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Determination of the microstructure, the swelling degree and dynamics
of cryogels based on methacrylic acid, dimethylaminoethylmethacrylate
and acrylamide

By the method of radical polymerization, cryogels were synthesized on the basis of methacrylic acid, acryla-
mide and dimethylaminoethylmethacrylate in proportions of cryogels (%) 20:20:60, 20:60:20, 60:20:20,
40:40:20, 15:45:40, 45:15:40. The microstructure of cryogel was studied by the method of electrone micros-
copy. It was revealed that cryogels have super macroporous. The degree and dynamics of cryogel swelling in
water solutions was identified, fluid diffusion mechanism in the scope of cryogel was identified as well. It
was determined that the diffusion of liquids in cryogels obeys Fick’s law.

Key words: macroporous amphoteric cryogels, methacrylic acid, acrylamide, dimethylaminoethyl-
methacrylate, microstructure.

Introduction

Due to the adequate respond to changes in the external environment (temperature, pH, ionic strength of
the solution, a mixture of water and organic solvents, the electric and magnetic fields, etc.) amphoteric gels
refer to the «intelligent» materials [1-4].

In recent years, most attention of researchers is paid to the amphoteric nanogels [5—12] and microgels
[13—17], however, the literature provides few information about polyampholytes with macroporous structure,
which synthesized at low temperatures, i.e., under cryo conditions.

Macroporosity is a characteristic morphological feature of the cryogels. Depending on the synthesis
conditions cryogels may have a macroporous structure with pore sizes ranging from 0.1 to 10 microns, or
over macroporous with pore sizes from 10 to 1000 microns, which impart a unique set of physical and chem-
ical properties to these materials, and it also allows to use them to solve a number of biomedical, biotechno-
logical and catalytic problems [18].

The cryogel characteristic structure is formed during freezing, when the formation of sufficiently large
crystals of solvent, usually ice, results in the displacement of solid particles into the space between them and
in concentration of the suspension. In freezing of colloidal solutions the concentrating leads to the formation
of a gel. Removal of the frozen solvent by sublimation leads to the formation of frame structures with large
pores in place of the removed ice crystals. The structural elements of the frame structure are composed of
solid particles of the suspension, usually nanosized particles. As a result, inorganic cryogels, in contrast to
the polymer cryogels, are characterized by a bimodal distribution of porosity, in which the second peak cor-
responds to mesopores. Target-specific ice crystallization creates the materials with large cylindrical pores
and mesoporous frame walls, such carriers are promising for the creation of highly effective catalysts [19, 20].

The purpose of this study is a synthesis of amphoteric cryogels based on methacrylic acid (MAA),
dimethylaminoethylmethacrylate (DMAEM) and acrylamide (AA) monomers and study their microstructure,
the kinetics and degree of swelling.

8 BecTHuk KaparaHguHckoro yHusepcureTa
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Experimental section

Materials and Methods. The synthesis of amphoteric MAA/DMAEMA/AA cryogels is based on acid
monomer methacrylic acid, dimethylaminoethylmethacrylate as a basic monomer, and acrylamide, as a non-
ionic monomer. Cryogels by free radical polymerization with the degree of crosslinking of 10 % were syn-
thesized.” Methylenbisacrylamide (MBA) is used as a coupling agent.

Acid (MAA) and basic (DMAEMA) monomers were added in various ratios, with increasing acidic or
basic monomers. Acrylamide was added to improve the mechanical properties of cryogels. In the result a
series of gels were obtained by the following composition (Table 1).

Table 1
Ratio of monomers
. Amphoteric cryogels
0,
Concentration of MBA, % [MAA]/[DMAEMAJ/[AA], %
10 20:20:60
10 20:60:20
10 60:20:20
10 40:40:20
10 45:15:40
10 15:45:40

The reaction mixture consisting of MAA, AA and DMAEMA in 10 ml of water was dissolved. The ob-
tained initial monomer mixture (IMM) was cooled until 0°C and then was purged with argon for 10 min. Af-
terwards, the coinitiator — N,N,N,N-tetramethylethylene diamine (TMED) and 0.1 ml of a 10 % solution of
ammonium persulfate as an initiator were added. The obtained IMM in a cylindrical shaped container was
placed and cryo polymerization in a cryostat at —12 °C for 48 hours was carried out.

After thawing cryogels were washed with bidistilled water for 2 days with replacement of water every
4 hours. For the purpose of lyophilization 1 cm of ready cryogel samples were placed in solutions of ethyl
alcohol with a mass fraction of 25 %, 50 % and 75 % within 2 hours. Subsequently cryogel samples were
placed in a 90 % ethanol solution and allowed to stand for 1 day. Prepared samples were freeze dried at room
temperature until constant mass by using freeze-dryer JED-320 of «JEOL» company (Japan) [21].

The microstructures of prepared cryogels were investigated by JSM-6390 LV low vacuum scanning
electron microscope of «JEOL» company (Japan)' due to its macroporous structure the cryogels swelling
much better than the analog polymer networks.

The degree of swelling (o) of cryogels was calculated according to the formula 1:

o= (m — my)/my, (1
where m — mass of equilibrium swollen polymer, g; m, — mass of the dry polymer, g. The value of the de-
gree of swelling was determined as the average value of three parallel experiments.

According to [22], the swelling ratio of cryogel in aqueous solutions was calculated. The swelling rate
was calculated by the formula 2:

kt'=m/m.., ()
where & — constant of swelling rate; n — characteristic exponent describing the mechanism of liquid
transport; ¢ — absorption time; m, — cryogel mass (g) against time ¢; m.. — limiting mass of cryogel (g) for
an infinite time z... Constant £ was defined as the intersection point of the tangent to curve of the dependence
In(m,/m..) on the ordinate axis In ¢ ¢, constant » as the slope of the tangent to the curve In(m/m..) from In ¢,
provided that the m,/m.. < 0,6.

Results and discussion

Cryogels based on MAC/DMAEMA synthesized by free radical polymerization were obtained in the
following proportions (%) — 20:20:60, 40:40:20, 20:60:20, 45:15:40, 60:20:20, 15:45:40. The microstruc-
tures of cryogels observed by electron microscopy are shown in figures 1-6.

* Testing laboratory of engineering profile of KazNRTU named after K.I. Satpayev in Almaty.
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Figure 1. Microstructure of cryogel MAA/DMAEMA/AA in the ratio 20:20:60

X100 100um 0000 1080 80Pa

N

X100 100pm 0000 1070 60Pa X1,000 10pym 0000 1077 80Pa

Figure 3. Microstructure of cryogel MAA/DMAEMA/AA in the ratio 40:40:20
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Figure 6. Microstructure of cryogel MAA/DMAEMA/AA in the ratio 15:45:40
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Figures 1-6 show that the microstructures of cryogels at different component ratio are homogeneous in
pore size and wall thickness. The minimum pore size was 6 microns, a maximum was 60 microns or more.

It should be noted that the concentration of crosslinking agent was 10 %, since this ratio gel will be ob-
tained very elastic and strong. The high concentration of the crosslinking agent results in weak swelling of
cryogels and deterioration of their mechanical properties.

Figure 7 shows curves of swelling of cryogels MAA/DMAEMA/AA in water.

L —H 9
—_
. o4
6
I — —m 3
1 5
10
T T T T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80

t,min
1 —40:40:20; 2 —60:20:20; 3 — 20:20:60; 4 — 20:60:20; 5 — 45:15:40; 6 — 15:45:40
Figure 7. Rate change of swelling of cryogels samples in water

Figure 7 shows that the swelling of cryogels proceeds in a short time for 1-2 minutes. This indicates the
high porous structure of cryogels.
Figures 8—13 present the curves of swelling kinetics of cryogels in dependence In(m/m..) to Int.

T
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g’ s S — H e
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£, [/ 5 ~
15 / 1 _7
2 / 15
f
2
3 /
25
35 : ; , .

0 1 2 3 4 5 6 7 8 9 3 ‘
0 2 4 6 8 10
Int
Int
Figure 8. Kinetics of swelling of cryogels Figure 9. Kinetics of swelling of cryogels
in the ratio 40:40:20 in the ratio 60:20:20
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Figure 12. Kinetics of swelling of cryogels Figure 13. Kinetics of swelling of cryogels
in the ratio 45:15:40 in the ratio 15:45:40

From these curves characteristic constants & of cryogels and characteristic exponents n, describing the
mechanism of liquid diffusion in gel volume (Table 2) were determined.

Table 2
The values of n and & of cryogels MAA/DMAEMA/AA
Amphoteric cryogels " X
[MAA]/[DMAEMA]/[AA], %
20:20:60 0.31 1.72
20:60:20 0.26 1.57
60:20:20 0.27 1.52
40:40:20 0.27 1.42
45:15:40 0.23 1.62
15:45:40 0.27 1.77

According to [23], hydrogels swelling profile depends on the relative contribution of diffusion of liquid
molecules and the relaxation processes of crosslinked polymer chains. If # = 0.5 the process of diffusion into
the gel obeys Fick's law, if n > 0.5 then the abnormal liquid movement is happened, and for n = 1 the relaxa-
tion-controlled transport of water molecules to the volume of network. The abnormal value # < 0.5 indicates
the applicability of Fick's law to describe the diffusion of water into the porous structure of cryogel. From the
presented data of n and k (Table 2), it is determined that the diffusion mechanism of liquid diffusion in
cryogels in ratios (%) 20:20:60, 20:60:20, 60:20:20, 40:40:20, 15:45:40, 45:15:40 obeys Fick's law.

Cepust «Xummsi». Ne 3(83)/2016 13
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Conclusion

Amphoteric cryogels based on methacrylic acid, dimethylaminoethylacrylamide and acrylamide mon-
omers in ratios (%) 20:20:60, 20:60:20, 60:20:20, 40:40:20, 15:45:40, 45:15:40 were obtained.

The structure of cryogels by scanning electron microscopy was studied. The pore size varies from 6 and
more microns.

The swelling degree and kinetics of cryogels were investigated. MAA/DMAEMA/AA cryogels is
swelling up within 1-2 minutes. The diffusion mechanism of MAA/ DMAEMA/AA cryogels obeys Fick's
law.

Obtained data represent scientific and practical interest. Cryogels based on methacrylic acid,
dimethylaminoethylmethacrylate, acrylamide monomers exhibit high macroporosity, which is enabled to be
used as catalysts in nanotechnology.
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b.X. Mycab6aega, C.E. Kynaitoeprenos, JI.K. Opa3xanona,
J.E. UmunoBa, b.b. basixmeroBa

MeTakpui KbIIIKbLUIbI, JMMETHIAMUHOITHIMETAKPUIAT
JKOHe aKpWJIaMHU/l HeTi3iHaeri KpuorebaepaiH MUKPOKYPbLIbIMbIH,
iciHy Iopesxeci )KOHe TMHAMMKACHIH AHBIKTAY

Pagukanneik mommMepineny omicimer 20:20:60, 20:60:20, 60:20:20, 40:40:20, 15:45:40, 45:15:40 (%)
KaThIHACTAp/ia METaKPWJI KBIIIKBLIBL, JUMETHIAMUHOITUIMETAKPHIAT KOHE aKpWJIaMHJ HEri3iHae KpHo-
refbep aiblHAbL. DICKTPOHIBI MHKPOCKONHMS OMiCIMEH KPHOTEIbACPAIH MHKPOKYPBUIBIMAAPHI 3EPTTEI.
Kpuoresnpaep »orapsl MakpoKeyekTi KacueTke ue. KpuorembaepaiH cyibl epiTiHAizeri iciHy mopexeci,
JMHAMUKAChI KOHE CyJIbIH KpUoreb keiemine auddy3usnanysl PUk 3aHbIHA OaFbIHATBIHABIFBI aHBIKTAII/IBI.

Bb.X. Myca6aesa, C.E. Kynaiitbeprenos, JI.K. OpazxaHosa,
J.E. Umunosa, b.b. basixmeToBa

Onpenenenne MUKPOCTPYKTYPbI, CTeNEHU U THHAMHUKH
Ha0yXxaHusl KpUOreJeidl HA OCHOBE METAKPUJIOBOH KHCJIOTHI,
AUMETHJIAMMHOITHIMETAKPUJIATA U aKPpUJIAMHa

MertonoM pafuKaIbHON MOJMMepU3anuy ObUIN CHHTE3UPOBAHBI KPUOTEIN Ha OCHOBE METAKPMIJIOBOM KHCIIO-
ThI, AAMECTHIAMUHOATUIIMETAKpHIIaTa M akpuiamuaa B cooTHomeHusx (%) 20:20:60, 20:60:20, 60:20:20,
40:40:20, 15:45:40, 45:15:40. HccnenoBana MUKPOCTPYKTypa KpHOreseil METOOM JIEKTPOHHOM MUKPOCKO-
Uy, BBISBIICHO, YTO KPHOTENHN 001a1aI0T CBEPXMAKpPOIOPUCTOCTHI0. OIpe/ieNieHb! CTeNeHb U JUHAMUKA Ha-
OyxaHUs KpHOTeNIeH B BOAHBIX PACTBOPAX, BBISIBICH MEXaHM3M AUG(Y3HH )KUAKOCTH B 00beM Kpuoreis. Jlo-
Ka3aHo, 4To JU(dy3ust KUIKOCTEH B KpHOTeIn MOAYNHsAeTCS 3aKoHy Duka.
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CuHre3, cTpOeHHE 1 AHTHOKCHIAHTHAsI AKTUBHOCTH
4-(2-M30HMKOTMHOWITHAPA3MHUI)-4-0KCO0OYTAHOBOI KHUCJIOTHI

B craThe MpHBEICHb! JAHHBIE [0 CHHTE3Y M MOApoGHO HHTeprpernpoBansl ogromeprsie (‘"H u °C) u nBy-
mepHble (COSY, HMQC) cnektpsl SIMP 4-(2-M30HUKOTHHOMIATUAPA3UHII)-4-0KCOOYTaHOBOW KHUCIIOTHI, a
TaKkKe U3y4eHO BIMSHHE €ro Ha Mpolecc AIEKTPOBOCCTaHOBIEHUS kucnopona (OB O,) B pa3iauyHBIX KOH-
LeHTpanusax. B kauecTBe MeToa OLICHKU IPUMEHEHa KaTo/Hasl BOJIGTAMIIEPOMETPHS HA PTYTHO-INICHOYHOM
aNeKTpojie. B maHHOM mozxone onpezneneHne aHTHOKCHAAHTHON aKTHBHOCTH OTPaXalo KOJIMIECTBO AKTHB-
HBIX (popM KHCIOpOJa, HEHTPAIN30BAaHHBIX aHTHOKCHIAHTOM 3a OmpesereHHoe Bpems. [lokaszaHo, 4To Boa-
HBIA pacTBOp 4-(2-M30HUKOTHHOMITHAPA3HHII)-4-0KCOOYTaHOBOH KHCIIOTHI TPOSBIISIET aHTHOKCHUIAHTHYIO
aKTUBHOCTH B IIUPOKOM JHAMa30He KOHIIEHTPAIHii.

Kniouegvie cnosa: aHTHOKCUZIAHTHAS aKTUBHOCTb, THPA3U/ W30HUKOTMHOBOW KHCIIOTHI, SIHTAPHbBIA aHTMJI-
puz, 4-(2-N30HUKOTUHOMITHAPA3UHII)-4-0KCOOyTaHOBOW KUCIOTHI, crieKTpel COSY.

Bcé Gonee Bo3pacTaromuii MHTEpEC s CHHTe3a OMOJIOTMYSCKU aKTHBHBIX BEIIECTB M JICKAPCTBEHHBIX
CPEACTB MPENCTABIAIOT IPON3BOIHEIC TUpHKHA [ 1—-3]. bosbIoe 9rciIo JeKapCTBEHHBIX CPEACTB MOTYyICHO
Ha OCHOBE HMKOTWHOBOHW KHCJIOTHI M €€ NMPOWU3BOIHBIX. Tak, Ha OCHOBE aMUAOB 3-TUAPOKCHHUKOTHHOBOU
KHCIIOTHI CHHTE3UPOBaH psi d(P(HEKTHBHBIX JIEKAPCTBEHHBIX CPEJACTB JJIS JICUCHUS CEPIICYHO-COCYIUCTHIX,
onkonornaeckux 3adonesanuit, CIIM/la u mp. [4, 5]. Mcmonb3yeMblii B MEIUIIMHCKOW MPAKTHKE THAPA3HT
m30HUKOTHHOBOH kucioTh (I THK) 3anmMaeT BemyImiee MECTO B JICUCHHUU Pa3IMIHBIX GopM TyOepkyresa, u
Ha €ro OCHOBE CHMHTE3MPOBAHO MHOXKECTBO Pa3NIUYHBIX MPOU3BOJHBIX C IIMPOKOW BapUaIlMed MPOTHBOTY-
OepKyne3HOH aKTUBHOCTH M TOKCUYHOCTH coeuHeHHH [6, 7]. Moandukanust M3BECTHBIX MPOTHBOTYOEPKY-
JIE3HBIX MPENapaToB U K HACTOAIIEMY BPEMEHHU HE TOTEPSIa CBOIO aKTYalIbHOCTH, TaK KaK SBISIETCS OJHUM
Y3 OCHOBHBIX MyTEH MOJYYEHHs] Ha UX OCHOBE HOBBIX JICKAPCTBEHHBIX CpeACTB [§8, 9]. BBeaenue amunHoro
(¢parmMeHTa W KapOOKCWJIBHON TpyHmIbsl B MOJEKYNy OWOJIOTMYECKH AKTHBHBIX BEIIECTB IPECTABIISICT
MPaKTHYECKUH MHTEpeC, Tak Kak N-3aMelIeHHbIE aMHIbl KapOOHOBBIX KHCIIOT, UMEIOIINE B CBOEM COCTaBe
aMUJIHYIO TPYIITUPOBKY, 00J1aAal0T [IEHHBIMH M YHUKAJIBHBIMA CBOMCTBAMH, KOTOPHIE OMPEAEIAIOT UX IIIH-
pOKOE NMPUMEHEHUE B Ka4eCTBE OMOJIOTMYECKU aKTHBHBIX BemecTB [10—12], pacTBopuTenel, kpacutenen u
oTyTipoIykToB [13].

Lens maHHOTO WCCTENOBAaHWS — CHHTE3, W3YYCHHE CTPOEHHUS M AHTHOKCHAAHTHOW aKTHBHOCTH
4-(2-N30HUKOTHHOWITHIPA3UHIN )-4-0KCOOYTaHOBOW KHCIIOTHI B OTHOIICHUM PAIUKAIOB KHCIOpOJa C IO-
MOIIIEI0 METO/Ia KaTOAHON BOJIbTaMIICPOMETPHHU.

OcymiecTBIEHO B3aUMOJEHCTBHE THApA3Wa M30HUKOTHHOBOM KHCIIOTHI C SHTAPHBIM aHTHIPHUIIOM C
LIEJTbIO BBEJICHUS B €T0 MOJICKYITY OCTaTKa SHTAPHOW KUCIIOTHI, COACPIKAIIETO CBOOOHYIO KapOOKCHUIBHYIO
rpyniy. U3y4eHbl CTpOoeHHE U aHTUOKCHUIaHTHAS aKTUBHOCTH TOJTYy4YaeMOU MpH 3TOM 4-(2-M30HUKOTHHOMII-
TUAPa3uHII)-4-0KCOOYTaHOBOM KHCIIOTHI, KOTOPBIE paHee HE HCCIIENOBAINCH. Peakiuio SHTapHOTO aHTHA-
puna ¢ 'MHK-oM mipoBoauiu Iipu COOTHOIIIEHUH peareHToB 1:1 B cpene m3ompomnaHoia Ipu TeMIiepaType
50-60 °C B Teuenue 5 u. [lokazaHo, YTO peakuysi MPOTEKAET C PACKPBHITHEM OKCOJAHOBOTO LHKJIA, 00pa3ys
MOHOaMUJI TUKapOOHOBOM KuchoThI (I).
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B cnektpe SIMP 'H coenunenus (I) B CHIBHOH 06IACTH OTMEYAETCs NPOSABIECHHE CUTHATIOB YETHIPEX
npotoHoB H-13 u H-14 MeTHneHOBBIX TpyHn CYKUMHHIBHOTO (parmeHta mpu 2,37 u 2,42 m.n. DKBH-
BaJieHTHBIC TIpoToHBI H-3,5 n H-2,6 mupuanHOBOTO KOJIbIA JAIOT CUTHAIIEI B OoJtee ciaabom moste mpu 7,71 u
8,70 M.z cooTBeTcTBeHHO. {1 aBYX mpotoHOB THApasumHoi rpymmel CONH-NHCO xapakTepHo pes3o-
Huposanue Ha yactore 10,01 m.a. u 10,61 m.1. B cnaboit obnactu Takke NPUCYTCTBYET HEOONBIION CUTHAT
(11,72 M.1.) B BUJE YITUPEHHOT'O CUHTIIETA, KOTOPBIM MMPUHAIICKHUT IIPOTOHY KapOOKCHIIBHON TPYTIIIHL.

CutbHOTONbHBIE cHrHATB (28,64-29,26 M.1.) crektpa SIMP °C coenumennst (I) MOKHO OTHECTH K
METUJICHOBBIM yriiepoanbiM atomaMm C-13 u C-14. [Ins CUMMETPUYHO PaCHOJOKEHHBIX MUPUIUHOBBIX
atomoB C-3,5 u C-2,6 xapakTepHo pe3oHupoBanue Ha yactore 121,83 u 150,91 m.n. YeTBepTUuHBIM aTOM
C-4 naet curnan npu 140,01 m.a. B obnactu cimaboro mojist HaOJIOJArOTCS CUTHANIBI KapOOHMIbHBIX (164,43
u 171,00 m.1.) u kap6okcunsHOrOo (174,06 M.1.) aTOMOB yrieposa.

CHOuH-CIIMHOBBIE B3aMMOJICHCTBUS, ocyllecTBiasieMble Mexay atomamu H-H u H-C uepes oany wiam
HECKOJIbKO CBSI3eH, OBLIH YCTAHOBICHBI MOCPEICTBOM aByMepHbIX crektpoB COSY (‘H-'H) u HMQC
(‘H-"C) (puc. 1 u 2).

Pucynox 2. Koppensuun HMQC ('H-"C) coenunenns (I)
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MexaHu3m pCaKkuuu nmpeACTaBJICH B BUAC CJ'IC,Z[YIOH.ICI;’I CXCMBI:
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Ha mepBoii cTtamuu MpOMCXOOUT aTaka aMUHOTPYNION THUAPA3HIHOTO (parMeHTa HW30HUKOTHHOBOM
KHCIIOTH KapOOHWJIBHOW TPYIIIBI SHTAPHOTO aHTHIApHIA W O0pa3yeTcs UBUTTEP-HOH. 3aTeM IPOTOH
aMMOHHMEBOTO KAaTHOHA TIIepeMEeIacTCsl K OTPHUIATENILHO 3apsHKEHHOMY  KHUCIOPOAY, MOIydaeTcs
MPOMEKYTOUYHBIH TMPOAYKT, KOTOPBIH MyTEM MHUTPAIMU MPOTOHA K MUKIMYECKOMY aToMy KHCIOpoAa
PACKpBITHS [HKIIA TIpeBpalnaeTcs B neiaeBord npoaykr (I).

BaxHpIM paszenoM B H3Y4YeHUH (apMaKoJIOTHMYeCKOH aKTHBHOCTH TPOW3BOJHBIX THIPAa3HIa
M30HUKOTHHOBON KHCJIOTHI SIBJISIETCSl OTMpPEICIICHHE aHTHOKCHIaHTHOW akTuBHOCTH (AOA) 4-(2-u30HH-
KOTHHOWJITUAPA3UHII )-4-0OKCOOYTaHOBOH KHUCIIOTHI, TAK KaK M3BECTHO, YTO CBOOOJHBIC PaJIUKajbl UTPAIOT
pOJIb B pa3BUTHHU MHOTUX 3a0osieBaHuil. AOA onpenersiiv ¢ MCIOJIb30BaHUEM BOJIbTAMIIEPOMETPHUYECKOTO
aHanmM3aTopa NpPH pPAa3UYHBIX KOHICHTPAIUSIX B BOJHOM pacTBOpE, HCHONB3Ys METOJ KaTOIHOW
BOJIETAMIIEPOMETPHUH, B YAaCTHOCTU TIPOIIECC 3JIEKTpOBOccTaHOBIeHUs kuciopona (OB O,). MonenbHas
peakius OB O, mporekaer Ha 3MEKTPOJC MO MEXaHU3My, aHAJIOTMYHOMY BOCCTAaHOBJICHHIO KHCIOPOZAA B
TKaHSX U KJIETKaX OpraHu3Ma:

0,+e —= 0," (1)

0,” +H" —— HO, ()
HO,"+H +e¢ —= H,0, 3)
H,0,+2H" +2¢” = 2H,0 4)

B xome skcmepumenta ompeneneHus AOA yuuTeiBaniach mepBas BosiHa OB O, (BoccTaHOBIIEHHE
KHCJIOpPOJa IO TIEPOKCHIa BOAOPOAa) ¢ 0Opa3oBaHWEM aKTHBHBIX KHCIOPOMHEBIX paaukaioB O,, HO,  (BbI-
paxenust 1-3). IIpennonaraercsi, YTO BEIIECTBAa PEarupylOT ¢ KUCIOPOIOM U €T0 aKTUBHBIMHU pajJuKaiaMu
Ha MOBEPXHOCTH MHAUKATOPHOT'O 3JEKTPOa, YTO OTPAXKaeTCsl B UBMEHEHNH KaTtoaHoro Toka OB O,, koTopoe
M0 CBOEMY a0CONIOTHOMY 3HAYCHUIO CBUJIETEILCTBYET O TOM, YTO HCCIeyeMble 00pasllbl pearupyroT C
KHCJIOPOJIOM ¥ €Tr0 aKTHBHBIMU pajJlKaniaMu B HccieayeMoMm pactBope. CterneHb uameneHus toka OB O,
SBISUIACH TIOKa3aTeJeM aKTMBHOCTH Hccieayemoro oopasma. Kosd¢unueHT akTUBHOCTH 00pa3LioB —
K, MKMOJITB/(J1-MMH) pacCUMTBIBAICS IO popMyJie

C I
K=—2|1-2L], (5)
t I,
rae €, — KOHLEHTpauus KUCIOpOJa B MCXOJHOM pacTBOPE 0e3 BellecTBa, MKMOJIL/IT;, [; — TeKyllee

3HaueHue npeaenbHoro Toka OB O,, MkA; I, — 3HaueHue npeneasHoro Toka 9B O, B OTCYTCTBUU BELIECTBA
B pacTBOpe, MKA; t — BpeMsI MPOTEKAHUS TIpoIiecca, MUH.
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AHTHOKCHJIAHTHYIO aKTHBHOCTbH OIPEIIEISUTH, UCTIONB3Ys BhIpaxkeHue (5), pe3yabTaThl IPEICTABICHBI B
Ta0InIE.

Tab6anuna

AHTHOKCUAAHTHASI AKTUBHOCTb 4-(2-U30HUKOTUHOMJITHAPAZUHII)-4-0KCOOYTAHOBOMH KUCJIOTHI
10 OTHOLICHMIO K IpoIeccy 31eKTPOBOCCTAHOBJIEHHUS KHCIA0poaa, n =S5, p = 0,95

KoHneHnTpanus BeniecTsa, Mr/mi K, MKMOJIB/TT MUH CraHgapTHOE OTKIOHECHUE
0,1 0,218 0,05
1 0,625 0,02

ITony4yeHHbIC TaHHBIC MOKA3BIBAIOT, YTO 4-(2-M30HUKOTHHOWITHAPA3HHIUT)-4-0KCOOyTaHOBAsT KUCIIOTA
B MaKCUMAaJbHON HCCJICIOBAHHON KOHIICHTPAIIUU MPOSBISET HAUOOJBIIYI0 aHTHOKCUIAHTHYIO aKTHBHOCTD.
[MokazaHo, 4TO Aaxe B MHHUMAlbHO HM3YYEHHON KOHIIGHTpPAIMH JaHHOE BEIIECTBO B3aUMOJCUCTBYET C
KHCJIOPOJIOM M €ro akTUBHBIMH (hopMaMu, E3aKTHBHPYS WX B pacTBOpe. AHTHOKCHJIAHTHYIO aKTHBHOCTH B
JAHHOM CITydae MOXHO PacCMaTpUBaTh KaK MOJE3HOE CBOWCTBO, PACIIUPSIONICE MOTCHIMAIBHBIA CIIEKTP
MIPUMEHCHUS JTAHHOTO COCIUHCHMYSL.

Takum 00pa3om, OCyIIeCTBIICH CUHTE3 4-(2-N30HUKOTHHOMITHAPA3ZHHIIT)-4-0KCOOYTaHOBOM KUCIOTHI 1
M3YYEHO €T0 BIMSHHUE Ha TPOIECC AIEKTPOBOCCTaHOBIICHUS Kuciopona (OB O,) B pasmudHBIX KOHIICHTpPA-
IUSX, TOKA3aHO HATMYNE aHTUOKCHIAHTHON aKTUBHOCTH B OTHOIIICHUU PATUKAIOB K KUCIOPOY.

ITonydueHHBIE PE3yNBTATHI IPEITOIATAIOT TPOBEICHNE B JATBHEHIIIEM PaCIIMPEHHBIX UCTIBITaHUH [14].

3KC}’l€le/l€HmaJlea}l yacmov

Cnektpsl IMP 'H coenunenus (I) 3amucans! Ha ciextpomerpe JNN-ECA 400 xommanmu «Jeoly (Smo-
uus). PaGouas wactora crexrpomerpa 400 u 100 MI'n Ha siapax 'H u PC cootserctBenHo. CheMKa ocylie-
CTBJISLTACH TIPH KOMHATHOM TeMIIepaType ¢ ucrnoiab3oBanueM pactBoputens JIMCO-dg. XumMudeckue CaBuru
M3MEPEHBI OTHOCHTEIHHO CUTHAIOB OCTATOYHBIX POTOHOB HITM aTOMOB YTIIEpOAa EHTEPUPOBAHHOTO JTUME-
THICynbQokcuaa. Temreparypsl IUIaBIeHUs ornpezeneHsl Ha npudope Boetius. TCX aHanu3 BBINONHWIN Ha
riactrakax Silufol UV-254, cucrema — 2-nponanon — 6en3on — 25 % BoaHbIN pacTBop ammuaka 10:5:2, mpo-
SIBIICHUE MapamMu Hoja.

4-(2-M30HUKOTHHOMITHAPA3ZUHNI)-4-0kco0yTanoBas kucjaora (I). K 2,74 r (0,02 mons) ruapasuaa
M30HUKOTHHOBOHM KUCJIOTHI B 20 MJT 3TaHOJIA JOOABISIOT TIpH TiepeMermuBaduu pacTBop 2 T (0,02 mMomb) sH-
TapHOTO aHTHApHaa B 20 M1 aTaHoNa. Peaknnonuyro cMmech repemermmBaioT npu 40—50 °C B TedueHne Jaca.
Brimagmmmii ocaiok oTQUIBTPOBBIBAIOT U MEPEKPUCTAIUTH30BEIBAIOT U3 3TaHoNa. Berxox nmpoaykra (I) cocra-
Buna 3,59 1 (86,1 %) ¢ 1. it 245-246 °C. JlaHHbIC 3IIeMeHTHOTO aHanu3a coenuHeHwus () oTBeyanu BbIYHC-
nenubiM. C;1H;N;Os. Cnexktp AMP 'H (400 MT't, DMSO-dg, 8, m.1., J/Tn): 2,37 (2H, T, CH,-CH,); 2,42
(2H, 1, CH,-CHy); 7,71 (2H, 1, J = 2,34, 2CH-2 4-nupunun); 8,70 (2H, n, J = 2,31, 2CH-1 4-nupuaun);
10,01 (1H, ¢, HNH-NC=0); 10,61 (1H, ¢, H-NHNC=0); 11,72 (1H, ym. c, OH).

MoaroroBka pacTBOpoB. VIcX0OAHBIE PaCTBOPHI UCCIIEAYEMBIX BEIIECTB ¢ KOHIeHTparuei 0,1 r/mi ro-
TOBWJIH CJICAYIONUM 00pa3oM: Ha aHAIMTHYECKUX Becax B3BermmBaiu 0,5 T oOpasiia U pacTBOPSIIN B 5 MIL.
Haiee pacTBopsl ¢ KoHIeHTparuei 0,01 r/Mi1 TOTOBMIIM MOCACAYIOIIMM Pa30aBicHHEM AMCTHIIMPOBAHHON
BO/IOH BO (hrakoHax o0beMom 10 mut.

st uccnenoBanuii 6panu 00beM anmukBoTH 0,1 MII, TTOJTy4asi COOTBETCTBYIOIIME paboyue KOHIEHTpa-
MU FCCIIETYEMBIX PACTBOPOB, KOTOPHIE MPEACTABICHBI B TAOIHIIE.

Memoouka sxcnepumenma no onpedeneHurd aHMUOKCUOAHMHOU AKMUSBHOCMU 3aKITI0YaIach B ChEMKE
Y aHaIM3e BOJbTaMIeporpaMMm katogHoro OB O, ¢ MOMOINEI0 BOJIBTAMIIEPOMETPUYCCKOTO aHAIHM3ATOPA,
MTOAKTIOYCHHOTO K KOoMITbIoTepy [15]. Mcmonap30Bancs MOCTOSTHHO-TOKOBBIM PEKUM KaTOMHOW BOJIbTaMITC-
POMETPHH, CKOPOCTh pa3BepTKH moTeHiuana W= 30 mB/c, pabouunii nuama3on norenunuajioB ot 0,0 mo
—0,7 B, BpeMa nepememmBanus pactsopa 20 ¢, Bpems ycrokoeHus 10 c. DnekTpoxumudeckas sueiika mpes-
CTaBJIsIa COOON CTEKIISTHHBINA CTAaKAHYMK C PACTBOPOM (POHOBOTO AIICKTPOJUTA W OIMYIICHHBIMUA B HETO HH-
TUKATOPHBIM PTYTHO-TUICHOYHBIM JJIEKTPOJIOM, XJIOPHI-CEPEOPSHBIM AIIEKTPOJOM CPaBHEHHUS WM XIIOPHUJ-
cepeOpsIHBIM BCIIOMOTaTeIbHBIM 3JIEKTpoAoM. B kadecTBe poHOBOrO pactBopa BeiOpaH (ocdartHbiii Oydep c
pH 6,86, 6;in3kuM K (PU3HONIOTHUECKOMY 3HAYCHHIO, 00beMOM 10 MiI. AKTHBHOCTH UCCIIEIYEMOTO BEIECTBA
(I) mo otHomrenuto k OB O, ompenensiack Mo CIeIYIONEH METOANKE: CHUMAIIMCh BOJIETAMITEPOTPAMMBI TO-
ka OB O, B OTCYTCTBUH HCCIEAYEMOTO BemecTBa ((OHOBAsI KpHBasi) MO OMUCAHHOMY BhIIIe criocoly. [Ipu
OTCYTCTBUHU ITOCTOPOHHUX MUKOB (DOHOBBIN PAacTBOpP CUUTAJICS YHCTHIM. 3aT€M B SUCUKY NOOABISIIOCH HC-
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ClIelyeMOoe BELIECTBO C U3BECTHOM KOHIEeHTpanuel (Opanu oobeM anukBoThl 0,1 M Ha 10 Ma oObema ¢oHo-
BOTO 2JIEKTPOJINTA) M CHUMAJIACh KaToiHas BojbTamieporpaMmma OB O, mpu Tex xe ycnoBusx. Vzmepenus
TTOBTOPSUTACH HE MeHee 3 pa3 yepe3 omnpeIeieHHbINH MpoMexkyTok BpeMerH (180 ¢), 1 KakabpIil pa3 oleHuBa-
JI0Ch 3HaYEHME MpeenbHOro Toka OB O,.

Paboma svinonnena npu gpunancosoti noodepoicke eparnma PODU Ne 15-04—01110.
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O.A. Hypkenos, A.M. I'azanues, C.J1. ®a3puioB, A.E. ApuHoBa,
T.M. Ceiiinxanos, I'.)K. Kopinosa, C.K. Ko6uesa, A.A. bokibaes,
A.T. Tokibaesa, O.A. Boponosa, E.B. [InoTHHKOB

4-(2-N30HMKOTMHOMJITHAPA3MHII )-4-0KCO0YTAH KbIIKbIJIBIHBIH CHHTE3I,
KYPbLIbIMBI KOHE AHTHOKCHAAHTTBIK 0eJIceHaiIiri

Maxkamana 4-(2-M30HUKOTHHOWITUAPA3UHIN)-4-0KCOOYTaH KBIIIKBUIBIH CHHTE3A€y MeH OipKeHICTIKTi
(*H sxone "*C) sxone exikenicrikti (COSY, HMQC) SIMP criekTpiiepi TONBIK KapaCThIPBUIBII, OHBIH Op TYpIi
KOHLCHTpaLHsIapaa OTTeriHiH 31eKTpToThIKchi3aanasipy (T O,) mpouecinneri acepi 3eprrenni. baramay
ozici peTiHAe KOPFAChIH-KAOATThI JJIEKTPOATA KATOATHIK BOJBTAMIIEPOMETPHs KosimaHbUiabl. KenTipinrew
9/liCTe aHTHOKCUAAHTTHIK OENCeHIUTIK OeNrini yakbITTa aHTHOKCHIAHTIICH OelTapanTaHAbIpbLIFaH OTTETiHIH
Gencenni QopManapeIHBIH CaHBIH KopceTTi. 4-(2-M30HHKOTHHOMNTHAPAa3HHIIT)-4-0KCOOYTaH KBIIIKBITBIHBIH
CYJIBI €pITIHAICI aHTUOKCUIAHTTHIK OCIICCHAUTIKTI KCH ayKbIMIBI KOHIICHTPAIHAIa KOPIHETIHAIrT aHBIKTAIbL.
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O.A. Nurkenov, A.M. Gazaliev, S.D. Fazylov, A.E. Arinova,
T.M. Seilkhanov, G. Zh. Karipova, S.K. Kabieva, A.A. Bakibaev,
A.T. Takibayeva, O.A. Voronova, E.V. Plotnikov

Synthesis, structure and antioxidant activity
of 4-(2-isonicotinoylhydrazinyl)-4-oxobutanoic acid

The article presents data on the synthesis and detailed interpretation of one-dimensional (‘H and '*C) and
two-dimensional (COSY, HMQC) NMR spectra of 4-(2-izonikotinoilgidrazinil)-4-oxobutanoic acid, and
studied its effect on the process of electrochemical reduction of oxygen (O, ER) at various concentrations. As
an estimation method applied cathodic voltammetry on a mercury film electrode. In this approach, determina-
tion of antioxidant activity reflects the amount of reactive oxygen species antioxidant neutralized over time. It
is shown that an aqueous solution of 4-(2-izonikotinoilgidrazinil)-4-oxobutanoic acid exhibits antioxidant ac-
tivity within a wide concentration range.
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HccienoBanue peakuuu paauKajaibHOW CONMOJIUMEePU3aLMH
MOJTUIIPONMJICHIIMKOJIbMAJIEMHAT(TAIATA C METAKPUJIOBO KUCJI0TOM

B craTbe BrepBble peakiMeil pagnKaabHONM COMOTHMMEPHU3ALMHU TOIYIEHBI CONOIMMEPHI MOTUIPOMHIICHIIIH-
KOJIbMaJleMHaT(TanaTa ¢ METaKpUIOBOH KUCIOTOH B pacTBOPE MPU Pa3INUHBIX MOJBHBIX COOTHOIIEHUSIX HC-
XO/IHOH MOJTMMEP-MOHOMEpHOH cMecH. MHTerpaabHBIM METOAOM YCTaHOBIEHBI KOHCTAHTBI M HEKOTOPbIE TMa-
paMeTpsl paauKaIbHON cononmMepu3anuy. [lokazaHo, YTO MCXOTHBIH MOIHIPONHIEHIIINKOIEMAIenHaT(Ta-
JaT TPOSBIISIET MEHBIIYIO PEAKIIMOHHYIO CIIOCOOHOCTH B CPaBHEHUM C HEHACHINIEHHOH KapOOHOBOIT KHCIIO-
Toi. OnpeneneHo, YTo CTENEHb HEHACBIILIEHHOCTH CHHTE3UPOBAHHBIX CONOJIMMEPOB HAXOAUTCS B NPSAMOH 3a-
BHCHMOCTH OT COJICp’KaHUs HeHACKIIIEHHOTO ITOJIMI(HPA B COCTABE NCXOMHOHN PEaKIIMOHHOH CMECH.

