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PLENARY SESSION

New concept for active control of Mg corrosion: from
resorbable implants to boosting Mg-battery performance

M. L. Zheludkevich, S.V. Lamaka, D. Hoeche
MaglC—Magnesium Innovation Centre, Helmholtz—Zentrum Geesthacht Centre
for Materials and Coastal Research, Geesthacht, Germany,
e-mail: mikhail.zheludkevich@hzg.de

Magnesium and its alloys are among the lightest structural metallic materials
and considered as promising materials for resorbable implants and energy
storage. However, the high corrosion susceptibility significantly limits their
application range. Recently different authors have demonstrated that noble
impurities present in the Mg-based materials can play detrimental role for
corrosion resistance making the degradation process hardly controllable. The
results presented in this work contribute to understanding the role of iron
impurities in the degradation process and suggest a way for linking the observed
phenomena to the recent literature. The shown enhanced cathodic activity of
dark areas especially at the corrosion front and the superfluous hydrogen are
linked to an iron re-deposition mechanism [11]. The proposed mechanism is
based on the results obtained from innovative characterization techniques using
magnetic fields, diffraction experiments and transmission electron microscopy,
which show the formation of iron rich zones, especially at the corrosion front
offering "in statu nascendi" metallic Fe films acting as active cathodes for
hydrogen reduction. The effect drastically accelerates corrosion of impurity
containing Mg.

In the present work we assume that if Fe re-deposition is prevented, the area
of cathodic sites can be drastically decreased and hence corrosion of Mg can be
suppressed. In this proof of concept work we use strong Fe**complexing agents
in order to remove dissolved iron cations from corrosion sites and prevent iron
re-deposition. All used iron complexing agents efficiently lowered the corrosion
rate of Mg. Direct correlation of complex stability with its inhibiting efficiency
was established [2]. Applicability of this concept to control the degradation of
Mg-based implants and to boost performance of primary Mg-air batteries is
demonstrated.

References
1. D. Hoche [et al.]. Phys. Chem. Chem. Phys. (2016) 18 : 1279.

2. S.V.Lamaka [et al.]. Electrochemistry Communications (2016) 62 : 5
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Architectures of quantum dots for nanophotonics

N. Gaponik
Physical Chemistry, TU Dresden, Dresden, Germany,
e-mail: nikolai.gaponik@chemie.tu-dresden.de

Stable and strongly light-emitting colloidal quantum dots (QDs) of various
semiconductor materials can successfully be obtained in both polar and unpolar
solvent media [1]. Due to quantum confinement, the photoluminescence (PL)
and absorption of the QDs are dependent on their size and shape, which in most
cases can be controlled by the preparative conditions. After synthesis, the QDs
can be additionally treated to improve their size distribution, PL quantum
efficiency (QY), solvent compatibility and stability. The PL QY of state-of-the-
art QDs that will be discussed in this presentation reach 50-90 %.

Surface design of QDs.

The design of surface ligand shells of QDs is of great importance for their
applications [2]. Nowadays, the variety of successful examples of all-inorganic
capping is known. This kind of ligand exchange is a key step in the QDs design
necessary for their applications in solution processable (e.g. printable)
electronics. These ligands provide very short interparticle distances in QD
solids, which is desired for the efficient coupling and charge transfer. These
solids outperform organic semiconductors in many critical parameters, such as
carrier mobility and chemical stability. Moreover, all-inorganic shells can play a
role of dopants thus ensuring the fine-tuning of carrier concentration.
Nevertheless, the formation of 2D or 3D ordered nanostructures from the all-
inorganic-capped QDs appears to be extremely challenging. The introducing of
hybrid capping approach by utilizing short chain amines allows not only
efficient ordering of the QDs but also extends their processability to common
solvents such as chloroform [3]. In addition to applications in electronics, our
method can be extended to achieve phase transfer of organically soluble QDs
into aqueous media, including biologically relevant buffers [4]. The procedure is
quantitative, widely applicable and it significantly preserves original PL QY of
the QDs.

Assembly of QDs.

Assembly approaches have been nowadays recognized as main working tool
of bottom up chemical nanotechnology [5]. The assembly of strongly emitting
semiconductor QDs can be performed on flat, porous and spherical surfaces,
thus being important for thin-film technologies, doping of mesoporous
materials, modification of pre-patterned substrates, creation of microshells and
cavities, forming processable bulk composites, etc. Self-assembly approaches or
the use of removable templates make possible the formation of nanowires or
nanoporous 3D materials created solely from the assembled nanoparticles.
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Hierarchical assembling and assembling of QDs with other organic or inorganic
entities open up a possibility to achieve architectures with literally unlimited
functionalities.

QDs in matrices.

The recent advances in preparation of QDs embedded into the robust ionic
salt matrices will be briefly overviewed. Making various QDs compatible with
the saturated salt solutions is a challenging task, especially for the QDs
originally synthesized in the unpolar organics. To assure embedding of the
unpolar QDs into salts, the methods based on the liquid-liquid diffusion assisted
crystallization as well as “cold flow” approach are recently introduced. Salt
matrices may also be considered as a media for the efficient solid state anion
exchange as demonstrated on the example of perovskite QDs. The resulting QD-
salt composites are exceptionally stable and well processable emitters.

All mentioned QD architectures have already secured, and will secure in the
future, a wide field of applications, ranging from life sciences to photonics and
(opto)electronics. In particular, applications in (opto)electronics cover the light-
emitting diodes, displays, photovoltaic windows, field effect transistors and
optical sensors.
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Du3NKO-XUMHYECKHE NMPOLeCChI,
HHIYUHPOBAHHbIC KABUTALUEH

A. . Kynaxk
WucTutyT 06mieit n Heoprannueckoit xumun HAH Benapycu, Munck, benapychb
e-mail: kulak@igic.bas-net.by

W3BecTHO, YTO BIMSHUE YIBTPAa3BYKOBOW KaBUTAIMM Ha MPOTEKaHUE
(PU3NKO-XIMHYECKHX TPOIECCOB COMPOBOXKAAETCS COYETaHUEM psiia GaKTOpPOB
— WHTeHCH(UKAIMe MaccomepeHoca, MEXaHMYECKUM pa3pyIIeHHeM (3po3neit
ITOBEPXHOCTH M JUCIIEPTUPOBAHMEM TBEPABIX YACTHUI], SMYJIBTUPOBAHHUEM),
YCKOPEHHEM JIMMHUTUPOBAHBIX AU(PPYy3nei XUMHUUECKHX U IEKTPOXHUMHUUECKUX
peaKIuif, a TaKKe BbHI3BIBAET COHOJIOMUHECIECHINIO, 3BYKOKAIMUIIIPHbIE
3¢ (EKThl 1 COHOXUMHUYECKHE peakuud. Hamu ycTaHOBIEHO, YTO MMITYJIbCHAS

14


mailto:nortlight@mail.ru

MOJIYJSIIUS TIIOTHOCTH CPEIbl, CBA3aHHAS C ACCUMETPUYHBIM CXJIONIBIBAHHEM
KaBUTAI[OHHBIX ITy3BIPHKOB B MPUAJIEKTPOAHOW 00JIaCTH, CIIOCOOHA BBI3BIBATH
JIOKQJILHOE CHI)KEHHE »HHEPrUM pEeopraHu3allid cpelbl W TeM CaMbIM
3HAYUTENBHO MOBBICUTh KOHCTAHTY CKOPOCTH 3JIEKTPOHHOTrO IepeHoca [1]. Oto
NPUBOJMUT K YBEJIMYEHUIO CKOPOCTH KHHETHYECKOH CTaJuM OKHCIUTEIBHO-
BOCCTaHOBUTEJBHBIX TIPOLIECCOB (37EKTPOXUMHUYECKUX u
(OTORIIEKTPOXUMHUYECKUX pEaKlHi), OCOOEHHO SPKO NPOSBISIONIEECs, B
YaCTHOCTH, B YCJIOBHUSAX COYETAHHOro NeHCTBUS Y D-HU3IydeHUs U UMITYJIbCOB
JaBJICHUS B KaBUTAIIMOHHON 00JIaCTH, TEHEPUPYEMOH MOIIHBIM 3JICKTPHIECKAM
pa3psaoM MEXAY DJIIEKTPONaMU B JJIEKTPOXUMHUYECKOM sueiike. B aTux
YCIIOBHSIX HA THUTAHOBOM OJIIEKTPOAE HE TOJBKO HAOMIOMAIOTCS 3PQEKTHI
3apSDKCHUSI «HAKAYKW» JBOHHOTO 3JIEKTPHUECKOTO CJIOSI € TOCIEIYIOINM
HCITyCKaHUEM BBICOKOMHTEHCHBHOI'O CBETOBOTO MMITYJIbCa, HO ¥ (DOPMHUPOBaHNE
TIOBEPXHOCTHOI'O CJIOSA AJUOKCHJA TUTaHa C YHUKAJIbHBIM COUYCTAHHUEM q)I/I3I/IKO-
XUMHUYECKUX CBONCTB [2]. B aHAJIOIMYHBIX YCIIOBUAX B
JUMETWICYIb(GOKCHIHOM DIIEKTPOJIUTE, COJEpIKAIIEM alCTUICHH JIMTHSA, Ha
MOBEPXHOCTH aHoja (QOpMHUpYyeTcs CJIOHW  anMa3onoJo0HOro  yriepoja,
0GOraIeHHOr0 SP>-ruGpUAN30BaHHON (anMasHol) HaHo(aszol [3]. OGmacTs
BBICOKOMHTEHCUBHOM KaBUTallUKM TaKXC MOXKCT OBITh CO3JaHa IYTEM
JIEKTPUYECKOTO B3pPBIBA TOHKOTO TPOBOJHUKA, NMOTPY>KEHHOTO B )KHUAKOCTH. B
3THX YCJIOBHSAX B pSJAE CIy4aeB HMEET MECTO CHHEPIW3M IIPOIECCOB
MaccomepeHoca, QoroxuMmudeckux (poTokaTtamuTHueckux) IPPEeKToB U
COHOXMMHUYECKHUX (COHOKATAIIMTUYECKUX) MPOIECCOB, M, KaK CIIEACTBHUE, NPU
BBICOKMX MOIIHOCTSIX pa3psifa 3HaYMTENHbHO NOBBIMACTCS A(PQPEKTUBHOCTH
COHO(OTOXMMHUYECKOTO pa3pyLICHHUs PACTBOPEHHBIX OPraHMYECKUX BEILECTB,
HWHAKTUBaIluHU MHUKPOOPraHnu3mMoB, I/IHTeHCI/ICbHKaHI/I)I MpOo1ECCOB
JIUCIIEPTUPOBAHMSL.

Cnucok auTepaTypsl
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2. S.Poznyak, D. Talapin, A. Kulak. J. Electroanal. Chem. (2005) 579 : 299.
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CuHTe3 1 HcclleJOBaHHE XapaKTepa CIMH-KPoccoBepa
B Komiiekcax skese3a(ll) ¢ 1,2,4-Ttpuaszosamu u
Tpuc(nmupaszon-l-ui)Meranamu

JLT. JIaue.peHOBaI’2
"YMucuryT Heopranmueckoii xumin CO PAH nm. A.B. Hukomnaesa,
Hosocubupck, Poccnst
2H0130c146npc1<m“1 HalMOHAJIbHBIN UCCIIEI0BATENBCKUM MOCYJapCTBEHHBIH
yuauBepcurert, e-mail: ludm@niic.nsc.ru

CnuH-KpoccoBep (CIMHOBBIH MEpPEX0J) B KOOPIUHAIMOHHBIX COCTUHEHHIX
3d-meramioB ¢ snextpomHoii koH¢urypammeit d'-d’ — omgHo W3 cambix
HHTEPECHBIX SBICHHI B XHMHHM KOOPAWHAIMOHHBIX coequHenuit [1-3].
Coenunenus, 001adal0NIME CBONCTBOM «OUCTaOMIIBHOCTH» — CIIOCOOHOCTBHIO K
CYIIECTBOBAaHMIO B JIBYX COCTOSHHMAX: HM3KocmmHOBOM (S = 0) u
BBICOKOCTIMHOBOM (S = 2), MOTYT CIYXHThb MaTepHalaMd Uil CO3JaHHsA
JWCIUICEB W CHCTEM NaMsATH. Hambonee MEpCTIEKTHBHBI [UIS MPAKTHYECKOTO
NIPUMCHEHNSI KOMIUICKCHI, B KOTOPBIX CIIMH-KPOCCOBEP COIPOBOXKIACTCS
TEpMOXpOMHU3MOM. B mokmazne OynyT mpencTaBieHbl CHHTE3 M HCCIICIOBAaHHE
kommiekcoB paznmuHbix coneit Fe(Il) ¢ 1,2,4-tpuazonamu 1 mpuc(mmpa3zon-1-
MI)METaHAMH, B KOTOPHIX Habiromaercs crmH-kpoccoep (CKO) 'A; < °To.
ITonydens! u uccneaoBanbl cepun coenunenuit xemnesa(ll) ¢ 1,2,4-tpuazonamu
cocraBa FeL;AnnH,O (m = 1, 2; n = 0-2). B GONbIIMHCTBE W3 HHUX
Habmonaercs peskuit CKO ¢ rucTepe3sricoM Ha KPUBBIX 3aBHCHMOCTH [lypg(7).
Temneparypsr CKO (7.) mis coeMHEHM pa3nYHOTO COCTaBa HAXOJATCS B
nuanazone 200-400 K. Bropoii ucciaegyeMbplii HaMHM KJlacC COEIHHEHUH,
obmanatommx CKO, — xommiekcel Fe(Il) crpuc(nupason-1-wn)Mmeranamu
cocraBa [FeL,]An'nH,O (m =1, 2; n = 0-2). B xommiekcax ¢ tpuc(mupazon-1-
WJI)METaHOM CIIMH-KPOCCOBEP NMPOUCXOAUT IIpU O0Jiee BBICOKHUX TeMIlepaTypax —
B uaTepBatie oT 340 K 10 470 K. B 00onx kraccax HaOMOOaeTCs CyIIECTBEHHAS
3aBUCHMOCTh 7, OT cocTaBa COCIMHEHHMS — JIMTaH[a, aHHOHA, MOJEKYJI
KPHUCTAJUIM3alMOHHON BoJibl. CHIMH-KPOCCOBEp B JaHHBIX COEIMHEHUSX
COIIPOBOXKIAETCS TEPMOXPOMHU3MOM: M3MEHEHHUE IIBETa PO30OBBIN (ITypITypHBI)
& Oemprit. Ilepexon BOCTIPOM3BOIUTCS MHOTOKpaTHO ©0€3 W3MEHEHUS
CTEXHOMETPUH KOMILIEKCa.

PaGora BemosnHeHa npu ¢uHaHCOBOH mozyepxkke PODU, mpoekr 16-53-
00020 ben_a.
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2. M. A. Halcrow. Spin-crossover Materials Properties and Application. U. K.:
J. Wiley&Sons Ltd (2013).
3. L. G. Lavrenova, O. G. Shakirova. Eur. J. Inorg. Chem. (2013) : 670.
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Solid electrolytes with anionic and cationic conductivity
as catalysts for isobutanol conversion

I. I. Mikhalenko, A. I. Pylinina
Department of Physical and Colloidal Chemistry, Peoples Friendship University
of Russia (RUDN University), Moscow, e-mail: mikhalenko_ii@pfur.ru

The perovskite's like complex oxides with electron-anionic conductivity
(BIMEVOXfamily) and complex Na(Cs)-Zr-phosphates (NASICON like family
solid solutions NZP or CZP) are of a special interest for catalytic application.
The ternary vismuth vanadates with general formula BisV, M,,011 5 with V*3
ions, replaced by M = Cu*? Fe®™ 2zr* exist in several polymorphic
modifications (o, or monoclmlc B, or orthorhombic and vy, or tetragonal).
Ternary phosphates Cs »,M.Zrz(PO,) with M = Ni*?, Co*, partially replaced
conducting Cs" ion, or double CsZr,(POg)sand Mg sZr,(POy); Were studied in our
work too. The general structures of solids solutions for two types of ionic
conductors are shown in Fig. 1, a, b [1, 2].

— 2 NGO 400 oC
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PO; P i J
? :'.m'! t 0,0 —J

| - Wie -ho

Fig. 1. The frameworks of NZP (a), BIMEVOX (b) and the yield of i-butanal
(N, uM-g~*-h™) at 400 °C for BICUXOX, BIFEVOX,
BIZRVOX in a-, B- and y-phase

Na-Zr-phosphates and BIMEVOX were studied earlier as catalysts for conversion
of C3-C4 aliphatic alcohols in the temperature range 200-430 °C [3, 4]. With
increasing M content in Bi,V, 5M,,014 5, Where x = 0+0,16, the total degree of
isobutanol’s conversion changes negligibly for a-phase, reaching as ~10 %, while
it is in 5-6 times higher for the B- and y-phases (more than50 %). Only for y-phase
of most active BICUVOX catalysts the selectivity for olefin S at high
temperatures is about 20 % vs. S¢¢ ~ 10 % for Bi,V,0;1s. Fig. 1, ¢ demonstrates
the rise in the dehydrogenation activity of BIMEVOX catalysts in the series of
a—pB—ya nd Fe—Zr—Cu. Great differences in the catalytic activity of M in the
BIMEVOX samples of a- and B, y-phases areexplained by the different states of
oxygen ions in the ion pair M**~0*" considered as catalytic active site of aldehyde
formation. Highly conducting y-phase corresponds the smallest values of apparent
activation energy for dehydrogenation reaction E,°"° and activation energy of

17

¥


mailto:mikhalenko_ii@pfur.ru

isobutanal formation correlates linearly with activation energy of conductivity. The
phase changes do not affect the value of isobutene formation E,°~C.
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Fig. 2 The elementary cell volume of Csyy_NixZrz(PO,); framework — &;
the temperature dependence of i-butanol conversion to i-butene for Cs-Ni-ZP with
x=0,5(A), 0.25(e), 0.15 (o) — b; the comparison of apparent afctivation energy of
i-butene formation over catalysts Cs(;_,MxZr2(POg4)s - ¢

Cationic conductors with general formula Csg_,yMZr,(PO,)swere obtained
by sol-gel method and characterized by XRD, ESCA, SEM, BET. The ratio of
P/Co and P/Ni in the surface layer indicates the lack of phosphate groups on the
surface, but M/Zr and M/Cs have more twice elevated ratio comparing with
stoichiometric ratio. The bond energy values for cobalt (+2), nickel (+2), cesium
(+1) and zirconium (+4) remained the same in all zirconium orthophosphates.

The cell volume of double Zr-phosphates with Ni and Co was 2 times less
than ternary ZP (Fig. 2, a). This is the major reason of olefin formation decrease
(Fig. 2, b) that connects with the augmentation of apparent activation energy for
dehydration reaction (Fig. 2, ¢). That's why we observed the synergism for pairs
of conduction cations,such as CsCo and CsNi, in catalytic transformation of i-
butanol on CZP.

So, catalytic activity of solid electrolytes with different type of conductivity
depends on the nature of conducting material, its crystal structure, composition
of the complex substance with active sites including the charge carrier in anion-
deficient tetragonal phase of perovskites or Cs, Ni, Co in NASICON-like
structure. The possible mechanisms of two paths for i-butanol conversions on
complex active sites will be analyzed.
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Models of object — subjective interrelationships in chemistry
training in higher medical school

Vasil Hadzhiiliev
Faculty of Medicine, Trakia University, Stara Zagora, Bulgaria
e-mail: vashi@abv.bg

Lectures and practical lessons are the main organizational forms of
education in higher medical schools. In the classical model of higher education,
between the lecturers (usually more than one) and the students are built object-
subjective interrelationships that are realized through these two basic forms of
education. Nowadays, the organizational forms have become more diverse and
they can be divided into three groups: Group A — covering the requirements of
MILC (minimum informative level of competence), group B — upgrading
knowledge and skills and group C — scientific work. These interrelations are
presented in the scheme.

Key words: lectures, practical classes, credits, elective forms, scientific
work.
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CTpaTeFHH XUMHYIECKOro 06pa30BaHHﬂ

I A. OpsexoBckuii', C. 10. Crenanos®
"MockoBckuii nierarornaeckuit TrOCYAApCTBEHHBI YHUBEPCUTET
“MocKoBCKHit TOPOJICKOM Ie1arOru4eCKuil yHUBEPCUTET,
Mocksa, Poccus, e-mail: p.a.orzhekovskiy@gmail.com

He onpHO cronerme menaroroB HMHTEpECYeT  KIIOYEBOW  BOMPOC:
«[apanTHpyloT JM ycnexu oOy4eHHsl B IIKOJIE M B BY3€ YCIEXH MOJIOIBIX
JoAeH B KU3HU?». PeOCHOK MOXKET OTIMYHO YYUThCA B IIKOJE, a 3aTeM BY3e,
HO He HaWTH cebs B ku3HU. C 9eM 3To cBs3aHO? B Toxke BpeMs y HEKOTOPBIX
JBOCYHUKOB M TPOCYHHKOB, T.C. HEYCIICIIHBIX» B ydeOe, HCOXHIAHHO LIS
BCEX, PACKpPBIBAIOTCA TaJdaHTHL. Henp3s OTHECTH K YCHEUIHBIM YYCHHKAM:
Anpbepra DitamTelHa, FOctyca Jlnbuxa, Tomaca Dmucona, /. 1. Menneneena,
Bepnepa I'eitzendepra u ap. Ho, 3To He 3HAYUT, YTO TaXaHTHl PACKPHIBAFOTCS
TOJIBKO CPEIU IBOCYHUKOB!

Bosnukaer japyroii Bonpoc: «KakuM JIOJKHO ObITh 00ydeHHE, YTOOBI OHO
TOTOBWJIO MOJIOABIX JItOJAeH K *Ku3HU?». OTBET Ha 3TOT BOmpoc Oojee cTa JeT
CBSI3BIBACTCSl C JABYMsI CTpaTerHsMHU OOYy4eHHs, KOTOpbIE MOXHO O0003HAYHTh
TaKk: I. Packpwieams, kax ycmpoer mup. 2. Obyyams no3Hasamos mup.

Crpateruio packpbITHS yCTpPOHCTBa Mmupa MOXXKHO OINpPENeNnuTh, Kak
penpoayKTHBHOE oOydeHue. [Ipu Takod cTpaTerny MO3HAHHE TPAKTYETCs Kak
MpoIecC PETPAHCISIIAN 3HAHUA OT CTapIIero MOKOJNICHUS K Mitammemy. [Ipu
TakoM OOyUYCHHH NOMHWHUPYET NPUHIHI HHTEIUICKTyalli3Ma — HapalliBaHUE
MHTEJJIEKTYaJbHOrO Oaraka MOJIOJBIX JIIOJIEH sBIsieTcst camouenbio: «Uem
6ombine, Tem myume! Tem rnyOxke, Tem usydme! UYem coBpemeHHee, TeM
myqme!»

[Tpn peanuzanuy penpoayKTHBHONH MOJeNI 00y4YEeHUs POJIb TPEeTojaBaTess
mpenensHo ympomieHa. [lemaror — HacMIbCTBEHHBIN Onaronerens. OH 3HAET,
KaKUMH JOJDKHBI OBITH CTYJIEHTHI M YTO OHM JOJDKHBI Aenarh. Ero 3amada
COCTOWT B TOM, YTOOBI OPraHN30BaTh CTYJCHTOB MM Ja)Ke 3aCTABUTH MX MOHATH
M 3alOMHHUTH TO, 4TO TpeOyercs. OH MOIMyCKaeT, 94TO CTYAEHTH MOTYT €ro
60sThCA W Taxe HeHaBuAeTh. OH IEHCTBYET B COOTBETCTBHUH C, Ka3aJloCh OFI,
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MIPUBJICKATENbHBIM JO3yHroM: «He Hy)XHO y4uTh M MepeyduuBaTh, HY>KHO Cpasy
JaBaTh y4eOHbI MaTepuaj Ha COBPEMEHHOM Hay4dHOM ypoBHe!». [Ipu Takom
00y4eHUH MOTHBAIMS CTYACHTOB, KaK MPaBUJIO, BHENIHSS U B IIEPBYIO OYepelb
OIIGHOYHasl, CBSI3aHHAsA C IMOJYyYEHHEM XOPOLIMX OTMETOK WM HENOoydeHHEM
IUIOXHUX.

OmbIT MO3HAHUS NPH PENPOAYKTHBHOM OOYYEHUH CBOAUTCS K CIIOCOOHOCTH
3allOMHHATh y4eOHbI Marepuan OoJjpmioro odbema, K OECHpHCTPAaCTHOMY,
POBHOMY OTHOIICHHIO K ydeOe. TamaHTIMBBIA CTYIOCHT — 3TO TOT, KOTOPBIH
YYUTBCS € JIETKOCTBIO, TO €CTh MOJYYaeT MSTEPKH, 0€3 0c000T0 Tpyaa.

PempoxykTiBHOE OOydeHHE yTHETAIOMIE BIWSET Ha  CIIOCOOHOCTH
pedIeKCHBHO M KPUTHYECKH MBICIUTH HE TOJIBKO CTYICHTOB, HO M CaMHX
IIe1aroroB. OTa MOJIENb XOPOIIO BIUCHIBAETCS B UICOIOTHIO IIOTPEOUTEIIECKOTO
U TEXHOTPOHHOTO OOINECTBA C €r0 CTPEMJICHHEM BCE CTaHAAPTU3UPOBATH U
allrOPUTMU3UPOBATh. XapakTepHo, 4To YPOBEHb BJIaJICHUSA
yHI/Iq)I/IIII/IpOBaHHLIMI/I KOMIICTCHIIMAMHU JICTKO IMPOBEPUTH C IMOMOIIBIO
Pa3IMYHBIX TECTOBBIX METOIMK, YTO B HACTOSILEEC BPEMs MOJIYYWIIO OOJIBIIOE
pacnpocTpaHeHHe.

B cooTBeTcTBMM C OPOAYKTHBHO#M cTparerweil oOydyeHHsS IO3HAHHE
paccMaTrpuBaeTcs Kak IO3HaBaTeNbHOE YCHIIME IO IPEOJIOJICHUIO TPYIHOCTH
OTKPBITHS HOBOTO. BakHBI HE TONBKO HHTEIUICKTyaJlbHbIE, HO U
COOTBETCTBYIOIINE JIMYHOCTHBIE KadecTBa. JIMUHOCTHas 0OyCIOBICHHOCTh
MO3HAHMS — HE TOJHKO MOTHBAIIMOHHAs COCTABIAIOIIAs, HO M ILEHHOCTHaf,
BOJIEBas U LeJICBasl.

[TponykTHBHOE MMO3HAHME — TPOLECC CAMOOPTAaHM3AIMKA M CaMOIIO3HAHMS,
HaHpaBJ’IeHHLII‘/’I Ha TMpCOJOJICHUEC TMCPMAaHCHTHOI'O L[C(I)I/IHI/ITa UMCIOIIUXCA 'y
YeloBeKa 3HAHWH, KOMMETEHIMH W  YMEHHH; TIpolecc COOCTBEHHO
TIO3HABATCJILHOTO  YCUJIUA. B coorBercTBHE C HpOI[yKTHBHOfI MOJICJIBO
O6y‘leHI/Iﬂ OCYIIECTBJIACTCA HE BO3BBIHNICHHUC TaJIAHTOB W JUCKPpUMHHAIIUA
«OOBIUYHBIX» MOJIOJBIX JIIOACH, a CO3/IaHHe YCIOBHH I OJApUBAHUS KaKJOTO
CTYACHTA TaJIJaHTaMU. Tanant B HpOI[yKTHBHOﬁ MOACIN — TOTOBHOCTH H
CHOCOOHOCTh  IIPEOJOJIeBaTh TPYJHOCTH M TpoOJIeMbl B mporecce
TI03HABaTEJIbHO-CO3MIATEIbHON JeATeNbHOCTH. B mporecce mo3HaBaTeslbHON
JeATeIbHOCTH (pOpMHUpYETCs M pealn3yeTcs:

*  II03HABATEIHHO-HMCCIIEOBATENIbCKAS AKTHBHOCTE;

° KpPEaTUuBHOCTD,

*  pedIeKCUBHOCTh  (CIIOCOOHOCTH  TEPEOCMBICIMBATh  CTEPEOTHITHI
COOCTBEHHOTO U 4Y>KOT'O OIBITA);

* KPUTUYHOCTD 110 OTHOIICHUIO K 0aHaJILHOCTH U TIOBEPXHOCTHOCTH,

*  TOTOBHOCTH K IIPEOIOJICHHIO HEYyCIleXa U T.A., ¥ T.II.

OnpIT TO3HaHWS STO — OIBIT YCIEIIHOTO IPEOJONICHUSI HE TOJBKO
HUHTCJUICKTYAJIbHBIX U JIMYHOCTHBIX, HO U KOMMYHUKATUBHBIX U KOOTIEPATUBHBIX
3artpyqHeHuid. [Ipy TakoM cojep)kKaHMM ONbBITa IIO3HAHUS CHOCOOHOCTH
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MOJIOAEKN YUYUTBCS CAMOCTOSATEIBHO W3 JIO3yHTa «HAYYUTh YUUTHCSY,
NpeBpaIaeTcsi B HEOOXOJMMBIH IMOOOYHBIA MPOIYKT MpOLecca Ppa3BUTHUS
CHOCOOHOCTH MTO3HABaTh MHUP BO BCEH €ro MOJIHOTE M MHOrooOpa3uu. Pesynbsrar
MIO3HAHUSA — 3TO HE TOJNBKO 3HAHUS, YMEHUs U KOMIIETCHLIUN.

[Ipu peanuzanny NpOAYKTHBHON MOJIENH OMBITA TO3HAHKS B 00y4EHUH
BCE MCXOAHbIE KOMIIOHEHTHl: M MWHTE/UIEKTyallbHble, U JIMYHOCTHBIE, U
KOMMYHUKaTHBHBIE, W  KOOIIEPAaTHBHBIE  CHHEPreTHYECKHMM  00pa3oMm
B3aMMOJIOTIONHSIOT ¥ B3aUMOPA3BUBAIOT IPYT APYyra MOCPEICTBOM PE(IICKCHH.

I'eorpadgmueckue ocobeHHOCTH (POPMHUPOBAHUS
CTY/ICHYeCKOr0 KOHTHHIeHTa YHUBEPCUTETA
(Xumuko-reorpaguyecKkue KapTbl)

O. H. PrikoBa, H. E. Ky3emenko, A. A. AragoHoB
MoCKOBCKOro rocyfapcTBeHHbI yHuBepcurer uM. M. B. JlIomoHOCOBa,
Mockga, Poccus, e-mail: ron@phys.chem.msu.ru

Hacrosmas paboTa mocBsIeHa BIMSHHUIO TEPPUTOPHAIBLHOTO (akTopa Ha
(opMHpOBaHHE KOHTHHICHTA MEPBOTO Kypca OJHOTO M3 €CTECTBCHHOHAYYHBIX
¢dakynereroB MI'Y — xumunueckoro. EskeromHo cryneHtamu Xumdaka,
oOydJaromumucs Ha OI0KEeTHOH OCHOBE, cTaHOBATCS 223 yenoBeka. [ 'eorpadus
npuema Ha hakyabTeT TpaauinnuonHo, ¢ Bpemen CCCP, Oblia OueHb HIHPOKa, U C
1991 r. mo Hacrosimee BpeMs Ha IEPBOM Kypce €XeroJHO IpeCTaBICHBI
MHorue peruoHel P®. IlpuBieueHue BBITYCKHUKOB IIKOJ CO BCEH CTpaHbl
SBISIOCH W ceWdac SBISIETCS OJHUM U3 IIPUOPHUTETOB B JIESATEIBHOCTH
¢dakympTeTa.

W neonorn HOBOM CHCTEMBI 3a4HCIIEHHS B POCCHICKHE BY3bI 110 PE3yiIbTaTamM
EnuHbIX rocyapcTBEHHBIX 3K3aMEHOB BO MHOTOM OIIPAB/BIBAIIN €€ BHEIPCHHE
JOCTYITHOCTBIO TOCTYIUICHHS! B JIO0OH By3 A aOWUTYpPHUEHTOB C JTaJICKOH
nepudepun cTpaHbsl. TeM camMbIM IPeIoyaraisoch, YTo 3TOH JOCTYITHOCTH 0
BBeneHna EI'D He Obuto. MBI pemmin MpOBEpUTHh 3TO YTBEPXKACHUE, H3YUUB
reorpaduueckne 0COOCHHOCTH (OPMHUPOBAHUS CTYJIEHYECKOTO KOHTHHTEHTA
¢dakympTeTa Ha BO3MOXKHO OOJBIIEM OTpe3ke BPEMEHH, 4YTOOBI BBISBHTH
OCHOBHBIE PETHOHBI — «IIOCTABITUKI aOUTypHUEHTOB u crenarthb
KOJIMYECTBEHHYIO  OIICHKY  «IPOM3BOAHUTEIBHOCTH»  PETHOHOB, OIICHUTH
KayecTBO (WJIM IOATOTOBJICHHOCTH) IIOCTYMAIONIMX KaK OTHOIICHHE YHCia
3a4MCIICHHBIX Ha MEPBBIH Kypc K 0OIIeMy 4Yucily aOMTYpPHUEHTOB M3 JAaHHOTO
peruona. lHTepecHO Tarxke ObIIO IPOaHATM3HPOBATh BPEMEHHBIE 3aBHCUMOCTH
reorpa)Mueckoro pacrpefeieHiss M OLEHHTh CTaOWIBHOCTb TOSIBJICHUS
aOUTYpUEHTOB ¥ CTY/ICHTOB U3 KQ)XIOTO PETHOHA.
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B Hamem pacropspkeHMM OBUIM CHHMCKM IIOAABIIMX 3asBICHHE Ha
XUMUUYECKHH (paKyabpTeT (aOUTYpHEHTOB) M CIIUCKM 3a4KCIEHHBIX 3a 19 jeT — ¢
1999 mo 2017 rr. U3 Bcex cnuckoB ObUIM oTOOpaHbl rpaxzaaHe Poccuw,
IIPOBEACHO OTHECeHHe Mo cyObekTaM P@® u mnpousBeneH NoOJACUET dYHCTIa
abutypueHToB. Pe3ynbTaThl MpecTaBleHbl B BHE TeorpadMueckux KapT-cXeM
Poccun B cOOTBETCTBHHM € METOJUKOM Kadeapbl IKOHOMUYECKOW U COLMAIbHON
reorpadun Poccun reorpaduueckoro dakynprera MI'Y [1, 2]. OcobeHHOCTBIO
KapT SBISIETCS OTOOpa)XCHHE W CpaBHEHHE HE OOIIero 4rcia abUTypHUEHTOB W3
Pa3HBIX PETHOHOB (TaKoe CpPaBHEHHE MeHee MH(OPMATHBHO BCIEICTBHE OUCHB
pa3IHYaroneicsl TNIOTHOCTH HACENCHHUS), & OTHOCUTEIHHOTO — B TIEpecUeTe Ha
100 ThIcAY HaceneHus. MccienoBaHHBIH BPEMEHHOW MHTEpBAl IOJIHOCTBIO
BKJIIOYAET CMEHY MEXaHH3Ma 3auMcieHus B cTpaHe: Beap 10 2004 r. nmpuem B
MI'Y mpoxoamn TO KiIacCHUecKod cxeme (IO pe3yiabTaTaM YeThIpeX
BCTYNUTEIBHBIX 9K3aMEHOB), 3aT€M BCTYIHTEIbHbIE HK3aMEHbl YaCTHYHO, a B
2010 r. MOJHOCTBIO OBLIM 3aMEHEHBI YUETOM pe3ysbTaToB ueThipex EI'D mmoc
OJIVH BHYTPEHHUH 3K3aMEH.

Pe3ynbraThl HMccienoBaHMSA MO3BOJSIIOT  3aKIIOYUTH, YTO CIPOC HaA
(dbyH1aMeHTanbHOE BhICIIee 00pa3oBaHKue B Poccuy MMeeT BIOJIHE OTYETIINBBIC
reorpadUueckue XapakTepUCTUKU. Monenb «siapo— nepudepus» Ooiee
OTYETJINBO HAOJIONAETCS B HAdaJle HCCIECIYyeMOTO BPEMEHHOTO MHTEpBana U
Oomee  XapakTepHa  JUIi  paclpesieNeHus  HMEHHO  aOUTypHEHTOB.
IMpocnexuBaercss BIMAHUE KPYNHBIX POCCHHCKMX YHUBEPCHTETCKHX IIEHTPOB
(«Oenple TATHa» Ha KapTax, COOTBETCTBYIOLIHME, HanmpuMmep, JIeHWHrpanckoi
wim ToMckoii 00sacTsM), OTTATMBAIOIINX Ha ce0s MOTEHIHAIBHBIX CTYACHTOB
MI'Y, onHako 3TO BIMSHUE CUJIbHEE BBIPAXKEHO B TOJIbl, MPEIUIECTBYIOLINE
2010 r. MOXHO BBIICTUTH PETHOHBI, SBISIOMINECS CTAOMIBHBIMHU «IOHOPAMMU»
aOWTYpUEHTOB W CTYyIEHTOB, 3T0 Bnaammupckas, Kamyxckas, Bomoroackas
obmactu, PecnyOmuka bBamkoprocran, Pecnybnmka Kowmu, YensOunckas
obmacte B eBponeiickod uvactu Poccun. Ecnu B mepBbie roasr XXI B.
MIOJTHOCTBIO OTCYTCTBOBAJH aOWUTYPUEHTHI M, COOTBETCTBEHHO, CTYACHTHI H3
reorpadMuecky yIajdeHHbIX OT MockBbl paiioHoB — ¢ JlaneHero Boctoka, u3
Bocrounoit Cubupu, To B HOCIEAHNE TOJbl HAMETHIIACH TCHICHIMI K UX BCE
GoJiee 4acTOMy IMOSIBJICHUIO.

HecomHenHno, npu ananuse n (opMynMpoBaHWHM BBIBOJIOB HYKHO
YUUTBIBaTh, 4YTO B PD mpaBuiia npuemMa HEMPEpbHIBHO MEHSIOTCA, B YaCTHOCTH,
ceifyac aOUTYpHUEHT MOXET NOJAaTh 3asBJICHUE B MATh BY30B (@ OBUIM TOJHI,
KOTJla YHCJIO BY30B BOOOIIE HE OTPaHHYMBAIOCH!), MOITOMY MO TOCIEIHUM
KapTaM MBI HE MOXXEM OJHO3HAYHO CYAWTH O IIPHUBIIEKATEIFHOCTH MMEHHO
xuMugeckoro ¢axymnereta MI'Y. Kpome Toro, B macmrabax Poccun Ha BBIOOD
By3a OOJBIIOE BIMSHHE OKAa3bIBACT TAaKOH HSKOHOMHYECKHH (hakTop, Kak
TpaHCIIOPTHBIE pacxoisl. B 90-e romel mpomutoro Beka MI'Y crhenuanbHO
NIPOBOAMII  TIOJIUTUKY «BBIC3IHBIX OK3aMEHOB» JUIA TOTO, 4YTOOBI 110
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BO3MOXHOCTH CMSTYUTH 3TO BiusHUe. [lo-BUmuMoMmy, ceifyac 3ToT (haxTop
repecTaeT UrpaTh ONMPEAEISIONIYIO POJIb IIPH BEIOOPE By3a.

OCHOBHOM BBIBOJ — reorpadusi aOUTYpHEHTOB U CTYJEHTOB IEPBOTO Kypca
xumuueckoro gakynsrera MI'Y, XoTs U npeacTaBisieT co00i TMHAMUYECKYIO
KapTUHY, CYIIECTBEHHO HE M3MEHMJIACh 3a JIBa JICCSITUIICTHS, BBEJCHHUE HOBOT'O
MeXaHM3Ma 3auucieHus nocpenctsoM EI'D He caenano mpencTaBUTENBCTBO
PETHOHOB 0oJIee MIMPOKHM.

CHucoK JUTepaTypsl

1. Caiitr xadenpsl SKOHOMHYECKON W COIMaiIbHON reorpadum Poccun
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SYNTHESIS, PROPERTIES AND STRUCTURE
OF INORGANIC COMPOUNDS

Mathematical modeling of the process
of hydroxyapatite synthesis

M. B. Abilev', A. V. Troyeglazova', K. Akatan', D. L. Alontseva®
'S, Amanzholov East Kazakhstan State University, Ust-Kamenogorsk,
Kazakhstan, e-mail: m.abilev@mail.ru
’D.Serikbayev East Kazakhstan State Technical University, Ust-Kamenogorsk,
Kazakhstan

Trauma, lesions and diseases of the joints are a global medical and social
problem. The most effective way to treat and restore the integrity of bone tissue
is endoprosthetics. At present, hydroxyapatite (HA), obtained by roasting bones
of cattle with subsequent grinding, is used as the bioactive material for
endoprosthetic coatings [1, 2]. Powders with a wide dispersion spectrum are
obtained, and particles comprising up to 50-100 um in size are produced.
Synthesis of artificial HA is carried out by precipitation from aqueous solutions
of calcium salts with ammonium hydrophosphate [2]. Therefore, the urgent task
is the research and development of new methods for the synthesis of fine
crystalline HA by inexpensive and technological way for the formation of
bioactive coatings. The aim of our research was the synthesis of hydroxyapatite
powder suitable for applying biocompatible coatings onto medical implants.
Samples of HA were synthesized by chemical precipitation. Optimization of the
synthesis parameters was carried out by mathematical modeling method. Based
on the results, the influence of the time of synthesis of the precipitate, pH,
temperature, the concentration of calcium nitrate, the concentration of
ammonium hydrophosphate was studied. The optimal parameters of synthesis of
the HA sample were determined as follows: the time of synthesis — 60 min; the
aging time of the precipitate — 16 hours; the pH — 9; the temperature — 50 °C, the
power of the ultrasonic generator — 60 %, the concentration of calcium nitrate —
1 mol/l; the concentration of ammonium hydrophosphate — 0.6 mol/l; the
calcination temperature of synthesized HA — 800 °C. The derived mathematical
models of the process optimization made it possible to calculate the conditions
for carrying out the synthesis by changing at least one of the variable factors in
the studied ranges in order to obtain HA with a controlled stoichiometric
composition, particle size, and solubility.The prototypes of HA coatings on
substrates made of titanium medical alloys have been obtained.
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Synthesis and physico-chemical properties of spinel
compounds with general formula Zn;_ 4Mn,Cr,Se,

Z. Barsova, I. Jendrzejewska®, T. Goryczka® , B. Witkowska-Kita*
YInstitute of Chemistry, University of Silesia, Katowice, Poland,
e-mail: z.v.barsova@gmail.com
%Institute of Chemistry, University of Silesia, Katowice, Poland,
e-mail:izabela.jendrzejewska@us.edu.pl
*Institute of Material Science, University of Silesia, Chorzow, Poland
*Institute of Mechanized Construction and Rock Mining, Warsaw, Poland

The ZnCr,Se,compound crystallizes in cubic spinel structure (space group
Fd-3m), with lattice parameter a = 10.4970 A. It is a semiconductor with
magnetic helical structure below the Néel temperature Ty =~ 20 K [1, 2]. The
normal cations distribution occurs in this spinel: zinc ions are located at the
tetrahedral sites and chromium ions are in octahedral sites. It is known that
elements substitution can strongly influence on the parent compound properties
[3-6].

The compounds based on the Zn; ,Mn,Cr,Se, system, x = 0.1-0.5, were
synthesized by ceramic method, according to the following reaction:

(1-x)ZnSe + xMnSe+ Cr,Se; = Zn,_,Mn,Cr,Se,

Chemical compositions of the obtained samples were determined using ICP-
AES method. XRD and Rietveld refinement analysis were used in order to
obtain structural parameters (anion and lattice parameters).

Fig. 1 shows that the structural parameters increase with the growth of Mn
amount, according to the assumption, because the ionic radius of Mn?* (0.66A)
is larger than that of Zn®* (0.60A).

The magnetization of manganese doped compounds has been studied and
magnetic isotherms were measured within a temperature range of 4.2+300 K in
high magnetic stationary fields (up to 14 T) using an induction magnetometer.
The magnetic susceptibility was determined in the temperature range of 1.8-300
K using a Quantum Design SQUID-based MPMSXL-5-type magnetometer.
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The results of magnetic measurements showed that the compounds under
consideration were antiferromagnets with the Néel temperature of 18-25 K and
the Curie—Weiss temperature increased from6 = 84 K forx =0.1to 6 = 105 K
for x = 0.5.Below Ty the magnetic field dependence of magnetization showed
two peaks at critical fields H. connected with metamagnetic threshold
accompanied with transition from helical to conical phase and H., where the
conical magnetic structure transformed into ferromagnetic phase. The values of
H. remained almost constant whilethe values of Hg, shifted into higher
magnetic fields as the Mncontent increased.
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New thermodynamic assessment of solid alloys in Au—Ni
system from thermophysical properties of the end-members
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Electrodeposed Au-Ni alloys are used as contact materials for
microelectromechanical systems switches due to their good hardness, wear
resistance and low contact resistance [1]. Au—Ni alloys exhibit a large positive
enthalpy of mixing originated from the significant size mismatch effect.
Calphad method [2] is widely used for the optimization of existing
thermodynamic information. However, this method cannot be applied when
experimental data on phase equilibrium for systems are insufficient and/or
mixing properties are lacking. The most desirable way is to assess
thermodynamic properties of a binary system from the properties of pure
components without the recourse to the experiments on mixtures. In this work
we obtained the values of thermodynamic functions of mixing for Au—Ni system
using the Hovi—Hietala—Urusov solid solutions theory [3], the Kaptay’s equation
for prediction of the excess entropy of mixing for binary alloys [4] and the
equations for calculation of components activity coefficients [5]. The results of
calculations are summarized in Table 1 and Table 2.The modified Hovi-
Hietala—Urusov equation for the enthalpy of mixing,AH,, has the following
form:

AHm = CXNiXAu 621 (l)

WhereX is the atomic fraction of a component, ¢ (kJ mol ™) is the constant equal
numerically to 1420 for ionic compounds of NaCl type (Hovi—Hietala—Urusov)
and 1379 kJ mol™ in our case, & is the improved Hovi-Hietala—Urusov size
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factor obtained using the Rutgers rule instead of Vegard’s rule and
Guggenheim’s contact factors for components:

6 —_ 3\/ Vau _W (2)

T Xau ClVan)aae +Xni GV)an
where V,, and Vy; are molar volumes (cm*mol) of Au and Ni at temperature T,
respectively, and gq,, and qy; are Guggenheim’s contact factors equal to 1.096
and 0.904 for Au and Ni, respectively. To predict the coefficients of Ni activity,
¥ni» and Au activity, y,, , at temperature T, the following expressions were used:

Inyn; = X5, (a+b/T) + 2Xy X%, (c + d/T), 3)
Inya, = X (a+b/T) + X5 (Xyi — Xau)(c +d/T), (4)

where a = —ASy;*/R, b = AH}; /R, ¢ = (ASG” — AS°)R,
d = (AHY, — AHF) /R and where:
ASE~and ASy are the excess entropies of Ni and Au mixing at infinite dilution;
AHR, and AHZare the partial enthalpies of Au and Ni solution at infinite
dilution and R is the universal gas constant.
Table 1. The calculated enthalpy of mixing of solid Au—Ni alloys at 1173 K
compared with the results of the Calphad method application [6] and
experimental measurements [7]

Enthalpy of mixing, kJ mol™

Xni Hovi-Hietala— Calphad Experimental

Urusov model, modeling, data,

Egs. (1) and (2) 1150 K 1150 K
0.1 2.02 2.0 2.26
0.2 3.81 3.65 4.05
0.3 5.35 5.0 5.57
0.4 6.51 6.43 6.70
0.5 7.25 7.13 7.32
0.6 7.45 7.48 7.48
0.7 7.0 6.95 7.10
0.8 5.74 5.95 5.0
0.9 3.51 3.65 2.61

The comparison of calculated and experimental data in Tables 1 and 2 shows
that the proposed approach provides the prediction of thermodynamic quantities
with sufficiently good accuracy. We believe that this approach can be extended
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on a large number of binary systems in which the size factor affects
substantially the thermodynamic functions of mixing of solid solutions, and the
experimental thermodynamic information is insufficient.

Table 2. Activities of gold and nickel in solid Au—Ni alloys at 1173 K

Xni Activity of nickel, ay; Xau Activity of gold, a,, .
Egs. EMF method Eqgs. EMF method
(3.4)* (8] (3.4)* [8]
0.1 0.313 0.27 0.1 0.496 0.51
(Xa=0.13)
0.2 0.556 0.51 0.2 0.628 —
0.3 0.708 0.63 0.3 0.656 0.60
0.4 0.815 0.73 0.4 0.664 0.63
0.5 0.860 0.82 0.5 0.678 0.68
0.6 0.875 0.87 0.6 0.707 0.72
0.7 0.880 0.89 0.7 0.755 0.78
0.8 0.893 0.92 0.8 0.821 0.83
0.9 0.927 0.93 0.9 0.904 0.91
*a=yX
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Hydrothermal synthesis of copper thioarsenites
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Recently, the interest in the production of metal chalcogenides by hydrothermal
method with the use of thio- and selenoamides has increased. This method is widely
used for the deposition of thin layers of metal chalcogenides and solid solutions
based on them. It provides great opportunities for the synthesis of new compounds.
Electrophysical properties of thin layers obtained by this method differ from the
properties of thin layers obtained by other methods [1]. When the solution of metal
thiocarbamide has the pH > 7, the reaction proceeds between Me™ and S ions.
During the hydrolysis of thiocarbamide in alkaline solution, metal thiocarbamide
complexes are formed primarily and then their decomposition occurs at the end. It
has been defined that during the decomposition of copper(ll) thiocarbamide
complexes the reduction of copper occurs. Therefore, we used thiocarbamide as a
sulfonating agent to synthesize copper(l) thioarsenites.

The solutions of 0.05 M CuCl,, NaAsO, and CS(NH,), were used to synthesize
copper(l) thioarsenites (CugAs;Sy, CusAsS; and CuAsS,). The solutions at pH 78
were mixed and placed in a teflon-made autoclave (100 ml) in accordance with the
stoichiometric composition of the compounds. The samples were heated in
microwave oven at 443 K for 48 hours. Obtained sediments were thermally
processed at vacuumed quartz bulbs (~107? Pa) for 8 hours at 673 K after filtration.

The individuality of the obtained copper(l) thioarsenites has been confirmed by
X-ray powder diffraction (2D PHASER “Bruker”, CuK,, 26, 20-80 deg.) and DTA
(pyrometer HTP-70, device Thermoscan-2) methods. According to DTA results,
CusAsS; and CuAsS, compounds are melting congruently at 938 K and 898
Krespectively,but CusAs,Sy is melting incongruently at 762 K.

Micromorphology of the obtained compounds was studied by HITACHI
TM3000 brand microscope (Figure).

e s b

Fig. SEM photos of thermally processed CuAsS, (a), CusAsSs (b)
and CugAs;Sy (c) compounds at 673 K
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The necessary requirements for thioarsenites synthesis were revealed and
conditions of sulfide co-precipitation were determined. The most important
were the determined pH, concentration of salts, thiocarbamides and ligands, as
well as the degree of transformation of the initial salts into thiosalt, physical and
chemical properties and solubility sum. The sulfonating of both metals depends
on the amount of thiocarbamide in the reaction mixture. The following equation
was used to calculate the equilibrium conditions in a system consisting of
copper and arsenic:

Apa = ApHH — pC, —Ap% J
where Ape — the concentration difference of Me”" ions which does not form a

complex; ApHH - solubility outcome difference of metal sulphides; pC, —

difference in the initial concentrations of metals; Ap 6 — difference of metal
1-6
salts to sulfide conversion rates.

It has been determined that such compounds as Cuy,As13Ss; and CusAs,Ss
were also obtained in aqueous solution, depending on the initial salts
concentration. The Cu,As,Ss compound decayed at 869 K and formed an alloy
consisting of Cuy24,AS44,S13 (here 0 < x < 1.72; 0 <y < 0.08). An elemental
analysis of the obtained sediments was made (Launch Trion XL dilution
refrigerator — OXFORD device) to estimate the precise stoichiometric
composition of CugAs;Se,CusAsS; and CuAsS, compounds. Mass and atomic
ratios of copper, arsenic and sulfur in the compounds obtained were determined
(Table).

Results of the elemental analysis of compounds

The amount of elements, %
Compounds Cu As S
weight at. weight at. weight at.
CugAs,Sy 39.50 31.57 30.86 21.05 29.64 47.38
CuzAsS; 52.89 42.85 20.66 14.28 26.45 42.87
CuAsS, 31.51 24.98 36.93 24.97 31.56 50.09

According to the results presented in the table, the stoichiometric structure of
the obtained sediments corresponds to CugAs;Sy,CusAsS; and CuAssS,
compounds.
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Heat-resisting foam concrete: forming conditions
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Heat-resistant foam concrete is one of the most promising refractory
materials, the use of which is determined by low cost, environmental
friendliness, low density and fire resistance [1]. However, low stability of foam
during the production of foam concrete mixture and insufficient strength of
foam concrete in the operating temperature range of industrial furnaces is a
major problem in the production of this material [2]. At the same time, the use
of various additives and modifiers in the foam concrete mixture allows to
influence the chemical composition of the binder and the properties of the
formed foam concrete during solid-phase sintering [3].

In this work, we studied the features of the formation of heat-resistant foam
concrete using chemical modifiers, a two-component binder of aluminous
cement and clay.

The use of additives-electrolytes leads to a change in the solubility of the
products of hydration and hydrolysis in the binder. Such additives promote the
removal of hydration products from the reaction zone or increase the solubility
of clinker minerals. Sodium citrate is one of these additives. Earlier we showed
[4] that sodium citrate increased the hydration of both Portland cement and
alumina cement, and also ensured the formation of hydroaluminate nanosized
particles in the gel phase, thus significantly improving the hardness of the
cement stone.
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Data in Fig. a show that sodium citrate provides maximal plasticizing effect
in the range of concentrations from 1 to 6 % with respect to the cement mass. At
the same time, the least time of the solidification beginning and finishing (10
and 20 min, respectively) is observed in the sodium citrate concentration range
from 4 to 10 % (Fig. b). It can be assumed that the accelerating effect of sodium
citrate is due to the elimination of Ca®* ions from the liquid phase of the
hydrated cement by binding them to poorly soluble citrates. It is obvious that the
concentration of citrate equal to 6 % with respect to the cement mass is the most
optimal for obtaining a mortar mixture with maximal plasticity and minimaltime
of the solidification start.

Optimal concentrations of mineral additives to a dry mixture of
aluminous cement, clay and chamotte in the ratio of 1 : 1 : 1 were found to be 5
% metakaolin, 5 % RSAM, 3.2 % basalt fiber, 1.7 % sodium citrate and 0.5 %
“Ufapore” foaming agent. Using this composition of a dry mixture at a water-
hard ratio (water/dry mix) equal to 0.45-0.7, it is possible to obtain a heat-
resistant foam concrete without shrinkage cracks with a density of 300-650
kg/m? and a compressive strength of 0.2-2.5 MPa at natural curing and 0.3-3.2
MPa after heating at 1000 °C. This foam concrete, in contrast to foam concrete
based on Portland cement and alumina cement, does not reduce its strength
when heated, but, on the contrary, it increases after heating.
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Infrared spectroscopic studies
of Mg-substituted zeolite Nakhchivan
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In recent years the use of high-silica zeolites as catalysts, filters in the oil
refining, petrochemical, gas industry, in medicine, in the production of building
materials, for the purification of sewage and industrial water, for the preparation
of ceramic matrices became very promising [1]. It should be noted, that various
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methods of modifying zeolites are widely used to improve the physicochemical
properties, for example, the introduction of metal cations at the stage of
hydrothermal processing [2]. In the present work, the structure of Nakhchivan
zeolite modified with magnesium ions was studied by IR spectroscopy. IR
spectroscopy can provide useful information about the structure and other
properties of zeolites, and also shows how they change during various
treatments. In addition, this method makes it possible to identify active sites on
which adsorption or a catalytic process take place, to study the nature of these
centers and the mechanism of catalytic reactions. The identification of the
zeolite phase was carried out by IR spectroscopic analysis. This method was
used to study the structure of the natural zeolite and Mg-substituted zeolite
obtained by its modification.

IR spectroscopic studies were carried out using the “Nicolete 1S-10” infrared
spectrometer in the 400-4000 sm™* frequency range. Samples of the investigated
zeolites were prepared by tabletting with KBr in air at a ratio of 1 mg
zeolite/400 mg KBr using a hand press «Spectroscopic Creativity Pike
Technologies». The resulting powder was compressed into a 1 mm thick tablet.
The tablet was pressed with two ramps and put in place of the measuring
cuvette. The second cuvette (comparison) remained free, i. e. the reference was
air. The shooting was conducted in automatic mode.

Based on the data [3], it can be concluded that the absorption bands in the
frequency range of 250-1400 sm™ correspond to the basic vibrations of the
aluminum silicic tetrahedrons of the framework structure of zeolites. The
observed absorption bands are attributed to two types of oscillations: (1) —
oscillations characterizing the primary structural TO, units, where T — Si**, A1%*
cations; (2) — oscillations of TO, -tetrahedra by external bonds. The second type
of oscillation depends on the character of the articulation of tetrahedra in
secondary structural units and the features of the cavities of zeolites. Zeolites
have an absorption band in the area of 550-560 sm* related to oscillations in the
external bond of tetrahedral [SiO4] and [AlIO,] framework, due to the presence
of doubly four-, five- and six-membered rings and determining the structure of
the zeolite. The absorption band 797.53 sm™ is associated with the valence
oscillation of the Al-O bond, and 463.23 sm® — with the deformation
oscillation of Al-O,4. The presence of zeolite water is associated with absorption
bands in the range of 3100-3700 sm™, and 1638.55 sm™ is the band of
deformation oscillations of water molecules. A growth of these oscillations
intensity indicates an increase in the zeolite content in the rock. The absorption
bands in the range of 2100-2500 sm* are explained by the presence of calcium
and sodium carbonates. The absence of an absorption band at 960 sm™* indicates
a high crystallinity and the absence of amorphous phase impurities in all
zeolites. The absence of an absorption band at 3720-3740 sm*, corresponding
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to amorphous SiO,, also indicates a high crystallinity and phase purity of all
samples.

It should be borne in mind that the exact value of the frequency where the
group absorbs depends on the environment of this group and its physical state.
The first type of oscillation characterizing the primary structural units (Al and Si
tetrahedra) refers to the bands in areas of 950-1250 sm* and 400-500 sm*. A
strong absorption band at 950-1250 sm* is due to valence oscillations inside
tetrahedra (1058.13 and 1067.58 sm™).Oscillations at 450-650 sm™ are
characteristic for bonds AI-O-Si. This determines the topology of the secondary
structural units and the structure of the zeolite. It is known that the valence
oscillations of Si—O and Al-O in tetrahedra correspond to absorption bands in
the range of 650-820 sm . The position of these bands depends on the Si/Al
ratio in the zeolite framework. The shift of the bands to the low-frequency areas
occurs with an increase in the content of tetrahedrally coordinated aluminum
cations. According to experiments the ion exchange of the initial cations with
magnesium cations does not affect the thermal stability of the Nakhchivan
zeolite. As it is known in our studies, the structure of Nakhchivan zeolite is
stable up to 960 °C. lon exchange with magnesium cations does not affect the
thermal stability, it means that the natural sample after ion exchange is also
stable up to 960 °C.

We found that the ion exchange of the initial cations with magnesium
cations affected the pore volume of the natural sample (silicate module), which
can have a serious effect on its adsorption and catalytic properties. As a result of
the cation exchange the modified magnesium-substituted zeolite represents a
high-silica zeolitewith a high value of the silicate module.
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Nanomultilayer structures on the base of chalcogenide glasses attract much
attention due to the possibility of direct surface relief recording [1-3]. Photo
stimulated processes in amorphous a-Se can play important role in surface relief
formation in such multilayer nanostructures [2]. The structure of a-Se is
composed only with-Se-Se- homopolar bonds, which probably form
(deformed) rings and entangled chains, the ratio naturally depending upon
preparation procedures [4]. When a-Se is illuminated structural changes proceed
as shown by Raman spectra [2].

The aim of this work was to study direct surface relief formation using Se
layers as recording media. Thickness d of thermally evaporated Se layers was
d(Se) = 628 + 3 nm. Optical constants were obtained in 600-900 nm range from
transmission data. Obtained value of optical gap Egey equaled to 1.92 eV. A
DPSS laser 532 nm was used for recording transmission gratings (with a period
of 1 um) in Se film and laser diode 650 nm (1 mW) was used to readout the
diffraction efficiency (DE) of recorded grating. Holographic recording of
diffraction gratings was carried out using P-P polarization of the recording
beams, in which the E vector of the light lies parallel to the light incidence
plane, with total intensity of both beams ~ 3057 mW/cm? The angle between
writing beams was fixed at 6 = 30.7 °, resulting in a grating period of 1 um. The
recording beams were chopped with 0.7 Hz (pulse-like recording). Diffraction
efficiency (DE) was calculated as the ratio of intensity in the first order of
diffraction to the total light intensity transmitted at normal incidence through the
sample. Dependence of DE (1)) in the first order of diffraction (650nm probing

wavelength) on the exposure time t is shown in Fig. 1. Fabricated grating was
studied using AFM microscopy. Fig. 2 shows the AFM image of the grating
surface recorded on Se film by pulse recording. It was shown that the
interference pattern during holographic recording was encoded on the film
surface as the surface relief grating. Relief profile was close to sinusoidal one.
Obtained value of grating DE (22 %) and AFM data on relief modulation depth
h/d (h- relief depth, d grating period) were compared with calculated DE values
for such spatial frequency.
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Thus, pulse-like recording enables to fabricate diffraction gratings with
rather high DE values (22 %) in transmission mode using Se layers as recording
media. It should be noted that continuous wave (CW) recording at this
wavelength does not lead to the formation of surface relief grating. Obtained
grating relief depth consisted ~ 140 nm. Good agreement between
experimentally obtained DE values and calculated ones was obtained with
discrepancy between experimental and calculated values ~ 6 %.
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At present, composite materials based on clay minerals (natural and
synthetic) are widely used in the pharmaceutical and cosmetic industry. The use
of such materials allows one to improve the quality of pharmaceutical and
cosmetic products due to their regulated dispersions (abrasives, fillers) and the
capability to form a wide range of compounds with inclusions of various
functional properties. The use of clay minerals for medicinal applications has
gained a great practical experience that confirms the need of further search of
new special-purpose compositions using raw materials of natural origin.

The aim of this work was to investigate the properties of natural clay
minerals, which can be used for biomedical and cosmetic applications, and the
possibility of controlling their dispersion by introducing fine silica; as well as
structural and adsorption properties of the composites. Figure shows
diffractograms of clays used in composites.

The phase composition of the samples is presented in Table 1. From the
data, it can be seen that the white-pigeon clay contains well-crystallized kaolin
with a mixture of a-quartz.

The XRD data showed low crystallinity of montmorillonite, which is a part
of the blue clay. A sufficient amount of impurities in the form of alpha-quartz
and calcite has been determined. The results of adsorption-desorption of
nitrogen (Table 2) indicate that all clays have a low specific surface.
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Fig. The diffractograms of clays: kaolin (1), white-blue clay (2),
light-blue clay(3)
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Table 1. The phase composition of the clays

Ne | Sample Phase composition

Kaolin Kaolinite Al4(OH)g Si4O4

2 | White-blue clay Kaolinite, Al,(OH)g Si;01— 73 %
a-quartz.SiO, — 27 %

3 | Light-blue clay a-quartz., SiO, — 66 %
Calcite CaCO3;-34%
Montmorillonite Nag ;3 (Al, Mg), Si;O19 (OH),-nH,0

As can be seen from Table 2, the clays of the kaolin series have a lower
specific surface area than bentonite clay has. Features of the adsorption-
desorption nitrogen isotherms are different. The appearance of hysteresis,
characteristic for slit-like pores, indicates that adsorption occurs between the
lattice spacing of montmorillonite. The addition of highly disperse silica to the
system increases the dispersion and affects the course of adsorption-desorption
processes.

Table 2. Textural characteristics

Ne | Sample SgeTs V,, cm’lg R(BJH),nm
m?/g Ads. Des.
1 Kaolin 8 0,04 30 29
2 White-blue clay 29 0,15 23 21
3 Light-blue clay 28 0,04 11 8
4 Kaolin/A300 19 0,11 27 25
5 White-blue clay/A300 33 0,15 21 20
6 Light-blue clay/A300 39 0,08 13 11

Surface patterning using As,S3: Mn-Se
nanomultilayer structures

0. P. Paiuk?, A. Meshalkin®, L. Revutska®, A. Stronski?, E. Achimova’,
A. Prisacar’, G. Triduh®, V. Abashkin®, P. Oleksenko?, A. Korchovyi?
YInstitute of Applied Physics, AS Moldova, Chisinau, Moldova
2\/. Lashkaryov Institute of Semiconductor Physics NAS of Ukraine, Kyiv,
Ukraine, e-mail: stronski@isp.kiev.ua
*National Technical University of Ukraine “Igor Sikorsky KPI”, Kyiv, Ukraine

Chalcogenide glasses and films have unique properties: high
transparency in the IR region, photoinduced change of properties, quasi-
stability, ion-conductivity of doped chalcogenide glasses and films.
Nanomultilayer structures on the base of chalcogenide glasses attract much
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attention due to their property of surface relief formation under light or e-beam
exposure [1-3] with promising applications in optical elements fabrication,
holography, etc.

The aim of this study is to investigate peculiarities of photo-stimulated
processes during surface relief formation in As,S; : Mn-Se nanomultilayer
structures. The As,S;: Mn glasses doped by manganese were prepared by melt
quenching [4]. The main observed effect under the introduction of manganese
into As,S; is the change of relative concentration of the main and non-
stoichiometric structural units characteristic for As,S; glasses [4]. Optical
properties of As,S; : Mn-Se nanomultilayer structures (NML) and constituent
As,S; : Mn and Se layers were obtained from transmission data (450-900nm)
using Swanepoel method. Thickness of NML was ~ 1171 + 12nm. Values of
optical band gap Ego Were obtained using Tauc dependence (ahv)"? = BY*(hv —
Egopt)- For NML values of Egqp, consisted 1.93 eV and were close to that of Se
layers.

Direct surface relief formation of holographic diffraction gratings using
As,S;: Mn—Se MNL as recording media and different polarization of recording
beams (parallel linear P : P and orthogonal circular L : R) was revealed.
Diffraction efficiency (DE) was calculated as ratio of intensity in first order of
diffraction to the total light intensity transmitted through the sample. Gratings
recording kinetics monitored by diffraction efficiency (DE) dependence on
exposure was different for P : P and L : R polarizations. Maximal obtained DE
values consisted ~34 % for P : P and ~ 9 % for L : R polarizations. AFM image
of recorded grating using P : P polarizations is shown in Fig. 1. Grating period
was 1.1 um. Relief profile was close to sinusoidal one.

Digital holograms were also recorded using As,S; : Mn-Se MNL as
recording media. Initial amplitude graphical object (text UA) (Fig. 2, a) was
used to synthesize digital hologram (Fig. 2, b) by Matlab software. Obtained
hologram was projected on NML structure using spatial light modulator that led
to forming of surface relief pattern on recording media. Reconstructed image in
the first order of diffraction from recorded hologram of UA graphical object is
shown in Fig. 2, c.

The obtained results show that nanomultilayer systems on the base of
chalcogenide glasses are perspective recording media for the fabrication by
direct recording of different optical elements and also for recording of phase
holograms using digital holography methods.
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Fig. 1. AFM image of
grating recorded using
As,S3:Mn-Se NML

Fig. 2. Initial text
graphical object (a),
synthesized hologram
(b) and reconstructed
amplitude image (c)

a
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Raman spectroscopy studies of As—Se-S chalcogenide glasses
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Chalcogenide glasses and films attract much attention due to their properties:
transparency in the IR region, photoinduced change of properties, quasi-
stability, ion-conductivity of doped chalcogenide glasses and films serve as a
base of their numerous applications. Chalcogenide glasses (CG) are widely used
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in versatile technological applications such as infrared optical elements,
acousto-optic and all-optical switching devices, holography recording media etc.

The aim of this study is to perform the analysis of the compositional
evolution of Raman spectra of As-Se-S chalcogenide glasses [1] upon
systematic change of the Se- and S-content. In our study we have chosen a
group of chalcogenide glasses which includes the following glasses:
As40Se40S20, As40Se20S40, As40Sel10S50, As40S60, AsSe3. Results of the
detailed qualitative analysis of the compositional evolution of Raman spectra
might yield the better understanding the structure of CG samples by establishing
the interpretation and assignment of the Raman bands to the vibration of the
structure units.

The Raman spectra of As—-Se-S samples (Figure) exhibit two main bands
around 230 cm* and at 340 cm™, and a wide band structure around 150 cm ™.
Observed bands in the Raman spectra of As—Se—S samples can be explained in
terms of vibrational modes of As,Se; and As,S3 glasses studied in [2-4]. The
strongest band at 224 cm™ in all spectra is ascribed to AsSe3/2 pyramidal units
[3]. The intensity of this peak follows the increase in Se content. Furthermore,
within the main band two bands at 233 and 255 cm™ can be resolved in spectra
of samples withlower Se content. Additional weaker band can be revealed at
340 cm™, itis assigned to the presence of As(S1/2)3 pyramids. The bands
around 120 cm™* become visible by gaining their intensity upon increasing the
Se doping.

5 1 ASAOSe4OSZO
0,015 4 2——As,Se, S,
3 ASAOSewSSO
1 -
4 As, S,
0,010 5 AsSe3

Intensity, a.u.

0,005

0,000

b 1o o o s

5 150 2(I)O 2%0 3(I)O 3;’;0 460 4;50 5(I)0
Wavenumber, cm™
Fig. Raman spectra of amorphous As—Se-S:

As40Se40S20, As40Se20S40, As40Se10S50, As40S60, AsSe3

The Gaussian decomposition of obtained Raman spectra was performed for a
quantitative analysis of their compositional dependencies. It should be noted
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that although we decomposed the broad bands into several Gaussian
components, it is quite conceivable that a larger number of vibrational modes
contribute to the overall spectrum. Compositional dependences of As-Se-S
glasses Raman spectra indicate that intensity of the bands corresponding to
molecular fragments with Se-related and homopolar As—As bonds increases
with the growth of Se content. The intensity of the bands corresponding to the
presence of AsS3/2 pyramidal units decreases with higher Se content. Thus,
Raman data show that As-Se-S glasses contain different nanophases
concentration of which is changing along chosen compositional cross-section.
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Synthesis and crystal structure
of yttriumtrihydrogenphosphate YH3(PO,),
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Yttrium trihydrogen phosphate YH3(PO,), belongs to a little-studied family,
showing difficulties in the synthesis. Earlier [1], we reported the existence of
YH3(PO,),. The aim of the present work was to elaborate synthesis technique,
capable of ensuring the preparation of single-phase sample of YH3(PO,),, and to
study its crystal structure.

Thin-layer technique (TLT), developed previously [1, 2] for investigation of
phase equilibria in viscous hardly crystallizing systems containing volatile
component, was used for preparation of YH;(PO,),. TLT provides the
interaction of metal-carrier components with phosphoric acid in a layer of 2-5
mm thickness, enhancing dehydration of the solution and promoting quick
attainment of the equilibrium without stirring. This method is a powerful tool,
often providing successful synthesis of compounds when the use of common
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preparative methods is failed. In the present work, Y(NO3)s-5H,0 was used as a
metal-carrier for synthesis of YH3(POy),.

The crystal structure of YH;(PO,), was obtained from X-ray powder
diffraction data at room temperature. The compound crystallizes in the
monoclinic space group P2,/c, with the unit cell dimensions a = 9.15098(7), b =
6.92314(7), c = 11.0867(1) A, B = 102.0933(5)°. YH;(PO,), was found to have
a layered crystal structure, composed of metal-phosphate polymericlayers
parallel with the bc plane (Fig. 1).
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Fig. 1. Projection of the crystal structure of YH3(PQO,), along the ¢ axis

In the polymeric layer, each yttrium atom is bonded to six neighboring
yttrium atoms through the phosphate oxygen atoms (Fig. 2).

o
Y _
DS

N X
Fig. 2. Fragment of polymeric layer in
the crystal structure of YH3(POy), Fig. 3. Coordination environment of
viewed along the a axis (hydrogen Y atom in the crystal structure of
atoms are omitted) YH3(PO,),

Neighboring polymeric layers are connected by hydrogen bonds O-H:--O of
the hydroxyl H atoms to form a three-dimensional network. In the crystal
structure of YH3(PO,),, each yttrium atom is surrounded by seven oxygen
atoms, being bonded to five phosphate anions monodentately and to one anion
bidentately. Coordination polyhedron of the yttrium atom can be considered as a
distorted octahedron with a bifurcated vertex (Fig. 3). It should be noted that
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crystal structures of YH3(PO,), and earlier studied YH;(PO,4), 0,5H,0 [3] have
much in common.
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Chalcogenide glasses: advances in research and applications

A. Stronski
V. Lashkaryov Institute of Semiconductor Physics NAS of Ukraine, Kyiv,
Ukraine, e-mail: stronski @isp.kiev.ua

Chalcogenide glasses and films attract much attention due to their unique
combination of properties: high transparency in the IR region, photoinduced
change of properties (shift of the fundamental absorption edge, solubility
changes, photoamorphization-photocrystallization, etc.), quasi-stability, ion-
conductivity of doped chalcogenide glasses and films which serve as a base of
their numerous applications. Chalcogenide glasses (CG) are widely used in
versatile technological applications such as infrared optical elements, acousto-
optic and all-optical switching devices, holography recording media, etc.

In present report the recent results of studies of chalcogenides glasses (CG),
films and structures on their base are reviewed. Main attention is devoted to the
investigations of nanocomposites on the base of chalcogenide glasses which
provide possibility of direct relief formation and applications in optical elements
fabrication, holography, etc. [1-3]. Structural properties of CG and films are
discussed [2,4]. Direct surface patterning of materials (in our case composite
nanomultilayer (NML) structures on the base of chalcogenide glasses) by a laser
or electron beam without chemical etching, attracts high interest due to
advantages like high flexibility and precision, moderate cost, and high rate.
Nanomultilayer CG structures are simplest artificial nanostructures that can be
rather easily fabricated with controlled geometrical parameters and investigated
as thin films using vacuum evaporation technique.

Holographic recording properties of different types of NML structures on the
base of chalcogenide glasses were analyzed. Optical parameters for NML
integrally and constituent nanolayers are discussed on the base of single-
oscillator model. Scalar and vector holographic methods were exploited for
explanation of diffraction efficiencies dependencies. The studying of the
diffraction efficiency vs. exposure dose shows the strong dependence of 1) on the
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state of polarization of recording beams. Considerable increase of NML
diffraction efficiency in comparison with CG component nanolayers has been
demonstrated. The possibility of direct one-step magnetic relief formation
simultaneously with surface relief formation using NML was shown. Results of
gratings recording using chalcogenide NML structures show that fabrication of
optical gratings with the unique combination of properties by direct laser
recording on the base of chalcogenide glasses NML is possible. Such media are
also perspective for the recording of digital holograms.

Experimental results on non-linear optical properties investigations and
perspective of their use in all-optical switching are considered. One of the ways
of increasing the rate of information transfer in the fiber-optical communication
systems is the use of materials with large values of the nonlinear refractive
index. Perspective in this direction is the use of chalcogenide glasses, which
have many properties for the all-optical signal processing. In particular,
femtosecond response times, large values of Kerr nonlinearities, compatibility
with the existing fiber-optic technologies. Measurements of nonlinear refractive
index have shown that it’s value for chalcogenide glasses can range from 100 to
1000 times of that in silica glass. High nonlinear refractive index combined with
moderate to low nonlinear absorption can be exploited in all optical signal
processing devices to enhance the performance of telecommunication systems.
The main problem for such application of chalcogenide glasses is their
operational stability under high intensity optical fluxes.

Phase-change chalcogenide materials using photo-crystallization effect have
applications in optical information recording, solid state memory cells (in this
case phase change is carried out by thermal heating and different conductivity
values in amorphous and polycrystalline states are used). Sensor applications of
chalcogenide glasses include ion-selective membranes, displacement sensors, IR
thermometry, passive elements of sensors, etc.

Reviewed investigation results concerning chalcogenide glasses show that
chalcogenide glasses are perspective for applications in photonics, sensorics and
information storage.
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Mn doped BiNbO,4 ceramics: phase transitions, magnetic
properties, NEXAFS and EPR spectra
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*Institute of Geology, Komi Scientific Center UB RAS, Syktyvkar
*Institute of Chemistry of the Komi Science Center UB RAS, Syktyvkar,
*Institute of Physics and Mathematics of the Komi Science Center UB RAS,
Syktyvkar, Komi Republic, Russia

Magnetic susceptibility, NEXAFS and ESR of solid solutions BiNb;_
«Mn,O,_5 in triclinic and orthorhombic modifications have been studied. The
reversibility of phase transition from the high-temperature triclinic modification to the
orthorhombic one has been revealed by means of magnetic dilution and X-ray phase
analysis by the example of polycrystalline samples of the solid solutions BiNb,_
«Mn,O,4_5 [1]. The manganese-containing BiNbO, solid solutions were obtained
at x < 0.06. The ESR spectra of solid solutions in triclinic modification revealed
sextet structure of Mn(l1) ionswith 8.4 mT splitting and some features at g = 3.80
and 1.47, and a broad diffuse band with g~ 2.2 having a sextet with 8-9 mT
splitting and g = 2.0 against its background. The parameters of exchange
interactions in dimers and the distribution of manganese atoms (Il), (I11) and
(1V) of BiNb;_,Mn,0,_;5 in triclinic and orthorhombic modifications have been
calculated depending on the concentrations of solid solutions. Solid solutions
BiNb;_,Mn,0,4_sas well as iron oxides MnO, Mn,03; and MnO, were studied by
the NEXAFS spectroscopy in order to determine the degrees of oxidation of
iron atoms. The analysis of the NEXAFS Mn2p-spectra of manganese-
containing solid solutions and oxides revealed that the studied Mn atoms were
mainly in the (1), (IV) oxidation state.
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JBoiinbie nukiaopochats :xenesa(lll)-ammonusi:
cunre3 B cucreme Fe—NH,PO; n xapakrepuzauus

E. A. A6pamosnu, A. ®. CeneBnu
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HHTEpec kK TBOMHBIM aMMOHHICOASPKAIMUM KOHACHCUPOBAHHBIM (docdaram
(JJAK®) o0ycnoBneH TeMm, YTO HEKOTOpPHIE COEAMHEHHS A3TOTO OOUIMPHOTO
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Kilacca SIBISIOTCA  O(QQEKTUBHBIMA  AHTUIHMPEHAMHM [UI1  HOJIHMEPHBIX
marepuainoB. Tak, HenaBHUE HcciieioBaHus, BbinonHeHHsle B HUM ®XII BI'Y,
MOKa3aJly BBICOKOE OTHE3aIIMTHOE AEHCTBHE JBOMHBIX MOJU(OC(HaTOB COCTaBa
(NH,),M"(PO3), (M" = Ni, Mg, Co, Mn, Cd, Ca) B KOMIIO3HIUSIX HA OCHOBE
MOJMAaMHUIOB (B TOM YHCJIE CTEKJIOHANOJHEHHBIX), IOJMKapOOHATOB U
smokcuaHbIx cMon [1]. Ipu 3TOoM mpoaeMOHCTPHPOBaHO, uTO momudochar
ammonusi NH4PO; (IIDA) sBnsercs TNepCHEeKTHBHBIM —pEareHTOM Ui
noygenus JJAKD [2].

B nacrosmeit padote Ha npumepe docdatos xemnesa(lll) mpomomken monck
HOBBIX JAKD TPEXBAJIEHTHBIX METaJJIOB, NpeaycMaTpUBaIOIIUN
CHCTEMaTHYECKOE  HCCIECIOBAaHHE  TEPMHUYECKOTO  B3aMMOJCHCTBHSA  HX
coenuHeHudl ¢ [IMA B mMPOKOM Juana3zoHEe TEMIEPATYp M COOTHOLICHUMN
peareHTOB. BrmonnenHoe panee HCCcIIeJOBaHNE TEPMHUYECKOTO
B3aumoeicTBus B cucrteme Fe,03—NH4PO; [3] nokasano, uro peakmust Fe,03 ¢
I[IDA compoBoxkaaeTcsi oOpa3oBaHreM Kak u3BecTHbIX (ocharo NH4FeP,0-,
NH4FeHP30y, Fe(POs);, Tak W HOBOTO COeIWHEHHMsS — MUKIOOKTadochara
(NHy),Fe,PgOy4, 01HAKO BBIAETUTH €0 B YHCTOM BHIE M OXapaKTEPU30BATh HE
yIaNnoCh.

