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SYNTHESIS AND PLASTICIZING PROPERTIES OF SOME
ESTERS OBTAINED ON THE BASIS OF REACTION (1,2-
DICHLOROETHYLENE) BENZENE WITH POTASSIUM
SALTS OF CARBOXYLIC ACIDS

MOHORROMOV A.M., MOMMODOV S.M., DURUSKARI G.S.,
QARAZAD®O X.A., LUTFOLIYEV A.H.,, MOHORROMOV M.N.
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ABSTRACT

The article presents results of studies of processes of esters synthesis by reaction of (1,2-dihalogen ethyl)
benzenes with some potassium salts of carboxylic and oil acids, as well as their plasticizing properties for nitrile-
butadiene elastomers.

For this purpose, we found optimal conditions for obtaining the esters and the dependence of elastomer pro-
perties on theirs composition.

Keywords: esters, nitrile-butadiene elastomer, oil and carboxylic acids, optimum condition.

(1,2-DIHALOGENETIL)BENZOLUN KARBON TURSULARIN KALIUM DUZLARI iLO REAKSIiYALARI
OSASINDA BOZI MUROKKOB EFIRLORIN SINTEZi VO PLASTIFIKATOR KiMi XASSOLORI

XULASO

MBagqalada (1,2-dihalogenetil)benzollarin bazi karbon ve neft tursularin kalium duzlar ilo reaksiyalar1 asasinda
miirakkeb efirlorin sintezinin ve onlarin butadien-nitril elastomeri asasinda elastomer qarisigi kimi xassalarin
todqiqinin naticaloeri verilmisdir.

Bununla slagadar miirakkab efirlorin alinmast {i¢iin optimal sarait miiayyen edilmis ve elastomer materialinin
xassalarinin tarkibden asililig1 agiqlanmigdir.

Acar sozlar: miirokkeb efirlar, butadien-nitril elastomeri, karbon ve neft tursulari, optimal sorait.

CUHTE3 U IIAACTUDUILINPYIOIINE CBOVICTBA HEKOTOPBIX C/10KHBIX DOUPOB,
ITIOAYYEHHBIX HA OCHOBE PEAKIIUM (1,2-AUXAO0PDTUA)BEH3010B C KAAMEBBIMU COASIMU
KAPBOHOBBLIX KICAOT

PE3IOME

B craThe mpuBeAeHBI pe3yAbTaThl MCCAeA0BaHNUIT ITPOIIECCOB CUHTe3a CAOKHBIX 9pupoB peaxiiuel (1,2-aura-
A0TeHDTNA)0eH300B C KaAMeBBIMIU COASIMY HEKOTOPHIX KapOOHOBBIX 11 HEPTIHBIX KMUCAOT, a TaK>Xe I11acTuPuIIu-
pyIOIIue CBOVICTBA UX AAs OyTaAMeH-HUTPUABHEIX 91aCTOMEPOB.

C oTomn 11€eAbIO HaﬁAeHbI OIITUMaAbHbIE YCAOBUA I1I0AYIE€HNMST CAOKHBIX 9¢)MpOB 1 yCTaHOBA€Ha 3aBUCIMOCTDb
CBOIICTB 91aCTOMEPOB OT X COCTaBa.

Katouaesnle caoBa: caoxHbIe 9PUPH, OyTagueH-HUTPUABHBIN DAacToMep, KapOOHOBbIE 11 He(pTAHBIe KICAOTE,
OITUMaAbHOE YCAOBME.

Miirakkab efirlor polimerlarin vo elastiomerlarin alinmasinda plastifikator kimi genis istifade
olunur [1-4]. Lakin geyd etmak lazimdir ki, neft ve masinqayirma sanayelorins talobat artdiqca
daha keyfiyystli polimerlorin vo elastiomerlsrin alinmasina ehtiyac yaranir. [5,6]. Bu ssbabdan
hazirki is (1,2-dihalogenetil)benzollarin bazikarbon va neft tursularin kalium duzlarmin reak-
siyalar1 asasinda miirakkab efirlor sintez edilmis ve butadien-nitril elastiomerlsrin alinmasinda
plasifikator kimi xassalari dyranilmisdir.
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Butadien-nitril asasli nanokompozit materialin alinmasi mexaniki tisulla olub, verdenada 30-
40°C-ds,15-20 daq. arzinda qarisdirildigdan sonra, polimer kompozit termopressds (423K x 5-7
daq.)vulkanlagdirilib.

Polimer qarisigimin plastikliyi va sartliyi Defometr cihazinda, Muniye gora ozliiliiylin vaxtdan
asil1 olaraq dayismasi Analiz rotacion viskozimetrinds aparilib (BR-3). Kompozitlerin molekul
kiitlosinin ¢iximi kapilyar Vizkozimetrik tisulu ils, molekul kiitlasini iso Mark--Xauvink diis-
tiiruna gors hesablanmisdir [7].

Butadien-nitril elastomeri-BNE

31
H H H H H I
-Cc-C=C-C-C-2¢C -
H H H |
C
i o
N

Ilkin birlogsmalor kimi (1,2-dixloretil-, 1,2-dibrometil)benzollardan, pentan, nonan tursularin
va neft tursularin 160-175 °C/1 mm fraksiyasinin kalium duzlarindan istifads edilmisdir. Mii-
rokkab efirlorin alinmasi tigiin optimal serait miisyyen etmak moagsadile bazi amillarin reaksi-
yanin gedisina tasiri Oyronilmisdir. Reaksiyalarmn slave aktivlesdirilmaesi iig¢lin miivafiq tursu-
lardan istifade edilmis vealinan naticalor 1-ci codvalde gostorilmisdir.

Cadvaldan goriindiiyti kimi, (1,2-dihalogenetil)benzollarin karbon tursularin kalium duzlar:
il efirloagmo reaksiyalar1 kifayet qodar sart seraitds gedir. Efirlarin ¢iximi1 temperaturdan, rea
gentlarin mol nisbatinden, reaksiyalarin aparilma vaxtindan vs karbon tursularin aktivlasdi-
rici tasirinden gosterilon torzds asilidir.

Cadval 1. (1,2-Dihalogenetil)benzollarin tursularin kalium duzlari ils reaksiyalarinin gedisine bazi
amillarin tasiri (1,2-dixloretil)benzolun (1) pentan tursunun kalium duzu (II) ils efirlogmasi

I\;[OI nlsbal’;lar T,°C | Reaksiyanin aparilma vaxti, saat | Pentan tursu, ml | Efirin ¢iximi, %
0,1 0,25 140 14 50 80,2
0,1 0,25 150 14 50 85,4
0,1 0,25 130 14 50 65,6
0,1 0,20 150 14 50 64,9
0,1 0,25 150 10 50 58,0
0,1 0,25 150 14 30 75,0
0,1 0,25 140 14 80 84,0

(1,2-dixloretil)benzolun (1) nonan tursunun kalium duzu (II) ils efirlogsmasi

1\;[01 meIaItIl o T, °C Reaksiyanin aparilma vaxti, saat Nonan tursu, ml Efirin ¢iximi, %
0,1 0,25 150 14 50 80,4
0,1 0,25 140 14 50 76,5
0,1 0,25 150 12 50 65,4
0,1 0,20 150 14 50 60,5
0,1 0,25 150 14 40 70,0
0,1 0,25 150 14 60 75,0

(1,2-dibrometil)benzolun (II) nonan tursunun kalium duzu (III) ils efirlasmasi

I\éd msb;tll ot T,°C | Reaksiyanin aparilma vaxti, saat | Nonan tursu, ml | Efirin ¢iximi, %
0,1 0,25 150 14 50 88,0
0,1 0,25 150 12 50 80,0
0,1 0,25 150 10 50 65,7
0,1 0,25 150 10 70 70,8
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(1,2-dibrometil)benzolun (II) neft tursularin 160-175 0C/Imm fraksiyasinin kalium duzu (IV) ile efirlogmasi

I\éOl me??;m T, °C Reaksiyanin aparilma vaxti, saat Tursu, ml Efirin ¢iximi, %
0,1 0,25 150-160 12 50 71,0
0,1 0,25 150-160 15 50 80,5
0,1 0,25 150-160 17 50 85,0
0,1 0,30 150-160 20 80 92,5
0,1 0,25 150-160 20 50 85,4

Sintez edilon miirakkeb efirlarin fiziki-kimyavi sabitlori asagidaki kimi olmusdur:

1-Feniletan-1,2-diildipentanoat:

o
Hz(‘I*OLQ‘Hg

HC—O——C,H,
0

Q.tem 138-140°C/1mm, d*01,0213, np*1,4790 MRp83,76; hesabl. 84,79

1-Feniletan-1,2-diildinonanoat:

)

Hzcl:_o CgHy,

HC—0——CgHy,
0

Q.tem 193-195°C/1mm, d*200,9599, np*°1,4740 MRp122,38, hesabl. 121,99

1-Feniletan-1,2-diildialkildikarboksilat
(0]

H2$—OJ-|—R
HC—0——R
o)

Q.tem 250-270°C/1mm,d*200,9499, np*1,5000

(1,2-Dibrometil)benzolun neft tursularin 160-175°C/1 mm fraksiyasinin kalium duzlari ils re-
aksiyasindan alian miirakkeb efirlor SKN-26 markali butadien-nitril elastiomerloarin alinma-
sinda plastifikator kimi xassalori atrafli dyranilmisdir. Alinan vulkanizatlarin teyin edilon re-
oloji, dinamiki, fiziki-mexaniki ve plasto-elastik xassalori 2-cicodvalda gostorilmisdir [8,9].

Cadval 2. Butadien-nitril elastomeri asasli elastomer qarisiginin fizika-mexaniki va plasto-elastik gostaricilari

No s/s Ingridiyentlarin Malum olanlar Prototip | Tovsiye olunan variantlar
adlandirilmasi 1 2 3 1 2 3

1 Pressda vulkanlagma siirati, daq 40 42 45 40 30 30 30

2 Muniya gore dzliilik, s.v. 120 100 95 105 60 65 75

3 Doldurucunun igtiraki 4,5x10° | 5x105 | 6x105 | 4,9x105 | 2,5x105 | 3x10° 7x105

olmadan qgarisiglarin
kapilyar viskozimetra
gora molekul kiitlasi, dq/l
4 Dartilma zamani, o Mpa 18,0 20,5 16,3 17,9 20,0 21,0 21,5
5 Nisbi uzanma, € % 390 280  |410  |400 405 395  [380
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6 Qaliq uzanma, k % 30 30 35 35 20 19 19
7 Soruya gors barklik, s.v. 80 82 84 78 66 68 70
8 Elastiklik, E % 25 25 25 33 35 40 45
9 Nisbi qaliq deformasiyasinin 77 77 68 82 57 52 55
oamsali, (150 °Cx24 s.), %
10 Istiliyin tasirindon
kohnalma amsali
(150 °C/150 s.)
Mohkamliya gors, fr 0,61 (0,66 0,70 |0,68 0,85 085 10,89
Dinamiki davamliligima
gora, N 0,55 (0,57 (0,63 0,70 0,80 0,82 10,83
11 Toluol qarisiginda sisma 130 147 151 157 88 94 100
zamanu kiitlonin deyismasi
(80 °C, 24s.), % (kiit.)

Cadvelin gostericilarine gore qeyd etmok olar ki, SKN-26 asasinda hazirlanan elastomer mate-
rial1 neft vo maginqgayirma sanayesinda genis tatbiq oluna bilar. Bels ki, vulkanizatin 150 °C-
da saxlanmasi kohnalma amsalina, dinamiki davamliga ve prosesin gedisine demak olar ki,
tasir etmir [10,11].

Istismar prosesi zamanu fiziki-mexaniki xassalarin stabil qalmasi, barkliyi, istiliye davamlig, elas-
tikliyi, dinamiki xassalorin saxlanmas: materialin keyfiyyatinin asag1 diismasinin qarsisini alir.
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PE3IOME

V3yden mpoliecc oAuroMepusany 9TUA€HA B IOANDTUAEHOE MACAO B IPUCYTCTBUM KOMIIAEKCHON KaTaAu-
TUYIECKON CHCTEMBI COCTOSIIEN 13 61C(2-MUIIePUAVMHUATUAPOXAOPUAMETNA-4-MeTIA (PEHOAAT) UMPKOHIMYMAUIX-
aopuja U STUAAAIOMMHMIIAMXAOpUAA. Ha ocHOBaHMI BKCIlepMIMEeHTaABHBIX AaHHBIX pazpaboTaHa perpeccOoHHas
MOJ€eAb, OTpakaloljas BAUSHYE OCHOBHBIX TEXHOAOTMUIECKUX (PAKTOPOB (4aBAeHMUs - Z1, TeMIIepaTypsl - Z2,MOAb-
HOT'O COOTHOIIIeHMs] KOMIIOHEHTOB - Z3, KOAN4YecTBa KaTaausaTopa — Z4)Ha IoKa3aTeAu mpoljecca (aKTMBHOCTD Ka-
TaAmu3aToOpa, COCTaB oAnromepa). IlposeseH cratucrirdecknii aHaAM3 IMOAYIeHHBIX MOJeAel, A0Ka3aHa a4eKBaTHOCTb
pa3paboTaHHBIX YpaBHEHUI DKCIIEPUMEHTaAbBHBIM AaHHBIM. HallgeHbl onTiMaAbHbIe 3HAYeHISI BXOAHBIX IlepeMeH-
HBIX (Z1,Z2,753,74) 103BOASAIONIE OIIPeAeAUTh MaKCUMaAbHBIN BBIXOA OAUTOMepa, BLIKMIIAIOMINIA TP TeMIlepaTy-
pe >350°C.

Kaiodessie caoBa: oauroMepmsanus, STUAEH, ITOANEeTIIA€HOBOe MacA0, perpecCcroHHas MojeAab, ajeKBaT-
HOCTB, OIITUMM3alllisI.

THE OPTIMIZATION OF THE PROCESS FOR OBTAINING POLYETHYLENE OILS BY OLIGOMERIZATION
OF ETHYLENE IN THE PRESENCE OF Zr-CONTAINING COMPLEX CATALYTIC SYSTEM

ABSTRACT

The process oligomerization of ethylene to polyethylene oils was studied in the presence of complex catalytic
systems consisting of polyethylene complex catalytic system consisting of bis - [(N — 2 - methyl piperidinylhydro
chloridemethyl -4- methyl) phenoxy] zirconium dichloride and ethyl aluminium dichloride. On the basis of experi
mental data developed the regression model, which reflects the influence of the main technological factors (pressure
- Zi, temperature - Z», the molar ratio of the components - Zs, the amount of the catalyst - Z4) on the indicators of the
process (activity of the catalyst, the composition of the oligomer). A statistical analysis of the models and proved
the adequacy of the developed equations on the experimental data. It was found the optimal values of the input
parameters (Z1, Z2, Z3, Z4) which allowing to determine the maximum yield of oligomer, with boiling point > 350°C.

Key words: oligomerization, ethylene, polyethylene oils, regression model, adequacy, optimization.

SIRKONIUM TORKIBLi KOMPLEKS KATALITiK SISTEMIN ISTIRAKINDA ETiLENIN OLIQOMERLOS-
MOSi iLO POLIETILEN YAGLARININ ALINMASI PROSESININ OPTIMALLASDIRILMASI

XULASO

Etilenin polietilen yaglarina oliqomerlasmasi prosesi bis-[(IN-2-metil piperidinil hidroxlorid-4-metil)fenolato]
sirkonium dixlorid va etilaliiminium dixloridden ibarat kompleks katalitik sistemin istirakinda Syrenilmisdir.
Tacriibinaticalar asasinda prosesin gostaricilarine (katalizatorun aktivliyi, oliqomerin torkibi) texnoloji amillarin
(tozyiq- Zi, temperatur - Zz komponentlarin molyar nisbaeti - Zs, katalizatorun miqdar1 — Z4) tesirini aks etdiren
reqressiya modeli iglonib hazirlanmisdir. Tacriibi naticelar asasinda alinmis modelin statistik analizi aparilmus,
tadqiq olunan tenliklarin uygunlugu siibut edilmisdir. 350°C — dean yiiksak temperaturda qaynayan oliqomerin
maksimal ¢ixamini tayin etmays imkan veran giris parametrlarin optimal qiymatleri tapilmisdir.

Acar sozlar: oliqgomerlasma, etilen, polietilen yagi, reqressiya modeli, adekvatlig, optimallasma.
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Oauromepusanys sTuAeHa B IIPUCYTCTBUU TOMOT€HHBIX KOMITAKCHBIX KaTaAUTUIeCKIX CHC-
TeM SIBASITCS OAHUM 13 OCHOBHBIX ITPOMBIIILAEHHBIX ITPOIIECCOB ITOAYYeHNsI BHICIINX AMHeHBIX
o —oaeduHOB [1-3]. Beiciine anneriHbie a-oaedpunsl (Csu BBIIIE) MCIOAB3YIOTCS B IIPOU3BOACTBE
CHHTeTUYEeCKUX ITOAU X-01e(PUHOBBIX Mace, I11acTU(PUKaTOPOB, MHIMOUTOPOB, AedMyAbraTo-
POB 1 T.4. [4-6].

T'oMmorenHsle MeTaA1A0KOMILAEKCHBIE KaTaam3aTOpbl OAUTOMEPM3all STIA€Ha MMEIOT TaK/e
HeAOCTaTKH, KaK CAOKHOCTDb OTA€A€HIII KaTaan3aTopa OT IIPOAYKTOB peaKunn V11 HEBO3MOXK-
HOCTDb pelMKAN3alNM KaTaan3atopa 445 IIOBTOPHOTO VCIIOAb30BaHNAL B ITpOLiecce.

B mocaeanue roap! rporeccsl 0AuroMepusanuusTUAeHa MHTEHCUBHO MCCACAYIOTCS B IIPUCYT-
CTBUI KOMIIA€KCHBIX KaTaAUTUYECKNX CUCTeM C yJacTUeM MOHHBIX Xuakocren [7-9]. ITpose-
AeHIe Ipollecca OAUTOMepu3aluy STIAeHa B MIOHHBIX JKIUAKOCTAX MO3B0OAsSET OCYIIeCTBUTh
rporiecc B AByxQa3HoII cucreMe 1 obecriednBaeT OTAeAeHle KaTaausaTopa OT IIPOAYKTOB pe-
aKUMI U pelMKAN3alIOKaTaAu3aTOpaBMecTe C MIOHHOM XMAKOCTBIO.

B niporjecce oauromepusanum sTmAeHa B KayecTBe MeTaAACoAep>Kallero KOMIIOHEeHTa KaTa-
AU3aTOpa MCIIOAB3YIOTCSA TaKXKe COeAVHEeHMs MeTaAAOB C AUTaHAaMU,COAep KalllieMOHHO
>kuaxoctHele 3amectutean [10,11]. ITpu ToM DpoAyKT peakini AerKO OTAeAsIeTCsl OT KaTaAl-
3aTopa I KaTaAM3aTOp YCIIeIIHO MOXKeT OBITh MCI0Ab30BaH IIOBTOPHO.

B paborax [12,13] HaMmu npuBeJeHbl pe3yAbTaThl MCCAeAOBAaHNII OAUTOMEePU3aLM DTIACHA B
HPUCYTCTBUM KOMIIAEKCHBIX KaTaAUTUYeCKMX CUCTEeM Ha OCHOBE COeAVHeHWII LIMPKOHM:A C
AUTaHAAMH, COAep KalllIMM MIOHHO-KIAKOCTHBIe 3amMecTuTeAan. brlao ycraHosaeHo, uTo nipu
oAUTOMepU3al i dTIAeHa B IPUCYTCTBUM KaTaAUTIYECKO CICTeMBI, COCTOsIe 13 onc[(2-
NUIIePUAVHUATUAPOXAOPUAMETUA-4-MeTA PpeHoAsAT) nupkoHnymanxaopuga n C2HsAICl:
B pacTBope renrasa. [IpoaykramMm peakiym sIBASIIOTCS OAUTOMEPBI STHAEHa C YMICAOM yTAepPoa-
HpIX aTOMOB Ca-C20+ 11 BeIIIE. Bix0g Pppakium Ci-Ce, Cs-Cis 1 MacasHOM ppaKLny, BHIKATIAIO-
mteit Beirre 350°C cocraBasieT cooTBeTcTBeHHO 13,3%, 26,7% 1 60%. ViccaegoBaHmeM yCcTaHOB-
A€HO, 4TO MacAsiHasl PpaKIfus, COCTOsIIAs 13 BHICOKOPa3BeTBAEHHBIX MOAEKYA, CoAep KaIluxX
B CTPYKType Ha(pTeHOBBIe KOAbIIa, IMeeT HU3KIIT MHAEKC BA3KOCTU M 10 PUBUKO — XMMIIec-
KM CBOVICTBaM OAM3Ka K Ba3eAMHOBBIM Mac/AaM.

ITeapi0 AaHHON PabOTHI SBASAETCS ONTUMM3ALVSl IIpolecca MOAyYeHNs HOAUDTUAEHOBOTO
Macaa oAuUroMepu3alent 9TuAeHa B IPUCYTCTBUM KaTaAUTUYEeCKON CUCTeMBl, COCTOSIIeN 13
Ouc(2-MUnepUAMHNATUAPOXAOPUAMETIA-4-MeTUA (PEeHOAAT) IIUPKOHNYMANXAOPUAA U DTUA
aAIOMMHUIAMXAOPUAA B Cpede rerTaHa.

IIporecc oauromepusanuy 9TUAeHa OCYIIECTBASIAU B CTaAbHOM aBTOKAaBe ¢ eMKOCThIo 200
M4, CHaO>KeHHOM MarHMTHOM MeIaAKoi. UMCThIN ¥ BBICYIIIeHHBI aBTOKAAB IIpeABapUTeAbHO
OTBaKyyMIpOBaAl IIpy HarpepaHuu B Tedenue 1,5 — 2,0 vacos nipu temnepatype 70 — 80°C.
3areM aBTOKAaB OXAaXKAaAu A0 KOMHATHOM TeMIlepaTyphl U B HETO II04aBaAl CyXOJ MHePTHBIN
ras (a3oT uam aproH). B Toke mHepTHOrO rasa B aBTOKAaB IIOMeIaAy COeAVHEeHMs 1Y PKOHMS
B 50 M4 reriTaHa 1 cMech IlepeMelInBaAy MarHUTHOM Memmaakoit. K roayyeHHo cycrieH3nun
aobapasian pactsop C2HsAICl B rertane 1py MOABHOM COOTHOIIIEHMY KOMITIOHEHTOB KaTaAu-
3aropa Al :Zr pasaom (30+50) : 1.ITocae TOro aBTOKAaB 3aKpbIBaAy, IIPUCOEANHIAN K AMHUN
9TUAEHa U IIOMelllaAl B TepMOCTaTUPOBAaHHYIO BOASHYIO OaHIO. [Ipu gocTiKeHnN coaepsKu-
MOTO aBTOKAaBa TeMnepatypsl 90°CB aBTOKAaB I10AaBaAN 9TIUAEH 1104, JaBaeHueM 25 atM. Peak-
LMo oauroMepusauyu nposoguau mmpu 90-150°C B TeueHne 5 yacoB IpH IOCTOSIHHOM JaB.e-
HUU DTHAeHa. /aBaeHne TuJeHa B aBTOKAaBe IOAAEPKUBAaAN ITOAIINTKONM IIPU ITOMOIN
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BeHTUASI TOHKOM peryAnpoBKu. 3aTeM aBTOKJAaB OXAaXkJaAll 40 KOMHATHON TeMIlepaTyphl,
HeIlpopearnpoBaBIINil DTUAEH U AUMepPbl dTUAeHa — OyTeHbl MeAAeHHO MPOIycKaau Jyepes
AOBYIIIKY, OXAaXAaeMYIO CMeChIO Abja ¢ coablo. [Tpu 9TOM, AMIMephI ®THAeHa KOHAeHCUpPOBa-
AVICh B AOBYIIIKe. 3aTeM aBTOKJAaB OTKPBIBAAM B MHEPTHOII aTMOcdepe, OANTOMePHI STIAeHa
C TeIITaHOM CAMBAAV, I€TePOTreHHbIN LIMPKOHUI COAep>Kalllnii, KOMIIOHEeHT KaTaAu3aTopa,
IIOBTOPHO MCII0Ab30BaAM B Peakliy OAUTOMepu3aluil STUAEHA, B CBA3MU C YeM, B aBTOKAaB
Ao0aBasgay 50 MA renTaHa U STUAAAIOMMHUIAUXAOPUAR, UM peaKkLMIO IPOBOAMAM, Kak
yKasaHo Bpiite. Takum oOpasoMm, Zr-cogep>Kalinii KOMIIOHEHT KaTaAu3aTopa Obla MCII0Ab30-
BaH MOBTOPHO B 10-M 1MKAax oauroMepusaunm sTuaeHa. IIpmu sTom akTmBHOCT KaTaam3aTo-
pa CyIIeCTBeHHO He MeHs1Aach.

Oauromepusat oopabatsiBaan 10% - HeIM BogHBIM pactBopoM NaOH, mpombiBaan AncTia-
AVPOBaHHON BOJOI A0 HEMTPAaAbHO peaKIui, BLICYIINBaAN Hag mpokadeHHo Al:Osu ppak-
IIMIOHNPOBAaAM C BblgeAeHreM (ppakIuy ¢ TeMnepaTypoit kumnenus 40 350°C, rmpeacTaBAasio-
11eit cOO0I HU3KOMOAEKYAsIpHbIe 0AUTOMepHI 9TnAeHa 1 sbinre 350°C, mpeAcTaBAsIONIas co-
0011 BA3KO-TEKY4yIO MaCASHUCTYIO KMAKOCTb.

br110 n3ydyeHo BamsaHme pe>XXMHBIX IapaMeTpoB (4aBaeHus — Zi, TeMmrepaTypsl -Z2, MOAbHO-
I'O COOTHOIIIEHV:I KOMIIOHEHTOB KaTaAn3aTopa — Z3 M KOAM4YeCTBa KaTaausaTopa — Z4) Ha IIpo-
11eCC OAUTOMepU3aluy 9TIAeHa. DKCIePUMeHThHI IIPOBOANANCH B Cpeae TellTaHa 104, aBAe-
HyeMm 18 — 50 arMm, B TemnieparypHom nHrepsase 90-150°C. PesyabraTsl 4a00paTOpHBIX 1CC-
e OBaHMII IIpeACTaBAeHbI B TabAmIle 1.

YunTeiBas KOAMYECTBO OIBITOB M=9 1 pakTOpoB N=4, BLIXOAHYIO (PYHKIIUIO MOXKHO MpeJcTa-
BUTbH B BIIAe AMHEIHOTO IIOANHOMa
- 4 ) 4 ) -
Yk« = 4do + Zi=1 a; Zi + Zi:l al-j Z; Zj k= 1,2,3 (1)
i#j
IAe Yx — OTKAMKY; Zi — (paKTOPBL; ai — KO®(PPUIIMEHTE! B ypaBHEHNUI PerpecCut.

Aas onipegeaenus KosPppuineHTos ypasHeHus (1) Oblaa mcroabp3oBaHa mporpamma “S-plus
2000 professional”,paspabortannas komnanuein «Mathwork»aas aBToMaT3upoBaHHOI Marte-
MaT1yecKoil 00pabOTKM DKCIIepUMeHTaAbHO IT0AY4eHHBIX AaHHBIX,T.e. 445 CTaTUCTUYeCKOIo
aHaAm3a AaHHBIX, pacyeTa KOD(pPUITNEeHTOB perpeccun

Ta6111/1ua 1. Bausaue yC/lOBI/If/I oAuroMepum3anun TNA€Ha Ha BBIXOA V1 COCTaB IIPOAYKTa peaKIuIL.

No P T Zr: Al, Koanuecrso AKTUBHOCTH Cocras 1 mpoaykTa,
(MITa), C, Z3 KaTaau- KaTaAmuaaTopa, % mac
Za Z> 3aropa, r I IpoayKTa/
(Zr,MMOA), rZr gqac, <3500C, >3500C,
Za Vi A Vs

1 30 90 1:30 0,3, (42) 156 40,0 60,0
2 30 120 1:30 0,3, (42) 207 58,1 41,9
3 30 150 1:30 0,3, (42) 318 67,3 32,7
4 30 90 1:30 0,6, (84) 232 38,4 61,6
5 18 90 1:30 0,6, (84) 110 68,8 31,2
6 40 90 1:30 0,3, (42) 257 36,8 63,2
7 50 90 1:30 0,3, (42) 435 32,5 67,5
8 30 90 1:40 0,3, (42) 311 35,8 64,2
9 30 90 1:50 0,3, (42) 287 42,5 57,5

KO9(PPUIIMEHTOB MapHOI KOPpeAAMI AAs1 YKa3aHHBIX BBIOOpOK [14]. B Taba. 2 mpeacraBaeHbI
3HauyeHU: Ko>PpPuIineHToB ypasHeHmssperpeccyn (1)
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Ta6auma 2. Borancaennsle 3Hauenms K0o(pPUINEHTOB ypaBHeHUs Perpeccuin.

V& KO9(PPUITNEHTD! YpaBHEHMsI perpeccun
ao ai az a3 as as au ax
y1 | 445 | 7,538 | 0,7094 | -0,00012 | -0,000320 0,2675 -8,99 | 561

y2 6,78 1,79 -0,22 0,00012 0,000015 0,000758 | -7,253 | 2,36
yt | 9321 | -1,79 0,221 0,00013 0,000014 | -0,000728 0 7,25

OneHka 3HaYMMOCTU KOD(PPUIINEHTOB perpeccun oaTsep>KAeHa 3HaUMMBIM KO9(pPUIIVeH-
TOM Koppeasumy, KputepueM CTbIOgeHTa, a Tak>Ke OIINMOKON alIIpOKCYMAaIMH OIIbITa, KOTO-
pas MMeeT BUA;

lail

ti=——; 2)

54

rae S2 — ommOKa oIbITa. Ornpeseans yncAeHHbIe 3HaYe€HU S2 y moacTaBAsA B ypaBHeHU: 2,
nposepsieM KO9(PPUIINEHTH Ha 3HaYMMOCTb.

Tax, pacyeTsl mokaszaau, 4To KOO(PPUIIMEHTHI a3 U a4 AAs1 II€PBOTO YIIpaBAEHUs], as, a4, ais A4
BTOPOIO yIIPaBACHU: a3, a4, a13, ais A4 TPEThEIO YIpaBAeHIs He3HaYMMble U X MOKHO MCK-
AIOYNTH U3 ypaBHeHUI1. Torga okoH4aTeAbHbIE YpaBHEHI s IPUMYT BUA:

yi=-445+7,538 -z1 + 0,7094 z2 + 0,2675 - z1 -z3 - 8,99 z1z4+ 5,61- z2- 24 3)
y>=6,78+1,79 -z1-0,22- 22— 7,253 - z1 -z4+ 2,36 - 72- 74 (4)
y3=93,21-1,79 - 21+ 0,221-22+ 7,25 - 72- 74 (5)

AA}I IIPpOBEPKNU a4€KBaTHOCTU HO/ly‘-IeHHOf/] MOogeaAn OBLA 1CTIOAB30BaH KpI/ITepI/Iﬁ (DMLuepa:

SZer.
F= 2= (6)

Ssocnp

rae S, u SBZOCHP-COOTBETCTBGHHO, OCTaTO4HasA AVICIIEPCUS U AVICIIEPCHS BOCIIPOU3BOAVIMOCTH,

orpejeAasieMble 110 (POpMyAaM:

2 _ 1 NP 332, 2 __1 ymp my2 .
SOCT - N-I 1(3’}( - YK) , (7)SBOCHp R Zl (yO — Yo ) ’ (8)
rae N-oOllee K0AM4eCTBO DKCIIEPUMEHTOB; [-411CcA0 3HaYMMBIX KOD(PPUIINEHTOB perpeccuu;
y}? n y}? — pacquHble n 9KCHepI/IMeHTaABHbIe 3Ha4YeHIsI BbIXOAHOTO napaMeTpa.

IToacTaBasis yncAOBble 3HaYeHNs B ypaBHeH (7) u (8) HaxoAuM:
Slzocq“ =0,75; SlzBocnp =0,32; SZZOCT =0,83; SZZBocr[p = 0,35;
S3oer = 1,125 Socnp = 0,42

AzexBatHOCTD MOgean onpegeasiercst uncaoM F. [loacraBasist sHauenue S4.. u S ,chan ypaBHe-

Hue (6) HaxoauM, uto Fip=2,34; F2p=2,37; F3p=2,67.

IIpu yposHe sHaunmoctut 5%, TabanyHoe 3HaueHne F=8,9; Tak kak Fp< Fr TO craTncTiyeckas
MOJeAb ajeKBaTHO OIMCHIBAeT MICCAeAYeMBI IIPOoIiecc ¥ MOKeT OBITh IIpUMeHeHa A5l OIIpe-
Ae/eHUsI OIITMAAbHBIX PESKVIMHBIX IITapaMeTpOB IIpoIiecca.

YpaBHeHUsIperpeccuy MO3BOASIOT He TOABKO IIPOTHO3MPOBaTh3HaueH!sI (PYHKIMM OTKAMKA
AAsl 3aJaHHBIX YCAOBUII ITPOBeAeHIs DKCIIepUMeHTa, HO U 4aI0T HeOOXOAMMYIO MH(POPMaIINIO
AAs BBIOOpa ONTUMAaAbHOTO peXKIMa TeXHOAOTMYeCcKOTO IIpoliecca.

Aas penleHns 3ajgady ONTUMMU3anuy Oblaa IpuMeHeHa IporpamMa Matlab-6.5, cogepskarras
COBpPeMeHHbIe aATOPUTMBI PellleHNsI 3a4a4ll AMHEeIHOTO nporpaMmmuposanus [15]. B xkauectse
KpUTepus ONTUMM3AINY ObLA B3AT MaKCUMyM (PyHKIMOHaAA ¥Y3=Fmax = f(z1,22,23,24), TTOKa3bIBa-

10
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IOIINII cOCTaB oAuroMepa, spikunamomuin npu T> 350°C npu caeayromux orpaHNMYeHNsIX Ha
BXO/HBIe IlepeMeHHbIe ITpoliecca

18 < P(MPa)< 50; 90 < T°C < 150;
1:30<Zr: Al<1:50;0,3<r<0,6

Pacuetsr mokasaamn, uro npu Zi = 50 MPa; Zz = 90°C; cootHomenun Zr :Al (Z3)=1 : 40; Z4+ =0,35
IMaKCUMa/AbHOe 3Ha4eHle BhIX0Ja OAUroMepa coCTaBUT 74,68%.

I1pu HaligeHHBIX ONTUMAaABHBIX 3HAYEHISIX BXOAHBIX IIepeMeHHBIX ObLA ITOCTaBAeH KOHTPOAb-
HBII1 DKCIIEPUMEHT U BBIXOJ, cocTaBnAa 75%, 4TO IOKa3biBaeT Ha XOPOIIIYIO CXOAMMOCTD pacyeTa
C DKCIIEpPMMEHTOM, T.e. pa3dpaboTaHHas perpeccroHHas MOJAeAb aAeKBaTHO OIMChIBaeT DKCIle-
pUMeHTaAbHbIe JaHHbIE.

IToaydeHHyI0 MaTeMaTH4IeCKyIO MOAeAb MOXKHO MCIIOAb30BaTh A5 IMPOTHO3MPOBAHIL ITpoIiecca
OAUTOMEepU3alNy STUAEHA AAs ITOAy4eHNs ITI0AMDTIAEHOBOTO MacAa Ba3eAMHOBOIO TUTIIA.
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ABSTRACT

The paper shows the results of the oxidation of naphthenic concentrate of diesel fraction, separated from a
mixture of Azerbaijan oils, in the presence of iron containing carbon nanofibers by atmospheric oxygen in a liquid
phase intothe synthetic oil acid. Furthermore, the oxygen absorption was studied kinetics during aerobic oxidation of
tetralin at gasometrical installation, in the presence of a metal-carbon nanostructures. The studies revealed that the
metal-containing nanofibers possess catalytic effect in the oxidation reaction of tetralin, naphthene-paraffinic and
naphthene-isoparaffinic hydrocarbons.Also, in the oxidation of naphthene-paraffinic concentrate extracted from
the mixture of Azerbaijan oils, there is a selective conversion of hydrocarbons into synthetic oil acid, without leading to
the formation of oxysynthetic oil acids.

Keywords: oxidation, liquid phase oxidation, naphthene-paraffinic concentrate, tetralin, carbon nanofibers,
synthetic oil acid, oxysynthetic oil acids, acidity number, diesel fraction.

DOMIR SAXLAYAN KARBON NANOLIFIN KATALITIiK ISTIRAKI iLO TETRALIN
VO AZORBAYCAN NEFTLORI QARISIGININ DiZEL FRAKSIYASININ
NAFTEN TORKIBLi KONSENTRATININ OKSIDLOSMOSI

XULASO

MBaqalads, demir saxlayan karbon nanolifin katalitik istiraki il Azarbaycan neftlari qarisigmin dizel fraksiya-
siin naften terkibli konsentratlarinin havanin oksigeni ile mayefazali oksidlagmasiprosesi zaman sintetik neft
tursularma qadar ¢evrilmasinden bahs edilir. Bundan alave, metal saxlayan karbon nanolif katalizatorunun katali-
tik xtisusiyysati tetralinin aerob oksidlesmasi prosesinds, qazometrik qurguda, oksigenin udulmasinin kinetikasi
ilo dyranilmisdir.Aparilan todqgiqatlar naticesinds, miiayyan olunmusdur ki, metal saxlayan karbon nanoliflari
naften-parafin ve naften-izoparafin konsentratlarin ve tetralininaerob oksidlesmasinda katalitik xiisusiyyate malik-
dirler. O climladan, neftindizel fraksiyasindan ayrilannaften-parafin konsentratini oksidlagdirdikda sintetik neft
tursularinin selektivli ¢iximi miigsahide olunur ve oksisintetik neft tursular: alinmur.

Acar sozlar: oksidlosma, mayefazali oksidlosms, naften-parafin konsentrati, tetralin, karbon nanolif, sintetik
naften tursusu, oksisintetik neft tursusu, tursu adadi, dizel fraksiya.

OKVCAEHUE TETPAAVHA U HA®TEHOBOI'O KOHIIEHTPATA BLIAEAEHHOM V13 CMECU
AV3EABHOM ®PAKIIUU A3EPEAVIAXKAHCKMUX HE®TEN B IIPUCYTCTBUN
XKEAE3OCOAEPKAIIIEIO YIAEPOAHOTI'O HAHOBO/AOKHA

PE3IOME

B craTne 1mokaszaHBI pe3yAbTaThHI IIpoliecca IIpeBpallieHns HapTeHOBOTO KOHIIeHTpaTa AM3eAbHON (PpaKIIny,
BBIA€/EHHOI U3 cMecn AsepOaiia>kaHCKUX HedTell, B IIPUCYTCTBUN JKeAe30CoAeprKallero yriAepoAHOTO HaHOBO-
AOKHa KMCAOPOAOM BO3AyXa B KMAKOI (pase 40 CUHTeTIIeCcKNX HepTAHBIX K1cA0T. [TomuMo 9TO0TO, OBlaa M3ydeHa
KIHeTHKa TIOTAOITEHST KICAOPOJa B IIpoIlecce adpOOHOTO OKICAEHNs TeTpaalHa , Ha Ta30MeTpITIecKoll yCTaHOBKe, B
HIPUCYTCTBUM METaAACOAEPKaIIero YIAepoAHON HAaHOCTPYKTYPHL. B pesyabTarte IpoBejeHHBIX UCCAe0BaHMIT ObLAO
BBISIBAEHO, YTO MeTaAAco/ep Kalliie HaHOBOAOKHA 0041a4af0T KaTaAuTIIeCKM 9PPeKTOM B PeaKIVsIX OKMCAEHLI
TeTpaauHa,HaTeH-TapadpUHOBBIX U HapTeH-nu30I1apaIHOBLIX YTA1€BOAOPOAOB. TakKe, IIpy oKucAeHnN HadpTeH-
mapaMHOBOTO KOHIIEHTpaTa, BhIAeA€HHON M3 cMecu AsepOaiis>KaHCKuX HedTell, HAOAIOAAeTCs CeAeKTUBHOE
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IHIpeBpallieHle YTAeBOAOPOAOB B CUHTETIYECKIe HeTsIHbIE KICAOTHI, He A0BOASI A0 00Pa3OBaHIsT OKCUCHHTETUIECKIX
HeTIHBIX KUCAOT.

Karouesble coBa: okucaenne, XnakodasHoe oKncaeHne, HagpTeH-TapadpuHOBas KOHIIeHTpaT, TeTpaAuH, yTI-
AepoJHble HAHOBOAOKHA, CUHTETIIecKrte HepTsHbIe KUCAOTH, OKCHCUHTETIIeCK)e He(pTsIHbIe KICAOTHI, KICAOTHOE
911cA0, AV3eAbHas PppaKmIus.

Giris: Yeni effektiv katalizatorlarin totbiqi ilo neft karbohidrogenlarinin oksidlagsma reaksiya-
larinda sintetik neft tursularinin (SNT) alinmas:i prosesi fundamental vo praktiki cohatden
perspektivli elmi istiqamatlarden biri sayilir. Effektiv nanokatalizatorlarin secimi prosesin
gedisinin esasl siiratlonmasinds, son mahsullarin artiminda ve iqtisadi cehatden semarali
tisulun islanib hazirlanmasinda genis imkanlar yarada bilar.

Neft fraksiyalarinin oksidlosmasi todqgiqatlarinda deyisken valentli metal naftenat, stearat,
kalium permanganat ve fulleren [1,2] istirak: ilo aparilmis reaksiyalarnaticosinds alde olan
moagsadyonlii mohsullarin alinma prosesi asasl: siiratde tokminlosdirilmisdir.

Toacriibi hissa:Yeni nanoquruluslu demir saxlayan karbon nanolifi (Fe-KNL) tetralin vonaften
torkibli konsentratlarmin oksidlegsmasi proseslorins calb edilmasi maraq dogurur. Ilk énca te-
ralinin oksidlagmasi prosesi kinetik iisiillarla tadqiq edilmisdir.

Tetralinin havanin oksigeni ilo oksidlogsmasi prosesi hale kegon asrin ortalarinda dyranilmis-
dir. Masalon, patent [3]-do, miislliflor 70°C temperaturda, kobalt stearat katalizatorun istirak:
ilo tetralinin oksidlosmasini aparmis ve tetralon-1-in alinmasina nail olmuslar. Sonralar keto-
nun ¢paminin artirilmasi tiglin reaksiya 110-140 °C-ds aparilmisdir. Miialliflor is [4]-da xrom
tereftalatin katalitik istiraki ilo tomiz oksigenls tetralini tetralon-1 -a qodar oksidlesdirmisler.

Bizim tadqiqatlarda maqgsad tetralinin oksidlagmasi prosesinds demir saxlayan karbon nanolif
nanokatalizatorunun aktivlik deracesinin dyrenilmasidir.

Todgiqatlarda istifads edilan tetralin (1,2,3,4-tetra-hydronapletalene, 97% tomizlik daracesi)
Boytik Britaniyanin “Alfa Acsar” sirkati torafinden toqdim olunmusdur.

Katalizator - Fe-KNL Almaniyanin “Future Carbon GmbH" sirkati terafinden toqdim olun-
musdur: tamizlik daracasi - 95.0%, amorf karbonun miqdar1 — 1%, Fe —un miqdar1 - 5% toaskil
edir. $akil 1.-de Fe-KNL-in elektron mikroskopiya goriintiisii tesvir edilmisdir ($akill.).

Sakil 1. Damir saxlayan karbon nanoliflerin (Fe-KNL) elektron mikroskopiyast

Tetralinin oksidlegsmesi reaksiyalar1 qazometrik qurguda [5] aparilmig ve naticaler sakil 2 va
cadval 1.-doa tesvir edilmigdir.
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Cadval 1.Tetralinin Fe-KNL katalizatorunun istiraki ile oksidlasmasi prosesindaoksigenin udulma kinetikasinin
naticalari. [ Kat.] =20 g/l (~2%). POz = 20 kPa (hava)

Kat-run ad1 Reaksiyanin Metalin kat-da Reaksiyanin siirati, Woz,
T-ru, oC miqdari, % mm®0z/daq.
Fe-KNL 60-100 - 0
Fe-KNL 100 5 11.0
Co naftenat 100 10 0
Ferrosen 100 30 0

Soakil 2. Fe-KNL-in istiraki ils tetralinin oksidlagsmasi prosesinda oksigenin udulmasi,
T °C =100, POz = 20 KITa (Bo3ayx), [Fe-KNL] =20 r/a (~2%)
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0.4
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0z
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Magsadli sintetik neft tursulariin alinmas: tigiin Azarbaycan neftlorinin qarisiginin aromatik-
sizlogmis ve parafinsizlasdirilmas fraksiyasi Fe-KNL-in katalitik istirak: ilo maye fazada hava-
nin oksigeni ila oksidlasdirilmis ve naticalar cadvael 2-ds verilmisdir.

Cadval 2. Fe- KNL Kkatalizatorun istiraki ils aparilan Azarbaycan neftlarinin qarisiginin naften—izoparafin
(1) ve naften—parafin (2) konsentratlarmin oksidlasmasi prosesinin naticaleri. Xammalin miqdar1 -128q
(150 ml), temperatur 135- 140°C, havanin axmn 100-120 1/saat., reaksiya miiddati 5,5 saat.
(SNT-sintetik neft tursusu, ONT-oksisintetik neft tursusu, T.a.-tursu adadi)

Xammalin Kat-run Oksidat T.o., SNT-nin | ONT-nin | SNT-nin T.a., | ONT-nin T.o,,
novii miqdar, kiit.% | mgKOH/q gximi,% | ¢xami, % mgKOH/q mgKOH/q
1) 0.2 56.7 13.8 13.5 141.5 102.8
(2 0.1 27.0 15.0 1.0 140.0 107.7
(2) 0.2 35.5 19.0 2.6 143.1 99.8

Xammal naften-izoparafin konsentratinin ve onun oksidlasmesinden alinan oksidatin IQ-
spektrlori “Thermo Scientific”-Nicolet 1510 IQ (Furye) spektrometrinds ¢okilmis ve sokil 1.3

vo 1.4-db tasvir edilmisdir.

14




The oxidation of tetralin and naphthene concentrate of diesel fractions extracted from a mixture of Azerbaijani oil, in the presence of iron-containing carbon nanofibers

Sakil 3. Naften-izoparafin konsentratinin IQ-spektri
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Sakil 4. Fe saxlayan karbon nanolifin istiraki ila naften-izoparafin
konsentartininoksidlegsmasindan alinan oksidatin 1Q—spektri.
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Soakil 5. Fe saxlayan karbon nanolifin istiraki ile naften-parafin
konsentartinin oksidlagmasinden alinan oksidatin IQ-spektri.
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Sakil 4 va 5-da gostarilmis spektrlards 725, 1450, 2800-3000 sm! fraqgmentlari CHz qruplarina;
1380, 2800-3000 sm'udulma zolaglar1 CHs qruplarina; 940, 3450, 3500 sm™ fragmentlari OH
qruplarina; 2650, 2740 sm'udulma zolaqlar1t COOH karboksil qruplarina; 1190, 1250, 1720
sm™ — C=0 karboksil qruplarina; 980 sm" — naften strukturlarinin raqgslarines aiddir.

Notico: Aparilan tadqiqatlarin naticalori olaraq qeyd etmok lazimdir ki, naften konsentartla-
riin oksidlagsmasinds tatbiq olunmus Fe-KNL maddasi katalitik aktivlik ntimayis etdirir.

1. Neft karbohidrogenlarinin oksidlogsmasinda Fe-KNL katalizatoru daha yiiksok miqdarda
gotiirtildiikda neft tursularinin SNT+ONT iimumi ¢iximi1 daha da biruzs olur.

2. Neftin dizel fraksiyasindan ayrilan naften-parafin konsentratini oksidlosdirdikdae sintetik
neft tursularinin selektivli ¢iximi miisahida olunur ve oksisintetik neft tursulart alinmur.
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ABSTRACT

In this article it was mentioned about the investigation of the cycloalkylation reaction of phenol with cyclohexene
in the presence of KVY-23 under batch conditions and the effects of parameters( temperature ,experiment duration,
molar ratio of phenol to cyclohexene, catalyst amount ) on the yield and product selectivity. The catalyst used for
cyclalkylation reaction is KY-23 (GOST 20298-74) with high porosity and high average effective pore radius macro
porous structure. Catalyst KY-23 (modification 10/60) is thermally stable up to 170 °C and absorbs water 55-70%
by mass .According to investigation under the optimal conditions p-cyclohexylphenol yield reaches 76.7 % of theory,
and selectivity on p-cyclohexylphenol — 92.3 % by mass, respectively. 2-hydroxy-5-cyclohexylacetophenone was
synthesized from the acylation reaction of p-cyclohexylphenol ,obtained from the cycloalkylation of phenol with
cyclohexene ,with acetic acid in the presence of ZnCl: and the yiled was 51.3 %.

Keywords: phenol, cyclohexene, catalyst, cycloalkylation, yield, selectivity, acylation, acetic acid.

2-HIDROKSI-5-(TSIKLOHEKSIL)-ASETOFENONUN SINTEZi
XULAS®

MBagqalada fenolun K¥-23 katalizatoru istirakinda tsikloheksenls fasilsli qurguda tsiklo-alkiliosma reaksiyasi-
nin todgiginden, magsadli mehsulun ¢iximina ve segiciliyine tosir edon amillarin (temperaturun, vaxtin, ilkin
komponentlarin mol nisbatlarinin, katalizato-run miqdarinin) arasdirilmasindan bahs edilir. Tsikloalkillosme reak-
siyalari {iclin katalizator kimi yiiksak orta semaralolik masamolare malik olan KY-23 (TOCT 20298-74) istifadas edil-
misdir. KY-23(modifikasiya 10/60) torkibinda 55-70%-dak su saxlayir, 170°C-doek termiki stabildir. Aparilan tadqi-
qatlar naticesinds miisyyen edilmisdir ki, tapilmis optimal garaitde magsedli mshsulun ¢ixami 76,7% ( gotiiriilen
tsikloheksena gora), segicilik iso magsadli mahsula gors 92.3% taskil edir. Fenolun tsikloheksenls katalitik tsiklo-
alkillosmoasinden alinmis para-(tsikloheksil-fenol) ZnClz katalizatorunun istirakinda sirke tursusu ile asillosme
reaksiyasina calb olunaraq 51.3% ¢iximla 2-hidroksi-5-(tsikloheksil)-asetofenon sintez olunmusdur.

Acar sozlar: fenol, tskiloheksen, katalizator, tsikloalkillosma, ¢ixim, selektivlik, asilloagmo, sirka tursusu.

CHMHTE3 2-TMAPOKCU-5-(HMKAOTEKCIA)-ALIETO®EHOHA
PE3IOME

B craThe IpuBOAATCS pe3yAbTaThl peakIuy IIMKA0aAKUANPOBaHsA (PpeHoAa ITUKAOTeKCeHOM B IIPUCYTCTBUI
KaTaamsaTopa KY-23 Ha ycTaHOBKe ITepHOANIECKOTO AEVICTBI, a TakKe M3ydeHsl PaKTOpEI (TeMIlepaTypa, BpeMs,
MOABHOE COOTHOIIIeH!e MICXOAHBIX KOMIIOHEHTOB 11 KOAMYEeCTBO KaTaAu3aTopa) BAMSIONINE Ha BBIXO, I CeAeKTUB-
HOCTD 11€4eBOTO ITpoAyKTa. B kauecTse KaTaamsaropa mcroab3osaan Katuonut KY-23(IOCT 20298-74) npeacras-
ASIONNIT co60Y, KATMOHOOOMEHHYIO CMOY C BBICOKOJI CTETIEHBIO ITOPYICTOCTY U BEICOKMM CpeaHe 5PPeKTUBHBIM
paamycoM mop Makponopucton cTpykrypsl. Karaamsarop KY-23 (mogudpuxarnum 10/60) TepMirdeckn cradnieH
20 170 °C. B pesyabTaTte IpOBeAeHHBIX MCCAeAOBaHMII ObLAYM HaligeHbl ONITYMaAbHble YCAOBHS, IIPU KOTOPHIX, BbI-
X0/, 11e1€BOTO ITPOAYKTa COCTaBAseT 76.7% (OT Teopmyt Ha B3ATHIN ITUKAEH), a CeAeKTUBHOCTS I10 11e1€BOMY ITPOAYKTY
92.3%. Ilapa-1jukaorekcnadeHoA IOAYIEeHHBIN B pe3yAbTaTe peaKliy IVKA0aAKIUAVPOBaHMs peHoAa ITUKAOTEK-
cenoM B npucyTtcrsun KY-23, mogsepraan peakijysaM alUANPOBaHUs C YKCYCHOM KUCAOTOM B IPUCYTCTBUM KaTa-
anzaropa ZnClz, B pe3yAbTaTe 4ero CMHTE3UPOBaH 2-IMAPOKCU-5-(ITUKA0reKcnA)-areTodpeHoH ¢ BeixogoM 51.3%.