Kniouesvie cnoea: HeHachlllieHHas MOIMA(UpPHAs CMOJA, HEHACHIIEHHBIH MONU3(Up, MOIUTPOMUIEHTIH-
KOJIbMaJIEWHAT, PaJMKaIbHas COMOINMEPH3alKs, KHHETHKA U TapaMeTphl COOIMMEPH3aIuu.

Bseoenue

WHTeHCHBHOE pa3BUTHE MTPOU3BOCTBA IEKOPATUBHBIX OTAEIOYHBIX M KOHCTPYKIIMOHHBIX MaTEpHAIIOB,
W30JISIIIHOHHBIX, 3JICKTPO- U PAAUOTEXHUYESCKUX DIIEMEHTOB, a TAKXKE MU3JIEHI O0IIEro W CHEeIHaIbHOTO Ha-
3HAYCHHH TPeOYET MOCTOSHHOTO TIOMCKA HOBBIX MEPCIIEKTHBHBIX MAaTEPUAIIOB IS UX M3TOTOBICHUS. Y 100-
CTBO WCIIOJIb30BAHUSI HEHACHIIIEHHBIX TOJUI(PUPOB B TIPOU3BOJCTBE OOYCIOBICHO KakK (DU3UKO-XMMHU-
YEeCKUMH XapaKTePUCTUKaMH, TaK U SKOHOMUYECKUMH MOKa3aTeNIsIMU B CPABHEHHUHU C STIOKCHIHBIMU CMOJIa-
Mmu. Tak, HEHACKHIIIEHHBIE MOTUIPUPHI 00JIATAIOT MEHBIIIEH BA3KOCTHIO, JIETKUM HAHECCHHEM, MEHBIIICH YyB-
CTBUTENFHOCTBIO K TOYHOCTH JO3WPOBKH HCIIOJIb3YEMOTO OTBEPAMTENA, MPH 3TOM HX OTBEp)KIEHHUE MpHU
OOBIYHBIX YCIOBHUSX MPOUCXOAUT ObIcTpee. HeMaloBaKHBIM SBISETCS U XOPOIasi COBMECTUMOCTh HEHACHI-
IICHHBIX MOJMA(PUPOB C PA3TUYHBIMH COMYTCTBYIOIIUMH MaTepHallaMH: IUIACTH(QUKATOPAMH, TUTMESHTAMH,
KpacUTETSIMHU, ChITYYUMHU HAMOJHUTENIMU. braromapsi OTHOCUTENBFHO XOPOIIUM JTUTHEBBIM CBOMCTBAM He-
HACBIIIEHHBIX TOMMI(QUPHBIX CMOJ Ha UX OCHOBE MOYKHO M3TOTAaBIMBATH M3/ETHS METOJOM 3aIHUBKH B (Qop-
MBI, IPY 3TOM UX CTOMMOCTb MPAKTUYECKU B 2 pa3a HUXKE B CPABHEHUH C SMOKCUTHBIMU. ClenyeT OTMETUTb,
YTO HAIMYUE HEHACHIIIEHHOW JIBOWHON CBS3M B CTPOSHUM HEHACHIMEHHBIX MOMHAI()UPOB — IOJHUTIIHKOIb-
MaJIeMHATOB M MOJUTINKONb(pyMapaToB — OOYCIOBIMBAET BO3MOKHOCTh UX OTBEP)KACHUS BUHUIOBBIMH
MOHOMEpaMH, NPU 3TOM CHHTE3UPOBAHHBIC COIMOIUMEPHI O0JAJA0T Pa3IUIHBIMUA (PU3HKO-XUMUYECKUMHU
cBoiictBamu [ 1, 2]. BriepBble benur Ha3Bai mporecc 0TBep KIeHUS HEHACHIIIICHHBIX MOJUA(UPOB CTUPOIIOM
peakmueit comomMepu3anuu [3].

Panee, cormacHo nmUTEpaTypHBIM JaHHBIM, OblTa OCYIIECTBIEHA COIMOJUMEPH3AllNs HEHACHIIEHHBIX
MOJIMA(PUPHBIX CMOJI C PSIIOM BUHHIIOBBIX MOHOMEPOB [4—7], OZJHAKO CBEJICHHUSI O MOJOOHBIX PEaKIHIX C UO-
HOT€HHBIMA COMOHOMEpPAaMH OTCYTCTBYIOT. BBUIY CKa3aHHOrO BbIIIE€ HaM HPEICTABISIIOCH MHTEPECHBIM
OCYIIECTBUTH COMOJIMMEPU3AINIO TONHITPOTHIICHTTINKOIbMalleMHaT(Tanata ¢ METaKpUIOBOW KHCIOTON U
ONPEJICTUTh HEKOTOPBIC TAPAMETPhI PEAKIIUH.

SKC‘nepuMeHmaﬂbHa}Z uacmo

Hcxonnplit moymmnponmieHr mKoIsManenHaTdranar (m-I1I'M®) momxydeH peaxiueii moJIMKOHICHCAITAN
MaJIEHHOBOTO M (PTaJIEBOTO aHTHUAPUIOB B cooTHomeHn: 0,7:0,3 MOJIb ¢ MPONMMJICHTIIMKOIIEM TI0 CTaHIaPT-
HOW MeToauKe [8], HO B IPUCYTCTBMHU KaTaIM3aTOPOB — XJIOPUAOB METAJUIOB MEPEXOAHOr0 mepuona. Tem-
nepatypa peakliuy BapbupoBaiach B npeaenax 423-433 K.

XoJl peakiuu KOHTPOJIHPOBAJICS MOCPEICTBOM OINPEIEIICHHsI KUCIOTHOTO YKcia U 00beMa BbIJICIINB-
nIelicsi B Impolecce NOJIMKOHAEHcauuu BoAbl. llonydeHHbIl HeHachleHHbIH nomumadup — n-IIFIMO —
npeacTaBisieT co00il Menomo100HOE JIErKOTUTaBKOE BEIIECTBO CBETIIO-KEJITOTO [IBETA, XOPOIIO pACTBOPUMOE
B xJiopodopMme U nuokcane. OnpeereHue MojaeKysipHoi macesl -IITM®, koropast cocraBuia 2530 a.e.m.,
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MPOU3BOJMIN HEPETOMETPUUECKUM METOIOM B pacTBOpe 00ecHbUIEHHOTo xJiopodopMa Ha Mpudope MapKu
2100 AN ¢upmet NACH [9].

Pamukanpayto cononmumepusarito m-III'MM® ¢ metakpmmoBoit kucinoroit (MAK) ocymecTsisuin B pac-
TBOpE AMOKCaHa B cOOTHomeHUH 1:1 (Mo mMacce) MoIMMEp-MOHOMEPHOW CMECH K PacTBOPUTENIO P pas-
JUYHBIX UCXOTHBIX MOJBHBIX COOTHOIICHUSX HEHACHIIEHHOTO oMMd(rpa U BUHWIOBOTO MOHOMEpA B MPH-
CYTCTBHH IepeKHUCH OEH30MIa B KaUeCTBE HHUITHATOpa mpu Temmeparype 333 K.

Kunernka pagukaibHON COMOMMMEPU3LINY M3ydalach AuiaToMeTpuueckuM metonoM [10]. PactBopsr
Pa3IUYHBIX MOJIGHBIX COOTHOLICHHUH MOJMMEP-MOHOMEPHOH CMECH B AMOKCAHE MOMEIIANIN B JHJIATOMETPHI
o6beMoM ~ 10 eM’ ¢ muamerpoM Karmmmosipa ~ 0,15 cM i 0CBOGOKIATH OT PACTBOPEHHOTO BO3AyXa IPOLYB-
KOW MHEPTHBIM ra30M — a30TOM.

[locne ocymiecTBICHUSI COMOMUMEPH3AIMKA C LEJIbI0 OYUCTKH CHHTE3HMPOBAaHHBIX COMOIMMEPOB
-IIT'M® ¢ MAK, uMeromux mpocTpaHCTBEHHO-CIITUTOE CTPOCHHE, OT OCTABIIIMXCS PEAareHTOB MX MPOMBIBA-
nu auokcaHoM. OOGpa30BaBUINIICS MATOYHBIN pacTBOp OBUT MPOAHAIM3UPOBAH METOAOM Ta30BOW XpOMAaTo-
rpadun Ha razoBoMm xpomarorpade Agilent 7890A ¢ macc-cenexTuBHBIM IeTekTopoM Agilent 5298 [9]. Ilo-
clle MaTeMaTH4ecKol oOpabOTKM MONyYeHHBIX Pe3yJIbTaTOB ra30BOXpoMaTorpaduyeckoro aHaausa, MOKa-
3BIBAIOIIETO KOJMYECTBEHHBI OCTATOK HEMPOPEarnpoOBaBIINX KOMIIOHEHTOB, HHTETPATBHBIM METOJIOM
Maiio-JIpronca paccunTali KOHCTAHTHI COMOJIMMEPHU3ANU. BpoMuI-OpoMaTHEIM METOIOM ONPEAETISIIN CTe-
MIEHb HEHACBHIICHHOCTH COTIOJIMMEPOB.

I'paBUMeTpHYECKUM METOJIOM OTIPEAEISUIM PAaBHOBECHYIO CTETeHb HaOyXaHUS CHHTE3WPOBAaHHBIX CO-
MOJIMMEPOB ITyTEM BBIICPKUBAHHS 00pa3IOB MOJIMMEPOB B JUCTHIUIMPOBaHHOM Bojie (pH 7) mpu HOpMalTh-
HBIX YCIIOBHAX B T€UEHHE 2—3 CYTOK JI0 YCTaHOBJICHUS paBHOBecus. CteneHb HaOyxaHus cononumepa o (%)
OTIPEIEIISUIA KaK OTHOIICHHE a0CONIOTHONW Macchl HaOYXIIeH HABECKU THIPOTEIIS B TOUKE PABHOBECHOTO Ha-
OyxaHHA K ee UCXOTHOM Macce B CyXOM COCTOSHUU:

a="""9.100%.

m,
Pesynomamot u ob6cysicoenue

CHHTE3 UCXOIHOIO MOJMIPONUICHIIHKOIbMacuHaTdTazara (m-III'M®) ocyIecTBIsIICS MO CACIyFO-
et cxeme (puc. 1):

le) O
I Il
cH-C N CH,-CH-CH Kat
i OH + OH + 727 s Rat
CH-~" 7
c ﬁ, OH OH
I o
CHj3 (@] O CHs o o

I I 1
—> HO—CH—CH,-0—C—CH=CH—C—OH 4+ HO—CH-CH, 0—C C—OH —

" i i T
H
—> H—O0—CH—CH,~0—C—C==CH—C—0—CH—CH,—0—C C—OH —>

CHs ﬁ 0o CHs o) (|)

H |
— >\ —0—CH—CHy-0—C—C=CH—C—0—CH—CH,—0—C_  C- vwv + 4,0

PI/IcyHOK 1. Cunres HOJ'II/IHpOHI/IJ'ICHFJII/IKOJII)MaHGI/IHaTq)TaJ'IaTa
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VYuuteiBas, uto n-III'M®D conepKUT B CBOEM COCTaBE HEHACHIIICHHBIC MaJCHHATHBIC TPYIIIbI, MOXKHO
MIPEIMONIOKUTh BO3MOXKHOCTh WCIOJB30BAHMS IOCIEIHUX B KaueCTBE MATPHI] C IEIbI0 MOTyYeHHs TPO-
CTPaHCTBEHHO-CITUTHIX COIOJIIMMEPOB, B CTPYKTYPE KOTOPBIX TNPHUCYTCTBYIOT pa3IMYHbIE HOHOTCHHBIE
(hyHKITMOHAIBHEIC TPYIIIIHL.

B cBsI3u ¢ 3TUM HaMM OCYIIECTBJIEHA PEaKIUsl paJuKaibHON conoiuMepuszanuu n-I1II'MM® ¢ metakpu-
nmoBoit kucnmoroit (MAK) mpu pasmuIHBIX MOJBHBIX COOTHOIICHUSAX ITOJIMMEP-MOHOMEPHOW CMECH IO ClIe-
nyromiel cxeme (puc. 2):

CH (0] (0] CH (0] OH
e i Hol 3 I [ 333K
0—CH~=CH, 0—C—C=C—C—0=CH-CH,~0—C_ C—T + HC:THZ—COOH —
CHs
n
_ R _
CHs 0 o) CHs 0 0
T | I
v — 0—CH—CH,—0—C——C——C—C—0—CH—CH,—0—C C— v
o
H
HOOC—C——CH,
| n
L Sy i

PI/ICYHOK 2. Cunres COMMOJIMMEPOB HOHI/IHPOHI/IHCHFHI/IKOHLMaHGI/IHaT(i)TaJ'IaTa C MeTaKpPIJ'IOBOfI KUCJIOTOM

Ha pucynke 3 mnpexacrtaBiieHbl JaHHbIE JUJIATOMETPUYECKOIO MCCIIECAOBAaHMSA KUHETUKU PaIUKaIbHOMN
cononuMepuszanu n-II'M® ¢ MAK, ykassiBaroliiie Ha BO3pacTaHHE CKOPOCTH NPOLECCa C YBETMUYEHUEM
coJiep>kaHusl KapOOHOBOW KUCIOTHI B UICXOAHOM MOJTMMEP-MOHOMEPHOH CMECH.

25 1 P, %

5

0 20 40 60 80 101

T, MuH.

n-IIMM®-MAK: / —8,79:91,21; 2 —22,02:77,98; 3 — 46,90:53,10; 4 —72,74:27,26; 5 — 87,99:12,01, moxn. %
Pucynok 3. KuneTnueckast KpuBasi 3aBUCUMOCTH cornosimMepusanui n-II'MMO-MAK

VYuuTeiBas HECOCOOHOCTh MAJIEMHATHBIX TPYI K PEaKIHsIM TOMOIOJIMMEPHU3AINY, YMEHBIICHUE
MOJIBHOM KOHIIEHTpAIK KapOOHOBOM KUCIOTHI MPUBOJIUT K CHHKEHHIO BEPOATHOCTU MPOTEKAHUS PEAKIINU
Pa3BETBJICHUS U CUIMBKH, COOTBETCTBEHHO, IIPU 3TOM BO3PACTAET CTEMEHb HEHACHIIICHHOCTH COMOIUMEPA.
Cremyer OTMETHTD, 4TO BCiencTBUE yBenudeHUs m-III'M® B MCXOIHOHN MOIMMEpP-MOHOMEPHOW cCMecH ee
BSI3KOCTH BO3PACTaET, B pe3yIbTaTe Yero MpoTeKaHne YKa3aHHBIX BBIIIE PEaKnuil 3aTPyTHEHO.

B Tabmune 1 mpencTaBieHbl 3aBHCHMOCTH COCTaBa COMOJMMEPOB OT COCTaBAa HMCXOJHOW MOJIMMEp-
MOHOMEPHOM CMECH, a TAKXKE€ HEKOTOPHIE APYTHE MapaMeTphI.
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Tabnuma 1

3aBHCUMOCTH COCTABA COIMOJIMMEPOB OT coCTaBa l/lCXOZ[HOﬁ CMECH IPHU COMOJIMMEpPU3alluu
n-IITM® (M) ¢ MAK (M,) [IT5] = 8 moas/m’, T = 333 K

HMcxonHoe cOOTHOIIEHNE o
. o, | CocTaB comnonaumepa, Moi. % CremnieHb
MOJIMMEP-MOHOMEPHOH cMecH, MoIL. % a,% Brxon, %

M, M, P, - HEHACBHIIICHHOCTH
9,91 90,09 8,79 91,21 211,72 91,8 10,82
24,77 75,23 22,02 77,98 208,79 91,1 19,23
49,99 50,01 46,90 53,10 200,68 89,9 27,75
74,94 25,06 72,74 27,26 168,37 88,7 36,58
89,86 10,14 87,99 12,01 140,83 88,3 42,03

Kak u cnemoBano oxuaath, COCTaB COMOJIUMEPOB HECKOIBKO 00OTaIleH 3BeHbSIMA KapOOHOBOM KHCIIO-
ThI. [Ipu 3TOM BBIXOJ COIOIMMEpPa aHTUOATECH CTEIICHH €r0 HEHACBHICHHOCTH. JJaHHOE 00CTOSATENBCTBO, IO
BCEHW BUIMMOCTH, MOXKET OBITh OOBSICHEHO HEIOCTATOYHOCTHIO KOoHITeHTpanmuu MAK, BcTymaromiei B peak-
MU Pa3BETBJICHUSA M CIIMBKH, M, COOTBETCTBEHHO, BO3PACTAET KOJIMYECTBO HEMPOPEATHPOBABIINX MaJeH-
HATHBIX TPYII, 00YCIOBICHHBIX MPEBATHPYIOIIUM HATHYHNEM 3BEHBEB HEHACKIIIICHHOTO MOIU3(Upa.

Bonee HariasaHO 3aBUCHUMOCTH COCTaBa COMOJMMEPOB OT COCTaBa MCXOJHOW CMECHU MpEACTAaBICHA Ha
nuarpamme cocrtaBa (puc. 4). KpuBas coctaBa conoimmMepa JIe)KUT HIKE JTMHAW a3€0TPOIla, YTO yKa3bIBaeT
Ha 0oJiee HU3KYIO peaKIMOHHYI0 criocoOHOCTh IM-III'M® B cpaBHeHnn ¢ MAK.

Copnepxanue n-IIIMM® B cononmmepe, Moi. %

100

80 -

60

40 |

20 -

20

40

60

Conepxanue n-III'M® B ucxogHoit cmecu, Moit. %

HUCXOJHOU MOJIMMEP-MOHOMEPHOUN cMecH

100

Pucynok 4. JIlnarpamma cocraBa comouMepoB m-I1IIMM®P-MAK B 3aBHCHMOCTH OT COCTaBa

HaTerpanbupiM MeTogoM Maiio-JIptonica paccuuTaHbl KOHCTaHTHI cononumepusanuu n-III'MM® c
MAK. Ilony4ueHHBIEC TaHHBIC IPEACTABICHBI B TAOIHIIE 2.

KoncTaHTBI M TapaMeTphl PAIHKAIBHON COMOJUMepPH3AUT

Taonuma 2

M,

M,

"

¥

ry'r

1/}"1

1/7”2

n-I1IT'M®

MAK

0,8983

1,1467

1,0301

1,1132

0,8721

3HaueHHe KOHCTAHThI COTIOIUMEPU3AIUU 7, TIPEBBIIIACT €AUHUILY, YTO CBUJCTEILCTBYET O MPEUMYIIEe-
CTBEHHOM IPOTEKaHWU PEaKIuii mpucoequHeHus Kk panukany MAK «cobcrtBenHoro» MoHOMepa. OTHOCH-
TellbHasi aKTUBHOCTH pagukana n-III'MM® Huxe eJMHULIBI, YTO YKa3bIBAE€T HA BEPOSATHOCTh MPEANOYTHUTEb-
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HOTO MPHUCOCTUHEHUS «1yKoro» MoHoMepa. CieyeT OTMETUTh, YTO MaJICMHATHBIC TPYIILI, B OTIUYHE OT
BHHIJIOBBIX, HE CIOCOOHBI K TOMOIIOIMMEPU3AIINH, B PE3ylbTaTe YEro MPEATOI0KUTEIHFHO KOHCTAHTA 7|
JIOJDKHA CTPEMUTRLCS K HYIIO, OJHAKO OHA MpHOIMKaeTcs K equHuIle. [1o Bceil BUTUMOCTH, TaHHOE 00CTOS-
TEJIHCTBO OOBIACHSICTCS yYaCTHEM MAJICMHATHBIX TPYIIIN B PEAKIIHSIX OOPHIBA IICTIH.

Raxnouenue

Brepseie peakiieil paaukaabHON COMOIMMEPHU3AIAY B PACTBOPE TOIYICHBI POCTPAHCTBEHHO-CIIUTHIE
COTIOJIMMEPHI MOJIUTTPOMUICHTIMKOIbEMaJICHHAT()TAJIaTa C METAKPUIOBOH KHUCIOTOM. MccnenoBana KHHETHKA
npouecca. Halinena 3aBHCHUMOCTh COCTaBa MOJYYCHHBIX COMOJIMMEPOB OT COCTaBa MCXOTHON MOJIUMEp-
MOHOMEPHOW CMECH.

HaTerpanbabiM MeTogoM Maiio-JIsronca onpeeneHbl OTHOCUTEbHBIE aKTUBHOCTH COMOHOMEPOB. Y C-
TaHOBJICHO, YTO OTHOCHUTENbHASL aKTUBHOCTh pagukana n-III'M® Huxe COOTBETCTBYIOIICH aKTUBHOCTHU pa-
nukaina MAK.
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A K. KoBanesa, M.XX. Bypkees, 3.-C.M. Herum, E.M. TaxbaeB,
T.C. Kymaranuena, I'.K. Bypkeesa, )K.A. Tenenni

HoannponujieHrIMKoIbMAJIeHHATPTAIAT NeH MeTAKPHJI KbIIIKbIJIBIHBIH
PaaMKAaJAbI CONMOJMMEPHU3ANUICHIH 3epTTEy

Makanana ajFanr peT paguKaibl CONOIMMEpIIeHY PeaKIUsIChl apKbUIBI IOJIUIIPOIMICHIIHKOIbMATCHHAT-
(TaNaTTHIH METaKPHI KHIIKBIIBIMEH CONOJIMMEpIIepi epiTiHaine 6acTanKsl HOIUMep-MOHOMEp KOCTIAChIHBIH
op TYpii MOJIBJIK KAaTbIHACTapbIHAA alblHIbL MHTerpanasl oicleH paauKaiIbl COMOIUMEpPICHYIIH
KOHCTAaHTaJlapbl MEH KeiOip mapamerpiepi aHbIKTaiJbl. bacTamnkbl MOJMIPONMICHIINKOIbMaIeHHATTa-
JaTTBIH KaHBIKMAaraH KapOOH KBIIKbUIBIHA KaparaHAa peakiusra TOMeH KaOinmerTimiri OalKasjisl.
CHHTE3/leNreH  CONOJAMMEpJIEpAiH — KaHBIKMAFaHABIK  JOpexeci 0acTalmkpl —peakLHsUIbIK  KOCHAHbIH
KYpaMBIH/IaFbl KaHBIKIIaFaH MOIMI(QUP/IIH MeJIIepiHe Typa ToyeN Il eKeHi ToIeIIeHI].

A K. Kovaleva, M.Zh. Burkeev, E.-S.M. Negim, Ye.M. Tazhbaev,
T.S. Zhumagalieva, G.K. Burkeeva, Zh.A. Tolendi

Research of the radical copolymerization of polyethelene glycol maleate phtalate
with methacrylic acid

Copolymers of polypropylene glycol maleate phthalate with methacrylic acid were obtained using a radical
copolymerization reaction in solution at different molar ratios of the initial polymer-monomer mixture. Con-
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stants and some parameters of the radical copolymerization were set by integral methods. It is found that the
initial polypropylene glycol maleate phthalate is less reactive in comparison with an unsaturated carboxylic
acid. It was determined that the degree of unsaturation of the synthesized copolymers directly depends on the
content of the unsaturated polyester in the compound of the initial reaction mixture.
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CuHTe3 U TY0epPKYJI0CTATHYECKAS AKTUBHOCTD 2-(2-rHAPOKCHOEH30MT)-
S-3-(munepuauH-1-wi)-nponMOHMWJITHAPA3ZMHOAMTHOKApOaMaTa
u N-(2-(2-ruapoxcudeH30m1)-ruApa3nHo-1-kapOOHOTHOHIII )-MeTAKPUJIAMH/IA

B crarse B3aumonelcTBuEM S-aKpHIOHI-2-(2-THAPOKCHOCH30MII)-THIPA3HHOJUTHOKApOAMUHOBOI KHUCIIOTHI
C IHNEPHINHOM OCYIIECTBICH CHHTE3 COOTBETCTBYIOIIETO 2-(2-ruapokcuben3omn)-S-3-(tmnepuant-1-wmn)-
MIPONMOHIITHpa3sHHOANTHOKapOamarta. KpoMe Toro, B3anMoeicTBHeM THIpa3H/ia CATUIIIOBOH KUCIOTEI C
METaKpPUJIOWIN30THOLMAHATOM OCYyIIeCTBIeH cuHTe3 N-(2-(2-ruapokcnbeH30m)-THAPa3HHO- 1 -KapOOHOTHO-
HU)-MeTakpunamuaa. CHHTe3UpOBaHHBIE aBTOPAMH COEAWHEHHS BBIIBHIHM TyOEepKyJIOCTaTHYECKYIO aKTHB-
HOCTb 110 OTHOILIEHUIO K 3MH300THIECKOMY MTaMMy M. Obiubeco 6uoda.

Kniouesvie cnosa: 2-(2- runpoxcuOeH3omn)-S-3-(Munepuaut- 1 -1ia)-nponuoHIIT i APasu IMHOAUTHOKapOamar,
N-(2-(2-runpoxcubeH30mI)-THAPa3suHO- | -kapOOHATHOHIIT)-METaKpWIIaMUZI, TyOepKylocTaTHuecKasi aKTHUB-
HOCTb, MUKOOAKTEpHHL.

Beeoenue

Ha ceropnsimauii nens B PecnyOnuke Kazaxcran omryniaercs KpuTudeckas He0OXOIMMOCTh B paspa-
00TKE HOBBIX W HEJIOPOTUX JIGKAPCTBEHHBIX CPEACTB IS JICUEHUSI MHOTHUX 3a00JIeBaHU, B TOM YHCIE U Ty-
Oepkynesa. B 3Tom 1utane 0e3yCIIOBHBIN TEOPETHUICCKUN M MPAKTUICCKUN MHTEPEC MPEACTABIISIOT CATUITH-
JIOBask KUCJIOTa U €€ MPOU3BOAHBIC, KOTOPHIC MPHUBICKAIOT BHUMAHUE MHOTOYHMCICHHBIX HCCIEaoBaTeNeh
BCEr0 MUPA, 3aHUMAIONIUXCA MOMCKOM HOBBIX IMPOTHBOBOCHANIMUTENBHBIX, KAPOMOHIKAIOIMINX, aHAJIbIe3U-
PYIOIIHX, TIPOTUBOMUKPOOHBIX, aHTHCENTHYECKUX U TIPOTUBOTYOEPKYIE3HBIX CPENICTB, YTO 00YCIOBICHO MX
IIUPOKUMH NPUMEHEHUEM B METUIIMHCKON MTPAKTUKE U UX CUHTETUYECKUMU BO3MOXKHOCTSIMH [1, 2].

enecooOpa3HOCTh M3YyYEHHUS CBOUCTB MOIU(MDUIIMPOBAHHBIX MPOU3BOIHBIX CATHIIMIOBONH KHCIIOTHI
00yCIIOBII€HA ITUPOKUMH TEPCIEKTUBAMH, KOTOPHIE OTKPBIBAIOT TPAHUIIBI TSI NAaTbHEHIIEH peann3annu mo-
TEHIIHAIBHBIX BO3MOXHOCTEH XMMHUYECKON MOAM(DHUKAINY, 3aI0KEHHBIX B CAMOM CTPYKTypE€ 3THX HOBBIX
BEIIECTB C KOMOWHAIMEH HECKOJIbKUX aKTHUBHBIX TPYIMIHPOBOK: KapOOHMILHOW, THOKAPOOHWIBHOH, THO-
aMUTHOW, TUTHOKapOaMaTHOH, ruApasuaHoi. Takas KOMOMHAITUS B MOJICKYJIE TIPOMU3BOIHBIX CATHITIIIOBOM
KHCJIOTBI, CoJiepKalleil B CBOCH CTPYKType W3BeCTHbIC (hapMakoQOpHBIC TPYIIbBI, 3a4acTyi0 MPHUBOAUT K
BO3HUKHOBEHHUIO HOBOM BBICOKOW (hU3MOIOTUYECKON aKTUBHOCTH M CHUYKCHUIO TOKCUYHOCTH.

CuHTe3 MOAM(HUIIMPOBAHHBIX MPOU3BOAHBIX THAPA3WAA CATUIIMIIOBOW KHCIOTHI MPEACTABISCT HECO-
MHEHHBI WHTEPEC B CO3/IaHUH HOBBIX JIEKAPCTBEHHBIX, B TOM YHCIIE TPOTUBOTYOEPKYIE3HBIX, COETUHEHUI.
Tak, anMIMPOU3BOJHOE THIPA3WJA CATUIMIOBOW KUCIOTHI, B YaCTHOCTU (2-TUAPOKCHDEHMI)-aKpPHUIOWII-
TUTHOKapOaMUHOBAsI KHCIIOTA, SIBJISCTCSA YJOOHBIM CHHTOHOM I AalbHeied mogudukanuu. Ero cTpyk-
Typa COJEPKUT PEaKIMOHHOCIIOCOOHYIO ABOWHYIO YTJIEPOA-YIICPOAHYIO CBS3b AJS NMPUCOCTUHEHHS HYK-
neouabHBIX peareHToB [1, 3—7]. B ¢BsI3u ¢ 3TUM LieJI€HAIIPABICHHBIA OUCK W CHHTE3 HOBBIX MOAUDHUIIU-
poBaHHBIX 3(h()EKTUBHBIX JEKApPCTBEHHBIX CPEACTB Ha OCHOBE THJIpa3ujia CATHIMIOBON KUCIIOTHI SBISCTCS
AKTyaJIbHBIM U TICPCIICKTUBHBIM HAIPaBICHUEM KaK B HAYYHOM, TaK M B IPAKTHYECKOM acCIeKTe.

3KC}’l€puM€HmaJlea}l yacmo

CunTte3 coenuHeHus 2-(2-ruapoKcHOeH30mI)-S-3-(MUnepuaArnH- 1 -1in)-IpONTHOHUITHIPA3UHOIUTHOKAP-
OamMaTa, 00afaroNUIero MPOTUBOTYOEPKYIIE3HOH aKTUBHOCTBIO, OCYIIECTBIICH B3aMMOJICHCTBUEM THApa3HIa
CaJIUIIMIIOBOM KUCIIOTHI C XJIOPAHTUAPHUIOM aKpUJIOBOM KUCIIOTHI B Cpele AMOKCAHA B MPUCYTCTBUM TPUITHU-
JaMHHa (aKLENTopa raJloreHOBOJ0OPOa) ¢ JajlbHEHIIMM aMuHUpoBaHueM. IloaydeHHoe coennHeHue npea-
CTaBJIACT COOOW OENbIN KpUCTATNYECKH MPOoAyKT. Beixon 70 %.
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B mensix u3y4eHus BO3MOKHOCTU UCTIOIB30BAHHS CHHTE3UPOBAHHOTO COCTUHCHHUS B IIPAKTUKE JICUCHHS
pa3IMYHBIX 3a00JIeBaHUM MPOBEIEHO HCCIIEJOBAHNE HA TYOEpKYIOCTATHYECKYI) aKTHBHOCTH COETUHEHHUS
2-(2-ruapokcubeH3om)-S-3-(MumnepuauH- 1 -1r)-mponmnoHmITuApasuHonuTHOKapbamara  (mamee [OKA-2).
Onpenenenue TyOepkynoctaTrueckoit aktuBHoct [KA-2 in vitro mpoBoaunu B unuane «Kaparanaua-
ckass HUBC» TOO «KasHUBW» ¢ ucnonp3oBaHreM MoAn(UIMPOBAHHON MUTaTeNbHOU cpensl I'enbbep-
ra-M (naHOBaItOHHBINA TTaTeHT Ne 23875 ot 21.09.2009).

Janee murtarenpHyto cpeny ['enpbepra-M st IpOBEACHUS OMBITA C COJEPIKAHHUEM HCIIBITYEMOTO CO-
enuaeHust (I7KA-2) B cootHomenunu 1:2500 rotoBwin no b.5. Xaiikuny (1988) [8]. IlonydeHHy0 cMech
BHOCHJIM B CTEPUIIBLHBIE KOJIOBI ¢ OyCcaMHt 1 TIIATEILHO MIEPEMENTUBAIIHN, PA3JINBAIIA B IPOOUPKH 110 5—6 cM>® 1
cBepThIBaK IIpH Temiepatype 85 °C B TedueHue o HOro yaca. B3ech MHUKOOAKTEpHi TOTOBHIN Ha (PU3HOJIO-
THYECKOM pacTBOpe XJopuaa Hatpus 1o ctanaapty mytHoctu ' HUU um. npod. JI.A. TapaceBnua u3 pacue-
ta 500 MiTH M.K. B cM°. B KaXXIyro mpoOHUPKyY cO cpeiol ¢ COOM0IEHNEM CTEPUIFHOCTH TIPOU3BEIH TTOCEBHI
o 0,1 cm® GakTepuanbHOU B3BecH. s KaXkmoro mraMmMa Opaiu 1mo Tpu mpooupku cpenst ¢ [KA-2. Tlpo-
OWpKHU BBIICP)KUBAIIN B TEUCHUE TPEX YACOB B TOPU3OHTAILHOM MoyIokeHuu nipu temneparype 37 °C. [locne
Yero WX MOMECTHIIN B TEPMOCTAT, Ijie¢ WHKyOupoBanu B TeueHue 30 gHei. TyOepKyIOCTaTUYECKYI0 aKTHB-
HOCTE [ JKA-2 ompenesnsiiy 1o OTHOMIEHUIO K KyJbTypaM dTAJIOHHOTO MmTamMma M. bovis-8, SITN300THIECKUX
mTaMMoB: M. 6viuvezo éuda, M. phlei, M. scrofulaceum.

JlaHHbIe, XapaKTepU3YIOIIHUE TyOSPKYIOCTATHIECKYI0 aKTUBHOCTE coenuHeHust [ KA-2 mo oTHoOIIeHHIO
K pa3IMYHBIM STAJIOHHBIM U 3MMM300THYECKUAM IITaMMaM MUKOOAKTEpUi, MPEeICTaBICHEI B TabmuIe 1.

Tabnuma 1

XapakTepucTuka Ty0epKyJI0CTATHYECKOH AKTUBHOCTH coennHenus I'KA-2
M0 OTHOLIECHMIO K PA3JIMYHBIM IITAMMAM MHKOOAKTEPHI

Cpena I'enpbepra-M

HanmenoBanme JIau HaOmoeHIS

KyTbTYpHI 54 | 7-8 [ 10-w | 12-w | 15- | 20- | 25- | 30-i

OTtanoHHbIN mtamm M. bovis-8
ITpobupka Ne 1 - — — + + ++ ++ 4+
ITpobupka Ne 2 - — — + + ++ +++ 4+
ITpobupka Ne 3 - — - ++ +++ +++ +++ +++
Drm3ooTHYecKuid mrTamMm M. bovis
ITpobupka Ne 1 - - - - - €.l e.I. e.I.
ITpobupka Ne 2 — — — — — — — e
ITpobupka Ne 3 - - - - - - e.I. e.I.
M. phlei
ITpobupka No 1 - - - + ++ - o -+
ITpobupka Ne 2 - - - + + ++ 4 -+
ITpobupka Ne 3 - - - + + ++ -+ 4+
M. scrofulaceum
ITpobupka No 1 - - + ++ -+ -+ +++ -+
ITpobupka Ne 2 - - + + ++ -+ - -+
ITpobupka Ne 3 - + + + ++ ++ +++ -+
Ilpumeuanue. e.n. — equHUIHBIC KONOHUU; + — OT 10 mo 20 kononuit; ++ — ot 20 mo 50 xomonwmif; +++ — Goree

100 xoytoHwMiA; ++++ — CIUTONTHOMN POCT.

W3 npencraBneHHbIX B Tabnuie | TaHHBIX BUJHO, YTO Ha MOBEPXHOCTH MUTATENbHON cpenbl ¢ [KA-2
Ha 12-e CyTKM OTMEYEeH POCT KyJIbTYpPbI ATAJOHHOTO mTtamma M. bovis-8 n SNMU300TUYECKUX IITAMMOB aTH-
MMAYHBIX MUKOOakTepuit M.phlei, M. scrofulaceum c mepexogom Ha 25-30 cyTku B a3y HHTEHCUBHOTO POC-
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Ta. EMUHWYHBIC KOJIOHUH KYJIBTYp 3MU300THYSCKOTO IMTAMMa Oblubeco 6uda 3aperUCTPUPOBAHBI TOIBKO Ha
20-e cytku 6e3 epexona k 25-30 cyTkam B (ha3y HHTEHCUBHOTO pOCTA.

