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HEKSANIN NIKEL-SEOLIT KATALIZATORU UZORINDO CEVRILMOSI
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Azaorbaycan Doviat Neft va Sanaye Universiteti
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Seolittorkibli  kreking katalizatorlarimin istiraki ilo n-heksanmin ¢evrilmasinin taodgigat naticalari
gostorilmisdir. Moveud  katalizatorun — heksamin  saxalonmis  izomerlorinin - amola  galmasinds  yiiksok
izomerlagdirici aktivlik niimayis etdirdiyi miiayyanlasdirilmisdir: temperatur 140-250°C oldugda konversiya 55-
57.2%, iz0-heksanlara gora selektivlik isa 58-59.3% taskil edir. Karbon-ion mexanizmi tizra i20-heksanin amala

golmoasi imkanlart miizakira olunur.

Acar sozlar: heksan, nikel-seolit torkibli katalizator,
katalitik kreking.

Giris Miiasir neft-kimyada yiingiil
karbohidrogen xammalinin emali proseslori
ohomiyyatli rol oynayir. Bu sahads toraqqi yeni
yiiksokeffektivli katalizatorlarin islonib
hazirlanmasi ila qirllmaz olaraq baghidir [1-3].

Seolitlor osasinda katalitik sistemlor
imumilikdo  alkanlarin  bir sira  emali
proseslarinds 6zlorini daha yaxsi gostormislar.
Belo ki, onlarin istiraki ilo n-heksanin
cevrilmasinda yiiksokoktanli benzin
komponentlorinin istehsals, aromatik
karbohidrogenlor, olefinlor vo s. alinmasinda
bazalasir [4-6]. Movcud niimuns onu siibut edir
ki, seolittorkibli katalizatorlarin
polifunksionalligina \6) universalligina
baxmayaraq, onlarin tosirinin otrafli analizi vo
mexanizminin izahi lazimdir.

Moveud  igsin - mogsadi  n-heksanin
¢evrilmasi prosesinin xiisusiyyatlorinin todqiq
edilmasi, homginin prosesin 2sas
gostaricilorinin (aktivlik, selektivlik, katalitik
xassolorin  stabilliyi) sonaye seolittorkibli
Omnikat krekinq katalizatorlarmin istirak: ilo
onun aparilmasi soraitindon asililiginin todqiq
edilmasi hesab edilir.

TOCRUBOLORIN METODIKASI
n-heksanin qazfazali cevrilmasi
reaksiyalarinda katalizatorlarin  aktivliyinin
todqgiq edilmasi 140-530°C temperaturda axin
tipli laboratoriya qurgusunda aparilmisdir.
Tocriibolor atmosfer tozyigindo vo xammalin

verilmosinin -+ 1,8  saat® hocmi  siiratindo
apartlmigdir.

Xammal vo maye reaksiya mohsullarinin
analizi igarisina sorbent {izarina hopdurulmus
17%-li polietilenglikol ilo SELIT C-22 sorbent
doldurulmus kalonkanin istifado olunmasi ilo
alovlu-ionlasdirict detektoru olan “CHROM 5”
cihazinda xromatoqrafik iisulla aparilmisdir.

Qazvari reaksiya mohsullar1  istilik
kegiriciliya gore detektoru olan “CHROM 5”
xromatoqrafinda analiz edilmisdir. Sorbent
kimi  inzen korpici INZ-600 iizorino
hopdurulmus dietilenglikol efiri vo n-yag
tursusundan istifads olunmusdur.

Alinmis maye katalizatin torkibino daxil
olan  mohsul  garisigmin  xromatoqrafik
piklorinin miqdari interpretasiyasi miitlaq
kalibrlomo va daxili normallasdirma tsulu ilo
miioyyan edilmigdir.
NOTICOLOR \'6S)
MUZAKIROSI

n-heksanin ¢evrilmosi reaksiyalarinda
seolittorkibli Omnikat kreking katalizatorlarinin
aktivliyi  barodo alinmisg tocriibi  dolillor
codvoldo  gostorilmisdir. Toqdim  edilmis
dolillor ~ onu gostarir ki, prosesin
temperaturunun  yiiksalmasi ilkin - mahsulun
¢evrilmo doracasinin todricon artmasi fonunda
bas verir: o, 140, 250, 350 va 530°C-do, uygun
olaraq, 56.5, 60.8, 65.6 vo 70.9 toskil edir.

ONLARIN

Cadvall

N-heksanin cevrilmasi prosesinin gostaricilarina temperaturun tasiri

Prosesin gostaricilori | Temperatur, °C

140 250 350 530
Cevrilmo doracasi 56,5 60,8 65,6 70,9
2- vo 3-metilpentan | 19,9 20,7 16,6 16
2,2- V) 2,3- 18,3 19,2 15,8 15,1
dimetilbutan
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14,6
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Homin soraitdo amalo golon mohsullarin
torkibi osason alifatik karbohidrogenlardon
ibaratdir: 140-250°C-do bu, asasan, n-heksanin
mono- vo diavazli izomerloridir: 2- va 3-
metilpentanlar, homg¢inin  2,2- vo 2,3-
dimetilbutanlar. 140-250°C-do onlarin Gmumi
ciximi 33.3-35.3%, selektivlik iso 58-59.3%
toskil edir. Temperaturun 350°C-yo qodor
yiiksalmasi ilo onlarin miqdart 27%-o goadar,
iumumi selektivlik iso 41,3%-0 Qodor azalir.
Prosesin temperaturunun sonraki yiiksalmasi
20%-lik selektivlik zamani izo-heksanlarin
omolo  golmoasinin - 14,5%-0 qgodor daha
azalmasina gotirib ¢ixarir.

Homg¢inin o diqqgeti colb edir ki,
temperaturun  350°C vo daha yuxariya
yiiksalmasi ilo ilkin heksana nisbaton yiiksok
molekul  kiitlesine  malik  pentanlar  va
karbohidrogenlor  dstiinliik  togkil — etmays

baslayir. Bu temperatur intervalinda qazvari
karbohidrogenlorin  asas komponentlori etan
(3.25%), propan (1.69%) vo metan (2.48%)
hesab edilir. C,-C4 olefinlor hamg¢inin qaz
fazasinin torkibino daxildir, lakin onlarin
miqdari 4%-don yiiksak olmur.

Tocriibalorin  gedisindo todqiq edilon
katalizatorun  niimayis  etdirdiyi  yliksok
izomerlosdirici aktivliyinin alinmig dolillora
osaslanaraq sistemlorin Katalitik xassalarinin
stabilliyinin prosesin miiddatindon asililig
Oyranilmigdir (SOKIL1-2). Dalillorin
miigayiSasi gostorir ki, katalizatorun niimayis
etdirdiyi ~ yiikksok  izomerlogsmo  aktivliyi
tacriibalorin aparilmasinin biitiin dévrii arzinda
saxlanilir. Maksimal gostoricilor 250°C-do
miisahido olunur: konversiya 55-57.2%, izo-
heksanlara goro selektivlik 58-59.3% togkil
edir.

Sakil 1. 140°C temperaturda prosesin aparilma miiddotinin katalizatin torkibina tosiri

prosesin
muddati, saat

m5C5 MJizo-C6 mYC7+ ° koks

Sakil2 250°C temperaturda prosesin aparilma miiddatinin katalizatin torkibino tasiri

prosesin
muddati, saat

m>C5 m}izo-C6 mM>C7+  koks

Belalikla, alinmis tacriiba naticalari forz etmaya
imkan verir ki, todqiq edilon seolittorkibli
katalizatorlarin izomerlogmo aktivliyinin izah

edilmasi ticilin klassik bifunksional mexanizmi
[6,7] metallik torkib hissasinin  olmamasi
naticosinds istisna etmok lazimdir (metallik
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sahalordo  olefinlorin - amolo  galmamasina
gotirib ¢ixarir), prosesin asagi temperaturlar
termiki krekinq reaksiyalari hesabina kifayaot
godor miqdarda olefinlorin  amoalo  galmok
imkanlarin1 verir.

Bunu nazors alaraq, istisna edilmir ki,
todqiq edilon seolittorkibli kreking
katalizatorlarinin istiraki ilo izo-heksanlarin
amoala galmasinin nisbaton ehtimalli mexanizmi

dehidrogenlosmasi seolitin soth OH-qruplarinda
deprotonlagmis oksigen [-O™] hesabina bag vero
bilor [8,9]. ilkin n-parafin molekullarmnin
aktivlosmosi  gedisindo  meydana  golon
karbonium ionu isa (ya hidrid-ionun Lyuis
tursu moarkazlori ilo tutulmasi naticasinds, ya da
seolitin Brensted tursu moarkazinin hidrogeninin
tosiri altinda) qruplasmaya moruz galaraq izo-
parafinlor omols gatirir.

karbon-ion hesab edilir. Bu halda n-heksanin
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NPEBPAIIEHUSA TEKCAHA HA KATAJIN3ATOPE HUKEJIb-UEOJIUT
IK.JO.AmkamoB, 13.A.I'yceiinosa, 2C.A.Ackepan 2JI.A.MypcaiioBa
IIpuBeneHsl  pe3ynabTaTbl HCCIEAOBAHUN  MPEBPALEHUN H-TEKCaHa B IPUCYTCTBUU
LHEOJIUTCOACPKAICTO KaTajlin3aTopa KPCKHHTA. YCTaHOBJ'ICHO, qTo )IaHHBIfI KaTaJIn3aTop MpOABIICT
BBICOKYIO M30MEPU3YIOIIYI0 aKTUBHOCTh B 00pa30BaHUU Pa3BETBICHHBIX H30MEPOB rekcana: mpu 140-
250°C xonBepcus coctanisuia 55-57.2%, a ceneKTUBHOCTD 10 Hu30-rekcaHaMm 58-59.3%. O6cyxnaercs
BO3MOXHOCTbH 06p8.30BaHI/I$I HN30-T€KCaHa I10 Kap60HHﬁ-HOHHOMy MCXAaHU3MY.

KawueBble €10Ba: reKCaHa, KaTalln3aToOpe HUKENIb-IICOJIUT, KATATTMTUYECKU KPEKHHT .
CONVERSION OF HEXANE ON NICKEL-ZEOLITE CATALYST
IK.Y.Adzhamov, 'E.A.Guseinova, 2S.A.Askerli, °L.A.Mursalova

The results of the conversion of n-hexane with the presence of zeolite containing cracking
catalysts are shown. The present catalyst was found to exhibit high isomeric activity in the formation
of the branched hexane isomers: at temperatures of 140-250°C, conversion is 55-57.2% , selectivity of
iso-hexane is 58-59.3%. The possibility of formation of iso-hexane by carbon-ion mechhanism is
discussed.

Key words: hexane, nickel-zeolite catalyst, catalytic cracking
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AHAJIN3 HEKOTOPBIX ITAPAMETPOB BJIUAIOIINX HA ITPOIECC
KATAJIUTUYECKOI'O KPEKUHI' A
Maructpant ®.H. Haoues, A.A.FOcud3zane
AzepOaiinxanckuii I'ocynapcreennniii Yauepcuter Hepru u IIpombinieHHoCTH,
B oannoii pabome namu onpedensnioce enusHue MeMnepamyp Havania KUNeHUst U KOHYAa KUNEHUsL Cbipbs
Ha npoyecc ramanumuyeckoco kpexunea ua BH3 um. Tetioapa Anuesa. Taxoice namu nposedeHvl
OKCHEPUMEHMbL N0 GIUAHUIO UCNONB308AHUIO 2UOPOOYUUEHHO20 CbIPbS HA 6bIX00 OeH3uHa, 2a3d, KOKcd, U
Jle2k020 2azouis. M3yuenvl kawecmea noiyiaemvix npooyKmos npu npoeeoenul npoyecca Ha 3a600CKOM Cbipbe
u na euopoouuwenrom. Ilokazano umo npu 2UOPOOHUCIKE CbIPbs YEEIUYUBACMCS 6blX00 2a3d, OeH3UHaA,
yMenbuiaemcs 8blx00 Kokca. B easze ysemuuusaemcs codepocanue gppaxyuu Cz-Ca, 6 OeH3uHe nogvluiaemcs
OKMAHOBOE HUCILO U YMEHLUAENCS COOEPHCAHUE APOMAMUYECKUX Y2NeB000POO08.
KioueBble €JI0BA: KAaTaJUTUUYECKUU KPEKHUHT,
ra3, OEH3WH, JIETKUHA Ta30Wb, THAPOOYHCTKA,
BAKYYMHBIHN Ta30Jib, KOKC, KaTaJau3aTop.

Pa3Butne mpolecca KaTaauTHYECKOTO rugpoounctkn  ucnoiedyercs  Al-Co-Mo
KpeKMHra OOYCJIOBJICHO TEM, 4YTO TsDKEIbIe Karanu3aTop. Ha ycraHoBKe KaTaauTH4eCKOro
YIIIEBOJAOPOABI B ATOM IPOIECCE MEPEXOIAT B KpeKkHHra ucroib3yercs Omnicat 210 [6].
ueHHble npoayktel [1,2,3]. T'a3 ¢ ycraHoBku B kauecTBe CBHIpbS  HCIOJIB3YETCS
CIYXXUT CBIPbEM JUISI TOJYYECHHUS aJIKWJIaTa, IIMPOKHUI BAKYYMHBIN Ta30/JIb BEIKUIAOIINI B
noMMepOeH3MHa, METHITPETOYTHIIOBOTO npenenax 350-520 C. Hamm ObLI0 pemieHo
a¢dupa, auuzonpomnuioBoro >upa u ap [4,5]. paccMOTpeTh BJIMSHUE TEMIIEpaTyp Haudajia u
Karanutnueckuit kpekunr Ha BH3 um. KOHIIa KWUIIEHHUS CHIPbS HAa BBIXOJ M KauecTBa
Ieiinapa AnueBa.BKIIIOYaeT YCTaHOBKY OeHsuHa, raza u Kkokca [7]. Ilokazarenu
THIPOOYHCTKH CHIPbs, CaM MPOLECC KPEKUHTa KauecTBa ChIPbsl MPEACTaBIICHBI B Tabuule |
u TrazodpaknuoHupoBaHus. Ha ycraHOBKH

Taoauna 1
Iloka3aTenu KauecTBa ChIPbs

Iloka3zaTtenu 1 2 3 4

[Tpenensr Beikumanus (C) 350-520 | 350-480 325-480 320-450

[notrocts mpu 20 C (Kr/M?) 907 888 879 860

KomnuectBo akmusubix cmon % | 10 8.5 8.0 7.8

Mmacc.

Copneprxanue cepbl % mMacc. 0,9 0,8 0.78 0.76

I'pynnoBoii yrieBogOpOIHBIN COCTaB

%

A) napauHo Ha(TEeHOBBIE

YTJIEBOJOPOIBI 46.5 48.3 50.1 65.1

b) apomaTnueckue yriaeBo1opoabt 50.2 49.1 47,5 32.6

B) cmors 3.3 2.6 2.4 2.3

Bce 4 o0Opa3na chipbs MOgBEpraiuch KaTAIUTUYECKOMY KPEKMHTY MPU OJMHAKOBBIX YCIOBUSX:
temrneparypa 530 C, cooTHOIIeHHEe KaTalnu3aTop : ceipbe = 7:1. MaTepuanbHble 6ajgaHChl polecca Ha
YyeThIpex o0pa3lax Chlpbs MpeICTaBICHbI B TaOIHIIE 2.

Taoauma 2
MaTepuajbHblii 6aJIaHC MPOIecCa KATAJUTHYECKOT0 KPEKHHTa

[Tokazarenu 1 (350- | 2 (350- | 3 (325- | 4 (320-

520) 480) 480) 450)
B3saro % macc. ceipbe 100 100 100 100
Hroro 100 100 100 100
IToyyenHo
I'a3 19.87 19.9 20.4 21.8
bensus (H.x. 195 C) 42.82 42.9 43.1 43.5

8



EKOENERGETIKA 4/2019

Jlerkuii ra3omib 15.8 18.1 18.2 184
Tspxensiii razoitns 1o 450 C 13.0 135 13.3 11.8
Brire 450 C 2.9 1.4 1.6 15
Koxc 5.5 4.2 3.0 2.6
[ToTepu 0.21 0.2 0.4 0.4
Htoro 100 100 100 100

Kak BuaHO W3 AaHHBIX TaONMUIBI 2 C TOBBIICHHEM TEMIEpaTyp KOHIIA KUICHHS CBIPHS
YMEHBUIAETCs BbIXOJ OCH3MHA U Ta3a, YBEIUYMBAETCS BBIXO]] KOKCA.

[Tony4yeHnnsie Ta3pl OBLIM MCCIIEAOBAaHBI B XpoMoTorpade. XpoMoTorpapuuecKkue pe3yabTaThl
aHaJIM3a MpejcTaBleHbl B TadiuLe 3.

Ta6anna 3
AHaJIN3 ra30B MOJIYYeHHBIX B NPoIecce KATAIUTHYECKOT0 KPEKHHIa
ITokaszarenu 1 2 3 4
Cyxoii ra3 3.45 3.6 3.02 2.85
[Tponan-nponuneHoBast ppakuus 5.12 5.65 5.95 6.1
byran-Oytunenoast ppakiust 11.3 10.65 11.43 12.85
Htoro 19.87 19.9 20.4 21.8

B nanpHeiimem HaMu ObITM M3y4EHHBI KauecTBa O€H3WHOBHIX (ppakimii. [TomydeHnble naHHBIE
MIPEJCTaBICHHBI B TAOIHIIE 4.

Taoauua 4

KauecTBa 0eH3UHOBBIX ppakumii
[lokazarenu 1 2 3 4
[InotHocts npu 20 C 755 750.9 753.7 752.1
@®pakunoHHblicocTaB C
A) TemmniepaTypa Hayalla KUIIEHUS 35 36 38 36
b) Temneparypa 10% otrona 75 74 65 66
B) Temnepatypa 50% otrona 120 118 118 117
I') Temnepatypa 90% otrona 190 181 179 180
J1) Temneparypa KOHIIA KUTIEHUS 200 196 195 193
Coneprxanue cepbl % macc. 0.04 0.03 0.03 0.024
OKTaHOBOE YHCIIO
ITo moTOpHOMY METOY 80 80 81.5 82.5
ITo rccneoBaTeIbCKOMY METOTY 90 91 92 92
I'pynmnoBoilyriaeBoAOpPOIHBINA COCTAB,
% Mmac. 14 14 15 16
A)HenpenenbHble 54 55.5 58 59
b)[1apapuHo-HadTeHOBBIE 32 30.5 27 25
B)Apomaruyeckue

Kak BHIHO W3 JaHHBIX TaOIUIBI 4 OKTAaHOBBIC YMCIa OCH3WHOB TMOJTYYEHHBIX U3 CBIPBS C
HU3KUMH TeMIIepaTypaMyd KOHIIA KHUIIEHUS BBIIIE W COJEPKAHUE apOMATHYECKUX YTIIEBOJIOPOIOB
HUXKE, 4eM Yy OCH3WHOB M3 CBHIPhSl C BRICOKMMHU TeMIIepaTypaMu KOHIa KUNeHus. Tak ke HaMH ObLIn
WCCTIEIOBAaHHBI KAaueCTBA JIETKUX M TSOKEIBIX Ta30ijiel MOoMydeHHBIX B Tpoliecce . B Tabmuie 5 maHb
Ka4ecTBa JIETKOT'0 U TS KEJI0r0 ro30MIeH.

Taoauna 5
CBoiicTBa JIErKOT0 M TSKEJI0r0 ra3ouei
TTokasarenun | 1 2 3 4
Jlerkuit | Tsokenpn | Jlerkm | Tsoxenwrin | Jlerkmit | Tsokenwrii | Jlerkuii | Tsoxenwii
"
IInotHOCTH 920 950 913 942 888 935 883 932
mpu 20 C
(Kr/M?)
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Temmneparya

Hauano 195 361 196 360 195 358 195 354
KHITCHUS 360 445 359 447 356 449 352 448
Komnerg 68 - 64 - 63 - 62 -
KHTICHUS

Bcenbimka

Conepxanne | 0.5 0.8 0.45 0.79 0.45 0.8 0.46 0.78
cephl %

Mmacc.

IleranoBsoe 20 - 24 - 23 - 25 -
YHCIIO0

Kokcyemoct | 0.02 0.06 0.02 0.058 0.018 0.06 0.015 0.055
b % Mac

Temmneparya -25 +25 -20 +23 -25 +24 -26 +25
3aCTBIBAHUS

YraeBoaopo

JHBII cocTaB

%

A)ITapapmo

Ha(TeHOBbIE 70.2 62.8 714 63.5 74.5 65.8 75.5 66.2
b)  Jlerkas

apomaruka | 129 10.0 12.1 11.2 13.8 11.8 14.0 12.0
ESOMETPEEEM 105|136 10.25 | 132 59 | 115 5.1 108
) moxenas | 49 85 4.8 7.1 4.4 6.6 4.2 6.8
}a:[r;og;?)ﬁ;a 1.5 5.1 145 |50 1.4 4.3 1.2 4.2

I[anee OIPCACIIATIOCh BIIMAHUC TCMIICPATYPhl KOHIA KHUIICHUA CBIPbA HAa BBIXOA KOKCa, ra3a u
OensuHa. M3MmeneHue BbIXOJa KOKCa, ra3da Hu OeH3MHA B 3aBHCHUMOCTH OT HM3MEHEHMS TEMIICPATypPhbL

KOHIIA KUIICHUS CBIPbs IMTOKa3aHHO Ha pUC. 1.

MU3meHeHuMe BbIXOAa KOKCa, rasa u 6eH3nHa B
3aBUCUMOCTU OT U3MEHEHUA TeMmnepaTypbl KOHUa
KUneHuA CblpbAa

50

450 460 470 480

@ pBblX0A4 rasa

Puc. 1

Kak BugHO u3 puc. 1 ¢ yBenuueHueMm
TEMIIEpaTypbl  KOHIIA  KHUIEHHUS  ChIpb
YBEJINUUBAETCSI BBIXOJ KOKCA U YMEHBIIAETCS
BBIXOA Ta3a W OeHsuHa. JlanmpHeline
HCCIIEIOBaHMs TMPOBOJWINCH C BaKyyMHBIMU
ra3oiyisiMy, TOJBEPTHYTBIMU T'HAPOOYHCTKE.
Tak xak BaKyyMHBIE T'a30MJIM BBIKMIIAIOIINE B
npenenax 350-520 C wu 350-490 Cparot
IIPUMEPHO OJIMHAKOBBIE BBIXOABI MPOAYKTOB U
MOJIy4aeMble TPOAYKTHI HMEIOT OJMHAKOBBIE
cBoiicTBa u 1 ppakiun 325-480 C u 320-450

490

BbIXo/, 6eH3MHa

10

500 510 520 530

BbIXO4, KOKCa

C 1o Xe camoe, TO MOITOMY THUAPOOUYHUCTKE
noaBepramucy 2 ¢pakouu.  350-520 C
(mpumeHsiemast B mpou3sBojacTee) u 325-480 C.
I'mapoouncrka mnpoBoguiaace Ha Al-Co-Mo
karanu3aTope npu temieparype 380 C u nox
nasiaenueM 6 Mlla. Ucxonas wn3 »Toro

ONpCACIICHBI MaTCpHaJIbHBIC 0azaHChl
KaTaJIuTHYCCKOI o KpCKHUHIa Ha
THAPpOOYHUIICHHOM CBhIPBC. I[aHHBIe

MIPEACTBIICHBI B TAOIHIIE 6.
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Tabnuma 6
MatepHuaibHbIi OamaHc MPoIecca KATATUTUYECKOTO KPEKHUHTA Ha THAPOOYHIIICHHOM
CBIPbE
ITokazarenu Tun coipps
B3s1t0%Mac THAPOOYHNIIIEHHOTO CHIPBS 100 100
Hroro 100 100
ITony4yeHHO
Ta3 21,4 23,5
Bensun ( H.K. 195 C) 46,9 54,5
Jlerkuii razoiins (195-350 C) 14,2 10,4
Tsxensrii razoiins (350-450 C) 10,8 8
Breie 450 C 1,9 1,2
Koxkc 4 2,08
[Totepu 0,8 0,32
Hroro 100 100

Kak BuHO npu cpaBHEHUU JaHHBIX TAOJIUL 2 U 6 B pe3yJabTaTe THIPOOUUCTKH ChIPbs yIAI0Ch
NOBBICUTh BBIXOJ Tra3a M O€H3WHa M CHHU3UTh BBIXOJ KOKCa. AH&JIW3 ra3a IpOBOAWICA
XpoMoTorpauyecku 1 JaHHbIE IPEICTaBICHbI B Ta0IHIIE 7.

Taoauua 7
Xpomororpaduyeckuii aHaamu3 raza
[Tokazarenu 1 2
Cyxoii ra3 29 2,3
[Tponan-nponuieHoBas hpakius 6,1 7,6
Byran-OyrunenoBas ¢ppakuus 12,4 13,6
Hroro 21,4 23,5

Kak BupHO u3 Tabmunsl 7, B raze yBenuuuioch KonudecTBo ¢pakumu Cs3-C4. KagecTBa
OCH3MHOBBIX (PpaKLIMii IPeICTaBIECHbI B TA0MIIE 8.

Tabamnna 8

KadecTBa 0eH3UHOBBIX ppakumii
ITokazarenu 1 2
I1noraocts npu 20 C 753 751.,6
®pakuuoHHbliicocTaB C
A) TemnepaTypa Hauana KUIIEHUS 36 36
b) Temniepatypa 10% otrona 74 74
B) Temnepatypa 50% otrona 118 118
I') Temnepatypa 90% otrona 184 181
J1) Temneparypa KOHIIa KHTIEHUS 193 196
Conepxanue cepsl % macc. 0,003 0,0018
OKTaHOBOE YHCIIO
[To MmoTopHOMY MeETOTY 81,5 83,5
ITo nccnenoBaTeIbCKOMY METOAY 92 93,5
['pymnnoBoilyrieBoaopoiHbIi cocTas, % Mac.
A)HenpenenbHbie 12 12,5
b)ITapaduno-HadreHoBbIC 59 63
B)Apomaruueckue 29 24,5

Omnpenenennsl cBoicTBa Jerkux rasoiiei (195-350 C) momydeHHBIX Ha THAPOOUMILEHHOM
ceipbe. [lonydyeHnHble JaHHbIe PeACTaBICHbI B TabuIe 9.

11
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Taoauma 9
KauecTBa jerkux rasoiJei
ITokazarenu 1 2
ITnotHocTs ipH 20 C (Kr/M?) 905 876
Temneparypa
Hauaino xunenus 195 195
Konen kunenns 352 350
Bcenpika 66 62
Coneprkanue cepbl % macc. 0,04 0,03
IleTaHoBOE YKCIIO 25 28
Koxkcyemocts % mac 0,01 0,009
TemnepaTypa 3acTbIBaHUsI -23 -23
VYrieBogopoaubiii coctaB %
A) ITapadpmuo HaTeHOBBIE 71,8 75,7
b) Jlerkas apomaruka 13,2 13,5
B) Cpennsist apomaruka 9,4 5,2
I') Tsbkenas apoMaruka 4.2 4.0
1) Cmomst + motepu 1,4 1,6
Takum obpazom MIPOBEICHHOE KAaTaJTUTHYECKOM KPEKHWHIEe JIajl0o  HHU3KUN
UCCIIEIOBaHKE IMOKa3all0 YTO C YMEHbBIICHHUEM BBIXOJI KOKCA M 3HAYUTENbHBIN BBIX0 OCSH3MHA.
KOHIIA  KHUIIEHUS  BaKyyMHOIO  Ta30Ws, IIpy »>TOM OKTaHOBOE 4HUCIO O€H3MHA
MOJIyYeHHOTO M3 cMecu bakuHckux HedTel B YBEIMYMWIOCH Ha 1,5 -2 MyHKTa, YMEHBIIUIOCH
mporecce KaTaJIUTHYECKOTO KpEKHHTa KOJINYECTBO BBIXO/1a apOMaTHYECKHX
YMEHBILIAETCsl BBIXOJ KOKCAa U YBEIMYHUBAETCS yraeBoaopoAoB. B raze,  yBemM4MIIOCH
BBIXOJ] ra3a U OCH3HHA. conepxkanue ppakmuit Cz-Ca,

910 XKE CBhIPBC INOABECPTHYTOC
THAPOOYUCTKE MW 3aTe€M MCIIOJIB30BAHHOC B
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1563
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additives — Fuel Processing technology — 2017 vol:161 P.23-32
7) A.JOcud3zazne u np. Mzyuenue BiausiHIE HEKOTOPHIX TEXHOJOTHYECKUX MMapaMeTPOB Ha MpOIecC
KaTaJIMTHYeCKOro kpekunra — Hegrenepepadorka u Heprexumus -2015 C.18-21.

THE ANALYSIS OF PARAMETERS INFLUENCING CATALYTIC CRACKING.
Nabiyev F.N. A.A. Yusifzade
In current study we were defining the influence of change in initial boiling point and final
boiling point of feedstock on FCC process at Heydar Aliyev Oil Refinery. We also studied the
influence of hydrotreated feed on the gasoline, gas, cocker and light gasoil yields. Product properties
for both cases (hydrotreated feedstock and non-hydrotreated) were analised. It was identified that
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while using hydrotreated feedstock the amount of gasoline and gas increases, and the amount of cocker
decreases. The amount of C3-C4 increases in total gas compound. in gasoline RON increased and the
amount of aromatics decreased.
Key words: catalytic cracking, gas, gasoline, light gasoil, hydrotreating, vacuum gasoil, cocker,
catalyst.
KATALITIK KREKING PROSESINO TOSIR EDON BOZI PARAMETRLORIN TOHLILI.
Magistrant F.N. Nabiyev A.A. Yusifzada

Cari isdo biz torofinfon xammalin gqaynama baslangic1 temperaturunun vo gaynama sonu
temperaturunun Heydar Oliyev adina NEZ-in Katalitik kreking prosesins tosiri arasdirilmigdir. ©lava
olaraq qurguda hidrotomizlonmis vo zavod (hidrotomizlonmomis) xammalinin istifadasinin benzin,
koks, yilingiil qazoyl mohsullarinin ¢iximlarina tosiri mioyysnlosdirilmisdir. Noticalora osasen
hidrotomizlonmis xammaldan istifado edorken qgazin va benzini ¢iximlari artir, koksun ¢iximi azalir.
Qazm torkibinds Cs-Cs fraksiyasinin miqdar1 artir, benzinin oktan odadi artir vo aromatik
karbohidrogenlorin migdar1 azalir
Acar sozlor: katalitik kreking, gaz, benzin, yiingiil qazoyl, hidrotomizloms, vakuum gazoylu, koks,
katalizator.

13
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KARBOHIDROGEN XAMMALININ BORULU SOBADA PiROLIZI
Magistrant N.M. 9liyev, dos. F. H. Bayramov
Azarbaycan Dovlat Neft va Sanaye Universiteti
E-mail: namigadna@gmail.com

Acar

proses,katalizator,

sozlar:  reaksiya,

xammal,

piroliz,
parcalanma,

temperatur,
kokslugq,

karbohidrogen, mohsul, tarazliq, dasiyici, borulu soba,
miihit, katalitik, doyismo.

Son illords kimya sonayesinin inkisafi
tizvi sintez mohsullari istehsalinin yiiksalmasin
ilo xarakterizo olunur. Miiasir dovrde dord
karbohidrogen: etilen, propilen, butadien vo
benzol neft-kimya sonayesindo osas texniki
toragqini toyin edir. Etilen, propilen oasason
piroliz noticasindo alinir. Piroliz— iizvi vo bir
¢ox geyri-iizvi birlogmoalorin termiki
parcalanmasidir. Dar monada  tobii lizvi
maddolorin agacin, neft mohsullarinin vo
S. oksigen ¢atismazligi miihitinds pargalanmasi,
daha genis monada — yiliksok temperatur
tosirindon istonilon birlogsmonin onu toskil edon
daha yilingiil molekullara vo ya kimyovi
elementlors pargalanmasidir. Piroliz prosesi
osason borulu sobalarda aparilir

Neft emali zavodlarinda istismar edilon
borulu sobalarin aksariyyati radiant-konversiya
tipli sobalardir. Bu sobalarda xammalin
istiliyinin osas hissasi (80%) soba borularinin
radiyasiya bolmasina verilir, konveksiya hissasi
iSo komokgi rol oynayir

Etilen vo propilenin osas istehsal
monbayi hidrogenlorin termiki piroliz prosesi
sayilir. Mahz piroliz qurgularinda plastik kiitlo,
sintetik gotran, kauguk vo lif istehsalinin
xammalla tomini ti¢iin ilkin mohsullar alinir.

Neft —kimya sonayesindo etilen va
propilens tolobatin artmasi ilo bagl olaragq,
homginin piroliz xammalinin ¢atismazhigr ilo
olagadar piroliz  prosesinin  selektivliyinin
artirtlmas1 vacibdir. Bununla bagli xammalin
daha ucuz basa golon Vo oslgatan ndvlarindon
istifado edilmosi imkanlar1  {i¢iin, hom do
pirolizin yeni metodlarinin iglanilmasi intensiv
islor aparilir. Bunlarla eyni zamanda piroliz
sobalarmin  tokmillogdirilmasi  vo  yeni
konstruksiyalarinin islonilmasi, xammalin
emall zamani onlarn is rejiminin doyigdirlmasi,
xammal sorfinin azaldimasmna vo iqgtisadi
effektlivliyn  yiiksaldilmasi  istigamatinds
todqiqatlar aparilir. [1-3]
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Miasir katalizin masSalolorindon  biri
katalizatorlarin segilmasinin  elmi osaslarinin
islonilmasidir. Baxmayaraq ki, bu sahods genis
miqyasl iglor aparilmisdir, bu problem hals do
0z hollini tapmamisdir. Daha bir mosalo do
miioyyon toyinath effektiv katalizatorlarin
sintezinin elmi osaslarinin islonmoasidir. Son
dovrlordo piroliz katalizatoru {igiin daha
olcatan  dasiyicilarin  yaradilmasina bdoyiik
digget  yetirilir. ~ Katalizatorun  dasiyicisi
mohkomlik, genis mosamolilik vo asagi
koksluga malik olmahdir.  Katalizatorla
dasiyicinin  kokslugu, aktivliyi arasinda
mioyyon asililiq movcuddur. Koksluluq 6z
katalitik aktivliys malikdir,, katalizatorun
kokslugu dasiyicinin  kokslugundan  daqiq
asilidir. Katalizatorda koksun ¢ixisi, tomiz
dasiyicilara nisboton iki dofo azdir, bu
verilonlor piroliz katalizatorunun koksun amala
golmosini azaldan modufikatorlarin segilmasi
barada naticalar alds etmoays imkan verir.

Odobiyyat molumatlarina goérs  son
illords miixtolif katalitik sistemlorin istifadasi
ilo katalitik karbohidrogen xammali sahasinda
intensiv todqiqatlar aparilir. Piroliz katalizatoru
tclin miihiim xarakteristikalar asagidakilardir:
yiiksok aktivlik (etilen vo propilenin ¢ixigina
g0ra), mohkamlik, asag1 kokslugq.

Amma  odobiyyatlarda  katalizator
dasiyicilarinin - effektivliyi, katalizatorda
koksun omolo goalmasi, koksun yigilmasi vo
onun azaldilmas1 barodo molumat yoxdur.isdo
daha effektiv dasiyict vo Kkatalizatorlarin
istifadosi ilo katalitik piroliz prosesi, ham do
piroliz  katalizatorunda  koksamologolmani
azaldan modifikatorun se¢ilmasine baxilmis,
laboratoriyada, tocriibalordo, tocriiba-sonaye vo
sonaye-niimayis qugularinda modifikatorlarin
istirak1 ilo koksomologalma ganunauygunlugu
Oyronilmigdir.  Karbohidrogen = xammalinin
prinsipco  yeni  katalitik-piroliz ~ prosesi
islonilmisdir. [4-5]
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Karbohidrogenlarin termiki
pargalanmasini ¢ox miirokkab proses olaraq,
sonda boylik sayda mohsullar amala gatiron
ardicil vo paralel gedon kimyavi reaksiyalar
sirast kimi basa diismok olar. Termodinamik

asililiglarla ifads olunan reaksiyalarin energetik
dG

InkK, =— m
RyT
Reaksiya  {lizro qgaliq  maddalorin
cevrilmo  doracasi  birhadli  funksiyanin

konstanti K, -nin analitik ifadosi steximetrik
reaksiya ilo toyin edilir.

Karbohidrogenlarin termiki
pargalanmasi noticosinds miixtalif mohsullar,o
ctimlodon asagi olefenlor, metan, eyni zamanda
¢ixan maddoloro nisbhoaton daha kicik molekul
kiitlasino malik alkanlar alinir. Belo ki, etanin
pirolizinin molekulyar reaksiyalarla yazilisinda
osason  etilenin  alinmasinin  dehidrasiya
reaksiyas1 gotiiriiliir. Propanin pirolizi zamani
hidrogensizlosmo ilo birlikda propilensa godor
etilen vo metanin pargalanmasi bas verir.[6]
Anoloji olaraq iki istigamotdo dehidrasiya vo
parcalanma reaksiyalarmma normal butanin
ayrilmasint gostormok olar. Cz - C4

xarakteristikas1 reaksiyalarin istigamatini Vo
alinan galiq maddolorin maksimal tarazliq
doracasi toyin edilir. Cevrilmonin tarazliq
doracasini  kimyavi reaksiya tiizro Gibbsin
standart enerji  tarazliq tonliyindon aililiq
konstantini (Kp) asagdaki kimi hesablanir:
alkanlar1 [6] molekulyar reaksiyalarina osason
ayrilirlar:

n*C4H;y = CsHs+ CHs (1)

2CoHe — 2CH4 + CoHs  (2)

CzHg —» C,Hy, +CH, (3)

n*C,H;y = CoHs + CoHs  (4)

C3Hg —» C3Hg + H, vo n*C,H;o —» n*C,Hg+
H2 (5)

C,Hg - C,H, +H, (6)

[6]-ya goro C. — Cs4  alkanlrinin
dehidrogenlosmoasi 800-850 °C-do sona qoador
geda bilor, etanin iso ancaq 900-950°C -ya
gadar davam eds bilor. Alkanlarin pargalanma
reaksiyalart 250-450 °C-do basa ¢ata bilar,
(Sakil 1) bels ki, ¢ixan karbohidrogenlords C
atomlarmin say1 na godar ¢ox olarsa, o qadar do
onun asagl temperaturda parcalanmasi bas
veror [6]

X

0,80
0,60
0,40

0,20

Sokil 1. C2-Cs4 , alkanlarinin dehidrasiya vo pargalanma reaksiyalarinin tarazliq doracesindo
¢evrilmasinin temperaturdan asililigi(1, 2, 3, 4, 5, 6 ayrilorinin némraloari 1, 2, 3, 4, 5, 6, reaksiyalarinin

niimunolori ils tist-iisto diisiir).

Alkanlarin piroliz reaksiyalarinin biri
onlarm C vao H-o ayrilma reaksiyasidir.
Temperaturun yiiksolmosi ilo alkanlarin vo
olefinlorin ayrilmasinin tarazliq dearacasi bu
reaksiya lizro artir, asetilenin tarazliq dorocasi
iso diisiir. Buna goéro do 1400 °C-do asetilen
etileno  nisboton  daha  termodinamiki
dayanigliga malik olur. Bu istigamatdo
karbohidrogenlorin ayrilma stabilliyi molekulda
1400 °C-do karbon atomlarminartmasi ilo
kigilir. Tocriibi olaraq pizoliz soraitinds,
xammalin reaksiya zonasinda az qaldig1 vaxtda,
alkanlarin voolefinlorin C vo H-a tonozzili,
onlarin eyni ¢akili ehtimallarina baxmayaraq,
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az dorocado kinetik mohdudiyystlo bas verir
[6].

Prosesin vacib parametri — temperatur —
baglangic ~ maddslorin  piroliz  zamani
reaksiyalarda donmo doracasinin  hom do\
piroliz mohsullarinin paylanmasini tayin edir.
Temperaturun  artmasi  naticasindo  ilkin
reaksiyada asagi olefinlorin, metan vo hidrogen
¢ixmasi artir, alkanlarin ¢ixis1 azalir.

Adi piroliz soratinds, no zaman Ki,
alinan mohsullarin par¢alanma doarinliyi kifayat
godar yuksokdir, miioyyan doarinlikds ikinci
reaksiyalar da bas veir, mas. birinci marhaloda
omalo  golon  olefin  va  diolefinlarin
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pargalanmasi, birlosmo tipli reaksiyalar va
basqgalari. Baxmayaraq ki, ikinci dénmo
reaksiyalarmin  siirati  birinci  reaksiyalara
nisboton temperaturdan az asilidir, bels asililiq
moveutdur vo uygun reaksiyalarin enerji
naktivasiyasiin hadlori ilo xarakterizo olunur.
Buna gora do, piroliz reaksiyasi
karbohidrogenlorin miixtalif temperaturlarda
cixisi tokco ¢ixan maddoalorin  donma
dorinliyinin temperaturdan asililigi ilo toyin
olunmur. Cixan mohsulun temperaturdan

asililigi adston ¢ox miirakkabdir vo bir gayda

B %
35

30

25

olarag, xammalin miixtalif novlori
cksperimental olaraq miiayyan edilir [7-8]

Pirolizin digor miihiim parametri piroliz
olunan maddslorin reaksiya zonasinda galma
miiddatidir, bazon bu vaxtda kontakt muddoti
do deyilir. Qalma vaxti kimi reaksiyaya giron
mohsul axininin ilanvart boruda elo galma
temperaturu basa diisiiliir ki, piroliz reaksiayasi
ohomiyyatli siiratdo gedir. Karbohidrogenlarin
sorti baslangic reasksiyasi Cs-Cio (birbasa
govulan benzin) 650°S-dir. (Sakil 2).

lciin

Corga 1l
Corgo 2
Corga 3
Corga 4

Corga 5

Sokil 2. Ekzotermik reaktorda birbasa qovulan benzinin pirolizinin B mohsullarinin temperaturdan t

asluligt 1-CoHs; 2-CHy; 3-CsHs; 4-CsHs; 5-CsHs

Olefinlorin yarandigi ilkin reaksiyanin siirati
ikinciya nisboton temperaturun artmasi ilo gox
boyliyiir, hor bir anligq mohsul ii¢lin — asagi
olefinlir — ayrica temperaturdan asili olan
peagentin optimal galma miiddoti mdvcutdur,
hom do temperaturun yiiksolmasi ilo qalmanin
optimal haddi kegilir.

Beloliklo, pirolizin  temperaturunun
yuksoldilorok  eyni anda uygun qalma
miiddoatinin  secilmosi daha yiiksok xam

moahsulun, o ciimladan etilenin alda olunmasina
imkan verir. Ce¢ karbohidrogenlori {igiin asagi
temperaturda termodinamiki stabillik miixtolif
siniflorin  karbohidrogenlarinin - molekulunda
termodinamiki stabillik mixtalif siniflorin
karbohidrogenlorinin molekulunda eyni sayda
atomlar1 ii¢lin asag1 disiir:

Parafinlor > Naftenlor > Olafenlor >
Aromatlilar
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Belaliklo, nozaros almaq lazimdir ki,
neft mohsullarina termiki tosir  etdikdo
karbohirdogenlorin ~ gqrup  torkibi  doyisir.

Parafinin parcalanmast prosesindo olefinin
molekullarinin  vo parafinin torkibi doyisir.
Parafinin parcalanmasi prosesindo olefinin
molekullarinin vo parafinin daha qisa karbon
atomlarinin sirasinin amala galmasi miisahido
olunur, hom dos oks proses parafinolefinlorinin
alkinlasmasi ila 6ziinii biruza verir:
Cm-nHome+n)+2>CmHm2+CnHan+2 (7)
Gibbs enerjisinin toxminon (dG°) 0-dan
boyiikk olan 600K doyismasinds, parafinlorin
termodinamiki pargalanmast miimkiin deyil,
yalniz alkillomo gedo bilor. Daha yiiksok
temperaturda voziyyat oksino doyisir, hom do
800 K dorocads vo daha yuxari temperaturda
parg¢alanma artiq donmoyan prosess gevrilir [9]
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PYROLYSIS OF HYDROCARBON RAW MATERIALS IN A TUBULAR FURNACE
N.M. Aliyev., F.H. Bayramov

In recent years, the chemical industry has been characterized by an increase in the production
of organic synthesis products. In modern times, four hydrocarbons: ethylene, propylene, butadiene and
benzene determine major technical progress in the petrochemical industry. Ethylene, propylene is
mainly produced as a result of pyrolysis. Pyrolysis is a thermal decomposition of organic and many
inorganic compounds. In the narrowest sense, natural organic matter can be found in wood, oil
products and so on. decomposition in an oxygen deficiency environment is, in a broader sense, any
combination of high temperature effects to the more lighter molecules or chemicals that make up it.
The pyrolysis process is mainly carried out in tubular furnaces

MNMAPOJIN3 YTJEBOJOPOAHOI'O CbhIPHS B TPYBYATOM NEYHN
H.M. Asmnes., ®@.I'. bBaiipamoB

B MOCJICAHUEC TOJbl XHMHYCCKad JMPOMBIINIJICHHOCTE XapaKTCPHU3YCTCA  YBCIMYCHUCM
IMPOU3BOJACTBA MPOAYKTOB OPraHUYCCKOI'O CHUHTE34A. B namme BpEMs YCTBIPE YrijieBoAOpoAa: 3THUIICH,
npomnuieH, OyTagueH U OEH30J ONpeAessiioT OCHOBHONM TEXHMUYECKUN IMporpecc B He(PTEeXUMUUECKON
MPOMBIIIJIICHHOCTH. 3TI/IJ'ICH, IPOIMUJICH B OCHOBHOM IOJYYAlOT B PE3YyJbTATC NHUPOJIH3A. HI/IpOJ'II/I3 -
9TO TCPMHYCCKOC PA3JTOKCHUC OPraHNMYCCKUX H MHOI'MX HCOPTaHWUYCCKUX COGﬂHHCHHﬁ. B camom
Y3KOM CMBICJIC, TPUPOAHLIC OPTraHUYCCKUE BCUICCTBA MOKHO HallTu B APEBECUHC, He(bTerOZLYKTaX u
TakK JaJiIe€. B OoJtee HIMPOKOM CMBICJIC Pa3JIOKCHUE B CPEAC C I[e(l)I/IHI/ITOM Kucjopoaa npcacTaBJisICT
coboit J'IIO6YIO KOM6I/IHaL[I/IIO BO3,Z[CI>'ICTBI/I${ BBICOKUX TCMIICPATYp Ha 0oJjiee JIETKHE MOJICKYJIbI HJIN
XUMHUYCCKUEC BEHIECCTBA, KOTOPBIC €0 COCTABJIAIOT. HpOIIGCC nmupojinda B OCHOBHOM HPOBOJUTCA B
TpyOUaThIX mevax
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QAZMA QURGUSUNUN BUCURQAD SiSTEMi UCUN HAZIRLANMIS 9YLOC KUNDOSI
MATERIALLARININ TRIBOTEXNIKi TODQIiQi
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Yusubov Fikrat Faxraddin oglu
Email: fikratyusub@gmail.com

surtinmao

Acgar sozlor: ovuntu metallurgiyasi, kompozitlor,

omsali,

sirtinm vo yeyilmo, mikrogatlar, dagilma, istilik
rekimlori

Qazma qurgusunun bucurqad sistemino daxil
olan  avadanliglarin  uzunémiirlik  vo
etibarhigmin tomin edilmasi dorin neft vo gaz
quyularin gazilmasinda ¢ox miihiim shomiyyat
dasiyir. ©lbaettos ki, friksion qurgunun normal is

rejiminin - tomin  edilmasindo  aparict  rol
stirtlinma ciitlorinin tizaring diisiir. Son dovrlar
sonayonin  miixtalif  sahalorindo  friksion

materiallara olan maraq daha da artmagi
baslamisdir ki, bu da tesadiifi deyil. Istismar
vaxti agir is rejimi sortlorindos isloyon avadanliq
hissalari siirtiinma naticasinds istilik, yiikklonma
va digor tasirlorindan yeyilmo va dagilma kimi
problemlorlo  xarakteriza olunmasi siirtiinma
ciitii materiallarina Vo imumilikds
konstruksiyaya goyulan talablori artirir [1]. Bu
Sobabdon yeni stabil siirtinmo omsalina malik
davamli friksion materiallarin totbiqi iqtisadi
baximdan ¢ox somarali ola bilar.

