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ADSORPTION STUDY OF Fe (III) IONS BY SYNTHETIC
ADSORBENT: ADSORPTIONISOTHERMS

"EyyubovaE.]., 1Kh.J.Nagiyev, !ChiragovF.M.

Baku State University,
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ABSTRACT

This article is devoted to the study of the adsorption of ferric (III) ions by a chelating synthetic sorbent.
Based on the copolymer of styrene with maleic anhydride and benzidine, a new polymer chelating sorbent was
synthesized and the sorption characteristics of this sorbent with respect to Fe (III) ions were studied. Sorption
characteristics of the sorbent with respect to Fe(Ill) ions have been studied. Various parameters influencing
sorption, in particular, the value of the optimal pH, the effect of ionic strength, the time necessary for establishing
complete sorption equilibrium, the effect of the initial concentration of metal ions were studied during the
studies. Studies have shown that the maximum sorption capacity of the sorbent with respect to ferric ions is 277.2
mg / g at pH = 5. Several adsorption isotherm and kinetic models have been studied.

Keywords: Sorption, Fe (IIl), chelate-forming sorbent, preconcentration.
M3YUYEHUE COPELIMN FE(III) CMUHTETUYECKVMM COPEEHTOM: M3OTEPMELI A ACOPELINN
AHHOTADIWVS

JaHHasg CTaThs TIOCBAIIEHA M3Y4eHMIO aacopOIum MOHOB TpexsadeHTHoro >keaesa (III) xeaaTHpIM
CuHTeTHM4YecKuM copOeHToM. Ha ocHOBe comoammepa cTupoda C MaAeMHOBBIM aHIMAPUAOM M OeH3UAVHOM
CHHTEe3UpPOBaH HOBBIN ITOAMMEPHEINI XeAaTHBINI COPOeHT UM M3yJdeHBl COPOIVOHHEBIE XapaKTePUCTUKU HTOTO
copbenTa 1o otHomeHMIO K noHaM Fe (III). Msyuensr copOrioHHbIe XapaKTepUCTUKU COpOeHTa IO OTHOIIeHMIO K
nonam Fe (III). B xoge mccaesosaHmit OblAM M3YYeHBl pa3AudHble IlapaMeTphl, BAUAIOIIME Ha cOpOLMIO, B
9JaCTHOCTY, 3Ha4deHMe ONTHMMaAbHOTO pH, BAMAHME MOHHOV CHMABI, BpeMs, HeoDXOAMMOe AAs YCTaHOBAEHVA
II0AHOTO COPOILIMOHHOIO paBHOBEeCUs], BAMSHUE HayaAbHON KOHIIeHTpalluM MOHOB MeTaaaAoB. VccaejopaHms
ITOKa3aAy, 4TO MaKCUMaAbHas COpOIIMOHHAs eMKOCTh cOpOeHTa IO OTHOINEHWIO K MOHaM TpeXBaleHTHOTO
Keaesa cocrasasier 277,2 mr / v npu pH = 5. VI3yueHO HECKOABKO M30TEPMUYECKUX Y KMHETUIECKUX MOJAeAeit
aacopOnum.

Karouessnie caosa: copbuus, Fe (III), xeaaTooOpasyroninii copOeHT, KOHIIEHTPUPOBaHIe.
FE(IID)-UN SINTETIK SORBNETLO SORBSIYASININ OYRONILMOSI: ADSORBSIYA IZOTERMLORI
XULASO

Magqale demir (III) ionlarinin xelatomalogatirici sintetik sorbent terafinden adsorbsiyasinin dyranilmasina
hasr edilmisdir. Malein anhidridin sterol ilo birgs sopolimeri ve benzidinssasinda yeni polimer xelatomala
gotiricisorbent sintez edilmis ve bu sorbentinFe (III) ionlarma qarsit sorbsion xiisusiyyatlori Oyrenilmisdir.
Todqgiqat zamani sorbsiyaya tesir edon miixtelif parametrlor, xiisusilo, optimal pH, ion qiivvesinin tasiri,
zamandan asililig, metal ionlarinin ilkin qatiliginin tesiri dyrenilmisdir. Arasdirmalar gostarir ki, maksimum
sorbsiya tutmumdiihitin pH=5 qiymoatinda 277.25 mq/qtaskil edir.Tadqiqat zamani bazi sorbsiya izotermlari ve
kinetikas1 dyronilmisdir.

Acar sozlar: Sorbsiya, Fe (III), xelatomalagatirici sorbent, qatilagdirilma.

Introduction

Ironisfoundinchemical wastewater, metallurgical, machine-building, metalworking,
petrochemical, textile, chemical-pharmaceutical and other industries. When the iron content
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is more than 1 mg/l, the water becomes brown. In connection with the growth of industrial
production, there is an increase in the consumption of natural water and, as a result, an
increase ingenerated wastewater. Insufficiently treated wastewater is the main source of
pollution and clogging of naturalreservoirs, lead to significant physicochemical changes in
the properties and composition of water,making it unsuitable for household and household
use.The most common toxic impurities of wastewater are heavymetals. Sources of these
impurities arewaters of textile, leather, electroplating, chemical and machine-building
enterprises, as well as ore and mine enterprisesproduction [4,5].

The aim of this work is to study the sorption of Fe (III) ions from its aqueous solutions
by a polymeric chelating-forming sorbent based on a copolymer of styrene with maleic
anhydride and benzidene [2,6-8]. Various sorption characteristics, in particular the effect of
pH, time, ionic strength, initial concentration of the metal ion, were studied during the
studies. The process of desorption was also studied and the optimum eluent was
established.Several adsorption isotherm and kinetic models have been studied[9].

Research method and research

Preparation of solutions. The initial metal solution of Fe (III) ions with concentration of
102 mol-L! was prepared by using 10" M FeCls solution, prepared by dissolving reduced iron
in HCl and HNOs. The equilibrium concentrations of Fe (III) ions in the solution were
determined with the help of the corresponding reagent 2,2° - ([1,1-biphenyl] -4,4'-
diilbis(diazen-2,1-diyl)bis(benzene-1,3,5-triol ) CisH1sOsN4  (R)[3].Optical densities of the
solutions were measured on KFK-2 and optimal pH =5 and A =490 nm were established.

Buffer solutions from 1 to 5 were prepared on the basis of 0.1 N solutions of CHsCOOH
and NHs"H20. To study the effect of ionic strength on the sorption capacity of the sorbent, 2
mol-L'KCl solution was used, as well as 2 mol-L’KOH solution to study the desorption
process. For the synthesis of the sorbent, a styrene maleic anhydride copolymer
andbenzidine were used.

o

— CH,— CH—
oL @

n

Scheme 1. Molecular structure of a copolymer of styrene with maleic anhydride

Scheme 2. Molecular structure of benzidine

Synthesis of sorbent.Synthesis of the sorbent was carried out according to a known
technique [1]. As the polymer matrix for the synthesis of the sorbent, a styrene maleic
anhydride copolymer and benzidine were used. For that purpose, 3 g of polymer were
added to the round bottom flask. Subsequently, the appropriate amount of benzidinewas
weighed, dissolved in water and added to the original contents of the flask. The synthesis
was carried out in the presence of formalin, as a cross-linking agent. The reaction was carried
out at a temperature of 60-70°C, for 30-40 minutes. During the reaction, the following
transformations were observed:
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Since the process is carried out in an aqueous medium, the anhydride groups of the
polymer undergo hydrolysis.

NH-R

-R

) HO NH
g o
- OH R oi

Scheme 3. The mechanism of the sorption process

As a result of the mutual influence of formaldehyde and amine, an unstable
carbonylamine is formed. The resulting carbonylamine interacts with the carboxyl groups of
the macromolecule and thus the amine is introduced into the macromolecule.

At the end, the resulting synthesis product is passed through a filter paper, washed,
dried, ground and used for further research.

Preconcentration. Sorption studies of Fe (III) ions were carried out at room temperature.
For each experiment, 2 ml of a solution of a metal ion with a known concentration (102
mol-L') was added to 50 ml conical flasks. In each flask, 30 mg of sorbent and corresponding
pH were added. The pH of the solutions was monitored using a pH meter lonomer-130. The
resulting mixture was kept for 24 hours. The contents of the flask were then passed through
a filter paper and the liquid phase was separated from the solid phase.

Subsequently, 1 ml samples were taken from each flask, diluted with a buffer solution of
pH 5, and final concentrations of Fe (III) ions were measured with the reagent 2,2" - ([1,1'-
biphenyl] -4,4'-diilbis(diazen-2,1-diyl)bis(benzene-1,3,5-triol)CisH1sOsNs ~ (R) on the
photoelectrocolorimeter KFK-2 at A=490 nm.

The degree of metal ion extraction was calculated by the following formulas:

R’%zco_ce

x100, 1)

e

(CO - Ce)v

ge = ——"—, @

where Co is the initial concentration of the metal ion (mol-L?), C. is the equilibrium
concentration of the metal ion (mol-L?), V is the volume of the solution (L), and m is the
sorbent mass (mg).

The desorption process.Desorptionstudies were carried out using different inorganic
acids of the same concentration, namely: 0.5 mol-L* solutions of HNOs, HCI, H2SOs and
CH3COOH acids. To carry out the experiment, 30 mg of sorbent were weighed into 4 flasks, 2
ml of a 10?mol-L'Fe (III) solution and 18 ml of pH 5.0 were added and left for 24hours.
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Subsequently, the solid portion of the solution was separated from the liquid by filtration. To
the filtered portion was added 20 ml of 0.5 mol-L! solutions of HNOs, HCI, H2SOs and
CH3COOH acids.

Tightly closed and left for 24 hours. At the end of the day, the liquid portion of the
solution was again separated from the solid. 1 ml was then taken from the homogeneous
solution, 1-2 ml of a 2 mol-L solution of KOH was added, diluted with a buffer solution of
pH 5.0, and final concentrations of Fe (III) ions were determined with (R) on KFK-2 [5].

Equipment. The optical densities of the solutions were measured on photoelectrocalori-
meter KFK-2 in a cuvette with a layer thickness 1 = 1. pH values measured on the pH meter
Ionomerl-130. The IR spectrum of the sorbent was taken on a Varian 3600 Fourier spectro-
meter in the region from 400 to 4000 cm-1.

Discussion of research method and its results

Sorbent structure. The result of studying the structure of the sorbent is shown in Figure 1:

B0 0 M0 30 00 200 200 2400 2200 | 2000 1800 1600 1400 1200 1000 800 600
wwwwww

Fig.1. IR spectra of adsorbent

As can be seen from Fig. 1, the following functional groups are present in the structure
of the sorbent. The vibrational frequencies are observed in IR spectra of sorbent: at 3600-3100
cm™ [valence oscillations of the -OH group in the carboxyl group, the covalent vibrations of
the group -NH (3400-3200 cm™)], 1780-1750 cm! (valence oscillations of the -C = O group of
the carboxyl group), 1570 -1540 cm! (the valence oscillations of the C-N group and the
deformation vibrations of the N-H group), 725-675 cm! (deformation vibrations of the C-C
group in the benzene ring)

Effect of pH on the degree of extraction of Fe (III). One of the most important
parameters that affect the degree of sorption is pH, so studying the effect of this parameter is
an important task. For this purpose, 30 mg of sorbent was weighed and added to the flask.
Further, 2 ml of a 102mol-L-' metal ion solution and 18 ml of an appropriate pH of 1 to 5 were
added. The contents of the flask were stored for 24 hours.

After a day, the solid portion of the solution was separated from the liquid and the
optical densities of the homogeneous solutions were measured on a KFK-2 photoelectroca-
lorimeter with a buffer solution pH 5.0 at a wavelength 490 nm. The results of the studies
showed that the greatest metal recovery is observed at a pH value 5.0. Further sorption expe-
riments were carried out at a given pH value 5.0. A graphic representation of the data is shown
in Figure 2:
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Fig. 2. Effect of pHonadsorption capacity
Msorb.=30 mg, Vgen.=20 ml, Cme=102mol-L1

The influence of time on the degree of extraction of the metal ion. The effect of time on
the sorption capacity of the Fe (III) metal ion is shown in Figure 3. In order to study this
parameter, measurements were made in the range from 0 to 270 minutes. The equilibrium
concentrations of metal ions in the sample were determined at the appropriate time intervals
atKFK-2 and A =490 nm.

. 100
z
S 80 ./ ————
©
Q.
S{o 60
S o
S E 40
2
3 20
he]
<

0

0 100 200 300

Time, min
Fig. 3. Effect of timeonadsorption capacity
Msorb.=30 mg, Vgen.=20 ml, Cme=102 mol-L1

As can be seen from Figure 3, in the period from 0 to 120 minutes, the degree of sorption
gradually increases, and from 150 minutes remains constant. This indicates the attainment of
complete sorption equilibrium.

Effect of ionic strength on the sorption capacity of the sorbent. In the course of this
work, the influence of ionic strength on the degree of extraction of the Fe (III) ion was
investigated. For these purposes, 2 mol-L'potassium chloride KClsolution was used.

Studies have shown that within the range of u = 0.2-1.4mol-L", thepresenceofK*andClI-
ionshas a negligible effect on the extraction of metal ion and practically doesnotaffectthe
adsorptioncapacityoftheadsorbent.

Effect of the initial concentration of Fe (III) ions on the adsorption capacity. In the
course of the experiment, the effect of the initial metal ion concentration on the degree of
adsorption by the synthesized sorbent was studied. For this purpose, the concentration range
of Fe (III) ions was used from 0.2:10 *mol-L-'to 10.0'10-*mol-L-. For this, 30 mg of sorbent were
weighed, the corresponding volumes of the metal ion solution and pH 5.0 were added. After
150 minutes, the optical densities of the homogeneous solutions on KFK-2 were measured
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with a buffer solution pH 5.0 at A =490 nm. The degree of extraction of the metal ion by the
adsorbent was calculated using the well-known formula (1). The results are graphically
depicted in Figure 4 and Table 1.

300
=
£ 250
S 200
S w
§ té0150
2 100
2
2 50
= 0

0 5 10 15

C, mol/I
Fig.4. Effect of initial metal ion concentration on the adsorption capacity
Msorb.=30 Mg, Vgen=20 ml, Cme=102mol-L*
The results of the studies showed that the greatest sorption capacity is observed at a Fe
(IIT) concentration of 8.0'10*mol-L-!

Table 1. Extraction degree of Fe (III) ions by a synthesized sorbent

Cwme, x-10- mol-L! 0,2 0,4 0,8 1,0 2,0 4,0 6,0 8,0 | 10.0
R, % 44 55 69 75 82 85 89 91 90

The desorption process. This work also involves studying the reverse process-
desorption. The presence of the necessary eluents for desorbing the metal ion is an important
task. In our article, this process is carried out by using different inorganic acids with the
same concentration, in particular 0.5 mol-L-'solutions of HNOs, HCl, H2SOs and CHsCOOH
acids. The results of the studies have shown that maximum desorption ability over Fe(III)
ions shows 0.5 mol-L'solution of HNO:s.

Langmuir isotherm
Langmuir model can be described using the following equation [Langmuir 1918]:

_ qmKLCe
de

=_mle 1
1+K,C, @

whereC. (mmol-L?) is concentration of adsorbate in the aqueous phase at equilibrium, qe
(mmol-g?) is the equilibrium adsorption capacity, guis equal to g.for the complete monolayer
and Kz (L-mmol™) is the Langmuir isotherm constant.

Linear plot of dependence of 1/g. versus 1/C.s shown in Figure 5. The values of the
gmvand Krwere calculated from the slope and the intercept of the plot, respectively.
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6 -
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L4
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Fig.5. Langmuir isotherm model
The essential characteristic of the Langmuir isotherm can be represented by a separation
factor called equilibrium parameter (Rc) and has the following form:

1
1+ bC,

R, (2)

Where b is the Langmuir constant (L-mmol™), Co is the initial concentration of adsorbate
(mmol-L?). The value R: indicates the isotherm type. A value between 0 and 1 shows
favorable adsorption process.

Results show that Rc lies between 0 and 1 and is equal to 0.99, which shows that
adsorption is favorable under the specified experimental conditions by Langmuir model.
Also the value of the coefficient of regression R?=0.694 indicates that isotherm model fits
good with experimental adsorption data.

Freundlich isotherm

The Freundlich model is described by the following equation [Freundlich 1906]:
1
Inq, = InKr + ;lnCe 3

whereC. (mmol-L") is adsorbate concentration at equilibrium, g (mmol-g?) is the equilibrium
adsorption capacity, Kr is the Freundlich constant and 1/n the heterogeneity factor.

The plot of dependence of Ing. versus [nCe is shown in Figure 6. The values of Krand 1/n
were calculated from the slope and intercept of the plot, respectively.

M y = 0.23x - 1.0841

R?=0.9151

Fig.6. Freundlich isotherm model
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Kr indicates capacity of adsorption process (mg/g), n provides an approximation of

adsorption intensity. A favourable adsorption is estimated when the value of n is 1-10.
Results show that the value of n is almost equal to 1 for, which indicates favorable
adsorption process. On the other hand 1/n is considered as a function of adsorption strength.
If value of 1/n is lower than 1 it means a normal adsorption, if 1/n>1 it shows cooperative

adsorption. In our case 1/n= 0.23, which indicates to normal adsorption process.

Table 2.Langmuir and Freundlich isotherm parameters

Adsorbent Langmuir Freudlich
(qmax, (Kt, (Rv) (R2) (Kr, (1/n) (R?)
mgg’) | L'mg") mg-g™)
S 0.4 0.176 0.99 0.69 0.33 0.23 0.915
Conclusion

The results of the investigations are quite high, in particular, when studying the effect of

the initial concentration of metal ions on the sorption capacity of the sorbent, the maximum
sorption capacity of the sorbent is 277.2 mg / g. The foregoing allows us to assume the
possibility of using the synthesized sorbent, based on a copolymer of styrene with maleic
anhydride and m-aminophenol, for extracting Fe (III) ions from various natural and

industrial objects.
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PE3IOME

IIpeacraBaensl pe3yAbTaThl SKCTPAKLMOHHONM OYMCTKM HPSMOTOHHOIO U I'MAPOOYMIIEHHOTO AM3eABHBIX
AVUCTUAAATOB C MCIIOAB30BaHMEM B KayecTBe DKCTpareHTa MOHHBIX JKMAKOCTEN, COCTOSIINX M3 OPraHnd4ecKoro
KaTuoHa — MoppoArHNA U N-MeTUAIPUPPOANAOHNS ¥ OPTaHNIECKOTO aHMoHa — popmuara u aneraTta. [Tokasa-
HO, YTO CTeTleHb OYMCTKM MCCAeAYEeMBIX AM3eABHBIX (PPaKI[Mil OT HeXXelaTeAbHBIX KOMIIOHEHTOB 3aBUCUT KaK OT
IIPUPOABI MOHHO KMAKOCTY, T.e. aHMOHHO-KaTMOHHOTO COCTaBa, TaK U OT PPaKIIMOHHOTO COCTaBa JCII0Ab3yeMO-
IO AUCTUAASTA. YCTaHOBAEHA COTIOCTaBMMasl DKCTparupyiomas crocodHocts N-MeTUnuponjoHuymMarieTaTHOM 1
Mop¢oarHNYMPOPMUATHOV MOHHO JKMAKOCTH B IIPOIlecce SKCTPaKIIMOHHON OYMCTKM IPSIMOTOHHOTO AM3eAb-
HOTO AMCTHAAATA, a TaKXKe CPaBHUTEABHO BBICOKAs DKCTPArnpyomas criocoOHOCTh N-MeTunmnponoHmnymarieTa-
Ta B IIpollecce M30MpPaTeABHON OYMCTKE IMAPOOUYUITIEHHOTO AM3€ABHOTO AVICTUAAATA, TOAYIeHHOTO TUAPOOYIIC-
TKOJI CMeCH IPSIMOTOHHOM AU3eABbHOV (PPaKIINY 1 /1€TKOTO Ta30iiAs KOKCOBaHMSL.

Karouessie caoBa: paq)I/IHaT, DKCTpareHT, AM3eAbHas d;)paKLU/I}I, N- METUAIINPPOANAOH, MOHHAs JKNAKOCTD

DEPENDENCE OF EFFECTIVENESS OF THE PROCESS OF ION-LIQUID EXTRACTION CLEANING OF
DIESEL DISTILLATE ON THE COMPOSITION OF DIESEL FRACTION AND THE NATURE OF THE
EXTRACTANT

ABSTRACT

The presented are the results of extraction purification of straight-run and hydrotreated diesel distillates using
ionic liquids consisting of an organic cation — morpholinium and N-methylpirrolidonium and an organic anion —
formate and acetate. It was shown that the degree of purification of the studied diesel fractions depends both on the
nature of the ionic liquid, i.e. anionic-cationic composition and the fractional composition of the distillate used. The
established was a comparable extracting ability of both ionic liquids N-metipyroidonium acetate and morpholinium
formate in the process of extraction purification of straight-run diesel distillate, as well as a relatively high extracting
ability of N-metipyroidonium acetate acetate in the process of selective purification of hydrotreated diesel distillate
obtained by hydrotreating a mixture straight run diesel fraction and light gas oil coking.

Key words: raffinate, extractant, diesel fraction, N-methylpyrrolidone, ionic liquid

DIiZEL DiSTILLATININ iON-MAYE EKSTRAKSiYA USULU iLO TOMIiZLONMOSI PROSESININ
EFFEKTIVLIYININ DiZEL FRAKSIYASININ TORKIBINDON VO EKSTRAGENTIN TOBIiOTINDON
ASILILIGI

XULASO

Taqdim edilmis materialda birbasa qovulmus ve hidrotomizlenmis dizel distillatlarinin— morfoliniy ve N-
metilpirrolidoniy tipli tizvi kation va formiat ve asetat tipli {izvi aniondan tagkil olunmus ion maye tarkiblarden
ekstragent kimi istifade segici temizlenmasinin naticaleri verilmisdir. Tadqiq olunan dizel distillatlarmin
fraksiyalarinin lazimsiz komponentlarden temizleanma daracasinin ion mayesinin tabistinden, yeni anion-kation
torkibinden ve istifade olunan distillatin fraksiya terkibinden asililigimiisyyen edilmisdir. Birbasa qovulmus
dizel distillatinin ekstraksiya tisulu ila tomizlanmasi prosesinde N-metilpirrolidoniumasetat ve morfoliniumfor-
miat terkibli ion mayelerinin miiqayise oluna bilan ekstraksiya qabiliyystlori ve N-metipiroidoniyumasetatin
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birbasa qovulmus dizel fraksiyasi ve kokslagsmanin yiingiil qazoylundan alinmis hidrotomizlonmis dizel
distillatinin segici temizlonma prosesinda nisbaten yiiksok ekstraksiya qabiliyyati agkarlanmigdir.

Acar sozlar: rafinat, ekstragent, dizel fraksiyasi, N-metilpirrolidon, ion mayesi.

3 HepTenmpoAyKTOB AM3eAbHOE TOIIAMBO SIBASI€TCS BaXKHBIM MCTOYHUKOM DHEPIUH, TaK
KaK CYMUTAeTCs] MHOTOLIeAeBbIM He(TSIHBIM TOIIAMBOM B A€TKOBBLIX U IPY30BBIX aBTOMOOMASIX,
MOPCKIX CyJaX, CaMoOJeTaX, >KeAe3HOAOPOXKHBIX AOKOMOTHBAX, CeAbCKOXO3sI/ICTBEHHBIX
CpeACTBax, CTPOUTEABHON TexHukKe U T.A. /Ju3deabHOe TOIAMBO HpeACTaBAseT CAOXKHYIO
CMech YTAeBOA0pPOAOB (rmapadpuHOB, HapTEeHOB M apoMaTUYECKUX COeAMHEHUI) IIpu
CTOpaHnM KOTOPOI B arMmocdepy BbIAeASIOTCs BbixaomHble Trassl (SOx, NOxCO, COz),
KOTOpBIe SBASIOTCSI OIACTHBIMU A4Sl 3A0POBbsl >KUBBIX oOpraHmsMoB. C yueToM 5TOro
HeOOXOAVIMO yJa/eHMe U3 COCTaBa TOILAMBa He>KeAaTeABHBIX KOMIIOHEHTOB, B JaCTHOCTHU
apoMaTHYeCcKIX YI1eBOAOPOJ0B I CEpOCOAePrKalliIX COeANHEeHNIA.

C 9T0I11 11e4BI0 HApPsIAY C TPAAUIIMOHHBIMY, TMAPOTeHN3aIIIOHHBIMI MEeTOAaMIU OUYMCTKI
IIPUMEHSIOTCSI M aAbTepHaTUBHBIE MeTOAbl (aACOPOIIMOHHBIE, OKMCAUTEAbHBIE, DKCTpaK-
IIMIOHHBle, KOMOMHMPOBaHHbIE METOABI), CpeAM KOTOPBIX MeTO/ >KMAKOCTHOM DKCTpaKIIUu
3aHMMaeT ocoboe Mecto [1-5]. OCHOBHBIM IpeMMYIIeCTBOM IIpoliecca 9SKCTPaKIIMOHHONM
OUYNCTKM SIBASIETCA BO3MOKHOCTh OAHOBPEMEHHOIO yJAaAeHUs IPU MATKUX YCAOBUAX, KaK
CePHUCTBIX COeAVHeHMII, TaK U apOMaTUIeCcKIX YIA1eBo40poA0B. IToMmmo 9TOro, sKcrpakims
cynTaeTcss Oe30TXOAHBIM ITPOILIECCOM, TaK KaK DKCTPaKT MOAydaeMblil Haps4y C IeAeBbIM
IIPOAYKTOM, papMHATOM HaXOAUT IIPMMeHeHMe B pa3AMYHBIX OTPaCASIX IPOMBIILAEHHOCTU
(B IpOM3BOACTBE TEXHUIECKOTO yIAepoa, CylepriaacTuduKkaTop A4s OETOHHBIX cMecell, 445
II0AyYeHUsI AaKOB, KpacOK, apoMaTudeckmux pactsopureseit tuna Hedpac, B mporieccax
abcopO1uy OeH30AbHBIX YTA€BOA0POAOB U3 KOKCOBOTO rasa I T.4.) [6,7].

BKCTpaKLH/IH OCHOBaHa Ha paSAI/IIIHOﬁI pacTBOpMMOCTU KOMIIOHEHTOB HE(I)TSIHOTO ChIPb:I
B IIPMMEHSIEMBIX I/I36I/IpaTe/lI)HBIX pacTBOpUTEANIX - DKCTpareHTax U’ 9(1)(1)GKTI/IBHOCTL Ipo-
jecca 3aBUCUT OT MHOI'MIX (l)aKTOpOB — CeAEKTMBHOCTHU DKCTpareHTa, CoCTaBa AU3€AbHOU (l)pal(—
anmn, yC/lOBI/II7I DKCTpaKLInN. C ucroap3oBaHneM B KadecTBe DKCTpareHTa MOHHBIX KUAKOCTE
- paCTBOpI/ITe/leﬁ, 06Aa4a10m1/1x KOMIIZ€KCOB YHUMKAAbHbIX (l)I/ISI/IKO-XI/IMI/IquKI/IX CBOVICTB U
TIOAYMHAIOIINXC  ITPpVHIUIIaM 3e41€HOM XMMUU BO3MOXKHOCTU Impornecca 3DKCTpaKnUm
pacianpmAnCs.

