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GARANOHUR LAKE" ECOTOURISM POTENTIAL STUDY
(ISMAYILLI DISTRICT)

ULVIYYA MAMMADOVA
ANAS Institute of Soilscience and Agrochemistry, Rahim str. 5.,
Baku AZ1073,
Baku, Azerbaijan

um.mammadova@gmail.com

ABTRACT

Firsly ecotourism potential and existing ecosystem of Garanohur lake was studied by applying remote sensing
method. Due to the aerospace materials te neccesary geographical parameters based on Bing Map and Google Earth.
The lake possesses 925.122 m?(92.5 ha) which equels 4.70 km perimeter totally. Absolute height is 1549 m and the
relative hieght (eye altitute) is 2.24 km. The lake has got the shape of heart, that's why the length (2. 02 km) and the
width (0.94 km) parameters are near. Garanohurlake is situated in 40°48'45"N latitute and 48°15'4"Elongitude.

The terrotory of lake wasn’t investigated from tourism point of view. Climate condition of the lake was
determined and comparatively was given. According to Lansat materials forest cover square was defined about 93.8ha
within 5 km perimeter. There is no any entertanment center on the lake shore as hotel, cottage and so on. Majoriry
biodiversity members exist in the «Red Book» of the Republic. Full ecological researches are to be carried out in the lake
territory to reveal the natural resources to utilize them rightly.

Key words: ecotourism, aerospace material, radar technique, climate, ecosystem.

VI3YUEHUE ITOTEHIIMA 1A DKOTYPU3MA O3EPA TAPAHYXYP (MCMAVAAVHCKI PAVIOH)
PE3IOME

BriepBbie METOAOM AMCTaHIIMIOHHOIO 30HAMPOBaHM: ObLA M3yyeH IIOTeHIIMaA SKOTYpU3Ma M CyLIecTBYIOIas
PKOCKcTeMa oO3epa lapaHoXyp. B cBs3sm ¢ a®pokocMMYECKMMH MaTepualaMy HeoOXOAMMBI reorpadpuyecKkye
mapamMeTpsl Ha ocHoBe Bing Map n Google Earth. IT1omaap osepa cocrasaser 925,122 m? (92.5 ra), uto coctapasteT 4,70
KM IO repumerpy. AOcoaioTHasA BeicoTa 1549 M, OTHOCHUTeAbHas! BbICOTa (BM3yaabHas BbicoTa) 2,24 kM. O3zepo nmeer
dopmy ceparra, mosTomy mapameTps AAuHHI (2,02xkM) u mmpuHe (0,94xM) 6auskn. Osepo I'apaHoXyp pacito105KeHo
Ha 40°48'45" cepepHoI1 IMpOTHI 1 48°15'4" BOCTOYHOI AOATOTHI.

Teppurtopnst ozepa He mccaesoBaHa C TYPUCTIECKON TOUKM 3peHrst. OmpeseseHo 1 CpaBHUTEABHO IIPUBEAECHO
KAMMaTIJeckoe coctosiHue osepa. ITo marepuasam «/laHcarta» 11410111a4b A€CHOTO ITOKPOBa OIlpejeaeHa 0koa0 93,8 ra B
repumetpe 5 kM. Ha Oepery osepa HeT pasBaeKaTeAbHOTO IIeHTpa B BHJe OTeAs, KOTTejka U T.A. BoapmmmcTtso
IpeJcTaBuTeaeit OuopasHooOpasus 3aHeceHs! B «KpacHyio kHUry» pecrtyoaukn. Ha teppuropun osepa 4045KHbI OBITh
IIpOBeJEHBI II0AHBIE DKOAOTIIECKIe VICCAeAOBaHUS AAsl BBLIBAEHUS IIPUPOAHBIX OOTaTCTB A4Sl MX PallIOHAABHOTO
VICITOAb30BaHS.

Karouesbie ca0Ba: DKOTypu3M, adpOKOCMIYECKII MaTepuad, pajapHas TeXHUKa, KAUMaT, DKOCHCTeMa.

QARANOHUR GOLUNUN EKOTURIZM POTENSIALININ TODQIQi (iISMAYILLI RAYONU)
XULASO

flk dofo masafoden miisahide metodu ilo Qaranohur géliiniin ekoturizm potensiali vo méveud ekosistemi
Oyranilmisdir. Aerokosmik materiallara ve Bing Map ve Google Earth Map bazasina asasen zaruri cografi parametrlar
Oyranilmisdir. Goliin hovzesinin perimeteri 4.70 km taskil edir vo goliin {imumi sahasi 925.122 m?(92.5 ha)tegkil edir.
Miitlaq hiindiirliiyii 1549 m (daniz saviyyasindan), nisbi hiind{irliilyii (yer sathinden atmosfere gadar) 2.24 km-dir. G&l
iirak formasina malikdir oldugundan, uzunluq (2. 02 km) ve en (0.94 km) parametrleri arasinda forq azdir. Qaranohur
golii 40°48'45" simal enliyinda ve 48°15'4" serq uzunlugda yerlasir.

Goliin arazisi bu giine kimi turizm baximindan arasdirilmayib. Goliin iglim seraiti aerokosmik miisyyen edilmis
vo miiqayisali sokilds verilmisdir. «Lansat» materiallarina asasen goliin artafinda 5 km perimetr daxilinds taqriban 93,8
ha six mege Ortliyli miisyyen edilmisdir. Gol sahilinde mehmanxana, kottec ve sair kimi turistik tikililare ve aylance
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moarkazlarine rast galinmir. Goliin bio miixtslifliyinds Respublikanin “Qirmizi Kitabi”na diismiis bitki ve heyvan
novleri goxluq teskil edir. Tobii sarvetlorden diizgiin istifade etmak ve arazinin ekoturizm potensialini laziminca
giymotlondirmak ti¢lin goliin srazisinds shatali ekoloji tadqiqatlar apariimalidir.

Acar sozlar: ekoturizm, aerokosmik material, radar texnologiyasi, iqlim, ekosistem.

Introduction

Garanohur lake is one of the interesting pools located on the mountain in 40°48'45"N
latitute and 48°15'4"Elongitude[1,2,8]. The highest mineralization [5,7,10] in lake water
doesn’t allow it to be used for drinking or irrigation. Because of this feature the lake water
was called «black». The name of the lakemeans «Gara-black» and «nohur-pool» in English.
The lake situated in Ismayilli district territoryis 8 km far from Talistan village above 1549 m
[2,7] above sea level. Eye altitute of the lake consists of 2.24 km and concerns to Granohur
river basin through the Great Caucasus. The lake was on the way from Ismayilli district and
Lahic village for the local popuation till 1966 [7,10] when the main road was developed.

The lake has attractive landscape in all seasons due to the continuous observation in the
territory. The scene of the research object was given in photoes below.

Figure 1. Seasonable Monitoring of Garanohur Lake (autumn, winter, spring)

From figure 1 it is clear that the climate condition around the lake is too interesting and
suitable for the visitor and tourists. Thus, tourism sector should be built and improved on
the lake coast. The calm mood and atmosphere surround the lake prooves all mentioned
above. The plant diversity of the thick woodland within 93.8ha [2] within 5 km perimeter [8]
consists of various trees and bush-trees. Hornbeam forests streches around the lake mainly,
coniferous trees on the northern-west part of the highlands.

Autumn of Garanohur lake is eye-catching with colorful nature including golden,
yellow, orange and others. It often rains [3,11] and the weather is getting to be chilly from the
middle of September.

Winter surround the lake territory is long, too severe, snowy and mainly cloudy. It
quietly snows along winter months. Low temperature changes majorly between -3 and -8°C
[3,6] in winter.

Spring around the lake is mild in comparison with summer when the temperature
increases from 1 to 9.5 °C [6] and at the end of May increasement reaches 12 — 25 °C [11].
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Summer of the lake dry, warm possessing clear sky (cloudless) and high weather
temperature changes between 31-35 °C [3] but it rains at night and temperature decreases.
The best time for beach and pool score occurs to the beginning July and the end of August.

The view of the lake from the sky shows the real situation for the investigator to
open the relief and climate condition of the lake ecosystem.

Figure 2. The General View of Garanohur lake from the Sky by Drone (scheme map from Google Earth).

From figure 2 the natural posibilities of Garanohur is evident and it is mountainous
foresty lake which up today wasn’t estimated for ecotourism sector. In comparison with the
world nature this lake’s is worthy to be appreciated for visitor because of untouchable
resources and stocks for many times. Such lakes are formed at the result of the earthquake in
mountainous rivers especially. For the ecotourism region the lake has great advantages but
up today all wasn’t used. Retail utilization of the resources around the lake has been carried
out. Some researches are met on the water studies but full ecosystem study is needed to
realize.

Material and methods

While realizing the research aerospace method [9,10]was used especially. Because of the
relief of the lake remote sensing method is advisible in any way. In order to know the region
shooting from a drone was realized and the photoes were taken from drone materials. Visits
to the lake in several seasons have been done to identify the nature potential and views.
During monitoring biodiversity around the lake, soil cover, flora and fauna are studied.
Mainly the climate parameters have been investigated from different sources. As for the
landscape view of the lake, photos of the early spring and summer have been taken and
given below.



Ulviyya Mammadova

Figure 3. The General View of Garanohur lake in Early Spring and Summer

The photoes in figure 3 show the real situation around the lake. As the ecotourism area
Garanohur lake territory is ideal place on the highlands. Difficult marshrout is seperated the
lake from the population and visitor. The men who desire to travel to see the lake those are
able to manage now. The rest people who are getting to rest they can’t do it. Ecotourism is
characterized on the climate condition of any object. Therefore main climate parameters must
be taken into considration.

So the local climate condition forms the present situation for the lake. So, firstly
atmosphere precipitations were investigated for many years. The lake possesses misty spring
and early summer the cloud formation is carried out due to the forest aspiration as a rule.
That’s why in the morning frog and especially mist fall but at nights it rains too often after
long higher temperature. Transparency of air is excellent for sun rays influence to the
territory. The refore evaporation process goes under the impact of the high temperature and
open ski directly. According to meteoblue [11] base three parameters dealing to the climate
were given in the same meteogram.

Meteogram 1. Relative Humidity, Precipitation and Temperature of Garanohur Lake for 2019 year.

2% zen sen

‘ \.w J 1 f (il Vg Hl‘}“bw.“ v ._"'“ - “Hl ‘»
\u J ||\M‘ 1\ |J\ “1 | AR I' ’uw | ‘”‘
l

J.L “ “IW il \ H |l|l luLl

uuuuuuuuu 12 elevation corrected] @ Precipuion Total  — Relative Humiday 12 m]

From the above meteogram it is evident that at 24°C air temperature, atmosphere
precipitation consists of 25mm which causes 90% relative humidity. And at -6°C air
temperature, atmosphere precipitation consists of 0Omm which causes 15% relative humidity.
Thus, the air temperature can controll precipitation and relative humidity amount because of
the relief of this mountain lake.

Comperative monitoring of the atmosphere precipitation amount witin 2019-2022 (for 4
years) have been obtained to the meteoblue [11] historical comparation.
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Meteogram 2. Comperative Atmosphere Precipitation for Garanohur Lake Territory within 2019-2022 years.

Anual monitoring within 4 yearsshow that 2019-21 years the precipitation amount is
higher than 2020 amd 2022 years [5,6,11]. As for the wind potential which makes light breeze
around the lake was dertermined based on the aerospace possibilities.

Figure 4. Garanohur Lake Territory Wind Rose

1000

b /|

As seen from the wind rose (at figure 4) the southern, southern south west and southern
west wind directions are major, in these direction mainly 1.6 m/sec is more than 3.4m/sec.
The wind potential more than 5.5m/sec, so the storm doesn’t happen in the territory.

Accordingly the reason of all changing in lake nature should be investigated. Lakes
location and severe winter makes the lake be frozen during winter period, 40-55 cm
(sometimes 60 cm) ice layer exists on the lake basin which is possible situation for skiing on
the lake. The photo [1] of the frozen lake is below.Thus, the natural condition prooves that

not only spring and summer but also winter and autumn tourism can be developped around
the lake.
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Figure 5. The Frozen Garanohur Lake in Middle and End of the Winter

Thus nature has such chararter, she always finds a way to solve any question in time
that’s seen from figure 5 [1]. The cold and severe winter of Garanohur lake region causes this
landscape formation every year. This is the fact for winter tourism for the lake and increases
the ecotourism potential of Garanohur. Indeed, any natural stock within the lake ecosystem
has to be studied. Today visitors in separate group can travel and camp abound the lake but
long living here is impossible. In winter travelling isn’t realized, as ice-skating, curling, ski,
snowboard and other kinds can be applied on the lake, Thus, all kinds of natural resources
ecotourism sector can be developed around the investigated lake. All lakes ns waterfalls are
frozen in winter on the Great Caucuses mountains.

Results and Discussion

The research area Garanohur lake possesses wonderful nature at 1549 m [2] hieght
above the sea level on the high mountainous territory. Drone shooting shows the real and
existing view of the lake in details which can’t be investigated by the traditional study.

From the photoes given in figure 3, it is clear that the place has got thick woodland
[2,4]area having various flora and fauna.There are oak(Quercus), beech (Fagus), hornbeam
(Carpinus),linden (Tilia), birch (Betula), juniper (Juniperus communis), walnut (Juglans)bear
hazel nut(Corylus colurna),wild apple (Malus sieversii), wild pear (Pyrus communis subsp.
pyraster), vsevolod pear(Pyrus vsevolodii, hawthorn(Crataegus), dog rose (Rosa canina),alcha
(Prunus caspica),yew (Taxus Baccata)andetc. in the forest around Garanohur. The fauna of the
same woodland consists of red-tailed squirrel (Sciurus granatensis), red squirrel (Sciurus
vulgaris), yellow-throated squirrel (Sciurus gilvigularis)brown bear (Ursus arctos), black-
backed jackal(Lupulella mesomelos), gray wolf(Canis lupus) Iberian lynx (Lynx pardinus), wild
cat(Felis silvestris), cottontail rabbit (Sylvilagus), forest mouse(Leggadina forresti)), chamois
(Rupicapra rupicapra), wild boar (Sus scrofa) and others.

Bird species are also various here such as; common pheasant (Phasianus colchicus), Grey
Partridge (Perdix perdix), black francolin (Francolinus francolinus), Eurasian Golden Oriole
(Oriolus oriolus), cliff swallow (Petrochelidon pyrrhonota) , The Eurasian hoopoe (Upupa epops),
rock dove (Columba livia), common nightingale (Luscinia megarhynchos), Common starling
(Sturnus vulgaris),The Eurasian jay (Garrulus glandarius), Caucasian black grouse (Lyrurus
mlokosiewiczi), western swamphen (Porphyrio porphyrio).


https://en.wikipedia.org/wiki/Crataegus
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Ecosystem of the lake is very interesting and the investigations has got multiple. But the
stages of the research dynamics has to be followed as a rule. According to the next diagram
investigation is to be realized as follows shown below:

Figure 6. The investigation Sequence

around the Lake.

Climate investigation; Climate qRe“ef
Relief Identification; I
Forest study;

transport fores
Water researches; P t

Marshroot development; & 0

water
marshroot ’

The ecotourism study begins from the climate, thus main climate parameters temperatu-
re, wind, humidity, clouds and precipitation should be studied. Identification of these
parameters gives possibility to learn the situation for ecotourism sector. Lake geographical
location leads the mild climate here. So, the climate depends on directly relief of the place.
Garanohur lake possesses mountains relief which impacts on her nature formation.

Transport infrastructure built;

Forest formation exists in all layers till the top of the mountain where the lake is situa-
ted. Forest is themain water accumulating reservoir of the lake, all atmosphere precipitations
are accumulated by woodland floor.

The mineralized water of lake can’t be drunk that’s why purification process is to be
studied and determined for water stocks aroun and in the lake.

The main marshroot to the lake consists of paths and mountain-valley pedestrian raods.
High road, cable way and othersdon’t exist to the lake for many years. New marshroot and
transport infrastructure have to be built and used for the lake region. There is picturesque
landscape attracting tourists attention for rape way.

After the mentioned stages, ecotourism condition could be established around the lake.
Garanohur has gothighest tourism potential for the region which hasn’t studied up today.
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YAG TURSULARI VO OKSIPROPILLOSMIS ETILENDIAMIN
OSASINDA GEMINI SOTHI-AKTIV MADDOLORIN
SINTEZI VO XASSOLORI

AYGUN M. ISAYEVA!, ROVAN A. ROHIMOV12
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XULASO

Bitki yaglarinin (qargidali, kokos, pambiq, palma, raps ve ketan) hidrolizi asasinda alinmis tursu qarisig ile
oksipropillasdirilmis etilendiaminin qarsiliqh tasiri naticasinda aks ionu alagsli olan gemini sathi-aktiv maddalar
sintez edilmisdir. Alinmis gemini sathi-aktiv maddalarin quruluslari IQ-spektroskopiya metodu ils identifikasiya
edilmisdir. Gemini sothi-aktiv maddalarin seathi gorilmalari tensiometrik metodla, xiisusi elektrik kegiriciliklari
konduktometrik metodla tadqiq edilmisdir. Hor iki metodla sathi-aktiv maddalorin kritik misella amalogolma
qatiliglart hesablanmisdir. Sethi-aktiv maddslorin neftyigici vo neftdispersloyici xassolori Balaxani nefti
timsalinda miixtelif minerallasma daracasine malik sularin sathinde tadqiq edilmisdir.

Acar sozlar: bitki yaglari, gemini sathi-aktiv madds, sathi garilms, neftyigici, neftdisperslayici

SYNTHESIS AND PROPERTIES OF GEMINi SURFACTANTS BASED ON FATTY ACIiDS AND
OXYPROPYLATED ETHYLENEDIAMINE

ABSTRACT

Gemini surfactants were synthesized by the interaction of oxypropylated ethylenediamine with acid
mixture obtained on the basis of hydrolysis of vegetable oils (corn, coconut, cotton, palm, rapeseed and flax). The
structures of the received gemini surfactants were identified by the IR-spectroscopy method. The surface tensions
of gemini surfactants were studied by the tensiometric method, and the specific electrical conductivities by the
conductometric method. Critical micelle formation concentrations of surfactants were calculated by both
methods. The oil-collecting and oil-dispersing properties of surfactants were studied on the surface of waters
with different degrees of mineralization, such as Balakhani oil.

Keywords: vegetable oils, gemini surfactant, surface tension, oil-collecting, oil-dispersing.

CUHTE3 U CBOVICTBA TEMUHY ITAB HA OCHOBE XXVPHBIX KCAOT U
OKCUIIPOIIMANPOBAHHOI'O D TUAEHANAMMHA

PE3IOME

BsanmMogeiicTsueM OKCUIPONMAMPOBAHHOTO STUAEHAMAMUHA C KMCAOTHON CMEChIO, II0AY4eHHO Ha OCHOBE
IMAPOAM3a pacTUTEABHBIX Macea (KyKypy3HOTO, KOKOCOBOTO, XAOIKOBOIO, IaAbMOBOTO, PariCOBOTO U ALHSIHOIO),
OBLAVM  CUHTe3WpPOBAaHBI TEMMHM IIOBEPXHOCTHO-aKTUBHBIE BemlectBa. CTPyKTypy TIOAyJeHHBIX BeIlecTB
naentudunmposaan Merogom VIK-cnexrpockonum. IloBepXHOCTHOe HaTsKeHMe BTUX IIPOAYKTOB U3ydalll
TEH3MOMETPUYIECKIIM METOAOM, a YAEABHYIO DAEKTPUIECKYIO IIPOBOANMOCTD — KOHAYKTOMETPUYECKUM METOAO0M.
Kpntideckyio KOHIIEHTpaIMIo MUIIeA1000pa30oBaHNsI TeMIHI TIOBEPXHOCTHO-aKTUBHEIX BEIIeCTB pacCIMTHIBAAN
aByma Merogamu. Hedrecobuparomme n Hedreaucneprupyiomye CBOVCTBa STHUX INPOAYKTOB M3ydaAu Ha
npuMepe OalaxaHBIVICKON HepTU Ha TIOBEPXHOCTH BOJ C Pa3HOI CTEIIeHbI0 MUHEepaAN3aIiui.

KaroueBble caoBa: pacTuTeabHBIe Macaa, TeMUHM IIOBEPXHOCTHO-aKTWMBHEBIE BeIlleCTBa, ITOBEPXHOCTHOE
HaTsKeHMe, Heprecobupanne, HepTeaucCIIeprupoBaHIe.
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Giris

Gemini (vo ya dimer) sothi-aktiv maddalar bas qruplar1 miixtslif uzunluglu alkilen zanciri
vo ya diger funksional qruplar ilo birlesdirilmis adi (monomer) sothi aktiv maddalorin
qurulusuna malik iki amfifil hissaden ibaratdir [1-3]. Bu giine qodar miixtalif nov gemini sothi-
aktiv maddsler (anion-aktiv, kation-aktiv, zvitterion ve geyri-ionogen) genis gesidli speyser
qruplar: (hidrofil ve ya hidrofob, qisa ve ya uzun zancirli, sart va ya gevik funksional qruplu) ilo
sintez edilmisdir [4-5]. Yiiksok effektiv xassalorine malik olduglarma gors, gemini soth- aktiv
maddoler kimya senayesindos, oczagiliq, kosmetika, moisot materiallari, tibb elmi vo kond
tosorriifat1 kimyasi istehsali vo neft ¢ixarma sanayesindo genis totbiq imkanlarina malikdirlar [6-
8]. Gemini tipli sathi-aktiv maddsler (SAM) tok zancirli analoglarindan bir sira tistiinliiklare
malikdir, o ctimlodan daha boylik fazalararasi aktivlik vo daha asag: kritik misella amoalogolma
qatihglar1 (KMQ) va s. Hidrofil speyserlar {iglin, speyserin uzunlugu artdiqgca KMQ bir gader
artir. Hidrofob speyserlor tigiin iss speyserin uzunlugunun artmas ilo KMQ zaif maksimumdan
kecir. Bu tip speyserds alkil zencirlerinin uzunlugunun artmas ilo KMQ azalir [9]. Gemini sethi-
aktiv maddalarin bir novii de oks ionu slagpli olan sathi-aktiv maddslardir [10-12]. Bu tip sathi-
aktiv maddolards adasten iizvi mansali difunksional qruplu maddsler aks ion rolunu oynayir.
Oks ionu slagali olan gemini sothi-aktiv maddslerin alinmas: tiglin asasen iki tisuldan genis
istifado edilir. Bunlardan biri avezolunmus ali alkilaminlorin dikarbon tursulari ilo amolo
gotirdiklori duzlar, digeri iss ali karbon tursulariin diaminlorle amale gotirdiklari duzlardir [13-
16]. Alinma tisullar1 bir-birinden kaskin ferglanmess de xammal asan tapildigi, daha ucuz
oldugu {iclin ali karbon tursular1 asasinda alinan sathi-aktiv maddsler iqtisadi cehstden daha
somorali hesab edilir. Ali karbon tursular1 sethi-aktiv maddslerin sintezi {i¢lin genis istifade
olunan xammallardir [14]. Ali karbon tursularinin asas alinma manbayi ise bitki mensali yaglar
va piylordir. Bir ¢ox hallarda miirakkab efirlorin hidrolizi ilo alinan yag tursularmin fraksiyalar:
torkib hissolorine ayrilmadan xammal kimi istifade edilir [17]. Bu halda almmus sathi-akitv
maddslar yiiksak effektivlik niimayis etdirmakle yanasi1 daha ucuz basa galir.

Toqdim edilon maqale bitki yaglar1 (qargidali, palma, pambiq, kokos, raps ve katan)
asasinda alinmis yag tursular1 qarisiglar: ve N,N’-bis(2-hidroksipropil)etilendiamin asasinda aks
ionu olagali olan gemini sathi-aktiv maddslarin sintezi, kolloid-kimyevi parametrlorin toyini,
eloca da neftyigic1 vo neftdisperslayici xassolarinin todqiqine hasr edilmisdir.

Tacriibi hissa
ilkin reagentlor

Qargidal yag (temizlik deracasi 99%) “Baki Yag Fabriki” MMC-nin, pambiq yag: (temizlik
daracasi > 97%) “Masloprombaza” LTD-nin (Russia), kokos yag1 (temizlik dsracesi > 99%)
BIOOIL LTD-nin, palma yag1 (temizlik deracesi > 95%) Ngo Chew Hong Oils ve Fats (M) Sdn
Bhd-nin (Malaysia), raps yag1 (temizlik daracasi > 95%) “Cargill GmbH"”-nin (Almaniya), katan
yag1 (tomizlik deracesi > 95%) Schneekoppe GmbH & Co-nun (Almaniya) istehsalidir.
Etilendiamin “Alfa-Aesar” (ingiltara) sirkatinin istehsalidir, temizlik daracasi 98%-dir. Propilen
oksidi “Uzvi sintez” zavodunda (Sumgayit, Azarbaycan) sintez edilmisdir, 99.9% tomizlik
daracesine malikdir.

istifads edilmis cihazlar

Sintez edilmis gemini sothi-aktiv maddalorin IQ spektrlori ALPHA FT-IR (Bruker)
spektrometrinda ¢okilmisdir.
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Yag tursulari va oksipropillagsmis etilendiamin asasinda gemini sathi-aktiv maddalarin sintezi va xassalori

Gemini sathi-aktiv maddslerin sathi-aktivliyini teyin etmak {i¢iin “KSV Sigma-702”
(Finlandiya) tensiometrinds halganin qopma metodundan istifads edilmisdir.

Sintez edilmis gemini sothi-aktiv maddoalorin sulu mohlullarinin xiisusi elektrik
kegiriciliklori “ANION-410" (Rusiya istehsali) konduktometri vasitasils todqiq edilmisdir.

Oksipropillasmis etilendiaminin sintezi

Oksipropillagmis etilendiamin (N,N’-bis(2-hidroksipropil)etilendiamin) etilendiamin ilo
propilen oksidinin 1:2 mol nisbatinda qarsiligh tasir reaksiyas: naticesinde sintez edilmisdir.
Reaksiya otaq temperaturunda ve katalizatorsuz saraitde malum metodika tizre aparilmisdir
[18]. Reaksiyanin timumi sxemi agsagidak: kimidir:

NH,CH,CH,NH, + 2CHy;—CH—CH; — 3=  HO—CH-CH,-NHCH,CH,NH—-CH,~CH-OH
N/ ] ]
(@) CH3 CH3

Gemini sothi-aktiv maddalarin sintezi

Gemini sathi-aktiv maddalari sintez etmak tiglin N,N’-bis(2-hidroksipropil)etilendiami-
nin 1:2 mol nisbatinds qargidali, pambiq, kokos, palma, katan ve raps yagindan ayrilmig
tursu qarisiqlari ilo reaksiyalar1 aparilmisdir. Reaksiya amin vo karboksil qruplar: arasindak:
qarsiligh tesir ilo bas vermisdir. Reaksiya zamarn zaif istiliyin ayrilmasi miisahide olunur.
Holledici kimi asetondan istifade olunmusdur. Proses 55-60 °C temperaturda 20-22 saat
miiddatinds davam etdirilmigdir. Reaksiyanin timumi sxemi asagidaki kimidir:
HO—CIIH—CHz—NHCHchZNH—CHZ—(IZH—OH +2R-COOH —3» Ho—(I;H—CHZ-N+|-12CHZCHZN_|-|2—CH2-(I:H—QH

CHs CHg CH; RCOO  RCOO CHy
burada R- tursu fraksiyalarindaki karbohidrogen radikalidir.

Sintez edilmis maddalarin iQ—spektrlari ALPHA FT-IR (Bruker) spektrometrinde KBr
diskindan istifads edilerak ¢akilmisdir. $akil 1-da qargidali yagindan ayrilmis tursu qarisigt
asasinda alinmig gemini sathi-aktiv maddenin IQ spektri verilmisdir.
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Sak 1. Qargidali yagindan ayrilmis tursu qarisigi asasinda gemini sathi-aktiv maddenin IQ spektri
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Sokil 1-den goriindiiyii kimi IQ-spektrds 3273 sm™-do OH ve NH qruplara, 2922, 2852
sm '-do CH2 vo CHs qruplarmin C-H rabitesine valent, 1457 sm™-do C-H deformasiya, 2567
sm !-de ammonium qrupuna moaxsus deformasiya, 1400 sm™-de COO™ qrupuna maxsus,
1061 sm™-de C-O rabitesinin valent, 844, 922, 1124, 1136, 1279 sm '-da C-N valent, 722 sm -
do iso metilen zancirine aid ragslerinin udma zolaqglar1 miisahids olunur.

Sintez edilmis SAM-larin neftyigma va neftdisperslama qabiliyyatinin tadqiqi
metodikasi

Reagentloarin neftyigma qabiliyystini tedqiq etmoak magqsadi ila laboratoriya sinaqlar:
asagidaki metodika tizra aparilmisdir. Petri qabma 40 ml su ve onun iizerina 1 ml neft
tokiiliir. Su sathinda neft tebagesi yarandiqdan sonra tadqiq olunan maddaden lazimi
miqdarda (adaton 0,02 q) verilir. Reagent verilondon darhal sonra lokaye yigilmis neftin
sothinin sahasi (S) Olgiiliir. Neft tobaqesi sathinin ilkin sahasini (So) bilerak, reagentin

neftyigma omsali (K =SS°) hesablanir. Sonra neft tam dagilana geder miisyyon zaman

fasilalori arzinde neft lokasinin sathinin sahasi 6l¢iiliir vo yigilma amsalinin cari qiymstlori
hesablanir. Yigilma omsalinin zaman arzinde Olglilmiis giymatlori reagentin tosirinin
doyismosi dinamikas: haqqinda mithakims yiirtitmoaye imkan yaradir.

Reagentlarin neftdispersloma qabiliyyasti (0,02 q reagent) su (40-50 ml) sathindaki neft
tobaqasine (qalinligr 0,16 mm) verildikden sonra su sothinin tomizlonma daracesi Ko (%-19)
hesablanir ve disperslonmis neftin bu veziyyatds qalma miiddsti (t) tayin edilir.

Sinaglar zamani Ramana (sixligr 0% =0,862 q/sm? kinematik ozliiliiyti v° =16,80 sSt),
neftindon vo distills, igmali, doniz sularindan istifads edilmisdir.

fcmali suyun sixlig1 20 °C-da 0,996 q/sm3, pH=7-8-dir. Kimyavi terkibi (100 q suya qram-
ekvivalentls): Ca?* 0,0052; Mg?* 0,0023; CI- 0,0007; SO4* 0,0044; HCO- 0,0273; CO?3 0,0009;
timumi codluq 4.5 mg-ekv/q.

Daniz suyunun sixligr 20 °C-ds 1.0098 q/sm?, pH-1 7,7-dir. Kimyavi terkibi (1 [ suda mq
ila); Na* 2650; K+ 20; Ca?-250; Mg?*-900; NHa* 0,15; Cl-500; CO4>2800; NO0,1; PO*4 0,35; SiO:
0,5; imumi codluq 69 mq-ekv/q.

Naticalar va onlarin miizakirasi

Bitki yaglarindan ayrilmis tursu fraksiyalar1 asasinda alinmis gemini sathi-aktiv madda-
larin suda mahlullarinin su-hava serhadinds sathi gerilma giymeatlari toyin edilmisdir. Alin-
mis naticalars asasan sathi gerilmenin qatiliqdan asililiq qrafiklari qurulmusdur (sak. 2,3).

14



Yag tursulari va oksipropillagsmis etilendiamin asasinda gemini sathi-aktiv maddalarin sintezi va xassalori

70 -
—_1
- 2
60 4 -3
£ 501
2
£
740
30 ~
20 T
-13 -11 7 5

9
InC, (mol/l)

Sakil 2. Raps (1), palma (2) v ketan (3) yaglarindan ayrilmis tursu qarisig asasinda gemini
sothi-aktiv maddalarin sethi garilms izotermlari (=25 °C)
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Sokil 3. Qargidali (1), pambiq (2) ve kokos (3) yaglarindan ayrilmis tursu qarisig1 esasinda gemini
sothi-aktiv maddalarin sathi garilms izotermlari (t=25 °C)

Sokillarden goérmoak olar ki, qatiliq artdiqca sathi garilmenin qiymati azalir, qatiligin elo
bir giymati yaranir ki, heamin giymatdesn sonra sathi gerilmanin giymsati ¢ox az dayisir ve ya
stabillagir. Homin qatiliq kritik misella smalagslma qatiligidir (KMQ). Sathi garilmanin teyini
metoduna asasen KMQ qiymatlori cadvel 1-do verilmisdir. Sethi gerilme ayrilerinden
goriindiiyii kimi kokos yagindan ayrilmis tursu qarisiglart asasinda alinmis gemini sathi-
aktiv madda su-hava serhadinda sathi gerilmenin giymatini daha asag: salir. Sintez edilmis
gemini sathi-aktiv maddalorin miixtalif qatiligli sulu moahlullarin xiisusi elektrik
kegiriciliklori toyin edilmisdir. Xiisusi elektrik kegiriciyinin qatiligdan asilihq qrafikleri
qurulmusdur (sok. 4,5).
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Sokil 4. Raps (1), palma (2) ve ketan (3) yaglarindan ayrilmis tursu qarisig asasinda gemini sothi-aktiv
maddaolarin xiisusi elektrik kegiriciliyinin qatihiqdan asililiq qrafiki (t=25 °C)
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$akil 5. Qargidali (1), pambiq (2) ve kokos (3) yaglarindan ayrilmis tursu qarisig1 asasinda gemini sothi-aktiv
maddslerin xiisusi elektrik kegiriciliyinin qatiligdan asililiq qrafiki (t=25 °C)

Qrafiklorden goriindiiyti kimi qatiliq artdiqca xtisusi elektrik kegiriciliyin qiymati artir.
Bu asililiq iki diiz xattle bas verir. Bu diiz xattlorin kesismasi KMQ giymatina barabardir.
Konduktometrik {tisulla teyin edilmis KMQ-nin qiymetleri cadval 1-de verilmisdir.
Cadvalden goriindiiyii kimi konduktometrik {tsulla tayin edilmis KMQ qiymsatlari
tensiometrik iisulla teyin edilmis KMQ qiymsatlorine oaksar hallarda yaxindir.
Konduktometrik isulla KMQ toyini zamani elektrik kegiriciliyi dissosiasiya etmis ionlar
torofinden hoyata kegirilir. Bu gemini sothi-aktiv maddalar ion tipli iri molekullu tizvi
maddalar oldugu {iciin zaif elektrik kegiriciliyine malik olur. Ona gora do konduktometrik
metodla KMQ toyini zamam1 metodiki sshvlerin olma ehtimali daha yiiksek olur. Yag
tursularmna gors gemini sethi-aktiv maddaslerin KMQ qiymetleri asagidaki sira tizre artir:
katan < kokos < raps < qargidali < pambiq < palma.
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Yuxaridaki KMQ qiymatlorinden belo bir naticoys gelmok olar ki, yag tursularinda
doymamus rabitalarin say1 artdiqgca KMQ-nin giymati azalir, eyni zamanda karbon zancirinin
uzunlugunun Cis-don Ci2-yo kimi azalmasi hom KMQ-nin giymetinin azalmasina, ham do
sathi garilmanin giymatinin azalmasina sabab olur.

Cadval 1. Bitki yaglarindan ayrilmis tursu qarisigt asasinda alinmis gemini sathi-aktiv maddalarin
KMQ vo KMQ-da sathi garilmenin qiymatlori

Bitki yagindan ayrilmis tursu qarisigi aBKMQx104, PKMQx104 mol/dm3®  yxmg, mN/m
mol/dm?
Qargidali yag: 2,18 3,40 32,8
Raps yag1 1,63 2,73 35,7
Pambiq yag1 2,22 2,53 28,1
Palma yag1 2,24 0,70 33,5
Kotan yag1 0,58 0,72 37,2
Kokos yag1 0,65 0,82 25,6

Gemini sathi-aktiv maddalarin neftyigic1 va neftdisperslayici xassalari

Sintez edilmis gemini sathi-aktiv maddsalarin neftyigic1 vo neftdisperslayici qabiliyyetlori
3 miixtolif (distillo, igmali ve deniz) su sethinds tedqiq edilmisdir. Tedqiqatlar Balaxani
neftinin 0.165 mm qalinliql1 neft tabaqasi {izerinds aparilmigdir. Alinmis naticaler cadvel 2 ve
3-ds verilmigdir.

