


/

HAYMUUfi cobet ah cccp no bjiektpoxmiwm
(CeKUMH BHOoitOTOMneparypHoW BJieKTpoxiWMM)
OPJJEHA JIEHHHA KOJIbCKMH UEHTP mm.

C.M.KMPOBA
MHCTHTyT XKMHH M TEXHOJIOrWH PEJP1X 3JLEMEHTOB 

H MHHEPAjlbHOPO CUPtif
ayPMAiCKMH OBJIACTHOM AOM TEXHZXH hto

yi KOJlbCKHtt CEMMHAP

no dJlEKTPOXtfMWM PE»31X H UBETHUX 
METAJ1J10B

(Tcsmch flOKfiajtop)

AHATHTii 1983



yi KOJIfaCKHtt CEMHHAP HO BJIEKTPOXMMtiK PEMKHX tt UBETTOC 
' ivlETAJlJJ.OB

TenMex jn,0KJiaA0B, AnaTWTM, KojibCKMfl hayxtHHti ueKTp, 1989

TeoMCti AOKHaAOB, npoACTaBjreHhwe Ha ceMmtap, 
OTpaxmoT coppewsHHoe cocTOHHKe TeopeTMtecKWx 
H 3KCnepHMeMTa.1bHblX KCCJIQAOBaHMP 9 OfiraCTH 
aneKTpoxMMKK pQorManuyeHHHx co/ieti, TexHonornn 
peAKMX M UR6THMX METaX/JOB Vt KX CHHaBOB,

0 T BO T''T FeHHbl!v KaHAMflaT TeXHHWCKMX
VCAaKTOp HRVK

Uo^HKOBa Jlji,



PocpocK aBTOMaTH^aiysH o^q^bctbshicjj gpndopoB jyis 
; aaeK?pcmiHS8Ci(oro anejisisa a accjiosoBaHM/t

; P,Mw-C*»Qajmx,^aHOBa, r.ll.lBKadypr

MOQKOBCKaS MHOTBTyT pOftHOTeXHHKK, SJlQKTpOHHKB H aBTOMBTHKH,
i 00 "XarepaTeas"
j Boo,poo SBro.MaTMsaumK nrw dodob nnx bji&kTpoxn?.ntMecrcoro anajmsa
« ncojTesoBafliii jtojureH pemaTBca bcx^w H3 bicohommhgckojI ue^eco- 
odpasHOCTn % nponsBO^oTBshho2 onpaB^aimocTii &BTo;.iaTH3£poBaHKux 
ksHOTeM, B accJiejnoBaBeJiBCKo£ npaxTHse H8xo.miT nuipoKoe npuMeHe- 
ehc iipiadopH ahojiHTH^ecKoro FOHTpoaa, b tom vucjie li peBJiHoyrame 
ajieKTpoxnivm^ecKae MGTOW# 3th npHddpu no ^yuKUKOHajiBHUM bosmox- 
kootbm ^QjiHTca ma o^HO- vi ^oix>u)yHKBuioHajii>HU3, Bee dojit-mee paonra- 
poHBe odteMa anajiManpyeMUX odteKTOB a KOjni^ecTBa pern a qmhx npn 
9TOM sa^aR Tpedys? noBUicosKa npoH3BOAM'r ejiBHOOTK oToro B%#a padoT, 
’TOO MOKOT dUTB pOfflCHO 3BT 0W3TM33IW62 ^OTOflOB MCCJ.8^0B3HHH. Afi- 
TCMQTJ13an5!H HaXO^HTCH B T6CH0£ aaBHOW.OCTH OT (jjyHKUHOHBJlbHyX 
B03M0KU0CT62 iipHdopHHx cHcrer/. y*3T 3Toro nojioxemiti onpe/;e;iHeT 
npaBHJiBMOCTB nojTxona b pameHita ochobhhx JUi^enepHux BonpccoB%BK- 
dopa T9XHjmcKnx opeflOTB peaaitsamiH aBTOMaTM3an,tK, onpo^cvieHHti 
OTenemt aBTOMaTBsaama a podoTKaaxym aHaawT%%ecK%x canTOM. Tax, 
officer■m&CKaJihHue ckctowa uejiccoodpasHo oohckustl Maxponpoqecco- 
paMH mm MC, a iviHoro(?.yiiKmicHajiLKHe, yn:i3epcaju>HHQ, MHcrouans- 
pHG HpTldopH CJiaiC/GT OOIiparaTT, C MHHH-3BM. B 3J16K?pOXflMVlHeCKOM 
anajwge k nepsoji rpynce nptttiopcE othooitoh pH-mbtph , HOHO-Mapu, 
KOB^K'roMeypK, kg BTopofc - nojmporpa^ri, KyvioHOMeTpti, xpononoTen- 
jOHOMeTpH, noTQimaooTaTH. Osodo TpedyeTca nojpiepKHyTfc, -htc tsxhh- 
secxaa peawiaanaa asTOwaTHonpo bslhbh bha^int4T< gckhx npadopoB mo- 
z.er ocymeciB^flTBOB xaK cpescTBaMM m;$poBoa, tsk a an&JioroBoS 
texRBKM. Gpa^dM nocjie^nas cpoficTBa b HacTonniee apewx .ipcTHrjiM 
SHaRHTeJiBHoro coBepmencTBa, TTO .zcejiaev nx npn pemeraa p>\na boc- 
POOOB BBTOMaTflyOim?! KOHKypOHTKO CnOCOdHUMB C IWCpOBUMlS CpeflCTBa- 
mb. Abtombtj'aaponawte pj-ieicTpoxaManecKiix npadopos ceS^ac pemaeT- 
oa no boom HaupaBj’ia^KHv: CC3^3KM aBTCMaTaaapoBaHHHe nonoMep;;. 

’xpoKortoTumuiOMeTpR, xoH%yFTO^erpw, na CTa,rpui paspadoTKM -* bbto- 
vaTiTsarkin nojiRporpaS’OB* noTeimr»ocT8TOB b KyjioHOMQTpoE.
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KD3MMMEHTU AKTHBHOCTH BOjE B PACnmCTITM 
XJIOPKHAX UIEJIOmiX MSTAJUI03

• ;
AJL Hobojouiob

0 TaBponojifcCKuft nojiHTexHuqeoRHft mioTHrys?

HoBe^eHne pacTBopoa napoa boru b paoimaajiemiKX x^opw 
yejio'MHX MevajuiOB npa^cTaBjinsT dcjiBiuotl HHTepeo jwk noRmvtamiH 
MHorax BucoKOTeMnepaTypHnx TexHOJionnieoKnx npouaoooa. Hraynen-' 
Hue Harm jiamine no paoTBopiiMooTH Bnepsue imnomnK paoonatyaTB 
HOd^IUmeHTH aKTHBIiGOTti BOflH B 3THX paCItnOBaX, KOTOpUe np$fB8- 
A6HH 3 radjume, Hapasy c KOHueMpamHMK ( X, MojiBHue rojim; . 
h JieTyqeoTBio ( §o , btm») bo^h b napOBoft $a3e ripa oooTBeff^ 
OTByiomroc Tewnepattypax.

•no . Jr. .V" . fp if . ? -rnv » A . V'-'LIZ4-M i:^= ir::'.i LIZ i I-p! _ 1K- 7 ~
•Se * e* u*

1095 0,476 1014 2,07 1066 0,680 989 1,49

1265 0,303 1545 2,14 1222 0,491 1406 1,48

Kill #
♦

c&£?

1026 0,953 822 1,26 974 1,209 667 1,20

1198 0,667 1327 1,13 1173 0,905 1250 0,88

BufiBJieHHue aaKOHOMepHOOTE y^anocB oubhckhtb na oohobb 
anajinsa Mexan;i3Ma B3awMoaePcTB%a b paoTBopax,
Tan, ecjui b pacTBopax :/MspeHHux FOHueHTpamitt oripe^ejumnan: 
pojis TipHfl.';TviexmT npoueocaM ni^paTaiuni j^erH^a-rautui, to b . 
v o ■ it jo! t y pi-ipc uai mux pacTBopax k, oc ode h ho, pacn.up.Bax %OMUH%pyn- 
;;me :iKane4lie r.pnodpeTarOT 3«]>?.ex ru a*epimqecKoro ocviadnsmtH
i.-eV;ion<mx cBrxseii. I^ghho cmt odycaaer%BaioT rroHMeHiie br.tm- 
.v.iii’ )f , i- to B.-'Chi;-, kbk npoiveocu pePHtiparar :-ni nmfBO.nHT
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mqjoosmpobahhe cTpymPH ii cbqHotb

EHHAFHHX CMBCE0 PAQmamnm XKCPKAOB KEJIOmiX METAMOB

A,n,XftSM9H0Bf JULropweBa 

JflKOTBTyT 8JI6KTP0XMMRH FpO AH CCCP

CTpyKTypy pacmzaBKdHHux BiiM h me civceoefi onpeflejncoT Ketiypo- 
ho—peHTi*eHorpa$M"iockkmk weTojoa^u Uoj&podHo HoojieflOBaHH paojmsH 
HH^wrayaJiBHicc ccuieS, £ uocjiexwe row pesno sospoo HUTepec k 
MHTeMarareeokkm mqtoasm MOflejmpoBaHtui oTpyxTypa h gboMctb aim 
oojieU h hx GMeceS. OcifOBHan TpyAHocTt npn 3tom - sudop napnoro 
noTeimaaJia B3ai$MOAefioTBHH wewy nonam* Miioraa aBTopu onepupy©? 
naaysMjiHpinecKHrjoi noTew&wwjm. lismme 9MHnpii^eoKHX napaMeTpoB 
8flTpyjH£H6T HOnOJLb3OBaHH0 HX DpH MOAeAHpOBamm CBOj&CTB pacnJiaBOB 
h ocodeHHO rar oMeceii/Z 2/

Ham npeM0i$£6H0 Hcnojii>30BaTi> npa MOAejutpoBaraci oTpyK-rypu 
h CBoficTB paciuaBOB HUM k me oMeceft KBOHTCBoxmmecKtrft noTeHuu-w 
aa TopAOHa^KHMa, npenMyii^eoTBCM Kovoporo HBJiaaToa oTcyrcTBHe b 
HQM BMIffirpKHeOKHX napaM6TpOB» npH 8Hepmi napHOPO B36-
HMOAQfiCTBHH HOHOB HO M9T0AY PopAOPia^toia npOAHOJiaraiOT aa&KTHB- 
HCCTB 3A0KTPOHHHX HAOTHOOTefi HOHOB, paCOHHTaHHHX HH OCHOBQ BOA- 
hobhx $yma#R, yseT khhoth^bokoX, odMe.HHO$$ h KoppejiHugnomioti 
anepndl aAeKTpotioB b npiiojimKekhu oTaTHCTH^eoKoM Modern (CBcdo#- 
hopo aAQKTpoHHoro raya) /5/.

MoAejrapoBamie cTpyxTypii n TepMOAitHaMHHecKO cbcAotb dunap- 
hhx oiseoe# paoruiaBaeHHHx xaophaob motbaaob iipcBowm
ueTQAQM MoHTe-4Capjio .ivla tfvT -aHcaMdAa naoTKiu

OcHOBHan tneftita coAepacana 64 none (32 KaraoHa h 32 aHHOHa), 
Jimmy pedpa meVam onpe&eaami na aKcnepHMeHTaABmix sna^eHirii 
jmothootk oooTBeTCTBysomero ptiGUJiasa nptf saASKHoti TeivmopaType %
AQB&3HHH I 3TM. B Ka^60TB6 HOXOAHOti BUduptiAH KOK$HrypamifO HOHOB
b 2AeaABHoti percemo. JsyAOHOBCKoti komhohghtu bpoboahah t&a-
TOAOM BBOIlbAa* 3A6KTpCHHH0 IUJOTHOOTH HOHOB paCO^HTUBOJlH Hep03
BCxiHOBue (fcmwdvi XapTpH^oKa-CjieTopa. PaaHOBoone ohotomh xapaic-
T0pH3 OBHAOCb HOOTOJIHCTBOM BHyTp&HHOU aH€pIrHHe B OOCTOAHHH p85- 
IIOJBOCJHH tiBBi pa00WT8HK BO BOOM KOHUBHTpaUHOKHOM Hl^TepBaAQ JipH
T = 1083°K napaaaJiBHHe paA^aniKoro pacnpeAeAemiH," nap-
ana KocpAHHanHOHHue "iKCJia, >7y , KpaT^ateme icathoH-amiohhhg pec-



otohhhk, *Zt , BKyrpemme anepran, £ , tbiuioth cMemeHUJi;, a/•/ , 
TenjioeMKocTH, Cv , K03$$aiu>:eHTH HaoTepMiraecKoft osmaeMOcra,Krp« 
B Tadjnme npHse^enu am napaweTpu c y.KaaamieM onyqa&HHX norpem- 
uocTett, oooTBQTCTByiouimc GTaTHCTHHeoKHM KojiedaraxflM ncpaMQTpoB hs 
urpeanax l^apKOBCKoS nemi H3 5 * IO3 maroBe

\™lraciuiaB 
Ilapa

"xS: x5575 x=o pM)75~'~

-693,7 -713,8 -627,3 -656,8 1

2,8 3,0 3,2
. .... , ..... . - -

3,0

4,9 4,2 3,8 4,1

56,9 58,7 54,1 55,2

27,6 33,7 37,1 34,8

J] u mej+arrtgj > <X .
£ lictw&L.rrjurzQ K.t OkaJa cZ Cotnjiii'fceJz -SL/nM&ccf&o/i on i^cZ-tew. LonJic 

%a£U'~~Motnic *i£nJUuft S9 7£t (± , f. 209- ZfjT

a. Sa+ttfilex. M.3.L., ^ixon M. ^thn^om.c ^Ln.lia& in aCkaCc
a*>J iktxJt U4e in Si.imueaA.Lons of ihe nicdtr, .WA- 

