Hero MeMOpaHu 1 KOBaJeHTHO IMMOOiTi30BaHUM (ep-
MEHTOM [03BOJII€ TMiABUIIUTH KaTaliTU4YHYy aKTH-
BHICTh JliMa3u B peaklii CHHTe3y OyTHioNearTy.

PE3IOME. UccnenoBaHsl CBOIICTBA OMOKATAIUTHUEC-
KX MeMOpaH ¢ UMMOOMIN30BaHHON JINNTa30# B peakmuu
cHHTe3a OyTmioeaTa IMpH SCTepUPHKANNH OJEHHOBON KH-
CIIOTHI ¢ H-OyTaHOJOM B HM300KTaHe. bHokaTamuTmieckue
MeMOpaHB! OBUIM MOJIyYE€HBI KOBAJIEHTHOH HMIJIM HEKOBAJICH-
THO# (azcopOuusi, MHKIIO3US B TIOPUCTOI CTPYKTYpE) MM-
MoOWIHM3anpeld JHIa3bl Ha KOMIO3HWTHBIX YIbTpauiIbTpa-
nnoHHeIXx MeMOpanax CO30F u PM 30. YcraHoBneHo, 4TO WH-
KJIFO3HS JINTIAa3bl B MOPHCTOM MOJAJEPKUBAEMOM CIIO€ MEM-
OpaH TNO3BOJSET TMOJYYUTh OMOKAaTaTHMTHYECKHE MeMOpa-
HBI, KOTOPBIE 00ecrednBaoT KOHBEPCHIO OJICHHOBOW KHCIIO-
THI Ha ypoBHe 70—72 % npu MpoBeICHNN KaTaIUTHIECKOTO
npoiiecca Ha npoTspkeHnH 8 4. [TokasaHo, 4Tto s dddex-
THBHOTO HCIOJIb30BaHUS (epMEHTa BaXKHOE 3HAUCHHE UMe-
€T KaK MeToJ MMMOOWIN3anNy, Tak ¥ MpoduIb pacrpene-
JIeHWsT UMMOOWIN30BaHHOW Ha MeMOpaHe JIMmassl.

SUMMARY. The catalytic properties of lipase-im-
mobilized membranes have been studied in reaction of bu-
tyloleate synthesis through esterification of oleic acid with
n-butanol in isooctane. Biocatalytic membranes were prepa-
red by both covalent and non-covalent (adsorption, inclu-
sion of enzyme in membrane structure) lipase immobi-
lization on composite ultrafiltration membranes CO30F
and PM 30. It was found that the lipase inclusion in the
wide porous supporting layer of membrane was the most
efficient method in preparing highly effective biocatalytic

IHCTHTYT KONOiMHOT XiMii Ta XiMii BOIH
iMm. A.B. lymancexkoro HAH VYxkpainn, Kuis

membranes. The degree of oleic acid conversion using
these membranes was about 70—72% with a reaction
time of 8 hours. It was shown that the distribution profile
of the lipase in the membrane was important for the
effective enzyme utilization.
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Ilentp BomoouncHHX TexHOJIOTIH HOTTHHTEMCHKOTO yHiBepcuTery, BemmkoOpuTanis

VK 546.431'814
C.A. Cogonan, O.U. Beronos, A.I'. Beisoyc

OCOBEHHOCTHU NOJYYEHUSA HAHOPAZSMEPHOI'O IMOPOILIKA BaSnOj;

