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POLIVINILPIRROLIDON 9SASLI HIDROGELIN ALINMASI
VO ONUN DOKSORUBISIN ANTIBIOTIKI iLO MUXTOLIF
MUHITLORDO SORBSIYASININ OYRONILMOSI

S.M. MOMMODOVA, C.E. QULIYEVA,
D.B. TAGIYEV, N.A.ZEYNALOV, K. C. HOSONOVA
AMEA akad. M. Nagiyev ad. Kataliz ve Qeyri-iizvi Kimya Institutu
Baki s. H.Cavid pr. 113, AZ 1143,

Samira_m@mail.ru

XULASO

Orta molekul kiitlasi 360 kDa olan poli-N-vinilpirrolidonun 5, 10, 15 va 20% (kiitla) nisbatlorinds tikici agent
N,N’-metilen-bis-akrilamidle ultrabandvsayi siia vasitesils tikilmasindan polyar miihitde yiiksak sisma qabiliyye-
tine malik torvari polimerlar sintez olunmusdur. IQ FTIR spektroskopiya, skanedici elektron mikroskopiya
tisullari ile gelin qurulusu dyrenilmis ve tikilme prosesinin mexanizmi agiglanmisdir. Homginin,alinmigs hidrogel
ilo doksorubisinin sorbsiyasit miixtslif pH-larda, fizioloji ve qliikkoza mahlullarinda Syrenilmis ve antibiotikin
sorbsiya daracasi ve sorbsiya tutumlarmnin miihitin pH-dan, asililigi tedqiq edilmisdir. Miiayyen olunmusdur ki,
tarkibinda 10% tikici agent saxlayan hidrogelin doksorubisine gore sorbsiya daracasi 97% tagkil edir ve miihitin
pH-nin artmasi ils gelin doksorubisina gore sorbsiya tutumu artir.Bununla yanasi, 10% MBAA ils tikilmasindan
alinan hidrogelin doksorubisina gora sorbsiya tutumu pH=8-da an yiiksak olub, 16,68 mq/q taskil edir.

Acar sozlar: poli-N-vinilpirrolidon,metilen-bis-akrilamid, ¢arpaz tikilms, hidrogel, sisma deracasi, skanedici
elektron mikroskopiya, doksorubisin, sorbsiya tutumu, sorbsiya daracasi, antibakterial polimerlar.

OBTAINING A HYDROGEL BASED ON POLY-N-VINYLPYRROLIDONE AND STUDY ITS SORBTION
WITH DOXORUBICIN ANTIBIOTICS IN DIFFERENT ENVIRONMENTS

ABSTRACT

In polar environment network polymers with high swelling ability have been synthesized from crosslinking of
5,10, 15 and 20% ratio (by weight) of poly-N-vinylpyrrolidone, having an average molecular weight of 360 kDa,
with N,N'-methylene-bis-acrylamide by using the ultraviolet ray. The structure of the gel has been studied and
explained mechanism of the crosslinking process using the IR FTIR, scanning electron microskopy analysis methods.
It has been also studied absorption processes of obtained hydrogels with doxorubicin in different pH, physiological
and glucose solutions and dependence of sorption rate and sorption capacity of antibiotic on environment pH was
studied. It was determined that hydrogel taking 10 % crosslink agent inside has 97% sorption rate and with increasing
environment pH sorption capacity of hydrogel for doxorubicin increases. At the same time, the sorption capacity of
hydrogel obtained from the crosslinking with 10% MBAA for doxorubicin was the highest at pH =28, 16.68 mg / g.

Keywords: poly-N-vinylpyrrolidone, methylen-bis-acrylamide, crosslinking, hydrogel, swelling degree,
scanning electron microskopy, doxorubicin, sorption capacity, sorption rate, antibacterial polymers

INIOAYYEHME T'MAPOT'EASI HA OCHOBE INIOANBNHUAIIMPPOANAOHA U UI3YUYEHME ET'O
COorbIMN C AHTMBMOTHMKOM AOKCOPYBUIITMHOM B PA3ANMYHBIX CPEAAX

PE3bIOME

CuHTe3MpOBaHbI ceTyaThle IOAVMEPHI C BRICOKMM HaOyxXalomyM 5pQPeKToM B ITOASPHOI Ccpeje, II0AyJYeHHbIe
yAbTpapMOAeTOBBIM CIIMBaHIEM, IIPH ITOMOIIN cimyBalomiero areHta N,N’-MeTnaen-6uc-akpnaamnga ¢ moan-N-
BUHIAIIMPPOAUAOHOM CO CpeaHel MoAeKyAsspHbIii Maccoit 360 kDa B cootHomenmsx (macc) 5,10,15 1 20%. Vsyuena
cTpykTypa reas npu nomomm VIK-®ypre, crekrpockormeir, COM 1 MoKazaH MeXaHM3M IIporiecca CIIMBKHU. A
TaKKe M3ydyeHa copOIms JOKCOpYOMIMHA C ITOAYYEHHBIM IMAporeleM Ipu pa3andHbix pH, B ¢pusmosormyecknmx
pacTBopax 1 pacTBopa IAIOKO3HI, 1 McCAejOBaHa CTeleHy COpOIUI U 3aBUCHMOCTY COPOITMOHHBIN eMKOCTH aHTH-
6mnotnka ot pH cpeapl. YcTtaHOBAEHO, UTO CTelleHb COPOIUN THMAPOTeAsl IO AOKCOPYOMITMHY MMEIOIero B cocTaBe
10% cmmsarorero areHra cocrasaseT 97% ¥ cOpOLMOHHAsA eMKOCTb Iels 110 AOKCOpPYyOUIMHY ¢ yBeanyeHueM pH
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cpeasl, yBeananBaercs. Hapsay c Tum, copOLMOHHAsI €MKOCTh IO AOKCOPYOUIIMHY TUAPOTeAs, IOAY4eHHOIO
crmsanueM ¢ 10% MBAA nipu pH=8 nmeeT camoe BbICOKOe 3HadeHUe, paBHoe 16,68 MI/T.

Kaiouesbre caosa: IToan- N-BUHMATIMPPOANMAOH, MeTHMAEH-OMC-aKpmAaMu, CIIMBKa KPecToM, TUAPOTeab,
CTeTleHb HaOyXaHIsI, CKaHMPOBaHHasI 91€KTPOHHAasI MUKPOCKOIINS, AOKCOPYOMIIVH.

1. Giris

Son illardas tebii ve sintetik polimerlar giindalik hayatimizin ayrilmaz hissasini teskil edir
vo onlarin miixtalif saholords istifadasi ehomiyyetli deracads artmisdir [1-4]. Onlardan dor-
manlarin dasinmasinda, qoruyucu qablasdirma materiallarinin hazirlanmasinda, tibbds imp-
lantlar da daxil olmaqla miixtalif tibbi alatlorin hazirlanmasmnda, siini organlar, protez mate-
riallari, stendlar, [5-9] sarg1 materiallari, corrahiyye yapisqanlari, yaralarin tikilmasi {igiin sap-
lar, hobloar {iclin ortiiklor, membranlar, miixtolif siirtgii dormanlari ve s. hazirlamr [10-13]. Bazi
tobii va sintetik mangali polimerlar - dekstrin, heparin, pepsin, nisasta, poli-N-vinilpirrolidon,
poliakrilamid, poliakril- vo polimetakrilatlar bioloji foal maddslor kimi miixtelif dorman prepa-
ratlarmin hazirlanmasinda genis istifads olunurlar [14]. Bu baximdan antimikrob polimerlari
xiisusila geyd etmok lazimdir. Antibakterial polimerlar antibiotikler {i¢iin bdyiik shamiyyat
kasb edarak patogenik mikroorqanizmlari mehv etmak qabiliyyetine malik olan polimerlardir
[15,16].

Indiki dévrde antimikrob polimerlars genis maraq yaranmigdir. Onlarm polimer biosidle-
rin toksiki olan noévlerindan forqi, onlarin bakteriyalara qars: aktivliyininolmasi, qeyri-toksiki
va kimyavi stabil olmasidir[17, 18]. Onlar insan ve ya heyvan darisisndan ¢atin diffuziya edir,
moveud olan bir cox antibakterial agentlarin effektivliyini yiiksaldir, ekoloji problemlari mini-
mallagdirir [19, 20]. Biotibbi polimerlar sahasinds biomateriallar tibbi implantlarin tetbiginda
genis yer tutur [21, 22]. Ona gora do antimikrob xasseli polimer materiallarin istifadasi hom
nazari, ham de senayeds istifads olunmasi noqteyi nazarden boyiik maraq dogurur. Bu po-
limerlar antimikrob agentlsr saxlayan materiallar {i¢lin matris ola bilarlar [23, 24].

Suda hall olan polimerlar arasinda biotibbi vo farmasevtik magsadler {iciin genis istifade
olunan poli-N-vinilpirrolidon (PVPr), asasinda alan hidrogellar xiisusi yer tutur. Bels hidrofil
polimerlar geyri-toksikidirler [25]. PVPr plazmanin ssasini tegkil edir, orqanizmds pargalanan
zaman toksiki birlosmaler amsls gatirmir. PVPr makromolekulundaki pirrolidon halgasi hid-
rolitik davamli olduguna gors, onun sulu mahlullar1 derman maddalarini sterilizo etmak qabi-
liyystine malik olur.Strukturuna, yiiksak polyarligin olmasina, hemginin proton gebul etmak
xiisusiyyatina gore yaxsi tikilir, kimyavi komplekslor amals gatirir ve maksimum sisme qabi-
liyystine malikdir. Buna gors ds, ondan matrisa kimi tabletlarin hazirlanmasinda istifads olu-
nur [26].

Yan zancirinds slave R-alanin qruplar1 saxlayan PVPr ssash hidrogel sintez olunmusdur.
Bu qruplar polimera alave xassalar verir vo bu polimerlar yiiksok effektivliya malik miixtolif
tibbi preparatlarin vo bioanalitik sistemlarin alinmasinda istifade olunmusdur [27].

Malum oldugu kimi xar¢ang xestsliyi hazirda diinyada genis yayilmisdir. Antrasiklinler
yiiksak antineoplastik aktivliye malik olduqglarina gors, onkologiyada an ¢ox istifade olunan
preparatlardan biridir. Antrasiklinler leykoz, siid vezisi, agciyor, qalxanabanzar vozi xar¢engi
va bir ¢ox onkoloji xastaliklarin miialicesinda istifads olunur. Lakin, alava tesirlorinin olmasina
gora bu preparatlarin gebulu meahdudiyyatlera sabab olmusdur. Bakteriyalardan alman ilk
antrasiklin qrupu antibiotiklor daunomisin ve doksorubisindir. Epirubisin, zorubisin, ezorubi-
sin, aklarubisin, idarubisin, pirarubisin ve mitoksantron iss sintetik antrasiklinlardir [28].
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Doksorubisin antrasiklin sirast antibiotik olub, terkibinds coxlu sayda hidroksil ve amin
gruplar: saxlayan sis aleyhins antibiotikdir. Baxmayaraq ki, ondan xar¢eng xastaliyinin bir ¢ox
novlerinin miialicesinda istifade olunur, yiiksak toksikliyinin olmasi xastalerin hayat keyfiyye-
tini asag1 salir. Antrasiklinlerin diger niimayandalarinin ds doksorubisinle miiqayisada toksik-
liyi daha agagidir [29]. Antibiotiklari polimerlasdirdikde onlar uzunmiiddstli aktivliys, asag:
toksikliye malik olur. Bu baximdan, doksorubisinin terapevtik effektivliyini artirmagq, toksikli-
yini ise azaltmaq tigiin onu polimer hidrogellsrs immobilize edarak yeni antrasikilinlerin sin-
tezi diinya alimlarinin diqgat markazindadir [30].

Doksorubisinin liposom téramalari alinmus ve analizlar naticesinds miiayyan olunmusdur
ki, 500 mqg/m? dozada onun toksikliyi azalmisdir [31]. Bu preparatlarin uygun kombinasiyasi-
nin se¢ilmasi xar¢ang sislorinin erkon dovrds hadaflonarak, saglam toxumalar: qorumaq sorti-
l5, miialicasine imkan yaradir. Doksorubisinin qanplazmasinda yaratdig: toksiklik arasdirilan
zaman miiayyon olunmusdur ki, nanodastyicilar istifads edildikde onun toksikliyi azalir [32].

Taqdim olunan isde PVPr asasinda sintez edilmis hidrogelin tikici agentin miixtalif kiitls
nisbatlorinde alinmis torvari polimerin miixtalif miihitlords sisma xasselari dyronilmis, doks-
rubisin antibiotiki PVPr asash hidrogeloe immobilizasiya olunmus, onun sorbsiya xasssleri,
polimerin torkibinden ayrilmasinin zamandan asililig1 6yrenilmisdir.

2. Tocriibi hissa
2.1. Materiallar

Orta molekul kiitlssi 360 kDa olan PVPr 90 % kimyavi tamizliys malikdir, Flukadan satin
alimusdir ve alindig1 kimi istifade olunmusdur. Tikici agent olan N,N -metilen-bis-akrilamid
(MBAA) Sigma Aldricdon alinmisdir (St. Louis, MO, USA) ve hamginin temizlonmadan
istifade olunmusdur. Doksorubisin hidroxlorid (DOK) kodu ATX L01DB01 TEVA Farmasevtik
Senaye firmasindan (Izrail) alinmisdir. Mohlullarin hazirlanmasi tigiin istifade olunan
deionlagsmis su vo bufer mohlullar1 ticin NH+«OH, CHsCOONH:, HCI, C:HsOH KOH vo
analitik kimyeavi temiz olub, Aldri¢den slde edilmisdir. Isde bidistill suyundan istifade
olunmusdur.

2.2. Metodlar
2.2.1. Hidrogellarin hazirlanmast

Gotiiriilon 1 q PVPr 30 ml etil spirtinds tam hall edilir. Polimerin kiitlssinin 5; 10; 15 va 20
% miqdarinda tikici agent - MBAA 20 ml etanolda hall edildikden sonra mehlula slavs olunur.
MBahlul tam hall olana gadar 2 saat qarigdirilir. Homogen sistem amals goaldikden sonra mahlul
Petri gabma tokiiliir vo adi atmosfer tozyiginde hslledici buxarlandirilir. Alinmis nazik
plyonkaya UB siia vasitasila 6 saat miiddatinds fasilasiz tesir edilir. Lampa ilo niimunalar arasi
masafe 30 sm, 45" bucaq altinda olmalidir. Temperatur isa 303 K olmagla tenzimlanir. Stialan-
madan sonra niimunsler avvalca etil spirti ils, sonra ise bidistills suyu ils iki-li¢ dafs
yuyulmaqgla hem polimerin, ham da tikici agentin tikilme prosesinde istirak etmayen
hissalarindan temizlenir. Niimunalar adi atmosfer tozyiqinde 313-323 K-ds qurudulur ve sabit
¢okiyo gotirilir.

2.2.2. Sorbsiya tacriibalori

PVPr asashi hidrogel ilo doksorubisinin (DOK) sorbsiyast uygun metodika osasinda
aparilmisdir: MBAA-in 5, 10, 15 va 20% (kiitla) nisbatinds tikilmesinden alinan hodrogellsrdsn
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0.05 mqg-110 ml deionlagsmis suda 24 saat saxlanilir. Sonra 5 ml uygun 1,7, 10 pH (eyni zamanda
fizioloji ve glitkoza mahlullar1) mahlullar slave edib 30 dagige saxladiqdan sonra iizarlerine 5
mlx10° mol/l qatihgli DOK mahlululu slave edib yeniden 24 saat qapali halda saxlanilir. Sonra
moahlul siiziiliir, filtratda qalan antibiotikin qatiligi 380-700 nm oblastdaki optiki sixligin
ultrabandvsayi spektroskopiya (UB) (UV-VIS1800, SHIMADZU) vasitesilo avvelcoden
qurulmus daracali grafik ilo muqgayise etmokls sorbsiyadan sonraki qatiliq miisyyen edilir.
Sorbsiyadan sonraki ve avvalki qatiliglar forqine asasen DOK-nin sorbsiya daracesi (SD, %) vo
hidrogelin antibiotiks gors sorbsiya tutumu (ST, mq/q) hesablanilir.
SD = Lo 100% ST = 22t x

bas

Burada, Crasvo Cson uygun olaraq DOK-nin sorbsiyadan avvel ve sonraki qatiliglari,
V-sorbsiya aparilan mahlulun timumi hacmi, ml ils, g-ise sorbsiya {iciin gotiiriilon hidrogelin
mgq-larla ifadesidir.

2.2.3. Qurulus analizlari

PVPr ssasinda sintez olunmus hidrogellarin funksional qruplari, hamginin hidrogel ilo
DOK arasinda funksional qruplarin qarsiliql tesirini miisyyen etmak {ictin SHIMADZU IR
Furye gevrilmoays malik infraqirmizi (FTIR) spektroskopiya metodu vo skanedici elektron
mikroskopiya (SEM) iisulundan istifade olunmusdur. FTIR spektrlor KBr diskleri vasitosilo
alimusdir ve 4000-400 cm-' spektral araliqda ¢okilmisdir.

3. Natico vo miizakiralor

PVPr-nun MBAA ils tikilma prosesinin mexanizmini miiayyan etmak {i¢iin ilkin maddale-
rin vo polimer tkildikden sonra alman hidrogellarin IQ-spektroskopiya iisulu ile quruluslart
Oyranilmisdir. PVPr makromolekulunda olan funksional qruplara aid udma zolaglarmin qiy-
matinin dayismasine asasen tikilme prosesinin ehtimal olunan mexanizmi miisyyen olunmus-
dur. Homginin PVPr-nun MBA A-Is tikilmasindan alian hidrogellsrda tikilmanin bas vermasi-
ni miisyyen etmak {igiin ilkin PVPr-nun va alinan gelin IQ spektrlori miiqayisali tadqiq olun-
musdur (sokil 1,2).

ISR PYP  7.11.09(5)

1655.250 730102
1535.222 55.957

§31.872 6602

844786 19.884

734,362 26.560

G458.556 41.540

2130118 28.984

1116.149 22.570
1076.844 0.000

3415650 2313.475

Y Transmittance
1171.114 9.848

1384224 1.370
1229.782 22.357

576.947 13.887

2955.836 204,144
1496461 -0.028
1462.984 22984
1440.266 0.000
1281.060 76.055

LR T BT T T T T U I T S O T T ST BT T T I A T B S A T A S A AT S S A S B S A B O A S A S AR SR B IN R AT B TR NI RN RN
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 GO0 1400 1200 1000 800 GOO
Wavenumber

Sakil 1. Tikilmemis poli-N-vinilpirrolidonun IQ-Furye spektri
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PVPr - 10% Tikilmis

904
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404
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Sakil 2. Polivinilpirrolidonun 10% nisbatinds N,N"-metilen-bisakrilamidle tikilmasindsn alman hidrogelin IQ spektri

Spektrds goriinen udulma zolaglarmin giymatlarine asassn demoak olar ki, PVPr asash
gelin torkibindo tikici agentin miqdar1 artdigca MBAA-» maxsus udulma zolaglarimn
intensivliyi artir. MBAA-in terkibinde olan -NH-, -CO-NH- qruplarina xarakterik olan
udulmalar miivafiq olaraq 3400-3500 vo 1000-1250 sm™ intervalina diisiir. Bu baximdan PVPr-
nun tikilmasinds istifads olunan tikici agent MBAA-in do IQ spektri ¢okilmis ve miiqayiselor
aparimigdir (sakil 3).

Tikici reagent - N.N - metilenbisakrilamid
M

e T W
\ A Vo J\(M U\’\

\\f&/v

Sakil 3. N,N -metilen-bis-akrilamidin iQ spektri

Tikilma daracesi miixtalif olan PVPr-nun ve tikici agent olan MBAA-in IQ spektrlarina
asasan polimerin tikilme mexanizmi miisyyon olunmusdur. Yoni tikilme prosesinds polimer
zancirinin va tikici agentin hansi funksional qruplarmin istirak etmasi miiayysan olunmusdur.
Bels ki, tikici agentin terkibinds >C=0O qrupu ile slagalonmis CH>=CH- qrupuna xarakterik
olan udma zolag1 1600 — 1680 sm™ intervalinda intensiv udulma verir. Polimer tikildikds ikiqat
rabitonin ag¢ilmasi naticesinde CH>=CH- qrupu -CH:-CH- qrupuna ¢evrilir. Bu zaman spektrda
CH>=CH- qrupuna moaxsus tezliyin azalmasi vo -CH:-CH- qrupuna aid tezliyin (-CH2- 1465
sm™, >CH-1340 sm™) artmas1 miisahids olunur [33].

Bels ki, PVPr-n IQ spektrinds >CH>, -CH, >C=0, -OH funksional qruplarma uygun galon
1430, 1230, 1638 vo 3345 sm tezlikli udulma zolaqlar1 goriiniir. Tikici agentin tarkibinds ise
CH>=CH-, >CH, >C=0O va -NH- qruplarina xarakterik olan 1645, 1445, 1650 sm* udulma
zolaglar1 miisahide olunur. Tikilmis PVPr-nun IQ spektrinds iss >CH. qrupuna aid udma
zolagiin intensivliyinin azalmasi ve spektrde -CHs qrupuna uygun goalon intensivliyin
miisahids olunmasi hidrogelin tikilmasinin asagidaki mexanizm {izrs getdiyini gostorir:
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PVPr-nun tikilme mohsullar1 arasinda suda hall olan fraksiyanin IQ spektroskopiya iisulu
ils tadqigi zamani miisyysn olunmusdur ki, proses zaman tikici agentin tarkibinds olan 7t

o

O/o

ilo

rabitalori tam agilmir. Bels ki, niimunanin terkibinds olan >CH>=CH-, -NH-CO- qruplarina

xarakterik olan udulma zolaqlar1 miisahide olunur ve yuxarida geyd olundugu kimi tikilma

prosesini gostaran tiglii karbon atomuna maxsus udma zolag1 miisahides olunur[34].

MBalumdur ki, sulu mehlullardan absorbentin tizvi va qeyri-iizvi ionlar1 sorbsiya etmasine
tosir eden baglica amillerden biri miihitin pH-dir. Ciinki mehlulda olan H* ve OH- ionlar1
absorbentin basqa sozle hidrogelin sathinin ve hacminin yiiklanmesins, yeni ionlagsmasma
sobab olur ki, bu da sorbatin sorbsiya deracesine ve hidrogelin sorbsiya tutumuna bilavasito
tosir gosterir. Bu noqteyi nezarden miixtalif % (kiitlo) miqdar MBAA ils tikilmis PVPr asash
hidrogellarin istiraki ilo DOK-nin mahluldan sorbsiyasinin miihitin pH-dan asililig1 dyranilmis
vo naticalar codval 1-daverilmisdir.
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Cadval 1. 5+20% nisbatlorinda N,N -metilen-bis-akrilamidls tikilmis poli-N-vinilpirrolidon asasl gelin
doksorubisine gore sorbsiya daracesinin miihitin pH-dan asilihq qiymstleri. m=0.05 q, T=293 K, V=20 ml,
Cpox=1.7x102 mq/1

Sorbsiya daracasi, %

pH 5% MBAA 10% MBAA 15% MBAA 20% MBAA
1 7.82 6.58 4.35 3.68
2 10.54 12.43 7.89 5.16
3 18.76 16.64 11.74 9.54
4 29.42 21.56 14.38 12.41
5 37.67 28.37 17.24 15.36
6 41.56 45.19 31.81 23.44
7 4511 52.43 41.46 29.40
8 93.42 96.72 41.63 34.63
9 72.86 74.13 41.42 34.27
10 59.12 61.74 40.31 32.84

Sorbsiya tutumu ve sorbsiya daracelarinin giymatlarine asasen miisyyen olunmusdur ki,
sorbsiya doeracesi 10% MBAA ils tikilmis PVPr pH=8-do 96-97% taskil edir. Turs miihitdos ise
antibiotikin sorbsiya daracesi nisbsten asagi faizls miisahide olunur. Buna sabab, galovi
miihitds gelin sismo daracesinin yiiksek olmasi ilo slagedar daha ¢ox miqdarda DOK-in
sorbsiyasimin bas vermosidir. Homginin, tikici agentin miqdar1 artdiqca, goriindiiyii kimi, hom
sorbsiya doracesi, hom do sorbsiya tutumu azalir. Bu ise tikilme naticesinde polimer
makromolekullarinin sixlasmas: ilo alagedar antibiotik molekulunun daxile diffuziyasinin
¢otinlosmosine sebob olur. Milayyen olunmusdur ki, 10% MBAA ils tikilmesinden alman
hidrogelin DOK-na gore sorbsiya tutumu pH=8-de on yiiksak olub, 16,68 mq/q taskil edir.
Hom turs, ham ds gqelovi miihitde DOK-nin sorbsiya olunmasi qarsiiqh tasirin asasen
elektrostatik qiivvaler hesabina bas verdiyini gostorir. Antibiotikin terkibinds tursu ve asasi
xassali funksional qruplarin olmasi onun turs ve golavi miihitds ionlagsmasina sebab olur ki, bu
da DOK-nin hidrogel torafinden sorbsiya olunmasina gatirib ¢ixarir.

Bundan basqa PVPr-nun 5+20% MBA ils tikilmasinden alinan hidrogellerin DOK-na gore
sorbsiya tutumlarinin miihitin pH-dan asilili$1 da 6yranilmisdir (sokil 4).

w A o
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23
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2
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5
4
3
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|
1 2 34 5 6 7 8 9 101112 13 14 15 16
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Sokil 4. Miixtalif % nisbatlorinds N,N -metilen-bis-akrilamidls tikilmis poli-N-vinilpirrolidon asash gelin
doksorubisinne gora sorbsiya tutumlarinin miihitin pH-dan asililiq grafiklari
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Sakil 4-den goriindiiyii kimi hidrogelin sorbsiya tutumlarinin dayisilme xarakteri sorbsiya
daracasi ilo ganunauygunluq toskil edir.

DOK molekulunun sorbsiyasina miihitin ion qiivvasinin tesirini dyranmak {iiciin 0.9%
NaCl mahlullarinda sorbsiya prosesi arasdirilmis ve naticaler cadval 2-de gosterilmisdir.

Cadval 2. Miixtalif faiz nisbatlarinds tikilmis polivinilpirrolidonun (Mr=360000) doksorubisina
gora fizioloji mahlulda sorbsiya daracesi ve sorbsiya tutumu

Qliikoza 5% MBAA 10% MBAA 15% MBAA 20% MBAA
SD% ST SD% ST SD% ST SD% ST
mq/q mq/q mq/q mq/q
0,1%-1i 52.4% 9.2 67.3% 11.6 31,2% 53 18.2% 4.5
1%-1i 64.1% 11.6 71.2% 12.3 48.4% 54 26.2% 4.5
10%-li 52.8% 9.1 67.5% 11.6 31.6% 5.4 18.7% 32

Cadval 2-don goriiniir ki, NaCl-un sabit qatilighh mahlulunda DOK-in sorbsiyast MBAA-in
miqdarindan asili olaraq dayisir. 10 % MBAA ils alnan gel, digerlari ilo miiqayisade
antibiotiki daha cox sorbsiya edir. Burada da 10 % MBAA ils alman gelds yuxar1 sisma
doaracesi gostormasi DOK-in udulmasina 6z tesirini gostarir. Oxsar tedqiqatlar miixtelif

qatiligh gliikoza mehlullarinda da aparilmis ve alinan naticaler codval 3-do gosterilmisdir.

Cadvel 3.Miixtolif faiz nisbetlorinde tikilmis polivinilpirrolidonun (Mr=360000) miixtolif qatihqhh qlitkoza
mohlullarinda doksorubisine gora sorbsiya daracasi ve sorbsiya tutumu

NaCl0,9% | 5% 10% 15% 20%
MBAA MBAA MBAA MBAA

SD% 442 47.8 34.1 18,6

ST mq/q 7.59 8.24 5,84 3,21

Cadveldan goriindiiyti kimi tikici agentin miisyyen gqiymatinds miihitde glitkozanin
qatiigr 0.1%-dan 1%-dak artdiqca antibiotikin sorbsiyasi da artir. Bunu qliikozanin DOK ils
eyni iizvi tobiatli olmasi, hamg¢inin miihitde iizvi maddenin qatiliginin ¢oxalmas: DOK-in
sorbsiya tarazlig1 zamani prosesin diiziine istiqamoatds stiratlonmasina sabab olur. Basqa sozle
qliikoza molekulu DOK-in mahluldan gelin masamolarine “itelonmasinds” komak olur.

