1 and
p =0+0,4, the memory buffer size values in
the networks under consideration at corres-
ponding values of Hurst exponent H = 0,7 and
H=0,8 coincide with the values of the
memory buffer size in M/M/1 and M/D/1
models when the network load varies within p
= 0~+0,6.

Comparative analysis was conducted of
required memory buffer size of the networks
in M/M/1 and M/D/1 models at Hurst
exponent H=0, 5 when the network load
varied within p =0-+0,8 . In such a case, it
was registered that, the memory buffer size of
the network in M/M/1 model had been
increased in average by 22.4% in comparison
with M/D/1 model.

Comparative analysis was conducted of
required memory buffer size of the networks
in M/M/1 and M/D/1 models at Hurst
exponent H = 0, 6; 0,7 and 0,8 when the
network load varied within p =0-+0,8. In
such a case, it was registered that, in
comparison with M/D/1 model, required
memory buffer size of the network in M/M/1
model had been increased in average by
27.6%, 43.9% and 74.7% correspondingly at
Hurst exponent  H =0, 6; 0,7 and 0,8.

Comparative analysis was conducted of
the values obtained at H=0,6, 0,7 and 0,8 for
the memory buffer size of the networks at
M/M/1 model network load p=0+0,8 and
Hurst exponent H=0,5. As a result of the

108

analysis conducted, it was registered that, in
comparison with the values obtained at
H = 0,6; 0,7 and 0,8, the memory buffer size
in the network at Hurst exponent H = 0,5 had
been more by 73,4%, 48,9% and 25,8%
correspondingly at the latest Hurst exponent
values.

Comparative analysis was conducted of
the values obtained at H=0,6; 0,7 and 0,8 for
the memory buffer size of the networks at
M/D/1 model network load p=0+0,8 and
Hurst exponent H=0,5. As a result of the
analysis conducted, it was registered that, in
comparison with the values obtained at
H=0,6; 0,7 and 0,8, required memory buffer
size in the network at Hurst exponent H = 0,5
had been more by 64,4%, 47,3% and 14,7%
correspondingly at the latest Hurst exponent
values.

The dependency of the memory buffer
size of the network in M/M/1 and M/D/1
models on the network load was completely
analysed. As a result of the analysis
conducted, it was registered that while Hurst
exponent values increase in these models, the
buffer memory of the network rapidly
increases, which is justified by the grouping
of homogenous packets and increase degree
of the network load by the leap in the models
under consideration.
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Abstract

The advantage of the textural feature over the NDVI index in solving the issue of remote
recognition of open landfills and buried wastes is noted. A texture-spectral method for remote recognition
of landfill sites is developed, where the spectral feature is used to validate the results obtained from the
texture feature. It is established that it is expedient to perform textural feature recognition by such
intervals of values of the average signal of black-and-white orthophoto images, the value of which is not
less than two times the standard deviation of the noise signal.
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Sonayenin ¢irklonmo sahalorinin miioyyan edilmasi ticiin masafodon
zondlama metodu

Y.N. 9liyeva

Azorbaycan Doviat Neft va Sanaye Universiteti (Azadliq pr. 16/21, Baki, AZ1010, Azarbaycan)

Yazisma iiciin:
Oliyeva Yegano / e-mail: yegane.aliyeva.1969@mail.ru

Xiilasa

Agiq zibilliklorin vo basdirilmis tullantilarin masafodon zondlama taninmasi masalasinin hallinda
tekstur slamatin NDVI indeksi iizerinds iistiinliiklori gostorilmigdir. Masafoden zondlamanin taninmasinin
tekstur-spektral metodu islonmisdir. Burada spektral oslamotdon tekstur olamat {izro alinmis naticalorin
validasiya mogqsadlori {igiin istifado edilir. Miioyyan edilmigdir ki, tekstur olamoti {izro taninmani
ortofototasvirlorin ag-qara orta signalin els interval giymotlorino goro aparilmast magsadouygundur ki,
onlarin qiymati kily signalinin orta kvadratik konara ¢ixmasinin ikiqat qiymotindon ki¢ik deyildir.

Acar sozlor:  tekstura, tullantilar, mosafadon zondlama, spektr, ortofoto, identifikasiya.
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AHHOTaNUA

OTmeueHO MPenMyIIecTBO TEKCTypHOTo IMpu3Haka Haj uHAekcoM NDVI mpu pemennn Bompoca
JIUCTAaHIIMOHHOTO PACIIO3HABAHMS MECT OTKPBITHIX CBAJOK M 3aXOPOHEHHBIX OTX0J0B. Paspaboran
TEKCTYPHO-CIIEKTPAJIbHbIM METOJ JUCTAHLUMOHHOIO PpAaCIIO3HABAHUS MECT MYCOPHBIX CBAJIOK, TIE
CIEKTPAIbHBIA MPU3HAK UCHOJB3YETCS B LEJSIX BAIMAALMN PE3YJbTAaTOB, NOJYYEHHBIX MO TEKCTYPHOMY
MPU3HAKY. Y CTAHOBJIEHO, YTO PACHO3HABaHME M0 TEKCTYPHOMY MPU3HAKY LENeCO00pa3HO OCYILECTBISATH
M0 TaKUM HHTEpBaJlaM 3HAUYEHHH CpeIHEero CHrHaja 4epHO-0eNbIX OpTodOTOM300paKeHUH, BEIWYMHA
KOTOpPBIX HE MEHEe YeM JBYXKpaTHas BEIMYMHA CPEIHEKBAIpPaTHYECKOTO OTKIOHEHUS IIyMOBOTO
CUTHAJIA.

KiroueBble ciioBa: TEKCTypa, OTXOJbl, JIUCTAHIIMOHHOE 30HIUPOBAHHE, CIEKTP, OpTO(OTO,
HACHTU(UKATIHS.
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Giris

Moisot, sonaye va tikinti tullantilarinin
hocmi ilden-ilo artir. Eyni zamanda, ilk
baxisdan ¢coxdan basdirilmis tullantilar o qodor
do tohliikeli deyil, lakin oslinds zaman
kecdikco onlar torpaq vo bitki Ortiiyliniin
cirklonmasi monboyino  ¢evrilirlor  [1-2].
Tullantilarin ~ basdirilmasinin ~ problemi  bir
miiddot kec¢dikdon sonra noinki Avropada,
homginin Moarkozi vo Sorqi Avropada da
boyiik aktualliq kasb edacak [3].

Mbasalonin qoyulusu

Basdirilma saholorinin mosafodon askar-
lanmas1 {iglin tez-tez spektral {sullardan,
xtisuson do NDVI indeksinin hesablanmasi vo
qiymatlondirilmasindon istifade olunur. Bu-
nunla bels, bitki Ortliyliniin gostaricilorindon
istifado yalmiz tullantilarin basdirilma saholo-
rini dolay1r miioyyon etmoys imkan verir vo
asagidaki aprior forziyyolors osaslanir:

1. Basdirilma yerinin tstii bitki ortiiyi
ilo Ortiilmiisdiir;

2. Bitki ortiiyii, 0z ndvbaesindo,
tullantilarin atilmasi sahosindon emissiyalarin
tosiri ilo "stresso" moruz qalir.

Montiqi  qiymatlondirdikdo, yuxarida
gostorilon  tesovviirlorin - nisboton  yeni
zibilliklors nozoron yerino yetirilmasinin

ehtimal1 kifayot qador asagi olmalidir ki, bu da
zibilliklorin mosafodon askarlanmasi1 {izro
goriilon todbirlorin effektivliyini hego endiro
bilor.