C uenpto paspabotku Meromuku mnomyueHust (NHg),Fe,PgO,, u moucka
HOBBIX COCIMHEHHH B KayecTBE JKEJIE30COMAEPIKAIIEro pearcHra MCIOIb30BaHO
KapOOHMJIbHOE JKesie30 (B BHIEC IOPOIIKAa), TEPMHUYECKOE B3aNMOJCHCTBHE
kortoporo ¢ II®DA wuccaemoBano mnpu Temneparype 300 °C U MOJIbHOM
cootnourennn Fe : P = 1 : (6-12). YcraHoBneHo, 4to mnpu HarpeBanuu Fe
nHTeHCHUBHO pearupyeT ¢ [IDA ¢ obpazoBanmem tpudochara NH4FeHP;0,,,
noiupocpara  Fe(POj);, ymoMuHaBIIEroCs paHee  IMKIOOKTadochara
(NHy),Fe,PgOy w  HOBOro  coemumHenuss —  mmkiaomonaekadocdara
(NHy)sFesP1,036, wupeHTH(UKAIMA KOTOPOrO BBIMOJHEHA €  [TOMOIIBIO
peHTreHo(a30Boro, XMMHYECKOTO M CHHXPOHHOTO TEPMHYECKOrO aHaju3a.
[TokazaHo, YTO C YyBEJIMYCHHEM IPOJODKUTEIBHOCTH B3aMMOJCUCTBHUS
HE3aBHCHUMO OT COOTHOLICHHSI PEareHTOB B PEaKIMOHHON Macce MPOUCXOIMT
mocienosarensHoe  (opmupoBanne ¢ochatoB B paxy: NHiFeHP;0,9 —
(NH,)sFesP1,035 — (NH,),FesPgO,s — Fe(PO3)s. Ilpu 3T0M COOTHOLIEHHE
peareHTOB B HCXOAHOW CMECH BIJIMSIET Ha KOJWYECTBEHHBIH BBIXOX
COOTBETCTBYIOIINX coeAuHeHnH. ONTUMabHBIE YCIOBHS MOTYYEHHS ABOMHBIX
ukiaodocdaros xenesa(lll)-ammonus npuBeaeHs B Tadbauue 1.

Ta6m. 1. Ycnosus nosyuenus mukinogocgaros xenesa(lll)—ammonns mpu 300 °C

CoeniHeHue Cootromrenne Fe : NH,PO; Bpewms, u
(NH,)sFesP1,056 1:12 2,5-3,0
(NH,),Fe,Pg0Oy4 1:10 20

AHajM3 MOPOIIKOBBIX PEHTIEHOIPAaMM CHHTE3MPOBAHHBIX LHKIOhochaToB
xenesa(lll)-aMMoHMs  MOKa3alm HMX  HM30CTPYKTYPHOCTH C  HM3BECTHBIMHU
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MPEICTaBUTEIIIMH  CEMEIHCTB  COOTBETCTBEHHO  JBOWHBIX  IIUKJIIOJOICKA-
M'sM"'3P 1,046 u nuKIookTadocharon M',M",Pg0,4 (MI — OJHOBAJICHTHBIH,
Y/ TPEXBAJICHTHBIN KaTHOH) [4]. BwlumcieHHbIe KpucTauorpaduveckue
XapaKTCPUCTHKH COCMHCHUI MPUBEICHEI B TaOIHIIC 2.

Hccnenosanne TEPMHIECKOTO Ppa3IoKeHHs (NH,)3FesP1,046 "
(NHg),Fe,Pg0,4  TOKa3am0 WX  OTHOCHTENBHO BBICOKYHO — TEPMHUYECCKYIO
crabunbHOCTh. COeTMHEHUS HAYMHAIOT Pa3JiaraThCsl COOTBETCTBEHHO BhIMIE 450
n 400 °C c BbIgeNIeHHEeM B Ta30BYIO a3y aMMHUaKa U BOABI U ()OPMHUPOBAHHEM B
KOHJICHCHPOBaHHOU (ase monupocHOpHBIX KUCIOT U KPHCTALIHYCCKOTO
Fe(POs);. Kpucramnorpaduueckre XapakKTEPUCTHKH U CXEMbl TEPMHYECKOTO
paznoxenust nukinopocharor xenesa(lll)-aMMoHHUS CX0XKM ¢ TAKOBBIMH IS
paHee U3y4eHHBIX aHaToTUuHBIX coenunenuit xpoma(lll) [5].

Tab6n. 2. Kpucramtorpaduueckue nanusie mukinopocdaron xemesa(lll)—
aAMMOHHS

Iapaverp CoenguHeHne
(NH,)sFesP15046 (NH,),Fe P05,
CuHronus KyOuueckas MOHOKIIHHHAS
[p. rpynmna Pa-3 12/m
a, A 14,37094(56) 16,7027(21)
b, A - 12,4390(18)
c, A - 5,2058(12)
B, rpa. - 95,520(12)
Vv, A® 2967,94 1077,28
Z 4 2
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HccnenoBanue MHOTOKOMIIOHEHTHBIX CHCTEM, COAEPKALIUX
OJHO-U TPeXBAJICHTHbIC METAJLIBI,C LEJIbI0 CHHTE32
KOH/ICHCHUPOBaHHLIX (pocaroB

M.A. Aammann,' T. A. L[arapeJml, M.K. I'senrecuann’, H.B. EapHOBI/Il,
1. M. MaxaTaz[3el, JI. B. BaraTypml, E.B. ]_Hal'IaKI/IZ[SeZ
M T6mmcckmit roCyAapCTBEHHBIA yHUBEpCUTET UM. M. J[>kaBaxUILIBUIIY,
WHCTUTYT HEOpraHUYEeCKON XUMHH U 3JIEKTPOXUMHHU UM. P. Arnanze
’KaBKa3CKuii MHCTUTYT MUHepaibHOTro ChIpbs UM. A. TBamupenuaze, TOumucn,
I'pys3us, e-mail:avaliani2l@hotmail.com

WHTepec K XHMMUM KOHIEHCHUPOBAaHHBIX (hoc)aTOB HECOMHEHEH, 4YTO
00yCIIOBJICHO MX NPUMCHEHHEM B HOBEHIICH TEXHWKE, B MPOHM3BOJCTBE U B
obiTy [1-5]. C uenpio mowMcka HOBBIX MaTepHajoB, a TaKXKe ISl U3y4CHUs
BIMSHHUA TPEX3apsAAHOTO M OJHO3APSIHOTO KaTHOHOB Ha (OPMHUPOBAHHE
AaHMOHHOTO PaJMKala W CTENCHW KOHJCHCAIWH, HAMH HCCIICTOBAHBI CHCTEMBI,
coJepiKalie OJHO- M TPEXBAJICHTHBIE MeTaJulbl. Panee Hamu OBIIM M3Y4EHBI
cucremsr MbO-MY 0;-P,0:—H,0 mpu 130-550 °C, rne M' — menounsie
mertamsl, a M "' — Ga, In u Sc. B pasBuTre npeasaymux uccnenosasuii [6-10],
JaHHasg paboTa MOCBSIIEHA CHHTE3Y M HM3YUCHHIO aHAJOTMYHBIX CHUCTEM, /e
OIHOBAJICHTHBI KaTHOH — cepedpo. CHHTE3MpPOBaHbI ABOWHBIC KHCIIBIC
mudocoarer  AgSc(H,P,07),, Ag,ScH3(H,P,07),, xucneiii  tpudocdar
AgScHP;0,9 n mmknorerpadocpar AgScP,0;, . B 3aBucumocTn ot ycnoBuit
CHHTE3a MOJIyYeH Takke IuKiIogoaekadocdar cepedpa—ckaHaus, GakTHIeCKn
n30MOpGHBIH CHHTE3MPOBAaHHBIM HaMH paHee LUKIojoAekadocharam ne3us
rajuus w/uian ueausi—ckanaust Cs3Sc3Pi,034. Hamo npusHath, 4To MHOTIA OH
KpHUCTaJUIM3yeTcss ¢ TpuMechio Terpadocdara M HEOOXOAMMO THIATEIBHO
o0MpaTh COOTHOIICHHE HCXOTHBIX KOMIIOHEHTOB. CHHTE3MPOBAaHBI TaKXkKe
aHAJIOTMYHbIE [BOMHBIE KOHAEHCHpOBaHHBIE (ocaTel rammus—cepedpa.
CoenuHeHnst OBIIM W3Y4YEHBI, KPOME XHMHYECKHX METOJIOB aHAIM3a, TAKXKe
Merogamu  P®DA,  rtepMmorpaBuMeTpuu, OyMakKHOH  Xpomartorpadum.
HccnenoBanue moay4eHHbIX 00pasioB MPOBOJMIOCH TAKXKE C MCIOIB30BAHUEM
ANIEKTPOHHOTO CKaHHpyomero Mukpockoma JSM-6510LV ¢upmer JEOL ¢
SHEPro-ANCIIEPCHOHHBIM MHKPOPEHTI€HOCHEKTPAIbHBIM — aHAJIH3aTOpoM  X-
Max"20 (Oxford Instrument). Camas ycroiiunsas dasa mpu 130-165 °C— 10
nBoiiHble Kucnble audocdarsl coctasos AgSc(H,P,07)2, Ag,ScH;(H,P,07),
n xucnsii Tpudocdar AgScHP;0qy. [Ipn BeICOKHMX TemmepaTypax IOJydeHBI
nBOIHBIE THKIO(OochaThl Tammsi—cepedpa U ckanaus—cepedpa. [IpousseneH
aHaM3 W COIMOCTaBJICHHE AHATUTHYCCKUX MpPENMapaTUBHBIX [aHHBIX C
MyOJIMKaMsIMA, HMMEIOIIAMHUCST 0 Hactosiiero Bpemenn [1-5, 11-16].
@dakTUYeCK MBI HE HalUId TOJAPOOHBIX  CBEIEHHUH O  JIBOMHBIX
KOH/ICHCHPOBAHHBIX IUKJIO- WK onuropocdarax cxaagums—cepedpa, XOTs
XUMHsT SC BceoObemutrole onrcaHa B MoHorpaduu [11] 1 uMeeTcss HHTEPHET-
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nyonukanus [12]. O0o0mias, MOXHO CIENaTh BBIBOJ, YTO IIBOWHBIC OJHIO- U
OUKITHYECKIe KOHICHCHPOBaHHbBIE (ocaThl TayuHsA U CKaHAWSA ¢ HEKOTOPBIMH
ICTIOYHBIME ~ METaUIaMH B TPUHIHAIE H30MOP(GHBI  COOTBETCTBYIOIINM
COCIMHEHUSAM TauTusi—cepedpa W CKaHaus—cepeOpa, XOTsS B psle CIydaeB
MIONYYUTh YHUCTHIE, OecripuMecHbIe (a3l MOoCIeTHuX — OoJiee CIoXKHAas 3a1aqa.
Pemenne ee cocrouT B MOA0OpE ONTHMANBHBIX COOTHOIIEHWH HCXOIHBIX
KOMIIOHEHTOB M TEMIIEPaTypHOTO MHTEpBajla CHHTE3a, HWHOTJa BHECCHHE
3aTPaBKH TaKXKe CIOCOOCTBYET PEIICHHIO TOCTABICHHON IICITH.
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Iloxxappl BHYTpH 3JaHUH W COOPYXKEHUH, PpacHpOCTPAHSIOIIUECS 110
TEXHOJIOTHIECKUMKOHCTPYKIUAM (TpyOBI, CHJIOBBIE Kabemu B MOJIMMEPHOI
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OIUIETKE) W3 TIONMMEPHBIX MaTEepHajiOB, HAHOCATCEPHE3HBIH SKOHOMIYCCKHUI
ypoH. [IJs cO3MaHUs OTHE-, TEIUIOM30JUPYIONMX OapbepoB, OTCEKAIOIINX
pacnpocTpaHeHUE TUIAMEHHOTO TOPEHHsI M0 MOJMMEPHBIM KOHCTPYKIIMOHHBIM
JJIEMEHTaM, MPOHU3BIBAIOIIUM CTPOCHHE, BOCTPEOOBAHBI MPOTHUBOMOYKAPHEIC
yCTpOiiCTBa, cojepkalue BKJIaJIBILI u3 OTHE3aLIUTHOTO
TEPMOBCIICHUBAIOIIETOCS ~ MOJMMEPHOTO  KOMIO3UIIMOHHOTO  Marepuala
(TIIKM). TIIKM  pgomkeH  oOmagath  psaoM  (DU3UKO-XUMHYECKHUX,
OTHETEIUIO3AIINUTHBIX, (U3NKO-MEXaHWYeCKHX CBOHMCTB. Hampmmep, mpu
OTHEBOM BO3ICUCTBUH B TeUeHHE omperneieHHOro BpemeHu (15-180 mmH) oH
JIODKeH oOecreyuBaTh TEMIIEpaTypy Ha Heo00rpeBaeMoi ITOBEPXHOCTH
3aIUIaeMoil KOHCTPYKIMK M3 TOJIMMEPHOTO MaTepHaja He BBIIIC 3HAUYCHUS,
IIpU KOTOPOM MPOUCXOINUT MaJCHUE €€ MPOYHOCTH U HAUMHACTCS WHTCHCHBHAS
tepmuyeckas gectpykuus (120 °C). Oxnospemenno TIIKM momkeH ObITh
9JaCTUYHBIM, a TMPOAYKTBI €ro TEPMOACCTPYKIIMH, KPOME BBICOKHX
TEIUIO3AIIUTHBIX CBOMCTB, JOJDKHBI UMETh HEOOXOAMMYIO MPOYHOCTh KapKaca
JUTSL COTIPOTHUBJICHUSI KOHBEKIIMOHHBIM MTOTOKaM yHOCA.

C nenpro pa3padbotku 3 HeKTHBHOr0 HEJOPOrOro TEPMOBCIICHUBAKOIIETOCS
KOMITO3UIITMOHHOTO TOJIMMEPHOTO MaTepuana C 3aJlaHHbIMH CBOWCTBaMHU
WCCIIENOBAIM  TEPMHUYECKHE  CBOMCTBA, BCIEHHUBAIOIIYIO  CIIOCOOHOCTb,
OorHeTernIo3amuTHY0 dpdexTuBHOCTh TIIKM, a Takke QHU3HKO-MeXaHMUECKUE
CBOMCTBA MPOIYKTOB MX IPOTPEBa B 3aBUCHMOCTH OT HMPUPOABI H COICPKAHUS
CBSI3YIOIICTO ¥ HATIOJTHATEICH.

Jns nonyuenust TIIKM ¢ onTumManbHbIM COUETaHUEM 3a/IaHHBIX CBOWMCTB B
penenTtype KOMIIO3UTa BapbHPOBATH COJCPKAHUE TOJIMMEPHOTO CBS3YIOIIETO,
MUHEPATBHBIX HAMOJHUTENEH, TEHOOOpa3yIoNX U KapOOHU3YIOMINX areHTOB.
Casi3yroniee BBIOMpaIM M3 CIEAYIOMAX TEPMOIUIACTHYHBIX W 3JIACTOMEPHBIX
MOJIMMEPHBIX ~ MAaTEPUAJIOB: HU3KOMOJISKYJSIPHBIM  TONHMATUIIEH, COBUWJICH,
STUJICH-TIPONTUICHOBBIH COTIONIUMED, ATaKTUYECKUMA MOJIUTIPOTTUIICH,
xyopriapaduH, MOJIMU300yTUIICHOBBIH KaydyK. B KadecTBe HAmoJHUTEICH
WCIIOIb30BAJIA CJIOUCThIC M QJIOMO- HW/WIM MarHui-, KaJbLUHCHIINKATHBIC
MUHepall. BcemeHmBaromme ©  KapOOHU3YIOIIME arceHTHl BBHIOMpANU U3
KapOoHaT-, Cynmbdar-, a30T-Pochop-comepKaluXHEOPTaHUIECKUX COCIMHECHUH,
HaTpuUMep, THAPOKapOOHAT HATPHS, KApOOHAT KAIbLUS W/WIH MarHus, CyIbpaT
amMMoHMs. lcmonb3oBanM TakkKe COEJMHEHHUS THUTaHA, XpoMma, UUHKa,
THOMOYEBUHY, YPOTPOIIMH, aMUHOTYaHHIWH, CYJIb()aMHUHOBYIO, IIaBEICBYIO
KHCJIOTBI, aKpUJIaMH]I, MEHTa’pUTPHUT, TEPMOPACIIUPSIOLIHICS
(mHTepKamupoBaHHbIi) rpadut (TPT).

Y CcTaHOBIIEHO, YTO TOJTyYeHHE TPEOYeMBIX XapaKTEPHUCTHK II0 TACTHIYHBIM
CBOHCTBaM, KpaTHOCTH BCIIEHWBAHUS, MEXaHWYECKOH  MPOYHOCTH,
TEIJIO3AIUTHOW CTIIOCOOHOCTH BCIICHEHHOTO CJIOS CYIIECTBEHHO 3aBHUCHT OT
coznepxanud B komnozuuuu TPI™ u npupoast MuHepanbHOro HanosnHurens. Ilpu
HCCIICIOBAaHUH BCIICHUBAIOIIECH CIIOCOOHOCTH, TUIOTHOCTH, MPOYHOCTH Kapkaca
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nporpersix mpu 20-500 °C o6pasuos TIIKM ¢ pasnuunbiM copepkanuem TPT
(2,5-30 %) o0OHapyKeHO, YTO OJHOBPEMEHHO C YBEJIMYECHHEM KPaTHOCTH
BCICHUBAaHUS B o0beMe oT 2 g0 60 pa3, INIOTHOCTh KapOOHW30BAaHHBIX
NIPOJXYKTOB CHIDKaeTcst Oonee uem B 20 pa3, a MeXaHWYECKHE CBOWCTBA,
ompejessieMble 10 CTerneHHu jAedopManyy I0J] HArpy3KoH, yXyIIIAroTcsi Ha
40 %. YcranoBieHo, yto ans HamOonee >¢pdextuBHbIX TIIKM Hammyumiee
COYETAaHHWE JJIACTHYHBIX CBOWCTB HCXOJHBIX KOMIIO3UTOB, KPaTHOCTH
BCIICHMBAHUS M (DU3MKO-MEXaHMYECKHX IIOKa3aTeNeil Mporpersix oOpasnoB
nocruraercs npu 40 % comepikaHNHM TONMHMEpHOTO CBs3yromero U 10-17 %
TPI'. O6napyxeHo, uTro BBeaeHHe oMuMo TPI' B KOMIO3HIINIO COBMECTHO C
HPUPOAHBIM ATIOMOCHIIMKATOM WIH (ochopconepkaleil CoNbio COeTUHCHUI
NOJMBAJCHTHBIX ~METAUIOB, MHHEPAJIOB BOJOKHHUCTOH WM  HMIOJIBYATOMN
CTPYKTYpPBI CIIOCOOCTBYET YCHIICHUIO MEXaHHYECKON HPOYHOCTH
KapOOHH30BaHHOTO MPOAYKTA.

[Mo manHbIM nuddepennuansHoro kajgopumerpudeckoro anamuza (JICK)
yBenuueHue conepxkanus TP B oOpasne TIIKM or 2,5 mo 10%
COTPOBOXKJAETCSI YMEHbIIEHUEM TeruioBbinenenus B 1,8 paza (¢ 11,5 g0 6,2
MBT/Mr). DTO CBHICTEIBCTBYET 00 H3MCHEHHH TEILIO-MAcCOOOMEHa MEKIy
KOHJICHCUPOBAaHHOMW U Tra30BOW (ha30il TEpMOBCIHEHUBAIOLIETOCS IMOIMMEPHOTO
KOMIIO3UTa, 4YTO  CIOCOOCTBYEeT  YBEIMYCHHIO BPEMCHH  JOCTHIXKCHUS
KPUTHYECKO TemIepaTrypbl Ha IOBEPXHOCTH 3aIMHUIIAEMOr0 IOJIUMEPHOTO
MarepHana.

[IpoBeneHs! 1a0OPAaTOPHBIC HCHBITAHMS OTHETEIUNIO3AIUTHBIX CBOWCTB B
YCIOBHAX, MNPUOJIMKEHHBIX K peajJbHOMY IIOXKapy, YCTAHOBIICHO, YTO
paspabateiBaeMbiii TIIKM 1o cpaBHeHHIO ¢ 3apyOeXHBIM 00pa3IlioM HMeeT B
1,5 pa3za nydmive nokasarely 1o BpeMeHHU JIOCTIKEHUS Tpejielia OTHECTONKOCTH
3aIUIAaeMOi TOTMMEPHON KOHCTPYKIIMH — TPYOBI U3 MOJTUIIPONIMICHA.

Takum o00pa3oM, TNOKa3zaHa BO3MOXXHOCTb co3laHusi 3ddexTuBHOrO,
HEJIOPOroro  OTEYECTBEHHOTO  TEPMOBCIICHHMBAIOIIETOCS  MOJMMEPHOTO
KOMITO3MIIMOHHOTO ~ Marepuajia,  OoOJIaalolero  yJOBJIETBOPHUTEIbHBIMU
OTHETEIIO3AIUTHEIMU  CBOMCTBaMH. MccienoBaHbl 3aBUCUMOCTH  (DH3HKO-
XAMHYECKHX CBOMCTB IMOJIMMEPHBIX KOMIIO3UTOB T10CJIE TEINIOBOTO BO3ICHCTBUS
OT TpUPONBI M  COJEp)KaHUS OCHOBHBIX KOMIIOHEHTOB, IPOBEICHBI
nabopaTopHbIe  WCIBITAHWS ~ OTHETEIUIO3AIIMTHBIX ~ CBOMCTB  Hamboiee
3¢ EKTHBHBIX KOMITO3UIIHIA.
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Cunre3 nopomkoBoro criasa Cu—SN KOHTAKTHBIM
BBITECHEHHEM U3 PacTBOpa
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[MopomkoBele  cmmaBel  Cu—Sn  OpPUMEHSIOTCS  JUIA  TIOJIy4YEHUS
TOKOIPOBOJSIIMX IMAcT W MPUIOEB, BOCTPEOOBAHHBIX B MPUOOPOCTPOCHUH U
MHKPO3JIEKTPOHUKE, B IIPOU3BO/ICTBE N3HOCOCTOMKHX CMa30K,
AaHTU(QPUKIIMOHHBIX MAaTEPHAIOB, B JIAKOKPACOYHOH INPOMBIIIIEHHOCTH IS
HAHECECHUS 3aIIMTHO-JEKOPATHBHBIX MOKPBITHI Oyarogapsi X CIOCOOHOCTH K
maiike, JEKOPaTHBHOMY BHAY M BBICOKOH KOPPO3HOHHOM YCTOHYMBOCTH.
IMopomkn MeTaxIoB M CIUIABOB IOJYYalOT METOJAMH JAWCIIEPTHPOBAHMS
METATyPIrHIeCKUX 3aroTOBOK, HCIIAPCHHEM M KOHICHCAlMeW MEeTauloB B
BakyymMeé WIM B arMoc(epe MHEPTHOTO ra3a BBICOKOTEMIIEPATyPHBIM
BOCCTAQHOBJICHMEM METaJIOB U3 coeauHeHH u T. 1. [1-3]. Bonee mpoct u
SKOHOMHYEH METOJ KOHTaKTHOTO BhiTecHeHus (KB) u3 pactBopa.

Ilens [aHHOTO HCCIIEAOBAaHUS 3aKiOyallach B pa3pabdoTKe MeToja
nonydeHus cimiaBa Cu—Sn B Buje MOPOIIKa C MCMOJb30BaHueM mporecca KB
menu(ll) onoBoM U3 pacTBOpa, YCTAHOBICHUH BIUSHUS YCIOBUN OCAXKICHUS Ha
COOTHOUICHHE METAJUIOB B CIUIaBE M €ro (pa3oBbIA COCTaB, a TAKKE B M3yUCHUH
(a3oBbIx npeBpanieHuii B npoaykrax KB npu nporpese.

JA71st IosTydeHust cIuIaBa BBICOKOIMCIICPCHBIH MOPOIIOK OJI0BA BBIJIEP)KUBAIIN
3aJjaHHOE BPEMs B CHJIIBHOKHCIIOM PacTBOpe MexHoro kymopoca ¢ pH < 1 mpnu
20 wm 60 °C ¥ UHTEHCHBHOM IIEPEMENIMBAHMM MAIHUTHOM MEIIAIKOIA.
Peaxuus KB mporekana o cxeme: Cu?* + Sn— Cu° + Sn*". Konuuectso onosa
W MeJIU B TIOPOLIKaX ONPENeIsUIM METOAOM PEHTIeHO(IyOpEeCeHTHOTO aHaIn3a
(criektpomerp «Elvax Light SDDy). ®a30Bbiii COCTaB IOPOIIKOB OMpPENeIIsIn
MeTojioM pertrerodasoboro anamusa (JJPOH — 3.0, uznyyenue CoK,).

OnoBsiHHBIM TOpOIIOK B pacTBope KB MIrHOBEHHO MEHSET OKpAackKy C
cepeOpUCTOi Ha KPacHO-KOPUUYHEBYIO, YTO CBUJIETEILCTBYET 00 OCaXKICHHUH
Menu. 13 maHHBIX peHTreHO(IyOpEeCEHTHOTO aHalInu3a CIeIyeT, YTO IMOPOLIOK
onoBa, BeAepxkaHHbIi 30 ¢ B pactBope KB ¢ konuenrpanueir CuSO, 0,06 M
npu 60 °C, conepxur ~ 60 ar.% 050Ba, a MOCiIE 5 MUHYT IPOTEKAHHS MPOIIECCA
aToMmHas a0y osoBa cocraBisier ~ 10 at.% u Ha Gojee MO3IHHUX CTAIUAX
npakTHdecku He namensercs (puc. 1, kpussle | u VI). [lormwkenne TemnepaTypsl
pactBopa KB 10 KOMHAaTHOM NpPUBOANT K HE3HAYUTEIEHOMY YMEHBIICHHUIO
CKOPOCTH PpEaKkIW{ W JOJNI OJI0OBa B TOJMYYEHHBIX ITOPOIIKAX KOIeONeTcs B
npexaenax ~ 20-65 at.%. (puc. 1, xpussie |l u V). Ilpu 3TOM 351€MEHTHBIH cOCTaB
MIOPOIIKOB IIepecTaeT M3MEHAThCA nocie 10 MUH npoTeKaHus mporiecca.
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Puc. 1. Hons onosa (I, 11, III)
u memu (IV, V, VI) B nopomkax
B 3aBUCHUMOCTH OT JATUTENbHOCTH KB:
I, 11, V, VI -0,06 M pactBop CuSOy;
I1, IV — 0,03 M pactBop CuSOy; I,

Puc. 2. Pentrenorpammsl 06pasiioB
Cu—Sn, noyyeHHBIX 00pabOTKOI
nopolika onosa B pactsope KB 1

MMH: | — UCXOHBIN NOPOIIOK Mocie
cymwku, Il u III — nocne cymku u
I, 1V, V - 20 °C; mporpea mpu 230 u 420 °C
I, VI-60°C COOTBETCTBEHHO

Bonee 3HaUMTENILHO MOHU3UTH CKOPOCTH PEAKLIMH TTO3BOJISIET IBYKPATHOE
ym™meHbleHre KoHneHTpanun CuSO,, mpu KOTOPOM OIS 0JI0Ba B TOJNYYEHHBIX
nopoukax cocrapisier ~ 40-80 at.% (puc. 1, kpussie Illu 1V). HesaBucumo ot
TeMIlepaTypbl pacTBopa M KOHIIEHTPAIMH COJIM MEAW B M3y4YEHHBIX TMpenesax
JI0JI METAJIOB B IOPOILIKAaX MPaKTHYECKH He u3MeHsiercs mnociie 5—-10 MuH
MPOTEKaHMsl Ipollecca, KOrJia BOKPYr 4YacTWI[ 0JioBa 00pasyercsi JOBOJBHO
repMeTuuHasi 000JIOYKa MEIM, YTO MOJTBEP)KACHO JIAaHHBIMH CKaHUPYIOIIEH
3IEKTPOHHON MUKPOCKOIIUY.

Cyzst 0 peHTreHOTrpaMMaM, TI0JTy4eHHbIE TOPOIIKH COJIEpKaT JIMIIb (ha3bl
KpUCTAJUIMYeCKOH Memu u onoBa (puc. 2, kpuBas |). C yBenmueHnem
JUTUTENIbHOCTH  OCKAEHHWS WHTCHCHBHOCTH M KOJIMYECTBO MHKOB OJIOBA
YMEHBIIAIOTCSI, @ ME/IH, HA000POT, pacTyT. DKCIIEpUMEHTAIBHO 0OHAPYKEHO, YTO
TIOJTy4YEeHHbIE TTOPOIIKM MOTYT OBITH CIIPECCOBAaHbI B TaOJETKH M CMEIIaHbl C
¢dumocom Jurst madiku. [ M3ydeHMs MOBEJCHUWSI MOPOIIKOB IPH HarpeBaHWUHU
CIIpeccoBaHHbIC TAOJIETKM TOJBEPTajl TEPMHUECKOH 00paboTke B aTMocdepe
aprona mpu Ttemmeparypax 230 m 420 °C. PeHtreHOrpamMmbl TPOTPETHIX
00pasloB CBHJCTENLCTBYIOT O HAIMYUHM B IOPOIIKAX HHTEPMETAIUIUIOB (1)-
CugSns, €-CuzSn, 8-Cuy;Snyy m E-CuygSn; dhas), a Takxe ClIeI0BOro KOJIHYSCTBA
okcuma meau CuO (pucynok 2, kpussie |1 u I11).

Takum  oOpasom, wmeronx KB mo3Bomsier Jerko BapbHpOBAaTh
COOTHOUIEHHE METAJJIOB B MOJIyYaeMbIX ITOpOIIKax B mpenenax ot ~ 10 mo ~ 80
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aT.% 0II0Ba, U3MEHSS UTUTEIBHOCTH MPOIiecca, KOHLECHTPAHIO CyIbdaTa Meny,
a TaKKe COOTHOLICHHWE B3ATHIX i peakuun KommdectB omosa u Cu(ll).
Iopomku Cu—Sn copepkart Kpuctamndeckue (Gaszbl MeIH U 0JI0Ba, MOTYT OBITh
crpeccoBaHbl B TaOneTKH W cMemanel ¢ (uarocom anst maiiku. [Iporpes
nopomkos B auanazoHe 230-420 °C  mpuBOoAMT K  0Opa3oBaHMIO
HHTEPMETANIMYECKUX COSIUHEHUH B pe3ysbTaTe Mo/IiaBieHus (Gasbl o0Ba U
MIPOIIECCOB TUPPY3HH.
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Oopa3oBanue u popMupoOBaHHe CTPYKTYPHI a-Fe,O3 npu
TepMHUYECKOii KoHBepcuu cyabdara kene3a (1)

JI. C. Emenxo, K. B. Boponuna, /I. M. HoBuk
Bbenopycckuii rocy1apcTBEHHBIN TEXHOJIOTUYECKUN YHUBEPCUTET
Munck, benapycs, e-mail: ksenia_borodina@ymail.com

OCHOBOI KpacHBIX CHHTETHYECKMX MUTMEHTOB siBisieTcs a-Fe,03 (remarut),
oT pazmepa ¥ (OPMBI YaCTHUI[ KOTOPOTO 3aBHCSAT OTTEHKH LIBETA MUTMEHTA.
CnocoObl MoJy4eHHsI reMaTHTa OCHOBaHbI KaK Ha XUMHYECKOM OCa)XICHUH
THJIPaTHPOBAHHBIX OKCHJIOB JKeJle3a ¢ MOCIEAYIOIei UX JeruapaTanue, TaKk u
Ha TEPMHYECKOM DA3JIOKEHHH JKEJIE30COJEpKAIINX PEareHToB, B YaCTHOCTH
xene3znoro kymopoca FeSO,7H,O [1]. Tepmuueckuii cmoco0 oOTIHYaCTCS
SHEPTrOeMKOCTBIO U3-32 (hOPMHPOBaHUs CTPYKTYphl o-Fe,03; mpu 900-950 °C,
IIPU 3TOM MPOMUCXOJUT CIICKaHWE YacTHIl TBepAoil ¢a3sl u oOpa3oBaHHE
cepocoepKalieid Ta30Bor cpeabl, TpeOyromel ouncTkid. OcoObIid HHTEpEC I
MOJYYEHHUs] THMIMEHTHBIX MAaTEePUAIOB MPEJACTABISIET HU3KOTEMIIEpAaTypHas
nepepaboTKa JKEJNe3HOro Kynopoca B IPHCYTCTBHU IIENIOYHBIX PEareHTOB B
okcun kemesa(lll) w TpymHOpacTBOpHUMBIE WM PAaCTBOPHMBIE CyIbdaT-
coneprkamue coeauHeHus [2]. [IMrMeHTHBIE MaTepHalbl, COIEpIKamie, Kpome
xpomodopa (a-Fe,Oz), 1 HepacTBOpUMBIE COCIUHEHHMS, OTHOCSTCS K TpYIIIe
[TUTMEHTOB-HAIOIHUTENEH, IPUMEHSIEMBIX B IIPOU3BOJICTBE IUIACTMACC, PE3UH,
B CTPOUTENBHON M OyMa)kKHOW IPOMBIIIIIEHHOCTH.

Ilenpro maHHOM pa®oOTHI SIBUJIOCH MCCIIEAOBaHME Ipoliecca NepepadoTKH
XKeJIe3HOro Kyropoca, coaepkauiero macc.%: FeSO — 47,8, ceoboanoit H,0O —
3,7 n H,SO, — 1,2, myrem TtepmomienouHoii xoHBepcun FeSO, B cucreme
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FeSO,—H,SO,~Ca0-H,0-O, na mnurmMeHTHBIE Marepuaibl. KoHBepcHio
MIPOBO/IMJIA B J[Ba 3Tana: CMECh, COCTOSLIYIO M3 jKese3Horo kymopoca, CaO n
H,0 o6pabatbiBanu ruapoTepManbHo npu Temnepatype 95-100 °C B Teuenue
3-6 4, mocie yero oOpa3oBaBUIMKCS MPOAYKT IOJABEPrajid TepMooOpaboTKe B
untepsane 100-650 °C B TOHKOM HEMOABMKHOM cloe, TommuHoi 0,5-0,7 cM.
Ipoaykter aHamusupoBamu Ha coxepxanue Fe (I1), Fe (Ill), a-Fe,O;3 CaO,
SO u BomopacTBOpMMBIX TpnMeceil. CTeneHb KOHBEPCHH PacCUMTHIBAIA
ucxoms w3 comepkanms SO,° B OKGIE3HOM KyNOpoce 1O PEaKIWH H B
MIPOAYKTaX TEPMOOOPaOOTKH.

VYcTaHOBIIEHa 3aBHUCHMOCTH CTemneHH KoHBepcun FeSO, or maccoBoro
cootromennss CaO : SO, u H,0 : CaO, TemmepaTypsl TepMoOGPaGOTKH.
ITokazaHo BIHMAHME NAHHBIX ()AKTOPOB HA XUMH3M IPOTEKAIOIINX IPOIIECCOB,
oOycnoBnuBaOIIMKA 00pa3oBaHHE JKeNe30- W KajlbLUi-comepkammx ¢a3 B
cucreme FeSO,~H,SO,~CaO-H,0-0,. IlonydyeHa 3aBUCHUMOCTH, COTJIACHO
KOTOpOH ¢ HOBbIMIEHHEM MaccoBoro cooTHomeHus H,O : CaO crenenn
KOHBEPCUH yBEIHYHMBaeTCs (PHC. a), IPH STOM B TBEpAOH (a3e MPUCYTCTBYIOT
THJpaTHPOBAaHHbIE COEAWHEHUS IBYX- M TPEXBAJICHTHOTO »eje3a, a TakKxke
CaS0,2H,0. OtmeueHo, 4TO yBenmW4eHHE MOJBHOTO cooTHomieHus CaO
8042’ cBeIEe crexuomerpuyeckoro o0 1,05-1,10 mpuBOAWT K IMOBBIIICHUIO
cTeneHn KoHBepcuu Ha 2-3 %. HarpeBaHme mpomyKTOB T'HAPOTEPMATIBHON
06pabotku B uHTepBaie Temneparyp 300—-650 °C compoBoxkaaeTcs nmpoueccamMmu
oxucnenus Fe(ll) B Fe(lll), merumparanmeit BogocoAepKANMX COSAMHEHUN U
NOBBILIEHUEM CTEIEHH KOHBEPCHH Cyib(arta xeiesa. Tak, mpu 300 °C
MPOAYKTaMH TePpMOOOpabOTKK mpeumyiiecTBeHHO siBisitorcss FEOOH (retut) u
CaS0,-0,5H,0. TloBeiuenne temmneparypsl g0 500 °C  compoBoxmaeTcs
nepexogoM FEOOH B cnabo3akpucraiuin3oBanublii o-Fe,0;. ®opmupoBanue
KPHUCTAJUIMYECKOH  CTPYKTYypbl ~T€MaTuTa, COIIaCHO pEeHTreHo(}ha3oBOMY
aHanmu3y, TPOMCXOomuT mnpu Temneparype 600 °C, mpu KOTOPOH CTENEHb
KOHBEpCHUH Cyb(ara xenesa gocturaet 98 % (puc. 6).

OTMe4eHo, 4TO MPOAYKT TEPMOIIETIOUYHONH KOHBEPCHH JKEJIE3HOTO KYIopoca,
UMEET OpaHXEBO-KPACHBIH I[BET M IIPEJACTABISIET COOOH TOHKOAWMCIIEPCHBIN
MaTepuain ¢ pasmepom gactun 0,5-10 mxm. Yactuust ¢ pasmepamu ot 5 10 10
MKM cocTaBisitor 53,5%, ot 0,5 mo 5 mxm — 41,4%. CorjacHo JaHHBIM
JIEKTPOHHON MHKPOCKONMHM YacTHIBl MaTepHana OTIMYAaroTCs Mo QopmMme:
KpYIIHBIE WTOJIbYAThIE XapaKTepHBI I Cyib(ara Kajplusd, a Ooiee MEIKue,
6nM3KHe K chepUIecKiM — JJIsl TeMaTHTa.
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a — maccosoro cooTHomenus H,O : CaO u 6 — TeMepaTypsl TepMo0OpabOTKH
VYCTaHOBJIEHO, YTO COAEpXKAHHE BOJOPACTBOPUMBIX coileil B
NpOAyKTax, TepMooOpaboTanHex npu 600—650 °C, Haxoautces Ha yposHe 0,1—
0,2%. Iloxa3aHo, YTO MONyYEHHBIH MPOAYKT OKpAIIMBACT MECYaHO-IIEMEHTHBIE
W3JIeIHS, IPU 9TOM TIOBBIIIACT MX MEXaHMYECKYIO IPOYHOCTb.

Cnucok Jaureparypsl

1. G. Buxbaum, G. Pfaff. Industrial Inorganic Pigments, Germany: Wiley-
VCH, (2005) : 313.

2. B. A. CanonukoB. ABroped. AUCC. HA COMCK. y4Y. CT. KaHJl. TeXH. HAyK:
05.17.01, BI'TY. Munck, 2001.

IMosyyenue mopomka Ni—-Sn—Zn MeToqoM KOHTAKTHOTO
BBITECHEHHS U3 PacTBOpa

A. A. Kynako?®!, T. H. BopoGbesa®?
"Hayumo-uccIe10BaTeNbCKH HHCTUTYT (H3MKO-XHMHUUIECKHX IPOGIIEM,
Bbenopycckuii rocynapcTBeHHbIN YyHUBepcUTeT, MUHCK, benapych
e-mail: anton1995chem@gmail.com

IMopomku cmraBa Ni-Sn BocTpeGoBaHbl Tl MONYYEHHS H3HOCOCTOMKHX,
TBEPIBIX, KOPPO3MOHHOYCTONUYMBHIX, OOJANAIOMINX CIIOCOOHOCTBIO K TMaiKe
MOKPBITHH B MallMHO- W NPUOOPOCTPOEHHMH, B  DIIEKTPOHUKE,  JUIs
BOCCTaHOBJICHUS] U3HOLIEHHBIX AeTaneil. [[puMeHeHre NopOIKOBBIX IPUIIOEB B
cMecu ¢ (arocaMu B BUjE HAcT MO3BOJSIET CHU3UTH TPYIOEMKOCTh IPOLECCOB
Naiky, JO3UpOBaTh MaTepual M MEXaHU3UPOBaTh onepauuu naiku. Kak ams
MOJMYy4eHUs MOKPBITMM, Tak M U1 MalKd MOpPOLIKM JOJDKHBI HUMETh
OTpENEICHHBI XUMHYECKHHA, (a30BBIi W TPaHYIOMETPHYECKHIl COCTaB,
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obecrieunBaONIMid TPH  HUCIOJB30BAaHMM 110 HA3HAUCHHIO 00pa3oBaHHE
uarepmeTamuaos NisSn,, NigSn, u NisSn.

[TpoMbIIUIEHHBIE METOIBI TIOJy4EHHUs] HOPOIIKOB METaJUIOB M CILIABOB
OCHOBaHBI Ha pACHBUICHWH paclllaBa METaula Ta30M, BOISHBIM IapoM
BBICOKOT'O JaBJICHHs, PeXe — Ha BOCCTAaHOBJIEHUU OKCUAOB MeTalioB. Bce oHn
MaTepuano- U sHeprozaTpaTtHel. ONKUCaH METOA HU3KOTEMIIEPATypHOTO CHHTE3a
u3 pactBopa nopoinka Ni—Sn ¢ MarHuTHEIME CBOMCTBaMHU U HaHOYacTUI] Ni—-Sn
JUTSL U3TOTOBJICHUS QaHOZIOB B JINTHH-MOHHBIX aKKyMYJIATOPax BOCCTAHOBIEHUEM
HOHOB  MeTa/ioB Goporuapun-uomamu [1, 2]. Hemocratkm MeToma
XMMHYECKOTO BOCCTaHOBJCHHS M3 pPAacTBOpa — CIIOKHOCTh YIPaBICHUS
COOTHOUIEHHEM METAJIOB B MOPOILKE, BKIIOYCHUE B €r0 COCTaB Oopa, a TaKkKe
HecTaOMIBHOCTE PAcTBOPOB. bosee mpoCThl, 5KOHOMUYHBI 1 MEHEE SHEPTOEMKHU
IpoIlecChl KOHTAKTHOTO BBITECHEHHS, MCIIONb3yeMble I  HM3BJICUCHHUSA
METaIoB B ruppomerauryprui. OfHaKO KOHTAKTHOE OCaKACHHWE OJOoBa Ha
HUKEJb HE OINHCaHO. BeposATHO, oOcCyIecTBIEHHE Takoro Ipolecca
3aTpyJHATEIHHO BCIEACTBUE HEOONBIION PA3HOCTH CTAHAAPTHBIX MJIEKTPOTHBIX
notennuanoB MerawioB (AE° = 0,1 B), a Takke HEBO3MOXHOCTH
UCTIONIB30BAHMA KaK KUCIBIX, TAK U IIEJIOYHBIX PACTBOPOB M3-32 PACTBOPUMOCTH
METAJUIOB B KHCJIOTaX M TUAPOIHN3a COCAVHEHHHM 0J0Ba B HEUTPAIbHBIX HU
LIEJIOYHBIX Cpeax.

B nanHO# paboTe 111 KOHTAKTHOTO OCAaXKACHHS OJI0BA HA ITOPOLIOK HUKEIS
ObUI WCIIOJIb30BAaH INPHEM «BHYTPEHHEro 3JeKTposuza». s 3Toro cHavasa
MOPOIIOK HUKelNs Bbiaessiin nuHkoMm u3 pactBopa NiCly,-6H,0 glOO r/am’, pH
1,2 + 0,1) mpu temneparype 50 °C u mompHOM cootHomennn Ni<° @ Zn=1: 1.
3areM mocie MPOMBIBKH ITOPOLIOK HHKEIS, cozlepxcamlxm OCTaTOYHBIM NWHK,
nomemam B pacteop SnCly2H,0 (11,3 r/am®, pH 1,2 + 0,1) npu Temmeparype
50 °C u nepemewminBaHuu. OCTaTOYHBIA LIMHK WHULMUPOBAJ BbIIEJIEHUE OJIOBA.
BapeupoBanu BpeMs ocaxaeHus Hukens (lyj) TpH 3aJaHHOM BpPEMEHH
ocaxaeHus onosa (s, = 10 MUH) WM BpeMsi OCaXIICHHS 0JI0Ba IPH 3aJJaHHOM
tni = 3 MuH.

DIeMEeHTHBIH COCTaB MIOPOIIKA OTIPEAEIISAIH METOJIOM
9HEProANCIEPCHOHHOI0 PEHTTeHOBCKOro MukpoaHanusza (EDX), crpykrypy —
CKaHUPYIOIEH dIeKTpoHHOW MuKpockomueir (COM), ¢a3oBelii coctaB —
peHTreHodaszoBsiM ananuzom (POA).

Pesynbrarer EDX-ananusa mopolkoB IpHUBEIEHH B TaOnuIe, U3 KOTOPOH
cleqyeT, YTo yBedawm4deHWe lyj MPUBOIMT K BO3PACTAHUIO JONH HHKEIS B
nopouke ot 38 1o 86 aT. %; A0nd MHKA MPH 3TOM yMeHbIaeTcsa oT 24 1o 8,8
aT. %. B cirydae BapsupoBanus ts, mpu 3a1aHHOM ly; J0JIS METAIIJIOB B TIOPOIITKE
MEHSIETCSl HE3HAYUTEIBHO (COOTHOIIEHHE aTOMHBIX Jjoieit Ni @ Sn: Zn~ 46 : 37

17). DTOT (akT CBUAECTENHCTBYET, YTO MPOUCXOAUT OCAKIEHUE JITOBOJHLHO
repMeTuyHoi o0omouku omnoa Ha sape Ni—Zn, KoTopoe MNpPaKTHYECKU
3aBepmaeTca B TedeHue 0,5 MUH, KOTJa 0JIS IIMHKA eIle JOCTaTOYHO BEJHKA.
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Cyns mo panabM [3], HOpPOIIOK TaKOro coctaBa MOXKET OBITH MPUTOIEH
JUIS aMKH.

Tabnuna. Jons meramnos B mopoirkax Ni-Sn—Zn
B 3aBUCHMOCTH OT ty; 1 tgy, = 6 aT. %

tni (MuH) pH tsy = 10 MuH tsy (MuH) npu ty; = 3 MuH
Merazt 05 5 10 | 20 | 05 5 10 | 20
Ni 38,1 | 67,3 | 61,7 | 858 | 50,5 | 43,1 | 445 | 474
Sn 379 | 225 | 29,8 6,8 338 | 39,9 | 40,6 | 339
Zn 24,0 | 10,2 8,5 7,4 15,7 | 17,0 | 149 | 18,7

Penrrenorpamma  mopomka — coctaBa  NiggsSNgeZNisg  COAEPKHUT
uWHTeHCUBHbIe MHKU (a3 Metamamdeckoro onosa, NisSng, NisSn, u NiZng, a
takke nuka ¢a3z SnO,, SN0, m ZnO manoii wHTEHCHBHOCTU. [lo IaHHBIM
COM-uccienoBanusi MOPOLIKH COCTOST B OCHOBHOM M3 OKPYIJIBIX YaCTHI]
pa3zmepoMm 1-8 MxM, Hapsay ¢

3 KOTOPBIMH H3peJKa BCTpe-
YaIOTCS UroJibYaThle, IIac-
TUHYATBIE W JCHIPHUTO00-
pasHble dYacTUIBl (pHC.).
YacTuipl 00bEIWHEHBI B

arJioMeparsl
HeTpaBUILHOMN (hopMbL.

a 6 Ilpu >TOM B mopomKax ¢

Puc. COM ¢ororpaduu nopomikoB Ni-Sn—Zn: ~ BBICOKHM  COJCpXKaHUEM
a — tyj = 5 muH, ts, = 10 MuH; onmosa (3040 ar. %)

6 — tni = 3 MUH, tsy = 5 MUH OTJAENBHBIE  arjoMeparsl

MOTYT 1OCTHraTh 40 MKM.
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PaspaboTka u uccjie10BaHHEe TEPMOCTOMKHX
TEeNJIONU30JIMPYOIIHMX KOMIO3UIIMOHHBIX MATEPHAJIOB HA
OCHOBE TBEePAbIX CBA3YIOIIUX
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B mHacTosimiee BpeMsI MHONyYEHHE TEPMOCTOMKHX TEIUIOM3OJIMPYIOLINX
MatepuanoB  (TTM) sBngercs BecbMa  aKTyalbHBIM  HallpaBlICHUEM
CTPOUTEIBHOW OTpaciu. B KkadecTBe (yHKUMOHAJIBHBIX HAIIOJHHUTENCH ISt
9TOTO THIAa KOMIO3UIIMOHHBIX MaTePHAJIOB UCIOIb3YIOT IPUPOTHBIC MUHEPAIIBI
BEPMUKYIUT M MEpPIUT, KOTOpble NpPEABAPUTEIBHO IOABEPTaloT TEIUIOBOU
oOpabotke [1]. Panee Obuta TmOKa3aHa BO3MOXHOCTh HW3TOTOBJICHUS
3¢ QEKTUBHBIX TEIUIOM30JIMPYIOLNIMX MaTEPHAIOB C MCIOJIB30BAHUEM BSDKYIIMX
PacTBOpOB Ha OCHOBE YKHIKOTO CTEKIa ¥ (POCHATHBIX CBI3YIONHX [2].

BHenpenne mepenoBbIX TEXHOJIOTHH, B TOM YHCIE HCIIOIB30BAaHUE CYXHX
CTPOUTENBHBIX ~ CMEceH, SBIsSETCd  BaXXHOM  3azadeil  COBPEMEHHOIO
CTPOWTEIBHOTO MaTephaloBefcHHA. JVIcmonp3oBaHME CyXHMX CMeced o
CPaBHEHUIO C PAaCTBOPHBIMH CMECSIMU MIMEET PAJ IPEUMYILIECTB: yYBEINUCHHbIC
CPOKH XpaHEHHs CMeceil, MOBBIIICHUE MTPOU3BOANTEIBHOCTH TPY/AA U CHIDKCHHE
MaTepHAIOEMKOCTH PaboT, YNPOIICHHE CKIAIACKHX orepanuii u ap. Pabotsl, B
KOTOPBIX OMNKCAaHO HCIOJIb30BaHHE cCMeceil Ha OCHOBE TBepIbIX (ocdaTHBIX U
CHWJIMKATHBIX BOKYIIMX JU1st nonydeHus TTM, BecbMa HEeMHOTOYHCICHHHI [ 3, 4].

B mpencraBneHHol paboTe ITONydeHBl M HCCIEJOBaHbI TEPMOCTOWKHE
TEIUIOM30JIUPYIONTNEe KOMIO3ULIMOHHBIE MaTepHajbl Ha OCHOBE TBEPIBIX
cBs3yommx:  QocdarHoro  (terparuaparauruapodocdara  MarHus) U
CHIMKAaTHOTO  (HAaHOTHApAaTTPHMETACHIIMKaTa  Hatpus). B kadectse
HAMOJTHUTENICH KOMITO3UIMOHHBIX MAaTepHalioB TPUMEHEHBI BCITyUCHHBIC
BEPMHUKYIUT W TIEPINT, B POJHM apMUpPYIOUWEH 100aBKH —BOJUITACTOHHT H
MYJUTUTOKPEMHE3EMHBIE BOJIOKHA.

Paspabotansr cocraBel TTM u momoOpaHO ONTHMAaNTBHOE COOTHOIICHUE
OCHOBHBIX KOMIIOHEHTOB H3Yy4aeMBIX CMecel: TBepAoe CBA3yIOIIee—
HATOJHUTEIb—BO/A. [loka3ano, yro HaubOosiee 3()(HEKTUBHBIM HAMOJHUTEICM
i Tertonzoupyonmx KM gBisercd cMech BCIYYEHHOTO BEpMHUKYJIHTA U
nepyiuta. 3HaueHUs KO3(P(OUIMEHTOB TEIIONMPOBOJHOCTA MONXy4eHHbIX TTM
cocrapisror 0,08-0,10 Br/(mM-K) npu miorsoctu 0,30-0,40 r/em®. Tlposenen
TePMHUYECKUHA aHaMW3, HU3y4eHbl (ha30Bble M TEPMUUYECKHE IPEBPAICHUS
KOMITO3MIIMOHHBIX MaTE€pHaIOB HAa OCHOBE TBEPBIX CBSA3YIOIIMX B MHTEpPBAE
20-1000 °C. Iloxka3aHo, 94TO pa3pabOTaHHBIC TEILIOU3OJIHPYIOIINE MaTepPHAaIbl
yCTOMUMBBI IpH TeMmmnepaTypax skcmiryatanuu no 1000 °C. Msyuen npenen
IIPOYHOCTU TPU CKATUHU, Gy, HOMydeHHBIX TTM, 3Hau€HUs KOTOPOIo
Bapbupytorcsi B uHTepBasie 0,8-2,0 MIla. YcranosieHo, yTo TepMHUecKas
obpabotka 1o 1000 °C nprBOANT K HE3HAYUTEILHOMY TOHIKEHHIO MPOYHOCTH
MaTepuajoB, a BBEJEHHE B HUX COCTaB MYJJIMTOKPEMHE3EMHBIX BOJIOKOH
00yCJIOBITMBAET YMEHBIICHHE yCaakd oOpas3oB MpPH HX TEPMOOOpabOTKe 0
BBICOKMX TEMIIEpaTyp M HECYIIECTBEHHO BIMACT Ha W3MEHEHHE IUIOTHOCTH
00pasIos.

Panee [5] MBI mOKa3bIBaM BO3MOXKHOCTH 3(p(peKTHBHOTO HCHONB30BaHUSA
CBY npu noxy4eHnN TEPMOCTORKNX KOMITO3UIIMOHHBIX MaTepHaIOB HA OCHOBE
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pactBopoB MetamuodocharoB. B manHoit pabote mcciaemoBano Binusaue CBY
00paboTKK (MOILHOCTH M3ITy4EHHsI, BpEMEHHU CIIeKaHusi 00pa3loB) Ha (PU3UKO-
XMMHUUYECKHE XapaKTePUCTHKH MaTepHaloOB Ha OCHOBE TBEPJBIX CBS3YIOIIUX.
VYcTaHOBNIEHO, YTO NPUMEHEHHWE MHKPOBOJIHOBOTO H3JIyYEHHUS II03BOJISIET
noxydath TTM ¢ He0OOXOIUMBIMU CBOMCTBAaMHU NP 3HAUYNUTEIBHOM COKpPAIICHHH
KaK MOTpeOIeHNs SHEPTHH, TAK U BpeMEHH 00pabOTKH MaTepHAIIOB.

References

U. A. Paxmanosa [u ap.]. Bectauk TTACY (2013) 2 : 257.

A. H. Kymnam [u ap.]. C6. ct. CBupumosckue utenus (2004) 1 : 120.

K. H. Jlanko [u ap.]. ALIT inform. (2015) 39 : 1.

T.H. Ulynsrafu ap.]. Ussectus CII6I TU (TVY) (2017) 38 : 95.

K.N. Lapko [et al.]. Proceedings of ISIPM-7, Chicago, USA (2011) :
256.

akrwbdE

CuHTe3, CTPYKTYPHbIE H IJIEKTPOXMMHYECKHE OCOOEHHOCTH
rexcauanogepparos 3d-mMeraiios,
JAOMUPOBAHHBIX MarHueMm

A. B. Jlantenkosa, A. A. CenoTHH
Wucturyt xumunu, Caakt-IleTepOyprekuii ToCyaapCTBeHHBIH YHUBEPCUTET,
Canxr-Tlerepbypr, Poccus, e-mail: laptenkoval5@gmail.com

PazButne oOnactell 3HEPreTHKH, OCHOBaHHBIX Ha BO30OHOBIISIEMBIX
WCTOYHHMKAX 3HEPIHWH, TAKUX KaK SHEPrHsl COJHIIA, BETpa, NPHIMBA U OTIIHBA,
YBEJIMYMBACT MOTPEOHOCTH B CHCTEMAaX XPAHEHHUS SHEPTUH.

HanbGonee pacrnpocTpaHeHHBIMH CHCTEMaMH aKKyMYJHpPOBAHUS SHEPIUU
SIBIISIFOTCS JINTUH-UOHHBIE OaTapen, KOTopble 001a1atoT 0OJIBIIONH MOIIHOCTBHIO,
BBICOKOH 3((EKTUBHOCTBIO IMKIMPOBaHMsA. HecMoTpst Ha Bce JIOCTOMHCTBA,
HCTIONB30BaHUE TAaKUX CHUCTEM B KPYIMHOMACIITaOHBIX CTallMOHAPHBIX
YCTPOHCTBAaX XpaHEHHUs SHEPTHM 3aTPYAHEHO IO HECKOJIBKHUM NpHYHMHaM. B
MIEPBYIO OYEepeab CTOMMOCTD JIUTHEBBIX aKKYMYJISTOPOB JOCTATOYHO BEJIHMKA H3-
3a OTPaHWYECHHOTO COAEp)KaHUS JMTHS B 3eMHOH kope [l]. Kpome Toro,
HEOOXOAMMOCTb  HCIIOJIb30BAaHMSA  OPTraHWYECKHX  DJIEKTPOJIIUTOB  JEJacT
IIPOU3BOJICTBO JINTHEBHIX OaTapeil MoKapoONmacHbIM M BPEIHBIM JIJISl SKOJIOTHH.
OTH npoOIeMbl MOXKHO PELINTh, 3aMEHUB JIMTHH Ha CXOXKHE I10 CBOWCTBaM, HO
Oonee MOCTYIHBIE M MEHEE aKTHBHbIE HATpUil WiIM MarHuii (Tabiuuna).
IIpermyiiecTBO MarHusl 3aKJIIOYaeTcsl B JBYX3apsAHOW NPHPOJE HOHA, 4YTO
JOJDKHO ~ OJAaronmpusiTHO ~ OTpasuThCI ~ HAa  TaKMX  OHEPreTHYecKUX
XapaKkTepucThUKax OaTapei, Kak HalpuMep X eMKOCTb [2].
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I'ekcaunanodepparsl 30-MeTauIOB MPUBJICKIN HHTEPEC YYCHBIX B POIH
MEPCHEKTUBHBIX KAaTOAHBIX MAaTepHUanoB ISl BOAHBIX aKKyMyJsaTopoB [3, 4].
CTpykTypa COEAMHEHWH NpEACTaBIsIeT COOOH TPEXMEPHYIO MOJIMMEPHYIO
CeTKYy, COJAEpKAaIlyld METalbl pa3IU4YHBIX CTENEHEeH OKHUCIeHHs B Yy3lax
KyOMUecKOH KpuCTaIM4eckoi pemietkd. Ha rpansx Kyba pacroyioxeHb
LIUaHUIHBIE aHWUOHBI (puc.). MeTamnsl B y3/1ax peUIeTKH 00ecreyuBaoT
KECTKUN KapKac U BHICOKYIO YCTOWYMBOCTb COCIUHEHUH, a IHaHUHBIE TPYIIIBI
Ha TPaHAX JENAl0T CTPYKTYPY OTKPBITON IUII MHTEPKAISALUH ITOJIOKHTEIHHO
3apsDKCHHBIX HOHOB. Pa3Mepsl MyCTOT B pelIeTKe MO3BOMSIOT pa3MeNaTh B HUX
HE TOJNBKO HEHTpalbHBIC MOJIEKYJbl BOIBI, HO W KAaTHOHBI INEJOYHBIX W
IIETOYHO3EMENBHBIX ~ DJIEMEHTOB.  ODJIEKTPOXMMHUYECKHE  XapPAKTEPUCTUKU
KaTOAHBIX MaTEPHAJIOB, TIOyUYCHHBIX Ha OCHOBE T'eKCallnaHO(peppaToB, 3aBUCST,
B IIEPBYIO OYepenb, OT pa3Mepa YacTHIl, a TaKKe NMPHUCYTCTBHSA B CTPYKTYpe
MOJICKYJT BOJBI M KATHOHOB HICTOYHBIX HITH IEIOYHO3EMENbHBIX METAILIOB [5].

CpaBHEHHE MapaMeTPOB KAaTHOHOB

JIuTuii Maruuii Hartpuii
Kartuonnblit paguyc (A) 0,76 0,72 0,97
AtomHas macca (I/MOJIb) 6,9 24,3 22,9
Hoternuan (B, H'/H,) -3,04 -2,37 2,71
3apsn noHa +1 +2 +1

© no
@ (K, Mg*)
@ Fex

@ M2 (Mn,Fe,Co, Ni, Cu, Zn)
e (C:=N

Puc. Ctpykrypa rekcannanodepparos 3d-mMetamios

OCHOBHBIM CIIOCOOOM CHHTE3a rekcannanopepparos 3d-MeTauioB SBISETCS
METOJl COOCaXKJEHUs W3 pacTBopa. JlaHHBIH MeToJ] MO3BOJSIET MOJydYaTh
YaCTHIBI C BBICOKOH CTENEHbIO KPUCTALIMYHOCTH M 3aCEJIeHHOCTH
KpucTaUiorpaQuueckux MO3MLMA pa3nuyHbIMH  aTomamu [6]. V3menss
COOTHOULIEHHE KOMIIOHEHTOB, MOXHO BapbUpOBAaTh pa3Mepbl  YacCTHII,
MOJIyYaOIIUXCsl PU CUHTE3E [7].

B pamkax naHHOW paboOTHI OBUT MOJy4eH psiJi HOBBIX reKcaluaHopeppaToB
3d-meTanoB, AOMUPOBAHHBIX MarHueM. lIpeimosaraercsi, 4Tto BBEICHHE B
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COCTaB  COCAWHCHWH HWOHOB MarHwsl  OJarompusTHO  OTPa3UTCS  Ha
AJIEKTPOXUMUYECKUX XapaKTEPUCTUKAX KATOJHBIX MAaTEpPUAIOB.

Xumudeckut ananuz wMetonoM ADC-HCII  mo3Bonua  OmpeneiuThb
KAueCTBEHHBI M KOJWYECTBEHHBIN JJIEMEHTHBIM COCTaB CHHTE3UPOBAHHBIX
coenunenuit. TI'A mokazanm Hanu4yue MOJIEKYJT BOJbI B KPUCTAILTUYECKOU
ctpykType. [lomydeHHbie 00pa3ibl ObUTH OXapaKTepu30BaHbl MeToaaMu PDA ¢
UCTOJIB30BaHUEM METOJHMKH 0o0cyeTra 1o PutBenbay. BbUIO yCTaHOBIICHO, YTO
pa3Mmepsl KpuctamuToB He mpeBbimaioT 100 M. Meromom COM wu3ydeH
BHEIIHWUH BHJI KpUCTAIUIUTOB. OCOOCHHOCTH AJIEKTPOXUMUYECKOTO MOBEACHHUS
MOJyIEHHBIX KAaTOJHBIX MAaTEepHajoB Ha OCHOBEe TekcarmanodepparoB 3d-
METAJJIOB UCCIIEN0BaHbl ralbBaHOCTATUYECKUMHU M BOJILTAMIIEPOMETPUUECKUMHU
METOJIaMH.
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MoOuIbHbBIH KHUCJI0POX B CJIOUCTBIX HUKEJIATAX
MNEPOBCKUTHOI0 THIIA

JI. B. MaXHaql, A.E. Ycechol, . M. XapnaMOBaz,
JI. C. ViBamkesua®, B. B. ITaubkos®
1BGH0pyCCKHﬁ TrOCyAAapCTBEHHBIN yHUBEpCUTET, MUHCK, benapycs,
e-mail: usenka@bsu.by
2I/IHCTI/ITyT Teryo- U MmaccooOmena um. A. B. JIetkoBa HAH benapycu
*HUN (GU3UKO-XUMHUYECKHX MPOoOIeM Bemopycckoro rocyapCTBEHHOTO
yHuBepcurera, Munck, benapyce

CrioucTele HUKENAThl MEPOBCKUTHOTO THMA cO cTpykTypoit P/RS u 2P/RS
(rme P — cioii mepoBckuTa, RS — ci10#f KaMEHHOM COJIM) NPUMEHSIOT B Ka4eCTBE
Pa3JIMYHBIX BBICOKOTEMIIEPATYPHBIX AJIEKTPOXUMHUYECKUX MpeoOpa3oBaTeieH, a
TaKke B MEMOPaHHBIX peakTopax Oyarofapsi CMEIaHHOMY THITYy POBOJANMOCTH
— HOHHO-IEKTPOHHOMY [l]. DneKTpoTpaHCHOPTHBIE CBOWCTBA HUKEIATOB,
ONpEeNeNsIoNMe HUX IIUPOKOE TNPUMEHEHHe, OOYCIOBJICHBl  HalHYHEM
MOOWJIBHOTO KHCIJIOPOJia, KOTOPBIH BBIAGNACTCS B OKPYXKAIOIIYI aTMochepy
NpU HAarpeBaHWU OOpa3loB M IOIJIONIACTCS MPH HMX  OXJIAKICHHU.
KoHueHTpayss Takoro KHCIOPOJa W PAa3iIM4YHbIE €ro BHIBI CYIIECTBEHHO
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H3MCHSIOT CBOWCTBA CIIOMCTBIX OKCHIOB, Hampumep, Kympar YBa,CusO7_s
MOXET OBITh KaK M30JISITOPOM, TaK M CBEPXIPOBOAHUKOM [2]. [ToaTOMy BaskHOM
NPUKIaAHOW ¥ (YyHAaMEHTAIbHOW 3a/auell SBISIETCS HE TOJNBKO KOHTPOIb
KOHLEHTPAalM MOOWIBHOTO KHUCJIOpOJa, HO W yMEHHE pa3indyaTh BHIbI
MOOMJIBHOTO KHCIIOPO/a, YTO II03BOJMJIO OBl 0Ooyiee HAJEKHO YIPaBIATH
AJIEKTPOTPAHCIIOPTHBIMH CBOHCTBaMH HUKEJIATOB.

OmHMM U3 METOZOB M3YYCHHs CBOHCTB MOOWIJIBHOTO KHCJIOpOJA SBISETCS
TEpPMOIIPOTpaMMHUpyeMast JecopOIIs-abcopOITus B COYCTaHUH c
TBEPIOTEIHHBIM KYJIOHOMETPHUIECKAM TATPOBAHUEM [3]. Meron
TBEPIOTEIbHON KYJIOHOMETPHUM OCHOBBIBACTCA Ha IOJACYETe KOJIWIECTBA
QNIEKTPOHOB, TIPOMIENIINX Yepe3 JIEKTPOXUMHUECKYIO sUeiiKky B Xoxe
ANEKTPOXMMHUYECKON peaknWu, W3 4Yero Jajee OIpenensercs Macca
MIPOpearupoBaBIIero BemeCTBa. biaromaps KOIMYECTBEHHOMY COOTHOIICHHUIO
MEXIy KOJHMUECTBOM JJIEKTPUUECTBA U MEepEeHECEHHON Maccoil (3akon Dapanes)
3TOT MeETOJ He TpeOdyeT KaluOpOBKM B OTJIMYHME OT CIHEKTPOCKOIIHH,
peHTreHorpadu 1 HeWTpoHOrpahuu, U B OTIMYHE OT TPABUMETPUH TO3BOJISIET
U3MepATh KHUCIOPOJIHBIII OOMEH Jae B TOM Ccllydae, €CIIM TepMHYecKas
00paboTka oOpa3ia COMPOBOXKAACTCS H3MEHCHHEM MAcChl JPYTrHUX —€ro
KOMITOHEHTOB (J1ecopOLus ra3a Wi BOJIbI).

B panee omyOmmkoBaHHEIX paboTax [4, 5] ¢ HOMOIIBIO 3TOTO MeToja
MOKa3aHo, 4TO B TBepAbIx pactBopax Lap (SrNiOu; umeercss MOOHIBHBIN
KHCJIOPOA ABYX BHAOB, Pa3IHMYAIONIUICS YHEPTHCH CBS3H C KPUCTALTHUECKON
pemretkoi. JlaHHast paboTa TMOCBSINCHA BEISIBICHUIO PAa3IHYHBIX  BHJOB
MOOWIIEHOTO KHCJIOPOAa, B TOM YHCIE, METOJOM TEepMOIIPOrpaMMHUPYEMON
necopOImu-adcopoMu  KHCIOpoJa B COYETAaHMH C  TBEPAOTEIbHBIM
KYJIOHOMETPHYECKUM TUTPOBAHHEM, U OIIPEICIICHUIO HX BIHMSHUS Ha CTPYKTYPY
U DIJIEKTPONPOBOJIAIINE CBOHCTBAa HHKenaToB. OOBEKTaMU HCCIEI0BaHUS
SBISUIACH HUKenaTel co crpykrypoir P/RS (tuma K,NiF;) — LaNiOy.s,
Laov6sr1'4NiOL5, PeriO4+5, Ndov6Sr1V4NiO4i5, NdzNiO4+5 Gdoy5srly4NiO4+g u
2P/RS(TI/IHa Sr3Ti207) — Sr3A|0'75Ni1’25O7,5, SrgGaNiO7,5. O6pa3111>1 TOTOBUJIN
CTaHJAPTHBIMH METOJaMH TBepAogazHoro cuHTe3a. Pa3oBbIil COCTaB OKCHAOB
OTpEeNeIsTN € TIOMOIIBI0 PEHTreHo(a30BOr0 aHanmm3a C TNPUMEHEHHEM
pentrenoBckoro audpaktomerpa HZG4A (CarlZeiss, Jena, CuKo-uzmyuenue,
Ni ¢unbtp). UnaummpoBanue 1udpaknnOHHBIX KapTHH MOJTYYEHHBIX 00pa3IoB
BBINOJIHEHO ¢ Ucnoab3oBanueM nporpammel TREOR 90. Kucnopoauslii naaexc
0o0pa3loB  yCTaHAaBIMBAJIM  HOJOMETPHYECKMM  MeTomoM. JlecopOiuro-
abcopbrimto O, wu3yyaau OpH  [OMOLIM  MYJIBTU(QYHKIIMOHAIBLHOTO
KynoHoMeTpuyeckoro komiekca OXYLYT™ (GmbH). Diekrponpososiiye
CBOMCTBA HMCCIIEOBAJM Ha IOCTOSHHOM TOKE YETHIPEX30HAOBBIM MeTOoa0M. B
M3MEPHUTEIBHOM MOJyJ€ HWCIHOJBh30BATH IUTATHHOBBIE 30HIBL. CKOpOCTBH
H3MEHEHHsI TeMIIepaTyphl [P 3alMCH TEMIIEPATYPHOH 3aBUCUMOCTH YAEIBHOTO
JIEKTPOCOIIPOTUBIIEHHS coCcTaBisa 2,6 °C/MUH.
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C mnoMmompl0 KyJIOHOMETPHYECKOTO METOAAa B H3YyYaeMBIX CIOMCTBIX
HHUKeJIaTaX YCTaHOBJICHO CYIECTBOBAaHHE MPEAIOIOKUTEIBHO TPEX BHIOB
MEXI0Y3eNbHOr0 MOGHIBHOTO KHCIOpOAa (CM. PUCYHOK, 0003HaueHus 1, 2, 3)
U OJIHOTO Y3JIOBOrO (CM. DUCYHOK, oOO3HaueHwe 4), 4TO coriacyercs c
pacuetamu B padote [6].

AHanM3 JaHHBIX PEHTreHO(}a30BBIX HCCIEAOBAHUI IT03BOJMI BBISIBUTH
XapakTep H3MEHEHHs MapaMeTpoB KPHUCTAUIMYECKUX SUYeeK B Ipolecce
necopOrmu —abcopOnuH pa3IMIHBIX BHIOB MOOMIFHOTO KHciopoaa. IlokaszaHo,
9TO  y3/I0BOM MOOWIBHBIA Kuciaopon B coemuHeHusx Tuma  KoNiFy,
HaXOJSIIMHCS B BEPIIMHAX KHUCIOPOAHBIX OKTa’JpOB, CBSI3aHHBIX CO CJIOEM
kaMmeHHOH coim (RS), BeI3bIBaeT HaMOOJBIINE OTKIIOHEHHUS TAPaMeTPOB d U C.
VIMEHHO 3TOT KHCIIOPOZA CYIIECTBEHHO MEHSET BHJ KPHUBBIX TEMIIEPaTYpHOH
3aBUCHMOCTH yIEJIBHOTO 3ieTkpoconportusieHust (p(7)): B TemmepaTypHOH
obmactu gecopOIMM BO3HMKAIOT MAaKCHMYMBI, KpHBasi OXJIKACHHS He
COBIIAJIACT C KPHUBOW HarpeBaHus. MeXO0y3elbHbIH MOOHJIBHBIA KHCIOPO[
TaKUX AHOMAJIMil HE BBI3BIBACT. YBEIMUYCHHE €r0 KOHICHTpalu YBEJINYNBACT
AJIEKTPONPOBOAUMOCTD HHUKENATA.
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KBaHTOBO-XHUMHYeCKOE MO/IeJIUPOBAHNE
BBICOKOI'0 YPOBHSI TEOPUH CHEKTPAJIbHBIX XapaKTePUCTHK
THAKEJBIX IBYXaTOMHBIX MOJIEKY.JI

. H. Mensiinosa, A. A. Munsko, M. b. lllynnanos
benopycckuil rocyjapcTBeHHbIN yHUBEpCcUTET, MuHCK, benapycs,
e-mail: shundalov@bsu.by

XonogHbIe M yIBTPaxXOJIOJHBIE TIONAPHBIE JBYXaTOMHBIC MOJIEKYJBI, B
COCTaB KOTOPBIX BXOIST aTOMBI ILEIOYHBIX METAJUIOB, NPEICTaBISIOT COOOH
MIEPCIIEKTUBHBIE OOBEKTHI U Pa3IMYHBIX (DyHIAMEHTANbHBIX M NPHUKIIATHBIX
3a7a4: MPOBEPKH TEOPHH 3JIEKTPUYECKOTO JHUIIOJIBHOTO MOMEHTA 3JIEKTPOHA,
CO3/IaHMSI KBAHTOBBIX KOMITBIOTEPOB, pEATH3AlMN YIPABIAEMBIX CBETOM
XAMHUYeCKuX peakiuit u ap. [1]. OgauM u3 3PQPEeKTHBHBIX METOIOB CHHTE3a
MOJOOHBIX MOJIEKYI SBISIETCS (POTOACCOIMAIINS, IIPH OCYIIECTBICHUH KOTOPOH
U3 aTOMOB, HMCEIOMMX Onarofaps Ja3epHOMY OXJAXKICHHIO HH3KYIO
TPAHCISIIMOHHYIO TeMIeparypy, (dbopmupyrotcs MOJICKYJIBI B
BBICOKOBO30YXJICHHBIX ~ KOPOTKOXKMBYIIMX  KOJICOATENbHBIX  COCTOSIHUSX
OCHOBHOTO 3JIEKTPOHHOTO COCTOSHHSI IIPU MEXBSIEPHBIX PACCTOSHHUSAX,
CYILIIECTBEHHO NPEBBIIIAIOIINX PABHOBECHOE 3HaueHMe. [lamee 1y mepeBoaa
MOJICKYJT B OCHOBHOE («a0COJIFOTHOE») POBHOPOHHOE COCTOSIHHE, HEOOX0IUMOE
JUIL YHOMSHYTBIX BBIIIE I[esIel, MOXET HCIONb30BaThCsA JIBYXCTyIeHUYATas
cxema (omrmueckuii numki). Ha mepBoMm 3Tame MOJICKYJBI, HaxoAasIiuecs B
caboCBA3aHHBIX KOJEOATENbHBIX COCTOSIHHSIX OCHOBHOTO 3JEKTPOHHOTO
COCTOSTHHS, TIEPEBOJIATCS B KOJieOaTeIbHO-BpaIaTeIbHbIE COCTOSHUS OJHOTO U3
BO30Y’K/IEHHBIX 3JICKTPOHHBIX COCTOSHHM B pE3ysbTaTe IOTJIONIEHHS KBaHTa
JIa3epHOT0 M3IydeHHs. BTopas d9acTh cXeMbl peann3yercss B pe3yibTaTe
BBIHY)KJICHHBIX H3JTy9daTelIbHBIX MEPEXOJAOB MOJEKYT U3 BO30YXKIEHHBIX
POBHOPOHHBIX COCTOSIHUH B «aOCOJIIOTHOE» POBHOpPOHHOE cocTosiHue. Jlis
BBICOKOI 3((eKTHBHOCTH Tpolecca HEOOXOIUMO IM0A00paTh MOAXOISIIYIO
CXEeMy ONTHYECKOTO LHKJa TakK, YTOOBI €r0 BEPOSTHOCTh ObLIa MaKCHMAaJIbHOIL.
B cBoro ouepenp, MOCTPOCHUE W ONTUMH3AIMA ONTUYECKHX IMKIOB TpeOyer
3HaHUS TOYHBIX (QYHKOMH moTeHIMansHOH sHepruu (PIID) ocHOBHOrO H
BO30YK/IEHHBIX cocTossHMH MousieKyd. Takue PIID moryr OBITH MoOJy4eHB Ha
OCHOBE aHajM3a pOBHOPOHHBIX CIIEKTPOB BBICOKOTO pa3pelieHus, Jmbo
paccuuTaHbl KBAHTOBO-XUMHUYECKUMH METOAAMU BBICOKOTO YPOBHS TEOPUH.

MsuoroomnopHsle (multi-reference) MeToabl pacuera JIEKTPOHHOR CTPYKTYPBI
(takue, xak Complete Active Space SCF/Extended Multi-Configuration Quasi-
Degenerate Perturbation Theory, CASSCF/XMCQDPT [2]) obecneunBatot
a/IeKBaTHOE OIMCAHWE XapaKTEPHUCTHK KaK OCHOBHOTO, TaK M BO30Y)KIEHHBIX
3EKTPOHHBIX COCTOSHUH CIIOKHBIX MOJIEKYJISIPHBIX COCTUHEHUH.
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Pacuerst ®IID HwkHUX TepMoB MoleKkynsl KRbD  BbImojHsIMCE B
TIPUOIMKESHUH CASSCF/XMCQDPT2. PesynbpTatsl BBIUUCIICHUH
CIeKTPOCKOMIYecKuX napamerpoB (R, = 4,076 A, D, =4213 cM ) ocHOBHOrO
cocrosams X'T* monexymst KRb [3] IeMOHCTPHpYIOT HamIydIIee COrIache C
SKCIIEPUMEHTAILHBIMU JTAHHBIMU CPEAN BCEX BBIIIOJIHEHHBIX paHee KBaHTOBO-
XMMHUYECKHX PACUYETOB.

Momnekynsl RbYb u CsYb mpuHajiexaTt K rereposiiepHbIM JABYXaTOMHBIM
MOJIEKyJIaM, KOTOpBIE Oaroiapst HATMIHIO HECTIAPEHHOTO JJICKTPOHA 001a1atoT
KaK JJIEeKTPUYECKHM, TaK ¥ MArHATHBIM IIOCTOSHHBIMH  JHUIIOJbHBIMHU
MOMEHTaMH. OTO JaeT TOTEHIUAIbHYI0 BO3MOXHOCTb YAEpXKHBaTh U
MaHUIYINPOBAaTh TAKUMH HaXOJSAIIUMHCS B OCHOBHOM POBHOPOHHOM
COCTOSTHAM MOJIEKYJIAaMH TIOCPEICTBOM 3JIEKTPHYECKUX M MAarHWTHBIX IOJICH,
T. €. OTKPBIBACT JOIOJHUTEIbHBIC TEPCICKTHBBI MOTYYEHHs aHcaMOIs Takux
MOJICKYJI NIPU HHU3KHX W YJIbTPaHU3KHX TeMIeparypax BeraucieHus HUKHHX
cocrossHud Mosiekyad YbRb wm  YbCs BbeINONHSIMCH B NPHOIMKEHUU
CASSCF/XMCQDPT2 ¢ y4eroM CHHH-OpPOMTAJILHOTO B3aMMOJCHCTBHSI.
Pe3ynbTaThl pacdyeToB HEPrHil HMKHUX BO30YXKICHHBIX COCTOSHUIN MOJEKYIH
YbRb u YbCs (oTHeceHHbIE K SHEPrHM OCHOBHOTO COCTOSIHMSI) B HM)KHUX
JMCCOAIIMOHHBIX  TpeZedax, a TakkKe BEeJIMYUHBI  CIUH-OPOUTAIBHOTO
pacuieluleHHss TEpMOB  TaKKe  JAEMOHCTPHPYIOT — XOpOIIee  COTJIacHe
pacCYMTaHHBIX U MMOJIYYCHHBIX SKCIIEPUMEHTAIBHO 3HaYeHuH [4, 5].

O xaxmoir uz ®IID snexTpoHHBIX TepMoB Monekynl KRb, YbRb u YbCs
JlaJiee pacCUMTHIBAIACh CHCTEMa KoJieOaTeNbHbIX cocTosTHUN. [ onpenenenns
BEPOSITHOCTEH ONTHYECKHX MEPEX0/I0B U COOTBETCTBYIONIMX HHTCHCUBHOCTEH B
BUOPOHHBIX CIIEKTpax BbIUHCIsUIHCH (hakTophl Ppanka — KoHIOHAM BETHMYHHBI
JIMIIOJIBHBIX ~MOMEHTOB IIepexofioB. B  pesymbrare 23TOro oOIpeaeneHbl
BEPOSITHOCTH YHUCTO DJEKTPOHHBIX, a TaKXKe BHOPOHHBIX H3JIy4aTelIbHbIX
nepexoJoB. Ha OCHOBE pacCUMTaHHBIX  CHEKTPaIbHO-IHEPTETHIECKUX
XapaKTEePUCTUK BHOPOHHBIX COCTOSHUH CMOJEIMPOBAHbI ONTHYECKHE IMKJIIBI
st 3(GGEeKTHBHOrO TepeBojia YHNOMSHYTBIX MOJIEKYJ B «aOCOJIOTHOEY
POBHOPOHHOE COCTOSIHHE.