JUv. Pigs., SS76, gst p. !#f~3VZ. 05•
3. Qfftdon. R.Q.} Kim Y S. lrh.tf>>uf ihe fo'ccss ieLmtee-n c£o&e/~ 

she£e coioms con/ hnO&xtA&zf, .— <3? Chem. Pkg€., W£,£G,p.3U!2-3f&
t{- **"«**•& -A-"-. VcflJiega AH, /U>ctjo6 AA_ AloaeM*AoSe**h'e 

pccc*n\a£oi A/aCH, KC£ « 0,£jvace + £>SKce juxtnoga^f -Modme-
haft no e uc.%* on tunned i{iaj/ljl<k f~Oft^dxX- — Xun* Cu o—

pacn/iafot # y.?£7 ittn&t v. ^ *
5. XcuZ/HegioS A a, £of'tSie$a A Kurnaega H.B, Ptacfcefto

m&poCcO-cjAA. uJl.~UMchgp c^v« y c&v&mi? cmery,il jf*4B.c4ttiCi£si±44rd-&l K

/tumuli u- #/*v*yV*fj£ JU&tftne — XtZMO.~~
pacn.na£if , 49Z* , J2^ 5*> c V/3- tf6\ '
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0 B8AKUQ5B0CT8HH T3TPA»IGP®M TUT AHA C MCPltaCM HATPHfl

A*B*CeJU0ji6Bf 9.r»SoBK0xpyd, B« H • Grpeita jiopQKMtt

1/tocTxry* amktpoxmm ypO AH COOP

TeirpaxjropKS rnrasa sr xnopm aarpm (rBep#u# smm pao- 
caoBJieflfltill) npucyrorayOT coBwecrHO bo mbophx TexHoaonmc- 
kzx npoueccax (Hanpmiepg npn aaeRTpo/wririecKOM yi aarp%M- 
repimecKoi* nojiynenMa aieraJUDmoKuro tmtshs sra ero rerpa- 
xxopafla)-, JiareparypHue casaanaa o xapaxrepe roc Baasniofleftcr- 
bhp uexay oodoii riper BBopeiMBu, b paxe ododaiaomroc pad or or- 
aaqaaroa, nro ooeaxuenxQ NagTici^ iie odpaayefca /I, 2/,

Mh noaomaa k pemeawo sroro Bonpooa, odpaias ocodoe 
Bawaana aa nyorory acxoaHHX pearearoB a ycJiOBXft npoBaaeawR 
oitHTOB c npzBJieqeMaeM cospeueHaoro orpyKrypcreyBCTBarojiBHoro 
aaaa/isroiscKoro uarroaa kohtpojm*

BoaaaBcraaw napos Terpaxaopaaa Tarawa noaeapra%% b oa- 
HOti oapBB onuTOB TsepaHti xaop% warpaw, aarpesaa ero mojikkB 
nopoMOK (b paae cjtytraes cydamar) npa reMiiepaTypax 520­
1060 Ke 2*ici * (0,2-4,3) Mila b renonao 1-5 q, Bares* ooas 
mnnomo oxae.xaaa.«(* User xnopv,w narpan ae ^aifeanacH no 
opasaeaKD c nepBOHasajrBHtiM, flocae qerwpexqacoao# BW^epxaa 
npz I Ho n 350 K oh coaepaRaa, no aaaatiM xasmocKoro aaa- 
aH3af onsm 5ici4 (0,01-0,05 Moa. %), AHaaorauaue peayaara- 
rti d^Jia noayqeHU, xoraa nopociKoodpaBnui* Had Bu%Gpa%Baaa b 
ROBraKre c smbkhm tici4 npa reimoparype aa HecKCJiMto rpaay- 
oob hso$6 arc KpariwecKoM rono (638 K; 4,6 Mila)-.

B apyroft cepmi entires xaopaa warptiH Harpesaapt jto naas- 
aenjin, aasaeHSJd napos Tioi^, nacwmamierc pacnaaa, b to n a a He 
1-2 h nocreneawo n03W%aa% ro aa^ananx ero BHaneHn#, Bares* 
B6cb npxdop diicrpo oxaaxfiajin b so^e, Koraa AaBzenm npesw- 
CEZG 1,1 Mila, 3acTWBK%W coJieBoH naaa craa npxodpersri, or- 
nerJiKso psaJiratMtill ronytiobo?o-aeJiehobsrufi ottohoiu Oh nocre-
H99K0 yCSmiBaJICH npH nOBLBDGHXM ftQBJieHMH Hap OB TiCl^ 01 OHbi-
ra k cntiry bh^otb ro II MHa, nona ae creui ;aozoHnpy£>mnai ime- 
roa. H3a.m npeBorasasBif oodot? npospawyio waccy. npcamanmo 
wnoaecfBow nyswpe# b noaooreB, H8noM2Ha»«y» neny#

iviesTjRipnKsnxx crpyKTypHLtx cooraBJWiwnHX onxkajzx 
onearpy KP coaaadx naasoa nsnocpendrBeaHC s ?sn3HHnax nsap-
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uqbux peaKUHOHHtoc fl^eKnax, Monoa&coBaaa paMaHcscxait smpo- 
auaJiroaTop "MintpoaoHfl moxaw (^paaqaa) o HOHEaapoBaHHuii apro- 
hobhm JiasepoM npa aaaaa bojchu 514,5 hm b qaanaaoHe 50600 
cm~*. JIoaaJiBHoe odJiyneiiae noasojiajic caaisaTB cneRTpit b paoHux 

$osKax iuiasoB, #Koay%o ooeqaaGaan npoBoasuiH nc jikubam 
Vl(A1s) " ISO, V2(Bg) ~ 250-270 51 V 5($‘2g) - 330 cm-1 atm- ' 
aapaqecKO# rpyimitposHTi Tioi^ «Pix yflanocj oduspymafYB jihdb 
3 onurax o ytiacTHOM pacnaaBaaaHoro Nad#

Bujia odaapyxeaa oppeflQJieaHaR BoppejmjvMi Memay uoflBxeax-
6M 0 HHTGHCBBHOCTKIIK XHHKi! rpyHIlH TiClg 0 ^ B OIM-
Tax, 0 BO3H0KHOB0HH6M M yCB*8HM6M 36JI8HOBaTOfl 0Kp8C&tt IS X8~

paKTepou ee paonpofleaeaBH aa paaaux ynaovKax nJiasoB# CBOdofr* 
huIf, ho cBH3aaauil b xbmbwcko!* coe^Maeaww, TiCl4 mokho 6ujiq 
nojmocTBD OToraaTB 03 hjmbob, Harpesaa sex b BaKyyiee go 350 K
B T6R8HB6 H6CKOJTBK0X SflCOB (0 M81I lfOEHO tiHJIO cy^RTB HO 00*198-
H038HHD JIBHBft HHflHBHflyaflBBOrO TiCl^ B Cn6R$paX HP)* 110039 T8-
KOH OdpadOTKH UJiaBil 8H8 ooxepxafla flO 1,5 MOJI# % PiCl4 (B 00-
0T8B8 ero ABOifHOrO CO83HH6H0R 0 HaCl)»

CHiqbswho, hto paoTBopeaae raa oodpaaaoro TCfpaxmopHma ym~,
Tana b pacnnaBJieHHou xnopime HaTpun oonpoBoxsaeTon xaimeOKOtt
peaKanett: w

+201 « ,
Tlcl4(nap)eS T1C14 (paonnas) T1016 (paonroa)’ 1

. ••2C*
paBHOB8O06 KOTOpO# pCBKO CRBBHyiO BJI8B0. ClieweKBD dPO 3 OTO 
poay odpasoBaann KOMiutoKcaux aaaoHOB Tlci|~ (npa HGBauanaoK 

TeunepaType) cnocoOciByeT noBuoteaze AaBmeaum napos TeYpaxxo- 
PHB.a TBTaaa aaq paoTBopaua* npz pesKOu me aaMoparnKBaama pao- 
nnaBOB, npa bhcokom aaBJieaaa napos Tici^, qacTB xhmjwockk 
CBH3aHHoro TeTpaxjiopa^a TZTaaa b era peoTBopax b paonmaBaea- 
bom xnopsme Harphk coxpaHHeicH b aaoTWDmax nnasax b KOJiaraec- 
TBax flocTaTO’iaux Am mx aaaemaoM a^aaTa^maqaa*

Jlarcpaiypa

1. PeaHaqeHKO B.A., yciaaoB B.G., KapaazH H#A., XasaaoB @.B. 
XraimacKaa Texaoaorxa TM?aaa. - Hayaa, 1983# - 248 o#

2. %%K8H03 H.a. Sypaa.i aeopraa. xmm, 1975, t# 20, fife II, 
c. 3072-3075.
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BSAHMqastiCTBUB TSTPAXJIiTiyiCB UKPKOHlto H fAGKHfl C XjlGPiMCM MAPHE!

A.B«CaJiK>Jie3, S.f.BoaKOTpyd, B»H.GTpe%aaoECK%M 

8J?6KTpoxmww 7p0 AH CCCP

B JiMTspaTvpe OTcyicTBywT cBtiAeniw o tom, ^TO BsaaMO&eWoTBMe 
ie$pa:cJiopKAOB nwpKOHvrn hjim ra#Mn c xjiopw&ow uarHMH mohcst oonpo-
BOKAaTLCR OCpaSOEaHlieM 1IX KOMHJiaKCHHX 006A%HeHM%. BNHCH6K%8 8TOPO 
88XH0 K2K <1 TeOp6T%qeOKO# TOtIKK 3p0HMB, T8K M G HpaKTMW8CK0th TSK, 
eanpMMop, a npouecoax Mariiu&TepMsraecKoro bgcctqhobjighmh raaoodpas- 
hue 2rci^ a HfCiA KQKTaKTapyioT c paonjiaBJiemiUM Mgoi^.

B9amo&G#cTB%0 x%op%%o&, anprcoHjiH, ratlin m mrnm bugokoX 
TiMOTOTN npOBOA^IH B SSHa%HHW& Iip^dOpaX M3 KBapUeBCTO CTeXJIQc Bujih 
npOB6A6Eti £B0 C6PZM GflUTOB» B 0&HOW M3 UMX B fipMdope G %ByMH 3 0HQ- 
mm aarpeim xaopa# Mara%% HsrpeBam rq ero njiaBJieHMn, a Tewneparypy
OT#6&6HMH C TGTpaXAOpMAOM HIipiiOHMH KJIM raftKMR nOCTOnOBIiO NOBUUiaiM 
AO 3a#aHHO#, KIAOTB SO KpMTMVJQCKOii (778 M 723 K, COOTBOTCTBeHIiO), 
Eox-m sa.BneHMe mx napcb #coT%raao 5-6 Mila. 3aT6M duotoo cxaamaaan 
B boa© oaaqaaa OTaeaeaMO o Gonemu pa crums om, saxeM boob npstdop,

B spyrotf oepKM - xJiopMfiti, 3arpy2S6HHtie b oanaanHwe KBappeBr-e 
awny jim„ aarpesasiM auuie to^km iiji8bjioheh, no hme Kivniwe gkoU zuib 
ZrCl^ ham HfCl^ (waKCMM&asHU# rpa&MGHT TBMnepaTyp b pasawx Tonitax 
asrayziH ha npeBtauaJi 3-5°). Hoojio ysTwpexnaooBoM ?Mi[ep»km aMnyjm 
weaaewHO, $ Te^eme 2-3 ox%a%Aaa% so lioziHoro saTBepAUBaHMH od- 
paa osaBoiaxofl b xose lanoro b 3 a mm oz(8 ft c tb m b pacnaaBoa,

B cneKTpax KOMdMHapMOHHoro pacceHHMH Bcex sacTUBiuHX cojisbux 
njiascB, naxoAHicitJXOH b sariaaHiiKx K.BappeBux np^dopax, b kotodhx npo-
BOJTMM B38HM0AetiCT3M6 pesraHTOB, dtfJIJT 3a$MKC%p02aHM, HaOBZty C .TIM— 
HI1HMM TBGpAWX MgClg K ZrC*4 T8KK0 OTB8qaK%MG KOJICdaHMBM
Vt^A1 g) ^ IGO; V 2^Bg^ ^ 270 (cjiadan) m ^ 5(F2g) — 335 cm~~ okts- 

5Apw%8C%o# rpynnwpoBKM Zrci^w m:im HfClg , kbk aio moxiio bmaoib, 

yanpmidPt p.a pxc. 1(a).
Cojtobuo nJJaBM Buaep%iiaa%% b Te^eHMe 5-6 n npM ^ 540-560 I£,

itTOdfcf 881(920 OTOrnaTB M3 H2GC CBOdOAKUtt TGTpSXAOpMA B XOAOAHyW
qtiCTB npndopa (eoTecTBeiiHO, yro npr.i Tanoil odpadOTice KOMinaeiccHue co- 
9A5W0HMH MOr«M %8CTM'IH0 R71CCOHMMpOB8TB HS MGX0AHU6 KOMnOIieH i’M) . B 
cnoKTpax KP ooae&wx nJiaaoB jii'.hw Sr0l4 (HfCl^) rvor^a McueaaAn, a 
nuynnMpiijOK ZrGlf" ccxpsunriMCB (p%c^ 1(d)). no %9bHW%



PMC. I
CiitiKipu KoudimauMOHaoro 
pacceHBM COJI6BUX nna- 
boms
a - Hfci4-Hgci2 
<5 - 5drCl4-MgCa2

xmwreecKoro anaJiHaa b cojicbhx naaBax, nocjie otroHRM csodoAHoro 
teTpaxjiopsma, coAepmaJiocB ot 10 %o 45 mob. % 8rCl4 ksu HfCl4 
(b cocTase %Bo#Horo coeAiiH8HMH c m«ci2).