DOK molekulu ile PVPr arasinda qarsiliqh kimyevi slagenin tipini miisyyen etmsak {igiin
ham polimerin, ham do PVPr-DOK kompleksinin qurulusu IQ spektroskopiya (sokil 5) tisulu
ils Oyrenilmisdir. DOK molekulu ve polimer makromolekulunun agagidaki qurulusuna
baxsaq torkibde aktiv funksional qruplarin miqdarmin yetarincs oldugunu gore bilarik:

(o}

OH OH
OH
QU o
O OH O ~CHx-CH~

OCH;

-

: HC
HgCZ 5 7 0
on N

Doksorubisin Poli-N-vinilpirrolidon
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ISR PYP 7.11.09(5)

931.972 6602

B44.786 19.884

T34.362 26.560

548.956 41.540

1655.250 730102
1535.222 55.957

2130118 28.984

1076.844 0.000

3415650 2313.474

% Transmittance
£
1

1384.224 1.370

1291.060 76.085
576.947 13.887

2955.836 204.144
1462.984 22.984
1440.266 0.000

1496461 -0.028
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Sakil 5. PVPr (1) vo PVPr/DOK (b) kompozitinin FTIR spektrlori

Sakil 5-den goriindiiyii kimi, polimerds oturmus antibiotikin IQ-spektrinds udma zolag-
lar1 moarkazi 3374 sm'-a diigon genis udma zolag1 dimer vaziyyestds olan OH- rabitelarinin
valent titromolarinin udma zolagidir. Birli aminlards -NH- rabitslorinin valent titromalarinin
udma zolag: yiiksok enerji sahasinda 3150-3500 sm™ intervalinda olur. Bu udma zolaqlar
gismen OH- rabitslorinin daha intensiv udma zolaqglar ile ortiiliir. Bu, antibioikin polimer
strukturunda yerlasdiyini ayani siibut edir. -NH- rabitesinin udma zolagi Anu=3176 sm
miisahids edilir. Keto qruplar bir tersafden aromatik halqge ile qosma vaziyystds oldugundan o
biri terafden OH- qruplar1 ve hidrogen rabitesi ils slagslendiyins gore >C=0 rabitasinin genis
intensiv udma zolag1 1652 sm™ tezlikli udma zolaginda goriiniir. >CH-NH- vo >CH-O- rabito-
lorinin udma zolaglar1 uygun olaraq 1297 vo 1169 sm™ tezlikde goriiniirlar. Spirt qrupunda -
H>C-O- rabitesinin (1169 sm™) varlig1 birbasa antibiotikin polimer strukturunda yerlogmasini
suibut edir [35-37].

PvPr-DOK kompozitinds oldugu kimi DOK-un PVPr-un strukturunda hans: dayisiklikler
yaratdigin1 dyrenmsak iigiin miiqayiseli formada SEM analizlari aragdirilmigdir. Bu maqgsadls
PVPr-un, onun MBAA ils tikilmis niimunasi, ham¢inin PVPr-DOK kompozitlorinin SEM
goriintiilori alds edilmisdir (sokil 6).

11
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20pm Mag= 157KX EHT= 500KV  Signal A=SE2 Date :3 May 2016 = EWT=1000K/  Signal A=SE2 Date:3Mey2016 BN
WD =131 mm Time :12:07:47 WD = 3.3mm Time :11:55:59

a b
Sakil 6. Tikilmis PVPr (a) ve PVPr-DOK (b) kompozitinin SEM quruluslar:

Tikilmis polimer niimunsalarinin SEM goriintiisiinds iss tikilme naticesinds amsale golan
tor quruluslu sebokelor (enine istiqametde qosulmus) polimeri daha nizamli strukturda
formalasdirir. Tikilmis polimers hopdurulmus DOK olan kompozitin SEM gortintiisii (sokil 6
(b).) sorbast geldon miioyyon qoder forqlenir. Sokilden goriindiiyli kimi tikilmis PVPr
niimunoasine antibiotikin sorbsiyasi onun seth morfologiyasinda miisyysn dayisiklik yaradir.
Bu dayisiklik 6ztinii tikilmis nazik polimer lifi {izerindae ikinci bir ortiiyiin emsale galmasi ils
gostarir. Bu goriintiilar bir daha stibut edir ki, antibiotik molekulu gelin hacmi ils yanasi onun
sathindas da toplanmigdr.

4. Notico

Hazirda polimer dagiyiclar kimi tikilmis polimer sistemlar-polimer hidrogeller boyiik
shamiyyet kasb edir. Biotibbi ve farmasevtik magsadlar iiglin istifads olunan poli-N-vinilpirro-
lidon (PVPr) asasinda hidrogellar xiisusi yer tutur. Toqdim olunan isda torvari polimerlorin
miixtalif kiitlo nisbatinda tikici agent vasitasils tikilmasinden alinan PVPr asash hidrogellarin
tikilmo mexanizmi IQ-spektroskopiya ve SEM iisulu ilo dyrenilmisdir, hemginin miixtolif
miihitlerds sorbsiyasi dyrenilmisdir. Miieyyen olunmusdur ki, PVPr asash hidrogellar bioloji
aktiv maddslasrin ve uzunmiiddatli tesire malik kompleks birlasmalerin immobilizasiyasinda
istifade oluna bilar.
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ABSTRACT

The article considers the synthesis of 2-hydroxy-5 (3-methylcyclohexyl) benzophenone by the interaction of p-
(3-methylcyclohexyl) phenol with benzoyl chloride obtained from the catalytic cycloalkylation of phenol with 3-
methylcyclohexene. The acylation reaction differs from other known processes by using nano-sized (70-75A) ZnCl..
As a result of acylation reaction is studied the effect of kinetic parameters (temperature, reaction time and molar
ratio of initial components) on the yield of the target products. As a result of the studies, it has been established, that
the yield of the target products amounts to 63.4% under the found optimal conditions — 140°C of temperature, 40
min. of reaction time, 1:2 molar ratio of p-(3-methylcyclohexyl)phenol to benzoyl chloride. The structures and
physical and chemical properties of the synthesized 2-hydroxy-5-(3-methylcyclohexyl) benzophenones have been
confirmed by the methods of IR, ! H and ** C NMR spectroscopies.

Keywords: p-(3-methylcyclohexyl)phenol, benzoyl chloride, nanocatalist, acylation, 2-hydroxy-5(3-methylcy-
clohexyl)benzophenone

p-(3-METILTSIKLOHEKSIL)FENOLUN BENZOIL XLORIDLO NANO-KATALITIK
SISTEMD®O ASILLOSMO REAKSIYALARI

XULASO

Toaqdim olunan moagqalads fenolun 3-metiltsikloheksenls katalitik tsikloalkilloasmasinden alinmis p-(3-
metiltsikloheksil)fenolun benzoil xlorid il qarsiliqh tesir reaksiyalari naticesinde 2-hidroksi-5(3-metiltsikloheksil)
benzofenonun alinmasimdan bahs olunur. Asillasma reaksiyasinin hayata kegirilmosi tigiin istifade olunan malum
katalizatorlardan farqli olaraq nano-olgiiye (70-75A) gotirilmis ZnClz>-don istifade olunmusdur. Asillosma reaksiyasi
naticesinde moagsadli mahsulun ¢xamina temperaturun, reaksiya miiddatinin ve ilkin komponentlorin mol
nisbatlerinin tesiri aragdirlmisdir. Tadqiqat neticesinde miisyyen edilmisdir ki, p-(3-metiltsikloheksil)-fenolun
benzoil xloridle nano-struktur qurulusuna getirilmis sink xlorid katalizatoru istirakinda asillosme reaksiyasmin
asagida gosterilon geraitinda: temperatur 140°C, reaksiyanin miiddati 40 daq., p-tsikloalkilfenolun benzoilxlorids 1:2
mol nisbatinde maqsadli mahsulun gétiiriilan p-(3-metiltsikloheksil)-fenola gorsa ¢iximi 63.4% olur. Sintez olunmus
2-hidroksi-5(3-metiltsikloheksil)-benzofenonun kimyavi qurulusu 1Q, NMR spektroskopiya {isullar ilo siibuta
yetirilmis vo fiziki-kimyevi xassaleri toyin edilmisdir.

Acar sozlor: p-(3-metiltsikloheksil)fenol, benzoil xlorid, nano-katalitik sistem, asillosma, 2-hidroksi-5(3-
metiltsikloheksil)benzofenon

PEAKIIVIM ALTTUANPOBAHUS n-(3-METUAITUKAOTEKCNA)PEHOAA
BEH30M/1 XA0P1A0M B HAHO-KATAAUTUYECKOVI CUICTEME

PE3IOME

B craTthe mpuBeaeHBI pe3yAbTaThI peakIVii TOAYdeHUs 2-TUAPOKCHU-5(3-MeTUAITMKAOTeKCIA)0eH30(peHOHa, B
pesyAbTaTe B3aMIMOAEVICTBUS OEH30MAXAOPUAA 11-(3-MeTUALMKAOTEKCHA)(eHOAa, TTOAYIEHHBIX Ha OCHOBE KaTalu-
TUYECKOTO MMKA0AAKUAVPOBaHN: (peHoAa 3-MeTUAITMKAOTeKCeHOM. /A5 OCyIecTBAeHNs peaKny aliiANPOBaHMS
B OTAMYIE OT M3BECTHBIX KATAAM3ATOPOB, OBLA UCTOAB30BaH HaHopasmepubiit ZnCl: (70-75A). Viccaeaosansr Bavis-
HUs TeMIlepaTyphl, IIPOAOAKUTEABHOCTU PeaKIIui M MOABHOIO COOTHOIIIEHMsI MCXOAHBIX KOMIIOHEHTOB Ha BBIXO/,
11eAeBOr0 IIPOAyKTa peakUuM alluAMpOBaHU:. B pesyabTrare mccaeioBaHUil peakUy auMAUPOBaHUA n-(3-MeTuA-
nyKaorekcua)geHosa G€H30MAXAOPUAOM B IIPUCYTCTBUU HAaHOCTPYKTYPUPOBAHHOTO XAOpUAa IIMHKA, OBLAM Hali-
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AeHEBI OINTHMaAbHbIe ycA0BIs (TeMmnepaTypa 120°C, mpoA0AKUTeABHOCTh peakiny 40 MIH, MOABHOTO COOTHOIIEHI
n—uMKAoaAKMA(l)eHOAa K 6eH30MAXAopM4y 1:2), mpu KOTOPBIX BBIXOZ, 11€A€BOTO IIPOAYKTa COCTaBIA 63.4% 110 B3sITO-
My n-(3-Metnanuxaorekcua)peroay. CTpyKTypa CUHTe3MPOBAaHHOTO 2-TUAPOKCU-5(3-MeTUAIINKAOTeKCA)0eH30(e-
HOHa Oblaa nmoarsepKaeHa Metogamu VIK-, IMP-criekrpockomnmeis, orrpeJeAeHsl (1)M3MKO—XMMI/M€CKM6 IIOKa3aTeAl.

KaroueBbie caosa: n-(3-MeTnAnMKAoreKcna)peHos, OGeH30MAXA0pNJ, HaHOKaTaAUTIIeCKas CUCTeMa,
anMANpoBaHue, 2-TUAPOKCH-5(3-MeTUALIMKAOTeKCA)0eH30(peHOH

Giris

Alkilfenollar ve onlarin miixtslif qurulusa malik toramsalari neft-kimya sanayesinds an
genis tatbiq sahasine malik birlasmalardir. Alkilfenollarin polifunksional xassalers malik olmasi
tadqgiqatcilarin xiisuysi maragina sebab olmusdur [1-4]. Bels ki, onlar polimerlarin rangini de-
yismir, is1$1n, havanin oksigeninin, temperaturun tasirine davamlidirlar. Bu tip miisbet goste-
ricilori nazare alaraq asasen alkilfenollar asasinda xiisusi xasselars malik benzofenonlar sintez
olunmusdur.

Aromatik birlosmolorin Fridel-Krafts tisulu ils asillosmasi aril ketonlarin an samorali sintez
tisullarindan biridir.Fridel-Krafts asillosma reaksiyasinda aromatik birlosmsaler turs kataliza-
torlarin istiraki ilo asillosdirici maddalarle elektrofil avozetmo reaksiyasina girir vo keton
mohsullarinin kompleks amals galmasina sebab olur [5-12].

Toqdim olunan moaqalads p-(3-metiltsikloheksil)fenolun benzoil xlorid ilo nanodlgiilii
ZnCl: katalizatoru istirakinda asillogsma reaksiyalar1 asasinda 2-hidroksi-5(3-metiltsikloheksil)
benzofenonun sintezindan, miixtslif kinetik amillarin (temperatur, vaxt va ilkin komponentls-
rin mol nisbatlari) magsadli mahsulun ¢iximina tesirinin aragdirilmasmdan bahs olunur.

Tacriibi hissa

Todgiqatin aparilmasinda katalizator kimi Lyuis tursusu olan nano-6l¢iilii ZnCl, asillos-
dirici reagent kimi benzoil xloridden ve p-(3-metiltsikloheksil)fenoldan istifads edilmisdir. p-
(3-metiltsikloheksil)fenol (AF) fenolun 3-metiltsikloheksenlo KY-23, ortofosfat tursusu hoptu-
rulmus Seolit-Y katalizatorlarinin istiraki ils tsikloalkilloasma reaksiyasmdan almur [4].

p-(3-metiltsikloheksil)fenolun fiziki-kimyevi xassalari: mol kiitlesi — 190, qaynama tem-
peraturu — 158-159°C (10mm c.st.), srima temperaturu — 91°C.

Benzoil xloridin fiziki-kimyevi xasselari — mol kiitlesi — 140.5, qaynama temperaturu —
192.7°C, arimo temperaturu —-1°C.

p-(3-Metiltsikloheksil)fenolun benzoil xlorid ilo asillosma reaksiyasmnin tonliyi asagidaki

kimidir:
OH OH O
Cl 10}
e (T 0
+ -HCl1
CcH, CH;

p-(3-Metiltsikloheksil)-fenolun benzoil xlorid ile asillosme reaksiyasi asagidaki tisul ils
aparilmisdir: 19.0q (0.1 mol) p-(3-metiltsikloheksil)-fenol ve 16.5 q (0.12 mol) nano-6lgtiys (70-
75A) gotirilmis ZnCl. katalizatoru kolbaya doldurulub quzdirilir. Temperatur 100°C-yo
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catdigda qarisigin iizerine dama qifindan 28 q (0.2 mol) benzoil xlorid slave olunur. Benzoil
xlorid slave olunub qurtardigdan sonra 30 daqiqe bu temperaturda qarisdirilir. Daha sonra
reaksiyanin temperaturu 140°C-dak qaldirilir ve qarisdirma yeniden daha 40 daqiqe davam
etdirilir. Reaksiya qurtardiqdan sonra qarisiq 10%-li xlorid tursusu ilo yuyulu. Maqgsadli
mohsul asag1 tozyiqde qovulub rektifikasiya olunduqdan sonra fiziki-kimyavi xassalori toyin
olunur.

p-(3-Metiltsikloheksil)-fenolun benzoil xlorid ils katalitik asillosma reaksiyalarinin natice-
lori sokil 1-da verilmisdir.

N |
L S |

30 - a | b) i c)
100 120 140 160 20 30 4 50 11 12 13
Temperatur, °C Vaxt, daq. AF:BX, mol
(1-40daq.; AF:BX=1:2) (T=140°C; AF:BX=1:2) (T=140°C; 7-40daq.)

Sakil 1. 2-Hidroksi-5-(3-metiltsikloheksil)-benzofenonun ¢iximimin temperaturdan (a),
vaxtdan (b) ve mol nisbatlarindan (c) asililiq ayrilari

Sokil 1-don goriiniir ki, asillosme reaksiyasmin temperaturunun 100-don 140°C—dak
artirdigda moagsadli mehsulun ¢xam1 32.5-den 63.4%-0 qoder artmis olur.Reaksiya
temperaturunun 150-160 °C-s qaldirdigda maqgsadli mahsulun ¢iximi agag diismaye bagslayir
vo alinmis tsikloalkilbenzofenonun ¢ixami 59.7-52.0% olur. Magsadli mahsulun ¢ixamina ilkin
komponentlorin goriisme miiddatinin da tesiri boyiikdiir. Belo ki, reaksiya miiddatinin 20
daqiqge oldugu halda magsadli mahsulun ¢ixami 36.5%, vaxtin 40 daqiqgeyadak artirilmasi ilo
magsadli mahsulun ¢ixim1 63.4% olur; reaksiya komponentlorinin goriisme miiddatinin
artirilmasi ile ¢ixam 59.2% -dak asagy diistir. Ilkin xammallarin reaksiya zonasinda ¢ox qalmasi
ils. magsadli mshsulun ¢xaminin asag1 diismesi reaksiya neticesinde arzu olunmaz
mohsullarin alinmasi ile izah olunur. Sokilden goriiniir ki, p-(3-metiltsikloheksil)-fenolun
benzoil xlorids 1:2 mol nisbatinde maqgsadli mahsulun ¢iximi ilkin komponentlarin qarisiginin
diger mol nisbatlorine gora daha yiiksak olur.

Beloalikls, p-(3-metiltsikloheksil)-fenolun BX il nanool¢iilii ZnCl: katalizatoru istirakinda
asillosma reaksiyasmin aparilmasi iiglin semarsli serait tapilmusdir: temperaturun 140°C,
reaksiya miiddstinin 30 daqige giymetinds, AF-un BX-s 1:2 mol nisbatinds 2-hidroksi-5(3-
metiltsiklohekil)benzofenonun ¢pami gotiiriilen p-(3-metiltsikloheksil)-fenola gore 63.4%
olmusdur.

Magsadli mahsul qovulub ayrildigdan sonra onun IQ ve ' H v *C NMR spektrlari ¢okilib
kimyavi quruluslar1 va fiziki-kimyavi xassalari toyin edilmisdir. Niimuns {i¢iin 2-Hidroksi-5-
(3-metiltsikloheksil)-benzofenonun IQ-spektroskopiya analiz naticelori verilmisdir.
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Sakil 2. 2-Hidroksi-5-(3-metiltsikloheksil)-benzofenonun 1Q-spektri

Cadval 1. 2-Hidroksi-5(3-metiltsikloheksil)-benzofenonun IQ-spektroskopiya analizinin naticalori

Signallar, sm™! Struktur formulunda yeri
803,871, 1592 1,2,4 avaz olunmus benzol niivesi
700,749 naften halqesindoki C-H rabitoesi
936, 1024 naften halqgasindoki C-H rabitosi
1198, 3439 fenolun OH qrupunun deformasiya ve valent rogslori
1232, 1260 C-O rabitesi
1165 benzol niivasi
1257 aromatik keton
1725 C=0 qrupu
3065 -HC=CH- qrupunun C-H rabitasi

2-Hidroksi-5-(3-metiltsikloheksil)-benzofenonun  fiziki-kimyeovi xassalori vo element
torkibi 2 sayli codvalda verilir:

Cadval 2. 2-Hidroksi-5(3-metiltsikloheksil)-benzofenonun fiziki-kimyavi xassalari ve element tarkibi

ori Element torkibi, %
Empiri 1 Tqayn.°C/ Timo
Struktur formulu mpirik MO . temp., Hesabl. Tapilib
formulu kiitlosi 10 mm. c.st. °C
C H C H
OH O
C20H2:02 294 172-174 76 81.6 7.5 808 |71
' CH;

p-(3-metiltsikloheksil)fenolun nanodlciilii ZnClz katalizatoru istirakinda benzoil xlorid ile
asilloasma reaksiyasindan alinmis 2-hidroksi-5(3-metiltsikloheksil)-benzofenonun IQ vo NMR
spektrlari onun kimyavi qurulusunun tesdiq olundugunu gosterir; maddesnin hesablanmis vo
tapilmis element torkiblori uygun golir.
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Noatico

p-(3-metiltsikloheksil)fenolun nanodlgiilii ZnCl: katalizatoru istirakinda benzoil xlorid ila
asillosmo  reaksiyalarina miixtolif kinetik parametrlorin (temperatur, vaxt, ilkin
komponentlarin mol nisbatlari) magsedli mahsulun ¢iximina tesiri aragdirilmisdir.

Miiayyan edilmisdir ki, 140°C temperaturda, 40 daqige miiddstinds, AF-un BX-o 1:2 mol
nisbatinde magsadli mehsulun-2-hidroksi-5(3-metiltsikloheksil)-benzofenonun goétiiriilon p-(3-
metiltsikloheksil)-fenola gore ¢iximi1 63.5% olmusdur.
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OITPEAEAEHUE KAAMMSI(I) B ITPUPOAHBIX BOAAX ITOCAE
KOHUOEHTPUPOBAHNS COPBEHTOM, COAEPKAIIIVIM
®OPATMEHTHI 1-(1- METUUAAMMHO) ITPOITAH-2-UA)
TNNOKAPBAMUA

C3.TAMINA0OB

baknncknii I'ocyaapcTBenHsbiin Y HuBepcuTeT

sahil_chem@mail.ru

PE3IOME

Moanduxanuer cornoanmepa MalerHOBOIO aHIMAPIAA CO CTUPOAOM aMMHAMM ObLA CMHTE3MPOBaH XeAaTo-
obpasyromuit copoeHT, cogepKaruii ¢pparmMeHTs 1- (1- (MeTAaMIUHO) ITpOITaH-2-111) TMOMOYEBMHEL bplan mccae-
AosaHbl copbryoHHsle ycaoBus KaaMirsi(ll) ¢ stum copbeHTOM. PesyapTaThl MccAe40BaHNST IIOKA3aAM, 9YTO MaKCH-
MaabHas copbuyst Habatodaercst mpu pH 6. Taxoke Ob110 1MCCA€40BaHO BAVSIHUE PAa3AMYIHBIX KIICAOT Ha AeCOPOLINIO
kaaMuA(Il) u3 copbenra. PaspaboraHHas MeToAMKa AAs1 onpejeaeHnst Kaamusi(ll) Opaa mpuMeHeHa 4451 ompeJe-
A€HIsI DTOTO MOHA B MOPCKOII BOAe ITyTeM KOHIIEHTPUPOBaHILL.

Karoudesnle caoBa: copbeHT, copO11s1, KOHIIeHTpuposanue, noH Kaamus(Il).
TORKIBINDO 1-(1-(METILAMINO) PROPAN-2-iL) TIOKARBAMID FRAQMENTI SAXLAYAN
SORBENTLO KADMIiUM(II) IONUNUN TOBii SULARDA QATILASDIRILARAQ TOYINi
XULASO

Malein anhidridi-stirol sopolimeri modifikasiya edilarak torkibinde 1-(1-(metilamino) propan-2-il) tiokarbamid
fragmenti saxlayan xelatemalagsatirici sorbent sintez edilmisdir. Bu sorbentls kadmium(II) ionunun sorbsiya seraiti
todqiq edilmisdir. Toedqgiqatin naticesi gosterir ki, maksimal sorbsiya pH 6-da miisahide olunur. Hamginin
sorbentdon kadmium(Il) ionunun desorbsiyasina miixtslif tursularin tesiri tadqiq edilmisdir. Kadmium(II) ionunun
tayini iigiin iglanilmis metodika bu ionun daniz suyunda qgatilasdirilaraq teyini {i¢iin tetbiq edilmisdir.

Acar sozlar: sorbent, sorbsiya, qatilasdirma, kadmium(II) ionu
DETERMINATION OF CADMIUM(II) iN NATURAL WATERS AFTER CONCENTRATION WIiTH A
SORBENT CONTAINING FRAGMENTS OF 1- (1- METHYLAMINO) PROPAN-2-iL) THIOCARBAMIDE
ABSTRACT

A chelating sorbent containing fragments of 1- (1- (methylamino) propan-2-yl) thiourea was synthesized by
modifying a copolymer of maleic anhydride with styrene with amines. The sorption conditions of cadmium (II) with
this sorbent were investigated. The results of the study showed that the maximum sorption is observed at pH 6. The
effect of various acids on the desorption of cadmium (II) from the sorbent was also investigated. The developed
method for the determination of cadmium (II) was applied to the determination of this ion in seawater by
concentration.

Key words: sorbent, sorption, concentration, cadmium(II) ion.

BBEAEHUE

Tsoxearpnt MeTaaa, Takol Kak KagMmil, IONAJAlOIINI B OKPY>KaIOIIYIO Cpeay B Pe3yab-
TaTe aHTPOIIOTeHHON AESTeABHOCTY YeAO0BEeKa, SBASETCs OIAaCHBIM 3arpsA3HUTeAeM IIPUPOABL.
Aas oTAeAeHUs DTOTO MeTaldlda M3 Pa3AUYHBIX IPUPOAHBIX U ITPOMBIIIAEHHBIX OOBEKTOB
UCIIOAB3YIOT crieKTpodoToMeTpuueckne [1, 2], xpomarorpaduueckue [3], copOinonHsre [4]
MeToabl. OCHOBHBIE METOAVKI OIpeJeAeHNs] MIOHOB He BCerJa YAOBAETBOPSIOT COBpeMeHHBIe
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Onpeoderenue Kaomus(Il) 6 ITpupodnvix Booax ITocae Konyenmpuposanusa Copbermom, Codepxawum Opazmenimo
1-(1- (Memuramuno) Ilponan-2-N/1) Tuoxkapbamud

TpeOoBaHIs 10 ITpeJely OOHapy>KeHUs U TpeOyIOT UX OTAeAEHNs OT COITYTCTBYIOIIX DAeMeH-
TOB. /145 TOBBIIIEHNs] 9yBCTBUTEABHOCTY MePCHEKTUBHBI KOMOMHIPOBaHHbIE METOADBI, BKAIO-
Jaomye IpejBapuTeapHoe KOHILeHTpuposaHye. KoMOuHupoBaHHbIE METOABIL, COYeTalOT B
O/HOM IIpyeMe TecTupoBaHue Ha Ipucyrcrsue Kaamus(ll) mo oOpasosaHMIO OKpallleHHBIX
CoeAMHEeHMII, ¥ MX KOHIIeHTpUpOBaHye Ha pa3AndHbIX copOenTax. C 9TOi 11eAbI0 B IocAeAHee
BpeM:I IIMPOKO MPUMEHSIOT COpOIIMOHHO-(POTOMEeTpIYEeCKIie MeTOAbI, OCOO@HHO C MCII0Ab30-
BaHMeM ITOAVMEePHBIX XeAaToOOPasyIoIX copOeHToB [5-7].

B passutie s111x paboT npesaokeHa HOBasl M3bMpaTeAbHasl, U IIpOCTasl MeTOAMKa copO-
IIMIOHHO-CIIeKTPOPOTOMETPIUIECKOTO oIpeeleHns Mukpokoamdects Kaamus(ll) B mopckoit
BoZe. B cBs3M ¢ TM OblA IIpMMEeHeH IIOAMMEPHBI XeAaToo0pasyIonuii copOeHT, cojeprKa-
muii pparmeHTs! 1- (1- (MeTAaMIMHO) IporaH-2-111) TUOMOYEBUHBI.

METOA NCCAEAOBAHMS

PactBopsl 1 peareHThl. PeakTBhbl 1CII0Ab30BaHHbIe B paboTe MMeAN KBaAMPUKaLMIO X.4.
Pacrsop kaamus(Il) (0,01 M) roroBuam pacTtsopeHueM B AUCTUAAVIPOBAHHON BOAE TOYHON
HaBeckn Cd(NOs)2¢4H:0 [8]. PaGoume pacTtsophl IloAydaau pasdaBA€HMEM UCXOAHOTO.
HeobOxoaumple snHauenmst pH mnogaepxxmsaan pacrsopammu HCl, NaOH n ammmauno-
arleTaTHeIMM OydepHpIMU  pacTBopamu. /as mojjep>KaHus ITOCTOSHHOM MOHHOM CHUABI
ucnoansosaau pactsop KCl.

B kauectse TBepAoil (pa3bl MCIOAB30BaAM COPOEHT, cogepkariuii ¢pparmentsr 1- (1-
(MeTmaaMuHO) TTponaH-2-14) TmoModesuHsl. COpOeHT cuHTe3upoBaan 1o Metoauke [9]. Aas
IpUMeHeHNs] B aHaAu3e I'paHyAbl COpOeHTa pacTupaay B araToBOM CTyIIKe M ITpocerBaAl
gyepesd cuto (0,14 Mmm).

Arnmaparypa. KmcaotHocTs pacTBopa KOHTPOAMPOBAAM CTEKASHHBIM 9AeKTPOAOM Ha
noHomepe PHS-25. OntidecKkyio IA0THOCTD u3Mepsaan Ha ¢poTrokoaopumerpe KOK 2 (I=1cm).

Metoauka skciepumenTta. CopOIIMIo nsydaamn B crarmdeckux ycaosusax. [Ipyu nsygenun
copoumm kaamu(ll) B craTmyeckux ycaoBusAX B IpaldyMpOBaHHYIO IIPOOMPKY C IPUTEPTON
IIpOOKOI BBOAUAN PAacTBOP MeTaAaa, A00aBAsSAM aMMUadHO-alleTaTHBI Oy(epHbIil pacTBOp
AAsl CO3JaHMsI HEOOXOAMMOI KUCAOTHOCTM A0 oObema 25 ma. Buocmam 0,05 r copGenra,
IIpOOMPKY 3aKphIBaAy IIPOOKOIL 1 OCTaBAsAAU Ha 3,5 4., 3aTeM pacTBOp AeKaHTUPOBAAIL.

PazpaboranHas cxeMa IIpegycMaTpuBaeT MCIIOAb30BaHMe Pa3ANMIHBIX METOAOB KOHEYHOTO
onpegeaenus xaamusA(Il). B sToit paGote Obla ITpuMeHeH CIIeKTPOPOTOMETPUYECKIIT MeTOJ,
Konnenrpanusa xaamusa(Il) paccumrana ¢ 1crioab3oBaHMeM TIpaJyMpPOBOYHOIO rpaduka,
II0Ay4eHHbIe pe3yAbTaThl 0OpaboTtansl cratucrtudecku [10, 11].

OBCYXAEHUNE PE3YAbTATOB NCCAEAOBAHMS V1 BLIBOAOB

Bansanue pH na copbuuio. berao usyueno sansnune pH na konnentpuposanue Kaamus(1l)
xeAaTooOpasyromum copbeHToM B AnanasoHe pH 1-10. PesyapTaTs! nccaejosaHms 1oKasaanu,
4TO KOAMYECTBeHHOe U3BAeueHue gocturaercs npu pH 6.

