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2 . Yupz3tgt2tZ2g! 811 z2YTz32Y t332tDZ OUYt
31 Z20Y#U1zu8E%  Op31ZtpuwyYa Up YzlLYe2]l GeTe, VYyZfe
3120Y2f Uuf ZYap Uf DZ=26RAFA0ORE 31 OY 1 Zp3EZ1 ©O! Zf
3
1

. C YyZY21lzz|l 2pTZpRY3IUf ULUYZI 3 zyupe2YZ/fUp Y
> f 2 O YTOPpPQUWDZ DAY 3 Zp L] VUEDZ O13pLES12zUYT 23
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909.
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hub d b DGt ©9bd GRYAEDACLEHJT DE GE b OPC @tg PHEMEH S8RHEAGC
DEVELOPMENT GEINCODMPOSITE MASERIR LIQUIDRIRACTORS
ba gz 2 Epubreep a3 iIp WesfUt U b, Q.
AgureeME lvanodS,LaptetN ,Kanushkixl.
wyzzf DI CcfA Kk cafhgn@gnaigoth3 Z O] vzl 5 p »,
2tyyz 2z DZ KGaEGhkandw@ieldudom,

|l YTEpULE] ULY2l 3z %01 Z213f51zUfz gz3pLYyayYu U
ZPTZPRYJZUE UYODOYYTE2fYULUIl 3 Up3l1ZfpuwYye zubDZ f3 |
ZpIftYPU3ZEt 2WBYaY FHBY & drD] WHe Y3z VX 2% 30T U &@DT T
Y1 zZzylu3tavul ot. YzftolL{iLt]l =zyupaYe, CTYZY5U0UDD
zgs12z32100Y yyelzf3l O13pLES|zU], sELUu2ft YU
f TeY3Y2u]lLVULUPpZ 2ZEPUBD.UE ¥y YDYsUY2pDZ 3130UYuwYef DZ
O13pLES12zUY]l ulefzZY2pULE] t fzUZY2Y]l yupTOlULULY
f TYZY50]1U0Uf! UYODYYTEt3Ye.

ff11 VYZ1zZz3pauw]lUl zULiOUI ZPEEIVEZED] ez = 3
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[ dCtotsls e YHE Y & Bl

ssdzyj dzlstcOydw dzO¢c
Wwtz. 1. oTU]U]Uf] OUfUZY3ZEDEsSYz3f UfU]wbDZe
Fpuzt Opul UpDZ 32D2Z=Yz31 zYY3213z32&13 UYL21U

0zzw]ZYEpUE] &1 yyYuvU]UY yZEOUKINpUETRUFR W YES
700081 9.
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2. Elsheikh B.M. Safety assessment of molten salt reactors in comparison with light water reactor:
radiation research and applied sciences, 6,72013, p. 63
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3. V. V.Ignatiev, M. V. Kormilitsyn, A. A. Lizin, A. V. Zagnitko, S. A. Konakov, A. V. Merzlyakov, S
Khokhryakov, A. G. Osipenko. dKey Experi me
41%424.

bPl GNOARBIfgE PGl t oCOGHFYCRARA PSS/ Eb¢ EPDFD MGCOGF O+ @
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ADSORPTION ACONMNE HALLOYSBHEEIATE COMPOSTHERESPECT TO MENEBLUE
buiUzililep G.C., | 0OtzZvyep bB.f., Opez"
Aleksee@V.,SmirnovaN ,Bagrovskaya ,NoskoV.
wyzzfDZ oUz3f383 3f0fa@sgpsa32YZYE (0. ¢

YYrgs51 U]l OULUYeYggoLUu2t YUpuwl Ul 3 UYDYYTE3Y2 LY
VpTUPSTULEDZE Z1s51 Ut DZ #lrVOwYe tyZYRWIDYTp Zpre ZDA ¢ [
GzZULEO (T ylzzyl UM B (WPGXREPYHTEUIITE{VIZE 2z 3p 31 T
Oft L1 ZpuYe ZpTutSbpUPDDPYYPEt ¥Fp@bDZ yYT2YubD] 3 2
UYDYE 2t YOUIl 3 Op31ZEDUONR| z FITOl PPAED UZ At 03T Ut f
5pz30Yz3f, f THEHEAREPprI DY Yz RIUYEIZI+gsl U3t 20Y T
YZapUE51zUYY+B3YDZt OYYUDZ Yttt A[RIIpuw! et GYEp i :
fzyYul TY2pUIlI 2 Up51z32] Op3Zt2 yzZf yYyYuwg5]Uff
YZepULUEtS1zUtz t 3IYuzftsUl 3 21%1z32 T Z2pTuwt d501 3

C ULVpz3YDA1T ZPpRY31 YYughilug puv By OpledN S B, 1
YY21Z230UYz30UpDZ OYZgYuYetDZ yYZtz3Yz3Il, Uzt z3pu
3tpTtoLoYyeyYyog UZpzt 3luw! 0O13fuvlLYSeYODE 2YugRYOE (

BYOYYTE3 2puughpTt3/ OpalL13f3 Rluv z{UBA TS ZWED
cepurughpTE3Ip. | FIYT 21 uwld] WzwpteU 2P 3 HHeGHBN ZA V2D L
313ZpeftIZp3p A4V ZE SPYUDAOYD BFEZLIBPIPEYVZI YDYE
fU31Vzft2lYeY Y1 Z1OWIs3BHTUEPER 2 123%2T3Tlz 32t EpLULI T
bz YZRZIYZR2tf ypZY2 pTY3Ip fzzuw{IFlOl ]l eopuwu;
Y301z3ft U O]l TYYWZIZIZUZIe |ONBREHEBUREDEZpUIYe Zp O
3PpZPpUBURDONEY YI3IZI{uwlUI 3z UYOYyYLlUL3Y2, 3pUt]l Up
Zpzz3YDDEt! 0.734 VO 2 e2purvugpTti3]l, f ZlsuwlUz

bz YZREIIMWBUYsS 1 zUt |1 3pZpU3Z] Z2fz3f Ut 2uplusghpTu 3
2uft DDt DZ 22101 0Lt UYLU3pU3ZIp cphpT Pp=ZzYZR1U3Zp f 2Zp
bZzYZR]1U3p. Kz3pLY2uwllLY, 53Y UftULI3ftUp pXzYZR2Z2
SZp2L1ULE1U Z21pU2ttGCGYZl2I¥YVEEYZF2YY2ZDEUpP| UYL
cpuuwIpTEIYDO f UYOYYTE3IYD, 2Z10DZ gz3puYau] Lt DZ
Kz3puUYaulULY, 353Y yZY21zz pZzYZR2ff UZplkf 3C&HDL
>Yz3ft10tDZ ZpavlYyalztDZ zYz3pauwubDl3 U] RYuwll 25
bZzYZR2f YOUpPDZ pU3fta0Yz3l UYOYYTE3p ecpuuwgpTt 3/
pbUPuUYetf50YT 3pZpU3 | DYzt GYTuTGDA GPOY ORYyB2 HZ¥S
bXzYZR2tDZFc Up UYODYYTE 31 VYzpdW,3lfz230d usDA23 28BN 2 3
f eEBi ,f BWPYVZVY3IZIYZUYeY 2TptoYIlTz32tDZ Flcy iz v
VI Tp2l BEYDIFEIVUDZ p3YOp t 1wl Th OUpaUL]I3f3P
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Ql | EDDPGCh fIQKINHITR FOYWP R R BF ¢ JOEC GOhNODDGH B GEBGIL G,
YGEKWDf QP tte@fCOid YHKI-HA Q| + DF O
STUDY OF TEMPERPHEBEMATION REGDREERODUCINGMDBARIS FRONHHF SMA CAST
BILLETS
bL>zZ1 2@zt hy YeRl EUpEPpESF2p f. C.
AndreevA KarelifRD.,Yusupo¥S,PerkasiM ,LaysheWV.
WwyzgWDEf 3853 O] FpvrvEZeftt  aflddeIae@gmditoms ] Uf DZ
Yy z@E®ZYZYU! 5 w] UV kandebdhgi@@mdicbn J)O
SluyzpeHEDEYOUpwl O T fzzw] ZYEP 3] wi z tdkaBli@dFragobh Y v Ye X