Yuxarida gosterilonlora olave olaraq,
geyd edirik ki, NDVI indeksindon istifado
isulu basdirilmis tullantilara da aiddir vo agiq
saholoro edilo bilmoz. Beloliklo, hom
basdirilmig, hom do agiq zibilliklorin yerini
mosafodon miioyyon etmoyo imkan veron
effektiv  alqoritmin iglonib  hazirlanmasi

masalasi hall olunmamis problem olaraq qalir.
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Mbasalanin halli

Fikrimizco, ¢ixis yolu, aciq vo oOrtili
zibilliklorin askarlanmasi ti¢lin elo bir olamot
tapmaq lazimdir Ki, spektral vegetasiya isarasi
ilo miiqayisodo olavo olaraq informativliyo
malik olsun. Bu, tekstur xiisusiyyatidir. Bu
tosovviir agagidaki arqumentlorlo tosdiglonir:

1. Molum oldugu kimi [4] tekstur
olamoti NDVI-don reqressiya asililiginda
tapilir.

2. Daha yiiksok maneoys davamliga
malik olan tekstura olamati yiiksok handoasi
reprezentativliyo malikdir. Bu da onun
zibilliklors miinasibatindo NDVI ilo miiqa-
yisado onu olave informasiya ilo tomin edir.
Umumilikds tekstur alamati NDVI-don forqli
olaraq, tosvirin mokan spektri ilo daha six
baglidir. Eyni zamanda, demok olar ki,
yuxarida gostorilon bitki Ortiiyii indeksi ilo
yiiksok korrelyasiya olagosi saxlayir.

Qeyd etmok lazimdir ki, [4]-do spektral
olamoto alternativ olaraq tekstura olamaoti
toklif edilso do, tekstur olamotininin Yu-
xaridaki  agkar Ustiinliiyi  xiisusi qeyd
olunmamuisdir.

[4]-do  qeyd edildiyi kimi, zibil
tullantilarinin ~ agkarlanmast ii¢lin  Landsat
spektral  tosvirlori ortofoto qara-ag
tosvirlordon ayrica istifado etmok miimkiindiir.
[4]-do oldugu kimi, Landsat sokillorindon
hesablanmig NDVI giymoti ag-gara ortofoto

Vo

tasvirlarin xtisusiyyatlori ilo giicli
korrelyasiya edilmisdir. [4]-do  NDVI-nin
(Landsat)  xarakteristikalar1  ilo  qara-ag

ortofoto tosvirin orta oks etdirilmasi arasinda
asagidaki reqressiya asililigt mévcuddur:

NDVI =-0,0038 - A, + 0,837,
burada A, - gara-ag orto-fotogoklin orta oks
etdirilma qabiliyyatidir.
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Bu halda yuxarida gostorilon iki
gqiymat arasindaki  korrelyasiya  omsali
R? =0,81-dir.

(1) ifadesi bizo gara vo ag ortofotonu
NDVI sokling ¢evirmoys imkan verir.

Bununla bels, qara-ag ortofoto tosvirin
orta oks etdirmo qabiliyyoti NDVI tosvirinden
miiqayiso olaraq daha informativdir. Ciinki,
NDVI ilo reqressiya olaqoasino olavo olaraq,
zibilliyin -~ konturunu  taskil
tezliklorini vizual olaraq daha doqiq gostors

edon mokan

bilir. Bu voziyyoat bizo osas xiisusiyyat kimi
NDVI-ni deyil, ag-qara ortofoto tosvirin orta
oks etdirmo qabiliyyoti kimi istifado etmoyo
imkan verir [7].

Askar edilmis zibilliklorin alava tosnifati
liclin orta oks etdirmo signali iiglin 5 hoddi
toyin etmok moagsadouygundur (sok.1).

A

Amec 2

Amax 1
Al

A

As

Sakil 1 — Taminma haddlorinin yerlosmosi
Figure 1 — The location of the thresholds of recognition

1. Aciq zibilliklor {i¢iin agkarlanma
haddi - A,. A <A, oldugda giiman etmok

olar ki, aciq zibillik askar olunmusdur.

113

2. Basdirilmis tullantilarin askarlanmasi
hoddi -A,. B-do zibillik
A, <A, <A oldugda, zibillik
tapildigini hesab etmok olar.

3. Tullantinin askarlanmamasi hoaddi -

A;. A, <A, <A, igiin biz zibilliyin tapilma-
digin1 hesab edirik.
4. Moaisot tullantilarinin askarlanmasi

hoddi - Anaxl. A<A <Anaxlﬁg1'in hesab

edirik ki, moisot tullantilar1 anbar1 tapilib.
5. Tikinti zibilinin askarlanmasi hoaddi -

Anaxz ) ATIaX]_ < A) < AﬂaX2 tiklntl
tullantilar1 zibilinin tapildigini hesab edirik.

Algoritmin  blok-sxemi  gokil  2-do
gostorilmisdir.

basdirilmis

basdirilmig

ucilin

Avax, V0 Ay, hodlorinin méveudlugu

onunla baghdir ki, [5-6]-0 gOoro moisot
tullantilarinin ~ albedosu  15-35%, tikinti
tullantilar1 1s9 25-40% arasindadir.

Qeyd edok ki,
alqoritmdo bloklarin radiometrik kalibrlon-
mosi ilo eyni zamanda paralel olaraq NDVI
olgmolorinin A, <A, <A, intervalda A,-in
giymatinin toyin edilmasinds, yoni basdirilmis
tullantilarin agkar olunmasi zamani aparmaq
olar. Aydindir ki, radiometrik kalibrlomo
basdirilma yerlorinin vo ya acgiq tikinti vo

yuxarida gostorilon

moisot tullantilariin  fotometrik mosafodon
6l¢iilmasi ilo do hayata kegirilo bilor.

Yuxaridaki
Anaxz _A\naxl; Anaxl+A1;A1_A2;A2 _AB
intervallari daxilindo Aj-m yerinin toyin

edilmasinin  haqiqiliyi masolesini nozorden
kecirok
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Ay gara-af ortofoto tasvirin aks
etdirilmazinin orta signalinin
alinmas
Ha Yox
h A-i {:A||<A.,= l l_
Sistemin
Ha Yox sazlanmast
Zibillilz va ya
basdirilma Ha Yox
Tullantilarm
basdinlmas aghar
Validazsiya: NDVI Maigat zibilin
Slgmalarin “stressin” agkarlanmas
agkarlanmass figin
apariimas l

Walidasiya:
albedonun
Slciilmast
Tikinti zibilin
agkarlanmas
]
Walidasiya:
albedonun
Slciilmast

Sakil 2 — Tekstura-spektral metodun islomasi alqoritminin blok-sxemi
Figure 2 — Block diagram of the algorithm of the texture-spectral method of operation

Gostarilon intervallarda kiiylii orta oks
etdirici signalinin tapilmasmin haqiqiliyini
hesablayaq. Hesab edirik ki,
signalin kodlagdirilmas1 h-a borabor addim
Olglisii olan analogdan roqomsal c¢eviricinin
kvantlagdirilmis miqyasina uygun olaraq
hoyata kecirilir. Hesab edirik ki, gostorilon
signalin ~ kodlasdirilmas1  analog-rogomsal

gostorilon

geviricinin kvantlasdirilmis miqyasi iizro h-a
borabor addimin qiymoti ilo hoyata kegirilir.
[5]-do oldugu kimi, biz forz edirik ki, A,

114

signalinin kvant hiidudlar1 daxilinds paylanma
sixl1g1 barabardir vahiddir, yani.