TaKMM odpaaou, B3a%Moae#cTB%9 radootipaanux nan paonaaBaemawx 
Zrci4 h Hfci4 o TBepflUM ejih pacnjiaBJieHHUk MgCl2 hox&t conposos- 
AaTBCfl HX XMMMiieCKMM B3aMM0&0#CTB%eM C OdpaaOBaHKdli KOItnaeKOHtDC
coaAMHGHM#, coaepxamKX rpynnupoBKy ZrCl|w (HfCl|”), noaotiHux on%~ 

caHHHM b BMTepaType BoZrClg, SrZrClg y CaZrCIg. /I, 2/,

taepaiypa

1. Plengas S.N. t Pint P. Can ad. Metallurgy Quarterly, 1969, v#8,
N 2, p, 151-166.

2. teaHOB H.jU SypnaJi %eopran. xmra, 1978, t. 23, to I, 
c. 146-150.
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TfllffO$i!3HTO)KMB CBOMCTBA #TOPI#10-XaOPM#m 

amaromroB

O.B.Kopl'Kob, C.$. Her times, B.H.JIecBTmnc 

ypaJEfcCKHft nojnrraxmneckhB mjCTHrryr MM.C.M.KnpoBa

Mm Btidopa onTHMaoBHUx yomB# npoBejj.eHira sjiewrpojtHsa aeMajio- 
Baamyio pojub arpaeT saanae Tenjio$HSKHecKxtx cboSctb bjishtpo-uhtod, 
TaKMX F.a~< TenjionpoBOfiHOGTL, t ©Muepaa: yponpoBogHocp b k TenjioeMK.ocTB*

Harm 6ujia paapatio-raHa weTO^mca neerrauHOHapnoro Me-ro^a kokcel-
&ZEBHHX U&ttHHApOB H3MepeHX5fi 1'6nJIO$M3HH6CK2X CBOfiCTB pacn^BBOB $TO- 
pmcoB, KOTopaa ncaaomer aBTOMaTHSHpoBHr* mmepeme c MHoroKparHKM 
iiobt opeHHe m . ;

B Katiectse ynpaajratomero ycrpoftcTsa dnjia Mono jibs oBana ajieKTpoH- 
Ho-Biraicjnrre.JiBHaH Manama J3.3-28, nosaojumnaa npoH3Bon;HrB BraMepemia 
Ka^nne 0,4 cenyH^n. 3thm caMHM timro AOCTHrayro MflKCHMajnbKo Keodxo- 
AHMoe Ko^miecTBo nsMepemifi Tewnep&Typ h norpeumocTB KawepemiH #o- 
Be^ena ao 2%. .

MeTOfiHKa HSMepeHMH oTpadaruBajiacB /a ^hcthx xaopHA&x h $ropn- 
Aax yejiotiHHX MerajMOB. Paoxoxweime nojiyseuamc Aanunx no TSMnepary- 
ponpoBO^HocTH, TenjioeMKocTM, TenjionpoBo^HOCTn c MMeMmnMHOH b jurre- 
parype cocTasjmeT coorBeTOTBeiiHO 3, I k b%.

MaMepeime TeMnepaTyponpoBo^Hocrn, ten^onposoAHocth , -reiuioeM- 
kooth tittno npoBegeHO aah paciviaBJieHHUx cweceft L i F - & ,A/o A - 
Z'tPv *KP-/*/>b umpoKOM KnrepBajie TeMnepapyp vl KonneHrpanHiL

Ha^seno, tiro TeNmeparyponpoBOAHocTL jmaetiHO BoapacraeT c no- 
BtimeHHeM TeMTieparypn.

ycTanoBJieHo, tiro TeMnepaTyponpoBOflHooTB h TeiuonpoBOAHocrh 
OMOce# oTiuioHnwrcH or ajmKrHBHiix Bemmmi b cTopony H8MM8iibmKx shb- 
tienM. 3th ofnuiomHm ysejoatiBBajoTCH c yBejuraeKneM pasHocrn iweawy 
panwycaMH aaMeinaHnax Apyr Apyra ksi'kohob.

Pacc’qBTana MOJinpHaa TemioeMKocT* npn iioctohhhom ztaBJieKHH, 
TeiutceMicocTB BospaoraeT o ooctom TeMnepaTypw. n pa^nycos KaraoHOB 
mejionHHX MerajiHOB. noitaaaHo, trro tenAoewBcocTh cwecefi ripeBmuaeT ee 
amwwmm bbotimkh. OrmiOReaHH or aju\HTkbhoctu sospacTawr no wiepe 
yBommoum paanocra Meajxy pa^aycaMH saMemamax Jtpyr Apyra me^otmHX 
kbthohob,
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OnBKTPOdJIEKl'PQXHMiraCKOE H3y^KE XJICPftflOB H MEJIA B CPSOS 
PACnJIABJIEHHUX XJIOPftBGB PyBHJWH ft KS3KH

A.M.IIofaiiOB, B.A,Ko%e%WROB, M.B.Cmhphob

ftHC‘j?prryT aJieKTpoxmtsro ypO AH CCCP

B ooBMemeHHOft cneKTpoajieitTpoxwmcKott msyseHO nose-*
aenae paadaBJieHHux (^0,05 mo jib %) paoraopoB mouo- $? awxaopn&a 
H5iK©jifl b pacnJiaBJieHHMX r*opitaax pydzanfl js U68BH npji 900 °C. Cty- 
neiroro, o raaroii ** 50n*B nojmpnayH HHfln$$epeuTHHtt eaettfpo* H3 
CTeKfloyrJiepoaa b HHTepBaae -0.9 * -1.4 B OYHOcHTejiBHO xjiopHoro 
ojiQKTpoaa cpaaHauHH dujm chhth ohoktpohhug cueKrpu noraomoHBH 
(9CI1) npsr paajtjWHUx pe^OKo-noTOHUMaJiax pacnnasa. Upei a tom pasac- 
B0OHO6 COOTHOtnQHHQ pa3JI»MhUX BOHHJbUC $OpM HMK6JI8 M0HHJIOCB COPJiaO- 
ho ypaBHOHHX) (I), a Hadmoaaeiioe npn stom HaueHeaiie oneKTpOB no-
Kaaaflo aa pnc. I, rae b naseoTBe npmiepa npaseaea onaaap b pao- 
HJraBJMHHOM XJIOpHAa U03HH (flJIfi HtCc KQpTHHa 888)1 OrMMtta)*

Pmo. I 3GU pacnjiaBJiQHiioro C$C£ coaepeaBtero xjiopajtti 
HHKOJw npx pasjimiHux paaoKo-noTeHigiaaax cpe*w
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Bo nape oueffleHuu noseHosaAe a osoB4a?etiBHy» oGaaosB *HTeHo%B- 
BOOTB K2&560B ** 16500 14 +* 14500 XttpaKYepBUX AAH AByXBaaeHT-
iioro HMKeaa ytitiBaas, a spaB hoaocm cnoKTpa nepeaoca aapsaa cash- 
reason b osopoHjj axehhkx boah, hto roBopae oo' ^bcjik^gbhb ero hh- 
reRCBBHOora, naxiroae MBodeoTinieeKOti sorxh okoao 19400 ciT1 yaa- 
BUBaes ua cSpaaoBaHze Apyroti, ocaea BocosaaoBAOHMoA $opua HiuceaK, 
so gcib Ha cdpaaoBauHa arc HoeoxaopHAa* <

fipa ohBSBHiQ! peAOR<h-n©seimMaj&a braotb ao BHAsaaHHH Meiaaaa 
$op*ta noaoo norxome&im xapaasapnax abk #• (II) ho uoKasaesca, xosa 
HHfeHOiiBBOosB mx nasaas. CAeAouasaxBac, M (I) npaKsmacKH hb no- 
raomaas & Aiianaaone (I8t6)x N? ohT*» Sso aaas bobmoei ctb bjwh- 
faHMeU BHAOAMSB CRdKSp MOHOXBOpMAB HJHCeAH, XOTOputt npilB6A6H H8

Pbo. 2 .
3CD paadaBJTOHKoro 
paoTBOpa MoaoxxopHAa 
HMKOAfl npii 900 °C b:
i - Rsce
z - Cs C€

„ Tax K6K b paatioMoaHHx paoTBopax onmecKaH jiaoshogtb npo- 
nopRsioaaaBaa iCOHuaaxpamiH, so hoxho isonoABBya ypoBaeHBe (2) pao- 
OHMsasa aaa^6RHfl yoJioBHHX csaHAapsRux paaokc-noseamiajiob £M*/wf 
Hp* 900 °0 oisH noxyqzxHCB pa»ntiM» -1.524 0 -1.404 B aah MM w
CsC£ oooyBeiosBeaHo,

(2)
*Aa & - onsMecaaH baosboctb spa $ * 14500 om”* 0 peAOKc-nosan- 
msaxa E$ - BcxoAsraa ODS%qec&aB nsotaocsB paonaaaa spa son aa 
AABse bojihu, sctAa boob Hsmeas hoxoahsoi b Aayxboabhshom ctrno- 
RKB0.
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DJIEKTPORHUE CHEKTPU ROrJIOHEHKfl HHOBHfl B OBTEKTHRECKOfl CHECH 
XJIOPMOB HATPHfl H UEOHfl

B.Jl.B&c**, C.B.MacJioB, C.n.Pacnomtx, P.A.KoBaxeBcxHl

BuooKOTeMnepaTypHtiR cneKTpocKommecMl motox *axox«T . noc- 
Bpeiia TipaweaeK** xxx *GcxexoBaa** raxomutux pacnxaion, oa- 

aepsawix ho hu a- a f- 9xeM9BT0BeB xacTOflue# padoTe noxyqea* on ex* 
Tpfii norxoxeRH* ROMnxexcaux hohob BKOd*a(y),(iy),(B) e pacnxaBax
R& OCHOB0 9BT8KIHqeCKC# CHOCK XXOpiHOB HaTpHfl M 1163**.

JUa aroro McnoxwoBax* BucoKoteMnepaTypRyo ycTaHOBxy,codpax~ 
ay® la d&se cnexipo^OTOuetpa C<5~26. HccxexyeMHtl pacnxaB, coxep- 
s&mh* seodxoxxuoe xoxiroecTRO xpoHO<j)opat noxyqaxs cMeoeimeii sapa- 
*ee Rp*rovoBX6R*oro MOtiiiBcoxepxamero npenapaTa(I.O+I.6Macc.$*b ) 
o smctum pacTBopaTexeu. Epo nouemaxH b ssapaeBy® x®Bety c tox®h- 
ho* norxooi&caero qxop. 10 mm, np*Bape**y® x repMenmcmi saxpuaa- 
eM08 KBapneBoa rpydxe. HsuepeHM* npoBOxxx* no* aiwoc^epoH one- 
Bieaaoro aproaa.

npenaparu c nesrraxxopMxost H*oda* u cnee*® hoxob amodxa co 
cpexaea c?eoe*B® okhcxobbr 4.45+4.50 noxy*axx xxopapoBaaneM Me- 
Tsuixxqecxoro msodaa senocpexcTBeBRo b pacnxaBe npa KOHtpoxxpye- 
Max yc^iOBXHX (speicx * noxaora xxopspoxaR**) • .
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ycxoBxesa norxoxexxex pacnxaBOB, co^epx&cufx cmbcb mohob rhoOrx co 
cpegaea cteneaBD okxcx6hxx 4.45+4.50 .B OTxxqxe ot xpxBOX I aa 
aefl sStko npocy&TpMBaeTCH xpafl ixpoxoa noxocu b bmxwmob odxacT*. 
KopOTKOBOXBOB&H q&CTb CiieKtpa OqBHb dXMBIta X KpHBOa norxoyesmx 
miodHx(y). 3to x&8t ocHOBaxxe p&ccMaipHBATb cnexTpaxbxyi) xpeFyi> 2 
xax oynepnosHQMD noxoc norxoxeHKx HModxx(y) a hoboto xpouo#opa,B9- 
poxTiiee Bcero HMOdafl(iy).PaccqiaTBHBafl,acxoxa hs taxoro npexnoxoxe- 
Bax,no cneKvpocKonHMecKKu a&hhhm epeyHxx BaxexTHOCTb mohob nttodax 
cocrftBHxa 4.48,4.47 tf 4.54 upM tennepaTypax 550, 650 x 750°C coot~ 
BOTCTB6HBO. 3*S aHSSeHHfl gOCTaTOnflO tiXX3KH K nOXyMBKHUM aHEUlMTU-
qecxxu mbtoxom xxx icxoxxoro npenapaia, qto yxaauBaei h& icoppexT- 
hoctb oxexaHHoro npexnoxexenxx o npxpoxe BToporo xpoM#opa.

PacnxaBH, coxapsauxe loan hhoOeh co cpexeea cteneBBO oxacxe- 
aaa 2.9+3.0 fnoxyqaxa aaoxauM pactBoperoeu Meraxxa c nocxexymqea 
BH^epEKoa so pasHOBecea. Gnextp laKoro pacnxaoa c uaKcxuyuou oxo~ 
xo 450 *m (pxc.2,xp.3) xexxt b odxactx jmbv boxb, xapaxTepnoa axx 
norxoaeixx xBaseexTaa*pxqecx* koop*mh«po»&bsiix xotinxeKcoB Hxodxx 
(I).B KXYtp*axd laxqeHTpamiX 0,03+0,12 aacc.Sfab npocxexHxaeTca 

xxHeftsax e&BMcxMoctfc ontiretcxo8 iuotbocth (tipxA*450 ait) ot koh- 
neirpaax* xpoxo^opa. gxTapeoxo OTxeTi*br uto b bccxoaobbshox cnec-

TpaxsHOM Axanaaoxe 
xpxBua norxoieiax 
HROdHX(y),(iy)x(l) 
s pacnxaBe
(Ba,Ce)Cl@g%.
xmodt Taxott xe xa- 
paxtep xax b coxx- 
hokxcxom paeTBOpe .