CopO11MOHHYIO CITOCOOHOCTh COpOeHTa MCCAeAyIOT B craTmyeckux ycaosusx. K 50 mr
copbenra go6asasoT 2 Ma 0,01 M pactsopa Cd(NOs)2#4H20 1 ocrasasior B OydepHoit cpese
npu pH=1-8. Cmech OTQUALTPOBLIBAIOT U U3MEPAIOT ONTUYECKYIO ILAOTHOCTL IIpU
ONTUMAaAbHOM AAuHe BoAHBI. Koamdectso moraomeénnoro kaamusA(Il) B pactBope HaxoAAT Ha
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OCHOBE KPMBOM 3aBUCMMOCTY ONTUYECKON IAOTHOCTM OT KOHLEHTpALUM M PacCIUTBIBAIOT,
COOTBETCTBEHHO, KOAM4ecTBO copOmposaHHbIX 1MOHOB KaaMusA(Il). ITloaydyeHnble pesyabraThi
IIpU pa3AMYHBIX 3HaYeHVsAX pH npuseaens! B tabanme 1.

Ta0auma 1. Bansune pH-a Boanoi1 cpeapl Ha copOumio kaamusa(Il)
pH 1 2 3 4 5 6 7 8
CE,mr/T 78.45 126,15 189,53 285,44 433.50 508.18 311.87 293.25

Bce aaapneiimne nccaesosanms nposoavan npu pH 6 (puc.1).

600 | CE, mI/r
500
400
300
200

100

Puc 1. Banstane pH cpeasl Ha copbImio KagMust: Mep=50 Mr, Voi=20 M4, C=6:10° M

Bausanme monnom cuanl pactsopa musydeHo ¢oroMmerpudeckum metogom. Kaamuii(Il)
copOmpoBaan u3 pactBopos, ¢ nonHoi cuaon 0,1-1,4. [loayuenHslie gaHHBIe IIpeACTaBAeHbI Ha
puc. 2. BuaHo 3HaunMTeAbHOE yMeHbIIIeHye copOIuM MeTaala U3 pacTBOPOB C MOHHON CUAON
0ozee 0,8.

°0 | CE, mr/r

500
400
300

200

100

I

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6

Puc. 2. BansiHue MOHHOI cuAbl pacTBopa Ha copOumo kaamusi(ll) mpu ontumaasHoM pH 6.
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Bansuane xonnentpauym xkaamus(ll) Ha nmpouecc copobuun. C yBeandeHneM KOHIIEHTpa-
uym KaamuA(Il) B pactBope yBeanmumpaeTcss ero copOums u npu KoHmeHtpauun 6:10° M

craHoBuTCsl MakcumaabrHon (pH 6, C =6-10° M, Vos=25 M4, mewp=0,05 1, copOnmoHHas

cd 2+
emkocTs=507 MI1/T) (puc. 3).

CE, mr/r
600

500
400
300

200

100 C, MoJbp/1

0 0.002 0.004 0.006 0.008 0.01

Puc 3. Mzorepma copbuym kaamus(Il) ¢ moaydeHHBIM copGeHTOM. Meops=50 Mr, V=20 M4, pH= 6.

Vccaegosana BO3ZMOXKHOCTb U OllpejedeHbl ycaosus AecopOuym Kaamusa(Il) pasabivum
MIHepPaAbHBIMI KIICAOTaMMU II0CAe KOHIIeHTpMpoBaHUs Ha npedaaraemMoM copOenTe (HCIOs,
H2S0s, HNOs, HCI) (Taba. 2).

Tabauma 2. Bansnne KoHIleHTpaLuy KUCAOT Ha decopOumio kaamusi(IT)

Kucaora KoHneHTpanys1, Moab/a Crenens gecopbruy, %

0,5 74

HC 15 77
2,0 82

0,5 85

HCIOx 1,0 93
2,0 97

0,5 77

HNOs 1,0 81
2,0 89

0,5 79

H2SO04 1,5 85
2,0 87

s tabaniisl BuaHO, uto KaaMuii(Il) koangectsenno gecopoupyercs 2 M HCIOs. Bozmoxk-
HO MHOTOKpaTHOe ICII0Ab30BaHIe pereHepIpOBaHHOIO COpOeHTa 4451 KOHIIEHTPUPOBaHISL.

PazpaboTtaHHbIT METOA IPUMEeHeH AAs ollpejeAeHus: Mukpokoandects Kaamus(Il) 8 mopce-
KOI1 BoJe (mobepeske noceaka I'oscan, AsepOaligxkaH) ¢ IIpeABapUTeAbHbIM KOHIIEHTPUPOBa-
HIIEM.

Metoanka. 100 Ma OTPUABTPOBAHHON aHAAU3MPYEMOI ITPOOBI AOBOAAT A0 HY>KHOTO
sHaueHns1 pH go6asaennem HNOs u mepeBoasr B K040y ¢ copbenToM. OcTaBAsioT Ha 3,5 yaca.
CopOuposannsle moHbl MeTaa10B 3a10upyioT 10 ma 2 M HClOs. B »a10aTe KOHIIEHTpaIuio
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kaamiei(Ill) onpeaeasior gporomerpmdyeckuM MeToaoM. (Taba. 4). IlpaBnapHOCTL MeTOAMKI
IIpOBEPsIAY METOAOM «BBEAEHO - Hall4eHO».

Ta6auma 4. PesyabraTsl aHaAM3a 00pa3LioB MOPCKOI BOAbI (00beM IpoObl 100 M4; 1eops=100 Mr; P=0,95; n=5)

BBeaeno, Mxr/a Hariaeno, mxr/a
- 26,315+0,618
10 36,015+0,718
20 45,986+0,815

Takum 0Opasom, HpoBeJeHHOe JccAeAOBaHMe IT0Ka3al0 BO3MOKHOCTDb MCIIOAb30BaHMSA
MaTpUIIBl COIIOAVMEpa MaJeNHOBOIO aHIMApUAA-CTUpoaa, MoaudunyposanHon 1-(1-
(MeTMaaMuHO)  IpomHaH-2-1MA) TUOMOYEBMHONM, A4  COpOLMOHHO-(POTOMETPUYECKOro
onpegeaennsa KagmuA(ll). CopOeHT, mpuMeHeHHBIT A4 OIlpedeAdeHNs MUKPOKOANYEeCTB
kagmiei(ll), obaaszaer Ooaee BBHICOKMMM COPOLIMIOHHBIMM CBOJICTBAMMU IIO CPaBHEHUIO C
U3BeCTHBIMU B AuTepartype [12-15]. Ero MO>XHO IIOBTOPHO ICII0Ab30BaTh I10CAe pereHepaliy.
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PE3IOME

B mpeacraBaeHHOII cTaThe IIpUBeAeH 0030p M3BECTHBIX AUTEPaTYPHBIX JaHHBIX 110 MoAuduKamym ¢peHoadop-
MaAbAETUAHOTO OAUTOMEepa KOTOPEIM SABASETC OAHMM U3 IPOMBEIIIAEHHO BhIpabaThIBA@MOM ITOAUMEPHBIM
MaTepraioM HalleAIIM IIPMMeHeHIe B Ka4eCTBe CBA3YIOIIEero B COCTaBe KOMITO3MIIVIOHHLIX COCTaBOB Pa3ANYHOIO
HaszHadeHNs. AHaAM3 AUTepaTypHOTO MaTeprala MOKa3biBaeT BO3MOXKHOCTh MOAupuKanmy GpeHoapopMaabaeria-
HBIX OAMTOMEPOB C Pa3AMYHbIMU HU3KOMOAEKYASIPHBIMU U BBICOKOMOAEKYASPHBIMI COeAVHEHVISIMHA C ITI0Ay9eHVeM
MHOTOQYHKIIVIOHAABHBIX MaTep1a0B C HOBBIM KOMILIEKCOM DKCILAyaTaI[MOHHBIX CBOVICTB IIPaKTIIecKoe Ha3HaYeHIs.

Karouessie caosa: MOAI/I(I)I/IKaLU/I;I, CI)eHOA(l)OpMaAI)AeI‘I/IAHa}I CMOAa, KOMITIO3ULIVIsI, TepMOCTOIZKOCTI), CTeIleHb
OTBEP KACHVISI.

MODIFICATION METHODS OF PHENOL-FORMALDEHYDE OLIGOMERS AND FIELDS OF APPLICATION
ABSTRACT

The paper deals with the review of known literature materials on the modification of phenol-formaldehyde
oligomer which is one of the industrially produced polymeric materials applied as a binder in the content of
composites for various purposes. Analysis of literature shows the possibility of modifying phenol-formaldehyde
oligomers with various low-molecular and high-molecular compounds to obtain polyfunctional materials with a
new set of operational properties for practical purposes.

Key words: modification, phenol-formaldehyde resin, composition, heat resistance, degree of curing.
FENOLFORMALDEHID OLIQOMERININ MODIFIKASiYA USULLARI VO TOTBiQ SAHOLORI
XULASO

Taqdim olunmus maqalade senaye miqgyasinda istehsal olunan ve miixtalif teyinathh kompozisiya materiallari-
nin terkibinds baglayict terkib kimi genis totbiq tapmis fenoformaldehid oliqomerinin modifikasiyas:1 tizra
adsbiyyatda melum olan iisullar haqqnda mslumat verilmisdir. Toplanmis adebiyyat materiallarmin tahlili
fenolformaldehid oliqgomerlarinin miixtalif terkib kicik ve ya yiikssk molekullu birlasmalarle modifikasiyasini
hayata kegirtmoklo yeni, praktiki shamiyyet kasb eden kompleks istismar xassolori ilo xarakterizo olunan
¢oxfunksiyali materiallar alinmasmin miimkiin oldugunu gostarir.

Acar sozlar: modifikasiya, fenolformaldehid qatrani, kompozisiya, istiliye davamliliq, tikilmas daracasi.

CoBpemeHHas TexHUKa HeMbICAUMa Oe3 IOAMMEepHBIX MaTepnaaoB. OgHaKO MX DKCILAya-
Tal[VIOHHbIe XapaKTepUCTUKU He Bcerda yAOBAETBOPSIOT TpeOOBaHMAM, NpPeAbABASeMBIM K
KOHCTPYKI[MOHHBIM MaTrepuadaM U MoAupUKaIMsA MX a TakkKe IOAydeHMe Ha X OCHOBE
KOMIIO3MITMIOHHBIX MaTepuaoB C LeAbI0 yAYYIIeHMs IPUCYIIUMX UM KOMIL1eKca (PU3MUKO-
MeXaHWYEeCKIX CBOVICTB SIBASETCS aKTyaabHbIM. KOMIIO3MIIMOHHBIE MaTepualbl Ha OCHOBE
BBICOKOMO/EKYASPHBIX COeAMHEHNII HalllAM IIMPOKOe IIPUMeHeHMe B TaKuX 004acTsaX TeXHU-
KU1 KaK aBTO-, Cy40-, IpUOOPOCTpOeHNe 1 9TU MaTepuaAbl 0DecIiednBaioT AeTKoCTh Iepepa-
OOTKM, ITO3BOASIOT CHU3UTDL MacCy U34eAnii, yMeHbIIUTh MaTepPIAOeMKOCThb, TPYA0eMKOCTb MX
U3TOTOBAEHMS M TEM CaMBIM IIOBBIIIAIOT KOHKYPETOCIIOCOOHOCTD.
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Memodvr mooudpuxayuu Pernor-Dopmarb0eziOHLIX OAUZOMEPOS U 0OAACHIU UX NPUMEHEHUS

®enoapopmaapaernansie oauromepsl (POO), ABAIIOTCA OAHUM 13 IIPOMBIIILIEHHO BBIpa-
DaTbIBa@MBIM, Ba’KHBIM IIOAVMEPHBIM MaTepuasloM, KOTOPBIM MMeeT OOIIMPHYIO 004acTh
IpUMeHeHNs B KadecTBe CBSA3YIOIIero B COCTaBe KOMITO3MIIMOHHBIX MaTepualoB Pa3ANMYHOIO
HasHauyeHus. Victopus ®TOro oauromepa yxoAuT AaA€KO A0 Pa3BUTUA HayKU O IIOAMMeEpax U
XUMUH T0AMMEPOB. BaskHBIM onpeseadomyM (paKToOpoM BO3ZMOXKHOCTU MX YHUBEPCAAbHOTO
JICITIOAB30BaHNS SBASIETCSl Hala’kKeHHOe IIPOM3BOACTBO B COUETAaHMM C IIPOCTATON TeXHOAOTUN
CHHTE3a U OTHOCUTEABHO HU3KOIM CTOMMOCTBIO, BOAO- M XMMCTOMKOCTBIO, a TaKXKe AeTKOCTBIO
nepepabotku. Tem nHe Menee, npuMeHeHne PPO HeECKOABKO OTrpaHMYMBAETCS BBUAY €TI0
HI3KOII aare3n1, MeXaH4ecKo IPOYHOCTH, TOKCUIHOCTY, HeBO3OOHOBASEMOCTU 1 T.A,.

C yyeToM BO3HUKILIEN U BCEBO3POCTAIOLIEN DKOAOTMYECKON ITPO0AeMbl pa3pabOoTKa Tex-
HOAOTMIIHe BHOCSIIINX BpeJ OKpY>Kalollleil cpeae 1 o0ecIiednBaloiuxX IIPOU3BOACTBO BbICOKO-
(YHKIIMOHAABHBIX MaTepraloB MMEIOIIMX IIPaKTHMYecKoe 3HayeHUe SBASeTCS aKTyaabHOM
3ajadell XMMIYeCKOl ITPOMBIIILAeHHOCTI. B ®TOM acriekte mmpejcraBaseT MHTEpec MoguduKa-
1 peHoaPpopMaabAeTUAHOTO OAUTOMepa U B JaHHOe BpeMsl 61arogapsi OrpOMHBIM yCUAMAM
MHOTOUMCAEHHBIX lCCAejoBaTeAell pa3pabaThIBalOTCS HOBBIE ITOAXOABI K PeIeHMIO DTOM
IpOOAEMBL.

Moanduxanus PPO ocyirecTsAseTcs], Kak HUISKOMOAEKYASIPHBIMI, TaK ¥ BBICOKOMO./le-
KyASPHBIMU coeauHeHsIMI. MoauduiposaHHbIpeH0APOpMalbieTAHBIIOANTOMEpP, 00-
AaaloINI TIOBBIIIEHHON KAeIOLell CIIOCOOHOCTBIO MOAYyYeHO coIloAuMepusalyeit (peHoaa,
¢opmaabaernga, mouesunsl n TtanuHa [1]. [lokasaHo, YTO IMPOYHOCTH crierniaeHus (paHepH,
CK/A€eHHOII IM0Ay4eHHO MOAMPUIIMPOBaHHON cMO0A011 coctaBasiao 0,86 Mlla. Tepmorpasu-
MeTpUYeCKMI aHaAM30M YCTaHOB/A€Ha BBICOKas TePMOCTaOMABHOCTD 10 CPaBHEHMIO C HeMO-
AmqmumpOBaHHoﬁ MICXOAHON CMOO, YTO ITO3BOANAO PEKOMEHAOBATh MO,ZI,I/I(l)I/ILII/IpOBaHHyIO
CMO/Y B KauecTBe IePCIeKTVBHOTO 3aMeCcTUTeAs] B HeKOTOPBIX acIeKTax gepeBoo0pabaThiBalo-
IV IIPOMBIIITA€HHOCT.

C ncrioapzoBaHneM ¢$peHoAPpOpMaabAETUAHON CMOABI B KayeCTBe MaTpPUIILI, a B KayecTse
MOAUPUIIMPYIOMNX A00aBOK KpeMHIs 1AM KapOuga Oopa ObLAM IOAYYeHBI HOBbIe BBICOKO-
TemIiepaTypHble Kaeu [2].bbiao ycraHOBA€HO, 9TO ¢ OADOPOM COOTHOIIeHUIIpeHOpOopMab-
AETUAHOI CMOABI X MOAUDPUIIUPYIOIINX 400aBOK MOXKHO CHMHTe3MpPOBaTh KAell ¢ 40CTaTOYHO
BBICOKOII TEPMOCTOMKOCTBIO I aAresmeil. MoguduumposaHHas HaHOYacTUIIaMM OKCHAa
aatomyHus ¢geHoadopmaabierigtas CcMoOJa XapaKTepusoBadach BBICOKOV CKOPOCTBIO OT-
Bep>KAEHIs U IIPOYHOCTBIO, YTO oDecIiednBaeT IepCIeKTUBHOCTh VX IPMMeHeHUs B AepeBo-
oOpabaTbIBaroIel IPOMBIIILAeHHOCTH [3].

OOO ¢ yayulIeHHBIMM KACIOIIMMM XapaKTepUCTUMKaMM CHHTe3MpOBaHa BBeJCHNEM B
coctaB 40 40% Macc HeOUMIIIEHHOV Omomaccel, 0OOromeHHOrogpeHOAbHON ¢paknuein [4].
VccaeaoBaHo, BAMSAHME KOAMYECTBA BBOAMMOTO B cOCTaB (peHOABHON (paKluy Ha KAeoIiye
XapaKTepUCTUKM M YCTaHOBJ€Ha BO3MOXKHOCTh YacCTUMYHONM 3aMeHHbl (peHoAa C HeJ0pOIuM,
HEOUNIIIeHHBIM (PeHOA0M, ITOAYyYeHHBIM U3 AUTHOIIeAAIOAO3HBIX OTXOAOBMETOAOMU XpOMa-
TOrpapuyeckoro ¥ CreKTpaAbHBIX aHaAM30B OllpejeleH XMMUYeCKUI cocTaB MOAUQPUIIPO-
BaHHOI CMOABL.

Mccaeaosanuem mpoliecca oTBepkAeHns peHoadpopMaabAernaHon cMoasl GypPpypoa —
alleTOHOBBIM MOHOMEPOB M II0AY4YeH ITPOAYKT OTAMYAIOIINIICS BBICOKMM CTeIIeHeM OTBep K-
Aenus [5, 6].Paccumrana 3aBUCHMMOCTh BpeMeHU IIPeBpaIleHNs MCCAeAYEMBIX CMOA OT
TeMIlepaTyphbl MIIOKa3aHO, YTO YKa3aHHBINI MeTO/ MoAUQUKAIIUM OTAMYAeTCsI BBICOKOM CKO-
POCTEIO, a TakKe 1103B0AseT Ha 60 1 90%yAydInTh ILAOTHOCTD CIITUBKI.
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ITospilIeHNIe TEPMOCTOVIKOCTY PE30ABHON ¥ HOBOAAYHOM qDeHOAQ)opMaALAerMAHoﬁ[ CMO-
ABlL OCYIIIeCTBAEH MeTOAOM JoDOaBaeHns N-TuapokcnmeTia/Kapbasoda B cMech gpeHoaAPOp-
MaAbJeTuAa, uan jobapaeHneM Kapba3oda B peHOA IMAPOKCUMETIAALIETOHOBOM CMecH, TAe
TMAPOCKCUMETIABHBIEIIPOM3BOAHbIE alleTOHa CAYXX1Au JoHopoMdopmaabiernga [7]. Moau-
Puxanusa penoadopmMaablernAHOTO OAUTOMepa OBLAO OCyIeCTBAeHa TakXKe IpoAJeHreM
BBICOKOTEMIIepaTypHOI peakluy B3alMOJeNcTBIs (peHoaa, KapOazoaa U (popMaabiernja.
IToaydyeHHBIe KOMIIO3UTHI IIOKa3aAM IlepeMeHHble S(P@QeKThl TeIA0BOIO CONpPOTUBACHI:
MOAMQPUIMPOBAaHHbI Kap0a3oAoM pe3oaAbHas CMoJa, codepxkamuit IMoa% Kapbaszoaa,
oOe3neunBaeT yBeAndeHMe TepMUYeCKOro conpotupaeHus Ha 47°C 110 cpaBHEHMIO C HEMO-
ANUITNPOBAaHHON CMOOIA.

Moaudunmposansusie PO, HalleAlne IIpUMeHeHNe B KauecTse KAesl B IIPOU3BOACTBe
APEBECHBIXIIAUT, I0AydaAl, Takke C JCIIOABb30BaHMEM B KauecTBe MOAMQPUIIMPYIOIIETO
KOMIIOHEeHTa — TUAPOKCUMEeTUANPOBAaHHOTO IIIeA09HOTO AUTHMHA U3 PUCOBOIM cMOABI [8]. Xa-
PaKTepPUCTUKY CMOABI TIOAY4eHHO BBeAeHneM B coctas oT 20 40 50% mac Mmoaudunmpyiorie-
ro KOMIIOHEHTa B3aMeH (peHO.1a OIpeseasan 10 COAep>KaHIIO CBOOOAHOTO (popMaablernja i
TBEPAOTO BelllecTsa,BsA3KocTy, pH, a Takoke BpeMeH! OTBep>KAeHNsL.

IlenonaacTel Ha OCHOBe HOBOJAaYHBIX (PeHOAPOPMaAbAETVAHBIX OAUTOMEpPOB HalllAN
IINPOKOe IIpMMEeHeHle B pa3AM4HBIX OTpacAsx IpombiiniaeHHocty [9,10], B wactHOCTM B
KayecTBe KOHCTPYKIIMOHHBIX ~MaTepualoB B COCTaBe KOMIIO3UTOB M  U3JeAUl B
MamHocTpoenun [11, 12]. Moaudunuposanubienienonaactel Mapok Tilen-A BBeseHnem B
COCTaB OKCMOEH31AaMIHA, SIIOKCUMOAUTOMEpPBl, 0AUTOs(pUpa, MPUTOAHBI AAS AAUTEABHON
paboThl B TOILAMBE, MacAax UT.4. UCIIOAb30BAaAUCh B 3HAUUTeAbHBIX MaciTabax [13]. Oanako
9TU MaTepuaabl He MMeAU He40CTaTOYHYIO ITpoYHOCTh. HoBosaunas cmoaa, mapku CO-0112
(TOCT 18694-80) moanduIiiMpoBaHHas C UCHOAb30BaHNEM 0Anrosgupos mapok I12I-1500,
ITEI- 4000, IIEI- 6000 (TY 2483-166-5757587-2000), a Tak’ke SIIOKCH IIPOMU3BOAHBIXOANUIO-
a¢upos Ha ocHose aarnpokcugal-603 (TY 2226-033-10488057-200), L-702 (TY 2226-335-
10488057-97) m aampokcuaal-AEC-1 (TY 2225-374-10488057-2005) moaydeHB MeTOAOM
I.1aBA€HNs CMeC HOBOAA4YHOI cMOAbI ¢ 2-15% Mac yKazaHHBIX 0AUTOY(PUPOB UAU DITOKCHAOB
npu 140-160°C ¢ yyactueM rekcaMeTHAeHTeTpaMIHa B KayecTBe OTBepAUTeAs] OTAMYAIOTCS
HI3KIM II0Ka3aTeJeM I11aBAeHNs U yBeAdeHreM BpeMeH! reae0pa3oBaHIs UTO UMeeT OueHb
Ba)kKHOe IIpakTideckoe 3HaueHne. HaOarogaemsiit odpdekT cpsa3aH ¢ MeXKHOMOAEKYASPHBIM
B3alIMOJENICTBIIeM HOBOJAYHBIX OAUTOMEPOB U MOAUPUIIMPYIOIIETO KOMIIOHEHTa, YTO OAT-
BepxaeH VIK-Qypre crieKTpaabHBIM aHaaAu3oM [14].

DKoA0rmyecky 6e3o0I1acHbIl KAeil Ha ocHOBe eHOAPOPMaAbAeIMAHOTO OAUTOMEpPa I10AY-
YeH ITyTeM CMEeILIVBAaHMA CMOABI C IIEeAO0YHON JKMAKOCTBIO KUTaCcKo ean [15]. Iloayuennsii
KOMITO3MIIMIOHHBIN KAell XapakrepusyeTcs Ha 50% HU3KMM cogep>KaHMeM CBOOOAHOTO (pop-
MaabAeruza u deHosa yem oObruHas PPO u oramyaercs SKOAOTMYHOCTBHIO, IPEBOCXOAHONM
BOJOCTOMKOCTBIO ITpY KUILTIeHUN B TedeHMe 28 yacos 1 o04adaeT mpodHocTeio — 1,73 MITa.

Criocob6 moaydyenms: Bogocroiikoro PO ¢ 0osee HU3KUM cogepKaHNEM CBOOOAHOTO
denosa n popmasbaernja c UCIOAb30BaHMEM B KadecTBe MOAUPUIMPYIONIETO KOMIIOHeHTa
rayTapaabjerujaonucas 5 padore[16]. Peakims Mexay peHOAOM U rayTapaabaerniom Oblaa
noarsepkaena merogom BC SIMP criekTpockonmm.

PesoapHble peHOPOPMAAbAETUAHBIEOANTOMEPHI, MOAVI(PUIIMPOBaHHBIE OTXOJaMU OMoMac-
Cbl — MYKI U3 KOPBI TPEIIKOTO opexa, KpacHOI 0AbXM, OCTaTKOB PypPyposa 13 KyKypy3HOIO
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roJyaTKa XapaKTepU3yIOTCsl CHUYKeHIeM IOBepXHOCTHOTO HaTspKeHus Ha 17-25% 4to BeposATHO
SABASIETCSI pe3yAbTaTOM BBICBOOOKAEHM S ITOBePXHOCTHO-aKTUBHBIX COeAVHEHNI, M3BA€YeHHbBIX
13 HaIlIOAHUTeAel B IIjeA049HOM cpeae [17].

IToankonaeHcamuent «in situ»dpeHosa m ¢popmasbaernja ¢ MarHUTHBIMU KJacTepaMu
FesOsB BogHOM pacTBOpe 0Oe3 OBepXHOCTHO-aKTMBHBIX BEIeCTB pa3paboTaH CBepXOBICTPBIN,
9(pPeKTMBHBII M AeTKUII 104X04 codaaHms Mukpocdeps FesOs/Ppenodpopmoanaerng
[18].VccaeaoBanmem  BaAMAHMS KOAMYeCTBa IIoJaBaeMoOro (eHoda, (popMaabaernaa,
TeMIIepaTyphl peakLiu 1 BpeMeH! MUKPOBO/AHOBOTO Harpesa Ha MOP(OAOTHIO I Ha pa3Mephl
mukpochep FesOs/POC ycranosaeno, uro ¢penopopmaabaerngtas 000109Ka paBHOMEPHO
nokpeisaetcsa Kaactepamu FesOss Teuenun 10 yacos obayuenms:. Iloayuennsie Mukpocdepst
O4YeHb OJHOPOAHBI IT0 MOP(OAOTMM U TOAIIMHA 000104KM MeHseTcs B guarnosoHe 10-200 HM,
XOpOIIO ANCIepIupyeMbl B Boge, ®TaHole, NN — guMmernmadopmammga M ameToHe, UTO
SIBASETCSI OIIpe A ASIIOIIUM AAsI UX AaAbHerIel (PyHKIIMOHAAM3ALI Y ITPMMeHeHNsI.

DKOA0TMYeCKI YUCTBIN CBA3YIOIINI cocTaB, HaOCHOBePPO HaleAmnii DpuMeHeHne AAs
X0A0AHOM HaOMBKI aAIOMMHIEBBIX 9AeKTPOAN3epoB Oblaa CUHTe3MpoBaHa BBeJeHIeM B COC-
TaB CMOABI MICKyCCTBEHHOTO TpapuTa 1 DAeKTPO-IIPOKaAeHHOIO aHTpalllTa B KadyecTse HaroA-
Huteast [19]. IloaydeHHsle MoAMQUIIMIPOBAaHHBIE COCTABBl OXapaKTepU30BaHBI C MCIIOAb30Ba-
HIleM TepMOIpaBIMeTPUIECKOTO aHaAM3a, Ta3oBOI Xpomarorpadpuiu, Macc-CIeKTPOCKOIINIA,
VK-crieKTpocKOIMu ¥ CKaHUPYIOIIeil 9AeKTPOHHOV MMKPOCKONNM M IOKa3aHO, 4TO 3TU
MaTepuaabl 004ajalOT TaKMMM ITPEBOCXOAHBIMM (PU3NYECKMMM CBOMCTBaMM KaK HM3KOe
DAEKTPUYECKOe COIPOTHBAEHNE, BBICOKAs IIPOYHOCTb Ha CXKaTue U T.4,.

I'ean,Ha ocHoBe cruToro peHoAGpOopMaabAeTUAHOTO MOAMIMEpPaA C AVICIIEPCHBIMY YacTHIIa-
MI B AMaIIO30HEe OT CyOMMKpOMeTpa 40 MUKpOMeTpa HalllAu IIPMMeHeH!s B KadyecTBe areHTa
AAsl AOCTVIKeHMSI TAyOOKOIO KOHTpoAs npoduas u yayudienus: Hepreorgaun [20]. Bruocos-
MeCTMble HaHOYaCTUIIbI MOHOAMCIIEPCHOTO (peHOAPOPMaabaeTAHOTO0AUTOMEPHI, CHTe3M-
POBaHHOTO C MCIOAB30BaHMEM 3eA€HOTO AIOMIUHIUCIIEHTHOTO MOHOAVCIIEPCHOTO (peHOAPOop-
MaAbAeTMAHOTO IoAVMepa ObLAM MCIIOAb30BaHbI B KadecTBe aKllelITopa B IIporecce OOHapy-
>KeH1s1 MOHOB Cu**MeTO40M ONTUYECK) BU3yaAbHBIX aHaAu30B [21].

KoM1io3uTsl ¢ yay4diiieHHBIM IOKa3aTedeM Iipededa IPOYHOCTH, BOAOCTOVIKOCTU I10Ayde-
HBl Ha OCHOBe HOBaJO4HOM(peH0A-PpOpMaabAeTMAHON CMOABI C JCIIOAb30BaHNMEM B KauyecTBe
HaIrlOAHNUTEAsl APEBeCHON YaCTUIIBI TPV MaCCOBBIX COOTHOIIEHNAX CMOAa Y HallOAHUTeAb — 3:7;
5:5 n 7:3 [22]. IlokazaHo, uTO HamnbO1ee BBICOKMII ITOKa3aTeAb IIPOYHOCTU HAOAIOAAETCS IIpU
PaBHOM BECOBOM COOTHOIIIEHIV KOMIIOHEHTOB.