Ha pucynke 1 mpomiuTIOCTpHPOBAaH XapakTep pocTa KyJIbTyp Pa3iHyHBIX IITAMMOB Ha MOBEPXHOCTH
MUTATEIBLHOU Cpebl C XUMUYECKUM coeauHeHueM [ KA-2.
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Pucynox 1. Poct kynbTyp Mukobakrepuit: M. bovis-8 (3tanonustii mramm), M. phlei
u M. scrofulaceum (3MM300THYECKHE IITAMMEBI) Ha TIOBEPXHOCTH MUTATENBHBIX cpef ¢ [ 7KA-2

Ha pucyHke la BUIEH XapakTepHBIH pocT KynbTyp mramma M. bovis-8. Komonmnm mukoOakrepuit
S-Tuma ¢ NpUNOAHATHIM (ITyTOBYATHIM) LEHTPOM, HEXHO CBETIIO-KEITOBATHIM OTTeHKOM. Ha pucynke 16
HaOI0AaeTCs OTCYTCTBHE POCTa KYJIBTYp SHMH300THYECKOTO HITaMMa MHKOOAKTepHii ObIYbEro BHIA, YTO
YKa3bIBaeT Ha TYyOEpPKyJIOCTATUYECKYIO aKTUBHOCTh HcibiTyeMoro coeannenus (I7KA-2) mo oTHomeHuro K
JaHHOMY IuTammy. Ha pucynke 16 BueH XapakTepHbIid pOCT KyIbTyp aTunuyHoro mramma M. phlei. Komo-
HUHM MEJKO3EpPHUCTHIE S-THIa, OeoBaTo-KpeMoBoro 1Bera. Ha pucynke le BuaeH xapakTepHBIH pOCT CKO-
TOXPOMOTEHHOU KyIbTYphl M. scrofulaceum. TIurMeHTalys KOJOHHN KEITOTO I[BETA Pa3INIHON WHTCHCUB-
HOCTH.

B pesynbrare mccnenoBanus ycTaHOBIEHO, uTo oOpaser (I 2KA-2) obmamaer yMEpeHHO BBIPaKCHHOM
TyOepKyIOCTaTHIECKON aKTHUBHOCTBIO TOJIBKO MO OTHOUIEHHIO K AMN300THYECKOMY IITAMMy MHKOOAKTepHit
OBIUBETO BUA.

CraenyrommM OOBEKTOM HCCIEIOBaHUS Ha TYOEpKYJIOCTaTUYECKYI0 aKTHBHOCThH siBisercss N-(2-(2-
THIPOKCUOEH30MIT)-THIPa3HHO- | -kapOoHoTHOHMI)-MeTakpuiamua (ganee [7KA-10), cuaTe3 KOoTOpOro ObLI
OCYILECTBJICH B3aUMOAEHUCTBHEM THIpa3uja CaJUIMIOBOM KHUCIOTBl C METAaKpUIOWIN30THOLMAHATOM B
CIMPTOBOM Cpefie, TPH SKBUMOJIBHOM COOTHOILICHHH PEareHTOB C BbIXoJ0M 48 %.
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TyGepkynocTaTndeckass akKTHUBHOCTh cuHTe3upoBaHHOTO coenuHeHns (I7KA-10) mo oTHomeHHWo K
KynbTypam M. bovis-8, M. bviuvezo euda, M.phlei, M. scrofulaceum w3ydeHa 1o MeTOAWKE, KOTOpas HC-
MOJIb30BaIach MPU U3yUSHUH TyOSpKYJIOCTaTHUSCKON akTUBHOCTH coequHeHus [ JKA-2. Pe3ynbTaThl UcIbi-
TaHus TyoepKynocrarnieckoit aktuBHOCTH [ JKA-10 npuBeneHsl B Ta0IHIIE 2 U HA PUCYHKE 2.

W3 npeacTaBneHHBIX B Ta0nuIle 2 TaHHBIX BUAHO, YTO HA MOBEPXHOCTH MHUTATENBbHOM cpeapl ¢ I KA-10
Ha 12-e CyTKM OTMEUYEeH POCT KyJIbTYpPhI ATATOHHOTO ITamma M. bovis-8 M SIMH300THYECKUX ITAMMOB aTH-
MUYHBIX MuKoOakTepuii M. phlei v M. scrofulaceum c mepexomoMm B (hasy MHTEHCHBHOTO pocTa K 25—
30 cyrkam. EnuHNYHBIE KOJIOHUN KYJIBTYP 3MHU300THYECKOTO mTamMMa M. Obiubeco 6u0a 3aperuCTpUPOBAHBI
TosibKO Ha 20-e cyTku 6e3 mepexonaa k 25—30 cytkam B pa3y HHTCHCUBHOTO POCTA.

Ha pucyHke 2 mponsuTIOCTpHPOBaH XapakTep pocTa KyJAbTYp Pa3IHYHBIX MITAMMOB MHUKOOAKTEpH Ha
MMOBEPXHOCTH MUTATELHOM Cpebl ¢ XuMudeckuM coenuHeHneM [ 7KA-10.
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XapakTepuCcTHKA TY0OepKYJI0CTATHYECKOH aKTUBHOCTH coennHeHus: I'7KA-10
M0 OTHOLIECHMIO K PA3JIMYHBIM IITAMMAM MHKOOAKTePHI

Tabnuma 2

Cpena 'enmsbepra—M
HaumenoBanmne
KVIIBTVDBI JlH1 HaOII0IeHUS
YIRTYP 5t | 79 | 10w | 124 15-it 2041 | 25 30t
Omanounnwiii wimamm M. bovis-8
IIpo6upka Ne 1 - — — 4t 4t T+
IIpobupka Ne 2 — - - + + ++ -+ S+
IIpobupxa Ne 3 - - - ++ +++ +++ +++ +++
Dnuzoomuueckuil wimamm M. bovis
IIpo6upka Ne 1 — — — — — — — ..
IIpobupka Ne 2 — - - - - - €.l €.l
IIpobupxa Ne 3 — — — — _ _ _ —
M. phlei
IIpo6upka Ne 1 — - - - - - -+ -+
IIpobupka Ne 2 — — — + + ++ ++ 4+
IIpobupxa Ne 3 — — — + + ++ +++ -+
M. scrofulaceum
IIpo6upka Ne 1 - - + ++ +++ +++ +++ +++
IIpobupka Ne 2 - - + + ++ +++ - A+
IIpobupka Ne 3 - + + + ++ ++ 4+ T+
Ipumeuanue. e.n. — eauHIIHBIE KOoJIOHUH; + — OT 10 mo 20 komonuit; ++ — ot 20 mo 50 xonoHwmif; +++ — Oomee
100 KOOHMH; ++++ — CITIONTHO# POCT.
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Pucynok 2. PocT kynbTyp MuKoOakTepwii rraMMoB M. bovis-8 (3TaJOHHBIN IITaMM), STH300THIECKHUX IITAMMOB
M. phlei n M. scrofulaceum na moBepxHocTH nuTaTenbpHou cpersl ¢ [7KA-10

Ha pucyHke 2a BuIeH XapaKTepHBIH pPOCT KyJibTyp Imutamma M. bovis-8. Komonum mukoOakrepuit
S-Tuna ¢ NpUNOAHATHIM (IIyrOBUaTBIM) LIEHTPOM, HEXHBIE, CO CBETJIO-XKEITOBAaThIM OTTeHKOM. Ha pucyn-
Ke 26 BUAHO OTCYTCTBHE POCTa KYJBbTYp SMH300TUYECKOTO ITamMma M. Oviubezo uda, 4TO yKa3blBaeT Ha
TyOepKyJIOCTaTHYECKYIO aKTUBHOCTD HcnbITyeMoro coeanHeHus ([ KA-10) mo oTHOIIEHUIO K YIIOMSIHYTOMY
BBIIIE IITaMMy MHKoOakTepuil. Ha pucyHke 26 BHAEH XapaKTepHBIH POCT KyJIbTyp aTHIIMYHOTO IITaMMa
M. phlei. Kononun Menko3epHHUCTBIE S-THIIA, Oe0BaTO-KpeMOBOTO IBeTa. Ha prcyHKe 22 BUJIEH XapakTep-
HBIA POCT CKOTOXPOMOT€HHOU KyNbTyphl M. scrofulaceum. IlurMeHTanus KOJIOHUH JKEITOTO IIBETA Pa3yind-
HOW MHTCHCHBHOCTH.

B pesynpraTe nccienoBaHus ycTaHOBIEHO, 9TO oopazer [ 7KA-10 nogasisier nepBUYHBIA POCT KYIBTYP
TOJIBKO SMHM300TUYECKOr0 MITaMMa MUKOOAKTEPHid OBIYBETO BHUA.

Buisoow
Takum 00pa3om, pe3ynbTaThl UCCIEOBAHNS TIOKA3bIBAIOT, YTO COEAUHEHHS 2-(2-TUAPOKCUOEH30MIT)-S-

3-(munepuanH-1-un)-nponuoHWIrHApasnHoguTHoKapdamar u  N-(2-(2-rugpokcubeH30m)-ruapa3suHo-1 -
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KapOOHOTHOHMII)-METaKPIIAMHJT MPOSIBIIIOT TyOSPKYIOCTATHIESCKYIO0 aKTUBHOCTD TOJIBKO IO OTHOIICHUIO K
AMU300THIECKOMY IITaMMy M. Obiubezo guoa.
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M. bazap0OaeB, A.X. XKakuna, I'.I'. baiikernoa, A K. IllaiieimbeToBa,
C.M. Hiocenos, A.A. Anitkenosa, N.K. Axxynycosa, JI.P. CagukoBa

2-(2-I'mppoxcudenzon)-S-3-(munepuanH-1-mi)-nponMoOHWIrHApa3suHo-
auTHoKapoamar xdHe N-(2-(2-ruapoxkcndeH30u1)-ruipasuHo-1-kapooHOTHOHNII)-
MeTAaKPHJIAMH/ XUMHUSUIBIK KOCHIAJTAPBIH CHHTE3/1ey KJHe 0J1ap/AbIH
MHMKOOAKTEPHUAIAPABIH IP TYPJIi IITAMM/IAPbIHA KAPChI
Ty0epKYJ0CTATUCTHKAJBIK MIPMEHILTIri

Makamaga  2-(2-rugpokcuben3onn)-S-3-(munepuant- 1 -1i1)-IponuoOHIITHAPa3HHOANTHOKapOaMaT — JKoHe
N-(2-(2-runpoxcubeH30mI)-THAPa3uHO- | -kapOOHOTHOHIII)-METaKPHIAMH]] XUMHUSUIBIK KOCTIJIApABIH MHKO-
OakTepHsUIapABIH  STANIOHABIK JKOHE OJMH300THSUIBIK IITaMIAapblHA Kapchl TYyOepKyIOCTaTUCTHKAJBIK
MIOPMEHJIUITIH aHBIKTAay OarbITBIHAA JKYPTI3LIreH 3epTTeyiep KOPHITHIHIBICH OasHAaraH. ABTOpIIap TalraH
XUMUSUIBIK ~ KOCHAJapAblH  ipi  Kapa MalbIHBIH TYOEpKYJIE3iHIH SIH300THSIIBIK ILITAMMBIHA  KapChl
TYOEPKYJIOCTATUKAJIBIK TOPMEHAIIITH aHbIKTaFaH.

M. Bazarbaev, A.H. Zhakina, G.G. Baikenova, A.K. Shaiymbetova,
S.M. Dyusenov, A.A. Aitkenova, [.LK. Akzhunusova, D.R. Sadikova

Synthesis and tuberculostatic activity 2-(2-hydroxybenzoyl)-S-3-(piperidine-1-yl)-
propionylhydrazinedithiocarbamates and N-(2-(2-hydroxybenzoyl)-hydrazine-
1-carbonationyl)-methacrylamide

2-(2-hydroxibenzoyl)-S-3-(piperidine- 1-yl)-propionilhydrazinoditiocarbamate was synthesized by the interac-
tion of S-akriloyl-2-(2-hydroxibenzoyl)-hydrazinoditiocarbamino acid with piperidine. Also N-(2-(2-
hydroxibenzoil)-hydrazino-1carbonothionyl-methacrylamide was synthesized by the interaction of hydrazide
of salicylic acid with methacryloilisothiocyanate. It was revealed that the synthesized compounds exhibit
tuberculostatic activity to epizootic bovine strains of M. tuberculosis.
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IIporHo3upoBaHue NPOTUBOONYX0/J1€BOH AKTUBHOCTH
XMMHYeCKHUX coequHeHnii metoaoM QSAR

B cratbe mccnenoBana Bo3MoXXHOCTH mpuMmeHeHHst QSAR meroma Uit OIHOBPEMEHHOTO MOZAEIUPOBAHMS
NIPOTUBOOIYXOJIEBON aKTHBHOCTH OONBIINX HAOOPOB XMMHYECKHX COCAMHEHHH B OTHONICHHH KJIETOK YeJIo-
Bedeckoi MeraHombl SK-MEL-2. Jlins HaGopa 250 opraHn4ecKHuxX BEUIECTB Pa3HBIX KJIACCOB JOCTUTHYT KO-
3 PUIHEHT KOPPETALUHN MEXKIY IKCIIepUMEHTaTbHBIMU U BhIducieHHbIME 3HadeHusME 1g(LCso) R = 0,956.

Kniouesvie cnosa: QSAR, mpoTuBoOmyXxoJieBast aKTHBHOCTb, MEIaHOMA, OPraHHMYECKHE BELICCTRA.

Ha ceropnsimnuii nenp 3¢pheKTHBHOCTH CUCTEMHOH JEKapCTBEHHON TEpanuy B KIMHHYECKOW OHKOJIO-
I'MH, TO3BOJIIOUIEH YJIYYIIUTh IIOKa3aTeld OTHAJCHHOM BBDKHMBAEMOCTH OOJIBHBIX PaKkOM, OCTAaeTcsl Ipo-
OneMHO. DTO CBS3aHO, MPEKAE BCETO, C TEM, YTO JIMIIb HEMHOTHE U3 TPOTHBOOIYXOJIEBbIX arcHTOB 3aperu-
CTPUPOBaHbI B KaUECTBE JIEKAPCTBEHHBIX CPEACTB M BOLLIM B CTaHAAPTHBIE CXeMbI JeueHus. Heynauu B te-
panuu OHKOJIOTMYECKHUX 3a00JeBaHull, KaKk IPaBUIIO, CBSI3aHbl C OTCYTCTBUEM Yy HOBBIX IIpENaparToB Ipe-
UMYIIECTB IIEpe/l CYLECTBYIOIUMH, HU3KOI CEJIEKTUBHOCTBIO JEMCTBUS WM TPYIOEMKOCTBIO UX CO3IAaHUS.
TpaauIMOHHO CYLIECTBYET M OTCTABaHUE NMPUMEHEHHS HAYYHBIX JOCTM)KEHHH B KIMHHYECKOW MPAKTHKE.
[Touck u co3maHre HOBOTO JIEKAPCTBEHHOT'O Ipenapara CONpPsDKEHBI KaK ¢ OOJIBIINMU MaTepHaIbHBIMH 3a-
TpaTaMy, TaK U C PUCKOM IOJIY4EHHs] OTPULATENbHBIX PE3yJIbTaTOB M3-3a BO3MOKHOI'O BBIBIEHUS I000U-
HBIX 3(Q(PEKTOB M TOKCHUHOCTH Y UCTIBITYEMBIX COeqUHEHNH. Takum o0pa3zoM, pa3paboTKa HOBBIX MOAXO0A0B
K CO3[JaHMIO M 3KCIIEPUMEHTAIBHOMY U3Y4YEHHUIO COEIMHEHUH, MPOSBIAIONUX MTPOTUBOOIYXOJIEBYIO aKTHB-
HOCTb, SIBJIICTCS, HECOMHEHHO, CYILECTBEHHBIM BKJIAJOM B PELICHUE aKTyaJbHOW IpoOieMbl (QyHIaMeH-
TaNbHOW U MPAKTUYECKON HAYKH B 00J1aCTH MEAULIMHCKON XUMHHU, OHKOJIOTHU ¥ OMOXUMHH.

N3y4eHnto KONMUYECTBEHHBIX COOTHOUIEHUH CTPYKTypa — aKTHBHOCTH B paMmkax QSAR HampaBieHus
(Quantitative Structure — Activity Relationship) mocBsIIEHBI COTHH padOT MO MOICIMPOBAHUIO U MPOTHO-
3UPOBAaHUIO NPOTHBOOIYXOJIEBOIl aKTHBHOCTH XUMMYECKHUX cOoequHeHuil. B nccienoBaHusAX HCIONBb30BaH
BECh CIIEKTP M3BECTHBIX JAECKPUIITOPOB M adropuTMmoB pemeHuil. Kauectso QSAR mozeneit npuHATO ore-
HEBaTh KOd(duIMenToM Koppensui R (wii RY) MekLy SKCIIepHMEHTATBHBIME U BHIYHMCICHHBIMH 3HAYE-
HUSIMH CBOWCTBA, a TAKXKE COOTBETCTBYIOIIUM CTaHAAPTHBIM OTKIOHEHHUEM S.

B pabote [1] npencraBieHbl JaHHBIE IO MOJIEINPOBAHUIO IPOTHBOOIMYXO0JIEBOM aKTUBHOCTU 52 MPOU3-
BoaHbIX THIOoppuHa (13aS)-2,3,6,7-Terpamerokcu-9,11,12,13,13a,14-rekcarunpoaudenso[F,H]muppoio-
[1,2-b]u30oXHHOMNH), IUTs JydIlIell MOEIN ToKa3aTens R* > 0,57.

IIpu n3ydennu 19 npou3BoAHBIX AUCIMPOUHAONIOB B OTHOLIEHUHU PA3JIUYHBIX OIYXOJIEBBIX KJIETOUHBIX
nuaui genoBeka (HepG2 «neuenn», HELA «meiiku matkn» U PC3 «mpocTaTsl») ¢ MCHONB30BaHUEM TpEX
JIeCKPUIITOPoB Prxamom u apyrumu [2] B ntydieii Mogenn momydeHo R = 0,903,

A. Karpuiikum u apyrumu [3] BBIIONHEHBI MOJCIMPOBAHUE M MPOrHO3UpOBaHHE Oojice 3(PPEKTUBHBIX
MIPOTUBOPAKOBBIX AareéHTOB B OTHOILICHHMU JIEHKeMHM ¢ ucnoib3oBaHueM paeckpuntopoB CODESSA PRO.
Ha TpenupoBouHOil BEIGOpPKE M3 26 BemecT AOCTHrHYT R° = 0,771, [is KOHTPOIBHOH M3 8 BEIIECTB —
R*=0,781.

Psnom aBTOpoB [4] CHHTE3UPOBaH U HCCIIEAOBaH HEOONBIION HAaOOp U3 18 MPOM3BOAHBIX U30XWHOIHUH-
3-xkapOOHOBOI KHCIOTHI, HHTHOMPYIOIIMX POCT omyxouell. Jlyumias Moaens xapaktepuzobaiack R = 0,989.

I'pymmoit Pao n apyrux [5] mns 37 npowsBoansix 1,2,4,5-TeTpa3uHa ¢ MPOTHBOOIYXOJICBON aKTHBHO-
CThIO B OTHOIICHHH A-549 KJIETOK ObLIX MOJY4YSHBI MOJEIH C XOPOIIUMH MPOTHO3UPYIOUIUMH CIIOCOOHO-
cramu, R =0,916.

B pabore [6] nccinenoBana cepust MPOM3BOIHBIX 2-THAPa3HHO-4-(4-Mopdoauami)Treno|3,2-d]|nupumu-
nuHa, R*= 0,947.

[Ipu MonmenupoBaHHM MPOTHBOOIYXOJIEBOrO MOTEHIMada Habopa u3 65 mpomsBoanbix |H-mmumaso-
[4,5-b]mupuanna gocturiyTo R°= 0,98 [7].
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KonnyecTBeHHbIE OTHOIICHHSI CTPYKTypa — MPOTUBOPAKOBAsl aKTHBHOCTH NMPOW3BOIHBIX M3aTHHA HC-
cinenoBanbl B padote [8]. Tomosornueckue, XAMHUECKUE, TEOMETPUICCKHE M (DYHKIIMOHAJIbHBIC TPYIIILI J1e-
CKPHUIITOPOB OKa3aIHCh 3 (hEKTUBHBIMU apaMETPaMH Ha IIUTOTOKCHIECKYIO aKTHBHOCTD, R = 0,92.

Heckonbko Mozenelt ObuUIM MOCTPOEHBI ATl aHTUIPOJIU(EPATUBHON aKTUBHOCTH 3aMELIEHHOTO (heHMI-
4-(2-okco-1-umunazonuauam)oeH30cynbhoHaTa (PIB-SOs) [9]. Jlydmue napameTprudeckuie MOJEH IToKa-
3am R* = 0,94. Mozens nponsBoaubix N-rumpokcu-N'-amuHoryannausa [10] uvena R*= 0,858.

PaccMoTpeHHble iprMephl MPOTHO3UPOBaHUS (Kak U JpyrHe MMeromuecs: paboThl) coaepikaT Takue 00-
HIye 4epThl, Kak HeOONMbIIoNH (HECKOJBKO NECATKOB BEIIECTB) HAOOP M3 CTPYKTYPHO CXOXKHX HPOU3BOIHBIX
OCHOBHOTO COEJTMHEHUSI, MaJIO€ YHCIIO TIPUBICYEHHBIX JIECKPUIITOPOB U HEBBICOKHE CTATUCTUYECKUE TTapaMeT-
pbl Mogzienieil. Takast cuTyanus BIIOJTHE €CTECTBEHHA, €CIIM y4eCTh MHOTO(AKTOPHOCTh M CIIOXKHOCTh OOBEKTa
uccaenoBannii. OYeBUAHO, VIS TOBBIICHUS] Ka4eCTBa MPOTHO3UPOBAHUS CIieNyeT MpPHUBIEKAaTh HAHOOJbIIee
YHCIIO TECKPUNITOPOB, «CXBATHIBAIOIINX)» BCE CTPYKTYPHBIE HIOAHCHI coefuHeHnH. OHAKO Ha 3TOM IYTH CY-
IIECTBYET MpobieMa 0TO0pa AECKPHUIITOPOB, KOTOpas HE NMEET TOKa YAOBIETBOPUTEIHHOTO PELICHNSI.

B namux pabotax mpemoxken [11] anropurm, peanmzoBanHblii B mporpamme PROGROC, koTopsiit
CHHMET IpobieMy oTOOpa JeCKpPUNTOPOB U TIO3BOJIUT MPUBJIEYD JI000€ UX KOJIUYECTBO.

B nannoit paboTe HaMU MPEANPUHATO MCCIEAOBaHHE BO3MOKHOCTHA OJHOBPEMEHHOTO MOJIEIHPOBAHUS
MPOTUBOOITYX0JIEBOM aKTUBHOCTH OOJIBIINX HAOOPOB XMMHUYECKUX COEAWHEHHMH pa3HBIX KiaccoB. OOBbeKTa-
MU HCCJIEIOBaHUS BBIOpaHBI JIMHUM KJIETOK yesoBeueckoi MenaHombl SK-MEL-2 u 3Hauenus norapupma
LCs, (Lethal concentration 50 %) — KOHIIEHTpaIlM¥ XWMHYECKOTO BEIECTBA, KOTOPAsl BHI3BIBACT THOCIH
50 % wmcIBITyeMO# MOy PaKOBBIX KIETOK HA MPOTHKEHUH OMPEIEIIEHHOTO BPEMEHHOTO MMPOMEXYTKA.
JU1st KaueCTBEHHOT'O TPOTHO3UPOBAHUS HEOOXOAMMO UMETh JOCTOBEPHYIO 0a3y ¢ JaHHBIMH, KaK MO KaHIle-
POTEHHOMH, TaK U IO MPOTHBOOITYXOJICBOW aKTUBHOCTH. OTHOM M3 Takux 0a3 sBisieTcs 6a3a maHHBIX MHCTH-
tyta CIIA (NCI), 3aanMaromierocs mnpobiaemamu paka [12]. beur chopmupoBan Habop u3 250 XMMHIECKIX
COeAMHEHHH, UMEIOINX Hanbosee qoctoBepHble 3HaueHus: LCsy 1 001agaronmx MOIEKyIIpHOH Maccol OT
112 o 440. beinu ncnons30BaHbl Bee 739 necKkpUIITOPOB, FeHEPUPYEMBIX TporpaMMoit Dragon 1uid qanHoro
HaOopa BeriecTB. TpeHUpPoBOUYHAs BbIOOpKa cocTosia u3 200 BeriecTB, KOHTposibHAsS — U3 50. Pe3ynbraTsl
MPOTHO3UPOBAHUS IPUBEJCHBI HA PUCYHKE 1.

-lg(LCs, . pacuet
A

3 4 5 G 7 8

s

=lg{L.C ). SECTIEPTIMEHT
® — TPEHHUPOBOYHAS BHIOOPKA; X — KOHTPOJIbHAS BEIOOPKA

Pucynoxk 1. KoppensunonHasi 3aBUCUMOCTb MEXAY dKCIEPUMEHTAIbHBIMU
1 BeIYHCICHHBIMA 3HaUYeHUsIME —1g(LCsg)

I'paduk, mpencTaBlieHHBIN Ha PUCYHKE 1, OTpa)kaeT CHIIBHYIO KOPPEISIMOHHYIO 3aBUCUMOCTh MEXKITY
AKCIIEPUMEHTAIBHBIMA M BBIYUCIICHHBIMUA 3HaueHUsMH (R =0,956 mns Bcero Habopa), YTO SBISETCA
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CBUICTEIHCTBOM MPABHILHOCTH UCIIOIB30BAHHOTO METO/Ia pacueTa. BrIcokue moka3aTenu KOppesaIve Mo/I-

TBEPXKIAIOTCS BUIIOM THCTOTpaMMEI (puc. 2). YacTora pacmupenenenus ommook Oau3ka K HOpMaabHOM, ITO
TOBOPUT 00 aJIEKBATHOCTH MOJICIIH.

120 r

100

80

60

40

YacToTa

20

-0,4-0,3-0,2-0,2-0,10,00,00,10,20,20,3040,40,50,6 0,6
Ommoka mporaosnpoBanna -lg(LCsy,)

Pucynok 2. 'uctorpamMmma pacrpeziesieHust 9acToT omubok mporaozupoBarust LCsq

CratucTtryeckas XapakTepuCTHKa pe3yabTaToB MPOTHO3WPOBAHUS U TPEHUPOBOYHON U KOHTPOJIBHOM
BBEIOOPOK TIpejicTaBiieHa B Tabmuie 1. B mpakTuke MporHO3MpOBaHUsI OMOJOTUIECKOW aKTHBHOCTH XHUMUYeE-
CKUX COeIMHEHUH KO3 (HUIMEHTHI Koppesiun Boie 0,9 cYuTaroTcs BeChMa BHICOKUMH.

Taonuma 1
Tloxka3aTeu KOPPEeJSIHH MeXKIAY IKCIePUMEHTAIBHBIMHA M BhIYHCIAeHHbIME 3HaYeHnssMu —1g(LCs)

INoxa3zarenu TpenupoBouHas KonTtponbnas
Becrb Habop
KOppeIsIiu BBIOOpKA BBIOOpKA
R 0,956 0,962 0,954
s 0,12 0,11 0,13
KonugecTBo BemecTs 250 200 50

B tabmuie 2 npeacTaBieHa 4YacTh KOHTPOJIBHOM BEIOOPKH, KOTOPas WILTIOCTPUPYET:
— nopsiaku 3HaueHuit —1g(LCsy);

— TOYHOCTH MTPOTHO3UPOBAHHUS;

— pa3Ho00Opa3ue KIAaCCOB XUMHIECKUX COCTHHCHHH.

Tabnuma 2

JkcnepuMeHTaIbHbIE [12] U paccuuTanHbie 3HaYeHus -1g(LCsp)
i1 KiaeTok MedaHoMbl SK-MEL-2 (KOHTpoJIbHASI BBIOOPKA, YACTh)

Ne Coennuenue DKCII. Pacu. Abe. OTH'O
pasH. pasH., %
1 2 3 4 5 6
1 |4-[(4-AMuHOGbeHMT)(4-UMUHO-2,5-ITUKIIOTEeKCaUCH- | -FITHIeH )Me- 4,36 4,55 0,19 4,36
TUJ|-2-METUIIAHWIIMH
2 (2Z2)-2,3-Auxnop-4-[(3-xnopdennt)amMuHo |-4-0kco-2-0yTeHOBas 4,01 3,90 0,11 2,74
KHCJIOTa
3 |2-[(4-Hutpodennn)amuno]aadro[2,3-d][1,3]trazon-4,9-1mon 4,12 4,26 0,14 3,40
4 12,2-lnbyTri-1,3,2-okcaTuacTaHHOJIAH 5,48 5,72 0,24 4,38
5 |4H-®ypol[3,2-r]xpomena-4,7,9-tpruon 4,20 435 0,15 3,57
6 |{bewnsun[2-ruapoxcu-2-(1-heHUIBUHIIT) IIUKIOO0YTHI|aMHUHO } alie- 4,09 4,28 0,19 4,65
TOHHUTPHI
7 |1-[(2-AMuHO-6-QeHMIT-4-MTUPIUMHATAHUIT )METHI | TAKIOTEKCAHOJT 4,02 4,02 0,00 0,00
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1 2 3 4 5 6
8 |3-[2-(4-bpombennn)-2-0xkco3Thin]-S5,7-nuxI0p-3-ruapoKrcu-1,3- 4,09 4,20 0,11 2,69
nurunpo-2H-nanon-2-on
9 |5-[(E)-(2-bpomdenwn)nnazenun |-4-meTui- 1,3-Tnazon-2-aMuH 4,07 4,03 0,04 0,98
10 |4-bpom-3-6yTmin-5-(mubpommernnen)-2(SH)-pyparon 4,49 4,71 0,22 4,90
11 |17-Oxcoanapoctan-3-ui(2-XJI0pITHI)HUTPO30KapOamaT 4,07 4,01 0,06 1,47
12 |2-Xnop-1-(5-auTpo-2-dypuin)ITaHOH 4,09 3,95 0,14 3,42
13 |3-(bpoMMeTHIT)XHHOKCATHH-2-0JT 4,29 4,17 0,12 2,80
14 |4-[(1E)-3-Oxco-3-denmi- 1 -mpomneH- 1 -mir|6e H30HU TP 4,12 3,95 0,17 4,13
15 |ITnaruna(4+)xnopun azaaun (1:2:2) 4,04 3,71 0,33 8,17
16 |7-[(3-MeTokcudenwn)cynbhoHm|-4-aHuTpo-2,1,3-0eH30Kcaana3on 4,02 4,05 0,03 0,75
1-okcun
17 |2,2-AubyTtun-8-merokcu-4H-1,3,2-0eH301M0KCACTAHHUH-4-0H 5,57 5,86 0,29 5,21
18 ((2Z)-2,3-Auxnop-4-[(2,6-aumeTnndennn)aMmuHo |-4-0kco-2- 4,23 4,34 0,11 2,60
OyTEeHOBasI KHCIIOTA
19 |2-H3ompommi-5,6,7,8-rerparuapo-3,4-heHanTpeHJMOH 4,32 4,51 0,19 4,40
20 |2-(4-{(Z)-[1-(2-I'mnpoxcuaTnn)-3,5-mumeTwi- 1 H-nupazon-4-ui]- 4,11 4,09 0,02 0,49
NNO-a3zokcn}-3,5-qumerni-1 H-mpazon-1-ni)3ranon
21 |Metun-6-xmop-2- (1,3-auokco-1,3-quruapo-2H-u3onHnomn-2-mn)- 4,27 4,29 0,02 0,47
5-0KCOreKcaHoatT
22 |4-[5-(4-Hurpodennn)-2-¢pypun]-N-bennn-1,3-tnazon-2-aMmuH 4,16 4,09 0,07 1,68
23 |8-Merokcu-1H-6en3o[a]kap6azon-1,4(11H)-quon 4,23 4,29 0,06 1,42
24 |3-(4-Merokcudenmn)-3,4-nurunpo-2H-xpoMeH-6,7-1un JraneTar 3,96 3,94 0,02 0,51
25 |3-(3-Azabunukio[3.2.2|HoH-3-1n)- 1 -(2-TreHnn)- 1 -nponaHoH 4,18 4,13 0,05 1,20
26 |Cepebpo(4-amuHopennn)cynbhonmn-(2H-mupumunun-1-1D-2-mr) 4,22 4,17 0,05 1,18
aMMOHUS
27 |2,2-Aubytun-1,3,2- okcaTnacTaHHOJIAH-5-0H 5,30 5,68 0,38 7,17
28 14-[(5,5,8,8-Terpamerui-5,6,7,8-Terparunpo-2-Hadranuaun)kapoa- 4,05 4,15 0,10 2,47
MOWI|OCH30MHAS KHCIIOTA
29 |1,3-buc(2-xmopaTi)- 1 -HUTPO30MOUYEBHHA 3,47 3,62 0,15 4,32
30 |3-Dennnmuppono|2,1-a]n30XuHOINH-2-KapOOKCaMHu]T 4,08 4,10 0,02 0,49

B nemom, o JaHHBIM TaOIHITET 2, TAE MPEACTABICH IMUPOKUH CIIEKTP OPTaHMYCCKUX COCTUHEHUHN pas-
HBIX KJIACCOB, OTHOCUTENbHAS ONMIMOKA /Il OOJBINEH YacTH COCIMHEHMIA He MpeBbImacT 5 %, 4to B o0nactu
MTPOTHO3UPOBAHUS OMOJIOTMYECKOW aKTUBHOCTH CUHMTAETCS MPEBOCXOTHBIM pe3ynibTratoM. Vcxoast u3 3Toro,
TOYHOCTH MTPOTHO3UPOBAHMS CIIEAYET CIUTATh BHICOKOM.

Buvisoowt

1. IlpeanpuHATO HCCleAOBaHNE BO3MOXHOCTU OJHOBpPEMEHHOro mozenupoBanus napamerpa Ig(LCs)
IIPOTUBOOITYX0JIEBOM aKTUBHOCTU OOJIBIIUX HaOOPOB XMMUYECKUX COSAMHEHMH pa3HbIX KJIACCOB B OTHOLIE-
HHH KJIETOK yenoBedeckoi MemaHoMbl SK-MEL-2 metogom QSAR.

2. MogenupoBanue 1g(LCs)) BBIIOIHEHO C MOMOIIBIO MPEIOKEHHOTO HAMH alrOpUTMAa, Pealn30-
BarHOTO B Tmporpamme PROGROC u 1mo3BOJISIONIETO HCIIONB30BAaTh YHUCIIO JECKPUIITOPOB, TPEBBIMIAIOIICE
YHCII0 XUMHUYECKUX COeIUHEHUI.

3. Ins Habopa u3 250 opraHU4ecKrX BELIECTB Pa3HBIX KJIacCOB (TPEHMPOBOYHAS BHIOOpKa BKIOYAia
200 BemecTB, KOHTpoNbHast — 50) moxydeH KO3(QPUIUEHT KOPPEISIUH MEKAY IKCIEPUMEHTAIbHBIMH U
BBIYMCIICHHBIMU 3HaueHusIMU 1g(LCso) R = 0,956, crangaptHoe otkiionenue s = 0,12.

4. Ilony4yeHHble HaMM pe3yJbTaThl NPEBOCXOMAT HAaHHBIE IPYTUX aBTOPOB Kak II0 Pa3HOOOpasHio
CTPYKTYp XMMHYECKHX COEAWHEHHWH, TaK W MO CTATHCTUYECKUM HapamerpaM. llpeanoxeHHBIE MOIXOMBI
MOTYT OBITh IPUMEHEHBl AJS PEIIeHUs 3aJadd IPOrHO3MPOBAHUS INPOTHUBOOIYXOJEBONH aKTHUBHOCTH
XMUMUYECKUX COEIUHEHHH.
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B.B. Baxes, M.A. I'y6enko, H.B. BaxxeBa, 3.M. Epranuena

XUMHSUIBIK KOCBUIBICTAPABIH iCik aypyJ/JiapblHa Kapchl
oescenaiiirin QSAR anicimen Ooskay

Maxkanana SK-MEL-2 agam MenaHoMachl JKacyIlaJapblHA KATBICTHl XUMISUIBIK KOCBUIBICTAPBIH KOITEreH
JKUBIHTBIKTapBIHBIH iCIK aypyJapblHa Kapchl OelceHAuNiriH 6ip mesrinme monenbiaey ymiH QSAR omicin
KOJIIaHy MYMKIHJITI 3epTTenred. Op Typ:i KiactapaslH 250 opraHUKabIK 3aTTapblHAH TYPATHIH SKUBIHTHIK
YIIIH OSKCIIEPUMEHTTIK >KOHE eCENTENreH MOHZAEP apachIHAArbl Koppersnusuiblk koddduiment 1g(LCsg)
R = 0,956 mamachiaia O0JIIbI.

V.V. Vazhev, M.A. Gubenko, N.V. Vazheva, E.M. Ergaliyeva

Prediction of the antitumor activity of chemical compounds by QSAR

The possibility of using QSAR methods for simultaneous simulation antitumor activity of large sets of chem-
ical compounds against human melanoma cells SK-MEL-2. For a set of 250 different classes of organic com-
pounds reach the correlation coefficient between the experimental and calculated values of lg (LCsg)
R=0,956.
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OneHKa TOKCHYHOCTH OPraHUYecKUX coeIMHEeHUI
nas Tetrahymena pyriformis meronom QSAR

B cratbe paccmoTpena Bo3MoxxHOCTh ipuMeHeHnss QSAR/QSTR MeTona aist OIEHKH MOKa3aTelisi TOKCHIHO-
ctu opranndeckux BemecTB —1g(IGCsy) o otHomenuio k undy3zopun Tetrahymena pyriformis ¢ UCIOIB30-
BaHMEM OoubIIoro Habopa aeckpunTopoB. McecnenoBan Habop BemectB u3 1093 coenunenuii. s Bcero Ha-
6opa mosrydeHsl TMokazaTenu Koppemauun R =0,968, s=0,26. Ina TperupoBouyHoil BeIOOpKH R = 0,980,
s =0,21, nnsa xkoutponasHOil R = 0,943, s = 0,32.