2,0

1,5 ;

1,0

0,5

420 460 A, me

B«Co%zi,S.Vlvarelll, 
Spektrochemleche Stu- 
dien liber die nledrl- 
geren iYert.i^kel ben 
dee Nlobe,%,anorg# 
Chcm.,279,3-4,1955.- 
S.165-172



tilt GIliiKTPti H3JI>'4iiHWH PACTdOPOB OIOAOB 3d - MtiTAJlJiOB 

B PACIlJiABAX mor&HH/103 HiiflO'ffiUX .V iFAJIJIOB.

A.A. XoxpflKOB, A.M. Xoxjioaa

Mhotht/t MOTaaayprMM jfpO AH CCCP

PajTnopomie okomaob 3d - MOTaanoa b pacnjianax raaoreHMAOB taejion- 

Kerajfjion,krk npaa;ivio,conpOBCX^aeTofl o6m9HHnm xmmkh90khm B3aHMOA01l- 
CTBK6M M SaiHCMT OT T0Mri0paTypU M GOOTaBH COJI8BUX 0M909fl. HpK W00A9- 

npMpOAU pRCTBOpMMOCTH OKOHAOB OgOj.FeO, Nio H CuO B MOAM- 
AHHX,XAOpKAHO-MOAMAHUX M ff>TOpHAHO«MOAHAHHX pSOHJiauaX HBMM dUJI KOnOAb-
30bbh motoa HK cii6KTpocKonHM nsay highm r , p9rMCTpwpy»mHa QnOKTpaXbHyD 
H3jiyMaT9JibH/io onocodnooTb pacnjiaBOB b juianaaoHe 2000-240 cnT^. Me?** 

no3BCJifl9T nojiynaTb cneKTporpaMMbi pacnjiaBOB,a Koiopux KomieHTpauHH 
paCTBOpOHHUX OKCMAOB COCTaBAfl0T lO"""*-iO~^ MO*.A. /!/ .

HK onax.Tpu H3JiyM9HWfl HacumeHHux paoraopOB okqmaob Jd - MeTaaaoB 
b pacnjiarmeHMOM moamao ubshh noxasaKu na pno. iloaocw M3jiy4eHM« mhbbt

HftdOXbmyi) MHTOHCHDHOCTb H CMJlbHO P&3MUTM. 3B9AeHH0 B ABHH09 paoTflOpU
xjiopwna m $Topwaa uqshh (Rr‘*-iO,‘^MOA.A.) npMBOAWT k oaBwry HaKOMny-

MOB nOJIOC MS/yyeHMA M yB9AHH0HMD MX HHT9II0MBHOCTM. llpM 3T0M HeOdXOAH** 
MO OTMOTWTb, 4T0 AB0 MBCTOTU KOAedaKHR B Od.lftCTM 400-300 CM-^OMBHaDTOfl 

B BUCOKOHaOTOTHyD OdJIlCTb.a n0A0X9HM9 TpBTietl 3BBMCHT OT COOTaBtt pSO- 
nxaoa.

Bo B09X H3/49HHUX paOTBOpaX ABe nepBUX MaCTOTU KOABdaHMR 6UAH 
OTHOC0HM H8MH K &HTM~K nOJIHOOMMM9TpH4HWM KOABdaHMflM MOOTKKOBOit 0BA3II 
Me-O-Me . a CMsoaHHUx no raaoreH-worty pacnaanax cooraB KcopawHauM- 
OHHOt* ojiepu MOHOB 3d - M0T&AAOB aaBMOMT OT KOHU0HTpaUHH BB9A9HHUX a 

MO AM A U931ifl MOHOB Ct H F" . B 3T0M 0 ay 480 Ha6JIDAa9M&J? 006 KTpauibHafl K*p* 
TMna npeAOTaBARer 0060ft cynepno3HHH» noaoc M3ay4RHM* xax co cTopoHti 
OAHOpOAHOJIMraHAHUX, T8K M paSHOAMPaHAHUX rpynnapouoic, TMna Me20Dnr8.ri 
H Cr203nr6.n t.r 'Ce.F; n- 0-6). KpOM9 TOro,H6Ab3R H0KAD4&Tb BAHHHH9 

Ha H3A/NaTeAbK/D COOCOdHOCTb OtCCMraAOrQHHAHUX pBCHAaBOB KOABd&HMft MO­
HOB KOKnjieiccHux rpynnMpoBOK G$CW* h PCs/* /2/, qaoToru Koaeda*** 
Koropux npoflBARfOTCfl HMae 300 cnT^. BosMomHoc.b BwaeaaHMR xoaedaHM* 

MOCTMKOBOM CBR3H Me~0~Me CBH3aH0 0 T9M, 4T0 OHM H9 CM9fllMBaF)T0R 0 
KoasdaHHRMK {iparMr)HT0B-Mef3n rpynnMpoBOK Me20rg (r*D,C£,F). 3to 

OdycaOBKGKO TOM, 4T0 B3aMM0A9itCTBM9 M83imy KOAedaTeAbHelMH aBHmSHmuMH 
MOHOB, AOK&AMSODaHHWX B yK33 3LHHUX OTpy KTy pHHX (^parMBHTaX OnpBA9A&9T- 
Cfl 0TH0U19HWHMM MAOC MOHOB ^6°^ M 0^ , M P", a TaK*9 0a3AM4HfiMH CHAO- 

3UX OOCTOflHHUX 08839# Me~0 M JA^-T .
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pMO. i4K OneKTpU paoTaopoa okqhaob

3d -MeTajMOB b pacn^atiJiemiux raauraHwaax 
mejioMHux MerajuioB IT*94U K):
X. Cr203-C$3 ^, Cr203-CsCe-CsD 3. Cr203-CsF-CsD
4. FeO-CsD 3. FeO-CsC£-Cs3 5. FeO-CsF-Cs3
7. HtO~Cs3 d. Ni,0-CsCC-Cs3
9. CtiO*Cs3 10. CuO-CsF-Cs3

MTiSPAim
X,AoxpaitOB A.A., Xoxjioaa A.M, iiNooKOTuMnopc»TypHb'8 /iK oneKTpu pan- 

TBOpOa OKOMAOB Q|QX04H036Mafll>HHX M9T6UXOB B pacnjlBBJieHHHX 0M80BX M^ 
xoreHMAOB mejiOMHux uotbjjiob. aX WoeoocBHwA otesj no cneKTpooKonnH. 
Teswow AOKaaaoB,y. 1. HayKoaa nyM.ta,i960, c.J95.

^.XoxpflKOa A.A.,XafiM9Hoa A.11. MK-9MKCCMOHHwe oneKTpu pacnaaamH- 
ayx raxor@Mw%OB omoMHUX Merax.nob m hx cweoBM. >len. b JMHiATW 9.10. 
8%r* * 7l39-d-L6o.
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$H31KC-X>OTF:CKME xapaktepucthkm 
XJ10PIWB UiPKOHMfl M TMTAHA

C.B.AjieKcaH£poBCKVittf A.H.HayMUMK, B.H.PadoB

JlpHMHrpa^CKHtt TOpHWW MHCTMtyT

MeTajuinuecKiifi twtbh, uupKOHHfi m mx cruiasu noBwnicHHOfl wMc- 
totu Moryr 6i.iTb nojiytienbi a;reKTpojW30M» XiiopHAW pcAKHx Tyronaaa- 
KttX MOTaJIAOB BaaHMO^ertCTByOT C XJIOpH^aMM meJIOUHKX MeTSUMOB. 
BcjieACTBMe 3Toro ycToftaHBOCTb T&KMX pacriAaBOB M npiiroAHOCTb mx 
Aar TexHGJiorMMecKoro McnojibsoB&HMR b npouecce aaexTpoaxsa b ko- 
netmoM MTore dyA^T onpeAeARTbcn TepMMuecKofl cTadmibHOCTbin b 
3THX pacnJiasax coeAMneHwtt nepexoAnux MerajuioB paajir.nHOtt BaJieHT- 
HOCTM.

HccAeAOBaHa TepMU^ecitan cTadmibHOCTfe xaopwaoB b abo^wx h 
TpottHHx cwcTeMax deaorajiOHHbiM mgtoaom flTA. Pacnaaaw na ochobb

AMXAOPKA& TMTSHa MHepTHH K KOHOTpyKUHOHHUM MaTepMBABM, ITOABep- 
ra»TCH rjiydoKOW omiCTKe h rbjihwtch HaMdojtee TexHOJiorHtiHMMK • Oa- 
h&ko b xAOpMAax meiiouHux MeTaJiJiCB AMXJiopMA TMTana AwonponopqHO-
HHpyeT Ha TpMXAOpMA M MeTeUIJIMiieCKMR TMT8H, BCA6ACTBM8 3 TO TO 
ABOttHELH CMCTeMa peaAMoyeTCR b TpottHyio cMCTOMy, HayweHHe pHA& ' 
paapeaoB cHcreMu TiC€2 -TiCK^-N&CE m onpeAeAenwe ctqhaspt- 
HUX 3HT8J!bnM# 0dpO30BaHMfl H6K0T0pHX TpOttHMX COeA%HGHMR CBM£e~ 
TGJIbCTByeT 0 B03M0JKH0CTM CymeCTBOBaHMfl CJIGAyiOGtOTO C0eAHH6HHfl - 
TICK) 5N&C0 I3N&C0 . KOTopoe xapaKTepMsye-rcn HHAMBMAyaAbHUMM 
KpMCTaAJIOOnTMtieCKMMM XapaKTGpMCT’.IKaMM.

HayneHMe dHHapHbiy cwcTeMZrC?3*NA(K)C6 noKaoaao, uto ZrCt3 
b pacnAsuee neycToGmiB m AMcrrponopLpiOHHpyet c odpasoBSHiieM 2rCE^t 
KOToputt BaawMOAertcTByeT c xAopHAfitMW mejioxwux MeTazuiOB c nonyiie- 
HM8M KOMTIAGKCHblX COGAMH6HMR , T.O, paCHJiaBM,
coAepxamiHe toabko Tpnxxop«A umpkohmh ho MoryT duTb KcnoAbaosaHu 
AAA TCXHCJiormiecKHx i#AeM.

BcAGACTBHe Toro* tiro b M3ytieHHwx pacrui&Bax HandoAee upon- 
Hue KOMHAeKCHue mohu odpaayioTCfl na ochobb Ti*4, m Zr^4, npeA- 

CTSBMAOCb I^BAeCOOdpaSHLIM MCCAeAOBBTb yCTOttoMBOCTb XJWOMAOB B
Tpo$»HHx CHCTenax ZrCC* -TiC?3~ A?a(K) C6 . B ashhux choto- 
Max peannayioTCfl ipw HOHBapnaHTHUX p&bhobgoha, npH a tom b pao* 
njiaBax na ochobo xAopMAa kbamh, no-BHAWMOwy» odpaaye cs oahb



- If'

rpoflHaa ub Tex Time cican Towxa c reMnepaiypott KpwcTeuimsawM okojio 
170 °C. ycTOHOB^eno, mto xaopwAKwe pacnjiaeu, coAep*amne 
1-3 Macc.% pacTbopeHHorc uhpkohka n okojzo 9 macc.% pacTBOpeHHO- 
ro TMTaiia, ruiaBHTCH b nHTepeaJie 640-700 °G.

oueHKM TepMHMecKOfl ycroRitMBOcTM pacnjiaBOB mctoaom ywo- 
ca uunojiHeHW tcj jOMGTpMuecKMe wccaeAOBaHwa cmctgm, coAepxanytx 
xJiopwAu iwpKCHMR. llpn coAepwaHMM 2rCt4 b pacnJiaBG, cootbgtct- 
ByiomeM odpaaoeaHmo coeAHHenMH NA2(Kst)2.rC8 6 , nap na& pac-
njiABOM coctomt npaHTimecKM ns ZrCt/, . 9to no3BOJinev onpe&eAMTb 
3H&veHHe gHTajibriMM Mcrmpewifl Z f Cl i, M3 pacnjiaBOB NaC£(-53,5 
Kjl^/MOJlb) si KC€ (-44,9 K^/MO^b),

B MHTepeajie TeMnepaTyp 400-1200 °K c npMMCHeuMGM waccwBHO- 
ro KajiopHMGTpa c H30irepMimocKOtt ofiojnonKoti orrpeACJieHbi m oHrsunbnwH 
cnaaBOH xjigphaob. ConocTaBjiemie M3MeneHHfl dHTAJibriMfl cnjiaeoa b 
3aBMCMMOCTW OT MX BG^eCTBGHHOrO COCTBBa CBMAdTGJIbCTByeT G TOM, 
mto c yaejunieHMeM coAepxaHHfl xwopwAoe TyrorutoBKMX MeT&JuiOB 
(AO 30 moji.%) npOMexOAMT yMeMbwemte dHTeuibnuft cvuibbob, flpn 9tom
XOA KpHBblX H3MeHGHMH dHTaJIMNiti CDJiaBOB C HGKOTOpblM npndjUiXeHMBM 
nOBTOpflGT JIMHHK) JIMKBMAyca M CO JIG Ay 6 MO ti CMCTGMU, CpaBHGUMG pftC- 
CMHTBHHUX QHatieHMti 9HT£UIbnnti CM€U10HMfl TGTpaXJlOpHAa UMpKOHHfl C 
XROpMAOMM HarpMfl M KajlMfl nOKaSUBBGT yAOB.neTBOpHTeilbHOG MX COOT- 
BGTCTBM6 peayjibTavew patio tu M.B.Cmmphobb (k/I^/mojib) :

Co/ieea* cpeA& JlMTeparypiiue A^Hbie ilarnu Aanhbie

Kce -139,3 -164,9

N&ce -61,1 -52,7

Ha OOHOBAHMM nojiy<teHHMx cbtiaMKo-xiWMuecKHx aoh^ix woryT 
6utl noAOv5paHbi ormTMQjtbHHe cocTamw 9JieKTpc/(HT06 fyw npOMSBOAOT- 
ti\ -rviTOHa, I'/pKOHHf M mx en/m«OB ncubtneMHofl MHCToni.
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S1ATPAI«MA CCCTOjTHVJI No^AtF^Na/iPSiOi, 11 TER10JJ!HA-.jrronKHE AK- 
TOBHMTW Eli, KCMOHMITOB

HpyTurcoD Jt.B., Thtmcb n.li., Aii^pwilrco A, A.
J'jHCTiiTyT Ttmma, p.SarropoKLG

HojiyMtiinie /If-Si .rmraryp ajioKrpojmacM pacir.nnna ~
~5LC25iBJuieTCJi nspoiigktm ehmm HnupanjiQHHGM b roT/uLPypniii. Hayneraie 
BaanMojrefiCTnnil, npoToicaiaiuix n jiamiofi croon, hogecjdl d ycTanoBHTB, 
hto b paciuiaBO (fio-MipyioTCH rrpoqHtre He'T'Qjujnonojiotfjme CTpyKTypw h 
npouocc cruiaBOodp.nloparaiB cbojpitch k hx bocct^hobjightw hq arnmni!" 
GBor irarojK) /!/. .