Caasyromero areHra KH550 y-aMuHOIIponmmasnokcucuiaHaMOANIIMpOBaHHasl HU3KOMO-
AeKyAspHas CMOJa, oAydeHa JoDaBaeHUeM B CTaAuy cuHTe3a (peHOA-(pOopMaabAerAHOrO-
oauromepa(23]. IlokasaHo, 4TO BBeAeHMEe B COCTaB CMOABI YKa3aHHOIO CBSA3YIOIIeTO KOMIIOHEeH-
Ta 9(PPeKTUBHO OAOKUPYs IMOAAPHYIO (PEeHOABHYIO TMAPOKCUABHYIO TPYIIIY CIIOCOOCTBYET
YAYUIIEHNIO ee 9AeKTPOU3O0AAIMOHHBIX CBOJICTB, YMEHbIIIaeT BOAOIIOTAOIIeH) e U yBeAdu-
BaeT 0ObeMHOe CONPOTHUBAeHNe OTBep>KAeHHON cMoabl. CMoaa, MogupuIposaHHas 400aB-
aeHueM 5%Macc CBA3YIOIero areHTa B pacdeTe Ha MaccydeHOoaaxapaKTepu3yeTcsl AydIIUMU
CBOJICTBAMU OTBEPKAEHIIS, IIPEBOCXOAHON 00OBEMHO CTOMKOCTBIO U IPOYHOCTHIO BO BAAKHBIX
cpejax.

Kak usBectHO aAre3rOHHOe CBsA3bIBaHNE APEBECHHDI C VICIIOAb30BaHIEM Cl)eHOA-CIJOpMa/H)-
ACTVIAHOIO oAuromMepa sBAJETCA IIPOMBIINACHHO IIPVIMEHSIE€MBIM METOA0M CLEIIAEHIII U3Ae-
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anit u3 apesecuHbl.C MCIIOAb30BaHIEM METOAaCOAI00MAN3AIINIB coOdeTaHny ¢ ABymMepHoii 'H,
BC-SMP - cnexkTpockomnmelxapakTepus3oBaHa XUMMYecKas MoAudUKaIus I0ANMEepPOB
rocaeoTBepKAeHnAPpeHoAPopMalbAeTUAOM B pa3ANYIHBIE IIEPUOABI IIPUTOTOBAEHUS [24].
PesyabpraThl MccaesoBaHUil ITOKa3aTeAlM, 4TO CUAbHOIIeAO4Has cMoaa npu 140°C cairkasa
4acTOTy OCHOBHOM MeXKY3eAbHOM CBA3M apUArAulepoa-B-apuadPup Ha BO CeMbAECIT
IIPOLIEHTOB B PaHHEl gepeBeciHe U Ha ABaAllaTh IIPOLIEHTOB B IT03aHel gepepecune. [Iokasano
4TO, IOAY4YeHHbIe Pe3yAbTaThl MOTIYT CAY>KIUTh OCHOBOM AAs Pa3BUTH IIPOYHOCTY CLIEILAEHIS
MEXAY KAeeM U APeBeCUHOI.

Astops [25] mtokazaay, 9TO 3aMeHoV (peHOAPOPMaAbAETUAHON CMOABI ¥ TTOAVMEPHBIX
MeTuAeHANPEHNAANNSOIMOHATHEIX CMOA 4acTI4IHO (40 30%) coeBoit MyKOI1 ITpY ITPOM3BOACTBE
UH>KEHePHBIX APEBeCHBIX MaTep1aa0B MOXKHO AOCTIY HKOHOMMIO 3aTrpaT.Metogom Tepmorpa-
BUMETPMYECKOTO aHaAM3a, MHPPaKpacHOI U MaccC CHeKTPOCKOINHU yCTaHOBAEHO, 4TO XMMU-
gecKasl CBs3b MeXAy COeBOM MyKoil 1 ¢peHoAPOpMaabAeTMAHON cMOAON MuHMMaabHa. Har-
poTuB, HabAIOAEHUE 3HaulTeAbHbleM3MeHeHNIHa0AI0aeMble B TepMOIpaBUMEeTPUYEeCKUX U
CHeKTPOMeTPUYECKUX UCCAeAOBAaHMAX KOMIIO3UIIMOHHOIO COCTaBa Ha OCHOBE IOAMMeTIAeH-
ANPEHNAANMBOIOHATa TOBOPUT O IIPOTeKaHMe XMMIIeCKO CIIVBKIA.

C 1eapio MOBBIIIEHNs TePMIYECKO CTadMABHOCTY 1 MeXaHudeckol rmpoyHocti POO B
KayecTBe MoAM(pUKaTOpa MCIOAB30BaH OOpHas KUCAOTa, COAM OOPHBIX KHUCAOT M UX
aaanaossle apupsl [26, 27].

Vccaegosano BamsHme ¢PpeHOAPOPMaabAeTUAHON CMOABI Ha pPeOAOTMYECKIe CBOVICTBa
Outyma M oIpeJeseHa IIOAXOAsAINas AO3MpOBKa Jo0OaBku (2% Bec), oDecriedmBaroast
HauAydIllye peoJorMdeckKre I 9KCIAyaTallMOHHBle CBOJICTBA B >KapKOM KAuMare
[28].PesyapTatel  mccaegoBanHmii mMoaubuxanyy  peHoadpopMaabAerAHOTOOANTOMepa
AoDaBAeHMeM AunaaamadrajaTarniokasaay, 4YTO yBeAWdeHNE BBOAMIMOIO  KOAMYECTBa
AnaaanadrasaTa CIOCOOCTBYeT IIOBBIIIEHUIO MOAYAS HaKOIIAEHNUSA U MOAYAsS IIOTepPS,
cHrokeHnio kospduumenta norep [29]. Ilpu xoamuvectse moandukaropa 2,5% or ¢penoaa
TeMIlepaTypa OTBep>KAeHN:sI KOMIO3UIMy cHu3nAaach Ha 5°C.

denoadpopmMaabAeTnAHBIEOAUTOMEPBL, MOANPULIVIPOBAHHbIE C111a3aHOMITIOAyYeHbI
METOA0M B3alIMOAEVICTBILSI Pa3AMYHBIX KOANYECTB 1,3,5-rpumerna-1'3',5' -
TPUBUHUAIIMKAOTPUCKAA3aHa C PpeHOAPOPMaAbACTIAHON CMOAOIA. A5 BBIOOpa OAXOASIIIX
YCAOBMII NNMPOAM3a KOHBEPCUIO BBeJeHIUe roaumMepa nposoanan rnpu 1450°C m 1650°C B
atmocdepe aproHa u asora. IloaydyeHnnble MaTepuaabl peKOMeHAOBaHBI B KadecTBe HOBOIO
KJacca IpeKkepaMM4ecKoro IoAuMMepa AAs  BBICOKO — TeMIIepaTypHBIX HPMMeHeHUI
[30].YcranosaeHo, uro armocdepa asora sBAseTcs: 00Aee MOAXOAAILeN Ta30BOi aTMOchepoir
AZsI TIOAYyYeHMsl >KeAaeMOro MaTepraAa C BBICOKUM BBIXOAOM.

Denoa-popMaabAeTUAHBIIOAUTOMEP CUHTe3MPOBAHHBIN C 400aBAeHIeM HeOpTaHMYecKIX
KOMIIOHEHTOB IIpU OIPeAEeAeHHBIX COOTHOLIEHMUAX M CTeIleHM II0AMMepU3aluy Hallla
IIpUMeHeHNe AAs CUHTe3a IIOPUCTOi OyMary CTOMKOM K BO34eIICTBIIO MUKPOOpraHu3mos [31].

B paGore [32] mnpuseseHbl pe3yabTaThl MCCAeAOBaHMII B 004acTU IIOAydeHUs
MoAMUUMPOBaHHBIX ~ (UOpMAA cu3aasi ¥ BOAOKHa cusaasdpeHoPpOpMaabAeTUAHBIX
AaMUHATOB AAs ®aeKTpomusoasrnuu. ITokazaHo, 4TO I10Ay4eHHBIEKOMIIO3UTHBIE CAOVICTHIE
AaMMHaTB, MOAMQUUMPOBaHHBIE BBeJeHMeM B cocTaB 40% Macc yKaszaHHBIX400aBOK,
XapaKTepU3yIOTCsl yBeAUdeHreM ITPOYHOCTY Ha u3rno Ha 78% u 23%, IIpOYHOCT Ha pa3phiB
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Ha 73% u 25% u yaapHoi Bsaskoctu Ha 174% n 44%. AusaekTpudeckue CBOVICTBA M3AeAUI
yBeanmunanch Ha 14% wu 9%. DT AaMuHaATBHI pPeKOMEHAOBAHBI AAs IIPECCOBBIX IIANT,
UCIIOAB3YeMBIX IpM cOOpKe TpaHCPOpPMaTOpOB, B KauecTBe DAEKTPOMU3OASIIVIOHHOTO
MaTeprasla I MaTepuala C BBICOKOV MeXaHIJeCKOV ITPOYHOCTBIO. DTN MaTepuaabl
PEKOMEHAOBaHbI TaKXe A4S VICIIOAB3OBAHMS B DAEKTPOTEXHUYECKON U a®pPOKOCMUYECKON
IIPOMBIIIAEHHOCTIL.

ITokazano urto, wMoauduxaius ¢eHoPpopMalbAeITNAHOTOOAUTOMepPa  (PYpPaHOBBIM
0AUTOMEepPOM ODecrieurBaeT 0oee IIPOYHYIO U DoAee JKeCTKYIO KAeeBYIO AVHUIO B CTPYKType
APEBECHO - CTPY>KeYHOI IAUTEI [33].

DrnokcugHas cMoaa Kak 1 ¢eHoadpopMaajernjHasl CMOAa SBASIOTCS ITPOMBIIILAEHHO
O4YeHb Ba’KHBIMI IIOAMMEPHBIMU MaTepualamMiy, KOTOpble MMeIOT OOLIMpHBIE 00AacTy
npumeHeHns. Victopus obomxMarepnua0B HadyaAuCh AO PasBUTISL HAyKMO IIOAMMEpax U
XyMuUM ToaAuMepos.baarogapss OIrpOMHBIM ycuAueM JccAejoBaTeleil pa3pabaThIBaIOTCs
HOBBIE II0AXOAbI CMHTe3a BBICOKOIIPOM3BOANUTEABHBIX MaTep1aA0B Ha MIX OCHOBE

MccaepoBana ¢pusmko-mMexaHndeckne, aAre3VOHHbIe, TepMMYecKNe, M3O0ASAIMOHHbBIe U
aHTMKOPPO3MOHHBIE CBOJICTBA KOMIIO3UTOB Ha OCHOBe (peHOAPOPpMaabAETUAHBIX CMOJ,
MOAMQPUIIMPOBAHHBIX SIOKCUAHOM CMOAONM C ydacTueM IOAMUBMHMANNPpPOANAOHa [35].
ITokazaHO, YTO MOAOXKUTEABHBIN 9PPEKT MPOABASETCS IPY KOHIIEHTPALY ITOAVBUHUAIIUP-
poanaona 0,5-1% mac%, snokcnanon cmoast D4-20 -25-30%mac. B npucyrcrsum 1% N, N-
AuMeTnAaHuAMHa. I1pyu 9TOM aAre3moHHas IIPOYHOCTh KJAesl Ha OCHOBe yKa3aHHOTO COCTaBa
yBeANYMBAETCSI B YeThipe pasa m cocrasasger 5-6 MIla, yaapHas BsA3KOCTB, CTaTmdeckast
IIPOYHOCTh TIpU 13rude, TBEPAOCTh U yAeAbHOe OOBbeMHOe DAeKTpUJyeckoe COIpPOTUBAEHNE
oOpas1os yseamdnsaercs 1,5-2,5 pasa u cocrasaset 5-6 JAx/m? 15-17 Mlla, 350-420 MIla n
(5,5-6,5) 011010 OM-M COOTBETCTBEHHO.

denoadopmasbaerutuple OAUTOMepPhbl, MOAU(PUIMPOBAHHBIE SIIOKCUAHON CMOAON 1
MOAVBUHUAIIMPPOANAOHOM, BOTAMYMEOTUCXOAHOVICMOABI  OTBEP>KAEHHON  yPOTPOIMHOM
XapaKTepU3yIOTCsl BBICOKUM IIOKa3aTeaeM Tokcutponmu [36]. B yactnoctn, moanduumposan-
Hasl yKa3aHHBIM CIIOCOOOM HOBOJayHas CMOJa XapaKTepU3yeTcsl yAydIIeHHBIMM ITOKa3aTeAs-
MI TOKCUTPOIIHBIX XapaKTePMUCTUK, a TakkKe (PU3MKO-MeXaHUYeCKMX CBOVICTB U TepMOcCTa-
OMAHOCTI, Y AY4IIAeTCATEXHOAOTMYHOCTD DMAAN.

C neapio oaydeHus TepMocToiknx¢gpeHoapopmMaabAeTUAHBIX OAUTOMEPOB OTBeYaIOIX
TpeOOBaHMSAM NpPeAbsABASIeMBIX K AePeBIHHOMY IMOAYDKCILAyaTHPyeMOIl PV OTHOCUTEABHO
BBICOKOI1 TeMIlepaType U BAaXKHOM cpeje MOAUPUKAIIMIOOCYIIECTBAAAN C MCHOAb30BaHVEM
DopHoIt KncaoTtsl udbuomacaa [37]. Cmoaa, noayuennas npu KoHueHnTpamyu 20% o6nomacaa u
4% macc GOpHOIT KICAOTHI B pacdeTe HaeHOA, XapaKTepu30BaACs IIpejea0M IIPOIYHOCTI IPU
pactsbxkenun 3,15 MIla, oTHOCUMTEABHBIM yAAUHeHMeM Ipu paspeise 15,7% 1 IpOYHOCTBIO
cuenaenus- 1,12 MI1a.

®enoapopMaabATMAHBINIOANTOMEPD], CUHTE3MPOBAHHBIN C JCIIOAB30BaHMEM HaTpUs
eAKOTO B KauecTse KaTaAM3aTropa 1 OTANJalolieecs: HU3K1Mcodep>kaHueM (peHola 1 popMaab-
AeTnja, HallllAo IpYMeHeHNe B IIPOU3BOACTBe IecKac IIpeJBapUTeAbHBIM ITOKpBITHEM, 00Aa-
AQIOLLIETO IIPEBOCXOAHBIMM DKCILAyaTallIOHHBIMU CBOVICTBamMu [38].

B pabore [39] nokasaHa BO3MOXKHOCTL pereHepaliuy 1 yTUAU3anus oTxoA08 ¢peHoadop-
MaAbJAeTUAHON CMOABI IIyTeM IIpMMeHeHUs UX B KauecTBe D(PQPeKTMBHOTO KOMIIOHEHTa B
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cocTraBe HoAydeHHropeHoagopmaablernja MAN TPUOKCUMETIA€Ha IIocAe M3MeAbueHUs B
IIOPOIIOK MMUKPOHHOTO pasdmepa. IlokasaHa, 4To mo Mepe yBeandeHMUs KOHLEHTPaL VAN
CpeaHero pasmepa 4acTull IIpeAea MPOYHOCTU IIPU  PaCTsKeHNUM, yAapHas BI3KOCTD,
II10THOCTh ODpa3loB yMmeHbIaercs. Ilpeaea mpouHocTu U yAapHas BA3KOCTh IPaBUABHO
pereHepypOBaHHBIX 00pa3loB C Mcroab3osaHueM 20% Macc 0Txo40B ¢peHoAPOpMaAbAeTUA-
HBIX CMOA COCTaBAsA0 = 95% mokasaresein 06pa3u013 MOAYYEHHBIX U3 YNCTOM, OCHOBHOU
IapTUM CMOABL.

Denoadopmaabaernuple OAUTOMEPhl IIMPOKO ITPUMEHSIOTCS, TaKXKe B ITPOU3BOACTBE
BOAOKHMCTBIX ITOAVMEPHBIX KOMIIO3UIIMIOHHBIX MaTepPHaA0B IIPOYHO 3aHABIINX MECTO B TaKIX
004acTsAX TeXHMKU KaK aBTO-, CyA0- U IIpUOOPOCTPOeHNe, YTO CBsA3aHO C yA00CTBOM Ilepepa-
OOTKM, BOBMOYKHOCTBIO CHVKEHIs MacChl U3AeAUIA Y CHUKEHIS TPYA0eMKOCTUM3IOTOBAeHs
oOecITeuMBalONTUXIIOBBIIIIeH e MX KOHKypeHTocrocobHocTu. ITpenmyliectso mpumeHeHus
(PpenoadpopmMasplernAHEIX CMOA B KayecTBe CBA3YIOIIETO B ITPOM3BOACTBE BOAOKHMCTBIX
KOMITO3MLIIOHHBIX MaTepualoB OIpeAeAseTcsl TakXKe BO3MOXKHOCTBIO M3TOTOBAEHMS IIOAU-
($pabpnkaToB 13 OPraHOBOAOKHICTHBIXCOCTOBOB Ha €r0 OCHOBE, KOTOpBIe COXPaHSIOT IepBId-
HBIe TeXHOAOTMYECKIe U DKCILAyaTallIOHHbIe XapaKTepUCTUKN B TedeHue 3-4 Mecs1ies.

B paGorte [40] nmpuBeaeHsl pe3yabTaThl UCCACAOBaHMI 10 MOAYYEHNIO OPraHOILAACTHK Ha
ocHopepeHOAPOPMaAbACTUAHONM CMOABI  apPMUPOBAHHON  OpraHMYeCKMMM  BOJAOKHaMI,
OTAMYABIIMMICA OT TUIMYHBIX MHpPeACTaBUTeAel BBICOKMMM ITPOYHOCTHBIMMU CBOMICTBAMM U
IIOKa3aHO, YTO KOMIIO3UIMM cogepKaiye 60% Mac apMupoOBaHHbIe OpraHIYecKye BOAOKHa
XapaKTepU3YIOTCs ITPOYHOCTHBIMY CBOMCTBAMI IPEBHIIIAIONIIVMI aHAAOTMYHBIE ITOKa3aTeAl
Marepuasia cogepKalllero roancyabpoHaMmAHble BOAOKHA B 1,76-2,5 pasa.

Xummaecknit ekt peHoaPpopmMaablernAHbIXOAUTOMEPOB B KadecTBe CBA3YIONIero Obla
UccAeAOBaH IIPM M3TOTOBAEHMM TOPMO3HOM KOAOAKM C JoDaBleHMeM B3aMeH acOecTa
ropomka ODaHaHOBOJ KOXKYPBI 1 ITOpolika KeHada [41]. PesyapTaTsl okas3aau, 4To C yBeAu-
4yeHreM KOHIeHTpaluu cMoabl oT 5 240 30% Mac IpOYHOCTL Ha CXKaTue, TBePAOCTD, YAeAbHBIN
BeC MOAy4eHHBIX OOpa3lioB yBeAMdMBaeTcs. YCTaHOBAEHO 4YTo, oOpasipl, codepxkamue 25%
Macc roporika 6aHaHoBbI KOXypbl 1 10 % keHada, ITOKa3bIBaIOT IIPEBOCXOAHBIE Pe3yAbTaThl
II0 ME@XaHMYeCKMM CBOJICTBAM.

C meapio onTMMM3aLMU HpoIiecca Tops9ero MpeccoBaHUs ApeBeCcHO-aATe3MBHBIX CHUCTeM
Ha MecTe, B YaCTHOCTY APEBECHBIX IIAUT COCTOAIIMX U3 AEPEeBSHHBIX aAle3MBOB, CKACEHHBIX
KA€eBbIM CA0eM C MCII0Ab30BaHMeM B KauecTse aAres3ysa (peHOAPOpMaAbaeTUAHOIM CMOABI C
PasHBIM MOAEKYASAPHO - MacCOBBIM paclipejeleHNeM I0ABepraauch AMHaMU4YecKO-MexXaH!-
yeckoMy aHaAu3y [42]. [ToMrMo ®TOTO, OAYJYeHHBIe COHABIY OOPA3IIbI C BHICOKUM COAepiKa-
HIIeM CMOABI A4S U3y4eHUs TIOTepy BAaru OblAM OOepHYTHI aAlOMIUHIEBON (poabroi. Pesyan-
TaTbI ITOKa3aAM, YTO COCTaBhl C HU3KMM coeprKaHueM (peHoAPOpMaabaeTVAHON CMOABI OTBepPK-
AAIOTC MeAJeHHee YeM COCTaBbl C BBICOKMM coJepsKaHueM cMoAbl. OOpaslbl 0OepHyTble
aAbIOMMHOM (POABION TaK>Ke MeAAeHHO I0ABepraaliCh OTBeP>KAEHMIO, YeM He OOepHYThIe.

A5 TIOBBIIIIEHNs TIPOYHOCTU M BA3KOCTU paspyiieHns ¢peHoadpopmaabiernatas cMoaa
Op11a MoguduUIIpOBaHa A0OaBJAEeHNEM KepaMIJIeCcKOTO HAIlOAHNUTeAsS U OIpeAeAeHO OITHU-
MaAbHOEKOANYECTBO HAlIOAHUTEAS C TOUKM 3peHus 00pabaTbIBaeéMOCT, CTOMMOCTHU U IIPOM3-
BOAUTEeABHOCTH. bp110 ycTaHOBAeHO, 4TO mpu Koamdectse 20% Macc HalloOAHUTeAsT 0DecIieun-
BaeTcsl Ay4Imii 6alaHC MeXAYy AerKOCTBIO M yAapOIPOYHOCTBHIO KOMIIO3UTHOIO Marepumada
[43].
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Peakimeit ¢peHOABHOIN TpynIbl PpeHoAPOpMaabaeTMAHOTOOAUTOMEPa C IEePOKCUITPON3-
BOAHBIMM DITIOKCUAHON CMOABI pa3dpaboTaHa MeTOoAMKa CMHTe3a MOAU(UIIMIPOBaHHOTO OANIO-
Mepa C Aa0MABHBIMM II€POKCU-CBA3SIMM B OOKOBBIX OTBETBAEHIAX. MoauduiimpoBaHHbIE C
pearoHHOCIIOCOOHBIMIMeTaKpUAAaTHEIMY (pparMeHTaMM UAY AaOUABHBIMIY IT€POKCU — CBS-
35 MU B OOKOBBIX OTBETBAEHIIX (peHOAPOpMaabAeTAHbIE CMOABI UCIIBITaHbl B KauecTBe IOAU-
MEepHOTO KOMITOHeHTa OUTYMHO-TIOAMMepPHBIX cMeceil [44]. [ToayyeHHBIe OUTYMITOAVIMEPHBIE
cMmecy, cogepkamue 1, 3,5 mam 7 mMaccoBpIX dacTell MOAMPUIIMPOBaHHOM cMoAabl Ha 100r
HeTsIHOTO OUTYyMa Mccaegosansl mpu 443, 463 nan 483K B revenne 0,5; 1,0 man 2,0 gaca.

Kak mssectHo, B mpomnspoActse (peHoAPOpMaabieTUAHBIX OAUTOMEPOB, OAarosaps MX
CTPYKTYPHOMY CXOACTBY AUTHIUH JCCAeAO0BaH KaKk MHOrooOelaolas NpupojHas aaTepHaTu-
Ba He(pTeXMIIECKOMY ChIpbI0.B pabote [45] mipuBeeHbI pe3yAbTaThl UcCAeAOBaHMI (PUBIIKO-
XMMIYIEeCKON XapaKTepUCTUKI TpeX TUIIOB AUTHMHA 1 ObLA0 YCTaHOBAEHO, YTO AUTHUH KpadT-
COCHOBBINI IO CpaBHEHMIO C AUTHUH COAOBO- aHTPeXMHOHOBOTO AbHa U HTaHOA- BOAHOTO
pacTBopa- AMKOIO TaMapMHAa AUTHUHA SBASETCS AY4IIUM 3aMeHuTeaeM (peHoaa B IIpoliecce
CUHTe3a AUTHMH(PeHOAPOPMaabAeTUAHBIX CMOA. DTO KaK OTMeYeHO, IT0-BUAVMMOMY, CBA3aHO C
DOABIINM KOAMYECTBOM aKTMBUPOBAHHBIX ITOAO0XKEHMII CBODOAHBIX KoJell, 0oJee BBICOKON
MOAEKYASPHOI Maccoll U TeMIlepaTypoil TepMudeckoro pasaoxkenus. [loaydennsie pesyan-
TaTbl OOOCHOBaHBI IIPOBEACHHBIMM aHaAM3aMM XMMIYECKO CTpYKTypel MeTtogoM VIK- crek-
Tpockoruy ¢ Pypre rpeoOpazoBaHMEeMI, IIPOTOHHO- SIA€PHOI MarHUTHO-Pe30HAHCHO CITeKT-
pockonmen — 'H SIMP, onpeaeaeHnemM MOAEKYAAPHOV MacChl M MOAEKYASPHO-MacCOBOIO
pacpeJedeHnss TreAb-IIpOHMKaIOIIel Xpomarorpadueil omnpejedeHyeM TeMIlepaTyphl
crekaoBaHys u AnddepenimaasHo ckanupyiomeir kaaopumerpun (ACK) u temmepatypa
pa3A0XKeH!N TepMorpaBuMeTpudeckuM aHaan3os (TT'A).

B paGorte [46] c 1leabi0 onpeJeAeHNs B3aMMOCBSI3M CTPYKTYpPbl M CBOMCTB AUTHMHA, MC-
II0Ab3YeMOIO A5 CMHTe3a U IIpUMeHeHIs] AUTHNH(peH0APOpMaabaeIAHON CMOABL UCCACAO-
BaHbl ABa PA3AMYHBIX TUIIA TeXHMYECKOTO AUTHMHA, IIOAYYeHHbIe M3 KUCAOM U IIeA0YHON
OpraHocoAbBOBON Bapky OamOyka. Umcrora oboux amrHumHos npesbimado 81,0% ognaxo B
AUTHIHE, TIOAYYeHHOI B IIIeA0YHON cpeae IIPUCYTCTBYIOT 3Ha4MTeAbHO OOAbIIIe DKCTPaKTVB-
HBIX BEIeCTB, YTO CUABHO IOBAUAAO Ha CUHTe3 AUTHUH- (peHOAPOPMaabATUAHON CMOABL U
yAazeHue 9Toii (ppakium Ob110 HeOOXOAMMO A0 TOTO, KaK MaTepyad MOXKHO OblA0 MCIOAb-
30BaTb.

CucremaTnyecKMm 1ccAe40BaHMAMY OBLAO ITOKa3aHO, YTO MexaHnJecKue 1 (puadeckne
XapaKTePUCTUKM OAHOCAOMHON KOMITO3UTHOM IIAUTHI, M3FOTOBAEHHON U3 HEHaCHIIIIEHHOI
(penoadpopMaabaeInAHON CMOABI M CMeCH YacTUI] TPOCTHMKA I COCHBI IPU HOAAep KaHUU
MOCTOSHHBIMMI COAepPKaHIe CMOABI, BpeMsl IMKAa IIPeCCOBaHIs, COAep>KaHue OTBepAUTEeAs] U
AaBJeHe ITPeccoBaHIs OllpeaeAseTcss Apyroit KoopPUIMeHTOM CMeIIBaHNA U OObeMHO
Aoaent gactuii [47].

B paGote [48] cooOiraercst 06 ycHeIrHol MHKAIICyASLINM IUIIepMeTpyHa, CUHTeTIIec-
KOTO MMPeTPoNAa, IMMPOKO UCIIOAL3YeMOIO B CEAbCKOM XO3:AiCTBe B 000410uKe (peHoaAdop-
Maapaeruga. Cepus Mukpokarcya ¢penoadopmaabieruia ObA0 IPUTOTOBAEHA C Pa3ANYHBIM
IIPOLIEHTOM 3arpy3Ku 1 pa3AMdHBIMM CKOPOCTAMM IlepeMellBaHus ITyTeM I0AMMepU3alun
«in situ». CKOpOCTb BRICBOOOXKAEHNS IIUIIepMeTPUHA U3 ITOAMMEPHBIX MUKPOKAIICyA Paccdm-
TBHIBAAM C IIOMOIIBIO YP- CIIeKTPOCKOIINM, a TaKXKe IPOCTHIM TPaBUMeTPUYeCKUM MeTOAOM.
Ha ocHose 1poBeseHHOTO 1I1KAa McCcAeA0BaHMII aBTOpaMul padpaboTaHa cTabuabHas1, Oe3onac-
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Hasl 1 KOHTpoaupyemas (popMyaa BhIITyCKa AeTKO pa3JaraeMoro, BLICOKOTOpPIOYero 1 Tpassi-
IeTO IUIIepMeTpUHa.

IToxazaHO BO3MOXKHOCTDb IIpMMeHeHMsI TyMIHa, II0DOYHOIO MPOAyKTa IIpoliecca KiCAOT-
HOTO I'MApOAM3a OMOMAacCHl B IIpoIiecce CMHTe3a MOAUPUIIMPOBaHHBIX (peHoaPopMaaleTUA-
HBIX KA€eBIIOCPeACTBOM ABYXCTaAUIHOTO mpollecca [49]. Ha mepsoricraany noay4deHs! 1eAa0-
JopacTBOpUMBIe POAYKTHI, COCTOsAIINIE B OCHOBHOM 13 (peHOA0B, a Ha BTOPO-CTagu peaKLyein
I11e1€90PaCTBOPUMBIX IIPOAYKTOB ¢ (peHoAOM U (PeHOAPOPMaAbAETUAOM MOAYIEeHbI TYMIH-
dpenoadopmMasbaernAHLIN KA€l, KOTOPBIN IO KOMILAEKCY (PU3VMKO-XMMUIECKIX CBOVICTB (BsI3-
KOCTB, ITPOYHOCTD, pH, cogepskanue csobogHoro ¢peHosa u popmaabierna, TBEpAOTO BelecT-
Ba) COOTBETCTBOBA/ TPeOOBaHIIM KITalICKOTO HallMoHaABHOTO cTaHAapTta GB/T 14732-2006.