PesyapraThl cucreMaTmdeckux mccaedosanmii, mposoaumseix B VIHXIT HAHA 1o »kc-
TPaKI[MOHHOI OYMCTKe HePTIHBIX (PpaKUuUil pa3sANIHOIO Ha3HadeHNs, YKa3blBalOT Ha
11€41eCcO00Pa3HOCTh IIPYMEHeHNsI MOHHBIX KMAKOCTell Ha OCHOBE MYPaBbMHON U YKCYCHON
KICAOT B KauecTBe m3OMpareabHOro pacrtsoputeas [8,9]. B uwacrtHOCTH, MccaegoBaHUEM
DKCTPaAKIIMIOHHON OYMCTKU TUAPOOUYUIeHHOV auseapHont ¢paknum (IAD), coaepkareir
16% macc apomaTuyeckux yraesoaopoos u 311 ppm cepocogep>Kaiux coedMHeHUIA psAoM
VIOHHBIX >KMAKOCTeN, CMHTe3MPOBaHHBIX Ha OCHOBE YKCYCHOJ UM MypPaBbMHOI KMCAOT, yCTa-
HOB/A€HO BBICOKasl M30mMpaTeabHOCTh N-MeTmanmppoangoHuyMaiierata. Ilpu HaitaeHHBIX
ONTMMAaAbHBIX YCAOBMAX C MCIIOAb30BaHMEM B KadecTBe DKcTpareHTa N-MeTuAnuppoanso-
HUyMalieTaTa (COOTHOIIeHMEe MOHHOM JKMAKOCTHU K CBHIpBIO — 2:1, TeMnepaTypa ®KCTpaKIumu
20-25°C, BpeMst KOHTaKTa KOMIIOHEeHTOB 1 yac) HabAI0gaeTcs MpaKTJecKN I0AHas geapoMa-
THU3aIVs UICXOAHOTO chIpbs [10].
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B caydae 9KcTpaKIIMOHHOI OYMCTKY PSIMOTOHHOM AuseabHoN ¢ppakiun (ITAD), coaep-
xarmert 12% macc apomMaTHyeckmnx yraeBolopoaos 1 983 ppm cepocogepsKaliux coejuHe-
HUM N-MeTnAnMppoANAOHMUyMaIieTaTOM IIPOllecCc DKCTpaKIMM OCYIIecTBAEH KakK B OAHY
CTaAMIO, TaK ¥ IODTAIIHO IIPU BhIIIeYKa3aHHBIX YCAOBMSX- COOTHOIIIEHMS MIOHHAs JKIMAKOCTD:
®KCTpreHT 2:1 BecoBbIX, TeMIlepaTypa- 20-25°C 1 BpeMeH KOHTaKTa KOMIIOHeHTOB- 1 yac. Ha
KaxgoMm srare. [lokasaHo, 4To mpu ®TOM HOCAe ABYX®TAIIHOM SKCTPAKIIMIOHHOV OYMCTKM
ITIA® ocratouHOe coJeprKaHMe apoMaTUYecKMX YIAeBOAOPOAOB IIOAy4eHHOM paduHaTte
cocraBasieT 4% macc (taba.) [11].

B aannoit cTathe mpuBeJeHBl CpaBHUTEAbHbBIC Pe3yAbTaThl DKCTPAKIIMOHHOM OYMCTKI
BBIIIIeYKa3aHHBIX An3eAbHbIX ¢ppaknuit (ITAP n I'AP) moHHO-KMAKOCTHBIMU cocTaBaMy— N-
MEeTUAIIUPPOAUAOHUYMAIIeTaTOM U MOpPOoAMHUYMPOPMUATOM C I1eAbI0 YCTaHOBAEHUs
CTeIleH! OYMCTKM, KaK OT COCTaBa MCII0Ab3YeMOTIO ChIPhs, TaK U OT IIPUPOABI IIPUMEHIeMOTO
9KcTpareHTa. [lpomecc sKcTpakuum IIPOBOAMACA B TPeXTopAoi KoaOe CHaOXKeHHOI
MeXaHI4ecKOl MeIlaakoil u TepMoMeTpoM. Ilo oOkonHuaHmm mponecca SKCTpaKLUU
padunaTHas Ppasa 0T4e4441ach OT DKCTPAKTHOIO pacTBOpa OTCTauBaHMueM B TedeHue 30 MUH.
Bepxmioo papunaTHyIO (pasy 0TAeAs1AM CAUBaHEeM HIKHe DKCTPaKTHO (asbl.

IIpoBOAMMBIM LIMKAOM MCCAEAOBAHUI YCTAaHOBAEHO, YTO IPU DKCTPAKIMIOHHON OYMCTKe
ITAD ¢ ncroan3oBaHueM B KayecTBe M30MpaTeAbHOIO pacTBopurteas MopgoanHdopmuar-
HOI MOHHOM >XMAKOCTU HabAIOAAIOTCs COIIOCTaBMMBIe Pe3yAbTaThl. Tak, Mpu ABYXDTaITHON
ouncrtke [1Ad c ucrnoap3osaHneM Ha KaXkJ0M dTalle paBHOTO MaCcCOBOTO KOAndecTsa Mop¢o-
AVHNYM(OPMIUATHONM MOHHOM >KMAKOCTU IO OTHOILIEHMIO K CBIPBIO, IIpM TeMmIlepatype 20-25
°C 1 BpeMeHI KOHTaKTa KOMIIOHEHTOB 1 yac ocTaTO4HOe cogep>KaHle apOMaTUKM COCTaBAseT
5 %Mmacc, cepocogepKamiux coeauHeHni 483 ppm npotus 4 %Mmacc 1 470 ppm COOTBETCTBEH-
HO B CAy4ae DKCTPaKIIMOHHOI ouncTke ¢ N-MeTUANppoanjoHyMalieTaToM (Tada).

Kak BugHo, Haba104aemas DKCTparupyomias criocobHOCTs MoppoanHuyMdpopmuara 1
N-MeTnanuppoangonmymanerara B IIporecce SKCTpakimoHHon ounctku [IA® npakrmyec-
K1 oguHakoBa. OgHako B caydae ounctku I'® yKazaHHBIMY MOHHO->XKMAKOCTHBIMY COCTaBa-
MM HabDAI0AaeTCsl 3HauYMTeAbHa BHICOKasl CTeIeHb M3BAeUeHIs HeXKeAaTeAbHbIX KOMIIOHEHTOB
13 cocTaBa ChIpbs ¢ N-MeTHANMPpPOAUAOHMyMalleTaTOM, 4yeM ¢ MopdoanHdpopMmuaToM. B
9aCTHOCTY, B aHAAOTMYHBIX YCAOBMSIX DKCTPAKLIMOHHONM OYMCTKM (IIpU ABYKPaTHOM M30bITKE
DKCTpareHTa K celpblio, TeMneparype 20-25 °C u BpeMeH KOHTaKTa KOMIIOHEHTOB OAMH 4ac)
MopdoanHNyMPOPMUATHON MOHHOM XUAKOCTBIO COJeprKaHUe apOMaTUJecKMX coejyHe-
HII CHIKaeTcs Bcero Ha 4% Macc U X OCTaTOYHOe codep>KaHue cocrasaseT 12 % mace, Kor-
Aa B caydae N-MeTHANMppoANAOHIMYMalleTaTHOM MOHHOM KMAKOCTY HaDAI0AaeTCsl IIpaKT-
4yecK! MOAHas geapoMaTusanns (Tada.).
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Tabanna. Pe3yAbTaThl 5KCTPaKLVOHHON OUMCTKY IIPSMOTOHHOM ¥ TMAPOOUNIIIEHHON AU3eAbHBIX (QpaKIInit
N-MeTnanuppoauAoHuyMarieTaTHOM 1 MOPPOAMHIYMPOPMUATHON MOHHBIMU KMAKOCTMU

=
S n2| 9 )
g = E |2 2|8 5o
e ¥ g 8 & | g 8| & £
2% | g v & % e =2 |5 5|E g 2
B 2 < E 2 8 £ g = g 2|z 2
g E g s & o S 2 Z £ 5| 8 E o2
o, < X E X X 5 2 = o] S E
g g ~ . s O Q. = = N I 2 2
= S u v S 8B o [T (3] oo (3] O
S 8| 82| S8 Bl 2L |5 g
£ & @5 | O&FE5 | 088§ EE | ¥YEF
nA® 191-350 - 12 983 1,4629 852,3 6,47
pagumar, MOP(OAUHIYM- - 92,6 6 553 14594 | 8339 5,94
10y IeHHBII $opmuarom
OAHOCTAaAVITHON
N-metua-
DKCTPAKLIMIOHHO
. N IUPPOANAOHUYM- - 78,83 8 577 1,4606 834,4 6,02
1 OYMCTKOI
A ¢ alleTaToM
pauuar, MOP(pOAMHIYM- - 87,5 5 483 14579 | 8332 5,83
[10AyIEHHBII dopmuarom
ABYXCTaAVIHOV
DKCTPAKLIMIOHHO N-meriaruppo-
N . AVAOHUYM- - 84,08 4 470 1,4568 832,7 5,69
1 OYMCTKOI
A ¢ areTaTom
TA® 185-364 - 16 311 1,4698 845,7 6,03
paguuar, | MopoatHyMGO - 92,5 12 161 14663 | 833 5,47
[10AyIEHHBII pMuarom
0AHOCTa-AUHOMI
SKCTDAK- N-meruan-
P N PpOAMAOHIYM- - 80,5 0 130 1,4616 831 5,34
LIIOHHOI
ounctkoit 4D ¢ aneraTom

Aas pasbiacHeHMs HaOaAl0gaeMmoro ¢akra B IIepBYyIO odepelb caedyeT OOpaTUTh
BHMMaHMe Ha (PPaKI[MOHHBII COCTaB MccaedyeMbIX auseabHbIX ¢ppaxiuii — [IAD n IAD. Kax
OTMEUYEHO, COAep>KaHNe apOMaTUYeCKIX YyraeBogopogos B cocrase ['A® B otanmune or [IAP
HEeCKO/ABKO BbIIIe 1 cocTaBasieT 16% macc. DTO cBsA3aHO C TeM, YTO B HacTosdlllee BpeMs B
Asep0aiigkaHe, KaK I B APYTUX CTpaHaX MHUpa C 11eAbl0 yBeAndeHns oo0beMa IIpOon3BOACTBa
AU3€AbHOIO TOIAMBA K TUAPOOYMCTKE IIOABEPraerTcs CMeCh IIPSMOTOHHON AM3eAbHON
dpaxiy 1 TPoAyKTOB BTOPUYHOIN IepepaboTK HepTH, cogepKaleil BLICOKOe KOAMYeCTBO
TSKEABIX apOMaTUYeCKUX YIAeBOAOPOJAOB, CEPHIUCTBIX M CMOA0ODpasHBIX coeduHeHuit. V1
IIpU TUAPOOYUCTKE CMECEBOIO AM3EABHOTO AVCTUAASTA apOMaTUYecKue YIrAeBOAOPOAbI
TMAPUPYIOTCA AWIIL YaCcTUYHO, a MHPOCTPAHCTBEHHO 3aTPy4HEHHBIE apOMaTUYeCcKye
YIA€BOA0POABl U3-3a TPYAHOIO AOCTyIla BOAOPOAa K ABONMHBIM CBA3SM apOMaTUYeCKOIro
KOAbIIa MPAKTUYeCKN He TUAPUPYIOTCSL.

C ygyeToM TOTO, 4TO IPpMUPOAA pacTBOpUTEAS TakXKe BAMseT Ha DPPeKTMBHOCTh DKCTPaK-
LM HeOOXOAVIMO IIPOCMOTPETh U CTPYKTYPY MCIOAb3YeMBIX B IIpollecce DKCTPaKIIMOHHONI
OUYVICTKV MIOHHBIX XKMAKOCTEIL.

+ B o +
o) @)
O:O me—c” [ j H—C/<
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N-MmeTnanuppoanaoHuymaneraT Mopdoanunympopmuar
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B N-metnanmuppoanaonmnymarierare aToMbl BOAOPOAa, HaXOAAIMECS B - ITOAOKEHUN
110 OTHOIIEHNIO K KapOOHMABHOI IPyIIIle, SIBASIOTCS ITOABVDKHBIMY, ¥ MOTYT MUTPUPOBATLCS
K KICA0POJYy KapOOHMABHON TPYIIIBI, 00pa3ys eHOABHYIO (pOpMy UM MUTpanms KUCAOTO
BOAOPOJa, HaXOAs[Ierocs y aroMa a3oTa Ipu 9TOM Hamboaee BbicoKas. CaegoBaTeabHO, C
IIOBBIIIIeHVeM KICAOTHOCTU IIPOTOHOB B - IOAO0XKeHN! K KapOOHMUABHOI TPYIIIe codepKa-
HIle eHOAbHOM (PopMbl BodpacTaeT. B enoannoit popme Bmecro cesaszeir N-H, N-C u C=O
nmerorca casu N=C, C-O u O-H, u, caegosareanno, N-mMeTuanuppoangonmymalierar B
€HOABHOI (popMe sIBAseTCs 0olee peaKIVIOHHOCIIOCOOHOII. B CBsI3M ¢ 9TMM eHOABI CuMTaIoTCs
HaMAy4IIuMM 9KcTparenTamu. Kpome toro, sa caer CHs rpymiist y atoma a3ora I10A0KNUTeAb-
HBIIT 3aps14 €r0 YaCTUYHO TracuTcs 1 0Aarogapsi 4eMy KaTHOHHBIN pparmeHT N-MeTnAnmnppo-
AMAOHUyMaleTata Oolee cTaOMABHBIN. AHMOHHBIN (parMeHT- N-MeTMANVPPOAUAOHNY-
MareTaTa IO CpaBHEHMIO C aHMOHHBIM (parMeHTOM MopdoanHuyMdopMmaTa CINTAETCs
0o0/ee CABHBIM OCHOBaHMeM, TaK KaK MypaBblHas KMCAOTa CU/AbHee YKCYCHOM KMCAOTHI U
CIABHOM KICAOTe BCeTAa COOTBETCTBYeT cA1aboe OCHOBaHIe - (popMuar.

Hapsaay c stum katmonnsbiin gpparmeHT N-MeTUANIMPPOAUAOHMYMALIETaTHOVM VIOHHOM
JKMAKOCTU IIO CPaBHEHUIO MOpP(OAMHMYyM@OpPMUATHON uMeeT 0OoJdee acCUMeTPUIHYIO
CTPYKTYpPY C IIOAOXKUTEABHO 3aps>KeHHBIM a30ToM. C yBeandeHneM acCMMeTPUIHOCTI KaTH-
OHa B COCTaBe MOHHOM XMAKOCTI OcAabeBaeT KyAOHOBCKOe B3alIMOAeNICTBIe, IIPUBOoAsIiiee K
c2aboil KOOpAMHALIMM MeXAYy MOHaMM, 4YTO TakXe sABAseTCI IIpenMylnecTBoM N-
METUANVPPOAUAOHNYMALIETaTHONM MOHHOM JXMUAKOCTU B Ka4eCTBe DKCTpareHTa.

Kak 0p110 ormeueHo Bpimre, 5¢QQPeKTUBHOCTh Hpolecca DKCTPaKLIMUM OIpeaeaseTcs
CPOACTBOM KOMIIOHEHTOB OUMIIIaeMOTO ChIpbsi K BBHIOpaHHOMY B KauecTBe BDKCTpareHTra
pacTBOpuUTeAIO, Tak Kak II0JO0OHBIe BelllecTsa Aydllle pacTBOPSIOTCA APYT B Apyre, 4eM B
BelllecTBax Apyroii cTpykrypsl. [Ipn 9ToM nonsATme 1moao0us He 40AKHO OBITh pacCMOTPEHO
B OyKBaAbHOM CMBICA€, 9aCTO y>Ke 40CTaTOYHO IPUCYTCTBUS B MOAEKyAaX OAMHAKOBBIX M1AY
CXOAHBIX IO NOBEAEHUIO TPYIIL. YUYUTBIBas HTOT (paKT MOXKHO CKa3aTh, YTO HPUCYTCTBME B
Moaekyade  N-mMeTuaAnuppoamujoHuMymanerara  MeTUABHOM — TPYIIBI  CIIOCODCTBYeT
DKCTparnpoBaHmio u3 cocrasa [AP psajga apomaTmyecKux COEAVHEHMII CTePUYecKNr
3aTPyAHEHHBIX MeTUAeHOBhIMU Tpynnamu. HeoOxoguMo Takke OTMETUTh TO, 4TO
yBeAMdeHne AAVHBI aAKUABHONM LIl KaTMOHA IIPUBOAUT K YBEAMYEHMIO BI3KOCTU WU
VMIOHHOJ accolaliui B pedyabTaTe pOCTa BaHAEPBaaAbCOBBIX CUA.

Mrak, 13 mpeacraBAeHHOIO MaTepuada CAeAyeT, UYTO DKCTpaKUMsA — 9DTO CAOXKHBIN
(pusMKO-XUMIMYECKMII IpOIlecC M BBIXOA, a TakKe KadyecTBO padpuHaTa, II0AY4eHHOIO B
Iporiecce HKCTPAKI[MOHHONM OYMCTKU AM3E€ABHOTO AMCTUAASITAa 3aBUCUT He TOABKO OT
yCAOBMII IIpollecca SKCTpaKIuM (TeMIlepaTyphl, COOTHOIIEHMs 9KCTpareHTa K CBIPBIO,
BpeMeHl) KOHTaKTa KOMIIOHEHTOB) , HO U OT COCTaBa MOHHON >KMAKOCTUM W AV3€ABHON
¢pakiym. Takmm o6pazoM K KaXXAOMY COCTaBy AM3EABHOTO AMCTUAASTa HEOOXOAUMO
1oaOupaTh COOTBETCTBYIOIENl €My MOHHO-)XUAKOCTHOM 9KCTpareHT, TaK KaK JMOHHas
JKMAKOCTh DPeKTuBHas B IIpollecce HKCTPaKLVOHHON OYUCTKU AU3€ABHOTO AVICTHAASITA
OAHOTO (PPaKIMOHHOIO COCTaBa MOKeT OBITh He CTOAb D(PPEeKTUBHON AASl AUCTUAASTA
APYTOTO cOCTaBa. DTO Cy>KAeHle OTHOCUTCA He TOABKO K MOHHO-)KMAKOCTHBIM DKCTpareHTaMm,
HO U K I1e/10MY 4MCAY DKCTPareHToB.
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ABSTRACT

This study was directed to determine of metal contents ofdifferent species chocolate bars samples which
were bought from local markets. Inductively coupled plasma - optical emission spectrometry (ICP-OES)with
ultrasonic nebulization technology was used to determine metals such as arsenic(As), selenium (Se), molybde-
num (Mo), zinc (Zn), antimony (Sb), lead (Pb), cobalt (Co), cadmium (Cd), nickel (Ni), barium (Ba), iron (Fe),
manganese (Mn), chromium (Cr), magnesium (Mg), beryllium (Be), calcium (Ca), copper (Cu), lithium (Li) and
potassium (K). According to the results of ICP-OES, hazard analysis and critical control points (HACCP) and life
cycle assessment (LCA) were connected and estimated the environmental aspects of chocolate production and
consumption through non-organic concept.

Key words: Chocolate bars samples, metal contents, critical control points, environmental impacts, life cycle
assessment

MHOTI'ODAEMEHTHBIN AHA U3 PA3AVNYHBIX BUAOB IIOKO/AA AHBIX BPYCOB B
VHAYKTUBHO-CMEIITAHHOW I11A3MEHHO-OIITUYECKOV DMUCCUOHHON CIIEKTPOMETPUN
M XACCII/OXKI, OUEHKE ITPONU3BOACTBA M IIOTPEBAEHNS IITIOKOAAAA

AHHOTALIMST

D10 nccAeoBaHMe OBLIO HAIIPaBJAEHO Ha OIIpejeleHNe COAep’KaHUsA MeTalloB B 0DpasIiax IIOKOAaAHBIX
6aTOHYNMKOB pa3ANYHBIX BMAOB, KOTOpPbIe 3aKyIlaAMCh Ha MECTHBIX PhIHKaxX. VIHAYKTMBHO CBs3aHHas Illa3Ma -
onTmdeckas smuccuonHas crekrpomerpus (VICIT-OOC) ¢ yapTpa3ByKoOBON TeXHOAOTHEN IyAbBepusariuu Oblaa
JCII0AB30BaHa AAs OIpeJeAeHMs] MeTaAl0B, TaKUX KaK MBIIBAK (As), ceaeH (Se), moanbaeH (Mo), 1iuHK (Zn),
cypsMEI (Sb), csunrers ( Pb), kobaast (Co), kagammii (Cd), anxeas (Ni), 6apus (Ba), xeaeso (Fe), mapraner; (Mn),
xpoM (Cr), maruuit (Mg), 6epuaanit (Be), kaapriuit ( Ca), meap (Cu), antuin (Li) u xaausa (K). Ilo pesyasraTam
VICII-O9C, aHaam3a pUCKOB M KPUTHMUECKUX KOHTpOAbHBIX ToueK (XACCII) m olleHKM >KM3HEHHOIO IMKAa
(OXL) Ob1AM CBA3aHBL M OIleHEHBI DKOAOTMIECKIE acleKThl IITOKOAaAHOTO IIPOMU3BOACTBA U IIOTpeOAeHIsI Yepe3
HeopraHN4YecKOli KOHIIeIIINI.

Katouesvie caosa: oOpasIibl IITOKOAAAHBIX OATOHYMKOB, COAep>KaHMe METaAA0B, KpUTUUIECKIe KOHTPOAbHbIE
touku (CCII), Bo3aeiicTBue Ha OKPY>KalOIIyIo cpeay, oljeHKa XusHeHHoro nukaa (OXII)

MUXTOLIF NOV SOKOLAD MOHSULLARININ METAL TORKIBININ INDUCTIVELY COUPLED
PLASMA - OPTICAL EMISSION SPECTROMETRY ANALIZi VO SOKOLAD iSTEHSALININ VO
ISTEHLAKININ HACCP/LCA QiYMOTLONDIRIMOSI

ABSTRACT
Tadqiqatlar yerli bazarlardan alinmis miixtalif sokolad niimunslerinde metallarin miqdarinin tayinine
yonalmisdir . Arsen (As), selen (Se), molibden (Mo), sink (Zn), stibium (Sb), qurgusun (Pb), kobalt (Co), kadmium
(Cd), nikel (Ni), barium (Ba), demir (Fe), mangan (Mn), xrom (Cr), maqnezium (Mg), berillium (Be), kalsium (Ca),
mis (Cu), litium (Li) v kalium (K) metallar: Inductively Coupled Plasma - Optical Emission Spectrometry (ICP-
OES) ultrasas sapealomenin texnologiyasindan istifade etmoklo niimunslerds teyin olunmusdur. ICP-OES
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naticalori asasinda risklarin tohlili ve kritik nazarat noqtaleri (HACCP) ve hayat dovriiniin giymatlondirilmasi
(LCA) konseptiyalar1 bir —biri ilo alagalondirilmis ve sokolad istehsalinin ve istehlakinin ekoloji aspektlari geyri-
tizvi torkib noqteyi nazerinden qiymotlondirilmisdir.

Agar sozlar: sokolad niimunolari, metal torkibi, kritik nazarat noqtalari (CCP), atraf miihita tesiri, hayat
dévriiniin giymeatlondirilmasi (LCA)

INTRODUCTION

Chocolate is consists of sugar, cocoa liqueur and cocoa butter with additives such as
vanilla and emulsifiers [1]. Beside polyphenols and procyanidins as the oligomeric and
polymeric catechins, chocolate and cocoa powder, also contain metals with a wide range of
concentration [12]. The effects of metal to the human organism were determined by several
investigators” analysis [2,3,4,5] and the roles of inorganic content in human organism was
divided as positive and negative impacts. Trace elements are naturally occurring inorganic
substance required in humans in amounts <100 mg/day [2]. Heavy metal is considered as the
density of metal greater than 5 g/mL and classified as toxic such as arsenic (As), cadmium
(Cd), chromium (Cr), mercury(Hg) and lead (Pb), is likely essential such as nickel (Ni) and as
essential such as copper (Cu)and zinc (Zn) and they are harmful at trace levels in any sample
[6] Inductively coupled plasma - optical emission spectrometry (ICP-OES) is an effective
technique to evaluate of inorganic elements content in wide range of analitical samples. It is
sensitive technique and has been the possibility of multielement detection with precisely [8].
Moreover, it is an important and difficult task, to choose the operating condition and the aim
of optimization in ICP-OES [13], compromise condition are usually determined beforehand.
Rafaella et al., had analyzed the 15 samples of chocolate drink powder by using the
optimized operation condition and were observed the highest concentration Al, Ba, Co, Cr,
Cu, Fe, Mn, Mo, and Zn in a diat product, the highest concentration of Mg in a light prodect,
the highest concentration of P was found in soy based product [13]. The evaluationof Al, Cd,
Ba, Ni, V, As and Co were determined by Rafaella et al., and the results according to the
concentration of Mg, P, Cd, Zn were similar with those analyzed by Pedro et al., but the
concentration of Fe, Mo and Cr were diffentiated between these analyzes [13, 14]. The
determination of element content of dark chocolate samples were evaluated by the analytical
ICP OES method which is simple, rapid, accurate(D>93%) and precise (CV<8%) for the
determined analyte level and from macro elements, the most abundant is K, followed by Mg,
Na and Ca, from the essential element is Fe, followed by the Zn, Mn and Cu, from the toxic
elements Cd and Pb concentrations are below the U.S. FDA and FAO/WHO recommended
level [12].Seven metals (Mn, Cu, Zn, Cd, Cr, Fe, and Pb) were determined in 17 different
samples of chocolate and commonly consumed cocoa products using atomicabsorption
spectrometry, flame technique (F-AAS) by wet digestion with concentrated nitric acid and
except Cr, Pb and Cd, were found the highest concentrations of metals Mn, Fe, Cu and Zn in
cocoa powderand dark chocolate with a high content of cocoa, concentrations of Cu, Cd and
Pbwere found lower than the permissible levels prescribed by national Regulation
ofmaximum permitted quantities of certain contaminants in food B&H in all samples [15]. To
use acid extraction method by Villa et al. (2015) had done determination of essential element
such as Ca, Na, K, P and Mg, by ICP OES, and trace elements such as Cu, Zn, Mn, by ICP-
MS in chocolate bars.

The aim of this work was the assessment of metal contents of different species of chocolate
bars within microwave digestion and inductively coupled plasma - optical emission spectro-
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metry (ICP-OES) method, to estimate results byhazard analysis and critical control points
(HACCP) and life cycle assessment (LCA)during chocolate production and consumption.

MATERIALS AND METHOD

The measurements were carried out by ICP-OES, Model Optima 2100 DV (Perkin-Elmer,
USA, Software WINLAB-32).CCD detector allows to collect a complete simultaneous analyte
spectrum at speeds that far exceed conventional systems. Outstanding spectrometer design
for superior results, detection limits and precision. Automatic dual viewing (DV) ensures the
lowest detection limits and the widest working ranges.Custom-designed solid-state detector,
the solid-state RF power supply and the sealed optical system provide both superior
performance and enhanced reliability.Computer-controlled gas flows and mass flow of the
nebulizer gas ensure day-to-day reproducibility [9]. The Digestion were carried out by
Berghof Speed Wave MWS-3 + Microwave Digestion System [10]. ICP multi element
standard solution of "20.00+0.10mg/L was used as a stock solution for calibration. The plastic
container used for storing the samples had been cleaned to avoid contamination of the
samples with trace of any metals. Container had been treated with 20% nitric acid and
washed with deionized water. Nitric acid (65%) and hydrogen peroxide (30%) are in
analytical grade. Samples was received from the local marteks.

Procedure

The experiments were carried out to examine the amount of As, Se, Mo, Zn, Sb, Pb, Co,
Cd, Ni, Ba, Fe, Mn, Cr, Mg, Be, Ca, Cu, Li and K in the chocolate samples which had bought
from the local markets in Baku. According to the Microwave digestion procedures [20] it
offers many advantages over conventional digestion in food analysis with nitric acid,
because of reduce acid consumption and contamination to use in closed
polytetrafluoroethylene (PTFE) lined vessel at temperatures above the boiling point of nitric
acid and within 1 hour [20]. Initially, around 0.243 mg of each chocolate samples were put
into vessels, which were prepared from the beforehand to analyze [10]. Then, 6mL
concentrated (65%) nitric acid (HNOs) with 2mL (3 %) hydrogen peroxide (H20:) were mixed
and waited around 10-15 minutes to avoid pressure. After that, the samples were settled into
Speed Wave MWS. Temperature and pressure was less than 215 'C and 40bar.After 15-20
minutes from analyzes digested samples were filtered and transferred to a 50mL volumetric
flask which was filled up with de-ionized water. Next step was placed the samples into
plastic containers and kept them in the refrigerator until the analysis. Samples preparation
was followed in triplicate. The amount of multi element determination was evaluated by
inductively coupled plasma - optical emission spectrometry (ICP-OES).

The operating condition of ICP-OES

To obtain reliable result it is important to set right operating condition, includes RF
power, nebulizer gas flow rate, torch gas flow rate, viewing height, sample introduction [12].
In current study, ICP was 27.12 MHz, RF power was 750 W-1350 W, flush pumprate was 50
rpm, analysis pump rate was 50 rpm, nebulizer gas flow rate was 0.7 L/min, coolant gas flow
rate was 12 L/min, auxiliary gas flow rate was 0.5L/min, dual (axial/radial) viewed plasma
mode and sample uptake delay was 30s. The analitical wavelengths (nm) chosen were as
follows: As (193.696), Se (196.026), Mo (202.031), Zn (202.548), Sb (206.836), Pb (220.353), Co
(228.616), Cd (228.802), Ni (231.604), Ba (233.527), Fe (238.204), Mn (259.372), Cr (267.716), Mg
(285.213), Be (313.107), Ca (317.933), Cu (327.393), Li (610.362), K (766.490).
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Macro and Micro elements in chocolate samples

The contents of 19 elements were determined in 4 chocolate samples. The results, expres-
sed as mg/kg, are shown in Table 1. K, Ca, P, Mg, and Na are macro elements. Trace element
were considered according to World Health Organization Experts Committee on trace
elements in Human Nutrients [16] and have been collected itself 3 groups deal with their
nutritional importance in humans, from them Zn, Fe, Se, Cu, Mo, Cr are essential elements,
Mn, Si, Ni,Co, B, V are probably essential elements, and Pb,Cd, Al, Li, Sr, Ba, As, Sb, Sn, Hg
are potentially toxic elements [6,16]. This study has not covered the contents of P and Na
from macro elements, Si, B, V, Al, Sr and Sn from micro elements.