JEUifl onpe/GJioHBH napaxieTpoB GJieKTpojtnoro npopocca iiGortxojmrvTO 
anomie noiiHo-MOJieKyjinpHoro cTpoeram chctgmh Na^flt’F^NaALStD^ n
aKTFBHOCTe{i GG KOMTIOHGHTOB. HepiTIMWe OBG^GITHH T3K0r0 pOJtB MOXHO 
no-^rnTB B3 joaarpuMMH cocToamin ^aimoR CBCTeru. Ee nocTpoeratc upo- 
B3Bejm hb ocHorainm flaium BHay&mHo-nojniTopr.iFHecKoro, jiepnpaTO- 
rparTiiHecKoro, ;».^cpcnoHHoro n poHTreHOCTpyitTypnoro mgtojiob (puny-

hok).

irsg

jiwarpaMMa co CToponu
ICpHOJIHTa HBJIHGTCH IipOCTO&
9BT8KT&qecKoW npa 32 % 
NaAESLO^ H T-I238K. Co cto- 
Pohh nefejmHa hmogtch tbg-
ptflit paCTBOp H M0H0T8KTM- 
HGCKoe npoBpameHHe npn 
T^loUUK, OTjiGjmnueG o<$- 
J18CTL H0CMGCHMOCTB £ByX
jrajEKoevoft Lj h Lz ot $TopHfl- 
Horo paciLiaBa L , HacinuGR— 
Horo HGqejnmoM f Haxojpana- 
roca B paBHOBGCHH C TBGp- 
JQSM paCTBOpOM, Ha OCHOB0- 
hjib noJiyqeHHHX .hohhhx mom-
HO 8LKJD0HHTL, HTO JQ0SarpSM-

m NdjAEF^NaAtSiO^ ebjoigtch cTa6mn>iiHM ceneimeM seTBepHoft Baa- 
HMIOft CnCTGMH No ,/If, jl 0,f .

TepMO/JgBaMfc H9CKI1Q XapaKTepMCTHKH aTDOMOCFJIBKaTH. % COOTaBJlH*)- 
mofi pacnjiasa nojiynuim aarepenMGM 3JQP iiena
(CO)C|Na3flCF6-,NaflESL0<lli)|iNa3MF6-Na/lf5L04(6O%)|C(CD) (1)

A.r.TItBHOGTI, HO SJRIHA B paCIUiane B.TOKTpOfla CpaBHSHHH, CorjaCHO

1200

ftaflesiOz



jwarpop.ii/.0 coctohiwh, npaima paEiioft o^hhiii;©, PacacTu upon a return 
no ypaBiiGHnio

= - (RT/^nF) fn CLMaAesio^CD . (z)

pao 2n ~ KOjmqecTBO sjigktpohob, o6mohqhhux b 8Jiei;TpoxnMHH0CKori pe
OKU^lH; n - RHCJIO OTOMOB K3jCJIOpO£8 B f/0A6KyjIG He^'QJEHnH. Pesy/ryZTTH 
ByMeperoiK « pacneTOB obgaghh b Tadjamy.

Tadjnum
CojiepjKamie 

% - MOJDbHOH flOJIH
T,K OJIC,

kiB Q NaAfSiO/,

2,5 - 0,037 1293
1393

4G t 3 
49 i 4

0,037t 0,007 
0,033 t0,009

1,00 to, IU 
?i03t.g122 
6,95 +0,28 
0,97 + 0,24

b,0 - 0,079 1293
1393

36 1 4 
30 14

0,075 + 0,022 
0,077+0,021

10,0 - 0,141 1293
1393

27 t 2 
29+3

0,144t0,019 
0,145+ 0,025

1.02 tO, 15
1.03 ±0,19

B xoaBTtiKTHqecicoit odJiacTK pacTBop He^ejBina b Kpiio.wre djiasoK rro
OBO^CTBai/ K J!AO0JII»HOMy«

AnnpOKCHMaxwH jib mm JMKnnjiycn co CTOpomt co/m KpnocKornmoc- 
ichm ypaBHUHueM noKasajra, vto rjicjio BHeoeHicbrx b pacruian jiopux uo-
ROB IipHMOpHO B Tpw pa33 MUTBUIQ, ROM CJ10AOBOHO OJKWflHTb HCXOftff 113 
0TGXM0M0TPMR8CK0& J.OpMyjW He^QJIHHa, CorjinCHG KpJlCTOJUOXHWmeCKWM
upeACTaiyieiiHHM, nocmejiHnH hmoqt vpmammmtohoaodHyio CTjiyKTypy, ouc~ 
TaBJieilHyW H3 IlieCTU ICIICJlOpOAHHX TQTpa9.IQX>B /U H St H 3rtKJi:;>'lGJilriiX n 
kojibho [NartfSit)z,]3c,0/2/« no-iusjWMOp/iy b t:pho.wtobom pacruiftBG ne&e- 
jmH noABopraeTCH sjieKTpamiTHRecKOtt ^iccorpiaiym c coxoaneimew ue~
JIOOTHOCTH 0CHOBHHX CTpyKTypiBHX K0MT10HO HTOB

[Na/tfStOJ300 =EC 3ooNa‘r+oo[/»eSiO,];J‘ (3) 

Tskhm odpaaoM, ochobhhmh cocraBVMMiiaivra pociuiouo NuAfl£F(-Al^O^ 
-StO* rrpa itsduTtce rjuutosewa, kbk a-ro mm6qt mbcto nra toxiihrockom 
ejrercTpojmae, aruimorcn npooTWo a komtuigkchho mohu: Nil, ^ \ Atf*, ,
r, tioFx,x~i). [Atsib^'.

croicoK \mo.W3ommi iictow.kob
1. IlpyTmcoB Jl.B., T0?aeE IUI,, MuphHko A.A. Te3nca %oxji. YII Bee- 

coionttoii koh$. no Qjiemwxnmvi. qepHOBmnllayRa, 1968, t.3,c.180.
2, Boioifl T.B. KpncrajL/ioxMMKa. M,: Kayna, 1971, 400 c.
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0L1&MKME M I10BEPXH0CTHUE CBOltCTBA OTOPKDHO-XJIOPWlHjJX 

ajLtiiCTPOJMTOB, COWMiMX UMPKOHHfl M FA^Otii

B.B.ApreMOB, C.^.KaruiueB, B.H.flecaTHaK

ypaJISCKMfl nOJDITeXHMHeCKHfl HHCTUTyr HM.C.M.KHpOBa

B uejsax mayseHKLH cboHctb pacimaBJieHHux BJieKrpojnrroB, Koropue 
Moryr durt aanosBaoBajm npn ajieKrpojiL.iraecKOM nojty^eHHH Me?Euum- 
yeoKXx uupKOHHH m rajHMa dtura waMepeHH iuiothocte h jioBepxHocriioe 
HATH^eHMe paciuiaBJiemw cMecefl /Vk/" t/aC( It Fh h lYof-A/qtf .
KsMopeHiui npoBojnumcL mbto^om mbkchm8uilkoro .naBJieHHH b ayauptno 
rasa (aprcaa). PaonJias nomuimm b rurem mb CTemioyrjiftpojta, MBTe- 
paaJiOM icaiiiuL-iapa cjiymui mutem. McxogHHti com roTOBwmcB no hbb6ct~
HUM MeTOABKaf.U lUlOTHOCTL M li0BepXH0CTH06 HOTHKeHMe dUJIIl H3Mtip6Hti
b ode ax cuoTQMax fijui vertex liojiJrrepMiwecRMx ceseitHfi, mcxojxhwhx 
MS BCpilUGt KOHIieiiTpaiWOHHLtX TpeyTOJIBHUKOB Zrf\ H N M h HQ npOTHBO- 
no/iOKHyx) GTopony b Mo;ibHO-£OJieBOM coorHomeHMK No f k NoC £ 4:1,
3:2, 2:3 m 1:4. MaKCWMarabHoe cowepxaHiie TeTpaj/rcpimoB umpkohhh h 
r&fcHua b pacn^ase cocTaBjnuio 50 moji.#.

3KcnepiiMenTajLbHHe aanHue odpadaruBam motojicm HaKMeHMiux 
KBaupapoB. Lujih nojiyneiiu K03#nmieHTU MHetiHtix ypaBHeHidi aaBHCHMO- 
cth ruioTHocTid H iioBepxiiocTitoi'o narmenm or TeMneparypu. Tbkxo du- 
m paccHirraHu Momnue odbewu % ux otk^ohchm ot ajmirrHBHo buhmo- 
JieilHHX BCVOTHKH M M3dWfOHliIie MOJIBHUe OdbeMM TpoHHUX pacnmBOB.

ycTanokuicHO, vro c iicnimioHHeM cojiepacamia b paonjiase /rF^ u 
HH'i UJlOTHOCTb HO CCHeHHfGM JIHlieJiHO .VBeJIMHilBAeTCR, a nOBepXHOOT-

Hoe HaTH-vemia mohot hho na^aer. TeTuat^opMnH mipKomta h rajmiH kb- 
EFCBrrcn, iio-BnnHMOMy, noBepXHocpHc-aicrhbhhmh KcwnoHeHTaMH b ^ehhux 
paciuiaBJieimux cmboex .

!.!&i:cnMaAJbtioe onuioneniie mojibhux od^eMOB or aimimiBHUX Bejmmm 
npnxo.nnToi ua KOimeHTpamtoimyio otijiacTL NoF - 50 uon.%, NoLf - 
15 moji.%, /1- (:s - 35 MOJi./tf e CHC-reMe NuF-AMt'Z^F, , h N-i ^ - 40 
MO Jl/A N(I If - l5 MO.)l.^h H U l t'w - 55 MOJI. % B cacTewe No^ No it’ 

- m (. 3 3tmx Koiiueirr pazmoimux od.nacTax, B6dohtho , MOKMaoTHHuoe 
BaaiiMOJieilcTBMe b paoii^aae aameTCH MaKCHMajiLHUM. 3tb bmbojtu no#- 
rBepSkTiaKTrcfi jiaHK^n no lisdk/roEH^ mo Jib hum odbeMSM rpoRfiorc I'acruia- 
Ba. Hum nepoxojte or chotgmu c /* f ^ k cHCTeivie o M l f n aejimiitHH
OTXJIOHeHHil MOJibUHX OlVLtiMOB OT aWITHBHOOTH P08pnOTa*jr , ^ITO Mv^IO 
OdbHOHtiTb (jOvLBfUHM llO^pHayimiHtM T(OylGTrtirM WOHQP T'aU’HM.



DJi KKTPOIIFOBOJUIUCTL PACIUIABOB B3A. UOjuilCTBi ij-l UiiPKOHA C

xjicp;viom n KPi^viK-yropiviOM kajeia

K * ’ t. Tpiifo H0D,il.M, Hoc yh ob,B.H Jlo cjith h k t JI. B. Eg pc t oh o Bn 

ypnjiT>CKH$ nojWToxmiHooxiiil khctmt.vt wM.C.„!#Knpom

lleper-^OTK:/ pejiKOMCTruibiinro Mimcpo.nBHoro crphn b npoMNiiuioHiio- 
gth odirmo ooyneoTRJUiTOT o nowtociwo p^nruipMeiiHux co/ionux omocgH ,
KOTOpjTO rviYfiOKTHBHO CORMOl'ifVOT fTyilKHKM CpejVl pn3dr BHTeJLR V PKTMBUOrO 
pearoiiTn.liinpOKO McnojibayoMue n nepopndoTKo jmpKOMm'ico.H©p?imniix mk- 
HoppjioB MOTOjm tia'MipyiOTcm na npv.M^hchhh b kpmoctbo BOKpupronuix 
nrofiToB OMeceft xjioptiAfl h kpomhc vTopi!,r„a kot.hh jmdo .nnyyrjiGKHCJioro 
HPTPi'JI.y.ueJlbhPB SJlQKTponpOBOJlHOCTB 0dpP3yHllKXCR B p03VJibTaT0 D3B- 
MMo.ncvilcTmiJi cjiojmiux cojionux KOMno3HUJ*ft HiULHPTcn o;i.hhm n:> napo.WT-
pOBf KOTOpHC Onpo,B,GJlJIIOT HO TOJlbKO DKOHOMHKHOCTb M T 0 XJ! O Jl 0 P H H h 0 C T B 
npouoocoB,Ho h nooroB-HinT onemiTB raydany b3apmoa e ft c t Bi!n, k p h 9 c t~ 
B9HH0 npeACTBBHTB OPO MCXRHH3M H MOHHHfl COCTOB p8CrL71RBJ!0HHOft

ii3M0p0HHe yrOJ!B!!Or» OJieKTpOnpOBOJVtOCTH pnCIUtBEOB DpO’LyKTOB 
B3miM0ae#0TBHH UlIpKOfm C XAOPHJIOM H KpoMHed’TOpJUlOM KfUlMR npOBOAHJlH 
OTHOCH^GJIbHHM KPilHAJIHpHUM MCT0jl,0M.y^onBHyR3 OJlCKTponpOEOAHOCTB pRO- 
iulobob Hoynajiii no iujtm coHenmiM noxoAHofl tpoMhoR ckctokhj,coctrb— 
aeHHofi M3 UHpKoim,xjiopHj:a h KpeMHot-Topiyia krjihb.