30JIb—T'EJIb METOAOM

CHHTE3UpOBaH HaHOpPa3MEpHBI TOMOTEHHBII mopomok craHHata Oapus BaSnO; 3onp—rens meromom. OcoGen-
HOCTb CHHTE3a — IOJIyYeHHe 0JHO(DAa3HOr0 MOPOIIKa CTaHHATA Oapus IIPH OTHOCUTENBLHO HEBEICOKOH TeMIepaType
(1000 °C) ¢ wmcmonp3oBaHWEM B KadeCTBe MCXOAHBIX peareHToB SNCl%H,0 n BaCO;. Meromom mH(ppakpacHOit
CIIEKTPOCKOIHHU, PEHITeHO()a30BoTr0 U AU depeHINaIbHO-TEPMUIECKOTO aHAIN30B YCTAHOBIEHO, YTO (hOPMHUpPOBa-
nue BaSnO; naumnaerca npu temmneparype 700 °C, a omHO(A3HBIM NPOJYKT CTAHOBUTCA HOCIE TEPMOOGPAGOTKH
mpu 1000 °C. Tlonyduennsiii cranHat 6apus xa%\aKTepmyeTcsI HCEeBIOKYOHYECKON CTPYKTYpOi# THIIA NEPOBCKHUTA C IIa-

paMerpoM a3jeMeHTapHoi sueiiku a=4.1160(3)

CranHat 6apust UCMOJIB3YETCS B PA3NUYHBIX OT-
pacisX TEeXHWKH NPH H3TOTOBIEHWUH KePaMHUYECKHX
MaTepuagoB, B YACTHOCTH KOHACHCATOPOB C BBICOKH-
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MU yIETBHBIMH Xapaktepuctukamu [1, 2], mpu pas-
paboTKe HETUHEHHBIX MaTepranoB [3], ceHcopoB Bia-
KHOCTH BO31yxa W T.m. [4, 5.



ITpu cunreze BaSnO3 meronom TBepaodasHbIX
peakiuii B Ka4eCTBE MCXOJHBIX PEAreHTOB OOBIYHO
ucnons3yror SNO, u BaCO3. B stom cinydae ogHo-
(ba3HpIil TPOIYKT 00pasyercs MpU BBICOKOI Temrie-
patype (1400 °C) [3].

Crannat 6apus BaSnO3 MOKHO HOy4YHTh 30J1b—
renb METOAOM MPH OTHOCHTENBHO HHU3KOU Temiepa-
Type, MPHUMEHSS B Ka4ecTBE HCXOMHBIX PEAreHTOB
ankokeunsl MeraiwioB [SN(OC3H,),l, [Sn(CHCO-
0)4 [6, 7]. OnHako CHHTE3 MCXOJHBIX PEarcHTOB B
9TOM CIy4ae CIIOXKHBIH ¥ CHHTE3UPOBAHHBIC pearcH-
ThI YYBCTBHUTEIBHBI K BJare. TO 3aTPyAHSET MOJY-
YyeHue oJHO(}a3HOTO MPOIYKTA.

ITosToMy 1ene AaHHOM pabOThl — CHUHTE3 CTaH-
HaTa Gapus 30Jb—Telb METOJAOM C HCIIOJb30BaAHHU-
eM B KauyecTBe MCXOIHbIX komnoneHtoB BaCO3; un
SnCl p6H 0.

Hanokpucrannmideckunii nopomox BaSnO; cun-
TE3MPOBANH 30JIb—T€lb METOJOM IO TEXHOJOTHH [8,
9]. Mnsa cunresa 0.1 mons SNCl6H O (x.u.) pacTso-
psI B H3OTIPONATIOBOM CIMPTE (CsHgO u.na. —
Pr'OH) u no6asmsmu 4 MOJIb STUICHITIAKOIS (CHgO,

y.g.a. — EG), a 3atem — 1 MoJib 6€3BOHOM JIMMOH-
Hoit kucnorsl (HOOCCH ,C(OH)(COOH)CH ,COOH
q.1.a. — CA). B H0Jy4YeHHYIO0 CYCIIEH3HI0 MPUJIHBa-