I yupel z ¥zl U3YO ypoDARt §gYZOUI (I'Yk) Up Yzl
YRupz3D&s ULUpEgUt, 31zLfUE  ©O1Zft2f01, RupaYIp?Z
3pZPpU31ZE2z3fU. +130YuYetBF@UTYCEBIT2IEY3! ¥RI3AE
SCLU2E YUpuwlI UI O z38NTzERPD] ¢ YELVDDHULUIVEUYRQI zT&81 2
zyuwupeYe z 21 zYUY3|1{OY1Z2p3EZUI T *gglU3YD VypOUDZ
fzzulZYepUE TeZYWERDBNHDVUYI|{OY 1 ZPp3EZ0I 3 TRWuwpayY
X %PJPtZtHf[14] . Y1 Z2pDZ eZEYyYyp zyupaYe yYTaYwD] 3
6pz310Vzt 301z yzZ12ZpSsST1UET (teFY)3Y{ OYBRIBY Y3
TiNiP) -TEpT Upuft 5t DZ SZpa VY21 0LVl 3 U1 3puwvuwyYa. C3YZpDZe
RYuvll 2lzYUfsz 310y1Zp3&Z, f DRubD] 3zDZ Upf RYu]
uryoyuluzbp z2YTz3c2 Yzt zZp 8Lt R ITw Il VIt 30 TR ==
VZ]1 ZYY53f 3MNHEUI Y Yzyuypud lUE YUt YRupZIp! 3 RYwl s (T
Y3uwf 5f 1 TMRr(20pwERaEaYq 2, 2 zyuwupepsz =z 2fZUYLE1 0
z3pREut BHPBEZUYRTY T V31 Z2pup 2Yzz3pBYau]| YZDZ &2
zyup2YeTiME DA e DAY B4 DZ 3Z250YZ1sYZ0tZ2E10OYT, f VYZY
zyuwpayYe O13YZIpOt yupz3ft51zUYT ZPYYFONWZIYRYUF OR
YzOY20YO gzpepuYzl yYugsp3l 3YulUY FuUzy]l 2zt O]l
fzzuwlZYapULE T, VpyZpauwil LI 3z Up VYYyZ1Zlw]lULEfDZ 2
OpZ31 0Lzt 301 3 UWRIYZZAS [EEIUU2E YD Pp v IYBIf] #2320T 2T3p2PY 2
YYuES5put O13YZpOf uwvwt31TULUYeY VyZYET2YXz32p VYZ
Yupz3ft51zUYT Z1egYZ0p2ftf (5ps]1 2zleY PHUMMBHZAS TE f
SYUPTPULPp, UYOyuwluUzULUI|l fzzuwlZYepULEDZ 2uwf DDt DZ =z
yZE 0101 LEDZ 31Z20Y013pLES12zUYT YRZPRYJZUE, p 3p
z2YTz32, Y3zg3z32¢&! 3.

Alul ZHPRYBERYFVHE 31 EVurE510EDZ Suwf DUYD] Z2UI 3y
EYZO0!l (1 Yk) ULUp YzuLuyYy2]l ULVtUlufzIp GHIZPYYT &Y eDIZy 2
310V 1ZPp3EZE UYL2Pp YRZPp3UYeY OUOpZ31LzYZIVeiYT ¥EEd
2151 130 °1l, 33Y 2Yz3Z1RpapULY 2 ZDZYWIYWIR:uE
cz3ZYTz32.
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QT z1Z2tt zyuwupeyYe z ZpTuf 33Ul O 3tHIt 5QlzzzW0zZW | 2]Y &
YYUuEsput O] HFEIN@ yHPpREWIFZYLUUY 51 OVYitower zGUI0O6W® U
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e tu]USEypwy
PuDZ yYug51U0UtDZ yZg3UY2 ItpUO13ZYU 3,5 00 fz
YZY2YSfuf yZHA0BOOY|1ZE3YRBUYZAGE]1 vl UYT25 3%.y ] DEE L
YZE3UY2 yYzul YZEO1ULUlIULIWA.ZY3p2f YOUYT UY_2Uf =zY
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Wt z. 2 YZSNGHU z F2z3EN2[% Ej] ZY3p2f YUOUYT U)

F1zpLUts31zUtl] z2YTz32p yYYugdilULUULUIlI 3 yZg3UYeS Y
UYOUPpILUYT 310Y12Z2p3cZ1 (Zfz. 3). +1D0YZRDRBEEW
fzyYul TY2pULE 10O 31Z0YO13pLES]1zUYeY O13YIp VyZf
V1YyYzzZ1Zz32100Y yYzul ZY3p2f YOUOYT uUYa2Ut, p 3P
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yZf 1000 °I 2 31510L0f1 1 5pzp ZuDZYYyZlI{luw]lULfDZ

o, MII.
1050 -

950 1 35 o Lo
850 1 = =35+550°C.2h - .
750 g
650 - z

550
450 -
350 -
250 -
150 1

so 4+
0 10 20 30 8,%

Wtz. 3 PfpeZpOU! ZAEHFDIz] BE B BESIVNVFIEF] DBYGHRE ViDL
-y Yzuw] UYEUf  YBPG yZf 550

37



| {UfPE pLES12zUE]l £ELU2f YOpuwl UI]l Op3

QzzU|ZE10l 1l YZE3Ut 01! 3 &I 210WRE= FY§PW5S UFryzp3 W/
ZY3p2f YOUY T Y2F-BMD FYP yYzul YDPG, yZ{ii1=RZY0D f
% yYzul BYZPREYURYT% yYzu]l YPG) (3pRu.1). C Z
310V 1Z2p3E2P D5 = 17007YYzDHl Zz32WbDVY2YHABSE BY3H
yZf O1 L1 LE DZ YDG.

FhRuUEZ2p 1. W] TSUuIBPRESEBYPpUET Up Zpz3

I FG vz " 03 W, By yr 3 1,
FYP FYP FYP % FYP %

3,5 OO 214 800 586 8,0 1000 24
3,5 OO + 5| 202 840 638 9,0 99 29

b pUE O YRZPTYD 2 3Y3Z] YyZYel:zZ(lULUEDZ ZpRY3Il RI
St pO13ZY0 3,5 00 f suwfUYT 870 OBt B I(BR2zUP .Yz

WhRY3P &IFHNOWIDpe YzE5pZz3E10008RWY ThHEpUEDZ oF
| YQIQED GUf QeOGC

1. Shape memory alloys: fundamentals, modeling andByallieatoNs, Prokoshkin S., Terriault P.,
Trochu F., et. al., Montreal, EST Publishing, 2003, 844 p.

2. Shape Memory Alloys: Properties, Technologies, Opportunities / Resnina N. and Rubanik V., E
Publications, Praffikon,6221p

3.1l ywpal ULVfUlufzIp 3J3E3pULUPp 2z YypPpODAZI! gYZOIl . Wp
Y5t LU pt31Z2ZA.OREEEE: KZY hubf, 2006, 438 z.

4. Fp31 2t puwl =z *gglU3YD ypODAt gYZORY fogé&he.
| YOcK, 1998, 374 z.

5. Noebe R., Biles T., Padula S. Advanced structural materials: properties, design optimization, at
applicationse, in: W Soboyejo, T. Srivast
Optimization, and Ad®/l icationse, CRC Press

6. M. Zarinejad, Y. Liu, T.J. White, The crystal chemistry of martensite impNalldysshape memo
Intermetallics, 2008, V.16;3BR76

7. V.G. Pushin, N.N. Kuranova, A.V. Pushin, A.N. Uksusnikov, N.I. Kourov, T.E. Kuntsevich Struc
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Do € DOt hug WD Ghe TO G FCYGHT GICEC YGIE o DAvf ©t CEFIbE@C® g | Y
Kc €EDhGH tr M HILKIE f D
STUDY OF DIELEPRARERSIOF COMPOSITHS BAFOLYMERICMESTAND HIBSPEED
CARBON AT-BSHB RNGE
Op ZHCEHU Z Y&AHE W B Y 2
BadiAV.,DorozhkK\V.,Kuleshd8E
twYzzfDZ f YOzUfT e Vaggmpldge32] OUI' T SUfE]

l Y21 Z5 1 B2Y3eeANaplWaUl 3 ZpZf Y+ul UIZYYREIYZ2ET 30V &
YRupz3Il UzpTULUl2lIlzYUt 3z  ectylz2lzYUtz 5pz3Y3.
100 cc2, pUJtaLY yZYET_a2YIt 3z DAY Y10 WDA 32 DZ &K
YRupz3DO (t@@) 535pz3Y3 zYYyZDI1ULUY =z UlYR3YZIfOY
2TpftoOoYZ|{Tz328&! stz 2z Fu{lU3ZYOpa2ULEZLIO fTugs51V
fzyYul TY2p Ut DZ yy#A ff Tad WDD3F 3] UYB |YZ2YR 1 z21-5 3pU
y15p30 [2]. YZ1Zz3p2ubDid3 tUL31Z1zy1ERpEL Z0Pp LY
YYut 01201 3 0Op3Zf2 f gFeuwulZYIUYeY UpYYuOLEEM wDZ
fzzYZUYeY yYutUp|5Apz 32 ZpOpiRAIYRUL YW ZX Ol UDZ 3 3f Of
5fzw] PpUZEuwYULE3ZfvRE3IPIE ] BarFUAGUY (AN )X) f YR
3f0E512zUYT 2z3YTUYz3I1! WwWOtARHarPZ YIZE VZ[wIDEE | 3C TS
YZUYz3100I 1 f OULUYeYzHTLLUIUP LVFRIUZBRPHL P EYBY Y 3 DE
VpYYuULE31TuwlT 2z3YE3 VY301z3t 2l zYUg! z3YEOYz;
2l zYU¥YDtL FYE2ul 2YE (CPK), yl1zzylu3taULl T ZuwbDZ z
YZYULVE2pl1OYz3I! .