Cadval 2. Qargidali, pambiq ve kokos yaglarindan ayrilmis tursu qarisig1 asasinda alinmis gemini sathi-aktiv
maddslerin neftyigici va neftdisperslayici xassalarinin todqiqat1 naticalori

Distills suyu fcmoli su Daniz suyu
T, saat [K(Ko, %) T, saat K(Ko, %) t, saat [K(Ko, %)
Qargidali yagindan ayrilmis tursu qarisigl asasinda sathi-aktiv madda
0 8,6 0-4 6,3 0 4,8
P-4 19,4 21 3,8 2-21 8,6
21-69 12,4 45-93 78,6% 45-69 5,5
Qargidali yagindan ayrilmis tursu qarisig asasinda sathi-aktiv maddanin 5%-li mahlulu
0-21 8,6 0-4 4,8 0 6,5
45-69 4,8 21 4,7 2-4 85,4%
93 70,7% 45-93 78,6% 21 78,0%
45-93 70,7%
IPambiq yagindan ayrilmis tursu qarigig1 asasinda sathi-aktiv madda
0-4 8,6 0 8,6 0 6,5
21-69 4,8 P-4 13,5 2-4 9,4
93 74,6% 21 12,2 21 6,3
45-69 4,8 45-69 3,1
93 70,7%
IPambiq yagindan ayrilmis tursu qarigig asasinda sathi-aktiv maddenin 5%-li mahlulu
0-4 19,4 0 8,7 0 10,1
21 14,4 2-4 10,1 2-21 12,2
45-69 8,6 21 8,6 45-69 8,7
93 74,6% 45-93 3,1
IKokos yagindan ayrilmig tursu qarisig asasinda sathi-aktiv maddae
0-2 8,6 0-2 8,6 0 8,7
4-26 4,8 4-23 12,2 2-4 9,4
47-71 3,8 26 13,5 23-26 4,8
96 78,6% 47-71 4,8 47-71 2,2
96 87,3%
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Kokos yagindan ayrilmis tursu qarigig1 esasinda sathi-aktiv maddenin 5%-li mahlulu
0-2 8,6 0 10,1 0-2 10,1
u 6,3 -4 12,2 4-26 11,1
03-47 8,6 23 13,5 47-71 3,1
71-96 87,3% 26-47 8,6

71-96 4,8

Qargidali yagindan ayrilmis tursu qarisigl esasinda almmmis soathi-aktiv maddani
durulasdirilmamis halda tatbiq edildikds distills suyunda Kmas=19,4 olan neftyigma
(reagentin tosir 1=2-4 saat), suda Kb=78,6% olan
neftdispersloma (1=93 saat), deniz suyunda iso Kma=8,6 olan neftyigma effekti (1=2-21 saat)
miisahids edilir. Qargidali yagindan ayrilmis tursu qarisi$1 asasinda alinmis sathi-aktiv
maddani 5 %-li sulu dispersiya saklinds verildikdes neft dispersloms amsal1 distills suyunda
70,7% (1=93 saat), icmoali suda neftdispersloma 78,6% (1=93 saat), deniz suyunda isa 85,4%-o
(t=2-4 saat) baraber olmusdur. Pambiq yagindan ayrilmis tursu qarisigr asasinda alinmig
sathi-aktiv maddeni durulasdirilmamis halda tatbiq etdikda distills suyunda Ko=74,6% (=93
saat), icmoli suda Ko=70,7% (1=93 saat) olan neftdispersloms, doniz suyunda Ko=9,4 (1=2-4
saat) barabar olan neftyigma bas verir. Pambiq yagindan ayrilmis tursu qarisi$1 esasinda
alinmis sathi-aktiv maddoeni 5 %-li sulu dispersiya soklinda totbiq edildikdas distills suyunda
Kmaks=19,4 (1=0-4 saat), igmali suda Kmaks=10,1 (1=2-4.0 saat), deniz suyunda ise Kmaxs=12,2 (1=2-
21 saat) barabar olan neftyigma miisahide olunmusdur.

etmas miiddati icmali borabar

Kokos yagindan ayrilmis tursu qargigr esasinda alinmis sethi-aktiv. maddeni
durulasdirilmamis halda tatbiq edildikda distillo suyunda Ko=78,6% (1=96 saat), igmali suda
Ko=87,3% (1=96 saat), doniz suyunda Kmws=9,4 (1=2-4 saat) olmusdur. Kokos yagindan
ayrilmis tursu qarisig1 asasinda alinmis sethi-aktiv maddeni 5 %-li sulu dispersiya soklinda
verildikda distills suyunda Kp=87,3% (1=71-96 saat), i¢mali suda Kmas=13,5 (1=23 saat), deniz
suyunda ise Kmaks=11,5 (1=4-26 saat) olmusdur.

Cadval 3. Raps, palma ve katan yaglarindan ayrilmis tursu qarisig1 asasinda alinmis gemini sathi-aktiv
maddalarin neftyigici ve neftdisperslayici xassalorinin tedqiqat: naticalori

Distills suyu fcmali su Daniz suyu
1, saat | K(Ko, %) 1, saat | K(Ko, %) tsaat | K(Ko, %)
Raps yagindan ayrilmis tursu qarisig1 asasinda sethi-aktiv madda
0 8,6 0-4 31 0-4 31
2-4 4,8 21 2,6 21 2,6
21 2,2 45-69 2,1 45-69 2,2
45-93 31 93 74,6%
Raps yagindan ayrilmis tursu qarigig1 esasinda sathi-aktiv maddenin 5%-li mahlulu
0 8,6 0-4 4,8 0 8,7
2-4 4,8 21 4,7 2-4 70,7%
21 3,8 45-69 4,3 21-93 78,6%
45-69 6,3 93 70,7%
93 74,6%
Palma yagindan ayrilmis tursu qarisigi esasinda sethi-aktiv madda
0 4,8 0-4 8,6 0 4,8
2-26 19,4 23-26 3,8 2-26 8,6
47-71 8,6 47-71 70,7% 47-71 6,5
96 19,4
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Palma yagindan ayrilmis tursu qarisig asasinda sathi-aktiv maddenin 5%-1i mehlulu
0 4,8 0-2 31 0-2 6,1
2-26 8,6 4 4,8 4 89,3%
47-71 4,8 23-26 51 23-26 83,1%
96 86,8% 4796 86,8% 47-96 66,9%
Kotan yagindan ayrilmis tursu qarisig asasinda sathi-aktiv maddes
0 4,8 0-4 3,1 0-4 4,8
2-4 8,6 23-26 2,2 23-26 2,6
23-26 31 47-71 4,8 47-71 2,2
47-69 2,2 96 89,3%
Katan yagindan ayrilmis tursu qarisig1 asasinda sathi-aktiv maddenin 5%-li mahlulu
0 8,6 0-2 4,8 0-2 31
2-4 6,3 4 3,1 4-23 81
23-26 4,8 23-26 6,1 26-96 82,6%
47-71 3,8 47-71 6,5
96 85,4% 96 82,6%
Raps vyagmndan ayrilmis tursu qarisigi osasinda alnmus sothi-aktiv. maddeni

durulasdirilmamis halda tetbiq edildikde distills suyunda neftyigma smsali Kmas=8,6 (reagent
ilkin verilon zaman), i¢gmsali suda neftdispersloma daracasi Ko=78,6% (1=93 saat), deniz suyunda
iso neftyigma amsali Kmaks=8,6 (1=0-4 saat) olmusdur. Raps yagmdan ayrilmis tursu qarisig
asasinda almmus sathi-aktiv maddeni 5 %-li sulu dispersiya soklindo totbiq edildikde distilla
suyunda neftdisperloma Ko=74,6% (1=93 saat), igmali suda Ko=70,7% (1=93 saat), deniz suyunda
isa Ko=78,6%-o (1=93 saat) barabar olmusdur.

Palma yagindan ayrilmis tursu qarisigr ossasmnda alinmis sethi-aktiv. maddeni
durulasdirilmamis halda tatbiq edildikds distille suyunda Kwmas=19,4 (1=96 saat), igmali suda
Ko=70,7% (1=47-71 saat), deniz suyunda Kmas=8,6 (1=2-26 saat) olmusdur. Bu sathi-aktiv maddani
5 %-li sulu dispersiya soklinds totbiq etdikde neft disperslome daracasi distillo suyunda 70,7%
(=96 saat), igmoali suda 86,8% (1=96 saat), deniz suyunda isa 89,3%-o (1=4 saat) barabar olmusdur.

Kotan yagindan ayrilmis tursu qarisigy osasinda almmus sothi-aktiv. maddaeni
durulasdirilmamis halda tetbiq edildikds distillo suyunda neftyigma amsali Kmas=8,6 (1=2-4
saat), icmoli suda neftdispersloma daracesi Ko=89,3% (1=96 saat), deniz suyunda ise neftyigma
amsall Kmas=4,8 (1=0-4 saat) olmusdur. Bu sathi-aktiv maddaeni 5 %-li sulu dispersiya soklinda
totbiq edildikde neftdisperloma doracesi distille suyunda Ko=854% (1=96 saat), igmoli suda
Kp=82,6% (1=96 saat), deniz suyunda iso Ko=82,6% (1=26-96 saat) olmusdur.

Cadval 2 vo 3-da geyd edilmis naticalerin miiqayisesinden goriiniir ki, pambiq yagindan
ayrilmis tursu qarisil esasinda alinmis gemini sathi-aktiv maddenin 5%-li sulu mahlulunun
daniz suyunda neftyigic1 qabiliyyeti daha yiiksakdir (Kmas=12,2). Kokos yagindan ayrilmis tursu
qarisigl asasinda alinmis gemini sethi-aktiv maddenin 5%-li sulu mahlulu da deniz suyunda
yliksok neftyigma amsali niimayis etdirir.

NOTICO

Bitki yaglarindan ayrilmis tursu qarisiglar1 ve oksipropillogsmis etilendiamin asasinda oks
ionu olagpli olan gemini sathi-aktiv maddalar sintez edilmisdir. Sintez edilmis gemini sathi-aktiv
maddalerin sathi aktivliyi tensiometrik {iisulla miisyyen edilmisdir. Konduktometrik vo
tensiometrik metodlarla gemini sethi-aktiv maddalerin KMQ qiymeatleri teyin edilmisdir.
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Gemini sathi-aktiv maddslarin ve onlarm 5%-li sulu mahlullarmnin neftyi8ici, neftdisperslayici
xassolori miixtalif minerallasma doracesine malik sularin sathindo Balaxani neftinin nazik neft
tobaqasi {izerinds tedqiq edilmisdir. Miisyyan edilmisdir ki, pambiq ve kokos yaglarindan
ayrilmis tursu qarisiglar1 esasinda alinmus sathi-aktiv maddoler deniz suyunda daha ytiiksok
neftyigma effektine malikdir.
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ABSTRACT

Radical copolymerization of 2-chloromethyl 1-(p-vinylphenyl) cyclopropane with methyl methacrylate has been
carried out, and some regularities of the process have been studied. The copolymerization constants have been
determined and the parameters Q-e have been calculated according to Alfrey-Price. The copolymerization constants of
this compound (r1) with methyl methacylate (r2), calculated on Fineman-Ross method are: r1=1.04 and r2=0.33, Q and e
parameters values: Q1 =1.208 and 2.4, e1 =-0.51 respectively. The photochemical structuring has been investigated and it
has been shown that the structuring process proceeds due to of cyclopropane ring opening and carbonyl group. It has
been established that the resulting copolymer has a sufficiently high photosensitivity (56.7 cm?" J!) and a high refractive
index (n® = 1.6013), which opens prospects for using it as a photosensitive basis for negative-type photoresists and in
optics.

Key words: 2-chloromethyl 1-(p-vinylphenyl) cyclopropane, microstructure, monomers, copolymerization,
photosensitivity, negative-type photoresists

VICCAEAOBAHME 3AKOHAMEPHOCTEN ITPOIIECCA COTIOAVIMEPU3ALIVIV 2-XAOPMETHUA
1-ITI-BUHUADPEHNNIINKAOITPOITAHA C METU/IMETAKPUAATOM

PE3IOME

ITpoBeaeHa paavKaAbHas COIIOAVMeEPY3aNs 2-XA0pMeTnA 1-(1I-BUHIADEHNA)IIMKAOIIPOIIaHa ¢ MeTUAMETaKpU-
JaTOM M W3y4eHbl HEeKOTOphle 3aKOHOMepHOCTM mporecca. OmpejeseHbl KOHCTAHTHI COMOAMMEPU3AINM 1
paccanTaHsI ITapaMeTpsl Q-e 1o Aadpero-TIpaiicy. 3HadeHNsT KOHCTaHT COIIOAVMEPU3aliNy YKa3aHHOTO COeAVHEeHVI
(r1) ¢ MeTAMeTaKpMAaTOM (12), paccuMTaHHBIX 110 MeToay PariHMaHa-Pocca, cocrapasior: r1= 1.04, r2= 0.33; 3HayeHus
mapamerpoB Q u e: Qi = 1.208, e1 = -0.51, coorsercTBeHHO. VccaegoBano poTOXMMIYECcKOe CTPYKTypUpOBaHMe I
II0Ka3aHOo, 4TO ITPOLIeCC CTPYKTYpUPOBaHMs ITPOTEKaeT 3a CYET PaCcKPhITHS IIMKAOIIPOIIaHOBOIO KOAbIIA 1 KapOOHIAb-
HOJI TPYIIIBL. Y CTaHOB/AEHO, YTO IOAYJeHHBIN coroanMep 004ajaeT 40CTaTOYHO BBICOKON (POTOUYBCTBUTEABHOCTHIO
(56.7 M2k M BBICOKMM TIOKa3aTeaeM rpeaomaenst (n3’ = 1.6013), 9To OTKphIBaeT BOBMOKHOCTh MCIIOAb30BAHI
€ro B KauecTse POTOUYBCTBUTEABHOI OCHOBBI (POTOPE3VICTOB HETaTVBHOTO TUIIA U B OIITHKE.

Karouesbie caoBa:  2-xaopmetna  1-(I-BMHUADEHNMA)IIUKAONIPOIIAH,  MUKPOCTPYKTYpPa,  MOHOMEpHI,
coroAnMepu3anyis, PoTOIyBCTBUTEABHOCTE, POTOPE3NCTEH HeTaTHBHOTO THITa

2-XLORMETIL-1-(P-VINILFENIL) TSIKLOPROPANIN METILMETAKRILATLA BIRGOPOLIMERLOSMO
PROSESININ QANUNAUYGUNLUQLARININ TODQIQI

XULASO

2-xlorometil 1-(p-vinilfenil)siklopropanin metilmetakrilatla radikal birgepolimerlasmasi aparilmis ve prosesin
bazi ganunauygunluglari tadqiq edilmisdir. Birgapolimerlosma sabitlari uygun olaraq toyin edilmis ve Alfrey-Praysa
goro Q-e parametrlori hesablanmisdir. Faynman-Ross iisulu ilo hesablanmis gostarilen birlasmanin (r1) ve metil metak-
rilatin (r2) birgapolimerlasma sabitlari r1 = 1,04, 2 = 0,33 va Q ve e parametrlarinin qiymatlari miivafiq olaraq bunlardir:
Q1=1,208, =-0,51. Polimerin fotokimyavi strukturu tedgiq edilmis ve miisyyen edilmisdir ki, bu proses karbonil qrupu
vo tsiklopropan halgasmin agilmast hesabma bas verir. Miisyyan edilmisdir ki, alinan birgepolimer kifayst qadar
yiiksok fotohassasliga (56.7 sm>J?) vo yiiksak siiasindirma indeksina (n3’ = 1.6013) malikdir ki, bu da ondan
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fotohassas asas kimi neqativ tipli fotorezistlorin istehsalinda va optikada istifads etmak imkanini agir.

Acar sozlar: 2-xlorometil 1-(p-vinilfenil)tsiklopropan, mikrostruktur, monomerlar, birgapolimerlosms, fotohassas-
lq, neqativ tipli fotorezist

Introduction

Progress in new areas of science and technology, the creation of products with the
required characteristics, the transition from traditional materials to the use of new,
multifunctional, can be achieved by creation of materials with a variable set of properties.
These materials include, first of all, polymers, since their properties are primarily related to
the chemical composition, structure, and size of macromolecules.

In order for polymers, as a special class of compounds with specific properties, to
occupy those positions where traditional materials are currently used, they must have heat
and heat resistance, high strength and photosensitivity, increased optical transparency,
chemical and radiation resistance, and other qualities, which are necessary for materials used
in aviation and space technology, mechanical engineering, electrical engineering, optics and
microelectronics and other industries. In connection with the development of modern
technology, the requirements for such polymeric materials have increased dramatically,
therefore, at present, research is aimed at finding ways to obtain new, multifunctional
polymers with a wide additional set of properties (optical, photosensitive, electrochemical,
transport, electromagnetic). The development of methods for obtaining polymeric materials
with a new set of properties is carried out in various directions, one of which is the
copolymerization of known polymers, which makes it possible to change the initial
properties of polymers and thereby obtain new materials.

It should be noted that among wide range of polymers consumed in the world, there are
polymers upon which stringent requirements concerning photosensitivity and optical
properties are imposed.

The first and the main polymer used in optics is poly (methyl methacrylate) (PMMA)
owing to favorable combination of its properties (hardness, high chemical stability,
photosensitivity, weather resistance). These properties allow this material to be used for
lighting purposes [1].

Studies of polymers containing pendant groups of complex structure with phenyl rings
or chloromethyl moieties revealed their unique optical properties [2].

This study was aimed at preparing photosensitive impact-resistant ransparent optical
materials of new generation.

Much promise is shown in this respect by copolymers containing cyclopropane units
with reactive functional groups, including chloromethyl fragments. The new copolymer was
synthesized by copolymerization of 2-chloromethyl 1-(p-vinylphenyl) cyclopropane (CMCP)
and methyl methacrylate (MMA). We expected that this copolymer, combining the
properties of CMCP and MMA, would exhibit improved properties. Positive characteristics
of such polymers are transparency, high refractive index, photosensitivity, hardness, weather
resistance, elasticity, and good adhesion. These properties make photopolymeric materials
very promising for microelectronics [3, pp. 101529; 4, pp. 593].
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In this work, we discuss the results of radical copolymerization of CMCP with MMA
and the properties of the obtained copolymer.

Experimental part

The initial CMCP monomer was synthesized using to the procedure described in [5].
The monomer purity was checked by chromatography with an LKhM-8 MD chromatograph;
it was 99.9%

Copolymerization of the synthesized monomer with MMA was performed in ampules
in the bulk or in a benzene solution in the presence of azobis (isobutylronitrile) (AIBN, 0.5
wt% relative to the sum of the monomers) at 70°C.

The total concentration of the initial monomers was constant and amounted to 0.2 mol/],
and the ratio of the initial monomers was varied in the concentrations indicated in table 1.
The resulting copolymer was purified by double reprecipitation from a benzene solution into
methanol and was dried in a vacuum (15-20 mm Hg.st.) at 30°C to constant weight.

The resulting copolymer in the form of a white powder is readily soluble in aromatic
and chlorinated hydrocarbons. The intrinsic viscosity 1 was determined in benzene with an
Ubbelohde viscometer, and the value of 0.96 dl/g was obtained.

The copolymer composition was determined by elemental analysis (for chlorine).

The microstructural parameters of the copolymers, namely, the mean length L of a block
consisting of like units and the block structure parameter R (Harwood parameter)
characterizing the number of blocks of like units per 100 units of the copolymer, were
calculated using equations from [6].

Turbidimetric titration was carried out at 20°C on a KFK-2 spectrophotometer according
to the procedure in [7].

The IR spectra of the initial monomers and synthesized copolymer were recorded on a
“Agilent Cary 630 FTIR” and UR-20 spectrometer, and the '"H NMR spectra, with a BS-487 B
spectrometer (Tesla, 80 MHz) using chloroform solutions.

Results and discussion

As shown by spectroscopic and chemical studies of the synthesized CMCP-MMA
copolymer, the copolymerization occurs via opening of the vinyl double bond with the
formation of macromolecules with pendant chloromethyl and cyclopropane fragments.

When comparing the IR spectra of the copolymer with the spectra of the initial
monomers, intense absorption bands characteristic of the cyclopropane group (1035-1040
cm™') and absorption bands for the benzene ring (1450-1500 and 1605 cm) were found. The
absorption bands in the region of 1720 cm™ are due to stretching vibrations of carbonyl
groups present in the comonomers. The bands at 1105-1110 cm™! are characteristic of ether
groups.

Absorption bands at 675-750 cm, related to vibrations of the chlorine atom, were found
in all samples of the copolymer. The absence of an absorption band at 1640 cm, due to
vibrations of the multiple bond of the vinyl group, confirms that the copolymerization
proceeds along the above bond. The fact that this copolymer is a true copolymer and not a
mixture of two homopolymers was established by turbidimetric titration.
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The results of turbidimetric titration of the studied copolymer are shown in figs. 1 in the
form of curves of the dependence of the optical density of the medium D: on the mole
fraction of the added precipitant.

Turbidimetric titration curves for solutions of different concentrations of the same
fraction have a monotonic course without any areas characteristic of mechanical mixtures of
homopolymers, which indicates the homogeneity of the synthesized copolymer.

Dy
3.0
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1 1 1 1

0.4 0.5 06 ¢
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Fig. 1. Turbidimetric titration of CMCP-MMA copolymer. (D2) Optical density and (cpr) precipitant
mole fraction. CMCP mole fraction: (1) 0.5 and (2) 0.75.

The composition and structure of the synthesized copolymer were determined by
chemical methods, IR and NMR spectroscopy. Based on these research methods, the
synthesized copolymer should correspond to the following formula:

TV
~{cH,— cn )IT—{CHz—(lj%n
COOCH,
CH,CI

The 'H NMR data also confirm this copolymer structure.

It has been established that the NMR spectra (fig. 2) contain resonance signals for the
protons of the benzene ring (6=6.85-7.25 ppm) and the cyclopropane group (0=0.75-1.75
ppm).

In the NMR spectra of the copolymers obtained at different molar ratios, there are no
signals at 0=5.7-6.4 ppm corresponding to the double bonds of the vinyl group of the

comonomers, which indicates the occurrence of copolymerization with the opening of
precisely these double carbon bonds.
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Fig.2. NMR spectra of a film of copolymer CMCP with MMA

To assess the polymerization activity of CMCP and MMA, the constants of the relative
activity of monomers were calculated from the compositions of the initial monomer mixture
by the Mayo-Lewis method using the Fineman-Ross linearization technique. Factors of
specific activity of monomers and polarity of radicals are calculated within the Alfrey-Price
QQ-e scheme [8].

The values of copolymerization parameters are presented in table 1.

The values of the relative activity constants of the monomers indicate a higher reactivity
of CMCP compared to MMA (r1> r2), which is obviously associated with the influence of a
substituent on the cyclopropane ring (chloromethyl fragment), which determines the high
reactivity of the monomer.

The value of the product (r1 - r2< 1) indicates the relative propensity of monomer units to
alternate.

The Qi and e: values indicate an increased conjugation in the CMCP monomer
associated with the introduction of a chloromethyl moiety into cyclopropylstyrene.

Table 1. Copolymerization of CMPC (Mi) with MMA (M2)

Composition of Composition .
.. Microstructure of
the initial of copolymers,

mixture, mol.% mol.% n I2 Q € T copolymer
Mz M2 mi m2 Lm, Lm, R
10 90 22 88.0 1.03 4.24 33.7
25 75 37.5 62.5 1.42 2.12 55.4
50 50 62.0 38.0 1.04 | 0.33 | 1.208 -0.51 0.343 2.13 1.25 57.0
75 25 78.6 214 4.08 1.03 322
920 10 91.69 8.31 10.55 1.73 15.3

The fact that the influence of a substituent is transferred through the cyclopropane ring
to the electron density of the double bond of the vinyl group of styrene is confirmed by UV
spectroscopic studies in [9].

Ditferent values of the copolymerization constants of CMCP and MMA lead to a change
in the ratio of monomers in the reaction mixture during copolymerization, which is the cause
of compositional inhomogeneity and the formation of a copolymer with a different chain
microstructure.

Based on the values of the copolymerization constants, the probabilities of formation of
various sequences of units in the copolymer macromolecule were calculated.
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As you can see from tab. 1, the length of blocks Lm1 increases with an increase in the
mole fraction of CMCP in the copolymer composition. The blocking parameter R decreases
from 33.7 to 15.3% with an increase in the block length from 1.03 to 10.55 links. The
maximum value of the block parameter (R=57%) is achieved at a ratio of initial monomers of
0.5:0.5 mol. shares.

By selecting certain compositions of monomer mixtures, it is possible to carry out the
directed formation of the microstructure of copolymers, which is one of the most promising
ways to modify their properties.

The peculiarity of the structure of the synthesized copolymer, namely the presence of a
cyclopropane ring and a chloromethyl fragment in the macromolecule units, led to the study
of its photochemical structuring, which was carried out according to the procedure described
in [5].

Crosslinking is performed photochemically using UV irradiation.

Under UV irradiation, the film from the resulting copolymer passes into an insoluble
three-dimensional state by means of a photocrosslinking reaction between functional
photosensitive groups (cyclopropane and chloromethyl) located in the side chain of the
macromolecule.

IR spectroscopic studies have studied the process of structuring the resulting copolymer.

Depending on the exposure time (10-15 min), the intensities of the maxima of the
absorption bands characteristic of the cyclopropane ring (1030-1035 cm) and the double
bond (1635 cm) decrease significantly (fig. 3).

Therefore, structuring occurs due to the opening of the cyclopropane ring and the
double bond in combination with the carbonyl group and chlorine in the chloromethyl
fragment.

Pizizo oot

Fig.3. IR spectra of a CMCP with MMA

The improvement in the relative photosensitivity of the copolymer (56.7 cm? J7) is
obviously associated with the activation of the double bond due to the adjacent carbonyl
group in the direction of photocrosslinking reactions.

A distinctive feature of the resulting copolymer is its high refractive index, which opens
up the possibility of using it in optics.

The refractive index of the copolymer is n3° = 1,6013.
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Thus, as a result of the work performed, a new copolymer based on CMCP and MMA
was synthesized, which has high photosensitivity, a high refractive index, good adhesion to
substrates, and low defectiveness of copolymer films.

Conclusions

The radical copolymerization of 2-chloromethyl 1-(p-vinylphenyl)-cyclopropane with
methyl methacrylate has been studied, the copolymerization constants have been
determined, and the Q-e parameters of the Alfrey-Price scheme have been calculated.

The structuring process was studied and it was found that the synthesized copolymer
has a high photosensitivity (56.7 cm? - J') and a high refractive index due to the presence of
photoreactive groups of different chemical nature (cyclopropane ring and chloromethyl
fragment) in the macromolecule, which makes it possible to use copolymer as a
photosensitive basis for negative-type photoresists and in optics.
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ABSTRACT

In the present work, the effect of the chemical action of ionizing radiation on nanoclays is discussed. In the
radiolysis of pore water under the influence of ionizing radiation, the dominant role should be attributed mainly to
hydronium ions (protonated water molecules HzO*). The effect of ionizing radiation on nanobentonite was studied in
the presence of oxygen. The article is devoted to a discussion of how ionizing radiation, passing through nanoclays,
produces, or rather begins to produce, chemical effects. It was used Infrared spectroscopy as the method for
determining structural responses of natural clay from the Alpoid deposit in the Republic of Azerbaijan, to gamma rays
exposure. It is of great interest for the study of the influence of the role of active centers of clay minerals in the
adsorption interaction in the presence of gamma irradiation.

Key words: nanoclay, ionizing radiation, protonated water molecules HzO", infrared spectroscopy, active centers.
PAAVIOA3 TIOPOBOVI BOABI HAHOBEHTOHUTA B ITPMCYTCTBUU KMICAOPOAA
PE3IOME

B Hacrosmert padbote o0cyxaaeTcs 9P PeKT XUMMUIECKOTO AeVICTBYI MOHUBUPYIOIIVIX M3AYIeHUI Ha HAHOT AMHEL
B paamoamse IOpPOBOI BOABI IIOJ, BO3AENCTBMEM MOHM3UPYIOIIETO M3AYYeHNs] AOMVMHUPYIOLIYIO POAb CAeAyeT
HPUINCATh IIPEUMYIIECTBEHHO MOHAaM IVAPOKCOHMA (IIPOTOHMPOBAHHBIM MoJeKyaaMm Boapl HsO*). BosaevictBue
VOHU3UPYIOIEero M3AydeHUs Ha HaHOOEHTOHNUTa ICCA€AOBAHO B IPUCYTCTBMM Kucaopoa. CTaTbs ITOCBAITEHa
00CY>KAEHUIO TOTO, KaKUM 0Opa3soM VMOHU3UPYIOIIUe U3AYIeHIs], IIPOXOAs Yepe3 HaHOTAVHBI, IIPOU3BOASIT, TOYHee,
HauMHAIOT POU3BOANTH XMMIUECKe AelicTBre. A5l 1ccaeA0BaHNsI HAHOOEHTOHUTOBOI TAVHEI 113 MECTOPOXKAEHIL
Aamona, B pecniyOamke AsepOaiifkaH, ITPUMEHMAM MeTO/ MH(ppaKpacHON CreKTpockormymt. boabmoil mHTepec
IIpeACTaBAseT WCCAeAOBaHUE BAVSHMA POAV aKTUBHBIX I[EHTPOB TAVMHICTBIX MMHEpasloB B aACOPOIVIOHHOM
B3aMOAEVICTBUM B IIPYICYTCTBUI TaMMa OO AyYeHIsL.

KaroueBble caoBa: HaHOTAMHA, VOHM3MPYIOITEe W3AydeHue, ITPOTOHMPOBaHHBIE MOJAEKyAbl Boabl H3OY,
vH}paKpacHasI CIIeKTPOCKOITVs, aKTYBHBIE IIEHTPLI

NANOBENTONITIN MOSAMO SUYUNUN OKSIGENIN
XULASO

Taqdim edilon maqaloda ionlagdiria siialanmanin nanogilin terkibine kimyevi tesiri miizakire olunur. fonlagdirict
slialanmanin tesiri altnda mesams suyunun radiolizinde dominant rol asasen hidroksonium ionlarma
(protonlasdirilmis H3O* su molekullarina) aid edilmalidir. fonlagdiricr stialanmanin nanobentonite tesiri oksigenin
istiraki ilo tadqiq edilmisdir. Maqals nanokillorden kegan ionlasdirici siialarin hanst kimyavi tesirlar yaratdigina, daha
dogrusu, radiokimyavi proseslarin bag vermasinin miizakirasins hasr edilmisdir. Azarbaycan Respublikasinda Alpoid
yatagma maxsus olan nanobentonit gilinin tedqiqi {i¢lin infraqirmiz1 spektroskopiya iisulundan istifade edilmisdir.
Qamma siialanmanin tssiri altinda gedan radioliz prosesindes gil minerallarinin aktiv markazlarinin rolunun tesirinin
Syranilmasi boyiik maraq dogurur.

Acar sozlor: nanogil, ionlagdiria siialanma, protonlagdirilmis H:O* su molekullari, infraqurmizi spektroskopiya,
aktiv markazlor.
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INTRODUCTION

In 2018, China was the top producer of bentonite, with almost a one-quarter share of the
world's production, followed by the United States and India. Total worldwide production
was 24,400,000 metric tons of bentonite and 3,400,000 metric tons of fuller's earth [1-3].

Most high-grade natural sodium bentonite is produced from the western United States
in an area between the Black Hills of South Dakota and the Bighorn Basin of Wyoming, and
the Tokat Resadiye region of Turkey. Mixed sodium/calcium bentonite is mined in Greece,
Australia, India, Russia, and Ukraine. In the United States, calcium bentonite is mined
primarily in Mississippi and Alabama. Other major locations producing calcium bentonite
include New Zealand, Germany, Greece, Turkey, India, and China [1].

Bentonite is rich in montmorillonite, which is a nanostructured and nanoporous member
of smectite group. Mineralogical and physicochemical properties of bentonites play a key
role in choosing appropriate bentonites for different applications. Based on their chemical
composition and particle morphology, clays are organized into several classes such as
smectite, chlorite, kaolinite, illite and halloysite [4 -7]. The most common plate-like
montmorillonite (MMT) nanoclay (smectite) consists of approximately one nm thick
aluminosilicate layers surface-substituted with metal cations and stacked in approximately
10 um sized multilayer stacks [4,8,9]. Clays and modified clays have been found particularly
useful for adsorption of heavy metals. Clays have received attention as excellent adsorbents
of As, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, and Zn in their ionic forms from aqueous medium. The
adsorption capacities differ from metal to metal and also depend on the type of clay used.
For this research, raw bentonite was used from the Alpoid deposit in Azerbaijan. Alpoid
bentonite deposit which excels considerably in quality such bentonite deposits as in Greece,
Turkey, India and China and is equal to the benchmark Wyoming bentonite. Alpoid deposit
is located in a northwest part of the Gazakh region. It is one of the high-quality natural
sodium bentonite deposits in the world and is represented by one flat-lying seam with no
poor rocks inside. It relates to sedimentary type formed as a result of continental — lacustrine
conditions. The deposit is represented by montmorillonite and hydromica-montmorillonite
clay [It is one of highest quality natural sodium bentonite deposits in the world. The deposit
consists of montmorillonite and hydromica-montmorillonite clay [10].

It is necessary to pay a special attention to radioactive stability of clay minerals, which
interlayer bonds usually results from unlike charged surfaces, or cations, which are between
the same charged layers. Similar bonds are easily broken down when exposed to radioactive
irradiation simultaneously with the structural bonds existing between mineral particles.
Change in valent bond vibrations of Si-O and Al-O inside a layer up to its fracture is
observed on long-term radioactive exposure. Besides there is dehydration of crystallization
water, and structural water in the form of OH- groups from the crystal lattice. The removal
of crystallization impact of chemical, physical-chemical and physical and mechanical
properties of clays, the removal of structural water leads to a complete fracture of clay
minerals. Na-bentonite clay from Alpoid (pH = 10) may be compared with Cambrian blue
clays. Because being part of clay minerals of Lower Cambrian blue clays are represented by
high-alkaline minerals, interlayer links destruction will take place at low enough radiation
doses [4, 9, 11]. This paper aims to reveal the useful industrial aspects of montmorillonite

30



Radiolysis of Nanobentonite Porewater in Presence of Oxygen

group of clays using as a catalyst after gamma-rays activation. A comparative study of
modified characteristics of clay samples has been explored based on industrial requirements.

EXPERIMENTAL PART
The clay samples were taken from the Alpoid deposit 10].

The morphology of the nanostructured was studied with scanning electron microscopy
(SEM from ZEISS, Leo 1530 VP).The raw bentonite clay sample used in these experiments
has nanostructured composition with particle size in the range of 55 < d [nm] < 175 nm
[4,9,10].

Clay samples were packed in a closed Pyrex glass container. The bentonite clay samples
were irradiated with gamma radiation from the “Co isotope under static conditions, within
glases tubes at room temperature. The dose rate was 10.5 rad/s. The irradiated and
unirradiated samples were characterized by FT-IR spectroscopy. Spectrophotometric
measurements were performed in a VARIAN 640-IR spectrophotometer in the 4000...400 cm-
! region. Reaction conditions: Given amount of nanobentonite sample (2 g) was added in
glass containers and closed, then subjected to various doses of radiation energy (from 1 to
260 kGy). Irradiation was performed at room temperature under an environmental
atmosphere.

RESULTS and DISCUSSION

Detailed molecular structure of pure montmorillonite, the best known end-member of
the smectite group was taken from the literature [12-14]. The interlayer space between two
successive TOT layers is filled with hydrated cations (mainly Na* and Ca?" ions)
compensating the negative electrical charges of the TOT layers and with water molecules
causing the interlayer expansion (Figure 1).
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Figurel. Montmorillonite structure

The values of interlayer thickness and water content from the literature is shown in
table. The specific volume is calculated from the measured (or calculated) number of water
molecules per unit cell and the volume of the interlayer space (axbx(doo: — c*)), where c* is the
thickness of the TOT (Tetrahedra- Octahedra- Tetrahedra) layer (10 nm for divalent cations
and K*, 0.96x10° nm for lighter alkalis).The TOT structure (Figure 2)of clay minerals, where T
stands for the tetrahedral layer (mainly Si) and O stands for the octohedral layer (mainly Al)
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. The density is relative to pure water with a specific volume of 3.00x10%° m3/mol H20. In
between, the spacing and number of water molecules per water-layer varies gradually,
suggesting mixed-layer formation and a complicated distribution of the water over
hydration water associated with the exchangeable cation and free water [15]. Table shows
that the density of water in the interlayer space is smaller than of bulk water, except for the
value extracted from Pitteloud et al. [16]. When spacing increases, it approaches 1, but not in
the MD (modular dynamics) calculations of Karaborni et al [17]. The XRD results are more
consistent and show that water starts with hydrating the cation and that the structure
expands then slightly. With increasing humidity, and as more water enters the interlayer
space (displacing the gas molecules from the laboratory atmosphere if not pumped vacuum),
the relative density increases until a threshold value is reached where the structure converts
from the 1- to the 2-layer hydrate. With Na* as exchangeable cation, the structure expands
further into the 3-layer hydrate when the RH increases above 85 % [18]. With increasing
spacing, the interlayer water can be expected to gain the density of free water, as observed in
the XRD studies. Thus, the decreasing density calculated by Karaborni et al. and others [19]
may be an artifact that is associated with approximations in the MD simulations [20]. In the
model for calculating the distribution of the porosities, it was assumed that the density is 1
kg/L (faens = 1), and that may look erroneous given the results in Table. However, the XRD
measurements are done at less than 90 % relative humidity, corresponding with activity of
water less than 0.9. On the other hand, in free porewater in which the ionic strength is below
1, the activity of water is close to 1 and hence, the assumed density may be realistic.

Table. The values of interlayer thickness and water content

Vsp .
|Author zl:lt ce]IHZO/ ?I:n) (10 m?¥/ ;ﬂisive Cation (no off Method
! mol H20) ty water layers)
Pitteloud, 2000 | 3.9 120 | 2.90 1.03 Na (1W) Neutron
diffraction
XRD
Ferrage, 2007 0.5 1.17 0.16 0.19 Ca (1W)
3 1.26 4.10 0.73 Ca (1W)
5.5 1.50 4.26 0.70 Ca (2W)
7 1.52 3.53 0.85 Ca (2W)
2.8 1.23 4.56 0.66 Na (1W) XRD
[Ferrage, 4.5 1.26 3.10 0.96 Na (1W)
2005b 6.4 1.54 4.29 0.70 Na (2W) XRD
7 1.55 3.95 0.76 Na (2W)
4.30 1.25 3.19 0.94 Na (1W) Molecular
IKaraborni, dynamics
199 7.60 1.55 3.67 0.81 Na (2W) calculations
9.10 1.83 4.52 0.66 Na (3W)
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Figure 2. Ilustrations of the bentonite structure and porosity types. (a) -SEM overviews of magnification : 5000 X
and (b) - 500 X of samples bentonite clay; (c) - tetrahedral-octahedral-tetrahedral coordination of oxygen around
cations in the structure; d)- layer structured agglomerates of sodium bentonite from Alpoid deposit.

The tetrahedral-octahedral-tetrahedral coordination of oxygen around cations in the
bentonite structure taken from the literature[21]. A sketch of water in montmorillonite
showing the heterogeneous distribution of anions and cations in three water types. Interlayer
water has cations only, diffuse double layer water has an excess of cations, and free
porewater is charge-neutral. TOT indicates the tetrahedral-octahedral-tetrahedral
coordination of oxygen around cations in the structure of sodium-bentonite.

Based on FTIR spectrum analysis, where radiolysis of nanobentonite takes place in
presence of oxygen , experimnets show that between 1 and 260 kGy doses there is an
insignificant destruction of a solid phase of clays and radiolysis of pore water.

The water radiolysis process leads to formation the following primary products [22].

ionizing radiation

HO eeq, H, HO", HO", H:O*, OH-, H202, H2( 1)

ionizing radiation
+

H:0 H++OH (2)

ionizing radiation

e +H:0 OH + Hz+ OH- (3)

_ lonizing rasdiation

H.O OH+H (4)

ionizing rasdiation

H0"+ H:0 OH'+ H:O" (5)

As a result of water radiolysis with a beam of gamma-radiation, it occur excitation and
ionization of water molecules, phenomenon that leads to the formation of various ion
species, radicals and new molecules- radical theory of water radiolysis [23-25]. The released
water molecules in turn reacts with the another bentonite clay fracture. Also, attack of water
molecules to excited benonite clay is not excluded. In this excited configuration of the
catalyst, water molecules are subjected to Coulomb forces of attraction -repulsion of the
ionic species in the clay structure.