0, A0<(j—;jh oldugda

P(A)

yh, [j—;jhsAo<(j+;)holduqda

0, U 2(j +;jh oldugda

burada j- ARC-nin kvantlanmis hissosinin

sayidir.
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Sifir orta qiymaot ilo X kiiyiin paylanma
sixl1g1 normal qobul edilir.

P(X)—;ex p _Xiz .
270, 20?7

Sohvsiz kvantlagdirma ehtimali vo ya

Z=A,+X

signalimin tapilma ehtimali asagidaki kimi

verilmis  intervalda  kiiyld

miioyyan edilir.

[2h
&

burada P(Z)- Z -in paylanma sixlhigidir.
[3]-2 uygun olaragq:

1-ex p(—;az)
P =2®(a)- ’

r
a —
2
burada:
1 ¢ t? h
D, (a)=—= “Ulat o=
o(@) m{e”’( 2j o
Sokil 3-do P, = f(a) asilihq oyrisi

tosvir olunmusdur.
P £k

0,7 1
0.5
0.3

0,1

] 2 4 6 g hiox

Sokil 3 — P = f(a) asilihq grafiki
Figure 3 — Curved dependence P= f(a)

Qrafikdon aydindir ki, icaza verilo bilon
Pk =0,5-nin qiymatind h/c, =2 uygundur.

Burdan belo naticoys golirik ki, A, signalinin

giymatlarini sorh edilmok {igiin istifads olunan

intervallar o, -in ikiqat qiymetindon az

olmamalidir.

Natica

Gostorilir ki, tosvirin mokan spektrinin
bilavasito olagoali olan tekstur xiisusiyystinin
parlagliq spektri ilo six alagasi vardir ki, bu da
aclq vo basdirilmis olan tullantilarin yerinin
mosafodon taninmasi masalasini holl edarkon
bu  xiisusiyyotin  NDVI  bitki  Ortiiyii
indeksindon {stilinliiylinii ovvolcodon miioy-
yonlogdirir.

Tullanti olan sahalorinin mosafodon
taninmasi {i¢iin tekstura-spektral metod toklif
olunur. Burada spektral xiisusiyyot tekstur
xlsusiyyotindon  oldo  edilon  noticalori
tosdiglomak tigiin istifads olunur.

Gostorilmisdir ki, doyeri sos-kiiy siq-
nalinin standart sapmasinin iki mislindon az
olmayan ag-gara ortofoto sokillorin orta
signalinin qiymatlorinin bels intervallarindan
istifado etmoklo faktura tanimmasi moqgse-
douygundur. Qeyd olunmusdur ki, tekstura
xlisusiyyoti tizro taninmani ortofoto sokillorin
ag-qara orta signalinin elo interval qiymot-
lorine uygun olaraq aparilmasi moqsadouygun
hesab olunur ki, onlarm qiymoti kily
signallarinin ortakvadratik konara ¢ixmasinin
ikiqat qiymatindon az deyildir.

Maraglar miinaqisasi

Miisllif bu mogalods arasdiriimasi tolob
olunan maraglar miinaqisasinin olmadigini
geyd edir.
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Abstract

The main pollution index of wastewater contaminated with organic compounds — COD of
wastewater obtained from the production of alkyd resins — varies between 20000-40000 mg/L. The 50%
reduction in the amount of organic compounds is achieved in the wastewater treatment using aeration, acid
cracking, oxidation process and their combined methods. The chemical oxidation is carried out with
hydrogen peroxide and Fenton's reagent. The oxidation with hydrogen peroxide in an acidic medium led to
the removal of 50% of organic compounds. This value in the Fenton reaction — the advanced oxidation is
up to 60%, the optimal mode of this process is established.

Keywords: alkyd wastewater, chemical oxygen demand (COD), aeration, acid cracking, Fenton
reaction.
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Xiilasa

Alkid istehsali zamani alinan tullant: sularinin asas kirlonmo géstoricisi torkibindo tizvi madds saxladig: tigtin
KOE-nin giymoti 20000-40000 mg/I arasinda doyisir. Tullant1 sularmin tomizlonmoasinds havalandirma, tursu krekin-
qi, oksidlogsmo prosesi va bunlarin birge kombinasiyalar: tatbiq edilarok, tullanti sularindaki tizvi birlosmalarin 50-
60% azalmasina nail olunmusdur. Kimyavi oksidlasma hidrogen peroksidlo va Fenton reagenti ilo aparilmisdir. Hid-
rogen peroksidls turs miihitds oksidlosma tizvi maddoalarin 50% konar edilmasi ila naticalonmisdir. Darin oksidlosma
ilo gedan Fenton reaksiyasmda bu giymat 60%-o gador galxmus, bu prosesin optimal saraiti miiayyon olunmusdur.

Agar sozlor:  alkid tullant1 suyu, kimyavi oksigen ehtiyaci (KOE), havalandirma, tursu krekingi, Fenton reaksiyasi.
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AHHOTAIHSA

OCHOBHOW TOKa3aTellb 3arps3HEHHs] CTOYHBIX BOJ OpraHudeckuMu coenuHeHusMu — XIIK (xumuueckas
MOTPEOHOCTh B KHCIOPOJE) TPH MPOU3BOACTBE AIKHIHBIX CMOJ W3MeHseTcs B mpenenax 20000-40000 mr/m. B
paboTe ommcaH METOJ, TO3BOJITIONIHI JOocTHYb 50%-HOr0 CHIDKCHHS KOJIHYECTBA OPTaHUYCCKUX COCTUHECHUH IpPU
OYMCTKE CTOYHBIX BOJ C MNPUMEHEHHEM a’palu, KHCIOTHOIO KPEKMHKA, OKHCIUTENIBHOTO Ipolecca M HX
KOMOWHUPOBAHHBIX METOJIOB. XMMHUYECKOE OKHCIICHHE NMPOBOJIWIHA TEPEKUCHI0 BOAOpOAa M peakTuBoM (DeHTOHa.
OxucneHre MepeKruchbio BOJOPOJa B KHCION cpeae mpuBeno K yaaneHuto 50% opraHudeckux coeluHEeHUil. DTo
3HaYeHUEe B peakiuu DeHTOHA NpU YCOBEPIICHCTBEHHOM OKHUCIEHHH cocTaBmwio mpumepHo 60 %. YcraHoBieH
ONTUMAJILHBIM PEXUM ITOTO MpoLecca.

KuioueBbie ciioBa: aJKUJHBIE CTOYHBIC BOJBI, XMUMHUYecKas moTpeOHOCTh B kuciopoae (XIIK), aspamus,
KHUCJIOTHBIN KPEKUHT, peakiys DeHToHa.
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Giris

Sonayenin siiratli inkisafi ilo ekoloji
problemlor giindon giino artmagdadir. Bu
problemlorlo miibarizo get-gedo aktual maso-
loya cevrilmokdadir. inkisaf etmis 6lkalordo
igtisadiyyata fayda veran istehsalatla yanasi
bu istehsalatda ortaya ¢ixan ekoloji problemls-
rin holli do miihiim shomiyyat dasiyir. Insan
hoyatinin ayrilmaz bir hissasi olan straf miihi-
tin vo tobii sarvatlorin on faydali sokilds istifa-
do edilmosi tigiin paralel olaraq islor apariima-
lidur.