C yyeToM Ba>KHOCTM CTPYKTYPHBIX M3MEHeHUI IIPOUCXOAAIIMX MPU pa3AndHBIX ¢asax
CTapeHNs], a TakKKe Ba>KHOCTY MPeACKa3blBaTh U YAYUIIUThH IIPOMBIIIAEHHBIE XapaKTepUCTUKI
PpenoadopmaabaernAHON CMOABI, IPUMeHAeMOl B KauecTse CBA3YIOIero Ipu AUTbe MeTal-
A0B MCCA€AOBaHBI XapaKTePUCTUKI TePMUYECKOTO Pa3A0KeH!s KOMMepYecKOoro CBSA3YIOIero
Ha OcHOBe (eH0APOPMaAbACTUAHON CMOABI MCIIOAb30BaHMEM OOBIYHOTO AMHAMMIYECKOIO
TepmorpasumeTpudeckoro aHaansza TGA/DTG mpu pazanmaHbIX ckopocTsx Harpesa : 5; 10; 20
30°C/muH ipu nHepTHOI atMOocdepe [50].

B nocaeanee roan! rpadpeHoBEIe MaTepuaAbl 04arojaps CBOUMM VMCKAIOUUTEABHBIM TepMU-
YeCKMM, MeXaHMYeCKUMM M DAeKTPUYeCKUM CBOJICTBaM IIpMBAeKaeT O04bIlloe BHUMAaHNe
uccaeoBaTeaell B KauecTse HallOAHUTeAS B IIPOM3BOACTBE KOMITO3MIIMOHHBIX MaTepualos. B
9aCcTHOCTM, OHO Halllda IIpMMeHeHMe C I1eAbI0 MOAN(pUKaLH psija CBOICTB (peHOoAPOpMaib-
AETUAHOI CMOABI HIMPOKO MPUMEHIEMOIO B KauecTBe CBA3YIOIIEro B IIPOU3BOACTBE KOMITO3M-
IIMOHHBIX MartepuaaoB.lloaoxuTeapHoe BAMSHNE BOCCTAaHOBAEHHOIO OKcMAa rpadpeHa Ha
MaTpully, B 4aCTHOCTUHA (peHOAPOPMaabALTUAHYIO CMOAY MCCA€AOBaH METOAaMM PeHTIeHOBC-
KOM Aupakiiuy 1 IIpocBedMBaloniell 91eKTPOHHOM MMKPOCKOIINY U TepMOTrpaBuMeTpudec-
KIM aHaAM30M, CKaHUPYIOLIEeN DAeKTPOHHON MUKPOCKOIMoi [51].

Kommnosutsr Ha ocHOBe (peHOPOPMaAbAETAHOTOOANTOMEPa C Pa3ANMIHBIM CoAep>KaHUeM
okcraa rpadpena [52] xapakTepu3yIOTCs ITOBBIIIIEHHO TeILA0IPOBOAHOCTLIO, XOPOIIIe DAeK-
TPOIIPOBOAHOCTBIO, YAYUYIIIEHHBIMY MeXaHJeCKIMI CBOMICTBaM, a TakK’Ke TepMOCTOMKOCTBIO,
4TO IIO-BUAMIMOMY, oOeciiednBaeTcsi 061arodapsi BHICOKOV AVCIIEPCHOCTM OKCMAa rpadpeHa B
(PpenopopmaabaernaHoit MaTpuiie ¢ MeK(pasHBIM B3aIMOAEVICTBIIEM C 0Opa3oBaHNeM IMOpuAa.

B paGore [53] ormcan MoanduKkamms TepMOPeaKTUBHOIO HIU3KOMOAEKYASAPHOTO (peHOA-
(popmaabaerngHOrooauroMepa MeToAOM IIPsSIMON COIIOAUMEPU3alUNA C CUAAHOBBIM CBA3YIO-
UM areHToM O40Kupys (peHoabHOM TuApokcua. ITokasano, yro PO MoaudpuUIMPOBaHHLI
BBeJeHMeM B cocTaB 5% Macc Moaudukaropa B pacyeTe Ha (peHOA JA@MOHCTPUPYeT AydIlue
CBOJVICTBA OTBEP>KAEHMS U IIPEBOCXOAHYIO OOBEMHYIO CTOMKOCTh U IPOYHOCTh BO BAAXKHBIX
cpesax. B apyroit pabote [54] mpuBeseHBI pe3yAbTaThl MCCA€AOBaHMII MOAMQUKAIINIY,
MexaHIJecKIe CBONCTBa IoAydeHHbIxOnokommosutos Calotropis Gigentea Fiber/®®C, sseae-
HueM B coctas 25, 35 man 45% ToHKUX BOAOKOH apeku. [lokazaHo, 4TO 110Ay-4yeHHbIe TUOPUA-
HBIe KOMIIO3UThI MOTYT UCIIOAb30BaThCs B AI000OM CTPYKTYPHOM IPUMEHEHUU BMeCTO KOMIIO-
3UTOB Ha OCHOBE CTeKA0BOAOKHA 1 (peHOAPOPMaabACTUAHON CMOABL.

Metoapr Moandukarmu GpeHoaPpopMaabAeTuAHON CMOABI C 11eABI0 YAYUIIIeH: XapaKTe-
PUCTUK KAeeBbIX KOMIIO3MIINIA, M3TOTOBAEHHBIX Ha MX OCHOBE, B YaCTHOCTU A/l AOCTVIKEHVI

34



Memodvr mooudpuxayuu Pernor-Dopmarb0eziOHLIX OAUZOMEPOS U 0OAACHIU UX NPUMEHEHUS

00.4ee HU3KOM BA3KOCTH, OOAee BHICOKOM JKM3HeCIIOCOOHOCTH, yBeAdeHre IIPOYHOCTH KAeeBo-
ro coeAuHeHMs, 004ee BHICOKOM ®AaCTMYHOCTH, TEIAOCTOMKOCTH, AAsl CHVKEHMSI CTOMMOCTHU
TOTOBOTO KJesl, a TaKXKe AAsl yAy4dIlIeH!s KadecTBa KAEeBBIX APeBeCHBIX MaTepuraloB 3a CYeT
CHIVDKeHIs COAep KaHMsl TOKCMYHBIX BeIIeCTB B KJAee OIucaH B o03ope [55].

sBecteH criocob Moaudukanyu peHoaPpopMaabAeIUAHBIX CMOA PypaHOBLIMI OAUTOMe-
paMM Ha CTaguy CMeIleHNs KOMIIOHEHTOB KaeeBoi kommosunun[56].C momompio VK-
CHeKTPOCKONNM OBLA0 YCTAaHOBAEHO yBeANYeHIUe ITPOYHOCTM XMMMUYECKUX CBA3ell B MaKpo-
MO/eKyAaX OTBep>KAeHHOIo cBsa3yloniero. OreHeHbl IIPOYHOCTHBIE CBOVICTBA, BOAOCTOMKOCTD,
OTHECTOMKOCTb U yCTaHOBAEHO, 4TO ApeBecHblellaHeAM M3IOTOBAEHHble Ha OCHOBE TaKOIO
CBA3YIOIIero, 0041a4aioT yAy4llIeHHBIMY 9KCILAyaTallMIOHHBIMI XapaKTepUCTUKaMI.

ITpoanaansusuposaHo MeXX(dasHoe B3aIMOAENICTBMe MaTpulla U yraepos —BOAOKHO, U
€ro BAMSHME Ha MeXxaHIJecKie CBOJICTBa KOMITO3MTa Ha OCHOBe HOBOAauyHOM (peHOAPOPMAaAb-
AETUAHOI CMOABI AEVCTBYIOIIel B KadecTBe MaTpUIIbl, apMUPOBAHHON AMCKPETHBIMU yTIae-
poanpiMu BOAOKHamMu [57]. IInpoams KOMITIO3UTHOIO COCTaBa OCYILIECTBAEH IPU Pa3ANIHBIX
Temrieparypax B Ananasone 400-900°C 1 6b110 0OHapy>KeHO, UTO C IIOBBLIILIEHUEM TeMIlepa-
TypBI IIPpOAU3a MeK(paszHOe B3alMOAeIICTBIe YCUAMBAAOCD.

C ncroap3oBaHmeM B KadecTse Kaesl peHoAPOopMaabaeTAHOTO OAUTOMepa M3TOTOBAEHBI
AOCKU U3 KYPUHBIX IIepbeB, XapaKTepU3yIOIIuecs AOCTaTOYHO BBICOKONM ITPOYHOCTBIO Ha
pactspxenne -13, 23 MITa u mpounocTsio Ha n3rno- 91,89MI1a [58].

MeToaaMy Macc-CITIeKTPOCKOIINMM ¥ PeHTIeHOBCKON (POTODAKTPOHHO CIEeKTPOCKOIINI
UCcAeAOBaHBl TepMHUYecKne 1 TpUOOXMMMdecKue Iporieccl B (peHoadpopMaabieTigHOM
KOMIIO3MTe, apMMPOBAaHHOM ITOAMOKCaAMa30AbHBIMI BOAOKHAMI U MOAMQPUIIMPOBaHHOM-
MeAKOAUCIIPECHBIMI YacTUIIaMI 10AM(POPMaabaeINAHOIO coroanmMepa [59]. YcranosaeHo,
4TO IIPM TePMMUYECKOM BO3JAENICTBUM BbIAEAeHHBINI (POpMaAbAeIi/ CIIOCOOCTBYET pPe3KOMY
CHIDKeHMIO KOAMYecTBa Bhlgeasioniero ¢penoaa. ITpu rpenun noandopmaabaerus mpossAaser
OoudyHkImoHaabHOCTh. OH 00pasyeT AMCKPeTHYIO IOBEPXHOCTb M TeM CaMUM oOOecIleunBaeT
carokenne kosgguiuenta tpenns ¢ 0,20 go 0,18 um npumepHo B 2 pasa oOecrieumpaeT
yMeHbIIIeHNe aMILAUTYAbI KoaeDaHmii Koo puiieHTa TpeHUs.

B pabGore [60] mokaszaHO BO3MOKHOCTH yAydIlleHHne CBOVCTB (peH0APOpMaabAeTUAHOM
CMOABIMETOAOM IIPOIMTKY BOAOKHAMI CaXxapHOIN ITaAbMBI I HEHACBHIIIIEHHBIM ITOAUBPUPOM.
IIpy mpomnnTke B TedeHMe BCero 5 MMHYT HaOAIOJaeTcs 3aMeTHOe yAydllleHue (pU3MIecKUX
CBOIJICTB 1 BOAOIIOIA0IIIeHiecCMOAbI cHIKaeTcs Ha 43% m 41% macce, Baarocogep>kanue Ha 91 u
89% Macc coOOTBETCTBEHHO.

DPPeKTUBHOCTD pacpeJeieHus U rayOuHa IPOHUKHOBeHUsT (peHoAPOopMaabAeIUAHONM
CMOABI B 0Opa3Iibl ApeBecUHbI B 3aBMCMMOCTHI OT CpeAHell MOAeKYASPHOI MacChl CMOABI ObLA0O
1ccAeA0BaHO C TIOMOIIIBIO CBeTOBOV MUKPOCKOIMM M YCTaHOBAEHO, UTO 0Opa3Iibl, oopaboTaH-
Hble (PeHOABHBIMY OAUTOMEPaMM C OTHOCUTEABHO HU3KIM ITOKa3aTeaeM MOAeKyAsSpHOI Mac-
col (297 n 421/) XapakTepu30BaAuCh OTHOCUTEABHO BBICOKIM IIOKa3aTeeM HaOyXaHIs KAeTO4-
Ho1 cteHKN (14,9 1 15,4% cooTBeTCTBeHHO), YeM o0pas1bl ApesecuHsl (11 1 9,9%cooTBeTcTBeH-
HO) 0OpaboTaHHbIE 0ANTOMEPOM C MOAEKYASPHOI Maccor 655 n 854 r/moan [61].

MOAI/I(l)I/ILIMpOBaHHEIe moAmaMmnAoOM u YyClHA€HHDbIE KOM6MHaHM€IZ OpraHmNM49ecKnx u
HeopraHmnm4eCHIX BOAOKHIICTBIX HaIloAHUTEAEeN pe30abHbIE (l)eHOACIJOpMaAbAeFI/IAHBIG CMOAbI
PEKOMEHAOBAHBI AA5 V3TOTOBACHII U3AeAUN aHTI/IClJpI/IKLII/IOHHOFO U KOHCTPYKIIMOHHOTO
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HasHaueHUs [62]. IloaydyeHHble KOMITO3MIIMOHHBIE COCTaBbl XapaKTepM30BaANCh IIpeaeaoM
IIPOYHOCTHU IIpU cTaTdeckoM usrude Ao 468 Mlla, mpeaeaom mpouHocTy Ha ckatue 40 178
MITa, yaapnoit ssaskoctsio 1o Ilaprm a0 250x/Ax/m?, kosdduinentom tpernst 4o 0,12 mr
/(cM?KM), MaccoBbIM M3HOCOM A0 0,76Mr /(cM?KM), a TaK’Ke TepMOCTOVKOCTBIO IO MapTeHcy
20 300°C.

B paGote [63] mokaszaHo, uto moaudpukaumst PO c¢ Bosaedenmem B coctas 0,3 mMoa
OeHzoryaHaMInHaM B pacdeTe Ha (PeHOA CIIOCOOCTBYeT YAYYIIeHUIO (PU3MKO-MeXaHNIeCKIX
CBOJICTB KOHEYHOIO IIpoAykTa. MoauduiposaHHble OeH30TyaMMHOMOAUIOMEPHI HaIllAU
IIpYIMeHeHNe B KadecTBe NMHIMONTOpa B AByX(a3HBIX CHCTEMaX.

denoadpopMaabaernaHble OAUTOMEPBI HAIllAY IIPUMeHeHIe 1 B KadecTBe IOHOOOMEHHOTO
copbeHTa A4s1 BblA€A€HMsI U OTAeAeHUs PeAKMX IIeAOYHBIX MeTaAloB Oe3 CyIlleCTBeHHBIX
M3MEeHeHNI ceAeKTMBHOCTI 1 eMKocTu [64]. ITpu mcroap3oBannm ¢peHOABHBIX COPOEHTOB B
I11e109HO Cpeje MpY MOBBIIIIEHHBIX TeMIlepaTypaxX Ha0AI0AaeTcsI ITOCTeIIeHHOe HaKOILAeHNe B
HIX KapOOKCUABHBIX TPYII B pe3yabTaTe OKMCAEHNS MEeTUAOABHBIX TIPYHII KUCAOPOAOM,
pacTBOPeHHBIM B PacTBOpe, YTO IPUBOAMUT K 3HAUYUTEABHOMY yBeAMYEHUIO MIOHHOOOEMHOI
€MKOCT! U OAHOBPEMEHHOMY CHVIKEHMIO CeAeKTUBHOCTH 10 OTHOIIEHUIO K noHam C3- Rb*u
Rb* - K*. IIpu sTOoM Pexkomengyercs msbexkaTb CyIIKM (PEHOABHBIX MOHUTOB Ha BO3AyXe U
XpaHeHIe X B 3aKPBITBIX COCyAaX B HaDyXIIIeM COCTOsIHIe.

B nocaeanne roapl HabAIOAaeTCs TeHASHINS TIOAydeHNs KOMITO3UIIVIOHHBIX MaTepualoB
Ha ocHoBe POO c HOBBIM, TpeOyeMBbIM KOMILAEKCOM DKCILAyaTallMIOHHBIX CBOVICTB MeTOAOM
IIPOCTOTO CMEIIIeHNsT OIITUMaABHBIX KOAMYIECTB IIPOMBIIILIEHHO BEIpadaThIBaeMBIX TIOAVMEPOB
4TO II03BOAseT YAYYIIUTh TeIA0-, MOPO30- M YAApOCTOMKOCTb, a TakKKe 9AaCTUIHOCTb
KOHEYHOI'0 IpoAyKTa [65].

OPO MoanduIMpOBaHHBIE METOAOM HOAMKOHAEHCAIMM ¢ aMUHO(pEHNAMOHOMAaeHa-
MIAa, cojepKamue B cocTtaBe 6,8% Macc a3oTa pPeKOMeHAOBaHBI B KayecTBe MHIMOUTOpa
Ipoliecca KOppo3uu CTaAu U MOKa3aHO, YTO IIpu KoHIeHTpauuy unruouropa 0,02% spdext
cocrabasieT 99%.

MeTtoapr mogudpuxayy PPOPYHKIMOHAANUPOBAHHBIM aTaKTUYeCKUM IIOAUIIPOIIAe-
HOM U BO3MO>KHOCTD ITPMMEHEHISI IIOAYYeHHBIX KOMITO3MLIMIOHHBIX COCTABOB C LIeABIO 3allAThI
CTaau OT KOPPO3UM B YCAOBUSIX MOPCKOI BOABI [66].

Komnosunmn Ha ocHose cmecn PPC n aakna PPO, aMma0aMIHOB- HePTIHBIX KICAOT U
MMHepaAbHOro Macaa T-30 peKkoMeHAOBaHbI A4 3allUThHI CTaay Mapku M-3 B yCAOBMSX DKC-
rAyarauyu B cpeae Mopckoit Bogsl, 1 0,001%-ro pacTsopa cepHOI KIUCAOTHI [67].

B pabote ommcaH pe3yAbTaThl CHCTeMaTHMUECKUX MCCAEAOBAaHMII B 001aCTV IIOAyYeHUs
DKOAOIMYEeCKN 0Oe30macHbIX (PeHOAPOpMaAbAeTUAHBIX OAUTOMEPOB, MOAMQPUIIMPOBAHHBIX
aMMHHHBIMU ¥ aMUAHBIMU coeAVHeHMsIMU. TloayueHHbIe MOAMQUKATEI OTANYAANCH PacTBO-
PUMOCTBIO B HEIIOASPHBIX PacTBOPUTEASX U XapaKTepU3YIOTCS BBICOKMMM I1LA€HKOOOpa3syio-
UM, KAEIOITNMY Y MEXaHNIeCKUMU cBoricTBaMu[68-70].

Moanduxkanmsa monoaakna (Cs-Ciz) peHoadpopMaabaeInAAHBIX OAUTOMEPOB OCYIIIeCTB-
AeH U aMMAOaMMHaMl, MIUHTe3MPOBAaHHBIMU Ha OCHOBE AVMCTUAAMPOBAHHBIX HPUPOAHBIX
HeTAHBIX KUCAOT U MOAMAaMMHOB, B YaCTHOCTH, TPUSTUAEHTETPaMIHa, ITOANSTUAEHIIOANA-
MIHa 1 AusTiAaMuHa. [TokazaHo, 4TO aHTUKOPPO3MIOHHOEBAVISIHIE MOAM(PUIIMIPOBaHHBIXaMU
AoamyHaMu PPO oanroMepos IIpeBOCXOAUT ITOKazaTeau TypOmHoBoMacaa mapkm T-30 Ges
AobaBok [71-73].
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ABTOpaM; pa3padoTaH CrI0co0 MOAYJYeHMsI TUAPOAU3IPpoBaHHEIX POO MeTOA0M MOBTOP-

HOM IMOAMKOHAEHCallNT PE30AbHBIX OAUTOMEPOB € HOBOAAKOMI, I1X a30TCOA€ePp>KallliX aHaa0-

roB, MOAVQUIIMPOBAHHBIX OEH30TYaMIMHOM ¥ ITPOAYKTOB X 9TepupuKaumy ¢ OyTUAOBBIM
crimpToM [74].

TaxkuM oOpaszoM,ITpuBeAeHHBIIAUTEPATYPHBIN MaTepuaario Moagudpukammm ¢peHodpopMaib-

,Zl,el“I/I,ZI,HOﬁ CMOABI C ITIOAYy4Y€HVEM KOMITO3MIITVIOHHBIX MaTepral0B C yAy4III€HHbIM KOMII/IEKCOM

(l)I/ISI/IKO-MexaHI/I‘IeCKI/IX CBOICTB BBI3BIBAET Ol“pOMHI)IIZ uHrepec m AUKTYET aKTyaAbHOCTb
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ABSTRACT

Standard curve method (SCM) is one of the old technics for yield analysis. The SCM was accepted as a reliable
method for yield analysis in most of the previous works. Mass utilization of the instrumental analysis devices (e.g.,
NMR, GC-MS, and HPLC) in the yield analysis in the past two decades limits the usage of SCM. In the study, SCM
technic and its precision in 5-hydroxymethylfurfural (5-HMF) yield analysis are compared to the modern
instrumental analysis methods. It is determined that SCM method precision is satisfactory compared to NMR (+2),
GC-MS (3), and HPLC (2).

Keywords: 5-HMF yield, UV-vis, biomass.

QARISIQDA 5-HIDROKSIMETILFURFURALIN CIXIMININ OYRONILMOSI UCUN STANDART

OYRILORIN QURULMASI
XULASO

Standart ayri metodu (SOM) reaksiya mahsulunun ¢iximimi dyranmoek tigiin istifade olunan ke¢mis metodalr-
dan biridir. Bir ¢ox keg¢mis islore nozar yetirdikde ¢ixaim analizinde SOM giivenli ve daqiq bir metod kimi taninir.
Kegmis iki onillikde instrumental analiz cihazlarmin (NMR, GC-MS vo HPLC) kiitlovi istifadesi bu metodun
istifadesini mahdudlasdirib. Bizim todqiqat 5-hidroksimetilfurfuralin ¢ixam analizinde SOM metodunun daqiqliyi
miiasir instrumental analiz cihazlarmin gostaricileri ilo miiqayise edilmisdir. Naticode miieyyenlasdirilmisdir ki
SOM ils edilen analizlor NMR (+2), GC-MS (+3)ve HPLC (+2)-ya nazaren qenaatbaxsdir.

Acar sozlar: 5-HMF ¢iximi, UB-goriinen, biokiitls.

METO/ CTAHAAPTHOW KPUBOW AAS1 OIIPEAEAEHVS BBIXOAA 5
TMAPOKCUMETUADYPDYPOAA B PEAKITMOHHOV CMECU

PE3IOME

Mertog, crangapTHoi Kpusoit (SCM) - 04MH 13 cTapbIX METOAOB aHaau3a ypoxkaiHocti. SCM 6b14 IpUHAT Kak
HaJeKHBIII MeTOJ, aHaAM3a YPOXKaHOCTM B OOABIIMHCTBE IIPeAblAyIINX padoT. MaccoBoe MCIOAB3OBaHIE
YCTPOJICTB MHCTpYMeHTaAbHOro aHaausa (Hanpumep, IMP, I’X-MC 1 BOXKX) B aHaause ypo:xaitHOCTI B II0cAeHIe
ABa AeCATUAETUsI OrpaHuuMBaeT ncroan3osaHre SCM. B mccaegosanum cpasHuBaercsa texHoaorusa SCM u ee
TOYHOCTh B aHaAM3e BbIXOoAa S-ruapokcnMetnadypdypoaa (5-HMF) ¢ coBpeMeHHBIMM MHCTPYMEHTaAbHBIMMU
MeTogamu aHaan3a. OnpeaeAeHo, YTO TOYHOCTh MeToAa SCM sBAsIeTCs YAOBAETBOPUTEABHO IO cpaBHeHUIO ¢ SIMP
(£2), TX-MC (z 3) 1 BOXX (£ 2).

Karouesbrecaosa: srixos 5-HMF, Y®-suaumast odaacrs, Onomacca.

1. Introduction

Despite the fact that SCM is one of the traditional methods in the quantification of
samples, it was still used in DNA and RNA analysis[1, 2], polymerase chain reaction (PCR)
data processing [3], real-time Q-PCR quantification [4] glucose concentration measurements
[5], determination of protein concentration [6], etc. The SCM was also applied extensively in
the quantification of 5-hydroxymethylfurfural (5-HMF)[7-9].
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Using the known standard concentration of a sample the unknown concentration can be
calculated in a solution vis UV-vis support. The SCM results were compared with the HPLC,
GC-MS, and NMR yield calculations in the previous studies. This method was proved to be
very reliable for 5-HMF and LA yield calculations relative to the methods mentioned above
[10]. The studies show that no reason to underestimate the SCM just because it is a so-called
old method. Replicated measurements of the 5-HMF yield on the same solution do not have a
noticeable percentage error (#2%).SCM is less time-consuming compared to the GC-MS and
NMR quantification, which makes it a facile method.

2. Experimental

5-HMF synthesis and quantification procedure. 1 g anhydrous a-glucose dried under
vacuum at 40°C in 15 min, 10 mL DMSO, and 30 mol% catalyst (Brensted acidic Ionic liquid
(IL) N,N-Diethyl-1,4-phenylenediamine hydrogen sulfate ([DPhDAJHSO:)) relative to a-
glucose waspoured to a 50 ml round bottom flask. The reaction was conducted in a
temperature-controlled oil bath with continuous steering at 300 rpm in the 15-180 minutes time
range. The best results were obtained at 160 °C in 30 min. (5-HMF yield: 91.4%) or at 140 °C in
120 min. (5-HMF yield: 94.0%). Then, the reaction mixture was cooled down to room
temperature using an ice bath. 0.1 mL sample was taken from the homogeneous mixture and
diluted to 500 mL using deionized water. 1 mL aliquot was used from the solution for the 5-
HMF yield analysis with the UV-vis standard curve method at 284 nm. Because of the reaction
mixture content (DMSO+Catalyst+5-HMF, trace byproducts), there is a blue shift (275 nm) was
observed in the 5-HMF UV signal. The sample was extracted by diethyl ether, and then the
solvent was evaporated. Isolated crude 5-HMF (yellow liquid) UV spectrum was recorded. The
previous Ama=284 nmwas detected, which is noticed in the analytical grade 5-HMF/water
solution. Isolated 5-HMF was characterized by NMR and IR (See SI for spectra). Glucose was
not observed in the reaction mixture, which is an indication of the quantitative glucose
conversion to the products. Trace LA formation was confirmed according to the wavelength
(266 nm) with very low absorbance.

3. Results and Discussion

UV-Vis is quick time-tested method to use in 5-HMF quantification. 5-HMF shows a
characteristic absorbance peak at 284 nm. This absorbance value of 5-HMF is used to calculate
5-HMF concentrations. According to the Lambert-Beer law (Eq 1), optical path length (= light
path length (L)) and the molar extinction coefficient (material and wavelength-specific
constant) of the sample were measured to determine the sample concentration. The specific
factor (F) is determined using a standard cuvette with a light path of 1 cm (Eq 2). F is
multiplied by the measured absorbance (A) to get the concentration (C) of the sample solution

(Eq 3).
C=A/Lx€)(Eql)
F =1/€ (for a light path of 1 cm) (Eq 2)
C=AxF (Eq3)

C is a concentration of a sample, A is absorbance, L is optical path length, € is a molar
extinction coefficient, and F is a specific factor. The standard solutions of 5-HMF (with
concentrations 0.02, 0.04, 0.06, 0.08, and 0.1 mmol/L) were prepared using an analytical grade
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5-HMF, and their absorbance was measured accordingly using UV-vis. Absorbance vs the 5-
HMF concentration graph was depicted (Figure 1) Generated equation (y=11.348x+0.0252) was
used to derive concentrations of 5-HMF at each trail (Table 1).

Applied curve method for the determination of 5-HMF concentration

1.2 4

0.8 -

0.6 -

Absorption

0.4 ~
y =11.348x + 0.0252

0.2 -

0 T T T T 1
0 0.02 0.04 0.06 0.08 0.1

Concnetration of 5-HMF standard solutions

Figure 1. 5-HMF yield determination (Glucose mmol:5.56, Reaction mixture diluted to
0.5 L with distilled water) at the 160°C reaction temperature.

Time (min) | Wavelength* Absorption | 5-HMF con (mmol/L) | 5-HMF(mmol) | 5-HMF yield(%)
15 273 1.084 0.09330278 4.665139232 83.91
30 273.5 1.179 0.1016743 5.083715192 91.43
60 274.5 1.094 0.094184 4.709199859 84.70
90 275 1.061 0.091276 4.563799789 82.08
150 277 0.908 0.07779344 3.889672189 69.96

Table 1. 5-HMF yield generation based on the UV-vis data.

*There is a blue shift observed in wavelength. Extraction of 5-HMF with diethyl ether and
re-run of the UV-vis experiment exactly shows the wavelength of pure 5-HMF (284 nm).
Reported yields for all experiments were calculated with the same method.

Obtained concentrations were converted to the mmol, then 5-HMF yields were generated
according to the following equation (Eq 4):

5—HMF observed mol
a—glucose initial mol

5 — HMF yield (%) = 100 (Eq4)

The reliability of the obtained data was compared with other modern methods (GC-MS,
NMR, and HPLC)[10].The infinitesimal deviations show that the SCM can be successfully used
for yield determination in future research.

4. Conclusion

SCM was applied for the 5-HMF yield determination from the reaction mixture of the
catalytic glucose dehydration reaction. Based on UV-vis absorbance measurements (See Table

43



Yusif Abdullayev

1 and Figure 1),the 5-HMF yield was accurately calculated. Deviations from the 5-HMF
(Amax=284 nm) wavelength were explained with the interference of the components (e.g., IL,
trace glucose, DMSO, and humin) in the reaction mixture. The derived 5-HMF yield data were
compared with other instrumental methods, and very small changes were observed. Based on
the investigation, SCM can be proposed as an effective method in future applications.