Under the action of gamma radiation, H-OH bonds in water molecules adsorbed on the
catalyst surface will be easier to split towards non-adsorbed water molecules. Ionic species in
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the composition of clay as Coulomb attraction — repulsion forces on the dipole water
molecules, facilitating H-OH bonds break under the action of nuclear radiation.

In the case of sodium- bentonite clay, through the interaction of nuclear radiation on the
surface, there might appear “charge carriers” e- and fraction of clay+, namely:

4 bentonite clay — (fraction of clay*, e’) (6)

Water molecules can be broken down as it follows:
g+ + H-O-H -H0+ — H* + HO* (7)

e- +H+ —1/2 H2 (8)

H+H— H2 (9)

Sodium bentonite has a single water layer containing Na*as exchangeable ions (with
swelling properties). The surface defects formed in radiocatalytic reactions under the
influence of ionizing beams play a key role in obtaining molecular hydrogen.

Under the effect of ionizing radiation valence electrons (F) and hole centers (V) form in
bentonite clay crystals. As for relatively bigger sized (taking into account that bentonite
clay’s particles size change in the range of 55< d [nm] <175 nm) particles the electrons formed
in bulk migrate to the surface, captured by the existing holes (V) on the surface and are
recombined.

Fr+V-=product (10)
2H*+2 e =H:(11)
2 OH:- + 2F*=H20: (12)

The relationship between pore water particles’ yield and radiolysis time shown in Figure
3 is based on literature data [26]. Analysis of presented date shows that in the radiolysis of
pore water under the influence of ionizing radiation, the dominant role should be attributed
mainly to hydronium ions (protonated water molecules H:O*).
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Figure 3. Radiolysis of bentonit’s porewater:

a) Time dependence for concentration or yield of H20z;
b) Time dependence for concentration or yield of OH;
¢) Time dependence for concentration or yield of O2;
d) Time dependence for concentration or yield of Ha:

e) Time dependence for concentration or yield of H3O*).
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Conclusions:

e This study reveals the radioochemical characterization and catalytic behaviour of
nano - sodium bentonite clay.

e In the radiolysis of pore water under the influence of ionizing radiation, the dominant
role should be attributed mainly to hydronium (hydroxonium in traditional British
English) ions (protonated water molecules H:O).

e The novelty of this study is about sodium bentonite characterization and the results
show the prominent behaviour with structural, elemental, morphological and
radioanalysis.
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XULASO

Neft tursusunun 180-200 °C/5 mm Hg st qaynayan fraksiyas1 asasinda sintez olunmus sirkonil naftenat vo
birgo katalizator kimi trietilaliiminium birlosmasinden ibaraet kompleks katalitik sistem hazirlanmis ve onlarin
istirakinda etilenin polimerlasmasi prosesi todqiq edilmisdir. Miiayyen edilmisdir ki, katalitik sistemin aktivliyi
reaksiya soraitinden asili olaraq 6.18-26.3 kq PE / mol Zr x s togkil edir. Aliman polimerlorin qurulusu IQ-
spektroskopiyasi, DTA vo SEM analizi vasitasilo dyrenilmis bu mahsullarin hom kristal, ham de amorf qurulusa
malik olmasi miiayyen edilmisdir.

Acar sozlar: etilen, polimerlagsma, polietilen, sirkonium va sirkonil komplekslari.

INOAMMEPU3AIIVISI DTUAEHA B ITIPYICYTCTBUU HVIPKOHN/BHOT' O KOMII/IEKCA U (Cz2Hs)3:Al
KATAAUTUYECKOW CUCTEMBI

PE3IOME

PazpaboTaHa KOMIL1€KCHas KaTaAWTIIeCKas CHCTeMa, COCTasIas U3 IMPKOHNA HadTeHaTa, CUHTE3MPOBaH-
HOTO Ha OCHOBe paxium HeQTAHBIX KUCAOT, BeiKumamoomeit mpu 180-200 °C/5 MM.pT.CT. U COeAVHEHUsT TPUDTHU-
AAaAIOMMHMSL B KadecTBe cOKaTaAl3aTopa, MCCAeJOBaH IIpOliecC MOAMMepU3alul dTUAeHa B MX IPUCYTCTBUMN.
bBr110 ycTaHOBAEHO, UTO B 3aBUCUMOCTY OT YCAOBUI peakLNy, KaTaAUTIdecKasl aKTUBHOCTb CUCTEMBI COCTaBAsIeT
6,18-26,3 xr I19/moa Zr * 4. CTpyKTypa ITOAy4eHHBIX ITOAMMEpPOB OBLAO M3ydeHa ¢ noMornbio VK-crexrpoc-
xormy, ATA, CEM meToa0B aHaam3a. brlao ycTaHOBA€HO, UTO HTU HPOAYKTEI MMEIOT KaK KpUCTalAndecKylo, TaK

1 aMOP(PHYIO CTPYKTYPY.

Karouesble caoBa: sT1/eH, TOAMMepU3alNs, IOAUDTIAEH, KOMILAEKCh IMPKOHMS U IIMPKOHMAA.

POLYMERIZATION OF ETHYLENE IN THE PRESENCE OF ZIRCONYL COMPLEX AND (C:zHs);Al
CATALYTIC SYSTEM

ABSTRACT

A complex catalytic system consisting of zirconyl naphthenate synthsized based on the fraction of
petroleum acid boiling at 180-200°C/5 mm Hg and triethylaluminum as a co-catalyst was developed. Process
oligomerization of ethylene was investigated in the presence of this catalytic system. It was determined that the
activity of the catalytic system is 6.18-26.3 kg PE / mol Zr x s depending on the reaction conditions. The structure
of the obtained polymers were examined by IR-spectroscopy, DTA and SEM analyzes and it was determined that
these products had both crystalline and amorphous structures.

Keywords: ethylene, polymerization, polyethylene, zirconium and zirconyl complexes.

Giris

Mbalumdur ki, etilenin polimerlosmasi prosesi an vacib neft — kimya proseslorinden
biridir. Polietilen ¢ox miixtalif meahsullarda istifads edilon termoplastikdir. Polietilen yumsaq
vo elastik, eloca da sort va agir moahsul kimi istehsal edils bilir vo xarici miihit sortlorine vo
namoa qarst davamliliq, zarbays ve saxtaya doztimliiliik, dielektrik xiisusiyyatli olmasi ils se-
¢ilir. Osasan gilindalik talobat mahsullarinda, gablasdirmada, polimer borular, izoleedici ma-
teriallar, polietilen toz (termoyapisqan kimi), harbi zireh, plastik qutular, matbex agyalari,
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usaq oyuncaqlar1 va s. istehsalinda istifade olunur. Termoplastik material oldugu tigiin tok-
rar istehsala yararlidir. Polietilen semarali xammal oldugu {ictin il arzinds global polietilen
istehsalinda timumi xam neft vo tobii qazin bir faizden de az hissesi istifads olunur [1,2].

Polietilen etilenin yiiksak tezyiq altinda (100 — 400 MPa) radikal, asag1 yaxud atmosfer
tozyiginds (3 — 15 MPa) ion polimerlosma reaksiyasi ilo alinir. Bu mexanizmlarin har biri
forqli tipda polietilen alinmasini hayata kegirir [3].

Polietilenin an asas alinma tisullarindan biri do, metalkompleks katalizdir. Etilenin
radikal sistemlards genis miqyasda polimerlosma prosesi aparilmasina baxmayaraq, talsb
olunan qurulusa malik polimer almaq tigiin an vacib istiqamatlarden biri metalkompleks
katalizatorlar istirakinda polimerlasmadir. Bu istiqgamsat {izre liqandin tebistinin, metaln,
aliminium {izvi birlogsmalarin dayisdirilmasi ile istonilon qurulusa malik polimerlar almaq
miimkiindiir. Son zamanlar diinyada tarkibinds Ti, Zr, Ni, V kimi kegid metallar saxlayan
kompleks Kkatalitik sistemloar istirakinda etilenin polimerlosma prosesi genis todqiq
edilmisdir [4-9]. Akademik Y.H.Mommadsliyev adina Neft-Kimya Proseslori Institutunda
etilenin polimerlagsmasi tiglin calanmis ion maye ligandli yeni alverigli katalitik sistemlor
islonib hazirlanmisdir [10-13].

Toqdim etdiyimiz moaqalada neft tursusunun 180 — 200 °C/5 mm Hg st - da gaynayan
fraksiyasi ilo ZrOCl2*8H:0 - in qarsiligh tesirindan sintez olunmus sirkonil naftenat (SN3) ve
birgokatalizator kimi trietilaliiminiumdan ibarst kompleks Kkatalitik sistem istirakinda
etilenin polimerlogmasi prosesinin tadqiqinin naticelari verilmigdir.

Toacriibi hissa

Etilenin polimerlagsma prosesinds istifads olunan kompleks katalizatorlarm komponent-
lori inert atmosferinds susuzlasdirilmis halledicilorden istifade etmokls aparilir. Neft tursu-
sunun (NT) miixtalif fraksiyalar1 asasinda sirkonil naftenatlarin sintezi miivafiq metodikaya
uygun olaraq hayata kegirilmisdir. Sintez olunmus metal komplekslorin quruluslar: miixtalif
analiz tisullar ilo Oyrenilmis ve almmis naticaler avvalki islerimizds 6z aksini [14, 15] tap-
migdir. Sirkonil naftenatlardan - SN3 180-200 °C/5 mm Hg st qaynayan neft tursusu fraksiya-
sindan sintez edilmisdir. ZrO(RCOO): timumi formuluna malik olan bu birlosma {izvi
halledicilords yaxst hall olan, su va spirtds hall olmayan ag rongli toz halinda amorf birlas-
madir.

Etilenin polimerlasma prosesi hacmi 200 ml olan magqnit qarigdiricist ils tachiz olunmus
reaktorda (avtoklavda) aparilir. Avtoklav toluol ve aseton ils yuyulur ve vakuuma qosularaq
1 - 1,5 saat miiddstinds onun kdynayine verilan isti su ila qizdirilaraq qurudulur. Reaktor
vakuum altinda quruduldugdan sonra reaktora inert qaz (azot) verilir. Katalizator
komponenti olan sirkonium birlosmasi azot altinda halledicida (toluol ve ya o-ksilol) hall
edilir vo reaktora yerlosdirilir.

Katalitik sistemin diger komponenti olan birgokatalizator kimi istifade olunan
trietilaliiminium azot altinda miivafiq mol nisbatinds slave olunandan sonra reaktor inert
qaz altinda baglanilir. Reaktor reaksiya aparilan temperatura kimi qizdirilir, katalizator
komponentlari maqnit qarigdiricist ile qarigdirilir ve reaktora etilen verilir. Reaktordaki
etilenin tozyiqine manometr vasitasi ilo nazarat edilir. Alinan polimer mahsul distillo suyu
va spirtls yuyularaq katalizatordan tomizlonir ve qurudulur.
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Etilenin polimerlosma mohsulu IQ — spektroskopiyasi, differensial termiki analiz (DTA)
va skanedici elektron mikroskopu (SEM) analiz tisullari ils tedqiq edilmisdir.

Alinmig polimerlorin IQ spektrlori Almaniyanin Bruker firmasmin Furye spektrometri-
nin 400 — 4000sm™ is¢i sahalarinda ¢okilmisdir.

Polimerlarin termiki davamligit NETZSCH sirkatinin Jupiter 449F3 markali analizatoru-
nun istifadasi DTA analizi ilo tadqiq edilmisdir.

Almmus polietilenin sathinin qurulusu iss SEM analizatoru il tadqiq edilmisdir.
Naticalar va onlarin miizakirasi

Sintez edilmis SN3 kompleksi va trietilaliiminiumdan ibarat kompleks katalitik sistem
istirakinda etilenin polimerlagsmasi prosesi zamani alinan polimer mahsullara temperaturun
tosiri Oyronilmis ve alinmis naticalar cadval 1 — da verilmisdir.

Cadval 1. SN3 katalitik sistem istirakinda etilenin polimerlagsmasi

Katalitiksistemin
Al:Zr ) Ktivlivi
R aKtv. lyl
Ne | (CiHepAl | (molyar | Pam | T,°C | Holledici | Jekasiyam
L iiddati, daq. kqPE/ q PE/
nisbati) | Zr x g1
mol Zr x s qZrx s
PE1 (C2Hs)3Al1 1:100 13 920 o-ksilol 5 26,39 290
PE: - 1:100 - 70 - 20 6,18 68
PEs - 1:100 - 80 - 15 9,78 107,5

Cadvaldan goriindiiyli kimi etilenin polimerlosmasi zamani alinmis polimer mahsul
reaksiyanin aparilma seraitinden birbasa asilidir. Katalizatorun aktivliyi 70°C temperaturda
6,188 kq PE /molZr x s'oldugu halda, 90 °C temperaturda 26,39kq PE /molZr x s olmusdur.

SN3 vo (C2Hs)sAl — dan ibarat kompleks katalitik sistem istirakinda, o — ksilol miihitinds,
70, 80 va 90 °C reaksiya temperaturlarinda etilenin polimerlasmasi mahsulunun IQ spekrlori
sokil -1 —ds verilmigdir.
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Sakil 1. Polietilenlorin (a-PE1, b-PEz, c-PEs) IQ spektrlori

Spektrden goriindiiyii kimi, alman polimer mshsulda 718 sm? ve 729 sm?
—[-CH>-CH2-]- qrupunun C-H rabitasinin valent ragslerine, 1471, 2847 ve 2914 sm udulma
zolaglar1 iss C-H rabitasinin deformasiya ragslerine uygun galir.

Hoamgini, etilenin polimerlosmasi yolu ilo alinan polietilenlor DTA analizi vasitasils ilo
identifikasiya edilmis v spektrlor sokil 2-da verilmisdir.
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Sakil 2. Sintez olunan polietilenlarin DTA ayrilari

Polietilenlarin istilik — fiziki xassalari tadqiq edilmis ve alinmis naticaler cadvel — 2 —de
verilmisdir.

Cadveal 2. SN3 istirakinda alinan polietilenlarin istilik-fiziki xassalori

Ne Tora Tor2 Tors Td.1 Td.2 Td.3 Td.4 Td.5 Td.6 Td.7 Td.8 Td.9

116,2 126,4 153,0 226,1 233,0 270,0 312,9 328,2 392,9 482,8 487,8 635,8

PE:

AHoarima=106,1

AHdestruksiyal=846,18

AHdestruksiya2=937,80

AHdestruksiya3=1584,34

PE:

118,5 129,6 150,1

218,7 230,2 279,4

384,1 386,2 425,4

486,8 492,0 611,4

AHorimo=115,13

AHdestruksiyal=850,41

AHdestruksiya2=1723,95

AHdestruksiya3=1762,57

PEs

118,3 126,8 141,7

254,8 367,6 296,6

430,2 429,7 421,1

318,8 336,5 388,8

AHoarimo=46,61

AHdestruksiyal=1477,64

AHdestruksiya2=887,70

AHdestruksiya3=1212,13

Tor2 - arima temperaturudur °C ila gostarilmisdir, To1 v Tors — uygun olaraq arima baslangict va

sonudur °C ila gostarilmisdir, Td. — destruksiya temperaturudur °C ila gostarilmisdir, AH — qeyd
olunan proseslarin entalpiyalaridir va Coul/qr ila gostarilmisdir.

Sintez olunan polietilenlarin SEM vasitesils alinan mikrofotolar: ¢okilmisdir.
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Soakil 3. Sintez olunan polietilenlarin SEM vasitasils alinan mikrofotolari.

Sokillorden goriindiiyti kimi alinan polimerlor hom sferolit kristal, hoam deo amorf
quruluslarin mévcudlugu ils xarakterizs olunur.

Belslikls, aparilmis tadqiqatlar naticesinde miisyyen edilmisdir ki, hazirlanmis katalitik
sistemlar istirakinda “yumsaq seraitds” xatti qurulusa malik polietilen almaq miimkiindiir.
Aparilmis  todgiqatlardann  gortindiiyti kimi etilenin  polimerlosmasi  prosesinda
katalitiksistemin torkib hissasi kimi yerli xammal menbayi olan tebii neft tursusunun
ayrilmis fraksiyalarindan ve sirkonium xloridin alinmas: zamana alave mahsul kimi alinan
sirkonil xloridden istifade olunur. Diger terafden msalum oldugu kimi sirkonil
karboksilatlarin sintezi nisbaten sadadir. Biitiin bunlar1 nazars alaraq etilenin polimerlagmasi
prosesinda bu tipli katalizatorlardan istifade olunmasi tadqiqat isinin praktiki shamiyyatini
artirir.
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ABSTRACT

With the aim of creation of new thermostable epoxycompositions, the curing process and the decay rate
during heating, and also some physical-mechanical properties of the composition material obtained on the basis
of epoxide resin ED-20 and 2-hydroxypropyl-1,3-bis-hydroxyethyletherosulfoimide of saccharin-6-carboxylic acid
has been studied. The curing process of the composition was studied by methods of thermogravimetry and
differential-thermal analysis on a derivatograph of "Paulik-Paulik-Erdei" system. For a comparative estimation of
the thermal parameters of the obtained epoxide composition, the content of ED-20+PEPA composition has been
also made. The study of physical-mechanical properties was carried out on the tearing machine WPM, VEB
Thuringerindustriewerk, Rauenstein R-40, TYP-2092. It has been established that the obtained compound cures
ED-20 epoxide resin in the hard temperature regime, but in use of UP 606/2 curing accelerator, the curing
temperature of the composition is decreased. It has been shown that the obtained epoxycompositions have high
thermal and physical-mechanical properties.

Key words: 2-hydroxypropyl-1,3-bis-hydroxyethyletherosulfoimide of saccharin-6-carboxylic acid, harde-
ner, epoxide composition, differential-thermal analysis, physical-mechanical properties

SAXARIN-6-KARBON TURSUSUNUN 2-HiDROKSIPROPIL-1,3-BiS-HIDROKSIETILEFIROSULFOIMIDi
VO ED-20 QATRANI OSASINDA EPOKSIKOMPOZISiYA

XULASO

Yeni termikidavamli epoksikompozisiyalarin yaradilmasi magsadile ED-20 epoksid qatrani ve saxarin-6-
karbon tursusunun 2-hidroksipropil-1,3-bis- hidroksietilefirosulfoimidi esasinda alinan kompozit materialin
barkima prosesi ve qizdirildiqda parcalanma siireti, hamginin bazi fiziki-mexaniki xassalori Oyrenilmisdir.
Kompozisiyanin barkime prosesi “Paulik-Paulik-Erdey” sistemli derivatoqrafiyasinda termoqravimetriya vo
diferensial-termiki analiz {isullar1 ils tadqiq edilmisdir. Alinan epoksikompozisiyanin terkibinin termiki gostarici-
larinin miiqayissli qiymsatlendirilmasi tigiin, hamginin ED-20 + PEPA terkibli kompozisiya da hazirlanmigdir.
Fiziki-mexaniki xassalorin tedqiqi WPM, VEB Thuringerindustriewerk, Rauenstein R-40, TYP-2092 dartilma sinaq
magininda aparilmisdir. Miiayyan edilmisdir ki, alda edilan birlosma ED-20 epoksid qatranini sart temperatur
rejiminda berkidir, lakin UP 606/2 barkidici siiratlondiriciden istifade etdikde kompozisiyanin bearkima
temperaturu asag1 diisiir. Alinan epoksikompozisiyalarin yiiksek termiki ve fiziki-mexaniki xasselare malik
oldugu gostarilmisdir.

Acar sozlor: saxarin-6-karbon tursusunun 2-hidroksipropil-1,3-bis-hidroksietilefirosulfoimidi, barkidici,
epoksid kompozisiya, diferensial termiki analizi, fiziki-mexaniki xassalari

SIIOKCUKOMITIO3NIINA HA OCHOBE 2-TMAPOKCHUITPOIINA-1,3-BUC-
TUAPOKCUDTUADDPUPOCY AbOONMMUAA CAXAPVH-6-KAPBOHOBOM KMCAOTHI I CMOABI 3 A-20

AHHOTAL WS

C 11e4p10 cO34aHNS HOBBIX TEPMOCTOMKMX STIOKCMKOMITO3UIINI, U3Y4eH IIPOIIecC OTBePKAEHIU U CKOPOCTh
paciaga IIpy HaTpeBaHNM, a TakK’Ke HeKOTOphle (PI3MKO-MeXaHIdecKye CBOVICTBa KOMITO3UIIMIOHHOTO MaTepuasia
IIOAyJ4eHHOIO Ha OCHOBE BIIOKCMAHON cMoasl DA-20 u  2-rugpoxcurponua-1,3-6uc-ruapoxcusTnasdu-
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pocyapdonMuga caxapuH-6-KapOOHOBOI KMCAOTHL IIporiecc oTBep>KAeHMsI KOMIIOZMIIUM U3ydaAul MeToJaMU
TepMmorpasuMmerpun u AuddepeHIaibHO-TepMIUIECKOTO aHaAm3a Ha JepmsaTorpade cucremsr «Ilayamk-
IMayanx-Dpaeri». Aas cpaBHUTeABHON OLIEHKN TepMMIYeCKUX ITOKasaTelell IMOAyJeHHON SIIOKCUAHON KOMIIO3MU-
VM, TakKe OblAa M3TOTOBAeHa KoMIosuIs coctasa D/-20 + IIOITA. Vsyuerne Gpusnko-MexaHMIECKIX CBOYICTB,
npoussoanaocs Ha paspeiBHoit MamimHe WPM, VEB Thuringerindustriewerk, Rauenstein R-40, TYP-2092.
YcraHOBAEHO, YTO OAYYeHHOe COedVHEeHNe OTBep>KAaeT SIIOKCHAHYIO cMoay D/-20 B 5KeCTKOM TeMIlepaTypHOM
pe>xume, HO IIPU VCITOAB30BaHNN YCKOpUTeAsa oTepKaeHus Y11 606/2 TemmepaTypa OTBep>KAeHN KOMITO3UITUI
noHKaetcs. IlokazaHo, 4To IoAydeHHBIe SIIOKCMKOMIIO3ULINY 004a4al0T BEICOKMMM TePMUIECKUMY, 1 PUBNKO-
MeXaHYEeCKMMMU [TOKa3aTeASIMIU.

Karogesble caoBa: 2-TuapoKcHIporma-1,3-6mc-ruapokcnatnaspupocyapponuMig, caxapuH-6-KapOoHOBOI
KICAOTH, OTBEPAMTEADb, DIIOKCHAHAs Komrosumws, AnddepeHnaibHO-TEPMIYIECKUI  aHaAu3, (PUINKO-
MeXaHUJeCKye CBOVICTBa

Introduction

The polymers on the basis of epoxide oligomers are currently one of the best types of
binders for a large number of the polymer composition materials widely used on an
industrial scale. The epoxide oligomers acquire the necessary exploitation properties only in
their interaction with curing agents with formation of three-dimensional spatial structure,
which indicates the importance of the development of effective hardeners [1].

The polymer production for this period is characterized, along with the creation of new
polymers, by an increasing need to find ways of rational use of traditional materials, such as
resin ED-20. This is achieved by creation of new types of hardeners, modifiers, stabilizers,
which in combination with resin enables the preparation of the composition materials with
new valuable properties [2-4].

The industrial aliphatic and aromatic diamines used for curing in the chemistry of the
epoxide resins are toxic, volatile. The composition materials based on them have low
viability, and their use as hardeners is accompanied by considerable self-heating, which
hinders the preparation of large-sized products. The aromatic compounds containing amide,
imide and sulfogroups in their composition have less toxicity. The epoxide resins cured with
such hardeners are self-extinguishing and possess increased heat and heat resistance [7-9].
Taking into account the above-mentioned one, it was of interest to obtain effective and low-
toxic hardeners for epoxide resins. In this connection, 2-hydroxypropyl-1,3-bis-
hydroxyethyletherosulfoimide of saccharin-6-carboxylic acid (2-HP-1,3-bis-HEESI S-6-CA)
synthesized by us, containing plasticizing ether group, as well as hydroxyl group in its
composition, providing cross-linking of the composition [10-12], has been tested as a
hardener-plasticizer of epoxide resin ED-20.

The purpose of this work is the preparation of the epoxide composition with improved
properties on the basis of epoxide resin ED-20 and 2-HP-1,3-bis-HEESI S-6-CA.

Materials and methods of investigation

The curing process was studied by differential-thermal analysis on a derivatograph
"Paulik-Paulik-Erdei" Q-1500 D (Hungary). Sample weight — 200 mg, channel sensitivity —
TG-200, DTA-250 pv, DTG-1 mv, temperature rise rate — 5°C/min in the air current.

The study of physical-mechanical properties was carried out on a tearing machine WPM,
VEB Thuringerindustriewerk, Rauenstein R-40, TYP-2092 (Germany).
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It has been used the industrial epoxy diane resin of mark ED-20 with molecular weight
of 390-430 and a content of epoxide groups —20-21% (Russia).

PEPA - polyamine hardener polyethylene polyamine (OAS “Uralkhimplast”, Russia) —
low-viscous light liquid has the following characteristics:— dynamic viscosity (1)) at 25°C 90
MPa-s, amine number (A) 205 mg KOH/g.

Experimental part

Synthesis of 2-hydroxypropyl-1,3-bis-hydroxyethyletherosulfoimide of saccharin-6-
carboxylic acid. In a three-necked round-bottomed flask, a mixture consisting of 25,5 g. (0.05
mol) of 2-hydroxypropyl-1,3-bis-etherosulfoimide of saccharin-6-carboxylic acid, 8.5 g.
(0.1mol) of ethylene chlorohydrin and 10 g. of KJ was dissolved in 120 ml of DMAA. The
mixture was heated to 110°C during stirring for 1 h. Then, the reaction temperature was
raised to 125-130°C and heated for another 2 h. The obtained mass was acidified with
hydrochloric acid to a neutral medium, filtered, washed with cold distilled water and dried
in air at room temperature, then in vacuum to a constant mass.

The physical-chemical properties of the solvents corresponded to the literature data
[13,14].

The infrared spectra were taken on IR — Fourier spectrometers of LUMOS and ALPHA
(firm BRUKER Germany) in the wave frequency range of 600-4000 cm’, using NPVO
attachment with ZnSe crystal. The crystal diameter is 1 cm. The number of sample scans is
24, the measurement duration is 30 sec.

The elemental analysis has been made according to the method [15] based on pyrolytic
combustion of organic substance in an oxygen flow with use of the Pregl apparatus.

Results and discussion

With the aim of creation of new thermostable epoxycompositions on the basis of
industrial epoxide ones, as a result of the interaction of 2-hydroxypropyl-1,3-bis-
etherosulfoimide of saccharin-6-carboxylic acid with ethylene chloride, a new polyatomic
alcohol — 2-HP-1,3-bis-HEESI S-6-CA has been synthesized on the following scheme:

_ocC Co-
HNC /NH+2CI (CH,),0OH W
0,5 £-0-CH,—CH-CH,~0-C 03
0 OH 0

oc co
HO(H,C),~ N “N=(CH,),0H

0,5 C-0-CH,~CH-CH,~0-C 03

o OH 0

The yield of purposeful product — 83%.

The synthesized substance is a grayish-white powder melting at temperature 185°C and
is soluble in aprotic solvents, as well as in dioxane and m-xylene.

The composition and structure of the obtained compound have been determined by
elemental analysis and IR spectroscopy.
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Table 1. Physical constants of 2-HP-1,3-bis-HEESI S-6-CA

Found, % M | M Yiel
i A p- ie
o,
Compound Brutto formula Calculated, % W °C d, %
C H N S

45.05| 3.54 | 4.61| 10.1
2-HP-1,3-bis-HEESI S-6-CA C23H2:013N252 46.15| 3.68 | 4.68| 10.7| 598 185 83

It has been detected that in the IR spectra of this compound (Fig.1.) there are absorption
bands in the field of 1406, 1436 cm™ of deformation vibrations and in the field of 2882, 2936
cm™ of valence vibrations of C—-H bond of CH:-group; valence vibrations of amide C=O-bond
in the field of 1627 cm!; valence vibrations in the field of 1283 cm! of C-N-bond; valence
vibrations C-O- and O-H-bonds of alcohol in the field of 1032 cm™ and 3289 c¢m-!; valence
vibrations SOz-bond in the field of 1245 cm!; valence vibrations of C—O-bond of ester in the
field of 1107 cm; valence vibrations of C=0O-bond of ester in the field of 1721 cm;
deformation vibrations of C-H-bond (751, 853 cm™) of substituted benzene ring [16-18].
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Fig 1. IR spectrum of 2-HP-1,3-bis-HEESI S-6-CA.

It is well known that for preparation of the cured epoxide material, it is necessary to
create a composition characterized by high physical-mechanical, heat and thermal
parameters. These conditions are first of all achieved by right selection of the quantity of
hardener, accelerator and curing regime of the epoxide composition [19].

The curing of the developed compositions was studied by methods of thermal analysis,
on a derivatograph of "Paulik-Paulik-Erdei" system [20]. The optimal quantity and curing
regime for all hardeners have been found by a method of thermogravimetric and differential-
thermal analyses on TG and DTA curves [21,22]. The methods are based on the fact
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that an excess of unreacted epoxide groups or hardener leads to weight loss of the
composition. Both phenomena deteriorate the thermal stability of the epoxide
composition [23].

The thermal stability of epoxide compositions was estimated by the decay activation
energy values (Eac) and the half-decay period (t/2) of the compositions. The optimal quantity
of hardener and accelerator has been found by a method of thermogravimetry on TG curves.
It has been established that the synthesized 2-HP-1,3-bis-HEESI S-6-CA is well combined
with epoxide resin ED-20 and cures it in the hard temperature regime. According to the TG
curve, the curing process begins at 150°C, passes through the curing exo-peak at 190°C, and
at 225°C the process is completely finished, then the thermal decay of the composition
occurs. But such high-temperature regime is undesirable, since with the curing temperature
rise, the internal stress increases, which often leads to deterioration of the physical-
mechanical properties of the composition. For the curing temperature reduction, the
accelerator UP 606/2 (2,4,6-tris'dimethylaminomethyl phenol) was used in a quantity of 1
mass p. of accelerator per 100 mass p. of resin.

As assumed, as a result of the use of accelerator UP 606/2, the curing process of the
composition begins at lower temperature — 50°C, in this case, the curing exo-peak shifts to
the field of lower temperatures — 75°C, and the full curing process is achieved at 115°C.

It has been experimentally established that the optimal quantity of hardener is 20 mass
p- per 100 mass p. of resin. At this ratio, the thermal stability of the epoxide composition and
its physical-mechanical parameters reach their greatest value. The developed composition
material possess thermal stability, heat resistance, as well as thermogravimetric index (TGI),
allowing to judge the temperature at which it loses its operational properties for 20 thousand
hours.

The thermal stability of the composition was evaluated on the decay activation energy,
and the comparative heat resistance on the thermogravimetric index determined on the
formula:

TGI:A+B

where A — the temperature of the intersection point at which the straight line passing
through the points of 20 and 50% mass loss is intersected with the zero

temperature line;

B — point temperature of 50% mass loss;

K - installation coefficient determined from unit thermogram of the material

taken as a standard.

The optimal temperature and temporary curing regime were found on the methodology
[24], according to which the degree of curing «a is determined by the difference between the
heat effect of the curing reaction of the uncured sample (Qov) and the heat effect of partially
cured sample (Q).

The degree of curing is calculated on the formula:
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oa=—"2 -100
Q

Thus, one can determine the degree of curing (c) of the composition during a given time
(t) at T=const.

It has determined been on the curing curves that the degree of curing of the obtained
composition at the optimal curing regime reaches 93%.

The optimal quantity of 2-HP-1,3-bis-HEESI S-6-CA used as a plasticizer-hardener was
determined empirically and controlled on the mass loss along the thermogravimetry curve,
and also on the activation energy of thermal-oxidative decay.

For a comparative estimation of the thermal parameters of the obtained epoxide
compositions, there have been also made the compositions of the content ED-20 + PEPA.

The comparative technical characteristics of the cured epoxide compounds are given in
Table 2.

Table 2. Thermal parameters of the cured epoxide composition.

Half-
. Edecomact, | Half-decay period alf-decay o
Composition . temperature TGI, °C
kD/mol Ti/2, Min.
T1p,°C
ED-20 + 2-HP-1,3-bis-HEESI $-6-CA 262.73 62.2 298 124
ED-2 2-HP-1,3-bis-HEESI S-6-CA P
0+ 3-bis-HEESI 5-6-CA + U 268.2 64.8 315 129.65
606/2
ED-20 + PEPA 106.20 56.05 140 144

Some physical-mechanical properties of the obtained epoxide composition have been
also studied. The data obtained according to the results of physical-mechanical tests are
presented in Table 3.

Table 3. Results of physical-mechanical tests

Composition Tensile strength, MPa | Specific elongation, ¢,%
ED-20 + 2-HP-1,3-bis-HEESI S-6-CA 53 -55 4-4.5
ED-20 + 2-HP-1,3-bis-HEESI 5-6-CA + UP606/2 57-61 48-53

Conclusions

It has been established that the synthesized 2-HP-1,3-bis-HEESI S-6-CA is well combined
with ED-20 epoxide resin and cures it in a hard temperature regime.

It is shown that in introduction of the accelerator UP 606/2 (2,4,6-2,4,6-tris'dimethylami-
nomethyl phenol) into the epoxide composition in a quantity of 1 mass p. per 100 mass p. of
ED-20, the temperature field of the composition curing shifts to a zone of lower tempera-
tures.

It has been revealed in comparison of thermal and physical-mechanical parameters of
the compositions ED-20+2-HP-1,3-bis-HEESI S-6-CA and ED-20+2-HP-1,3-bis-HEESI S-6-CA+
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UP606/2 that in the introduction of the accelerator into the composition increases its thermal
and physical-mechanical characteristics.

Summarizing the obtained data, it can be concluded that the synthesized 2-HP-1,3-bis-
HEESI S-6-CA can be successfully used as highly effective hardener of epoxide resin, and the
obtained epoxide composition materials are characterized by high thermal and physical-
mechanical properties, and can be used in the manufacture of coatings of electro-isolation
materials, and also in electronics and electrical engineering.
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ABSTRACT

New monomers aminopyridine methacrylate, para-aminophenyl cyclopropyl methacrylate and benzamide
methacrylate have been synthesized. The regularities of the polymerization process have been studied. The structure of
the synthesized monomers and the polymers obtained from them have been established. On the basis of spectral data it
was revealed that the polymerization process proceeds by double bonding. The kinetics of homopolymerization of
these monomers was studied. The activation energies of the process were found. It was shown that the most active
monomer is benzamidmetacrylate. It is likely that this activity is due to conjugation and polarization of the monomer
molecule. Preliminary biological tests showed rather high bactericidal (E.coli, S.aureus) and fungicidal (candida
albicans) activities of the synthesized polymers. It was found that it is the functional groups that create the antimicrobial
property in the macromolecule. In addition, these polymers were shown to exhibit high transparency. These polymers
can be used in medicine as well as in optics.

Keywords: Para-aminophenylcyclopropyl methacrylate, aminopyridine methacrylate, benzamide methacrylate,
energy activation, polymerization

BOZi OVOZ EDILMIiS METAKRILATLARIN REAKSIYAQABILLIYININ TODQIiQI
XULASO

Yeni monomerlar aminopiridin metakrilat, para-aminofenilsiklopropil metakrilat vo benzamid metakrilat sintez
edilmisdir. Polimerlosma proseslarinin qanunauygunluglar: tedqiq edilmisdir. Sintez olunan monomerlarin qurulusu
miilayyen edilmis ve onlarm ssasinda polimerlar alinmugdir. Spektral malumatlara asasen, polimerlasma prosesinin
ikigat rabite vasitesile getdiyi askar edilmisdir. Bu monomerlarin homopolimerlasmasinin kinetikas: todqiq edilmisdir.
Prosesin aktivlogsmoe enerjisi tapilmisdir. Gostorilmisdir ki, on aktiv monomer benzamid metakrilatdir. Cox giiman ki,
bu aktivlik monomer molekulunun qosulmasiasi ve qiitblosmesi ilo baghdir. flkin bioloji sinaglar sintez edilmis
polimerlarin kifayst qader yiiksak bakterisid (E.coli, S.aureus) ve fungisid (candida albicans) aktivliyini gostermisdir.
Miisyyen edilmisdir ki, makromolekulda antimikrob xasseni yaradan funksional qruplardir. Bundan slave, bu
polimerlarin yiiksak soffafliq niimayis etdirdiyi gosterilmisdir. Bu polimerlarden ham tibds, ham ds optikada istifades
etmak olar.

Acar sozlor: Para-aminofeniltsiklopropil metakrilat, aminopiridin metakrilat, benzamid metakrilat, aktivlogdirma
enetjisi, polimerlagsma
MCCAEAOBAHME PEAKIIMOHHOM CITOCOBHOCTY HEKOTOPBIX 3SAMEINTEHHBIX METAKPU/IATOB
PE3IOME

CuHTe31poBaHO HOBBIE MOHOMEPHI aMUHOIIMPYAVHMETaKpUAaT, Iapa-aMIHO(PEeHNAITMKAOIIPOITAMEeTaKpyAaT
n OeHsaMmaMeTakpuaaT. VIsydeHO 3aKOHOMEPHOCTM IIPOLIECCHI IIOAMMeEpPU3allu. YCTOHOBAEHO CTPYKTypa
CMHTE3MPOBAaHHLIX MOHOMEPOB U IIOAYYeHO Ha IX OCHOBe HoAuMepos. Ha ocHOBaHMM CIIeKTpaAbHBIX AAHHBIX
BBISIBAEHO, UTO ITPOLlecC IoAMMepU3aliuy IpoTeKaeT 110 ABOVHOM CBs3M. VI3ydeHBI KMHETMKa TOMOIIOAMMepU3aliun
9THX MOHOMepoB. HaligeHo sHepruy axtmsanuy mporecca. IlokasaHo, 4TO caMblil aKTMBHBIII MOHOMeEp SIBASETCS
OeHzaMuAMeTaKpuAaT. BeposTHO, YTO 5TO aKTUBHOCTD CBA3aHO C COIpsIKeHMe U MOASPU3aly MOAeKyAbl MOHOMepa.
IpeasapureapHbie 6110A0TIYECKIIE MCIIBITaHMS ITOKa3aAM JOCTaTOYHO BEICOKYIO GakTeprnmmanyio (E.coli, S.aureus) n
dyurmmmanyio  (candida albicans) akTMBHOCTM CHUHTE3MPOBAHHBIX ITOAVIMEPOB. YCTaHOBJAEHO, 4YTO JVIMEHHO
(pyHKITMOHAABHBIE TPYTIITEI CO3JAI0T aHTUMMKPOOHOE CBOIICTBO B MaKpoMoJeKyae. Kpome 5Toro mokasaHo, 4To 9TM
IIOAMMEPHI IIPOSABASIOT BBICOKYIO IIPO3PauyHOCTh. DTU IOAMMEPBl MOXKET MCIIOAb30BaTh B MeAUIIMHe, a Takke B
OIITUKE.