PoccMOTpemie pcsyjiBTRTOB Msynennq yacaBHoR aJieKTponpOLOAHo- 
CTH HCOJIOAOBRHHHX pRCIUlaBOB B COTTAR HH C flRHHHMH pOHTreHO'iRSOBO- 
ro ana/ma w iuiabkocth dtkx CMeceti noanojmeT bucko3rtb npeanojio- 
%CHHQ,HT0 npouacc Bnenf.'ioaeRnTPKH uupKona c ncKpuBajanH/.m arenTAMM,
B POJIII KOTOpUX MOryT BUCTyilRTB KPK reKCa<T'T0pCHJlllK8T KAJliLH,TRK M
npo.ayKTu ero pasaomaaita.conpoBoxaeeTcn odpa30BRHH9M CAomiHx nown- 
jickchkx phhohob Tima [ZrFn]4 n .yBejmeHne oTHocaTe^BHoro coaepim-
HRH rpOMOaaFHX K0MIU19KCHHX AHMOHOB UHPKOHHJI B 7*39 ptiCnJiaBA HO 
Mspe sro nepoxoaa H3 ZrSiO^ b pacnMBJienHyio cpeay BCJiGacTBHe bbah- 
MoaekcTBHH c peaKaaoHHoR cwecBio acmwo aa.TpyaHHTB nepeMenerute ho- 
CHTWiofl 3apaaa h tom cai.MM CHHxiaTB 3/icKTponpoBo;uiocTB.AHa;iK3 hm- 
HHii PPBHO# yjieJIBHOR 9J19KTponp0B0AH0CTM nOKOSHBROT ,HTO MHHMMyM 
3A9KTpOnpOBOAHOCTM paOIUlPBOB npHXOAMTCH Ha Od^aCTB COOTPBOB,npi!- 
AQraKXUHX K TpOftHO# 3BT9KTSIK91HTO M0JK6T CJiyTRHTB K0CB9HHUM CBVH9- 
T9JIBCTB0M ACCTIUK6HHB B AaHHHX yCAOBHBX M&KCZMaABHO# CTefieHM BCKpU- 
TILFT IIHPKOHS, •



IlJIOTKOC'i'L M UJlEKTPOliPOilvJjiJiOCTb PAClUlAMiilHHiJX
CUUCIM c*ce5-&ct

&.B. KoaajieBCKjsti, C.J1. Ko3^obckbx, B.11. liUjujanoB, Hhmkob

KflpOBCKllt! II0JI.MT9XHtiH?iCKHti HKCTMTyT, 1\ KupOB

B onuTax no nccjiejiotiaHBio njioTttocTH m a ji e ktp011 p0Bujanoc th pacn- 
JiaBJIOHMUX CMecett Cett} -CsC£ i!OI10Jlb30BajIH COJIB KBaJIH(f«KaUiiti X'i, 
MeTO.nn tot npnroTOBJiOHBn cojie# w oKcriepHMeHTu oiihcuuli panee /!/.

TeMiieparypaue 3aEMCMMocTB yjieJiMmtii ajieKTponpoBramocTM »
njioTHOCTH (f ) wayMemm pacruiaBun yiioMeTBopHTejiuic orwcuhajoTCH 
jiBHeflauMB ypauneiiMnMB nepBoro nopnjiKa, KoatpjMUMeHTti ypawietiHti, 
BUM.HCJieHh.ue MeTOHOM H&HMeHLuiHX KhauparuB, h reivma {laTypiiue MHTap— 
BtiJIU M3MepeHHii npiUjejlGHU B TaOJlHUe^

TaCjuma
Kco^ii’iiHCHTU ypajijieiiHft TeMuepaTypucii aaaHCitM' ctm 

j> h paoiuiauieHHUx OMeccfl CttfA -Cst£

Cif£y>
moji.2

1 p. 10**- a-B.T,
j / 0
I KI’/MT \t*p. 

jkp/m3

j ar,i(r*--~afB.T~!
'\t*x 
i_jCM.M

-y—
, !

! T,K
1!1! a | 3. m3 ! a j B.103

0 0,740 1,006 iO 0,598 1,941 U/J 940-1 mo
7,1 0,667 0,967 lb 0,708 1,760 1,9 96(1-11 (JO

14,6 3,70b 1,024 7 0,705 1,482 i.o 960-1100
2o,U 0,700 1,020 14 0,50b 1,18b 0,6 J.US 0-1160
40,6 0,r>t3 1,080 14 G,6Ul 1,190 0,6 960-iior
61,4 4,126 1,0,6 l4 1,444 2,050 0,7 950-1.1.00
86,0 4,364 1,10b 10 *,4bb 2,198 0,8 1060-1160

1U0 4,403 1,112 0 1,094 2,008 0,6 J100-1160

Ha pnc, (a) npHBenoHa waoTopwa (1070 K) oTHOCHTUviiiioro otkjho-
HetiMH MOJIflpUCrO 06\um OT &1U-HTHBHUX JlilMBM ( &V/Vcyy )t BUMWC-
jteHHHX no 9KcnepH.MeHTajtj;H>jM anu-wHMHM zuivTiioc :a BaysCHiiMX pauivra- 
BOB (TUdJl, ), BHJtHU, MU. UTFJibHHdTCji OT awriBilOVv xcaa
b oTupony nrui(7v.ieju>iw.x bo eoek iiHropBajio ho mush Tpa^iii!
KOMUOfitiRTOB «3yM6HHUX CMOCek. ^CMMiULUUC bHBMOHMd
(o,h %) AouThraevcH n pH coiiepafiHHH b co/iebax c wee ax 26 a.
C*£li » mto muvho od-bHChHTK oopa3GBRRi<ev. b raorui.u^ ni-fMj»ux u; m-

napMMOCKMX POHOB . HfJ.yM^UHUO n H'lO% d j:a OT: A
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Pwc. WaoTepMH (IU70 K) oTHocuTe^LHoru otmohchus Mon/iptitix 
cti'beMOB (a) M mojuiohoH njiektponpoB()jihocth (d) pacn- 

jiaMOHHux cm-cefl CrCty ~Cs£P

tstu xopouio corjiacyivTcn c pane a o.nydJiHKoBaHiwuw aaHHHMH /%/ julh 
CMecefl {A/-//t My ). ]j pad or c AV noKaaaKo, htu juia
GMeceit, cojiepjKaiiLHx //Af MaKCHMCuiLHoe anaMetme ^ cocTaB-
me? 0,5 %%A/a£i - 2,3 % a - 4,9 2, ysejiiweRHe B
pacnjittsax -///If , co,nepxanutx KaTBOHM niejioMJ&tx MereumoB a pa- 
.ay lt'+-Afo*-K*-'odycjioBJieHu ocjiadJieRHew KoiiTpntvmpiisyiomero 
ae&OTBaa paccMaTpMBaeMMx k&tjbuhob c yBeaaqeaaeM ax paawepa na juj- 
raacH KoiGmeKCHKx mokob*

Ha pwc. (0) npaseseHa asoTepwa (1070 K) mojibpho# o;idKTponpo- 
boahoctjh (jt/) aayMeHKux cMecefi CM±~£$££ , paccqHT«HHafl as 
8KcnepHMCHTajtBHHX hrrhhx q j> z <£ (TadJi.). PeaKoe CKflxeHae yt-/ b 
od^acTB 25 moji»/6 otiycjioMeHo odpaaoBaRKew b pacnJiase
KOfiauieKcHHx bohob CeCP£~ , Hpa yBejiHMeHBa KOHueHTpauna xJiopjB.ua 
uepHfl dojiee 25 moju% nad-nmae-rcn CHuaceHse Tewna yMeKiaenaa ^ , 
a sareM MBHBMyM j& ysejumeme stoII xapaKrepncTUKB, ?iTo mckho oOt>hc~ 
hbtb nepecTpo&Ko& CTpyKTypii pacnjiasa: odpaaoBanaew b oo^acTa 
30-40 msi*% K0MHJI8KCRHX jjohob cocTasa /2/, a p
ttajiBHeftmeM - dcmee cjiojrhhx (MHoroB^epHux) wajioycToiiMiiBWj xomji- 
j&kckhx rpymuapoBOK, npHdJO!*ajoaiHXCB no csoeMy cTpoewsc k CTpy%ry- 
pe nmuiBHsyajtBHoro xjropnjta aepaa (Ce* C^Zm

JlMTeparypa

I* KoBajieBCJRHil A.B., Hhhkob KA, HlBiaajiOB B.M. - M3B. Bya. LipeT- 
Haa Metajuayprsn, 1383, % 4, c. 70-72 . 2. KoBa^eBCKisft A.B., lUtima- 
jsob B.M., Kos^obckbx C.A - PacnnaBH, 1968, t. 2, # 5, c. 123-125.
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TEPMM4EGKHH AHAJDM3 H BH3K0CTB XJIOP^DHCMW’OPIilJLHUX 
PACriflABOB, GOjUEPKAlliHX TAHTAJDL

C.E.JlapaeHKO, C.C.BodwaH, 0.@.9epDWHCKHB

ypaaBOKHB nOJIHTeXHMReOKBti HHCTMTyT HM.C.M. KlipOBP

Mcnoa&3o&&Hwe xjiuphaho~4:tophahux cojigbux cweceB, oo/iepxwuwx 
renTa^TopoiBHTajiaT kbjihh, b npouecoax aieKTpoJiHTH4ecKO?o nojiyMenaa
TBHTfiJia BH3B8.K0 HOOdXOUHMOCTL H3yMGHHH $HSKKO-XMMMH8CKHX CBOilCTB 
8thx pacrwaBOB.

Mstoaom jiH$$ep9HURejilhu-TepMHH8okoro aHBJitisa HccJieuoBOHa 30 ~ 
BHCHMOCTi? "cooTBR-TeMnepaTypa <J>aaoBUX npeBpameHHfl" jsm cojibbux 
OMOCeft UnUl-K^/PaP.^ , KCl-K^iFy , CuCl-K^TaF^. MeTUJROM 38TyX8K)0UiX 
KpyTHJitHux KojiAdsHH# UHJiHH.npupecKoro Turjw (mojihOjibii) , HanOJIH8B- 
Horo HOcuioAye.Mott xHAKOCTfcw toyqeHu TewimpaTypHUO a KOHUOurpanttOH- 
HUe 38BBCUM00TU KHHOMOTHROOKOti BH3KOUTM BUU16HO3B0HHUX paGflJiaBOB.
M3Mep0HHH npoBOAMJia b aTMOC^mpt) OHHiueHHcro aprona. D bkcuqpmm0H- 
Tax HCnOJIfcgOBaJlH COJIH, ($'H3HK0~XMMHtl6CKHe CBOttCTBa KOTOPUX xopotuo 
oornacytoTCH oo cnpnBO^HWMH naHHUMB.

J&in cojicbhx OMecett Na(;i-K./i'a?y a no.nyH8Ho y&owie?-
BopuTeJibHoe coBnajieHBe no TeMnopaTypaw jibhiih AfBKBHnyoa /1,2/, ho 
Hp8&%OK8HHOe H8MH CTp06HB6 MKPTpaMMH C0*J9HfcW KGl-K^i’&K, OTJIB'iaeT- 
Ofl ot npnBOAHMoi'0 b JiBTeppType, no nauiBM janHHUM ooejiHiieHBe 
HBJIH8TCH HHKonrpyaHTHo njianflnwMCfl c mwiepo Typo# paSvioxeHHn 747°0. 
B TpOflHOtt B39HMH0# CkOTWMB K/PaZ/CT tF RU83MdHHapHWM HBJW6T0B 08*18- 
HHe KCi-K^i'oFyCi , xapaKTepaayiumeecjj nepoBantHofi To^KoB o Tewaepa- 
Typo# luiakfleHBa 700°C.

Ha OOHOB8HHH p68yj!l>T8T0B B3M©peHHH KBHeMaTimOftO# BH3K00TH 
pacruiaBOB a ashhux o bx iuiotuoctf, paoo*mTaHH K08$$BUHeim’ nswa- 
MB^eCKO# H MOJIflpiIOti BH3K0CTH • M30TepMH MOJUipHO# BH3K0CTH HSy'TSHlpix 
poonvIBBJieHHHX CM13U6# XapaKTepM3yt)TGfl nO^OKBTBJlbHl^B 0TKJI0H6HBKMH
or HseajfLHocTB, nojiTB8pay^a*oiBBMH BaatiMoaefteTBKe Mexmy mmoneiiTaMu 
b paciyroBex o odpaaoaawweM $ropBAiio-x.?opBBHwx romtuiorobux rpynriH- 
Pobok taHTajia.