[TokazaHo, 9TO HPU ONTHUMHU3ALMK ONTHYECKOTO ILHUKJIA HEOOXOOUMO, B
NIEpBYI0 O4Yepellb, YYWTHIBATH 3HAUYEHHS JUIOJIBHBIX MOMEHTOB MEpPEXOJIOB,
KOTOPBIM HPOIOPIMOHAIBHBI COOTBETCTBYIOIIME CHIIBI JIMHHH. Bo-BTOpBIX,
Ba)XKHYIO poJib HrparoT (akropsl @panka — KoHoHa, BEIMYUHBI KOTOPBIX MOTYT
OTJIIMYAThCS HAa HECKOJIBKO MOpsiAKOB. KpoMe 3TOro0, CyIecTBeHHbIM (hakTopoM
MOXET OKa3aThCs BpeMsi JKU3HU BO30YKICHHOTO COCTOSIHHS, CBSI3aHHOE C
HAJIMYHUEM HECKOJbKHX JIOMOJHUTEIbHBIX KAHAJIOB €ro CIIOHTAHHOIO pacraja

[6].
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O BO3MOKHOCTH HCNOJIL30BAHUS MYJIbTH(EPPOUKA
Bii_xLaxFe1 xCoxO3 B kauecTBe MaTepHaJia ra3oBoro ceHcopa

I.C. HCIQOBl, H. H. J'Iy6I/IHCK1/H712, A A. FJH/IHCKaﬂl, JI. A. EaH.IKI/IpOBl
1EenopyCCKI/H‘/'I rOCYAApCTBEHHBIA TEXHOJIOTMUECKUN YHUBEPCUTET
YHuBepcuret rpaxnanckoit 3amursl MUC Pb
Munck, Pecniybnuka Benapycs, e-mail:petrovgs@belstu.by

B nocnenHue TOmBI YCHIWICS HHTEPEC K HCCIENOBaHHIO (DU3HKO-
XMUMHUYCCKHX CBOHCTB MYyJbTH()EPPOMKOB Ha OCHOBE (EPPUTOB BHCMYTa
(BiFeOs;, Bi,Fe,Oy u 1p.), B KOTOPHIX OIHOBPEMEHHO CYIIECTBYET
(deppOMarHeTHU3M U CETHETORJICKTPUYECTBO, NPUYEM B HHX HMMEET MECTO
B3aMMHOE BJIUSHUE MAarHUTHBIX W DJIEKTPUYECKUX CBOMCTB Apyr Ha Apyra.
HawuGonee wuccrnenoBanubpiM MyibTH(hEPpPOUKOM siBisieTcst BiFeOsz, B koTopom
(deppomarauTHas ~ Temmepatypa  Kiopum  cocrtaBiger 643 K, a
cernerodiekTpuueckas temneparypa Kroopu pasra 1083 K. MuTepec k »Tum
COCITUHEHUSM  OOYCIIOBIICH HAJIMYMEM Yy HHAX ICHHBIX MAarHHUTHBIX,
ANEKTPUUYECKUX, KAaTAIUTHYECKUX, CEHCOPHBIX WM JAPYTHX CBOHCTB. TBepnbie
pacTBOPHI Ha OCHOBE YKa3aHHBIX BEHIIIEC (DEPPUTOB BUCMYTa M3YYCHBI TOpas3io
XyXe, XOTS YaCTUYHOE 3aMeIIeHHe BUCMYTa M JKeJle3a 4acTo IMO3BOJIET INIaBHO
peTyIupoBaTh CBOWCTBA 3aMEIICHHBIX (heppUTOB.

Lenbto HacTosimieil pa®OTHI ABISAETCS CHHTE3 M MCCIIEOBAHHE CEHCOPHBIX
CBOWCTB TBEPJBIX pacTBOpoB cocraBa Bij_,la,Fe; ,C0,03 (rme x = 0-0,2).
OOpasipl CHUHTE3UPOBANU TBEPAO(PA3HBIM METOIOM H3 COOTBETCTBYIOLIMX
OKCHJIOB  BBICOKOW 4HMCTOTHI. CEHCOpHBIE CBOWCTBAa OIpenesuld  Ha
TOJICTOIUIGHOYHBIX 00pa3lax ¢ UCIOJB30BAaHHEM CEepeOpSHBIX KOHTAKTOB.
OO0OBbeM H3MepUTETHHON sueiiky cocTaBisit nopsiaka 140 M, SUeHKy ToMellanu
B TpyOuaTyl Ie4b compoTuBicHU. CEHCOpHBIC CBOWCTBA OICHUBAIU IIO
BEJIMUMHE PAa3HUIBl JJIEKTPUUYECKUX COMNPOTHUBIEHUH TOJICTHIX IUICHOK,
U3MEpPEHHBIX Ha BO3MYXe (Ryosyx) M B BO3MYIIHOM cpese, cojepiaiieit
OTpeJIeNIeHHOE KOJMYECTBO MAapOB COOTBETCTBYIOMUX BemecTB (R.,): S =

Rras—Rgo: .
—= 2% . 100 %. BbUM HMCCIIENOBAaHBI CEHCOPHBIE CBOWCTBA IIOJYYEHHBIX

BO3YX
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0o0pa3loB Ha COAEpXKAaHHE B BO3AYyXE IApOB 3TaHOJNA, OyTaHOJIA, aleTOHA,
JIMATHIIOBOTO d¢upa, 6ensuna AV-92.

[TokazaHo, 4TO MaKCUMaJIbHbIE 3HAYCHUS S MOJIY4YEeHBI AT 00pasloB C X =
0,1 npu Temneparypax, 6nu3kux K peppomarautHoit Temneparype Kropu (750
K u Hmxe). MakcuMalibHble BETMYMHBI OTKJIMKA S Ha Mapbl pa3IniHbIX BEIECTB
aist oopastos ¢ x = 0,1 m3mensuncs ot 200 go 750 % mpm KOHLIEHTpALUAIX
mapoB B Bozayxe 10 14000 ppm. Haumenspmeii 9yBCTBUTENFHOCTHIO 00Ja1aH
ieHkn u3 BiFeOs. Yenuuenue crenenu 3amerenus x (x> 0,1) He TPUBOIIIO
K pocTy S.

[omydeHHBIE pe3yIabTAThl CBUACTEIBCTBYIOT O BO3MOXKHOCTH IPHUMEHEHUS
TBepABIX  pactBopoB  Biy,la,Fe; ,C0,0s8 KkauecTBe MaTepuaioB Ui
W3rOTOBIICHHSI Ta30BBIX CEHCOPOB. 3aMETHM, YTO HCCIEIOBaHHbIE O0Opa3Ibl
001a1al0T XOPOIIUMU CEHCOPHBIMH CBOWMCTBaMHU Jaxke Oe3 WCIOJIb30BaHMUs
KaTaJn3aTopoB (MaJulaguid, IIaTUHA U Ip.).

MHuKpOBOJIHOBBII CMHTEe3 opTOdeppHUTa UTTPHS
U JIETHPOBAaHUE ero HUKeJeM

HU. A. Crapkosa, H. 1. boiikos, E. B. Tomuna
Bopounexckuii rocyiapcTBeHHbIN YHUBepcUTeT, Boponex, Poccus,
e-mail: ir.starckova2012@yandex.ru

OmHUM W3 TEPCHEKTHBHBIX HANPABICHUA MATEPHAJIOBEICHUS SBIICTCS
co3naHue YPPEKTHBHBIX MAaTHUTOICKTPHUCCKUX (PEPPUTOB C UCIIOIHE30BAaHHEM
HOBBIX MeTonoB. @DeppuTHl IEMOHCTPHUPYIOT OJHOBPEMEHHOE HAIHIHE
JVDJICKTPUIECKAX U MaTHUTHBIX CBOWCTB U CIIY)KaT, B YaCTHOCTH, OCHOBOH ISt
pa3paboTKu MHOTO(PYHKIMOHATIRHEIX TPpHO0opoB B CBU-TexHuKe.

Cunte3 YFeO3 npoBoaunu o Bo3A€HCTBHEM MUKPOBOJIHOBOTO M3JIyUEHHS
[1] momHocTRIO 700 BT B Teuenue 10 mun u3 pactBopos couneit Fe(NO3)3-9H,0
u Y(NOz3);:6H,0 B sxBuBanienTHOM cootHomeHunu npu PH 7. O6pa3oBasiiuiics
KOPHYHEBEI OCaJOK MPOMBIBANIN IUCTHUIMPOBAHHON BOHOH, (pHIBTpOBaIM B
BaKyyM-QIIBTpE W BEICYIIMBAIH Ha Bo3ayxe. [locie cymkm MOpPOMIOK
OTKMralu B MyQelnbHO# Teun B TedeHue onHoro uyaca npu 750°C. Cunres
oprodeppura HTTpHs, nermpoBamHoro momamu Ni®, ocymecTBusIH 1O
AHAJIOTMYHON METO/IMKe, HOMHHAJIbHAsI CTeleHb JiernpoBanus cocrasisuia 0,05;
0,1; 0,15 ar. mosneii.

Ha puc. 1 npuBenena mudpaxtorpamma YFeOs. O6pazern 1 sBisercs
XMMHUYECKH OJTHOPOJHBIM, YTO MOATBEPIKIACTCS HATMYUEM Ha AudpakTorpaMme
peduiekcoB, MpUHAATISKAINX TOIBKO OpPTO(GEPPUTY UTTPHS.
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Puc. 1. Pentrenosckas qudpaxrorpamma YFeO; (T = 750 °C)

Puc. 2. PentrenoBckue qudpakrorpammel 06paznoB Nig ;Yo oFeOs
(T =750 °C, t = 1u) (o6pasen 2); NigosYo,95Fe03 (T = 650 °C) (o6pasen 3);
Ni0'15Yo’g5FGO3 (T =600 OC) (06pa36u 4)

Ha puc. 2 npuBeneHs! aupakTorpaMMbl JIETHPOBAaHHBIX 00pa3noB YFeOs :
Ni (10 %), YFeOs3 :Ni (5 %) u YFeOj3: Ni (15 %). Mcxons w3 maHHBIX, BUIHO,
4TO 00pa3Lpl SBISIOTCS IPAKTUYECKH OJHO(PA3HBIMH, 32 UCKIIOYEHHEM OJHOTO
NMKa OYeHb MAJIOW MHTEHCHBHOCTBIO COOTBeTCTBYyMOIIEro Y,03;. da3pl,
coJiepKalllie HHUKeNlb, OTCYTCTBYIOT, 4YTO MOXET CBHAETEIbCTBOBATH O
BCTpavBaHUM HOHOB HUKEIISl B KPHCTAJUIMUECKYIO peleTKy deppura.

Pabora BbIONIHEHA ITpH o aepkke rpanta PODU (Ne 18-03-00354a).

Cnucok 1uTeparypsl
1. E.B.Tomuna [u ap.]. I[Tar. P® Ne 2548089, orry6s1. 20.05.2015.
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CuHTe3 M HCC/IeJOBaHNE IBOWHBIX KOMILIEKCHBIX
coeqnHennii ¢ poganoxpomatupiMu(lll) anuoHamu

E. B. Uepkacosa, T. I'. YepkacoBa
Kysbacckuit rocymapcTBeHHBIN TeXHHYECKHH yHUBepcuTeT, Kemeposo, Poccus,
e-mail: ctg.htnv@kuzstu.ru

JBoiiubie komiuiekcHbie conn (JIKC) ¢ pomanumasiMu anrnonamu xpoma( 1)
SIBISIFOTCS] IEPCTIEKTUBHBIMH IIPEKYPCOPAMH Pa3HOOOPa3HbIX (PyHKIMOHAIBHBIX
MaTepuaJioB U HAHOKOMIO3WUTOB. [l MNpPHUMEHEHHs KOMIUIEKCOB Kak
MIPEALIECTBEHHUKOB HEOOXOMMMBI CpaBHUTENbHAs IPOCTOTa MX CHHTE3a, a
TaK)Ke OCHOBHBIE (BM3MKO-XMMHUYECKHE XapaKTEPUCTHUKU BelecTB. [ mOpuaHbIe
Heopranuueckue-opranuueckue JIKC Moryr OBITh HOJNY4YEHBI MPSIMBIM
CHHTE30M C NPUMEHEHHEM HHEpTHOro aHmoHHOro kommiekca [Cr(NCS)]*,
XJIOpUIOB WK HUTpaToB saHTaHouaoB(l11), HEUTPaTBHBIX OpraHUYECKHUX a30T-
U cepocojiepxanux coeaunenui [1-3].

Puc. ®parment ctpykrypbl kominiekca [ Lu(e-CgHiiNO)4(H20)4][Cr(NCS)e]

JKC uzydenst metogamu VK- u anektponnoi criekrpockonuu, POA, PCA,
MarHeTOXVMUH, XHMHYECKOTO W TEPMHYCCKOTO aHAIHM30B; OOHapyXEH
00paTUMBIH TEPMOXPOMHU3M.

Cnucok auTepaTrypsl
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MonesupoBaHue mpoiecca moJHPOBKH MOBEPXHOCTH
MOHOKPHCTAJIA KPeMHHUS

A. B. IOxneBuy, 1. A. Maiiep, A. E. Ycenko
HUU dusnko-xumudeckux mpodiaem bemopycckoro rocyaapcTBEHHOTO
yHuBepcuTeTa, MuHck, benapycs, e-mail: yukhnevich@bsu.by

@DopMHpOBaHHE COBEPILICHHBIX MOBEPXHOCTEN KPUCTA/UIa KPEMHHUS — OJHA
U3 aKTyaJdbHBIX 3afad B TEXHOJOTUAX M3TOTOBICHHS MUHHATIOPHBIX
KPEMHHEBBIX NPUOOPOB Pa3iUYHOrO Ha3HA4YeHUs (PJIEKTPOHHBIX, ONTHYECKUX,
9NEKTPOMEXaHMUECKUX, XHMHUKO-aHAIUTHUYECKHX, MeIUIUHCKUX). KadecTBo
TaKUX MPHOOPOB ONPENEISETCS TOUHOCTHIO H3TOTOBIEHUANX YacTel, KOTopasi, B
CBOIO OYepe.b, OMpeAeNseTcs KauecTBOM IIOBEPXHOCTEH Bcex neraneid. Psn
MIEPCIIEKTUBHBIX TEXHOJOTHH HW3rOTOBICHMS TaKMX NPHOOPOB OCHOBAaH Ha
MackupoBaHHOM pactBopeHnn kpuctammia (MPK). KirodeBbiM 3Tamom B 3THX
TEXHOJIOTUSX SBIIAETCS palMOHAJbHBIN BBIOOP pacTBOPUTENS HCXOJHOTO
Kkpuctaia. Takol pacTBOpuUTeNnb HpHU JEHCTBUM Ha KPUCTAUT B OKHAX MAacok
JOJDKeH o0ecneyuTs o0pa3oBaHHME COBEPIUEHHOW (OPMBI KaXIOH neranu
CIIOKHOTO M3/IeMd Ha BCEX 3Tallax €ro M3roToBJIeHUA. B HacTosmiee Bpems
HEHM3BECTHBI COCTaBBl PACTBOPHTENEH (KHMIKOCTHBIX, Ta30BBIX, IJIA3MEHHBIX),
MO3BOJIIOIINX PEATN30BaTh IPEANOYTHTENHHYIO ATOMHYIO TOYHOCTh IIPH
W3TOTOBIICHHUH JIETalled ePCIEeKTHBHBIX MUHHATIOPHBIX M3EIHUH, B YaCTHOCTH,
3aTPyJHATENIHHO MOIYYUTh aTOMApHO-TIAIKYI0 («HAEaNbHYI0») MOBEPXHOCTh
JieTalieil ¢ HeoOX0MMO KpUCTaIIOrpaduuecKoil OpHeHTalneH.

B naHHOM COOOIIEHUH pacCCMOTPEH OYEePEeTHON 3Tall CO3AAHUS TAKUX HOBBIX
pacTBopuTeneil, OCHOBaHHBIM Ha MaTeMaTHYeCKOM MOJETHPOBAHMHU IIpolecca
pactBopenust kpuctamia. B HUM OXII BI'Y pa3paGaTeiBaroTcs BapHaHTHI
aTOMHON MOJENIM PACTBOPEHHS aIMa30I0J00HBIX KPHUCTAJUIOB, MOIXOMAIINE
JUISL pelieHns] 3THX 3a1ad. MoJelu peaausyloTcss B BHJIE CHEIHaIbHBIX
KOMITBIOTEPHBIX IIPOTpaMM, OCHOBAHHBIX HAa KHHETHYECKOM MeTone MoHTe—
Kapimo [1]. TTapameTpsl 3THX MporpamMm cojepikaT HH()OPMAIHIO O COCTaBe U
TEXHOJIOTUHI UCTIONIb30BAHUS HCKOMBIX pacTBOpHTENEH. Hosgrit
paccMaTpuBaeMBbIii BapHaHT MOJETHM PAaCTBOPEHUS KPHUCTAJIa OTIWYAETCS OT
MPEeABIAYIINX BO3MOXKHOCTBIO Oojiee MoApoOHOr0 HM3ydeHUs Xoja Mpoiiecca.
OTO MOCTHUraeTcs 3a CUeT MOJyYeHHsS W CPaBHEHHUS 3aBHCHMOCTEH KOJIHYecTBa
ITOBEPXHOCTHBIX AaTOMOB OT YHCJIa OJJIEMEHTAPHBIX aKTOB PacTBOPEHMUS.
OcobenHocTH QOPMBI ITHX 3aBUCHMOCTEH COJEp)KaT MH(POPMALMIO O AETaJsIX
mporecca B KOHKPETHBIX ycloBusX. PaccmarpuBaercst mpumep padOThl HOBOH
KOMIBIOTEPHO! MpOrpaMMbl IMPU aHAIK3€ IpolLecca «HUACalbHON» MOIMPOBKU
nrepoxoBatoi mosepxHocty tuna (001) kpucraia KpeMHuUsI.

Cnucok 1uTeparypsl
1. A. B. MOxumesuuy, U. A. Maiiep, A. E. VYcenko. Hano- u
MHKpocucTeMHas TexHuka (2017) 19 (3) : 158.
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CHEMISTRY OF NANOSTRUCTURED SYSTEMS

Plasmon spectra’s analysis for Ag, Au sols with acrylic acids

E. A. Kononova, I. I. Mikhalenko
Peoples’ Friendship University of Russia, Moscow, Russia,
e-mail:kononova_ea@list.ru, mikhalenko_ii@pfur.ru

Gold and silver plasmon spectra (PS) of metallic particles with diameter 8—
10 nm were obtained and analyzed for hydrosols before and after addition of
acrylic (AA), methacrylic (MAA) and propionic (PA) acids. The purpose was to
compare the influence of C; acids adsorption on the state of some metal
nanoparticles (NPs) characterized by the volume fraction ratio NV, damping
factor of metal electron plasma vibrations y and the effective concentration of
conduction electrons N.. These parameters have been calculated from the
dependence of the optical absorption (A) on the wavelength in the long-
wavelength range in terms of the Mie theory and the concept of plasma-
resonances absorption theory. The changes of coefficient of scatter of
conduction electrons can be written by equation

AY = AYee + Aver + Aved = A(NgosVE),
Where vee, Yef, Yea are connected respectively with the scatter of conduction
electrons by electrons, by phonons and by lattice defects in near-surface layer of
NPs. At given temperature the coefficients ye and yes remain constant, and Ayeq =
0 reflects the changes of defects concentration ng, or effective cross section of
surface defects o, or electron speed at Fermi level [1]. So, a change in y upon
the adsorption depends on the amount of an adsorbate and its orientation.

The influence of AA and MAA adsorption on the absorption spectra was
different (Fig. 1). At an increase in acid concentration the amplitude of PS peak
decreased for Ag but also shifted for Au. A similar result was obtained for AA,
PA.

Abs) o~ Abs

1.
0.2

0.5 1

0.1 9 cooa CH=CR—COOH

1 r

il TH
-

Fig. 1. Absorption spectra of silver and gold sols without (dotted line) and
with methacrylic acid (C, = 0.2; 0.3; 0.4 M (1, 2, 3)) and reorientation of
adsorbate
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Acid’s adsorption changes the volume fraction NV of silver and gold
particles as well as the parameter y. The AA and MA adsorption is accompanied
by its molecules reorientation in the surface layer when acids Ca concentration
increases.

The relative change of NPs volume fraction (Fig. 2), when an acid is added,
can be ANV > 0 (increase in NV) or ANV < 0 (decrease in NV) that is
associated with disaggregation of NPs (i. e. the system becomes more
dispersed) and adareaation or flocculation proceed respectively. It should be
noted that in case of Au NPs we observed simultaneously the change in the
conduction electron density that was not more than 4 % for PA and 12-15 % for
AA and MAA. In was derived the linear relationship between the change in the
conduction electron density ANe and the chanae in the coefficient Ay which
characterizes the donor-acceptor interactions between adsorbed molecules and
gold NPs (Fig. 3).

20 1

ANV, % Ayx10°14, st

80 1
BAux3
OAg

40 -

10 - PA

ANex1022, cm-3

]
40 4 0 T
-2 -15 41,3 -0,8 -0,6 -0,4 0 -0,1 -0,2 -0,3 -0,4 -0,5
Fig. 3. Correlations between the
Fig. 2. The changes of NV vs. changes of parameters y u Ne for
acrylic acid concentration Au sol due to Cs acid adsorption

So, the electrons of NPs metallic subsurface “feels” adsorption as defect
centers with which participation the electrons transfer from Au NPs to adsorbed
molecule occurs. The number of Au centers (electrons donors) or the value of
effective cross section of electron scattering on such centers depends on the acid
nature and augments in the row PA < AA < MAA.

To compare the influence of AA concentration on NPs dispersion we can
note the opposite effect with great relative changes of ANV >0 (100 x 3 = 300
%) in case of Au and smaller changes of ANV < 0 for Ag. Concentration
dependences of optical density of adsorption peak and NV for Ag hydrosol
show discontinuity at C = ~0.05 M and ANVyaa > 0 that is explained by
reorientation of adsorbed molecule and different shape of aggregated metallic
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particles. Electrons transfer occurs only with Au. The same effect was obtained
after low temperature treatment [2].

References
1. E. A Kononova [et al.]. Prot. Met. (2008) 44:170
2. E. A.Kononova [et al.]. Rus. J. Phys.Chem. (2010) 84 : 1053.

TiO,/epoxy composites as effective anticorrosion coatings for steel

E. A. Ovodok®, H. M. Maltanava', S. K. Poznyak®, M. I. lvanovskaya’,
U. S. Shendziukou®, N. Scharnagl®, V. Spacek®
'Research Institute for Physical Chemical Problems, Belarusian State
University, Minsk, Belarus, e-mail: ovodok@bsu.by,
annamaltanova@gmail.com
Helmholtz-Zentrum Geesthacht, Centre for Materials and Coastal Research
GmbH, Geesthacht, Germany
3Synpo Research Institute, Pardubice, Czech Republic

Epoxy resins are thermosetting polymers which have been widely used in
different fields including anticorrosive protection [1]. Incorporation of
nanoparticles in epoxy matrix can enhance corrosion resistance as well as
improve optical, thermal and mechanical properties of the epoxy coatings [2].
Among different nanoparticles used as additives for epoxy resins, TiO, is the
most perspective owing to unique properties, relative low cost and wide-spread
application. The aim of the present work was to prepare TiO,/epoxy coatings on
steel and to study the influence of TiO, additive on anticorrosive properties of
the coatings.

In the experiments, commercially available water-based epoxy resin CHS-
Epoxy 200v55 and Telalite 180 amine hardener were used for preparation of the
epoxy coatings. The TiO, particles were fabricated according to the method
described in [3]. TiO,/epoxy composite coatings with 0.5, 1 and 2 wt. % of TiO,
were prepared by adding an appropriate amount of TiO, particles into the epoxy
resin followed by mechanical dispersing and then addition of the curing agent.
The obtained mixture was deposited onto steel plates using casting blade
method.

The resultant cured coatings with a thickness of 60 + 3 um were partly
transparent, non-porous and demonstrated excellent adhesion to steel surface.
The distribution of TiO, particles in the cured epoxy matrix was studied by SEM
and EDX mapping. In addition, RAMAN spectroscopy was applied for
characterization of 3D distribution of titania particles in the coatings. TiO,
particles were found to be rather uniformly distributed in epoxy network. The
corrosion resistance of the epoxy coatings modified with TiO, nanopaticles was
investigated by standard salt spray test. Unmodified epoxy coatings were failed
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with rust formation after 24 h. Incorporation of TiO, particles into polymer
matrix increased the corrosion resistance of the epoxy coating up to 96 h.

In conclusion, the epoxy coatings loaded with TiO, nanoparticles were
deposited onto steel substrate by casting blade technique. The addition of TiO,
to epoxy resin led to enhance of anticorrosion performance of the coatings.

References
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2. T.S.Radoman [et al.]. Materials and Design (2014) 62 : 158.
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Role of plasma electrolytic oxidation treatment for in-situ
growth of LDH-nanocontainers for active corrosion protection
of aluminum alloy

M. Serdechnova®, A. Bouali', S. Karpushenkov?, C. Blawert?,
M. L Zheludkevich
"Helmholtz-Zentrum Geesthacht, Geesthacht, Germany
“Belarusian State University, Minsk, Belarus, e-mail:
maria.serdechnova@hzg.de

Nowadays, the use of chromates is prohibited in many industrial applications
due to their high toxicity. Recently, layered double hydroxides (LDH) have been
extensively studied as environmentally friendly nanocontainers, useful for
corrosion protection of active metal substrates (e. g. aluminum alloy 2024) [1].
Being loaded with corrosion inhibitors, LDH act as "smart" nanocontainers: the
release of a corrosion inhibitor and the formation of a protective layer occurs
only when defects occur and corrosion begins. The same idea was extended in
order to add self-healing properties to aluminum alloys treated with plasma
electrolytic oxidation (PEO) [1, 2, 3]. This combination is important because,
since the properties of solid and well-adhering ceramic layers formed during
PEQ processing, are strongly compromised by the presence of defects (different
types of pores and cracks).

The structure, morphology and composition of PEO coatings with parental
ZnAl LDH-nitrate and LDH loaded with corrosion inhibitor (vanadate) were
studied in the frames of this work. It was demonstrated that the amorphous
bohemite phase is suitable for the LDH growth, while crystalline a- and y-Al,O4
can not be converted to LDH structure. Corrosion behavior of PEO+LDH
coated AA2024 loaded with a corrosion inhibitor was evaluated and a
significant increase in corrosion resistance was demonstrated.
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Fig. The schematic presentation of aluminum availability for the LDH growth
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JIMranaHelii ¥ pasMepHbIi YPPeKThI NPU
JIEKTPOXMMHYECKOM OCAKICHUH ATOMHBIX CJI0€B KAIMHUA HA
KBaHTOBbIEe TOuKkH CdSe

E. H. AHI/ICKeBI/I‘Il, A. B. pr,I[HI/IKOBz, A. B. AHTaHOBI/I‘Il, M. B. ApTeMBGBZ,
I'.A. Parofz'lmaz, E. A. CTpGJ'ILI_IOBl
1Eenopyccxmﬁ rOCYAapCTBEHHBIA YHUBEPCUTET,
HUN (U3NKO-XUMHIECKHX MPoOIIeM benopycckoro rocytapcTBeHHOTO
yHuBepcureta, Munck, benapycs, e-mail:aniskevich.y. m@gmail.com

DNEeKTPOXMMHUYECKOE OCAXKICHUE METAJUIOB HAa MHOPOJHBIE TOJUIOKKH TPH
NOTEHLMANAaX, IPEBBILIAIOIIMX  PABHOBECHBIM  MOTEHIMAI E(Me”*/MeO)
(underpotential deposition — upd), siBisieTCsI TTOBEPXHOCTHO-TMMUTHPOBAHHBIM
MIPOIIECCOM M OTPaHWYHMBAETCS (POPMHPOBaHHEM aTOMHBIX cioes [1]. IIpomecc
Upd NPEACTABIILICT HMHTEPEC KaK METOJ OLCHKHM JOCTYIIHOCTH NOBEPXHOCTH
KBaHTOBBIX TOYEK XAJIbKOTEHH/IHBIX MOJYMPOBOJHUKOB JIi HOHOB U MOJICKYJI
pasiMUHBIX ~ pEareHToB, a Takxke JaeT wuHpopManuioo 00 dHepruu
B3aUMOJICHCTBUS aJaTOMOB C ITOBEPXHOCTHBIMHM aTOMaMHM MOJYNPOBOJHHKA. B
JIOKJIaZIe PACCMATPUBAIOTCS PE3yJIbTaThl MCCIIEAOBaHMs mpouecca UPd kaamus
Ha IUICHKaX KBaHTOBBIX Touek CdSe Bapbupyemoro auamerpa (2,4—5 HM),
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c(hOPMHUPOBAHHBIX AIIEKTPO-POPETHIECKUM OCAKICHHEM H3 HMX KOJUIOMIHBIX
pactBopoB Ha oBepxHOCTH FTO amexTpomos.

%0 —— CdSe 5.0 Hm
CdSe 2.4 Hm
0 -
<
= Puc. KaTtonHoe BoccTaHOBIIEHHE
l Cpagur noteHunana Cd®* Ha ruIeHOUHBIX ANEKTPOJAX
50+ 13 KBaHTOBEIX Touek CdSe
pasHoro pasmepa.
Jlurang — cynedua, ¢(CdSO,) =
100 ‘ 10 MMomB/1

-0.8 -0.6 -04 -0.2 0.0
E (oTH. Ag/AgCl), B

YcraHoBieHo, 4to mporecc UPd 3aBHCHT OT JIMTAHIHOTO OKPYXKSHUS
(crabunmusupyrorieit odonouku) HaHouactui, CdSe. Mcnonp3oBanue onear-noHa
B Ka4yecTBe JIMraHaa-crabuinsaropa npensrcreyet Upd kaamus. 3amMeHa oneat-
HOHOB Ha CyInbQHI- U CEIICHHI-aHHOHbI O00ECICYMBACT 3HAYUTEIBHOE
yBenuueHne (Ha mopsimok) Toka Upd kaamust. Takum oGpasom, mporiecc upd
MO3BOJISICT CYAUTh O AOCTYHHOCTH moBepxHocTH CdSe ¢ pa3HOW JUTraHAHOM
0607104KO# A1t HOHOB Metauia. [pu nccnenosannu UPd Cd Hamu oOHapyKeH
TaKXKe pPasMEpHbI 3PPEKT, 3aKITIOYAIOIIUNACS B 3aBHCHMOCTH IOTCHI[HAIA
Havaia mporecca Upd ot auamerpa kBaHTOBbIX Touek CdSe (puc.).
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IMoayuyenune 2D/1D nanorerepocrpykryp CdSe/CdS Tuna
SIAPO-000/104YKa

A. B. Auranosud’, A. B. pr,I[HI/IKOBl, A JL LIYBI/IJ'II/IHZ'S, M. B. ApTGMBeBl
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[omynpoBonuukoBeie HaHokpuctayumsl ([THK) xampkoremmmoB kammust
ABISIIOTCST TPEAMETOM HMHTEHCHBHBIX HCCIIEJOBaHUI Omaromapst CBOMM
YHHUKAQJIBHBIM 3JIEKTPOHHBIM M ONTHYECKHMM CBOWCTBAM, KOTOpBIE NENAIOT WX
MIPUBJICKATEIbHBIMA ~ MaTepHalaMU I IIHPOKOTO KPyra  pa3iIHdHbBIX
MpaKTUYeCKUX mpuioxeHuil. K HacTosmemy BpemMeHH ObUTO pa3paboTaHo
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0O0JIBIIIOE KOJTMYECTBO METOAMK MoJydeHus: koyutouanbix [THK, mo3Bossromux
KOHTPOJIUPOBATh UX COCTaB, pazMmep, GopMy U UHbIE napameTpbl. Komonansie
KBAHTOBBIC HAHOIJACTUHBI SBISIOTCS CPaBHUTEIbHO HOBOH rpymmoit ITHK
XaJIbKOTE€HUJIOB KaJIMUs, KOTOPbIE, OHAKO, Y>K€ B HACTOsAIIEe BPEMsI BBI3BIBAIOT
3HAUUTENbHBIH MHTEpeC, IIOCKOJIbKY OHHU MPOSBIAIOT ONTO3JIEKTPOHHBIE
cBoiicTBa, mpeBocxoasamue cBoifctBa [THK mHbBIX pa3MepHocTell (KBaHTOBBIE
TOYKH 1 HAHOCTEPKHH).

Ha cerommsamenii neHp Bce OONBIIMIA WHTEpEC IPHBICKAIOT K cede
TeTePOCTPYKTYPHl CIOKHOM Mopdosoruy, Tak Kak OHH oOOiamarT Ooiee
IIAPOKUM ANAIa30HOM MOJE3HBIX JJISI MIPAKTHKHM CBOMCTB 3a CUCT COUYETAHUS B
ceOe IEMEHTOB C Pa3IMYHBIM MPOCTPAaHCTBEHHBIM OTpaHMUYeHHEM. B pamkax
HacTosAmed paboThl HamHu ObUla pa3paboTaHa OpUTHHAIbHAS METOAMKA
monmydeHuss — rerepoHaHomnacTuH — CdSe/CdS  cnoxsolt  mopdoorumy,
COUCTAIOUINX 3JEMEHThl C OJHOMEPHBIM U IBYMEPHBIM NPOCTPAHCTBEHHBIM
OrpaHHYCHUEM HOcHTeNnel 3apsa (puc. 1).

dopmuposanue 2D/1D rereponepexona JOCTUTAETCS 3a CYET MOJTUTHITH3MA
«chanepuT—BIOPIMUTY», NPUCYILET0 XaJbKOTCHUIAM KaJIMHsS W YIpaBICHU
KPUCTAJLIMYECKOW CTPYKTYpOM C IIOMOILIBIO OPraHUYECKUX JIMTAHMOB,
MIPUCYTCTBYIOLINX B PEaKI[HOHHON CMECH.

[111]zecase

ZB-CdS
Pt

__zB-Cdse
s e [010]z8.co5e
+—>[100 = .
[001] zg.case [100] z5.case [110] za-c;.[ﬁ 0] zg.case

Puc. 1. DeKTpOHHOMUKPOCKOIYECKast (hOTOrpadusi reTepOHAHOILIACTHH
CdSe/CdS u cxema ux crpoeHus

B pabore mpencraBiieHbl pe3ysnbTaThl HCCIEIOBAaHHUS CTPYKTYPHI M COCTaBa
JIAHHBIX T€TEPOCTPYKTYP METOJIaMHU HJIEKTPOHHON MUKPOCKOITHH, JOTIOJIHEHHON
OJIEMCHTHBIM KapTUPOBAHHUEM METOIOM BHCPFOHHCHCPCHOHHOﬁ peHTFeHOBCKOﬁ
CIIEKTPOCKOIIMH, METOAOM PpEHTTeHO(}a30BOr0 aHalmuM3a U ONTHYECKOH
CIIEKTPOCKOIINH. Ha ocHoBannu OKCIICPUMEHTAJIBHBIX JaHHBIX IIO0JTy4Y€Ha
nHpOpPMaNUsA O CTPOSHUH CHHTE3WPOBaHHBIX rerepoHaHoruiacTuH CdSe/CdS u
NIPEUI0KEH MEXaHU3M )50, (opmMupoBaHUS. IToka3ano, 4TO
rereponanomtactuabl CdSe/CdS ¢ 2D/1D rereporepexooM XapaKTepHU3yITCsa
YCUJICHHBIM MOTJIONIEHHEM B o0yiacTh JIMH BOJH A < 460 HM, 4TO JenaeTr ux
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NEPCICKTUBHBIM ~ MAaTEpUaIOM  JJIA  JIIOMHUHECIHCHTHBIX  KOHBEPTEPOB U
KOHIICHTPATOPOB COJTHECYHOT'O U3TYUCHUS.

Pa6ota BBITIOJIHEHA B paMKaX IPOrpaMMBbI «XMMPEareHThI.

OcodenHocTu cunTe3a Ag—AU OUMeTALTHYeCKHUX 301ei
B npucyrcrBun Na;EDTA

B. A. Xypagkos, I'. II. llleBuenko, I'. B. [lumiko
HUU dusnko-xumuueckux mpodiaem bemopycckoro rocyaapcTBEHHOTO
yHuBepcuTeTa, MuHCk, berapycs, e-mail: zhuravkov@gmail.com

Ucnonp3oBanne Na,EDTA mms momyueHust 3oneil cepebpa u 3070Ta
m3BecTHO naBHO [1-7]. OmnHako cBemeHus o mnpuMeHeHmn Na,EDTA mna
MoJTydeHus 301ek OumeramuioB Ag—AU B IMTepaType OTCYTCTBYIOT.

B pabore [8] HaMu BHepBBIE IMOKa3aHa BO3MOXKHOCTh CHHTE3a 30ICH
oumeraiioB  Ag-Au B mpucyrctBun Na,EDTA, mnpuyem ¢dopmupyrorcs
TOMOT€HHO CMEIIaHHbIE KOJUIOMIHBIE YaCTHIBI JABYX META/UIOB (YacTHUIIBI
cruiaBa) 6e3 00pa3oBaHMs YaCTHUI[ OTACIBHBIX METALIOB. B Hacrosieil padore
MpeCTaBIeHbl pe3yabTaThl HCCIeA0BaHus BAMsHUS KoHueHTpauuu Na,EDTA
Ha cocTaB HaHoyacTHl B AQ-AU OuMETaJUIMYECKHX 30JIX. 30JH
CHHTE3UpOBau B menouHoit cpene (pH 12), npu temneparype paboueii cpens
T = 80 °C, ¢ paBHBIMU HCXOJHBIMU KOHIIEHTpausiMu MeTasuioB [Ag] = [Au] u
o6ueit konnentparuei [Ag + Au] = 5107 MOJTB/IT; BpeMs cuHTe3a 20 MUH.

VYcranoBneHo (Tabm.), uto mpu Hebompmux KoHUeHTpamusx Na,EDTA
([Na,EDTA] = 1,25:10* mounn/x1) CHUHTE3UPOBaHHBII 307Ib OMMETalTa COCTOUT
13 HAHOYACTHI, XapaKTepU3YIOIIMXCS TPUMEPHO pPAaBHBIM KOJHMYECTBOM
HUCXOJHBIX MeTauioB (MoyibHOEe cooTHotneHne AgQ/AU (%) = 45/55), ¢
MaKCHUMYMOM CIEeKTpa moriomieHus (466 HM), pacHoOJIOKEHHOM MPAaKTHYECKU
IocepeIHe MEXJIy MaKCHMyMaMH CIEKTpa IOTJomIeHus cepebpsHoro (418
HM) U 3oJyotoro (520 um) 3omel. Hanodactuipl Oumeramna, GhopMupyoimue
3011b, IPEACTABISIOT CO00# cheponbl co cpeHUM pa3mMepoM dacTtull 11,5 HM u
C NIMPOKUM pacIpeieICHHeM 1o pazMepam (Tadir.).

IMpn yBenmuuennn xoHueHtpaumu Na,EDTA (cMm. Tabn.) B peakunoHHOH
CMECH COCTaB OMMETAJUIMYECKMX HAHOYACTHII B 30X CYIIECTBEHHO
U3MEHseTC B CTOPOHY mpeoOnajaHus 30J0Ta, YTO CONPOBOXKAACTCS
CMEIICHHEM MaKCUMyMa HX CHEKTPOB IOTJIONICHUS B JUIMHHOBOJHOBYIO
obmacte. Bmusaue Na,EDTA Ha cocraB QopmupyembIx OMMeETaJUIMYECKUX
nHa"ouacturr Ag-Au ceszano ¢ teM, uto Na,EDTA BricTymaer He TOmbKO B
KayeCcTBe  BOCCTAHABJIMBAIOLIEr0, HO M  KOMIUIEKCOOOpa3ylolmero u
CTaOMIIM3HUPYIOIIETO peareHTa.
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XapaKTepuCTHUKN HaHOYAacTHI Ag-AU B 3aBHCHMOCTH OT KOHIIEHTPAIHH

Na,EDTA
Konmentpa- [omoxenne MomnsHOE Cpenmunit | Ctamapr-
must Na,EDTA | makcumyma COOTHOIIICHHE JTHaMeTp HOE
B PEaKIIMOH- CIeKTpa cocraBa HaHOYACTHUI[ | OTKIIOHE-
HOH CMECH, MTOTJIOILEH S OnMMeTasa OnMeTaia, HHE
MOJIB/T OuMmeTasia, HM Ag/Au, % HM
1,25:10° 466 45/55 11,5 1,74
510" 471 40/60 8,4 1,06
50-10° 483 25/75 7,2 0,69

B nokinane mpeactaBieH MexXaHHM3M (OPMUPOBAHUS OUMETAJUTUUECKHX
Ha”ovactun Ag—Au B npucyrcteun Na,EDTA.
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Oco0eHHOCTH 0YMCTKH YIJIEPOJAHBIX HAHOTPYOOK OT MpuMeceil

B.T. Hlynnumﬁl, JL.B. Ta6ynHHa1, T.T. PycanLCKasIl, 10. I1. [laman®,
. B. Komnccapos®, A. I'. Kaposa®
'Benopycckuii rocy1apcTBEHHbIIH YHHBEPCHTET HHPOPMATHKH H
paauoeKTpoHuku, MuHck, benapycs

2TexHonorunueckuii nentp MUIT, 3enenorpan, Mocksa, Poccust
3I/IHCTI/ITyT ¢u3nkn HanmonanpHOI akanemun Hayk bemapycu, MuHCK,
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Buaumanue

K  YINIEpOJHBIM

HaHOTpyOKaM

(YHT)

00yCIIOBIEHO

YIUBHUTEIBHBIM COYETAaHHEM MX (PU3MKO-XUMHYECKUX CBOHCTB. B CBs3M C 3THM,
HECMOTpsl Ha ABALATUIETHIOIO UCTOPUIO MCCIIEOBAaHUs 3TOr0 Marepuana, OH
ocTaeTcs HNEePCHEKTUBHBIM Juis MIPAKTHYECKOTO UCIIONb30BaHUs,
IIPOCTUPAIOLIETOCS OT HAHOAIEKTPOHUKH 10 KOMIO3UIIMOHHBIX MaTepHanos [1].
OCHOBHOW TPHUYMHOHN, CcAepKHUBaroIIed mpakTtudeckoe npumenenne YHT,
ABJISIETCS OTCYTCTBHE HAJEKHBIX METOJOB MX OYHCTKH OT IpUMeced mocie
cunte3a [2, 3]. B Hacrosmeidt pabore uccienoBaHbl OCOOCHHOCTH OYHCTKU
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YHT, cuHTEe3upOBaHHBIX maporaszoBeiM MetogoM (CVD-metomom), oT
COITyTCTBYIOIIMX IpuMecedl. B dacTHOCTH, TakuxX TMOOOYHBIX TPOAYKTOB
CHHTE3a, Kak aMOp(HBIH yriepoxa, KapOuabl KaTaTUTHYECKHX METaUIOB M
CaMHMX  KaTaJUTHYECKHX  COCTAaBIMIOIIMX CHHTE3a. B IpoBEJEHHOM
UCCIIEOBAaHUM W3y4YEHO BIIMSHUWE Ppa3HBIX YCIOBUIl IMpeIBapUTENIbHOTO
OKHCIICHHUsI MaTepuana-chipiia (OTKUT B BO3AYIIHO# atMocdepe, xuakodasHas
00paboTKa B KOHIEHTPHPOBAHHOM DPAacTBOPE MEPEKHCH BOIOPOJA) HA BBIXOJ
¢uHMITHOTO MaTepuana u cTpyktypy YHT.

JummTenbHOCTh  OOpabOTKM  MaTepHuana-ChIpa B pPacTBOpPE IEPEKHCH
Bojioposna BapeHpoBamu. Jlnsg mocienyromero ocBoboxnerns YHT ot
HEOpPTaHMYECKUX  TpuMeceil  ObUTH  WCIONB30BaHBl ~ 00paboTKH B
KOHLEHTPUPOBAHHBIX COJSIHOM M a30THOM Kkuciorax. llenp npoBeneHHBIX
I/ICCHeHOBaHI/Iﬁ COCTOsJIa B BBIABJIICHHUH ONITHUMAJIBHBIX yCJ'IOBHfI JJI0 IOJIYYCHU L
YHT, coaepxammux He 6osee 1 %, o mMacce, HCOPraHMYCSCKUX MPUMECEH U He
NOABEPTHYTHIX JACCTPYKTUBHBIM CTPYKTYPHBIM  U3MCHCHUSIM. N3menenus
KOJINYECTBEHHOTO M KaueCTBEHHOTO XMMHYECKOTO COCTaBa MaTepHana-chIplia,
CTPYKTYpHBIX xapaktepuctuk YHT nocne npeanpuHAThIX 00pabOTOK M3y4eHbI
MO3TANTHO C HCIIOJb30BAaHHEM METO/0B PEHTTCHOBCKAs 3HEPrOANCIIEPCHOHHAS
cunektpockorust  (POJIC), cmekTpockomuss KOMOWHAMOHHOTO —PAaCCEsTHUS
JIa3epHOTO M3JIy4YCHHUS, MPOCBEUMBAIONIAs HJICKTPOHHAS MHKPOCKOIMS. BbIxon
(¢UHUIIHOTO  MaTepualla  ONpENe/sUIM  TPABUMETPHUYECKAM  METOIOM.
UccnenoBanuss meromom POJIC mpoBoamnu B Tpex Mecrtax o00OpasLoB,
Pa3MEIICHHBIX HAa KPEMHI/ICBOI‘/’I MMOJAJIOXKKE.

[IpoBeneHHBIE HCCIIEAOBAHMS IO3BONMIM YCTAHOBHTH, YTO KHJIKO(a3HBIN
cnoco0, BKJIIOYAIOUIMH OKUCIUTENBbHYI0 00paboTKy MaTepuana-chipia B
pacTBope TepeKHucu Bomopona, Oonee 3¢ddekTuBeH, deM Ta3o(asHEIA, T. K.
crocobcTByeT coxpaHeHHo cTpykTypsl YHT u mosblmaer BeIX0X (MHUIIHOTO
mpoxaykra (Tabi.).

BiusHue MCronb30BaHHBIX U1 OUUCTKH MaTepuaia-Cbiplia OKHUCIHUTCIIbHBIX
00paboTOK ¥ MHHEPAIbHBIX KUCIOT HA BBIXOJ] BELIECTBA U COJEPKAHUE B HEM
yraepoaa (mannsie POJIC)

No Bunet o6pabotku | JIUTENbHOCTD Brixon Conepxanue
OKHCIICHUS, U BelecTBa, % | yruepona, at. %
1 Omxur 15 10+4 9,2:39,4:55,0
CoJisiHast KUCI0Ta
2 [lepexucn 0,5 39+6 27,0;: 36,4; 75,8
BOIOpOa 1,0 31+3 59,0; 63,5; 78,2
ConsHas KHCI0Ta 2,0 30+3 61,9; 62,1; 76,2
3,0 17+ 3 65,8; 67,9; 55,0
3 CosiHast KUCI0Ta
Ilepexucn 1
BOZIOpOJIa 27+3 94,8; 95,8: 93,5
CounstHas KHCJIOTa
A30THAas KHCIIOTA 1
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ITpu stom st addexrnBHOI ounctkn YHT oT HeopraHnueckux npuMecen
HEOOXOIMMO codeTaTb OOpabOTKy COJITHOW KHCJIOTOW C  OKHCIICHHEM
MaTepHaja-chlplia B pacTBOpe Hepekucu Bojopoza. Ilo3utuBHoe BiMsHUE Ha
Ka4ecTBO OYUCTKH YHT OKa3bIBaCT (uHUITHAS o0paboTka
KOHIEHTPUPOBAHHON a30THOM KHUCIOTON. DTO mo3Bosisier monydath YHT, B
MacCHBE KOTOPBIX COAEPKAHNE HEOPTaHMYECKHUX Mpumecei coctaBiseT < 1 %,
o Mmacce. BpisiBieno, uro cnoco6 ounctku YHT ot npumeceii, BKIo4aromumi
00paboTKH B pacTBOpax IEPEKHUCH BOJOPOAa M Aa30THOM KucioTe (IpH
ONTHUMAJIBHOH JUINTEIBHOCTH), IECTPYKTUBHOTO BIMSHUS Ha cTpykTypy YHT He
OKa3bIBaeT (pHC.).

Puc. DnexTpoHHO-MUKPOCKONMYECKHE CHUMKU MaTepUaJIOB: d — UCXO/HOTO;
6 — mocJie TOJHOM OYHMCTKH, BKIIOYas U cTaauio oopadotku B HNO3 1 u

Cnucok aureparypsl

1. J.-Y. Park, S. Rosenblatt, Y. S.Yaish [et al.]. Nano Letters (2004) 4 : 517.
2. P.-X. Hou, Ch. Liu, H.-M.Cheng. Carbon (2008) 46 : 2003.

3. D. Chattopadhyay, J. Galeska [et al.]. Carbon (2002) 40 : 985.
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CHEMISTRY OF MOLECULAR SYSTEMS

Synthesis of polycarboxylate superplasticizers
for cement-sand paste

D. A. Belov, D. M. Kuzmenkov, Y. V. Velugo
Belarusian State University, Minsk, Belarus, e-mail: BelovDA@bsu.by

Polycarboxylate superplasticizers based on methacrylic acid and
methoxylated polyethylene glycol with a molecular weight of 1000 were
synthesized by the method of monomers coordination in the mixture. The
influence of the obtained superplasticizers on the spreadability of cement-sand
paste based on cement of Belarusian manufacturers was investigated. It was
found that the effectiveness of plasticizing additives based on polycarboxylates
depends significantly on their molecular weight and tricalcium aluminate
content in cement.

The methoxylated methacrylic acid derivative was synthesized, with a 7 fold
excess of acid, in order to shift the equilibrium of the esterification reaction
towards the products, as well as to prepare a mixture for the subsequent
polymerization of methacrylic acid and its ether in a ratio of 6 : 1.

CH,

85 °C |
— CHfCHHCHZ—C+
PH=9 / x ‘ ¥

O=cC

H,

i
* CH=CH + ¥ CH;,:(‘Z
C

o:c‘ | H, : (THZ
o] C‘:Hz 9 (;:Hz
\
N o) Na o
@ —+ -+
o ?Hz C‘:Hz
Methacrylic acid tr, o,
{ f
CH, CH,
MPEG methacrylate ester PCE

The suitability of using the resulting mixture of monomers for the synthesis
of polycarboxylates, by the method of radical polymerization, is shown. To
determine the influence of the size of macromolecules, 5 samples were obtained,
with intrinsic viscosity ranging from 0.12 to 0.91.

The effect of macromolecule size on the plasticizing ability of additives for
cement-sand paste on the basis of cement of Belarusian plants was determined.
It has been established that for cement with a lower content of tricalcium
aluminate (4.0-4.2 %), the greatest efficiency is achieved for samples with
mean sizes of macromolecules [n] = 0.27 providing an optimal ratio of the rate
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of adsorption to the content in the aqueous phase. For the cement with a high
tricalcium aluminate content (8.5 %), a low molecular weight sample [n] = 0.12,
which is adsorbed in the tricalcium aluminate phase, is more effective.
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Synthesis of new mesoionic tetrazolium-5-aminide

V. A. Budevich, S. V. Voitekhovich?, O. A. Ivashkevich
!Belarusian State University, Minsk, Belarus
“Research Institute for Physical Chemical Problems, Belarusian State
University, Minsk, Belarus, e-mail: vl.budevich@gmail.com

Today there is a growing interest in tetrazole based mesoionic compounds
because they are potential candidates for use as components of energetic ionic
liquids [1]. Also mesoionic tetrazoles are attractive ligands for synthesis of new
complexes with transition metals [2].

The purpose of this work was to develop simple method for the synthesis of
new mesoionic tetrazole, namely ethane-1,2-diylbis((1,3-di-tert-butyl-1H-
tetrazol-3-ium-5-yl)amide) (1) which is of interest as chelating multi-nitrogen
ligand for coordination chemistry. The developed method for synthesis of 1
includes four main stages. At first, quaternization of available 5-
aminotetrazole (2) with t-BuOH/HCIO, system allowed us to obtain
tetrazolium salt 3 which gave tetrazolium-5-aminide 4 under base treatment [3].
Then bis-tetrazolium salt 5 was prepared by alkylation of 4 with 1,2-
dibromoethane in acetone. Finally, reaction of 5 with sodium hydroxide led to
target compound 1.
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Structures of obtained compounds were characterized by NMR, IR and MS.
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Novel cholesterol-like steroids with artificial side chains:
design as molecular probes or potential drugs precursors:
docking studies against selected human and mycobacterial

steroid-operating proteins

Y. V. Faletrov', M. S. Horetski', J. V. Panada’, L. A. Novikova? V. S.
Efimova®, N.N. Sluchanko®, K V. Tugaeva®, N.S. Frolova®,
E. V. Rudaya®, V. M. Shkumatov*

'Research Institute for Physical Chemical Problems, Belarusian State
University, Minsk, Belarus, e-mail: yaroslav82@tut.by
*Belozersky Institute of Physico-Chemical Biology,

M.V. Lomonosov Moscow State University, Moscow, Russia
A. N. Bach Institute of Biochemistry, Federal Research Center of
Biotechnology, Russian Academy of Sciences, Moscow, Russia

Various 3-beta-hydroxysteroids with artificial side-chains (substituents at
C17) have been developed that are analogues to fluorescent cholesterol, such as
22-NBD-cholesterol, BODIPY-cholesterol. These compounds with azide,
alkyne or nitrile groups in side-chains have found popularity due to their
properties as small bioorthogonal tags enabling detection via both click-
chemistry based conjugation and Raman microscopy. Previously we described
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interactions of some fluorescent cholesterol-like compounds with cholesterol-
converting oxidoreductases [1-3].

Here we report about design, synthesis and in silico docking evaluation of
novel original cholesterol-like steroids bearing fluorescent (NBD, BODIPY or
indole) or Raman-active (alkyne, nitrile or pyridine) groups, synthesized in our
lab, with respect to their interaction with some pharmacologically-relevant
cholesterol-operating proteins of human, namely human cytochromes P450
CYPI11A1 and 17A1, transport protein STARD1 and receptor RORyt as well as
mycobacterial CYP125 (pdb IDs 3mzs, 3ruk, 3p0l, 3kyt, 2x5w, respectively).
The first free proteins realize initial steps of steroidogenesis [2], RORyt controls
status of immune T helper 17 cells [4], CYP125 initiates cholesterol degradation
in mycobacteria [5].

Our computer-aided simulations have demonstrated previously unknown
abilities of the steroidal compounds to realize affine interactions with all the
proteins mentioned. This allowed us to speculate about perspectives of the usage
of the novel probes for studies of the structural and functional properties of the
proteins, giving new information about new potential drugs regulating
steroidogenesis and steroidal axis of host-pathogen interaction during
tuberculosis.

This work was supported by grants from BRFFI (X16P-065) and Belarusian
State Program of Scientific Investigations (Ne 20161380).
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Theoretical study on binding steroid analogues bearing
BODIPY fluorophores with cytochrome P450 enzymes and
STARDL transport protein

M. S. Horetski, Y. V. Faletrov, N. S. Frolova, E.V. Rudaya V. M. Shkumatov
Research Institute for Physical Chemical Problems, Belarusian State University,
Minsk, Belarus, e-mail: matvey.horetski@gmail.com

Cytochromes P450 are the most abundant oxidases identified in all
kingdoms of life. These enzymes are steroidogenesis responsible and are
necessary for vital activity [1]. STARD1 transport protein allows cholesterol
transfer within the mitochondrial membrane, followed by cholesterol-P450 scc
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interaction [2]. Thus non-covalent bonded conjugates of fluorescent steroid
analogues and non-steroidal BODIPY dyes with P450 family and STARD1
protein are suitable for use in live-cell fluorescent microscopy, flow cytometry
and etc. [3, 4]. Today only a few compounds with fluorescent scaffold perform
properties similar to nature steroid [4]. We decided to propose some new steroid
structuresA-D (Fig. 1) with BODIPY moiety able to interact with cytochromes
P450 and STARD1 protein.

Fig. 1. Proposed BODIPY-labeled steroid structures

For in silico work protein structures were taken from the on-line service
RCSB Protein Data Bank. Ligand structures for molecular docking were made
using Chem Office (CambrigeSoft, USA) with subsequent molecular mechanics
(UFF) ground state geometry optimization in Avogadro software (Cambrige,
USA). Simulation of ligand-protein interaction was performed in Autodock
Vina and Auto Dock Tools (Graphics Laboratory, Scripps Research Institute,
USA) software. Calculated free Gibbs energy (kcal/mol) of BODIPY -labeled
steroid—protein interactions comparing with native ligands are presented in the
Table.
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Table. Calculated interaction energies (kcal/mol) of ligands under
investigation. PDB proteins codes 3dax, 3v8d and 3sn5 for CYP7AL, 3mzs for
CYP11A1, 3p0l for STARDY, 3ruk for CYP17A1, and 5jkw for CYP19A1

3dax 3v8d 3sn5 3ruk | 3mzs | 5jkw | 3p0l

A -9.8 -98 | -109 | 99 | -14.0 | -10.1 | -8.7

B -106 | 9.6 -8.8 -96 | -119 | -104 | -88

C -10.5 | 94 -92 | -106 | -9.0 | -104 | -75

D -10.0 | -96 | -10.2 | -9.88 | -8.7 -9.7 |96

Cholesterol -7.9 -12.2 | -12.2 — -11.9 — -9.8
Pregnenolone — — — -11.4 — — —
Estrone — — — — — -11.8 —

Theoretical results represent similar affinity of labeled steroids and nature
ligands to studied proteins. In case of CYP11A1 affinity to A is better than to
native cholesterol. For verification calculation results in vitro experiment is
required.

Authors are grateful for grant support from the Belarussian State Program of
Scientific Investigations (Ne 20161380).
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Methyl methacrylate based resins for road marking systems

M. A. Lasminskaya, I. A. Klimovtsova, E. V. Grinyuk,
G. V. Butovskaya, L. P. Krul
Research Institute for Physical Chemical Problems, Belarusian State University,
Minsk, Belarus, e-mail: krul@bsu.by

Copolymers of methyl methacrylate (MMA) with alkyl (meth) acrylates are
increasingly being used as the basis for road marking systems [1, 2]. To obtain
these systems the copolymers are dissolved in a mixture of MMA with
components of redox initiation mixtures for radical polymerization of MMA at
ordinary temperatures. However, detailed information concerning the chemical
composition of the industrial resins based on MMA, as well as the technological
peculiarities of their synthesis is absent.

We determined that the resins of DEGAROUTE®661 (Germany) and
INDOPOL HP (Russia), intended for road marking, included copolymers of
MMA with n-butyl acrylate (BA), the mole fraction of the latter in the
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copolymer being 15-20 %, while MMA monomer used for the copolymer
dissolution in the resin had mass fraction close to 0.5.

Our work is aimed at a production of resins close in composition to
industrial analogues. Radical copolymerization of MMA with BA in the
presence of benzoyl peroxide has been carried out by a compensating
copolymerization method involving one of the monomers dosed feeding during
the reaction [3]. Synthesis conditions are determined giving an opportunity to
produce a resin similar to DEGAROUTE®661. Based on the resin synthesized a
composition is obtained capable to cure at an ordinary temperature for 15-20
minutes, to be used as a basis for road marking material.
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Properties of layer-by-layer coatings based on
poly(allylamine)-graft-poly(ethylene glycol) copolymers and
dextran sulfate

K. S. Livanovich, T. G. Shutava
Institute of Chemistry of New Materials, National Academy of Sciences of Belarus,
Minsk, Belarus, e-mail: konstantin.livonovich@yandex.by

Polymers grafted with poly(ethylene glycol) (PEG) are in demand in many
biomedical applications as perspective materials to form coating possessing high
resistance to protein adsorption[1]. Grafted copolymers of poly(allylamine
hydrochloride) (PAH, M,, 70 kDa) and PEG, M,, 5 kDa (PAH-PEG) were
synthesized using EDC/sulfo-NHS crosslinkers [2]. The end-group of PEG was
preliminary carboxylated with potassium permanganate. The degree of grafting
was controlled by varying the mass ratio of PEG to PAH and determined
spectrophotometrically [3]. Copolymers were purified by dialysis (MWCO 10
kDa) and freeze-dried. Their structure was confirmed by FTIR spectroscopy.

Multilayer coatings (PAH-PEG/DexS);s were formed via layer-by-layer
(LbL) assembly of the copolymers and dextran sulfate (DexS, 500 kDa) at
ambient temperature from diluted solutions (1 mg/mL, pH 5.5+0.2). A quartz
crystal microbalance (QCM 200 SRS, 5 MHz) equipped with a flow cell was
used for monitoring the formation of multilayers (Table). Fetal bovine serum
(FBS) was adsorbed on the LbL film surface for 1 h and then removed by
passing water through the cell. The mass adsorbed on a resonator was calculated
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according to the Sauerbray equation, the density of coatings was assumed to be
equal 1.3 g/cm? [4].
Table. Properties of PAH-PEG/DexScoatings

PAH- |m(PEG)/m(PAH),| Grafting |Bilayer thick- Mass of
PEG mg/mg degree (g) | ness*, nm adsorbed FBS
proteins**,
pg/cm?
PAH - - 0.7 1.6
1 0.2 58 1.0 1.0
2 2.7 18 1.1 0.7
3 5.5 9.6 0.9 0.6
4 11.0 5.3 0.9 0.2

*+15 %; **+£ 0.2 pg/cm’
Thus, replacing PAH in a (PAH/DexS); s coating by PEG-grafted copolymer
allowed us to reduce FBS proteins adsorption on the films surface by 38-88 %.

References

1. Z. Amoozgar, Y. Yeo. WIREs Nanomed. Nanobiotechnol. (2012) 4 : 219.

2. G. Hermanson. Bioconjugate techniques: 2" ed. Elsevier (2008) : 215.

3. T. G. Shutava, K. S. Livanovich, V. V. Pankov. Colloid. Surface. A. (2018)
539: 69.

4. Y. Lvov [etal.]. Colloid. Surface (1999) A146 : 337.

Aggregation of kanamycin A. Quantum chemical calculations

Vadim E. Matulis, Ivan P. Bosko
Research Institute for Physical Chemical Problems, Belarusian State University,
Minsk, Belarus, e-mail: matulisvad@gmail.com

Kanamycin is an aminoglycoside antibiotic. The study of the structure of
kanamycin provides valuable information for the investigation of other
antibiotics, which can facilitate an understanding of their biological activity, and
is also useful for molecular modeling calculations. The absolute configuration of
kanamycin A was determined by X-ray diffraction study of kanamycin
monosulfate [1]. Kanamycin can form stable dimers and higher aggregates in
solutions. However, in literature there are a few data on the aggregation of
kanamycin. Theoretical determination of the structure of kanamycin dimer is a
difficult task, because kanamycin is a flexible molecule and a lot of
conformations should be considered.

In this work, the structure of kanamycin A dimer has been investigated. The
semi-empirical GFN-XTB method has been used for the conformational search
to obtain the initial structures for global minimum searching. The resulting
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structures were ranked by energy and the geometry of the ten lowest energy
structures has been optimized using PBEh-3c method, which is more accurate
than the widely used B3LYP/6-31G(d). Obtained global minimum dimer
structure (Fig.) is more than 150 kJ/mol lower in energy than the kanamycin A
monomer in the gas phase. For this lowest energy structure electronic properties,
NMR and IR spectra have been calculated.

Fig. The calculated lowest energy structure of kanamycin A dimer
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Formation enthalpies of five-membered nitrogen-containing
aromatic heterocycles. Quantum chemical calculations

Vadim E. Matulis, Mikhail G. Dzianisik, Oleg A. lvashkevich
Research Institute for Physical Chemical Problems, Belarusian State University,
Minsk, Belarus, e-mail:matulisvad@gmail.com

Five-membered nitrogen-containing aromatic heterocycles are important due
to their wide application in various fields of technology, medicine, agriculture.
In addition, tetrazoles and nitrotriazoles have a sufficiently high thermal stability
along with considerable energetics and high nitrogen content, therefore they are
effective components of composite propellants, explosive and gas-generating
compositions. So, it is especially important to have information on the enthalpy
of formation of these substances. Thermodynamic properties are also useful for
developing methods of selective azole ring functionalization or introduction of
azole fragment into more complex molecules. However, in literature there are a
few data on the formation enthalpies of these compounds.
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In this work, the standard gas-phase formation enthalpies of five-membered
nitrogen-containing aromatic heterocycles have been calculated using isodesmic
or atomization reactions. The first method requires knowledge of the
experimental gas-phase formation enthalpies of all substances participating in
the corresponding reaction, while determination of the formation enthalpies via
atomization reactions does not have these shortcomings. The values of the gas-
phase formation enthalpies of azoles, calculated using both methods, are in good
agreement with the experimental ones. The only exception is 2-methyltetrazole.
The experimental value of the gas-phase formation enthalpy of 2-
methyltetrazole [1] is higher than that of 1-methyltetrazole, which also
contradicts the results of our calculations. This indicates that further
experimental studies of the formation enthalpy of 2-methyltetrazole are
necessary.
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Design and synthesis of pyrazole amide derivatives assuccinate
dehydrogenase inhibitors

N. B. Sun, Y. Lu, J. Yu, S.L.Wang, W. Ke, L. Wang
Research Department of Chemistry and Chemical Engineering, College of
Biology and Environmental Engineering, Zhejiang Shuren University,
Hangzhou, China, e-mail:yj313513@sina.com

Succinate dehydrogenase inhibitors affect the respiratory chain electron
transport system of pathogens by acting on the protein complex Il (succinate
dehydrogenase), hinder its energy metabolism, thereby inhibiting the growth of
pathogenic bacteria, leading to its death. It is a method for prevention and
treatment of diseases. Due to this unique mechanism of succinate
dehydrogenase inhibitors and the characteristics such as low toxicity, high
activity, variable structures of these inhibitors, it has gradually attracted the
attention of pesticide companies and scientists in recent years [1]. As pathogens
have gradually produced different degrees of resistance to existing inhibitor
products [2, 3] including pyridine-ethyl-benzamides, furan amides, pyrazole-
amides and others [4, 5, 6], the development of novel succinate dehydrogenase
inhibitors is increasingly showing its necessity and urgency. Hereby we report
the design, synthesis, fungicidal activity and SAR study of novel fluorinated
pyrazole amide derivatives as succinate dehydrogenase inhibitors, which can be
divided into the following parts.

1. Virtual screening model establishment (Fig. 1) of those organic molecules
that can be used as candidate inhibitors via computer softwares for the likes of
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SYBYL, DOCK, eHiTS and data libraries such as ACD3D, NCI3D and
DRUG LIKE, etc.

Fig. 1. Crystal structure (a, b) of SDH and docking conformation of SDH with
inhibitors (c)

2. Rational design and green synthesis of fluorinated pyrazole amide
derivatives based on the screening results (Fig. 2).
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Fig. 2. Synthesis of fluorinated pyrazole amide derivatives (a, b, ¢)

3. The establishment of the biological activity model of the compound and
the SAR (structure and activity relationship) study by taking into account the
factors of hydrophobicity, electricity, and three-dimensional structure of the
inhibitor compound, and followed by the synthetic optimization of the inhibitor
structure as well as activity verification.

The aim of our study is to provide useful information for further discovery
of novel precursor compounds with bactericidal activities, but also a theoretical
and practical basis for the preparation of new, green and environmentally
friendly pesticides on a global perspective.
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Tetrazole derivatives as capping ligands and precursors for
nanostructured materials

S. V. Voitekhovich
Research Institute for Physical Chemical Problems, Belarusian State University,
Minsk, Belarus, e-mail: azole@tut.by

Tetrazole derivatives have received much attention in the recent years in the
field of nanostructured materials [1]. This interest is due to the unique
combination of properties of these multi-nitrogen heterocyclic compounds.
First, it is the donor character peculiar to the tetrazole ring that determines the
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ability of tetrazoles to form stable metal complexes as well as to stabilize
colloidal nanocrystals (NCs). Second, it is a specific thermally induced
fragmentation of the tetrazole ring leading to the formation of a high proportion
of volatile products, mainly nitrogen. In consequence of these features, the
easily available 1-alkyltetrazole-5-thiols (1) were studied as suitable capping
ligands for CdS [2], Au, Ag, Pd, Pt [3] NCs. Corresponding stable NCs were
prepared by solution-phase organic syntheses, including ligand exchange
strategies, or by a solid-phase single-precursor approach based on the thermal
decomposition of tetrazole-5-thiolates. Using tetrazoles | as ligands opens up a
straightforward opportunity to obtain conductive organic-free nanocrystalline
solids that have great potential in photovoltaic and catalytic applications [4].
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Due to the hydrophilic nature of the heteroring, tetrazoles are of great
interest in  the preparation of  water-soluble  nanocrystals.  5-
Mercaptoalkyltetrazoles (1) were found to be a good substitute for
mercaptocarboxylic acids widely used as a capping agents in the aqueous
synthesis of colloidal semiconductor NCs; the use of Il allowed the authors of
[5, 6] to prepare water soluble CdTe NCs characterized by a strong
luminescence with a quantum yield of 60—77 %. NCs capped with tetrazoles Il
possess the unique ability to reversibly form hydrogels upon addition of metal
salts. After forming the gels, the CdTe NCs preserve their absorption and
photoluminescence properties, although their emission is markedly quenched.
The metal-assisted gelation of tetrazole-capped NCs can also be employed to
integrate different types of NCs to tune the emission of the resulting gel [7].
Such an approach has been proposed for the gelation of NCs covered by silica
shells. For these purposes, silica shells were functionalized with tetrazole I1ll,
which had the ability to bind to the silica surface by a silane group [8].

Tetrazole-stabilized Au NPs immobilized on TiO, were found to show
catalytic activity in the CO oxidation [9]. A thermal heat treatment of above
Au/TiO, hybrid material resulted in an increased catalytic activity in comparison
to the untreated samples, demonstrating the possibility to remove the tetrazole
ligand from the NCs surface. This opens the possibility to use NCs stabilized
with tetrazoles as long-time storable catalysts on demand which can be
thermally activated under modest conditions, while preserving their catalytically
active size range of several nanometers.
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Secondary metabolites from Neosartorya fischeri

S.L.Wang, N.B.Sun, Y.Lu, J. Yu, L.Wang, W.Ke
College of Biology and Environment Engineering, Zhejiang Shuren University,
Hangzhou 310015, P. R. China, e-mail: wangshileil105@163.com

Neosartorya fischeri is a heat-resistant mold frequently reported to cause
spoilage in fruit products [1]. It is a distinct fungal species related to Aspergillus
fumigatus. Unlike the extensively investigated of the Aspergillus genus, there
are few researches on the secondary metabolites of Neosartorya species [2—8].
From several years ago, we initiated a program of investigating the secondary
metabolites of Neosartorya fischeri. Several secondary metabolites were
isolated from the CHCI3 extract of Neosartorya fischeri. The structures of the
compounds were established by extensive spectroscopic methods.
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Fig. The structures of secondary metabolites obtained from Neosartory afischeri
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A green and environmentally-friendly synthetic method for the
production of pyridylaldehydes

J.Yu, Y.Lu, N.B. Sun, S.L.Wang, L. Wang, W. Ke
Research Department of Chemistry and Chemical Engineering, College of
Biology and Environmental Engineering, Zhejiang Shuren University,
Hangzhou, China, email: yj313513@sina.com

Pyridylaldehydes are important synthetic intermediates with huge market
potential due to their widespread application in the fields of medicine,
agriculture, perfumery, food additives, dyes as well as others [1-5]. Traditional
synthetic routes reported in the literatures include oxidation [6, 7] using pyridine
methanol and vinyl pyridine as raw materials, hydrogenation reduction [8, 9]
using cyanopyridine and ethyl picolinate as starting materials, and synthesis
using picoline as raw material [10-11] including chlorination hydrolysis and
liquid phase oxidation. However, the above mentioned methods are suffering
from the drawbacks in the need of tough reaction conditions, obtaining the
products with low yield that makes the synthesis not cost-efficient, using toxic
reagents and reagents that can cause environmental pollution, and as well as
others. Therefore, it is meaningful to develop a high-efficient, low-cost and
environmentally-friendly synthetic route that can be employed in industry. This
report introduces a green synthetic route for the production of an important
organic intermediate pyridylaldehydes, namely, the environmental-friendly gas-
phase oxidation [12] in a fixed bed which uses double-metal oxidants as
catalysts, oxygen as oxidant and water as a solvent, and has the advantages of
being high economic and cost efficient, therefore it can be applied in industrial
production. The above method is a practice that accords with the concept of
green chemistry and also the innovation mode of Industry-University-Research.

The topic of this report is to convey an idea of green chemistry (Fig. 1),
which is the focus of attention in today’s organic synthesis.
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Fig. 1. A general idea of green chemistry

The scheme of traditional synthetic methods of pyridylaldehydes is
presented in (Fig. 2). The scheme of green and environmentally-friendly gas-
phase oxidation in a fixed bed is presented in Fig. 3. The key of this method lies
in the selection of a catalysts.
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Fig. 2 Traditional synthetic methods of pyridylaldehydes:
a — oxidation using pyridine methanol and vinyl pyridine as raw materials,
b — hydrogenation reduction using cyanopyridine and ethyl picolinate as starting
materials, ¢ — synthesis using picoline as raw material including
chlorination hydrolysis and liquid phase oxidation
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Fig. 3. Gas-phase oxidation in a fixed bed
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MousekyJisipHasi CTPYKTYpa 00pPOKCHH-COAePKALIUX
(eHOIbHBIX MOJIUMEPOB

E. 1O. B06KOBal, B.C. BaCI/IJ'IBeBal, M. A. KCCHO(i)OHTOBl,
JI.E. OCTpOBCKaSIl, M. b. U_IszLanmsl‘2
"HUU npuxnagusix Gpusnuecknx npobaem uM. A. H. Ceuenko
Benopycckoro rocyaapcTBeHHOro yHuBepcuTeTa, MuHCK, benapycs,
e-mail:lab_dozator@mail.ru
2Bs—:‘ﬂopyccm/lﬁ rOCyAAapCTBEHHBIN yHUBEpCUTET, MUHCK, benapych

CHmKeHHEe TOPIYECTH IOJUMEpPHBIX MaTepHalloB — OJHa W3 Hauboiee
aKTyaJlbHBIX 33]]a4 COBPEMEHHOH MoauMepHoi xuMuu. Pazpaborannsiii B HUU
[OII mm. A. H. Cepuenko BI'Y omHOCTammifHBIMH croco® momydeHHs
(eHONIBbHBIX TA30HAMOJIHEHHBIX MOJMMEPOB OCHOBAaH Ha HCIOJIb30BAaHUU
MOHOMEPHBIX KOMIIO3HUIIMH, YTO TO3BOJIAET BIHATH HAa CTPYKTYpY U CBOMCTBa
NoJIMMeEpa MyTeM BBEACHHMS 100aBOK B HCXO/AHBIC KoMmo3uuuy [1, 2].

[TpoBeneHsl ucciieoBaHUs KOJIEOATENBHBIX CIIEKTPOB M JEPUBATOTPAMM
MIPOJYKTOB B3aWMOJICHCTBHS CYMMAapHBIX CIIAHLEBBIX ()eHOJIOB ¢ OOpHOMU
KHCJIOTOM, MOJIMMEPHOH MaTpHibl Ta30HANOIHEHHOTO AalKUIPE30PLHHOBOIO
nojuMepa, MOAM(MUIMPOBAHHOTO CMECSIMH OOpPHOW KHCIOTBI M OKCHAA
QIFOMUHMUSL. VYcraHOBNIEHBI CHEKTpaJIbHbIE 3aKOHOMEPHOCTH,
CBUETEIECTBYIONINE O CHIDKCHWH KOHIIEHTPAI[MH TUMEPHBIX W MOJUMEPHBIX
BOJIOPOJIHBIX CBS3EH 3a CUET y4acTHs THAPOKCHIBHBIX IPYMI B (YOPMUPOBAHUN
Oop-coaepxamux ¢parmeHToB nojauMmepa. Ha ocHoBe ananmmza UK crnektpos
MOTJIOIIEHNSI W PEe3yJIbTATOB KBAaHTOBO-XMMHUYECKHX pacyeToOB MOeJeH
KOMIUIEKCOB B pamkax (opmanuzma TOII (mpubmmkenne B3LYP/cc-pVDZ)
[IOKa3aHO, YTO TPHUYMHONH W3MEHEHHA (U3NKO-XUMHUYECKHX  CBOMCTB
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(mOBBIIIICHHE TEPMOCTOMKOCTH W CHIDKCHHE TOPIOYECTH) MEHOMOJInMepa
SIBISIETCSL KOMILIEKCOOOpa3oBaHUE IMOJMMepa M J00AaBKH. YCTaHOBJIEHO, 4TO
HaOnofjaeMble  HM3MEHEHWsT B CIEKTpaX MOryT ObITb  OOYCJIOBIICHBI
dbopmupoBanreM 60pokcHHOBOrO 1HKIa (pparment I, puc. 1, a), HOCKOIbKY B
cinyyae ¢parmenta Il (puc. 1, 6) cnekTp JODKEH COAEPKAaTh WHTEHCHBHYIO
mnojocy okxoio 1245 em® (1266 cM' 1O JAHHBIM HAILIETO pacuera),
00yCIIOBNICHHYI0 ~ BaJIeHTHBIMU  KojeOaHusimu OC-cBs3ed  reTepoluKIia,
otcyreTByomyo B MK-ciekrpe Moan¢uImpoBaHHOTO TOIHMEPA.

Puc. 1. MoaenbHbIe CTPYKTYpBI ()parMeHTOB O0p-coiepKaIuX HOIUMEPOB!
¢dparmenr | (a), pparment Il (6)

Bopokcun (H303B3) — mukinmdeckoe coeAnHeHne Oopa ¢ KUCIOPOIOM, B
KOTOpPOM aTOMBI KHCJIOpOJa depeayrorcs ¢ rpymmamua >B-H. B oOBMHBIX
YCIOBHSIX MOJEKYIBl OOpOKCHHA HEYCTOMYHBEI, OJHAKO, IIPH BCTPaWBaHHUU
OOpPOKCHHOBOTO IMKJIa B TOJMMEPHYIO CTPYKTYPY YIOMSIHYTBIH ()parMeHT, BO-
NEePBbIX, CTAOWIM3UPYETCs, BO-BTOPBIX, B pe3yJibTaTe 3aMeleHHs aTOMOB
BOJIOpOJa CHOCOOCH CO3/1aBaTh Pa3BETBIICHHBIE MMPOCTPAHCTBEHHBIE CTPYKTYPHI
[3] u, B-TpeTbuX, oOOeClEUMBAET CHIKEHHE TOprOYecTH nonuMepa [4].
BopokcuHOBBIIT  (parMeHT o00OnazaeTr BechbMa XapaKTEPHBIM KOJeOaTebHBIM
CIIEKTPOM, YTO TIO3BOJISIET HCIOJB30BaTh MeETOAbl KosebarenpHot MK-
CHEKTPOCKOITHIH JIJISI OTIPEICTICHHUS €ro MPUCYTCTBUS B IOJMMEPHOI TeTIH.

Pesynbratel nepuBaTOrpaUUECKUX HCCICNOBaHUN MOTUPHIMPOBAHHOTO
MIEHONICHONIOJIMMEepa TOKa3ainu, 4Yro y Bcex oOpasmoB Ha [ITA kpuBBIX
SHIOTePMHYECKIA YPPEKT, COMPOBOKIAIOIIUNACS TTOTEPSIMH MACCHI, PacTeT U
CABUTAETCS B BBICOKOTEMIIEpATypHYIO 00JacTh 10 Mepe YBEIHYeHHUs
coJepkaHusi OOPHOM KHUCIOTHI W OKCHIA QIIOMHHHUS B KOMIIO3UIIMU IS
TOJIy9eHUsI TieHomonmMepa. [Ipu 3ToMm, HaOmromaeTcss TakkKe YMEHBIICHHE
HMHTEHCHUBHOCTH 3K303(eKTa 1 CMElIeHHEe ero B 60Jiee BEICOKOTEMIIEPATypPHYIO
00macTh 'y MOIUQPUIIMPOBAHHBIX OOpPa3OB, YTO MOXET OBITh BBI3BAHO
oOpazoBaHueM B TOJUMEpPE OOJBIIEr0 KOJWYECTBA TIOMEPEYHBIX CBS3CH
(BcrencTBHE B3aMMOZCWCTBUS THAPOKCIIBHBIX TPyHI ¢ OOpHOWH KHCIIOTOIR),
BIUSIFOIIUX Ha TEMIEPATYPHYIO YCTOHYMBOCTH MOJMHMEpa. 3HAYUTEIHHBIA POCT
sH103(dekTa (MIpUMEpHO Ha HOPSIOK) M CIABHUT TEIUIOBBIX 3((PEeKToB B Oosee
BBICOKOTEMIIEPATypHYIO O0JIaCTh U  IIEHONOJHMMEpPa C  ONTHUMAaIbHBIM
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colep)KaHUEeM  J00ABOK  CIIOCOOCTBYIOT ~ CHIDKCHHIO  TOPIOYECTH, 4YTO
TIOJTBEPIMIIH UCTIBITAaHUSI TOPIOYECTH.