Oylaclorin, eloco do digor siirtiinma
dilyinlorinin ~ islomo  gabiliyysti  tomas
materiallarinin friksion uzlasmasi ilo miiayyan

olunur [2]. Sothin fiziki-mexaniki
parametrlorinin  yeyilmoyadavamliga  tosiri
kifayat godoar Oyranilmisdir. Lakin

makrogorginliklorin  vo nazik soth strukturu
xarakteristikasinin  yeyilmoyadavamliga tosiri
kifayot godor Oyronilmodiyi tiglin hissoalorin

hazirlanmasinda bu amil nozors alinmir.
Hazirda  tribomaterialgiinasliq  asason iki
istigamat tizro inksaf edir:

1. Yeni materiallarin hazirlanmasi vo
ya  artiq istifado olan  materiallarin
tokmillosdirilmasi

2. Yiiksok triboloji gostaricilora malik
davamli  soth  oOrtiiklorinin ~ hazirlanma

texnologiyasinin iglonilmasi
Lakin har iki halda siirtinma Sathinin
xususiyyatlori friksion xarakteristikaya tosir
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gostoran holledici faktorlardan biri olaraq qalir
[3]. Emal edilmis sothlordo nahamarliglarin
yerlosmosi, formasi vo istigamati emal
rejimindon, materialin kimyavi torkibindon va
mikrostrukturundan, alstin konstruksiyasindan,
hondasasindon, kasma gabiliyyatindon vo digor
xiisusiyyotlordon asili olur [4]. Siirtinmoa
prosesi haqqinda diizglin teSovviir yaratmaq
tictin bark cismin fiziki vo mexaniki xassalorilo
yanagt sathin hondasasini do nozoro almag
lazimdir.

Bu mogalodsa todgigat obyekti olaraq
ovuntu  metallurgiya metodlart  9sasinda
bisirilmis friksion kompozisiya materiallar
gotiiriilmusdiir. Kompozisiyalarin
hazirlanmasinda  barit,  fenol-formaldehid,
vollastonit, aliminium oksid, qalay, qurgusun,
silisium dikoksid vo mis-grafit (80%Cu20%C)
elementlorindon istifado edilmisdir (Cad.1a).
Modifikator-alavalor olaraq iso MoS;, MgO va

tunc  quntilarindan  istifade  edilmisdir
(Cod.1b).

Mexaniki legirlomo prosesinds
komponentlor xirdalanma vo  qatisdirma
morholalorindon  kegirilmisdir.  Xirdalanma

vibrasiyali laboratoriya doyirmaninda 6 va
12mm-lik polad kiiralorlo 12 saat middstinds
aparilmisdir. Kiirs Vo ovuntunlarin kiitlosi 10:1
nisbatinds gotiirtilmisdiir. Hissaciklorin 6l¢iisii
~50mkm  hoddinodok c¢atdirildigdan  sonra
materiallar mexaniki qatigdirilmaya moaruz
goyulmusdur. Mexaniki qatisdirmadan ovval
oksidlogsma naticasindo qazanilmig artiq kiitlo
artiminin  garsisini  almaq {iglin ovuntular
sobada 70°C temperaturda 30 dagige
middatinds qurudulmusdur. Qatisdirma 8 saat
miiddatindo 60 dovr/doq. siirotlo firlananan
barabanda yerina yetirilmisdir.
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Cadval 1

a) Kompozisiya materiallarnmin asas tarkibinin (M) va mis-grafitin kt.%-lari, b) modifikator-

slavalarin paylanma nisbatlari

Barit 25
Fenol-Formaldehid 25
Qalay 10
Qurgusun 10
Aliminium oksid 7
Vallostonit 5
Silisium dikoksid 9
Mis-grafit 5 [10 [15 [20

a)

Preslonma rejiminds sixilan
niimunolors tozyiqin birbasa deyil, todricon
artirillaraqg  verilmo qaydast  gozlonilmisdir.
Komponentlorin  plastikliyini  vo  axma
gabiliyyatini artirmaq, mamulun preslonms va

formalasma  xisusiyyatini  yaxsilasdirmaq
mogsadilo  avvolco  soyuq halda ilkin
preslonmoys  (10MPa) moruz  qoyulan

materiallar daha sonra pres-forma ilo birlikds
sobay yerlosdirilorok 120°C-do 40 doq.
miiddatinds qizdirtlmisdir. Qizdirilmadan sonra

\ [

4,7mm

a)

qalay, qurgusun) kimi materiallarin
movcudlugu  sobobindon  orta  temperatur
soviyyosi olaraq 200°C miioyyonlosdirilmisdir.
Bisirmo 200°C temperaturda mufel sobasinda
Ssaat miiddatinds yerins yetirilmisdir.

Triboloji  smnaqlar  “barmaqciq-disk”
prinsipina osason vertikal quruluslu MMW-1
qurgusunda aparilmigdir. Bunun ii¢lin alinmis
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MoS2
20%

nimunolora  25,5MPa  altinda  yenidon
preslonmisdir. Preslomolor ikitorafli sxem {izra
hoyata kecirilmigdir. Preslonmonin morhalali
formada aparilmasinda digor bir moagsad isa
fenol-formaldehidin polikondenslogsma
reaksiyast  noaticosindo  yaranan  qazlarin
ayrilmasina  imkan  vermok  olmusdur.
Preslonmodan sonra alinmis silindirik formali
nimunslor  (h=13mm, d=7mm) sobada
bisirilmisdir.

b)
Sokil 3. Barmaqciq a) vo barmaqcig disk iizorinds saxlayan platformanin b) sxemi
1-platforma, 2-disk, 3-niimunslor

Hazirlanan kompozisiya materiallarinin
elementlori arasinda on yiiksok temperatur
2072°C (Al20s) olsa da, 330°C-don asag1 orimo
temperaturuna malik olan (Fenol-formaldehid,

hor 4 kompozitdon hindiirliyii 12,7mm vo
diametri 4,8mm 3 odod silindirik formali
niimunsalor Kkasilib hazirlanmisdir. Hamar vo
eynicinsli soth almaq t¢iin niimunalorin sathi
100, 500 vo 2000 olgiili SiC kagzi ilo
cilalanmigdir. Kontrcisim olaraq iso polad (44-
46HRC) materialindan hazirlanmis  diskdon
istifado  edilmigdir. Sabit 400N yik ilo
1069dag/dovr  parametrloarilo hor bir
niimunadon eyni vaxtda 3 oadod sinaq edilorok
strtinma omsalinin orta qiymati
mioyyonlosdirilmisdir (Sok.3b).
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Sokil 3. Mis-grafit torkibindon asili olaraq kompozisiyalarda a) boarklik vo b) siirtinms omsali

giymatlarinin doyismasi

Borklik olgmolori (HB5/500/30)
niimunoslordo mis-grafit miqdarinin material
sturkturuna yaratdigi hor hansi bir ciddi tosiri
mioyyan edo bilmomisdir. Faktiki olaraq
borklik giymatlori oksar niimunslords eyni
saviyyada olsa da, yalmiz torkibindo 20% mis-
grafit olan niimunoalords barklik yiiksok giymat

1

almigdir. M+10% mis-grafit niimunasinds artib
daha sonra yenidon azalmasi mis-grafit
miqdarinin ~ borklik  gdstorici  arasinda
qanunauygunlugun olmamasini gostorse do, bu
artim hor hansi bir elementlo qarisiligh tasir
effekti kimi do giymatlondirils bilor.

Sokil 4. Istiliyin niimunonin daxilinds paylanma va tosir modeli
1- yanmig tomas sathi, 2-istiliyin gismoan tosir etdiyi sathdon asagi hisso , 3- friksion istiliyin tasir etdiyi

digor gatlar, t- temperatur

M+20% mis-grafit niimunasi on yiiksok
borklik ~ gostoricisino  malik  olmasina
baxmayaraq M+5% mis-qrafit vo M+10% mis-
grafit materiallar1 ilo miiqayisodo tribomexaniki
xassalari ¢ox asagi olmusdur (Sak. 3).

Tribotexniki ~ sistem  materiallarinin
uygunlugu osason bu materiallarin  kontakt
gorginliyini azalda bilmasi siiroti imkani ilo
mioyyanlosdirilir [5]. Kontakt gorginliklorinin
azaldilmas1 kovrok metal vo arintilor ti¢lin daha
asan bas verso do, daha sort materiallar {i¢iin do
kecorlidir.

Molumdur ki, tomas sothindo yaranan

temperatur  xarici soth qatinda bircinsli
paylanmir [6]. Kontakt sothindo yaranan
yiikksok  temperatur xarici Soth qatindan

materialin daxiline paylanir. Temperaturun
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material daxilinds paylanmasi homin materialin
termo-fiziki xarakteristikasindan asilidir [7].
Sakil 4-do niimunalords istiliyin paylanmasinin
sxematik tosviri verilmisdir. Bu tosvir
slirtinma sinaqlarindan sonra niimunalorin en
kosiyinin  goriinlisii  osasinda  ¢okilmisdir.
Apartlmis  miisahidolor  friksion istiliyin
material daxilindo paylanmasi mexanizminin
biitin  niimiinalor  {iglin  eyni  oldugunu
gostormigdir. Tobii ki, torkiblor yalniz mis-
grafit miqdar1 ilo bir-birindon forglondiklori
tgtin  fiziki-kKimyavi  xassolordo do nozora
carpacaq forq olmayacaqdir. Burada hom do
nimunalorin  hazirlanmasinda eyni mexaniki
legirlomoa parametrlorinin totbiq edilmasini do
unutmaq olmaz. Biitiin niimunalords istilik
tosiri daha g¢ox soth tobagosinds 6ziinii
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gostormis  vo qalan tobagolordo bu tasir
toxminon eyni olmusdur. M+5% niimunasinds
iso bu effekt Kicik farglo secilmisdir. Belo Ki,
M+5%  mis-grafit niimunosindo  kontakt
sothindon asag1r tobagolordo istilik  tasiri
miiqayiso etibarilo digor niimunoslordon daha
¢ox olmusdur.

Lakin triboloji  smaqlar siirtiinmo
omsalinin on asag1 qiymatinin do mahz M+20%

23 M5 % Mis-Qraiil Sagepes

o i

mis-qgrafit kompozisiyasinda oldugunu
miioyyon etmisdir (Sok.3b). Bu mis-grafit
miqdarinin  artmasinin  friksion  xassalori

zoiflotdiyini gostorir. Eyni zamanda tacriibalor
mis-qrafit miqdarinin yalniz ~10% kt.% olan
hoddadok olduqda daha effektli olmasini askar
etmisdir.

Sokil 5. Siirtinmos smagqlarindan sonra kontakt sothlorinin optik mikroskopla (Amscope) ¢okilmis

tosvirlori

Molum oldugu kimi ogor dartilma

gorginliklorinin  giymoti  elastiklik haddini
asirsa, onda kontakt sothindo mikrogatlar
yaranir. Qeyd edilon oxboyu dagima
ganunauygunluguna  zidd  olaraq  bozi
niimunlords (Sok.5. a, d) dagilma prosesinin
sirtinmo  istigamatino  uygun  olmayan
istigamotdo inksaf etdiyini gbérmok

miimkiindiir. Boyilik ehtimalla, bu ziddiyst do
dartilma garginliyinin geyri-borabar paylanmasi
vo hom do struktur qeyri-hamcinsliyi ils

baghdir. Catlarin omolo golmosi siirtiinmo
sothindo  yeyinti  hissociklorini  artirmaqla
yeyilmoni daha da intensivlesdirir, ¢iinki

catlarin iti tzlori Kosici tosir gostorir. Halo
stirtinmonin  baslangic  dovrlorindo  kontakt
sothlorinin  handasasi  doyisso do, yeyilma
hissaciklori yalniz miioyyan sayda tsikldon
sonra materialdan ayrilir. Bu kontaktda olan
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materiallarin tsiklik struktur doyisikliklarini,
stirismo  stirtiinmasi  istigamatinds  enina
dartilma gorginliklori zonasinda mikrogatlarin
omolo galmasini izah etmoyo imkan verir.
Formalagmis mikroqgatlar plastik oldugundan
tokrar yiiklomads yorulmaya moruz qalaraq
yeyilmo ilo naticolonir vo bu sababdon do
yorulma davamligi sathds ilk ¢atin goériinma
kriteriyas1 ilo miioyyonlosdirilir. Sok. 5-doki
tasvirlordon goriindiiyli kimi siiriisma siirtiinma
istigamotino uygun olaraq catlar mohz hamin
oxboyu orazini ohato etmisdir. Digor kigik
catlarin yaranma sobobini iso bu ardiciligla
baglamaq olar: Har siirtiinma tskilinin sonunda
soth holo tribokontakda oldugundan friksion
istilik niimunanin daxilino paylanarag hacmi
temperatur soklini alir. Sokil 4-do Kasilmis
nimuno tosvirindo goriindiiyii kimi kontakt
sathinds yaranan istilik yalniz iist sothdon asag:
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qatlara dogru deyil, eyni vaxtda biitovliikde (gqaralma-yanma) hiss olunmusdur. Digor
kompoziyanin daxilina paylanmisdir. gatlarda iso demok olar, material struktrunda
Niimunslorin yalniz {ist soth vo iisto an yaxin kaskin forq askar edilmomisdir.

kicik saholorindo koskin istilik effekti tosiri

Naticalar

Tadqiqatlar siirtiinme omsalinin on yiiksok giymatini mis-grafit torkibinin yalniz ~10% kt.%
hoddinds yarandigini miioyyon etdi, hamginin 10 kt.% yiiksok oldugunda triboloji xassalori agagi
saldigin1 gostordi. Borklik gostoricisi ilo mis-grafit torkbi arasinda hor hansi bir ganunauygunluq
miioyyan etmok miimkiin olmasa da, M+20% mis-qrafit kompozisiyasinda an yiiksok barklik giymati
geydo alinmigdir. Bundan slava kontakt sathlorinds istiliyin paylanma mexanizmlari tosvir edilmis,
sath strukutuna gostardiyi tasirlor aydinlagdiriimigdir.
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TPUBOTEXHUYECKOE UCCJAEJOBAHUE MATEPHUAJIOB TOPMO3HOM KOJIOJAKH
N3I'OTOBJIEHHBIX JJIAA JIEBEJIKHU BYPOBbBIX YCTAHOBOK
®. ©. OCYBOB

B Hacrosimiell cTarbe HCCIEIOBAaHO IOBEPXHOCTHOE TPEHHE CIEKaHHUS (QPUKLIHMOHHBIX
MaTepHajioB Ha OCHOBE IOPOIIKOBOW MeTaurypruu. UToObl ompenenuTh BIMSHUE MeA-TpaduT Ha
TPUOOTEXHUYECKUE CBOMCTBA MEXaHMUYECKU JIETMPOBAHHBIX IMOJIMMEPHBIX MATPUYHBIX KOMIIO3UTOB,
OCHOBHOH COCTaB KOTOPBIX ObUI COXPaHEH, U3MEHEHHIO MOABEPrajucCh JHIIb MAcCOBBIE MPOIEHTHI
mea-rpadur. [locie wucnbITaHM Ha TpeHHE TMOBEPXHOCTHBIE CTPYKTYpbl 0Opa3loB ObuIH
aHAJIM3UPOBAHBI C MOMOILBIO METAIUIOrpapUUecKO MUKPOCKOIIUH, UCCIIEIOBAaHbl MEXaHU3Mbl U3HOC-
paspylieHus U paclpeiesieHus TeIIOBON SHEPTUH.

TRIBOTECHNICAL INVESTIGATION OF BRAKE PAD MATERIALS FOR DRILLING
RIGS DRAWWORKS
F.F. YUSUBOV

In this article, friction surface of sintered friction materials based on powder metallurgy is
investigated. In order to determine the effect of copper-graphite on tribotechnical properties of
mechanically alloyed polymer matrix composites, the main composition was kept the same, only mass
percentages of copper-graphite were changed. After the friction tests, the surface structures of the
samples were analyzed using metallographic microscopy, the wear-destruction mechanisms and the
distribution of thermal energy were investigated.
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YHUBEPCAJBHBIA THAPOJIUHAMAYECKAMN CIIOCOB NEPEOJNYECKON
N30JIsIIUN ITJIACTOBBIX BOJ B ObBOJHUBHINXCS HACOCHBIX CKBAJKKUHAX
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Annomauyusn. B Oaunnoii  Hayunol  cmamve, NPeONOJNCEH  HOBbIU  YHUBEPCATbHDBIU
2UOPOOUHAMUYECKULL CNOCOO NePUOOUYECKOU UZ0NAYUU NIACTOBBIX 800 8 0080OHUBUIUXCS WIMAH208bIX
HACOCHBIX HeDMAHLIX CKBANCUHAX, C NPUMEHEHUeM, KOMOpo20 U30IUPYIOMCS 6ce 8U0bl NIACMOBOU
800bl, m.e. NOOOUWIBEHHOU, KOHMYPHOU, YYJCOU GEepXHell U HUJICHeU B00bl, 8 JObIX 2e0l020-
Qusuueckux ycuousx 00800HUBULE2OCSA HeMAHO20 NIACA.

Bvibupaemcs 6 meppumopuu NPOMbICIaA MANCENAS MEPMBAs HedhMb C 8bICOKOU 6A3KOCMbIO,
VOenbHbll 8eC KOMOPOU OIU3KA YOETbHOMY 8eC)y NAACMOBOU B00bL.

Onpeoensiemcsi 00vem Mepmeol Hegmu, KOMOpbLL 3aKa4ueaemcs 6 Niacm u paouyc
NPOHUKHOBeHUs1 ee 6 niacm. Buiuucisemcsa epems nosmopHo2o 00800HEHUS  CKBANCUHDBL,
3aKkauueaemcs Mepmedas Hepmv 6 NIACM 8 PAcHemHOM obveme, YCMAHABNIUBAEC HOBbII
ONMUMANBHBIN MEXHONOSUYECKULL PeNHCUM PADOMblL CKBANCUHBL, U €€ IKCNIYAMAYUI0 NPOOOIHNCAIOM 00
NnOBMOPHO20 00800HeHUs. 3a Imom nepuoo uepes Kadxcovie 2-3 OHs 3amepsiiom debumvl Hegpmu, 2a3a
U 800bl, OYEHUBAEMC S IKOHOMUYeCKAas 3¢ppexmusHocms om 6HeOpeHUsi H08020 cnocooa.

Hszeecmno, umo c¢ yenvio u30nAYUU NAACMOBBIX 600 6 00B00HUBUIUXCS HEPMAHBIX CKEAHCUHAX
NPUMEHSAIOMCS MHO20YUCTIEHHblE PA3IUYHbIE XUMUYECKUe KOMNO3UYUU UHOUBUOYATIbHO20 XapaKkmepa,
Kaxcoas u3 KOmopvlx npumMeHsemcs 0Jisl KOHKPEMHbIX 2e01020-pusuyeckux yciogui. B cnpagounuke
[1] npeocmasnenvt moavko 14 komnosuyuil.
KioueBbie cJaoBa: YHHUBEPCaTbHBIN
TUAPOIMHAMUYECKUI crocoo, nepUoOAN-YeCcKas
W30JISIMsI,  TUIacToBas — BOJAA, MepTBas  HE(Th,
HBIOTOHOBCKas He(Th, BS3KO-IJIACTUYHAS HE(PTh,
OOBOJHMBIIIASACS CKBOKHWHA, CTPYKTypHas BS3KOCTb,
MOBTOPHOE OOBOJAHEHUE, KOMITO3HIIHSL.

OO0muM  HEIOCTaTKOM  BCEX  ATHUX qy»He BOJbI U HE TPeOyeT JOMOJHUTEIbHYIO
KOMIIO3UIUN ABJIAETCA TO, YTO KOIJa HX nepdoparnuro.
3aKauMBAaIOT B IJIACT, OHU HAXOJATCS B )KHJIKOM B cratbe pexomeHIyeTcsl COBEPIIEHHO HOBBIN
COCTOSIHUM M KOTJa OHU OCTAalOTCS B IUIACTE, crnoco0 HM30JALMU IUIACTOBBIX BOJ, PE3KO
IpeBpaljaloTcss B KaMeHb  (Hampumep, OTJIMYAOIIANCS oT BCEX CH0c000B,
LIEMEHTHBIA pPacTBOp) WM B TBEPJOE PE3UHO IIPUMEHSIEMBIX B HACTOSIILIEE BPEMSI.
MoA00HOE BEMIECTBO. DTO MPHUBOJUT K TOMY, CymHocTh PEKOMEHTyeMOTO crioco0a
YTO CO3/1aeTcsl TBEpAbld Oapbep Kak nepen 3aKroyvaercs B ciuenyoomeM. [locnenosarensHo
IUIACTOBBIMM BOJAMM B IUIacTe, TaK U MeEpen BBITIOJHSIOTCS CJIEAYIOIINE TEXHOJIOTHUECKHUE U
wiactoBoil Hedrhio. Jlns BBI30BA MPUTOKA HCCIJIEI0BATEIBCKUE ONIEpaIiu:
IJIaCTOBOM He(TH K CKBaXHHE MPUXOAUTCS 1) 3aMmepsieTcsl ri1yOuHa 3a00s CKBa)KUHBI,
nepdopupoBaTh CKBaXHHY IMOBTOPHO B 3+4 ecIIi UMeeTcs ecuaHasi npoOKa, onpeaessiercs
paza Ty 4YacTb MNPOAYKTHUBHOIO IUIACTa, I/IE €e BBICOTA;
pacrionaraercst  miacroBas — He(Tb;,  MIH 2) MIPOMBIBAETCA NecyaHast mpookKa;
co3/1aeTcsl MpUTOK (0OBIYHO ciadblil) HeDTH K 3) W3 TpOMBIBHOM  mpoOku  Oepercs
CKBR)XMHE WJIM HET; 4acTo 3a00MHBIN (QUIBTP oOpazer; 1mecka M OJHUM M3 CIIOCOOOB
BBIXOAUT u3 cTpos. Jlig BoccTaHOBIIEHUS omnpezensercs  Kod(Q(UIHMEHT  MOPUCTOCTU
paboTbl  TakOoW  CKBaXHHBI  TpedyeTcs necyaHoi MpoOKH;
OCYULIECTBUTH KalUTaJIbHBIA PEMOHT. 4) 3aMepsoTcs 1eOUThl HeTH, BOIBI U
EAVHCTBEHHON  MOJOXHUTENBHOM  CTOPOHOM riyOMHa JUHAMUYECKOTO YPOBHS KUAKOCTH B
3TOro crocoba W30JALUUU IUTACTOBBIX BOJ CKBa)KUHE;

ABJICTCA TO, YTO OHaA IMOJIHOCTBIO HU3O0JIMPYCT
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5) pPacCUUTHIBAIOT PACUETHBI 00BbEM BOJOM3OIUPYIOIIETO areHTa JJIs 3aKaykd B IUIACT, PAIHyC
IIPOHMKHOBEHUS €r0 B IUIACT U BPEMs IIOBTOPHOI'O OOBOIHEHMSI;

6) 3aKauMBAETCs areHT, TO €CTh MEPTBasi HE(PTh B IUIACT U CKBAXXHHA IIYCTUTCS B DKCILTyaTallHIo;
7) UCCIEAYETCs CKBa)XKMHA HAa YCTAHOBUBILUXCSA PEKMMAaX IPUTOKA, CHUMAKOTCA MHIUKATOPHBIE

auarpaMMbl  JUis He(TH M BOJABI U PETYIMPOBOYHBIC KPHUBHIC, YCTAaHABIUBACTCS IPABHIbHBIN
ONTUMAJIbHBIN TEXHOJIOTUYECKUN PEXKUM pabOThl U CKBAKUHY ITPOJOJIKAIOT SKCIUTYyaTHPOBaTh B 3TOM
pexume;

8) peryispHo (depe3 Kaxkapie 2-3 IHs) 3aMepsroT 1eOuThl He(TH, Ta3a U BOJBI JI0 MMOBTOPHOTO
0OBOIHCHUS CKBAYKUHEI;
9) ecli o0pasyercs recyanast mpooKa, TO MPOMBIBAIOT €€ U MPOJI0DKAIOT aHAJIOTHYECKUE 3aMEePHhI;

10) 1pu NOBTOPHOM OOBOJHEHUU BBITIOJNHSIOT BBIIIE H3JI0KCHHOE MEPONPUSTHE, IPHUTOM 3TOT
YHHUBEPCAJIbHBINA CIIOCOO BBINOIHIETCS MEPUOJUUYECKH 10 KOHLA pa3pabOTKH JIaHHOIO He(TAHOro
MecTopoxaeHus [3-9].

['my6uHa QMHAMUYECKOTO YPOBHS >KUJKOCTU B IITAHTOBOW INTyOMHHO-HACOCHON CKBa)kKHHE
3aMepseTCsl 3XOMETPOM allllapaTHO-IPOrpaMMHOro KoMiuiekca «KBaHTop — 4 MUKpOY.
PacuerHslii 00beM 3aKauMBaeMOl B TIACT MEPTBOK HEPTH V U pannyc MPOHUKHOBEHUS €€ B IUIacT R
ompezessieTcs 1o cuexyomeii popmysne:

V = mm’h,(RE — 12), (1)

rme = 3,14; m — Ko>p(UUMEHT IOPUCTOCTH HPOAYKTHBHOIO IUIACTa; hj — MOIIHOCTH
OOBOJIHUBIIENCS YaCTH IUIacTa B M.; Ry — paanyc NpOHUKHOBEHUSI MEPTBON HEPTH B IUIACT, B M.;

Ecnn mepTtBas HedTb ABNAETCA BbICOKOBA3KOM TAXKEN0M HbTOHOBCKOM KUAKOCTbIO, TO BPEMSA NMOBTOPHOIO
06BOAHEHMA CKBaXXMHbI onpeaenaeTca no caeayolen dopmyne:

>

T= L[(M InR —Uu lnT)(RZ —TZ) + ('u —u )(RzlnR _
ZKH(PHJI. _Pc) b k =" 0 b H b 0 0

2 1 2 .2
—1p Inry) — Z(.UH — up)(Rg — 7¢ ] ) (2)

rie Kj, — ba3opas mpoHMIIaeMOCTh 1o He()TH MaacTa, B M2, P, — MIacTOBOE JaBIEHHE, B aTM.; P, —
JMHaAMH4YecKoe 3a001HOe TaBIEHUE CKBAXKUHBI, B aTM.; R — paanyc KOHTypa MUTaHUs, B M; Uy U
Up — COOTBETCTBEHHO TUHAMHUYECKHE BA3KOCTH HE(TH U BOJIBI B IUIACTOBBIX YCIOBHUSAX, B aTM. CEK.;
T — Bpemst poABMKEHUS BOJHO-HEPTAHOTO KOHTAKTa OT Ry 110 7, B CEKYH/1aX.

Ecnu mepTBas HedTh ABIISETCS BBICOKOBSI3KOM TSKETION BSA3KO-TUIACTUYHOM KHIKOCTHIO, TO BpeMs
MTOBTOPHOTO OOBOJHEHUS CKBAXKHHBI ONPEAETAETCS MO cleayomei hopMmye:

zm,(nHlnrc_Mblan [(R —r)—P“”'_PC+GrCIn Pnn._Pc +
KyG °e G P —P.—G(Ry — 1)
m’(ny — tp) 2m’(my—pp) (Pun. — B — GT)
T [Ro(1 — InRy) —1.(1 — Inr,)] + KHg <  x
% In B — P im’(nH_Hb)(Pm._Pc‘l'Grc)x

P — P —GQRy—7) | 15 K G

{ 11(P,,. — P. + G1.)? + 44(P,, — P. + G1.)G — 185G?
X< — X
[PunPe + G(r. + DT
(Po + 1) (P — P) 49[Py, — P, + Gr.(1 + 1)]

X 1 +
MO A D~ P+ GRo =10 (Pan— P+ 61’
y [ 111 1962w — R) + G(@r + D)]
(rc + 1)3 (RO + 1)4 3(Prm. - Pc + GT‘C)Z
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y [ 1 1 ] 4 109 [ 1 1 ]

(r.+1)3 (Ry+13] B,—-P+G.+1) L. +1? (Ry+1)?
22(P,, — P. + Gr.) — 196G ( 1 1 ) ]
Pm—PC+G(rC+1)2 .+1 Ry+1 ®)

rae APy — HavanabHBIN NIEpenaj AaBJIeHUs, 3HAUEHUE KOTOPOTO ONPEAENIAETC NCCIEIOBAaHUEM
CKB)XMHBI HAa YCTAHOBUBIINXCS PEKUMaX MPUTOKA, TOCTPOCHUEM HHIUKATOPHBIX Auarpamm. [19-23]

BbIBO/ABI U peKOMeHAALMT

1. B cratbe peKOMEHIyeTcsi HOBBIH yHHUBEPCAJIbHBIM  T'MIPOAMHAMHUYECKUH  crocol
NEPUONYECKON U30JIALUH IUIACTOBBIX BOJ B OOBOJUBIIMXCS ITAHTOBBIX TITYOMHHO HACOCHBIX
HE(TIHBIX CKBAXXHHAX.

2. DTuUM c1ocoOOM H30JIMPYIOTCSI BCE BUIbI MJIACTOBBIX BOJ, B JIFOOBIX (PU3HKO-TE€O0JIOTHYECKUX
YCIIOBUSIX.

3. BriOupaercs mepTBas TsKenas HeTh (Aera3upoBaHHAas) C BBICOKOH BSI3KOCTbIO, Y/IE/IbHBIH Bec
KOTOPOH 110 3HaYEHUIO OJIM3KHUH y/IeIbHOMY BECY IJIACTOBOW BOJIBI.

4. Beruucnsercs BpeMsi HOBTOPHOIO 0OBOJHEHMS CKBaKUHBI.

5. 3akaumBaercs B IUTaCT MepTBas He(PTh B pacueTHOM OOBEME M ONpenesseTcs paauyc ee
IIPOHUKHOBEHUS B ILIACT.

6. Hccrmemyercst CKBaKMHA HA YCTAaHOBHUBIIMXCS PEKUMax IMPUTOKA M YCTAHABIMBACTCS HOBBIN
ONTUMAJIbHBINA PEKUM PAOOTHI.

7. 3amepsroTcs uepe3 Kaxaple 2-3 aHsA 1eOuThl He(TH, ra3a U BOJABI 0 MOBTOPHOTO OOBOIHEHHS
CKBAKUHBI.

8. BrruuncnAroTcs AONMOTHUTEIbHBIE TOOBIYM HE(TH M Ta3a W COKpalleHHe TOOBIYHM IUIACTOBOU
BOJIBI ¥ TI0 MOJTyYSHHBIM JIaHHBIM OTIpEIeIIsieTCs SKOHOMUYEeCKui 3¢ (eKT oT Havyaja mporecca
M30JISILUU [1JIACTOBOM BOJIBL, OCTYIAIOIIEH B CKBaKUHY J10 IOBTOPHOT'O OOBO/IHEHUS.

9. Tpemmaraemplii crioco0 BBITIOIHSETCS MEPHOAMYECKH, TIOBTOPSS €ro JI0 KOHIA pa3paboTKh
HE(PTSIHOTO MECTOPOXKACHUS B PeKUME UCTOIEHHS 3a11acoB HE(PTH.
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Hannast pabora BeinoiHeHa Npu (puHaHCOBOM moanepxkke @onna passutus Hayku npu [Ipesunenre
Aszepbaiimkanckoit Pecriyonuku — I'pant Ne EIF/MQM/EIm-Tehsil-1-2016-1(26)-71/03/2

SULASMIS NASOS QUYULARINDA LAY SULARININ UNIVERSAL HiDRODINAMIK
USULLA FASILOLORLD TOCRID EDILMOSI.
V.S. Qurbanov, S.D. Mustafayev, Z.E. Eyvazova,
F.Q. Bayramov, R.A. Quliyev

Verilmis elmi moagalods sulasmis nasos neft quyularinda lay sularinin yeni universal hidrodinamik
fasiloli tisulla tacrid edilmasi toklif edilmisdir, hansinin todbigilo lay sularinin biitiin névlari tocrid
olunurlar, yani daban, kontur, yad yuxari vo asagi laylarin sulari, 6zii do sulasmis mohsuldar neft
layinin istonilon geoloji fiziki soraitlorindo.
Madoan orazizinds neft tutucularinda yigilmis agir, yiiksok ozliliklii 6li (qazsizlasmis) neft segilir,
hansinin xiisusi ¢okisi lay suyunun xiisusi ¢akisine giymatca yaxin olmalidir.
Laya vurulast 6lii neftin hocmi va onun laya hopma radiusu hesablanir; ham do quyunun tokrar
sulagsma miiddati hesablanir; segilmis 6lii neft hesabi hacmdas laya vurulur, sonra yeni texnoloji rejim
qurulur; quyu tokrar sulasma vaxtinadok bu rejimds istismar edilir. Bu vaxt arzinds quyunun neft-qaz
Vo su debitlori ol¢iiliir, slave neft vo qazin com hasilatlar1  vo suyun com hasilatinin azalmasi
hesablanir va yeni tisulun totbigindan alds edilmis igtisadi somara tayin edilir.

UNIVERSAL HYDRODYNAMIC METHOD FOR PERIODICALLY iSOLATING
PRODUCED WATER IN IRRIGATED PUMPING WELLS
V.Sh. Gurbanov, S.D. Mustafayev, Z.E. Eyvazova, F.G. Bayramov, R.A. Guliev
In this scientifik, a new universal hydrodynamik method of periodik isolation of formation waters in
flooded sucker-rod pumping oil wells, using which all types of formation water are isolated, i.e.
bottom, contour, alien upper and lower water, in any geological and physical contitions of the flooded
oil reservoir.
Heavy dead oil with high viscosity is selected in the field, the spesific gravity of which is close to that
of the formation water.
The volume of dead oil that is pumped into the reservoir and its penetration radius is determined.
Calculates the time of re-irrigation wells; dead oil is pumped into reservoir in the estimated volume; a
new optimal technological mode of operation of the well is established and its operation continues
until re-flooding. During this period, the flow rates of oil, gas and water are measured every 2 + 3
days; estimated economik efficiency from the introduction of a new method.
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UOT 622.276.72

ISTISMAR NEFT QUYULARININ VERIM IMKANLARININ ARTIRILMASI UCUN
QUYUDIBIN® TOSIR USULLARI
Magistrant X.M.Talibov
Azarbaycan Dévlat Neft va Sanaye Universiteti
Acar sozlar: istismar neft quyulart, mexaniki tasir, Kimyavi

Istismar neft yatag islonorkon bozi hallarda
nefti mosamoali sahads italoyan tobii enerji ciddi
dorocodo azalir vo buna goro do laym
mohsuldarhig xeyli asag diisiir. Olkomizin ilk
neft moadonlorindoki laylarin bir ¢oxu tozyiq
saxlanmadan istismar edilmisdir, bels ki, bu ciir
yataqlarda coxlu neft ehtiyati qalmaqla yanasi
layin enerjisinin do ¢ox hissasi Sorf edilmisdir.
Bu vyataglarda ya da laylarda verim
imkanlarinin artiritlmasi ii¢iin quyudibina tasir
tisullarindan istifado edilir[1-2].

Quyudibina gaz vurulmasi - magsaddan
asil1 olaraq qaz neft yataqlarina asagida verilon
iisullarla vurula bilar:

1. Mariyetta tisulu;

2. layda olan tozyiqin saxlanmasi tisulu;

3. laydaki tozyiqin barpa edilmasi tisulu;

4. qaz basqis1 rejiminin qorunmast vo ya

onun siini sokilds yaranmasi tisulu.

Istismar miiddatinde mayenin quyunun
dibina vurulmasi ii¢lin miayyan bir tozyiglor
forgi tolob olunur. Bozi hallarda quyunun
dibindo olan tozyig 1 atm-o kimi disiir vo
bununla oslagadar tozyiglor forgi o doracoya
godor asagi diisiir ki, mayenin horokati gox
¢otin olur. Bunun ii¢lin quyudibindo vakum

tosir, istiliklo tasiretmo, tursu ilo tasiretma.

Noticads etibart ilo neftin yiingiil fraksiyalar
qaz fazasina dogru horokoat edir. Bu mahsullar
quyunun dibina dogru harokat edarkon 6zii ilo
yanasi nefti do horokat etdirir[1].

Quyudibi sahasinin xlorid tursusu il
islonmasi asason xlorid tursusunun
dolomitlordon ibarot siixurlar vo ohonglo
Kimyavi reaksiya olunmasina asaslanmigdir.

Xlorid tursusu vo ohongin qarsiliqh
tosiri zamani bu reaksiya gedir:

2HCI+CaCO0s3,=CaCl,+H,0+ CO>

Xlorid tursusu ilo dolomitin reaksiyasi
iSo asagidaki gostarildiyi sokilda gedir:

4HCI+CaMg(COs3),=CaCl,+MgCl,+2H,0+2CO

Belo reaksiyalardan sonra layda
genislonmis kanallar yaranir. Bu kanallar layin
icorisine  dogru istigamatlonorok  quyudibi
zonasinin keciriciliyini artirir.

Reaksiyalardan alinan mohsullar suda
rahat sokildo hall olur, odur ki, quyudan
onlarin ¢ixarilmast xeyli asanlagir. Xlorid
tursusuyla layr isloyon zaman HCL quyu
govdosino daxil olaraq, siixura toxunaraq
reaksiyaya girir, bunun naticasinds iso quyudibi
zonasinda quyunun diametri artir vo daha sonra
layin mosamali kanallarina mohlul daxil olur va

effekti  yaradilir. Quyu agzi  mohkom onlar1 genislondirir.
kiplosdirilorok, vakum nasoslarina qosulurlar.
Codval 1.
Istonilon qatiligda mohlul aldo Talab edilon tursu mohlulunun qatiliq daracasi, % ilo
etmok {iciin 8 9 10 11 12 13 14
komponentlorin miqdari, m3
26%-1i xlorid tursusu vosu 0,26 0,30 0,33 0,37 040 (0,44 (0,47
0,74 0,70 0,67 1063 (060 (0,56 0,53
Tolob  olunan qatiligda  tursu  mohlulu daracasindan asili olaraq lazimi 6lgiids tursu vo
hazirlanarkon  texniki  tursunun  qatiliq su gotiiriliir.
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Bu hesablamalarda xlorid tursusunun

sabit qatiligin1 26% gotirilir. 1 m3 hocmindo
lazimi gatiligda mohlul almag moagsadilo ona
26%-1i xlorid tursusu qatilir. Alinan naticalor
codval 1-do verilmisdir. qatiligda  istonilon
miqdarda mohlul almaq tigiin 1-ci
cadvalda verilon giymatlor tolob edilon
kubmetrlorin miqdarina vurularaq tapilir.
ovvalla quyunu neft ilo dolduraraq
maye dovranini normaya salirlar (I), daha sonra
iso borular ilo quyu yaninda hazirlanmis tursu

mohlulunu  vururlar(Il). Sonra boruarxasi
fozanin  siyirtmoesini baglayaraq moahlulun
qalanin1  da  vururlar(sok.1.), bu zaman

mohlulun bir hissasi laya (I11) daxil olur. Boru

y

IFAVEEN
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/
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|

yaxud da quyuda qalmigs mohlulu su, gaz ve ya
neft ilo laya vururlar (IV)  Istismar neft
quyularinda quyunun dibindo az hallarda
parafin vo ya Qgotran ¢okiintiilori yaranir. Bu ciir
hallarda parafin quyunun dibina ¢okiir vo
kanallar1 tutur, naticads quyunun
mohsuldarligini xeyli azaldir. Belo maddolori
quyudan Kkonarlasdirmaq {giin onlar hoall
edilmoalidir, bunun {igiin iso bazi tisullar vardir.
Bu dsullardan biri quyudibino  Kimyovi
reagentlorin  omalo gotirdiyi istiliklo  tasir
etmokdir. Termokimyavi tasir sahasi hom do
quyunun govdasinda gil mohlulunun va elaca
do duzlarin yaratdigi gabiqlart da pargalayir
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Sakil. 1 Quyudibi zonasinin xlorid tursusu ils islonmasi sxemi

Osas istifado edilon iisul xlorid tursusu vo
maqgneziumun reaksiyasindan alinan istilikdon
istifado etmak iisuludur.

Xlorid  tursusu
reaksiyast:

Mg+2 HCI=MgCL+Hz+istilik

Xlorid tursusu ilo fliiorid tursusunun
qarisigindan gil tursusu alinir. Bu tursudan
osason qume-gil siixurlarindan togkil olunmus
laylara qazilan quyulain kegiriciliyi
yiiksaltomok tigiin istifads olunur.

Gil tursusunda xlorid tursusu vo fliiorid
tursusunun faizlo miqdart tocriibodon tapilir.
Qumdasilari islomak moagsadilo asasan 2—5%-
li fluorid tursusu vo 12— 14%-1i xlorid tursusu
istifado edilir.

vo  magneziumun

3.

28

Bu iisul vasitasi ilo quyudibi sahasi ti¢
marholoda islonir:
morhalodo isglonilocok intervalin  garsisinda
quyunun govdo hissaesinda  xlorid tursusu
vannasi hazirlanir. Quyunun govdo hissasinds
sement qabig1 varsa, xlorid tursusunal,5-2,0%
fliiorid tursusu alava olunur.
morholods quyudibi sahasinds karbonatlart hall
etmok mogsadilo laya 12- 16%-1i xlorid tursusu
vurulur.  Reaksiyadan  aliman  mohsullar
quyudibindan ¢ixarilmalidir.
morhalods kvars qumlar gil fraksiyas: vo gil
fraksiyasimi hall etmok mogsadilo gil tursusu
vurulur.  Gil tursusunun tosirindon  gillor
plastiklik ~ vo  eyni  zamanda  gismo
gabiliyyatlorini itirirlar.
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Gil tursusunun quyuda saxlanilmasi 12
saatdan az olmamayaraq yerins yetirilmalidir.

Quyudibi  zonasma  edilon  tosir
usullarmin effekti asagidakilar ilo toyin edilir:

Bundan sonra isa quyudibi korroziyayalardan 1. quyunun cari hasilatinin yiiksalmasi,
tomizlonmoalidir. Bels iisul injeksiya 2. alinan oslavs neftin giymati;
quyularinin istismarinda ¢ox genis yera 3. tosir tisuluna sarf ¢okilon xarclar.
malikdir[1,3,4]. Quyunun yiiksaldilmis hasilatla isladiyi

Istismar quyularinin  mohsuldarligin faktiki zaman orzinds hasilatin artmasi (AQ¥)
artirmaq tUclin quyudibi sahosino effektiv asagida verilon diisturla tayin edilir:
tosiretmo  dsullarindan  biri  isa  quyularin AQr = Qf — Qq
torpedalanmasidir. Bu iisulun osas istiinliiyii burada Q;, Vo Q,— uygun olaraq quyunun
layin fiziki vo digar xassslorindon asili olmadan artirllmis  hasilatla islodiyi faktiki zaman
onda saquli istigamotdo yariglar sisteminin arzinds faktiki vo nozari hasilatlaridir.
yaradilmasidir, molum oldugu kimi, quyunun Nazari hasilat iso belo tapilir:
radiusu artdigca onun hasilati da yiiksalir. (q; — Gn)6
Torpedalamada quyunun hasilatinin artir vo Qn = 30nﬁ
alave olaraq quyunun istismarina tosir gostaran burada i — hidravlik yarilmadan 6ncs orta
bozi texnoloji effektlor do amalo golir: giindolik hasilat, t ila;
laydaki tobii yaniglar ilo quyunun gbvdos gn—orta nozori giindalik hasilat, t ilo;
arasinda olaga yaradilr; ) 1 — hidravlik yarilmadan 6nca istismar
qazimada yaranan gil tobogosi  aradan omsali;
gotiirtiliir, 6 — hidravlik yarilmadan énce quyunun
lay daha yaxs1 acilr. _ hasilatinin tabii enmo omsalhidir.

 Soylomek  olar ki, torpedalama Hidravlik yarilma effektinin  tosir

noticasindo yaranan partlayis quyudan 12-14 m miiddati belo tapilir:
mosafaya (odoar birbasa tasir gostarir[1,3]. odn.

Istismar quyularinin islonmosi zamani gqf M1
maye ilo yanas1 laydan daxil olan qumun yer t= T8
Sothino ¢ixarilmast laym quyudibi sahasinin lgT
dagilmasma vo homin saho  skeletinin burada, q; — sonuncu ayda olan giindolik orta
pozulmasina gotirib ¢ixardir, belaliklo, qum hasilatdir;
axinmnin qarsisint almaq lazim olur. Bunun n — yarilmadan sonraki istismar omsali;
tiglin iso sement mohlulundan, sement vo qum 01 — hidravlik yarilmadan sonraki hasilatin
qarisig i mohlulundan eloco do  kimyavi asag1 diismo omsalidir.
isullardan istifado olunur. Toadgigatlardan Gozlanilon hasilat iss bu disturla
molumdur ki, 1:3 nisbotindo hazirlanmis tapilir:
sement-qum qarisigr barkidikdo lazim olan (90 — q4)64
keciriciliyo sahib beton kiitlosi  yaradir. Qg = 307711_—51
Stalinneft NMI-nin 1096 1110, 1107 1285, burada, q,— gozlonilon dévriin sonuncu ayda
1110 vo 1285 sayli quyularinda yerina yetirilon orta giindolik hasilatidir,t.
bu tisulla mohkamlotma islori lazimi effekti —q.-5t9
vermisdir[1]. Q9 = 47

NOTICO

Istismar neft quyularinda qalan vo ¢ixarilmasi ¢atin olan qaliq neft ehtiyyatlarmin ¢ixarilmasi
liglin quyudibina bazi iisullar ilo tosir edilmisdir. Quyudibine qaz vurulmasinin metodlar gostarilmis,
tursu ilo tosirin reaksiyalari verilmis, torpedalama tisulunun istiinluklori verilmisdir. Tursu ilo tasir
zamani quyudibini isitmoklo tasir etmok daha maslohatlidir vo tesir o zaman yaxs1 effekt verir ki,
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quyudibinin islonilon zonasi ohang vo dolomitlordon togkil edilmis olsun. Yekunda iso istismar
quyularina tasirlorin effekti vo onlarin diisturlar1 verilmisdir.
ODOBIYYAT
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METO/AbI BO3JENCTBUS HA THO CKBAJKWHBI 1JIsI HIOBBIIIEHU S
3OPEKTUBHOCTU 3KCIIVIYATALHUOHHBIX HE®TAHBIX CKBAXKUH
X.M. Tanbi60B
A3zepOaiinxanckuii I'ocynapcreennsblii Yausepceurer Hedpru n IIpombiniennocTn
Ocrasiiasics B SKCILTYyaTaluOHHBIX HG(i)THHBIX CKBAXXHMHAX U TPYAHOAOCTYIIHAA IJIA I[O6BI‘-II/I
OCTaTOYHasl 4acTh OblIa 3aTPOHYTa HEKOTOPHIMU METOJAaMH Ha JHE CKB)XHMHBI JJI1 JOOBIUM 3aracoB
He(i)TI/I. bruin moka3aHEbl MCTOJBI ra303allpaBK Ha JHC KOJOALA, JaHbl pCaKIINH II€I>'ICTBI/I$[ C KHCHOTOﬁ,
JaHbl MPEUMYIIECTBA METOIa 3a3eMJIeHHs. PekoMeHIyeTcs BO3/AECTBOBATh HAa CKBAXHHY, HarpeBas
CKBOKUHY IPU BO3JCHCTBUU KHUCIOTHI, U 3TOT 3()QEKT Jydie BCEro rapaHTUPyeT, YTO XOPOIIO
UCIOJIb3yeMasi 30Ha COCTOMT U3 M3BECTH U J0JIOMUTOB. HakoHel, mpuBeneHBI BO3IACHCTBHUS U HX
(bopMyIIBI TS IEHCTBYIOMIMX CKBAKUH.
KiloueBble cj10Ba: SKCIUTyaTalus HEPTSIHBIX CKBAXKUH, MEXaHUYECKUH 3((HEKT, XUMUYIECKHI
3¢ (deKT, TepMHUIECKOE BO3ICHCTBUE, KHCIIOTHOE BO3/ICHCTBHE.

METHODS OF INFLUENCE ON THE BOTTOM OF WELLS TO INCREASE THE YIELD
OF EXPLOITATION OIL WELLS
K.M. Talibov
Azerbaijan State Oil and industry University

The operation was influenced by some methods to the bottom of the well to extract residual oil
reserves remaining in oil wells and difficult to extract. Methods of gas injection into the bottom of the
well were shown, reactions of the impact with the torso were given, advantages of the method of
torpedoing were given. It is more advisable to influence the well by heating the well when exposed to
acid, and the effect is best to ensure that the well used area is composed of lime and dolomites. Finally,
the impacts and their formulas for operating wells are given.