JIM PacTBOPHUTENb — HW3ONPONHMIIOBBIN CIHPT W BHI-
JNlepKuBajn pacTop npu Temmneparype 50+ 5°C B
TedyeHne 14 0 MOJIHOW TOMOTEHW3ALUH CHCTEMBI.
3atem B pactBop nobGamisaau 0.1 Monbs 6e3BogHOTrO
BaCO; (x.u.), cocra  TIEPEMEIINBAIH, HarpeBaln 10
temrepatypsl 80+ 5 C u BLII[C_P)KI/IBaJ'II/I 1o obpaszo-
BaHuA Komriekcos Ba'? [10—12] PactBop
BBIZIEpXkHUBaIM npu Temnepatype 135+ 5°C no 3a-
BEpIUIEHHUS TpoIlecca IMOJIUMEPU3ALUN KOMIIJIEKCOB
MmetaiioB [8, 13]. TTuponus resst OCYIIECTBISUTH MPH
temniepatype 350+ 10 °C B Teuenue 3u. [Tomyuen-
HBIA MPOJYKT TEPEeTUpaIn ¥ MPOKAIUBAINA B THUIJIE
u3 Al,O; B BO3IlyI_IIHOI/I aTMocdepe B HHTEpBaJie TeM-
nepatyp 500—1000°C B Teuenue 4 u.
TepMorpaBUMeTpHUYECKHIE UCCISOBAHUS TIPOBO-
auau Ha nepuBatorpade Q-1000 OJ1-102, ckopocth
Harpesa 10 rpaa/mun. ®@a30BbIif cOCTaB MONYYCHHBIX
MPOJYKTOB ONPEASISUIH 0 AudpakTorpaMMmamM IMo-
pOIIKOB, CHATHIX Ha mudpakromerpe JPOH-4-07
(CuK -u3nyuenue). IlapameTpbl KpHCTalIMYeCcKOi
peleTkn ¥ KOOPJAMHATHI aTOMOB OZHO(pa3HOTO Hpo-
JyKTa YTOYHSIM TI0 MeToxy PurBenpaa Ha yrimax 2q
B nHTepBaje ot 10° mo 150°. Jlns momyuenuss UK-
criekTpoB B obstacti 400—4000 cM ™~ IpUMEHSUIN CIIeK-
tpomerp Specord M-30. IIpu 3TOM MOPOIIKH CHH-
TE3MPOBAHHOTO MaTepHalia 3alpeccoBHIBAIN B Tald-
JeTKH ¢ OpomunoM kaius. Pasmeps! 9acTuil mopoui-
xa BaSnO, ycranapiuBamy ¢ MOMOIIbIO CKAHMPYHO-
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IMCA 0.1IM SnCl+SH, O
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1z onp ormamoe poit
0.1MBaCO, CIIp T
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BricoxoTenmep arypHELT
CHHTe? B BO3OVIHLHOT

armocgepe
500-1000°C.

Y

BaSnO;

Puc. 1. Cxema 3onb—Tens cuntesa BaSnO,.

HIEro 3JIEKTpOHHOr0 MuKpockoma JSM-T20 (JEOL,
Snonus).

B coorBerctBuu ¢ puc. 1[8, 9] npu pactBopeHun
XJOpHJa 0JI0Ba B M3ONPONUIOBOM CIUPTE:

SNClp6H,0 + Pr'OH ®
® SNCIy(O'Pr) + nH,O + HCI (1)

00pasyercss YaCTHIHO 3aMEIICHHBIH aTKOKCH 0JI0Ba
[12], xoTopbIit mpu K0GABIEHNUH STUIEHTIUKOJS (op-
MHpPYET YCTOUMBBIH KoMIUTeke (peakuus (2)), o ueM
CBUJICTENTCTBYET MOSBICHUE TPO3PATHOTO PACTBOPA:

SNCI5(O'Pr) + HO-CH,CH,OH ®
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® Sn(OC,H0),Pr'OH + HCI . ©)

[Tpu nobGasnenun kapboHara Gapus BbIIEIAETCS

YIJIEKUCHBIN Ta3 — o0pa3yercs KOMILIEKC Oapus ¢

JIUMOHHOM KHUCJIOTOM:
CH,COOH
HO COOH + BaCO5; ®
CH,COOH
2eCH,COOH 9
® HO COOH :+ CO, + HO. (3)