Knuiouegvie cnoga: opraHndeckie COeAMHEHUs, TOKCHYHOCTh, QSAR.

K HacTosimeMy BpeMEHU CHHTE3UPOBAHO CBBINIC MATHIECATH MUUIMOHOB XMMHUYECKHX COCIMHCHUH,
JECSITKU THICSY M3 HUX WHTEHCHBHO BOBIIEKAIOTCA B cepy MPAaKTUIECKOTO HCMoib30BaHus. OnpeneneHne
Pa3IUYHBIX CBOMCTB ((PH3MKO-XMMHUYECKUX, PA3HBIX BUJOB OMOJIOTMYECKONM aKTHBHOCTH) 3THUX BEIECTB DKC-
MEPUMEHTAIBHBIM ITyTEM YacTO CBSA3aHO CO 3HAYUTEILHBIMH TPYAHOCTSIMH, BO3HUKAIONTUMHU, HATIPUMEP, TIPH
MOJTy4€HUH JOCTATOYHOTO KOJMYECTBA BEIIECTBA, €0 OYHMCTKH, BO3MOYKHON HECTOWKOCTH, TOKCHYHOCTH
u 1.71. Kpome TOro0, 3TO HE BCerja MpeacTaBiIsIeTcs BO3MOKHBIM. Takue ucciaenoBanus TpeOyIoT 3HAUNTENb-
HBIX ()MHAHCOBBIX U BPEMEHHBIX 3aTpaT. B 3T0i CBSI3U aKTyalbHBIM SIBISIETCS CO3JIaHUE HAJIGKHBIX U JOCTO-
BEPHBIX PACUYETHBIX METOJOB OLIEHKH TOKCHYHOCTH XMMHUYECKUX coenuHeHuid. [loaTomy Bce Oonbiee 3Ha-
YeHHEe MPUOOPETAIOT METOBI OTPEAETICHIsI TOKCUYHOCTH BEIIECTB ITyTeM pacueToB. Hamnboee nmepcriekTus-
HBIM U3 HUX cuuTaercs QSAR/QSTR — mero[, ycTaHaBIMBAIOMINN KOPPEISALUOHHBIE COOTHOIICHUS CTPYK-
Typa—aKTUBHOCTh U CTPYKTYpPa—TOKCUIHOCTD.

HocraTouyHO ynOOHBIM OOBEKTOM ISl YCTAHOBIICHHUS! KOJMYECTBEHHBIX COOTHOIICHUH CTPYKTypa — aK-
TUBHOCTb siBIIsIeTCSl UHPY30pus Tetrahymena pyriformis. OHa UIMEET BBICOKYIO CKOPOCTh POCTA, YTO MO3BO-
JIWJIO HAKOTHTH ISl HEE IOCTATOYHO HAJICKHBIC M OOIIMpPHBIEC OaHKM JNaHHBIX 0 TokcuyHOCTH [1]. [Tokazare-
JIU TOKCUYHOCTH BEIIECTB, TOJIYYCHHBIE HA 3THUX OpraHu3Max, COOTBETCTBYIOT TAKOBBIM IS TETJIOKPOBHBIX
KUBOTHBIX U 4YeJIoBeKa. TOKCHYHOCTh BEIIECTB MO OTHOILICHHIO K 1etrahymena pyriformis 4acTo BBIpaKaioT
B eqununax —1g(1GCsg), rne IGCsy — KOHIEHTpaIKs BEMECTBA B MMOJIB/JI, BEI3BIBAIOINAS THOENb TOJIOBUHBI
ocobeit momymsinuu. KauecTBO MpOrHO3UpoOBaHus XapakTepu3yeTcst K03)HUIIMEHTOM KOppemsiuu R Mexmy
MIPOTHO3UPYEMBIMH U SKCIIEPHMEHTAIBHBIMHI 3HAYSHUSAMH TapaMeTpa TOKCUYHOCTH U CTaHJAPTHBIM OTKIIO-
HEHHEM S.

Bonpocam MonenupoBaHHs M NPOTHO3UPOBAHUS TOKCHUYHOCTH Al Tetrahymena pyriformis mOCBS-
IIEHBI TecATKH crareid. Tak, B paboTe [2] IS TMPOTHO3HPOBAHUS TOKCUIHOCTH 54 TIPOW3BOIHBIX HHUTPO-
OeH30J1a B Ka4eCTBE JIECKPUIITOPOB MCIIOIB30BATIMCH MOJIEKYJISIpHAS Macca, MOJIsipHasi pepakius, CpOJCTBO
K 3JIEKTpOHY H 00mast sHeprus. C UX HOMOIIBIO OBUIO MOCTPOEHO § MOJeTel, KOTOpble Takxke ObLIN IpOoBe-
PEHBI METOJIOM TIePEKPECTHON MPOBepKH. [y IepBO¥ MOIETH UCITONIB30BANICS HAOOP AECKPUITOPOB 0OIIEH
SHEPTHH, KA9eCTBO MPOrHO3UPOBAHHS XapaKTePH30BaNoch KodhdumueHToM Koppemsnnn R = 0,8424, crau-
naptHOE oTkIoHeHue s = 0,06, Ko3(pHUIMEHT mepekpecTHOi mpoBepku R = 0,8172. Bropas MoHOnapaMer-
puueckas moaens QSTR, monydyenHas npu MOMOIIM AECKPUIITOPOB CPOJACTBA K BIEKTPOHY, XapaKTepHU30Ba-
ach CIEAYIOMUME napamerpamu: R* = 0,74; s = 0,08. B poiu IeCKpHITOPOB IS TPEThEH MOJCIN BBICTY-
TaJIM JICCKPUITOPHI OOIIEH HEPriy U CPOJCTBA K AMeKTpoHy. [lonyueHnsle pe3yabratsr: R = 0,89; s = 0,05.
JleckpunTopsl MOJISIpHOU pedpakiMy U CPOJCTBA K 3JEKTPOHY HCIOIB30BAIHCH AJISl IOCTPOCHUS YETBEPTOM
MozeNH, pe3yIbTaThl R = 0,88; s = 0,05. IIsTas Mozenb ObLIa MOCTPOCHA C MOMOIIBI0 HAG0PA TAKKMX IECK-
PHUIITOPOB, KaKk MOJIIpHAsl pedpakiiysi, CPOJICTBO K JIEKTPOHY, 00Ias 3Heprus. B pesynbrare ObUM TIOTy4E-
HBI CIEAYIONIUE TaHHBIC: R*= 0,91; s = 0,04. Pe3ynbTaThl IECTOM MOJECTH: R*= 0,90; s = 0,05. B kauectBe
JECKPUIITOPOB CITY)KIJT MOJIEKYJISIpHASI Macca, CPOJACTBO K AJIEKTPOHY, a Takxke oOrmrast sHeprus. [anee wc-
MOJIb30BaJICs HAOOp M3 YETHIPEX NECKPUNTOPOB. JIJsl cebMO MOJey ObUTH B3SITHI IECKPUIITOPHI MOJICKY-
JSIPHOW Macchbl, MOJISIpPHOW pedpakuuu, CpoAcTBa K AIEKTPOHY M oOmieil sHepruu. ns manHoil monenu
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R*= 0,91; s = 0,04. U, HakoHell, B Ka4eCTBE JCCKPUITOPOB JIJII BOCKMOM MOJIENIN OBLIN MCIIOJIb30BaHbI JIc-
CKPHITOPHI MOJIEKYJISIPHON Macchl, MOJSIPHON pedpakiiy, 3JeKTPOOTPHUIIATEIEHOCTH W OOIIeH IHEPTHH.
Pesynbrath! gaHHoO# Moger: R = 0,91; s = 0,04. Do Tydmine pe3ynbTaThl.

[Ipu uccnenoBannu HeOONBIIOrO HAOOPa U3 48 MPOU3BOIHBIX aHMJIMHA, U3 KOTOPBIX 31 BemecTBo BO-
[IUIO B TPEHUPOBOUYHYIO, a 17 BEIIeCTB — B KOHTPOJIbHYIO BEIOOPKH, OBUIH TIOTYYEHBI CIEAYIOIINE Pe3yib-
tatel: R°= 0,95, 5 = 0,16 [3].

B pabote [4] npencraBnensl 7 mMonenel mporHosupoBanus 50 HuTpoOeH3onoB g myqmeit Mmogenu
3HaueHHe ko3 uiuenTa Koppesuu R* = 0,87, cranaapTHOe oTKIOHeHHE s = 0,27.

ABTOpHI [5] mocTponu 8§ Moaenel MPOTHO3UPOBAHUS BOIHOM ToKcHIHOCTH 250 (heHOJIOB IO OTHOIIIE-
Huio K uHy3opuu Tetrahymena pyriformis. I3 Hux 187 BellecTB BOLUIM B TPSHHUPOBOYHYIO BBIOOPKY U
63 — B KOHTpOJBHYIO. TO ecTh HaOOp BEIIECTB KOHTPOJIBHOM BHIOOPKHM MOYTH B TPH pa3a MeHblIe Habopa
BEIIIECTB, COCTABUBIINX TPEHUPOBOUYHYIO BEIOOPKY. B KadecTBe NECKPUNITOPOB UCIIOJIH30BATUCH KOIDDUIIH-
EHTBl pacIpeleNeHnus] B CHCTeME OKTAHOJI-BOJAA, a TakkKe JAECKPUOTOPHl MPOTPAMMHOTO KOMILIEKCa
Molconn-Z. J{ns mydmeit Momenn koddduument koppensumuu R = 0,71. OmHako 1S JaHHOH MOJENH
9 BelecTB U3 TPSHUPOBOYHOH U 2 BEIIECTBA U3 KOHTPOJIBHON BEIOOPOK ObLTH WIACHTH(DUIIMPOBAHBI KaK BBI-
OpOoCHI, U, B KOHEYHOM CueTe, 00beM TPECHUPOBOYHON BBIOOPKU COCTaBHMJI 178 BellecTB, a KOHTPOJIbHON —
61 BemecTBoO.

MogaenupoBanue TOKCHYHOCTH 250 (heHOJIOB BBIOJHUIM aBTOPHI paboThl [6]. [ToMrMO KOHTpPOIBHOM
(50 BerecTB) U TPEHUPOBOUYHOM BBIOOPOK (105 BelecTs), HCHOIB30BAIACH TAKXKE KaTHOPOBOYHAS BEIOOPKA
(95 BemecTn). Jlydimas Mojenb oiydeHa ¢ pe3yiabTaTaMHu R*=0,77,s=041; R*= 0,77, s = 0,39; R*= 0,77,
s = 0,40 1751 TPEHUPOBOYHOM, KAITMOPOBOUYHON M KOHTPOJIBHOM BEIOOPOK COOTBETCTBEHHO.

s HeOoupioro Habopa u3 48 cioHBIX 3GUPOB Hcnoib3oBaauch WHIM neckpuntopsl, reHepupye-
MbIe mporpammoii Dragon [7]. ABTOpEI mpeacTaBmiid 6 Moneseii, KOTOphIE OYCHb OJNM3KH IO 3HAYCHUSM.
Koo durmenT xoppensuun s Hamtydureit mogenu R>= 0,921, cranmaprHoe otkiaoHenne s = 0,240. Kaue-
CTBO MPOTHO3UPOBAHUS JaHHBIX MOJIENICH ObLIO MPOBEPEHO METOAOM CKOJIB3SIIIETO KOHTPOJIS, R*=0,911.

ABTOpHI [8], n3ydas TokcuuHOCTh 250 denonos, 200 BeLIeCTB BKIIIOYWIA B TPEHUPOBOUYHYIO BEIOOPKY
u b 50 BemecTB — B MPOBEPOUHyI0. MMy nconb30BaMch MeToab! TnHeHoH perpeccun (MLR) u Heii-
POHHEBIX ceTeil. Kak 1uist TpeHHpPOBOYHOM, TaK U Il KOHTPOJIBHON BRIOOPOK PE3YIIETATHI MOJIEITH HEHPOHHBIX
ceTeli OKa3aInCh HEMHOTO JTydIIe U XapaKTePHU30BaINCh mokasateraeM R = 0,71.

[IporHosupoBanne TokcuuHocTh 1093 opraHuveckux coeauHeHMi st uH(Y30puu Tetrahymena
pyriformis BBITIOIHWIHA B COTPYAHHUYECTBE aBTOPHI U3 IISCTH aKaJACMHYCCKUX TPYIII, CIICIAATH3IUPYIOIIHXCS
Ha XUMHYECKOH MH(POPMATHUKE W KOMIBIOTEPHOU TOKcUKoyoruu [9]. Y3 Hux 644 coequHEHUsS COCTaBUIIH
TPEHUPOBOYHYIO BEIOOPKY, 339 — mepBEIit mpoBepouHkIii Habop u 110 — BTOPOI MpoBepoUHBIA HAOOP. AB-
TopaMu OBLTO COCTaBJICHO B 00mmIeH cioxkHOocTH 15 Mopmeneit. Jlnms myumiern mozenu (consensus model)
Rpe= 0,93, (TpeHMpoBOYHAs BHIOOPKA); Ripe= 0,88, (mpoBepounkIii Habop I); R = 0,77, (MpoBepOYHBIiA
Haodop II).

B Tabaume 1 mpuBeacHBI JUTEpaTypHbIC AaHHbIC MO KadecTBYy mporuosupoBanus —lg(IGCsy) mist
Tetrahymena pyriformis 3a IOCIEAHHUE TOMBI.

Tabnuma 1

PesyabTaTsl nporuno3upoBanus —1g(IGCsy) pa3nnyHbIX KJIACCOB BelleCTB
nas Tetrahymena pyriformis mo aurepaTypHbIM J1aHHbIM 32 2008-201S5 rr.

T Bemecrsa OO011ee KOIUIECTBO R s
BEILECTB

2] IIponsBoaHBIE HUTPOOEH30Ia 54 0,91 0,04
[ p P
[3] [Tpou3BoIHBIC aHUITMHA 48 0,95 0,16
[4] [IpousBonHBIC HUTPOOCH30IA 50 0,87 0,27
5] [IpousBonusie penoma 250 0,71 -
[ p
6] [IpousBonusie penoma 250 0,77 0,40
[ p
[7] CrnoxHble 3(hUpbI 48 0,92 0,24
[8] [IpousBonusie penoma 250 0,71 -
[9] OpraHndecKkue COeTUHEHIS 1093 0,93 -
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[IpuBeneHHBIE AaHHBIE B JOCTATOYHOM MEpE XapaKTEPH3YIOT COBPEMEHHOE COCTOSHHE MPOTHO3UPOBA-
uus —1g(IGCso) mst Tetrahymena pyriformis. KauecTBo JIydIux MOJEICH OMPEACIICHO 3HAUYCHUSIMH KO3(]-
¢bunmrenToB koppensnuu B npenenax ot 0,71 go 0,95 u 3HaYeHWUSIMH CTaHTAPTHBIX OTKIOHEHHH s 10 0,40.
OueBuHO, YTO AaJIbHEHIINI MPOTPEcC B 3TOM HANPABJICHUH CBSI3aH C MMOUCKOM OoJice HHQOPMATHUBHBIX -
CKPHUIITOPOB, HUCIONB3YEMBIX MPH KOAMPOBAHUU CTPYKTYPHI MOJIEKYJ, OCKOJIBKY OMONOTHYECKUN OTKIHK
SBIIsieTCsl (PYHKITUEH OOJBIIIOTO U HEOTPEICIIEHHOTO Ynciia PaKTOpOB.

B nannoit pabote rcciaeqoBaHa BO3MOKHOCT UCIIONIB30BaHUs 00IBIIOr0 HabOpa AECKPUIITOPOB, TeHe-
pupyemsbix nporpammoit Dragon. [lokazarenu tokcnunoctu —lg(IGCsy) anst Tetrahymena pyriformis noimy-
YeHBI U3 TIPHIIOKEHHSI K cTaThe [9]. TperupoBouHas BEIOOPKA, TaK ke Kak U B [9], cocTosuta u3 644 coenn-
HEHUU, KOHTpOJIbHas — u3 493,

PacueTsl BBITIOMHEHBI ¢ TIOMOIIBI0 pa3paboTanHoi Hamu [10] kommbsroTepHOit mporpammbel PROGROC
(PROGgram RObustness Calculation). BaxHoi U yHHKaJIbHOH OCOOCHHOCTBIO 3TOH MPOrPaMMbI SIBJISETCS
BO3MOXKHOCTh TPHUBJIEUEHUS 0€3 MpeaBapUTeIbHOr0 0TOOpa TaKoTo YHcia AECKPHUITOPOB, KOTOPOE MOXKET
MPEBBIIATH YUCIIO BeliecTB. Tak, s JaHHOTO Habopa BelecTB Bcero ObuIo 3ajeiicTBoBaHo 1017 meckpwur-
TOPOB Pa3IMYHON MPHUPOABL. ITO MO3BOJIWIO MOTYYUTH MOJENb OoJiee BEICOKOTO KauecTBa, KOTOpas Xapak-
tepuzoBanack R = 0,980, s = 0,22 1t TPeHHPOBOYHOM BEIOOPKH TOTO ke pazmepa U R = 0,943, s = 0,32 —
111 KOHTpOJIbHOM. Takske Obliia momydeHa MOJENb BEICOKOTO KayecTBa IPH YMEHBILICHUU pa3Mepa TPEHUPO-
BOUYHOH BBIOOPKH 10 600 coenunennii (493 — xontponsHast). Pesynbrarsl nporaosuposanus —lg(IGCsg) amns
ATOTO CITy4asi MPUBEICHBI pUCYHKaX 1, 2.

Ha pucynke 1 mokasana KOppemsius MeXIy IKCIePUMEHTATFHBIMA M BRIYUCIEHHBIMU 110 MOJIEKYJIAP-
HBIM JeckpunTopam 3HaueHusMu —lg(IGCsy_') 11 TpeHMPOBOYHOI M KOHTPOIBHOIH BHIGOPOK.

-1g(IGC,,) pacueT

-lg(I1GC.,) sKcIepImMeHT

® — TPEHHUPOBOYHAS BRIOOPKA; X — KOHTPOJIbHAS BEIOOPKA

Pucynok 1. Koppemsmus Mmexay sxcniepuMeHTanbHbIMU 3HaueHUIME -1g(IGCsg) 1 BEIYUCICHHBIMU
IO MOJICKYJISIPHBIM JECKPUIITOPaM JIJIsl TPEHUPOBOYHOM M KOHTPOJIBHOM BEIOOPOK

Yacrora pacnpenenenus ommOok nporHosupoBanus —lg(IGCsy) ¢ TOMOIIBI0 MOJEKYISIPHBIX ASCKPHUII-
TOPOB TI0Ka3aHa Ha TUCTOrpaMMe (puc. 2).

I'mcTorpamma pacmpeneneHust 9acToT omubok mporao3upoBanus 1g(IGCS50—1) HECKONMBKO OTIHYASTCS
OT HOPMAJIBHOTO paclpeeliCHHs, YTO, BEPOSITHO, BHI3BAHO HU3KOH TOYHOCTBHIO MCIIOIB30BAHHBIX JKCIIEPH-
MEHTAJILHBIX JIAHHBIX.
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OnOIGKI TPOTHOMPOBAHILA MapaMeTpor TokcmuHocTH -lg(IGCy,)

Pucynox 2. ['mctorpamMma pacnpenesieHust 4acTot omunook nporaosuposanus —lg(1GCsy)
10 MOJIEKYJISIPHBIM AECKPUITOPaM

CrartucTrueckue nmapamMeTphl MOJICIH PUBEICHBI B TA0IHIIC 2.

Taonuma 2

IHoxazaTenn KOPpPeNAUH MekKAY IKCIEePHMEHTAILHBIMH H BhIYHcI1eHHbIMH 3HaUYeHHsAMH —1g(IGCs)

ITokazarenu TpenupoBouHas Konrponbuas
Bech Habop
KOPPETSAIII BBIOOpKA BBIOOpKA
R 0,964 0,979 0,938
s 0,28 0,22 0,33
KomnngectBo BemecTs 1093 600 493

Tabnuua 3 OTHOCHUTCS K YacTH KOHTPOJIBHOH BEIOOPKU M WILTIOCTpHpYeT nopsiaku 3HaueHui —1g(1GCs),
TOYHOCTH ITPOTHO3UPOBAHUS U pa3zHO0Opa3ye KIacCOB XMMUYECKUX COEAUHEHUH.

Tabnuma 3

JkcnepuMeHTaIbHbIE [9] 1 paccuuTannble 3HaYeHus —lg(IGCsy) nas Tetrahymena pyriformis

No CoenvHeHue DKCIL. Pacu. Pa3H.
1 2 3 4 5
1 |2-DTuiamacisgHas KHCIOTa -0,15 -0,30 0,15
2 |2-Metun-4-xJ10paHuInH 0,35 0,47 -0,12
3 |Tomyon 0,25 —0,38 0,63
4 | dndTHn-2-3TUIManoHaT -0,24 —-0,09 -0,15
5 |3-AmuHo-1,2-nponanguon -1,81 -1,51 -0,30
6 |4-Xiop-1-0yraHon -0,76 -0,83 0,07
7 |2-HutpopesopuuHon 0,66 0,28 0,38
8 |4-budenmmmeranon 0,92 0,80 0,12
9 |3-I'ekcun-3,5-nuo0m -0,46 -0,94 0,48
10 |3'-HurpoanerodpeHon 0,32 0,43 -0,11
11 [1,2,3-Tpuxiop-5-HuTpoOeH301 1,55 1,47 0,08
12 |2-XmopbeH3anpaerus 0,49 0,41 0,08
13 |3-Xuop-2-0OyTraHoH 0,27 0,28 -0,01
14 |DTeHnIsTaHOAT -0,86 -0,69 -0,17
15 |3-Hurpo-4-xnopdenon 1,27 0,91 0,36
16 |AuaTHiI0BBII 3P NPONHUIMAIOHOBOH KHCIIOTHI 0,13 0,11 0,24
17 |2,6-Auxnopdenon 0,73 0,77 -0,04
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1 2 3 4 5
18 |4-Hutpo-2-xnopaHuiuH 0,75 0,50 0,25
19 |5-Hutpo-2-xmopOeH3anbaern 0,53 1,28 -0,75
20 |3,5-AumeTun-1-rekcuH-3-0m -0,55 -0,13 -0,42
21 |4,5-inmetnn-2-xaopheHon 0,69 0,89 -0,20
22 |4-Dennn-1-6yranon 0,12 0,09 0,03
23 |1,3-luanTtpo-2,4,5-TpUXI0pOEH30IT 2,60 2,37 0,23
24 |2-T'mapoxcu-4,5-mumeTrianeToGpeHoH 0,71 1,01 -0,30
25 |3,5-Iuxa0pHATPOOEH30T 1,13 1,61 -0,48
26 |2-Hutpo-4-X710pTOTYyOoIT 0,82 1,03 —0,21
27 |6mop-ByTHIIOBBINA 2(UP YKCYCHOM KHCIOTHI —0,68 -1,10 0,42
28 |MeTuaHOHMIAT 1,04 1,16 -0,12
29 |3,5-I'entaguon -0,38 -0,11 -0,27
30 |2-Metun-5-XI0paHIIH 0,50 0,48 0,02
31 |1-Honwnmamun 1,70 1,17 0,53
32 |4-Hutpobenzambpaernaa 0,20 0,56 -0,36
33 |1-OKTHI IHaHU] 0,62 0,34 0,28
34 |2,4-JIuxI0paHuIuH 0,56 0,72 -0,16
35 |Tepedrampaerny -0,09 0,18 -0,27
36 |3-DopMIITOCH30HATPIIT -0,02 -0,33 0,31
37 |mpem-IlenTHnamMuH -0,70 -1,40 0,70
38 |4-(6mop-byTmin)anuimH 0,61 0,95 —0,34
39 [2-TpuaenmH-1-o 2,37 2,15 0,22
40 |enTanoheHoH 1,56 1,13 0,43

Pesynbrarhl Hamiero WccieqOoBaHHS IMOKA3hIBAIOT, YTO MPUMEHEHHE IOJIHOTO Ha0opa JIECKPHIITOPOB,
BBIYUCIISIEMBIX TIporpamMMoii Dragon B coueTaHuu ¢ pa3pabOTaHHBIM HAMH JITOPUTMOM IPOTHO3UPOBAHUS,
MTO3BOJISIET TONMydaTh Moaenu mapamerpa TokcumaHoctH 1GCsy B oTHOmeHuu k uHby3opum Tetrahymena
pyriformis ¢ BBICOKAM Ka4eCTBOM, MTPEBOCXOSIINM COOTBETCTBYIOIINE MOJICIH, OITMCAHHBIC B INTEPATYPE.
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OprasukajabIK KOCbLIbICTAPABIH Tetrahymena pyriformis
Yl yablibiFbIH QSAR dnicimen 0aranay

Makanana OpraHuUKalbIK KOCBUIBICTapIbIH 1etrahymena pyriformis nady3opusceiHa KaTbhlcThl —lg(IGCsg)
YIBUIBIK KOPCETKILIH OaFaiay YIIiH IECKPUITOPJIAPABIH YIKSH KUBIHTHIFbIH Haipamansim, QSAR/QSTR
oniciH KoyaHy MyMKiHAiri 3eprrenred. bapmeirbl 1093 KOCBUIBICTaH TYpaThlH 3aTTap IKUBIHTBIFBI
KapacThIPbUIFaH. 3aTTapAblH O0apiblK SKUBIHTBHIFEL yuriH R = 0,968, s=0,26 koppemsiuusi KepceTkimrepi
QJIBIHFAH. 3aTTap/IbIH JKaTTHIFYJIBIK iPIKTENreH KUBIHTHIFEI YT R = 0,980, s = 0,21, Gakplnay )UBHTHIFbI YIIIH
R=0,943,5=0,32.

V.V. Vazhev, M.A. Gubenko, N.V. Vazheva, E.M. Ergalieva, E.A. Samsonyuk

Estimation of the toxicity of organic compounds
to Tetrahymena pyriformis by QSAR method

The possibility of the use of QSAR / QSPR method is investigated for estimating the toxicity of organic com-
pounds —lg (IGCs,) to Tetrahymena pyriformis using a large set of descriptors. The set of substances from
1093 compounds is investigated. For all set correlation indicators are received R = 0,968, s = 0,26. For train-
ing set there are R = 0,980, s = 0,21, for test — R = 0,943, s = 0,32.
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New forms of anticancer drugs «Arglabin» based on human serum albumin

In this article the possibility of creation of human serum albumin nanoparticles immobilized by anticancer
drug Arglabin was considered. Physical and chemical charasterictics of nanoparticles and binding of Arglabin
with polymeric nanoparticles were determined It is found that the particle size and binding of drug with pol-
ymer depend on the method of immobilization of drug.

Key words: albumin, nanoparticles, immobilization, Arglabin, polydispersity, zetapotential.

1 Introduction

Current, the main disadvantages of drugs used in medicine are short period of validity, low selectivity
to the affected organ and sufficiently high toxicity. By the results of numerous researches, it is shown that
these disadvantages can be avoided by encapsulation of drugs in polymeric nanoparticles [1, 2]. Significant
results were obtained by loading of pharmaceutical drugs in synthetic and natural polymers [3, 4], which are
used in the treatment of diseases such as cancer, requires long-term therapy [5-7].

Using of nanosystems for drug delivery in cancer therapy allows to achieve significantly better effects
than by using free drugs [3, 8-10].

One of the anti-cancer drugs is «Arglabin» obtained by Kazakhstan scientists from the plant Artemisia
glabella growing in Central Asia [11]. The investigation of Arglabin and a number of its derivatives showed
that the epoxyarglabin and hydrochloride of dimethylaminoarglabin possess the best antitumor activity.
Epoxyarglabin (substance or native arglabin) hadn’t found an application because of its insolubility in water.
Further on the base of hydrochloride of dimethylaminoarglabin there was worked out a hydrophilic drug
form preparation «Arglabin» for parenteral administration.

atd
\

Arglabin Hydrochloride of dimethylaminoarglabin

The preparation «Arglabiny» is efficient in treatment of breast cancer, primary liver cancer, cancer of
lungs and ovary and during several years it is used successfully in medicine practice for treating cancer dis-
cases in the form of injection.

At the same time there is the task of prolongation of drug action and decrease its side effects.

One of the widely used polymeric carriers of drugs is human serum albumin. Because of its function to
transport low-molecular substances including a variety of drug coming externally, it is unique drug carrier to
target organs, which prolongs their action by binding [9, 10].

The task of present study was to consider the possibility of creation of new drug form of antitumor drug
Arglabin in the form of nanoparticles on the base of HSA.

2. Materials and methods

2.1 Chemicals and reagents. Human serum albumin (HSA, fraction V, purity 96-99 %, 65.000 Da) and
glutaraldehyde 8 % solution were obtained from Sigma (Steinheim, Germany). «Arglabin» (substance) and
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preparation «Arglabin» were purchased from «Research-and-Production Center «Phytochemistry» (Kara-
ganda, Kazakhstan). Solvents and all other reagents were purchased from Merck (Darmstadt, Germany).

2.2 Preparation of empty HSA nanoparticles. Empty HSA nanoparticles were prepared using a previ-
ously described desolvation method [2, 9]. By using of buffer solution, pH 2 % of albumin solution was
adjusted to 8.0-8.5, then the calculated amount of ethanol and an aqueous solution of glutaraldehyde as
crosslinking agent added under stirring. To complete the process, the suspension was left for 24 hours with
constant stirring. The required particle on the size was separated from low- and high-molecular components
by centrifugation and repeated washing with water.

2.3 Encapsulation of the drug Arglabin in nanoparticles of HSA. For immobilization of Arglabin in na-
noparticles, the drug previously dissolved in an aqueous solution of albumin and desolvation was carried out.
In this case two forms of the drug (lipophilic and hydrophilic forms) were used. The concentration of the
drug was varied from 0.25 mg/ml to 1 mg/mL, using the following ratios of drug: albumin, 1:20, 1:10, 3:20,
1:5.

To 20 mg of serum albumin was added from 1 to 4.0 mg of drug in 4 tubes, respectively, and 1 ml water
to each of them. pH of all solutions was adjusted up to 8,5 and held for 2 hours at constant stirring. In the
method of incorporation water-insoluble lipophilic form of Arglabin was used. 1 ml of ethanol was added to
the tubes previously. For the formation of nanoparticles 2 ml of ethanol and 8 % glutaraldehyde solution was
added to the solution under constant stirring by minipump and stirred for 24 h.

The required particle by size is separated by repeated centrifugation within 15 minutes at
14,500 rpm/min and was purified by washing by water for injection. The amount of free drug in a solution
was analyzed by UV spectrophotometry (A = 204 nm).

2.4 Adsorption of arglabin to HSA nanoparticles. 1.3 ml of empty HSA nanoparticles solution was tak-
en (10 mg/ml) which were obtained by the method described above and from 50 to 800 pl of previously pre-
pared solutions of arglabin (5.9 mg/ml) (substanive) were added. The volume of each probe was adjusted
with ethanol to 2.21 ml. The mixture was stirred for 2 h (650 rpm) at room temperature. After that the parti-
cles were centrifugated and washed with water. The supernatants of the washing steps were collected and
separated by size exclusion chromatography (Sephadex, Sigma Chemical Co. DE-52) and the concentration
of free Arglabin in a solution was analyzed by UV-spectrophotometry (A = 204 nm).

The yield of nanoparticles was determined by gravimetric method.

2.5 Measurement of particle size and zetapotential. The average particle size measured by photon corre-
lation spectroscopy (PCS) using a Malvern Zetasizer 3000HSA (Malvern Instruments Ltd., Malvern, UK) at
a temperature of 25 °C at a scattering angle of 90°. The samples were diluted 1:400 with water. The zetapo-
tential was also measured on this device. HSA nanoparticles were previously diluted 1:200 50mM phos-
phate-puffer pH 7.4 and the zetapotential was determined by Laser Doppler micro electrophoresis.

Pictures of nanoparticles loaded with drug were made by transmission electron microscopy (transmis-
sion electron microscope CM 12 (Philips)).

2.6 Determination of the Arglabin binding with HSA nanoparticles. The binding was determined by
conductometric and UV-spectrophotometric methods on the instrument U3000 Spectrophotometer
(A =204 nm) (Hitachi). Samples of the solutions were passed through Sephadex column (Sigma Chemical
Co. DE-52) to separate the polymer from drug and washed with ethanol:water in the ratio of 1:5.7. From the
obtained data a calibration chart and content of unbound drug was calculated.

Preliminary in a volumetric flask of 100 ml a drug solution with concentration of 100 mg/ml in water
was prepared. Aliquots were taken from the prepared solution, was transferred into volumetric flasks of
25 ml. A series of solution with concentration of drug 5.0; 10.0; 20.0; 40.0; 60.0; 80.0; 100.0 mg/ml were
prepared and electrical conductivity was fixed.

Further calibration graph constructed and the concentration of free drug was determined by it. Because
the conductivity of solution is an additive value, the electrical conductivity of components of system was
determined and relevant corrections were made. The degree of binding of drug was calculated from the dif-
ference between the initial and free drug.

The conductivity of the solution was measured in a thermostated cell (at 293 K), 25 ml on the instru-
ment Conductivity meter Type OK-102 (Hungary) Ne 1182 and «Econics-Experty», INN / KPP
7728209000/772801001 (Moscow), provided with an electrode.

The yield of particles was found by gravimetric analysis.

10 % solution of human serum albumin (HSA) (HSA, fraction V, 96-99 %, 65,000, Sigma Aldrich
(Steinheim, Germany) for the immobilization of an antitumor drug «Arglabin», and 50 % solution of
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glutaraldehyde Sigma Aldrich (Steinheim, Germany) were used in the work. «Arglabiny» (substance) and
hydrochloride dimethylaminoarglabin was provided by the international scientific and industrial holding
«Phytochemistry» (Karaganda, Kazakhstan).

With the aim of achieving an accuracy and verification of obtained results, our experimental data were
studied by mathematical processing. Experimental miscount in measurements shortchanged by the method of
«the least squaresy. It is shown by the calculations that the maximum relative miscount for the experimental
data was 5 %, which was determined by specific methods of conductivity and spectrophotometry.

Typically, the physico-chemical and analytical measurements are taken a = 0,95 and b = 0,99. In this
work, confidential probability is equal to 0.95.

3 Results and discussion

Nowadays three main ways of immobilization of drug to the polymer nanocarriers are known [12]. The-
se are covalent attachment of the drug to the particle prior to preparation of particles or analogical attachment
to the particle surface; adsorption of drug on the surface of preliminary prepared nanoparticles and incorpo-
ration of drug into polymer matrix during particle preparation. The first method is not widely used because
the covalent attachment of drug to the polymer changes its chemical structure (entity) and may lead to
changes of biological activity of drug.

In the present study it was compared two ways of loading Arglabin to the particle system: adsorption of
drug on the surface of obtained HSA nanoparticles and incorporation of Arglabin into polymer matrix of na-
noparticles with the use of desolvation method described above.

At the time of investigations we studied the immobilization of antitumor drug Arglabin into the matrix
of serum albumin by incorporation method which involves injection of biologically active compounds direct-
ly in the reaction medium during the process of crosslinking of albumin.

Incorporation was carried out using of Arglabin substance and dimethylaminoarglabin hydrochloride. In
both cases, concentration of drug is maintained from 0.25 mg/ml to 1 mg/ml.

The particle size, polydispersity and zetapotential of lipophilic Arglabin obtained by the incorporation
method analyzed by photon correlation spectroscopy. The results are shown in Table 1.

Table 1
Characteristics of nanoparticles of HSA containing the substance Arglabin (T=25 °C; Cys,=20 mg/ml)

C The yield of nano- Drug in NP
ARGL> _ : ; 0
Carar, 107, drug/ d, nm PDI C-potential, Binding, % particles, % —{ (after adsorp-
mg/ml mol/l polymer mV Spectropho-| Gravi- tion), %
tometry | metry >0
193.9 0.030
0.25 0.15 1:20 113 +0.020 -16.314.0 76 88.3 82.3 3.36
256.6 0.074
: —22.6+
0.5 0.3 1:10 130 +0.004 22.613.0 87 87.0 80.7 4.77
189.0 0.017
0.75 0.45 3:20 +0.6 +0.012 -26.312.5 73 86.5 78.8 6.57
126.2 0.046
1.0 0.6 1:5 117 +0.018 —25.844.5 81 84.0 74.5 8.09

As can be seen from the data obtained particles vary in size and have a monomodal distribution. In all
cases, the dispersed system is stable, as indicated by low values of {-potential of nanoparticles; the yield of
nanoparticles obtained by two independent methods correlated.

Binding of Arglabin with nanoparticles of albumin was determined by UV-spectrophotometry at a
wavelength A = 204 nm. Before conducting the spectrophotometric analysis of particles with drug substance
solutions were washed with water-ethanol and passed through a Sephadex column. Figure 1 shows the bind-
ing of nanoparticles of Arglabin from the amount of drug.
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Figure 1. Dependence of binding of HSA nanoparticles from the amount of substance Arglabin

According to the presented data in the Table. 1, the effective incorporation of drug in HAS nanoparti-
cles occured.

As it is shown in the picture, that in the result of encapsulation the lipophilic forms of Arglabin in the
albumin nanoparticles the binding is always high and constitutes more than 73 % in all cases. In the propor-
tions of drug to albumin 1:10 and 1: 5 nanoparticles immobilized by drug were obtained. The binding degree
of these particles is up to 80 %, which proves the effectiveness of incorporation.

As long as the drug was included in the polymer matrix during the process of obtaining the particles, it
is important to know the content of drug in the nanoparticles after incorporation. Therefore, the content of
Arglabin in the obtained nanoparticles was calculated (Fig. 2).
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g

B
4 A
2
0

0 05 1 1.5 2
Concentration of Arglabin in the solution, 10> mol/l

Content of Arglabin in nanoparticles, %

Figure 2. Content of lipophilic Arglabin in albumin nanoparticles after incorporation

From the graph, it is clear that the content of lipophilic Arglabin in formed nanoparticles increases by
the growth of drug concentration in the initial solution. Thus, there is a possibility of further loading of se-
rum albumin by lipophilic form of drug.