Keywords: operating oil wells, mechanical impact, chemical impact, heat-affected, impact
with torso.
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MANCANAQ DOZGAHI REDUKTORUNUN DiSLI CARXLARININ
MEXANIKi EMAL TEXNOLOGIYASI
S.Y.Oliyeva, magistrant S.I.Maharramova
Azarbaycan Déviat Neft va Sanaye Universiteti

Acar_sozlar:

Disfrezloyan dazgahlar, dairavi

modul frezi, siirat¢ixarma, mamul, spiral, iskana va disli

tamasa.

Diiz, spiral vo qosa disli silindrik
carxlarda dislor asagidaki iisullarla agilir:

1) Gftigi vo universal frez dozgahlarinda
dairovi modul frezi ilo. Bu tsulla silindrik
carxlarda, sonsuz vint carxalarinda diiz veo
spiralvar1 dis agmagq olur;

2) disfrezloyan dozgahlarda (homginin
universal frez dozgahlarinda) sonsuzvint frezi
ilo. Bu dsulla silindrik c¢arxlarda, sonsuzvint
carxalarinda diiz vo spiralvar dis agmaq olar;

3) disyonan dozgahlarda, kason garx (vo
yaxud daraq) ilo carxlara diiz vo spiralvari dis
acmagq olar;

4) daragq vo koson ¢arx vasitasilo xiisusi
dozgahlarda qosa disli (sevron) carxlarda dis
acmagq olar;

5) xiisusi dozgahlarda modul frez
vasitasi ilo qosa disli ¢arxlarda dis agmagq olar.

Bu isullar1 iki ndvo ayirmaq olar:

surat¢ixarma (fasonlu frezlomo) Vo
yumalamayla disagma tisullari.
Siirat¢ixarma (modullu frezlorlo)

tisulunda diskli vo ya barmaqcigh frezlordon
istifado olunur. Modullu frezlorlo disagma
tisulunda disli sarxlarin emali sonsuzvint
frezlori, iskona vo disli tamasa alatlori ilo
aparilir.

Modul frezlor ilo universal vo fiifiiqi frez
dozgahlarinda dislori agarkon momul dozgah
stolunun  iizorindo  moarkazlor  arasinda
yerlosdirilir, boliicii basligla olagalondirilir.
Bolmo (hor  yuvam frezloadikdon sonra bu
momulu lazim olan bucag godor g¢evirmok)
boliicii basliq ilo omalo gatirilir.  Modullu
frezlorlo dis agmaq doqigliyi vo mohsuldarlig
az olan prosesdir. Ona goro do fordi
istehsalatda, xirda dosto istehsalinda
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disfrezloyan dozgahlar olmayanzaman bu
tsuldan istifado olunmalidir [1].

Barmagsokilli  frezlo baslica olaraq
modulu 20-dan yiiksak olan ¢arxda dis agilir.

Spiralvar1  diglori  yalniz  universal
dozgahlarda frezlomok olur. Ciinki, spiralvari
dislori acan zaman momulun oxunu frezin
oxuna nazaran dislarin yoxus bucagini @ gadar
¢evirmok lazimdir.

Diiz va spiral dislorin sonsuzvint frezi
vasitasi ilo acgilmasi (sokil 1): Sonsuzvint frezi
ilo dis acan zaman yumalama dsulu isladilir.
Silindrik ¢arxlarda dis agmaqdan 6trii bu iisul
daha c¢ox istifado olunur. Sonsuzvint frezin
diglori sonsuz vintdoki dolaglart uzununa
yuvalarla kosmoklo oamalo golir. Uzununa
yuvalar alatin iistiindo daraglar (vo yaxud disli
qabirgalar) amala gotirir. Belalikla, sonsuzvint
frezindoki kasici dislor ham vint xatti, hom do
disli qabirga tizra diiziilmiis olur.

Sonsuzvint frezi vasitesi ilo isloyarkon
alotlo momul sonsuzvint ciitii kimi gorisiir.
Belo goriismo zamani alotin tizorindoki disli
gabirgalarin ¢evro boyu firlanma horakatindo,
tangensial istigamatds isa (momulun firlanma
stirotine uygun) iraliloma harakotinds olmasi
naticasindo mamulun {izorinds evolvent profilli
dislor agir [2].

Bu iisulla hom silindrik ¢arxlarda, hom do
sonsuzvint ¢arxlarinda dis agirlar. Silindrik
carxlara diiz dis acan zaman (frezin dislarinin
On iizini mamulun dislari boyu istigamatindo
perpendikulyar  voziyysto gotirmok {igiin)
frezin oxunu momulun yan soathina nishaton
diglorin yoxus bucaqlar1 qodor ¢evirmok
lazimdir.
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Saokil 1. Dislorin frezlomo sxemlori.

Bu vaziyyatdo frez firlanir vo momulun
oxuna paralel (saquli) veris horokati edir.
Momul bu zaman firlanaraq bolma oamalo
getirir.

Spiral dislari agarkan frezin oxunu alatin
vo momulun dislori spirallar1 istigamatindan
asil1 olaraq spirallarin yoxus bucagmin comi va
yaxud forqi godar gevirmok lazimdir. Bu zaman
diiz dislords oldugu kimi ii¢ harokst olmalidir.
Yalniz momulun firlanma harokatinin siirati Vo
frezin dislorinin siiratino nishoton (dislorin
istigamatindon asili olaraq) bir gador kigik vo
yaxud boOyik olur. Bunun naticasinds isa
momulun tistiinds sag vo sol spiral dislor agilir.

Sonsuzvint carxlarina dis acan zaman
veris harokati momulun oxuna perpendikulyar
(iifiiqi) voziyysto  gotirilir. Is  prosesi
miiddatinds mamulun oxu yavas-yavas (dislor
lazimi qodor dorinlikds alinincaya kimi) frezin
oxuna yaxinlagdirilir.

Biitiin hallarda frezin bir neg¢o disi
kosmodo istirak edir. Ona g6s do sonsuzvint
frezi vasitosi ilo isloyarkon basqa disagma
tisullarina nozoron bdyiikk mohsuldarliq alda
olunur. Bu disulla oksor hallarda ¢arxlarin
dislori kobud suratds agilir. Modulu 8 mm-o
kimi olan dislor bir gedisdo, 8 mm-don yuxari
diglor iso iki gedisdo acilir. Dislori iki gedisdo
acan zaman birinci  gedisdo  dislorin
hiindiirliiyliniin 0,6, ikinci gedis miiddatinds isa
0,4 hissasi gotiiriilmalidir. Sonsuzvint frezi
vasitasi ilo diglori kobud agandan sonra onlarin
istiindo tomiz emal Ugin bolmo ¢evrasing
asasan 0,5-1 mm godor pay saxlanmalidir.
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Sonsuzvint frezin qurulusu diglori
somorali koson formada hazirlamaga imkan
yaradir. Diglarin tiyasinin 6n bucagi y = 0° vo
arxa bucagi a« = 5 — 1,5° olur. Ancaq dislorin
tiyasinin yiiklonmasi tiyonin agzi boyu hor
yerdo eyni olmur. Ona gora do sonsuzvint
frezin dislori agir kosmo miihitinda islayir.

Spiral disli ¢arxlarda sonsuzvint frezi ilo
dis agmaq on yaxsi lisul hesab edilir.

Prosesin mohsuldarligini artirmaq {iglin
kobud dis a¢an zaman bir ¢ox hallarda 2 vo
yaxud 3 girisli sonsuzvint frezindon istifado
olunur.

Qosa dislorin agilmast (sokil 2): Qosa
disli (sevron) c¢arxlar silindrik vo konus
soklinds ola bilar. Qosa disli konus ¢arxlar az,
silindrik carxlar iso genis totbiq olunur. Neft
sonayesindo qosa disli silindrik  carxlar
reduktorlarda, silirot qutularinda vo bu tipli
avadanlqlarda istifads olunur.

Qosa dislor yalniz xiisusi dozgahlarda
acilir. Bu ciir dislori agmaq {ic¢lin bir nego
miixtolif tisuldan istifado edilir: 1) dairovi va
yaxud barmagqsokilli modul frezi vasitasi ilo dis
acmaq; 2) Ttuckoskili bashq wvasitesi ilo
frezlomok; 3) daraq vasitasi ilo dis agmaq; 4)
koason ¢arx vasitasi ilo dis agmaq; 5) sonsuzvint
frezi ilo frezlomok [3].

Dislori dairovi modul frezi vasitasi ilo
acilan qosa disli carxlarin dislorinin ortasinda
(dis agmazdan 6nco) yuva olmalidir. Barmaq
frez vasitosi ilo agilan dislor biitov olur.
Barmaq frez ilo asason irimodullu dislor agilir.
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Modul frezlari vasitasi ilo disagmanin mohsuldarlig

iso azdur.

kicik, amala gatirilon dislarinin doagiqliyi

Saokil 2. Qosa dislori agma sxemloari

Koski basligi ilo qosa dislari frezloyan
dozgahlarda koskilor ¢ox miirokkob harokot
edir. Bunlardan biri yuvanin ortasini, ikisi iso
yanlarin1 yonur. Bu iisuldan ¢ox genis istifads
edilmir.

Neft avadanhglarinin istehsalinda
qosadisli carxlara dis agmagq tigiin daraq
vasitosi ilo yonma {isulundan istifado olunur.
Dislar ¢opdisli iki (sag vo sol) daraq vasitosi
ilo agilir. Bu proses daraqla silindrik garxlara
spiral dis agmaq prosesina bonzayir, lakin forqi
ondadir ki, kosmo prosesindo spiral dislori
acanda bir daraq, qosa dislori aganda iso iKi
daraq istirak edir. Hor bir daraq disin bir
qolunu yonur. Daraqlarin har ikisi diiz xatt lizro
iroliloma harokoti edorok istigamati doyisib
ortaya torof gedorkon, digari bos horokatlo
(ortadan) geri qayidir.

Qosa dislori daraq ilo agcan zaman boyiik
yonqgar gotiirmok olmur. Ona gora do bu tisul
ilo isloyan zaman dislorin modulundan asili
olarag bu proses 2-9 gedislo tamamlanir.
Moasalon, RD-2 reduktorun modulu 8, dis say1
iISo 84 olan disli ¢arxin dislori 6-7 gedisdo
acilir.

Koson ¢arxla qosa dis acan dozgahlarda
aparilan proses disiskonalomo prosesi kimidir,
lakin proses iki ¢opdisli koSon ¢arx vasitasi ilo
yerino yetirilir. Iki daraq prosesindo oldugu
kimi, hom ¢arx disin bir qolunu yonur,
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homg¢inin dislori agma prosesinda ¢arxlar
momulun oxuna paralel diiz xatt tizra istigamoti
dayison iraliloma harokati edir. Diiz vo spiral
disacan  dozgahlarda oldugu kimi, bu
dozgahlarda da alotlor dislorinin  arxasi
yeyilmasin deys bos gedis miiddstindo radial
istigamatda geri gokilorok mamuldan aralanir.

Sonsuzvint frezi vasitasi ilo qosa dislori
acmaq silindrik ¢arxlara sonsuzvint frezi
vasitosi ilo spiral dis agmaq kimidir. Yuxarida
gostarilon biitliin {isullara nisbaton bu tisuldan
az istifads olunur [4].

Kasmonin darinliyi ilo verisin va kaskinin
hondoasi 6lgiilorino osason yongarin en kasiyi
arasinda nisbot agsagidaki diisturla toyin edilir.

t=(12+18)'s (1)
burada s -yongarin en kosik sahasi, s = 6mm?

Buradan

t=(1,2+18)-6=(7,2+10,2)mm

Moarkazlosdiricini  torna  dozgahinin
spindelina barkidarok sothlori emal etmok ti¢iin
onco firlanma zamami kegmonin Xotti siirati
toyin edilir.
9= n-D-'n 5

~ 1000 2)

burada D = 270mm - borpa edilon

sothin daxili diametridir.
30w 30-2

n= =
[ 3,14

=191 dévr/daq
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™=

burada w - bucaq suratidir va 2-ys barabardir.

~3,14-270-191 16,19 ™/
B 1000 - san
Osas texnoloji vaxt asagidaki diisturla

hesablanir.

T, =2 3
=
burada L = (4000 =+ 5000)mm -

kaskinin kosib kegdiyi yol, s = (4 +~ 6)mm -

kasmada

5000 - 20
TM = m =87 daq

Masin vaxtini basa ¢atdirmaq ti¢iin alava
komokgei vaxtlar: da tayin etmok lazimdir:

T=Ty+T+T +T; +Tf 4)
burada T, = 3 + 5 doqige texniki qullug, T}, =
2 +4 dogige komokei vaxt, T, =15+ 20
dogigo fasilo vaxt, Ty =2+ 3 dogigo olave

. Bt . . vaxtdir.
kosmonin verisi, i =20 - kosSmonin gedis Beloliklo:
sayidir. Qiymeatlori (3) ifadasinds yerina yazsaq T=87+3+4+15+3 =112 dagigo
alanq: alinir
NOTICO

Mogaloda mancanaq dozgahinda totbiq edilon reduktorlarin disli ¢arxlarimin dislarinin emal
iisullart analiz edilmisdir. Miiayyon edilmisdir ki, neft avadanliqlarinin istehsalinda disli ¢arxlara dis
agcmagq liglin daraq vasitasi ilo yonma iisulundan istifads etmok daha mogsadouygundur.

Beloliklo, mancanaq dozgahinin reduktorunun disli ¢arxi ti¢iin an sorfoli mexaniki emal tisulu
secilmis va texnoloji ardicilliglar miiayyanlogdirilmisdir.
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TEXHOJIOTUSI MEXAHUYECKON OBPABOTKHU 3YBYATBIX

KOJIEC PEAYKTOPA CTAHKA-KAYAJIKA
C.s.AmmeBa, marucrpant C.M.MareppamoBa

Azepoaiinxanckuii 'ocynapcreennsiii YHuBepcurer Hedpru u IlpombinienHocTH

B crathe aHanm3upoBaHBI METOABI O00pabOTKM 3yObeB 3yOuaTBIX KOJEC pPEeIyKTOPOB
MPUMEHSIEMBIX B CTaHKax Kadayikax. ONpeneneHo 4To, B IPOU3BOACTBE HEPTIHBIX 000pyIOBaHUH IS
OTKpBITHS 3y0a B 3yOuUaThIX KOJEC IeIecO00pa3HO MPUMEHATh CIOCOO0 CrOpPEeHHs] C IMOMOIUIBIO
pacyeTKH.

Takum o00pa3oM Juisi 3yO4aThIX KOJEC PEIYyKTOPOB CTAaHKOB KayallOK BBIOpaH CaMbIii
peHTaOenbHBIH  CcOCOO ~ MeXaHW4Yecko  oOpabOTKM UM ONpENeNIeHbl  TEXHOJIOTUYECKUE
MOCIIEI0BATEIHLHOCTH.

Knrwuesvie cnosa:. 3y0odpe3Hbli CTaHOK, MOAYJIBHBIN (hpe3, 3aroToBKa, CIHpaib, CTaMecKa,
3yOuaras perka.

GEAR MECHANICAL TECHNOLOGY
WHEEL REDUCER WHEEL
S.Y.Aliyeva, master S.I.Magerremova
The article analyzes the methods of processing the gear teeth of gears used in rocking
machines. It is determined that, in the production of oil equipment for opening a tooth in gears, it is
advisable to use the combustion method using calculation.
Thus, for the gear wheels of the rocking machine gears, the most cost-effective method of
machining was selected and the technological sequences were determined.
Key words: Gear hobbing machine, modular milling cutter, harvesting, spiral, chisel, toothed rail.
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TIRTILLI MASINLARDA ISTIFADO OLUNAN PLANETAR
OTURMOLORIN OSAS PARAMETRLORININ TOYINI
S.Y.Oliyeva, magistrant H.A.Ohmadzado
Azarbaycan Dovlat Neft vo Sanaye Universiteti

Acar_sozlar: _ planetar étiirma, aparici, oOtiirma

nisbati, band, bucaq siirati.

Planetar  Otiirmolordo  Otiirmo  odadini
hesablamagq tigiin ¢evrilmis horokat tisulundan -
Villis iisulundan genis istifado edilir. Belo

lab = ="

-h op—w, 1
h
Wy —Wh gy

otiirmalorin kinematikasini aparicinin @y, =0 olanda
dayandirilmasi ilo todqiq etmok (Villis tisulu)
. e 1 -h Wy _ b
daha asandir. Bu zaman mexanizma biitiinliikds lp = —— +1=1-1g,
aparicinin bucaq siirotine barabar va onun W
oksino  yonoldilmis bucaq siirati  verilir. Tonliklordon  goriiniir ki,  6tlirmo

Belaliklo, bondlorin nisbi harokati doyismoz
galir, sanki planetar otlirmo adi disli 6tiirmoyo
cevrilir vo Otlirmonin kinematikasinin toyini
sadolosir.

Planetar &tiirmonin @ vo b bondlarinin
otiirma nisbotlori asagidaki diisturlarla toyin
edilir:

nisbotlori arasinda indekslorin  yerlosmasi
zamani agagi indekslorin yerlorini doyisdirondo
Otiirma nisboti Oziiniin tors giymotino boarabar
alinir; yuxart indekslorin yerlorini asaginin
axirinci qiymati ilo doyisdironds 6tiirma nisbati
1 vahid ¢mxisin  indekslorin  avvalki
yerlosmasilo 6tiirma nishatina barabar olur [1].

h a)a _a)h Masalan:
lap = .3
Wy — Oy lbh = 5
Vo Thb
h a
lha =1=1py
Cadval 1
Planetar 6tiirmalorin bandlorinin 6tiirma nisbatlari va bucagq siiratlari
Sorti isarasi Otiirmo nisbati Bondlarin bucaq stiratlori
, @y =0; =L+ ploy;
b il =—-2=-p|ib =1-i" =1 2
Ana ab 7 lah =1 lgp =1+ P D — D = P
a g h 1— h
1+
. @, =0; a)b——pa)h,
a h sa _'h _ + p p
Anb iah =—P Iph =1—1pg = iy 5
a)g — Wy = —— Wy
p-1
o, =0; 0, =—Ppay;
Ag il =—p iy =—p 2p
a)g — Wy = mwb
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O :O;
YA
h ZyZ w, =| 1+ 27K |
ha ab 7.7 ah —=""'ab f ~a
f ~a
Zp
Wg —Wh =W — W == W
g
h Zy _
lab =~ ih wb_O;wa_lgea)e’
k) Za 1-i
(3 )ea ige _a;}b 2,
ikitach satellitlo ih — IpZy 1—il @y —op =op —op ==L
o =——
242, g
-h Z )
b Iab:__b’ -h a)bZO; a)a—lgea)e,
(‘?’k)ea Za iP 1-lgp Z,
. . ae ;
bir tach satellitlo in _ Zy 1—il g — 0 == @
® 7, 9

Analoji yolla hom ds satellit {igiin belo asililigi
almaq olar. Cadval 1 vo cadval 2 - do an ¢ox
yayllmig  planetar  Otiirmolorin - tiirmo
nisbatlorinin  vo banlorin bucaq siiratlorinin
toyini tliglin disturlar verilmisdir [2].
QOST21354-75  torofindon  toklif
edilmis  dsul tzro  disli  Otiirmolorin
mohkomliyo hesablamalarinda 6tirmo nisbati
ovazine dtiirma adodi ifads edilir. Otiirma ododi
diglorin  saylarmin nisbati  kimi  miisbot
komiyyat, 6tiirmo nisbati iso  cabri kemiyyat
oldugundan, yani, bucaq siiratlorinin nisbati
carxlarin firlanma istiqgamoatindon asili olaraq

tiglin onlar arasindaki olage asagidaki kimi
yazilir:
u=|i
Planetar oGtiirmolorin  digli ¢arxlarinin
mohkomliys  hesablanmasi  zamani  toklif
edilmisdir ki, hesablama diisturlarinda boyiik
Z,, kicik ¢arxin

carxin dislorinin  say1

dislorinin say1 ise Z; -lo isaro edilsin [3].
Variant A-nin planetar 6tiirmolori tigiin

b carxiin dislori saymnin @ carxmm dislori
sayina nisbati asagidaki kimi yazilir:

miisbot, yaxud monfi isarsli ola biler. Bir pilo p=2b - _jh
Za
. Cadval 2
Iki A mexanizmlarindan taskil edilmis étiirmanin étiirmo
nisbatlari va bucagq siiratlori
Sorti . L Bucaq siirati
isarasi Otiirma nisbati Osas bondin Satellitin
b Ab2 | _ib b = =0; 2
Ahlal Ahzaz aghy = lagh, "oy “hy = Py Dy, ~— Ony = P Dhy »
_ib b Wy, =1+ p, N1+ pl)a’h1 1-p
T yhy Taghy T _ _
12 ey a)al—a)hz—(l+pl)a)m. w0y, — o, = 2p, )
=(1+p, )1+ py) 2 2 1-p, 2
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T — — Sy
Aﬁllal AbZZaZ Iazlazhl a)b‘l a)hz 0, a)gl —a)h1 = 2p1 a)hl;
_ i,:lh .iglhl _ | @, =—p,(1+ pl)a)h1 1-p
22N o =y, =)oy | g = 2P
= p2(1+ pl) 1 2 92 h2 1_ p2 a)bz
o Zp Zp,
Olava: gostarilon diisturlarda Py =—; Py = .
4 dy
NOTICO:

Planetar otiirmalorin 6tlirmo odadinin ¢evrilmis horokoat tisulundan, yoni, Villis iisulundan
istifado etmoklo hesablanmasi daha magsadouygun hesab edilmisdir. Bu zaman mexanizma biitiinliikdo
aparicinin bucaq siiratina barabar va onun oksins yonoldilmis bucaq siirati verilir. Noticods, 6tiirmanin
kinematikasinin tayini sadoalogir.
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OCHOBHBIE TAPAMETPBI TPUMEHSEMBIX IINTAHETAPHBIX ITEPEJJAY HA
I'YCEHUYHbBIX MAHINHAX.
Hoc. C.S.AnueBa, marucrpant I'.A.Axmensane
Azepoaiinxanckuii 'ocynapcreennsiii YHuBepcurer Hedpru u IlpombinienHocTH

bonee menecooOpa3HbIM CUUTANOCh BBIUMCIIEHHE IJIAHETAPHBIX Ieperad ¢ HCHOJIb30BAHUEM
IpeoOpa3o0BaHHOTO crocoba MepeMelleHns Yucia mnepeaadd, To ectb Merona Bummuca. Ilpu stom
CKOPOCTh yIJjia, paBHas YIJIO0BOW CKOPOCTH BEAYILEr0O ME€XaHM3Ma B L(E€JIOM U HAINPAaBIIEHHAs IIPOTHUB
Hee, 3aj1aeTcs. B pe3ynbTare onpeneneHne KNHEMATHKY NIEpeIadn yIpoLiaeTcs.

Knrwuegvie cnosa:. nnanerapHas nepenada, BOJWIO, COOTHOLUIEHHE IEpeladu, 3BEHbS, YIIIOBas
CKOPOCTb.

DETERMINATION OF THE BASIC PARAMETERS OF PLANETARY TRANSMISSIONS
USED IN MILLED MACHINES.
Dos. S.Y.Aliyeva, master H.A.Ahmadzade
Azerbaijan State University of Oil and Industry

It was considered more expedient to calculate planetary transmissions using the transformed
method of moving the transmission number, that is, the Willis method. In this case, the angle velocity
equal to the angular velocity of the driving mechanism as a whole and directed against it is given. As a
result, the definition of transmission kinematics is simplified.

Key words: planetary transmission, lead, transmission ratio, dam, angle velocity.
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VIIK 665.644.2

HUCITOJBb30OBAHUE MATHUTHOT O ITOJIA AJIA YIAYULHIEHUSA ITPOLLECCA
KATAJIUTHYECOKOI'O KPEKHUHT' A
Xanadgosa U.A. , maz. Abb6acosa H.B.
Email: narminaabbasoval@gmail.com
A3sepoaiinxanckuii I'ocynapcrBennbiii YauBepcuter Hedgru n IIpoMbinieHHOCTH,
Annomayun: Hccnedosano 6nusinue MacHUmMHo20 NOJs HA 3PEOEKMUBHOCMb U 8bIX00 NPOOYKMO8 npoyecca
Kamanumu4ecko2o KpeKuHaea ¢ ncesO00ICUNCEHHBIM CloeM epanyaupogannozo kamanuzamopa OMHUKAT-210
II. Tlo pesynvmamam uccinedosanusi ObLIO GbIAGNIEHO, YMO NOO OeUCmeueM MASHUMHO20 NOJIA HA Cblpbe U Ha
Kamanuzamop npoyecca Kamaiumuieckoeo Kpekunea 3QhpekmusHocms npoyecca 3amMemuo 803pacmaem, 4mo
cnocobcmeyem y8eauteHuI0 8bIx00d blCOKOOKMAH0B020 DEH3UNA U OPY2UX BbICOKOKAYECTBEHHBIX NPOOYKMOG.

Kniouegoie
ceemible  HeghmenpooyKmul,

cuoea: Kamaaumuyeckuil KpPEKUHZ,

BAKYYMHbBIU  2A301iNb,

Kamaniuszamop, benzunosas qbpam;uﬂ, MASHUMHOE noJe,
cejleKkmusHocmo, uHOykueHocmb.

CoBpemeHHast HedTenepepabaThIBaroOLIast
MIPOMBIIIIJICHHOCTh XapaKTEPU3yeTCs] BBICOKUM
MOTpeOJICHNEM  TPAJAWIUOHHBIX  CBIPHEBBIX
pecypcoB, TEM caMbIM TOpHUBOAS K UX
YMEHBIIIEHUIO H POCTOM TMOTpeOHOCTEH B
CBETJIbIX HedTenpoaykrax. B cooTBeTCTBUU C
3THM TIPHOOpPETaeT aKTyaJbHOCTh pEIICHHE
npobaemMbl MepepaboTKU TSDKENbIX HEPTSIHBIX
OCTaTKOB, C TENIbI0 YBEIWYEHHUS BBIXOJa
HEOOXOJUMBIX TMPOMBIIIIEHHOCTH MOTOPHBIX
ToruuB. [1,2]

Karanutnueckuil KpeKHHT MPEACTaBIsET
co0O OJIMH M3 MHOTO TOHHAXKHBIX IMPOIECCOB
MIPUMEHSIEMBIX B HedTenepepaboTKe,
onmarogaps KOTOpOMY OCYIIECTBIIETCS
MIPOM3BOJICTBO 3HAYUTENIBHON IO MOTOPHBIX
TOIUIUB. IIceBao0XMKEHHBIN cIou
KaTajan3aTopa SIBISIeTCS Ha CETOMHSALIHUN JIeHb
CaMbIM pacrpocTpaHeHHBIM BapUAHTOM
pealu3anmuu  Tpolecca  KaTaTuTHYEeCKOTO
KpeKkuHra. ['1aBHOM 1LeNpI0 mpoliecca siBISIeTCs
IIPOU3BOJICTBO BBICOKOOKTAHOBBIX
KOMIIOHEHTOB OcH3MHA " IIEHHBIX
YTIEBOJIOPOJIHBIX Ta30B, KOTOPHIE MOTYT OBITh
WCTIOJIB30BaHbI KaK CHIPhE HEPTEXUMHUECKOTO
cuHresa.[3,5]

Nutencudukamnms nporecca
KAaTaJTUTHYECKOTO KPEKUHTa UTPaeT BAKHYIO
poJib B pEIIEHUU NpoOJIeMbl HEJOCTaTKa B
MIPOMBIIIIJICHHOCTH HEOOXOIUMBIX TOTLTUBHBIX
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pecypcoB.  OCHOBHBIMU  HaIlpaBJICHUSIMHU
UHTEHCU(PUKALIUN nporiecca SBJISIFOTCS
COBEpPILEHCTBOBAHUE TEXHOJIOTHH u
pa3paboTKa HOBBIX  BBICOKOAKTHBHBIX U
CEJIGKTHBHBIX KaTalu3aToOpoB, OJHAKO 3THU
HarpaBJICHUS TpeOyroT 3HAYUTEIbHbIX
MHBECTHIIMMI M HE Bcerja ONpaBJaHbl B
JENCTBYIOIMX YCTaHOBKax.[4,5]

B CCrogHdgmHec BpeMsa OJHUM U3
JIEICTBEHHBIX CII0COO0B I/IHTeHCI/I(I)I/IKaLII/II/I
mponecca KaTaJIuTUHYCCKOI'O KpCKHUHIa

SBIISIETCS TpeBapUTEIbHAass 00paboTKa ChIPbs
U KaTajlu3aropa Mpoliecca MarHUTHBIM IOJIEM.
Hcnonp3oBanue AEHCTBHS MarHUTHOTO T10JIS
BIMSIET Ha BHIXOA MU (U3UKO-XUMHUYECKHE
CBOMCTBA LIEJIEBBIX MPOAYKTOB Iporuecca.[2,6]
B JTAHHOMN pabote IIPUBEJICHBI
pe3yibTaThl HKCHEPUMEHTAIbHBIX u
TEOPETUUECKHUX HCCIIeI0BaHUI (16-20)
BIMSIHUS MAarHUTHOTO TIOJS HA COCTOSIHHE
BAaKYyMHOIO  Ta3oWiIsi W MOJIy4aeMbIX
MPOAYKTOB MPHU KAaTAIUTUYECKOM KpekuHre. B
KauecTBE ChIphSl Ipolecca ObUIO  B3SITO
¢bpakuusa BakyymHoro razoinst 350 — 520°C, B
KauecTBe  Karaju3aTopa OblI  IPUMEHEH
IPAHYJIUPOBAHHBIN OMHUKAT-210I1.
O6paboTka 00pa3IOB BaKyyMHOTO Ta3OWJsl U
Karanusaropa POBOJIMIIACH JEeNCTBUEM
MIOCTOSIHHOTO MarHuTHOTO HOJIst
HaIPsHKEHHOCTBIO 0,25 Ta.
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Tabmuna 1
DU3NKO-XUMHYECKAS] XAPAKTEPUCTHKA BAKYYMHOI0 ra30iJist
HaunmeHoBaHme Iloka3aTesnn
@DpaKIMOHHBIM COCTAB: °C
H.K. 290
10 310
30 350
50 420
90 470
Coneprxanue cepbl,%o 0,7
Coneprxkanue METayioB, %
Bananuii 0,9
Hukens 0,1
Kokcyemocts no Kongpacenky, macc.% 0,4
['pynoBoil XuMHU4eCcKuil cocTas, Macc.%
[Tapadunbl 51,0
Apomarnka 44.6
CMoJTBI 3,0
Tabnuma 2
KauecTBenHas xapakrepucTuka karaanzdaropa OMHUKAT-21011
HaumeHoBaHue IToka3zaresnu
Xumuaeckuu coctaB, Macc.%
Al,0, 42
Na,0 0,30
Oxkcupl peiko3eMeTbHbIX MeTauioB Re, 0 1,7
Pt 0,00002
HacpInHas IioTHOCTb, Kr/M3 620
[Tnomanp MoBepXHOCTH 190
O6bem nop,cm3/r 0,42
MuKpo akKTUBHOCTB MOCJIE CTa0MIIN3alUN 73
BOJISTHBIM TTApOM
Hamu 6putH nccietoBaHbl KauecTBa MPOAYKTOB VYcTaHOBIEHO, 4YTO TMpU  BO3JIECUCTBUU

MOJyYCHHBIX B TPOIECCE KATATUTHYECKOTO
KpEeKMHTa BaKyyMHOIo Ta3oiii Kak B
MarHUTHOM II0JIE, TaK U B OOBIYHBIX YCITOBHUSX.
ITo pe3ynbraTam HpOBENEHHBIX HCCIEIOBAHHUM
OBUTO  BBIIBJIGHO  4YTO,  HCIOJH30BAaHWE
MarHuTHOM 0OpaOOTKH TO3BOJIAET 3aMETHO
ITOBBICUTh 3¢ (HEeKTUBHOCTh IIPOLIECCOB
nepepaboTKU HEPTSIHOTO CHIPHSI.
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MAaromTHOro IIoji1 Ha YrJICBOAOPOAHBIEC H
BOJIHBIE CHCTEMBI PEIIAOUIYI0 POJb HIPAIOT:
BEJIMYNHA MAaTrHUTHOM UHAYKIOWHU, CKOPOCTH
MepeceueHus] MAarHUTHOTO TMOJii B AKTUBHOU
30H€¢ (30HE € MaKCHUMaJbHOM HHIYKIIHEH)
MIOTOKOM ~ 00pabaThiBaeMON  KHJIKOCTH U
KOJINYECTBO nepecequI/H‘fI MArHuTHOI'O II0JIA
o0OpabaTteiBaeMOM KHUAKOCTHIO.[7,8]
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Taoauua 3

CpaBHeHMe Ka4ecTBA NPOJYKTOB KPEKUHIa BAKYYMHOI'0 ra30iijisi Moj AelicTBHEM MATHUTHOIO
10JIs1 M B O0OBIYHBIX YCJIOBHUSX

IHoka3aresu NpoaAyKTOB B marunTHOM noJsie | be3 MarHuTHOM 00padoTKH
bensun
ITnotHocTs ipu 20 °C, kr/m3 732,8 744,5
Copepxanue cepbl, YoMacc. 0,9 0,11
OKTaHOBOE YHCIIO 83 81
[I1d
CojeprkaHue mponuicHa 45,0 43,2
Copepxkanue Cy, YoMacc. 7,0 6,5
CopeprkaHue cepbl, YoMacc. 0,018 0,02
bEb®
Copepxanune Cg, YoMacc. 4,8 3,6
Copepxanune Cy,%Macc. 37,6 29,9
Copnepxanne Cs 1 BbIIe, YoMacc. 3,2 2,8
Copepxanue cepbl, YoMacc. 0,016 0,02
Cyxoii ra3
Coneprxanue cepbl,%o 0,7 1,0
C3 u Cy, % Macc. 8 10
Conepxanne CO 0,30 0,32
[IpuHnunuaneHas cxema JabopaToOpHOM IpaHyJIupOBaHHbIN  KaTanuzatrop OMHHKaT-

YCTaHOBKHU JUTSt M3y4YeHUs JEeNUCTBUS
MarHuTHOTO TIOJISt Ha Ipo1riecc
KaTAJINTUYECKOr0 KPEKWHIa MpeJCTaBlIeHa Ha
puc.l.

Ilepen myckoM yCTaHOBKa NpPOAYBAETCS
a30TOM, KOTOPBIN IIpEIBAPUTEIBLHO
MIPOMYCKAETCSl 4Yepe3 peakTop C MEIHbIMU
CTPYXKKaMHM  JUI  yJaJeHus  KHCIopoja
MOMENIeHHbI B 1eub. Peaktop | nmanHOM
YCTAaHOBKM HW3TOTOBJIEH W3 KBapla, 00beM
pEaKMOHHON 30HBI KOTOporo cocrasiser 30
cM®, a BHyTpeHHmit guamerp 30 MM,
Heo6xoaumyto TEMIIEpaTypy mmporecca
CO37aBaIn CUCTEMOM ABTOMAaTHUYECKOI0
peryjanupoBaHus TeMIIepaTypbl u
aBToTpanchopmaropoMm 7. ONBITH MTPOBOIUIN
npu temreparype 500 °C. Ilomauy cwippeBOit
CMECM B 30HY pEAKIUN OCYHIECTBISIM C
IIOMOUIBIO CIEMAIBHOTO AKHUJKOCTHOTO
Hacoca.

OObeMHasi CKOPOCTh MOAAYH CHIPBS ObLa
ycraHoBneHa 1 ul. B KBapIeBelil peakTop
MOMENIAId YK€ 3apaHee MPUTrOTOBJICHHBIN,
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21011 (cpenHuit quaMeTp rpaHya COCTaBIUT 2
MM) B 00beMe 15-20 cM®, NpeaBapHTENBHO
3arpy3MB B HIDKHIOIO 4YacTh KBaplEBYIO
Hacazky oObemom  1-2  cMm®,  TIOBepx
KaTaJlu3aTopa TaK K€ pa3Mellaid KBaplEBYIO
HacaJKy B ooseme 2-3 cM’. CpenHnii amamerp
IpaHy’ KBaplEeBOro KOHTAKTa COCTABIISI 2 MM.
PeakTop ¢ katasm3aTOpoM IMOMEIIAIN B
KBapleByl0 meub 2, ¢dopma KOTOpoW Oblia
MWIMHAPUYECKasi, a TEeMIIEpaTypy HpH STOM
KOHTPOJIUPOBAJIM  TepMONapaMH Ha  Tpex
YPOBHSIX: BEPXHEM, CPETHEM M HUKHEM CIIOSIX
Karanuzaropa.  Temmeparypa  3amepsiach
XPOMENBL-KOIEJIEBOM  TEpMONapoil, KoTopas
Obula TOMeIIeHa B TEPMONApHBIA KapMaH
peakTtopa. Temmeparypy peakTopa MOBBIIIAIH
70 HE00X0AUMOMH MOCTETNEHHO c
WCTIOJIh30BaHUEM PETYIISITOPA TEMIEpaTypHI 3.
Korma Obuto HeoOXOIMMO TPOBECTH
MpOIecC B MAarHUTHOM TIOJIE€, PEaKTOP BMECTE C
MIEeYKOMH OMeIIaIH MEXTY
3JIEKTPOMArHUTHBIMU MOJI0CaMU 15,
HaNPsHKEHHOCTh MAarHUTHOTO TIOJsL KOTOPOTO
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cocraBimsma 0,25 Tn, a HOTOK MArHUTHOMH
WHIYKIIUWA OT BBIIPSIMUTENS 16 perynupoBaics

L

N3MCHCHHUECM CHJIBI IIOCTOAHHOI'O TOKA.

6030yx

16

Puc.1l. Cxema mabopaTopHON YCTAaHOBKH JJISl M3YUEHUS ACWCTBUS MAarHUTHOTO IOJISl HA MPOIece
KaTaJIMTUYECKOro KpeKUHra: 1 — peakrop, 2 — MeTajsinueckas certka, 3 — auadanomerp, 4 — poramerp,
S — peryaupyroouui BeHTWIb, 60 — BO3AYIIHBIM BEHTWISATOp, 7 — aBTOTpaHchopmarop, 8§ —
MOTEHIIUOMETP, 9 — mpobka, 10 — rukioH, 11 — crosik, 12 — HakonUTeNbHASI eMKOCTh, 13 — TepMoMeTp,
14 — marHuTHas karymka , 15 — MarHuT OpoBoJ (CEpAEYHMK), 16 — peryiupyeMblii UCTOYHHK

nuTaHus, 17 — ra30BBIN CYCTUHK

[Tpu JNIOCTYDKEHUN 3aJaHHON
TeMmIeparypsl B peakTop 1 momaBanoch u3
€MKOCTH ChIPhE€ B APOKUAKOCTHOM COCTOSIHUU
C MOMOIIBI KUIAKOCTHOIO Hacoca, KOTOpoe
MpeABAPUTEIIBHO OBLIO HArpeTo B MCHapHTEIe.
Temmeparypa B HCHApuTesle pPETYIUPYETCS

aBTOTpaHCPOPMATOPOM, MOKa3aHUs
TEeMIepaTypbl  PEakUUh  CHUMAIOTCS  C
JIOroMeTpa.

B peaktope mpHu 3amaHHBIX peXHUME H
napameTpax MPOTEKaeT peaxius
KaTaJIMTHYECKOTO KpPEeKHUHTa: 00BEMHOM

CKOPOCTH TMOJA4M CBhIPbSl M TEMIIEPATYPBHI.
IIponykTbl  peakuuu  1OCiIe  OKOHYaHUSA
peaKkuuu U3 pEeakIMOHHOW 30HBI MOCTYNAKT B

CHUCTEMY XOJIOAWJIbHHUKA, TAC OXJIAXIAIOTCA U
nasee cOOMpParOTCs B MPUEMHUKAX.

JlanpHenmme MCCiIeIOBaHNs MPOBEICHBI
B LIEJIIX W3YUYEHUS BIMSHUS MOTOKA MATHUTHOMN
WHIYKIUA BEJIMYMHOU 0,25 Tn Ha
Karamutnueckuit Kpekunr BAaKyyMHOTO
razoiis. Jlyjs 3TOro MarHUTHOHW 00paboTKe
noABeprasics pa3zienbHO KaTaausaTop,
pa3enbHO CBHIPhE, a TaKXkKe MPOBOAMIACH
COBMecTHass 00paboTKa KaTaau3aTropa U ChIPbs
MAarHUTHBIM ITOJIEM.

Pe3ynbTathl 5KCIIEPUMEHTOB 10 BIUSHUIO
MarHuTHOro 1ojgd Ha  Karamurwueckwit

Kpekunr BaKyyMHOT'O ra3ons npu
temmeparype 450°C npencraBieHs! B Ta0m.4.
Tabmuna 4

Buausinne MII na npouecc KK Bakyymnoro rasoiias (T =450°C, V = 1,0 u?)

MarnutHas o6pabotka (0,30 Ti)
BT 6e3 .. - "
[TokaszaTenu MII CBIPBE (-) CBIpBE (1) CBIPBE (1)
Kataju3arop | karajamusarop (-) Karaymsarop (+)
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(+)

Bisro:

BakyyMmHBIN ra30iiIb 100 100 100 100

ITonyueno, % macc.

['a3 kpekuHTa 14,8 10,1 10,4 13,8

Kunkue npoayKTsl, 80,0 85,0 83,5 81,0

B T.4.

®p. H.k.-190 °C 32,3 40,5 41,7 35

®p. 190-350 °C 214 23,7 22,3 19,2

®p. Boime 350 °C 26,3 20,8 24,0 26,8

Koxkc 3,2 3,0 3,0 3,2

[ToTepu 2,0 19 2,0 2,0

CyMMa CBETJIBIX 53,7 64,2 64,0 54,2

dpaxuit

Kousepcus 73,7 79,2 79,0 71,2

[Mpumeuanue: (+) — odpadorano MII; (-) Bosneiicteue MII na mpomecc KK BI'
— He oOopaboTano MII NPUBOJUT K M3MEHCHHUIO YTJICBOJOPOIHOTO

B Tabn.4 mnpexacraBineHbl pe3ynbTaThl
hcciaenqoBanu mo BoszmenctBuro MII  Ha
KaTaJliu3aTop, CHIpbE HM Ha COBMECTHYIO
00paboTKy KaTanu3aTropa U ChIphsI.

[Ipy BO3EHCTBMM MArHUTHOTO  ITOJIS
TOJNBKO HA KaTajau3aTrop, BBIXOJ JKHUJKHX
MPOJYKTOB 3HAYMTENILHO YBEIHMYHUBACTCS — JIO
85,0 %, u cymma cCBeTIBIX (pakuuit
noBeImaercst 10 64,2 %, t.e. Ha 10,5 %. Ilpu
BO3JIECTBUM MAarHUTHOTO TOJsSI TOJBKO Ha

coctaBa OeH3MHOBBIX (pakiuii. KommuectBo
n3ornapaduHOB U 0JIeUHOB BO3pacTaeT Ha 6,1
% m 11,7%  macc., apoMaTUYECKHX
yIi€BOAOpOAOB YMeHbIaercsa Ha 15,1 % macc.
[Ipumenenue MAarHuTHOTO IIOJISt
MO3BOJIIET CHU3HUTH TeMIIepaTypy Mmpoliecca C
500 mo 450 °C npu  OIHOBPEMEHHOM
YBEJIMYEHUH BBIXO/JIA IIENIEBBIX MPOIYKTOB Ha 5-
15 % macc.
Takum

o0pazom, o UTOTaM

CBIPBE, BBIXOJI KHAIKAX MIPOYKTOB WCCIICIOBAaHUS  OBLIO  yCTAHOBJIICHO  4YTO,
yBenuuuBaeTcs 10 83,5%, cyMMa CBETIBIX Jy4Iliie pe3yabTaThl MOJIy4YeHbI pu 00paboTke
coctasisieT 64,0%, T.e. 10,3%. [Tpu MIIT KaTajm3aTopa: BBIXOJ CBETJIBIX

COBMECTHOM BO3JEHCTBUU 0O0OHX (PaKTOPOB
BBIXOJI CBETJIBIX HE(TENPOMYKTOB COCTABIISIET
54,2 %,4T0 NPAaKTUYECKH HE OTIUYAETCS OT
ncxoaHoro Heoopaborannoro MII BakyymHOTO
ra3ous.

HePTENPOAYKTOB (OCH3WHOBOW U AM3ENBHOMN
¢dbpakumii) mTpu  kpekuHre uucroro BI
yBesmmuuBaics Ha 10,5 %, a mpu KpekuHre
cmecu BI' —na 17,7 % macc.
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INTENSIFICATION OF CATALYTIC CRACKING PROCESS BY USE OF MAGNETIC
FIELD
I.A. Khalafova, N.V.Abbasova
Azerbaijan State Oil and Industrial University

Abstract: The effect of a magnetic field on the efficiency and products yield of a catalytic
cracking process with a fluidized bed of a granular catalyst OMNIKAT-210P was studied. The results
of the study revealed that, under the influence of a magnetic field on raw materials and on a catalyst
for the catalytic cracking process, the process efficiency significantly increases, which contributes to
an increase in the yield of high-octane gasoline and other high-quality products.

Keywords: catalytic cracking, light oil products, vacuum gas oil, catalyst, gasoline fraction,
magnetic field, selectivity, inductivity.

KATALITIK KREKINQ PROSESINO MAQNIT SAHOSININ TOSIRININ TODQIiQi
I.A. Xalafova, N.V. Abbasova
Azarbaycan Dovlat Neft va Sanaye Universiteti

Annotasiya: Magnit sahesinin OMNIKAT-210P Katalizatoru ilo aparilan katalitik kreking
prosesinin effetktivliyino vo alinan mohsullarin gostoricilorine olan tosiri todqiq edilmisdir. Aparilmis
todgigat naticesindo molum olmusdur ki, xammala vo katalizatora magnit sahasi ilo tosir gostordikda,
katalitik krekinq prosesinin effektivliyi artaraq, yiiksokoktanli benzin vo digor yiiksok keyfiyyatli
mohsullarin alinmasini artirir.

Acar sozlor: katalitik kreking, ylingiil neft mohsullari, vakuum qazoyl, katalizator, benzin
fraksiyasi, maqit sahasi, selektivlik, induktivlik.
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YK 55.550.84
PACIIPEJAEJIEHUE BOPA B AJIJTIOBUAJIBHBIX OTJIOKEHUAX JIEHKOPAHO-
ACTAPUHCKOM 30HBI ABEPBAVIIKAHA
baoaes H.U.

Azepoaiinxanckuii I'ocynapcreennslii YHusepcuter Hedpru u IlpombiniennocTn

nibabayev@yandex.ru

Annomauun. [uopoceoxumuyeckue ocobeHHocmu 6Oopa 6 BOOHOU cpede  U3YYeHbl
cpasuumenvHo ciabo. bonee unu menee docmosephvle céedeHUss HAKONTIEHbL NO COOEPAHCAHUAM DOpa 8
COBDEMEHHBIX MEIKOBOOHbIX MOPCKUX U 2NYOOKOBOOHbIX OKeaHuueckux ocaokax. Pesynbmamol
uccne008anull NOKA3aiu, Ymo 8 nepevlx cooepicanue bopa oxeamsieaem npeoenvt 32-250 2/m, a 6o
emopwix, coomsemcmeento, 46-430 o/m.

o nocneonezo 8pemenu bInadano uz noJis 3peHus nogederue bopa 6 npoyecce Hopmuposanus
anntosuanvHulx omaodiceruti. Ce200Hs MONCHO YBEPEHHO KOHCIMAMUPO8Ams mom gaxm, ymo cpeoHue
cooepoicanusi 60pa 8 ANNIOBUATLHBIX 0CAOKAX 3AMEMHO 803pACMArom 8 HANPAasleHUuU NepeHocd om
0CAOK08 PeuH020 pyCcid K 0elbMOBbLM OMIONCHEHUAM KOHeUHbIX obnacmell cedumenmayuu. Takoice
8bIACHUNOCH, YMO cooepoiicanue 60pa 6 NPUOPEdCHBIX 0CAdKax ompajdicaem e20 codepiicanue 8
bepe206bix NOPOOaAx, 3a CHéM 3pO3Ul KOMOPLIX MU 0CAOKU 0OPA3VIOMCAL.