Karodgesble ca0Ba: $peHO, IUKAOTEKCEeH, KaTaAN3aTop, OUKA0AAKINAVPOBaHIE, BBIXOA, C€A€KTIBHOCTS, alli-
AVpOBaHNe, YKCyCHas KICAOTa.

Alkilfenollar poliolefinlars, sintetik kauguklara, yaglara ve yanacaqlara slave olunan antioksi-
dantlarin, asqarlarin, stabilizatorlarin va s. alinmasinda semarali ilkin xammallardirlar [1-7].
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Toqdim olunan maqalads fenolun KV-23 katalizatoru istirakinda tsikloheksenls tsikloalkillag-
ma reaksiyalarmin tadqgiqinden, miixtalif parametrlorin (temperaturun, vaxtin, ilkin kompo-
nentlarin mol nisbatlarinin ve katalizatorun miqdarmin ) magsedli mehsulun ¢iximina va se-
ciciliyino tesirinin arasdirilmasindan, eyni zamanda almis para-(tsikloheksil)-fenolun ZnCl>
katalizatorunun istirakinda sirks tursusu ils asillogms reaksiyalarmin tadqiqinden bahs edilir.

Toacriibi hissa

Para-(tsikloheksil)-fenolun alinmasi tigiin tomiz, yeni, qovulmus fenoldan va tsikloheksendon
(T=82-83°C, 0=0.8110, m.k.=82, np*=1.4465) istifado olunmusdur.

Tsikloalkillosma reaksiyalari tigiin katalizator kimi yiiksek orta samaralslik masamalars malik
olan KV¥-23 (I'OCT 20298-74) istifads edilmisdir. KY-23(modifikasiya 10/60) torkibinde 55-70%-
dak su saxlayr, 170°C-dak termiki stabildir. Ona gorsa KV-23 istifadeden qabaq sudan azad
olmagq iigiin 110°C-dok qizdirilir. Is prosesinde temperaturun tesiri ilo katalizatordan sulfoqru-
pun ayrilmasi ve onun {izarine gatranabanzar maddalarin toplanmasi naticesinda katalizato-
run faallig1 asag1 diistir. KY-2 katalizatorundan ferqli olaraq, KY-23 katalizatoru 2-4 %-li xlo-
rid tursusu ils regenerasiya olunur ve yenidan istifads olunur. Susuz sink xlorid asasen mii-
layim, giiclii Luyis tursusudur. Bu sebabdaen sink xlorid Fridel-Krafts asillosms reaksiyalarin-
da katalizator kimi istifads edilir.

Naticalarin miizakirasi

2-Hidroksi -5-(tsikloheksil) —asetofenonun sintezi iki marhals hoyata kegirilmisdir:

HO

]
|
— C— CH,
@ @ Ky O + CH;COOH 22 @
070
Ilkin moarhoalada fenolun KV -23 katalizatoru istirakinda tsikloheksenls tsikloalkillosmo reak-
siyalar1 todqiq olunmusdur. Reaksiyanin samarali soraitini tapmagq tiglin magsadli mahsulun
¢iximina va segiciliyine temperaturun, vaxtmn, ilkin komponentlarin mol nisbatlerinin ve kata-
lizatorun miqdarinin tesiri aragdirilmisdir. Reaksiyanin temperaturu 80-140 °C, tacriibalarin

miiddati 2-8 saat, katalizatorun miqdar1 5-20 % (gotiiriilon tsikloheksena gore) qiymatlarinda
Oyronilmisdir.

1 sayli sokilda fenolun KVY-23 katalizatorunun istirakinda tsikloheksenlos katalitik tsikloalkil-
losmo reaksiyalarinin naticalori verilir.

Sakil 1. Para-(tsikloheksil)-fenolun ¢iximinin(1) ve segiciliyinin (2) temperaturdan (a), vaxdan (b), ilkin
komponentlarin mol nisbatlarindan (c) ve katalizatorun migdarindan (d) asililiq ayrilari
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Sakil 1-den gortiniir ki, para-(tsikloheksil)-fenolun an yiiksak ¢ixamina -76.7% ( gotiirtilon TSH-
9 gora) nail olmaq ti¢lin reaksiyanin temperaturunu 120°C gotiirmek lazimdir. Reaksiya tem-
peraturunun 80 °C giymatinda ise maqgsadli mahsulun ¢iximi 36.8%, segiciliyi isa 96.7% olur.
Bu zaman secicilik yiiksak olsa da, magsadli mahsulun ciximi asag1 olur, odur ki, bu sarait
samarali sayila bilmaz. Raksiya temperaturunun 140 °C giymsatinda iss magsadli mahsulun
¢ixaimi 63.4%-9, segicilik iso 88.4% qodar asag: diisiir. Tocriibanin miiddatinin 2-6 saata artiril-
masl ile para-(tsikloheksil)-fenolun ¢iximi 27.2-den 76.7% -adoak artmis olur. Reaksiya miid-
datinin artirilmasi ile maqgsadli mehsulun ¢iximi 74.3, segiciliyi iso 87.2%-o qodar diisiir. Segi-
ciliyin xeyli asag1 diismosi ilkin komponentlarin reaksiya zonasinda artiq qalmasi naticesin-
da fenolun digar izomerlorinin amsalo galmasi ilo izah olunur. Naticads fenolun 2-, 4-mono-,
2,4-, 2,6-di, vo 2,4,6-licovazolunmus birlosmalari alinmis olur.

Para-(tsikloheksil)-fenolun semarali ¢iximina (76,7%) fenolun TSH-a 2:1 mol nisbatinda nail
olmagq olur. Fenolun ve ya tsikloheksenin iimumi reaksiya qarisiginda qatihgimn artirthib azal-
dilmasi ils els bir miisbat natice alds edilmir. 1 sayl sekildon goriindiiyii kimi, reaksiya tigtin
gotiiriilon KV-23 katalizatorunun miqdarimni 5-den 10%-dak artirilmagla maqgsadli mahsulun
¢ami 51.8-den 76.8%-dak artir; katalizatorun miqdarinin 15-20%-a godaer artirilmaqla ¢pxam
78-80%-doak artmus olur, lakin bu zaman segicilik (83.1-86.9%) xeyli asag1 diisir.

Belaliklo, fenolun KV-23 katalizatoru istirakinda tsikloheksenlo tsiklolkillosma reaksiyasini
hoyata kegirmok tiglin asagidaki sorait somorali sayila bilor: temperatur 120 °C, reaksiyanin
miiddati 6 saat, fenolun TSH-o mol nisbati 2:1, katalizatorun miqdar1 10%. Bu seraitds para-
(tsikloheksil)-fenolun gotiiriilon TSH-a gora ¢rximu 76.7%, segiciliyi ise maqsadli mehsula gore
92.3% toaskil edir.

Sintez olunmus para-(tsikloheksil)-fenolun kimyavi strukturu IQ-ve NMR-spektoskopik iisul-
larla tesdiq olunmusgdur: 1505, 1592-1610 sm-!(benzol halgesi); 3010, 3030 sm!(=CH: valent
stirtismoasi); OH-qrupu 1240 va 3100-3500 sm™ zolaglarinda tayin olunmusdur. Hem-avazolun-
mus tsikloheksan halgasi 2920 vo 2840 sm™ valent siirlismosi zolaqlar1 hoam da tsiklde Octe-i
xarakterizo edan 1058, 1342 sm! zolaqlari ils tasdiq olunur.

Para-(tsikloheksil)-fenolun 'H NMR spektrinda boyiik pikli multiplet (6=1.77m.h) 1.5 m.h.doy-
mus karbohidrogen halgesi (multiplet) tigtin xarakterikdir.

Para-(tsikloheksil)-fenolun fiziki-kimyevi xassalari 1 sayli codvalda verilir.

Cadval 1. Para-(tsikloheksil)-fenolun fiziki-kimyovi xassalori ve element torkiblori

Mol kiitl El t torkibi, %
Struktur veo Tqayn,0C/ ol.xutle ement torkibi
empirik formulu 666.5 Pa Ter,C Hesab T Hesablanib Tapilib
P . esab. ap. C o c =
- 141-143 132 176 176 81.8 91 | 815 | 88
C 2H 160

Novboati moarhaloda  para-(tsikloheksil)-fenolun ZnCl: katalizatoru istirakinda sirke tursu-
su (ST) ils asilloagsma reaksiyalar1 tadqiq olunmusdur. Asillosms reaksiyalar: tighogazl kolba-
da asagidak iisul ile aparilmigdir: 16.5q(0.12 mol) susuz ZnCl2 va 16.5 q (0.27mol) buzlu sir-
ka tursusu kolbaya doldurulub qizdirilir. Temperatur 100 °C ¢atdiqda qarisigin tizerine 17.6 q
(0.1mol) hissa-hisse para-(tsikloheksil)-fenol alave olunur ve temperatur 120-160 °C qaldirilir.
Qarisma 20-60 daqiqe davam etdirilir. Sonra qarisiq xlorid tursusunun 10%-li sulu mahlulu
ilo yuyulur va asag1 tezyiqde qovulur. Magsadli mahsul etil spirti ilo yuyulduqdan sonra fizi-
ki-kimyavi xassaleri, kimyavi qurulusu teyin olunur.

19



R.Z.Bagirzade, S.M.Asgerzade, . K.Nezerov, M.M.Chalishkan, CH.K.Rasulov

Para-(tsikloheksil)-fenolun sirke tursusu ilo katalitik asillosma reaksiyalarmin naticalori 2 sayl
sokildo verilir.

Sakil 2. 2-Hidroksi-5-(tsikloheksil)-asetofenonun ¢iximinin temperaturdan (a),
vaxtdan (b) ve mol nisbatlarinden (v) asililiq ayrilari

50 4 > g
;\?“45. b
g 40 4 1
=]

O ]

25 a) b) c)
v v r v r —— —— : , .
120 130 140 150 160 20 25 30 35 40 45 80 85 60 I 12 13

temperatur, ©C vaxt, daq

p-(TSH)-{:ST, mol/mol

Sokilden goriindiiyii kimi asillosma reaksiyasinin temperaturunun 120-don 145 °C-dak artir-
magqla magsadli mahsulun ¢ixami 25.3-don 51.3%-dak artir. Temperaturun 145-150°C-den yu-
xar1 qaldirmagla maqgsadli mehsulun ¢ixami asag1 diigmays baglayir. Mas.:155-160 °C-da para-
(tsikloheksil)-fenol asasinda alinmis asetofenonun ¢iximi 46-48% olur. Magsadli mahsulun ¢i-
ximina ilkin komponentlarin reaksiya zonasinda goriisme miiddstinin do 6namli tasiri var.
Bels ki, reaksiya miiddatinin 20 daqiqe oldugu halda maqgsadli mehsulun ¢iximi 37.4 % olur.
Vaxtin 35 dagigayadak artirilmasi ile magsadli mahsulun ¢iximi 51.3 %-dok artir; reaksiya qa-
risiginn qarisma miiddstinin artirilmasi ile magsedli mahsulun ¢pxami 36.5 % -dak asag diisiir.
Reaksiya zonasmda ilkin xammallarm ¢ox qalmasi ile meagsedli mehsulun ¢pxamimin asag diis-
masi reaksiya naticasinde arzu olunmaz mohsullarin (2.6-di avozli asetofenon, asetilfenil efiri)
alinmasi ils izah olunur.

Magsadli mahsulun ¢iximina tesir edan digar amil ilkin komponentlarin mol nisbatlaridir. Se-
kilden goriintir ki, para-(tsikloheksil)-fenolun sirke tursusuna mol nisbati 1:2 olanda, an mag-
sadli mahsul yiiksak ¢ixaimla alinar.

Belaliklo, para-(tsikloheksil)-fenolun sirks tursusu ilo ZnCl: katalizatorunun istirakinda asil-
losmo reaksiyasinin aparilmasi {i¢iin somarali sorait tapilmisdir: temperatur 145-150 °C, reak-
siya miiddati 35 daqiqe, p-(TSH)- £:ST nisbati 1:2 mol oldugda magsadli mahsulun 2-hidroksi-
5-(tsikloheksil)-asetofenonun gotiiriilon para-(tsikloheksil)-fenola gora ¢iximi 51.3% togkil edir.
2-Hidroksi-5-( tsikloheksil)-asetofenon reaksiya moahsullarindan qovulub ayrildiqgdan sonra
Q- vo NMR-spektroskopik iisullarla onlarm kimyavi quruluslari siibuta yetirilmisdir.

2-Hidroksi-5-(tsikloheksil)-asetofenonun '"H NMR spektri avvalki 1-ci maddenin spektrlarine
uygun golir, ancaq bazi forqli cohatlar karbonil radikalinin varligini siibut eden stirtisma zo-
laglar1 miisahida olunur.

2-Hidroksi-5-(tsikloheksil)-asetofenonun "H NMR spektrinds, 0=1.77 m.h. sahasinda tsiklik
doymus karbohidrogen halgesinin yayilmis singleti miisahids olunur. 5-6 m.h. zolagimdaki
singlet OH qrupunun protonuna uygun galir.1,2,4-avez olunmus benzol halgesi 6.87 m.h. kim-
yovi stirlismalarinde 6ziinii gostarir.

Maddenin IQ spektrinda para-avez olunma benzol halqgasina 825, 1240, 1510, 1592, 1610 sm™
udulma zolagimin syrilsri, 3220 sm!-de maksimum zolag1 assosiasiya olunmus OH qrupuna
miivafiq gelir.

Altihalgali hem avezolunmus tsiklo 2920, 2850 sm-! (OH qrupunun valent siiriismasi) vo 1440
sm? (CHz qrupunun valent siiriismasi) sahasindoki udulma zolaqglar1 ilo xarakterizo olunur.
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C(O)CH:2 qrupunun C=0 rabitasi 1242, 1265, 1276 1335 sm™ udulma zolaqlarinda, C-H rabites-
sina deformasiya raqsi 1440, 1460 udulma zolaqglarinda miisahids olunur.

Cadval 2. 2-Hidroksi-5-(tsikloheksil)-asetofenonun fiziki ve kimyavi xassalori

Element torkibi, %

T qayn, °C/ 1333

Struktur formulu Pa Tor, °C Mol kiitla Hesablanib Tapilib

C H C H
Q 156-158 112 218 77.1 83 | 768 | 8.1
O C 1sH 1802

Naticalar

1.

Fenolun KV-23 katalizatoru istirakinda tsikloheksenls tsikloalkillosma reaksiyalar: tod-
qiq olunmusdur. Aparilmis elmi todqiqatlar naticesinde miiayyen edilmisdir ki, tsikloal-
killosma reaksiyasinin samaorali soraitinde para-(tsikloheksil)-fenolun gotiiriilon TSH-o
gora ¢iximi 76.7%, segiciliyi iss magsadli mahsula gors 92.3% toskil edir.

Alinmis para-(tsikloheksil)-fenolun ZnClz katalizatoru istirakinda sirks tursusu ils asillosmae
reaksiyasindan 51.3% ¢ixamla 4-hidroksi-5-(tsikloheksil)-asetofenon sintez olunmusdur.
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ABSTRACT

The paper presents the results of researches carried out to evaluate the polycyclic aromatic hydrocarbons
(PAHs) pollution of seawater and bottom sediments in the Caspian shelf in an oil industrial area. The results of
studies showed that the content of PAHs in seawater samples considerably decreases depending on the remoteness
of sampling stations from seacoast, whereas increased levels of PAHs were detected in all sediment samples even
at 5 km from the coast. The studies have revealed that along with petroleum — related PAHs, the site is polluted also
by combustion-related USEPA PAHs as benzo(a)pyrene, indeno-pyrene and chrysene, etc. The results showed that
in sediment samples, the content of most carcinogenic pollutant such as benzo(a)pyrene ranged from 1,6 to 80,9 ng/g .

Keywords: PAHs, seawater, sediments, benzo(a)pyrene, pollution.

SU SISTEMLORININ POLITSIKLIK AROMATIK HIDROKARBONLARLA
CIRKLONMOSINO ANTROPOGEN TOSIRIN QiYMOTLONDIRILMOSI

XULASO

MBaqalada neft sonaye zonasinda Xoazar denizinin sath sular1 ve dib ¢okiintiilorinin poliaromatik karbohidro-
genlarle (PAK) ¢irklonmasinin giymatlondirilmesi ti¢iin aparilmis tedqiqatlarin naticesi verilir. Todqiqatin naticeleri
sahilden deniza dogru uzaqlasdiqca deniz sular1 niimunsalarinde PAK-in miqdarinin azaldigini gésterir, lakin sa-
hilden 5 km arali masafeds de dib ¢okiintiilari niimunalarinde PAK-in yiiksek miqdar1 geyds alinmisdir. Naticelar
todqiq olunan sahanin neft mangsli karbohiddrogenlarls yanasi, AB§ ©MMA-nin benzo(a) piren, indeno-piren vo
xrizen kimi kanserogen karbohidrogenlari ila da ¢irklendiyini gostarmisdir. Miisahidalar zamani dib ¢okiintiisii
niimunalarinds benzo(a)pirenin miqdari 1,6- dan 80,9-a qadar dayismisdir.

Acar sozlar: PAK, deniz suyu, ¢okiintii, benzo(a)piren, ¢irklonmsa.

OLIEHKA AHTPOITOTEHHOT'O BO3AEMCTBUS HA 3ATPSI3HEHVE BOAHBIX
SKOCUCTEM INOANIONKANYECKNMU APOMATUYECKMMU YTAEBOAOPOAAMUI

PE3IOME

B craTbe mpeacTaBAeHBI Pe3yAbTaThl UCCAeAOBAHNUIL, IIPOBEJEHHBIX A OLIEHKU 3arpsI3HEHIsI MOPCKON BOABI
U AOHHBIX OTAOXKEHUI II0AMapoMaTudeckuMu yraesogopogamu (ITAY). PesyapraTel nccae0BaHMIl TIOKA3aAU, YTO
cogep>kanue [TAY 3HaunTeABHO YMEHBIIAETCA B 3aBUICUMOCTH OT YAAaA€HHOCTY CTaHIIMII otbopa mpob ot Gepera
MOp:I, TeM BpeMeHeM B 0OpasIjaX AOHHBIX OTAOKEHUI IIOBBIIIIeHHbIe KOHIeHTparuu ITAY 6p1a1 oTMedeHs! Aaske
Ha 5 KM aycrannum ot Oepera. /labopaTopHbIe aHaAM3HI BRIABUAM, 9TO Hapsady ¢ HepTsausiMu ITAY, 30Ha nccaeso-
BaHIs 3arpssHeHa Takke yraesogopogamu YOOC CIHA takumu Kak OeH30(a) IIMpeH, MHAGHO-TIMpPeH U XpU3eH,
ITOAy4eHHBIMU B pe3yAbTaTe CKMUTaHI MCKOIIaeMOTo ToIAmBa. Bo Bpems HabA04eHMI, B 06pasIiax AOHHBIX OTAO-
SKEHUI cogepsKaHue Hanbo.1ee KaHIIEpOTeHHOTO BellecTBa OeH30(a)upeHa Bapbprposato ot 1,6 20 80,9 Hr /1.

Karouesrnie caosa: ITAY, Mmopckast Boga, AOHHBIE OTA0KeH!s, OeH30(a) IMpeH, 3aTrpsI3HeHe.

Introduction

Polynuclear aromatic hydrocarbons (PAHs) are an important group of organic compounds
that are known or suspected carcinogens and mutagens. Much interest and research have
been directed toward their environmental occurrence and persistence and their potential
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effects on ecosystem. PAHs are usually produced by the incomplete combustion of fossil
fuels when burned under oxygen-deficient conditions, with the main contemporary to the
environment associated with automobile exhaust emissions, residential heating methods, and
oil-and coal-fired power generation [1].

Crude oil and produced waters contain considerable amount of aromatic hydrocarbons inclu-
ding 2-6 rings PAHs [2,3].

16 PAHs have been specified by the United States Environmental Protection Agency (EPA)
as priority pollutants. They are: naphthalene, acenaphthylene, acenaphthene, fluorene, phe-
nanthrene, anthracene, fluoranthene, pyrene, benz[a]anthracene, chrysene, benzo[b] fluorant-
hene, benzo[k]fluoranthene, perylene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, and benzo
[ghi]perylene. The best known PAH is benzo[a]pyrene which contains 5 rings.

Regardless of their source, PAHs behave similarly in the environment. Once discharged, most
PAHs will enter the air before subsequent transport to other media. Following emission to the
atmosphere from different anthropogenic and natural sources, PAHs are distributed through
out the globe by atmospheric processes that are capable of transporting particulate-bound
pollutants hundreds or even thousands of miles. Surface water receives its share primarily from
airborne deposition, but other major contributors include urban runoff, effluents from industrial
plants, petroleum processing, and occasionally oil spills. Urban and industrialized conurbations
are major sources of contamination and are often influenced by local sources. Wet and dry
deposition processes remove airborne pollutants to terrestrial and aquatic environments. The
lighter PAHSs, such as phenanthrene, are found almost exclusively in gas phase whereas the
heavier PAHs, such as benzo(a)pyrene, are almost totally adsorbed on to particles. Low solu-
bility and high organic carbon affinity in particulate matter makes sediments a major contributor
to the overall watershed PAH content. Most PAHs are contaminants commonly found in aquatic
sediments. Heavy hydrocarbons in water environments tend not to venture far from their
anthropogenic source, and thus, aquatic areas near extensive human activity may exhibit sig-
nificant impact. Runoff solids from highways may contain increased levels of PAHs. According
to authors, high concentrations of potent mutagens and carcinogens such as benzo(a)pyrene
and indeno-pyrene were measured in the particulate phase of runoff samples collected along
highways. [4-7].

In room conditions, PAHs remain relatively nontoxic until achieving internal concentrations
sufficient to cause narcosis when can damage cardio-vascular and nervous systems. Of more
probable concern from an environmental standpoint is toxicity due to photoactivated PAHs.
PAHs are, by virtue of their highly conjugated m-orbital systems, prime examples of photoactive
contaminants. PAHs strongly absorb in the ultraviolet-02B (UV-B) (290-320 nm) and UV-A
(320-400 nm) spectral regions both of which are present in sunlight. The toxicities of PAHs
have been shown to be greatly enhanced when the UV components of sunlight are present,
as either natural sunlight or a light source mimicking sunlight [8]. Photo-activated PAH mo-
lecules may damage tissues directly, or may induce redox cycling through formation of free
oxygen radicals resulting in much greater toxicity under UV light. A number of studies docu-
mented the potential for photo-induced toxicity of PAH-contaminated sediments to benthos [9].

Getting in human organism PAHs accumulate in lipide source of the body. In general, they
do not produce adverse effect in their parent forms. However, if metabolized by enzymes of
the body, they produce intermediates which are capable of producing cancer [10].
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Being one of the industrialized and urbanized regions of the world, the Absheron peninsula
of Azerbaijan couldn’t avoid environmental problems associated with the pollution of ecosys-
tem with toxic chemicals including PAHs.

Past studies revealed high levels of hydrocarbon pollution in soils and water systems of the
Absheron peninsula [11-13]. The objective of this study was to investigate the pollution of sea
water and sediments with PAHs in one of the oil industrial zones of the Absheron peninsula.

Materials and methods
The studies were carried out according to generally accepted test methods [14-16].

The seawater and marine sediments used were sampled in the Caspian Sea, in offshore shelf
of the Contract area. The data considered here are limited to 5 offshore stations in the study
site. Stations 1, 2 and 3 were at distances of 5, 3 and 2 km from seacoast, respectively. Stations 4
and 5 were located within relatively shallow water sections.

Sampling was performed at 4-5 m/s wind speed according to general guiding principles. Sea-
water and sediments were collected from surface water and bottom sediments of the same
sampling points in a vessel, using bathometer and grabs. Sediment samples were taken at a
1,5 m depth of upper layer.

The samples were analyzed for total polyaromatic hydrocarbons including EPA 16 PAHs and
2-6 rings PAHSs and total naphthalene, phenanthrene and dibenzo-thiophene (NPHD). PAHs
in water and sediment samples were analyzed by gas chromatography —mass spectroscopy
method.

The data presented in this paper are average values from at least three replicates.

Results and discussion
The data derived from EPA PAHs analyses are presented in tables 1 and 2.

As can be seen from tables 1 and 2, EPA 16 PAHs in all sediment samples are detected at sig-
nificantly increased levels, compared to the samples taken from upper horizons of the same
stations (with exception of Station 4). Concentration of EPA 16 PAHs in marine sediments at
Stations 1 and 2 is 19 and 27 times higher than the concentration of those in water samples.
The studies exhibited increased levels of benzo(a)pyrene in the samples taken from these sta-
tions. This is the evidence of long-term accumulation of high carcinogenic compounds in marine
sediments due to the migration of surface runoffs into deep sections.

Comparative analysis of hydrocarbon content in seawater and marine sediments showed that
concentrations of all PAHs in marine sediments in the sampling stations except Stations 4 were
significantly higher than the content of those in seawater samples. In the samples taken from
Station 4 the seawater samples contained more PAHs than marine sediments. The stations 1
and 2 are exposure to wastewater flowing from a discharge channel and the results of laboratory
analyses are the evidence of the fact that bottom sediments in offshore locations had undergone
long-term influence from anthropogenic sources.
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Table 1. Concentration of EPA 16 PAHs in seawater samples (ng/1)

Sampling stations

USEPA 16 PAHs 1 > 3 4 5
1.Naphthalene 4.6 44 5.1 6.3 8.6
2. Acenaphthylene 2.8 2.1 4.5 9.6 7.4
3. Acenaphtene 0.5 0.4 0.7 6.6 3.3
4. Fluorene 0.7 0.7 1.2 13.6 14.4
5. Phenanthrene 5.8 2.1 29 18.2 19.8

6. Anthracene 22 2.0 1.1 9.9 7.1
7. Fluoranthene 0.7 | 114 | 09 7.4 5.5
8. Pyrene 1.6 1.9 2.2 56.4 24.8

9. Benzo(a) anthracene 0.4 0.8 0.8 13.8 5.1
10. Chryzene 3.7 3.4 3.6 | 1102 | 76.7
11.Benzo(b)fluoranthene 0.5 0.5 0.6 15.7 9.2
12.Benzo(k)fluoranthene 0.3 0.3 0.5 5.4 3.3
13.Benzo(a)pyrene 0.1 0.3 0.3 8.4 4.7
14.Indeno(1,2,3 cd)pyrene 0.4 0.6 0.7 9.2 5.1
15.Benzo(ghi)perilene 1.2 0.9 16 | 224 6.5
16. Dibenzo(ah)anthracene | 0.7 | 0.3 0.2 6.6 2.0

Table 2. Concentration of EPA 16 PAHs in marine sediment samples (ng/g)

Sampling stations
USEPA 16 PAHs 1 > 3 n 5

1.Naphthalene 131.7 244 1.9 5.7 7.6
2. Acenaphthylene 2.5 5.4 0.1 0.9 4.8
3. Acenaphtene 21.8 59 0.4 3.9 9.3
4. Fluorene 18.7 7.0 1.5 22.3 73.3
5. Phenanthrene 187.7 156.2 9.1 42.3 76.9
6. Anthracene 31.8 42.4 1.1 7.6 8.2
7. Fluoranthene 125.1 36.2 2.2 9.6 10.0
8. Pyrene 112.9 69.3 2.9 27.2 479
9. Benzo(a) anthracene 76.4 46.1 1.0 12.0 16.3
10. Chryzene 102.8 104.2 21.7 40.7 122.8
11.Benzo(b)fluoranthene 99.5 84.8 2.9 13.4 15.4
12.Benzo(k)fluoranthene 55.4 36.0 1.3 6.0 6.3
13.Benzo(a)pyrene 80.9 60.9 1.6 9.4 52
14.Indeno(1,2,3 cd) pyrene 75.2 79.6 2.0 9.5 8.5
15.Benzo(ghi)perilene 90.4 107.8 3.9 12.1 20.7
16.Dibenzo(ah) anthracene 34.9 44.0 1.0 4.0 5.6

Figures 1-3 illustrate the changes in 2-6 rings PAHs, EPA 16 PAHs and NPHD contents in
water and sediment samples in the study site. As can be seen from the figures, the content of
hydrocarbons in seawater samples considerably decreases depending on the remoteness of
sampling stations from seacoast, whereas significantly increased levels were detected in sedi-
ments even at 5 km from the coast. This indicate that exposure to a discharge channel has
greatly contributed to the pollution of a large area by toxic substances within the study area.
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Fig 1. Change of the content of 2-6 rings PAHs in seawater (mcg/l) and sediment (mcg/g) samples
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Fig. 2 Change of the content of EPA 16 PAHs in seawater (mcg/l) and sediment (mcg/g) samples
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Lower concentrations of 2-6 rings PAHs and NPHD were detected in the water samples from
stations 1, 2 and 3 ranging 0,21 to 0,27 mcg/l and 0,16 to 0,24 mcg/l, respectively. Equal
values of total EPA 16 PAHs (0,03 mcg/l) was detected in the waters of these stations. The
highest levels of all the above mentioned PAHs were observed in the water samples taken
from station 4.

Fig. 3 Change of the content of NPHD in seawater (mcg/l) and sediment (mcg/g) samples

18 ~
16

B Water
B Sediment

Concentration of PAHSs

T T T T

Station 1 Station 2 Station 3 Station 4 Station 5

The figures demonstrate unequal distribution of hydrocarbon pollution in sediment samples.
Increasingly high levels of 2-6 rings PAHs and NPHD were detected in sediment samples from
Station 5, whereas increased levels of EPA 16 PAHs were observed in sediment samples from
stations 1 and 2. Relatively lower pollution levels are detected at Station 3 that can be presumed
as unpolluted.
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Conclusion

Overall, the studies showed that the level of PAHs pollution in the study site extended up to
5 km offshore. Highest levels of most toxic pollutants - the EPA 16 priority PAHs were found
at 3 and 5 km distances from seacoast. This indicates that carrying with surface runoffs these
contaminants are accumulated in remote areas of the seacoast. It is well-known, that the deg-
radation of these compounds under this condition proceeds very slowly. The majority of these
pollutants are persistent, remain intact in the environment for long periods and the exposure
to this kind of pollutants can cause serious threat to human and other living organisms. It is
apparent, that finding of proper solution to the problems concerning the PAHs pollution of
sea environment is of great importance. Taking into account all the above stated, comprehensive
measures should be developed and implemented based on a scientifically-proven approach to
protect the ecosystem of the Caspian Sea from further disasters.
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ABSTRACT

Is studied of kinetic laws receiving methane’s from reaction carbon dioxide with water steam with participation
the catalyst Fe, Ni / y-AL20sin flow reactor, at temperatures 420-460°C, in time of 1-30 seconds. Is selected the probable
scheme of reaction. Is constructed a kinetic model as a system of differential equations, which descripted the change
of concentration of the starting substance and products of reactions in contact time. Was calculated the constant of
velocity and energy of activation for different routes. Is shown that, the proposed model adequately describes the
experimental data.

Keywords: carbon dioxide, methane, kinetic model, constant of velocity, activation energy.

VI3YYEHUE KUHETUYECKVX 3AKOHOMEPHOCTEV B3AUMOAENCTBUS AMOKCUAA
YI1EPOAA C BOASIHBIMITAPOM B ITPUCYTCTBUN KATA/AM3ATOPA Fe, Ni / y-Al:0s3
PE3IOME

V3yueHn! KMHeTMYECKI e 3aKOHOMEPHOCTH peaKIMY B3alMMOAEVICTBIS AMOKCUAA YyrAepoja U BOASHOTO Iapa
B MeTaH Ha Kataansartope Fe, Ni, /y-ALOs B mpoTouHOM peakTope B nHTepBaie TeMmrepatyp 420-460°C ripu Bpemenn
koHTakTa 1-30 cex. BriOpaHa BeposATHas cxeMa IIpoTeKaHMs peaknuu. ITocTpoeHa KnHeTH4YecKass MOAeAb B BUAE
cncteMsl AnddepeHIalbHbIX ypaBHeHM, OMVCHIBAIOIINX M3MeHeHe KOHIIeHTPaIuil MCXOAHBIX BeIlecTB 1 IIPo-
AYKTOB peaKIIii BO BpeMeHM KOHTaKTa. BeramcaeHsl KOHCTAaHTBI CKOPOCTM M DHEPTUM aKTUBAITMY IO OTAeABHBIM
MaprpyTaM. [TokazaHo, 4TO ITpeAA0KeHHass MOJeAb ajeKBaTHO OINChIBAeT DKCITepPUMEHTaAbHbIE JaHHEBIE.

Karouessie caoBa: AVIOKCHI, yTA€pOoJa, Me€TaH, KMHETVIKa, KOHCTaHTa CKOPOCTU, DHePTIN:I aKTBaIll L.

Fe, Ni / y-Al20s KATALIZATORUN ISTIRAKI ILO KARBON DIOKSIDIN SU BUXARI ILO
QARSILIQLI TOSIRININ KINETIK QANUNAUYGUNLUGUNUN OYRONILMOSI

XULASO

Fe, Ni / y-Al2Os katalizatorun istiraki ile 420-460°C-da axinli reaktorda, 1-30san. alage vaxtinda karbon diok-
sidin su buxari ila birgs qarsiligh tesirinden metanin alimasinin kinetik qganunauygunlugu 6yranilib. Reaksiyanin
aparilmasimnin ehtimal olunan sxemi se¢ilmisdir. Differensial tonliklor sistemi saklinda ilkin ve son reaksiya mah-
sullarmim kontakt vaxtindan asili olaraq dayisilmasini tesvir edan kinetik model qurulmugdur. Miixtelif marsrutlar
tizra siirot konstsnt1 ve aktivlosma enerjisi hesablanmigdir. Gostarilmisdir ki, taklif edilon model eksperimental
gostoricilori adekvat tasvir edir.

Acar sozlar: karbon dioksid, metan, kinetik model, siirat konstanti, aktivasiya enerjisi.

BBeaenue

Bricokme TeXxHOTeHHbIe BLIOPOCH AMOKCHAA yraepoda B aTMocdepy o0ycaaBAMBalOT HEOOX0-
AVIMOCTD pa3pabOTKI IIpOLIeccoB, 0OecreunBaomX KpyItHoMaciuTadHyio yrmansanmuio COz.
Kpowme Toro, B 1ocaesHee BpeMsl Bo3pacTaeT BHMMaHMe K ICII0Ab30BaHUIO AMOKCHAA YTAepO-
Aa B KayecTse AOIOAHUTEABHOTO CHIPBEBOTO pecypca AAsl IMOAYUYeHMs YIAepOoAcoAep KalliixX
coeauHeHni1. PaspaboTka 9pPeKTUBHBIX CIIOCOO0B aKTMBAIIUM AVOKCIAA yIAepoja sIBASIeTCs
O/AHOM U3 aKTyaAbHBIX 3a4a4 B xumuu Ci [1].
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Kpome xopo1110o n3BeCTHBIX ¥ IIPOMBIIILAEHHO peaar30BaHHbIX IIPOLIECCOB C MCIIOAb30BaHEeM
AUOKCHAa yraepoaa [2,3] , BO3MOXKHO KaTaAUTU4eCcKoe TUAPUpOBaHNe MAM BOCCTaHOBACHNE
AVIOKCHJa yraepoda IIpy aTMOC(epHOM AaBAeHNN, KOTOpoe IIPUBOAUT K 0Opa3oBaHMIO Me-
TaHa. [ mapupoBaHe AOKCHAa yraepoda 40 MeTaHa MOKeT OBITh MCIIOAb30BaHO AASl IIOAY-
YeHNs CMHTETMYECKOTO 3aMeHITeAs IPUPOAHOIO rasa.

IIpoBeaeHnl MccaeA0BaHMs IO M3YYEHUIO KMHETVKY 3aKOHOMEPHOCTeN IIpolLiecca Ipesparie-
HISL AMIOKCHAA yTAepoJa M BOAOPOJa € LIeAblO IoAydeHns MeTana [4,5].

AAas peaabHOro IIpolecca Ha HMKeAeBbIX KaTaamnsaTtopax mpu 200-300°C 1 HeBBICOKOM AaB-
A€HIM, COTAaCHO [4] 4451 CKOPOCTM peakUuy CIpaBeAANBbl yPaBHEHI:

W = Kr Py - PO3° /(1 + Kz Py,0) ;

W =KiP)® P, /(1+Ke Py, + K Pey, ) ;

HPI/I MaAbIX KOHHeHTpaHI/I}IX CO2 CKOpOCTI) peaKLU/II/I BI)Ipa)KaeTCSI ypaBHeHI/IeM
. p0,07

I'ze Ki — xoHCTaHTa paBHOBeCHs peaKlIM YT AeKIUCAOTHONM KoHBepcuy; K2 — KoHcTaHTa cKopoc-

TU peakijuy odpaszosaHms BoAbl; Ks — KoHCTaHTa CKOpOCTM peakiny oOpa3oBaHILsI MeTaHa;
0,07 0,25 . 0,5 0,65

PCO2 ,PCOZ , PCOZ - napuunaasHoe gasaeHne COz; Py 57 PH2 , PH2 —TapumaapHOe gaBaeHue Ho,

Py, o - mapuuaasuoe agasaenne H2O ; Py, - mapumnaaprtoe aapaenme CHa.

ITokaszaTean crereHu Ipy MaplMaAbHBIX 4aBAeHIAX 0003HA4YalOT YaCTHBIN MOPAAOK peaKinm
o CO», Hz, H20, CHa.

B paGote [5] Ha MegHBIX I HMKeAeBbIX KaTaAM3aTOpax HeCTal[MIOHAaPHbIMM, U30TOIIHBIMU U
KMHeTUIeCKMHU MeToAaMu 0614 naydeH MexanusM oopasosanms CO n CHs n3 COz n He. Ve-
110Ab30BaHMe HeCTaI[MOHAPHBIX M M30TOITHBIX METOAOB IO3BOANAO BHIOpaTh KMHETUYECKYIO
MO/eAb, aleKBaTHO OIMCHIBAIOIIYIO CTaI[IOHapHOe IoBeJeHNe KaTaA3aTOpoB 1 DAeMeHTap-
HBIe CTaAuUM IIpoliecca.

Boapiias yacts paboT, MOCBAIIEHHBIX MeTaHMPOBAHUIO, IPOTeKaeT B IIPUCYTCTBUI MeTaAAOB,
HaHeCeHHBIX Ha HocuTeAan [6-8].

B 911X paGoTax mpuMeHsAMCh KaTaA3aTOPhl, pa3AnNdalolyecs: MesKAy coOOOM 110 XUMIYeCKOMY
U IPOIIEeHTHOMY COCTaBaM, CIIocobaM IpUroTopaeHus u Aucnepcaocru. Kpome toro, anarna-
30H U3MepPeHNsI pe>KIMMHBIX YCAOBUI IIPOBEAEHNs OIBITOB ObLA OYeHb IIMPOK U, 3a4acTyio,
AaZeK OT peaAbHOIO IIPOMBIIIAEHHOIO Kartaausa. [Ipumensaemas B psige mccaeajoBaHNIn DKC-
IepyMeHTaAbHasl MeTOAMKA He VICKAI0Yala BOZHMKHOBEHI: B XOJe IIPOBeAeHIIs DKCIIepUMeH-
Ta pa3ANYHBIX TPAaAVEHTOB, CYIIeCTBeHHO VMCKaKaIOIIMX ITOAyYeHHbIe KMHeTIYeCKIe AaHHbIe.

B nacrosmem cooOmienny HaMI M3A0KeHBI pe3yAbTaThl IIOCTPOEHUS KMHETUYECKOI MOoJe-
AV KaTaAUTUYECKON peakIMM -CMHTe3a MeTaHa B3alMOAEIICTBIIeM BOASHOTO Iapa U AVOKCH-
Aa yriepoda B peakTope C HeIIOABVKHBIM CA0eM KaTaamuaaTopa. IIpeaaoskeHnl BrICOKOD(PPEK-
TUBHbBIe KaTaAM3aTOPHl Ha OCHOBe MoAuduinmposanHbix KoHTakToB Fe, Ni / y-ALOs paszao-
KeHms Bogabl. TepMoanHaMmyeckyt 0OOCHOBaHa U DKCIIePUMeHTaAbHO MOATBePKAeHO oOpa-
30BaHIe MeTaHa C BbIXOJaMM, OAM3KMMHI K PaBHOBECHBIM 3HadeHsM [9]. Bogopoga, neobxoau-
MBIIi 2451 KOHCTPYMPOBaHIs YIA€BOA0POAHON MOAEKYAbl 00pasyeTcs: IpY pa3A0>KeHUM BOADL.
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DKcrepuMeHTaabHas1 9acTh

VccaeaoBanue 1o M3y4eHUIO KMHETMYECKMX 3aKOHOMEPHOCTell Ipoliecca B3aiMOAECTBIS
CO:2 n H20 nposoanan 8 21a00paTopHOM peakTope IIPOTOYHOTO TUIIA C HETIOABVIKHBIM CA0eM
KaTaamu3aropa, B uHTepBale Temrnepatyp 420-460°C u atmocdpepHoM gasaeHun. Cxema ycra-
HOBKM IIpMBeJeHa HIDKe.

Puc. [TpyannmnmaapHas TeXHOAOTIeCKas cXeMa Aab0paTOPHOI YCTaHOBKY B3aIMOAEMCTBIA
AVIOKCHAQyTAepoja C BOASHBIM I1apoM B IpucyTcTBuu Karaansaropa Fe, Ni /y-AlOs

2
4
gl 2
Q I
1/ 5/
JANSAY

1-6arort COz 2-pedyxmop; 3-maromemp; 4-pomamemp; 5-cmecumerv;, 6-0iopemxa; 7-nacoc; 8-peakmop; 9-HUXpPoMO6as
oomomka kamarusamopa; 10-kapmar 0as mepmonapoy, 11- xpomerv-artomeresas. mepmonapa; 12-cemxa; 13-kamarusamop;
14-xor00urvrux; 15-npuemmas emxocmo; 16-pacxodomep

PeaklIMOHHBIN ra3-A4MOKCHJ, yraepoja U3 0ala0Ha depes3 CUCTeMy AO3UPOBKU U IIpeaBapu-
TeAbHO HarpeThiil BOASHON I1ap IIOCTyIIaAl B CMEeCUTeAb U AaZee B peakTop, IIOMEeIeHHBIN B
6204HyI0 11€9b. CKOPOCTM ra30-TIaPOBBIX IIOTOKOB CTaOMAM3UPOBAAN IIPY ITIOMOIIY UTOABYATHIX
BeHTIAell ToHKol peryamuposku u ITAY. Peakrop, oGorpesaemblil BepTUKaAbHOI 0A0YHO
I1€4bI0, ITOMEINlaACs B 30He ITOCTOsIHHON TeMIepaTypbl. TeMnepaTypy B peakUMOHHON 30He
V3MEPSIAN XPOMeAb-aAI0MeAEBOI TEPMOITIapOIl, TOMEIIIEeHHON B cepeArHe CA0sI KaTaan3aTo-
pa, paBHOMEpPHO pa3baBAeHHOIO KBaplieM, I II0AAep>KIBaAy IOCTOSHHONM C TOYHOCTBIO + 5°C
noreniuomerpom OIIB-01. KonrakTHbIl ras aHaansuposaan xpoMmarorpaduaecku. Jas ycc-
Ae0BaHIs Ta3000pa3HbIX IPOAYKTOB 10Ab30BaAMch Xpomarorpadpom AXM-80, ¢ aByms Ko-
aoHKaMn. Bogopoa 1 MeTaH aHaAM3MpOBaAM Ha TPeXMeTPOBOM KOAOHKe ¢ copOenTom NaX.
Hemnpopearuposasmmii AMOKCHUA yIAepoda aHaAU3UPOBAAM Ha IIECTMMETPOBON KOAOHKe C
copbentom TOI'HM na MH3-600.

BpeM}I KOHTaKTa BapbMpOBaAM M3MEHEHVEM CKOPOCTU I10A4a49M CBIPBhEBOIO ITOTOKA. PeaKLU/IIO
OCyIIeCTBASIAVL B MI3OTEPMIMIECKIX YCAOBUAIX.

Ilepes Hauaa0M IpOBeAEHNs OIIBITOB KaTaAM3aTop IIpOrpeBaall B TOKe MHEPTHOIO rasza A0
3a4aHHOII TeMIlepaTyphl, 3aTeM B CCTeMy I10AaBaal AMOKCUJ, yTAepoJa U BOASHOI Iap B 3a-
paHee paccuMTaHHBIX COOTHOIIEHVIX. PereHeparinio kataausatopa nposoguan mnpu 400°C B
TOKe Bogopoda. Ecan ke perenepanns He Obl1a HEOOXOAMMOIL, TO IIOCAe OKOHYAHMS OITbITa
peakTop IpoAyBaall MHEPTHBIM Ia3oM (reaueM) AAsl yAaAeHNs aicopOMpOBaHHBIX IIPOAYKTOB
peaxiuy, Iocae 4ero IpuUcTynaau K IpoBeJeHIIO cAeAyIoIero oneita. ITocrostHCTBO akTHB-
HOCTM KaTaAM3aTopa KOHTPOAMPOBaA0Ch IIePUOANYECKIIM BO3BpallleHeM K yCAOBUAM, ITPUH-
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SITBIM 3a CTaHAapTHBIE. Bce ombIThI IIpOBEPsIAN Ha BOCIIPON3BOAVIMOCTD, a ITOAy4E€HHbIE AaHHbIE
YCpeAHAANCE.

Karaamnsarop 6b14 IpUroTOBA€H IIPOIUTKONM a30THOKMCABIX COAell Keae3a 1 Hukeas, Y-AlOs
B351A11 B Ka4eCTBe CBA3YIOIIEero, ¢ ocAeAyIoleil cymKkoit B repmocrare npu 393 K (24) n gaab-
Heli111el1 BaKyyMHoI mpokaakoii rpu 873 K B Teuennn 4 u. Cogep>kaHne OKcuaa >keaesa B Io-
TOBOM KaTaAM3aTope COCTaBAs10 65 % Mac., okcuga Hukeas — 15 % mac. V1 20 % mac. y-AlOs.
AKTHBaIIMIO KaTaAu3aTopa IPOBOANAN B TOKEe BOAOPOAa IIpU TeMIlepaType peakUunu B Tede-
Hute 4 4. Kataansarop pasbaBAsacs IO Bcell AAMHe CA0sI KBaplleBoil HacaaKoli, KOTOPOI 3aroA-
HsAU TaKXKe Bech ero cBo0oaHbI oObeM. Ilocaegnee geaaaock ¢ 11eabi0 MpejoTBpalIieHns
TOMOTEHHBIX 3aKaTaAUTUIeCKIX IIpeBpallleHNii MeTaHa.

PesyabTaThl M 00OCyXAeHNe

B Taba. 1 IIpeAacCTaBA€HbI pe3yAbTaThbl OIIBITOB M3MEHEHN KOHIEHTpalM MCXOAHBIX 11 KOHEY-
HBIX ITPOAYKTOB peaKI M B 3aBMCIMOCTIT OT Bp€EMEHV KOHTaKTa.

Tabamniza 1. Konnenrtpannst (Cp) MCXOAHBIX ¥ KOHEUHBIX IIPOAYKTOB peaKLNI B3alIMOAEICTBILL
AVIOKCHA2 YyrAepoda M BOASHOTO I1apa B 3aBUCUMOCTU OT BpeMeHI KOHTaKTa (T)

T°C T -CeK VcxoaHble peareHTHI KoHneuHble TpOAYKTEI
Cp - MOab/a Cp - MOaB/2
H0 CO2 H> CHa4
420 0 0,055 0,09 - -
12 0,044 0,071 0,0077 0,009
16 0,033 0,054 0,0060 0,0072
20 0,026 0,043 0,0044 0,0055
29 0,018 0,030 0,0017 0,0029
440 0 0,053 0,082 - -
12 0,042 0,069 0,0076 0,0070
16 0,032 0,052 0,0054 0,0050
20 0,026 0,042 0,0035 0,0037
29 0,017 0,029 0,0011 0,0025
460 0 0,051 0,08 - -
12 0,041 0,067 0,0042 0,0030
16 0,031 0,051 0,0026 0,0018
20 0,025 0,041 0,0014 0,0009
29 0,016 0,026 0,0008 0,0004

,Zl/lﬂ BbISIBA€HII OCHOBHBIX SaKOHOMepHOCTeﬁ IIponecca, IO3BOASIOINX ITPEeAITIOAOKUTD €TI0
BepO}[THbIIZ MeXaHW3M, Ob1a0 M3y4€HO BAVISIHIIE yCAOBI/IIZ IMpOTEKaHN:I peaKIIMNM Ha o6pa303a—
HNe IIPOAYKTOB.

BrrsiBAeHHEBIE 3aKOHOMEPHOCTN ITO3BOANAN ITPEeAAO0KUTDb BepO}ITHLII?I MeXaHV3M, Ha OCHOBaHUI
KOTOpOro ObLAM COCTaBAEHBI CTEXMIOMETPUIECKIME COOTHOIIIEHN I, OIIMIChIBAIOIINIE OTAEAbHBIC
peaknny, y4acTByomue B riponecce:

K
H20 + Me® - MeO + Hz (1)
K
CO2 + H2 = CO + H20 )
K
MeO + CO — CO:2 + Me? 3)
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K
CO +3H: = CHa+ H20 (4)

K
CO + H:0 = CO:2 + He (5)

Aas co3gaHms KMHETUYIEeCKOl MoJdeAl Ipoliecca B 00IeM cAydyae HeOOXOAMMO OIVCHIBATh
XapaKTep M3MeHeHMUsI KakKA0TO KOMIIOHEHTa, Yy4acTBYIOIIero B peakiuu. VIsmeHeHne KOH-
LIeHTpaluy KaKOTro-AM0O BelllecTBa B pearnpyIolleil ciicteMe YIUThIBaeT yJacTue 9TOTrO Be-
IIIeCTBa BO BCeX peaKIIMsX.

ITosTOMY A451 Ka’KAOTO BellecTsa MOXKHO 3aIlicaTh ypaBHeHle BIja:
— =YY "Wk (6)
I're Ci— koHIIeHTpaIs UCXOAHBIX BeIeCTB U IPOAYyKTOB peakiiuy; Wi — ckopocTb

k-Toit peakiiun, npudeM oHa OepeTcs CO 3HAKOM MMHYC 4451 peakIuii, B KOTOPBIX JaHHOe Be-
IIIeCTBO SBASETCS ICXOAHBIM KOMIIOHEHTOM M CO 3HaKOM I14I0C, KOTJa BeIleCTBO IIpeCTaBAseT
co0011 TPOAYKT peakuny; Yik-crexmomeTrpudecknii KoadpPUIIUEHT i-To BelrecTsa B k-Toi1 pe-
AKIIUN.

Ha ocHOBaHMM BEepOSTHOI CXeMBI MeXaHI3Ma peaKIi COCTaBAeHa crcreMa Aud pepeHIialb-
HBIX YpaBHEHMII, OIMCBIBAIOIAsl M3MEHEeHMs KOHIIEHTpAlMIl MCXOAHBIX BEIeCTB, a TakKXKe
IIPOAYKTOB peaKluy BO BpeMeH.

L (s G - G Cp* -3 ks G - O )
Sk O P kg -yt s Gyt O 8)
ok O ke €57 - 5 - Gyt -3:CY vks - Cpt - O 9)
T ke C57 - O ke Ot - B ke Gt - O - ke O - (10)
£5 B Gyt Y (11)

IF'ae Ci, G, Gs, Gy, Cs - xonuentpaumsa HxO, COz, Hz, CO, CHs ninznsns — Hopsiaxu 1o
MIPOAYKTaM Ki, K2, K3, K4, K5 - KOHCTaHTBI CKOPOCTI PacXOA0BaHUS MCXOAHBIX ¥ 0Opa3oBaHMUs
KOHEYHBIX IIPOAYKTOB; T - BpeMs KOHTaKTa.

