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AHAATTIA

Marucrpnix Aucceprar\vrfl 46 6errerr, 13 cyperreH, 3 recreAen xene 93

KoIIAaHbInran e4e6uerrep risiN{iHeH TYpaAbI.

Tyfiindi cesdep: Axpun4i MoHoMeprep, N,N-AI4MerHrIaKprInaMI'IA, aKpI'In

K6rrxKbIJIbl, IIeJIIOJIJIO3a, HaHOKpIICTanIIeJIJITOJI03a.

3epmmey uotcundapot: Axprzn4i MoHoMepnepnepi, IIeJIJIroJIo3a,

H aHo Kpl4cranllennrcJlo3a (NC C ), rI4Ap orenAep.

)Itytwotcmury Matlcambt: N, N-4ran'lerI{naKpIInaMI4A (DMA) xeHe aKpl4n

Krr-K"rnr, (AAc) nerisiHAeri rl,IAporen4ep4i clIHre3Aey, onapAblq Qrzszxa-

xrMr4qIbIK (aouerrepiH 3eprrey. Coultueu 6ipre, NCC-Hrr DMA lren AAc

MoHoMepnepinreH 6ipre cr4Hre3Aey apKblnbl NCC-Poly(DMA-AAc)conoluvepiH
cr4Hre3Aey. Oirapablrl eprYpli (acuerrepin aHrrqray.

3epmmey adicmepi.. I,IK - (Alpa <Platinum ATb) (AKIII)) creKrpocKorrl4f,,

areveurrix rannay (CHNS), rpaBr,rMerpu-s (ISO 9001 aHalrvrrv-uecKl{e Becbl

(Sartorius, f epvtanur)). TfA
Anuuean Hamu)rcenep r4eH onapdoul npsKmuKoJtbtry maryorcdoutbtsbt:

3eprrey xyMbrcbrHAa DMA-AAc neri:iH4eri rl{AporenAep cllHregAerir aJIbIHAbI.

Onap4rru cr4Hre3Aenyiniu eprypni napaMerpnepre (cznres4eny yaKblrrt, riryuri
areHmiq ruolurepi r.6) reyenliniri aHbI(raJIAbI.

DMA-AAg nerigiHAeri rzAporenAir{ cyAbl KerI MonIUepAe xusa(rafi
aJrarbrHAbrFbr 3eprrerin, eprypni KoHIIeHrpa\vfl,Aarbl MeraJIAbIq epriH4inepin 4e

KaNerri MonrxepAe racrrnal4aft €uIarbIHAbIFbI aHbIKTanAbI. Eyn eprypni

MeranAapMeH racTaHraH cyAbl Ta3apTyAa KonAaHyra 6olarrtnrrs rolrrKrafi

cunattah aJIaAbI.

fra4porenliq cy.qu Korr MoJrrrrepAe ca(rafi aJIarbIH ria6inerine HerisAerin

ocilrlixriq ocyine Kaxerri 4oper<rix 3arrap MeH cyAbl xerxisiu 6epe aJrarblHbl

aHbrKranAbr. Ocg 3eprrey ueruxelepi HerisiHAe ocil,rlix ocipyre KonAaHyra

6oramrHu ycbIHbInAbL
Ma e u c mp aH mm bIry )rc apufln au utu d ap wHt tti m i s iu i :

Ulantay Nakan ,G. A. Mun, N.B. 'fileubekov Swelling Studies on Poly(N, N-

dimethyl acrylamide-co-acrylic acid) Hydrogels // International Journal of Biology

and Chemrstry 2021



AHHOTATTTTfl

Marucrep cxaxpa6ora cocrorrr r43 crpaHkIIIbI, I 3 pracyuron, 3 ra6lvrJv cflvaKa
wz 93 rrcrotIHI4KoB.

Klrc.{eBrre cJroBa: Arcpuroerre MoHoMepbr, N,N-4tauerl4naKpuraMpr[,
aKpr4noBat KprcJlora, rIeJrJ[oJIo3a, HaHoKpr{cT€Lnnl4rrecKat Ilennrcno3a.

O6texrrr r4ccJreAoBaHrfl'. aKpI,InoBbIe MoHoMepbI, IIeJIJIroJIo3a,

H aH o Kp 14 cr€urJl I,Iqe c Ka{ II ennroJl 03 a (FIKII), rI4Ap oren I4.

I-{enr pa6oru: cr.rHTe3 rrzAporenefi, sa ocHoBe N,N-AnuervrralrKr4naMkr4a
(AMA) v aKpvrnoBofi xzcrorrr (AK), r{3yrreHr4e rax SueI4Ko-xI4MI4rIecKI4x ceoficrs.
Kponae rofo, curHre3 corroJurMepa NCC-Po1y(DMA-AAc) ryreM cl4Hre3a NCC
BMecre c MoHoMepaMr4 DMA u AAc. Onpe4enure ux pa3nuqHble ceoficrea.

MeroAu I4ccneAoBaHnfl; IM - (Alpa "Platinum ATR" (CIIIA))
cneKTpocKorrr{s, oJreMeHTHntit auattus (I{HC), rnaBl{Merpur^ (aaasvrI4rlecKkIe Becbl

ISO 9001 (Sartorius, fepuaHur)). TfA
llolyuenHbre pe3yJrbrarbr v r4x npaKTr4r{ecKar 3Har{IzMocrb: B pa6o:re 6rrru

cr4Hre3r,rpoBaHbr rrrAporenw Ha ocHoBe trMA-AIt. Onpe4eJleHa 3aBucplMocrb t{x
czHTe3a or pa3nlrqHbrx napaMerpoe (epenafl cI,IHTe3a, KoJILILIecTBo ctrrIaBa]oulero

areHra 14 Ap.).
Err.iro r3yqeHo, Mo)Ker nrr rr,rAporeJlb Ha ocHoBe DMA-AAc yAepx{I4Barb

6olrruoe KoJIrIqecrBo BoAbI, Lr 6uro ycraHoBJIeHo, r{To oH TaKXe Moxer
TpaHcrroprurpoBarb pacrBopbr MerzurJron pasuofi KoHIIeHTparlnv e Heo6xoAt4MoM

Konr4r{ecrse. OH Moxer [oJlHocrblo onllcarb npr4MeHeHr4e [pr4 otll4crKe BoAbI,

3arpf, 3HeHuofr pa:r?rr{HbrMr4 MeraJIJIaMrI.

OcHoerrsaf,cb Ha cnoco6socrrr rrrAporeJlr xpaHI4Tb 6omuroe KoJIVqecrBo

BoAbI, 6ulo o6HapyxeHo, rITo oH Moxer rlocraBJrrrb rrrzTareJlbHble BelrlecrBa 14

BoAy, Heo6xo4zMbre Anf, pocra pacreuuit llo pesyJrbraraM orr4x rrccJleAoBauuit

6rulo BbrcKa3aHo rrpeAIIoJIo)KeHr4e, rrro efo MolIGo r,rerroJrb3oBarb Anf, ceneKIII4I4

pacreHzfi.



ABSTRACT

The rnaster's work consists of a 46 pages, 13 figures, 3 tables and a list of 93

sources.
Key words: acrylic monomers, N,N-dimethylacrylamide, acrylic acid,

cellulose, nanocrystalline cellulose.

Objects of the study: acrylic monomers, cellulose, nanocrystalline cellulose

(NCC), hydrogels.
Pu.pose- of work: synthesis of hydrogels based on N,N-dimethylalkylamide

(DMA) and acrylic acid (AA) and study their physical and chemical properlies. In

addition, synthesis of NCC-PoIy(DMA-AAc) copolymer by synthesizing NCC

together with DMA and AAc monomers. Determine their different properties.

Research methods: IR - (Alpa "Platinum ATR" (USA)) spectroscopy,

elemental analysis (PNS), gpavimetry (ISO 9001 analytical scales (Sartorius,

Germany)). TGA
The results obtained and their practical importance: The hydrogels based on

DMA-AK were synthesized in the work. The dependence of their synthesis on

various parameters (synthesis time, amount of crosslinking agent, etc.) was

determined.
It was studied whether the DMA-AAc-based hydrogel can retain large

amounts of water, and it was found that it can also transport metal solutions of
different concentrations in the required amount. It can fully describe the application

in the purification of water contaminated with various metals.

Based on the ability of hydrogel to store large amounts of water, it has been

found that it can supply nutrients and water necessary for plant growth. Based on

these studies, it has been suggested that it can be used for plant breeding.
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KIPICTIE
Macerteuiry ercxminizi: Cor{rrr xbrnAapbl cblprKbl opra (revrneparypa, pH,

3neKrp epici r.6) napanrerplepiuiq 6onnralubl o3repicine anAbIH aJIa xocrapJlaHraH

typa. *uyan 6eperis aralarbrH rroJrr4Mepnix MarepuanAapra 3eprreylxinep epexure

Kbr3brrymbrnbr( TaHbrryAa. Eyn Marepl4anAap e3AepiHiq 6aralrt Kacllerrepin'reu

MeAr4rIr4Ha (4epinir< 3arrapAbr 6aKuraHraH rypAe 6ony), 6uorexHolrorLrfl' (6enorrap

neu SeplrenrrepAi razatay), oneKTpoHura (cencopnap, Aarrll4Krep), exonorLIfl JIbIK

MeceneJrep4i ureruy4e (en4ipic KanAuKrapbIH ra3anay, r.6), ayun tuapyarxblJlblrbl

(cynren KaMraMacu: ery) Tarbr 6acKa Kaxerri cananapAa Ker{ KonAaHbIcKa ue.

Tyuindi cosdep: Ar<pzn4i MoHoMeprep, N,N-AHMerI{naKpI4naMI4A, aKpl4n

Kbr[rKbIJIbI, UeJIIOJIJI03a, HaHOKpI4CTanIIeJIJIIOJIO3a.

)Ityuttcmu1 Marycambt: N, N-4raruerI4naKpI4JIaMnA (DMA) )KeHe aKpl4n

11"r-K"rn", (AAc) uerisiu4eri rr4AporenAepAi cl4Hre3Aey, onapAblr{ $rzsur<a-

xr4M1fl;1r,rK Kaczerrepin 3eprrey. Courtves 6ipre' NCC-nrr DMA ues AAc

MoHoMepnepinreu 6ipre cr4Hre3Aey apKblnbl NCC-Poly(DMA-AAc)couonuvrepiu
cr4 Hre3Aey. Olap.4blr{ eprYpli 4aclzerrepiu aHblKray.

A.ltrsrau Herr4xeJrep MeH onapAblq [paKTI'IKanbI( MaF{bI3AbIJIbI['br: 3eprrey

xyMbrcbrH4a DMA-AAc neririH4eri ru4porenAep cl4Hre3Aelin alltn4u. Onap4rrH

."rrt.rA.nyiniq eprypni rapaMerpnepre (craures4eny yaKblru, riryuri arenrriH

ruonurepi r.6) reyenainiri aHbI(raJrAbI.

DMA-AAc nerisiHAeri rz4poren4iq cyAbl Kon MenlxepAe NuHa4rafi

anarbrHAbrrbr 3eprrerin, eprypni KoHIIeHTp ar\r4s.Aarbr MeraJIAbIr{ epriH4inepin 4e

KaNerri MenrxepAe racbrM ar'rafi. €uIarbIHAbIFbI aHbIKTaJIAbI. Eyl eprypni

MeraJrAapMeH JracraHraH cyAbl ra3apTyAa KonlaHyra 6olarrrHrtn rolrrKrafi

culratlafi, arailbr.
Aemopdoul uceKe yneci rexipuSenir< SeninrAi opblHAaraH, aJIbIHraH

Herr4xeJrepAi ran(bl nayra KarbIcKaH.
)Ity.+torcmilH XwbutbtMbr: )KyMbrc 55 6err<e xa3bIJIFaH xeHe 24 cyperreu, I

crrsSa Hyc(aAaH xeHe 63 tafi,laJraHbrJlraH eAesraerrep ri:inriHeH KYpblnrau. Herisri

6oninr e1e6n uroJry, reNipn6elix 6o,rina xeHe aJIbIH['aH HerI4xeJIepAi ralr4anayAaH

rypaAbr. Courpres 6ipre )KyMbrc coHbIHAa 3eprrey xYMbIcbIHbIH Herraxelepi

Sofirnura ryxbrpbrMAap xeHe HerIDKeJIepAi na4rur KoJIAaHy 6ofiuuura YcblHblcrap
r<erripimeu.

)It yu t t c m a ut b, H I AH Ha m nJIC e,,x ep 6 o it o t U w a ilc sp un'r, AU otn d ap :



I oAEBn IIIOIy

1.1 ArcpraJr MoHoMep.rrepi nerisiuAeri uo.nunepJlep

Arpran )r(eHe MeraKpr4n KbrrxKbrnAapblHblH rybIHAbInapbIHbIr{ nonnvreplepi

MeH conoJrr4Mepnepi - onapAbrH e$zpnepi (arpularrap MeH MeraKpLlnarrap),

aKpr.rnoHr.rrpun xeHe aKpr4naMI,IA - 
I(#HAbI Kacl4eTTepine 6afiJlaHblcrbl 4a:ipri

3aMaHrbr rexHoJrorr4flra xer{inen KoJIAaHbInaAbI. EYn, ecipece, ore x{orapbl

)KapbrK(a rosiN,Uiririueu, vron4ipniriueu xeHe )KoFapbI Qz:uxa-uexaHI4KaJIbIK

Kacr4errepiuen epeKrueneneriH IloJll4MeraKpl4narrapra Ia Karblcrbl.

flo;rraaxprzJrarrap xr4MrrrJrbrx rogivrli, xapblK rIeH orreriniq ecepiHe resiNaai. 80 -
100.C reMrreparypa1a ronr4aKpr4n KIIIUKIIJIrIH rY3y ap(blnbl cinrini
epi.riH4ilepMeH or{afi rr4Aponr434eHe4i, 150 oC-raH xorapbl Ylxna oHiu4ep veH

MoHoMepAir{ 6eniuyinreH ririlreu nonl,IMep ryaine4i. Ilonzarpunarrap MeH

rroJrr4MeraKpr{narrap es4epiniH vtoHolvtepnepiu4e, eQrapnepiH4e, xoru nicri xene

xnopnaHraH xonlipcyrerrepiH4e epz4i (AI,rxnoperau HeMece Al4xnopsraH

KypaMbrHAarbr rroJrzMer[nMeraKpl4nar epiriH4ici opraHI4KanbIK efiuexri Nenin'r4ey

yx1itr (onAaHbrJra4rr), rerrrenri nonl4aKprlnarrap aIIeroHAa epIa4i' Tolrenri

ronr4aKpr4Jrarrap nonrpnbr eMec epil<irurepAe epiMeil[i, epirirurirc R - cnrrpr

KanAbrKrapbrHbrH rig6er y3brHAbrrbrHblrl ecyivren xorapblnairalst, 6yn 6en:I4Hre

xeHe uailra resi\alirinriq rouen4eyiHe exeneAi. llonzaxpvnarrap MeH

rroJrnMeraKpr4narrap KyH ceyneciHitl, arvrocQepanblK orreriniq, cyAbIrI'

cyfirurrrtJlFaH cinrinep MeH KbIIxKbInAapAbrrl ecepiue resirr4i'
flonnaxpvnarrap MeH [oJrr4MeraKpr4narrap e3 MoHoMeplepiu4e, xypAeni

o$rzpnepAe, apoMarrbr xeHe xnopnbl xonripcyreKrepAe (Aaxloperau HeMece

Ar4xJlop3TaHAarbr noJrr4MeraKpr4nar epirin4ici oprauzranbl( ITIrIHIIHrI xenin'r4ey

yruiH (onAaHbrna4n), ronrenri nonl4aKpl4narrap aIIeroHAa epra4i. Tovenri
nonlraKpunarrap non.rrpnbr eMea epirxirurep,ue epivrefi4i, epiriurriri cnzpr (anAbIFbI

R ris6ex y3brHAbrrbrHbrq yJrrarobrMeH xorapsutafi.gst, 6yn 6eu:o- x{eHe ltafira
,ro:ir'l4inir<riq rel,reu4eyine exele.qi. llolnaxpvrnarrap MeH rloJlr{MeraKprrnarrap