KaroueBkle cJ0BA: OOpHBII AHTUIPU]L,
AJUTIOBUAJILHBIH, menbd, opo000pa3oBaHue,
KOHIICHTpAIHU.
BBeaenne.  Bompocel  reHepauuu, OO61ien3BecTHO, 4TO IJIaBHBIM
MUTpalldd ¥ KOHIeHTpanuu  Oopa B HOocUTelleM Oopa B  OCaJOYHBIX IOPOJax

SHIOTCHHBIX, 3K30T€HHBIX, T'HJAPOTEPMAIIbHBIX
mporeccax B BOJHBIX OacceiiHax,
MOBEPXHOCTHBIX W TPYHTOBBIX  BOJax
J0CTaTOYHO U3yueHsl [1-6].

OnHako, 0COOCHHOCTH TIOBEICHUS Oopa
B TpoIlecce TPaHCIOPTUPOBKH MPOIYKTOB
BBIBETPUBAHHS KOPEHHBIX MOPOJ, KOTOpPHIC Ha
MyTH K KOHEYHOH o00NacTu CceauMeHTalun
bUKCHpPYIOTCSIT B BHUAC  AUTIOBHAIBHBIX
OTJIOKEHUH JIONTroe BpeMs OCTaBalIUCh 0e3
oco0oro BHUMaHus uccienosareneil. Tonpko B
camble MOCJIeTHUE TObl PEYHOHN aJTIOBHUI CTal

IPEIMETOM LeJIeHaIIPaBJIEHHbIX
F€OXMMHYECKUX  HMCCIEIOBAHUH,  KOTOpBIE
obecrieunsiu HOJy4eHHE OOIIMPHOM

uH(pOpMaIMHU 0 pacupeaeaeHuo oopa.

SBISICTCA TJIMHUCTAast (pakuus, MHUHEPAIIbI
KOTOpPOM OTJararoTcs Ha YCThEBBIX YdacTKax
pek. OToOpaHHbIe 751 CIEKTPAIBHOTO aHan3a
HEMHOTOUYHCJICHHbBIE o0pa3sisl mpo6
MOKa3bIBAIOT, 4YTO COJepXKaHue Oopa B
JNETPUTOBBIX ~ OOpa30BaHUSX, MEPEHOCHUMBIX
pekaMu B OOJIACTH CEIUMEHTAI[MH BO BpEMSI
TPAHCHOPTHPOBKH, HE noJiBepraercs
n3MmeHenusM. CoJiepkanue 6opa mpUpyCIOBbIX
YYaCTKOB OTpa)kaeT €ro HaJn4yue B OeperoBbIX
MopoJax, 3a CYET IPO3UU KOTOPHIX ITH OCAJIKH,
B OCHOBHOM, 00pa3zytotcs. [Ipu conoctaBneHnu
CTAaHOBUTCS  OYEBHIHBIM, YTO  CpEIHEe
coJiepkaHue 60pa B MEJIKOBOJIHBIX TIIMHUCTBIX
ocagkax MOpEd HaMHOrO BbIIE, YEM B
AJTIOBUATIBHBIX 00Pa30BaHUSX.

Taoauna 1
Coaep:xxanue 60pa B AJUTIOBHAJbHBIX 0TJI0:KeHUAX JIEHKOpPaHO-ACTAPUHCKOI 30HbI
MecTto oT60pa npod KoaunyecTBo aHaIu30B Coaepxxanue 6opa, r/T
Hctoku Jlenkopanyas 8 12-85 (42) *
PaBuunHOe pycino JlenkopaHuas 17 20-104 (65)
Ycrbe pexu Jlenkopanyaii 9 39-115 (77)
NcToxu pexn Acrapauait 11 20-93
PaBHunHOE pyciio Actapauas 18 45-124 (83)
VYerbe pekn Actapadait 14 62-109 (92)
HUctoku peku boarapyaii 7 10-96 (61)
PaBuunHOe pycio bonrapuas 10 14-100 (76)
VYcrbe pexn bosirapyaii 5 8-120 (90)
Vcroku pexu Tenrepuuait 6 9-88 (62)
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PaBHuHHOE pycno TeHrepuyas 12

14-105 (72)

VYcrbe pexu TeHnrepuyai 8

21-120 (90)

*B ckoOKax MPUBOJUTCS CpEIHEE 3HAUCHHE

B Tabmume 1 mpuBeneHbl JaHHBIE IO
COJIEp’KaHUI0 0opa B aJUTFOBHANIBHBIX OCaJKax
pPa3IMYHBIX YYacCTKOB PEK 00JIaCTH, KOTOpPBIC
MOKA3bIBAIOT IIMPOKUI JTuamna3oH KoJjeOaHui
BEJIMYUH COJIep)KaHuil Oopa, 0OYCIOBJICHHBIC
Pa3HOPOAHOCTBIO  COCTaBa  AJUTFOBHUAIBHBIX
0CaKOB,  (OPMHUPYIOIIHUXCA HAa  Pa3HBIX
ydacTtkax pycen pek. CpenHee cojaepxaHue
0opa B HCCIICIOBAaHHBIX OOpa3lax KoyeOaeTcs
B y3kux mnpegenax ( 12-120 r/t). Cpennue
cojepxkaHusi Oopa B aJUTFOBHAJIBHBIX OCaIKax
3aMETHO BO3pAacTAlOT B HANPABJICHUH TIEPEHOCA
OT UCTOKa B CTOPOHY YCThEB peK. ITO CBA3AHO
C COPTHPOBKOM MaTepHajla Ha MYyTH HX
nepeHoca. Kpome Toro, Tak Kak OCHOBHBIM
HOcHTENleM Oopa B OCaJOYHBIX IOPOJAX
SIBJISIFOTCS. TJIMHUCTBIE MUHEpasbl, HET HHYETrO

YAUBUTEIHHOTO B TOM, YTO B YCTHEBBIX YACTSIX
peK, B  TOHKOH TIOMHHUCTOW  (ppakium
COJIEP’KUTCS MAaKCUMaIbHOE KOJIHYECTBO Oopa.
ITocranoBka 3agaum. Kak nokassiBaroT
pe3yNbTaThl KOJIUYECTBEHHOIO CHEKTPaIbHOTO
aHanu3a Oopa, BBIIOJHEHHBIE aBTOPOM B
3oHanpHOM  jabopatopun IIXAJI Munreo
CCCP, peku mepeHociIT B  o0mactu
CeIMMEHTAllUU AETPUTOBBIE 00pa30BaHUs KOPbI
BBIBETPUBAHHUS C  COJICpXaHUSAMH  Oopa,
KOTOpBIE B IIpOlleCCe€ TPAHCIOPTUPOBKU HE
MOJIBEPTalOTCSl CYIIECTBEHHBIM HW3MCHCHHUSIM.
Hpyras KapTUHA HabIo1aeTCs npu
0o0pa3oBaHUU COBPEMEHHBIX  TJIMHHUCTHIX
OCaJIKOB, OTJIAraloIIMXCS KaK B MPUOpPEKHON
moJioce, Tak u B obiactu menbda Mopeit (Tadm.

2).
Tabaunna 2

Conep:xanue 00pa B COBPeMEHHBIX MEJIKOBOJIHbIX MOPCKHX INTMHHUCTBIX OTJI0KEHUAX

MecTo oTO0pa npood

KoaunuyecTBO aHAIN30B

Conep:xanue 6opa, r/T

YepHoe mope:

JOHHBIC OCAJIKH 9 64-98 (80)
KOHTHHEHTaJIbHas Teppaca 88 (81)
COBPEMEHHBIE OTIIOKECHHUS 126 (92)
Kacnuiickoe mope:

JOHHBIE OCAJIKH 26 (85)
KOHTHHEHTAJIbHAs Teppaca 14 (93)

Baaruniickoe mope:

JOHHBIE OCAIKUA 9

20-180 (110)

*1o naHubM [1, 2]

Kak BugHO M3 Tabn. 2, copepkaHue
O0opa B paccMaTpHBaeMbIX OCaJKax Majo
OTJINYAETCS OT COJAEPNKAHUU B AJUTIOBUAIBHBIX
OocaJKkax, 4YTO  OTpakaeT  TIeHETHYeCKOoe
€IMHCTBO  OCAJIOYHBIX  0Opa3oBaHWi  Ha
pPacCMOTpPEHHBIX dTamax JurTorenesa. Ilpu
9TOM, B MEJIKOBOJHBIX MOPCKUX OCaJKax He
OTMEYaeTcsl OTKJIOHEHHWH cojepxaHusx Oopa,
KOTOpbIE MOXHO OBUIO OBl  TPHUMHCATH

aacopOimu  O6opa U3 MOpPCKOW  BOABI
(Tonpammunr B.M., 1954, Xapaep H., 1970).
Conepxkanue Oopa B NPUOPEXKHBIX OCAIKaX,
KaK MOKa3bIBAIOT MCCIIEIOBAHUS, OTPAXKALT €ro
coJiepaHue B OEperoBbIX KOPEHHBIX MOPOAAX,
32 CYET BBIBETPUBAHUS KOTOPBIX 3TH OCAJKH
oOpaszytorcsi. bonee BbIcOkMe colepKaHUS
O6opa  HaOmOMalOTCI B TIIYOOKOBOJHBIX
OKEaHMYECKHX TIIMHUCTBIX ocaakax (Tabm. 3).
Tabauuna 3

Coneprxanue 60pa B ri1y00KOBOJAHBIX OKeAHUYECKUX IVIMHUCTBIX 0caaKax *

MecTo oTO0pa npood

KoJsimuecTBO aHAJIN30B

Conep:xanue 6opa, /T

Tuxuii OKeaH, LEHTpaJbHas
JacThb

384

37-202 (134)

Tuxuit OK€aH,

N 58
Kanudopuuiickuii 3anus

100-280 (173)
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ATIIaHTHYECKUI OKeaH 105 62-342 (210)
WHuiickuii okeaH 46 44-183 (115)
*I1o nanueM [2, 3]

OGorarenue paccMaTpuBaeMbIX [JIMHUCTBIX ~ MUHepanioB. [lo  umerommmcs
OCaJIKOB OOpOM MOXKET OBITh  BBI3BAaHO JaHHeIM  [6, 7] comepkaHnme Oopa B
CTENEHBIO OTCOPTUPOBAHHOCTU  TJIMHUCTHIX u3BeCcTHAKaX koseonercs ot 5 mo 300 r/t, u
MMHEPAJIOB, a TAKXKE MOSABJICHUEM B UX COCTaBe cpennee u3 1300 ananu3oB Aa€t BenuuuHy 16
IPUMECH  TUAPOCIIOJ  WIH  IJIAyKOHUTA, r/r. B npomomurax [8] conmepxkanue Oopa
colepKaHUE  KOTOPBIX, Kak  IPaBUIIO, konebsercs ot 5 mo 700 r/t (cpegnee 65 1/1).
BO3pacTaeT ¢ YyBeJIWYEeHUEeM TayOuHsl [7]. Kak BugHO, B JOJIOMHUTAX, B CpeHEM, Oopa B 4
MoxxHO  yTBepXJAaTh, UYTO  Pe3yJbTaThl paza Oojblle, YeM B M3BECTHSKAX. OITO
aHAJIM30B  OTPAXKAIOT T'EHETHYECKYK CBA3b OOyCIIOBJICHO HE  CTOJIKO  Pa3IMYHBIMU
rI1yOOKOBOJHBIX OCAJKOB C aJTIOBHAJIbHBIMH, YCIOBUSIMU ~ O0Opa3oBaHWs  HM3BECTHSKOB U
TOHKOW TTUHUCTON (Ppakimeid KOTOPHIX OHH B JIOJIOMUTOB, CKOJIBKO TEM, YTO JOJIOMHUTHI
OCHOBHOM cJaralorcs. Takas TO4YKa 3peHus CPaBHUTEIBHO JIETKO MOABEPratoTCs TUAPOIHU3Y
corjiacyercssi C  QJUIOXTOHHOM  IPUPOJIOH C  BBIIEJICHHEM CBOOOJHON  THAPOOKHCU
OCHOBHOM Macchl TJIMHUCTBIX MHUHEPAJIOB B MarHusi, KoTopas mpu  OJaronmpusTHBIX

IITyOOKOBOJHBIX OCaJKax, pPacCHpOCTpaHEHUE
KOTOPBIX IOKa3bIBAaCT CJIOXKHYI 3aBUCHUMOCTb
OT KJIMMAaTUYECKUX YCIOBUM U COCTaBa PEUHBIX

B3BECEH, MOCTYHalOUMX C BOJOCOOPHBIX
JIoIaaeil KOHTUHEHTOB.
Heb6e3piHTepecHo MPOCJIEAUTH

noBeJicHHEe Oopa KpoMe TIMH M B JPYrUX
pactpoCTpaHEHHBIX  OCAJOYHBIX  IOPOJax:
recyaHukKax, kKapOoHaTax u Jp.

Meton pemenusi. M3BecTHO, 4TO B
0CaJIOYHOM YexJie 3eMHOM KOpBI TOCIe TJIUH U
TIWHUCTBIX CIIAHIEB, cocTaBigommx ~ 80%

[8], ocoboe mMecTO 3aHUMAOT TIECKH |
necuaHuku (15%) u kapOOHAaTHBIE TOPOJBI.
Conepxxkanust  O6opa B 3THX  TOpojAax

HEMOCTOSIHHBI M, KaK MpaBWJIO, 3HAYUTEIBHO
HID)KE, YeM B TJIMHAX W TJIMHHUCTHIX CJIAHIAX.
KonnyectBo GOpHBIX COEAMHEHUI B MecKax W
MeCUYaHNKaX 3aBUCUT OT MHHEPAJOTHYECKOTO
COCTaBa IEeCYaHbIX 3€peH, COocTaBa LIEMEHTa U
HEKOTOPBIX aKI[ECCOPHBIX BKITFOUCHH.
Huskumu conepxkanusimu  Oopa (10-15 r1/1)
XapaKTepU3yIOTCSI  KBapleBble  TECKH |
NECUYaHUKH ¢  KapOOHAaTHBIM  ILEMEHTOM
(ocHOBHBIM ~ HocutenemM  Oopa).  bBomee
BBICOKMMH cojiepkaHusiMu 6opa (60-70 1/1)
OTJIMYAIOTCSI TIIMHUCTHIE TTeCKU U TIeCYaHnuKH. B
HUX HOCUTENIsIMH Oopa SBISIOTCS CIIOBI,
MOJIEBBIE IITIATHI M TIIMHUCTHIE MUHEPAITBI.
KapOonarusle mopoasl B 3eMHON Kope
MPEJICTaBIICHBI, B OCHOBHOM, W3BECTHSKAaMHU H
JOJOMUTaMU. XUMHUYECKH YUCTHIE U3BECTHAKH
U JTIOJIOMHTHI HE CONEpKHUT Oopa. [IpucyrcrBue
6opa B KapOOHATHBIX MOPOJAaX OOYCIIOBIIEHO,
TJIaBHBIM 00pa3oM, MEXaHWUYECKOW TPUMECHIO

46

YCIIOBHSX MOXET CBSI3BIBATH OOPHOKHUCIIBIC
aHMOHBI U3 MIOPOBBIX PACTBOPOB.

WNnaue pemo obcroutr ¢ dochopuramu
0CaJIOYHOTO TPOUCXOXKACHUSA. DTHU MOPOAbI, B
OTIINYNE oT KapOOHATHBIX opo,
XapaKkTepU3yITCs MOBBIIEHHBIMU
coapepxanussmu  Oopa. Ilo manmaeiM WU
TyukoBa [9] conepxanue 6opa B dhocoputax
Cubupn komednercs or 30 mo 300 r/t (B
cpenaemM u3 21 anammsa 130 1/T). MoOkHO
MIPEATNONIOXKHUTD, qTo CBSI3b 6opa C
dbocoputamu 00yCIOBIEHA CpPABHUTEIHHON
JETKOCTbI0O  00pa3oBaHUS B  THIIEPTEHHBIX
YCIOBUSAX B3aUMOJCHCTBUS OOpCcoaepKaInux
pacTBOpOB c (bocdopcoaeprammmu
coeuHeHusMU. B otnmume ot docdopuros,
armaTUTHl SHAOTEHHOTO MPOUCXOXKICHHS TMEIOT
HU3KHe coaepxkanus 6opa (~30 r/t). bonee
Jerkuit u  Jjeryuuit Oop, NOpH  BBICOKHX
TEeMIlepaTypax He YCIleBaeT pearupoBaTh C
dbochoputamu.

Pacnipenenenne Gopa B aHTMJPUTOBBIX
opojax, CBA3aHHBIX C  COJICHOCHBIMH
dopmarusamu [10] mokazanu, 4To CoaepKaHUE
Oopa B aHTUApPUTAX KOJIEOJETCS B OYEHb
mupokux mpeaenax (5-2620 r/t). PesympraTsl
650 aHaIM30B ITOKA3BIBAIOT JTOBOJIBLHO BHICOKOE
cpenuee coaepxkanue 6opa (160 r/1).
W3BectHO, uTo cyinbdaThl KalblUsi HE
SBJISIIOTCSL HOCHTEISIMU  COEAMHEHUH Oopa.
Oco0eHHOCTH TeOXUMHH OOpa B IUIACTOBBIX
OTIIOKEHUSX aHTUJIPUTA 00yCIIOBJIEHbI
NPUMECSIMA ~ MHKPOKPHCTAJUIOB  Pa3IMYHBIX
OOpHBIX, a TakKe ayTOTeHHBIX TJIIMHUCTHIX
MuHepanoB. Bricokue conepxanus Oopa B
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TaJIOTEHHBIX OTNIOkKeHUusx [11], oOycnoBineHsbI CBS3aHO, TJABHBIM  o0Opa3oM, C  €ro
[JIaBHBIM ~ 00pa3oM  IIMPOKUM  Pa3BUTHEM KOHIEHTPAlUsMU B JETPUTOBBIX TJIIMHUCTHIX
IIPOLIECCOB AYTOTE€HHOI'0 INIMHOOOpa3oBaHMs, MUHepanax, GOopMUpYIOIUXCS B KOpe
CBOMCTBEHHOT'O JIATYHHBIM YCJIOBHSIM apUIAHOTO BBIBETPUBAHUA M  €r0  KOJIWYECTBEHHOIO
JIUTOTEHE3A. COJIep’KaHus B IOPOJIax.

B 3akimioyeHMHM  MOXXHO  OTMETHTh, YTO

pacmpezeneHue O0opa B OCaIOYHBIX IOPOJAX

3akurouenue. [lepBas momnpITKa N3y4eHUS MTOBEICHUS O0pa B aJUTIOBUAIBHBIX OTJIOXKCHHUSIX TO3BOJISET
CACJIaTb HCKOTOPLIC BHIBOBI:

w

o

~

10.

11.

1) Cpennee conepxkanue 0opa B MEIKOBOAHBIX TJIMHUCTBIX OCaJKax HAMHOTO BBIIIE, YeM B
AJUTIOBHANIBHBIX 00Pa30BaHUSIX;

2) Conepskanust 60opa B ajUTIOBHAIBHBIX OTIOKEHHUAX KoyeOsercss B y3kux mpenenax (12-120
r/T);

3) Copepxanuss Oopa B QJUTFOBHAIBHBIX OTJIOXKCHHSX, MEPEHOCHMBIX PEKaMU B 00JIACTb
CEUMEHTAllUd, BO BpEMs TPAHCIOPTUPOBKM HE MOJABEPrarOTCA  HU3MEHEHUSM.
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AZORBAYCANIN LONKARAN-ASTARA ZONASINDA BORUN ALLYUVIAL
COKUNTULORDO PAYLANMASI
N.l. Babayev
Borun su miihitindoki hidrogeokimyavi xiisusiyyatlori nisboton zoif Oyronilmisdir. Bor

haqqinda nisbaton etibarli molumat onun miasir dayaz doniz vo dorin okean ¢okiintiilorindoki
miqdarlari izra toplamigdir. Todgiqatlarin naticalori gostormisdir ki, birincilorde onun miqdari 32-250
qgr/t, ikincilards isa, uygun olaraq, 46-430 qr/t hiidudlarini ohato edir.

Son vaxtlaradok alluvial ¢okiintiilorin formalasmasi prosesinds borun davranisi nazarst altinda

deyil idi. Indiki dévrde tam ominliklo demak olar ki, borun alluvial ¢ékiintiilorindoki orta miqdar1 gay
macras1 ¢okiintiilorindon sedimentasiyanin axirinci ayalatlorinin delta ¢okiintiilorine dogru dasinma
istigamatinds nozoro carpacaq dorocodo artir. Homginin askar olunmusdur ki, borun sahilyani
¢okiintiilorindaki migdar1 onun sahil siixurlarindaki miqdarini oks etdirir ki, ad1 ¢akilon ¢okiintiilar do
homin siixurlarin aginmasi hesabina amala galir.

Acar sézlar: bor anhidridi, alliivial, self, siixur amalagalmo, konsentrasiya.
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BORON DISTRIBUTION IN ALLUVIAL DEPOSITS OF THE LENKORAN-ASTARA ZONE
N.l.Babayev

Hidrogeochemical properties of boron in aquatic environment have been weakly studied.
Relatively reliable data have been obtained for modern shallow marine and deep oceanic sediments.
Investigation results revealed that boron content of the former ones covers ranges between 32-250
gr/ton, that of the latter ones, respectively, 46-430 gr/ton.

Boron behavior during formation of alluvial deposits have been paid little attention till recently.
These days we can firmly state that the average boron content in alluvial deposits increase notably in
direction of transportation from river bed deposits towards deltaic deposits of the final sedimentation
areas. It has also been revealed that the boron content of the shore deposits reflects its content in
coastal rocks due to erosion of which those sediments form.

Keywords: boric anhydride, alluvial, shelf, rock formation, concentration.
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MNEPEKNCHOE OKUCJIEHHUE JIUITUAOB B KJIIETKAX DUNALIELLA SALINA IPPAS D-
294 MOJIUO®UILIUPOBAHHBIX MOHOJIOM ITPH BBICOKOM COJIEHOCTH B
OIITUMAJIBHOM U HUBKOTEMIIEPATYPHOM PEXKUMAX KYJbTUBUPOBAHUSA
A.P.JIxxanuiioBa
baxkunckuii I'ocyrapcTBeHHbIH YHUBEPCUTET

B pabome npedcmasnenvt pesyromamul usyuenus OUOnpoOyKmugHoOCmuU, Koaudecmaa oopazosannozo M/JA
6 knemkax Dunaliella npu  ewvicoxou conenocmu 6 onmumanvhom u HUZKOMEMNEPAMYPHOM PEHCUMAX
Kynvmuguposarus. Ilokazano, ymo 6 ycio8usax HUIKOMeMNepamypHo2o cmpeccd OUonpoOyKMUHOCHb KiemoK
cHudicaemcst Ha 25% no OMHOWEHUIO K ONMUMATbHOMY pedcumy Kyromusuposanus. Moougurayus kiemox 2,6
Ou-mpem-6ymun Kpe3onom (UOHOL) npueodum k cmumyasyuu pocma kyremyper Dunaliella ¢ onmumanvrom
peocume: (25 -350 mxM) 2 - 7% u 8 yCro8uax HU3KOMEMNepamypHo2o cmpecca 8 uHmepeaie KOHYeHmpayuu
(25 - 350 mxM) 5-8%.

Ycemanoeneno, umo  xonyemmpayuu 25-50 mxM 2,6 Ou-mpem-Oymun Kpe3ona 8 MUHEPAIbHOU cpeoe
npugoosm K yseauyenuio koauvecmea M/A 6 knemxax na 30-70%, a 3amem K NOHUICEHUIO €20 COOEPAHCAHUSL 8
Kkremxax Ha 35-60% npu xonyenmpayusx150-500 mxM 6 onmumanvrom pesxcume. Ilpu HU3KOmMeMnepamypHom
peoicume kouyenmpayuu 25-50 mxM uonona  xonuwecmeo MJIJA ocmaemcsa Ha KOHMPONLHOM YpPOGHE, a4 NpU
xonyenmpayusx 150-500 mxM cruscaemcsi na 4-20%.

Kniouesvte cnoea: Dunaliella, 6uonpooykmusnocme,
CONEHOCMb, UOHOJI, HU3SKOMEMNepamypHulli cmpecc,
nepeKucHoe OKUCieHue TUnUoo8.

BBEJIEHUE

B pe3ynbTaTe BO3ACHCTBUS Pa3IUUHBIX HbIHE HE BbI3bIBaeT comHeHuit [7,12]. Ilpu
(bakTOpOB OKpYXKalIIEH Cpeapl, TaKUX Kak BBIPALIMBAaHUU [POPOCTKOB B IPUCYTCTBUU
yIAbTPaQHUOIETOBOE, PaUallUOHHOE O0IydYeHHe MOHOJIAa CUJIBHO YTHETaeTcss M o0pa3oBaHUE
HU3KHE M BBICOKHME TEMIIEpaTyphl, HalUuue A®K wu, B wuactHocTH cymnepokcupa [9].
N00aBOK,  3arps3HUTENe B TMHIIEBBIX M3BecTHO, 4TO Ha psAAy Cc oOpa3oBaHHEM H
MPOAYKTaX, B MHTHEBOM BOJE NPUBOJUT K nHaktuBauun A®K aHTHOKCHMAAHT HOHOI
00pa30BaHMUIO pPaUKaAIOB. B KaXaoM XKHBOM MOXET MHruOupoBaTh BbI3bIBaeMblil ADK
OpraHM3Me MOCTOSIHHO 00pa3yercsi aKTHBHbIE BbIXOJ M3 MHUTOXOHJAPUH B LUTOIUIA3MY
(hopMbI KUCJIOPOJHBIX, MIEPOKCUIHBIX, uuroxpoma C [1].
THAPONIEPOKCUIHBIX U JIPYTUX paguKaiioB [5]. Cy1iecTBeHHO YMEHBIIUTh
OnHOBpeMEHHO ¢  O0pa3oBaHMEM  TaKUX OKHUCJIMTEIbHBIA CTPECC M €ro IOCIEICTBUS
pajuKaloB MPOUCXOJUT HX pa3pylleHHe c MO3BOJISIET JO0ABJICHUSI B MUHEPATIBHYIO CpENyY
ITOMOUIBIO CUCTEMBI AHTHMOKCHJIAHTHBIX CUHTETUYECKHUE AaHTUOKCHJIAHTBI, TaKue Kak
(hepMeHTOB. [IpeBplllieHNE KOHUEHTpPALUU MOHOJ W €ro NpPOM3BOAHBIC, OTHOCSIIHMECH K
00pa3yroImuxcs Hajl KOHLIEHTpaLuen KJIaCCy  IPOCTPAaHCTBEHHO-  3aTpyJHEHHbBIE
YHUUTOXKEHHBIX  PaJUKajIOB HPUBOJUT K ¢deHnonsl [2,6].
Pa3BUTHIO OKHUCIMTEIBHOIO CTPECCA, KOTOPBIN Lenbto paboThl SABISUIOCH - H3y4YCHHE
COIPOBOXKAAETCA MOBPEKICHUSIMHI MEPEKUCHOTO OKUCJIEHHE JUMHUIOB B KJIETKax
OMOJIOTUYECKUX MOJIEKYI, OKHCJIEHUEM Dunaliella BbipameHHBIX B YCIOBHUSX BBICOKOH
nunuaoB, mMomudukamusmu O6enkoB u JIHK COJIEHOCTH B ONTUMAJIbHOM 3l
[8,10,11].  BoszpeiictBUsS  Ha  pacTeHUs HU3KOTEMIIEPATYPHOM pexumMax u
HEONaronpusATHBIX ~ TeMIepaTyp  SABISETCS Mo U pUKAITIT C Ppa3IUYHBIMU
OMHUM U3 Hauboyiee pacIpOCTPaHEHHBIX KOHLIEHTPALUsIMU HOHOJIA.
cTpeccopoB. Tak, Oosblliee 4yacTh pacTeHU B MATEPHAJIBI U METO/1bI
TEYEHUH TOJa TOJBEPraroTcsi  JIEHCTBUIO OOBEKTOM  HCCIEOBAHUS  CIYXHJIA
HU3KUX TOJIOKUTEIBHBIX TEMIIEPaTyp, MOpo3a 3eneHass MukpoBojopocab Dunaliella salina
[3,4]. ADK 3anumaer ocoboe MecTo cpeau IPPAS D-294, BrieneHHas U3 COJIEHOTO 03epa
CTpeccoBbIX MeTaboauToB. BaxHoe posip ADOK Maca3slp  HaxOJSIIErocs Ha CeBepo-3araje
B 3aIlyCKe 3allUTHBIX PEaKUUi Ha aOHOTeHBI Tepputopun  ropoga  baky.  Bomopocnu
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BbIpalMBanu npu Temneparype 27°C B
MJI, Ha YCTAHOBKE JIJISl BHIPAILIMBAHUS KYJIbTYP
OJIHOKJIETOYHBIX  BOAOpocied. MuHepanbHas
cpena conepxana (1/m): NaCl — 175; KNO3 —
5,0; KH2PO4 — 1,25; MgSO4 — 50; FeSOs —
0,009 u pacTBOp MHKpOIIEMEHTOB, 1 MII/II.
Cycrensuto  KIeToOK B (hoTopeakTopax
KpPYTJI0CYTOYHO OcBelanu OensiM cBetoM (16
B1/M?) M HemNpephIBHO IIPOLYBATH CMECHIO
(Bo3nyx+1,5% CO2) c temneparypoit 27°C B
ONTUMATTHFHOM " MIPOTyBaHUEM B
dboTopeakTopel  Bo3aymHOW  cmecu  5°C
(am3koTemmneparypHblii ctpecc). Temm pocta
KYJIbTYpPbI oTIpeAeIIsIn MEePUOANYECKUM
MOJICYETOM YHCIIa KJIETOK B Kamepe ['opsepa
MO MHUKPOCKOIIOM WM He(heIoMeTpHUecKH,
M3MEpEeHUEM OTITUYECKOM IUIOTHOCTH
CYCIICH3HH.

Knerounyro cycrneH3uto, moAroTOBJICHHYIO
K u3MepeHuro cojepxanus MJIA, moBommiu

no  10%1/Mn (omTmueckas — IUIOTHOCTS,
0D=0,8).
Ouenka CTETICHU MEPEKHUCHOTO

okucienus nunuaoB (I1OJI) Obuta mpoBeneHa
[0 METOAY omnpenenenus copepxanue M/IA B
KJIETKax Dunaliella salina - METOIOM,
OCHOBAHHBIM Ha PEaKIUH C THOOAPOUTYpPOBOM
KHUCJIOTOM.

Cycnensuto KJIETOK (35 M)
ueHtpudpyruposanu npu 3000 o6/mMMH B
teuenne 10 wmunyT. I[lomydeHHBIN oOcamok
roMmorennsuposanun B 20 mur 0,1%-oii TXYV.
I'omorenatr uentpudyrupoBanu npu 3000
o6/Mun B Tedenue 10 wmumHyr. K Ima
cynepHaranta ao6asmsim 4 min 20% TXY,
conepxamyro 0,5% TBK. Cmech HarpeBanu B
BOJISTHOM OaHe mpH 95%C B Teuenune 30 MuH. U
cpazy OXJaXJadu TNOJ MPOTOYHON BOMOM.
[Tocne uentpudyruposanus cmecu mpu 3000
0o0/MuH B TeueHue 10 MUHYT, OmpeneNsiu
ONITUYECKYIO TUIOTHOCTh CyINEpHaTaHTa MpH
532 um [10].

Conepxanne MJIA paccuuTbiBaI €
UCIONIb30BaHWEM Kod(duiineHTa SKCTUHKIUH
pasoro  1.36x10° wm! cm?!  mocme
BBIYUTHIBAaHUS Hecnenu(puIecKoro
noryiomeHus npu 532.

PE3YJIbTATHBI U OBCYXXJIEHUE

Ha pucynke 1 (kpuBas 1) npencraBieHbI
pe3ynbTaThl  JIMHAMUKH  pOCTa  KYJIbTYpPHI
MHUKPOBOIOPOCITH Dunaliella npu
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CTEKJIIHHBIX (poTOpeakTopax, oObemom 250

ONTUMATBHBIX YCIOBHAX (Temmeparypa 27°C,
MHTEHCHBHOCTh cBeTa 16 B1/M?, conepskanme
CO2 B Bo3gymHON cmecu 1,5%, muHepanbHas
cpena coxaepxkamas 3 M NaCl) BolpamuBanue
KJIETOK B 250 MJI CTEKJISIHHBIX (POTOpEaKToOpax
Y TO0Jaye BO3AYIIHOW CMECH C TEMIIEpATypoOu
25°C B MHTEHCHBHO - HAKOIIUTEIHHOM PEXKHIME
KyJIbTUBUPOBaHUS B TeueHue 24 4YacoB
MOKa3ajdy, YTO  ONTHUYECKas  IUIOTHOCTH
KJIETOYHOM CYCIIEH3UU YBEIUYMBAeTCd B 3
pasa.

Takas TeHAEHIMS pocTa  MOMYJISALUU
MPOJOIHKAETCA M B MOCIEIYIOMIMX MOBTOPHBIX
BapUaHTax  BbIpAIMBAHUS  KOHTPOJIBHBIX
cycrien3uii.  Ilomaua B ¢oTopeakTopsl
BO3AYIIHOH cMecH ¢ Temmeparypoii  5°C
(HM3KOTeMIepaTypHBIA CTpecc) MPUBOAMUT K
3aMeJJIEHUIO pocra u CHIDKEHUIO
ouonponyktuBHocTH Ha 25% (kpuBas 2).
HecmoTpss Ha CHM)KEHUE JUHAMHKU pocCTa
MOMYJISIIIUH npu HU3KOTEMIIEPaTypPHOM
cTpecce JIeJICHUE KJIETOK B TeueHue 24
4acOBOTO KYJIbTUBUPOBAHUS B WHTEHCHUBHO-
HAKOIUTEJIbHOM PEKUME COCTaBIISIET BBICOKUM
[IOKa3aTeb (yBEnMYEeHHE  ONTHYECKOMN
IVIOTHOCTH B 2,5 paza). B stux ycnosusx
T00aBISIIH B MUHEPAIBHYIO cpeny
BBIPAIIMBAaHUS CHUHTETUYECKUN aHTUOKCUIAHT
2,6 nu-mpem-OyTUI Kpe3oJ B pa3IUYHBIX
KOHILEHTPALUsAX U MPOCIECKUBATN JUHAMHUKY
pocTa KyJIbTypBhl.

Temneparypa 27°C, HMHTEHCHBHOCTBH
ceeta 16 Br/m?

Ha pucynke 2 mpeacTaBieHa
3aBUCHMOCTh pocra knerok Dunaliella
salina IPPAS D-294 B UWHTCHCHBHO-
HAKOIUTEIIbHOM  PEXHUME  KYJIbTHBHPOBAHHSI

OT PA3IMYHBIX KOHIEHTpauuii 2,6 au-mpem-
Oytun ¢Qenona B MuHepanbHOU cpene (3 M
NaCl). Kak BuAHO W3 pUCYHKA, MPUCYTCTBUE
MOHOJIA B Cpele BBIpALUIMBAHUA IPH
ontuMansHoM (1) u HU3KOTEMIEpaTypHOM (2)
peKuMax KyJIbTUBUPOBaHMS 3aMETHO BIHUSET
Ha POCT KyJIbTypbl. Tak, Mpu KOHIEHTPAIUIX
25- 350 MxM B MuHepanbHOI cpene 2,6 au-
mpem-0yTun Kpe3ona B onTuManbHOM (1)

peXuMe  KyJIbTUBUPOBAaHUA  HaOIrOmaeTcs
CTUMYJSIIIUSL  TUHAMHUKHA ~ POCTa  KYJbTYpPBI
ki1eTok  Ha 2-7 % , 10 OTHONICHHIO K



EKOENERGETIKA 4/2019

KOHTPOJIbHBIM CYCIICH3UAM. 3Ha‘-II/IT, 2,6 A= KOHIICHTpAauAaXx COIIOCTaBUM C aKTUBHOCTBHIO
mpem-0yTHi Kpe30J1 Mpu  ITHX OOBIYHBIX (UTOTOPMOHOB [5].

YucJaoKIeToK, n*106 ki/ma
o ol N w SN (8] (o] ~ [o0] [{e]

8 16 24
Bpemsi, yacel

Puc.1. [lunamuka pocta mnonymsuuu kierok Dunaliella salina IPPAS D-294 mnpwu
ontuMaiabHOM (1) 1 HU3KOTeMIIepaTypHOM (2) pexumax KyJIbTUBHPOBAHUSI.

[Ipu mnoBeIIeHUU conmepkaHus 2,6 nu-mpeni-OyTUi Kpe3ojia B MuUHepanbHOU cpexe (500
MKM) oHO mpuoOpeTaeT oOpaTHBIN 3HAK, HaOmonaeTcs noaasineHue A0 (9%) pocTa KyJIbTYphl B
TeYCHHE 24 YacoBOTO KYJIBTHBHPOBAHUS B HWHTCHCHBHO-HAKOMHUTEIHLHOM pexume. [loa BiausHHEM
3TOr0 CHHTETHYECKOIO aHTHOKCHJIAHTa MaKcUMalibHas TudQepeHIMpoBKa HAOMIOMAeTCS TpU

koHueHTpauuu 150 MkM (7%) 1o cpaBHEHUIO C KOHTPOJIbHBIMH KJIETKAMHU.
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Puc.2.3aBUCHMOCTh JHHAMHKH pOCTa MOMYJISIMU KOHTpOJIbHBIX KieTok Dunaliella salina
IPPAS D-294 ot pa3nuyHbIX KOHIEHTpauuii uoHosa B MuHepaibHOU cpene (3 M NaCl) mnpu
ontuMaiabHOM (1) 1 HU3KOTEMIIEpaTypHOM (2) pexxumax KyIbTHBHPOBAHUSI.

Temneparypa 27°C, nHTeHCHBHOCTH cBeTa 16 Br/M?

CpaBHUTEIIBHOE W3ydeHUE 3aBHCHMOCTH 3aMETHO BIIMSIET HAa POCT KYJIBTYpHI (puc. 2,
pocta momyisimuu  kierok  Dunaliella salina kpuBas 2). Tak, B quama3zoHe KOHIIEHTpalUi
IPPAS D-294 or pa3inuuHBIX KOHIEHTpAIHN 25-350 MKM B MHHEpalbHOH cpele  HMOHOIA
2,6 nmu-mpem-OyTHI — Kpesoia B HAOMIO/IaeTCS CTUMYIIALUS POCTa KYIbTYPHI,
MUHEPAITLHOM cpere, B YCIIOBUSAX KOTOpasi TpeBbImaeT Ha 5-8 % KOHTPOJIbHBIC
HU3KOTEMIIEPaTypPHOTO CTpecca Mokasaja, 4To CYCIICH3HH KJIETOK. YBenuueHue
€ro NpPUCyTCTBUE B Cp€Jlie BhIpAIUBaHUS KOHIleHTpauun wuoHona g0 500 MM B
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MUHEpAJIbHON Cpefie POCTOCTUMYIHPYIOLIEe
neiicTBre He HaOJI0JaeTcs U YCTaHABIUBAETCS
Ha ypoBHe (100 B naHHOM »SKcliepUMEHTE
BUJHO,  4YTO  NPUCYTCTBHE  Pa3IMYHBIX
KOHIIEHTpalui 2,6 nu-mpem-0OyTHil Kpe3ona B
MHUHEpPaIbHOU cpene B nuana3zone 25-350 mxkM

HE CKaspiBaeTcs (NOJABJICHHWE pOCTa He
Ha0II01aeTCs) Ha OMONPOAYKTHBHOCTH
BOJIOPOCIIEH. B JTaHHOM cirydae
YBEIIMYMBACTCS  TOJICPAHTHOCTh  KJIETOK K

AHTHOKCHUAAHTY II0 CpaBHCHHIO C KIJIICTKAMH,
BBIpAIICHHBIMA IIPpW  ONTUMAJIbHOM PECKHUME

HU3KOTEMIIEPATypHOM CTpecce JellaeT 3TOT
AHTUOKCHJIAHT MEPCIICKTHBHBIM u
3Q(GEKTUBHBIM  CPEACTBOM  JIOCTYIIHOH H
HAQJIGKHON perynsiuu  (aKTHBAallMU) pPOCTa
kynabTypsl kiietok Dunaliella salina IPPAS D-
294.

Ha  pucynke 3,  mpeactaBieHbl
3aBUCUMOCTH COJICpKAHUS MAJIOHOBOTO
IUabAeTHIa B KIETKaX, BBIPALICHHBIX IPH
ontuManbHOM (1) W HU3KOTeMMmepaTypHoM (2)
peXKuMax KyJIbTUBUPOBAaHUS, OT Ppa3IMYHBIX
KOHIICHTpaIni WOHOJIA B MHHEPAIbHOU

KYJTbTUBHUPOBAHUS, BEPOSITHO, CBSI3aHHOTO C cpene,. Kak BHUIIHO U3 pHUCYHKA, DPa3jIU4HbIC
pabortoi SHIOIE€HHOMH AHTUOKCUIAHTHOMN KOHIICHTPAIIUH CUHTETHYECKOIO
CUCTeMBl KIETOK u 2,6 au-mpem-OyTui AHTHUOKCHUJAHTa HOHOJIa BIMSIET Ha
Kpe3oJia. COJICp)KaHWE MAJOHOBOTO JUAlbACTHIA B
BrelpakeHHass ~ pOCTOCTHUMYITHPYIOIIAS KIeTKax. Tak, TpH ONTUMAIBHOM PEKHUME
aKTUBHOCTH HOHOJIA Mpu  €ro KynbTuBHpoBaHus (puc.3 kpuBas 1) B
KOHUeHTpauusax 25-350 MkM B MuHepanbHOU MHTEpBaJle KOHLIEHTpaluu noHona 25-50 MxM,
cpene npu ONTUMAIbHOM pexumMe gaOironaercss  nosbirenne g0 30-60%
KYJIbTHBHPOBAHUS 31 B Irana3oHe KOJIMYECTBA MAJIOHOBOI'O JHAJIBAETHAA B
KOHIIEHTpaLHi 25-500 MKM npu KJIETKaX.
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Puc. 3. 3aBucumocts conepxkanus MJIA B kierkax
pa3IMyYHbIX KOHILIEHTpalui HoHoJa B MuUHepaiabHOU cpeag (3 M Na CI)

0 350 1\?IOO
OHICHTpalu#d, MK

Dunaliella salina IPPAS D-294 ot

npu ontuMaibHoM (1) u

HU3KOTEMIIEPaTypHOM (2) pexXuMax KyJIbTUBHPOBAHUSI.
Temmeparypa 27°C, mHTeHCHBHOCTH cBeTa 16 Br/M?

JanpHeliliee yBenuyeHne KOHUEHTPALIUI
MOHOJa npuBoaUT  cHkeHuo MJIA u Oonee
s dexkTuBHOMY TonaBneHuto mpormecca [1OJI

(35-60%) B  kierkax.  CpaBHUTEIBHOE
H3ydeHHE  KOJIMYECTBEHHBIX  IOKa3aTelei
CONIEpP)KAHMs MAJIOHOBOTO JHAlbJETHIa B

YCIOBUSIX HHU3KOTEMIIEPATYpHOTO CcTpecca U
Pa3IMYHbIX KOHUEHTpauui 2,6 nu-mpem-0yTui
Kpe3oia  TOKa3ajlo, 4YTO HECMOTps  Ha
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YBEIMUEHUE B KIETKAX AaKTUBHBIX (OPMBI
KHcIoposia  (HU3KOTEMIEepaTypHBIH  CcTpecc)
NoCJIeAHNN akTUBHO nofasisieT npouecc 11OJI.
B stux ycnoBusx konuentpanuu 150-500 mxM
MOHOJIa TOJABIISIIOT COJIEPKAHUSI MaJOHOBOTO
nuanpaernga B kierkax Ha 4-20%. Toabko
KOHILIeHTpauuu 25 u 50 MKkM He BAMSIOT Ha
YPOBEHb IMEPEKUCHOTO OKUCIICHUS JIUIUJOB B
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YCIOBUSIX ~ HU3KOTEMIIEPATypHOTO  CTpecca GopMBI  KHCIIOpOJA, UYTO CKa3bIBacTCs Ha
(puc.3 xpuBas 2). CHIDKEHHUH TIpoIecca MEPEKUCHOTO OKUCIICHUS

Takum oOpazom, 24 yacoBas MOAUDUKAIHS JIMITHI0B u B KOHEYHOM cuere
kaerok  Dunaliella 2,6  au-mpem-6ytuin OHMOMPOTYKTHBHOCTH BOJIOPOCIICH

KpC30JIOM CHMIKXACT KOJIMYCCTBO AKTHBHBIX
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LIPID PEROXIDATION IN DUNALIELLA SALINA IPPAS-294 CELLS MODIFIED BY
BHT AT HIGH SALINITY IN OPTIMAL AND LOW-TEMPERATURE CULTIVATION
CONDITIONS
A.R.Jalilova

In this work, have been presented results of bioproductivity study and quantity of formed MDA
in Dunaliella cells at high salinity in optimal and low-temperature cultivation conditions. It became
clear that, in conditions of low temperature stress, bioproductivity of cells decreases 25% in regard to
optimal cultivating regime. The cell modification by 2,6 di-tret-butyl cresol (ionol) leads to growth
stimulation of Dunaliella culture in optimal regime: (25-350mkM) 2-7% respectively, and in
conditions of low temperature stress in range of concentrations (25-350mkM) 5-8%. It was established
that, the concentrations 25-50 mkM 2,6 di-tret-butyl cresol in mineral medium cause 30-70% increase
of MDA content in cells and then 35-60% decrease of its content at concentrations 15-300mkM in
optimal regime. In low temperature regime concentrations 25-50mkM of BHT, MDA quantity remains
in control, but at concentrations 15-300mkM decreases 4-20%.

Key words: Dunaliella, bioproductivity, salinity, ionol, low temperature stress, lipid peroxidation.

MINERAL MUHITIN YUKSOK DUZLULUQ SORAITINDO OPTIMAL VO ASAGI
TEMPERATUR STRESI REJIMLORINDO iONOL iL9 MODIFIKASiYA OLUNMUS
DUNALIELLA SALINA IPPAS D-294 HUCEYROLORINDO LiPiDLORIN
PEROKSIDLOSMOSI.

' A.R.Calilova
Isdo, mineral miihitin yiiksak duzlulugu saraitinds, optimal vo asagi1 temperatur stresi rejimlarinda
becorilmis D.salina hiiceyralorinin biomohsuldarligi vo Kkatalaza aktivliyinin todqiqi naticalori
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verilmisdir. Gostorilmigdir ki, mineral miihiitin yiiksok duzlulugu vo asagi temperatur stresi
soraitlorindo becarilmis hiiceyralorinin biomohsuldarligi optimal rejimlo miiqayisodo 25% azalir.
fonolun miixtelif qatiliglar: ilo modifikasiyas: olunmus Dunaliella hiiceyralorinin optimal becarilmo
soraitindo g¢oxalmasinda antioksidlogdiricinin (25 -350 mxM) diapazonunda 2 - 7% Vo asagi
temperatur stresi soraitinds isa (25 - 350 mxM) qatiliglarda miivafiq olaraq 5-8% stimullagsma
miisahido olmusdur.

Miiayyon edilmisdir ki, optimal rejimda becarilmis hiiceyralords mineral miihitds ionolun (25-
50 mxkM) qatiliglart hiiceyrodo MDA —nin miqdarinin 30-70%, artmasina, 150-500 mkM diapazonda
1So 35-60% azalmasina sobab olur. Asagi temperatur stresi rejimindo ionolun 25-50 mxkM qatiliglar
hiiceyrado MDA —nin migdarinin kontrol saviyyasinds qalir, 150-500 mkM diapazonda iso miivafiq
olaraq, 4-20% azalir.