PuDZ fzzulXIY2pULUEDZRI vt fTaeY3Y2uwlUl yYyuYzUYYyp?Z
fT bDOIC (IpRAMER.] 1 YZ1ZzHIERBOIPUWERZP O] 3Z]1 YRZPT
FpRuUEZ2p 1. YPZPO]3Z]I (zzw]355]0/ 35 YRZp:

Fp31z
GRZp| Op32t FPYYuOE3 +tYustUp
1 bl G3zg 3238 1970
2 20% CPK 630
3 G3zg 3238 815
4 yat ¢ 20% CPK 840

QTaY3Yauw]lVf]l YRZpT2Ye2 2 2f=1 YZIUYZYZUIl 3 VYuf
YYzuYTUYeY Upyuwpa2uwl]LVEDZET UYOYYTE2fYULOUYeY gfuw
bOl f CPK fTaY3paufapuwzDZ*xJul IEHTEE UYRY TOU Yz
Zpz32YZt31uw]l T UYOYYTE3 Up YzLYel YQtuwpbsil zg8BK
UpYYuULf31ulT YYutOl120YT Op3Zft21 2Y 2z 120 YRED.T
KYZOt ZY2pUBD EfpPLIZYDt WZT7Bp OVPZEUDZ2BDt vYzl Zg
Y15p3f YRZpT2Y2 yZYfzzYIfu zYyuYO 1 00 VyZf ]
Y1Z{1{UZDZ30YeY 51Z1ZIY2pLEDZ zuYle VYEE YREGTHB2TYHY
fzyYul TY2pUl UpPY15p3pLULIT tz3YZUI O yYufOlZpO

QTU1Z1VLEDZ UY+ggf2f1U3p VYZY3YtZI{ULEfDZ ¢ SphT

Uesp Tt YY 3tzmy1zUBZYWO 1[G EH (Z2fzfUYU 1) APpYeBpa2pODYE
VIYZ1 2l 0¥ Y TUEgR1VEDZ yZYtETaYZtupzl uvpOYYT VYR
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ozzuwlZYepUl 310Y12Zp3czZUI |1 Tpetztovyz3ft 31yuYl
YYrE510UI 3 YRZpT2YE.

C Z1TEul3p31 SY2¥®T bl WHYO&LY Rl aryw Yy YUPTPUY, 5.
LnFeTa@ 1 puf TE! 3z2DZ 2 st ZYULYD, ZOEE! HPpMZPPYE EYEI{ L
zf U311 Tt ZY2p LI 2y1zal 1. YYUpTpPpULY, 353Y pODEL1T
OpLUYUZt z3puwuwfd1zUYT 0O13pz3pREUIUVUYT gpTI cuw! YZ
EpTE yZf geluwftsiuitt 2z21010f fuf 310Y1Zp3EZI
LnFeTa® O1! 3 21 UzpaYUpBRLUINOzJEFHRSTEYZQOYHt GSBEZ Rp
| 2/ z. fpFete@t OhZPmLnGd, Y, gz3pLYa2ullLY, 3533Y 3]
YzYR1ULUUYz31T ayuY3l =Y 310¢5ZP32! UYDOHFOP,vY DE
hupzz5f3pLI 31 Z0YZFAeTHP OILM|=2SUi, | GuUg1BD0E O fh po/zhzTur!
Opalf 30| zFe@ Y HEREYWBMT phpuY, 353Y zY{1ZftULU]lULUEDZ DERuI
yZt z2g3z32g! 3 2Tpt OWEALT zWBtaTt LD 3R uF 1t Uyl 122Yp JYSYZZHDE UDD, |
zytuovyeyeyY z31Uuvp.

Cyl1zal 1, YYUpPTPpULUY zgt | L£F8 2piUAGCEa@L{h=9m] f T2
Gd, Y). FLeTHBuYBi 1f 03! I nUTRE 5] 2B ! 33 ZEZEREC G
OpalLf 3V I CrTBAXYRBAZIAWDE FzDZ g1 ZZYOUp 2 VEBVI B s (XY,
UY3YZYT 3pZpU3120Y ULVputs3t]1 kF VY1Z13YIp 2 YRu
OpaULf 3YEYZEBPpE3EExIIUZIYBZZE 2p3 1wl UYeY UXHgsft 2
CL1z{1ULE]l 2 Z1s513VUE YyEZYzuYZp OpaULf3ZLVYeY hd Up
2TptOYZ | Tz32fT =Z2&3z VyYYZZ|s513YU, B53XxYaegstyz3ek
212YDBZUYz3Il Z1gYzZOp2ttf Z{1s13Uf, z2DApPpULLYT =zY
YYDR2u{ULUf]l Y3Zt2p3lulYeyY 31Z20f51zUYeY Zpzsft:
zY1 2t QQrMaEET fWB 1 ZBDP@O WOYWPpTHPULUY Y3I3zg3z3atCHTay Yuwf €
2yuwY3l =Y 1450°]|

tpUt o YRZPTYDO, RI wft ZpTZpRY3pUI zf 31 3f351:
st T Ut 51 z Ut 3, zZz3Z2g U3 201 3, OpaUlf 301 3 1tz F1 ZC
OpuwYftTgd510ULI 3 YUzfxYe Up YzuyYyel 3pLU3Ipup3Ye hd

WhRY3ZH &1 yYuwU] Up yZf g(-13p0025.YYT yYsS] Z; U] F

CEQPfoD hDAWTIGEGI DRGNbOCH QO T by €& SVECEIBO

0.5%W
THE HEAT TREATMENIENCE ON THEM&RDOPERTIES OFEPE®%GR0%CO.5%\WLLOY
CYoyl t+.b., FtubDlea 9. F.

Vompe T.A., Milyaev |.M.
twYzzftDZ Kk]Z]Zpul Y] eYzEpZz32]00Y] RISt ]
Op3]1ZfpuwyYe]Z]jUEDZ 0. b.b. 2pTWYEH HWYzzf]
YYz3YDDOULUI{ OpaULE 3I yZf Ol UDZ3 2 *u{U3ZYOYEF
OpaULf 3Yuwicect3Ipzt YOUIlI 3 3Z2pULzyYZ3U0UIl 3z zfz310p3 f
VZ1 Zz3pewbZ3y!l 1| Op31Zfpul EWUDRZY¥TzRFIVT2e{YOf EA § Vi
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yZf 0101 0VEDZ yZ2t 2l zYUt3z ZpRYS5f3z 310V Z2P3CZ2Ph3
YZYI T2YEZYZR| DPled) zyupaYe YRlzyl5tepl3 2alzvYUu
YyZ12f TEYOOYz3l 2 gYzZOYa2pULitf fTZlufT, TUPSE I
3Z2¢zYTp32Z2p31 [3].

Aluwl! SpUOOUYT ZPRY3ZI RIuvYy fYRZPRWYZUT 2 WipDAFIZDZ2
z2YTz32 UpaLIGEGR|IEL¥EXYR2FUPEHYFE@Yul gZpOYD.

C Up>51z32] fzzu{IclOYeY zYyoFBH%aD. & %\ R BRE p
fzzul ZE10YeY zyupephp yYugdSpt hibif3Y I WJ WpYHA Y5 WYESY
5p330YT 129281 . | NGUt 1 yZYeYzf ut fzzulZyYepLE 1
YRZpT2Y2 tTESput 2 PpLUETYIZYYULUYD f fTY3ZYYULY
CPRYZPIYZUVNTO vHUSIEUZRZ WHRUIZPY D 2 OpeaUf 30Y0 yYu]
YRZPRYIUE yzZYevystut 2 upRYZPp3IYZUlz Vy15pz Occgl
2fz3121Ttze2Z2p8l BgEB3mddMHprel ! L ZEPt PXE2 320t SPE
yupUEt ZYepUEDZ +Uzy 12t 0103p 2z VY Y3ZIVUTEAW 12 1 P3REL

PuDZ fzzuwl| s PEOECHWCOz WS pR| BEé YYuweg51U0Ul gzpel
Tp2tzt OYz3f OpeUf 3U1 3)mbazxRBl ¥RETE2DE DY 2PY [zB/ep5]
YYurgs1UO g2Y21 Ul ©OpeULE 3Vl Z z2YTz32, UYZXal T ULJ

WORY3P &1 yYwUDDpzl y Y-O00MEEE.p ZEBLG VIDWDEOTH 5P
tzzuwQUlyepzywvpeyYye e/ yyYwvUO] OY yZf sfOpUzYe03] yVY2
00666.
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VPt RYUw11 Y1ZzylU3favl of SuDZ yYugs510tDZ st ZYUw
31Z0YRPZIT1Z0U1 3 yYUZI 3fT ZubDZ p2fp2f YOUYT f UY;
S13puwl T |a3p TS 2HKI W3 VDB, 1 151221 ODZ zubDZ ZpTZPpRY3
fzyYul TE13z2zDZ 2 YzUY2UYOD U1 ZpOtUp ULUp YBUVBEzz %
YQ) . GIUpUY 2 3JZpUYT ULZpOt Bl OWZEPVBREDPSE 2P BV
yZta2aYsIbDh, 2 5pz30Yz3ft, U zZpz3ZlzUtapLf! 2l zYL
2f ZUYVLVEDZYUzf SYD epgLEDZYyY3102f puwllUY yYT2YuD]
Y2aU]|yVaLY¥EBE yYa2l s1Uf] 310Y1Z2p3&EZI Y301510ULYe

l v1ZE13 YzYR{UOUY yYYZI531ZUULE3I, 53Y yvYels
21l zYUY31OYy12p3EZ0I 3 0Op31Zftpuyvye, Uupu yzpatuy,
3eYYyupBUN] ®iigpbz32f] ##3YaY OYt13 ULUpRud Zp3I
sfofts51zUtz z2YTz32. QU1TLLY YyY F3f0 yzZ2tft5tULUp0O Z
SYz3Y21ZUYT tUgYZO0p2tft Y yZY21z20p3ZpO& WHZUbE L
Zpzz0p3Z2fSp1 0Ol 3 3Z13UYOyYULiUL3ULI 3 =zftz310, zZYZ]
3Ywll UY UYZZ{IU3ZLUY yZYa2YZt3l 21 zYUY3U/BpRUZ
3pZpUZ 1 Z2Etz3t Ut tTERPpOIZH2VYL2IEDODZ 2@uw ! {ZpyDZud AV
YyYZzYsIYa. QU1ULLUY FTUPTPULULI BE YRz3YDBlulz32pof
fzypzlUEDZ f 3JF1Z0YZItULUpOES|1zUtszs za2YTz32 3J3Z13UY
Z1ZTUWNUO 3 *+u{0OlL3Y2 yzZt 2l zYUt3z 310Yy1Zp3EZP3.