KyH ceyneciue, arnrocsep€Lnbr4 orrelile, cyra, cyfirtlrrulraH cinrinepre )I(eHe

(brrrr(brnAapra rosi\aAi. 80-100'C reMrleparypa[a rlonl4aKpl4narrap MeH

rroJrr4MeraKpr4narrap cinri epiriu4inepinren nonl4aKpzn )I{eHe IrOJII4MeraKpzn

(blx(brnAapblHa aefiis ruAponl43aeneai [1].
fz4porenbAep cyAbrr{ ynKeH volurepiu ciqipin, ycrarl rYpyra Ka6inerri

rra4po$ranr4i nonrMepni 4enenep 6omtn ra6ulaAtt, 6Yl oJIapAbI, ecipece

6aotreAraqr4HaJrbrK KoJrAaHy yruiH xaH-)I(a(rbl Marepl4anAap KJIacbIHa

afrual4rrpa4tt. @u:uralu4 XeHe 6noloruuu4 4acuemepi, KoII xarnafi'Aa

KypaMbrHa, ronr4Mepney )r(eHe ririny e4icrepine 6afilanucru, Sipaa xtaJlnbl

uniu"au 6y,r nrexaHlrKaJrbrK ercis Marepllan4ap 6onrrn xeleAi. Ar<pral nronon'lepnepi

nerisiHAeri rr4AporenbAep 6lroneAaql4HaHblr{ KorITereH caJlanapblHAa

KoJrAaHbrnaAbi, MbrcanAapra: repanenriic xerrisy l2), Ko3 iruinir Jr4H3arrap,

xoHrarrilri ruHsarap xeHe oSranrvronoruf,Aaru uyiis4i r<a6ux rpore3Aepi [3],
oproneAuqAaFbr cyfter qeueHrrepi l4], rar{rbllxrap t5] xeHe riHlix riper<rep

xaraAbr, pereueparueri MeAr4rIr4Ha [6], ocbl cLIt(TbI cananaplla eprypni



(acr4erreplee 6afilraHbrcrbr. Cy4rr HeMece AeHe cyfirt4rrtKrapblH Ken MeJIIxepAe

cir{ipyre 6efiinr 6onranAuKraH, onap xacyruaAaH rblc, TacbIM€uIAarbIIrI

Marp6rlaHbrrI 4acuerrepiu repcere4i. fn4porenbAepAir{ Sltszra-rraexaHl4KanblK
(acr4errepin xeHe onapAbrr{ orreriniH, 6uouoleKynanapAblr{ )KeHe nafi,Aar'arublJlraH

veraSolurrepliU ara$SysHtcblH xeqin4e'ryre reH 4acverrepiu 6a4ruay

vynaxin4iri onapAbr nonr4MepnepAir{ ervr6e6an ro6rtua afiHan4ltpa4u l7l. Byl
rr4Aporenr4ep4iq xenuriniri AI(IlI-rrrH - AgrrK-rynir xeHe 4epi-4epvrer<

6ac4ap1aacrr eprypni 4on4an6anap yurin MaI(YnAaraH. ,{ereuvreH, onapAblr{

6zorvreAlrqrrHaJrbrK KonAaHyAarbr, eneyerri (onAaHblnybl xefiAe onapAblr{ roMeH

MexaHuKanr,r4 Sepirririneu, 5[ororzqnblK epeKerrecynepiueu, enerrplix xeHe

repMr{rJrbrK Kacuerrepiveu, cyAbn{ cop6quxcbl Meu ara$Sy:ztcblMeH, n'ruxpo64a

(apcbl xoHe nacraHyra Kapcbr 6encenAiniriveu, xeyerriliriueu xeHe r.6. (8). Eyl
xeyurilixrep aKpr4n nerisiuAeri r(olafinrr oirr( rllAporent4ep4iq AaMybIHa er<en4i

)KeHe neurimAep4i ra6y yurin 3eprreynep NyprisinyAe. Ocunafiura, x(aKcaprblJlraH

$u:zra6r4 )KeHe 6raoloruxlu4 4acrzerrepi 6ap KoMno3uTrep4i HeMece

HaHoKoMrro3rrrrepAi Kanrrrrracrblpy yruin KonKoMnoueurri nonultepnir

xyfrenep.ui Hevece Marepr4anAap MeH HaHoMarepl4anAapAblr{ xolt6uuaql4{cblH

eaipney recini (bI3bIryIxbInbIK ryAblpaAbl.

Ar<punar uerisiHAeri na4porenbAep xyMcaK 6Iaoyfinecinr4i uarepvanAapra

apHaJrraH er{ repcneKTr4Beurbr nnarsopvr€LnapAblll 6ipi 6onun ra6rua4u, onap

,lpurr.utir 4ypanAapAbr, rourarriri ruusanap4rr, uyfiisAi Ka6HK npore34epin,

cyfrex rleMeHrrepin xeHe xapanapAbr raF{FbIIrrapAbI xerrisyre afirapnuKrafi Ynec

Koca/lbl, coHbrMeH Karap eneyerri KonAaHy yurin xeriineH 3eprrenyAe.

pefeHepar.ueri MeArrlr.rHa caJracbl. [ereunaeH, oJIapAbIq reil6ip 6wonreAraIII4HaJIbIK

xoHe 6uougxenepnir< (onAan6anapra Kaxerri KonrereH Qlasuralu4 )I(eHe

Suonorrarlrr4 4aczerrepi AeHe reMneparypacblHAa rIJITaJIAaHFaH Ke3Ae

(aHararraHaprbrKcbrs 6ora4rr: coartry/cblry cl4narraMurapbr, cyAblr{ 4raQ$y:urcrr,
nrnxpo64a Kapcbr 6encenAinix, nacraHyra (apcbl tqa6ineri, 6uolorurlrr4
peaKrlr;rcr,r, ripexrepAi HeMece ripexrepai >Kacayra apHanFaH r<eyexrinir<. Xar{a

unp"n nerisiuAeri rr4AporenbAep 6uoueAuIII4HaJIbIK )KeHe 6llotzuxeuepnir<

oaJranapAa ocbr Marepr4aJrAapAbrrl eneyerri KonAaHy aflcbrH e4eyip rer{efire aJIarbIH

xorapbr KacuerTepfe r4e e3apa oreris [onI,IMepJIir xeninep, KoMrIo3I4TTep ]KeHe

"u"o*or.rosurrir 
Marepr{eilAap cr{f,Krbl KoII rouuonenrri xyfienep perin4e

e:ipnen4i.
Ar<pun rrrAporenr4epi 6nonreAraUI{HaJIbIK xeHe Qapvraqenrl4KaJlblK

oHepxecirlre (onAaHbrJrarbrH erl raHbrMan Marepr'IanAapAblrl 6ipi 6o,rrtn ra6lrlaArt.
O,rap ro Hraxril i lvlnzatap, xapa flarqrapbt, S unrrpalll4f, nbIK u ena6p au aJrap, Aep i-

AepMeKrepAi racrrManAay xeHe 6acKa Aa MeAI4III{HaJIIIK I(Ypblnrblnap cH{KrbI

eprypni oniu4epAi xacay yuriH tafi.gataublJrybl vryuriH. Eyit uonyAa aKprrn

rr4Aporenr4epiHiq eprypni rypnepi, onapAblr{ 4acuerrepi MeH KonAaHbInybI

KapacrblpblnaAbI.
Arcpun eudpozenudepiuirl6ipiuu,ti mwi - ore ciqipriru ruAporenbAep. Onaplrtu

KaH xeHe 6acKa Aa AeHe cyfirr4rrrKrapbl cu-flKTbl ynKeH KeJIeMAeri cyfiu4ruKrbl re3

cir{ipy trynarin4iri 6ap. Byn 4erenivrig ocbl Kacl4er onapAbl AeHeAeH cyfiuKrrtSrlt



6a4unay4br HeMece )KoroAbr Kaxer ereriH 3ep lublrapy Karerepnepi ues 6acKa

MeAr4rIr4HaJrbrK KypbrnFbrnapAbr xacay yurin raMalrla MarepI4aJI ereAi.

Arcputdi zudpozenudepdiry erciuu.ti mypi - 4epi-4epMeKneH 6ac4apularblH

docary ruAporenr4epi. OnapAuH (ypaMbIHAa cyMeH 6ail^rras:';lcra 6aty 6eninerin

4epinix :a'r 6ap. Myn4afi rr4Aporenr4ep4i 4epinix rarrrrapAbl )KeHe Y3aK yaKblr

6oirtr 4epi-4epnaeK rubrrapa aJrarbrH 6ac(a Aa MeAI,lqrrHaJIbIK KYpbInFbInapAbI xacay

yruin nairgarrauyra 6ola4rt.
Arcpun zudpozenudepdiry ytuiutui mwi - eneKrp orxigriru rl4AporenbAep.

OnapAuu 3neKTp rorbrH erxisy r<a6ineri 6ap xene onapAbl ceHcopnbt 6arurrra )KeHe

AeHcaynbrKrbr 6a4lrrray yuriu KonAaHbInarbIH 6acKa KYpbInFbInap cLIt(rbI

oneK,rpoHAr,r MeAur-U{Hanbt( KypblnrblnapAbl xacay yuriri nafi.nwrcruyra 5olaArt.

Arcpun eudpozenadepiuirl mopmiuu,ti mypi - 6woyirtrecinrAi rllAporenbAep

6olrrn ra6trla4rr. Onap AeHeAe 4a6rruy peaKIII4qcbIH TyAblpnaail4lr )I(eHe AeHeAe

6onyrr KepeK r4MrrJraHTrapAbr x<eHe 6acKa MeATTIII{HaJIbIK (YpblnrblnapAbl >Kacay

yuriH naftgatanblny MYMrin4iri sop.

Ocrr rH4porenbAepAir{ Kacraeriue xerceK, rrrAporenr xyfienepiniq 4acuerrepi,
.uaicri MoHoMepAi nevece npoqecrirl uaprrapblH rar{Aay apKblnbl osrepyi n'ryn'rxiu.

Meceres, MoHoMep HeMece coMoHoMepnepAir{ 6ipi perinAe Merl4nMeraKpl4narrbl

KonAaHy pH-ce:ivrran x{eHe repMoce3iural rl{Aporenr4ep4i aJIyFa rraynlrin4ir

6epe4i, onap )KaJIrIbI aTayMeH 6ipirripilreH - "a4trIlt4u rl4AporenbAep". Myuaafi

rrrAporenbAep KopmaraH opraHbrq o:repyiHe xayan 6epe anaAbl (vrtcalrt:
reMneparypa, pH, 3neKrp XeHe MarHur opicrepi, pa1nal\vIfl' ynbrpaAu6ucrrr4,

MexaHhKarbrK KepHeynep, xr4Mnqrbr( xeHe 6uotorus,nblK areHlreplin ecepi) 6y-n

$ra:nxa-x14Mr4rJrbrK (acnerrepiniq afirapnrt4rafr osrepyiHe ereneAi (lurtcalrt:

xoleuuiq ylrarou), coAaH refiin Sacrau4rt reftniue Kafira opany, KoplxaraH oprara

ecep ereriu $arrop (rpr,rrrep) xoftrrnraHHaH refiin oHblr{ 6acran4rt roleui ven

$opyacrrua r<enyi. pH-cesinrran rr4AporenbAepAe eAerre a3l.ar: KbIIxKbInAbI

SyurcqzoHaJrAbr ronrap 6ola4u, MbIcaJIbI: COOH xeHe SO:H cu-flKrbl Herraece NH2

cr4r(rbr cerr cinrini QyHxquoHzurAbr rorlrap 6aplrtrnu4. Eyl SyuxqwoHaJIAbI
rorrap I4oHAanraH r<yfi4e x<ofapbl rz4po$unr4i )KeHe 6einapan xyfi4e a3

rra4poQunr4i Sonrrn rene4i. Onap4uH I{oHAaHy 4epexeci pH e:repyiiraen osrepe4i,

HerlixeciHAe 3apf,A rbrlbr3Abrrbr o3repe4i. KpuruKuulbl( pH re:inAe rl'IAporenrAir{

iur<i xeue cbrprKbr 6olirrepi apacunAarbl ocMocrblr1 KbIcbIM KYpr osrepe4i, 6yn

roreu4i $asantr4 ayblcyla exeneAi.

fn4porenbAep - 6yn 6iperefi Ne,rinix KypblnblMu 6ap xYMcaK Marepl4anAap.

I'ra4porelr4eplin Maqbr3Abr KJracbr KypbInbIMAbIK rYracrblrblH ca4rail orblpblrl,

cyAbrFI e4eyip nronurepiu ciqipyre myvrxin4ix 6eperiH xoeareHrri o3apa

6aft11a;6;,;1c4aH fr4ApoQznr4i rronriMepnepre ueri3AeJlreH, 6yl onapAbl KJII'IHI'IKanbIK

(orrAaHy ylrin raMarra 6uouarepvannap ere4i [9] 1960 xbIrIbI Buxreple ueu Jftarr't

aJrrarx pe1 2-rugpoKcr43rr4nMeraKpl4Jlarrblq (2-HEMA) arznen4l4MeraKpl{JlarneH

corroJrrMep:reuyiu cr4rrarraraHHaH 6epi ru4porenbAep eprypni cananapAa eneyerri

r(onAaHbrnybrHa 6afilaHrrcru Kapr(bIHAbI 3eprreynep4iq HbIcaHacbIHa airnattgsr

[10], t11]. fu4porenr4ep4iq 6iperefi Qusuralu4 4acuerrepiu e3apa

6afinasgcrbrpy rbrrbr3Abrrrrn (rapruny ryuri) xene rrlAporeJlr4epAiU cy opracblHa

xa(brHAbrrrrH (repvroAr4HaMr4K€urbrK apanacrblpy ryuri) 6a4rrnay apKblnbl perreyre



6oraAg lI2], [13], [14]. llonurrepAiq 4aczerrepiHe )KeHe sKcrIepI{MeHr

xar\afitapbrHa 6afi,tauscrbr rr4AporenbAep.4iq xeliniK KYpbInbIMAapbI xI4MI'IsnbIK

HeMece 6rr"*-"t4 o3apa epeKerrecy apKblnbl o3apa 6afilaHrtcKan ta6uru,

crHrerrrKanbr( HeMece rvr6pu4ri (cnureruK€LnblK )KeHe ra6urw) nonl4Mepnep

KrracbrHaH ry:ine4i [15], t16]. XuN,rraqnbrK afiKacnalu 6afi.tausc rYpaKrbl

xoeareHrrix dafirauucrapAbrrl tafi.ga 6onyrrHa 6afilasrtcrrr Qusraranrr4

afiKacnaru 6afitaswcrapMeH canblcrblpraHAa YIu el111eu4i (3D) xeninir
r(ypbrnbrMAapAbr KypyAbrF{ eq eu6e6an recini 6olrtu ra6ula4rt, HerI'IXecinAe

rcyurri rr4Aporens -lrafi,Aa SonaArr [17].Orap cyAblr{ KorI Morllrrepin cir{ipiu, ycrafi

aJra-r.brFr/rbrKraH, rllAporenbAep iciuy, erxigriurrix, ca4ray xeHe nvuoSzlr43aIJne'

Ka6ineri, orrrr4KaJrbrK Kacr4errep xeHe 6raoyfineciulilir cH-f,(TbI eprypni raprblMAbl

Kaclrerrep4i xepcereai [18], [19]. Ocrr Kacrrerrepaiu 6apJIbIrbI rl4Aporenr4ep4i

KorrrereH KocbIMIII€uap yuriu, coHbIH iurin4e cyuepa6cop6qvrluK MaTepl4anAap

yuriH nepcneKrr4BaJrbr Marepu€Ln erri 1201, l2Il. [epi-aepnaexrep4i xerrisy
xyfienepine apHarIFaH 4epi-4epvrexrepAi racblManAaylxblnap 122), 123-271

xouraxrili rzHsarap, xeHe pereHeparlleri MeAl4ql4Hara apHanFaH xacyuanblK

Kyn1,.rr{Barlz-snbr( cra$Qon4rap. Ke4inri rra4porenbAepAi 6Izolrarepl4an perin4e

nafi,Aa11gpy, ecipece 4epi-4eplrexrep4i TacblM€LnAaylxblnap , )Ka(cbl cI'IIrarraJIraH.