Karouessle caosa: Hapa-aMI/IHO(l)eHI/IAHI/IKAOHpOHI/IAMeTaKpI/IAaT, AaMMHOIIMPpUAMHMETaKp1AaT, 6eHSaMI/I,Z|,Me-
TaKpraaT, SHeP>KUaKTBanVsI, IIOAMEePpM3arivist
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Introduction

The problem of combating pathogenic and technically harmful microflora is one of the
important directions of resource conservation and prevention of losses associated with
biocorrosion of raw materials, materials, products and structures, as well as human health
disruption.

A widespread way to combat harmful microorganisms is the use of antimicrobial
substances with biostatic or biocidal properties. In the case of a biostatic effect, the
reproduction of microorganisms is slowed or stopped, but the cells are not killed and
continue metabolizing [1-8]. Therefore, the relevance of the synthesis and search for
substances with biological activity remains to this day. We set a goal to obtain new polymers
based on polymethacrylic derivatives and study their antibacterial properties.

Experimental part
Synthesis of 2-paraaminophenyl-1-p-cyclopropyl methacrylate

0.5 mol (81.5 g) of 2-p-aminophenyl-1-p-hydroxymethylcyclopropane in tertiary amine
medium was placed in a reflux condenser flask. Then 0.6 mol of methacryloyl chloride in 30
ml of absolute benzene was added dropwise at 30° C for 2 hours under stirring. After
completion of the reaction the mixture was extracted with sulfuric ether, dried, distilled into
light fractions and then into the main fraction under reduced pressure. Yield 95%, B. p. 115-
117 °C (3 mm merec.c.), n3°=1.5680, d2°=1.080.

Synthesis of aminopyridine-substituted methacrylate

In a reflux condenser flask 0.5 mole (47 g) of aminopyridine in tertiary amine medium
was placed, then 0.6 mole (62.7 g) of methacryloyl chloride in 30 ml of absolute sulfuric ether
was added dropwise at 30°C under stirring. After completion of the reaction (1 hour) the
mixture was extracted, then dried, the light fractions were distilled and then the main
fraction in vacuo. Yield 92%, B. p. 114-116 °C (3 mm merc.c.), n3°=1,4202; d2° = 0,936.

Synthesis of benzamidmethacrylate

0.5 mole of benzamide in the medium of tertiary amine was placed in a reflux condenser
flask. Then 0.6 mol of methacryloyl chloride in 30 ml of absolute benzene was added
dropwise at 30° C for 2 hours with stirring. After completion of the reaction the mixture was
extracted with sulfuric ether, dried, distilled into light fractions and then into the main
fraction under reduced pressure. Yield 95% (166 g), B. p. 110-112°C (3 mm merc.c.) np®
=1,510, d+*°=1,030.

Results and discussion

In order to investigate the comparative reactivity of the synthesized new benzamide,
aminophenylcyclopropane and aminopyridine substituted methacrylates. We studied the
kinetics of their homopolymerization for a more detailed study of the influence of
substituents of methacrylate monomers on the polymerization process and properties of the
polymers obtained. The monomers selected for the study are represented by the general
formula:
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CH,
CH é =9 _
2= /T\ — — —_ —N\—
| X= Q_C\ Y N I W

|
H

The reactivity of the above monomers was studied in the presence of azoisobutyric acid
dinitrile (AAD) in benzene by dilotometric method, under standard conditions: monomer
concentration 1mol/l and AAD - 5-10°mol/l. In order to quantify the reactivity the initial
rates at shallow (6-11%) monomer conversion depths were determined and their effective
rate constants (K) of polymerization were determined from the conventional equation of
chain process in the liquid phase V=K[M]-[J]%2. Total activation energy of the polymerization
process was determined graphically from K values at 60, 70, 80°C. In order to clarify the
influence of different substituents in methacrylate the polymerization of methyl methacrylate
under similar conditions was studied and the relative velocities were calculated.
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Fig. 1. Kinetic curves of polymerization; 1,5,8-benzamide; 3,6,7-paraaminophenylcyclopropane; 2,4,9-
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Fig. 2. Dependence of the logarithm of the effective polymerization rate constant. 1- Benzamide; 2- para-
aminophenylcyclopropane; 3- aminopyridine
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From the data found it is evident that the introduction of any grouping of methacrylic
monomer significantly accelerates the polymerization. It was found that the presence of
electron acceptor grouping leads to conjugation and polarization of vinyl fragment as a
result the reactivity of monomers increases. Depending on the nature of the substituent of
methacrylic acid, the polymerization rate is as follows:

0 —
@— C > HZN—Q— CH—CH—CH,0— > —NH—@N
N N/

| CH,

H

All synthesized methacrylate monomers exhibit a higher polymerization rate than
methyl methacrylate. The reason for this behavior is the resulting growing macroradical that
(due to the weak additional conjugation), is less stabilized and therefore has a higher
activity. Viscosity of the solutions was measured in benzene at 293+0.5K in an Ubbelode
viscometer. The functional groups were analyzed by IR spectroscopy.

It was found that polymerization of synthesized monomer in mass is accompanied by
autoacceleration. The onset of autoacceleration begins at ~25% monomer conversion during
polymerization, which is consistent with the data [9].

Conversion, %

A A A A

25 S 3 10
Time, min

4

Fig.3. Kinetic curves 1. benzamide; 2. para-aminophenylcyclopropane; 3. aminopyridine;

4. methyl methacrylate

Among the methacrylate monomers studied, the amide-containing monomer has the
highest polymerization rate. The identified benzamide fragment enters the conjugation. On
the vinyl group, changing as a result the polarization of the monomer molecules. Thus, polar
effects are of great importance in the polymerization of methacrylate monomers.

The characteristic viscosity [n], optical transparency n#’ = 1,4202 —1,5680; d3° =
0,936 — 1,080, as well as physical-mechanical, thermal and other properties were
determined.

The results of the study and some properties of polymers are shown in Figures 1-3 and
in the tables.
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CH;
|
CH,= C|
Table 1. Polymerization of substituted methacrylates O = cC—X
X T,°C V-104, K-10¢4, S Ml Relative
Mol/l'sec 1/mol -sec kcal/m dl/q speed
ol
80 0,290 4,102 - 0,09 1,00
H,N-\2~ CH= CH= CH,0 - 60 0,250 3,522
S, 70 0,560 7,911 1851 021 4,05
80 1,171 16,620
0 60 0,303 4,285
@ C/ 70 0,723 10,221 17,50 0,32 6,21
2N 80 1,804 25,490
NH
/—\ 60 0,282 4,010
NN 2054 037 5,06
70 0,605 8,486
80 1,470 20,760

The study of the thermomechanical properties of the synthesized polymers showed that
the obtained polymers were stable when heated in air at temperatures from 250 to 350°C. For
comparison, the starting point for the degradation of methyl methacrylate produced under
anological conditions was also determined.

T
CHy—C
0=C—X
n

(O
| <)
X= (f_ ) —OCHz—C\H—/CH—Q—H2N 2) —NH-{ NO

Thus, it should be noted that the introduction of these groups into the methacrylic
monomer leads to a significant increase in the polymer thermostability. The DTA analysis of
polymers showed that the heat-resistant products in the case of MMA substituent have
weight loss at 350°C from 8 to 11%.

The radical copolymerization was carried out in block and solution in sealed ampoules
at 343+0.01K in the presence of DAC (1% by weight of monomers). The polymers were
precipitated from benzene in pentane or methanol.
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Table 2. Physical and mechanical properties of polymers.

Tensile strength, MPa Specific Heat resistance by
Polymer Tensile  Flexural In compres- impact Vie, €7
sion strength
kJ/m?2
Benzamidmetacrylate 94 173 126 24-28 149
Aminophenylcyclo
propyl methacrylate 98 177 129 24-27 145
Aminopyridine methacrylate

95 175 125 26-31 152

Plexigum M-272 70 120 105 18-25 90

The table shows that the produced polymers are characterized by increased physical-

mechanical and heat-resistant properties in relation to the polymethylmethacrylate brand
«Plexigum M-272» [10].

The study of the bactericidal activity of the synthesized polymers showed that all

polymers are very active and have a biocidal effect with respect to Gram-positive (St. aureus)
and Gram-negative (E. coli) microorganisms. This generally confirms the validity of the
assumption about the important contribution of the transport function of the macromolecule

to the biocidal effect, which in this case is enhanced by the presence of links and segments in

the macromolecules of polymers.

10.
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TBEPABIX PACTBOPOB B CMCTEME Cu2SnS3-Ag2SnSs

O.III. KEPM/AN, AHMAMEAOB, B.A. P3ATYAUNEB, *III.T. MAMEAOB
Mncmumym xamaiusa u Heopzarueckoil xumuy um.akademuxa M. Hazuesa,
2.baxy, Az1143,np. I. Axasuda, 113

‘azxim@mail.ru

PE3IOME

Metogamn auddepeHIIaabHO-TEPMUIECKOTO, PeHTIeHO(A30BOro, MUKPOCTPYKTYPHOIO aHAAM3a, M3MEpPEeHIs
MUKPOTBEPAOCTU MccaegosaHa cucTeMa CuaSnSs-Ag:SnSs 1 mocrpoeHa ee guarpaMma COCTOSIHUSL. Y CTaHOBAEHO, UTO
cncteMa CuaSnSs-AgeSnSs sIBASETCA KBa3MOVHAPHBIM pa3pe3oM KBa3UTPOIHON cucteMbl Ag2S-SnSy-CuzS 1 oTHOCHTCA
K IIePUTEKTIMEeCKOMY Tuily. PacTBOpuMOCTh Ha OcHOBe TmocTaHHaTa MeAu Cu2SnSs IIpy KOMHATHOI TeMIlepaType
Aocturaet 35 M0oAa.% (a-¢pa3a), a Ha OCHOBe TOCTaHHaTa cepebpa (Ag:SnSs) 40 M0Aa.%. CuzSnSs. a-TeepAble pacTBOPHI
Ha ocHoBe Cu25nSs KpUCTaAAM3YIOTCS B KyOMIeCKOl CMHIOHIN U C yBeAUdeHNeM KOHIIEHTpalii TMOCTaHHaTa cepeOpa
Ag2SnSs TapaMeTp pereTKN «a» YBeAduBaeTcst: a = 5,445 A aas Cu2SnSs u a = 5,766 A AAsl CILAaBa, coaepskarero 35
M0a%. Ag2SnSs; 3-TBepable pacTBOPHI Ha OCHOBe THOCTaHHaTa cepeOpa (Ag2SnSs) KpMCTaAAM3YIOTCs B MOHOKAMHHOI
CHHIOHIU U C yBeArdeHreM codep>kanus CuzSnSs yBeAdnBaloTCs IapaMeTpel peleTku a = 6,275, b = 5,796, ¢ = 13,179
A, [3=93,17° aaa Ag2SnSs m a = 6,464, b= 6,204, c = 13,2654, B =93° aas cnaasa, cogepykarero 40 Moa. % Cu2SnSs

Karouesnie caoBa: daszopast avarpaMma, TBEPABINI PacTBOp, KpUCTalAndecKas CPYKTypa, coeAuHeHne, Ag:S-
SnS:-CuzS, mepureKkTmKa.

PHASE EQUILIBRIUM AND SOME PROPERTIES OF SOLID SOLUTIONS IN THE Cu2SnSs-Ag:5nSs SYSTEM
ABSTRACT

The Cu2SnSs-Ag2SnSs system has been studied by differential thermal, X-ray diffraction, microstructural analysis,
microhardness measurement and its state diagram has been constructed. It is established that the Cu2SnSs-Ag25nSs
system is a quasi-binary section of the Ag:S-SnS>-Cu2S quasi-ternary system and belongs to the peritectic type. The
solubility on the basis of copper thiostannate Cu25nSs at room temperature reaches 35 mol% (a-phase), and on the basis
of silver thiostannate (Ag25nSs) 40 mol%. a-Solid solutions based on Cu25nSs crystallize in a cubic system and with an
increase in the concentration of silver Ag:SnSs thiostannate, the lattice parameter “a” increases: a = 5.445A for Cu2SnSs
and a=5.766A for an alloy containing 35 mol% AgxSnSs; B-solid solutions based on silver thiostannate (AgzSnSs)
crystallized in a monoclinic syngony and with increasing Cu2SnSs content, the lattice parameters increase a = 6.275, b =
5.796, c = 13.179A, =93.17 ° for Ag:SnSs and a = 6.464, b=6,204, c = 13.2654, =93 ° for an alloy containing 40 mol.%
Cu25nSs

Keywords: phase diagram, solid solution, crystal structure, compound, Ag>S-SnS:-Cu:S, peritectic
Cuz2SnS3-Ag2SnSs SISTEMINDO FAZA TARAZLIGI VO ALINMIS BORK MOHLULLARIN BOZi XASSOLORI
XULASO

Cu25nSs-AgoSnSs sistemi diferensial termiki, rentgenfaza, microqurulus analizleri, mikrobarkliyin Sl¢iilmasi yolu
ilo tedqiq edilmis ve kasiyin hal diagrami qurulmusdur. Miisyyen edilmisdir ki, Cu2SnSs-Ag25nSs sistemi Ag2S-SnSz-
CuzS kvazitiglii sistemin kvazibinar kesiyi olub, peritektik tiplidir. Otaq temperaturunda mis tiostannat (Cu2SnSs)
asasmnda hoellolma sahasi 35 mol% Ag»SnSs-», glimiis tiostannat (Ag25nSs) asasmnda ise 40 mol% Cuz2SnSs-» gatir. CuzSnSs
asasinda a-bark mahlullar kubik sinqoniyada kristallasir ve giimiis (Ag2SnSs) tiostannatin qatiligr artmast ilo gafes
parametri a = 5445A —dan a=5766A gader artir. Giimiis tiostannat (AgzSnSs) ssasinda ahinan B-berk mehlullar iss
monoklinik sinqoniyada kristallagir ve CuzSnSs qatihg artdiqca gofos parametrlori a = 6,275, b = 5,796, ¢ = 13,1794, p =
93.17 ° -den a=6,464, b= 6,204, c = 13,265A, [3=93 ° gader artr.

Acar sozlar: faza diaqrami, bark mahlul, kristal qurulus, birlosma, Ag2S-SnSe-CuS, peritektik
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BBEAEHUE

V3BecTHO, 4TO TpOIIHBIE THO- U CeAeHOCTaHHATHl MeAu 1 cepeOpa Tura Me2SnXs (Me-Cu,
Ag; X='S, Se), orHOcsAIIMecs K KAacCy aAMa3OIlOAOOHBIX ITOAYIIPOBOAHMKOB, ITPUBAEKAIOT
BHIMaHIe, KaK IIepCreKTUBHble (PYHKIMOHAAbHbIE MaTepuaAbl AAs TMPUMEHeHUs , B
onTHYeckx mnpudopax u ¢oToamoAax, Kak IIpeoOpasoBaTeAl COJAHEYHOV DHEPIUU B
9aeKTpmdeckyio [1-16]. TlosToMy IOMCK HOBBIX CAOXKHBIX (PYHKIIMOHAABHBIX MaTepualoB Ha
OCHOBE THMOCTaHHATOB MeAU U cepeOpa, TTOCPeACTBOM M3ydeHMs (pa3oBBIX paBHOBECUIT MeXKAY
HIM, SIBASI€TCSI aKTyaAbHOI.

B Hacros11ieit pabore rpeAcTaBAeHbl pe3yAbTaThl (pazoBoro pasHosecys B cucteme Cu2SnSs-
Ag>5nSs.

Cucrema Cu:2S-SnS: Briepsrle usydena B padote [17] n ycranosaeno, uto Cu2SnSs naasurcs
KOHrpysHTHO npu 854°C, uro coraacyercs c ganHpiMu [18] . Ilo gannbiM [19] coeaunenne
CuzSnSs MMeeT MOHOKAMHHYIO CPYKTYPY C IapamMeTpamu pernetku a=6,653, b=11,537, c=6,665A,
np.rpymma Cc, z=4, $=109.39°, a no gannpiM [20] Cu2SnSs MMeeT MOHOKAMHHHYIO CTPYKTYpY C
MCKa>KeHHOM KyOIJecKol pelleTKoi TUIa IIMHKOBOI oOMaHKM (a=5,445 A). Ilo aanapmM [21]
coamenne CuSnSs TpumMoOpQdHO, KpoMe BhIIIeyKa3aHHONM KyOM4Yeckom MoAuduKanim
II0Ay4eHbl TeTparoHaAbHas (a=5,426, c=10,88A) U TpUKAMHHAaA MoAndukanus (a=6,64, b=11,51,
c=19,93A, a=90°, (=109,45°, v=90°).

Coeaunenne Ag:SnSs oOpasyeTcs B KBa3uOMHapHOI cucteMe Ag:S-SnS: [7] u maasuts 6e3
pasaoxxenns ripu temneparype 663°C [7,19]. I1o aannbiv [7], AgSnSs mzoctpykrypHo ¢ Cu2GeSs
VI OTHOCUTCSI K MOHOKAVMHHOII CTPYKType C apaMeTpamu peretku a=6,270, b=5,796, c=13,179A,
z=2, 3=93,27°

Llear nHacrosimeit paOOThL: M3ydeHMue (pasoBOrO paBHOBeCHs, ITOCTPOeHNe AyarpaMMBI
COCTOSIHIISL M PeHTIeHorpadudecKoe rccaejoBaHne Criaasos cucteMbl CuzSnSs-AgaSnSs.

METOA4 NCCAEAOBAHISI

CrizaBpr  cucreMbl  Cu2SnSs-AgeSnSs  1oay4yaau — CIiAaBA€HUEM  VICXOAHBIX — TPOVIHBIX
CyAb(PUAOB, TIpeABapPUTEeABHO CUHTE3VPOBAHHBIX M3 DA€MeHTapHBIX KOMIIOHEHTOB C UMCTOTON
He MeHee 99,999% B OTKayaHHBIX KBapLIEBbIX aMITyAaX B OAHO30HHON DAKTPUYIECKO eyl IIpu
Temriepatype 900-950°C B Teuenme 8 vacos. Ilocae okoHuaHMs cuHTe3a OOpaslibl MeAJAeHHO
oxaaxgaau (10-15°/gac) a0 600°C 1 B 5TOM pe>KymMe IIPOBOAVIAY TOMOTEHV3UPYIOIINIT OTXKIUT B
TedeHne 2404. Ilo aanubiM P®A, moayuenHoe coeayHeHymmu CuSnSs kpucraamsyercs: B
KyOndeckon cuHronny, (cM.tada.1)

Tab6anna 1. Pacuer pentreHorpaMmsl coeauHennst Cu2SnSs

doxe J/Jo 1/d? axc 1/d? eviu hkl
5,5115 5 0,0329 0,0337 100
4,1441 3 0,0555 0.0674 110
3,1368 100 0,1016 0,1012 14
2,7189 30 0,1353 0,1349 200
2,2962 3 0,1896 0,1886 210
2,1661 3 0,2131 0,2024 211
1,9222 55 0,2706 0,2698 220
1,6390 34 0,3723 0,3710 311
1,5682 6 0,4066 0,4047 222
1,3589 10 0,5415 0,5396 400
1,2468 20 0,6433 0,6408 331
1,2155 5 0,6768 0,6746 420
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Dasoevie pasnosecus u Hexkomopbwie céolicmea meepdvix pacmeopos 6 cucmeme Cu2SnSs-AgaSnSs

Crniaaspl MccaeaoBaau MeTogamu PU3NKO-XMMUYeckoro aHaausa: ATA Beimoansan Ha
Hus3kouacrotHoM tepmorpadpe HTP-70 B temneparyprom murepsade 25-900°C. CxkopocTsb
Harpesa 10°/mun. Tepmonapa xpomeab-aaioMeaeBas, B KadeCTse CTaHAapTa MCIIOAb30BaAM
oKcrA aaloMuHys. JudpaxrorpaMmsl cHuMaAau Ha ycraHoske D2 Phaser ¢pupmer Bruker
(CuKa- mszayuenne, Ni-puastp). MCA mpoBoguanm Ha Mmuxpockore MVIM-8 (B kauecTse
TpaBUTeAs MCIIOAB30BaAu pa3OaBA€HHBIN PacTBOP a30THON KMCAOTHI), @ MUKPOTBEPAOCTD
usMepsian Ha MukporsopdoMepe IIMT-3 npm Harpyskax, BLIOpaHHBIX B pe3yAbTaTte
U3MepeHIs MUKPOTBepAocTH Kaxkaoit ¢passl (0,02 kr).

OBCYXAEHME PE3YAbTATOB ICCAEAOBAHISI

ITo aaHHBIM TepMMYEKOTO aHaau3a (cM.TabA.2) Ha TepMOrpaMMax CIAaBOB MMEIOTCs T10
ABa,JIHOTAa TIO Tpu TenAoBbIX d(¢ekra. Bce Temaosbie »PdexTsl DHAOTEpMIUECKUE U
oOpaTuMble.

Auarpamma coctostHus cructeMbl CuzSnSs-Ag:SnSs, mocTpoeHHast MO AaHHBIM (PU3BUKO-
xumugeckoro anaansa (ATA, POA, MCA) npusegena Ha puc.l. Kak BuaHo,

Ta6aumna 2. Pesyasratsl ATA u kpucraaaorpadpuaeckne JaHHbIe ciiaaBob cucreMbl Cu2SnSs- AgaSnSs

o

Cocras TepMmuueckue ITapametpsr permerkn, A B
M0A.% Ag25SnSs P PexTH! CuHronms
HarpeBaHUsI, a b C
°C

0,0 855 ky6ma 5.445 - - -
10 795,845 KyOua 5.482 - - -
20 750,830 KyOmg 5.568 - - -
30 725,820 KyOu4 5.684 - - -
35 715,805 KyOud 5.704 - - -
40 715,795 KyOmg 5,746 - - -
60 700,720,770 MOHOK/ 6.464 6.204 13.265 93.10°
70 690,720,760 MOHOK/ 6.402 6.180 13.260 93.10°
80 685,730 MOHOK/ 6.346 5.966 13.242 93.18°
90 670,700 MOHOK/ 6.302 5.845 13.206 93.20°
100 663 MOHOK/ 6.270 5.796 13.179 93.27°

cucteMa Cu2SnSs-AgaSnSs sBAsieTcss KBasMOMHAPHBIM CeyeHMeM KBa3UTPOIHONM CHUCTeMBI
Ag:5-CuS-SnS: n otHOCUTCA K IepuTekTdeckomy Ttuiry. MCA OTOXK>KeHHBIX CIIAaBOB (B
KayecTBe TpaBUTeAs MUCIOAb30BaAM XPOMOBYIO cMecCh M pasbaBAeHHBINI pacTBOP a30THON
KIICAOTBI) TIOKa3aa, 4To Bee criaaBbl cucTeMbl CuaSnSs-AgaSnSs ognodasHsl 3a Mcka0YeHeM
cr4aBoB, cogepkammx 35-60 M0a.% Ag:SnSs. IlepurtexTudeckoe papHOBecHe X+a <3 ( 34ech
o 1 - TBepAble pacTBOPBI Ha OCHOBE MCXOAHBIX CyAb(pUAOB) IIPOUCXOAUT IIpU TeMIlepaType
720°C. IlepuTexTiyeckast TOUKa COOTBETCTBYeT cocTaBy 75M04.% Ag2SnSs.

PesyabTaThl peHTTeHO(]a30BOTO aHaAM3a XOPOIIIO COrAacyIOTCsl C AaHHBIMY MUKPOCTPYK-
TYPHOTO aHaAM3a M IOATBep>KAaloT oOpaszosaHue B cucreMe Cu2SnSs-AgoSnSs mmpoxoir
004acTy TBepABIX PaCTBOPOB Ha OCHOBE KOMIIOHEHTOB.

YcraHoBAeHO, 4TO AM(paKIIMOHHAas KapTIHA CI11aBoB, codepkariux 0-35M04.% Ag:5nSs,
UAEHTUYHA C AMPPaKTOrpaMMOI MCXOAHOIO TPOMHOIO COeAVHeHNs THOCTaHHaTa MeAu
Cu25nSs , T.e. OHM ABASIOTCS TBEPABIMU pacTBOpaMu 3amelrieHns1 Ha ocHoBe Cu2SnSs (a-dasa).
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Puc.1. azopasn gurpamma cucrembl Cu2SnSs-Ag25nSs (a) 1 3aBUCUMOCTh MUKPOTBEPAOCTH OT cocTaBa (0)

a-TBeparple pacTBOpPHI IO AaHHBIM PDA OTHOCATCS K KyOMUecKOl CMHTOHIM THIa ZnS u
C yBeAnyeHeM KOHIIeHTpanuy Ag:SnSs mapaMeTp peleTKu yseandnsaeTcs (Tada.2)

Nsomopdnoe 3amerenne katmoHos Cu® m Ag', KaKk HpaBUAO 3aBUCUT OT Tpex
(pakTOpOB: CXOACTBO HA€KTPOHHOTO CTPOEHMS KaTMOHOB, 0AM30CTI X Pa3MepOB (aATOMHBIX I
MOHHBIX PaAMyCOB) U MOA00Me CTpOeHUs coeauHeHUs. B pasamuHbpIX Kaaccax coeaVHeHUI
KaXKABIN 13 TUX (PaKTOPOB MOXKET UIPaTh OIpeAeAeHHYIO POAb B peaaAmusaliuy TeX AU
VIHBIX TUIIOB paBHOBecuIn [22].

YcranoBaeHo, 4TO B3amMo3aMmelleHre KaTnmoHos Cu* n Ag* B cucreme Cu2SnSs- AgaSnSs
peryAnpyeTrcsi B OCHOBHOM THUIIOM ®A€KTPOHHOIO CTPOeHMs KaTMOHOB, KPUCTaAAN4ecKomn
CTPYKTYPBI ¥ KOOPAVHAIIMOHHBIM 9ICAOM KaTMOHOB.

PenTrenorpammel criaapos cucteMbl Cu2SnSs-AgaSnSs mpuseensr Ha puc.2.
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Puc.2. AudpaxrorpamMmmsl criaasos cucreMbl Cu2SnSs- AgaSnSs
1-Ag2SnSs, 2-68M04% Ag2SnSs, 3-60 M0A% Ag2SnSs, 4-45M04% Ag25nSs,5- Cu25nSs
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B-Teepable pacTBOPH Ha OCHOBe Ag:SnSs KpUCTAaAAU3YIOTCSI B MOHOKAMHHOM CMHTOHUM
u orHocATcss K crpykrypHomy Tmiy CuxGeSs. IloaydyeHHble 3HadeHMs IapaMeTpOB
KPUCTaAAMYEeCKON peIeTKy, BMecTe C JaHHBIMIU TepMUJYeCKOrO aHaAmu3a IIpejcTaBAeHbl B
Taba.2.

Kak Buano n3 tabaniipl, B rpegeaax o641acTeil TOMOTeHHOCTU o-pa3 KOHIIEHTpPalOH-
HBle 3aBUCUMOCTU IapaMeTpOB KPUCTaAAMYeCKUX pelleTOK IpakTudecky AnHeiHbl. Ha
puc.l. mpeacraBaeHsl TakXKe KpuUBble M3MepeHUs MUKpoTsepgoctu Hu B 3aBucumoctu ot
cocTaBa, TUIIMYHBIE 445 TBEpABIX pacTBOpPOB. B rereporennoir odaactu (35-60 M0a.% AgaSnSs)
rapaMeTphl KpPUCTaAMdecKuX pemreTok a u 3-¢as, a Takke 3Ha4eHUs UX MUKPOTBEPAOCTY
MPaKTHYeCKN OCTAIOTCS IIOCTOSTHHBIMML.

HOCTpOGHHaﬂ AVarpaMMma COCTOSHMS MOZKET OBITH HCIIOAB30BaHa AAS51 BbI60pa
KOOpAMHAT pacTBOP-pacli1aBHOTO Me€TOJa IIPM BbIpallliBaHNM MOHOKPICTAaA40B 0(-(1)83
3a4aHHOTO COCTaBa MeTOAOM HaHpaBAeHHOf/] Kpucraaansanmn.

TEPMOAVHAMMYECKUE PACYETHI

I'panmuer a(Cu2SnSs) m [B(AgSnSs) TBepabIX pacTBOPOB B KBasMOMHAPHOM paspese
Cu25nSs - Ag25nSs yTouHMAM € TIOMOIIBIO TeMIIepaTypHO-KOHIIEHTPAIMIOHHOM 3aBUCMMOCTIU
csobogHoI sHeprun I'mooca. Coeguuennst CuSnSs 1 AgeSnSs cyliecTBEHHO OTAMYAIOTCA 10
crpykrype [7,21]. Tak a(Cu2SnSs) mumeer kKyomdeckyio, a [P(Ag:SnSs) MOHOKAMHHYIO
CTPYKTYpY. ITosTomy AAs TepPMOAVHAMIYECKIX pacueTos JICII0AB30BaAN
MOAMQUIIMPOBAHHBII BapUaHT MOJAeAU PeryASpPHBIX pPacTBOPOB, KOTOPBIN YCIIEITHO
arpoduposaHs B [23,24]:

AG; =ax™(1-x)" + pRT[xIn x+ (- x) In(1-x)] (1)

3aech: x-moapHasaA Aoasd Ag:SnSs B cucreme Cu2SnSs—Ag:SnSs; mepsoe caaraeMoe
IIpeACTaBAseT DHTAABIIMIO CMEIIeHNs TBEPABIX PacTBOPOB B paMKaX acMMMETPUYHOIO
BapMaHTa MOJEAN PEeTYAAPHBIX PacTBOPOB; 445 TBEPABIX pacTBOPOB C pacriaioM Ha ABe (a3bl
napametp cMmeltenus a>0; BTopoe caaraeMoe IpeAcTaBpAaseT KOHPUIYPalVOHHYIO SHTPOIINIO
CMeIlleHUsI TBePABIX PacTBOPOB B paMKax MOJAeAM HeMOAeKYASPHBIX coeauHeHMin [25];
P=2,mipeacTaBaseT unca0 pa3HOMMeHHbIX aToMOB B Cu25nSs 1 Ag25nSs

AAas pellleHNsl YpaBHEHMU:, coJep Kalllero Asa (PYHKUMOHAABHBIX IIapaMeTpoOB
(TeMmepaTyp, cocTaB) U U3OBITOYHYIO CBOOOAHYIO ®Heprum ImbOOca, mcroap3oBaan
Mpmuoroueaesoit  I'enmetmueckmit ~ Aasroput™m  [26].  Jas  ocymjecTBaeHms — Ipoliecca
MHTepIIpeTalii MCI0Ab30BaHbl CAeAYIOIIEe YCAOBNA:

x=0~+1; a>0 ; ; m>n>1 ; 650K<T<1000 (2)

B pesyarprarte pacderos 3aBucumMocTts (1) moaydena B caeayronieM Buae
AG?(J/mol) =7-10°x*"(1-x)* +2-8.314T[xIn x + (1— X) In(1- X)] (2)

3aBUCHMMOCTY CBOOOAHON SHEPIUM CMeIleHUs TBepAbIX PacTBOPOB AAs TeMIlepaTyp
IpeJcTaBAeHbl Ha puc. 3, U3 KOTOPBIX CAedyeT, YTO B CpeAHMX 00AacTsAX KOHIIeHTpaluu
TBepAble pacTBOPBI HEYCTOMYMBEL U AOAKHBI paciiajaThcs Ha ase ¢aspl. Vicxoas n3 ycaosus
BHyTpeHHero pasHOBecus (0°G/0x?)p, >0 [27] onpeaeaens! rpanumsl o(Cu2SnSs) n B(Ag2SnSs)
CIMHOAAABHOTO pacnaja TBepAbIX pacTBOPOB (puc.4).
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Vcxoast n3 ycaosus BHyTpeHHero pasHoBecysi (0°G/0x?)pr>0 [27] onpedeaeHBl TpaHUITBI
a(Cu25nSs) n B(Ag25nSs) crimHOAaAbHOTO paciiaga TBepABIX PacTBOPOB (puc.4).
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Puc.4. 3aBucumocty GyHKINY BHYyTpeHHeN cradbuabsHocTH (0°G/0x?)p, >0 TBEPABIX pacTBOPOB
(a-Cu25nSs)1-x(3-Ag2SnSs)x OT TeMIepaTypHI.

PacyeTsl BRIITOAHEHBI U BU3yaAMPOBaHBbI C IIOMOIIBIO ITporpaMmbl OriginLab2018.
BoeiBoabl

1. Briepsple m3ydyeHa m mocTpoeHa AmarpaMma cocTOossHMs cucreMbl Cu2SnSs-AgaSnSs.
YcraHOBAEHO, 4TO CUCTeMa SBAseTCs KBa3MOWHAapHBIM CeuyeHUeM KBa3UTPOIHON CHCTeMBI
Ag:5-5n5;-CuaS 1 oTHOCUTCA K HePUTEKTUIMCKOMY TUILY.

2. B cucreme Cu25nS:-AgoSnS; oOHapykeHO oOpa3oBaHMe OrpaHMYEeHHBIX oOOJacTeli
TBEPABIX pPacTBOPOB Ha OCHOBE MCXOAHBIX KOMIIOHEHTOB. PacTBOpMMOCTh Ha OCHOBe
THUOCTaHHaTa MeAM IIpU KOMHATHOM TemIlepartype gocturaet 35Mo4.% Ag:SnSs, a Ha OCHOBe
TrocraHHaTa cepedpa 40 M0a.% Cu2SnSs.
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3. Aas onpeaeaeHus TpaHULL TBepABIX pacTBOpoB Ha ocHOBe a(Cu2SnSs) n B(Ag25nSs),

OTANMYAIOIIMXC 110 cocCTaBy n KpI/ICTaAAOFpa(l)I/I‘IECKI/IM AaHHBIM, JICITIOAb30BaH

aCVIMMeTpI/I‘IHblﬁ BaplnaHT MOAeAl PEeTyAsPHBIX paCTBOPOB 1 TepMOAVMHaMI4YeCKOe yCAO0BIE

BHyTpeHHero pasHOBecus (0°G/0x?)p,r>0
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AZORBAYCANIN NOXUD (CIiCER ARIETINUM L.)
KOLLEKSIYASINDA MOHSULDARLIQ, BIOKIMYOVi VO
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XULASO

Todqiqat isinde Azarbaycanda becorilon noxud genotiplerinde keyfiyyat, mohsuldarliq ve texnoloji
gostoriciloari {i¢ il arzinda dyrenilmisdir. Miisahidalor naticasinde miiayyen olunmusdur ki, niimunalarda birinci il
vegetasiya miiddati 185-198 giin, ikinci il 220-225 giin, {iclincii il 210-217 giin tagkil edir. Boyunun hiindiirliiyiine
gora an hiindiir boylu genotip Flip11-198c (80sm) olmusdur. Yiiz toxumun maksimum kiitlasi Flip10-332c (24.8q)
niimunoasinds qeyds alinmisdir. Korelyasiya analizinin tohlili naticesinde niimunslords bitki hiindiirliiyii ile
birinci paxlaya qadar masafe (r=0.729"), bitkide paxla say1 (r=0.525"), bir bitkinin mahsuldarligt (r=0.641"), bir
kvadrat metr sahadoki mohsuldarliq (r=0.557"") arasinda miisbat oshomiyystli asililig, yiiz toxumun kiitlosi
(r=0.276") arasinda az shamiyyoatli asililiq mévcuddur. Cérayin hacm ve keyfiyyati an yiiksok standart Nermin
sortunda miisahide edilmisdir.Standart Nermin, Flip 10-318c sortniimunslorinin Qobustan yumsaq bugda
sortuna 5% qatqust yiitksok hacm voe keyfiyyato malik olmusdur.

Acar sozlar: noxud, ziilal, mahsuldarliq, keyfiyyat, komiyyat, suudma qabiliyyati

PRODUCTIVITY, BIOCHEMICAL AND BAKING QUALITY OF CHICKPEA
(CICER ARIETINUM L.) OF THE AZERBAIJANI COLLECTION

ABSTRACT

Quality, productivity, and technological indicators of chickpea genotypes cultivated in Azerbaijan were
studied for three years. According to observations, the vegetation period in the first, second, and third years was
185-198, 220-225, and 210-217 days, respectively. The tallest genotype was Flip11-198c (80cm). The maximum
mass of 100 seeds was recorded in the sample Flip10-332c (24.8g). As a result of the correlation analysis, a positive
significant correlation was found between the plant height and the distance to the first bean (r=0.729**), the
number of beans per plant (r=0.525"*), the productivity of one plant (r=0.641**), productivity per square meter
area (r= 0.557*%), a less significant correlation was observed between 100-seed mass (r=0.276*). The highest volume
and quality of bread were observed in the standard Narmin variety. The 5% percent additions of standard
Narmin and Flip 10-318c specimens to the bread wheat variety Gobustan resulted in a high volume and quality.