C Up351z321 VYRplU3Y2 ULUpz3YDAleaeY fzzulZYa2pULf
Z1IZUYT1Olul Ul 3  +QY@EHQ BaB-HO-HIG YORZFOMIGDZ ,S@nD-HfG.
KUpTpPpLULIUp t REYmF Ol Zzy 1 U3t 20l UpU YzULUY2p ZZuDZ Z
5pz30Yz3f =z{lULzYZYe, uw!0OftL1=z2103V0lI3 yYUZI 3T,
epTYZEZREULVUI 3 z2fep3luwlT T zY2Z21010LULI 3 tPp2YY

QTESYAY Al zzYe fzypzZlUEDZE 31ZOYZIfUpOES5]zUfs3s
zfz310 yzf 2lzYUt3z 310y12Zp3cZhb3z 2ol yarLYIZYOIUD
[6, 7]. dp=p5f =pLULYeY fzzuw{IY2pULiDZaUuw!5put :

zf U311 T D2EpZBUDIBAEUYeY f gpTY28YeY zYz3pep

£ X103t gtUp2t! zYz3pep ypzZp UpZ YRZPpT2pOf Z

YYZ1Z{lwlLE]l ypzZ2atpulLl 3z speuw]lVE] OYuwl USuwDZ

YYZ1Z1OYREVDPpBIE|2zUt3s zaYT[z32 2 (TE5pPp1 Ol 3 2

- Z2pzzOY3Z]1 L 2YTOY{ UYz 3f yZE Ol LUl VLEDZ Y Yu,

3120YZt0upots5izUtz z2pZ2pU3] 2t zHG U UPZ DEzUvweylY Uz YOY3
clwtftu 2 RftULUpzZULI 3 zt=z310p3.

GRZPpT2! Ul Zp UoH@ Lava R p-ZroHext  8MQ-HfQ
zf U317 TEZYe2pUl 3I2DZIYegpTULUI O O{3IYIYD Up YzuLvejl
Z1palU3l 2 Tphp=ZpLLigl zZTYROVFFYONDE zBEFVURE Z2p W 21
yZizz]l YYZ Tpeuw]lLil0 200 RPZ 2z VYYzulzZe!s{1T 31
3120t 51 2z UYT1] BRGH REBRIYUE [B8f V3| Tt Z¥LFEPp3Zh UL V] 3\
13].

GYyzZl1zZluwlVLf ] UYuft 51 z32100YeyY 3t0t51zUYeY =z
Z1UL3z2lLY2zUYeY gugYZ1z21 U30UYe 68 hogdeukdr AFh Dpz 2+
cAOPLERDPTY2I T zYz3pe =zf U3 TEZY2pLUI 3 YRZpT2YZ2
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pbUOPput Thp ULUp ENRYREAD UBANAMLGBIZITU Y 1 A® p URA T PORpADIAI 3

(F1tZEULUPZYZIULUIT 21032 tgZpU2VYYVDBRtBLEPDPDPT) 21 ¢
ut 321 vl =p. -¥NYE32YX¥RB21Q8¥3881 chpTY2YeY =zYz3pah
UVpz3YDA 11 22Z10DZ2 uft31Zp3&Z1 cphpTY2I U Zpavyvyalz

QTES1LE 1 YWENMIDZ Y2 F1zZZ20YZf VpVES|12zUt3 z2YTz3
O13Y2YO 2l zYU¥y||Wy31Z2p03 e220 WE 29estgizl Fuz 3t 383 P
YVZE RYZYZ3ZY{ 1 UEDZ bf [ 11 h, E1LVEtLeZpZ tzypZPYPL Dz
3120YZtf0upotsizUtz z2YTz32 3ZEZUVUYuw] 3&E5ft3 2148172
Sl yYuvOLDlULOY T zZ2Y]TUOUYT ZYul gzZpOYeYT Fgge&Tf YUL
UPpRul Z2p3Il y1Z1zYZ €z3spONCEPZROIYe VpUYXREDN2pP3
puzta2LuyYyz31T UYOyYL1IUL3IYe fTEgS510LLIZ zftz310 2 U
zYY3213z32&g!8f3 Z1ZTUYT]1OlulULl 3z #v]0]1UV3Y2DZFYuw
+ ]l U3ZYUUYT R¥VRWBZIZYPZPT.VpEpARZpT2p 0Ot Zpzzl
FUO1Zeftf fTYULULETEZE!ISE 3 FUulUIZYULUX¥EIBZZFE. YRBB1 LE
Zpzz0p3Z2E2p1 01 3 zf z3wd URRZXLADF Dt ZYODry tf ZI] wvg DY 2 §

Yy 2t ZpzzOY3Z] LT ¢ Zp2ULUYREzI{Ql 3Y¥ELIZgIVzY EWRPD
zY1U3Z2YO]1 32ttt yYTaYubDl3 fX1U3fgt2ftZY2p31 zYz:
VPpZ2tpuwll Ul 3 Tpauw] Uf Tp DIYW] DZE FDZOY Jf §PrEtos5 \Yzh Eipz f
3pUutl, UpU pu3favyz3f UYDYyYLilL3Y2, #U|lZeff cf
QL3 1 LzfaLYz3f (2VWOUVUBZpIYWNRZPS UPREzzYRZPp T2p Of
VZWF2t YOpul Ul ypzZ2fpul UI O Tp2w]lVEDD OYw] UL uD:
fzypzlUtf T FggETEYLUYT UPpOLZI BLUEZz{ULp [ 6,

2 LPpz3YDA|T ZPRY31 GAGIYEIERF O FEI 22| Phed blud iUty Ty 7
OYu{UTuDZUl 3 gYZO ypZp ULUpSZ YRZPT2YO zfz310l -
z3pULVIPZ3IYD IubDZ YYyZ1ZlulULEDZ pU3tavyz3t zYY3el3

C Z1ITEul ¥EZFP 2PURBITYEREY gpTl ULUpT fTESTLLI OF
Opz¥ 1 U3Z2Y0D1 32ttt gz3pLYau|l RB,605PY fayhFFIVEIp R
Gd-Y.Q-HfG LaO-Y.QrHfQ ¥YQ-ZrGHIQf SMQHIQY ZY 31 Up& B2 iyfy HUY 1 Z1 3
zYY3213z32¢&! 8f3 fUst2fsgpul LI 3 YUzZZEEYRLPRUNRED
zYY3213z8B03Z20Pz¢pZp UPpS fTES]LLI-DOY] BFEABBWY O
zYY3213z325Il0l Of QR PIQE®t HI60

l w1213 Y3013t31, 53Y UpftRYulspDZ w{3E51z3I
vupL3IPpLYEZIYS, UY3YZI |l ftzypzZDartzl =z StzzY2fp2t
vpUO3IRLUYLBY:

MQ] = 200 +Q), (1)

2 21 uepzzZp30I ] t UzZgeul ] z UYRUt z2YY321323
zYY32] 3z3GBHVWY PuR/PpEZH U331 Z0p 3JZpUt 1 Z1pU2ftDZ It z:
Ut zuvuYZ2YZph:

[SmQ] = 2% + 3D. (2)
| 21 Zf YUztIY2a Z1IUYT1O1luwvlUl 3z &uv]fOd YEFRLILP
VZY31UpuY zYaupzUY z3{{Ol@RY. SNFZDEYWEL 23EOTYR
[Me@) = (MeO) + (0), ()
[Zr@ = (Zrfp (4)
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221 HRZt =
fpz tTgS51T0LLI Ot YRZpT2pOE gUpPTPLULI Z 3JFZ13UYO
zuwlZg! 8f3 OYwl]UZuDZUIl 3 gYZU YypZh:

GIOrdovp s zf OFDBOYZGA310Y12p352]1 2500 O [8];
LOYX OV p = z LaaFQBEZt 310y12Zp3c521 2337 © [9];

YOZIQZIQHIX OV p = z t.@BFRHQYTZEY 31 Oy 1 Z p SHEMYR 6BHS © |
zfz3 | @GYFHGEE 310y Zp3EZ] 2373 © [11].