Cousrueu Karap, 4epi-4epnrer<rir{ 6eniHyiu ocbl MarepvraJr[ap4blr{ xllMl4flnbll( xeHe

SnsuxaruK Kacgerrepiu o3repry apKblnbl 6ac4apyra 6olaruurt 6elrili [28-31].
Coqsr )KbrnAapbr rrrbrrapbrny KI4HerLrKacbI xeHe ciqipy )KbInAaMAbIrbI

6 aKg"uaHarrru ev4i K KocbrJr brcrapAbr racblMaJlAayra xoHe Socaryra Ka6 inerri xar{a

)r(eHe prHreJlJreKryaJrAbr 4epi-4eprnrex xerxisy Nyfienepiuiq AaMybIHAaaircapr'uKrafi

ocy 6ai,ryaU+t 132,331. fu4porenbAep eprypni 4epi-4epn'rerrepAi xemisy

NyfienepiHAe KoJrAaHbrnaAbr, coHbrr{ iruiHAe roHraxrili. nzHsarap,l34l )KapanapAbl

el,raefiriH rrarqrap, [35] ric xelinr4epi, t36] )KeHe uHbeKlluqnu4 4epi-AepMeK

xerr<i:y, [37] onapAbrr{ x(yMca( MexaHI4KaJIbI( Kacl4errepiHir{ aAaM riHine YKcac

)KeHe raMarrra 6troyfineciluiniriue 6aittasscrst. Aran aitr\attl.a,

brHraJraHAbrpyurbr-pear<rzeri rr4AporenbAep 6ipre-6ipre aKaAeMI4tnbI( )KeHe

eueprecinrix cexroplapAbrrl (br3bIryIxbIJIbIrbIH TyAbIpaAbI. Eyl l(bl3blrylrrblnblK

iruiHapa ocbl MaTepl4aJlAap4rrq pH, TeMnepaTypa, uaruurriK nteHe elerrpnix
opicrep, ynbrpaAbr6ucruq xeHe r.6. cutKTbI KorITereH rpl4rrepnepre xayan

periH4e Kypr xoleu4ix osrepicrepre, xonevr4i Sa:anu4 ayblcynapra )KeHe

xefiiHHeu 4epi-4epvexriH rxbtrapbrJryblHa xa6inerriniriue 6ahtauscmt. CosuMeH

Karap 138-421 qennrcno3a )KeHe xuro3aH (CS) cl4flKrbl ra6uru nonl4Mepnep4eri

6zotr4rrparblurrblfbl, 6raoyfinecinr4iniri )KeHe pH MeH TeMnepaTypara

$rasuoloruqrbr( cesiural4urrr ap(acbrHAa cI4HTerI4KaJIbI( aHaJlofrapblHa

Kap araHAa tqol afi lu xe He nepcneKruBaJlbl ra6 rua4rt
Eyl 3eprrey blcrblK11a cegiural p(NIPAAm) uanorenr4epi 5up CS

rr4Aporenr4epiHe ueri:4elreu rperaparrbl xerxisyre apHanraH cMapr

Marepr4aJrArr Aafr uuAayAbrrl 4apauafiuu recilin YcbrHaAbI.

HerraxecisAe repMopearrusri HaHoKoMrloslarrix rLIAporeJIbAep aJIbIHaAbI.

Cogrrues (arap, Aafrv;pt1alraH HaHoKoMIIo3I,ITTirc rz4porenrAir{ n'rop$onorl4qcbl

cxaHepreyuri 3neKrpoHAbr MrrKpocKorll4f, (SEM) apKblnbl seprrel4i, ur



p(NIPAAm) uerisiHAeri HaHorenbAep AT4HaMLIK€UrbIK )KapbIK IxalxblpayblMeH

cz[aTTanAbI.

f,uuarvuxanbrK )KapbrK rxarxbrpaybl T€LnAay )KeHe rpaHcMl4ccl4qnbl(

3JreKrpoHllbr MrzKpocKorr4.r apKbrnbr cl4rlarraJl4u. Byn 3eprreyAe reMrleparypaHblr{

esrepyiue 6afilanrrcru nafisrt1aJrFaH TepMopeaxrzsri rl'IAporenbAepAeH

rperaparrapAbrq 6a4urasarbrH rrrbrrapblnyblH 3eprrey yuriu ynrinix npenapar

p.ti"a. leeoSlorcarlrzH (LFX) 6axrepurra Kapcbl npenaparbl KonAaHunarr [43].

1.2 ArcpnJI KbIuIKbtfl ul Herisiuleri riri.nreH coIloJIIrMepJIep

Axputr KbrixKbrnbrua uerisgeJrreH rl4AporenbAep xorapbl ciqipy r{a6ineri naen

6noyfineciryrainirin e 6afi.rrartbrcrbl er{ Kon rapanFaH rl'IAporenbAepAiH 6ipi 6omln

ra6ura.uu.
Axpun Kbrru(brnbrHa uerigAenreH ril4porenbAepAir{ 6ipHeure rypnepi 6ap,

onapAblr{ refi6ipeylepi ronresAe xelripinreH:
flo.nuanplnJraMLtATi rugporeJrbAep - 6y-l rzAporenb,qep cyrerl acKbIH

rorbrrbrHbrH (arbrcybrMeH arpwrauu4ri [onl4Mepney apKblnbl rysine4i. Onap

)r(orapbr 6epir<rir<r<e )r{eHe KoprxaraH oprara rosil,t4iniKKe I4e, coHAbIKraH onap

rco6inece 4epi-4epvreKrep MeH 6ac4a 6zoloruxlrt4 6enceuAi 3arrap yuriH

TacbrMaJIAayIxbI perin4e KonAaHbIc rarIKaH.

flo;ruanpu.rl KbIIITKbIJI6IHa uerisAelreu rlrAporelbAep - 6yl
rllApo;enb/lep cyreri ac(brH TorbIrbIHbII{ (arblcyblMeH aKpl4n KbIIUKbInbIH

non14MepJrey ap(brJrbr aJrbrHaAbr. Onap.uur{ cyAbl cir{ipy xa6ineri xorapbl,

coHAbrK.raH onapAbr rr4Aparop periH4e ge, 6Horue4vrr\uHanblK KocblMllranapAa Aa

KonAaHyra 6ola4rt.
Arcpu.rr KbrrrrKbrJrbrHbrr{ corroJrr{Mep.nepiue HerisAeJreH rllAporerbAep -

5yn rrz4porenbAep aKpr.rn (brrx(brnbrH aKpI4naMI,I.4, MerzJlMeraKpznar, crl4peH xOHe

r.5. cuq(ru 6ac(a MoHoMepnepMeH 6ipre nonl4Mepney apKblnbl aJIbIHaAbI.

Axpz:r KbrrxKbrnbr MeH MeraKpr.rn KbIIxKbInbIHbIH cotloJluIMepnepiHe

ueris4enren rr4AporenbAep, 6yn rllAporenbAep MeraKpl4n KbIIxKbInbIMeH 6ipre

aKpr4n KbrrxKbrnbrH nonr4Mepney apl(blnbl uLnbIHaAbI. Onap I(aI{cbI

SrzoyfinecilrAinirre ve N(eHe onapAbl I4MrIJIaHTar xa6rm4aprr cLIf,KrbI

MeAr4rIr{H anblK (o cbIMIrI€u ap Aa KonAaHyf a 6 ola4lt eKeH'

Kap6orccuJrar QyurcqnoHaJrAbrK TorITapbI 6ap aKpI{Jl KbIurKbIJrbIHa

Heri:4e;l1eH rr.tAporeJrbAep - 6yn n{ApofenbAep aKpnn t{bllxKblnblua Heri:4eJlreH

l,iAporenb KypbrnbrMbrHa rap6orczlar ronrapblH eurisy apKblnbl aJIbIHarbIH

fr{Apofenb.
N,N-46Merr4Jr aKpLrnaMpra @MA) N(eHe aKpkIn \bIIxKbInbI (AAc) HeriginAeri

rra4pore64i corroJrzMepnep cor{rbl xblnAapbl 6iperefi 4acuerrepi MeH Aepi-

4epuercrep4i xerrisy, riHAix r4HXeHepLI.s )I(eHe KoplxaraH opraHbl KannblHa

renripy cu.f,r(rbr eprypni cananapAa eneyerri Kon4any apKblnbl aiiraplu4rafi uazap

ayAapraH " a4bul4bl " vtarepuanAap KJIacbI 6olrtn ra6rtlaArt.
Eyn cononprMepnep epxiH paAr4KanAbl rIoJII4Mepney e4icivren cl,lHTe3Aele4i,

MyHAa DMA )r(eHe AAc nrououepnepi N,N'-ueruteu6ucaKpI4JIaMZA (MBA)

HeMece orzJreHrJrr4KoJrb Ar{MeraKpI4JIarbI (EGDMA) crax4rrr riryuri
6afttasscrbrpyrxbr 'arenrinir{ KarbIcybIMeH conoJII'IMepnene4i. Alrruran



corroJruMepnep rr4Apo$r4nbAi rorrapbr 6ap yrrr onueuAi xeninix rqypuJlblMfa I4e,

onap Kon MorruepAe cyAbr ciqipe aJIaAbI, neruxeciHAe rlaAporeJlb nafi'Aa 6onaAu.

DMA x(eHe AAc uerisiHleri rrz4porenr4i conorll4MepnepAir{ MaqbI3AbI

aprbr(rxbrnbrKrapbrHbrr{ 6ipi-onap4rrrl pH peaKTI4BTi Kacraeri. Couolan'rep

KypbrnbrMr,rHAa AAc 6ipnir<repiHir{ 6onyu cynbl epirin4inepAe I4oHAaHyAbI

(aMraMaorr: ere4i, 6yn 4ereHinris iciny4iq pH cesivlral KacllerrepiHe er<eneai. pH

reMeH So.rrran Ke3Ae AAc rap6orcran KbIIxKbIJI ronrapbl nporoHAaHa[b\ 6yl
ron1rMep ri:6exrepi apacuHAarbr 3neKrpocrarl4KaJrbl( zrepinyre exele4i,

Heuaxecir{Ae rrrAporeJrb icineai. Kepicinrue, xorapbl pH rcesiule AAc rap6orcun

(brrxKbrn rorrrapbr nporoHAarrvafi, 6yr rap6orcular aHI4oHbIHbIr{ 3apflAblH

6efirapanraHAbrpyfa exeneAi xeHe fr4Aporenr r<iuripefie4i.

C onrrueu Karap, corroJrr4Mep rqypbIJIbIMbIHAa DMA Solyrt, repMopeaxrzeri

rcacrzeriu xurtururrr ere4i. DMA KoriAuprunapblHAa epirin4inir{ roltesri
Kpr{rr.rKanbrK reMrreparypacbr (TKET) rraMaMeH 24oC 6ola4sI, -IFHI4 cononl4Mep

ris6errepi TKET-uaH reMeH eyAaepLr4i x{eHe oAaH xorapbl epirvrefi4i' Ocruaftura,

DMA xoHe AAc nerisiHAeri rra4porenr4i conoJll4Mepnep repMopearrusri iciny

xeHe cbrrbiny Kaczeriu r<epcere4i.

Agua6uorlrK KocbrJrMaFaH (DMA-co-AAc) rl,IAporeni alrrtn craSuloxorr
6arcreputcbrHa (apcbr aftraplrr4rafi Karrbl 6encen4inir< KopcerKeH )KoK.

I'eurarr,tttql4HMeH, flrla alnru6uorl4KrreH XYKrenreH (DMA-co-AAc)

rprAporerr,4epi, aJrrbrH craQrznoxoKKrblr{ ocyin rexey (a6ineriH xopcerri' Arrafi'Aa,

.orron"r.pAeri DMA Moupnbr( (arbIHacbIHbII{ xorapblJlaybl coronHMePliq

aJrrbrH cra$ulor<oKKrbrH ecyin asafiry xa6ineriniq xorapblnaybrna ereleAi.

Tyracrafr arral1a,4epinir 3arrapAbl Nerr<isy (acl4errepi 6ap )Karla 4ayincis x{eHe

rzirtrli rrrAporenrgep4i eeipney4eri 6olauraK nepcreKrLrBalrap, ecipece

MeAHur{HanbrK xeHe rr4rr4eH€urbr( KonAaHy yurin nrr,rrpo64a Kapcbl rlonl{Mepnep MeH

rceAinrri l,lurpo64a (apcbr areHrrepAi 6ipnecin xerxisyAi 6onNafi ast 1441.

I(oprrrrrn A;;.;1afi KeJre, DMA )r(eHe AAc HeriginAeri ru4porenr4i

conorrr{Mepnep pH xene repMopearrueri Kacl4er KepcereAi, 6Ytt onapAbl Aepi-

4epuer<rep4i xerr<isy, rinAir< r4H)r(eHepvt xeHe KopIxaFaH opraHbl KalnblHa

rcenripy cpltl(rbl eprypni KolAas6anapra raMaura yvrirrep ere4i.

l.Z Arcplu corroJrnMepnepiu crrHTe3Aey egicrepiue uoJry: 6oc

paAuKaJrAbI peaKqlrfl

Eoc padurcandu nonuwepney: Arpzn vrononrepnepi peaKlllzqra )I(orapbl

axrpreriririuen XeHe 5oc paAIIKanAapAbII{ KarbIcybIMeH I(ocblny apKblnbl

ronrrMepneHyre oHafi yrurrpafiruu $yHxqzoHaJIAbI l{oc 6aimassc ro6rrurtr{

6onyrtueH curlarranaAbl.
Boc pa4uK€urAbr ririn ronr4Mepney rpoqeci - xa6lrHAapAbl, aKnaparrbl caKray

NyfienepiH, rrJreHKaJrapAbr xeHe acQepalrr( JII,IH3aJIap MeH 6zouarepl4anAapAbl

Koc a aJrf aHAa, 6 iprarap Ko cbIMIITaJI ap ra (onAaHbInaAbI.

Toprrrr rr4AporenbAep eAerre 6oc paguKanAbl rlonplMepney apKblnbl aJIbIHaAbI.

cor{rsr ytrt oHxbrJrAbrKra ra6urarsr, (ypaMbr xeHe 4acuemepi Sofirtnrua



epeKrrleneHeriH SipXarap rl4AporenbAep )I(ac€LnAbI. fu4porenbAep - rI'I4po$unrAi

roMo-HeMece corroJrr4MepnepAeH rYparblH epivrefirin, cy orxis6efiriH ropnbl

KypLInLIM4ap. Onap Srzove4I4III4HaIbIK KonAaH6atap yuriH onapAblr{ xorapbl cy

KypaMbr ueu ra6nru riure y(cac cepniv4i ra6nrarsrsa 6afil'aHblcrbl Ka)Ker.

Eoc paAr4KanAbr nonlrMepney e4icrepi rYpaKrbl reninAi nonl4Mepney

)KbrnAaMAbIFbIH aIIa oTbIpybIMeH, 6oc paAHKanAbI IIHIIIII4aTopnapMeH

r{Hrrrlr{pneneAi. AralraH 6oc paAI{K€UIA6I 1zHlatJ1aaTopnap ceyneneHy apKblnbl

6elceH4ipilce, MbIc€UIbI, 3neKTpoHAbI ceyne' MI4KpoTon(bIHAap, faMMa-ceynenep

HeMece xapbtK rypiH4e (ynrrpar<ynrin ceyJle' rcopiHeriH xapblK HeMece

zuepSu3brJlra Na4rrH), 5oc paAI4KarIAbI nonl,IMepneHyAi 6acrayAuH 6acKa

e4icrepi TepMuf,Jrbr( vHur\r4ar\vs. )KeHe rorblry-TorblKcbl3AaHy r4Hl/irlJ,awrfl'abr

6orun.a';::##::'''onroo.p'reHy 
uexairzgvrin yur Ke3errre 6onyre 6ora4n:

rrHr4rlr4pneuyi, ris6erriq ocyi xeHe ris6erriq aqKr€ulybr. I4uut\ua\vs' carblcblHAa

Goc pa4uxanAbr vilvrrJ.|lurop brAbrpan, 6oc paAuKanAap ryae4i. CoAan refiin 5yn 6oc

paAr,rKanAap MOHoMepMeH epeKerrecin, rig6exri pearqnqHbl ryAblpaAbl x<eue ocin

KeJre x(arKaH ronr4vrep ris6eriH 4ypafrlnr. Tis6exriq ecyi carblcblHAa ecin rele
)KarKag [onzMep ris6eri (ocbrMrxa MoHoMepMeH epexemece4i, HerI4]KeciHAe

.ris6eK oAaH Aa y3apaAu. Eyn rpoqecc 6apnrr4 MoHoMep xYMcanFanra 4eftiu

HeMece ro(Tary 
- 
aienrin (ocy ap4blnbl rlonnMepney roKrarblJlraHra aefiiu

x{aJrracaAbt. llonunrepney.ui To(Tary carblcblHAa ocin KeJIe )KarKaH nonrrMep

ris6erig 6oc pagwKaJtMeH epeKerreceriu xeHe ris6exri pearqnrHbl roKrararblH

roKrary areurin Kocy ap(brnbr ro\raryra 6otaAur.WHI4III4arop periH4e

rorbl4rblpylxbl areHrTep roSinece: avuosufi,rcatuit,uarpuit' nepoKcHA

cynrsarrapu KonAaHbInaAbI. flepcynlsar (nepoxco4zcynroar) cynbl

.piti"ain.pa. BvrHr4rr MoHoMepnepiniq nonrrMepnenyiniq vHvrr\vruroprr perin4e

tur"rrun. Teplrvxnbr4 brAbrpay resin4e rixenefi HeMece )I(aHaMa rYpAe risSerriq

ecyiH ryAbrparbrH paAprKanAbr r,roHAap naitl:a 6olras Ke3Ae repMolIHI'IIII4arop

p.tirg. xni 11olAurirnuArr. Tiilny npoqecine KerIceK, ririny - 5yl rl4AporenrAeri

xeKe nonlrMep ris6exrepi 6ip-6ipiuen Kocbrnbrrr, rr4AporenrAirl MexaHI'IKaJIbIK

6epirriri MeH rypaKrbrnbrrbrH aprrbrpa aJIarbIH YIu enuev4i rop,urt 4ypafirrrn

rpoqecc,
fn4porentAi 03apa riry npoqeci eprypni e4icreprteu' coHbIH lIxlHAe

$u:uxa,ru6, xr4Mr4rnbrK xeHe 6zorornq,rrrK e4icrepveu )I{Y3efe acblpblnybl

nrynrxiu. XH1,rvqm4 riryuri afeHr riry - fllApofeJlr4ep4i riryAe KonAaHbInarbIH eI{

KeF{ rapaJrraH e4icrep4iu 6ipi 6olrrn ra6ula4rt )KeHe nonl{Mepni ris6eKrepMeH

,p.n.ti..in, yur elureuAi ropAbr 4ypafiruu riryuri areurri KoJIAaHyAbI KaMrI'IAbI.