Takum 00pazoM, NpOBEJEHHBIE CIIEKTPOCKOIINYECKHE, TepMOrpaduuecKue U
KBaHTOBO-XUMHWYECKHE HCCIIEIOBAHUS TO3BOJIMIIN YCTAHOBHUTH, YTO TOBBIICHHE
TEPMOCTOHKOCTH W  CHIDKCHHE TOPIOYECTH Ta30HANOJHEHHOTO  AJKWII-
PE30PLMHOBOTO MOJHMMEpa, CHHTE3MPOBAHHOIO B MPUCYTCTBUH IIEIEBBIX
J00aBOK, 00YCIIOBJIICHO XUMHYECKUM B3aUMO/ICHCTBHEM I'MIPOKCHIIBHBIX IPYIII
moruMepa ¢ OOpPHOM KHCJIOTOH, CONPOBOXKTAIOIIUMCS  (OPMHPOBAHUEM
OOpPOKCHHOBBIX ()ParMEeHTOB.
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Copouusi nuc-guaMmvunanxjoponaaruubi(l1)
KATHOHOOOMEHHBIMH TOJIMCAXapPHIAMH

. m. BBIUKOBCKHH, 1[[. A. AjaMuuK, E.T. Hpenakos,
’T. L. IOpkmToBuy, ’C. O. Conomesny, °H. B. T'omy6, ’H. K. IOpkmToBHy,
’P. 1. Kocreposa, ’B. A. AnMHOBCKast
Y ue6HO-HaydHO-IIPOM3BOICTBEHHOE PECITYOINKAHCKOE YHHTAPHOE
npeanpustre «Yuutexnpom BI'Y», Munck, benapycs, e-mail:
bychkovsky@tut.by
HUN (U3NKO-XUMHIECKHX MPo0IIeM benopycckoro rocyiapcTBeHHOTO
yHuBepcurera, Munck, benapycs

D¢ GeKTUBHOCTD ~ XUMHOTEPAINEBTHYECKUX  CPEJICTB  BO  MHOTOM
OTIPEIETISIETCS CEJICKTUBHOCTHIO MX AEHCTBHUS, T.€. HANPABJIECHHOW JOCTAaBKOW K
opraHaM M KJIETKaM-MHIIEHSM 03 BO3JECHCTBHS Ha 3/10pOBbIE TKaHU
Oopranmsma. Jost CO3JIaHUs CHUCTEM aJpecHon JIOCTaBKH IHcC-
nuamMMmuHanxiaoportatuael(Il)  (umcnmaTeH),  CHWKEHMS — TOKCHYECKHX
MPOSIBIIGHUI TIpenapaTa aKTyaJbHO BKIIIOYCHHE IIUTOCTaTHKA B COCTaB
MaKpOMOJIEKy MOAN(PHUINPOBAHHBIX MOJIMcaxapuaoB. B paboTe mpencTaBieHs!
CpaBHUTENbHBIC  JAaHHBIE [0  pPAaBHOBECHOW  copOmMM  IUCIIIaTHHA
KaTHOHOOOMEHHBIMHM TOJINCAXapUAAMH, COJAEPKAIIUMH KapOOKCHIIBHBIE H
(ocdarHble TPYNITBI, U PE3yJIbTaThl U3YyUEHUsI IPOTHBOOITYXOJIEBOI aKTHBHOCTH
MOJyYeHHBIX MPOIYKTOB B YCIOBHUsX iN Vitro. B kauectBe cOpOEHTOB ObLIH
HCIIONB30BaHbl OKUCICHHbIE B cucreMe okcua asota(lV) — TpuxiopmeraHn
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IUIGHKA OaKTepHaNbHOW IIEIUTIONO3BI C COAEp)KaHHEM KapOOKCHIBHBIX TPYIII
1,3-5,2 mmons/r (OBLl) n stepuduumpoBanHblil B cucteMe opTodochopHas
KHCJIOTa — MOYEBHHA reneobpasyromuii - pocdar kpaxmama (DPK) c
cogepxxanneM Qocdarnpix rpynn 2,0-3,4 mmons/r [1, 2]. MccnemoBanue
COpOIMOHHOI0 Tpollecca IMCIUIATHHA KaTHOHOOOMEHHBIMH HOJIMCaxapHIaMu
OCYILECTBJISIJIOCH B CTaTUYECKOM  pPEXHME B  JHarna3oHe HCXOJHBIX
KOHIGHTpalmii muroctaTika B pactope 1-10°-8-1072 moms/m mpu Momyse
Bauubl 1 : 250 u rtemmeparype 20 + 2 °C. YcraHoBieHa 0ojiee BBICOKas
CKOPOCTb JIOCTIDKEHHUSI COPOIIMIOHHOTO PaBHOBECHS IMCIUIATHHA MHKPOTEISIMU
OK (0,5-1,0 1) mo cpaBHenmio c¢ OBILl (24 4), ompeneneHsl 3HAYCHUA
MakCcHMallbHOH  copbumm, cocraBmronme 0,53 w 0,64 MMoub/T,
COOTBETCTBEHHO, 4TO He mpeBbimaeT 20 % oT komudecTBa (QYHKIIMOHAIBHBIX
TpYIII B (pa3e UCCICTOBAHHBIX COPOCHTOB.

Uzotepma copbumu nucruiatiaa OBL] Xopommo omuckIBacTcs ypaBHEHHEM
JIsurmropa. KomudecTBOo copOHpOBaHHOTO IMCIUIATHHA MuKporemsimMu DK
3aBUCHUT OT CTEINIeHW HaOyXaHWs, YTO CBHJETENHCTBYET O IPEHMYLIECTBEHHOM
BKIIAJe  pacIpeleiMTeNIbHOr0  mporecca. PaccuuTanbl K03 UIUCHTHI
pacripeaeneHus UUCIIaTiHA MeXIy (pazaMu KaTHOHUTA U BHEIIHErO pacTBOPA.
YcraHOBIIEHO, 4YTO HamboJiee BBICOKYIO HW30MpATEIbHOCTh K IMCILIATHHY
NpPOSIBIISIET ~ KaTHOHUT ¢  KapOOKCWIBHBIMH  rpynnaMmu. I[lpucyrcrBue
¢dochopcomepkamux TPyHm B COCTaBe Kpaxmaja HPHBOAUT K CHIDKCHHUIO
kodpdunreHToB pactpenencHus 6onee ueM B 10 pa3. Ha ocHoOBaHMM TaHHBIX
UK-cnektpockonmuy, a  TakkKe  pe3ydbTaTOB  IMOTEHIIMOMETPHYECKOTO
TUTPOBAHUS KATHOHUTOB B OTCYTCTBHE W NPHUCYTCTBHHU ITUCIDIATHHA CIEIAHO
MIPEIONI0KEeHHe, 4To Tporecc copbmmu muciarnHa Ha OBL] BkIrodaeT
cienyronie cragun: TudQy3ns HeUTPaIbHOTO KOMILIEKCa MUCIUIATHHA B (asy
OKHCIICHHON  IeJUTIONIO3BI, TETEPOTEHHBI  THAPOJIN3  COpPOHMPOBAHHOTO
KOMILIEKCa c o0pa3oBaHHEM aKBaKaTHOHA [UC-TUAMMUH-
akpaxsioprmatuabi(11)*, CBA3b  IUC-AMaMMmuH-akBaxnopmiatunei(1)” ¢
KapOOKCHJIBHBIMH TPYyNIIaMH IO HOHOOOMEHHOMY MEXaHH3MY, YaCTHYHOE
3aMeIIeHHe MOJIeKYJIbl BOJABI B KOOPAMHAIMOHHOW cdepe IUIaTMHBI Ha
KapOoKcHiI-HOHBI. Takum o00pa3om, copbuus mucmiaruHa Ha OBL] umeer
MIPEIOI0KUTEILHO HMOHHO-KOOPAMHAIMOHHBIN XapakTep. IlokaszaHo, 4TO
CKOPOCTH BBICBOOOXKIEHUS LUCIUIATHHA M3 HOHOOOMEHHBIX II0JIMCAaXapHIOoB
olpeersieTcs, TIaBHBIM 00pa3oM, MPOYHOCTBIO CBSI3HM COpOEHT—copOarT.
Y CTaHOBIICHO, YTO TOJIHOE BEICBOOOKIeHHE IuTocTatnka u3 (azer OB B 0,1
MOJIB/JI PacTBOP COJISTHOW KHUCIIOTHI JOcTHraeTcs npu temmneparype 40-50 °C u
BO3JIEHCTBUU yIbTPa3ByKa. ITOT (PaKT CBUAECTEIBCTBYET O TOM, YTO KHHETHUKY
BBICBOOOXKIeHUsT 1uTocTaTtuka u3 (asel OBL] B Ouosnorudeckue cpenbl Oymer
OTIPENEIATh CKOPOCTh OMOIETpaJaliiy MMOJIMMEPHON MAaTPHIIBI, KOTOPYIO MOYKHO
peryinupoBaTh CoNlepKaHWeM KapOOKCWIBHBIX Tpynm. B oriaumume ot OBI]
BBICBOOOXKICHHE KOMIUIEKca IUIATHHBI U3 ¢a3el PK mpoucxomur B ropasnao
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Oomee  MATKHMX  ycioBHsSX.  IIpomecc — BBICBOOOXKIEHHS  IPOIYKTOB
B3auMoneiictBus mmciuiatuHa ¢ ®K B docdartHeiii  OydepHsIii pacTBOp,
HMHTHUPYIOIIEM OHOJIOTMYECKUE Cpelbl, COCTOMT W3 HECKOJBKUX CTaHi:
nepBast asa mpouecca npojoipkaercs 1o 20 MUH. U 3aKio4yaeTcs B OBICTPOI
necopOiun nucruiatiaa ¢ nosepxnoct @K (20 %). B teuenune cnenyromero
neproza (20 MuH — 24 4) BEICBOOOX/ICHNE [IUTOCTATHUKA TIEPEXOAUT BO BTOPYIO
CTaJlUI0, XapaKTEePU3YIOLIYIOCS MPAaKTUYECKU MOCTOSIHHOM CKOPOCTBIO. 3a 3TOT
mepronl BbICBOOOXkmaerca eme okomo 40 % kommiekca maTHHBL Ha
3aBEpINAIOIIEM 3Tare CKOPOCTh peln3a BHOBB MAJaeT W 3aBHCHT OT CKOPOCTH
Ouoerpasauy mojuMepa.

Pa3paboTaHBl METOTUKY CHHTE3a MPOJOHTHPOBAHHEIX (POPM MUCIIIATHHA HA
ocHoBe OBLl u ®K. MHccnenoBaHue NpOTUBOONYXOJIEBOM aKTUBHOCTHU
nucIaTiHa, tMMoOmm3oBanHOTro Ha OBL] 11 @K, mpoBeneHO Ha MOHOCIIOHHOM
KyJbTYpEe OIyXOJIeBbIX KIeTok HelLa (smurenwougHas kapuuHOMa IIEHKU
MaTKu 4esoBeka, kiIoH «M» HelLa) B I'Y «PHIIL] oHKoMOTHM U METUITMHCKOM
panuonoruu uM. H. H. AnekcannpoBa» (MuHck, benapycs). YcranoBneHo, 4To
IIPpU BKJIIOYCHHUU IUCIJIATHHA B COCTaB HOHOOOMEHHBIX IOJIMCAXapUaOB
IIPOTUBOOITYXOJIEBasi AKTUBHOCTh IIUTOCTATHKA COXPAHACTCH.

Cnucok ureparypsl
1. T.JI KOpxkmrosuy, I1. M. berakoBckuii, [. A. Axamunk. Mexa. HaydH.
koH). «Poccus — bBemapyce — CKOJKOBO: €OUHOE WHHOBAIIMOHHOE
npoctpaHcTBo». Munck. (2012) : 177.
2. T. JI. Opkmrosud [u np.]. C6. ct. Ceupumosckue urenus: (2017) 13 :
336.

KaranuTnyeckasi aKTUBHOCTb NAJLJIaAMIi-I0JTUMEPHOTO
HAHOKOMIIO3UTAa B cuHTe3e 1,1°-0ndennna

A. B. 3ypaes, 10. B. I'puropses, O. A. MBamikeBuu
HUU dusuko-xumudeckux mpodiem bemopycckoro rocyaapcTBeHHOTO
yHHuBepcuTeTa, MuHck, benapycs, e-mail: zuraev@bsu.by

1,1’-budennn U ero NpPOW3BOTHBIC SBISIFOTCS BAXKHBIMH COCAHHCHIHSIMU,
MIPEACTaBISIONIMMHI COOO0H TEepPCIEKTUBHBIE 0a3WCHBIE CTPYKTYPHI C IMTUPOKHM
CIIEKTPOM TIPUMEHEHUS: B KadeCTBE AMDICKTPHUECKUX KHUIAKOCTEH, areHTOB
TEIJIONEPEHOCa, TECTHIMIOB W (HapMaKOJOTHIECKH-aKTUBHBIX COCIUHEHUH.
OnHako WX MIMPOKOE TMPUMEHEHWE YacTO CIEPKUBAETCS BBUJY WX BBICOKOH
TOKCUYHOCTH M CJIOXXHOCTH MeToJ0B mx monydenus [1]. Kak mpaBwmiio, mis
nosydeHus 1,1’-OndeHmIoB HCMOMB3YIOT peakuuu o0pa3oBaHUs YIIEpo-
VIJIEPOAHON CBSI3M, KaTaIM3UpPyEMble Ppa3JIMUHBIMU  HEPELUUKIUPYEMBbIMU
KOMIUICKCHBIMH COCJMHEHUSMH Ha OCHOBE cojei mnamranus. Hawmboiee
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MEPCIIEKTUBHON M3 HUX SIBISIETCS KaTalU3MpyeMmas MajulaJuii-OpraHn4ecKUMHU
coeauHeHUsIMH peakius Cy3yku—Musypebl, peacTaBisitomas codoi coueraHne
apWITaJIOTeHHUIOB C apUIIOOPHBIMH IPOU3BOIHBIMH [2, 3].

Hammn ©Obuio  oOHapyxeHo, dTO  o0Opasylolmiuecs B pe3yibTare
CaMopacIpOCTPAHSIOIIET0Cs] BEICOKOTEMIIEPATYPHOTO Pa3lI0KEHUsS Ha BO3JAyXe
Na1agueBOu coau MOJIN-5-BUHUIITETPA30J1a (Pd-IIBT) YaCTULbI
HAHOPa3MEPHOro MMaJUIAANs, MHKOPIIOPUPOBAaHHbIE B MOJIMMEPHYIO MaTpHILY,
MPOSIBISIFOT BBICOKYIO KaTaIWTHUYECKYI0 AKTUBHOCTh B PEAKIMH COYCTAHUS
(eHmTOOpHON KHUCIOTH ¢ MondeH3oioM (puc.). MakcuMamibHbI BBRIXOA 1,1°-
OndeHnIa 1oCTUraeTCs MPH UCTIOIB30BAaHUU 5 MOJL. % (B TIepecdeTe Ha METa)
KaTaln3aTopa W IPOBEICHHH IpoIecca B ATHIOBOM crupre. D(pPeKTuBHOCTH
KaTaji3aTopa MOJHOCTHIO COXpaHAETCS B TEYEHHE O IMKIOB, IIOCIE YEro
HaYMHACT MEJUICHHO YMEHBIIATHCS.

(IDH
B I
~,
OH Pd°, EtOH
—_—
* K,CO;, 25°C

9y
74%

Puc. Cxema cuntesa 1,1’-0udennna

[lo maHHBIM KOJMYECTBEHHOTO M PEHTTEHO(A30BOr0 aHaim3a, a TaKKe
CKAHMUPYIOIEH 3JICKTPOHHOM MHKPOCKONIMM B IIOIy4acMOM B pe3ylbTare
tepmoniza Pd-IIBT mammaguii-moJuMepHOM HAHOKOMITO3HTE —COJEPIKHUTCS
0Kk0136% MeTaJNIMYECKOro Maulafivs C PasMEPOM HAHOKPHCTAIIOB MaJUIaus
70 40 aM. OxcnaHOH (as3pl MeTaIa B IIOJTy4aeMOM KOMITIO3UTE HE OOHApY>KEHO.
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OnTuMu3anus npouecca noJry4yeHusi MeTUJIHPOBAHHOTO
MOJIU-5-BUHHIITETPA30.1a

O. C. Konanerud, 0. B. I'puropses, O. A. BamkeBna
HUU pusuko-xumuueckux mpobiem, Munck, benapycs, e-mail: azole@bsu.by

bnaronaps BBICOKOM TEPMOCTAOMILHOCTH pu 3HAYUTEJIbHOU
SHEPrOEMKOCTH UM BBICOKOM COJEpKaHWH a30Ta, TETPa30JICOJCPIKAIIIE
MOJIUMEPBl  NPEACTABIISIOT  MHTEPEC  MPEUMYLIECTBEHHO B  CBSI3U  C
BO3MOXKHOCTHIO HMX HCHOJB30BAHUS CIECHUANBHBIX OOJIACTSIX TEXHUKU: B
KauecTBE  CBS3YIOIIMX  KOMIIOHEHTOB  PAaKETHbIX  TOIUIMB,  IIOPOXOB,
ra3oreHepUpPYIOMIMX U B3PHIBUATHIX KOMIIO3UILIMM, 38)KUTaTENIbHBIX COCTABOB U
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T. 1. B rmocnemHee pecsatwietme B psAae  pabOT MOKazaHAa —TakKxkKe
MEPCHEKTUBHOCTh MX MCHOIB30BAHUS JUIA IOJIyY€HHs] IPOTOH IPOBOIAIIUX
MeMOpaH, COpOEHTOB HOHOB METAUIOB, MHKPOIIOPUCTBIX MaTepHalIoB,
METaUTOKOMIUICKCHBIX KaTaIu3aTOPOB U LIS APYruX meiei [1].

OpHuM W3  BaXHBIX B MPAaKTUYECKOM IJaHe  IpeAcTaBUTeNeH
TETPa30JICOJCPIKAIIUX MOJUMEPOB  SIBISICTCS  METWIMPOBAHHBIN  IOJH-5-
BuHuiretpason (MIIBT). B HacTosimee Bpemsi HambOoiyiee HMCHOJIB3YEMBIM
METOJIOM €TO TOJIy4eHHs SABJISETCS ABYXCTaIUWHBIA IPOLECC: NEPBOHAYAIBLHO
IMyTeM  a3UIUpPOBaHHWS  MNOJIMAKPWIOHHTPWIA  CHHTE3UPYIOT  IIOJH-5-
BuamiteTpaszon (IIBT), koTophlid mocie BBIACNCHHS W OYHCTKHA BBOIAT B
pPEaKkIU0 METHIMpOBaHHUA IuUMeTHiIcyinsdharoM. HemoctatkoM 3TOrO Mertoma
SBISIETCS ~ HEOOXOIMMOCTh  HCIIOJIb30BaHMS  OONBIIOrO  KOJIMYECTBA
pacTBOopHTENed M oOcaauTened, B UYACTHOCTH, IUMETHI(QOpPMaMHAa, I
npoBeeHust 06eux craauii nporecca u pacrsopa HCI mist ocaxaenust [IBT.

Hamm mokasano, 4ro mporecc mnomydeHus MIIBT Moxer OBITh
ocyiiecTBiieH 0e3 mpomexkyrouHoro BeiaeneHus [IBT. Tlpu 3ToM mosy4aeMbrid
MPOAYKT IO COCTaBYy, CTPYKType M CBOICTBaM MpPaKTHYECKH HACHTHYCH
TaKOBOMY, IIOJly4aéMOMY C HCIIOJIb30BaHMEM JABYXCTaAMHHOIO Ipoliecca.
Bo3MmoxkHOCTE 0TKa3a OT mpoMexyTouHoro BeiaeneHus IIBT mo3sonser B aBa
pa3a yYMEHBIIUTH KOJIHYECTBO HeoOxommMoro [mis monyderus MIIBT
IUMETWI()OpMaMuia, a TaKkKe HCKIIOYHTh M3 IIPOIECcca HCIOJIb30BAaHHE
pactBopa HCI.

NaN;+NH,CI DMS
—_— —_—
n  DMFA, 120 °C n 40°C n

on N AN

(Y \OL,

N—N N—N

IIBT MIIBT
Ha mpumepe NMpOMBIIUICHHO BBITyCKAeMOTO COMNOJIMMEpa aKpHIOHUTPHIIA,
METWIAKpHJIaTa U 2-aKpHiIaMHu10-2-MeTHIIPOIancyabGokuciaoTsl (93 : 6 : 1),
UCTIONB3YIOIEToCs.  JUIsi  TPOW3BOJCTBA  IOJIMAKPHIOHHTPUWIFHOTO BOJIOKHA
Hutpon JI-5, Taxxe MOKa3aHO, 4TO 3TOT METOJ IPUIOJEH U AJIs IOJIy4EHUs
TETPa30JICOIEPIKAIIUX COTIOJINMEPOB.

Cnucok 1uTeparypsl
1. II. H. T'amonuk, O. A. UBamkesny. Bectauk BI'Y. Cep. 2 (2013) 1: 3.
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Mopndukanusa mernigeodopousa a
NMyTeM peakiuu nepesrepuuranuu

H. B. HOH}QOBal, JLA. TynaeBal, JI. B. Bensix®
leIKTBIBKapCKI/Iﬁ Tocynapctennsiii yauBepcutet uM. [Tutupuma Copokuna,
CrixteiBKap, Poccus, e-mail: lopuhova2809@mail.ru, tulaeva65@mail.ru
*Ancruryt xumun Komn HI YpO PAH, CrikThiBKap, Poccns,
e-mail: belykh-dv@mail.ru

[TpousBosaHble XJOpodHIa SBIAIOTCS HEPCIEKTHBHBIMH  HCXOIHBIMHU
COCAMHEHUSIMH JUIS TIOJyYECHHUS JICKAPCTBEHHBIX NPENapaToB U OHOJIOTMYECKH
aKTHBHBIX BelllecTB. HekoTophle BelecTBa, MOTyuYeHHbIE U3 XJIOpopHilIa d, YKe
AaKTMBHO  HCTOJIB3YIOTCS  Kak  3((eKTHBHbIE  IMAarHOCTHYECKUE U
MIPOTHUBOOITYXOJIEBbIE Npenaparsl B (JOTOAMHAMUYECKON TEPAIUM U MEIHLIUHE.
Mertundeodpopbun a npeacrabisier codbol ynoOHOE UCXOAHOE COETUHEHHE IS
MOCJIEAYIONINX TIPEBPANICHUI W OTpabOTKM METOJ0B MOAN(HKALUK MEHEe
JOCTYIHBIX (PUTOXJIOPHHOB.

B  nureparype [1] mnpuBenena peakmus — TIepedTepuHUKANNT
cIokHO3(UpHOH Tpymmel  dK3omuKiIamerwipeodopOuna a  pasITHIHBIMA
cnupramMu (pHc.), KOTOpas XOpOIIO HIET NPH KHUISTYCHWH B TONyole, B
npucytctBur 4-N,N-1uMeTniaMUHONUPHINHA M KaTalnu3aTopa 2-XJIOpIUPHINH
noauaa (IMAP u CMPI).

HC H,C.

CH,

HyC
CH;
CMPI, DMAP, PhCH,, reflux

ROH

Puc. Cxema nepesTepuduKanuy cioKHOIGUPHON TPYIIIHI
sK301MKIamMeTHIheodopOnaa a cimpramu

Cunre3 13(2)-a¢pupor metmndeodopOuaa ¢ NPOBOAUIN B aAHATOTUIHBIX
YCIOBHAX B NPUCYTCTBUU KATATUTHYCCKOTO KOJIMYCCTBA MOJICKYJIIPHOI'O HOJa
u B ero orcyrctBue [2]. VYCTaHOBIEHO, 4YTO THepesTepuUKAIUL
cIoXHO3(UPHOI  rpynmel  3K3onmKIaMeTwideodopbuna a  MPOUCXOAUT
XEMOCEJICKTHBHO, CIIOKHO3(UpPHAs TpyNma 3aMecTUTENs B MOJOXEeHHH 17
nepeaTepudGrKay He TOABEPraeTcsl.
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AHanm3upyst pe3ynbTaThl pPEakIHMH MepedTepu(UKALNU  CIOKHOIYUPHOH
IpyIIbI 3K301HKIaMeTHIGeoGopOrIa a ciupTaMu B Pa3HBIX YCIOBHUAX, MOXKHO
cienaTh BBIBOJ, YTO mepedTepuukanusi 6e3 MOJEKYIIPHOTO HOoJa XOpPOIIO
NPOTEKaeT IIPU OTHOCUTENBHO OOJBIIOM W30BITKE CHHMPTOB (BBIXOABI HA
ypoae 30 %), HO cmUPTHI ¢ OOJNBIIOW MOJEKYISIPHONH MAacCOW WM JIJTMHHBIM
YIJIE€BOAOPOAHBIM PAJUKAIOM IIJIOXO OTMBIBAIOTCS B MIpolecce ouucTku 13(2)-
3(HpPOB, YTO UCKAKAET MpenapaTUBHbIE BHIX0bI. Clie0BaTeNbHO, IPU CUHTE3E
13(2)-3¢upoB ¢ MOCTYNHBIMU CIIMPTaMH, KOTOPhIE MOTYT OBITH JT0OABICHBI B
N30bITKE B PEAKIMOHHYIO CMECh M XOpPOWIO OTMBITBHI IIPH OYHCTKE, IIO-
BUANMOMY, HCIIONIB30BaTh  «AKTHBALMIO»  pearecHToM Mykasma  HeT
HEOOXOANMOCTH.

Cnucok 1uTepaTypsl

1. S. Shinoda, A. Osuka. Tetrahedron Letters (1996) 37(28) : 4945.

2. 1. O. Balashova, V. E. Pushkarev, V. I. Shestov [et al.].
Macroheterocycles (2015) 8(3) : 233.

3. S. Shinoda, H. Tsukube, Y. Nishimura [et. al.]. Tetrahedron (1997) 53(40)
: 13657.

Z[ncnepcnonnaﬂ H 0CaJuTe/IbHAdA OKUC/JINTE/IbHAasA
MOJJUMEPU3aAlUs a30TCoACPKAIIUX APOMATHICCKUX coeTUHEHMH

S. O. Mexyes, 1O. B. Kopmak, M. W. llItuieman, C. O. Toxun, U. B. [lnrommit
Poccuiickuil xuMuko-TexHojgorudeckuii ynusepcurer um. J. . Menneneesa,
Mockga, Poccus, e-mail: valsorja@mail.ru

B HacTosmee BpeMsi HET OKOHYATENbHOM SICHOCTH B BOIIPOCE O MEXaHHU3ME U
KHHETHYECKUX 3aKOHOMEPHOCTSIX OKHCJINTEIbHON MOJIMMEPH3aLIIH
apOMaTHYEeCKUX aMHHOB W MHHUPPOJIOB, YTO MPEACTABISIET CaMOCTOSATEIBHYIO
npoOieMy  XMMHHM ~ BBICOKOMOJIEKYJISIDHBIX ~ COCIMHEHHMH W TEOpHH
OKHCIIUTEIIbHO-BOCCTAHOBUTENBHBIX MPOLECCOB B LENOM. JIMCKYCCHOHHBIM
TaKke OCTAeTCSI BONPOC O MPHUPOJE AaKTHBHBIX LEHTPOB OKHCIHUTEIHHOM
MOJMMEpH3aluY, IPUYEM B JIUTEPaType UMEIOTCA YIOMUHAHUS O PaJUKaIbHOM
[1], xatmomnom [2] w® KaTHOH-paguKambHOM [3] MexaHuU3Max. XoOTA
paccMaTpuBaeMble  MEXaHH3MBI  CIIOCOOHBI  OOBACHUTH  (OPMHPOBAHUE
MOMMMEPHOH  HEeMM B YCIOBHAX  OKHCIUTENBHOH  MOJMMEpPH3aLnU
a30TCOJIEPIKAINX apOMATHIECKHNX MOHOMEPOB U B PSA€ CIy4aeB ITO3BOJISIOT
MIPaBUIBHO OLEHUTHh WX OTHOCHUTEIbHYIO AaKTHBHOCTH B 3TOM IIpoOIecce, 10
HACTOSIIETO BPEMEHU OTCYTCTBYET HEMPOTHUBOPEUMBOE OOBsICHEHWE dddeKrTa
aBTOKaranu3a. Taxke BeCbMa IPOTHBOPEUUBBI OOBSICHEHHST KHHETHUECKOH posn
HOBOW (a3bl, KoTopylo (opmupyeT oOpasyiomuiics mnonuMmep. XOTs
KMHETUYECKHE 3aKOHOMEPHOCTH OOJBUIIMHCTBA IIPOLECCOB OKUCIUTEIbHON
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TTOJIMMEPU3AIIUH MOTYT OBITH OIMCAHBI IMITMPUIECKUM ypaBHeHHeM (1) mo

HACTOAIIETO OTCYTCTBYET €0 CTPpOT0o€ TCOPETUICCKOC 000CHOBaHHE.

_40 _ e m)[0x] + Ky [M][P], (@)

dt
rae [M] — xoHuenTpauus MoHomepa; [0x] — KoHeHTpanus okucnurens; [P] —
KOHLICHTPALMsI TOJMMEPHOTO MpOAYyKTa; ki, k,—KOHCTaHTBI CKOpOCTH; t —
BpeMSI.

Hdnst  oObscHeHust  addekra  aBTOKaTajaM3a INPH  OKUCIUTEIHLHON
MOJMMEPHU3aLMN  a30TCOJCPKAIIUX apOMATHYECKHMX MOHOMEpPOB, aBTOpaMHU
NpeAJIoKEeH MEXaHW3M, IpPUBEJCHHBIH Ha puc. 1, IpeArnoararouui
oOpazoBanue komruiekca c¢ mepeHocoM 3apsna (KII3) mexny moHOMepom
(1OHOP) M OKHCJIEHHBIMH YYacTKaMHu ILienel (aKLenTop) U ero mnociemyolee
ObicTpoe okucnenue [4].

Ha ocHOBaHMM TpeANIOXKEHHOTO MeEXaHW3Ma, B MPEANOJIOXKEHHH 00
obpazosanun KII3 B ancopOunoHHOM ciioe arperatoB N-MepoB, 00pa3yomuxcs
B pe3ylabTaTe OKHCICHHS MOHOMEpa, TEOPETHUCCKH BBIBEICHO oOIiee
KMHETHYECKOe  ypaBHEHHE (2), ONMCHIBAONICE KHHETHKY IPOLECCOB
OKHCIIUTEIFHON TONMMEPH3aLiK JII0OBIX MOHOMEpoB. Kak BHIHO, ypaBHEHHE
(1), sBNAeTCS YAacTHBIM CIy4aeM ypaBHEHHs (2) MpPU BBIIOJIHEHUH YCIOBHUS:
K[M] « 1.

d[M] ke(M]o— [MDM]
— = W, 4o 2
dt S 1+K[M] ! ( )
rae W, — CKOpPOCTh HEKATATUTUYECKOTO OKUCICHHS MOHOMEDA; k. — KOHCTaHTa
ckopoctu obpazoBanust KII3 B anmcopOmmonHoMm cioe; K — koHcTanTa

a/icOpOIIMOHHOTO PaBHOBECHS MOHOMEpa Ha ITOBEPXHOCTH arperaToB €ro N-
MEpOB.

[IpuMeHNMOCTh KHHETHYECKOTO ypaBHEeHHs (2) TOKa3aHa Kak TpH
OKHCIIUTENIPHOW TOMMMEpH3alMK  psila  a30TCOAEPKALIMX apOMaTHYECKUX
MOHOMEpPOB B BOJHOW cpele (ocaauTenbHAs NONMMepHU3anus), Tak U B
NIPUCYTCTBUM  pPacTBOPHMBIX B BOJIC  MOJHMMEPOB-CTAOMIN3ATOPOB
(TTOTTMA THIICHTIINKOJIb, TOMBUHWIOBBIN CIMPT, HOn-N-BUHII-2-TIMPPOIHIOH).
B nocnemnem cmydae o0pasyloTcs  CTaOWIM3HPOBAaHHBIE — JHCHEPCHU
IEKTPOIPOBOASAIINX  MOJIMMEPOB  (AMCIIEPCHOHHAS —TosmMepu3anus) [S].
Obpa3yroniiecs CTaOMIN3NPOBAHHBIE TUCIIEPCHH HPEACTABISIOT MHTEPEC IS
OCYIIECTBJICHUS IIPOLECCOB IEPEepadOTKU 3JIEKTPONPOBOAAIINX IOJIUMEPOB,
TIOJTYYCHHA KOMIIO3MITUOHHBIX MaTCpPUaAJIOB Ha UX OCHOBE, a TaKKEC B Ka4YC€CTBC
HOCHTENeH psiga OWONIOTHMYECKHM AaKTUBHBIX BellecTB. B wacTHOCTH, ObUH
TIOJTYYCHBI HOCUTEIIN pAa aMUHOKHCIIOT U )10Kcopy6mmHa. CaMOCTOSATENbHBIH
HWHTEpEC NPEICTABISIOT PE3yJbTaThl MMMOOWIM3AIMU PETYJISTOPOB pocTa
pacteHMi (IMTOKMHUHBI M AYKCHHBI) JAWUCIEpPCHOH (ha30d IOSy4eHHBIX
KOJUIOWJHBIX pPacTBOpoB. TakuM 00pa3oM, NpeaokeHa HOBas Teopus
KMHETUKM W MEXaHWU3MOB IIPOLIECCOB OKHCIIUTEIBHOW IOJMMEpU3aluu
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A30TCO/CPKALIMX APOMATUYECKUX MOHOMEPOB, OOBSICHEHbI 3aKOHOMEPHOCTH
00pa3oBaHus JUCIEPCHI a30TCOAEPXKAIIMUX TOJUCOTNPSIKEHHBIX CHCTEM, a
TaKke 0003HAYECHBI TIEPCIIEKTUBbI UX MPUMEHEHUSL.
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Puc. 1. MexaHu3M OKUCIAUTEIBLHONU NOJMMEPHU3ALMH a30TCOIEPIKALIIX
apoOMaTHUIECKHX MOHOMEPOB Ha MPUMEPE aHUITMHA

Pabora BbINONHEHa MO MpOrpaMMe BHYTPEHHHX WHHUIIMATUBHBIX TI'PAHTOB
JUISL TIOJJICPKKH MOJIOJBIX YYEHBIX — IIperojiaBaTelied 10 CTPaTerHnuecKHM
HanpasneHusM pasButusd PXTY um. JI. . MengeneeBa B paMkax HpOEKTa
«HoBple  (QUTOAKTHBHBIE HAHOPAa3MEpHbIE CHUCTEMBI IS  TOBBIIICHUS
CTPECCOYCTOMUHUBOCTH PACTEHUI.

Cnucok 1uTeparypsl

H. Minami [et al.]. J. Polym. Sci. Part A (2000) 38 : 4238.
Y. Wei [et al.]. J. Polym. Sci. Part A (1989) 27 : 2385.

I. Mav [et al.]. J. Polym. Sci. Part A (2001) 39 : 2471.

S1. O. Mexyes [u np.]. XK. obuieit xumun (2014) 84 : 2029.
S. O. Mexyes [u ap.]. Yenexu xumun (2017) 86 : 1271.
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Cradnian3anust ruipoo0n3oBaHHoil GeHoPopMAaIbIerHIHON
CMOJIbI TOBEPXHOCTHO-AKTHBHBIMH BellleCTBAMH

T. A. Casunkas, . M. Kumnenko, B. E. Taitmys, 1. A. KoceHok
Bbenopycckuil rocy1apcTBEHHBIN YHUBEPCUTET,
I'omenbcknit rocynpcTBeHHBIH yHIBEpcHTET MM. ©. CKOPUHBD»
Musck, Berapycs, e-mail: savitskayata@bsu.by

IIpoBenen aHanmm3 BO3MOJKHBIX MEXaHU3MOB CTabMIM3aIun
¢denonpopmansaeruauoit cmonsl (PPC) pesonsHoro THna denoram-H201M,
ruApopOOH30BAHHON  MONUMETHICHIOKCAHOBOH  skuakocTteio  (IIMC-200),
MIOBEPXHOCTHO-aKTUBHBIMU  BemiecTBamMu  (IIAB) pasmuunOoif  Xummuueckon
npupoasl. M3ydeHO B3aUMOIEHCTBUE Pa3IUYHBIX 3MYJIbIAaTOPOB C BONOH U
IIMC-200 ¢ 11enp10 BBISIBICHHUSI BO3SMOXKHOCTH UX JalbHEHUIIETro HCIOIb30BaAHUS
st crabwimmzanmn GOC.  [lokazaHo, YTO  TMAPOKCUNPONMI- U
ruapokcudTHnennono3a ¢ [IMC B npucyrctBun U 6e3 SiO; npu pa3num4HOM
COOTHOUIICHNH KOMIIOHEHTOB B [IE€JIOM OKa3bIBAIOT CTAOMIM3UPYIOIIEe JeHCTBHE.
B xauectBe »dpdexTrBHBIX H00aBok kK ODC BBIOpaHB THAPOKCHIIPOIII- U
THAPOKCUATUIILEIIIIOI03a UHANBUAYAIbHO U B couetanuu ¢ I19I-1500, 19T -
4000, II2T- 6000, 6eramroM. [TokazaHo, uTo Hambolee cTaOMIbHAS AMYIBCUSI
obpasyetcs npu nodasieHnu k cMecu @OC u [IMC runpoKCHITHIIEIUTIONO3HL.
YcraHoBieHbl  (paKTOpbl  KMHETHYECKOW  yCTOWYMBOCTH — OOpasyrolieics
JUCIIEPCHOW CHUCTEMBI 1O OTHOUICHHIO K KOAryJsIuH, MpsMoil u oOpaTHOH
CeIMMEHTAlMK TNpH BBeJeHUH 100aBok ruapodoOHbix I[TAB. IlpoBenenue
CHUCTEMAaTHUYECKOT0 uccienoBanus BiausHUA [IAB pasnuusaOil Xummuueckon
MIPUPOIBI HAa KOJUIOMAHO-XMMHYeckue cBorcTBa PDC MO3BOMUT PacHIMPUTH
HOMEHKJIATYPY CBSI3YIOIIMX M KOMIUIEKCHBIX J100aBOK [UISi IPOW3BOJICTBA
TEIUION3OJSIIMOHHBIX ~ MaTepualoB,  OTKa3aTbesi  OT  ACQUIUTHBIX |
JOPOrOCTOSIIUX HUMITOPTHBIX KOMIIOHEHTOB u TIOBBICUTh
KOHKYPEHTOCIIOCOOHOCTH BBITycKaeMoi mpoaykiuu [ 1, 2].

Cnucok auTeparypsl

1. T. A. Caurkas [u ap.]. C6. cr. CBupumosckue urenns (2015) 11 : 121.

2. S. A. Kocenok [u mp.]. TIpoGmemMbl B3aMMOICHCTBHS H3IYYEHHS C
BemectBoM (2016) 73 : 77.
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Co3naHne HOBBIX ()JIyOpeClleHTHBIX JUTAH/10B
CTEPOM/L 7-THAPOKCHJIA3 YeJI0BeKa

S1. B. <I>aneTp0131, 3. B. Z[I/IquKO2
'HuUKn (hU3HMKO-XUMHYECKHX TPo0eM benopycckoro rocyiapcTBEHHOTO
yHuBepcurera, MuHCK, benapycs,
2 WHucTuTyT OMoOpranmyeckoi xumun HanoHanbEHOM akaeMUuu HayK
Benapycu, Munck, benapycs, e-mail: dichenko@iboch.by

B Hactosmiee BpeMs (DIyOpeclEHTHBIE COCOWHEHHS HAIUIM IIHPOKOE
IIPUMEHEHNE B PA3JIMYHBIX MPUKIATHBIX OHOJIOTHYECKHX W OMOMEIUIIMHCKHUX
HCCIICIOBAaHUAX B KauecTBe YJOOHBIX MHCTPYMEHTOB JUISI H3Yy4YEHHUS
MEXaHHM3MOB (YHKIIMOHUPOBAHUS OTACNBHBIX KJIETOK, OPraHOB U OPraHM3MOB
Ha MOJIEKYJsipHOM ypoBHe. OnHO# U3 Hauboiee YacTo HMCIOJIb3YEMBIX METOK
SIBIISICTCS 7-HUTPOOeH3-2-0kca-1,3-nuazonsHas (HBJI) rpymmna, koTopas ImupoKo
MIPUMEHSETCS ISl (PITyOPECLEHTHOT'O MEUEHHsI aMUHOB.

Crepoun 7o-rHApOKCHIa3sl — rpymnma (epMeHToB 1mToxpomMoB P450,
JIOKJIN30BAaHHBIX B OCHOBHOM B KJIETKaX II€UYCHH M Mo3Ta [1] 1 ydacTByromux B
THAPOKCWINPOBAHUH Psifia (PU3MOTOTHYECKH BaXXHBIX CTEPOHIOB, B TOM YHCIIEC
MPEALIECTBEHHUKOB  JKETYHBIX  KHUCIIOT,  CTEPOMIHBIX TOPMOHOB W
HEHpOCTEPOUAOB, 0 6 wian 7 nosoxeHusM [2]. TodeuHble aMUHOKUCIIOTHBIE
3aMEHbl B CTPYKTypEe JMAaHHBIX ()EPMEHTOB TPHBOAAT K BO3HHKHOBEHHIO
Pa3IMYHBIX TSDKENBIX 3a00JICBaHUM, CPEeAM KOTOPBIX BPOXKACHHBIE Ne(eKThI
medyeHd  (JeTtanbHOe 3a00JieBaHME y  HOBOPOXKIACHHBIX), CIACTHYECKas
nmaparulerust Tuna 5 (HelpojereHepaTuBHOe 3a0ojeBaHue) [3], pak KeTdHOTro
my3sIps [4], pak kumedHuka [5], atepockiepo3 [6], runepxonecrepunemMus [7].
OpHako NMPUYMHBI BOSHUKHOBEHHS TaHHBIX 3a00JIeBaHUII HAa MOJEKYJISIPHOM
YPOBHE JI0 HACTOSIIETO BPEMEHHU HE BBISICHEHBI. B 3TOM CMBICIIE HCTIONB30BaHNUE
¢dnyopecuupyromux HBJ/I-MpOU3BOAHBIX JHUTaHAOB 3TUX (EPMEHTOB MOXKET
ObITh MHCTPYMEHTOM /I YCTAHOBJIEHHS MEXaHHW3Ma BIMSHHS TOYECUHBIX
MyTalMii Ha MPOCTPAHCTBEHHYIO CTPYKTYPY CTEpOMI 7-TUAPOKCHIA3 W
MIOHMMAaHHS OCHOB ()yHKIIMOHMPOBAHUS YKa3aHHBIX ()EPMEHTOB B HOpME U IPH
MIaTOJIOTHH.

B kauecTBe 0a30BBIX CTPYKTYp U CHHTE3a HOBBIX JIMTAHIOB CTEpOWA 7-
THJPOKCHUIIA3 HCHOJIb30BAIN cyOcTpaThl ITUX (epMeHTOB
neruaposnmanapocrepon  (JAI'9A), mnpernenomon (ITPEI), a Takxe N-
reteponnkindeckne mponsBoansie 4-(1H-1,2,4-rpuazon-1-uimMeTiin)aHuIne 1
MMUKONWJIAMHUH, COCIMHEHUS CIPOSKTHPOBAHHOW CTPYKTYpHI 3aTeM ObUIH
CHHTE3MPOBAHBl U 0XapaKTEPHU30BaHBI C MCIOIB30BaHHNEM KOMIUIEKCa (HU3UKO-
XAMHYECKMX METOIOB aHanu3a (puc.).
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Puc. CtpykTypHBIC (POPMYIIBI HCCIICOBAHHBIX MOTCHIMATBHBIX JINTAHIIOB
CTEepOU] 7-TUJIPOKCHUIIA3

Jnst  BBIACHEHWS NPUHLUIHAIGHOH BO3MOXKHOCTH — pa3padaThIBaeMbIX
JIMTQH/OB CBA3BIBATHCA B AKTMBHOM IIEHTpe HUTOXpoMoB P450, naHHBIE
COEIMHEHUS MOJBEPTaIUCh Ipoleaype ckpuaunra in silico. Ycranosneno, uro
HB/I-npou3BogHbIE CTEPOMIOB W a30ia O0JaJaroT BBICOKHM CPOICTBOM K
HCcIeqyeMbIM OenkaM, IpPH 3TOM COOTBETCTBYIOUIWE BEJIWYMHBI SHEPIUi
CBSI3BIBaHHS CPaBHUMBI C TaKOBBIMH Uil M3BeCTHBHIX cyOctparoB CYP7AL u
CYP7B1 (mopsnka — 10 kxan/monp). [lomydeHHBIH pe3ynbTaT MO3BOJACT
paccMarpuBaTh  JaHHbIE ~ COGJIMHEHHMs B KauecTBE  IMEPCHEKTUBHBIX
BBICOKOA((PEKTHBHBIX (DIIYOPECLEHTHBIX JIMTAHJOB CTEPOWA 7-THIPOKCHIIA3
yenoBeka. TectupoBanne HB/I-npou3BoaHbIX iN Vitr0 mOATBEPAMIO Pe3yIbTaThl
KOMITBIOTEPHOTO aHaju3a W II0Ka3aJlo, 4YTO IOJYYEHHbIE COEJAMHEHUS
CBSI3BIBAIOTCS. B AaKTHBHOM IIGHTPE CTEPOM]| 7-THIPOKCHIIA3, IPUYEM OTIHYHS B
cBa3piBaHMKM  HB/I-mpom3BOAHBIX  pasHbBIMH  ()epPMEHTaMH  I[TO3BOJIMIN
0XapaKkTepHU30BaTh  CTPYKTYpHBIE  OCOOGHHOCTH  AKTHBHOTO  IEHTpa
nccienyeMbIX OSlTKOB.

Takum  o0pa3oMmM, C  HCHOJNB30BAHHEM  METOJOB  KOMIIBIOTEPHOTO
MOJIETIMPOBAHMS Pa3paOOTaHBl HOBBIE ()IyOPECIIEHTHBIE JIMTAHIBI CTEpOUK 7-
THIPOKCWJIA3 4YeJOBEKa C BBICOKOH JS(QEKTUBHOCTHIO CBS3BIBAIOIINECS B
aKTHBHOM ILEHTpe ()EPMEHTOB, YTO IO3BOJISIET HCIIOJIB30BATh MX JUIS aHAIIN3a
CBOMCTB 3THX OENKOB.

PabGota BemosnHeHa npu ¢uHancoBoil nomuepxxke bBPODU (rpant Ne X16-
085).
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CminBamonue areHThbl JJIsl rejieo0pasyromux KOMIO3WIUA
HA OCHOBE BOJHBIX PACTBOPOB CONOJMMEPOB MeTaKpHUJaTa
HATPUA M 2-aKPHJIAMHUI0-2-MeTHJINPonaHcyjJbpoHaTa
HATpuS

JI. b. HKI/IMILOBa . B. KI/IeBI/II_[KaH
1Eenopyccmm roCyIapCTBEHHBIN yHUBepcHTET, e-mail: yakimtsova@bsu.by
I/IHCTI/ITyT ¢uznko-opraamyeckoit xumnu HAH Benapycn, Munck, benapycs

ITokazano [1], 9To BOmHBIE PAacTBOPHI COMOJMMEPOB METAaKpHIaTa HATPHUs
(MANa) n 2-akpuiamuno-2-meruinponancynbhonara natpust (AMIICNa) B
NpUCYTCTBUM  Tpuanerata xpoma (AX) crmocoOHBI MpH  MOBBIIIEHHOW
TemIepaType o0pa3oBbIBaTh moJudjIeKkTponutHele ruaporenu (I[I19IT), uro
00yCIIOBITMBAET BO3MOXKHOCTb MX MCIIOJIb30BAHHUS B TEXHOJIOTHSIX OTPaHHYCHUS
BOJIONIPUTOKOB B He(TAHBIX Iutactax. OleHKa IMHAMHUKU rejieoOpa3oBaHus
conosiumepoB ¢ AX u cBoicTB IIOI'T moka3zana, 4To ONTHUMAaIbHOE COAEPIKAHHE
3BeHbeB MANa B comomumepe cocraBmier 0,24-0,38 wmom.  mored,
KOHICHTPALNA  CONONMMEPOB_ B rereoOpasyronmx koMmmosunuax — 2 %,
KOHIGHTpamys katHouoB Cr’* — 800 mr/m. B Takmx e YClIOBHAX Obuia
HCCIIEJOBAaHA BO3MOXKHOCTh INPHMEHEHHMS B Ka4yeCTBE CIIMBAIONINX arcHTOB
PacTBOPOB COIOJIUMEPOB COJICH CHIIBHBIX U CAOBIX KUCIOT d-31eMeHToB: Mn,
Fe, Cu, Zn, a taxxxe Mg u Al.

AreTatsl ¥ XJIOPHU/IBI IBYXBaJCHTHONH MeIH BBI3BIBAIM 00pa3oBaHME OCaKa
COIOJIMMEPOB B pe3yiibTaTe (POPMHUPOBAHUS BHYTPUMOJIEKYIISIPHOTO KOMILIEKCA.
AHanoruuHeIM 00pa3oM Benu ceds cynbdar amlOMUHHS, IUTPAT U OKcajat
xene3a. llpu HCHONB30BAaHMM CONEH APYrMX JIByXBAJICHTHBIX KaTHOHOB
reneo6pa3013aHH>1 ng BoeMy 00beMy KOMITO3UIIMM HE TPOUCXOIMII0. PacTBOpEI
xnopunoB AP* u Fe** Ges narpesanns cpasy obpasossiBanu Hetexydmii [I9IT,
B TO BpeMs Kak resieo0pa3yronye KOMIO3UINN JIOJDKHBI COXPAHATh TEKy4eCTh
oT 4 10 24 4, 4T0OBI UIMETH BO3MOKHOCTB ZIOCTABHTb HX B HEe(TAHOH ILIaCT.

YcraHoBieHo, uro, momumo AX, amerar Al rtakoke obpazyer IIDIT c
comommmepamu MANa u AMIICNa. Iormxkenune pH kommo3unuu ot 6,5 1o 4,5
HE OKa3bIBAJIO CYIIECTBEHHOTO BIHUSHUSA Ha (HOpMUpPOBAHHE HSIT I'mpporenu ¢
AX Goree mpouHBle U MeHee Tekyune, ueM ¢ anerarom AP,V mux Gonpmme
BEJTMYMHBI T'ellb-(ppakIny, OJHAKO CTeNeHb HaOyxaHusa HIbke. Takum oOpazom,
arerar AI®" MoeT 6BITh HCIOJNB30BAH B KadeCTBE CIIIMBAIOIIETO areHTa
BoAHBIX pacTtBopoB comonumepoB MANa u AIIMCNa. 3¢dexTuBHOCTD
CIIMBaHUS alleTaTOM AIIOMUHHS Oonee Hu3Kas 1o cpaBHeHHO ¢ AX, Ho IIOIT
CITOCOOHBI yIePI)KUBATH OOJIBITIEE KOJMUECTBO BOJIBI.

Cnucok auTepaTrypsl
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METAL COMPLEXES

Ruthenium/phosphine complexes: an effective tool to improve
the cytotoxicity of natural product molecules

A. A. Batista, K. M. Oliveira and J. Honorato
Federal University of San Carlos, San Carlos, San Paulo, Brazil
e-mail:daab@ufscar.br

Previous papers published by us have described the efficacy of ruthenium
complexes with diimine, phosphine and picolinate ligands against cancer cells
and Mycobacterium tuberculosis, where they showed strong in vitro and in vivo
activity against tuberculosis, including multidrug-resistant bacteria [1, 2]. In the
present work we have synthesized and characterized new ruthenium complexes
containing phosphines, diimines and natural products as ligands, aiming to study
their anticancer activities. The complexes showed to be more cytotoxic than the
free ligands and the widely used anticancer drug cisplatin, under identical
conditions. The cytotoxicity assays, in vitro, of the complexes against human
tumor cell lines, including breast, prostate and lung, and against lung non-tumor
human cell line, were carried out with the MTT method. In addition, we have
analyzed the effect of ruthenium complexes on the mechanism of cell death. The
complexes have ability to interact with CT-DNA and HSA and whether they
cause cytotoxic effects in different tumor cell lines.
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Cupric chloride complexes with 1-isopropyl-1H-1,2,4-triazole

M. M. Degtyarik’, D. Saparova?, S. V. Voitekhovich', A. S. Lyakhov?,
L. S. Ivashkevich!, O. A. Ivashkevich'
'Research Institute for Physical Chemical Problems, Belarusian State
University, Minsk, Belarus, e-mail:monija@tut.by
“Belarusian State University, Minsk, Belarus

Cupric halide complexes with heterocyclic ligands show a great structural
variety taking place due to the ability of Cu** cations to realize different types
of coordination, and the ability of halide ions as well as heterocyclic ligands to
form bridge linking. Realization of specific structural types of such complexes
strongly depends on the nature and structure of heterocyclic ligands. To date,
complexation of 1-R-1,2,4-triazoles with cupric halides has been investigated to
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a small extent. Moreover, among complexes with the simplest 1-alkyl-1H-1,2,4-
triazoles, only few complexes have been structurally characterized, namely with
ethyl [1], butyl [2] and tert-butyl [3] substituted triazoles.

The present study is devoted to complexing behavior of 1-isopropyl-1H-
1,2 4-triazole (L). This ligand was prepared in 80 % yield by the regioselective
alkylation of 1,2,4-triazole with 2-propanol in sulfuric acid:

Triazole L was found to react with copper(ll) chloride dihydrate to form
complexes [CulL,(H,0),Cl;] (1) and [CuL,Cl,] (Il). Both compounds were
structurally characterized by single crystal X-ray analysis. It was found that
complex I crystallizes in the monoclinic space group P 2,/c, whereas complex |1
is triclinic (S. G. P1). Both compounds present mononuclear complexes, in
which Cu®* cations lie on inversion centres (Fig. 1, 2).

Cu?* cations adopt a distorted octahedral coordination in complexes I and 11
with coordination cores CuCI,N,O, and CuCl;N4, respectively. In both
compounds, ligands L are coordinated only via the triazole ring N* atoms. The
coordination octahedrons in complexes I and Il are considerably elongated at
the expense of long axial bonds Cu—Cl, so the chlorine atoms can be considered
as semi-coordinated. The bonds Cu-N and Cu-O are usual in the two
complexes.

In the crystal structure of complex |, there are classic intermolecular
hydrogen bonds O—H---Cl of all water hydrogen atoms with chlorine atoms of
neighboring complex molecules. These bonds are responsible for formation of
hydrogen-bonded 2D network parallel to the bc plane. Complex 11 reveals only
non-classic hydrogen bonds C-H---Cl between the triazole ring H and Cl
atoms. Among them there are both intermolecular and intramolecular hydrogen
bonds.

Fig. 1. Complex molecule of |, with the atom numbering
for the asymmetric unit
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Fig. 2. Complex molecule of 11, with the atom numbering
for the asymmetric unit
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Dihydroxybenzoic acids as polydentate ligands in the
organoantimony(V) complexes

Yu. O. Gubanova, V. V. Sharutin, O. K. Sharutina
South Ural State University (National Research University), Chelyabinsk,
Russia, e-mail: ulchik_7757@mail.ru

The determining factor of the product of the reaction between
pentaphenylantimony (PPA) and dihydroxybenzoic acids is the location of
functional groups in respect to each other in the benzene ring.

During the interaction of PPA with 2,5- and 2,6-dihydroxybenzoic acids the
hydrogen atom is substituted only in the carboxyl group by the Ph,Sb fragment
with obtaining compounds | and 11, respectively (Fig.). The carboxyl group and
para-hydroxyl group take part in the interaction between PPA and 2,4-
dihydroxybenzoic acid. It leads to formation of the binuclear product 111 ( Fig.).
2,3-Dihydroxybenzoic acid interacts with PPA like a diol without involving the
carboxyl group with formation of the ionic complex 1V (Fig.). The five-
membered metallocycle is present in the complex’s anion.
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According to X-ray analysis, the coordination of antimony atoms in I-1IV
varies from tetrahedral to octahedral. The nature of bonding with a ligand and
intramolecular interactions depends on the acid’s structure.

Fig. Molecular structures of compounds I-1V

Theoretical study of platinum(11) chloride complexes with
2-alkyl-tetrazol-5-ylacetic acids and process of their hydrolysis

Vitaly E. Matulis, E. G. Ragoyja, T. V. Serebryanskaya, O. A. Ivashkevich
Belarusian State University, Minsk, Belarus, e-mail: Vitaly_Matulis@lyceum.by

Platinum(l1) chloride complexes with 2-alkyl-tetrazol-5-ylacetic acids are of
great importance because of their possible biological activity, which was
manifested by similar structures against human cancer cells in vitro [1]. The
investigation of geometry, electronic structure and ‘H NMR-spectra of
platinum(I1) chloride complexes with 2-alkyl-tetrazol-5-ylacetic acids as well as
process of their hydrolysis has been carried out using density functional theory
approach.

The geometry of all structures were optimized in gas phase using CAM-
B3LYP functional and 6-311+G(d) basis set for all atoms except Pt, for which
Def2-TZVPPD basis set were applied. NMR-spectra were calculated in aqueous
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solution by GIAO CAM-B3LYP/6-311++G(2df,pd) method. The solvation
effects were considered in terms of PCM.

To evaluate the reliability of the chosen method, the calculations of the
geometry and "H NMR-spectra of the isomeric platinum(11) chloride complexes
with 2-methyl-tetrazol-5-ylacetic acid have been carried out and the results were
compared with experimental data. The calculated geometric parameters of trans-
anti-form (Fig. a) are in a good agreement with X-ray crystallography data,
which have previously proved that trans-isomer crystallizes as anti-form [1].
Our calculations show that in solution trans-isomer can exist in the form of sin-
and anti-conformers (Fig. a and b), while for cis-isomer the only one stable
form is observed (Fig. c). The calculated inversion barrier between sin- and
anti-conformers appeared to be rather high, which determines sufficient mean
lifetime and therefore the presence of individual signals of both conformers in
the NMR-spectrum of the trans-isomeric complex. The presence of signals
corresponding to only one conformer in the experimental *H NMR-spectrum can
be explained by much greater stability of anti-form and as the result its
dominance in the solution (according to our calculation, the content of the
anti-form in solution exceeds 90 %). The calculated chemical shift of methyl
group protons for anti-conformer of this complex is in a good agreement with
experimental data, which proves that the anti-conformer dominates in the
solution. Thus, it has been shown, that chosen level of theory enables to predict
considered characteristics for such structures with high accuracy.

The experimental study of hydrolysis of cis- and trans-platinum(ll) chloride
complex with 2-iso-propyl-tetrazol-5-ylacetic acid shows that the formation of
monoaqua complexes of both cis- and trans-isomers is accompanied by the
appearance of characteristic splitted signals of the corresponding alkyl
substituent (two doublets in case of iso-propyl substituent). Our calculations
show that such splitting is associated with non-equivalence of iso-propyl groups
in the hydrolysis product due to the reduction of symmetry from C; (in the initial
trans-anti-complex) or C, (in cis-complex) to C; (in monoaqua complex). The
calculated chemical shifts of methyl group protons for trans-anti- and cis-
isomeric forms of dichloride and monoaqua complexes are in good agreement
with experimental data.

Thus, based on the carried out calculations and experimental *H NMR-
spectra we have reliably established that monoaqua form of trans-platinum(Il)
chloride complex with 2-substituted-tetrazol-5-ylacetic acid as well as the initial
dichloride exist in aqueous solution in the anti-form and explained the
experimentally observed signal splitting in *H NMR-spectrum of cis- and trans-
isomers during hydrolysis.
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Fig. Structures of platinum(Il) chloride complexes with 2-alkyl-2H-tetrazol-5-
ylacetic acid (R — alkyl substituent): a — trans-anti-form, b — trans-sin-form,
¢ — cis-isomer
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Quantum-chemical and IR-spectroscopic study of the
processes of copper(l1) poly-5-vinyltetrazolate thermolysis

Vitaly E. Matulis, E. G. Ragoyja, A.V. Zuraev, O. A. Ivashkevich
Belarusian State University, Minsk, Belarus, e-mail: Vitaly_Matulis@lyceum.by

The methods for preparation of tetrazole-containing polymers and their

thermochemical properties are relatively well researched, that is primarily due to
the prospects of their use as components of high-energy special-purpose
compositions [1, 2]. However, despite of the high complexing ability of the
tetrazole ring, the methods for the preparation and thermolysis of metal-
containing polyvinyltetrazoles have scarcely been studied yet. It was found that
the reaction between sodium salt of poly-5-vinyltetrazole (PVT) and copper(Il)
nitrate in aqueous solutions is a convenient way to obtain copper(ll) poly-5-
vinyltetrazolate.
To determine the structure of copper(ll) poly-5-vinyltetrazolate as well as the
products of its thermolysis we carried out density functional theory calculations
of the IR-spectra of the corresponding model structures and the results of the
calculations were compared with the experimental data.

The geometry optimization and calculations of vibrational frequencies of the
model structures has been carried out using B3LYP functional and 6-31G(d)
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basis set for all atoms except Cu and I, for which SDD basis set were applied.
lodine atoms were used to terminate the polymer chain.

The various model structures in which the tetrazole ring coordinates one or
two copper ions through different nitrogen atoms and including up to four
copper ions have been considered to simulate IR-spectrum of initial copper(ll)
poly-5-vinyltetrazolate. Based on the comparison of the results of calculations
with the experimental data, it can be concluded that the initial complex should
have a layered structure where each tetrazole ring coordinates two copper ions.

Preliminary comparison of typical values of vibrational frequencies for
different atomic groups with the bands observed in experimental spectrum of
thermolysis products allows us to assume the presence of C=N, C=C, C—N and
N—H groups. Taking into account this fact together with the structure of initial
complex and tendencies of bonds cleavage in similar substances five possible
products (Figure) have been supposed.

R G

\(
| | HoN NH
N 2
1 NH, 3
HN N NH
NC N NH 2
\K \‘/ 2 NC/ Y \|r
| N N
N\ N Y
NH, NH,
4 5

Fig. Structures of supposed thermolysis products

IR-spectra calculated for all supposed products have been compared with the
experimental one. These calculations were carried out on the level of theory
described above using iodine atoms to simulate polymer chain in products 1 and
2. To reliably determine the composition of thermolysis products we carried out
the calculations of IR-spectra of all supposed products (Fig.) and compared the
results with experimental data. The best agreement with the experiment was
found in case of the product 1. Analysis of the results of our calculations,
available experimental spectra of products 3 and 5, as well as consideration of
possible ways of thermolysis leans towards the conclusion that the presence of
the structure 3 in thermolysis product is also very likely. It should be noted, that
the agreement of the calculated IR-spectrum for initial poly-5-vinyltetrazole and
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its thermolysis products with experiment was reasonable only in the range of
frequencies up to 2000 cm ™.

Thus, the obtained results allow us to conclude that structures 1 and 3 are the
most probable products of copper(Il) poly-5-vinyltetrazolate thermolysis.
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HN3yyeHue aHTMPAINKAJIBbHON AKTUBHOCTH COeIUHEHHUI B
NPUCYTCTBUN HOHOB NMePeX0IHbIX METALI0B METO/I0M
¢ayopecueHTHBIX 30H10B

A. Bepenuu, U. JI. FOpkoBa
HUU ¢usuko-xumudeckux mpodiaem beropycckoro rocyaapcTBeHHOTO
yHuBepcuTeTa, MuHck, benapycs, e-mail:yurkovail@bsu.by

AxtuBHbie (opmbl kuciopona (ADPK) (HO', O,, H,0,, HCIO) urpator
BaxHyI0 poib B OmocucteMax. Cpenun ADK ruapoKcHIBHBIN pamukan — camast
PEaKIMOHHOCTIOCOOHAs W TOKCHYHAs YacTHIA, M3BECTHAS B HACTOSIIEE BpEMSI.
Pagukanst HO® MHAMEPYIOT TPOLECCH AECTPYKIMH BaKHEHITUX OHOMOIEKYIT
U UTPaOT pPEMAloIyl0 pOJIb B PAa3BUTHH MATOJOTHYECKUX IPOILECCOB B
ouocuctemax [1]. Onun u3 myreii oOpazoBanus pagukanos HO' B opranusme —
910 paznoxenne H,O,, kaTanu3upyemMoe HOHAMU TEPEXOTHBIX METAJIOB (Fe2+,
Cu’).

OopazoBanne ADK B OuocrcreMax KOHTPOJIUPYETCS Pa3IMYHBIMHU JHIIO- U
9K30T€HHBIMU coequHeHusIMH — aHThokcujgantamu (AO) [1]. Poms OA He
BCerJa OJHO3HAYHA, TPH OMNPEICICHHBIX YCIOBUSAX OHH MOTYT OKa3bIBaTh
MIPOOKCHIAaHTHOE NeiicTBre. J{ns BEIOOpa MOIXOMAIINX COCTUHECHUH B KA4eCTBE
OA ¥ nmoHWMaHHs MEXaHW3Ma WX JCHCTBHUS HEOOXOIMMBI Pa3TUYHBIC METOIBI
OIICHKA WX AaHTUPAIWKaIbHOW W AHTHOKCUIAHTHOM aKTHMBHOCTH. Merton
(IIyOpeCEHTHBIX ~ 30HJIOB  IO3BOJIIET  JETEKTHPOBATh  KOPOTKOKHBYILHE
aKTMBHBIE YacTHIBI, O0JaJaeT BBICOKOM YYBCTBHTENBHOCTBIO W TPOCT B
ucnosHeHuu [2].

enpio gqaHHON PabOTHI OBUIO OTpeseNieHue aHTHPAANKATLHONH aKTUBHOCTH
(APA) pa3auyHBIX COEOUHEHHWH C MOMOINBIO (IyOPECIEHTHOTO 30HAA,
tepedrancsoii  kucnotel (T®), B ycmosusx Fe’'(Cu®)-omocpemoBanHoro
reHepupoBanus panukanoB HO'. APA omeHHMBamu 1O BEIWYWHE KOHCTAHTHI
ckopocT peakiuu coeauHenuss ¢ yactumamu HO® (Kyyo') ¥ wmHpmekcy 1Csg
(KOHLIEHTpALMsl MOJYMaKCHMaIbHOTO WHIHOMpOBaHMs). B KadyecTBe 0OBEKTOB
UCCIIeIOBAaHMsl BBIOpaHBI a3uja HATpUsl, MaHHHUT, a TaKXe CepocoiepKalue
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amuHOKHUCIOTH — nuctenH (I{uc) u Taypun (Tay). Uccrnemyemble coennHeHUs
crocoOHBl KOHKYpupoBaTh ¢ Td 3a B3aumopeiictBue ¢ wyactuiiamu HO', uro
MPEMATCTBYET 00pa30BaHUIO (IYOPECIUPYIOIIETO MPOAYKTa — 2-THIPOKCH-
tepedranata (2-I' TO).

Ha mnepBom »sTame paboThl HCCIEAOBalM CIOCOOHOCTh BBIOPAHHOTO
(GIIyopeclieHTHOTO 30HAa JaBaTh HAJCKHBIC pPE3yJAbTaThl O KOJIMYCCTBE
pamukanos HO', remepupyemsix B cucremax Fe’'(Cu?*)/H,0, B mpucytcTBim
COCIMHEHUH, CIOCOOHBIX XEeNAaTHPOBATh UM BOCCTAHABIMBATH MOHBI XKelle3a H
Menu. [lomydeHHBIE pe3ynabTaTBl COTIACYIOTCS C JuTepaTypHbiMu  OIIP-
JaHHBIMA [3], 9TO yKa3bIBAaeT Ha HA/IEXKHOCTh JAHHOTO METOJa, HE TPEOYIOIIero
B otimuue ot D[P moporoit anmapatypsl U CII0KHON TTOATOTOBKH TIPOO.

Jlanee pH TeCTHpOBAaHWK coexuHeHnit B cucteme Td-Fe”~EDTA-H,0,
ycTaHOBNEHO CcHIKeHHe APA B psany asua Hatpus, MaHHUT, Tay, Ha 4TO
YKa3bIBAlOT COOTBETCTBYMOIIMEe MM BenmuuHbl uHmekca 1Cgy: 0,04, 0,13, 22,4
MM. 3HayeHHUsT KOHCTAHT CKOPOCTH Kyyo it NaNs, Mmannuta u Tay cocTaBuim
cootsercTBeHHO 4,55-10°% 1,2:10° 1 1,05:10" M ¢, uto mocrarouno XOpOIIIO
COIJIacyeTcsl C JINTEPaTypHBIMU JAaHHBIMU (1,1~1010, 1,7'109 u 2,42'106 -
1,4-10" M ¢t [1]).

UccnenoBanne APA Iluc mnokaszano, uto ero 3(Q¢GeKT 3HaYUTENIBHO
OTIIMYaeTCs OT TAaKOBOTO, TOJyYeHHOro [uis cynbdokucmorer  Tay.
YcraHoBieHO, 4TO TpH AoOamneHun Lluc B cucremy Td)—F62+—EDTA—H202
(IIyOpeCUeHTHBI CHUTHAI B CpPaBHCHHM C KOHTPOJEM  H3MEHSETCS
HEOJHO3HAYHEIM 00pa3oM: B amama3oHe KoHmeHTparwii L{uc 0,005-0,5 MM
MOBBITIIAeTCs, a B 001actu 1-10 MM — cHmkaercs (puc.).

30
254
20 -
15

10 - '-\

5 T

chn’ OTH. eq.

\

0- o =

o 2 4 6 8 10
[uncTtenH], mM
Puc. 3aBucumocts mHTEHCHBHOCTH GuryopectieHnmu 2-I'TO
OT KOHIIEHTPAIMH IUCTENHA B CUCTEME Td)—Fe2+—EDTA—HZOZ
st L{gc mosrydeHa JOCTATOYHO BBICOKAst BeanmuuHa nHaekca 1Cso = 1,4 MM,
-1 -1
a paccumMTaHHas B paboTe KoHcTaHTa ckopoctH (2,75-10° M 'c™!) sHaunrensro
. 10 N g1 -1
Hke uTeparypHoii (3,4:10"° M ¢ [1]). Do ykassiBaeT Ha Gojee CIOKHEIE
XUMHUYECKHE TMPOIECChl, MPOTEKAIONIUE B HCIIOJB3YeMON TECT-CUCTEME B
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npucytcTBuu I{uc. [IpookcuaanTHoe AeiicTBHEe OMOTHIIA MOKHO OOBSCHUTH €T0
BiIHMsiHHEM Ha cooTHourenne Fe?*/Fe* B cucreme.

Taxk, dayopeciieHTHBIN 30H, TepedTanieBas KUCIOTa, MO3BOJICT HE TOJHKO
onleHuTh APA pa3MYHBIX BEHIECTB, HO U MOJYYUTh HHPOPMALHUI 00 UX
BO3MOXHOM MPOOKCUJAAHTHOM JIEHCTBUU B MPUCYTCTBUH HOHOB METAJLIIOB.

Cnucok 1uTepaTrypsl

1. B. Halliwell, J. M. C. Gutteridge. Free radicals in biology and medicine,
fourth edition / Oxford : University press (2012) : 851 p.

2. A. Gomes, E. Fernandes, J. L. F. C. Lima. J. Biochem. Biophys.
Methods. (2005) 65 : 45.
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Res. (2007) 41 : 515.

BuoakTHBHBIE METAIOKOMILIEKCHI MPOU3BOTHBIX
4,6-nu-mpem-0yTuii-2,3-TuruipoKcu-6eH3aabaeruaa;
AHTHOKCUIAHTHASI 1 AHTUMHKPOOHAsi AKTHBHOCTH

I. 1. Fop6aueBMq1, H. B. .HOFI/IHOBal, I'. A. KCGH,Z[SOBEIZ,
H. II. OCI/IHOBI/I‘IZ, C. . CTaX€BI/I‘Il, U. H. Crabko®
1EenopyCCKI/H‘/'I rOCYAApCTBEHHBIA YHUBEPCUTET,
HUM hrnKo-XNMIHECKHX 1po6iieM BeropyccKoro rocy 1apeTBeHHONO YHHBEpCHTETa,
3EenopychI/H?I TrOCYy/1apCTBEHHBIA MEIMIIMHCKUN YHUBEPCUTET,
Mutck, benapycs,e-mail: hleb.harbatsevich@gmail.com

Cpeny opraHM4ecKHX JIMTaHAOB, MCIOJB3YyEeMBIX JUISi CHHTE3a OMOaKTHUBHBIX
KOMIIJIGKCOB, ~Ba)XHOE€ MECTO 3aHMMAIOT MNPHPOJHBIE M  CHHTETHYCCKHUE
MIPOM3BOAHBIE  1,2-AUTMAPOKCUOEH30JI0B, TaK Kak, TMPOSBISAS OKHCIUTENHHO-
BOCCTAHOBHUTEJIbHBIE CBOMCTBAa, OHM CIIOCOOHBI y4acTBOBaTh BO MHOTHX
Ouosormueckux  mpoueccax  (KOGEpPMEHThl  OKCHIIOPENYKTa3,  IPUPOJHbBIC
AQHTHOKCH/IAHTBI, BUTAaMHUHBI U Jip.) [1]. MeTayuIOKOMIUIEKCHI ¢ CHHTETHYECKUMHU
MPOM3BOJAHBIMU  1,2-TUTMAPOKCHOEH30JIOB  TPOSIBISIIOT  aHTHOKCHIAHTHYIO,
AQHTHOAKTEPHANBHYI0 W aHTH(YHTaJbHYI0 AaKTUBHOCTH, T. €. XapaKTepU3YIOTCS
Oojee IIMPOKMM CHEKTPOM JEHCTBHS 1O CpPaBHEHHIO CO CTAHIAPTHBIMU
AQHTHOMOTUKAMM, YTO JENIaeT WX IEpPCIICKTHBHBIMU 0a30BBIMH CTPYKTYpaMH JUIs
TIoKcKa (papMaKOJIOTHIECKH aKTHBHBIX COSIIMHEHNH [2].

B nmanHOW paboTe B KauecTBE JIMTaHAOB IPU CHHTE3€ METAJUIOKOMILICKCOB
HCTIONB30BaIU MPOU3BOHBIE 4,6-nu-mpem-0yin-2,3-
JIMTUJIPOKCHOCH3AIIbIET U 1A: N'-(4,6-nu-mpem-6ytin-2,3-
JITHAPOKCUOCH3MITHICH ) M30HUKOTHHOTHApasun  u  2-(4,6-nu-mpem-6ytun-2,3-
JATAAPOKCHOCH3WINACH )TuipasuHKapOoTHoamMua. OnperiesieHs! YCJIOBHS CHHTE3a
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xomiuzexkcos Mn(I1), Fe(ll), Co(ll), Ni(ll), Cu(ll), Zn(Il) u Ag(l) ¢ npousBogHBIMHI
4,6-nu-mpem-0yTnin-2,3- TArHAPOKCHOCH3ANBICTHAA € BBICOKAM  BBIXOJIOM
npoxykta (70-90 %): wunHepTHas aTMocdepa (aproH), CTCXHOMETPHYECKOE
COOTHOILIICHHE JIUTAH] : alerar Meramia 2 : 1, MeTaHON WM BOIHO-3TaHOJbHAs
CMeCh B KaueCTBE PACTBOPHTENS. Y CTAHOBIICHO, YTO CHHTE3HPOBAHHBIC KOMIUICKCHI
peHTreHoaMOp(hHBI, UMEIOT COCTAB ¢ MOJIBHBIM OTHOIIICHHEM METAILT : JIurang = 1 :
2,  XapakTepu3yloTcs  BbicOKoW  ymmopmibHOCTEIO  (IgPg, =1,6-3,0)
AHTHOKCHIAHTHON aKTHBHOCTBIO, B YACTHOCTH, CIIOCOOHOCTBIO HEHWTPaIn30BaTh
cynepokcun annoH-pagukan (ICsp = 1,1-16,3 MKMOIB/T) W BOCCTaHABIMBATH
deppuimToxpom ¢ (v =0,2-0,5 EMonb/MuH) iN Vitro. YcTaHoBIeHa BBICOKas W
YMEpEHHas! aKTHBHOCTh METAJUIOKOMIUICKCOB B OTHOLICHHH TPAMIIOJIOMKHATEIBHBIX
6axtepuii (B. subtilis, S. lutea, M. smegmatis, MUK = 0,007-0,071 MxMMOIIB/MIT),
JPOJOKEBBIX U IUIeCHEeBBIX rpuOoB (A. alternata, A.niger, Candidaspp., Rl = 80—
100 %).

Cnucok uTepaTrypsl
1. O. 1. Shadyro [et al.]. Free Radical Res. (2003) 37 : 1087.
2. N.V. Loginova [et al.]. Polyhedron (2015) 88 : 125.

Pa3Butune MeTO10B CHHTE3a TE€Tpa3oJcoaepRamux JUTraHI0B

10. B. I'puropses
HUU pusuko-xumudeckux mpobdiieM beropycckoro rocy1apcTBeHHOTO
yHUBepcuTeTa, MuHck, benapycs, e-mail:azole@bsu.by

CoBpeMeHHBIE JTOCTIDKEHHS KOOPAMHAIIMOHHON XWMHUM CBS3aHBI, TJIABHBIM
00pa3zoM, ¢ CO3/JaHUEM HOBBIX JIMAHIHBIX CHCTEM, MO3BOJISIOIIUX PEaIn30BaTh
OTIpEieTICHHbIE THITBl KOOPAWHAIMM JIMTAHIOB, 4YTO OTKPHIBACT IITHUPOKHE
BO3MOXXKHOCTH B PallMOHAILHOM JIM3aliHE CYNpPaMOJIEKYJSIPHBIX CTPYKTYp C
LENbI0 MOJTYYSHHsT MATepHaloOB C 33JaHHBIMHM CBOiicTBaMH. (DYHKIMOHAIEHO
3aMeIeHHbIC MPOM3BO/IHBIE TETPa30Jia 332 CYET NMPUCYIIEH MM CIIOCOOHOCTH K
Pa3IMYHBIM CII0CO0aM KOOPIMHALMY CO3/Ial0T IINPOKUH CIEKTP BO3MOKHOCTEH
(opMHpPOBaHUST MOHO-, OM- M TOJNHSAAEPHBIX KOMIIIEKCOB, YTO HECOMHEHHO
JieNaeT aKTyalbHBIM TIOMCK YAOOHBIX M 3((EeKTUBHBIX METOJOB CHHTE3a
TETPa30JICOACPIKAIUX JIMTAaHJO0B. B mocnennue necAaTUIETHsI HAMU NPEIJIOKEH
U U3y4eH DS CHHTETHYECKHUX METOJOB, IMMO3BOJIAIOMIMX ITONy4YaTh MIMPOKHN
kpyr N-, C- u C,N-3amelieHHbIX TETPa30JIOoB.

Yn06HBIM 1 6€30macHBIM CITOCOOOM HOTydeHUs! |-3aMeIIeHHBIX TEeTPa30JIoB
OKa3alach  peaKkmus  TeTepOIMKIM3alMM  TEPBHYHBIX  aMHHOB  C
TpuaTIIIOpTOdOpMUaToM M asupoMm Harpus [1]. C mcHonb3oBaHHEM 3TOTO
METO/la K HacTOSIEMY BPEMEHHM HaMH IOJIY4YEHO M OXapaKTepH30BaHO Ooiee
cTta 1-ajKui-, apuii- U reTapuITeTpa3oiioB, NEPCIIEKTUBHBIX IJISl HCCIIEIOBAHUN
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B KadyecTBE OMOJOTMYECKH AaKTHBHBIX O6’beKTOB, JIMrangoB B IIpomeccax
KOMHHCKCOQ6pa3OBaHI/I$I C COJIIMH IICPCXOIHBIX METAJIOB U .

PAN
CH,cooH N7 N7
R-NH, + HC(OEt);+ NaN; ————» /
80 - 100 °C N=N
R = Alk, Ar, Het
Knaccnuecknit  Mertom monmydeHust  N-alkunTeTpasosioB  —  peakifus

ankurpoBanus NH-He3aMemeHHbIX TeTpa30I0B TaJOMAHBIMHA ANKHUIAMHA HIH
OUATKWICYTb(paTaMd B OCHOBHBIX W HEWTPaJbHBIX Cpefax, MPUBOAAIMIAS K
MONMYYCHUIO CMECH |- W 2-aJKWITeTpa3ojioB, pa3felieHHne KOTOPBIX YacTo
SIBIISICTCA OTHOCHTENIBHO HEMpOCTOH 3amadeil. Hamm mpenioxkeH W moapoOHO
U3Yy4eH METOJ KHUCIOTHO-KaTaIM3UPYEMOT0 alKUIUPOBAaHUS TETPa30JIoB
BTOPUYHBIMH ¥ TPETHUYHBIMH CIOUPTAMU, TMPUBOAAIIUNA K CEIEKTUBHOMY
MOJIYYEHUIO COOTBETCTBYIOIINX 2-aJKUITETPA30JI0OB C BBICOKAM BBIXOJOM [2].

R' R’
)\ + /L
N ONH ROH, .H N SN
v -H0 W
N—N N—N

R'=H, Alk, Ar, Het ~

R =t-Bu, i-Pr, cyclo-CsH ;1

B pesynpraTe wu3ydeHHs] YCTOWYHMBOCTH 1-3aMENIEHHBIX TETPA30JIOB K
BO3ICHCTBUIO  OCHOBaHMW  HalieH dS()(EeKTUBHBIH  METOJ  BBEICHHUSA
aMHHOTPYHIIHI B ostoskeHue C(5) TeTpa3onbHOro UKIa | -apuinTeTpas3oios [2].

N HN_
= \_.  NaN; NaOH, DMSO, Et;N N ~ N
N aN; NaOH, 50, By '(E AcOH N
N/ i-PrOH . 60-80 °C N
Ar” N Ar’N Ar”

Xopoie#t  BO3MOXKHOCTBIO  JUISI  (DYHKIMOHAIM3AIUK | -3aMEIIEHHBIX
TETPA30JIOB SABJLIFOTCS PEaKIUK 10 aTOMY yIiiepoja IMKIIAa, KOTOPhIC 0 HAIINX
HCCIICAOBAHUN M3y4allUCh MAJIO, IOCKOJIBKY CYHTANIOCh, YTO AIEKTPOMUIBHOE
3aMellleHue BOJOpOJAa 3aTPyJHEHO BCJIEACTBUE  JE€3aKTUBALUU  3ITOTO
M0JIOKEHUS aHHYJISIPHBIMU aTOMaMU a30Ta.
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R';N /
v'N R = Alk, Ar, Het
R' = Alk, Ar

\
C‘Q\’LO N //N
T N
x W R
\
N7 ONR HeXs N NN
\ / — s [] >*Hg<\ I R=Alk, Ar, Het
N=N , Ny N—N
2« \
/%Qz 5 R
~%, R
1 /
N
,\// \ R = Alk
NN

Hamu mnokazaHo, 4To 1-3aMelleHHBIE TETpPa30ibl BCTYNAOT B TakHe,
xapakTtepHble i CH-KuCIOT, peakiuu 31eKTPOGHIEHOTO 3aMELIeHHs II0
YIJICPOAHOMY aTOMy LHKJIA, KaKk aMHHOMETHJIMPOBAaHHE, MEPKypHPOBaHHE U
npsMoe uoaupoBanue [3-5].