G3013ft 0, 35IFYOZBIABPUWADP FITTEWI ||Vt DZ Zpzz0Up3Z2E2p1 0
zYaupzUOY gzuyYef! y Zf UY3IYZYO YRS11 Zpeuwil Lt
UVl YRZYZtOYeY 3subDZ ZlputTp2tt OYul UL uwDBU YzeUyY 2tyz
ZpalLyalztDZ ClIRYZ 2123012y yZ1Zlup 310Y1Zp3:
V1 YR3YZtOYz3Il! =zY3zZpL]ULUEDZ t TOLVLIVLET =zYz3pep U
SzuYetDs 2 yzZY21zz]l f(HYBAMLUDZ.2¥0zWYZO02%l! %
Zpavlyalzfl U1t =& TpZpLULI OV 2zYz3p2YD UYLITULztZY

FpUED YRZPTYOD, yZf RYull 2l zYUYT w13&5123
yZYa2YZtuYzl yZ§ RYull @HPTWYTUPIIRVNADP ITEL JY T
31Z20YZt0UpOES12zUt3s z2YTz32. fp YzLY2]1 YyzZlZlul
f TY3120t512zUf3 gzuYa2tbDas gz3pLYauwlULY, =zUYZYz3f
VYZDZREPpIGDERYz Zpa2ULI U zYY3ZULUYs ] Uf BTGV VI Y
Y,Q-HfQ@> G- Y,Q-HfQ> YO-ZrGHfQ

l w1213 Y3013ft30, 3533Y U1Y3plOuwlOYT 5pz3l!
fzypzZ2l3UfAAYEE UpOE 51 z Uf 3 z2YTz3e2e zulzg!'dst gz R €
Z1ZUYT] O1 vl UOEQ, H-HIQ YQZF 8-, Gl SMmfQhu]l TEwI 3p 31 f
SUpPTROLPpZELVFIZ1T O yZ2i 212001 {2.8pMRree3fAzZYSHPDUI 3 RE
OpRu! puf zl Y3ZE2p31lul U1 Y3UwYU] Lt DZ-2Y6% 0f 9.p
YYUPTPUY, 3533Y TUpPpS1LEDZETRI ZYS5VI 3 @&VQ¥EeAF cf R
S, Qf SO Ye g3 RI 31 YytzpUOUl 2 ZpouUp3z OYZjiut =z
2630 ©, 2660 9, 2373 o f 2373 © zYY3el13z3e®
Uyuoz2iu3zpz2t YOUI | Tpetzt OYz 3¢t f TRP BYZERYlearp ZOY Z
zERZlefuDZUI 3 Zpz32YZYe [21]:

E
IIBGY —

RT Xaa0,Xv,0,[ - 6:41+1.20(X540, - Xy 0], (5)
Dgz = X0, Xz0,[- 444+ L52X, o - Xz0)], (6)
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| EGAfOD GAKBXKNGEA IWBCA8bQod bGEQI EDfQP | G
| OMPLEX OXIDES WHIAIRE STRUTURE OXIDATIONREN
cYuYIztODPRI2ZZTHBp PY Glfr ¢ ZBe YRZIcs.1 2p b. C.
Gol odukhina S. V., Liberman E. Yu. , Ar ap
wyzzf D7 QoUz3f353 YRS]T U] YZepUF 3] zUY
huyzzf DI WYSEEDXUNVFEF]PUUY SUFE] ZzF3]3 ¢
Stuyyz zf D7 @ Uz]FB23Y FEsUFFISTIPOE0. b. C. + Yy

ClzuYyULll =2pTI pb23YOYRfw]l T D2ubDZ 3zDZ YZULUf O
ceuwlVUtzuYeY =2pTphp 21 ZuYYyULUI ] e pTI zZYZ 12t p3 Y Z°©
Ceauv] 2YLYZIYUW{ BHEBBYVIFREEZYSIgUI3YS gO1LIspPp! 3, T
Up3puf TPIYZP3.oSha(LnEESWN) VU DZ0A DA (L eRE&E § WEIIAE ZZ Y T
YZYD2uwDZ 3 21 zYUgE! pUItaLYyz3Il 2 A1ZPYEAITCY UzUBt 2t uAY
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T21ufts51VE]l 310Yy1Z2p3&Z!l YUtzuwlULVEDZI G z ZYz3YO
Z1pU2tft DPURBHOYHABN 2 IpLULYShOQADIFBhERUDI @W{ Yf DX |
2YTOYt UYeY 2ufDDEDZ tTOTLILEDZ 231y{10LEf YUfzulV
fzzulZYa2pLEDZ z3puY fTE51LVE]l YZUREWQYVE PTI T Gy V3
LnFeShL.

QTES1LLY 2uitDDE]1 ULp UPPFPWEBYSH zHELIPURE L DA
fptolLIsE! puU3tavLYz3l YZYDEuD]l 3 Up 3PAKISEP 3prZ
Upf RYuwlaslgylz 3@ U3AYUp Thuw YRZPpT12 1, =zfULU31TfEzZYapUL
pu3tceuyz 3t YUpTpuyYzl YREzuY2ul LY U] 3Yul Uy z
zgul gp3p0Ot, yYzUYul UE pU3Jt2UYEZBULE VREZPpTFpul Ik
VI TUPSEZTull VY tTO1VLEupzl yYzul 21 =12ZtfeapuLfDzZ 2
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Wtz. 1 t]OY]ZbIEZVPDZ THELSHAYZFWIYTOZYBHUU/ @0 U]
381 Z3 Vs p Tdxl Y]y 226(f BF U, ] 29 (5XF S W e 58 3 & MOBSGBLG v p 2] N
8l S]ZtUp YREPTZ2p -PREP EORYrpZY Y ZF I s pBIYEZYBFEUYE/
CzwYetDE 21 3] ZtUp & Zpzywpe] zsulsf

Y Zf{ zt U371 T1 e Zpzyupe] zcul gp3ye Spz3t 21

V1ZY1UZf USuDZUY UpyZpauwlULE! [001] (2Ztz. 2R).
yztalup U 3YOE, 53Y 2Uuvps YUYRUVIFU [PoaADnp %e
VZ1ZYYueYtf3l, 53Y pu3ztavyz3l pLUUYT yuYzUYz3
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c2cxZs51ULE1 Up3put 3td51zUYT puU3zt2Lyz3zt =z TO1ULU]L
21l zYUpPDZ pUZPp2ODYEZlNzYRED, YyYugs3iLUYeY 3pUL |1 2
ef SZYZPDEURYRYYULUY2!l 3 gzuYet D5. wpz3ft 21 F3YeY
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Uyvelzztt | GSh, YRXpPTBYPLULAFE21ZZIYsgphpTUI T zf U3
Y3tfeYO, zYz3YDAf3z T U2pTtzglzZ2t51zUt3z 5pz3f 2
S21uwf531VEIYBIBY] B BHOEN=BS #F)DZL JWIFel s LVf 10 Zpz:
YUZp+ZZY2 (Sb, Fe)O6 2 z3ZfU3EZ].

AR

Wt z. 2 FfUZSES YREZBFITE 26FRVUVI ] (T YUzfsye O]3YSY
(R)  efOBYBYZOpUYEY] YREZPRYIUYT 2f5ZYUzfsye =z

DPuDZ YRZHShAY 2 RBuEel vf Yy Z{1Z{lwlUlI zYz3pa f 2?7
yYel1230Yz3f zuYt Ul 3 YUuUuzfsIyvye paufff. Y TRFP Y p v t
VZY21 Z1VEDZEUPTPLULUYTE ZRip U WDAERA BZ] VA FIWitzlv 1AZF |
zYY3UVUYs 1 ULUEDZUp3ZEtYLUY2 Sb t Fe 2 ZpTULUIl 3 231y1UD
21AWDA LUp YyYa21Z3ULUYz3t Up3Ipuf Th3IYZRY Lz PpAIVWL 232
YZY21zzl 2z 5P SEit peF&p 3 Y@t 1SbZ{ 51 3Y50YeY Ut
fYyovyzg t1ui{Th UpU pU3t 200 3p 23 UBEWZRS ty YERRHE TZMH3
Up *GayzZf *#3YO Up YyYe2l1Zz0Yz3ft Up3pufTp3IYZY2S U
ZYY30Ys{1UE]l F#uv]10103Y2 Ln: FeO@RIEIPp YyYeSe1Z2zU0UYz 3f

F13YZX¥PlWBPAY2zUYsysg ETUY2Y Y3Zpt1ULUEDZ in situ
VY21 Z30UYz 3t SEEYMEERIr3WEZYZ3MUH13 2z £5pz3E10 YyZYO
O13purvuwyYa. C 3Y t1 2Z10DZEz3pLUY2WRUVE]lEZBELES GDAYR
YRZpT2Y2 =z sZgef Of hdq. fp YzLYepLEt Z1Tgul 3p
YRZpT2Y2 YZYO1t1tE3Y5U011 UYOyulUzl UpZRYULEwYS O
f LVpaZlepUVEIPZ VYHZHTYRIE3UXYSI|1Ztpst3z Ce f Pr, U
Up3puf 3f51zUYeY 2315ZIBY. 0503t OO BR YZE S elY,] ¥Y3ZY{ UL
E5pz32g! 3 2 ZlpUuU2tf YUftzu|l VYBRAIY®BzBRTAZIZREDT
YZYO1tE3Y501 3 UYOywlUzYe UpZRYULUfuwuY2 OUl3puuyYe,
yzZteaysst3 U z0Dft1Lf! puU3tavyz3t Up3Zpuf ThpIYZYR2.