ITpomMesKyTOUHOe BeIrecTBO MOHOOKCH/ YyIAepoAa I0AyJaeTcs ¥ PacXOAyeTCsl B XOAe peaKIm
U Ha BBIXOJe He OOHapy:KmBaeTcs. IlosToMy, mpupaBHAB K HyAI0 CKOPOCTU OOpa3oBaHMA U
pacxoJ0BaHNs DTOTO BelljecTBa, HAXOAMM BbIpa’keHMe KOHIIeHTpauuy 9Toro komraekca Ca
gyepes koHIleHTpaunu C1,Cs, Cs.

acy_ N2, N3 . Na a2 Ll Ny’ ~Ng _
oK C* C%-x3-Cy*-xa-C* -3 - C5° -k C,* - C =0
nz  ~n3
n K,-C,%-C
C,t= Z 23 (12)

4 (Ks+ Ky 3 Ch34+Ks - 1)
IToactaBum BoIpaskeHne (12) B ypasHenns ( 7,8,9,11) noayuum HOBYIO cucteMy auddepen-
LIMaAbHBIX YPaBHEHUIL:

n n
Kp-C,2-Cy3

(K3 + Kq -3 C33+Ks - C}'1)

dac n n n
_1=_K1' C11+ Kz'CZZ'C33+ K4 "

nq
-k:Ci' x
dt 5+1

Ky Cy2 - Cy3

X
(K3 + Ky 3- C33+Ks - C)'1)

(13)
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dac, n, n K- €)% - €53 n Ky- 2 - (13
—=-Ky" CZZ ) C33 +K3 " i3 1 +K5C11' Ti3 1 (14)
dr (Ks +Kq 3 Ca3+K5 - C11) (Ks + Ky 3 Ca3+Kg - C11)
dC3 n4q Ny ns ns Ky C;Z . C23 n Ky an . Cn3
—_— . — . . — . . . + 1 2 3
Fr R S I R (K3 + Kq 3 Ca3+Ks - Co1) Ti5Cy (K3 + K4 3 Ch34Ks - C1'1) (15)
n n
dCs _ Lo LN Kp-Cy2 -3
- K4 3 C3 n3 nq (16)
dr (Ks + K4 3 Ca3+Kg - C11)

OLleHKy KMHeTMYecKIX KOHCTaHT gudepeHIinaabHbIX ypasHennii (13,14,15,16) ocyiecTsas-
AU MOAMPUIUPOBAaHHBIM METOAOM CAy4alfHOIO ITOMCKa C aBTOMaTIYeCK!M BBIOOPOM IIIara.
C 9T0I1 1IeABIO UCII0AB30BaAN Pa3dpabOTaHHBIN MMaKeT IpuKAagHbix mporpamm [10]. Ilpeacra-
BUB 3aBMCYMOCTb KOHCTAHTBI CKOPOCTH Peakly OT TeMIlepaTyphl B BIiAe ypaBHeHus AppeHu-
yca, HaXOAVIM 3HaYeHNsI DHePTUM aKTUBALIUY U IIPEeADKCIIOTeHIIMAaAbHBIX MHOXKIUTEALIA.

PESYAI)TaTBI pacdeTa KMHETUYIECKIUX ITapaMeTPOB IIpeACTaBAE€HDI B Taba. 2

Ta6111/1ua 2. Kunernueckue I1apaMeTpbl BSaI/IMO,ZI,eIZCTBI/I}I AVNOKCIAa yraepoda 1 BOASHOIO ITapa

Ki Temmepatypa, °C DOHeprusa aktusauuy | IlpeasKcoTeH-1IMAABHBII
420 440 460 KKaA/MOAb MHOKUTeAb Ko

Ki | 0,00575 0,0084 0,0159 25,59 0,647x10°

K2 | 0,044 0,0656 0,0999 23,136 0,306x10°

Ks | 0,000105 | 0,00012 | 0,00015 | 18,41 0,187x10*

Ksa | 0,029 0,039 0,055 17,84 0,219x10*

Ks | 0,005 0,0061 0,0081 16,71 0,95x10°

OHpe,Zl,eAEHbI TaK>Ke HOpr,ZI,KI/I I10 HpO,ZI,YKTaM
n=05n=08n:=0,5n4=0,9

Kunernueckas Mogeapb, cOCTaBAeHHas Ha OCHOBe BBHIOpaHHOJ CXeMBl MeXaHI3Ma peaklLNy,
[PV HallA€HHBIX 3HAYEHIAX KOHCTAHT CKOPOCTET, XOPOIIIO OIVCHIBAeT peaKkLIO B3aMOJeTic-
1Bus1 CO2 1 H20.

AAeKBaTHOCTh MOJean nposepsaan Ha 11K (rmepcoHaapHbI KOMIOBIOTEP) ITyTEM MMHMMAAN3a-

LIMJ CYMMBI KBa4paToB Pa3HOCTY HKCIIePUMEHTAAbHBIX ¥ paCyeTHBIX BeANYIH 110 (popMye:
P

Ch

c
_\V'NV -
F - Zj:l Z:;ll [ Uc.a'

tj

> = min

I'aej=1,...., N — oO1iee u1cA0 DKCIEPUMEHTOB, i =1,...., m — yncao komnoHexnTos [11,12].

Pesyabratsl pacuera 1o [1K nokasaam XopoIryio cxoAMMOCTb 9KCIIepYMeHTaAbHBIX U pacyeT-
HBIX AaHHBIX. PacX0XXAeHM 10 MICXOAHOMY ¥ KOHEYHOMY IIPOAYKTaM He IpeBsaan 5-7%.
DTO AaeT OCHOBaHNe TOBOPUTD, YTO padpaboTaHHasl KMHeTHYecKasl MOJeAb peaKIuM B3aliMO-
ACVICTBUA AVIOKCHUJA YIAepoja U BOASHOIO I1apa aJeKBaTHO OIINMCBIBAET DKCIIePUMEeHTaAbHbIe
AAHHBIE.

3akaouyeamue

1. VIsydyensl KuHeTMYeCKMe 3aKOHOMEPHOCTU PeaKI/i COBMECTHOTO IpeBpalleHNs AVIOKCHU-
Aa yraepoJa M BOASHOTO Ilapa B MeTaH Ha KartaausaTope Fe, Ni, /y-Al:Os B mpoTouHoM
peakTope B nHTepBade Temriepatyp 420-460°C 1 atmocdpepHOM JaBAeHUU IIPU BpeMeH!
KoHTakTa 1-30cexk.

2. BriOpana BeposTHas cxema IpoTekaHus peakunu. [locrpoena KkuHeTnyeckas Mogean pe-
aKIMU AVIOKCHAA YTA€pOAa M BOASHOIO I1apa, COCTOSIIAs U3 CTaAVIIIHONM CXeMBbl MeXaHI3-
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® N gk »D

10.
11.
12.

Ma " CICTEeMBI ,ZI,I/ICI)C])epeHI_U/IaAbHBIX ypaBHeHI/IﬁI, OIIVICBIBAIOIIIMX M3MEHEeHle KOHIEHT-
paum?[ MCXOAHBIX BEIIECTB 1 ITPOAYKTOB pe€aKI I I10 BpeMeHN KOHTaKTa.

BrramcaeHbl KOHCTAHTHI CKOPOCTU 11 DHEPINU aKTMUBALIMN I10 OTA€ABHBIM MapIIpyTaM.

HOKaSaHO, qTo paspa60TaHHaﬂ KMHeTn49eCcKasr Mo4eAb aad€KBaTHO OITMIChIBA€T DKCIIEPII-
MeHTaAbHbIe AaHHBbIE.
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ABSTRACT

It have been synthesized as a result of cross linking well water soluble and non-toxic polymer - polyacrylic
acid (My =230 kDa) with 5, 10, 15 and 20% ratio (by weight) of N,N'- -methylene-bis-acrylamide. It was studied
swelling degree of this hydrogels in different pH. Dependence of sorption capacity of antibiotic on environment
pH and starting concentration of doxorubicin has been researched and nature of chemical interaction between
hydrogel and antibiotic has been found out via scanning electron microscopy, ultraviolet spectroscopy methods.
It was determined that in pH=8 hydrogel taking 10% crosslink reagent inside has 570% swelling degree and with
increasing environment pH sorption capacity increases up to 13,4 mg/gr as per doxorubicin of gel. Eyni zamanda
rentgen-faza analizi tisulu ile tikilmis polimerin kristallasma prosesi dyrenilmisdir. Meantime the crystallization
process of the crosslinked polymer has been studied using the X-ray phase analysis method.

Keywords: hydrogel, sorption capacity, doxorubicin,scanning electron microscopy, cross linking, infrared
spectroscopy, crosslinking agent,sorbtion

COPBLIMSI AOKCOPYBUMIIMHA TIAPOTI'EABIO HA OCHOBE
MOAMAKPUAOBOV KMCAOTHI I USYYEHUE X CTPYKTYPHI

PE3IOME

Cunresuposansl ruaporean, cimrsie N,N -metnaen-6uc-akpuiamuaom s cootHoennn 5, 10, 15 1 20% (mac-
COBBIX) XOPOIIIO pacTBOPVIMOII B BOAE U He TOKCIMYHEN! IT0AMaKpuA0Boii kucaotoir (Mn=230 kDa). V3ydeHs! crerieHu
HabyXaeMOCTU3THUX TuAporeaer pu pazandusix pH. Viccaegosana copOoHHas eMKOCTh aHTHOMOTIKA B 3aBU-
cumocTtu ot pH cpeabl 11 3aBMCUMOCTb OT HauaAbHOM KOHILIEHTpalUM JOKCOPYOUIIMHA 1 M3ydeHbl MeTOAaMU CKa-
HUPYIOITIEl 9AeTPOHHONM MUKPOCKOIIUH U YABTPap01€TOBOI CIIEKTPOCKOIINY ITPUPOAa XMMIIECKOT B3aMOCBA3Y
MeXXAy TUAPOTeAbIO ¥ aHTHOMOTUKOM. Y CTaHOBAEHO, YTO, TMAPOTeab, COAep>KaIimii B cBoeM coctase 10 % crmba-
Iomero pearenra npu pH=8 obaaaaer creniens Habyxaemoctu 570% u ¢ mosbiienrieM pH cpearsr copbronHas
€MKOCTb Te/sl 110 OTHOIIEHMIO K AOKCOPYOMIIMHY IOBbIIIaeTcst 40 13.4 mr/r. OAHOBpeMeHHO peHTreHO-(pa30BbIM
aHaAM30M M3y4YeH Ipoliecc KpUCTalAU3aliuy CIIUTOIO IoAUMepa.

Kaiouesbre CAOBA:TVIAPOTEADB, €MKOCTD COp6LH/H/I, AOKCOpyGI/IL{I/IH, CKaHMPYyIOoIasa 5A€TPOHHAsI MUKPOCKOIIN,
CIlIMMBaHIe, I/IH(l)paKpaCHa}I CIIEKTPOCKOIINI, CH_H/IBaIOU_H/Ii[ areHT, COp6LU/I}I

POLIAKRIiL TURSUSU OSASLI HIDROGELLO DOKSORUBISININSORBSiYA
OLUNMASI VO QURULUSLARININ TODQiQi

XULASO

Suda yaxs1 hall olan va toksiki olmayanpoliakril tursusunun (Mn=230 kDa) N,N -metilen-bis-akrilamidles 5,
10, 15 ve 20% (kiitls) nisbatlerinds tikilmasissasindahidrogellar sintez edilmisdir. Bu hidrogellsrinmiixtalif pH-
larda sisma daracalari dyrenilmisdir. Antibiotikin sorbsiya tutumlarmnin miihitin pH-dan ve doksorubisinin baslangic
qatiigindan asililig tedqiq edilmis ve hidrogells antibiotik arasindaki kimyevi qarsiligl tesirin tebistiskanedici
elektron mikroskopiya, ultrabendvsayi spektroskopiya iisullari ile agiglanmisdir. Milayyen olunmusdur ki, terki-
binda 10% tikici reagent saxlayan hidrogel pH=8-ds 570% sisma deracasine malik olur ve miihitin pH-nin artmasi
ila gelin doksorubisine gore sorbsiya tutumu 13.4 mq/qr-a gqadar artir. Eyni zamanda rentgen-faza analizi tisulu
ila tikilmis polimerin kristallasma prosesi dyronilmisdir.

Acar sozlar:hidrogel, sorbsiya tutumu, doksorubisin, skanedici electron mikroskopiya, ¢arpaz tikilma, infra-
qirmizi spektroskopiya, tikici agent, sorbsiya
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Giris

“Smart” polimer materiallar xarici miihitin qiciqlanducilarina cavab reaksiyasi veren material-
lar olmagla onlarmn an hassas sinfi kimi tamsil olunur [1-5]. Polimer hidrogellor ti¢6l¢tilii po-
limer torlarin ¢arpaz tikilmasi yolu ile yaranir. Carpaz tikilma kovalent, hidrogen rabitslari,
van-der-Vaals qarsiligh tesiri vasitesils bag vera biler. Hidrogellar suda yaxs: sisen, boyiik miq-
darda suyu tutub saxlayan ve bu zaman strukturunu dayismayen hidrofil polimerlarden iba-
rat torlardir [6-8]. Hidrogellorin su udma tutumu polimer zancirinds hidrofil qruplarmn, amin,
karboksil va hidroksil qruplarmin olmasi ils alagadardir [9-12].

“Smart” hidrogellor bir-birilo nufuz edsn polimer sobakalorinden hazirlanmisdir ve agkar edil-
misdir ki, onlar yiiksok mexaniki xassalari ils yiiksok sisma qabiliyyatini birlesdirir [13, 14]. Bir
sira miialliflor torafinden aliman superabsorbent hidrogellar (akrilamid-akril tursusu ile sopo-
limeri) asasen, siiratli sisma va sismanin pH-dan asililigy, ion giicli ve tarkibi ile xarakteriza
olunur [15-17].

Hidrogellar, unikal biyouygunluguna gors, gevik sintez tisullari, bir sira komponentlar va ar-
zuolunan fiziki xiisusiyyetlarine gors genis sokilda biotibbin miixtslif sahalerinds istifades olu-
nur. Onlar toxumalarin konstruksiyasinda, dermanlarin yoxlanmasi, ziilallarin toxumalara
dasinmasi, toxuma va material sathlori arasinda yapisqan, yaxud baryer funksiyasmi dagsiyir
[18-21]. Hidrogellsrin biomaterial kimi totbiginden 6ncs, bu xassalar arasinda sismeni, mexa-
niki va biouygunluq xassslerini qiymetlandirmak vacibdir.

Darman maddaleri arasinda tibbds ve biotexnologiyada xiisusi shemiyyste malik olan prepa-
ratlardan biri do antibiotiklardir. Antibiotiklorin geyri-adiliyi onunla baghdir ki, digar derman
vasitalarindan forqli olaraq onlarin hadaf reseptoru insan toxumasinda deyil, mikroorqanizm
hiiceyralarinda yerlasir. Bundan basqa antibiotikin aktivliyi hamisalik deyil, vaxt ke¢dikce aza-
11r[22,23]. Bu ndqteyi-nazardan antibiotiklari xiisusile da sis aleyhins istifads olunan preparat-
lar1 polimer materiallara barkitmakls onlarin kicik qatiliglarinda daha uzun miiddatli tesirine
malik kompozitlerinin alinmas1 hazirda diinya biokimyacilarinin diqget merkezindadir [24-26].

Saman ve amokdaslar1 terafindan [27] polietilenglikol, poliakril tursusu ve poliakrilamid asasl
hidrogellarls nano seolitin kompoziti hazirlanmis ve amoksisillin antibiotikinin immobilizasi-
yast aparilmisdir. Kompozitdon antibiotikin pH=7.8 va 6.8-ds vaxtdan ve kompozitin torkibin-
daki nano seolitin miqdarindan asili olaraq mehlula ayrilmas: 6yranilmisdir. Miiayyan olun-
musdur ki, pH=7.8-da 37°C-ds 4% nano seolit saxlayan kompozit amoksisillin antibiotikinin
mohlula ayrilmas1 500 daq. arzinds 27% teskil edir.

Miixtalif funksionallasma daracesine malik hipersaxalonmis poliefirpoliollarin karboksil tore-
molarinin doksorubisin preparat: ilo alagalonms tipi toadqiq olunmusdur. Doksorubisin-poli-
efirpoliakril tursusu asasinda birge aqreqatlarinin 6lgiilori 30-200 nm arasinda dayisir ve za-
mandan asili olaraq stabildirler. Aqreqatlardan doksorubisinin effektli dasinmasinda istifada
oluna bilar [28].

Doksorubisin- antrasiklin sirasi, sitotoksik tesire malik antibiotik olub, tibbi praktikada onko-
loji xastaliklorin miialicasinda genis totbiq olunur. Onun tasiri DNT hiiceyralori ilo rabitoya
girerek onun inkisafin1 langimasina esaslanir. Leykoz, yumsaq toxumalarin sarkomasi, siid
vazisi xar¢angi, qalxanabenzar vazinin xar¢ongi, mads, yumurtaliqlarin xar¢angi ve s. kimi
xastoaliklorde mahlul seklinds venadaxili istifade olunur. Bu preparatin gebulunun genis yayil-
masi ile alagadar olaraq saglam toxumalara ytiiksak toksiki tasiri ve lirek ¢atismazligi, aritmi-
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ya, leykopeniya, anemiya, stomatit, mado agrisi, qusma, {irokbulanma va s. kimi ciddi slave
tosirlorle miisahide olunur. Bu baximdan, doksorubisinin olave tasirlerini azaltmaq {igtin
miixtalif polimer materiallarina birloesdirmak hazirda aktual mévzudur.

Toqdim olunan isde doksorubisin antibiotikinin poliakril tursusu (PAT) asasinda alman hid-
rogells sorbsiya xassaleri Oyranilmis ve antibiotik ils hidrogel arasinda kimyavi qarsihiqh tesi-
rin tobiati agiglanmigdir.

Tacriibi hissa: Materiallar: PAT 90% kimyovi tomizliye malik olub orta molekul kiitlasi 230
kDa-dur ve Flukadan satin alinmisdir. Tikici agent kimi istifads olunan N,N -metilen-bis-ak-
rilamid (MBAA) Sigma-Aldric terafinden tochiz olunmusdur ve har iki reaktiv tacriibalordes
tomizlanmadan istifade olunmusdur. Doksorubisin hidroxlorid (DOK)- kodu ATX L01DBO01
TEVA Farmaseptik Senaye (Israel)-don alinmisdir. Mahlullarin hazirlanmasi tigiin istifads olu-
nan deionlagmis su, PAT-nu ¢okdiirmak tigiin dietil efiri vo buffer mahlullar ti¢iin NH4+OH,
CHsCOONHs4, HCl, KOH va qliikoza CeH120s analitik kimyevi temiz olub Aldrigdandirler.

Metodlar: Hidrogellarin hazirlanmasi: 100 mq PAT 50 ml deionlagmis suda ve ya etanolda tam
hall edilir. Mahlula polimerin kiitlesinin 5; 10; 15 va 20 % miqdarinda tikici reagent - MBAA
alave edilir vo tam hall olana qadar qarigdirilma davam etdirilir. Homogen sistem amala gal-
dikdan sonra mahlul Petri qabina tokiiliir. Adi atmosfer tazyiqinde mahlul hallediciden azad
edildikden sonra nazik plyonkaya ultrabandvsayi siia vasitasile 6 saat miiddatinda fasilesiz
tosir edilir. Lampa ilo niimunalar aras1 masafe 30 sm toskil edilir ve termometrls temperatura
(303 K) nozarat etmoklo moasafa tonzimlonir. Stialanmadan sonra niimunalar avvoalco deion-
lagmus su ils, sonra iss 0.01 N HCl v etil spirti ila iki-ii¢ dafe yuyulmagqla hem polimerin, ham
ds tikici reagentin tikilme prosesinda istirak etmayen hissalerinden tomizlanir. Niimunsler adi
atmosfer tozyiqinde 313-323 K-da qurudulur voe sabit ¢okiye gatirilir.

Absorbsiya tacriibalari: PAT asash hidrogel ilo DOK-nin miixtslif pH-larda, fizioloji va qlii-
koza mahlullarinda sorbsiyasi aparilmisdir: MBAA-in 5, 10, 15 va 20% (kiitla) nisbatinds tikil-
mosindan alinan gellarden 0.5 mg-1 10 ml deionlasmis suda 24 saat saxlanilir. Sonra 5 ml uy-
gun 1+10 pH-lar alave edib 30 daqiqe saxladiqdan sonra tizarlarine 1 ml x10-* mol/l qatihql
DOK mohlululu slave yenidsn 24 saat qapali halda qaranlq yerde saxlanilir. Sonra mahlul
siiziiliir, filtratda qalan antibiotikin gatilig1 510 nm oblastdaki optiki sixligini evvelcadan qu-
rulmus daracali grafik ilo muqayise etmoakls sorbsiyadan sonraki qatiliq miisyyen edilir. Qati-
liglar farqine asasen hidrogelin antibiotiks gora sorbsiya tutumu (ST, mq/qr) hesablanilir [29].

_ Cbas - Cson
g

Burada, V-sorbsiya aparilan mahlulun timumi hacmi, ml ils, g-isa sorbsiya {iciin gotiiriilon
hidrogelin mqg-larla ifadssidir.

ST xV

DOK-nin qatiligindan asili olaraaq sorbsiya izotermlarini [30] dyronmak ti¢iin pH=8-do mak-
simum sisma vo sorbsiya dearacasi, hamginin sorbsiya tutumu gosteran 10% MBAA ils tikilen
0.05 gr PAT-dan istifads olunmusdur. Antibiotikin qatilig1 0.01, 0.02, 0.03, 0.05, 0.1, 0.2, 0.3 vo
0.5 mq/l intervalinda doayisdirmakls sabit temperaturda statik saraitds sorbsiya proseslori aras-
diridlmisdir.

Qurulus analizlari: Poliakril tursusu ve PAT asasinda sintez olunmus hidrogellarin funksio-
nal qruplart SHIMADZU IR Furye cevrilmayes malik infra qirmiz1 (IQ) (FTIR) spektroskopiya
{isulu vasitesils totqiq olunmusdur. FTIR spektrlor KBr diskleri vasitesile alinmisdir ve 4000-
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400 cm! spektral araliqda ¢akilmisdir. Plyonka rentgenstruktur analiz tigiin siise qabda quru-
dulmusdur. Tikilmis PAT-nun kristallasma prosesi rentgen-faza analizi(RFA) vasitasilo dyro-
nilmisdir. Rentgen siialar1 vasitasile difraksiyanin dyranilmasi Advance A-8 vasitasilo (CuKa
ilo A=1.5406 A siialanma) otaq temperaturunda aparilmigdir. PAT asasl hidrogel ve DOK ara-
sinda funksional qruplarin qarsiligh tesir formasini miisyyen etmak {iclin ultra-bandvsayi (UB)
(UV-VIS 1800, SHIMADZU) spektroskopiya, skanedici elektron mikroskopiya (SEM), tisulla-
rindan istifade olunmusdur.

Natica ve miizakiralar: PAT-nun MBAA ils tikilms prosesinin haqgigaten bas vermasini miiay-
yanlasdirmok {igiin tikilmis ve tikilmemis polimerin SEM {isulu ils tadgiqat: aparilmisdir. Mii-
ayyen olunmusdur ki, tikilmamis poliakril tursusunun qurulusunda geyri-bircins miixtalif
fazali ag lakalar ve masamalar var. $akil 1-da tikilmemis PAT va polimerin 10% nisbatinde
MBAA-Is tikilmasindan alman PAT asasl1 hidrogelin qurulusu verilmisdir.

Sokil 1. PAT (a) vo 10% MBAA ils tikilmis PAT asasli hidrogeln (b) SEM spektrlori

i .y
T

| foopm Mag= 345X EHT=2000KV  Signal A=SE2 Date :31 Mar 2016

| WD = 8.7 mm Time 13:18:09 |

a b

Polimer tikildikden sonra bu masamalar itir va polimerds hamarlagsma miisahids olunur. Ti-
kilmis poliakril tursusunda struktur densvarlegsmasi emsls galir, bununla da polimer sanki
hisselera parcalanir ve daha geyri-bircins seth miisahids olunur. Tikilmis polimerda bir sira
qatlar, tobagalar soklinda xatlor vardir ki, bu da tikilmenin bas vermasini gostorir.

Homopolimerin tikilmasinin ehtimal olunan mexanizmi asagidaki sxemds verilmisdir:

-[CH:-CIH]- + CHy=CH-CO-NH-CHrNH.-CO-CH=CH, ——v.4saat
COOH
— COOH COOH COOH
[ [ | | | | l |
co COOH CcO COOH co
| [ [
NH NH NH
| COOH | |
co COOH O COOH co
N | [ ! n
COOH COOH COOH

PAT, MBAA vo aliman hidrogellarin terkibindaki funksional qruplara maxsus udma zolaqla-
rinin 1Q- ve UB spektroskopiya iisullari ilo analizinden miisyyen edilmisdir ki, polimerin tikil-
masi polimerin asas zancirindaki ikili karbon ilo MBAA-in terkibindaki tiglii karbonun yaxin-
lagmasi vo proses zamarn alinan radikallarin rekombinasiyas: hesabina bas verir.
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Hidrogellarden dasiyic1 kimi istifads olunduqda onlarin qurulusuna, funksional qruplarin
ionlagsma daracesine ve immobiliza olunan bioloji aktiv maddanin hansi miihitds tesir goster-
masine sabab olacaq asas amillardsn biri de miihitin pH-dir. Bu baximdan sintez olunmus PAT
asasl gellarin sisma daracesinin miihitin pH-dan asililig tadqiq olunmusdur (Cadval 1). Mii-
ayyan olunmusdur ki, PAT-nun 5+10% MBAA ils tikilmasinden alinan gellorin maksimum
sisma daracasi pH=10-da olub, ~600-700% toskil edir. Gostorilmisdir ki, tebiat etibari ilo tursu
xassali olan PAT-nun 5, 10, 15 ve 20% (kiitlo) migdarinda MBAA tikilmasinden alinan gellor
golovi miihitdes (pH=10) maksimum sisma doaracesi gostorirlar.

Cadval 1. Miixtalif % nisbatlarinda tikilmis poliakril tursusunun
sisma daracasinin mithitin pH-dan asililiq qiymaotlari

pH W,o/o. 5% W,%,lO% W,o/o,150/0 W,%,20%
1 132 159 112 91
2 167 187 154 112
3 246 278 228 209
4 291 321 276 233
5 394 426 373 347
6 457 492 429 408
7 481 502 441 416
8 533 568 516 471
9 574 607 538 512
10 690 746 652 618

Cadval 1-don goriindiiyii kimi tikici reagentin miqdari artdiqca amals galon hidrogellardas tor-
larin sahosi azaldiqca su molekullarinin daxils diffuziyasi ¢atinlasir vo naticods sisme daracasi
da azalir. Milayyan olunmusdur asagi pH-larda funksional qrupun protonlagsmasi su mole-
kullar1 ile >C=O grupu arasinda hidrogen rabitasinin smals gelmasins manecilik toratdiyindan
hidrogel kollaps amals gatirir. Qalavi miihits ke¢dikca deprotonlasmanin bas vermasi ise
hidrogelin sisma daracasinin tadricon artmasina gatirib ¢ixarir.

RFA tadgiqat tisullari ilo tadqiq olunmusdur ki, amorf qurulusa malik PAT MBAA il tikildik-
den sonra qurulusda ciizi dayisiklik bas verir (sokil 2).

Sokil 2. Miixtoalif % nisbatlorinde MBAA ils tikilmis PAT-nun RF spektrlari

M

20% MBAD

15% MBAD

10% MBAD
T EME S e e I e o e MM s e 4 VIO
10 |2 30 40 50 60 70

2Theta (Coupled TwoTheta/Theta) WL=1.54060
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Bels ki, MBAA-in miqdar1 artdiqgca alinan hidrogelin kristalliq deracesinde 8-12% artim basg
verir. Bunu tikilma naticasindes nisbaten daha nizaml qurulusa malik polimer-torlarin amals
golmasi ilo izah etmak olar.

Malumdur ki, sulu mahlullardan absorbentin {izvi va geyri-iizvi ionlar1 sorbsiya etmasina tasir
edan baslica faktor miihitin pH-dir. Cilinki mahlulda olan H* ve OH: ionlar1 absorbentin bas-
ga sozls hidrogelin sathinin ve hacminin yiiklonmasins, yoni ionlagsmasima sabab olur ki, bu
da sorbatin hidrogelin sorbsiya tutumuna bilavasits tesir gostarir [31]. Bu ndqteyi nazerden
PAT-nun 5+20% MBAA ils tikilmesinden alan hidrogellarin statik saraitde DOK ils pH=1+10
intervalinda 24 saat arzinds (qapali qapda, qaranliq) sorbsiyasi aparilmis ve naticaloriPAT-nun
DOK-na gors sorbsiya tutumlarmim miihitin pH-dan asililiq qiymatlarinicedvel 2-ds gérmak olar.

Cadval 2. Miixtalif % nisbatlarinde MBAA ils tikilmis PAT esasl gelin
DOK-na gora sorbsiya tutumlarinin miihitin pH-dan asililig1.

Sorbsiya tutumu, mg/gr

pH 5% MBAA 10% MBAA 15% MBAA 20% MBAA
1 0,67 1,57 0,1 0,7
2 1,47 3,45 2,27 1,63
3 3,58 5,8 4,7 3,45
4 5,05 6,72 5,88 5,18
5 6,9 8,25 7,74 6,81
6 10,5 11,9 11,23 8,76
7 11,74 13,05 12,51 11,26
8 13,47 14,11 13,63 12,64
9 12,51 13,47 13,02 11,65
10 9,63 11,9 5,08 10,01

Cadval 2-dan goriindiiyii kimi hidrogelin tarkibinds tikici reagentin miqdar: artdiqca sorbsiya
tutumu azalir. Misyyen olunmusdur ki, 10% MBAA istirakinda tikilmis PAT asash hidrogelin
pH=8-do DOK-na sorbsiya tutumu 14.12 mq/qr oldugu halda 20% MBAA ils tikilmis polimerda
iso 12.64 mq/qr toskil edir. Bunu tikici reagentin miqdar1 artdiqca aktiv funksional qruplarin
qatiliginin yiiksalmasine baxmayaraq hidrogelin tarkibnds masamalarin 6l¢iisiiniin azalmast
ilo izah etmak olar. 5 ve 10% MBAA istirakinda alinan hidrogellari miiqayiss etdikds ise 10%
tikici reagent ilo alinan hidrogellarin daxili torlarmnin 6l¢iistiniin DOK molekulu iigiin foza
cohatdan ve konformosion olaraq daha miinasib yaxud optimal olmas: ile slagadardir. Bu
hal antibiotik molekulunu gelin masamolarinds daha stabil ve dayaniqhh galmasin tomin edir.
Ancaq 5% MBAA ils tikilon polimerda iso gel amalo gatirmak xassosinin tam olmamasi, masa-
molarin Ol¢lisiiniin haddindan artiq boyiik olmas: va tikici reagentin torkibindaki aktiv funk-
sional qruplarm miqdarmin goétiiriilon DOK qatihig: {iciin yetarli gedar olmamasi gelin sorbsiya
tutumunun az olmasina sabeb olur [32,33]. Antibiotik molekulunun kifayst qadar funksional
qruplarla shats olunmamasi gel daxilinds onun stabil olmamasina gatirib ¢ixarir.

Toadgiqat zaman1 10% MBAA ils tikilmis PAT-nun 50 mq ile pH=8-do DOK-nin 0.01+0.5 mq/1
qatiliq intervalinda 293 K-da sorbsiya prosesi 0yronilmisdir (codval 3).

Cadval 3. 10% tikilmis poliakril tursusu asasli gelin doksorubisine gors sorbsiya tutumu
va sorbsiya deracesinin antibiotikin baglangic qatiligindan asililiq ayrilari

C, mg/Lx0,1 | Sorbsiya daracasi, % | Sorbsiya tutumu, mg/gr
0,1 86 3
0,2 85 5
0,3 65 6
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0,5 88 14
1 51 16
2 27 17
3 18 21
5 13 22

Goriindiiyti kimi DOK-nin gatiligini 0.01 mq/l-den 0.5 mq/l-s qadar artirdiqda sorbsiya derae-
cesi uygun olaraq 86%-dan 14%-o qadar azalir. Bu hidrogelin gétiiriilon miqdarmin sabit giy-
matinda antibiotikin qatiliginin artmasi ve tarazliq halinin yaranmasi ile slagedardir. Malum-
dur ki, gel, torkibindaki funksional qruplarin ekvivalent miqdarma uygun DOK absorbsiya
edacak va antibiotikin qatiliginin hans1 giymatinds sorbsiya tarazlig1 yaranacaqsa bu hamin
tikilma daracesi da hidrogel {iciin optimal sayilir. Eyni zamanda sorbsiya tarazligi gelin masa-
molarins absorbsiya olunan DOK-nin miqdari ilo meahlulda qalan miqdar: arasinda yaranan
tarazliq sabitinin qiymati da bu prosess tasir edir. Miisyysan olunmusdur ki, DOK-nin 0.05 mgq/l
qatiliq giymatinde sorbsiya daracasi maksimum olub 88%-o barabardir. Mahlulda DOK-nin
qatilig1 artdiqca gelin tarkibinda funksional qruplar sorbsiyanin daha artiq bas vermasina ki-
fayot etmadiyinden DOK-nin qatiliginin sonraki artimlarinda sorbsiya tutumunun giymeati
da sabitlasir [34,35]. Qatiligm 0.02 mq/l qiymeatindan sonra hem sorbsiya tutumu, ham da sorb-
siya daracasi sabitlagir. Qatiligin 0.3-0.5 mq/l giymatinds sorbsiya tutumunun 20-21 mq/qr
olmasima baxmayaraq sorbsiya daracasi 15-18% tagkil edir. Bu baximdan 10%MBAA ils tikil-
mis 0.05 qr PAT asash gel DOK ils 293 K-da 24 saat miiddatinda 0.05-0.1 mq/1 qatihiql1 baslan-
g1c mahlullar sorbsiya tiglin optimal va stabil qebul edils bilar.

Polimerin 10 % nisbatindo MBAA ilo tikilmis PAT osash hidrogel ve onun doksorubisinlo
kom-ponentinin qurulusu SEM spektroskopiya tisulu ilo dyrenilmisdir. (Sokil 3).

Sakil 3. 10 % nisbatinda tikilmis PAT (a) ve DOK slave etdikdan sonra PAT (b)

30 pm Mag= 1.07TKX EHT= 300KV  Signal A= InLensDate :24 Dec 2015
WD= 1.8mm Time :14:49:30

Mag= 473X EHT=2000KkV SignalA=SE2  Date 9 Dec 2015
A Cavadzade WD = 8.3 mm Time :16:23:29

a b

PAT-DOK komponentinin qurulusunda tikilmamis polimerds olan masamsalasr goriinmiir ve
sanki polimerds parcalanmis hissalar sixilib boytiyiir. Eyni zamanda 6lgiileri 1,2 mikrondan
2,2 mikrona goadar hissaciklar miisahide olunur ve PAT-DOK strukturunda sinmalar, kala-ko-
tiirliik amala golir.

Natica

Orta molekul kiitlasi 230 kDa olan PAT-nun 5+20 % (kiitla) nisbatinde MBA A-ls ultrabandvsayi
suia istirakinda tikilmesinden suda, pH bufer mahlullarinda sige bilen hidrogellsr sintez olun-
musdur. Alinmus hidrogellsrin quruluslar fiziki tedqiqat tisullar: ile dyrenilmis ve gostaril-
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misdir ki, alman hidrogel doksorubisin antibiotikini 0.05-0.1 mq/l qatiliq haddinds pH=8-da
maksimum sorbsiya edir. Otaq temperaturunda 24 saat statik seraitde DOK-nin sorbsiya tutu-
mu 18-21 mq/qr teskil edr.Tarkibinda 2% (1 qr) DOK saxlayan kompozitlarden tibbds, biotex-
nologiyda geyd olunan antibiotikin dasinmasinda, uzun miiddatli tasire malik effektiv prepa-
rat kimi istifads etmak olar [36].
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FENOLUN KV-23 KATALIZATORUNUN ISTIRAKINDA
PIROLiZ PROSESININ Cs- FRAKSIYASININ DIMERLOSMO
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XULASO

Fenolun KV-23 katalizatoru istirakinda asag1 oktanli benzinlarin pirolizi prosesinds alinan divinilsizlegdirilmis
Cs-fraksiyasinin dimerlosmo mohsullari ilo alkillosma reaksiyalar: tadqiq olunmusdur.Alkillosme reaksiyalar: fa-
silasiz isloyon mini qurguda hayata kegirilmisdir. Alkilloasma reaksiyasi noaticosinde magsedli meh-sulun ¢iximina
va segiciliyine tempera-turun, ilkin komponentlarin mol nisbatlarinin ve hacmi stiiretin tesiri aras-dirilmisdir. Tod-
qiqat natice-sinde miiayyen edilmisdir ki, fenolun fasilesiz isloyen mini qurguda piroliz prosesinin Cs-fraksiyasi-
nin dimerlogma mohsullar: ilo KY-23 katalizatoru istirakinda alkillosma reaksiyasinin asagida gosta-rilon soraitin-
da: temperatur 120°C, fenolun fraksiyaya 1:2 mol nisbatin-ds, hacmi siiratin 0.5 saat giymatinde mag-sadli mahsu-
Iun ¢rxamu goétiiriilen fenola gore 67.4%, secicilik iss magsadli mahsula gors 95.6% olur. Sintez olun-mug para-alkil-
fenolun formaldehid ve anilinla(2,6-diizopropilanilinle) aminometillosma reaksiyalar1 aparilaraq Mannix asaslar1
alinmigdir. Alinmis 2-hidroksi-5-alkil-benzilfenilaminlor dizel yanacaginda antioksidant kimi yoxlanilmisdir. Si-
naglar neaticasinde melum antioksidantlardan forqli toaqdim olunan benzilfenilaminlorin dizel yanacagma olave
olunduqda oksidloagsmaden sonra ¢okiintii amale galmadiyi miiayyen edilmisdir.

Acar sozlar: fenol, Cs-fraksiyasinin dimerlosma moahsullari, alkillosms, ¢ixim, seg¢-icilik, n-alkilfenol, formal-
dehid, anilin, aminometillosma, Mannix asaslari, antioksidant

PEAKIIMN AAKUANPOBAHNSA ®EHOAA CITPOAYKTAMU AVUIMEPU3ALIVIN Cs-
DOPAKIVN ITPOLECCA TIMPOANU3A B ITPUCYTCTBUN KATAAN3ATOPA KY-23

PE3IOME

brran mccae 0BaHBI peaKIUy aAKMAUpOBaHNs (peHoAa B IPUCYTCTBUN KaTaausatopa KY-23 ¢ mpoayk-ramu
anmepuzanyy Ce-Pppaxiym (1mocae BhljeAeHns AMBIMHIAA), TTOAYIYeHHOTO B ITpoIlecce MMPO3u3a HIM3KOOK-TAHOBBIX
6eH31HOB. Peakly aAKMAMPOBaHUA OCYIIECTBASAVICh B HEIIPEPHIBHO AEVICTBYIOIIel ! MIHY YCTaHOBKe. B pe3yas-
TaTe peaxIMy aAKMAMPOBaHMA OBLIO BBLIBAEHO AEVICTBYE TeMIlepaTyphl, MOABHOTO COOTHOIIIEHN TIeP-BIMIHBIX KOM-
ITOHEHTOB 11 OOBeMHOI CKOPOCTHU Ha BHIXO/, M CeAeKTUBHOCTD I1eAeBOTO MPOAyKTa. B pesyabpTaTte mc-caejoBaHNsA
OBL10 YCTAaHOBAEHO, YTO IIPY HIDKE CAeAYIOIIUX YCAOBUAX peaKkIiuy aAKuAMpoBaHys ¢peHoaa ¢ Ipo-AyKTaMI AV-
Mepusaruy nporecca nupoansa Cso-Qpaxiuny B HeIIpephIBHO AeICTBYIONell MUHN YCTaHOBKe B IIPY-CYyTCTBUN Ka-
taansatopa KY-23: temniepatypsr 120°C, cootHoenmu ¢geHoaa K ¢pakiym 1:2 Moas, o6beMHoi ckopoctu 0.5 yacos
BBIXO/, 11€1€BOT0 MPOAYKTa I10 OTHOIIIEHNIO K B3ATOMY (peHoay cocTaBaseT 67.4%, a ceAeKTUB-HOCTH I10 I1e-1€BOMY
poayKTy 95.6%. B pesyapTarte mpoBeJeHMs peakIuii aMMHOMETUAVPOBaHISI CUHTEe3MPOBaH- HOTO Mapa-aAKnide-
HOJa ¢ POPMaAbALTUAOM U aHIAUHOM (2.6-ANM30MPONMAAHIANH) ObLAY ITOAYy4YeHbl ocHOBa-Hust Mannnxa. [Toaygen-
HBIe 2-TUAPOKCH-5-aAKIAOeH3UAQeHNAaMUHBI IIPOIIAN VICITBITaHNe KaK aHTHOKCUAAHTEL B AMI3€ABHOM TOIIAUBE.
B pesyarpTraTe mcipITaHmuii OBLAO BHIABAEHO, YTO B OTAMYME OT M3BECTHBIX aHTMOKCHAAHTOB IIPU J00aBAe-HUM DTUX
GeH31AdeHn1aMIHOB B AV3€/ABHOE TOILAVBO ITOCA€ OKVICAEHUsS He 00pa3yeTcst ocaloK.

Karouesnie caosa: ¢penoa, npoaykrsl gumepusaruy Cso-Qpaxinm, aiKMANpPOBaHNe, BBIXOJ, CeAeKTIB-HOCTb,
m-aaknadenHoa, popmMaabaerna, aHNANH, aMIHOMEeTUANPOBaHIe, OCHOBaHM: MaHHMXa, aHTHOKCIAaHT.
THE ALKYLATION REACTION OF PHENOL WITH DIMER PRODUCTS OF FRACTION
OF PYROLYSIS PROCESS IN THE PRESENCE OF KY-23 CATALYST
ABSTRACT
It was investigated that the alkylation reaction of phenol with the dimer products without divinyl of fraction

of pyrolysis process of low-octane petrol in the presence of KY-23 catalyst. The alkylation reactions were accomplished
by using continuous small devices.The effect of temperature, mol ratio of reactants and space velocity to the yield
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and selectivity of desired products in the alkylation reactions was studied. According to researches, it was determined
that, the alkylation reaction of phenol with the dimer products of Cs fraction of pyrolysis process in the presence
of K¥Y-23 in catalyst continuous small devices in the given below conditions: temperature 120°C, the mole ratio
phenol to fraction 1:2, space velocity 0,5 hour ,the percentage yield of desired products on phenol was 67.4%, selec
tivity on desired product was 95.6% . Mannich base was produced from the aminomethylation reaction of the
synthesized para-alkylphenol with formaldehyde and aniline (2,6-disiopropylaniline). The obtained 2-hydroxy-5-
alkyl-benzylphenilamines were tested as antioxidant additives to diesel fuel . As the results of tests, unlike known
antioxidants, it was identified that there was no precipitates formation after oxidation when benzylphenylamines
were added to diesel fuel .

Keywords: phenol, dimerization products of Cs-fraction, alkylation, yield, selectivity, n-alkylphenol, formal-
dehyde, aniline, aminomethylation, Mannich bases, antioxidant.

Giris

Polimer materiallara, yaglara ve yanacaqlara slave olunan antioksidantlar, asqarlar, stabiliza-
torlar vo s. kimyavi alavalar igarisinds alkilfenollar asasinda alinmis kimyovi birlag-malar xii-
susi yer tutur. Onlar poliolefinlerin rongini deyismir, yiiksek temperatura davam-hdirlar, yag-
larda ve yanacaqlarda yaxs: hall olurlar.

Tosadyiifi deyil ki, hazirda senayeds istifads olunan kimyaovi alavalorin 70-75%-i alkil-fenollar
asasinda alinir [1-7].

Istifads olunan alkilfenollarin sksariyyati fenolun polimerdistillat ils alkillasmasin-den alinr.
Son vaxtlar polimerdistillatin istifadasi basqa somte yonaldiyinden (polimerdis-tillat destruk-
siyaya ugradilaraq benzina komponent kimi istifad olunur) fenolun alkillosma reak-siyalar1
sahasinds alkillagdirici agent qitlig1 yaranmisdir.

Toqdim olunan maqalada fenolun KV-23 katalizatoru istirakinda asag1 oktanli ben-zinlorin
pirolizi prosesinda alman divinilsizlasdirilmis Ci-fraksiyasinin dimerlosma mahsul-larmin
105-190°C farksiyasi (IDMF) ils alkillosma reaksiyalarinin tadqiginden, alinmis para-alkil (Cs-
12)-fenolun formaldehid vo anilinls (2,6-diizopropilanilinls) qarsiligl tesirinden Mannix asas-
larinin alinib dizel yanacaginda antioksi-dant kimi sinaqdan ¢ixarilmasindan behs edilir.

Tacriibi hissa

Tacriibalorin aparilmas tigiin ilkin xammal kimi fenoldan, IDMF-dan, anilinden, 2,6-diizopro-
pilanilindan, formaldehiddaen istifads edilmisdir.

Fenol vo anilin istifaden qabaq qovularaq istifade olunmusdur.

Fenol ilo alkillasdirici agent kimi asag1 oktanli benzinin pirolizi prosesinde alman divinilsizloes-
dirilmis Cs-fraksiyasindan (BIF) istifade edilmisdir. BIF-nin seolit katalizatoru {izerinde dimer-
lasmasindan 40.5% izobutilenin oliqomerlari alinir.

[lkin xammalda izobutilenin dimerinin ve trimerinin qatihgmi arirmaq magsadils alkillagma
reaksiyalari tiglin izobutilenin oliqgomerlarinin 105-190°C fraksiyasindan istifads edilmisdir.

BIF-nin dimerlagma mahsullarinin ve IDMF-nin karbohidrogen terkiblari 1 sayli cadvelds verilir.

Cadval 1. BIF-nin dimerlosmo mohsullarimn vo IDMF-nin karbohidrogen torkibi

Karbohidrogenlar BiF-in dimerlogsma moahsullar,% | 105-190°C frak.
Cs-Cr 1.07 0.68
[zo-oktan 0.15 0.54
Diizobutilen 38.78 51.35
Diizobutilenin izomeri 21.09 27.60
Trimerlar 32.76 19.83
Tetramerlar vo yuxari 6.17 -
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1 sayli codvaldan gortiniir ki, BIF-nin dimerlasma mohsullarmm 105-190°C fraksiya-smin kar-
bohidrogen torkibinda 51.32%-o qodar diizobutilen var; demali fenolun IDMF ilo alkillogma
reaksiyasinin asas mehsulu para-iigliioktilfenol olacaqdir.

IDMF-nin fiziki-kimyevi gostericilori: qayn.temp. 105-190°C; no®® 1.4473; 042 0.8167-mol.k.120.
Alkillagme reaksiyast {iciin katalizator kimi kationit KY-23 (DUST 20298-74) istifade olunmusdur.

KV¥-23 (modifikasiya 10/60) tarkibinda 55-70%-dak su saxlayir, 170°C-dak termiki sta-bildir.
Ona gdra KY-23 istifadeden qabaq sudan azad olmagq iigiin 110°C-dok qizdirilir. Is prosesinda
temperaturun tasiri ils katalizatordan sulfoqrupun ayrilmasi ve onun {izerina qatranabanzer
maddalerin toplanmasi naticesinda katalizatorun faalligr asag: diistir. KY-2 katalizatorundan
forqli olaraq KV-23 katalizatoru 2-4%-li xlorid tursusu ils regenerasiya olunur va yeniden is-
tifads olunur.

Fenolun IDMEF ils alkillosmo reaksiyalari fasilasiz isloyen mini qurguda hayata kegirilmisdir.

Fenol vo IDMF miixtolif tutumlardan hesablanmig miqdarda qarisdiriciya verilir. Fenolun tu-
tumunda temperatur 45°C saxlanilir. Fenol ve IDMF qarigig1 qarisdirildigdan sonra reaktorun
asag1 hissasina verilir. Komponentlor qarisig1 katalizatorun {izerinden kegorak reaktorun yu-
xar1 hissasinden ¢ixr, soyuducuda soyudulur ve alkilat tigiin ayrilmig tutumda yigilir; oradan
rektifikasiyaya gondarilir.

Rektifikasiya naticasinda ilk 6nca reaksiyaya girmayon IDMF va fenol (200°C-dak), sonra isa
asag1 tozyiqda (5 mm.c.st.) maqgsadli moahsul vo diger alkillosme mohsullar: ayrilir. Alinmais
moahsullarn fiziki-kimyavi xassalari, kimyavi quruluslar: va terkiblari tayin edilir.

Reaksiya va rektifikasiya mahsullarmin xromatoqrafik analizi LXM-72 xromatoq-rafinda has-
yata kegirilmisdir. Kalonun uzunlugu 2 m, bark dasiyici kimi tursu ile yuyulub dimetilxlorsi-
lanla silanlasdirilmig 0.2+0.25 mm 06l¢iide xromaton N-AW-DMC, harokotsiz faza kimi 5%-li
SE-30 metilsiloksan elastomeri gotiiriilmiisdiir. Kalonun ilkin temperaturu 50°C, son tempera-
turu 280°C, proqramlasmanin siirati 10°C/daq, helium qazinin siirati 50 ml/daq, buxarlandi-
ricinin temperaturu 250°C, detektorun temperaturu 300°C, diagram len-tinin siirati 60 mm/saat.

Hor iki halda-ilkin vo son mahsullarin torkiblorinin %-1o migdarmin hesablanmas: ugiin timumi
piklarin sahslerinin cominin 100% gabulu asas gotiirtilmiisdiir.

Sintez olunmus mahsullarin sixligl piknometrik tisulla, siiasindirma smsallar1 «/P®-22» (Ru-
siya) refraktometrik iisulla toyin edilmisdir.

Reaksiya mohsullarmin spektrlari Almaniyanin “BRUKER” firmasmin ALPHA IQ-Furye spek-
trometrinds Se/Zn kristali {izerinds, dalga adadi 600-4000sm diapazonunda ¢okilmisdir.
H'MR spektrlori “Bruker” firmasmin (Almaniya) Furye spektrometrinds 300.18 MHs is tezliyin-
do, otaq temperaturunda deyteriumlasmis benzol mahlulunda ¢okilmisdir. Signallarin (m.h.)
kimyaovi stirlismaloari tetrametilsilana nisbaton gotiirtilmiisdiir. Miixtalif struktur fragmentls-
rin protonla-rmin nisbi terkiblari spektrlorin miivafiq zolaqlarindak: piklerin sahslarini integ-
rallagdirmagqla tayin edilir.

Naticalarin miizakirasi

Fenolun IDMF ilo KY-23 Katalizatoru istirakinda alkilloasma reaksiyasi asagidaki sxem tizro gedir.

HO@ + 1DMF—>H0—®»C3.12
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Para-alkilfenolun alinmasinin semorali soraitini tapmaq iiglin reaksiyanin tempe-raturunun,
ilkin komponentlarin mol nisbatlarinin ve hacmi siiratinin magsedli mahsulun ¢iximi ve seci-
ciliyine tosiri aragdirilmisdir.

Alkilloma reaksiyasmnin temperaturu 80-den 140°C-dok, fenolun IDMF-na mol nisbati 1:1-den
1:4-dak, hacmi siirat 0.2-1.0 saat™ hadlarinds todqiq olunmusdur.

Fenolun KY-23 katalizatoru istirakinda IDMF il fasilasiz igloyen qurguda alkillogsma reaksi-
yalarinin naticalori 2 sayl cadvaldas verilir.