Our next task was the immobilization of nanoparticles by hydrophilic form of drug. Incorporation of
dimethylaminoarglabin hydrochloride in the matrix of serum albumin was carried out by the same procedure
as the lipophilic form of drug, but without adding ethanol. The concentration of drug was varied from
0.25 mg/ml to 1.0 mg/ml. Physico-chemical characteristics of particles also were analyzed by photon correla-
tion spectroscopy (Table 2).
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Table 2

Characteristics of nanoparticles HSA containing the dimethylamino hydrochloride arglabin
(T=25 °C; Cysa=20 mg/ml)

C , . o The yield of nanoparticles, %
m;ljfrlldl d, nm PDI § -potential, mV Binding, % Spectrop}lllotometry ’ Gravimetry
0.25 17241 0.045+0.04 -23.1£7.0 51 59.3 63.1
0.5 20042 0.02940.02 -30.0+2.4 53 59.2 65.7
0.75 33144 0.210£0.03 —39.242.2 67 68.5 92.7
1.0 31541 0.13840.01 —37.943.5 78 80.0 79.9

It can be seen from the Table 2, that the diameter of particles rises with increasing of drug concentration
in nanoparticles of serum albumin, which is apparently caused by an increase of the content of arglabin in
particles. By the value of {-potential we can see that polydispersity of particles is sufficiently low and the
system is stable. The dependence of the degree of binding by weight of dimethylaminoarglabin is likely con-
nected with an increase of the probability of binding with carboxyl-terminated of serum albumin. The bind-
ing degree of drug is 78 % at the maximum concentration, while the possibility of further loading of nano-
particles with Arglabin is not excluded.

Dependence of binding of HSA nanoparticles from the amount of hydrophilic form Arglabin —
dimethylaminoarglabin hydrochloride is shown in Figure 3.
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Figure 3. Dependence of binding of HSA nanoparticles
from the amount of dimethylamino hydrochloride arglabin

The content of Arglabin in the obtained particles was also calculated at the end of process and the graph
of dependence of drug concentration is shown in Figure 4.
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Figure 4. Content of hydrophilic Arglabin in albumin nanoparticles after incorporation
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From the figure it is clear that in the content 11.97 % of dimethylaminoarglabin hydrochloride in parti-
cles we can observe the saturation in nanoparticles with drug.

In order to confirm the obtained data by photon correlation spectroscopy, we made images of nanopar-
ticles with drugs using transmission electron microscope (Fig. 5a, b). From the images it is seen that the size
of nanoparticles with hydrochloride dimethylaminoarglabin is higher than size of nanoparticles with native
form of Arglabin. The results of transmission electron microscopy correlate with obtained data by photon
correlation spectroscopy.

From the above figures it is shown that obtained particles are sufficiently small and their size is 80—
200 nm, which satisfies the requirements of polymer particles for drug delivery transport [13].

It is currently believed that the diameter of the nanoparticles for the treatment of cancer is should be of
10-100 nm. The lower limit was calculated by calculating of filtering ratio of walls of capillary, because the
limit particle size for renal excretion is assumed to be about 10 nm in diameter. The upper limit was not
determined accurately, however, it was proved that the particles with diameter of hundreds nanometers are
also capable to penetrate through walls of blood vessels and assimilate in the tumor.

a) HSA nanoparticles containing arglabin substance

R LT

|
o5 o a j . T

b) HSA nanoparticles containing dimethylaminoarglabin hydrochloride

Figure 5. HSA nanoparticles

In comparison of obtained results, earlier published material is presented in this article [13]. It is known
that adsorption of drug on the preliminary prepared carrier systems bears the risk of drug loss by desorption
process. To prevent the drug inactivation during storage as well as from early degradation of the complex
polymer-drug after injection [12], it was studied adsorption on the nanoparticles not hydrophilic, but lipo-
philic or native (substantive) insoluble form of antitumor drug Arglabin. Such composition of complex allow
us to hope that there are no drawbacks which were said above as there is less inclination of native Arglabin
to be desorbed from the polymer matrix into water medium.

With the aim of optimization of drug loading (incorporation) into nanoparticles prepared from HSA and
to establish a standard protocol for their preparation the concentration of Arglabin (native, substantive) in a
sorption solution was varied between 0.25 mg/ml to 6.2 mg/ml. In this case concentrations of HSA in all so-
Iutions were the same and were equal to 5.9 mg/ml. The process of adsorption included two hour incubation
of Arglabin into disperse solution of HSA nanoparticles. Drug-loaded nanoparticles were separated from
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unbound Arglabin by centrifugation. The quantitative content of Arglabin was determined spectrofoto-
metrically (A=204 nm), preliminary separating solutions of Arglabin and HSA by size exclusion chromatog-
raphy using columns Sephadex (Sigma Chemical Co. DE-52).

The results which were obtained with the help of U3000 Spectrophotometer (A=204 nm) (Hitachi) are
presented in a chart (Fig. 6).
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Arglabin concentration, mg/ml

Figure 6. Adsoptive binding of Arglabin to 5.9 mg/ml of empty HSA NP

As it is shown in a chart at low concentrations of Arglabin more than 60 % of drug may be adsorbed on
the surface of nanoparticles (Fig. 6). The portion of adsorbed Arglabin decreases with the increasing drug
concentration in the initial solution, reaching a minimum meaning 38.8-38.9 % at a drug concentration of
2 mg/ml and 4mg/ml (Table 3).

Table 3
Characteristics of Arglabin (substantive)-loaded HSA nanoparticles by adsorption
Carat T Drug in NP
mg/ml d, nm P Z, mV Binding, % (after adsorption), %
158.8 0.052 -14.2
162.9 0.017 -11.4
0.23 160.9 0.061 11,0 63.9 1.6
160.9£2.0 0.043£0.020 -12.242.0
158.7 0.061 -18.7
155.2 0.054 -23.0
0.50 159.9 0.024 164 391 23
157.9£2.0 0.046+0.020 -19.443.3
162.1 0.015 -20.4
157.8 0.050 -22.8
0.75 161.6 0.014 14.6 60.0 4.3
160.5+2.0 0.026+0.020 -19.344.1
161.1 0.037 -19.0
159.1 0.078 -12.7
1.00 160.2 0.010 107 473 45
160.1£1.0 0.04240.035 —14.144.2
158.7 0.014 -14.8
2.00 159.6 0.025 -21.5 38.8 7.2
159.7 0.021 -15.2
159.310.5 0.020+0.010 -17.243.4
162.3 0.006 -20.0
162.5 0.028 -16.2
4.00 160.9 0.003 153 38.9 13:5
161.9+0.8 0.01240.013 -17.242.4
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The obtained adsorption isotherm was analyzed using empirical equation of Freundlich which showed
high correlation degree (R=0.97) and the possibility of further loading HSA nanoparticles with Arglabin.

(Fig. 7).
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Figure 7. Adsorption of Arglabin on nanoparticles of serum albumin

So with the increasing of Arglabin concentration in the solution together with decreasing binding de-
gree as it is said above the portion of drug on nanoparticles’ surface increased and in a limit case it reaches
13.5 % from HSA nanoparticles’ mass. The equation of adsorption (x/m = 3.06) shows that the portion of
Arglabin in polymer-drug complex may be increased essentially.

As it was expected, because of electroneutrality of native Arglabin absolute meaning of zetapotential
remained to be high enough (between —11.0 and —22.8 mV) which provides mobility of nanoparticles and
prevents them from coagulation, and as a consequence the particle size changed slightly (160.8+2).

From the Table 3 and Figure 7 of polydispersity it is seen that the size distribution of particles is in rela-
tively narrow meaning interval and the system is sufficiently stable.

Arglabin-loaded nanoparticles is seen on pictures obtained with the use of CM 12 transmission electron
microscope (Philips) and they are shown in the Figure 8.

It is seen in a pictures that there might a formation of associates but separated particles are small
enough. Thus, it was shown a possibility of obtaining a new drug form of antitumor drug «Arglabin» by
loading HSA nanoparticles with native Arglabin.

v'“
J
et T

Figure 8. Electron-microscopy pictures of nanoparticles with Arglabin adsorbed on a particle surface

So, comparing the results of research on the production of nanoparticles by two methods one can con-
clude that the particle size, the degree of binding depend on the method of immobilization drugs. Thus, larg-
er particles can be obtained by immobilization by incorporation than when immobilized by absorption meth-
od. And the maximum degree of binding is achieved by first one.
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Cappicyibl a1b0yMUH Heri3iHAe KaTepJi icikke Kapchl
«Aprjaadéun» npenapatbIHbIH KaHA YJriiepi

Makasnaza Katepi icikke Kapchl « ApriabuH» npenapaTbiMeH HMMOOHIIICHI€H ab0yMUH HaHOOOIILEeKTepiH
aly MYMKIiHIIr  KapacThippUiFaH. HaHoOemmiekrepaiH — (HU3MKa-XUMHSUIBIK — CHUIIATTaMajapbl  JKOHE
«ApriabMHHIHY MOIMMEpITi HaHOOeIIIEKTepMeH OaillaHbICy Iopekeci aHBIKTaIabl. belekTepain ememi
yKoHe OaillaHbICy TopexKeci Jopilik 3aTThl UMMOOMIIICY SIICIHEH TOYeNIi eKeHi ToNeICH .

M.XK. Bypkees, I1. Kpoiitep, E.M. Tax6aes, JI.JK. XKarmaposa,
T.C. XKymaranuesa, A.T. Kaxwmypartosa, [.A. MyxaHoBa

Hosbie (popMbI NIPOTHBOOIIYX0J1€BOI0 NIpenapara «Aprjiadun»
HA OCHOBE CHIBOPOTOYHOI0 AJ1b0yMHHA

B cratbe paccMoTpeHa BO3MOXKHOCTb IOJY4YEHMS HAHOYACTHI albOyMHHA, HMMMOOMIM30BAHHBIX
MPOTHUBOOIYXOJEBBIM MpenapatoM «Apriabun». OnpezneneHbl (U3UKO-XUMHYECKHE XapaKTEPUCTUKH
HAHOYACTHI[ M CTEICHb CBS3BIBAHUS «ApriiabHUHA)» C MOJMMEPHBIMM HAHOYACTUIIAMH. YCTaHOBJIEHO, YTO
pa3Mep YacTHIl M CTCIIEHb CBS3BIBAHMS 3aBUCST OT CIIOCO0a MMMOOMIN3AINH JIEKAPCTBEHHOTO BEIECTBA.
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Creation of a polymeric matrix on the basis of polyester resins
for an immobilization of metals nanoparticles

For the purpose of creation of polymeric matrixes for an immobilization of the transitional metals nanoparti-
cles copolymers of unsaturated polyester resins with the acrylic and methacrylic acids were synthesized and
their swelling ability was studied. Sensitivity of polymeric hydrogels to external factors as pH, quality of sol-
vent and ionic strength of solution has been shown.

Key words: swelling, polymeric hydrogels, catalysis, nanoparticles, nanocatalysts, polymeric matrix.

Now the catalysis chemistry on nanoparticles or colloidal solutions of nanodimensional metals particles
develops violently. This is due to the facts as they have high specific surface area which brings closer the
catalysis to homogeneous type and as an existence on a nanoparticles surface of considerably larger propor-
tion of metal atoms than in the ordinary heterogeneous catalyst. Even the term «nanocatalysis» which is
considered as peculiar «bridge» between heterogencous and homogeneous catalysis [1-3] is entered.
Besides, because of a small particles size the considerable proportion of atoms is outside the boundaries of a
flat surface and has greater catalytic activity. Activity of the atoms located at tops and sides of a nanocrystal
is especially high. Decrease of particle sizes of solid matter below the some limit leads to the considerable
change of their properties, such as melting point, a thermal capacity, an electrical conductivity, also new
optical, magnetic and electronic properties appear. Threshold particle size at which there is a saltatory
change of properties for the majority of materials varies from 10 to 1000 nanometers. Owing to these factors
the mass (volume) of the nanodimensional catalyst demanded for carrying out reaction is considerably
sometimes one thousand times less in comparison with the same catalyst in a normality. It gives the chance
of economy of the expensive or infrequent components applied to preparation of catalysts. Moreover, special
characteristics of nanoparticles strengthen and modify the catalytic activity leading to emergence of an
opportunity to catalyze reactions which do not catalyze similar macrodimensional materials.

Synthesis of new nanocatalysts «metal-polymeric matrix», in combination with synthesis of catalytical-
ly active transitional metals brought on polymeric carriers opens huge area of their application. Therefore for
today searching of new catalytic systems, in particular the nanocatalysts possessing high activity and selec-
tivity is an actual task.

Owing to the ability to react adequately to a variation of external factors (pH, temperature, quality of
solvent, etc.), thereby controlling morphology of hydrogels, and as a result to regulate structure and proper-
ties of the nanoparticles immobilized in a matrix, so-called «clever» polymers are increasingly used. Along
with it, the matrix of the polymeric hydrogel can execute some kind of role of the «microreactor» suitable for
carrying out oxidation-reduction, catalytic and other reactions.

The available and cheap carrier of metals nanoparticles are polymers on the basis of unsaturated polyes-
ter resins which appeal in comparison with other thermoreactive polymers is caused by ability of curing by
vinyl monomers at a room or rather low temperature practically without allocation of any byproducts [4, 5].

Earlier we investigated a copolymerization of unsaturated polyester resins as at molar, and as mass rati-
os [4]. To obtain more hygroscopic polymers in the work reactions of a radical copolymerization of unsatu-
rated polyester resins — ethylene-(propylene)-glycol maleate with unsaturated carboxylic acids (the acrylic
(AA) and methacrylic (MAA) acids) were investigated in solution at excellent ratios of an initial mixture
getting polymers with spatially cross-linked structure and the possibility of use of the latter as matrixes for
obtaining catalysts on the basis of nanometric size nickel was considered. Synthesis conditions,
comonomers, a ratio of monomer: solvent were changed, more efficient initiator for this process was used.

Radical copolymerization of polyethylene(propylene)glycol maleate with unsaturated carboxylic acids
(the acrylic and methacrylic acids) was carried out in dioxane solution at various mass ratios of the initial
polymer-monomeric mix which data are given below in Table 1. As the initiator the dinitrile of
azobisisobutyric acid (DAA) was used.
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From comparison of data of Table 1 it is visible that at approximately equal ratio of comonomers co-
polymers of unsaturated polyester resins with MAA possess larger swelling ability. More dense structure of
copolymer on the basis of polyethyleneglycol maleate (p-EGM)-AA can be one of the most probable causes
of it, despite lower contents in the latter of a proportion of crosslinking agent links. The similar effect is
found also by other researchers [5].

Table 1
The dependence of copolymers composition on an initial mix composition
at a copolymerization of p-EGM (M) with AA (M;) and MAA (M,),
DAA [I] of =8 mol/m’, T = 333 K, [p-EGM-AA, MAA|:[dioxane] — 1:3
. . Copolymer composition Number of maleate
Initial mix mass, % mass, % Yield, % o, % groups, %
M; | M, m | my
p-EGM:AA
13.07 86.93 15.5 84.3 81.1+£3 1116.4+2 46.8
18.88 81.13 21.1 78.9 74.5+1 1323.6+3 49.7
24.84 75.16 27.1 72.9 68.7+4 877.1+1 52.9
41.59 58.41 45.6 54.4 65.942 555.24+2 57.6
55.30 44.70 58.9 41.1 60.343 396.5+3 63.5
p-EGM:MAA
10.25 89.75 11.1 88.9 88.4+1 1169.1+4 45.4
15.56 74.44 18.2 81.8 76.7+4 1386.8+3 47.8
23.58 64.80 26.3 73.7 75.542 918.3+3 51.7
49.48 50.96 50.6 49.4 72.7+4 581.3+1 54.4
56.30 37.61 61.8 38.2 50.4+3 415.1+£2 59.3

Also the tendency of increase in quantity of unreacted maleate groups with decrease of polymers swell-
ing degree is observed. The maximal swelling degree of the received products is characteristic for copolymer
18.22:81.78 (1386.8 %).

It is possible to notice that swelling ability of copolymers reaches the maximal value only at a particular
ratio of polyester resins and unsaturated carboxylic acids links. Above and below this ratio more cross-linked
copolymers turn out. Such dependence is quite explainable assuming that two factors have an effect on
swelling of copolymers: degree of cross-linking and existence of the charged groups. And so, at some point
monitoring of one regulator is replaced with another. Thus, we see that there is no simple dependence of
swelling degree on copolymer composition.

Copolymers of UPER with MAA possess larger swelling ability in water, than AA. Such dependence
can seem to the abnormal at first sight, but it is necessary to take into consideration not only electrostatic re-
pulsive forces, but also structural changes of copolymers upon transition from AA to MAA. Data of an elec-
tron microscopy confirm this fact. Earlier the similar case was observed by us at research of copolymers
swelling of other vinyl monomer — B-vinyloxyethylacrylamide of AA with AA and MAA [6]. Data were
published and quoted many times by other scientists working with unsaturated carboxylic acids.

Other objects for obtaining polymeric matrixes for synthesis of nanocatalysts were copolymers of poly-
propylene glycol maleate (p-PGM) with AA, MAA. Polyester resins, having hydrophobic group, can change
a matrix behavior in less polar mediums. Considering a possibility of «clever» behavior for polymeric cata-
lyst carriers, to synthesize and study this object was interesting in actual reactionary mediums.

Water absorption of copolymers with p-PGM is slightly lower than p-EGM that can be caused by some
hydrophobic nature of the first though it was possible to expect smaller degree of a cross-linking because of
spatial factors, i.e. large distance from each other of double bonds in p-PGM.

Some characteristics of p-PGM-AA (MAA) copolymers at various initial ratios are presented in Ta-
ble 2. Unlike the previous system it is possible to observe the linear relation of swelling degree with increase
in copolymer of unsaturated carboxylic acids links.
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Table 2

The dependence of copolymers composition on an initial mix composition
at a copolymerization of p-PGM (M) with AA (M,) and MAA (M,),
DAA [I] of =8 mol/m’, T = 333 K, [p-PGM-AA, MAA]:[dioxane] — 1:3

. . Copolymer composition
Initial mix mass, % mass, % Yield, % o % Nutmber of m(e;le—
M, | M, - | - ate groups, %
p-PGM:AA

8.35 91.65 9.1 90.9 86.6+3 967.4+4 46.8
21.58 78.42 23.5 76.5 76.2+1 887.5+2 49.7
41.95 58.05 45.6 54.4 70.0+2 764.1+3 52.9
70.01 29.99 73.8 26.2 72.243 570.5+2 57.6
85.25 14.75 87.0 13.0 68.4+1 400.6+1 63.5

p-PGM:MAA

7.02 92.98 8.9 91.1 82.0+3 1209.3+2 45.4
22.13 77.87 26.1 73.9 86.0+2 983.6+2 47.8
41.45 58.55 47.1 52.9 72.0+1 861.7+4 51.7
68.63 31.47 74.9 25.1 68.0+3 795.6+2 54.4
80.25 19.75 87.8 12.2 52.04+4 469.3+3 59.3

The intense absorption bands at 1670 cm™, corresponding to fluctuation of unreacted double bonds, and
the intense absorption bands in the field of 1157 cm™, corresponding to the ester bond oscillations and fluc-
tuation of the methyl groups of methacrylic acid at 2926 cm™', carboxyl groups, providing swelling in the
field of 1723 cm™ are present in the IR spectra of copolymers p-EGM:AA, MAA and p-PGM:AA, MAA.

The composition of the copolymers was determined by gas chromatography (GC) AGILENT 7890A
Technologies DE 19808—1610 USA, equipped with a mass selective detector.

All samples of p-EGM and p-PGM copolymers with unsaturated carboxylic acids showed monomodal
type curves, demonstrating that these polymers are copolymers.

Carried out microstructural analysis of the copolymers using a scanning electron microscope (IVS Su-
pra 55VP-3249 firm Zeiss), showed that the test samples of polyester resin with MAA have a cellular struc-
ture than with AA. Moreover, copolymer structure is homogeneous enough and suggests the possibility of
obtaining metal nanoclusters with predetermined size and satisfactory polydispersity in internodal spaces.

Environmental condition is an important factor in swelling of the copolymers. Previously presented data
relate to normal conditions, but these settings can be crucial as in synthesis of metal NP, and in the applica-
tion of ready-made polymer-immobilized materials. Further, water-absorbing properties of copolymers have
been investigated by measuring pH environment, proportion of solvent in the system water-organic solvent
and ionic strength for detection of the sensitivity of obtained hydrogels to changes of external factors.

The ability to swell of the polymer can vary significantly with fluctuation of the environment parame-
ters [7]. In turn, the presence of stimulus-responsive transitions in the polymer lattice allows control the size
of metal particles during their formation in the matrix. In addition an opportunity to process control appears
on the release step.

A large number of foreign and domestic works devoted to the study of hydrogels on the basis of
polycarboxylic acids, but the behavior of the latter which contains links of p-EGM and p-PGM have not been
studied.

This paper presents the research results of the external factors effect on the copolymers swelling of
p-PGM and p-EGM, and a certain mechanism of behavior has been established. However, in contrast to pre-
vious studies in this paper 1.3-propylene glycol (previously 1.2-propylene glycol) was used for the synthesis
of p-PGM. Changes in the structure of the unsaturated polyester resin give an additional possibility to con-
struct peculiar nanoreactor (in polymer pores) to obtain metal nanoparticles.

By crosslinking polymer chains of unsaturated polyester resin by vinyl monomers having a linear struc-
ture, the formation of relatively hard and chemically inert three-dimensional network of the polymer gel oc-
curs, which has good absorption properties against water.

The presence in the structure of such gels of functional links capable of ionization increases their sensi-
tivity to the various environmental parameters changes. As the literature sources show one of such parame-
ters is pH that can significantly affect the properties of polymeric gels [8, 9].
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It is known that gels containing groups of weak bases or acids that can be ionized even at a small
change in pH have a pH-sensitivity. Uncharged gel is exposed to collapse, while the ionization provokes
process of swelling gel, which is due to the arising of the osmotic pressure created by the counter-ions [10—
13].

During a series of experiments, the following relationship was found: for hydrogels containing acid
groups, the swelling process occurs in an alkaline medium, and in the collapsed state transition is carried out
in an acidic medium. On the contrary, the swelling of hydrogels with basic groups is carried out in the acidic
medium, collapse is observed at high pH values, where ionization suppression is observed [6].

It was found that the tested polymer hydrogels are in collapsed state in the acidic medium until the pH
of the medium is not yet changed upward. The ionization of ionic fragments of macrochains causes an elec-
trostatic repulsion of like-charged groups and creates the straining osmotic pressure of the counter ions that
forces the hydrogel to swell even greater.

If we compare the change in the swelling ability of the copolymers range, it increases with the propor-
tion of unsaturated acids, i.e. with an increase in the number of charged links. It is observed both in the case
of AA, and MAA. Variation for copolymers of p-EGM and p-PGM is also similar, but with the difference
that the depth of the contraction of the hydrogels is less pronounced in the latter.

The effect of the presence of compositions of binary mixtures of solvents on the volumetric characteris-
tics of these gels has been studied for a more complete situation of the impact of various environmental fac-
tors on the ability of hydrogels swelling on the basis of polyethylene-(propylene)-glycol maleate.

It is especially important that the catalytic reaction is often accompanied by changes in the environment
and take place in the presence of organic solvents [14, 15].

Commonly used solvents of different polarity, dimethyl sulfoxide (DMSO), dimethylformamide (DMF)
and ethanol (Et) were selected as an organic component. Their content in the mixture was varied from 0 to 1
volume fractions.

The obtained results indicate the fact that coefficient of swelling copolymers of p-EGM-AA, p-PGM-
AA is higher in water than in the considered organic, that may argue that with an increase in composition of
the binary mixture of the organic solvent proportion the gradual contraction of the polymer network of the
investigated hydrogels on the basis of polyethylene-(propylene)-glycol maleate with unsaturated carboxylic
acids is observed.

In as much as the studied polymers are ionogenic, solvent quality deteriorates due to the addition of a
water-soluble organic solvent and the collapse occurs.

In all cases, we are witnessing contraction and the solvent is less polar, suppression of swelling is more
pronounced. There are differences in swelling behavior depending on the nature of the copolymer. Copoly-
mers of p-PGM with AA (MAA) are less susceptible collapse, which may be due to the presence of longer
hydrophobic fragment in the structure of the unsaturated polyester resin. It can also be used when the appli-
cation of copolymer nanocomposites in low-polar environments as required.

In addition to such factors as pH and solution composition the presence of low molecular salt can affect
the degree of swelling polymer gels in solution and the size of the intenode space for metal immobilization.

An interaction mechanism of low molecular compound with cross-linked polymers is a key issue, inas-
much as metal NP synthesis occurs from salt as a result of a redox reaction.

In this regard, one of the most promising and challenging task is to study the processes of interaction of
metal ions with gels components. As part of this study the effect of a bivalent salt with hydrogels on the basis
of p-EGM and p-PGM with AA (MAA) was examined.

A series of experiments to identify the behavior of the obtained copolymers in solutions with increasing
concentration of NiCl, were conducted.

It is found that low concentration values of metal salts affect slightly the polymer gels of polyethylene-
(propylene)-glycol maleate. With further increase of the salt concentration a decrease of the swelling capaci-
ty is observed. This fact will be taken into account during the synthesis of nanoparticles in a polymer matrix.
It should be understood that the lattice will be compressed in the presence of salt in the solution, and it is di-
rectly important to control the size and dispersion of metal NP in the system.

In studies of the effect of temperature on swelling of investigated copolymers we have found that this
factor has no significant effect on the phase transition of these systems. Perhaps this is due to charged mac-
romolecules links and domination of strength electrostatic repulsion of the hydrophobic interaction of
macrochains areas.
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Comparison of the experimental results shows some differences in the swelling polyester resins copol-
ymers containing polyethylene and polypropylene fragments. In general, it is possible to observe that the
curves have a common regularity. However, the nature of the substituent and copolymers and their com-
pounds lead to a more pronounced stimulus-induces transition or contraction. In some cases, a so-called la-
tency period, i.e. there is a delay in the change of the properties on the stimulus effect. All these features of
the swelling should be considered in the synthesis of nanocatalysts.

Thus, on the basis of the above, we can draw the following conclusions:

1. The obtained new polymers on the basis of polyester resins (p-EGM, p-PGM with MAA and AA) are
promising for use as matrix polymers in the synthesis of metal nanoparticles and nanocomposite use in the
electrocatalytic hydrogenation reactions. It is shown that the nature of comonomers and their content in the
copolymer, i.e. composition of copolymer show a significant impact on the sorption properties and porosity
of the polymer. The products were identified and some of their physical and chemical properties have been
studied.

2. The effect on polymer hydrogels (potential carriers of nanocatalysts) of external factors such as the
pH, ionic strength, the presence of an organic solvent, the temperature change was studied. Described pa-
rameters affect the swelling capacity of the copolymers and hence are important to account for the synthesis
of metallic nickel, and the development of apparatuses and conditions of use of the polymer-immobilized
nanoclusters in various catalytic processes. Discovered stimulus-sensitive transitions are also important. For
example, an increase in the swelling of the copolymer-containing metal nanoparticles occurs with increasing
pH. This has a positive effect on the kinetics of electrocatalysis process as in the reaction conditions of pyri-
dine hydrogenation with increasing pH of the medium nanocatalysts availability will increase symbatically.
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E.M. Taxo6aeB, A.T. Kaxxmyparosa, T.C. JKymaranuena,
K.A. Tenenni, I'.Y. KoxxabexkoBa

Metann HaHOO6JIIIEKTePiH HMMOONIM3ANMAIAY YIHIH Noau3GuUp maibIpjaapbl
Herisinjae MoJuMepJik MaTpUuUAJIapAbI Ty

Makanaza aybiciiajibl MEeTaJll HAHOOOJILEKTePiH MMMOOWIN3ALMsIIAY YILIIH OJTUMEPIIiK MaTPULANap/Abl Aty
MaKcaThIHAA KaHBIKMAFraH NOJUAI(UP I[IAWBIPIApbIHBIH —aKpWI JKOHE METaKpHI  KbIIIKBUILAAPBIMEH
CONOJIUMEpJIepi CHHTE3/eIITeH, ONapAbIH iciHy KabineTi 3eprrenreH. IlommMepiik ruaporeIbaepIiH CHIPTKEI
(axropiapra, opTaHblH pH, epiTKIIITIH canacsl XoHe epiTIHAIHIH HOHIBIK KYII, CE31MTaIbIFEl KOPCETILIIeH.

E.M. Tax06aeB, A.T. Kaxxmyparona, T.C. Kymaranuesa,
KA. Tonenau, I'.Y. Koxxabexona

[HosyyeHnune moJiMMepHOM MATPHUIbI HA OCHOBE MOJIMI(PUPHBIX CMOJI
AJI MMMOOWIIN3aMU HAHOYACTHI] METAJLJIOB

B crarbe ¢ menbio co3maHus MOIMMEPHBIX MAaTPHIL AT HMMOOHMIIM3AIMY HAHOYACTHI IEPEXOIHBIX METaJIOB
CHHTE3MPOBAHbl COIOJIMMEpPHl HEHACHINEHHBIX MONMMA(UPHBIX CMOJI C AaKpPWIOBOHM M METaKpHIOBOI
KUCIOTaMM WU H3yueHa HX HalOyxaromasi crnocoOHocTh. Iloka3aHa dYyBCTBHTENBHOCTh IOIMMEPHBIX
ruaporeneil kK BHEIIHUM (hakTopam, TakuM Kak pH cpezbl, KadecTBO pacTBOPHUTENSI U MOHHAsS CUJIA PACTBOPA.
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Huxesb KaaabIKTapbIHBIH KAJUH CyJb(AThI epiTiHAICiHAEe allHBIMAJIBI
TOKIIEH NMOJISIPU3ALMIAy Ke3iHIeri 3JIEKTPOXUMHUSJIBIK KaCHeTTepi

Makamana kamuid Cynbgarel epiTiHAiCiHAe alHBIMaIBl TOKIEH IOJSIPH3ALMSIay Ke3iHJeri HHKelb
3IIEKTPOJIBIHBIH 3JIEKTPOXUMISIIBIK KaCHeTTepl aiFaml per 3epTrenai. Hukensain epy npomecine aifHbIMAaibI
JKOHE TYPAKTHl TOK THIFBI3ABIKTAPBIHBIH, Kaluil Cynb(aThl KOHIEHTPAIUSCHIHBIH, SJIEKTPOJIUT TeMIlepa-
TYpacHIHBIH >KOHE aifHBIMabl TOK SKUUIITIHIH eleyni ocep eTeTiHi kepceTinai. Hukems ameKTpoaTapbIHEIH
XUMUSJIBIK epyi aifHbIMaJbl TOKIEH MOJApU3alMsIay Ke3iHAe TYPaKThl TOKIEH caibicThipranaa 30 ecere
JIeHiH apTaTbIH/ABIFbl AHBIKTAJbL.

Kinm ce30ep: HUKeNb MEKTPOABI, KAJIbIK, JIEKTPOXHUMUSIIBIK KACHET, MAIINHA OH/IIPICi, 3JIEKTPOJINT, OHJLY.

Kipicne

Kazipri Tagma mammyHa e©HOIPICIHIH KYPT AaMybl, acipece XalbIKTBHIH KOJIIKKe CYpaHBICH KeOeHTeHi,
MeTaJUl KaJJILIKTApPbIHBIH KOMTell XHHATYybIHA bIKHan eryne. OchlFaH opail MeTalll KaJABIKTapbhlH OHJACY
JKOHE OHBIH 9P TYPii KOCBUIBICTAPBIH ally MaKCaThIH/IA OHIPICTIK alHBIMAJIBI TOKTHI KOJIaHy OChI IPOIIECTI
JKENENIETyre XKoHE KWBIH JKYPETiH peakmusuIapAblH KYpyiHe MYMKiHmIK Tyreansl [1-5]. Con ceberri
TYPMBICTa KOHE OHIIPICTE KCHIHEH KOJMAHBUIATHIH HUKEIBIIH JIEKTPOXUMHUSIIBIK KACHETTEPIH 3ePTTEY e
MaHBI3/IbI.

ODxcnepumenmandvt 661im

Y CBHIHBUIBITT OTBIPFAH JKYMBICTAa HUKENb 3JICKTPOIBIH Kamuid cyibbaTel epiTiHmiciame skuimiri 50 I'ig
alHBIMAJIBI TOKIICH IOJBIPU3AIISUIAY KE31HAET] JJICKTPOXHMILUIBIK KAcHETTepl >KaH-KAKTBl 3EpPTTEIIi.
DNEeKTPONM3 BIIEKTPOATHIK KEHICTIKTepi OemiHOereH MIBIHBI 3JEKTponM3epae >Kyprisinmi. Herisri
Taxipubenepae 3mekTpoauT KeidmeTiH K,SO4-HbiH 150 1/ cynbl epiTiHici aTkap/asl. BipiHIm 3eKTpox
peTiHae HUKENb TabaKmachl (MIACTUHKACKHI), )l €KIHIII AJICKTPOA KBI3METiH — OETTIK ayJaHbl oTe a3 TUTaH
CBIMBI aTKapnabl. Hukenpai xkanuii cynbgarsel epiTiHAICIHAE aifHbIMaIbl TOKIEH NOJsipU3alMsIaFaHia epil,
OHBIH JKaChlJl TYCTI THAPOKCHAI TyHOara TYCETIHZIri aHbIKTaigel. Ty3inreH TyHOa cCy3iiim, >KybBUIBIIM,
kenTipinmi. A¥ita xery kepek, Hukenb (II) ruapokcumi CUITiI aKKyMyJSITOp Kacay eHIIpiCiHae KeHIHEH
KOJIIaHBLIaIbl. AWHBIMAJIBI TOKIICH MOJSpU3aNUsiIay Ke3iHJIe epireH HUKENb JICKTPOJIBIHBIH TOK OOMBIHIIA
IIBIFBIMBI AHOJTHIK JKapThUIal MEepPHOJKa ecenTeliHl. EpiTiHaire eTKeH HUKEIh WOHIAPBIHBIH MeJIepi
ANIEKTPOATAP/IBI TAPA3bIFa TAPTY aPKBLIBI CAIMAKTBIK d/IiCTICH aHBIKTAIIJIBI.

OHIIpICTIK alfHBIMAIIBI TOKIIEH MOJSPHU3AIMsIay Ke3iHae epireH HUKeb 3JICKTPOIBLIHBIH TOK OOMBIHITIA
IIBIFBIMBIHA — aWHBIMAJIbl KOHE TYPAKTHl TOK THIFBI3JBIKTAPBIHBIH, JJICKTPOJIUT KOHIICHTPAIIUSCHIHBIH,
AJIEKTPOJIN3 Y3aKTHIFBIHBIH JKOHE JIEKTPOJIUT TEMIIEPATyPACBIHBIH dcepIiepi KapacThIPBUIIbL.

AnOpIH ama KyprisumreH TokipuOenep KopCeTKEeHIeH, Kaluid XJIOPHAlI EpITIHIICIHIE €Ki HUKeIb
TabaKIackiH (TUTACTUHKACKHIH) aiHbIManbl TokmeH 100—1000 A/M® neiiin MOJIIpU3alMsUIaFaH a2 HUKEIbIiH
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epy mportieci ete Oasy xypai. Tok OolibiHIIa IBIFEIM 7 %-1aH acniaabl. HUKenh 3eKTpoaTapbIiHbIH OipeyiH
THTAaH CBHIMBIHA ayBICTRIpFaHIA, METAIIBIH OipAeH KbUimaMm epyi Oaikammsl. CHHyCOWTANbl alHBIMAJIBI
TOKTBHl HUKEIb JKOHE THUTaH JJICKTPOILI apKBUIBI JKiOepy Ke3iHIe HHKENBIIH epyiH OblIail TyciHmipyre
0oanel. OHOIPICTIK aWHBIMAIBI TOKIICH MOJSpU3aNUsiIay Ke3iHIEe aHOITHIK XapThUlail MEpHOATa THTaH
AIEKTPOJIBIH/IA JKAPThUIAH OTKI3TIINTIK KacueTi 0ap OKCHMATIK KabaT maima Oomamel. On Ti30EKTeTi 2JIeKTp
TOFBIHBIH aFbIMBIH TOKTaTafbl, OCHIHBIH CajlJapblHAaH EKIHII HHUKENIb OJJIEKTPOIBIH[A KaTOJTHIK
ANIEKTPOXUMHUSUIBIK PEAKIUsIIAp MYJIIE KYPMEli. AlTa KeTy KepeK, MyH/Ia THTaH AJICKTPOJIbI Oip Me3Triiie
OeINTiTi MeJIIIepae TY3ETKII )KOHE KOCBIMIIIA DIICKTPOJ] KbI3METIH 1€ aTKapabl.
TuTan SJEKTPOMBIHAA KAaTOATHIK JKapThUIall mepuoara 1-peakius OOWBIHIIA Ta3 TOpPi3di CyTeTi
OemiHe:
2H,0 +2¢" — H, + 20H” )
by ke3me HHUKENb AIIEKTPOABl aHOATHIK >KApPThUIAM MepruoaTa OOIBIN, OHBIH AIIEKTPOXUMISIIBIK epyi
icke acambl
Ni-2e — Ni*" E°=-0,250B )

Epitinai kenemingeri (1) peakuusi canmapblHaH TY3UITEH THMAPOKCHI-MOHAAPHl HUKEIh MOHIAPBIMEH
OPEKETTECIT, HUKEIh THAPOKCHII TY31IeIi.

Ni*" + 20H — Ni(OH),|

TuTan 3MeKTPOABIHAAFEI TOK THIFBI3ABIFBIH 10—60 KA/M° JICHIH XKOFaphUIATKaHAa HUKEIb 3JIEKTPOIIBI
epyiHiH TOK GOMBIHIIA MIBIFBIMBI MakcuMyM (80 %) MOHiHE XeTTi; TOK ThEBI3IBIFBIH ofaH opi 100 KA/M*
JIeHIH oCipreHe TOK OOMBIHIIIA MIBIFFIMHBIH KeMHTIHI 6aiKanmbl (1-cyp.). HukensaiH epyiHiH TOK OOHBIHIIA
IIBIFBIMBIHBIH TOMEHJICYl THTaH OAIICKTPOJBIHBIH OCETIHAETI >KapThUIail OTKI3TilI KaOaTThIH BEHTHIIBIIK
KaCHETIHIH TOMeHIeyiHe OaliIaHbICTHI.