Cnucok auTeparypsl
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CuHTe3 M KpPHCTAINYeCKass CTPYKTYpa KOMILIEKca
xaopuaa kobdanabTa(ll) ¢ 2-((rerpason-1-
WJI)METHJI)[TMPUIUHOM

10. B. I'puropses, 1. M. I'puropsesa, A. C. Jlsxos, JI. C. BanikeBu4
HUU pusuko-xuMuueckux npodiem benopycckoro rocynapcTBeHHOTO
yHuBepcuTeTa, MuHck, benapyce,e-mail:azole@bsu.by

Kommnexcsr kobanpra(ll), xenmesa(Il) m sxeneza(lll) ¢ opranmdeckumu
JIUTaHAaMHU, 0COOCHHO COYCTAIOIIUMH B OJHOM MOJEKYJe JBa CIIOCOOHBIX K
KOOpDAMHAIIMA  TETEPOIUKINYCCKHX  (parMeHTa  pa3jiuyHOH  IPUPOEI,
MIPUBIICKAIOT OOJIBIIOC BHUMAHHE B KAYCCTBE MEPCIICKTUBHBIX COCTUHCHUH IS
CO3JIaHMsI MOJICKYJISIPHBIX MAarHeTHKOB W CIIMH-KPOCCOBEpOB. I[Ipom3BojHBIC
TETPa3oJia SBJSFOTCS MOAXOSIIUME JIMTAHJAaMHU I OTUX Iedeil. B cBs3u ¢
9THUM, HACTOsIIIas PaboOTa IMOCBsIIEHA CHHTE3y HOBOTO OHIeTEepOIMKIMYECKOTO
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JIUTaH/a, BKJIIOYAIONICTO TETPA30JIbHBIA M MHUPUIUHOBBIA LUKIBI, a TaKKe
CHHTE3Y ero KoMIuIekca ¢ xiopuaom kobaisra(ll).

B3anmozeiicTBUeM MUKOIWIAMUHA C TPUITUIOPTOGOPMHATOM H a3HIOM
HaTpUs M0 Meroawke [1] HaMM TONy4eH OWTreTepOIMKINYCCKUNA JIHTaH[
2-((rerpazon-l-um)merwn)mupunua(L) ¢ Berxomzom Gosee 60 %. B pesymnbrare
B3aMMOJEHCTBHS TAHHOTO JHTraHga ¢ xiopumoMm kobanpra(ll) cmHTE3MpoOBaH
monosimepusiii  kommuieke [Co(LH)Cls] (1), crpykrypa kotoporo usydena
METOJIOM PEHTTEHOCTPYKTYPHOTO aHalIn3a MOHOKPUCTAIA. YCTAaHOBIEHO, YTO
KOMIUICKC ~CYIIECTBYET B IIBUTTEP-HOHHOW (opMe C JIOKaJIU3aIUCH
MOJIOKUTEIBHOTO 3apsia Ha MPOTOHUPOBAHHOM aTOME a30Ta MUPUIMHOBOTO
IUKJIA ¥ OTPUIIATEIBHOTO 3apsiza Bo ¢pparmente COCls.

cl C‘\ cl
N N
< @
NH» N—N N—N
HC(OED)s, NaNy CoCl, - 6H,0

e —" _ H
Q,
N CH;COOH, 100°C N

/N /N / o\

L 1

Komrmuieke | KpucTauinsyercs B TPUKIMHHOM MPOCTPAHCTBEHHOM TpyIiie
P1. B xoopauHAIMOHHOE OKpY>KEHHE aToMa KobanbTa BXOAST TP aToMa XJjiopa
u omuH aromMa azota N4  TerpazosbHOTO  LWKIA, oOpasyromme
KOODPIMHAIIMOHHBIN MOJIMAAP B BHIE MCKaXEHHOTro TeTpadapa (puc. 1). JIiuHsl
koopauHaioHHbix cBszeil CO-Cl u Co—-N wumeror 0ObIYHBIE 3HAYCHUSL.

BaseaTHrle yriibl B KOOPAWMHAITMOHHOM TETPAdApPC HAXOHATCA B HHTEPBAJIC
102,81(4)-114,849(17)°.

@cut

C

L3

Puc. 2. BogopoaHo-cBsA3aHHBIE
JIUMEPBI B KPUCTAIUINYECKOM
CTPYKType KoMIuiekca |

Puc. 1. Ctpoenue monexymsl
Komrurekca |
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B kpucTaminyeckoil cTpykType KoMIuiekca | MMEIoT MecTo KilacCHYecKHe
MEXMOJNEKyspHble  Oudypkatueie Bomopomueie cBssu N—H:---Cl artomos
Bonopozaa rpynn N—H nupunuHoBoro ¢gparMeHTa ¢ aToMaM¥ XJiopa COCEIHUX
MOJIEKYJ] KOMIUIEKCA. OTH BOJOPOJHBIE CBSI3HM (OPMHUPYIOT B CTPYKType
COCMHEHUS ICHTPOCHMMETPHYHBIE BOJOPOJHO-CBSI3aHHBIC TUMEPHI (pHC. 2).

Pabora BrmonHeHa npu puHaHCOBOU noanepkke BPODU, mpoekt X16P-
009.

CHucok JuTepaTypsl
1. 10. B. I'puropses u ap. Xumus rerepouuki. coen. (2017) 53 : 670.

CnuH-KpoccoBep B KOOPAHMHAIMOHHBIX COETMHEHUSIX
cyiabdara, rekcapropcuiinkara u neppenara xesesza(ll) ¢
2,6-0uc(2-0eH3MMH1a3011J1) THPUTUHOM

W. . JTrokosa™?, E. B. KOpOTaeBZ, JLT. J'IaBpeHOBal’2
1Ho1:3.OCI/I6I/IpCKI/H‘/'I TOCYIapCTBEHHBIN yHUBepcuTeT, HoBocuOupck, Poccust
2I/IH(:TI/ITyT Heopranuueckoi xumuu um. A. B. Hukonaesa CO PAH,
Hosocubupck, Poceus, e-mail: ira.dukova.94@mail.ru

KoopauHaumonnsie coequHeHus] 30-METalIoB, B KOTOPBIX HaOIIOIaeTCs
nepexo]] U3 HU3KOCIIMHOBOTO B BBICOKOCIIMHOBOE COCTOSIHHE (CIIMH-KPOCCOBED,
CKO) sBnstoTCsl NMEpCIEeKTUBHBIMH MaTepHajlaMH Il CO3JaHHUS YCTPOMCTB
cucTeM 3amucu M xpaHeHus: uHpopmanuu. CHHTE3 HOBBIX KOMIUIEKCOB,
obmagaromux CKO, u uxX HcClenoBaHre HEOOXOAMMO KaK I JajJbHEHIIEro
PasBUTHSL TEOPHUHM 3TOTO WHTEPECHOTO SBJICHMS, TaK M ISl HPAKTHIECKOTO
UCTIONIb30BAHMS.

Pa3zpaboTaHsl METOAMKM CHHTE3a HOBBIX KOMIUIEKCOB  Cynb(arta,
rekcaropcmmkaTa u meppeHara wenesza(ll) c 2,6-6mc(2-
6ensumunazonun)nupuanHom (L) cocraBa [Fel,](SOy4) (1), [FeLy]SiFg (11) u
[FeL,](ReOy,), (I11). Coenunenus wuaeHTUGUIUPOBAHBI U HUCCIEIOBAHBI C
MOMOIIBIO  METOJOB  AJIEMEHTHOTO  aHajiu3a, O3JEKTPOHHOW  (CHEeKTPbI
muddysnoro  orpaxenus (CHO)) u HK-cmexrpockommu. M3zyuenue
3aBHCHMOCTH |L,ge(T) B mHTepBane Temmeparyp 80-520 K mokasaio, 4To B
AHHBIX COCIMHEHMSX HAaGIIONAeTCs CIMH-KpoccoBep “A; < T, B | —
aByxcrynendatsiii nepexon, B |l u 111 — ogHOCTYyNeHuaThIe IEpexoabl.
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Pruc. 3aBHCHMOCTB Lg(T) Kommiekca [Fel](ReO,),

Temmeparypst CKO (T,) I: T, T= 423 K, Tod = 420 K, T, T = 503 K, Teod
=495 K; II: T.T =T =476 K; 1II: T,T=362 K, T.{=341 K. Jlnst kommiekca
[FeL,](ReO,), nabmrogaercst peskuiit CKO c rucrepesucom (AT = 21 K) (puc.).

PabGorta BeImosnHeHa mpu ¢uHaHCOBOW moanepxke PODU, mpoekr 16-53-
00020 ben_a.

Benxporpenkapookcuiarel P3J: nBa mpomecca pejakcanuu
HAMATHUYEHHOCTH B MOHOS/IEPHBIX KOMILIEKCAaX

H. H. Edumos, A. B. I'aBpukos, I1. C. Koporees, A. b. WnroxuH,
K. B. Jo6poxorora, B. M. HoBoToprie
Wucturyt obmeit u Heopranmueckoir xumuu uM. H. C. Kyprakosa, Mocksa,
Poccus, e-mail: nnefimov@narod.ru

B Hacrosimee Bpemsl KOMIUIEKCHI peaKO3eMeNbHBIX 3neMeHToB (P33) c
aHWOHAMH KapOOHOBBIX KHCIIOT, COJIeprKaIuX CTaOuIIbHBIE
METaTIOOPTaHNYECKHE MPOU3BOJHBIE B KAadECTBE 3aMECTUTENS B KHCIOTHOM
ocTaTKe, HCCIEeyIOTCS JOCTaTOYHO MHTEHCHBHO. 110100HBII MHTEpeC CBs3aH C
MEePCHEKTUBAMHU UX HCIOJb30BaHUS B KAUECTBE OCHOBBI JIOTHUECKUX 3JIEMEHTOB
U DJIEMEHTOB IIaMATH KBAaHTOBBIX KOMIIBIOTEPOB (B CBS3M C BO3MOXKHBIM
HaJIMYMEM CBOMCTB MOJIEKYJSIPHBIX MAarHeTHKOB), a Takke 3(PQPEKTUBHBIX
MIPEKYPCOPOB I MOJIYYCHHS HAHOPA3MEPHBIX CIIOXKHBIX OKCHIOB (B CBS3H C
COCYIIECTBOBAaHHEM B MX CTPYKTypaxX aTOMOB METAJUIOB PA3IMYHOMN MPHUPOIBI).
Bmecre ¢ TeM, 3TH COe€OMHEHMs [0 CUX TIOp OCTalTCi KpaiHe
MaJoucciIeIoBaHHbIMA. Tak, 10 mMyOJuKanuy Hariei paboTsl [1] B mureparype
MTOJTHOCTBIO OTCYTCTBOBAJIM JAaHHBIE O OEHXPOTPEHKApOOKCHIATaX JIAHTAHUIOB
(6erxporpen — (1°-CgHs)Cr(CO)s, Ber).
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B macrosmieit pabote o0CyXmaeTcsi CHHTE3 ¥ MarHUTHOE TOBEICHUE IBYX
CepUii  HOBBIX  TETEPOJICNTUYECKHX  ITPOU3BOJHBIX  JIAHTAHUJIOB U
OEeHXPOTPEHKapPOOHOBOM KHCJIOTBI: MOHOSIAEPHBIX KOMILIEKCOB
[Ln(BcrCOO)(acac),(H,0),] (Ln = Eu (1), Gd (2), Tb (3a), Dy (4a), Ho (5a)) u
1D-nonumepHusie [Ln(BerCOO)(acac),(H,0)], (Ln = Th (3b), Dy (4b), Ho (5b),
Er (6), Tm (7), Yb (8) u Y (9)). dast mody4eHHBIX COCIMHCHUI OMpPEACIICHBI
MOJICKYJISIDHBIE M KpUCTAUIMYECKUEe CTPYKTYphl. IlokazaHo ompexpensomiee
BIMSIHUE IPUPOBI LN 1 yciaoBuii cuaTe3a Ha cTpykTypy 1-9.

W3BectHO, yTO Hamboee F3PpPEKTUBHBEIM METOJIOM ONpEIeIeHHs AMHAMUKU
MarHUTHOTO TIOBEACHHUS SBIACTCS WCCICNOBAHWE YACTOTHBIX 3aBHCHMOCTEH
MarHUTHOH BOCHPHHUMYMBOCTH B IICPEMCHHOM IIOJIE¢ MaJjlOW aMIUTHTYABIL.
HccrenoBanust MATHUTHOTO TTOBEICHUS B JTUHAMHUYECKOM PEXXHMe OOHAPYKUIH
HAITMYUe MEUICHHOW MarHUTHOM periakcaluu Ui KoMIuiekcoB 3a, 4a, 4b, 6 u
8. OOpamaer Ha ceOs BHEMaHHE TOT ()aKT, YTO HAa YACTOTHBIX 3aBUCHMOCTSIX
MHUMOH KOMIOHEHTHl JUHAMHUYECKOH MarHUTHOH BOCHpUUMYHUBOCTH ¥'(V)
oOHapy»KeHbI JIBa MakcuMyMma (HU3KO4acTOTHbIH — HU M BBICOKOYACTOTHBII —
BY) ms 4a (em. puc.), 4b u 6. C nenbro onpeaeneHus BBICOTH 3(D(PEKTHBHOTO
9HEPTETHYECKOTO Oapbepa MmepeMarHuIuBaHus MOJIEKYIbI (Ae/Kg) nauubie x"(v)
aNmpoKCHMHUPOBAIN C HCIIOJIb30BaHHEM 0000meHHoi Monenu Jlebas mis
ciy4as JIByX peJIaKCallMOHHBIX MPOIECCOB (CM. pHUC. ClieBa). DTO TO3BOJUIO
NPELM3MOHHO  ONpPENeNUTh  BpeMEHa  pellakcallid  HaMarHW4eHHOCTH
KOMIUTIEKCOB. [yt MOHOsiepHOTO KoMImiekca aucrposust 4a Agilkg = 100 K u
118 K B HymneBom noe (128 K u 143 K B onrtumansaoM mose 2000 D), mms HU
u BY nipouieccoB penakcanuy, COOTBETCTBEHHO.

CrouT 0c000 OTMETHTH, YTO YKa3aHHBIC 3HAYCHHUS SBIISIOTCS HAMOOIBITUMH
W3 W3BECTHBIX HAa CETOMHAIIHUIN JCeHb M KapOOKCHIIATHBIX KOMILICKCOB
JIAHTaHUIOB.

UzBectHO [2], uTo make HeOonbIoe W3MeHEHHE (B TpPeTbel — 4YeTBepTOi
KOOpAWHAIIMOHHON cdepe) CTPYKTYphl KOMIDIEKCa MOXKET CYIIECTBEHHO
MOBIUATh HAa JWHAMHKY €r0 MAarHHTHOTO IOBelneHWs. Ha ocHoBaHUH
Pe3yJIbTaToOB pacyera MapaMeTpOB MarHUTHON aHU30TPOIINH C UCIIOJIb30BAHUEM
AJIEKTPOCTATUYECKON Monenu [3] MOXKHO 3aKIIOYUTh, YTO HAOJIOJIEHUE JBYX
MaKkCHMyMOB Ha 3aBHCHMOCTAX Y'(V), COOTBETCTBYIOIIEE HAJIHMYUIO JIBYX
pelakcaloOHHBIX MIPOLIECCOB LIl MOHOsIIepHOTro Komiuiekca Dy 4a, cBsizaHo ¢
pasynopso4eHreM OJHOTO MPOTOHA B OJHOM M3 KOOPIMHUPOBAHHBIX MOJIEKYII
BOJIBI.
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Puc. 3aBucumocTry'(V)B ONITHMAIFHOM MarHATHOM TIOJIE (CIICBa; TMHUH —
anmpokcuMarus mo Monaenu Jlebast) ¥ 3aBHCUMOCTE BpEMEHH PeNIaKCaIlHd OT
00paTHOU TeMIlepaTypsl (CIIpaBa; JIWHUH — alIPOKCUMAIINST
BBICOKOTEMIIEpaTypHOH 4acTH ypaBHEHHEM AppeHryca) B ONTHMAIBHOM

MarHUTHOM TIOJIe JIJIsl MOHOsIIepHOTO KoMiuiekca Dy4a
NMHCOK JUTEePaTypPhl
A. V. Gavrikov [et al.]. Dalton Trans. (2017) 46 : 3369.
A. A. Pavlov [et al.]. J. Phys. Chem. Lett. (2016) 7 : 4111.
N. F.

C
1.
2.
3. Chilton [et al.].Nat. Commun. (2013) 4 :2551.

CuHTe3 U cTpoeHHe KapOOKCUJIATOB TPU- M TeTPa(eHHIICYyPbMbI

A. H. Edpemos, B. B. lllapyrun, O. K. [llapyTuna
OxHO-Ypanbckuil rocyapcTBEHHBIH YHUBEPCUTET
(HaIMOHAIBHBIN MCCIIeIOBATEIbCKUN YHUBEPCUTET),
Poccust, Yensiounck, e-mail:distorshn_94@mail.ru

JMkapOOKCHIAaTEl TPU- U TETPaapHiICypbMbl SBIAIOTCS OJHUM M3 Hauboiee
W3Yy4EHHBIX  KJIACCOB  CYPBMOOPIaHMYECKHX  COEIUHEHHH, OJTHaKO
JIMKapOOKCHIIATBl TPH- M TeTpadeHHICYPbMbl, B apUIIBHBIX KOJBIAX KOTOPBIX
MPUCYTCTBYIOT aTOMBI TAJIOTeHA, U3y4YCHbI B HAUMEHbILIEH CTENICHH.

Buc(2,3,4,5-rerpadropbensoar) " ouc(2,3,4,5,6-nearadropbensoar)
Tpu(EeHWICYpbMBI OBLTH MOTYYEHBI ¢ BBICOKHM BBIXOZOM 110 90 % 1o peakimn
OKHCITUTENIFHOTO TPHUCOCIUHEHUS U3 TPU(PEHWICYPEMBI, (TOPOCH30MHHBIX
KUCJIOT U mpem-Oytunruaponepokcuna (1:2:1 MoibH.) B AMITUIIOBOM 3dupe.
JlaHHBI MeTOx cHHTE3a SBIAETCS OJHOCTAJUHHBIM M XapaKTepu3yeTcs
MSATKAMH yCIOBUSAMU npoBeaenus peakiuu (20 °C, 12 q).
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2,3,4,5-TerpadTopbenzoar u 2,3,4,5,6-nearadTopdeHzoar
TeTpadeHIICYPbMBI TIOJTyYEHBI [0 PEaKIMK 3aMELICHUs U3 MeHTaQEeHUICYPbMBI
u propOen3oitubix kucnot (1:1 MonbH.) B 6eH3011€ ¢ BBIXO0M 110 85 %.

I[lo panweiv PCA, atombel CypbMBl B JAuKapOoOKcuiaTtax TpU- U
TeTpadeHIICYpbMbl UMEIOT TPUIOHAJIBHO-OUITUPAMHUIATIbHYI0 KOOPIUHAIMIO C
KapOOKCHJIATHBIMH JINTaHAaMH B aKCHAJIbHBIX MOJOXKEHHAX. DKBaTOPHAIbHBIC
3amecturenu (peHWIbHbIE paJuKajbl) HaXOJATCS Aajiblie OT IEHTPAJIbHOTO
aToMa, 4eM aKCHaJbHbIe (PUCYHOK). B ¢opMmupoBaHWH NPOCTPaHCTBEHHOU
CTPYKTYPBHI KPHCTAIUIOB NPHHUMAIOT Y4acTHEe MEKMOJIEKYIISAPHBIC BOJIOPOIHbIC
ceu F---H-CuO---H-C.

Puc. Crpoenne 2,3,4,5-terpadropbensoara TeTpadeHUICYPHMbI

3aMenéHHbIe MAJOHATHI METAJIJIOB MEPBOT0 MEePeXoHOro
psiia: CHHTE3, CTPOEHHsI, CBOICTBA

E. H. Bopuna-Tuxonosa, H. B. I'oronesa, E. C. baxuna, A. C. Uuctskos,
A. K. Mattoxuna, M. A. Kuckun, A. A. Cunopos, 1. JI. Epemenko
OI'BYH MuctutyT 0011eit n nHeopraunueckor xumuu M. H.C. Kypnakosa,
Mocksa, Poccust, e-mail: kamphor@mail.ru

ITpoBeneHbl  CHCTEMATHYECKHE HCCICOOBAaHWS B 00NacTH  CHHTE3a
coemunennit 3d-merammor (Cu(ll), Co(ll), Ni(ll), Zn(ll), oxcosanamus(l1V)) c
AQHUOHAMH 3aMCIIEHHBIX MAJIOHOBBIX KHCJIOT, BBIMOJHAIOMMX  (YHKIHUIO
XENATUPYIOIIUX MM MOCTUKOBBIX JIMTAHIIOB, YTO OTKPHIBAET BO3MOXKHOCTH IS

CHHTEC3a KOOPpAUHAIMOHHBIX COCﬂHHCHHﬁ, 06J1a11a}0mnx HIUPOKUM
CTPYKTYPHBIM pa3H006pa3HeM: OT MOHO- M HNOJUAACPHBIX 10 HNOJIUMEPHBIX
CHUCTEM KapKacHOT'O CTPOCHUA. Brinenensr COCAMHCHUA KakKk
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FOMOMETAUIMYECKHE, TaK M TETCPOMETALIMYCCKHE, B KOTOPHIX COYCTAFOTCS
aTOMbI pas3an4HbIX 30-MeTanmios, mubo aTombl 30-MeTaioB U S- (LIETOYHBIX,
nieouHo3eMenbHbIX) win f-meramuoB. Takke €CTh NPUMEPBI COUYCTAHHS
aTOMOB TPEX Pa3HBIX METAJUIOB B OJTHOM COCIAMHCHHHM, BKJIIOUAs COCAUHCHHS C
aTOMaMH PEeIKO3eMEIbHBIX AIEeMEHTOB [1].

OCHOBHBIMH ~ (DaKTOpaMH, BIMAIONIMMH Ha CTPOCHHE IMOIyIaeMBIX
KOOpAWHAIIMOHHBIX COCAWHEHWH, SBISIOTCS TPHPOAA METAUIONEHTpa H
3aMECTHTENb B JUAHWOHE KHUCIOTHL. B OCHOBe NOCTpOCHHS OOJBIIMHCTBA
3amem€HHbIXx ManoHatoB nuHKa(ll), memu(ll) m oxcoanamusa(lV) nexur
OHCXENaTHBIH (parMeHT, B KOTOPOM JBa JAMAHHOHA KHCJIOTHI 00pa3yroT IBa
XENaTHBIX IKMKIA ¢ MeTatoneHTpou [1,2] (puc. a). B cinygae atomo Hukensi(l1)
n  kobampra(ll)  oOpazoBanme  Takoro  ¢QparmeHTa  HabJrOmaeTCs
MPEUMYIICCTBEHHO JUI1  COCOUHEHWH C aHWOHAMH IHKIonpomas-1,1-
OUKapOOHOBOM  KHCIOTHI H, B OTHOCNBHBIX ClIydasX, C aHHOHAMH
JUMETHIMAIOHOBOW M MUKIO0yTaH-1,1-mikapOoHOBOI KHCIOT (B YaCTHOCTH, B
rerepoMetamnyeckux komruiekcax Coll-Ball u Nill-Agl) [3].

Jlns GonpmuHCTBA coenuHeHmin kobOampTa(ll) m mukensa(ll) ¢ anmonamu
JUMETHIMATIOHOBOM U IMKJI00yTaH-1,1-1MKapOOHOBOI KHUCIOT HE HaOI0MaeTCs
o0pa3oBaHUsi XeNATHBIX (ParMeHTOB, a B psje CJIy4yaeB aHHOH KHUCIIOTHI
o0pasyeT xeJaTHbIC [UKIIBI C aTOMaMH S-3JIEMEHTOB, a HE MEPEXOIHBIX IPH MX
COBMECTHOM MPHUCYTCTBUH B COCIMHCHHH, YTO B IIEJIOM HE XapaKTEPHO IJIs
reTEpOMETAUIMYECKUX MayloHaToB [4,5]. Mcnonb3oBaHuEe OIHO3apPSIHBIX
KaTHOHOB (aTOMOB INEJOYHBIX METAUIOB W OPraHMYECKOro KaTHOHA
TeTpaOyTHUIAMMOHUS) TI03BOJIMIIO BBIICITUTh YHUKAIBHBIC [0 CBOEMY CTPOCHHIO
COCIUHCHHUS, B OCHOBE IIOCTPOCHHSA KOTOPBIX JIKHUT  36-smaepHBIi
HIPOKCOMAJIOHATHBIN MOJMaHNOH [5,6] (puc. ).

Puc. ®parmenr kapkaca coenunenust meau(l1)-6apus ¢ annoHamu
nukino0yTan-1,1-1ukapOoHOBOM KUCIOTHI (@); CTpoeHHe 36-1epHOTO
noJimaHnoHa coenuaenns Hukessi(ll) C aHnoHaMu AUMETHIMAIOHOBO

KUCJIOTHI (0) (aTOMBI BOZOPO/Ia HE MOKA3aHbI)
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CrpoeHue  BceX  MOJIyUYEHHBIX COEAMHEHHH  yCTAaHOBJIEHO  METOJOM
penrreHoctpykrypHoro ananu3a (PCA). JIns mNoOJyYeHHBIX COEAMHEHUI C
ITapaMarHUTHBIMU aTOMaMH TIPOBE/ICHbI NCCIIEIOBAHHUS MArHUTHBIX CBOWUCTB.

Pabora BrmonHeHa mpu (UHAHCOBOW moanepxke Poccuiickoro ¢onma
¢byHIameHTanpHBIX uccnenoBanui (16-33-60179) m Poccuiickoro HaygHOTO
dbonna (14-23-00176).

CHHCOK JTUTepaTypsl

1. N. V. Gogoleva, E.N. Zorina-Tikhonova, A. S. Bogomyakov et al. Eur.
J. Inorg. Chem. (2017) 547.

2. E.S.Bazhina, G. G. Aleksandrov, A. S. Bogomyakov et al. Polyhedron
(2014) 77:47.

3. E. H. 3opuna-Tuxonosa, H. B. T'oronesa, E. B. Anekcauapos u mip.
U3s. AH. Cep. xum. (2016) 3:759.

4. E. Zorina-Tikhonova, N. Gogoleva, A. Sidorov et al. Eur. J. Inorg.
Chem. (2017) 1396.

5. E. Zorina, N. Zauzolkova, A. Sidorov et al. Inorg. Chim. Acta (2013)
396:108.

6. E. Zorina-Tikhonova, N. Gogoleva, A. Sidorov et al. Polyhedron
(2017) 130:67.

CTpoeHue U CBOIICTBA KOMILUIEKCOB KapOokcuiaaTos 3d-
MeTAIOBC THAPAa3uAaMHU OeH30HOI M (PeHHITYKCYCHOM KUCI0T

T. B. Manauii', T. B. Kokmaposa®, B. C. CeereHK02'3, M. J1. Cypa>1<01<a512
1Onecc1<1/n71 HaluMOHaJIbHBIN yHUBepcuTeT uM. W. Y. MeunukoBa, Opnecca,
VYkpauna, e-mail: mandziitaras@gmail.com
ZI/IHCTI/ITYT o0meit u Heoprannveckoit xumuu uM. H. C. Kyprakosa PAH,
Mocksa, Poccus,

3 o o v v
Bcepoccuiickuii HHCTUTYT HAyYHOH M TeXHUIecKo# nHpopmanuu PAH,
Mocksa, Poccus

W3ydeHo B3aUMOZEWCTBHE BalepaToB, OEH30aTOB U S5-CyIb(OCAIUIIIATOBR
kobanbTa(ll), Hukensa(Il) w muwmHKa ¢ THApaswmaamu OeHzoiHo (L) wu
¢enmnykcycaoii (R) xucmor. Komriutekchl BajepaToB M OEH30aTOB €
OeH3ruApa3uaoM MOJIyYalld B3aUMOJICHCTBMEM BOJHOIO PAacTBOpa JIMIAaHIA C
KPHUCTAJUIMYECKHUMHU COJISIMM METAJUIOB, KOMIUIEKCHI 5-CyNb(OCATHIINIATOB —
B3aMMOJIEHICTBHEM BOJHOTO PacTBOpa CyIb(pOCANHIIMIATA COOTBETCTBYIOIIETO
MeTalla C BOJHBIM pacTBOpoM OeH3rmapasuaa. Bce KOMIUIEKCHI €
(eHMNaNeTruApasuIOM MOJNy4Yadd NpH JO0aBIEHUM K BOIHOMY pPAacTBOPY
(deHnnanerruapasuia METaHOJILHOTO pactBopa KapOoKkcuiaTa
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cooTBercTBytomero 3d-meramwia. V3ydeHo BiHsHME HA COCTaB IMPOLYKTOB
B3aMMOJICHICTBUS COOTHOILIEHUSI UCXOAHBIX PEareHTOB, IPUPOABI PACTBOPUTEIIS,
TeMInepaTypsbl.

B kommuiekcax BaneparoB u cyiabdocanmummiaroB Hukens(Il) m munka c
OEH3TUApa3uI0M pean3yeTcsi COOTHOIIEHHE METasll : quraia = 1 : 2, Bo Bcex
ocraibHBIX KoMmIiuiekcax — 1 : 3. Benzoar uumkensa(Il) B 3aBucumoctu ot
COOTHOIIIEHUS] peareHToB ¢ OSH3TUApa3uaoM JaeT aBa coctaBa — 1 : 2 u 1 : 3.
st ko6anbra(Il) 6611 momyuen Takxke komruieke [Co(L)3](OH)CI(H;Ssal)-H,O0.
B cocraBe KOMIIEKCOB Cynb(OCATUINIATOB BCEX TPEX METAUIOB M OcH30aTa
aukersi(ll) ¢ GpenmTaneTrupasuIOM PHCYTCTBYET KPUCTAIUTH3AHMOHHAS BOIA.

Has  xommiekcoB [Co(L)3](OH)Cl(HzSsal)-H,O (HzSsal — 5-cymedo-
camuisioast kuciora) (1), [NiR;z]Benzy,-4H,O (1), [Ni(R)s]HSSal-3H,0 (l11)
cTpyKTyphl onpeneneHsl metogoMm PCA. CTpykTypHbIe euHHIBI KoMIuiekca | —
KoMmruiekcHeie kKatioHbl [CO(L)3]%, XTOpHA-H THAPOKCHI- AHHOHBI, MONEKYIbI
CyIb(OCATUIIUIOBOA KHCIOTBI W BOJABI, OOBEIMHEHHBIC MEXKAYy COOOMH
BOJIOPOZHBIMH CBSI3sIMH. B KOMIUIEKCHOM KaTHOHE IIEHTPAJIbHBIN HOH K0OalbTa
HaXOJMTCSl B OKTad3JPUUECKOM OKPYKEHHH U3 TPEX MOJIEKYJ OHMIECHTaTHOTO
6ensrunpazuga, xpomopop CoN3Oz;. DeHuIbHBIE IUKIBI YYacTBYIOT B T—T-
CTIKHHT-B3aMMOJCHCTBHU ¢ (POPMUPOBAHHEM LEHTPOCHMMETPUYHBIX AUMEPOB.
BremHechepHble MOJEKYNBl CyIb()OCATHIIMIOBOH KHUCIOTHl IPEICTABISIOT
co0oii tuMep, B KOTOPOM BCE aTOMBI ABYX MouieKyn H3Ssal HaxoxsaTcs momapHo
B 3aCJIOHCHHOM COCTOSIHHH, YTO BEChMa PEIKO BCTPEYAETCS MPU T—-CTIKUHT-
B3aUMO/ICHCTBUIX.

B ¢denunaueTruapasugHbIX  KOMILIEKCAX KPHCTAUIBl  MOCTPOSHBI M3
KOMIUIEKCHBIX KaTUOHOB [MR3]2+, 6enzoar (xkommiuekc II) wmm  aBaskIBI
JIETTPOTOHUPOBAHHBIHN cynbdocamuuuiaT (KomIUIeKC IIT) u
KPUCTAJUTU3AI[MOHHBIX MOJIEKYJ BOJBI. ATOM MeTaUla KOOPAMHHUPOBAH IO
BEpIIMHAM OKTa’JApa TPeMs aTOMaMH KHCIOpOoJa U TpeMsl aTOMaMH a30Ta Tpex
OMJCHTATHO-XENAaTHBIX (PEHUIALETTUAPA3UAHBIX JIMTAHIOB C 00pa3oBaHHEM
MSATHYIICHHOTO [IUKJIA.

[To nanueM MIK-criekTpockonuu u criekTpockonuu 1uddy3Horo orpaskeHns
YCTAQHOBJIEHO, YTO BCE KOMIUIEKCHI cocTaBa | : 3 HMEIOT OKTadJIpHiecKoe
CTpPOCHHE KOOpAMHAIMOHHOTO Yy31a MN30; a xommiekcel Hukemsi(ll) c
6eH3ruapasugom cocrasa 1 : 2 — rerpaszpuaeckoe NiN,O,.

Wzydena TepMUYecKas YCTOHYMBOCTH CUHTE3UPOBAHHBIX
KOOPJIWHAIIMOHHBIX  coenuHeHWd. [l  OeH30aTHBIX  KOMIUIEKCOB  C
OCH3rUIPa3HIOM TEpPMUYECKas yCTOMYMBOCTH NPAKTHYECKH HE 3aBHCHUT OT
MIPUPOIBI METaJlIa, BO BCEX OCTANBHBIX CIydasX TEPMOCTAOMIBLHOCTH 3aBHCHUT
OT MPHUPOABI MeTajia, THApasuna M aHuoHa. s obomx NWMraHmoB M BCeX
aHnOHOB KoMIutekchl Hukems(Il) Gonee ycTONUYMBEL, YeM KOMIUIEKCHI ITMHKA.
Kommekcsl kobanbra(ll) Gosmee ycTOHUMBBI 1O CPaBHEHHMIO C KOMIUIEKCAMH
nukensi(I) W umHKA U1 coeaMHEeHWit BajeparoB M OEH30aTOB ¢
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(eHmIaneTTuAPa3uaoOM, MEHEe YCTOMYMBHI Ui OCH3THOpa3ui-BallepaTHBIX
coeIMHEHU u 3aHUMAIOT MIPOMEXYTOUHOE MOJIOXKEHUE JUTSE
(dheHmIane TrHaPa3uI-CyIb(HOCATHINIATOB.

CuHTe3, CTPOEHHE H CIIEKTPAJIbHbIE XapAKTEPUCTHKH
KOMILIEKCOB HEKOTOPBIX METAJLJIOB ¢ N-rHIpoKcHaMHUI0M
3-[3,3-mumeTni-1,2,3,4-TeTparupon30XuHOJUH-1-naeH]-2-
OKCONPONAHOBOM KHCJIOTHI

E. U. Tlonskosa, B. B. JlaBsi10oB
Poccuiickuit yauepcuteT npyx06s Hapo 0B, MoCKBa
e-mail: alanial980@mail.ru

Kommiekcrl metamios ¢ N-rugpokcuamuiaom 3-[3,3-aumernn-1,2,3,4-retpa-
THIPOU30XMHONNH-1-1eH]-2-0kconmponanoBoit  kucnotel (L) mpencraBisroT
HHTEepeC KaKk HOBBIE OMOJIOTHYECKH aKTHBHBIC BEIIECTBA, a TAKKE KaK OOBEKTHI
UL W3yYeHHUs TPOOJIeM KOHKYPEHTHON KOOPIOMHAIMH CJIOXHBIX —OJH-
(YHKIIMOHATBHBIX TETEPONUKINUECKUX JINTAH0B B KOOPINHAIIMOHHON XUMHUH.

Cunres komiutekcoB coseir Cu(ll), Cu(l), Co(ll) u Cd(ll) ¢ L BeimonHeH B
HEBOIHBIX cpemax mpu cooTHomeHun M : L =1 : 2 mwm 1 : 1. Cormacuo
IAHHBEIM DJJIEMEHTHOIO aHaau3a KoMmiulekcbl umeror cocras CulLCl,-H,0,
CuLBr,-2H,0, Cuy(L-H),, Cu(L-H)NO;-H,O, CoL(L-H)CI, CdL(NOs3),-4H,0,
rne L-H — nmenporonmpoBanHas wmonmekyma L.  MoHokpuctamios
KOODPJMHAIIMOHHBIX COeNUHEHUH, TpUroAHbIx st PCA, MOJNy4uTh HE yIAJIOCh,
MO3TOMY CBEJICHHUS 00 MX CTPOCHUH B PACTBOPAX M B TBEPAOM COCTOSIHUM ObLIN
MONydeHbl MeTogamu anekTponHHod, WK- u SMP lH-CHeKTpOCKOHI/II/I.
Coenunenne L MoxeT BXOIUTH B COCTaB KOMIUIEKCOB B MOJEKYIIpHOH (opme
WM aHUOHHOH (aempoToHupoBaHHOHN) popme L—H. Ilpu 3Tom B X01e cuHTE3a
BO3MOXKHO M3MEHEHHE H30MEpHOH (HhOpPMBI JIMTaHIa, a €ro MPHCOCIUHEHUE K
METAJTy MOKET OCYIIECTBIISITHCS 3a CUET pa3HbIX JOHOPHBIX 1eHTpoB (N, O).

Panee Hamu OBIIO YCTAHOBJIICHO, YTO B KPHCTAIIE U pacTBopax L Haxomures
B BHJIE EHAMUHHOTO U30Mepa (puc.).
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B AMP 1H-CHCKTan pacTBOpoB
KOMILJICKCOB JIMaMarHUTHBIX
Cd(ll) wu Cu(l) nabmomanu
OTCYTCTBUE CHTHAJIOB IPOTOHOB
rpyniel OH (9,93 wMn) wu
NH (11,6 MI), KOTOpBIE
UMerTCs B CIIEKTpe L.
Yka3aHHBIN ¢daxT
CBUJICTENBCTBYET B IOJIB3Y
peanuzanun A30METHHOBOTO
u30Mepa JIMraHga B  COCTaBe
YKa3aHHBIX KOMIIIEKCOB (cXema
D). 910 corjacyercst c
pe3yiabTaTaMu U3y4YCHUS
KomIuiekcoB Mmeronamu OCII- u
HK-cneKTpoCcKonuH.

CHy o CH
CHy ‘ = CH;

NH
/\ 2+ o

Cxema 1 Cxema 2

Ha cxeme 2 mpezcraBiieHo Hanbosee BeposTHoe cTpoeHue kommiekcoB Cu(ll) u
Co(ll) ¢ L.

KounyecrBennblie ucciaenosanus B3aumoneicreuii JITHK u
CHIBOPOTOYHOI0 aJbOyMuHa ¢ mpanc-kommniaexkcavu Pt(11),
Pd(I1) ¢ npou3BOIHBIME TETPA3OJIMIYKCYCHBIX KHCJIOT
B Ka4eCcTBe JIUTAH/I0B

A. B. lIporac, E. A. [TorioBa, O. B. Muxonaitayk, P. E. Tpudonos
Cankr-IlerepOyprekuii 'ocynapcTBeHHBIH Y HUBEpCHUTET,
Cankr-IlerepOypr, Poccust, e-mail: aleksandra.protas@mail.ru

Tetpazoncogepxaiiye KOOPAMHALMOHHBIE COEAMHEHHS HOHOB METAJIOB
IUIATUHOBOM ~ TpyNmbl  SBJISAIOTCS ~ HEPCHEKTHBHBIMH  COECAUHEHUSIMH,
IOPOSIBISIIOIUMY  NPOTUBOOIYXOJIEBYI0  akTHUBHOCTH [1]. B nanHOM

140



¥CCIIeoBaHIK ¢ momommbio anammza CHN, HRESI-MS, 'H u ®C{'H} SIMP u
NK-CrieKTpOCKOTIHH OXapaKTepru30BaHs! aBe cepun komruiekcos Pd(IT) u Pt(ll),
COAEpIXKAIUX CIOXHBIE S(UPBL, aMUIBl TETPA3OJIMIYKCYCHBIX KHCIOT B
KaueCTBE JINTaHIIOB.

Et0OC.  N-. ROC. Ny
LN/CDIJ\I ¥l\()l cl
N Cl >,N\ !
)/ “Pt Pd
er \NO ¢ \\1 —
N CoOEt N=N  COR
; R = OH (2), OEt (3), OBu (4), O'Bu (5)
NH; (6), NHBu (7), NH—<] (8), NH—<_) (9)
R\ ?
N~ -
N N
N/OI{I\ /C| COOEt _I\;/Ph\ /C| COR!
Pt P4
EtOOC ROC
cl \N\O o N
NN N
\ \
R R
R = 'Bu (10), CH,CH,0H (11) R = 'Bu (12), CH,CH.OH (13),

R ='Bu, R = NH (14), NH— ) (15)

BsaumoneiictBue Mexny Merauiokomiuiekcamu ¢ JIHK u  Obrubum
CBIBOPOTOYHBIM  ANBOYMHHOM  OMpEAeNsuid  JKcrepuMeHTanpHO (Y-
CIIEKTpOMETpHA, (DIyopOMETpHIeCKHEe H 3JEKTPO(OpeTHUECKHE METOABI) H
TEOpeTHYEeCKH (MOJEKYJSIPHBIA JOKWHT). B COOTBETCTBHM C IONyYeHHBIMH
JAHHBIMH, KOHCTaHTHI CBs3bIBaHUsA (Kp) BCeX METaUNIOKOMILIEKCOB TIOKA3BIBAIOT
BBICOKYIO adduHHOCTH cBs3bBaHuMg ¢ JJHK. OmgHako B ciydae KOMILIEKCOB
IUTATHHBI 3TO CPOACTBO Heckonbko Bhmme (K, = 2,58+593 x 105 M IS
xommiekcos PA(II) u K, = 8,82+13,30 x 105 M s xommiekcos Pt (ID)).
OddexTuBHOCTh B3aumoieicTBUS BCA ¢ M3y4eHHBIMU KOMIUIEKCAMH METaJIIOB
MOJTBEPKAAETCS  COOTBETCTBYIOUMMU  KOHCTaHTaMu  CBsi3biBaHUS  (Kpiy),
KOTOpbIe HaXxoaaTcs B ontuMmanbHoM auana3one (Kyi, = 0,83+4.12 x 105 L M~
). MHccrmenoBanus METOZOM MOJNEKYISPHOrO JOKHHTA COITACYIOTCSL C
9KCIIEPUMEHTATBLHBIMU JJAHHBIMHU.

PabGora BbImONHEHA TpU QHUHAHCOBOW mMojepkke Poccuiickoro Hay4HOTO
¢bouna (rpant 17-13-01124).

Cnucok auTepaTrypsl
1. E. A Popova, A. V. Protas, R. E. Trifonov. Anti-Cancer Agents in
Medicinal Chemistry. 2017, 17. DOI: 10.2174/1871520617666170327143148.
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HNK-cnekTpockonnyeckoe Mcciae0BaHHe KOMILJIEKCOB
rajgorenungoB meau(ll) ¢ 1l-mpem-6yrun-1,2,4-Tpuazosiom

J1. C. Camaposa’, Bagum E. Marymic?, M. M. Jlertsipux’
1Benopyccm/n?l rOCyAapCTBEHHBIN yHUBEpcUTeT, MuHCK, benapych
’HUU (U3MKO-XMMHUYECKHUX MPobieM benopycckoro rocynapcTBeHHOTO
yHUBepcuTeTa, MuHck, benapycs, e-mail: monija@tut.by

HenaBHo Hamu CcHHTE3UpOBaHBl M OXapaKTEPU30BAHBI  KOMILJIEKCHI
rajgorenunoB memu(ll) c 1-mpem-6ytun-1,2,4-tpuazonom (L) cocraBa CuL, X, u
Cul4X,, tme X = Cl, Br [1]. CoctaB u CTpOEHHE METAUIOKOMILIEKCOB
OTIpEe/IeIeHBl METOAAMHU JJIEMEHTHOTO aHAlM3a, PEHTTCHO(pa30BOTO aHAIM3a U
UK-cnekrpockonmu. Heobxoammo otMeTuTh, 4To MetonoM MK-crexkTpockomun
OTHOCHTEIIEHO OBICTpO W 0e3 paspylleHHs WCXOJHOTO o0pasma MOKHO
MPOCIICANTh XapaKTep W3MEHEHHH, IpPETepIeBAEMBIX IJIUTaHAOM TIPH €ro
KOMIUIEKCOOOpa30BaHUM €  HWOHOM  MeETallla, MECTO  JIOKaJH3alud
KOODAVMHAIIMOHHOW CBSI3W, a TakXke Hajluyue BOJOPOJHBIX CBs3ed U
MEXKMOJICKYJIIPHBIX B3auMoJieiicTBuil. Kpome Toro, CTpykTypHas 0cOOCHHOCTH
UK-cnextpo azonoB u ux KC sBngercs BHYTPEHHHM CBONCTBOM 3THX
COEIMHEHUH, 3aBHCSIIAM TOJBKO OT PACHOJIOKEHUS M B3aUMHOTO BIUSHUS
CBs3el, BXOIMIIMX B DJICMCHTAPHYIO SYCHKY aTOMOB, a 4acToTa KojeOaHWi
OTIPENICIISICTCS, TJIABHBIM 00pa30M, MacCOU KOJICOIIOIIMXCSI aTOMOB U UX TPYIII,
a TaKkKe J>KSCTKOCThIO XUMHUYCCKOW CBsi3U. AHamm3 cpemgHeir obmactn UK-
crektpoB npu 3200-2800 eM ' cBoGommoro L m ero KC mokassiBaer, dTo
HanOOIBIIME M3MCHEHUS TPH KOOpAWHAIIMKA L MOHOM MeTaa mpeTeprieBacT
o0acTh BaJeHTHBIX Konebanmil cBazedl C—H tpmasonsroro mukna v(CH)r, u
AJIKWIIBHOTO 3aMecTHTeINs, cooTBeTcTBeHHO 3160-3020 m 2990-2880 em L B
UK-criektpax U3y4eHHBIX KOMIUIEKCOB [l] NpOMCXOAWUT CMELIEHUE U
pacmeruieHne monocsl V(CH)r, Ha HeckolbKko KOMIIOHEHTB cBs3u ¢ TeMm, uTO
cormacio PCA wusyuennsie KC xmopuma u Opommma Cu(ll) siBustrores
HU30CTPYKTYPHBIMH, TO U U3MEHEHUSI UX CIEKTPOCKONMUYECKOW KapTHUHBI TAKKe
OJHOTHUIHBI M 3aBHUCAT B OCHOBHOM OT KOJHYECTBA KOOPJIWHUPOBAHHBIX
MOJIEKYNl JIMTaHJa W TpUPOAsl aHWoHAa. HeobxXxoaumMo OTMETUTh, YTO TpHU
KoopauHaImu L meHTpansbHBIM aTOMOM MPOUCXOIUT pa3pylieHUe MOJTUMEPHOM
CTPYKTYPBl HCXOIHOTO JIMTaHIa, O0Opa3oBaHHOTO BOJOPOJHBIM CBsI3SIMH. B
cesizu ¢ 3tuM B UK-cmekTtpax METaNJIOKOMIUIEKCOB HCYE3al0T TOJIOCHI
noryomterus V[C(5)H ... N(4)]. Tak kak moaua3oTCoJepiKaliie reTepOoIHKIIbI
SIBIIIOTCS.  aMOUICHTHBIMH ~ COCIUHCHUSMHM, 3KCICPUMEHTAIBHO  CJIOXKHO
MOJTYYHUTh HAIC)KHYIO HHOOPMAIIHIO O XapaKTEPUCTHYHOCTH OCHOBHBIX YacTOT B
UK-cnekrpax nzydensoro tpuaszona u ero KC, a Tak:xe KOPpeKTHO COOTHECTH
W3MEHEHHUs TMOJIOKEHUST aTOMOB W TPYyNN B KOOPAUMHAIIMOHHOM MOJIU3APE
METaJNIOKOMILIEKCA ¢ MHTEHCUBHOCTBIO UX mojoc norjowenus B UK-cnekrpe.
s pemienyst 3ToM 3a1auv BO3MOXKHBI 1Ba IIyTU: BO-NIEPBBIX, puMeHeHue K-
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CHEKTPOCKONHHU [UIsl MOJNyYeHUs] WH(OpMALUK O J0CTATOYHO OOJBLIOM HHCIIE
pasmuysbiX mo coctaBy KC paccMaTpuBaeMoro Kiacca ¢ IEJIbE0 BBISIBICHUS
0o0IMX 3aKOHOMEPHOCTEH ¢ mocnenyromeil wuneHTHGUKanueil Haubosee
XapaKTCPUCTHYHBIX YaCTOT KOJCOATENBHBIX CIIEKTPOB;, BO-BTOPHIX, IAHHBIC
KBaHTOBO-XUMHUYCCKUX PACUCTOB M TEOPETHYCCKOrO aHAIM3a KoJeOaTeIbHBIX
CIICKTPOB, KOTOPBIC JAIOT XOPOIlee MOHUMAHUE MX TPUPOIBI H CIIOCOOCTBYIOT
Oosee TOYHOMY U JECTATBHOMY OTHCCCHHIO TIIOJIOC TMOIJIONICHHS K
OTIPEICTICHHOMY BHJY KOJIeOaHui.

" ae TN

W e )

Me, Me
g N Me
2, Esd ]

-1
Frequency (cm

—y /

3 000 1 500 1 000

Puc. Pacuernsiii (Calc) u skcnepumentansubiii (Exp) UK crextpsr CuL,Cl,

UK-cnextpsl L u ero kommiekcos ¢ xiopunom Meau(ll) Opumn paccamtaHbl ¢
UCIIONB30BaHMEM HporpamMmHoro mnakera Gaussian 09 ¢ wucmonb30BaHHEM
ypoBusi Teopun B3PW91/6-311G(d,p). Pasnoxkenre HOpMalbHBIX MOJ MO
BHYTPCHHHM KOOPJIMHATAM BBIIOJIHSIOCH C HCIIOJIBb30BAHHEM HPOrPaMMHOIO
nakera GAMESS. Kak BuaHO W3 pHCyHKa, dKcrepuMmeHTaibHbld MK-criektp
KC xopomo cormacyercsi ¢ TEOPEeTHYSCKH IPOTHO3HPYEMBIM, YTO IO3BOJIMIIO
o0ecreunTh HaIe)KHOE OTHECEHNE HAOII0AaeMbIX HOJIOC ITOTJIOIICHUS
Cnucok auTepaTrypsl
1. S.V. Voitekhovich [et. al.].Z . Anorg. Allg. Chem. (2018) 644 : 100.
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CATALYSIS, PHOTOCATALYSIS

Fe(l11)-koMmiekc B peakiuu OKHCJIEHHS MPOMMIeHA

®. b. Anuesa, b. T. Ycybanues, 3. A. I'yceiinoBa, M. K. MyHmmeBa
MHcTuTyT KaTanusa 1 HEOpraHWYecKou XUuMUU UM. akaa. M. Haruesa
HanmonansHolW akamemun Hayk AsepOaiimxkana, baky,
Asepbaiimkan, e-mail:a.fira 01ch@ mail.ru
HUU «eotexHomorndeckre mpodieMsl HeTr,ra3a u XuMus», baxy,
AzepOaiimkan

ITpencTaBneHsl pe3ysnbTaThl HCCIEIOBaHMS KaTATUTHYECKOH AaKTHBHOCTH
Fe(lll)-xomriekca, HAHECEHHOTO Ha OKCHBI KPEMHUS, TUTAHA M ATIOMHHUS B
PEaKIUK OKHUCJICHHS IPOIIIICHA.

Jnst uzyuenust karanutudeckoit aktusHoctH Fe(lll)-komrutekca meromom
NpONUTKH OblIM TpHrotoBieHsl 0,5 % jxene3ocoiepkallue KaTaan3aTOpbl.
HccrnenoBanue 3aKOHOMEPHOCTEM MPOTEKAHUS TMpoliecca KaTaTUTHYECKOro
okucnenuss mpommiena B mpucyrctBuu Fe(lll)-kommiuekca, HaHeceHHOTO Ha
OKCHIBI KPEMHUs, THUTaHa M alllOMHHHs, NPOBOMWIM Ha TPaAMLHOHHON
MIPOTOYHOIl YCTAaHOBKE CO CTAllMOHAPHBIM CJIOEM KaTaium3aTopa B mapoBoiidase
B uHTepBaie temneparyp 150-450 °C mpu atmocheprom maBnernn. OObeMHAs
CKOpPOCTh TMOJA4YM ChIpbEBOM cMecu cocraBisuia 1320 g, ITonyuennsle
Pe3yIbTaThI CBUJICTEIBCTBYIOT O TOM, YTO B YKa3aHHBIX YCIOBHUSIX
karammsatopsl 0,5 % Fe/SiO, u 0,5 % Fe/TiO, mpakTudeckd HEaKTHUBHEI.
Kartanuruueckyro akTHBHOCTB nipoaeMonctpuposai 0,5 % Fe/y-Al,Os.

Ha nmporspkeHnm Bcero nmepuoja BeAEHHS —Ipolecca  HaOIronan
HE3HAYMTENIbHOE CHIDKEHHE aKTHBHOCTH KaTainuszaropa. llpm sTom ObuIO
OTMEYEHO BH3yallbHO 3aMETHOE IIOTEMHEHHE IOBEPXHOCTH KaTalHu3aropa.
[MpumeyarenpHO, 4YTO HMCXOAHBIA OKCHJ QIIOMHHHUS TaKKe  MPOSIBIISII
OTIPE/ICTICHHYI0 AaKTUBHOCTh B TIPOLIECCE OKHUCICHHS MPOMIICHa, OIHAKO
KOHBEPCHS CHIPhS B €ro NMPHUCYTCTBUU Obla B 1,5—2 pa3a HuKe, UeM B ciiydae
HCIIOJIb30BaHHs MOANGDUIINPOBAHHOTO aHAJIOTa OKCH/Ia aJTFOMHUHHUSL.

Pe3ynbraThl, MOJlydeHHbIE B XOJ€ IPEABAPUTEIBHBIX HCCIEIOBaHHMN,
CBUJIETENLCTBYIOT O HAJMYHMU ONpeesieHHbIX ocobennoctei 0,5 % Fely-A1,0;
KaTaJli3aTopa, KOTOPHIEC CBA3BIBAIOT KNHETHUECKHE aclIeKThI CEJIEKTUBHOCTH (110
Kunepmany) ¢ ¢u3uKo-XMMHUYECKOH (CTPYKTYPHOH) NMPHUPOAOH KaTaiauszaTopa.
[NomyueHHbIE pe3yabTaThl CBUAETENBCTBYIOT, UTO:

a) B mpucyTcTBUM Y-A 1,03 2HEprusi akTUBAIMU 00pa3oBaHus KOMIIOHEHTa B
HIDKE, 4YeM KOMIIoOHeHTa JI; TemmepaTypHbI Kod(QQHUIMEHT 0oOpa3oBaHMs
KOMITIOHeHTa B MeHbmie, yem J[, MO3TOMy C TOBBIIICHHEM TEMIEPaTyphl
npouecca ot 330 mo 420 °C HabmroaeTcsi pOCT CEIEKTUBHOCTH 110 KOMIIOHEHTY
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6) B mpucyrcteuu 0,5 % Fe/Y-Al1,0; npeumymecTeeHHOE 00pasoBaHHE
KoMmoHeHTa [ cBsi3aHO ¢ Oojiee HHM3KOW dHEprueil akTUBALUH 0OPa30BaHUS
JaHHOTO KOoMIOHeHTa /| (puc.).

BeposTHO, BBOI MOIM(HKATOpA MPUBOAUT K CHIDKEHHIO SHEPTHH CBS3U
MOBEPXHOCTH KaTaJlM3aTopa C KHCIOPOIOM M pearcHTaMH, obecreduBast
OCCIIPENATCTBEHHYIO IIEPErpPYNIMPOBKY  OOpa3yIOLIMXCS IPOMEXYTOYHBIX
KOMIUIEKCOB, a TaKke CHOCOOCTBYeT (OPMHPOBAHHMIO IIOpP OINPEACIICHHOM
TeOMETPUYCSCKOM, IIPOCTPAHCTBEHHON pPa3MEpPHOCTH, HE Y3KHX, KOTOpBIE
MPEMATCTBYIOT XEMOCOPOLMK MNPOAYKTOB PEAKIMH M HX MOCIEAYIOIEMY
IIIyOOKOMY OKHCIICHHIO.

xommongET D
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[=]
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37,17
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§ EOMIOHEHT B

= P

g ¥ &

E = EOmmoggeT D KOMITOHEHT, B

= = =

5 - % 2

& o= — E ==
7-A120; 0.3 Fe/v-Al205

3300C ZZ 420°C

Puc. CpaBHHTENIbHBIE TOKA3aTENH CEIEKTUBHOCTH
0,5 % Fely-A1,03u y-A1,03 B mpoiiecce OKUCIIEHHs MPOIHUICHA

duHaHCOBas MOAIEpKKa HayuHoro ¢ouaa ['ocyaapcTBeHHONM HedTsHOM
komnanuu AzepOaibxanckoit Pecrryommku. Jorosop NeO1LR-HAHA

Karaim3upyemblii MeIHO-IOJIUMEPHBIM KOMIO3UTOM «Clicky»-
cunre3 1-6en3nia-4-apuia-1H-1,2, 3-tpua3osion

A. B. 3ypaes, 1O. B. I'puropses, O. A. MBamkesuu
HUU pusuko-xumuueckux npodiem benopycckoro
rocyaapcTBEeHHOro yHuBepcuTeTa, MuHCK, benapyck, e-mail:zuraev@bsu.by

1,4-Tu3amemennsie-1H-1,2,3-Tpua3onsl  SBISIOTCS  BaXKHBIMH ~ N-TeTepo-
ApPOMATHYCCKUMH COCAMHCHUSMHU, TPEACTABISIONINMUA COOOH IEpPCIIEKTUBHEIC
CTPYKTYpPBI, OOJaJArOIINe IMHPOKMM CIEKTPOM OHOJOIMYEeCKOW aKTHBHOCTH:
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MPOTHUBOOITYXOJIEBOIA, MIPOTHBOBUPYCHOM, TPOTUBOAJIEPT UUECKOM u
¢yHrunuaHoi. OJHAaKo WX I[IMPOKOE MPHUMEHEHHE 4YacTo CJepKUBAaeTCs
CJIOKHOCTBIO METOZOB MOJNy4YeHUs. D(PQEKTHBHBIM METOJOM CHHTE3a TaKHX
coequHeHuit siBIsIOTCSE OTKphIThIe [lapruiecom 1 Menpaanem «click»-peakimm,
MOUCK ONTHMAJIbHBIX KaTaJM3aTOPOB IS PeaM3allid KOTOPBIX JO HACTOSILETO
BPEMEHH OCTACTCs OJJHAM M3 IPUOPUTETHBIX HampaBieHui «Clicky-xumun [1, 2].

Hamu oOHapykeHO, 4To 00pa3yloIuiicss B pe3yibTare TepMOJIN3a MeIHON
conu nonr-5-sunmnTeTpazona (Cu—I1BT) memHo-nonuMepHbiii kommosut (Kat)
MIPOSIBIISIET BBICOKYIO KaTAIUTHUECKYIO aKTHBHOCTE B CHHTE3€ |-OeH3MmI-4-apui-
1H-1,2,3-Tpna3omoB MO peakiuu, NPENCTABICHHON Ha pHUCYHKe. Peakmms, B
3aBHCHMOCTH OT CTPOCHHS HWCIOJIB3yEeMOTO apHIalleTHICHa, MPOTEKaeT B
TeyeHue 25-180 MMH B BOJE NpU KOMHATHOM TeMIIEpaType C BBICOKHM
BBIXOJIOM IENIEBBIX MPOTYKTOB. ONITUMAIFHBIM SIBIISIETCS HCIIOIB30BaHUE 5 MOII.
% (B mepecuere Ha MeTaUI) Karanu3aropa, 3((EeKTHBHOCTH KOTOPOTO
COXpaHACTCA B TCUCHUC 8 ITUKJIOB.

Cl
NaN; , Kat
+ — R
H,0, 20 °C
&
e olls
@ ’ NH, ’ ' CH; -
1% 6% I 94% 98%

98%
Puc. Cxema «clicky-cunresa 1-6ensuin-4-apui-1H-1,2,3-tprazonos

CorylacHO JIaHHBIM KOJIMYECTBEHHOTO M pEHTreHo(a30BOro aHanmsa, a
TaKKe CKaHUPYIOUIEH 3JIeKTPOHHONH MHKPOCKOIIMHM, MOJYYaeMbIil TEpMOIN30M
Cu-IIBT MeaHO-MOJHUMEPHBIH KOMITO3UT COAEPKUT oKoio 25 % (Bec.)
METaJUNTMIECKOW MEIHM B BUJE HAHOKPHUCTAIUIOB C pa3MepoM dacTHil okojio 30
HM. Hecmorpsst Ha TO, uro Tepmosu3 Cu-IIBT mnpoBoaurcs Ha BoO3myxe,
OKCHIHOM (ha3bl B MOJTy4aeMOM KOMIIO3UTE HE 0OHAapYKHUBAETCsl.

Cnucok 1uTeparypsl

1. H. C. Kolb, M. G. Finn, K. B. Sharpless. Angew. Chem. Int. Ed. (2001)
40 : 2004.

2. J. Li, M. Zheng, W. Tang. Bioorg. Med. Chem. Lett. (2006) 16 : 5009.
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IMonyvyenne puznosornyeck aKTUBHbIX H300eH30)ypaHOB
U3 3-KapeHa B IPUCYTCTBUM MOAU(HUIMPOBAHHBIX IJIMH

A. 10. Cunopenko’, U. B. I/IHBI/IHaz, A.B. KpaBI_IOBal, A. Ax03, O.B. ApﬂaH.IOBZ, K.
II. Bomoz, H. ®. CaJIaxyTI[I/IHOBZ, . 0. Myp31/1H3, B. E. Ara6ekos®
lI/IHcmTyT xumuM HoBbIX MaTepuanoB HAH benapycu, Munck, benapycs,
e-mail: camphene@gmail.com
2H013.0cn61/1pc1<p1171 HWHCTUTYT oprannyeckoil xumuu uMm. H. H. Bopoxuosa
CO PAH, HoBocubupck, Poccust
*yuusepcurer Abo Akademi, Typky, OUHIAHIHS

W3BecTHO, 4YTO mpW B3auMoneWcTBuu (+)-2-KapeHa C ailbJerHIaMH B
MIPUCYTCTBUH KOMMEpUecKoi MoHTMOpuToHHTOBOHM rinuabl K-10 (I'epmanus)
oOpasyercst XxupajbHble Texcaruapounzodensodypanst [1]. Ilpu aToM npoaykr
peakuuu (+)-2-kapeHa ¢ BAHMJIMHOM HPOSBISIET BHICOKYIO HEHPONPOTEKTOPHYIO
aKTHBHOCTh Ha Mozeinu Oonesnu Ilapkuncona in vivo [2]. B npupoaHsix
UCTOYHHMKAX (+)-2-KapeH COJCpPKUTCS B HE3HAUNTEIBbHBIX KOJIWYECTBAX M
SIBISIETCSL TPYAHOZOCTYNIHBIM peareHToM. B To ke Bpems, HEAaBHO OBLIO
MIOKa3aHO, YTO 3TO COCIWHEHHE OoOpa3yeTcs NpH KaTalIU3UPyeMOH TIIMHAMHU
N30MepHU3aIMu 3-KapeHa, OHOTO U3 OCHOBHBIX KOMIIOHEHTOB cKumuaapa [3].

[IpeBpamenne 3-xkapena wuszydeHo npu 140 °C B  mOpuUCYTCTBUH
KOMMEPUYECKHUX MOHTMOPHWIJIOHUTOB K-10, K-30, KHCJIOTHO-
MOAU(PHUIIMPOBAHHONH WITMTOBON TiMHBI L-1 (Mectopoxnenue «JIyxomib-1»
Benapycs) u cunrernueckoro amromocunukara AS-36 (Poccus). Hanbonbiiee
konnuecTBo 2-kapena (15,0 macc. %) oOpasyetcst npu KOHBepcHH 3-kapeHa 50
% na riauHe K-30 ¢ xoHueHtpaumeil kuciotHeix UeHTpoB 100,0 MKMOJIB/T
(puc.).
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KoHueHTpayus K.Lj. Ha NOBEPXHOCTH KaTanusaTopa, MKMOonb/r
Puc. 3aBuCcHUMOCTH cofiep)aHusi 2-KapeHa B PEaKIMOHHON CMeCH
(xouBepcus 3-kapena 50,0%) oT KOHIEHTPAIH KHCIOTHBIX [IEHTPOB Ha
MOBEPXHOCTH KaTalu3aTopa
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K monyyennoii cmecu (1,0 1), comepxameii (macc. %): 2-kapen | (15,0),
3-kapes (50,7), meHtaauens! (23,5), mentensl (4,2) u numonsl (4,8), 100aBiIsIH
0,4 r BamwmmHa |l w BeyiepxuBamn B TeueHue 20 4 MpPU KOMHATHOM
Temrepatype B npucyrctBuM KaranmsaropoB K-10, K-30, L-1 u AS-36.
[IpomyKTel BBIAETSIIM METOJOM KOJOHOYHOW Xpomarorpaduu. IlemeBbie
rekcaruapousobenzodypanst  Ill - oOpasoBblBaicE B BHAE  JBYX
muactepeomepoB (11 a u Il b) ¢ obmum BeIXOZOM (%, B pacuere Ha
COZIEPXKAIIMIACS B HCXOAHON cMech 2-KapeH) 59,8 (K-10), 48,8 (K-30), 51,0 (L-
1) u 52,9 (AS-36).

Kpome Ttoro, 3a cuer B3aWMOJICHCTBHS BaHWIMHA C MeHTaaueHamu [1]

Ha0II01a7I0Cch 00pa3oBaHNe HEOOIBIITNX KOJIMIECTB MMOO0UHOTO TpoayKTa 1V.
CHO

—_ |
i
S-apet 2-kaped|  Tonen

llla lIlb v

BaxnHo ormeruth, uTO Ha MOHTMOpWUIOHMTOBOM rimHe K-10
nuactepeomepst I11a u 111b o6pasoBeiBanuch B otHOIIeHUn 1,5 © 1, Toraa kak B
npucytcerBun wiura L-1 npeobnanan npoxykr 11b (0,6 : 1). D10 Moxer ObITh
00ycIoBIeHO 0o0Jice HU3KOM KOHIICHTpAIlMEeH KHUCIOTHBIX IIEHTPOB B TiuHe L-1
(47,0 mxmoute/T), uem B K-10 (104,0 MxMoOInb/T).

Takum o00pa3om, BIEepBble IIOKa3aHa BO3MOXXHOCTh HCIOJIb30BaHUS
TIPUPOTHOTO MOHOTEPIIEHOU 1A (+)-3-kapena B CUHTE3e
reKcaruipou3o0eH3odypaHoB, 001aJalOMIMX BBICOKOH HEHPONPOTEKTOPHON
AKTHBHOCTBIO.

Pabora Brmonaena npu puHaHCOBOW monuepxke bPODU (rpant X17PM-
003) u PODU (17-53-04005 ben_mon_a).
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I/I30Mepn3amm IMOKCHIA 0-TIMHECHA B MIPUCYTCTBUU
KI/ICJIOTHO-MO[[I/I(l)I/IHPlp()BaHHLIX I'JIMH

A. 10. Cunopenxo’, A. B. KpaBI_IOBal, A. Axoz, J. 1O. Myp3HH2, B. E. Ara6ekos'
lI/IHcmTyT xumuM HoBbIX MaTepuanoB HAH benapycu, Munck, benapycs,
e-mail: camphene@gmail.com
?Yuusepcurer Abo Akademi, Typky, OUHISH IS

OpHUM M3 NPOAYKTOB TIIyOOKOM XMMHYEcKoll mepepaboTKH CKUIUAapa
SIBIIIETCA 3MOKCHUJ O-TMHEHA (3MOKCUIIMHAH). B mporecce ero nuzoMepusanuu B
NPUCYTCTBUM TaJOTeHHJOB IIMHKA o0Opa3zyercst KaMQOJECHOBBIH ajbJerun,
IIMPOKO HCIIONB3yEMbI B CHHTE3€ COEIUHEHHUM ¢ 3amaxoM CaHJalIo0BOrO
nepeBa. B mpHcyTcTBUM [pYrHX KaTadu3aTOpOB M3 3MOKCHIIMHAHA MOXKHO
MOJTYYUTh APYTHe IEHHBIE IPOAYKTHI (KapBeoJ, MMHOKAPBEOJI, MIHHOM 1 ap) [1].

Hamn BmepBble OBIJIO TNPOBENCHO CHCTEMAaTHYECKOE HCCIEIOBaHHE
N30MEpPU3aIMHN 3MOKCHAA (-THHEHA Ha KUCJIOTHO-MOANGHUINPOBAHHBIX TIIMHAX
[2]. Peakuuto mpoBommnu npu temmeparypax 30 m 50 °C B mpucyTCTBUH
komMmepueckux MoHTMOpwLTOHHTOB K-10 mw K-30 (I'epmaHms), KHCIOTHO-
MOIUGHUIMPOBAaHHONH WITUTOBOW TimHEI L-1 (Mectopoxkaenue «Jlykomumb-1»,
Benapycp) u cunTermueckoro amomocuiankata AS-36 (Poccus), ucnonb3ys
LUKIIOTEKCaH KaK pacTBOPUTEND [2].

OCHOBHBIMH TPOAYKTaMM peakiuu npu 99,9 % KoHBepcHH 3MOKCHAA O-
nuHeHa | B TpUCYTCTBUM IpeaBapUTENbHO BhICYyIIEHHBIX mpu 150 °C
KaTanu3aTtopoB sBIsOTCA Kambonenopbrid |1 (40,1-50,2 macc. %) u uzo-
kamonenossiit I (12,7-28,0 macc. %) anpaerumst [2].

=0

Brexon coenmnenus |l (okomo 40,0 macC. %) mpakTHUeCKH HE 3aBHCHUT OT
KOHLIEHTPAILM KHCJIOTHBIX IICHTPOB Ha MOBEPXHOCTHU IJIUH, YBEIHYHBASCH 10
50,2 macC. % B mpucyrcTBuum Hambonee kuciotHoro AS-36. Ilpu stom
comepxanne u3zomepa |l nmuHEHHO yMeHbIIaeTcs C POCTOM KOHIICHTPAIMH
KHUCIIOTHBIX IIEHTPOB B Karamu3atope (puc. 1, a). CymmapHOe KOJIMYECTBO
aNbJIETUIOB B PEAKIIMOHHOW CMeCH yBeln4IuBaeTcs oT 62,7 no 68,1 macc. % npu
pOCTe OTHOIICHHS KOJIHYECTBAa KHCIOTHBIX HeHTpoB Jlktouca (L) u Bpencrena
(B) ot 0,9 o 2,9 (puc. 1, 6).
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Puc. 1. 3aBucuMocTh coepkaHus anbJeTHAOB OT KOHIEHTPalUU
KHCJIOTHBIX [IEHTPOB Ha MOBEPXHOCTH KaTtaiu3aTopa (a) u otHouenus L/B (6)

CenekTUBHOCTh M30MEPH3AIMU 3MOKCHAA O-NMHEHa (Mpu KoHBepcu: 99,9
%) 3aBucuT OT TeMmmepaTypsl cymku (Tg) karanmzatopa [2]. Tak, mnpu
yBenuueHuu T4 oT 50 mo 350 °C conmepxkaHue ©30-KaM(pOJICHOBOTO ajbIeTruia
ymeHbInaercs or 33,4 mo 22,0 macc. %, akamMQoOJICHOBOrO ajbIeruga —
yBenuuuBaeTcs ot 34,3 mo 44,0 macc. %.

HauGompiee Komm4uecTBO uz0-kamdonenosoro anpaeruaa (33,4 macc. %)
oOpa3yeTcss Ha WUIMTOBOM mimHe L-1, KoTopas o0iamaeT HAaUMCHBIICH
KUCIOTHOCTBIO (47,0 MKMonb/T) u orHoumieHueM L/B paBueim 2,9. Ha
MOBEPXHOCTU TJMHBI, BhICylIeHHON npu 50 °C HaxoasTcss MOJIEKYJbl BOJBI,
KOTOpBIE TIPH B3aUMOAEHCTBUH C TIOBEPXHOCTHIO MOJIBEPTAIOTCS MOISAPU3ALIH U
TIPOSIBIISIFOT CBOMCTBA CJIAOBIX KUCIOTHBIX HEHTPOB bpeHcrena. Takue meHTpHI
00yCJIOBITMBAIOT TpEBpalIeHUe JOKCHIa o-uHeHa B coenunenue |11 [2]. Ipn
sToM BbIX0A || yBennuuBaeTcs ¢ pOCTOM KHCIOTHOCTH Karanusaropa (puc. 1, a).

OTtmeruM, 9TO 0Opa3oBaHHE OTHOCHUTEIHHO BBICOKOTO KONHWYECTBA U30-
kamponeHoBoro ampaernaa Il He xapakTepHO s APYrMX — THUIOB
HCCJIEJOBAaHHBIX paHee KaTanu3aTopoB [2]. Kam¢oneHoBbIH anbaerus mupoko
HCTIONB3YyeTCs] B CHHTE3€ JTYLIHCTHIX BEIIECTB, TOTJa KaK BOBMOXKHOCTh CHHTE3a
mpou3BoIHBIX Ha ocHOBe |ll mpakTtudeckn He m3yuena. [lostomy mmmTOBas
IJIMHA MIPEJCTABISAEeT MPAaKTUYECKUH MHTEpeC I CHHTE3a #30-KaM(OJICHOBOTO
aJIb/ICTUAA.

Pabora BemomHena B pamkax [TIHM «XTuM», mnoxmporpamma
«Jlecoxummusi», mpoekt 4.1.2.
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ELECTROCHEMICAL PROCESSES

Electrodeposition of nanocrystalline Ni—Re alloy coatings

O. L. Bersirova, V. S. Kublanovsky
Institute of General & Inorganic Chemistry NAS Ukraine, Kiev, Ukraine
e-mail: bersibol@ukr.net

Rhenium is a refractory metal with a unique complex of properties that
makes rhenium and its alloys perspective for a variety of applications —
electrical, catalytic, energy, biomedical, etc. [1]. The main processes for Re and
its alloys fabrication are powder metallurgy, chemical vapor deposition,
electroless deposition. Electroplating at room temperature using non-toxic baths
can become a successful alternative and also provide the deposition of uniform
Re coatings.

Rhenium belongs to a group of metals that are difficult to produce by
electrolysis of aqueous solutions, mainly because of its very low overpotential
for hydrogen evolution. The electrodeposition of pure Re is associated with low
current efficiency and coating quality. However, by adding a nickel salt to the
bath, thick Re-rich (> 90 at. %) coatings were obtained with high current
efficiency (> 90 %). Ni—Re coatings are characterized by a high electrocatalytic
activity, low overpotential for hydrogen evolution, large extension of the surface
and good corrosion resistance. It is advisable to obtain Ni—Re alloys by
electrodeposition from sulphamate bath in DC mode. The coating of steady
composition can be deposited in sulphamate bath at pH 5.0 with low current
density.

The main objective of the current work was to investigate the effect of
operating conditions on the chemical composition, surface morphology,
structure, and corrosion properties of electrolytic deposits [2-11].

Rhenium codeposition with nickel was studied. Ni—Re alloys were
electrodeposited in DC mode from sulphamate baths at current densities ranged
from 0.1 to 5.0 A dm 2 at temperature of 15 °C. Coatings were characterized by
means of scanning electron microscopy, X-ray dispersive energy spectroscopy,
X-ray diffraction spectroscopy. Fig. 1 shows typical SEM images of selected
samples.

Smoothness and brightness of the deposits were strongly related to the
conditions of the electroplating process (current density and bath composition,
temperature).

Most of Ni—Re deposits obtained were compact, exhibited metallic shine and
were adhered to the electrode (substrate) material. The fine hairline cracks
appeared on the coatings surface of Ni—Re alloys with Re-content 58 at.%. At
current densities of 0.3-1.0 A-dm™ the resulting coatings were brittle. The
increase in the current density above 3.0 A-dm“ led to spongy deposits and
almost halved the Re content in the deposit. Nano-grained Re—Ni alloys with
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Re-

content from 5 to 8 at.% were electrodeposited onto Cu from sulfamate

electrolytes at 15 °C.

The grain size of the deposits was estimated from the full width at half

maximum of the most intense diffraction line by Scherrer’s equation. Re-
containing alloys were nanocrystalline, the grain size was 5-35 nm. Test results
in Fig 2 present the effect of current density on the rhenium atomic content and
gram S|ze in Ni— Re coatings.

Fig. 1. SEM mlcrographs of Ni-Re coatlngs plated on Cu substrate in sulphamate
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Fig. 2. Effect of the current density on the rhenium content and grain size
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Red-Ox processes in aqueous solutions under low-temperature
glow discharge electrolysis

V. S. Kublanovsky®, A. V. Kravchenko?, A. Pivovarov?, O. L. Bersirova
/. I. Vernadsky Institute of General & Inorganic Chemistry of
National Academy of Science of Ukraine, Kiev, Ukraine
2 SHEI Ukrainian State University of Chemical Technology, Dniepro, Ukraine.
e-mail: kublan@ukr.net

The fundamental aspects of low-temperature glow discharge (LTGD)
electrolysis action on water and water solutions of different classes of inorganic
and organic compounds were revealed. It was shown that the formation of liquid
bipolar bifunctional electrode which is aconductor ofsecond kind is the basis of
faraday processes. This fact is the peculiarity of LTGD electrolysis and that
differsit from the classic electrolysis [1-2]. The use of LTGD electrolysis, when
the cathode is in a liquid phase and the anode is at some distance from the liquid
surface, makes it possible to produce nonequilibrium oxidation processes in the
liquid being treated. Oxidation processes occur in the liquid which cannot be
effected by using conventional electrolysis or the action of arc-corona-,
townsend- or barrier-discharge plasma on the liquid.

The changes of physical-chemical properties of water solutions, features of
electrochemical processes during the reduction of metals were investigated. We
have carried out studies on the use of LTGD electrolysis for the purification of
industrial wastewater containing inorganic heavy metal salts, radioisotopes and
a wide range of organic compounds, including heavy biodegradable nonionic
surfactants and microbiological contaminants.