Cadval 2-dan goriiniir ki, reaksiyanin temperaturunun 80-den 120°C-dak artirilmasi ils ¢ixam
45.7-dan 67.4%-dak (gotiiriilen fenola gora), reaksiyanin segiciliyi iso maqgsadli mah-sula gore
92.6-95.6% haddinda dayisir. Temperaturun 130-140°C-dak artirilmasi ilo magsadli mahsulun
miivafiq olaraq ¢iximi 63.2-58.5%, segicilik ise 82.3-89.7% hadlarinda olur.

Cadvalin gostaricilarinden malum olur ki, reaktora verilon komponentler qarisigimda fenolun
[DMF-na mol nisbatinin 1:2 gotiiriilmasi daha maqsedauygundur. Bels ki, bu zaman magsadli
moahsulun ¢rxami 67.4%, secicilik isa 95.6% olur. Ilkin komponentlar garisiginda fenolun va ya
IDMF-nin qatiliginin artiril azalmasi ilo magsadli mahsulun ¢iximinds va reak-siyanin segici-
liyinds el bir ciddi naticays nail olmaq olmur. IDMF-nin qath@mn 3-4 dafs artirmagla mag-
sadli mahsulun ¢iximi 2-2.5% artmus olur. Lakin bu bu texnoloji, istarse ds iqtisadi baximdan
sorfoli deyil. Bu zaman segiciliyin xeyli asag1 diismasi miisahide olunur; bu alkillosma reaksi-
yasl naticesinds 2-mono, 2,4-, 2,6-di va 2,4,6-lig-ovazlonmis alkilfenolla-rin alinmasi ils izah

olunur:
OH
128C Cg.12 OH n=1
n=3 +nCy, —» HO Cg 1

2V, S
4 4 OH

Cs 12 N 2o

/CEOH OH Cs12
Cg13 Cora 812C©C8-12

[lkin komponentlar qarigiginin katalizator ils goriisme miiddetinin magsadli mahsu-lun gixi-
mina vo reaksiyanin segiciliyine tasiri do 6namlidir. 2 sayli cadvaldon goriiniir ki, hacmi sii-
rotin 0.5 saat?! giymatinds magsadli meahsulun ¢iximi1 67.4%, segicilik ise 95.6% olur. Hocmi sii-
rotin 0.7 va 1.0 saat! giymatlorinds isa ¢rxam 48.0-53.7%, segicilik iso miivafiq olaraq 94.3-96.7%
olur.

Belalikls, fenolun KY-23 katalizatoru istirakinda IDMF ils fasilesiz isloyen mini labo-ratoriya
qurgusunda alkillogsma reaksiyasi tiglin somarali sorait tapilmisdir: temperatur 120°C, fenolun
IDMF-na mol nisbati 1:2, hacmi siirat 0.5saat"!. Bu seraitds para-alkil(Cs2)-fenolun gotiiriilan
fenola gora ¢gixim1 67.4%, seciciliyi iso maqsadli mehsula 95.6% tagkil edir.

Sintez olunmus p-alkilfenolun kimyavi qurulusu HINMR ve IQ spektroskopik iisul-larla toyin
edilmisdir.

P-alkilfenolun H'NMR spektrinda singlet CHs qrupu 1.20 ppm, karbohidrogen hal-qgasinin ya-
yilmis singleti 1.77 ppm, OH-qrupu ve multiplet 1.4 avazlanmis benzol halqesi 5-6 ppm zola-
ginda miisahide olunmusdur.

P-alkilfenolun IQ spektrinds asagidaki zolaglar miisahide olunmusdur: 1505, 1592-1610sm™
(benzol halgesi), 3010, 3030 sm™ CHz=valent stirtismosi), 825 sm™ (CHz=deformasiya stiirtismosi);
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OH-qrupu 1240sm va 3100-3500sm! zolaqlarinda miisahide olunur. Hem-avazolun-mus iig-
lii karbonun varlig1 C-H valent siiriismalari 2920-2845 sm™ zolaqlarinda, eyni zaman-da dc2
xarakteriza edan 1108, 1345 sm™! zolaqlarinda miisahids olunur. Metil qruplar1 1370 va 1460
sm deformasiya stirligmoleri ila xarakteriza olunur.

Para-alkil(Cs-12)-fenolun fiziki-kimyovi xassalari ve torkibi 3 sayl cadvalds verilir.

Cadval 3. Para-alkil(Cs-12)-fenolun fiziki-kimyavi xassalari vo element torkibi

Mol Element torkibi, %
Struktur formulasi | Tqayn.°C/ 5mm c.st. np? 0420 ki,'::l'a Hesabl. Tapilib
C H C H

HOOC5|Z 140-160 1.5445 | 1.0040 280 832 | 89 | 839 | 94

Novbati marhalads para-alkil(Cs-12)-fenolun formalin ve anilinlorlo aminometillosma reaksi-
yalar1 hayata kegirilmisdir.

OH X OH X
H, H
C -N—
+CH,O+H,;N —_—
-H,O
X
X

C8—12

C8-12

harada X=-H; -C;H;
[lkin xammal kimi para-alkil(Cs-i2)-fenol, anilin ve 2,6-diizopropilanilinden istifads olunmusdur.

Anilin ve 2,6-diizopropilanilin kimyevi temiz istifade olunmus ve asagidaki fiziki-kimyevi
xassoalore malikdir:

Aninlin-Tqayn=184°C; np*°1.5863; 042°0.0217; m.k.93
2,6-diizopropilanilin-Tqayn= 257°C; np*1.6863; 04*° 1.1072; m.k.117

2-Hidroksi-5-alkilbenzilfenilaminlor para-alkil(Cs-12)-fenolun formaldehid vo anilin-larle 1:2:2
nisbatlords garsiligh tesirinden alinmigdir. Qarisdirict ve termometr ils tachiz olunmus tigbo-
gazli kolbaya hesablanmis miqdarda p-alkilfenol, anilin ve benzol doldurulub qizdirilir. Reak-
siya qarisiginin 30°C temperaturunda tizerina 1 saat miiddatinde damla-damla 30%-li formal
dehidin mahlulu alave olunur. Sonra reaksiyanin temperaturu 80°C qal-dirilir vo qarisdirma
2 saat davam etdirilir.

Reaksiyanin sonunda qarisiq reaksiyaya girmayean formaldehiddsn azad olmagq {iciin su ils
yuyulur. Amin birlosmasinin alkilfenoldan tomizlonmasi {i¢iin o turs duzuna kegirilir. Sonra
aminin turs duzunun sulu mahlulu qatt NH«OH mahlulu ils islenilir ve serbast amin birlas-
masi ayrilir. Alinmig amin sudan benzol ilo ekstraksiya vasitasiloe ayrilir. Benzoldan tomizlen-
dikdan sonra qaliq asag1 tozyiqda rektifikasiyaya olunur, alinmis 2-hidrooksi-5-alkil-benzil-
fenilaminlarin fiziki kimyavi xassalari va kimyavi quruluslar: toyin olunur.

Niimuno {igiin 4 sayli codvalds 2-hidroksi-5-alkilbenzilfenilaminin IQ-spektroskopik tadgiqi-
nin naticslori verilir.
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Cadval 4. 2-Hidroksi-5-alkilbenzilfenilaminin IQ-spektroskopik tadgiqinin naticalori

Udulma zolagy, sm! Funksional qruplar
720 CH2 grupunun C-H rabitssinin deformasiya siiriigmasi
825 benzol halgasinin 1,2,4 avezlonmasi
1015, 1110, 3270 OH grupunun O-H rabitesinin valent siiriigmasi
1180, 1240 C(O)C grupunun C-H rabitesinin deformasiya siiriismasi
1455 é 21 g, 7§éj§ 60, CHsvo CHz qruplarinin C-H rabitasinin deformasiya valent siirtigmalori
1510 benzol halgasi
1596, 1610 C=C rabitosi
3025 -C=C-
1735 C=0 grupu

5 sayli codvalds 2-hidroksi-5-alkil(Cs-12)- benzilfenilaminlerin fiziki-kimyavi xassaleri verilir.

Cadval 5. 2-hidroksi-5-alkil(Cs-12)- benzilfenilaminlarin fiziki-kimyevi xassalori

S Element torkibi, %
@@ Tqayn.°C/ 5 mm c.st. np? Qa0 Mol. kiitla Hesabl. Tapilib
L ' C H C H
X=-H 188-192 1.5675 0.9467 386 71.5 7.5 71.2 7.3
X=-CsH~ 208-212 1.6547 0.9865 470 74.0 8.7 73.6 8.4

Sintez etdiyimiz 2-hidroksi-5-alkilbenzilfenilaminlor dizel yanacaginda DUST 305-82 uygun
olaraq antioksidant kimi sinaqdan ¢lxarilmigdir. Sinaqlar 120°C temperaturda, 4 saat miidde-
tinds yanacaq niimunslarinin oksidlagmasi prosesinds aparilmigdir. Sinagin hayata kegirilmasi
tiglin dizel yanacagindan istifads olunmusdur. Dizel yanacagina malum ve toklif etdiyimiz
antioksidantlarin 0,003% miqdar1 alave olunaraq niimunslar hazirlanmisdir. Sonra ilkin dizel
yanacagimin va antioksidantlar slave olunmus niimunalarin oksidlosmasindan sonra amalo
golon ¢okiintiiniin miqdar teyin edilmigdir.

Sinaglar naticesinde malum olmusdur ki, 2-hidroksi-5-alkilbenzilfenilaminlarin dizel yanaca-
ginda antioksidant kimi 120°C temperaturda, 4 saat miiddstinds sinag1 zaman mealum anti-
oksidantlardan forqli ¢okiintii emals golmir. Dizel yanacaqlarina antioksidant kimi an genis
istifade olunan ionol slave olunduqda ise oksidlosmaden sonra amsals golon ¢okiintii-niin
miqdar1 1,0 mq/100 sm? olur.

Naticalar

1. Fenolun KY-23 katalizatoru istirakinda IDMF il fasilesiz igloyen mini qurguda alkillagma
reaksiyalar1 toedqiq olunmusdur. Miisyyen edilmisdir ki, reaksiyanin optimal geraitin-
da-120°C temperaturda, fenolun IDMF-s 1:2 mol nisbatinda, hacmi siiratin 0.5 saat giy-
matinds para-alkil(Cs12)-fenolun ¢ixami gotiiriilon fenola gora 67.4%, reaksiyanin segiciliyi
iso maqgsadli meahsula gors 95.6% olur.

2. Para-alkil(Cs12)-fenolun formaldehid ve anilinls (2,6-diizopropilanilinls) 80°C temperaturda,
2 saat miiddastinds aminometil-loasma reaksiyalar1 aparilaraq 2-hidroksi-5-alkil-benzilfe-
nilaminler alinmisdir ve dizel yanacaginda antioksidant kimi sinaqdan ¢ixarilmisdir.

ODOBIYYAT

1. Pacyaos U.K., Asuzos A.l'., Mupsoes B.I'. u ap. Kamarumuueckoe apuruposarue u aAKUAUposaHue PeHora Kom-
nonernmamu ppaxyuu 130-170°C npodykmos nuporusa, Hedpre-xvmums, 2009, .49, Ne 5, ¢.397-400

2. Kopenes A.K., 3asopotnsiit B.A., Keaapes B.b. ITouck kamarusamopa arxuposanus Perora oreduramu, XumMus
U TexHoAaorus rorans u Macea, 2003, No 1, c. 61-63

49



V.H. Mirzayev

Mupsoes B.I. Kamarumuueckoe yukAoarkeHuAuposarie penora 3-6UHUAUUKAO2EKCEHOM HA HenpepbleHOOelicsY-
toujeii ycmarosxe, ITporteccsr Heprexumum u HedprenepepadboTky, 2015, 1.17, No 2, ¢. 101-105

Mareppamos A.M., baitpamos M.P., Mextuesa I.M., Araesa M.A. TloAyuenue amMuHoMemuAUposaHHoLX npous-
600HVIX AAAUAPEHOA0S U UCCALA06AHUE UX AHMUMUKPOOHDIX C60i-CIME 6 MOMOpHOM macAe, JKypH. TPUKA. XUMUH.
2007, 1.80, BoI11.4, C.681-686

Kaoprasucknit E.B., Bacnaskesna V.M. Hosvie npucadxu k cmaskam na 0ase arkur-gerorbHvLx ocHosanuil Mam-
Huxa, Borrpocer xuM. u xuMm. TexHoa., 2008, Ne 2, ¢.102-105

Pacyaos UK., Asmsos AT, Asumosa P.K., Abacos C.VI. Bsaumodeticmsue Perora yukA00umepami usonpena 6
npucymcemeuu Leoaum-Y, nponumaririozo opmogocdopnoii kucromoii, Hegprexmmms. 2012, T.52, Nel, c.1-5

Mapxos A.®., ITpocenko A.E., sapry LI n ap. Cutimes u moxcuutvle c60i-crmea 6000pacnsopuMvlx npous600-
HbIX amutoarkurperoros, Xum. gapm. xyps, 2005, Ne 45, ¢.117-121

50



JOURNAL OF BAKU ENGINEERING UNIVERSITY - CHEMISTRY AND BIOLOGY

2017. Volume 1, Number 1 Pages 51-54

YAK 675.06
MOANDPOUKALINS ITOANMEPA AAS ITOCAEAYIOHIET'O
NCIIOAb30OBAHMUS B KAYUECTBE COPBEHTA*

KEPMMOBA DA1AAA CABUP KbI3bI

Aucceprant Xadeaps! «XMMIs BBICOKOMOAEKY ASPHEIX COe AMHEHUI»
bakunckoro 'ocyaapcrsennoro YHusepcurera

afinabdu@rambler.ru

AHHOTALI S

B zaHHOII cTaThe IIOKa3aHbI pe3yAbTaThl MCCAeAOBaHMIT TI0 ToaydeHNIo dpocdopcosepKariero copbeHTa Ha
OCHOBe OyTaaueH-cTHpoabHOro Kaydyka mapku ACCK-2545. Moauduxkanus npoBoAniack METOA0M OKUCAUTEAD-
Horo ¢gocdopxaopuposann. B kagectse pactBopureas ncrioanzobaics CCls, a pearenta ncrroassosaacs PCls. brao
AokaszaHo Haamaye $ocdop- U KIUCA0OPOACOAep KalX (PyHKIIMOHAABHBIX TPYIII B I0Ay4eHHOM Moaudukate. ITo-
AYYeHHBIN MOAUUKAT MOXKHO JCITOAb30BaTh B KayecTse copOeHTa He(PTH, IOHOB MeTaA10B I MUKPOOPTaHU3MOB.

Karouesble caoBa: copOeHT, MOAMPUKaLVL IIOANMEDPa.
BiR SORBENT KiMi SONRAKI iSTIFADO UCUN POLIMERLORIN MODIFiKASiYASI
XULASO

Bu maqalada torkibinds fosfor olan DSSK-2545 markali butadien-stirol kaugukunun asasinda sorbentin alin-
masi lizre tadgiqatlarmn naticelori gostarilib. Modifikasiya oksidlasdirici xlorfosforilosms tisul ile aparilib, bu nati-
codo modifikatorda fosfor- ve oksigen torkibli funksional qruplarin istiraki siibuta yetirilib. Hoalledici kimi CCly,
reaktiv kimi do PCls istifads edilmisdir. Naticoda alinan modifikatlar neftin, metal ionlarin ve mikroorqanizmlarin
sorbenti kimi istifads edils bilarlor.

Acar sozlar: sorbent, polimerm modifikasiyast.
MODIFICATION OF POLYMERS FOR SUBSEQUENT USE AS A SORBENT
ANNOTATION

In this shows the results of the investigations on receive of phosphorous-containing sorbent on the basis of
styrene batadiene rubber with a stamp of DSSK-2545. Modifications carried out by oxidative chlor-fosforilation
conducted. The CCls was used as solvent and reagent used PCls. It was proved the presence of phosphorus- and
oxygen-containing functional groups in the resulting modifiers. The resulting modifiers can be used in an oil sorbent,
metal ions and microorganisms.

Key words: sorbent modification of the polymer.

CunTeTnyeckme opraHmdeckue copoeHTsl, 0.4arogaps cBoei AOCTYIIHOCTY U IIPOU3BOACTBY B
IIPOMBIIIIAEHHBIX MaciiTabax, Haxo4AT Bce Doaee mupokoe npumenenne. Kpome toro, onn
4acTo ABAAIOTCA OTXOJaMM Ipou3BoAcTBa. OTKpPHITO-I4encTas CTPYKTypa U BBICOKasl 04eo-
(¢puapHOCTL DTUX MaTepuaaos obecriednBaloT 9PPeKTUBHOCTD UX MCIIOAb30BaHN B KadecTBe
COpOEeHTOB.

Ieap HacTOsIIIEl PaOOTHI-B A1a00PAaTOPHBIX YCAOBMX ITPOBECTU XUMMUIECKYIO MOAMDUKAIINIO
— OKHCAUTeAbHOe Xa0p¢ocdopnanpoBaHe IIPOMBIIILAEHHBIX 00pa3IioB KaydyKoB (B JaHHOM
cayuae ACCK) a4s1 mocaeayroliero MCoAb30BaHNs B KadecTse copOeHTOB. OKucAnTeABHO
xaopdocdopnanpopaHe IIPOBeAEHO B COOTBETCTBIUY C METOAVIKOI, OINMCAaHHOM B padorte [1].
Moauduxkariys KaydyKoB yKazaHHBIM CIIOCOOOM IPUBOAUT K 0Opa3oBaHUIO 0ObeMHO-TIOPIIC-
TBIX ITPOAYKTOB KOPMYHEBOTO MAY TeMHO-KOPUYHEBOTO IIBeTa.

B pabore ncnoaszosaan OyTraaueH-CTUpOAbHBIN Kayayk Mapxku ACCK (xapakrepucrnka Oy-
TaAMeH-CTUPOABHOTO KaydyKa yKadaHa B Ta04.1.), pocdop TpexxaopucTbiii, KUCA0POo4 (Ocy-
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II1aAy, IPOIlyCKaHNMeM 4Yepe3 KOHLIEHTPUPOBAHHYIO CEPHYIO KMCAOTY), YeTBIPeXXAOPUCTBIN
yraepod, (1MCcroAb3oBaau 0e3 A0IOAHUTEeABHON ounucTKu (X.4.). VIK-criekTp mokasbiBaet, 4To
11040cbI 795-760 cM! OTBeYaIOT CBS3aHHBIM C YIAepOAOM aToMaM xaopa (puc.l).

Puc.1. VIK-criekTp deTsipexxaopucroro yraepoaa — CCls.

1.6~ 795.162 -31.570

@

Absorbance

L B T O A S B B I B B R O B B B B B I B S R A B S A N A I BRI SRR IN BRUA I B RS RSN IR AT RN USRS AN
1600 1550 1500 1450 1400 1350 1300 1250 1200 1150 1100 1050 1000 950 900 850 800 750
Wavenumber

760.009 -11.895

RN N
700 650 600 550

RN E RN R
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Tabauma 1
HamvenoBaHme nmoka3areaen 3HadeHMe MOKa3aTeas
1 rpynma 2 rpynna

Bszkocts mo Mynn, Mb 1+4 (1000C) 45-55 56-65
MaccoBas 4045 aHTUOKCUAAaHTa, %
BTC-150 1,2-1,8 1,2-1,8
Wan C-789 (Aa Cub) 0,2-0,4 0,2-0,4
MaccoBast 40451 CBSI3aHHOTO CTUpPOoAa, % 23-27 23-27
MaccoBas 4045 304561, %, He Doaee 0,3 0,3
IToTepu Maccer mpu cyinke, %, He Ooaee 0,5 0,5
YcaoBHas1 IPOYHOCTH ITpu pacTskeHny, Mia (krc/cM?), He MeHee 17,0 /(174) 17,0 (174)
OTHOCHTEABHOE YAAVMHEHNE IIPU pa3phiBe, %, He MeHee 360 360
Maccosas 404s1 1,2 3BeHbeB (Ha OyTaaMeHOBYIO 4acTh Iienn), % 45-55 45-55
MaccoBas 4045 Mmacaa,% 25-29 25-29
YcaosHoe Hanpspkenne npu 300% yaannenny, Mira (krc/cm?), He MeHee 8,0 (82) 8,0 (82)

Aas onpeaeaenns COE 0140 B34TO Tpu HaBeCKM IIOAYYEHHOIO COpOeHTa B KOAMYECTBE, COOT-
sercTByiomeM 0,1 r cyxoro nmpogykra u 20 ma 0,1 pactsopa NaOH, n Beigep>kusaan 24 yaca,
nepuoudecku B3daateisas. Obpasiipl ocTaBAsIoT Ha 24 yaca. [Tocae sToro copbeHT oTdnan-

TpPOBBLIBaAM, OTOMpaau 5 Ma niunerkoit puarstpat u tutposaan 0,1 v pacrsopom HCl B mpu-

cyrerBum 1 % cnmproBoro pactsopa dpeHoadrasenHa. BeanmunHy cratuyeckoil oObeMHON

émkocty COE (Mr-9KB/T) paccuuTeiBaau 110 popMye:

COE =

(200F — 40VF1) * 0,004 + 1000  20F —

4VF1

40g

rae F- nonpasounbiin koodppuiment 0,1 1 pactsopa NaOH;

10g

V - 06pem 0,1 H pactBopa HCl, nspacxogoBaHHOTO Ha TUTPOBaHIE, MJ;

F1 - monnpasounsiit kosdpduiinent 0,1 v pacrsopa HCL;
40 - moaekyaspnbiit Bec NaOH;

0,004 - tutp 0,1 1 pacrBopa NaOH;

52



Mooupurxayusa norumepa 0As1 HOCAeOYIOULEZ0 UCNOALIOBAHUA 6 Kavecmee copbenma

g - HaBecKa cOpOeHTa, T.

(20 % 1,02 — 4 % 2,067 * 1) + 0,004 * 1000 _ 20 * 1,02 — 4 x 2,067
40 % 0,1 - 10 % 0,1

COE = =12,132

boian noayuyens! VIK-crieKTppl IIOrAomieHns pacTBOputTeas (4eThIPeXXAOPUCTBI yraepoga),
OyTaaueH-cTUpOAbHOTO Kayuyka 1 MoguduiiuposanHoro ACCK na VK-ciekrpomeTtpe Map-
ku Varian 640 — IR B cpeaneit VIK-o6aactn 2,5 -25 mukpoH, BoaHosoe uncao 4000-400 cm1. VK-
CHIeKTp OyTaAMeH-CTUPOABHOTO KaydyKa IOAy4deH B Biide TOHKOI I11€HKI, HAaHeCeHHOI Ha TI0A-
20Ky KRS-5. Toammna caos d=10-50 mukpon. VIK-criektp Moandukara Obla HOAy4YeH B BU-
Ae Tabaetok TBepaoro pactsopa KBr (1:200) mytem ripeccosanmst 1o dapaenueM P=200 kr/cm?2,
Toammna tabaerku 0,7 cMm.

B VIK-cniexTpe OyTaaueHn-cTupoabHOro Kaydyka (puc.2) noaocst 3030 v i 1600-1500 cm! mo-
Ka3bIBaIOT IIPUCYTCTBIE apOMaTIYeCKOl Ipynibl (OeH304bHOTO KOAbLIa), XapaKTep 3aMele-
HISL OIIpeAeAsieTcs 10 cuabHOMY noraomieHnio Hyoke 900 cm . IToaoca noraomenns 1490-
1460 cm™! mokasbIBaeT HaAM4Me ABOMHOMN CBS3U B MaKpOMOJEKye ImoaumMepa [2].

B pesyabraTe MoAmduKaiuy Obla MOAyIeH 00BEMHO-TIOPUCTBIN MPOAYKT TEMHO-KOPUYHEBOTO
1BeTa, IMApOoQOOHEIN 1 001a4a0MINil XOPOIIIell I11aBy4ecThIo mocae copounmu Heptu. bria
caeaas VIK-ciexTp noayuenHoro moguduxkara (puc.3). B VIK-criektpe MoauduimpoBaHHOTO
ACCK noaocer noraomenrs 1050-1030 ecm? otsedaroT atoMy pocopa, CBA3aHHOMY C aAKUABHOM
4acTbIO IToAMMepa yepes Kucaopogd. Iloaocer noraomenns 1240-1190 cm! mokasbIBaioT IIpuco-
eavHeHue (pocdopa yepes KICA0pO/ K apoMaTIIecKol JyacTy noanmepa. B moanmepax cpsasan-
Hag OH-rpynma gaet curnaa s odaactu 3400-3200 cm™. Aast TBepABIX BelllecTs HabAI0AaeTcs
TOABKO OgHa IMMpoKas rnoaoca. Iloaoca noraomenns 1720 cm! coorsercrsyet rpymme —CO-
O-, npucoeAMHEHHOI K apoMaTI4YecKoll 4acTu II0AMMepa, a TakkKe K yJdacTKaM IoAMMepa, Co-
Aep>Kaium AsoviHble cssu. Ilepsriit odepron vC=0 (okoa0 1720 cm™) Taxcke aexut npu 3500-
3400 cm™!, HO OTAMYAETCSI HU3KOM MHTEHCUBHOCTBIO [2].

Puc.2. VIK-ciexTp OyTagueH-CTUPOABHOTO Kay4dyKa.
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Puc.3. VIK-ciextp Moguduinposansoro 4CCK.
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HOAy‘«IeHHbe/l MOAI/ICI)I/IKaT B ,Zl,a/leef/lHleM MOJKHO HCIIOAB30BaTh B KadeCTBe COP6€HTa AT
COp6LU/H/I JIOHOB MeTaAaA0B, TOHKINX He(l)T}IHI)IX IIA€HOK, MUKPOOPTaHMN3MOB [3]
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ABSTRACT

The paper is devoted to a detailed study of oil shale that is considered a new alternative energy and fuel resource
for Azerbaijan. More than 60 surface manifestations of oil shale, related to sediments between Eocene and Miocene
in the territories Shamakhi-Gobustan, Absheron, Pre-Caspian-Guba, Vandam-Lahij and etc. of the Republic are
investigated on its distribution regularity and geochemical properties. Oil shale of these epochs, which can't be re-
ached due to exploration wells, but brought from the different depths to the Earth's surface (where oil shale surface
manifestations widely distributed) by eruptions of mud volcanoes have been studied as well. Along with geoche-
mical study of oil saturated rocks, found in ejected production of mud volcanoes, a comparative analysis have been
conducted on heavy fractions, obtained from these rocks and oil shale. The results of these studies show that bitumen
(its heavy fractions) of Eocene-Miocene oil shale and oil-saturated rocks are similar, and may cause to formation
and accumulation of hydrocarbons in ultra-deep sediments of mud volcanic areas. All conducted investigations
are increasing the topicality of perspectives of shale gas in Azerbaijan, which is non-traditional for the country.

Keywords: oil shale, distribution regularity, geochemistry, hydrocarbon potential, shale gas.

AZORBAYCANIN YANAR SISTLORININ YAYILMA QANUNAUYGUNLUQLARI, GEOKIiMYOVi
XUSUSIYYSTLORI VO EOSEN-MIOSEN COKUNTULORININ KARBOHIDROGEN POTENSIALI

XULASO

fcmal xarakterli maqals, Azarbaycan {iciin yeni alternativ yanacag-enerji vo xammal manbayi sayilan yanar
sistlorin genis tadqigine hasr olunur. Respublika iizrs $amaxi-Qobustan, Abseron, Quba-Xazaryani, Vondam-Lahic
va s. regionlarda eosen-miosen yasli ¢okiintiilarls alagadar olan yanar sistlerin 60-dan c¢ox yeriistii ¢ixisinin yayil-
ma gqanunauygunluglar1 va atrafli geokimyevi xiisusiyyatlari tohlil olunur. Tedqiqatlara, yanar sistlarin yertistii
¢ixaslariin genis yayildig1 zonalarda palgiq vulkanlarmin piiskiirmasi naticasinde yer sathine gatirilon (qazima
ilo dyrenilmayen) eyni yasl: sistlarin geoloji-geokimyavi arasdirilmasi da daxil edilmisdir. Bundan basqa, vulkan
tullantilarinda rast galinan neftli siixurlarin geokimyavi arasdirilmasi ile yanasi, hamin siixurlardan va sistlarden
alinan bitumlarmn (agir fraksiyalarinin) miiqayiseli tehlili do hayata kegirilib. Malum olmusdur ki, eosen ve miosen
yasli yanar sistlorden (sistlorin kerogeninden) va neftli stixurlardan alinan bitumlar terkibce bir-birinin analoqu
olmagla, palgiq vulkanlarinin yerlagdiyi arazilerin daha derin ¢okiintiilerds karbohidrogenlarin amale galmasinds
ve paylanmasinda miisyyen rola malik ola biler. Tadgiqatlar, hamginin Azarbaycan iigiin qeyri-enanavi sayilan
sist qaz1 masalasinin arasdirilmasinda da boyiik perspektivlar vad edir.

Acar sozlar: yanar sist, yayllma ganunauygunlugu, geokimya, karbohidrogen potensials, sist qaz.

3AKOHOMEPHOCTMU PACITPEAEAEHNST, TEOXUMMUYECKVE CBOMICTBA TOPIOUMX CAAHIIEB
A3EPBAVIAJKAHA U YT AEBOAOPO AHBIVI IOTEHIIVIA 1 DOIIEH-MMUOIIEHOBBIX OTAOKEHU

PE3IOME

Cratps HOCBAIIEHA TOAPOOHOMY M3Y4eHMIO HOBBIX 444 AsepOali’kaHa aabTepHATUBHBIX TOILAMBHO-DHEP-
TeTUYECKUX PeCypCoB-TOPIOUNX CAaHIIEB. B pabGoTe paccMOTpeHs! 60.1€ee IMecTUAeCITH IPOsBAEHUII TOPIOYNX CAaH-
nes pecityoauku (B IHlamaxsi-I'oOycranckom, AdmeponckoM, ITpukacrmiicko-I'younckom, Bannaam-/laxmasxckom
U Ap. paliOHaXx), CBSA3aHHBIX C OTAOKEHMSMY OT DOIIEHOTO 4O MMOIIEHOBOIO BO3pacTa, 3aKOHOMEPHOCTb X pacIpe-
AeJeHNs], a Tak’Ke TeOXMMITIecKre CBOIICTBa. B paMkax mccaeaoBaHmii OBIAY M3y4YeHHI TOPIOYMe CAaHITHI TOTO JKe
BO3pacTa, BRIHOCUMEIE Ha 3eMHYIO ITOBEPXHOCTEH (TAe ITOBePXHOCTHBIE IIPOsABAEHIS TOPIOYMX CAaHIIEB IMPOKO
pacIpocTpaHeHsl) B pe3yAbTaTe U3BEPIKEHMI I'PA3EBBIX ByAKaHOB 13 HEAOCTYIHBIX A4Sl TIOVCKOBO-pPa3BejOdHbIX
cKBa>KMH rayous. Hapsay ¢ msydeHuem reoxuMmdaeckori HepTeHachIIEHHBIX TIOPOA, HallA€HHBIX B BRIOPOIIIEHHO
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ITPOAYKTHI TPsI3€BBIX By AKaHOB, CPaBHUTEABHBIN aHaAu3 OblA IIpOBejeH Ha OUTYMHBIX (PppaKIIuif, TOAYIeHHBIX 113
STUX TIOPO/, U TOPIOYNX CAaHIIeB. Pe3yAbTaThl THX MCCAeA0BaHNI TTOKAa3bIBAIOT, YTO OUTYM (ero TsKeable pak-
LMV TIOAYIE€HHBIX U3 DOIIeH-MMOIeHBIBLIX TOPIOUNX CAaHIleB U HepTeHaCHIITIeHHBIX TIOPO/, OAMHAKOBEI, I MOXeT
IIpUBECTU K 0Opa30BaHMIO U HAKOILAEHUIO yIA€BOAOPOAOB B CBEPXIAYOOKVX OTAOXKEHMUII IPA3Y ByAKaAHUIECKUX
obaacrert.

Bce IIpoBeA€HHbIE 1ICCA€AO0BAHIIT YBEANINBAIOT aKTyaAbHOCTD IIE€PCIIEKTB CAaHIIEBOTO Ira3a B A3ep6a1714>KaHe,
KOTOpI)II;I SIBASIETCS HETpagULIMOHHBIM AT CTpaHbI.

Kaiouesnie caoBa: TOpOo4YMX CAaHIIeB, 3aKOHOMEPHOCTU paciipeleleHNnsI, reOXnMI:I, yI‘AeBOAOpOAHI)II;I I10-
TeHLuaAa, C/ZaHIIEBBIN Ta3

Giris vo qisa tarixi icmal: Azarbaycanda karbohidrogen ehtiyatlarinin zenginliyi onun regi-
ondaki statusunu forqli duruma gotirib. Bu ehtiyatlarin daha da zenginlasdirilmasi tigiin komp-
leks todqiqat istiqamatlari genislondirilir. Bununla slagedar, yerin daha darin qatlar1 da daxil
olmagla yeni neft ve qaz yataqlarmin axtarilmasi masalesi aktullagir. Lakin 6lkemizin enerji
bazasinin potensiali tokco neft vo gazla olglilmemalidir. Ciinki bels ehtiyatlarla yanasi, res-
publikada tobii bitum, yanar sist, qazhidrat vo s. geyri-onanavi resurslar1 da mévcuddur. Bun-
larin icarisinda yanar sistlar xiisusi shamiyyat kesb edir.

Hazirda diinyanin bir sira 6lkalarinds yanar sistlorden-sist qazinin alinmasinda (ABS, Kana-
da, Cin va s.), istilik-elektrik stansiyalarin islodilmasinda (Estoniya, Cin, Almaniya va s.), se-
ment (Estoniya, Cin, Almaniya) ve giibrs istehsalinda (Estoniya, Isvecra), tibbi lovazimatlarn
hazirlanmasinda (Fransa, Rusiya, Cin), kimya senayesi mahsullarinin alds edilmasinda (Cin,
Estoniya, Rusiya) ve s. xammal kimiistifads edilir. CXR-da bu nov faydal qazintilardan 45 nov
sintetik yanacaq, kimyovi preparatlar vo digoar mahsullar hazirlanir [1, 2].

Azarbaycanda yanar sistlorin 6yrenilmasins dair ilkin tedqiqatlar hale kegon asrin avvallarinds
rus alimlari tarafinden aparilib. Osrin sonuna yaxin azsayl diger tadqiqatcilarin asarlarinde
bu masalaye miixtalif soviyyelards baxilib [3, 4, 5, 6]. Aparilan todqgiqatlar, ayri-ayri rayonlarda
miiayyanlosdirilon yanar sistlerin yeriistii ¢ixislaria dair qisa tesvirlarden ibarat olub. Lakin
2000-ci ilden bari,bu isle daha tofsilath AMEA Geologiya ve Geofizika Institutunda masgul
olunur. Institutun “Palgiq vulkanizmi” sobasinin smokdaslar1 Azerbaycanin yanar sistlorinin ge-
ologiyasi, geokimyasi, proqnoz resurslari ve istifadesine dair silsilo tadqiqatlar aparirlar [7, 8].

Yanar sistlorin yayilma qanunauygunluqlari: Respublikada yanar sistlors, asasen Samaxi-
Qobustan, Abseron, Quba-Xazaryani, Vondam-Lahic va s. regionlarda rast galinir (sakil 1). Bu
rayonlarda yanar sistlerin 60-dan ¢ox yeriistii ¢ixaslar: yrenilib. Onlar genis stratiqrafiq dia-
pozonda (tebasir-miosen yash ¢okiintiilords) yayiliblar [9].

Sok. 1. Azarbaycanda yanar sistlarin yayilmasinin sxematik xoritasi.

[T X1 yanar sistii gstann yayiima sahalari
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Samaxi-Qobustan rayonu: Boyiik Qafqazin conub-sorq batiminda yerloson Samaxi-Qobustan
rayonu ¢ox miirakkeb geoloji-tektonik xiisusiyyatlore malikdir. Burada 120-ys gadar palgiq
vulkani, 30-dan artiq yanar sist ¢ixis1 va istismarda olan neft-qaz yataglar: vardar.

Yanar sist malum ¢ixiglari, asasan Markazi Qobustanda, nisbatan Samaxi tektonik zonasinda
inkisaf tapmisdir. Onlarin daha genis yayildig1 Qobustanin geoloji qurulusunda mezokayno-
zoy vo dordiincti dovr ¢okiintiilari istirak edir. Qobustan, Goradil-Masazir qirilma zonasi ve
Qucur-Qizildas tistogalmasi ilo simaldan ayrilmis alloxtondan, markszinds yerlasan paravtox-
tondan vo conubunda olan avtoxtondan ibaratdir [10] (sokil 2).

Sak. 2. Qobustanin geoloji xaritesi [10].

E Dordanci dovr gokintileri
[~
W' Diatom
Bl -

Pliosen

issazir qnima zonas

Simal Qobustanda tabasir yasl ¢okiintiilorle alagedar bir ne¢e yanar sist ¢ixist (Qizmeydan,
Zarat-Xeybori, Kiirkacidag ve s.) geyds alimir. Lakin onlarin senaye shamiyyoetliyi he¢ da yiik-
sok giymatlondirilmir (sokil 3).

Sak. 3. Samaxi1-Qobustan rayonun tebasir yasli yanar sist ¢ixislarin sxematik xaritosi.
o
5 Altiagac 4°

o9

Samaxi 10e

@ yanar sist qixislari: 1 - Zarat-Xeybori; 2 - Sanidagcay; 3 - Baxish; 4 - Zarat sinklinali; 5 - Altiagac:
6 - Tahisnuri; 7 - Qizmeydan; § - Xilmilli; 9 - Komigdag: 10 - Kiirkagidag.

Maorkoazi Qobustanda, paleogen-miosen ¢okiintiilarinin genis yayildig1 sahada yanar sist toza-
hiirlarinin ¢oxsayl ¢ixislar1 geyde almir. Sistli ¢ixislarin paravtoxton manseli tektonik blokda
(Bayanata) genis inkisaf tapmasi arazinin slverisli paleocografi ve paleotektonik soraiti ila
izah oluna bilar.

Bayanata mikroblokunun qurulusunda istirak eden paleogen-miosen yash ¢okiintiilor 2,5-4,5
km qalinliga malikdirlar. Bu ¢okiintiilorden forqli olaraq, Goradil-Masazir qirilma zonasindan
simalda yerlason eyni yash ¢okiintiilar ($imali Qobustan alloxtonunda) tebasir yash ortiiyiin
(tlisoidlardan teskil olunmus) altinda yatirlar. Bels giiman edilir ki, Bayanata mikroblokunun
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paleogen-miosen yash ¢okiintiileri alloxtonun {ist tabasir yash karbonat komplekslari ilo avtox-
tonun 11 km-a qoadar artankaynazoy ¢okiintiilari arasinda sixilib qalmiglar. Belo miirakkab
tektonik soraitde, yanar sistlori amals gatiron {izvi maddalarin toplanmasi {igtin ham alverisli
fasial, ham da paleocografi sorait (lil fasiyali ¢okiintiilarin tarkibinda {izvi maddalarin bollugu,
dayaz, genigsahoali korfozin, kontinental laqunlarmin olmast) moévcudolmusdur. Qisamiiddatli
geoxronoloji fasilalarle toplanmis bels ¢okiintiilorsonraki marhalslorde dinamometamorfizmoa
ugrayaraq sistloasme prosesine meruz qalmuslar.

Makanca yanar sistlorin, asasan Markazi Qobustan arazisinds inkisaf tapmasi rayonun tektonik
qurulusu, zamanca iso orta eosendan baslayaraq maykop, konk ve miotes ¢okiintiilorinds ya-
yilmast litogenez prosesinds {izvi qaliglarin fasilslarle toplanlanmast ils slagelondirilir (sokil 4).

Sak. 4. Samaxi1-Qobustan rayonunun eosen-miosen yash yanar sist ¢ixiglar: [11].

p); 10- K. Siyaki (Ust maykop, konk);
ali; 15- Pirakaskill

A -Ust maykop: 16- 3n
~Konk: 22~ islamdag

Abseron rayonu: Abseron rayonunun geoloji qurulusunda tist tobasir ve kaynozoy yash terrigen-
karbonat stixurlar: istirak edirlor. Rayonda 15-den artiq yertiistii yanar sist ¢ixislarina rast galinir.
Onlar, asasen tist maykop, konk ve meotis ¢okiintiilerils alagedardir. Yalniz, Samaxi-Qobustan
neftli-qazli rayonu ils serhadds iki ¢ixisin (GOytops, Ugtapa) yanar sistlori eosen yaslhidir.

Rayonda maykop seriyast ilo alagadar bitumlu gara sistli laylarin ndvbslegsmasine Ugtopa-Sor-
¢ala daglarinin simal yamacinda, Riki horizontunun 112 m-lik, eloca do Goytops, Orjandag
va Fatmaymin kesiliglorinds rast galinir. Yanar sistlorin Riki horizontunda inkisaf tapmasi {ist
maykop hovzasinin nisbaten darin hissasils slagadar olub, Giirciivan kendindsn baglayaragq,
Samax1 ve Sumqayitcaya qadar enli zolaq seklinds davam edir.

Yanar sistlorin konkla bagh ¢ixis1 Qarbi Abseronun Sorbulaq ve Qaraheybat sahslarinds 6y-
ronilib. Crxasmn qalinhigr 30 m tegkil edir. Varaqvari yanar sistlar, hamginin Ugtepa-ilxidag sink-
linalinda ve Giizdak stansiyasindan 2 km simali-qorbds, Goytopa qirisiginin simal-sorq gqana-
dinin cenub-gerq qurtaracaginda miisahids edilir. 120 m qalnhqgh karaqan-konk ¢okiintiilarinds
boz ve gahveyi-boz rangli, qalinlig1 20 m-s yaxin yanar sistli qat ayrilir. Eyni yash yanar sistlor
Ke¢oaldag-Zigilpiri qirisiginin conub perkilinalinda, bir ne¢o km davam edan sahadae inkisaf
tapmisdir. Zigilpirinin 26 m-lik kasilisinds 7 boz, tiind boz rongli yanar sistdeon ibarat lay ay-
rilir. Bundan slave, yanar sistlor Masazir gasabasinden conubda, Kegaldag vulkanindan simalda
va Sirinnohur goliiniin garbinds, 1,5 km uzunluglu sahads geyd olunur. Binagadiden serqds,
yanar sistli laylar toxminen 130 m-lik karagan-konkun kasilisinda 5-6 m-dak artan qalinligla
tozahiir edir.
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Abseron yarimadasmin simal-qarb va simal hisselarinds yanar sistler Fatmayi, Orjandag va
Saray qirisiglarinin kesiliglorinde miiayyenlasdirilir. Konk horizontunun timumi qalinlig: 20-
25 m toskil edir vo kosilis asason qara sistlorden ibaratdir.

Yarimadada meotisls alagadar yanar sistlor miixtslif saheslards forqlenen qalinliglarla yayilib-
lar. Qorbi Abgeronun cenubunda onlar Sorbulaq sahasinds, Kiismolidag sinklinalinda, Ugte-
pada va ¢ox da boyiik shomiyyat kasb etmayan hissasi Damlamaca galximindan asagiya, Qa-
raheybato godar olan zonada inkisaf tapir. Sistlorin sonraki intisar saholori Atoggah, Xirdalan,
Sabandag, Binaqgadi, eloce do Keyraki vulkanmin simal zonalari ils slagedardir. Abseronun
simal hissasinds rast galinen yanar sist ¢ixislar1 Sumqayitcayin sag sahilinds, Goytapenin si-
malinda, Corat sinklinalinin sarq ve qarb periklinallarinda, Orjandagin simali-sorq qanadin-
da (22 m qalinhqda, 650 m uzunlugda), Saray (6 m qalinliqda, 1 km uzunluqda) ve Fatmay1
qurisiqlarinda izlenilir. Bu sahalarde meotisin qalinlig1 70 — 130 m arasinda taraddiid edir.

Quba-Xazaryan1 rayonu: Rayonda eosen ¢Okiintiilari iki litofasiyada: simal-qarbde (Samur
caymdan Sabran geharine kimi) bitumlu mergellor, conub-sorqds gil ve gilli sistlar soklinde
tozahiir edib. Orta eosenin qalinlig1 40-50 m-i ke¢mir. Burada, yanar sistlor 6ziinii kigik ¢ixislar
tizra biruza verir. Onlarin praktiki shamiyyeti qgenastboxs hesab edilmir. Bundan basqa, yanar
sistli layciglar Siyazenin, Saadanin ve Surabadin quyu kasilislarinin bazilsrinds qeyda alinib.

Maykop seriyast (oliqosen-iist miosen) yanar sistli laylara, yalniz Quba-Xozaryan1 rayonunun
simal-qarb hissasinda rast galinsads onlarin iqtisadi samaraliyi diqqati calb etmir.

Konk yasli yanar sistlors, 8-15 m qalinligh kesilisde Candaqar sahilinds tasadiif edilmisdir.

Meotis ¢okiintiilarile alagedar yanar sistli siixurlara yalniz Surabadin cenub-serq arazisinds
rast galinib. Yasma sahasinds meotisin gilli kasilisinda yanar sistlarin iki lay1 ayrilir.

Quba yatagi. Eyniadli seharindan 25 km cenubda yerlasir. Yatagin yanar sistlari {ist sarmat
¢okiintiileri ilo alagadar olub, 27-255 metrlik kasilisda 7-18-dak sist saxlayan laylara rast gali-
nir. Daha praktik shamiyyat kasb edan yanar sist lay1 Qudiyal¢aydan simal-qarb — conub-sorq
istigamatinda uzanur. Ust sarmat ¢dkiintiilsrile slagadar olan bu laym uzunlugu 29 km tagkil
edir (sokil 5) [5, 6]. Gilgilgaya dogru getdikco yanar sistlorin miixtolif ¢ixislarinin davam etmasi
geyda alinir. Qudiyalgaydan simal-qarb istiqamatinds, Qusargay-Tahircalgay suayirict sahe-
larinda vo ©niq kendinds sistli laylarin bazi ¢ixislar: miisahids edilir.

Sak. 5. Quba yataginin geoloji xaritesi va profili (miqyas 1:100000).

S Quil / // /]
4 /24 /]

El - yanar sistli lay

Q - dordiincii dovr ¢okiintiilori, N;ak - akcaqil mortobasi,
le}vr - mohsuldar qat, N“'p - pont martabasi,

N,’s - list sarmat martabasi, N,’kn-kg - konk-karagan horizontu,
N,’¢ - cokrak horizontu, P+N,'mk - maykop seriyasi,

P. k - qgovundag lay dastasi, P,s - sumqayit lay dastasi,

K, - tist tobasir, K, - alt tobasir, J.tt - {ist yura (titon),

J,a - orta yura (aalen).
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Yanar sistlorin daha qalin kesilislari Valvalagayla ve Qaragay sahoalarinin arasinda dyrenilib.
Burada, {i¢ yanar sistli sahoa ayrilir. Voalvalagay ve Kamalgayin arasinda yerloason birinci saha
4,7 km uzanmaya malikdir. Sahads 11 yanar sistli lay vardr. Tkinci sahanin uzunlugu 3 km-
dir. Kamalgay vo Caqagukgay arasinda yerlagson bu sahads 14 sistli lay ayrilir. Uciincii saha
isa nisbaten kigik, 1,5 km uzanma ile miisahids edilir. Qaragayin sag sahilinds yerlagsan bu
sahoada 16 yanar sistli lay tozahiir edir (sokil 6).

Sok. 6. Valvalagay ve Qaragay arasinda yerlason yanar sistli sahalor.

Tupluq k. Asag1 Xanagah k.

Tangjalti

Kmrm/m,/

Cagacukgay

I | - yanar sistli lay

Diyall1 yatag:. Yataq Ismayilh rayonunda, markezden 7-8 km sarqda yerlasir. Tektonik cohatden
bu rayon miirekkeb quruluslu Vandam-Lahic zonasina aid edilir ve ¢ox giiman ki, burada tist
sarmat dovriinde yanar sistlorin amalogelmasi {igiin alverisli geoloji-geokimyavi sorait mévcud
olmugdur. Burada sarmatla slagadar, 1,5 km uzananiki mulda miisyyen edilmisdir ki, onlar
yanar sistlorla zangindir [9]. Yanar sistli layin qalinligi 300-370 m, diisma bucag: 35-47°-dir.
Simala dogru davam etdikcs, lay: iist tabasir yasl shangdaslar: ortiir [17]. (sokil 7).

Sak. 7. Diyall1 yanar sist yataginin sxematik geoloji xaritasi.

o Jlnanun

Pk,

R0

anton- qovundag
ik |\m | P I 3
| ot konyak * lay dastasi

dordiincit I ) ‘ ist
2 N,
Q d{)\ T sarmat

kampan-
maastrixt

D | - yanar sistli lay

Nbatica: Azarbaycanin yanar sistlorinin amalagalmasinin ve yayilma qanunauygunluglariin
tohlili gostarir ki, diggati celb edan ¢ixislar, asasen Samaxi-Qobustan, eloca do Abseron, Quba-
Xazaryani rayonlarinda ve Vandam-Lahic zonasinda intisar tapir. Bu ¢ixislar, asas etibari ils
eosen-miosen yaslidir. Makanca yanar sistlorin bu rayonlarda daha ¢ox intisar tapmasi, ¢ox
giiman ki, onlarin tektonik qurulusu, zamanca ise orta eosendan baglayaraq iist maykop, konk,
sarmat ve meotis ¢okiintiilorinds yayilmas: litogenez prosesindas tizvi qaliqlarin fasilalarls
toplanlanmasi ilo alagalidir. Bu prosesda yanar sistlori amale gatiran {izvi maddslarin toplan-
masi ti¢lin hom olverisli fasial, hom da paleocografi soraitin (lil fasiyali ¢Okiintiilarin tarkibin-
da tizvi maddslarin bollugu, dayaz, genissahali korfazin, kontinental laqunlarmin olmasr)
movcudlugu da miistesna rola malik olmusdur.

| K,km-mi

Azarbaycanin yanar sistlorinin istismara calb olunmasi noqteyi-nazarinden an perspektivli
rayonu Qobustan hesab olunur ki, burada dyrenilon miixtalif yash iri sistli ¢ixiglar ham bir-
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birina yaxin, ham ds mesa va yasayis massivindan xeyli uzaqda yerlasir. Bu amillar ekoloji
vo iqtisadi cohatdan ytiiksak praktiki shamiyyat kasb edir.

Yanar sistlarin geokimyavi tadqiqatlar: Azarbaycan, ham da palgiq vulkanlarmin diinya
{izro an ¢ox inkisaf tapdig1 unikal &lkalerdendir. Indiyadak, yanar sistlor palgiq vulkanlarmin
intisar etdiyi neftli-qazli rayonlar da daxil olmagla, ham yeriistii ¢ixislar ve heam dos 200 m da-
rinlik (qazima yolu ils) tizre tadqiq olunmusdur [9]. Lakin palgiq vulkanlarin yer sathina ¢1-
xartdig1 stixurlar miixtalif darinliklarls (bizen 6-8 km) slagslidir. Homin tullantilar arasinda
tizvi maddalarls zoangin, eosen-miosen yasli yanar sistlore rast golinir. Bundan savayzi, tullan-
tilar arasinda eyni yasa malik neftli suxurlar da vardir ki, onlar diqgat calb edir [12]. Belo sii-
xurlarin laboratoriya analizlari, palciq vulkanlarin yerlasdikleri arazilarin daha darin ¢o-
kiintiilerinin (darin qazima va ya geofiziki tadqiqatlarla qgenastbaxs dyranilmayen) karbohid-
rogen potensialiin giymetlendirilmasinds informativ shamiyyete malikdir [13-16].

Bu magsadls, Qobustanin miixtalif sahalarinds: simalda (palciq vulkanlarmin sayr daha azdir,
onlar kigik ol¢iiloro malikdirlar vo demak olar ki, ¢ox nadir hallarda ptiskiiriirler), markezda
(3,5-4,5 km qalinliga malik paleogen-miosen ¢okiintiilori ilo alagadar palgiq vulkanlarmin say-
lar1 Simali Qobustana nisbaton daha ¢oxdur) ve coanubda (paleogen-miosen ¢okiintiilorinin
qalmlig: 11 km-o gadar artir ve sayca an ¢ox, an iri aktiv vulkanlar burada yerlasir) inkisaf tap-
mis vulkanlarin brekgiyalarinda tapilan eosen ve maykop seriyasi yagh yanar sistlor geokim-
yovi analiz olunmusdur. Vulkanlardan gotiiriilmiis yanar sistlarin tarkibindski {izvi madde-
nin miqdar1 7,56-42,55% toskil edir [14, 15]. Bayanata mikroblokunda (Markezi Qobustan)
yerlagan palciq vulkanlarindan Sixzarh istisna olmaqla, qalan vulkanlarin (Pirakegkiil, Veys
v s.) tullantt mahsullarinda miiayyanlasdirilon yanar sistlarinin terkibindaki tizvi maddenin
miqdar1 digoer sahalarden nisbaten farqlenir.