Acar _sozlar: Dunaliella, biomohsuldarlig, ionol, asagi temperaturstresi, duzluluqg, lipidlorin
peroksidlogmasi.
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VIIK 622.276

PA3ZPABOTKA 2D®PEKTUBHbBIX HHI'MBUTOPOB 1JIA
ACOAJIBTEHOCMOJIOMAPA®HUHOBBIX OTJIOKEHUHN U UCCJEJOBAHUE UX
CBOVICTB
A.M.CamenoB, A.[l.Ara-3age, M.J.AucadapoBa, O.[.Arazane, H.H.llIpixmamenoBa

HUIINHedTeraz SOCAR
Paspabomanvr uneubupyrowue cocmaswi oaa yoanenua ACIIO. B paspabomarubie cocmagvl 8x00am
ONIOK conoaumep dMuieH-u NPONUIeHOKCUOa Ha ocHose aauyepuna, JIDII, uzonponunosvii cnupm u I[I91I'A. B
PA3pPAbOMAHHBIX KOMIOSUYUOHHBIX UHSUOUMOPHBIX COCABAX ONIOK CONOAUMED IMUNLEH-U NPONULEHOKCUOA
cocmasgnsem 20-30% mac., JIDII 39-49% mac., usonponunosviii cnupm 11-21% mac., IO 10-20% mac.
Ophexmuenocmo no yoanenuro ACIIO KomnosuyuoHHelx cocmagos onpeodenero Ha oopasyax ACIIO
ckeaxcun «110 Asnegpmuvy. Ycmanoeneno, umo ymenvuleHue MOLEKYIAPHOU MACCHl OIOK CONOAUMEPA IMUTEH-U
NPONUNEHOKCUOA U NoGblUeHUe e20 Koauyecmaa 8 cocmage om 20%-a 0o 25% oocmueaemcs oueHb 8bICOKAS
aghgpexmusrnocms (93,87-96,32%). Ilosviwenue xoruvecmaa 610Kk conoaumepa ¢ moaekyasaprou maccot 5000 u
6000, & cocmage 00 25%-a npusooum K HecKoIbKo CHUxdceHuro d¢pgexmusnocmu paspyuwenus ACIIO (84,48-
87,86%). B ocmanvhbix cuyuasx agppexmusnocmo pazpyuierus docmueaem 00 3Havenui 78,42-81,82%.
KiioueBble ciioBa: uuruoburop, ACIIO, saddhekTuBHOCTH

pa3pylIeHHs, KOMIIO3ULIMOHHBIN COCTAB.

B HePTIHON IIPOMBIIILIEHHOCTH
aKTyallbHBIM BOIIPOCOM SBIIAE€TCA Oopbba ¢
OTJIOXKCHUSIMHU
acganbTeHocMOoI0napapuHOBBIX BEIIECTB
(ACIIO). B Hactosmee BpeMsi B YCIOBHAX
MHOT000pa3us COCTaBOB u CBOIICTB
CKBOXMHHOM TPOAYKIMH HE CYIIECTBYET
CTPOTO  ONpENEJICHHBIX  TEXHOJOTHH  Jis
nonHoro  ymanmenus ACIIO co  crTeHoOkK
BHYTPUCKBXXUHHOTO oOopynoBaHus. [Ipomecc
Beimagenuss ACIIO mnpencraBinser  coboi
CIIO’KHOE SIBJICHHE u OTIIUYAeTCs
HEOOpaTUMOCThIO Tipoliecca. B oOpazoBanuu
OTJIOKEHUH YyYacTBYIOT KpUCTaIbl napaduHa,
oOpasyromuecs B MOTOKE HEPTH U OCEAIONINE
BMecTe C acaabTeHaMH U CMOJaMHM Ha
CTEHKax  OOOpYHOBaHHS, W  KPUCTAJUIBL,
BO3HHUKAIOIINE HEMOCPECTBEHHO Ha
KOHTAKTHUPYIOIEH ¢ He()THIO TOBEPXHOCTH.

Haubonee pacnpocTpaHeHHBIM METOJIOM
yIaJICHUsT OTJIOKEHWH SIBIISTIOTCS TTPOMBIBKH

CKBAKMH, KOTOpBIE BKJIIOYAIOT IPOMBIBKU
ropsueid  HeQThlO, TOpsiue  BOMOM ¢
MIOBEPXHOCTHO-AaKTHBHBIM  BELLIECTBOM  HJIU

YIJIEBOIOPOJHBIMU pacTBOpUTEssiMu [1,2].
HauOonpnmii TexHomorudeckuit 3ppext
OT omepanuii MO YAAJICHUIO OTIOXKCHUH
HabmogaeTcs npu KOMOWHUPOBAaHHOM
WCTIOJh30BAHUU TEIUIOBBIX M  XUMHYECKUX
METOIOB, OJTHAKO TaKas Orepanus MOKET ObITh

KOHOMHYECKH Herenecoodpasna [3]. s
pelieHuss TpoOJIeMbl [epel MPUMEHEHHEM
XUMHUYECCKUX pEarcHToB Ha CKBaXHNHE

HEOOXOJUMO OIICHUBATh PACTBOPSIOUIYIO U
JHMCICPTUPYIONIYI0  CIIOCOOHOCTh  areHTa,
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3HAYCHHUE YJCIBHOTO HACHIIMECHUS MapapuHOM
pacTBOpPUTENE M CKOPOCTh BBIHOCA OTMBITBIX
YacTUIl W3 CKBOXHWHBI. VI3BEeCTHBI Citydaw,
KOrJla TIoCJ€ TPOMBIBKH Topsiueii HeThIo
yepes HEKOTOPBIN IIEPUOL BpPEMEHU
npoucxoauT ocenanue yactunp ACIIO Ha
HAaCOCHOM OOOpYIOBAaHHH, YTO MPUBOIUIO K
BBIXOJy €ro u3 ctpos [4-6].

B  ocHoBe  gmeiicTBHS  MexaHU3Ma
MPEIOTBPALICHUS] OTJIOKEHUH C TOMOIIBIO
peareHTOB-MHTUOUTOPOB JIexar
aIcCOpOIIMOHHBIE MPOIIECCHI, TPOUCXOAIINE Ha
rpanuie a3 <«KHUIAKOCTh-TBEpIOE Teao» [7].
CooTHoOIlIEHHE pAacTBOpHUTENEl B TOTOBOM
peareHTe JIOJDKHO OBITH MPOIOPIHOHAIBHO

MaccoBOM noine KOMIIOHEHTOB
acdanpTeHocMoIIonapadMHOBBIX BEIIIECTB
(ACIIB). Hanpuwmep, ecin ACIIO

napa(uHOBOIO THIA € COJIepKaHueM napadurHa
40%, TO M B cOCTaB€ PaCTBOPUTENS JOJIKHO
ObiTh He MeHee 40% Jerkux aaKaHOBBIX
YIIJIEBOAOPOJIOB, 6o aHayiora [8].
JloGaBieHre B KOMITO3ULIMIO HEHOHOT'€HHBIX
MOBEPXHOCTHO-aKTUBHBIX BeriecTB  (HITAB)
MOJIOKUTEIBHO BIIMAET Ha 3()PEKTUBHOCTDH
WHTHOWPOBAHUS,  YBEIMYMBACTCS  CTENCHb
ynanenuss ACIIO ¢ o6opynoBanus Ha 5-30%
[9]. HoGaBneHne B KOMITO3MLHUIO MOJSPHBIX
HEDJIEKTPOJIUTOB ~ YBEJIMYUBAET  MOIOUIYIO
CHOCOOHOCTh. DTH BEILECTBa MMEIOT BBICOKHM
JUTONBHBIE  MOMEHT, 4YTO TIO3BOJIAET UM
NPOHUKATh B  KPUCTAIBI mapaduHa U
MeXIMaKeTHOe paccTosiHue acdanbreHoB. Ha
MOJIEKYJISIPHOM  YpPOBHE OHH  OKpYXKaroT
yactully ACIIB w momMoraroT e€d BBINTH U3
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coctaa otnoxenus [10,11]. B kauectBe
MOJIAPHOTO  HEJJIEKTPOJIMTa MOXET  OBITh
MCIOJIb30BaH AM(ATHUECKUH CIIUPT.

Heabr padorbl. Llenbro  HacTosmen
paboTel sBiIseTcst pa3paboTka 3PPEeKTUBHOTO
WHTUOUTOpA ACIIO, IO3BOJISIOIIETO
3¢ (HEeKTHBHOTO WHTHOMPOBAaHUS Ha3BaHHBIX
OTJIOKEHUH U HCCIIeIOBaHUE UX CBOMCTB U TEM
pacCIIUPUTh ACCOPTUMEHT UMEIOIINXCS CPEJICTB
TOTO Ha3HAUEHUsI Ha OCHOBE JOCTYIHOIO
CBIPBSI.

IIpakTuyeckasi 4actb. Pa3paboranbl

MPOMUICHOKCHA HAa OCHOBE TJHIIEPUHA C
MostekynspHoit maccoir 3600+300, 50004300,
6000+300, B KadecTBe YIJIEBOJOPOIHOTO
pacTtBopuTens jerkas Qpakius miaThopMUHTa
(JI®IT), B xauecTBe MOJISIPHOTO HEIJIEKTPOJIUTA
W30MPOMUIOBEI CIHPT W JOIMOJHUTEIBHO B
KauecTBe MOJIMATUIICHIIOJIMaMUHA
nentastuieHrekcamut (I19T°A).

Kak H3BECTHO, HITAB 010K
COMOJNMMEPHl 3TUJICH-U TPOMMICHOKCHIA Ha
ocHoBe riumepuHa (mampon  3603-2-12,
nanpoa 5003-2B-10 u nanposn 6003-2B-18),

UHTHOMPYIOLIME  COCTaBbl  JUId  yJaJICHUS n3onponwioBslid cnupT u [I3I'A npousBoasTcs
ACIIO. TexHuyeckuil pe3ynbTaT JaHHOU B KkpynHoM  Macmtabe. JI®II  Taxke
paboThI BBIpAXXacTCs B 0e30TX0JHOM MOJTy4aeTCsl B MMPOM3BOJICTBE M OHA ObLTa B3siTa
TEXHOJIOTMM  IIONy4eHHMs HMHIHOMTOpa  JUId U3 YCTaHOBKHM  HedTernepepadaThIBaAIOIIETO
spdexruBnoro  ymanenns  ACIIO. B 3aBoga  uMmeHu  |.AnmeBa.  OCHOBHBIE
p33pa6OTaHHBIe COCTaBbl BXOIIAT B Ka4ye€CTBEC nokazarenu JIPIT MPUBEIECHBI B Tabimue 1.
HITAB 0J10K COIOJINMEp ATUIICH-H
Taoauna 1
OcHoBHble noka3zareau JIOII

Ne IToxazarenu

1 ITnotHOCTH, ipu 20°C, Kr/M° 810

2 KnnemaTtndeckas Bsiskocth, npu 20°C, Mm?/c 0,9654

3 JluHamudeckas BA3KocTh, npu npu 20°C, mIla-c 0,7813

4 Temmeparypa 3acteiBanus, °C <-40

5 Xumnueckuil cocras, % mac:

6 [Tapaduns 13,18

7 MoHoIHUKI0aIKaHbI 11,41

8 JnIyKI0aIKaHbI 1,07

9 Ankuii0OeH30Ib1 72,08

10 WHnaHbl, TETpaMUHBI 1,19

11 Hadranunsl 1,07

N3 tabmuusl 1 BuaHO, uto B cocrtaBe JIDII B apomarnyeckue COeIUHEHMs COJEp)KaTcs B
peuMyIiecTBHHOM KoiuuectBe (72,08% wmac.), 3aTeM IO COJEp)KaHUIO CIEAYIOT Napa@uHbl U
MOHOIIMKJIOAJIKAHBI.

PesynbraThl TPHUTOTOBIIEHUS KOMITO3UIIMOHHBIX HMHTHOWTOPHBIX COCTABOB ISl yJAJICHUS
ACTIO npusezneHs! B Tabiuiie 2.

Ta6auna 2
PesyabTaThl NOJy4eHHs1 HHTHOMTOPHBIX cOCTaBOB A yaajaenus ACIIO
No biiok cononumep 3TUIEH-U TPONUIEHOKCHAA Ha JIDII, H3ompo- [19TA,
OCHOBE IIuIEepuHa, %o mMac. % Mac. MMHJIOBBIN % Mac.
Jlarpon Jlanpon Jlanpon CIINPT,
3603-2-12 5003-2B-10 6003-2B-18 % Mac.
1 20 - - 49 21 10
2 - 20 - 49 21 10
3 - - 20 49 21 10
4 25 - - 44 16 15
5 - 25 - 44 16 15
6 - - 25 44 16 15
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7 30 - - 39 11 20

8 - 30 - 39 11 20

9 - - 30 39 11 20

10 20 - - 39 21 20

11 - 20 - 39 21 20

12 - - 20 39 21 20

13 25 - - 49 11 15

14 - 25 - 49 11 15

15 - - 25 49 11 15

16 30 - - 44 16 10

17 - 30 - 44 16 10

18 - - 30 44 16 10
N3 Tabnuubl 2 BHOHO, UYTO B BCTYIIaeT B pOJM  areHTa, CO3JAIOLIYI0
pa3paboTaHHBIX KOMITO3UIIMOHHBIX OCHOBHYIO cpeny, KOTOpBI TaKXKe
UHTUOMTOPHBIX ~ COCTaBax U yAAJIeHUs CHOCOOCTBYET  pa3pyLICHHIO  OTJIOKEHHH

otnoxkeHud ¢ conmepxkanuem  ACIIO 6ok
COMOJNIMMEp OTUJICH-U NPONWICHOKCHIA Ha
OCHOBe TiuuepuHa, coctarisier 20-30% wmac.,
JIBII 39-49% mac., nzonponuiobiii coupt 11-
21% wmac., II9I'A 10-20% wmac. Iloka3zaremu
pa3pabOTaHHBIX KOMIIO3WIIMOHHBIX COCTAaBOB
cnenyromue: miotHocte mpu 20°C 870-890
kr/M%; KnHemaTHyeckas Bsi3kocTh mpu 20°C
7,5-9,5 Mm?/c; muHAMHYECKas BI3KOCTh 6,5-8,5
mlla-c; cpena (pH) 7,0-7,5, mpu temmneparype
munyc 40°C He 3acThIBacT.

[Tpumenenue B KOMIIO3UITHOHHOM
coctaBe coenunenuss HIIAB tuna Omok
COTONIUMEP DJTHJICH-U TPOMWICHOKCHIAa Ha
OCHOBE TJIMLIEPUHA U  YIVIEBOJOPOJHOTO
pacTBOpUTEIS (JI®IT) MPUBOJIUT K
pa3pylLICHUIO u YIAJICHUIO ACIIO.
VYcranosneno, yrto npuMmenenne HIIAB Tuma
OJIOK COMONMMEp JTUIIEH-H TMPOMUICHOKCH/IA
CHUKAET 3HAYCHUS TTOBEPXHOCTHOE HATSKEHUE
mexay ACIHO wu YIJIEBOJAOPOAHBIN
pacTBOpHUTENIb, a TakXKe MpenoTBpaIiaeT
o0pa3oBaHHe KPHUCTAJUIMYECKON CTPYKTYpPHI
VIJIEBOJIOPOJIOB, ©  TEM  CIIOCOOCTBYET
CHIDKCHUIO TeMIlepaTypy 3acThiBaHUs HedTH.
[IpucyrcTBHE W30MPONMIOBOTO CHUPTA, a
takke pactsopurens JIDII B kommosunuu
CcrocoOCTByeT  yriayOJleHHio  TeMIeparypy
3acThiBaHMs camoi  kommno3uuuu. [I9TA

ACIIO. Tlpu BBEICHUU KOMIIO3UIIUIO B
BOJIOHE(TAHYIO IMYJIbCHIO TPUCYTCTBYIOIIUI B
Hei [IO'A  B3aumomelcTBYeT C  BOJOH,
HaxXOJSIIAsACs JaKe B MU3EPHBIX KOJIMYECTBAX,
W TI0CJIe TOr0 aTOM a30Ta B aMHHE MEPEXOIUT
B uerBepruuHoe cocrosiune  (-N-OH) wu

OCHOBHOCTbH ~ Cpellbl  IMOBBIIIACTCS. B
pe3ynbTaTe COBMECTHOTO JIEUCTBHS YKa3aHHBIX
KOMIIOHEHTOB paspyLieHue ACIIO

npoucxoauT 3PGEKTUBHO, Ppa3ApOOJICHHBIC
MEJNKHE OCagku C HepThl0  00pasyloT
CYyCHEH3UI0O M BMECTe C HEH YHaJIsIoTCs.
ConpBaTHpyoLIHEe KOMIIOHEHTHI,
MPUCYTCTBYIOIIHE B YTIIEBOAOPOIHOM
pacTBopuTeNne, TMPHUBOJAT K  COJIbBATAIMH
JMCTIEPTUPOBAHHBIX YacCTHI[ ac(allbTEHOB M
napauHOB, U TAKMM 00pa30M HPEMATCTBYT UX
CIIATIAHUIO.

Pa3zpaOoTanHble COCTaBbI MCIBITAaHBl Ha
3¢ peKTUBHOCTH yAaJIeHUS ACIIO.
S¢dpextuBnocts ynanenus ACIIO onpenensum
o0 MeTOo/AuKe, KoTopas omucaHa B [12].
OddextuBHocts mo  ymamenuto  ACIIO
KOMITO3UIIMOHHBIX COCTaBOB OIPENEICHO Ha
oopazmax ACIIO ckBaxun «IIO A3zHedTH»
[12]. CocraB oTioXeHHMI, UCIIONB30BAHHBIX B
71a00paTOPHBIX HCHBITAHUSAX MPUBEICHBI B
Tabiue 3.

Taoauma 3

Cocras otsoxennii ACIIO ckBaxun «I10 A3HedpTb»

VYcenosaoe Hazsauue ACIIO Mecto oT6opa Cocras ACIIO, % mac.
Acdanbrensl | [lapadgunast | Cmoubl
ACIIO-1 HT Y 5,19 11,71 83,10
AGmepoHHePTH
ACIIO-2 YKpynHEHHbIN 46,91 39,09 14,00
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He(TSIHOM MPOMBICET

ACIIO-3 HT Y um.
H.Hapumanosa

6,57 49,07 44,36

Kak Bumoo w3 Ttabmunsr 3 ACIIO,
OTOOpaHHBIE U3  Pa3IUYHBIX  CKBaKHUH
MECTOPOXKICHHM,  couepkar  acgallbTeHBI,
napa@uHbl U CMOJBI B CBOEM COCTaBe B
BBICOKMX KOJINYECTBAX. B ACIIO-1
comepxkanue cmonl Bbicokoe, B ACIIO-2
npeobnanaoT acdanbTeHbl W NapaduHbl, B
ACIIO-3 npucyTcTByeT OOJIBIIOE KOJIMYECTBO
napauHOB U CMOJL

CormacHO  METOJMKE  OMpEeeICHHUS
spdexruBHocTn  ymanenuss ACIIO obpazen
ACIIO HarpeBaroT 10 TeMrepaTypbl
pa3MsTUeHUsT M THIATENIBHO TEPEMENINBAIOT.
[Toarorosnennsiit oopasenr ACIIO HabuBarT B
UWIMHIPUYECKYI0 (GopMy BbICOTOM 16 MM,
OXJXJAlOT B  TeYeHWe 2 4, 3aTeM
BBIIABJIMBAIOT B 3apaHee  B3BELICHHYIO
KOP3WHOUYKY M3 JIATYHHOW CETKHU C pazMepoM
sauerikn 1,5x1,5 wmm. Pa3Mmep KOp3MHOUYKH
70x15x15 mM. Kopsunouky ¢ o6pasuom ACIIO

BHOBb B3BelIMBaIOT. KOp3UHOUKY ¢ HaBecKou
ACIIO OMEIIAIOT B CTEKJISTHHYIO
repMeTuYHylo stueiiky obsemom 100 mi, B
KOTOpPYIO HajWTa HaBecka pactBopurens (60
mi). Bpemst pactBopenuss 3 u, Temmeparypa
pactBopenus moaaep;xkuBaercs npu 20°C. Tlo
MCTEYEHUU 3 Y KOP3MHOYKY C OCTaBIIMMCS B
Heil ACIIO BBIHUMAIOT W BBICYIIHUBAIOT MU
temneparype He Huxke 28°C u He MeHee 24 .
Haxonsar maccy ACIIO mocne skcnepuMeHTa.
O} PeKTUBHOCTH yAaJIeHUs ACIIO
paccuuThIBalOT 10 dopmyie, mac.%
2=[(G1—G2)/G1]-100,

rre Gi1 — w™acca wucxomhoro ACIIO no
sKcnepumMenTa, 1, G2 — macca octatka ACIIO
Mocie KCIeprUMeHTa, T.

Pe3ynbTaTel WCTIBITAHUI
pa3pabOTaHHBIX COCTAaBOB IO  YAAJICHUIO
ACIIO npusenens! B Tadbaune 4.

Tabauua 4
Pe3yabTaThl HCcnbITaHUH 3 GEeKTHBHOCTH Pa3pad0TAHHBIX COCTABOB
D¢ dexruBnocts pazpymenus ACIIO, %
[TopsakoBbIit ACIIO-1 ACIIO-2 ACIIO-3
Necocrasa
1 81,27 80,87 81,82
2 95,54 93,86 95,38
3 94,85 93,87 94,65
4 96,32 94,68 96,21
5 87,74 85,68 87,36
6 86,67 84,48 86,23
7 81,47 79,69 81,54
8 80,57 78,78 80,64
9 81,45 79,94 81,53
10 82,35 80,48 82,56
11 95,95 94,53 95,88
12 95,12 94,74 95,84
13 96,18 94,83 95,92
14 87,86 85,47 87,68
15 86,87 84,96 86,53
16 80,68 78,59 80,69
17 80,68 78,42 80,26
18 81,03 78,93 81,48

Kak BUIHO U3 pe3y/lbTaTOB MCHBITAHUN
(Tabnuna 4), nmpeiaraeMple KOMITO3UITHOHHBIC
COCTaBBI JEMOHCTPUPYIOT ~ BBICOKYIO
3¢ (HEeKTUBHOCTh pa3pyllleHuss U  yAaJleHus
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obpazioB  ACIIO-1, ACIIO-2 u ACIIO-3.
OueHb BBICOKYIO 3(Q(PEKTUBHOCTh MPOSBISIOT
cocTtaBel oa HomepoMm 2, 3, 4, 11, 12 u 13.
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D¢ dextuBnocts pazpymenus ACIIO B stux
ciydasix cocrapiset 93,87-96,32%.

N3 Ttabmumpl 2 CTAHOBUTCS SICHBIM, 4YTO B
IaHHBIX cocraBax koimyecTtBo HITAB 20-25%.
[Ipuuem, ¢ TOBBILIEHHEM  MOJIEKYJIAPHOU
Maccel HITAB ymMmeHblIeHHEM €ro KOJIU4eCTBO
B cocraBe or 25%-a no 20% pocruraercs
BBICOKAsI 3¢ (HEeKTUBHOCTS. [ToBbimeHue
konuyectBa HITAB, ¢ MonekynspHoit Maccoi
5000 u 6000, B coctaBe 10 25%-a NPUBOIUT K
HECKOJIBKO CHW)KEHUIO 3P PEKTUBHOCTH
paspymienuss ACIIO. B »Tux ciydasx, Kak
BUIHO W3 Tabmwmibl 4 (coctaBel 5, 6, 14, 15),

ciuptr  u  [IOTA. B pa3pabGoraHHBIX
KOMIIO3UIIMOHHBIX HWHTHOUTOPHBIX COCTaBax
OJIOK COMONMMMEp ATHICH-U MPONUIICHOKCHA
cocrasiseTr 20-30% wmac., JIOII 39-49% wmac.,
u3onponwioBblii crmpt 11-21% wmac., TI9T'A
10-20% wmac.

DddextuBnocty no ynanenuto ACIIO
KOMIIO3UITMOHHBIX COCTaBOB OIPENIEICHO Ha
obopazmax ACIIO ckBaxun «I1O A3znedThb».
YcTaHoBIIEHO, 91O YMEHBIIICHUE
MOJICKYJISIPHOM  Macchl  OJIOK  comoimMMepa
STHJICH-U TPOIMWICHOKCH/IA U TIOBBIIICHUE €T0
KonuyectBa B cocraBe oT 20%-a 1o 25%

3P PEKTUBHOCTD paspymeHus ACIIO JIOCTUTAETCSI OYCHb BBICOKAS I(PPEKTUBHOCTH
cocraBiasaer 84,48-87,86%. B ocranmpHBIX (93,87-96,32%). [loBblllleHHE KOJIMYECTBA
clrydasx 3¢ PEKTUBHOCTD paspyleHus OJIOK comojiMMepa C MOJICKYJISIPHOW Maccoi
IOCTHUTaeT 00 3HaueHuii 78,42-81,82%. 5000 u 6000, B coctaBe 10 25%-a MPUBOAMT K
Takum  0oOpazowm, pa3paboTaHbl HECKOJILKO CHUKEHUIO a3 exTuBHOCTH
WHTHOWPYIONIUE  COCTaBBl IS YAQJICHUS pazpymennst ACIIO  (84,48-87,86%). B
ACIIO. B pa3paboTaHHbIC COCTaBbI BXOMST OCTaJIbHBIX cirydasix 3P PEKTHBHOCTD
OJIOK COMONMMEp JTHICH-U MPONMHICHOKCHIA paspylieHusi JTOCTUraeT 10 3HaueHuM 78,42-
Ha ocHoBe rwmiepuna, JIDOII, n3onponunoBeii 81,82%.
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ASFALTEN-QATRAN-PARAFIN COKUNTULORI UCUN EFFEKTIV INHIBITORLARIN
ISLONMOSI VO ONUN XASSOLORININ TODQIQi
A.M.Samadov, 9.D.Aga-zada, M.E.9lsafarova, O.D.Agazads, N.N Sixmammadova.
SOCAR Neftgazelmitadgigatlayiha institutu

AQPC-ni konar etmak iiciin inhibitorlasdiric1 torkiblor islonmisdir. Islonmis torkiblors etilen- vo
propilenoksidin gliserin asasinda blok birga polimeri, platformingin yiingiil fraksiyasi (PYF), izopropil
spirti v pentaetilenheksamin (PEHA) daxildir. Islonmis kompozisiya inhibitor torkiblorinds etilen- vo
propilenoksidin blok birgs polimeri 20-30% kiitls ils, PYF 39-49% kiitlo ilo, izopropil spirti 11-21%
kiitlo ilo, PEHA 10-20% kiitlo ilo toskil edir.

Kompozisiya torkiblorinin AQPC-ni konar etmo effektivliyi “Azneft IB” quyularmin AQPC
niimunalorinds toyin edilmisdir. Miioyyon olunmusdur ki, etilen- vo propilenoksidin blok birgs
polimerinin molekul kiitlasinin azalmasi vo onun miqdarinin tarkibdo 20%-don 25%-o godor artirtlmasi
ilo ¢ox yiiksok effektivliys nail olunur(93,87-96,32%). Molekul kiitlasi 5000 vo 6000 olan blok birgs
polimerin torkibdoki miqdarinin 25-3 gadar artirilmast AQPC-nin pargalanma effektivliyinin az da olsa
azalmasina gotirib ¢ixarir (84,48-87,86%). Qalan hallarda par¢alanma effektivliyinin qiymoti 78,42-
81,82%-5 ¢atir.

Acar sozlar: inhibitor, AQPC, pargalanma effektivliyi, kompozisiya tarkibi.

DEVELOPMENT OF EFFECTIVE INHIBITORS FOR ASPHALTENE-RESIN-PARAFFIN
DEPOSITS AND STUDY OF THEIR PROPERTIES
A.M.Samedov, A.D.Agazade, M.E.Alsafarova, O.D.Agazade, N. N.Shykhmamedova
NIPINEftegazSOCAR

Inhibitory formulations have been developed for the removal of paraffin deposits (asphaltene-
resin-paraffin deposits). The developed formulations include glycerin-based ethylene-propylene oxide
copolymer block, LFP (light fraction of platforming), isopropyl alcohol and PEGA (pentaethylene
hexamine). In the developed composite inhibitor compositions, the block copolymer of ethylene and
propylene oxide is 20-30% wt., LFP 39-49% wt., Isopropyl alcohol 11-21% wt., PEGA (pentaethylene
hexamine) 10-20% wt.

Efficiency in removing of composite compositions of asphaltene-resin-paraffin deposits was
determined on samples of asphaltene-resin-paraffin deposits at the “Azneft PO” wells. It was found
that a decrease in the molecular weight of the block copolymer of ethylene-ipropylene oxide and an
increase in its amount in the composition from 20% to 25% achieve a very high efficiency (93.87-
96.32%). The increase in the number of block copolymer with a molecular weight of 5000 and 6000,
in the composition to 25% -a leads to a slight decrease in the effectiveness of the destruction of
asphaltene-resin-paraffin deposits (84.48-87.86%). In other cases, the destruction efficiency reaches up
to 78.42-81.82%.

Key words: inhibitor, asphaltene-resin-paraffin deposits, fracture efficiency, composition.
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PA3PABOTKA KOMIUVIEKCHBIX CXEM INPOU3BOJACTBA MOTOPHBIX TOIIJIUB.
Aabaaposa C.I.
Huncmumym negpmexumuueckux npoueccoe HAHA Aszepoaiiorcana.
e-mail:askerzade.saadet@gmail.com
KutoueBble cj10Ba: asmomobunvhsie OeH3uHbvl, OuzeibHble U peaKkmueHvle moniued,
2UOPOKPeKUHe, bugopmune, 2uOPOOUUCKA, Te2KULl 2UOPOKPEKUHL.

[Io w™epe rnobanM3anuu  TOProBoO-
HSKOHOMHYECKMX CBs3€i, Halla CTpaHa Bce
Ooyipllle  BOBJICKACTCS B  WHTETPALMOHHBIC
MPOIIECChI, MPOTEKAIOIINEe B MUpPE, B T.4. U B
obnactu HedrenepepabOTKH [1]. C
paciipeHreM aBTOMOOWJIBHOTO TapKa H
COBEPIICHCTBOBAHMEM  JBHTraTelieli  OCTpoO
CTOHUT BOIIPOC B3aUMO3aMEHSEMOCTH TOIUIMB. B
THX YCJIOBUSAX AaKTyaJlbHBIM  CTaHOBUTCS
BOTIPOC KOMILJIEKCHOTO 10X0/1a K
COBMECTHOMY TIPOU3BOJICTBY TOILJIUB:
ABTOMOOWIIbHBIX, PEAKTHBHBIX M JIU3CIbHBIX.
Jlnst  JTOCTMXKEHHsT  TIOCTABIICHHOW  IIEJIH
pa3paboTaHbl KOMIUICKCHBIS CXEMBI
nepepaboTkn  asepOaiipkaHcKuX — HedTel
00€eCTIeYNBAIOIINX BBIPAOOTKY
BBICOKOKQYECTBCHHBIX TOIUIMB B  YCIOBHUSX
HKOJIOTUYECKH O€30MacHbIX M JKOHOMHUYECKH
PEHTA0CIBHBIX TEXHOJOTHA. DTH CXEMbl MOTYT

OBITh  WCIOJNB30BAaHBl MPH  MOJU(PHKAINN
JNEUCTBYIOIUX U CTPOUTEIBCTBE  HOBBIX
IIPOU3BO/ICTB.

WHTeHcupuKanuss NpOMBIIUIEHHOCTH |
TPAHCIOPTA, OTKPHITHE HOBBIX TPAHCIIOPTHBIX
MapuIpyToB ¥ pa3BUTHE TypU3Ma CIIOCOOCTBYET
€XKEroHOMY YBEIMYCHHUIO aBTOMOOMIEHOTO
napka crpassl Ha 8-10% u pocTy noTpeOHOCTH
B MOTOPHBIX TOIUIMBaX. Tak, TMOTpebieHue
aBTOOCH3MHOB B A3epOaii/pkaHe 3a MOcCieqHHe
10 ner Beipocno Ha 35-40%, nauM3enBHBIX
TorumB — Ha 24-25% [2,3]. C pacmupenuem
aBTOMOOMJIBHOTO napka u
COBEpILLICHCTBOBAHMEM  JBHMraTeineil  ocTpo
CTOHUT BOITPOC B3aUMO3aMEHSIEMOCTH TOTUTUB. B
THX  YCJIOBUSX AaKTyaJbHBIM  CTaHOBUTCS
BOTIPOC KOMILJIEKCHOTO MoJIX0/1a K
COBMECTHOMY HPOHU3BOJICTBY TOTLJIUB:
aBTOMOOWJIBHBIX, PEaKTHBHBIX W JAH3EIHHBIX.
[IpoGnema ycyryoinsercss Tem, 4To TpeOoBaHUs

K KayecTBY TOTLIIUB, TUKTYEMBIX
HKOJIOTHYECKUMH  HOpMaMmHu, Bce  Oolee
YKECTOYAIOTCA. Jus yIIOBJIETBOPEHUS

pacTymux TMOTpeOHOCTeH B KayeCTBEHHBIX
toruiBax BBoA B cxemy HII3 HOBbIX u, B
OCHOBHOM,  JHEPro- U  KallUTAIOEMKHUX
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MPOLIECCOB  COMPOBOXKAAETCA  YBEITUYCHHUEM
cebecToMMOCTH TPOAYKTOB. B 3T0i cuTyaruu
MIPOU3BOJICTBO KAYECTBEHHBIX TOIUIUB MOXKET
CTaTh  HEBBITOJHBIM  JUISI  TPEIIPHUSITHSL.
[Ipobnema ycyrybOmsercss TeMm, 4YTO Hamia
CTpaHa HE HMEeT BBIXOJAa MOpPEM Ha
MEXIYHApOAHbIE PBIHKH, YTO YBEIMYMBAET
TPAHCIIOPTHBIE pacxopl. [Toatomy
TEXHHUYECKHE M HSKOHOMHYECKHE MPOOIEMBI
MIPOU3BOJICTBA JOJDKHBI OBITh PacCMOTPEHBI
KOMIUIEKCHO [4,5,6,7].

YunteBas NEPCIICKTUBLI Pa3sBUTHA
IMPOMBIIIJIICHHOCTHU n TpaHCIIopTa,
MEPCICKTUBHLIC Tpe6OBaHI/I$I K KauCCTBY

TOIJIMB U JIOCTUXKEHUS MHUPOBOI TEXHOJOTHH
[0 MPOU3BOJCTBY 3KOJOTMYECKH OE30MaCHBIX
TOIJIMB, Pa3pabOTaHbl pa3IUYHbIE BApUAHTBHI
(8) mepepaboTku HE(TH O TOTUTMBHON CXEME.
[Tpu sTOM npengycMoTpeHa nepepaboTka cMecu
azepOaiipkanckux HedTe B oObeme 8,0 MIIH.
T/TOL.

B cxempl  BKIIOYEHBI  MPOIECCHI
CHOCOOCTBYIOUIME  YBEJIUYEHHUIO  TIIYOUHBI
nepepadotku (DJIOY ABT, katanuTudeckuit
kpekuHr, Y3K, ['MapokpekuHr) u yinydmieHuto
KauecTBa He(TENpoayKTOB (M30MepU3alus,
ANIKUIPOBaHWE, PUPOPMHUHT, THIPOOUYHCTKA,
MTBD3). IlonyyeHHble TOCIE€ TEPETOHKU
bpakuuu  pacnpenensrorcs  CIeAYHIIUM
obpazom: ®Dp.  90-180°C  mpsmoronHOrO
OeH3MHAa BO BCEX BapHaHTaxX IOJaeTcs Ha
BTOpPUYHYIO MeperoHky. 3arem ¢pakuus HK-
90°C momaercs Ha  W30MEpH3ALMIO  C
BbIpa0OTKON KOMIOHEHTa aBTobeH3mHa ¢ OY
90 m. (M.M.) B u.B. (Bapmauthsl 2,3,6-8). B
BapuaHTe 4 BMECTO KJIACCUYECKOI0 BapHaHTa
puopMHHTa MpEeIycCMOTPEHAa  COBMECTHas
nepepabotka BIII' ¢ razamu C3-Cs B mpouecce
oudopmunra [8,9], koTophlii oOecmeunBaeT
npousBojgctBo  Ab ¢ Huzkum  (0,8%)
cojepxaHueM OeH3zona. B Bapmante 5 BmecTo
pudopMuHTa MIPEAYCMOTPEH Mpo1eCC
metaopmunra [10], koTopslii obOecneuuBaer
MOJTyuYeHue KHCIIOPOJICOIEPKALIIUX
COCMHEHUH MO0 BCEMY T'OMOJIOTHYECKOMY
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pany. I[JIH MPOU3BOJACTBA PCAKTHBHBIX TOIIJIUB, MNPOU3BOJACTBA MAU3CIIbHBIX TOIUIMB CPCIAHHUC

npeaycCMOTpEHO CTPOUTECIIECTBO YCTaHOBKHU JOUCTUILIIATHI.
ruapoounctku PT (2-8 Bapumanthl), a mis
Chipbe Herexumum
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Puc 2. Cxema KomnieKcHoii nepepaboTkH HeyTH (1H3enbHbIi BapHaHT)

[Ipennoxennsie cxembl (puc. 1 u 2)
o0ecrneunBaT BBIPAOOTKY TOILIIUB,
OTBEUAIONINX MUPOBEIM cTaHaaptam. M3 Hux 1
BapHaHT — JTO UCXOIHBIA BapuaHT, BapUAHTHI
2-5 — OEeH3MHOBBIC BapHUaHTHI, 6-8 — TU3eIbHBIC
BapuaHThl. [lpu aHammze cxem mnepepabOTKu
BBISIBIICHA BO3MOXKHOCTH TOJNy4deHus 2,2+2.9
MJIH. T/TOJ BBICOKOOKTAHOBBIX OEH3WHOB (ap.
yri. < 25%, B 1.4. 6en3omna 0,5-0,8%, cepa — 10
10ppm). Ilpu sTom B BapmaHTax 2-5, 3a cuer
nepepaboTKH Ta30B W YBEIUYCHHS 3arpy3Ku
KK® Bripabotka Ab yBennumuBaercs Ha ~ 700-
900 TBIC. T/TOL.

B BapuanTe 4 Habnrogaercs yBeIHMYCHUE
BeIpaboTkn Ab nmo 2,86 muH. T/rom 3a cuer
BoBneueHus: razoB C3-Cs4 B mporuecce
oudopmunra. CHmkeHue OeH30i1a XapaKTepHO
U Uil BapuaHTta 3, B kotopoMm ¢paxius HK-
90°C pudopmara moBepraeTcs H30MepU3aIHHI
(Tabm.1).

TexXHUKO->KOHOMHUYECKAs OIICHKA,
MpPOBEJEHHAs MO0 METOAWKE WPHUHATON s
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npennpuarus HIIT nm HXII nns BeisBieHus
ONTUMAJILHOTO BapHaHTAa, olpenenuIa
IIPEUMYILECTBA 4-ro BApUAHTA,
oOecnieunBaromiero 1,54 mupa. MaH nmpuOBLIH
CO CPOKOM OKYMNaeMOCTH 4 Tojia.
IIpon3BOACTBO  pEaKTUBHBIX  TOILIUB
nocrossHHO (674  ThIC.T/T). B nM3enbHbIX
BapuaHTax nepepabotku (6-8), BbIpabOTKa
LEJIeBOTO  MpoaykTa cocrtaBisier 3,4+3,9
MJIH.T/TOA. brarogapsi ruaporeHM3aliiOHHBIM
npoueccaMm, 3aJ€HCTBOBAaHHBIM B  CXEME,
nostyueHo /[T knacca EBpo-4, EBpo-5. Huskoe
conepkanue cepnl (<10ppm) oGecrneunBaercs
npu nepepaboTKe MPSIMOTOHHBIX AM3EIbHBIX
dpakuwmii (o 2-x cTyneH4YaTon cxeme) B OJ0Ke
IIOJATOTOBKHU CHIPbsI KATAIMTUYECKOTO KPEKUHTA
(Bap.4). Ilpu BoBmeuenun 30% BTOPUUYHBIX
npoayktoB  (JITKK:JIOK=1:1) coxpepxanue
cepbl yBemmumBaercs g0 20-30 ppm. s
yBenmueHus: pecypco AT u PT B nusenbHbie
BapHaHThl BBOJAUTCS YCTAHOBKA TUAPOKPEKUHTA

(T'K) (puc. 2)(Bap. 6-8).
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MarepuanbHblii OanaHc 110 BapuaHTaM MepepadboTKu (T/Tox)

BapuanTbt 1 2 3 4 5 6 7 8
Basro:
Cmech  asep6. | 800000 | 800000 | 800000 | 800000 | 8000 | 800000 | 800000 | 8000
Hedyreii 0 0 0 0 000 0 0 000
ITonyyeno:
; 2005 | 2831 | 2794 | 2862 | 2906 | 2234 | 1932 | 1469
ABTOOCH3HHBI, 196 049 168 285 728 462 870 832
BT. 4. - 500 000 | 500 000 | 500 000 | 500 00 | 237461 | 500 000 | 500 00
AN-98 ; 800 000 | 1094168 | 700 000 0 288759 | 500 000 0
AM-95 | 2005 1531 | 120000 1662 |70000| 1708 | 932870 | 55000
AM-93 | 196 049 0 285 0 212 0
1706 419
728 832
- ABHAKCPOCHH | 211 219 | 674000 | 674000 | 674 000 ggg 674 000 | 674 000 ggg
- JlmzenbHOE 3
2508 | 2526 | 2583 | 2561 | 2526 3
ronmee, | 430 205 343 893 | 851 36414 ; 946 452 943; 76
| 2598 | 2206 | 2265 | 2244 | 2213 | ,007. | 2225 | Lo
THAPOOHHINCHH | 451 245 492 037 155 414
oe 703
- DNEKTPONHEIH | 30 30 | 178304 | 177835 | 177835 | /0 | 144748 | 1429062 | 30
KOKC 908 809
- Cupee ma | 410217 | 312456 | 413105 | 258508 | 2o- | 176999 | 154 990 | 45 396
XUMHUIO 723
- Koremsnoe | 13021 yog 787 | 455770 | 455770 | 229 | 242820 | 142100 | -
TOILJIMBO 178 805
- burym 500 00 500 00
BT-H1 500000 | 500000 | 500000 | 500 000 458 00 | 500000 | 500000 458 00
FOPOXHBI | 150 000 | 450 000 | 450 000 | 450 000 o | 450000 | 450000 | "7
CTPOMTCIIRHRIN | 50 000 | 50000 | 50000 | 50 000 50 50000 | 50 000 .
000 000
- Cyxme I\ 195330 | 121137 | 133122 | 146172 | L0 | 316762 | 333321 | O3
rasbl 627 190
- Hotepn 284 653 | 337218 | 328764 | 361777 igi 425323 | 395622 ggg

B 6-om Bapuante Onok ruapoounctkn KK® paboraer B pexuMe THIPOOUYUCTKH, a B 7-OM
BapHaHTE — B PEKUME JIETKOTO THAPOKPEKUHTA.
T.o. npuOBLTE MaKCHMaJTbHA TSI BapuaHTa ¢ OOJbIIeH BRIPAOOTKOM Au3. ToruBa (Bap. 7) — 153
MiIH.AZN. B Bapuante 8, pe3ko cHMXaeTcs BbpaboTka Ab, mostomy Oosiee mnpueMIeMBbIMU
CUMUTAIOTCS BapHaHTHI 6-7.
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DEVELOPMENT OF INTEGRATED SCHEMES FOR THE PRODUCTION OF MOTOR
FUELS.
S.H.Eldarova
Institute of Petrochemical Processes of ANAS Azerbaijan.

With the globalization of trade and economic relations, our country is increasingly involved in
the integration processes in the world, including and in the field of oil refining [1]. With the expansion
of the vehicle fleet and the improvement of engines, there is an acute issue of fuel interchangeability.
Under these conditions, the issue of an integrated approach to the joint production of fuels:
automotive, jet and diesel becomes relevant. To achieve this goal, complex schemes have been
developed for the processing of Azerbaijani oils that ensure the production of high-quality fuels under
environmentally safe and economically viable technologies. These schemes can be used in the
modification of existing and construction of new industries.

Key words: gasoline, diesel and jet fuel, hidrocracing, bioforming, hidrocleaning, light
hidrocracing.

MOTOR YANACAQLARININ ISTEHSALI UCUN VAHID SXEMLORIN
HAZIRLANMASI.
S.H.Eldarova
AMEA Neft-Kimya Proseslari Institutu.

Ticarat vo iqtisadi slagalorin globallagsmasi ilo 6lkemiz getdikco daha gox diinya inteqrasiya
proseslorina calb edilir, o cliimlodon do neft emali sahosi. Avtomobil parkinin genislonmasi Vo
mithorriklorin  tokillosdirilmasi yanacaqlarin  bir-biri ilo ovoz olunmasi problemini daha da
kaskinlagdirir. Belo soraitdo avtomobil benzinlari, dizel vo reaktiv yanacaqlarinin birgs istehsalinin
kompleks todqiqi masalasi problems gevrilir. Magsads nail olmagq tigiin ekoloji tihliikasiz va igtisadi
somarali texnologiyalar goraitinds yiiksok keyfiyyatli yanacaqglarin istehsalin1 tomin edon Azorbaycan
neftlorinin kompleks emali sxemloari islonib hazirlanmigdir.Bu sxemlor mévcud olan miiassisalarin
modifikasiyasinda vo yeni miiassisalorin qurulmasinda istifado oluna bilar.

Acar sozlar: avtomobil benzinlori, dizel vo reaktiv yanacaglar, hidrokreking, biforming,
hidrotomizlomo, yiingiil hidrokreking.
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MAYELOSDIRILMIS (C3-Cs) QAZLARIN YANACAQ ISTIQAMOTIND® EMALININ
KOMPLEKS TODQIQi
I.9.Xudiyeva
Azarbaycan MEA Neft-Kimya Proseslori Institutu
e-mail: ilhama.xudieva@gmail.com

Olkomizdo neftin emal hacmi sabit (~ 6-7
min.t/il) qaldigt halda avtomobil parkinin
genislonmasi  ilo  yanacaqglara, xiisuson do
benzinlora tolobat daima artir. Belo bir goraitdo, agir
neft qaliglarinin istifadasi ilo birge neftemali
zavodlarinin karbohidrogen qazlarinin tokrar emali
neftin emal dorinliyinin artirilmast vo Somoralt
emalinin on diizglin vo real yoludur. Digor torafdon
ekoloji  problemlorin  koskinlogsmoasi  soraitindo
mithorrik yanacaqlarinin keyfiyyatini yiiksaltmok
mogsadi ilo torkibinin optimallagsmasi, benzinlarin
oktan odadinin artirilmasi vo miixtolif olavalorin:
oksigenatlarin, yuyucu asqarlarin, ¢oxfunksiyali
kompozisiyalarin olave edilmosi ilo  mahsulun
ekoloji xassolorinin yaxsilagdirilmasina vo tiistii
qazlarinda zohorli maddolorin miqdarini
ohomiyyatli dorocodo azaldilmasina zomin yaradir.
Odur ki, ekoloji tohliikasiz avtomobil benzinlarinin
istehsal perspektivlori karbohidrogen qazlari
osasinda innovativ texnologiyalarimin yaradilmasi
Vo totbigi istigamotinds inkisaf etdirilir.

Yanacaq istigamotindo foaliyyat gdstoran
BNEZ-in movcud texniki bazasinda neftin emal
darinliyini (katalitik kreking, JIOV-ABT, tadrican
kokslasma vo bitum qurgusu) vo keyfiyyatini
(katalitik riforming, katalitik kreking, I'-43-107
qurgusunun hidrotomizloma bloku) temin edan
proseslor daxili bazarin yanacaqlara olan talobatini
0doyir. Lakin xarici bazarlarin tolobatini (ham
ekoloji, hom do iqtisadi) 6domok moagsadi ilo
moveud texniki bazanin modernlosdirilmoasi zarurati
yaranir [1,2].

Uzun illor NKPi-do bu istiqgamatdo aparilan
islorin davami olaraq mayelogdirilmis qazlarin
emalin1 nozords tutan proseslorin  totbigi ilo
Azarbaycan neftlorinin (7,5 min. ton/il) yanacaq
istigamatindo miixtalif emal sxemlori iglonib
hazirlanmig vo Somarali variantin se¢ilmasi magsadi
ilo texniki-igtisadi qiymatlondirilmigdir. Yaradilmis
sxemlordo movcud texniki bazadaki qurgularla
yanagi yanacaglarin keyfiyyotini tomin edon yeni
qurgularin (izomerlogma, alkillogsma,
hidrotamizlomo, MUBE vo DIPE istehsali vo s.)
tikintisi nozards tutulmusdur. Proseslarin se¢iminda
diinya neft emal1 sonayesinin gabaqcil firmalariin
(UOP, Technip, Topsee va S.) proseslari ilo birgs
institutumuzda yaradilmis proseslor do tohlil edilib

Acar sozlar: mayelosdirilmis qazlar, katalizatorlar,
alkillogsmo,o0ligomerlosma, oksigenatlarin istehsali, texniki-
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igtisadi giymatlondirma
[3,4]. Kompleksin torkibindo homin proseslorin
somoaraliliyi texniki-igtisadi gostaricilorin  tohlili
asasinda miioyyanlogdirilmisdir.