Keywords: chickpea, protein, productivity, quality, quantity, water absorption capacity

MPOAYKTUBHOCTbD, BUOXVMUYECKUE U XAAEBOITEKAPHBIE KAUECTBA HYTA (CICER
ARIETINUM L.) A3EPBAMAKAHCKOM KOAAEKIIVN

PE3IOME

KagecTBo, IIpOAYKTMBHOCT M TeXHOAOTMYeCKMe IIOKa3aTeA TIeHOTUIIOB HyTa, BO3JeAbIBa€MBIX B
Aszepbaita>kaHe, ObLAV U3ydeHH B TedeHUe TpeX JAeT. BereTaljnoHHEBIN IIepuoJ B IIEPBHIN, BTOPOI U TPETUII IO/,
cocraBMA COOTBeTCTBeHHO 185-198, 220-225 u 210-217 aneit. Cambiit Boicoknii reHotun 6s1a Flip11-198c (80cm).
MaxcnmaasHas Macca 100 cemsn ormedena y obpasia Flip10-332c (24,8 1). B pesyapTate KOppeAsAIIOHHOTO
aHaAM3a BbIABA€Ha IIOAOXKUTEeAbHAs 3HAuMMasl KOppeAsdlus MeXAy BBICOTON pacTeHMsl U pacCTOsSHMEeM A0
mepsoro 606a (r=0,729**), xoamdectBom 60008 Ha pacteHnu (r=0,525*), MPOAYKTUBHOCTBIO OJHOTO pacTeHII
(r=0,641*), MpPOAYKTUBHOCTBIO C KBagpaTHOro MeTpa mnaomaau (r=0,557**), MeHee 3HauMMas KOppeAslus
Haba104a4ack Mexxay Maccoit 100 cemsH (r=0,276%). Hanboapimmit o0beM 1 Aydlllee KadecTBo XAeba HabAI0A4aAU Y
cragapTHOTO copTa Hapmum. Jobasaenne coproodpasiiop Hapmum u Flip 10-318c¢ (5%) k Myke, moay4eHHO U3
MATKOI HIIIeHNITs copTa I'oOycTran mpuBoauAa K ybeAndeHnIo o0beMa 1 yAydIIeHNIO KadecTsa xaeda.

Karouessle caosa: HYT, 66/101(, IIPOAYKTUBHOCTD, Ka4€CTBO, KOAMYIECTBO, BOAOIIOIA0TUTEAbHAS CITOCOOHOCT®.
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Mbahbuba Rafiq qiz1 Salmanova

GIRIS

Noxud birillik bitki olub, kok sistemi giiclii inkisaf etmisdir. Kok sistemi 20 sm
darinlikde inkisaf edir, 100 sm darinliys qadar gedir. Bitki hiindiirliiyti 20 sm dan Im-a
godardir. Orta hesabla 45-55 sm-dir. Noxud kola banzer ot bitkisidir. Cigoklori mavi,
bandvsayi, ¢ohray1 ve ag rongdadir. Birevli bitki oldugu {iglin 6z-6ziine tozlanma gedir,
meyvolori paxladir. Govdaleri dik, sarilon, yaridik formada olur, tiklidir, 0,21 ils Im
arasindaki hiindiirliiye gadar bdytiye bilirlar. Yarpaqglar miirokkebdir, tok lelokvari qurulusa
malikdir [1]. Noxud cicer cinsino , fabacea ailosine maxsus olan paxlali bitkidir. Toxminan
690 nasildan 17600 nov olan bitki leguminosal ailasine aiddir [2]. Noxudun genetik bazasinin
genislondirilmesi, onun istehsalin1 asanlasdirmalidir. Bunun iigiin istehlak¢inin taleblarine
cavab veran yeni novler yaradilmalidir ki, bu névlar kend tesarriifatinda tacriibaden ¢ixmus,
doyison iqlim soraitine davamli formalar olmalidir. Noxudun ohlilesdirilmasi ve
yetisdirilmoasi moahsula ciddi bir genetik kegid qoydu, vohsi acdad ve miiasir elit sortlar
arasinda miixtalifliyin toxmini >95%-ni itirdiyi texmin edilir [3]. Olkenin orzaq
tohliikesizliyinin teminati baximindan Elmi Tadqiqat Okingilik institutun mandatina daxil
olan prioritet bitkilorden biri olan noxudun genetikasi, seleksiyasi vo toxumgulugu
istiqametlorinde boyiik isler goriiliir. Institutun faaliyyet dovriinde 140 denli ve denli-
paxlali, yem va tiitlin bitkisi sortlar1 yaradilmis ve rayonlasdirilmisdir. Burada donli vo
danli-paxlal1 bitkilerin quraq dagliq demye saraitine uygunlasa bilen, yiiksek mahsuldar ve
keyfiyyatli, quraqliga, qisa, xostaliklore davamli sort ve hibridlarinin yaradilmas:
istigamoatinda seleksiya iglorinin aparilmasi togkil olunur [4]. ICRISAT beynolxalq tagkilatt
1998-2019-cu illar arzinds 182605 toxum niimunesini 127 olkeys ixrac etmisdir ki, ixrac
edilon niimunslorin maksimum say1 sorqo (51309), noxud (48513) vo mirvari dar1 (39771)
olmusdur[5].Rusiyada okin sahslorinin strukturunda noxudun pay: 1%-den azdir. Onun
becarilmasinin asas bolgalari Stavropol, Altay orazileri ve Rostov vilayatidir. 2016-2018-ci
illarde Rusiyada Orta Ural seraitinde alimler yiiksek moahsuldar, xastaliklora davamli ve
mohsul y1gim1 zamani az itkiye maruz qalan yeni noxud névlasrinin yaradilmasi magsadils
tocriibalor apardi. Aparilan tedqiqatlar zamani1 metereoloji sarait cox deyisken oldu. Har il
dord tekrarla 30-35 gesid Oyronilirdi. Bigciqh formalar ticlin Krasnoufimsky 11, yarpaqh
noxudlar {i¢lin iso Marathon sortu standart forma kimi gotiiriilmiisdiir. Yeni perspektivli
sortlar Edem vo Fakel sinaqlarda mahsuldarliq ve diger alamatlerine gore standartdan tistiin
natica gostermakla secgilmislar [6]. Seleksiya isinda qarsida duran asas masalalardan biri kend
tosarriifat: {iciin yeni mahsuldar va yiiksak keyfiyyeotli noxud sortlari yaratmaqdan ibarstdir
[7]. Noxud dietik tesire malikdir, pehriz saxlayanlar ticlin shemiyystli qidadir. Terkibi
yliksok miqdarda gida maddsleri, xiisusen demir, fosfor, mis, kalium, maqgnezium var.
Torkibinds olan fosfor gan hiiceyralorinin saglamliginin qorunmasina sebab olur. Bundan
basqa A, B, C vitaminleri ilo zengindir. Noxuddan sorba, piire, siyiq, miixtalif salatlar
hazirlanir, hamginin ¢erez kimi de istifade olunur [8]. Cin alimlari tersfinden asag:
temperaturda noxud unu slave edilmis sazan balifi stinden hazirlanan kolbasalarin
istehsalni inkisaf etdirmak {i¢iin miixtalif miqdarda noxud unu slave etmokls rengs, gelin
mohkomliyine, su tutma qabiliyystine ve baligin bisirilme vaxtinin itkisine tosiri
Oyranilmisdir. Noxud ununun 6%-s qoadar artmasi ilo sortlik, ceynama, gel giicii, su tutma
qabiliyyati artdi, bisme vaxt1 itkisi azaldi. Noxud unu baliq kolbasalarimin keyfiyyatina tasir
etdiyini gormak olar. Miiayyen miqdar noxud unu olave etmokls baliq kolbasasmin
keyfiyyotini artirmaqla yanasi, ona unikal bir lsazzat verir [9]. Quebec oayalatinds 4 fabrik

68



Azarbaycanin noxud (Cicer Arietinum L.) kolleksiyasinda mahsuldarliq, biokimyavi va ¢orakbisirma keyfiyyati

torofinden istehsal edilon noxudun gqida terkibini qgiymstlondirmak diglin (ciy,
konservlosdirilmis veo dondurulmus) veziyystlorde ii¢ illik bir arasdirma aparilmisdir.
Noticads ¢iy ve islonmis (yoni qaynadilmis, konservlasdirilmis) noxudun gida elementlarinin
forgli oldugu agkar edilmisdir. Farqlor asasen C vitamini ve mineral tarkibine gore idi.
Noticalor gostordi ki, ¢iy noxud optimal saraitde qaynadilanda dondurulmus noxuda oxsar
vo  konservlegdirilmis noxuda nisbaten istiin qida elementlorine  malikdir.
Konservlagdirilmis noxudda Na gostoricisi orta giymatden asagr olmusdur [10]. Qadim
zamanlardan insan cemiyyetinin miihiim qidalarindan biri ¢érek olmusdur. Corek adaten
yumsaq bugda sortlarindan bisirilir ki, onun keyfiyysti bugda deninin keyfiyystinden
asithidir. Comiyyat inkisaf etdikce onlarin gidaya tslabati dayismis ve buna uygun olaraq
¢orayin daha dadh alinmasi iiglin una kepok, miixtalif adviyyatlar, gargidali unu, meyvo vo
gilomeyvalar ds alave etmays baglanmigdir. Har 6lkenin 6ziinamaxsus ¢orayi olduguna gors
onlara slave edilon qatqilar da ferqlenir. Masslon Hindistanda shali dari, sorqo, arpa ve
qargidalini qarisdiraraq ¢Orak bisirirlar, Conubi-Sarqi Asiyada ¢Orays soya, Ukraynada ise
sarimsaqli qarabasaq slave edilir [11]. Azarbaycanda ¢oreys noxud unu qatilmagla ¢orayin
keyfiyyatinin nece dayisildiyini tayin eda bilarik. Bu dévriimiiz ii¢iin shalinin gida talsbatmna
uygundur.

Material metodika

Todqiqgat isinde ICARDA-dan introduksiya olunmus noxud niimunslesrindan istifads
olunmugdur. AMEA Genetik Ehtiyatlar Institutunun Abseron Tacriibe Bazasinda 76 niimuna
okilmis, tarla tecriibalari noyabr aymin II-III ongiinliiylinds qoyulmus, vegetasiya dovrii
arzinda Oyrenilan niimunalar iizerinds miitemadi olaraq fenoloji miisahidaler aparilmus,
cigoklomaye, tam yetismaya kimi olan giinlarin say1 tayin olunmus, bitkilarin boyu, birinci
paxlaya gadar olan masafs, mahsuldarligi, 100 toxumun kiitlasi, bir bitkide olan paxlalarin
say1, paxlanin eni-uzunu, bir bitkide toxumlarin sayi, bir bitkide olan toxumun kiitlasi,bir
kvadrat metr sahadski mahsuldarliq miisyyan edilmisdir. Niimunslerin biokimyavi va
texnoloji analizlori KTN-nin ET9I-da “Danin keyfiyyati “ labaratoriyasinda aparilmis, 76
niimunads timumi ziilalin [12], yagin [13], triptofanin [14] toyini, namlik [15], toxumun su
udma qabiliyyeti [16], qabigin lopayas nisbati [17], bisirilme miiddati [18], ¢orayin bisirilme
keyfiyyotinin tadqiqi [19] Oyrenilmisdir. Ziilalin toyini Kelldal, yagin tayini isa Sokslet tisulu
ilo aparilmigdir. Uc illik noticalor asasmnda bozi statistik tohlillar aparilmis, niimunalards
biomorfoloji ve teserriifat gostaricilori 2019-2022-ci illar {izre miiqayisali tohlil olunmusdur.

Tadqiq olunan niimunalar cadval 1-ds verilmisdir.
Cadval 1. Tadgiq olunan niimunsalar:

Niimunanin Moangeyi | Niimunanin Monsgayi | Nimunenin | Mangayi | Niimunsn | Mansayi
adi adi adi in ad1
1 Flip13-70c fcarda 20 Flip13-320c | icarda 39 Flip11-21c | Icarda 58 Flipl1- | Icarda
215c¢
2 Flip13-151c | icarda 21 Flip13-330c | icarda 40  Flip10- | Icarda 59 Flipl1- | Icarda
338¢ 45c¢
3 Flip13-153c | Icarda 22 Flip13-335¢ | Icarda 41  Flip1l- | Icarda 60 Flipll- | Icarda
167c 72c
4 Flip13-154c | Icarda 23 Flip13-336c | Icarda 42 Flip11-76¢ | Icarda 61 Flipll- | Icarda
210c
5 Flip13-194c | icarda 24 Flip13-338c | icarda 43 Flipll- | Icarda 62 Flip10- | icarda
175¢ 318¢
6 Flip13-227c fcarda 25 Flip13-340c | icarda 44 Flip11-70c | Icarda 63 Flipl1- | icarda
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l6c
7 Flip13-234c | Icarda 26 Flip13-343c | Icarda 45  Flip10- | Icarda 64 Flipll- | Icarda
332c 58¢
8 Flip13-240c | icarda 27 Flip13-356¢ | icarda 46  Flipll- | Icarda 65 Flipl1- | icarda
125¢ 138¢
9 Flip13-247c | icarda 28 Flip13-358c | icarda 47 Flip11-05¢ | Icarda 66 Flip10- | icarda
345c¢
10 Flip13-250c | Icarda 29 Flip13-364c | Icarda 48  Flipll- | Icarda 67 Flip88- | Icarda
208c 85¢
11 Flip13-251c | Icarda 30 Flip13-369c | Icarda 49 Flip93-93c | Icarda 68 Flipll- | Icarda
105c
12 Flip13-253¢ | Icarda 31 Flip13-376¢ | icarda 50 Flip11-32c | Icarda 69 Flipl1- | icarda
0lc
13 Flip13-258¢c | Icarda 32 fL.C-482¢ fcarda 51 Flip11-66¢ | Icarda 70  ILC- | icarda
482¢c
14 Flip13-261c | Icarda 33 Flip82-150c | Icarda 52 Flipll- | Icarda 71 Flipll- | Icarda
205¢ 216¢
15 Flip13-277¢ fcarda 34 Flip88-85¢ Icarda 53  Flipll- Icarda 72 Flip82- Icarda
140c 150c
16 Flip13-278c | Icarda 35Flip93-93c | icarda 54 Flip11-08c | Icarda 73 Flipl1- | icarda
214c
17 Flip13-282¢ fcarda 36 St Nermin Azorb 55  Flipll- Icarda 74 Sultan Azoarb
198c
18 Flip13-308c fcarda 37 Flip11-12c Icarda 56 Flip11-11c Icarda 75 Flipll- Icarda
190c
19 Flip13-314c | Icarda 38Flip11-104c | icarda 57  Flipll- | Icarda 76 Flipl1- | Icarda
209¢ 15¢

Noticoalor

Biomorfoloji miisahidalor naticesinde bitkinin pigmentasiyasi, tiikliliyi, govdenin
formasi, yarpagin tipi, cavan yarpaqlarin 6l¢tilari, ¢icayin rengi ve say1 tayin edilmis, fenoloji
miisahidalorden ¢ixis giinlori, sahade toxumlarin ciicorms faizi, ¢i¢ekloma ve yetisma
fazasma goadar olan giinlarin say1 qeyds alinaraq miiqayisali 6yrenilmisdir. Yigimdan sonra
har ntimunaden 5 bitki tizerinds struktur analiz aparilmis, bitkinin hiindiirliyt, budaqlarin
say1, bir bitkide olan paxlalarin say1, paxlanin dlgiilari, har paxlada toxumun sayi, 100 denin
kiitlasi, bir bitkiden moahsuldarliq toyin edilmisdir. Okin niimunslari standart yerli Normin
sortu ils yanag1 akilmis, miiqayisali Oyrenilmisdir. Birinci il vegetasiya miiddati 185-198 giin,
ikinci il 220-225 giin, tiglincii il 210-217 giin tagkil etmisdir. Noxud niimunsalarinds gigakloma
fazasi hom birinci, hom do ikinci il 156-163 giin, tiglincii il 155-166 giin toskil etmis,
paxlaamoalagalma fazas: birinci il 174-180 giin, ikinci il 172-180 giin, {igiincii il 168-185 giin
toskil etmoakls digoer illordekins nisbaten tistiin gostericiye malik olmusdur. Tadqiq etdiyimiz
nimunoalaorden Flip11-198c (80sm) hiindiir boylu, Flipl11-12¢ (43sm) ise on al¢caq boylu
niimunoslar kimi giymatlondirilmisdir. Yiiz toxumun maksimum kiitlo gostoricilari Flip10-
332c (24.8q) niimunasinds, minimum Flip13-240c (4.1q) niimunssinds geyds almmuigdir.
Birinci paxlanin hiindiirliik gostaricilarine asasen en hiindiir Flip11-138c (43sm), an asag1
Flip13-356c (20sm) niimunslsrinde miisyyen edilmisdir. Paxla Olgiilarine nazar yetirsak an
boyiik ol¢ti Flip11-208c (1.6;3.3), an kicik oOl¢ii Flip13-240c (1.1;2.3) niimunsleri olmagla
secilmislor. Bitkide paxlalarin say1 an cox olan ILC482c (81), an az Flipl11-167c (17)
nimunosloridir. Yiiz toxumun maksimum kiitlo gostoricilori Flip11-208c  (49.65q)
niimunasinds, minimum Flip11-175c (20.55q) niimunssinds qeyds alinmusdir. Bir bitkids
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mohsuldarliq gostericilori maksimum Flip10-332¢ (24.8 q), minimum Flip13-1240c (4,1q), bir
kvadrat metr sahadaki mahsuldarliq maksimum Flip10-318c (511.46), minimum Flip13-335c
(73.03) niimunslerinds geyds alinmigdir.Niimunsler arasindan an perspektivli olanlar
Flip11-70c, Flip10-332¢, Flip11-11c, Flip11-198c, Flip11-138c, Flip10-318¢Flipl1-16¢ secilib
ayrilmisdir. Bu genotiplor golocokda yeni sortlarin alinmasinda baslangic material kimi
istifads edils bilar.

Niimunalerds biokimyavi ve texnoloji analizler aparilmisdir.Ucillik naticolors asasen
giymoatlondirme aparilarag, niimunsler arasinda an keyfiyyastli olan genotipler secilib
ayrilmisdir.Tadqiq olunan niimunsalardan ziilalin faizls miqdarma gors Flip 11-16¢ (25.1%)
ziilal faizi g¢ox olan, Flip13-240c (18.8%) az olan niimunslardir.Standart Normin sortunda
ziilalilin faizle miqdar: orta gostericide (23.4%) olmusdur. Yagin faizle miqdar1 an yiiksak
Flip 13-234c  (11%), on asagt Flipl1l-15¢c (6%) nimunalorinde miisahida
olunmusdur.Triptofanin analiz gostaricilorine diqqgst yetirsok Flip11-167c (12.27%) on
yiiksak, Flip13-253c (6.69%) an asag1 naticoys malik niimunalardir. Standart Narmin sortu
(7.87%) faiz gostericisine malik olmusdur.Niimunalarin texnoloji analiz gostericilarinden
namlik, suudma qabiliyysti, qabigin lapaye nisbati, bisirilme miiddsti miiqayisali
Oyronilmisdir. Nomlik gostoricilorinden Flip11-11c (12%) yiiksok, Flip11-190c (10%) asagt
naticoys malik olan niimunslardir. Qabigin lspays nisbati an yiiksak Flipll-11c (7%), an
asag1 Flip11-208c (4%) olmagla segilmislor.Standart Normin sortunda (6%)-dir.Suudma
qabiliyyetinin naticelarine asasan Flip 13-336¢ (99%) yiiksek su udmaq qabiliyystins, Flip11-
140c (65%) asag1 su udmagq qabiliyyetine malik olmusdur. Standar Normin sortu (90%) orta
doaraceds su udmaq qabiliyyeti gostermisdir. ©On gec bisirilms miiddastine Flip13-227c
(2s37d), on tez bisms miiddatine ILC 482¢ (1s 03d) malik olmusdur.Standart Normin sortu
(2s 03d) bisirilma miiddsti gostermisdir.Niimunslar arasindan Flip11-0lc, Flip 88-85c, Flip
11-214c, Flip 11-210c, Flip10-318c, Flip11-45c, Flip11-215¢c, Flip11-11c, Flip11-198c, Flip1l-
205¢, Flip13-343c an perspektivli sort niimunsler olaraq segilib ayrilmisdir. Bu niimunalar
golacakda seleksiya proqraminda yeni sortlarin alinmasinda istifade edils biler.

Mslumatlarin statistik analizi: Her bir parametrin orta giymsti statistik heablamalar
t¢lin istifade edilmisdir. Statistik analizlor SPSS statistik kompyuter proqraminda hoyata
kecirilmisdir.

Todqiq edilmis olamatlor codvel 2-do goriindiiyli kimi orta giymstlor, standart
kenarlasma (SK), standart xata (S5X) ve variasiya emsali (CV%), variasiya genisliyi
(diapazon), minimum, maksimum qiymstlar verilmisdir. Bitkide paxla say1 (CV=222.175),
bitki hiindiirlityti (CV=75.127), birinci paxlaya qadar masafe (CV=30.872) yiiksak variasiya
amsalma malik olmusdur. Tadqiq edilon slamatlorin har biri yiiksok genetik variasiya
gostormisdir. ©lamatlor arasinda on yiiksen variasya genisliyi bir kvadrat metr sahadaki
mohsuldarliqdir,onun variasiya amsali (CV=12325,233), an asag1 variasya genisliyi paxla
eninds miisahide olunmusdur ki, onun variasiya amsali1 (CV=0.012) gostaricisinds olmusdur.
Yiz toxumun kiitlesi (CV=28.023), bir bitkideki moahsuldarliq (CV=22.565), su udma
qabiliyyati (CV=29.71) orta variasiya emsalma malik olmusdur.Yag (CV=1.262), ziilal
(CV=1.583), triptofan (CV=1.775) asag1 variasiya amsalina malik olsalar da, genis variasiya
genisliyi gostormislor.Paxla uzunlugu (CV=0.037) kicik variasiya emsalina malik olmagqla
digarlerindan farglonmisdir.
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Coadvol 2. Niimunolarin statistik analizi:

bh bdgs idgs |bph bps pe pu ytk  |bbm [pkmm |ya§ ziilal tripto |[nmlk  |gIn |suq bm
SX 99424 1.01848 .057741.63735 [1.70978 (01281 [02212].60722|54489(12.73476 12700 |[14431 [15284 |0800 .0689 1.6253 .0536
SK [B.6675].16114 150332 5.55627 [14.90553|.11167 19285 [5.2936 4.7502 (111.0190 1.10715 [1.25806 [1.33243 |.6978  |6011 [5.451 (4675
7 b 3
CV% [75.127].026 1253 [30.872 [222.175 [.012 .037 [28.02322.565(12325.231.226 1.583 1.775 487 1361 [29.71 .219
37.00 [1.00 1.00 [3.00 [64.00 |50 1.00 [P9.10 [20.70 438.43 [5.00 6.30 5.58 2.00 3.00 [34.00 [1.34
Diapa
zon
43.00 [2.00 1.00 [0.00 [17.00 [1.10 2.30 P0.55 @4.10 [73.03  [6.00 18.80  [6.69 10.00 |4.00 [65.00 [1.03
IMinim
lum
80.00 (3.00 .00 143.00 [81.00 [1.60 3.30 49.65 P4.80 p11.46 [11.00 [25.10 [12.27 [12.00 [7.00 [99.00 [R.37
Maksi
Imum

Korelyasiya analizi: Iki alamet arasindaki korrelyasiya hesablanmisdir. Korelyasiya
analizi genotiplarin giymsatlondirilmasinde an shemiyystli xiisusiyyetlor haqqinda dayarli
molumatlar vers bilor (Norman et al, 2011) [20]. Dhemiyyatli deracads korelyasiya
gostormis slamatlari miisyyen edarak bir slamats gors digeri haqqinda avvalcaden prognoz
vermoak olar vo bu miivafiq genotiplorin se¢imini asanlasdira bilor. Cadvel 3 do tadqiq
etdiyimiz niimunalards bitki hiind{irliiyii ils birinci paxlaya qoder masafe (r=0.729"), bitkida
paxla sayr (r=0.525"), paxla eni (r=0.404"), paxla uzunlugu (r=0.383"), bir bitkinin
moahsuldarlig: (r=0.641"), bir kvadrat metr sahadaki mahsuldarhq (r=0.557"), ziilal (r=0.372")
arasinda miisbat shamiyyatli asiliig, yiiz toxumun kiitlesi (r=0.276), triptofan (r=0.280")
arasinda az shamiyyatli asilihiq, yag (r=-0.366"), ikinci daracali govdalarin say1 (r=-0.285"), su
udma qabiliyyati (r=-0.244") arasinda manfi shomiyyatli asililiq moévcuddur. Birinci daracali
govdalorin say1 ilo bir kvadrat metr sahadoki moehsuldarliq arasinda (r=0.294") miisbat, yag
arasinda (-0.242°) manfi shamiyyoetli asililiq mévcuddur. Tkinci deracali gévdelerin sayi ila
paxla eni arasinda (r=-0.237) menfi, ziilal arasinda (r=0.246") az oshemiyyatli asililiq
movcuddur. Birinci paxlanin hiindiirliyti ils paxla uzunlugu (r=0.371"), paxla eni (r=0.3057),
bir bitkideki mahsuldarliq (r=0.365"), bir kvadrat metr sahadaki mahsuldarlq (r=0.485"),
ziilal (r=0.464"), triptofan (r=0.299") arasinda miisbat shamiyyostli, yag (r=-0.441"), suudma
qabiliyyati arasinda (r=-0.385") manfi shamiyyatli asililiq moévcuddur. Bitkide paxla say1 ilo
bir bitkideki mehsuldarliq (r=0.830"), bir kvadrat metr sahadoki moahsuldarliq (r=0.649"),
bisma miiddati (r=0.296") arasinda miisbat, yag (r=-0.274") arasinda manfi shamiyyatli asililiq
oldugu askar edilmisdir. Paxla eni ile paxla uzunlugu (r=0.762"), yiiz toxumun kiitlasi
(r=0.533"), bir bitkidseki mahsuldarliq (r=0.320"), ziilal (r=0.304") arasinda miisbat, yag (r=-
288") arasinda moanfi shamiyyetli asililiq movcuddur. Paxla uzunlugu ile yiiz toxumun
kiitlosi (r=0.654"), bir bitkidoeki moahsuldarliq (r=0.322") arasinda miisbat, yag (r=-0.439"),
gabigin lopayo nisbati (r=-0.245") arasinda menfi shamiyystli asililiq movcuddur. Yiiz
toxumun kiitlasi ile bir bitkideki mahsuldarliq arasinda (r=0.347") miisbat, qabigin lopays
nisbati (r=-0.453"), yag (r=-0.245") arasinda manfi shemiyysetli asiliiq mévcuddur. Bir bitkinin
mohsuldarligr ils bir kvadrat metr sahadski mshsuldarliq (r=0.685") arasinda miisbat
ohamiyyatli, ziilal (r=0.267"), bisms miiddati (r=0.260") arasinda az shamiyystli, yag (r=-
0.373"), suudma qabiliyyati arasinda (r=-0.315") manfi shamiyyostli asililiq mévcuddur. Bir
kvadrat metr sahadoki moahsuldarlq ilo triptofan arasinda (r=0.340") miisbat shamiyyatli,
yag (r=-0.520"), suudma qabiliyyeti (r=-0.415") arasinda menfi shamiyystli asililiq mévcud
olmusdur. Yagla ziilal arasinda (r=-0.350") menfi shemiyystli, ziilalla qabigin lspays nisbati
arasinda (r=0.259"), triptofanla namlik arasinda (r=0.258"), qabigin lspays nisbati ilo bigsma
miiddati arasinda (r=0.239%) az shamiyyatli asililiq mévcud olmusdur.
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Cadveal 3. Olamatlar arasindak: korrelyativ asililiq:

bdgs idgs bph bps pe pu ytk bbm bkmm yag ziilal tripto nmlk qin suq bm
bh 0.076 -0.285* 0.729** | 0.525"* | 0.404** | 0.383** | 0.276* 0.641** 0.557** -0.366** 0.372** 0.280* 0.089 0.098 -0.244* 0.124
bdgs 1 -0.164 0.055 0.096 0.062 0.131 0.096 0.112 0.294** -0.242* 0.068 0.157 0.1 0.043 0.036 0.086
idgs 1 -0.074 -0.158 -0.237% | -0.179 -0.123 -0.224 -0.131 0.012 0.246* -0.014 -0.19 0.132 -0.036 0.052
bph 1 0.13 0.305* | 0.371* | 0.216 0.365** 0.485** -0.441%* 0.464** 0.299** 0.105 0.053 -0.385** 0.04
bps 1 0.09 0.038 -0.018 0.830** 0.649** -0.274* 0.121 0.061 0.037 0.073 -0.164 0.296**
pe 1 0.762** | 0.533** | 0.320** 0.098 -0.288* 0.304** -0.081 0.112 0.1 0.029 0.025
pu 1 0.654** | 0.322** 0.230* -0.439** 0.216 -0.024 0.031 -0.245* -0.078 0.037
ytk 1 0.347** 0.081 -0.245* 0.141 0.095 0.042 -0.453** -0.088 -0.038
bbm 1 0.685** -0.373** 0.267* 0.128 0.025 -0.123 -0.315%* 0.260*
bkmm 1 -0.520** 0.196 0.340** -0.017 0.041 -0.415** 0.214
yag 1 -0.350%* -0.17 -0.004 | -0.002 0.151 -0.114
zilal 1 -0.003 -0.044 | 0.259* -0.088 0.118
tripto 1 0.258* | 0.101 -0.156 0.141
nmlk 1 0.157 -0.117 0.197
gln 1 0.185 0.239*
suq 1 0.018

indeksino gore qurulmusdur. Molumdur ki, klaster analizi genotiplorin oxsarliq veo
forqliliklarini ortaya c¢ixarmaq iigiin shamiyyetli metodddur ( QAU Qadjiyeva 2020) [21].
Tadqiq etdiyimiz genotipler gostarilon slamatlars gora 2 asas klasterds qruplasdig: tigiin
uygun olaraq dendroqramin 2 klasters boliinarak analiz edilacak. Sakil (2) da gosterildiyi

Klaster analizi: Klaster analizi SPSS statistik proqram paketinin Evklid genetic masafo

kimi har klaster iki subklastera boliinmiisdiir.

PRIpREEITREY

Sakil 2 Niimunalarin Evklid genetic masafs indeksina gore qruplasdirilmasi
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Birinci klasterin 1A subklasterinde 13 genotip, 2A subklasterinds 23 genotip yer
almisdir. Birinci subklasterdaki niimunsler birinci vo ikinci daracsli govdalarin sayi, paxla
eni, paxla uzunlugu, ziilal, yag, namlik, suudma qabiliyyati, qabigin lopoaye nisbatine gore
bir-birine yaxin olan genotiplordir. Suudma qabiliyystine gore an yiiksok natico gostoran
genotiplor Flip13-234c, Flip13-335¢, Flip13-336¢, Flip13-340c, Flip13-308c, Flip13-282c bir —
birine yaxin olmaqla birinci subklasterds yer almislar. Ziilalin faizlo miqdarina gora Flip10-
330c, Flip13-282c, Flip13-308c, Flip13-336¢, Flip13-340c yiiksak natico gostormakls yanasi, bir-
birina yaximn olan genotiplardir.Triptofanin faizls miqdarmna gors an yiiksek naticoye malik
olan Flip11-167c (12.27%), en gec bisan genotip Flip13-227c (2s37d) bu subklasterdes yer
almisdir. Bu subklasterds qruplasmis Flip13-335¢, Flip13-340c niimunsler arasinda Evklid
uzaqliq indeksi an asag1 (3.960) olmusdur, yani bu genotiplor an yaxin genotiplar hesab
edilir. Tkinci subklasterdoki niimunaler genis diapazonda yer almaqla yag, triptofan, namlik
gabigin lapaye nisbati, yiiz toxumun kiitlesi, birinci paxlanin hiindiirliiytine gore bir-birine
yaxin olan genotiplardir. Yagin faizlo miqdarina gors yiiksek olan genotiplar Flip 13-240c,
Flip13-356c¢, Flip13-251c bu subklasterds yer almigdir.

Ikinci klasterin 1B subklasterinds 16 genotip, 2B subklasterinds 24 genotip yer
almigdir. Birinci subklasterdaki niimunoler bitkide paxla say1, bir bitkideki mehsuldarliq, bir
kvadrat metr sahadoki mahsuldarliq, namlik gostaricilorine gore yaxin olan genotiplerdir.
Bir kvadrat metr sahadoki moahsuldarliga gore an yiiksok naticoye malik olan Flip10-318c,
Flip11-210c, Flip11-76c, bitkide paxla say1 en cox olan ILC-482c, Flip11-05c, Flip10-332c
genotiplor bu subklasterde yer almigdir. Ikinci subklasterdski niimunsler daha genis
diapazonda yer almigdir. Boy hiindiirliiyii, birinci paxlanin hiindiirliiyti, yliz toxumun
kiitlesi, yag, ziilal, triptofan, namlik, gabigin lapaye nisbati, bismoa miiddatins gors yaxin olan
genotiplordir. Boy hiindiirliiyiins vo birinci paxlanin hiindiirliiyiine gors an yiiksok naticoya
malik olan Flip11-198c, Flip11-11c, Flip11-08c, yiiz toxumun on bdyiik kiitle gostaricisine
malik olan Flip11-208c, Flip11-105¢c, Flip10-345c, Flipl1-16c genotipleri bu subklasterds yer
almigdir. Birinci paxlanin hiindiirliiyiine gors yiiksak naticaye malik olan genotiplar Flip11-
140c, Flip11-58c, Flip93-93c bu subklasterds yer almisdir. Standart Nermin sortu da orta
gostariciys malik olmaqla bu subklasterds yerlasir.lkinci klasterin ikinci subklasterinda
yerlason genotiplor hom keyfiyyot, hom do kemiyyet slamatlorine gora digar subklasterda
yerlason niimunoalarden yiiksok naticoys malik olmagla segilmislor.Bu niimunalor gelacokda
yeni sotlarin alinmasinda baslangic material kimi istifads edils bilar.
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No 58 Flip11-215

No 62 Flip10-318¢
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No 1 Flip13-70c

No 36 ST Normin
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Cadval 4. Qobustan sortunun ununa noxud sortlarinin miixtalif faizlarls qatqisinin ¢orak keyfiyystine tosiri:

Ne 63 Flip11-16¢

o= - é 2 § ISt
1%} %) : -

Ne 2 < = 2 S| E| Bl 2| & e
o 5 © o O = = 3 £ e = = s
£ 5 £ £ £ £ S £ £ =l g £ =
g Sl s | S 2| Bl BE| B | 2| ®| E| o &
g - E| 2| E| 8| E| E| &| E| 2| ¢ E
Z B %) i o) O o O O o] S| b [~ Ee)

1 Qobustan 625 | 166.0 590 | 45 48

2 Flip11-215¢ | 5 60 162 1472 | 520 |35 45

3 Flip11-215¢ | 10 60 164 1494 | 500 |33 43

4 Flip11-215¢ | 15 59 163.8 | 151.0 | 500 | 3.3 38

5 Flip13-70c | 5 60 165 1472 | 500 | 33 45

6 Flip13-70c | 10 60 1645 | 1522 | 450 | 25 4.2

7 Flip13-70c | 15 60 164 1490 | 400 |18 35

8 Flipl1-16c | 5 60 164 1442 | 450 |25 4.4

9 Flipl1-16c | 10 60 1646 | 1482 | 400 | 1.8 41

10 | Flipll-16c | 15 60 1658 | 1464 | 390 | 1.7 3.9

11 | Flip10-318c | 5 61 165.8 | 1472 | 550 | 4.0 4.7
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12 Flip10-318c 10 61 165.2 146.0 | 510 34 3 4 5 5 3 4 39
13 Flip10-318c 15 60 162.2 1474 | 500 33 3 4 5 4 4 4 39
14 St Normin 5 60 166 149.0 | 550 4.0 5 5 5 5 4 5 4.6
15 St Nermin 10 60 166 148.6 | 520 35 5 5 5 5 4 4 45
16 St Normin 15 60 164 147.6 | 500 3.3 5 5 5 4 4 4 4.2

Cadval 4-don goriindiiyii kimi biitiin hallarda miixtslif noxud sortlarinda qatqilarin
faizinden asili olmayaraq ¢oroyin hacmi Qobustan yumsaq bugda sortunda yiiksak
olmusdur. Corayin hoacm ve keyfiyyoti an yiiksok standart Nermin sortunda miisahida
edilmisdir. Standart Narmin, Flip 10-318c sortniimunalerinin Qobustan yumsaq
bugdasortuna 5% qatqst yiiksek hacm ve keyfiyysto malik olmusdur. ©n asagi hacm va
keyfiyyata Flipl1-16¢ sortunun miixtslif faizlarle qatqisi olmusdur va bu sortdan gealacekds
gatq1 kimi istifade olunmasi maslohat goriilmiir. Todgiqatdan bels naticoya goalmak olar ki
noxud sortlarin 10-15% qatqis1 rong effektini sariya ¢alan agdan, agiq sariya kimi dayisir,
¢orayin hacm va keyfiyyatinin azalmasina sebab olur. Buna gore do noxud sortlarinin az
faizli qatqisindan istifade etmak daha sarfalidir.
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PE3IOME

B mpeacrasaenHoit paboTe mccaei0BaACs XMMUYECKUI COCTaB TPSI3€BBIX BYAKaHOB, PacIIOAOKEHHBIX Ha
tepputopunu I'obycrana n Hlamaxm. C 9T0 1jeapl0 0Opa3Lbl ByAKaHNYECKOI IPsA3U ObLAM ITOATOTOBAEHEI K aHa-
AU3y 110 M3BECTHON METOAMKe M MCCAeA0BaAMCh COBPEMEHHBIMU (PUBMKO-XMMUYECKMMU MeTojaMu. B mpobax
BY/AKaHIMYECKOI TpsA3M M3y4aldoCh cOAep>KaHMe ITOAMIUKAMYIECKMX apoMaTHYecKnX yraesogoposos (ITAY).
CoraacHO MOAYYEeHHBIM pe3yaAbTaTaM, B IIpo0e ByAKaHMYECKOI Ipsi3y OblAM OOHapy>KeHBI I10AMapoMaTIIecKye
YTA€BOAOPOABI U X TOMOAOTTA.

Karouesble caoBa: rpssesble ByAKaHbI, U3Bep KeHNs, OpeKuns IPs3eBbIX ByAKaHOB, MUHEpaAabl, MUKPODAe-
MEHTBI, yTA1€BOA0POAbI

DETERMINATION OF POLYCYCLIC AROMATIC HYDROCARBONS IN THE MUD
VOLCANOES OF GOBUSTAN AND SHAMAKHI

ABSTRACT

In the presented work, the chemical composition of mud volcanoes located on the territory of Gobustan and
Shamakhi was studied. For this purpose, samples of volcanic mud were prepared for analysis by a well-known
method and studied by modern physical and chemical methods. The content of polycyclic aromatic hydrocarbons
(PAHs) was studied in samples of volcanic mud. According to the results obtained, polyaromatic hydrocarbons
and their homologues were found in the volcanic mud sample.