Vulkan tullantilarinda sistli stixurlarin halledicilarls ekstraksiyasindan alinan naticoye gors,
hall olan {izvi maddanin miqdar1 an ¢ox Quscu vulkaninda - 8,34% taskil edir. Bu vulkanda
Oyranilen yanar gistlerinin kerogen hissasi 34,02% tayin olunub. Nisbaten az bitum alinan
vulkanlar - Capilmis ve Qalandsraxtarmadir. Ekstraksiya olunmus stixur niimunalarinin tor-
kibindaki tizvi maddslarin boyiik hissasi onlarin kerogen terkibinds camlasir (codval 1).

Cadval 1. Qobustanin vulkan tullantilarinin yanar sistli niimunslerinin ekstraksiyasi

Vulkanlar Halledicilards hall olan {izvi maddenin miqdari, % Comi, Kerogenin miqdari,
Xloroform Spirt-benzol (1:1) Y% %

Sixzorli 0,44 0,97 1,41 6,15
Pirokogkiil 1,00 0,61 1,61 19,97
Veys 0,51 0,42 0,93 16,85
Quscu 2,54 5,80 8,34 34,02
Capilmis 0,34 0,22 0,56 27,31
Siileymanaxtarma 1,12 0,62 1,74 8,75
Ceyildag 0,18 0,38 0,56 9,35
Qolondoraxtarma 1,04 0,74 1,78 6,12
Sokixan 0,59 0,50 1,09 10,36
Agtirma 1,16 0,48 1,64 8,47
Solaxay 0,82 1,05 1,87 9,88
Dasgil 0,72 0,56 1,28 10,02
Ayrantoken 0,93 1,02 1,95 8,96
Durandag 1,01 0,52 1,53 12,35
Qotur 1,22 0,55 1,77 10,06
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Yanar sistlorin tarkibindeki {izvi maddenin amals gelmasi ve paylanmasi, asasen diagenezin
sonunda gedan proseslarden ve miiayyean deraceds ana maddanin spesifik xiisusiyystindan
asilidir. Tabii katagenez prosesinin izah etmak magsadils, laboratoriyada aparilmis eksperi-
mentlarls yanar sist niimunolori termiki analiz edilmisdir.

Ayri-ayr1 vulkan sahalerinden gotiiriilmiis niimunalarin termolizi onlarin miixtelif maksimum
yanma temperaturuna malik olmasini gdstorir. Umumi olaraq, bu prosesds yanar sistlorin
torkibindaki tizvi maddaler 6z kiitlasini 200-500 °C-da itirir. On ¢ox iizvi maddaye malik Quscu
vulkanimnin sinaq niimunalari marhalsli olaraq 300, 400 va 500 °C-da yanur (¢akisini maksimum
itirir). Nisbaton daha ¢ox {izvi madde saxlayan vulkanlardan Capilmis-400 °C ve Veys — 200
va 400 °C-do analoji olaraq ¢okisini itirir (diaqram 1, 2).

Diaqram 1. Sixzarli, Siileymanaxtarma ve Quscu palgiq vulkanlarinin
yanar sistlarinin termiki analizlarinin naticelari
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Diaqram 2. Veys, Pirakaskiil ve Capilmis palciq vulkanlarmin yanar sistlorinin termiki analizlerinin naticelori.
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Karbohidrogenin ana maddasini toskil edan tizvi madda ¢ox az dayisikliye ugrayaraq, artan
temperaturla savvalcs niivaler arasinda zsif olan heteroatom slagasinin parcalanmasi bag verir
va bu zaman halledicids hall olan heteroatomlu yiikssk molekullu mehsullarin azad olunmasi
naticasinds gatranlara va asfaltenlars oxsar maddalar alinir. Prosesds kerogen 6z yiingiil his-
sosini (CHs, H20, CO2 va C2He) itirir vo naticads yiiksok daracade aromatiklosma(H/C nisbati
ilo) miisahida olunur. Daha sonra, kerogen yiiksok molekullu heteroatomlu birlogsmalars cev-
rilir va bu birlasmalarden azad olunaragq, nisbaten kicik molekullar amalo gatirir. Kerogenin
tam yetismis strukturunda aromatik plastik tebaqalar subparalel sirasini emsls gotirerak, te-
bageler arasinda nizamlanmani artirir. Bazi miislliflors gore, komdiir ve yanar sistlordes olan
tizvi maddanin temperaturdan asili olaraq deyismasi zamani ana siixur katalitik taesirds olur
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va bu proses daha da tezlasir. Gilli ve karbonatl stixurlarda katalitik tosir naticesinde kondens-
losmis aromatik ve ya alifatik strukturlu {izvi maddolar alinir. Alifatik strukturlu tizvi madde-
nin terkibinds poliaromatik qruplasma va heteroatomlu rabits az oldugu ti¢iin H2-nin ¢oxlu-
gu vo Oz-nin azlig1 bu struktur {igiin xarakterik hal alir.

Aromatik strukturlu tizvi maddslerds poliaromatik ve O: saxlayan funksianal qruplar gox
oldugundan, onlarin torkibinds uzun (yan) zencirli alkanlar ve yag tursular1 ikinci deracali
yer tutur. Bunlarin tarkibinds heteroatomlu keton ve karboksil qruplar1 daha goxluq tegkil
edir. Bels birlagmalarin terkibinds heteroatomlu iizvi maddalsr oldugundan, temperaturdan
asili olaraq, parcalanma daha tez gedir. Alifatik strukturlu tizvi maddslarin terkibindaki hete
roatomlu birlogsmalar az oldugu iigiin onlar salave temperatur tolob edir. Aparilmis tadqiqat-
larda daha yiiksak temperaturda 6z kiitlesini azaldan {izvi maddalarin - alifatik tipli, asag1
temperaturda (200°C) 6z kiitlasinin ¢ox hissasini itiron {izvi maddalarin ise aromatik tipli st-
ruktura uygunlugu daqiqloesdirilmisdir.

Analitik tehlillar gosterir ki, termoliz prosesinds sinaq niimunasi tigiin kiitle ¢okisinin maksi-
mum itirilme intervali tizvi maddanin struktur qurulusundan, ilkin amoalagelon maddalarden,
geoloji seraitden, yerlosdiyi miihitin termokatalik tasirinden ve s. asilidir.

Pillali termoanaliz prosesinin naticelarini tohlil etdikde miiayyan qanunauygunluglar ve farqli
cohatlor miisahids olunur. Bunlar1 nazars alaraq, sist nlimunalarinin iki marhalali quru distills
(piroliz) edilmasi labiid sayilir. Distillo prosesinde asag1 temperaturda nefto oxsar (bitum) mad-
dolarin, piroliz suyunun, temperatur artdiqca iss qazlarin miqdarinin artmasi miisahide olu-
nur. Eyni temperaturda, sabit seraitde demak olar ki, kerogenin asas strukturunun iri makro-
molekullar1 deyismir, toxunulmaz qalir. Asag1 ve yuxar1 temperaturda qaz smalagelme prosesi
gabariq miisahids olunur. Belslikls, temperatur artdigca axirinct merhslads komiirlagsms ils
tizvi maddenin tamamile parcalanmasi basa catir. Laboratoriya seraitinde aparilan piroliz
naticesinds sinaqlardan alinan bitum, hamin siixurlarin neft ve qazliligina dolalst edir.

Miixtalif vulkanlarin (Veys, Quscu, Pirakaskiil, Qalondaraxtarma va s.) sinaglarindan tempe-
raturu 500°C-ya qoadar artirdiqda nefte oxsar madda alinir (cadval 2). Bundan yuxar: tempera-
turda tekce qazin alinmasi miisahids olunur. Bazi sinaqlarda {izvi madds ils yanasi, qeyri
tizvi maddanin ds daha ¢ox par¢alanmas: miisahide olunur. Nefts oxsar maddenin miqdar:
daha ¢oxluq togkil etdiyi sinaqlarda alifatik birlosmalarin miqdar: daha ¢ox olur.

Temperaturun yiiksslmasi (>500°C) naticesindas iri molekullu kerogen kigik molekullu karbo-
hidrogenloars, qazlara ve koks qaligina gevrilir. Aparilan tadqgiqatlar: timumilasdirarak belo
naticaye galmoak olar ki, temperaturun artmasi ils qazlarin miqdari artir, nefteoxsar maddsle-
rin miqdari tedricen azalir. 400°C temperaturda iss kaskin sigrayis miisahids olunur.

Belslikls, todrici temperatur artdiqca kerogenin komiirlosmasi prosesi miisahids olunur. Bu
proses biitiin sinaqlar ti¢lin demok olar ki, eynidir. Asag1 temperaturla alinan mehsullarin
miqdarmin vo destruktif parcalanma daracalarinin miixtslif olmasina baxmayaraq, sonuncu
etap oxsardir.

Cadval 2. Qobustanin palciq vulkanlarinin yanar sistli niimunslerinin iki marhalsli pirolizi

Vulkanlar 500-550 °C 800-850 °C
Piroliz suyu, | Bitumun miqdari, | Qazlarin miqdari, | Piroliz suyu, | Bitumun miqdari, | Qazlarm miqdari,
% % % % % %

Sixzarli 0,24 3,21 3,13 0,84 - 2,64
Pirokogkiil 0,42 4,12 4,53 0,32 0,42 2,81
Veys 4,25 5,60 6,31 - - 1,19
Quscu 1,35 6,18 17,69 0,32 - 11,77
Capilmig 0,12 1,20 24,0 1,27 - 2,81
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Siileymanaxtarma 0,81 3,87 2,34 0,43 - 2,27
Qolondoraxtarma 0,25 4,15 2,12 0,33 - 2,11
Dasgil 1,80 3,12 7,01 - - 0,80
Durandag 2,78 3,38 417 - - 1,30
Qotur 0,56 0,45 10,67 - - 5,53

Alinmis mahsullarin miqdarina gors yanar sistlerin terkibindaki {izvi maddanin strukturu
haqqmda natica s6yloamak olar. Bazi vulkanlara aid olan yanar sistlorden daha ¢ox gatran almur.
Digoer sahoalerin yanar sistlarinden ise qaz ve yiingiil karbohidrogenlerin alinmasi miisahids
olunur. Belalikls, sinaq niimunasindan daha ¢ox gotran alinarsa iizvi maddenin alifatik, az
va ylingtil karbohidrogenlar alinarsa aromatik strukturlu olmasi piroliz prosesi ils de 6z tes-
diqini tapur.

Vulkanlarin yanar sistlarils yanasi, ham da neftli, nisbaton cavan stixurlar1 (miosen yasl1) ge-
okimyavi tadqiq edilmisdir. Ayrantdken, Solaxay ve s. vulkanlarin bitum saxlayan siixurlari
xloroformla ekstraksiya edilmakls, bituma oxsar madde alinmisdir. Alinan bu neftooxsar mad-
danin sixligr 1,1 kq/m3-dur. Slbatts, bu da tebii neftlarin xiisusi ¢okisindan ¢oxdur. Bitumlarin
torkibinin osas hissesini asfaltenloar (42,52-47,15%) togkil edir. Yag fraksiyasinin miqdari 26,
86-37,96% toyin olunur (cadval 3).

Cadval 3. Qobustanin palciq vulkanlarinin neftli siixiirlarinin ekstraksiyasindan alinan maddaler

Alinan maddalor, % Pal¢iq vulkanlari
Solaxay Ayrantoken
Conub-gorb ganad | Simal-sorq qanad

Bitum 3,72 7,09 4,54

Su 1,20 0,27 1,21
Asfalten 46,0 47,15 42,52
Benzol gatrani 3,24 10,58 9,37
Spirt-benzol gatrani 14,38 15,12 10,14
Yag 36,38 26,86 37,96

Kil 2,06 3,48 1,91

Yag fraksaiyast ASK markal: silikagello xoromotoqgrafik tohlil olunmus ve alman naticalar gos-
tormisdir ki, bitumun terkibinin asas hissasini monotsiklik karbohidrogenlar (56,0-75,50%)
togkil edir (codvel 4). Nefto oxsar maddslorde metan-naften karbohidrogenlari aromatik
karbohidrogenlara (11,21-18,06%) nisbaton azdir. CaA seoliti vasitosilo metan-naften fraksiya-
sinda n. parafin karbohidrogenlari toyin edilmisdir. Oyranilen fraksiyada parafin karbohidro-
genlarinin miqdar1 yox daracasindadir.

Cadval 4. Qobustanin palciq vulkanlarinin bitumlarinin fraksiya terkibi

Qrup karbohidrogenlarin Palgiq vulkanlar:
torkibi Solaxay Solaxay Ayrantoken
(conub-garb ganad) (simal-garq ganad) (conub-sarq gqanad)
Yag, % Bitum, % Yag, % Bitum, % Yag, % Bitum, %
Metan- naftenli 18,06 6,53 - - 11,21 424
Aromatik
Monotsiklik 56,0 20,35 75,59 20,30 66,37 25,20
Bisiklik 4,52 1,65 4,03 1,08 9,0 3,42
Politsiklik 11,87 4,31 16,48 4,43 7,32 2,78
Asag1 molekullu gatran 9,70 3,53 3,90 1,05 6,10 2,32

Bundan basqa, sistli siixurlarin pirolizi naticasinds alinan bitumlarin agir fraksiyalari, ekstra-
kiya olunmus bitumlarin eyni fraksiyalari ils miiqayise olunmugdur. Tehlillor gosterir ki, tox-
minan har iki fraksiya bir-birinin analoqudur.
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Umumilikda, prioliz prosesinin naticolarini aragsdirdigda bels bir matlaba galmak olar ki, bazi
vulkan (Capilmis, Qotur va s.) tullantilarinin yanar sistlorinin torkibinds olan kerogenin neft-
amolagalmoa prosesinda inkisaf1 zaif, bazilorinki (Quscu, Veys, Pirokaskiil, Qolondaraxtarma
va s.) daha intensiv getmisdir. Bels ki, agar pirolizin asagl temperaturunda alman bitumun
miqdari ikincilorde daha ¢oxdursa, birincilarde yox daracesindadir. Qazlarin miqdarimna gal-
dikds ise Capilmis vulkaninda onlar daha ¢oxdur (24,0%). Vulkanlarin piiskiirma faaliyyatils
yer sathine getirilmis sistli stixurlarin analizi gostarir ki, katagenez marhalssindes geden timu-
mi proses, asas iizvi maddenin yeniden doayismasi ilo baglamis, uzun alifatik C-C rabitasinin
pozulmasi iloe davam etmis, tizvi madds mineral hissaden ayrilmis ve naticeds kerogenin
todricon neft karbohidrogenlorine gevrilmasi bas vermisdir.

Kerogenin IQ-spektri do onun neft asfaltenlorine vo kdmiirs oxsarlgini gdstormisdir. Buna go-
ra do tam yetismis kerogenin pirolizi zamani neft karbohidrogenlari emals golir. Laboratori-
yada aparilmis timumi tedqiqat naticelorinden malum olur ki, Capilmis da daxil olmagla bazi
vulkanlarin yanar sistlarinin kerogeni hals tam yetismayib.

Natica: Qobustanda palgiq vulkanlarinin nisbesten az inkisaf tapdig1 Markazi Qobustanin 3,5-
4,5 km qalinhiga malik eosen-miosenin kasilisinde mévcud olan yanar sistli stixurlarm (Veys, Pi-
rokagkiil vo s. vulkanin tullanti stixurlarinda rast gelinen) geoloji-geokimyavi analizleri bu zo-
nani daha ¢ox sist qazinin todqiqi ve galacok menimsanilmasi baximindan iqtisadi slverisli edir.

Rayonda eosen-miosen yash ¢okiintiilorin daha boytik qalinlig (11 km-dak) izlonilon Conubi
Qobustanda eosen ve nisbaton maykop seriyasi yanar sistlarinin (Dagmardan, Siileymanaxtar-
ma vo s.) kerogenlari yetisdiyinden, onlarmn karbohidrogen generasiya etmo ehtimal daha pers-
pektivli sayilir. Bundan bagqa, tadgiqat obyektinin eyni yash ¢okiintiilorinds 6yranilen yanar
sistlorin torkibindoki kerogenden alinmis (halledicilarle ekstraksiya vo pirolizls) bitumlarla,
miosen yasli neftli stixurlardan alinmis bitumlarin agir fraksiyalarinin (alfaltenlar) miiqayisali
tohlili gostorir ki, onlar terkibca biri-birine yaxindir ve ya genetik alagalidirlor. Bu da, todqiqat
obyektinda (xtisusan Cenubi Qobustanda) karbohidrogenlarin eosen ve maykop ¢okiintiils-
rinds amolgslmasi (cox gliman ki, ham da eosen yagh qranuliyar ve cath rezervuarlarda topla-
nib) ve daha cavan miosen kollektorlarina miqrasiya etmasi fikrini dogruldur.
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ABSTRACT

This article provides information about the expeditions conducted during 2009-2015 with the aim of studying
the distribution of Aegilops tauschii species in different areas of the Azerbaijan Republic. Based on the previuos
data in the literature, herbarium material and the monitoring carried out in the nature the eco-geographic data of
Aegilops tauschii accessions were recorded. The environmental data (altitude, rainfall and temperature data) of
collection areas are revealed. Also, a table for the determination of this species, its taxonomy and bio-ecological
characteristics are presented. The priority names for this taxa on the basis of International Botanical Nomenclature,
the basic synonyms, areas of distribution in the world, inclusive Azerbaijan are indicated.

Keywords: Azerbaijan, Aegilops tauschii, bioecology, taxonomy, subspecies, species distribution.

AZORBAYCANIN MUXTOLIF EKOLOJi SORAITINDO YAYILMIS AEGILOPS
TAUSCHII COSS. NOVUNUN BiO-MORFOLOJi XUSUSIYYOTLORI

XULASO

MBagqalada 2009 - 2015-ci illarde Azarbaycanin Respublikasmin miixtslif srazilerinden Aegilops tauschii ndviiniin
yayilmast ila bagl tegkil olunmus ekspedisiyalar haqqinda malumat verilmisdir. ©debiyyat, herbari materiallari-
nin dyranilmaesi ve tebiatds aparilan monitoringlar naticasinde Ae. tauschii noviiniin ekoloji-cografi mslumatlari
geyd olunmugdur. Toplanma areallarmin iglim (deniz saviyyessinden hiindiirliiyii, yagmtinin miqdar1 ve tempera-
tur) gostaricilari tizre ekoloji malumatlar: verilmigdir. Bu néviin tayinedici cadveli, sistematikas1 va bioekoloji xii-
susiyyatlari haqqinda malumat gosterilmis. Homin taksonlarin Beynalxalq Botaniki Nomenklatura asasinda prio-
ritet adlari, asas sinonimlari, diinyada ve o ciimladen Azarbaycanda yayilma areallar1 gostarilmisdir.

Acar sozlar: Azarbaycan,Aegilops tauschii, bioekoloji, sistemetik, névmiixtalifliyi, yayilma.
BUOMOPPOAOTMYECKUE OCOBEHHOCTI BUAA AEGILOPS TAUSCHII L.
PACIIPOCTPAHEHHOT'O B PA3AMYHBIX EKOAOTMYECKUX YCAOBUSIX ASEPBANAJKAHA
PE3IOME

B craTbe mpuBoAuTcsa nHPOPMAaINs 00 DKCIIeANITUAX, ITpoBeeHHbIX 3a 2009-2015 IT. B pa3AUYHBIX TEPPUTO-
pusix Aszep0aitA>KaHCKOI peciTyDANMKI C LIeAbIO MccAe40BaHms pacipocrpaneHus suja Aegilops tauschii. Ha ocHose
VMIMEIOIIUXCS AUTePaTyPHBIX AaHHBIX, TepOapHEIX MaTepral0B I MOHUTOPVHIOB ITPOBeA€HHBIX Ha IIPpUpOJe ObLA
OTMeYeHBI DKO-Teorpadirdeckiie AsaHHble Buja Aegilops tauschii. [TpuseeHbI DKoAOTMYECKUe JaHHBIE (BBICOTA HaJ
YPOBHEM MOPpsI, KOANYECTBO 0CaAKOB 1 TEMIIepaTypHbIe II0Ka3aTeAn) 110 apeadaM cbopa. Taxoke npuBogsTcs Tab-
AULIA A4S OIIpeAeAeHMs DTOTO BMAa, CUCTEMATHKa M OMODKOAOTIMIEeCKe OCODEHHOCTU. YKa3aHbl IPUOPUTETHbIE
Ha3BaHMs DTUX TAKCOHOB Ha OCHOBe MeXAyHapoAHOI BoTaHmueckoit HOMEHKAATYphl, OCHOBHBIE CHHOHIIMEL,
apeabl pacIIpOCTpaHeHNsI B MUpe 11, B TOM 4iicae, B AsepOaiiKaHe.

Karouesble caoBa: AzepbariakaH, Aegilops tauschii, 61105K00THUs, CUCTEMATHKA, Pa3HOBUAHOCTD, PacIIpo-
CTpaHeHue.

Giris
Aegilops tauschii Coss. (syn. Ae. squarrosa L., syn. Triticum tauschii (Coss.) Schmal. 2n = 14, DD)
yumsaq bugdanin (T. aestivum L. em. Thell., 2n = 6x =42, AABBDD) D genomunun acdad1 ol-
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duguna dair bir ¢ox stibutlar vardir [21, 26]. Aegilops cinsinin menga markasi orta sarq olmaqla
diploid vea poliploidlari shats edan 22 névdan ibarstdir [28]. Hazirda bels hesab olunur ki,
bugdanin yaxsilagdirilmasinda Ae. tauschii —nin genofondu an shamiyyatli genetic manbas sa-
yilir. Molekulyar miixtaliflik iizra aparilan tedqiqatlar siibut etmisdir ki, biitiin heksaploid
bugda formalar:1 D genomunun dastyicilaridir [17].

Beloaliklo, bu noviin genetik miixtalifliyi bugdanin adaptasiya vo keyfiyyat gostaricilorinin yax-
silagdirilmasi {igiin genis potensiala malikdir. Aegilops tauschii-nin yayilma markeazi Xazar de-
nizinin Conub va Qarbi olmagla, bu néve Azarbaycanda, franda, Tiirkiyonin Qarbinds, Ofqa-
nistanin Sarqinda ve Cinda rast gelinir. Odabiyyat manbalarinda Ae. tauschii-nin miixtalif for-
ma va novaltilariin tasvirinin sebabibu noviingenis morfoloji variasiyaya malik olmasidir.
Eyiq [18]ve daha sonralar Hammer[19] vo Kilian[24]Ae. tauschii-nin2 novaltisini (ssp. tauschii
vo ssp. strangulate (Eig) Tzvel.) tosnif etmisdir. Homg¢inin Ae. tauschii ssp. tauschii-inovaltisin
4 variasiyaya ayirmisdir:: var. tauschii, var. meyeri (Griseb.) Tzvel., var. anathera (Eig) Hammer
va var. paleidenticulata (Gandilyan) Hammer. Bu novaltinin diaqnostik xiisusiyyati stinbtilciik-
lorinin uzun vo silindrik olmasidir.Kihara ve Tanaka [22]var. tauschii va var. anathera arasin-
da bir ¢ox araliq (intermadite form) formalar tosvir etmisdir. Onlar hamginin meyeri-ni var.
tauschii vo var. anathera [28]arasindaki araliq forma kimi toklif etmigslar. Ae. tauschii ssp. stran-
gulata (Eig) Tzvelev novaltist ssp. tauschii-ilo miiqayisade daha genis polimorfizm niimayis
etdirir. Bu tesnifat van Slageren [28] vo basqalar1 tarafindan rasmi olaraq tosdiq olunmamaisdir.
O bu bolgiinii Ae. tauschii-nin miixtalif formalari i¢orisinda tosniflogdirmayi iistiin tutmusdur.
Qeyd etmak vacibdir ki, Ae. tauschii —nin novdaxili sistemlasdirilmasina dair bu tip problem-
lar adaton bu noviin Azerbaycan arazisinde rast gelinan niimayandalari ilo baghidir. ©minov
vo Oliyeva [2]qeyd edirler ki, Azarbaycanda Ae. tauschii —nin novdaxili miixtalifliyi ve toka-
miiliiniin darin ve unikal tohlili telab olunur. Hibridlasme va buradan araliq formalarm amals
galmasina gore tauschii —nin fenotipik forqliliyi har zaman nazars ¢arpan deyildir [23, 17].
Bundan basqa gosterilir ki, Ae. tauschii —nin morfoloji variasiyalar1 molekulyar seviyyade ge-
netik miixtaliflik haqqinda fikir sdylamak iigiin istifads oluna bilmaz.

Tadgqiqat isinin asas maqsadi Aegilops tauschii novlerina aid olan niimunalarin yayilmasinin
miihit soraiti ilo alagasini yoxlamaq ve miixtalif ekoloji arazilords bu novlerin uygunlasma
(adaptasiya) potensialin1 daha yaxsi basa diismakdir. Homginin néviin ve onun formalarinin
ekoloji-cografi paylanmasi, onlarin toplanmasi, ekosistemin idare edilmasi {i¢iin informativ
shamiyyat kasb edir. Noviin miixtslif tobii forma va variasiyalarmin dyrenilmasi ve sistem-
lasdirilmasi kifayat qodar aktualdir. Bu baximdan Azarbaycanda tabii servetlerin miihiim canli
hissasi olan genetik biomiixtalifliyin qorunmasi ve davamli istifadasine dair semarali ve yeni
istiqamatlorde elmi todqgiqatlar aparilimasi aktualligi ile diqqati calb edir.

Tadqiqat metodu

Aegilops novlarinin moévcud vaziyyatinin (yayilmasi, ehtiyatlar: va s.) Oyronilmasi, toxum vo
herbari materiallarinin toplanmasi maqgsadile Azarbaycanin miixtalif bolgalorine ezamiyyayo
gedilmis ve ekspedisiyalar tagkil edilmisdir. Tedqgiqat zamani fenoloji miisahidalarden [3, 15]
va timumi gebul olunmus ¢6l geobotaniki tisullarindan istifads edilmisdir [8, 14]. Novlerin
tadqigi marsurut-kasfiyyat iisulu ils, ehtiyatinin sixlig1 Krilova ve Sreterin metodikalarndan
[7] istifade edilmisdir. Topladigimiz toxum ve herbari materiallar1 “Madani bitkilarin genetik
ehtiyatlarinin miihafizesi vo samarali istifadesine dair qanun, farmanlar, gerarlar, qaydalar,
asasnamolar 2 vo 3 sayli alavalarine asason aparilmisdir [1].
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Magaladoki marsrutlar iizre gdsterilon temperatur vo yagintinin miqdarlart DIVA-Gis kompii-
ter programindaki iglim gdstericilorine asasen verilmisdir. Isde miiqayisali morfoloji, sistema-
tik, botaniki va diger metodlardan istifads olunmusdur. Toplanilan materiallarin deaniz saviy-
yasina gora hiindiirliiyii, cografi eni vo cografi uzunlugu Garmin eTrex 20 modelli GPS-1s 6l-
c¢lilmiisdiir. Materiallarmn islonmaosi, tohlili, toyini ve diger kameral islor laboratoriya seraitindo
hayata kegirilmisdir. Toxum ve herbari niimunsalarinin toyini, nomenklaturasi van Slageren
[28], Hammer [19]Eyiq[18] vo Jukovski[16] asarlarina gors verilir. Toplanilmis herbari niimu-
nalori Azerbaycan MEA Genetik Ehtiyatlar Institutunun Herbari Fondunda. Toxum materiali
gorunub saxlanilmasi iigiin iso AMEA Genetik Ehtiyatlar Institutunun Milli Genbankina toh-
vil verilmisdir.

Tadqiqat isinin miizakirasi ve onun naticalari
Aegilops tauschiiCoss., Not. Crit. 2: 69. 1849;

Kyxosckmii, 1928, Tp. mpuka. 60T. reH. cea. 18.(1): 547; Eig, 1929, Feddes Repert., Beih. 55: 88;
Hescxuit, 1934, ®a. CCCP 2: 671; I'poccr, 1939, ®a. Kask: 351; I'poccr, 1949, Onpea. pact. Kask. :
719; Kapsarun, 1950, ®a. Azep0. 1: 335; Liseaés, 1976, 3aaku CCCP 157; Hammer, 1980, Feddes
Repert. 91: 59; Mycaes, 1991, 3aaxku Aszep0. : 49; Liseaés, 2006, Koncm. ®a. Kask. 2 : 261; Omi-
nov ve Aliyeva, 2012, Ae.va Tr. cins. ara. qars. gen. miin. :183;

Sinonim: Ae. squarrosa auct. non L. (1753); Triticum tauschii (Cosson) Schmalh., F1. Mittl. Sudl
Russl. 2:652 (1897). Ic: Feddes Rep. Beih. 55: t. 4 f. d (1929), as Ae. squarrosa L.; Kulturpflanze
28:75, t. 12 (1980).

Morfoloji - diaqnostik xiisusiyyatlari: Birillikdir, ¢oxgovdalidir, govdalari 15 - 45 sm uzun-
lugundadir. Stinbiillari 4-10 sm uzunlugunda olub, ensiz silindrikdir, 5-13 stinbiilciikliidiir,
adaten, rudimentar stinbiilciiklari olmur. Stinbiilciik pulcugunun yuxan kenar1 kesilmis vo
qalinlagmisdir, iti ucluga malikdir. Alt ¢icek pulcugunun tepesindse iti ucluq vardir ki, o da
uzunlugu 4 sm olan qilgiga cevrilir. Birinci vo ikinci gi¢oklar qilgiqlt olduqda, tigiincii gigok
da qisa qilgiga malik olur. Tepas siinbiilciiyiiniin alt cicok pulcugunun qil¢igr 5,5 sm-adak uzun-
lugda olub, 1-2 yan disciye malikdir, ya da heg¢ disciyi olmur. Danloari ¢igok pulcuglarina biti-
sikdir. Xromosom 2n=2x=14, Genomu D. May ayinda ciceklayir -Iyun (Iyul) aylarinda toxum
verir.

Novdaxili taksonlarin farglandirilmasi tigiin bizim tarafmizden asagidaki slamatlor istifads
edilmisdir:

stinbiilciiyiin formasi;

stinbiilciik pulcugunun yuxar1 kenarinin qurulusu;

siinbiilciik pulcugunun uzunlugunun enina nisbati;

siinbiilclik pulcugunun sathinin xarakteri;

siinbiiliin qu¢ighligy;

rudimentar tilin olmasi;

¢igak pulcuglarinin uzunlugu;

V VV V V V VYV

stinbiilciik pulcuqlarmin rangi;

Novmiixtaliflarinin tayinedici cadvali

1. Stuinbiillar tashebvaridir, stinbiilctiklor doludur, qabariqdir; stinbiilciik pulcuqg-
larmin uzunlugu onlarin enins bearabar ve yaxud bir az boytikdiir
............................................................. subsp. strangulata (Eig) Tzvel.
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2. Stinbtil silindrikdir, stinbiilciiklor uzunsov - silindrikden tutmus zsif siskin olur-
lar; stinbiilciik pulcuglarinin uzunlugu enlarini shomiyyetli deracede &tiir.......
............................... subsp. tauschii

2.1.  Siinbiilciik pulcuglarmin kenarlar: enli disiciklidir, siinbiiliin ucunda qilgiqlidir,
rudiment halda til mévcuddur............. var. paleidenticulata Gandiljan (Hammer)
2.2.  Sunbiilciik pulcuglariin kenarlar1 qalinlasmis, hamar ve yaxud dalgavaridir,

bazan bir ne¢a enli disciklidir; Siinbiil vea stinbiilciiklor nazikdirlar (4-8 siinbiil-
ciiklii), siinbiilciiklor uzunsov-silindrikdir, siinbiildaki siinbiilciiklar miiqayise-

ds azdir.............. var. meyeri (Griseb.) Tzvel.

2.3.  Siinbiilciik pulcuglarinin kenarlar1 qalinlasmis, hamar ve yaxud dalgavaridir,
bazan bir nega enli disciklidir; Siinbiillor daha giiclii, stinbiilctiklor iridirlar. Ci-
¢ok pulcuglar: qulgigsizdir.........coooieiiieiiiinen, var. anathera (Eig) Hammer

2.4.  Sunbiilciik pulcuglariin kenarlar1 qalinlasmis, hamar ve yaxud dalgavaridir,
bazan bir nega enli disciklidir; Stinbiillar daha giiclii, stinbiilciiklar iridir; Cigak
pulcuglar: qulgighdir.........ccoooviiiinnnnnnn. var. tauschii

2.4.1. Pulcuglar asasen ag ronglidir........cccccevvveueennnnnn. f. tauschii

2.4.2. Pulcuglar asasen qirmizimtil ranglidir................. f. ferruginea (Popova) Hammer

2.4.3. Pulcuglar asasan gahveyi ronglidir.............. f. brunnea (Popova) Hammer

2.5. Bitki xirda olgiilti, 2-3 govdali olur; har stinbiil 2-3 stinbiilliidiir; Stinbiiliin uzun-
lugu 40 mm — dan gox olmur, siinbiilcliylin uzunlugu 4 mm va eni iso 2-2.5 mm
olur; Stinbiiliin asasinda 2 rudumentar siinbiilciik yerlasir......... var. salinum Zhuk.

Aegilops cinsinin sistematikasmin uzun dyranilms tarixine baxmayaraq, Ae. tauschii yarim-
novlerinin konstitusiyasi hals ds tam aydm oyrenilmamisdir. Eyiq[18] ndv daxilinde iki yarim-
nov ayird etmisdir: subsp. strangulata Eig (siinbiillori muncuq diiziimiins banzayir) va subsp.
eusquarrosa Eig (= subsp. tauschii Hammer) (stinbiillori silindrikdir). Lakin bu yarimnévler
arasinda ¢oxlu araliq formalar da movcuddur ki, onlan bu yarimnovlerden har hansi birine
aid etmok miitoxassislor iiglin xeyli ¢otinlik toradir [20, 25]. Yaaska[21] subsp. strangulatanin
morfoloji cohatdan ¢ox miixtalif olub, $arqi Ermanistan, Azarbaycan (o climlodan, Nax¢ivan),
Simali Iran ve Tiirkmenistanda (Serqi Kopetdag) genis yayidigini gostarmis, Tanaka [27] ha-
min yarimndva yalniz siinbiilleri aydin sekilde muncuq diiziimiine banzayan ve [ranin Hirkan
deyilen orazisi yaxinliginda Xozar denizinin ¢onub-sarq sahillari boyunca maskunlasan bitki-
lori aid etmisdir.

Tausi bugdayiotu demak olar ki, biitiin Azarbaycanda yayilmisdir, miixtslif dovlerds ekspe-
disiyalar naticasinde Azarbaycanin ayri-ayr1 bolgalsrindean toplandigina dair melmatlar mov-
cuddur. Daniz saviyyesindan asagida yerlesen yarimsshradan (Abseron) baglayaraq, Arandan
tutmus orta dag qursagina qadar demsak olar ki, biitiin rayonlarda rast gelinmisdir. Boyiik Qaf-
gaz vo Talis daglarmin dosiinadak biitiin miisahide aparilmis rayonlarda genis yayilmisdir.
Ae. tauschiiAzarbaycanda quru topaler olan har yerlords va riitubstli iglimi olan yerlorde daha
¢ox yaymmisdir. Adatan, danli bitkilerin akin sahalarinin konarinda tesadiifi hallarda ise tar-
lanin igerisina girir.
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Sxem 1. Aylar {izro temperatur, cografi enlik va cografi uzunlug, yagmtinin
miqdar1 ve deniz saviyyasinden hiindiirlitk gostaricilori
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Maximum temperatur gostaricisi (Timax)
Minimum temperatur gostaricisi (Timin)

Aylar tizra yagimtinin gostericisi (mm)

Ekspesisyalarimiz naticasinde Azarbaycanda bu noviin (Baki, Qobustan, Samaxi, Agsu, fsmayzllz,
Qoabala, Oguz, Saki, Zaqatala, Xiz1, Siyazon, Sabran, Quba, Qusar, Xudat, Lankaran, Lerik, Masalli,
Calilabad, Yardimli, Nax¢ivan-Babak, Sahbuz, Culfa, Ordubad, Agcabadi, Ganca, Tovuz, Samkir, AZs-
tafa) rayonlar: tizra miixtolif forma vo variasiyalara aid toxum va herbari toplanilmisdir. Sehra
va yarimsahre formasiyalarindan, baglardan, yollarin strafinda ve dince qoyulmus torpagqlar-
dan toplanmigdr.

x:48.97006  y:41.20427 alt:137
worldclim_2-5m
Tmin Tmax Rain

Jan -1.4 5.5 27
Feb -1.2 5.1 26
Mar 1.7 8.9 29
Apr 7 16.5 46
May 122 21.5 43
Jun 16.7 26.8 30
Jul 19.8 30 20
Aug 1838 38.9 20
Sep 154 24.8 32
Oct 9.7 18.1 45
Nov 5.7 12.5 35
Dec 1.1 7.8 29

Year 8.8 18.0 382

71



Mahammad Eldarov

Sakil 1.Ae. tauschii var. salinum Zhuk.

Todgiqat arazilerindon (marsrutlar {izra) toplanilan Ae.tauschii névlarinin iqlim gostaricilori
asasinda ekoloji giymatlondirmasi zamani1 Min hiindiirliik tizrs Xudat rayonu, Nabran ve Miix-
dadir kandi(-15 m) vo Max hiindiirliik iizro Nax¢ivan, Ordubad rayonu Tivi kendi arazisinde
(1941 m) miiayyan edilmisdir. Orta illik yagintinin miqdarma gore Ae.tauschii novlari Min
yagint: izra (274 mm) Baki, Qurd qapisinin yani arazisinden, Max yagint: tizra ise (997 mm)
Lankaran soharinden toplanumisdir. On soyuq temperatur yanvar ay: tizre Min: — Mistan ken-
dindan(-8.4 °C), an isti temperatur Max iyul ayinda Babak rayon atraf1 (34.3 °C) miisahida
olunur. Min orta illik temperatur Mistan kendinds miisahids olunur(7.0 °C), Max orta illik
Agstafa, Xotai kandi; $aki, Kiidiirlii kendi; Masalli, Sercuvar kandi ve Masalli, Musakiigo kan-
dinda(14.2°C) olmusdur. Malum olmusdur ki, miixtalif hiindiirliik, yagintinin miqdari, orta
illik temperaturdan asili olaraq Aegilops novlarinin yayilma areallar: forqlidir.

Qeyd etmaliyik ki, yalniz Qobustan rayonundan Ae. tauschii var. salinum Zhuk. Toplanilmis-
dir (Sikil 1.) Sxemn 1-da ise bu marsrutun aylar tizre temperatur, cografi enlik ve cografi uzun-
lug, yagintinin miqdar1 va daniz saviyyesinden hiindiirliik gostaricilari gosterilmisdir.

Belalikls, tadqiqat zamani topografiq gostericiler olan asas iglim tiplari qeyd olunmus ve mii-
ayyan edilmisdir ki, Ae.tauschii novlari 11 iglim tipinden 7 sinda (1.Qust miilayim, yay: quraq isti
kecon yarimsahra va quru-col iglimi; 2.Qus1 soyuq, yay: quraq isti ke¢on yarimsahra va quru-col iglimi;
3.Qus1 quraq kegon miilayim-isti iglim; 4.Yay1 quraq kecon miilayim-isti iqlim; 5.Yagintilar: taxminon
barabar paylanan miilayim-isti iglim; 6.Yay: quraq kegan soyuq iqlim; 7.Qist quraq kegan soyuq iqlim;)
rast galinmisdir. Bizim tedqiqatlarmn naticasine gors yagmtinin miqdar1 ¢ox olan yerds Aegilops-
larin yayilma miqdar1 azalir. Bu onlarmn kserofit ve mezo-kserofit bitkilar olmasi ile alagedar-
dir. Hamginin geyd olunmus torpagq tiplari asasinda bels genaste galmak olar ki, Cimli dag-
caman; Bozqir dag-coman; Qonur dag-mesa; Sari-qonur dag-mesa; Qahvay: dag-mesa; Dag-boz qahvayi;
Dag-sabalidi (boz-qahvay); Psevdopodzollu-sary, Sabalidr (boz-qahvayi); Boz-¢aman; Boz-qonur; Comon-
mesa, tugay; torpaqlarda bu név daha genis yayilmisdir.

Adaten nov egilopsun digar novlari ils birlikdas rast galinir. Lakin tekce bir Ae. tauschii novii
oziinds birlesdiren fitosenozlar tapmaq miimkiindiir. Azarbaycanda Ae. tauschii eyni arealda
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biten biitiin egilops novleri birden yeddiye gadar populyasiyada tapilmisdir. Adaton buno-
vil Ae. cylindrica va Ae. triuncialis ils birlikds va ya onlardan biri ile tapmaq miimkiidiir. Xii-
susila aranda ve dagateklarinds daha ¢ox bitir.

10.
11.

12.
13.
14.
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16.

17.

18.

19.

20.

21.

22.

23.

24.
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ABSTRACT

In the presence of ionics liquids catalyst on the base of capril acid and monoesters of propylene acid dipheno
lolpropane taken in ratio of alcohol: acids 1,05:2 mole in amount of 3,0 mass.% at the temperature 80-90°C and du-
ration of the reaction 4-5 hours, and monoester of propylene acid diphenololpropone were synthesized diester with
high yield. The yield of purposely product is 85-90% an shown optimum conditions. Physicochemical index of
obtained diester have been determined and their identification was proved by the spectral method. Synthesised
diester had been tested with the aim of determination of thermooxide stability of diesel fuel. It was proved that
these diester enhanced the thermooxide stability of fuel and could be used in the capasity of antioxidant for them.

Keywords: capril acid, monoester, catalyst, ionic liquid, esterification, ester, disele fuel.

ION MAYESI 1,4-DIMETILPIiPERAZINDIHIDROSULFAT KATALIZATORUNUN iSTiRAKI
ILO KAPRIL TURSUSU VO DIFENILOLPROPANIN PROPIiLEN OKSIiDiNiN MONOEFiRi
OSASINDA DIEFIRININ SINTEZi VO TODQIQi
XULASO

Maqalads ion mayesi 1,4-dimetilpiperazindihidrosulfat katalizatorunun istiraki ile (1,4-DMPDS) kapril tursusu
va difenilolpropanin propilen oksidinin monoefiri asasinda dikapril efiri (spirt:tursu 1,05:2 nisbatinda), 80-90°C
temperaturda, 4-5 saat miiddatindas sintez edilmisdir. Gostorilmis optimal seraitde maqgsadli mahsulun ¢iximi 85-
90% toskil edir. Diefirin fiziki-kimyavi gostaricilori toyin edilmis va spektral tisullarla identifikasiya olunmusdur.
Sintez olunmus diefirin dizel yanacaginin termooksidlasma stabilliyini yaxsilasdiran antioksidant agqar1 kimi s1-
nag1 kecirilmigdir. Miiayyan olunmusdur ki, bu diefir dizel yanacaginda antioksidant kimi tatbiq oluna bilar.

Acar sozlar: kapril tursusu, difenilolpropanin propilen oksidinin monoefiri, katalizator, ion mayesi, efirlasms,
miirakkab efir, dizel yanacagi.

CUHTE3 U ICCAEAOBAHVE AUDDPUPA, IOAYUYEHHOTO HA OCHOBE KATIPM/10BOM
KNCAOTHI M MOHO2®UPA ITPOIINAEH OKCUAA AVNPEHUAOAIIPOITAHA
B INPUCYTCTBUUN MOHOKNAKOCTHOI'O KATAAN3ATOPA
PE3IOME

B mpucyTCcTBMM MOHHOKMAKOCTHOTO KaTaAu3aTopa Ha OCHOBE KaIIpI/AOBOVI KIICAOTHI ¥ MOHO®(pMpPa IPOINAeH
okcrda AngeHNAOAIPOIIaHa B3SITOTO B COOTHOLIEHNM crupT:KucaoTa 1,05:2 Moas B koandectse 2,0 Mac.% mpu
TeMmrtepatype 80-90°C 1 IIpOAOAKNUTEABHOCTH peakuyy 4-5 4acoB O6bLA CUHTE3MPOBaH AMB(UP € BBICOKMM BBIXOAOM.
Ornpegeaens! GU3NKO-XMMUIECKIe TIOKa3aTeAN MOAydeHHOTo Auadupa, a uAeHTudguKaIs 6b1a J0Ka3aHa CITeK-
TpaAbHBIM MeToA0oM. CUHTe3MpPOBaHHBIN AMD(UP WCIBITAH C 1IeABI0 OlpeAeAeHUs TePMOOKUCAUTEABHON CTa-
OMABHOCTI AM3eABHOTO TONAMBA. J0Ka3aHo, 9TO BTOT AUdPUP yAydInaeT TePMOOKICAUTEABHYIO CTaOMAHOCTD TOII-
AVIBa ¥ MOKeT OBITh IIPMMEeHeH B KauecTbe aHTMOKCUAaHTa K HUM.

KatoueBnle caoBa: Kanpmaosas KucA0Ta, MOHOB(UP OKCH/, IpoInieHa AndeHnA0ApoIIaHa, KaTaanus3aTop,
MOHHas XUAKOCTD, DTepudUKaIs, CAOXKHBIA 3Pup, AU3eAbHOE TOILAUBO.

Giris
Miiasir dovrda dizel yanacaglarimin keyfiyyatine qoyulan telablarin sartlosmasi, ona alave olu-
nan agqar ve alavelarin tatbiq sahslarinin genislondirilmasine gatirib ¢ixartmigdir. Avro-4 va
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Avro-5 standartlarinin talablarins cavab veran dizel yanacaqlarmin istismar xassalarini yax-
silasdirmaq magqsadi ilo miitloq onlarin keyfiyyatine miisbat tosir gdstaran asqarlardan istifa-
do etmok lazimdr.

Odoabiyyat materiallarinin arasdirilmasi zamani miisyyon olunmusdur ki, alifatik karbon tur-
sularmin bir- vo ¢oxatomlu spirtlorls efirlosmosi reaksiyasindan alinan miirakkab efirlor mole-
kul kiitlasinden asili olaraq halledici, amorf polimerlards plastifikator va sintetik yaglar kimi
istifada olunurlar.

Mislliflor laboratoriya seraitinds valerian tursusu asasinda 1,3-butandiolun monoefirini sintez
etmis, optimal goraiti tapmis voe MATLAB-7 kompiiter proqramu vasitasi ilo efirlosma reaksi-
yasinin riyazi statistika tisulu ils tedqiqini dyranmislar [1].

Miixtalif modifikasiyali ve dispersli nanokatalizatorlarin (nano-TiO2) istiraki ilo miilayim ga-
raitda (80-90°C), qisa miiddatds (2-3 saat) yiiksok ¢ixamla (90-98%) tobii-ve sintetik neft tursu-
larmin miirekkab efirlari sintez edilmis, xassalari dyrenilmis ve onlarin praktiki cohatdan fay-
dal1 katalizatorlar oldugu bir daha siibut olunmusdur [2].

Neft-Kimya Proseslori Institutunun “Maye fazada oksidlasma” laboratoiyasinin amekdaglar1
propilenglikolun tabii klinoptilolit ve seolit katalizatorlarinin istirakinda yag-, tabii naften-,
tsikloheksen karbon tursulariin bir sira mono- va diefirlarini sintez etmislor [3].

Todgiqatgilar yiiksek dispersli heterogen katalizatorlarin aktivliyini karbon tursularinin efir-
lagsmasi reaksiyalarinda dyrenmis ve hissaciklorinin 6lgiisii kigik olan katalizatorlarin efirlas-
mo reaksiyalarinda daha magsadsuygun oldugunu miisyyen etmislor [4].

NKPI-nin amakdaslar1 neft tursusunun duzlarimin katalitik istiraki ila dietilenglikolun alkil
efirlorinin samorali alinma tisulunu isleyib hazirlamis, mono- va diefirlarin xasselarini dyren-
mis, hamgcinin analitik vo spektral iisullarla homin efirlori analiz etmislor [5].

Alimlar nano-TiO: (P-25, dispersliyi-25 nm) katalizatorunun istirak: tobii neft tursusu asasmn-
da Co-Cu alifatik spirtlerin miirekkaeb efirlorini sintez edib, xassalarini tadqiq etmislar [6].
Deyilanlari nazars alaraq, malum metodlardan istifade etmakls yeni diefir sintez edilmisdir.
Todgiqatlar1 aparmagq iiglin lazim olan xammallarin fiziki-kimyavi gostericilari codval 1-do
verilmisdir:

Cadval 1. Xammallarn fiziki-kimyavi gostericilari

m - ;
Maddolorin ads Qaynama Sixliq, d4+%, Stiasindirma Tursu adadi,
temperaturu, °C kg/m3 amsali, np? mq KOH/q
Kapril tursusu 237,5 918,8 1,4214 338,0
leén.ﬂc?lpropanm. }?ropllen B 10315 1,4902 0,050
oksidinin monoefiri

Toacriibi hissa

fon mayesi 1,4-dimetilpiperazindihidrosulfat katalizatorunun istirakinda kapril tursusu ve
difenilolpropanin propilen oksidinin monoefiri asasinda efirlosms reaksiyalar1 aparilmis dikap-
ril efiri sintez edilmis, optimal seraitlori Oyranilmisdir. Efirlosma asagidaki reaksiya tizrs apa-
rilmisdir:

CH; CgH,-O-CH,-CH-OH CH; CgH,-0-CH,-CH-O-COC,H, 5
- kat. | 7 |
C CH; + 2C;H;sCOOH ——» ¢ CH,
| N -2H,0 | N
CH; CgH,-O-CH,-CH-OH CH, C(,H4-O-CH2-(IJH-O-COC7H15
CH, CH,
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Texniki elektrik qizdiricisy, qarigdirici, termometr, Din-Stark suayricisi ils tachiz olunmus {ic-
bogazli reaksiya kolbasma 138,0 q (0,2 mol) kapril tursusu, 10,5 q (0,105 mol) difenilolpropa-
nin propilen oksidinin monoefiri (monoefir 0,05 mol artiq gotiiriiliir), katalizator 0,6 q ion
mayesi (tursuya gors-2%.kiitla), 100 ml benzol yerlasdirilir. Reaksiyada temperatur rejimi 80-
90°C intervalinda saxlanilir va 4-5 saatdan sonra reaksiya basa catir. Reaksiya zaman 3,6 q
su ayrilir. Reaksiya qurtardiqdan sonra reaksiya mahsulu distillo aparatinda atmosfer vo va-
kuumda qovularaq fraksiyalara ayrilmisdir. Diefirin ¢ixim1 85-90% taskil edir.

fon mayesi katalizatorunun istirakinda kapril tursusu va difenilolpropanin propilen oksidinin
monoefiri ssasinda alinan diefirin ¢oaminin katalizatorun miqdarindan, reaksiyaya daxil olan
komponentlarin nisbatinden ve zamandan asililig1 codval 2-ds verilmisdir.