CH,COO g, Ba
[pu marpesannn cMecu g0 80 °C mpowmcxoaut
nouaCcTepuPUKaALs KOMIUIEKCOB JIMMOHHOW KUCITO-
ThI M STUJICHTIIMKOJIS 10 peakiuu (4), 0 ueM cBugere-
JIBCTBYIOT TOSIBJIEHHE TeJlsl CBETJIO-KEITOr0 IBETa U
HCYE3HOBEHHE 3alaxa 3THUJICHTIUKOJIS.

@  CH,COOH |
%HOJh COOH I + Sn(OC,H:0)Pr'OH ®
CH,COO 3, Ba

@  CH,CO00 SN(CH,-CH,0),

® EHO—‘»COOH : @)
CH,COO7 Ba

ITpu manbHeiIeM HArpeBaHUU B MHTEPBAJIEC TEM-
nepatyp 80—135°C B Teuenue Gonee 2 BSI3KOCTH
refist YBEIUYMBAETCS, MOCTENEHHO TpUoOperast BHI
PE3MHOBOM MacCChI KOPHYHEBOTO LBETA. IMoBbImeHNE
temmepatypsl 10 350 “C NPUBOIUT K MUPOIIUA3Y TEIsL.

PesynbraThl auddepeHnaisHO-TEPMUUECKUX UC-
CIIETOBAHUYN CHHTE3UPOBAHHOTO MPOJIYKTa MPEICTaB-
nensl Ha puc. 2. Ha xpusoii TI' Haxonsarcs tpu 06-
JIACTH TOTEPH MACChI — B HHTEPBAJiC TEMIIEPATYP
20—200, 250—600 u 650—750 °C. Hebonpmrast mo-
Tepsi Macchl, KoTopas Habmonaercs Ha KpuBod TI
B auanasone 20—200 °C, cBueTeNbCTBYET O HOTEpE
copOnMOHHOM BOBI B Tene. [loTepst Macchl B quamna-
3oHe 250—600 °C compoBOXKaeTcs HHTEHCHBHBIM

|-O:

T, %o IITA, MB
0 200
3 160
Y 120
15 "
20 80
254 0
. . 0
30 200 400 &l 800 T, o0

Puc. 2. JlepuBoTorpamma mpeKypcopa Ui MOJydeHHUS
BaSnO;: 1 — TI; 2 — JITA.
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u M-0

2000 1500 1000 500 vem’
Puc. 3. UK-cekTp moriomeHuss IpeKypcopa JJis MoJy-
deHus obpasnos BaSnO; npm pasHEIX TemmepaTypax
tepmoobpaborku: 350 (1); 600 (2); 700 (3); 800 (4); 900

(5); 1000 °C (6).

W = o;

o N

20 30 40 50 60

70 20,Tpan

Puc. 4. PeHTreHorpaMMbl TpeKypcopa Ui ITOJTyYEHHS
BaSnO, npwu pasHbx Temmepatypax TepmMoobpaboTku: 350
(1); 600 (2); 700 (3); 800 (4); 900 (5); 1000 °C (6); a —
BaCO,; b — SnO,; ¢ — BaSnO,.

sk30TepMuueckuM >dpexktom npu 360 °C, uTo cBsza-
HO ¢ 0Opa3oBaHleM KapOoHaTa O6apusi. ITO TOATBEpPIK/Ia-
eTcs pe3ylbTaTaMU HH(pPaKpacHOl CHEKTPOCKO-
nuu (puc. 3) u penrreHodaszoBoro ananusa (puc.
4). Tak, na UK-ciektpax B obmnactu 1430 u 860 cmt
pacmonararoTcst OJIOChI MOTIOIIEHHS, KOTOPbIE OTHO-
CATCS COOTBETCTBEHHO K BaJeHTHBIM H nedopma-
[UOHHBIM KoJebaHmsIM KapOoHaTHbIX rpymm. [Tpu 500
—750 cM ™t HaGronaeTcs YUIUPEHHBIA MUK, COOTBET-
CTBYIOIIU# BaJleHTHBIM Konebanussm M—-O-C-O [14].