Keywords: mud volcanoes, eruptions, breccia of mud volcanoes, minerals, trace elements, hydrocarbons

QOBUSTAN VO SAMAXI PALCIQ VULKANLARINDA POLITSIKLIK AROMATIK
KARBOHIDROGENLORIN TOYINI

XULASO

Toaqdim olunan isde Qobustan ve Samaxi erazisinda yerlasan palgiq vulkanlarnin kimyevi terkibi tadqiq
edilmisdir. Bu magsadle vulkanik palgiq niimunalari malum tiisulla analiz {i¢lin hazirlanmis ve miiasir fiziki-
kimyavi tisullarla tedqiq edilmisdir. Vulkanik pal¢iq niimunalarinds polisiklik aromatik karbohidrogenlarin
(PAH) torkibi tedqiq edilmisdir. Almnmis naticalore asasen, vulkan palgigr niimunssinde poliaromatik
karbohidrogenlar ve onlarin homoloqlar agkar edilmisdir.

Acar sozlar: palciq vulkanlari, piiskiirmelar, palgiq vulkanlarmin brekgiyalari, minerallar, mikroelementler,
karbohidrogenlar

BBEAEHUE

s wussectHrix B Mupe 0Ooaee yem 2000 rpsi3eBbIX ByAKaHOB 344 pacIlOAOKeHHI B
Aszep0barigxane, B ocHoBHOM, Ha IOro-Bocrounom Kaskase, Ha Teppuropum AOIIepOHCKOTO
noayocrposa, B Illamaxa-I'oOycranckoir 3one, Hioxne-Kypunckoir snagune, baxkmuHckom
apxurieaare 1 Ha rpaHuiie ¢ I'pysuern.
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Onpederenuie NOAUUUKAUHECKUX APOMATNUHECKUX YZAB000P0I06 6 ZPA3E6LIX BYAKAHAX 200Ycmana u wmamaxu

IIpoayKThl M3Bep>KeHMsI BYAKaHOB MOTYT OBITh B TBEPAOM, XUAKOM U Ia3000pasHOM
cocrosHun. TBepable IMPOAYKTBl M3BEP>KEHUS COCTOAT U3 OpeKunyu U 0DAOMKOB IIOPOA.
I'psizeBble Macchl MOTYT OBITh Pa3AMYHON KOHIIEHTpalluM U cTpoeHms. Byakanudeckas rpsAspb
MOXKeT OBITb OT OAHOPOAHOM, ITOAY>KMAKOM A0 OTHOCUTEABHO TBEPAON CO MHO>KECTBOM
0010MKOB IOpOJ,. bpexunst rpsA3eBsIX ByAKaHOB cOAep>KUT IpuMepHO 90 BIAOB MIHEPaAOB.
DT MUHepaaAbl COCTOST U3 CyAbpuaos, cyabdaros, KapOoHaTOB, ¢ocdaros, OGOpaTos.
OcnoBy Opexunnu coctapasioT 30 MukposaeMeHTOB. K 9TuM MMUKposaeMeHTaM OTHOCSITCS
Oop, pTyTh, Mapraseri, bapuii, Ije104HbIe MeTaAAbl — AUTUIN, pyOUANIA, IIe3UIA.

Boap!l rps3eBpIx ByAKaHOB SIBASIOTCs, B OCHOBHOM, IIIe/10YHOTO U KaAbIIUI-XAOPUAHOTO
Tuna. B cocrase BoA 111€4049HOTO THIA MPUCYTCTBYIOT XAOPUABIL, KapOOHATHI 11 OMKapOOHaTHI
IIIeA0YHO3eMeAbHBIX MeTaAA0B. Bogpl 9TOro Tmma Mal0 MUHEpaAM30BaHBI OTHOCHUTEABHO
JKeCcTKIX BoJ. Kak 1 B coctase BoA He(PTAHBIX MECTOPOXKAEHMII, B BOAAX I'PsI3eBbIX ByAKaHOB
TakXke IIPUCYTCTBYIOT CyAbocoeAVHeHNUs. B cocraBe BOJ TIpsA3eBBIX BYAKAaHOB Takoke
MPUCYTCTBYIOT Ha(PTEHOBBIE KMCAOTEL. Kpome TOro, B ®Tmx BOAax IPUCYTCTBYIOT TaKue
XapakTepHble 91eMeHTHI, Kak 00p, OpoM, 1104, KaAbIINIA.

Vsyyenne XMMMYeCcKOro cocraBa IIpOO BOABI IPsA3€BBIX BYAKAHOB IIOKa3alo, YTO MX
COCTaB MAEHTUYEH C COCTAaBOM BOJ 0OamsAexxamiux HePTsHBIX MecTopoxkaeHmit. Kak u B
cocTaBe BOJ, He(TAHBIX MECTOPOXKAEHMII, B BOAAX I'PsI3€BBIX ByAKAaHOB Tak>Ke ITPUCYTCTBYIOT
XA0pUABIL, HaTpUIi, Kaauii, KapOoHaTel 11 OMKapOOHATEL. B cocTraBe BOg IpsA3eBBIX BYJAKaHOB
TakK>Xe MPUCYTCTBYIOT XapaKTepHble A4 He(PTIHBIX MeCTOPOKAeHNI Ha(pTeHOBbIe KICAOTEHI.
Kpome TOro, B 9TMX BOgax B TOV MAM VMHON CTEIIeHM IIPUCYTCTBYIOT TaKMe XapaKTepHbIe
DAeMEeHTBl, Kak 0op, OpoMm, 1104, Kaabplmil. Bogbl rps3eBbIX ByAKaHOB B3aIMOCBS3aHBI C
BOJaMU He(PTAHBIX MECTOPOXKAEHMIA.

B oOpasoBanmum ByaKaHOB OOABIIYIO POAb UTIPAlOT MOJ3eMHBIe BOAbl. l'azoBast (asza
U3Bep>KeHUsI TPs3eBbIX BYAKaHOB IIpe/ACTaBJA€Ha HACBHIIEHHBIMM J HeHaChIIeHHBIMU
yI1eBoA0 pojaMil. B ocHOBHOM, 9Tu ra3bl cOCTOST U3 MeTaHa (40 99%), B MaAbIX KOAMYeCTBax
U3 TsKeabIX yraesogopogos, CO2, N2 u UMHEpPTHBIX KOMIIOHEHTOB (reAms, aproHa).
XUMMYecknit cocTaB Ta3oB TIPsA3EBBIX BY/AKAHOB U3 pPa3AMYHBIX TIeorpapuyecknx 30H
MeHsIeTCs B 3aBMCHMOCTU OT psija Te0AOTMUYeCKUX M TeoxXmmudeckux (¢pakTopos, Bricokoe
codep>KaHle YTIAeKICAOIO rasa U psja 9AeMeHTOB B ByAKaHMYECKUX Tazax M HPOAYKTax
U3BEPIKeHIST ByAKaHOB (PTyTH, OOpa, AMTHUS) CBSI3aHO C Ie0A0TMUeCKUMU Y TeKTOHMYIECKIMI
YCAOBMSAMU pa3BUTUA. BrlgeseHne meTaHa B cocTaBe ByAKaHMYECKIX Ia30B XapaKTePHO AAs
azepOalig>kKaHCKIX ByakaHOB[1, c.221, 2, c. 196, 3,4].

XuMmyecknit coctaB BOJ, Tps3eBBIX ByJAKaHOB AsepOaiig’kaHa pasHOOOpaseH U
OTAMYAeTCsI OTHOCUTEABHO BBICOKON MIHepaamsarueii. borateie 1iogom, 6opom, OpoMom
ByAKaHIYeCKUe BOABI, a TakkKe TIpsA3h IIUPOKO MCIOAB3YIOTCS IIpU A€4eHUM psja
3aboaepanmii (LTHC, koxxHbIX 3a004€BaHNl, paguIKyAUTa, yPOAOTUN, TMHEKOAOTUM U AD).

DKCITEPUMEHTA/ABHASI YACTH
Metoguka paboThI:

Onpegesenne IOAUIMKANYECKUX M AETY4MX apOMaTUYeCKUX YIAeBOJOpPOJOB B
IIPUPOAHBIX OOBEKTaX OTHOCUTCS K UMCAY CAOKHBIX aHAAUTUIECKMX 3a4ad. /A5 nx pereHns
IIPUMEHSIOTCSI COBpeMeHHble MeTOABl aHaAmu3a: XpomaTo-macc-criekrpomerpust (I'X-MC),
razosas xpoMarorpaduest (I'X) u BeicokosdPexTusHas KuakoctHas xpoMmarorpadust (BOXKX)
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TI'aoxueea Cesundx, Aruesa Tapana, Illaxnasaposa Hapmuna

[7,c.345]. OnpeaeaeHnuio apoMaTuM4ecKux yraeBoAOpO40B He MeIaioT raloreH-, a3oT- U
cepocojepKaliye coeAVHeHNsL.

ITpoOs! ByaKaHMYeCKON Ipsi3y, B3siThle U3 Teppurtopuit I'oOycrana m Illamaxm, 6v1am
IIpOaHaAM3MpPOBaHbBI Ha Ta3oBoM Xpomarorpage-macc crekrpoMerpe (EPA 3550C, EPA
3630C).

1. ITpoGnr Byakanudeckoi rpssu (40 r) B3pemmBaroTcst Ha Becax. IlepenocsrTcsa B koa0y
Dpaenmeriepa M K HUM NOPUAMBAeTCs pacTBOpuUTeab. B KadecTtsBe pacTBOpuTeAs
UCIIOAB3YeTCsl cMech MeTaHoA+anxaopmeraH. Kaxaas rpoba TpuKabl SKCTparupyercs A0
IoAy4eHus 0e3BOAHOIO pacTBOPUTEAsL.

2. Ilepea BHeceHmeM HpPOOBI B YABTPa3BYKOBYIO OaHIO ee (PUABTPYIOT C IIOMOIIBIO
AeAnTeAbHON BOpOoHKU. OCHOBHAs 11e4Ab (PUABTPALIU COCTOUT B OTAEAEHUN KMAKOTO CAO0s
OT ITOYBHI.

3. Ha BpIxoge mpo0Oa roTosa K KOHIIEeHTPMPOBaHNUIO, OYMIIIEHUIO U K aHaau3y. ITpoGa B
0e3BOAHOM COCTOSIHMI IepeMeIlrBaeTcs ¢ AuXAopMeTaHoM. YacTh KcTpakTa codupaercs
AAsl OUUILIEHUS U aHaAu3a. Ecay DKCTpaKT O4MIIeH He II0AHOCTBIO, IIPOLecC MOBTOPSeTCs C
IIOMOIIBIO OPTaHNYeCKOTO PacTBOPUTEASL.

4. DTOT crIocOb IpearioaaraeT IpMMeHeHle CTaHAapPTHO-KOAOHOYHOM XpoMaTorpapuin.
B obmem, MeTroa cTaHAapTHO-KOAOHOYHON Xpomarorpagum B 004bIIeM KOANIECTBe
JCII0AB3YeT aACOPOeHT, 1 IIODTOMY, XapaKTepu3yeTcs 00AbIIIel CTeIIeHbIO YMCTOTEHI.

5. CrangapTHas KOAOHKa 3aIlOAHSETCs 5 T aiCcOpOEHTOM, CMeChl0 MeTUAEHXAOPUA-
neHrtaHa (1:2), 1 3aTeM BBOAUTCs aHaAM3UpyeMast IIpoda.

6. 35 Ma ®KcTpaKkTa, HOAYYeHHOIO B pe3yaAbTaTe TaKOIO OYMIIIeHMs, BBOAUTCI B
KPYIA0AOHHYIO K040y. Jasee 1mpoOa KOHLEHTpUPYeTCs B BaKyyMHOM IpuOope.
OcraBmmiicss ~ ®KCTpakT — IIOMeIlaeTcsl B a30THBII ~ TeHepaTop A4S IIOAHOTO
koHIleHTpupoBanus. Iloayuennent 1 Ma 1TpoObl HOAHOCTBIO TOTOB K aHaAM3y Ha
xpoMmarorpade [5-6].

BriBoapbr:

Kak BmaHo m3 Ttabaunsl 1, mpm aHaamse npoObl u3 l'oOycrana B HamOoAbIIEM
KOAMYEeCTBe HalleHbl HOAUIMKANIECKIIe apOMaTIIeCcKIe YT1€BOJ0POAb], a B HAaIMEHBIIIEM —
areroHadTuaeH. VI3 opraHmueckux coeAMHeHNiT B HaMOOABIIEM KOAUMYECTBE COAEPKUTCS
KpuseH 6,0 MI/T, a cogep>kaHue aneroHagTnAeHa cocrasasteT 0,5 Mr/r.

Tabamma 1.Cogep>kanme ITAY B mpobax rps3eBoro ByAxKaHa B3ATHIX 13 ['oDycrana

ITapameTpsr Haraeno

2, OHY (C10-Cu), mq.kq?! 71
ITAY, mg/kq

Naftalin 1.0
Acenaftilen <0.5
Acenaften 1.7
Fluoren 0.6
Fenantren 2.6
Antrasen 0.7
Fluoranten 2.0
Piren 3.9
Benz(a)antrasen 2.1
Krizen 6.0
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Benz(b+j+k)fluoranten 1.8
Inden(1,2,3-cd)piren 0.8
Benz(ghi)perilen 4.2
Dibenz(ah)antracen 0.7
Y 16 TTAY 29.0

M3 Tabanupl 1 BUAHO, 9TO B IIpoOaX ByAKaHUYECKON TPsA3M, B3ATHIX U3 TePPUTOPUN
l'oOycrana KoaAmdecTBO BCeX OpTaHMYECKMX COeAMHEHMI IIPeBhINAaOT  IIpeeAbHO
AOTIyCTUMYIO KOoHIleHTpaumio. Ilo pedyaprataM, nmpeacraBaeHHBIM B TaOauile 2, B Ipobax
BYAKaHMYECKON Tps3M, B3ATHIX U3 Teppuropun Illamaxm Koamyectso Bcex OpraHMYecKIX
COeAVHEHUII He IIPeBBLIIAIOT IpeJeAbHO AOIYCTUMYIO KOHIIeHTpaumio. B »Tmx mpobax
BYAKaHIYECKOI! IpsA3M HanOOABIIINIL TIOKa3aTeab y peHaHTpeHa/anTpateHa 1 nx Ci-Cs aakma
roMo40TOB - 167,5 MI/KI, HaMeHblIIee cogep>kKaHue y 6- 3BeHbeBbIX [TAY ¢ MoaeKkyaspHOI
maccon 276 n nx Ci1 u C2 aaK1A TOMOAOTOB.

Tabanma 2. Cogepsxanne ITAY B mpoGax rps3eBoro ByAkana 3aroro u3 Illamaxsr

[MoanmykAMYecKne apoMaTaecKye .
Haiiaeno
yraesoAopoasl, mq/kg

Naftalin 1.0

C1Naftalin 2.5
Cz2Naftalin 9.7

Cs Naftalin 19.2
CsNaftalin 49.2
Bcero: 81.7

Fenantren 4.1

C1 Fenantren 12.0
C2 Fenantren 77.4
Cs Fenantren 74.0
Bcero: 167.5

Dibenzotiofen 0.5

C1Dibenzotiofen 7.8
C2 Dibenzotiofen 15.8
CsDibenzotiofen 24.6
Bcero: 48.8

MW 202 7.3
C1202 12.9
C2202 51.9
C5202 20.2
Bcero: 92.3

MW 228 8.2
C1228 13.7
C2228 255
Bcero: 474

MW 252 29.7
C1252 15.6

C2252 8.2
Bcero: 53.6

MW 276 5.9

C1276 2.7

C2276 1.5
Bcero: 10.2
Bcero: 2-6 3penbeBbie [TAY 501.5
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Pucynox 1. XpomatorpaMmma Impo0O5I Ips3eBOTo ByKaHa, B3AToro u3 ['obycrana

FID1 A, (19412-02\SAMPLE11.D)
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Pucynox 2. Xpomartorpamma ITAY Byaxanmyeckoii rpsisu s3aroro us Hlamaxm

Kax BmaHO m3 XxpomarorpaMMbl Ha puUCyHKe 1, npu aHaamse oOpa3lioB HallAeHBbI
DoablNe KOAMYeCTBa MOAUIIMKAMYECKMX apoMaTHYecKNX YIaeBOAOPOJOB, a KOANYECTBO
arreroHapTmAeHa camoe HM3Koe. Hamboabllee KOAMYeCTBO OpraHMYECKUX COeAVIHEHMII
coctaBasieT 6,0 MT / KT, a HaIMeHbIIIlee KOANIeCTBO - arjeTamyHodeHa, 0,5 MT / KT.

XpomarorpamMma Ha puc.2 IIOKa3blBaeT, YTO KOAMYecTBa (PpeHaHTpeHa U aHTpalleHa
Boicokme, a nx Ci1-Cs aaKMAbHBIX TOMOAOIoB 167,5 Mr / Kr, a 6-koabliessie ITAY n ux Ciu C2
AAKMABHBIE TOMOAOIY ObLAYM HaligeHs! 10,2 Mr / Kr.

V3BecTHO, YTO MOANIMKAMYECKNEe apoMaTudecKre yraesoaopoanl (ITAY) upesppraaiino
YCTOIYMBEI B 4100011 Ccpede U TPyAHO MOAJAIOTCs paspylleHuio. benzoa u ero romoaoru
OKa3pIBaIOT Do4ee OBICTpOe TOKCHMYeCKOe AeVICTBMe Ha OpraH;u3M, YeM HOAULMKANIEeCKUe
apomaTtnyeckue yraepogopognl (ITAY). Ilocaeanme aeiicTByloT MeaseHHee, HO 0Ooaee
AAVITEABHOE BpeMsl, ABASACh XPOHNMYECKMMY TOKCUKAHTaMI.

K rpynme ITAY oTHOCATCA COTHM XMMMYECKMX BellecTs. B eBpomerickux crpaHax
peKOMeHAyeTCsl KOHTPOAUPOBaTh B IPUPOAHBIX oObekTax 16 Bemects m3 rpymmsl [TAY:
HaraauH, aneHadTuaeH, aneHadTeH, (AayopeH, aHTpalleH, (eHaHTpeH, (AyOpaHTeH,
OeHs(a)aHTpalleH, Xpu3eH, I1peH, OeH3(a)nupeH, AndOeH3(ah)anrpanen, 6ens(g, h,i) mepuaes,
Oens(a)payopanren, Oens(k)payopanten u uHaeHo(1,2,3-cd)nupen. bens(a)nupen,
Hanbo.aee CTOVIKUI M CUABHBIN KaHIleporeH cpeau ITAY, KoTopblil sIBAsIeTCSI MHAMKATOPOM
HaAn4Ms KanieporeHHbIx ITAY B okpyskaromieit cpeae. B mpobax rpsi3eBbIx ByAKaHOB B3SITBIX
n3 I'obycrana u [llamaxu He HaligeHO OeH3(a)IIpeHa.
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? baxunckuii VImxenepHblil YHUBEpCUTET

PE3IOME

Mayuensr ocobeHHOCTU AMHAMUKH ITpeoOpa3oBaHus (PYHKIIMOHAABHBIX TPYIIIT B CHIPOI HeTU U TTOKa3aHO
poAb HaHOOEHTOHMTa B paAMOKaTaAUTUYECKOM IIpoljecce. BBIIBA€HO pOAb IOBEPXHOCTHO-TIPOMEKYTOUHBIX
IIPOAYKTOB B AMHAMIKe M3MEHEHNII IIpoljecca paamoan3sa. VIccaeA0BaHO BAVSIHUE POAM aKTUBHBIX LIEHTPOB
TAMHICTBHIX MUHEPal0B B aACOPOIMOHHOM B3amMoaericTBuy. CTPYKTYpPHO-TPYIIIIOBOI COCTaB ITpeoOpa3oBaHHONM
He(THU 1104 BO3AEIICTBIEM Y-KBAHTOB B IIPUCYTCTBUM HAaTPUEBON OEHTOHMUTOBOIN IAMHBI U3y4aau metoiom VK-
CIIeKTpOCKOIIMY. B3amMoAericTBMsI HaHOYACTHUI] TAMHBI C YIA€BOAOPOAaMM MOXKeT BBI3BIBATh KOOIIlepaTUBHEIE
5 PeKTHI, TeM caMBIM BBI3BIBas, AUOO ITpesOTBpallas obpasoBaHIe apoMaTIYeCcKuX yraesoAoposos Ha ocHose
nccaes0BaHMsT PUBMKO-XMMUYECKUX IIPOLIECCOB Ha IIOBEPXHOCTM HAHOTAMHBI MOXKHO pa3paboTaTh HOBbIE
ITOAXOABI AAsl MeTaMopduama npupodHoit Hegptu. CBeJeHN: O CBOVICTBAaX M cOCTaBe HepTU IIPU pajuoAu3e B
IIPUCYTCTBUM HAHOTAUHBI MOIYT MCIIOAB30BAaThCS AAsl YCTAHOBAEHUSI ee TeHe3MCa, TaK KaK XapaKTepHas
0COOEHHOCTD KaTaAu3a CBs3aHa C IIMKANIHOCTBIO IIPOIIeCCOB.

Karouegvle cA06a: HAHODEHTOHUT, YTA€BOAOPOJ, PaAMOAN3, HePTb.
NEW APPROACHES FOR THE METAMORPHISM OF NATURAL GUNASHLI OIL
ABSTRACT

The features of the dynamics of the transformation of functional groups in crude oil are studied and the role
of surface — intermadiate products in the dynamics of changes in the radiolysis process has been revealed. The
influence of the role of active centers of clay minerals in the adsorption interaction has been studied. The
structural-group composition of the transformed oil under the influence of gamma-quanta in the presence of
sodium bentonite clay was studied by IR —spectroscopy. Interactions of clay nanoparticles with hydrocarbons can
cause cooperative effects, thereby causing or preventing the formation of aromatic hydrocarbons. On the base of
study physicochemical processes on the surface of nanoclay, new approaches can be developed for the metamor-
phism of natural oil. The informations about the properties and composition of crude oil during radiolysis in the
presence of nanoclay can be used to establish its genesis, since a characteristic feature of catalysis is associated
with the cyclic nature of the processes.

Key words: nanoclay, hydrocarbon, radiolysis, petroleum.
GUNOSLI NEFTININ METAMORFiZMININ TODQiQi UCUN YENi YANASMALAR
XULASO

Magqalade xam neftds funksional qruplarin cevrilms dinamikasinin xiisusiyystleri Syrenilmis ve
nanobentonitin radiokatalitik prosesds rolu gosterilmisdir. Radioliz prosesinin deyisma dinamikasinda sath-
araliq mahsullarin rolu agkar edilmisdir. Gilin terkibindaki aktiv markezlarin adsorbsiyaya tesiri dyranilmisdir.
Na-bentonit gilinin istiraki ilo qgamma kvantlarin tesiri altinda neftin struktur-qrup terkibi iQ-spektroskopiya ilo
tadqiq edilmisdir. Askar edilmisdir ki, gil nanohissaciklerinin karbohidrogenlarls qarsiliqli tesiri kooperativ effect
yarada bilar, bu da, aromatic karbohidrogenlarin amale galmasine sebab olur, ya da onun qarsisini alir.
Nanobentonitin sathinds geden fiziki-kimyevi proseslarin dyranilmasi il tebii neftin metamorfizmins dair yeni
yanasmalar islonib hazirlana biler. Bentonit gilinin istirak: ile radiolize meruz qalan neftin xassalori va torkibi
haqqinda slds edilon malumatlar onun genezisini miisyyen etmok {iciin istifads edis biler, c¢linki katalizin
xarakterik xiisusiyyati proseslarin tsiklik tabisti ilo baglidir.

Acar sozlar: nanogil, karbohidrogen, radioliz, neft
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BBEAEHUE

Hekoroprie 0coOeHHOCTM B3aMOAENCTBUA M aKTUBanuy napadpuHoB [TOHAIAMHCKOM
He(TU Ha ITOBEPXHOCTU OEHTOHNUTa paccMOTpeHBI B paboTax [1-2]. OagHako K HacrosIeMy
BpeMeH! IpOTeKaHMe pajMalliOHHBIX IIPOIIeCCOB B TeTePOreHHON CrcTeMe HaHOOeHTOHMT -
yIA€BOA0POJ ChIpOi HepTU M3ydeHO HeJocTraTodyHo. Takke B aurtepaType (pakTHIecKy
OTCYTCTBYIOT AaHHBIe O ITpolieccax XMMIYeCKOTo IIpeBpaleHns napadpuHos [ToHamanHckon
CBIpOIT HepTU Ha MOBEPXHOCTM HAaHOCTPYKTYPMPOBAaHHON HaTPpUeBOro OeHTOHUTa AATIOMAC-
KOTO MeCTOPOKAEeHM:, CTUMYANPOBaHHBIX TaMMa-M3AyJeHNeM.

OcHOBHBIM MeXaHM3MOM Ipoliecca alcopOumn sABAsSeTCsl MOHHbIN oomeH. [Ipu aacopO-
IMM MOJAEKYA Ha KUCAOTHBIX IIeHTpax OOpasylOTCs MOAEKyAsSpHbIe MOHBI B pe3yabTaTe
KOHTaKTa MOJ€Ky/A C IOBEPXHOCTBIO IIpM KOMHaTHON Temieparype. OAHOM M3 OCHOBHBIX
1leell JaHHOM 1CCAe]0BaTeAbCKON paboThl sBAsgeTcsl HosbleHne 9¢QpQPeKTUBHOCTU TpaHC-
dopmarum agcopdbupoBaHHON DHepIUN ITydka B TBepAoll ¢pase B CUCTeMy U yAydIlleHue
peakumii M3MeHeHUsl yIAeBo40poaos B chipoit HedpTu. Lleapio ganHOi pabOTHI sABASETCS
UccAe0BaHNe BAVAHNA HaHOKaTaAM3aTopa Ha paguoAn3 CHIPOii HePTh.

B Hacrosamiein pabore nmpeacrasaensl peayabratsl VIK-criekTpockomnyeckoro muccaeaosa-
HIUSI paaVialliOHHO-XMMIYECKOIO IIpeBpallleHNs MapaduHa Ha IOBEPXHOCTV HaHOTAVHBI
IIpy KOMHATHOI TeMIlepaType B 001acTi IIOTAOIIeHHOV A03bl 7-259 kIp, ¢ measio
BBISIBAEHUSI POAU IIOBEPXHOCTHBIX IPOMEXKYTOUYHO-aKTMBHBIX YacTUI], M UX HPOAYKTOB B
AVHaMIKe M3MeHeHUII IIpoliecca paauoAansa.

METOAUKA SKCITEPUMEHTOB

Obpaser; cpIpoil OBHTOHUTOBOM TAMHBI, MICIIOAB30BAHHBIN B HTNX HKCIIEpUMeHTaX, UMeeT
HaHOCTPYKTYPMPOBAHHYIO KOMIIO3UIINIO C pa3MepoM 4acTull B guarasoHe 55 < d[um] <175
HM[1].

Cripast HeTh Opaay U3 cKBaKMHBI 0e3 00paboTK. VIK-CIIeKTphl MOKa3hIBaIOT OTCYTCT-
Bue BoAbl. Pagnoans celpoit HepTu Ha IIOBEPXHOCTY HaHOOEHTOHNUTA B 001aCTV ITOTAOIIEH-
HoIt 403b1 0.72< Dy <6,12kI'p nposeaen B nipeapigyineir padore[1]. Mccaegosanue rokasaan,
4TO IIpU 00Ay4eHUM ChIpON He(THU IIPU MaAbIX 403aX B IIPUCYTCTBIM OEHTOHUTa 0OpasyeTcs
apomaTnydeckue yraesogopoanl. [lostomy mHTepecHo 6B110 M3ydyaTh IIPOIIeCC B3aMOAeIICT-
BULS TTOASIPHBIX XKUAKOCTe C TAUHOIA.

Ob6pasner ceipoit Hegptu 1o 0.01-0.025 1, momelrleHHBle B aMIIyABbl M 3allasHHbBIE B
BaKyyMme, 001y4aau Ipy KOMHATHOM TeMIepaType Ha ramma-ucrounuke 60°C tuna MPX g-
30 mpu mommHoctu a0361 P=10,5 paa/c B Bakyyme (7-259kI'p). VIK-cieKTpnI IOTAOITeHIIs
nccae0BaHHBIX 00pas1oB perucTpuposaanu Ha criekrpomerpe VARIAN 640-IR B gnanasone
BOAHOBBIX uncea (4000-400cm). OTHeceHMe 10A0C MOAYYEHHBIX CIIEKTPOB IIPOBOAMAOCH, KaK
onucaHo B padorte [3]. [Iposeaen cpaBHUTEABHBIN aHAAU3 II0AYYeHHBIX CIIeKTpOB. CTpyKTyp-
HO-TPYIIIIOBOI COCTaB IIpeoOpa3oBaHHON HePTH 110/ BO3AeICTBMEM Y-KBaHTOB B IIPUCYTCT-
B HaTpUeBOJi OBHTOHUTOBOJ TAMHEI U3ydaau MetoaoM VIK-cexTpockonmmn.

PE3YABTATHBI 1 ObCY XX AEHWE

VameneHms1, mponucxoAsiiye B HAHOOEHTOHNUTE 104, AeTICTBYeM MOHU3UPYIOIIero 13Ay-
YeHIsI, MOTYT MHTepIIPeTUPOBaThCsI KaK OOpa3oBaHNe CTPYKTYPBI C paAMallIOHHBIMI AedeK-
Tamn. /JONOAHUTeAbHAsl DHEPINS U3AYYeHIs, KOTOpast B OCHOBHOM TI'€HEepUPYeTCs 3a CYeT
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M.K.Ucmauroea, U.U.Mycmapaes, ®.H.Hypmamedosa

oO0beMa OeHTOHMTa, HMPUBOAUT K Ooaee »pPeKkTuBHOMY paamoansy HedpTu. PesyabTaTsl
YIA€BOAOPOAHBIX ITpeBpaIleHNIT 00CYy>KAAIOTCSI C TOUKM 3PEHVIsT TTOBeAEHIIST BO30YKAEHHBIX
9AEKTPOHOB B TBEPABIX TeAaxX.

Pagmoans ceipoit HepTm I'TOHAIIAMHCKOTO MECTOPOXKAEHMS Ha IIOBEPXHOCTU
HaHOOEHTOHNTa B 00AacTy TmoraomteHHoi 403sl 0.72< Dy <6,12kI'p niposeeH B IpeAblAyIiieit
pabore [1]. B o101 cTaThe MccaesoBaHUe ITpoBedeHO B mpedede 7 < Dy < 259 kI'p. Metogom
VIK—-cniekTpockonuy OBIAO MCCAeA0BaHO BANMSAHME TaMMa-U3Ay4eHNs Ha CBIpyI0 HeTh B
NPUCYTCTBUM O@HTOHMTa U Oe3 Hero.

Hioxe mpuseaenst VIK-criekTpsl moraomienus oOpasios (pucla-r m 2a-r), KOTOpble
3HAYNTEeABHO OTAMYAIOTCS APYT OT Apyra Iocae odaydenms ot 7 Ao 259 kI'p. VIK-criexrp
IOKa3blBaeT, YTO MCXOAHBII TIPOAYKT B OCHOBHOM COCTOMT U3 aamn¢aTuyecKmx
yraesoaopogos. IToaocer 1605 cm™ (caabrie) mpuHagaexxar C=C BaaeHTHBIM KOAeOaHUAM
apomaTndeckoro koanna. Ilocae obayuenus obpasiios gosoir 57 kI'p Hanboaee oT4eTAMBO
nposeasenmcs Hopas 1oaoca (3145,3096 cm!) GenzoapHOro Koanla (puc. 10). B aTom cayuae
1104 BO34ENICTBMeM TaMMa-U3AydeHMsl IPOUCXOAUT ABa Ipolecca: peKoOMOMHaLUsA U
BHYTpUMOAeKyAspHas TpaHcpopmanusa. OOpasyeTcst cMech aAKaHOB U apeHOB, ITPOVICXOANUT
peskoe yBeAndeHNe KOAMYecTBa apoMaTU4eCcKMX yraesogoposos. C yBeandeHueM 03Bl A0
129,6 xI'p Habaoaaercst caabasa moaoca C=C (1604 cm') GeHsoapHOro Koablia (puc. 1s).
ITocae oGaydyenms corpoit HegpTu B TeueHne 403011 259,2 kI'p mcyesaeT 11010ca MOTAOIEHNS
yIraeBoA0po4os (apeHos) (puc. 1r).

B nmpucyrcrsun GenronmTa Habalogaercs Apyras KaptuHa. V3 puc.26-B BMAHO, 4TO
oOpa3oBaHIe apeHOB IIPOMCXOAUT IepUOANYIECKM — TO MCYe3aeT, TO 3aHOBO oOpasyeTcs C
yBeAnueHreM A03bl oOaydeHus. Ilocae obayuenmst ceipoit Hedptu aosoin 57 kGy B
IPUCYTCTBUM OEHTOHMTa He IPOMCXOAUT OOpasoBaHMs apoMaTUYeCcKUX YIAeBOAO0POJOB
(puc. 20), a mpm paguoamse coplpoit Hedptum Oe3 OeHTOHMTa (puc.16) HaOaOAaeTCS
3HauMTeAbHOe yBeAndeHMe KoandecTsa apeHOB. CIIeKTpbl apoMaTUYeCcKIX YyI1eBOA0POAOB C
KOH/EHCUPOBaHHBIMIU sApaMU BecbMa CXOAHBI CO CIIEKTpOM OeH304a, HO CMeIleHbl B
CTOpOHY OO0ABIINUX AAUH BOAH. VI3 puc.2B BMAHO, YTO MHTEHCUBHOCThL OOpa3OBaHM:I
apoMaTH4ecKIX yI1eBo40pOA0B C KOHAEHCMPOBaHHBIMU sI4paMi BO3pacTaeT B IIPUCYTCTBUU
HaHOTAMHEI (11ocae 00AydeHMs ceipoit Heptu gosoit 129.6 kGy, HO ¢ yBeandyeHMreM A03BI A0
259,2xl'p apennl wmcuesaor (puc.?2r). CpasHenme VK criekTpoB IIOKa3bIBaeT, 4TO B
npeoOpa3oBaHNy (PYHKIIMOHAABHBIX TPYII B CBHIpON HepTU IIOJ BO3JeNCTBMEM TaMMa-
KBaHTOB OCOOYIO pOAb UrpaeT O@HTOHUT.

BaskHpiM (pakTOpOM, BAMAIOIIMM Ha aKTUMBHOCTb M CTaOMABHOCTb KaTaAu3aTopa,
ABAseTCA A03a 00Ay4YeHUs, IIOCKOABKY OHa CyIIeCTBeHHO BAMSeT Ha B3alMOAEVICTBIS
KaTaausaTropa C yrieBojopogamu ceipoit Heptu. B cayuae obpasiia mos samsHuem 259.2
kGy ramma-o6aydeHMs1 B IIPUCYTCTBUM O€HTOHMUTOBON I'AMHBI He Ha0AI0AaA0Ch 3aMEeTHOTO
oOpaszoBaHlusA KOHAEHCUPOBAHHBIX apOMaTUYeCKUX YIAeBOAOPO40B. ApyruM BaskKHBIM
(paxTOpOM, KOTOpPBIN CAeayeT OTMETUTD, SBASETCS OTHOCUTEABHO HU3Kas KaTaAuTUdecKas
aKTUBHOCTb KaTaaAmsaTopa Ipu obOaydenmu oOpasuos 259,2 kI'p. briao obnapykeno, uro
paAmnaliOHHO-KaTaAUTHYeCcKue IIpeBpallleHNsl yIA1eBoA0pOAOB ChIpoil HepTU B apeHbl He
MMeIOT pellalolliero 3HaueHus rocae ooaydenns 40301 259.2 kGy. MoxHo
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Puc. 2. Pypre — MIK-criekTpsl HoraomeHns cMecu cepas HeTh + HaHOTAMHA: (a) — ChIpast He(pTh UCXOAHBIN, (6) —
crIpas HeTh TTocae obaydenus 4030t 57 kKGy B mpucyTcTBuy 6eHTOHUTA; (B) — ChIpas HeTh Iocae 00AyIeH s
aosoit 129.6 kGy B mpucyTcTBun OeHTOHMTA ; (T) — ChIpas HepTh ITocae o0aydeHns 40301 259.2 kGy B
HIPUCYTCTBIY OEHTOHMTA

IIPeAIOAOXKNUTh, YTO NpU Ao3e oOayueHus 259,2 kI'p mcuesHOBeHUE KOHAEHCHPOBAHHBIX
apoMaTHyYecKIX YyraeBOo40pPOJ0B CBA3aHO C MCUYe3HOBeHIeM aKTUBHBIX IIeHTPOB B pe3yabTaTe
Iporiecca rnepemerrieHns1 (PyHKIIMOHAABHBIX TPYIII, YTO COIIPOBOXKAaeTcsl OAOKMpPOBaHVEM
aKTUBHBIX KaTaAUTUYECKNX IIEHTPOB YIA1€BOAOPOJaMIU.
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Boap1miont mHTepec IpeacTaBAseT MCCA€AOBaHME BAVSAHNSA POAU aKTUBHBIX ILIEHTPOB
TAMHUCTBIX MMHepPaAoB B aACOpOLMOHHOM B3auMmogelictsum [4-13]. YcraHoBaeHme Taxoim
3aBMICMMOCTI OCOOEHHO Ba’KHO, TaK KaK B HacTosdlllee BpeMs ellle He BbIpabDoTaHO
ompegeaeHHoit Teopun. IlpesaoskeHHBINI paHee MeXaHU3M OOpa3OBaHUsA IIeAeBbIX
IIPOAYKTOB — apOMaTIYeCKIX YI1eBO40POJ0B — IIpOTeKaeT 110 MOHHO-LIEITHOMY MeXaHU3MY
gyepe3 IIPOMEXYTOUHOe oOpasoBaHmMe KapOKaTmoHoB[l]. B xoae mpomecca y-obaydeHms
aacopOLMs YyraAeBoAOpOAOB OOyCAOBA€HA «pPa3phIXASI€MOCTBIO» ITOBEPXHOCTHBIX CAOEB B
ropax copOeHTa HpPM B3aMMOAENCTBMM KaTMOHOB C aKTMBHBIMM ydacTKaMM ITOBEPXHOCTU
copbeHTa. AAIOMOCUAMKATHI — STO TBepAble KICAOTHI, I IIPOLIecC IPOTeKaeT ¢ 00pa3oBaHueM
JMOHOB KapOOHMS B KayecTse IIPOMEXYTOUYHBIX uvacTull. B pesyabraTe ygasenHuns
KOHCTUTYLMOHHBINI BOABl BO3HMKAaeT KUICAOTHBIN IleHTp /lpronca. HenacobleHHsie
YI1€BOAOPOABI aACOPOMPYIOTCS Ha aKTMBHBIX IIEHTpaX KaTaAu3aTropa ¢ 00ABIION CKOPOCTHIO,
yeM HacCbIIIleHHBle yIraeBogopodbl. IloaydeHBl oOpraHo-HeopraHmdyeckue TIUOpUAHBIE
HaHOCTPYKTYpBl, —cCOgep>Kalllie OpraHudYeckie COeAVHEeHMs, MHTepKaAlpOBaHHbBIe B
Me>XCA0eBOM IPOCTPaHCTBe CAOMCTBIX CUAMKATOB KaK B CBOOOAHOM, TaK U B CBA3aHHOM
COCTOSIHIM, a TaKKe ajcopOMpoBaHHBIE Ha BHEIIIHEel ITOBePXHOCTM HaHOYaCTUI]. DTO MOXKeT
CBIAETeABCTBOBAaTh O Pa3HOM XapakTepe CBA3BIBAHMS YIA€BOAOPOAOB C IIOBEPXHOCTBHIO
KaTraamusaTtopa, 4TO MOXKeT OBITb OOyCAOBAE€HO Pa3AMYHBIM 3apsAOM ITOBEPXHOCTU
aaomocuankaros [1](puc.3).