The possibility of LTGD electrolysis application for trans-uranium and
trans-plutonium compounds extraction using continuous acting reactorhas been
considered. High effectiveness of this method of above-mentioned elements
extraction has been showed. The relative contribution of filtration of the
solutions based on nature waters in a whole effect of liquid environments
purification from trans-uraniumelements during the LTGD electrolysis has been
determined. The effect of extraneous salts on the degree of solutions
purification from radioactive elements was determined. The dependence of
degree of the purification from initial concentrations of radioactive elements
and the number of recycles during processing of liquid in continuous reactor
was examined. The stability of voluminous glow-discharge plasma from current
strength in electrochemical circuit was considered. The degree of purification of
liquids was determined to be influenced by solution expenditure, current
strength and voltage on reactor electrodes. Purification degree was shown to
depend on particles aggregation time and their subsequent separation by
filtration (Fig. 1). The effect of LTGD electrolysis on Sr and Cs extraction, as
well as joint influence of glow discharge and inorganic substances, adsorbing
and deposited Cs and Sr, was investigated. Cs was shown to be detained slightly
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on filters during electrolysis, whereas in case of Sr purification degree can be 90
% and higher.
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Fig. 1. The purification degree of aqueous  Fig. 2. Dependence  of
solutions of radioactive isotopes purification degree of solutions

containing surfactants on the
recycle rate

When organic surface-active substances (SAS) get into water reservoirs,
they violate their sanitary regime: the supply of dissolved oxygen in water is
depleted, the concentration of petroleum products increases owing to their
emulsification in the surface films. Furthermore, because of the high foaming
capacity of SAS, the surface of water reservoirs has a considerable amount of
foam, which spoils the appearance of the water reservoir and prevents the use of
it for recreation and other purposes. The use of LTGD electrolysis allows one to
achieve the almost complete decomposition of the SAS contained in waste
waters and to obtain CO, and water as decomposition end products (Fig. 2).
Comparison of this method with other electrical methods for the destruction of
SAS shows its far higher efficiency. We have carried out a study of the
influence of the main technological factors with the development of a
mathematical model of a process for the cleaning of aqueous solutions from
nonionogenic SAS. The efficiency of water purification of pathogenic
microorganisms was shown in Fig. 3, 4.
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DiekTpoxuMHuuecKkoe MoaupunupoBanue Bi,Tes n
rerepocTpykryp Bi,Tes—Te axaromubimMu ciosimu Pb

A. C. BOKOBGHl, E. H. AHMCKeBI/Iql, I'. A. Paroﬁmaz, E. A. CTpeHLHOBl
'Benopyccknii rocy1apcTBEHHbIH YHHBEPCHTET,
’HUK ¢usnko-xummuyeckux npodiem bI'Y, Munck, benapycs,
e-mail:alexeibokovets@gmail.com

HaHocTpykTypupoBaHHe SBJISETCS OIHMM W3 Hauboyiee IEepCIEeKTHBHBIX
MyTeH JOCTHXKEHUsI BBICOKHX TEPMOIJIEKTPHICCKHX XapaKTEPUCTUK MATEPHAJIOB
Ha OCHOBE TeJLTypHI0B MeTaiutoB [1, 2]. B nokmaze paccMaTpHBarOTCS HOAXObI
K HAaHOWH)KCHEPHM TEJUIypUIOB BHCMyTa M CBHHLI@A, OCHOBaHHBIC Ha
JNMEKTPOXUMHYECKOM OCAKICHUM aJaTOMHBIX cioeB Pb na Bi,Te; u
reTepocTpykTypel Bi,Te;—Te. Hamu yctaHOBIEHO, 4TO KaToqHOE ocaxaeHue Pb
IIpH TOTeHIMale, GOlbIIeM paBHOBecHOro motenmmana E(Pb?*/Pb), mporexaer
Ha TEUIypHIEe BHCMYyTa KakK OJIEKTPOXHMHUYECKAS DPEaKIWs, OTrpaHHYICHHAs
(GbopMHpOBaHHUEM OJIHOTO ATOMHOTO CJIOS MPOJYKTa (aJaTOMHOTO CJIOs),
MOJI0OHO 3JIEKTPOOCAKACHHUIO aJaTOMHOTO CJIOSI Ha TEJTyp, U3yUYCHHOMY paHee
[3]. Omuako cBoiicTBa aToMHBIX cioeB Pb Ha Temmypuae BHCMyTa M TEILType
CYLIECTBEHHO pa3nuyaloTcs. B mepBoM ciiydae HUKIIbI KATOIHOTO OCAXISHUS U
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AHOJIHOTO OKHCJEHHsS ajaToMHOro cmost Pb mporekaror oTHOCHTEIBHO
0o0paruMo (XUMHUYECKH 00paTHMO) MpH 3IEKTPOXHMMHYECKOW HeoOpaTUuMOCTH
CaMoii KaToIHOM peakiuu. DIEKTPOXUMUYIECKast HEOOPATUMOCTh MOBEPXHOCTHO
JIMMHUTUPOBAHHON pEAKIUH IPOSBILETCA B TOM, 4YTO INpsMas M oOparHas
peaKiiy MPOTEKAIOT B Pa3HBIX, MPAKTUYECKH HE MEPEKPHIBAIOIIMXCS 00IacTsaX
norenmana (puc.l). OHa TaKKe MPOSBIAETCS B COOTBETCTBYIOIIEM THIIE
OKBUBAJICHTHON DJIEKTPUYECKOM CXEMBI, MOJNy4aeMOil aHAM30M CIEKTPOB
umrienanca (B (apajgeeBCKOW BETBH OSKBHBAJICHTHOW CXEMBI OTCYTCTBYET
[CEBIOEMKOCTh,  XapaKTepHas  JUIsl  SJIEKTPOXHMHYECKH  OOpaTHMBIX
MOBEPXHOCTHO JINMHUTHPOBaHHBIX peakimii [4]). B mpucyrcrsum Ttemtypa,
MOBEPXHOCTHO JIMMHTHPOBAaHHOE ocaxaeHdne Pb mporekaer XUMHYECKH
HEeoOpaTuMo, YTO MPOSBISAETCS B  HENPEPHIBHOM —M3MEHEHHUH  (POPMEI
BOJIBTAMIIEPOrPAMMBI OT IUKIIA K [HKIY U SBISIETCS CIEICTBHEM XUMHYECKOTO
B3aUMOJICHCTBUS MEKIY DJIEKTPOOCAKAAEMBIM aJaTOMHBIM CIIOEM MeTauia H

TEJITypOM.

Peakrus, 00YyCIIOBIHBAIOIIAS XUMUYECKYIO HEOOpPaTHUMOCTh
JNEKTPOOCAKICHUS aTaTOMHOr0 cioss Pb Ha Temutyp, MccCiemoBaHa METOIOM
IMUKJINYECKON MOTEHIIMOAMHAMHYECKOM 3JIEKTPOXUMHUUECKOMN

MHUKpPOTPaBUMETPHUH Ha KBAapLEBOM KPUCTALIMYECKOM JaT4YUKE W3MEHEHHMs
Mmaccel. Ha puc. 2 mokazan HeoOpaTUMBIA IPUPOCT MACCHI JICKTPOA B IIUKIAX
CKaHMPOBAaHUS TIOTECHIMANa | E-3JIEKTpoAa IIPU KAaTOAHOM OCKICHUM U
AQHOJJHOM OKHCJICHHH agaToMHOro ciosi Pb. 3HauutenbHOE yBeNmM4YEeHHE MAacChI
MIPOMCXOJUT B MEPBOM IIMKJIE, B PE3yJbTATE ICKTPOOCAXKICHUS aJaTOMHOTO
cnost Pb u nocnenyromiero mpesparienus yacta Pb B PbTe. B mocnenyromux
LUKJIAX Macca MpOJOJDKAeT IpHpacTaTh, XOTS U B MEHbIIEH CTENECHH, YeM B
nepBoM. Tpanchopmanmsi agatoMHeix cioeB Pb B cioif HaHOpa3MepHOTO
TeJUTypUia CBHUHIIA MPUBOJUT K HEoOpaTuMoMy U3MEHEHHIO
ANEKTPOXMMHUUYECKOTO OTKJIHMKA TOBEPXHOCTHO JHMMHUTHUPOBAHHOTO OCaXICHUS
Pb (puc. 1). Ha nukmudeckoil BoibTaMIeporpaMme B IOMOJHEHHE K OOIeMy
MUKy KaTOJHOTO OCAXIEHUS aJaTOMHBIX cioeB Pb na Bi,Te; u ma Te (muk
oxoino -0,2 B), mposiBnsieTcss ¥ HapacTaeT OT LMKJIA K LUKy OTACIBHBIN MUK
oxono -0,15 B, cooTBeTCTBYIOMMUI KaTOAHOMY OCaXICHUIO aJaTOMHOIO CIIOS
Pb Ha PbTe, chopmupoBaHHOrO B pe3yjbTaTe B3aMMOJACHCTBHS aJaTOMHOrO
ciost Pb ¢ temnypom. IlosiBieHHe NaHHOTO MUKA OKa3ajoCh TaKKe LICHHBIM
MHJIUKATOPOM, IO3BOJISIIOIIMM BBISBIATH IIPUCYTCTBHE IPUMECH TEJUIypa B
TeJUTypuze BHCMyTa (HaHOpa3MepHbIE TEIUTypHJ BHCMYyTa M TEIUIYp
MPaKTHYECKH HE Pa3In4MMBbl 110 PEHTTeHOBCKOM qudpakunm).

TakuM 00pa3oM, JMMHUTUPOBAHHOE IOBEPXHOCTBIO 3JIEKTPOOCAKICHUE
amaTOMHBIX clioeB Ph Ha Temmypua BucMyTa mpenctaBisieT HHTEpPEC, B MEPBYIO
ouepesib, Kak CPEICTBO IOBEPXHOCTHOTO MOAW(PHUIIMpOBaHMs aromamu Pb
CJIOMCTOM CTPYKTYpBI TEJLUTYpHa BUCMYTA, & aHAJIOTHYHBIH [TPOLIECC HA TEJUType
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— KaK CPEJICTBO KOHTPOJIMPYEMOTO Ha YPOBHE aTOMHBIX CIIOEB (POPMHUPOBAHHUS
nanopasmepsoro PbTe u rerepoctpykrypBi,Tes—PbTe.
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Puc. 1. Huknnueckue Puc.2. MaccorpammaTe-anekTpoia
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Bi,Tes+ Te a1mekTpomoB B mpoleccax aQHOJIHOTO OKHMCIICHUS aIaTOMHBIX
KaTOJHOT'O OCAKJEHHSI U aHOJTHOTO cinoes Pb

OKHCJICHHS aJaTOMHBIX CJIOCB Pb
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DOTOKOPPO3NOHHAS YCTOMYHUBOCTD IJICHOYHBIX
(poTo3/1eKTPOIOB OKCOCY/Ib(HUIA BUCMYTA B BOAHBIX PACTBOPAaX
E. A. bonnapenko, A. B. Mazanuk, E. A. CtpenbiioB

Benopycckuil rocy1apcTBEHHBII YHUBEPCUTET,
MuHck, Benapycs, e-mail: bondarenea@mail.ru

HemaBHO Hamm Obul OOHapyXeH YHHUKaNbHBIA 3(dexr rurantckoi
kBaHTOBOM 3¢ dexrusroctr (Y) renepanmu karomuoro ¢ororoka (FCKOI'KD)
JUIsL TUTCHOYHBIX (DOTORJIEKTPOAOB OKcocyibhuma Bucmyta (OCB) mpu mux
ocBemeHnr BUAMMBIM cBeToM [1]. B pacrtBope, comepikaiieM OKHCIHTENh
(manpumep, [Fe(CN)g]*), mpu xarommoit mnomspusamum (OTOSIEKTPOIOB
BenmunHa Y pocruraer ~ 2500 %. Dddexkr 'KOI'KD naunHaer mposBisThes
IIpH ONpEIeNeHHOl KOHIEHTPALIHE OKUCIuTes B pactsope (C > 10° M s
[Fe(CN)¢]*), BbicTymaromero B pomu akuentopa (OTOIIEKTPOHOB. IIprunHa
AQHOMAJBHO BBICOKMX 3HAa4eHHH Y CBsi3aHa C BO3MOXHOCTBIO YdYacTusl B
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¢doroanekrpoxummdeckoM (OIX) mporecce NMEKTPOHOB M3 BHEIIHEH LIEMU 3a
CYET Pe3KOr0 YMEHBIICHHS COMPOTHBICHHS IUICHKH IIONYIPOBOAHUKA IIPH €e
ocsemieHnd. Llemp maHHO# pabOTHI 3aKiioyanach B JaJbHEHIIEM BBIICHEHUH
Mexanm3Mma d¢p¢ekra 'KOI'KD, a Taxke mcciaenoBaHuu (POTOKOPPOIHOHHOM
ycroitunBoctn mieHOK OCB B BOAHBIX pacTBOpax, COAEPXKAIIHX pPEIOKC-
cucremst [Fe(CN)g]*/ [Fe(CN)]* u I3/

Puc. 1. DneKTpOHHO-MUKPOCKOIIMYECKUE N300paKEeHHsI IOBEPXHOCTH IIICHOK
OKCOCYTBh(HIa BUICMYTa: a) UCXOIHBINA 00paselr; 0), B) mocie nmporekanus ®IX
nporiecca B pactBopax: 0,025 M I, + 0,05 M Kl + 0,1 M K;SO, (6) u 0,05 M
Ks[Fe(CN)g] + 0,05 M K [Fe(CN)g] + 0,1 M K,SO, (B).
IToTenunocraTuueckas nossgpusanus ekrponos npu E=-0,2 B
(OTH. moTeHnMaNa pa3oMKHyTOH 1ienn) 30 MUH B YCIIOBUSAX OCBEICHUS
(A =465 um, 1= 0,15 MBt/cm?)

Kak BUIHO M3 pUCYHKa, MUKPOCTPYKTYpa HOBEPXHOCTH (DOTOBJIEKTPOMIOB,
nocie mnporekanus ®OX mpouecca, ocraeTcss NPAKTUUECKH HEU3MEHHOM.
Bricokast (hOTOKOPpO3HMOHHASI YCTOHYMBOCTH TOATBEPIKIACTCSI HEM3MEHHOCTBIO
PEHTTEHOBCKUX U(PPaKTOrpaMM M CHEKTPOB KOMOMHAIIMOHHOTO PpacCesHHs
UCXOJHBIX 00pa3noB 1 00pasnos, moaseprummxcsa GIX mporneccy.

Cnucok aureparypsl
1. E. A.Bondarenko [et al.]. Advanced Materials (2017) 29 : 40.

Bumnsinue 106aBku 30,11 SNO; B pacTBOpPbI
3JIeKTPOXMMHYECKOT0 0CAKIEHUs MeIH, IMHKA, HUKeJIs Ha
MPOoLeCcChl JIEKTPOKPUCTANIN3ALNN METAJIOB

A. O. KOHaKOBl, T. H. Bopo6LeBal’2, A. B. BOJ‘IKOBal,
A. M. Manbranoa’, H. [llapnars’
lBenopyCCKI/H‘/'I rocyJapcTBeHHbI yHUBepcuTeT, MuHck, benapycs
’HUN Ou3HKO-XMMHYECKIX mpobiem BI'Y, Munck, benapycs
*[leHTp MaTepHATIOB U MOBEPXHOCTHBIX HCCIeaoBanuit, [emrpaxt, [epManus
e-mail: artjom7777@rambler.ru

DNEKTPOXUMHUYECKOE OCAXKACHUE METAUIOB U3 KOJIOUIHBIX 3JIEKTPOIUTOB
— TEPCIEKTHBHBINA, HO MAaJOW3YYEHHBIH CII0OCOO pEeryiupoBaHHs CTPYKTYPHI
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MOKPHITHH. B oTiMunMe OT TOKPBITUH, OCAXKAAeMbIX U3 3JIEKTPOJIUTOB-
CYCHEH3UH, COAep)KalluX YJbTpaJuclepCHble YacTUIBl ajMasa, KOpYHAa,
OKCHZa BoJb()pamMa U Jp., HAHOYACTHIBI OKCHIOB B 30I€, 00Jagast BHICOKOH
MIOBEPXHOCTHOM 9SHEprueil, paBHOMEPHO aJCOpPOMpYIOTCS Ha pacTymiel
MIOBEPXHOCTH, XOPOLIO 3apacTaloT BBISISIOMIMMCS Ha KaToAe METallIoM,
MoIu(UIMPYST CTPYKTYpY pacTylmmx IOKpeiTHid. [lokazaHo, 4TO BBeneHHE
MH3EPHBIX KOJIMYECTB 30718 AHOKCHAA onoBa (~ 0,5 r/aM°) B craGommenounsie
nupodochaTHEIE INEKTPOIUTHl MEIHEHHS, LUHKOBAHWS, HHUKEIMPOBAHUS B
OTIPEIETICHHBIX YCIOBUSIX JJIEKTPOOCAXKICHUS IO3BOJSIET IMOIy4aThb 0C000
MEIIKO3EPHUCTbIE  IUIOTHBIC  TIOKPBITHUSI  C  TIOBBIIICHHOM  3aIUTHOH
cnioco6rOCThi0 [1-3]. TIpHuMHBI TaKOTO BJIMSHUS 30511 KaK yHHBEPCAIbHOMN
61eck000pasyromel 700aBKU B SJICKTPOIUTHI HESCHBI.

B nanHO# pabore BhIsIBICHA NMpHposaa BIHAHUS 3015 SNO,, BBEIEHHOTO B
crnabomenoyHpie TUPohochaTHbIE PACTBOPHI AIEKTPOXUMHUECKOTO OCaKICHUS
MeIM, IIMHKA, HHUKeJNsd, Ha MPOIECCHl EKTPOKPUCTAIIM3AIUNA METaIOB, JUII
Yero MpPOBEICH aHAIM3 MPEeNbIAylHuX Myonukanuii apropoB [1-5] u HOBBIX
OKCIIEPUMEHTAIBHBIX JIAHHBIX O CTa0MJIM3alMM 305 B DIEKTPOJIUTAX U
MIOBEJICHUM HAHOUYACTHI[ JMOKCHJA OJIOBa Ha KaroJe B IIpoIieccax pocTa
MIOKPBITUH.

3omp SnO,c pa3smMepoM HAHOYACTHI] 2—5 HM TMOJIYYadd METOIOM
ammuauHoro ruaponusa SnCly-5H,0 ¢ nocnenyromum guanuzom [1]. Panee
ObUIO TIOKa3aHO, YTO HAHOYACTHIBI 301, CyIsd IO MAAHHBIM pEHICHO- W
ANeKTpoHOTpaduIecKkoro wuccienoBanus [4] amopons, a mo maHHbM HK-
cnektpockonmu [5] cocrosat u3 sygpa (SnOjp) u o6oxouku SnOj (OH),,.
Hecmotps Ha amopdHoe cocTosiHME, OHM 00JanaiT (OTOKATAITUTUYECKON
aKTUBHOCTBIO, oOecmeuuBasi BocctaHoBieHue 3ojorta(lll) w3 pactBopa
30JI0TOXJIOPUCTOBOJAOPOTHON KHUCIOTHI ToN AeiictBueMm Y D-o0myueHus [4].
HemaBHO Hamu Obul Takke OOHapykeH O3(PQPeKT (GOTOUHAYIIMPOBAHHOTO
BOCCTaHOBJICHUSI HOHOB MeIW B TPUCYTCTBHM CYJb(HOCATUINIAT-HOHOB,
KOTOpBIE, 0-BUIMMOMY, MOTYT BBIIOJHATH (QYHKIHIO aKIENTOpa (OTOABIPOK.

YcTaHOBIIEHO, YTO 30J7b YCTOWYMB B CJIA0OMIENOYHBIX pacTBOpax B
MPUCYTCTBUM  cTabmm3upyronmx  nupodocdar-noHoB. IlokazaHo, dro
HaHoyactunbl SNO, MMEIOT OTPUIATENBHBIM 3apsa M ero HauOoJblIas IO
abCoIOTHOMY 3HA4YEeHHWIO BelnuMHa nocruraercs mpu pH 9,2 (puc. 1), uro
OTIpeieTIsIeT BEIOOP COOTBETCTBYIOLIHUX JJIEKTPOIUTOB IS AIEKTPOXHUMHUUECKOTO
OCXJECHUSI METAIOB B NPUCYTCTBHHM ja00aBku 30is. CTaOMIBHOCTB
HAHOYACTHUIl 30J IO OTHOIIEHHWIO K arperanmud W KOAryJslUH, a TaKxKe
MOJIOKUTEJIBHOE BJIMSHHUE 301151 HA MUKPOCTPYKTYPY MOKPBITHH 3aBHCAT TaKKe
ot coneprkanns SNO, B snexTposuTax (onTuManbHo 0,25-0,50 r/mv’).

B mpomeccax 53IEKTPOBOCCTAHOBICHHSI HOHOB META/UIOB IPOUCXOAUT
azcopOIMsi HAHOYACTHUI] 30JIs1 HA IOBEPXHOCTH KaTO/a U PACTYIIEro MOKPHITHS,
YTO BBI3BIBAET CMEIIEHHE HJIEKTPOAHOTIO IOTEHI[Mala Hayajla BOCCTAaHOBJICHHUS B
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obmacte GOnpIIMX (MeHee OTpHUATeNbHBIX) 3HaueHuil [2]. Kpome Toro,
ancopOUpyIOIMecss  HAHOYACTHIBI ~ WIPAIOT  POJb  IIEHTPOB  3JIEKTPO-
KPUCTAJUTH3ALUH, U3MCHSSI MEXaHW3M 3apO[bIIIcO0Pa30BaHUsl U CIIOCOOCTBYS
06pa3oBaHII0 MENKO3EPHUCTHIX 0CO00 MIOTHBIX MICHOK MeTaya [1-3].

] 1004 Sn3d,
~30- “ \
% -~ 801 f
A _404 < 1
> . . %60 |
L " e |
-501 : ~ 404 l
O T s 6 —0 483 486 489 492 495 498
4 5 7 83 486 4¢ 2 C §
pH E_ .2B
Puc. 1. 3aBucumoctsb Puc.2.P®D-criextp Sn 3d
I3era-noTeHnuaia 3ot SnO, ot pH MOBEPXHOCTH HUKEJICBOTO MOKPBITHS
ANIEKTPOJIUTA JI0 (CIUTOLITHAS JIMHUS) U TI0CTIe

(IIyHKTHp) HOHHOTO TPaBJICHUS

[lo pmaHHBIM 3JE€MEHTHOTO aHauM3a COJIEp)KaHWE BKIIOYAaEMOro B
ocaxxgaemble MOKpbITHA SNO, kpaiiHe Mano (< 1 %), 9To 00ycloBieHO He
TOJIBKO MaJIOW KOHLIEHTpalMed 30Ji1 B JJIEKTPOJHUTE, HO M BBITECHEHHUEM
JIMOKCHIA 0JI0Ba Ha HOBEPXHOCTb MOKPBITHI B nporecce
SJIEKTPOKPUCTAIUTH3AIMK.  DTO  MOATBEPXKIAOT  pe3ynpTaThl  POOC-
HCCJIEIOBAaHMsI, CBHIETEIBCTBYIOLIHNE, KaK IPAaBHIO, O OOJbIIEM COJEPKAHHU
0JIOBA HMEHHO Ha BHEIIHEH IIOBEPXHOCTH MNOKphITUH. Tak, B CHEKTpe
MOBEPXHOCTH HHUKEIIEBOrO TOKPHITUSI OOHapyxuBaeTcs nuku SN 3ds, m Sn
3ds,c aHeprueii csa3u [6], coorBercTByromiel SNO, (puc. 2). [locne HOHHOTO
TpaBJIEHUs MOKPBITHA Ha TIIyOMHY B HECKOJHKO HAHOMETPOB MHTEHCHBHOCTH
MOTJIOMIEHNS ~ YMEHBIIAETCSI M B CIIEKTPE IOSBISETCS  MaKCHMYM,
COOTBETCTBYIOIINI OJIOBY B HYJICBOH CTENIEHH OKHCIICHHS, YTO yKa3bIBaeT Ha
BO3MOXHOE 3JIEKTpoBoccTaHOBIeHHE on0Ba(lV) B HaHOUACTHIIAX, BKIFOUCHHBIX
B IIPUIIOBEPXHOCTHBIH CJION MeTajuIa.

Bce 3TH (hakThl CBHIETENBCTBYIOT 00 DJIEKTPOKATATUTHYSCKOM JICHCTBHUH
aIcOpOMPOBAHHBIX HAHOYACTHUI] 3051
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BiOBr ¢0T03/1eKTPOaBI ¢ Pa3JIMYHOI CKOPOCTHIO NepeHoca
3JIEKTPOHOB U ABIPOK B PacTBOp: 3¢ eKT YKIAAKU
IUIACTHHYATBHIX KPUCTAJUIUTOB H MPUPO/IBI PEOKC-CHCTEMbI

M. E. KosslpeBuy, H. B. Manamenok, E. A. Ctpensuos
Bemopycckuii rocynapcTBeHHbI yHUBEpCcHTeET, e-mail: mkozyrevich@gmail.com

B nocnennee necstunerne okcoranorenuasl Bucmyrta BiOX (rome X = Cl,
Br, I) mpuBnexaroT 3HaUYMTENPHOE BHUMAHHWE, IPEXKIEC BCETO, B KadecTBE
MEePCIEKTHUBHBIX MOJYMPOBOIHUKOBBIX (oTokaranuzatopos [1, 2]. Hlupokoe
ucnons3oBanre BiOX B oTokaTanuse CBS3aHO ¢ BO3MOYKHOCTBIO TOTYYCHHUS
MOPOIIKOB C 4YPE3BBIYAIHO pa3BUTOH IOBEPXHOCTHIO, IKOJIOTHYECKUM
(akTopoM (OTCYTCTBHEM TOKCHYHOCTH COCAMHEHHIl), a TakkKe JIETKOCThIO
cuHTe3a (6ONBITHHCTBO crmocoboB monyuenust BiOX ocHOBaHBI Ha THIPOJH3E
conelr Bucmyta). Ilpu QoTokaTanuze B OCHOBHOM HCIONB3YIOTCS MOPOIIKH
(3HAUUTENPHO peXe IUICHKHM WM CcJIoW). B BOOHOM pacTBOpe, Kaxaas
MTONYTIPOBOTHMUKOBAsT YacTHIA BBICTYyMaeT B BHIC KOPOTKO3aMKHYTOTO
¢doroanexrpoxummdeckoro (®3X) smeMeHTa, Ha KOTOPOM TIPOTEKAOT
COTIPsDKEHHBIE aHOJHBIC (OKHCIHMTENbHBIC) M KaTOIHBIC (BOCCTAHOBUTEIHHBIC)
MPOIIECCHl ¢ y4acTHeM (POTOTeHEPHUPOBAaHHBIX 3apsmoB. DOTOMBIPKH, a TaKke
pasiu4Hble aKTHBHBIE YacTHIBl u Moiekynsl (OH:, Oy, HO,:, H,O, u mp.)
OKHCJIAIOT 3arpsI3HSIOIIE BOJY OpraHuueckue BeuiecTa BIuoTh 10 CO,.

Urober obecrieunts 3¢dexT (oTokaTanuza, HEOOXOOUMO, B IIEPBYIO
ouepenb, TMOJYYUTh «OTACNBHYIO» HAHOYACTUIY C BbICOKOW DOX
aKTUBHOCTBIO. Ecnmm Qortokaranmmsy c¢ wucnomp3oBanumeM BiOX mocssmeHO
OTPOMHOE KOJHMYECTBO padoT (MpUYeM YHCIIO TaKuX MyOIuKaInui mpojonKaeT
HEMPEePHIBHO PACcTH), TO HAMPABJICHHIO, CBA3aHHOMY C HCIoJb3oBanneM BiOX B
CONTHCYHBIX SYCHKaX, VYICICHO 3HAYUTECIHPHO MEHBIIC BHUMAaHHSA. TaKou
aucOanaHc, cBA3aH CO  CIEAYIOIIUMU OOCTOSITENbCTBAMU. B coiHedHOM
JJIeMEHTe, B OTJIMYHE OT KOPOTKO3aMKHYTOTO, HEOOXOIUMO OOCCIIeYHTh
HanpagnenHoe  JBWKeHHE  (orozapsmoB  uepe3 BiOX  ¢oroanexTporn,
MIPECTABILIOINI COOOH CIIOM, CITydaifHBIM 00pa30M YIIaKOBaHHBIX W XaOTHIHO
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KOHTaKTHPYIOIUX MeXIy co00i KpucTamuutoB. OKcOramsoreHuabl BHCMYTa
BiOX o006mafar0T CIOMCTBIM CTPOEHHEM CO CIIEAYIOUIMM PACIOIIOKEHHEM
atoMHbIX cioeB: [X—Bi—O-Bi—X], npu KOTOpOM KaKiblii aTroM BHCMYTa
OKpyXeH 4 aTtoMaMu KHUcjioposia M 4 aroMaMmM rajoreHa. YKa3aHHbIE aTOMBI
CBSI3aHBI ITPOYHBIMH KOBAJIEHTHBIMH CBSI3SIMH, B TO BPEMS KaK MEXIY CJIOSMH U3
aTOMOB TJIOTEHOB JICHCTBYIOT cabble cuiibl Ban-nep-Baanbca. [ToaTomy nerue
BCEro MOJYYaroTCs IUIACTHHYATBIE KPUCTALIMTHL C IuiockocTsimu {001},
MTOBEPXHOCTh KOTOPHIX 00pa3oBaHA aTOMaMM TajoreHa. SIpko BEIpaKEHHOE
crorcroe crpoerre BiOX croco6CTBYeT MpOSIBICHUIO CHIBHON aHH30TPOIIHA
cBOMCTB. B 9acTHOCTH, yCTaHOBJIEHO, UTO AJIEKTPOIPOBOIHOCTH HapalIeIbHO
mwiockoctd {001} 3HAYMTENHHO BEIIE, HYEeM B NEPHCHIUKYIIPHOM
HaTpaBJICHU.

Henp maHHO# pabOTHl 3aKioyanach B HCCIEHOBaHHH 3aBHcHMOcTH DOX
noBeieHHs (BEUYUHBI M 3HaKa (GoToToka) BiOBr (oToamexTpoaoB B BOJHBIX
pacTBOpax, COAEP)KAIIMX  PA3IUYHBIE  PEIOKC-CUCTEMBI, OT  CTCIEeHHU
TEKCTYpUPOBaHHs  IIOJYNPOBOAHWUKA M OPHEHTAlMM  IUIACTMHYATHIX
KPUCTAJLIUTOB OTHOCHUTEIBHO MPOBOJSAILEH NMOANOXKKYU. B kadecTBe mocnenHen
HCIIONB30BANIM MPOBOJIAIIME CTEK/IA HA OCHOBE OKcHaa MHAusA—onoBa (indium—
thin oxide — 1TO). Jysa monyuenust cnoeB BiOBr Hamu ObUTH HCIIOB30BaHBI 1BA
MeTOIa.

[To mepBOMy MeTOy MPOBOIWIH IEKTPOXHUMUYeckoe ocaxaeHne BiOBr na
noBepxuocth ITO u3 BogHoro pactBopa cocrasa: 0,1 M Bi(NOz); +2 M KBr +
50 MM 1,4-6eH30XMHOHA (pH 2,16). [pomecc OCYIIECTBIISUIIH B
noreHiocratudeckom pexkume npu E= —0,1 B (otn. AgJAgCIKCl,,.).
Oo0paszoBanue ciost BiOBr mpoucxomwino BeieacTBHe TMOBbIieHHs pH B
MPURJIEKTPOJHOM 30HE KaroAa (B pe3yinbTaTe BOCCTaHOBJIeHus 1,4-
OEH30XHHOHA), C TIOCIEAYIONMM THAPOoIn30oM Komiuiekca [BiBr, |. ITo BTopomy
croco0y TpeaBapuTebHO Tonydand koswtouna BiOBr B amerone. J{is atoro
TOTOBMITH BOAHBIH pacTBop coctaBa: 0,1 M Bi(NO3); + 2 M KBr (pH 2,11). TTpu
paz0aBieHNH IUCTHITUPOBAHHOW BOJIOW 00pa3oBBIBalach CyCHeH3us Oelo-
JKENTOTO I[BETa, KOTOPYIO JICKAHTHUPOBAIH, IMONyYCHHBIH MOPOIIOK TPOMBIBAIN
JTUCTHLTIPOBAHHOW BONOW W aucrieprupoBaiu B anetoHe (10 mr BiOBr ma 75
MII aleToHa) yIBTPa3ByKOM JI0 KOJIIOMTHOTO COCTOSTHHSI.
DnekTpodopeTHyeckoe OocaxIeHHe KOJUIOMAHBIX dactul BiOBr mposoamin
npu HanpsbkeHun 20 B Ha aHofe.

Cnou BiOBr, momydeHHble ABYMS METOAAMH, XapaKTEPU3YIOTCS pa3HOM
YKJIaJIKOM MJIACTUHYATHIX KPHUCTaJUIUTOB u DOX MOBEACHHUEM:
INEKTPOXUMHUIECKUE cion TeHEPUPYIOT  AHOJHBIN ¢doroTok, a
3JIeKTpodopeTUIecKre — KaToaHbIi (puc.). [lokazaHo, 9TO CKOPOCTH Mepexoa
($0TO03apAI0B B PACTBOP M COCEITHUE KPUCTAJUIUTHI ONPEEIIIOTCS COCTOSHHEM
nmoBepxHoct  BIiOBr, nmpuposoii  pemokc-cHCTEMBI M OpHEHTAluei
IUIACTUHYATHIX KPUCTAJUIUTOB APYT OTHOCHTENBHO apyra u [TO.
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Ocseutenre: 465w (11.8 MBI‘/‘CMQ) _——

2 NN RARNRANAT!

50 kA/Y
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‘ 4 1 - anextpodpopernsecknii BiOBr
‘ | 2-anexrpoxmmseckuii BiOBr
0.5 MNa.SO, + 50 wM KBr +20 wM Br,
200400 600 800 1000
E,MB
8

Puc. DnexTpoHHO-MUKPOCKOIIMYECKIE N300paeHus (a, O) TTOBEPXHOCTH
cnoeB BiOBr u nossipu3aliuoHHbIe KPUBBIE (6) IIEKTPOIOB,
c(OPMHUPOBAHHBIX NEKTPOXUMUUECKUM (a) U 3IEKTPOPOPETHISCKUM
ocaxkJieHueM (6) pyu MePUOANYECKOM OCBEIICHUN

Cnucok 1uTepaTypsl
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TepMOI[I/IHaMI/I‘-IeCKI/Iﬁ aHaJIn3 peammﬁ AHOAHOI'0O OKHCJICHUSA
METAJJIOB U MMOJYIIPOBOAHUKOB B 3JIEKTPOJIUTAX

JI. T1. Munemko
OxHBI QenepanbHbIi yHUBEpCuTeT, PocTos-Ha-[lony, Poccus,
e-mail: mileshko.leon@yandex.ru

BriepBrie TepMoOOMHAMHUYECKAsh OIIEHKA ICHCTBUS JICTHPYIOIINX T00aBOK,
COJIePIKAIUXCS B TAHTAJIOBOM aHoje, Obiia mpoBeneHa 0. 1. [umkwabmM [1].
B knaccuyeckodl BJEKTPOXMMHUHM OLIEHKA BO3MOXXHOCTH YYacTHSi HOHOB B
SJIEKTPOAHBIX  PEaKIUsAX MPOU3BOJUTCS MO  BEJIWYUHE  CTaHIAPTHOTO
anekTpoanoro moteHnuana (COII). Ompegenenne COII nmas 3IEKTPOAOB,
OT/IEJICHHBIX aHOIHBIMU OKCUJAMH CMeEIIaHHBIX COCTaBOB oT
MHOTOKOMITOHEHTHBIX 3JIEKTPOJIUTOB, coiep KaIux OpraHUYeCKUM
pacTBOpPUTEND C J00aBKaMH BOJBI, SIBISETCSI CIIOKHON MpoOIeMoi, KoTopast 10
cux nop He peweHa. KpoMe Toro, Tak Kak 3J€KTPOJHBIA MOTEHIMAN CUCTEMbI
aHOJ| — aHOHBIM OKCHJI 3aBUCUT OT aKTUBHOCTH HHIWBHYaJIbHBIX HOHOB, TO OH
HE HUMEET ONpEJEJICHHOTO TEepMOJAMHAMUYecKoro 3HaueHus. Ilockonbky ke
aHOJHBIC pEaKIUH IPOTCKAIOT Ha MeX(a3HBIX TpaHHIAX, TO MPHUMCHCHHE
KJIACCUYECKOI0 MOJIX0/1a MPEACTABIIAETCS HEMPABOMEPHBIM.
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[TosToMy B Hacrosimied paboTe [UIi  TEPMOJMHAMHYECKOH  OLIEHKH
OCYIIIECTBIMOCTH aHOJAHBIX PEaKknuii ObUI MPHHAT OOBIYHBIN M Ooyiee TOUHBIN
KpHUTEpUi — a0COIIOTHAS BEIMUMHA U3MEHEeHHUs SHepruu ['mboca:

AGgg = AH3,,—298,15° A'S 44<0,

208
rae:  AHj,— H3MCHeHHe CTaHJapTHON 3HTanLHI/H/I;AS;98 — HM3MEHEHHE

CTaHIAPTHOMN SHTPOITHH.

VCTaHOBJIEHO, UYTO pEaKUUMOHHAs CIOCOOHOCTh 110 OTHOLIEHUIO K
THAPOKCHA-MOHAM YMEHBIIAETCS B PALY:
Hf - Zr—-S¢c—Y — Ho —- Gd — La— Al - Ta— Sb — Si — GaP — InP
— Nb — Ga — InSb — In— GaAs — P— InAs — Hf* »zr** Y% — Ga*'
— 5S¢ — In** 5 AP = As [2].

ITokasaHo, 4TO pEAKUMOHHAs CIOCOOHOCTh BEHTHJILHBIX METAIUIOB IO
OTHOIIEHUIO K (pochaT-aHHOHAM, YMEHBIIAETCS B PALY:

Hf - Zr—-Y — Er > Ho —» Gd — Al —» Ta— Nb [3].

Mepa XUMHYECKOTO CPOACTBA KPEMHHUS ¢ AHHOHAMHU MHOTOKOMITOHEHTHBIX
SIIEKTPOJIMTOB Ha OCHOBE STHJICHIIIMKONSA ¢ 100aBKAMHU BOJBI YBEINYMBAECTCS B

cienyromem nopsake: H,PO , — HPO ‘2,: — PO 27 — B(OH), — HAsO 1217
— —H,AsO; - AsO3 — OH ™ — NO; — NO, [4].
Takum o6pazom, JIOKa3aHa BO3MOKHOCTb OpYMEHEHHS

TEPMOJUHAMHUYCCKOIO  MOJACIMPOBaHUA [JIAI  YCTAHOBJICHHUA  MCXaHU3MOB
QJICKTPOJIUTHUICCKOTIO aHOJAUPOBAHUSA METAJUIOB U MOJTYIIPOBOAHUKOB.
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H3yveHne XUMIUYECKOT0 PACTBOPEHUsI TJIEHKU THOKCH/IA
MapraHia MeTo0M JMCKOBOI0 3JIEKTPO/Ia ¢ KOJbIOM

I'. A. Harapenu, 1. M. Maxartamze, M. B. Cocemmst, H. I'. Maiicypanze
TI'Y, UHCTUTYT HEOpraHMYECKOM XUMHUU U 35ekTpoxumuu um. P. U. Arnange,
Toumucwu, ['pysus,e-mail: gitsagareli@gmail.com

Tonkne 1IeHKH [uokcuga Mapradnma (M) TpoOSBIAIOT —CBOWCTBA
HEOOXOAMMBIE Ul CO3JaHHs DJIEKTPOXUMHYECKUX CyNepKOHAeHcaTtopoB [1].
Mexanu3m aeiicTBus mieHkH JM o0yclioBiieH mpoTeKaromeil B TBepaoil dase
OBICTpOH, OOpaTHMOI peakIMy CO CMEHOH CTemeHeW OKUCICHHWS MapraHIa.
IIneHKH IOJKHBI BBIIEPKHUBATH OOJBIIOE KOJIHMUECTBO Pa3psIHO-3apsIIHBIX
LIUKJIOB ¥ 00J1a1aTh MEXaHUIECKOW M XUMHUECKOH CTOMKOCTBHIO.

B Hacrosmeit pabote moBeAeHUE MJICHKH B Pa3IMYHBIX PacTBOpaxX M3ydalu
METOJIOM BpAIAIOMIErocss  JUCKOBOTO J3iekTpona ¢ kombmoMm (BJIDK) m3
mnatulbl.  Ilnenky JM  2JEKTPOXMMHMYECKHM OCAKIAAIM HA IIOBEPXHOCThb
IUTATHHOBOTO amcka m3 pactBopa MnSO, + Na,SO, npu morenmumane 1,2 B
OTHOCHTEJILHO PTYTh-CYJIb()ATHOIO 3JEKTPO/a cpaBHeHUs u Temueparype 25 °C.
Ha konbueBoM 3nekTpoae ycTaHaBiMBaau noteHuuan paBHbeiii 0,08 B, npu
KOTOPOM BO3MOKHO BOCCTaHOBJIEHUE HOHOB Mn**. CKOpoCTh BpaleHus
aneKkTpona paBHsIack 650 o6/MuH. B pacTBOpax, comepiKamiux TOJNBKO IJHUIIE
H,SO, wmu MnSO,, menka JIM He pacTBOpsUIach U Ha KOJIbLIC HE HAOJIIO Tan
karonmHoro Toka. Eciu sxe pactBop comepxan H,SO, m MnSO0nH0BpEMEHHO,
TO MPOUCXOAWIO pacTBOpeHue MieHKu JIM 1 Ha KoJble MOSBISAICS KaTOIHBIN
TOK BoccTaHoBieHUs [IM. Ilpu cpaBHUTENBHO MajbIX KOHLEHTPALUSIX HOHOB
Mn?" B pacTBOpe BeNMUMHA KATOJHOTO TOKA, 4, CIEIOBATENHHO, H CKOPOCTH
pactBopeHust JIM mnpomopuuoHaIbHO BO3pacTalla C POCTOM KOHIEHTpPAlUH
woroB Mn?*. OpHako, Npu JaibHEHIIEM ee yBEIHUEHHH KATOHBIA TOK Ha
KOIIbIle BCE MEHBIIE 3aBHCEN OT KOHIEHTpamuH HoHOB Mn®*, crpemsce K
npeneny. Takoe moBezieHHEe MOXKHO OOBSICHUTH XEMOCOPOIIMEH NOHOB Mn®" Ha
noBepxHocTH JIM 1 npeAcTaBUTh STOT NPOLECC B BUAE yPABHEHUS:

Mn* + MnO,+ H,0 = MnOOH-MnOH?* (1)

B kucnbIx pacTBOpax jgaiee NMpoHCXOIWIO PACTBOPEHHE aJcOopOMpPOBaHHBIX
YaCTHII:

MnOOH ' MnOH?* + 2H* = 2MnOH** 2)

B paGore [2] oGocHoBEIBaeTCs cTaGmmpHOCTh YacTuisl MNOH?Y B BoHOM
pacTBope.

IIpn noctukeHUM NPENENbHOIO 3amojHeHus noBepxHoctd JM Ha
JMCKOBOM  JJIEKTPOJIE  XEMOCOPOMPOBAHHBIMM ~ YacTHIAMU  ITIOBBIIICHHE
KOHI[GHTpalMH HOHOB Mn?* B pacTBOpe yXke He IOIDKHO CKa3bIBATHCH HA
CKOpPOCTH XuMmudeckoro pactBopenus M, uro u nHaOmoganu Ha onbite. OO0
9TOM € CBHJCTEIBCTBYET IOCTEIICHHOE yMEHBIIEHHE 3aBHCHMOCTH TOKa Ha
KOJIBLIE OT YBEJIMYEHUS YIIIOBOM CKOPOCTH BPALEHHS AIIEKTPOAA.
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VBenuuenne koHueHrtparmuun H,SO, BBI3BIBANO  NPONOPLHMOHAIBLHOE
yBEITHUYEHHE KATOIHOTO TOKA BOCCTAHOBIeHHs HOHOB MN®* Ha kobire. ITopsiiok
peaKkuuy, pacCUMTAaHHBIA TI0 TAaHIEHCY HAKJIOHA  JIOTapuU(MUYECKOU
3aBHCHMOCTH TOKa Ha KOJblle OT KoHIeHTpamun H,SO40ka3ancs OMm3KuM K
€IMHUIIE, YTO COOTBETCTBYET YPaBHEHHUIO (2).

B ycnoBusax skcnepumenta kod¢pounueHT 3¢ dexrusroctn B/IDK 6mm3ok x
teopernueckoii BenmmunHe N = 0,4, 1. e. 40 % vacTui, oOpa3yromuxcs Ha AUCKE,
JIOCTUTAOT KoJbLA. s pacdyeTa CKOpPOCTM XMMHUYECKOro pacTBopeHus M
MOYKHO BOCIIOJIb30BaThCs (POpMyIIoif

125§

T onFs’
rae i — TOK Ha KOJbIe; N — YHCIO 3JIEKTPOHOB, PacXoayeMoe Ha 00pa3yeMyro
yactuiy; F — nocrostanas ®@apanest; S — mioniags aucka.

Teopus BJIOK pa3paborana g 3NEKTPOXMMHUYECKHX IIPOLIECCOB,
MIPOTEKAIONINX HA JTUCKOBOM 3JIEKTpOne, U B ciydae, korna 40 % obpasyembix
HAa JUCKE YAaCTHIl JOCTHrar0T KOJIbI[A, YHCICHHBIA KO3(GGHUIMEHT IOJDKEH
paBHATBCA 2,5. OgHAKO B HANIeM CiIydyac BOCCTAHOBHTEIEM BBICTYIAeT HE
snmektpox, a moHel Mn®*  u3 pacteopa, ypasmemme (1). Takum 06pasom,
nonoBuHa HOHOB Mn®', jocTHralommX KON, IMOCTYIaeT M3 PAacTBOPA,
[MO3TOMY YHCJICHHBIH KOI()(GUIIMEHT BIBOC MCHBIIC OOBIYHONH BEIMUYUHBI U
paBusiercs 1,25.

W3 HaknmoHa rpaduka 3aBUCHUMOCTH CKOpocTH pactBopeHus JIM ot
TeMIIepaTyphl OblIa ONpenesicHa SHEPrHsi aKTUBAIMHU Ipoliecca PacTBOPCHUS
JIM, kotopasi oka3ayiach paBHOH 25 kJ[x/monb. [1o Bcell BUIMMOCTH, CKOPOCTh
mpormecca XMMHYECKOro pactBopeHus JIM B OCHOBHOM ompenensiercs
nuddysueit.

[lpn yBenMYEeHWM TONIIMHBI IUIGHKH CHJIBHO BO3pPAcTaeT CKOPOCTh
pactBopenus [AM. JIM sBnsieTcs MOPUCTHIM BEUIECTBOM, II0O3TOMY IOBBIIIEHUE
€ro Macchl BE/IeT K YBEIMYECHUIO HCTHHHOH noBepxHocTH. OTCIONA CIIEAYET, YTO
CKOpOCTH Tporecca pacTBopenus JIM onpenensercs auddysueii nonos Mn®* s
riny0Op pactBopa. Juddy3us Apyrux 4acTHL, y4acTBYIOIIUX B peakuuu (HOHOB
Mn?* i H'), nomkHa 3aBHCeTh TONBKO JIHIIb OT TEOMETPHUYECKO ILIOMALH
JMCKOBOTO 3JIEKTPOJa, @ HE OT €ro HCTHHHOM IOBEPXHOCTH , T. €. MacChl
NIEKTPOA.

PabGora ocymecTBieHa TpuW (PUHAHCOBOW TOANEPKKH | py3HHCKOTrO
Hayunoro HanuonansHoro ®onga um. Illora PycraBenu B pamkax rpasra
NeFR17 478, «llonmy4eHne HAaHOIUICHOK W CYCIICH3WM JHUOKCHIA MapraHIa
MO (UIIMPOBAHHOTO JKEJIE30M JUIS CYIIEPKOHIEHCATOPOB».
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Poun 1,4-0yrunamnosia B mpouecce 3J1eKTPOBOCCTAHOBJICHHS
Sn(Il) u Ag(l) ¢ o6pazoBanunem ciiiaBa SN-AQ 3BTEKTHYECKOT0
cocTaBa

M. A. Illukys', O. H. Bpy6nesckas’, T. H. BopoGbesa®
lEenopyccxnﬁ roCyJapCTBEHHBI yHUBEpCcUTET, MUHCK, benapych,
e-mail:mariawerner21@gmail.com
’HUU (U3MKO-XMMHUYECKUX NMPOo0JIeM bestopycckoro rocyaapcTBEHHOTO
yHuBepcurera, MuHCK, benapycs

CrmiaB  ooBo—cepebpo  sBTekTHueckoro cocrtaa (3,5 wmacc.% AQ)
BOCTpeOOBaH mpu COOpPKE W3AENMI DIIEKTPOHHON TEXHHMKH, MPUOOPOB, LIS
COCITUHCHUS METHBIX TPYO B XONOAMIBHBIX YCTAHOBKAX U JIP., TOCKOJIBKY HMEET
HIBKYIO T, (221 °C), Xxopolire 3KCIUTyaTalMOHHbIe XapaKTePHUCTHKH U MAyIo
TOKCHYHOCTH [1, 2]. B mpuHIHIE, MOTYYUTh IBTEKTHKY SN—AQ MOXHO IyTeM
coBMecTHOTO 3nekrpoxumudeckoro Boccranosnenuss Sn(ll) u Ag(l) B BogubIx
pacTBOpax, uYTO IPOLIE U JeIIeBIe, YeM MEeTaJUIyprHUYeCKUMH METOJaMHU.
IIpobnema 3akirouaercst B ckioHHoctH coemauuenuit Sn(ll) k ruaponmsy, a
coenunenuit Ag(l) — K BOCCTAaHOBIICHHIO B 0OBEME PAcTBOPOB, YTO JIENAET
HEOOXOIUMBIM HCIIONF30BaTh BOAHBIC AIIeKTPouThl ¢ pH < 2 mwmm ¢ pH > 9 n
BBOJUTh B HUX aHTHOKCHUIAHTHI, HAIPUMEp, THIPOXHHOHBI, KaTexonbl. Kpome
TOTO, W3-32 BBICOKOTO ITOJIOKHUTEIHFHOTO 3HAYCHHS AJIEKTPOAHOTO IMOTEHITHAA
cepebpa KpaifHe TPYAHO OTPaHMYUTH cojepkaHue AJ B cIuiaBe. ABTOpaMH
noknana panee [3] mpemnokeH crabwibHbld pactBop ¢ pH 1,1 cocrasa
(mome/mm”): SNSO4 — 0,1, AgNO; — 0,005, CS(NH,), — 0,053, H,S0,-0,005,
runpoxuHoH — 0,0045 u 1,4-6yturnumon — 9,8 MMOJ'IB/,I[MS. Bgenenne nobaBku
1,4-6yrunauona (bJ1), obecrieunso, B OTIMYUE OT M3BECTHBIX 3JIEKTPOJIUTOB,
OCaXKJIEHUE TOKPBITHH W3 cilaBa SN—AQ ¢ MOHMKECHHOW MacCOBOU JOJei
cepebpa 7,8-3,7 % (uro OJM3KO K cCOCTaBy OBTEKTUKH) M OTCYTCTBHE
00pa30BaHuUs ICHIPHUTOB.

Lenr maHHON paboThl — aHanu3 Xxapakrtepa BiusHus bJ] Ha mporeccs
cOBMeCTHOro W pasmenbHoro BoccraHoBienus Sn(ll) wu  Ag(l), Ha
MHUKPOCTPYKTYpPY  TOKPBITUHl B TPEIUIOKEHHOM  pacTBope. Meromom
LIUKJIMYeckol  BosmbTammnepoMerpun (LIBA) wu3ydanm moBeneHHe MEIHOTO
anekTpoia ¢ GapsepHbIM citoeM Ni—P B 3j1eKTposiuTe MOJHOTO cOCTaBa, 0€3 u ¢
BJl, a Takxke 11 CpaBHEHUS — B DJICKTPOJIUTE B IPUCYTCTBHU JIUIIL OJHOTO U3
nonoB Sn(I1) wmm Ag(l). Ucmonp3oBanu XiIopcepeOpsiHbIil 31EKTPOT CPAaBHEHUS
1 M3MEPHUTEIbHBIH TUIATHHOBBIH 3JIEKTPOA, CKOPOCTh Pa3BEPTKH ITOTEHIHANA 2
MB/c.  MUKpOCTPYKTYypy HOKPBITHH H3y4ald METOJOM CKaHUpYOLIeH
3NEeKTPOHHOH MuKpockonwn (COM).

HBA wuccnenoBanue nokasano, 4to BBeaeHue bJ[ B pactBop cosu onoBa
MIPUBOANT K HEOONBIIOMY CMENICHHIO IMOTEHIajla Hadaja BOCCTAHOBJIICHHS
Sn(ll) ot —0,63 1o —0,61 B 1 yMeHBIICHUIO MIOTHOCTH KaTOAHOTO TOKa (puc. 1,
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a). IIoTHOCTh KaTOIHOTO TOKA BOCCTAHOBJICHHS HOHOB cepedpa B JJIEKTPOJIUTE
B OTCYTCTBHE COJIM OJIOBa B JCCATKH pa3 MEHBIIE, €M HOHOB 0yioBa (pHc. 1, 6).
Ha xatonnoii BetBu I[IBA kpuBoil HaOmOAaeTcs IUIATO MPECIHLHOTO
1 dysrnonHoT0 TOKa. BBemenne BJ| B amextponut, He comepxkammuit Sn(ll),
MIPUBOJMT K CYLIECTBEHHOMY CMELICHHIO MOTEHIMAala Hayajla BOCCTAHOBIICHUS
cepebpa(l) B obmacts 60mpmmx noreHmmaios (ot —0,36 no —0,27 B), npu aTom
HE3HAYUTENIbHO YMEHBINAECTCSl IUIOTHOCTh KAaTOJHOIO TOKAa BOCCTaHOBIICHUS
Ag(l), xotopoe, Kak W B TIPEIBIAYIIEM CIydac MPOTEKAeT Ha TPEIETbHOM
b dy3rnoHHOM TOKE (pHC. 1,6).

CosmectHoe Boccranosinenue Sn(I1) u Ag(l) HezaBucHMMO OT HalU4Yus B
pactBope B/l mpoucxomur ¢ sddexroM nenonspusalvd MO OTHOLICHHIO K
BoccranoBnenuto kak Sn(ll), Tak u Ag(l), mpruem 3ToT 3 deKT ropasmo sApue
BeIpakeH B mpucyTctBud BJl (puc. 1, g). Dbdekt nemonspusanum MOKXHO
OOBSICHUTE  00pa30oBaHHWEM  HMHTEPMETAJUIMYECKOTO  coemuHeHus  AgsSn,
00HAapY)KEHHOTO B TIOJly4aeMbIX IOKPBITUSIX METOJOM PEHTTeHO(a30BOro
ananu3a. OOpa3oBaHWE HMHTEPMETAIUIN/AA MOATBEPKAACTCS TAKKE HATHIHEM
nuka Ha katoaHoi BetBu [IBA xpusoit npu —0,37 u —0,33 B (B oTcyTCTBHE U B
npucyTctBun bJl B 371€KTpOIUTE, COOTBETCTBEHHO).

Js MA/eMm J, MA/eM
0,0/
/c®, 011 C (b1,

MMOJIB/ M3 MMOJIB/ M3

-4 e
, —0 0,21 Y
9,8
E,B -0,34 E.B
060 056 052 -048 06 05 04 -03 02
a 6
J» MA/cM®

0,04

C (B,

0,11 MMOJIb/aM?
—0
9,8
02 ‘ ‘ E B
0,4 0,3 0.2

B

Puc. 1. Karonusie BeTBu LIBA-KpuBBIX A/ paCTBOPOB B IPUCYTCTBUM: 4 —
nonos SNn(l1), 6 — noros Ag(l), ¢ — moros Sn(ll) u Ag(l)

168



ITo manaeiM COM wuccnenoBanus BBeneHHE bl B 3JEKTPOIHUT BBHI3BIBACT
CYIIECTBEHHOE YMEHBIIICHUE Pa3MePOB 3€PeH ciuiaBa (puc. 2).

Puc. 2. COM ¢oto nmoBepxHOCTH cIuiaBa Sn—Ag, TIOTy4eHHOTO U3 pacTBOpa.
a-B otcyrcrue b/lu 6— B mpucyrcreuu bJ1 (9,8 MMOJIB/IM°)

[lonydeHHble pe3ynbTaThl CBUAETEILCTBYIOT O TOM, 4TO B/ BimseT kak Ha
kuHeTHKy BocctanoieHust noHoB SN(ll) u Ag(l), Tak U Ha MHKPOCTPYKTYpY
MOKPBITHHA. TH  (akThl COrNACyOTCS ¢ JaHHbIMH pabotel [4], B
KOoTOpoitykazaHo, uro bJl BemomHseT ¢yHKnun OneckooOpazoBaTens U
JWTaHIa, B HAIIEM CIIydae, MO-BHIMMOMY, 00€CIeYHBaloIero GopMupOBaHUE
cMmenanHbIX b/I-THOMOYEeBHHHBIX KOMIUIEKCOB, Kak ¢ HOHaMH cepedpa, Tak | ¢
nonamu onosa(ll).
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CHEMISTRY OF SURFACE AND THIN FILMS

TiO,/epoxy composites as effective anticorrosion coatings for steel

E. A. Ovodok®, H. M. Maltanava, S. K. Pozngakl, M. I. lvanovskaya’,
U. S. Shendziukou®, N. Scharnagl?, V. Spacek®
'Research Institute for Physical Chemical Problems, Belarusian State University,
Minsk, Belarus, e-mail: ovodok@bsu.by, annamaltanova@gmail.com
Helmholtz-Zentrum Geesthacht, Centre for Materials and Coastal Research
GmbH, Geesthacht, Germany
3Synpo Research Institute, Pardubice, Czech Republic

Epoxy resins are thermosetting polymers which have been widely used in
different fields including anticorrosive protection [1]. Incorporation of
nanoparticles in epoxy matrix can enhance corrosion resistance as well as
improve optical, thermaland mechanical properties of the epoxy coatings [2].
Among different nanoparticles used as additives for epoxy resins, TiO, is the
most perspective owing to unique properties, relative low cost and wide-spread
application. The purpose of present work was to prepare TiO,/epoxy coatings on
steel and to study the influence of TiO, additive on anticorrosive properties of
the coatings.

In the experiments, commercially available water-based epoxy resin CHS-
Epoxy 200v55 and Telalite 180 amine hardener were used for preparation of the
epoxy coatings. The TiO, particles were fabricated according to the method
described in [3]. TiO,/epoxy composite coatings with 0.5, 1 and 2 wt.% of TiO,
were prepared by adding an appropriate amount of TiO, particles into the epoxy
resin followed by mechanical dispersing and then addition of the curing agent.
The obtained mixture was deposited onto steel plates using casting blade
method.

The resultant cured coatings with a thickness of 60 £ 3 pm were partly
transparent, non-porous and demonstrated excellent adhesion to steel surface.
The distribution of TiO, particles in the cured epoxy matrix was studied by SEM
and EDX mapping. In addition, RAMAN spectroscopy was applied for
characterization of 3D distribution of titania particles in the coatings. TiO,
particles were found to be rather uniformly distributed in epoxy network. The
corrosion resistance of the epoxy coatings modified with TiO, nanopaticles was
investigated by standard salt spray test. Unmodified epoxy coatings were failed
with rust formation after 24 h. Incorporation of TiOparticles into polymer
matrix increased the corrosion resistance of the epoxy coating up to 96 h.

In conclusion, the epoxy coatings loaded with TiO, nanoparticles were
deposited onto steel substrate by casting blade technique. The addition of TiO,
to epoxy resin led to the enhance of anticorrosion performance of the coatings.
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Investigation of the lateral arrangement of phospholipid
monolayers with respect to the adsorption of hyaluronan

D. C. F. Wieland
Helmholtz Zentrum Geestacht, Max-Planck- Strafle 21502 Geestacht, Germany
e-mail: Florian.wieland@hzg.de

The unmatched tribological performance of articulated joints is due to both
the properties of the cartilage itself and the assumed self-organization of the
molecules in the synovial fluid (SF) and at the surface of cartilage [1]. The
components of the SF account for the response of synovial tribological system
to different load and shear conditions by re-structuring and thereby providing
extremely low friction coefficients under low and high pressures up to several
tens of MPa and different shear rates [2]. It is known that phospholipids form
lamellar structures on cartilage surfaces and are able to reduce friction and wear
[3]. The question is open how these structures are influenced by the adsorption
of the biopolymer hyaluronan (HA) as it is one of the main components of the
SF.

To elucidate interaction between phospholipids and hyaluronan, we
performed x-ray reflectivity and grazing incidence diffraction measurements on
Langmuir layers of Dipalmitoylphosphatidylcholine (DPPC) and investigated
how the adsorption of HA changes the arrangement of the lipids. We varied the
molecular weight (MW) of hyaluronan and the salt concentration in the
subphase, in order to determine the influence of these parameters of the
interaction. Our data indicate that the adsorption of HA to DPPC monolayer
strongly decreases with the increase in the MW of HA. Further divalent ions in
the subphase strongly enhanced the binding of HA to DPPC. 4
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Ouemca PA3BUTOCTH IOBEPXHOCTHU I'a301yBCTBUTEIbHBIX
OKCH/HBIX MAaTePHAJIOB ¢ IOMOLIbLIO (PPAKTAILHON Pa3MEPHOCTH

H. E. Bo6opuko
Bbenopycckuil rocynapcTBeHHbIN yHUBEpcuTeT, MuHck, benapycs,
e-mail: boboriko@bsu.by

[ToBepXHOCTH OKCHAHOTO MaTepHaja, a, CIeJI0BaTelIbHO, M rerepodasHas
IpaHWIla OKCHIHBIN MaTepual — BO3AYIIHAs cpela HE SBISACTCS IUIOCKOH.
Penped maHHOH MOBEPXHOCTH ONpeneiseTcss KaK XHMHUYECKAM COCTaBOM
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KOMITO3MTa, TaK ¥ METOAOM ero mosydeHus. Hammume pasuroro penbeda
MOBEPXHOCTH OKCHIHOTO MaTepualia UrpaeT 3HAYUTEIbHYIO POJIb B YIyUIICHHN
ra304yBCTBUTENBHBIX XapaKTEPUCTHK KOMIIO3UTA, IIOCKOJIBKY MPHBOAUT K
YBEIHUYCHUIO (DAKTHYECKOW IUIOIAJN KOHTAKTa [ETEKTHPYEMBIX MOJIEKYN C
AKTHBHBIMH IIEHTPAMH Ha IIOBEPXHOCTH OKCHJOB, TEM CaMbIM YIIydIlas
pelenTopHylo  (QYHKIHIO  Ta304yBCTBHUTENBHOTO  MaTepuana. Y I00HBIM
MOJXOJOM Uil OLEHKH Pa3BUTOCTH MOBEPXHOCTH OKCHIHOIO MaTepHana
SIBJSIETCSI € MpEJACTaBleHWe B BUIe (DpakTana, MOCKOJIbKY JAHHBIA TMOIXOJ
SIBJISICTCSl WHBAPUAHTHBIM MO OTHOILICHHIO K M3MepHTeNbHOMY Macmrtady [1].
PeanbHasi MOBEPXHOCTh OKCHJA SIBISIETCS OPOYHOBCKOM IOBEPXHOCTBIO, T. €.
HEpOBHOCTH HAa IAaHHON MOBEPXHOCTH pAacIpeAeieHbl CIy4ailHbIM 00pa3oM.
Pa3BUTOCTE TMOBEPXHOCTH MOXKET OBITh YHCJIEHHO OLEHEHa C IIOMOIIBIO
(bpakTanbpHOM pa3MepHOCTH, WM pa3MepHocTH Xaycnopha—besnkoBuua. s
(bpakTaTbHOTO 00BEKTA 3Ta PA3MEPHOCTH CTPOTO OOJIBIIE €0 TOMOJOTHYSCKON
pa3MepHOCTH. B 4acTHOCTH, 3HAYCHHE NAHHOW BEIMYHMHBI IUIS MMOBEPXHOCTH
OKCHIHOTO MaTepHaja JOJDKHO JISKaTh B IHANa30He OT ABYX JO0 TPEX, MPUYEM
TeM OOoJIbIIIEe IBYX, 4eM Oojiee pa3BUTa MOBEPXHOCTh KOMIIO3UTA.

Ompenenenne  (pakTaibHOH  pa3MEPHOCTH MMOBEPXHOCTH  MPOBOIHIH
METOJIOM MAJOYTIIOBOTO paccesaus HeiitponoB (JIH® OUSU, dy6na, Poccus).
Ilpu paccesHurn HEUTPOHOB HAa (PpaKTalbHBIX OOBEKTAX HHTCHCHBHOCTH
MaJIOYTJIOBOTO pacCesiHUsl MPOMOPIMOHAIFHA a0COIIOTHOMY 3HAaYCHUIO BEKTOPA
paccestnus ( B OTpHIaTeNbHON crenenu a, T.e. 1(q) ~ g Iloka3zarens creneHu
o 3aKiIr0UacT B cebe uHpopmaiuio o GppakransHOi pasmepHocTH D o0bekTa, Ha
KOTOPOM HPOUCXOJIMT paccesiHue. B ciryuae moBepXHOCTHBIX (pakTaioB o = 6 —
D [2].

Beutn nccneoBanb okcuaabie Matepranst Ti0,—M0O;, momydeHHbIe 301Th-
rellb METOIOM, TPOLIC/IIAE TEMIIepaTypHyto 00paboTky mpu 450 °C B TeueHHe
JIBYX 4YacoB, C pPa3IMYHBIM COJepKaHHeM okcuaa MonubnaeHa. Kak ObLio
nokazaHo panee [3], AaHHbIE Marepuaibl MOTYT OBITh HCIOJIB30BAHBI IS
(hOpMUpPOBaHUsI Ta304YBCTBUTEIBHBIX CIIOEB XMMHUYECKHX Ta30BBIX CEHCOPOB.
BBeznenue okcuma MoauOAEHA B JUOKCHJ TUTAHA MPUBOJUT K YBEITHYCHHUIO
BBIXOJIHOTO CHTHAJIA CEHCOpa MPH JICTEKTUPOBAHUK Boopoa [4].

Kak cnenyer w3 aHaiu3a 3aBUCHMOCTEH HMHTEHCHMBHOCTH MAaJIOYIJIOBOTO
paccesHHSI OT BEKTOpa paccesHus st Auokcuaa Tutana 110, ¥ KOMIIO3UTOB
TiO,~M0O; ¢ coxepkanuem okcupa moiubmena 1 u 10 mom.% (puc.),
YBEJIMYCHHE KOJIMUECTBA OKCHIA MOJHMOJeHa B KOMIIO3UTE IPUBOJUT K
¢dbopMupoBaHUI0 0Oosiee Pa3BUTONH IMOBEPXHOCTH OKCHJHOTO Marepuaia —
3HaueHue (paKTaabHOM pasMepHOCTH yBennuusaercs ot 2,06 i TiO, mo 2,25
qutst kommosura Ti0,—MoO; (10 moi1.% MoO3) (tabnuiia).

CreneHp pPa3BUTOCTH NOBEPXHOCTH OKCHIHOTO Marepuaja He SBISETCS
€IMHCTBEHHBIM KPUTEPUEM, OTPE/IEISIONIM Ta304yBCTBUTEIbHYIO aKTHBHOCTD
KOMITO3MTa, HO CIIy’)KUT Ba)KHOW XapaKTEepUCTUKOW CTPYKTYphl MaTepHaia.
@dopmupoBanue Oosee pa3BUTONW TOBEPXHOCTH OKCHIHOTO  KOMITO3HMTa
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yIy4lIaeT pelenTopHylo (QyHKIMIO Marepualia, YTO NPUBOAMT K YBEIHMUYCHUIO
BBIXOZHOTO CHTHAJIA CEHCOpa MPH AETEKTUPOBAHHUH Ta3a.

3HaueHue GppakTaabHOU Pa3MEPHOCTH B 3aBUCUMOCTH OT COCTaBa KOMIIO3UTA

CocTaB OKCHJIHOTO MaTepHaa 3HadyeHne QpakTaIbHON pa3MEepPHOCTH
TiO, 2,06
Ti0,-M00O; (1 mMo11.%) 2,17
TiO0,-M0o0O; (10 Mo1.%) 2,25

Puc. 3aBucumMocTth
HMHTEHCUBHOCTHU
MAaJIOyTJIOBOTO PACCESTHUS
HEUTPOHOB OT BEKTOpa
paccestausi: 1 — TiOp; 2 —
TiO,~Mo00; (1 m011.%
Mo0Os,); 3 - TiO,~Mo00O; (10
Moi1.% Mo0QO53)

T T T T T T T T
-1,2 -0,8

lgq

T
-0,4

T 1
-0.6 -0.2

Takum o0pazom,

NPE/ICTaBICHUE TIOBEPXHOCTH OKCHIHOTO MaTepHana Kak (ypakrajia MO3BOJSET
YUCJIEHHO OIIGHUTh PA3BUTOCTh MOBEPXHOCTH, KOTOpas SBISETCS OJHUM W3

rapameTpoB,

ONPEACIIAIOINX Ta301yYBCTBUTCIIbHBIC

CBOIiCTBa OKCHUIHOTI'O

kommo3uta. M3 pe3ynbTaToB OUECHKU (PpPaKkTalibHOU Pa3MEPHOCTH KOMIIO3UTOB
TiO,-M0O; cnenyer, 4To BBeleHHE B JHOKCHJ] TUTaHA OKCHIAa MOIUOICHA
NPUBOJAUT K (OPMHUPOBAHHIO 0OJiee pa3BUTONH IMOBEPXHOCTH OKCHIHOTO
Marepualia, 4To KOPPeIMpYyeT C Ta304yBCTBHUTEIHHBIMU CBOWCTBAMH JaHHBIX
KOMIIO3UTOB IPU ACTSKTHPOBAHUHU BOJOPO/IA.

Cnucok auTeparypsl
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AncopOuusi napoB yriieBoA0pPOA0B, KeTOHOB, CIUPTOB M BObI
MHUKPOMOPHUCTBHIM YIJIEPOIHBIM aJCOPOEHTOM

H. A. MaKapeBqu’ 2, A. B. IlepHHﬁl, H. U. BorzxaHOBqu,
C. W. Tperssikos®, E. A. Jlarynosa®
1que>1<z[e1-me obpaszoBanus «Boennas akagemus Pecrryommku bemapycey,
Musck, Benapycs, e-mail: nikma@tut.by
“CeBepHblii (ApkTHueckuit) penepatbHblii yauBepenter nm. M. B.
JlomoHocoBa, ApxaHrensck, Poccus, e-mail: n.bogdanovich@narfu.ru

IlpoBenena  oneHka  3(QeKTUBHOCTH  NEHCTBHS  MHUKPOIIOPHUCTOIO
HAHOYTJIEPOJHOIO afcopOeHTa IpU IOIVIONIEHUH HEKOTOPBIX OPTraHWYeCKUX
BellecTB M Bojbl. JlaHa ero ajcopOLMOHHAs XapaKTEpPUCTHKA W H3y4YeHa
KUHeTHKH ajcopbimu A, = f(7)c momydeHneM KOHCTaHT CKOpPOCTeH U
ko3 dunueHToB 1udhdHy3un aacopoaTos.

Hanomopuctelif akTuBHBI yrinp (AY) moaydeH U3 UYEpPHOTO IMIEJoKa
cynb(aTHOM BAapKH APEBECHHBI KPYIMHOTOHHA)KHOTO LEIUTIOI03HO-0yMaXKHOTO
npousBocTBa (Apxanrensckuii [[BK) MeTomoM TepMOXHUMUYECKO# aKTHBAINH
[1, 2]. AY otnuyaercs CMENMIAHHOW MHKPO-, Cylep- M ME30HOPUCTOM
CTPYKTYPOI M NMPHUTOAEH 111 pabOThI B Ta30BBIX U XKUAKHX Cpellax: BO3IYIIHBIC
(GUIBTPBI, OYHMCTKA MNHUTHEBOH BOJBI M CTOYHBIX BOJ, OYMCTKA aJKOTOJI,
JIEKTPOHBIE MATEPHUATIBI JUT CYIIEPKOHICHCATOPOB, (hapMaryst 1 1p.

Nszorepma A = f(P/Py ) HuskoTeMIiepaTypHoil aacop6uuu asorta npu 77 K,
pacmpeseneHue mop mo pasmepam AY, ynenbHas HOBEPXHOCTb S, M/r
noiyueHsl Ha copbromerpe ASAP 2020 MP mpoussoacrea CIIA OOmas
ylenbHas MOBEPXHOCTh Sy, v AY paccuntaHa mo mertony Brunauer—Emmett—
Teller (BET) u cocraBuma 1710 M/r, Syomese Me3somop mo Barrett—Joyner—
Halenda (BJH)- 774m°/r, 0GbeMbl 1 pacipeieleHine MHKPOIIOPIIO pa3MepaM
(cp. pasmep ~1,15-1,17 um) ouenens metogamu Horvath—Kawazoe (H-K) [3].

W3yyanu KMHETHKY aJcOpOLMH MpeIebHBIX YIIeBOMOPOAOB (N-meHTaH, N-
rekcad, N-renTaH W N-JIeKaH), KUCJIOPOJCOAEPKAIIMX  OPraHW4ecKux
COCTUHEHUH (3TaHOM, M30-OyTaHON, N -OyTaHON, aleTOH, METHIITHUIKETOH) U
BOJIBI B HETIOJIBIDKHOM cjioe AY, MOMEIaeMoro B HachIICHHbIE NPH 33aHHbBIX
temrnepatypax (293 K u 313K) mapst pactBopuTemei.

[pn ommcanuu BHYTpUAU((Y3MOHHOH KHHETHKH  (H3MUECKOH
ancopOLMy MPUMEHSIIM MOJIeNb KBa3UTOMOTEHHOTO TIOPHCTOTo Tena[4]:

A =A.-ep(-k*7),umn A =A-exp(-z?-D*-r/R?), (1)
rae cumiuiekc £ = 1 — a/a,, a — Texymas, a, — paBHOBecHas ajncopoums; k* —

KaXymrascsd KOHCTaHTAa CKOPOCTH aacopOouunwy, B— OKCIIEPUMEHTAIbHBIN
MHOXHTEJb, 3aBUCSAIIMN OT TPHUPOIBI AACOPOIMOHHOM CHUCTEMBI, D* —

. . 2 N
Kaxymuics: koaddunuent BHyTpeHHel auddy3un, M /c, pacCUUTHIBAEMbIH 1O
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(2); T — OPOMOIKHUTETHHOCTh anCcOpOLUH, C; R— NPHUBEIACHHBIA pagnyc
IIAPOBBIX YACTHII YTIIA, M.
k* = #D*/R? %)

I[lo anmcopOumoHHOW aKTWBHOCTH A, T/T (MakcHUMajibHBIE, BOIM3H K
PABHOBECHBIM, 3HAYCHUS) acOpOAThI PACIONATAOTCS B CICAYIONIMA psm: N-
OyTaHOI < Boja < JIeKaH << 3TAaHOJ < TeNTaH < IeKCaH < IeHTaH < M300yTaHOII
< METHWJIDTWIKETOH < areToH. [Ipu sToM Uit psga N-OyTaHort < Boja < AekaH A
= 20+30 r/r, g psAma 3TaHON < renTaH < IeKcaH < MEeHTaH < W300yTaHOoN <
METHWIITWIKETOH < ametoH A = 20+30r/r. Kpome TOro, yCTaHOBIICHO, 4TO
BenmuuHEI ancopbuuu npu 303 K mpakTiuecku B 2 pas3a BBINIE, YeM B Cilydae
agcop6umu pu 293K.

Ha  ocHOBaHMHM  MOJIyY4CHHBIX  OSKCIICPUMCHTAJIBHBIX  PE3yJIbTaTOB
OIIpEJIeTICHbl: KOHCTaHTBl CKOPOCTH aacopOuuu, koddduuuentsl nuddysuu,
SHEPIMH aKTUBAIMM, CTeNeHd ruapodobHOCTH u ruapoduiabHOCTH AY.
Hanpuwmep, mpu 293 K 1 303 K kosduuments: D*, 102 m°/c, coOTBETCTBEHHO
paBHBL: A N-mieHTaHa 2,22; ais n-rekcana 2,56 u 0,93; nins n-rentana 1,30 u
1,36; nusa n-mexana 1,06 m 1,50.

Cnucok ureparypsl

1. E. A. JlarynoBa [u ap.]. Pecypco- u sHeprocOeperaromue TeXHOJIOTUH U
000pyI0BaHUE, SKOJOTHUCCKU OE30MacHbIC TEXHOJOTHH: MarT. Mexa. Hayd.-
TexH. KoH(., Munck(2014) : 127.

2. H. U. Borganosuy [u ap.]. 3. BY3 «JlecHoit xypram» (2012) 1 : 107.

3. H. A. Makapesuu, H. U. BormanoBuu. TeopeTndyeckue OCHOBBI
ancopbimu: yu. moc. CADY (2015) : 362.

4. H. A. Makapesuu, H. . bornanosuya, C. U. TpeTeskoB. XUMHUSI H XHUM.
texnoir. (2014) 57 (7) : 108.

CTpyKTypHbIe XapaKTePUCTUKH MJICHOK
Jlenrmiopa-bJioaxeTT Ha MOPUCTBIX MOBEPXHOCTAX

I. . Menbhukoea’, O. T'. Jlegsur®
1I/IHCTI/ITyT Tero- U MaccooOMena uM. A. B. JIeikoBa HAH benapycu, Munck,
Benapycs, e-mail: galachkax@gmail.com
ZECIIOpyCCKI/Iﬁ roCyJIapCTBEHHBIN M€JarOTHYECKUI YHUBEPCUTET
nM. M. Tankay», Munck, benapycs

B HacTodlmee BpEMs MHIMPOKO HCHOJB3YIHOTCA TOHKHC W YJIbBTPATOHKHUEC
IUVICHKHW, B TOM 4YHCJIC, TOJUMEPHBLIC, a TaKKE BCIACTCA pa3pa60TI<a
MPUHIUIIUAIBHO HOBBIX KOMITO3HMITMOHHBIX MaTepuajioB Ha OCHOBC
TOJIMMEPHBIX COCI[I/IHCHI/Iﬁ W HAaHO4YaCTHII. OI[HOI71 3 Hanbosee MEPCHCKTUBHBIX
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TEXHOJOTHI AJIsl pPEeHIeHHs TAaKoro poja 3amad siBiseTca Mmeron JleHrmropa—
Bbnomxert (JIB), mo3Bosnstomuii co3qaBaTh KOHICHCUPOBAHHbBIE YIIOPSI0OYEHHBIE
MOHOMOJICKYJISIDHBIE CJIOM MOJMMEPOB M YNPABIATH MX CTPYKTYPOH, a TaKke
KOHCTPYHPOBAaTh MHOTOCJIOWHBIE IUICHKM ¥ KOMIIO3UTHl C BKJIIOYEHUSIMU
HAHOYACTHUIl, MOJIEKYSIPHBIX KOMILJIEKCOB, B TOM 4HCJIE U OHOJIOTHMYECKU
AKTHBHBIX.

MoanpuurupoBaHUe TOJUANEKTPOIUTHON IUICHKOW Ha(HOHa pPa3IM4YHBIX
THUIIOB TTOJUTOKEK MTO3BOJIAET CO3/1aBATh HOH-CEJICKTUBHBIE JICKTPOIBI, CEHCOPBHI.
B Hactosmeit pabote it (HopMUpPOBaHMS MOHOCIOWHBIX IUIGHOK Ha(mOHA
HCTIONB30BAIM KOMMEPYECKHH HPOAYKT pacTBOp Nep(TOPUPOBAHHON CMOIBI
“Nafion1100 EW ” (Sigma-Aldrich), xotopsriii mpencrasmsier coboit 5 %
CYCITICH3HIO ITOJMMepa B HIBIINX anu(aTHIecKuX cnuprax u Boge. JIb-meHky
HauOHA Ha MOBEPXHOCTh  YIBTPA(DMIBTPAIIMOHHONH  ITOJMHCYIb()OHOBOH
MeMOpaHbl HAHOCWJIM C HCIIOJIb30BaHMEM T'OPU30HTAJIBHOIO THUIA BBIACICHUS
IIPU CXKATHM MOHOCJOS, JOCTUTaeMOM OIHOBPEMEHHBIM JBIDKEHHEM JIBYX
OapbepoB. beuiM Takke BBIZEICHBI KOMIO3UIIMOHHBIE OJIHOCIOWHBIE IUICHKH
HaduoHa, copepxKaiie HaHo4acTuipl okeuaa kpemuuit (d = 30-50 um, Sigma-
Aldrich). Jlns ompenenenust naBieHus (QOPMHPOBAHMS IUIOTHOTO  CIIOS
IIpeBapUTEIHHO MOTYYaIl U30TEPMBI CXKATUS MOHOCIOS. DKCIIepUMEHTaIbHbIE
HCCIICIOBAaHNUs TNPOBOAMIM Ha YCTAaHOBKE «ABTOMAaTH3HMPOBAHHBIM KOMILIEKC
UL MOIU(HIMPOBAHWS IIOBEPXHOCTEH MEMOpaH MOJEKYISAPHBIMH U
yinsTpatonkumu ciosiMmm» (THY «MHcTuTyT Temno- m mMaccooOMEeHa HMEHH
A. B. Jleikoa HAH Bemapycu», bemapycp). IlneHkm BbIeTsSIN Kak Ha
MONNCYNb(QOHOBEIE  yAbTpaduibTpanmoHable  MemOpanel  (MUOUII-TIC,
Benapycp), Tak M Ha TNpeIBapUTENLHO THUAPOGHIN3HPOBAHHBIE KPEMHHEBBIC
MOJUIOKKH (A1 M3Y4eHHs CTPYKTypbl HcxoaHblX JIb-menok). CTpykrypy
00pasloB HCCIEeNOBaId METOJOM aTOMHO-CHIOBOM Mukpockornuu (ACM) Ha
npudope NT-206 (OA0 «MukportecTMalHbl», benapyck) ¢ Ucronb30BaHHEM
CTaHIApTHBIX KpeMHHeBbIX KaHTHieBepoB NSC 11 A (“Mickromasch”,
OcToHus), )xecTkocThio 3 H/M 1 paanycom kpuBu3HbI He Oosee 10 HM.

Merogom ACM ObLIO MMOKa3aHO, YTO IUICHKa Ha(MOHA, BBIJEICHHAs NPHU
napiaeHun 5 MH/M He o0Opasyer IUIOTHOTrO CJIOsl Ha HOBEPXHOCTH KPEMHHUEBOMN
nojoxku. [Ipn yBenwdenun nasienus BbineneHus 10 9 MH/M dopmupyercs
IUIOTHBI MOHOCJOH, XapaKTEepPHU3YIOIIMNCS OJHOPOJHON IUIOTHOYNAKOBAHHOM
MOPUCTON CTPYKTYpO#, HAa TOBEPXHOCTH MOPHCTOW TONHUCYIH(POHOBONH U
KpeMHHEBOH mojutokek. [Ipu pa3baBieHMHM HCXOJHOTO Ha(HOHA STHIOBBIM
cnouproM 1 : 1 (mo obOwvemy) nmaBneHue (OPMHPOBAHUS IUIOTHOW IIJICHKH
yMeHbIIaeTcs 10 5 MH/M, Tpu 3TOM yMEHBIIaeTCsS M TOJIIMHA BBIIEIIEMON
mienkn ot 100 mo 30 HM. B ciiydae cmemeHuss HapuoHa W CYCHEH3UH
HAHOYACTHUI] OKCHIAa KPEMHHUS B 3TIJIOBOM crupTe (¢ = 1 MI/mir) B pa3iaudHBIX
OOBEMHBIX COOTHOIICHHAX C YBEJIMYCHHEM COJEPKAHWA HAHOYACTUI[ OHHU
OTIPENENIAIOT KOHEYHYIO CTPYKTYPY MOHOCHIOS, A KOTOPOH XapakTepHO
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orubaHWe HAHOYACTHII OKCHIAa KpPEMHHs IUICHKOW HaduonHa. B pesymnbrate
HAHECEHUS IUIEHOK Ha MOBepXHOCTh IIC-MeMOpaH MOpBl M CTPYKTYPHBIE
MOJIUMEPHBIE  HEOJHOPOTHOCTH  MOJMMEPHOH  MeMOpaHbl — 3aKpPBIBAIOTCS
MOHOCTIOeM HaduoHa. 3HAYCHHUS CPEIHEKBANPATHYHON  IICPOXOBATOCTH
YMCHBILIAIOTCS, 4YTO CBHACTEIBLCTBYET 00 00pa3oBaHHH  OTHOPOAHOMN
MOBEPXHOCTH C IUIOTHBIM MOHOCJOEM, OTHOAIOIUM HMCXOIHYIO CTPYKTYPY
MOPUCTOI moBepXHOCTH (pHcC. 1).