C Z1TeEwl3p31l VYZYSZ1upLUYT ZPRY3I 3YYWDYTHIUM,:
LnFeShQ (Ln=8m) 2 Z1pU2tf YUfzul Lt DZ | @ YerZDHWIYRH 3
VZY212z2zpO 2z ¢&E5pz3f10 fyvuvye t1ulTp € zg&gzIlol,
VZYOlt £3Y501 3 UPZRYUf vl Ul 3 2z VR3O (3 UTp TPV Yy, Y 51
pU3tauYz3l f01!'3 YRZPpT2!l Up3putTp3YZYe z UepT
[001] 2 yYelZzzUuyYz3l.
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YYuf UZtz3puuwt 51zU0t]1] =z2ft03fuwwD2f YOUI | Op3] 2t
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a3p FIprREPR1ULUp fTES5]LE! 2YTOYt LYz 3¢ ft TOTLT
TpZpLULI 3 =2z2fUV3fuwwbD2f YUULI 3 3pzZpU3l Zt z3t UYYzuw]
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013YzZpoOt: | QF, hlFb, kb, gY3Yuw! 0tL]lz2]10V30Vp D7
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C yZY21zz]l (TE510fDZ 2B PBICAKO2G23P 2H 3 Z BURS
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ELECTROCHEMICAIRAREYRF-ETEOsHOLLANDITE WITHOGARBATING
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zEY1ZUYLZ 1 Lzp3YZYS yZ|iZIz3pauwuDZ3 zYRYT ZpT2af 3
UYOYYTE3 (YZY2YIDAf] Op31AIDuvD] IpywwD)| 2 EBE
YY3102ft pull Ul 3 Op31ZfpuyYe SubDZ +uw]lU3ZY3ft Of 51z Ut
013purvuwyYe, 3ZIpUf]l UpU YUzftIl OpZaepL2p, t1uvlThH,
ZITEUvARPRBPRBIU]L f yYugs]1Uff OpUYVYZEYUREER ZYLE
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UpUZESp3IYD 2 Up351z32] 2PX¥ITZ¥HUE FE2H  Up UBHWIY 2t ¥z
ZpTZ2pRPp3I3lI 2p3N ULUYSI |1 t FgglwBtecLlI 1 FuvlUIZYZULUI ]

PDubDZ *#uv]l U3ZY3f0f51zU0ft3z UOUpUYYEIZ{luw]lT #UL|Zefft
YUzt S|l 1w YBWizwl V8 Bup B UEYRY =0V Zp Tt SUYT VY72
z3YURSp3YT. DuDZOp3lZfpuwYe zY z3YURSPIYT OYZg
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3ZERU]T zY zUYZYz30l! yY3IYUp 100 w9 ©f DY ®@wHBY 150 Wt
fzzulZYapul 013YZpOf zUp ULt ZE ISP TIY2 ¥e Y UIEWHWYT
zY 1 UZZIYRWYFEYLZ1LUzp3YZl ULUp f3 YzLY2]l zYRZpUI
CR2025. QuilU3ZYSbEE|Tp z2Ypr vhYVZ3 30y p 1f T5 p& 3t e
z3puwl LI | z 1 3 Ut 013YZYO VYYZYZlzzYeUt. & 1YypZ
Qul U3ZY3t0f512zU0Y]1 31z3ftZY2pLE]1 YRZpT2Y2:- 2f UL
ZpOAZUI 1 UZt 2l 1l YYuES1UH omi ¥YWFWS IZI2 ¥ H{| WREZWE 3P
2f Vvt 51zUt3z 2Yul 3pOY1ZYeZp00 Y2101 UVUp EXZluwl LpD

. . 0QL

6 =h T (1)

2 X0Qaf V31 2Zpuw UZEt2YT 3YUp 2 ZpaehWRt 2OEDOE Dpz @
Tur]l UZIZ¥EBLY 2y Y31V02f pup UZE2YT DEXUYEYz®N Tz BNU
(OCt2)wt 3t Up 3YUPp 2pull 2§zBE% SPE ZWIEMDEPY(EHTEDE
Tp 2t Uw ZpTZDZpPp (C).

PuDZ Zpz3513p yuY3LYz3f OYsLLYz3f (C3/Ue) f y
zYY3213z32100Y, =z E513Y0 ZpUL{11l Zpzz3ft3pLLYT ¢

6 -V .
0 = h T - (2)
&
., O @T1OD. _
' 3
0 % h 7 3

2XdeECT 1wl Up DZ | LVUNUEYS Il Y(3K/Ue2)t:p WiV ( C) .

l Yz3pe t 2z3ZgU3EgzZp zfULU31TEZY2pULUUYeY eYuuwpUs
(zfz. 1).
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Wtz. 1 W]U32]UOYEzUpPDZBT@EPUIY2ZpOUpH e Yuw

fp ZtgZpU3Y2ZpOO]l VYYug510UUYeY YRZpT2p yZfz
VZYz3ZpULz3210OUYT 2Zgyyl (1 4/ m). YZtzg3z32g!s
Y2101 U0Up YUYuY 2KBTO(fH) /3C B ZpWEBIYRZDZODIHUYI UH! 0]
OY{WIFUOVERZDp TY 2D LEH OF 2yDF WAVRY DI Z3 VY & BYEEHE 3 ¥ U
Ol VIgsefify2r32|1 92 eEUEHBYFTBE 1A, OY{ 13 RI3ZI Y301z
f zYY3213z2¢&13 caupt LILLYDE VYUzftIEf 2Zpgl Lp,
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VlyYzZ1Zz32100Y UYULU3pUIZEtZE! 8f0f 2z 2YuwupULIf3ZYO
Zpzzl3YDLIEO A (001).

Wt z. 2 FYEZgKTDEB RiteshelKFTOMR O)

FYZgYuYetDZ RpTY2YeaY OUp31Ztpup eYuvuwpLUZEt 3p
EPpPO1T3Z2Y0 Y3 100 LU zZY 1,5 TUKX Ul zurfgh o33 BE 22
15. YYzul VpUL1z{1LEDZ YYUZI 3T TaulZYZp OYZgYl
c2lut51VEDZ 5pz3ft2 OlULIsleY ZpTO1Zp. QqQ3Y z2aD
yYel1230Yz3f dYuwbfRYt FRYIBsBWREIRZIZpPpTZ2Es5 1 LVE]l UZ¢
2).

fp ZftzfLOUl 3kFZNIZz3HFBUFBI O3IpULPp3IPp Upuf DZ
Seuwl ZYZIUI U GhPUAL PUNXY VITEc3hr e2 -Z40yHpDYUV] 2YulLYe
YYuYzp yYeuwYst{Upt DE oy Z2& v | ~U43528s hagtE IV Y Uy YITDZ3 p o
UYuv | REEQE DA aTIDA DO, YYI324Be¢ZhDZFRZUVFIITZHPULUE | cor e

il Teguwl 3p31 Ztgg1Z2102t puwllUYeY 31 Z20f delelpyeXuv D
coreshell z3Z2gU3gZtZ2YeSpULUUYeY ULUpLYOPpI31ZEtpup yYUpP
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—— KFTO(H) sy
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be KFT®) & KET®)/CB
wtz. 5 ©8Zfal] Cbt subDZ| O yZf zUYZYz3f

fp UZfeaYT Dtb UpRu!=Zp13zDZ +@YYIEATeFRLLYBT V
5,82%, 53Y gUpPTI2pl3 Up Y3zg3z3adtel | yYYUZI 30D

GUULUY VyY3{1UL2tpup Cbt zYz3pa2uDl3 3,6 C, zUYZY
SuDZ zEY 1 ZUYVLDE Wiz pGEpr Zhpt s/ Z215T2z3p 2

CYul 3pOY1ZY2Z2pOOI f01!3 £gYZOE, 3pZpU31ZULE!
FrlU3Z2E51zUYeY zuwYDZ YfUf UPK CHILUVWELEDARz DZYZ]LEF
zYz3p2 a2YuupUZt3IPp BEtIFVHPIpYERBu HFIYIY (YREPBW! T
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l-10 1,41 41 12 45 38 6
120 1,49 52 39 12 48 26
115 1,37 45 18 16 67 13
[i-10 1,45 47 26 22 58 17
11;-20 1,55 61 22 23 42 25
GRUPZEL 1LY, 53Y 2z 2YTZpz3pULE1O zYI{ZtpULt D’

YZepUYOE UL Zpuwl LI 3

O13pLUYUYODYYTE 3Ye.
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yY2l 51 Uit OpzzYeYT IYuf yYuf OUZE 5Pz 3202 9% p TUDR
YZUpUY, =IubDZ UuwfUYYy3fuYut3Yalz VYYZYS puU3tefz
zYZ1Z{pLEDZ35pz3f2 pLUUYeY ZPpTO1lZPp.

FpUEt O YRZPTYOD, O13pLUYzt 0O£31rURDBVXET ¢ Uit
VYYZYEp YZtuwp Of YO f yYutft et ODtwyel O zyt Z23Y0 VY Z¢t
YY21230Y231T YZepOYOUEU]IZpul Ul 3 zYZR{1U3Y2 =z Y5

kpTY2I T zYz3p2 21Yuft3Yal 3z YYZYI OD3BYIYBDPPL
2utDDfE1 ULUp 3 Stzy|1ZzUI T zXZ@BEBR{ 3WZYTOWIYIZEMN.
YYuf pUZt upoft zp UpRu! Zp132DZgstZ]VE] UZtaYT Zp
f 0113 01z3Y Yzt 2YUuX2Ye3e ftziy { Z@B pOp F.Y 3% s\f ¥apf2d {DA
Opz. % YyYufpUZftupOtzp L] (201 W3 a4 Iy YWZ 22 IL;
YREzupauwtep! 3 st Z1U0UEDZ #3f3 UZfal 3.

FPTZTVY, 53Y ge2luwfs5]Uf | zZWeu3Ip 51p 2Y3Z& 22p BYPOTt O 1 2%
zYZ1Ztpst3z yYutetLViuvvyel T zyt2Z3 zYYZYeY{:zpl 3z
Op31Ztpuye, zYSZ1Ztpsts YYuipUZtuwupOts 3IpUYT Th

| YQI GO Il t GUWfQeOGC:

1. 021V B. AlYuf 3YRI:1 RXYA,] UEWUMDEZ.UI 78 1z f23.p .