MEKCIIOCBad Boga, ..
O0OMEHHbIE KATHOHBI .,

‘ KaIbIUT,KBaPILIIOIEBOIT MImaT

cBoOOIHAA BOAA ,

Bopa mBoitHOTO CII10A
(mopoBas Bofa GEHTOHHTA)

Puc.3.CtpyxTypa HaHOOeHTOHMTa

Kpowme BrIlIeyKazaHHBIX IIPOLIECCOB, IIPY BO3ANCTBUI Y-KBAaHTOB Ha HAHOCTPYKTYPHOII
TAMHBl KOHTaKTUPYIOIIUII 00beM MeXAy HaHOJacTUIIaMU MOXKeT SMUTHUPOBaTh 0OOABIIIOe
KOAMYEeCTBO BTOPUYHO DAEKTPOHHBIX M3Ay4eHUl (eBT), KOTOphle BeAyT IIpollecC pajuoansa
coIpoil HeTM B HaHOpPa3MEpPHBIX oOObeMax, TIAe IHPOAYKTBI paanoAu3a MOTYT OBITh
pasAeAeHbl KOHTaKTUPYIOIIMMI IIOBEPXHOCTHBIMM COCTOSAHMAMMU. DTU HAHOOObEMBI MOYXKHO
IIpeACTaBUTh HAHOILAa3MeHHO-KaTaAUTUIeCKIMI peakKTOPaMI.

Taxum oOpaszoM, mpu paaralMOHHO-KaTaAUTUYECKUX ITpolleccax paAMOAM3a ChIPOIL
HeTH, Oaarodaps 5$PeKTMBHOMY IIpeoOpa3oBaHMIO IlepeHOCca DHePINY, HaANYNs CUABHBIX
aKIeIITOPHBIX IIEHTPOB IIOBEPXHOCTM M MeXKJacTUI] HaHOpa3MEepPHBIX IPOCTPaHCTB A4S
peaausanuy pajMalMIOHHBIX ITPOIIECCOB C ydacTueM BTOPMYHBIX DA€KTPOHHBIX M3Ay4eHUN
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OT HaHOKaTaAM3aTOpPOB, MOIYT JOCTUIaTh BBICOKMX BBIXOAOB  IOAUIIMKANYECKUX
apoMaTH4YeCcKIX yI1eBoA0poJa.

B pabore [1] nccaeaobano mexaHusm oOpa3oBaHMs apeHOB B IIPUCYTCTBMI HaHOTAVMHBI
10/ BO3JeNICTBIeM TaMMa 00AydeHus B 004acTu rnoraomteHHon 4o03sl 0.72< Dy <6,12kI'p [1].
Takum o00OpasoM, MOXKHO 3aKAIOUNMTh, 4YTO pasVlaliiOHHO-XMMUYeCcKNe IIpeBpallleHIs
yI1eBoA0pOo40B cplpoit HedpTu maargopmel Ne§ mocae 129,6 kI'p ramma-oOaydeHus
MIPOVCXOAST MPEeNMYIIIeCTBeHHO I10 IIyT! Hapall[BaHIs apeHoB, a ocle 00Ay4eHIs 403011
259.2 kGy- o myTi AeCTpyKIum yraepoaHoi rermn. PaguanyoHHO-XxuMudecKe peakimm ¢
ydacTueM apoMaTH4ecKIX coeJVHeHMIT Ha IIOBePXHOCTU KaTaAu3aTopa MOKHO IIpeACTaBUTh
KaK CBA3bIBaHME MOAEKYABI 3a CYeT TI-CBSA3M, 3aTeM, BepOATHO, MOJAeKyaa IIOBOpauMBaeTcs,
9TO CBSI3aHO IO BUAMMOMY C IIPOCTPaHCTBEHHON KOH(pUIypallyell 1 oOpas3yeT O-CBA3b C
OTAeABHBIM aTOMOM OeHTOHMTa. Koraga Moaexkyaa mepexoAUT OT TI-CBS3BIBAaHUA K O-
CBS3BIBAHUIO, MOIYT HpUOOpeTaThcs MAU  TepATbC  (AMCIPOIOPLIMOHNMPOBAHNEM,
TpaHCaAKUAMPOBaHMEM, TUAPUPOBaHMEM, JAeTUAPUPOBaHMEM ¥ KPeKMHIOM ) aTOMBI
BOA0OpPOJa A0 pa3pyIIaThCs CBA3U yraepoa-yraepod. BzanmoaenicTsms HaHOYaCTUL] TAVHBI
C yI1€BOA0pPOAaMU MOJKET BBI3bIBaTh KOOIlepaTuBHbIe (PPEKTHl, TeM CaMBIM BBI3BIBasI (MAN
yCKoOp:ssl), An0O0 mIpejoTspallias (3ameaAasis) oOpa3oBaHMe apOMaTUYeCKUX YI1eBOA0pOAOB
AV CTUMYAUPY: arperaniio HaHOYacTUI] Ha MaKpOMOAeKyAax.

B pesyabraTe pagmamiyoOHHO-KaTaAUTUYECKON peakuyuy oO0pas3yIloTcsl pa3AndHbIe
¢parmentsr Mmoaekya, takne kak CH*, CHz", CHs*, CHs*, C2Hs*, CoHa?, C2Hs*, CHs*, CsHs?,
CsHz, CsH*, CsHs*, CaHst, CaH7*, CsHs*, CsHs*[14,15].

BosmMmoskHEbIE peaknoumn 06pa30}3aHI/m KOHZEHCMPOBAaHHbBIX apoMaTn9eCcKmx
yraesoa0po4o0B (HaCl)Ta/lI/IH, aHTpall€eH, Cl)eHaHTpeH 48 ,le) IIponcxoAnT B pesyabTaTe
II0CAAYIOIMUX paalallMIOHHO-KaTaANTIYeCKIX peaKL[I/If/]Z

CsHs* + CsHs* — CioHs + C2Ha (17)
CsHe+ CsHs* — CioHs+ C:H* (18)
CioHr*+ CsHs* — CisHio (19)

CsHs* + C4Hs*— CioHs + Ha2 (20)
CioH7*+ CsHs* — CisHio+ CHz* (21)

IIpn AeiicTBMM MOHUBUPYIOIIETO M3AydeHus Ha I'ToHamAnHCKoM HepTh B IIPUCYTCTBUN
HaHOCTPYKTYpHBIX (55< d [nm] <175nm) ®aemMeHTOB O€HTOHUTOBON TIAMHBLI IepPBUYHBIE U
IIPOME>KYTOUHBIE YaCTUIIBI SBAAIOTCS BBICOKOpeaKTUBHBIMU. OHM MOTYT B3aIMOAEIICTBOBATh
MeXay coOOIl1, pacrajarhcs, pearupoBaTh C MCXOAHBIM BEIIeCTBOM MAM C HaXOAAIIMMIUCS B
HeM IpuMecsIMu. BO3MOXXHEI caeayromue crieHapu:

° Hpomexyroqm,le IIpoAyKTbl B  OCHOBHOM BSaMMOAeﬂCTBymT MeEXAay CO6OI71,
O6pa3y10TC}I NCXo4Hble BEIeCTBa I IIPOAYKTBI peaKIIMI.

° HpomexyrqubIe IIPpOAYKTBI CIIOCOOHBI VHUTINPOBATD LeIrHyo peaxknmio
IIpeBpaIleHms JVCXOAHBIX BEIIEeCTB. B »Tux YCAOBMSIX BBIXOAbI KOHEYHBIX IIPOAYKTOB
CymIeCTBEHHO ITPEBBIINIAIOT KOAMIECTBO II€PBUYIHBIX ITPOAYKTOB.

Ilo cpaBHeHMIO ¢ OeH3010M, crenUPUIECKO OCOOEHHOCTBIO apOMaTUYeCKUX sAep
Ha(TaAMHa U aHTpalleHa sABASETCS AeTKOCTh IPOTEKaHMUs peakiiuii, COMPOBOXKAAIOIIVIXCS
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OKOHYaTeABHBIM MAM BpPeMEeHHBIM HapyIlleHIeM apOMaTUYHOCTU OAHOTO 13 OeH30AbHBIX
saaep (TMApUpOBaHUe, B3aIMOAENICTBIE CO IeAOYHBIM MeTaldaM TAVHBI, peaKIun
NpUCOeAVHEHNs, a TakXke DAeKTPOPUABHOIO ¥  HyKAeOPMABHOTO  3aMeIeHINs).
ApoMaTHYHOCTL MOXKHO OIpeJeAnTbh KaK OcCOOyI0 CTabmAmsanmio Jel0KaAM30BaHHON!
UMKANYIECKON T—CUCTeMBl. JeaoKaam3alys T-DA€KTPOHOB B OeH30ABHOM  KOABbIIe,
NpuUBOAAIIAasl K HEpPasAMUYMMOCTM TU -CBA3€M, AaeT BBLIUIPBIII DHEPIUM II0 CPaBHEHUIO C
COCTOsIHMEM, KOIda BTU CBA3M AOKaAM30BaHBIL. Peakummu, mpusoAsiiye K HapyLIeHUIO
CHCTeMBI TI-CBsA3€ll, IIPUBOAAT K IIOTepe DTOTO BRIMIPBIIIA U IIODTOMY 3aTpyAHEHBL. DTUM U
OOBbsCHsAETCs YCTOMYMBOCTL OeH3o4a K AeMCTBUIO Y-KBaHTOB. Iloammukanyeckue apeHbI
BCTYIIAIOT B Te Ke peaKIuy 9AeKTPO(]PUABHOTO 3aMeIleHNs], YTO ¥ MOHOLIMKANYECK)e, HO
OHI ABASIOTCSI 0Ooaee aKTMBHBIMU. Peakiius 9AeKTpopUABLHOTO  3aMeIlleHMs B
apoMaTHueckoM psidy IpoTeKaeT dYepe3 IIPOMeXXYyTOYHOe oOOpas3oBaHMe TI-KOMILAeKca.
ITosToMy 3aMecTuTeAN, KOTOpble CTaOUAMBMPYIOT BTOT MHTepMeANaT (31eKTPOHOAOHOPHI),
OyAyT MOBBIIIAT CKOPOCTh JaHHOV KOHKPETHOV peakuum 3aMemeHus. VI, HaobOopor,
3aMecTUTeAN, AeCTabuAM3UPYIOIMe T-KOMILAeKC (9AeKTPOHOAKLEeNTOPhI), OyAyT CHMKATh
ckopocTh peakiuy. Takum oOpas3oM, 3amecTuTeAn, MMeIONIMecs: B OGH30AbHOM KOAblIe,
MOKHO pa3JeAuTb Ha ABe TPYIIIBL: aKTUBUPYIOIIMe U Ae3aKTUBUPYIOIINe KOABIIO IO
OTHOIIIEHUIO K DAeKTPOPUABHOMY 3aMeIleHUIO.

3AKAIOYEHUNE

CseseHms1 0 CBOJICTBaX M cOCTaBe He(PTU IIpU pasnoau3e B IPUCYTCTBUIM HaHOTAVHBI
MOTIYT MCIOAb30BaThCs AAsl YCTAaHOBAEHUs ee TeHe3lca, TaK KaK XapaKTepHas OCOOeHHOCTh
KaTaAmus3a CBsI3aHA C IUKANYHOCTBIO IIporjeccoB. Ilpomeccer HedpTerazoobpasoBaHms
XapaKTepu3ylOTCs OIlpeJeAeHHOV IepuOANYHOCTbIO BO BpemeHm [17,18]. B maasme
IIPOMCXOAUT peakiusi oOpa3oBaHMs YIA€BOAOPOAOB, MX KPeKUHI UAU AeTUAPUpPOBaHNE, a
3aTeM CIIIMBaHIe OCTaTKOB MO/AeKyA 1 0Opa3oBaHle MOAEKYA TSKeABIX YI1eBOA0POAOB. DTU
AAHHBIE CBUAETEABCTBYIOT O HaAUYMM TPAMOM T€HETUYeCKOM CBA3M B CTPYKType
BBICOKOMO/€EKYASPHBIX apOMaTU4eCKIX yTAeBOA0POAOB 1 CMOA He(PTI.

M3yuyeHnue mnporeccoB pagualliIOHHO-XMMMYECKOIO IIpeBpallleHNs] yIraeBoAOpOJOB B
reTepPOTeHHBbIX cycreMax HaHOrAmMHbBI(55< d [nm] <175nm) AamomAckoro Jernosmra -—
YI1€BOAOPOAOB CBHIpOIl HePTM 13 MeCTOpoKJeHus [IoHamam — HIpeACTaBAseT OCOOBIN
MHTepecC B pallallIOHHO-TeTepOTreHHOM KaTaAuse U MeeT HPUHIIUIIAAbHOe 3HadeHue IIpu
pemenny po04eM, CBA3aHHBIX C ITpoucxoXaenneM Heptu[19-27]. Ha ocHoBe mnccaeaosanms
(pM3MKO-XMMIYECKMX IPOIIeCCOB Ha ITOBEPXHOCTM HAHOTAMHBI MOXKHO pa3paboTaTh HOBBIE
10AX0Abl A4 MeTamopduama npupognon Hedptu. Ilpeamnoaaraercs, yTto MekcaoeBoe
IIPOCTPAHCTBO TAMHUCTBIX MIHEPAaA0B MOIAO OBITh CBOEOOpa3HBIM HAaHOPEAKTOPOM A
IOsABAEHS KOHA@HCUPOBaHHBIX apOMaTUYeCKNX yI1eBOA0POAOB.

OMHAHCHMPOBAHVE PABOTEI
Pabora Brimoanena B Vinctutyre Pagnanmonnsix [Ipobaem HAH Aszepbaiiakana

KOHOAVIKT MHTEPECOB

ABTOp 3asBAseT 00 OTCYTCTBUM KOH(AMKTa MHTEpPeCcoB, TpeOyIoIero pacKpbITus B
AAHHOII cTaThbe.
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ABSTRACT

It is a system of monitoring the condition of the soil in order to detect changes in the soil in time, assess them,
prevent adverse events and eliminate the consequences. Soil monitoring is an integral part of environmental
monitoring. All types of human activities are aimed at studying the impact of the area on the environment. Monitoring
is the consideration of the interaction between the environment and man in the use of nature. Control should be carried
out in various aspects, including hydrometeorological, agrochemical, hydrochemical, organization and management of
forestry, seismological and others. This method of monitoring is also called L.P.Qerasimov geosystem monitoring. This,
in turn, constitutes the regularity of the distribution of natural chemicals in the geosystem based on the control of the
spread of pollutants in the area. Soil samples are taken from the area during the monitoring. Then it is the amount of
sulfate, nitrate, carbonate, hydrocarbonate, phosphate, calcium and magnesium ions, hydrogen index, salinity and
electrical conductivity, etc. analysis is planned.[1]

Key words. Monitoring, soil, cutting, mechanical composition, basin
KURMUKCAY HOVZ9Si TORPLAQRININ MONITORINQI
XULASO

Torpagda olan dayisikliklorin zamamninda askar edilmoesi, onlarn giymotlondirilmesi, menfi hadiselarin
qargistin alinmast ve naticelerinin aradan qaldirilmasi iiglin torpagmn veziyyetinin monitoring sistemi adlanir.
Torpagm monitoringi atraf miihitin veziyyatinin monitoringinin terkib hissasidir. Insan fealiyystinin biitiin novleri
arazinin atraf miihitinin veziyyatine tesirinin dyranilmasine yonaldilmisdir. Monitorinq tebistden istifade zamani atraf
miihit ve insanin qarsiliqh tesirine nezars olunmasidir. Nazarat miixtelif aspektlorde hidrometeoroloji, aqrokimyavi,
hidrokimyavi, mega tasarriifatinin tegkili ve aparilmasi, seysmoloji ve digerlari olmagqla icra olunmalidir. Monitoringin
bu tisuluna L.P.Qerasimov geosistem monitoringi do deyilir. Bu da 6z névbasinds, srazids ¢irklendirici faktorlarin
yayllmasmna nezarst ssasinda geosistemds tebii kimyavi maddslerin yayilma ganunauygunlugunu tegkil edir.
Monitoring zamar araziden torpaq niimunsleri gotiiriiliir. Daha sonra bu sulfat, nitrat, karbonat, hidrokarbonat,
fosfat, kalsium ve maqnezium ionlarinin miqdari, hidrogen gostericisi, sorlasma daracesi ve elektrik kegiriciliyi vo s.
analiz aparilirmasi nazards tutulur.

Acar sozlar. Monitoring, torpaq, kasim, mexaniki torkib, hovza
MOHUTOPVHI ITOUB KYPMYKYAMCKOI'O BACCEMHA
PE3IOME

D10 crcteMa HabAIOAEHMS 32 COCTOSIHVIEM ITIOYUBHI C I1eAbI0 CBOEBPEMEHHOTO OOHAPY>KeHI I3MEHEHNII B IIOUBe,
VX OLIeHKH, IIpeOTBpaIieHNs HeDAarompUATHBIX ABAHNII ¥ YCTPaHeHNs IT0CAeACTBIIL. MOHUTOPIHT ITOYBHI ABASETC
COCTaBHOJM YacTLIO HKOJOIMYECKOTO MOHMTOpHMHIa. Beoe BUMABI AesATeALHOCTH YeloBeKa HallpaBAeHbl Ha M3ydeHue
BO3/EVICTBIIAI MECTHOCTH Ha OKPY>KAIOIIyIO cpey. MOHMTOPHHT — 5TO pacCMOTpeHIe B3aMOAEVICTBII OKPY>KaIoIIet
Cpeapl 1 YeaoBeKa B IPUPOAONOAL30BaHNN. KOHTPOAL A04KeH OCYIecTBAATLCS 110 pa3AMYHBIM HaIlpaBAEHISM, B
TOM 4YM1C/e TI0 TMAPOMEeTeOPOAOTIECKOMY, arpOXUMIIECKOMY, TMAPOXUMIYECKOMY, I10 OpTaHM3aIy U yIIPaBAEHHUIO
AECHBIM XO3SJICTBOM, CEIICMOAOTMYECKOMY U APYIUM. DTOT MeTOJ MOHMTOPMHTIA TakK’Ke Ha3bIBalOT MOHMTOPMHIOM
reocucreMm /LI1. T'epacumosa. DTO, B CBOIO Ouepean, COCTaBAseT 3aKOHOMEPHOCTh paclipeAeAeHus MPUPOAHBIX
XUMIYECKIIX BeIIIeCTB B TeoCHcTeMe, OCHOBaHHYIO Ha KOHTPOJ€ 3a pacIipocTpaHeHVeM IT0AAI0TaHTOB Ha TepPUTOPUI.
ITpoGs1 110uBEI GepyTCs € yJacTKa BO BpeM: MOHUTOPMHIA. 3aTeM BTO KOAMYECTBO CyAb(aToB, HUTPATOB, KapOOHATOB,
rmApokap6oHaToB, pocdaToB, MOHOB KaAbLUS 11 MarHWsl, BOAOPOAHBIN MHAEKC, COAEHOCTD U 9AeKTPOIIPOBOAHOCTD I T.
4. TIAQHUPYeTCS aHAAN3.

Karogesrre caoBa. MoHUTOpMHT, TT0YBa, pyOKa, MeXaHIYeCKIMIT COCTaB, OacceriH
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INTRODUCTION

Kurmukchay is located in the Sheki-Zagatala economic region. The river runs from the
north to the border with the Republic of Dagestan, through Gakh to the Georgian border.
The river originates from the confluence of the Hamamchay and Kunakhaysu rivers.
Kurmukchay is the right tributary of Ayrichay. The main water source of the river is mainly
groundwater and snow. The average annual water consumption of the river varies between
4-5 cubic meters per second .[2] The volume of water varies between 40-50% in spring and
summer, and between 10-15% in winter. The average siltation rate of water varies between
500-1000 g / cubic m. Lille is mainly hydrocarbonate-calcium. The average mineralization
rate varies between 150-500 mg / 1. The river belongs to the Alazan-Ayrichay gorge. It is
widely used for irrigation, dividing into many branches throughout the area. A hydroelectric
power plant has been built on the Gunakhaysu River, but is not currently operational.

MATERIAL AND METHODOLOGY

Field research is carried out in accordance with GOST 12071-2000. This time each soil
and water sample is signed. Object code on the label accompanying the sample; well
number; sampling depth; name of the land; test date; The signature of the executor and other
information must be reflected. The location of the sample should be indicated in the field
book. Samples selected from water and soil are delivered to the laboratory. In the office, the
executor is prepared for laboratory work, the documents indicate the place of sampling, size
and other necessary information. Some important features of the physical condition of the
soil are determined. [3]These include natural density, particle density, moisture, particle size
distribution. Soil strength is assessed by certain characteristics of the soil's resistance to
compaction and shear. Filtration properties of soils are characterized by certain values of
their permeability. Water samples are taken from streams.[4]

Water samples are taken in a tightly closed container. The water sample taken is divided
into parts to determine the different components. Conventional chemical analysis determines
the content of bicarbonates, chlorine, calcium, magnesium and some other components.

DISCUSSION OF THE RESEARCH WORK

As a result of the research conducted in the area, samples of the following soil types
were taken and the area was monitored. The schematic map of the sections is given below.
(Figure 1)

1) Primary and peat mountain-meadow, 2) Chimli mountain-meadow, 3) Steppe
mountain-meadow 4) Typical brown mountain-forest 5) Washed and carbonated meadow-
forest (tugai) 6) Typical and carbonate meadow-brown 7) Subasar alluvial-meadow.
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Figure 1. Schematic map of sections

Primary and peat mountain-meadow. Soil samples were taken from 0-17 cm, 17-58 cm,
58-x cm layers during soil monitoring. At first glance, the color of the soil changed from dark
chestnut to gray and gray. [5]The soil structure consists of grains, fine grains and small
stones in the upper layer. The mechanical composition moves from light clay to clay. The
density of the area is soft on all 3 layers. Roots and rhizomes are found in the soils, and small
and large stones are found in the lower part of the root rot. There is no carbonate in the area.
The area varies from humid to dry. The passage of land passages is clearly visible. Heavy
rain erosion was observed in the area. The root system of these soils forms a well-developed
grassland grass layer, which in turn allows the accumulation of organic residues. Due to
climatic conditions, the vegetation period of plants is significantly weakened. Allows the
accumulation of humus in the soil and the formation of a layer of grass. Shrubs such as hips,
peas, blackberries, cherries, beech, oak, hornbeam and poplar are widespread in the area.

Grassy mountain-meadow. During the monitoring, 4 layers of soil were taken from 0-13
cm, 13-47 cm, 47-62 cm, 62-85 cm depths. The color of the soil changes from light brown to
yellowish brown. It changes its structure into granular, coarse-grained and unstructured. The
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mechanical composition is light clayey, medium clayey and clayey. The texture is soft on the
top layer, firm on the middle layers and firm on the bottom layer. In the soils, roots and
rhizomes, root rot, small stones are replaced by large roots, sparse roots and small grains.
There is no carbonate in the area. [6]The soil layers are dry and quarterly is not observed.
The appearance of the passages is gradual. Blackberries, blueberries, currants, milkweed,
alfalfa, blackberries, cherries, alfalfa, hips, crab apples, pears, hazelnuts, peanuts, hornbeam,
walnuts, lindens, pigeons, various grasses and plants are spread in the area.

Steppe mountain-meadow. 0-12 cm, 12-43 cm, 43-x cm thick soil samples were taken
from the area in 3 layers. The soils differ in color depending on the color of the layers: dark
brown, light brown and light gray. Although the structure is soft in the upper layers, it is
stony in the middle layer and stony in the lower layer. The mechanical composition is
slightly clayey on all 3 layers. The topsoil is soft in the upper layers, loose in the middle, and
soft in the lower part. Derivatives in the soil include roots and rhizomes, root rot, small
stones, etc. consists of. No carbonate properties were observed in the soil. Soil moisture was
observed. The visibility of the crossings in the area was gradual. The soils are subject to weak
water erosion. Plant species such as alfalfa, hybrid clover, black currant, foxtail, carpet,
blackberry, poplar, linden, willow, and hornbeam are widespread in the area.

Typical brown mountain-forest . Soil samples were taken from the area at depths of 0-18 cm,
18-42 cm, 42-68 cm, 68-90 cm. The color of the soil layers varies from light brown, dark brown
and yellowish gray. According to the soil structure, it is divided into granular, granular and
unstructured. Due to its mechanical composition, it is light and medium clayey and clayey. Soil
density is soft in the upper part of the soil, solid in the middle and hard in the lower parts.
Derivatives in the soil are mainly replaced by roots and rhizomes, root rot, many small stones,
large downward roots and sparse root remnants. No carbonation was observed in the area. Soil
moisture is low, the soil surface is dry. The appearance of transitions in the soils is gradual.
Maple, hornbeam, hornbeam, cornel, walnut, linden, chestnut, hips, blackberries, cherries,
hawthorn, cherries and various grasses are widespread in the area.

Washed and carbonated meadow-forest (tugai). Samples were taken from the local soils in 4
layers from depths of 0-18 cm, 18-39 cm, 39-67 cm, 67-103 cm. No erosion process was observed
in the soil. The topsoil is black, then relatively light black, dark gray and light gray. The structure
of the soil varies from granular, fine-grained, fine and unstructured. The mechanical composition
of soils varies with medium clayey, light clayey and clayey. According to the density properties
of the soil, the upper layer is loose, then soft and the lower layers are solid. Due to the
composition of soil derivatives and nutrients, roots and rhizomes, root rot, insect paths are
replaced by river stones towards the lower layers. No carbonate is observed in the upper layers
of the soil, weak carbonate is observed in the 3rd layer, and medium carbonate is observed in the
lower layers. While the upper part of the area is moist, the humidity is decreasing towards the
lower parts. The appearance of ground passages is gradual along the layers. Kalish, avalik,
alfalfa, alfalfa, milkweed, timofeyevka, cattail, butterbur, hazelnut, walnut, blackberry,
pomegranate, fig, black currant, mountain ash, etc. spread on various grass plants.

Typical and carbonated meadow-brown. During the monitoring, 5 layers of soil samples
were taken from the depths of 0-16 cm, 16-74 cm, 74-110 cm, 110-139 cm, 139-165 cm. No erosion
was observed in the area. The color of the soil varies from brown to dark brown. The structure of
the soil is unstructured in the upper layers and fine-grained in the lower layers. The mechanical
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composition is lightly clayey in the upper layers, medium clayey in the 3rd layer, and clayey in
the lower layers. It has a soft texture in the upper layers and becomes less dense as it descends.
Sparse rust spots and white mold spots are found as the contents descend to the roots and
rhizomes, insect tracts, and substrates. No carbonate was observed in the area. The upper parts
of the soil are moist and the lower layers are moist. Land transitions are gradual in some places
and clear in others. In the area, there are cranberries, horsetail, hawthorn, avalanche, blackberry,
etc. it is possible to observe the spread of meadow grasses.

Subasar alluvial-meadow. Samples were taken from the soil in 5 layers, 0-12 cm, 12-57 cm,
57-82 cm, 82-89 cm, 89-112 cm. Water erosion is widespread in the soils. Soil colors vary from
light gray to light brown, light brown, yellowish brown, and dark brown. According to the
structure of soils, they are divided into unstructured, sedimentary, unstructured and sandy.
According to its mechanical composition, it is classified as medium clay, heavy clay and light
clay. The density of the soil is low in the upper layers and soft in the middle layers. Soil
derivatives include roots and rhizomes in the upper layers, insect paths, sparse spots, and
increasingly yellow patches on the lower layers. Carbonate is distributed to varying degrees in
the area. Poor boiling is observed in the upper layer. Severe carbonate is observed in the 2nd and
4th layers, and moderate carbonate in the 3rd and 5th layers. Humidity is also distributed
differently across soil layers. The top layer is dry, the middle part is slightly moist, and the lower
layers are moist. The appearance of land transitions is more pronounced in the lower layers,
although the upper layers are gradual. Plants such as kalish, wild licorice, kandalash, blackberry,
hips, cherry, elm, poplar, walnut are spread in the area.

RESULT

Observation and sampling of the area reveals a process of erosion reduction as the area
descends from the high mountains. The carbonate content in the area varies between low and
medium. Examples of specific trees are poplar, walnut, hornbeam, and blackberry hips. Rainfall
and solar radiation are important factors in studying the ecological condition of the area. The
following graphs show the amount of precipitation and solar radiation in the study area for
2018-2021. (Graphl,2) As a result, it is possible to create an idea of the ecological condition of the
area. And the efficient use of the area will reveal its potential in terms of agriculture, farming and
tourism.

Graph1[7]
80
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3-year rainfall schedule of the area
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Graph 2 [7]

3-year soil temperature in the area
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XULASO

Goygol Milli Parkinin ve atraf srazilarin bitkilorlo assosiasiyada olan kisali gobaloklorinin miixtalifliyi
herbari niisxalori vo yeni toplanilmis niimunselor ssasinda arasdirilmisdir. Son taksonomik ve nomenklatur
yeniliklar nazars alinaraq tedqiqat arazisinin bitki ve gobelaklarinin taksonomik strukturu, sahib bitki ardicillig
miiayyon edilmisdir. Ascomycota sobesinin 8 sinfi, 29 sirasi, 56 fasilosi, 89 cinsine aid 150 név miiayyan
edilmisdir. Bu gobalaklar, 24-ii agac, 10-u kol va 24-ii ot olmagla, 15 fesilaye, 32 cinse aid 58 bitki névii tizerinde
agkar olunmusdur. Bazi gobalok névleri birden ¢ox bitki hissesinda inkisaf edir. Niimunaler 53 gévds, 80 yarpagq,
3 yarpaq vo govds, 5 meyve vo qoza olaraq tohlil edilmisdir. Onlardan Taphrina pruni (Fuckel) Tul. novii Prunus
cerasifera Ehrh., govds, meyve ve toxumunda inkisaf edir. Golovinomyces cichoracearum (DC.) Heluta ve Podosphaera
fusca (Fr.) U.Braun & Shishkoff gobslaklari uygun olaraq Centaurea cheiranthifolia Willd. ve Cota triumfetti (All)
J.Gay bitkilarinin yarpagq, govda va ¢igoklorinds tesadiif edilmisdir.

Acar sozlar: gobalak, herbari, nov, miixtsliflik, niimuns, patogen, sahib bitki, takson

SAC FUNGI (ASCOMYCOTA) OF GOYGOL NATiONAL PARK AND SURROUNDING AREAS:
THEIR TAXONOMIC COMPOSITION, HOST PLANTS AND DiSTRIBUTIiON

ABSTRACT

The diversity of fungi associated with plants in Goygol National Park and its surrounding areas was
investigated based on herbarium and newly collected specimens. Taking into account recent taxonomic and
nomenclature innovations, the taxonomic structure of fungi of the study area, their host plants was determined.
In total, 150 species belonging to 89 genera, 56 families, 29 orders and 8 classes of Ascomycota were identified.
These fungi are found on 24 trees, 10 shrubs and 24 herbs, defined as 58 plant species belonging to 32 genera, 15
families. Some fungi species grow on more than one part of the plant. The samples were studied on 53 stems, 80
leaves, 3 leaves and stems, 5 fruits and cones. Among them Taphrina pruni (Fuckel) Tul. develops on the stem,
fruit and seed of Prunus cerasifera Ehrh., Golovinomyces cichoracearum (DC.) Heluta and Podosphaera fusca (Fr.)
U.Braun & Shishkoff are found on the leaves, stems and flowers of the plants Centaurea cheiranthifolia Willd. and
Cota triumfetti (All.) J. Gay respectively.

Key words: fungus, herbarium, species, diversity, sample, pathogen, host plant, taxon

CYMUATABIE TPUBBI (ASCOMYCOTA) I'ENI-TEABCKOTO HAIIMOHAAIbHOT'O TIAPKA U
MPUAETAIOIIVIX TEPPUTOPUN: X TAKCOHOMMYECKI COCTAB, PACTEHUS-XO3SIEBA U
PACITPOCTPAHEHME

PE3IOME

Ha ocHoBe repOapust 1 BHOBb COOpaHHBIX OOpa3lloB M3y4eHO pasHOOOpasue rpuOOB, BCTpedaloUIMXCs Ha
pacTeHN:AX, MpouspacTalomux b [€iré AbckoM HallOHAABHOM IapKe 1 ero okpectHocTsax. C ygeToM mocaeAHuX
TaKCOHOMMYECKMX I HOMEHKAaTYPHBIX HOBIIIECTBO OIlpeJeleHa TaKCOHOMMYecKasl CTPYKTypa IpuboB u3ydaeMoit
TeppUTOPUN, UX pacTeHUsA-Xo3sieBa. Beero BrisiBaeHo 150 Buaos, oTHocAmmxcsa K 89 pogam, 56 cemelictsy, 29
oTpsgaMm u 8 Kaaccam Ascomycota. DTu TpmOLI OOHapy>KeHHI B OOINeli CAOXKHOCTM Ha 58 BUAax pacTeHMIA,
npuHajaexalmux K 32 pogaM, 15 cemeiicTBaM. B TOM 4licAe Ha AepeBbiaX — 24, Ha KycrapHMuKax - 10 1 TpaBsHMCTBIX
pacreHmsx - 24 Buja. VccaeaoBanne o6pasios Ha 53-x crebasax, 80-Tu AUCTBAX, 3-X CTeDASX C AUCTBAMMY, 5-TU
I1104aX ¥ IIUIIKaX II03BOAMAO YCTaHOBUTH, YTO HEKOTOphIe BMABLI TpUOOB pacTyT OoJee yeM Ha OAHON JacTu
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D.N. Agayeva, A.V. Bagirova, Y.O. Yusifova, P.N. Agayeva, T.B. Mailova, E.S. Isgandarli

pacrennit. VI3 aux Taphrina pruni (Fuckel) Tul. passuBaeTcs Ha crebae, maogax u ceMeHax Prunus cerasifera Ehrh.,
a Golovinomyces cichoracearum (DC.) Heluta 1 Podosphaera fusca (Fr.) U.Braun & Shishkoff BcTpedarorcst Ha AMCTBAX,
crebasx u uBeTKax pacrenuii Centaurea cheiranthifolia Willd. n Cota triumfetti (All.) ].Gay., cooTBeTCTBEHHO.

Karouesrble caosa: rpud, repbapuii, 14, pazHoOOpasie, oOpasell, IaTOTeH, pacTeHMe-X0351MH, TaKCOH

GIRIS

Kigik Qafqaz sira daglarinin simal-sorq hissesinde deniz saviyyesinden 1000-3060 m
hiindiirliitkds yerlosan Goygol Milli Parki (GMP) simal yamaclarin subalp zonasmin bir
hissesini, orta dagliq zona megoalarini Goy-gol, Maral ve Zali gollarini shate edir [1]. Osasan
GMP inzibati bolgii olaraq Goygol rayonu ve Genca seharinin arazisinds yerlasir. Orazi dag-
mesd, dag-bozqir, subalp vo alp dag-comen bitki ekosistemlarinden ibarat olub, bitkilar
alominin zenginliyi vo Ozlinemoxsuslugu ilo secilir. Burada Sorq fistig1 (Fagus orientalis
Lipsky), Serq palid1 (Quercus macranthera Fisch. & C.A.Mey.), Qafqaz valasi (Carpinus betulus
L.), Sallaq tozagaci (Betula pendula Roth), adi goyriis (Fraxinus excelsior L.), Trautvetter
agcaqaym (Acer heldreichii subsp. trautvetteri (Medw.) A.E.Murray), Qafqaz cokoesi (Tilia
rubra subsp. caucasica (Rupr.)V.Engel, iynayarpaqlilardan Qarmaqvari sama (Pinus hamata
Sosn.) tesadiif edilir. Kol bitkilarinden Adi zogal (Cornus mas L.), Adi vo Sixgi¢ok zirinc
(Berberis vulgaris L., Berberis integerrima Bunge.), It itburnusu (Rosa canina L.), Adi azgil
(Mespilus germanica L.), Adi nar (Punica granatum L.) tez-tez rast goalinandir.

Miixtalif vaxtlarda ¢ap olunmus islords arazinin flora va bitkiliyinin fiziki ve antropogen
amillarin tesiri altinda shamiyyetli deyisikliklors maruz qalmasi fakti qeyd edilib [1, 2, 3].
Bununla slagedar bitkilorlo assosiasiyada olan gobaloklor barods adebiyyat melumatlar
aragdirilmigdir. Diger regionlarla miiqayisede Goy-gol ve atraf arazilerin gobsloklarine dair
molumatlar azhiq teskil edir, lakin bitkilarle assosiasiyada olan mikro- ve makromisetlora
dair olks tizre aparilan tedqiqatlarin naticesi kimi, bir sira ham sapratrof, hem das patogen
gobalaklor geyd edilmisdir [4, 5, 6]. Orazinin yalan¢i unlu sehlari son illor arasdirilmus,
asason ot bitkilari tizerinde yayilmis oomisetlor (Chromista, Oomycota) 36 név olaraq toyin
edilmisdir [7]. Hom¢inin GMP-nin makromisetlori arasdirilmis Azarbaycan iiglin bir yeni
nov olmagqla tiimumilikds 26 név miisyysn edilmisdir ki, onlardan 14 nov tibbi, 5-i ise qida
shamiyyoetli hesab edilir [8].