(1]

(2]

3]

(4]

(5]

(6]

[7]

(8]

9]

[10]
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XULASO

Respublika arazisinde yayilmis nadir ve nesli kesilmekda olan ndvlarin senopopulyasiyalarinin ontogenetik vo
bioekoloji giymatlondirilmasi yabam floramin qorunmasi baximindan olduqca aktualdir. Bu baximdan teqdim olunan
moaqale Azarbaycan Qirmizi Kitabma daxil edilmis agiriyli ardicin (Juniperus foetidissima Willd) senopopulyasiyalari-
nin bioekologiyasinin dyranilmasine hasr olunmusdur.

Acar sozlar:agiriyli ardic, senopopulyasiya, yabani flora, ontogenetik spektr.

COCTAB/IEEHME OHTOTEHETMYECKOTI'O CITEKTPA BUAA MO KEBEABHUKA ITAXYUYETO
(JUNIPERUS FOETIDISSIMA WILLD.)

PE3bIOME

OrleHKa CEHOIIONYASIINI PeAKMX M HaXOAAIIVXCS 110/ YTPO30I BUAOB, pacIIpOCTPaHEHHBIX IO BCeil CTpaHe,
OYeHb aKTyaAbHa C TOUKU 3peHIs 3amnThl paopsl. [IpeacTabaeHHas B 5TOM OTHOIIIEHUY Hay4dHas1 paboTa ITOCBsIIle-
Ha DKO/O0TMYECKOII OIfeHKe IIeHOIOIyAALIMII MOX KeBeAbHNKa ITaxydero (Juniperus foetidissima Willd), sxatouen-
soi1 B Kpacuyio kaury AsepbaiiakaHa.

KarodeBble c10Ba:MOX>KeBeABHIK ITaXy4Mif, CBHOTIOIY ASINSA, AuKas (pA0pa, OHTOTeHeTMYEeCKIUI CIIEKTP.
CONSTITUTION OF THE ONTOGENETIC SPECTRUM OF JUNIPERUSFOETIDISSIMAWILLD.SPECIES
ABSTRACT

Assessment of cenopopulations of rare and threatened species distributed throughout the country is very
relevant issue for wild flora protection. The presented scientific work is devoted to the environmental assessment of
cenopopulations of JuniperusfoetidissimaWilld included to the Red Book of Azerbaijan.

Key words:JuniperusfoetidissimaWilld, coenopopulation, wild flora, ontogenetic spectrum.

Giris: Ardic bitkisi Azerbaycanda arid seyrok mesolarin asas tarkib hissasidir ve bu mese-
lor 6zlarinin ikili xarakterina gore forqlenir. Bir torofden arazids yayilan sinuziyalarin bir hisse-
si agac yarusunun miihiim edifikator xiisusiyyetlarindan asili, qalanlar ise agac yarusundan
asili olmayan bitki birlikleridir. Diger terafden ardic bitkisinin amsle gatirdiyi bitki birliklori-
nin bagqa bir miithiim xiisusiyyeti burada ¢atirlarin az deracads ortiinmasidir ( 0.3-den az ol-
mayaraq) . Lakin 6z novbasinda bu gosterici sabit deyil va bitkinin novii, suksessiya marhalasi,
bitkinin bioloji yast kimi faktorlardan asilidir. Catirlorin natamam olaraq qarsiligli ortiilmasi
iso 0z nOvbasinda alt yaruslarin bitki birliklerinin formalasmasina ve yasama miihitine seno-
gen tasir gostorir.

Bitkilarin mayalanma dévriinden baslamis onlarm hayat tsiklinin biitiin inkisaf dovrlerini
shate eden tam hayat tsikli 4 dovrs ayrilmigdir:

Latent dovr: bitkilorde mayalanmadan sonra toxumun amals gelmasini ve onun morfoloji
xtisusiyyatlarini oks etdiron dovr.Bu dovrds tadgiqat bitkilarinin latent dévrlerinin dyrenilmae-
sindon malum olmusdur ki, mayalanmadan sonra riiseymin inkisafi sirasinda toxumun quru-
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lusunu amals gotiren diger struktur elementlsri do formalagsmaga baslayir. Bunlardan biri ds
coxhiiceyrali ehtiyat qida toxumasi olan endospermdir. Bu toxuma riiseymin inkisafi {i¢iin la-
zim olan qida maddalarini 6ziinds saxlayir. Lapalarinin sayina gore ardic ( Juniperus L.) nov-
lari ¢oxlapalidir.Oksar ardic ndvlarinin endospermi periferik, riiseymi iss markazidir.

Virqinil dovr: bitkilerds yasla bagh olaraq bas veran boyiims va inkisaf deyiskenliklari :
ciicarti, yuvenil,cavan bitkilori shats edir . basqa sozls ifads etsok bu bitkilorin ¢igoklomaya
godar olan dovriinii shats edir.

Reproduktivdovr: cavan , orta ve yagh bitkilarde generativdovrii shats edir. Bu dovr 6z
novbasinde ti¢ marholoden ibaratdir:

1.Cigokloyir lakin meyve vermir
2.Cigakloayir lakin tam keyfiyyatli toxum amalo gotirmir
3.Cigakloayir ve tam keyfiyyatli toxum amals gatirir.

4.Senil dovr: Bitkinin dmriiniin son illorinds bas veron dayisikliklori 6ziinds oks etdiron
dovr.

Sakil 1-da dairani biitdvlitkds ardic bitkisinin 6mrii hesab etsek ayr1 ayr1 inkisaf fazalarina
miixtalif vaxt sarf olunur. Sxemden da goriindiiyii kimi , bir ardic bitkisi dmriiniin ¢cox boytik
bir gismini matura reproduktiv marhalads kegirir.

Nadir ve nasli kesilmakda olan ndvlerin ekoloji monitoringi ve senopopulyasiyalarinin
giymotlondirilmasi yabani floranin zanginlesdirilmesi ve qorunmasi baximmdan olduqca
aktual oldugundan, maqalsnin tartibinde Azarbaycan Qirmizi Kitabma daxil edilmis agiriyli
ardicin (Juniperus foetidissima Willd) senopopulyasiyalarmin ekoloji qiymatlandirilmasine
xiisusi diqqat yetirdik. Yabani florada bu bitki respublika arazisinde Nax¢ivancay hovzasinds,
Kigik Qafqaz Semkir rayonu orazisinds, Diibrar daginin asagi ve orta dagliq qursaginda,
Qobustan arazisinds ve Turyangay Dovlat Tebiat Qorugu orazisinde yayilmisdir.

Todqgiqat zamani geyde alinmis cenopopulyasiyanin osas botaniki ve ekoloji
xtiisusiyyatlari cadvalde aks olunmusdur. Cadvalda eyni zamanda senopopulyasiyalarin deniz
saviyyesindan hiindiirliiytii, izolyasiya daracasi, torpaq ndvlari, qeyds alinmus bitki birliklari ve
faizle timumi bitki ortiiyii de verilmisdir.

Siyahidan goriindiiyii kimi ilk SP1 cenopopulyasiyasi Nax¢ivangay hovzesinde deniz
saviyyesinden 600-1000 m yiiksaklikds geyds alinmisdir. fllik yagintmnin migdar1 250-300 mm-
dir ve erazide yarimsshra ve sahra bitkileri tistiinliik teskil edir. Bu senopopulyasiya yaxsi
tacrid olunur va bitki ortiiyliniin sixhig1 azdar.

Cadval 1. Tadqiq olunmus Juniperus foetidissima Willd senopopulyasiyalarinin asas xarakterik xiisusiyyatlori

Qeydoa CP1 CcP2 CP3 CP4 CP5
almmig
senopopulya
siya
Hiindtirlik 600-1000 300-350 400-420 450-500 400-650
Tacrid Yiiksak Zoif Zoif Orta Yiksak
saviyyasi
Torpaq Qara miinbit Qara miinbit Qara miinbit | Qumlu Gilli
ortiiyt
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Azarbaycanda yayilmis agiriyli ardic ( Juniperus Foetidissima Willd.) Néviiniin ontogenetik spektrinin tartibi

Bitki SAB-03B SAB-03B RHA-011 SAB-03B SAB-03B
birliklari Juniperionexcelso- | Juniperionexcelso- | Brachypodio | Juniperionexcelso- | Juniperionexcel
foetidissimaeEm.e | foetidissimaeEm.e | pinnati- foetidissimaeEm.e | so-
xMatevski xMatevski Juniperionco | xMatevski foetidissimaeE
etal. 2010 etal. 2010 mmunis et al. 2010 m.exMatevski
Mucina  all. etal. 2010
Junipero- Junipero- nov. hocloco | Juniperotum Juniperotum
Crataegnosum Crataegnosum Junipereta- Elaeagnosum
Astragalosum
SP 4 12 4 2 7
sixligiind./m?
Umumilayih | 35% 65% 40% 20% 40%
a0rtiyl
M qoza
W ciicarti
yuvenil
W immatura

Sakil 1. Ardic bitkisinin biomorfoloji inkisaf fazalarmmn timumi ontogeneza nisbatini oks etdiran diagram

SP2, Azearbaycan Respublikasinin simal-qarbindaki Kicik Qafqaz bolgesinds miisahide
olunur. Yiiksak antropogen tozyiqe maruz qalir ve yagintinin nisbati burada texminan 300-350
mm arasinda dayisir.

SP3 Diibrar daginda yaxsi tocrid olunmus orazilari tutur. Antropogen amilin tasiri burada
orta saviyyadadir. Osasen bu bolgs her il turistler terafinden istifads olunur, lakin yiiksak
daghq arazilards yabarnu bitki ortiiyii qgorunub saxlanilmisdar.

SP4 Qobustanda antropogen amilin ¢ox ytiksak tesiri ve qida maddslari olduqgcolduqca az
olan torpagq seraitinda ¢ox kigik bir arazide deniz seviyyasinden 450-500 m ytiiksokds yerlasir.

Yiiksok izolyasiya faizi ilo forqlonan SP5 senopopulyasiyasi Turyangay Dovlet Tobiot
gorugunun arazisini shate edir. Bu arazi nadir piiste-ardic arid megalari qorumaq tigiin 1958-ci
ilds tegkil olunmusdur. Orazids bitki ortiiyii sixlig1 olduqca yiiksakdir. Torpaq Ortiiyti gildir
va bu arazids yagintinin miqdar1 azdur.

Tadqiqatin obyekti vo metodikas: :Bitki birliklorinin tesnifatinda Mucina ve basqalar:
toraofindon toklif olunmus Avropa bitkiliklori tesnifat sistemindon istifade olunmusdur.
Bitkilarin adlari Qros-shey—mso asaslanilaraq verilmis ve miiasir sinonimlor nazers alinmisdir
(http://www .sci.muni.cz/botany/juice/?idm=10) Marsrut miisahidaleri zamar bir sira gorkemli
botaniklarin easerlarine asaslanaraq ardic bitkisinin daxil oldugu bitki qruplagsmalar1 ve bu
qruplagmalarin nov terkibi, botaniki tesviri, ekobiomorflarin terkibi dyrenilmis, bu zaman bir
sira geobotaniki metodlar tetbiq olunmugsdur. Marsrut miisahidsleri zamani rast gelinen bitki
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birliklarinin nov terkibinin dyranilmasinde Beydeman terafinden teklif olunmus itisullardan
istifadeolunmusdur. Bioekoloji bitki qruplasmalarmin tesvirinds, elece da, onlarin cografi
yerlasmasi, relyef, ekoloji sorait do nozars alinmisdir.

Bioekoloji bitki qruplasmalarinda bitkilerin bollugu obyektiv ve Drudenin “ 5 balliq “
skalasindan istifade olunmagla giymsatlondirilmisdir. Bu bolgiinii 6 balliq sistema gevirdikda
soc -6, cop3-5, cop 2-4, cop 1- 3, sp- 2, sol-1 balla isara oluna bilar. 5 balliq skalada ise (Bikov,
1978) bitki 100-75 % toskil edirsa - 5 bal,75-50 %-dirse -4, 50-25 % yayilibsa 3, 25-5 %-dirss 2, 5
%dan azdirsa 1 balla qiymatlondirilir .

Ardic senopopulyasiyalarinin ontogenetik spektrini arasdirarkan, Zlobin Uranov va diger
tadgiqatgilarin  toklif etdiyi agaclarmn ontogenetik marhslalerinin miisyyenlagdirilmasi
metodologiyasindan istifade olunmusdur.

Senopopulyasiya novii A.A.Uranovun taklif etdiyi delta-omeqa (A-w) sistemine asasen
miiayyen edilmisdir.Senopopulyasiyalarin yas indeksi

Skoon
N

A=

Diisturundan istifade olunmaqla hesablanmisdir ki, burada
A-senopopulyasiyanin yas gostericisi

ki - ontogenetik moarhalonin amsali

n i —ontogenetik morhslada olan individuumlarin say1

N- senopopulyasiyada olan individuumlarm iimumi say1

Jivotovski torafindan toklif olunmus w-semaoralilik amsali

W= Zn‘c,/Zn_.

Formulu ilo hesablanmisdir ki, burada
w-L. A. Jivotovski terafinden taqdim olunan semaralilik indeksi
ei- ontogenetik marhalalarin semaralilik amsallar:

n i- senopopulyasiyanin miixtelif ontogenetik marhalslarindas olan individuumlarin say1

Noaticalar va onlarin miizakirasi:

Respublikada ¢ox az erazide yayilmis Juniperus foetidissima Willd novlsrinin ekoloji-
ontognenetik vaziyyatini giymatlondirmak ii¢iin ontogenetik spektr qurulmusdur ve bu spektr
cadval gostorilmisdir. Ontogenetink spektrda ayri ayr1 yas qruplarina aid individuumlarin
say1, senopopulyasiyanin yas (A) ve effektivlik indeksi (w ) hesablanmisdir. Delta — omeqa
modeline ssasen senopopulyasiyanin ekoloji veziyysti qiymsetlendirilmisdir. Orta daghq
qursaqda yayilmis SP3 cenopopulyasiyasindan basqa biitiin senopopulyasiyalarin kegid tipli
oldugunu spektrden gormek olar. Dubrar bolgesinin genc cenopopulyasiyasi (A = 0.30) son
illorde kend bolgalarine tabii qazin verilmasi vo yerli sakinlor torafinden mesalorin qirilmasi-
nin qarsisinin alinmasi naticasinde bitki Ortiiytiniin tebii Oziiniibarpa prosesinin davam
etmasinin alamatidir.
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Azarbaycanda yayilnus agriyli ardic ( Juniperus Foetidissima Willd.) Néviiniin ontogenetik spektrinin tortibi

Cadval 2. Ayri-ayr ontogenetik morhslalars aid individuumlarin sayi, senopopulyasiyalarin
yas va effektivlik indeksinin hesablanmasi

Ontogenetik marhalalor A ®
SP j im \4 gl g2 g3 | ss s

SP1 3 5 7 4 12 6 4 2 041 0.58
SP2 1 2 4 6 9 4 2 1 0.42 0.69
SP3 3 5 7 6 4 3 2 2 0.30 0.51
SP4 1 2 4 1 1 2 1 2 0.40 0.44
SP5 6 8 12 4 8 14 |8 3 0.39 0.51

Sakil 2. Qeyds alnmis senopopulyasiyalarin ontogenetik spekiri

100% -
90% -
80% -
70% - mCPs
60% - mCP4
50% - = P2
40% 1 mCP2
30% -
20% -
10% -

0% : : ; : : ; : .

mCP1
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XULASO

Tadgiqat isinde Gance gsoharinds yasayan ahil, qoca yash ve uzundmiirlii soxslarde yasla alagedar yaranan
dayisiklikler izlonmis v elmi tohlil aparilmisdir.

Tadgiqatlarimiz naticesinde miiayyan olunmusdur ki, ahil ve qoca yash sexslarde endokrin xastaliklor xiisusile
sokorli diabet vo {irok-damar sisteminin xastoaliklori tistiinliik toskil edir. Ahil, qoca yash vo uzundmiirlii soxslarde
arterial qan tozyiqi de teyin edilmisdir. Arterial qan tozyiqinin ahil ve qoca yaslh sexslords yiiksok olmasi da bu yas
qrupunda tez-tez rast golinon olamatlordendir. Bu dayisikliklor orta Omiir uzunlugunun azalmasina, qocalma
prosesinin siiratlonmasine ciddi tesir edir.

Acar sozlar: herontologiya, qoca ve ahil sasxlar, uzunémdirliilar, arterial tozyiq, sokarli diabet.

VI3YUEHME ITATOAOTMYECKX UISMEHEHUI B TEPOHTO/0T MYECKNX BO3PACTHBIX
I'PYIIITAX, ITPOKUBAIOIINX B I''THAKE

PE3bIOME

B Xoge 1CCAeA0BATEAbCKOI pa6OTI)I OTCAEXNBAAVICh BO3pacCTHbIE M3MEHEHM: Yy IIOKNMABIX U IIOXKMABIX
AOAI‘O)KI/ITEAEIZ ITPO>KMBAIOIINIX B rfIH,Zl)Ke IIPpOBOANAC Hay‘IHbIIZ aHaAn3.

Hamm mccaesoBaHms mokasaan, 9To SHAOKPUHHBIE 3a00/1€BaHIs, OCOOEHHO ArabeT U cepAedHO-COCYAVICThIE
3a004eBaHNs, TPe004aaloT Y HOKIABIX AIOAEIL.

ApTepnaabHOe KPOBSIHOE AaBAEHIe TaKKe OIpeAeAsiA0Ch y IMOXUABIX, U IMOXUABIX A0ATOXuTeael. Beicokoe
KpOBsIHOe JaBAeHle Yy IOXKMABIX AIOAeil TakKe SABAsSeTCS JacThIM CHMMIITOMOM B 9TON BO3pacTHON Ipymiie. DTu
M3MeHEeHIsI CYLIeCTBeHHO BAVSIOT Ha COKpallleHNe IIPOAOAXKUTEABHOCTI JKU3HU 1 yCKOPeHIe IIPOLIecca CTapeHIs.

Karouessie caoBa: TePOHTOAOTVISI, ITOXKNADIE 4104V, AOATOAeTIe, apTepMaldbHOE AaBAeHNe, CaXaprIf/l 4ma6eT.

GIRisS
Qocalma proseslarinin asas qanunauygunluqlarmi hayatmn an miixtslif saviyyelarinde
oyranmoakls insan Omriiniin uzadilmasi son illerde miiasir heronto-logiya elminin baglica

magsadidir ve bu sahada yerina yetirilon fundamental herontoloji todqgiqatlarin naticaleri
biitiinliiklo qocalma prosesinin mexanizmina ve xiisusiyyetlarina hasr olunub[1].

Qocaligin gedisini stiratlondiren, daha tez 6ziinii gostarmasine tesir edon amillorden bir
do xostoliklordir. Insanlarm miixtolif yas marhoalalorinds bas veran mos. artrit, osteoporoz,
arteroskleroz, pis xassali sislar, deri-zohravi xastalikleri, ganla slagadar olan bir ¢ox xastaliklor
omriin qisalmasina, bioloji qocaligin siiratlonmasine sebab olur. Bels halda, 6lmiis qocalarin
biitiin orqanlarinda patoloji dayisikliklor amals galdiyi ti¢lin onlarda diizgiin diagnoz qoymaq
da ¢otinlik toradir. Hal-hazirda inkisaf etmis Olkalords Oliimiin asas sebebi iirek-damar vo
xar¢ong xostaliyi hesab edilir[4, 6].
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Gonca saharinda yasayan herontoloji yas qruplarinda rast galinan patoloji dayiskanliklarin tadqiqi

Todgiqatlar naticasinde miisyyen olunmusdur ki, qocaliq dovriinds orqanizmin kompen-
sator reaksiyalari zaiflayir ve xarici miihit seraitine uygunlasma qabiliyysti asag: diisir.

Orqanizm yaslandiqca arterial hipertoniyanin rast gelms tezliyi malum faktdir. Qan tez-
yiqi yiiksok olan soxslords hipertoniya ilo yanast diger xastliklorin do m&vcud olmas: aydin-
lagdirilmisdir [2].

Yas1 50-ni 6tmiis (bazen ise daha tez) insanin toxumalarinda fealiyyatds olan kapillyarla-
rin sayl azalr, arteriya divarlarinin elastikliyi itir; ateroskleroz neticesinde arteriyalarin
monfozi daralir. Yas artdiqca iirok ozoloesi atrofiyaya ugrayir, onun kiitlesi azalir, tirok
bosluglarmin hacmi boyiiyiir, arteriyalarin daxili tebaqgesi qalinlasir. Cox vaxt arterial tozyiq
yliksalir. Adaten sistolik tozyiq diastolik tozyige nisbaten gox artir (yeni nabz tozyiqi yiiksalir);
tirok y1g1lmalarinin tezliyi vo iiroyin daqigolik hacmi azalir. Urok-damar sisteminin reflektor
reaksiyalar1 vo humoral amillerin tesirine qarsi cavabverms qabiliyysti zsiflayir. Bu ham
vegetativ sinir sisteminin funksiyasmin zsiflomasi, ham da tirek-damar sisteminin mexano-
reseptorlarinin istirak ils yaranan reflekslarin siiratinin azalmast ils izah edilir [5, 7, 9].

Ahilligin 60-70 yaslarinda aortanin uzanmasi ve diametrinin boytimasi miisahids olundu-
gu halda ondan sonraki dovlerds bu oks istiqamoatds inksaf edir. Aortanin genislonmasi, onun
elastikliyinin azalmasimin naticasinds bag verir. Aortanin elastikliyinin azalmasi eyni zamanda
gan tazyiginin qalxmasinin asas sabeblarinden biridir.

Yasla slagadar olaragq, iirak fealiyyetinin zaiflomasi tirek azalalarindaki ziilal liflarinin
atroflyasi va ya onun hipertroflyasi ilo baghdir. Funksional cohatden razilasmagq olar ki, belo
tiroklords tirokgatismamas: xiisusile fiziki islor zamar 6ziinii gostorir. Klinik ve ortodiqrafik
tadqgiqatlardan aydmn olur ki, 90 yashlarda, iireyin hacmi kigilir. Xiisusils sol madacikds
hipertrofiya giiclonir[9].

Qocalma proseslarinin siiratinin dayismesinde hayat terzinin shamiyyasti kifayet qadar
glicliidiir. Onlarin tasirinin giiclonmasi erken usaq yaslarinda formalasan ve insanin biitiin
hayati boyu qalan zererli verdislorle elagedardir. Bu verdislorle yanasi insanin 6ziing,
atrafdakilara miinasibati, aile, yasla slagedar gida rasionunda dayisiklik edilmasi do qocalma
prosesini langida ve ya stirstlendirs bilar([3, 8].

TODQIQATIN MATERIALLARI VO METODLARI

Tadqiqat isi Gance gaharinda yasayan herontoloji yas tesnifatina miivafiq olaraq ahil (60-
74 yas) va qoca yaslh (75-89 yas) ve uzundmdirlii (90 yas ve yuxar1) insanlar tizerindes aparil-
musdir.

Todgiqata 15 kisi ve 20 gadin olmagla 35 nafer calb olunmusdur. Ahil,qoca yasl yash ve
uzunOmiirlii soxslardas arterial qan tozyiqinintayini zamani sfigmo- monometrdan istifadas edil-
migdir.

Qanda sakerin saviyyesini tayin etmak ti¢lin Accu-Chek portativ ekspress analizatordan
vo Accu-Chek Softlix lansetindan istifads edilmisdir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Organizmin qocalma prosesine hasr olunmus bir cox nazariyyslerin movcud olmasi-
na baxmayarag,insan orqanizminin hansi {izviiniin tez qocalaraq émiir =~ miiddatini  toyin
etmasi herontologiya elmi {iciin bu giin do aktual olaraq qalmaqdadir. Insan 6mriiniin uzun-
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lugu bir sira sosial ve iqtisadi amillarle,saglamliq veziyyeti vo hayat torzi ils, eloco do fiziki
amak qabiliyyati ve onun xarakteriile baghdir. Diinya iizre uzunomiirliilerin say1r ads-
ton iqtisadi vo sosial cohatden  inkisaf etmis Olkalorde daha ¢oxdur. Sosial-igtisadi amillarle
yanagl, yasadigimiz cemiyyatin bugiinkii psixoloji durumunun da O6lkadaki demoqrafik
gostaricilore ve bioloji hayat miiddstine ciddi tesiri vardir. Orqanizmin qocalma prosesinin
dork olunmasi néqteyi-nezerinden uzunomiirliilitk fenomeni, siibhasiz, maraq dogurur.
Uzunomiirliik fizioloji qocalmanin tezahiirii ve neaticesidir. Uzunomdirliiler iss fizioloji qoca-
Iigin  tebii modelidirlor. Uzunomiirliilor aslinds insamn 6miir miiddati-nin maksimal
noviiniinreal-lagsmis formasidirlar. Yast 90-dan yuxari olan insanlarin uzun-6miirliilarin kliniki-
fizioloji xtisusiyyatlerinin tedqiqi, ontogenezin an son marhalesinds qocalmanin biologiyasmin
funda-mental masalalarinin populyasiya saviyye-sinds halli mithiim shemiyyat kesb edir.

On ¢ox herentologlari maraglandiran insan Omriiniin uzunlugu ve onun daha da
artinlmasi problemlaridir. Bu problemlar ise 6zliiyiinda bir ¢ox amillarls slagadar olub, onlar-
dan asilidur. Ictimai ve sosial durum, psixoloji, tibbi va ekoloji, vaziyyatlor do an miithiim amil-
lar sirasina daxildir.

Azarbaycanin oksar bolgaleri uzundmiirliilor diyaridir. Olkemizde uzun Smiirliiliik
amsali 50%-o catirsa, bu, populyasiyada yast 90 vo daha ¢ox olanlarin saymn yast 60 olan
insanlarimn saymin yarisia bearaber oldugunu gostarir[1].

Bizim tadqiqatlarimiz da uzunomiirliiliik fenomeninin Jyronilmesine, qocalmis
orqanizmda miixtalif fizioloji-funksional sistemlarde yas dayisikliklarinin teyinine yo6nsalib.
Miisyyen edilmisdir ki, orqanizmin qocalmas: zaman iirek-qan-damar sistemi daha ¢ox yas
dayisikliyine maruz qalir. Orqanizmin patoloji qocalmasina (progeriyaya) sabab olan xastelik-
lorin fonunun yiiksak olmasi, ekoloji miihitin ¢irklonmasi ve bir ¢ox amillor bu regionda
uzunOmiirliiliik indeksine ve orqanizmin fizioloji qocalmasimna manfi tosir gostorir. Askar
edilon yas doyisiklik-larinin vaxtinda qarsisini almagq {igiin profilaktik todbirlerin goriilmasi
daha magsadauygun olardi. Bagariyyst ii¢iin yalniz fordin 6miir uzunlugunu artirmaq deyil,
ham da saglam va faal uzunomiirliiliiys nail olmaq asas sartdir.

Yasla slagadar qan sisteminds yaranan dayisiklikler atraf miihitin slverissiz faktorlarin-
dan ve digar sabablardan asili ola bilar. Urek-damar sisteminin gocalma-siin 6ziinameaxsus
saciyyeavi xiisusiyyatlori ve 6z qanunauygunluglar: vardir. Diinyada insanlarin 60 faizi mahz
tiroklo bagli xastoliklordon hoyatini itirir. Statistik gostoricilor bu xasteliklorden o6lanlarin
saymin ildan-ile artdigin tesdiqlayir.

Yas artdiqca arterial qan tezyiqinda bir gadar artim miisahids olunur. Qan tozyiqi yiiksak
olan saxslarde hipertoniya ilo yanasi hemginin diger xestsliklorin do movcud olmast
aydinlasdirilmisdir. Bu xastaliklorden an ¢ox rast gelineni sokerli diabet xastaliyi olmusdur.

Bizim tadqiqatlarimizin naticelori gostordi ki, ahil ve qoca yasl soxslorin asasen yasla
dlagodar olaraq arterial gan tozyiqinde yiikselma aydin goriiniir. Qoca yas qrupu ile
miiqayisede ahil yas qrupunda bu artim nezarscarpacaq dereceds coxdur. Ahil ve qoca
yasghlarla miiqayisede uzunomiirliiloards bu dayisiklik asag1 seviyyads olmusdur. Onlarda
arterial hipertoniya ve hipotoniya vaziyystine eyni deracede rast gelinmisdir. Ahil yash
soxslorda tirok - damar xasteliklorinde artim miisahide olunur. Homginin ahil ve qoca yash
soxslarda yanasi gedan xastaliklar - sokarli diabet, boyrak xastaliklori do miisahids olunur.

52
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Ganca goharinda yasayan yaslh sakinlords (daha ¢ox ahil yash soxslorde) miiayyen edilmis
bu ciir doyisikliklore irsi amillor, yasayis soraiti, semsaresiz qidalanma, siqaretden veo
alkoqoldan istifade vo s. zararli verdislor miieyyon deracoda tesir edir.Bu verdislorle yanasi
insanin Oziina, otrafdakilara miinasibati, ails, yasla slagedar qida rasionunda dayisiklik
edilmasi do qocalma prosesini langida ve ya stiratlondire bilar.

Todgiqata colb olunmus soxslorin bir negoasi Kalbacar rayonundan 1993-ci ilde Genca
soharine macburi golmis ve maskunlagmis insanlardir. Dagliq arazilorde daha faal hoyat torzi
kecirmis, saglam gidalanmis bu soxslarin sshhatine soher miihiti, geyri-saglam gidalanma vo
¢otin hoayat soraiti tasirsiz 6tlismomisdir. Psixi ve manavi yiiklor onlarin émriiniin qisalmasna
gocaligin stiratlonmasina sabab olur. Evlerinden didargin diismiis, yaxinlarm itirmis saxslerin
¢oxunda hoayata baxis doyismis, hayata qgars: lageydlik yaranmisdir.