CHUHTE3UpOBAHHBIN MPOAYKT MOCIE MUPOJIH3a Ire-
nst ipu Temnepatype 350 °C sBisieTcsi peHTreHoaMo-
pdHBIM, O pe3yabTaTaM PeHTreHO()A30BOr0 aHAIH-
3a (puc. 3). OgHako mocie TepMOOOPabOTKH mpH
temnepatype 600 °C Ha peHTreHorpaMme mpHCYT-
crBytoT nuku 1Byx ¢a3z BaCOz u ShO..

IToteps maccel Ha kpuBoit TT' (puc. 1) B o6mac-
i Temmepatyp 650—750 °C cs3ana ¢ pa3noxeHHeM
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kapOoHaTa Gapus. DKk30TepMuueckuil A3pdexT Ha KpH-
Boit JITA npu Temneparype 700 °C ykasbiBaer Ha Ha-
yano oOpasosanus BaSnOs. Ilpu srom na MK-
CIIeKTpax HaOJroaercs yMeHbIIEHHEe MHTEHCHBHOC-
TH moJioc norsomenus B obmactn 1430 n 860 cm .
VYBenndeHue TemrepaTypbsl TepMoobpadoTku o 800
—900 °C npuBOAMT K HCYE3HOBEHHIO MOJIOC MOTIIO-
IIEHUs BAJIEHTHBIX U Je)OpMalMOHHBIX KOJIeOaHUH
kapOoHaTHBIX rpynn npu 1430 u 860 oML, B o6macTu
300—750 cM — HabmrogaeTcs HECKOJIBKO MHUKOB, KOTO-
pBle OTHOCATCS K BaJeHTHBIM KousiebaHmsim M-O.
OTH U3MEHEHNUs CBS3aHbI C pa3yioKeHHeM kapOoHaTa
Oapusg ¥ HayaJoM 0Opa3oBaHMs CTaHHATa Oapus, 4ToO
MOJTBEPKAaeTCs JaHHBIMU U depeHnnaibsHo-Tep-
MHYECKOTO M PEHTreHo(ha30Boro aHamu3oB (puc. 4).

Onnodasusiii BaSnOz, mo naHHBIM pEHTIEHO-
(a3oBOro aHanuza U MHQPPAKpacHOU CIEKTPOCKOIHUH,
ob6pasyerca nocine Tepmoobpabotku mpu 1000 °C.

PentreHorpaMMy MoOJy4eHHOTO OJHO(A3HOIO 00-
pasma (puc. 5) ucrnonp30Baau A YyTOUHCHUS Mapa-
METPOB JJIEMEHTAPHOH SYEHKH METOJOM IOJIHOTIPO-
¢unvHOTO aHanm3a PutBenbna. PesynbraThl pacue-
TOB, MpPEACTABIEHHbIE B Ta0iuIle, MOKa3ajiu, 4To Iia-
paMerpsl JIEMEHTapHOM s4Yelkn oOpasna, CHHTE3U-
POBAHHOTO 30JIb—TE€Jb METOJO0M, HECKOJILKO OOJIblIe
M0 CPaBHEHWIO C JIUTEPATYPHBIMH JIAaHHBIMHU ISl 00-
pasioB, MOIYYCHHBIX TBEPI0(a3HbiM MeToa0M [15].
IToBeimeHne TeMmnepaTypbl cliekaHus oOpasua o
1400 °C npuBOJUT K YMEHBLIEHUIO IAPAMETPOB BJle-
MEHTapHOH s4YelKH, 4TO OOBSCHAETCS YBEIHUYCHUEM
CTENEHH KPHCTAJNIMYHOCTH 00pasia.