AWHBIMANBl TOKMEH TMOJAPH3AIMUIAHFAH HUKEIh  JJEKTPOABIHAAFBl TOK  THIFBI3ABIKTAPHIH
KOFApBUIATKAH CalblH METAJJBIH €pYyiHiH TOK OOHBIHIIA MIBIFBIMBIHBIH €JIeYJi TYpAE OCETIHAIrH Kepemi3
(2-cyp., 1-xuceIk). by Toxipubenepaeri Tok OOMBIHIIA MIBIFBIMHBIH >KOFapbUIayblH HUKEIbAIH MOTEHIIUATEI
Tepic METAUT PETIHAEC XUMHUSUIBIK epyiMEH JKOHE DJICKTPOJ OCTiHIe TY3IITeH OKCH TUICHKAIAPHIHBIH KaiTa
TOTBIKCHI3IaHbIN, OCIICEH T KAJIBINKA KeITyiIMEeH TYCIHIIpyTe 00Ia b,

T, % TIL%
g : '
100
1
SO = 20 A
i B0
40 +
- % 40 -
1 1 1 1 1 N 20 B . )
20 40 BO 80 100
; 2 T T T T — >
Toiy RAM 50 100 150 200 280 Ay A2
ini= 250 A/M*; 1= 0,5 car; t = 20 °C; [K,SO,] = 150 /1 it = 60kA/M%; [K>SO,] = 150 r/m; 1= 0,5 car
1-cyper. Kanuii cynpdaTs! epitinaicinne aHbIMaNbl TOKIIEH — 2-cypet. Kanuii cynbgatsl epiTiHIiciHAe ailHbIMAaIbI
MOJISIPU3AUsIIAY KEe31H/Ie TUTAH NEKTPOIBIHIAFEI TOK (1) >xoHE TYpakTHI (2) TOK IICH MOJIAPU3ALUSIIAY
THIFBI3IBIFBIHBIH HUKEIb 3JICKTPOIBIHBIH ePYiHiH TOK Ke31HJe HUKEIh JIIEKTPOABIHIAFEl TOK
OOMBIHIIA IIBIFEIMBIHA dCEP1 THIFBI3IBIKTAPBIHBIH OHBIH €PYiHIH TOK OOWBIHIIA

IIbIFbIMBbIHA ecepi

CoHBIMEH KaTap aTallfaH CpITIHIIAC HUKEIh JJICKTPOABIHBIH EpYIHIH TOK OOWBIHINA IIBFBIMBIHA
TYPaKThl TOK THIFBI3BIFEIHBIH dCepi KapacThIPhUIABL. MYHIA TYPaKThl TOK THIFBI3IBIFBIH JKOFAphLIATKAH
CalbIH TOK OOMBIHINA IIBIFBIMBI TOMEHIECT, METAJIBIH OIpTIHACT MacCUBTENyl OalKamas! (2-Cyp., 2-KUCHIK).
MyHBI TYpakThl TOKIICH MOJIPU3AIUsUIay Ke3iHAE KOCHIMINA PEaKIUsUIApIbIH, SFHU, aHOJATa OTTETiHiH
OeJiHyl HOTIKECIHAE HHMKEIb OKCHUATEPIHIH TY31ICTIHAIMIMEH XKOHE HHUKENbAIH aHOATHI MOJISIPU3ALUSIIAY
Ke3iHJle OHall MaCCHBTENETIHAINIMEH TYCiHAIpyre Oonampl [6]. AWHBIMANBl TOKIICH IOJSIpU3AIUsIIaHFaH
HUKEJIb 3JIEKTPOJBIHBIH TOK OOMBIHIIA IIBIFBIMBIHA Kalui CyJab()aThl KOHIEHTPAUUACHIHBIH (25-250 r/m)
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ocepi 3epTTenai. 3epTTey HOTHXKeNepi OOWBIHINA HHUKENb JJICKTPOJATAPHI €PYiHIH TOK OOWBIHINA IIBIFBIMBI
150 r/n-re geitin »orapblial, oJaH api TOMeHAeYi Oarkanas! (3-cyp.).

MYyHBI 3JEKTPOIUT KOHIICHTPAIUSCHI XKOFaphUIaFaH CailblH MOHNAP KO3FaIIBICBIHBIH OasynaybiMeH [7]
XKoHE Cynb(haT MOHAAPHl KOOSHTeH CailblH OTTETiHIH OeJiHYyiHiH aca KepPHEYNIriHiH TOMEHJEI, HUKEIbIiH
0oceHCYMEH TYCiHAipyTe 00yIambl. ATaaFaH epiTiHIIAC dICKTPOIN3 Y3aKTHIFBIH KOFAphIIaTy Ke3inme (4-cyp.)
HUKEJb 3JICKPOIBIHBIH €PYiHIHIH TOK OOWBIHIIA MIBIFEIMBI MAKCIMYM MOHI apKBLUTBI OTE]I.

TII, % TII, %
100 . : 100
&0 =0 r
Bl a0
an | / 40 -
1 1 1 1 1 s 1 s 1 1 »
50100 150 200 250 /A g 0,33 066 10 o
T=0,5 car; it;= 60 KA/M; in;= 250 A/M® it = 60 KA/M?; iy = 250 A/M?; [K>SO,] = 150 r/n
3-cyper. DIEeKTPOIUT KOHIICHTPAITUACHIHBIH HIUKEJTbTiH 4-cypeT. DneKTpoau3 y3aKThIFbIHBIH HUKEIh
epyiHiH TOK OOMBIHIIA MILIFEIMBIHA dCEP] AJIEKTPOABIHBIH €PYiHiH TOK OOMBIHIIA ITBIFBIMBIHA dCepi
TII, %
TIT,% 100
& L
80
1204
100 1 60
80 1 40
T T T T = 1 1 L | "
20 40 60 g0 4 - 100 200 300 v g
1=0,5 car; in;= 250 A/M%; ity = 60 KA/M; T1=10,5 car; in;= 250 A/M%; iy = 60 KA/M;
[K,SO4] =150 /0 [K,SO4] =150 /0
5-cyper. DIIEKTPOJIUT TeMIICPaTyPaChIHBIH HUKEIIbIIH 6-cypeT. AWHBIMAJIBI TOK JKHLTITiHIH HAKEJbIIH epYiHIH
epyiHiH TOK OOMBIHIIA MIBIFEIMBIHA dCEPi TOK OOWBIHINA IIBIFBIMBIHA dCEP1

Kanmii cynphaTs! epiTiHIICIHIE MIEKTPOIHUT TEMIIEPAaTypPAChIH KOFapbUIaTy Ke3iHAe HUKEIh JICKTPOIBI
epyiHIH TOK OOWBIHIIA IIBIFBIMBI CHI3BIKTHI TYPIE apTaTBIHABIFRI Oaikanmel (5-cyp.). TemrmepaTypanibl-
KHHETUKAJIBIK OJIICTICH aHBIKTAIFaH aKTHUBTCHIIPY SHEPTHSICHIHBIH MoHI E,=4,79 k/[x/Monb 1mamaHbl
Kypanpl. byn HukensaiH epyiHiH audQy3uanblK KaFgaiga SKypeTiHIOIriH KepceTeldi. ANl afHBIMaibl TOK
JKULTITIH KOFapelIaTy, KepiciHIle, HUKEIbAIH epYiHiH TOK OOMBIHINA MIBIFRIMBIH ToMeHeTim, 250—300 I’
MOHIHJE MYJAEM TOKTaTThl (6-cyp.). JKuWimiKTiH >KOFappuiaybl Ke3iHIe TOK OOMBIHIIA IIBIFBIMHBIH
TOMCHJICYIH HWOHJIaHy TPOICCIHIH TEXKENMyiMEH, SFHU aHOATHI JKApThUIall TEPHOATAFbl  TOTBIFY
PEaKIVACHIHBIH JKYPYIHEe Ka)KCTTI YaKBITTHIH JKCTICIICYyiHEH, TYBIHIAWIBI IEN TYXKBIphIMAAayFa OOJIasbI.
JKorapbl TOK KHUIITIHAEC KE3CHIEP OTe KBbUIAaM ©3TePETIHAIKTEH, aHONTHIK KApThUIal MEePHUONTa HUKEIh
TOTBIFBINl YIITEpE anMaiiibl. Byl Ke3ne AJIeKTPOITHIK MPOIECKE TEK CYTEeri HOHAAphl FaHA KaThICAJIbI.
KaTonTsIk *apThuTaif IeproATa CyTeri HOHIaphl OCJICEH I aTOMAPIIBIK KYHTe MeHiH TOTHIKChI3AaHabl Aa, all
aHONTHIK JKapThUIAl MepHoATa ONMapAbIH Kaiitaman H' Kyiire neiliH TOTBIFYBI XKYpEdi Jen ’kopamalgayFa
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Oomanpl. Conpaii-ak OyJl TOK S>KHUIIIH apTTRIPY KE3iHAEC TOK THIFBI3ABIFBIHBIH OCEpiHIH TOMEHAEY
3aHIBUIBIFBIMEH, DJICKTPOATAPAAFHI TIOJIIPU3AUSHBIH KEMyIMeH e TYCiHaipyre Oomans [8].

Kopuvimuinost

Kopeita kenrenge, kanwii cyiab(arhl epiTiHAiCIHAEC alHBIMaNbl TOKIEH MOJISpU3aLUsUIAy Ke3iHae
HUKENb JJIEKTPOIBIHBIH TYPAKTHI TOKIIECH CaJBICTBIPFAHIA JKAKChl CPUTIHIIT KOHE METAIIBIH €PYiHIH TOK
OOWBIHIIIA TIBIFBIMBIHA HETI3T1 AICKTPOXUMUSIIBIK TTapaMeTpiiepre TOyeNIl eKSHIIT aHBIKTaIAbL. SFHu epy
MpOIIECiHe aWHBIMAIBI TOK THIFBI3JBIFBIHBIH, KAl Cylb(aThl KOHICHTPAIMSCHIHBIH, JJICKTPOJIUT
TEeMIIepaTypachiHbIH JKOHE aifHbIMajbl TOK JKUUNICIHIH eJeyli acep ereTiHi kepceTingi. CoHaani-aK HUKEIb
AIIEKTPOJIBIHBIH XUMHUSIIBIK €pyl aifHbIMANBI TOKIICH MOJISpU3aIUsIay Ke3iHJe TYPAKThl TOKIIEH CAIBICTBIP-
rauma 30 ecere HeiiH apTaThIHIABIFBI OCATUIl OOJIABL. ATaaMBIII 3€PTTCYJIEP HOTHXKECIHIAC OHMIPICTIK
JKUITIKTET] alHBIMAJIBl TOKIICH MOJIIPU3AIHIIay apKBUTbI, HUKEIBIiH METAJIT TYPIH/IET] KAJBIKTaPhIH KaIHi
cynbdaThl EPITIHAICIHAC EpiTil, TATEBAHOTEXHUKAIA, XUMHUS JKOHE 0acka Ja cajayiapia KeH KOJAaHbIIaThIH
HUKeNb TuApokcuiH (11) amyapIH TpUHITNIHAIIET )KaHa, THIMI1 TOCUTAEP] aHBIKTAJIIb.
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I'.C. bekenona, A.b. bacmon

aﬂeKTpOXI/IMI/I‘IECKOC MNOBCACHUEC HUKEJICBBIX 0TX010B
IPpU MOJIAPU3AIUA NIEPEMEHHBIM TOKOM B pacTBope€ Cy.]IL(l)aTa RKRaJIudA

B cTaThe paccMOTpeHbI ANEKTPOXUMUYECKHE CBOMCTBA HUKEIEBBIX OTXOA0B MIPU MOJIAPU3ALUH IEPEMEHHBIM
TOKOM B pacTBOpe cyib(ara kanus. V3yueHo BIMSHHE OCHOBHBIX NTapaMeTPOB Ha BBIXOJ MO TOKY pacTBOpe-
HUSL. Y CTaHOBJICHO 3HAUUTENFHOE BIIMSHHC INIOTHOCTHU IIEPEMEHHOTO TOKa, KOHIIEHTPAINH CyJb(aTa Kaiust 1
TEMIIepaTypbl 2JIEKTPOIUTA HA PACTBOPEHHUE HHUKEIEBBIX OTXOAOB. BBIABICHO, UTO NpH MOJApU3ALUU IEpe-
MEHHBIM TOKOM XMMHUUYECKOE pACTBOPEHUE OTXOJ0B HUKENs yBenuuuBaeTcs 30-KpaTHO.

G.S. Bekenova, A.B. Baeshov

Electrochemical conduct of nickel waste in the presence of polarization
by alternating current in the potassium sulfate solution

The article discusses the electrochemical properties of nickel waste at AC polarization in the solution potassi-
um sulfate. The influence of the main parameters of the output current of dissolution has been studied. More-
over a significant influence of the density of AC sulfuric acid concentration and temperature of the electrolyte
waste nickel dissolution has been found out. In addition it has been revealed that the polarization by alternat-
ing current waste chemical dissolution of nickel increases in 30 times. So, as a result of the study it has been
first proposal of an entirely new method of producing nickel hydroxide (II), which is widely used in metallur-
gy, electroplating and other chemical industries.
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Pa3pa6oTka 31eKTPoa0B AJs JIeKTPOXUMHYECKHX MPOIECCOB
HA OCHOBE HOBBIX YIJIEPOCOIEPKAIUX MATEPHAJIOB

B craTtbe paccMoTpeHa BO3MOKHOCTh M3TOTOBIICHHUSI HOBBIX YITIEPOACOEPIKAILINX SIEKTPOJIOB M3 MaTepHa-
JIOB HA OCHOBE PACTHTEIBHOTO CBIPbsi (A0PUKOCOBBIE KOCTOUKHM, CKOPIIyNa TPELKOr0 Opexa) U MPOJIYKTOB
oboraieHusi IIyHTUTOBBIX MOpoA MecToposkaeHust «bakbipunk» Bocrouynoro Kasaxcrana. Tepmuueckyro
00paboTKy HCCleTyeMbIX MaTEPHAIOB MTPOBOAMIN METOJAMHU THAPOTEPMATBHON U TEpMUUECKOH kapOOHH3a-
MM B MHEPTHOH cpene aproHa. OnpeneneHs! (PU3NKO-XUMHUYECKHE XapaKTePUCTHKH MaTepHalIoB. Y CTaHOB-
JIeHO, 4TO OoJiee pa3BHUTOH yJEeIbHON ITOBEPXHOCTHIO 00JaJaloT 0OpasIbl HA OCHOBE PACTHTEIBHOTO CHIPHS
ToCJIe THPOTEPMANTbHOM KapOOHM3aIMu. Y IelbHAs ITOBEPXHOCTH JIEKTPOJHOTO MaTepuaia Ha OCHOBE ab-
PHKOCOBBIX KOCTOUEK cocTaBisier 1295,0 M/T, Ha 0CHOBE MUHEPANBHOIO ChIpbi — 153,4 M%/T. Pa3paboTaHsl
YTIIEpOJICOAEPIKAIME IEKTPOABI METOJIOM HaHeceHHsT MaTepuanoB Ha ITO-cTexso, KOTOpbIe OBLIN UCTIONb-
30BaHbI JJIS OTIPEAENIEHUS JOTAMHHA METOI0OM IIUKIMYIECKOH BOJIBTaMIIEPOMETPHUH.

Kniouesvie cnoga: 3nekTpo, BoIbTaMIIEpOrpaMMa, LTYHTUTOBBIN MaTepual, CKOpIIyna IpelKoro opexa, ad-
PHUKOCOBBIE KOCTOUKH, THAPOTEpManbHas KapOOHU3aIMs, TepMUIecKas KapOOHU3aLHsL.

YrnepomHble MaTeprallbl IMPOKO UCTIONB3YIOTCS TIPY TONTYYSHUH 3JICKTPOTHBIX, HOHOOOMEHHBIX, KaTa-
JUTAYECKAX U APYTHX MarepuanoB. VX mpuMeHeHrne oOBACHSAETCS AOCTYITHOCTHIO, BO3MOXKHOCTBIO MMMOOH-
JIM3aIUH UX TIOBEPXHOCTH Pa3HO0Opa3HbIMH (DYHKIIMOHATBHBIMHU TPYIIIIAMH, BEICOKOH 3JIEKTPOIPOBOAHOCTHIO,
BO3MOXXHOCTBIO M3MEHEHHSI TIOPUCTOCTH CTPYKTYPBIL. DJIEKTPOIPOBOAHOCTD YBETUUUBAETCSA MIPU TEPMUUECKOM
00paboTKe U TpaduTU3aIMY IPH BEITOPAHUN aMOP(HBIX KOMIIOHCHTOB UCCIIETyEMbIX MaTEPHAIIOB.

B Hacrosime#t pabote B KauecTBe MaTepHaIoB JUIS DJIEKTPOJIOB MCIIONL30BAIH MPOIYKTHI 00OTaIICHHSI
IIYHTHTOBBIX MOPOJ MecTopoxaeHus «bakbipunk» Bocrounoro Kazaxcrana (comepxkanue yriepona 40,0 %
Macc) [1], a Takke CKOpIyIy TPEUKOTo Opexa U adOpUKOCOBBIE KOCTOUKH, KOTOPbIE 00pa3yroTCs B OONBLINX
KOJINYeCTBaX NpH mepepaboTke (HpPyKTOB U OPEXOB B IOXKHBIX palioHax Kazaxcrana W B COCEHUX CTpaHax
IlenTpanbHO-A3UATCKOTO PETHOHA.

Martepuransl NoTy4and 2 METOAAMH:

1. Tepmuueckas kapoonu3saius (TK) npoBoauiack B MHEPTHOW cpejie aproHa mpu temmeparype 700—
800 °C B Teuenue 1 4.

2. 'maporepmansHas xkapoonuzauus (I'TK) npoBoamnace npu temneparype 240 °C, nasnenuu 20 Gap,
0e3 moctyna Bo3ayxa B TeueHHe 24 .

[TommydeHHbIe 3JEKTPOAHBIE MaTepUANbl MOIBEPTATNCh AKTHBAIIMH TEPETPETHIM BOASIHBIM MApoOM IPH
temmepatype 850-900 °C B Teuenwme 1 1.

VY aenapHy0 IIoLIab TOBEPXHOCTH U CYMMAapHBIi 00bEM MOp MOTYUYEHHBIX COPOCHTOB ONpPeNesIf Me-
togoMm bpynayapa-Ommera-Temrepa (BOT) mo craHgapTHON METOAMKE UCXOISM W3 JAHHBIX MO0 U3MEPEHUIO
M30TepM aacopdunu-necopdbumu azora mpu 77 K ¢ ucmonp3oBanreM aHanu3aTopa IUIOMAAN IIOBEPXHOCTH U
pasmepos nop («Tristar II», Micromeritics, CILIA) [2] (cMm. Tab1.).

Tabnunoa
Yraepoacoaep:kamue 3JIeKTPOAHbIE MaTePHAIbI
Howmep OneKTpoHbIN MaTepuan Y AeIbHa 2
o0Opasua MMOBEPXHOCTh, M™/T
1 AKTHBHpOBaHHBIN KapOoHu3aT myHrurosoro konnenrpara (TK 800 °C/1 1) 153,4
2 AKTHBHPOBaHHBIH KapOoHu3aT nryHrurooro konuenrpara (I'TK 240 °C/24 u) 129,0
3 AKTHBHPOBaHHBIN KapOoHU3aT cKkopaymsl rperkoro opexa (TK 700 °C/1 1) 4234
4 AKTHBHpOBaHHBIN KapOoHn3aT ckopurymsl rperkoro opexa (I'TK 240 °C/24 ) 570,8
5 AKTHBHpOBaHHBIH KapOoHn3aT abpukocoBslx koctouek (TK 700 °C/1 u) 505,7
6 AxTuBHpOBaHHBIN KapOoHu3aT adbpukocoBbix Koctouek (I'TK 240 °C/24 ) 1295,0
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Hoxa3aHo, 4qTo 06pa3I_U>I Ha OCHOBC PACTUTCIBHOT'O CBIPBA IIOCIC FI/II[pOTepMaJIBHOﬁ Kap6OHI/I3aHI/II/I

HUMEIOT OoJiee pa3BUTYIO TIOBEPXHOCTb.

12

dV/dVmax
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04

70 80 90
R (A)

Pucynox 1. Pacnpenenenue MUkponop mno pasmepam

Kak u cnemoBaio oxunath (puc. 1), Ooiee BRICOKHE 3HAUCHUS YACITBHON IMOBEPXHOCTH PACTUTEIHHOTO
CBIPbsl 00YCIIOBJICHBI HAJTMYHEM OOJBINOro Yrcia Mukporop. [locie Tepmudeckolt kapOOHU3aIMH 00pa3yIoT-
CsI MEKPOIIOPHI pa3MepoM ~2—3 HM, y 00pasIioB MOCiIe THAPOTSPMATBHON KapOOHH3AINH ITOBEPXHOCTD MIPE/I-

CTaBJIEHA MUKPOIIOPaMH pa3MepoM ~4—6 HM.

I[J'ISI MOHUTOpPHUHTA W3MCHCHHI B CTPYKTYPC MOJICKYJIAPHBIX CBs3cH MOJIYYCHHBIX 3JICKTPOAHBIX MaTeC-

puaJioB ObLIa UCIIONb30BaHa PamaH-criekTpockonus (puc. 2, 3).

Paman-ciektpsl 00pa3noB CHUMaIH Ha CKaHUPYIOLIEM 30HAI0BOM MUKpockore «Ntegra Spectra» B Ha-
IUOHAIILHOW HAHOTEXHOJOTHUYECKOU JlabopaTopun oTkpbiToro tumna KasHY uwm. anp-Dapabu ¢ momomrsio
HaHeceHHUs: oOpas3lia B BHUJE TOHKOH PEIUVIMKM Ha CTEKISIHHOM mojuioxke. IIpu aHamus3ax HCIOJIb30BalCs
crektpanbHbiid gerekTop CCD;, mmaa Boabl K = 632,8 HM (20 MB), mmprHa CEKTpaJbHON JTUHUH CO-

crapisuia 2,08 cM', MOIIIHOCTD u3nydeHus paBusiacek 7,41 mB [3].
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AKTHEMPOBAHHbLIA HaPOOHUIET WYHIMTOBOrO HOHUWeHTpaTa (TH BOOSC/ 14)

AKTHEMPOBEHHbLIA HaPOOHUIET WYHIMTOBOrO KOHWeHTpaETa (TTH 240°C,/244)

PI/ICYHOK 2. PaMaH-CHeKTpI)I QJICKTPOAHBIX MAaTCPUAJTIOB U3 HIYHT'MTOBOTO KOHIICHTPATa
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—— 1 AKTMBMPOBaHHbIN KapboHKW3aT CKOpAYNbI rpeLkoro opexa (TK 700°C/1y)
—— 2 AKTMBMPOBaHHbI KapBoHKW3aT cropAynbl rpeukoro opexa (MK 240°C/244)
—— 3 AKTMBMPOBaHHbIN KapboHM3aT abpMKoCcoBbIX KocTouek (TK 700°C/1u)

——4 AKTMBMPOBaHHbI KapBoHwaaT abpuKocosbix KocTouek (MK 240°C/244)

PI/IcyHOK 3. PaMaH-CHGKTpLI SJICKTPOAHBIX MAaTCPUAJIOB HA OCHOBC PACTUTCIIBHOTO ChIPbA

AHanu3 PaMaH-CIICKTPOB AIIEKTPOIHBIX MATEPHATIOB U3 MUHEPAILHOTO CHIPhs CBUACTEIHCTBYET O Ha-
JIMYHH IBYX LMIHPOKHX IMHKOB ¢ MaKCHMyMaMu mpi ~1350 cM™ i ~1600 cM™', KOTOpbIE MOXKHO OTHECTH K TaK
Ha3piBaeMbIM TojlocaM D m G. [lmku o0pa3ioB, MpOMmIEAMAX THAPOTEPMAIbHYI0 00paboTKy, 00IamaroT
Oobirelt uHTeHCUBHOCTRIO. CuitbHbie D v G-nmuHMYM y 00pasiia mocie rTiApoTepMaIbHON KapOOHU3aIuH Xa-
pakTepu3yroT amophHy0 GopMmy yrieposa.

PaMaH-CTIEeKTpBI yTIIEpOJHBIX MaTEpHAIOB HA OCHOBE PACTUTENBHOTO CHIPhS Takke HMeET D- u
G-muann mpu 1350 em™ 1 1600 cm™'. OGpasibl HA OCHOBE AKTHBUPOBAHHBIX KAPOOHM3AaTOB aGPUKOCOBBIX
KOCTOUYCK XapaKTePU3YITCS 00Jiee MHTCHCHUBHBIMU JIMHUSAMH, YTO CBUACTEILCTBYET O 0Oojee amopgHOM
CTPYKTypE 10 CPaBHEHUIO C aKTHBHUPOBAHHBIM KapOOHMU3aTOM CKOPITYIIBI TPEIIKOTO Opexa.

TToTydeHHbIE CIEKTPBI THITHYHBI JUT CTPYKTYPBI BCEX IPYIIT SP’-aTOMOB B KOJIbIAX M Iensx mika G, a
TaxoKe I KoJieOaHui sz—aTOMOB B KOJIBIIAX W Sp -THOpHUIM3anuu atoMoB yriaepoaa D nuka [4, 5].

Ctpykrypa 00pa3ioB Oblla W3ydeHa METOJOM MPOCBEUYHMBAIOIICH AIEKTPOHHOU MuKpockornuu ([I19M)
(JEOL JEM-1011, CILIA) (puc. 4).

CTpyKTypa MOITYYCHHBIX 00pa3lloB MPEACTABICHA YaCTUIIAMUA Pa3HOOOPa3HBIX TEOMETPUICCKHUX (DOPM:
IUICHOYHEIC, Y/UIMHEHHBIE, 36PHUCTEIC U OKpYyTJbie. PasMep yacTuil y 0OpasioB Mmociie TePMHUUECKOM KapOo-
HU3aIuH B cpeaHeM coctaBisieT 15-30 HM. 3epHUCTBIC YaCTUITHI IMEIOT MTOTIEPEYHUK Topsaka 25 HM. Bepo-
SITHEE BCETO, ATO YIIIEPOIUCTHIE TUIEHKH. TakKe MOYKHO 3aMETUTh MOJTYIPO3pavHbIe OKPYTIIble 00pa3oBaHus,
KOTOPBIE HMEIOT CXOJICTBO C TPAaHC(OPMHUPOBAHHBIM «YTIIEPOJUCTHIM BEIIECTBOMY. Pa3zmeps! yactuil y oOpas-
LIOB I0CJIe THAPOTEPMAIbHON KapOOHHU3AIUK UMEIOT 00jiee OBaIbHYIO (DOpMY B CpaBHEHHH C 00pa3liaMu I10-
cjie TepMUYECKON KapOOHHM3AIMY U COCTABIISIOT B cpeaHeM 10 HM.

a) obpaszer Ne 1 ) 0) oOpazer Ne 2
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B) oOpazen Ne 3

) o6pa3e Ne

..

) o6pa3e Ne

Pucynok 4. [I9M-cHUMKH UCCIIEAYEMBIX 00pa3IoB

DOneKTpoas! NOTyUYeHbl METOAOM HAHECEHMs UCCIELYEMOro YrIepoACOAepKallero MaTepyaa, pacTBo-
peHHOro B auMeTwidhopMaMuie, Ha MOKPhITHE Ha OcHOBE OKcuIoB uHAMsA-onoBa (ITO-crekno). [lonydyena
cepust BJIEKTPOJIOB Ha OCHOBE UCCIIEyEMBIX MATepHAJIOB (CM. Ta0IL.).

DIeKTpOJIbl anpoOUPOBaHbI JIJIsI BOJILTAMIIEPOMETPHIECKOTO OTpeesieH s JonamMuna (puc. 5, 6). s
MIPOBEEHHsI IKCIIEPUMEHTa HCIIOb30BaIN HaTpuii-pocdarueiii Oydepnsiii pactsop (pH=7,4), B cocTaB Ko-
toporo BxoxatT KH,PO, Na,HPOx7H,0, NaCl, H,O. B kadecTBe «X0JI0CTOI» JTMHUN NPHUBEIEHA BOIbTaM-

neporpamma ITO-crekmna (¥).
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Pucynox 5. Llukindeckue BOJIbTaMIIEPOrpaMMbl JOMAMUHA Ha UCCIEAYEMbIX 3JIEKTPOIaXx,
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Pucynok 6. Lluknnueckre BOJIbTaMIIEpOrpaMMBbl TOIIaMHHA Ha UCCIIEYyEMbIX JIEKTPOAaXx,
nonay4yeHHbIx metoqiom ['TK

Ilo mosy4eHHBIM KPHUBBIM LUKIMYECKUX BOJIBTAMIIEPOIPAMM MOXHO CIelaTh BbIBOA O TOM, YTO Ha
anekTpoaax, nomydeHHsx meronom ['TK 240 °C/24 4, peakuusi onpeaeneHus 1onamMuHa 0ojee spKo BbIpa-
KEHa, MUKU YETKO PazlelsioTcsa. DTO CBI3aHO ¢ WX OOJNbIICH yAeNbHON MOBEPXHOCTBHIO MO CPaBHEHUIO C
3JIeKTpoaamMu, rmoydeHasiMu MeTogoM TK 700-800 °C/1 u.

Baxnouenue

[TosydeHsl U UCCIIEOBaHbI NIEKTPOIBI M3 MAaTEPUAIOB HA OCHOBE aKTUBHUPOBAHHBIX KapOOHH3ATOB al-
PHKOCOBBIX KOCTOUYEK, CKOPIIYIIBI TPEIKOTO OpeXa M KOHIIEHTPATa IIyHTUTOBOW ITOPO/IBI.

Tepmudeckyro 00paboOTKy 00pa3IoB MPOBOIUIN METOAOM KapOOHHM3AIIMH B MHEPTHOM cpejie aproHa u
rUApoTepManbHOl KapOoHusamuu (p =20 Oap, 0e3 moctyma Bo3jayxa) ¢ MOCICAYIONICH aKTHBAalUEH NpU
temmepatype 850-900 °C B Teuenwue 1 .

OnpenernieHa yenbHas TOBEPXHOCTH MOJYYEHHBIX JIEKTPOJIHBIX MaTepHaiIoB. Pe3ynbpTaThl HecieaoBa-
HUS TIOKa3bIBAIOT, YTO OOPA3Ibl MOCIE THAPOTEPMAILHON KapOOHU3AIMY Ha OCHOBE PACTHUTEIHHOTO CHIPhS
o0ranaroT OoJbIICH yAenTpHONH TOBEPXHOCTHIO OT 570,8 M>/r o 1295,0 M2/r.

MetooM PaMaH-CIIEKTPOCKOITHH YCTAHOBICHO, YTO 00pasIbl COAep/KaT ABa miKa B odmacti 1350 cm™
1 1600 cM', koTOpBIE COOTBETCTBYIOT D M G MOT0CAM COOTBETCTBEHHO. I10ydeHHbIE CIEKTPBI THIIHHBI
JUISL TPYTIT ATOMOB, HMEIOIINX SP -THOPUIM3AIIIO, O YeM CBUICTCIbCTBYIOT HHTEHCHBHOCTD M IIHPHHA T10-
Joc Ha PamaH-ciekTpax.

[Mony4yennsie 00pa3ibl ObLTH aTPOOUPOBAHEI JIJISI BOJIBTAMIIEPOMETPHYECKOTO ONPE/ICIICHHS JIOTIAMIHA.
[IpoBeneHHBIE UCCIETOBAHMS TIOKA3aIH, YTO AJIEKTPOJILI HA OCHOBE aKTUBUPOBAHHOTO PACTUTEIILHOTO CHIPhS
00J1a1a10T JIy4IINM CUTHAJIOM TIPH OTIPEACICHIH JOTIaMUHA.
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A.A. Atuabaposa, P.P. Tokmnaes, A.T. KaGynos,
C.B. Heunnypenko, C.A. Eppemos, M.K. Haypr136aes

Kana kemipTek Kypam/bl MaTepuaJiap Heridinge
3JIEKTPXUMHUSJIBIK MPoLecTepre AapHAJFaH JIeKTPOATAPAbI JalbIHIAAY

Makanaza eCIMIIKTeKTI WIMKi3aT (epik MASHeri, rpek jkaHrarbl KaObirbl) jxkoHe IlbiFeic Kasakcran
«BaKbIpIIBIK» KEH OPHBIHBIH HIYHTUT JKBIHBICTAPBIH GabITy OHIMJIEpI HEri3iHIe *aHa KOMIPTEK Kypamibl
JJIEKTPOATAP JANBIHIAYABIH MYMKIHIIKTEpl KapacThIPBULABL 3EpPTTENCTIH MaTepHaIIaPIbIH TEPMUSIIBIK
OHJIeYl THIPOTEpMAa/bl KapOOHM3ALMs JKOHE AprOHHBIH HHEPTTI OpTAachlHAA TEPMHSIIBIK KapOOHM3ALHs
omicrepiMeH  Kyprisunmi.  Marepunanmapasly  QU3MKa-XUMMSUIBIK  CHIIATTaMallapbl  aHBIKTAJJIBL.
I'uaporepMainabl KapOOHU3AIMAIAH KEHIHI ©CIMIIKTEKTI MIMKi3aT HETi3iHaeri yariaep OipimaMa mambIiFaH
MEHIITKTI OETKe Me €KEHIr aHBIKTANABI. OpiK IoHI HETi3iHAETi 3JICKTPOATH MATCPHAIIBIH MCEHIIIKTI OeTi
1295,0 M*/r Kypajbl, all MUHEpaIbl IMKi3aT HEri3iHaeri 2IeKTPOATH MAaTepUabIH MeHIIiKTI Geri 153,4
M2/r. Marepuanaapasl ITO-LIBIHBIFA KaFy ONiCIMEH KOMIPTEK KypaMibl 3NEKTPOATap XacanblHAbL. Onap
JOMAaMHH/I MK BOJBTAMIEPOMETPHSI 9/1iCIMEH aHbIKTayFa KOJIAaHbUI/IbI.

A.A. Atchabarova, R.R. Tokpayev, A.T. Kabulov,
S.V. Nechipurenko, S.A. Yefremov, M.K. Nauryzbayev

Elaboration of electrodes for electrochemical processes
based on new carbon-containing materials

In this paper, the possibility of producing new carbon-containing electrodes from materials based on plants
(apricot pits, walnut shells) and enrichment products of shungite from «Bakyrchik» deposit (East Kazakhstan)
were studied. The heat treatment of the materials carried out by hydrothermal carbonization and heat carboni-
zation in an inert atmosphere of argon. The physico-chemical characteristics of the materials were studied. It
was established that samples based on plant materials after hydrothermal carbonization have more developed
surface area. The specific surface area of the electrode material based on apricot pits is 1295.0 m* g and for
sample based on mineral raw material is153.4 m*/g. Carbon-containing electrodes were elaborated by deposi-
tion of materials on the ITO-glass that were used for the determination of dopamine by cyclic voltammetry.
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The preparation and characterization of Au/HZSM-S5 catalyst
and its application in CH,4 adsorption

Au/HZSM-5 catalysts were prepared by negative deposition-precipitation method in this paper. XRD/Uv-
vis/TEM/NH;-TPD/FT-IR technologies were used to analysis the characterization of prepared catalysts, and
the evaluation of the catalysts was carried out by methane adsorption experiment. XRD and TEM showed that
2.0Au/ HZSM-5 catalyst calcined under N, atmosphere held metal particle size about 5-10 nm; Uv-vis indi-
cated that the method of calcination changed Au from ion-valent state to zero-valent state, and the zero-valent
absorption peak of 2.0Au/HZSM-5 catalyst calcined under N, atmosphere was weaker, which indicated that
its corresponding particle size was smaller; NH;-TPD showed that the peak area of relatively strong acid cen-
ter of Au/HZSM-5 catalyst declined respect to HZSM-5; FT-IR showed that the Au/HZSM-5 catalysts could
convert methane to adsorbed species containing olefin double bond at low temperature, showing better C—-H
bond activation capability for methane.

Key words: Au/HZSM-5; catalyst; methane; adsorption.

Introduction

In 1980s the catalysts based on MgO, Al,O; and SiO, carriers were of catalytic activity in
hydrogenation reaction of olefins and redox reaction involved hydrogen [1]. Recently, it is reported that the
high dispersive Au-based catalysts showed positive performance in many reactions [2, 3].

The calcination conditions had important influence on the performance of catalyst. The active phase
couldn’t acquire once the calcination temperature was too low; otherwise, the Au particle size increased and
affected the catalytic activity. The calcination conditions affected catalytic performance by altering the
morphology, dispersity and electronic property of catalysts. In our research, the negative deposition-
precipitation method was used to prepare AwWHZSM-5 catalyst, and we aim at studying the effect of
calcination atmosphere on the physicochemical property and the adsorption mechanism of methane by
Auw/HZSM-5.

Experimental

Preparation of Au/HZMS-5 catalysts. Au/ZSM-5 catalyst was prepared by negative deposition-
precipitation method using urea as precipitant: ZSM-5 (nSiO,/nAl,O; = 30) manufactured by Dalian Univer-
sity of technology and certain amount urea manufactured by Shenyang Reagent Factory were sequentially
added to HAuCl;.4H,0O (manufactured by Sinopharm Chemical Reagent Co., Ltd.) solution (100 ml,
24.26 mol/L) and this mixture was stirred at 80 °C for 12h in our specialized airtight container and then cool
down for 4h. The CI in solution was washed off by deionized water then dehydrated at 100 °C and finally
calcinated at 540 °C for 4h by temperature programming. The prepared Au/HZSM-5 catalysts were signed as
xAu/HZ x(weight percentage) = 1.0 %, 2.0 % and 3.0 %. Abbr: 1.0Auw/HZ, 2.0Au/HZ and 3.0Au/HZ.
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Characterization of Au/HZ catalysts. Transmission electron microscopy (TEM) micrographs were ob-
tained by using a JEOL JEM-2100 election microscope operating at 200 kV with a point resolution of
0.23 nm. The UV-vis spectra were obtained on a JASCO UV-550 spectrometer using BaSO, as reference.
The Powder X-ray diffraction (XRD) patterns were collected using a Rigaku D/max-2004 diffractmeter with
Cu Ka radiation, 40 kV, 100 mA with a scanning rate of 0.02° min" (26). FT-IR spectra for the framework
vibrations were recorded on a Nicolet iS10 FTIR instrument with a resolution of 4 cm™ using the KBr wafer
technique.

NH;-TPD spectra were measured as follows: the samples pre-treated with He at 500 °C for 1h were per-
formed to desorb water at the Au/HZSM-5 catalysts before NH; adsorption. TPD signal was collected in a
stream of He flow (40 ml/min) at a heating rate of 15 °C/min until 700 °C. The concentration of NHj in the
exit gas was continuously monitored by the TCD.