Cadval 2. Sintez olunmus diefirin optimal seraitinin tapilmasi

1,4-DMPDS Reaksiyanin Efirin ¢giximi, %

Spirt:tursu | Kkatalizatoru, % kiitlo | aparilma miiddati, saat | (nozeri ¢ixama gora)
1:1 0,1 1,0 30,2
1:1 0,5 2,0 35,0
1:1 1,0 3,0 40,5
1:1 1,5 4,0 50,2
1:1 2,0 5,0 65,2
1:1 2,5 6,0 65,7
0,105:0,02 2,0 4-5 30,2
0,105:0,04 2,0 4-5 40,1
0,105:0,06 2,0 4-5 50,5
0,105:0,08 2,0 4-5 70,2
0,105:0,2 2,0 4-5 90,0
0,105:0,22 2,0 4-5 90,1
0,0205:0,2 2,0 1,0 30,5
0,0405:0,2 2,0 2,0 45,2
0,0605:0,2 2,0 3,0 54,7
0,0805:0,2 2,0 4,0 82,5
0,105:0,2 2,0 5,0 90,0
0,125:0,2 2,0 6,0 90,2

Cadval 2-don goriindiiyii kimi diefirin maksimal ¢ixami (90,2%) 80-90°C temperaturda, 4-5 saat
miiddatinds, ion mayesi katalizatoru tursuya nazaran 2%.kiitle miqdarinda miisahids olun-
musdur. Sintez olunmus diefirin qurulusu Almaniyanin “Bruker” firmasinin “ALPHA” Q-
Furye spektrometrinda ¢okilmis ve asagidaki udma zolaglarinda miisahids olunmusdur:

Ovazolunmus benzol niivasins 697, 736, 829 sm™!, OH qrupunun O-H rabitesinin deformasiya
va valent ragslorine 1011, 3468 sm™, miirakkeb efirin C-O-C rabitasine 1249, 1295 sm™, C-O ola-
gosi 1098 sm™!, CHs vo CH: qruplarmin C-H rabitesinin deformasiya vo valent raqgslorine 1374,
1454, 2868, 2927, 2966 sm!, benzol halgesine 1509 sm, aromatik karbohidrogenlarin C=C sla-
goesina 1608 sm, aromatik karbohidrogenlarin =CH qrupunun C-H rabitasine 3034 sm-!, mii-
rokkab efirin C=0O slagasina 1734 sm™! zolaqglar1 uygun golir.

Analoji seraitde ZnO katalizatorunun istirakils da yiiksek ¢ixamla (85-90%) dikaprilat efiri sintez
olunmus, xassalori dyranilmis, fiziki-kimyavi gostericilari toyin olunmus ve cadval 3-da gos-
torilmisdir.

Cadval 3. Sintez olunmus diefirin bazi fiziki-kimyevi gostaricilari.

e . Sixliq, Tursu adadi, 40°C-da ozliiliik,
20
Diefirin ad1 Stiasindirma amsali, no di kg/m? q /q 2 Jsan,
Dikaprilat efiri 1,4595 1007,2 1,17 105,98

77



Pecorin Karimov, Olmas Olasgarova, Sayyara Oliyeva, Houmaan Farzaneh, Elnara Quliyeva

Sintez olunmus dikaprilat efiri antioksidant kimi dizel yanacagina slave olunmus, onun ter-
mooksidlagma stabilliyi ICAPT aparatinda 120°C-ds 4 saat miiddatinds Cu 16vhenin istiraki
ilo sinag1 aparilmis vo naticalor codval 4-ds verilmisdir:

Cadval 4. Dizel yanacaginda antioksidant kimi yoxlanilan diefirin naticalori: efirin migdar1 0,004%

Terrr}o.o kSI d}a@rf\a"stab1lll1y1n1n Sixliq, 20°C-ds, | Umumi kiikiirdiin .
Adlan toyini, ¢okiintiiniin miqdart, . o Setan adadi
kq/m? miqdar, %
mq/100 ml yanacaqda
Hidrotomizlenmis
. y 2,1 848,0 0,0118 45
dizel yanacagt
Dikapril efiri 0,0 848,0 0,0118 45

Belslikls, ilk dafs olaraq ion mayesi (1,4-DMPDS) katalizatorun istirakinda kapril tursusu ve
difenilolpropanin propilen oksidinin monoefiri asasinda diefir sintez edilmis, onlarin fiziki-

kimyavi gostaricileri teyin olunmusdur. Diefirin dizel yanacaginda termooksidlagsmo stabilliyi

toyin olunmus ve miisayyen edilmisgdir ki, hidrotemizlomse prosesinden alinan dizel yanacag;-

na diefiri antioksidant kimi 0,004% qatiliqda slavs etdikde ¢okiintiiniin migdar: 100 ml yana-
caqda 2,1 mg-dan 0,0 mg-a qadar azaldigindan, ondan dizel yanacag: tiglin antioksidant kimi
istifade etmak olar.

Notico

1.

[lk dafs olaraq ion mayesi 1,4-difenilpiperazindihidrosulfat katalizatoru istirakinda kapril
tursusu vo difenilolpropanin propilen oksidinin monoefiri asasinda diefir sintez edilmis,
optimal soraiti 6yranilmis, fiziki-kimyavi gostaricilari toyin olunmusdur.

Diefirin sintez edilmis soraitinds, analoji olaraq ZnO-i (2% kiitls ,tursuya gore) katalizato-
runun istirakinda da tacriibalor aparilmis va efirin ¢iximi 85-90% toskil etmisdir.

Sintez edilmis diefirin hidrotemizloms prosesinden alinan dizel yanacaginda antioksidant
agqar1 kimi istifadesinin miimkiinliiyii miisyyen edilmisdir.
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ABSTRACT

In this work was presented the critical analysis of the contemporaneous performance on structure- functional
organizations components of primary active transport systems of plasma membranes of plant cells: K*-channels
and ATPase. The problematical aspects of investigations of conformation properties and functional activity of two
type K*-channels and transport proton ATPases were established. There were presented the new informations
about non-selective cation channels which play the role of the component of the primary active transport. Informations
about the change of structure- polarization properties of the plasma membrane during the change of the elektrogen
activity of transport ATPase and the K*-channels blocking the effect of exogenous modifiers also were presented.
The work contains the posing of case and investigation plan for solution of existing problems of structure- functional
organizations of components of primary active transport systems of plasma membranes.

Key words: plasmatic membrane, the system of primary active transport, K*-channels, nonselective cation
channels, proton ATPases.

BiTKi HUCEYROLORININ PLAZMATIK MEMBRANININ DASIMA XUSUSIYYOTLORI
BARSDO MUASIR TOSOVVURLORIN ELEKTROFiZIOLOJi TOHLILI

XULASO

Magqalada bitki hiiceyralorinin plazmatik membraninin ilkin aktiv dasima sisteminin asas komponentlarinin:
*kanallar1 ve ATFazanin struktur-funksional xiisusiyyatlori barade miiasir tessvviirlerin tenqidi tehlili verilmisdir.
Plazmatik membranin K*kanallarinin iki tipi ve proton ATF-azlarinin komformasiya ve struktur xiisusiyyatlarinin
todqigat naticelarinin problematik magamlari miiayyenlasdirilmisdir. Ilkin aktiv daginmanin komponenti rolunu
oynayan qeyri-selektiv kation kanallar1 barads yeni mealumatlar toqdim olunmusdur. Homginin, naqliyyat ATFa-
zasinin elektrogen aktivliyinin dayismesi ve miivafiq modifikatorlarin ekzogen tasiri naticasinds K*-kanallarmin
bloklanmasi zamani plazmatik membranin struktur-polyarizasiya xiisusiyyatlorinin deyismasi haqqinda malumat-
lar toqdim edilmisdir. Toeqdim olunan isda plazmatik membranin ilkin aktiv dasinma sisteminin komponentlarinin
struktur-funksional tagkilinin moévcud problemlarinin halli {i¢iin tedqiqat masalaleri ve aparilmali elmi islarinin
plani miiayyenlosdirilmisdir.

Acar sozlar: plazmatik membran, ilkin aktiv dasinma sistemi, K*-kanallari, qeyri-selektiv kalium kanallari,
proton ATFaza.

DAEKTPO®U3NOAOTNUYECKU AHAAV3 COBPEMEHHBIX ITPEACTABAEHUN O TPAHCITOPTHBIX
CBOVICTBAX IIIASMATUYECKOV MEMBPAHBI PACTUTEABHBIX KAETOK

PE3IOME

B pabote gan xpuTHYECKUIT aHAAM3 COBPeMEHHBIX IIPeACTaBAeHIT O CTPYKTypHO-(PYHKIIMOHAABHOV OpTaHu-
3aIM¥ OCHOBHBIX KOMITIOHEHTOB CMCTeMBI IIepBIYHOIO aKTHMBHOIO TPaHCIIOpTa I11a3MaTHUyecKoli MeMOpaHbl pacTu-
TeAbHBIX KAeToK: K+-xanaaos 1 mpotonnsix AT®as . Bersasaens! mpo0.eMaTidHble MOMEHTH pe3yAbTaToB Jccae-
AOBaHIIT KOH(POPMAIMOHHBIX CBOVICTB U (YHKIIMOHAABHOI aKTMBHOCTU ABYX TUIIOB K+-KaHa20B, mpotoHHbX AT®a3
Iaa3MaTigeckor MemOpaHsl. [1peacTaBaeHsl HOBBIe AaHHBIE O HeceAeKTUBHBIX KaTMOHHBIX KaHaAaX, BEICTYIIAIOIINX
B KauecTBe KOMIIOHEHTOB CHCTeMbI IIepPBIYHOIO aKTMBHOTO TpaHcIopTa. IlpuseseHs! Takke AaHHbBIe 00 M3MEHEHMSIX
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CTPYKTYPHO-IIOASPU3alIMOHHBIX CBOVICTB I1Aa3MaTH4eCKOll MeMOpaHbl, BO BpeMsI M3MeHeHMI 91eKTPOTeHHO aK-
TUBHOCTHU TpaHCITOPTHEIX AT®a3 n 6a0kmnposanus K+-kaHa10B IIpy 9K30T€HHOM BO34€VICTBUM COOTBETCTBYIOIIINX
MoauduKkaTopos. PaboTa cogep>KUT IIOCTAaHOBKY 3ajauy U ILAaH MICCAEAOBAHUII AAs PeIIeHMs CYIIeCTBYIOIIIX
pobaeM CTPYKTypHO-(YHKIIMOHAABHOV OpraHM3aIiiyl KOMIIOHEHTOB CVMCTEMBI TIEpBIIHOTO aKTMBHOTO TpaHCIIOpTa
MAa3MaTU4ecknx MeMOpaH.

Karogesble caoBa: maasmaTudeckas MeMOpaHa, ciCTeMa IIepBIUYHOTO aKTHMBHOTO TpaHcIopTa, K+-kanaasr,
Hece/eKTVBHbIe KaTIOHHbIe KaHaAbl, IpoToHHbIe AT®a3mI.

The urgency of investigation of transport properties of plasma membranes consists of the fact
that they perform very important missions, accompanied by the transport of ions with in them.
These include the transport of substances, energy and information. Highlited life important
processes are performed by gradient of electrochemical potential and initiated with information
signals [1-3].

The gradient of electrochemical potential on plasmatic membrane of plant cells are generated
by cooperative functioning of H-pumps and K*-channels, which form the basis of system pri-
mary active transport [1-3]. Among the components of the primary active transport should
also include nonselective cation channels, structure-functional organizations which are subject
of intensive investigation [4,5]. In this aspect, main components of the primary active transport
( Pic.1) also were not remained outside of the borders of researchers [6-9].

Currently, accumulated a considerable amount of data about functioning transport properties
of plasma membranes of plant cells.

Pic.1. Schematic representation of the system of primary active transport of plasmatic
membrane of plant cells. Representation was taken from the work [7].
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But series of questions related to the identification of mechanisms of cooperative activities of
components of system primary active transport remains unresolved. Therefore, the aim of
present work was critical review of structure-functional characteristics of components of sys-
tems of primary active transport of plasmatic membrane of plant cells.

K*-channels of plasmatic membrane of plant cells

The investigation information about ion channels updated rapidly [9-11]. K*-channels realize
transport of ions by the gradient of electrochemical potential (low affinity transport) of ions
through the plasmatic membrane of plant cells.

Very close electrophysical characterictics of K*-channels of cell membrane of plants (selectivity,
conductivity, the kinetics of activation and inactivation, the range of activation by voltage,
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the kinetics and mechanism of blocking) and the channels of Shaker type of animal cells enabled
to suggest their close conformational properties.

K*-channels of Shaker type represent tetramers and consist of four polypeptides, named «
subunits which are located around the central pore forming the channel [9]. Subunits of channels
are coded with the genes of Shaker stirpes [10], with having one hydrophobic loop and 6 trans-
membrane domains [12]. Hydrophobic loop has GYGD-sequence that is distinctive sign of all
selective potassium channels [12-13].0ne of the 6 transmembrane domains contains charged
remains of amino acids and functions as sensor of voltage of the channel, also as the control
element of conductives condition of K*-channels [14]. But, such details of K*-channels of plasma
membranes of plant cells are not established till nowadays. K*-channels of Shaker type of plant
cells according to its electrophysiological characteristics classified as outward, inward and
slightly inward rectifying [13-14]. The activation range of outward rectifying K*-channels of
plasma membrane of plants is below than K*-equilibrium potential [7,13,15]. Slightly inward
rectifying K*-channels also being in conductive condition when membrane potential is more
negative than K*-equilibrium potential. All these three types of channels were identified on
plasma membrane of Nitella flexilis cells [7,13] by electrophysiological analysis. With the same
way on plasma membrane of cells of Chara gymnophylla and Nitellopsis obtusa were identified
two type of this channel: outward rectifying K*-channels and inward rectifying K*-channels.
The establishment of relevant range of activation of these K*-channels are based on K*-charac
teristics analyses (depending on decimal logarithm of the concentration of cation with negative
sign) of membrane potential and resistance [1,7,15]. Received values of activation range of K*-
channels confirmed by inhibitory analyses. The established position about K*-channels of these
cells by electrophysiological analysis allows us to classify them as channels of Shaker type.

The inward rectifying K*-channels provide entrance of K*ions into cell, but under below con-
tentrations of cations into environment. By these channels cation can transport from cell into
environment [13]. The functional activity of these channels are dependent from pH of environ
ment, because shift of pH to the acid side activates inward rectifying K*-channels [13,16].
Conversely, under the influence of chemical compounds, in blocker of K*-channels of nerve
cells, detected repeatedly decrease of conduction of inward rectifying K*-channels [13,17]. The
efficiency of blocking was dependending on characteristics of tested object and conditions of
experiment. The classical blocker of K*-channels tetraethylammonium blocked all type of K*-
channels on Nitella flexilis cells [1,13].

Using molecul-genetical investigations only from the plasma membranes of guard cells of sto
mata mesophyl of the Arabidopsis leaves were allocated into two types of inward rectifying
K*-channels- provisionally named as KAT1 and AKT1 and their genes are identified [18,19].

Channels KAT became sensitive to the change of pH in presence ATP and other cyclic nucleo
tides [18,20]. Channels AKT1 became active only in hyperpolarised state of membrane.

Valid transport function of plasma membrane is provided by participation of outward rectifying
K*-channels,which are activated at potentials more positive than K*-equilibrium potential.
Potassium ions transported through these channels from cytoplasm to environment. Outward
rectifying K*-channels are blocked with classical blockers of K*-channels such as Cs*, Ba*, TEA*
[13,15]. On Nitella flexilis cells [13,17 ] and Arabidopsis Vicia Faba stomata [21] identified two
types of outward rectifying K*-channels with different kinetic characteristics. They were named
fast and slow outward rectifying K*-channels [13,19].
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In the work, different types of K*-channels were characterized good enough. Molecul-genetical
investigations of these channels in the most cases of limited with determination gens of these
channels. Selectivity, conductivity, activation limits of these channels which define their trans-
port functions, are subject of electrophysiological investigations, where the share of molecular
biology is minimized. Not always quite completely highlited the structure-functional properties
of selective filter providing selectivity, cavity of channel, defined conductivity of this ion. The
opinions of the authors working with plasma membrane of plant cells on localization selective
centre and number of sites linking with blocker of channel protein infrequently diverge [18,
19]. The main divergence is identified when they modificated by “standart” blockers of con-
duction (TEA*, Ba*) of plasma membrane. It is also necessary to emphasize the facts of selective
actions of blockers of different series to the same K*-channels of the same membranes [1,5].
Molecular mechanisms defining properties outward and inward rectifying K*-channels are
not completely obvious. The exact mechanisms of adaptive physical-chemical reactions of these
components of primary active transport system to the external influences are not established
to this day. Therefore consideration of these questions from point of view electrophysiology
presently is very urgent.

Nonselective cation channels, NCC

Nonselective conduction of plasma membrane was first founded in classical investigations of
Hodgkin-Huxley which are conducted on nerve cells [22]. It was named “ion leak” and cons-
tituted a small part of total conductivity (less than 5%). Therefore the nature of “ion leak” and
its biological role did not attract attention of researchers for a long time. With the development
of ideas about conduction of plasma membrane, in particular, by identification of ion channels
that exercising selective transport of separate ions, determined that nonselective cation chan-
nels (NCC) are responsible for “ion leak”. NCC of plants were identified by Stokel and Taked
[23] on the endosperm of plasma membrane of higher plants. NCC are identified in all tissues
of plants [4,5]. Conducting state of NCC are regulated with the change of voltage in membrane
by influence of cyclic nucleotides, glutamate, active forms of oxygen, polyvalent cations [3,5].
Practically, all identified NCC are insensitive to the action of blockers of Ca? and K*-selective
channels, such as verapamil, nifedipine, tetraethylammonium [3,5]. There are also NCC which
are not sensitive to the change of voltage.

In primary works of investigation of NCC authors concluded that nonselective conduction of
plasmalemma under apparently defects of lipid bilayer, occupies an outstanding part of all
conduction of plasmalemma and its share in the total ion exchange increases by the decrease
of potassium level and cooling of cell [13,24].

There are fundamentally grounded works about availability of NCC of plasma membrane of
plant cells, with developed their mathematical model [3, 24]. There is a probability that the
cations which do not contain specialized components of transport system enter into the cell by
NCC [3,9]. In particular, Ca*ions that are blockers of K*-channels of plasma membrane can
enter into cells by NCC [3,9]. Presently, this theory received a significant number of experimen-
tal confirmations and accepted by everybody [4,9]. There were identified set of gens of separate
types of NCC number of which for glutamate receptors was 20 [9], also for channels that acti-
vated by cyclic nucleotides was 20 [9]. But, accurate identification of functional elements, also
functional parameters of NCC are still absent to this day. Valid evidences established about the
conformational properties of NCC practically do not exist. This situation in the investigations
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of NCC requires the establishment of accurate physico-chemical parameters of their structure-
functional organizations.

The plasma membrane H+-ATPase of plant cells

The plasma membrane H*-ATPase of plant cells is one of the tenth different subtypes of ATPase
of P-type. ATPases of P-type realize active transport of cations or other chemical compounds
in the presence of phospholipid surrounding. The formation of covalent intermediate — aspartyl
phosphate (P) participating in reaction cycle is characteristics for the ATPase of P-type. The
plasma membrane H*-ATPase generates driving force of secondary transport through the plasma
membrane where also is being realized salt tolerance [6].

ATPases of P-type just like Na*, K~ATPase consist of heterologous subunits which are contain
catalytic a-subunits and glucosized [3-subunits or single catalytic subunits such as Ca?-Atpase of
sarcoplasmic reticulum, H*-ATPase of plants and fungus. Biochemical investigations have
shown that in all cases the mass of catalytic center is around 100 kDa [6,25].

The molecular nature of H-ATPase can be identified by studying the behavior of catalytic
center with mass of 100 kDa after its excreta which was performed on fungus cells such as
Schizosaccharomyces pombe, Saccharomyces cerevisiae and Neurospore crassa. It turned out that ca-
talytic center of H-ATPase that allotted from these fungus basically consists of (- aspartyl
phosphate intermediate and able to demonstrate the ATP dependent activity during recons-
truction in liposomes [6,25]. Was shown regulation activity of H-ATPase plasma membrane
with two proteolipids, conditionally named PMP 1, PMP 2, but the mechanism of regulation,
physiological nature of interaction were not identified [6].

Based on the hydrolytic experiments was established that the N-end (NH:) and the C-end
(COOH) of H*-ATPase localized in the cytoplasmatic phase [6]. H-ATPase generally consists
of 10 transmembrane domains 2 of which fall to the share of N and C-ends of protein. Have
to notice, that alternative models of H*-ATPase also exist consisting of 12 transmembrane do-
mains [6]. But, the interposition of these domains is arguable. Nonetheless, using the method
based on diffraction of electrons to 0,8nm, demonstrated that H-ATPase consists of 10 trans-
membrane spirals with four cytoplasmatic domains [6]. It is contemplated that, transport of
cation realized as well as in Ca?- ATPase of sarcoplasmic reticulum or Na*, K*- ATPase with
domains 4,5 and 6 involved for cation transport.

Despite of foregoing details of molecular structure, mechanism of proton transport by H*-ATPase
of plasma membrane are still uncertain. Today this case is being developed by molecular bio-
logists and electrophysiologists [6]. Also, it remains unexplored the functional role of amino-
terminal protein. It is assumed that carboxyl terminal realizes the regulating function like auto-
inhibitor domain.

A lot of questions about functional characteristics of H*-ATPase of plant cells remain unsolved.
Therefore a lot of questions arising during the electrophysiological experiments are not found
their explanation in appropriate level. For example, not knowing the exact molecular mecha-
nisms H*-ATPase, it is impossible to identify how the transfer of energy of electric field which
lead to increased of electrogenic activity of H*-pumps happens [1,2,13]. It is impossible to es-
tablish exact mechanisms of modification of transport properties of plasma membrane by toxic
substance- fusicoccin leading to hyperpolarization of plasma membrane [26]. A number of
questions like these can be extended. On the other hand, the information about a possible inter-
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relation between named components of primary active transport system during the normal
life activity of intact cell is practically absent. Installed data on this plan is single and contras-
ting [1,2].

In early works noted above interaction was accepted as potential dependent functioning com-
ponents of primary active transport system [8]. Reliable experiment data from the point of view
of electroactivation of transport proteins of plasma membrane of plant cells practically not
established.

Quite remarkable that blocked influence of TEA* to plasmalemma of Nitellopsis obtusa was ac-
companied by the change of structure-polarization properties reflected in the change of electrical
capacitance of membrane [1,27]. The change of structure-polarization properties of plasma
membrane of plant cells is also characteristic for the action of standard inhibitors and stimulants
of ion transport system (Pic.2).

Pic.2. The dependence of resistance capacitance of plasmalemma of X« cells of Nitellopsis obtusa from
the decimal logarithm concentration of tetrahlortriftormetilbenzimidazol TTFB [1,27].
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Conclusion

Conducted by us analysis of facts about structure-functional properties of components of primary
active transport system of plasma membrane of plant cells, testifies the existence of urgent
problems of the study of transport properties of plasma membrane of plant cells which have
solution of a fundamental and practical significance. If these problems connected with the
structure-functional organizations of lipoprotein complexes which consist of ion channels and
transport ATFase, the other part connected with the identification of molecular mechanism
of modification of transport properties of plasma membrane. Solution of the first part of these
problems perhaps is the application of modern methods of molecular biophysics and molecular
biology and with the comparison of received data with the results of electrophysiological ex-
periments on intact membrane. The identification of the action of molecular mechanisms of
conductivity modifiers require a complex approach based on the registration of independent
electrochemical indicators for the differentiation of their effects on the structure and function
of biomembrane. The investigation suchlike plan is practically absent. Consequently, the above
remarks can serve as a basis for the new problems of investigation studies on transport pro-
perties of plasma membrane of plant cells. The comfortable object of these investigations can
be the internode cells of chara algae. The excellence of these cells for the investigation of trans-
port process of plasma membrane is the usage of precise microelectrode equipment when
measuring the electro physiological characteristics by providing their full intactness. Such re-
search must be complited with the methods of screening and molecular docking for identifi-
cation interposition of modifiers and lipoprotein complexes of plasma membrane.
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ABSTRACT

The increase of irradiation temperature by gamma-rays of emulsion isoprene nitrile elastomer in the range
of 298-423 K is accompanied by the significant increase of crosslinking rate and strength deterioration of unfilled
cures at the same time.By the method of sol-gel analysis the output dependences of the mesh chains (1/Mc) are de-
terminedof crosslinked molecules (1/M,) and crosslinks (nc) for isoprene nitrile elastomer at temperatures 298-423
K.The influence of acrylonitrile content of elastomer group during the process of irradiation and temperature on
density change of curing grid using Fourier spectroscopy is established, it is also studied the molecular structure
of isoprene nitrile elastomer and unsaturation at irradiation and temperature (423K, 500 kGy).

Keywords:isoprene nitrile rubber, irradiation, crosslinking, temperature, rheology, crosslinking.

BANSIHUE OBAYYEHUS 1 TEMITEPATYPBI HA XAPAKTEP CIIVIBAHUSI
MN3OIIPEHA HUTPUABHOTI'O 51ACTOMEPA

PE3IOME

IToxasaHO, 4TO TTOBHIIIIEHNE TEMIIEPATYPBI 00AYIEHNS Y-AydaMU DMYAbCMOHHOTO M30ITPEHHUTPUABHOTO Ka-
yuyka (VMIHK) B guanasone 298-423K connpoBoKAaeTcs 3HaUUTeABHBIM YBeANIeHIeM CKOPOCTU CIIMBAaHUA U B TOXKE
BpeMsl yXyAllleHleM IIPOYHOCTM HeHallOAHEeHHBIX ByAKaHI3aToB. MeToA0oM 304b-reab aHaAM30M OIpejeleHbl 3a-
BUCUMOCTH BbIXOAa uncao merneit cetku (1/Mc), cimreix Moaexya (1/My, ) u riortepeunsix cesizeit (nc') aas VIHK mpu
Temneparype 298-423K. YcraHOBAEHBI BAUSHIUS COAepKaHUs akpuaoHuTpuabHele (AH) rpynm xaydyka B mporecce
TeMIlepaTypHOM 0DAyJYeHU! Ha M3MEHEHNUs I'yCTOTH ByAKaHU3aIllMOHHOM ceTku (1/Mc). VsyueHo MoaeKyAspHOI
crpyktyps VIHK 1 HeHacsImieHHOCTS TTpu TeMniepaTypHoM obaydenun (423K, 500xI'p) ¢ ncnoapsosanmneM Pypne
CHeKTPOCKOTIA.

Karouesble caoBa: M30IpeH HUTPUABHBIN KaydyK, o0AydyeHue, CIIIBaHue, TeMIlepaTypa, peoAorus, ByAKa-
HM3aLVLL.

IZOPRENNITRILKAUCUKUNUNTIKILMOSIN© RADiASiYANINVO TEMPERATURUNTOSIRI
XULASO

Miiayyen edilmisdir ki, emulsion izopren nitril kaucukunun(iNK) qamma siialarimin tesiri il vulkanlasdirilmasi
zamanitemperaturun artmasi ils,(298-423K temperatur diapazonunda)tikilms siiratinin kaskin artmasi, hamginin
doymamus vulkanizatlarin davamlilgmin azalmasi miisahide olunur. INK-nun 298-423K temperatur intervalinda
zol-gel analiz metodu ile tikilma adadinin zencir torunun sixhig1 (1/Mc), tikilmis molekullarin migdari(1/My, ), cor-
goli alagalarin ¢rximinin (nc-10°) tayin edilmisdir.Kaugukda akril-nitril qrupunun termo-radiasion tikilmasi zamani
zancir torunun sixligina (1/Mc) tesiri tedqiq edilmisdir. INK molekulyar qurulusu ve termo-radiasion vulkanlas-
ma(423K, 500xQr) zaman1 doymamuisglig1 Furye spektroskopiya vasitasils ile dyrenilmisdir.

Acar sozlari: izopren nitril kaucuku, siialanma, tikilms, reologiya, vulkanlasma.

Introduction: It is known that exposure of elastomers under by high intensity radiation may
be accompanied by a significant rise of samples temperature (1-7). In some cases, to accelerate
the process of curing radiation it is recommended to heat the samples simultaneously with (8
-14). The most part of elastomers refers to polymers of crosslinked type, however, the tendency
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to form the crosslinks and the number of crosslinked molecules of various type elastomers is
vary and determined by the chemical structure of polymer chain, polymer morphology and
irradiation conditions. Moreover, the process efficiency of radiation crosslinking is largely de-
pendent on the method of elastomer preparation.

It is known that the radiation-chemical yield of cross-linking and formation of effective trans-
verse chemical bonds in butadiene nitrification elastomers depends on the dose power and
the absorbed dose. To increase the crosslinks, yield and to accelerate radiation-chemical reactions
occurring in elastomers the specific role belongs to environment. Thus, there is data concerning
the use of air to activate radiation-chemical process in butadiene nitrile rubbers. It was estab-
lished that in presence of an oxygen environment the radiation- chemical yield of crosslinked
molecules increases for 1.5 times, along with this the crosslinks depends on the nature of elas-
tomer. It should be noted that the output crosslinking and effective crosslinks increases under
the influence of irradiation temperature. As a result of this formed elastomers may contain
crosslinks of different energies. Also it is particularly important to carry out and to choose
the irradiation technology of samples in order to obtain optimum elastomer properties at lower
doses of irradiation.

However, the process of thermic and radiation influence on isoprene nitrile elastomer has not
been studied up to present. There are only fragmentary, unmapped to a variety of reasons
data about the effect on crosslinking rate the increase of irradiation temperature of butadiene
nitrile elastomers up to 423 K, as well as saturated and unsaturated elastomers up to 373-573K.

Systematic relationship study of radiation-chemical changes (crosslinking, degradation, and
change in the yield of crosslinks, mesh chains number, viscosity, sol fraction, and the change
in the content of double bonds) and the characteristics of the physical and mechanical pro-
perties of elastomers under the heat and radiation exposure have not been conducted until
present. In this article the study’s results of the effect of irradiation temperature on radiation
crosslinking of isoprene nitrile using a sol-gel method of analysis based on the laws of the static
theory of nets structure.

Material and methods: As an object of studies it was used the isoprene nitrile elastomer (INE-
30) obtained by method of emulsion polymerization. According to results of the study by the
method of Fourier spectroscopy and the butadiene portion of polymer at 303 K of polymeri-
zation, isomeric composition of double bonds in observed polymer is 1,2-isomer 11,4 %, 1,4-
isomer 17.1 % and trans-1,4-isomer 71,5 %. Radiolysis features of isoprene nitrile elastomer
affect on their microstructure, molecular weight and strength of the grid. Therefore, before
conducting the radiative processes in elastomer previously by viscometric method the mole-
cular weight and polydispersity were determined (M =81 000, Mw =238 000, Mw/Mxn=2,9).

Samples with 1 g weight were placed in a glass ray ampoules were evacuated for 3 hours to a
residual pressure of 25-10° Pa. Radiolysis of soldered ampoules (evacuated) with a sample was
conducted with gamma-rays Co® at 293, 373 and 473 K and at the power of absorbed energy
4.9 Gy/s (according to the data of ferro sulphate dosimetry). To avoid oxidation during irra-
diation of samples which had the form of plates with thickness 1 mm during extrusion, they
were covered by aluminum foil. Indeed, the Fourier comparison of infrared spectra and data
of the sol-gel analysis, irradiated with evacuated ones up to 2.5:10° Hg showed complete ab-
sence of oxidation and the same degree of crosslinking in both cases.

Structural parameters (concentration of crosslinks, the number of crosslinked molecules) and
the nature of the mesh density of the thermal irradiated samples were determined by sol-gel
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analysis and calculated by the equation of Flory-Rehner. Research Methods of Fourier spectros
copy by Varian 640-IR FT-IR Spectrometerand mechanical tests are described in detail.

The absorbed dose in the samples was calculated by comparing the electron density in obser-
ved dosimetric systems. Inherent viscosity of irradiated elastomer was determined in toluene
at 293 K by a known method on Ubbelohde viscometer. The calculations were performed by
the Mark Houwink [n] =kM?¢, constant value K=4,9-10* and a=0,64 (for toluene).

According to the data of sol-gel analysis it is evaluated the relative change in crosslinking yield
Gc and Gg degradation with increasing irradiation temperature from 298K to 423K (G:!%/G,
Gc1%0/Ge®) and up to 473 K (G2%/G®) (table 1).

Table 1. The value of crosslinks yields and the act of destruction of
irradiated isoprene nitrile elastomers depending on the temperature

Isoprene nitrile with acrylonitrile content, % | Heat temperature, K | Geross | Gdest

298 3,5 -
373 7,8 -

10 423 11,3 -
473 - 1,5
298 4,8 -
373 91 -

20 423 14,7 -
473 - 3,2
298 57 -
373 11,3 -

30 423 16,0 -
473 - 4,3

Changing the content of double bonds was evaluated as during elastomers obtaining at 500
kGy and when the density of the grid at the same irradiation temperatures of 298 and 473 K.
Upon receipt of the same mesh density at various temperatures the doses distinguish between
themselves (Table 2).

Table 2. Consumption of double bonds in irradiated isoprene nitrile elastomers.

Isoprene nitrile with Heat temperature, Number of chain net, Flow rate of double bonds
acrylonitrile content, % K 1/Mc10°%, mol/cm3 1,4-trans | 1,4-cis 1,2
298 3,8 0,54 0,34 0,6
10 373 4,6 0,61 0,41 0,9
423 59 0,72 0,54 0,21
473 17 - - -
298 4,3 0,63 0,27 0,25
20 373 5,0 1,1 0,43 0.57
423 74 1,8 0,66 0.68
473 - - !
298 5,4 1,4 0,56 0,42
30 373 9,7 1,8 0,98 0,74
423 12,1 2,1 1,1 0,81
473 - - - -

Results and Discussion

Under the influence of irradiation and temperature the INE-30 structure undergoes significant
changes that affect the nature and content of double bonds. As a result of crosslinking of elas
tomer macromolecules a spatial grid is formed. Equations adjustment of high elasticity theory
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gave the possibility to use them primarily for a qualitative assessment of molecular weight and
the average number molecular weight of the sol fraction.Figure 1 shows the data of intrinsic
viscosity changes of isoprene nitrile elastomer under the simultaneous action of temperature
(298-473 K) and irradiation (D=500 kGy).

Figure 1. Depence of intrinstic viscosity (1) and content of sol-gel fraction (2) with temperature (D= 500 kGy).
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Figure 1 shows that for INE at 298 K the intrinsic viscosity is 0.2. With increase of temperature
the molecular weight of elastomer is also increased. Significant increase in temperature range
373-423 K and the improved intrinsic viscosity from 0.4 to 2.3. With increasing of irradiation
(473 K) temperature the intrinsic viscosity decreases (fig. 1, curve 1). The reduction of INE
molecular weight is a result of degradation of the main chain of polymer. During the viscosity
increasing in temperature range of 298-423 K the elastomer becomes completely insoluble,
indicating the molecules crosslinking of polymer chains.

Data presented in the figure 1 show that the sol of fraction at different degrees of grid density
is decreased (curve 2). Reduced fraction sol indicates a homogeneous distribution of cross-links
in elastomer molecules. Such a notion of grid homogeneity in elastomers was previously put
forward on the basis of some data.

As the table 1 shows, the crosslinking outputs (Gc) at temperature increasing up to 423 K, the
value increases for 2-3 times in all samples. Above 423 K it is observed the chain destruction
of isoprene nitrile elastomer. At a dose of 500 kGy and 298 K, at temperatures of 373-423 K there
is a noticeable change in the content of double bonds in all isoprene nitrile isomers. The sharp
increase of the cross-links yield of chains (table 1) can be explained by the increase in consumption
of double bonds.

Acrylic nitrile links in isoprene chain have protective effect, which manifests itself in a decrease
in the yield of cross-links and degradation (table 1). The effect of irradiation temperature on
crosslinking yield is associated with the phase state of elastomer; wherein for elastomers being
in elastic state the crosslinking rate increases with temperature growing. The greater rigidity
in the circuits, the lower yield of cross-links. Besides, the main factors affecting the efficiency
of cross-linking experiments are changing the spatial grid of elastic polymer and the environment.
The effect of irradiation temperature on the parameters of the spatial grid, molecular structure
and unsaturation was investigated by the method of Fourier spectroscopy.
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Figure 2. The IR spectra of unsaturated elastomers.
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In area of dense grids, at which the mechanical properties of vulcanizates are compared, the
variation amount of cis-unsaturation is within the accuracy of the method. For quantitative
comparison of unsaturation changes the samples were irradiated at 298 and 423 K, till the
obtaining the density grid 1/M=12-10- mol/sm?, that corresponds to 500 kGy at 298 K. The use
of such large doses for comparison is justified, since the change rate of unsaturation re-mains
constant in a wide range of doses.

Fourier analysis of the infrared spectrum shows (figure 2) that the temperature exposure causes
some significant changes. It is also observed a change in the intensity of absorption bands of
730 sm! corresponding to the double bonds in the 1,4 cis-configuration and 965 sm™ correspon-
ding to the configuration of the double bonds. Changing these bands may be due to cis-trans
isomerization of elastomer, and consumption of the double bonds. Calculations have shown
that during irradiation of 298 K there is a reduction of cis-unsaturation to 4 %, including 3 %
goes to isomerization and only 1 % is spent. Increasing of irradiation temperature up to 423
K leads to reduction of cis-unsaturation at 9 %, of which 5 % goes to isomerization, and 4 %
is spent.

During the conducted work some data was obtained on influence of effect of irradiation tem-
perature on unfilled vulcanizates. It is shown that at a lower dense grids of strength at the
optimum the curing is markedly reduced (fig. 3).

Figure 3. The dependence of strength-density on vulcanization grid (number of chains in grid)
in isoprene nitrile elastomer by irradiation at 298 (1), 373 (2), 423 (3) K.
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Figure 4. Dependence on concentration output of links of irradiated IN of temperature.
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Thus, the increasing of irradiation temperature up to 423 K decreases the mechanical properties
of cures, which contributes a significant drop of unsaturation and at the same time the crosslinks
output increases rapidly (figure 4).

Sol-gel analysis shows that the temperature increase leads to further degradation of isoprene
nitrile elastomer. Therefore, destruction is not the cause of the observed changes in properties
of cures. Increaseof unsaturation consumption with increasing of temperature, obviously not
related with oxidation. Its absence indicates comparison of IR-spectra of irradiated at 473 K
raw elastomer. The increase of unsaturation consumption could be associated with the formation
of intramolecular cycles. However, this assumption is contradicted by the fact that the fall of
unsaturation is accompanied by a significant increase of cross-linked molecules to form the
cross-links.

From the data in figure 5 it can be seen that the formation of crosslinks in isoprene nitrile elas
tomer proceeds rapidly depending on the irradiation temperature. The effective yield of cross-
links at 423 K is 13.0 per 100 eV, further the degradation occurs at 443 K. Obviously the con-
sumption of double bonds (unsaturated) is associated with the formation of intermolecular
cross-links.

If we consider the individual case where all cross-links are formed as a result of disclosure of
the double bonds, then a simple calculation shows that the consumption of double bonds in
elastomer at a dose of 500 kGy and 423 K would be 1.5-2.0 %. The analysis of the structural
parameters of cures grid showed that the number of cross-linked molecules in cures is not very
high and at 423 K is 7.4 mol/sm?®. In all experiments while determination of the structural pa-
rameters of grid the reduction and decay of intermolecular bonds took place at the same tem-
perature (473 K).

Figure 5. Dependence of output crosslinks of INE irradiated by 298, 373, 423 K
13 -
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Thus, data comparison on change the nature of the cross-links output, cross-links of chain
mesh, consumption of double bonds and Fourier spectroscopy analysis shows that the increase
of irradiation temperature by gamma rays in isoprene nitrile elastomer in the range of 298-423
K is accompanied by a significant increase in the rate of cross-linking and at the same time, the
deterioration of the strength of unfilled cures. It is shown that during the unsaturation decrease
in elastomer and sensitivity increase to irradiation the growth parameter of the grid circuit in
the temperature range of 298-423 K takes place. However, the mechanisms of thermic and ra-
diation processes responsible for the observed changes in the properties needs to be observed
in future.

Conclusion: As a result of conducted researches concerning the effect of irradiation temperature
on character of isoprene nitrile elastomer it can be described as follows: Important factors af-
fecting the efficiency of cross-linking are the temperature and radiation, spatial grid and sup-
ramolecular structure of elastomer, the yield of crosslinks namely depends on the packing of
molecules and the presence of double bonds. Otherwise the study initiation and extra tempe-
rature effect promote an additional crosslinking that causes the C-C formation of chemical
bonds in macromolecules of isoprene nitrile elastomer.

As a result of temperature increasing at a constant dose it effects on the yield increase of chains
grid number and cross-links, which leads to an intramolecular reaction. Probably the process
takes place in an elastic medium because isoprene nitrile elastomer is unsaturated polymer, the
lowest ionization potential has the carbon atoms involved in formation of double bonds. In
this case during the formation of cross-links in each act of crosslinking the active site is rege-
nerated, which may be involved in formation of the spatial grid.

The obtained results make it possible to conduct the directed research in the field of thermic
and radiation crosslinking of elastomers with presence of quasi and multicomponent systems
for obtaining of elastomeric materials with valuable properties.

Research thermic and radiation curing instead of thermal one allows to get rid of the peroxide
used as a crosslinking agent in the thermal curing.
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PE3IOME

B Hacrosiiee BpeMst PyAaepeHs ABASIOTCSI OAHMMU U3 CaMBIXBOCTPeOOBaHHBIX HAHOMAaTepP1al0B B HayKe I
Marepuaaosederun. OAHa U3 caMbIX MHOTOOOeIIIaomux o0.4acTeil X MPUMeHEHN-3TO OMOAOTIS U MeAULIVHA.
B HacTosmen paboTe mpuBeJeH AUTepaTypHBII 0030p IO HEKOTOPHIM aclekTaM MCIOAb30BaHUS (yAlepeHOBB
KavecTBe JeKapCTBEHHBIX IIperapaTos. B paboTe paccMOTpeHbI CTaTbit 3apyOesKHBIX aBTOPOB U3 DAeKTPOHHBIX a3
Aannpix Elsevier - ScienceDirect, SCOPUS,SpringerReferencesu ThomsonReuters. AHaau3 AuTepaTyphl IOKa3bl-
BaeT, 4TO IpuMeHeHne PyA1epeHOB B MeANIIVHE CBA3aHO B OCHOBHOM C Iie/leHaIIpaBAeHHOI A0CTaBKOIl 1eKapCTB
K ITOpa>keHHBIM 004aCTsM TKaHell ¥ KAeTOUHBIX cyOcTaHnuit. [Ipu sToM ¢yasepeHsI MPOABAAIOT BEICOKYIOPOTO-
LIMTOTOKCIYHOCTD IO OTHOIIIEHMIO K KAeTKaM paka: HabAI0JaeTcs altoITo3 Aake PV MaAbIX KOHIIeTpanusax ¢ya-
A€PEHOB.

B neaom, mpoBeAeHHBIN AUTepaTypHbIN 0030p MOKa3bIBaeT 3HAUIUTEABHYIO 3P (PeKTUBHOCTh (yAlePeHOB IIPU
AeyeHNM psAja GoaesHeit. B To ke BpeMs1, Bce 9P PEKTHI OT AeTICTBUL PyAlepeHOB Bee elre c1abo U3YIeHB,UTO SB-
ASI€TCS CYIIIeCTBEHHBIM IIPEIIATCTBUEM A5 HeclelIUIHOTo IIpuMeHeHns (PyA1epeHOB B SKMBBIX OpraHM3Max.

Kaiouessbie CA0Ba:HAaHOTEXHOAOIWSI, q)yA/lepeHLI,aHTI/IOKCI/IAaHT,HaHO‘IaCTI/ILU)I ,CI)OTOTOKCI/I‘IHOCTL, ouoao-
T9ecKasl akTMBHOCTD, A€KapCTBEHHbBIE ITpeItapaThl.

FULLERENLORIN TiBBDO VO BIOLOGIYADA TOTBIiQi
XULASO

Hal-hazirda fullerenlar an asasli nanomateriallardan olub, elmin miixtalif sahalarinds genis tatbiq olunur.
Onlarin an timidverici totbiq sahalarinden biri — bu birlagmalarin tibbdave biologiyada tatbiqidir. Toqdim olunan
isda fullerenlorin derman preparatlari soklinds Syrenilmasi esasinda adebiyyat icmali yerinas yetirilmisdir. Bu isde
xarici miialliflorin Elsevier - ScienceDirect, SCOPUS, Springer References vo Thomson Reuters bazalarinda oturan
maqalalar nazardan kegirilmis ve torciima edilmisdir. Fullerenlar xargong hiiceyralarina qars1 yiiksak fotositotok-
sikliq niimayis etdirmislar, bels ki, hatta maddalarin an asag1 qatiiginda bels apoptoz miisahids edilmisdir. Bele-
likls aparilan adabiyyat icmali fullerenlorin miixtelif xasteliklorin miialicesinda yiiksak effektivliye malik oldugunu
gostarmasina baxmayaragq, halslik az dyranilmis sayilir.

Acar sozlar:nanotexnologiya, fullerenlsr, antioksidant, nanohissacikler, fototoksiklik, bioloji aktivlik, derman
preparatlar1.

APPLICATION OF FULLERENES IN MEDICINE AND BIOLOGY
ABSTRACT

At present, fullerenes are oneof the most demanded nanomaterials in the science and materials technology.

One of the promising areas of their application is biology and medicine.

In the present work the literary review on some aspects of the fullerene usage as medical productsis resulted.
Articles of foreign authors covered by the electronic databases Elsevier - ScienceDirect, SCOPUS and Springer Re-
ferences, Thomson Reutershave been considered. The literature analysis showsthat application of fullerenes in
medicine is connected basically with purposeful delivery of medicines to the affected areas of tissues and cellular
substances.

Thus fullerenes demonstrate high photo-cytotoxicity in relation to cancer cells: it is observed the apoptosis
even at small concentrations of fullerenes.

As a whole, the resultedliterary review shows considerable efficiency and usefulness of fullerenes at treatment
of some diseases. At the same time, all effects stemmed from the action of fullerenes are still poorly studied that is
an essential obstacle for nonspecific application of fullerenes in live organisms.

Keywords: nanotechnology, fullerenes,nanoparticles, fototoxic, biological activity, medicines.
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ITpumenenue Pyarepernos 6 meduyune u 61U0A0ZUU

JocTroKeHns: HAaHOTeXHOAOTUY B MeAUITVHEe VICIIOAb3YIOTCS AAs1 IIOBBIIIIeHNsI KayecTBa Auar-
HOCTUKI U A€4eHNIsI TIallMIeHTOB. YUeHble IIBITalOTC MCII0Ab30BaTh HOBbIE paspaboTKu B dpap-
MaKO/AOTUY, YTOOBI A0OUTLCS yBeAndeHNs1 9(PPeKTUBHOCTY U YMEeHBbIIeH!s ITOOOYHBIX Aelic-
TBUII AeKapCTBeHHBIX ITperapaTos. C X IIOMOIIBIO CTaA0 BO3MOXKHO OKa3bIBaTh «TOYEYHOE»
BO3/EJVICTBIE Ha YeAOBeYEeCKUII OpraHm3M, A€4UTh TOABKO OpTaH, KOTOPhIN Opa>keH, He 3a-
AeBasl ApyTye OpTaHbl NAU TKaHU.

HanoTtexHoaorum Ha ceroAHsAINIHNI AeHb IMPOKO MPUMEHSIOTCS MMEHHO A4s1 TOYeYHOM A0C-
TaBKI A€KapCTBEHHBIX CPEACTB, YTO SABASETCS OCOO@HHO aKTyaAbHBIM A4Sl TepaIyy OHKOAO-
IMyecKux 3a0041eBaHmi, IaTOAOTUI HEPBHOM U CepAeYHO-COCYAMCTONM CUCTeM, B CIIOPTUBHON
MeaunyHe. B HacTosee BpeMs B 9KCIIepMMEHTaAbHOM M KAMHMYECKOl papMaKoAOTUH MC-
II0AB3YIOT TaKMe HaHOCTPYKTYPHI: (pyaaepeHbl, 00Aajarolie aHTMOKCUAAHTHBIM, aHTu0OAac-
TOMHBIM gevicTBueM. OHM MOBBIIIAIOT IIPOHUIIA@MOCTh MeMOpaH KA€TOK, CIIOCOOHBI IIPOHM-
KaTh yepes IicToreMaTnyeckyie Oapbephl 1 KAeTOYHbIe MeMOpaHbl; HAHOTPYOKM, 00Aajaro1ye
aHTMOKCMAAHTHBIM U aHTU0AaCTOMHBIM AevicTBrieM. OHU 3aMBIKAIOTCs B AMITIOCOMBI IIPU Ca-
MOCOOPKe; AeHApUMepbl, 00Aajaloliye aHTO0AaCTOMHBIM JAevicTBreM. OHI BBICTYIAIOT B pOAU
TpaHCIIOPTEPOB AeKapCTBeHHBIX CPeACTB; AMIIOCOMBI, KOTOpble 001a4al0T aHTHarperaHTHLIM
U aHTUOKCUAQHTHBIM JAeVICTBIeM, TIOBBIIIAIOT OM040CTYIIHOCTD U TPaHCIIOPTUPYIOT AeKapCTBa;
HaHOKJacTepbl, 004ajalomye aHTHOKCUAAHTHBIM JAevicTeueM. OHM CTPYKTypUPYIOT BOAY, IO-
BBITIAIOT cuHTe3 AT®, ycramBaiOT BOCIPUMMUYMBOCTD K AeKapCTBaM, YCKOPSIOT OMoxuMmdec-
KIie peakIuy 1 MeTab0AM3M AeKapcTs B opranusme. CylljecTBeHHOe BHMMaHMe yJdeHble yaea-
10T PpocpoanNMAHBIMHAHOYACTUIIAM, KOTOpBbIe INPUMEHSIOTC AAsl BBeACHMS BaKUVMH U
AeKapCTBeHHBIX CoeAMHeHMI. 3ajadaMyl AeKapCTBeHHBIX CPeACTB HOBOTO ITIOKOAEHIIS SIBASeTCs
cHaO>KeHMe MX TaKMMU CCTeMaMM AOCTaBK!, KOTOpble oOecIteunBaloT IOCTeIIeHHO ApoOHoe
IIOCTYTIA€HMEe A€KapCTB B CTPOIO OIlpejeAeHHbIe OPTaHbl A KAeTKM-MUIIEeHN, I ONTUMM3a-
st papMaKoAOTMIeCKIX CBOVICTE AeKapCTBeHHOIO BelecTsa. PazpaboranHbie cucTeMbl 40C-
TaBK! MCIIOAB3YIOTCS BO BCEX OTPACASIX MEeAVIIVHEL B PHAOKPUHOAOIUHU, KapAUOAOIUH, ITyAb-
MOHOAOIUM, OHKOAOTUM U APyTUX. VIX 5pPeKTUBHOCTD B 3HAUUTEABHO CTeIIeH) ITpeBbIIIaeT
9(pPeKTUBHOCTL OOBIYHBIX AeKapCTBeHHBIX (popM. Py asepeHsl - HTO CAOXKHBIe OpraHMJYecKye
MO/€eKyAbl, MMeIolNe IapoodpasHyio ¢popmy U noasie BHyTpu. CTeHKN PpyalepeHOB Hell-
poHMIIaeMble A5 KaKUX-A1O0O MaTepraAbHBIX YaCTULL: MIOHOB, aTOMOB, MOAEKYA. Y4eHble IIpOo-
BOAST 1CCAEA0BaHUS CPeACTB Ha ocHOBe (pyasepeHosbixHaHOCpep Ce. Ha mx mosepxnoctu
YHOpPsAA0YEHHO PacioAaraloTcs XUMIYecKye TPYIIIbl, I0A00paHHbIe TaKUM 00pa3oM, 4TOOBI
MOTAM CBS3BIBATbCSl C paHee BLIOPAHHBIMM KAeTKaMI-MUIIeHsAMU, U Oblau 9(PpQPeKTUBHBI B
Dopnbe ¢ TakuMM BUPYyCHBIMU 3a00aeBaHMsAMMY, Kak rpuiil u BIY, a Takke neiipogerenepa-
TUBHBIMMY, KapAMOAOTMYECKMMM U OHKOAOTMYEeCKUMU 3a001eBaHIAMI, OCTeOIIOPO30M U 3a-
6oaeBaHMsAMM cocyA0B. HaHOTeXHOAOIMM MPUMEHSIOTCS KaK AAs CO34aHMs HOBBIX AeKapCT-
BeHHBIX CPeACTB, TaK U 4451 COBEPIIeHCTBOBAHMS XOPOIIO M3BeCTHBIX AeKapPCTBEHHBIX IIperia-
PaToB C 11eAbIO HOBbIIIeHNs DPPEeKTUBHOCTY ACVICTBIAS, YAYUIIeHN OMOAOCTYIIHOCTI ¥ YMEHb-
ImeHns 1o0o4HbIX 9PPexToB. [Iprmenenne HaHOT@XHOAOTUIT OKa3bIBaeT CYIIleCTBeHHOe BAN-
sHMe Ha CO3JaHle HOBBIX Ae€KapCTBeHHBIX (POPM U CUCTeM AOCTaBKM, IIOCKOABKY BeAyIIUM
(daxTopom sBasgeTcs uMeHHO HaHopa3Mep. Kpome Toro HanoHocuTean 001a4aioT TaKMMU
IpeMMyIIecTBaMI, KaK BBICOKasl CIIOCOOHOCTh K IMPOHMKHOBEHMIO aKTMBHBIX KOMIIOHEHTOB
BHYTPb KA€TKU, yAydllleHHble (papMaKOKMHETHYeCKe I10Ka3aTeAy, BO3MOXKHOCTb CO34aHMs
aAbTepHATUBHBIX Ae€KapCTBeHHBIX (POPM, a TakKe Iepexod, OT MUHBeKIIMOHHEIX (pOpM ITperepa-
TOB K Ha3a/AbHBIM U TPaHCAepPMaAbHBIM. Ellle 0AHMM Ba>KHBIM IPEMMYIIeCTBOM HaHOYaCTUI]
KaK AeKapCTBeHHON (POPMBI BBICTYIIaeT ITOCTeIIeHHOe BLICBOOOXKJEeHMe AeKapCTBEHHOTO Be-
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I11eCTBa, COAep Kalllerocs B HUX, UTO BeeT K IIPOAOHIMPOBAaHMIO BpeMeH! ero AeiicTsus. Jas
AOCTaBKI A€KapCTBEHHOTO BelllecTBa B Hy>KHOe MeCTO OpTaHM3Ma JCIIOAB3YIOTCSI MUHMATIOP-
Hble (MeHbIIle 1 MK) KarlCyAbl, MMeIoIye HaHOIIOPHI. [IpoxoasT mcnplTaHms TaKiie MUKpOKaIl-
CyABI AASL AOCTaBKU M (PU3NOAOTMYECKN KOHTPOAMPYEMOTIO IIpoliecca BhlAeAeHNs MHCYANHA
IIpU caxapHOM AmaOeTe IIepBOro Tuma. Vicroar3osanue 1op, pasmepsl KOTOPBIX He ITPeBhIIIaioT
6 HM, AaeT BO3MOXKHOCTDb 3allIUTUTh COAeP>KMMOe KaIlCyAbl OT arpecCMBHOTO BO3AeMICTBIS
MMMYHHOI1 cucTeMbl 4eaoBeKa. C IIOMOIIBIO HTOT0 MHCYAMHIIPOAYIUPYIOIINe KAETKI XKI-
BOTHOTO MO>KHO ITOMeIIIaTh BHYTPb KaIICyABl I OHM He OyAyT OTTOPTHYTHI OpraHmnsmMom. Tak-
Ke 1ccAeAyeTCsl BO3MOXKHOCTD (pyA1epeHOB UTPaTh POADb «AOBYILIKI» A5 CBOOOAHBIX padlKa-
A0B U AaeTcs OIleHKa MX IIPOTMBOBUPYCHON akTMBHOCTHU. PyasepeHbl 004a4aiOT XOpOIIeit
aACOPOLIMOHHOM CIIOCOOHOCTBIO, YTO CIIOCOOCTBYIOT CO34aHUIO COPOEHTOB Ha MX OCHOBE A5
Tepanuu arepockaeposa. Takum oOpa3oM, IepcreKkTrBa UCI0Ab30BaHUS 40CTVKEHUI HaHO-
TeXHOAOIUM B papMaKOAOTUN IIpeABelliaeT pellleHre MHOIMX ITOCTaBAeHHBIX 3adad. ITpenmy-
I11eCTBa, KOTOpbIe OT HTOT0 IMOAYYNUT MeANIIHa, OeCCIIOPHBI, 0AHAKO Ha IyTH K AOCTVKEeHIIO
LIeAM TIeproAMIeCcK] BO3HUKAIOT IIPp00AeMBI U MpersaTcTBysL. Yero 60ablie MPUHOCUT HAHO-
MeAUIIVIHA YeA0Be4eCTBY: II0Ab3BI AU Bpea ITOKaXKeT BpeMs.