Jlns onpeneneHust pa3MepoB YacTULl OBIIH MPO-
BEJICHBI JJIEKTPOHHO-MHUKPOCKOITMYECKHE HCCIIeJ0Ba-
Hus nopomka BaSnOj (puc. 6). Kak moxasamu pe-
3yNbTaThl UCCIEN0BAaHUI, 00pa3el UMeeT KyOHM4ecKyto

IMapamerpsl 37emMeHTapHOi syeiikum oOpa3moB BaSnOsz*,
MOJIyYeHHBIX Pa3HBIMH MeTOAaMH

Teeprodas- 301b-—TeNnb METOX
[TapameTpsl | HBIH MeETON

[15]** 1000 °C 1400 °C
a A 4.1085(15) 4.1160(3) 4.1152(3)
v, A3 69.35(7) 69.731(1) 69.692(1)

Rg — 7.47 57

R; — 6.65 7.8

c — 124 6.72

* T1o3ULMU U KOOPJAMHATHI aTOMOB B CTpyKType BaSnOj
(Pm3m): Ba 1b (0.5, 0.5, 0.5); Sn 1a (0,0, 0); O 3d (0.5,
0, 0); ** R-(akTOpBI HE NMPHUBEICHBI.
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Puc. 5. Pentrenorpamma ob6pasna BaSnO, mocne tepmo-
06paGorkn mpu 1000 °C u pesymbraThl pacdera METOIOM
MOJHOTIPO(UIBHOTO aHaJIn3a.

CTPYKTYpY HacTuil ¢ pa3Mepamu mopsaka 40 HM.
Takum 00pa3omM, B pe3ysibTaTe NPOBENCHHBIX HC-
CIIeIOBaHUI ¢ UCMOJIb30BaHUEM AUDdepeHIInanbHO-
TEpPMHUUYECKOTO aHan3a, MHQPaKpacHO! CIeKTPOCKo-
MTUH, PEHTTEHOBCKOTO aHAIM30B OBLIM OIpeeiIeHbl
PEKUMBI CHHTE3a HAHOPAa3MEPHOTO MOPOIIIKa CTaHa-
Ta Oapus BaSnOj somb—ens meromom. Ob6pasosa-
Hue BaSnOj nocye passoskenus NpeKypcopa Hauu-
Haercs npu Temnepatype 700 °C, a oHO(a3HBIM IpO-
IYKT CTAHOBUTCA Tocie TepMoobOpaboTku mpu 1000
°C u umeer pasmepsl dacTul nopsaka 40 HM, KOTO-
pBle XapaKTepU3yITCS IICEBJ0-KyOWYeCKOH CTPYyK-

1(M) nm

Puc. 6. DnexTpoHHBIE MHKpOdoOTOrpadun MOpOIIKa
BaSnO,.
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TYpOHl TMEpOBCKUTA C MapaMerpamu dIeMEeHTapHON
sueiikn a=4.1160(3) A. 3oms—rens Meron mo3Bouser
CHHTE3MpOBaTh oAHO(asnbii BaSnO5 npu otHOCH-
TeBHO HU3KHX TeMIepaTypax ¢ ucronb3opanuem NCl,x
SH,0 n BaCOgj B KauecTBe MCXOIHBIX PEArcHTOB.