JlarepeType
1. Uytt Ehh Cbhb, JlyaKaa M.n.* Kohctbhthfob B.H.-XHX, 1963, T.8, 

bhfi * 2, —C • 389—395 •
2. KoHCTaHTHHoa B,M. r^eKTpojiHTBHecKoe no.ny^eHHe TBRTajtosMo- 

dan a bx ghjibbob.-M. : WeTa^jiypran, 1977.-239o.
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rUJOTHOCTB, nOBj'PXHOCTHOE HATH3Q3HHE H 3mKTPOfTPOBOJOHOCTL 
PACnJIABJlEHHUX CMECEB XJIOPHJtOB fMO'fiftJX METAJLHOB C 

OTOPTAHTAJIATOM KAJDffl

A. A.KJIHMeHKOB, E.B.KOKapeB, D.$.%GPBRKCKMA 

ypaJISCKHi! IIOJ[HT0XHH'lBCKRf! RHCTFTyT HM.C.M.K«P098

^TopniiHo-xJiopBflHHe T8HT8Jicoaen%awM8 paciuiaBH FcnoJiBayxtTCH b 
nponecce ajieKTpojiHTnecKoro nojiyneRiiH MovajunwocKoro tshtsjib • JUw 
onTMMaJiBHott opraHH38HHH 8JieKTpojtn38, noBMiDSHBW KBReoTpa nojiytsaa-
MOT’O IipojiyKTa HeodXOBFMO 3R8HR0 $R30KO-XRM0R8ORRX CBOftCTB B03M03K— 
BHX 8JI6KTPOJIHTOB.

MeTOJttOM MaKOHMSJIbHOrO fl8BJI0HRfl B T830B0M ny3tipbK0 B mapOROM 
TenmepaTypHOM HHTepBajie R3yM8HH iuiothoctb 0 noBepxHocTHoe hbth*©- 
HE8 pacmraBJieHHHX CMecet! HtiCl-KpTuF7, KCl-KgTaFy, CflCl-K2TaF7»H3- 
Mepeflae yjiejibHoU i/jieKTponpoBojmocTH paconaBOB npoBo^HJia jmyxajieK- 
TPOJIHUM M0TOJJOM. BeJIlTOHHy nOCTOHHHOft RSMOpRTOJIBHOtl HHQflltH OnpeflO- 
Jtiuta no pacmraBneHHOMy xjiopemy RaJiaa h npoBepnjm Ha pane paoiuioBOB 
CRCT6MH KF-KC1. ROR838R8 yjROBJ!0TBOpETeJIbHOH CXOflHMOCTB p03yJIBT8TOB. 
MaKC0MaJIBH8B norpeEHOCTB RSMBPBHRS yHQJIbHOft 3e10KTponpOBOjmOCTH COO- 
VBBJtSUia 5/6. BoJXyR8HHH0 T0MnepaTypRV0 38BRCHM0CTR IDIOTHOCTB E DOBO- 
pXHOCTHOrO H8TjSKeH*H yflOBJieTBOpHTejIBHO OUHCHBaJIHCB viRHeflHHMR ypaB- 
HOHBflMH, 8 yfleJIBHO# BJIBRTponpoB0&H0CTH yp8BH0R00M ROJIHHOII8 BTOpoft 
oTeneHH.

Ha 00H0B8HHH 3KCnepRM0HT8JIBHHX X8RRHX dtiUIH HOJiyHOHH 3H8R0HRA 
MOJIHpHUX B0J1EREE OdfcGMa R M0RTponpOBOflHOCTH P8CIIJI8BJI0HHHX CM9C0ft, 
no H3M0H0RHX) KOTOpHX MOKHO B Onp0%aR0HHO& OTSnOHH CyilRTb 0 npOUQC- 
C8X, npORCXOARDIRX ttpH CM8m0HRR KOMDOHGHTOB •

XapaRTep ROHQSHTpaQROHHUX SaBHCHMOOTeH MOJinpHOrO 0dT>6Mfl, no- 
BepXHOCTHOrO R87HX0HHH H LOJIHpHOft 3JI9KTponpOBOflHOCTH OTP8X80T H8- 
AHRR0 B38HM0JtettCTBHH MeKJTy K0Mn0R6HT8MR B RSyROHHHX CM0CRX, HaRdO-
Jtee BHpe*©HH08 b chotgmq c xnopimoM ksjihh.

Ha vJuumS6M»e BO B06X CHCtGMBa HOJiOEgTwJibHHG H3uHT0^maG BGJIffM wRH
ttojropHoro odBeMa 0 MOjmpHoft BJieRTponpoBo&RocTE, AocTwrarmao mskch- 
MBJtBHHX 3R8R0RE# B OdJI80T3 ROHIXBHTpaiXRR 40-60 MOJI.# HO fTOpT0KT8Jia- 
Ty R8JERA, RBJWDTCH, DO HameMy MH8HRB, CJI6RCTBH8M OdpaSOBaHRR B p8C- 
lUtaBaX $TOPHJ[RO-XJ[OP0HHHX KOMIUT0KCHHX rpymiFpOBOK TBHTaJia.



yjK 541.13
K OnPEIBJIBHHD CPEJLHBfl BAJIEHTBOOTH HHOEHfl B XJIOPMJIHUX PACIMABAX 
B.JI.Bachh, C.B.MacJiOB, C.n.Pacnomm, y.f.KamiME

OnpeaeasRae BaxoHTHoro cocyoshha mohob noaHBaaesTEWX uer&Jt- 
mo> b raJOKjumx p&cnxaBax npexcTaBsaet xoctatotiao cxotHyc oxcoe- 
pitiieHTaxwiyD Bajaqy. JUa aroro qacto npaMOBwoTca cnemaJihuo pas- 
padotaRHue ox ext poxtiMiiqec km e (xyxoaoMeTpBa, veto* 3JQ0) « anaxiiTH- 
qecK*o Keioxue B R&cToa*e# padote c me noMoq&D otipeACJieHa epex-
HHfl B&J!0HTHOCT!> HOHOB HUOdifH B paCOX&BaY BA 0CH036 OBTeKTHqeCKOfi
chock xxopHjioB Batpea a qeoaa.

Bo .xaHHfiM xyxoao- 
uetpaa ycT&HOSJietio, 
qro npa nponycxaftira
O.'VtHAXOBOrO ROaHMOCT- 
na oaexTpnuecTBa 
(275 Km) ydim rnocu 
RHOdaa 3a Bpeaa ano*- 
aoro pactBopeaaa coc- 
taeitaa of 83 xo 262ar 

° " -2,5 -2,0 -1,5 -1,0 b oaBMCRMocTM ot naot-
aorapa# iijiot booth toka, (A/cm2) aocTt toxa a toimepa- 
I - 550, 2 - 650 , 3 - 750°C *yp»* Bpa *opaaaBBOM

noxxoxe *3 otoro cxexyei, qro b aoBttcHMoefe ot ycaoBaK pacTBope~ 
bur MCHfietca opexflaa BaxoatBoetB nepcBexmoc b pa^naas kohob hho- 
daa (pac.), npaqdn b cdaaciH naoTitocTefl toxa Mea&intx 3 mA/cm2 
npM 750° oaa npttaioiaeT &bom&xbho a*3Kae oaaqeBHH.

Ha ocaoBavnii BB«epeH«a paBKOBecHMX botohub&xcb bro6hh otko- 
cMTeatno xxopsoro oxoxTpoxa noctpoeKH uaotopiiH.Tax, apa 650° b 
MHiepBaxe xoimsHTpaiuni noTeimHaJicmpexeAfiifHUtfX xoaox 0,0743,7 mob# 
noxyqeBo atcnapRqecxoo ypasaemie:
EKb»+/Nb - M, 205+0,007) + (7,80+0,30)' 10~2lg tfbc+ : 0,00? (B) , 

*5 Bsaaqaas npexsor&pwfoiiroecxoro xo9#BaKOBTa Kotaporo cjhwot,
qro B P&BHCB6CB* C MOTftXXOM BAXOXHTCB HOBH HHOtiBfl 00 CpOX^eS fcA- 
xeirrKOcTBD 2,26*2,44. 3th snaqeHxa cyaeevBOBHo hhxo noxyqeamix 
nttMM paaea aa&AHTBqecRHM wetoxoii npa onpexexemii bocgt&hobhtois— 
HHX CBOHCTB T«X SO 0HCT6M (3,243,7). C XpyrOlt CTOpOBH, OH* BO B 
COCTOHHHH OdfcHCBKT* aHGM&BfcfiO SM3BS6 DtfXO*H HO lOKy XRX6 C ?qfTOK 
ROppOSBM.
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fts BwmeoK&a&jRoro oqeBK&ao, qio na ocaoB&HHK $opmx&soro npti- 
ueHdBHH oxaoro K3 weioxoB das doxee rxydOKoro aonoanKTeaLRoro &Ha~ 
an3ft Kccxexyeioix cmctom apax sa bosiioxho bu6?b yaxSxmie cBexeaaa 
o BeaaqaHai cpexaeM creneim OKMcaeaaa hhoOha b coaoaux p&csxaBax, 
paBHOieCHUX c MetaxaoM •

C seate noxyienaa xonoaHBTea&ao* Hir^opiiamiH duxo aayqeao so- 
eexetme cacieu npa xastTexibHOfl BtaepffKe (b revenue 5+6 tacos) Me- 
T&xaaqecxoro hhoOeh b kohtektb c pacnxaB&nsi, coxepx&gisuM hohu hb- 
odafl co cpeiHefi b&xbbthocybp 3> PacnxaBM Taxoro cocraBft noxytaxa

AJEOXHUM paCTB0peHH8M
HKOdHfl spa 650°c nxoT- 
HOCTLD TOEft 16+18 
llA/CM2(CM.pHC,)« Ho 
KOxnqecTsy nponyiaeaBO- 
ro DJieKTp’.tiecTBft pao- 
cqHTUB&XH uaccy pacr- 
Bopfenfloro HModase Hoc- 
Jie BHxepxKH B3 cpeyaett 
qacTH BxeKTpoxHta ot- 

dnpaxa npoda xxh onpexeaowaa KOBnenTpanax a coxepxaRpia axodaa b 
pacnxaBe.B kohuo onma onpexeaaa* cyMMapsyo (b npoueccax an.pacx-
BOpeHHfl U BHXepXKK) ydUXB MftCCH Odpft3I%ft. Pl3 COQOCTftBaOHKS BTMX B6-
xatRB, npasex^HBax b Tadxase, bhxbo, qxo bo bpomb BimepxKH otip&s-
m npOXOXXftBT TepatB B B6C0, OXBftKO KOXHtecTBO SftXftBBOrO B pftCS- 
JiftB naodaa npaKTinecKH ho MgweaaeTca. 3th xasHHe ydexaTex&ao so- 
KftSHBaDT, q?o spa BHxepeKe caoTGMH axdi He BoccTaHoajieHHe hohob 
HHOdHa Meianaou, b qacTHocia Kb(E) xo m<n),& dectoKOBHtt nepeaoo 
HQTajixa. Hmobho stem nposeccon moxho oObbcbetb aHOuaxBHO khskh*
BH&qeHHB ftBOXHHX BUXOXOB HKOdHfi Spa pacTBOpOHHH C MMhlMH SXOTBOC* 
TflHH TOE&, ft TftKXe nOBBXOBHft HOTftXBHqCCSHX SOKpHTH# Bft CieBKaX 
RBapSftBOrO E0HT6ttB6pft«

T&mi odpasoM, npOBexSasae HccxexoBaHas nosaaasi, qto s pas-
B0B6CBHX c M9TB5J!9M paeSXBBaZ CSSXyST OSSXftTB ROSOB BSCObS B23B5Z
CTeseae* okkcb6hbb« CpaBHHTexfcHUfi xe asaxsa noxytemacc paamnoi 
MQTOXaMH XftHBHX 0 npHBX6q9HH61l CB6X6HK& 0(5 BBOXOQHH CHCT6MH *M9- 
Taxx-pacsxaB1* u npoaecce xxhxoxbhoB BHxepxKH noKasKBaet, qro spa 
650® aftHdoxee xocToaepHoe ssateBHe cpexseB ciesoHH oxHcxeHMB hho- 

daa b KoataBrapyBiaeii c uqi&zaqu p&cDxaae tijmstco k Tpeu.

xo BHxepxKH nocxe BHxepxKK

Nb”"1 M&cca 
pacTBopBm. 
Baodaa, nr

ydHXB 
Maccii HR- 
odaa, mt

Mecca 
broOkb b 
pacnnaBe,MT

0,071 3,0 5,3 3,37
0,193 12 19,3 9,18
0,55 25 29,4 23,5
1,16 49 62,8 49,7
2,68 113 132 113
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BH3K0CTL PAOiUlAmiEHHHX (mm\ XJIOTTOOB YPAHMa II
IllFJTOMHiJiX f/lETAJUIOB

lO.E.EaxTHHoa, C.n.PacnoiuiK, KL^.HepBmrcKim

ypajiBCKWa nojuiTeximeoKHii MHCTaiyT, r.CBepMOBCK '

Bo3MoatHocTB ncnoAo3DBaHHH 3jieKTpojiH3a paciuiaBJieHHtix XJIOpim- 
hux coae# Jim nojiy^enm u perenepaii.nH H^epnoro TonjiKBa Ha cohob6 
j5KOKOK.ua ypana HFumeTca npiramroH jtobojilho MHoroHMCJteHHux uccae- 
JtOBaHHft B 3T0fi OtiJIBCTM. BbldOp CnTMlviaJIBHfclX HdpaMeTpOB aneKTpOXH- 
MH^ecKoro upou.ecca Tpedyer rjiydonoro h BoecyopoHHero
(JH3HKO-XHMHH0CKMX CB0KCT3 TOKMX paCEUIOBOB.