Tiryuri areHr perin4e xo6iuece, uerzren6vcaKpvnaruza (MBA) xolAaHbIrIaAbI.

)Itsnean conoilu,ryrepney adici (grafting polymerizution). Boc paAI'IKaJIAbI

ron[Mepney ap(brnbr rronnMepnepnepai xanray elici [onl4Mep xI4MI4-f,cbIHAa

reqiueH 3eprreneriu ra4rrprru 6olun ta6rtla4u. Byn e.4ic NalraHFaH ris6errep

/rerr re araJrarbrH nonr4Mep ris6exrepiH KoB€uleHrri 4ocy apKblnbl nonl'IMep HerisiH

o:repry4i KaMruAbr. Eoc paAuKanAbl noJll4Mepney - 6yl-evr6e6aurblrbl MeH

rniuAinir:;rte Safi,taHbrcrbr xanray apKblnbl rlonl{MepneHyMeH Otpre KoJIAaHbInarbIH

KeH rapanrau e4ic.



Boc paAr4KaJrAbr rronr{MepneyMeH )KaJIFan noJII4MepneHylHAe )KaJrfaHfaH

risbexrepli ,lonrrep neri:ine 6eriry yurin xaJlray aresri (onAaHblna4rr. Xanray

areHriuAe Herigri [onlrMepre Kocbrny yuriu peaKTI4BTi SyHxquoHanAbl rorl ]I(eHe

xaJrr.aHarrrH risbexrep yu-riH rroJrr,rMepleHeriu ron 6ap. PeaKIrHqHbI )KaJIFaFITaFI

ris6er<repAiq nonralrepnenyin 6acrayra r<a6inerri 6oc paALrKanAapAbI ryAblparblH

p aAr4KanA br ]aHI1lLlIIlUTOp ap(blnbl o acT€uIaAbI.

Eoc paAuKanAbl IIonIIMepneyMeH XaJIran [onl4MepneHylHlq

aprbr(rxbrnbrKrapbrHbrq 6ipi - aJrbrHraH rIonI4MepAiH Kaclaerrepiu perrey

r,,ryvr<iH4iri. XanraHraH ria6exrep4iq ysunAbIFbIH, (YpaMbIH x<eHe TIIFbI3AIIFrIH

6a4rgay apKbrnbr nonr4MepAir{ Kacnerrepin Ha(rbl KonAaHblcrr yruiH 6efiiu4eyre

donaari. Murr-ur, rn4po6unrAi xarraHraH ri:6er<rep4i enrisy nonl{MepAiq cyga

epiriurririn Na4capty"t *ytxin, al rv4poQo6rbl. x€UIraHraH ria6elcrep4i 4ocy

oHbrr{ MexaHI4KaJIbI( KacI'IeTTeplH X(aKCapTybI MYMKIH'

Cougueu Karap, 6oc paAIIKanAbI nonl'IMepneHy apKblnbl IIonI4MepJIepAi

)Kanrayra xeft6ip -.nt.yn.p 6up. Mecererepair{ 6ipi - eryAir{ )I(orapbl ruivrliniriHe

KoJr xerxisy, ofirreHi 6apnu6 xaJrray areurrepi [onnMep serigiuen ruiuli
epeKerr.ece a:rvafi4rr. CouuMeH Karap, xarltvcbl3 peaKIII4f,napAbIrI anAbIH aJIy

)r{eHe rronlrMepAir{ uaKrrr aHbrKr€urraH KypbInbIMbIHbII{ nait'Aa 6onyuu (aMTaMacbI3

ery yuriH peaKrlr4q xar4afilapbrH MyKrr{r 6a4ulay Ka)I(er.

xalnrr, 6oc paAr4KalAbr nonrrMepneHyMeH x{aJlran nonl'IMepney KYHAbI

Kacl.rerrep t 6ap 3aMalayv ronr.rMepni ruarepraanAapAbl cl4Hre3Aeyaiq Kyarmr eAici

6orrrn ra6gna4rr. Kefr6ip rxeKreynepre KapaM aeraH, 6yn recinaiq ena6e6anrurrt

ueH rniv4iniri osrr Marepr4anraHy ves 6uotueAl,IqllHaAa (onAaHyAblr{ Ker{ ayKbIMbI

yuriH raHbIMaJI rar{Aay ere4i.
XalrasraH conoJrlrMepnep - 6yr rapMaKT€uIFaH conoJlrlMep, oHAa oYulpnlK

ris6eKril{ KoMIIoHeHrrepi nerisri rig6erriq KoMIIoHeHrrepiueH KYpbInbIMAbIK

)KarbrHaH epeKlxeneneAi. Eyfiipnir ris6exrep4iq Kerr caHbl 6ap xaJrraHraH

co[on[Mepnep urexreyli )r(eHe rbrrbr3 KypbInbIMAapbIHbIH apKacblHAa Iqpr rep13A1

rcou$opna arJ71flra, [rarbrH MoneKynaJrbr( oJlttreMre ]I(eHe ri:6er<rep4iq yrurapblHAa

afiraprlrr4raft ecepnepre rqa6inerri [45]. XaJIraHraH corIoJII'IMepnepAi any e4ici

oHAafaH xbrnAap 6ofirr KonAaHbrnbrrr KeneAi. Bapnu4 ckIHTe3 e4iCrepiu xaJlfaHfaH

corrorrr4Mepn.palu x{aJrrrbr $zszrcanrr4 4acuerrepiH xacay yuriu KonAaHyra

6oraArr. Onap coKKbrra rosivr4i Marepr4an4ap yurin rrafiAatarrblnybl vryvrxin xeHe

rcodiHece rypaKrbr KocnaJrap HeMece Kopbrrrlanap xacay yruiu repMorlnacrl4KanblK

3JracroMepnep, rovnaru6I4nl43aTopnap HeMece sMyllbraropnap periH4e

nairgurartbrnaAbr [a6]. Oaerre, coronrrMeprep4i cuure3Aeyre apHaJIFaH )I(€Lnray

e4icrepi onapAbrrl foMorroJrr4nrepni aHaJlonapblHa KaparaH$a bIcrbIKKa rosivr4i

Marepl4aJlAapra erele4i 1471. CuuresAiH yur e4ici 6ap: nontt"rt'repze )rcatteay, ucaHe

nonuuepdeu ucaJtsay, nonllJ4epMeH ilca,ryeay apttbtnd [48]' Aralrau e4icrep

)KarFaHraH nonr4MepAi Nacay yniu (onAaHblnaArt. XalraHraH corloJll4Mepnep4i

cpiHre:4ey4iH KerrrereH recin4epi 6ap. Onap eAerre r<er{iueH (onAaHblnarblH

6apruauu:ra TaHbrc ronzMepney e4icrepin nafi,natattanb\ MbIcaJIbI' aToMAbIK

paAuKanAbr rroJrr4Mepney, caKI4HaHbI aIUarbIH Merare3l4cri nolul'tepney, aHI'IoHAbI

xeHe Karr{oHAbr rroJrr.rMepney xeHe 6oc pa4raraJlAbl rlonl4Mepney. llonuvrepneHyAiu

r<eil5ip 6acKa cr,rpeK res4ecerin rypnepiue pa!.vIaI\vfl.nbIl\ I4HAyKIII4flJIaHfaH



ronr,rMepn ey l4gl,ca(r4HaHbrr{ arxbrnyblMeH oneol4H MeTare3I4C inrIII uonuuepneHyi

[50], noJInKoHAeHcaIIr{t peaKqutnapbl [51], xeHe IaurzSeprepMeH

r4HAyKrIZrJrar{faH ronr4Mepney )r(araAu 1521. EHliri araJIFaH cprHresAil{ e4icrepiue

TOKTAJIA KETCCK.

"flonu,ntepae ucaJteay" - eAici ris6eK 6oftrtvren KesAeficoK TapanaTblH

Qyur<qHoHaJrAbr rottupi, 6ap nerigri ris6exri nafi4anany4rr KaMrI4AbI t53]'

xalraHraH conoJrr4*.plit{ rysinyi QynrqraoHanAbl serigri ron rreH peaKrzeri

rapMa(rapblHblFl coI{FbI ToIIrapbI apacblHAarbl XYnracy peaKII LIflebI neruxecinAe

niir,,u 6ona4rr. Eyr xyrrracy peaKlll4tnapbl nerisri ronrbll{ xI'IMZqrbIK

yo4raQnxarl7qcbrHbrq apKacbrHAa vrynr<in SolaAu t54]. ocbl colloJll4Mepnepai

.r"r.r4ay yruin KonAaHbInaTbIH XaJIIIbI peaKlluq MeXaHI43M4epine eprin

paAI{KanAbI IIonI4MepJIeHy' aHI4oHAbI IIonI4MepneHY,, aToMAbI TacbIMaJIAayMeH

paAI4KanAbI IIoJItIMepneHy )KeHe ripi nonravrepneny e4icrepi XaraAbI' lloluuepre

xanFay eAiciruen aJrbrHfaH conoJrr4Mepnep ro6inece aHI{oHAbI nonl4Mepney e4iciu

KonAaHaAri. Byn a1\c 6azasrbr( rroJrr4Mepaiu enerrpo$unrAi TonrapblHblr{ KocbIJIbIc

peaKrrr4rcbrH x(eHe aHr4oHAbr ripi nonnvepaiu re6ero aliuarlrH naliAalasa4n' Blur

.ai. peanrueri rorrapbr 6ap SazatrbrK roJII4MepAi xacauafi uyn'tris 6onuac eai' EYn

eAic xrur xr4MrrflcbrHbrr{ AaMybrMeH raHbrMaJr 6on4rr. llonuuepre )I(aJIray eAiciuen

rronlrMepney yurin aroMAbr TacbrManAayMeH KaTap urarporcz4ri paAIIK€LnAbI

6aftlasrrc xuMz.rrcbr Aen araJrarbrH xoFapbl onirra4i xI4MI4qrbIK peaKllu-f,

KOnAaHbInaAbI.
,,Ilonuuepdeu JrceJtsey" - e4icin4e MaKpoMoneKynanblK Her13r1

$ynr<quoHanAbIJIbIKrbI 6auayra fa6ilerri, 6encen4i afiuarqrap4u euriey

Mar(caIbIHAa xI4MI4flnbI( rypnen4ipine4i(vro gu$w\up'nene4i)' I1rYuguptreyrui

afeHTTep conoJu4Mepney r<esiHAe rronllMepfe KocbIJIybI, IIOJIIIMepneHfeHues r<efiin

peaKrlrflra Kocbrnybr HeMece ronr4MepAirl Sorriri 6olyu n'ryurcin. [54] Erep

,ronrt.p nerisi 6ofrrrnAa$r 6enceuAi areHTTep caHbl 6ip TapMaKrblr{ nafi'p1a

6oryuua Karbrcca, oHAa MaKpoMoneKynara erilreu ri:6exrepAir{ caHHu 6enceHAi

ri:6er<repAir{ canlrnren 6acKapyra 6ora4rr. ErilreH ris6emepAiu caHbIH 6a4rrnayra

6olartrs 6olca Aa, KurHeruKaJrbr( )KeHe cTepI4K€LnbIK ecepnepre 6afinaHblcTbl ep6ip

e rilres ri g 6 e rcri q y3brHAbrFbrHAa afi ltpuarublnblK 6 onyH vryvfl<in. [ 5 3 ]
"flonu-ntepney qpttbtJtbt " - MaKpoMoHoMep e4ici Aen Te aTaJIaTbIH IIOnI4Mepney

apKbrnEr x(anray i"u Sactrrra 6yliplir ris6exrep\ 6ap x€ulraH nonunaep4i

crntes4eyain .*{ oqail e4icrepiuirl 6ipi 6olnl ra6ltla4rr [5a] OAerre

MoneKynanbt( Maccagbl TOMSH MoHoMep aKpl4naTneH QyHxqHoHa'IIAaHraH

MaKpoMoHovrepiuen 6ocpaguKanAap xoueri ap(brnbr collorll4Mepnene4i. Monouep

MeH MaKpoMoHoMepAir{ MolqpnbrK KoHrIeHrpaIIIr.acbIHbII{ apaKarblHacbl' conAafi-aK

onapAbrH coronrrMepney eper<eri )KaIrraHFaH ris6errepAir{ .canrtn 
aurt4rafi4rt'

peaxunq xypin xarKaHAa, MoHoMep MeH MaKpoMoHoMepAltI KOHIIeHTpAI\vIfl'AbI

o:repe4i, 5y-n rapMaKrapAblF{ xesAeficoK opHanacyblHa xeHe rapMa(rapAblr{

eprypni 
"unor 

6ap NanraHraH corroJu,rMepnepiHilt nafi,AaSonylrHa erele4i. Byn e4ic

MaKpoMoneKyna MeH MoHoMepAir{ TepMr4HaJIAbIK Synr<qraoHanAblK ro6rrHrtrl

pear<rnnrinix KaTbIHacbIHa 6afilaurtcru rapMa4rapAbl 6iprexri eMec HeMece
^Siprexri 

Kocyra vyvr<in4ix 5epe4i [55]. XanrauyAltH rapanyblHAarbl



afigpiraarublJlblK xt€UIFaHFaH coIIoJII4nrepAiU QusHralul( KacueTrepine afiraplrr4tafi

ecep ereAi.