Tomizlonmasi ¢ox ¢atin olan tullant: su-
larinin bir névii do yagl boyalarm xam mad-
dasi olan alkid gatranlarinin istehsalindan ali-
nan sulardir. Alkid getranlar1 “Uzvi maddalor,
plastiklor vo sintetik liflor” sonayesindo efir-
losmo prosesi noticasinds alinir va tikinti, bo-
ya, avtomobil, ortiik materiallar1 sonayesinds
Va S. genis tathbiq sahasinae malikdir. Son 20-25
ildo 6lkomizds bu maddolarin istehsalinin art-
masi ilo alinan tullant: sularimin tamizlonmasi
moasalasina etinasiz yanasmamaq son doracads
vacibdir. Lakin alkid tullant1 sulart mévzusun-
da hayata kegirilon iglor oldugca mohduddur.
Tullant1 sularinin fiziki-kimyavi yollarda ilkin
tomizlonmoasinin todgiqi vacibdir. Alkid got-
ranlar1 polispirtlor vo polifunksional tursularin
kondenslosmasi reaksiyasi naticasinds alinan
sintetik gotranlardir.

Molum oldugu kimi tobistdo gotranlar
bitkilords bir yagin igindo orimis halda vo ya
yapisgqan maddolorlo birlikdo tapilir. Lakin
gotranlar bitkilordon tomiz halda alinmir, onla-
r1 yag maddalorinin reaksiyalarmdan olds et-
mok olur. Hazirda tobii gotranlarin avazino fi-
ziki xassaca eyni, kimyavi xassaca forgli olan
stini goatranlardan istifads edilir. Stini gatranlar
an ¢ox boya, ortiik materiallari, lak, yapisdirici
Vo ion dayisdiricilorin istehsalinda tatbiq edi-
lir. Boya vo ortiik materiallart sonayesindo
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gotranlar baglayici madds olaraq istifads olu-
nur. Baglayict maddo olarag gotranlar soth
tizarina ¢okilmis boyanin fiziki miigavimatini
tomin edir, yani yapisma, cizilma, zarbays da-
yaniqliq, estetiklik, kimyavi maddslora qarsi
dayaniqliq, korroziyaya qarsi dayaniqliq, qu-
ruma miiddoti kimi bir ¢ox funksional xassalor
bunun hesabina meydana golir.

Molum gotran noévloarindan poliefir got-
ranlar, standart alkid gotranlari, nitroselliiloza
gotranlari, fenol gotranlari, karbamid gotran-
lar, poliuretan gotranlar, epoksi gotranlar vs s.
misal gostormok olar [1].

Polispirtlor vo polifunksional tursulardan
alinan va sintetik gotranlarin bir novii olan al-
kid gotranlar [2] diiz zoncirli maddslordir. Be-
lo qurulus gotranlarin istifado sahasini moh-
dudlasdirir, ona gore do onlar digor maddalor-
lo modifikasiya olunaraq tez vo yavas quru-
yan, sort vo elastik xassali forgli gotranlar ali-
nir. On ¢ox mMmodifikasiyaedici maddo kimi
yaglar daxil edilir. Masalon, poliamid gstran-
larla modifikasiyadan xarici sortlora qarst mii-
kommoal dayaniqli vo parlagligini uzun miiddot
goruyan mohsullar alinir.

Efirlosmo reaksiyasinin timumi sxemi
asagidaki kimidir:

RCOOH + R'OH < RCOOR' + H,0

Efirlosmo reaksiyasinin torsi hidroliz
reaksiyasidir, bels ki, reaksiyani efirlosma isti-
gamatino yonaltmak tiglin suyu miihitdon ¢1-
xarmaq lazimdir. Polispirtlorin yag tursular
ilo reaksiyasi {igiin 230-235°C vo yaxsli garis-
dirma talob olunur.

Toadqiq edilon alkid istehsalinda asagida-
k1 maddolordan istifads edilmisdir:

Yag tursulari:

HOOC(.CH = CH — CH, —
—CH = CH(.CH;
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linolein tursusu: (50-57%)
HOOC(CH, ), CH = CH(CH,),CH,

olein tursusu: (20-25%)
HOOC —(CH,),, — CH,
palmitin tursusu: (10-12%)
HOOC(cCH =CH—-CH, — CH =
= CH - CH, — CH = CH — CH, — CH4
linolenin tursusu (5-9%)
HOOC —(CH,),, — CH ,Stearin tursusu (2-5%)

1) Polispirtlor:
HO OH
- >
OH
Penta eritritol
HO — CH, — CH, — CH, — OH gliserol

2) Anhidridlor: Ftal anhidridi; Malein an-
hidridi.

Alkidin alinmast iki yolla hayata kegirilo
bilar: ikimarhalali va birmarhalali. Birincids
reaksiyaya tursu daxil edilmadon o6nco, yag
spirt ilo transefirlosmoya girmalidir (alkoliz),
reaksiya monogliserid alinmasi istigamotinds
aparilmalidir.

Reaksiya 230-250°C-do Katalizatorun
(NaOH) istirakinda gedir. Reaksiya naticasin-
do spirt, monogliserid, biraz digliserid va gev-
rilmays ugramis bir garisiq amolo golir. Ikinci
morholads garisiq 180°C-ya godor soyudulur
Vo tursu olavo edilir. Sonra temperatur 220—
255°C-yo godor artirtlir, yagla modifikasiya
edilmis alkid gotrani alinir.

Prosesin sxemi asagidaki kimidir:

I marhalo
0
0 z
CH,-0-CZ R CH, - OH C|H2_O_C_R
0 az miqdarda
Z _ —>» 3CH-OH e
CH-0-CZR, ¥ 2CH-OH * digliseridlor
0]
Z _ H,— OH
CH,- 0 -CZ R, CH,-OH ¢ 2 O_
monoqliseridlor
Il marhala
— O —_
Z _ _
CH,-0-C-R CH e ( jclalt j
C-
CH-OH HC
+ N C\O (|3 + nH,0
HC 7
_ c-c
e on CH X %
L an 0 R

Ikinci yol tokmorhalali yag tursusu pro-
sesidir. Burada polispirt, yag tursular1 vo poli-
funksional tursu olavasi eyni vaxtda edilir vo
proses 220-255°C-do aparilir. Yag tursularinin
yaglardan daha bahali olmasina baxmayaragq,

prosesin getmo miiddatinin yagl alkid gatrani
istehsalindan daha qisa olmasi, birmarhalali
olmasi va daha agiq rangli gotranlarin alinmasi
sobobi il tistiinliik togkil edir.
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CH, - OH CH o
| cc”?
CH-OH . HC c:\
n /o —
HC
CH,— OH C-C
? CH X0

CO- 0 -CH,— CH-CH,- 0-OC OH

; Q CO-0-CH, - ClH —CH,- 0-0C

...—CH,— CH-CH,- 0-0C OH

OH

Alkid istehsalinda efirlosmo reaksiyasi  karbohidrogen va s. do istifads edils bilor. Bu-
noticasinds alinan kondenslosmo suyu CO; vo  rada ksilol islonmisdir. Ftal tursusu oavazins
Ny kimi inert gazlar vasitasi ilo konarlasdirilir.  anhidridinin islonmasi ilo daha az miqdarda
Bu metodla suyun konar edilmosi fiziki vo  kondenslosmo suyunun ayrilmasina nail olu-
kimyavi itkilora do yol aca bilor. Bu mogsadls,  nur. Masalon, ftal anhidridi ilo yarim efir alin-
aromatik karbohidrogenlor, ksilol, toluol, xlor-  dig1 zaman su ayrilmur.