Results and discussion

XRD results of Au/HZ catalysts. Figure 1 shows the XRD results of Au/HZ catalysts. It demonstrated
that all the catalysts enjoyed 4 characteristic peaks of Au’ (111), (200), (220) and (311) crystal face at
20 =38.08°, 44.32°, 64.48° and 77.68° and the strength of these peaks increased with the increasing of Au
loading amount.

b

Aulll
2.0AWHZ-540(N,)

2.0Au/HZ-540(Air)

2.0Au/HZ-80(Dry)
2.0AwHZ
DAWHZ,
T T T A e e T, 10 20 30 40 5 60 70 80
10 20 30 40 50 60 70 80
2Theta/degree 2 Theta /degree
Figure 1. XRD patterns of Au/HZ catalysts Figure 2. XRD patterns of 2.0Auw/HZ catalysts
with different loadings of nano Au calcination in air calcined under different atmosphere

Figure 2 (b) shows the XRD results of Au/HZ catalysts calcined under different atmosphere. It indicat-
ed that 2.0Au/HZ catalyst before calcination didn’t enjoy the characteristic peaks of Au’, and the 2.0Auw/HZ
catalyst after calcination held obvious Au’ peaks. In addition, from Scherrer’s (d=0.891/(Bcosf)) equation,
the peaks of 2.0Au/HZ catalyst calcinated in nitrogen shifted to the lower diffraction angle indicating smaller
Au’ particle size [4].

TEM. Figure 3 shows the TEM images of 2.0Au/HZ catalysts calcined under different atmosphere.

/
&
dn
i
g
0

¢) calcinated in nitrogen

a before calcination b) calciad i air
Figure 3. TEM images of 2.0Au/HZ catalysts

From Figure 3(a), the small gold particles less than 10 nm could be observed. From Figure 3(b) and (c),
the gold particles in the Au/HZ catalyst calcinated in air (10~20 nm) were larger than that of catalyst calcina-
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tion in nitrogen (5~10 nm). That is to say, calcination in nitrogen could promote the size distribution around
the catalysts.

UV-vis. Figure 4 shows the UV-vis spectra of Au/HZ catalysts prepared under different calcination
treatments. It could be seen from 4(a) that the catalysts before calcination had obvious peaks at the wave-
length of 250 nm and shoulder peaks at 300~390 nm and there was no peak at the place of 500~600 nm. It
was reported [5—7] that the peak located in 250 nm belonged to Au’, and the peak situated in 300~390 nm
was taken as Au” and (Au)™" clusters, and the peak seated at 500~600 nm was thought as Au’. So, the Au’
species was not existed at the catalysts before calcination.

And from 4(b), the catalysts showed that the peaks at 250 nm weakened after the calcination at 540 °C.
And there were strong peaks at about 525 nm, which enhanced with the increasing of Au loadings. The
above results indicated that the calcination method could acquire Au’ species from ionic species, which was
in accordance with XRD and TEM results.

J—"77 b
a —+— LOAWHZ-80(Dry)
LOAWHZ-540(Air),
—v— 2.0AWHZ-80(Dry)
250 525 2.0AwHZ-540(Air)
| —<—3.0AWHZ-80(Dry) .
fmm : 3.0AWHZ-540(Air) 2.0AWHZ-540(Air)
b |
7
7 ""v..,h ‘"‘«.‘Q ;
e, ‘%\"’s i
ﬁ\ \‘\\" 2.0AWHZ-540(N,)
> HZ
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength/nm Wavelength/nm

Figure 4. UV-vis spectra of Au/HZ catalysts prepared under different calcination treatments

NH;-TPD. Figure 5 shows the NH;-TPD spectra of Au/HZ catalysts prepared under different calcina-
tion treatments. There are two obvious desorption peaks for all catalysts from Figure 5(a). The peaks of low-
er temperature ascribed to the mild acid center, and the higher one belonged to the strong acid center. And
the volume of desorption of both acids decreased with the increasing of Au loadings.

It could be seen from Figure 5(b) that the 2.0Au/HZ catalyst calcinated in nitrogen for 4 h showed high
volume of NH; desorption area at 200~400 nm, which could be assigned to mediate acid center.

a . b - HZ
—HZ "\ ——2.0Au/HZ-540(Air)
—— 1.0AWHZ ‘ 2.0AuHZ-540(N2)
2.0Au/HZ

——3.0Auw/HZ

150 200 250 300 350 400 450 500 550 600 150 200 250 300 350 400 450 500 550 600
Temperature/ C Temperature/'C

Figure 5. NH;-TPD profiles of Au/HZ catalysts calcined in air (a) and N, (b)
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FT-IR. Figure 6 shows the FT-IR results with methane as probe molecule.

2960 2934

0AuHZ

3050 3000 2950 2900 2850 2800
Wavenumbers(cm™)

Figure 6. FT-IR spectra of Au/HZ catalysts with methane as probe molecule (150 °C)

The absorption peaks of Au/HZ catalysts could be observed in the range of 2800 cm™ to 3050 cm™. The
peaks at 2960 cm” assigned to the C-H antisymmetric stretching vibration of -CHs; the peaks at
2916~2935 cm™ ascribed to the C-H antisymmetric stretching vibration of -CH,; the peaks at
2860~2870 cm™ belonged to the C-H antisymmetric stretching vibration of -CH [8—10]. The HZ carrier held
weaker C-H vibration absorption peaks than Au/HZ catalysts at 2960~2962 cm™, 2916~2934 cm™ and
2860~2870 cm™. And the absorption strength for Au/HZ catalysts increased with the increasing of Au load-
ings. For the study of -OH on the catalysts after the absorption of methane, the OH-IR spectra had been
achieved in the later work.

OH-IR. Figure 7 shows the OH-IR spectra of Au/HZ catalysts before and after the absorption of CH,.
There were strong absorption peaks for all the catalysts at 3 740 cm™ (silicon hydroxyl), 3661 cm™ (alumina
hydroxy) and 3 610 cm™ (the silicon aluminum bridge hydroxyl [10, 11].

3800 3700 3600 3500 3400 3300 3200 3800 3700 3600 3500 3400 3300 320i

Wavenumbers(cm™) Wavenumbers(cm™))

a)HZ b) 1.0 AwHZ

3740
c k726

2.0Au-N,/HZ-CH,

{ 2.0Au-N/HZ
2.0Au/HZ-CH4 2
3700 3600 3500 3400 3300 3700 3600 3500 3400 3300 3200
Wavenumbers(cm™) 1
Wavenumbers(cm™)
¢) 2.0Au /HZ d) 2.0 Au/HZ (Calcination in Nj)

Figure 7. OH-IR spectra of Au/HZ catalysts before and after the absorption of CHy
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For the Au/HZ catalysts calcinated in air, the biggest change of OH-IR spectra was the absorption peaks
at 3661 cm™ (alumina hydroxy) and 3610 cm™ (the silicon aluminum bridge hydroxyl), both of which reced-
ed after the absorption of CH,. That is to say, the methane was firstly combined with alumina hydroxyl and
silicon aluminum bridge hydroxyl of the using catalysts. It could be seen from Figure 7(d) that the 2.0Au/HZ
catalyst calcinated in nitrogen showed the strongest absorption peak, which would be ascribed to the high
degree of dispersity and the small particle size of the catalysts [5-7].

Conclusions

XRD and TEM showed that 2.0Au/ HZ catalyst calcined under N, atmosphere hold small Au particle
size about 5—-10 nm. XPS showed that the higher the Au loading was, the higher the proportion of zero-valent
Au. NH;-TPD showed that the peak area of relatively strong acid center declined respect to HZSM-5 when
the Au loading was smaller, and the strong and weak acid centers decreased when the Au loading was larger.
FT-IR showed that the Au/HZ catalysts could convert methane to adsorbed species at low temperature,
showing better C-H bond activation ability for methane.
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Au/HZSM-5 kaTaau3aTopAblH CHIIATTAMACHI MEH JTalbIHAATYbI 5KIHE OHbI
CH, ancopOunsicbiHIa KOJIIAHY

Maxkanana Au/HZSM-5 katanu3atopsl Kepi jKHHAIy-TyHOanay ofiCi apKbUIbl JAibIHAAIFaHIBIFbl Typajbl
aiiteuiabl. KaTannsatopasl 3epTTey KoHE OHBIH METaHIbl afacopOLusiay ToKipHOeciHIeri OPHBIH aHBIKTAY
makcarbiHga XRD/UV-vis/TEM/NH;-TPD/FT-IR omici kommansuigsl. XRD sxome TEM omictepi asor
aTMocdepachlHIa KalbLUsIaHy apKeUiel paidbmpanrad 2.0Au/HZSM-5 kaTanu3aTOpBIHBIH KypaMbIHIa
Metayul GenmmrekTepiniy emmemepi 5-10 HM KypalTeHAbFbH; UV-Vis Kanblusiiay 9fici alThIHHBIH KYHi
HMOH/BIK BAJEHTTUIIKTEH HYJIb-BaJCHTTUIIKKE ayBICATBIHABIFEIH KepceTTi. Hyib-BaJeHTTI aiTBIHHBIH
ancopbumst meHEl 2.0Au/HZSM-5 Kypalinbl, a30T aTMocdepachlHIarbl KaJbLsIay oMICi  apKbLIBI
JaibplHOAFAaH  KaTalnnu3aTop KAThICIHAA aacopOLus IIbIHBI ojcipeiiai, oa OeuiekTep OJImeMiHiH
kimipeirenin kepcerri. NH3-TPD kepcerkenzeit, Au/HZSM-5 casiplcThipMaibl KYIUTi KBIIKBUIIBI
optanslkThiH 1ibiHEI HZSM-5 canbicThipranaa endyip temenzerenin Oaiikarter; FT-IR 2.0Au/HZSM-5
KaTaJIn3aTopbl METAaH/Ibl TOMEH TeMIIepaTypaaa KypambiHa oneduHi Koc OaiiaaHbickl 6ap eHiMaepre neiin
KOHBepTpIieiiai, skHi MeTanaarbl C-H GaiimaHbICTBIH OCNICEHIUTIK KaOieTiH OaifKaTaibl.
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A. Hynaxonr, Mo Baunonr, Ma ®31-10Hnb, C. AngabepreHoBa

IIpuroroBjieHne U XapakTepucTHKa KaTtajauzatopa Au/HZSM-5
U ero npuMeHenue s agcopouuun CH,

B crarbe omucan katammzarop Au/HZSM-5, koTopslil GbUT IPUTOTOBIEH METOJOM OTPUIATEILHOTO HAKOII-
JIeHHA-0CAXICHUs. JIIsl nccinenoBaHus KaTalu3aTopa U OLEHKH €ro B SKCIEPHMEHTE MO aAcopOIMu MeTaHa
obu ucnoap3oBanbl XRD/UV-vis/TEM/NH;-TPD/FT-IR metonasl. Merogamu XRD u TEM nokasaHo, 4To
2.0Au/HZSM-5 katanu3zarop, MpUroTOBJICHHBIN KalblMHALMEH B aTMOC(epe a30Ta, COACPIKUT YaCTULIBI Me-
Taiuia pasmepoM 5-10 HM. UV-vis MeTo[ nokasaii, 4To crocod KajlbLMHAIMY U3MEHAET BaJICHTHOE COCTOSTHUE
30JI0Ta C HOHHOTO Ha HyJb-BajleHTHOE. [Ink abcopOuun Hyab-BageHTHOTO 3070Ta 2.0Au/HZSM-5 Karanmsa-
TOpa, MIPUTOTOBJICHHBII KalbIUHAINEH B aTMocepe a3oTa, crai ciabee, YTO yKa3bIBacT Ha COOTBETCTBYIO-
mee ymeHbuieHue pasmepa yactul. NH;-TPD meron mokasslBaeT, 4To ILUIOLIA[b [IUKA CPABHUTEIBHO CUJIb-
HOTO KHcnoTHOro nenrpa Au/HZSM-5 ymensmminacs o cpaBaeruio ¢ HZSM-5. FT-IR noxkassiBaer, 4To Ka-
tanm3arop 2.0Au/HZSM-5 crioco6eH KOHBEpTHPOBATh METaH B IIPOMYKTHI, COJEPIKaIHe OIe(hHHOBYIO IBOM-
HYIO CBSI3b, IPH HU3KOH TeMIlepaType AeMOHCTPUPYET JTyUIlylo CIIOCOOHOCTh K akTuBaimu csa3u C—H B me-
TaHe.
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Mopauduxanus csoiicts Fe/Co HaHOTPYOOK nyTem u3MeHeHHs (pa30BOro coCTaBa

B crarbe paccMOTpeHO M3MEHEHHE NPOBOALIMX cBOHCTB Fe/Co HaHOTPYOOK, MONTYyYEHHBIX METOIOM 3JIeK-
TPOXMMHUYECKOTO OCAXK/CHNS B TPEKU MIa0I0HHBIX MaTpul Ha ocHoBe [IDT®. [Toka3aHo, 94TO ¢ yBEIMUECHHEM
Pa3HOCTH MOTEHIMAJIOB aTOMHOE COOTHOIICHHE METAJUIOB B ITOJIYYSHHBIX HAHOTPYOKAaX CMEIIAeTCs B IIOJIb3Y
kobasbTa. C IMOMOIIBIO PEHTTEHOCTPYKTYPHOTO aHaIM3a OBUIO BBIBICHO, YTO YBEINYEHHE KOHIIEHTPAINN
KobOambTa B KPUCTAUIMUECKOH CTPYKTYpe HAHOTPYOOK MNPHUBOAMT K YMEHBIICHHIO MEXIUIOCKOCTHOTO
PACCTOSIHUS U YBEITMUESHUIO BEINUUHBI YAEIbHOI MPOBOIMMOCTH.

Kniouesvie cnosa: TpekoBble MEMOpaHBI, HIEKTPOXUMHUUECKOE OCAKICHUE, HAHOTPYOKH.

Beeoenue

BHoxHOBIICHHBIE OTKPBITHEM YIJIEPOMHBIX HAHOTPYOOK B 1991 romy, HayIHO-HCCIIEIOBATEIHCKUC
TPYIIIBI TOCBATUIIM CBOU PaOOTHI MOMYYECHUIO U UCCIIEIOBAHUIO CBOWCTB TPYOUaTHIX HAHOCTPYKTYp. Merain-
JMYECKHE HAHOCTPYKTYPHI MPEACTABISIOT OTPOMHBIN HHTEpec, TaK Kak 00JaJaroT HEOOBIYHBIMH ONTHYE-
CKHMH, 3JIEKTPOHHBIMHU, MArHUTHBIMHA U XUMUYECKUMHU cBOiicTBaMH. CyIIeCTBYIOT pa3InyHbIe BO3MOKHOCTH
WX TPUMEHECHHS B ONTORJICKTPOHHBIX ycTpoicTBax [1-3], B KauecTBe KaTan3aTopoB [4—8] B XUMHUYECKHUX
peakuusx, a TakKe B kKauecTse orocercopos [9, 10].

Jlis moNyYeHus: MeTaNTMYeCKUX HAHOTPYOOK W HAHOTIPOBOJIOK yJIOOHO MCIOJIB30BaTh METO/] TEMILIaT-
HOro cuHTe3a. OcakaeHne METAIIOB B MOPHI TEMIUIATA IPOUCXOAUT IMYTEM MPOITYCKAaHUS TTOCTOSHHOTO TOKa
Yyepe3 pacTBOP AJIEKTPOJIUTA, YTO MO3BOJISET MOJyYaTh KOMIIO3UTHBIE HAHOCTPYKTYpPHI. | ITaBHBIM JTOCTOMH-
CTBOM JAaHHOT'O METOJA SIBIISIETCS BO3MOXKHOCTH KOHTPOJIUPOBATH CKOPOCTh OCAXAEHHUSI METAJIOB B IOPEI
MMyTeM H3MEHEHHS BEJIMYUHBI CHJIBI TOKa W MPUIOKEHHOTO HAIPSDKEHUS, a TaKKe BPEMEHEM OCaKICHHS.
Perynupyst 5T1 napameTpbl, MO’KHO TIOIYYUTh HAHOPa3MEpHbIE O0OBEKTHI C JKemaeMoi cTpyKkTypoii [11-16].

VY4uTBIBas, 4TO MPAKTHUECKOE MPUMEHEHNUE METAUNTMUECKUX HAHOCTPYKTYP OIPaHUYMBACTCS JIUIIb OT-
CYTCTBHEM METO/ia, 00ECIeUHBAIONIET0 BO3MOXHOCTh KOHTPOJIUPYEMOTO TONyYeHHUsS HAHOTPYOOK C Kpu-
CTAJJIMYECKON CTPYKTYpOH CTEHOK, B JaHHOH paboTe paccmaTpuBaeTcs MeTojuka co3gaHus Fe/Co HaHo-
TpyOOK NMOCPENCTBOM TEMIUIATHOTO CHHTE3a M MPOBOJUTCS XapaKTepH3auus uX MOp(pOJIOrHIeCcKHX CBOMCTB,
a TaKKe HCCIIEMyeTCs 3aBHCUMOCTD MPOBOASAIINX CBOMCTB OT aTOMHOTO COOTHOIIEHHUS METAJJIOB HAHOTPY-
00k. B xauecTBe TEMIDIATOB MCIIOIB3YIOTCS TOMYYSHHBIE C TPUMEHEHHEM HOHHO-TPEKOBOM TEXHOJIOTHH TI0-
TU3TUIIEHTEepedTanaToBble MeMOpaHbl TOMMIMHONW 12 MKM, ¢ HOMUHANBHBIM AuameTpoM nop 110 am. Ocax-
nenne Fe/Co ocymiecTBisieTcs 3IeKTPOXUMHYECKHM METOIOM MPU Pa3IMYHbIX OTCHIHATAX OCAKICHUS.

3KC}’l€puM€HmaJlea}l yacmbov

Hcxoonvie mamepuanvt. JIns temminarHoro cunte3a Fe/Co HaHOTPYOOK M3 pacTBOPOB DJIEKTPOJIUTOB
UCTIONB30BaNUCH TpekoBble MeMOpanbl (TM) Ha ocHoBe [I9T® tuna Hostaphan® mpousBoacTtsa Gupmbl
«Mitsubishi Polyester Film» (I'epmanus). O0ayuerue IIDT® 1uteHKH NpPOM3BOIUIOCH HA YCKOPHUTEIE
DC-60 nonamu Kpunrosa, ¢ sueprueii 1,75 MaB/HyKI0H.

[Tocne obmyuenus miueHka ObUTa MOJABEpKEHA IBYXCTOPOHHEMY XMMHYECKOMY TpaBiieHHIO B 2M pac-
tBope NaOH npu temmneparype 85+0,1 °C u mocnenytomieit 00padoTke B pacTBopax Heurpamuzanuu: 1,0 %
pacTBOp YKCYCHOM KUCJIOTHI U JISMOHU3UPOBAHHOMN BOJIBI.

Dnexmpoxumuneckoe ocaxcoerue 6 kananvl Hanonopucmoix IIT® TM. TeMmrnaTHbeIil CHHTE3 B TPEKH
1Ia0JIOHHOW MaTpHIIbI MPOBOIWICS NPpH HanpspkeHud oT 1,3 B 10 2,0 B B IOTEHIMOCTaTHYIECKOM PEXHUME.
OcyliecTBIEHHE KOHTPOJIS B X0/ AKCICPUMEHTA MPOXOIUIO IPU oMol MyjasTuMeTpa Agilent 34410A
METOJIOM XPOHOAMIIEPOMETPHH.

Hccnedosanue cmpyxkmypot u ceoticms Fe/Co nanompybox. VccnenoBanue CTpyKTYphl M pa3MEPHOCTH
MOJYYEHHBIX HAHOTPYOOK MPOBOJUIIOCH C UCTIONB30BAaHUEM PACTPOBOTO MIIEKTPOHHOTO MUKpockomna Hitachi
TM3030 ¢ cuctemoii mukpoananuza Bruker XFlash MIN SVE nipu yckopsitoiiieM HanpsokeHuu 15 kB.
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Pentrenogudpakromerpuueckue uccieaoBaHus nposeaeHsl Ha gudpakrtomerpe D8 ADVANCE c uc-
TTOJTh30BAHUEM H3ITYICHHS PEHTICHOBCKOM TpyOkn ¢ Cu-aHOIOM U TpauTOBOrO MOHOXpOMAaTOpa Ha Audpa-
TUPOBaHHOM ITyuke. Pesxum padoTel TpyOku: 40 kB, 40 MA. JIudpakrorpaMMbl 3allMChIBAJINCH B THANIA30HE
yraos 30—70° 20, mar 0,02° 20.

Jl1s u3MepeHrs BOJIbTaMITEPHBIX XapaKTEPHUCTHUK UCIIONB30BaNICS HCTOYHUK Toka HP 66312A un ammep-
metp 34401A Agilent.

O0pa3sip! nepes ucclieI0BaHuEM CTPYKTYPHBIX 0COOEHHOCTEH OCBOOOKIANIN OT MOIMMEPHOTO TEMILIA-
Ta IyTeM €ro pacTBOpeHus B ropsyeM 9,0 M pacTBope THAPOOKHCH HATpUs W HOcienyromeid oopaboTku B
teyerne 10 ¢ B yIbTpa3ByKOBOW BaHHE TS OTAEICHHUS OCTATKOB TIOJIMMEpa.

Pesynomamot u obcysicoenue

st onpenenieHust 3aBUCUMOCTH CTPYKTYPHBIX OCOOCHHOCTEH OT MPUIIOKCHHOTO HANpPSHKCHHS ObLia
BBIOpaHA MIAGIOHHAS MATPHIA HA OCHOBE MOIMATHICHTepedTatata ¢ miotHoctbio mop 1,0E+09 mop/cm?,
TOJIIUHON 12 MKM.

DIEKTPOXUMHUYECKOE OCAXKIIEHUE B TPEKU MAOJIOHHBIX MATPHII IIPOBOIWIOCH B TIOTEHIIMOCTATHYECKOM
pexxumMe. PacTBop 3MEKTpONHTA, WCTIONB3YIOMIMNACS JUISl OCAXIACHUS HAHOTPYOOK, W YCIIOBHUS OCAXKICHUS
MpeJICTABJICHBI B TA0IUIIE.

Tabaumnma
YcaoBus 3kcniepuMeHTa
Ne [[Ta6ronHas MaTpuIa DNEKTPOJIHT VcmoBus OCaXIeHUS
1 ITnoTHOCTH TIOP CoSO4x7H,0 (110 r/m), 1,3B 915¢
2 1,0E+09 HOp/CMz, FeSO,x7H,0 (110 1/7), 1,5B 650 ¢
3 nuameTpsl op 11045 am H3;BOs (25 1/7), 1,7B 495 ¢
4 CsHgOg (3 1/m) 2,0B 260 ¢

KonTtpoip mporecca pocTa HAHOCTPYKTYP OCYIIECTBISUICS C TIOMOIIBIO XPOHOAMIIEPOTpaMM, aHAJIH3
KOTOPBIX MO3BOJISIET U3yYUTh MEXaHHUKY M JUHAMHKY Tporiecca. Ha skcreprMeHTaIbHBIX TOKOBBIX KPHBBIX
BBLJICJISIOT 4 CTaJMU POCTa HAHOCTPYKTYP:

1) Hagaso 3armoTHEHUS TEMIUIATHON MaTpPHIIH;

2) pocT HAHOCTPYKTYP BHYTPU MaTPUIIBL;

3) OKOHYAHWE 3aMOJIHEHUS MATPHIIBI, HAYAJIO MPOIIECCa OCAXK/ICHYS Ha TIOBEPXHOCTH MEMOPaHbL;

4) ocakAcHIE MeTaJlla Ha CIIONTHOM MTOBEPXHOCTH.

Ha pucynke 1 moka3aHbI SKCIIEPUMEHTAIBHBIC KPUBBIC U3MEHEHUSI CHIIBI TOKA B IMPOIIECCE OCAXKICHUS
Fe/Co nanotpy0ok.
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BPCMH OCaXICHHUA,C
Pucynok 1. XpoHoaMmmneporpaMMbl Ipoliecca 3IeKTPOXUMHUYECKOTO OCAKICHHS

Ha ocHOBaHMM MOJIYYEHHBIX 3KCICPUMEHTATBHBIX XPOHOAMIIEpPOTpamMM OBbLIO ONpECIICHO BpeMs oca-
KJICHUSI, COOTBETCTBYIOIIEE MaKCUMAIbHON JUIMHE HAHOTPYOOK (MOJHOMY 3arlOIHEHWIO IMOp mabioHa).
Bo n3bexxanue 3aKyrnopuBaHus WM 00pa30BaHUs «KPHIIIEK» Ha TOBEPXHOCTH HAHOTPYOOK, MpeTHa3HAYCH-
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HBIX JUIS M3YYCHUS CTPYKTYPHBIX M MarHUTHBIX XapaKTEPHCTHK, MPOIECC pocTa HAHOTPYOOK OBLIT OCTaHOB-
JieH B Hadalie TpeTbeil craauu. CorilacHO MOJIy4eHHBIM XpOHOAMIIeporpaMMaM, Oblila BHIYUCIICHa 00beMHast
CKOPOCTh OCaXJeHHs. Pe3ynbraT pacyeToB npuBeaeH Ha pucyHke 2. C yBelTHYeHHEM Pa3HOCTH IPHKIAIbI-
BaEGMbIX [OTEHINATIOB 00BEMHAS! CKOPOCTh OCaXJICHUS BO3PACTACT 110 SKCIIOHEHTE. 3Hasi KOHCTAHTY 00beM-
HOI CKOPOCTH JJIsI K&XK/I0W Pa3HOCTH TOTEHIIMAIOB, MOXKHO KOHTPOJIMPOBATh BBICOTY POCTA HAHOCTPYKTYP B
NIa0JIOHHOW MaTpHIle.
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Ob6beMHas CKOpoCTb ocaxaeHus, M*3/cek
HanpsxeHue, B
a) 3aBUCHMOCTb U3MEHEHHsI 00bEMHOM CKOPOCTH 0) rpaduK 3aBUCUMOCTH U3MEHEHUSI TOJIIIMHBI CTEHOK
OCAXKICHUA OT MPUKJIAAbIBAEMOI'0 HAIPS?KCHU ST 0T 00BEMHON CKOPOCTHU OCAXKICHUSA

PucyHnok 2. Pe3ynbraThl pacuera 00beMHON CKOPOCTH OCaXKICHHS

HUccnenoBanne CTpyKTYpHBIX 0COOEHHOCTEH M MOPQOIOTUHU MOTYYEHHBIX HAHOCTPYKTYP MPOBOIUIOCH
¢ npusneueHuemM POM. POM-u3o0paxkeHnss HaHOTPYOOK MpeACTaBICHbl Ha PUCYHKE 3.

Pucynok 3. POM-u3o6paxenus Fe/Co HaHOTpyOOK

Ananu3 POM-CHUMKOB MOY4EHHBIX HAHOCTPYKTYP ITOKa3all, YTO BEICOTa HAHOTPYOOK paBHA TOJILIWHE
mabiona 12 mxm ¢ quamerpamu 11045 am. M3-3a HemocraTouHoro paspenieanss POM-aHann3 BHYTpEHHHX
JUaMETPOB MOJYYSHHBIX HAHOTPYOOK He mpoBoamics. V3yueHne BHYTPEHHHX TUAMETPOB, HAXOIAIIUXCS B
[I3T®-mabnoHax HAHOCTPYKTYpP, BEIOCh MAHOMETPHUECKHUM METOJIOM OIpEeNICHHs] ra30lMpOHULIAEMOCTH,
OCHOBAaHHOM Ha M3MEPEHUH N3MEHEHHMS JIaBJICHNS Ta3a B 3aMKHYTOH KaMepe MpH AaBJICHHUAX B HHTEpBaJE OT
0,008 mo 0,020 MITa ¢ marom 0,004 MITa. Ha pucynke 26 npencrasieH rpauk W3MEHEHHUS TOJNIIHHBI CTCH-
KH OT 00BEMHOM CKOPOCTH ocaxkIeHus. M3 rpaduka BUAHO, YTO C YBEIMYCHHEM CKOPOCTH pOCTa HAHOTPY-
GOK TOJIIIMHA CTEHOK yMEHbIIaeTcsl 1o 3aKkony y = 0,0148x ***!'. VMeHbIIeHNE TOMIMHEI CTEHOK HAHOTPY-
OOK C yBETMUCHNEM HANPSDKCHUS MOKHO 000CHOBATh HA OCHOBAHHUHM CIIEAYIOIINX cooOpaskeHuil. B mpomec-
C€ DIEKTPOXUMHUYECKOIO OCAXKJEHUSI POCT HAHOTPYOOK OOYCIIOBIEH ABYMsI MEXaHU3MaMU: 1) pocT cymect-
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BYIOIIMX 3€PCH U 2) 3apOXKIACHUE HOBBIX 3€PEH C MOCICIYOIUM (hOpMUPOBaHUEM HOBBIX cioeB. C yBennde-
HUEM Pa3HOCTH MOTEHIIMAJIOB HAYMHAET JOMUHUPOBATH 2-if MEXaHU3M POCTa, YTO MPUBOIUT K BO3PACTAHUIO
00BEMHOM CKOPOCTH pOCTa HAHOTPYOOK M K Oosiee OBICTPOMY 3aITOIHEHHUIO MO ¢ YMEHBIICHHEM TOJIIUHBI
CTEHOK.

Jns onpeneneHus BIUSHAS Pa3HOCTH MOTEHITNAIOB HA (pa30BbIi COCTaB OCAXKAEHHBIX HAHOTPYOOK OBLI
MIPOBEICH SHEPTOANCIICPCUOHHBIN aHATN3 MOJYICHHBIX HAHOCTPYKTYp. Ha pucynke 4 npeactariens DA
CHEKTPHI HAHOTPYOOK, OCAXKIEHHBIX MPH PA3HBIX HANPsSKCHHUSX. Hamuuue mUKoB 30J70Ta B CHEKTPax COOT-
BETCTBYET MOJJIOKKE, HAMBUISIEMOM Ha TEMIUIAT MPHU CO3IaHUU MIPOBOISALIETO CIOSI.

cpsieV cpsieV

FelCo (60/40) FelCo (56/42)

cpsleV cpsleV

Fe/Co (49/51)

il spl Mol

6 keV 8 10 12 14

2,0B

Pucynok 4. DJTA cniektpst Fe/Co HaHOTpYOOK

Ha ocHOBaHMM MOJTy4eHHBIX PE3yJIbTATOB MOXHO CIIENATh CICAYIONIMHA BBIBOA: C YBEIMYCHHEM Pa3HO-
CTH NOTEHIIMAJIOB AaTOMHOE COOTHOILICHNE METAJUIOB B MOJIYYEHHBIX HAaHOTPYOKaX CMEINAETCs B MOJB3Y KO-
OanbTa (MOTPEIIHOCTL ONpeAeieHus coctaBa ~2 %). B IByXKOMIIOHEHTHOM 3JIEKTPOJIUTE MPU paBHON KOH-
HneHTpauuu cojieit mo macce (50/50) B mpouecce TEMIIaTHOTO CHHTE3a C YBEIIMUEHUEM Pa3HOCTH MOTEHIHA-
JIOB MOTEHIIMAJ BOCCTAHOBJIECHUS KOOAIbTa M3 PAcTBOpA HICKTPOINTA MpeodIagaeT Hall TOTEHINAIOM BOC-
CTaHOBJICHHMS JKEJIe3a.

Hns onpenenenns dazooro cocraBa Fe/Co HaHOTPYOOK OBIIO NPOBEACHO PEHTTEHOAU(PPAKTOMETPHU-
4ecKoe HccieoBaHue. B pesynbrare ycTaHOBIEHO, YTO HCcexyeMble 00pasnsl oxHodasusl, ¢ OLIK cTpyk-
TYpOH, ¢ mapaMeTpoM KPUCTAITMIECKON PEIICTKH, OTIMYAIOIIMUMCS OT ATAIOHHOTO 3Ha4deHus. [TockoibKy
MOJy4eHHOE 3HAYCHHE MapaMeTpa OKa3aloch HECKOJIBKO OOJbIIe 3HAYEHUs CTAHAAPTHOTO 00pasLa, MOXKHO
HPEATOI0KUTh, YTO HabmoaaemMas ¢asa SBISETCSA TBEPABIM PACTBOPOM 3aMEIICHNUS KOOAIbTa B JKelese.

CornacHo jureparypHbiM aanHbiM, OLIK cTpykTypa xapakrepHa s MaccuBoB Fe/Co HaHOTPYOOK ¢
conepxkanuem Co 6omnee 90 % [17] u TuieHOK ¢ comepkanueM kKoOambTa > 85 % [18]. MeHbinas mmprHa Ha
nonoBuHe BbicoTel (FWHM) ocnoBHO# nudpaxkumonnoit muaun (110) na penrrenorpammax (0,722° must
FegoCo49, 0,706 mis FesgCoygp, 0,702 mms FessCoys 11 0,695 s FeqoCos) CBHACTENHCTBYET 00 yBEIMUSHUH
CTENEHH KPUCTAUIMYHOCTH C YMEHBIIEHHEM aTOMHOTO COJIEpXKaHus jkene3a B HaHOTpyOkax. B pesymbrare
00pabOTKH MOTYYECHHBIX PEHTICHOTpaMM OBUIH ONpeAesieHbl apaMeTphl dIeMEHTapHOM sueliku a. ['padux
3aBUCHMOCTH TIapaMeTpa 3JIEeMEHTAapHON sUeHKN OT KOHIEHTpAlMH KoOaabTa B HAHOTPYOKAx NMPHUBEICH Ha
pucynke 56. [Ipn anmpokcuManuy MOJydeHHOH 3aBHCHMOCTH OBIIIO OOHAPY)KEHO, YTO IMapaMeTp 3JIEMEH-
TapHOW STYEHKN YMEHBIIACTCS C YBEIMUECHHEM KOHLEHTPALUU KOOaIbTa MPAKTUUECKH 110 TMHEHHOMY 3aKOHY
¢ ko>ppuimentom da/dC =—0.0208 +0.02 A. OueBuaHO, UTO TakOEe YMEHBIIEHHE MApaMeTPa dIEMEHTap-
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HOI suelikM CBSI3aHO C pasauuuMeM paguycoB r atomMoB Fe um Co, xotopole pasubl r(Fe)=1.227 A,
7(Co) =1.191 A. Cpenuuii pasmMep KpHCTAIIUTOB PACCUNTHIBAJICS 10 ypaBHerHIo 1lepepa (1)

T=——,
BcosO

)

rae k = 0,9 — GespasmepHsblii koa(duuuenT Gpopmel yactull (nocrosunas Llepepa); A= 1,54 A — nnuna
BOJIHBI PEHTTEHOBCKOTO M3Ny4YeHus; 3 — monymupuHa pedrekca Ha noiayBeicore (FWHM); 6 — yron au-

¢pakunu (yron bperra).
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Pucynox 5. [lapamerpst Fe/Co HanoTpy0OoK

Ha pucynke 6a npezcranieH rpaduk 3aBUCIMOCTH CPEITHETO pa3Mepa KPUCTAILUTUTOB OT KOHIICHTPAIH
KoOanbTa B HaHOTPYOKax. M3 mony4eHHOTo Tpaduka BUIHO, YTO yBeIW4IeHHUE KoHIeHTparu Co B KpUCTal-
JUYECKOU CTPYKTYpE HAHOTPYOOK MPUBOJIUT K YMEHBIICHUIO CPETHETO pa3Mepa KPUCTAJUIUTOB.
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Pucynox 6. I'paduk 3aBHcHMOCTH pa3Mepa KPUCTAUTUTOB OT KOHIIGHTPAIMU KOOajIbTa B HAHOTPYOKax
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Moaundukaums ceoricte Fe/Co HaHOTPYOOK ...

PaccMOTpUM M3MEHEHHE MEKIUIOCKOCTHBIX PACCTOSIHHU IS UCCIIEAYeMbIX 00pa3lioB B 3aBHCHMOCTH
oT $a30BOro cocraBa U IMapaMeTPOB KPUCTAUIHUECKON pemreTKi. MeKIUTIOCKOCTHOE PacCTOsSHUE d paccyu-
THIBaJIOCH 110 popmyie (2)

1 RP+k+0 2
d a’ '

Pe3ysbraT pacdyeToB npencTaBieH Ha pucyHke 66. Kak BuaHO U3 rpaduka, yBelnnvyeHHe KOHIICHTPAIIMU
KoOaJlbTa B KPHUCTAJUIMYECKOH CTPYKType HAHOTPYOOK MPUBOJAMT K YMEHBIICHHIO MEXKIUIOCKOCTHOTO
pacCTOsHUS.

®dopMa TPOBOAAIIEH JAEKTPUUESCKUM TOK IOBEPXHOCTH OCOOEHHO BajKHA, TaK KAK OHA OKAa3bIBAET
BJIMSHUE Ha CBOMCTBA AWCIEPCHH MOKPHITUA. B oTHOIIEHHH (OPMBI BO3MOXKHBI MHOTOYMCIIEHHBIE BapHaH-
Tel. DOpMa MPOBOMAIINX HIEKTPHISCKUIM TOK YACTHI[ MOKET OBITh, HAPUMEP, UTOJIBYATOM, IHIMHAPHYE-
CKOI, IJIACTHHYATOM, TPyOUATON MM IMAPOBUIHON. DTO HACATU3UPOBAHHEIE (POPMEI YACTHII, IpUUeM (hakK-
THUecKas popMa, 00yCIOBIEHHAS M3TOTOBIIEHUEM, O0JIee HITH MEHEE CHITBHO OTKJIOHSAETCSA OT HUX. B maHHO#
pabore HccilenoBanach MPOBOISIIIAS TOBEPXHOCTE B (hOPME MacCHBa WAEHTHYHBIX IWIHHIPOB. ILmomiams
MPOBOJIAIIEH TOBEPXHOCTH paCCYMTRIBAIACh 110 hopmyie (3)
=(S,, — ) N-h, (3)

rae Sy, — IUIoW@AIb TPYOKH; Sy, — IUIOMANb BHYTPEHHETO KOJbL@; N — IUIOTHOCTB Op; /i — BBICOTA
TPYOOK.