According to our results among all macro elements K, Ca, and Mg were analyzed and
had been calculated from 815.637 mg/kg to 9594.65 mg/kg for K, from 1282.1 mg/kg to 6246.9
mg/kg for Ca, from 2382.7 mg/kg to 2748.97 mg/kg for Mg, respectively.

As trace essential elements, Zn was changed from 30.4526mg/kg to 75.7202 mg/kg, Fe
129.01 mg/kg to 161.11 mg/kg, Se from 1.4403mg/kg from 2.26337mg/kg, Cu from 24.074
mg/kg to 28.6008 mg/kg, Mo from 0.20576 mg/kg to 2.0576mg/kg, Cr from 0.20576mg/kg to
1.0288mg/kg.

According to World Health Organization Experts Committee on trace elements in
Human Nutrients [16] from probably essential elements (except Si, V and B), Mn were
estimated from 12.7572 mg/kg to 42.3868 mg/kg, Ni 27.1605 mg/kg and 27.572mg/kg (only for
III and IV), Co from 0.823mg/kg to 1.0288mg/kg, respectively. As potentially toxic elements
(except As, Hg, ALSr,Sn,Sb elements), Pb were calculated from 1.02881 mg/kg to
1.2345mg/kg, Cd were expressed0.20576mg/kg for all samples, Ba were shown from 9.05349
mg/kg to 48.148mg/kg. Li were expressed by 21.811 mg/kg and 24.2798 mg/kg respectively
(only for IIT and IV).

Table 1. Metal contents in chocolates samples

Elements Wavelength Plasma Samples
(nm) View II 1\%
mode Mean RSD Mean RSD % | Mean RSD Mean RSD
mg/kg | % mg/kg mglkg | % mglkg | %
As 193.696 axial -
Se 196.026 axial
Mo 202.031 axial
Zn 202.548 axial
Sb 206.836 axial
Pb 220.353 axial
Co 228.616 axial
Cd 228.802 axial
Ni 231.604 axial
Ba 233.527 axial
Fe 238.204 axial
Mn 259.372 axial
Cr 267.716 axial 1.0288
Mg 285.213 radial 2662.55 274897
Be 313.107 axial
Ca 317.933 radial 12823 1282.1
Cu 327.393 axial 28.189 28.6008
Li 610.362 axial
K 766.490 radial
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DISCUSSION

The results of Se were more than previous research paper [12] for all samples. Mo
contents were stable in all samples and were found in previous research [11]. Zn content was
completely different in all samples. Zn content of I and II were expressed near to previous
researchers’ results [11, 12]. Pb, content was almost the same in all samples and is available
within literature data [18]. Co content was almost near each other and suitable results [19].
Cd content was the same in all samples and is available within literature data [11, 17]. Ni
content was almost the same in samples III and IV and is not available within literature data
in such quantity. Ba content was completely different in all samples within high quantity and
only the content of Ba in IV is available within literature data. According to recent
researchers, Fe content was one of suitable quantity [11, 12]. Mn content of I and II were
almost the same and is available content [11,19]. Mn content of III and IV were almost the
same and is available content [21]. Cr content of I and III were the same and is not available
within literature data. Cr content of II and IV were the same and is available within literature
data. [11,17]. Mg content was high quantity in all samples within near contents and are not
available within literature data.Ca content of I and III were the same and is not available
within literature data. Ca content of Il and IV were the same and is available within literature
data. [11,17,19]. Cu content of all samples were almost near each other and is available
within literature data [11]. Li content of III and IV were almost near each other, but are not
available within literature data in such quantity. I and II carried out near quantity of K, but
are not available within literature data. III and IV carried out near quantity of K, and are
available within literature data [12].

As usual, the essential metal content of chocolate product varies and dependent on the
soil, where raw material, especially cocoa is grown. As known, milk is source of Ca, cocoa
solid is richer by Fe, Cu, Mg [22]. According to the results of noted these elements contents, I
and III were compatible to milk chocolate, II and IV to dark chocolates. As a further matter,
Cr was shown the same compatibility (Table 1).That is why, the proportion of cocoa powder
and milk in the final product determine the mineral content of chocolate. The biggest food
safety hazards are taken into account during producing and using cocoa and confectionery
products. According to ISO22000:2005, there are biological, chemical and physical agents in
condition of food, which can be adverse health effect. Biological hazards are mainly
considered incoming of raw materials and improper handling [24, 25]; Physical hazards are
hard and/or sharp foreign bodies [22, 24]; Chemical hazards are divided the intrinsic
contamination of incoming raw materials, and contamination that may occur during
production [22,24]. The high doses of metal inside confectionery products can cause toxicity
to the consumer. It is obviously, the environmental contaminants formulate of the origin of
raw materials. For instance, as heavy metal Cd exists in low concentrations and is absorbed
from the soil by plants. So, the content of Cd into confectionery products depends on the
type of soil, where raw materials grow up. As usual, soil of volcanic origin is known as high
Cd content [22]. According to Cd content in the current research, if the result was considered
at the point of view of cocoa composition (Table 1), then cocoa kernels compatible to the
Venezuela and Ecuador origin where soil is volcanic and contain 0.18-1.5 mg/kg [26]. This
regulation is confirmed itself in the Sanitary-epidemiological rules and regulations of
Azerbaijan Republic [27]. Due to the natural and anthropogenic impacts, Pb is present in the
environment. In general, the raw material may become contaminated by Pb during growth,
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cultivation, storage, or manufacture. If the cocoa liquor is source of Pb in chocolate, then the
content of Pb dark chocolate was higher than milk chocolate. According to the results, the
content of Pb was in I, III, and IV samples less than II (Table 1).

According to the analysis of the different species of chocolate samples in the ICP-OES,
the connection between ISO 22000 and Hazard analysis and critical control points (HACCP)
are important to estimate environmental aspects production and consumption. So that,
chemical hazard, such as heavy metals contamination is critical control point and is available
in the bean reception (CCP1) of chocolate manufacture. Moreover, the raw materials,
chocolate production and packaging are the major hotspots across all impact categories, and
help to make decisions towards sustainable production and consumption of chocolate
product through evaluation environmental impacts
consumption [28]. According to results, which had shown on Table 1 [28], life cycle
assessment can estimate the impacts of chocolate by ISO 14040/14044 guidelines [31,32), GaBi
V6.4 software [33] and ReCiPe midpoint method [34].

of chocolate production and

Table 2.Connection of environmental impacts to the metal contents of chocolate samples

Environmental impacts Metal contents

Global warming potential (GWP)

Hotspots

Raw materials- ingredients,

production, packaging, transport

Primary energy demand (PED) Raw materials, production, packaging,

ingredients,

Ozone depletion (OD) Raw materials- ingredients, production, | -
transport, packaging
Fossil fuel depletion (FFD) Raw materials- ingredients, production, | -

packaging, transport
Raw materials- ingredients,
packaging

Freshwater eutrophication (FE) production, | K

Marine eutrophication (ME) Raw materials- ingredients -

packaging, transport

Human toxicity (HT) Raw materials- ingredients, production, | Mn, Zn
packaging, transport

Terrestrial ecotoxicity (TET) Raw materials- ingredients, transport Cu

Freshwater ecotoxicity (FET) Raw materials- ingredients, production, | Cu, Zn
packaging, transport

Marine ecotoxicity (MET) Raw materials- ingredients, production, | Cu, Zn
packaging, transport

Terrestrial acidification (TA) Raw materials- ingredients, -

Agricultural land occupation (ALO) Raw materials- ingredients,packaging

Urban land occupation (ULO) Raw materials- ingredients, production, =
packaging, transport

Natural land transformation(NLT) Raw materials- ingredients

Photochemical oxidant formation (POF) | Raw materials-ingredients, packaging, | -
production, transport

Mineral depletion (MD) Raw materials- ingredients, production, | Cr, Cu, Fe, Ni

Volumetric water consumption (VWC)

Raw materials- ingredients, production,
packaging

Water footprint (WF)

Raw materials-ingredients, production,
packaging,

According to the Table 2, the metal content of samples can be connect to environmental
impacts and analyzes depicted interaction between them to HACCP. This interaction shows
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hotspots of production and consumption. In addition to the connection between metal
content with the environmental factors are important to evaluation of ecological problems of
chocolate production and consumption [25,28].

To keep under control of environmental impacts and hotsports make attempt to avoid
hazards. In other words, CCP is equivalent to the hotsports [24, 30].

CONCLUSION

The metal contents of the different species of chocolate samples were estimated by ICP-
OES. Besides the metal content analyze, evaluation were carried out to implement of HACCP
and LCA of chocolate production and consumption. According to the results, the
concentration of various metals depend of the origin of chocolate bars samples. Zn, Ni, Ba,
Li, and K content were depicted within different and changeable high concentration in some
samples and can considerate to deal with other nutrients chemical structure. As, Sb, and Be
content were not inflected in the results of ICP-OES of any samples. Fe, Cu, Ca, Mg, and Cr
content were expressed by symmetry. In relation of the origin of cocoa solid, Cd was in the
same content in each sample. Se, Mo, Pb, and Co was followed in all samples and
considerate to be suitable to the regulations.

The connection among the metal contents of chocolate samples within HACCP and LCA
expresses itself in the production stages. According to the results of ICO-OES, it provides to
make connection between HACCP and LCA. Chemical hazards of chocolate production are
based on raw materials-ingredients origin and reception of beans. Furthermore, non-organic
content of chocolate samples connect to the environmental impacts such as freshwater
eutrophication (FE), human toxicity (HT), terrestrial ecotoxicity (TET), freshwater ecotoxicity
(FET), marine ecotoxicity (MET), mineral depletion (MD), which are expressed the
concentration of K, Fe, Cu, Zn, Cr.

In this article, the results of chocolate samples in ICP-OES were implemented by
HACCP and LCA, hotsports of LCA and CCP of hazards analyses were connected and it
enhances to provide of food sustainability and prevent ecological problems of production of
consumption of chocolate.
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ABSTRACT

The sites of photosystem II (PSII) damage was revealed under the influence of temperature stress and also,
the photoinhibition sites have been studied in light of temperature stress. The sites have been determined through
investigation and analysis of induction curves of the development of delayed light emission (ms-DF) chlorophyll
a in millisecond range. The action sites of high critic temperature and low positive temperature are presented in
line with high light intensities in electron transport reactions of photosystem II (PSII) evaluated by ms range
delayed light emission (ms-DF) of chlorophyll a in Zea mays and Hordeum vulgare seedlings. The main targets for
these stress factors action have been accepted as Yz and CaMn4O5 —cluster on the donor site of PSII in case of
simultaneous action of different temperatures and high light illumination, and between Qa and Qs on the
acceptor site of PSII in case of low positive temperature influence only. High critic temperatures and low positive
temperatures considerably change the nature of development of photoinhibition process. Low temperatures
increase the development of photoinhibition process in photosystem II on the basis of delayed product forming
presented in recombinative irradiation reactions of chlorophyll a leading to ms-DF. It is likely that reduced
temperature may also interrupt the balance in the speed of the process in D1 protein synthesis of PSII de novo
degrading it on the basis of intensive irradiation influence.

Key words: Photoinhibition, Delayed Fluorescence, Photosystem II, temperature stress.

OOTOMHIMBUIINST IN VIVO HEKOTOPBIX 3EPHOBBIX KYAbTYP IIPY HU3KINX Y BBICOKUX
KPUTNYECKUX TEMITEPATYPAX

PE3IOME

brrau obHapy>KeHHBI U M3yJeHsI HoBpekaeMble yaacTku porocucteMsr I (OCII), a Takxe cailThl pOTOMHIN-
6upoBaHNs ITpK TeMIIepaTypPHOM CTpecce. YJacTKU OBLAM OmpejeAeHbl IIyTeM UCCAeA0BaHUA U aHaAM3a MHAYK-
LIMOHHBIX KPUBBIX 3aMeAleHHON ¢aroopeceHnun xaopopnuasa a (ms-DF) B MmaamceKyHAHOM AMariasoHe.
Y4acTKy BO3AVICTBIA KPUTIYIECKMX BEICOKVX UM HUBKMX ITOAOKUTEABHBIX TeMIIepaTyp IIpejcTaBAeHbl B COOTBETC-
TBUU C BEICOKOM MHTEHCUBHOCTBIO CBeTa B peakIuax Iepenoca s1ekTpoHos PCII, orleHeHHO 1O 3aMeAeHHOM
daroopectientiun xaopoduiaaa a B mpopocrkax Zea mays v Hordeum vulgare. OCHOBHBIMM y9aCTKaMI ITOBPEXKAEHNIL,
IIpM OJHOBPEMEHHOM BO3AEVICTBMA Pa3AMYHBIX TeMIIepaTyp U BBICOKON OCBEIIeHHOCTM, OBIAY OIlpe/eeHbI
tuposuH Yz u CaMn4O:s - kaacrep Ha goHOpHOI cropoHe PCIIL. B cayyae HUM3KMX OAOXKUTEABHBIX TeMIIepaTyp
Y4JacTKI TIOBPeXJeHMII HaXoAmAuch Mexay Qa u Qs Ha akientopHoit cropore @CII. Bricokme Kputmdeckue
TeMIlepaTyphl ¥ HMU3KME II0AOXKUTeAbHBlE TeMIlepaTyphl 3HAUYMTEABHO MEHSIOT XapaKTep pasBUTHs IIpoliecca
doronurndbuposanms. Huskue TeMepaTypsl yBeAndnsaioT pa3sutue mporecca porounrnouposanus B PCII Ha
OCHOBe 3aMeJAeHHOTO 0DOpa3oBaHMs MPOAYKTa, IIPejCTaBAEHHOTO B peaKIVIX peKOMOMHAIIMOHHOTO 00AyJeHIs
xaopoduaia, TPUBOAIIINX K 3aMeAAeHHON (AIOOpECLeHIINN B MC AMalla3oHe. BeposATHO, 4TO IOHIM>KEHHas
TeMIlepaTypa MOXKeT Tak’Ke HapyImmTh 6asaHC B cKopocTu mportecca cunTesa 6eaxa D1 @CII de novo, paspymras
€ro B CAeACTBIU MHTEHCUBHOTO 00AyJeHIsI.

Karouesnle caosa: ¢poromHrnOnposanue, 3ajgepKanHas ¢ayopecriennus, ¢gorocucrema I, Temmepatyp-
HBIN CTpecc.
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ZOIF VO YUKSOK TONQIDI TEMPERATURLARDA BOZI TAXIL BITKILORININ VIVO-DAKI
FOTOHIBITION

XULASO

Fotosistem II (FSII) ziyan yerlori, temperatur stresinin tesiri altinda askar edildi, hamginin fotoinhibisiya
sahalori temperatur stresinin isiginda arasdirildi. Saytlar gecikmis isiq emissiyasinin (ms-DF) xlorofillinin
millisaniys araliginda inkisaf induksiya ayrilerinin tadqiqi ve tohlili naticesinde miisyyen edilmisdir. Yiiksok
tonqgid temperaturu ve asag1 miisbat temperaturun tesir zonalar1 Zea vo Hordeum vulgare a xlorofill a ms sira
gecikmis isiq yayilmasi (ms-DF) torafindan qiymatlandirilon FSII elektron naqliyyat reaksiyalarinda yiiksak isiq
intensivliyine uygun olaraq toqdim edilmisdir. fidan. Bu stres amilleri foealiyyetinin osas hadaflori miixtalif
temperatur vo ytiksok isiq isiglarinin eyni vaxtda harokeat etmosi halinda PSII-nin donor yerinds Yz vo CaMn40O5
- vo PSI-nin gabuledici yerinds Qa vo Qs arasinda gobul edilmisdir. yalniz asag1 miisbat temperatur tosiri. Yiiksok
tongid temperaturu ve asagt miisbat temperatur, fotoinhibition prosesinin inkisaf tebisatini shamiyystli deraceds
doyisir. Asag1 temperatur, ms-DF-a aparan xlorofillin rekombinativ siialanma reaksiyalarinda taqdim olunan
gecikmis moahsul amals galmasi asasinda fotosistem II-de fotoinhibisyon prosesinin inkisafini artirir. Giiman
olunur ki, azaldilmis temperatur, intensiv siialanma tesiri asasinda onu pozan PSII de novo D1 protein sintezinda
prosesin siiratindaki tarazlig1 poza bilar.

Acar sozlar: Photoinhibition, Gecikmis fluoressensiya, Fotosistem II, temperatur stresi.

INTRODUCTION

In natural conditions, photosynthesizing organisms together with photo damage
simultaneously are also affected by the influence of other unfavorable factors as high and
low temperatures, salinity and other stress factors [1,2]. It was identified that photosystem II
(PS II) is most sensitive to environmental changes and it falls to a larger extent under the
influence of these unfavorable factors of PSII activity than the activities of other
physiological processes [3, 4, 5, 6, 7]. In earlier investigations, the major attention was given
to the explanation of PSII problems in vitro of damage mechanisms under the influence of
various stress factors [8, 9, 10]. It was determined that high temperature inactivates the
chloroplasts and at first, the reactions connect with oxygen evolution. Oxygen evolution is
inactivated under the incubation of chloroplast thylakoids at 42-45°C within several minutes,
which is followed by the solubilisation of 33,24 and 17 kDa peripheral protein oxygen
evolving complex, and Mn ions are lost, causing thermal treatment of thylakoids and as a
rule, thermo inactivation of oxygen evolution [11]. So, Rasheed [12] showed that higher
concentrations of sucrose increase the thermo stability of oxygen evolution as a result of
stabilization of 33 kDa protein connection with the PSII nucleus [13, 14, 15, 16, 17].

PSII reactions are one of the stages of photosynthesis subject to the impacts of different
stresses like low temperature (0-14°C) or high light intensity. Species sensitive to low
temperatures have a tendency to display photoinhibition of PS II when they are exposed to
high light intensity under low temperatures [18, 19, 20].

On the other hand, species that adapt to cooling process are less sensitive to
photoinhibition [21]. It was shown that photoinhibition of Fv/Fm took place under freezing
temperature in different leaves of tree seedlings [22, 23]. Why is PSII more sensitive to
photoinhibition than other stress factors like low and high temperatures? There are few
hypothesis to explain these phenomena: low temperature can reduce photosynthetic capacity
of photosystem II (turnover reactions at low temperatures are diminished) and low
temperature can reduce capacity of the reactive oxygen species scavengers, which can
provide protection against photoinhibition in vivo [24]. Arising mainly from in vitro studies,
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two mechanisms of photoinhibition of PSII have been proposed: acceptor-side and donor-
side photoinhibition [25, 26, 27, 28, 29, 30]. The studies on two entirely different systems (in
vitro and in vivo) which differ from each other to a great extent are proposed and different
interpretations of photoinhibition mechanism have been given.

Based on those sites of thermo inactivation in vivo photosynthesis, the damage sites of
PSII haven’t been tested practically on plant organisms, PSII activity and whole plants un-
der the interaction of various stress types.

In this regard, the experimental data related with the investigation of the damage sites of
PSIT under the simultaneous influence of high and low positive temperatures and excess
have been presented for normal percolation of photosynthesis and illumination two types of
cultured plants — barley and maize — differing in their thermophilic degrees.

Materials and Methods

Barley (Hordeum vulgare L. cv. Makooi Barle) and maize (Zea mays L. cv. Var.540) seedlings
grown from seeds and soaked at 25°C for 7 days under white light (600 pmol photons m- s!
within 16 h by 8 hourly dark time interval) were used.

Excessive Illumination Temperature Treatment

Leaves of barley and maize seedlings were treated through different stresses a laboratory
with a specially designed chamber for regulation of temperature, air and humidity conditions
[31]. They were intervened through selected low or high temperatures and illumination with
white lights (3200 pmol photons m? s) for 5 - 60 minuntes in a chamber.

Prior to photoinhibitory treatment, millisecond-delayed fluorescence (ms-DF) induction
curve of the leaf were measured in range of 4°-45°C in cooling conditions or high temperatu-
re. Photoinhibitory treatment was carried out at selected temperature after 20 min. pre-
treatment was done at different temperature.

ms-DF Measurement

The kinetics of 3.3 ms-DF phases were measured using a phosphoroscope where the
sample of leaves were irradiated with white light passing through holes of the rotating wheel
of the phosphoroscope (three holes, 120° apart). In such way, 0.3 ms of excitation was
followed by 1.25 ms of dark and 0.3 ms of DF three cycles of excitation. The delayed light
was measured with a photomultiplier via red glass cut-off filter ( >680 nm). The signal is
passing through amplifier are recorded by electrical potential recorder. The analysis was
conducted in 3-replications for each variant of measurement on 4-6 standard leaflets. Fast
phase (FP) — reflects reduction of the first acceptors and transition of reaction centers (RC II)
to the closed state and in general, to the state of reaction centers of PSII; Slow phase (SP) —
reflects change of electron transport rate from water to P680* and in general, to the state of
donor side of PS II. Thus, the state of PSII leave seedlings was estimated by the change
character of various phase of induction curve of ms-DF of chlorophyll a of PSII after the
influence of stress factors. [32, 33, 34, 13, 35].

Results

Low Positive Temperature and High Light Intensities Action
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The effect of cooling temperatures on the ms-DF of intact leaves of the barley and maize
seedlings.

s, | sp, | |

| |
T 'ff .

Jss B ss | IS
]

D C B A

Fig.1. Protocols of measurements of the ms-DF induction curves of barley and maize seedlings at 24°C
(A and C) and at cool conditions 4°C (B and D); 1-FP- fast phase; 2-SP -slow phase; 3-SP1- slow
phase 1 observed only in maize; 4-SS - steady state level; - light on; ¥ - light off .

The ms-DF induction curves are shown in figures 1 and 2 at 24°C and 4°C and it re-fers
to both the species. The typical time course of induction curve of ms-DF for barley at 24°C
consists of three phases: the fast phase (FP), slow phase (SP) and steady-state level (SS) (see
table 1 and Fig.1A and B). In contrast, typical ms-DF induction curves for maize leaves
consist of four phases. There is an extra slow phase (SP1) before light emission reaches the
steady-state level (Fig.1C). The ms-DF phases of barley and maize leaves behave differently
if seedlings require for short time (60 min) to cool (4°C) temperature (Fig.1B and Fig.1D). The
induction curve of ms-DF was rather stable in barley seedlings (Fig.1B), sufficiently changing
because of maize seedlings, and we observed widening of all phases, especially SP1 (Fig.1D).
in table 1, all phases are intense and their ratio to SS has been summarized for maize and
barley at 24°C and 4°C.

Table 1. Cold Temperature Action on Barley and Maize Seedlings’ Leaves Chl ¢ ms-DF Induction Curves
phases Intensities and their Ratios to Steady State Level.

Chl g ms-DF 24°C 4°C,20 min. [Ratio of phases|24°C (control)| 4°C, 20 min.
phases (control) action action
FP 60+2.9 21 +1.0 FP/SS 23.8 7.0
Hordeum SP 51+2.4 42424 SP/SS 195 14.0
vulgare SS 26+0.2 3.0+0.21 FP/SP 1,2 0,5
FP 85+4.1 37+1.9 FP/SS 10.2 4.8
Zea mays SP 32+1.61 43+21 SP/SS 4.0 5.4
SP1 7.5+0.48 14 +0.7 SP1/SS 1.9 1.8
SS 8.0+0.33 8.0+04 FP/SP 2,7 0,9
FP/SP1 11,3 2,6

Note: FP-fast phase, SP-slow phase, SP1-slow phase 1, observed in maize leaves only. SS-steady state level of ms-DF.
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Fig.2. ms-DF phases intensities as a function of illumination period by excess white light for barley and maize.

A: FP A-maize, 4°C; A-maize,24°C  o-barley, 4°C; e-barley, 24°C. B: SP A-maize, 4°C; A— maize, 24°C
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Figure # 2.

Fig.3. Ratio of intensity of fast phase (FP) to the steady state level (SS) of ms-DF Chl a of barley (A) and maize (B)
seedlings as a function of temperature withstanding time .
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Changes in the different phases of ms-DF induction curves at different illumination time
by excess white light for barley and maize seedlings at 24°C and 4°C are shown in fig.2 A and
B, respectively. As expected, there was an inhibition of the FP, SP and SP1 phases, and
increasing of SS level by illumination with excess light. These significant changes take place
at different time periods for barley and maize seedlings (see Fig.2A,B). The FP/SS, SP/SS and
SP1/SS ratios, general indications of the PSII activity as a function of illumination time by
excess white light for both species at 24°C and 4°C are shown in Fig.4. As expected, there was
an inhibition of the intensity of ms-DF components by pre-illumination with excess light.
This photoinhibition is observed more clearly in the leaves of maize seedling (Fig.2B) in
comparison with the leaves of barley seedlings (Fig.2A).

The effects of excess light on the time-course of the ratios of different components of ms-
DF of barley and maize seedlings of different temperatures (4°C and 24°C) are presented in
figure 4.

High Temperature and High Light Intensities Action

This part of work, the change of two phases of induction curve of ms-DF (fig.3) fast
phase, which reflects the events close to reaction centers of PSII, is considered and it is
transferred to close state (reduction of the first acceptors) [13] and low phase reflecting
events on donor side of PSII. [25]. Data reflecting the dependence of intensity of fast phases
of Chl a to steady state levels of ms-DF on temperature under various ranges of seedlings
keeping in respective conditions have been presented in fig.3. As seen from the data given in
figure 2, the temperature from 25 to 40°C doesn’t change significantly the intensity of fast
phase of ms-DF of barley seedlings (Fig.3A). After keeping them in 40°C within 30 minutes,
this ratio is kept at the same level. Increase of temperature to 42,5°C decreases the intensity of
given phases more than to 50%, whereas the fluorescence of this phase completely
disappears as a result of in-crease of temperature to 45°C in 10 min of influence. Some of
those characters of induction curve of ms-DF of Chl a are observed in maize leave seedlings.
(Fig.3B).

SP/SS ratio of ms-DF

—o— 10 min B
—&— 20 min
0= 30 min

SP/SS ratio of ms-DF

0 25 30 35 40 42,5 45
Temperature, 'C

Figure # 4.

Fig.4. Ratio of intensity of slow phase (SP) to the steady state level (SS) of ms-DF Chl a of barley (A) and maize (B)
seedlings as a function of temperature withstanding time.
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Fig.5. Photoinhibition (white light 3200 pmol photons m?s™) of fast phase (FP) of ms-DF Chl a of barley and
maize leave seedlings under withstanding time at 42,5°C within 10 (A), 20 (B) and 30 (C) minutes.

Increase of high temperature treatment leads to monotonic reduction of fast phase
steady state ratio values. This value of ration with a relation level under 42,5°C is lower than
in barley seedlings. So, ms-DF of Chl a PSII is completely suppressed even in short-term (10
min) temperature influence at 45°C in maize seedlings which is typical for barley seedlings.

Slow phase of ms-DF is characterized by less sustainability to high temperature
influence. Thus, slow phase of ms-DF induction in barley seedlings is completely suppressed
un-der 42,5°C. Based on slow phase, the ms-DF Chl a of PSII in maize leave seedlings seemed
to be more stable against temperature influence and the fluorescence of this phase is kept to
42,5°C and this phase ms-DF Chl a in maize seedlings is completely suppressed under 45°C.
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Fig.6. Photoinhibition (white light 3200 pumol photons m?s) of slow phase (SP) of ms-DF within 10 (A), 20 (B)
and 30 (C) minutes. Chla of barley and maize leave seedlings under withstanding time at 42,5°C
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Fig.7. Scheme representing of the damage on PS II by the action of low positive and high critic temperature and
by action together with illumination by excess white light (3200 umol photons m2s).

Suppression of both phases of ms-DF Chl a (Fig.5,6) have been observed under the
photoinhibition of barley and maize seedlings after withstanding different time close to high
critic temperature 42,5°C. So, the degree and character of suppression considerably differ.
The fast phase of ms-DF Chl a in barley leaves is suppressed considerably stronger than
maize (Fig.5).
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The slow phase of ms-DF is considerably stronger, especially in the first 2-3 minutes
after 10 min. withstanding of seedlings under 42,5°C (Fig.6A).