//O

c

Ny 4 Ste-CH, COOH

o T o

SN OH OH CO-O-CH,~CH,~OH

Reaksiya miihitindo istirak edon malein  maddolordir (UUM). Ona géro do UUM gosto-
anhidridi iso yag tursulari ilo Diels-Alder vo  ricisi do nozoro alinmalidir. UUM parametri

ovozetmo reaksiyasina girorok gotranin ozIilii-  ilo asagr molekullu, hidrofob maddoslor miioy-
ylinii artirir, ona daha yaxsi rong verir. yon edilir.
Tullant: sularindaki tizvi maddalarin to-
Alkid istehsalimin ¢irklanma gostaricilari mizlonmasi asagidaki morhololordan kegir:
EPA-ya goro (US Environmental Protec- Havalandirma — qaz transferi nozariyyo-
tion Agency) tullanti sularinin kirlotma goste-  si Whitman vo Lewis torafindon verilmis iki-
ricilori bunlardir: tobago modelini asas alir. Havalandirma va ya
1. Biokimyavi oksigen ehtiyaci (BOEs) gaz transferi tullantt sularmin tomizlonmasin-
2. pH da ¢ox istifads edilon yoldur. Maisat suyunun
3. Kimyavi oksigen ehtiyaci (KOE) tomizlonmosinds do iy vo dad problemlarina,
4. Umumi iizvi karbon (UUK) [3] korroziyaya sobab olan bir ¢ox maddolorin ke-

Bu gostoricilor demok olar ki, tizvi mad-  nar edilmasi, dezinfeksiya moagsadilo xlorlama
dalarls ¢irklonmani tomsil edir, bels ki, sudaki  prosesi gaz transferins asaslanir. Burada mad-
cirklonmanin manboayi tizvi maddslardir. Bun-  doalorin bir fazadan digerina kegmasi (transfe-
dan olavo alkid gotranlarinin istehsali proses-  ri) kiitlo dasinmasina asaslanan fiziki prosesdir
larinin mohsulu olan tullant1 sular1 ugucu izvi  [4].
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Tursu krekingi — tullant1 sularindaki yag
asilganlarinin ~ (emulsiyanin)  pargalanmasi
ticiin istifads edilir. Kimyavi reagentlorin sla-
vasi ila gedan tursu krekingi reagentin néviin-
don, migdarindan, pH-dan, garigdirma siiratin-
don, temperatur vo reaksiya siiratindon asilidir
[5]. Tursu krekingi ilo sudaki yaglarin konar
edilmasi koaqulyasiya-flokulyasiya proseslori-
nin mexanizmina osaslanir. Reagentlor yag
asilganlarin1 qiraraq ¢okobilon formaya ¢evi-
rir. Masalon, alum, FeCls, polimerlor vo s.
emulsiyaparcgalayict maddalarlo suya reaktiv
kationlar (H*, Fe*®, AI*®) verilir [5].

Suya verilon reaktiv ionlar (H*, Fe*,
AI"®) emulsiyanin suda stabil halda durmasini
tomin edon elektrostatik qiivvalori qirir. Bu
kationlar destabilizatorlar adlanir. Kalloid des-
tabilizatorlarda asas dord mexanizm bas verir:

1. Ciit tobago tozyiqi: holledicidoki oks
yiiklii tmumi ion migdarini artiraraq stirisma
sathinin azaldilmasina asaslanir. Aradaki mo-
safo azalaraq kalloidlor VVan der Vals qiivvasi
ilo bir-birini ¢okar. lon giiciinii artiraraq (mii-
hito kicik 6l¢iilii, amma boyiik pozitiv yiikli
ionlar verarok), ciit tobogo tozyiqi yaradilir.
Moasalon, tullant: suyuna Na* kimi birinci osas
grup elementlorinin elektrolitlori ila.

2. Yikiin neytrallagdirilmasi. Sistemdo-
ki manfi yiiko eyni olan miisbot yiikiin olave
edilmasing, yani Stern tobogoadoki (elektrosta-
tik qiivvalorin tosiri ilo horokatsiz ionlarin ya-
ratdigi tobogo) ionlarin neytrallasdiriimasina
osaslanir.

3. Yumagq i¢indo tutmaq — kalloidlarin
bork madds yumag: igina salinaraq ¢okdiirtil-
masina osaslanir. Bunun iiciin Fe*3, Al*®, Fe*?,
Cr*-iin hidroksidlori (hollolmalart ¢ox asag
oldugu tg¢iin) istifado edilir, belsliklo kalloid-
lorin xeyli ¢okdiirtilmasi oaldo edilmisdir. Am-
ma bu yol, ¢ox koaqulyant sarf olundugu ii¢iin
iqtisadi baximdan olverissizdir.

4. Korpii yaratmaq — sintetik polimerlor
istifado etmoklo kalloidlor destabilizasiya olu-
nur. Kalloidlor monfi yiiklii oldugundan ¢ox
vaxt anion polimerlor totbiq edilir. Polimerlor-
doki funksional gruplarin bir hissasi kalloid
pargasiin sothindo adsorbsiya olunur, galan
hissasi iso maye faza igindo ¢okiintiiys kegar.
Ogor iki kalloid pargas1 polimer adsorbsiyasi-
na uygun funksional uclari ilo tomas edarss,
segmentlorarasi korpii amolo galor. Polimer isa
korpii rolunu oynayir.

Oksidlagma — prosesi tullanti suyundaki
maddolorin oksidlosmasi istigamatinds apari-
lir. Oksidlagsmo prosesinds asas talobat prose-
sin sonunda yenidan zororli tullantilarin alin-
mamasidir, eyni zamanda oksidlasmonin ef-
fektivliyi yiiksok olmali, tomizloma prosesi
asan vo ekonomik cohoatdan alverisli olmalidir.
[6, 7]. On ¢ox istifado olunan vs igtisadi co-
hotdon olverisli olan oksigen ilo oksidlogma-
dir. Malum oldugu kimi oksigen suda c¢ox az
hall olur, atom kimi reaktiv olmasina baxma-
yarag, molekulyar formada aktivliyi ¢ox azdir.
Tullant1 sularinin tomizlonmasinds komokgi
vasito kimi istifado edilir.

Digor vasito xlorla oksidloasmadir. Xlorla
oksidlosma asasan geyri-tizvi maddalorin ok-
sidlagmasinds va dezinfeksiyaedici olaraq isti-
fado edilir. Hipoxlorit (OCI™), xlorofenol, xlo-
raminlor, xlordioksid kimi maddalor istifads
edils bilor [6].

Kalium permanganatla oksidlosma tursu
miihitinds asagidaki reaksiya iizro gedir:

MnO, +8H"+5¢ <4H20+Mn*?
MnO, +4H"+3e"-2H20+MnO,

Kalium permanganat bir ¢ox oksidlosma
prosesinda istifads olunsa da, tizvi maddalarin
oksidlagsmosindo moahdud halda istifads olu-
nur.
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Hidrogen peroksid suda hall olan giiclii
oksidlosdirici olub, turs muhitdo:

H,0,-0,+2 H*+2¢

Peroksidlo oksidlosma prosesi bir gox
tizvi maddolorin oksidlosmasinda va xlorun to-
mizlonmasinds istifads edilir. Son illordo UB-
H,0, oksidlosmasi boyiik maraq kasb edir.