1.3 IlennroJro3aMeH MoAI{QnKaIIHqray
KenrereH cynepa6cop6eHTTep r<ypaeni oKolorllflrblK upo6nen'ranapAbl

ryAbrparbrn 1 00% vrynafi4aH €urbrHarbrH noJlllMepnep cI4sKrbI KaJITIbIHa KenMefi riH

pecypcrapAaH N(acanfaHAbrKTaH, OnapAbI sKOJIOfI{trJIbIK Ta3a AITMACTbIpfbII[TapMeH

aybrcrbrpy KepeK. Ta6urarr a afirapnsrKrafi (orxerilrAinirine, eH4ipicrir{ roMeH

KyHbrHa xeHe Szou4rrparbrrrrrbrrstrta 6afi,laHblcrbl IIeJInroJIo3a, KpaxM€uI x(eHe

xr4To3aH n.eHe r.6. cr,rr4ru ra6uu{ Marepr4€Ln,qapAaH aca ciqipriur lrareprraJlAapAbl

gafiuugay coI{FbI yaKblrra YnKeH KbI3bIFyIxbIJIbIK TyAbIpbIn orblp 156,57,58,591

Ayun uapyaIxbIJIbIrbIHAa KonAaHy yiliu 6uorqrtparbllurblt1 )K3He Xorapbl

iciny ia6ireri 
-crrHreruKanbr( 

ronr.rMepnepAi (MyH afi,-xurvrus, nerisiuAeri) ra6urra

nonnMepnepMeH 6ipixripy apKblnbl Kon xerxisyre Solarrtu er{ KYHAII

crrar.raManap Soltrn ra6srlaAu [60,61]. I-{en,rrolosa xofapsl MoneKynanbl(

canMaKrbr cbr3br4Tbr noJrucaxapu1 perin4e 6zoyfinecinrAinir, 6uou4uparbllrlrblK'

ynbr etrecrix, roMeH 6ara xeHe (aJrnbrHa r<enripy cI4.tI(TbI refi6ip epeKlxe

Kacr4errepre r4e er{ Kon rap€urraH rroJrr4caxapuA 6onrtl ra6rtla4rt 162'631. CoHrrlren

Karap, qennrcno3aHbrH "i luep iriruriri uremeyni xese p eaKrl,IBriniri reiuen, c e6 e6i

ris6ex 6ofir[rAaFbr rrrApoKc]rJr rorrapbr apacblHAarrt xyurri MoneKynaapanblK )I(eHe

M oneKyn ai urin ir cyre ri 6afi,tasstcTapbl' c ouqafi'- a( KpI4 cTanAbln bIKrbIH Aepexecl

*o.upu, 6o,rrrn xeneAi 164,65,66,67,68]. Ta6uru rer<ri qennrcno3a

HaHoKpr4crarrAapbr (cNC) )rceHe rIenJIIoJIo3a HaHorarIIUbIKrapbI (cNFs)

[onuMepnepMeH, uaHo6elureKTepMeH' IIIafbIH MOneKynaJIapMeH x{eHe

6uolorusnbrK Marepr4anAapMeu 6a4ruaHarblH epeKerrecy,qi (avrraMacbl3 ererin

)r(ofapbr 6epixrirre, xofapbr Serrix aylaHra )KeHe perTeneTin 6errir xI4MHqfa ue

l;,69,70]. Xoraptt apaKarblHacbl MeH Kp14cranAbl xeHe aMopQTbI qeJIJIroJl03a

afi*ariupsr 6ap rleJrnroro3a HaHoraJrrxbr(rapbl6ip-6ipivreH or{afi 6afilaHrrcaararbr

17Il. coHsruen Kar?.p, uaHosra6pr4nAep ronl4Mep MarprrqacblHAa xaKcbl

Ar4crrepgl4f,Hbl KaMTaMacbl3 eretiu, cyreri 6aimausCTapbl apKblnbl KocbIJIraH

repKonrUr4fl.IIa1raHxerriHi r<ypafirgH HaHooJIIleMAi MoneKynanap apacblHAa o3apa

epeKerrecynepai Kypa aJraAbr. Ocuraftura, IIeJIJIroJIo3a rybIHAbInapbIHbIH Kocblnybl

xyruri apMarypa, 
^c"prrinoainix 

tro4yniniq xeHe MexaHI4KaJIbI( 4aclaerrepiniq

afitaprrur(tafi )I(oFapblnaybl cI4qKrbI cynepa6cop6eHrrepAir{ xefi6ip YnKeH

aprbrKrublnblKrapblH Kepcere4i, 6yn rou Synrqu-flrbl ore ciqipriur uarepuanAapAbl

xacayra exeneAi 172,73-751 I(yparurtrla CNFs )I(eHe rlonl4aKpl4n (brrxKblJrbl cLItKrbI

ore ciqipri- ,rorrrnrepnep Oup ry".pcit{ipriu KoMno3I4IIr4s' aJrrartt per nareH:rrenAi

1161.



1.3 Ile,urcJro3a MuKporaJrurbtKTapblH aJry

Kap6orccunAeHreH lleJrrllono3a HaHoKpt'IcranAapbl (CNCs-COOH) eprypni

6err<i Kaclrelrepre Kon Nerrisy yuriH xI4MrrflJIbIK rYpnep4i ery4i xer{ilAererin

rap6orcrar rorrrapbrHbt{ peaKrr4Bri 6erine vre 1771, [78], oculafiura oJIapAbI

(onAaHy eneyerin rcer{efireAi. Conrtuen Karap, rap6orcular roSrr eprypni

xr4Mr4.rrJrbrK TypnepMeH KOrrTefeH iI{oJIAapMeH epeKeTTec e allalibI, MbIcaJIbI' Cyreri

5art.lrawsrcl;^, 3neKrpocraruKanbl( o3apa epeKerrecy U9l, yfilecripy o3apa

sper<errecyi. Traicinrue, CNCs-COOH saso6olurexrepAi HeMece ynrire

ueris4e.nreu rn1pugri HaHoKoMno3l4rrepAi ary yruin 6elceuAi aftruaKrap4rr

KaMraMacbr3 ere anaAbr [80], 6errix nao4zszr<a\vrflnap [81]' conAaft-aK

a4cop6eHrrep/QnoKKyntHrrap t82]. CouHiraeu (arap, CNCs-COOH raMalxa

repMI4{nbIK rypaKrbIJIbIKrbI KopcereAi [83]. ConArr(rau CNCs -COOH any xeHe

KOnAaHy coFIfbI )KbInAapbI YnKeH Ha3ap ayAapAbl'

EyriHri KyHre lefiiH CNCs-COOH 2, 2,6, 6 mempetwemurnunepuduu- I -orccun

padurcinut (7.EMpO) - apttbmd momdsy [84], nepl4oAar-xnopqr rortryu [85],
rys/asor (brrx4brnbrHbrr{ rr4Aponr,r3i [86], luuou/rzApoxnop KbIIUKbInbIHbIH

.z4ponz:i , ruuoH/ry3 (brrrrKbrnblHblH rI{AponLI3i xene APS rorblrybl [87].

Onapauu iurin4e TEMPO apKbrnbr rorbrry er{ KorI (onAaHbIJIarbIH eAic 6olun
.ra6rnaln. TEMpO eAicivren CNCs -COOH any yuriH rorblry carblcblHan refiin

Kbrru(brn rprAponr.r3i seuece oHaeyai (axer ereAi. CouArr(ran 6Yn (arar{

xrrMlrqJibrK 3a'rrapAbl KoJIAaHy1brranau ereriH Y3a( npoqec [88].
Afira Kery Kepex, APS rorbrry e4iciniq exi eperrue aprbIKIIrbIJIbIFbI 6ap: 1) Kaina

4aftgn4ay upoqeci enAe(afiAa xeqil, ofirreni APS nzrnuugi, reMI4IIenJIroiIo3aHbI

)r(eHe 6acxa aa ocivrAiK KoMnoHeHrrepiH 5ip ya4rrrra xolo ap(blnbl CNCs-COOH

rir<elefi rrerrrtonosa urxigarbrHaH ou4ipe anaAbl [89] 2) xefrinri or{Aey npoqeci

elAeKaftAa xer{il. gNoy xeHe 6ac6anap xa6aplaraH KMnO4 rorblr}rt eAiciuen

afir,rpvaurbrJlbrrbr [90], oH4aa:lpawfl xoveriueH Mn2* LIoHbIH )I(orc Ka)Ker, air 6yn

eAicre cycneH3r4qHbr rleHrpzQyranay apKblnbl I4oHcbI3AaHAbIpbInran cyvren [91]
)Kyy Neixinixri. Conrrueu (arap, APS rorblry eAicinren or{Aey seruxeciuAe

arrbrHraH CNCs-COOH sapx4rbrrl xoFapbr rbrFbr3AblrblH KopcereAil92]. Oxiniuffe

opafi,, y3aK ya(brrrbr (a)r(er ereriH peaKIII4t (16 - 24 canr) rarbl ApS-riq rcon

nrerurepiu r€ular ereAi (10 r qennroJlozara 228,01 r APS) 6yn elicriq KYHIIH'

ayKbrMAbr (onAaHy yurin ere )Korapbl ereAi [93]. .Il,ereuueu, rtyn4afr oHail

vacrura6raJrarbrH recil KoMMeprIHrnbIK ryprblAaH YcbIHa anaAbl. KounaepUuf,nblK

rypFbrAaH ruiu4i 6onyu yuriH elicri rnro4raQur<alJvrflIrayAbr r€ular ere4i. Eipa4 ra

na6oparopr4rnbrK xargrafi.Aa ocbr npoqecc 4onafilrr, 6acrucrr or{afr )KeHe er{

Sapanafirtu 6oluu xeneAi.



2 TOXTIPIIEEJIIK EEJIIM
2.1 BacrarlKbl 3arrapAblH curlarraMaJrapbl

N,N-AnverLIrIaKpI4naMI4A (DMA) (99yo, CAS 110-26-9) from Sigma-Aldrich

(Heidelberg, Germany) xovrnanr4rcblHblH eninai. (Tr<afi.80-81"C ll2xrw. cbIHarI

SaranacrrH&H llp2e: f .47 3).

HeC.---*
,.u 

-CHs
I

CHs
Arpnr KbIIIIKbInbI (AK) (CAS 79-I'0-7) Acros Organics (Geel, Belgium)

cpr,rpvracrrHuq enivi. ra3aJlblrbt 99,5%o. KocbIMIUa ra3anaycbl3 (onAaHbInAbI.

(T6u; 
".:3 

0 0'3 K/4r<lIA, np20: 1,4222; T,iar" : 4 | 4Kl l0 1 xlIA, no20: 1,4224).

Avnouzfi nepcynrQ arct (98o/o, APS, CAS 7727 -54-0) uuwluarop periu4e

KonAaHbrnaAu (rrrrbr3Abrrbr 1,98 r/cna3, uoleryJlanblK Maccacbl 228,18 r/lronr).

Sigma-Aldrich (Heidelberg, Germany) -rurq onilti. I(ocuuura ra3ilnaycbl3

KOJ'IAaHbIJU-(bl'
o

NHz' \ O

/'.",
o1,' \

U-U
'r,,.4o

/J/- \
o - ,o NHo.

N,N-rr,rerra neH-6va-aKpI4naMLIA (EAA) (99o/o, CAS 110-26-9) riryuri areHr

periu4e KonAaHbrrra4u. Sigma-Aldrich (Heidelberg, Germany) SzpruacblHblr{ enivri

(rur."r.4"r."r 1,138 r/cn3, MoneKynaJIbIK Maccacbl 154,18 r/vronr)' KocbIMIrIa

Ta3aJr aYc bI3 Ko JI.[aHbInAbL

r*l 
-'--N

tlt t"lr



Op rypni eprin4inip epriu4i AafiunAay IxaprrapblHa cellrec opbIHAanAbI'

Oprauzranu4 epirr<iurrepli Tasanay (err,rn allerarbl, 3TI4JI cnnpri) craHAaprrbl

eAicreuelepre cefirec xypri:in4i.
Msrc (II) ry:rr (CuSO+), NaOH CIJ3COOH xeue arapr4bllx YHraK ( ) ocu

peaKrr{BrenrepAeH AaftssraJrarblH epriH4inep craHAaprKa cafi xeleAi.

Arira arlt oSulrrcrtH.{a o cKeH KaMbIc KonAaHbInaAbI.

2.2 \eurrcJro3a H bI u )I(oHe coroJr It Mep"rrepaiu cu Hresi

IIoLr H (DMA-co-AAc) rr.r4po ren s4ep iu i q c u ure: i. N,N-rulMerl{naKp vrnaMrl-

(/lMA) neu Ar<plzn Kbrru(blnrr (AIO MoHoMepnepi uerisiHAe epriu4i4e, 3arrbl(

14Hr4qr4pneHy ap4brnbr cyAa iciHerin conoIII4Mepnep cunres4elin anbIHAbI.

Vwugupleylri areHr perin4e nepcynrsar aMMoHrafi, riryni aresr periH4e N,N-

Merr4rreH- Svtc-axpunaMr4A KonAaHblnau. AMA naen AI( MoHoMepnepiniq eprypni

apa KarbIHacbIHAa (EMKIDMA - AAc]) 30-70; 50-50; 70-30 wtotr-o/o rrrAporenAep

cr4HTe3Aelin allru4u. CosuveH 6ipre, roMorIoJII4Mep nonzaKpl4n KEIIUKbInbIAa

cuHresAel/Ii. CraHres4eyAiu oqrali.rnt napaveripnepin aHbIKray Ma(carblHAa

ya(brrKa, riryuri areHrrir{ monlrepine xeHe cl4Hre3Aeny opracrrna (epirriruxe)

6afirasrtcrbl ep rypni rI4AporeJIAep cl4HTesAerir €uIbIHAbI.

I{e,rn roro3a MrrKporaJrIrrbIKTapbIH aJIy

I_{e:urclo:a MuKporanrxbrKrapbrH any 6ipueure carblnapMeH opbIHAanAbI.

AlAsrveu yca(TaJrraH KaMbrcrur (1,5 vtvt [IaMacblHga) l,rexaHrrKanblK (ocnanapblH

(ruaq, ronr,rpa4) xeHe opraHr,rKanbr( 3KcrpaxrinepiH xolo yurin l:aarvn!eHreH
cyMeH 60'C'reMneparypala 6ip 4anunrbr apanacrblpblnblrl )KybInaAbI xeHe cyMeH

ra3aprbrrrbrrr cy:ile4i. Eyn npoqec 6ipueure per 4afiralana4rt. Conas xefiiH,
.ra3aprbrnraH KaMbrcrbrr{ (axerri Maccacbl cinriuen eHAey npoqeciHe xiSepine4i.

Cin'rivren oF{Aey npoqeciu4e, cinriniq KaNerri ruenurepi apanacrblprruneH

Na64gxrarrFarr yrx voftrru4rt ror6a4a cilri epriH4ici (nrac. 4% NaOH

(ca,'rv/xo-rrey) MeH Ta3ap'rbrJrraH (aMblc 2 carar apanaeal;l llpoqecriq xYpy

yaKbrrbr 2 carar. Cinrinix oHAeyAeH reftiu, cysinin AucrepneHreH cyMeH ronblK

urafru:6rl xybrnaAbr. Kefi.qe ocbl or{Aey upoqecin SipHerue per 4afrralan
xafiraravra 5ola.utr.



cyper 1. I(avrrcraH rlennrcJro3a raJIIxbIFbIH any npoqeci

Cinrinix or{AeyleH erKeH rlenn}oJlo3a ranrrlblKTapblHa arapry npoqeciH

xypri:etri:. Byir rpoqecreAe YIx tuofirtH4rr xo,'I6aAa apanacTblpa oTblpbln

xyprisineai. AiaprKbrrrr epriu4iniH (axerri ruolurepi rlerurono3a r€ulrrlurbt 6ap

nonSu.u xyfirrnrrn 6ip KaJrbrrrrbl apanaca$l;r. AraprannaH xefiin cyMeH

ra3aprbrnaAbr xeHe 6ipHeure arrra 6oirsr Avranrzr:,1eneAi. Ocu upouecrir{ )Irypy

Saprrcrr 6 cyperre xoPcerilreu.
Ilellrolosa HaHoKpncraJrAapbrH aJIy. I-{erurolo:a HaHoKpI'IcranAapbIH

aJryAbrrl dipuene e4ic.repi 5ap erceui eee6i uonyAa (apacrblpblJlraH. OnapArrH

KbrruKbrJIAbIK rorblKrblpy, TEMPo-oxidized xeHe an'tuosufi nepcynrSarblMeH

(ApS) rorbr(rbrpy npoqeci Mar{br3Abl 6onrtu raSrtla4rt. Pearqu,fiHblr{ aaa

4apanaft gMAbrnbrFbrMeH N(eHe KocbrMrxa npoqecrep4i (rvrlrcaJlbl : Ta3anay upoqeci)

TaJra[ ernefiriuiH ecKepe orbrpbrrr, na6oparopr4.snblK 6arrtrra HaHoKpI4craJIJr

qennlono3a any2la er<inuri elicri KonAaHyAbI urerurir. BactalKrr 3ar:lap,

L{erurolosa : APS [10 r : 228 r] KarrruacblHAa aJIbIHAbI . [oHrenerc rynri xon6aAa

I r qenlrono3a r{eHe 22,8 r APS KarbrcyblMen 400C reMrleparypa$a, unrenczsri

apanacyMeu, 10 carar 5ofin xyprisin4i.