CoBpeMeHHBII 9Tall HayYHBIX MICCA€AOBAaHMI B CMEKHBIX 004acTsX xuMuy, puanku u ¢papma-
KOAOTUY HaHOPa3MePHBIX YIAePOAHBIX KAACTePOB XapaKTepU3yeTCsl MOBBIIIIEHHBIM MHTEPecoM
K IIpobaeMe co3jaHMsA BOAOPaCTBOPMMBIX TMOPUMAHBIX COeAMHEHMII Ha OCHOBe (pyasepeHa
Coo (coeauuenmii, B KOTOpBIX K ¢pyasepeny Ce B KauecTBe O4HOTO asleHAa IpUCcoeAVHSeTCs
aMMHOKICAOTa AAs IPUAAHNS eMy BOJOPaCcTBOPMMOCTH, a B KadecTsBe BTOPOTo — (PyHKITNO-
HaAbHbIe I'PYNIIBl, 004ajaiomye 01M0A0rMYeckol akTUBHOCTBIO). [IponsBoansie ¢pyasepena
Cso mpuBA€KaIOT BHMMaHUe YHUKAAbHOM XMMUIYECKO CTPYKTYpOil yraepogHoro cdeponaa,
€r0 CIOCOOHOCTBIO IIePEeBOAMUTDL KUCAOPOA B CMHIAETHOE COCTOSIHME, IPOSBASATh MeMOpaHOT-
pOIIHBIE U aHTUpPajUKaAbHbIe CBOMCTBA, IPOTUBOBUPYCHYIO aKTMBHOCTD M IIUTOTOKCHYECKOe
AeJICTBMe Ha OIIlyXOAeBble KAeTKH IIpu (OTOAMHAMMIIecKol Tepanyu. VIMeHHO 110 9TOM npu-
uyyHe Ppyaaepen CeoopaccMaTpuBaeTcs B XMMMUYECKON (papMaKoAOIMM KaK BecbMa IIePCIIeKTIB-
HBIII HOCUTeAb (PYHKIIMOHAABHBIX IPYIIIMPOBOK, 004asaiomux ¢papMaKkoAOTMUeCKO aKTUB-
HOCTBIO. K MX 4mcay OTHOCATCS TPYIIMPOBKY 13 KAacca aMUHOKMCAOT LAY IeNTUAOB, IIPU-
AQIOIINX BOAOPACTBOPMMOCTD IPOU3BOAHBIM (yalepeHa, a TakXkKe ajgeHAbl, oDecrieunsa-
IOIJie aHTUOKCUAAHTHYIO aKTUBHOCTD, AIOMUHECIIEHTHBIE CBOVICTBA MAM SIBASIONINECs] 40HO-
paMu MOHOOKCHAA a30Ta (HUTPaThl, TMAPOKCaMOBbIe KUCAOTHL U AP.).

ITaToaorus mporeccoB OIyx04eBOro pocTa ¥ MeTacTa3pOBaHMs A0 CUX IIOP OCTaeTCsl OAHON
U3 IAaBHBIX B COBPeMeHHOI MeAMIIMHe, YTO ABAseTCs MOTUBaLell 445 U3y4eHUs! IPOTUBO-
OITyX0/€BOI aKTMBHOCTU HOBBIX BOAOPACTBOPUMBIX IMOPUAHBIX COeAVHEeHNIT Ha OCHOBe (ya-
aepena Ceo

IlepcriekTiBa BHeApeHMs MPON3BOAHBIX PpyasepeHa Ceo B MEAUIIMHCKYIO IIPaKTUKY 00yCAOB-
AeHa X HU3KOM TOKCUMYHOCTBIO, aM(PUPUABHBIMIU CBOMCTBAMI, YTO II03BOASIET pacCMaTpUBaTh
(Jyaaepen B KayecTBe CpeACTBa AOCTaBKM OMOA0TMIECKN aKTUBHBIX ITPYIIINPOBOK K KA€TKaM-
MIUIIIEHSIM.

M3 ckazaHHOTO O4eBlAHA aKTyaAbHOCTb HpO6AeMLI HaIlpaBA€HHOIO CO34aHIII TI/I6pI/[,ZI,HLIX
COoeAHEHI Ha OCHOBe CIDYAAepeHOB C 3a4aHHOM O1O0AOTYECKOVI aKTUBHOCTBIO U usydgenue
nux (1)I/ISI/IKO-XI/IMI/I‘IECKI/IX CBOIICTB.

AKTya/leOﬂ HpO6AeMOI7I Pa3BUTILI COBPEMEHHBIX HaHOTEXHOAOTUI SIBASIETCSI CO34aHVEe HOBBIX
MaTtepmnalaoB 4451 MeANIMHDI, OCHOBAHHBIX Ha CO34aHNN I'I/I6pI/IAHbIX HaHOCTPYKTYP. JHaum-

98



ITpumenenue Pyarepernos 6 meduyune u 61U0A0ZUU

TeAbHOe MeCTO CpeAl COBpeMeHHBIXHaHOMaTepuaAoB 3aHUMAaIOT HaHOYTAepOAHbIe CTPYKTY-
PBIL, B TOM 4ncae (pyaaepeHsl. AKTUBHO Pa3BUBAIOTCS PAOOTHI IO CO3JaHMIO BOAOPACTBOPVIMBIX
IIPOU3BOAHBIX (PyAlepeHOB, KOTOpble 0041a4al0T BBICOKOI OMOCOBMECTMMOCTBIO U ITPOSIBASIOT
IIMPOKIUIA CIIeKTp OMoAormdeckoit akTusHocTu. HegaBHo Obla mpeAa0>keH HOBBIN IT0AX0J, K
AaApHeren MoANQpUKaIUY aMIMHOKICAOTHBIX IIPOM3BOAHBIX pyasepeHa [1].

Cy1recTBeHHO pacIIMPUTh BO3MOXKHOCTY CO3AaHMs TMOPMAHBIX HAHOCTPYKTYpP Ha OCHOBe (pya-
AepPeHOB MOKHO 3a CYeT IPUCOoeAUHeHN: K PyA1aepeHOBOMY sAApYy BTOPOIO ajjeHaa ITyTeM
3aMeleHns aToMa BO40pOAa, BBEAEHHOTO B CTPYKTYpPy ¢yalepeHa B IIpoliecce MpuUcoeaHe-
HIS aMMHOKMCAOTHL. Takmm 0Opa3oM, OTKphIBaeTCsl BO3MOXKHOCTh CO3JaHMs IITMPOKOTO Ha-
Dopa OMOCOBMECTUMBIX TMOPUAHBIX CTPYKTYP C IIOMOIIIbIO KOMOMHAIIUN ABYX Pa3ANYHbBIX aj-
A€HAOB: OAMH U3 HMX, aMMHOKICAOTa, NIpuAaeT Ppya1epeHOBOMY SIAPY BOAOPaCTBOPUMOCTS,
a BTOPOI1 — 4OTIOAHMUTeAbHbIe O1M010TIYecKe CBOJICTBa, B TOM YlCAe aHTUOKCUAAHTHBIE, CIIO-
COOHOCTB AOHUPOBATh OKCI/J, a30Ta, BBICTYIIAaTh (POTOCEHCUOMAN3ATOPOM MAM MHIMOMPOBATh
KAIO4eBble (pepMeHTEHI.

3a IocaeaxHee AeCiaTmAeTrie BbIsIBACHDI pa3dANM9HbIe aCII€KThl IIPOTMBOOITYXOA€BOTO AeﬁCTBMﬂ
YK30T€HHBIX AOHOPOB MOHOOKCHAA a30Ta. OHU TIOBBIIIAIOT TepaleBTU4IeCKYIO BCI)CIDGKTI/IBHOCTI)
OUTOCTAaTMKOB, TOPMOSIAT IIpOLIeCC MeTacCTa3MpOBaHII BKCIIEPVIMEHTAAbHBIX OHYXOAeiI u
MOAYAUPYIOT 9yBCTBUTEAbHOCTb A€KaPpCTBEHHO-PE3MCTEHTHDIX OHYXOAGIZ K LU/ITOCTaTI/I‘{eCKOI?I
Teparnm.

Aas ycuaenust 6noaormdeckoit dPpQPpeKTUBHOCTU IIPOU3BOJHBIX (PyalepeHa MCIIOAb30BaHBI
HeJaBHIe OTKPBITHA B 001acTy (PU3MOAOTIUECKON aKTVBHOCTY OKCIAA a3oTa. VIsBecTHO, 4TO
OKCII/, a30Ta KOHTPOAUPYeT TOHYC COCYAOB, CAY>KUT MOAYASTOPOM OKMCAUTEABHBIX peaKIiuii,
Ipoliecca aronTo3a 1 MMMYHHBIX peakunii. B VITIX® PAH srniepsrie Obl1 0OHapy>KeH XeMo-
ceHcHOMAM3Npyomuit 9Pp¢PeKkT J0HOPOB OKCUAa a3oTa MpU Tepalnyl paka, ITO3BOASIONINIL
Aoctrab npaktudeckn 100% BpIKMBaHUS DKCIIepUMeHTaABHBIX JKMBOTHBIX [2].

Aas nccaeaoBaHNUs IPOTUBOOITYXOA€BBIX D(P(PEKTOB ITPOU3BOAHBIX (PyllepeHa ObLAM CUHTe-
3MpOBaHbl TMOPMAHBIE CTPYKTYPhI Ha OCHOBe (pyAdepeH-IIpOoANHa C OM0A0TMYeCKN aKTUBHBI-
mu goHopamu NO, a TakKe C aHTMOKCHAAHTOM KapHO3MHOM. OOHapy>keH 3HauMUTeAbHBII
IIPOTUBOOITYX0AeBbIl 9PPeKT AelICTBIUSA TaKMXHAaHOCTPYKTyp. HoBble rmbpuaHble HAHOCTPYK-
TYPBI BBICTyHIaAU KakK 9(pPeKTUBHbIEe XeMOCeHCOMAN3aTOPI, KOTOPhIe BhI3bIBaAM U3AedeHIe
A0 67 % >KUBOTHEIX ¢ AelikeMuelt P388 mipu BBegeHNU JaHHBIX COeAVHEHUI B KOMOMHAIIINU C
KAVHNYEeCKMMUIIUTOCTaTUKOMIMKAOPpOochaHOM. AHaA0THUHbIE TMOPUAHBIE MOAEKYABI BBIC-
TYIaIOT KaK BbIpa’keHHble MHIMOUTOPHI IIpoIiecca MeTacTa3poBaH:s TP BBeAeH!I B KOMOU-
HauMm c 1puroctatukaMmu. IIpy ToM TepamesTmyeckas 403a LIUTOCTaTUKOB cHypDKeHa B 10 pas,
9TO OOecITeurBaeT yMeHbIIIeHe X TOKCUIHOCTH 1 IIpeAOTBpalljaeT pa3BUTIE Pe3VICTEHTHOCTI.

B mnocaeanne roapl mpomssoiHble PyalepeHOB IpUBAeKalOT BHUMaHMe MccaejoBaTeell B
o0aacT MeAMIIMHCKONM XuMum 04arogapsi IMPOKOMY CIeKTPYy OOHapy>KeHHOI y HUX Ouo-
AOTUYECKOI aKTMBHOCTHU, KOTOpas II03B0AseT pacCMaTpUBaTh UX KaK IIepCIIeKTUBHBIE COeau-
HeHIs A5 pa3pabOTKU IMOTeHIMAaAbHBIX AeKapCTBeHHBIX IIpeIlapaTos, B TOM Yncle A4S Aede-
HIs COIMAAbHO-3HAYMMBIX 3a004€BaHUll, TaKMX KaK HellpoJereHepaTBHbIE pacCTPOIICTBa,
HPUBOASAIINE K AeMEeHIIUIA.

baarogapsi MHOTOYMCAEHHBIM MCCAeAOBaHIUAM CBOVICTB (pyAdepeHa U ero HPOU3BOAHBIX 3a
rocAeAHMe AecsATUAeTIs OblA OOHapy>KeH IIMPOKIIL CIIEKTP 011010TM4eCKOM aKTVBHOCTU DTIUX
coeauHeHnit. Pe3yapraTel myOAMKanmii IIO3BOASIOT IIpeAIioAaraTh, YTO KAacC IPOU3BOAHBIX
(Ppyaaepena s1BAsIeTCS TIEPCIIEKTUBHBIM C TOUKM 3PEHI X IPYIMEeHeHs B OM0A0TUI U MeAVILIVHE.
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VsBecTHO, uTO TIpON3BOAHbEIE (PyAlePeHOB MOTYT 001asaTh MEMOPaHOTPOIIHBIMM CBOJICTBA-
M [3-8], KOTOpBIe ABASIOTCS BasKHBIM (PaKTOPOM IIPU CO3JaHIM Ha X OCHOBE JAeKapCTBeHHBIX
IIperiapaToB, Tak KaK MeMOPaHOTPOITHOCTD OIpejeseT ClIOCOOHOCTh COeAVIHEHIIA IIPOHMKATh
Jyepe3 KAeTOYHbIe MeMOpPaHbl U AOCTUTaTh BHYTPUKAETOYHBIX MUIIIEHE, UTO OIlpejeaseT Te-
paneBTHYecKyIO aKTMBHOCTh COeAMHEeHMs, a TakXXe IapaMeTphl ero ¢papMaKOKMHeTuku. V-
TepecHbIM (PaKTOM sBAseTCs pa3pabOTKa I'PYMIIBI yueHBIX [9], BIlepBble CHHTe3MpPOBaBIINX
IIpON3BOAHOe (PyAlepeHa C YeThIPbMs IIOAOXKUTEeAbHBIMU 3apsAjaMu, KOTOpOe CIIOCOOHO A0C-
TaBAATh FeHeTUYeCKUII MaTepuaa Ipyu AedeHnN reHeTndecknx 0oaesneit. OHO CBSI3BIBAETCH C
AsyxuerioueuHornaasmugoit AHK 1 nepenocut ee B kaeTku ¢ 9¢pPeKTMBHOCTBIO, COIIOCTaBN-
Mol ¢ komMepdeckumu pearentamu. B 2002 roay V1. M. Anapees n coasropsr [10] mokaszaan,
4TO Ipou3BogHble Ppyasepena Ce TPaHCIIOPTUPYIOTCS Yepes OMoaornyeckue MeMOpaHbl Kak
AunoduAabHbIe IOHBI, TeM CaMbIM BbI3bIBas AeroAsgpusanuio MeMmOpansl. P. A. Koreapnuko-
BOI1 C KoAAeramu [3] 1TokasaHoO invitro, YTO aMMHOKIICAOTHBIE IIPOU3BOAHBIE (PyAlepeHa Ipo-
HUKaIOT 4epe3 AMIMAHBINA O1CA0M BO BHYyTPeHHMII 00beM AUIIOCOM, He Hapyllasl 11eA0CTHOCTb
MeMOpaHnbl. PesyapTrarer paboTh! [4] CBI1A€T@ABCTBYIOT O A€TKOM ITPOHMKHOBEHUN IIPOU3BOA-
HBIX pyaaepeHa yepes O1oA0rmdeckrie MeMOpaHbl KA€TOK pa3AMIHOTO TUIIA.

dyaaepeHsl, 001ajaroIINe YHUKAABHON 9A€KTPOHHON CTPYKTYpPOIl, OOHapy>KIBAIOT SIPKO BbI-
pa’keHHbIe JOHOPHO-aKIleIITOpHEIe cBolicTBa. [1pu BO3Oy>KaeHMM KBaHTOM CBeTa OHM CITOCOO-
HBI BBICTYIIaTh B KaueCTBe JOHOPOB 5AeKTpOHOB [11], B TO BpeMsi KaK B CBOEM OCHOBHOM COTO-
SIHUY OHM MPOSBASIOT DAeKTPOHaKIenTOpHbIe csoiicTBa [12]. Vicxoas ns criocobHOCTM A0HM-
poBaTh DAeKTPOHHI, (PpyAdepeHsl U UX IPOM3BOAHbIe MOTYT HalT! CBOe ITpMMeHeHe B pOTo-
AVHAaMMYECKON Tepalluy 3A0KadecTBeHHBIX omyxoaeii [13-16]. PesyabTaThl nocaegnux padoT
ITOKa3aAl, YTO KOMILAeKCh PpyalepeHa ¢ KpacutedeM 9PPeKTUBHO NOTA0IIalOT B BUAUMON
o0aacTu crieKTpa 1 1pu poToBO30YKAeHIY TeHepUPYIOT aKTUBHbIe pajAlKaAbl, YTO IIPUBOANUT
K paspylLIeHNIO KAeTOK paKoBOIi oIryxoan. IIpummepamu Takmx KOMILA€KCOB SIBASIOTCS KOMII-
A€KChI BOAOPaCTBOPUMBIX ITpon3BoAHEIX (pyasepena Ceo ¢ PoTocencom [17] u ¢ mpoTusooIy-
XOA€BBIM aHTUOMOTUKOM pyOokcnaoMm [18].00besunenne pyOokcmuaa B OAHY CTPYKTYpy C
({pyasepenoM mpuBOAMAO K CyLIECTBEHHOMY YCUAEHMIO €r0 IPOTUBOOITYXOAEBBLIX CBOICTB,
yBeANdMBasi CpeAHIOI0 MPOAOAKUTEABHOCTD JKU3HI DKCIIePUMMeHTaAbHbBIX JKMBOTHBIX Ha 260%
1o cpasHeHMIO 140% aas1 pyookcuaa. ITpu 9ToM TOKCMYHOCTh 4QHHOTO IIpellapaTa CHIUKeHa
B 4 paza I10 CpaBHEHMIO C MICXOAHBIM IperapaToM. TakKe M3BeCTHBI AaHHbIe O IIPOTUBOOITYXO-
A€BOJI aKTMBHOCTY HEKOTOPBIX ITPOMU3BOAHBIX (pyAsepeHoB Oe3 o0ayuenns [19], uro cBuaeTeanc-
TByeT O IIOTeHI[1aAbHOJ BO3MOXKHOCTY IIPMMeHeHs UX B Xumuorepanun. B padore [20] no-
kazaHo, yto HaHouyacTuiel [Gd@C82(OH)22In mHrmOupyIoT npoandepanmio OIIyXOAeBbIX
KAETOK IIpM HU3KOM ToKcuyHocTu. HaobopoT, criocobHoCTh PyaaepeHoB 1 X ITPOU3BOAHBIX
BBICTYIATh aKLENTOPaMI DAEKTPOHOB IIPUAAeT UM aHTUMPaAMKaAbHbIe M aHTUMOKCUAAHTHbIE
cporicTBa [7, 19, 21-26]. B paborte [27] yTBep>kAaeTcs, uTo KapOOKcu@yaaepeHbl MHAYIMPYIOT
HaKOILAeHMe BHyTPUKAeTOUHO! cynepokcuaaucmyrassl (COZ), 4To BO3MOXKHO UTpaeT BaxK-
HYIO pOA4b B X Pa3HOOOpa3HOI aHTMOKCUAAHTHONM aKTUBHOCTIA.

Caeayromum 9TaIlioM MccAel0BaHIs CTaa0 [28] u3ydeHne BAMSHMS KOMILAEKCOB yalepeHa
Coo/TIBIT 1 Ceo/anTI011A041 Ha TeueHMe HeoIldacTudecKux rpoiieccos. [Tpn orenke sdpdexTs-
HOCTU OAHOKPaTHOTO BHyTpuOpIiomHoro seedenns 0,2 ma BogHoro pacrsopa komriaekca Ceo
/TIBIT ¢ coaep>xannem ¢yasepera 0,1% >KMBOTHBIM C DKCIIepUMeHTaABHON aclUTHON (POpMOir
paka Dpanxa Ha 11-e CyTKM BBIABAEHO He3HAUMTEAbHOE CHIDKEHIE KOAMYeCTBa acCIIUTHOM
JKMAKOCTHU B OPIOIITHOM II0AOCTH, B CpegHeM, Ha 7,5% y >KMBOTHBIX, KOTOPBIM BBOAMAV KOMII-
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A€KC, TIO CPaBHEHMIO C SKMBOTHBIMIU KOHTPOABHBIX TPYIIIL. Y OIIBITHONM I'PYIIIIBI BBIIBA€HO CHM-
KeHMe OOILIero KOAMJIeCTBa JKUBBIX OITyXOAE€BbIX KAETOK B aCLIMTHOM XKIAKOCTH, B CpegHeM, Ha
32% u yBeAndeHue OOIIero 41cAa MepTBBIX aTUIIMYHBIX KAeTOK Doee yeM B 2,5 pasa 110 cpas-
HEeHMIO C JKMBOTHBIMU 1-71 11 2-11 KOHTPOABHBIX Ipymm. HeobxoaumMo oTMeTuTs, 4TO 1oAy4deH-
Hble pe3yAbTaThl He UMEIOT CTaTuCTideckon gocropepHoctu (p>0,05). Pesyabrarsl nccaesosa-
Hus BAMsAHNA Komiaekca Ceo/aumonaoa ¢ cogepkanuem ¢pyaaepena 0,15% Ha teuyenue omy-
X0A€eBOTO Ipoliecca Ha OeApe ¢ BhIpakeHHBIM MHPUALTPATUBHLIM POCTOM ITO3BOAMAM yCTa-
HOBUTH €TI0 TOPMO3BsIIiee AeViCTBIe Ha OIyXOAeBbIl pocT. Tak, Ha 16-e cyTKy CHU>KeHMe MHTeH-
CHBHOCTM POCTa OITyXOAM Y >KMBOTHBIX, KOTOPHIM Obla BBeAeH KoMriaeke Ceo/AMIongo4a, coc-
TaBnao 48%, a Ha 21-e cyTku — 35% I10 cpaBHEHMIO C KOHTPOABHOI rpymmoii. Iloaydyennsre
pe3yAabTaThl TaKXe CTaTUCTUYeCK He 40cToBepHEI (p>0,05).

Y >KMBOTHBIX BCEX OMBITHBIX IPYIIII OTCYTCTBOBAAM IIPU3HAKM MHTOKCUKALIUN B CBSI3M C BBeJe-
HIueM (yA4epeHOBLIX KOMILAEKCOB I BOCIIaAUTeAbHbIe sSBA€HIs B MecTaX 1X BBegeHns. Takum
obpasoM, Ppyaaepenosbie KomriaeKcsl Coo/TIBIT 11 Coo/a11011401 HE MPOSABAAIOT BOCIIAAUTEAD-
HOTO M OCTPOTO TOKCHMYECKOTO AEVICTBMS Ha OPTaHM3M DKCIIePUMeHTaAbHbIX JKMBOTHBIX, BHYT-
pubpromuHHOe ogHOKpaTHOe BBeAenne komIaekca Ceo/[IBIT >xuBOTHBIM ¢ actiUTHOM (GOPMOIT
paka Dpauxa CHM>KaeT YMCAO KMBBIX U IOBBIIIAET YMCAO MEPTBBIX OITyXOAEBbIX KAeTOK B ac-
LIMTIeCKO JKMAKOCTI. BBeaenne xommnaekca Coo/AUIIONA0A B TKaHM, OKpY>KalOIIIye IT0AKOX-
HBIII OITyXO/€BBIN y3ea Ha Deape, 3agep>KuBaeT pocT omyxoan [28].

B MupoByIo mpakTuKy KAMHIYECKO OHKOAOTUY MHTEHCUBHO BHEAPSIOTCS HOBbIe COBpeMeH-
Hble TeXHOAOTUH AeueHIs OITyX04eBhIX 3aD0AeBaHMil — MOHapHasl (pagnoAorndeckoe YHU4TO-
JKeHJe HOBOOOpa3OBaHMII C IIOMOIIBIO BBE€AEHMSI COOTBETCTBYIOIINX KOPOTKOXKUBYIINX pa-
AVIOHYKAMAOB), OMHapHas (1AM HEITpOHO3axBaTHAs) — ®Ta TEXHOAOTU:I pa3paboTaHa 445 U3-
OupaTeabHOTO BO34ENCTBIS Ha 3A0KayeCTBeHHble HOBOOOPpa3oBaHMs U MCIIOAb3yeT TPOITHbIe
K OTTyXOASIM TIpeTiapaThi, cojepsKaliye HepaanoakTusHeie Hykauasl (B, cd™, Gd™ u ap.),
KOTOpBI€, TIOTA0IIasl TeILA0BbIe HeITPOHBI, CIIOCOOHBI TeHEPUPOBATh BTOPUIHOE X-U3AyIeHIe,
IyOuTeABHOE A/l I1eAeBBIX OITYXOAeBbIX KAeTOK-MUIIIeHell 1 40CTaTOYHO Oe3oI1acHoe AAs HOp-
MaAbHBIX, 340POBLIX OPraHOB U TKaHel U TpuajHas-I10CAeA0BaTeAbHOe BBeAeHVEe B OPraHu3M
KOMOMHAIIMI U3 ABYX U 00/ee, IIO OTAEABHOCTY HEaKTUBHBIX U Oe3BpeAHBIX KOMIIOHEHTOB,
TPOIIHBIX K OIYXOA€BbIM TKaHsAM M CIIOCOOHBIM B HUX Ce/AeKTMBHO HaKaIlAMBaThCs, BCTYIIaTh
APYT C APYTOM B XMMIUYECKOe B3alIMOJEIICTBIe M YHUUTOXKaTh OITyXOAeBble HOBOOOpa3OBaHIAs
104, AeVICTBMeM CAa0BIX CeHCUOMAVBUPYIOIINMX BHEIITHMX BO3ATICTBUI AU U3AYIeHUIA.

Emje oagHuM HampapaeHueM II0 pa3paOOTKe KAaCTE@pPHBIX areHTOB, crienuduyecku copoupy-
IOIIVXCSL M HaKaIlAMBAIOMIMXCs B OITyXOAeBbIX KAeTKaX, HeOOXOAMMBIX AAsl AMArHOCTUKU U
AedyeHIsl pakKa, ABASIETCSI CUHTe3 IIPOM3BOAHBIX KapOOpaHOB [29-32] 11 9HA0DAPUIECKIX DAeMeH-
TOCOAep>KalllVIX, B TOM 4JCA€e PasVIOHyKAMAOcoAep Kammx (Y, zr®, Fe®, Eu', Eu*®, Eu™, Tm'™,
Rn*2, U%°, pu®, cm*®, cm**, Es®®) GaxmuHcepdyaaepeHOB [33-54]. SB-As1€TCs IEPCIEKTVBHBIM
U3ydeHue, B TOM 4lcAe Y MeTOAO0M KBaHTOBO-XMIMIUYECKOTO MOJeA-Mp-BaHMs, BO3MOXKHOCTH
IIPUMEHEHNS U APYTUX HYKAUAOB U PaJVOHYKAUAOB AAs AMArHOCTVMKIU M Tepaluy OHKOAO-
rmdecknx 3aboaesaHnit. B gaHHOI paboTe IpeacTaBAeHbl pe3yAbTaThl KBAHTOBO-XMMIYECKOTO
IIPOeKTUPOBAHMS DHAODAPUUECKNX MHAUIICOAeP>KAIllMX MPOU3BOAHBIX OaKMUHCTepdyAle-
penos C,, u C,; 445 pa3pabOTKM palllOHyKAMAHBIX HAaHOPa3MepPHBIX aleHTOB-1CTpebuTeenn

OITyXO/A€BBIX HOBOO6pa30BaHI/H7I.

IlepcrieKTMBHBIMU A4 IIPVIMEHEHNS B MeAUIIMHE SBASIOTCA DHAOMeTaAl10(]yAlepeHsl Ha Oc-
HoBe Gd* (Gd@Cs). I3BecTHO, UTO OpraHMYecKye KOMILAeKCh Ha ocHoBe Gd* mmpoko npu-
MEHSIOTCSl B KauecTBe KOHTPaCTUPYIOIINX BelllecTs B MeAnHcko SIMP Tomorpadun, 5 $po-
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TOH3aXBaTHOM I HEMITPOH3aXBaTHOI Tepanuu omyxoaeil. Beeagenne nona Gd* B dpyaaepeno-
BB cpepon/ MOAHOCTBIO MCKAIOYaeT ero TOKCMYecKoe JAeliCTBMe Ha OpTaHM3M, II03BOAsdeT
KOHTPOAMPOBaTh 4OCTaBKy B 004aCTh IIaTOAOTUN U BhIBeJeHMe 13 opranmuaMma. VizpectHo, yto
MoaudunyposanHbie Gd@Cs: MPOsBASIOT IPOTUBOOITYXOAEBYIO aKTUBHOCTD U B TO JKe BpeM:
BbI3bIBAIOT B 20-50 pas 6o.aee BBHICOKYIO pedaKcaliiio IIPOTOHOB IO CpaBHEHMIO TpaAUIIIOHHBI-
MM KOHTpacTUpPYIOIUMH Berjectsamu. ITpuMenenne sHaoMetaaa0dyaiepeHOB Ha OCHOBe
Gd* mospoaseT MpOrHO3MpPOBaTh CO34aHNe BHICOKOD(PPEKTUBHBIX OMOCOBMECTUMBIX ITperia-
paToB, KOTOPbIe OAHOBPEMEHHO MOTYT OBITh MCIIOAb30BaHbI B KaueCTBe AMarHOCTUYECKOIo U
IIPOTUBOOITYX0A€BOTIO IIperapara B paMKax Tpex Metoauk — SIMP-tomorpadun, poron-zax-
BaTHOI1 U HeNTpoH-3axBaTHOM Teparmu. B VIITX® PAH snepsrie paspaboTaHa MeTOAMKa CUH-
Tesa 1 Boigesenus Gd@Cs: B mpenapaTUBHBIX KOAMYECTBAX, AOCTaTOUHBIX AAs UX IIpUMeHe-
HIS B KadecTBe (PYHKIIMOHAABHBIX IIpeIlapaToB, B TOM 4lCAe B AMaTHOCTUKe U Tepanum [55].
IToxazaHo, 4TO TTOAy4YeHHBIe 10 TaKOl MeTOAMKe DHAOMeTaAA0(yalepeHbl He 004alaloT TOK-
cryHOCThIO. ITpoBOAsATCSA MCccaes0BaHMs 10 MX HaIlpaBAeHHON MOAMPUKAIIMM U MCIIOAL30-
BaHMIO B KauecTse SIMP-pesakcatopos [56]. PesyapTaTel 1MccaeA0BaHMII YKa3bIBAIOT HA IIyTU
CO34aHus BBICOKO D(P(PeKTUBHBIX TUOPUAHBIX CTPYKTYP Ha OCHOBE BOAOPACTBOPUMBIX IIPOU3-
BOAHBIX QyadepeHa, 001ajaioOIIX IPOTUBOOITYXOAeBbIM, aHTMeTacTaTM4eCKIM, ITPOTUBO-
BUPYCHBIM 1 HEIIPOIIPOTEKTOPHBIM JAeMICTBIeM, CIIOCOOHBIX BBICTYHaTh B KauecTse 9 PeKTnB-
HBIX AMAarHOCTUYECKUX CPeACTB.

Takym 06pa3zoM, KOMOMHMPOBAHHOE CIIOAB30BaHNe apceHala MEeTOAOB I ITOAXO0A0B (PU3NKI,
XVIMHIJ Y MOAEKYASPHON O10A0TUM TI03BOASIET IIPOTHO3MPOBATh CO34aHMe Ha Oase Ppyaaepe-
HOB HOBBIX OMIOCOBMECTUMBIX U OM10A0TYeCKM aKTUBHBIX HAHOCTPYKTYP A4Sl IIMPOKOIO IpU-
MeHeHIs B MeguiiyHe. Takue CTPyKTypbl M MaTepyaAbl OTAMYAIOTCs MaAo

TOKCMYHOCTBIO 11 BLICOKOM CeAeKTMBHOCTBIO AeMICTBIS Ha O11010TMYecKyie CICTeMBbl pa3AMIHOIO
YPOBHs OpTaHM3alll, ¥ MOTYT HOCAY>KUTh OCHOBOM A/ CO34aHMs IIPUHIUIINAABHO HOBBIX
AEKapPCTBEHHBIX COEAVHeHMI AAsl A€4eHM:s U AVIAaTHOCTUKM IIMPOKOIO CIIeKTPa COIMaAbHO
3HaYMMBIX 3a004eBaHNil (OHKOAOIMS, Kapanoaorus, 6oae3nu Aapireiimepa u [lapknncona,
CIINA, rpuni u Apyrue BUpPyCHble MH(PEKIINN).
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GLOSTIRIDIUM SIMILAR BACTERIES IN
NATURE BIOCHEMICAL INDICATORS

M.R. SHAFIYEVA

ABSTRACT

The microbiological activity of the glostiridium similar bacteries is very high. These bacteries fixes the free
atmospheric nitric, enriches the world ocean with organic matters, plays active part in overturn of organogenic
and other elements. Land regulates its, increases and enriches the photosynthetic productivity on the earth, splits
the organic garbages and other products, provides their redividing into periods.

The dead capital of the nature nitrogen and its biological circulation firstly incurs to the microbiological overturn
of glostiridium similar bacteries. There have been given information in this material about identification of the
groups assuming practical importance of glostiridium similar bacteries.These indicators being presages of different
kind of bacteries are described as table.

Keywords: bacteria genus Clostridium, identification of bacteria, systematics of bacteria, biochemical indicators.

C1OSTRIDIUM CINSLI BAKTERIYALARIN CANLI TOBIOTDO YERI
XULASO

Clostridium cinsli bakteriyalar mikrobioloji aktivlik ¢ox yiiksokdir. Bu bakteriyalar sorbast atmosfer azotunu
fikso edir, diinya okeanini yeni uzvi maddalarls zonginlasdirir, orqanogen vo digar elementlarin ¢evrilmalarinde
faal rol oynayir. Torpaq miinbitliyini tonzimlayir, yer tizerindoki fotosintetik mahsuldarligt artirir ve zenginlasdirir,
tizvi tullantilar1 ve diger mahsullar1 parcalayir, onlarin yenidon dévrloesdirilmasi tomin edilir.

Tobiatin 6lii searmayasi olan azot ve onun bioloji dévrani ilk névbada Clostridium cinsli bakteriyalarm mikro
bioloji ¢evrilmalarine maruz qalir. Bu materialda Clostridium cinsli bakteriyalarin praktiki shemiyyat kasb edan
qruplarinin identifikasiyasina aid mealumatlar verilmisdir. Bu gostericilor miixtolif noév bakteriyalarin slamatlori
olub cadval soklinda tosvir edilmisdir.

Acar sozlar: Glostridium cinsli bakteriyalar, bakteriyalarin identfikasiya bakteriyalarin sistimatikasi, bio-
kimyavi gostericilar.

MECTO B JXVBOW ITPUPOAE BAKTEPU POAOB CLOSTRIDIUM
PE3IOME

Muxkpobuoaormdeckast aktuBHOcTh Clostridium poaos GaxTepuit odeHb BbhICOKA. DTM GakTepuu cBOOOJHO
¢uxcupyrorcsa B arMocepHOM a30Te, MIPOBOII OKeaH OoOoraIaeTcsl HOBRIMM OpTaHMIeCKMMH BelllecTBaMu, KOTo-
pBle UrpaloT aKTUBHYIO pOAb B IIpeBpallieHne orqanogen 1 APyrux 51€MeHTOB. PeryaupyeTcs 111040poAye TIOUBH,
MHUPOBOM OKeaHe yBeAndyBaeTcsl pOTOCHHTETHIECKNEe IIPOAYKTUBHOCTD 11 ODOTalIlaeTcsl, pa3AoraeT OpraHmdecKue
OTXOABL U APYTHE IIPOAYKTBI, OOecIiednBaeT X IOBTOPHOe IIepuoau3anysl. A30T 1 ero 61010IMIecKnii Kpyroso-
POT B IIpMUpPOJe, B IIEPBYIO ouepeab Karmraa MepTBbIX BA0B Clostridium 6akrepuit moasepraiorcs: MMKpOOMOA0-
TM9ecKoby TpeBparreHnio. B cratpe Gakrepmii pogos Clostridium Opraa nudopmarus cesa3aHHas C BhIABAEHIEM
IIpaKTHYecKoe 3HaueHye DTY IToKa3aTeAn ABASIOTC CUMIITOMaMU Pa3ANdHbIX POAOB OaKTepuit ObLAM OIIMICAaHBI B
Tabauiie.

Karouesble caosa: bakrepuit pogos Clostridium, HHAeHUKaIMs GaKTepuit ,cicTeMaTiKa OakTepuii, 6mo-
XUMUYECKIe IoKa3aTeAn.

Tebii alomin ve onun biomiixtslifliyinin dyranilmesi, genofondunun qorunmasi ve semarali
istifade olunmasmin elmi ssaslarla tadqiq edilmasi, onun inkisaf qanunauygunluqlarmin is-
lanib hazirlanmasi miihiim shamiyyet kasb edir. Azarbaycanin tebisti, onun inkisaf qanuna-
uygunluglarinin tadqiqi va baslica olaraq ekoloji tomiz mahsul istehsal olunmagla insan saq-
lamliqinin gqorunmasi {iglin bioloji malumat sistemlarinin yaradilmas: ve ekoloji proseslarin
kompleks monitoringi labud va zaruri sertlorden biridir. Bu baximdan canli tebistde mikro-
orqanizmlarin rolu svazedilmazdir ve boyuk shemiyyat kasb edir.
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Mikroorqanizmlar alominda bakteriyalarin xiisusi yeri vardir. Biitlin canli orqanizmler kimi
bakteriyalarda {imumi bioloji (bdyiims, goxalma va s.) xiisusiyyetlora malikdir. Belo ki, bakte-
riyalar ¢oxalir, populyasiya daxilinds orqanizlarin say1 artir vo s. bu kimi fizioloji proseslarla
naticalonir. Belslikls bakteriyalarin canli tobistds xiisusi yeri vardir.

Bakteriyalarin identfikasiya olunmasi ve sistimatikasinin dyrenilmasi eksperimental todqiqat
tisullarla tohlil olunur. Hazirda bakteriyalarin sistemlogsdirilmasindoAmerika alimi D.Berc
torafindan tartib edilmis va bir ne¢a dafa nasr olunmus toyinediciden genis istifads olunur.

Umumi bioloji tadqiqatlarin avesiz obyektina cevrimis ve bakterial ¢éplarin iysbanzar sporlu
fopmalar1 “qlostridium” adlandirilir ve bu kimi névlar Glostridium cinsine aid edilir. Glostri
dium cinsli bakteriyalar tobiatds ( torpaq, hava, su, insanlarin ve heyvanlarin mades-bagirsagi
v s.) genis yayimis va elmi tadqgiqatlarin asas mévzusuna ¢evrimisdir.

Miiasir tayinedicilords Glostridium cinsli bakteriyalarin jelatine olan miinasibatine gore 3 qrupa
(cadval 1,4,10) boliiniir. Qruplar iizrs bakteriya névlari miivafiq xtisusiyyetler ve salamotlorle
(codval I-10) forqlenirlar. I qrup novler bir sira fordi va forqli xiisusiyyatlara (codval No I) ma-

likdirlar.

Cadval Nei Clostridium cinsinin I qrup iizrs bakteriya novlari ve onlarin forglanen slamatlari

<158 |slals ;
2lElE|2|2|8|2 2|2
SIS |8 |4 |2 |Z2|3|8|E
S|S|leg|c|g|Z|8|8|Z
1. C.butyricum + o+ x|+ |+ - - X
2. C. Beijerickii + |+ |- |- - -
3. C. Oroticum + |+ |+ |+ |+ |- |+ |- |+
4. C. Rectum + |+ |+ |+ |- - - |+
5. C. Paraperfringenis [+ |+ |- |+ |[b [+ |- [- |b
6. C. Rubrum + |+ [+ |+ b |+ |- |b |-
7. C. falTax + |+ - |- Ix |+ |- Ix |-
8. C.pasteurianum + |+ o+ - - - - -
9.C. sticklandii + - - -+ - - - )
10. C. Tyrobutyricum |- [+ |- |- N
11. C. Propionicum N

b- variasiya olunan alamatlar

Clostridium cinsinin I qrupuna aid edilon bakteriya novlari jelatini hidroliz eds bilmir vo
sporlar1 subterminaldir. Bu bakteriyalar bir ¢ox geyri-uzvi ve iizvi maddslari miibadils edir.
Tebistde maddalar miibadilasinds ve elementlarin bioloji dovraninda istirak edir, karbon

moangali maddalari (cadval Ne2) faal parcalayir.

Bu bakteriyalarin bazi névlari jelatini ve kazeini hidroliz etmir, indol ve ya asetilmetilkarbinol,
ureaza vo ya lipazani, elacods toksinler emale gatirmirlsr, laboratoriya canlilar1 (cadval Ne2)

tiglin patogen deyildir.

CadvalNe2 Miixtalif nov karbohidratlar qicqirdan I qrup Clostridium cinsili bakteriyalar

95]

& 5 & gl::-’o g B! E g

2 . st .2 g

|| 5|5|¢g S é? S| E|E|E

j= = B = = — —_ .

2|l Bl || &|28|E|8|%| 2=

=] = o = & g = it 9 o) 9

% O . | . ) 0 - = =

SIEIS| 9 E|lY |2 ald]2]5

- 5 % S| =

Amiqdalin | x - - - - - - - - - _
Arabinoza X + + - - + - + - - _
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Sellobioza + + + + + + - + _ _ _
Dulsit
Eskulin
Fruktoza
Qalaktoza
Qlukoza
Qliserin
Qlikogen
Inozit

1
1
+
1
1
1
1
1
1
1
1

+ [+ |+
+ [+ |+
+ [+ |+
+ [+ |+
++ |+ [+
++ |+ [+

+ 1+ |+ [+

'
+ [+
1
1
1

Inulin
Laktoza
Maltoza
Mannit

+ |+ |+ |+
+ |+ |+ |+
1
1

e ol o S P RN RS PO IR N [N P
.
'
+
+
1
1
1
1

+
+
+

Mannoza

o+ x|+ |+ ]+
+
+ |+ |+ |+

+
1
1

Melesitoza
Melibioza
Rafinoza

+ |+ |+ |+
1
'
'
'
'
1
1
1
1

1
+
1
1
1

Ramnoza
Riboza
Salisin
Sorbit - - - -
Sorboza - -

+ 4 x|+ |+
1

1
+l+ [+ |+
1
x
[+ % |x [+
v %
+ = [x
1
1
1

1
'
'
'
+ |+ %
1
1
1
1

Nisasta

Saxaroza

+
x|+ |+
+ [+
1
1
1

Treqaloza

+ |+ |+ |+

+ |+ |+

+ |+ |+
1

+ % |+ %

+ + - -

Ksiloza

Cadvalds gostarilon bakteriya novleri adonit ve sellyuloza qicqirtmurlar.

Biitiin canlilar kimi mikroorqanizmlarin hayat fealiyyati kimyavi reaksiyalarin bioloji miiba-
dilesi ilo davam edir. Belaki I qrup Clostridium cinsili bakteriyalar bir sira biokimyavi goste-
ricilorls (cadval Ne3 ) xarakteriza olunur.

CadvalNe3 Clostridium cinsinin I qrup bakteriyalarin biokimyavi gostericilari

= E g g g
g % g ) 2 = S =}
5 g g g £ >< = < | 2 =
2 =) S : < < = = 2
B = = 2 & = = R ] = g
> b3 = O = e = -~ = =
o O 9] 9 = I = =~ ) Q.
=1 3} 3 H © = - A} i °© °
Sl el S lJ syl Yl &8 2| 5| &
o|lu|Y Y &l J| =
/ - <f : NS U po U @]
o¢] — Al
H>S5-n amals golmasi - - - + + - + - - - +
Letsitinaza (yumurta saris1 + gan) - - - - + - - - - - -
Qanli agarin hemolizi - + - - X - - - - _ _
Nitratin reduksiyasi X - + + X - - - - -

C.paraerfringen yumurta sarisi ilo qanli miihitds letsitinaza fermetini emals gatirir.

Clostridium cinsili bakteriyalarin jelatini hidroliz eden va sporlar1 subterminal olan névleri
I qrupuna aid eilir. Bu bakteriyalarinda canli tebistde 6ziine maxsus yeri vo rolu vardir.
Bunlar miixtalifliyi ilo forqlenir ve fardi slamatlarls (codval Ne4) saciyyaslanir.
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Cadval Ne4 Clostridium cinsinin IIqrup bakteriyalarin fardi slamatlari

Hoazm olunan kazein
Lesitinaza
Indol
Lipaza
Qlyukoza
Mannoza
Maltoza
Laktoza
Salisin

12.C.ghoni

13.C. bifermentans
14.C.sordellii"
15.C.lituseburense

+
+
1
1
1
1
1

'
+ [+ |+
1
+ [+ |+
1
1

+l+ |+ [+ ]+

16.C. limosum?
17.C.subterminale?- 3
18.C.mangenotii + - + - - - - -

o+ |+ [+ [+ ]+
1
1

19.C. sporogenes? + - - - - -
20.C.botulinum
AB,C,D,F¥ tipi + - - + + _
B,C,D,E F¥ tipi - b - + + + -
GHtipi

21.C. plagarum
22.C.asetobutylicum
23.C histolyticum?®
24.C.aurantibutyricum - - - +

oo o |l
1

+ |+

+ [+ |+ |+
1
1
1
+ [+
+ [+
+ [+
+ [+

+
N
+
+
+

25.C. novyi -
A tipi - + _ +
B tipi B + - _
C tipi - - X -

+ | X
1

26.C.perfringens - - + -

27.C.haemolyticum - + - _

+ (T

28. C.felsineum> - - - _

29.C.chauvoei - - - _

+ |+ o+ |+
++ |+ [+ ]+

o

30.C. septicum® - - - _
31.C.difficile® - - - -

|+ [+ [+ ||+ ]+ ]+
++ |+ o+ |+

Buradan; » C. sordellii ureaza fermentini amols gotirir, C. bifermentans ise omals gatirmir.
2 C. limosum kollagenazani amale gatirir, C. subterminale ilo amale gotirmir.

% C.histolyticum aerotoleterantendir, C. subterminale ise bu xiisusiyyate malik deyil.

4 Toksinlarin neytrallagsmasi ilo udentifikasiya edilmak {i¢iin hazirlanan “mditlaq” testlor
% C. felsineum saxarozani qicqirma qabiliyyatine malikdir, C. septicum isa yox.

o C. difficile jelatini ¢ox yavas hidroliz edir.

b- variasiya olunan alamatlar

Clostridium cinsili bakteriyalar II qrupuna aid olan mikroorqanizmlar miixtslif név karbohid-
ratlar1 (cadval 5) qieqirdir.
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Cadval No5 Miixtalif név karbohidratlar qicqirdan Clostridium cinsili IT qrup bakteriyalar

ARHPOTE

BOANELD'D'6T

LINBUIS[a) DRT

WINDA[OWBEY' D' 4T

supBuaipad oo

S LAAOLL Dy

q 1haou Dy

v 180U D'g

wnouAnguuene D Hg
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wnoldingolase’ D gz

wnowna ebed *o'1g

iy 5

dna‘a‘a’od

ranay
wnuinioq'D 0z

saueotods g

mouafuery gy

B[EUILLLIIGNS D 4]

Lnsow| ‘09|

BSULAINGASI D G

HPPOs' D1

XSLEJUBLLIBIG D'e T

o3 D gL

C

Amigdalin

Arabinoza
Sellobioza

Dulsit

Eskulin

Fruktoza

Qalaktoza

Qlukoza

Qliserin

Qlikogen

Inozit

Laktoza

Maltoza

Mannit

Mannoza

Melesitoza

Melibioza

Rafinoza

Ramnoza

Riboza

Salisin

Sorbit

Sorboza

Nisasta

Saxaroza

Treqaloza

Ksiloza

IT qrup Clostridium cinsli bakteriyalar bir sira biokimyavi gostericileri tayin olunmus ve asa-

gidaki cadvalda (cedval Neb)) verilmisdir.