Further character of photoinhibition changes, presenting a large sustainability against
excess illumination (Fig.6B) under 20 min. thermal effects of slow phase ms-DF Chl a in
maize leaves. After withstanding of 42.5°C 30 min at thermal effects, strong light much
stronger suppresses the ms-DF Chl a slow phase in barley leaves (Fig.6C).

DISCUSSION

Thus, we made an attempt to demonstrate the damage sites of PSII under the influence
of higher temperature and high intensity of visible light through measuring and analyses of
induction curve of ms-DF chlorophyll a in barley and maize leave seedlings. The method of
delayed light emission of chlorophyll a from PSII, particularly the slow phase change
induction curve of ms-DF, gives an opportunity to indicate whether it is subject to
inactivation of known side of PSII, which is probably a Mn4OsCa cluster of PSII. As a rule, it
depends on surrounding partner for recombination reactions of reaction of P680Q s with one
of the S-states of the water oxidizing reactions during photooxidation of Mn4OsCa cluster [36,
37]. In case we don’t observe this component or in case of its intensity de-crease, we can
make a conclusion about the inactivation of one oxidation of states Mns«OsCa cluster or Yz
[38].

So, we observed complete disappearance of slow components in induction curve of ms-
DF Chl a. (Fig.2) under the treatment of barley and maize leave seedlings at 42,5°C
temperature within 10 min. Thus, we can confirm that one of the most vulnerable sites of
inactivation is Mn4OsCa cluster or Yz in completely undamaged leaves. Certainly, earlier
known damage mechanism discussed above connected with elimination of the extrinsic 33
kDa protein of PSII. It is well known that, on whole plants, the extrinsic proteins of PSII are
much stable than in isolated thylakoids exposed to thermal treatment. Therefore, it is
possible to propose about direct damage of either state Mn4OsCa cluster, or Yz.

The reaction center of PSII is much stable, being suppressed in 10 min. excess light
illumination under the fast phase inhibition of ms-DF for barley seedlings, while this period
is 20 min for maize seedling.

In this context, we can confirm that most vulnerable sites at thermal treatment of whole
plant are Mn4OsCa cluster of PSIL. In double stress — the high intensity of visible light and at
extremely high temperature, the damage site is located on donor side, while for high
insulation and high temperature it is located on the same side — on Mn4OsCa cluster or on Y.
On accepter side, the damage site is located close to reaction center of PSII under strong
light, at the same time the high temperature injures Mn4OsCa cluster first of all. Based on this
assumption, the method of ms-DF can be admitted for early diagnostics of the plant stability
against various stress factors and also, it can be used as a tool for screening of the selection of
new varieties differing in resistance to studied stress.

Both FP/SS and SP/SS ratios of barley and maize leaves and SP1/SS ratios of maize were
reduced under illumination by strong light at 20°C and 4°C. However, that effect oc-curred
much more clearly for the SP/SS and SP1/SS ratios of maize seedlings at 4°C. In addition, the
inhibitory effect occured within a shorter (3min) time of illumination for SP/SS ratio of more
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sensitive maize seedlings. The excess light and temperature dependence of SP and SP1
components suggest that these are very sensitive to both stresses.

It was known that ms-DF may be attributed to stabilization reactions at the donor side of
PSII [13, 26]. Recently, it was shown that ms-DF originates from Yz* * P680Qa state via
radiation recombination [35]. The ms-DF SP phase represents this state being in equilibrium
with the S-states of the water oxidizing complex [34].

Recombination reaction in PSII at high intensity of light and low temperature is much
slower and in some conditions, even it never takes place (see Figures 3B, 4 and Tables 1) and
SS is increased [39, 40, 41, 42, 43]. It seems reasonable to conclude that low inhibition of FP
[44] and strong inhibition of SP in vivo by strong light and low temperature are caused by a
structural destruction on the S-states of the water — oxidizing complex, possibly due to loss
of peripheral polypeptides [45, 46].

In the graph (Fig. 7), the suggested sites of inhibition effect of extremely high and low
positive temperatures are simultaneous with excess for normal photosynthesis illumination
on the PSII and especially, on oxygen evolving complex in vivo is shown.

The result indicates that high intensity light and high and low temperature had multiple
actions on PSII. Simultaneous actions of high light illumination and high or low
temperatures affected the donor site of PSII. On the donor site, the high critic temperature
inhibits the phase of ms-DF reflecting oxygen-evolving complex of PSII. On the same site,
high temperature displays, inhibition effects together with simultaneous action of high light
illumination, as well. Low positive temperature action affects on components of the acceptor
site of PSII (possibly modify the Qs site), whereas, together with high light illumination, low
temperature inhibition effects are manifested on the same manners as high critic
temperature.
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B of6sope aHaAM3UPYIOTCS TPaAUIIMOHHBIE METOABI OUMCTKM TPaHCPOPMATOPHBIX Macel OT XAOPMPOBAHHBIX
onudennaos (ITXb) obocHoBana mpobaema yrpasaermsa IIXD cogepskammx Macea ¢ TOUKM 3peHMs TpeOoBaHMIA
MeXAyHapOAHBIX KOHBeHINM, Kak CrokroapMmckast Konsenmust mo CO3 u apyrue. IlpuseaeHsr oOle cBeAeHIsT O
ITXb coeauHenuit 1 CTaHAQPTOB O AOIYCTMMOI KOHLIEHTpaLuil B OKPY>KaIOIINii Cpeje, aHaAU3MPOBaHbl pe3yAbTaThl
pabot o unaBeHTapu3anuy u yruansanym ITXB cogepsxammx Macea B Asepbaiiakane. ITpnBeaeHbI cpaBHUTEABHBIE
TEXHIKO-DKOHOMIYECKIE JaHHBIE Pa3ANYHBIX TPAAUIIMOHHBIX HporeccoB ounctku Macea oT ITXB u omeHka pucka
IIpu paboTe C OYMINaeMBIM MacA0M B 3aBMCHMOCTY OTHadaAbHOe KoHIleHTparuu ITXE B macae.

KIIIO‘leBhIe cAOoBa: TpaHC(l)OpMaTOpHoe Macao, HOAI/IXAOp6I/I(1)eHI/IAbI,HI/IpOAI/I3, FI/I,ZI,pOI‘EHOAI/IS
TRANSFORMATOR YAGLARININ XLORLASMIS BIFENILLORDON TOMIZLONMOSININ ONONOVI
USULLARI

Xiilasada davamh iizvi girklondiricilor (DUGC) ve bagqalar1 hagqinda Stokholm Konvensiyasi kimi, beynalxalq
konvensiyalarin talebleri noqteyi nezerinden polixlorbifenil (PXB) terkibli yaglarm idars olunmasi problemina
asaslanmus transformator yaglarmin xlorlasmus bifenillorden temizlonmasinin snenavi tisullari tahlil olunur. PXB-lar ve
onlarmn standartlar1 atraf miihitds yol verilon qatihq haddi haqqnda timimi malumatlar verilib ve goriilen islarin
naticalarine asasen Azarbaycanda PXB terkibli yaglarin utilizasiyasi ve inventarlasmasi aparilmisdir. Yaglarin PXB-
larden temizlenmesinin miixtslif enanavi tisullarmin texniki-iqtisadi gostericilori miiqayiseli sokilde Syrenilmisdir.
Yaglarda PXB-nin qatihigindan asil olaraq temizlenmis yagla is zamani risklerin giymatlendirilmesi aparilmigdar.

Acar sozlar: transformator yagi, polixlorbifenillsr, utilizasiya, piroliz, hidrogenoliz, radioliz.

TRADITIONAL METHODS FOR REFINING TRANSFORMER OILS FROM CHLORINATED BIPHENYLS
(PCBS)

The review analyzes traditional methods for the purification of transformer oils from chlorinated biphenyls
(PCBs) and substantiates the problem of managing PCBs containing oils from the point of view of the requirements of
international conventions like the Stockholm Convention on POPs and others. General information on PCB compounds
and standards on permissible concentrations in the environment is presented. The results of work on the inventory and
disposal of PCB containing oils in Azerbaijan are analyzed. Comparative technical and economic data of various
traditional processes for cleaning oils from PCBs have been carried out. A risk assessment is also given when working
with refined oil, depending on the concentration of PCBs in the oil.

Keywords: transformer oil, polychlorinated biphenyls, utilization, irolysis, hydrogenolysis, radiolysis

BBeaenne

[Toanxaopbudennasl (xaopuposaHye 0M(pEeHNADI) SBAAIOTCA YCTOMUYMBBIMY XUMIUECKH-
MU COeAVHEHMSIMU 1 BKAIOYeHbI B crincok Crokroarmckor Kousernnum mo CO3 u mmoaaesxut
BBIBOJA OT DKCIIAyaTaumu 1 yruansanum 40 2025 roaa B crpanax yaeHos Konsenrym [1].

IToanxaopOudennas! peacTaBASIOT OO0V apoMaTHJecKue COeAVHEHIs, KOTOphIe COC-
TOST U3 ABYX OEH30ABHBIX KOJ€Il M 3aMelIlleHHBIX aTOMaMI XA0pa B OpTO-, MeTa- 1AM Ilapa-
noaoxennsx. Cymecrsyet 209 muausuayaapHbix Konrenepos I[IXb, oranyaromuxcs yncaom u
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Tpaduyuonnble Memodol OHUCIIKY MPAHCHOPMAMOPHBIX MACEA O XA0puposannvix Bupenuros (nx6)

roaoxeHneM atoMos xa0pa B MoaeKkyae (Ci2HionCln , rae n- 4mca10 aToMOB XA0pa B MOAEKyAe
(n=1-10)).

4 4

@7 Y= —2, @

IToanxaopbudennasiObAn crHTE3MpOoBaHbl B 1881 roay u BIiepBble B IIPOMBIIILAEHHOM
MaciITabe cTaay IPOU3BOAUTCA CO CTOPOHBI aMepMKaHCKOM Kommanuu «Monsanto» B 1929
r. Ilponecc cunrtesa mposoguacst B npucyrctsum FeClsmpu BbIcOKMX TeMmmepaTypax u
razoo0pa3Horo xaopa.

CeHs-CeHs + (x+y) Cl— CeHsClx- CeHsCly + (x+y) HC1

B pesyabrate mpoijecca oOpa3yloTcs B OCHOBHOM TpM, TeTpa U IeHTaxAopOudennasl. B
3aBUCUMOCTM OT KOAMYeCTBa aTOMOB XJAOpa B MoOJeKyae arperatHoe cocrosHue IIXb
nsmenserca. ITpu cogepxanvm xaopa or 19-43% OHM WMeIOT BUJ KPUCTaAAMYECKMX
Bemects, 43-56% - Maca000pasHBIX, 57-69 - IOAYTBEpABIX M CMOJAOOOPA3HBIX WM IIPU
cogepkaHnm xaopa ot 67% Ao 70% - BHOBb Kpucraaamdeckue. ITXB mMeroT BBICOKYIO
TeIIA0eMKOCTh M HU3KYIO 94eKTPOIPOBOAHOCTb, MHEPTHHI II0 OTHOIIEHMIO K KUCAOTaM U
meao4aMm, 004alalOT XOpOIllell pacTBOPUMOCTBIO B >KMpaX, Macdax U B OOABIIMHCTBe
OpraHMYeCKMX PacTBOpUTeAsx [2].

CunreTmyeckue ImpoMblIideHHble >Kuakoctu Ha ocHose IIXB («Cosroa 10», «CoBoa») —
®TO CMeCh M30MepoB, BKAIOUawmiad 40 50-70 MHAMBUAYaAbHBIX CO@AVIHEHUI XA0pOudeHn-
A0B U coAep>Kalllasl IIpUMeCH, B TOM urmcle AuoKcuHbI/pypansr: or 1 a0 15 mxr/kr TXAJ
(2,3,7,8 -terpaxaopaudensonapaguokcut). ITpomeimiaennsie IIXB - OeciiBetHBle 1AM
UMeIOIINe >KeATOBaThlil OTTeHOK BS3KMe XKUAKOCTU C TeMIlepaTypoil KumeHus or 325 40
390°C n temneparypoit sacteiBanusa 40 (-) 30-70°C. Cogep>kanue xaopa BappupyeT oT 42-
54% mno macce. Jerydyects [IXB ymeHbInaercs ¢ yBeamdeHMeM CTEIEHM XAOPUPOBAHMUSL.
CrocoOHOCTh K pa3dA0KeHMIO B 3HAUMTEABHOM CTeNeHM 3aBUCUT OT CTPYKTYPHOI
XapaKTepUCTUKU PacIIOAOKeHIsI aTOMOB Ha OnQeHNnAbHbIX Koabllax MoaeKyasl ITXD [2].

Tabanna 1. Pusuko-xumuyeckue csoiicrsa ITXB nsomepos [2]

Coeaunenue ®opmyaa MoaekyAspHBII Bec Uncao uzomepos
MoHoxa0p6udeHNAbI Ci2HoCl 189,0 3
Auxaopbudennast C12HsCl2 233,1 12
Tpuxaopbudennas C12H7Cls 257,5 24
Terpaxaopbudennasr C12HsCl4 292 42
ITenraxaopbudeHnast C12H5Cls 326 46
I'excaxaopoudeHnant C12HaCls 361 42
l'enrraxaop6udennast C12HsCl7 395,3 24
Okraxaopbudennaa C12H2Cls 430,0 12
Honaxaopoudennant C12HClo 464,2

AexaxaopoudeHnast C12Clio 498,6 1
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Tabavmia 2. Pusuko-xummdeckue csoricTsa Texumdeckux «Cosroa 10», «CoBoa» 1 TpaHcgopMaTOpHOro Macea [3]

TTokazarean Heroprouas cnHTeTHM9ecKast JKMAKOCTh
Copoa Cosroa 10 TpancpopmaropHoe Macao

ITaornocts, mpu 20° C, r/em?® 1,54-1,58 1,51-1,52 0,84-0,92
Bszkocts, 20°Ceem 28-30
20°CE 200 13-21
50°Ccem 8-9,6
50°CE 9 3-4
Cogep:KaHne KICAOTHI U 1IeA049U B BOAHOM OTCYTCTBYeT | OTCYTCTBYeT OTCYTCTBYeT
pactsope, %
Cogep>kaHre MexaHUYeCKNX ITpumecett, % OTCYTCTBYeT | OTCYTCTBYeT OTCYTCTBYeT
Kucaornocrs, mr, B 1 r macaa KOH 0,01-0,05 0,01-0,05 0,03-0,05
Temnepatypa samepsanms, °C -5+-8 -25-+-30 -45
Temmnepatypa scrbinky, °C +200-+230 +200-+230 +135
o'vOmMm cm 20° C 5-1013-10™4 1013-10 1014-1015
90 °C 1012-1013 1012-1013 1012-101
tg 620°C 0,0008-0,002 | 0,001-0,003 0,0006-0,001
90 °C 0,008-0,02 0,01-0,05 0,005-0,008

ITXb ncnoab3oBaam B KadecTBe AMDAEKTPUKOB B CUAOBBIX TpaHC(pOpMaTOpax, KOHAeHca-
TOpaX, DAeKTPUIECKMX KAIOUaX, CTabMAM3aTopax HallpsKeHsI, HallOAHNUTeADb ITeCTULIAOB, B
TOM 4ucae IIpu IpoussoacTse kpacok. B opBiiem CCCP ITXB mponsBoamancs 1noa MapKoi
«CoBoa» u «CoBToa» [4].

B CCCP 651120 mpoussegeno 110 000 T «Cosoaa» n «Cosroa 10», 70 000 T Tpuxaopdude-
nuaa (TXB). Oxoao 40% npoussegennoro IIXb Ob10 OTAaHO B 9KCIAyaTalluio B CTPaHBI
oniBriero CCCP. ITpoussoactso Tpuxaopoudennaa u «Coproa 10» 6p140 TpMOCTaHOBAEHO B
1990, a «CoBoaa» 1993 roaax.

ITXb cogep:xamue macaa 1 oOopyAoBaHMe HUKOT4a He OblAM IIpou3seleHbl B AsepOaii-
axane. Oanako IIXb cogep:xamme mMacaa u oOopyAoBaHMe (CUAOBBIE TpaHCPOPMAaTOPHI,
KOHAEHCATOpHI), OblAM AOcCTaBAeHBl B AzepOariaxaH s ObiBinx CoseTckux Pecriy6amk,
I'epmannmy, IToapim 1 B HacTosIIIee BpeMsI UCIIOAB3YIOTCA B DHEPIeTMUeCcKOM CeKTope.

[Io ganmnpiM BcemmpHO oOpraHmsaumuy 3apaBoOXpaHeHM: [5], OCHOBHBIMM IYTsSMU
IIOCTYTIA€HMS IIOAUXAOPUPOBAHHBIXOM(PEHNMAOB B OKPYKAIOIIYIO Cpeay sBASIOTCS:

e  UCHapeHM: U3 NAacTuPUKaTOpPOB;

e  BblJeAeHNe IIPY CKUTaHMUM OBITOBBIX U IIPOMBIIILA€HHBIX OTXOA0B, a TaK>Ke IIpU BO3ropa-
HUM TpaHCPOPMaTOPOB, KOHAEHCAaTOPOB U APYTOTO IIPOMBIIIAEHHOTO 000pYAOBaHMs, B
KOTOpOoM mcroab3yiorcs ITXb;

e  YTeYKM C APYTMMU IIPOMBIIIA€HHBIMM OTXOAaMM; BbIBO3 IIXb Ha cBaaku 1 moas aspa-
nuu;

e  ApyIue HeKOHTPOAMPYEMBbIe IIyTH.

Cymectsyior Ooabllyie pa3Anyus B TOKCUMYHOCTM, CBOJMCTBAX OMOAaKKyMyASLNMU W

OnomnpespaleHn1AAs1 pasandHbix KoHreHepos I1Xb. Konreneprl, He cogep:kalliyie aTOMBI

XA0pa B OPTO- HOAOXKEHMSIX MOAeKyAbl (opTo-He3daMelneHnHble [IXB), moryr mpmamumars
I1aHapHYIO KOHPUTYpaIUIO, KOTOpasl SHepreTuyecky Hanmboaee BbITOAHa [6] (puc.1).
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Cl Cl Cl Cl Cl Cl
<~ =G <7
I C I
3,3,4,4-TXb3,3,4,4,5-11eXb 3,3, 4,4, 5, 5 I'kXb

Puc. 1.CtpykTypa Hanb0.1ee TOKCMYHBIX OPTO-He3aMeIlleHHBIX KOHTeHePOBITOAMXA0PUPOBaHHBIXOM(PEHNA0B.

Taxne xonreneprimsocrepeounsoMepunl [IXAA n IIXAD. Moaekyasl opTo-He3aMeIeH-
npix IIXB, sBasiorcs Hamboaee TOKCMYHBIMM M OKAa3bIBAIOT AeMCTBMeE, aHaAOTMYHOe
aevicteuio IIXAA n TIXA®. KoHrenepsl ¢ 04HMM aTOMOM XA0pPa B OPTO- IMOAOXKEHUM (MOHO-
opro-3ame-ieHHble I1XB) 4eMOHCTPUPYIOT OTKAOHEHNUe OT IAaHapHON KoHpurypaunm. Vx
AVIOKCMHOIIOA00HAasI TOKCUYHOCTDh HIDKe, 4eM y OpTo-He3aMmelleHHbIX. Konrenepsr ¢ AByms u
DOoaee aromMamMy XA0pa B OPTO- ITOAOXKEHMSIX MOAEKYAbl IPUHUMAIOT TA00yASpPHYIO
KOHpUTypanuio 1 001a4aroT O4eHb HU3KO TOKCMYHOCTLIO AMOKCHMHOBOTO THIIa [7].

IIpeaeanno aonyctumele KoHeHTpanun (IIAK) aas ITXb nmeror caeayiomnive sHaueH s
[8,9, 10] (tabamuria 3).

Ta6111/[ua 3. HpeAeAI)HO AOITyCTVIMbI€ KOHLIEHTpalun HOAI/IXAOpI/IpOBaHHLIX6I/ICl)eHI/IAOB B Opr)KaIOLT_[eIZ cpeae

AHaana oKpy>Kalolleil cpeAbl ¥ IPOAYKTOB ITAK
ATMOCdepHBI BO3ayX 1 mxr/m3
BOAa (BOAHBIE OOBEKTHI XO3SIICTBEHHOTO 11

1 Mx1/2
KYAbTYyPHO-OBITOBOTO BOAOIIOAb30BaHI
TTousa 0,1 mr/kr
Mo040KO 11 MOAOYHBIE IIPOAYKTHI 1,5 mr/xr DT
Pri6a 1 prIOHBIE TPOAYKTHI 5 mr/xr DT

Iearto oO30pa saBAsteTcst aHaau3 1podaeMsl ynpasaenus 1IXb macea u I1IXb coaepxa-
X 000pyAOBaHUIA.

Nusenrapusamus IIXb B AsepOariaxane

Aas spimoaneHns 00s13ateabcTs Ctokroasmckort Konsenniun o CO3, B AzepOaiiakaHe
nposoguaachk nHBeHTtapusauus [IXb cogep>kaiero obopyaosanus [11]. B pesyabrare mu-
BeHTapusaluu s nepuog 2005-2006 rr. ooHapy>keHo 196,7 tonn IIXb, cogep>karero macaa, B
ToM uncae 102,1 ToHH B KOHAeHcaTopax, 64,6 ToHH B TpaHcpopmaropax 1 30 TOHH B OTpado-
TaHHOM Macae, ¢ KoHIjeHTpanue ITXb >50 mr/kr. Ob1mmit Bec 000pyAO0BaHILS, COAepoKaIleTo
IIXB, cocraBaseTr okoao 384 ToHH. JaabHelias MHBeHTapu3allls, IIpoBeJeHHas B IIeploj,
2010-2013 rr mmokasaaa, 4TO BeC TpaHCPOPMATOPHOIO Macaa, 3arpsA3HEHHOIO MOAVXAOPUPO-
BaHHBIMMOMQeHnAamMu cocrasaseT npumepHo 680 T, a Bec obopyaosanusa 2450 1. Kpome
toro 95 1 IIXb macaa cogep>XuTcs B CMAOBBIX KOHAeHcaTopax [12].

ITomumo oObekroB “Azarenerji” OAQO, obopyaosanme, cogepxkaiee IIXB, Oblao
HaiigeHo Ha oObekTax SOCAR n “Bakielektriksobaka” (“Azarisiq” OAO). Pacripeseaenne
3arpsI3HEHHOTO DAeKTPUYeCKOro 000pyA0BaHIs IIpeACTaBAeHO Ha PuC. 2.
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Pric. 2. Pacnipegeaenne saeKkTpiaeckoro obopyaosanns, cogepskarrero ITXb na Teppurtopyn Asepbaiiaxana [11].

Kak Bugno, IIXb cogep>kamiee o60pygoBaHue MCIOAb3yeTCs B TYCTOHACEACHHBIX palio-
Hax AszepOaligkaHa - ANIIIEPOHCKOM II0AyOCTpOBe, B 4acTHOCTH, B ropogax baky, Cymraurt,
I'tnaxa. D10 00OpyAOBaHME HaXOAUTCS BAOAL peku Kyphl, KoTopas sBASeTCs OCHOBHBIM
VCTOYHMKOM IIMTBEBOI BOABI U B HEIIOCPeACTBEHHOI OAM30CTM OT HaceAEHHBIX ITyHKTOB,
AecoB U IIPUPOAHBIX 3alI0BEJHUKOB. DTO yBeAMdMBaeT PUCK 3apakeHMsl BOAHBIX OObLeKTOB,
semeab u awogenn IIXb cogepxamumu coeguHeHMSAMU. YTeUKU OT TpaHCPOPMAaTOPOB
SABASIOTCSI TAaBHBIM VICTOYHMKOM 3arpsI3HEHNsI OKPY>KaloIlell cpeabl B cTpaHe. PesyabTaTs
MHBeHTapM3aluM ITOKa3bIBalOT BhIcOKMe KoHIeHTpauu I1XB B mouse. Ob1iee cogep:kaHue
ITXB cocrasaser 0,26 MI/KT B ITOYBe, YTO IPEBHIIIaeT AOIMYCTUMYIO KOHIleHTpaumio B 10 pas.
Bricokne xonuentpauym [IXB HaiigeHp! B OKPY>KHOCTSIX CTapbIX He(PTAHBIX y4acTKOB, Iae
coZep>KaAlch CTapple M HeuclipasHble TpaHcopmartopsl. Bricokme konmentpanuu IIXb
ObLAM HallA€HBI TakkKe B AOHHBIX OTA0XeHM:sax Kacrmiickoro mopst B panone bakunckoit
6yxTeI 1 B Bogax peku Kypsl ¢ koanentparnuei npumepso 30 ur/r. [13, 14, 15, 16]

Brimoansas obs3areanctBa nepes Crokroabmckoit Konsenmum B AsepOaiigkane Iipu
cogerictsme UNIDO (Opranmzamnus O0beauuéHHpix Hanmit 1o  mpoMBbIIILAeHHOMY
Pa3BUTUIO) BBEAEH MPOMBIIILAeHHas YCTAaHOBKA OYMCTKM 3arps3HEHHBIX TPaHCPOPMAaTOPHBIX
macea or IIXb c¢ mcnoapzosanmem mieaoun (Na B macae) mpu temnepartypa 150-160°C.
YcraHoBka paboTaeT HUPKYASIMOHHO — IIPOTOYHOM pPeXKMMe M I103BOAsSeT OYUCTUT 8 TOH
3arpsI3HEHHOTO MacAa B CyTKI.
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. . iidas

Puc. 3. YcTaHoBKa 110 OYNCTKe 3arpsA3HEHHBIX TPaHCPOPMATOPHEIX Macel.

YcraHoBKa 1103BoAsteT ouncTuth Macea ot ITXD g0 kornentparun 10-15 mr/kr [17].
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Puc. 4. 3aBucumoctu koHtenTpauuu ITXb 1 Xaopa oT koamyecTsa IIMKAOB, IIPY OUMCTKI Macaa B
TexHoaormdeckoM mporiecce CDP[18].1-Xaop, 2-TTXb

Tpaammonnbie MeToAbl yruavsanyu IIXb macea
CymiecTsyiomue IpOMBIIIAeHHbIe CIIOcoObl ouncTku Macea oT IIXb coeaunennit pas-
AASAIOT Ha 2 IPYIIIIBL:

1- mpouecchl, OCHOBaHHBIE Ha BLICOKOTEMIIEPATYPHOM CXKUTaHUM, KOTOPbIe IIPOBOAATCS
Ipu BbICOKOM Temieparype >1200°C m XapaKTepu3yIOTCs BO3MOXKHOCTBIO OOpa3OBaHNs
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AUOEH304MOKCUHOB 1 (pypaHOB, BbicOKMMM BbhiOpocamu COz. DTy mporieccsl XapaKTepusy-
IOTCsI BBICOKOM 9(PeKTUBHOCTBIO, TO eCTh cTernieHb pasaoxkeHnst [IXb 6amska 100%. K sToit
IpyIiIIe OTHOCATCS TakxKe Iponeccel nupoansa [IXb coeaunennit B maasMeHHON cTpye.

2- peareHTHbIe METOABI, KOTOpbIe IIPOBOASATCS IIPY OTHOCUTEABHO HU3KUX TeMIlepaTy-
pax 100-250°C B OCHOBHOM B IIPUCYTCTBUU II€A0YHBIX METaAAOB, XOTs MMEIOTCs IIPOLIeCCHl,
I4Je B KadeCTBe peareHTOB MCIIOAb3YIOTCA IIeA0YHO3eMeAbHble MeTaAAbl, OKCUABl U
IMAPOKCHUABI 1Ie109HO3eMeAbHBIX MeTaAA0B. B caydae mcrioab3oBaHmM 111€A09HBIX METAAA0B
B KayecTBe peareHTOB BO3HMKaeT OIIaCHOCTh, CBsI3aHHas ¢ 0Opa3oBaHMEM BOAOpPOJAa (B3PBIBO-
U MOKapooI1acHOCTh) [19-22].

YcTaHOBKM € IMKAOHHBIM PeakTOPOM, CTaTMYeCKOM IeYblO, C MCII0Ab30BaHNeM Bpallia-
IOIIeNics Ieun U Aa3MOXUMUYecKyie TeXHOAOIUN ABASIOTCA OCHOBHBIMU IIPU BBICOKOTEMIIe-
patypHoM okucaeHnn. DP¢eKTnBHOCTh 00e3speskupanys IIXb npu cxuranmum cocrasasiet
99,9999% n aocturaercs pu coOAIOAEHUN OIIpeAeAEHHBIX YCAOBIUI, a MMEHHO TeMIlepary-
por Bermre 1200°C, BpeMs yJAep>KuBaHWS B rasosoil ¢aze He Ooaee 2 ¢, HaAu4dMe CTaAVN
3aKa/AKM OTXOASIINX Ta30B, oOecrieyeHre 130BITKA K1cA0poaa (He MeHee 5%) 1 T.4. [24].