Saglam gidalanmagq, artiq ¢oki va piylonmadan qorunmagq, pis vardislerden uzaq olmaq
(alkoqol, siqaret va s.), idmanla miintozem masgul olmagq, agiq havada miintozom goazinti togkil
etmak, vaxth-vaxtinda hekim miiayinasinden ke¢moak, tomizliye ve soxsi gigiyenaya qulluq
etmakls saglam hoayat torzi qurmaq ve dmiir uzunlugunu artirmaq miimkiindiir.
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ABSTRACT

In the defect semiconductor Culn5S8, impurity states in the band gap of the crystal are investigated. The
method of thermally stimulated current revealed a fast adhesion level of a donor type, with a depth of 150 meV and
an effective electron capture cross section of 2 - 10-21 cm2. The measurement of the optical absorption of the crystal
revealed an acceptor level with an activation energy of 250 meV. The relaxation of the photocurrent in Culn5S8, after
excitation of the crystal by pulses of Nd: YAG laser radiation with a converter of the second and third harmonics of
radiation, occurs through one recombination level. The recombination mechanism of nonequilibrium current
carriers in the crystal remains unchanged in a wide range of the optical excitation level (up to I = 1024 quanta / cm2
s). The relaxation time of the photocurrent, at a high level of optical excitation, is 152 ps, and the lifetime of
nonequilibrium current carriers is 52 ps.

Keywords: CulnsSs, impurity absorption, donor level, acceptor level, relaxation time.
TEPMOCTUMY AMPOBAHHAS ITPOBOAVIMOCTD U ITPUMECHOE ITOT A0IITEHUE B CUIN5Ss.
PE3BIOME

B aedpextHom noaymposoauuke CulnsSs nccaesoBaHbl IpyMecHBIe COCTOSHIL B 3aIIpeITieHHON 30He KpucTal-
1a. MeToAOM TepMOCTUMYAMPOBAaHHOTO TOKa BBIABAEH OBICTPBINI YpOBEHb IIPUAMIIAHUA AOHOPHOIO THIIA, C
rayouno 3aseranus 150 MaB n adpPpexTuBHEIM cedeHneM 3axpata 91eKTpoH 2:102 cm? VsmepeHneM ONTHYECKOro
ITOTAOIIeHNs KPYICTalla BBIABAEH aKIIeIITOPHBIN ypOBeHD ¢ dHepruert akTusaruu 250 MaB. Peaakcarus ¢poroToka B
CulnsSs, mocae Bo3Oy>KAeHM: KpucTaala uMITyabcamu usaydenus Nd:YAG aasepa ¢ mpeobpasoBaTeaeM BTOPOI U
TpeTbell TapMOHUKI U3AYIEHIs, IIPOMCXOAUT Yepe3 OAUH PeKOMOMHAILIMOHHEI ypoBeHb. PeKOMOMHAIIMOHHBIN
MeXaHI3M HepaBHOBECHBIX HOCHTe/Aell TOKa B KpJMCTalle OCTaeTCsl HEM3MEHHBIVI B IMMPOKOM Aualla3OHe YPOBHS
onrudyeckoro Bo30yxaeHms (4o I = 10* ksanT/cM?cek). Bpems peaaxcammy (OTOTOKa, IIPU BBICOKOM YPOBHE
OIITUYECKOTO BO3OYKAEHIs cocTaBAsIeT 152 MKC, a BpeM:sI >KI3HM HePaBHOBECHBIX HOCHTe el TOKa - 52 MKC.

Karouesble caosa: CulnsSs, mprMecHOe MOTAOIIEeHIe, AOHOPHBIN YPOBEHb, aKLIEIITOPHBIN YPOBEHb, BpeM:I pe-
AaKcalyin.

CUINsSs-DO TERMOSTIMULLASMIS KECIRICILIK VO ASQAR UDMA
XULASO

Defektli quruluslu CulnsSs yarimkegirici kristalin qadagan olunmus zonasinda asqar seviyyelar tadqiq
olunmusdur. Termostimullasmis corayan tisulu ilo yerlosma darinliyi 150 meV va elektronun effektiv tutma en
kesiyinin 2-10?' sm? olan siiratli yapisma soviyyesi askar edilmisdir. Kristalin optik udulmasmin olciilerinden
aktivlagsma enerjisi 250 meV olan akseptor saviyyesi miiayyen edilmisdir. CulnsSs kristalin1 Nd:YAG impuls lazerinin
stialanmasimin ikinci ve {iglincii harmonikasmin siialar1 ile hayacanlasdirdiqda yaranan fotocarayanin relaksasiyasi
bir rekombinasiya saviyyesi vasitesi ilo bas verir. Kristalda qeyri-tarazliqhh yiikdastyicilarin rekombinasiya
mexanizmi optik hayscanlasmanin seviyyssinin genis diapazonunda dayismez qalir ( I = 10?* kvant/sm?c haddins
goedar). Optik hayacanlasmanin yiiksak saviyyesinde fotocarsyanin relaksasiya miiddeti 152 mks, geyri-tarazliqh
yiikdastyicilarin yasama miiddati ise 20 mks toskil edir.

Acar sozlar: CulnsSs, asqar udma, donor saviyyasi, akseptor saviyyasi, relaksasiya miiddati.
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1. Introduction

The semiconductor compound CulnsSs crystallizes in the structure of cubic spinel (space
group Ox” or Fd3m), with 25% vacancy in the cationic sublattice and belongs to defective
semiconductors. The photoelectric properties of the compound in the form of a single crystal
plate, a thin film, and a nanostructure make it possible to use them as a photoelectrode in the
photocatalytic decomposition of a water molecule and the production of hydrogen, which is
represented as an alternative energy source [1, p.12], [2, p.6], [ 3, p. 465]. However, in the way
of achieving high efficiency in the technology for producing Hz using the CulnsSs compound,
there are a number of uncertainties associated with studying the energy band structure of the
crystal and determining in it the mechanism of generation and recombination of non-
equilibrium current carriers.

In CulnsSs crystals, in addition to vacancies in the cationic sub-lattice, there are also
anionic vacancies, and for different ratios of these vacancies, the photoelectric properties of the
crystal manifest themselves in different ways. In another aspect, the presence of a large
number of cation-anionic vacancies minimizes the influence of other impurity centers on the
electrical and photoelectric properties of the compound.

2. Research method

In this paper, we present the results of studying the thermally stimulated current (TSC)
and impurity absorption in CulnsSs crystals, grown by the method of slow cooling of a melt at
a constant temperature gradient. The results of X-ray diffraction analysis showed that the
CulnsSs single crystals that we obtained have a cubic structure of “normal” spinel with the
Fd3m space group and unit cell parameters of 10.620 + 0.005 A. The specific electrical

conductivity of the crystal at 295 K was 4.27-102 Ohm-cm, electron concentration and
mobility were 9.5-10% cm™ and 28 cm?/V's, respectively.

The photoconductivity spectra were recorded in a setup using a high-resolution SOLAR
monochromator. The kinetics of photoconductivity was studied upon excitation of a crystal by
pulses of Nd: YAG laser radiation with a built-in second harmonic converter (A = 532 nm). The
photocurrent pulses were recorded with a La Croy storage oscilloscope.

3. Discussion of research results and conclusions.

It was found that on the TSC curve, registered in the temperature range 77 + 400 K, one
maximum is observed at Tm = 249 K (Fig. 1). The maximum value of the thermally stimulated
current Jm depends on the duration of illumination. Saturation occurred over a time interval
exceeding 15 minutes. The temperature corresponding to the maximum TSC increases with
increasing TSC. When the TSC ceases to depend on the exposure time, the temperature
corresponding to the TSC maximum becomes constant. A shift in the temperature of the TSC
maximum indicates a strong re-trapping, since otherwise, the position of the maximum should
not depend on the degree of initial filling of the traps.
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Fig. 1. Temperature dependence of the thermally stimulated current in CulnsSs.

The calculations performed with the data from the TSC curve showed that the
concentration of the trapping centers is 2-10'* cm=, and the depth of the trapping levels is =150
meV. Therefore, for CulnsSs crystal having a band gap of 1.31 eV at room temperature, this
trapping level is deep one. The effective capture cross-section of the centers is calculated by the
formula:

__ bE4
T vpKTZNg’

where, b is the heating rate of the sample, Es is the depth of adhesion, vt is the average
thermal velocity, Tw is the temperature corresponding to the maximum of the curve, Nu is the
concentration of trapping centers.

The above calculations showed that the effective electron capture cross-section is S = 102
cm?. The given calculations showed show that trapping levels are fast ones.

To measure optical absorption in the impurity absorption region of CulnsSs, samples were
prepared with plane-parallel polished surfaces with dimensions of 4 x 4 mm?. The thickness of
the samples varied in the range of 100 + 200 pm. When measuring the transmission of samples
in the photon energy region smaller than the band gap, a significant absorption was found in
the range of 1.0 + 1.3 eV, which, apparently, is associated with impurity absorption.

The absorption spectrum in this region is shown in Fig. 2. The energy calculated from the
absorption maximum is 1.06 eV. This corresponds to a depth of levels of the order of 0.25 eV. It
can be assumed that this acceptor level, due to anionic vacancies, is filled with electrons and,
upon absorption of a photon, optical transitions of electrons from these levels to the
conduction band occur. The optical transition that we discovered was also revealed on the
reflection spectra elsewhere [5, p. 98].

Many published studies on the energy properties of a CulnsSs crystal indicate the presence
of a donor level with a depth of 0.16 eV. Taking into account that CulnsSs crystals contain 25%
of the cationic vacancy, it can be assumed that, according to TSC measurements, the donor
trapping levels with a depth of 0.15 eV are determined by cationic vacancies, and the acceptor
levels revealed by impurity absorption measurements are due to anionic vacancies of the
crystal lattice.
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Fig. 2. Impurity absorption spectrum in CulnsSs.

To elucidate the recombination mechanism of non-equilibrium carriers, the kinetics of
photoconductivity in CulnsSs crystals was studied under excitation by a pulsed laser. A pulsed
Nd:YAG laser (LQ529B) with built-in 24 and 3 harmonic generators designed to generate
radiation with a wavelength of 1064, 532, 355 nm and with a tunable wavelength in the range
from 410-710 nm was used as a radiation source . Pulse duration At =1-10" sec., pulse energy ~
135 mJ. The photocurrent and laser pulses were recorded using a technique that allowed
recording single nanosecond pulses on the screen of a storage oscilloscope (Tektronix TDS-
1002B).

CH1 2004 . kA S0.0 s

Fig. 3. Kinetics of the photocurrent in Culn5S8 at a high level of optical excitation.

As is known, at low levels of excitation, the concentration of non-equilibrium carriers at a
given generation rate is determined by the lifetime of carriers that are independent of the level
of excitation. However, it is of interest to study recombination processes at high levels of
optical excitation, when all impurity levels and levels of the valence band near the ceiling of
the zone are emptied.
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Fig. 3 shows the relaxation curve of the non-equilibrium photoconductivity of CulnsSs at
an average intensity of optical excitation (I = 10* quantum/cm?:s). The relaxation time of the
photocurrent is 152 us, and the lifetime of non-equilibrium current carriers is 20 ps. As can be
seen from the relaxation curve, the recombination of non-equilibrium carriers occurs through
fast recombination channels. In all likelihood, at a high level of optical excitation, non-
equilibrium electrons recombine with holes of the acceptor level and valence band. Such
electron-hole recombination should be accompanied by intense radiation. In fact, defective
CulnsSs crystals are a strongly luminescent substances.
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SURTKU YAGLARINA SULFONAT ASQARLARI
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XULASO
Sulfonat asqarlarmin ¢esidini genislondirmek ve tosir effektini artirmaq moaqgsadile mineral yagin
poliizobutilfenolla qarisigr esasinda onlarin alinma prosesi islonib hazirlanmisdir.. Alinmis muxtslif goalovili
sulfonatlar yaxsi fiziki-kimyov1 , funksional xassalors malikdir ve bazi gostericilore gore xarici analoglar olan OLOA
246B vo Hitec 6060M asqarlarindan istiindiirlor. Yaradilmis yarimsintetik kalsium sulfonatlar: ¢oxfunksiyal asqar

olaraq siirtkii yaglarinin yuyucu, dispersedici, ézliiliik-temperatur, korroziyaya ve oksidlosmaya qarsi xassalarini
ohamiyyatli deracoda yaxsilagdirir, hom da yiiksok termiki stabilliye malikdirler.

Acar sozlar: coxfunksiyali asqarlar , mineral yaglar, poliizobutilfenol, miixtalif qolavili sulfonatlar, funksional
xassalori.

CYAb®OHATHLIE ITPICA AKU K CMA30OYHBIM MAC/ZAM
PE3IOME

C meapio pacmmpeHnsi acCOpTUMeHTa CyAb(POHATHBIX IIPMCAAOK U IOBBIIIeHUsT 9PPEKTUBHOCTI AETICTBILL
paspaboTaH IpoIiecc 1X MOAyIeHIs Ha OCHOBE CMeCH MUHepabHOTO Macaa 1 moannso0ytniadenoa. IToayueHmsre
cyAb(OHATEL C Pa3ANIHON IIEAOYHOCTBIO 001a4ai0T XOPOWIMMM (PUBMKO-XUMMIIECKUMY, (YHKIMOHAABHBIMU
CBOJICTBAMM U1 ITO HEKOTOPBIM IIOKa3aTeAsIM IPeBOCXOAAT 3apyOesKHBIX aHaaoroB — npucadok OA0A 246B u Hitec
6060M. PaspaboTaHHBIe ITOAyCHMHTeTHYECKUEe CyAb(OHATH KaAbIUsA 3HAUUTEABHO YAYYINAIOT MOIOIINE,
AVICTIEPTHPYIOIITNe, BA3KOCTHO-TEMITepaTypHbIe, aHTMKOPPO3MOHHEIE ¥ aHTMOKMCAU-TeAbHBIE CBOICTBA CMA30YHBIX
Mace/, a TakXe 001a4al0T ITOBBIIIIEHHON TepMOCTabMABHOCTBIO.

KaiodeBble caoBa: MHOTO(QYHKIIMOHaABHBIE IIPVCAaAKV, MIUHepaAbHBIE Macaa, I10AUn300yTnAdeHoA,
CyAb(OHATHI C Pa3ANIHOI I1IeA09HOCTHIO, (PYHKITMOHAAbHbIE CBOVICTBA.

SULFONATE ADDITIVES FOR LUBRICATING OILS
RESUME

In order to expand the range of sulfonate additives and increase the effectiveness of their action, a process has
been developed for their preparation based on a mixture of mineral oil and polyisobutylphenol. The obtained
sulfonates with different alkalinity have good physicochemical, functional properties and, in some respects, surpass
their foreign counterparts - additives OLOA 246V and Hitech 6060M. The developed semisynthetic calcium
sulfonates significantly improve the detergent, dispersant, viscosity-temperature, anticorrosion and antioxidant
properties of lubricating oils, and also possess increased thermal stability.

Key words: multifunctional additives, mineral oils, polyisobutylphenol, sulfonates with varying alkalinity,
functional properties.

Giris

Miiasir dovrds daxili yanacaq miiherriklarinin yeni ve daha giiclii névlarinin meydana
golmosi onlarda istifade edilon yaglarin keyfiyyotine daha ciddi talebler irali stiriiliir. Belo
yaglarin yaradilmasimi miixtalif funksional tesire malik yiiksok keyfiyyatli asqarlar olmadan
hoyata kegirmok miimkiin deyil [1]. Bu asqarlar igerisinde siirtkii yaglarinin yuyucu-
dispersedici xasselarini yaxsilagdiran miixtslif gslavili sulfonat asqarlar: xiisusi yer tutur. Hal-
hazirda praktikada tetbiq edilon sulfonat agqarlar1 mineral yaglar ve sintetik alkilaromatik
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karbohidrogenlorin sulfotursularinin qolavi-torpaq metal (Mg, Ca, Sr, Ba) duzlaridir [2,3].
Lakin miiasir taloblora cavab veran neft monsoli sulfonat asqarlar1 almagq ticlin miirakkeb vo
coxmarhalali texnologiyadan istifade olunur. Bu zaman son mshsulun ¢ixamimin 50-60%
olmagqla yanasi, hem de atraf miihiti cirklandiran tullanti kimi xeyli miqdarda turs qudron
amolo golir (bazi hallarda 20%-o kimi). Bundan slave bu nov asqarlar monofunksional xassoya
malik olub, yaglarin yalniz yuyucu-dispersedici xassalarini yaxsilagdirir. Sintetik alkilaromatik
karbohidrogenlar asasinda alman sulfonatlar yiiksek fiziki-kimyavi xasselars malik olmagqla
yanasgi, hem do adi geraitde qat1 maddalar olub naqlolunma qgabiliyyatine malik deyirler. Buna
gore do onlara lazimi 6zliiliik-temperatur xassalari vermak ticiin sulfotursularin neytrallasmasi
va ya neytral sulfonatlarin karbonatlasmas1 marhalalarinds durulagdirici kimi miisyyen yaglar
alave edilir. Bu zaman mineral yaglar sulfolasma marhalesindas istirak etmadiyinden onlarin
torkibindoki alkilaromatik karbohidrogenlar sulfolasmir, bu da 6z novbasinds asqarlarin bir
sira gostoricilorinin (masalon renginin) pislosmasine ve onlarin maya dayerinin artmasmna
sabab olur[4]. Bu sebabdan sulfonat agqarlarmnin gesidlarinin yenilonmasi, keyfiyyat gostaricile-
rinin artirilmasi, sade alinma texnologiyasinin iglenib hazirlanmasi neft kimyasinin aktual
problemlarindan hesab edilir.

Qeyd olunanlar1 nazare alaraq, terafimizden neft ve sintetik xammal qarisi1 asasinda yiik-
sok tasirli yeni coxfuksiyali sulfonat asqarlar1 alinmasi istiqamatinds tedgiqatlar aparilmisdir.

Tacriibi hissa

[lkin xammal olaraq gdtiiriilmiis M-8 baza yag1 Baki neftlorinin qarigigindan alinir veo
torkibinde mono- ve bitsiklik alkilaromatik karbohidrogenlsrin miqdar1 18%-dir. Sintetik
xammal - texniki poliizobutilfenol senayeds fenolun poliizobutilenls (molyar kiitlasi 1600-
2300) BFs katalizatorunun istiraki ilo 51°C temperaturda, 0.7 MPA tozyiq soraitinde
alkillosmasindan alinir vo asagidaki fiziki-kimyevi gostoricilora malikdir: molyar kiitlasi 1810;
100°C ozliilitk, mm?/c — 138,9 mm?/c, suasindirma amsali ns?* -1,5012; alisma temperaturu -
195°C.

Poliizobutilfenol ve M-8 baza yaginin 30:70; 40:60; 50:50 kiitls nisbatinde qarisiqlar
nonan holledicisinda (1:1 nisbatinds) 35-40°C temperaturda 2 marhoalade sulfat tursusu ila
sulfolagdirilir. Bu zaman turs qudronun ¢iximi shamiyyetli deracads (40-45%) azalir. Turs
qudrondan ayrildigdan sonra alinmis sulfotursularin qarisigr 70-75°C—ds kalsium hidroksidin
20%-1li sulu mohlulu ilo neytallasdirilir, qurudulur, mexaniki qarisiglardan temizlonir ve
halledici qovulur. Taklif olunan {isulla alinmis neytral sulfonatlarin fiziki-kimyevi xasselari
cadval 1-de verilmisdir. Gostericilorden goriiniir ki, yarimsintetik xammal qarigiginda poliizo-
butilfenolun kiitle pay1 artdiqca neytral sulfonatlarin ¢iximlar: 87-93%-o kimi ytiksalir. Har tig
variantda alinmis neytral sulfonatlar 6z xasselorine gore mineral yag osasmnda alinmis
asqardan ustiindiirlar. Yalniz 50:50% nisbatindaki qarisiq esasinda almmis neytral sulfonat
axict olmayib, ¢atin naql olunan asqardir ki, bu da onun terkibinds aktiv maddenin ¢ox olmas:
ils slagadardir. Miisyyen edilmisdir ki, fiziki-kimyevi xassalsrine gore miiasir telablare cavab
veran sulfonat asqar1 almaq tigiin mineral yagin terkibine slave edilen sintetik xammalin
miqdar1 30-40% olmalidir.
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Cadval 1. Tlkin komponentlarin nisbatinin yarimsintetik neytral sulfonatlarmn gostoricilarine tosiri

Reaksiya tiglin Neytral
gottirtilmts M-8 sulfonatin Neytral sulfonatlarin keyfiyyot gostoricilori
yagi va cixami, %
Variant poliizobutilfenol (xammal - - k' -
qarigigmin nisbati, qarisigina Qolovi adadi, Aktiv . Mexaniki
o kiitlo goro) mq KOH/q komponentin qarisiglarin
miqdari, % miqdari, %
I 70:30 87 19,3 40,0 0,04
I 60 : 40 91 22,0 43,2 0,05
111 50 : 50 93 23,7 48,5 0,1
M-8 yag1 69 13,5 12 0,8

Orta galavili (C-150 tipli) asqar neytral sulfonatin kalsium hidroksidin istirak: ils toluol
halledicisinds promator metanoldan istifads etmaklo 40-45°C-da karbon qazi ilo 1 saat
miiddatindes karbonatlasma reaksiyasi naticasinds almnur.

Alinmis asqarlarin fiziki-kimyevi ve funksional xassaleri M-11 yaginda standart tisullarla
oyranilmisdir.Yuyuculuq xassasi II3B qurgusunda I'OCT 5726-2013, 250°C-da dispersedici
xassalor malum metodla [5], oksidlosmaye qarst davamliq AK-HAMM cthazinda 200 °C-da 30
saat arzinda I'OCT 11063-77, korroziyaya qars: xassalari hamin cthazda 25 saat arzinds 140 °C-
da F'OCT 20502-75 toyin edilmisdir. Ozliiliik-temperatur xassalari M-8 yaginda TOCT 25371-97
tizro miiayyen edilir [6].

Alinmis orta goalovili asqar kalsium karbonatin yagda neytral sulfonatla stabillogdirilmis
kolloid dispersiyasindan ibaratdir [5]. Kolloid stabilliyi hemin asqarin 15 % distills suyu ils 110
°C temperaturda 4 saat arzinds islomoklo malum tisulla tayin olunur [7]. Par¢alanmis mahsul
halledici ilo durulagdirilir ve amale golon ¢okiintiiden ayrilir. Hoalledici qovulduqgdan sonra
gelavi adadi teyin olunur. Kolloid stabilliyi olaraq asqarin galevi adadini ilkin gealavi adadins
nazaren azalmasinn faizle gostaricisidir.

Asqarlarin termiki stabilliyi derivatoqrafik analiz tisulu ile OA-102T tipli derivatoqraf
aparatinda hava miihitinde qzdirmanin 10°C/daq siirati ilo dayisen dinamik rejimds
Oyranilmisdir. Standart olaraq 160 mq aluminium-oksid asasli pandan istifade olunub.

Tadqiqat1 naticalari ve miizakirasi

Alnmus asqarlar PSKr va PS-150r tiind-gshvayi qatt mayelardir. Onlarin ilkin laboratoriya
smagqlarinin naticalari cadval 2 ve 3-da gosterilmisdir. Miiqayise {i¢lin hamin cadvellards xarici
analoglar olan OLOA 246B (neytral) vo Hitec 6060M (orta qalavili) sulfonatlarin gostaricilari
verilmisdir. Gortindiiyti kimi, M-8 yag1 ve poliizobutilfenol qarisig1 osasinda alinmis
yarimsintetik sulfonatlar yagda tam hall olur, yaxs: fiziki-kimyevi ve funksional xassalora
malikdir. Hemin asqarlar 5% qatiigda yaglarin yuyucu, dispersedici, korroziyaya,
oksidlegsmaye qars: xassalarini shemiyyatli deraceds yiiksaldaraq ¢oxfunksiy aliq gostarir.
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Cadval 1. Neytral sulfonat agqarlarinin fiziki-kimyavi ve funksional xassalari

oxasaTe Kalsium sulfonatlari
PSK¢ OLOA 246B

Qoalavi adadi, mq KOH/q 26 23
Kiitls pay1, %
kalsium sulfonatin 75,3 41,1
mexaniki garisiglarin 0,07 0,1
Sulfat kiiliiniin miqdari, % 10,9 8,6
I13B qurgusunda yuyuculuq xassasi, ball’ 0,5 0,5
250 °C dispersedici xassasi, % * 50 40
Oksidlesmaya qarsi stabillik: 07 i
¢okiintiiniin migdari, %" !

"M-11 yag1 5% asqar ila

Cadval 2. Orta galovili sulfonat asqarlarimn fiziki-kimyavi ve funksional xassalari

Géstoricilor Orta golovili kalsium sulfonatlar:
PS-150¢ Hitec 6060M

Qoalavi adadi, mq KOH/q 153 142
Aktiv komponentin miqdari, % 33,2 32
Sulfat kiiliiniin migdari, % 23,8 23,1
Mexaniki qarisiglarin miqdari, % 0,04 0,05
I13B qurgusunda yuyuculuq xassasi, ball’ 0 0,5
250 °C dispersedici xassosi, % " 70 60
Qurgusun iizerinda korroziya, g/m?* 42 85
Oksidlosmaya qarsi stabillik:

e . 0,3 0,6
¢okiintiiniin migdari, %
Kolloid stabilliyi, % 81 76

*M-11 yag1 5% asqar ilo

Asqarsiz yagda yuyuculuq xassasi 5,0-6,0 bal oldugu halda, sintez edilmis sulfonatlarda
bu gostarici 0.5-0 bal tagkil edir.

Yeni kalsium sulfonatlar1 bazi keyfiyyot gostoricilorine gore analoglardan daha {istiin-
diirlor. Bels ki, PS-150¢ asqari tigiin 250 °C-da dispersedici xassa 70 %, kolloid stabilliyi 81%
oldugu halda, Hitec 6060M asqar1 tigiin bu gostaricilor miivafiq olaraq 60 ve 76% taskil edir.

Yaradilmig agqarlar malum sulfonatlardan fergli olararaq yaglarm ozliiliik-temperatur
xassolarini yaxsilagdirir. Belo ki, PSKr veo PS-150r agqarlar1 5% qatihqda M-8 yagmn ozliiliik
indeksini 75-dan 83 ve 85 vahida qadar yiiksaldir

Termoanalitik tadqiqatlarin naticaleri gostormisdir ki, alinmis yarimsintetik sulfonatlar
yliksok termiki stabilliye malikdir vo bu gostericiye gore xarici analoqdan {istiindiirlor. .
Masalan, PSKt, PS-150¢, Hitec 6060M asqar niimunalarinin 50% kiitls itkisi miivafiq olaraq 400,
430 va 390°C miisahids olunur, bu da onlarin yiiksek temperatur geraitinds isloayen motor
yaglarinda tatbigins imkan verir.

Alinmis asqarlarin yiiksak tesir effektliyi onlarmn terkibinda fenol hidroksilin, poluzobutil
radikalinin va sulfonat fragmentin birge mévcudlugu ils izah etmak olar.

Belaliklo, M-8 yagin poliizobutilfenolla qarisig1 asasinda miixtalif gelovili yarimsintetik
sulfonat asqarlarinin nisbaton sads alinma prosesi islonib hazirlanmisdir. Yaradilmis yeni
kalsium sulfonatlar1 keyfiyyot gostoricilorine goroe miiasir tolablora cavab verir vo xarici
analoglardan tistiindiirler.
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POLIPROPILEN MAKROMONOMERININ STiROL iLO
BIRGOPOLIMERININ ALINMASI VO TODQIQI
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XULASO

Maqalada polipropilen makromonomerinin (M), stirol (M) ile radikal birgepolimerlasma reaksiyasinin xiisu-
siyyatlori vo alman birgapolimerin bazi fiziki-mexaniki xassalorinin todqiqinin naticelari miizakirs edilir. Mayo-Lyuis
tisulu ilo monomerlarin birgapolimerlosma sabitlori hesablanmisdir. Monomerlarin birgopolimerlosmo reaksiyasin-
da nisbi aktivliklarinin qiymetlari uygun olaraq r1=0.02 ve r2=9.20 toskil edir. Alinan naicalar gostarir ki, birga poli-
merlosma reaksiyasinda polipropilen makromonomeri 6ziiniin makroradikalina praktik olaraq birloesmir, yalmz so-
monomer radikalina birlasir. Gosterilmisdir ki, birgapolimerlosma reaksiyasiinda asasen blok birgepolimer alinir. -
kin monomer qarisiginda polipropilen makromonomerinin nisbi migdarinin artmasi il birgepolimerlogsmsa reaksiya-
stnin siirati vo molekul kiitlosi kaskin azalir. Bu fakt polipropilen makromonomerinin radikal birgapolimerlasma
reaksiyasinda zancirin monomer vasitasile 6tiiriilmasinda aktiv istirak etmasi ilo izah edilir.