Cadval Ne6 II grup Clostridium cinsli bakteriyalarin bazi biokimyaevi gostaricilari

A[PWPIPOIE

wnondas g

ROANBYI ' 6T

WMIUIS[ay' D8¢

wnoynowey D /g

suaBuaiyrad y 9z

S 1daou D

gqihaou

v 1Aaou 56z

wmoufingnueme gz

"MAIOISIY D'ET

wnonfingolase Y gz

wnieberd g

dy o

4’7’’’

1anda'v

WnuINOq D 0g

‘grsauadorods g1

moua8uewry' gL

-d[eUTULIDIONS ) /T

wnsow| "9

2sUINGISIT D'GT

HIPPIOS Dp L

UBRIURWLIR)IG D' EL

woys gl

H.S

Ureaza
Jelatin

Kazein

Nitratlar

Asetilmetil-

karbinol

Toksinlar

Patogenlilik
Hemoliz
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IT grup Clostridium cinsli bakteriyalarin bazilari HzS, asetilmetilkarbinol va toksinlarin amals
gotirir, jelatini durulasdirir, kazeinin hidroliz edir, digerlari ise nitratlarin reduksiyasina ve
ganin hemolizina sebab olur . Bir ne¢e nov isa laboratoriya canlilar1 iigiin patogendir.

CadvalNe7 Clostridium cinsinin III qrupuna aid olan névlar ve onlari farglandiran slamatlar

=

< =

L] (] ] < |

= < -

Sl || E| 8| 8| 8)8|E

e o ~ < -9 o < = [ =

4| Bl B| &| X | 2| | ="] |28

® — > [ z (7] < —

g Fl =3 & =S &

an) @] = 2 o

—

9]

<
32.C.sphenoides + + + b b b + + -
33.C.indolis + + + + - - X -
34.C.scatologenes + + + - - + - - + -
35.C.malenominatum + + - - - - - - - -
36.C.tertium + - + + + + + + + +
37.C.sartagoformum + - + + + b + + + -
38.C.cellobioparum + - + c c + - + + -
39.C.thermosaccharoluticum | + - + - + X + + -
40.C.psevdotetanicum + - + + + + + + +
41.C. carnus + - + - X X - + + -
42.C.paraputrificum + - + - + b - + + -
43.C.aminovalericum + - + - - - - - - -
44.C.qlucolicum + - + - - - - - -
45.C.sporosphaeroides - - - - - - - - - -
46.cochlearium + - - - - - - - - -
47.C.ramosum - - + X + b + + + -
48.C.innocuum - - + + - + - + -
49.C.barkeri - - + + - + - - - -
50.C.perenne - - + - + + + + -

Clostridium cinsinin III qrupuna aid olan bakteriya novlari kultural xiisusiyyastlari (codval 8)
ilo daha ¢ox ferqlenirlar.

Cadval Ne8 Miixtalif nov karbohidratlar qicqirdan Clostridium cinsili i qrup bakteriyalar

[2]
£ £ . £ e | E i
2 g | 2 £ | E £ g S| B e | B
9] c < g I < = 3] 8 <] g g g )
s @« ) c =t g b 9 g 2 =l 5 5] 3] =1 5 =1 k= =1
g | & & | -2 5 g S g £ Sl E| 2| = s | E 2 2| & 5
S|l S| 2| E|E| %] 2 g Bl El 2|5 |=|s| | 8|2 ¢
< =) £ c g ) 2 2] 2 S a ) = % = § c 8 9]
a, J < 9] H 8 = = 4 . © c = o 5 < c 2 Q.
I 9 — U o = 9} @) = = Sy = g 4 A J U
H @ < 4 < [ < O / = g 5 S S )
N 8 U g 2 @ s = 8 S| &~ g o} a, 9 d ) o S
) ) 3 & ? U U o < R 3 ] @ ) [ = <+ [rs}
S X ] 9 = > J E-\l) )] F U < <+ <
9 B el el = < ool 5
Adonit - - - - - - - - - - - - - - R B - _ _
Amiqdalin - X - - + - - + + X X - - - - + - - -
Arabinoza X X + - X - + + + - X - - - - X X - -
Sellobioza + - - + + + + + + X c - - - + + - -
Selluloza - - - - - - + - - - - - - - - B - _ _
Dulsit - - - - X + - - - - - X - - - - -
Eskulin X + - - X - - X - - X - - - - _
Eritrit - - - - - - - - + - - - - - - - - -
Fruktoza + + + - + + + + + X + - + - - + + + +
Qalaktoza X + X - + + + + + + +- - - - - + + - +
Qlukoza + + + - + + + + + + + + + - - + + + +
Qliserin X - + - - - c - + - - - - - - - - - -
Qlikogen X - - - + + - + + + - - - - - - - - -
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Ksiloza

Clostridium cinsili Illqrup bakteriyalar miixtslif nv karbohidratlar qicqirdir ve miibadils edir.

CadvalNe9 III qrup Clostridium cinsli bakteriyalarda biokimyavi ¢evrilmalar

E £ o
= E . = 3 =
w|l B 5 g &1 .8 g B I3
n o 2 E = 3] =) o2 o 5
o el = © o E Bl Q E =
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cilew| F| | 8 || w|a | S| Z|lad|lad|F|w| 9| =|w|alo
Nl oon| on| o o [ag] o o =T =T =T =T =T =T =T = =T =T W
Lesitinazanin === - - - - - [N I I
amalo golmasi
H,S-in omalo golmosi |+ |+ [+ [+ |- |- |- |- [- |- |- |- |+ |+ |x |- |- |- |¢c
Nitratlarinreduksiyast | x |+ |- |+ | X |- - - - - Ix 1x |- - - _ _ _ +
Asetilmetilkarbinolun | - |+ |- |- |- - Ix |- [ I I I I I N
amoala golmoasi
Toksinlorin amala - - 1-- |- - - - e
galmasi
Laboratoriya canlilant |- |- |- |- |- - - - e
ti¢lin patogenlilik
Qanin hemolizi - - le |- |- - - - Sl de - T1-71-71- 1T+ 1T- 1T-

Clostridium cinsli III qrup bakteriyalar jelatini durulagsdirmir, kazeini hidroliz etmir, ureaza
va lipazani emale gotimir.

Clostridium cinsinin IV qrupuna (cadval 10) aid olan bakteriyalarin sporlar1 terminal, jelatini
parcalayir, lipaza, ureaza va asetilmetilkarbinol amale gotirmir, nitratlar: reduksiya etmir.

CadvalNel0 Clostridium cinsinin IV qrupuna aid olan bakteriyalarin forqllandirici ve digar slamatlari

51.C.cadaveris
52.C.lentoput-rescens
53.C.putrificum
54.C.oceanicum
55.C.tetani
56.C.putrefaciens

+
X
1

Hozm olunan sud

Kazeinin hidrolizi
Indolun amolos golmasi
Qlyukozanin gicqirmasi?
Maltozanin gicqirmast - - - +

+ [+ |+
+ [+ =
+
1
:

+
|

+
+
]
+
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Sporun formasi ? O |C |O |O |C O
0OOC-da inkisaf - - - -
H25-in amals galmasi + + + +

Toksinlorin amals galmasi - - - -

+ o+ |+ %
1

Laboratoriya canlilar {igiin patogenlilik | - - - -
Qanin hemolizi C - + +

Letsinazanin amalo galmosi

Y Digar karbohidratlardan mannit, laktoza, riboza, treqaloza, maltoza, mannoza va s. qicqurtmur.
2 “O"-oval, “C”-serik, “c”-zaif reaksiya. “+"miisbat stamlar, “-“ manfi stamlar, “x” 75-80%
miisbot stamlardir.

Clostridium (Prazmovski 1880,23) cinsli bakteriyalarin ¢oplari harekatli, peritrixal qamgilarla
harakat edir vo bazi novlari ise harakatsizdir. Spor emale gatirir ve onlar formasina gore ( oval,
sferik vo iysokilli ) forqlenirlar. Clostridium cinsli bakteriyalar Qram miisbat (Qram”*") olub,
hemoavtotrofdurlar. Bazi bakteriya novleri saxarolitik ve ya proteolitikdir, digerlari ise ham
saxarolitik, ham ds proteolitik xiisusiyyatine malikdir. Bir cox ndvlerda ise bu xiisusiyyastlar
askar olunmamigdir. Sekarlari, goxatomlu spirtlorini, amin tursularini, tizvi turgulari, purin
va diger tizvi birlagsmaleri qicqirdaraq miibadils edir. Clostridium cinsli bakteriyalar azotu fiksa
(azotoaiksatorlar) edir. Sulfatlar1 reduksiya etmirlor.

Clostridium cinsli bakteriyalarin stamlar1 miitlaq anaeroblardir, katalaza fermentini amals (
oks halda amals golse belo ¢ox az miqdarda) gotirmirler. Hiiceyro DNT-do Q+S miqdar1 23-43
molekul (mol%) faizdir. Sporlar1 subterminaldir.

A. Jelatini hidroliz etmir.
I qrup.1-11 novlar

B. Jelatini hidroliz edir.
IT qrup.12-31 novler

asas novu Clostridium butyricum (Prazmvvski 1880,20)-dir. Clostridium cinsinin qruplar:
tizra klasifikasiyas1 asagidaki kimidir:

1. Sporlari subterminaldir.
A. Jelatini hidroliz etmir.

I gqrup 1-11 novler
B. Jelatini hidroliz edir.

IT qrup 12-31 novler

II. Sporlar1 terminaldir.
A. Jelatini hidroliz etmir.
III grup 32-50 novler

B. Jelatini hidroliz edir.
IT qrup 51-56 novler

III. Digar novlar
A. Jelatini hidroliz etmir.
V qrup 51-...... novler

Clostridium cinsli bakteriyalar tobiatin aktual ve potensial mahsuldarliginda rolu avezsizdir,
enerji vo maddalar miibadilssinds, bitovlikdes biosintetik proseslards faal istirak edir. Qeyd
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edoak ki, Clostridium cinsli bakteriyalarin fordi inkisafla populyasion inkisaf arasinda qarsi-
ligh alagalar enanavi olaraq ontogenetik va populyasion tadqiqatlarla tahlil olunurdu.. lakin
bu tadgiqat tisullar1 ilo populyasion proseslorin mexanizmlarinin tam arasdirilmasi bir gox
halda miisbat naticaler vermir. Miihit stresinin 6l¢iisii kimi qabul edilan ontogenezin “inkisa-
fin sabitliyi”nin tahlili perspektiv bir yanasma olaraq ham tabii seraitds, hem da miixtslif an-
tropogen tosirlar altinda otraf miihiitiin giymatlandirilmesi ve monitoringi ti¢iin daha labtid-
diir.

Inkisafin homeostazinin ekoloji aspektlorindon ontogenezin miixtalif marhalalerinde yasayis
yeri, qida tipi, yerdeyisme xarakteri, orqanizmlerin timumi sayina va aktivliyinas tesir edir.
Qeyd edak ki, populyasiyanin sabitliyi ve nisbi sarbastliyi, onun struktur va bioloji xassalari-
nin dayisen yasayis seraiti fonunda uygunlasma xiisusiyystlerinin saxlanmasindan asil1 olub
miihitle dinamik tarazligin saxlanmasi biitov bioloji sistem kimi populyasiyanin homeostazi pin-
sipndan irali golir.
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XULASO

Toaqdim olunan maqalada katalitik kreking ve pirolizin “maye” qazlarinin terkibine daxil olan Cs — Cs4— kar-
bohidrogenlarinin (KPK) genis maraq doguran ve ¢oxfazali katalizde miihiim rolu olan ion-mayelori istiraki ilo
miixtelif gevrilmalari izrs son illorin (ssasen 2007-ci ilden etibaran) adebiyyat menbsleri timumilasdirilmisdir. Hom-
¢inin maqalada KPK-nin miixtalif ¢evrilmalari {i¢iin malum katalitik sistemlar vo onlar iizro adabiyyat moenbalori
da geyd olunmusdur ve ion maye katalizatorlari ilo miigayisali tohlili verilmisdir. IM - larinin maqalade do geyd
olundugu kimi - gox asag1 buxar tozyiqine, termiki ve kimyaovi stabilliyine, maye kristal qurulusa, katalitik vo tok-
rar istifade olunma va s. kimi miihiim xarakteristik xiisusiyyatlora malikdir. IM - larinin bu xiisusiyyatlarine gore
KPK-nin oliqgomerlosmasi, alkillosmosi, efirlosmasi, izomerlosmosi kimimiixtalif ¢evrilmolorinde malum kataliza-
torlarla miiqayisada iistiinliiyii aparilan tacriibalorda siibut olunmusdur.

Acar sozlar: katalitik krekingin ve pirolizin “maye” qazlari, ion mayelari, “ionikylation” prosesi, alkillosms,
oligomerlagmo, izomerlasms, efirlosma.

VARIOUS TRANSFORMATIONS OF HYDROCARBONS, WHICH IS INCLUDE IN “LIQUID” GASES
OF CATALYTIC CRACKING AND PYROLYSIS, IN THE PRESENCE OF IONIC LIQUIDS

ABSTRACT

In the presented article literature materials on the field of various transformations of Cs-Cs hydrocarbons (which is
include in the “liquid” gases of catalytic cracking (KPK) and pyrolysis) in the presence of ionic liquids which play
important role in multiphase catalysis recent years (especially since 2007) are summarized. Also in the article is
noted known catalytic systems for the various transformations of KPK and literature materials above then and given
the comparative analysis with ionic liquid catalysts. As noted in the article Ionic Liquids have very low vapour
pressure, thermally and chemically stability, liquid — crystal structure, catalytic ability, reusability and etc. essential
characteristic features. According to these features of IL’s have been proven in conducted experiments in comparision
with known catalyst different transformations as oligomerization, alkylation, etherification and isomerization of KPK.

Key words: “liquid” gases of catalytic cracking and pyrolysis, ionic liquids, ionikylation, alkylation, oligo-
merization,isomerization,etherification.

PA3/AMNYHBIE ITPEBPAIITEHNSI YT AEBOAOPOA0B, COAEPKAIIIMXCSI B COCTABE « JKUAKMX
»I'A30B KATAAUTULIECKOI'O KPEKVHI'A U1 IIMPOAN3A, B MOHHOXKXNAKOCTHBIX CPEAAX

OB30P

B npeacraBaeHHOIT cTaThe 0OOOIIEHBI AUTepaTypPHBIE ICTOYHUKM (B OCHOBHOM ¢ 2007 T.) MOCAeAHUX A€T IO
pa3HBIM IpeBpaneHnsIM yraesolopoaos Cs-Cs, BXOAAIINX B COCTaB “XXKMAKMX” Ta30B KaTaAUTUIECKOTO KpeKMHTa
(KTIK) 1 nmupoansa B IPUCYTCTBUM MOHHBIX XXMAKOCTEM, MpeACTaBASIOMIMX IIMPOKUIT MHTePeC, I MMEIOIINX BaXK-
HYyIO po4b B MHOro(»a3oBOM KaTaause. B cTaThe IpuBe/JeHbI M3BeCTHBIE KaTaAUTIMeCKIe CHCTEeMBI A5 Pa3ANMIHOIO
poaa mipespamennii KITK 1 oTMedeHsI AuTepaTypHEIe MCTOYHMKY II0 HIM, a Tak>kKe JaHbl CpaBHUTeAbHbIe aHaAM3bI
C MOHHO -XXMAKOCTHBIMY KaTaausaTopamu. VIoHHbIe JKMAKOCTHbIE KaTaAUTIIeCKIe CCTeMBI TI0 CpPaBHEHUIO C paHee
M3BECTHBIMU KaTaau3aTopaMy 004aJaloT YHMKaAbHBIMM CBOMCTBaMU. Tak KaK OHU OTAMYAIOTCS O9eHb HM3KUM
AaBAeHMeM I1apa, TePMUYECKON ¥ XUMIIECKOM CTabMABHOCTBIO, UMEIOT KMAKOCTHO-KPUCTaAANIeCKYIO CTPYKTYpY,
001a4a10T CITOCOOHOCTHIO KaTaAUTUYEeCKOTO BO3AEVICTBISA ¥ BO3MOXKHOCTHIO IIOBTOPHOTO WCITOAB30BaHNsA, a TakXkKe
0041a4a10T APYIMMU Ba>KHBIMM XapakTepucrudeckuMmm ocodeHHoctamu. IIpenmymecrsa KIIK no cpasHenuio c
paHee U3BeCTHBIMM KaTaAM3aTOpaMI AOKa3aHa B Pa3ANYIHBIX ITpeBpalleHNsX, B TaKIX PeaKIVIX KaK 0ANTOMepPH-
3aLus, aAKMAMpPOBaHue, STepu(uUKans, N30Mepu3anyi.

Karouesbie caoBa: “>xmaxue” raspl KaTaAUTUIECKOTO KPEeKUHIa U MMPOAN3a, MOHHEIE Krakocry, “ionikylation”
Ipolecc, aAKUANPOBaHNUe, OAUTOMEepU3aLisl, N30MepH3ans, dTepuQpUKaLs.

117


mailto:ymnkpi@gmail.com

Moammadova Y.M., Oliyeva R.V.

Miiasir elmi-texniki toraqqi neft ve qazin ¢ixarilmasinin, emalinin ve neft kimya sintezi tigiin
asas xammallarin alinmasinin an miiasir texnologiyalarinin islanib hazirlanmasin telab edir.
Neftin emal1 sahasinda asas senaye proseslari olan katalitik krekinq va pirolizden ayrilan Cs
— G4 fraksiyalarinin garakli neft kimya moahsullarina, xiisusile yiiksek oktan adadli qatqilara,
yeni oliqomer vo polimer materiallarina gevrilmasi {igiin miiasir texnologiyalarin yaradilma-
siin hal-hazirda da genis elmi va praktiki shamiyyeti vardir. Zangin karbohidrogen tarkibina
(propan, propilen, (izo)butan, (izo)butilenlar, butadien va s.) malik bu fraksiyalarin semarasiz
istifadasi ekoloji, bioloji ve ham da iqtisadi cohatdan yolverilmazdir. Bu fraksiyalarin oliqomer-
lagsmsa, polimerlasms, efirlosmo, alkillosmsa, izomerlagmasi ilo alina bilon mahsullar hom mii-
asir tolobatlara cavab veran yanacaqlarmn, hoam do ndvbati sintezlor tigiin alverisli birlogsmale-
rin, o climladen qiymatli monomerlarin alinmas ticiin yararlidir [1-4]. Bu reaksiyalarda asasen
izooktanlar va asagimolekullu olefinlar ve s. maqgsadli mehsullardir. Alkilloasma mahsullarin-
dan istifadenin tistiinliiyii onlarin oktan adadinin yiiksok olmasi, alinan mahsulun terkibinda
aromatik karbohidrogenlarin olmamasi ve kiikiirdiin minimal miqdaridir. Oliqgomerlasmes,
efirlosma vo izomerlosma mahsullar asas etibarilo neft — kimya xammal1 kimi, hamginin ya-
rimmsahsul kimi avtomobil yanacag), yaglar, sathi — aktiv maddalar ve plastifikatorlar almaq
moagsadile genismaraq dogurur.

Toqdim olunan maqalads katalitik krekinq ve pirolizin “maye” qazlarmin terkibine daxil olan
C3-Cs - karbohidrogenlarinin (KPK) genis maraq doguran ve coxfazal katalizde miithiim rolu
olan ion-mayelori isriraki ilo miixtalif cevrilmalari izra son illarin adabiyyat manbalari timu-
milesdirilmisdir.

Mbalumdur ki, uzun illor arzinde KPKmiixtslif homogen va heterogen katalitik sistemlarda
miixtalif cevrilmalore moaruz edilmisdir (codval 1).

Cadval 1. KPK-nin miixtalif ¢evrilmalari tigiin malum katalitik sistemlar ve onlar iizrs adsbiyyat menbaleri

Proseslar | Katalitik sistemlar Nosr ili
Homogen
.Alkillasgma, AlCls, BFs, HCI, HF, SbCls 2001, 2004
izomerlogma [5,6]
Alkillogsma, efirlogsma H2S0s4, HF [ 1,5,7] 2001,2014
Efirlogsmo HsPOs, H3BO:s [1] 2014
Heterogen
Alkillogma HeP2WiiOw/ SOz 2001
heteropoli tursular [7]
Alkillosma Seolitlor (ZSM-5 vo s.) [8] 2009
X Bimetallik ZrOz, sulfatlasmis ZrO2, AlCls,
Alkillogma - seolit vo USY- s§eoli§tlar 9] 2014
Alkillosmao, oliqgomerlosma Nafion/SBA-15 [9,10] 2010,2014
Alkillogmo Az-10, OMNIKAT-210P+Ni,Co,Cr [11] 2014
Oliqomerlosma NaY- seolit + Ni duzu [12] 2000
Oliqomerlosma Si02/Al20s5 [13] 2014
. HZSM-5, H-mordenit,
Oliqomerlosma B-seolit, Y-seolit[14] 2014
Oliqomerlogma, montmorillonit + sulfatla§c‘11r1lm1§ ZrO», 2010, 2012, 2013,
. heteropolitursu + Ni duzu
efirlosma bentonit vo montmorillonit [9,13,15,16] 2014
Al, Mg, B - silikatlar,
AICls, AlFs, HF, H2SO4, H3POs tursularini silikagel, kation
Oliqomerlasma miibadils qatranlari, sintetik seolitlar, heteropolitursular, 2014
kompozit metal oksidlar (MoO2 /Zr , WO2/Zr va s.) vo
miixtalif gil minerallarina hopdurmagla [13]
Oligomerlosma MSU-S - seolit, B-seolit + aliimosilikatlar [17] 2011
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izomerlegme Pt/Al1203-Cl vo Pt/seolit
2010, 2014
Pt/ZrO2-SOs , Pt/WOs-ZrO2 [9,18,19] 010, 20
. H3PW12040 + Pd/karbon, HsPW12040, HsSiW12040
Izomerlogmo vo HiSiMo12040[6,9,20] 2004,2009,2014
. MCM-41
[zomerlogma + sirkonium sulfat [9] 2014
Izomerlasmso, alkillogma Sirkonium sulfat/ Fe, Mn, Pt, WOx + ZrO2[6] 2004
Osason efirlosmo, p -CHsCsHisSOsH, H-Y va H-B-seolitlar, 2007,2010,2011,
alkilloasmso, oligomerlagma amberlist -15,35 [9,21,22,23] 2013, 2014
Efirlosma ZSM-5 vo ZSM-11 [9] 2014
Efirlogsmoa stirol — divinilbenzol matrisali sulfokationitlor: (Daueks — 50, 2014
KU-2,KU 2- 8,amberlist — 15, KU - 23) [1,24]

Cadvalden goriindiiyii kimi uzun iller arzinde ham homogen, ham ds heterogen katalitik sis-
temlordan istifads etmoklo KPK-nin miixtolif ¢evrilmoalari hayata kegirilmisdir. Bu sistemlorin
0ziine maxsus Ustiinliiklori vo ¢atismayan cohstlori vardir. Son zamanlar neft-kimya, tizvi
sintez, elektrokimya va diger sahalordes “Yasil kimya”nin asas miiddoaalari sirasina daxil edil-
mis ion mayeloari (IM) xiisusi shemiyyat keasb edir. IM sistemlori KPK {igiin da xiisusi maraq
kasb edir.

Mbalumdur ki, ilk ion mayesinin (etilammonium nitrat - [EtNH3][NOs]) kasfi XIX asrin ortala-
rina tosadiif edir. Turs tetraxloraliiminat ion mayesi ilo ilk {izvi sintez - Fridel — Krafts alkillos-
ma reaksiyasi aparilmigdir. IM bir ¢ox iizvi reaksiyalarda halledici kimi istifade olunur. Oksar
hallarda IM arime ndqtesi 100°C-dan az olur,ekoloji cohatden iistiin texnologiyalarda ugucu
{izvi halledicilors sla alternativ avezedicidir. IM gox agag1 buxar tezyiqins, termiki vo kimye-
vi stabilliyine, maye kristal qurulusa, katalitik tosir etma gabiliyyating, korroziya torotmayen
(metal arintilorinds karroziyadan qoruyucu kimi istifade olunur) va s. xassalarine gore “ya-
s11” texnologiyalarda genis tadqiq olunur. IM (bio)katalizds, iizvi reaksiyalarda, nano hisse-
ciklorin sintezinda va s. genis istifads olunur. Elektrolit kimi yanacaq elementlarinds, sensor-
larda, batareyalarda, metallarin cilalanmasinda, ortiiklords, maye kristal kimi orintilords,
elektroelastik material kimi siini szalalarin yaradilmasinda, robot sanayesinds tatbiq olunur-
lar. IM hamginin siirtkii yag1 v asqar kimi todqiq olunur. Istiliyi saxlama qabiliyystine géra
termal mayelards, ayrilma qabiliyyatine gore qaz ayrilmasinda, ektraksiyada, ekstraktiv dis-
tillods, membranlarda va s. istifads olunurlar. IM parcalarin quru temizlonmasinda tatbiq olun-
muglar. Diinya {izra su ehtiyatinin tiikendiyi bir dovrde sudan istifade etmadan tomizlayici
qabiliyyetli IM istifadasiingilabi yenilik olmusdur. Hal-hazirda IM temizlayici vasite kimi is-
tifads edils bilen xiisusi gel alds olunmusdur [25-28]. IM tedgiqat obyektlarini saymagqla bit-
mir va hal-hazirda onlar genis 8yrenilir. IM tokrar istifads imkanina malik olmasi ¢ox vacib-
dir. Hal-hazirda qeyri-toksiki, asanligla bioparcalanan, suda hallolan IM mé&vcuddur. Bir gox
reaksiyalarla barabor KPK-nin oliqgomerlasmasi, alkillosmosi, efirlosmosi, izomerlogsmosi kimi
miixtalif cevrilmalarinds IM demak olar ki, avozsizdir [29].

Tesadiifi deyil ki, ion mayelarinin ilk senaye tatbigi olan “Difasol” prosesi (IM tatbiq olunma-
yan “Dimersol” prosesinin alternativi) KPK xammalindan istifads etmakls asasen oliqomer-
losma vo izomerlasma proseslarine aid edilmisdir. Manbalards [30-33] asag1 olefinlarin IM
miihitinds kegid metallarin ssasen de nikelkomplekslorin katalitik tasiri altinda dimerlagsmasi
v oligomerlasmasi genis isiglandirilmisdir. Burada Fransa neft institutunun (FNT) emakdas-
lar1 tersfinden propilenin dimerlasmaosi istiqamatinds aparilan isleri qeyd etmak olar. Burada
asasan butenlorin zaif tursxloraliiminat tebiatli IM istiraki ile izooktenlora dimerlogsmasi no-
zards tutulmusdur. Proses nikel katalitik kompleksinin istiraki ils aparilir. Bu proses Cs va C4
karbohidrogenlarinin 40-60°Ctemperaturda, 1,5 MPatazyiqds, 5-10 saat miiddstinds izohek-
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senlara vo izooktenlara dimerlagmasi ila basa ¢atir. Qarisdiric ila tochiz olunmus ardicil reak-
torda halledicisiz ve yaxud aromatik ve ya halogenlosmis karbohidrogen halledicisi istirakin-
da iki komponentli katalizatorun ( terkibinds Ni saxlayan kompleks+ Al {izvi birlogsma ) tosiri
altinda hayata kegirilir. Bu zaman oktenlars gora selektivlik 85%, n-butenin konversiyasi 80%
toskil edir. Genis suratdo totbiq edilon “Dimersol” prosesinds katalizatorun mehsuldan ayril-
mas1 problem sayilir [30,s0h.5],[31,s0h.5],[33,s0h.5]. “Difasol” prosesi “Dimersol” prosesinin
daha proqressiv variantidir. Bu prosesda dimerlara gora selektivlik xeyli yiiksakdir (90-95%).
Bu hal monomerlarin va onlarin dimerlorinin IM — do miixtalif hallolma qabiliyyati ile izah
olunur. “Difasol” prosesinde konversiya daracasi, hatta, durulagsmis xammaldanistifads edil-
dikdo bels yiiksok olur ve 70-80 % taskil edir. Son mahsullar IM —da hall olmaynb, iist fazada
ayrica toplagir vo IM — den asanhigla ayrilir [30,s0h.5],[32,s0h.5]. Ni torkibli katalizator IM fa-
zada olur. Naticado son mohsullarin tomiz halda ekstraksiyasi vo IM resilkulyasiyas asanla-
sir. “Difasol” prosesinda katalizatorun meahsuldarlig1 “Dimersol” prosesinin ilkin variantindan
yiiksokdir. Noticads, katalizatorun sarfi va itkisi xeyli asag1 olur [31,s0h5],[33,s0h.5].

Nobel laureath Yves Chauvin ve Helene Olivier-Bourbigou tarafinden tarkibinds Ni-saxlayan
katalizatorlar istirakinda dimerloesma reaksiyasi tigtin halledici kimi xloraluminat tipli ion ma-
yesinden istifade edilmisdir ve proses yuxarida geyd olundugu kimi ilkin olaraq FNi-da apa-
rilmisdir. Katalizatorun aktivliyi hoalledicisiz vo ananavi halledici sistemlorin har ikisine ne-
zaran daha yiiksok olmus ve arzu olunan dimerlar tigiin selektivlik artirilmisdir. “Difasol” pro-
sesi kimi patentlagdirilmis bu proses FNI-nin istirakilo “Axens” Sirkati torafinden totbiq olun-
musdur [33]. Homginin “Difasol Standalone” prosesi do islonib hazirlanmisdir. Bu prosesda
asas moaqgsad xloraliiminat ion mayelorini su, spirt, nitrillar, asetonitril, propilnitril, aproton
holledicilar, sada efirlor, merkaptanlar, (di)sulfidlor kimi qarisiglardan qorumaqdir. Bu pro-
sesda oktenlar an yiiksok selektivlik ilo alinir [30,s0h.5],[33,s0h.5].

IM daha bir sonaye totbiqi birbasa KPK-nin ¢evrilmasi tigiin islonib hazirlanmis ”ionikylation”
prosesidir vo hal-hazirda Cindas totbiq olunur. Bu prosesde KPK-nin alkillogmasi ti¢iin kom-
pozit ion mayeloarindan istifads olunur. Izobutanin butilenlar ils alkillogsmasi ticiin turs xlor-
altiminat tipli ion mayesi se¢ilmisdir. Aragdirmalar gostormisdir ki, aliiminiumxlorid - dial-
kil efir kompleksine aromatik karbohidrogenlar vo metal xloridler alave olunduqda tetrame-
tilpentan (TMP) tizras selektivlik artir. Miiayyen edilmisdir ki, metal xloridlar alkillosma reak-
siyast {i¢iin katalizatorun tursulugunu artirir ve izomerlasmo vo kreking kimi arzuolunmaz
alave reaksiyalar: langidir. Aromatik karbohidrogen ve mis xloridin (CuCl) ion mayesins slave
olunmasi ile TMP-nin ¢ixamu artir. Prosesin ¢atismayan cehsti odur ki, CuCl altiminiumxlorid-
dialkilefir kompleksine alave olunduqda, ayrilmas: ve davamli axin sisteminda tokrar istifa-
dasi ¢atin olan xirda suspenziyalarin formalasmasi ilo miisahids edilir [35].

M senaye totbigina bariz misallardan biri kimi BASF Sirkatinin tursu mehsullarini kimyevi qa-
risiglardan temizlamak {igiin otaq temperaturlu ion mayelsrinden istifads etdiyiprosesdir [36].

fon mayelorinin yuxarida geyd olunan sanaye proseslori onlarin KPK-nin miixtalif ¢evrilmalori,
o climladan alkillogmsa, oligomerlasma, izomerlasms, efirlosmasi {i¢iin na qadar yararh oldu-
gunu bir daha siibut edir. KPK-nin miixtslif ¢evrilmalari iizro aparilan elmi tadqiqat islori asa-
g1da daha genis verilmisdir.

Okser hallarda AICIs terkibli modifikasiya olunmayan xloraliiminat arintilari KPK oliqomer-
losmasinda geyri-selektiv katalizator hesab olunurlar. Matthias Détterl 6z arasdirmalarinda
miiayyanlesdirmisdir ki, donor effektli trifenilamin, trifenilfosfin, trifenilbismutun slave olun-
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masi ilo oliqgomerlasma vo polimerlosmoa reaksiyalar: ticlin tarkibinds Ni-saxlayan nisbaton
ucuz va havada stabil ion mayelarini sokatalizator kimi istifades etmak olar. Xiisusile trifenil-
bismut miivafiq xloraliiminat arintilerini ve hemcinin miixtelif tursuluga malik kompozisiya-
lar1 buferlosdirmak qabiliyyetine malikdir. Trifenilbismut ilo buferlogmis sistemlorin propenin
dimerlagmsa prosesinde maqgsadli mahsulun ¢pamin 96 % artirdigr miisyyenlosdirilmisdir. Asag:
arime qabiliyyatins, yiiksak Liiis tursuluguna malik kompozisiyalara bufer mehlullarin slave
edilmasi bir ¢cox hallarda propenin dimerlagsms prosesinds magsadli mahsulun ¢iximini 90 %
artirdig1 miisyyonlosdirilmisdir [31,soh.5],[32,s0h.5].

Moalumdur ki, bir sira izoparafinlerin (iCs-iCe) asag1 olefinlorlo turs ion maye katalizatorlari
istirakinda alkillagsma reaksiyas1 zamani yiiksak oktanli ve ekoloji alverisli benzin almaq miim-
kiindiir. Aparilan tadqgiqatlarda 2-buten va izobutenin 1-butens nazaren alkillosmasinds da-
ha ytiksak keyfiyyatli alkilatlarin alindig1 tesdiq olunmusdur [37].

Kompozit ion mayelari izobutanin 2-buten ilo maye fazada alkilogmosi {i¢iin tursu kataliza-
toru kimi sinaqdan kegirilmiglor. Aluminium xlorid ssash ion mayelsrine mévcud metal xlo-
ridlerin slave olunmasi ile izobutanin alkillesmasi aparilmigdir. Bu tedqiqatlarda yeni kompo-
zit ion mayelari trimetilamin hidroxlorid, aluminium-3-xlorid ve mis-1-xloridin istifadesi ilo
hazirlanmisdir.9Osas mohsul kimi trimetilpentan alinmisdir. Alkillosma reaksiyalarinda kom-
pozit anionlardan istifade olunmas: alkilatin keyfiyyatini yaxsilasdirmaq tigiin vacib rol oy-
namasidir[38].

IM alinmasinda alkil halogenid kimi alkil bromid, alkil xlorid, alkil yodidlerden istifads edil-
mis ve KPK-nin alkillasmasi aparilmigdir. Izobutanin butenls xloraliiminat IM miihitinda al-
killasmasi tiglin 1-butil xlorid, 2- butil xlorid, dordlii butil xlorid ve bunlarin qarisigindan is-
tifade olunmusdur. Metal halogenidlor (NaCl, LiCl, KCl, BeCl;, CaClz, BaClz, SrCl2, MgCle,
PbClz, CuCl, ZrCls vo AgCl) katalitik aktivliyi vo selektivliyi doyisdirmak tigiin istifade olun-
musdur [37,sah.6].

IM Katalitik aktivliyinin artirilmasi tigtin sokatalizator kimi xlorid tursusu va her hansi Brensted
tursusundan istifade olunmusdur. Howard Lacheen va basqalar: torafinden n-butil piridinium
xloraliiminat IM-dan istifads etmakls izobutanin Cs-Cs olefinlor ilo alkillosma reaksiyasi xiisusi
reaktorda “tank reactor” aparilmisdir. Qarisiga IM ile birge HCl alave olunur. Burada olefinin
100% cevrilmasi miisahids olunmusdur [39].

Xing Xue Qi vo basqalar trietilammoniumxlorid ve GaCls asasl ion mayesinden istifade etmoklo
izobutamn alkillosmasini aparmiglar. Bu IM- nin Liiis tursulugu xloraliiminat tipli IM-na ne-
zaran daha yiiksak oldugu ticlin onlar daha perspektivli hesab edilirlor. Mis halogenidin ciizi
miqdarda GaCls-ealave olunmasi ils ([EtsNHCI]-GaCls-CuCl) alkillosma prosesinin aktivliyi
daha da artmisdir. TMP goroe selektivlik 70%-o qadar, nazari oktan adadi ise 91.3 olmusdur [40].

Jie Zhang va basqalar1 izobutanin butenls alkillosmasinds katalizator kimi 1-butil-3-metilimi-
dazoliumxlorid aliiminium-3-xlorid ion mayesindan istifads etmislar. Butil tio-spirtin va etil
tioefirinin slave olunmasi ile alkillogsmsa reaksiyasimnin stirati artmigdir [41].

Izobutanin 2-butenls alkillosmasi reaksiyasnda Liiis tursu tipli xloraliiminat IM katalizatorla-
rimin aktivliyi ve selektivliyine miixtslif promotorlarin tesiri aragsdirilmisdir. Gostarilmisdir
ki, bu zaman kation tipli aktiv markazlar, xiisusils tiglii butil kationlar1 emals golir. Bu kation
bark tursu Brensted sistemlarinds oldugu kimi 2-butenin izobutan ile qarsiliqh tosiri zamarm
alinan araliq mahsuldan protonun qoparilmasi ilo regenerasiya olunur [42].
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Izobutanin 2-butenls SILP (sotha ¢okilmis ion maye fazasi) katalizatoru ilo alkillosmasi FNI
tororfinden patentlosdirilmisdir. Bu katalizator silisium oksidinin imidazolium ve ya piridinium
kationlu xloraliiminat ion mayelari ilo hopdurulmas: ile alinmis va yiiksak aktivlik gostormis-
dir [43].

1-n-oktil-3-metilimidazolium bromid ve aluminium xlorid ([OMIM]Br-AICls) asasli ion maye-
sinden istifade etmoakls izobutanla 2-butenin alkillosmasi aparilmisdir. fon mayelarinin tursu-

lugu su, turs kation miibadils qatranlar1 ve 1-(4-sulfobutil)-3-metilimidazolium hidrogensul-
fatin [(HOsSBu)MIM]HSO: alave olunmasi ilo barpa olunmusdur [44].

Izobutanin Cs-Cs olefinlarls alkillogsmasi {igiin turs ion maye katalizatoru kimi BFs+, PFs SbFe
or NTf, anionlu va tursu tarkibli dordlii ammonium asash ion maye katalizatrolarindan istifa-
da olunmusdur. Metal triflatlar, trifliioroetanol, PPh3 torkibli miixtalif qarisiqlarin slave edil-
mosi ile katalitik gabiliyystin artirilmasina nail olunmusdur. Cs-karbohidrogenlari tizra selek-
tivlik 90% artirilmis vo alinan mahsullarin nazeri oktan adadi 98 olmusdur [45].

Mbalumdur ki, izobutenin 2-buten ils alkillosma prosesi 1-butens nazaran daha slveriglidir. Bels
ki, birinci halda oktan adadi ytiiksek olan TMP, ikinci halda ise dimetilheksan almir. Bu baxim-
dan alkillssma reaksiyasindan avval 1-butenin 2-butens izomerlagsmasini aparmaq daha mag-
sadauygundur [37,s0h.6].

IM istirakinda oliqgomerlagma reaksiyast iizro bir cox tadgiqat isleri aparilmisdir. Bu sahada
Shimin Liu ve digarleri terafinden izobutenin trimerlasmasi tizra ugurlu tadqiqatlar aparilmis-
dir. Onlar KPK xammalindan istifade ederak, xloraliiminat tipli ion mayelarini silisium oksidi
tizorine hopdurmagla izobutenin oliqomerlogsmasini aparmislar. Burada satho ¢okilmis kata-
lizatorlar arasinda silisium oksidi uzerine ¢okilmis xloraliiminat tipli ion mayelori daha yiik-
sok katalitik aktivlik gostormisdir. Fotoelektron spektroskopiyasi (X-ray photoelectron spect-
roscopy-XPS) ve differensial izlayici kalorimetriya (differential scanning calorimetry-DSC)
vasitasile miisyyen olunmusdur ki, izobutenin oliqgomerlagmaosi {iciin yiiksak katalitik aktivlik
IM-larininsilanol qruplari il giiclii qarsihiqh tasiri, Al:Cly anionu va silisium oksidinin birge
sinergetik effekti ilo izah edilir. Optimal temperatur, reagentlorin qatilig1, verilmsa siiroti mii-
ayyan edilmisdir. Miilayim seraitde izobutenin tamamile konversiyasi vo 91,4% selektivlikla
trimer moahsula gevrilmasi gostorilmisdir [46].

Kecid metal komplekslari va duzlar: slave edilmadan xarakterik Liiis tursular ile xloraluminat
M oligomerlasmo katalizatoru kimi tosvir edilmisdir. Bunlarin xatti a-olefinlarin oliqgomerloas-
mosi liglin yararli oldugu gostarilmisdir [32,soh.5].

Yan zoancirli SOsH funksional qruplu imidazolium kationlu ion mayelari miixtslif alkenlorin
oligomerlasmasinds sla va tokrar istifads oluna bilen katalizator kimi agkar olunmusdur. Si-
lisium oksid sathine ¢okilmis bu IM-dan izobutenin oliqgomerlasmasinda istifade olunmusdur.
[C1(HSO5)4Csim]*va ya [Cs(HSOs)sCaim]*kationlu Brensted tursu IM-nin silisium terkibli gelo
hopdurulmast ils katalizator hazirlanmisdir. Izobutenin oliqomerlasmasi 60°C-da aparilmis-
dir vo Cs-karbohidrogenlari alinmigdir. Gostarilmisdir ki, temperaturun ve reaksiya miidde-
tinin uzadilmasi ytiksek molekul kiitlali oliqomerlarin smals galmasins garait yaradir. Bu hal-
da Ci-Cis-oligomerlara nazaran selektivlik 85%tagkil edir. Trifliiormetanosulfonat anionlar:
0z aktivliyini itirmadan bir neg¢o dafs tokrar istifads oluna bilir [32,soh.5],[43,s0h.7],[47,48].

C. Feher vo amokdaslar1 6z tacriibalorindo silisium oksidi sathine ¢okilmis 1-(4-sulfobutil)-3-
alkilimidazolium IM-dan istifade edarok izobutenin oliqgomerlagmasini hayata kegirmislar
[48,s0h.10].
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Setha ¢okilmis xloraliiminat tipli ion mayesi KPK xammalindaki izobutenin trimerlosmasindo
yoxlanilmigdir. izobutan — buten alkillogsmasi siigo ve ya molekulyar aloyo hopdurulma il im-
mobilizasiya olunmus ion mayelari istirakinda bas vermisdir. Izobutenin cevrilmasi vo trimer-
lorin 91.4% selektivliklo alinmasi50°Ctemperaturda miisahids edilimisdir [32,soh.5][43,s0h.7],
[48,s0h.8].

Wasserscheid P. vo amokdaslar1 zaif turs ion maye sisteminin istirakinda propilenin ve 1-bu-
tenin xatti dimerlogmasini torkibinds Ni-saxlayan katalitik sistem istirakinda tadqiq etmislar.
Bunun {i¢iin Ni-in heterotsiklik karben komponentindan istifade olunmugdur. Bu komponent-
lor toluol ilo miigayisada IM-ds cox aktivdirler [30,s0h.5],[32,50h.6],[59].

Torkibinde Ni-saxlayan kompleksin propilenin dimerlasmasinda fosfinlor vo M ila birgs
istifadesi ilo yliksek selektivliyin alde olunmasi Wilke ve emakdaslar1 terafinden tasdiq
edilmisdir [33,sah.5].

Etilaliiminiumdixloridle aktivlesdirilmis volfram heksaxlorid ve anilin torkibli katalizator pro-
penin dimerlogsmoasinda istifade olunmusdur ve 2.3-dimetilbuten alinmisdir [33,sah.5].

Butil-metil-imidazolium hidroxlorid/AIEtCl2/AlCls kompleksi etilenin, propilenin, butilenin
dimerlasmasinda istifads olunmusdur [32,soh.5].

1,3-butadienin xatti dimerlosmasi [BMIM][BF:], [BMIM][PFs] ion mayelarinin ve PdCl: istirak:
ilo aparilmisdir. Atom adosrbsiya analizine uygun olaraq Pd kompleksinin ion fazada pay-
lanma gqanunauygunlugqlar1 dyrenilmisdir [32,sah.5].

1,3-butadienin oliqgomerlosmosi [Fe(NO):Cl]2/Zn vo yaAlEtCl-in[BMIM][BF4] ion mayesi ilo
qarsihigh tasirinden alinan kompleks katalitik sistemlarin istiraki ilo aparilmisdir [19,sah.3],
[32,s0h.5].

[EtsNH]Cl/FeCls vo [C1sH22N]Cl/FeCls asasinda katalitik sistemlar diizobuten vo triizobutenin
alinmasinda ytiiksak aktivlik va selektivlik gostormisdir. Reaksiyanin aparilma temperaturu
artdiqda izobutenin reaksiyaya daxil olma qabiliyyati artmigdir. CuCl/[EtsNH]Cl/FeCls=0.25/
1/1.5 istifade etdikdoe diizobuten vo triizobuten tizra selektivlik 90% toskil edir [32,s0h.5],[49].

Tarkibinds Ni-saxlayan kompleksin B-seolit uzarine hopdurulmast ils IM miihitinde butenin
miixtalif ¢evrilmalari aparilmisdir [32,soh.5].

AMEA akademik Y.H.Mammadaliyev adina Neft-kimya proseslori institutunda (AMEA NKPI)
KPK xammalindan istifade etmakls butadienin, propilenin ve butilenin dimerlogmasi izro
todqiqatlar aparilmisdir. Burada piridin ve imidazol asash xloraliiminat tipli IM miihitinde
ditiofosfat, ditiokarbamat ve ksantogenat tipli Ni (II) ditiosistemlarindan katalizator kimi is-
tifade olunmusdur. Butenlarin bu IM miihitinde dimerlasmasi dimetilheksenlardan, metilpen-
tenloarden ve xatti oktenlardan ibarest dimerlarin alinmasina gatirib ¢ixarmisdir. Katalizatorun
mohsuldarlig: 150-250 kq.dimer/qr.Nixsaat togkil edir. Halbuki, ananavi {izvi halledicilorda
bu gostarici xeyli asag1 olur. Alinan mahsulun terkibindae izooktenlar (65.2% - dak ) tistiinliik
toskil edir [59,s0h.8],[60].

S.Silvana 6z amakdaslari ils birge butadienin palladiumun xloridi, diasetali vo asetilasetonati
kimi komplekslarin katalitik tasiri ils tigfenilfosfin istirakinda (katalitik sistemin komponent-
lorinin nisbati 1:4), 70°C-temperaturda ikifazali dimerlosmasi barade malumat vermislar. Bu-
rada [BMIM][BFs,], [BMIM][PF4] ve [BMIM][triflat] tipli IM miihit rolunu oynayir. Oktatrien
1.3.6 lizra selektivlik 100 % olda olunur [30,soh.5],[32,s0h.5],[59,s0h.8].
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1.Qu amakdaslari ila xloraliiminat tipli IM-nin alternativi kimi, olefinlorin oligomerlagsmasinda
sulfotursu fragmentli IM-den istifade etmislor. Bu halda xloraluminat sistemlarinde oldugu
kimi, yiiksok konversiya ve selektivliklo saxali quruluslu mohsullar alinmis, IM resirkulyasiya
olunaraq tokrar istifads edilmisdir [30,s0h.5],[32,s0h.5],[59,s0h.8].

KPK xammal kimi istifads etmoaklo IM miihitinda efirlosma proseslori xiisusi shomiyyat kosb
edir. AMEA NKPI-ds bu sahada tedqiqat iglori aparilmigdir [50-58]. KPK — nin ham efirlogmo,
ham da oliqgomerlosma vo polimerlogmasi {izro iimumilosmis malumatlar manbalarda veril-
misdir [59,s0h.8],[60,s0h.9].

Beloalikls, tortib olunmus bu kicik icmaldan aydin olur ki, KPK-nin ion maye miihitlarinde miix-
tolif cevrilmo proseslorinin aparilmasi tizro todqiqatlar genis aktualliq kasb etmaklo yanas:
miithiim elmi vo praktiki shamiyyete malikdir. Ion mayelsrinin bir ¢ox miisbat xassalari, o clim-
ladan genis diapazonda maddalarls birgs istifade olunma imkanlar1 onlarin KPK-nin miixte-
lif gevrilmalari {igiin movcud olan katalitk sistemlards totbiqi ticiin alverisli imkanlar yaradir
va miivafiq sahads genis perspektivlar acir.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Journal-Chemistry and Biology" accepts original unpublished articles
and reviews in the research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(Journal@beu.edu.az) of the Journal. The submitted article should follow the following format:

Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

. UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine Uith zinc, Journal of structural Chemistry, VVol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

Conference paper: Sadychov F.S., Aydin C., Ahmedov A.I.. Appligation of Information — Commu-nication
Technologies in Science and education. I International Conference.”Higher Twist Effects In Photon- Proton
Collisions”, Baki, 01-03 Noyabr, 2007, ss 384-391

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University-Kimya va Biologiya”- ovvallar nagr olunmamis orijinal asarlori vo
miisllifin tadqiqat sahasi iizre yazilmis icmal maqalalari gobul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) iinvanina géndorilmslidir. Gondarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Mogqalads bashq hor xiilasadan avval ortada, qara vo boyiik horflo xiilasolorin yazildigi hor i¢ dildo
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dildo vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Maqalonin her {i¢ dildo yazilmis xiilasosi bir-birinin eyni olmalidir.
Agar sdzlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi ii¢ s6zden ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalo asagidakilardan ibarst olmalidir:

Giris,

Tadqiqat metodu

Tadgiqgat isinin miizakirasi vo onun naticolori,

Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarm altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo gostorilmoklo moqalonin sonunda matn daxilindaki
stra ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds ovvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

Odobiyyat siyahisinda verilon her bir istinad haqqinda molumat tam va doqiq olmalidir. Istinad olunan manbenin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moqalo v s.) asili olaraq verilmolidir. EImi mo-
qalslara, simpozium, konfrans, va digor niifuzlu elmi todbirlorin materiallarina vo ya tezisloring istinad edorkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maoanbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sohifo ol¢iilori: listdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yazi tipi
boyiiklityiinds, Palatino Linotype yazi tipi ilo ve tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifoden artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi geydlori miisllif torafindon nozers alindigdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Kimya ve Bioloji" 6nceler yayimlanmamis orijinal ¢aligmalari ve
yazarin kendi arastirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler Ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin ad1, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her ii¢ dilde yazilmis 6zeti birbirinin ayni olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilari onlarin alt kisimda yer almalidir. Tablolarda ise baglik, tablonun {ist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gdsterilmelidir. Aym kaynaklara tekrar basvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirli de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
miiracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gésterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, VVol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.I. Appligation of Information-Communication Technologies
in Science and education. 11 International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tist: 2.8 cm, alt: 2.8 ¢cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidur.

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editoér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler i¢in,(derginin kendilerine gonderilmesi za-
mani posta karsiligi) 30 ABD Dolar1 veya kargiligi TL, T.C. Ziraat Bankasi/Uskiidar-istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - Xumunu u 6uonornn myOIuKyeT OpUrHHATBHBIC, HAYYHbIC CTAThU
U3 00IaCTH KCCICI0BAaHMUSI ABTOPA U PaHEe HE OIyOIMKOBaHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykommuicH TOIKHBI OBITh HaOpaHs! coracHo mporpammbel Microsoft Word u oTripasiieHs! Ha 371K TPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIKE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN aipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTAaBICHHON CTaThH, MOJDKHA comepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMH Ha ero S3bIKE U COAEPIKaTh HE MEHee 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCKOM sI3BIKE, TOTJAa OPUTHHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu k pUCYHKaM pa3MEIIAIOTCs MO PUCYHKOM, KapTHHKON Wi rpadukoM. Haseanue TabauIp! MUIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBAIPATHBIX CKOOKAX U PACIIONAraloTcs B KOHIIE CTaThH
B TIOPSIIKE IUTHPOBAHUS B TeKCTe. ECITM Ha OJMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO yKa3aTh COOTBETCTBYIOILYIO CTPAHHILY, COXPaHASA MOPSAKOBBIM HOMep muTHpoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTepHAIbl CHM-
No3uyMa, KOH(PEPEHIINH WK IPYTHX 3HAYNMBIX HAYYHBIX MEPOIPHATHH TOJKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

Crmcok IMTHPOBaHHOM JIUTEpaTyphl Habupaetcs mpudTom 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs wpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

CraTps, TIOCNE TOTO, KaK aBTOP yd4es 3aME4YaHHs KCIEPTOB, PEIAKIIMOHHON KOJJIETHell KypHama MOXET
OBITh PEKOMEH/IOBaHA K MICYATH.
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