NCC-Poly(DMAA-co-AAc) rr{AporeJn4epiHiq cnHresi. DMAA }I(eHe AAc

nerisiHAeri ru.r4pore"nr 50/506oraruu apa KarblHacra (BMK(50/50 vrol.%)) (50:50)

KarbrHacblMeH cyAa 6oc paAr4KanAbr noJrl,IMepney eaici KonAaHblnbrfi, pa4vrKanAbl

r4Hr4rluarop perin4e avuosprfi nepcynr$arblHblr{ KarblcyblMen (APS) : I x lQ-z \z[

)r(eHe riryrui 6ailtasscrbrpyrubr areHr periu4e N,N'-ueulJIeH 6Iac (axpralauu4) :
0,1 uolr. 0/o naolruepin4e aJrbrHbrrr peaKIII4.anbI( oprara KocbIJIArt. MouoMepnep

Kocnacbl 711€UIII6I ronevrsiq 30% r<ypafi'1st, (Vro"o*.pn.p:1,5 MI epirr<iur opTaHbII{

rcorevi V.y:3,5 ul.
peaxqu.x.rrbr1q Kocnacrr 6ap repMerl4Kanbl( xaSulraH ITIbIHsI avnynaHrr (20

nrunyr) ya(brrra 60 o C renaneparypaAaFbl cy MoHIrIacbIHa opHanacrblpblnAbl.

llolra(DMAA-co-AAc)-Cellulose ru4porerrbAepiniH cunresi yruin 4ocltuura 1 un

(l,I 4% -IJerIrIroJI 03 a) ep irinai ci Ko c ulArt.
Albluran fr4ApofeJrbAep cbrHaM€urapblH peaKr\vrflfa TYcnereH MoHOMepnepAeH

ra3apry yurin 10 ryn 6ofirr ra3aprbrnfaH cyMeH x(ybIJIAbI.

2.3 3eplreyain {ns nna-xnMI'lrJrblK eqicrepi
Cnures4err aJrbrHraH conoJrr4Mepre cl4narraMa 6epy, (acl4errepin aHrr4ray

MaKcarbrHAa eprypni xasUpri 3aMaHrbr 3eprrey e4icrepinreH ranAay N(acaJIAbI.

I4H$pa4irsgn cneKrpnep (ZK-cuexrpnep) eaici (Alpa <Platinum ATR))

(AKill)) ey1aicinerin corlorll4MepAit{ (YpnbIcbIH, Iq:p bIH aHblKray4a

KonAaHbrnAnr. Cuexpnep 500-4000cu-r 4uala3oHblHA
flolrauep4eri 4ypraK 3arrblr{ MaccacblH ynrin Maccara lefiin

xenripreuuen r<efiis enuefiAi. fenrleri rqypraK 3arrapAblrl Maccacbl BaKyyMAbIK

rreure rypaKrbr carrMaKKa lefiiH reuripinreHHeH refiin aHbIKrarIAu. Iciny 4epexeci

6ipueure napaJrJrenr4i er<cuepr4MeHrrepAe aHbI(r€LJIAbr. frl4porenr4epAiU relle-

reqlirri iciuy 4epeNeciH aHbrKray yurin ronr4MepAirl caJIMaKrbI rraonrlrepin



epirxiurre rerre-reH ixri iciny KanbrnracKaHra aefiin ycr€uIbIHFaH rerle-reHairri

i ciuy 4epexe ciH MbIHa $ opvryna 6 ofi rtnura aHbIKr€uIbIHAbI :

Ttl-TllO(f,-.
TtLg

(2.r)

MyHAarbr o - feJlbAiq rene-reHAiK iciny Aepe)Keci,

m - 6ip (aJrbrrrrbr icinren ilonr,rMep ynriciniq Macc cbl,

mo- $praK KenKeH 3aTTbII{ c€ulMarbl'

fe:6 (G) xeHe 3orrb (S) QpaxUr4flnapbrHbn{ IxbIrbIMbI MbIHa Soprnlynanap 6ofirruura

ecenrenai:

G:&.100% S:100-G
mc

MyH4aru:
S - som IrIbIFbIHbI, 1TI0 - IqYpra( YnrlHlrl ciLlMaFbI' r;
mc - cI{HTe3AeJIreH ynriniq caJIMaFbI' f.
firily 4epexeci MbrHa $opvryna 6ofiunrua ecenrele4i:

1T-J--
(s+sz1

2.4 AurudarcrePunJlbI K cblHaKTaP

MoHovepnepAirl eprypni apa KarbIHacbIHAa cI4Hre3AeJIreH Poly(DMA-AAc)

x{eHe NCC- foly(DMA-AAc) rzAporenr4epiniq larcrepunHbr xrorc )KeHe 4epinix

3arrbr racbrMarAay rra6ineriH 4opexrir< arap Al4QQy:uanrr( eAicneu seprren4i.

cnHresaerin aJrbrHFaHHaH r<efiin fr,lApofeJlAep peaKllrrf,Fa rYcnefi K€LnfaH

MoHoMep:repai )Koro yurin rrrAporenbAepAi 6ipHeure arlra 6oftu Al4crrrnAeHreH

cyMeH xybrnaAbr. fraaverpi 7-8 MM x{eHe 6zir<riri 1 unr 4zcxinep AafirrnAanaAbl.

fn4porell 4racr<inepi naxyyu4u4 nerrre Sonue reMneparypacblHAa rYpa(rbl

uaciara aefiin r<enripli. TonrrK KerrKeH rrrAporenr ynrinepi Kaxerri MonrxepAeri

cyFa xeHe Kaxerri 4epinir 3arrbrr{ eprin4icine (qznpo$roKcaql4HHblr{

epriHaiciu4e) racrana4rr. Bapnbr( ynfinep 6onnre reMneparypacblHla 24 cafar

6ofiu caKranAbr. fra4porenrAi 4zcrirep (axerri epirin4inepai ciuipin, xyn'rcaq

niruiHin caKrafiAut.
Ei: urzxpoopraHr43sru periH4e rpaM oq (GP) 6arreprar Solrtn ra6ularrtH

Staphylococcus aureus -rbr raq.(aAbrK. GP 6arrepllfnapbl (€uIbII{ nenrI4AorJIr{KaH

xa6irrrna Safi.nanscrbr Kpr,rcrarrAbr r<ynriu rycKe 6oalyrr uynar<iH. Kepiciuure, rpaM

repic (GN) SarcrepuxnapAbr Kbr3brn HeMece KII3FrIJIT rYcrepMeH 6oryra 5ola4rr.
^ 

AMA-AK iraapoieriniq asrz6arrepr,rf,nblK cblHaKrapbl rpaM oH (GP)

MprKpoopraHlr3M (ATCC 6538-p Staphylococcus aureus) )KeHe rpaM repic (GN)

Mr4KpoopraHh3MAe (E. coli (ATCC 25922)) Ancxilix an$$y:nqnblK eAic uerisinAe

Nyprisi,r4i.
I(opexrix arapAbrr{ KypaMbr (Staphylococcus aureus yruiH) reneciAefr 6on4u (r

/ n): er cbrpbrHAbrcbr - 1,5;NaCl - 5, atultrKbl cbIrbIHAbIcbI - 1,5; nerlroH - 5, arap -

15,0; opraHbrrl pH7,4-7,6. Ocrr MrrKpoopraHl43brMre xacaJIFaH cblHaKrap 37 "C



reMneparypaHbl rYpaKrbl YcraII rYparblH repMocraTTa 24 XeHe 48 carat yaKbIT

iruinae xyprisin4i. rytn-Al( rrzaporenbAep4iq rvrvr<po6(a r<apabl 6encenAiniri

onapAbrr{ Mr4KpoopraHr43MAepaiq ocyin rexefiris afiam rapblHblr{ 4raavrerpiu (MM)

onuey apKblnbl aHbIKTanAbI.



3 HeruxeJrep ?KeHe oJrapAbl raJrAay

3.1 NrN-Aurvrerr{JraKpr{JraMrrA }r€He aKpI{Jr KbIIITKbIJTbI nerisiHAeri

rr{AporeJr4epaiu ?ltoHe NCC-poly(DMA) riri.nren nonuvrepinirl {usuna-
xrMuqr btK Kacl{errepin 3eprrey.

3D o:rurevr4i ropnbr KypnbrMAbr noJrrznrepnix fl4Apofen4ep osiniq rauarua

Kacr4errepitren ,.pit.y-inepre epeKlxe KbI3bIryIxbInbI( raHblryAa' Byn

MarepuaJrAap o3Aepiniq 6aralrr (acrrerrepiuen MeAI,IIII4Haga, 6uo rexHororl'lsAa'

oneKTpoH v1a, aybrrr uapyarxbrJrbrrblHAa, 3KoJIorI4flnbIK MeceJIeJIep4i IreruyAe raFbl

6acKa-1qaNerri calanapAa Ker{ KonAaHbrcKa rae. Cy.urr ogine KoII MeJIIrIepAe ca(Tarr'

I(axerri xarAafiAa Kafrra rxbrrapa aJIarbIH rlonr'IMepnepre Ke[TereH ranblMAap

3eprrey xyMbrcrapbrH xyprisreHiNaeH TrIJIrIM MeH TexHLIKaHbIr{ AaMybIHa, xaqa

KonaaHbrc caJracbtHbl{ ra6ruybrHa xeHe ocbl rloJlllMepnepre AereH cYpaHblcrblr{

aprybrHa 6afiraurrcru rrrAporen4ep4i 3eprrey KYH repriSinen rYcKeH xoK.

CoHArrKraH ocbr nonr{Mepnepai eni Ae repeH 3eprrey, 3epAeney 6yrinri 3aMaHHbIH

rala6rr. N, N - Ar4MervrJraKpr4JraMraA nerisinAeri corloJll4Mepnir ru4porenAepAe

cyAbr KorI MoJIIrrepAe caKrafi aJIaTbIH (aczerivreH epeKrueleHeAi'

N, N - ArrMerr4naKpr4naMzl (AMA) nen aKpl4n (bIIxKbInbI (AK) uoHoruepnepi

uerisiHAe|i rl4ApofenAep cynbl opraAa, vI1I4Fpneyuri areHT aruuonzfi

nepcynrs arrbrr{ reH riryuri areHr N,N-ueruleu-6uc- aKpI'InaMr{ATbIrI \arblcblHAa

*oro*.piepaiq ep rypni apa KarbrHacbrHAa (30-70 (M1); 50-50 (M3); 70-30 (M5)

ruon.%) cI,IHTe3Aeliu alrtu4rt.
'faHAa[ aJrbrHfaH clrHTe3Aeny yaKbITbIHa )I(eHe Tlfylxl afeHTTlr{ oHTaI4iIbI

vonurepiue nerisAerin cr4Hre3AeJrreH AMA-AK rl4Aporeni \,ren ronlla(pl4n

KblrxKblJrbr caJrbrcrbrpa 3eprrenli. Yru erureuAi conoluvrepAi c[Hre3AeyAiu 6acrrt

3aF{AblnblKrapbt aonu-ran, $paxqrax TanAaybl XeHe rpaBHMeTpI4t e4icrepivren

rarrAay xacarrAbr. 3 xecre4e 6acrau(rr AMA-AI( couonl4Mep veH flolraAl(-uur1

rerrb-3onb Sparqrar rrrbrrbrMbr x{eHe rl4Aporenr4ep4ir{ ayfta 6ip4anunrrr iciny

4epexeci r<epcerilren. Myu4a corroJrr4Mep MeH roMorloJlllMepnep yuriu feJIb-3oJIb

Spaxqr.rx rrrbrrbrMbr )KeHe ririny 4epexeciniH Ir,lenAepi 6ip 6ipine xaKbIH (r<apaftnac)

.nerin Kopyre 6onaArr. EYn czHre3AeJly napavrerpnepi 6ipaefi 6olyrtHaH

(Kocrurarun-TA uoluepi, ctrHTe3 yaKbrrbr )KeHe cr,rHTe3AeJIy 3ar{Ablnrr4raprr r.6).

AMA-AK rnlporeninii iciny xr4brpbrny KrrHerl,lKacbr rpaBl4Merpl,Iqnbll( eAic

apKbrnbr roMorroJrr{nrepiuen caJrblcrblpa seprren4i. 2 Cyperre AMA-AK
tvroHoMepnepiHiq eprypni apa KaTbIHacbIHAa cuHre3Aelin alrtHraH fl4AporeJlb MeH

.oro.ronrruipaiu cynbr opraAarbr iciny Kacl4errepi ropceriJlreH. fr'r4porel4ep

6acranKsrAa re:ipex iciuin, exi rey,rircxreH xeftin iciHy 6axytan rYpaKraHa

6acrah,rstHbtH Kopyre 6ola4u. [MA-AI( rz4poreniniq cynbl opraAarbl eq xoFapbl

iciHy 4epeNecin 6acrar(br MoHoMep KypaMbIHAarbI ,,{MA-Huq vronruepi 50%

6ola6ru rlrAporenr (M3) KopcereriHi aurr4r€LrlAbl. Byn rIz4porerlAepAiq SapnHrH

dipaefi xarAafiAa cr4Hre3AenceAe MoHoMepnep4ir{ ra6urarrrsa 6afitaHblcrbl ep

rypri iciny 4epexeciH Kopcerri. llonrzaKpun(bllxKblnblHblH iciny 4epexeci osiHir{

.o[onrt.piue 4aparaHAa roMeH. Bacran4u MoHoMepnix aypaMblHAa IMA-HuU
ruoriurepi 30% (M1) )r(eHe 70% (M5) 6onartrn ynrinep.Ui calrrcrupraHAa' nonl{Mep

KypaMbrHAarbr AK-nrrH yneci aprybrHa 6afilanrtcmt iciHy 4epexecinirl



roMeHAeftrin4irin Kopyre 6olaArr. Bynap.UrrU iciHy KacklerTepi rovro

rronnMepAirine (IIAK) rqapafi, yMrbIrIarbIHbIH Kopyre 6olaAu. Eq xorapu iciny

4.p.r*.riH KopcerKeH rl4Aporen4iq (M3) KYpraK xesAeri 4uauerpi Svtu 6olca,

icinreH Ke3Ae 63nlv lefiin YlIFaf,AbI (3 cyper).

Kecre 1 - AMA-AI( cononnnreplepiniH relr-3oJrb Spaxqzr IrrbIFbIMbI, ririny iciny

xeclAe

Js CononHvrep
EMK IIMA-AKI

G S J cr (in water)

M1 30-70 68 2.295 165

M3 50-50 34 67 2.31r 270

M5 70-30
aa
JJ 67 2.311 180

polyAAc 100 34 66 Z.J J 105

hvail*)|t
lYtt

ssAt{ril
H:tp
2,n

50 60 70 9r)

Time (h)

BMK [AMA-AK]: 30-70 (M1); s0-s0 (M3); 70-30 (Ms) xeHe |IAK

Cyper 2 - AMA-AI( xene uonr,rAl( D{Aporeniniq iciHy KI4HerI4KacbI

I {f{l



Kenreu rl4Aporenr (a);
d:8utr,t

Iciuren rl4Aporent (6);
d:63vrv

Cype.r 3 - KenxeH (4ypra4) xeue icinreir (B) AMA-AK ruaporeninir{ cyperi

Tirinreu conoJrr4Mepnep4i cr,rHre3AeyAe er{ Mar{bI3AbI napaMerpnepaiu 6ipi

cr4Hre3Aeny ya4brrbr xoHe ririyrui areHr vronruepi ereui 6enrini. Erep rrz4poren4i

czHre3AeyAe riryrui arenirriH ruonruepi r<on Solran xargair.Sa. Karrbl ririnin
KypaMbrHa epirxinrrir{ agAaraH MorllxepiH raHa ycran rYpa ana1br. BYr 6isdq
epiiuaiHi racbrMarrAayrxbrcbr perin4e (onAaHblnarblH rlonl4Meprrep yurin rr4iNrcis.