Acar sozlar: polipropilen makromonomeri, stirol, stirol birgapolimeri, monomerlarin nisbi aktivliklori.
IMOAYUYEHUE U UCCAEAOBAHUE COIIOANMMEPA MAKPOMOHOMEPA
ITOAUTIPOITMAEHA CO CTUPOAOM

PE3IOME

B cratpe paccMaTpuBaeTcsl OCOOEHHOCTh peaKLny paAuKaAbHON COMOAMMEPHU3aly MaKpOMOHOMePa IIOAM-
rpornaena (M) co crupoaom (Mz) 1 pe3yAbTaT UCCA€AOBaHUS HEKOTOPHIX (PU3UKO-MeXaHIMIeCKIX CBOVICTB II0AyJeH-
Horo conoanmMepa. Ilo metoay Maiio-/lpionca Ob1AM paccaMTaHbI KOHCTAHTHI COMOAMMEpU3aliuyi MOHOMepoB. B
peaxiu coIoAMMepu3aliii MOHOMEPOB 3Ha4eHIsl OTHOCUTEABHON aKTUBHOCTU COCTaBASIOT COOTBETCTBEHHO I1 =
0,02 u r2 = 9,20. IloayueHHble pe3yabTaThl IIOKA3bIBAIOT, YTO B peaKIM COIOAMMePU3alli MaKpOMOHOMep MOAN-
MpOIAeHa IPAKTIIEeCK! He CBSA3BIBAETCS CO CBOMM MaKpOPaAUKaAOM, a CBS3BIBAETCS TOABKO C palKaloOM COMO-
HOMepa. bpla0 1okaszaHo, 4TO B peakiuy COIOAMMepM3alM I10Ay4alOT B OCHOBHOM 040k conoanmep. ITo mepe
TOTO KaK OTHOCUTEABHOE KOAMIECTBO IOAUIIPOIIAEHOBOIO MaKpOMOHOMepa B MICXOAHOI CMeC MOHOMEPOB YBeAU-
91BaeTCs1, CKOPOCTh ¥ MOAEKYAApHas Macca peaKIiuy COITOAUMEPU3aliy Pe3KO YMeHbIIaeTcsa. DTOT PakT oObsic-
HseTCsl aKTMBHBIM ydacTieM MaKpOMOHOMepa IIOAMIIPOIIAeHa B peakKUMM pajuKaAbHOM CONOAMMEpPHU3aluy B
IIepeHoce LIeMy ¢ MOHOMEPOM.

KarodeBble caoBa: IOAMITPONIMAEHOBEINT MAaKPOMOHOMEp, CTUPOJ, COIOAMMep CTUPOa, OTHOCUTeAbHAs aK-
TUBHOCTH MOHOMEPOB.
OBTAINING AND RESEARCH OF THE COPOLYMER OF POLYPROPYLENE
MACROMONOMER WITH STYROL

ABSTRACT

The article discusses the peculiarity of the reaction of radical copolymerization of polypropylene macromono-
mer (M1) with styrene (M2) and the result of the study of some physico-mechanical properties of the obtained copo-
lymer. According to the Mayo-Lewis method, monomer copolymerization constants were calculated. In the copoly-
merization reaction of monomers, the relative activity values are r1 = 0.02 and r2 = 9.20, respectively. The obtained
results show that in the copolymerization reaction, the polypropylene macromonomer practically does not bind to
its macroradical, but only binds to the comonomer radical. It has been shown that in the copolymerization reaction a
block copolymer is mainly obtained. As the relative amount of polypropylene macromonomer in the initial mono-
mer mixture increases, the rate and molecular weight of the copolymerization reaction decreases sharply. This fact is
explained by the active participation of the polypropylene macromonomer in the radical copolymerization reaction
in chain transfer with the monomer.

Keywords: polypropylene macromonomer, styrene, styrene copolymer, relative activity of monomers.

64



Polipropilen Makromonomerinin Stirol ila Birgapolimerinin alinmasi va tadqiqi

GIRIS

Polipropilen (PP) an ¢ox istehsal sahasine malik ve genis istifade olunan polimerlerden
biri hesab olunur. Onun fiziki-kimyeavi ve mexaniki xassalori olduqca miixtalif sahalarde tatbiq
olunmasina imkan verir. PP-nin modifikasiyasi sayesinde ondan daha giymsatli mahsullarin
alinmasi vo onlarin tatbiq sahasinin genislonmasi miimkiin olmusdur. PP makromolekullari-
nin uc manqalarina bioloji aktiv qruplarin birloagsmasils antibakterial polimerlsr ve onlar asasmn-
da antibakterial kompozisiya materiallarmin alinmasi va ya uc manqalarinda doymamus rabi-
tolorin yaradilmasi ilo makromonomerlarin alinmasi buna misal ola biler [1]. Makromono-
merlarin funksionallasdirilmas1 ve birgepolimerlosmasi proseslari ise 6z novbasinds daha
giymatli mahsullarin alinmas: {iciin yeni imkanlar yaradir. Bezon makromonomerlarden diger
polimerlarin modifikasiyas: tiglin istifade olunur. Bu tip modifikasiyaya misal olaraq
polistirolun (PS) plastiklogmasi tisullarini gostormak olar.

PS sanayenin bir cox sahalarindae genis istifads olunmasina baxmayaraq zarbays va istiliye
garst davamsiz olmasi onun tadbiq sahasini mahdudlasdirir. PS-un bu ¢atismamazhigin
aradan qaldirmaq {i¢iin onun birgapolimerlorindon ve ya diger polimerlarls qarisigindan
istifada olunur [2].

Odabiyyatda stirol asash birgapolimerlarin elastikliyini artirmaq maqsadils daxili plastifi-
kator rolunu oynayan somonomerlardan istifade olunmasi barasinde malumat vardir. Plastik-
lagdirici somonomer olaraq izobutilen, butadien, 1-buten, 3-metil-1-buten, 1-penten, 4-metil-1-
penten, 1-hek-sen, 5-metil-1-heksen, 4-etil-heksen, 1-okten, 1-dodesen, 3-fenil-propen, onlarin
qarisigmi vo s. alfaolefinlorden istifade olunms: toklif olunmusdur [3,4]. 1-Heksendon alinan
polimerlor asag1 siisolosma temperaturu vo yiiksok elastiki xassolorilo xarakterizo olunur.
Ondan alinan birgapolimerlards ise 1-heksen 6ziinii daxili plastifikator olaraq gosterir [5].

Diger miislliflor terafinden funksionallagmus stirol birgspolimerlari almaq {igiin izoolefinlar
va onlarin NH, oksigenli ve ya kiikiirdlii toromoalarinden istifads olunmasi toklif edilmisdir [6] .

Daxili plastifikator rolunu oynayan monomerlarden alinan birgepolimerlar yiiksok elas-
tikliye malik olmagla yanas1 asag stigelosma temperaturuna malik olurlar. Bu catismamazlig1
tiglii birgapolimerlarin alinmasi yolu ils aradan qaldirmaq miimkiindiir. Buna misal olaraq tig
monomerin- akrilonitril, butadien ve stirolun igtiraki ils alian birgepolimerlari (ABS) gos-
tormoak olar.

Toqdim edilon magqals polipropilen makromonomerinin (PPMM) stirol ilo birgepolimer-
lagsmosi reaksiyalarmin xiisusiyetlari ve alinan birgspolimerlsrin bazi xasselerinin tedqigins
hasr olunmusdur. Tadqiqatin magsadi modifikasiya yolu ile zerbayadavamli polistirolun alin-
masidir.

TOCRUBI HiSSO
Istifada edilmis cihazlar va reagentlar

PPMM polipropilenin xiisusi saraitda termiki destruksiyast yolu ila almir [7]. Orta molekul
kiitlasi 400-600, molekul kiitla paylanmas: 1.1-a yaxindir. Orime temperaturu 70-72°C-dir.

PPMM-in stirol ils birgspolimerlogsmosi reaksiyast ampulada, kiitlade 0.2% benzoil
peroksidi (BP) istiraki ilo 75°C-de 24 saat miiddstinde hayata kegirilmisdir. Birgepolimer
rangsiz toz halinda olub aromatik halledicilor vo dekanda yaxs1 hall olur. Birgapolimerlosma
sabitlari Mayo-Lyuis tonliyi ilo hesablanmisdir.
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Birgepolimerin xarakteristik oziiliiliiyti dekan moahlulunda Ubbelod vizkozimetrinda
toyin edilmisdir.

Monomer vo birgapolimerin Q- spektrlori ,Agilent Technologies” firmasmin “Agilent
Cary 630 FTIR” spektrometrinds 600-4000 sm™ diapazonunda ¢akilmisdir. Keyfiyyatli nazik
tobage amale getirmoayen niimunsler iiglin iso onlarn ZnSe ilo nazik toz halma salinmais
garisigindan vakuumda preslomakls soffaf heblor alinmig ve IQ-spektrlori cokilmigdir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Birgopolimerin torkib vo qurulusu IQ-spektrlorin kémayilo miisyyen edilmisdir (sok.1).
Birgopolimer vo PPMM-in IQ-spektrlarinin miiqayisssinden gériindiiyii kimi PPMM-in 1Q-spek-
trindan farqli olaraq birgapolimerin spektrlarinds avaz olunmus benzol halgasine aid udulma
zolaglar1 (693 sm ), ham ds oliqopropilenas aid (2955, 2917, 2844 sm™) udulma zolaqlar1 vardir.
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Sak. 1a. Oliqopropilenin IQ-spektri
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Sakil 1b. PPMM vo St birgopolimerinin IQ-spektri

Birgopolimerlasma reaksiyasinda monomerlarin nisbi aktivliklori, birgapolimerlogsma sabit-
lari Mayo-Lyuis tenliyilo hesablanmigsdir (r1i=0.02 va r2=9.2). Naticalor 1-ci cadvelda gostorilmis-
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dir. Malum olmusdur ki, polipropilen makromonmeri ham homo, ham ds birgspolimerlasmads
passiv rol oynayir.

Cadvsl 1. PPMM (M) ila St-un (M-2) birgapolimerlosms reaksiyasinda monomerlarin nisbi aktivliklerinin
hesablanmasi tigiin gostericilar (kiitlads, T=70°C, inisiator-BP-0.2%, reaksiya miiddati-1saat; va—monomer
MibloklaMmnin nisbati; R-Harvurdun blok amsali)

Baslangic
monovmer Coxam, % Birgapolimerlarin torkibi, o o - Birgapolimerlarin
qarigiginin mol% mikroqurulusu
torkbi, mol%

Mi:M2 mi mz L M, L M, R
10:90 11.2 1.19 98.81 1.113 91.8 2.409
25:75 8.5 3.38 96.62 0.34 0.36 7.074
50:50 7.8 9.09 90.91 0.02 9.2 0.184 1.02 10.2 17.825
75:25 6.6 20.69 79.30 3.06 34 9.127
90:10 5.4 36.91 63.09 9.18 1.133 10.415

Cadval 1-den goriindiiyli kimi ad1 kecon monomerlarin birgapolimerlosmasi zamani St
monomerinin (M2) nisbi aktivliyi daha yiiksokdir. Buna sabab iimmiyyatlo St-un yiiksok aktiv-

liyo malik olmasi vo diger torafden yiiksok molekul kiitloyo malik alfa-olefinlorin radikal poli-
merlagsmada passiv olmasidir.

m mol%o
100

80 1

60 A

40 1

20 1

0 4 L
0 20 40 60 80 100 M, mol%

Sakil 2. PPMM ila St-un birgapolimerlagmasi reaksiyalarinda birgapolimerlarin
torkibinin ilkin monomerin tarkibindan asilihiq ayrisi

PPMM figiin nisbi aktivliyin giymsatinin sifra yaxmn olmasi blok birgapolimerlar alinmasi
ehtimalinin yiiksak oldugunu gostarir. Makromolekullari birgapolimerlogsma sabitlari asasin-
da hesablanmis mikroqurulus parametrlari do deyilan fikirlari tasdiq edir.

CH=CH,

CH;  CH CH, s
n + mCHZ:(‘Z‘(C]-E‘(‘:H‘)nCI—E‘(‘:HN — %CHzCHﬁCHz ‘
n CH, m
o CHy

%
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Alinmis birgapolimerlarin bazi xasselari todqiq olunmusdur. Naticalor uygun olaraq 2-ci

cadvalds 6z aksini tapmusdir.

Cadval 2. PPMM-nun (M:) stirol (M) ile birgapolimerlosma reaksiyasinda alinan birgspolimerin
xassoloarine onlarin torkibinin tasiri. Halledici- PPMM, T=70°C, reaksiya miiddati - 8 saat

Monomer qarisiginda Birgopolimerin
kibi PP .
No PPMM-nun miqdars, torkibinda MM Coxam, % [n] Oziilti axicithq T, °C
o mangqalarinin miqdari, dl/q.
kiitle % ..
kitle %
1 0.0 0 88.60 0.78 143
2 5.0 0.30 18.70 0.46 128
3 10.0 1.25 14.23 0.32 113
4 25.0 2.15 11.00 0.20 108
5 50.0 4.26 10.43 0.12 102

siya

Cadveldan goriindiiyii kimi, monomer qarisiginda PPMM-in nisbi miqdar artdiqca reak-
¢ami vo birgepolimerlorin xarakteristik oziiliiliiyli, buna uygun olaraq da orta molekul

kiitlesinin kaskin azalmasi miisahids olunur. Buna sebeb birgapolimerlogsma reaksiyalarmnda
zancirin PPMM vasitasils 6tiiriilmasi reaksiyalarinin tistiinliik togkil etmasidir.
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ABSTRACT

In the present work polymer nanocomposites based on PVDF and copper nanoparticles were obtained by the
combining of ex-situ and hot pressing methods. The structure and thermal properties of polymer nanocomposites
were investigated. It was found that with an increase in the concentration of Cu in PVDF polymer matrix, the
crystallization and melting temperature of nanocomposites shifts to high temperatures. This shift is due to the fact
that nanoparticles play the role of a nucleating agent inthe formation of the supramolecular structure of the
polymer.It was found that with the introduction of copper nanoparticles into the PVDFmatrix, the crystallinity
degree of PVDF/Cu nanocompositesincreases to 1% of the content of copper nanoparticles in the polymer, then
decreases.

Keywords: nanocomposite, polyvinilidenefluoride, polymer, nanoparticles, copper.

PVDF/Cu OSASLI POLIMER NANOKOMPOZITLORIN QURULUSU VO TERMIKi XASSOLORI
XULASO

Verilmis isdo PVDF ve mis nanohissaciklori asasindaki polimer nanokompozitlor birge ex-citu ve istiden
presslama tisullarinin kombinasiyasi ile alinmisdir. Polimer nanokompozitlarin qurulusu ve termiki xassaleri tadgiq
edilmisdir. Miisyyan edilmisdir ki, PVDF matrisinde mis nanohisseciklarinin miqdar artdiqca polimer
nanokompozitlarin arima ve kristallasma temperaturlar yiiksak temperaturlara dogru stiriisiir. Bu ise onu gosterir
ki, mis nanohissaciklari PVDF matrisinde polimerin iistmolekulyar qurulusunun formalasmasinda ¢ox yaxsi
qurulusformalasdirici rolunu oynayir. Homginin toyin edilmisdir ki, mis nanohissaciklerinin PVDF daxil etdikda
nanokompozitlerin kristallasma daracasi Cu nanohissaciklarinin 1% miqdarina qader artir, daha sonraise azalmaga
baslayur.

Acar sozlar: nanokompozit, polivinilidenfliiorid, polimer, nanohissacik, mis.
CTPYKTYPA Y1 TEPMUUYECKUE CBOVICTBA ITOAVIMEPHBIX HAHOKOMIIO3UTOB HA OCHOBE PVDF/Cu.
PE3IOME

B nacrosmieitr paboTe mmoaumMepHble HAHOKOMITO3UTH Ha ocHoBe IIBA® 1 HanogacTnir Meay ObLAY TIOAYYeHBI
COueTaHMEM METOAOB eX-Citu M ropsero IpeccoBaHus. JIccaeAOBaHBI CTPYKTypa M TepMUYecKye CBOJICTBA
ITOAMMEPHBIX HaHOKOMIIO3MTOB. Bplao oOHapyskeHO, 4uTo C yBeaumdeHueMm KoHUeHTpaumyu Cu B IHOAMMepPHOI
martpune I1BAD temneparypa Kpucraliamusaluy U I1aBA€HUs HaHOKOMIIO3UTOB CMeIlaeTcsl B CTOPOHY BBICOKMX
TeMIlepaTyp, 4TO OOBCHSETCS TEM, YTO HAHOYACTHUIIBI UTPAIOT POAb 3apoAbllieo0pasosartes pu GOPMUPOBAHNN
HaAMOAEKYASPHON CTPYKTypa HoAuMepa. YCTaHOBAEHO, YTO C BBeA€HMeM HaHodacTul, Meau B Marpuuy I1BAD
CTelleHb KPUCTaAAMIHOCTY HAHOKOMIIO3UTOB Ha ocHose IIBA®/CuyseamumBaerca Ao 1% oT coaepkaHus
HaHOYaCTUIl MeA!U B IIOAMMeEpe, a 3aTeM YMeHbIIIaeTcsl.

KarodeBbie ca0Ba: HAHOKOMITO3UT, TOAVBUHUANAEHPTOPUA, ITOAUMEP, HAHOYACTULIA, MeAb.

1. INTRODUCTION

Currently, one of the promising areas in polymerand materials science is the development
and production of a new class of materials - polymer nanocomposites. The unique properties
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of such nanocomposites are due not only to the extremely small sizes of nanoparticles but also
to the structural features of the polymer matrix. The polymer matrix allows nanoparticles to be
organized into supramolecular structures, whichenhances the unusual properties of nanopartic-
les. Polymer compositewith filler in the form of nano-dispersed particles ispromising for use as
new conductive, photosensitive, magnetic, catalytic, and other materials that combine the
properties of both a polymer medium and filler. Such materials exhibit optical, catalytic, mag-
netic, and sensory properties that are unusual in comparison with bulk materials [1].

This paper is devoted to the experimental study of the structure and thermal properties of
nanocomposites based on the thermoplastic polymer PVDF and Cu nanoparticles. Furthermore,
was identified the relationship between changes in the properties and structure of these
nanocomposite.

2. EXPERIMENTAL PART.

2.1. MATERIALS.

Copper sulphate chloride (CuSO:x7H20, 98% chemically pure, Merck CAS Neo 7758-99-8);
sodium tetrahydroborate (NaBHs, 632287 Aldrich); sodium oleate (PLC Pcode CisH3sNaO:2 PLC
113655, 98% chemically pure)were used for copper nanoparticles synthesis.Polyvinylidene
fluoride (PVDF, Solvay 6020/1001) and dimethylformamide (Daejung CAS No. 68-12-2) were
used for the synthesis of polymer nanocomposites. All chemicals were of analytical grade and
were used as received without further purification.

2.2. SYNTHESIS OF POLYMER NANOCOMPOSITES.

The Cu nanoparticles were synthesized by a chemical reduction process[2]. The synthesis
of polymer nanocomposites based on PVDF/Cu was carried out as follows: 0.1 g of PVDF was
dissolved in dimethylformamide at room temperature. Copper nanoparticles are added to the
polymer solution at various weight contents of Cu and are mixed for an hour until a homoge-
neous mixture is obtained.The obtained homogeneous mixture was transferred to a Petri dish
and dried for several days. The nanocomposites were dried in a vacuum oven at a temperature
of 120°C for an hour to remove the solvent from the system completely. Then, at the melting
point of PVDF (180°C) and under the pressure of 10 MPa, thin nanocomposite films with a
thickness of 100 pm were obtained. The films were cooled in water; the cooling rate was
200°C/min.

2.3. CHARACTERIZATION OF POLYMER NANOCOMPOSITES

To determine the crystalline structure of the pure PP and the nanocomposites, X-ray
diffraction was used. The samples were evaluated in a diffractometerRigaku Mini Flex 600
XRD, operated at a current intensity of 15 mA and a voltage of 30 kV to obtain the radiation
corresponding to the Cu Ka at a longitude wave of 1.54056A°. The samples were scanned in
the 10° - 100° range of Bragg angle 20. The scanning speed was 0.02° /s.The morphology of the
polymer nanocomposites were determined through a scanning electron microscope model Jeol
JSM-7600 F. The images of the nanocomposite samples wastaken by the use of scanning
electron microscopy (SEM, Jeol JSM-7600 F). Scanning was performed in secondary electron
detecting (SEI) mode at an accelerating voltage of 15 kV and a working distance of 4.5 mm.
Energy dispersive micro-X-ray analysis was performed using the device X-Max 50 (Oxford
Instruments). The polymorphic structure, melting temperature, crystallization temperature,
and degree of crystallinity of all the samples were determined by means of differential scan-
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ning calorimetry (DSC 2920 calorimeter, TA Instruments). The heating and cooling rate were
set at 10°C/min, andhigh purity nitrogen with a flow rate of 70 mL/min was used to avoid oxi-
dation of the samples, and 10 mg of each sample was first melted by heating up to 200°C from
—-40 °C (5 minutes hold), and then they were crystallized by cooling to —40 °C (5 minutes
hold). Melting and crystallization temperatures were determinedand the degree of crystallinity
of the samples was calculated according to Equation (1):

AH
% Crystallinity = %@@1& x 100 Eq. 1
sample

where AHm represents the experimental enthalpy of melting of the sample (J/g), AHn® the
enthalpy of melting for 100% crystalline PVDF, equal to 165 J/g.

Thermogravimetric analysis of samples was performed using an SDT Q600 (TA Instru-
ments) analyzer. Nanocomposites samples were heated from 30°C up to 650°C under a nitro-
gen flow rate of 100 mL/min and with a heating rate of 10°C/min.

3. RESULTS AND DISCUSSION:

Figure 1 shows the diffraction patterns of polymer nanocomposites based on PVDEF / Cu. It
was found that with an increase in the copper content in PVDF, the intensity of the peaks at 20
equal to 18.5° and 26.8 increases, and the intensity of the peak at 20° decreases. Also, the
intensity of the peak at 20.6° with an increase in the content of copper nanoparticles in PVDF
increases. The peaks at 20 equal to 18.5¢, 20° and 26.8° belong to the a-phase of PVDF, and the
peak at 20.6%-B-phase to PVDF. Consequently, the introduction of copper nanoparticles into the
PVDF matrix changes the ratio of the a and 3 phases of PVDF. As can be seen, with the
introduction of copper nanoparticles into the PVDF matrix, the fraction of the crystalline phase
increases, while the fraction of the amorphous phase decreases. The diffraction patterns of
polymer nanocomposites exhibit peaks at 42.94° (111), 50.71° (200), and 73.84° (220), which
belong to cubic copper nanoparticles. Also on the diffraction pattern at 20 equal to 36.64° and
61.66" peaks are observed belonging to particles of copper oxide CuO. It is assumed that the
surface of the nanoparticles, partially oxidized, is covered with copper oxide [2].
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Fig.1. Diffraction patterns of polymer nanocomposites based
on PVDF/Cu: 1. PVDF; 2. PVDF/1%Cu; 3.PVDF/3%Cu; PVDE/5%Cu.
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Figure 2 shows SEM images of PVDF/Cu- based polymer nanocomposites. As can be seen
from the figure, with an increase in thecontent of Cu nanoparticles, they are somewhat
agglomerate. At low concentrations, Cu nanoparticles are located more isolated, while at high
concentrations, they are combined into clusters. So, for a nanocomposite based on PVDF/1%
Cu, the average size of nanoparticles is 14-20 nm, and at 10% -50-74 nm. Fig. 3 and 4 show the
EDS spectrum and mapping by elements for nanocomposites based on PVDF/Cu. As can be
seen from the EDS spectrum and mapping by elements, the PVDF matrix contains mainly Cu
nanoparticles, i.e. the nanocomposite consists mainly of copper nanoparticles. The signal of the
Al element in the EDS spectrum appears from the substrate on which the polymer nanocom-
posite is applied [3,4].
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Fig. 2. SEM images of polymer nanocomposites based on: a) PVDF/1% Cu; b) PVDF/10% Cu.
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Fig.3. EDS spectrum of a polymer nanocomposite based on PVDF/Cu.
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Fig. 4. Mapping by elements for a nanocomposite based on PVDF/Cu.

Figures 5 and 6 show AFM 3D images and a histogram of the root-mean-square roughness
of PVDF/Cu-based polymer nanocomposites. As can be seen from the figure, the mean square
roughness of the nanocomposite at 3% by volume of Cu nanoparticles is 10-60 nm, at 5% -40-
120 nm, i.e., at low volume concentrations of Cu nanoparticles, nanocomposites with a more
ordered structure are formed [5,6].
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a) b)
Fig. 5. AFM 3D images of polymer nanocomposites based on PVDF/Cu: a) PVDF/3% Cu; b) PVDF/5% Cu.
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Fig.6. Histogram of the root-mean-square roughness of polymer nanocomposites
based on PVDF /Cu: a) PVDF /3% Cu; b) PVDF /5% Cu.

TGA curves of polymer nanocomposites based on PVDF/Cu have been investigated (Fig.
7). As can be seen from the TGA curves, for PVDF, the initial temperature of thermal-oxidative
destruction begins at 428.57° C. With the introduction of Cu nanoparticles into the polymer
matrix at a content of 3%, Tinit thermo-destructive displacement occurs. towards low
temperatures and amounts to 378.89° C, with 5% copper content in the PVDF matriXTinit
thermoox.distr 18 =372.67° C. Consequently, the introduction of copper nanoparticles into the PVDF
matrix decreases the thermal stability of nanocomposites [7-12].

All the results of thermogravimetric analysis of PVDF/Cu samples of basic nanocompo-
sites are shown in Table 1.
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Fig.7. TGA curves of PVDF and nanocomposites based on PVDF/Cu: 1.PVDEF; 2. PVDF/3% Cu; 3. PVDF/5% Cu.

Table 1. Influence of copper nanoparticles on the thermal stability of polyvinylidene fluoride.

Samples The initial temperature of thermo- Integraltemperature (°C) | Final temperature of
oxidative destruction (°C) thermo-oxidative
destruction (°C)
PVDF 428,57 481,39 947,92
PVDF/3%Cu | 378,89 478,69 979,45
PVDF/5%Cu | 372,67 482,86 941,58

Figure 8 shows the DSC curves of melting (a) and crystallization (b) for PVDF/Cu nano-
composites. It was found that with the introduction of copper nanoparticles into the PVDF
matrix, the crystallization and melting temperatures of PVDF/Cu nanocomposites increase. It is
also seen that the crystallization temperature of polymer nanocomposites based on PVDF/Cu
is significantly higher than for the that of initial PVDF polymer. This shows that Cu
nanoparticles are good nucleating agents in the PVDF matrix and can to shift the peak of the
crystallization temperature of PVDF/Cu nanocomposites towards high temperatures. It is
known from the literature that only strong nucleating agents are able to shift the crystallization
peaks towards high temperatures, while weak nucleating agents don’t have this ability [13-20].
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Fig.8. DSC curves of melting (a) and crystallization (b) for nanocomposites based
on PVDF/Cu: 1. PVDF/1%Cu; 2.PVDF/3%Cu; 3. PVDF/5%Cu; 4. PVDF/10%Cu.
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Also, from the DSC curves, the degree of crystallinity was calculated for nanocomposites
based on PVDF/Cu (Table 2.). It was found that with the introduction of copper nanoparticles
into the polypropylene matrix, the degree of crystallinity for nanocomposites based on
PVDF/Cu with the introduction of Cu nanoparticles into the PVDF matrix increases to 1% of
the content of copper nanoparticles in the polymer, then decreases. All results of DSC measu-
rements for nanocomposites based on PVDF/Cu are given in Table 2.

Table 2. Results of DSC measurements obtained for nanocomposites based on PVDF/Cu.

Samples of nano Themelting Crystallization Enthalpy of Crystallization
composites temperatur (°C) temperature (°C) Melting (m]/mg) degree (%)
PVDF 150,39 112,37 40,3 38,3
PVDEF/1%Cu 168,88 141,40 56,62 53,9
PVDEF/3%Cu 169,30 141,94 42,96 40,9
PVDE/5%Cu 169,99 139,59 45,04 42,8
PVDEF/10%Cu 169,12 141,56 39,79 37,8

The dependence of the mechanical strength for nanocomposites based on PVDF/Cu on the
content of copper nanoparticles was studied (Fig.9). It was found that the mechanical strength
for nanocomposites based PVDF/Cu increases to 1% of the content of copper nanoparticles.

70

C(Cu)%

Fig. 9. Dependence of the mechanical strength of PVDF/Cu-based nanocomposites
on the content of copper nanoparticles.

It was found that the introduction of nanosized metal fillers at low contents of PVDF
polymers into the matrix leads to an improvement in the thermophysical, electrical, and
mechanical properties of polymer nanocomposites formed on their basis, which is explained

by the fact that at low contents of metal nanoparticles in the polymer matrix, nanocompo-
sites with a more perfect supramolecular structure.
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4. CONCLUSION.

Polymer nanocomposites based on PVDF and copper nanoparticles were obtained by the
combining of ex-situ and hot pressing methods. The structure and thermal properties of poly-
mer nanocomposites were investigated. It was found that with an increase in the concentration
of Cu in PVDF polymer matrice, the crystallization and melting temperature of nanocompo-
sites shifts to high temperatures, which is due to the fact that nanoparticles play the role of a
nucleating agent for the formation of the supramolecular structure of the polymer, which
results in crystallization maxima shift towards high temperatures. It was found that with the
introduction of copper nanoparticles into the PVDF matrix, the degree of crystallinity for
nanocomposites based on PVDF/Cu with the introduction of Cu nanoparticles into the PVDF
matrix increases to 1% of the content of copper nanoparticles in the polymer, then decreases.
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BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moaqalo va s.) asili olaraq verilmolidir. Elmi ma-
qalslora, simpozium, konfrans, vo diger niifuzlu elmi tadbirlorin materiallarina v ya tezislorine istinad edarkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

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

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

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

Maoanbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

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

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

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

Mogqals, ekspertlorin tonqidi qeydlori miisllif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.


mailto:journal@beu.edu.az

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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