PE3IOME. CunTe3oBaHO HAaHOPO3MIipHUH TOMOTEH-
HuH moponrok cranaty 6apito BaSnO, 30mb—Tens MeTom0M.
OcoOnuBicTh CHHTE3y — OTpPUMaHHSA OAHO(A3HOTO TIO-
poImKy craHaTy Oapilo IpH BIZHOCHO HEBHCOKI TeMmrmepa-
Typi (1000 °C) 3 BUKOPHCTAHHAM fK BUXiJHUX PEAreHTiB
SnCl,x5H,0 i BaCOg4. Merojiom indpauepBoHOT criekTpo-
cKoITii, peHTTeH0(}a30BoTO Ta MUdepeHIiaTbHO-TePMIdHO-
rO aHali3iB BCTAHOBJEHO, MO (opmyBanus BaSnO, noun-
Haetbest mpu Temnepatypi 700 °C, a ogHOGMa3HUM MPOIYKT
cTae micns TepMooOpobxu mpu 1000 °C. Otpumanmii cra-
HaT 0apif0 XapaKTepHU3yeThCS ITICEBJOKYOIYHOIO CTPYKTY-
poI0 THITy TEPOBCKITY 3 MapaMeTpoM eJIeMEHTapHOi KO-
mipku a=4.1160(3) A.

SUMM ARY . Nanosizeshomogeneous barium stanna-
te powder, BaSnO; has been synthesized using sol-gel
method. The synthesis feature is the preparation of single
phase barium stannate powder at the relatively low tempe-
rature (1000 °C) using SnCl%H,0 and BaCO; as initial
reagents. Infra-red spectroscopy, X-ray powder diffraction
and differential-thermal analysis shown that the formation
of BaSnO, starts at 700 °C. After the heat treatment at
1000 °C, the synthesized barium stannate was single-phase

NucTUTyT 00IMIEH W HEOPTAaHUYIECKON XUMHH
nMm. B.M. Bepranckoro HAH VYkpaunst, Kues

VK 546.47'48'49'682'221.1

and characterized by pseudocubic perovskite structure with
unit cell parameter of a=4.1160(3) A.
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B.1. Ilexnvo, JI.b. Xapbkosa, .M. [A3anamsuim, T.A. Mapcarnmsuim, P.I'. Tymypamsuin,

.M. Bbacunagze, H.B. IIyrkapanze, O.I'. SInxo

CHUHTE3 THOMHIATOB HUHKA, KAIMUA U PTYTHU (II) METOAOM COOCAXIEHUWSI *

MeTonoM coocaXaeHus Cynb()HIOB CHHTE3WPOBAHBI THOWHIATH ZNIN,S,; CdIn,S, m HIN,S, HMccmenoBansr mx
xumudeckuil cocras, MK-cnekTpockonuyeckue, peHTreHO(pa30Bble XapaKTEPUCTUKU, a TaKXkKe TEPpMHUYECKOE MOBe-
JIeHHE U H3MEHEHHUE 3JIEKTPOIPOBOJHOCTU NP BO3AEHCTBMU raMMma-u3iaydeHus. PajmanuoHHas CTOMKOCTH mOIy-
JeHHBIX COeNWHEHMI ykmamsiBaerca B psax HgIn,S, <Znin,S,<Cdin,S,.

Pacrymie noTpeOHOCTH B MaTepuaiIax Jyis dJeK-
TPOHHOM, ONTO3JIEKTPOHHON U HEIMHEWHOW TEXHUKHU
CTaBAT BONPOC O AajbHelllleM HHTEHCUBHOM pa3BU-
THH paboT B 00JIACTH CHHTE3a U U3YyUCHUS CBOICTB
HOBBIX XaJIbKOICHUIHBIX COCIUHEHUI, B 4aCTHOCTH,

JBOMHBIX CyNb(GHUIOB HA OCHOBE PEIKUX HIEMEHTOB.
ITosTOoMy cuHTE3 U U3ydeHHE (PU3UKO-XUMHUUYECKUX
CBOMCTB THOMHJATOB TaKHUX JIEMEHTOB, U3BICKaHUE
ImyTeil UX BO3MOXKHOTO MPAaKTUYECKOTO NMPUMEHEHHUS
SIBIISIETCS. aKTyaJIbHON MpoOJIeMOH.

* PaboTa BhIMOJIHEHA IPH (HHAHCOBOM MOJIepKKe YKPaHHCKOTO HAYYHO-TEXHOJ0THIeckoro nentpa (rpant Gr-91(j)).
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