B paborax [25-31] paccmoTpens! Takue MeToabl oOe3BpeskmBanus I1Xb kak peareHTHEIe,
9AEKTPOXMMIYECKIe, MUPOAUTUYECKNe, MeTOAbl pPaAMallIOHHOTO ¥ (POTOXMMUYECKOTO
AeXAOpUpOBaHNs, OMOTEXHOAOTMYECKNe, OKMCAUTeAbHble METOABl U IMAPOTeHOAU3IIOAN-
xa0p6udennaos. boasmyio rpymnmny pearentos ounctku [IXb peareHTHBIM MeTOA0M COCTaB-
ASIOT OKCUABL, TUAPOKCUABI, KapOOHATHI, IMAPOKapOOHaTHI, aAKOTOASATHI, TAUKOASTHI e A04-
HBIX U I1IeA0YHO3eMeAbHBIX MeTaAa0B. BoaHble pacTBOpEI I1leA04ell HeAOCTaTOYHO 9Pdek-
TUBHBI, CTOAT AOBOABHO AOPOTO CO3AAIOT IIPEAIIOCHIAKM AAsd CO34aHUs AAs 0Opa3oBaHIL
[TXA®. I'aukoasTs], KapOOHATHI U IMAPOKapOOHATEI IIeAOYHBIX METAAAOB SIBASIOTC Doaee
9 PeKTUBHBIMY, TaK KaK ITOASPU3yeMOCTb UX aHMOHOB CuAbHee. V1 Bce >ke HeA0CTaTKOM
DTUX METOAOB SABAsIETCS U3HOC 000pyAOBaHNs, pabOTAIOIEro PV BLICOKMX TeMIlepaTypax U
arpeccuBHBIX Cpejax, HeliTpaau3als M30bITOYHOTO 111eA109HOTO areHTa.

B orHOIIeHNN sHepreTIyecKMX 3aTpaT, y400CTBa CO34aHNsI MOOMABHBIX CIICTEM IIepepa-
OOTKM, DA€KTpOXMMHIYEeCKOe OKMCAeHIe VM BOCCTaHOB/AEHMe SIBASeTCS Haje>KHBIM MeTOAOM,
OAHAKO IIePCIIeKTUBBI peaan3aliiii ero HeBeAMKU U3-3a HeAO0CTaTOYHO BBICOKOJ KOHBepCUM
ITXB.

B pabore [32] 6b1a Mccaes0BaH mponiecc 4eXAOPUPOBaHNA TPaHCPOPMATOPHOTO Macaa,
cogepxartero cMech I1IXb (Apoxaop -1242, 1254, 1260) s npucyrcrsun KOH, Al u noanstu-
aeHrankoas 600 mpy pa3sAuMYHBIX TeMIlepaTypax M BpeMeHM mpoBedeHus mnponecca. [Ipu
Ttemreparype 150°C u spemenn nposedenns peakuny 240 MuHyT cpeanss 9pQeKTUBHOCTD
Iporiecca O4MCTKU cocraBaseT 99,99%, 3a MckaodeHMeM HeKOTopbix mzoMepos [IXb (2,3-
anxaopbudenna u 2,4' smxaopondenna).

Vcnoabp3oBaHne 0MOTeXHOAOTMYECKUX MeTo0B [32-34] aerpagaunmu IIXBb BosMoOXkHO B
KOMOMHAIIMI C TaKUMU MeTOAaM! KaK XuMudeckne, GpOTOXMMMIYeCcKe ¥ O4eHb YAOOHBI 4151
aexaopuposanus [IXb paccesnHbIX B IOYBe, BOJdOeMax, IPyHTOBBIX Bogax. OgHaKo HU OAVH
13 BbIA€AEHHBIX IIPYPOAHBIX IITAMMOB He CIIOCOOeH IOAHOCTBIO paspymnTsh Moaekyay [TXbB.

OxucanreasHsie MeToapl ckuranus IIXb nogpasaeasior Ha ckuraHue u crielyiaabHble
MeToAbl oKucaeHus. K mocaegHuM OTHOCSTCS KaTaAUTUYECKOe OKICAeHIe, MeTOJ, O30HUPO-
BaHMsI, IIAa3MeHHble MeTOoAbl. | aaBHBIMM HeAOCTaTKaMM MeEeTOAOB CSKUTaHMS SIBASIOTCS
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BBICOKasI CTOMMOCTD, arpeccuBHasl cpeAa, BeAyIasi K ObICTpOMY M3HOCY 00OpyAOBaHMsI, ITOTepst
yI1€BOAOPOAHON COCTaBAsAIONIell 1 oOpasoBaHMe BbICOKOTOKCHMUHBIX IIXAA n TIXAD,
II0AHOe T0JaB/AeHIe KOTOPBIX 40CTUTaeTcs B aTMocdepe K1cA0poa U BOASHOTO Mapa.

Texnoaormm, ocHosanHble Ha mupoanse I1Xb

IIpu MeTOA€ MAaMEHHOTO MMPOAM3a IPOUCXOAUT IToAHOe pasaoxkeHue IIXb n B kauecTse
KOHEYHBIX MpoAykToB oOpasyiorcsa Ha, CO, COz, HCl, CHs, H2O u »aemeHTapHEIN yIaepod.
I'AaBHBIM AOCTOMHCTBOM IMPOAUTIIECKOTO MeTOAa SIBASeTCsl OTCyTcTBIe odpasopanus [IXAD
n IIXAA, oaHaxo nupoaUTIdecKrie MeTOAbI SBASIOTCA MaAo U301 paTeAbHBIMU Y HEIIPUTOAHBI
aas oanctku IIXb ¢ auskum cogep:xkanueM. K ToMy ke sIBASIOTCSA 40CTaTOYHO AOPOIVIMMU U3-
3a 00ABIIION DPHEPTOEMKOCTIL.

B psae pabor [20, 24-25, 36] nccaegosansl mporeccsl nupoansa IIXb moa aeiictsuem
naa3mel. B pabote [36] cmecs nmapos IIXb 1 Boasl Harpesaercs 40 600°C u HanpaBaseTcs B
peakTop, TI4e B KadecTBe I11a3MOOOpA3yIOIIero Tras3a HCIOAB3yeTCs a30T, KOTOPBINA
HarpeBaeTcs ¢ HOMOIIBIO daekTpuyeckon ayru 40 5000°C. ITponecc nmupoansa mporekaeT
npu Temniepatype 2000 °C co BpemeHeM IpeObIBaHNs IIPOAYKTOB IopsiaKa 6-7 mc. OOpaso-
BaBINECs IIPOAYKTHI IIMPOAN3a ITOCTYHAIOT A4Sl PE3KOTO OXAaKACHMS U HeMTpaAu3aluy 1
HaIIpaBASIOTCSl B CellapaTop C IeAbI0 pasddeleHns KMAKON ¢asbl OT TBepAoil. B caydae
JCII0Ab30BaHNs BOASHOTO Mapa B KauyecTse MCTOYHIMKA KICA0POAa OCHOBHBIMU ITPOAYKTaMU
peaxuun sasasgiorcs asor, CO, COz, H2 m H20O, xoTopble HanmpaBAsIOTCSA B CUCTEMY AOXKUTa
OTXOAAIINX Ta3oB M KaTaautmdeckoro goxkmra CO. B cBoio oudepean, TBepable OTXOABI,
cocrosmue 13 NaCl m NaHCOs, taxoke HampasaseTcst Ha yruansanuio. OOpasoBaBIIyecs
JKMAKME OTXOABl HAIlpaBASIOTCA Ha LeHTpUPYTY Aas oTAedeHus: coaeir. DPPeKTUBHOCTDb
raasMoxummdeckoro nporecca ounctkn IIXb cocrasaser 99,9993%, croumocts ounctku 1
tonHs! IIXB cocraBaser nopsaka 1000 goaaapos CHIA.

B pabote [23] onuceiBaercsa texHoaoruss PLASCON, rae ucrioandyercst mpoliecc apro-
HOBOIJI I11a3MeHHOM AyTu Aas oOpadoTku ITXB. OTX04b! MOAAIOT HETIOCPEACTBEHHO B I11a3-
MOTPOH B TOKe apIOHa, Ie OH ObICTpO HarpepaeTcs (04AHa MuaaucekyHaa) 40 12000°C, mocae
4ero Mpoucxoaut nmupoauns B Tedenue 20 mc npu temneparype okoao 3000°C. PLASCON
OBLA IIPOAEMOHCTPUPOBAH C MacaaMi, cogep>kamiumu 40 60% ITXb. B Toi1 xe pabore mpu-
Bogutcs npumep texoaorun PACT, ocHoBaHHOI Ha I1a3MeHHBIX AYTOBBIX PacIlAaBUTeAsIX.
YroAbHbIe 9A€KTPOALI HEIIPePBIBHO BBOAATCA B KaMepy, MCKAI04das HeOOXOAMMOCTD B 3aMeHe
9AeKTPOAOB. Bricokue TemIlepaTypsl, IIpOM3BOAMMBIE AYTON, IIpeBpallaloT OpTaHUYecKye
orxogel IIXb B aerkme opranmdeckme BelecTBa UM IMePBUYHbIE HA€MeHTH. l'oproumii ras
OuMIITaeTCs B CUCTeMe OTXOAAIINX ra3os 1 okucasercs 40 CO:z u H:0.

I'maporenoansnoanxaopomndpeHnion

I'maporenoans ITXB ocymiecTBaAOT TepMUYECKMM, KaTaAUTUYECKUM U XUMUYECKUM
criocobamn. B mocaegHem cayyae B KauecTBe peareHTOB MCIIOAB3YIOTCA AOPOTrOCTOsIIVEe
TUAPUABL U OOPIUAPUABI IIEAOYHBIX U IIeA0YHO3eMeAbHBIX MeTaAAOB, II0DTOMY OHM He
MOIYT OBITh MCIIOAB30BaHbI B IIPOMBIILA€HHOM MacmTabe. I[Ipu TepMuyeckoM IuaporeHo-
anze nipu 700-925°C KOHeUHBIMM POAYKTaMM peaKIUy SBASIOTCS OeH304 U XAOPBOAOPOA,.
KaTtaantnaeckuitrunaporeHoan3 OCyIecTBASIOT KakK B XKIAKOM, TaK U Ta30BOM ¢Jase, ucrioasn-
ays Pt, Pd, Ni, Co, Mo u 1.4. Kunetnueckne ocoGeHHOCTH TMAPOTEHOAM3a CBUAETEABCTBYIO O
TOM, 4TO IIpollecc IMpoTeKaeT II0 MexaHu3My /lsHrMmiopa-XuHIeabByda € ajgcopOument
BOA0OpPOJa Ha IIOBEpXHOCTH KaTaausaTopa.
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Peakumu ruaporeHoAmnsa n3OMpaTeAbHbl, 4TO II03BOAsAET AeXAOPUPOBaTh XAOPOpraHu-
JecKue coedUHeHNs B AI1000M AMalla30He MX KOHIIeHTpaLWii; IIPpY STOM peaKIUM MUCKAIOYa-
ercs oopasosanue [IXAA u [IXAD, spasercsa pecypcocOeperatomeri [25].

Ta6anma 4. CyMMapHBIe ITOKa3aTeA) TeXHOAOTUA O9NCTKY TpaHcpopMaTOpHBIX Macea oT ITXE

Hassanme mporniecca IIporecc ouncTkn HeaocraTkn n npeumyiecTsa
Brrcokoremmiepatypro | CxuraHue 3arps3HeHHOTO ITpenmymectBa: KopoTkoe BpeMsI BMeIlIaTeAbCTBa,
€ CKMUIaHue 1 Macaa 1 060py0BaHL, xopo1nasi, GPyHKIMOHaAbHas Y IIePCOHaAbHas
perpoduaavHr 3aroAHeHue GesoITacHOCTH OIIepaTopa.

TpaHcdopMaTopa HeaocTraTkn: sricokast TeMnepatypa (1200°C). Prck
OYUITIEHHBIM MacA0M obpasoBaHIA AMOEH30AVOKCIHOB I PypaHOB.

Bricokue pacxoabl Ha TPaHCIIOPTUPOBKY U
yTuansanuio. ITaoxoit 9ko-0aaaHC 1 BBICOKIE
smuccun CO2

PearenTHasoumcTKa: ITocae mpouecca, Mmacao IIpenmymecTsa: Xopolne 9KCILAyaTalIOHHbIE
ITporecc ouncTkn MO>KeT OBITh TTOBTOPHO KavecTBa He3aBMCUMO OT HayaAbHOM
CIIe10YHBIMU ncroan3osaHo. ITporecc koHuenTpanuu ITXb
MeTaslaMu OUMCTKY € HoMobio Na u Heaocrarkm: Temniepatypa macaa > TOUKU

Li: ncioar3zoBanue Bosropanms (250-300°C). Cao:xHbII IpoLiecc

I 10YHBIX MeTaa410B Na u BOCCTaHOBAEHMsI Macaa (JaCTUYHOe TI0CAe

Li, nx mpon3BogHbIX MUKpOQDUABTpaIN U AeTasanium). Puck B3pbiBa 1

ITo>kapa B IPUCYTCTBUU BOABI KUCAOT U CIIUPTOB.
CranyoHapHBIiI IpolLiecc

ITporecc ouncrku ¢ JKuaxuit pearenr, IIpenmymiecTBa: 9K0A0rM4ecKas 6e301acHOCTh
TIOMOIIIBIO 00pa3oBaHHEIN HepocraTtki: TemmiepaTypa Macaa > TOIKHU
MOAUDTUAEHIAMKOAS U | MOANDTUACHIAMKOAS U Bosropanms (130-150°C) orpanndenHas
TUAPOKCHJa MeTaslaa ruapokcugom Metasaaa (Na 9P PEeKTUBHOCTD 4151 HEKOTOPBIX KOHreHepos ITXB
n K) (Apoxaop 1242)
- TpyaHOCTHU C pa3jeseHueM Macaa OT XKUAKOTO
pearenTa
- CranmoHapHBIit IIpoliecc
AeraaoreHuzarns Vcrioanr3oBaHne TBepAOIO IIpenmymecTsa:
peareHTa Aas - Huskas temneparypa macaa (<100-120°C)
Aexaopuposanns [TXB. - Bricokast 9dPpeKTUBHOCTD A5 XAOPUPOBaHHBIX
Hwuskoe gaBaenne u ra/0TreHOB
TeMIlepaTypa IIpOBeAeHIs - OnTiMaapHEI 9K0-0aaanc 1 sMuccnii CO2
nporecca < 100°C. ITportecc | - HeT KpuTHyeckx MOMEHTOB 110 6e30I1acCHOCTH 1
onpeaeaen kak BAT OXpaHe OKPY>KalOLIe CpeAbl

TexHoaorus. Pasanunsre
KOH(UTypaIuu Iporiecca:
- 3aKpBITHIN LIMKA
(HerIpepBIBHEII IIpOIIECC)
- OTKPBITHIN ITUKA

‘Z',A}I TpaAIIVMOHHbIX Cr10coOOB OYMCTKM Macaa XapaKTEepHBEI CAeAYIOIVe HeAOCTaTKIL:

v" Vcnioap3oBanHsbll paHee MeToA xpaneHus I1Xb coaepskarrux 0TX0A0B B CIieljuaiu-
3MPOBaHHBIX IIOANTOHAX MMeeT HeAOCTaTK!, CBsI3aHHbIe C BO3MOJKHOCTBIO MX YT€UKM B OKpY-
Karonyio cpedy. IlosTomy 5TOT MeTo B HacTosIIee BpeMs He HaXOAUT CBOerO IIpUMeHeHNs.

v' Tlpu BBICOKOTEMIIEpPAaTypHOM TOPEHNUM VMIMEETCs MeCTO 0Opa3OBaHMS AMOKCHU-HOB I
BBIOPOCOB YT/A€KICAOTO Ta3a, HeBO3MOYKHO ITOBTOPHO MCII0Ab30BaTh Macao0.

v HpI/I VICIIOAB30BaHMIMT HU3KOTEMIIEpATYPHbIX METOA0B B IIPUCYTCTBUM IIE€AO0YHBIX
M€E€TaA10B BO3HMKAET ITI02KapO - U B3pbIBOOITIACHOCTbD.
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TexHUKO-5KOHOMIYECKIIe OLI€HKIN

Cronmocts ounctku TpaHcpopmatopHbix Macea ot ITXD 3aBucuT OT IleHbI Ha UCTIOAbB3Y-
eMOll DHeprun (9AeKTPUIeCTBO, TerA0Basd),XMMIUEeCKOTO peareHTOB 1 OT HayaAbHOM KOH-
nentpanun IIXb B macae. Jas npumepa B Tabanijax 5, 6 mpuBeeHbl 3aTpaThl 4451 OUMCTKI
oanoro toHa IIXb cogep:kasiero macaa.

Ta6anna 5. ASD niporieccsr: Llena ouncrku saexTpoodopyaosanus ot IIXB pacTsopuTeseM ¢ IIOMOIIBIO
BaKyyMHOTIO aBTOKaaBa [37].

3aTpaThl - 1 TOHHA - OAVH ITOAHBIN IIVIKA 6 YacOB
Eaunaniia msmepenns Hena Bcero
TepmaabHas sHeprus 260 xBr.u 0,12Espo/kBt.u 31,20 Espo/TonHa
DaexTpuUyYecTBO 24xBt.u 0,11 EBpo/KBT.q 2,64 EBpo/TOHHa
Pactsopurean 5kr 2EBpo/kr 10,00 Espo/TonHa
Bcero 43,84 EBpo/ToHHa

Tab6amiza 6. WWD niponieccor: PXB aesakTmBaiinst TBepAbIX HEIIOPMUCTLIX MaTepyaloB
C ICII0Ab30BaHMeM TeXHOAOIUM BOAHOI NPOMBIBKI [37].

3aTpaTsl - 1 TOHHa
Eavanuiia Hena Bcero
M3MepeHsI
TepmaabHast sHEpris 0,8xBTt.u 0,12EBpo/xBt.4 0,10 EBpo/m?
DeKTPUIECTBO 0,2 xBr.u 0,11 Espo/ xkBr.u 0,02 Espo/ m?
/JobaBaeHHBI 0,5 xr 2 EBpo/kr 1,00 EBpo/ m?
pacTsopuTeab
Bcero 40 m?/ ToHHa X 1,12 EBpo/ m?>=44EBpo/TOoHHa

AAas BBICOKOTEMIIEpaTYPHBIX HPOIIECCOB OYMCTKM XapaKTepHBI CAeAyIOIie TeXHUKO-
DKOHOMMYECKIE IIOKa3aTeAl C y4eTOM CTOMMOCTH YCTaHOBOK M KaIMTaAbHBIX BAOKEHMIL:
crerienb ounctku IIXB (99,9992-99,9996, %), BriOpocs gpypanos B armocdepy 0,1-55 Hr/m3,
crouMocTh obopygoBanma 653-3430 teic. $, crommocts ounctku 1t ITXB cocrasaser 320-
1000$. HecmoTpst Ha BBICOKYIO cTereHb pasaoxkeHms IIXB, oHum 40 cux mop camMTaroTCs
DKOAOTMYECKM HemnpueMaeMbiMu. IlpenmyIrectsBoM BbICOKOTeMIIEPAaTypHOTO CXKUTaHUS U
peTpoduaauHra sBAsSETCA KOPOTKOe BpeMs yaep>KaHUs B rasosoil ¢pase (He Ooaee 2 c),
peareHTHOI OYMCTKe XapaKTepHBI XOPOIIe DKCIlAyaTaljiOHHble KayecTBa He3aBUCUMO OT
HavaAbHOM KoHIeHTpauuy IIXB, BO3MOXXHOCTH IIOBTOPHOIO MCIIOAL30BaHUSA MacAaa,

3aKpBITHIIN IIVIKA, ONITMMAaAbHBIN 9K0-0aaaHc 1 smuccuii COo.

A5 HU3KOTeMIIepaTypPHBIX IIPOLIeCCOB XapaKTepHbI cAeAyIOI/ie TeXHIMKO-DKOHOMIIecC-
KIe XapaKTepPUCTUKI: AAs OYMCTKM B IPUCYTCTBUI PacTBOPUTEAs B BaKYYMHOM aBTOKAaBe
(ASD) - 43,84 Espo/ T IIXB, ¢ momMoImpio 400aBK! CIEIINAAN3UPOBAHHBIX BEIleCTB B CTOYHBIE
Boabl (WWD) - 44 Espo/t IIXD, ¢ ncrioap3oBaHieM MUHEPAAbHBIX M CUHTETIYECKIX Macea OT
ITXb (ODR) - 86,5 Espo/ T IIXD (yunThiBaioTcst 3HaueHNUs TOABKO peareHTOB 1 sHeprun) [20,
23].

Ownenka pucka

ITXb n3omepsl 1 TOMOAOTY OTAMYAIOTCS BBICOKOV TOKCMYHOCTY, KOTOpPasl 3aBYICUT OT I10-
AOXKeHI:I XA0pa B MOAeKyae U UX 4ucaoM. B tabanne 7 npusegensiMesxxayHapoaHble KOD(-
¢unuenTs! Toxkcanoctu ITXB coeanHenmii.
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Ta6auma 7.Mexaynapoansie K0Od9pPUITMEHT TOKCUIHOCTH [38]

I-TEF
I'pyniia xonrenepos ITXb H((I)\Ilv;e)p CTp}}(’)K;I}EE o (°KBMBaAEHTHBIN PaKTOp
TOKCUYHOCTI)
He umeromue samectureas s opmo- 77 3,3',4,4'-TXb 0,0001
IOAOXKEeHUNU 81 3,44 5-TXb 0,0001
126 3,3,4,4',5-11eXb 0,1
169 3,3',4,4,5,5-TkXb 0,01
MoHo-opmo-3aMelrieHHEIe 105 2,3,3',4,4'- T1eXb 0,0001
114 2,34,4'5- T1eXb 0,0005
118 2,3,4,4'5- IleXb 0,0001
123 2'3,4,4',5- T1eXb 0,0001
156 2,3,3'4,4',5-TxkXb 0,0005
157 2,3,3,44 5" - TkXb 0,0005
167 2,344,455 - TkXb 0,00001
2,3,3,44'55'- 0,0001
189 I'nXb

Coraacno TpebosanmsM CTOKroabMckoli KOHBeHIIMM OYMCTHBIE YCTaHOBKE JO0/AKHBI
aoctuub KoHneHTpanuu IIXB B ounmaemom TpaHcdpopmaTtopHoM Macae Hiypke 50 MI/KT.
Macaa, coaepxkamux nopsaka 2mr/kr IIXb paccmaTtpuBaroTesi Kak OOBIYHbIE HETOKCUYHBIE
OTXOABl M MOTYT OBITh YTUMAMU3UPOBaAThCA B moamronax. Jas macea, cogepxkamux IIXb ¢
KOHIIeHTpanuel B guamnasone 2-50 MI/Kr 40A>KHa OBITh paszpaboTaHa IAaH DKOAOTMYECKUI
4ICTOTO YIIpaBA€HMs, BKAIOYAOIMII Meponpustue Oe3onacHoctu npu pabore c IIXb
000pyA0BaHIEM.
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3 ARPA SORTUNUN QURQLIQ STRESINO DAVAMLILGININ
FOTOSINTETIK PIOMENTLOR VO ENZIM OLMAYAN
ANTIOKSIDANTLARIN MIQDARINA GORO
QIYMOTLONDIRILMOSI

G.S. MOCIDOVA, L.S. ABDULLAYEVA, S.Q. HOSONOVA, CI OHMODZADO
AMEA Genetik Ehtiyatlar Instituty,
Azadliq 155, Baki,AZ 1106,

Sumgqayit Dévlat Universiteti

XULASO

3 arpa sortunun on giinlitk quraqliq stresine maruz qalmis ciicartilarindas bitkilerin boyu, xlorofil (a+b)-nin,
karotinoid va prolin amin tursusunun miqdari nazarastle miiqayisede todqiq edilmisdir. Miiayyen edilmisdir ki,
quraqliq stresinin miiddati az olsa da bu amil bitkilerin morfo-fizioloji ve biokimyavi proseslarine tosir edarak
miiayyon doayisikliklor yaratmisdir. Tadqiqatin naticesi gostardi ki, ontogenezin ilkin on giiniindas bitkilsrin stres
amillore davamliligi haqqinda fikir séylamoek olar.

Agar sézlar:xlorofil, quraqliq, prolin

OLIEHKA 3ACYXOYCTOMYMBOCTM IO ITOKA3ATEABM IIUTMEHTOB U1 HE ®EPMEHTATUBHBIX
AHTUMOKCMAAHTA'Y 3 COPTOB SIYMEHSI
PE3IOME

sydeHo pocT pacTeHmit, KOAMYECTO XAopodnaa (a+s), KapaTMHOUABI U aMMHOKUCAOTHBIN COCTaB ITPOAVIHA B
CpaBHEHNe C KOHTPOJEM Y IIPOPOCTKOB TpeX COPTOB sUMEH:, II0ABEpPIaloIIeiicsl AeCiAThAHEBHOMY 3acyxe. BbLao
YCTaHOB/€EHO YTO, He CMOTP:I Ha He3HaUUTeAbHOE AeVICTBYE 3aCyXU TOT (paKTop BAVA Ha MOpPo-Ppusnosormdecke u
OroxuMIJecKre IIPOLIECCH PAcTeHMil, IPUBOAUT K OIpeJeAéHHOM M3MeHeHmsM. Pe3yapTaThl MCCAeA0BaHVLA
IIOKa3aAM 9TO MOXKHO paccy>KAaTh 00 YCTOVYMBOCTI paCTEHNIL K CTPeCCy B IIepBbIe AeCsTh AHEN OHTOTeHe3a.

Karouesvie caosa: xaopoduaa, 3acyxa, IpOAUH

ESTIMATION OF DRY RESISTANCE BY INDICATORS OF PIGMENTS AND NON-ENZYMATIC

ANTIOXIDANTS IN 3 VARIETIES OF BARLEY
ABSTRACT

We studied the growth of plants, the amount of chlorophyll (a + b), the carotenoids and the amino acid
composition of proline in comparison with the control in seedlings of three varieties of barley undergoing a ten-
day drought. It was found that, despite the insignificant effect of drought, this factor, influencing the morpho-
physiological and biochemical processes of plants, leads to certain changes The results of the study showed that
we can talk about the resistance of plants to stress in the first ten days of ontogenesis.

Key words:chlorophyll,drought, proline

Bitkilarin quraqliq stresine davamlilig1 genetik sistemin nazarsti altinda olub onlarin
noviindan, genotipindan, su itkisinin deraca ve miiddstinden, inkisaf fazasindan, yasindan,
orqan va hiiceyre tipinden asili olaraq dayisir.Bitkilerin bdyiims ve inkisafinin biitiin
morhalalarinda suya ehtiyaci vardir, lakin bdyiiyen hiiciiyraler su stresine daha hassasdirlar.
Quraqliq stresinin tesirinden yaglarin, nisasta vo karbohidratlarin sintezi vo toplanmasi
zaiflayir, bunun aksina olaraq ziilallarin miqdari ise artir.

Quragqliq bitkilarin boyiimasina ve mahsuldarligina manfi tasir edon an genis yayilmis
atraf miihit amillorinden biridir. Quraqliq bitkilorin inkisafina manfi tesir edir, clicormani
langidir, boytlimani zsifladir, mahsuldarlig1 azaldir bazi hallarda ise bitkini mahv edir [1].
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Eloco do quraghigin tesiri zamarn yasil plastidlorin dagilmas: bas verir ki, bu da tabii
olaraq xlorofilin miqdarmin azalmasina sabab olur. Zsif quruma ve bitkilarin quraqliga
adaptasiyasi zamani xlorofilin miqdarinin azalmasi ham ds uygunlagsmanin naticasi ola bilar.
Quraqliq stresine maruz qalmus bitki hiiciiyralarinds osmotik potensiali nizamlamaga komak
edon osmotik qoruyucular toplanmir. Belo osmotik qoruyuculara prolini, betoinlori va s.
gostarmak olar.

Biitiin bunlar1 nezers alaraq son dovrlerds bitkilorin slverigsiz otraf miihiit amillarine
(quraghq ve duzluluq) davamliligini miisyyon eden, stres soraitinde bitkilorde bas veran
tiziolofi-biokimyavi proseslerin tadqigine maraq daha da artmigdir. Bu maqsadle miixtalif
diagnostik metodlardan istifades olunur.