Ozonla oksidloasma — Digor giiclii oksid-
lagdiricilorlo miiqayisada ozonun oksidlosma
glicii ¢ox yiiksokdir. Ozonun sularda oksidlos-
dirma giicii pH-dan voa reaksiya miiddatindan
asilidir. Ozon tizvi maddoslords C—C rabitalori-
ni, hatta aromatik halgonin rabitslorini qira bi-
lor.

Turs miihitda:

03+2H++28_—>02+ H,O

Osasi miihitdo ozonun oksidlasma giicii
azalir:

O3+ H,0 +2e »0,+20H"

Son illords tokmillosdirilmis oksidlosmoa
proseslori iglonib hazirlanir. Bu proseslorin bo-
yiik hissasi oksidlagdiricilorin UB ila birlikda
totbiqina, bir hissasi do iki oksidlogdiricinin
birlikds totbigino osaslanir [8, 9]. Masalan,
Fenton prosesi su va torpaq kirlonmasinds ge-
nis totbiq edilon prosesdir. Klassik Fenton pro-
sesinda bir va ya bir nego oksidlosdirici (H,0,
va ya O) va bir katalizator (metal duzu, gox
vaxt domir duzu) istifads edilir. Foto Fenton
prosesindo iss Fe*® vo Fe*2-nin reduksiyasi za-
mani tullantilart pargalayan giinos isig1 vo ya
stini is1q monbayi istifads edilir [10,11]. Reak-
siyalar sorbost radikallarla hoyata kegirilir:

H,0,+Fe**—>-OH+OH +Fe**
RH+-OH ->H,0+R
H,0,+Fe* " >H"+FeOOH™"
FeOOH?*—-HO,+Fe?
‘R+Fe** >R+Fe**

Fenton reaksiyasinda prosess tasir edan
faktorlar: pH, Fe:H,O, nisbati, geyri-iizvi kar-
bonun gatilig1 vo ligandmn varligi osas para-
metrlordir [11].

[11]-do benzol tursusu, ftal anhidridi va
alkid gatraninin diger xam maddolori tullanti
sularindan dimetilbenzola keg¢irilmis, sonra
gatilasdirilaraq  dimetilbenzolun  ayrilmasi
tictin distillo edilmisdir. Tullant: sularinda olan
benzol tursusu vo ftal anhidridin 95%-don ¢o-
Xu barpa olunmusdur, digar torafdon tullant:
suyunun KOE qiymati xeyli azalmisdir.

Tacriibi hissa

Bizim tocriibalords, Azorbaycanda ilk
alkid istehsalim1 hoyata kegiron vo Bakida
foaliyyat gostoron Sobsan Boya zavodundan —
alkid gotranlar: istehsali sexindon gotiiriilmiis
tullant1 sular istifado olunmusdur. Tocriibalor
forgli 3 alkid tullant: suyu ilo apariimisdir.

Istifado olunan reaktivlor FeCl; CAS
7705-08-0, Fenton reagenti CAS 36047-38-8,
Polielektrolite CAS 9003-05-8.

KOE-nin élgmoalari Cinin 6CV8 modelli
COD aparatinda aparilmigdir, havalandirma
tullanti suyu tigiin olan LANYUOO modelli
diffuzorda edilmisdir, IQS-nin oyrilori NICO-
LET IS 10 (Firma Thermo Scientific, USA)
spektrometrds gokilmisdir.

Ayrilan kondenslosma suyunun, reaksi-
yanin baslangic maddslorinin vo reaksiyanin
asas maddasi olan alkid gotraninin 1QS oyrilori
¢okilarak suyun tarkibina kegon funksional
gruplara asasan tullantt maddolorinin asas his-
sasinin yag maddalari oldugu isbat edilmisdir.

Sokil 1-do 3421 sm™ COOH grupunun
O—H rabitasinin dimer vo ya assosiativ vaziy-
yatdo valent titromalarinin intensiv udma zo-
lagidir. 1868 sm™ karbon tursular: iiciin  Xxa-
rakterik olan tursu anhidridins uygundur. 1701
sm™ COOH grupunda C=0O rabitslorinin va-
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lent titromoalorinin  udma zolagidir. 1406;
927,9; 835, 88; 685,56 sm™ COOH grupunda
O-H rabitalorinin deformasion titromalarinin
udma zolaglaridir. Bununla da tullanti sularin-
da tizvi tursularm olmas: siibut olunur. Bun-
dan slava, 2926, 88; 2956; 2854 sm™ tursu
molekulunda CHj3; vo CH; gruplarinda C-H ra-
bitasinin valent titromolarinin udma zolaglari,
1458 sm™ isa hamin rabitonin deformasion tit-
romalarinin udma zolagidir. Burada baslangic
maddo Kimi gotliriilmis doymamis tursular
pargalanaraq kigik molekullara gevrilo bilar,
yaxud da doymus hala kega da bilor. Eyni za-
manda, oldugu sakilda zancirin tarkibina daxil
do ola bilor. Bunun miisyyan olunmasi vacib
hesab olunmamisdir.

Sokil 2-do 3500,99 sm™ O-H rabitssinin
dimer vaziyyatina (qgliserinin artigi1 ola bilar),
3069; 3007,90 sm™ aromatik niivenin C—H ra-
bitasinin, 1732 sm™ miirokkab efirin C=0 ra-
bitosinin, 1599; 1580; 1488,86 sm™ aromatik
niivonin saciyyavi udma zolaglarina, 772,87;
742; 705,82 sm™ aromatik niivonin C—H rabi-
tosinin miistoviden kenar, 1599 sm™ iso homin

rabitonin miistovi deformasion titromolarinin
udma zolaglarina uygundur.

Sokil 3-do 3008,63 sm™ C=C grupuna
bagli C-H rabitesinin, 1709 sm™ karboksil
grupunun C=0 rabitosinin, 1412,83 sm™ ho-
min grupun O—H rabitosinin miistovi deforma-
sion, 938 sm™ iso hamin grupun miistovidon
konar deformasion titromolorinin udma zolag-
lardr.

Sokil 4-do 1852,91-1711,96 sm™ araligi
tursu anhidridinin, 3090 sm™ aromatik niivads
C—H rabitosinin, 1597,50; 1515 sm™ aromatik
niivodo C=C rabitasinin valent titromalarinin
udma zolaglaridir. Buradan belo noticays gol-
mok olar ki, tullantt suyuna izoftal anhidridi
ke¢momisdir. Udulma zolaglarinin tahlilindon
belo naticays galmok olur ki, reaksiyanin asas
mohsulu (alkid gotrani) izoftal anhidridi, yag
tursularinin fraksiyalarinin funksional grupla-
rin1 saxlayir, tullanti suyu iss asasan yag tursu-
lart vo ucucu maddoalordon ibarstdir. Bizim
tocriibbads ugucu maddslor tutulmamisdir (sa-
daca konarlasdirilmigdir).
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Sakil 1 — Distillo edilmis tullant: suyunun IQS oyrisi
Figure 1 — IR spectrum of distilled waste water
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Sokil 2 — Alkid gatranmin 1QS oyrisi
Figure 2 — IR spectrum of alkyd resin
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Figure 3 — IR spectrum of soybean fatty acids
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Sakil 4 — Izoftal anhidridinin IQS oyrisi

Figure 4 — IR spectrum of isophthalic anhydride
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Sakil 5 — a) Adsorbendsiz a¢i1q havalandirma; b) adsorbentli havalandirma
Figure 5 —a) Aeration without adsorbent; b) aeration with adsorbent

Hansi név madds olmasindan asili olma-
yarag, tullanti suyunun torkibina daxil olan
maddolor asagidaki yollarla konarlagdirilaraq
onlarin KOE-sinin dayismasi izlonmisdir. Bu-
rada alkid gotran istehsali zamani alinan tul-
lant1 suyu ksilolla (azeotropik garisiq amalo
gotirmoa gabiliyyatina géro) kenarlasdirilir. Bu
refliiks prosesinda ksiloldan basqga holledicilor
do istifado edilo bilor. Alinan sularda KOE
giymoti xeyli yiiksok olmusdur. Sritma meto-
dunda (halledicisiz) refliiks tigtin ksilol istifa-
do olunmadan alinan alkid tullant1 suyunda da
KOE qgiymati yiiksok alinmisdir.