Neft emali vo neft-kimya miiassisalorinda
gobul olunmus metodikaya miivafiq islonib
hazirlanmig sxemlarin (comi 6) I variantina miivafiq
Azorbaycan neftlori qarisigi (ilde 7,5 min.ton)
OJIOY-ABT qurgusunda fraksiyalara ayrilir.
H.Oliyev adina NEZ-in hazirki sxemini oks etdiron
I varianta miivafiq ABT qurgusunda alinan
mayelosdirilmis Cs-Cs gazlari neft-kimya sahasina
yonaldilir.

Benzin fraksiyast ABT qurgusunun miivafiq
blokunda yiingiil (q.b - 90°C ) vo agir (90°C - .5)
fraksiyalarina boliiniir.

346,7 min t hacmds istehsal olunan yiingil
benzin fraksiyasi omtos benzin fonduna, agir benzin
fraksiyas1 iso (786,2 min t) katalitik riforming
qurgusuna yonoaldilir. Kerosin fraksiyast (1036,5
min t/il) “Merikem” qurgusunda emal olunur vo
amtas parkina yonaldilir.

flkin emal qurgusunda istehsal olunan dizel
distillat1 kokslagma benzini va kokslagmanin yiingiil
fleqmast ilo birgo katalitik kreking qurgusunun
hidrotomizloms blokunda hidrotamizloms prosesins
maruz qalir.

Vakuum gazoylu (1,932 min.t) kokslagsmanin
agir fleqmasi ilo birgo I'-43-107 tipli katalitik
kreking qurgusuna xammal kimi yonaldilir.

ABT qurgusunda istehsal olunan qudronun
bir hissasi (400,0 min t/il) bitum istehsalina, qalan
hissosi (830 min t/il) iso katalitik krekingin agir
gazoylu (137,2 min t/il) ilo birge todricon
kokslagma qurgusuna yo6naldilir.

Katalitik riforminq qurgusunda istehsal
olunan riformat (699,4 min t/il) amtoa benzinlori
istehsalina, mayelasdirilmis gaz (18,4 min t/il) iso
neft-kimya sahasine xammal kimi yonaldilir.

Riforminq qurgusunda yan mshsul Kkimi
alinan hidrogentorkibli gaz (ildo 41,1 min t) asason
hidrotomizlomo qurgusuna, qalan hissasi iSo
yanacaq kimi istifads olunur.

Katalitik kreking vo tadricon kokslagsma
qurgularinda istehsal olunan mayeloasdirilmis qazlar
katalitik krekinq qurgusunun qazfraksiyalasdirict
blokuna yonaldilir va naticado 470,9 min ton
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propan-propilen va 377,5 min ton butan-butilen
fraksiyasi alinir.

Hal-hazirda mayelogdirilmis qazlarin emali
H.Oliyev adina NEZ-da noazords tutulmayib vo
onlar tam hacmda neft-kimya sahoasino yonaldilir.
Cod.1-ds taqdim olunan emal sxemlorinin  maddi

7,5 min. t neftin emali asasinda 26,2 %
avtomobil benzini, 13,8 % aviakerosin, 28,5 %
dizel yanacagi va 12,4 % neft kimyasi {iglin xammal
istehsalina zomin yaradir (cod.l). Neft-kimya
sonayesina yonaldilon xammalin (14,4%) torkibinda
(cad.2) 43,6% PP fraksiyasi vo 35,0% BB fraksiyasi

balans1 verilib.

var.

Cadval 1
Variantlat iizro maddi balans
Variantlar | i Il v Vv VI
Gotiiralub: % % % % % %
Azorbaycan neftlorinin 100,00 100,00 100,00 100,00 100,00 100,00
garisigi
metanol - - 0,57 0,53 0,55 -
sixilmis hava 0,48 0,48 0,48 0,48 0,48 0,48
kimyavi tamizlonmis su 0,62 0,57 - -
tobii gaz 0,80 - -
Comi: 100,48 100,48 101,67 102,38 101,03 100,48
Alinib:
1. Avtobenzinlar, comi 26,20 30,53 35,94 31,68 30,98 34,63
2. Reaktiv yanacagi 13,81 13,70 13,70 13,70 13,70 13,70
3. Dizel yanacagi 28,51 28,51 28,51 31,55 28,51 31,05
4, Bitum 5,33 5,33 5,33 5,33 5,33 5,33
5. Koks 2,91 2,91 2,91 2,86 291 2,91
6. Neft kimyasi {igiin 14,39 9,96 5,63 8,07 9,32 3,30
xammal
7. Soba mazutu 4,65 4,66 4,66 4,17 4,66 4,66
8. Yanacaq qazi 0,92 1,07 1,07 1,37 1,65 1,10
9. Yandirilan koks 2,34 2,34 2,34 1,48 2,34 2,34
Itki: 1,42 1,47 1,58 2,17 1,63 1,46
Comi: 100,48 100,48 101,67 102,38 101,03 100,48
Emal dorinliyi: 93,0 92,8 92,7 92,5 92,1 92,8
Cadval 2
Neft-kimya xammal (t/il)
Adi Variantlar
| ] 1] v Vv VI
Comi, o ciim.: 1078 747 296 421 879 605 071 699 083 247 502
mayelosmis gaz (ABT) 994 63 750 63 750 63 750 63 750 63 750
mayelosmis qaz (KR) 63750 | 18558 | 18558 | 18970 - 18 558
PPE 18 398 470 866 - - 451 939 -
. . 470 866 - 154 713 142 824 - -
islonmis PPF ) ) ) ) ) )
BBF 377541 | 45683 36419 | 277853 | 34955 -
islonmis BBF - 138 767 138 767 92 145 138 767 138 767
quru gaz (KK) 138 767 9672 9672 9529 9672 9762
quru gaz (TKQ) 9672
mayelosmis qaz - - - - 16 755
(oligomerlasmo) -

Alinan mohsullarin Kkeyfiyystini yiiksaltmak
mogsadi_ilo Il variant iizro  yeni qurgularin
(izomerlogma, dizel vo kerosin yanacaqlarinin
hidrotomizlonmasi, alkillosmo, hidrogen istehsali
Vo 8.) totbigi nozords tutulur. Istehsal edilon
mohsullarin imumi miqdar1 1 varianta nisbaton
dayismasa doa, avtomobil benzinlarinin pay1 27,9%-

66

dan 32,6%-o kimi artir va benzinin tarkibins yiiksok
keyfiyyatli komponentlorin - izomerizat (332,3 min
t/il) vo alkilatin ( 328,1 min t/il) calb olunmasi
benzin istehsalinin 324,7 min t/il artmasini, {imumi
benzin fondunun oktan odadinin 84 p-dan 87 p-a
godor yiiksalmoasini vo AI-98 markali benzinin
istehsalin1 tomin edir (cad.3). Neft-kimya xammali
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isa 13,2%-don 8,5%-0 kimi azalir. Naticado
xammaldan alinan zaror 24,2 min. AZN-dan 10,2
min. AZN-o godor azalir. II variant {zrs istehsal
edilon  avtobenzinlorin  torkibindo  oksigenli
birlosmoalor olmadigr {igiin, konardan oksigenatlarin
gatirilmasins ehtiyac duyulur. Bu problemlarin halli
mogsadilo 11l variantda yerli xammal osasinda
oksigenatlarin istehsalinin togkili nazardo tutulur.

111 variant iizro alkillosmo prosesindon avval
C, fraksiyast MUBE istehsalina yonaldilir. Alkilatmn
miqdar1 III varinatda 328 min tondan 261 min tona
kimi azalsa da, ovozinds 115 min ton MUBE-nin
istehsali tomin olunur. Bu benzin fondunun ~ 50
min ton artimina vo avtobenzinlorin torkibinda
oksigenin ~ 0,9 % movcudlugunu tomin edir
(cad.3).

Eyni zamanda C; qazlari DIPE istehsalina
yonoaldilir vo naticodo timumi benzin fondunda
(2696 min ton) oksigenin pay1 2,86 % olaraq Avro-
5 tolablorini tomin edir. Cs-C4 qazlarinin emali
noticasinds istehsal edilon avtobenzinlor yalniz
yiiksok oktanl1 markaya (AI-98) monsubdur.

IV variant katalitik  krekingin  C3-Cs4
gazlarmin emali osasinda DIPE vo MUBE
proseslorinin tatbigini nozords tutur. Alkillagsmo
prosesi  sxemo  daxil edilmoyib, MUBE

istehsalindan alinan islonmis Cs fraksiyasi neft-
kimya sahosino xammal kimi yonaldilir. Noticado
sxem tizro neft-kimya xammalinin istehsal hacmi
421,9 min t-dan (III var.) 605,1 min tona kimi artir.

Variant iizro avtobenzinlorin istehsal hacmi
ovvolki variantla miigayisodo ~ 320 min ton, o
climladan, oksigenli birlogsmalorin istehsal hacmi
36,3 min ton azdir. Benzinlorin oksigen adadi 2,99
togkil edir. Variant {izro 88,42 punkt orta oktan
odadinae malik Gimumi benzin fondu markalar {izro
1687,4 min ton AI-98 va 688,3 min ton AI-95
markali avtobenzinlorinin istehsalina zomin yaradir.

V variantin ovvalki variantlardan osas forqi
riforming prosesinin biforminq variantinda istismar
edilmosidir. Biforming prosesinoa texnologiya iizra
xammal kimi nafta ilo birgo katalitik krekingin
olefintarkibli Cs-C4 qazlart (34 min t) da verildiyi
tiglin, bu variant {izro qurgunun yiki oavvalki
variantlara nisboton (4,3%) ytiksokdir.

Cadval 3
Benzin fondu

Adi I I i v \Y Vi
Benzin fondu, t/il 1964920 | 2289630 | 2695654 | 2375678 | 2347 159 2597 412
comi:
o climladon
yiingiil benzin 346 673 - - - - -
platformat 699 364 705 461 705 461 612 919 729 650 705 461
KK benzini 918 883 - - - - -
KKB yiingiil fr. - 316 963 316 963 302 794 316 963 316 963
KKB - 602 222 602 222 575 159 602 222 602 222
(hidrotomizlonmis)
izomerizat - 332 342 332 342 442 496 332 342 332 342
alkilat - 328 083 261 553 - 251 040 -
i-Cs fraksiyasi - 4 559 4 559 6 070 4559 4 559
MUBE - - 115 006 106 168 110 383 -
DIPE - - 357 548 330072 - -
oliqgomerizat - - - - - 635 865
Orta oktan adadi, p. 84,13 87,27 89,22 88,42 87,70 87,06
Avtobenzinlar, t/il:
Al-92 1408 280 - - - 182 600 -
Al-93 - 221 920 - - - 416 412
Al-95 556 640 | 1567 710 - 688 262 | 1164 559 1681 000
Al-98 - 500000 | 2696654 | 1687416 100 000 500 000

BBF sxem iizro ardicil olaraq MUBE
istehsali vo alkillogsma proseslarina yonaldilir. PPF
1S9, Oz tatbigini neft-kimya xammali gisminda tapr.
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Bu variant iizra avtobenzin istehsali nisboton azalir,
imumi benzin fondu 86,15 p. orta oktan adadins
malikdir.
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Benzin istehsalinin artirilmast moaqsadilo
novboti — VI variantda C3-Cs qazlarinin birgo
emali nozordo tutulur. Prosesds qazlarin
oligomerlosmo vo alkillosmo reaksiyalar
naticasinds 74,1 % ¢iximla benzin alinir [5,6].
Benzin fondunu (2,6 min.t/il) 500 min t/il Al-
98, 1681 min t/il Al-95 va 1820 min t/il Ai-92
markal1 benzinlor toskil edir.

Cs3-C4 qazlan biitiinliiklo benzin istehsalt
istigamatinds emala yonaldiyi tigiin neft-kimya
xammaliin hacmi minimum togkil edir. Bu
variant {lizro neft-kimya xammalinin har
tonundan alds edilon manfoot (46 man. 97 gop.)
digor variantlar tizro uygun gostaricilordon
yiiksokdir (cad.4).

Avtomobil benzinlarinin istehsal hacmi
Il vo VI variantlar {izro maksimaldir — uygun
olaraq 2695,7 vo 2597,4 min t/il. Lakin VI
variant {izra olefintorkibli qazlarin biitiin hacmi
oligomerlasma prosesine yonaldiyi ti¢iin hamin
variant lzro oksigenli birlosmolor istehsal
edilmir vo onlarin xaricdon idxali zorurati
yaranir.

Tadgiqatlarin miiqayisali tohlili gdstorir
ki, variantlar arasinda III variant daha somarali
sayila bilor (sok.1l). Homin variant {iizro
avtomobil benzinlarinin istehsal hacmi da digor
variantlarla miiqayisada an yiiksokdir (cad.5).

Cadval 4

Neft-kimya xammalinin har tonundan alda edilon manfaat (va ya zarar)

Variantlar

Monfaat (zorar), man./t +(-)

I variant tizra

26 man. 02 gop. zaror -

II variant tizro

16 man. 96 gop. zaror -

III variant tizro

IV variant tizra

43 man. 98 gop. monfoot +
41 man. 88 gop. monfoot +

V variant iizra

4 man. 03 gop. zarar -

V1 variant tizra

46 man. 97 gop. monfaot +

Bundan basqa, III variant ilo miiqayisado
VI variant iizro istehsal olunan benzinlarin
fondunun orta oktan ododi 87,06 p. toskil
etdiyino goro, osason AI-95 markali benzinin
istehsali miimkiin olur. III variant tzro iso
imumi benzin fondunun orta oktan ododi
(89,22 p.) yiiksok oldugundan, naticods AI-98
markal1 avtobenzin istehsal olunur.

edilon monfoot, baza varianti ilo miiqayisada,
122+410 mln. AZN/il yiiksalir vo bu mogsadlo
goyulmus kapitalin 2-5 il arzinde 6donmasini
tomin edir. Belalikls, toqdim edilon variantlarin

on somoralisi  III var. — C3-C4 qazlarinin
biitiinlikla  benzin istigamatinde (MUBE
istehsali, alkillosmo, DIPE istehsali) emal

edildiyi, islonmis Cz (osason propan) vo Ca

Emal sxeminin modernlosmasi (osason butan) fraksiyalarin  neft-kimyaya
noticasinds 7,5 min.  t/il  Azorbaycan gondorildiyi variantdir (cad.6).
neftlorindan istehsal olunan mohsullardan alda
Coadval 5
Benzin istehsali iizra asas gostoaricilar
Ne | Gostaricilor | var. Il var. 11 var. IV var. V var. VI var.
1. | Benzinlarin istehsal hacmi, min t/il 1964,9 2289,6 2695,7 2375,7 2347,2 2597.4
2. ii?f/'{”g”” orta maya doyori, 18538 | 222,80 | 232,64 | 24424 | 22932 | 218,36
3. | Benzinlarin 1 t-dan manfaat, man./t 232,94 260,15 317,36 282,17 234,41 232,90
4. | Benzinlarin orta oktan adadi, p. 84,13 87,27 89,22 88,42 86,15 85,71
5. | Oksigenli birlosmoalorin miqdart, t/il - - - - - -
MUBE - - 115006 106168 110383 -
DIPE - - 357548 330072 - -
6. | Benzinlords oksigen odadi, % - - 2,86 2,99 0,86 -
7. | C3-C4 asasinda benzin komponenti - 328083 | 734107 | 436240 | 361423 | 635865
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va oalavalar, min t/il
oksigenatlar - - 472554 | 436240 | 110383 -
Alkilat - 328083 | 261553 - 251040 -
oligomerizat - - - - - 848407
Belaliklo, aparilan tadgigatlar naticasinda gazlarinin samarali emali ilo tamin oluna bilor.
mioyyan edilmigsdir ki, avtobenzinlarin Toqdim  edilon isdo  yalmiz  yanacaq

istigamatinds aparilmis qazlarin emali ham neft
emal1 sahasini, ham do neft-kimya sahasini
stabil xammalla tomin edorak, tmumiyysatls
emal sahalorinin stabil inkisafina zomin
yaradir. Bu da yanacaq-energetika kompleksi
cargivasinds integrasiya proseslarinin
iistiinliiklorinin bir daha siibutudur.

maksimum istehsalin1 (2,7 min. t/il), yiiksok
keyfiyyotini (orta oktan ododi 89.2, oksigen
ododi 2,9) vo yiiksok monfasti (1651 min.
AZN/il) tomin edon variant optimal gobul
edilmisdir.

Sonda geyd etmok lazimdir ki, neft emali
sonayesinin somoarali inkisafi yalmiz aralq

mohsullarin, o ciimladon  Kkarbohidrogen
quru gaz
neft-limva
nafta ayjrobenzinlar
[ 1
k
kerosin Kerosinin fzomerlesm | reaktiv
yanacag
HT I —
Naftamn L —
—l ‘ LFraksivalara Eatalitik
dizal aynlmas riforminq dizel
_I: E‘% \» yatiacagi
MUBE .
I Olsipro istehsalt Alkdllzgma
soba
11 KEB-nin
vakuum | HT
qazoylu | KR tabii H
41“5"& ABT [ (15107 quz
qudron Tadrican kaks
kolkslasma ]
Bitum bimm,
Saldl 1. Mayelasdirilmis qazlann vanacag istigamatinda kompleks emali sxemi
1. PycramoB M.U., Ab66GacoB B.M., Mamenosa T.A. Dkonoruyeckue npoOneMbl 3eMiIHd U

albTEPHATUBHBIC UCTOYHUKM dHeprun. baky, «mm», 2008, 717 c.

2. Creiuenko B.JI., Jlapunenko A.A., Hangpa JL.E., BunokypoB B.A. IlepciekTUBEI ynydIleHHs
9KOJIOTMYECKHUX M AKCIUTyaTallMOHHBIX CBOMCTB MOTOPHBIX TOIUIMB // XUMUS M TEXHOJOTHUS TOIUIUB U
Mmaceir, 2008, Ne5, C.52-54

3. Kanyctun B.M. TexHomorusi mpou3BoICTBa aBTOMOOWIBHBIX OeH3uHOB. M.: Xumus, 2015, 253
C.

4. CripaBOYHHK COBPEMEHHBIX He(TeXUMHUECKUX TporeccoB. Hedrerazoseie TexHomoruu, 20009,
Ne3, c. 68-78

5. X.b.IIlupueBa, M.H. [IxaBagoBa, C.A.xamanmoBa u gp. IIponecc MTOJTyYEHUS
BBICOKOOKT@HOBOTO KOMIIOHEHTa OCH3MHOB Ha 0a3e ra3oB KaTaJIMTHUECKOTro KpekuHra // [Ipomecchr
HepTexumun U Herenepepadbotku, 2015, Nel6.1 (61), C.64-69

6. Xudiyeva 1.9., Eldarova S.H., Alxash E.A. vo b. Katalitik kreking prosesinin Cs-Cs gazlarinin
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KOMINVIEKCHOE NCCIIEAJOBAHUME ITEPEPABOTKHN C’)KUKEHHbBIX I'A30B (Cs-Cs) B
TOIIVIMBHOM HAITIPABJIEHUU
. "H.A. Xyoueea

ObocTpeHne SKOIOrMYecKuX IpobieM B TiIo0ambHOM MaciiTade TpeOyeT MpOM3BOJACTBA JO0ABOK Ha
OCHOBE€ CXMXCHHBIX I'a30B W HX IIPUMCHCHHE B TOILIMBE. B 1o Xxe BpEMs B CTpaHE€ B CBA3H Pa3BUTHEM
TPAHCIIOPTAa U PACIIUPECHUCM aBTOMOOMJILHOTO Inapka Crpoc Ha aBTOMOOMJIbHBIE OEH3UHBI IOCTOSHHO PacTyT.

CrenoBarensHO, 3 dhexTuBHas nepepadoTka ra3oB Cs - Cs4 cIOCOOCTBYET YBEITHMUYCHUIO KOTUYCCTBCHHBIM,
KAa4YC€CTBCHHBIM I10Ka3aTCIIsIM HpOPISBO,I[PIMOfI MMPpOAYKUOHHU, B YAaCTHOCTU TOIUIMB, PEHICHHUIO 3KOJOIMYCCKUX
mpodieM u, B 1enoM, 3dekTuBHOCTH HedrenepepadaThiBaloIei MPOMBILIIICHHOCTH.

B cratee MMPEACTABJICHBI TCXHOJIOTUYCCKHUE CXEMbI KOMIIIEKCHOM nepepa60TI<1/I He(bTI/I 7,5 MIJIH. TOHH B
rona (B 6 BapmaHTax), MpeayCMaTPHUBAIOIINE TIePepadOTKy CKIKEHHBIX T'a30B B HANpaBICHWH MPOW3BOJCTBA
OeH3uHA. AHaJ'II/IBI/IpyCTCH BIHUSAHUC HpeI[CTaBHeHHOﬁ CXEMBbI Ha q)OpMI/IPOBaHI/IC TEXHHUKO-DKOHOMUYCCKUX
nokasareJiei MMpEAIpUATH.

Knroueevie cnosa: cxmKeHHBIE raspl, KaTajlu3aTopbl, AJIKUINPOBAHHUE, IIPOU3BOACTBO OKCHUI'CHATOB,
TEXHUKO-DKOHOMHWYECCKAs OIICHKA

A COMPLEX RESEARCH OF THE PROCESSING OF LIQUEFIED GASES (C3-C4) IN THE

FUEL DIRECTION
I.A. Chudiyeva

The aggravation of environmental problems on a global scale requires the production of additives based
on liquefied gases and their use in fuels. At the same time, in the country, due to the development of transport
and the expansion of the car fleet. The demand for gasoline is constantly growing.

Consequently, the efficient processing of Cs; - C4 gases contributes to an increase in quantitative,
gualitative indicators of the products produced, in particular fuels, to the solution of environmental problems
and, in general, the efficiency of the oil refining industry.

The article presents technological schemes for complex oil refining 7.5 million tons per year (in 6
variants), providing for the processing of liquefied gases in the direction of gasoline production. The influence
of the presented scheme on the formation of technical and economic indicators of the enterprise is analyzed.

Key words: liquefied gases, catalysts, alkylation , oxygenate production, technical and economic
evaluation.
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N-OKTAN -N-HEKSADEKAN QARISIQLARININ MUXTOLIF SORBENTLORLO
ADSORBSIYASI
Fax. V.Yusubov, X.A.Cavadova
Azarbaycan Dovlot Neft va Sanaye Universiteti
E-mail: yusfax@mail.ru
Acar sozlar: qarisiglar, n—oktan—n—heksadeken, sorbent,

Adsorbsiya  {lisulu  universal  iisul
oldugundan maye vo qaz fazadan qarisiq vo
tok komponentlorin ayrilmasi G
tomizlonmasinda qaz axinlarmin
qurudulmasinda, zararli komponentlarin maye

Vo qaz qansiglarindan  ¢ixarilmasinda
miivaffaqiyyatlo tatbiq edilir.

Bu iisulla benzinin aromatik
karbohidrogenlardon ayrilmasi, sonaye

gazlarmin CO2—don tomizlonmasi Sanayedo
genis totbig edilir. Bu mogsadlo miixtalif
adsorbentlordon  istifado  edilir, masalon:
aktivlosdirilmis  komiirii, silikogellori  va
seolitlori  gostormok  olar.  Adsorbsiya
proseslorinin ~ aparilmasinda  adsorbentlor
mithim rol oynayirlar. Hazirki  doviirds
seolitlor (molekulyar aloklor) neftayirma vo
neft — kimya sonayelorinds genis totbig edilir.
Molumdur ki, onlar 6zlarina maxsus Kristallik
gruluslart va bircinsli masamalori olan, kation
doismosini  tomin  edon bork  mosamali
cisimlordir. ~ Seolitlorin  bu  xassslorindon
mayelori vo qazlari, habelo neft fraksiyalarini
tomizlomok vo ayrt — aynn komponentlora
ayirmagq ugiin istifado edirlirlor[1,2].

Neft mohsullarindan n — alkanlart vo
aromatik karbohidrogenlori ¢ixarmaq igiin
seolitlordon daha ¢ox istifado edirlor. Bu tobii
seolitlordon istifado hom ekoloji vo hom do
igtisadi cohatdon 6lkomizo boyiikk fayda vers
bilor.  Lakin seolitlorin  totbig  sahosini
oyranmoak, arasdirmaq vo potensial imkanlarini
izo ¢ixarmaq moqsadi ilo indiys kimi onlarin
struktur  xassolori, masamolarinin  handasi
olgtilari, adsorbsiya xiisusiyyatlori kifayat godor
oyranilmayib vo avvalki tok bu mosalo aktual
olaraq qalir. Bu todqiqat islori asagidaki
masalalorin hall edilmasinin zaruratini ortaya
¢ixarir:

- bork cisim — adsorbat qarsiliql tasirinin
todqiqini, onlarin adsorbsiya istiliklarini,

- bork cisim — maye, bork cisim — gaz
fazalarn ayrilma sothiqdo gedon proseslorin
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izafi adsorbsiya
Oyranilmasi; sathi goarilma (xtisusan bork cisim
maye sisteminds gedon proseslords vacibdir),

- model qruluslarinin dyranilmasi;

-miixtolif ndév  adsorbtivlerin  bark
cisimlorlo adsorbsiya qanunauygunluglarinin
miiayyan edilmasi va doalillor bazasinin tadqiqi.

Adsobsiya proseslorinin analizi zamani
adsorbentds adsorbativin qatiligin vo
termodinamik tarazligin qorarlagsmasi miithiim
ohomiyyoto malikdir. Adsobsiya proseslorinin
todqiqinds tarazliq qiymotlori xiisuson ona gors
lazimdir ki, mogsadli komponentlorin otraf
miihitdos kicik qatiliqlarinda vo adston udulan
maddonin adsorbenti ohato edon miihitds vo
adsorbentin 6zunds paylanmasi miirokkab
asililiglarla ifads olunur.

Nazari va tacriibi islor adsobsiya
tarazhiginin 6yranilmasi iiciin miidyyan
qadar dyranilsads, bu masals bu giinda
aktual olaraq qahr.

Praktiki hesablamalar {iciin adsorbsiya
prosesini Oyranarkon adston hamin prosesin
izotermi  Oyronilir.  Izotermlor  miixtolif
temperatur goraiti tiglin aldo edilir. Tocriiba vo
termodinamik analiz gostorir ki, temperaturun
artmast ilo adsorbent torafindon udulan madds
kifayst godor azalir.

Nozari modellor arasinda sothi hadisalor
tigiin an sadosi monomolekulyar
adsorbsiyasinin Lenqgmyur modelidir.

Adsobsiya hadisasi garsilasan sathlorin
sorhoddinds adsorbentin  molekulu vasitasilo
adsorbtiv. molekulunun  cozb  etmosine
osaslanmisdir. Hor bir fazanin daxilindo
adsorbtiv molekulu biitiin istiqgamatlordo eyni
cozbetmo qiivvasi ilo cozb edilir. Naticads
maye Vo (gaz fazadan molekul adsorbentin
miixtolif  qatlarinda  toplanir.  Adsorbtiv
molekulu adsorbentin sathino kegarkon onun
sorbast enerjisini azaldir, bunun miigabilinda
istilik ayrilir. Bu istilik adsorbsiya istiliyi
adlanir.  Adsorbent  torofindon  cozbetmo
qiivvasindon asili olaraq fiziki vo Kimyavi
adsorbsiya farglondirilir. Nozordon kegirilon n—
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oktan—n-heksadeken qarisiqlarinin adsorbsiyasi
fiziki adsorbsiya noviino aiddir. Ciinki, burada
heg¢ bir kimyavi ¢evrilma bas vermir. Yoni n—
oktan—n-heksadeken molekullar1 adsorbentlo
kimyavi qarisiligh tesirdo olmurlar. Adsorbtiv
molekullar1 6z fardiliklorini saxlayirlar.

Adsorbent torofindon udulan madds
miqdari, tarazliq vaziyysti ilo toyin olunur.
Udulan madde miqdart  adsorbtiv =~ vo
adsorbentin  tebistindon, ilkin xammaldaki
adsorbtivin qatiligindan, prosesin
temperaturundan, tozyiqdon Vo homginin
adsorbentin  nomliyindon asilidir. Tarazliq
soraitindo adsorbsiya prosesini grafiki olarag
adsorbsiya izotermi soklinds tasvir etmak gobul
edilmisdir.

Maye vo qaz fazadan adsorbsiyaya
ayirma va tomizloms tisulu kimi baxdiqda ilk
novbada dagiglesdirmak lazimdir ki, prosesin
aparilma soraitindon asili olaroq adsorbentin
maksimal udma qabiliyysti na godordir.
Adsorbtivin gatiliginin adsorbentin  sathinda
artmast ilo bu vo ya digor temperaturlarda
adsorbentin aktivliyi artir. Ancaq bu artma
yalniz maksimal adsorbent tutumuna qodor
davam edir. Temperaturun artmasi ilo udulan
maddo miqdari azalir. Tozyiqin artmasi ilo 1S9
oksino udulan maddonin miqdar1  artir.
Beloliklo, temperaturun azalmasi vo tozyigin
artmasi ilo sistemds adsorbsiyanin artmasina
sobab olur[1].

Sonaye adsorbentlori bir sira tolabatlara
cavab vermolidirlor: 1) yiiksok adsorbsiya
xuisusiyyatlorino malik olmalidirlar. (maye vo
qaz fazadan adsorbtivin az qatiliginda coxlu
miqdarda adsobtiv udmaq); 2) yiiksok
selektivliyo malik olmalidirlar (yalniz bir
komponentli qarisigdan se¢gmoklo adsorbsiya

etmolidir); 3) ayrilan qarisigin komponentlaring
miinasibatdo  kimyavi inert olmalidir; 5)
regenerasiya olunmaq xisusiyyotine malik
olmalidir (ilkin adsorbsiya xiisusiyyati barpa
edilo bilmalidir); 6) asagt doyara malik
olmalidir.

1) Tocriibado bu tolabatlarin hamisini
0domok miimkiin olmadigindan kompromis
variant segilir. Hor seydon Onco adsorbent
yiiksok uduculug gabiliyystina malik olmalidir.

Indiki zamanda aktivlesdirilmis komiir,
silikogel vo seolitlor miixtalif texnoloji
proseslorin aparilmasinda genis tothiq edilir.
Ona gorodo bu adsorbentlorin  adsorbsiya
xiususiyyatlori vo onlarin daxili quruluslar
konkret texnoloji proses ti¢iin dyronilmalidir.
Bu da hamin prosesin riyazi modellosdirilmasi
vo optimal layihalondirilmasi ii¢iin  vacib
sortlordon biridir[3].

Bu baximdan asagidaki adsorbentlor
tocriibi olaraq Oyronilmisdir; 1) aktilogdirilmis
kémiir TA 120 (PICA), 2) silikogel Kiesegel 60
(Merck), 3) seolit 5 A (Voffen).Taocriibadon
ovval adsorbent niimunalori mufel sobasinda
180°C temperaturda, stabil vakuumda, 0,003
torr (3,9 10 mbar) tozyiqdoe aktivlosdirilmisdir.

Yuxarida nazordon kegirdiyimiz
adsorbentlor ASAP 2020 cihazlar
kompleksinds todgiq edilmisdir. ASAP 2020
vasitesi  ilo  adsorbentlorin  qurulusunu,
mosamolarinin 6lgulorinin onlarin radius {izra
paylanmasmi,  adsorbentlorin  sothlarinin
saholarini vo izoterm ayrilorini miioyyon etmok
ticiin istifade edilmisdir. Cihazlar kompleksinin
6lgmo prinsipi qaz fazali adsorbsiya ilo statik
soraitdo hocmi 6l¢gmo tisuluna asaslanmisdir.

TA 120 adsorbentinin xarakteristikalar
cadval 1 — ds verilmisdir.

Cadval 1
TA 120 adsorbentinin xarakteristikasi.
Parametrlor Adsorbentin modeli Parametlarin giymaoti
BET iizro soth, m?/q BET 1665
Mikromasamalarin sathi, m?/q T - plot 1567
Mikromoasamoalorin hacmi, sm®/q T - plot 0,68
Masamanin hacmi, sm3/q BCA desorbsiya zamani 0,12

Qeyd etmok lazimdir ki, binar qarisiglarin adsorbsiyasi prosesinin tocriibi todqiqgatlart miixtolif
binar maye sistemlori ii¢iin agsagidaki tisul ilo aparilmisdir. ©vvalcadan aktual adsorbsiya sistemlarinin

ilkin gostaricilori cadval soklinds miioyyon edilir.

Binar qarisiglarin (n—oktan — n—heksadeken) izafi adsorbsiya giymatlorini miiayyan etmok {igiin
torozido onlarin hacmi vo maddo miqdari, codval 2 — do gostorilmisgdir.
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Cadval 2

Adsorbsiya sistemlarinin ilkin gostaricilori

Adsorbtiv M (g/mol) Vmol (Sm*/mol) Sindirma amsali, Np
n — oktan 114,23 163,185 (25 °C) 1,3956 (25° C)
n — heksadekan 226,46 294,141 (25 °C) 1,4343 (20 °C)
Izo — oktan 114,23 165,122 (20 °C) 1,3910 (20 °C)

Binar qarisiglarin izafi adsorbsiyasinin
tocriibosi asagidaki ardicilligla aparilmisdir:

1)Miixtalif qatilighh  (codval 3.3)maye
qarisiglar1  (20sayda) 25°C  temperaturda
hazirlanir. Hor bir qarisigin ¢okisi 2 q — dir.

2) Qarnsiglarin  sindirma  omsallari
mioyyan edilir.

3) «Opal» totbiqi programi vasitasilo
soyuq ayri funksiya soklinds yazilir.
y=a+bx+cx?+dx+... (1)
yani Xz = f(néS)

4) Adsorbent (aktivlosmis komiir,
silikogel vo seolit) mufel sobasinda
aktivlosdirildikdon sonra toqribon 0,5 q
adsorbentlo birlikdo maye (binar) qarisiglar
diqgatlo garisdirilir va yenidon torazide ¢akilir.

5) Hazirlanmig binar qarisiglar 1,2 vo 4
giin adsorbentlo birlikde galdigdan sonra
yenidon sindirma omsallart miioyyan edilir.

6) Soyuq oayrinin komayi ilo yeni
molyar ¢okilor hesablanir.

7) Binar izafi adsorbsiyanin giymatlori
hesablanir vo bunun ossasinda izoterm oyrilori
qurulur.

Bu zaman asagidaki hesablamalar
apartlir:

Mimumi=M1+m2  (2)
Mimumi=N1XM1+n2M2 - (3)
Miimumi=X1XNiimumiXM1+X2XNimumiXM2 (4)
Mimumi=NimumiX(X1M1+X2M2) (5)
nﬁmumi:mﬁmumi/ (X1M1+X2M2) (6)
M1=Mimumi—M2 (7)
mlzmﬁmumi—XZnﬁmumiMZ (8)
burada m; — 1 —ci maddanin kitlesi; mz — 2—Ci
maddoanin kiitlasi; M1 vo M2 — uygun olaraq 1-
Cci vo 2-ci maddonin molyar kiitlasi, X1 Vo X2
uygun olaraq izafi adsorbsiya kemiyyatloridir.

Silikogel (Kiesegel 60 Merck) adsorbenti
do yuxarida nazordon kegirdiyimiz tisulla vo
ASAP 2020 cihazlar kompleksi vasitasilo

Oyronilmisdir.
Silikogelin  adsorbsiya  xarakteristikalari
cadval 3—do verilmisdir.
Cadval 3

Silikogel (Kiesegel 60) adsorbentinin xarakteristikalari

Parametrlor Adsorbentin modeli Parametrlorin qiymati
BET iizro soth, m?/q 421
Mikromoasamoalorin sathi, m?/q T - plot 11
Mikromasamalarin hacmi, T - plot 0,002
sm/q
Mosamanin hacmi, sm*/q BCH desorbsiya zamani 0,409

Sonaye adsorberlarini layihalondirarkan,
adsorbentlorin maksimal uduculuq
xiisusiyyatlorini  bilmak ¢ox vacibdir, ¢iinki
adsorbsiya  proseslori  maoarhalali  proses
oldugundan bu proseslor {igiin adsorbsiya

gabiliyyati haqqinda molumatlar adsorberlor
layihologdirilmomisdon onco miloyyon
edilmalidir. Bu moalumatlar digar marhalalarin
do optimal soraitindo aparilmasi ii¢iin zomin
yaradir.

tarazligi, vaxtt vo maksimal uduculug
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AJICOPBIIUSI CMECEM H-OKTAH - HTEKCAJTEKAHA HA PA3JIMYHBIX
AJICOPBEHTAX
®@. B. IOcyoboB, X. A. /I:xaBagoBa
AncopOuusi cMecell H-OKTaH - H-TeKCajJiekaHa ObUTa MCCIIeIOBaHA HA PA3IMYHBIX aJcopOeHTax.
M30bITOUHBIE BEIUYUHBI aI[COp6I_II/II/I cMecel H-OKTaH - H-T€KCaZCKaHa ObLIIN BBISIBIIEHEL B aI[CO];)6eHTaX
aktuBUpoBaHHbIX yriax TA 120 (PICA), cunukarene Kiesegel 60 (Merck) u neonurax Seolite 5 A
(Voffen).
ADSORPTION OF MIXTURES OF N-OCTAN - N-HEXADECANE ON VARIOUS
ADSORBENTS
F.V. Yusubov, H.A. Javadova
The adsorption of n-octane-n-hexadecane mixtures was investigated on various adsorbents.
Excessive adsorption values of n-octane-n-hexadecane mixtures were detected in adsorbents of
activated angles TA 120 (PICA), silica gel Kiesegel 60 (Merck) and zeolites Seolite 5 A (Voffen).
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VIRTUAL S$S9BOKO9 SEQMENTLORININ PARALEL
ISININ VAHID MORKOZDON IDARD EDILMOSI
F. G. Samadov, X. N. Rzayev, H.M. Mahammadli
xazail49@mail.ru
1. Azarbaycan Texniki Universiteti
2. Azarbaycan Dovlat Neft vo Sanaye Universieti
3. Sumgqayit Dovlat Universiteti '
Annotasiya: aradilan sabaoko seqgmenti iiciin alava maliyya voasaiti sorf edilmadon ancag méveud IT
avadanliglar: todbiq edilmaklo, miiasir texnologiyalardan istifada etmoklo virtual sistemin qurulmast va saboka
seqmentlarinin paralel iginin tamin edilmasi masalasi hall edilmisdir.
Acar sozlar: Virtal soboko, virtual sistem, soboko
segmenti birlosmasi, virtual server, bulud.

Giris. Hor bir miiesissa vo Vya
togkilatda, kicik vo ya hotta belo nshang
korporasiyalarda belo vo yaxud bulud
texnologiyalar1 xidmati gostoran bolmalords IT
xidmoti sahoasindo tizro iso olan tolob siratlo
doyismoakdadir. Sifaris¢ilorin miixtolif
totbiglors, programlara olan tohliikesiz va
effektiv istifads etmalarina olan taloblor daima
artir. Bununla belo istifadacilor iiciin IT-nin
infrastrukturunun neca qurulmasi, foaaliyyat
gOstormasi Vo bu sahado xidmot gdstoron
personalin  gostordiklori  xidmoti bu giiniin
tolobi  soviyyasindo gdstora bilmalori  {iglin
glindolik hansi problemlorlo qarsilasdiglar: heg
do vacib deyil. Qeyd etdiyimiz xiisusiyyatlor
virtual sistemlorin oksoriyystino do aid edilo
bilor.  Virtual sistemlorin inkisaf etmasi
noticasindo  fiziki  serverlorin  bazasinda
miixtolif mogsadlora xidmot edo bilon virtual
programlar hazirlanir. Bu indiki zamanda
gordilylimiiz  igin samaraliliyini  dafalorls
artirmaga sorait yaratmagla borabor eyni
zamanda todbiqg edilon fiziki masinlarin sayina
gonast edir vo ham do bir server tizarinda (bir
server bazasinda) parallel olaraq bir neco
omoaliyyat aparilmasina imkan verir. Bu zaman
ilk névbado asas magam kimi maddi sarfiyyata
toxunaraq, sistemin yaradilmasi igiin olave
xarclordon konar, bir ne¢o is otagmin bir
morkozdon idaro olunmasi miimkiinliyii vo
notico olaraq istifadoginn talablorino cavab
vermosi kimi basa diisiilir. Umumiyyatlo
virtuallagsma ¢ox genis anlayis oldugundan ona
yanagma da miixtolif —mdvqgelordon hoyata
kegirilir. Belo olan halda bu yanasmada hor bir
administratorun osas Vvozifasi onun isinin
aparilmast zamani qarsiya ¢ixa bilacok
masalala vo problemlari talob olunan saviyyada
aragdirilmaqla yanasi eyni zamanda soboakanin
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hans1 soraitdo normal islomasinin  tomin
edilmoasinin miimkiin olmasi, istifadagilarin
hanst  toloblorine  vo maraglarina cavab

vermoasinin  mimkiin olmasi, o cimladan
golocakds digar nazors alinmamis problemlarin
hollinin miimkiin olmas1 {igiin ehtiyat holl
variantlarin saxlanilmasindan ibaradtir. Buna
oxsar islordo administratorlarin  sabokanin
dayaniqh isinin tomin edilmasinin
miimkiinlilyinii  tomin  etmok mogsadi ilo
onlarin 6z islorini hans1 davamliliq algoritmi
tizorindo qurmalar1 6namli yer tutur. Qeyd
etdiyimiz kimi, bir sira miixtolif yoniimli

sitkotlor ~ moévcud  omoliyyat  sistemlori
bazasinda 6z profillorine daha uygun olan
virtual ~ programlar  hazirlayaraq  onlan

istifadagilora toqdim edirlor. Lakin naticanin
hor bir halda miisbot olmasi ii¢iin yanasma
toloblora uygun olaraq ham daqgiq, hom ciddi,
hom do qarsiya ¢ixan toloblori 6doysa bilon
olmalidir.

2. Masalonin qoyulusu: Bu isin
mogsadi olave maliyys vosaiti sorf etmodon
moveud IT avadanhlart bazasinda bir virtual
server {izarinds iKi vo daha ¢ox virtual soboka
segmentlorin paralel isinin tomin olunmasindan
ibaratdir.

3. Moasalanin halli: Bildiyimiz kimi
miixtalif ofis vo universitetlordo qurula bilon
sobokolor oksor hallarda real "Interface"
tizorinda qurulur va bu demok olar ki istifadagi
maragma cavab verir. Bunun {iglin bir server
tizarinds (bazasinda) yaradilmis iki vo ya daha
artiq "real" Lan card totbig etmoklo iki vo ya
daha cox virtual server kompiiterlorin vo bura
daxil olan har bir serverin bir-birindon tam
forqli IP diapazonu vasitasi ilo qosulmasi va
bir-birine  manes yaratmadan 6z sobokasini
idaro etmosi aparilir. Nozors almaq lazimdir ki,
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bu halda sistem torkibindoki Server masinlar
Virtual sistemdos islayarak, torkiblorinds olan
istifadoagilori (fiziki kompiiterlari) idaro edirlor
Vo ya onlarin talablorini 6dayirlor. Bu qosulma
(toklif edilon sistemin qurulmasi) Windows
Server 2008 r2 do vo ya Windows Server 2012
r2 Omoliyyat Sistemi bazasinda qurulan Hyper
-V 3.0 Virtuallasma sistemi vasitasi ilo hoyata
kegirilir. Onco qgeyd etmok lazimdir ki, bu
infrastrukturda  hor  bir yarana bilon hal
ovvalcadon miisyyanlosdirilir vo naticads, yoni
Virtual magsimlarin  o6zlorinin  do bir araya
golorak (vahid torkib kimi) idara olunmasi,
nozarati Vo tohliikasizliyi tomin olunmalidir.
Bu idaroetmads  soboka resurslarinin bir araya
goatirilmasi (birlosdirilmasi), bir arada yigilmasi
yolu ilo imumi konfiqurasiya olda edilmasi
prinsiplori mimkiindiir. Malumdur ki, NLB
(Network Load Balancing) protokolu iizarinda
sobokonin yiikiinun borabor paylanmasi da
nozords tutulur. Yoni virtual maginlar arasinda
miibadilo  borabor  oldugundan istifadagi
avadanliglarinin hor hansi bir digor program
tominatt torofindon olave yiiklonmosi  kimi
problemlorin  miimkiinliiyliniin qarsis1 alinir.
Adi gedon segmentlosmoa zamani bu qurulus
iimumi hal kimi tam forqli oldugundan, onlarin

resurs imkanlar1 sobokada bir-biri ilo normal
omokdasliq etmays, homginin fayllarin tolobata
uygun soviyyads miibadilasino imkan vermir.
Biitiin bunlar1 nozoro alaraq apardigimiz is
(qurma iglori) mohz bu imkanin miimkiin
olmasina sorait yaradir. Belo ki, fiziki serverin
torkibinds olan virtual serverlorin IP iinvanlar
diapazonuna tam forgli IP iinvan verarok
"Network Bridgh Texnology" istifado etmokls
iki vo daha artiq mixtolif segmenti bir araya
gotirir, real IP {invan secorok bu iki tam forgli
IP iinvanlari bir arada (vahid idaro olunan
sistemdo) birlosdirarark onlarin nainki Server,
hotta istifadogi resurslarinin oz aralarinda
isladilmasina nail olurugq, sokil 1.

Virtual soboko infrastrukturun idaro
edilmosi  imkanlar1  IT  miitoxasislorina
istifadogilorin daimi doyison tolabatina lazim
olan resurslar1 tez ayirmaga vo onlart idaro
etmoays imkan verir.

Resurslarin ayrilmig buludunu alan har
bir istifada¢i faktiki olaraq 6ziiniin “verilanlorin
virtual emali morkozina” malik olmus olur.
Bulud resurslarimi idara edilmosi inkisaf etmis
bitin lazzim olan omoaliyyatlart  yerino
yetirmays imkan veran veb interfeysi vasitasilo
yerino yetirilir.

Server 2008 R2
1921680.2-Lan 1 (User1)  (User2)
Hyper-V 5| Win Win
19.10.10.80 Lan2 DHCP 2 = [ =
(internet) 10
.1'9;.168.0.13 192.168.0.14
81 |—
{192.168.0.10

192.168.0.25 =
VHD VHD VHD
T 30GB 20GB

VHD 100 GB

Sakil 1. Miixtalif soboka sektorlarina aid kompiiterlorin
vahid markoazdoan idars edilmasinin sxemi

Umumiyyatlo virtual infrastrukturun
yaradilmas1 standart hesablama miihitinin
optimallagsmasina, onun virtuallasmasina sorait
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yaradir.  Virtual  infrastruktur  stoliistii
kompyuter texnikasindan baslayaraq
informasiya sobokolorino dok har bir halda
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totbig oluna bilor. Bununla yanasi server resurslarinin utilizasiyasina, alavalarin
resurlarinin ~ verilonlor anbarina, sobakoanin mohsuldarliginin  artirllmasina imkan verir
. Natica

Sistemin yaradilmas1 ii¢iin olave maliyys vosaiti sorf edilmodon mévcud IT avadanhiglar:
bazasinda miasir texnologiyalardan istifado edorok virtual sistemin yaradilmasi yolu ilo soboka
segmentlorinin paralel isi tomin edilmisdir. Bu halda xiisusilo nazars almaq lazimdir ki, vahid sistem
halinada yaradilan seqmentlorin say1 optimal olmagla yanasi sonsuz sayda artirila bilmoz.
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SIGLE CENTER MANAGEMENT OF PARALLEL WORK OF VIRTUAL NETWORK
SEGMENT
F.G Samadov, Kh.N.Rzayev,H.M. Mahammadli
For the created network segment without attraction of additional financial and material means,
and only with application of the existing network IT equipment and modern network technology the
construction of virtual network segments with at the same time ensuring their parallel work is allowed

YIIPABJIEHUE C EAUHOT O HEHTPA IAPAJUIEJIBHOM PABOTHI BUPTYAJIBHBIX
CETEBBIX CETMEHTOB
®.I'. Camenon, X.H. P3aes, I'.'M. Marameaibl

Jlns co3maBaeMoro ceTeBOro cerMeHta 0e3 MpUBIEYEHHUS JIOMOJHUTENbHBIX (UHAHCOBBIX U
MaTepUaIbHBIX CPEACTB W TOJBKO C TPUMEHEHHEM cCyilecTByrommux cereBbix [T ammaparypel u
COBPEMEHHOM CETEBOW TEXHOJOTHUH pa3pelieHO BOMPOC ITOCTPOCHHE BHUPTYAIBHBIX  CETEBBIX
CEeTMEHTOB C OJIHOBPEMEHHO 00€CIIeYeHHEM X MapaienbHOi padoTel. HE00X01uMO OTMETHTH, UTO B
JTaHHBIM cnyqae qUuciio HapaJ'IJ'ICJ'H)HBIX (1)YHKIII/IOHI/IpyIOHII/IX CETCBBIX CCI'MCHTOB 6eCKOHeqHO
YBEJIMYUBATH HEIb3s1, TOUHEE KOJIMYECTBO UX OTPAHUYECHHO.
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DAS KOMURLDO ISLOYON ISTILIK ELEKTRIK STANSIYALARINDA
COKDURUCULORIN ROLU
Magistrant C.T. Aydin , dos. F.H.Bayramov
Azarbaycan Dovlat Neft va Sanaye Universiteti
E-mail : cavaydin@hotmail.com

Das komiir godim yanacaq novlarindon olub
XX osrin ortalarina qodar on asas enerji
monbayi sayilirdi. Hazirda neft , qaz vo uran
kimi yanacaqglardan istifads iistiinliik toskil etsa
do , dinyada 35%-o0 qodor istilik elektrik
stansiyalarinda yanacaq kimi das komiirdon
istifado olunur. Bels ki, Cindo 67%, ABS-da
43%, Rusiyada 14%  istilik  elektrik
stansiyalarinda das komiirdon istifads olunur.
Das komiir yanarkon yalniz istilik enerjisi deyil
, eyni zamanda tullantilar da omolo golir. Bu
tullantilardan faydali sokildo istifade etmok
olar.