BombTaMIiepHble XapaKTePUCTHKH CHUMANINCh C MACCHBA HAHOTPY6OK miomansko 1,5 cv’. Ha pucynke
7a nipeacTaBlieHbl IPaUKK BOJIBTAMIIEPHBIX XapaKTEPUCTHK MCCIEAyeMbIX HaHOTPYyOoK. 13 rpadgukoB Bu-
HO, YTO C yBelM4eHHeM KoHeHTpanuu Co B MOyYeHHBIX HAHOTPYOKax yrol HakioHa dl/dU Bo3pacraer.
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a) rpaduxu BAX Fe/Co HanoTpyGOK 0) rpadMK 3aBHCMMOCTH NW3MEHEHHS IPOBOTUMOCTH

oT paszHoctu norennuanos Fe/Co HaHOTpyOOK
Pucynok 7. Xapakrepuctuku Fe/Co HaHOTpYOOK

VY nenbHast IPOBOMMOCTh MAaCCUBOB HAHOTPYOOK pacCUUTHIBAIACH IO hopmyIe (4)
o= al , “)
dU A
rne /| — mMHa HaHOTPYOOK; A — mnomanb; dI/dU — tanreHc yria HakioHa [-U. Pe3ynbrar uameHeHus
MPOBOJMMOCTH TIPEJCTaBICH Ha pUCyHKe 76. C yBelnW4YeHHEM pPa3HOCTH MOTEHIHAIOB MPU TEMIUIATHOM
cunrese Fe/Co HaHOTPYOOK, KOTOpasi MPUBOUT K YBEINYEHUIO KOHIIeHTpaly Co B HAHOCTPYKTYpax, BEJU-
YHHA Y/IeIbHOW IPOBOIMMOCTHU PACTET.

Baxnouenue

B nanHo#i paboTe paccMOTpEHO BIMSHHE YCIOBHHA OCaKACHHUS Ha (Ha30BBIN COCTaB, KPUCTAJUIMIECKYIO
CTPYKTYpy ¥ IpoBojsmue cBoiictBa Fe/Co HaHOTPYOOK, MOJyYEHHBIX METOAOM 3JIEKTPOXUMUYECKOTro oca-
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A.J1. Koanosckun

XAEeHHA. BBIABIEHO, YTO ¢ YBEIMYEHHEM Pa3HOCTH MOTEHIIMAIOB ATOMHOE COOTHOILIEHNE METAIIJIOB B IMOJTY-
YEeHHBIX HAaHOTPYOKaxX CMeIIaeTcsi B MONb3y KoOanbTa. PEHTIreHOCTPYKTYPHBIN aHAIU3 MOKa3all, YTO pcciie-
nyemble o0pasibl ogHodaszHel, ¢ OLIK cTpykTypol, ¢ mapaMeTpoM KpUCTaTHYECKONW PelIeTKH, OTIINYaro-
LIMMCS OT ATAJTOHHOr0 3HadeHus. Y MeHbieHne Bennunasl FWHM ocHoBHON audpakumnonnoii auauu (110)
Ha PEHTICHOTrPaMMax CBHIETEIBbCTBYET 00 YBEIMUYEHUU CTEIECHH KPUCTAJUIMYHOCTH C YMEHBIICHUEM aTOM-
HOTO COZEpKaHMS JKejle3a B HAaHOTPYOKax, MPH 3TOM BEJIMYKHA yJEIbHON MPOBOIUMOCTH YBEIUIUBACTCS C
POCTOM KOHLICHTPAIMX K0OaJIbTa B CTPYKType HAHOTPYOOK. TakuM 00pa3zoM, KOHTpOIUPYs (a30BbIi COCTaB
U MIPOBOSIIIHE CBOMHCTBAa HAHOTPYOOK MyTeM M3MEHEHHUS Pa3HOCTH MOTEHIMAIOB B MPOLecce IEKTPOXUMHU-
YECKOTO OCAaXAEHHsI, MOXKHO TOJYYHUTh YIOPAJOYCHHBIE MACCHUBBI MAarHUTHBIX HAHOTPYOOK C 3aJaHHBIMHU
CBOWCTBaMM, KOTOpbIE B JaJbHEHIIIEM MOXXHO IIPUMEHSTh JAJIs CO3/1aHUsI MAarHUTHBIX HOCHUTENEH Ha OCHOBE
HaHOCTPYKTYP.
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A.JI. Ko3znoBckuit
da3anblK KypaMmbIH 3repTy apKbLibl Fe/Co HaHOTYTiKIIEIEP
CUNATTAPBIH TYPJIEHIAIPY

Maxkanaga [IOT® nerizinge yarini MaTpHLACHl i3/epiHE 3JICKTPOXMMHSIIBIK TYHIBIPY apKbUIbl ajbIHFaH
Fe/Co HaHOTYTIKIIENEp/iH OTKI3Till KAaCHETTEepiHIH e3repyi KapacTBIPbUIFaH. AJIBIHFAaH MeETall HaHO-
TYTIKLIENEPiH aTOM KaThIHACHI IOTCHIINAJ allbIPMAChIH YIIFAfiTKaH CailblH KOOAIBT Mai1achlHa ChIPFbIFAaHbI
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Moaundukaums ceoricte Fe/Co HaHOTPYOOK ...

KOPCETINreH. PeHTreHKYPBUTBIMABIK Talay apKbUIbl HAHOTYTIKLICACPAIH KPHCTAIAbl KYPHUIBIMBIHIAFE! KO-
6anbT KOHIEHTPALMSCHIHBIH apTybl HHTEPBAJI TOMEH/CYiHE JKOHE HAKTHl OTKI3TILITIriHIH ©CyiHe SKeNleTiHi

aHbIKTaJIFaH.

A.L. Kozlovskiy

Modification of the properties of Fe/Co nanotubes
by changing the phase composition

In this paper, changes of the conducting properties of Fe/Co nanotubes prepared by electrochemical deposi-
tion into the tracks of matrices based on PET. It was shown that increasing the difference of electric potential,
atomic ratio of metal in nanotube composition is shifted to cobalt. X-ray analysis showed us that increasing
the concentration of cobalt in the crystal structure of the nanotubes led to decreasing in inter planar distance
and increasing the value of conductivity.
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XUMUAHDbI OKbITY SAICTEMECI
METOAUKA OBYYHEHUA XUMUN
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E.A. boxemos amvinoazvl Kapaganovl memaekemmix yHugepcumemi
(E-mail: kokibasova@mail.ru)

TOTHIFY-TOTBIKCHI3IaHY PeAKIHUAIAPBIH OKbITY Ke3iH/ae
OKYHIIBLJIAPABIH JIOTHKAJIBIK 012y KaOLIeTiH XKeTiJaaipy

JlorukanslK 3aHmap OKyIIbIIapAa >KYHEeNIeHreH CYpakKTap, >KaTTBIFyJap, €cell IIbIFapy opeKeTi OapBIChIHAA
KanbimTacansl. COHFBI yaKbITTa oiCTEMEIIIK ofleOMeTTe MEKTENTeri XUMHUS MoHI FBUIBIMU TOPTIN OOHBIHIIA
eMec, XKHBIHJA eCTe CaKTally YIIH MariaymaT Oepy MakcaThIHAA OTilyl ofin OaralaHyja, COHBIH IIIiHIE
OelfopraHuKaNbIK XUMHS KypChIHA KaThICTHL. OKYIIBUIap/bIH XKeKe OKY IOHIHE YIIeci, XUMHUSIFa JAereH JYHHe-
TaHBIMBIHBIH KaJIBINTACYbI JKaHa OLTIM/I aly jKOJIBIHAA eMeC, COHBIMEH KaTap OKYIIbUIAPABIH aKbLI-OHbIHBIH
JKOHE FBUIBIMFA TaHBIMIBIK KaOUIETIHIH JaMybl MaKcaThIH/A Xy3ere acajisl. MyFaliMHiH MaKcaTbl — XUMHs
TOHI OOMBIHINA OKYLIBIIAPABIH CaHAJIbI XKOHE TepeH O1TiM alybl, XKaIbl JJOTHKaJbIK OWIAYbIH JaFJbUIaHIBIPY
MAaKCaTbIH/1a JJOTHKAJIBIK KaObU1ay (bl aiilallaHy TOCUIIH jKoHEe MYMKIHIIKTEPiH KOpceTy.

Kinm ce30ep: norWkanslK oifflay, TOTHIFY-TOTBIKCHI3JaHy, 3JIEKTPOHABI OanaHc, OelceHnl oinay, Toiedw,
KYKIPT 7K9HE OHBIH KOCBUIBICTapHI.

«Jloruka» JereH ce3 T'PEKTIH <«JIEroc», «JIOroc» JAEreH ce3lepiHeH aiblHFaH. «Jlerocy — ceiiney,
Mycindipy, «JIOroc» — akwll, otl fereH ceo3. Jloruka aen qypeic oiiayJslH 3aHIaphl )KOHE eperKernepi Typajbl
FBUIBIM/IBI aiiTaMbI3. AJlaM OaachIHBIH TYPMBICBIHIA AYPBIC Oy KypAenli pei aTKapaisl. AJaMHBIH OHbI
Jypbic Oomy yuri o Oenrini 6ip epexenepre, 3aHaapra OarbiHybl THic. Oliay Ka0ieTi — aJaMHbBIH pyXaH!
TYPMBICBIHBIH €H KOFapFbl (JOPMACHL.

Jynueni OinyniH exi konbl Oap: Tikenel xoHe kaHama Oimy. Tikenel Oiny nen 3aTka, Hopcere Tikenei
KaThIHAC Kacail Oimyai aiiTanel. JKaHama OiTy Jert 3aTIeH Tikelel OainaHbic xacamaii, Oip MmiKip MEeH eKiHIIi
miKipai 0alIaHBICTBIPBIN, AdJenaey i aitaapl. Tikened Oidyre KepekTi MapTTapibl MaTepHaiIsl IapTTap,
HEMece aKUKATThIH MaTepUaIBIK KPUTEPHiti, AeHMi3.

JlorukaHsl FBUIBIM €TKEH I'PEKTiH aTakThl (unocodsl Apuctorenb. JIoruka TuaneKTHKaHbIH HETI31HIe
IIBIKTEL. JIOTMKaHBI FBUIBIM €TINl IIBIFApFaH, OMJIAyIbIH epexelepi MeH XKyielepiH KaJbINTacThIpFaH
Apucrorens. On noruxaislk (Gopmanapapl Oenrii Ma3MyHIapMeH OaiyaHbIcThl OOMaipl 1€l KOpPCEeTTi.
ApHCTOTEIb JIOTHKACHl — MaTePHAIHUCTIK Guiocodus. ApHCTOTeh MaTePHAIN3M MEH HICalIN3M apachiHa
KOOQJKBIFaHBIMEH, MATEPHAINCTIK KaFbl 0achIM efli. J(ManeKTHKaIBIK MaTepUaHCTIK JIOTHKAHBI AJIFAIIKbI
nmameiTkangap K. Mapkc nen @. Onrenbe. OHBI TaOuFaTiieH OaiIaHBICTHIPA JaMBITKAH MAapKCH3M
KJIACCHKTEP1 OOJIBI eCenTeleIi.

JlorukanslK OWJIAyABIH €peKIIeNiri — KOPBITBIHABUIAPABIH KUCHIHABIIBIFBIHIA, OJApIbIH LIBIHIBIKKA
cait kenyinze. Jlorukara TyCKeH KyObUIBIC TYCiHAIpiIeni, cedbenTepi MEeH cajigapbl aHBIKTANaabl. ¥FbIMAAD
apachIHIarbl OailJIaHBICTap MEH KaThIHACTAP JIOTUKAJIBIK OWJIay JKOJBIMEH alibliaasl. by GaiiiaHpicTap MeH
KaThIHACTAP/IBIH JTYPBICTHIFBIH TEPICKE MIBIFApyFa OOJIMANTHIHBI XKaibl miKipiep Jae kepceTineni [1].

JlorukanslK TaHBIMHBIH ©31HE TOH 3aHAApbl ASCTYPIi (hopMasisl JOrMKaMeH aHbIKTaIFaH. ApUCTOTENb
(dbopmanpl JIOruKa oinayaplH TOPT HETi3T1 3aHIAPbIH alIThL: mene-meHoiK 3anbl, Kapama-KatuslivlK 3aHbl,
YUiHWIHI ecKepMe)y 3aHbl, HCeMKILIKMI He2i30ey 3aHbl.
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ToTbIFY-TOTLIKCbI3AAHY peakunanapbiH ...

By 3anmap ajgaM olaybIHBIH [IBIH MOHIHJIETT 3aHAaphl 00Jica, SKiHII JKaFbIHAH, aJJaMHBIH ONJIAybIHBIH
ombebart TaburaThIH OiTipe i — OHBIH YHHUECIHIH IIEKCi3 alyaH TYpJi Ke3 KellT'eH camnaiblK TaHy Kabiieri.
CoHJIBIKTAH JIOTHKA 3aHIapbl HAKTHI ©3iHE TOH 3aHIAPBIHBIH asCHIHIA €pEKIle OpbIH anaibl, Guinocopus
FBUTBIMBIH/IA OIJIay bl 3ePTTEUTIH UCANIBI 3aHAap PETIH/IC TAHBLIAIBI.

Jlorukanelk 3aHIap — CYOBEKTHBTIK 3aHAap. JIOTHKaNbIK 3aHjiap — 3aTTapAblH OOBEKTHBTI
OaiiyiaHbICHl OCHHECIHIH MOHI, COHIBIKTAaH Ma3MYHbI 00BEKTHUBTI 00j1ambl. COHBIMEH KaTap Oif 3aHAapsl 0oJia
OTBIPBIT, O TAOWFATBIHAH KYpajiaJbl, OJIap ONJBIH KUMBUIBIHBIH 3aHIaphl PETiHAC KAJBINTAcajbl, Oipak
OOBEKTUBTI aKUKATTHI OUTAIpMETTi.

JlorukanblK 3aHaap agaMHBIH IPAKTHKAIBIK OpPEKETI apKbUibl KepiHic Tabanbl. COHFbI yaKbITTa
oMicTeMENIK 91e0UeTTe MEKTENTEerl XUMUS TIOHI FhUIBIMU TOPTINl OOWBIHINA €MEC, JKUBIHAA €CTE CaKTaly
YIIiH Mariaymar Oepy MakcaThlHAa eTUTyi o[y OaranaHyza, Ol dcipece OeHOpraHUKabIK XUMHS KypChIHA
Oatikananpl. OKyIIBUTAPIBIH JKEKe OKY IOHIHE YJieci, COHBIH IIIiHIE XMMHUSFa JeTeH JIYHHEeTaHBIMBIHBIH
KaJbINTACYybl TEK »aHa OUTIMII aly JKOJBIHJA €MeC, OKYNIBUIAPJIbIH aKbUI-OMBIHBIH KOHE FBUIBIMFA
TaHBIMJIBIK KaOUIETIHIH JaMybl MaKCAThIH/IA JKY3€Te acabl.

OKBITY yIepiCiHAe OKYIIBLIAPABIH JOTHKAJIBIK OMIAYbIH JAMBITY JEreHIMi3:

1) moHJEepAiH YKCACTHIFBl MEH albIPMAIIBUIBIFBIH TAYBIN, OJIAPJbI CANBICTHIPHII, CMTLTITIH JAaMBITY;

CaNTBICTBIPY — OYJT 3aTTap/IbIH UHYKIIUS apKbLIbI TAHBIMHBIH aJIFAIKBI CATHICH;

2) Gananapra MOHAI KypaM OeJiKTepre TajgaTy MakcaThIHAA dp KypaMm OeJiKTiH TaHBIMBIH KOHE OMIIa
TaNJJAaHFaH MOHJI OIpTYTac >KUHAKTAy apKbUIbl OONIKTEpIiH e3apa opeKeTi MeH IMoHHIH Oiprytac
EKEHJIITIH TaHybIH OHINa YHpETY;

3) moHHIH eneyii KacheTiH Oeily, KapacThIpyAbl KalbINTACTHIPy >KOHE Oacka eneyci3 KacHeTTepIeH
abcrpakuusiay;

4) OaxpurayaH HeMece JIEPEKTEH TYPHIC TYKBIPBIM JKacay bl YUPEHY, OChI TYXKBIPBIMIIBI TEKCEPY;

5) mepekTepi JKUBIHTHIKTAY bl JaFAbUIaHABIPY;

6) OKyIIBUIAPBIH ©31HIH OW-TiKipiHIH MIBIHAWBUIBIFBIH CEHAIPe MOICIACYAl JaMBITY JKOHE JKaIFaH Oi-
TYKBIPBIMBIH TEPICKE IIBIFAPY;

7) OKyIIbUIApIBIH OWNApBIHBIH alKbIH, JOWEKTi, KaHIIBUIBIKCHI3, )KYHeNl Typae aThUIybIH KaJaraiay
KEpeK.

MyraniMHIH MakcaTbl — XHMUS TOHI OOHBIHINA OKYNIBUIAPJBIH CaHAIBI JKOHE TepeH OuTiM anysl,
JKaJITIBI JIOTUKAIBIK OMJIaybIH TaFIbLUIaHABIPY MAaKCAThIH A JIOTHKAIBIK KaObUIIayIbl aiiianany TOCUTIH XKoHe
MYMKIHIIKTEpiH KOpceTy.

Bencenni oitnay mpoGrnema TyblHAaraH Ke3le FaHa mnaiina Oonaapl. OChIIaH JIOTHKAJBIK OWJIay/IbI
JaFABUIAHIBIPY/IbI TSIy MAPTHIHBIH 0ipi ipobieMaltbiK O0Ibi TadbiIa bl JXKaHa MamiMeTTep i OasHIay bl
XKanmsl TpoOsieMaHbl KowogaH OactaraH nypeic. bynm mpobnema, MyMmKiHAiridmie, OasHAaynaH ajabIHFBI
MOJIIMETTECH JIOTHKAJBIK KAKETTI KE3eKTI TaHBIM pPETiHAC IIbIFYbl Kepek. OchbUmaiina, Xaambl Typhe
MpoOIeMaHbl IIENTy kKOJbI KepceTieni [2].

TakpIpbIlTEl OasHAAy yIepiciHae OenrilieHreH ocrmap OOWBIHIIA TOXKIpUOE HE aHBIKTaMa apKbLIbI
LICHIIIETIH XaHa iliHapa Macenenep, bomkamaap, Oanamanap TybIHAaWAbI. JIorHKaIbIK oiayFa AafIblIaHy
YIIIiH TarceipManap IMenrijaMeyi MyMKiH eMec, MbICaJIbl, apHalbl CTAHOKTAFBI dKYMBIC iCTE€Y TOCUIIH COJ iCTiH
HaFbI3 MaMaHbl ycTa3 FaHa KepceTin yipeteni. OKyHIbUIApIbIH aKbUI-OH 1C-OpEKETIH KYMBILIBIPYIBIH
KKETTI MIapThl *aHa OLTIMI JKMHAKTay yiepici Oonbim TaObuTanmbel. By mMakcaTka KOJDKETKI3YAIH Typa
YKOJTBI — IBPUCTHKANIBIK 9/1iCTi Maiinanany [3].

JKoFrapel CHIHBINTAFBl OKYIIBUIAP/IBIH JIOTHKAIBIK OMIAYBIH JKETULIIPYIi Kalal jKy3ere achlpy Kepek
JIeTeH MOCEJICHI HAKThI cabakK apKbLIbl KAPACTBIPHI KOPEHiK.

Toteiry-ToThIKChI3any peakiusa(TTP) Teraeyi yiuiH 3MeKTpOHIbI OaJaHChIH KYpay 8-ChIHBINTA 6TKCH
«KyKipT oHE OHBIH KOCBLIBICTApbl» TaKbIPhIOBIHJA JKy3ere acaibl. SIFHH, Oy *Kepae KUBIH JIeHrereri
TEHJIey TYPIH KapacThIPaMbI3, MBICAITBL:

a) 2H,S + 30,= 1250, + 2H,0;

o oot
T
12
TCIII, TTII,
TOTBIFAABl  TOTBIKCHI3TaHAIbI
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6) 2H,50, (konw.) + Cu = CuS0, + 2H,0 + SO;
|_4"_‘_\_‘-‘-‘_ : r’-/ e
TTIL, TCIL,
TOTBIKCHI3JaHAAbl TOTbhIFaabl

B} EHSGJ (KoHLWL.) + S = 3I§O: + 2H,0.
i 4¢

1““"‘"\-._,.—-"""-;

4
TTIII, TCIII,
TOTBIKCBI3IaHAAbl TOTBIFAIbI

Ocpl koHe 0acka Jia MbIcalIap/ia OKYIIbUIAp aTOM KYPBUIBICHI, OHBIH KACHETTEPiH aHBIKTAMIIBI JeTeH
JIOTHKAIIBIK JYPHIC TY)KBIPBIM JKACAybIH >KaIFacThIpajbpl. COHBIMEH, KYKIPT aTOMBI IIIKI 3HEPreTUKAIBIK
JEHTeHiHAe aNThl 3JMEKTPOH OOMYBIMEH, TaFbl €Ki DIIEKTPOH KaObuIgayFa KaOUIeTTi oHE OChUIAMIa OHBIH
TOTBIFY Jopexkeci —2 xepcereni (H,S) Hemece eki 3NeKTpOH, HE TOPT IEKTPOH, HE alThl 3JIEKTPOH Oepirl,
OJNapbIH TOTBIFY JI9pexeci, colikecinme, +2, +4, +6 (SCl,, SO,, H,SO,) Ten 6omapl.

OKyIIbUIap MBICATA TOTHIFY-TOTBIKCHI3aHy YICPICIH KapacThipa OTHIPBIN, a) KYKIPT aTOMBI ANThI
3NIEKTPOH Oepy apKbUIbl —2 TOTHIFY AQOPEKECiHEH +4 TOTBIFY AJpekKeciHe OTEeTiHIH OalKalabl, 9) KYKIpT
aToMbl S(+6) Ky#iHAe TeK AJIEKTPOH KaOburIai anaapl. CeHTiN, OKyIIbUIap dJIEKTPOHIBI OepreHe 3eMEeHT
KACHETIHIH TOMEH TOTBIFY JOpPEKEeCi apTaThIHABIFBL, all 3JCKTPOHJABI KaObUIIAFraH/Na TOTHIFY JopeiKeci
TOMEHICHTIH/IIT] JKalJIbl KOPBITHIH]IBI KaCAM b,

9-CBHIHBITITA XUMHSI OOWBIHIIIA AIIEMEHTTEPIIH TOTHIFY-TOTBIKChI3/IAaHY YepiCiHEe KAThICThI 3aH/IBUIBIKTAP
KypaeneHe Tycemi. Ocpuiaiiilia TOTBIKTBHIPFBIII PETIHAE a30T KBIIIKBUIBIH OKBITYIBIH AIJBIHFBI «A30T
TOMIIACKIY TaKbIPHIOBI TYpiHAe ©OTeTiH «TOTBIFY-TOTBHIKCHI3IAaHy PEAKIUAIAPBIHBIH —3aHIBUTBIKTAPB)
TaKbIPBIOBI 0ACTHI OpbIHFa Ue Oonaabl. byn cabakTa okymibutap TTP aHbIKkTaMachiH KbICKallla KalTalaFaHHAH
KeWiH TOTBIFy-TOTBIKCBI3/IaHy YAEPICiHIH 3aHIbIIBIKTAPbIMEH TAHBICAIBI.

— BipiHmn 3aHABUIBIK — TOTBIFYBIH TOTHIKCHI3IAHYMEH OalIaHBIChI, «TOTBHIKTBIPFBILDY, «TOTHIFYY,
«TOTBHIKCHI3JIAHBIPFBIID), «TOTHIKCHI3ZIAHY» TYCIHIKTEPiHJIe OepiireH »oHe KAObUIIaHFaH BIICKTPOHIAPIBIH
Temne-TeHJIITI.

— Exiamm 3aHipuiblK — TTP-HBIH KYIITI TOTBHIKTBIPFBINI HEMECE TOTBIKCHI3IAH/IBIPFBIIITAH 9JICi3
TOTBIKTBIPFBIII HEMECE TOTBIKCHI3AHIBIPFBINT TY31Ty JkarbiHA Kapad eoTyi. (TOTBIFy-TOTBHIKCHI3IAHY
MOTEHIIMABI KaTaphl Typalibl TYCiHIK Oepije/i >koHe OHBIH KOJIAHBLTY TOCLTI TATKbLUIAHABI. )

— YuriHmi 3aHIbUIBIK — KOCBUIBICTBIH, PEKIHUSIA KYIITI TOTBIKTHIPFBIIINIEH HEMECE TOTBIKCHI3IaH IbIP-
FBIIINEH KATBICYHI.

Bapnbik 3aHABUTBIKTApbl «A30T JKOHE OHBIH KOCBUIBICTAPBD» TaKBIPHIObI OOMBIHIIA MBICAT TYPiHIC
KapacteipaMbi3. OnaH kel keneci cabakra oKymbiiapabiH TTP 3aHabuTbIKTaphl Typaiisl OlTiMiH naiiianaHna
OTBIPBIT, KYPAMBIHIA TOTBIFY JOPEKECi KOFAPhl a30T aTOMbI OOJIATHIH a30T KBIIIKBIIBI MOJEKYJIACHIHBIH
KAaCHETIiH TYCIHAIpeMi3.

OkymbutapablH OapiblK alnFaH kaHa OutiMaepi cabak-TPEHWHITE OCKITiNedi JKOHE OChI TaKBIPHII
OolbIHINIA apHAWBI OTETIH O31H/IIK KYMBICTa Tekcepinei. OcplIaiina OKynbpuap 6eopraHuKAIBIK XUMUSHEI
OKYBIH asKTall OTBIPBIN, TOTBIFY-TOTBIKCBHI3JAHY YIEPICIH KapacThIPYAbl YHPEHEIl KOHE ONapJblH OTy
ce0ebin Tycinaipe anazpl. OpraHuKaIbIK XUMUSAAA 3aTTapIbIH 9P TYPJIl KIaChIH 6TKEH KE3i1HJIe 8-CBIHBINTA
QJIFaH epeXeHl eCTe CaKTai OTBHIPBIN, HAKTHI MBICA/Ia TOTBIFY JOpeXeci Typalibl TYCIHIKTI KapacThIpyFa
THIPBICAMBI3. MBICAIBI:

2 H 2
o 0
3 4 R~ vL 3 e 3 4] 43— v
o H—>C-cZ ~, CH,COOH.
O—H ¥ O—H
H
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By MbIcan apkbUTbl OKYIIBLIApAa MOJIEKYJIaJarbl OainaHbic mospiananbl xoHe C-H OalnaHbICThIH
QJICi3 TOJSPJBIFBIH  €CENKE aja OTBIPBIN, SJICKTPOHIbI THIFBI3ABIKTBIH OTTErl aTOMbIHA Kapai
KBUDKUTBIHIBIFBI JKAWIBl TMIKIp KaJbIITacThipaMbl3. OpraHuKanblK 3aTTapblH KaTbicybIMeH oTeTiH TTP
TEHJCYIH JXa3y Ke3iHJe KapamaiibM >Karjaiiia «TOTBIFYy IOpeXkeci» JereH TYCIHIKTI KoijaHyFa OoJajbl.
Beiiopranukanbik xumusga TTP ymiin ko3dduimeHTTepl oCchl epeke OOMBIHINA aHBIKTAJATBIH PEaKIIUs
TEHJICYiH KeNTipeMi3:

CH, + 20,=CO, + 2H,0;

He e
\\\ /
s
TCIII, TTIII,
TOTBLIFaIbI TOTBIKCBI3JaHa bl

o 3 341
hll + C.H, NO: = C,H, T\.H - 2“1,0.
e
"“H 7
TCm, TTI,
TOTBIFAbl TOTBIKCHI3AAHAIBI

JKorapbl ChIHBINTAFbl OKYIIBIIAP/IBIH JKaJIbUlaMa KalTanayabl KOPBITHIHIbUIAY KEe3EHIHIE JTOTUKAIIBIK
oliyiay JeHrelin KkeTepy yIIiH 1 1-ChIHBINTa XUMHSIIBIK PeaKIUUIAPIBIH JKIKTETyl Typasbl OLTIMIH Kammbuiai
OTBIPBIIN, AalbIHFAH 3aTTapIblH KypaMblHAa KIipeTiH aTOMHBIH TOTBIFY JOpekeci e3repyi OOHBIHIIA
KikTeynepaiy OipiH Tanmaimbl3. byn cabakTa OKyMIBUIAPABIH «JIEKTPTEPICTUIIK», «TOTBIFY AIPEKECI,
«TOTBIKTBIPFBII), «TOTBIFY», «TOTBIKCBI3AAHABIPFBILDY, «TOTBIKCHI3AAaHY», TTP 3anmpuibikrapsr, TTP
TeHJACYJIepiH AYpbIC Ka3zy >KOHE SJIEKTPOHIbI OajaHc ofici kemeriMeH ko3dduuuentrepai tady Typambl
TYCiHIKTEpiH KonaaHa oTeipbin, TTP GolipiHiia 6apisik OiniMiH skuHaKTai Tycemis. TTP xapacteipy kesiHne
KaOUIETTIIIN KOFapbl CHIHBIN YIIIH JIICKTPOHIBI-MOHIBI TEHJEYI Typajbl MONIMETTi Oepyre Oomajbl.
Meicast:

s 1 0
K,Cr,0, + 14HCI = 2KCl + 2CrCl, + TH,0 + 3Cl,;
| [{a Cr,0 + 14H" + 6e — 2Cr* + TH,0,

3 [3 2CI" = 2e = CI3.

By cabakTa 31€MEHTTIH PETTiK HOMIpi apTKaH CailblH jKail 3aTTapAbIH TOTHIKCHI3IAH/IBIPFHINI KaCUETi
TOMEHJICHI, al TOTBIKTHIPFBIII KACHETI, COHKECIHINE, >KOFAphLIAWTBHIHABIFBIH €CKE CAFAHBIMBI3 JKOH.
MBpbicajibl, €KIHIIN MEPHUOATA €H OCJICEH Il TOTHIKCHI3IaHABIPFBIII — JINTUH, a1 €H OSJICEH I TOTBIKTBIPFBIIT —
¢dbrop (Oyn aTOMHBIH iMIKI 3HEPTETUKAIBIK JEHICHiHJETI 3JCKTPOH CAHBIMEH JKOHE OHBIH PajlyChIMEH
0alIaHBICTHI).

Herisri TonTarbl 3J€MEHTTEpP/IIH PETTIK HOMIpI KOFapblUlaFraH CaHbIH TOTBIKCHI3IAHIBIPFBIII KACHETI
ece/ll KoHEe, COWKECIHINe, TOTBIKTBIPFBINI KAacheTi TeMeHaeHai (OyJ1 aToM pajauyChiHBIH >KOFapbliayblHa
OaiinmanpicThl). EH KymTi TOTBIKCBI3OAHABIPFRIT — cinTirik wmertangap (Fr, Cs), am eH KymrTi
TOTBIKTHIpFBIIT — Tajoreraep (F, Cl).

Befimeranmap, merammgapra KaparaH/Ia, TOTHIKTBIPFBINI Ta, TOTHIKCBHI3JAHJBIPFBINI Ta 0ONa anajibl.
Mpican peTiHae KYKIipTTi aimyFa 0omagst

0 4 1] e H
§— S, S 5 S.
TTIII, TCIII,

TOTBIKCHI3JAHANBl TOTBHIFAIbI

OxymbutapMer Oipre KypAeni 3aTTapAblH TOTBHIKTBIPFBILI KOHE TOTHIKCHI3AaHABIPFBIN KACHETI OHBIH
KypaMblHa KIpeTiH 3JIEMEHT AaTOMBIHBIH TOTBHIFY AdpexkeciHe (T.n.) OaiiJlaHBICTBI €KEHIH Oomenaenmis.
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Mgicaner, HNO; -Te a3ot atomsl T.10.= +5 KepceTeni, Oy OHBIH €H >KOFapFbl TOTBIFY Jdopexeci. [lemek, on
©31HIH TOTBIFY JOPEXKECiH TOMEHJIETIN, TeK DIIEKTPOH KaObuimai amaabl. Con cebenTi a30T KIIIKBLIIBI —
KYIITi TOTHIKTHIPFIN. NH; -Te a30T aTOMbI TOMEH, T.[.= —3 KepceTeli, Ol TeK JJeKTPOH Oepe amajpl.
CoHMBIKTaH aMMHAaK — TOTBIKChI3AaHABIPFRIN. OkymbutapasiH TTP OolibiHma Gapiblk OUTIMIH Kyiienei
OTBIPBIT, OHBIH KIKTETYiH KapacThIpambI3.

TTP cabarpl onapablH TaOWFaTTa >KOHE TEXHUKAJAFbl PONIH KapacThIPYbIHAH KEWiH asKTalabl.
Conpaii-ax 3aTTapIbIH aIMacybl, Wipyi, alrybl, (OTOCHHTES], THIHBIC ATYBI KANIIBI MOJIIMETTEP1 KENTipemis.
ConbiMeH Katap TTP-mbiH KeMeriMeH XaliblK IIapyaniblIbIFbIHA KOKETTI Oarasbl 3aTTap ajaThbIHBIH JKOHE
XMMUSUTBIK SHEPTHSAIAH JIIEKTP dHEprusiFa Ty3uny Herizinge TTP xkaraThIHIBIFBIH €CKe callaMbl3.

barmapnamana, okynmbIKTapJa *OHE OKBITY YIepici KOHUBUTYBIH/IA JIOTHKAIBIK TAOCIJEP IIIIHEH OCHI
alTBUTFAH TOCLT kUi KommaHbIcKa ue. O OHBIH TUIMAUTITIHIH XKOFaphl eKeHiH kepceTeni. OKBITYIIBI 63iHIH
MIOHIH O1TiN KaHa KOMMal, ChIHBINTA KONITETeH OKYIIBUIAP/IBI OKBITY MYMKIH/IIrHe ue Oonanel. byn makcaTka
JKETy YIIiH OKBITYIIBI OKBITYJILIH MaKCAThIH TYCiHYi, OKBITY 9JIiCIH UTepYyi, OKYIIbIIAP/IbIH )Kac epeKIIeNiri
MICUXOJIOTHSIJIBIK CYPAKTAPhIH TATKbLIAYBI KAXKET.

OxpITy yoIepicine Oarmaprnamara OipHelle esrepicTep €HyiMeH OaiJIaHBICTBI, OJapHAbl CaJBICTHIPA
OTBIPHITI, KeJIec )Karmainap/pl ecTe caKTaraH KoH:

1) XUMUSUTBIK FRUTBIM/IAFBI )KaHAIA OasHIATFaH MOJIIMET JIOTUKANBIK 3aHIBIIBIKTAPMEH COMKeC KeNe/i;

2) MoniMeTTepiH KUbIHBIFbIHA KapaMacTaH, 8-ChIHBII OKYIIbLIApbIHA TYCIHIKTI OOJTYBI MIAPT;

3) OKy MOiMeTi JIOTUKANIBIK >KOHE PETTUTIKIECH OasHIaNaThIHABIKTaH, OKYIIbIIap/Aa TYCIHICTIeYITiIiK
TYFBI30QMIBL;

4) OKyIIBLTAP/IBIH JKayanTaphl FRUTBIMU HETI3[CITCH JKOHE AYPBIC TYXKBIPhIMIAIFaH 00JIa kI,

5) OKBITYyIIBIH  OipJieH-0ip MakcaThl JIOTHKAIBIK OWIAyasl JIAMBITY OOJBIN Ta0buTaAbl. bimiM
TYIIBUIAPABIH  JIOTHKAIBIK OHIIAybIH JAMBITY OOMBIHINA OKBITYIIBIHBIH JKYMBICHI aWThUIFaHAapMEH
mekrenMeinai. Ilonai 3eprrey oinmay KaOineTiH Oypbic, OIpi3AiNiKIEH >XoHE AQNENAl TypAe daMmyblHa
MYMKIiHJIIK Oepei.
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K. Canyakackbizbl, [.T. Kokubacosa

Pa3BuTHeE JIOTHYE€CKOr0 MbIILJIEHUS YIYCHUKOB
npu Oﬁyqemm OKHC/INTEC/IIBHO-BOCCTAHOBUTC/IBHBIX peaRunﬁ

K oBnaneHuto norukoil yyamiecss IpuxoAsT HE MPOU3BOJIBHO, a B Pe3yJbTaTe PelleHHs MPOIyMaHHON CHC-
TEMbI BOIIPOCOB, YIPaXHEeHU U 3a1a4. MplieHne GOpMUPYETCsl B €MHCTBE IPOTHBOIMOI0KHBIX TPHEMOB
YMCTBEHHOM NEATENbHOCTH JOIMYECKOr0 aHalu3a M CHHTE3a, a0CTparMpoOBaHUsA W KOHKPETHU3AIMH, KIAaCCH-
¢uKanuu U cucteMaTH3anuu. Jlormdeckui CHHTE3 3HAHUHM M TPyAa OKa3bIBaeT IIyOOKoe BO3jeiicTBHE Ha
JUYHOCTH YUCHHKA. B mcuxonornm Gosblioe 3HaYeHHE B PA3BUTHH MBIIIICHHUST OTBOJUTCS Hmamstu. Js co-
CIMHECHUS JIOTMYECKOTO MBIIUICHHUS M ITaMSATH YYCHHK JOJDKCH YMETh aHaJH3HPOBATh YYEOHBIH MaTepual,
HAXOJIUTh B HEM IJIaBHOE, CymHOCTHOE. [Ipu 3TOM 3aiada y4uresss — IOMOYb y4dalUMCS NPEICTaBUTh pe-
3yJIBTAaThl aHAJIM3a Yepe3 CHHTE3 Y4eOHOro MaTepuana B BUIE PA3IMYHOIO poja OJIOKOB MM YKPYIHEHHBIX
€IMHMUII.
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K. Saduakaskyzy, G.T. Kokibasova

The development of logical thinking of students
at training of redox reactions

The pupils do not randomly come to mastering logic, and as a result of the decision of the thought system of
questions, exercises and tasks. The thinking is formed in unity of opposite methods of cerebration of the logi-
cal analysis and synthesis, abstraction and a specification, classification and systematization. Logical synthe-
sis of knowledge and work make deep impact on the identity of the pupil. In psychology the great value in
development of thinking is allocated for the memory. For connection of logical thinking and memory the pu-
pil has to be able to analyze a training material, to find in it the main thing, intrinsic. Thus a task of the teach-
er is to help pupils to present results of the analysis through synthesis of an educational material in the form
of different blocks or integrated units.
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