Gobalaklar an boyiik eukariotik alemlarden biridir, hal-hazirda 1.5-12 milyon novii
ehtiva etdiyi distniiliir [9, 10]. Ascomycota gobalok novlerinin son derace heterogen
qrupunu tomsil etmoklo yanasi bu alemin on bdyiik sobasi (filum) hesab edilir. Kisali
gobalaklarin 650-550 milyon il avval [11, 12] yarandig1 ehtimal edilir vo miiasir malumatlara
gora toxminan 92700 tesvir edilmis név movcuddur [13]. Onlarin bir ¢oxu bitkilerle
assosoasiyada olan mikroskopik gobaleklardir, lakin oOlglice boyiilk - quzuqgarm
(Morchellaceae), triifel (Tuberaceae), kasa (Pezizaceae) formali gobaloklara do tesadiif edilir
[14, 15]. Bu gobalaklorin tosnifati bir ne¢o dafe yenilonmisdir [10] vo miiasir tasnifata gora
sOba daxilinds {i¢ yarimsoba — Pezizomycotina, Saccharomycotina ve Taphrinomycotina
gobul edilir, birincisi miixtalifliyine gore an boyiiylidiir ve bura gobalaklarin hifal ve meyveo
cismi amoale gotiran boyiik okseriyyati daxildir [17, 18]. Filum daxilinds Incertae sedis kimi
geyd edilon texminan 1544 cins vardir ki, onlarin tesnifatda yeri deqiq deyil ve onlarin
taksonomik statusunu miisyyanlagdirmak ii¢lin molekulyar tadqgiqatlarin aparilmasi vacib
hesab edilir [18, 19].
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Goygol Milli parkimin va atraf arazilarin kisali gobalaklori (ascomycota): taksonomik tarkibi, sahib bitkilori va yayilmasi

Bitkilorlo assosiasiyada olan Ascomycota ndvlarinin todqiqi homise aktualdir, belos ki,
onlar miixtalif hayat formalarina malik olmaqla ekosistemda shamiyyatli rola malikdirlar.
Hazirki todqiqat isinin moaqsadi GMP-da ve atraf arazilorde bitkilar iizerinds askar edilmis
kisali goboalaklora dair malumatlar1 timumilasdirarak, onlarin taksonomik tarkibi, sahib bitki
sirasi, patoegen novlori barade atrafli malumat toqdim etmakdir.

TODQIQATIN MATERIAL VO METODU

Niimunalar. Todgiqat obyekti olaraq Botanika Institutunun mikoloji herbarisinda (BAK)
saxlanilan va slave olaraq 2021-2022-ci illerds ekspedisiyalar zamani toplanan niimunsaler
tohlil edilmisdir. Niimunsalarin toplanma yerlari asasan Maralgol, Goygol, Goygol rayonu,
Asiqli, Caykand, Ozgilli, Toganali kendlari, Gencs, Bagbanlar ve Hacikend gasabaleri arazisi
olmusdur (Sakil 1).
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Sekil 1. Tadqiqat arazisinds niimuns toplanilan yerlar.

Tayinat. Novlari toyin etmak {iciin miixtalif yanagsmalardan va teyinedicilarden istifads
edilmisdir [19, 20]. Simptomatik olamsatlorlo yanasi, miithiim mikroskopik diaqnostik
parametrlor (qurulus, reng, Ol¢ii, forma) nazere alinmisdir. Simptomatik hissaden kigik
kasiklor hazirlanmis tizarinds steril su olan preparat siisasino yerlogsdirilmis ve har bir vacib
alamatdan 20 6l¢gma aparilmisdir. Niimunsalar asasan mikroskopu (Axio Cam Vert. Al, Carl
Zeiss, Almaniya) ilo miisahids edilmis, 6lgmalar 40 x boytidiicii ile aparilmis (Axiocam Zeiss,
105 rongli) ve natice orta maxrac kimi hesablanmisdir. Nov adlar1 ve taksonomik vahidlar
“MycoBank”  (https://www.mycobank.org/) ve  “The  World Flora  Online”
(http://www.worldfloraonline.org) mealumat bazalarina asasen yoxlanilmigdir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Aragdirilmis novlar kissli gobalaklari Taphrinomycotina, Pezizomycotina ve bir Incertae
sedis yarimgobalarine aid olmagqla 8 sinif (onlardan 2-si Insertae sedis), 29 sira (4-ii Insertae
sedis), 56 fosilo (4-ii Insertae sedis), 89 cinsdan olan 150 névdan ibarat olmusdur (Cadval 1).
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Cadval 1. Tadqiqat isinde aragdirilmig Ascomycota cinsins aid gobalaklarin taksonomik tarkibi.

Sinif Sira Fasila Cins Nov
1 2 3 4 5
Taphrinomycetes Taphrinales Taphrinaceae Taphrina Fr. 2
Dothideomycetes Botryosphaeriales Botryosphaeriaceae Diplodia Fr., Fusicoccum 4
Corda, Sphaeropsis Lév.
Phyllostictaceae Phyllosticta Pers. 25
Capnodiales Capnodiaceae Leptoxyphium Speg. 1
Cladosporiales Cladosporiaceae Cladosporium Link 2
Dothideales Cryptosporaceae Cryptospora Niessl 1
Dothioraceae Metasphaeria Sacc. 1
Dyfrolomycetales Pleurotremataceae Melomastia Nitschke ex Sacc. 1
Hysterales Hysteraceae Gloniopsis de Not. 1
Cercospora Fresen. ex Fuckel, 16
Mycosphaerella Johanson,
Neophloeospora U. Braun, C.
Nakash., Videira & Crous,
Mycosphaerellales Mycosphaerellaceae Ramularia Unger,
Pseudocercospora Speg.,
Septoria Sacc., Sphaerulina
Sacc., Stigmina Sacc.
Patellariales Patellariaceae Patellaria Fr. 1
Pleosporales Camarosporiaceae Camarosporium Schulzer 2
Coniothyriaceae Coniothyrium Corda 2
. Ascochyta Lib., Epicoccum 4
Didymellaceae Link, Phoma Sacc.
Lophiostomataceae Platystomum Trevis 1
Lophiotremataceae Lophiotrema Sacc. 1
Leptosphaeriaceae Plenodomus Preuss 1
Melanommataceae Aposphaeria Sacc., Melanomma 5
Nitschke ex Fuckel
Phaeosphaeriaceae Hendersonia Sacc. 5
Pleosporaceae Alternaria Nees, Pyrenophora 2
Fr.
Teichosporaceae Teichospora Fuckel. 1
Trematosphaeriaceae Trematosphaeria Fuckel 1
Valsariales Valsaceae Valsaria Ces & de Not. 1
Venturiales Venturiaceae Fusicladium Bonord. 1
Incertae sedis Englerulaceae Sarcinella Sacc. 1
Eurotiomycetes Eurotiales Aspergillaceae Sterigmatocystis C.E. Cramer 1
Leotiomycetes Helotiales Dermataceae Gloeosporium Desm. & Mont. 4
Blumeria Golovin ex Speer, 16
Erysiphe R. Hedw. ex DC,,
. Golovinomyces (U. Braun
Erysiphaceae Heluta, Plz/ll{zc(tinia Lév.,)
Podosphaera Kunze, Sawadaea
Miyabe
Lachnaceae Dasyscyphella Tranzschel 1
. Botrytis P. Micheli ex Haller, 2
Sclerotiniaceae e
Monilinia Honey
1 2 3 4 5
Incertae sedis Monostichella Hohn. 1
. . Propolis Fr. 1
Rhytismatales Rhytismataceae Rhytisma Fr. 1
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. Pezizales Pezizaceae Peziza Fr. 1
Pezizomycetes -
Incertae sedis Tarzettaceae Tarzetta (Cooke) Lambotte 1
X . Amphisphaeria Ces. & De Not., 2
Amphisphaeriales Amphisphaeriaceae MoZochZetia (Sacc.) Allesch.
Pestalopsidaceae Pestalotia De Not. 1
Chaetosphaeriales Chaetosphaeriaceae Melanopsamma Niessl 1
Asterosporiaceae Asterosporium Kunze 1
Coryneaceae Coryneum Nees 1
Cytosporaceae Cytospora Ehrenb. 4
Diaporthales Diaporthaceae Diaporthe Nitschke 1
Gnomoniaceae Ampbhiporthe Petr. 1
Gnomonia Ces. & De Not. 1
Melanconidaceae Melanconium Link 2
Clavicipitaceae Claviceps Tul. 1
Epichloe (Fr.) Tul. & C. Tul. 1
Bionectriaceae Hydropisphaera Dumort. 1
Hypocreales Cylindrocarpon Wollenw, 4
; . Ilyonectria P. Chaverri & C.
Sordariomycetes Nectriaceae S;Zlgado, Nectria (Fr.) Fr.,
Neonectria Wollenw
Magnaporthales Magnaporthaceae Clasterosporium Schwein. 1
Phyllachorales Phyllachoraceae Polystigma DC., Physalosporina 2
Woron.
Sordariales Lasiosphaeriaceae Naemospora Roth ex Kuntze 1
Trichosphaeriales Trichosphaeriaceae Eriosphaeria Sacc. 1
Diatrype Fr., Cryptosphaeria 3
Diatrypaceae Ces. & De Not., Eutypa Tul. &
C. Tul.
Hypoxylaceae Jackrogersella L. Wendlt, 1
Xylariales Kuhnert & M. Stadler
. Sphaeria Haller, Xylaria Hill 2
Xylariaceae ex Schrank
Incertae sedis Dendrophoma Sacc. 1
Diplodiella (P. Karst.) Sacc., 2
Incertae sedis Incertae sedis Incertae sedis Exosporium Link
Stigmella Lév., Toxosporiopsis 2
B. Sutton & Sellar
8 29 56 89 150

Qeyd edak ki, ananavi taksonomiyadan forqli olaraq, anamorf marhalads toyin edilmis
novlar tiglin son illorde daha ardicil tatbiq edilon sekvens asash tosnifat asas gotiirtilmiisdiir.

Gobalaklarin  taksanomik  torkibi. Onlardan Taphrinomycotina
Taphrinomycetes sinfi, Taphrinales sirasi, Taphrinaceae fosilesine aid Taphrina deformans
(Berk.) Tul. va T. pruni (Fuckel) Tul. novlari ils tomsil olunmusdur.

yarimsobasi

Pezizomycotina yarimsobesi daha zengindir. Buraya aid Dothideomycetes sinfi Botryo-
sphaeriales (Botryosphaeriaceae, Phyllostictaceae), Capnodiales (Capnodiaceae), Cladospo-
riales (Cladosporiaceae), Dothideales (Cytosporaceae, Dothioraceae), Dyfrolomycetales
(Pleurotremataceae), Hysterales (Hysteraceae), Mycosphaerellales (Mycosphaerellaceae),
Patellariales (Patellariaceae), Pleosporales (Camarosporiaceae, Coniothyriaceae, Didymellaceae,
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Lophiostomataceae, Lophiotermataceae, Melanommataceae, Phaeosphaeriaceae, Pleosporaceae,
Teichosporaceae, Trematosphaeriaceae), Valsariales (Valsariaceae), Venturiales (Venturiaceae) vo
bir Incertae sedis (Englerulaceae) siralar1 olmagqla 23 fosilodon 37 cinse aid 81 novii birlasdirir.
Botryosphaeriales sirasindan Botryosphaeriaceae fasilasi Diplodi, Fusicoccaum, Sphaeropsis
cinslorine aid 4, Phyllostictaceae fosilasi Phyllosticta Pers. cinsinas aid 25 novls temsil olunmusdur.
Cladosporiales siras1 Cladosporiaceae fosilasi Cladosporium, Dothideales sirasi Dothioraceae
fosilosi  Cytospora,  Saccotheciaceae  fosilosi  Metasphaeria, ~ Dyfrolomycetales  sirasi
Pleurotremataceae fasilasinden Melomastia Nitschke ex Sacc. cinsi, Hysterales sirasi, Hysteraceae
fasilasindan Gloniopsis cinsleri ile qeyd edilib. Mycosphaerellales sirast Mycosphaerellaceae isa
Cercospora Fresen. ex Fuckel, Mycosphaerella Johanson, Neophloeospora, Pseudocercospora, Ramularia,
Septoria, Sphaerulina, Stigmina cinslorine aid timumilikds 15 novle geyd olunmusdur. Siralardan
Pleosporales Camarosporiaceae vo Coniothyriaceae fisilalori vo uygun olaraq Camarosporium vo
Coniothyrium cinslorinin har biri 2 névle geyd edilmisdir. Bu siraya aid Didymellaceae fasilosi
Ascochyta, Epicoccum Link ve Phoma cinslerine aid 4 novls, Lophiostomataceae fasilasi
Platystomum, Lophiotremataceae fosilosi Lophiotrema, Melanommataceae fosilosi Aposphaeria,
Melanomma, Phaeosphaeriaceae fosilosi Hendersonia, Pleosporiaceae fasilosi Alternaria,
Pyrenophora,  Teichosporaceae  fosilosi  Teichospora, —Trematosphaeriaceae  fasilosinden
Trematosphaeria cinlorine aid novlarls ilo toyin edilmisdir. Digar siralardan Patellariales sirasi
Patellariaceae fosilosindon Patellaria, Valsariales sirasi, Valsariaceae fosilosindon Valsaria,
Venturiales sirasi, Venturiaceae fosilosinden Fusicladium cinslarinin har birine aid bir név tayin
edilmigdir. Buraya hamginin sirasi Incertae sedis hesab edilon Englerulaceae fasilosinden Sarcinella
cinsi do aiddir.

Eurotiomycetes sinfi Eurotiales siras1 Aspergillaceae fosilosindon Sterigmatocystis castanea
F.Patt. novii toyin edilmisdir. Leotiomycetes sinfi Helotiales (Dermataceae, Erysiphaceae,
Lachnaceae Ploettnerulaceae, Sclerotiniaceae, Incertae sedis) kimi genis, Rhytismatales
(Rhytismataceae) kimi nisbaton kicik sira ve fosilalorle temsil olunmusdur. Unlu sehlorden
Blumeria, Erysiphe, Golovinomyces, Phyllactinia, Podosphaera va Sawadaea cinsloerins aid 16 nov teyin
edilmigdir. Siraya aid Lachnaceae fasilasinden Dasyscyphella (1) vo Sclerotiniaceae fosilosindan
Botrytis va Monilinia cinsine aid novler toyin edilmisdir. Adi geyd edilonlorden Dermataceae
fosilesindan Gloeosporium 4, Rhytismataceae fosilasi Propolis vo Rhytisma cinslori ise hor biri 1
novle gosterilmisdir. Umumilikde sinfe 27 név daxil edilmisdir.

Sordariomycetes Amphisphaeriales (Amphisphaeriaceae, Pestalopsidaceae),
Chaetosphaeriales  (Chaetosphaeriaceae), Diaporthales (Asterosporiaceae, ~Coryneaceae,
Cytosporaceae, Diaporthaceae, Gnomoniaceae, Melanconidaceae), Hypocreales (Clavicipitaceae,
Bionectriaceae, =~ Nectriaceae)) =~ Magnaporthales  (Magnaporthaceae), = Phyllachorales
(Phyllachoraceae), Sordariales (Lasiosphaeriaceae), Trichosphaeriales (Trichosphaeriaceae) vo
Xylariales (Diatrypaceae, Xylariaceae, Incertae sedis) kimi siniflora ayrilmigdir.

Amphisphaeriales sirasnin  Amphisphaeriaceae fasilesi imumilikde 3 noév olmagla,
Amphisphaeria, Monochaetia vo Pestalotiopsidaceae fosilosinden Pestalotia ve Chaetosphaeriales
sirast  Chaetosphaeriaceae fasilosinden Melanopsamma cinsleri ile temsil olunmusdur.
Dioporthales sirasinin Asterosporiaceae fosilasi Asterosporium Kunze , Coryneaceae fasilosi

Coryneum, Diaporthaceae fosilosi Diaporthe, Gnomoniaceae fosilosi Amphiporthe vo
Gnomoniacinslarinin harasi 1, Cytosporaceae fasilasi Cytospora cinsi 4, Melanconidaceae fasilasi
Melanconium cinsi 2 novle geyd edilmisdir. Hypocreales siras1 Clavicipitaceae fosilasinden
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Claviceps, Epichloe, Bionectriaceae fosilosindon Hydropisphaera, Nectriaceae fosilosindon Nectria,
Neonectria cinslorinin har birina bir név aid edilib. Magnoporthales siras1 Magnoporthaceae
fosilosi ~ Clasterosporium, Phyllachorales sirast Phyllachoraceae fosilosindon — Polystigma,
Physalosporina cinslari do 1 névls qeyd edilib. Sordariales sirasi Lasiosphaeriaceae fasilasinden
Naemospora, Trichosphaeriales siras1 Trichosphaeriaceae fasilosindon Eriosphaeria, Xylariales sirasi
Diatrypaceae fosilosine aid edilen den olan cinsler da tek novlarle taqdim olunmusdur. Bu siraya
fosilosi Incertae sedis olan Dendrophoma da aid edilmisdir. Umumilikde bu sinfo 34 nov aid
edilmisdir.

Pezizomycotina yarimsobasi daxilinde Exosporium pyrosporum Hohnel, Fumago vagans Pers.
vo Diplodiella viminis Fautr. novlarinin statusu geyri miisyyandir. Ascomycota filumu daxilinds
Stigmella effiqurata (Schwein.) S. Hughes (=Coryneum effiguratum Schwein.) vo Toxosporiopsis
macrosperma (Cavara) B. Sutton & Dyko (=Hendersonula macrosperma Cav. novleri tiglin soba
daxilinds taksonomik status aydin olmadig; tigiin onlar cadvelin sonunda yerlasdirilmisdir.

Mikromisetlorlo yanasi tedqiqat srazisinds az sayda makromiset kisali novler ds qeyd
edilmisdir ki, bunlar Peziza repanda Wahlenb. ex Fr. (Pezizales, Pezizaceae), Tarzetta catinus
(Holmsk.) Korf & J.K. Rogers (Incertae sedis, Tarzettaceae), Jackrogersella cohaerens (Pers.) L.
Wendt, Kuhnert & M. Stadler (Xylariales, Hypoxylaceae), Xylaria carpophila (Pers.) Fr. (Xylariales,
Xylariaceaze) novlaridir.

Sahib bitkilarin taksanomik tarkibi. Goboloklor tobii biton ve okilmis 58 bitki novii
tizerinds qgeyd edilmisdir. Onlardan 24-ii ot (Anemonastrum fasciculatum (L.) Holub, Apium
graveolens L., Anthriscus sp., Brassica oleracea L., Beta vulgaris L., Calystegia sp., Coriandrum
sativum L., Cota triumfetti (All.) J.Gay (=Anthemis dumetorum Sosn.), Cucumis sativus L.,
Cucurbita pepo L., Dactylis glomerata L., Daucus carota L., Dictamnus albus L., Dodartia orientalis
L., Hordeum wvulgare L., Lolium rigidum Gaudin, Nicotiana tabacum L., Poa compressa L.,
Potentilla ruprechtii Boiss., Trifolium pratense L., Triticum durum Dest., Verbascum sp.,
Zygophyllum fabago L., Centaurea cheiranthifolia subsp. cheiranthifolius) ve 24-ii agac (Pinus
sylvestris L., Acer campestre L., Carpinus betulus L. (=Carpinus caucasica Grossh.), Cornus mas L.,
Cydonia oblonga Mill., Fagus orientalis Lipsky, Ficus carica L., Fraxinus excelsior L., Elaeagnus
angustifolia L., Malus domestica Borkh., Mespilus germanica L., Morus alba L., Pistacia mutica
Fisch. et C.A.Mey., Prunus cerasifera Ehrh., P. cerasus L. (=Cerasus vulgaris Mill.), P. domestica
L., Pyrus communis L., P. spinosa Forssk, Quercus petraea subsp. polycarpa (Schur) Raus
(=Quercus  iberica Stev.), Q. macranthera Fisch.et C.AMey., Q. robur subsp.
pedunculiflora (K. Koch) Menitsky (=Quercus longipes Stev.), Salix sp., Tilia cordata Mill., Ulmus
minor Mill. (=Ulmus suberosa Moench.)) bitkilaridir (Sakil 2). Uzerinda gobolak tesadiif edon
otlar (Berberis vulgaris L., B. integerrima Bunge., Erodium cicutarium L., Euonymus latifolia (L.)
Mill., Lonicera caucasica Pall., Punica granatum L., Rosa canina L., Rosa sp., Lonicera caucasica
subsp. orientalis (Lam.) D.F.Chamb. & D.G.Long., Vitis vinifera L.) sayca az olmusdur.
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Sakil 2. Sahib bitkilorin hoyati formalarma gore qruplasdirilmasi.

Bitkilorden 53 govds, 80 yarpaq niimunasi tahlil edilmisdir, hamginin 3 niimunads ham
yarpaq, ham da govds, 5 nlimununads ise ham meyvs, ham da qozalarla assosiasiyada olan
gobaloklor arasdirilmisdir (Sakil 3). Bazi gobalok ndvlari birden ¢ox orqgan iizerinds inkisaf
edir. Onlardan Taphrina pruni (Fuckel) Tul. novii Prunus cerasifera govds, meyvo vo
toxumunda inkisaf edir. Golovinomyces cichoracearum va Podosphaera fusca gobalaklori uygun
olaraq Centaurea cheiranthifolia subsp. cheiranthifolius vo Cota triumfetti bitkilarinin yarpagq,
govda vo cicoklorinde tesadiif edilmisdir. Sphaeropsis quercina névii Quercus petraea subsp.
polycarpa qozalarinda tayin edilmisdir.

10 - 0

Givda Yarpaq Yarpag/govda Meyva/goza
Sakil 3. Bitki orqanlaria gora gobalaklarin rastgalmasi.

Cilpaqtoxumlulardan yalniz Pinales siras1 Pinaceae fasiloesine aid P. sylvestris iizarinde
Aposphaeria pinea Sacc., Eriosphaeria vermicularia (Nees) Sacc. ve Dendrophoma pini Richon,
novlari geyd edilmisdir ki, onlar ssasen sam agacinin govdasi iiglin xarakterik novlar hesab
edilirlar.

Birlopalilorden Poales sirasinin Poaceae fasilasine aid Hordeum vulgare L. ndvii tizorinda
Blumeria hordei M. Liu & Hambl., Helminthosporium gramineum Rabh. novlari, Triticum durum
Desf. tizerinds, Lolium rigidum Gaudin tizerinde Claviceps purpurea (Fr.) Tul., Dactylis
glomerata tizarinde Blumeria graminis (DC.) Speer, Claviceps purpurea (Fr) Tul., Poa compressa
tizerinda Epichloe typhina (Pers.) Brockm. novleri geyd edilmisdir. Qeyd edilsn biitiin novler
parazitdir ve bitkilords ciddi xastalik toradicilari hesab edilirlor.

Aragdirmalara asasen an ¢ox gobalok Magnoliopsida sinfinin Fagales sirasinin Fagaceae
fosilasine aid Quercus L. vo Fagus L. cinslori itizerinde geyd edilmisdir. Nisbaton az sayda
diger cinlarin novlarine da tesadiif edilir.
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Eudikotlardan (Eudicots) Ranunculales sirasina aid Berberidaceae (Berberis vulgaris L., B.
integerrima Bunge) vo Ranunculaceae (Anemonastrum fasciculatum (L.) Holub) fasilalorine aid
bitkilar tizerinds uygun olaraq Phyllosticta berberidis Rabenh., Septoria berberidis Niessl.,
Ascochyta australis Speg. vo Erysiphe aquilegiae var. ranunculi (Grev.) R.Y. Zheng & G.Q.Chen
geyd edilmisdir.

Rozidlardan (Rosids) Vitales siras1 Vitaceae fasilosine aid Vitis vinifera L. novii tizarinds
Erysiphe necator Schwein, Zygophyllales sirasi Zygophyllaceae fosilosinden Zygophyllum
fabago L. novii tizerinda Cercospora zygophylli Szemb., Fabales siras1 Fabaceae fasilosindon
Trifolium pratense L. tizorinde Erysiphe communis f.sp. trifolii Rabenh., Astragalus cicer L.
tizorinde Physalosporina astragalina  (Rehm) Woron., Phaseolus wvulgaris L. tizerinda
Golovinomyces biocellatus (Ehrenb.) V.P. Heluta novlari tayin edilmisdir.

Bu qrupdan Rosales sirasinin Rosaceae fosilasine aid 12 bitki tizarinds 26 gobalok novii
miioyyon edilmisdir. Onlardan Malus domestica (Suckow) Borkh. noviinde Aposphaeria
compressa Pass., Podosphaera leucotricha (Ellis & Everh.) E.S. Salmon, Melanconium mali
Lebezh., Cytospora personata (Fr.) Sacc. novlari, Cydonia oblonga Mill. tizerinds Podosphaera
oxyacanthae f. cydoniae (Wallr.) Lév., Mespilus germanica L. tizarinda Phyllosticta mespili Sacc.,
Prunus cerasifera Ehrh. tizorinda Phyllosticta minutissima Ellis & Everh., Diaporthe cinerascens
Sacc., Valsaria insitiva (Tode) Ces. & De Not., Cytospora leucostoma (Pers.) Sacc., Polystigma
rubrum (Pers.) DC., Naemospora microspora Desm., Taphrina pruni (Fuckel) Tul. névleri Prunus
cerasus L. tizarinda Gloeosporium cerasi Lindau., Monilinia laxa (Aderh. & Ruhland) Honey,
Prunus domestica L. tizorinda Diaporthe cinerascens Sacc., Valsaria insitiva (Tode) Ces. & De
Not., Cytospora leucostoma (Pers.) Sacc., Polystigma rubrum (Pers.) DC., Naemospora microspora
Desm., Pyrus communis L. tizerinde Mycosphaerella pyricola Desm., Pyrus spinosa Forssk.
tizorinda Podosphaera pannosa (Wallr.) de Bary, Potentilla ruprechtii Boiss. tizorinde Ramularia
arvensis Sacc., Rosa canina L. tizarinda Pestalotia rosae (Westend.) X.A. Sun & Q.X. Ge, Rosa sp.
tizerinda Podosphaera pannosa (Wallr.) de Bary gostarmak olar.

Hamin siranin Eleagnaceae fasilosine aid Elaeagnus angustifolia L. tizarinda Coniothyrium
elaeagni N.P. Golovina, Ulmaceae fasilosindon Ulmus minor Mill tizerinds Leptoxyphium
fumago (Woron.) Crous, Moraceae fasilasindon Ficus carica L. tizorinds Diplodia sycina Mont.,
Camarosporium ficus Grove, Diaporthe cinerascens Sacc., Ilyonectria destructans (Zinssm.)
Rossman, L. Lombard & Crous, Morus alba L. tizarinds Neophloeospora maculans (Bérenger)
Videira & Crous va Cladosporium sp. toyin edilmisdir.

Fagales sirasinin Fagaceae vo Betilaceae fasilalori ilo tomsil olunub. Fagaceae
fosilosindan Quercus petraea subsp. polycarpa (Schur) Raus (=Q. iberica Stev.) Alternaria Nees,
Amphisphaeria Ces. & De Not., Aposphaeria Berk., Camarosporium Schulzer, Cladosporium Link,
Exosporium Link, Hendersonia Sacc., Monochaetia (Sacc.) Allesch., Phyllactinia Lév., Phyllosticta
Pers., Septoria Sacc., Sphaeropsis Lév., Trematosphaeria Fuckel cinslorine aid 20 ndév Q.
macranthera Fisch.et C.A.Mey. tizerinds Aposphaeria Sacc., Camarosporium Schulzer, Diplodiella
(P.Karst) Sacc., Gloniopsis de Not. (=Hystographium), Phyllosticta Pers., Lophiostoma Ces. & De
Not. (Platystomum Trevis.) cinslerina aid 7 nov, Quercus robur subsp. pedunculiflora (K.Koch)
Menitsky tizerinde Coryneum Nees, Oidium Link cinslorinin har birine aid bir név geyd
edilmisdir. Fasiloye aid Fagus orientalis Lipsky tizerinde Asterosporium Kunze, Cladosporium
Link, Botryosphaeria Ces. & De Not. (Fusicoccum Corda), Cryptosphaeria Ces. & De Not.,
Dasyscyphella Tranzschel, Hendersonia Sacc. (Stagonospora Sacc.), Hydropisphaera Dumort.,
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Melanomma Nitschke ex Fuckel, Phyllosticta Pers., Lophiostoma Ces. & De Not. (Platystomum
Trevis.), Lophiotrema Sacc., Melanconium Link, Neonectria Wollenw., Propolis (Fr.) Corda,
Toxosporiopsis B. Sutton & Sellar, Stigmella Lév. cinslorina aid 19 nov tohlil edilmisdir. Siranin
Betulaceae fasilasindan yalniz Carpinus betulus L. iizarinda Propolis versicolor (Fr.) W. Phillips,
Gloeosporium carpini (Lib.) Desm., Gnomonia fimbriata (Pers.) Fuckel, Monostichella robergei
(Desm.) Hohn (=Gloeosporium robergei Desm.), Phyllactinia guttata (Wallr.) Lév. novlar geyd
edilmisdir.

Cucurbitales sirasinin Cucurbitaceae fosilosindon Cucurbita pepo L., Cucumis sativus L. vo
Citrullus vulgaris Schrad. tizerinde ancaq unlu seh gobaloklorinden Podosphaera xanthii
(Castagne) U. Braun & Shishkoff (=Sphaerotheca fuliginea f. cucurbitae Jacz.), Golovinomyces
biocellatus (Ehrenb.) Heluta (=Oidium erysiphoides Fries.) tasadiif edilmisdir. Celastrales
sirasindan Celastraceae fosilosinin Euonymus latifolius Mill. novii tizerinde Phyllosticta
nemoralis Sacc. novii geyd edilmisdir. Malpigiales sirasimnin Salicaceae fosilosinden Salix sp.
tizarinda Phyllosticta salicicola Thiim. va Epicoccum negundinis G.H. Otth, Populus nigra L.
tizarinda Sphaerulina frondicola (Fr.) Verkley, Quaedvl. & Crous novleri qeyd edilmisdir.
Geraniales sirasmnin Geraniaceae fosilosi Erodium cicutarium L. tizarinde Sterigmatocystis
castanea F. Patt,, Myrthales sirasinin Lythraceae fasilosindon Punica granatum L. tizorinda
Phoma punicina Traverso, Patellaria atrata (Hedw.) Fr., Sapindales sirasinin Anacardiaceae
tosilasindon Pistacia atlantica Dest. (=P. mutica Fisch. et C.A.Mey.) tizorinda Pseudocercospora
pistacina (Allesch.) Crous, Quaedvl. & Sarpkaya (Septoria pistacina Allesch.), Sapindaceae
fosilosindon Acer campestre L. {izorinde Gloeosporium acericola Allesch., Sawadaea bicornis
(Wallr.) Homma, Rhytisma acerinum (Pers.) Fr. novlari Rutaceae fasilosindon Dictamnus albus
L. tizerinda Phyllosticta dictamnicola Lobik, Citrus limon (L.) Osbeck tizerinds Epicoccum
neglectum Link tapilmisdir.

Sapindales sirasinin Anacardiaceae fasilosindon Pistacia mutica Fisch. et C.A.Mey
tizarinds Pseudocercospora pistacina Allesch. Crous, Quaedvl & Sapkaya, Sapindaceae
fosilasindon Acer campestre L. tizarinda Gloeosporium acericola Allesch, Sawadaea bicornis
(Wallr.) Homma ve Rhytisma acerinum (Pers.) Fr. novleri, Rutaceae fosilosindon Dictamnus
albus L. tizarinda Phyllosticta dictamnicola Lobik novlari tayin edilmisdir.

Malvales siras1 Malvaceae fasilosindon Tilia cordata Mill. {izerinds Amphiporthe tiliae
(Sacc.) Rossman & Castl.,, Phyllosticta tiliicola Oudem, Cytospora populina (Pers.) Rabenh.,
Nectria cinnabarina (Tode) Fr., Diatrype stigma (Hoffm.) Fr. gostorilmisdir. Brassicales sirasi
Brassicaceae fosilosine aid Brassica oleracea L. noviinde ise Plenodomus lingam (Tode) Hohn.
(=Phyllosticta brassica (Curr.) West., Golovinomyces biocellatus (Ehrenb.) Heluta (=Oidium
erysiphoides Fr.) geyd edilmisdir.

Superasteridlor (Superastrids) qrupundan Caryophyllales siras1 Amaranthaceae
fosilasinin Beta vulgaris L. noviiniin yarpaqlarinda yalniz Erysiphe betae (Vantha) Weltzien
toyin edilmisdir.

Asteridlor (Astrids) qrupundan Cornales sirasi Cornaceae fasilasinden Cornus mas L.
tizerinda Coryneum foliicola Fuckel, Cryptospora fiedleri Niessl (=Metasphaeria fiedleri Sacc.),
Diplodia mamillana Fr., Hendersonia fiedleri (Rabenh.) Westend., Melanopsamma pomiformis
(Pers.) Sacc., Phyllosticta minima (Berk. & M.A. Curtis) Underw. & Earle, Sphaerulina cornicola
(DC.) U. Braun & Bensch (=Phyllosticta cornicola ( DC.) Rabh.), Teichospora oxystomoides Sacc.,
Cornus sanguinea subsb. australis (C.A.Mey.) tizerinda Phyllosticta thallina Sacc novlari tohlil
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edilmisdir. Qrupun Solonales sirasinin Convolvulaceae fasilasine aid Calystegia sp. tizorinda
yalniz Erysiphe polygoni DC. (=Erysiphe communis Schltdl.), Solonaceae fosilasindon Nicotiana
tabacum L. tizerinde Golovinomyces cichoracearum (DC.) V.P. Heluta toeyin olunmusdur.
Lamiales sirasindan Oleaceae fasilesine aid Fraxinus excelsior L. tizarinda Phyllosticta fraxini
Ellis & G. Martin, Cytospora pruinosa (Fr.) Sacc., Scrophulariaceae fasilosindon Verbascum sp.
uizorinda Septoria wverbascicola Berk. & M.A. Curtis novii, Mazaceae fosilosinin Dodartia
orientalis L. noviinda Leveillula taurica (Lév.) G.Arnaud geyd edilmisdir. Qrupun Asterales
sirast Asteraceae fosilosindon Cota triumfetti (All.) J.Gay (=Anthemis dumetorum Sosn.)
tizorinde Podosphaera fuliginea (Schltdl.) U. Braun & S. Takam. (=Sphaerotheca fuliginea f.
xanthii Jacz.), Centaurea cheiranthifolia Willd. tizerinde Golovinomyces cichoracearum (DC.) V.P.
Heluta, Xantium strumarium L. tizarinds Podosphaera xanthii (Castagne) U. Braun & Shishkoff
geyd edilmisdir. Dipsacales sirasmnin Caprifoliaceae fasilasinden Lonicera caucasica Pall.
torinda Phyllosticta obliqua Tassi, Septoria xylostei Sacc. & G.Winter, Sarcinella pulchra (Sacc.)
Seifert vo Apiales siras1 Apiaceae fosilasinin Anthriscus sp. tizerinda Septoria anthrisci Pass. &
Brunaud, Coriandrum sativum L. tizarinds Septoria umbelliferarum Kalchbr., Apium graveolens
L. tizarinda Septoria apiicola Speg., Daucus carota L. tizerinds Erysiphe heraclei DC. novii
gostorilmisdir.

Az sayda novle temsil olunan Solonaceae fasilesine aid Nicotiana tabacum L., Viburnaceae
fosilosindon Viburnum lantana L., Sambucus ebulus L., Scrophullariaceae fasilosindon Verbascum
sp., Mazaceae fasilasinden Dodartia orientalis L. novleri iizerinds az sayda gobalokler geyd
edilmisdir.

Gobaloaklarin boytik saksariyyetini saproblar teskil etse do, parazit novler do shemiyyatli
daracada ¢ox geyd edilmisdir. Bura biitiin unlu seh toradicileri, Diatrype, Rhytisma teleomorf
va Botrytis, Coryneum, Cytospor, Diplodia, Diplodiella, Fusicladium, Gloeosporium Melanconium,
Phyllosticta anamorf cinslorinin novleri aid edils bilar.
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torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Kimya ve Bioloji" 6nceler yayimlanmamis orijinal ¢aligmalari ve
yazarin kendi arastirma alanin-da yazilmig 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 6zeti birbirinin ayni olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az ii¢ s6zciikten olusmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde 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 gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

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

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, 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. 11 International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; Ust: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto bilyiik-
lukte 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, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler igin,(derginin kendilerine gonderilmesi za-
mani posta karsiligi) 30 ABD Dolar1 veya kargiligi TL, T.C. Ziraat Bankasi/Uskiidar-istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

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

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! coryiacHo porpammbel Microsoft Word u oTripaBiieHs! Ha 37IEKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJIKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpeacTaBisifOTCS aHHOTAIIMK HA JBYX APYTHX BBINIC YKA3aHHBIX SI3BIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yka3ansl kogel UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

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

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCyHKaM pa3MEIIIaloTCsl MO PUCYHKOM, KapTHHKON i rpadukom. Ha3BaHnue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAl0TCA B TEKCTE IIU(PPOI B KBAIPATHBIX CKOOKAX M PACIIONaratoTcs B KOHIIE CTAThH
B TIOPSIIKE IUTHPOBAHUS B TeKCTe. ECITM Ha OJMH 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
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTepHAIbl CHM-
No3uyMa, KOH(GEPEHIINH WK IPYTHX 3HAYAMBIX HAYYHBIX MEPOIPHATHHN JTOKHBI OBITH YKa3aHbl Ha3BaHHE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

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

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

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepbl crpaHuubl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs mwpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAILHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

Cratbs, Tocjae TOTo, KaK aBTOp ydes 3aMeuaHusi SKCIEePTOB, PENAKIIMOHHOW KOJUIETHEH JKypHama MOXKET
OBITh PEKOMEH/IOBaHA K MICYATH.
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