Elmi-texniki ingilab soraitindo kimya,
neft-kimya, neft email vo das komiir
energetikasinin  stiratli inksafi otraf miihitin
cirklonmasina sabab olan kiillii migdarda maye
tullantilarinin amala galmasina sabab olmusdur.
Otraf miihitin tomizliyinin qorunmasi1 milli
problem olmagla yanasi hom do iimumi bagori
problemdir. Belo ki, atmosferds vo boyiik su
hovzolorindo  (doniz, okean vo s.) sorhad
cokmok geyri-miimkiin oldugunu bilorak ¢irkab
sularmnin va zorarli qazlarin , zororli qatisiglarin
bir bolgodon basqa bolgoys kegmasinin
qarsisin1 almaq miimkiin deyildir. Bu ekoloji
problemlorli bir ¢ox timumixalq toskilatlart
(BMT va basqa toskilatlar) daim noazarat altinda
saxlamaga caligirlar. otraf miihitin
cirklonmoasinin qarsisin1 almaq tgiin tocriiba
miibadilolori islonir. otraf miihitin va suyun
cirklonmasi iki prosesin getmosi naticasinds :
insanin toSarriifat foaliyysti vo ¢irklondirici
hissaciklorin tobii yolla su axarlarina vo su
hovzalorine garigmasi naticasinds bas verir.
Cirkab sularindan mexaniki qatisiqlart ayirmaq
t¢clin  ¢okdiirticiilordon istifado  olunmaga
baslanildi. Bununla yanas1 ¢okdiirticiilorda
alinmis bozi tullantilardan istifado etmok
mogsads uygun sayilir. Dag komiirlo isloyan
istilik elektrik stansiyalarinda yanmadan sonra

Acar sozlar : das komiir , ¢okdiiriici, neft emal1 ,
zororli qatisiglar , ¢gokmo , otraf miihit , mineral ,
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tullant1 , ¢irkab sular, kiil , axin elementlori

yaranan kiiliin vo posanin istifado olunmasi
buna bariz niimunadir.

(Cokdiirmo omoaliyyatini yering
yetirmak i¢iin sado Vo ucuz basa golon
aparatlardan (¢Okdiirticiilardan) istifado
olunur[1-4] . Cokdiirmoa amaliyyati tozlarin,
suspenziyalarin  vo emulsiyalarin  ayrilmasi
ticiin istifado olunur. Bu omoliyyat tozu ,
suspenziyant ~ vo  emulsiyan1  aparatda
¢okdiirorok hoyata kegirilir. Yoni aparatin
kamerasinda asili voziyyotdo qalan kigik
hissaciklor miioyyan miiddotdon sonra agirliq
qiivvasinin tasirindon kameranin dibina ¢okiir.
Adaton ¢okma amoliyyatinin bas vermasi iigiin
2 asas sartin gozlanilmasi talab olunur :

1) Axin elementlorinin aparata daxil olma
vaxtt ¢okmo omoaliyyatinin bas vermo vaxtina
barabar va yaxud ¢ox olmalidir.

2) Axin elementlorinin daxil olma xatti
sirati  ¢okmo  siiratindon nazoroa  garpacaq
doracados kigik olmalidir[5].

Birinci sortin - gozlonilmamasi  kigik
hissalorin tamamilo ¢okoa bilmamasina gotirib
cixardir. Ikinci sortin gdzlonilmomosi iso kicik

¢okmiis  hissociklorin  yenidon  yuxari
galxmasina sobab olur.

Das kOmir tzvi vo  mineral
maddolordan toskil olunur. Mineral

komponentlor das komiiriin yanacaq kimi
keyfiyyatini asagi salir. Ona goro do das komiir
yanarkon coxlu zororli gazlar vo tullanti kiil
omolo gotirir. Ogor tullantt kiil komiir yanib
qurtardigdan sonra alman mineral qaligin
kiitlosinin das komiiriin yanmazdan ovvalki
kiitlasino nisbati  miiayyan Qoabul olunmus
normadan artiq olarsa onda bu das komiir
“faydasiz qazint1” adlanir. Das kOmiiriin
yanmasindan alinan tullanti kiilin miqdar
yataglarin yerlosdiyi oraziys uygun olaraq
doyisir. Bu norma adoton energetika ti¢lin 39-
43 % Qobul olunub. Bir ¢ox mineral
komponentlor hotta normal kiil miqdarinda da
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das komiiriin keyfiyyotini agagi salir. Buna bir
cox misal gostormok olar : kOmiiriin
torkibindoki mineral pirit (FeS2) yiiksok
temperaturda pargalanir , qaz soklinds kiikiird
oksidi yaradir ki, bu da su buxar ilo qarsiligh
olagodos olarkan sulfat tursusu amolo gatirir. Bu
tursu da elektrik stansiyasi avadanliglarini tez
bir zamanda siradan ¢ixarir. Kiikiird oksidinin
bir hissasi do tiistii vasitasi ilo atmosfers qatilir.
Bu iso daha ciddi fosadlara yol agir.

Das komiir yanib qurtardigdan sonra
torkibindaki mineral komponentlor kiil vo posa
omolo gotirir ki, bunlar da enerji istehsali
miiasisalorinin  hoyatinds ¢oxlu kiil vo posa
saxlama yeri tolob edir[7]. Masalon 1990-c1 ilda
Rusiyada enerji istehsali miiasisalorinds 30
milyon tondan ¢ox kiil vo posa toplanmisdir.
Hansi ki, onlarla min hektar torpaq sahasini
zobt edir. Bu kiil daglarinin ekoloji fosadi daha
boylikdiir. Bu kiil tullantilar1 yaxindak: yasayis
saholarini zibilloyir, bu da insanlara vo tobiato
boylik ziyan vurur.

Komiriin - keyfiyyatindon vo  kdmiiriin
yandirilma lisulundan asili olaraq istilik elektrik
stansiyalarinda komiiriin yanmasi1 1500-1800
°C arasinda bas verir. Bu temperatur haddinds
mineral komponentlor yanaraq posa vo kiil
halina distir. Kiiliin vo posanin torkibinds kvars
donalari vo gil minerallar1 , vulkanik siisoya
bonzor material hissociklori , magnetit ,
ferrosilisium va s. vardir.

Kil xirda donacikli materialdir. Kiil
donaciklori  adoton tiistii qazlarinda asili
vaziyyatdo kiiro soklindo olur. Toxminan kiil
donaciklorinin 6l¢iisi : tigda biri 1-5 mm 6lgiido
, qalanlar1 iso millimetrin onda biri 6l¢iids , 0
cimlodon 20%-i millimetrin  ylizdo  biri
oOl¢iisiindo olur.

gazan aragat

aerotozlan otirmak
St odh |

pulpani nagl etmask
ucilin nasos

Kiildon daha somarali istifade etmok
ticlin ilkin olaraq das komiirin yandirilma
tsulunu  vo  yandirilma  texnologiyasini
doyismok lazim golir. Bu zaman bu kiildon
“faydali qazintr” materiali kimi istifado edo
bilorik. Ilk olaraq bu materialdan qumun
avazedici kimi do istifade etmok miimkiindur.
Hans1 ki, betonun hazirlanmasinda doldurucu
kimi va tikintids pagiq hazirlanmasinda istifado
oluna bilor. Tarkibindo ¢oxlu shong olarsa
sement ovozina do istifado edilo bilor. Kiilden
korpic istehsalinda gilo qataraq da istifado
etmok olar. Bundan basqa keramik pilto, saxsi
dam Ortiiyii vo beton boru istehsalinda das
komiirtin  tullanti  kiiliniin  hesabina daha
doziimlii vo uzundmiirlii bir material almagq
olar. Bunun {igiin istilik elektrik stansiyalarinda
das komiir yandirilmaya verilmozdon 6ncs 0.2-
0.7 mm o6l¢iido xirdalanmali, Gyiidiilmali sonra
xirdalanmis das komiir hava ilo qarigdirilaraq
aerotoz soklindo xiisusi basliq vasitosi ilo
yanma qazanina pusgiirdiilmolidir[6]. Yanmada
omolo golon kiil elektro filterlor vasitasi ilo
tistiidon ayrilaraq  xilt-Gtlirlicide  su ilo
yuyularaq, isladilaraq xilt nagletms vasitasi ilo
kil  toplama montagasine  (¢okdiiriiciiys)
otiriilmalidir. Bu moantagads ¢okdiiriiciida bir
miiddat qalan kiil ¢okdiiriiciiniin dibino ¢okiir.
Artiq su nasos stansiyasi vasitasi ilo yenidan
sistemo qaytaritlir (sokil 1). Beloliklo kiili
¢okdiriicido  ¢Okdiirarok  hom  atmosferin
cirklonmosinin qarsisint  almis , ham do
yigilmig kiildon yuxarida qeyd olunmus
moqsadlar ti¢iin istifads eds bilorik. Bununla da
hom tullantilardan azad olmus , ham do iqgtisadi
cohatdon daha ucuz bir tikinti materiali aldo
etmis oluruq.

tamiz su tiricusii .

Sokil 1. Das komiir energetikasinda ¢okdiiriicii.
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ROLE OF CRUSHERS iN COAL-FiRED POWER PLANTS
Aydin C.T., Bayramov F.H.
Azerbaijan State Oil and Industrial University

Stone coal was one of the oldest types of fuel and was the most important source of energy
until the middle of the 20th century. At present, the use of fuels such as oil, gas and uranium is
predominantly used in coal-fired fuels, up to 35% of the world's thermal power plants. Thus, stone
coal is used in China - 67%, 43% in the US, and 14% in Russia. When coal is burned, it is not only
heat energy, but also waste. This waste can be used in a useful way.

POJIb OTCTOMHUKOB HA YIOJIBHBIX SJEKTPOCTAHIUAX
Aiiabia [Ix.T. , Baiipamos @.I'.

AzepoOaiinxanckuii I'ocynapcreennbiii Yuusepcuter Hedru u IlpombinienHocty,

Yromp — OIUH U3 HpeBHeﬁMHX BHOOB TOILIMBA, BIUIOTH OO0 CCPCAMHBI XX Beka ObLI
OCHOBHBIM HMCTOYHHKOM OHCPIHH. 4! ceﬁqac, HECMOTpPsSA Ha AKTHUBHOC HCIIOJB30BAHUC He(l)TI/I, rasa,
ypaHa, JI0JIsl YTJii B MEPOBOM MPOHU3BOJICTBE AJIEKTPOIHEPTHH cOCTaBisieT okoio 35% (B Kurae - 67%,
B CIIA - 43%, B Poccuu - 14%). OgHako yrois He cropaeT OeccienHo. B mporecce ero cxxuranus
o6pa3yeT051 HE TOJIBKO 3HCPrusd, HO U OTXOJBI. Ot OTXOAbl MOTYT OBITh HCITOJIB30BAaHbI MTOJIE3HBIM
Crocooom.
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OIINBKA! 3AKJIAJIKA HE OITPEIEJIEHA. YK 532.546
QEYRI-XOTTI UCFAZALI SUZULM® MOSOLOISININ BIR QOYULUSU HAQQINDA
S.Y. Qasimov, R.S.Mommadov
Azarbaycan Dovlat Neft va Sanaye Universiteti
e-mail:sardarkasumov@mail.ru

Xiilasa. Malum oldugu kimi ¢oxfazali stiziilma maSalalori problemi ila neftgaz-gcixarmanin, kimyavi
texnologiyanin, hidrotexnikanin va basqa sahalarin miihiim praktiki masalalari alagolidir.

Baxilan isda neftin, gazin va suyun birgo axini zamani mayelarin bazi xassalori, homginin nisbi faza
keciriciliklori, kapilyar qiivvalar nazara alinmagla siiziilma ma-salasinin qoyulusu verilir.

Deyilon amillarin siiziilma prosesina tasirinin tadqiqi ticiin hallin xiisusiyyatlo-rina adaptasiya oluna bilon
adaptiv sabakanin qurulma alqoritmi sorh olunir. Adap-tiv sabakalor siini 6zliliiyii va adadi hallin ossilyasint
azaldir, hamginin hesablama sabaKasinin minimal néqtalora malik oldugu halda biitiin oblastda kamiyyat va

key-fiyyatca ganastbaxs naticalar verir.

Acgar sozlor: c¢oxfazali siiziilmos, kapilyar qiivvalor,

adaptiv  soboko,

Darsi ganunu, kasilmozlik tanliyi,

ozluplastik maye, Bakley - Leveret modeli, baslangic
tozyiq gradiyenti

Giris. Ilkin todgiqatlarda ¢oxfazali mayeyo
biitiin  komponentlori  eyni  kinematik va
dinamik parametrlorlo (siirat, tozyiq, sixliq va
s.) xarakterizo olunan miioyyan bircins maye
kimi baxilirdi. Masamali miihitdo neftin, suyun
Vo gazin birgo axini prosesinin daha otrafli
Ooyronilmasi  prosesi onu  gostordi ki,
modellosdirma zamani hor bir fazada siiratlorin,
tozyiglorin vo sixliglarin miixtalifliyini nozars
almaq lazimdir. Bununla olagoadar olaraq
,mosamali  miithitdo  ¢oxfazali  siiziilmo
mosalalarinin tadgiginds har bir faza {igiin faza
keciriciliyi  daxil  edildi.  Eksperimental
todgiqatlar gostordi ki, deyilon anlayisin
istifadasi Darsi ganununu ¢oxfazali axin halina
genislondirmays imkan verir. Bunun osasinda
coxfazali sliziilmo axinimin iki modeli yarandi.
Birinci sxem (Bakley-Leveret modeli) faza
tozyiglorinin baraborliyini forz edir [1]. Bu
sxem ¢ar¢ivasinda prosesi tasvir edan tanliyin
klassik holli olmaya bilor vo ona goéro do
tiimumilosmis holl axtarilir.

Ikinci modeldo kapilyar giivvalorin tosiri
nozors alinir. Qeyd edok Ki, Darsi ganununun
coxfazali axin halina genislondirilmasi ilk dofa
M. Masket torofindon toklif olunmusdur, ona

goro do Masket — Leveret modeli (bazon do
Rapoport —Lis modeli) adlanir.

Baxilan isdo  Rapoport - Lis modeli
osasinda geyri - Xotti coxfazali siiziilmo
mosalasinin qoyulusu vo adaptiv sobokanin
qurulma alqoritmi sorh olunur.

Masalonin  riyazi qoyulusu. Forz
edocayik ki, ligfazali siiziilmo prosesi sarhoddi
I' olan sonlu G oblastinda bas verir vo har bir
faza Uiglin  Darsi qanununun asagidaki
analoqlar1 vo kasilmazlik tonliklari dogrudur:

Va — —k(x, y, Z)l/)a Pa(a)fa(51,52,53) V(pou
Ua(Pa)
%(mpasa) + div(p,V,) =0, a = 1,2,3.

Tutaq ki, morkozindo r =1,  radiuslu
hidrodinamik miikemmoal istismar quyusu
yerlogson, radiusu R, giici H olan dairovi
horizontal ~ laym  r = R konturunda laya
sixigdiran maye vurulan quyular batareyasi
yerlosdirilmisdir. Forz edok ki, layin alt vo iist
qatlart maye kecirmir vo baxilan layda ti¢fazal
sixilan maye var, belo ki, fazalar
qarismayandirlar vo baslangic ¢ = 0 aninda
onlar kapilyar tarazliq vaziyyatindos yerlosirlor.

Deyilon sortlor daxilindo mayelorin Rapoport - Lis (Bakley- Leveret) modeli asasinda izotrop
mosamali miihitds izotermik miistovi radial geyri- Xatti siiziilmo moa-solasi asagidaki xiisusi téramali
Olciisiiz diferensial tonliklor sistemi ilo ifado olunur :

(

1 0 dp 0
! r 16_1' rpZAZ(r'p2'51'SZ'S3)a_TZ =ma(p2’52)

_q1 0 ap 0
r 1a_r[rpll/jlll(rlpltSLSZ’SS) a_rl] = ma(pl'sl)

1)

10 ap a
r 15[’”103/13(73 D3, S1,S2,53) a_:] = ma(ﬂs’ss)
(r,t)eQr ={r<r.<R, 0<t<T}
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Burada agagidaki isaralomalar gabul olunmusdur: @, = gz + [ Pa 9P _ 5 _ fazlarinin axin

Po pa(p)
stiratlorinin potensiali, V,, — siiziilma stirati, g - agirhq qiivvasi tacili, 1, (7, Py, S1, 52, S3) =
k(T‘) fa(51,52,53)
Ua(Pa)
pu(r,t) — fazalarin tozyiqi; py(py) — fazalarin sixligi; p.(po) — fazalarin oézliliyi ; s, va f, —

uygun olaraq fazalarin doyumlulugu vo nisbi faza kegiriciliyi ; k(r) —miitloq kegiricilik ; » —polyar
koordinat ; t — zamandir. Buradaki
1-G,/|gradR|, |gradR|>G,,
b 0, |gradR|<G,

funksiyasi neftin 6zli - plastiklik xassasini nozars alir [2-4], G1 isa baslangic tozyiq gradiyentidir.
(1) tonliklar sistemina mayelarin va qazin

- fazalarin horokotlilik omsali (a = 1 — neft,a = 2 — su,a = 3 — gaz l¢iin);

Pa = Fa(pe) , @ =123,... (2)
saviyya tonliklori va
51+52+S3=1 (3)

tonliyi do alava olunmalidir.
Qeyd etmok lazimdir ki, imumiyyatlo, ¢oxfazali siiziilmo masalalorinds p, (a = 1,2,3,)
tozyiqglari bir - birina barabar olmur vo uygun kapilyar tozyiq qodoar farglonirlor [6], yani
P1— P2 = Pr1(51,52,53)
D3 — D1 = Pr2(51,52,53) 4)
Burada py; — neft va su, py, — iSo qaz vo neft arasindaki kapilyar tozyiqdir. py, va py, — ni bilorok
gaz vs su arasindaki kapliyar tozyiqi onlarla ifads edo bilorik :
D3 — P2 = Pk1 t Pk2

Qeyd etmak lazimdir ki, ti¢fazali siiziilmo masalalorinds f, (s, 55,53), (@ = 1,2,3)

funksiyalar1 agagidaki xassalora malikdirlor [1] :
f1(s1,52,83) =0, 51 <57,
f2(s1,52,53) =0, s, <53,
f3(51,52,53) =0, s3 <s53.
Bu xassolor ¢oxfazali siiziilmonin xarakterik xiisusiyyatlorini toyin edirlor, bels ki, f, (a = 1,2,3)
nisbi faza kegiriciliklori sifra ¢evrildikds uygun fazanin horokati kasilir. Burada s; (@ = 1,3) —
giymatlori qaliq doyumluluglar adlanur.
Tutaq ki, (1) sistemindo p,(r,t), (a = 1,3) funksiyalar1 axtarilan machullardir . Onlar

asagidaki baslangic vo sorhad sortlorindon tapiriq.

Forz olunur ki, t=0 aninda, yoni istismar baslayan ana qodor axtarilan funksiyalarin
giymatlari molumdur.Yoni,

pe(r,0)=pd(r), .<r<R, a=123 (5)

Sorhad sortlori baxilan mosaloys gore asagidak kimi olur. Istismar quyu-sunda (yoni r = 7,.—

do) forz olunur ki, laydan yalniz neft ¢ixarilir vo bu zaman kapilyar sigrayis effekti nozoro alinmur :

p1(r,t) = @,(1),

0p1 — 0p2

or or ’ (6)
J0p3 ap2
£ 272 = <
o 5 0 T ., 0<t<T

Xarici konturda (yani r = R- do) forz olunur ki, laya yalniz sixigdiran maye (su) vurulur vo
uygun olaraq birinci vo tiglincii fazalarin axini yoxdur :

F)
Al‘l//]_%: 0 ,
pz(r, t) = (pZ(t) ) (7)
| 2. 22=0,r=R 0<t<T
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Beloliklo, (5) - (7) sortlorino asason mosaloni qisa sokilda bels sorh etmoak olar: elo  p, (7, t)
(a = 1,2,3) funksiyalar1 tapmaq tolob olunur ki, onlar (1) tanliklar siste-mini va (5) - (7) baslangic va
sarhad sortlorini 6dasinlor.
2. Adaptiv sabakanin qurulma algoritmi
Hor seydan avval ¢oxfazali siiziilmo masalolorinin bir spesifik xiisusiyyatini gqeyd edak. Bels ki,
biitiin todqiq olunan proses dovriinda , adaton, quyularin stra-finda , faza tozyiglarinin kaskin
doyismasi bas verir. Buna gora do ¢oxfazali geyri-Xatti stiziilma proseslorini modellosdirarkon sarhad
sortlorini yiiksok dagigliklo aproksimasiya etmak lazimdir, basqa s6zlo desak, quyularin strafinda
sobokonin addimlarini kigiltmok lazimdir [5,6] .
Belalikla, 2 = {(r,t):7. <r <R, 0 <t < T} oblastim1 asagidaki qayda ilo gqeyri - miintozom
Wy = Wpxw; sbakasi ilo ortiiriik. r —o gora qyeri - miintazom @, sobakasinin diiyiin noqtalari
asagidaki kimi toyin olunur :

Fi=fig+h,i=TM—1;7%=r,m=R,

hl‘+1=nl‘hl‘,i= 1,2,...,i0_2,...,i0+ﬁ; h’l zfo,

— _ { Zhio—l ) ET > Z}Tlio—l )

? o 05(Ly — 7o~ Xl i), & < 2k
— th 1] gT‘ S Zhio—l )
hi0+1 = _ io =

Ly =7 —XYp=ohk » & >2hy 4

= R-L . .
higv2 = Tl » higvavivr = Rigya—iv2, 1 = L2, g +n+ 1
Burada

_{1 ,i: 1,2,...,ﬁ,i0+2,...,i0+ﬁ,
T2 i=A+LA+2.,00-2
ip = max{i P T+ Yhih Ay + 6hi_, < Ll},

— ig—1
& =L — Ty — ?:o hy —2hi 5, _
N — [Ty, L] parcasiin bolgiilori say1, n — hy = T, sabit addimlarin say1 , n* isa [L;, R] pargasinin
bolgiilori sayidir.

Baxilan masoloni iterasiyali - forq tisulu ilo hall edorkon daha yaxsi yigilma vo naticalorin
doqigliyi iiglin hesablamani1 zamana gora artan addimla aparmaq magsa-douygundur. Bels ki, bu
vaxt hesabatlar t - yo gora gox kicik addimdan baslayir va verilon T-ya godar todricon artirilir [5].
Buna osasan @, sobokasinin diiylin noqtolori asagidaki kimi tayin olunur :

t,=t, 1+T,, n=L,N—1,t,=0,ty=T,
(lprTtpo1,1Sn<Sny_,
Tn‘{ Toax » Tk SN N,

Burada
l _{1 Jkn %0
t 7 e k=0
kn=k£c_[kl¢] n=12.. M1,

ng =max{n: & -ty < Tmaxh
Burada [-] — tam hisso , k. —tam miisbot ododdir. Belaliklo , t- yo goro addimin artirilmasi hor
k. zaman qatindan sonra bas verir, hesablamalarda k., = 100 va Tjqq = 4 - 1078 gotiiriiliib.

NOTICO
Baxilan isin asas moagsadi neftin, qazin va suyun birgs axini zamani mayelorin bazi xassalori,
homginin nisbi faza kegiriciliklori, kapilyar qiivvalor nozors alinmaqla (Rapoport - Lis modeli)
miistovi - radial siiziilme masolasinin qoyulusunun verilme-sindon ibaratdir.

Coxfazali siiziilmo mosoalalori miioyyan spesifik xiisusiyyotlora malik oldugundan, onlarin odadi
holli zamani bazon ononovi sonlu forglor dsulunu istifado etmok olmur. Ona gora do hallin
xtisusiyyatlarini nazars alan, siini 6zliilityli vo adadi hallin ossilyasini azaldan, kemiyyat va keyfiyyatco
gonaatbaxs naticalar veran adap-
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tiv sabokalords farg sxemlorinin islonmasina zarurat yaranir. Bu magsadlo hallin xiisusiyyatlorini vo
fazalarin bozi xassalorini nazars alan adaptiv sobakalorin qurulma alqoritmi sorh olunmusdur.
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OB OJJHOM MOCTAHOBKE 3AJIAYU TPEX®A3HOMN HEJIUMHEVMHON ®UJIbTPALIUU
C.10. I'aceimoB, P.C. MamenoB

Kak wu3BectHO C l'IpO6J'IeMaMI/I MHOFO(l)aSHOﬁ (I)I/IJ'ILTpaLII/II/I CBA3aHbI BAXHBIC IIPAKTHYCCKHC
3aaa4u XUMHUHU, THAPOTCXHUKH, XUMHUYECKON TEXHOJIOTHH U T.AO.

B paccmarpuBaeMoii paboTe MPUBOIUTCS MOCTAHOBKA 3a7a4n (DUIIbTparuu HETH, ra3a U BOIbBI
IIpru UX COBMCCTHOM TCUYCHHH, C YYCTOM HCKOTOPLIX CBOMICTB )KI/II[KOCTGIZ, a TaKXXE€ OTHOCHUTCIIbHBIX
(1)a3OBLIX HpOHHHaeMOCTeﬁ H KaIlTWJUIAPHBIX CHUJIL.

Jlist uccneioBaHys yueTa BIMSHUS YIOMSHYTHIX (PaKTOPOB Ha Mporecc GUIbTPALUU H3JIaraeTcs
AJITOPUTM TTOCTPOCHUHA aI[al'ITPIBHofI CCTKH, YUYHUTHI-BAIOIICC CBOMCTBa peuIcHus. AI[al'ITI/IBHBIe CCTKHN
YMCHBIIAIOT HCKYCCTBCHHYIO BA3SKOCTH H OCCHJIALOUIO YHCICHHOIO PpCHICHUA,a TaKXKEC OacT
MMPUEMIICMBIC PE3YJIbTATHI, B CJIY4aC KOrJla pacu€THas CETKa UMECT MUHUMAJIBHOC YHUCJIO TOYUCK.

ON ONE FORMULATION OF THE THREE-PHASE NONLINEAR FILTERING PROBLEM
S.Y. Gasimov, R.S. Mammadov
As it is known, the problems of multiphase filtration are associated with important practical
problems of chemistry, hydraulic engineering, chemical technology, etc.

In the present work, we pose the problem of filtering oil, gas and water during their joint flow,
taking into account some properties of liquids, as well as relative phase permeabilities and capillary
forces.

To study the influence of the mentioned factors on the filtration process, we describe an
algorithm for constructing an adaptive grid that takes into account the properties of the solution.
Adaptive grids reduce the artificial viscosity and the oscillation of the numerical solution, and also
give acceptable results, even in the case when the computational grid has a minimum number of
points.
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VK 517.977
AHAJIOT INUCKPETHOI'O ITPUHIIMIIA MAKCUMYMA U HCCJIEJOBAHUE OCOBBIX
YIIPABJIEHUM

M.M. Hacusitu
HNucturyt Cucrem Ynpasnenus HAH Azep0Oaiimkana
E-mail: nasiyati_m@mail.ru

.Pe3tome. B HaCMOﬂweﬁ pa60me pacemampueaenmcs 00Ha cmynendamast 3a0a4a ONnMmuUMAaiIbHO20
Yynpasnenus, ONUCbIBAeMAdss CUCMeMOU OUCKPEemHbIX O08yXnapamempuyeckux ypaguenuu. Ilpu noayuenuu
Heobxo0umMo2o YCA08UA ONMUMATIbHOCTU, UCNOTb3068AH NPUHYUN MAKCUMYMA JIL.C. HOHmp}ZZUHa.

Buvisedena gopmyna npupawenus cneyuanvrozo kpumepus xawecmea. Ilpu nomowu smoti ¢hopmynvl
npupawjeHus noayyeH OUCKPemHbl aHanoe npunyuna maxcumyma Ilowmpseuna. Hccnedosan cryuail
6blp0.9fC0€Hu}l auCerm}lOZO yciosus makcumyma.

KiaroueBble cioBa: CTyneH4yarad 3aJada OIITHMAaJIbHOI'O
YIipaBJICHUA, IPUHIIAII MAKCUMYMa, JUCKPETHAA ABYXIIapaMETPUICCKasd
CHuCTEMa, HCO6XOI[I/IMOC YCJIOBHUE ONITUMAJIBHOCTH

1. BBenenue

Mrmuorue MPOLIECCHI
OIUCBIBAIOTCS JTMCKPETHBIMU
MHOTOnapaMeTpUyecCKUMU U B  YaCTHOCTHU
JMCKPETHBIMU JBYXIIapaMeTpUUECKUMHU
cucremamu (cMm. Hamp. [1, 2]). Ilostomy
OONBLIONW MHTEpeC NPEeACTaBIseT W3YYeHUs

peaybHbBIE

B npennaraemoii pabore sl OgHOM
CTYNEHYATON 3a/1aud YIpaBJiIeHUS! YCTAaHOBJICHO
HEOOXO0IMMOE yCIIOBUE OINTUMAJIbHOCTH
0COOBIX B CMBICIIC TMPHUHIHUIA MaKCUMyMa
[ToHTpsArnHa yrpaBiieHUN.

2. IlocTanoBKA 3a1a4n
JonmycTtumM, 4YTO YNpaBisgeMbld MPOLECC

3a1a4 OIITUMAJIBHOT'O YIIpaBJICHUA
JICKPETHBIMH JBYXIIapaMeTPUUECKUMH
cucremamu (cm. Harp. [3-9]).

z,(t+1, x+1)= f,(t, %, z,(t, x), 2, (t +1,x), z,(t, x + 1), uy (t, X)),
(t,x)e D{(t,x): t=ty,t; +1,....t, =1, X=Xy, X, +1,..., X =1},
z,(t +1,x+1)= f,(t, X, 2,(t, x), 2, (t +1,%),Z,(t, x +1),u,(t, x)),

(t,x)e Dy{(t,x): t=t,,t, +1,...,t, =1, X=X, X, +1,..., X =1},
Z5(t+1,x +1)= f5(t, X, Z4(t, X), 25 (t +1,X), Z5(t, X + 1), U, (t, X)),

(t,x)e Da{(t,x): t=t,,t, +1,...,t; =1, X=X, X, +1,..., X =1},
C KpacBbIMHU YCIIOBUAMU
2,(t, X)=a(X), X=%g,% +L... X, z(t,%)=4), t=tyt,+1...t
(%) = Bito).
Z,(t;,X)=2,(t,X), X=X, % +1,... X, Z,(t, %)= B(t), t=t,t+1...,t,, (2.2)
2, (t1,%)=5,(t,),

X=Xy, %X +1,..., X,

2,(ts, %) = B5(t,).

3nech fi (t, X, Z;, 4;, bi y Uj ), i =1, 3 — 3amannBle N -MEpHBIE BEKTOP-PYHKIIMN HETPEPHIBHBIC

OIIMCHIBACTCS (W (S14%011(S7 JTUCKPETHOMN
JBYyXIIapaMEeTPUUECKON CUCTEMON ypaBHEHUI

2.1)

Z5(t, %)= Bs(t), t=t,,t,+1..,t,,

Z4(ty, X) = 2,(t,, %),

[0 COBOKYIIHOCTH IIEPEMEHHBIX BMECTE C YaCTHBIMM IIPOU3BOAHBIMU I10 (zi,ai,bi), 1=13 no
BTOPOTO MOPSAKA BKIFOYHUTEIBHO, Otl(X), B5i ('[), I =1,3 — samansble N -MepHBIE AUCKPETHBIE

BekTOp-GyHKIMHU, X;, I;, 1=0,3, X — 3anans, a ui(t,x), =13 I -MepHBIE BEKTOP-(YHKIIUU
YIOPABISIIOUIUX BO3JECUCTBUI CO 3HAUEHUSIMU M3 33JaHHBIX HEMYCThIX U OrPAaHUYEHHBIX MHOYECTB

UcR",i=13,re.
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ui(t,X)eUicRr, (t,X)e D,, i=13. (2.3)

!
Tpoiiky U (t, X) = (Ul (t, X), u, (t, X), Ug (t, X)) C BBINICIPUBEICHHBIMU CBOWCTBAMU OyjIeM
Ha3bIBATh JIOITYCTHMBIM YIPaABICHUEM, a COOTBETCTBYIOIIIEE eMy pelienue

Z(t, X) = (Z1 (1', X), zZ, (t, X), Z4 (t, X)), kpaeBod 3amaun  (2.1)-(2.2), JOMYyCTUMBIM COCTOSHHUEM
nporiecca.

[Mapy (u ('[, X), Z(t, X)) OyzeM Ha3bIBaTh JIOIMYCTUMBIM IIPOIIECCOM.

3amava 3aKIF09aeTCs B MUHUMU3aUU (yHKITHOHAIA

s<u>=§¢i(zi<ti,x», @4

npu orpannueHusx (2.1)-(2.3).

3nech @, (Z; ), I =1, 3 — 3anannble HenpepsBHO UM EpPEHIEPYEMble CKATAPHBIE (yHKIIHH.

B panpneiiimem 3agady o MuHuMyMe ¢GyHKIHoHana (2.4) npu orpannmyeHusx (2.1)-(2.3) Oymem
Ha3bpIBaTh 3amaucii (2.1)-(2.4).

JlomycTUMBIN ke Tporiecc (u ('[, X), Z(t, X)) , SBJSIFOLMIACS pemieHueM 3amaud (2.1)-(2.4),
HA30BEM ONTUMAIBHBIM MIPOIIECCOM.
3. Bcnomorare/ibHbIe ()aKThI H CHEIHAIbHOE PUPAIeHNe KPUTEPHs KayecTBa

Ilycte (u(t, X), Z(t, X)) (bUKCUPOBAHHBIN JIOMYCTUMBII MTPOLIECC.

BBenem o603HaueHUs

H(txz a,b,u, v )=y f.(t,xz,a,b,u),
A, ¢oH It x]= (t X, Z: (t x),z, (t +1,x), ,(t,x+1),v,(t,x),1,//i(t,x))—

H, (t, %,z (t,x), z;(t +1,%), z; (t, x + 1), u; (t, X)w; (£, X)), 1=13,
oH, [t x] oH, (t,x z;(t,x),z; (t +1,x),z; (t,x + 1), u; t, x),z//i(t,x)),

0a; 03
O°H,[t,x] _ 07H;(t,x, z;(t,x), z; (t +1,%), z, (t, x + 1), u; (t, X),; (¢, X))
oa> oa? ’
of [t,x]  of;(t, %,z (t, x), z; (t +1,x), z, (t, x + 1), u; (¢, X))
oa, da, '
e Y, =i (t, X), i =1, 3 noka HenssecTHBE N -MEepHbIE BEKTOP-()yHKIIUH.
HpeI[HOJIOX(I/IM, YTO MHOXKECTBA

f.(t, %,z (t,x),z,(t +1,x),z; (t,x + 1)U, ) = (3.1)
=y 7= (6% 7, (t, %),z (t +1,X), 7, (t, x+2), v, (t, X)), v (t, x) €U, (t,X) e D; }, i =1,3
BBIIYKJIBL, T/E V; (t, X), i=13- [POM3BOJILHBIE JOMYCTUMBIE YIIPABISIONME BEKTOP-(YHKIIUH.

depes  u(t,x; €)= (Ut x; DU, (t,X; £)Us(t,x; £))  (0<e<1)  obosnaunm
IMPOU3BOJIBHOC JOMYCTUMOC YIIPABJICHUEC TAKOEC, YTO

z,(t+1,x+1¢)= f,(t,x,z(t,x;8)z ,(t+1,x,g) (t,x+1)ui(t,x;&))
=(1-¢)f,(t,x,z,(t,x;8) z;(t +1,x;€), 2, (t, x + L; ), u; (t, X)) + (3.2)

+e . (t,x,z,(t,x;6), z,(t +1,x;6),z, (t, x + L;¢), v, (¢, X)),
2,(ty, X;8)= oy (X),  X=%g, %X +1,..., X,
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2,(t,%y;6)=pt), t=ty,t,+1....1,,
Z,(t;, ;€)= 2,(t;, X;&), X=%,% +1,..., X,
2,(t, Xy €)= B(t), t=t,t, +1,...,1,, (3.3)
2,(t1,%0:6)= B (t,).
25(t,, X;8) = 2,(t,, X; 8), X=X, Xg +1,..., X, Z5(t,%y;6)= Bs(t), t=t,,t, +1,...,T,
2,(t2,%0:8) = Bs(ts)-

ITonoxum 1o OIIpCACIICHHUIO

oz (t, X,; .

y;(t, x)= at,x,:¢) , i=13. (3.4)
O =0

U3 (3.2)-(3.3) momyqaem, 4o Y, (t, X), = ]?3 SIBJISIFOTCS PELIEHUSIMUA COOTBETCTBEHHO

CIEAYIOLIMX 3a1a4:
yi(t+1,x+1)=myi(t,x)+myi(t+l,x)+myi(t,x+1)+
z; 08 ob; (3.5)
+Avi(t,x)fi[t X] =13
Yty X)=0, X=X5, X +L..., X, y(t,%)=0, t=tyt,+1...
Yo (t, %)=y, (t, X), X=Xg, X +1... X, V,(t,%,)=0, t:tl,t1+1 ..... tz, (3.6)
Val(ty, X)=V,(t5,X), X=X%g, %X +1.., X, Ys(t,%)=0, t=t,,t,+1...,1t,

C apyroii CTOPOHBI, MPUPAIIECHUE KPUTEPHUS Ka4eCTBa, COOTBETCTBYIOIIEE TOMYCTUMbIM
YIIpaBICHUSIM u(t, X; 6‘) u u(t, X), HMEET BH/I

A8, (u)=8(ult, x;2)) - S(u(t. x))=[e(z (b, X £)) - 1 (2, (6, X )]+

(3.7)
+ o, (z,(t,, X ;¢)) - 0, (22('[2_,X ))]+ [(Ps(zs(tz’ X;€))— 05(25(ts, X))]
Ecnu npeimnonokurs, 4to i, ('[, X), | =1, 3 aBnsrOTCA penIeHNAME CIeIyIomeH 3a1aun
y/i(t—l,x—l)=aHi[t’X] oH, [t - 1x] oH, [t,x — 1] 13 @
0z, 08 ob;
it —1 X —1)=w,(t, -1 X —1)— 8‘”1(281?1’ X)) (39)
1
oH,|t, -1, x| oH,|t, =1 X
l//l(tl_l'x_l):l/IZ(tl_1’X_1)+ 1[81a1 ]_ zglaz ]
OH, [t, X —1]
t—1 X -1)=—"2" =
‘//1( ) b,
o0p,(z2,(t,, X
Wz(tz -1X _1):W3(t2 -1X _1)_ (02(822( 2 ))
2
OoH,[t, =1, x| oJH,|t, -1, X
palty-x-Dpf, ~1x-1)e Pl 2]l 1

Wz(t -1 X _]_) M Ws(ts ~1X _1):_6(03(23(1:3’)())’
8b 823
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OH,[t; —1,x]
wolt, —Lx—1)=—2 27
3\'3 oa,

wa(t—1,X —1)=

) OH,[t, X —1]
ob,

TO hopmyna HpI/IpaH_[eHI/I}I (3.7) MoxeT OBITh IPEACTABICHO B BHJIC:

t-1 X-1

( ) _SZZ ZAV,IX H; [t X]+_

{Zyl( )52¢i(zi(2ti’x))yl(t“x)_

i=1 t=ti_; x=Xg d
3 -1 X-1 [t x] OA, ¢ X)Hi'[t,X]
DY IDNF. y; (t, x) + 22— Y, (t+1,x)+
i=1t=t;_; x=Xg 82| 08y
AA, o HI[t X G-l X1 d%H.[t, x
42 Bt X yitx+1) -3 > > | vilt, )#yﬁ,x% (3.10)
8bi i=1t=t;_; X=X azi
0%H [t, x] d%H, [t x]
rt+1 )2y (¢ (%) Ay (g 't +1,
+yi(t+1,x) 5o yi (t,x)+ yi(t,x) o2 oa, Vit +1%)+ yi(t+1,%)x
0°H, [t, x]  \O7H [t X , t, X
xTyi(t+1,x)+yi(t,x)w[bi]yi(t,x+1)+yi(t,x+1) b (gz ] y; (t,x)+
2 2
+y{(t,x+1)%[2t’x]yi(t,x+l)+ yi’(t+1,x)wyi(t,x+l)+

2
n y{(t,X+1)L[t’X]yi(t +1,x)+ yi'(t,X+l)

ob, Oa;

4. HeoOxoaumoe yc/jioBHE ONTUMAJIBHOCTH
THNA NpUHIMNA Makcumyma IlonTpsarnna u
uccjae0BaHue 0COOBIX ypaBJIeHu
®opmyna mpupamenus (3.10) urpaer
BaXHYIO pOJIb TP BBIBOJIE  Pa3IMYHBIX
HEOOXOJMMBIX YCIIOBHHM ONTUMAJIBbHOCTH, B
YaCTHOCTH TPH TOJYYEHHH JUCKPETHOTO
aHajora npuHUuNa Makcumyma IloHTpsarusa.

oa; ob

Teopema 4.1. (duckperHblii aHayor
npuHiuna wmakcumyma Ilontpsiruna) Ecnm
MHO)kecTBa  (3.1)  BBINyKJIBI, TO  JJA
ONTHUMAJIBHOCTU  JOINYCTUMOTO  YIPABJICHUS

0t %)= (s (6. %), U (6 X), Ut X)) s

3amaue  (2.1)-(2.4) HeoOxomuMo,  YTOOBI
BBITIOJTHSUTHCH CJICTYIOIIIHE COOTHOIICHUS

-1 X1
) 2 ZA (t,x) 1[t x]<0, (4.1)
t=ty X=X,
JUTSL BCEX Vl(t,X)eul, (t,X)e D;;
to-1X-1
2) > DA, woH.ltx]<0, (4.2)
t=t; X=Xo
JUTSL BCEX Vz(t,X)eUZ, ('[,X)e D,;
t3—1 X -1
3) Y YA, woHsltx]<0, (4.3)
t=t, X=X,
JUTSL BCEX Vs(t, X)e U,, (t,X)e D;.

JlokaxkeM Hanpumep, HepaBeHCTBO (4.1). B paznoxennu (3.10), monaras V, (t, X) =U; ('[, X),

1=2,3, MOJTy4YUM
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-1 X1

AS,(U)=—£>" DA, Hilt.x]+o(e)=0.
tzto X=Xg
Orciona, B CWIy  NPOU3BOJIBHOCTH I1EPBOrO MOPSIKA TUNA MPHHIUIA MAKCHMyMa
g€ [0,1] cienyer HepaBeHCTBO (4.1). [ourpsiruna.

Ho nepenku cinyyau (cm. Hamp. [3-5, 7-9])
KOIJIa JUIS PasiIMyHbIX 3a7a4 ONTHMAIbHOTO
YIIPABJICHUS IIPUHIUIT MaKcuMyMa
[TouTpsiriHa WM K€  €ro  aHaJord
BBIPOKIAIOTCS. B 3TOM cilydae HEOOXOIMMBI

CootHomienus (4.2), (4.3) noka3bIBalOTCs
CUMMETPUYHBIMH PACCYKICHHUSIMH.

CoorHomenust (4.1)-(4.3) npenacTaBisioT
co00l He0OXOMMOE YCJIOBHE ONTHMAIBHOCTH

HOBBIE YCIIOBHSA ONTUMAJIEHOCTH
. Onpenenenne 4.1. Eciu B 3agaue (2.1)-(2.4) s Beex V; (t, X) eU;, (t, X) eb,,i=13
-1 X1 _
Z ZA woHilt.x]=0, i=13 (4.4)

!’

COOTBETCTBEHHO, TO JOIYCTHMOE YIIpaBJICHHE u(t, X)z (ul(t, X), uz(t, X), u3(t, X)) HA30BEM
0co0bIM, B CMBICIIE TTpUHIIHIIA MakcuMyMa [loHTpsirnHa, yripaBieHUEeM.

!
ITyctb U(t, X) = (Ul (l', X), Uz(t, X), u3(t, X)) ocoboe, B CMBICIE MPHHIHKIA MaKCHMyMa
[TouTtpsruna, praBJIeHI/Ie [Tpu 3TOoM paznoxenue (3.10) npuMeT creayromui BUI;:

AS,(u)== {Zy,(t x)? (/"(6;(2%)()) x)-23 S le{ oMl x]

i i=1t= tllx XO |

oA, o gH![t, oA, o HIT
T P X]yi(t,m)}—
t -1 | 2 | 2 (4.5)
A O°H,|t, O°H;|t, x
539 z[y.a AL LU TR S i LB
i=1t=tj_4 X=X a i aai 6zi
2 2 2
+ yi'(t,x)%a[tx] y,(t+1, )+ yi(t+1, x)%[zt’x:| yi(t+1,x)+ y{(t,x)%gt’)ix]x

2 2
it D)y xRl X y{(t,x+1)a|;‘T[2t’X] y. (6 x-+1)+

ob. o0z

oa; ob oa.

, O°H;t, x O°H,t, x
+yl(t+1, x)M v, (t, x+1)+ yi(t, x+1)% y;(t+1,x) +0(<92).
i i i i

U3 pasnoxenus (4.5) B CHIy NPOM3BOJBHOCTH MW HE3aBUCHMOCTH YIPABJISIOMINX (YHKIIUIA
v,(t,x), i =1,3 cuenyer

Teopema 4.2. Tlpu clegaHHBIX NPEANOIOKEHUSX IS ONTHMAIBHOCTH OCOOOr0, B CMBICIIE

!