2. Uygur Veli, Celik C.S., Enise sukunu, Muj d
and desorption by Turkish natural zeolites // Fresenius Environmental Bulleti62B8017, 26. P. 62¢
3. MaTei kieeinkea AM.,, Rfamh ent ukevi ciene M., OO0Okini

petroleum products from water using natural sorbent zeolite // Journal of Environmental Engine
Landscape Management, 2005, V. XIll.eN@1P. 187

4. D1 Rf Qv &. Y. @.0 z zZFuf (ud Yuavpelpf 10 .2CYYZR2f YLUI 3 z2Y’
ThuwlepUEDZ2 Tpatzf OYz 3d] 2YRBU (EE | apral YORETU WaYe | 2¥s:
cLutec1 28131 3FK) yERBY 2 (33). | . 15

5. F13pLUYUWRYUITZZYEEPpOLXrDZ Op 31 Zf puyYe z ULYal Of
Y3e. Z1Z. G.Q. &EXVOVYIed@UWHf, fXBYa.f R4 Z4 Uz . Q(TZ
ely. 26).

6. k1 LluwYLUY2e C.O. Celziuvtl 2 gtTts51=2zUg! 3t 0Of!
pzzYZR10U3Ye2 f Up3IputTp3YZYS. fYeYzfRf ZzU:
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CEQPf QD { TEYBHIUGKER®DG cfoba FoGhkodH ot UWDT SCKIIGIGF Y G
(CkZLN Y GBhOt @3
EFFECQIF ELECTROLYTEREMIRE ON MORPHENDGHEMICAL SOMPOOREBCOMPONENT
(CLEN) COATINGS
biuvtzyep b.c., t!1PZ2Iluye F. f., DpU
Denisova ATgurkov.M., Danilov V.A.
wYzzfDZ f Yuwl DB 3 Uz UValpnaenéewficghmattans 2] OO T & U

KzUYZ1ULUf1l yZY21zzp 3f0f5]aXYNZE]PpI2LF 3223 2U0p
| 215t 0VpL1zDDULI 3 =2131ZY210UI3 Up3put Tp3IYZYR
Up3puf 3t51zUrzt 1L EBPYV]1Z2¥YU3IE 201 O6] 21 21 WYI3Y !
Up51z3YzYBAWBEI TE1 32zDZ 01 3puwuwt51zUpDZ z13Up
31YyuYYyZY2Yzoyz30!, 21l zYUYT 0O13pLE512zUYT YZYS5U
YZUpUY YUp 0113 Opug! gZlulLE! wYSt2ZHFYz FI=
yYal12zz0Yyz3l Up3puf Tp3IYZp Thp 2513 LpLL=z]1ULEDZ UP

bUOPpUET zgs1z32&!sft3 ULVUp 2z1aYZIUDBULET Z1UI ZpT

RYuvllstUz32Y f TrzBip= {f Rulpe YZYZDY[O 04 3puvuwl, p U
L1zUYuwl UY #3pyYe, UpU 2 ZPRY31 [3] 512Z1T YZYO
z3YEOYz3f f SIYZYt{ pUT! 3f0t51zUYeY VYEY21zz

21wl OYO1 3puwuwt 351zUt 3z Up3puwvt Tp3YZYS Up YzUYZS]l U

C ftzzuwlZYe2pLEDE VyYzuw]lZUfz 1zDRful3ftT Y3
Vi RupeaYZ2YZUIl 2 0O13puwvuwye Co, Mn , Cr, Zn3f Cluz UNI
pU3ftavuyz3l yZYDRuDZ 3 Up3puf TpIYZI, HOJLSICl LB
z3p301 [7] Ppe23YZl Y3015p!3, 53Y 2131ZYelLUI ]
z3YEOYz3Il Up3EBHNVAIYZPYSHE zgV0el z3FBUI 3 2YI, P
Up3puf 3t512zUYT pu3ztavyz3l!. C ZpRY31 [8] pa3Y
SYRp2uwlUE] Zpt]l ULVITUPSEIZITuwlULUYeY WIYHYTH QB2 OGN
Up3put TPp3YZPOZ eYsUp31 Thp &KUtFUZPY Y2l s5p1 3 YRSE! UDP
Up3put TPp3YZpOE, 221 pUZEt2LI VU 21UV3ZYD D2uDji 3z D

GZULEOU T YzUY2UIl 3 UZt 312t 12DZ ¥FET2H BRDDY BE Dz
fzzulZY2pULEI5)YIOBPIN]l AFXYELH v U3ZYYzpt =1 UVUEDZ VY
YY21Z30UYz3f, ¢gyzZpauDBIl yZY21zzYO0 z3ZIU3ZZZYYR
Y1Zzy |l U3t 20Y2R@t T EUYYey5OU3DZ yYUZI 3t T, YRupzI
zY2012z30YeY #uwlU3Z2Y3f0t51zUYe2Y Yzpt | UfDZ Z2¢:
YYZ1Z1ulLOUI O 3Z1RY2pULUf DD, D2ZuwD] 3zDZ Y3 Wz uzviex
Ful UIZYuwf Th (zYz3pep f 310Y12p3& 2 Ftuw|l U3ZY
FurlU3Z2YYzpt 2101 Stz31 3 O13puvuye, b 3pUt 1 uvup3
VY yZf $+#3Y0 Oput5t 1 YBRBTIEBYTPYN2FEEUYVE 3D2EDEE

PDpLULPDZ ZPRY3ZPp yYYz2DA1Up VyYYug3]ULE! 2010302V
YYUZI 3t T, YRup=zZp!stz ZpT2t3YT yYalzzuyz3l! , f
zYZ1RBOPOUE 3Z2p3p 2t 0LUPp ULUp 3 OYZgYuYet! t 3zt 0Of5

PuDZ yYug510UEftDZ Up O13puvut351zUYD z{135p3Y0 LY
+rl U3Z2YYzpt Z1VUEDZET Zpz32YZp FulUIZIZYUuRGBMH ozVy
( 1 ATROS ORGAJICS) 2/ uy 6H Z(Nt(WO de G0 CDAWGFw] 200 =2/ w
zYY32132z32100Y. QuilU32YYzptZ1ULE] yZYaYyZtuYzl

85



| {URAPE pLES12zUE]l cELU2f YUpuwl LIl Op3

YueY30Yz 3l 122 3FUp] Q0 yhsl A 2pUT 120 fuzh RYZPENZP V¥ 3
OYZ{ut SPIPROS. Y& Up51z32]1 UpP3IYZIp tzyYulTYapusz
121 18f10t z ZPpTO1ZYO D5{ Ut (228%3) OUUVOCHuEAIp:?
O1ZUVUpPDZyupz3ftUp OpZUE F1. G30Ys{ULE] YuYsp=Zt b

quzy1 2zt 01031 yzvyeyvystutzl 2 z2p +#3pyp. | LUpP5H
yzt UYOUPp3UYT 310y1Zp3¢Z1., TE&EQUXiWBBUUwzib,
310y12p3cZl #uwlU3ZYut3p yZiD|1UDrzDZ{fsUYz30I T

Qu{ UZBEYIBUYZ UYYE 512zUf] fzzuw|ZYepUEDZ yYugs5] Ul
+0rl U3ZYVUUYD OfUZYzUYY]l Carl Zg¢Z$&] uDdgimay Z{3 1
+U1ZeYStzyl2ZzfYOUYeY Z1U3210WQEYZ]122]1030YeY

fp Yy122Y0D *3pVy] Ful U3Z2YYzpt Z1 0] yZYa2Y:t
FtUZYgY3YezZpgtt yY21Z30UYz3f YREPBZYEf ZYYUEI31Y
Up O13purvuwdBad2¥YTq]l zYBEATYSpuwYzll yYUZI 3t1 3IYubst
Zl zuwY]l] (zZ2tz.1 p).

Wtz. 1 FYZsYwYetDZ yyYe]ZzUYz3f S253UYOUWQNUBUItg) yv&
ZpTuwtS0OY[T UYUZ2]UOZZp2F] T UE3IZp3IpHp Z2f0Up y:z

Qu] UREYREY z UY Yy f 51 z Uf | fzzuwlIYapLEDZ yYalZ3LU
UZtz3puuwYe O1Zf;0pp0Y3/udbeIZIRILOV] 2y VWHI JtZOZz. 1 R)
YYZuYtUg, p 2f0U0 yZpU3t51zUf UVUYzJpUBEpLIULFaYY
UYuf51z32Y 2f0Up 2 YyYWUZ3 32{0rxXz3Baf &ivz 54, 8) Op
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Jff %70 N O70
- 60 . 60
g § o0
2 j"’4o 2 f”4o
s 530 ¢ 530
5 220 z 220

Cu

N

n Cu Zn
1L dzj Slstesdzd Isll4 dzj € Iste It dzj ClstetsdzdIs 14 dzj € Istot

b

WEz.2 tEOF5]2zUfFT zYzZEIYEPYISNPET, W TuF&] WFIZY vyl Y e:
(p)  yZt 3]O0y]Zp3cZ] #uv]U3ZZYvt3vye
FtUZYgY3YezZpgtt yY21Z30Yz3t YRZPpT2YES, YYug?:

1 2, 2), 2Z1 UYutd> 1 Z32YZRPYZFPYPL zyWe &2t g
YYUPTput, 353Y OYZgYuYefDZyYea|{Z3zUYz3f zgt1z32]
QzzulIYepULUftDZ yZf celut 31Ut 100003 (z2tz.,1 e2)
RupeaYIpzZDZ Upuwts5f! U1Vl 3z UZftz3puuwYe ZpTO| ZYO!