Yani halledicinin olub olmamas: bu ba-
ximdan bir forg yaratmir. Tullanti suyu spesi-
fik iyo malik garisigdir. Bu iya Sobob efirlos-
mo zamani olavo reaksiya mohsullari olan
yiiksok molekullu maddolor — efir oligomerlo-
ri, yaxud ki¢ik molekullu efir, keton va alde-
hid quruluslu karbonil gqruplu maddalar ola bi-
lor. Alkid tullant: sularinin bioloji par¢alanma
gabiliyyati olduqca azdir, bels ki, o tarkibinds
qiivvatli lizvi maddalor saxlayir. Ona goro do

mixtalif ilkin tomizlonma moarhalslarindan
kegarok asasli tomizlomays ugradilmalidir.

Birinci morhalo olan havalandirmada
asas diqget edilon amil havalandirma miiddati-
dir (t). Havalandirma ilo iy vo dad veran gaz-
lar, ugucu tizvi maddoalor, CO,, H,S kimi kor-
roziya tosirli gazlar vo metan kKimi mixtolif
gazlar konarlagdirilir.

Havalandirma tocriibalori adsorbent isti-
rakinda vo adsorbentsiz olaraq aparilmigdir.
Biitiin proseslor pH-in tosirini 6lgmak iiciin
turs vo neytral miihitdo (pH=2-3 vo 7) hoyata
kecirilmisdir. Havalandirma sistema diffuzor
vasitasilo hava verilmasi ilo 30-35 saat miiddo-
tindo davam etdirilmisdir.

Miixtolif saatlarda (havalandirmadan ov-
val va havalandirmanin 1, 2, 3, 4, 5, 6, 8, 10,
12 ... saatlarinda) KOE o6l¢iilmiis, havalandir-
ma zamani pH-in doyismoadiyi miioyyan edil-
misdir.

Adsorbentli qurguda iso hava ilo dasinan
UUB atmosfera deyil, icinds NaOH mohlulu
olan bagli bir nego gqazyuma gablarina verilir.
UUB burada tutulur (sokil 5). Adsorbentli ha-
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valandirma tullant1 suyunun miihiti doyisdiril-
modon (pH=2-3) aparilmisdir. Havalandirma-
dan avval vo yeno bu miiddat araliglar: ilo 150
saatadok KOE ol¢iilmiisdiir. Naticalor cadval
1-do verilmigdir.

Cadval 1-don goriindiiyii kimi adsor-
bentli vo adsorbentsiz havalandirma ilo UUB

34-42% konar oluna bilor. Tullanti maddalo-
rindoki UUM tadqiq edildikdo belo noticoyo
galinmisdir ki, bu birlosmalor iki qrupa ayrilir:
birincisi geyri-polyar, suda hsllolmayan, ucu-
culugu ¢ox yiiksok, pH-1n biitiin giymatlorinda
ucucudurlar va tullant1 suyunun UUB-nin gox
hissasini togkil edir.

Cadval 1 — Adsorbentsiz vo adsorbentli havalandirmada tullant: suyunun KOE-nin azalma doaracasi
Table 1 — COD reduction of waste water after aeration without adsorbent and with adsorbent

Adsorbentsiz Adsorbentli
Havalandir- | KOE, g/l (pH=2-3) KOE, g/l (pH=7) Havalandirma - KOE, g/l (pH=2)
ma middati, - muddoti, saat
saat
0 32 38 0 37
1 28 33 2 34
2 27 31 4 32.2
3 26 30 6 28.8
4 25 28 8 27.8
5 24 26 20 26
6 23 25 25 25.6
8 22 23 70 25.6
10 21 22 80 24
12 20 21 150 24
35 20 21
KOE-nin 37% 42% KOE-nin azalmasi 34%
azalmasi

Tocriibo zamani da pH-1n 2 va 7 giymat-
larinds 35 saat arzindo havalandirmanin nati-
Ccasing asasan alinan tullant suyunun KOE-nin
giymoatlorindoki yaxinliq bunu isbat edir. ikin-
cisi polyar quruluslu, ionlasmamais kigik mole-
kullu birlasmalardir, pH=2 giymatinds ugucu-
durlar, lakin pH artdigca ionlasma artir vo
ucuculuglar azalir. Alkid tullant1 sularinda ha-
valandirmanin optimal miiddoti 15-16 saat
olaraq segilmisdir. Masalonin digar torsfi, ha-
valandirma prosesi zamani atmosfera toksiki
birlosmolor verilir. Ona gora do ugucu maddo-
larin har hansi bir bark vo ya yag miihitds tu-
tulmasi vacibdir. Masalon, mil yagi (spindle
oil) tutucu olaraq istifado edilo bilor. ikinci
morhalo — tursu krekingindos asas parametrlor-
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don biri pH-dir. pH-n asagi giymatlorindo
alum, FeCl; kimi koaqulyantlarla suya xeyli
miqdar kation verilir, bu da suda yiikiin
neytrallasmasina sabab olur, bir migdar yagin
parcalanmasindan sonra pH-in  artirilmasi
koaqulyant duzlarin hidroksidlarini amalo go-
tirir, bunlar da galan yag hissaciklarini adsorb-
siya edir, belaliklo, yaglar ya 6z agirliglart ilo
¢okar, ya da faza soklindo sudan ayrilar. Al-
kid tullant1 suyunda tizvi yaglarin olmasi soboa-
bi ilo kimyoavi tursu krekingi yagh sularda
yiiksok tomizlomo vod edir. Prosesds osas pa-
rametrlor pH va istilikdir. pH-1 asag1 salmagla
(tursu olava edoarak) vo tullanti suyunu qizdir-
magqla effektiv bir tursu krekingi aparmagq olar.
Belo ki, tursu olavasi ilo bol migdarda H* ionu
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tomin edilir va yiikiin neytrallasmasi ilo desta-
bilizasiya bas verir. Burada Al duzlar1, Fe duz-
lar1 istifado edilmisdir.

Tursu krekingi ham havalandirilmas,
hom do havalandirilmamig niimunado, tullant:
suyunun orijinal pH-da ti¢ marhalads hoyata
kecirilmisdir.

1) Tullantt suyuna FeCls3 moshlulu
(koaqulyant) verilorak, 15 daqigo siiratlo garis-
dirtlir (11 tullant1 suyuna 1g koaqulyant veril-
misdir).