NpUHIAIA MakCHMyMa [IOHTpSITHHA, YIpaBICHHS u(t,x):(ul(t,x), Uz(t,X), u3(t,x)) B 3ajaye
(2.1)-(2.4) HEOOXOIUMO, YTOOBI BBITTOJIHSIMCH COOTHOIICHHSI

1) foi yilt, )82%[] (tX)+ yi(t,x

i=1t=t;_; X=Xg i Zi i

2
VR 10w

89
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2 2
8y 0+ it20° ;‘;i[}x]yi<t+1,x>+y;<t,x
o%H,[t,x] , 0%H,[t,x]

o oz v, (t,x)+ yi(t,x +1) i2 v, (t,x +1)+

2 2
aa:igl;i)(] yi(t, x+1)+ y{(t,x+1)a|k;:+ga’l_x]yi(t+l,x) +
+28Av (t,x) Hl[t’x]y (t X) ZaAvl(t,x)Hl[t’X]

0z, 09

OHf

(t+1,
+yi(t+1,x) 52,20

x ¥ (t,x +1)+ y!(t,x +1)

+yl(t+1,x)

yy(t+1,x)+

ettt S0P B8 ) <o
JUTSL BCEX Vl('[ X)eU ('[ X)e D;; |

Z)foZl (t, )azH‘Et’X]yi(t,><)+yi’(t,><)62H+[t’X]yi(t+1,><)+ (4.7)

i=1 t_tl _1 X=Xg aZI 5Z| 8al
, 0°H, [t x] , 0%H,[t, x . AO7H [t X
+y/(t+1x) 50 o v (t,x)+ yi(t +1,x) P ]yi (t+1,%)+ y/(t,x) % a[bi ]x

2
6';;(?2’_)(]%@+1,x)+ y!(t,x +1)

aZI_I+[2J[’)(]S’i (t,

x ¥ (t,x +1)+ yi(t,x +1) X+1)+

0°H;[t, ] 0°H;[t,x]
(tx+1)— 2y (G x 1)+ Yy x + 1) =y + 1
Y x+ 1) — =2 =y (L x+ 1)+ i x+ ) — =y (1) |+
Hz[t,X]

OA 0
TN i L) Y, (t,x)+2

A, o Holt, oA,
toHel X]yz(t+1,x)+2 2
oz, oa, ob,

x yz(t,x+1)__§3:y (t, X)ﬁz(p.(gzgt.,x))

yi(ti*X)SO’

JUTSL BCEX Vz(t,X)eUz, (t,X)e D,;

) tsz“zl{yx A ial) UL IR BV i L [P TP

_t2 X=Xg aZS 823 6a3
, O?Ht, x] , d?Ht, ] ,
+ys(t+1, x)— ya(t, X)+ y5(t+1, x)—2 ya(t+1,x)+ y5(t, x)x
a3 0Z5 oa;
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0°H,t, x 0°H,t, x 0°H,t, x
x—3[ ] ya(t, X +1)+ yi(t, x+1)—3[ ] ya(t, )+ ya(t, x+1)—3[2 ]x
0z, oby, ob, 0z, ob;
0°H,t, x 0°H,t, x
BN VRV SO it 11 IR TRV ) il LL I SR
oa, ob, ob, Oa,
OA Hlt, X OA Hlt, X OA Hlt, X
42 v3(t,x) 3[ ]y3(t,x)+2 va(t, x) 3[ ]y3(t+1, X)+2 va(t, x) 3[ ]X
07, oay ob,
0°p3(25(t3, X))
x Ya(t, X +1) = y5(ts, X) > Y3(ts, X) <0,
0Z3
VI BCEX Vs(t, X) eU,, ('[, X)e D;.
CootHomienus  (4.6)-(4.8)  sBustoTCA ONTUMAJIBHOCTH, SBHO BBIpaKEHHbBIC Yepe3

JTIOBOJIBHO o0muMu HEO0OXOIMMBIMH napameTpsl 3agaun (2.1)-(2.4).
YCIIOBHSIMUA ONTHUMAIBHOCTH OCOOBIX, B CMBICTIE C oroil Uenpl0  CHayajga IMOJYyYUM
MIPUHIINUIIA MaKCUMyMa [Tontpsiruna NpEJCTaBICHUS]  PEIICHUH  ypaBHEHHH B
yIpaBlIeHUH, HO OHU BMECTE C TEM HOCST BapHaIusX.
MIPOMEXKYTOUHBIH, 0a30BbII Xapaxkrep. Iyers R (t X' T S) i=13 (n x n)
Hcnons3ys ux npu HEKOTOPBIX e ’

MaTPHUYHBIC byHKIUY, SIBIISTFOTIIAECST
JIOTIOTHUTENBHBIX MPEANOI0KEHUIX YAaeTcs M

pelIeHusIMU CIIETYIOIINUX JMHEHHBIX
MOJIYYUTh HEOOXOMMBIC YCIIOBUS

JMCKPETHBIX IBYXIIaPAMETPUUECKUX CHCTEM.

R (txi7—15-1)=Rtxr,s) ) g g -1, TlE=2el

0z, 0q, @9)
4.9
+Ri(t,x;r,s—1)M, i=12,
ob
C KpacBbIMHU YCIIOBUSAMU
Ri(t,x;r—l,x—l):Ri(t,x;r,x—l)%, i=13,
Ri(t,x;t—l,s—l):Ri(t,x;t—l,s)w, i=13, (4.10)

oa;

1
R(t,xt-1,x-1)=E, i=13,
(E - (n X n) - MEpHasl €IMHUYHAsI MaTPUILIA).

N3 (3.5)-(3.6) Ha ocHOBe GOpMYIBI O MPEACTABICHUU PEIICHUN JMHEHHBIX HEOIHOPOIHBIX

JTMCKPETHBIX ABYXIAPAMETPHUECKUX CHCTEM (CM. Hamp. [6]), moxydanm
-1 x-1

YARIEDIDI A (BERI S 4 L (4.11)

‘[Zto S=Xp
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Y, (t,X) =R, (t, x;t, —=1,x 1)z, (t,, x) +

x-1 —
+> {Rz(t,x;t1 ~1,5-1)-R,(t,x;t, —1,S)M}5zl(tl,x)+ (4.12)
s=Xg Gaz
t-1 x-1
+ z Z RZ(t' X;T’S)sz(r,s) f2 [T’S]’
7=t 5=Xp
ya(t, X) = Ry(t, X;t, =1, x 1)z, (t,, X) +
x-1
+> {Rs(t,x;t2 ~1,5-1)—R(t, x;t, —1,S)W} Z,(t,,X)+ (4.13)
$=Xg 3
t-1 x-1
+ 2 YRt X7,8)A, (o) f J[z.s]
=ty5=X)

3aiimemMcs npeobpa3oBanueM mnpeacrasieHuii (4.12), (4.13).
[Ipunumas Bo Buumanue (2.37) u nonaras

Q. (t,x;7,8)=R,(t,x;t, —1L,x —1)R,(t;,x;7,5) +

+ 8 IRt -18-9-Rifux -1 i),

p=s+1 2
npencrasienue (4.12) npeacrasisercs B CIEIYIOLIEM BUJIE:
t—1 x-1 t-1 x-1
yz(t,X) Z ZQl(t X7, S) v (7,9) f [T S] Z ZRZ(t’X;T'S)AVZ(r,s)fZ[Tis]' (4.15)
=tyS=Xy 7=t S=Xg
[Hanee L[OKa3LIBanTc;1 4TO 1
th-1 x-1 to -1 x-1
)= 3 FQtxes)a, o hlrsh S S QA (g Lles]
7=ty S=Xg T=1;S=Xq
t-1 x-1
+ > YRt X:7,5)A, o filr.5], (4.16)
=t S=Xp

TAC MO OIMPECACIICHUTO

Q,(t,x;7,8)=Rs(t,x;t, —1,x —1)Q(t,, X;7,5) +

+ j {Rg(t,x;tz ~1,8-1)—Rs(t,x;t, -1, ) Gf [tg lﬂ]}Ql (4'17)
p=s+1 a3

Q,(t, x;7,8)=Ry(t, X;t, =L, x —1)R,(t,,X;7,$)

-1 of.lt, —1, (4.18)
5 <R3<t,x;t2—Lﬂ—l)—Rs(t,x:tz—l,m)M Rt i7,5).
p=s+1 aa?,
Teneps NpearonokuM, 4To f. (t X, Z;j, 4y, b u. ) I =]T3 UMEIOT CIIEYIOLIUN BUL:
f.(t,x,z,a,b, u) A(t X)a; +®;(t, x, z;,b;,u;). (4.19)

31ech A|(t X) i =1 3 — sananmse (n X n) marpuunble Gynkiuu, a O, (t X, Z;, by, U )

i =1,3 y10BIETBOPSIOT TEM JKe YCTOBHAM TIIAKOCTH, 9To . T; (t,x,z, a;,b,u ) i=13.
[Tpu BoinonHeHuu (4.19) cootHomenus (4.6)-(4.8) IpUMyT COOTBETCTBEHHO CJIETYIOIINN BU:
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1) é{ttitzlljz);{y{(t, X)azgzi_gt’ X] y; (t, %)+ yi(t, x)% y; (£, x +1)+

ob. o0z

+y!(t, x +1)M v (6, x)+ yi(t,x +1)62I;+[2t,x] v (t, x +1)}} -

P vy(t, ) [t X] (t X)Hl,[t’x] j|
— = A vy, x+1)|—  (4.20)
§ 5 oMb, . o Pl

-3yi600 22Dy x)<o

JUTSL BCEX Vl('[ X)eU ('[ X)e D;;

y 25 % e 00 0y 0 aa

=2 X 41 | oz, ob,
2 . 2 _ aA Hr t,

+y;(t,x+l)wyi(t,x)+ yi'(t,x+1)L[2t’X]yi(t’x+1):|+2 vy (t, X) 2[ X]x
ob; oz, i o,

oy 320 W(;b o[t x] (t,x+1)—gy{(ti,x)a(p'(;'z(zt XDy 6. x)<o0,

|
IS BCEX Vz(t,X)eUZ, (t,X)e D,;

tgzlg{yg(t,x)é%[t’x] Valt, ) + yé(t,x)w Vot x +1) +

barsiars 025 0z, ob,
0°H,|t, x 0°H,|t, x
+ yi(t, x +1)¢ y(t, x)+ y5(t, x +1)# ya(t, x+1) |-
ob, oz, ob?
(4.22)
' 0°p3(25(t5, X))
—y3(t3,X) 5 Y3(t3’X)£O’
0z
VIS BCEX V3(t, X) eU,, ('[, X)e D;.
Hcnone3yss HesBHbIE HEOOXOIMMBIE MaKCHUMyMa [ToHnTpsirnHa YIIPaBIICHHH,
YCIIOBHS ONTUMAaIbHOCTH (4.20)-(4.22) HEIMOCPEICTBEHHO BBIPA)KEHHBIE yepes
nepeiieM K BBIBOJY HEOOXOIUMBIX YCIOBHMA napameTpsl 3a1aun (2.1)-(2.4), (4.19).

ONTUMAJIBLHOCTH, OCOOBIX B CMBICJIE MPUHIIUIIA
C oTOol 1enblo, UCHOJIBb3Ys MPOU3BOJBHOCTH Vl(t,X)GU, (t,X)e D, ero na sror pas
orpeaenum 1o dhopmyie

wi(t), t=ty,t,+1...,t -1, x=¢&,

(4.23)
u(t,x), t=tyty+1...,t -1, x=£&,

v:(t,x>={

roe Wy (t)eU,, t=ty,t, +1,...,t, —1.
Yepes yi*(t,x), i=1,_3 0003HAYUM pEIICHHSI yi*(t,x), izﬁ cuctem (2.10)-(2.11),

COOTBETCTBYIOIIIHE Vf (t, X), onpenensiemas popmyoit (4.23).
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W3 npencrasnenwii (4.11), (4.15), (4.16) cnexyer, 4ro

0, X=Xg, X% +1,....&; t=1,,t, +1,...,1,,
R DTSRG e
=1y
0, X=Xg, % +1,....&; t=t,t, +1...,t,
¥t )= tlz_lQ1(t’X;T,§)Aw(t)fl[f,eg], x=&+1, -
L7=to
0, X=Xg, X% +1,....&; t=t,,t, +1,....15,
Ly;f(t,x)_ in(t’X;T,ez)Aw(r)fz[T,i]a x2¢&+1.
=l

BBensg 0003HaueHne

2
Kufe.s) =Rt Xir.8) A D 0, x35.6)- Qi Xi2,)
1

a(Pz(zz(tz ))Ql(tz,X;S,f)—Qz(tg,X;T,f)a ( (t3’ ))QZ(tS,X Sf)

0z} 012

R SIS Rl’(t,x;r,g)azHl[t’x]Rl(t,x;s,§)+ Rl'(t,x;r,f)—()BZI_Il[t’X]><
Z Z 0 2

t=max(r,s +1x=¢+1 Zy 0z, ob,

GZL[LX]Rl(t,x;Sf)}“

x Ry(t,x +1s,&)+ R{(t,x +1;7,&) .

5 SRitxaneeHiltlg

t=max(z,s )1 x=¢ bl
2
TMlg s, £ Qg

2

R (t,x +1;5,&)+

Hh-1 x-1

+2 2 {Qi(tx, g

tztl X=§+1

)82H2[t x]
dz, b,

t,-1X -1

, , _ 02H,[t, x]
xQ,(t,x+1s,&)+Ql(t, x+17,&) 2 b, o2, Qtxs,E) |+ DD Qt, x+L7,&)x
t= tlx §

82H—[tX]Ql(t,x+1;s,§)+ti1 Xi Q(t,x7.¢ )aZH L X]Qz( 5,.5)+
075

2
ob; {=tyx=c +1 3

MQZ(L x+1;s,&)+Qi(t, x+1;r,§)82H3[t ]

oz, b, ob, 6z, Qutx5.8)] +

+Q4(t, x;7,€)

5Hft,x]

+ 2 2yt x+ L7, )32

b2 QZ(t X+ 1 S, 5)
t=t, x=¢

nipu nomo1u (4.24) HepaBeHCTBO (4.20) MOXHO 3amMKcaTh B CIEIYIOIIEM, OKOHYATEIbHOM BHUJIE:
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ZZA [T’ EJK (z,9)A w(s)fl[S’ &+

=(s=%

(4.25)
tll{ tl aAw(t)Hl[t, £] (

+2)° 1Y o, R, tl,x+1;r,s)Aw(T)f1[r, & |<o.
Ey| =p

ITycth Teneps B HepaBeHCTBE (4.21)
. w,(t), t=t,t+L..,t, -1 x=£&,
v, (t, x)=
uy(t,x), t=t,t+1..t,-1 x=£&,

rae W, ('[) eU,, t=t,...,t, —1 npousBonsHbIii BexTOP.

(4.26)

[Ipu sToM U3 npencrasnenuii (4.11), (4.15), (4.16) cnenyer, uto

y; (t,x)=0, (t,x)eD, U(t,x),
0, t=t,t,+1..,t,-1;, X=X;,% +1...,¢&,

(L x)=12 4.27
Yalt.x) YR X7 E)A, o Falr el x> t:tl,t1+1,...,t2,( )

T=t1
O, t:tz,tz +1,...,t3; X:XO,XO +1,...,§,

2 (E,X) =112
Ya(t.x) 2Qu(t . E)A, (o Falr. &l x2E+1 t=t,t, +1, .t

T:tl

Hcnonw3ys npencrasnenus (4.27), u3z HepaBeHnctsa (4.21) nomyuum
ty—1t,—1

> Y Ao Flr.E]Ks (z,8)A,, o) Fals. €]+

‘[:tl S :tl

(4.28)
{ Ay Halte]

+2>1> 8b2 Ry(t,x+1;7,5)A,, [z' gl <o.

Bt =b
Haxoner, nmycts B HepaBeHCTBE (4.22)

(t.%) wa(t), t=t,t,+1..,t;-1 x=¢&,
Vo lL, X)) =
’ Us(t,X), =ty b+t -1 X#£&,

rae Wy (t) eU,;, t=t,,...,t, —1 nponsBonbHEIii BeKTOp, ¢ — MPOU3BOIBHAS TOUKA.

(4.29)

IHonoxum

2
Ko(e.9)= il X3z, 2) T 20 XD x5 )
3

tz3—-1 X -1 2 I
+ Y {ZRé(t,X+l;r,Zj)a all X]
s)+l

2
t=max(z, x=¢& 523

-5 Rl o™ n s o)

x=&+1 3

Ry(t, x+1;s,&)+

d*H,|t, , d%H,|t,
+ Ry (t,x +1;r,§)ﬁ[tzgx] R,(t,x;s,&)+ &(t,x;r,f)ﬁ[tb:] R, (t, x +1;s,§)}}.
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no

Hcnone3ys (4.29) mo cxeMe, aHaIOTUYHON cXeMe Joka3aTenberBa (4.28) u3 HepaBeHcTBa (4.22)
MOJIy4aeM, uTo
t3-1ty-1

2 ZA fsr[f’éf]Ka(fis)Aws(z) f3[S,§]+

T= tzS tz

SN Hg[t, 5

+22 >

= t2 T:tz abS

(4.30)

Ry(t, x+1;7,5)A (5 f4 7 &] | <0.

PestoMupys, IpUXOaUM K CIEAYIOIEMY YTBEPKICHUIO.
Teopema 4.3. Eciu MHOecTBa (2.5) BBIIYKIbBI, TO JUIsl ONTUMAJIbHOCTH 0COOOro, B CMBICIE

!
NPUHIMIIA MakCMMyMa IIOHTpSITHHA, YIpaBICHUS U(l', X): (ul(t, x),u 2(12, X), Us(t, X)) B 3ajaue
(2.1)-(2.4), (4 19) neobxomumo, uyToOBl HepaBeHCTBA (4.30) BHIMOIHSUIMCH COOTBETCTBEHHO MJISI BCEX
wi(t)eU;, t=t_,t, +1....t -1, i=13.

3akirouenue [lonyueno HCOGXOIII/IMOG yCJIOBHE ONTHUMAIBHOCTH B (hOpME TUCKPETHOTO MPUHIIHIIA
MakcumyMma [loHTpsiriHa B OJTHOM cTyneHYaTol 3aaue yrnpaBieHus IucKpeTHbiMU 2-D cucremamu.

HccnenoBanbl ocoOble yIpaBieHHs. YCTAaHOBJIEH HEOOXOAMMOE YCIOBHUE ONTHUMAaJIbHOCTU
MepBOro nopsiaka, tuna npunuuna makcumyma JI.C. Ilontpsaruna.
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DISKRET MAKSIMUM PRINSIPININ ANALOQU VO MIXSUSI IDARILORIN TODQIQI
M.M. Nasiyyati

Toqdim olunan mogalodo diskret ikiparametrli tonliklor sistemi ilo tosvir olunan bir pillovari
optimal idaraetmo mosalasing baxilmigdir.

Xisusi keyfiyyot meyarli artim diisturu ¢ixarilmigdir. Bu artim diisturunun kémoyi ilo
Pontryaginin maksimum prinsipinin diskret analoqu alinmisdir.

Diskret maksimum sortinin cirlagdig: hal todqiq olunmusdur.

ANALOGUE OF DISCRETE MAXIMUM PRINCIPLE AND STUDY OF SINGULAR CONTROLS
M.M. Nasiyyati

In the paper we consider one stepwise optimal control problem described by the system of
discrete two-parameter equation. When obtaining necessary optimality condition we used L.S.
Pontryagin’s maximum principle.

Formula of increment of special quality criteria is derived the discrete analogy of the
Pontryagin maximum principle is obtained by means of this increment formula.

The case of degeneration of the discrete maximum principle was studied.
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UOT: 552.1:553.2

QUSAR-SABRAN DAGARASI COKOKLIYININ YERALTI SULARININ HIDROKIMYOVi
GOSTORICILORI
I. ©. Ismayilov N. I. Babayev
Azarbaycan Dovlot Neft va Sanaye Universiteti
Acar sozlar: hidrogeoloji sorait, termal-mineral sular, debit, tozyiqli sular, qrunt sular1, kimyavi tarkib,
minerallagsma doracasi.

Qusar-Sabran tektonik cokakliyi
regional tektonik planda Boylik Qafqaz
meqantiklinoriumunun  qirisigliq  zonasindan
Sorqi Qafqaz qurisiqliq platformasina kegid
togskil edon Qafgqaz qarisigi 6n ¢okokliyin
torkibino daxildir. Cokokliyin conub sarhoddi
Siyazon monoklinali hesab olunur. Siyazon
iistogalmasindon Xozor donizino kimi biitiin
orazi licbucaq formali Pliosen vo Antropogen
cokintilori ilo Ortlilmiis genis diizonliklordon
ibarotdir. Quba-Xozoryani rayonun simal
hissasini, Siyozon monoklinalindan Xozor
donizinin sahilino kimi Qusar-Davagi téromoa
cokakliyi togkil edir.

Qusar lay dostosi boyiik galinliga malik
caqillardan  ibaratdir. Samur-Valvalagay
arasinda c¢aylarin gotirmo konuslarinin yuxari
vo morkazi hissalorinde qum, gilco va gil layli
caydasi-caqil cokiintiilori Ustilinliik toskil edir.
Dagliq zonadan g¢ixarilan kontinental kiitlo
dagotoyi diizenliklordoki formalagma dovriinds
yaxsi1 izlonilon ganunauygunlugla
cokdiiriilmiisdiir. Caylarin gotirma konuslarinin
bas hissolorindo yaxst yuyulmus vo secilmis
quntt materiallarindan — qayma daslar vo
caqillardan ibarat litoloji torkib diizonliys dogru
axin boyunca caqil-¢cinqil, qum, qumeca, gilco
vo gillorlo ovoz olunur. Gotirmo konuslarinin
periferiyalarinda  inco  donoli  gilco-gil
¢Okiintiilori tistlinliik toskil edir.

Doérdiincii dovriin kontinental ¢okiintii
stixurlary, hamg¢inin polifasial siixurlar genis
yayilmigdir. Onlar prolyiivial, allytivial, gol,
delyiivial, elyiivial va digar mansali olurlar.

Orazido geoloji soraitin
xiisusiyyatlorindan, gidalanmanin
intensivliyindon vo bosalma soraitindon asil
olaraq (bulaglarin mévcudlugu, caylara yeralti
axm, qalxan filtrasiya naticesindo tozyiqli
sularin tozyiqsiz su horizontuna bosalmasi vo
sonradan buxarlanmasi va s.), igmaya yararli vo
az duzlu sular genis yayilmigdir (cadval 1).

1986-1988-ci  illordo  Quba-Qusar
zonast caylarinin  (Qusarcay, Qudyalcay,
Valvalacay va s.) macraalti sularint 6yranilmasi
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mogsadilo qazilan, dorinliyi 40-45 m olan, 42
quyu vasitosilo, ¢ay dorolorinin alliivial
cOkiintlilorindoki ~ yeralti  sularin  omolo
golmosindo ¢aylarin mocraalti sularinin boytik
ohomiyyat kasb etmosi Oyronilmisdir. Qazilan
quyularin debitlori 3,3-8,5 /s, su saxlayan
stixurlarin siiziilmo omsallar1 1,63- 9,04 m/sut,
sukegiriciliklori iso  61-200 m?/sut toskil
etmisdir [1].

Geofiziki todgiqat islorinin, eloca do,
dorin axtaris kosfiyyat gazmasinin
molumatlarina goro todqiq olunan orazinin
daxilindo Kaynazoy kompleksi iifiqi yataraq,
zoif miisahido olunan genis mulda omals
gotirir. Bu mulda conub-sorg istigamatinds enir
Vo simal-sorg istigamotindo todricon qalxir.

Qrunt sular1 yer sathindon 50 m vo daha
dorinds yatir. Hidrorelyef 0.017-0.002 arasinda
doyismokloa, sorge getdikco azalir. Samurgayin
otrafinda qrunt sular1 saxlayan siixurlarin
galinhigt 114 m, conuba getdikco onlarin
galihig 60 m-o kimi azalir.

Orazido moévcud olan bulaglarin ¢ox
hissasi qrunt sulart ilo baghdir. Bulaglarin sorfi
300-320 I/san toskil edir. Boyiik sorfo malik
bulaglar Samurotrafi vo Loacat-Sollar arasi
zonada movcuddur.

Eliivial-deliivial ~ siixurlarla  olagodar
oksor bulaglarin sorfi 1 I/s-don azdir. Bununla
yanasi, sorfi 25 I/s-ys gatan bulaqlara da rast
golinir. Eliivial-deliivial ¢okiintiilorin  bulaq
sularmin minerallagsma doaracasi 0,15-0,25 g/l,
kimyavi torkiblori hidrokarbonatli kalsiumlu va
hidrokarbonatli kalsiumlu-magneziumlu
olmagla, bazi hallarda daha miirokkob torkiba
malikdir

Tozyiqsiz ~ sularin  soviyyasi  yer
sothindon  0,5-1,0 m-don 10-57 m-dok
dorinlikds gorarlasir, quyularin sorfi 0,8-55 I/s
arasinda doyisir. Tozyiqli su- lara qazilmis
quyularin sorfi 0,8 I/s-don 10 I/s-ya godor
dayisir, pyezometrik saviyya ham yer sathindan
5-8 m asag,, hom do 0,8-4 m yuxarida
Qorarlasir.
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Sukegirici  stixurlarin siizilmo omsal
0,01-0,2 m¥sut-don 12-15 m?¥sut-dok genis
diapazonda doayisir (cadval 2).

Tozyiqli sular kompleksin asagi
hissasi ilo baglidir, 40 m vo daha dorinds yatir.
Qalinlig1 50 m-don 115 m-o kimi ¢atir. Litoloji
torkibi ¢aqil, c¢inqil, iri vo xirda donali
qumlardan ibaratdir. On boyiik sarf 58.4 |/san,
sucokmado iso 66 I/san toskil edir. Sulu
suxurlarin stzilmo omsali 5.7-246 m3/giin,
sukeciricilik iso 0.1 m¥sut-don 10.2 min
m%/giin -o catir. On bdyiik sukegiricilik Locat
otrafindadir.

Orazinin mineral vo termal sular
makrokomponent ion-duz torkibi Osason Cl,
S04, HCOg, anionlarindan vo Na, K, Ca, Mg
kationlarindan ibaratdir (codval 3). Onlarin
miqdar torkibindon vo qarsiliglt olagesinin
soviyyoasindon asili olaraq kimyovi torkibi vo
termal sularin tiplori formalasir.

Mineral vo termal sularin 3 genetik tipi
vardir:

-hidrokarbonatli-sulfatli-xlorlu ;

-xlorlu-sulfatli-kalsiumlu ;

-xlorlu-natriumlu ~ vo  ya
natriumlu-kalsiumlu-magneziumlu .

Mineral vo temal sular qaz torkibi
osason azot, karbon gqazi, hidrogen-sulfid,
metan va radondan ibarstdir. Bunlardan azot,
oksigen vo karbon gazi - atmosfer mansali,
metan hidrogen-sulfid, agir karbohidrogenlor
biokimyavi mansalidir.

Simal-qorbdon conub-sarq,
hipsometrik soviyyonin azalmasi ilo geoloji
kasilisi toskil edan siixurlarda gilli fraksiyalarin

xlorlu-

artmasi, relyefin par¢alanmasinin
koskinlogmosi, atmosfer cokiintiilorinin
azalmasi sobabindon yeralti sularin

minerallasma doracosi artir.

Termal vo mineral sularin minerallagsma
doracasino goro asagidaki zonalara boliiniir:

1. Zoif vo orta minerallasmaya malik -
10 g/l-5 gador ;

2. Yiiksok minerallagsmaya malik - 10-
35 g/l-o gadar ;

3. Lap yiiksok minerallagsmaya malik -
35 g/l-don ¢ox .

Orazi iizo yeralti sularin minerallagsma

doracasi  0.3-106.56 g/l  hiidudlarindadir.
Termal vo mineral sular aktiv reaksiyasi
(pH) iizro asagidaki  qruplara  bdliiniir:

1. Zaif turs sular - pH=5.5-6.8 ;

2. Neytral sular - pH=6.8-7.2 ;

3. Qalovi sular - pH>8.5 .

Orazido minerallagsma daracasi darinliys
dogru artir (sular qolovidir), az codluga
malikdir. SO4 ionu isa demok olar ki, yoxdur,
ayri-ayri orazilords 9 mq/l miioyyan edilmisdir
[2].

Yeraltt  sularin  asas  keyfiyyat
gostoricilordon  biri  onlarin  torkibindaki
mikrokomponentlorin miqdaridir (codval 4).
Dagotoyi diizanliyin orazisinds yayilmis yeralti

sularin mikrokomponent torkibinin
yaranmasinda dagliq orazilordoki metallogen
zonalarin  siixurlarindaki  elementlorin  hall

edilorok gotirildiyi ¢ay sulari vo yeralti axinlar
osas rol oynayir. Masalon, Boyilik Qafqazda
yerloson kolgedan-polimetal yataglart Samur-
Volvalogay diizonliyinin yeralti sularina mis,
qurgusun, sink vo diger mikroelementlorin
yiilksok  miqdarda  miqrasiyasina  sobab
olmusdur.

Diizenliyin yeralt1 sularinda bu vo ya
digor miqdarda fliior, domir, stabil stronsium,
molibden, selen, morgmiis, bozi diizonliklordo
berillium vo mangana rast golinir. Igmoyo
yararli yeralt1 sularda bu elementlorin miqdari
yol verils bilon haddon azdir [3].

Cadval 1.

Qusar- Davagi diizonliyinin masamoa-lay hovzalori iizrs icmays yararh vo az duzlu sularimin
kimyavi tarkibinin saciyyasi

Gostoricilar Qusar- Davagi
Quru qaliq,q/l 0,2-0,7
Umumi codlug,mg-ekv-| 1,7-10,3
Pn 6,9-8,2
Xloridlor, mq/l 4-980
Sulfatlar,mq/| 12-206

Nitratlar, mka/I

10000-gadar
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Fliior, mkq/l
Mangan, mkq/l

1500-agadar

Domir,mkq/l 30-a gadar
Mis, mkqg/I 750-y2 gador
Sink, mkq/l 4000-2 gador
Stronsium, mkg/I 1400-2 gador
Qurgugun, mkg/l 100-2 gador
Cadval 2.
Samur-Qusarcay diizanliyinin masama-lay sulart hovzalari iizra su horizontlarinin hidrogeoloji
parametrlori
(800 m dorinliys godor)
2 c = = % é
S |2E¢ = |t | Z | 8§ |iz
= 2 S . 4o g é = = = 3 3
2 S g .2~ X c @ 20 % o ‘2 8
= [°7 |&25 |§ |25 & | ¥ |8c¢
[ozyiqsiz - 0-35 |0,017- | 15-80 [1,4- 0,35- 2,7-150
(xvalin) 0,002 166,6 22,9
Tozyiqsiz| - 0,2-150 {0,2- no 100 | 5,2-18 [0,25- 1,1-13,4
(qusar) 0,011 1,25
[ozyiqli | 40-80 | +18,5-19 |0,015- | 50-115 |7,2-66,8 | 1-12,2 | 5,7-246
(xozar) 0,004
Tozyiqli [68- +3—-+6 [0,009- | 10-200 | 6-55,8 1-5 4-55
(bak1)  [305 0,003
Tozyiqli [62- +22,5-25 (0,02- 6-60 |3,4-54,1|0,3-13,6 | 3,2-86,6
(qusar) [236 0,002
Tozyiqli [132- +122-5 1|0,026- | 5-288 | 4,5-82 | 0,1-3,4 | 0,4-38,1
(abseron) 420 0,004
Cadval 3.
Quyularla acilmis horizontlarda rast galinan elementlar va onlarin miqdari.
Quru
Horizontlar | galg, Na+K, = oy ma/l Mg, Cl, mg/l 504, | HCOs,
mayl mq/I mg/l ma/I ma/I
Il 33211 120998 461 365 19290 -\- 2014
11 35196 13524 120 304 18262 -\- 5492
Y 37255 13984 200 426 20248 -\- 3112
V 52422 17917 1162 948 32304 -\\- 183
Cadval 4.
Quyularla a¢ilmus horizontlarda yod vo bromun miqdar.
Horizontlar J, mg/l Br, mq/l
i 18-36 60-80
-V 23-33 -
v 10-26 -
V-V 13-23 116-189
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NOTICO

Todgigat orazisnin yeralti sularinda ¢okiintiilorin imumi miqdarinin hesablanmasi {i¢iin
gotiiriilmiis niimunalar suyun kimyavi torkibinin qravimetrik analizi tisulu ilo Gyranilmis, aldo olunan
niimunoslordon ¢okdiirmo vo buxarlandirma metodlar ilo torkibindoki ¢okiintiilorin mg-la miqdari
hesablanmisdir. Gravimetrik tsullar ilo orazinin yeralti sularinda minerallasma doarocasinin 0.3-
106.56 g/l hiidudlarinda doyisdiyi askarlanmisdir.

Elektrokimyoavi vo gravimetrik analizlorin birge totbigi noticasinds yeralti sularin torkibinds
olan SO4, HCOg3, anion va Na, K, Ca, Mg kationlar1 6yranilmisdir. Orazinin yeralti sularinin suvarmada
totbiq olunmasina uygunlugu moagsadilo Na-un faizlo migdari (NFM) hesablanmis va 60 %-don kigik
yani suvarmada istifadoys yararli oldugu miioyyan edilmisdir.

NEM= Na 00%=-"22100% =~ 0.497 * 100% = 49.7

" Ca+Mg+Na+K 121824
Natriumun faizlo migdar: (II horizontun timsalinda)

Cl, Br va J ionlarinin ¢oktiiriilmasi iiciin AgX duzundan istifado edilorak [4], ¢okiintii 120°C-da
qurudularaq miqdarlar1 hesablanmigdir.

Orazido minerallagsma daracasi darinliys dogru artir (sular galovidir), az codluga malikdir. SO4
ionu isa demok olar ki, yoxdur, ayri-ayri arazilords 9 mq/l miiayyan edilmisdir.

Orazinin yeraltt sularin mikrokomponent torkibinin yaranmasinda dagliq orazilordoki
metallogen zonalarin siixurlarindaki elementlorin hall edilorok gatirildiyi ¢ay sular1 va yeralti axinlarin
rolu labiiddiir.

Diizonliyin yeraltt sularinda fliior, domir, stabil stronsium, molibden, selen, morgmiis,
bozi diizanliklords berillium vo mangana rast golinir ki, igmays yararliliq cohstdon bu elementlorin
miqdar1 yol verils bilon hadden azdir.
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IT'MAPOXUMHUYECKHUE OCOBEHHOCTH NOA3EMEJIbBHBIX BO/J I'YCAP-
IMABPAHCKOM MEXJIYT'OPHOM BITIA IMHBI
H. . ba6aes. U.A.UcmaniioB

[pukacnmiicko-I'yOuHCKass 30Ha pecnyONuKH Oorara MECTOPOKACHUSMH TEPMAIbHBIX H
MHUHEPAJIBbHBIX BOJA. B 3TOil CBsA3M, ONpelelieHHYI0 HAy4HYI IIEHHOCTh MPEAOCTaBISIET MpodieMa
u3ydeHus: [ MIpOXUMHYECKHX OCOOEHHOCTEH pacHpOCTPaHEHHBIX B 30HE IIOA3EMENBHBIX BOJI.
Hacrosiiast craThst MOCBAIIEHA U3YYCHUIO TIOAHATON MPOOISMBI.

B xome pabor mo TeMme, NpPOHM3BEICHBI XHMHUKO-aHAMUTUYECKUE pPabOTHl 1O 00paslam,
OTOOpaHHBIX M3 CKBOKWH. B pe3ynbrare BBISBICHBl THAPOXUMHYECKHE 3aKOHOMEPHOCTH
pacrpeiesieHus MUKPO-3JIEMEHTOB B M3y4aeMbIX BOJIaX M JJAHbI UX KOJHMUYCCTBCHHBIC 3HAUCHUSI.
Kniouegvie cnosa: ruaporeosornuecKie yCIoBHsl, TEPMOMHUHEPAIBLHBIE BOJIBL, I€OHT, BOJIBI MO
JIaBJICHUEM, TIO/I3€MHBIE BOJIbI, XUMHUECKHIA COCTAB, CTEIIEHh MUHEPATU3AIIHH.
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HYDROCHEMICAL FEATURES OF GROUNDWATER IN THE GUSAR-SHABRAN
INTERMOUNTAIN DEPRESSION
N. I. Babayev I. A. Ismailov

The Caspian-Guba zone of the republic is rich in deposits of thermal and mineral waters. In this
regard, a certain scientific value is provided by the problem of studying the hydrochemical
characteristics of groundwater widespread in the zone. This article is devoted to the study of the raised
problem.

In the course of work on the topic, chemical-analytical work was carried out on samples taken
from wells. As a result, the hydrochemical regularities of the distribution of micro-elements in the
studied waters are revealed and their quantitative values are given.

Key words: hydrogeological conditions, thermal-mineral waters, debit, pressurized waters,
groundwater, chemical composition, degree of mineralization.
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Y1K665.637.8
K BOITPOCY PAIIMOHAJIBHOM NEPEPABOTKH TSKEJIOM CMOJIBI ITIUPOJIN3A
I'yceitnoBa A.P., Anuesa ILII., CanumoBa H.A.
AsepoOaiixanckuii I'ocynapcrBennblii YuuBepcuter Hedru u npoMbIIJIEHHOCTH

Knrwoueswie cnosa: Tspxenas cMoiia MUpoin3a, OUTYMBI,
Temneparypa pasmsruenus no «Kulll», nenerpanus

Beeoenue: B pabore Moka3zaHa BO3MOXHOCTh pallMOHAIBHOW NEpepadOTKM OTX0/Aa Ipoliecca

MUPOJIN3a-TSHKETIOW CMOJIBI MUPOJN3a MyTeM TEPMOOKHCIUTENIBHOIO VYIUIOTHEHUS MOCIeIHEeH 0

ouryma.

OpHol U3 aKTyalbHBIX MPOOJIEM COBpeMeHHOU HedTenepepaboTKU SBIISETCS HEOOXOIUMOCTh
yrayOsieHus nepepaboTku HeTH U pa3paboOTKU PaIlOHATBHOTO HCIIOIB30BAHUS HEPTIHBIX OCTATKOB.
Opnako, coBpeMeHHas He(pTeXuMusi YK€ JaBHO HE JIOBOJBCTBYETCS TOJBKO OTXOJaMU
HedrenepepaboTku [1] 1, As ycrmenrHoro, He3aBUCUMOT0 (PYHKIIMOHUPOBAHUS €€ OCHOBHOM OTPOCIIHU-
OpraHu4ecKoro cuHTe3a [2] Obur pa3zpaboTraH mporecc nmuposmsa [3], BOKPYr KOTOPOTo 0a3upyroTCs
COBpEMEHHBIC He(DTEXMMHUECKUE KOMIUICKCHI.

[TockonpKy mpoliecc MUPOIM3a B HACTOAIIEE BpeMsi OOECIIeUnBaeT ChIphbeM He(TeXUMHUECKHe
MPOIECChl, PA3BUTHIO 3TOrO Tpolecca yAelseTcss OoibplIoe BHUMaHWE W pa3paboTKa METO/I0B
YCOBEPIIIEHCTBOBAHUSl TpoOIlecca IMyTeM pPAlMOHAIBHOIO MCIOJIb30BAaHUS OTXOJOB IPOU3BOJICTBA
SIBJISICTCSL aKTyaJlbHOM 3a1adeid. M3BECTHO, YTO OTXOAOM IMpOLEcca MUPOIU3a SIBISETCS TsHKENast
CMOJIa, 10 CUX TOpP HE HalleIast KBATUPHUIIMPOBAHHOTO MIPUMEHEHHUS.

B omnybOnukoBaHHBIX paborax [4-5] TpHBENEHBI PE3YNbTAThl HCCIEAOBATEIBCKUX paldoT,
MOCBSIICHHBIX PAIIMOHATBHOMY HUCIOJIb30BAHUIO TSXKEION CMOJIBI TUPOIH3a.

B nacrosmielr paboTe mpuBENEHBI PEe3yabTaThl UCCICIOBAHUS BO3MOXKHOCTH HCIIOJIb30BAHHUS
TSKEJION CMOJIBI TUPOJIN3a B KAYECTBE CHIPhS IS IPOU3BOJICTBA OUTYMOB.

B pabore [5] mpuBeneHbl pe3ynbTaThl HCCIEIOBAHUS BO3MOXKHOCTH TMOJYYeHHUsT OUTymMa Ha
OCHOBE TSDKENBIX CMOJI, TOJYYEHHBIX B TMpOIlEccCe MUPOJU3a C MOoJauyeil B PEaKUHUOHHYIO 30HY
nupoJsi3a BoJsHOTO mapa B koimdectBe 10 um 50% macc. YcTaHOBIE€HO, YTO MpH TeMIiepaType
TEPMOOKHCINTENBHOTO YIIOTHEHHsI KMCIOPOJOM BO3ayXa Tpomecca okucienus 250°C m momaue
BOJISTHOTO Tapa B miporiecce nuponusa 10 u 50% macc., mponomkurensHocTH 10% 4vacoB Ha OCHOBE,
KKIOU MPOOBI TSKENBI CMOJBI MOKHO TONYYUTh OUTYMBI C TeMIIepaTypaMH pa3MsrdeHus ot 28-
67°C orBewaronue tpeGosaruam I'OCTa 9812-74 na usonsuuonHsle umm Tpedosanuam [OCT6617-
76 Ha cTpoUTEeIbHbIC OUTYMBI.

[Tockonpky B Hacrosimiee Bpemsi Ha CymrautckoMm 3aBoje OII-300 B kauecTBe CHIpbs
MCIOJIb3YETCSl HU3KOOKTAHOBBIM OCH3HMH M TMojada BOASHOrO mapa coctaBisier 20% macc Ha ChIpBE,
HaM# 0TOOpaHa Mmpoda TSHKEIOH CMOJIBI MUPOJIH3a, XapaKTePUCTHKA KOTOPOi puBeneHa B Tadmuie 1.

Tadauna 1
DU3UKO-XUMHUYECKHE MOKA3aTeH TAXKeJIO0H CMOJIbI MHPOJIN3a
Hanmenosanue ITokazarenu
1 2
TTn0THOCTH KI/M° 1026
Kokcyemocts, % Macc. 12,4
Copepxanus 301161, % Macc. 0,04
DpakMOHHBIN COCTaB:
Temneparypa,
10%. BBIKHITaeT HAYaIa KUTICHUS 209
ipu, Temneparype °C 223
50% «-----» TIpH, Temneparype °C 297
65% «-----» TIpH, Temmepatype °C 329
1 2
VYrieBoaopoaHkIii cocTaB % Macc:
napapuHO-HaQTEHOBBIE 5,0
apoOMaTHYeCKHe 65,9
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CMOJIBI 12,4

acganbTeHbI 16,1

KapOEeHBI ¥ KapOOUIbI 0,6

Temnepatypa Benbiiky, °C 118
Bszkocts ycnoBHas BY, rpaa. E

ipu 50°C 4,98

npu 100°C 1,64

B3stas  mpobGa  TOKENOW  CMOJBI  MUPONM3a  HAMM  TOJBEprajach  IMporeccy
TEPMOOKHCIIUTENBHOTO YIUIOTHEHUsS Ha JIabOpaTOpHOH yCTaHOBKE IpH Temmeparypax 230-260°C,
pacxone Bo3ayxa 1,0-2,0 7n/MUH/KT CBIpbS M TNPOJODKUTENBHOCTH — JO MONYYEHHS IPOIYKTa
OUTYMHOW KOHCHUCTECHIIHH.

PesynbTarhel mpouecca TEPMOOKHUCIUTENBHOIO YIUIOTHEHUS TSDKEIOW CMOJBI IHPOJIH3a
CBEZICHBI B Ta0IHILYy 2.

Taoaumna 2
Biausinue pexxuMa npoiuecca OKMCJIeHHs HA TeMIepaTypy pa3sMsrdyeHust

PexxuM okucienus
. =
w0 wﬁ
O o E S =
On o = )S ; U
o 8 g < % 3 E, °.
£ g |3 |5 3F) i
o) a, = ) STNN s~
(@) 15} ~ o ¥ © [P
5 % = ° z
= =) = = <
(5} o o Q o
= X > > )
2 |2 &2 | ¢
230 10 1,0 96,8 TTonBrkHBIH
2,0 96,2 «===»
250 10 1,0 934 28
TCII 2,0 93,1 30
260 10 1,0 92,3 42
15 2,0 91,6 51

W3 na"HbIX TaOIUIBI 2 BUJHO, YTO B PE3YNbTaTe TEPMOOKUCIUTENBHOIO YINIOTHEHHS TSAXKEJIOH
cMoiel mmponm3a Tmpu Temmeparypax 230°C pacxome Bosmyxa-1,0-2,0 1I/MHH/KT CHIpbS, TpH
npoAoIKUTENbHOCTH 10 yacoB nosyueHHble 00pa3ibl He oTBedaroT TpeboBanusM ['OCToB no Takum
mokaszaresieM OuUTyMa Kak Temrmeparypa pasmsrdenus. OHAKO, TPU yBEJIHMUEHHH TEeMIepaTyphl 0
250°C momyueH npoayKT ¢ Temreparypoii pasmardenus 28-30°C.

[lpn nanmpHEHImIEM YBEIHMYEHHH MPOIODKUTENFHOCTh OKHCICHHH A0 15 dacoB — monydeH
TIPOIYKT C TeMIepaTypoii pasmsardenus - 51°C. KauyecTBeHHbIE MOKa3aTeqN GUTYMOB, MONYYEHHBIX B
pe3yibTaTe OKUCICHUS TSHKEJIOW CMOJIBI TUPOJIN3a ObUTH CoTlocTaBieHbl ¢ TpeboBanuem 'OCTa 6617-
76 — na HedTsHOM 1 'OCTa 9812-74 Ha HedTsHBIE OUTYMBI. Pe3ynbTaThl cBeeHbI B TabaHILy 3.

Tabauna 3
CpaBHurenbHas xapakrepucTuka 0utymos ¢ Tpedosannsamu 'OCTos
HanmenoBanue butymsl
ITOKAa3aTeNx I'OCT 9812-74 I'OCT 6617-76 TCII
BHH-III | BHH-II | BH 50/50 | BH 70/30 | TCIT
Temnepatypa 28 65 50 70 28-51

pasmsrdenns, °C

ITenerpanus 6 4 4 3 6-4
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mpu  25°C, mHe
MeHee

BriBoabI

VYcraHoBieHO, BAUSHUE TEMIIEPATypbl TEPMOOKUCIUTEIHHOTO YIUIOTHEHUSI HA OCHOBHOMW MOKa3aTesb
ouryma-temieparypy pasmsruenus no «Kulll»
Y CcTaHOBIIEHBI TIOKA3aTENIM BBIXOJIOB IMOJTYYCHHBIX OUTYMOB OT TEMIIEPATyphl, MPOIOJDKUTEIBHOCT U
pacxoja Bo3ayxa
Takum o0Opa3om, MPOBEIECHHBIMA HaMU HCCIICJJOBAHHUSMH IOKa3aHa BO3MOXXHOCTh PAlMOHAIBLHOTO
HCIOJIb30BaHUs OTXOJAa MpoIlecca MUPOJIN3a — THKEIOH CMOJIBI ITyTEM paCIIMPEHUs] ChIPbeBOM 0a3bl
JUTSl IPOU3BOJICTBA OUTYMOB.

JIUTEPATYPBI
Hymckmii FO.B., YepennukoBa ['.®., Jlymckuii C.HO. HoBble mnpomecchl KBaIU(DHUIIMPOBAHHOTO
UCIIOJIb30BaHUS TMOOOYHBIX MPOIYKTOB MHUPOJIM3a  YIJIEBOJOPOAHOTO Chipbs. // W3Bectus
Bourorpasckoro rocyaapcTBeHHOTo TexHu4deckoro yuusepeutera. -2014.-Ne 1 —C. 80-82.
CanpiroB @.M., Mareppamona 3.1O, I'amxues I'.H., I'yceitno H.A., I'eitnapaer M.U., I'acanzane I'.I'.
- HUccrnenoBanue myrteil n3BieYeHUs HaQTAIMHA U3 TSOKEION cMOJbI muposn3a //Te3ucsl baknHckoi
Mesxnynaponnoit MamenanueBckoii konpepenimu — baky,-2016. 137 c.
Comonoa H.JI., A6nymmma A.W., [Muponu3 yriieBogopomHoro chipbs. -Kaszanb: M3mareiabcTBO
KHUTY, 2007-239 c.
3oxpabos 2.P., CaniumoBa H.A., AmxamoB K.K. - [Tonyyenue neka u3 TSXKEIOW CMOJIBI MUPOJIN3A,
AHX, BAKY,-2000,-Ne4 C. 35-37.
I'yceiinoBa A.P. Ilomydenune AOpPOXKHOTO OMTyMa U3 TSXKEIOW CMOJIBI MUPOJM3a. MHUHHUCTEPCTBO
OobpazoBanus Asepbaiimxanckoir PecnyOnuku. Cymrautckuii ['ocynapcTBeHHBIM YHUBEPCHUTET.
“Okomorusi U oxpana xusHeaearensHoctn” VIl Mexaynaponnas HaydHas koHgpepenmus SDU-50,
Cywmraut — 2012. —C.252-262.

AGIR PIROLIZ QOTRANININ SOMOROLI ISTIFADOSI
9.R. Hiiseynova, P.S. Oliyeva, N.9. Salimova

Miislliflor ©.R. Hiiseynova P.$. ©liyeva N.O. Solimovanin “Agir piroliz gotraninin samarali
istifadosi” adli moqalosindo bu vaxta godor somoroli istifado tapmayan agir gotranin emali
miimkiinliiyi gostorilmisdir. Bu moqgalodo miislliflor torsfindon agir piroliz gotranindan bitumun
alimmasinda xammal kimi istifadasi gostorilmisdir.

Miisyyan edilmisdir ki, agir piroliz gotraninin oksigen ilo oksidlogmasi noticosinds yumsalma
temperaturu 28-51°C olan bitumun alinmas1 miimkiindiir.

RATIONAL USE OF THE PYROLYSIS HEAVY RESIN
A.R. T'yceiinoBa, P.Sh. Aliyeva, N.A. Salimova
The possibility of processing of the pyrolysis heavy resin was shown, wich didnt find rational
use up to present time. The possibility use of the pyrolysis heavy resin as a raw material for bitumen
production was indicated.
It was shown, that as a result of thermo — oxidative process it is possible to produce bitumen
with sodification temperature equal 28-51°C.
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