Al ocr,r riryuri 3arrapA6rq as 6onybr rlrAporen4iq cl4peK TopnaHybIna, epirrirurepai
Kon MonrxepAe ciqipreHiueu, KonAaHy xaFbIHaH osinAix KI4rIHArIKTapAIIH

ryuu4aii6rHrr 6elrini. ConAbr(raH riryuri aresrrir{ or{rafilu uolurepiH raHAan

any epeKrue MaHbr3ra ve. AMA-AK rr4AporeniH craHres4ey r<esin4e riryuri aresr

periH4e N,N-nreru tes-6uc-aKpr4naMnA nafr7atanblJlAbl. Tiryrui areurrir{ 3 rypni

KonueHrpaur4rrcbrHAa (0,05 (a); 0.1(b) Nene 0,3 (c) Morlb. %) AMA noHovepiHiq

vronruepi 50o/o SorcLrstr (M3) rr.rAporenAep cl4Hres4elin, onapAblr{ cynbl opraAarbl

iciuy qa6ineri rpaBr{Merpr,rf,nbrK eAic ap(blnbl seprren4i. 4 cyperre

xopcerinren4efi, rr4AporenAir{ rqpaMbIHAaFbI riryuri areurriq ruonruepi re6ipex

6olrau4a (5a cyper) cy4arlr iciuy 4epexeci 6acKa xar4afilapMeH carlblcrblpraHAa

roMeH 6orargHrru (a:128rlr), renr Sparcqzr IrrbIrbIMbI aa (G:17 ,42) as 6oraruHrr

aHbrKranAbr. Eyn AIVIA-AK rr4Aporeniniq xzu ririnyi cyAblq renbre euyiue,
.ropAbrH xeqeroiue re4epri r<enripyiues. Al AMA-AK rl4Aporeniniq aypaMblHAa

riryrui areHrriq vronurepi a3 xarAafi,rc (56 cyper) rerlb-3oJlb Spaxqux IrrbIFbIMbI

(G:46,68) x<eue cyAarbr iciHy 4epeNeci (a:387rlr) Noraptr 6olrauuueH, ferlb

cyAbr\ Korr Monrrepin 4a6uJrAarr, osiHiq rypaKrbl $opnracrrH ca4rafi atnvrcfi' or{ail

orrbrpbrnyra 5efrin xeneAi. Byl nafi4anaHyra (oraficrrsAblKrap ryAblpaAbl. AMA-
AK ririlreu colo.unvepiH cr4Hre3AeyAir{ er{ rnna4i xar4afirt Aen renb

KypaMbrHAarbr TA naonurepi O,lrraom. o/o 6otarblH cl4HresAi ecenreyre 5ola4n.

Myu4a re,rAir{ iciHy 4epexeci 270rlr uonruepiH4e 6olca, ren Qpaxqrlf, IrIbIrbIMbItra

G:34 ai*tatacstH4a 6olarbrH Herr4xeni ropcemi. Byn rl4AporenAirl xarruJlblrbl
MeH xryMcaKTbrrbr 6ac4anapMeH caJIbIcrbIpFaHAa ere 4olafilrt exeui xeHe reJlb

osiuiq rypat1rbl Sopnracuu caKraft aJIarbIHbI aHbIKranAbI.
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a- 0,05; b - 0,1; c - 0,3 vrorrl. oZ

Cyper 4 - AMA-AI( rraaporeniniq (M3) 4epexecine riryuri areurriq
oHueHTpaIII4f, cbIHbIq ecePi

Ocu ru4porenAiH iciny 4epexeciHe riryrui areumepMeH (arap, al4Hre3Aeny

yaKbrrbrAa oginiq ecepiH uariseAi. llonuvrep cLIHre3Aey 6aprrcrrHAa onrrrMaJIAbI

reMneparypaHbl{ acrbrHAa (repvrocrarra) ro6iper< ya(blr Ycr€urca (arrblpblK

ririnreH renAep aJrbrHca, a3brpaK ya(blT ycranca repi ,iHure 6onaArr. CouArrKrau

cr4Hre3Aey yaKbrrbr 4a, riryui aresirriH naolurepi 4e nonl4MepneyAi cznarrayla
epeKixe MaHbr3Abr. CrnresAeny yaKblru 10; 20 xene 40 ur'rnyr 6olarutu AMA-AK
rr4AporenAep cuure:4erin, onapAblr{ iciny KI4HerI{K cbl seprren4i. 3eprreyre

6acran4u MoHoMepnix KypaMbr 50-50uonr. % (M3) rllAporenb aJIbIHraH.

fn4porel4i cuHres.q..."a" 60oC renrneparypaAa 10l,lnnyr YcranraH renAiq eri

reynirreu acraM yaKbrrraru iciuy 4epexeci 387rlr 6or4rt. Bipaa renAir{ er{ x{orapbl

iciHy 4epexeciue )KerKeHAe cbrprKbr Sopvracun caKrauafi re:iper< xapblnyfa

yMrbrnarbtHbl aHbl(ranAbl. Mynaafi AMA-AK ruAporen4epi nafi4anary xarblHaH

rnnrcis4ey. An repMocrarra crre3AeJly ya(blrbl xo6ipex 6orrrau (66 cyper)

rr,rAporenb cyAbrr{ a3 MoJrrrrepin rana Ka6rrnAafi iularblHbl AenenAeH4i. Eyn4a es

ruimcisAiriu r<opcerri. Eis eq oqrafilsr xar4afi Aen arIbIHraH ya(blr 2Ouranyr (6c

cyper).
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a- l0uHnyr; b -20xrvnyr; c-40vrraHyr

Cyper 6 - AMA-AI( rzaporeniniq (M3) iciuy

4epexeciHe cLIHre3Aeny ya4blrblHrrq ecepi

llonz (DMA-co-AAc) yurin rr4ApofenrAirl nrerarln I4oHAapbIHbII{ ep rypni

KoHrIeHTparIr4f,ObIHAaFbI Merann I4oHAapuH ciqipy KacnerTepi, rruu MbIc TY3AapbI

ICuSO+) yaKbrr(a reyen4i rpaBr.rMerpuflnbr( eAicleH 3eprrenAi. fu4porenraiH (M1

xeHe M2) nonu (DMA-co-AAc) ynrinepirraeH Merzuln LIoHAapbIHbIH ciqy lepexeci

6ac(a rl4Aporenb ynricine (aparaHAa rorr'reH.I(gpaMblHAa eH K9II DMA 6ap

f u4porelb (M: ylrici; 6 ac(a aJrbrHraH corroJrnMepnepMeH czulblcrblpraHAa icinyAiu

eri xorapbl Aape)Keciue ue 6onAu (cyper - 6, M3)'
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Cyper - 6. Poly(DMA-co-AAc) IuAporenr4epiniq Cu (II) I4oHAapblnuq (0,1M
(CuS Oa)) cop6qllf,naHy K?IHerrrKacbI.

Ilonr,rvepri ru4porenrAiH (M3) (arblcyblMeH ep rypni cu (II) I4oHbIHbIF{ cop6ql4q

Kr4Herr4KacsT - cyperre KepcerinreH. I(yparr,mrHla 0,001 M Cu (II) zonaapu6ap
rn4porenr4iq iciny 4epeNeci, 0,01 xeHe 0,1 M 6ap epirin4inepMeH

canbrcrbrpFaHAa xorapbr. Anafi.Aa, MaKcl4Miur4rr iciHy 4epexeci 1O-Han 90 cararKa

lefiiH apraAbt.

0r02030tQ5060708090
Time (h)

(a) 0,001M; (b) 0,01M x{eHe (c) 0,lM CuSO4 epirin4ici

Cyper -7 Typni KoHrIeHrpar\vn1arbr Cu (II) I4oHAapbIH IIoJIt4 (DMA-co-AAc) (M3)
rr4Aporenriues ciqipy KI4HerI4KacbI.

50

(h)

bs
ADv40

,.. 30
BC

6zo
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-I- DMAA
'"""i ".'- DMAA+Cell 0,5
- ji\ DMAAA+Cell124

zz

20

18

to

14

12

10

6

q

z

-z

r.CaraT

Cyper - 8 llonz(DMAA-co-AAc) xeHe llonu(DMAA-co-AAc)-Cellulose cyAa

iciqy KI{HeruKacbI

8 - cyperre oprypni xouqeHrparrurAa aJIbIHraH ruAporeJlbAepAi xenripreHHeH

refiiH, cy1a y3aK ya4brr ycray apKbrJrbl, o3apa c€uIbIcrbIpMaJIbI iciny KI4HerLIKacbI

aHbrKrsJrArr. HeruxecinAe HaHouennroJlo3a uenruepi xe6ipex HYcKacbI cyl.axaKcbl

icineriniH Kopyre 6onaArr.



- 

Ccll t (Nl)

- 

DMAA (N2)

Cell-DMAA (N3)

2000 1000

Wavenumbe. 1cm-l;

Cyper -9 llonz(DMAA-co-AAc) nteHe llonu(DMAA-co-AAc)-Cellulose,
I-{ernron o 3 a I4K c rI eKrp i

Ilen,'Iro.no3a raJrrrrblrur (a); HKII (6) xceHe NCC-PoIy(DMA)

Cyper -1 0. CrcaHepneyrui 3JreKTpoHAbr Mr{KpocKorITa 3eprrey uaruxceci

G r80

q,,

S rso

- r20



Poly(DMAA-co-AAc) xeHe NCC-Po1y(DMAA) ."AporenbAepiHe

unauoSu,r v3aLU4fl.naHFaH arrr:a6vtotraxriq 6ar<repuxra Kapcbl 6encenAiniriH seprrey
nernNeci. 4 rypni HycKatrarbr rurAporenb ynrinepi epKaficblcbl 2 ilanal.aln,

KypaMbrFr rc 40 vr 6elcesli sar - qnnpoQJIoKcaIII4H 6ap, 20 vn epiriH4ire caluHblrl
24 car aruru6uornr< epirinaicin 6ofirr{a ciqipai. ntalnrt anFaHAa 8 AaHa (YpFaK

rr4Aporenr, 80 un epirin4ire, flrHLr 2 runporetrc 20 vrn epiriHdre. CanblcrblpManbl

cbrHaMa periH4e, Typa ocsutair (ocbrMrrra 4 rypni HyctqaAarrr 8 4aua rl4Aporenb

AJIF,IHNbI,

fu4porent4iq ciFlipreH epiriHainiq xerevis xeHe cefrxeciHrue 1 Aana ruAporenb
y,rricirriq 6ofitrua ciHren 6encenAi 3ar KoHIIeHTpaIII4qcbIH aHbIKTaybIHbIF{

AH AJI I4TI{ KAJIbIK TAJINAM ACbI

Arnu6a

Eax'repznra (apcbr cbrHaMaAau refiisri ocyiniq re)Keny 3oHanapbI xecreci
(ocy yarcurbt - 24 carar)

K

ecte'2. AHrzOaxrepuItnblK I(acl'IerreplH 3e tlE

N9 Voun.o, epiriH,ri r

ctr,l3

V*yro,n.o" ,

ctu3

C(fl6.r..uai .a, ,
Mf

-/?

20 Mn' -

Cm
MT

10 v,'l

J\el f70l301
2x - rul.poreJlb

15,9 4,r 8,2

4,1, 
/ 2

4,r

J\92[30/70]
2x - rwgporeJlb

19,8 0,2 0,4

L2/ 2
0,2

J\b3ls0/s0l
2x - rrzAporeJlb

19 I 2
-/)\t '

I

J\l4 f 5 0/5 0l -r-Cellulose

2x - rugporeJlb
17,8 )) 4,4

L2/ 2
))

cc'fc J. 1\ilr'uoaKTepr4tJIbIK Kac14erreplH 3e t I('

Jvg S.aureus, wttvt E.Coli, wrttt

Nb 1 [70130] (+) - rz
(-):5

(+): ts
(-):5

JVe2f,l0/701 (+): -
(-) : -

(+): -
(-)=-

Ile3 [s0/50] (+) - 17
(-):2

(+): to
(-\=7

}.ll4[50/50]+Cellulose (+):9
1-):-

(+) : 15

(-) :9



Cype'r - 19 Baxrepuflra Kapcbr cbrHaMaAaH r<efiiuri ocyiuiq rexeny 3oFlanapbl

(E Coli)

Cype,r - 20 Eaxrepr4flra Kapcbr cbrHaMaAan xefiinri ecyiuiq rexeny 3oHanapbl
(S.qureus)



(oPbITbIHAbI

l. 3eprrey )KyMbrcbrHAa N,N-AzvrervnaKpunaM[A xeHe aKpkIn KbIIxKbInbI

HerisiHAeri MoHoMepnepiu tafi.gataustn, vHr4rJnarop (arblcblHAa paAI'IKanAbI

cofroJrr.rMepneHy xorrbrMeH, 3arrbr( vHvrrJnp neHy apKblnbl cynbr opral:a, ririnreu
c o rIoJII4Mepnep cI{HTe3AeII aJIbIHAbI.

2. fra4porenbAep cvnresiHill oqrafilrt xar4afilapuu aHblKray yuriu

cr4HTe3AeyAe riryrrri aresr KoHrIeHTp awrflabrHa corIoJIIlM epv3arJvrflilay 6apucblHblrl

y3aKrblrblHa xeHe epriu4inil{ Menlxepine reyelliniri seprren4i.

3,. DMA-AAO rn4poreli xaHe aonvaKpvn (bIIx(bInbI fl{Apofenl YIIIH
corroJrr4Mepa3auurHrrrl ueri:ri saFlAtrrrr(Tapbr, feJlb - 3oJIb )KeHe rpaBl4Merpl4flnblK
.ranAay e4icrepi ap(brnbr renr QpaKurrtcblHblr{ Ixblrybl )KeHe eprypni opraAaFbl

iciuy a.p.tn..i aHbrKrulnAu. Cynu opraAa AMA-AK rl4Aporentiniq rr<orapbl iciHy

r<aSilerise lte eKeHAiri anuKraJIAbI.

4. KavsrcraH rlennrcno3a crrHTes4eliu, oHblc HaHoKpl{cr€ulqennrcJlo3araH.qefiin

vo4n$zx arJ4gnaHrsr. Hasorpr4cranlleJlJlrcno3aHrr tair'SattaHblrl NCC-Poly(DMA)

rlrAporeni cnHresAenli. OnapArru Qzs-xllnrlflnblK Kacl{errepi auH4ranAbl.

5. Poly(DMA-AAc) Men NCC-Po1y(DMA) fl4Apofen4epiniq

asru6arrepuf,nbrt1 Kacr{errepi 6zonou4flnblK cblHa(Tap ap(blnbl aHbIKraJIAbI'
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Abstract: Hydrogel copolymers based on N, N-dimqthyl acrylarnide (DMA) and acrylic acid (AAc)
were synthesized with different molar composition ratios ([DMA:AAc] -- 30:70,50:50 and 70:30 mol. %)
using ammonium peroxydisulfate as a free radical initiation system in the presence of various amounts of N,

Nlrnethylene bis (acrylamide) as a crosslinker (0.05, 0.1 and 0.3 mol. o/o) and water as reactant medium. The

swelling behavior of the obtained was characterized based on the amount of the by different amounts to added

of the crosslinking agent. While the use of a large amount of crosslinking agent in the poly (DMA-co-AAc)
hydrogels was reduced the swelling degree in the water medium, a smaller amount in the gel indicated the

tendency of tlre gel to burst. Absorption studies were made using different concentrations of copper sulfate
(CuSO+). Poly(DMA-co-AAc) hydrogels absorption capacity is competitive when there are more N, N-
dimethyl acrylamide content in copolymer than others. The swelling ratios of low concentration of Cu (II) ion
are higher than those of higher concentration of Cu (II) ion. Hydrogel gave the highest swelling ratio for the

solution containing the lowest Cu (II) ion concentration than for the solution containing the highest Cu (II)
ion.

Keywords: N, N-dirnethyl acrylarnide; acrylic acid; hydrogel; swelling degree; treating wastewater

Introduction

Cross-linked polymers with various
properties have been applied in industrial
applications, including medicine, agriculture,
electronics, biotechnology, engineering, food
industry, etc. Polymers belong to the class of
intelligent polymers because of their
sensitivity to temperature [1-5].

N-isopropyl acrylamide hydrogels are

widely studied as thermosensitive materials in
different applications because of their
excellent valuable properties. Phase transition
of such polymers occurs at a fixed temperature
interval. For poly-N-isopropyl acrylamide, its
low critical solution temperature (LCST) is

32"C.It noted that a person's change in body
temperature from nornal to elevated during
diseases is within 36-41oC. That is why the
expansion of the thermal sensitivity range of
the above mentioned linear copolymers is

significant. The task can be solved by adjusting
the hydrophilic-hydrophobic balance of macro

chains by copolymerizing these monomers
with other comonomers [6-10].

Many authors studied the swelling
kinetics based on DMA hydrogels with
different monomers in different nature. Several
monomers had been added to copolymer based

on DMA to improve its special properties for'
applications, such as ion loading hydrogels.
That the swelling kinetics of hydrogel had
different properties depending on copolymer
composition (hydrophobic/hydrophilic
balance of copolymer), crosslink density, the
degree of ionization and their interaction with
ions are important [11-15].