2) Qarigdirilmanin ~ siiroti  azaldilaragq,
geyri-ion polielektrolit (10 mg/l) slavs edilib,

yavas qarisdirilma 15 doagige davam etdiril-
misdir.

3) Niimuno 3 saat ¢okma ligiin gozle-
dilmisdir. Cokiintii vo maye bir-birindan ayril-
digda tist fazanin KOE-si miiayyan edilmisdir.

Niimunalora eyni miqgdarda reagentlor
verilmisdir. Cadval 2-don gériindiiyi kimi 35
saat havalandirilmis vo daha sonra tursu kre-
kingina moruz galmis birinci niimunads KOE-
nin giymati 32% asag diisiib (Q — havalanma-
nin siddoti).

Cadval 2 — Havalandirilmis va havalandiriimamis nimunalarin tursu krekingindon sonra KOE giymatlori-

nin doyismasi

Table 2 — Change in COD values after acid cracking of aerated and non-aerated samples

Havalandirilmis niimuns KOE,, g/l | KOE- Tomizlonmo Tomizlonmo
son, g/l % Xam niimunays gors, %

Havalandirilmamis xam niimuno 31 24,5 21 21
Havalandirilmis (4Q) 19 13 32 58
Havalandirilmamis xam niimuna 23 19 17 17
Havalandirilmis (2Q) 16 14 12,5 39
Havalandirilmis (Q) 20 17 15 26
Havalandirilmamis xam niimuna 40 34 15 15
Havalandirilmis (Q/8) 32 29 75 27,5

Cadval 3 — Xam niimunoanin vo miixtalif tomizloma morhalalaorindon kegmis niimunanin KOE dayismasi.

pH=7, 12q (H,0,)/l (niimuns)

Table 3 — COD reduction of raw sample and samplessubjected to various purification processes

pH=7, 12q (H202)/l (sample)

Xam niimunanin KOE-si Havalandirmadan Tursu krekingindan H202 ils tosirdon
sonra KOE sonra KOE sonra KOE
23 16 14 12
KOE-nin azalmast, % 30 12,5 14

Qeyd. Burada KOE-ya gira tomizlanmoa 48% toskil etmisdir.

Cadval 4 — Xam niimunanin vo miixtalif tamizloama marhalslorindon kegmis niimunanin hidrogen-
peroksidlo oksidlogsmasi prosesinds KOE dayismasi. pH=2, 12q H,0,)/l (nimuny)

Table 4 — Change in COD of raw sample and samples subjected to various purification processesafter
their oxidation with hydrogen peroxide. pH=2, 12g(H,O,)/L (sample)

Tomizlonma Xam niimuna Havalandirilmig Tursu H202 ils

morhoalalori niimuna krekingi oksidlasmoa
KOE 23 20 17,5 9,5
KOE-nin azalmasi,% - 13 11 46
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Umumi KOE-nin dayismasi 58% olmus-
dur. 1, 2 vo 3-cii nimunalards tullantt sularin-
daki maddolarin tobistindon asili olaraq, KOE-
nin azalmasi fargli olmusdur (cadv. 3, 4).

Sonuncu morhals — oksidlosma prosesi,
hom yuxaridaki tomizlomo morhalalorindan
ke¢mis Vo hom do ke¢momis Xxam niimunalor-
do aparilmigdir. Oksidlasdiricinin migdari tul-
lant1 suyunun KOE-sino asasan toyin edilmis-
dir. 35%-li H,O, mohlulu ilo oksidlosmo hom
turs (pH=2), hom neytral miihitdo aparilmus,
mohlulun KOE doyigmosi miioyyan edilmis-
dir. Ovvalco KOE-si 23g/l olan xam niimuna-
ya pH=7-do 12 g/l miqgdarinada H,O, verilir.
Xam niimunanin ilkin KOE-si (23 g/l) oksid-
lasmodan sonra 17-ys diisiib, yani KOE azal-
mas1 26% toskil edir. Sonra havalandirilmis,
tursu krekingina ugradilmis niimuna oksidlos-
dirilmisdir (pH=7). pH=2-do tullant1 suyunun

KOE-ys gora timumi tomizlonmasi 59% toskil
edir.

ikinci oksidlosmo prosesi Fenton reaksi-
yasi tizro aparilmigdir. Burada FeSO4 vo hid-
rogen peroksid istifado edilmisdir. ©vvalca
pH=2-do niimunays har iki madds ardicil ola-
raq olave edilmis, Fenton reaksiyasi baslamis-
dir, sonra pH 7-ya gotirib Fe(OH); ¢okdiiriil-
miis, maye hissonin KOE-si toyin edilmisdir.
FeSO4:H,0, nisbati 1:10 Kimi gétiiriilmiisdiir
(cadval 5). Burada timumi KOE azalmasi 65%
olmusdur.

Lakin tizvi maddoalorin gatt mahlullarin-
da Fenton prosesi oldugca siiratli bas verir, no-
ticodo karbonlasma gedir, niimunanin rangi
tiindlosir, bu da oksidlosma prosesinin gedisini
Vo tacriibanin aparilmasim ¢atinlosdirir. Bunu
aradan galdirmaq ti¢iin morhoalali oksidlosmo
aparila bilor.

Cadval 5 — Fenton oksidlasmoasinin naticalori. pH=2, FeS0O4:H,0,=1:10
Table 5 — The results of Fenton oxidation.pH=2, FeSO4:H202=1:10

Tomizlonmoa Xam Havalandirilms - Tursu Fenton ils oksidlogmo
marhalalari niimuna niimuna krekingi 3-cii saat 5-ci saa
KOE 23 20 17,5 11 8
KOE-nin azalmasi, % - 13 11 37 27
Morhalali Fenton oksidlosmo prosesi za-  morholods  hava verilmisdir. Nimunanin

man1 da reaksiya miiddoti artdigca eyni ¢atin-
liklor ortaya ¢ixir. Buna baxmayarag, Fenton
reaksiyast ilo KOE azalmasmin qiymati
gonaotbaxsdir.

Natica

Alkid istehsalinin tullanti sularinin ana-
lizi istehsal sahasindon gotiiriilmiis 3 niimuno-
do aparilmisdir. Uzvi maddolarlo kirlonmonin
asas gostaricisi olan KOE-nin tullantt suyunun
asas hissasini toskil edan halledicilor va basga
ugucu maddalarin konar edilmasi igiin ilk

KOE-nin azalmasi 24-42% olmusdur. Bundan
sonrak: havalanmada 15-16 saat havalandirma
ticiin optimal miiddot gobul olunmusdur.
Tursu kreking tocriibalori turs miihitda
(pH=2-2,5) 19/l FeCl; vo 0,019/l polielektrolit
istifado edilorok aparilmisdr.

Hidrogen peroksidlo oksidlosmo hom
neytral, hom do turs miihitdo aparilmisdir.
Turs miihitdo oksidlosma naticasindo 46% ko-
narlasma olmusdur. Neytral miihitds ise azal-
ma (32%) olmusdur. Fenton reagenti ilo ok-
sidlosma baslangic KOE-si 23g/l olan hava-
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landirma vo tursu krekingindon sonra  Maraglar miinaqisasi

H,0,:FeSO4=10:1 nisbatindo hoyata kegiril- Mialliflor bu mogalods arasdiriimas: to-
misgdir. Turs miihitdo KOE-nin imumi azal-  lob olunan maraglar miinaqisosinin olmadigini
mas1 3 saat miiddotinds 53 %, 6 saat sonra iss  geyd edirlor.

65% olmusdur.
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