Tadqiqatin mateial vo metodu

Todgiqat 3 arpa sortu lizerindoe aparilmisdir. Tadqiqatda miixtolif diagnostik metodlar-
dan istifade olunmusdur. Bu metodlardan biri ds stresin tesirinden yarpaqlarda xlorofil
(a+b)-nin miqdarinda bas veran doyisikliys gore bitkilarin davamhiligimin Oyrenilmasidir.
Quraqliq stresinin tasirinden xlorofilin miqdarinda bas veran dayismaler Rusiya Bitkicilik
Institutunun toklif etdiyi metodika asasinda hayata kegirilmisdir. Bunun {igiin bitki yarpag-
larindan dairaciklor gotiirtilmiis, distillo suyuna ve osmotik mohlullara (20 atm saxaroza vo
14 atm NaCl) yerlosdirilmisdir. 24 saatliq stresdon sonra hamin dairaciklar yuyulub, quru-
dulmus va tizarine 96%li spirt slave edilmisdir. 5-6 giin arzinde qaranliq yerds saxlanildig-
dan sonra (dairaciklor tam agarana kimi) xlorofilin miqdar:1 spektofotometrds (UV-3100 PC)
2dalga uzunlugunda (E665-649 npu), karotinoidlarin miqdar: ise 450 nu teyin edilmisdir.
Stresin tasirindan sonra pigmentlarin (x1”a” ve x1”b”) nazarats gors dayisms faizini miiqayi-
so etmokla stres-depresiya daracesi tapilmis ve hamin niimunsalarin stres amillors na darace-
do davamli olmast miiayyen edilmisdir. Stresin tosirinden pigmentlarin miqdari ns qoder az
doayisilirse, niimunalar bir o qadar davamli olurlar [2].

Bitkilarin quraqhq stresins uygunlasma proseslarinds prolin amin tursusunun da boytik
shamiyyeti var. Fizioloji normal saraitde prolinin miisyyan bir miqdar bitkilerin reproduk-
tiv orqanlarina naql olunur. Bu tursu toxum ve tozcuqlarin amsls gelmasi {igiin vacibdir.
Stres soraitinde prolin amin tursusunun miqdarinin artma sabeblarini izah eden miixtalif
fikirlor movcuddur. Bazi miialliflors gors bitkilarin davamliligi ile prolinin miqdar arasinda
miisbat korellasiya movcuddur. Stres soraitinds yigilan prolin antioksidant kimi ¢ixis edir vo
miihitin neqativ tasirlarini neytrallasdirir. Ona gorsa ds bu gostericiden davamliligin biokim-
yovi markeri kimi istifade edilir. Prolinin sintezi stresin tasiri naticesinds gqlutamat yolu ile
sitoplazma va xloroplastlarda lokallasmis pirrolin 5 karboksilatsinteza fermentinin tasiri
naticasinda, prolinin glutamata qoader deqratasiyas: ise mitoxondirilords prolindeqidrolge-
naza fermentinin komayi ilo bas verir. Bitkilordes stres naticasinda prolinin sintezina bir sira
signal (Ca ionlar1) ve hormon vasitagilori do komoak edirlor.

Prolin amin tursusunun miqdari ise Bates metodu ile 520 nu dalga uzunlugunda tayin

edilmisdir [3].

Quraqligin arpa sortlarina tasirini dyranmak {igiin har sortdan 100 dan bir giin isladila-
raq, iki tokrarda dibgaklarda torpaga okildi. Dibg¢aklarin biri nazarat, digari ise tacriibi variant
kimi gobul edilmisdir. Tacriibi variantda akilmis toxumlar ancaq akilen giinii, nazarat variant-da
akilmis toxumlar ise 10 giin arzinda 3 dafs suvarildi. 10 giindan sonra hom nazarat, ham da
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tocriibi variantdak: (yeni suvarilmayaraq 10 giin stress moruz qalmus) bitkilarin boyu (20
bitki) ol¢lildii ve orta raqem ¢ixarilmigsdir. Sonra tocriibi variantlarda nazaratlo miiqayisali
stresin tesiri naticesinds boyda bas vermis langima faizle miiayyen edilmisdir.

Elacada stres almis bitkilarin yarpaqlarinda nazarstls miiqayisali niimunsaler gotiiriilmiis,
yarpaqglarda xlorofil “at+b”-nin, karatinoid ve prolin amin tursusunun miqdar1 tayin
edilmisdir. Bu gostaricilords bas vermis dayisikliklora gore Oyrenilon sortlarin quraqliga
davamlilig1 hagqinda diagnostrik malumat verilmisdir.

Tadqiqat isinin miizakirasi

Molumdur ki, bitkilards stres zaman bir sira fizioloji ve biokimyavi proseslar bag verir.
Bu proseslarin bir ¢coxu miidafis xarakterli oldugundan bitkinin diigdiiyii miihite adaptasiya
olunmasmna sorait yaradir. Stres amillorin tasirinden bas veran morfoloji ve biokimyevi
doyisikliklor miixtalif diagnostik metodlarla tedqiq olunur. Bu metodlardan biri da stresin
tosirinden bitki yarpaqlarinda xlorofil (atb)-nin miqdarinda bas veran dayismolerin
oyranilmesidir. Tadqiqat 3 arpa sortu tizerinde aparilmisdir. 10 gilinliik quraqhq stresi almis
bitkilarin yarpaglarinda xlorofil (a+b)-nin miqdar1 neazarstle miiqayiseli sokilde tadqiq
olunmusdur.

Alnmis noaticelor gostormisdir ki, on gilinlitk quraqliq naticesinde Pallidium 596
yarpaqlarinda nazarstloe miiqayisade xlorofil “a+b”-nin miqdarinda 3% dagilma bas
vermisdir. Stresin tasiri daha ¢ox Flor sortuna tasir etmis, xlorofil “a+b”-nin miqdarinda 11%
dagilma miisahide edilmisdir. Polongi sortunda isa stres xlorofil “a+b”-nin mqdarmna miisbat
tosir edarak 14% artima sebab olmusdur. Alinan diagnostik melumatlara asasen Pallidium
596 sortu quraqliga nibaton davamli, Polongi sortu yiiksek davamli, Flor iss orta davaml
sort kimi giymatlondirilmisdir. (Cadval 1. $Sakil 1)

Cadval 1. 10 giinliik quraglq stresindan sonra 3 arpa sortunun boyunda, yarpaqlarina xlorofil “a+b”-nin,
karatinoidlar va prolin amin tursusunun miqdarinda bas vermis dayisiklikler.

Bitkinin Nozarata Vahid Nozarata Prolin Nozarata
Sortun ad1 boyu, sm nisbaton yarpaq nisbaton x1 | T amin nisbaton
boyda sahasinda xl | “a+b”%-ls ,E tursusun | prolin migq.
langims, %- | “a+b”, mkq- g un doyisiklik,
Ia la 4 miqdarn %-la
ml/mq
Pallidium 596-naz. 18,6 - 1,85 - 0,09 0,073 -
10 giin stres
16,7 11 1,80 97 0,011 0,077 +5
Polongi naz. 22,0 - 1,54 - 0,09 0,074 -
10 giin stres 20,3 8 1,77 114 0,09 0,080 +8
Flor noz. 20,5 - 1,76 - 0,07 0,045 -
10 giin stres 19,1 7 1,58 89 0,010 0,035 -23

Streslo slagadar karatinoidlerin miqdarinda da ciizi de olsa deyisikliklor getmisdir.
Pallidium 596 sortunda bu gosterici 0,09 oldugu halda, tacriibi variantinda 0,11-s barabardir.
Polongi sortunda stresin tesirinden karatinoidlarin miqdar1 dayisilmamis, har iki halda 0,09-
dur. Flor sortunda ise bu gostarici nazaratds 0,07 oldugu halda, stresin tosirinden artaraq
0,10-a barabardir. 10 giinliik stres naticasinds karatinoidlerin miqdarinin nazarate nisbaten
artimi, onlarin streso diismiis xlorofillari avvelki veziyystine qaytarmaq {i¢iin miidafio
xarakteri dagiyur.
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Todqgiqatda eloco do 10 giin stres almus bitkilerin boyu nazarstls miiqayisedes tedqiq
edilmisdir. Miiayyan olunmusdur ki, stres almus bitkilarin boyu nazarst formalardan ~ 2 sm-
9 godar geri qalir. Bela ki, boya gors langima St. Pallidium 596 sortunda 11%-s, Polongi
sortunda 8%-9, Flor sortunda ise 7%-o borabordir.

9doabiyyat malumatlarinda gostarilir ki, stres amiller bitkinin boyuna oks tesir edir. Belo
ki, stres naticesinds boyu stimuls edan sitokininin miqdar1 azalir ve boyu ingibs edan absis
tursusunun miqdar: yiiksalir. Bu da stres almig bitkilarin boyunun qisalmasi ile naticalanir.

2 -
1.85
18 1.77 1.76

Q2
=
Eoq < Nazarat
2
é & 10 glin stres

O T T 1

Pallidum 596 Polongi Flor

Sokil 1. Noazaratlo miiqayisada stres almis stres bitkilarin yarpaqlarinda xlorofil (a+b)-nin miqdari.

On giinliik quraqliq stresi ham da prolin amin tursusunun miqdarinda dayisikliklore
sobab olmusdur. Bu miqdar ¢ox olmasa da, har halda davamliligla bagli miiayyen soz
demoaya asas verir. Belo ki, Pallidium 596 vo Polongi sortlarina prolinin miqdarinda 5-8
arasinda artma, Flor sortunda isa 23% azalma miisahids edilmisdir. Polongi sortunda stres
naticasinds prolin amin tursusunun nazarstle miiqayisade 8% artimi onu Pallidium sortuna
nisbaton daha davamli oldugunu demoys osas verir. Flor sortunda quraqliq stresi
naticesinda prolinin miqdar1 yigilmadan pargalanaraq 23% azalmigdir. Bu ise davamsiz
bitkilor ti¢tin xarakterikdir [4, 5].

Toadgigatin naticasi gostardi ki, ontogenezin ilkin on giiniinds da bitkilorin stres amillaras
davamliligir hagqinda miiayyan fikir sdylomek miimkiindiir.
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SYNTHESIS OF 1-BENZYL-2,5-DI(TIOPHEN-2-YL)-1H-PYRROLE
UNDER MICROWAYVE IRRADIATION

A.S. SAFAROVA
Baku State University 23
Z Khalilov str., AZ-1148 Baku, Azerbaijan;
ximicka_0l@mail.ru
ABSTRACT

From the condensation of thiophene with succinic acid in the Lewis, acid media was obtained 2,5-di-(2-
thienyl)-1,4-butanedione. Then a new pyrrole derivative 1-benzyl-2,5-di(thiophene-2-yl)-1H-pyrrole was
synthesized from the reaction of the obtained product with 1-benzylamine. For the synthesis of 1-Aryl-2,5-di-(2-
thienyl)-1H-pyrrole, we irradiate 2,5-di-(2-thienyl)-1,4-butadiene and primary amine in microwave heater under
100 watts power. In conclusion, the product formed by the Paal-Knorr reaction in 60-65% yield. Reaction
continues for 28 hours and 2,5-di-(2-thienyl)-1,4-butadiene was obtained in 74 % yield. Then obtaining compound
reacted with the amine in the microwave heater for 10 minutes. The factors influencing the course of the reaction
and the practical yield were studied

Keywords:pyrrole, tiophene,Paal-Knorr reaction.
1-BENZIL-2,5-DI(TIOFEN-2-YL)-1H-PIRROLUN MIKRODALGALI SUALANMA VASITOSILO SINTEZI
XULASO

Tiofen ila kehreba tursusunun dixloranhidridi Lyuis tursusu istirakinda kondenslagdirilerak 2,5-di-(2-tienil)-
1,4-butadion slde edilmis, sonra alinan mahsulun 1-benzilamin ils reaksiyasindan pirrolun yeni toramasi olan 1-
benzil-2,5-di(tiofen-2-il)-1H-pirrolun sintez edilmisdir. Bunun tiglin 2,5-di-(2-tienil)-1,4-butadion ve birli amin
qarisigini mikrodalgali sobada 100 watt giiciinds siialandiririq. Naticads Paal-Knorr reaksiyasi ilo 60-65 % ¢iximla
moahsul alinir. Reaksiyanin birinci marhalasi 28 saat miiddstinde gedir ve 74% praktiki ¢iximla 2,5-di-(2-tienil)-
1,4-butadion amals golir. Sonuncunun aminlo reaksiyasi ise mikrodalgali sobada 10 deqiqaye basa catir.
Mikrodalgal1 sobada reaksiya digar reaksiya ilo miiqayisads ¢ox qisa miiddatds bas verir, praktiki ¢iximlarda isa
demoak olar ki forq miisahide olunmur. Reaksiyanin gedisine ve praktiki ¢ixima tesir eden faktorlar miiqayisali
formada Oyranilmisdir.

Acar sozlar: pirrol, tiofen, Paal-Knorr reaksiyasi.
CUHTE3 1-EH31A-2,5- AN(TUOP®EH-2-YL)-1H-IIMPPOAA C MUKPOBO/IHOBOM U3AYUYEHUEM
PE3IOME

Cnepsa or KoHAeHcanuy THoQeHa C SHTapHON KMCAOTOM B IIPMCYCTBUU KUCAOTH /lpionica G110 IOAydeHa
2,5-an-(2-tTuenna)-1,4-6yTaauon, a IOTOM U3 peakIMM TOAYIeHHOTO MHpoaykTa ¢ 1-PeHmastmaamMuH OBLIO
CMHTE3UPOBAaHO HOBBINI IIPOU3BOAHBIN IMppoaa 16eH3na-2,5au(tnoden-2-na)-1H-muppoa. Berao wnsydena
¢dakTopl BAMaImMe Ha XO4 peakIuy U IIPaKTUIecKOl BHIXOA. A5 CHTe3a STOro Imppoaa Mbl obaydaem 2,5-
an- (2-tmenna) -1,4-6yTaaveH U IIepBUYHBINI aMMH B MUKpPOBOJHOBOM HarpeBateJe Ipu MormHoctu 100 Br.
ITpoaykr obpasyercs o peakuun ITaaas-Kuoppa c Berxogom 60-65%. Iepsast craans peakuyy A4AnTcs 28 4acos,
n 2,5-au-(2-tnenna)-1,4-0Oyraguer moAydaioT C BRIXOAOM 74%. 3aTeM IIOAyd4eHHOe COejUHeHMe pearupyer C
aMIHOM B MMKPOBOAHOBOM HarpesaTele B TeueHne 10 muHyT. bpla0o msydena akTopsl BAMAIOLIUE Ha XOJ
peakUuy 1 IPaKTUIeCKO BBIXOZ,

Kalouesble caoBa: muppoa, Tnoden, peakuns ITaasa-Kuoppa

In recent years polymers like polyaniline, polythiophene, polypyrrole has attracted the
attention of a lot of scientists. Because of unique electrophysical and optical properties, these
compounds have received increasing interest. So, these polymers have used in science and
technology. For example, we can show their application like in preparation anti-corrosion
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coating and bioelectrochemical sensors, transistors and application like in preparation anti-
corrosion coating and bioelectrochemical sensors, transistors and light emitting diodes [1-5].

Some chemical compounds exhibit redox states with various (UV/ visible) absorption
spectra. These redox states create new visible strips. Electrochromism is an optical state that
occurs during the oxidation-reduction process in a material as a result of a weak electrical
current. Electrochromic properties are effective not only for electrochromic instruments, but
also promising sensors, light emitting diodes, membranes, diodes, optical displays [6,7].

Semiconducting polymers are useful like electrochroms. Conjugated polymers are very
useful as electroactive layers for their color tuning properties, fast switching times and high
contrast. Because of its high electronic conductivity, stability and the simple structure of the
monomer are mainly used from the polypyrroles [8]. But polythiophenes are more
conducting and stable. That's why recently synthesized polymers that consist pyrrole and
thiophene. For the first time in literature, [2-(2-thienyl) pyrrole] (poly-1) was synthesized
from the polymerization of 2-(2-thienyl) pyrrole in 1986 [9, 10].

From the literature, it is known that from semiconductor polymers obtained by electro
polymerization 1-Aryl-2,5-di-(2-thienyl)-1H-pyrrole are made the sensors, photodetectors
and laser dyes. These types of compounds give different colors under the influence of weak
electric charge and called like electrochromic materials [11, 12]. Consider the aforementioned
information for the synthesis of thiophene-pyrrole derivatives, we obtained 2,5-di(2-thienyl)-
1,4-butadiene according to the Friedel-Crafts reaction [12]. Synthesis carried in the presence
of AICls with thiophene and succinyl chloride by the one-step procedure

In the last year's application of microwave irradiation for the chemical synthesis
received the attention of many scientists. This method has been used in the synthesis of
indoles, B-lactams, furans, dihydropyridines, and other heterocyclic compounds. Microwave
irradiation also used in the synthesis of pyrroles by Paal-Knorr method. Pyrroles are
obtained by this method in the presence of manganese dioxide based on the reaction of 1,4-
diketones with ammonia or primary amines. The obtaining of pyrroles according to the
classical condition of the Paal-Knorr cyclization prolonged 12 hours but under microwave
irradiation 0.5-20 min with the similar yields [13].

According to our research, for the synthesis of 1-Aryl-2,5-di(2-thienyl)-14 pyrroles, we
irradiate 2,5-di-(2-thienyl)-1,4-butadiene and primary amine in microwave heater under 100
watts power. In conclusion, the product formed by the Paal-Knorr reaction in 60-65% yield.

cl
I\

0 AlCl mPh/\NH ®/(N>\©

2@(:0@12&2'5 Yas \s% s/

Cl

Reaction continues for 28 hours and 2,5-di-(2-thienyl)-1,4-butadiene was obtained in 74
% yield. Then obtaining compound reacted with the amine in the microwave heater for 10
minutes. The obtaining of the other analogs of the derivative of pyrrole that synthesized
from this reaction in the presence of PTSA in toluene argon atmosphere is known from the
literature.
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The chemical structures of synthesized new products were characterized by NMR
spectroscopy. CH2 protons of aromatic ring was observed at 5.35 ppm as singlet, and the
protons of 2CH fragment of pyrrole ring as duplets at 6.43 ppm, 6 CH fragment of tiophene
ring and 5 CH fragment of aromatic ring a at 6.71-7.26 ppm as a multiplets.

Experimental part:

0,8ml thiophene and 1,55 q succinic dichloride were mixed in 20 ml dichloromethane,
then 0,13 q AlCl: was added and the mixture was stirred with the influence of heating for 4
hours (at the boiling temperature of dichloromethane), and at room temperature for 24
hours. 1,84 q 2,5-di-(2-thienyl)-1,4-butadiene was gained in 74% yield. Then obtained
product was stirred with 1-benzylamine in 1:1 ratio, 4 ml ethylene glycol was added. And
the mixture was kept in microwave heater for a 10 min with 100 W power. The reaction
mixture let it become room temperature, then washed with water and crystallized in ethanol.
The structure of the synthesized new product was approved by NMR spectroscopy.

1BC NMR spectra of 1-benzyl-2,5-di-(2-thienyl)-1H-pyrrole

= : ¢ e e s SR -
5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 ppm

1H NMR spectra of 1-benzyl-2,5-di-(2-thienyl)-1H-pyrrole
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1H NMR §H (CDCL): 535 (2H, s, N-CHz), 6.43 (2H, pyrrole), 6.71-7.26(11H, m,

5CHar0m+6CHtiop4)

13C NMR (6, ppm): 44.71, 110.93, 125.11, 125.26, 125.67, 127.09, 127.33, 129.09, 134.66,

139.28.

1.

(2]

3]

4]

[5].

[6].

8]

9
[10]

[11].

[12].

[13]
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S-(KAPBAMU/OKCU)METUA-N,N-AUDTUAANTUOKAPEAMAT
~ [IAACTUDPUKATOP ITOAVBUHUAXAOPUAHON
KOMIIO3NIINN

AP3Y OPYAKEBA
MucrutyT noanmepHeix Mmatepuaaos HAH A3€p6aI7IA>KaHa,
Az 5004 Cywmraiisrt, ya C.Bypryna, 124;

kerimov.alverdi@mail .ru

PE3IOME

BsanmogerictBreM amMna0Boro s¢pupa MOHOXAOPYKCYCHOI KUCAOTH ¢ TpurnapatoM N,N-AnsTiAANTIOKap-
Damara HaTpus, CUHTEe3MPOBaH s-(kapbammaoxcn)merna-N,N-AnsTnaantrokapbamar u 3y-4eHa
5P PeKTUBHOCTh IIOCAeAHEr0 B KadecTBe ILAacTuduUKaTopa ITOAMMEPHBIX KOMIIO3MINII Ha OCHOBE IIOAMBU-
HIAXAOPUAA.

Kaiouesble caosa: s-(kapOammaokcn)merna-N,N-gusTnaautnokapdbamar, CHUHTe3, IAacTugUKaIs,
IToAVIMepHas KOMIIO3UIINA.

S-(CARBAMYLOXY)METHYL-N,N-DIETHYLDITHIOCARBAMATE - PLASTICIZER OF
POLYVINYLCHLORIDE COMPOSITIONS

ABSTRACT

By interaction of amyl ether of monochloroacetic acid with trihydrate of N,N-sodium diethyldithiocar-
bamate the s-(carbamyloxy)methyl-N,N-diethyldithiocarbamate has been synthesized and the efficiency of the
latter as plasticizer of the polymer compositions on the basis of polyvinylchloride has been studied.

Key words: s-(carbamyloxy)methyl-N,N-diethyldithiocarbamate, synthesis, plasticization, polymer
composition

S-(KARBAMILOKSI)METIL-N,N-DIETILDITIOKARBAMAT—POLIVINILXLORID
KOMPOZISIYASININ PLASTIFIKATORU

XULASO

Moalumdur ki, ditiokarbamin tursularinin efirlori, torkibinds azot-, oksigen- vo kiikiird kimi heteroatomlar
saxlayan an genis yayilmus {izvi birlosmalardilar ve tasadiifi deyil ki, son 15-20 ilds onlarin sintezi, xassalarinin
Oyranilmasi ve miimkiin tatbiq sahalarinin miisyyen edilmasi istiqamatindas intensiv tadqiqat islari aparilir. Qeyd
etmok lazimdir ki, kifayet qodar genis ahatali ve goxgesidli ditiokarbamat mansali tizvi birlosmaler arasinda, ham
totbiq sahoaleri masstabi, hem de {izvi sintezde araliq moshsul kimi shemiyyeti baximindan N,N-
dietilditiokarbamin tursusunun funksionalavezli toramalsri aparici movqeys malikdirlor. Onlar olefinlarin
radikal polimerloasmasinda iniferter, siirtgii yaglarinin ¢oxfunksiyali asqarlari kimi, rezin senayesinde
kauguklarin vulkanlagsmasinin siiratlondiricisi vo s. kimi tatbiq sahalorine malikdirler. Taqdim edilon isda
amilmonoxloraset (II) ilo natrium N,N-dietilditiokarbamatin trihidratinin qarsiliglt tesir reaksiyasi asasinda s-
(karbamiloksi)metil-N,N-dietilditiokarbamatin (III) sintezi ve polivinilxloridin plastifikatoru kimi sinaqdan
kecirilmasinin (laboratoriya seraitinds) naticaleri 6z aksini tapmisdir.

Acar sozlar: s-(karbamiloksi)metil-N,N-dietilditiokarbamat, sintez, plastifikasiya, polimer kompozisiyasi

M3BecTHO, YTO MPOU3BOAHBIE AUTIMOKAapPOAMMHOBBIX KMCAOT SIBASIOTCSI OAHUM U3 Hau-
Doaee pacrpocTpaHeHHBIX a30T -, KICAOPOJ, - U CePOCOAep KalllIX OpTaHNYeCKIX peareHTOB
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U He cAy4aifHo, 4To 3a nocaegHue 15-20 aet Haba104a10TCs OypHBIE pa3BUTHS MCCAe AOBaHUI
B 00aacTM UX CHHTe3a, W3y4eHUs CBOJCTB M ONpeJeAeHNUs BO3MOXHBIX IIyTel
IPaKTUYeCKOro npuMeHeHus. TeM He MeHee, B MHOTOOOpa3un 40BOAbHO OOIIMPHOIO KAacca
OpTaHMYeCcKMX AUTHMOKapOaMaToB, KaK II0 MaciiTabaM IPMMEeHEeHNs, TaK U 10 3Ha4MMOCTH,
KaK IPOMEXYTOYHble  CHHTOHBI, AOMMHUPYIOIIMMM  SBASIOTCA  (PYHKIIMOHAALHO
3aMelleHHbple  npousBogHble  N,N-ausTtnmaantnokapObaMmHOBOM  KmucaoTel. Ilocaeanne
HaXO4sAT IIpMMeHeHUe B KadecTBe «uHUpepTepa» padMKaabHON moanMepusanum [1],
MHOTOQYHKIIMOHAaABHBIX IPMCAAOK K CMa3odyHbIM Macaam [2, 3], MoaudukaTtopos-
rAacTu(UKaTOPOB IIPU M3TOTOBAHNY aHTUPaAUalMIOHHBIX TTOAMMEePHBIX KOMITO3ULINIA [4],
a TaK>Ke B pe3MHOBOV IIPOMBIIIA€HHOCTY, KaK yCKOpuTeAn By AKaHu3auuu [5]. Tem He menee,
uccaeJ0BaHMe peaKIuy cuHTe3a Mpons3BoAHBIX N, N-AusTnaanTnokapObaMIMHOBOM KIMCAOTHI
U BO3MOKHOCTHU MCIIOAB30BaHM: MX B KadecTBe MaaAblX 400aBOK K ITOAMMepaM C IIeAblo
CO34aHMsI KOMIIO3MILIMOHHBIX MaTepuaaoB 004ajalONINMX BBICOKMMM HKCIAyaTalIOHHBIMU
CBOJICTBAMM M3y4YeHO KpaliHe He AOCTaTOYHO, a MMeIOLIMecss COOOLIeHNUs HepeAKO HOCIT
SHIM30AMYHBIN Xapakrep [2, 4].

Caeayer 3aMeTuThb, 4TO, HECMOTPsI Ha 0OABIIOe pa3HOOOpa3ye XMMIYECKOIO COCTaBa
CoeAMHEHMI, NMpUMeHseMbIX B KadecTse Iaactudukaropos IIBX, pacmmpenne mx accop-
TUMeHTa sIBAsAeTCs KpaliHe Ba’KHOM U aKTyaAbHON 3ajaueii [6]. B HacTosIeir pabore mpuse-
AeHbI pe3yAbTaThl MCCAeAOBaHUs peaklMy cuHTe3a s-(KapOamuaokcu)meTna-N,N-aqusTna-
autnokapdbamata (III) B3ammogerictuem ammamonoxaopanetara (II) ¢ tpurnapatom N,N-
AustuaauTnokapdamara Hatpus (I) u mokasana sPpPeKTUBHOCTh NOAYIEHHOTO COeAVMHeHIs
(IIT) B xauectse naactudukaropa [I1BX xommosniiumii.

Cunres coegunenns (III) ocymiectsaeH o MeTtoguke [7] coraacHo HypKenpuBeAeHHOM
cxeme:

(C2H;5);N-C(=S)SNa + CICH,C(=O)OCH,(CH,);CH; Nacl

@ a1n
——— (C,H5),N-C(=S)SCH,C(=0O)OCH,(CH,);CHj

(11D)

Mcxoannie coeauuennsa (I n II) saBasiorcsa oOlIegOCTYIHBIMM peareHTaMy ITPOM3BO-
AVIMBIMY XMMIY€CKOI IIPOMBIIIIAEHHOCTEIO [ 8, 9].

Cocras cunresuposanHoro coeannenus (III) goxasaH »aeMeHTHBIM aHaAM30M, CTpoOe-
HIe — oIIpeJeJeHrieM MoaeKyaspHoi pedpakiuy, nHreprperanueit VIK n JIMP 'H criexr-
pos. VMmerommiicst 8 VIK cniektpe coeaunenus (III), (3ammcanHoro Ha crexrpodoromerpe

" " [—N—C(:S)S-]
Bruker ), I'pYyLIIMPOBKa ! XapaKTepmuayeTrcsa AByM: I10A0CaMU IIOTA0IEHN

cpeaHent mHTeHcuBHOCTM npm 935-925 m 1490-1470 cm!, HaamM4YMe MHTEHCHBHOM ITOAOCHI
noraomienus mpu 1732 cMm BBI3BaHO, IAaBHBIM OOpa3oM, BaleHTHBIM KoaeOaHmem (C=O
caoxxHo-9¢pupHast). Taxke, oOHapy>KeHbl XapaKTepUCTIYecK/e YacTOThl ITOTAOIIeHNs Ipu
1203, 1139 1 1068 cM™ cooTBeTCTBYIOIINE BaA€HTHBIM U Ae(POPMaLIIOHHBIM KOAe0aHMsIM CBs-
3 (C-O-C), a Taxke 11040CkH noraoienns npu 2973, 2871 cMm! cooTBeTCTBYIONIE BaAeHT-
HpIM KoaeOanuamM CHz, CHs rpymiibl, 4To cOOTBeTCTBYeT AuTepaTypHbIM AaHHbIM [ 10, 11].