VPUYYupz3fUpOE. | YZ{Z{pUE] 2f0Up 2 YYUZI 3t
s2lufstuyzl Up 6 QEzDYS 3EZ3H.UX 3p)y.YURI EHEIY tWH !
U f2 RIz3ZYOE ZpTZEs 1UE! & yzYz2lzz] yYZYelzZlu

Up3puf Thp3YZYZS.

fp 23YZ2YU #+3py1i FulU32Z2YYzpt 2101 V3Z QY Z4f OuPY
FYZgYuYefDZ YYUZI 3T, YyYugd1OUI 3z yZ2f§ FrilU3ZYYz
OYZgYuYef t YYUZI 3t T, YYugd510OUIlI 3 2 3Y2Z] FuwluUsi
ZpLOULYD #3pyl YYUZI 3 DORYWYE|1 Z¥RVX Pl ZVFA4 ¢ 385F38

FYZgYuYefDZYyY212Z230UYz3f YRZPT2Y2, yYYug351ULULI 3
Y3uf5p132DZ Y3 OYZsgYuYeff YRZPT2Y2, yYug5{OLUI 3
VYYUZI 3t RA 2t B2t 32 YRZpTY2pULET OfUZYULULUI 3 ZpTO
Uzt z3puwuwft 3Ye, UY3YZIlI 1 YUZgt 1 Ul t YyYUZI 31 UpLY
| FTYRZpt 1 UE DB, hul b pULOPpUET YYUPTPpWYYDPIviS{], 2 2
2 YRZpT21, YYuvugsdSiuuYo 2 #FuvulU3ZYuvf 31 | 3t yp R1
64,2 Opzz. %.

FtUZYgY3YeZpgftft yYa21Z3UYz3f YRZPT2Y2, YYUgES
2z2), 3pUt ]l YyYUpTphput =zgs1z3210U0UY] ZpTuftsf]l z O
R1T Upeazlap. YYel1ZzULYz3l yYUZI3EtT, yYug5310LUI 3
O1=Zf, YUZZt10ULI 1 VLELYYPr pYEYZE VDU Y 2250 UPY, DBSTZUY 24
2f vuyel 3z yup3ftULU RYwl]l UZEZyULYeY ZpTO1Zp IY 10
YYUZI 3ff YUYuY 51,2 Opzz. % 2f0Up, 353Y XRA(TeY
UpazZzlep #FulU3ZYuf 3p.

87



op 3

W3z FYZEYuYeEDZ yye] Z230Yz3f S253UYOyYU] P3RS EBYUZI
ZPpTUuES0YT UYU2]U3Zp2f] T UVEZZP3pH 2f0Up
QT21230Y [16], 53Y z3pULUZpz3V0I | +uvDU3IZ¥r0Db6]
+0,34 C. C vt 31 ZYPFEES | W30 H3H WHERINT FDR 1zwiyBlY Kz
2YI|ZQp3MWDEP z RYUDL O*YYEFBEYRuYDI 3PulBpUL 1 RY
O13puw, UY3YZI T DBuDi 3zDZRYuwl]l RupeYZYZIULUI T UY
Upstz fzzulIYapULET. DPl1Tz32t31ulLY, VY & zZIp 23yl
tur{ U3ZYuwi3p yZi UYOUP3IUYT 310V1Zp3cZ1, YYUEs]
+r{U3ZYuwf3p 40°C, yYTeYuviuvY ga2{uwf>ft31 zYI{Ztp
zYz3pal yYUZI 3tTYzWIYPEBQUUEY VEf 3BV UFIBEYU3IZ Y
310y12p3cZ] 3pUt1 ETO|lVEwzDZ 2Y 23YZYOD zug5pl

tuwl U3ZYYzpt 21UVt yYUZIJZET 2Y 11 3fy]l HWBEEIZY
c2luts5fuwyzl 3JZYulUY Up 6 OUpzz. %, OYZgYuYeftDZYVYY

t pUt O YRZPTYD, yYa2l s1U0Uf1 310Y1Zp3CZl ol
T2E3UYOYYRIUBYERBEZOYYWUZI 3t T, b 3pUB 1z IVMTEVNWT uive ]
zYZI1ZtpLEDZ O1=f. | pOf yYyYUZIZIEDZ 01! 3 ZpTat3g!

Of UZYZPpTO] 2Vl 3 UZiz3puwuwyYe O1zf  yupz3fUpo 2
Up3puf3t51zUf puU3ftalLl sz Op3lZipuvye.
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CEQPf QD t THQfGEGOHRUEIDEG T fhib dEHEEHD fbodliGt @D 1(Q P
INFLUENCE OF TEGENIAL FACTOREMETAOMPOSITIORFROE NITROUS @QXIDE
plutzyap ©.G., QulfUL b.b., hFODD2]
Denisova K.O, llyin A.A, Rumyantsev R.N, llyin A.P
153000, Ivanovo, pr. Sheremetyevsky, 7 Ivanovo Stéi€hsmveasibechnology
153000, e. gepuvyvyey, yZYyYzy. N]ZFDEFrex&t Fjz~0

cvtel]zZzzft 3] 3
kristi1992 1992@mail.ru

Nitric acid production represents the largest gourcéhefddemical industry, with argiabal a
emission of 23.7 million tons /Aeafh¢ high impact.Of &% the environment as greenhouse gas and
stratospheric ozone depletory [1].

In this production, the formation of nitrous oxide is possible along two chemical routes [2]:

1. During tbheidation of ammonia in the contact apparatus, nitfO)ssdeidedilas atamget by
product.

ANH+ 4Qr 2NO + 61 (1)
2. In the process ctéowperature catalytic reduction of nitrogen oxides with ammonia.
2NH+ 8NQ 5NO + 31 (2)
ANH+ 3+ AN 4NO + 6@ (3)

The efficiency of the catalytic reduction of nitrous oxide (1) is determined primarily by the activity
catal yst . Tiexehargedtcatalys,@mrsicompositoi is weNkBown as divalecatioon® (11)
which closely collaborate opCleplNting. Thus, the formatiore 6f E@Xkey to achieve better performance
in the PO decomposition. The catalyst preparation method plays an important role in controlling the cat:

3],

Thecatl y st 8 s a© dacompasiton is oftenasigrdfisantlii affected by the various compol
such as®, @n the flue gas. The catalyst activity inhibitiGnaindia®Hould be paid serious attention to.

Therefore, the effects of theeompos i n t he flue gas on the ca
in the study.

Catalysts based on cobalt ferrite are highly active in the decomposition of nitrous oxide in the p
nitric acid. The residual nitrous oxide contemindéq@erdkected process conditions. On the same cataly
catalytic activity may vary. The paper presents the dependence of the degree of conversion on almost ¢
factors: temperature, pressure, water va@r and H

As shown in figunghken the pressure increases to 1.1 MPa, the influence of the ratio of componer
catalyst causes more significant changes in the catalytic activity. So, on cobalt ferrite of stoichiometric

50% degree of decompositig isfdbsedre at 478°1, and 100% at 548°
significant decrease in the temperature ®@dange
occurs, and at 347 ° |, neadeinthecntemboicdbalt okide to&4ymirp

the catalyst makes it possible to reduce the temperature of half and complete.@dnpi@gioSitfort of N
respectively.
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Fig.1 The catalytic activity of the catalyst bag@d on CoFe
I-FeCx CoO = 1.Fey CoO = 0.6 CoO = 1.

The reduction of nitrous oxide (I) contained in exhaust gases in various production schemes can
at a pressure of from 0.4 to 1.1 MPa. For this reason, we conducienf tietadifdcstofipgessure on the
decomposition of nitrous oxide. The figure shows the dependences of the degree e®dmtompositic
temperature and pressure. It is shown that an increase in pressure from 0.1 MPa to 1.1 MPa allows
degree of decomposition of nitrous oxide by 6
MPa, the degree of decomposition is only 17%, and at 1.1 MPa 99.5%.

Also, the effect of oxygen and water on the decom@ositpsentdd. The nature of the inhibitory
effect of water and oxygen is markedly different. Whereas in the case of water, it consists in simply bilc
the role of oxygen is presented in two stages. At the firstQtdgearhfitsiion ragabixygen competes
with nitrous oxide for active centers, and at the second stage, it mixes with the oxygen recombination :
idle cycles.
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subtiis DwDZ yYal s1 Ut DZ z 3 plRAE3UUIYYZ3 t 2z 3 UBEZFEIF Z 1 UYOR Z
epuuwEpTE3IYD, Rlup zgYZO0tZY2pUp yYuf O]lZUpDZ yul
yYutf 2t Dt vyt Z22Yuf ZYUD (PVP), yYutf Zzt prvuwtf uwzt O :
yZYZlovYvLeaRzY@yYRpzmIpRE vl UYz3l, 5310 z3ZTU3EZl RS
z | FI £ PEI fuoupyzguwfzZzYa2pLUI |1 RPUI1ZEfpulULI] U
UYUVD3ZYull) YZYZI|10YUz3ZfZY2pu 02 (UBRBMHEt S (gANT2T D
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