3:3um 2 8umx 28 70 [207 x179)
— 2

2.4um x 2.1um x 26.2nm [138 x 121]

X vm Xum

Puc. Ctpykrypa mieHOK HaguoHa 1 HaQHOHA ¢ OKCHIOM KPEMHUS,
BEIJIENICHHBIX Ha ToBepxHOCTH [IC-MemOpaH: a — ucxomnas [1C-memOpana,
6 — IIC / naduon; 6 — I1C / (naduon + SiO,)

Takum 00pa3oM, OMpEICICHBI YCIOBHS BBIICICHUS IUICHOK HaduOHA
MOHOCIIOMHBIX W KOMIIO3UIIMOHHBIX, COACPKAIINX HAHOYACTUIIBI KPEMHUS.
YCTaHOBIICHBI TOBEPXHOCTHBIC IaBICHHSA, IIPH KOTOPBHIX (HOPMHUPYIOTCS
IJI0THBIE MOHOCHOWHBIE JIb-TuieHku, a Takxke merogoM ACM wu3ydeHa ux
CTPYKTYpa Kak Ha KpPEMHHEBBIX IMOIJIOKKaX, Tak u Ha [IC-meOpaHax.
[omy4yeHHpie 00pa3mbl MOTYT HAaWTH TPUMECHEHHE KaKk B KadeCcTBE WOH-
CEJIEKTUBHBIX MEMOpaH, TaK U CEHCOPOB.

HccaenoBanue cocTaBa cBeTONOIVIOIIAKIINAX MOBEPXHOCTEH
HA OCHOBE YJIEKTPOXHUMHUYECKH 0CAXKIEHHBbIX NOKpbITHIi Ni—P

C. C. IlepeBo3nukos, JI. C. L{pi0ynsckas, B. C. Illenatokos
HUU dpusuko-xumudeckunx npoodsem bI'Y,
Munck, benapyce, e-mail: PerevoznikovS@yandex.ru

[IpoOmema cHIKeHHSI paccesHHOT0 (OHa B ONTHYECKMX NpHOOpax
0COOEHHO aKTyaJbHa pH MIPOU3BOJICTBE MHUHHATIOPHBIX
BBICOKONPOU3BOAUTENBHBIX ~ YCTPOHUCTB €  TOBBIIIEHHOW paspelaromiei
crocoOHOCTRIO. [l 3THX meneld WCIONB3YIOT —TOKPBITHS, HMEIOIINE
MHUHAMAJbHBIA KO3()(DUIMEHT OTpaKeHUS DJIEKTPOMArHUTHOTO H3Iy4YEeHUs B
HHTEpEeCyIoleM JAWana3oHe JIuH BOJNH. Ilokpeitus  HEHKemb—dochop,
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MOJNyYCHHbIE XUMUYECKUM [1] WM 3JeKTpOXUMHYECKHM MeToaoM [2], mocie
00paboTKH B pacTBOpax MHHEPAJIbHBIX KHCIOT-OKHCIUTENCH MpHOOpeTaroT
MOBEPXHOCTh C HU3KUM Ko3(hduimeHrom otpaxenus (~ 0,5 %) B Bumumoit
obmactu criekTpa. OIHAKO YIS SIEKTPOXUMUUECKH OCAXICHHBIX MOKPHITHI Ni—
P Mexanusm (GpopMUpOBaHHS TaKUX MOBEPXHOCTEH U MX XMMHUUYECKHH COCTaB JI0
CHX TIOp OCTAIOTCSl HEBBIICHECHHBIMH.

Lens  paboTbl cocrosma B~ HCCIEAOBaHMM  (Pa3oBOrO  COCTaBa
CBETOIOTJIOMAIOMIEH IIICHKH, CQOPMHPOBAHHON ITOCPEACTBOM OOpabOTKH B
OKHCITHUTENbHOU cpene MOkpbiThit Ni—P, kak B HMCXOTHOM COCTOSIHHH, TaK U
TIOCJIE TIPOTPEBA B BaKyyMe.

IMokpeituss  Ni-P (5 ar. % P) Obutd MOJydYeHB  METOAOM
NMEKTPOXUMHUYECKOTO OCAXKICHUS W3 3JIEKTPONUTa, pa3pabOoTaHHOrO paHee
cocraga [3]. [Tocienyromiee okucienue mokpeituii Ni—P ocymectsisiu B 4,5 M
pacTBOpe a30THOH KHCIOTHL. UepHBIH CIOH OTHENSUIM OT TOBEPXHOCTH
MOKPBITHS B BUJIE TIOPOIIKA YJIBTPa3BYKOBOI 00paOOTKON B 3TUIIOBOM CHHPTE U
cymniy pu 20 °C 1o nmoctossHHOM Macchl. [loBeneHre YepHOTro NOpoLIKa Npu
mporpeBe B uHTepBame Temmeparyp 25-900 °C  wusywyanmm  Meromamu
TEPMHUUYECKOTO aHaIN3a ¥ peHTTeHo(azoBoro ananusza (PDA).

Ha gudpakrorpamMmax depHOro TMOpOIIKA B HCXOJHOM COCTOSHHUU
HabmomaeTcs rano B oomactu yrios 30-35 rpamycoB U MHUPOKHN pedIieke mpu
4248 rpamycax, MakCUMyM KOTOPOI'O COBI3JaeT C IIOJIOKEHUEM JIMHUU
Ni(111) B mokpsrtuu Ni—P (puc. a). CornacHo manaeiMm JICK mpu mporpese
YepHOro MOPOIIKa B aTMOc(epe a30Ta HaOMI0JaeTCsl YMEHBIICHUE €r0 MaccChl ¢
poctom Ttemneparypsl or 25 mo 400 °C wa 11,4 %, npuuem Hamboiee
WHTEHCHUBHO B MHTepBaje Temmneparyp 80—150 °C, uro MoxkeT ObITh CBSI3aHO C
yZIaJeHueM U3 IOpoIlKa  ajcopOupoBaHHOW Boapl. Ilpm  nmambHeimem
nporpese mnopotika 1o 900 °C yobute mMaccel Mana u cocrasiser 0,8 %. Ha
kpuBoil JICK mnpuCyTCTBYIOT JBa SK30TEPMHUYECKHX IHMKa: LIUPOKUNA B
nuamnazone 200—470 °C u octpsrit mpu 744,8 °C. IIporpes odpasmnos npu 500 °C
B BakyyMe corylacHo jaaHHbiM P®A mnpuBogut k (opmupoBaHuIO IBYX (a3
¢docounos Hukens: NisP, u NipPs (puc. 6). Coxepxkanue dochopa B HHX
cocraBisieT okoyio 29 at. %, uro ropasno Goinbine, yeMm B mokpeituu Ni—P 10
TpaBneHus. CieayeT OTMETUTh, YTO MPH MPOTPeBe HCXOAHOrO MOKpBITHA Ni—
Pripu 500 °C o6pasyrotes dassr pochuaa NisP u grcroro Hukers.

IIpn Ttemmepatype mporpeBa uepHoro mopomka 800°C Hapsmy c
chopmupoBaBmmMucs panee gazamu pochuaoB HUKENS OBLTH 3a(UKCUPOBAHBI
kucnopoaconepkamme ¢aspl: Meradochar u nupodochar HHUKENs(PHC.6),
MIPUCYTCTBUE KOTOPHIX B YEPHOM MOPOIIKE A0 MPOrpeBa OBUIO OOHAPYKEHO
merogom MK-cnekrpockonuu B [4]. [To-BUIUMOMY, 3K30TEPMHYESCKHNA UK MPH
744,8°C, 3aperucrpupoBanHblii Ha kpuBoit JICK, cooTBeTcTByeT mporeccy
kpuctayuuzanuu Ni(POz),u NiyP,O5.

Takum 00pa3oM TMOKa3aHO, YTO B COCTAB CBETOIMOTJIOMIAIONIEH TUICHKH
MOXET BXOJIMUTH aJcOpOMpOBaHHAs BOJa, yJalsIomasics IPU NPOrpeBe 10
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150 °C, ynbTpanmucriepcHble YacTHIBI C BBICOKMM copaepkanueM docdopa,
kpuctammsyromecss npu 500 °C B Bume NiPsu NisP, a tarxke amopousie
Mmeradocdar u mupodocdat HUKEIsI, KPUCTAIUTU3YIONINECS B BUIC OTACTbHBIX
¢a3 pu nporpese B Bakyyme npu 800 °C.
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OMOCOBMECTHMOCTH M CIIOCOOHOCTH pa3liaratbcsi B Opranu3me 6e3 oOpa3zoBaHust
TOKCHYHBIX TMPOAYKTOB IUICHKH IONMJIAKTHIOB HAXOSIT MNpPUMCHEHHE B
MequiiiHe B KauecTBe  (ukcupyromux[1l], mporuBocmacyHbsx[2] ©
nepeBs304YHbIX MaTepuainos [3],a Takke ckaddoanos ms kaetok [4].

B nanHOil paboTe yCTAaHOBJIEHO BIIMSIHHE NPHUPOJIBI  PACTBOPHUTEIS
(muxyopmeTaH, XJOpoGOpM U ITHIALETAT) U KOHLEHTPALMH IOJHUIAKTHAA B
pactBope (ot 5 no 40 mr/mu) Ha MOpP(]OJIOrHIO MOKPBHITHH, (OPMHUPYEMBIX
METOZIOM LIEHTPU(DYTUPOBAHUSL.

IToxa3aHo, 4YTO TIpUM HCIOJIB30BAHHM B  KayeCTBE PACTBOPUTEINS
JHXJIOpMeTaHa MOP(OJIOTHS IUICHOK 3aBUCHT OT KOHIICHTPALMHK NOJIMIAKTHIA B
pactBope (puc.), Ipu 3TOM (HOPMHUPYIOTCSA KaK MOPHUCTHIC, TaK M CIUIOLIHEIC
ONHOPOAHBIC IUIGHKH C TOKasareaeM miepoxoBatoctd (Rms) ~1  H.
®dopMupoBaHUE IUICHOK U3 XJI0opodopMa BHE 3aBUCHMOCTH OT HCHOJIB3YEMBIX
KOHLIEHTpaLKi B anamnazone 5—40 Mr/mi NpuBOIUT K 00pa30BaHHIO CIUIOIIHBIX
0e3ne(eKTHRIX IJICHOK C HIEPOXOBAaTOCThI0 < | HM. YCTaHOBJIEHO, YTO U3
pacTBOPOB B JTWIAETaTe METOAOM LEHTPU(GYTHPOBAHMS — IOJIYYaIOTCS
HEO/IHOPO/HBIE OCTPOBKOBBIE TUICHKH.
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Puc. ACM u3o0pakeHne MOBEPXHOCTH IJICHOK MOJIMIAKTH/IA, OTYYSHHBIX U3
pacTBopa B IUXJIOPMETAIHE C KOHIIeHTpanueit 5 (a), 10 (6), 20 (8), 30 (r) u 40
() mr/muL.

PaGora BeimonHeHa Tpu  (PHUHAHCOBOM  mojadepikke  bemopycckoro
pecnybnukanckoro ¢onga (GpyHIaAMEHTAIbHBIX HcciaenoBanuii (rpant X17B-
002)
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CHEMISTRY TEACHING IN UNIVERSITIES

The principle of consistency and continuity in supplementary
chemical education of gifted teenagers

S. I. Gilmanshina, V. A. Glushkova
Kazan (Volga region) Federal University, Kazan, Russia,
e-mail: gilmanshina@yandex.ru

Today a transition proceeds from the cognitive concept of education to a
concept focused on the personality of the student, to the development of his
creative and intellectual potential that actualizes the application of the principles
of consistency and continuity in chemical education.

The continuity of chemical education in applying to gifted teenagers means
that they continuously, without long interruptions, engage in targeted cognitive
activities, including additional chemical education and self-education.
Continuity of chemical education is, first of all, the continuity of its content.
Otherwise, the continuous development of the substantively and meaningful
component, which is included in the general logic of the disclosure of the of
chemistry course in general. In addition, the principle of continuity is
manifested in cutting-edge education, the use of content, methods and forms that
promote the development of the creative personality.

The principles of consistency and continuity are most clearly realized in the
work of the Chemistry Institute of Kazan State University with gifted
adolescents — the students of the IT-lyceum-boarding school.

At the same time, work on additional chemical education is conducted in
three directions. Studying the decision of the Olympiad problems on the basis of
IT-lyceum is carried out by the student-prize-winner of the All-Russian
Olympiad in Chemistry. The monthly result-based training of lyceum students
of 10-11 classes in the laboratories of the Department of Chemical Education is
conducted by leading associate professors, PhD in Chemistry. Theoretical and
experimental training in the Small Chemical Institute on the basis of an
innovative chemical corps is conducted by the post-graduate student, the prize-
winner of the All-Russian Chemistry Olympiad and associate professors of the
Chemical Institute. The success of this work is evidenced by the fact that over
the past five years there has been a steady positive dynamics in the number of
winners and prize-winners of the All-Russian Olympiad in Chemistry among
students of the I1T-lyceum-boarding school.
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Electronic educational resources in chemical
and pedagogical education

S. I. Gilmanshina, G. G. Zaljaletdinova, I. R. Gilmanshin
Kazan (Volga region) Federal University, Kazan, Russia,
e-mail: gilmanshina@yandex.ru

Today, in accordance with the world trends in the development of education
which includes chemical education, e-learning, based on the application of
distance education technologies, is relevant. In Russia, the use of distance
education technologies and e-learning in a network form acquired the increased
attention at the state level. The priority project is the "Modern digital
educational environment in the Russian Federation”, which passport was
approved by the Presidium of the Council under the President of the Russian
Federation on October 25, 2016. Distance educational technologies are
considered as a set of methods, forms and means of mediated, as a rule, through
the Internet interaction of trainees with each other and with the teacher in the
course of training.

The Kazan Federal University (KFU) is successfully implementing e-
learning, the goal of which is to increase the effectiveness of training in the
result of the use of such active teaching methods as electronic educational
resources (EER) and individual educational trajectories for students. At the
Department of Chemical Education the work on the development of the EER is
conducted since 2010. At present, the following EER are developed and applied
in the educational process by the teachers of this department:

- "General theoretical bases of analytical chemistry. Qualitative analysis"
(winner of the 2013 KFU competition).

- "Methods of solving problems of physcolloid chemistry in school
chemistry",

- "Chemistry: preparation for the Universal state exam".

"Practice on Chemistry", "Chemistry Teaching Theory".

- "Methods of chemistry", "Features teaching chemistry in rural schools".

- "Didactic games in the teaching of chemistry".

- "Methods of teaching and education™.

- "Methods of teaching in the field of chemistry” [1, 2].

In addition, for the Admission Committee of the KFU, the EER has been
developed to prepare for a unified state examination on general and inorganic
chemistry. The Center for Advanced Training and Professional Retraining of the
KFU since 2016 has been developed and used in Volga Region courses for
advanced training of EER teachers of chemistry entitled "The improvement of
the chemistry teacher professional competencies in accordance with the Federal
state educational standard for basic general education”.
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Chemistry in curriculum for future engineers
in food machinery

V. Khaletski®, E. Tur®, M. Paz Aguilar-Caballos?
'Brest State Technical University, Brest, Belarus,
e-mail: vitali.khaletski@gmail.com
2University of Cordoba, Cordoba, Spain

Republic of Belarus has a developed rural economy. Food is an important
export item in national economic. The share of Brest region to the total export of
agricultural products of Belarus in 2017 was 25 %. For this reason since 2011 a
new speciality “Food Machinery” has been opened at Brest State Technical
University (BrSTU). As the modern food industry uses a wide range of chemical
methods in the production, processing, storage and analysis of food products the
chemistry should be incorporated to the curriculum for future engineers.

The students study the basis of General chemistry in the first year. As the
main element of this academic discipline there are three content lines [1]. These
lines form the template of classical General chemistry course:

— substance: composition, structure and properties,

— chemical process: energetics, rate and equilibrium,

— chemical methods of identification and quantification of substances.

Three additional content lines were offered to adjust the chemical education
to the students’ needs:

— chemistry and engineering as an area of future professional activity,

— chemistry and environment protection,

— chemistry and every-day life.

The course includes 50 h of lectures, 34 h of laboratory classes and 18 h of
seminars and corresponds to 6 credits.

Main outcomes which we expect from the General chemistry course is not
only to form basic academic competences but prepare students for series of
special disciplines at second, third and fourth years such as material science and
food technology. Content lines allow us to create strong and flexible
interdisciplinary connections between General chemistry and other units inside
curriculum.

The third year students start studying new academic discipline “Technology
of Food Production”. It is designed for three semesters (13.5 credits). The
course includes laboratory classes (64 h). For this purpose training laboratory
was equipped at the BrSTU (Fig.). The list of laboratory works comprises the
determination of chemical and organoleptic properties of milk, dairy and
fermented milk products, fruits and vegetables, yeast, bread, grain, flour, pasta,
meat and meat products, sausage, fish, table salt, starch, baby food, tea, honey,
sugar and seasonings; determination of water quality for the needs of food
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industry. All these investigations require basic knowledge of analytical
chemistry and laboratory work skills from the students (titration, preparation of
solutions, weighing etc).

However it is not enough for a qualified engineer to know only the classical
method of chemical analysis. Modern precision instrumental analytical methods
are used in a wide scale in a food industry. Of course detailed consideration of
these ones is impossible due to the lack of time and the complex nature of the
teaching material. But familiarization of students with modern analytical
chemistry application can be achieved in a review lecture. This idea was
realized at the BrSTU in collaboration with colleagues from the University of
Cordoba (Faculty of Science). The lecture of the following content was
delivered for fourth year students:

—EU regulations and guidelines about food additives, residues and
contaminants;

— high-performance liquid chromatography;

— ultra-high performance liquid chromatography;

— strategies to improve the analytical features in food analysis (derivatization
and use of pre-concentration techniques;

— role of nanomaterials such as sorbents;

— selected applications for food analysis.

This lecture pulled students’ interest, because it showed state-of-the-art
chemical science and its application in food industry.

Fig. Training laboratory for academic discipline
“Technology of Food Production”

Undoubtedly the formation of a continuous chemical education system
within the curriculum allows us to prepare high-qualified engineers capable to
implement applied tasks.
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Reading comprehension in chemistry education:
the promise of primary research articles

S. L. Queiroz, P. F. O. Cabral
Sdo Carlos Institute of Chemistry, University of Sao Paulo,

Sédo Paulo, Brazil, e-mail: salete@igsc.usp.br

Science educators have demonstrated the benefits of integrating primary
literature into the undergraduate curriculum [1, 2]. This paper describes the use
of primary research articles in a scientific communication course at the
University of Sdo Paulo, Brazil. The main goal is to expose undergraduate
chemistry students to the primary literature, demonstrating how they can
understand and benefit from using it. In the first part of the course, students are
taught explicit strategies for critically reading primary literature regarding the
possibilities of biodiesel production and purification. In the second part of the
course, the students present six primary research articles in a forum, which
simulates a symposium that might take place at a professional meeting.
Examples of symposium topics included the use of clays for purification of
biodiesel and treatment for purification water of biodiesel using
electrofloculation. For each of the six articles, it was solicited a student to be a
presenter, and all presenters have Power Point slides. The slides were analyzed
using a theoretical framework proposed by Antonio Marcuschi [3], which
incorporated key concepts linked to reading comprehension (notion of reading
horizons).

The results indicate the symposium motivated students to read the primary
research articles with sufficient comprehension to explain the research to their
classmates. Besides that, the strategy serves as a foundation for developing
higher-order cognitive skills (HOCS) throughout the undergraduate curriculum
[4].
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Professional and creative directivity for students of chemical
specialities of non-linguistic universities as a component
of their professional development

A. M. Romanova, V. V. Zhylinski
Department of Intercultural Communication and Technical Translation,
Belarusian State Technological University, Minsk, Belarus,
e-mail: zhilinski@yandex.ru, annaromanova@yahoo.com

This article is dedicated to the problem of creating engineers personality
through the processes of developing profession-creative directivity (PCD) of
students of non-linguistic universities. The authors have studied correlation of
such scientific notions as PCD, creative activity, professional art, motivation,
reflexive abilities, and creative self-realisation. The work also focuses on the
problem of developing world outlook of students of engineering and chemical
professions while teaching them English for special purposes.

Indicators of the formation of PCD of students are: the presence of students’
positive motivation of educational and research activities; manifestation of
creative activity and actively transforming the creative position in the
performance of professionally oriented tasks; manifestation of reflection skills.
The experimentally tested author’s characteristic evaluating the formation of
professional and creative orientation for students of technical higher education
institution on potentially-creative, actively-creative, competence-creative levels
is presented [1].

The most promising pedagogical means providing the organization of
educational process on formation of PCD for students of chemical higher
education institution by means of “Foreign language” discipline are proved to
be: 1) organization of educational and cognitive activities of students as
educational and creative, 2) creation on educational occupations of the
developing environment, 3) training of students to the independent decision and
drawing up educational tasks [2]. We have outlined the ways of PCD forming
for chemical speciality students using the model that takes into the account: 1)
personal-developing approach to learning as an important condition of the
educational process in a modern University; 2) integrative-synergetic
(interdisciplinary approach to the organization of interaction of foreign language
and professional training) and competence (professional, foreign language
communicative competence) approaches [3].
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Molecule modelers in 3D virtual laboratories

U. K. Slabin
Department of Chemistry and Biochemistry, College of Arts and Sciences,
University of Oregon, Eugene, Oregon, USA, e-mail: uslabin@uoregon.edu

Virtual laboratory is a software designed to model a chemical process, to
change its settings and parameters, to demonstrate characteristic signs of
chemical reactions, whether qualitative (textures, colors, precipitates, bubbles,
flame, etc.) or quantitative (tables, plots, charts), or both. In contrast to distance
laboratory — a telecommunication system used in chemical engineering to
conduct real chemical experiments in a geographic location different from that
of the experimenter — virtual laboratory is typical for chemical education. Being
a vehicle for computer method of teaching chemistry, this software enables
special means for implementing interactive instruction and often has an editor
for developing new lab assignments.

Developed originally as self-contained software, virtual laboratories have been
evolving into interactive Internet pages. They are growing increasingly popular
as independent resources and as components of massive open online courses
(MOOC). E. g. on www.ChemCollective.org one can set virtual experiments in
laboratories of stoichiometry, thermochemistry, chemical equilibrium,
solubility, oxidation-reduction, electrochemistry. A remarkable feature of the
website is laboratory of forensics, in which students study chemistry
investigating a staged crime scene. Along with other animations and
simulations, websites of California State University collection of open and free
net resources www.merlot.org and of American Chemical Society
www.ACS.org provide extensive lists of virtual laboratories. Instructors and
students, teachers and pupils do not have to download and install them — the
laboratories are ready available for use online.

At all the diversity of themes, designs, and practical instructional values of
virtual chemical laboratories, most of them remain two-dimensional (flat). This
disadvantage is seldom experienced; however, in some topics of chemical
science three-dimensional representation of objects is a paramount:
configurations and conformations of organic compounds, molecular shapes of
covalent compounds with various types of hybridization, spatial orientation of
atomic and molecular orbitals. In a real-world classroom, the problem is solved
using ball-and-stick or space-filling molecular models; sometimes an effective
two-dimensional visualization can help, too. However, will it work in distance
chemical education?

For all the above reasons, chemistry instructors are exploring educational
affordances of three-dimensional (3D) virtual immersive environments like
Second Life (SL). Students and instructors communicate in world in voice and
text chat and act as avatars that can be modified up to photographic resemblance
with the originals [1].
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Over the last decade, the author has virtually replicated in SL buildings of
University of Oregon Center for Advanced Technology in Education, UO
Jordan Schnitzer Museum of Arts JSMA.UOregon.edu, Lane Community
College www.LaneCC.edu. The author’s recent work is replication of Madrone
Hall in Linn-Benton Community College www.LinnBenton.edu with its
physical and chemical laboratories, where one can run virtual chemical
experiments.

Among the available functionalities (some of them were originally
developed at Drexel University), one should mention molecule modelers
(rezzers), didactically valuable for solving the aforementioned problems of
three-dimensional representation when studying certain topic of chemistry. The
college course of general chemistry includes valence shell electron pair
repulsion theory (VSEPR). Students study molecular shapes as results of
hybridization of atomic orbitals and repulsion of the molecular with lone
electron pairs. The theory implies that this repulsion must be minimal. This 3D
topic follows Lewis dot structures, usually drawn in 2D. It is logical to suppose,
therefore, that a virtual 3D laboratory will be a more appropriate environment to
consider objects in.

A simple molecule modeler in this virtual laboratory works as follows:
rezzing a molecular template with a specific type of hybridization (trigonal
planar for sp? tetrahedral for sp?, trigonal bipyramidal for spd, octahedral for
sp®d®) — manipulating the central atom (specifying chemical element) —
manipulating peripheral atoms (specifying chemical element) — manipulating
the bonds (making them double or triple or a lone electron pair) — optional
manipulating the molecule (ion, radical) as a whole (labeling and turning on
rotation) — optional saving the molecule in the avatar’s inventory for future use
(demonstration, sharing with classmates, more close studying). A more
sophisticated molecule modeler for complex chemical species works with thin
files of compounds, prepared in HyperChem. When one puts the file content to
the modeler, the molecule with bond lengths and angles optimized to minimum
energy is rezzed instantly. Operating this modeler, students familiarize with
basic cheminformatics.

A group of students can work with the same molecule modeler at the same
time. Successful collaborative building in world requires coordination of
activity and depends on psychological effects of immersion, presence, proteus,
and communication by avatar’s poses and gestures. Acquired in the virtual
laboratory, these skills of working as a team will be of great importance for
students’ future real job in chemical research and industry.
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Integrative-differential aproach to teaching chemistry

A. M. Stikhova
FGBOU VO F. F. Ushakov State Maritime University,

Russia, Novorossiysk, e-mail: stihova.am@mail.ru

While working out general conceptual idea of teaching chemistry one should
take into account the fact that integrative-differential approach is a determining
tendency (trend) in contemporary educational process [1]. Integrative-
differential approach is inter-penetration of two opposite processes: integration
and differentiation activity as a source of developing and manifesting itself in
the process of teaching as a combination of uniqueness, diversity, many-
sidedness with universality and integrity. Methodologic system of teaching
chemistry at higher school is created. It includes different ways (types) of
directing students’ professional activity.

Presentation of methodologic system is given on the basis of realization of
proposed theoretical concepts on integrative-differential essence of students’
independent work. Integrative-differential essence of independent work
manifests itself in research forms of teaching students and promotes motivation
development to professional activity. It is proved that teaching chemistry on the
bases of integrative-differential approach heightens students’ independent work
efficiency. From conceptual point of view it is proved that creative character of
students’ activity is manifested in students’ project and course work. Elaborated
system of students’ independent activity in chemistry enlarges diagnostic
possibility of general system of educational quality assessment and makes it
more objective and professionally specified. Teaching aids and textbooks as
well as on-line programs are created to heighten effectiveness of organizing
students’ independent activity. In the course of undertaken pedagogic
investigation it was established that the efficiency of students’ independent
work was increased, and management functions were gradually transformed
from a teacher to a student.

The presented analyses of the elaborated concept of teaching chemistry on
the bases of integrative-differential approach stipulates (provides bases to)
transition from a particular-subject to integral and integrative-differential
systematic approach in teaching chemistry. This, in its turn, will lead to creation
of integrative-differential knowledge of chemistry and to an individual
development of students’ activity.
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Hcnonb3oBanue coBpeMeHHBIX TEXHOJIOTHI NpenoJaBaHus
AHAJINTHYECKOH XMMHUH MHOCTPAHHBIM yYallMMcs B
BenopycckoM rocyiapcTBeHHOM MeIHIIMHCKOM YHUBEPCUTETE

B. H. bensnkuii, O. H. Puneiickas
Bbenopycckuil rocyjapcTBEHHbIN METUIMHCKUN YHUBEPCUTET, MMHCK,
Benapycs, e-mail: vbelyatsky@mail.ru

B coBpeMeHHYI0 310Xy pa3BUTHUS MEXIYHApOAHOTO COTPYAHHUYECTBA
BO3HHMKaeT OCTpasi HEOOXOAMMOCTb IIPENOAABAaHHUSA DA3IMYHBIX JUCLUIIIHH
HHOCTPAaHHBIM CTyJEHTaM Ha pPYCCKOM M aHIVIMHCKOM  f3bIKaX, 4YTO
IpearosaraeT CYyIIeCTBEHHblE H3MEHEHHUS B CTIPYKType, OpraHU3aIllMOHHBIX
(dopmax u MeTouKe 00y4YEeHUS] U HHOCTPAHHBIX CTY/ICHTOB.

B paborte paccmaTpuBalOTCS TEXHOJOTHM IPENOAaBaHUS aHAIUTHYECKON
XMMHU A1 HWHOCTPAHHBIX CTYACHTOB. JlaHHas OUCHUILUIMHA SIBIIETCA
(yHIaMEHTOM ATl TIOMYYEHHUs M OCBOCHHMS Ha €€ OCHOBE 3HAHMH IO TaKUM
aucnuiuinHaM, Kak «®apmaneBTuueckas XUMHs», «Tokcumkonormdeckas
xuMus», «DapmaneBTHyecKas TexHosorus». Kypc aHanuTH4ecKOH XUMHH
BKJIIOYaeT TPH OONBIIMX pa3fena: METOIbl MACHTU(HUKAINN HEOPTaHWIECKUX
BEIIECTB, KOJIMYECTBEHHBIH aHAIN3 U (PU3NKO-XMMHYECKHE METOAbI aHAIH3A.

OcoOeHHOCTRIO MpenojaBaHUs aHAIUTHYECKOH XMMUU B benopycckom
rOCyJapCTBEHHOM  MEIMLIMHCKOM  yHUBEpCHUTETE  SBJIAETCS  TO,  4TO
OJTHOBPEMEHHO  OCYIIECTBISETCA MpenojaBaHHE M OTEYECTBEHHBIX W
WHOCTPAHHBIX CTYJIEHTOB Ha OJHOM JIEKIIMOHHOM IIOTOKE, B TO BpeMs Kak
MPOBeJIeHUE J1Ia0OPATOPHO-MIPAKTUUECKUX 3aHATUH TPOUCXOAHUT B OTIEIHHOU
rpynne. Jleknum  49MTalOTCd € HCMOJIB30BAaHMEM  MYJIBTHMEIMHHOTO
000pyIOBaHUs, YTO CIOCOOCTBYET JIydIIEMy YCBOCHHIO YYeOHOTO MaTepHaina,
IpUYEeM BCE TPE3CHTAlMM  TPEICTaBICHbBl B  IEKTPOHHOM  y4eOHO-
MeToamaeckoM komrmurekce (OVMK), pasmenieHHOM Ha caiiTe yHHBEpCHTETA.
Kpowme Toro, Bce nieknny, a Takxke y4eOHHKH U y4eOHO-MeToJuIecKne mocoous,
pa3MeaKnTcs B CHCTEMe JUCTaHIMOHHOTO 00y4yeHus Ha miatdopme «Moodley
KaK Ha PyCCKOM, Tak M Ha aHriuiickoM s3bikax [1, 2]. Ilpu yrenun nekuuii Ha
PYCCKOM $I3bIKE BCIEJICTBHE SI3BIKOBOTO Oaphepa HEpeaKO BO3ZHHKAET MpolbiiemMa
HEJOCTaTOYHOTO TOHHUMAaHMA CTYJCHTaMH CHENMaIbHOM TEPMHHOJOTHH
JUCUMIUIMHBI. B Takol cuTyauuu, BpeMEHaMH, IIEPEBOJ  CJIOXKHOTO
XMIMHUYECKOTO TEPMHUHA Ha aHTJIUICKHIHA S3bIK IOMOTAeT 3HAYUTEIHHO 00JIETINTh
moHnMaHue Martepuana. IlosTomy Hambosee CIOXKHBIM Marepuan JIeKIUH B
MYyJBTHMEIMAHON TMpPE3eHTAlMK AYyOIHpYyeTcsl TaKkKe Ha AHIJIMACKOM S3BIKE.
[Tpn yreHun KM 1 POBEICHUN 3aHATHUH JJIsl CTYJICHTOB, 00y4alonIuXcs Ha
AHIIMHACKOM SI3BIKE, TAK)KE 3HAUUTEIbHOE BHUMAHME YAEISETCS Pa3bsCHEHUIO
TepMuHOB. Ilpym mpoBeneHMM J1AOOPATOPHBIX 3aHATHUH HEKOTOPHIE IOHATHS
MEPEeBOJAATCS. HE TOJbKO HA AHTIMICKHHA, HO U NEPCUIACKUH SI3BIK, TaK Kak
MoJIaBJIsIronIee OONBINMHCTBO WHOCTPaHHBIX yuamuxcs BI'MY B Hactosmiee
Bpems mpuexanu u3 Mpana.
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OnrumanbHOH (QopMOH COBpEMEHHOHM OpraHM3alMM Y4eOHOro Impolecca
CYMTaeTCs Takas, KOTOpas MO3BOJISICT HAJE)KHO OCYIIECTBHTh OOpPATHYIO CBSI3b
MEXAY CTYIOEHTaMH M MpENoAaBaTeleM. JTOW IENH CIIy’KaT J1abopaTOpHBIE
3aHATHS, NPaBHIbHAS OPTaHM3ALUS KOTOPBIX OMIPENENSeT MX METOIUYCCKYIO
¢ dexTHBHOCTE. B Xome 3aHATHI TpOBOIUTCS OOCYXICHHE MaTepHaia,
BBINIONHACTCA ~ 3KCICPHUMEHTalIbHAs d4acTh paboTel ¢ 00sA3aTEIbHBIM
COCTAaBIICHHEM OTYETa O IPOBEICHHBIX J3KCHepuMeHTax. KOHTponp 3HaHMH
MIPOBOANTCS IPH MOMOIIN TECTOB ¥ KOHTPOJBHBIX PA0OT.

Ocoboe BHUMaHHe ynensieTcs pazfeny «DHU3HKO-XUMHYECKHE METOIbI
a"anuzay. Kommerotepuzanust npudopos, GpopMupoBaHrue OHOIMOTEK CIEKTPOB
co3any aOCOJIOTHO HOBYIO CHUTYalMIO IPH HM3YYEHUHM MJaHHOTO pasfena.
CTyneHTbl 3HAKOMSATCS C BO3MOXKHOCTSMH JaHHBIX METO/IOB, pabortas ¢
(oTokoIOpUMETpaMHy, pH-metpamy, IIPOBOJIS 9KCHEPUMEHTBI c
UCIONb30BaHUueM Xpomartorpaduu. Bo3MOKHOCTH METOAOB OOCYKIAOTCS Ha
3aHATHAX TI0CIe TIOMcKa HeoOxomuMod wuHpopMmanuu B MHTepHeTe nnmm
locynmapcteennoit ~ ®@apmakonee  Peciybommkm — Bemapycs.  CTymeHTHI
CaMOCTOSITENIbHO B paMKax ydeOHO-HMCCIICOBATENBCKONH Pa0OOThl 3aHMMAIOTCS
IIONCKOM METOOMK A aHann3a (apMaleBTHIECKUX CyOCTaHOWH, dYTO
MIO3BOJISIET HE TOJIBKO TOTOJHSTH TEOPETHUECKHE 3HAHUS, HO M TBOPUYECKH
MIPUMEHSATH UX B yU4eOHO-TIO3HABATEILHON AEATEIBHOCTH.

B BI'MY exeroqHo mNpOBOAUTCS Hay4HO-IpaKTHYeCKas KOH(pEpeHIUs
MOJIOABIX Y4YEHBIX C MEXIYHApOJHBIM y4acTHEM «AKTyallbHble IpPOOIeMbI
COBpPEMEHHOW MEIMIMHBI M (apMalyn», Ha KOTOPOW CTYJEHTHI BHICTYHAIOT C
0030pHBIMU JTOKJIAJIaMH 110 HauboJjiee MHTEPECHBIM IpobiieMaM COBPEMEHHOMN
AHATIUTUYECKON XUMHHM, JIMOO [OKJIAIBIBAIOT pE3yJIbTaThl COOCTBEHHBIX
Hay4dHbIX paboT. Cpeaum WHOCTPAaHHBIX CTYAEGHTOB YdYacTHe B Hay4HOH
KOH()EPEHIIMU T0Jb3yeTcs OOJBIION TOMYNISIPHOCTHIO, TaK KakK HaJudue
yCIIeX0B B Hay4YHO-HCCIIEOBATEIbCKOM  paboTe  sBISETCS  3HAYMMBIM
CBUJICTEIBECTBOM ITPOQeCcCHOHANN3Ma BEIITyCKHUKA [3].

TakuM o00pa3oM, HPHUHATHIE TMOIXOJBI K 00pa3oBaTeJbFHOMY Mpoleccy B
BI'MY cnocoOCTBYIOT HMOBHIIICHHIO MOTHBALMM K H3YYCHHIO MPOQWILHBIX H
CHEUHaIbHBIX TUCHUIUIMH ¥ (POPMHUPOBAHMIO IPOYHBIX 3HAHWH 110 M3yYaeMbIM
JCIUTIIMHAM.
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CoBpemeHHbIe cpecTBa 00y4eHHs] XMMHH KAK MOTEHIHAAJ
Pa3BUTHSA MCCJI€10BATEIbCKON KYJbTYPbI y4alMXCS

A. C. bepectaer
Hayuno-meronudeckoe yupexaenue «HannoHa bHBI HHCTATYT 00pa30BaHU»
MunncrepcTBa obpasoBanus Pecrryonmku benapycs,
Mutnck, benapycs, e-mail: berestnev-1985@mail.ru

B ycnoBusAX HaydYHO-TEXHHYECKOTO IIpOrpecca, pocTa HAYKOEMKHX |
BBICOKOTEXHOJIOTHYHBIX ~ IIPOU3BOJCTB, TpeOyeTcs 0O0ecleunuTb BBICOKHN
YPOBEHB MOJTOTOBKU CHEIMATUCTOB 110 COOTBETCTBYIOIIUM MpeaMeTaM Kak JJis
OBNAJICHUsI pabOYMMHU TPOQECCUsIMU, TaK M Pa3TUYHBIMU CIICIHAIBHOCTSIMHU
CPEIHEro CIeHalIbHOrO M BhICIIero odpasoBanus. [IpuopurerHol 3amaueii B
cdepe obpazoBarenbHOW nonuTuku PecnyGnuku bBenapych siBiseTcs pasButHe
€CTECTBEHHOHAYYHOTO 0OpaszoBanws [1].

B pamkax I'ocymapcrBeHHoil mporpammbl «OOpa3oBaHHE M MOJOAEKHAs
momutukay Ha 2016-2020 rtr. (mamee — TocymapcTBeHHas mporpaMma),
yrBepxkneHHol [loctanoBnenuem CoBera MunucTpoB Pecmy0Onmku Bemapych
or 28.03.2016 Ne 250, mpemycMOTpEHO OCHAIIeHHE KaOWMHETOB XUMHH
MebeTbio, 000pyI0OBaHHEM H CPEeCTBaMHU 00ydeHnss xumun. B mepuox ¢ 2013 r.
1o Hacrosimee BpeMs HanmoHanbHBIA WHCTUTYT 0Opa3oBaHUs KOOPIUHUPYET
IIpOIleCC OCHAIEHUs KaOMHETOB €CTECTBEHHOHAyYHOTO HAINpaBJCHUA B
YUpeXICHUsIX o0lero cpeaHero ooOpazoBanusi. Ha paHHOM 3Tame 110
Pecniybnuke benapych ocHameno 979 kaOuHeToB: M3 HHUX 366 — KaOMHETHI
xumud (37 %) u 613 — pusuxu (63 %) [2].

BrutoueHbl HOBBIE IMO3WIMK 00OpYJOBAaHUS Takde KakK: WHTEPaKTHBHAsS
naHens (MOHOOIOK), pH-MeTp, 103aTop ISl MUIETOK, KOMIUIEKC MPOrpaMMHO-
anmapaTHeIi ¢ KOMIUIEKTOM JaTYMKOB, CYHNIMJIBHBIM Ikag (TepMocrar) H
Apyrue. OTO TO3BOJMT YYHTENIO B paMKax YYpEeKAEHHs OOIIEero CpemHero
00pa3oBaHusl pa3BUBATh MCCIICNOBATENLCKIE KOMIICTEHIIMM YYAIIUXCS, TEM
caMblM pemaTth 3agadd  00pa3oBaTENBHOTO  IPOILEcca, IIOCTaBJICHHbIE
TOCYAapCTBOM U OOILIECTBOM.

Pa3Burne mccnenoBaTeNbCKUX KOMIETEHIIMH YYaIIMXCsl BO3MOXHO ITyTE€M
ncnonb3oBanus | T-TexHOMOTHI B IIporiecce 00ydeHHsT XUMUH, TIPUBIICYCHUS UX
K YJaCTHIO B HAayYHO-TIPAKTUYECKUX KOH(PEPEHIMSIX CPEea ydauuxcsi oOIiero
cpemHero o0pa3zoBaHus pecmyOIMKaHCKOTO U MEXIYHAPOIHOTO YPOBHSI.

HecmoTps Ha CymIeCTBEHHBIH CHBHUT B MOACPHHU3AINH XHMHUYECKOTO
obpa3oBaHust Ha YypoBHe obmero cpeaHero B PecrmyOnmke bemapycs,
npuoOpeTeHre W OCHamieHHe MeOelblo, 000pYyJIOBaHMEM M CPEACTBAMH
o0y4eHUss XHMMHHM CONPOBOXKAAETCS psioM TpoOsieM: 1) IMOCTOSHHBIH,
JVMHAMUYECKH  pa3BHBAIOIIMICS  TEXHMYECKHH  IIporpecc,  TpeOyromui
KOPPEKTHPOBKU NepeyHsi 000pyaoBaHuUs; IPUYEM CKOPOCTh IIporpecca B pasbl
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0OJIbIIIe CKOPOCTH MEPEOCHAIICHHS; 2) TUHAMHYECKH W3MEHSIOMKecs yaeOHbIe
NporpaMMbl 10 y4eOHBIM IIpeJMETaM eCTECTBEHHOHAy4YHOro IMKia; 3)
N3MEHEHHE YUCICHHOCTH HAITOJIHAEMOCTH Kilacca U ApyTHe.

[ToaBoast uTor, MOXKHO CKa3aTh, YTO MPOOJIEMATHKA B JAHHOM HAIpaBICHUU
aKTyajlbHa, OHa TpeOyeT peIleHHH, KaK C MPaKTUYEeCKOW, TaK W C Hay4HOH
CTOPOHBL. JTO 00YCIIOBIMBAET aKTYaIbHOCTh HAYYHBIX MCCIIEIOBAaHUN B paMKax
METOIUKH 00y4YEHUsI €CTECTBEHHOHAYYHBIX JUCIUIUIMH U XMMHUH B YaCTHOCTH.

ABTOp IIIaHHMpyeT chenaTh Ha ©0Oase HanuoHanpHOro HMHCTHTYTa
00pa3oBaHUs CIEIyIOIIUe Iard IO JIMKBHAANWK TpoOernoB: 1) paspaboraTh
METOIHKY HCIIONB30BaHM Y4eOHOTO OOOpYAOBaHHS B Ipolecce OOydeHHS
XHMHH, KOTOPOE MOCTAaBIIETCS B YYPEKICHUS OOIIEro cpeqHero oopa3oBaHus;
2) anpoOupoBaTh METOOMKY HCIONB30BAHMS COBPEMEHHBIX O0OpYHOBaHHS H
cpencTB oOydeHHs NpH OOYYCHHH XUMHH; 3) HANaguTh OOpaTHYIO CBA3b C
YUUTEISAMHU-IPAKTUKAMHU  JUIS  M3YueHHs J(QQPEKTUBHOCTH HCIIOJIb30BaHMUS
000pyIOBaHUS M CPEICTB 00YUEHHS, 3aKyaeMOTro I O0Y4CHUS XUMHU.
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MeTox 3JieKTpoHHOro o0y4yeHusi (e-learning) B npenogaBanuu
€CTECTBEHHOHAYYHBIX AUCHHUIIMH B BbICIIEH IKOJIE

H. E. BO6OQI/IK01, S1. B. Jlnuenko’
'Benopycckuii rocy1apcTBEHHbIH YHHBEPCUTET, XHMHUUECKHH (aKyIbTer,
Munck, benapyce, e-mail: boboriko@bsu.by
THY «MuCcTuTyT 6nooprannueckort xumun HAH benapycu»,
Mutmck, Benapycs, e-mail: dichenko@iboch.by

K nambomee BaXHBIM TNPEMMYINECTBAM METOJAa BJIEKTPOHHOTO OO0Yy4YeHHS
(e-learning), mompasymeBaromero cucreMy  OOydeHHMs C  [TOMOIIBIO
MHPOPMAMOHHBIX M DJJIEKTPOHHBIX TEXHOJOTHHA, MOYHO OTHECTH CBOOOIY
J0cTyna 00y9aeMoro K o0pa3oBaTelbHBIM MaTephajaM W THOKOCTBH IMpolecca
o0yuenus. O6ydaeMbIii MOKET 00paIaThes K 06pa3oBaTeNibHBIM MaTepHaliaM,
HCTIONB3Ys JIIOObIE JOCTYIHBIE €My TapKEeThl, B JH000€ yIoOHOE Uil HEro
BpeMsl, BO3BpAIAThCd K MPOUJAECHHOMY MaTepHally WIH [POCMaTpUBATh
NPENCTOAIINIA Marepraj B TPOM3BOJIBHOM MOpsAAKe. JaHHBIE MPEMMYIIECTBa
UTPAlOT MaKCUMAJBHYIO POJIb B TMPENOJaBAHWU JUCIMIUIAH BBICIIEH IITKOJBI,
O0COOEHHO I CTYAEHTOB CTApPUIMX KypCOB, OOJAJAMOIIUX JI0CTATOYHOMN

193


mailto:nortlight@mail.ru
mailto:nortlight@mail.ru

CTETICHBIO CaMOKOHTDPOJSI M MOTHBAaLMEH K OOYYEHHIO, IOCKOJIBKY MAENAl0T
mporiecc 00y4IeHUs: CBOOOTHBIM M MOOHITBLHBIM.

Merto 9NEKTPOHHOTO OOydeHHst OB TNpPUMEHEH B MPENoJaBaHUU
auciuiuinHel - «CTpoeHne  BeIIecTBa» Al CTYIEHTOB  ISITOTO — Kypca
xumuueckoro Qakynsrera BI'Y, a takke mucuuniamubbsl «buomHpopMaTHka u
KOMITBIOTEPHOE KOHCTPYMPOBAaHHE JIEKapCTB» Ul CTYAEHTOB IIITOTO Kypca
ouonornueckoro (akymprera BI'Y. B pamkax mnpenomaBaHus JUCIUTUIAHBI
«Ctpoenue BemiecTBa» Merox e-learning Obu1 peain3oBaH ¢ NPUMEHEHHEM
w1aThopMBl s pa3padOTKH ¥ HCIOIB30BaHUS 00pa30BAaTENBHBIX OHJIAIH-
pecypcoB BI'Y mHa 6asze LMS MOODLE [1]. B pamkax mnpemnomaBaHus
mucouiuinebel - «bronmH(pOpMaTHKa M KOMIBIOTEPHOE  KOHCTPYHPOBAHHE
JIEKapcTB» JJIsI 3JEKTPOHHOTO OOydeHMs ObUIa HCIOJIB30BaHA poccHiicKas
oOpazoBarenbHas MIaThopMa U KOHCTPYKTOP OECIUIATHBIX OTKPBITHIX OHJIAIH-
kypcoB Stepik [2]. O6paszoBatensHas miatdopma Stepik mpeacrasuser coboit
OIMH W3 MAacCOBBIX OTKPBITBIX 00pa3oBaTENBHBIX  OHJIAHH-pecypcos,
TIO3BOJIAOIINX OOIHOBPEMECHHO o6yanL COTHHU ThICAY CTYACHTOB.
PacnpoctpaneHHOCTh Takux IwiatdopMm BospactaeT ¢ 2010 r., ¥ ¢ KaXIpIM
rolOM MX MNONYJSAPHOCTh JHIIb yBenuuupaercs. IIpumeHenue merona e-
learning wa Takoif miIaTGopMe IMO3BOJIET TIIYOOKO MEPCOHUMHUIMPOBATH
nporuecc 00y4eHHs, TOCKOIBKY CHCTEMa, HCXOJS U3 TOTO, HACKOJIBKO OBICTPO U
JIETKO CTYZEHT CIPABISETCS C MpPEATaraéMbIM 00pa30BaTeNbHBIM MaTEPHAIIOM,
MIPeAOCTaBIsIeT 00ydyaeMoMy 3aJaHMs PA3IMIHONW CTENEHH CIOKHOCTH. Kpome
TOro, JaHHas IUIaThopMa MOAJCPKUBAET BO3MOXHOCTh CO3JaHMSA 33aad C
NpUMEHEHHEM HMHCTPYMEHTapHs s3blka TNporpamMMmupoBanus —Python
ClIeIoBaTeNIbHO, (DOPMYJIMPOBAaHUST 3aJaHHi C HCIIOJNB30BAHMEM BHEIIHUX
pecypcoB (6a3 maHHBIX H 1p.). [Ipy M3MeHEHNH TaHHBIX Ha BHEIIHEM pecypce
peanu3yeTrcsl aBToMaTuueckasi KOpPEKTHPOBKA TAKUX 3a/laHHH.

OOpazoBarenbHbIE MaTepualibl, NpPEACTaBICHHbIE Ha OHJIAH-pecypcax B
pamkax guciumimH - «CtpoeHue BemiecTBa» u  «buomHpopmartuka
KOMIIBIOTEPHOE KOHCTPYHWPOBAHUE JIEKAPCTB», BKJIOUAIM MYJIbTUMEAUITHBIC
Npe3eHTalMy  JIeKIWH, 3aJaHnsi K CEeMHHApCKUM, IPAaKTHUYECKUM U
71a00paTOPHBIM 3aHATHSM, KOHTPOJBHBIC 3a/aHMS, a TaKKe MaTepHaibl Ui
MOJATOTOBKM K OJK3aMeHy. Kak moka3plBaeT aHKETHMPOBAaHHME CTYJCHTOB,
3aBEepUIMBIINX OOyYeHWE 10 JaHHBIM JWCUMIUIMHAM, HCIIOJIb30BaHHE
JIEKTPOHHOTO 00y4eHHsI 00JIeryaeT yCBOCHHE MaTepHaa, Mo3BOJISIET KaKA0MY
CTY/IGHTy OCBauMBaTh Yy4eOHBI MaTepuanl B CBOEM TEMIle, a TaKXke C
NICUXOJIOTUYECKOM  TOYKM 3pEeHUs] [O3BOJIIET Ipolle oOpaiarbes K
MPENoaBaTeIio 3a MOMOILIBIO MO0 HEMOHITHBIM BONPOCAM, MOCKOJBKY aeT
BO3MOKHOCTh OOOWTH BepOasibHOE OOIIeHWE CTyJeHTa M Iejarora — 000
BOTIPOC MOXKET OBITH 0OCYXXIEeH B 3JeKTpoHHOW (opme. [l mpemomaBatess
HCIIONIb30BaHME  METO/a  JJIEKTPOHHOrO  OOy4eHHs  IO3BOJISIET  JIETKO
TeHepUpPOBaTh OOJBIIOE KOJMYECTBO TECTOBBIX M KOHTPOJIBHBIX 33/laHUH
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Pa3IMYHOTO THHA (OTKPBITHIE, 3aKPBITHIE, C BO3MOXKHOCTBHIO MHOXKECTBEHHOT'O
BBIOOpa) M3 chOpMHUPOBAHHOW UM 0a3bl JAaHHBIX C MOCIEAYIOIIUM JIeTaTbHBIM
aHaIM30M  pe3yJbTaToB 00y4aeMoro, Kak HWHIUBHAYaJIbHBIX, TaK M
KOJUIEKTHBHBIX, a TakXe BO3MOXXHOCTbIO TIPOAHAIM3UPOBATH KaueCTBO
TECTOBBIX BONPOCOB C YYETOM 4YHCIA CTYIEHTOB, KOTOPbIE YCIICIIHO
CHPaBHJIMCH C BorpocoM. [Ipu aHKeTHPOBaHUH CTYACHTHI YKa3bIBAIOT HA TO, YTO
KOHTpPOJIbHBIE 3aJaHusl B SJIEKTPOHHOH CHUCTEME IpoIle, 4YeM ayAUTOPHBIC
KOHTPOJIbHBIE pa0OThl, YTO, BEPOSTHEE BCEro, CBA3AHO C HEOrPaHHYCHHON
BO3MOXKHOCTBIO TIOJIB30BaThCsl JIOOBIMH MaTepHalaMd [pPH  BBIIOJHCHUH
KOHTPOJIBHBIX PaboT B JJIEKTPOHHOM BHIE.

Takum o0pa3oM, »dIEKTPOHHOE OOydYeHHE SBISETCS COBPEMCHHBIM,
MOOWJIBHEIM, HJICOJOTUYECKH ONHM3KMM JUIA CTYACHTOB 00pa3oBaTelbHBIM
METOJIOM OO0Y4YeHHs, 00JIaTAI0IIUM PSIOM HEOCIIOPHMBIX IIPEUMYLIECTB KaK UL
o0ydaeMoro, Tak M Ui IpemojasaTens. Jlad cTyldeHTa B JaHHOM MOAXOJE
HapOonee BakHa CcBoOoJa M THOKOCTh 00pa30BaTEeNBHOrO —Ipoliecca.
IIpenofaBareno UCHONB30BAaHUE JAHHOTO METOJA IIO3BOJIAET JIeT4e JOHECTH
o0pa30oBaTeNnbHBI MaTepuan OO CTyIEHTa, NepCOHU(UIMPOBATH O0y4eHHUE, a
TaKKe MPOBECTU NTyOOKUH U BCECTOPOHHUI aHaIN3 Pe3yabTaTOB 00yUYEeHHSI.

Cnucok auTeparypsl

1. Crpoenune BemectBa (5 kypc) [DnexrponHbiii pecypc]. — Pexum
nocryma:  https://dl.bsu.by/course/view.php?id=890. - [lata  nocryma:
01.02.2018.

2. buoumHpopmaTHKa ¥ KOMIBIOTEPHOEC KOHCTPYHMPOBAHHE JIEKAPCTB
[Omekrponnsiii pecypc]. — Pexxum moctyma:  https://stepik.org/course/957/. —
Hata moctyna: 01.02.2018.

Hayunas mkosa akagemuka B. B. CBupugosa
B 00/12CTH METOAMKH NPENOJABAHUS XHUMHH

E. W. Bacunesckas
Bbenopycckuil rocyjapcTBeHHbIN yHuBepcureT, MuHck, benapycs,
e-mail: Vasileli@bsu.by

K 3acmyram akamemuka B. B. CBupuaoBa cieayeT OTHECTH HE TOJBKO,
CO3JaHUEC IIKOJNBI B  OOJACTH HEOPTaHWYECKOW XUMHA UM  XUMHH
KOHJICHCHPOBAHHOT'O COCTOSIHUSI, HO H (OPMHPOBAHUE IEHATOTHYSCKOTO
KOJUIEKTHBa, BO MHOI'OM OIPEIENHBILIErO COAEpKaHUE U HaNpaBJICHUS
MOJITOTOBKH ~ CIICIMATHCTOB-XUMHUKOB. OJHMM W3 HaNpaBJICHUN HAYYHO-
METOJMYECKOH paboTel Ha Kadeape HEOPraHMYCCKOH XHMHUHM SBISUIACH
MOJICpHU3AIMS COJIEPIKaHUS XMMHUYECKOTO OOpa30BaHMS B BBICIICH IIIKOJIE.
OcHoBHOH ymop ObUI clielaH Ha OOBSICHEHHE 3aKOHOMEPHOCTEH B M3MEHEHUH
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CBOHCTB 3JIEMEHTOB HAa OCHOBE IOCTIDKEHWH B OOJACTH TEPMOJMHAMHUKH WU
cTpoeHus Bemiectsa. Ilog pykoBoacTeoMm akaaeMuka B. B. CBupungosa k KoHILY
1960-x romoB OBUIO CYIIECTBCHHO NepepadOTaHO CoONCpXKaHUE Kypca
HEOPraHWYEeCKOH XWUMHH, a MOATOTOBJIEHHAs KOJUIEKTHBOM  Kadeapbl
pasBepHyTasi IporpaMMa Kypca oOIed W HEOpraHM4ecKOd XUMHUHM Oblia
NpUHATa B KadecTBe 0a30BOM sl XMMHYECKHX (DaKyJbTETOB BCeX
yHuBepcuretoB CoBerckoro Corosza. 3HaUMTEeNbHOE BHHUMaHHE OBIJIO YAEIECHO
METOJUKE MPOBEICHUS CEMUHAPCKHUX 3aHATHH M OPTraHW3aLUK J1a00paTOpPHOTO
IMPAaKTHKyMa IO HEOPraHWYECKOM XHUMHH, YTO TIIOCITY>KHJIO OCHOBOH [UIs
pasBUTHsI M peanm3aliu  00ydaromee-MCCIeA0BATEbCKOTO — MPHHIUIA
opraHmzanuu ydeOHoro mpomecca. OXHOBPEMEHHO pa3BHBAJACh TECTOBAs
cHUCTEeMa KOHTPOJS 3HaHMH, OBUIM 3al0K€HbI OCHOBBI ISl  CO3JaHMSA
PEUTHHTOBOM CHCTEMBI OLICHKH Y4eOHOH eSTENbHOCTH CTY ICHTOB.

Bonpmoe BHuMaHuMe akaaemMuk B. B. CBupumoB yaensn OTpaXeHHIO B
y4eOHOM Ipoliecce pe3yabTaTOB OPUTMHAIBHBIX HAYYHBIX UCCIICOBAaHHUH, B TOM
YHUCJIE ¥ BBINOJHAEMBIX COTPYJHUKAMH Kadenpbl. DTO HAILIO M HAaXOAMT
OTpaXEHHE B COJEPKAHUU Y4EOHBIX TUCHMIUIMH, MpPEIJIaraeMbIX CTYICHTaM,
cHeuuanM3upylomuMcs Ha kadenpe, a Takke B CO3JaHMM B IOCIEIHHE
JNEeCATUNeTHs] TNPUHLIMIUAIBHO HOBBIX y4YeOHBIX KypCOB, TaKHX Kak
«Hanoxumus», «[IpukiaagHas KBaHTOBask XUMUS», «XUMHsI KOHICHCUPOBAHHBIX
cucrem», «brnoHeopranmyeckas xumus» «bruo- 1 xeMonHpOpPMaTHKaY, «XUMHUS
MOJIEKYJISIPHO ~ OPTaHU30BAHHBIX CHCTEM», «XHMHYeCKas YCTOWYHMBOCTb
KOHCTPYKIIMOHHBIX MaTepuayioB» M Jp. IloAroToBI€H YyHHMKalbHBIA Kypc
«XuMus: BBEAECHUE B CIELUUAIBHOCTbY», NPU3BAaHHBIM II0Ka3aTh CTYACHTAM,
Kakoe MeCTO 3aHMMaeT XHMHS B CTPYKTYpe COBPEMEHHBIX HayK. Jlis
METOJIMUECKOTr0 obecreueH sl YKa3aHHBIX KypCOB IPENoJaBaTesisiMi Kadeapsl
MIOJITOTOBJICHBI U M3JaHbI ¢ rpudomM MuHucTepcTBa o6pazoBanus Pecmy6nuku
Benapych cooTBeTcTBYIOIINE yueOHBIE TOCOOHSI.

Eme oxHuM HampaBiCHHEM HAYYHO-METOIMYECKOW pPabOTHI  IIKOJIBI
akagemuka B.B. CBupuioBa sBisieTcs peanus3anus NpeeMCTBEHHOCTH B CUCTEME
HETIPEPHIBHOTO XHMHYECKOTo 00pa3oBaHMsA. bynydu TiaBHBIM penakTopoM
xypHasma «XiMis: mpabnembl BbIKIaAaHHS» akagemuk B. B. Cupumos
3aHUMAJICS AHAJIN30M COCTOSIHUS TIPENOJABaHUs XMMUU B CpEeAHEH MIKOIeE,
oOpamiay BHUMaHHE Ha peajHM3alfi0 HAyYHOTO I0JX0Ja B PAacCMOTPEHHH
XMMHUYECKHX MPOILECCOB U SBJICHUA NPH COXPaHEHHH JIOCTYHHOCTH y4eOHOTo
MaTepuana Ui LIKOJbHUKOB. OTH TEHJEHIMH COXPAHSIOTCS U B HBIHEIIHEH
W3aTENbCKOM IIOJIMTUKE JKypHaja TI0J PpPYKOBOJACTBOM YyueHuka B. B.
Ceupugoa — pnorenra JI. M. Meruko. Muorume wuaeu akagemuka B. B.
CBupugoBa OBUTM peaqn30BaHBl M IIPH CO3JaHUH OENOPYCCKUX YUeOHHKOB
XMMHWH TSI CPETHUX M CPETHIX CTICIIHATBHBIX YUeOHbIX 3aBEACHUI.

[ToaroToBka CTyIEHTOB U aCHHPAHTOB, O0ECTIEYCHNE BO3MOXKHOCTEH I UX
BCECTOPOHHET0 Pa3BUTHS TaK)Ke BCET/a ObUTH B IIEHTPE BHUMAaHUS KOJUIEKTHBA,

196



BosrmaBisieMoro B. B. CeupumoBsiM. B mHawame 1990-x romoB mo ero
WHUIMATUBE OBLT  peajau30BaH MHJIOTHBIA MPOSKT MO  peallu3aliu
MPOJOJDKCHHON yIIIyOJCHHOW MOJArOTOBKK (IIIECTOTO TOAa OOYYCHHUs) i
HECKOJIbKUX JIYUIIMX CTYJACHTOB Kaeopbl, 4YTO MOCIYXHIO MPooOpa3oM
COBPEMCHHOW MarucTpatypsl. B Hacrosiiee BpeMs BBITYCKHHKH Kaeapsl
paboTaroT mpenoaaBaTesasiMu B [ pOTHEHCKOM TOCYIapCTBEHHOM YHHBEPCHTETE,
BpectckoM TexHUYeCKOM YHHBepcuTeTe, KOMaHIHO-MHKEHEPHOM HHCTUTYTE
MUC, a taxxe B yHuBepcurerax [ epmanmn, Anrmmu, CIIA, Kanazgsr, FOxHO#M
Kopen, I'onkonra, I[Topryranuu.

B 3axmoueHne ciemyeT OTMETHTh, YTO HaydHO-HCCIeNoBaTelIbckas pabora
o mpodiemMaM BEICIIEro 0Opa30BaHUs BIIEpPBBIC OblTa BBHIMTOJNHEHA Ha Kadenpe
HEOpraHU4YEeCKON XMMHUHU MOJI pyKOBOACTBOM akazaeMuka B.B. CBupunosa B 1973
r. PesympTarel pa0oOT, BHINONHSAEMBIX B IOCICAYIOIIHE TOIBI, AKTUBHO
peACTaBJICHBI B ny6ﬂ1/11<au1/151x )41 JOKJIagax Ha MEXKIAYHApOOHBIX
KOH(EpeHIMsX, YCIEIIHO BHEPSIOTCS B YUeOHBIN Mpoliecc.

IIpoexTHpoBanue cofepkaHust 00y4eHHUs 110
o0pa3oBaTe/IbHBIM CTAHJAAPTAM NOKOJIeHUs 3+ HA
XUMHU4YeckoM (pakyJbrere BI'Y

C. B. Bamenko, E. 1. Bacunesckas
Benopycckuit rocyapcTBeHHBIN yHUBEpCUTET, MUHCK, Pecybnuka
Benapyce, e-mail: vaschenko@bsu.by

B mHacrosmiee BpeMsl yUpexACHUSAMH BBICIIEro oOpa3oBaHUs PecrmyOmmku
Benapych 3ammaHupoBaH M MpopadaThIBAcTCs IMEePeXo] K HOBOMY ITOKOJICHHUIO
00pa30BaTeNBHBIX CTAHAAPTOB BBHICIIETO 00pa3oBaHUs (Ianee — CTaHIApTOB),
KOTOpBle 0a3HpYIOTCS Ha OCHOBE CYIICCTBYIOIIUX CTAaHIAPTOB TPETHETO
MMOKOJICHHSI W TIONYYWIH HA3BaHWUE CTaHAAPTH ToKoleHus 3+. CraHmapTsl
HOBOTO IOKOJIEHUS OTpakaroT HaMETHUBIIIHECS B COBPEMECHHOM
00pa30BaTeIbHOM MPOIECCE TEHACHIMH K HEMPEephIBHOMY 00pPa30BaHMUIO,
peanu3yeMble B TOM UHCI€ W TYTEM CO3JaHUS MHOTOCTYIIEHYAThIX
00pa3zoBaTeNbHBIX CTPYKTYpP, K (OPMHUPOBAHUIO HOBBIX HWHTETPUPOBAHHBIX
TEXHOJIOTUH O0Oy4YeHHUs, K ONpeAclieHHI0 HOBBIX TpeOOBaHWH K KadecTBY
obOpazoBaHusl.

CraHgapTel TOKOJEHHS 3+ JOMKHBI —obOecreuwBaTh: KadecTBO U
KOHKYPEHTOCIIOCOOHOCTh 00pa30BaHus; (yHIAMEHTAIBHOCTh M aKTYaJIbHOCTh
co/iep KaHUs MOATOTOBKH; CBSI3b C PHIHKOM TpyZa U BO3MOXKHOCTb ONEPATHBHO
pearupoBaTh Ha €ro 3ampoChl; paclIMpeHHe aKaJeMHYECKHX CBOOO;
BO3MOXKHOCTH aKaJJeMHUYECKONH MOOUIIBHOCTH U ceTeBOro obpaszosanwust [1-2].

CyliecTBEHHBIM  OTJIMYMEM  CTaHAAPTOB  IOKOJEHHS 3+  sBIsIETCS
KCIOJIb30BaHUE B HUX KOMIIETEHTHOCTHOI'O MOAX0Ja, KOTOPBII Mpelnoaraer,
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YTO BHayaJle HY>KHO OIPEJIENIUTh Pe3yabTaT 00ydEeHUs 10 CIEUUAIbHOCTH — T. €.
Ha0Op KOMIIETEHIINH, 3aTEM OIPEIEIUTh ePEUCHb ANCIUIUINH, (POPMUPYIOIINX
9TH KOMIETEHIHH (T. €. pa3paboTaTh yUeOHBIH IIJIaH), TOCTE YeT0 MEePEXOIUTh K
pa3paboTke 00pa3oBaTENBLHOTO CTaHAApTa AJSI 3TOW crennansHocTu. [Ipu 3ToM
HEOOXOIUMO O0ECIIEYNTh IPEEMCTBEHHOCTh COJEpKaHMS 00pa30BaTEeIHHBIX
mporpamm | w |l cTymeHm, a, ciemoBaTeNBHO, IPOCKTHPOBAHUE
00pa30BaTENFHBIX CTAHIAPTOB IS OaKajlaBpruaTa U MarucTPaTypsl HEOOXOIUMO
HAYMHATH CHHXPOHHO U BO B3aHMOCBSI3H.

B noknane paccMoTpeHa MoJIeNb peallu3alui KOMIETEHTHOCTHOTO M01X0/1a
IIPU TOJITOTOBKE XMMHKOB — OakaJlaBpOB M XMMHUKOB — MaructpoB. Tak, mpu
MOJIrOTOBKE XMMHUKa-0akaiaBpa Hapsily ¢ YHHBEPCAILHBIMH KOMIETEHLUSIMU
HEeo0x0anMo chopMHUPOBATh U ClEAYIONIe TPOdhecCHOHATBHbIE KOMIETECHIINH:

— WCIOJIB30BaTh TEOPETHYECKUE KOHIEIIMHM HEOPraHWYEeCKOW XUMHHU JUIs
peuI€Hrsd PpaCyYCTHBIX 3aJiad, IUIAHUPOBAHUA OKCIICPUMCHTAa U TIPOBCACHUA
CHHTE30B HEOPTaHWYECKHMX COCOMHCHHH C HCIIOJIB30BAHMEM METOANYECKHX
YKa3aHUH 1 TUTEPaTYPHBIX HCTOYHHUKOB,

— 3HATh COCTaB, CTPOCHHE M CBOWCTBA IPEICTABUTEICH OCHOBHBIX KIIACCOB
OpPraHUYECKNX COEANHEHUH N MEXaHN3MBbl BA)KHEHIINX OPTAaHUIECKUX PEAKIHH,
YMETh IMPOTHO3HUPOBATH PEAKIHOHHYIO CIIOCOOHOCTh BEIIECTB HAa OCHOBE HX
CTPOEHHMS, IIIAHUPOBATh U OCYIIECTBIATH 3KCIICPUMEHT II0 CHHTE3Y MPOCTHIX
OpraHNYCeCKUX BCHICCTB C HMCHOJB30BAHUCM MCTOAUYCCKUX yKa3aHHﬁ "
JIMTEPATYPHBIX UICTOYHUKOB;

— MPUMCHATH OCHOBHBIC MOCTYJAThI, MOJIOKCHHUA W 3aKOHBI ¢)H3quCKOﬁ
XUMUU U1 ONPEACTICHUA ONTUMAJIbHBIX yCHOBI/Iﬁ MPOTCKaHUA XUMHYCCKUX
MPOLIECCOB U (JaKTOPOB, BIUSIOUIMX HA UX HAIIPABJIEHHE  CKOPOCTD;

MOHMMaTh HEOOXOJAMMOCTh O€30MacHOro OOpalleHus] C XUMHUYECKHUMHU
MaTeprallaMH ¢ y4eTOM UX (U3MUYECKHX M XMMHUYECKHX CBOMCTB M OLICHUBATH
BO3MOJXKHBIE PHCKH,

— 3HATh TEOPETHYECKHE OCHOBBI AHAINTHYECKOM XHMMHHM, BKIIOYAIOIINE
MIOMHUMO YYEHHS O XUMHYECKOM PAaBHOBECHU T'PYIIIOBBIE W WHAWBHUyaJbHBIC
CBOICTBA MOHOB W BEIECTB, M NMPUMEHATH IOJyYCHHBIC 3HAHUS ISl PEIICHUS
KOHKPETHBIX aHAJUTHYECKHX 3a71a4 U JIpyTHeE.

[Tpu mepexone OT MOATOTOBKH MO TporpaMme | cTynmeHu kK marucrparype
HaboOp KOMIIETEHIIMI TMpeanoiaraer yriyOJeHHOe TMOHUMAaHUE CTPOSHHS U
OopraHu3anuu MaTte€puuv, COBPEMEHHBIX JIOCTI/I)KGHI/Iﬁ XUMHYECKOH HayKH,
crocoOHOCT K TEHEepaluu COOCTBEHHBIX HaydHbIX wuaed. IIpuBeneHo
COJep)KaHME psijla MOAYyJeH Uil CHeNHAIBHOCTH «XHMHUS», B KOTOpBIC
00BeIMHEHBI OJTU3KUE M0 COACPIKAHUIO yUeOHbIe AUCIUILINHEIL, (OPMHUPYIOIIHE
OJIMH HA0OP KOMITETEHITUH.

Cnucok 1uTeparypsl
1. A. B. Makapos. Beimitmast mixona (2016) 5 : 3.
2. M. A. XKypaskos u ap. Bemmiimas mkona (2016) 4 : 3.
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BHeapenue HH(POPMALMOHHBIX TEXHOJIOTUI B XUMHUYECKHI
J1a00PATOPHBIH NPAKTUKYM

E. H. Murikesuu', B. B Kumxo™?, H. T. Bacmn,eBa A.JI. Ko3nosa-
Kospipesckas’, M. B. MenscuToa?, H. A. CaHKeBI/Iq2
'Benopycckuit rocy1apcTBeHHbII eIarOrHueCcKHii YHHBEPCHTET
uM. M. Tanka, MuHck, benapycs
?BenopyccKuii roCy1apCTBEH b yHIBepcuTeT, MuHCK, Benapych

e-mail: elenamitskevich35@gmail.com

OOpazoBaTenbHBINH MPOLECC B BBICIICH IIKOJIC B HACTOSINEE BPEMs TPYHOHO
NPe/CTaBUTh 0e3 HMH(MOPMAIIMOHHO-KOMMYHUKanuoHbIX TexHoioruit (MKT),
KOTOPBIE TIO3BOJISIIOT PELIaTh HEbIH Psll IMIaKTHISCKHX 3a/1ad.

B mnpenonaBaHMM XMMHYECKMX AMCLMIUIMH B BBICHICH MIKojie Hauboiee
AaKTUBHO  UCIOJB3YIOTCS:  MYJABTHMEIUHHOE  CONMPOBOXKAEHHE  JICKLHiA
(Ipe3eHTaUuK, aHWMAalWH, BUACOPOJIMKHM) MAJsl TMOBBIIICHUS HAIISIHOCTUH U
SMOIMOHAILHON HACBIIIEHHOCTH Y4eOHOro MarepHaja; 3JeKTPOHHBIE BEPCHi
y4eOHBIX TOCOOMH M 3JIEKTPOHHBIC YYEOHHKH, B TOM YHCIE BUPTYaJbHBIC
71ab0paTOpHBIC MPAKTHUKYMBI, YTO YIPOIIAET JOCTYN K Hy)KHOH MH(pOpPManuu u
MO3BOJSIET OoJiee palMOHAIBPHO OPTaHW30BAaTh CAMOCTOSTENBHYIO pPadoTy
CTYAEHTOB; KOMIIBIOTEPHOE TECTHPOBAHHE C LEJBI0 JTUATHOCTHKU NPOOEIIOB B
3HaHMAX oOOy4arommxcs. CyIiecTByeT OrpOMHOE KOJIHMYECTBO JIEKTPOHHBIX
KHUT B OTKPBITOM JIOCTYI€, YTO IIO3BOJISICT JIETKO IOJydYarh HOCTYH K
(byHIaMEHTaIbHBIM XMMHUYECKHM 3HAHMSM M IOHSATHSM, IIPH 3TOM 3aTpavyuBast
Ha MOUCK MU3EPHOE KOJMYECTBO BPEMEHH.

OmnbIT mpenofaBaHus XUMHIECKUX TUCIMIUIMH («OOIIast 1 HeopraHHYecKas
xumusty, «OpraHudeckas XUMHUS», «AHaIUTHUECKas XUMHS, «XUMHUSA
nonmumepoB») B BITIY mokazan, uyto wucnons3oBanue WKT wmoxker ObITh
3¢ (QEeKTHBHO TaKkKe NpPU MpPOBeIeHHH JabopaTopHBIX pabor. U3yueHwe
muctuuine «Opraandeckast XUMUs» U «OCHOBBI XUMHH ITOJIMMEPOBY» TPYIHO
npejcTaButh 6e3 nporpammbel ChemDraw, Bxossmieit B maker ChemOffice or
Cambridgesoft. JlanHoe npunokeHre OTKPHIBAET IIUPOYANIINE BOZMOXKHOCTH B
CO3JJaHUH W PENaKTUPOBAHUHM XMMHUYECKHX CTPYKTyp; KOHBEPTalWHM Ha3BaHHS
COEIMHEHUSI B CTPYKTYpy M OOpaTHOE Ha3BaHUE COEAWHEHUS 10 CTPYKType
(UIOITAK); cumynsimun IMP-criekTpoB u ap.

Perucrparop mamasix NOVA LINK xommanmm ®Pypre B KOMIUIEKCE C
mporpaMMHBIM  obecrieueHnem MultiLab  mpemocTaBiseTr  BO3MOXXHOCTB
pacUIMpUTh AWANa30H peakiuii, KOTOpble MOXXHO MPUMEHSTh JJIsl POBEICHHUS
yu4eOHOro OJKCHEepHMEHTa, MOCKOJIBKY IO3BOJISIET HAOJIOaTh H3MEHEHHE
KOJIMYECTBEHHBIX XapaKTEPUCTUK HCCIEIYeMOH CHUCTeMBl B TAOIMYHOM WIIH
rpagudeckoM BHIE. OTH pEakUd MOTYT HE CONPOBOXIATHCS BHIUMBIMU
a¢dexTamu (M3MEHEHHEM IBETa, 00pa30BaHKUEM ra3a JIn0o 0cajka), T0CTaTOYHO
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W3MEHEHHs] BOJOPOIHOTO IOKa3aTessd, TeMIIEPaTypbl, ONTHYECKOH IIOTHOCTH
pactBopa. Bce mokazaHus naryuka B Buje TaOmuipl au00 B BHIe rpaduka
MIPOCUPYIOTCS Ha MOHUTOP HOYTOyKa JIN0O, €CIIN eCTh Takas BO3MO)XKHOCTb, Ha
WHTEPaKTHBHYIO JOCKY B pEXHME pealbHoro BpeMeHH. Ilo okoHuaHun
SKCIIEPUMEHTa TMOJyYeHHBIE JlaHHbIE 00padaThIBAIOTCS W AHAIU3UPYIOTCS C
oMol Macrepa aHanusa.

VYna4uHeIM MPUMEPOM HCHOJIb30BaHMA Jlaboparopun Dypbe SBISETCS OMBIT
[0 CMCIICHUIO PaBHOBECHS HICKTPOJIUTHYECKOW IUCCOLMAlUKM  C1aboro
9JIEKTPOJINTA TIPH BHECEHUH B €€ PAacTBOP COJIM, COAEpIKAIleH OXHOMMCHHBIH
WOH (HampuMmep, YKCYCHOHW KHCIOTHI M arerara Harpus). IlpensaputensHo
CTyIeHTaMH Bbrucisiercs pH pacTBopa KHCIOTHI 0 M IIOCIEC BHECCHHUS B e
pacTBop oOmpeleieHHOW HaBeckH conmu. I[lokaszaHust paruuka pH, kak
NOKa3aHUs  TeMIepaTypbl B  NPEABIAYLIEM  OINBITE, BBIBOAATCA  Ha
WHTEPaKTHBHYIO JOCKY B rpaMYeckoM BHJE B PEXHUME PEalbHOr0 BPEMEHH,
pe3yinbTaThl pacueTa COBIANAIOT C pe3ylbTaTaMU OSKCIepUMeHTa. Takum
00pa3oM, MOHATUS «XMMHYECKOE DAaBHOBECHE», «CMEIIECHHE XHMHYECKOTO
paBHOBECHUS» NPHOOPETAIOT ISl CTYJACHTOB, MO0 WX € CJOBaM, OOJBIIYIO
HariAaHOCTh. B Kypce aHAJINTHYECKOM XHUMUH TaKyl0 K€ HaAAAHOCTD
JEMOHCTPHPYET MOAOOHBIA DKCIEPHUMEHT IpH Hu3ydeHun Tembl «Pacder u
MOCTPOCHUE KPUBBIX TUTPOBAHHSD.

Tem He MeHee, IO HalmleMy MHEHUIO, MOJIHAs 3aMEHa pealbHON paboThl ¢
BEILIECTBOM BHPTYaJbHBIMU Ja0OpaTOPHBIMU paboTaMH, IEeMOHCTPALlMOHHBIMU
9KCHEPUMEHTaMH, BUICO3AIMUCIMH JOMYCTUMA JIMIIb B CIy4ae HEOOXOAUMOCTH
MOJICIIUPOBAHHS ~ IIPOLecCca, OCYIISCTBICHHE Ha  MPAKTUKE  KOTOPOro
Hebe30macHO B YCIIOBUSX y4yeOHOH nabopaTtopuu, duO0 TpedyeT CIO0XKHOTO
anmnaparypHoro odopmieHua. OJHAKO pa3syMHOE JOIOJHEHHE TPaJULHOHHOM
TEXHUKHU BBIITOJIHCHUA OKCIIEPpUMECHTA B XUMHYCCKOM MPaKTUKyMe C
COBpPEMEHHBIMU MH()OPMAIIOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJOTHIl HE TOJBKO
CYIECTBEHHO JSKOHOMUT pa6oqee BpEMs 3aHATHA, IMOBBIIIACT HANIAIHOCTH
y4eOHOTO Marepuaia, BBIMIONHACT MOTHBUPYIOUIYIO (YHKIHIO, HO TakKxke
MO3BOJISIET OOYYAIOIUMCST YCTAHOBUTH B3aWMOCBSA3b MEXKIY aOCTPaKTHBIMHU
3aKOHAMH ¥ TMOHATHSMH XMMHH M PEAIbHO NMPOTEKAIIUMH (U3NYECKUMU U
XMMHUUYECKHMH MTPOIIECCaMH.
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Hcnosb3oBaHue MeTOAa HCTOPUYECKON PEKOHCTPYKIUH IIPH
(opMuUpOBAHNH METOX0JIOTHYECKON KYJIbTYPbI 0y 1yIIUX
yuyuTeseil XHMHH B paMKax Kypca «MeTo0J10rust XuMum»

J. 1. Mprako
Bbenopycckuii rocyiapcTBeHHbIN yHUBepcureT, MuHck, benapycs,
e-mail: dimbgu@mail.ru

B paborax, TmOCBAIIEHHBIX IMpoOieMaM  pa3BUTHS  XHUMHYECKOTO
oOpazoBanust, akagemMuk B. B. CBupumoB oOpaTwi BHUMaHHE Ha TO, 4YTO «B
OTCYTCTBHUE HMCTOPHUYECKOM KOMIIOHEHTHI HM3y4daeMas HayKa IpeJCTaBIsAeTCs
CTaTUYHOH, TepsieTcsl HOHMMaHME 3a/1ad HayKH M CIIOCOOOB IOJTy4eHHs HOBOTO
3HaHWs» [1]. Ilpu paccMOTpeHWH WM TPUHLMIOB PAMOHAJIBHOTO OTOOpa
HCTOPHKO-HAYYHOTO MaTrepHuaia, NPHOPUTETHl OBUIM OTIHaHBl HE CTOJBKO
pacUIMpeHuio 3pyAnnuy (CyMMe 3HaHHWH), CKOJIBKO pEeQIEKCHH IMHAMUKH
3HaHMS, JIOTHKH €ro pas3BUTUS (CymMMe 3aKoHOB 3HaHUS). Ilpm 3TOM
yKa3bIBaJIOCh Ha 0CO00€ 3HAUCHHWE ITHX BONPOC JUIS MOATOTOBKH OYAYIIMX
IIpenojaBaTellei.