The crucial application of hydrogel is a

carrier of medicinal substances, such as drug
delivery and high antibacterial activity.
Poly(DMA-co-AAc) cross-linked copolymers
have shown antimicrobial properties against
both Grams (positive and negative) bacteria.
Hydrogels' killing bacteria and drug delivery
mechanisms have been proposed to improve
Poly(DMA-co-AAc) [ 1 5].



In the present work, Poly(DMA-co-
AAc) hydrogels were prepared using free

radical poTymerrzation in water media. The
swelling properties of poly(DMA-co-AAc)
hydrogel aqueous solution were investigated
via the gravimetric method. Kinetics of
sorption metal ions of Poly(DMA-co-AAc)
hydrogel were studied

. Materials and Methods

Material. 1/, .A/-dimethyl acrylamide
(DMA, 99%). amtnonitim persulfate (9804,

APS, CAS 1127-54-0). { 1/lmethylene-bis-
acrylamide (99oh, BIS, CAS 110-26-9), and

Copper (lI) salt (CuSO+) (98oh, CAS 7758-99-
8) were pulchased from Sigma Aldrich
(Heidelberg, Germany). Oil emulsion was

obtained from the Kyzylkiya field
(Kazakhstan).

Synthesis of Poly(DMA-co-AAc)
hydrogels. Hydrogels based on DMA and AAc
were synthesized with different molar
composition ratios (Ml (30:70), M2 (50:50),
and M3 (70:30)), by free radical
polynerization in water in presence of
ammonium persulfate (2 x 10-2 M) as the

radical initiator and lV,Nlmethylene bis
(acrylamide) (0.05, 0.1 and 0,3 mol. %) as the
cross-linking agent. Monomer mixture
accounts 30o/o of the total volume, and the rest

belongs to the solvent. The whole volurne of
reagents and solvent mixture was retained at 10

mL for all the compositions.
After degassing with argon for about 10

min to remove oxygen, the glass ampoule
containing the reaction mixture was
hermetically sealed and placed in the water
bath at 60'C for various times (I0,20 and 40
minutes).

The obtained hydrogels were washed
with distilted water for 10 days to purif, the
samples from unreacted monomers. Then, the
hydrogel samples were dehydrated at room
temperature and in a vacuum oven until the

weight was kept constant [4].
Swelling study. Hydrogels were taken

out after a reaction was cleaned by using
distilled water tbr several days from unreacted
monomers. The cleaned hydrogels were cut
into small pieces of about 0.5 cm in height and
dehydrated. The drying sample was in a

vacuum oven at 25 "C until the weight was

constant.
The swelling degree (g/g) was calculated

from the formula:

q:(rn-mo)/mo

Where m is the mass of the swollen
hydrogel (g); mo is the gel specimens'weight
in dried (g); and s is the - degree of swelling.

Gel (G) and sol (S) fractions yield were
calculated according to the formulas:

G:mo/m.+ 100%
s:100-G

' where S is the sol fraction.
mo is the weight of the dry sample, g;

rrrs is the weight of the synthesized

sample, g.

The cross-linking density fi) calculated
fronr formula:

J: I /(S+Sr/2)

Results and Discussion

The application of hydrogels in many
fields is dependent on their swelling behavior
in aqueous media, Therefore, studying the

swelling kinetics of hydrogels are very
irnportant. The swelling ability of Poly(DMA-
co-AAc) hydrogels aqueous solution were
investigated via the gravimetric method.
Figure 1 depicts the degree of swelling and
time for the hydrogels based on different ratio
lnonomers DMA and AAc. Water
absorbability of Poly(DMA-co-AAc)
hydrogels was determined. After two days,

water absorption of the gel slows downed and
further saturated and striving for balance. The
swelling ability of Poly(DMA-co-AAc) was
dependent on the copolymer composition.
Thus, this process increases with decreasing
the ratio of DMA in the hydrogel. The
hydrogel showed the highest degree of
swelling when more acrylic acid content was
in copolymer than others. The work of many
researchers reported swelling properties of
hydrogels to depend on many factors, such as

network density, monomer and solvent nafure,
polymer-solvent interaction parameter and
more [6,17]. The swelling of these
Poly(DMA-co-AAc) hydrogels relies on
monomers'nature and parameters of synthesis.



Although these hydrogels were synthesized
under the same conditions, they showed
different degrees of swelling, depending on the
monomers nature. Comparing samples M1 and
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Synthesis-time and crosslinking content
are essential parameters in the preparation of
three-dimensional copolymers. If the
crosslinking agent in hydrogel synthesis is

large, it can be crosslinking tightly and retain
only a srnall amount of solvent. This is
inefficient for polymers used as carriers of our
solution. The low content of binders leads to
the fact that the hydrogel is rarely meshed,
absorbs a great amount of solvents, and has

difficulties in application. Therefore, it is

essential to choose the optimal amount of
sewlng agent.

{1/-methylene-bis-acylamide was used
as a crosslinking agent in the synthesis of
Poly(DMA-co-AAc) hydrogel. Hydrogels
with DMA monomer content of 50% (M2) at
three different concentrations of the
crosslinking agent (0,05 (a); 0.1 (b) and 0.3 (c)
mol.%) were synthesized, and their swelling
ability in aqueous medium was studied by
gravimetric method. As shown in Figure 2,the
higher crosslinking content in the hydrogel

M3, the swelling degree
increasing the AAc ratio
suggesting.

decreased due to
in the copolymer,
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Figure 1. Trrne-dependent swelling of poly (DMA-co-AAc) hydrogels.
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(Fig. 5a), the lower the degree of swelling in
water compared to other conditions (a: I28
glg), and the lower the gel fraction yield (G :
17.42). This is because the frequent stitching
of Poly(DMA-co-AAc) hydrogel prevents
water from entering the gel and expanding the
grid. Although Poly(DMA-co-AAc) hydrogel
contains a small amount of crosslinking agent
(Fig. 5b), despite the high gel-sol fraction yield
(G : 46.68) and swelling degree in water (a :
387 glg), the gel absorbs a large amount of
water. It retains its stable form tends to
collapse easily without saving, which causes
inconvenience to use. The most favorable
condition for synthesizing poly (DMA-co-
AAc) copolymer is 0,1 mol. % of the
crosslinking agent in the gel. The swelling
degree of the gel was 270 glg, and the gel yield
of the fraction was around G 34.
Furthermore, hardness and softness of this
hydrogel are very favorable compared to
others, and the gel can retain its stable shape.
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Figure 2 -Effect of the crosslinking agent content on the swelling ratio of poly(DMA-co-AAc) (M2).

a - 0.05; b - 0. l; c - 0.3 mol. o/o (crosslinking agent)

3010

The swelling degree of hydrogel, along
with crosslinking agents, aft-ects the time of
synthesis. During polymer synthesis, the
longer the temperature is kept below the

optimum temperature (in thermostat), the
harder the gels are obtained, and the shorter the
time, the opposite is true. Therefore, both the

synthesis time and the amount of crosslinking
are especially important in describing
polymerization. Synthesize hydrogels at

different times (10, 20 and 40 minutes) of
Poly(DMA-co-AAc) hydrogels of swelling
kinetics were studied. The initial monomeric

composition of the study was 50-50 mol. o/o

(M2) of hydrogel was obtained. The swelling
degree of gel for more than two days, kept for
10 minutes at 50 oC in hydrogel preparation,
was 387 g/g. The gel reaches its maximum
swelling level, it tends to explode faster
without retaining its shape. Such Poly(DMA-
co-AAc) hydrogels are useless in terms of use.

It was proved that the hydrogel, which has a
longer fusion time in the thermostat (Fig. 3c),
can absorb only a small amount of water. This
proved ineffective. We consider the optimal
time to be 20 minutes (Figure 3b).
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Figure 3 - Swelling kinetics of the prepared Poly(DMA-co-AAc) hydrogels (M2) as a function of
the time of sYnthesis

For Poly(DMA-co-AAc), the hydrogel
properties for rnctal ions absorption at various

concentrations of metal ion, i.e. copper salts
(CuSO+), were investigated by the gravimetric
method related to time. The degree of metal

ions absorption of poly (DMA-co-AAc)
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hydrogel samples (M1 and M2) is lower than

another sample hydrogel.
The hydrogel containing the greatest

amount of DMA (sample M3) possessed the

highest degree of swelling as compared with
the other prepared copolymers (Figure 4, M3).
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Figure 4 - Kinetics of sorption of Cu (II) ions (0.1M (CuSO+)) of Poly(DMA-co-AAc) hydrogel'
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Figure 5 - Kinetrcs of absorption of Cu(ll) ions by poly (DMA-co-AAc) (M3) hydrogel.

0.001M (a); 0.01M (b) and 0.lM (c) solution of CuSO+

The kinetics of sorption various of Cu (II)
ron in prcsence of copolymer l-rydrogel (M3) is
prcsented in Figure 5. The swelling degree of
the hyclrogel cor-rtaining 0.001M of Cu (ll) ions

is higher than solLrtrons containing 0.01 and

0.1M. However, the swelling ratios increase

with increasing tinie from 10 to 90 hours.

Washing of the obtained hydrogels with
distilled water was several days for cleaning
the hydrogels from rlonomers unreacted. It
was noted that hydrogels performed a high
swelling ratio, and initial volume increased

several times lvhile immersed in distilled

Oil and water are substances that do not
mix and become a heterogeneous mixture
where oil is at the top and water at the bottom.
'Ihis is attributed to their density.

water. It reaches saturation levels by absorbing

water. The necessary part of this swollen
hydrogel is placed in a cylinder with a diameter
of 30 mm and fixed on a tripod, as presented in
Figure 6. While pouring distilled water from
the too. the water was filtered. As shown in

B: Hydrogel with water C: Hydrogel with the oil
emulsion

Figure 6 - The potential capability of hydrogel applied to the treatment of oil-contaminated water.

Hydrogel



Figure 6c, the hydrogel can hold the oil
emulsion without letting it go down. The oil
emulsion's viscosity was very close to the

water and was obtained from the I(yzylkiya
field (Kazakhstan). Due to the hydrophobic
nature of the oil, Poly(DMA-co-AAc)
hydrogel did not absorb the oil's emulsion.
From Figure 6, water accumulating in the oil
underside can be cleaned by passing through
hydrogels.

Conclusions

Poly(DMA-co-AAc) hydrogels were
prepared using free radical polymerization in
water media. All the hydrogel copolymers are

characterized by swelling properties. Highly
swelling ratios distinguish the hydrogel
copolymers in the crosslinking agent where is
the liighest content of crosslinking gave the
highest swelling ratios. The optimum time for
synthesis of hydrogel was studied. Synthesis
time (20 minutes) was the optimum time for
hydrogel, but l0 minutes gave soft hydrogel
and 40 minutes gave rigid hydrogel. The
potential capability of hydrogel in the
treatment of oil-contaminated water was
investigated. Hydrogel gave the highest
swelling ratio for solution containing lowest
concentration of Cu (II) ion than for solution
containing highest concentration of Cu (II) ion.

Based on the results of the study,
Poly(DMA-co-AAc) hydrogel can be applied
to remove oil from oil-contaminated water:
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KA3AKCTAH PECIIyEJII4KACbIHbIH )I{O|APbI BIJIIM XoHE FbIJIbIM MI{HI4CTPJII|I
COTEAEB YHI4BEPCI,ITETI

PEIIEH3I,Ifl

Marra crpnir 4u c c epr arJtrfl,

Tiney6er<or Hypcynran EepixxaHyJlhl

7ilr407110-<Xravu4rJrbrK rrpouecrep )KeHe xr4MI4tnbIK Marepl4aJl4ap eH4ipici>

Ta4uprr6u : <Anpu"rr MoHoMepJrepi neririnqeri conoJrl{MepJrepAiH cuHresi,

clrrIaTTaMacbl )KoH e KoJrAa HbIJrybI ))

XYI\4bICKA ECKEPTV - Xox

)ItYMbICTbrH EAfACbI
Axpur MoHoMepnep4eH crrHTe3AeJrreH noJII4MepJIep 'ro6rr esiHirl epeKlxe

(acr4errepiueu renrereH Kalrerri ca,rarapAa epeKrlre (onAaHbIc ra6yla, CoHrrq ilrinle
MeAr4rIr4HaAa, aylrnrxapyarrrrrrrbrrbr, KypblJmtc, 6uorexHorlorl4t, po6ororexHzKaAa x(eHe

r.6. curunapgla epeKne KonAaHhrcKa ve. CouAuKran ocsIuAafi KorITereH canarapp.a

KOJrAaHbrCKa r4e nonuMepJrep fbrJr6rMr4 )KeHe TTpaKTLIKILJIbI( )KaFhIHaHAa epeKXIe MaHbI3rAI/e.

Cou4u4ran KerrrereH 3eprreyruinepaiu 3eprrey xyMblcrapbr ocbl rloJluMepJlepaiu

Kacrzeris rinriAe xerin4ipyre 6arrrrraJlfaH.
Tiney6er<oe HypcynraH 3eprrey )r(yMbrcbrHAa N,N-AranrerrrnaKpl4JlaM:zI neH aKpvn

KbrrrKbubrH MoHoMepnepiH naftAa,'rana orbrpblrl cIrHTe3AeII iulraH coIIoJII4Mepinir{ Qraszrca-
xr4Mr4-rrr6rK Kacr4errepiu anrrKrayAbr )KeHe ocbr MoHoMepnepre HaHoKpt4craJrllenffoJlo3aHbl
(NCC) Kocy apKunu NCC-PoIy(DMA-AAo) )r(arrraHfaH collorll4Mepiu alyla Ma(car
erKeH. ConArr4raH, )r(ac 3eprreymisiq ruruMrr 3eprrey )KyMbIcbI ere o3eKTi, NraHrrsArr

MeceJrenep4i rueuryre 6alrrmaJrFaH rbrJrbrMr4 )r(yMblcrapAblrl6ipi 6omrn eceureneAi.
3eprrey )r{yMbrcbrH1.a anra (ofirau lrinlerin opblHAay 6aprrcuu4a cIrHTe3AeII afifaH

nonvMepnepiHe ZI(- cnerrpocKorrln (FTIR), Crauepreyui e,rerrpoHAbl MI4KpocKon r.6
:auauayii 3ep'mey e4icrepi r(oJrAaHbrn4u. fzgporenlepAiq cyAbl KorI MeJIIIrepAe KypaMbIHa

enrisir )r(oHe rxbrrapa aJrarbrH ria6ireriniq 6oryuna )KeHe cyAblr{ (ypaMhIHAarbI MeraJI

eJreMeHTTepai osine rapra zLrrarbrH (acuerise HerisAeril JlacraHfaH cynapAbl Ta3urayra
KonAaHyFa 6o,rarrrurr rypanbr ycbrHhrc 6epinin, rexipz6evren roJI6I( czrlarraJlraH.
CoHuvren 6ipre, il.rAporeJrAepaiu oq (Gram-positive) NCeHe repic (Gram-negative)
6arrepvarapAbr x{orora xa6inerri enenin xeHe Aepinir 3arrapAblrl TacblManAayurucu 6ola
aJrarbrHbrH HaKTbrJrbr ren<ipu6e apKbrnbr 4e,re,r4eyi )KyMbIcrbIIi )Korapbl Aeqrefile
)KacaJrfaHbrHaH AepeK 6epegi.

Byn :eprrey )KyMbrcbrHAa Mafr4crpaHr osiHir{ oKbrn yftpenren reoprrtilblx 6i,rirvrin

rrpaKTr4KaAa icr<e acbrpbrn, 6irivrin rinrile Nerin4ipyre 6arr,rrraJlfaH. Xyvrtcra a3AbI rolri
reumirirrep 6olyu ruynmiu. Eipaa 6yn revrurinirrep x{ac 3eprreyruiniq opbIHAaFaH

)KyMbrcbrHbrr{ KyHbrH rycipuefi4i.
T'i,rey6eroe Hypcy,rraHHbrH ru,rJrbrMt4 3eprrey xyMblcbl 6apnu6 3eprrey

)r(yMbrcrapbrHa Kofisurau 6ap;rsr4 Tananrapra caft, a,'rra 4ofrsLrrau Ma(carbl ToJIsIK

oplrHnaJrraH (ore x(a6cbr)) AefeH 6arara rafir,rt1 3eprrey )KyMbIcbI x(eHe ocbl )KyMbIcrbI

opbrHAayrxbr Mafr{crp 4epe>xeciH anyra roJrbr( raftrr4rrr AeII ecenreiluin.

Barup6aeea A.A