B cnekrpe IIMP 'H autmokapbamara (III) permcrpupoBaHHBIX Ha CIEKTpOMeTpe
"Bruker" (300 MI't1) curnaast mporoHos O, S u N-samectuteaeit HabA10AaI0TCA B CAeAYIOIINX
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obaactsx (0, m.a.): NEt21.30 T (6H. 2CHs), 3.80 m (4H, 2CH2). 1.50 m (4H. CH2CH). 3.22 1
(2H. SH>).

Cunresuposannoe coeauHenue (III) sBasgercs mpospadyHoOl >KMAKOCTBIO, ITOYTH Oe3
3armaxa. OHa B BoJge He PacTBOPsIETCs, XOPOIIIO PacTBOPsIeTCsl B OpraHMIecKMX pacTBOpUTe-
asax (a¢up, CCls, CHCls 1 T.4.) 1 MMeeT KOHCTaHTBI:

T.xum. 173-175°C/1mm pr.cT., d42° 1.0783, 12 1.5300.
Hariaeno, %: C-51.92; H-8.28; N-5.00; S-23.09. MRo 79.4808.
Ci2H2sNS202

Brrancaeno, %: C-51.95; H-8.35; N-5.05; S-23.11. MRp 79.9800.

CrernieHb YNCTOTHI onIpedeasaan ¢ ucrnoanrsosanneM TCX (sorbfil — 6eH30a-AMXA0p-DTaH-
®TaHO4, 6:2:2 cooTBeTcTBeHHO). Rr 0.88.

MsBectHo, uTO MOAMPUIIMPOBaHE OAMMEPOB (PYHKIIMOHAABHO 3aMeIljeHHBIMI Ma-
ABIMU A0OaBKaMU C LIeABIO CO3AaHMsI KOMIIO3UIIMOHHBIX MaTepyaloB C HOBBIMU UAU YAYY-
IIeHHBIMI (PUBUKO-MEXaHNUeCKUMI CBOJICTBAMM SIBASAETCS aKTyaAbHON IIpo0AeMoll He
TOABKO XMMMH ITIOAVIMEPOB, HO 1 opraHmyeckoro cuHte3a [12]. Caeayet 3ameTuTs, 4TO Cpean
oOmiert Maccel 400aBOK K moammepam 6oaee 60% COCTaBASIOT IAACTU(UKATOPEI, MpUdeM
78% »TUX 400aBOK MCIIOAB3YIOTCS B IOAMMEPHBIX KOMIO3NINAX Ha ocHose I1BX [13], a moc-
AeAHUN 3aHMMaeT 3HaulTeAbHOe MeCTO CpeAyl IIPOMBIIIAeHHBIX II0AMMePOB, KaK I10 00beMy
MIPOM3BOACTBA, TaK ¥ II0 MHOTOTpaHHOCTU oOaacTy npumeHeHus [14]. [Ipudem, npu Haan-
gy OOIIMPHOTO acCOPTMMEHTa COeAVMHEHUN 004aAalomiuX ANIIb MAaCTUPUINPYIOMIIMU
[15] mam Toapko crabuansupyromumn [13] cBoiicTBaMn, KpaliHe Maao pabOT OTHOCUTEABHO
IIOJCKa BeIIeCTB CIIOCOOHBIX O4HOBPEMEHHO BBIIIOAHATDL yKa3aHHble pyHKIu [16].

YcraHOBA€HO, 4TO UCII0AB3yeMBblll HAMI B KauecTse IldacTudukaropa gUTUOKap-Oamar
(III) xopomo copmemaercs ¢ [IBX n npu 4auTeApbHOM XpaHEHUM IIAaCTUMHOK, M3rO-TOBAEH-
Heix 13 [1BX ¢ g00aBkoii coeaunenn (III) BeimoreBanne naactudguxkatopa He HAOAIO-Aa€TCA.

Ilponiecc maactugukauymy MHPOBOAMAM cAeaylomuM oOpaszoMm. IIBX mapxu C-66,
peABapUTeAbHO BBICYILIEHHBIN B BakyyMHOI meun npu 90 °C, cMemmusaan B TedeHun 30
MMH. IpU KOMHATHOM TemIlepaType B Iiaacrorpage bpabGengepa c coeaunennem (III) u
CcTeopaToM IMHKa. AHaA0TMYHO, OblAa IIPUTOTOBAE€Ha KOMIIO3UIMS C y9acTMeM IIPOMBIII-
aensoro naactuduxaropa (AO®P). ITpurorosaenHsle cMecu TIIATeABHO IlepeMeInBaAll U
JKeAaTUHU3MPOBaAl BhIAep>KMBaHMeM UX B cymnabHoM Ikady npu 90°C B Tedennu 100-120
MuH. Ilocae gero, moayuennsle xommnosunun Baabiesaau npu 140°C B teuyenun 10 mun.,
IpeccoBaau IIpu TOu >Xe Temneparype u agasaenun 10 MIla B teuenun 10 mun. ¢ mmocae-
AYIOIITUIM BOASHBIM oXxAaxkaeHuem [17] a0 40°C.

ITocae xoHAMLMOHMpOBaHMA 11AacTuH Ipy 20°C B TedeHUM CYTOK, Ha oOpasiiax B popme
AOTIaTKY, Ha pPa3pbIBHON MaruHe VIHCTpOH mpm cKopocty pacTsoKeHus 50 MM/MUH.
oIpejeAsiayl MeXxaHMJeckKnue cBONCTBa IlaacTukara. Onpegeasanm TakKe IPOYHOCTL IIPU
pacTsKeHNM, OTHOCUTeAbHOe yaAuHeHue Ipu paspeise. [lo pesyabTaram mcobpITaHMS IIATH
00pa31I0B BLIUMCASIAU CpeaHee 3HadeHNe [18].

PesyabpTaThl pU3MKO-MeXaHNMUIECKMX UCIIBITAHNIL OMBITHBIX I11aCTUMHOK, M3TOTOB/AE€H-HBIX
¢ yuactuem coeauHenus (III) u AO®P, npuseseHs! B Tabautie.
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Ta6anna. Csorictsa [IBX xommosnmmit, naactuguiinposanabix coeanHenneM (III) (macc.a.). B xommosummsix

IIBX cocrasaser 100 macc.u. Zn-creapar 2 Macc.u.

Ty maactudukaropa
Ne Toxasarean (C,Hs),N-C(=S)SCH,C(=0)OCH,(CH,);CHj
AO0D
20 30 40 50 20 30 40 50
11 | IIpeaea mpOYHOCTH
Opu  pacTsDKeHUN,
(MITa)
AO CTapeHMs -------- 22.09 18.01 14.78 1240 | 24.62 | 2022 17.24 15.66
ocae CTapeHmsI --- 23.82 19.64 13.76 1596 | 20.74 | 19.18 15.03 14.84
OTHOCHUTeabHOE
2 | yaauEeHMe IIpnu
paspruise,%
AO CTapEeHMs -----=--= 150.0 260.0 390.0 453.0 | 420.0 | 457.0 | 525.33 | 833.33
nocae crapeHmst ----- | 131.3 241.0 324.0 340.0 | 398.0 | 454.0 480.0 760.00
0 | OcrarouHnas
3 | aedpopmamisa, MM
AO CTapeHUSsI-=--==-== 15.6 18.2 19.1 - 15.9 18.2 19.8 -
mocae CTapeHusI---- 13.3 184 16.2 - 14.7 154 17.6 -
4 | Camo3aTyxaeMoOCTh,
cek rOpuUT roput ropuT ropuT 3.0 2.0 2.0 2.3
5 | IloTeps Beca ipu
ropeunm, % - - - - 3.6 2.1 2.0 1.8
6 | *Temmeparypa
Hayvaaa - - 150.0 - - 200.0 200.0 175.0
pasaoxennst, °C
7 | BogomoraomeHnue
3a 24 1, % (203 °C) - - 0.22 - - 0.70 0.20 0.10

*Omnpeaeasan Ha gepeBaTtorpade cucreMm «Ilayauk-Ilayank-Dpaen»

Kax caeayer M3 aaHHBIX TaOAUIIBI BBIABAEHNUE I1AaCTUPUIMPYIONINX-CTaONAN-3UPYIO-

IIMX CBOMCTB WCIBITYeMOro s-(kapOammaokcum)Mmetna-N,N-austnasntnokapdbamara (III)
[I03BOAsAET PacIMpuUTh accopTuMeHT PpPekTnBHBIX IaacTudukaropos IIBX cmoarr, a
II0AyJeHHble JaHHBIe II0 BCeM IIOKa3aTeAsM IIPeBOCXOAAT COOTBETCTBYIOIIVE ITOKa3aTeAu
[1BX xommosunmit mmoaydeHHsix ¢ ydactueM JO®, u Kk ToMy Xe 004alaioT caMmo3aTyxae-
MOCTBIO UM BBICOKOM TepMOCTaOMABHOCTBIO (cM. Tab.). CaeaoBaTeAbHO, CO34aHHBIE KOMIIO-
3UIIMIOHHbIe MaTepuaAbl MOIYT ObITh PeKOMEHAOBaHBI AAsl IIPaKTUUeCKOIO IIPUMeHeHNs B
Pa3AMYHBIX OTPaACASIX DAEKTPOTEXHUIECKOI IIPOMBIIILAEHHOCTIA.
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ABSTRACT

In article the results of the chorological analysis of the flora of Mil steppe were given. From the results of the
chorological analysis of Mil steppe flora both on Grossheim and Portenier it was defined that flora of researched
area is closely related with Ancient Mediterranean flora and had a great role in formation of its genesis process.
Mediterranean-Iran-Turan (121 species, 13,1%), Palearctic (115 species, 12,5%) and Mediterranean (113 species,
12,3%) are dominating on the number of geographical elements.Flora of Mil steppe was formed with the presence
of northern (Palearctic) and southern (Ancient Mediterranean Sea) flora centers. Accepted system of geographical
elements displays interrelations of autochthonous and allochthonous processes of flora formation, floristic
relations between Ancient Mediterranean and Palearctic flora.

Key words: Mil steppe, chorological, flora, geographical element, geographical type, areal
AZOBRBAYCANIN MIL DUZU FLORASININ XOROLOJI STRUKTURU

MBaqalada Mil diiziiniin florasinin xoroloji analizinin naticelari 6z oksini tapmisdir. Mil diiziiniin florasmin
ham Qrossheyms, ham da Porteniers gora xoroloji analizinin naticelarinden malum olmusdur ki, tadqiq olunan
orazisinin floras1 QadimAraliqdenizi florasi ila six slagedardir ve onun genezisi prosesinde formalasmasinda
boyiik rolu olmusdur. Araliq denizi-iran-Turan (121 név, 13,1%), Palearktik (115 név, 12,5%) vo Araliq denizi (113
nov, 12,3%) cografi elementlori ndv sayina gors iistiinliik togkil edir. Bu ciir floran1 palearktik-qodimaraliqdenizi
adlandirmaq olar. Mil diiziiniin florasi simal (Palearktik) ve conub (Qadim Araliq denizi) flora markezlorinin
istiraki ilo formalagmisdir. Cografi elementlarin gobul edilmis sistemi floranin formalasmasinn alloxton ve
avtoxton proseslorinin slaqgesini,Qadim Araliq denizi ve Palearktik floralarin arasinda qarsiligh floristik
miinasibatlari oks etdirir.

Acar sozlar: Mil diizii, xoroloji, flora, cografi elementlar, cografi tip, areal

XOPO/AOTMYECKASI CTPYKTYPA ®/10PA MUABCKOW CTEIIN ASEPBAVIAKAHA

B craTthe mpeacTaBaeHBI pe3yAbTaThl XOPOJOTMYECKOTO aHaam3a (pAOps Muabckoit crernm. Pesyaprarsi
aHaamsa Muabckoii crenn 1o I'poccreiima u IlopreHnepa ykasbiBaeT Ha TeCHBIE CBS3M JCCAeAyeMOI (AOPEHI ¢
daopoit Apesnero CpeanzeMHOMOpPBDS B 11€40M U CBUAETEALCTBYeT O ee (POPMUPOBAaHUM B IpOIlecce TeHe3lca
ApesHecpeanseMHOMOpcKoit  ¢aopel.  CpegusemHoMopckuii  -VMpanckmit  -Typanckmit (121 smug, 13,1%),
[Tazeapxruaecknii (115 Bug, 12,5%) u CpeansemHomopckoe Mope (113 Bua, 12,3%) 4A0MUHUPYIOT IO KOAMYECTBY
BUJa reorpadpuyuecknx 91eMeHToB. JaHHyIO (PpAOpy MOXKHO HasBaTh IlaJeapKTHUecKO-ApeBHeCpeAr3eMHOMOPC-
xoi1. CospemenHas ¢paopa Muabckoii crerm popMuposasachk IIpy IOYTY PaBHOM y4acTUM CeBepPHEIX (Iladeapk-
TUYeCKNX) M IOKHEIX (4peBHecpeAu3eMHOMOPCKIX) IIEHTPOB pa3BuTisl ¢paopsl. IIpunsaTas cucrema reorpaduaec-
KIX DA€MEeHTOB OTpa’kaeT COOTHOIIEeHMe aBTOXTOHHBIX U aAJOXTOHHBIX IIporieccos (GopMMpoBaHMA (PAOPHI,
$aopucrmyeckue cpA3M MeXAY 4peBHECPeAN3EMHOMOPCKOIL 1 rOAapKTUIecKoit (pA0poit.

Kalouesble caosa: Muabckas crerb, Xopoaormdecknii, ¢paopa, reorpadudeckne s1eMeHTHl, reorpaduyec-
KUV TUII, apeaa

INTRODUCTION

In our modern days due to increasing influence of human factor to environment the
biodiversity conservation has became one of the actual problems. From this point of view
conducting of researches on population level and biodiversity conservation require a special
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attention. Chorological analysis is one of the important part of flora analysis that studies the
distribution regularities of founded plants at researched area. Classification of geographical
elements and studying of contemporary areals of plants allow to determine their specific
features and formation regularities, as well as formation of opinions about connection of
studied region with flora of other regions. This analysis also may be base for sozological
evaluation of rare and endangered species.

MATERIAL AND METHODS.

Studying of areals and dependence principles of geographical elements were displayed
in scientific works of Vulf, Tolmachev, Walter, Kloepov and others [4,7,8,9,12,13,14,15,16].
Depending on aims of research the different classification schemes were used for analysis.
Selection of classification schemes were determined with character of floristic material and
research goals.

RESULTS AND DISCUSSION. Geographical type, in other words genetic center of
geographical areal in Caucasus flora was determined by A.A. Grossheim (1936). In his book
titled “Analysis of Caucasian flora” he informed about formation of Caucasian flora [5].
Author has defined that the flora of Caucasus are splitted to 7 types, 17 classes, 49 main
groups and 22 transitional groups.

We have studied the areal types and geographical elements of the flora of Mil steppe on
Grossheim [6] (figure 1). It was determined that species belonging to Mediterranean-Iran-
Turan and Mediterranean geographical elements of Ancient Mediterranean areal type (408
species) and species belonging to Palearctic geographical element of Boreal areal type (268
species) are dominating and together contain 37,7% of total flora (figure 2).

Figure 1. Analysis of Mil steppe flora on areal groups (on Grossheim)
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In last period for analysis of geographical elements of flora new approach based on
phytochorion conception is required. This approach means studying of distribution
regularities of species on the base of botanical-geographical (floristical) principles. This
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approach firstly improved by Braun Blanquet [1,2] and Eig [3], then Russian scientists N.N.
Portenier clearly described scheme of different areal types for Caucasian flora [10,11].

For creation of geographical structure of Mil steppe flora, we have also used geographical
elements classification which improved by Portenier. Areal configuration and role of given
species in collection of characteric plant communities, adaptation to certain ecological areas
were chosen as main criteria by us for belonging the species to any geographical element.

Figure 2. Analysis of Mil steppe flora on geographical elements (on Grossheim)
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After getting acquainted with several areal types we have joined the species of Mil
steppe flora in 5 geographical types that every type is presented with several geographical
elements (table 1.)

Table 1. Interrelations of geographical types and geographical elements of Mil steppe flora (on Portenier)

Geographical types and geographical elements Number of species With %
Most distributed species 169 18,3
Palearctic 115 12,5
Holarctic 54 5,8
Boreal species 129 13,9
Mediterranean -Atlantic litoral 29 3,1
Europe 33 3,6
Caucasus 17 1,8
Iberiya 9 1,0
Pontic-sarmat 22 2,4
Sarmat 12 1,3
Pannon 7 0,7
Ancient Mediterranean 382 41,2
Eastern Mediterranean 50 5,4
Mediterranean 113 12,3
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franian-Turan 54 5,8
Northern Iran 10 1,1
Western Asia 29 3,1
Central Asia 23 2,5
Atropatan 5 0,5
Caspian 3 0,3
Hirkan 5 0,5
Boreo-subtropic 12 1,3
Paleo-tropic-subtropic 9 1,0
Adventive 14 1,5
EasternTranscaucasia 29 3,1
Turan 26 2,8
Linking species 163 17,6
Europe-Mediterranean 37 4,0
Kolxid-hirkan litoral 5 0,5
Mediterranean-iran-Turan 121 13,1
Cosmopolitan 12 1,3
Not defined 71 7,7
Total: 926 100%

From the results of chorological analysis of the flora of Mil steppe on Grossheim and on
Portenier it was determined that most species are belong to Mediterranean Sea areal type.
Flora of researched area is closely related with Ancient Mediterranean flora and had a great

role in formation of its genesis process (figure 3).

Figure 3. Spectrum of geographical types of Mil steppe flora (on Portenier)
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1.Most distributed species (169 species); 2. Boreal (129 species); 3. Ancient Mediterranean (382
species); 4. Linking species (163 species); 5. Cosmopolitan (12 species).

Mediterranean-iran-Turan (121 species, 13,1%), Palearctic (115 species, 12,5%) and
Mediterranean Sea (113 species, 12,3%) geographical elements are dominating on number of

species.

From the above discussion we can name the Mil steppe flora as Palearctic-Ancient
Mediterranean Sea on dominating geographical elements. Only species of above mentioned 3
geographical elements contain 349 species that is 37,7% of total species. Flora of Mil steppe
was formed with the presence of northern (Palearctic) and southern (Ancient Mediterranean
Sea) flora centers. Accepted system of geographical elements displays interrelations of
autochthonous and allochthonous processes of flora formation, floristic relations between

Ancient Mediterranean and Palearctic flora.
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AHHOTAL WS

YcraHOBAEHA pPasuOpPe3MCTeHTHAsI aKTMBHOCTh ITOAMEHOBBIX aHTHMOMOTMKOB (ITA) M mMX HpOM3BOAHEIX B
komItaekce ¢ gumetuiacyabspoxeuiom (AMCO). Hauboaee BrIpaskeHHBIMU PajyOIIPOTEKTOPHBIMY CBOMICTBAMU
001a4a10T METUAMPOBAHHBIN A€BOPVH, HATUBHBIN A€BOPMH U €T0 U30oMepHas ¢popMa - N304eBOPUAOH. BrrkuBae-
MOCTB ITOJOTIBITHBIX SKMBOTHBIX Ha 12-BIi1 4eHb ocae 0bAydeHms cocTaBAsala cooTBeTcTBeHHO 100%, 60%, 60%, a B
koHTpoae 33,6 %, 20 %, Bce morndAm.

KaioueBble caoBa: IOAMEHOBBIE AHTMOMOTMKY, IIPOM3BOJHBIE AHTMOMOTUKOB, AVMETUACYAb(OKCUS,
paAroOIpOTEKTOPHbIE CBOICTBA.

RADIO PROTECTIVE EFFECT OF MEMBRANE ACTIVE MAKCOLIDE COMPOUNDS
ABSTRACT

The radio protective activity of the polyene antibiotics (PA) and their derivatives in a complex with a
dimethyl sulfoxide (DMSO) is established. The most effective radio protective properties have methyl levorine,
native levorin and its isomeric form - isolevoridon. The survival of experimental animals for the 12th day after
radiation was according to 100%, 60%, 60%, and in control of 33.6%, 20%, all died.

Keywords: polyene antibiotics, derivatives of antibiotics, dimethyl sulfoxide, radio protective properties.

BBegenme. VI3BecTHO, YTO aHTUOMOTHKY B TeUEHUN MHOTUX AECATUAETUIN MCTIOAB3YIOTCS
B A€4eOHOIl IIpaKkTHKe I TeM He MeHee MHTepec K HIM Bo3pacTaeT ¢ Ka’KAbIM rogoM. OTKpbI-
BAIOTCSI HOBBIE IIpeIriapaThl, BBISICHIETCS MX XMMUYecKasl CTPyKTypa M CBOMCTBA, pa3pabaThi-
BalOTCsA IIyTU IleJeHallpaBAeHHON MoAUQUKAIUU MOAEKYyA aHTUOMOTUKOB M METOABI X
paloOHaAbHOTO MCIIOAb30BaHU. B CBs3M ¢ 9TUM Hallle BHUMaHMe IIpUBAeK OOABIION Kaacc
MeMOpaHOAKTUBHBIX ITOAMEHOBBIX aHTUOMOTUKOB (ITA), KOTOpELIN, MO CyIIecTBY, sIBAsSETCS
eAVHCTBEHHBIM B IIPUpPOJAEe KAacCOM COeAMHeHMI, KOTOpble 001a4ai0T BBICOKIM CPOACTBOM K
O1oAormyeckM 1 MOAeAbHBIM MeMOpaHaM, cogepsKallllie B CBOeM COCTaBe CTepPMHBI OIlpe-
AeAeHHOM cTpyKTypHl [1, c. 146]. OcHosHbIMU TIpeacTaBuTeasmu ITA apasdiorcs amdorepu-
uuH B, HucraTuH, MukorentuH u AesopuH. OOImMM B XuMmdeckon crpykrype ITA sasasercsa
HaAn4Me AaKTOHHOTO KOAbIla, cogepkalllee IMApOodOOHYIO IIeIIOYKy C OIlpeAeAeHHBIM
YICAOM ABOMHBIX CBs3eil U IMAPOPUABHYIO IIellb, cojeprKallasi TUAPOKCUABHBIE U
KapOoHMAbHBEIe Ipymmbl. KpoMe toro, B Moaekyaax ITA co ctopoHbl TMapodpuABHONM e
COJeP>KUTCA aMMHHasl M KapOOKCMAbHas TpyIIla, a B IMAPOPOOHOM KOHIIe MOAEKYABI
MMeeTCsl AOTOJAHUTeAbHas apoMaTrmdeckas IPYHIIMpPOBKa I — ammuHoalrieTodeHoH. ITA B
KOMILIeKce C XoJdecTepuHOM (OpMUPYIOT B MeMOpaHaX CTPYKTypHbIe MOHHBIE KaHaabl,
MOAEKYASIPHBIX pa3MepOB, IIPOHUIIaeMbIe 4451 MOHOB 1 OpraHM4YecKIX coeAVHeHnn [2, c. 334;
6, c. 11]. MeMmOpaHHasi aKTMBHOCTb ¥ M30MpaTeAbHOCTb AEVICTBUs IOAMEHOB Ha KAeTKU
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3aBUCUT KaK OT CTPYKTYphl MOJA€KyA aHTMOMOTMKOB, TaK M OT CTPYKTyphl CTepUHA,
¢popmupyommx kanaa [7, c. 2236; 9, c. 35]. Kaerounsie MeMOpaHbI SBASIOTCS TTePBUYHON
MUIIEHBIO AEVICTBUS MOHM3UPYIOIIETO U3AY4eHMs ¥, IIOSTOMY, CTAaHOBUTCA ILieaecooOpas-
HBIM U3y4YeHUe pOAM MeMOPaHOAaKTMBHBIX COEAVHEHMUII B INpejOXpaHeHUM KAETOYHBIX
MeMOpaH OT ITopa’keHNsl MOHU3UPYIOIIell pagually ¥ BO3MOXKHOCTY MCIIOAb30BaHUS UX B
Ka4yecTBe paAMO3al]UTHBIX BeIeCTB.

Aumetnacyaspokceng, (AMCO), sABasAsch OCHOBHBIM pactsoputeaeM ITA, HaxoAUT Bce
Doaee mIMpPOKOe NpUMeHeHNe B KAeTO4HOI Omodusuke n meaunmue [10, c. 264], oaHako
¢ ekt dbnoaormyeckoro gevictsyst AMCO B cogetanym ¢ ITA mpakTiaecKky 110Xo u3ydeH.
Vcnoassys: ITA u ux npoussoansle B komraekce ¢ AMCO MOXKHO pe3KO CHU3UTh TOKCUYHOCTD,
YBeAMUNUTH TepalleBTMUeCKUII MHAEKC M peryAnpoBaTh BpeMs AeiicTBusa aHTMOMoTumka. Oc-
HOBHOI1 11€1bI0 PaOOTHI SIBASIETCS CCAeJ0BaHNe pallo3alUTHEIX cBOCcTB [TA B KomILaekce ¢
AMCO Ha MOgeasX DKCIlepUMeHTaAbHBIX JKMBOTHBIX

MATEPVAABL 1 METOABI ICCAEAOBAHIIA

Vexognpie TTA npaxktmyeckn B Boge HepacTtBopuMbl. OcHOBHBIM pactBoputesem ITA
apasercsas AMCO c opyrro ¢popmyaoirt C2HeSO. B pabore Obian mcrioan3osaHsl am$poTepu-
IMH B, HucTaTNH, 24€BOPUH U UX aAKUAbHBIE IIPOU3BOAHbIE, MOANDUIIMPOBAHHbIE 10 aMIH-
HOI1 1 KapOOKCHMABHBIM IpyInaM: Ha npumepe amporepunmna B, rae R= CHs: metam¢onnn
(e = 1375); R = CoHs: sTamorun (e = 1440); R= CH7 npomamdornn (e = 1400); R= CsHo:
oyrampoumn (¢ = 1375), a takke Na — coab AeBOpMHa M IIOAHOCTBIO TpaHC-M3OMepHas
¢popma aesopuna — nsoaesopugon. Cunres nponssoaubix ITA Opia ocyiecTBaeH 40KTOpOM
XUMMYeCKMX Hayk, rpodeccopom Baitnmreitnom B.A. 8 Cankr-IlerepOyprckom I'ocyaapcrsen-
HOM XUMUKO-(papMalieBTueckoM yHusepcurete. Bece ITA B mMHAMBUMAyaABHOM HOpsIAKe
pactsopsance B AMCO m3 pacyera 1 Mr / mMa, 4TO sABASAOCH OCHOBHBIM MaTOYHBIM
pacTBOpoOM, 13 KOTOPBIX aHTUOMOTMKMU 3aTeM BBOAUANUCH >KMBOTHBIM. JccaejoBaHms 1o
IIpOBepKe paano3aluTHRIX cBONCTB ITA mposogmance Ha Oeaplx OeCIIOPOAHBIX MBIIIAX
Mmaccont 18-20 rp. JKupoTHpIx TOTaabHO ODAy4yaau Ha ycraHoske PYM -17 B cratmueckom
peXuMe Hpu caeayommx ycaosusax: Hanpsbkenne 180 xV, cuae toka 15 mA, ¢puasrpe 0,5
MM Cu 1 1 MM Al, xoxxeHO-(poKycHOe paccrosiHne — 60 MM, 6e3 TyOyca. MomtHocTs 40351 0,4
I'p/mun, Bpems o6aydenns 15 mun. OOmas goza obaydenns - 6,0 I'p. TTA B xomraexce ¢
AMCO BBOAMAM XMBOTHBIM BHYTpuOpiomuHHo no 0,1 mr 3a 30 MuH 40 oOaydyeHU:.
KOHTpOABHBIM >KMBOTHBIM BBOAMAM (PU3MOAOTMYECKUIT pacTBOp. B gunamuke msyuyasach
BBDKMBAE@MOCTDb, cocTossHMe Tepudepuyeckoit kposu. OO sdpdekruBHOCTH Ipernaparta
cyaman Ha 3-1, 7-11, 12-11 m 30-i1 AeHb mHocae 0OAydeHUs M BBeJeHUs IIpeliapara U IIO
BBIKMIBA@MOCTH >KMBOTHBIX 110 CPaBHEHMIO C KOHTPOAEM.