OT10T MoAX0A OBLI HMCIOJB30BaH aBTOPOM AAaHHOM CTaThbH B CIIEIKYpCe
«MeTo10I0rHYeCKU aHaIu3 TEOPETUUECKUX KOHIIETIIUHN XUMHUMN»,
pazpabotanHoMy 10 mopyueHuto B. B. CsupumoBa s CTYyIEHTOB,
00y4YaloKXCsl M0 CIEHaTbHOCTH Hay4qHO-TIearornieckas aesteiabHoctb. Co
BpPEMEHEM 3TOT Kypc Ipruodpest ¢opMy MmpoOIeMHOTO H3I0KEHHS, TPU3BAHHOTO
BOBJIEYb CTYIECHTOB B CAaMOCTOSITENBHOE HCCIEAOBAaHHE XO0Ja HCTOPHYECKOIO
Pa3BUTHs TEOPETUYECKHX KOHLENNUH, PACKPBITUE HMX TEHE3UCa C MOMOIIBIO
METOJ0JOTMYECKOT0 aHaau3a HAy4YHO-NIO3HABATEIBHOW JESATEIbHOCTH YYEHBIX
mpu  pa3paboTKe »JTUX KOHUENIMH C YY4eTOM TeX COLHMOKYJIbTYpPHBIX
MPENOCHIIOK W METaTeOPETHYECKUX OCHOBAaHUI, Ha KOTOPHIX CTPOMJIACh
cTparerusi HaydYHOro TIIoMCKa. B Takoil BepcuM OH IPENCTaBICH B
MIOJITOTOBJICHHOM aBTOPOM Mocobun «Bompocsl METOAONOTHH M HCTOPHUH
XAMHH: OT TEOPHH HAYYHOTO METOJa K METOAUKe 00ydeHus» [2]. OxuaaeMbiM
pe3ynbTaTOM  OPraHW30BaHHOTO TakuM 00pa3oM  OOy4YeHHs  SIBIISIETCS
¢dopmupoBaHrne y Oyaymux yduTelnedl MeTOMOJOTHYECKOW KyNbTypel —
IMIPOMEXKYTOUHOTO 3BEHA MEXJIy JIMUHOCTBIO U €€ IleJeHalpaBIeHHON
JESTeNbHOCTBIO0. B CTpyKType METOMOIOrNuecKO KylbTyphl BBIACISIOT TaKHe
9JIEMEHTHI, KaK 3HaHUs (mpolieM M 00pa3loB HMX pEIICHHS), CHOCOOHOCTH
(cpaBHUBaTH, OLIEHMBATh, KPUTHUKOBATh), W yYMEHUS (KOHCTPYHPOBATb,
npoekTupoBats) [3].

Jnst Toro 4yTOOBI OpPraHM30BaTh MO3HABATEIbHBIC JIEHCTBUS CTYIEHTOB B
0003HaUYECHHOM BBIIIIE HAIPABJIEHUH, aBTOPOM II03aUMCTBOBAH M3 HCTOPHYECKON
HAYKH METO]] HCTOPUYECKON PEKOHCTPYKIUH (MCTOPHKO-TCHETHUCCKUI METO).
OH WHTepeceH TeM, YTO MPEIIoyaraeT BOCIPOU3BEACHNUE PEANbHOW MCTOPHH
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CO3JaHMSl TEOPETHUYECKHX KOoHUemumi xmmun. K 3TomMy aBTOp moOaBumn
00s13aTeNbHBIA yYEeT COLMOKYJIBTYPHOTO KOHTEKCTa M TOCHOACTBYIOIIEH B TOT
Nepro/ HAy4HOH KapTHHBI MHpPa, CTHJIS MBIIIICHUS YYEHOro. DTO IMO3BOJIIET
BBISBUTh W TIPOAHAJIM3UPOBaTh, a IMOTOMY OCMBICIUTH BO3HUKAIOIIUE B
MIPOLIECCe MCCIIEIOBaHMs TPEISTCTBUS, IPOOJIEMbl U CXEMBI JeSITELHOCTH O
UX pa3pelieHuIo, ¥ TAKMM 00pa3oM 0CO3HATh METO/I0JIOTHIO HCCIICAOBaHUS.

st Toro, 4To0BI CTPYKTYPHPOBATh MO3HABATENBHBIE IEHCTBUS CTYJCHTOB
UM IIPEAJIaraeTCsl peann30BaTh METOA UCTOPHUECKON PEKOHCTPYKIUH B (hopMe
HaNHcaHUs «aBTopedepara IuccepTalim» Kak OBl IMOCTaBHB ce0s Ha MeCTO
co3/1aTeNsl TEOPETHYSCKON KOHIICTIUH. DTOT «aBTopedepary MOIDKeH OBITh
MPEACTaBICH COTJACHO CIEIYIOMIEMy IUIaHy: aKTyaJlbHOCTh, MpodOiema
HCCIIEOBAaHMS W CTENCHb €€ pa3pabOTaHHOCTH (IPEANOCHUIOYHBIC 3HAHUS),
Lenb, OOBEKT M TPEIMET HCCICIOBAaHMS, aKCHOJIOTHMYECKHE M TEOPETHUKO-
METOJIOJIOTHYECKHE OCHOBBI HCCIEAOBaHMA (IApafurMa, HCCIeNoBaTeIbCKast
IoporpaMma, B paMKax KOTOPOH pa3BOpauMBacTCsd HAy4yHOE HCCIEAOBAaHHE),
THIIOTE3a, 3a7a4H, METOJIbl, 3Tallbl U JKCIIEPUMEHTalIbHAsl 0a3a MccieqoBaHus,
OCHOBHBIC HAYYHBIC IIOJIOKCHHUSA, BBIHOCUMBIC Ha 3alllUTy, HJOCTOBEPHOCTH H
00OCHOBAaHHOCTb ~ DE3YyJIbTaTOB  HCCIECJOBAHUS, Hay4Hass ~ HOBH3HA,
TCOPETUUCCKAA U MPAKTHYCCKAd 3HAYUMOCTH PC3YJIbTATOB HCCICIOBAHUA, HUX
MECTO B HAyYHOH KapTHHE MHUpA.

[Ipy BBIIOTHEHNHN TAKOTO MCCIIEAOBAHUS CTYJACHTY PUXOANUTCS BXKUTHCS B
00pa3 y4eHOTo M Hay4YHyI0 aTMoc(epy 3MOXH OTKPBITHS 3aKOHAa WJIN CO3JIaHMS
TEOpHH, BOCIPOM3BECTH B BOOOPaKEHWM XUMHWYECKHI IKCIEepUMEHT. Takum
IyTeM JOCTUTAeTCsl CUila TOAJIMHHOTO BOCIPHSATHS METOJOJOTUH HAyYHOU
paboThl B €€ HeMoCPEJCTBEHHOCTH, YTO COBEPIIEHHO HEIOCTYIIHO IpH
MIOBEPXHOCTHOM 3HAKOMCTBE C MCTOpPHEH BOMpPOCa, KaK 4acTo MPOUCXOAUT MPU
HalMCaHWM, a elle 4Yale INpu cKauuBaHuu pedepata u3 HMHTepHera.
IIpennoxeHHbIN METOZ paciupser BO3MOXKHOCTH oOyuarore-
HCCIIEI0BATENBCKOTO MOAX01a K (POPMUPOBAHUIO METOJOIOTHYECKOH KyJIbTYpPbI
npenoaaBaTeysd XUMHU.
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@®opMHUpPOBAHHE METAKOTHUTUBHBIX YMEHHI yyammxcsi
MpH U3yYeHHH XUMHH B YUPeKIEeHUIX 001IIero cpeaHero
o0pa3zoBaHus

T. H. MsKuHHUK
benopycckuii rocyjapcTBeHHBIN yHUBEpCcUTET, MUHCK, benapycs,
e-mail: tam.myakinnik@mail.ru

B coBpeMeHHBIX  YCJIIOBHSX BEAyIIUM TpPEOOBAaHMEM  CTAaHOBHTCS
COBMEIIIEHNE AEHCTBUS U pe)IeKCUH M BO3pacTaHWe MOTEHIMaIa ClIoCOOHOCTH
K CaMOOPTaHM30BaHHOW JesATeNbHOCTH — caMopasButue [1]. UtoOsr
MOJTOTOBUTH yYAIIUXCS K JKU3HU W JESTENBHOCTH B 00IIecTBE, HEOOXOIUMO
chopMupoBaTh y HUX OOOOIIEHHBIE OPHUEHTHPOBOYHBIE OCHOBBHI PEATU3AINU
OCHOBHBIX (YHKIMH CyOBEKTa AEATENBHOCTH — METAaKOTHUTHBHBIC YMCHMS:
aHaMW3 TPOTHBOPEYMH WM OpPHEHTHPOBKA B CHTYaIlUH, IlEJeNoaranue,
MIPOTHO3UPOBAHNE, IUIAHUPOBAHUE, NPHHATHE DEIICHHH, KPUTEPHH OIECHKH,
CaMOKOHTPOJIb, KOpPpEKLus, pediekcusi. MeTaKOrHUTUBHBIE YMEHHS MOYKHO
paccMarpuBaTh M KaK OCHOBHBIC «COCTAaBIISIOIINE» YYEOHOW NesITeNbHOCTH
(ecnu OHU B3ATHI B CBOEGH CTAaTHKE, T. €. B TeX CTPYKTYPHBIX MCUXOJOTHYECKUX
00pa3oBaHUsIX, KOTOPbIE MX OOECIEYMBAIOT), U KaK OCHOBHBIC PEryJISITHBHBIC
MPOLIECCHl  peaiu3aliy  y4yeOHOH JeaTeNlbHOCTH (eclM OHHM B3ATHl B HX
JMHaMUKe, QyHKIMOHUPOBaHUH) [2].

Jnst Toro 9TOOBl KOTHUTHBHBIE W METaKOTHUTHBHBIE IPOLECCH HMMEIH
00IIyI0 CTPYKTYPHYIO OCHOBY M BBIP@)KaJICh B 00pa30BaTENbHBIX Pe3yJbTaTax
y4Yalmxcs, HEOOXOAWMBI HAayYHO-METOAWYECKOoe obecrieuyeHne ydeOHOU
JeATeIbHOCTH WM OpraHW3allMOHHO-YIIpaBJIeHUeCKas AEATEIbHOCTh YUUTEINS,
ocymiecTBisieMasl Ha 6a3e COOTBETCTBYIONINX CIIOCOOHOCTEH ydammxes [3].

B jmokmame  mpencTaBieHbl  KOMIUIGKTBI  HayYHO-METOANYECKOTrO
O6eCHe‘I6HI/I$[ MO0 XUMHUHU B BUAC DPA3JINYHBIX CPEICTB:

— JUAarHOCTHYCCKHEC aHKCTHhI,

— (parMeHTHl HAyYHBIX U METOAUIECKUX TEKCTOB;

— CTPYKTYpPHO-JIOTHYECKUE CXEMBbI;

— HOPMAaTUBHBIC TOKYMCHTBI 1 PCKOMCHIAIINN,

— y4eOHO-MeTOJMIeCKNE KOMIUIEKCHI B BUJIE PA3TMYHBIX KOMIIOHEHTOB:

paboyast TeTpaJb Ha NEYaTHOH OCHOBE; COOPHHK CaMOCTOSTEIBHBIX padoT;
JIMIaKTHYECKUe KapTOYKU-3aJaHus; yueOHO-HArIISIHOE TIOCOOHe; 3IEKTPOHHOE
CpeICcTBO  OOy4yeHHs; INPOrpaMMHO-IIEJaroruueckoe CpeicTBo;  ydeOHO-

MCTOANYECKOC HOCO6I/I€; KOHTPOJIbHO-U3MEPUTECJILHBIC MaTepHralibl;
AUJAKTUYCCKUE CIICHAPUU YPOKOB.
COS}IaHHBIe KOMITOHCHTBI y‘ICGHO -MCTOJHNYCCKUX KOMIIJICKCOB

COOTBETCTBYIOT MOTI/IBaLII/IOHHO-}IGHTGHBHOCTHOﬁ napagurme O6y‘[€HI/IH n
TIO3BOJIAIOT OPraHU30BaTh yqe6Hy}o JACATCIBHOCTDL YE€PE3 OTAIlbl: IPUHATUE U
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MOHMMaHUEe y4eOHOH 3agauM — MOMCK M CO3JaHHE CPEICTB €€ PELICHUs —
CaMOCTOSTENBHOE PEUICHHE 3a1a4d — CAMOKOHTPOJIb.

Ha npumepe taknx xommnoneHToB YMK, kak y4eOHO-HArJsiIHBIE TTOCOOUS
1o oOmiell XMMUKM 1 HEOpraHMYecKoi XumMuu [4] U MporpaMMHBINA MTPOIYKT LIS
0060011IeHNS ¥ CHCTEeMATU3AlNWK 3HAHUI (JIEKTPOHHOE cpeAcTBO 00yuenus) [5],
000OCHOBaHbI  BO3MOXHOCTH (DOPMUPOBAHHS METAKOTHUTUBHBIX yMEHHH
ydaluxcs Ha ypoKax XUMHUH.

B koHTekcTe (opMHpOBaHHMA W PA3BUTHS METAKOTHUTHBHBIX 3HAHWH,
YMEHUH M CIOCOOHOCTEH ydJammmxcsi, AEATEIBHOCTh YUHTENs W ydcOHas
JEATENPHOCTh YYaIUXCs MPECTaBICHBI TEXHOIOTHEH YIeOHOW CHTYalHH.

BaxHO o0ecneunTh pa3BUTHE CAMOCTOSTEIHFHOCTH YYAIIHMXCS B y4eOHOH
JESITEIBHOCTH B XOJE OCYHIECTBICHUS E€IMHOTO NEMCTBUA-PEIICHUS 3alayH:
CaMOCTOSATENIPHO TEPEXOANTh OT IPUHATUS M TOHWMAaHHUsI-aHalN3a ydeOHOH
3aaud K KOHCTPYHUPOBAHUIO MIEATBHBIX CIIOCOOOB M CPEICTB €€ PElIeHHs, OT
MMOCTAHOBKM y4eOHOM 3a7ayl K OTPEACICHUIO aJlcKBATHBIX YUCOHBIX JCHCTBUI
u BbIOOpY kommoHeHTOB YMK, 0T camoympaBieHus BBINOJIHEHHEM JCHCTBHUI
[0 pealu3aluy crocoda peuieHus] K JeHCTBUSIM CaMOKOHTPOJISt U pediieKCuu
peaM30BaHHOTO crocoba JAEHCTBUS B OTHOIICHHHM K 3aMBICIy, TO €CTh
o0ecreunTh HaKOIUICHHE M Pa3BHTHE y YUaIUXCsSl METANpPEAMETHBIX 3HaHUH U

YMEHUH.
OpraHu3anoHHO-YTIPaBICHIECKAs JEATEIBHOCTh yUHUTeINs o
(hopMUPOBaHUIO MeTaKOTHUTUBHBIX YMeHUH, obecnieynBaeTcs

IUTAKTHYECKAM  CIICHHPOBAaHMEM  y4eOHBIX  3aHATHHA,  METOAWYECKHM
KOHCTPYHUPOBaHHEM yUEOHBIX CHTYaIlil 1 aHTPOIIOJIIOTHYECKUM HCCIEIOBAHUEM
CrocoOHOCTEH yJaIuxcs.
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XHMHYECKHI IKCIIEPUMEHT 10 U3Yy4YeHH IO IPUPOIHBIX
00BEeKTOB KaK OCHOBA OPIraHM3alMH HAY4YHO-
HCCJIE0BATENbCKOH AeTEeJIbHOCTH YYAIMXCH

O. B. [TonnyOHas
YO «benopycckasi ToCyIapcTBEeHHAsI CEIbCKOX03UCTBEHHAS aKaJeMHUs»,
T'opku, Benapycs, e-mail: olga.gorki@mail.ru

N3ydyenne XuMu UMEET ABOSAKYIO LIEJb:
OJIHa — YCOBEPIICHCTBOBAHUE
€CTEeCTBEHHBIX HaYK, IpyTas —
YMHOXCHHE )KU3HCHHBIX OJIar.

M. B. Jlomonocos

CocTosiHMEe MHHOBaIMOHHOTO IBWXEHUS U pe)OpMHpOBaHUS 00Pa30BAHU
OTpaXkaeTcs B HOBBIX TPEOOBAHMAX, MPEIBSIBIAEMBIX K YPOBHIO IOATOTOBKH
OyIymHX ITOKOJICHHH, TO3TOMY OCTPO BCTAET BONIPOC O HEOOXOAMMOCTH MOUCKA
HOBBIX METOJMYECKHX IIOJXOJOB M IPUEMOB K OpraHU3alUU y4eOHOTro
Ipoliecca Ha OCHOBE HAy4YHO-HCCIIEIOBATENbCKON MEATENbHOCTH yJalluxcs B
paMKax MIKOJBHBIX €CTECTBEHHOHAYYHBIX JHUCIUILIHH, B TOM YHciIe xumun [1].

XUMHYECKUH SKCIEPUMEHT MPHIAeT 0CO0YI0 CHeUU(PHUKY MPEAMETY XUMHU.
OH sBisieTCs BaKHEHIIMM CHOCOOOM OCYIIECTBICHHSI CBS3M TEOPUU C
MIPAKTHUKOH ITyTeM NPEeBpAIIeHUs 3HAHUN B CTPATETHIO JESITEIbHOCTH.

YO BI'CXA coBmectHo ¢ YO «CII Ne 2 r. Topku» peanusyer
PETHOHATBHBIN TPOeKT «Manasi akageMus» — ydeOHO-HaydHBIH KOMIUIEKC,
NIPU3BaHHBIA 00eCNeYnBaTh HENPEPHIBHOCTD B PA3BUTHH U COBEPIICHCTBOBAHUN
YMEHHUH TBOPYECKOH, HAyYHO-HMCCIIEIOBATENBCKOM NEATEIFHOCTH YJaIIUXCsl Ha
OCHOBE COTPYIOHMYECTBAa INKOJIBI M BYy3a, HHTETpalil 00pa30BaTEIbHBIX
IIporpamMmM OOIIETO M JOMOJHUTEIBHOTO 00pa3oBaHus. IIpoeKT HampaBieH Ha
BBISIBJIGHHE M Pa3BUTHE TBOPYECKHX CIIOCOOHOCTEM M HHTEepeca K HaydHOU
JICATEIbHOCTH TAJIAHTJIMBBIX JIETel, co3aaHie HeoOXOIMMBIX YCIOBHH Ui ee
MOJACPKKM, TpONaraHay HAay4HbIX 3HAaHUI, CO3JaHHME YCIOBHH Ui
HMHTEJUIEKTYaJIbHOTO PA3BUTHS U TOAJECPKKH OJAPEHHBIX NEeTed, B TOM dYHCIe
conmeiictBui WM B TNPO(ECCHOHATHHOH OpPHEHTAMH W  NPOJODKEHHUH
oOpazoBanust. OCOOCHHOCTBIO B peaIM3alMd COJIEpXKaHUs (aKyIbTaTUBHBIX
3aHATUH NaHHOTO MPOEKTa SIBJISETCS TO, YTO Yy4YalllHecs BOBJICYEHBI B HAYYHO-
HCCIIEIOBATENbCKYIO AEATEILHOCTh, B KOTOPOH JUIl HUX PACKPBIBAIOTCS CBSI3H
XMMHUH ¢ OHOJIOTHEH, 300JI0THEH, reoJiorHel, II0YBOBECHHUEM, arpOXUMHUEH, 1
9KOJIOTHEH. DTO MO3BOJSET ydyallUMCsS MPOJEMOHCTPUPOBATH BO3MOXKHOCTh
MIPUMEHEHHUS YK€ UMEIOIINXCS Y HUX 3HAaHUH 110 XUMHH K OIHMCAHUIO 0OBEKTOB
OKPY’KaIOIIEeTO MHpPa, IIEPEBECTH ITH 3HAHMSA B aKTUBHYIO, TBOPUYECKYIO hopmy.
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I[IkonbHUK, WCHBITaB ce0s B POJNM HCCIENOBATENS, SKCIEPUMEHTATOpa
MaKCHMAaJIbHO YCBaWBaeT yueOHbIil MaTepuai [2].

Opranuzanus UcCleA0BaTEIbCKON ACSITENbHOCTH MO XUMHU B IIKOJIHHOM
y4eOHO-BOCTIMTATEIFHOM IIpollecce MPOSIBISIETCS. B €ro OpHEHTallMM Ha
pasBUTHE CaM000pa30BaTENBFHOIO IMOTEHIMANA YYal[UXCs, YTO, HECOMHEHHO,
SIBJISIETCSI 00513aTEIbHBIM YCIOBUEM AabHEHIIEro yCIENTHOTO 00yYeHUsT XUMHUN
BBIITYCKHUKOB IIKOJ. [103TOMYy MBI 00paTviii BHUMaHUC HA YCIOBHS, POPMBI U
TIPUEMBI COTPYIHIMYECTBA B CHCTEME «IIKOJIA — BY3», TIO3BOJIIOIIETO PACKPHITH
JOTIOJTHUTEBHBIE BO3MOXXKHOCTH Pa3BUTHS HCCIIEIOBATEIBCKON NESATEIHHOCTH
YUaImxcs, OpUEHTHPOBAHHON Ha  TOATOTOBKY  MIKOJHHHUKOB K
camoo0pa3oBaHuIo 1o xumMuH. Hanbomee OTBETCTBEHHON U TPYIOEMKOI 4acThIO
HAyYHO-HCCIIEIOBATENbCKAsl paboTa MIKOJIHHUKOB MO XMMHHU SBILUICS MOIOOP
MaTepHalia U OpraHu3anus Ja00opaTOPHBIX HCCIICOBaHUH, KOTOPBIC TIO3BOJIMIN
Obl pa3BUTh camMOOOpa30BaTEIbHBIA MOTCHIMAJI M INPOBECTH YBJIEKATEIbHOEC
3aHATHE. MBI OCTAaHOBWINCH Ha aHANM3€ MPUPOAHBIX 00BEKTaX, B YaCTHOCTU —
BOJIbI, Me/Ia IPOYKTOB MTUTAHUSI.

Ha 0ase dunmana xadempbl — XUMHYCCKON J1aOOPaTOPUH OHUOJOTHUSCKON
OYMCTKH CTOYHBIX BOJ — MKOJbHUKK 10 u 11 kaccoB ydacTBOBalid COBMECTHO
co crynertamu — uigeHamu CHIJI «Cnektp» B oTbope mpo® u aHammse
XAMHWYECKHX TMOKa3aTele TOBEpXHOCTHRIX Bog (pH, NH,", NO5 ", NO,, SO42’,
CI"). CoBmectHo ¢ yuamunmucs rumuazuu Ne 1 ropona ®anumosiab, MHHCKOTO
paiioHa CTYISHTHI M3YYHIN METOIMKY OIpeIeNICHHs] aCKOPOMHOBON KUCIOTH B
IUTO/IaX, OBOIIIAX.

B 2015 r. BeImonHeHa wWcciemoBarenbckas pabora «AmcopOupyromime
CBOMCTBAa aKTUBHUPOBAaHHOTO yIis M «Oemoil TabieTku» B paMKax IpPOEKTa
«Mamast akamemusi» Ha kKadenpe xumuu YO BI'CXA B CHUII «Chektp»
JeiictBue ancopOEHTOB MPOBEPSUIM Ha PACTBOpAaX KpacuTeled, METUIOBOM
OpaH)XeBOM U Ha 0€3aJIKOTOJIFHBIX HETa3MPOBAHHBIX HAIIUTKAX.

B 2016 r. Ha xadeape xumun YO BI'CXA BbINOJIHEHA UCCIIEI0BATENbCKAS
pabota «buonorudyeckue acmeKThl M KOJMYECTBEHHOE  OIpeJelIeHHUe
ouodraBoHOMma — BUTaMHHA P». OCHOBHOH IENBI0 HCCIEAOBATEIHCKON
paboTBl  SBIUIOCH ~ KOJIMYECTBEHHOE  OMNpenelieHHne  BUTaMWHA P
TUTPUMETPUYCCKAM METOJIOM B THIICBBIX MPOAYKTax». ABTOp pabOTHI
Cunnepo Janmun, I'YO «Cpennsis mxonma Ne 2 r. T'opku ydacTBoBanl B
pecIryOIMKaHCKOM KOHKYpCE.

B 2017 r. BBIIIOJHEHA HCCIEI0BATENbCKAs paboTa « BHOIOTMYECKUE aCTIEKTHI
W JUacTa3Has aKTUBHOCTh Meaa». OCHOBHOHM IENIBI0 HCCIIE0OBATEIECKOM
paboThl  SBISAJIOCH OMpeAelieHue OWOJIOTUYECKOW aKTHMBHOCTH Meaa IIo
quacTazHoOMY 4Yuciy (mkana ['oTe) U onTUMabHON TeMIepaTypbl TPUMEHEHUS
Mena.

AHanu3 pe3ylbTaToB IMATUJIETHEHW paboThl MpoekTa «Maas akajeMus» Ha
(aKyITpTaTUBHBIX 3aHATUAX MO XMMHUU TOKA3aj, YTO JAHHOE MEPOIPHUATHE IJIs
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YYaImXxcsl IIKOJI WMeNlo OOoJbINMe 3HAueHHe, ¢ OJHOW CTOPOHBI KaK HOBas
¢dbopMa pacKpBITHsI COOCTBEHHBIX CIIOCOOHOCTEH, C APYrod — KaK MOIIHBINA
CTHUMYJI K JaJIbHCHUIIIEMY H3YYCHUIO XUMUH.
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KypcoBasi paGora o HeopraHu4ecKoil XUMHMHU: OT 32a4€THOI'0
CHHTEe3a K HCCJIeJ0BaTeIbCKOMY IIPOEKTY

O. B. Cepreena
Bbenopycckuii rocynapcTBeHHbI yHuBepcutet, MuHck, bemnapyces,
e-mail: SergeyevaOV@bsu.by

B OonblIMHCTBE  COBPEMEHHBIX  NyOJMKalMid  METOJ  NPOEKTOB
paccMarpuBaeTcsi Kak WHHOBAIMOHHBIA IIOXOJ, TNPHU3BAHHBIA pPagMKalbHO
U3MEHUTHh 00pa30BaTENbHYIO Cpely U MOBBICUTH d((PEKTUBHOCTh 00yUYEeHUs Ha
pa3HBIX ero JTamax. bojee mpuCTanbHBIM aHAIM3 MO3BOJSIET KOHCTAaTHPOBATh,
YTO, BO-TIEPBBIX, 3TOT METOJ] HE SBIISETCS HOBBIM, a IPUMEHSAJICS €Il B Hadase
20 Beka. Bo-BTOpBIX, cHcTeMa MOITOTOBKH CHELIHAIMCTOB B KJIACCHYECKHX
YHHBEPCHUTETaX BCET/a BKIFOUAET KYPCOBBIE M JUIJIOMHBIE pabOTHI, KOTOPHIC,
HECOMHEHHO, IMEIOT BCE OCHOBHBIE TIPU3HAKH ITPOEKTOB.

B noknane c¢ 3Tol TOYKM 3peHMs paccMarpuBaeTcsl KypcoBas pabora 10
HEOPraHMYEeCKOH XWMHH, BBINOJNHSAEMass CTyAEHTaMH IIEpBOTO  Kypca
XMMHUUYECKOT0 (akysibTeTa benopycckoro rocyaapcTBEHHOTO YHUBEPCHTETA.
Ota mepBas KypcoBas padoTa, Kak MPaBUJIO, HOCUT pedepaTHBHBIN XapakTep.
Kpome KkypcoBoii paboOTh, IpH 3aBEPIICHUM NPOXOXKICHHUA TNPaKTHKyMa IO
HEOPraHUYECKOMY CHHTE3Y CTYICHTBI BBINOJHSIOT TaK HAa3bIBAEMBIH 3aUeTHBIN
CHHTE3, CyTh KOTOPOTO 3aKJIIOYaeTcs B TOM, UYTOOBI HAWTH B JINTEpaType
METOJVKH IIOJIy4eHHs OIPENEICHHOI0 COCAMHEHUS, IMPOaHAIN3UPOBaTh WX,
BBIOpaTh HauOoiee TOIXOMAIIMKI Uil y4eOHOW J1abopaTopuy BapHaHT,
CHUHTE3MPOBATh BELIECTBO M HCCIIENOBATh €ro cBoiicTBa. OUYEBHIHO, YTO €CIIU
pedepar Ha 3amaHHYI0 TeMy (OCOOCHHOCTH ONpEAEIEHHOro  Kiacca
COCMHEHUH, MaTepuaoB, MPOIECCOB), OOBEUMHUTE C CHHTE30M M M3y4YEeHHEM
CBOHCTB NOAXOASAILIETO COCIUHEHMS, TIOJy4YaeTcs YyXKe IOJHOLEHHBIN
HCCIIeI0BATEIbCKUI ITPOEKT.

Taxue mpoeKThl MOTYT OBITh HHAWBU/IYaJIbHBIMH, MAPHBIMHU M TPYIIIOBBIMU.
Temo# TpakTHYECKOW YacTH WHAWBHIYAIBHOTO TPOEKTa MOXET OBITh MOWCK
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u/unu cobGcTBEeHHAsT pa3paboTKa METOAWKH M IPAKTHYECKOE OCYILICCTBICHHE
CUHTE3a JJOCTaTOYHO CJIOKHOTO JMOO MaJOyCTOHYMBOTO B OOBIYHBIX YCIOBHUSIX
coenuHeHus. Tak, Hanpumep, TpPH  BBIIOJHEHHMH KypcOBOM  pabOTHI
«CoenMHEeHNsT MapraHila B HEYCTOMUUBBIX CTENEHSAX OKHUCICHUS» CTYAECHTOM
ObUIO TPOBEACHO JKCIEPUMEHTAIbHOE CpPABHEHHWE HECKOJBbKHX METOHOB
cunteza coequnenuir Mn(V) u Mn(l1l), BbiOpan onTHManmbHBIA MeETON H
MOJIy4EeHbI COOTBETCTBYIOIME BEIIECTBA B KOJINYECTBE, TO3BOJIUBILEM JETAIbHO
HCCIIE0BaTh UX CBOMCTBA. B 0cOOBIX ciydasx, Korza CTyIEHT IEpBOTO Kypca
YK€ 3aHHUMaeTcs HaydHOH paboToil B KaKOM-THOO HAydYHOM KOJUIEKTHBE, €TO
WHIUBUAYaAIbHBIA KYpPCOBOM IPOEKT MOXKET SBIATHCS COCTABHOM YacTbIO
MIPOEKTA, BBIMOJHAEMOTO B paMKaxX KOHKDETHON NPOTPaMMBbl HCCIIEIOBAaHHH.
OOBIYHO Takue pabOTHI HOCIT IPEUMYIIECTBEHHO IIOMCKOBBIA XapakTep.

BrInonHeHNe MapHOTO WM IPYIIIOBOTO MPOEKTA, KaK U padoTa B PealbHOM
HayYHOM KOJUJICKTHBE, TIOMHUMO HMCCIIEJOBATEIbCKUX HABBIKOB Pa3BUBAET TAKKE
KOMMYHUKAIlMOHHbIE KOMIETEHIIUH, CHOCOOHOCTH K COTPYJHHYECTBY U
MapTHEPCTBY, HABBIKM pabOTBl B KOMAaHIE, HMCIOJIHUTENIbCKHE U JIHAEPCKUE
kauectBa. Cpean Hamboliee MHTEPECHBIX TEM TPYIIOBBIX IMPOCKTOB MOXKHO
ormetuth «llepuonuueckue (kojeOaTeNbHbIE) XUMHYECKHE pEakluu» U
«KOHTaKTHOE BOCCTaHOBJIEHHE MeTaUIOB». [Ipy MX BBIIOJHEHHH TIpymma
COBMECTHO pabOTaeT HaJ TEOPETUYECKOH YacThlo, KacaromleHcst oOmIux
3aKOHOMEPHOCTEH PacCMaTPUBAEMBIX ITPOIECCOB, HICTOPUH Bompoca  T. 1. st
MPAaKTHYECKOM YacTH KaXIbli YYacCTHHK B IIEPBOM CIydae BBIOMpAcT u
OCYIIECTBIISICT OAHY WIM HECKOJIBKO KOJNEOATeNbHBIX peakui (peakiuio
BenoycoBa—Kaboturckoro, bpurrca—Paymepa, momyderne konen Jluseranra
13 PasMYHbIX MaTepuajoB U T. 1.). Bo BTOpoM ciydae y4acTHHKH IPOEKTa
BBITOJIHSAIOT KOHTAaKTHOE BOCCTAHOBJICHHME PA3IHYHBIX METAJUIOB M3 PacTBOpA.
IIpu 3TOM MOXHO BapbHPOBaTh Maphl BOCCTAHABIMBAEMBIH METaJI — MeTasll-
BOCCTAHOBHTENIb, KOHIIGHTpAIMIO, TeMmmepaTrypy, pH pacTBopoB, BBOJIUTH
pa3iu4Hble 100aBKH, TO €CTh H3MEHATH CI0KHOCTh U KOJIMYECTBO NMPOBOAUMBIX
9KCIEPUMEHTOB B 3aBHCHMOCTH OT YHCJIa M YPOBHS NMOATOTOBKH yYaCTHUKOB.
PabGota Haj TakuMM ITpoeKTaMH OOBIYHO 3aBepIIaeTCs JOKIaIoOM-TIpe3eHTaIen
WJIN peabHBIM JIEMOHCTPAIIMOHHBIM 3KCIIEPIMEHTOM.

OtnenbHO CTOUT OTMETHTH MPOEKTHI MEXIIPEIMETHBIE
(MexgucuuIunHapHelie). K nx 4ncity MOXKHO OTHECTH NPOEKT-PEKOHCTPYKINIO
«175 ner Qororpaduu: Bo3BpalleHHE K HMCTOKaM», BBINOJHEHHBIH TIpyNmoi
CTY/ICHTOB HECKOJBKO JIET Ha3aJ, B KOTOPOM OBUIM pPAacCMOTPEHBI U
BOCIIPOM3BEICHBI HCTOpHUYECKHe (oTorpaduuecKre Mporeccsl, OCHOBaHHBIE Ha
NIPUMEHEHHUH COJIEH PAa3IMUHBIX MeTaJIoB. KpoMe XUMHUYECKOM COCTaBIISIIOIIEH,
9TOT MPOEKT BKIFOYAJ U TYMaHUTapHYIO: 3HAKOMCTBO C HCTOPHKO-KYIbTYPHBIM
KOHTEKCTOM 3MOXH, OnorpadusMu M TBOPYECTBOM JIFOAEH, CTOSABIINX Y HCTOKOB
nporiecca, paboTaMu COBpeMEHHBIX aBTOPOB. COBEPIIEHHO OYEBHUIHO, YTO €CIIN
B O9TOM IIPOEKTE€ YYacTBYIOT CTYIEHTBl C BBIP@XCHHBIMH TBOPYECKHMH
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CHOCOOHOCTSIMM, HMTOTOM €Tr0 MOXET CTaTh HE TONBKO MYJIbTHMEAWIHASA
NIpe3eHTaIMsl, HO U MUHH-BBICTaBKa XYJOKECTBEHHBIX palbOT, BBHINOIHEHHBIX
€ro y4acTHHKaMH B pa3In4HbIX (hoTorpadudeckux TexHukax. CocTaBHbIE YaCTH
9TOTO MPOEKTa MOTYT BHICTYNATh B KAadeCTBE TEM OTAENBHBIX IMPOEKTOB WU
BKJIIOUAaThCSl B JPYrod KOHTEKCT. Tak, Hampumep, Takod meron QoromedaTd,
Kak IUaHOTHIINS, MO>KHO UCTIO0JIb30BaTh IS JIeMOHCTpaluu
CBETOYYBCTBUTEIBHOCTH HEKOTOPBIX KOMIUIEKCHBIX COEAMHEHMH jkeie3a Hpu
BBIITOJTHEHNH KypcoBOH paboThl «KOMIUIEKCHBIE COEIUHEHHS JKelIe3a» C
3aYeTHBIM  CHHTe30M Tpuokcaimatodeppara(lll) xamms wnm  aMMOHWHS.
MexaucuuIIMHApHbIA XapakTep c BBIPAKEHHOM T'YMaHUTapHOU
COCTABIISIIOILEH HOCUT Takke NpoekT «HeopraHmueckue MUrMEHTHD», KOTOPBIH
MIOCTOSTHHO NIPUBJICKACT MTOBBIIICHHOE BHUMAaHNE W HHTEPEC CTYICHTOB.

Texnonornu ¢GopMHUPOBAHUA OPTAaHU3ANMOHHO-
YIPaBJIeHYeCKO U HAYYHO-NeJaroru4eCKoil KOMINeTeHTHOCTH
MATrUCTPAHTOB-XUMHKOB

H. B. Conosoga, H. B. Cyxankuna
Camapckuit HallMOHANBHBINA UCCIIeI0BATEIbCKUM YHUBEPCUTET
um. akaa. C. I1. Koponesa, Camapa, Poccus,
e-mail: sukhankina@inbox.ru

B nHacrosmee BpeMs B cepe BRICIIETO 00pa30BaHUs aKTUBHO PACTET CIIPOC
Ha MarucTpaTypy, OCHOBHAS 3a/1ada KOTOPOH — MOATOTOBUTH MPO(ecCHOHAOB,
CIOCOOHBIX ~ pemaTh CIOKHBIE 3aJadd B HAYYHO-HCCIIECIOBATEIHCKOM,
OpTraHM3aI[HOHHO-YIIPABIICHUYECKOW ¥ IeAarormdecKoil cdepax AesTeIFHOCTH.
HeobxonuMocTh OBIIAJCHUS CTYJACHTAMH MarucTpaTypbl OpOQecCHOHATBHOM
KOMITETEHTHOCTBIO B OO0JIACTH OPTaHU3aIIMOHHO-YIPaBIEHYECKOW W HaydHO-
MEIarOrMYeCKON  JIeSITEIBHOCTH OOYCIIOBJICHA TEM, YTO MHOTHE MOJIOIbIC
CIIEIUANINCTHI HAMEPEHBI paboTaTh B 00Pa30BATEIbHBIX YUPEKIACHUAX, U MOTYT
MPETeH/I0OBaTh Ha PYKOBOASAIIME JODKHOCTH. B CBSI3W ¢ JOTUM TIpH
MIPOCKTUPOBAHUH TPOIECCa MOATOTOBKM MAaruCTpaHTOB B COOTBETCTBHH C
OI'OC BO mnoxonenust 3+ no Hanpasienuto 04.04.01 Xumusi BcTaeT 3amaua
oTOOpa WHTCPAKTUBHBIX TEXHOJNOTHH H CpeAcTB, (HOPMUPYIOIUX OIBIT
npodeccronansHoi aesitenbHocTH [1]. Llenecoobpa3no BBejeHHE B OCHOBHYIO
00pa30BaTeNBHYI0 IPOrpaMMy y4eOHBIX JUCIUILINH, TIO3BOJSIFOIIUX HE TOJBKO
colepKaTeabHO, HO W OPraHUW3alMOHHO-TEXHOJOTMYECKH MOATOTOBUTH
Oyaymux mpernofaBareield K padoTe B BBICIICH Ikojie. BakHO, 4TOOBI OHHU
YUHUTHIBAIH crienupuKy CHENUATEHOCTH u WMEIH MIPUKITATHYIO
HampaByieHHOCTh. OJHOW W3 TaKUX JHCHIUIUIMH sBIsETCS Kypc «MeTtoauka
TIPeToIaBaHusl B BBICIICH IITKOJIS», KOTOPBIH TTO3BOJUT CTYACHTY MarucTpaTyphbl

209


mailto:sukhankina@inbox.ru

MOCJIE/IOBATENIbHO ~ OBJAAETh  KAXKABIM  DJIEMEHTOM  MPEroaBaTelbCKON
nestensHocTH [2]. Ha Hamr B3risig, B KadecTBE OCHOBHI JUisi (hOpMUpPOBaHUS
OpraHU3aMOHHO-YIIPABICHYECKON M HaAyYHO-TIe]arorn4eCKOi KOMIETEHTHOCTH
MarucTpaHTOB-XMMHKOB MOJKET BBICTYNAaTh TEOPHSI KOHTEKCTHOTO OOYy4eHHs U
BBHITEKAMOLINE U3 Hee oOpazoBarelibHbIE TexHOJOTWH. [Ipn 3TOM conepikaHue
JEATeIbHOCTH ~ CTYJEHTOB  NPH  HM3YYEHHMHM JUCLUUIUIMHBL  «MeToanka
NIPENo/aBaHus B BBICHIEH IIKOJIE» MIPOCKTUPYETCS B BHJIE CUCTEMBI COLMAILHO-
MpOo(ECCHOHATBHBIX y4eOHBIX NPOOJIEMHBIX CUTYyallMid M 3a1a4, MOCTEIIEHHO
MPUOIMKAIOIIUXCSA K COOCTBEHHO MpoQecCHoHaTbHBIM [3].
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Kak 310 0b110 B XIX Beke — ¢opmMyJibl BellecTB U YPABHEHHSA

C. B. TenemOBl, E. B. TenemOBaz, T. A. MI/Ip}OFI/IHa3
'BOY wkomna Ne 189 «Ilancy, Cankr-IletepOypr, Poccusi, 2
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OOpaiiaeM BHUMaHHE Ha HENPHUBBIYHBIC JUIi COBPEMEHHBIX Y4eOHHKOB
XAMHM 3amicd  (GOpMyNl BELIECTB W YPAaBHEHMH XHMHUYECKUX pPEaKLHH.
CylecTBOBaNM pa3iuyHbIe CIIOCOOBI 3amicH 3THX (OPMYJN, TaKk Kak cpeau
xuMuKOB XX Beka He OBLITO eAMHO00pa3us B METOJUUECKOM moaxoe [6].

Hanpumep, B yueOHmke [2] MBI HaxomuM (OPMYIBI, BBIPAYKAIOIIHE
9KBHBAJICHTHBIC KOJIMYECTBA JJIEMEHTOB (T. €. (OPMYJbl IOKAa3bIBAIOT HE
CYIIECTBYIOIIME KOJMYECTBA ATOMOB, a «TOJIbKO OTHOIIEHHSA»): COJISTHAs
kucyora — HCI, cepnas xucnora — $,,0,H, docdopnas kuciaora — P130435H (C.
137); a takxe atomucruueckue (opmyinsl: ruapar kamus — K(HO); rumpar
3akucu kenesa — Fe(HO); monyropaxnopuctoe xene3o — Fe,Cls; ruapar oxucu
xesesa — Fey(HO)s; cepHokucas okuch xee3a — Fe,(S084); .

OIHOBPEMEHHO MPUMEHSUINCH JIyaluCTUYEeCKUEe M YHUTApHbIE (DOPMYIIbI:
HONO® u HNO?® (asoruas kucnora), C*H*O* u C*H'0? (ykcycuas kucnora),
NaOHO u NaHO (exnkuii natp) [4].

[Ipn mepBoM B3MIsie Ha MHOTHE 3alMCH HEIOHSTHO, IIOYEMY aBTOPHI
3anceiBaeT Gopmynsl Bogopoda to Hp, to H; kumcmopoma 1o O, To Oy, a
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unoraa u kak Oz; KCIO; = KCl + O3; HgO =Hg + O; Zn + 2HCI =2ZnCl,
+ H2 [7], Na + Hzo =H+ NaHO, KC|03 = KCI + 03 ) Zn + H2804 =
ZnSO,+ H; [1].

B03MO0HO, 3TO CBSI3aHO C YNPOILEHUEM 3alUCH YPAaBHEHUs pEaklIuH — He
HaJO CTaBUTHh KOA(QQUIMEHTHI, J1a U 3alUCh BHINIAWT METOAMYECKH Oosee
HarnsagHo. Beas B xoHie XIX — mayane XX BB. XUMUKH ITOHHUMAJIH, U 3HAJIH,
YTO MOJIEKYJIBI BOJOPO/Ia, KUCIOPOAa, XJIOPA COCTOST U3 JIBYX aTOMOB.

. 1. MengeneeB emie B CBOe MarucTepCKO IUCCEpTalluU paccMaTpHUBall
3TH BOIPOCHI [5] W MpHUIIEN K BBIBOAY, YTO HCKYCCTBEHHAS AyaTHCTHYECKAs
cucTeMa JO0JDKHA OBITh 3aMeHa YHHTapHOH. V3ydeHue ero ydeOHHKA (IIEpBOTO
OPUTHHAIBEHOTO TI0 OPTaHUIECKON XMMHHN) pa3peniaeT MHOTHE BOIIPOCH [3].

ITpocMoTp y4eOHBIX MTOCOOMI pa3HBIX JIET, KOTOpBIC INPHMEHSIINCH B
mkosnax Poccnu (kameTckme Kopiyca, peaibHbIe U KOMMEPUYECKHE YYHIIHIIA),
JaeT MpECTaBIEHHE O TOM, KaK COBEPIICHCTBOBAJIACH METOAWYECKAss MBICIIb
HaIlUX KOJJIET Ha MPOTSHKEHUM CTa MATHIECITH JIeT [6].
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Bo Bpemena Hrplotona oOpa3oBaHHBII 4eI0BEK ObUI B COCTOSIHHM OBJIAZIETh
BCEMU 3HAaHUSIMH YeJIOBEUYECTBa, N0 KpaifHell Mepe, B OCHOBHBIX ueprax. C Tex
IOp YTEKJIO MHOTO BOJABI, a CKOPOCTb IIporpecca yrpoxarolie Belpocia. B
3amevarenpcHoi kHHMTe C. XokuHra «Teopws Bcero» aBTOp MHOTO BHHUMAHUS
yZenseT BOIPOCcaM BO3ZHHKHOBEHHS M IOCIEAYIOUIETo pa3BUTHS BceneHHOH ¢
MOMeHTa OOJIBIIOTO B3phIBA 10 HAIIMX AHEH. [Ipu 3TOM oTIpaBHO# ToukKoH (6€3
ydeTa HayaJbHOW CHHTYJSIPHOCTH) 4YacTO SBJISETCS HEOJHOPOIHOCTH
YETBIPEXMEPHOTO IPOCTPAHCTBA-BPEMEHH, KOTOpasi, B KOHEYHOM CUeTe, U
IpuBeNla K BO3HMKHOBCHMIO W Pa3BUTHIO Halled NUBHIM3ANMK. HbIHEIIHIA
BcenenHasi, mo MHEHHIO acTpO(M3UKOB, COBEPILEHHO OJHOPOJHA BO BCEX
HampaBJICHUSAX U PACHIMpSIeTCS O BO3pacTalollel CKOpOCThIO. 37eCh YMECTHO
o0paTuTh BHMMaHHME Ha TO, YTO 3Ta OJHOPOJHOCTH IPUCYIA OTPOMHBIM
(BcenmeHckuM) MaciitabaMm, TOraa Kak MpPU  JIOKAIBHOM — PacCMOTPEHUH
HEOJHOPOJHOCTh JOCTUraeT YyJOBHUIIHBIX Pa3MEpoB (CpaBHUTE pa3HOOOpazue
OKOJIO3eMHOI'0 Bakyyma u (opMm >ku3Hu Ha 3emue). M 3Ta HEOIHOPOJHOCTH
SIBIISICTCS JBIDKYIICH CHIION emie Ooublnell mudgepeHImanii 1 JalbHEHIIero
pa3BHUTHSL.

3aayMbIBasCh O HANPaBJICHWH INPOIECCOB B COBPEMEHHOM OOpa30BaHHU B
HameW CcTpaHe, W XHMHYECKOM, B YaCTHOCTH, BHIHUTCS, 4YTO TAra K
OIHOPOJHOCTH, TpelpeKkaeMas BTOPbHIM HAdaJIOM TEPMOJWHAMHUKHA U
XapakTepHas JUIi BCEJICHCKHMX MaclITa0oB, B3sAJa BEpX HaAI pa3yMHOH
mudepennmanyeii, nuraomeid nporpecc. IlepexuBimue oduIHMaIbHBIC
MIPOBEPKH M AKKPEIUTALMH 3HAIOT, YTO B CHCTEMax OLEHKU JeSITEeIbHOCTU
MIPEIoIaBaTeIbCKUX KONJIEKTHBOB YpPOBEHb 3HAHMH M 00pa30BaHHOCTHU
CTyICHTAa HE SBJIIETCS JOMHUHHUPYIOIEH XapaKTepUCTHKOH, TJIaBHOE —
(bopmManpHasi CTOpOHa Iporecca, Halunue OECUUCICHHOTO KOJIMYecTBa OyMar u
LUPKYJISIPOB.

CryneHueckue OIUMIHMAABI — 3TO CBOEr0 pOAa MOMNBITKA YWTH OT
Bceroromammed  yHuQUKanuy, CTPEMIICHHE IOJ/IepXKaTh  JOKAIBHYIO
HEOJHOPOAHOCTH B 00pa30BaHMH U J]aTh €l pa3BUBATHCS U TBOPUTH Iporpecc. B
2010 r. Ha xumuueckom dakynsrere BI'Y BrepBble NMpoBenH CTyAEHUECKYIO
xuMudeckyro onumnuany «Kucmopon-2010», B KOTOpoH  ydacTBOBanu
CTYICHTHI YeTBIPEX MUHCKUX By30B. Ha3Banne onmMmmnuanasl He ciydaitHo — 6e3
KHCJIOPOAa HET JKHU3HH, MMyCTh OyAET OCTYyNeH XOTh OJHH TJOTOK. B TO Bpems
HaM OBIIO MOHATHO, YTO 3HAHWEBAS MapaJnrMa B 00pa3oBaHUH ceOs BO MHOTOM
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ncyepniana.  HaOupatomme  0o0OpoThl  MH()OPMANMOHHBIE  TEXHOJOTHUH
MOJICKa3ald HOBYHO UJCK. BrepBele Ha JTOH oJuUMOMAnC HapsAAy C
TPaTUIMOHHBIMY 33JJaHUSIMHU, MBI MIPE/UIOKWIA YYaCTHUKAM 3aJlaHHE Ha MOWCK
UHPOpPMAIUU B CETH HMHTEPHET. B TO BpeMs OCHOBHOI ymop Mbl Jeliaid Ha
BHEJIPCHHE UJICH O TOM, YTO CaM Mo ceOe MOUCK, KaK Pe3yibTaT paboThl copTa U
Kenesa, 0e3 BMEUIATENbCTBA YEJIOBEKa MATOWH()OPMATHBEH, UMEET HHU3KYIO
pelieBaHTHOCTh. [Ipomuto Bpems, MOMCKOBBIC MAIIIMHBI MPUOOPETH 3a4aTKu
HCKYyCCTBEHHOTO WHTEIUIEKTa, W Ha IMOBECTKY ITHS BCTal BONIPOC HE TOJIBKO
moncka, HO W Oonee 3()(HEKTUBHOTO WCIIONB30BAaHHUSA €T0 Pe3yIbTaTOB IS
pelIeHnsT TBOPYECKHX 3amad. B 3ToOM Toay MBI TIPOBETH OJUMIIHAITY
«Kucnopon-2018», Ha KOTOpOH OBUTH CHeNaHBl UMEHHO TaKWe€ AaKICHTHI,
BKITIOYas MCIOJB30BAaHUE Psila IPYTUX KOMIIETCHINH (HalpuMep, MaIldHHbIA
IepeBOl HaWAeHHOW WH(GOpPMAIMA C WHOCTPAHHOTO SI3BIKA) IUIS PEIICHHS
MOCTaBJICHHON 3amauu. B nokimane oOCYXIalOTCs HEKOTOPBIE MPAaKTHYECKHE
ACTICKTBI IPOBCACHNA OJIMMIINAAbI, paCCMATPUBAIOTCA NPECAJIaracMbIC 3aJaHUA U
PE3YJIBTATHL

Cnucok auTeparypsl

1. A. A. Paroitma, B. H. XBamrok. UHTepHET-TIONCK B OJIMMITHAAX IO
xumun. EctecTBeHHOHayuHOe oOpasoBanue: BsammopeiicTBue cpemneidl u
BEIcIIeH mkoibl. M.: M3n. MockoBekoro yHuBepcuteta (2012) : 269.

®opmbl B3anmoaeiicteusa YBO — YCO na npumepe
XumMu4eckoro paxkyasrera bI'Y.

K. A. [loOkano
Benopycckuii rocynapcTBeHHbIN yHUBEpcUTeT, MuHCK, benapych,
e-mail: tsabkala@bsu.by

Ha xummaeckom daxymprere BI'Y MHOTHe IecsSTHIETHS BBICTpAHBalach
CHCTEMa COTPYAHHUYECTBA C PA3NHYHBIMH YUPSKACHUAMH H MPEAIPHITHIMH,
crocoOCTByIomas  OOSCIEUEHUI0  MPEEMCTBEHHOCTH B HENPEPHIBHOM
XAMHYECKOM  obOpaszoBarmmu  [1]. OmuuM W3  HampaBieHHH  TaKOro
B3aHMOJICHCTBHSA  sBJIsAeTCS  NpOdOpUCHTALMOHHAs  paboTa,  KOTOpas
MPEUMYIIECTBEHHO OPHEHTHPOBaHA Ha AaOWTYPHUCHTOB, IUIAHHPYIONIMX B
Onmkaiiiee BpeMs MOCTyNaTh Ha XUMH4YecKHil ¢akynpTeT. [IpHrcTanbHOe
BHUMAHHWE YJIESIeTCA TakkKe JIETAM [OIIKOJBHOTO BO3pacta, KOTOPHIM
MHTEPECHBl 3pEJIMIIHbICE XHMHYECKHE OKCIICPUMEHTHI, LIKOMbHUKaM 7-11
KJTACCOB, KOTOPBIM HPABHUTCS JOMOJIHUTEIHHO H3yYaTh XHMHIO B PAMKAX MIKOJIBI
«HOHBIA XUMHK», YYUTENSIM XHMHH, Ul KOTOPBIX Ha 0a3e XHMHYECKOro
GbakympTeTa TMPOBOMATCS 3aHSTHS, HANpaBICHHBIE HA TIOBBINICHWE WX
kBamudukanuyu. JlIs HamIMX CTYACHTOB OYECHb BAXKHBIM SIBISIETCS TECHOE
B3aMMOJICHCTBIE XHMHYECKOTO (paKyjbpTeTa C JAPYTUMH OpPraHU3aIHsIMH,
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KOTOpOE CHOCOOCTBYET pa3BUTHIO INPO(GECCHOHAIBHBIX KOMIETEHIHMH U
poQeCCHOHANBEHONH TOTOBHOCTH OyNymHX XHWMHKOB. i HUX TPOBOISTCS
BCTpEYH C pPAOOTHUKAMHM XUMUYECKUX MPEIINPHUATHH, CTYAEHTHI HPOXOASAT
IIPOU3BOJICTBEHHYIO M MPEITUIIIOMHYIO NPAKTHKY, OPTaHU3YIOTCSI 3KCKYPCHH
Ha TMPOU3BOJICTBA, IIPOBOJATCS SIPMapKH BaKaHCHI, HA KOTOpBIE TPHUIJIAIIAIOTCS
Oynymune paboTomaTeN .

O dexTHBHOE COTPYJHUYECTBO YUPESKACHHH, 00ECHEYMBAIOIINX BHICIIEE
obpazoBanme (YBO) c¢ yupexnmeHHSAMH, OOCCIICUHBAONINMH CpeIHEe
obpazosanue (YCO), BO3MOKHO C HCIIOJIb30BAaHHEM KaK TPaJULIMOHHBIX (OpM
(mpoBeneHME  JICKIWH, NpaKkTHYECKUX  3aHATHH, WHIUBHIYalIbHbBIX
KOHCYJbTAlMid mpenoaaBatedsMd YBO, 5KCKypcMM IIKOJIBHUKOB), TaK H
OTHOCHTENBHO HOBBIX TOAXOJOB W (opM paboTel, peasu3yeMble Ha
xumuueckoM dakynbrere BI'Y:

— TpoIeAeBTHYECKNE OOBEAMHEHMSI M0 HMHTepecam (i ydamuxcs 14
KinaccoB «f wmccneayro Mup», AN ydyallUXcs S KIAcCOB «Y AUBUTEIbHAs
XUMUSI», IS yHaIuxcst 6 KIaccoB «KOJIOTHIECKas XUMUS»);

— TOCeIIeHUE CTYAGHTaMH OTKPBITHIX 3aHATUH yuuteneit B Y CO;

— TBIOTOPCTBO C YIaCTHEM CTYACHTOB,;

— OH-JIaliH KOH(epeHIINY;

— MH(OPMALMOHHBIE I'PYIIIHI, Oecebl B COMANBHBIX CETSIX A yIuTelIehd u
yUaIUXCS;

— CTYHOCHYECKHH TpPOeKT «BHpPTYyo3Bl XHMHYECKOTO 3KCIIEPUMEHTa»
(mpoBeneHre CTyaeHTaMHd NPO(QOPUEHTALMOHHBIX BCTPEY JUIs yYalllMXCs Ha
6aze YBO wimn YCO);

— MacTep-K/1acChl YYUTENEH-IPEAMETHUKOB ISl CTYAEHTOB XHMHYECKOIO
¢axynbrera [2].

I'mbpunHoit Qopmoii npodopreHTallMOHHONH paboThl  SBISIOTCS OYHO-
3204YHBIE KypChl «AOUTYPHUEHT XUMHYIECKOTO (DaKyIbTETa», KOTOPBIC BKJIIOYAIOT
B ce0s Kak NpPOBEICHHE HECKOJBKO pa3 B TOJA 3aHATHH HHTEPaKTHBHOTO
xapakTepa Ha 6a3e YBO, Tak M AMCTaHIMOHHOE KOHCYJIBTHPOBAaHHUE, a TaKKe
MIPEA0CTaBICHHE METOAMIECKNX MaTepHalioB B X0JI€ SIEKTPOHHON MEPENICKH U
obmenus B rpymme VK.cCom «AGuTyprueHT XuMIdeckoro daxynsreta BI'Y».

B nanpHeiimeM paccMmaTpuBaeTcss BO3MOXKHOCTH ITPOBENICHHS COBMECTHBIX
BeOMHAPOB C y4yacTHEM IpenojaBaTesiell By30B U ONBITHBIX YYUTENEH XUMHH,
BejleHHE 00pa3oBaTeIbHOIO BHUJICOKAHAJA, CO3JaHHE Hay4HO-II03HABATEIbHBIX
JIKIUH I YYUTeNeH U y4aluXxcs B MOJIKACTHHTE.

Cnucok auTepaTrypsl
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MoaejJbHO-TeXHOJOTHYeCKHe XapaKTePUCTUKHI
MeToaAuKH GopMHUPOBaAHNS HH(POPMAITMOHHOM
KYJbTYPbl JTHYHOCTHU NMPHU 00y4eHUN B paMKax

Y4eOHOro npeamera « XuMus)

JL W. H.[PITBKOl, . W. MBIuko?
YO «Cpenusist mxona Ne 3 r. Hecikay, Hecsmk, Benapycs,
e-mail: lusiash@yandex.ru
2Een0pycc1<m71 roCyAapCTBEHHBIN yHUBEpCUTET, MUHCK, benapych,
e-mail: dimbgu@mail.ru

OBnazeHne 0OyyaroIMMUCs HHPOPMAIMOHHON KYJIbTYpOiH — HeoOXoaumoe
YCJIOBHE MX YCHEUIHOTO HHKOPIIOPUPOBAHKS B COBPEMEHHOE HH(POPMAIMOHHOE
001IecTBo. DTO MOXKHO CUHMTATh OJAHOW M3 NPHOPUTETHHIX 3anay Crpareruet
pasButus uHpopMaTuzauuu B PecnyOauke benapyce Ha 2016—2022 rozst [1].
[Ipu pewennn 3anau mo MHGOpMaATHU3alMK Yy4eOHOTO IMpolecca B IUIAHE €ro
MaTepHallbHO-TEXHMYECKOT0 obecredeHus (I0CTYmHOCTh HH()OPMalMOHHBIX
pecypcoB cetr MIHTepHET, crcTeMa 3JIEKTPOHHBIX 00pa30BaTEIbHBIX PECYPCOB)
U pa3BUTUS y OOYYAIONIMXCS «yMEHHH W HABBIKOB HCIOJB30BAHUS CPEACTB
HHPOPMAIMOHHO-KOMMYHHUKAIMOHHbIX ~ TexHomoruit (MKT) mna  cOopa,
XpaHeHHs, PeoOpa3oBaHus W Nepeladdl pa3IndHbIX BHUAOB MHPOPMAIMN», B
TEOPUH U METOIUKE OOYUCHHS OCTaeTCs MPOOIEMHBIM BOTIpoc 00 3(pPeKTUBHBIX
MeTonax (OPMUPOBAHUSI U Pa3BUTHs MH(OOPMALMOHHON KyJIbTYPbl JTHYHOCTH
(MKJI) xak cnocOOHOCTH K IEHHOCTHO-CMBICIIOBOMY aHaNIW3y WH(GOpMAaIluH,
nooeitor ¢ nmomompblo MKT, M TOTOBHOCTH K €€ UCIOIb30BAHUI B
poeCCHOHATBHOM AEATEILHOCTH U TOBCeAHEBHOW u3HU. C HaIIeH TOYKU
3peHUs, OCHOBHOM NpOOJIEMON B JaHHOM Cilydae SIBISIETCS MEXIpPeAMETHAs
Pa3o0ILIeHHOCTb, KOTOpas BhIpaxkaeTcs (10 KpaiiHeil Mepe, Ha ypOBHE 00LIero
cpenHero oOpa3oBaHMsA) B TOM, 4YTO 3afada 1o  (HOPMHPOBAHHUIO
nH(GOPMANMOHHON KyNbTYphl TPAaJUIMOHHO pEIIaeTcss B paMKax ydeOHOro
npeamera «MHpopmaThka» 0e3 TPHUBS3KM K KOHKPETHOH 00pa3oBaTebHOM
nHpopmanmy, a Ha 00meoOpa3oBaTENbHBIX  INPEAMETax  OCBAaHBAIOT
«pazkeBaHHYI0» WH(popmanuio y4deOHMKA. [loOOHBIH  «PENETUTOPCKHUI»
MOAX0J K OOYYCHHIO €CTECTBEHHOHAYYHBIM IHUCHHUIUIMHAM TIPUBOIWT K
nHGOPMAIMOHHON WH(DAHTUIGHOCTH BBIIYCKHUKOB YYeOHBIX 3aBEICHU,
CKJIOHHOCTH BOCIPUHHMMATh 3HAHHUS B TOTOBOM BHJE W, KaK CIEICTBHE, B MX
HECIIOCOOHOCTH OCBaWBaTh OTPOMHBIE IOTOKM HOBOW HMHGOpPMAIHMH, YTO
SIBJISIETCS. OCHOBHBIM (DAKTOPOM Pa3BUTHS YEJOBEUECKOro Kamuralia B Ipolecce
caMo0Opa3oBaHMUA.

C muenpr0 moWCKa TyTeHd pemeHus O003HAYEHHOW TMPOOJIeMbl HaMHU
paspaborana moxens  QopmupoBanmst  WMKJI  ywammxcs — cpenctBamu
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WHTEPAKTUBHBIX METOJIOB OOYy4YeHHsI B HH(POPMAIMOHHO-00pa30BaTEeIHHOM
cpefie P U3yUeHHUH MPEeMETOB €CTECTBEHHOHAYyYHOI O [IUKJIA.

Pa3paboTanHas MO/ieNb BKIIOYAET CIIEAYIONINE COCTABIISIONINE:

— LIEHHOCTHO-CMBICJIOBOM (MHUPOBO33pEHUYECKH) KOMIIOHEHT — CHCTeMa
B3MIIOB Ha MHP HMHGOpPManMd W MECTO YellOBEKa B HEM, BKIIIOYAIOIIas
LEHHOCTH, YOEXJICHHUS, Weallbl, IPUHIMIIBI I03HABATEIIHLHOM JEATeIbHOCTH C
UCTIONIb30BaHKEM HHpOpMaMoHHBIX TexHosoruid (UT);

— METOJOJOTHYECKUI KOMIOHEHT — 3HaHUSA 00 WH(pOpPMAIMOHHOH cpene u
3aKkoHax ee QyHKIuoHUpoBaHusa, o0 UT, wmeromomormm u cmocobax ee
MIPUMEHCHHST;

— KOTHUTHBHBI KOMIIOHEHT — CHCTeMa OONICHAYYHBIX M IIPEIMETHBIX
3HaHUI{, TO3BOJISIOIINX HHTEPIPETUPOBATH IIOTOKH HH()OPMAITHH;

— KOMMYHHUKAITHOHHO-TEXHOJIOTHICCKII KOMIIOHEHT — CHCTeMa KOHKPETHO-
NMPaKTUUYECKUX YMEHHUM U HaBbIKOB wucnonb3oBanus WT 1ansa nomyueHus,
XpaHeHwus1, epeaadn 1 00padoTku HHHOPMALIIH;

— KOHTPOJIbHO-KOPPEKIMOHHBIM KOMIIOHEHT, KOTOPBIM BBIpakaeTcs B
CTETICHW  YJOBJIETBOPEHHOCTH  HMH(MOPMAIIOHHBIMH  NOTPEOHOCTSMH, B
CaMOOIICHKE CBOCH HH()OPMAIMOHHONH KOMIIETCHTHOCTBIO, B CIIOCOOHOCTH
KOPPEKTHPOBaTh CBOIO WH(OPMALMOHHYIO NESATENBHOCTh C y4ETOM 33/a4 U
AMEIOIINXCS WH(POPMANNOHHBIX PECYpPCOB, B THOKOCTH W AJalTHBHOCTH B
HHPOPMAMOHHO-00pa30BaTENIFHON cperie;

— OpraHU3alMOHHO-YIPABICHYCCKAN KOMIIOHEHT, KOTOPBIM pPacKpBIBacTCS
4yepe3 OMpeIeNieHHBIM 00pa3oM OpraHW30BaHHYIO OOpa3oBaTEIbHYIO Cpexy
(COBOKYITHOCTh TEJAarOTM4EeCKUX H MAaTCPUANBHO-TEXHUYECKAX YCIOBHH,
HETIOCPEIICTBEHHO BO3/ICHCTBYIOMMX Ha Ipollecc OOy4eHHS U BOCIUTAHUSA
ydamumxcs).

Pa3pa60TaHHa51 MOZ€CJIb TTO3BOJIWJIA BBIABUTH BO3MOYKHBLIC HAIPABJICHUA U
MEXaHU3MBI, a TaKX€ OIpCACIUTL OpPTraHU3alluOHHBIC (bOpMI)I n YyCJIOBUA
UCIIONIb30BaHU MH(POPMAIMOHHO-00pa30BaTeIbHBIX PECYpCOB B paMKax
y4eOHBIX MPEAMETOB €CTECTBEHHOHAYYHOTO [IUKIIA.

B mHacrosimee BpeMs OHa peamu3yeTcs B paMKaX WHHOBAIIHOHHOTO
e TarOTMYECKOT0 MPOEeKTa «Buenpenue MOJIeIN (dhopmupoBaHUs
nH(pOPMAMOHHON KyJIBTYpPhl y4YalluXcs CPEACTBAMU MHTEPAKTUBHBIX METOIOB
oOydenust npeaMeram «buonorus», «Pusnkay, «XUMHUN).

Cnucok 1uTeparypsl

1. TocymapcTBeHHas mporpamMma pa3BHTHS ITUPPOBOH HKOHOMHUKH H
nHpopmannonHoro obmecta Ha 2016-2020 roxpr. IToctanoBnenue Coseta
MumnwuctpoB Pecnybnmku Bemapycs ot 23.03.2016 Ne 235, [DnekTpoHHBIH
pecypc]. Pexxum nocryna:
http://www.government.by/upload/docs/file4c1542d87d1083b5.PDF. Jlata
noctyna : 31.01.2018.
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Hcnonb3oBaHue MeT0/1a MPOEKTOB B JIa0OPATOPHOM
NPaKTHKYMe 10 CHHTe3y BbICOKOMOJIEKYISIPHBIX COeIMHEeHUH

JI. b. SIxumnoBa
Benopycckuii rocyiapcTBeHHbI yHUBepcuteT, MuHCK, benapyces,

e-mail: yakimtsova@bsu.by

Bo3MOXXHOCTH ~ ydydIIEHHs KadecTBa IOATOTOBKM  CIICIHAIUCTOB  C
UCIIONIb30BAaHUEM TPAAMIMOHHBIX CPEJCTB OOYyUSHHUS MPAKTUUECKH UCUEPIIaHBI.
Ha 3aHATHAX TPUMEHSIOTCS WHTEPAaKTHBHBIE METOABI, IO3BOJIIOLINE
CTyJ€HTaM B3aHMOJAEHCTBOBATh KaK C MpenojaBaTeleM, TaK U MeXAy coOoil.
OTH METOIBl NPEAINOIaraloT IPHMEHEHHE 3JIEKTPOHHBIX CPEACTB OOydYeHHs,
3aMEeHy CJIOBECHOH mepenayn HMHGOpPMAalMKM BH3YaJbHBIMH  00Opa3amu,
HCTIONb30BAaHNE BUICO3AINCH, HAINAIHBIX IMOCOOMH, paboTy B MalbIX IpyIHax
[1, 2].

Ilenpro MHTEPAKTUBHBIX METOJIOB OOYUCHHMS SIBISICTCS] BOBJICUCHNE KaXKJOTO
CTyIeHTa B 00pa3oBaTeNbHbII M HCCIEIOBATENbCKUN IPOIECCHl  uepes3
MIPAaKTHYECKYIO JEeITEIIHOCTh. B OCBOCHNH €CTECTBEHHOHAYYHBIX AUCIUILINH, B
YaCTHOCTH, AHUCHUIIIIMHBI «Cunres BbBICOKOMOJICKYJIAPHBIX COGI[I/IHCHI/Iﬁ)), us3
MHTEPaKTHBHBIX METOJIOB XOPOLIO 3apEKOMEHAOBaN ce0si METOoJ IPOEKTOB,
UCIIONIb3yeMbIii B JlabopaTopHOM NpakTHKyme. IIpoekT - 3TO KOMILIEeKC
HCCIIEOBATEIbCKNX, pAacYeTHBIX M TpadUUecKux padoOT, BBIMOIHACMbIX
CTYICHTAaMH CaMOCTOSATENbHO, HO IOJ PYKOBOACTBOM IIperojaBaTes.
[IpenopxaBarenp BEIIAET 33/1aHKUE, B KOTOPOM OIIpeJeNieHa TeMa U [eJIb IIPOeKTa,
OpraHu3yeT IJIaHUPOBAHUE u BBITNIOJIHCHUC OKCIICPUMEHTA. CTyI[eHTI)I
CaMOCTOSITENIbHO ~ OCYIIECTBISIFOT ~ CHHTE3 M HWCCIEJOBAaHME  CBOMCTB
NOJIMMEPHOr0 MpPOJAYKTa, pacY€Tbl U MPCIACTABJICHUC KOHCYHBLIX PE3YJILTATOB.
Kaxaprit oOpaser; CiuuToro cormnoiauMepa OTINIACTCS OT APYTUX COOTHOLIEHUEM
MOHOMCPHBIX 3BCHLBEB U FyCTOTOﬁ CIIMBKH. Jlanee ONPECACIAIOTCA BEJIMYNHBI
re’b-(pakiiy U CTENEeHb HaOyXaHUs CONOJIMMEPOB B Pa3HBIX PAaCTBOPHUTEISX,
JUIsL 4ero IpOM3BOAATCS HEOoOXoauMble pacueThl. B mpouecce paboThI
MIPOMCXOJIUT COBMECTHOE OCMBICIICHHE TOJIyYEHHBIX PE3YJIbTaToB, IMOCTPOCHHE
rpaduueckux 3aBUCHUMOCTEH CBOWMCTB COMOJHMMEpPa OT €ro cocraBa H
KOJIMYeCTBA CHIMBAIONIETO areHra. Pe3ynbTarel O(OpPMISIOTCS B BHUJIE
IIPe3eHTalMi ¢ OOOOLIEHWEM TMOJYYEHHBIX KaKIBbIM CTYJEHTOM IaHHBIX.
[IpumeHeHne  MeTofa  MPOEKTOB  CHOCOOCTBYET — pa3BUTHIO  YMEHHSA
CaMOCTOSITENIbHO MBICIINTbD, PEIlaTh NPOOJIEMBI, IIPOTHO3UPOBATh PE3yIbTAThl U
YCTaHaBJIMBATH IPUYUHHO-CJICACTBCHHBIC CBA3U.

Cnucok auTepaTrypsl

1. JLb. Sxumnoa. CBupumoBckue uyTeHus: ¢o0. ct. Munck: BI'Y (2016) 12 :
193.

2. JL Il Kpyns, JI b. SkumnoBa. CBupumoBckue ureHus: cO. cr. Bwim.
Mumck : BI'Y (2013) 9 : 265.
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Pa3BurHe ncciie1oBaTeILCKOM KOMIETEHTHOCTH
HAYYHO-TIeJarorn4ecKux padOTHUKOB KaK ycJI0BHe
NOBBINIEHUS KAa4YeCTBa BbICIIET0 00Pa30BaHUs

O.TI. Spormenko
Wucruryt Boiciero obpazoanust HAIIH Ykpaunnsl,

Kues, Ykpauna, e-mail ihed@ukr.net

B snoxy rino0anbHBIX U3MEHEHUH CTPYKTYPBI M COJICPXKAHUS BBICIICTO
00pa3oBaHus, KaHYJIM B JICTY BpEMCHA, KOT/Ia 3alllUTa JIHCCEPTAI[H CITY>KUIa
6eccpovHBIM TIPOIYCKOM obmnamaTens Hay4JHOU CTENEeHU ISt
IpernoIaBaTeIbcKOW paboTel Ha Kadenpe. HplHYIEe kK ero mpodeccHOHANBHOM
NEeSITeIPHOCTA TPEIbABISAIOTCS BBICOKHE TpeOoBaHUsI. OH HOMKeH OBITh
KOMICTEHTHBIM B  TPEMONABaTeNbCKONH, METOMUYECKOW, HAyIHOH U
OpraHM3allMOHHONH  paboTe, CHCTEMaTHYECKHd  HCIIONB30BATh  HAayYHBIC
JIOCTIDKEHHsT B oOpasoBareinpHOM mporiecce [1]. Hcxoms w3 Toro, dro
KOMIIETEHTHBIM — COOTBETCTBYIOILLUI, 2 KOMIIETEHTHOCTb — 3HaHUS, ONBIT B TOU
WIM UHOW  00OJacTH, UCCIIENOBATENbCKYI0  KOMIIETEHTHOCTh  HAy4YHO-
MeJIarorMYecKoro paboTHUKA paccMaTprBaeM KaK IMHAMUYECKYI0 KOMOWHAIUIO
KOTHUTHBHOT'O, JIEATEJIbHOCTHOTO M IIEHHOCTHOTO KOMIIOHEHTOB, KOTOpPHIE B
COBOKYIHOCTh 0O0ecneuuBaloT emy 3(dexkTHBHOE OCYIIECTBICHHE Hay4YHOH
JIEeSITEIbHOCTH.

KOrHUTHBHBI KOMITOHEHT TPEICTABIICH 3HAHHUSIMH IPEoJaBacMoOi HAyKH,
METOJIOJIOTHH HAYYHBIX WCCICJOBAHUH, IICHXOJOTHH JHUYHOCTH, CHOCOOOB
HCTIONB30BaHUS PE3yIbTaTOB HCCICIOBAaHUN B 00pa3oBaTEIbHOM TMpoIlecce,
aKaJIeMHUYECKOTO THChMa. JIeATETHPHOCTHBI KOMIIOHEHT — 3TO0 YMCHHSA
OCYIIECTBISITh HAYYHOE HCCICIOBAHHE, IPEICTABIITH M HCIONB30BaTh €ro
pe3ynbTathl. L[eHHOCTHBIM KOMIOHEHT Ba)XXKEH TE€M, YTO OTHOIIEHHE HAy4YHO-
MeJJarOTUYECKOT0 PabOTHHUKA K TPOIECCY M PE3YNbTaTy HAyYHOTO TIOMCKa
OTpeIeNAeTCs He MEPKAHTHILHBIMA MHTEpECaMU, a YOSKICHUSIMH B TOM, YTO
€ro Hay4Hasl JeATENbHOCTh CO3/IaeT UMUK 3aBEJICHUS BHICIIET0 00pa3oBaHUs,
MOBBIIIIAET PEUTHUHT YHUBEPCHTETa, (OPMHUPYET OYIAYUIYyI0 HAYUHYIO ODIUTY
CTpaHBbI.

He 3Has, He wucnonb3ys pe3yJabTaToOB HAy4YHBIX HCCIIEIOBaHUN B
00pa30BaTENILHOM IPOIIECCE, HE BJIAJICS B COBEPIIICHCTBE OCHOBHBIMHU METOJAMH
WCCIICIOBAHUIA B  ©CTECTBO3HAHMM —  HM3MEPCHUEM,  HAaOIIIOJCHHEM,
SKCIIEPUMEHTOM, NIPETOAABaTENb HE CMOXKET KaYECTBEHHO NMPOBOJUTD JIEKIIMH U
nabopaTopHbIC 3aHATHA. BOT modyeMy B €CTECTBCHHOHAYYHOW ITOATOTOBKE
CTYIIEHTOB MCCIIEJOBATEIbCKOM KOMIIETEHTHOCTH HAay4HO-IIE€Iaroru4ecKux
pabOTHUKOB PUHAICIKUT UCKIIOUNUTEITHHO BaXKHAS POJIb.

PazBuTHE uCCIIEOBATENHCKONH KOMIETEHTHOCTH HAYYHO-TIEAArOTHIeCKOro
paboTHUKA SIBJISETCS HEMPEKPAIIAIONUMCS TPOIECCOM, KOTOPBIH HAXOAUTCS
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IO BIMSHHEM MHOTMX OOBEKTHUBHBIX M CYOBEKTHBHBIX (hakTopoB. B cBOEeM
Pa3sBUTUH HCCIIEAyeMbli (DEHOMEH MPOXOAMT HECKOJIBKO 3TalloB: HayalbHBIN
WIN TIPOTEAEBTHYECKUH, CTAaHOBJICHHS, NMPOAYKTUBHON pealn3alyuu, CO3JaHus
Hay4HOW mikousibl. He McKirouaeM BO3MOXKHOCTH CYILECTBOBAHHS TAKXKe dTara
CTarHaIuH.

Ecnu paccMoTpeHHBIE KOMIIOHEHTHI HCCIIEA0BATENbCKOW KOMIIETEHTHOCTH
Hay4HO-TIEZIarOr N4E€CKOT0 paboTHHKa 9KCTPAIoIpOBaTh Ha
HCCIICIOBATENBCKYI0  AEATENBHOCTh  CTYICHTOB,  KOTOpas  COIJIACHO
neicTByomeMy 3akoHy YkpauwHbl «O BeicmeM oOpazoBanmm» [1] sBisercs
00513aTeIbHON COCTABILIOIICH MMOATOTOBKH OyIOYIIMX CICIUAHCTOB Ha BCEX
YPOBHAX BBICIIET0 OOpa30BaHMs, TO HE BO3HUKHET HEOOXOIMMOCTH HCKaTh
CICLMANIbHBIC JTOKA3aTeNIbCTBA 3aBUCUMOCTH KadyecTBa BBICIIETO OOpa30BaHHMS
OT YpOBHS HCCIICIOBATEILCKOH KOMIIETEHTHOCTH IOLEHTOB M HPO(ecCOpoB.
JIngaHBIM MIpUMEPOM, YMCHHUCM 3aUHTCPECOBATL CTYACHTOB HAaYYHbBIM IMOHMCKOM,
BOBJICYh X B HMHHUI[MATHBHYIO HAy4YHYI0 pabOTy B Kpyxkke, Ha Kadeape, 3a
npeaciaMu yHUBEPCUTETA, HAYYUTb BCEMY TOMY, YTO 3HAIOT, YMCIOT U LCHAT
caMH, OHHU YJIy4IIaloT 00pa30BaTeIbHBII IPoLece, CIIOCOOCTBYIOT MOBBIIICHUIO
Ka4yecTBa BBICLIEI0 0Opa30BaHMSI.

Cnucok auTeparypsl

1. Ipo Bumy oceity: 3akoH VYkpaiam Big 01.07.2014 Nel556-VII (i3
3MiHaMu, y penakuii Bin 16.04, 2017, migcraBa Ne1958-19). —URL: http://
zakon3.rada.gov.ua/laws/show/ 1556-18.
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