SKCITEPVIMEHTA/IBHAS YACTb

Ocnosubim pactsopurteaem I1A sasasercs AMCO, oanako »¢p¢peKT nx coBMecTHOro 6mo-
AOTUMYECKOTO JeVICTBUs 4O HACTOAIIEro BpeMeHM I110X0 U3ydeH. B mepsoii cepum skcniepu-
MeHTOB omnpegeasaiach TokcnyHocTs AMCO. Tokcnmunocts AMCO nposepsiaack Ha OeabIx
MBIIIIax BecoM 23 rp., KOTOPBIM OAHOKpPaTHO BHYTpUOpIOmuMHHO BBOAMA0Ch 0,3 ma AMCO.
ITpu nabaoaennn B TedeHun 10 AHel HMKaKMX IATOAOTMYECKUX M3MEHEHMII y SKMBOTHBIX
obOHapyxeHO He Obl10. ITo HamuMm ganabBIM A48 AMCO LDso = 15 — 20 Ma / Kr Maccel
JKMBOTHOTI'O, YTO COOTBETCTBYeT AaHHBIM 3apyOe>kHbIX aBTopos [10, c. 263]. Ilepea nsyyennem
paauonporektopHbix csoicts ITA B xommnaekce ¢ AMCO BHavase OblAM M3yYeHBI
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paauonporektopHsle csoiictBa yucroro AMCO. Aas storo Ov1a B3saT pactsop AMCO B Tpex
koHneHnTpanusx - 100 %, 25% u 0,1 %. B pesyabpraTe mpoBejeHHBIX DKCIEPUMEHTOB OBLIO
ycraHOBAeHO, 4TO TOAbBKO 25% u 0,1%-pre pactsoper JAMCO ob6aagaor caabo -
BBIPa’K€HHBIMM PaJMOIPOTEKTOPHBIMM CBOJICTBAMM, 4TO Har4sAHO IIOKa3aHO B TaOawuie.
Tak, BBDKMBaEeMOCTh IIOAONIBITHOM TIpymnmbl K 12 AHIO 1ocae OOAydeHMsI COCTaBAseT
cooTseTcTBeHHO 43% m 29% mnpu rmbeau >XUBOTHBIX B KOHTpoae. OO0 »¢deKTnBHOCTU
Iperapara CyAuAu IO COCTOSHMIO Nepudepudeckoit Kposu Ha 3-i1, 7-i1, 12-i1 geHb mocae
o0aydyeHMs: M BBeAEHI: IIperiapata M IIO BBDKMBAE@MOCTU >KMBOTHBIX IO CPaBHEHUIO C
KOHTPO/€eM, 4TO II0Ka3aHo B TabAuIle. 3aMeTHbIe paauo3alUTHEIE CBOVICTBA HPOABAIOT [TA
B komnaekce ¢ /AMCO. Tak, Ob10 MOKa3aHO, YTO U3 M3Y4eHHBIX aHTMOMOTUKOB Hamboaee
9(pPeKTUBHBIM OKa3aACsl MeTUAMPOBaHHBIN AeBOPUH. BbpIK1MBaeMOCTh ITOAONBITHBIX
SKMBOTHBIX Ha 12-11 aeHp mocae oOaydeHus cocrasasgaa 100 %, a B koHtpoae 33,3 %.
3aMeTHbBIe paAMOIPOTEKTOPHBIE CBOMCTBA ObLAM ITOAy4YeHBI C MICXOAHBIM A€BOPMHOM U €Tro
nsoMmepHoit GOpMOIl — U304€BOPUAOHOM. BBIKIBaeMOCTh >KMBOTHBIX Ha 12-i1 AeHb
cocraBasiaa cootseTctseHHO 60 % 1 60 % 1mpu 20 % U MOAHOCTBIO MOTUOIINMM B KOHTpPO.e.
Cocrosnue nepudepuyeckor KposU HECKOABKO XyKe II0 CpaHeHMIO C MeTUAMPOBAaHHBIM
A€BOPMHOM, B KOTOPOM KOAMYECTBO A€MKOLIMTOB COCTaBA:140 cooTBeTcTBeHHO 3 500 1 1650, a
B KOHTpOAe 4 400.

TABANITA. ViccaepgoBaHue paarOIIPOTEKTOPHBIX CBOVICTB AUMETIACY Ab(OKCIAa B KOMILAEKCe
C ITOAMEHOBBIMY aHTUOMOTMKAMM U UIX IIPOM3BOAHBIMU

No Aun 3-11 7-11 12-1 30-1
Hammenosan | Ber | Opu | Aetik | Bor | Opu | Aeiixk | Bor | Opu | Aeiixk | Bor | Opu | Aeiik
ne KMB | TPO | OLMT | KMB | TpPO | OIUT | XUB | TPO | OLUT | XXUB | TpO | OLMNT
coejuHeHMs | aeM | LINT Bl aeM | 1uT BI aem | 1uT BI aem | IuT BI

ocT | B, ocT | Bl ocT | B, ocT | Bl
b MAH b MAH b MAH b MAH

1 Aumerna- 43 957 | 4560 43 5,51 3350 43 7,24 1750
cyappoKcu 100 | 9,48 1100 88 5,59 850 71 6,69 1550 - - -
100 %

2 | Aumetua- 100 | 2,12 1700 43 5,92 1600 43 7,58 1650
cyappoKcuA 100 | 4,64 2600 71 4,94 1000 29 8,06 2600 - - -
25 %

3 | dumetna- 86 | 7,44 | 2200 43 | 592 | 1400 29 | 7,58 | 2800
cyapdoxcmg | 100 | 7,01 | 3200 | 14,2 | 4,94 | 2600 0 8,06 0 - - -
0,1 %

4 | JeBopun 100 | 9,2 800 100 | 7,7 760 60 6,1 | 3500 - - -
(McX0AHBIIT) 100 | 10,6 | 500 100 | 6,3 500 20 7,1 | 4400

5 | Na-coan 100 | 7,7 900 100 | 6,5 1500 | 100 | 7,76 | 2150 90 | 7,27 | 12500
A€BOpUHA 100 | 6,51 900 100 | 586 | 200 100 | 7,97 | 4350 | 46,9 | 7,09 | 9200

6 | Metnanposa | 100 - 3250 | 100 - 2650 | 100 - 4400 - - -
H-HBII 100 - 1200 60 - 3400 | 33,6 - 9300 - - -
A€BOPUH

7 | Usoaesopua | 100 | 3,4 | 2060 60 7,5 1000 60 59 | 1650 - - -
OH 60 7,3 | 1130 20 7,8 800 0 0 0 - - -

ITPVIMEYAHVE: B yncanrteae gaHbl cpeAHye 3Ha4€HUY:sl ITIOAOTIBITHON TPYIIIIBI JKMBOT-
HBIX.

B sHamenarese AaHbI CpeAHVie 3HaYEeHIIL KOHTpO/leOﬁ I'PYIIIIbI JKMBOTHBIX
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B Ta®. mpuBejeHbl AaHHBIe KOAMYECTBA SPUTPOLIUTOB (B MAH.) U AeIKOIIUTOB, COAeprKa-
muecs B 1 Mka neapHol Kposu. Ha kaxxapii onbiT 6paaock 40 XuBoTHBIX - 20 KoHTpoAb 1 20
OIIBIT.

AMCO BBOAMAM MBIIIIaM OAHOKpaTHO BHYTpuOpiomuuHo 110 0,3 Ma — 100% pactsopa u
1o 0,1 ma - 25% n 0,1% pactsopa AMCO 3a 30 MuH. 40 00AyIeHM.

AHTMOMOTUKI BBOAMAM >KMBOTHBIM OJAHOKpaTHO BHyTpuOpromusaHo 1o 0,1 mr za 30
MIH 40 00Ay4eHs

Yeproukn B Tad. 1 0003HauaIOT OTCYTCTBME A4aHHBIX.

B skcnepmmenTax ¢ Na — cOapi0 2€BOpMHA BBLKMBAEMOCTh KMBOTHBIX Ha 30-11 geHb
cocraBasiaa 90 %, a B koHTpoae 46,9 %. OcTasbHble M3yYeHHbIe aHTUOMOTUKI He MPOsSBUAN
PaAMOIPOTEKTOPHBIX CBOMCTB IpU AydeBoii Ooae3Hu Mblient. Takum oOpasoM, Kak BUAHO
u3 Tad. 1, nccaegoBanue paauoNpOTEeKTOPHBIX CBOJICTB ICXOAHOTO A€BOPMHA, MeTUAMPOBaH-
HOTO AeBOpMHA, 1M304eBopuaoHa 1 Na-coau AeBopuHa II0Ka3aao, YTO BCe MCCAeJOBaHHBIe
coeAMHeHMsI 004a4al0T 3HAYUTEABHBIMM PaAMOIPOTEKTOPHBIMM CBOJMCTBAMM, ITOBBIIIAs
BBIKMBA@MOCTD SKMBOTHBIX I10CA€ OOIIEro peHTTeHOBCKOTo o0aydeHns 40301 6,0 I'p 8 2 — 3
pasa II0 CpaBHEHMIO C KOHTPOABHON TPYIIION >XKMBOTHBIX. VIcCcaea0BaHHBIE COEAVIHEHNST HE
TOKCIMYHBI ¥ CITOCOOCTBYIOT ITOAAep>KaHnIo KposoTsopenns. TokcmaHocts ITA B komIiaekce ¢
AMCO mposepsiaach Ha OeCIIOPOAHBIX OeABIX MBIIIAX U KpbICaX, KOTOPhIM B TedeHun 10
AHell, eXXeJHeBHO, BHYTPUOPIOIIMHHO BBOAMAOCH MCIIBITyeMOe COeAMHeHNe 13 MaTO4YHOTIO
pactsopa. CymMapHas go3a cocTaBuaa, coorBerctseHHo, 0,1 - 1 Mr Ha Maccy >XMBOTHOTO.
Ilocae BBeAeHM: yKa3aHHON A03bI He HabDA04aa0Ch TMOean XUBOTHBIX. [Ipy BckppITUM He
BBIABAEHO I1aTOAOTMYECKMX M3MEHeHMi, 3a MCKAIOYeHMeM HeOOABIION TIuUIepeMun
IapeHXMMaTO3HbIX OpraHoB. LDso gas usydeHHbIX aHTMOMOTMKOB B pactsope JAMCO
cocrapasieT 15 — 20 Mr / Kr Macchl )KMBOTHOTO.

Ycuaenne paaunonporexkropssix csoicts AMCO B komnaexkce ¢ ITA cocrout, mo-
BUAVIMOMY, B TOM, 4YTO, Oaarogapsl Haamdumio B Moaekyaax ITA compsikeHHOM cuCTeMBbI
ABOVIHBIX CBsi3ell, 3HauMTeAbHasl 4acTh DHEPIUM MOHUBUPYIOUIETO M3AydeHNUs MOXKeT OBITh
IIOTAOIIeHa CUCTEeMOV KOHBIOTMPOBAHHBIX ABOVMHBIX CBsA3ell. KOCBeHHBIM IOATBep>KAeHUeM
DTOTO MPeAIIOAOKeHMs SIBAseTCs MHaKTUBaLMs IIPOBOAVMOCTY ITOAMEHOBBIX KaHAAOB I10/,
AEVICTBIIEM MOHM3MpPYIOIIero uaaydennus [5, c. 95]. Hamm mccaegoBanmus 4ai0T OCHOBaHUE
1oAaraThb, 4YTO HaMOOABIINII MHTEpeC IIpeAcTaBAsieT MOAMPUKAIINS TOANEHOBOI MOAEKYABI
10 TUAPOPUABHOMN U TUAPOPOOHBIM I1IEIIsIM, COCTaBASIONINe BHYTPEHHIOIO IT0A0CTh KaHaaa,
TaK KaK TOABKO ®TU CHUCTeMBl B MOJAeKyJaX IIOAMEeHOB OTBeTCTBEHHBI 3a OMOAOTMYECKYIO
aKTMBHOCTb U MU30MpaTeApHYIO IIPOHUIIaeMOCTb MeMOpaH A4Sl MOHOB I OpPTaHMYeCKMX
coeauHeHu 3, c. 124; 4, c. 464].
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ABSTRACT

Polyisoprene composite systems were obtained by addition of certain ratios ofdibenzothiazolyl disulfide,
diphenylguanidine, zinc oxide, sulfur and stearinand the blendmixed in lab roller.The prepared compositions
were vulcanized and their physical and mechanical properties were studied after storing them at room
temperature for a while.Polyisoprene vulcanizatesare currently being used in a variety of applications requiring
good resilience, low water swell, high gum tensile strength, good tack and high hot tensile strength. In addition,
they have high dielectric properties and heat-oxidation agingresistance.Polyisoprene vulcanizatesfinds uses in
many fields of rubber applications such as medical equipment,shoe soles, baby bottle nipples, tires, elastic
films,toys and threads for golf balls or textiles.

Key words: Isoprene Rubber (SKI-3, SKIL), Natural Rubber (NR), vulcanizates.
POLiiZOPREN KOMPOZISIYALARI
XULASO

Poliizopren kompozit sistemlari dibenzotiazolil disulfid, difenilquanidin, sink oksidi, kiikiird ve stearinin
miiayyannisbatlardes alave edilmasi yolu ils alde edilmisdirveqarisiq laboratoriya verdenasinds qarisdirilmisdir.
Hazirlanmis kompozisiyalar vulkanizasiya edilmis ve bir miiddst otaq temperaturunda saxlanildigdan sonra
onlarin fiziki ve mexaniki xiisusiyyatlori dyranilmisdir. Son zamanlarpoliizopren vulkanizatlar1 yaxs: elastiklik,
suda az sismosi, yiiksak dartilma gerilme giicii, zerbays ve istide uzanmayadavamliliqtalob eden miixtalif
sahalards istifade olunur. Bundan slavs, onlar yiiksek dielektrik xiisusiyyatlore va istilik-oksidlagsma qocalmaya
qars1 miiqavimate malikdirlar. Poliizopren vulkanizatlar:1 tibbi avadanliqlar, ayaqqabi altliglari, usaq siisesi
amziklari, sinlar, elastik filmlar, oyuncaqlar ve qolf topu ve ya toxuculuq ticlin iplar kimi bir cox sahada tatbiq
olunur.

Acar sozlar: izopren Rezini(SKI-3, SKIL), Tebii Kauguk(NR), vulkanizatlar.
IMOAMM3OITPEHOBBIE KOMITO3UILINN
PE3IOME

IMoavm3sonpeHoBble KOMITO3UTHBIE CHCTeMBI OBIAM ITOAy4YeHBI ITyTeM Jo00aBAeHMs OIlpe/e]eHHBIX
COOTHOIIIEHNIT ANOEH30THa30AnAANCYAbDUA, AndeHnATyaHANHa, OKCIAa IIMHKa, Cephl M CTeapyHa U CMeCu
CMellIaHHOI B AabopaTopHoM Baauke. IloaydeHHBIE KOMIIOZMLIMM OBLAM BYAKaHM3MPOBAHBL, U UX (PUIUKO-
MeXxaHWIJecKue CBOVICTBa OBIAM M3Y4YeHHI I10CAe XpaHeHMs B TedeHNe HeKOTOPOIO BpeMeHN IIpy KOMHAaTHOI
TeMIlepaType. B HacToslee Bpems IIOAMM3OIPEHOBble BYAKaHM3aThl MCIIOAB3YIOTCSA B PasAMYHBIX 004acTsX,
TpeOyIOIIX XOPOIIel yIIPyrocTy, HU3KOTO HaDyXaHM: B BOAE, BBICOKOV IIPOYHOCTY Ha pa3phIB CMOABI, XOPOIIel
KAeJMKOCTU M BBICOKOJ ITPOYHOCTH Ha pacTsiKeHue B ropstaeM cocTossHuu. KpoMe Toro, oHu 064a4a10T BRICOKMMU
AUBAEKTPUIECKUMI CBOVICTBAMM M YCTOMUMBOCTBIO K TEPMOOKMCAUTEABHOMY cTapeHMIo. IToammsomnpeHossie
ByAKaHM3aThl HAaXOAAT IpUMeHeHUe BO MHOIMX 00JacTAX Pe3MHOBBIX M3JAeANI, TaKMX KaK MeAUIIMHCKOe
o0opyJoBaHIe, ITOAOIBBL 4451 O0YBU, COCKM AAsl A€TCKUX OYThLAOYEK, IINMHBI, HAaCTUYHble IIAeHKM, UTPYIIKI 1
HUTU A4S MST9€H AAs TOAb]A MAN TEKCTUASL.

Karouesnre caosa: VMsompenossiit Kayayk (SKI-3, SKIL), Harypaasusiit Kayayk (NR), ByakaHusatsr.

INTRODUCTION

High mechanical and elastic properties of Natural Rubber (NR) are the main reasons for the
development of isoprene synthesis methods and the production of synthetic isoprene rubber.The
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introduction of new complex catalysts of stereospecific polymerization in solutions allowed the
acquisition of synthetic stereoregular isoprene rubber, which is close to the structure and
properties of NR. The application of lithium catalysts allows the production of cis-1,4-type SKIL
rubbers, catalysts containing titanium and aluminum derivativesleads to obtain cis-1.4-type SKI-
3 rubbers.Synthetic isoprene rubber differs from NR due to the regulated structure of the
polymer and the lessamount of non-rubber components and the absence of functional groups in
the polymer molecule chains.Synthetic isoprene rubber has a limited molecular mass distribution
(Mw / M - 1,2).The SKI-3 rubber contains gel fraction up to 30%.They are filled with anti-aging
ingredients to protect rubbers from aging during storage and processing.At this time, non-
coloring agents such as 2,6-di-tertiary-butyl-4-methylphenol or colorants e.g. phenyl--naphthyl-
amine and diphenyl-n-phenylenediaminecan be used.The rubber mark is displayed as SKI-35S
when using non-coloring anti-aging stabilizers.[1-5]

Physical properties of isoprene rubber are similar to those of natural rubber.Isoprene rubber
crystallizes at -25°C, this process happens more slowly and in smaller crystallization degree than
natural rubber. The reason of this phenomenon can be explained by the less ordered molecular
chainsof polyisoprene.Polyisprene rubber crystallizes minimallyduringstretch time.When crystal
phase is formedat 20°C, the smallest stretch is 600-800% for SKIL, 300-400% for SKI, 200% for
natural rubber. Synthetic isoprene rubber’s solubility parameter is 16.8 (MJ/m?®)'? and they can
dissolve in the solvents which natural rubber dissolves.Isoprene rubber of SKI-3 brand is
produced ingiven concentrations, andconcentration for the first group SKI-3 rubber is 71-85
conventional units (c.u) and 50-60 c.u for the 2nd group.Unlike natural rubber, isoprene rubber
does not need plasticization in advance and its plasto-elastic properties are consistent with the
those of natural rubber.However, due to their tendency to be destructed during the processing of
isoprene rubber, it is necessary to controlstrictly the temperature regimes of mixing, heating and
forming processes.The main disadvantage of isoprene rubber mixtures is littlecohesion
associated with the molecular structure and molecular mass distribution of rubber mixtures
prepared from isoprene.Thus, tensilestrengthof rubber mixture based on natural rubber is 1.5-
2MPa, SKI-30.2-0.4MPa, and this valueis less in SKIL.Therefore, when preparing formless,
stickyand other products based on SKI-3,adhesion capacity of its mixtures and semi-finished
products is considerable, carcass structureis inadequate, because of its flowability transport and
storageproblems arise.Due to high elastic recovery and small cohesionproperties,processing of
the rubber obtained in presence of lithium catalysts is very difficult.[6-10]

RESEARCH METHOD

1. Preparation of isoprene rubber mixtures(Table 1)

2. Vulcanization of isoprene rubber mixtures

3.Investigationof physical and mechanicalproperties of isoprene vulcanizates

Vulcanization systems of sulfur and organic accelerators, or sulfur-free systems (thiuram,
organic peroxides, phenolformaldehyde resins, maleimide derivatives and other substances)
aretaken for vulcanization of SKI-3 due to its high saturation capacity.The industry mainly uses
sulfur vulcanization systems and it is advisable to include 1.5-2.5 mass ratio (m.r) sulfur and 0.7-
1.2 m.r. vulcanic accelerators in the rubber mix, especially in SKIL rubber.The quality of the
isoprene rubber is evaluated by the properties of the vulcanized rubber of standard rubber
mixtures that containing lesssulfur.
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Table 1. Composition of isoprene rubber mixture

Components Mass ratio
Rubber 100
Sulfur 1.0
Dibenzothiazolyl disulfide 0.6
Diphenylguanidine 3.0
Zinc oxide 5.0
Stearin 2.0

In isoprene rubber mixturedibenzothiazolyl disulfideacts as an accelerator, diphenylguani-
dine-complexing agent and accelerator, sulfur-vulcanizator. Zinc oxideactivate the entire curing
system, improve the cross-linking density,improve the anti-aging properties of vulcanized
rubber. Stearin is used as a dispersant, plastifier — it softens the product to allow the modification
of its elasticity and hardness as the addition of stearin makes rubber resistant to stretching. It is
also used as an activator in vulcanisation. All these components- isoprene rubber, dibenzothiazo-
lyl disulfide, diphenylguanidine, zinc oxide,stearin and sulfur are mixed and the mixture is
heated to 70-80°C for 10 minutes in the lab roller.Prepared compositions are vulcanized for 20
minutes at a temperature of 149 + 2°C in the hydraulic vulcanization press. Physical and
mechanical properties of the vulcanizates are investigated after storing them at room tempe-
rature for 6-8 hours.Vulcanization by sulfur gives hardness, elasticity, and mechanical durability
to rubber materials by heating them with sulfurs.The vulcanization temperature of sulfuric
mixtures on the basis of SKI-3 is 133-151°C and their fracture resistance are characterized by the
presence of vulcanization optimum and a small plateau of vulcanism ( more limited thannatural
rubber mixtures).

RESULT

Vulcanized rubbersbased on SKI-3 have the following characteristics in Table 2.

Table 2. Characteristics of SKI-3 vulcanized rubbers

Characteristics Value
not less than 28 at 22°C
B hol lue, MP.
reakdown threshold value, a ot loss than 18 at 100°C
Relative elongation, % not less than 700

Despite falling behind due totear resistance, durability at high temperatures, and tensions at
certain stretches, the properties of vulcanized rubbersbased on the SKI are close to the properties
of natural rubber based vulcanized rubbers.Due to resistance to heat-oxidation aging, natural
rubber (NR)based unfilled vulcanizates are superior to the corresponding vulcanizates on the
basis of SKI.Unlike the SKI rubbers, when NR-based rubbersare filled with technical carbon,
their resistance to heat-oxidationdecreases.SKI-3 is characterized by good water-resistanceand
highly dielectric properties due to its low content of nitrogen-containing substances and
ash.Synthetic isoprene rubber successfully replaces natural rubber in the production of a wide
range of different rubber products.Syntheticisoprene rubber can fit well with all diene rubbers.
When designing recipes the same plasticizersfillers and anti-aging ingredients of the natural
rubber blends are used inSKI-3 and SKIL rubber blends. High-density polyethylene,
thermoelastoplastics or special additives (eg resorcine and urotropine complexes) are taken
toenhance cohesion of rubber mixtures based on SKI-3. In the final stages of production it is
possible to obtain synthetic isoprene rubber with improved technological properties with the use
of 0.1-0.5% n-nitrosodiphenilamine, maleic anhydride and other modifiers.Forexample, when
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using 0.1% n-nitrosodiphenylamine, the cohesion of the mixtures is less than 0.6 MPa).The main
use for polyisoprene by far is in tires. Black-loaded polyisoprene are used in tires, pipe
gaskets,motor mounts, shock absorber bushings, and a range of other molded and mechanical

goods. Gum polyisoprene compositesfind uses incut thread, rubber bands, extruded hoses,
andbaby bottle nipples, and other such products. Mineral-filled polyisoprene finds its
applications in sponges, sporting goods,andfootwear. Other important applications include
medical applications and sealants and adhesives. Among all the applications, medical
applications grows fastest.

10.
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YAZI VO NO9SR QAYDALARI
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Tadqiqat metodu
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Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
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Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyystds va matn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarin altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilinds géstorilmoklo mogalonin sonunda motn daxilindoki
sira ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds avvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
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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

Monbalar 9 punto yaz1 tipi bdyiiklitytinds olmalidir.

10.

11.
12.

Sohifo ol¢iilori: tistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boyikluytinds, Palatino Linotype yaz: tipi ils vo tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

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

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqalls an az1 iki eksperto gondarilir.
Ekspertlorin tovsiyalorini nazors almaq ti¢iin moaqalo miiollifo géndorilir.
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torafindon ¢apa togdim oluna bilor.
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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 adi, 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 &zeti birbirinin aynt olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildig: dilde verilmekle en az ii¢ sozciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartisma ve sonuglar,

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

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, 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 kaynagn tiirii de eserin tii-
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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, Vol.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. Il International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiyiikliigi 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; Ust: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
likte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

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, uzmanlarm elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yayin Kurulu tarafindan
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No’lu hesaba yatirilmali ve makbuzu {iniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - Xumunu u 6uonornu myOIuKyeT OpUrHHATBHBIC, HAYYHbIC CTATHU
U3 00IaCTH KCCICI0BAaHMUSI ABTOPA U PaHEe HE OIyOIMKOBaHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomucHu TOMKHBI OBITh HaOpaHs! cornacHo mporpammbl Microsoft Word u oTripaBiiess! Ha 3JIeKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3arjiaBue CTaThHU MHIICTCS I KOKIOW aHHOTAIMH 3arjlaBHBIMU OyKBaMH, )KUPHBIMU OyYKBaMU M pacrioJiara-
eTcsl TI0 LEHTPY. 3arilaBue W aHHOTALINH OJDKHBI OBITh IIPEICTABICHBI HAa TPEX S3BIKaX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 crmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpeacTaBistoTCs aHHOTAIIMKA HA JBYX JPYTUX BBINIC YKAa3aHHBIX SI3BIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEPKaHUIO0 OopUruHaia. KitoueBble ciioBa JOJKHBL ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yka3ansl kogsl UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrimmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM anaBuTe.

PuCyHKH, KapTHUHKH, TpaGUKH 1 TAOHIBI JODKHBI OBITH YETKO BBIMOJIHEHBI M Pa3MEIEHbI BHYTPH CTATHH.
TNoamucu K pUCyHKaM pa3MEIIaloTCsl MO PUCYHKOM, KapTHHKON Wi rpadukom. Ha3BaHue TaOIMIBI MHIIETCS
HaJ TaOJIHLEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IIUPPOI B KBaIPATHBIX CKOOKAX M PACIIoNIaratoTcs B KOHIIE CTAThH
B TIOPSIZIKE IUTHPOBAHMUS B TeKCTe. ECITM Ha OJIMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubnrorpaduueckoe ONMMUCaHWE CCHITAEMOM JTUTEPATYPHI JOJKHO OBITH MPOBEIEHO C YUETOM THIIA
UCTOYHMKA (MOHOTpadust, y4eOHHK, HAydHas CTaThs U Jp.). [IpH CCBUTKE Ha HAYYHYIO CTAThIO, MATEPHAIBI CHM-
no3uyMa, KOH(GEPEHIINH WK IPYTHX 3HAYAMBIX HAYYHBIX MEPOIPHATHHN JTOKHBI OBITH YKa3aHbl Ha3BaHHE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmamuws: 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, VVol.51, No.5, p.824-832,
2010

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

Kongpepenyusa: 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

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepnb! crpanunbl: cBepxy 2.8 cM, cHu3y 2.8 oM, cieBa 2.5 u cripasa 2.5. Tekct neyaraercs mwpudtom Pala-
tino Linotype, pasmep mwpudra 11 punto, uaTepBan-oauHapHbliid. [laparpadsl T0KHBI OBITH pa3lieicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHUIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBneHue cTaThbu K MEYaTH NPOU3BOJUTCS B HIKE YKA3aHHOM IMOPAIKE:

Kaxxmas cTaTes mockIIaeTcss HE MEHEe ABYM JKCIIEpTaM.

CraTbs MochUTaeTCA aBTOPY AT yUeTa 3aMEeYaHni SKCIIEPTOB.

CraTps, TIOCIIE TOTO, KaK aBTOpP yd4eN 3aMEYaHHs SKCIIEPTOB, PEAAKIIMOHHON KOJUIeTHel >KypHaja MOXKET
OBITh PCKOMCH/IOBAHA K MICYATH.
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