0OUldJUI>mHOHHHM MGTO&OM, OCHOBaHKOM HE pemeHJSH BHyTpeHHOfi 
rH.npojpHaMKrcecko# sa^a^iH, Hawn BnepBHe HsyqeHa TeMnepaiypHaa 3a- 
BJHCMMOCTB KHIiewiaTHHeCKOii BH3K0CTH paCHJiaBOE tillHapHHX CHCT6M XJIO- 
pancB ypanmia h ma.noHHHX MeTajMOB b hojihom KOttaeKTpauHOHHOM hh- 
Tepeajie. Ha aKcnepH^eHTajiBHHX mhhhx oupeaejiGHH koc^^humqhth jui- 
HEMmieuKofi a MOviHpHOit BH3icoc vb* TeMnepaTypiiaa aanrcHMOOTB bhsko- 
ctm H3y».eHHux pacnjiaBoB o jtocTaToiHoft c?eneflBa> tovhocth onacuBa- 
eTua ypaBHBHtuiMM sKcnoHeniTHajibHoro suite. Pacc^nTaHH BeJiMWHH ot- 
HOCHTeXBHHX 0TKA0H5HK# MOJIflpHO# BE3K0CTJK paOUJiaBOB dHHapHHX CHC- 
T6M OT HfleajIBHOGTM/ I/.

Ha ociiOBaium aiiajinaa o-mocMTejibHux omioHeHaft MOJiapHoft bh3- 
KOCTM OT HflCajIBHOCTH OJKOJiaH BHBOfl 0 CytUGCTBOBaHWf B OdjIBCTK KOH- 
UeHTpaUHSi MO 40 M0JI.% U02CL2 yCTOfiHHBUX aKliOHHHX KOMHJieKOHHX 
rpyimapoBOK ypaiuma paajimmoro cocTaca, yaaoTBywmojc b br skom to- 
HeHHJH KHK OaMOOTOHTeaBHHe cTpyKiypHne ejunumu. Oocteb othx komh- 
JieKCOB 3EBHCHT OT HOIJHOrO HOTOHItHaJia lCBTKOHa yeJI04H0r0 MQTanJia a 
jcoimeHTpayaH xjiopitua yparauia b cmbchx.

Bum KOHItOHTpaUMOHHOM aaBHCHMOCTH MOJWpHCft BH3K0CTH dHHapHHX 
pacrutaajieHHtiLX CMece# xjmpmtoB ypanma a wejioHHHX MeYatwoB, a 
Tame oe oTHocuTejiBHwx OTimoHeHaft ot aaeaa&HOCTM HaxofiMT yaoBae-
TBOpHT6J!BH06 OOBHCHeime B PQMHBX KOffilAeKCHOn muacJlm CTp06H?lH
Koiimix xtmKooTeii.

J[ k t e p a t y p a

I* HepBMHCKM# K).$., JlecflTHHK B.H., HenaeB A.H. -j$L($tH3.XHMwn,
1962, t.56, ih 8, c. 1946-1949.
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$W8MK0-XMrmECKltIE MCCJjiEflOBAHMfl <$>A30BtiX nPEBPAEEHtiti 
B 3JIEKTP0JIMTB Mfl 3JlEI{TPOXM!iiiqflOKDrO [lOjQfHBHMfl P3M

B.O.KyqeB, BeX*HoBH^itOB, H.JLOnojrceHOBa, P.&.PudKHHa, 
H.H,C$0nap8B6, E,P,louamnaiOKaa

rMPEMBT, MooKsa

PaonJiaBU ohotqm Jtopha P8M - $Top%a jihthh - #Top%a 
uteJioqHoaeiieJiBHoro lieTaxxa npaueHaDi npw sjiqKTpoxHMHqookom 
noJiyqeHHu pesKoaauQJiBHbix uqtqjuiob /I/, B yoJiOBiaax sfceKTpoxHsa 
npx TeanepaType 900-1000 °G bobuoxho BaaMuoflettoTBHe komiiohqh- 
tob aJieKTpoJiHTa Mexay oodott, a Tarase o Kiiojiopoflou B03flyxa tt 
BJiarM*

B HaoToameM padoie iieTOAaiiH flepMBaiorpa$HM h peuTresorpa- 
$hh ttcoflQflOBajiH dJieicipoJiiiTu npoMHiiijiOHHUx bbhh 3Jih nojiyqeHHa 
iiHDMeiaxxa, a lanxe arh opasHeHnx hoKyootbqhhuq oueoH axerrpo- 
awTOB, BKJroqaDiiiMe'aHaxorMqHue hoxoshuo peareHTtu

P8KTF9H0B0ICH6 HOOXeXPBaHMS npOMWXeHHUX 3JI6KTP0XMT0B, IipO- 
B9A6HHH8 HB AH$paK10M6Tpf) gP0H-2*0 0 $HJIBTpOBaHHHll H3JiyqdHH6M 
imah, noKaaajiw uaxiiqHe doxBmoro icojiwqecTBa $aau TBepxoro pao®- 
sopa OMOM$TopHxa uepMg CeOFo OHOH$TopnflayK #pyrnx P3!l, a tbk- 
xe SHaqHiexsHOe kojim^ootbo Jtophaob P3M, npireeu o ysejiH^eHiiQu 
oreneaH okmojiqhms paonxasa b axeKTpoxHie oTuoqeKO odpaaoBauHe 
tsepfloro paoiBopa omqhaqb P3M aa oohobq owcHaa uepHa. Kpoua
toros KQK B npOHUBlJieHHMX, T8K H B HOKyOQTBOHHbDC 9X6KTP0XMT&K 
aa$HitoHposaHHo iiohbji9HH9 X-$aaw$ hht8hohbhooib kotopoW soapa-
o$aai o yB93iHqeHH8M b oooiaBe axenipoxHia icoHueuipaumi (jTopxiAa 
dapti*. Ho xaHHUM ASTH ovpyKiypa X-jiaau HxeHTii^imupoBaHa oo 
CTpyKTypoil croxhhx $tophaob Tana Uehie^F^, odpaaosaHHia <$to- 

PMflaMM 9efl0qH088M8XBHUX H peflKD39M0XBHHX H8T8XJI0B 11 OOOTBOT- 
oisyeT b HBfflen oxyqae 009Xhh9hhd T%na &aC^fg/?/Ha bo-jmoxhoctb 
odpasasaHiiH noxodHux oooflHHQHHtt yK83waaxoo& b potiuTe /3/.
P0H TP 9 HO BO KH6 MOO JIQ AOBQHHfl 000T3B0B HO KyOC TB9HiiUX OK 60611 3.710-
MpomitOBt He ooflapxaaiMx $topha dapux, noKaasuw u'.co,y^VBuo
X-$88H»
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TepyorlS&HqecKHd MooaeaoBaHwa, nposaflaHHue aa aepwaaior- 
pa$e 01-103, nosBOJiwJia odaapyxMTB aa kpkblgc aarpaaaHMg npouwiK
B6HHUX 3/16KTpOJIMTOB H8JIMH11Q AByX 3H/tO'l!6pMHqeo IWX 3#6%TOB,
OTBoqaD^MX naaajiGHiim $aa aa ooiiose $/noopim m ^Topw^ou P3M 
npa Teimepaiypax 610-640 °0 h 680-700 °ti ooottBezoTBeHHO.

Tan k&k b a/ie K'xpo/iHTax fl/ia nojiyueawa umiiuaTa/i/ia npMoyx- 
OXByjOT OMOMAUUa OOQflKHQHM* P3U 12 BO/ieflOTBlie BaajflUOAdiiOTBMg 
$Topu/ioB P3M o KMoaopoaow soa/tyxe m B/iarn b paon/iaBe B08MOXHO

otipaaoBaHMe ojioxhux okqmOitopm/uiux KOMiuiewooB Tima 8aCe,P8-axO*, 
woTopua iioryi ywaoTBOBart a a/iehtpoxwimiiookou npoueooe no oxene; 

BaC^iF^.jx Ba*** [C£*Fg-ax Oxj 
[CeiPa.axOx3V2Ce^V(8-2X)FVxOu 

Ha Karo/te: Ce^**3e % C 8 weua/i/i 
na aiio/ie: (8-2x)P'-^ + (8-2x)e

B o/iyyaa iiono/iaaoBaHM* rpa^iTororo ano/ta paaKuwa npoieaa- 
6T no oaeaywuie# oxoMet

C(ano/i) + Oa -*C02 
COa* C- -* CO C*2Fa~*CF\

B peay/iBiaie bhiio/ihqhhhx woo/ia^oBaHutt npe/pioxea bosugx-
Htiit M6X6HM3U flHOOOUHaUMli 0J10XHUX OKOH^TOpM.HHUX KOMil/IOKOHHX 

008A%H6HM& B yo/IOBMgX 3/16Kip0XMUH<i60KOPO IIOJiytidHMfl MMIIIlie 118/1/18 ♦

JlHiepaiypa.
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TSOK/iaflOB yi BoeooD3Horo oHunoaHyiia no xhmhh aeopre- 
HH^OO KilX #TOpyiAOB. HOBOOHdfipOK. 1981. 0,175



H0B6FKH0CTH0JS JimiPOBAHltE MJiypft OJIOBOMsKAjWttEII 
MM UlflHKOM C liPMMfiHKHMEM PACIU1ABJIBHHUX SJliSiCrPOMTOB

A.r.MopaiOBOicaft, E.B.KJiedaHOB, P.3.Xyaaaa

IIOJIMTeXilMqeOKMft MHCTHTyT, JleHHHrpem

Mqtoa moAHoro BH8AP0H8H noaBOJmei nojiyHHTB oniiaB ayxHoro 
$88obopo oocTQBa a jiOBepxHOOTHOM ojioq noAapaayeiioro ueTaJwa. ilp« 
Hajumaa b oHoiaMax mhtepiieTa jiaaqeckmx ooaAMHOHMfli o y3KHMH odjiao- 
TBMM POMOreHHOOTM Ha^OOHOBdHHM HOJIHpHaaUMOBHHX MBMepeHHtt yAaeTOR 
paooqHxavB lepMOAMHaimueokmo xapaKrepaoTaicM odpaaOBBHMa amx oo- 
eAHHeHHU.B aaoToamoft padoie MayneHO naTOAHoe BHeApeHae 0Ji0BatKeur 
IIMH HJU! UMHKa M3 paOHJiaBJieHHHX 3B6KTP0JIMT0B B TBepAHft TeAJiyp.MC- 
QJieflOBaHiie BunoBHeno M6T0A8mh ohhthh nojiapaaauHOHHHx kpmbux b 
MirayBBOHOM ra BBBaHOo t a t m qao kom pexiuie a a a mom kpmbux noTeaimaJi- 
bpomh b TpexaaaKppoAHO# moUko. Ifedoiaa noaepxsoo tb aocaeayeaoro 
ajiexxpoAa npeAO*aBABJia oodoft Topeu TeBJiypoBoro otqpshr.SaejcrpcAa- 
MM cpaBBeHHJ! CAyiHJlH TBapiQM@/MBM XHAK86/0A0B0 , KQAMHtt,UHHK,norpy-
aeHBue b aAexTpoJuiT topo *0 oooTa»a, ito h HoojieayeMHtt aaearpoA. 
3b8ktpoa opaBBOHMa HaxoAHBOfi b OTeKJiHHHott npodapice 0 acdeoiOBOft 
AMa$parMOit«BonoMoraT03iBHu# aaaicTpoA aaroTOBjiHJiOH aa cneicrpaJiBHO- 
qMCToro rpatMTa. MooaeAOBaHHe bhqapohbb ojiobq b Tejuiyp npoBOAHJm 
npii 473 K aa ooseBtoc 0MOoeftNttCC~$aCCzfKCC"$riC(iHCsCC'"SltCC2 • 
BatiApemie xaAMMH ooyneorBJiaHooB aaCdlz^KI /npa 493 K/,CdBfc~KBr 
/603 K/fCdCtrUC(wKCt /623 K/,a saeApeHae uhhk8 aa aaearpomTOB 

J2KCC^-LlCC-KCC a ZaCCz-NaCC~KCt/483 k/; ZaCCz-KCC /513 U 
ZnCCz"NaC(^UCt /533 K/; ZnCtt~Ha£t n ZaCCz-CsCt /543 KA
B OOOTBOTOTBKH 0 AHerpdMM8MH OOCTOfiHHfl CHOT0M Sa~TC$ Cd~Te H
Zn-Te aa noaapaaauaoHHta kpmbmx b odjiaciax onaaBOodpeaoBaHaa
MOIHO BtQOAMTB BOpiHKaJIBBHe ysaOTKM, OTBesajDAMe 0yH0OTB0B8BMK) Ha
noB6pxsoc?a ajieKipoAa AByx$aaHHx odJiacTeftTe+Sh/Te/*? *0,315+0,003 
B/fTe ♦CcLTfe/^f *0,493^0,0058/ ale + Zn-Te M =0,580±0,005 B/
0TB0CHT0JtfcHO OAOBHHHOrO,K8AMH8B0r0 H UHHKOBOPO 9A0KTPOAOB OpaB- 
H6EHH oootbwoTBeHHO»3HaqeHaa noTeauaaaoB jaaoBux odjiacieft He 
885169® Of npapOAM 3B8BCTpOJlHTa.no BeJIMIMHaM nOT0HUMaJIOB AByX$a3” 
hux odjiaoie8 paooHa?aHU H3M6H8hhh aaepraa Fuddoa npa odpaaoBaHMM
ooeAMaeHMft SaTe /A&473 »-60,8jP,6 kJIx/iiojil/; CdTe /A(*493*
* "95$I^I$0 kHs/moab/ a ZllT&/AG483 *-II2,0rI,0 kAk/mojibf.
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nOBSamiE CKA5UTOK B PACrULVBAX uIEJIC4HWX xjiopmaob

B.n»Cy!BeHKOB„ A.B.BoAxo&ir

MHOTMTyT TMTana, HobomockobckhR #Hawaa MXTH

XpOHOnOTeKUHOMdTpHMeCKKM M6T0A0M OnpeAOJiOHti KOO$$KUHeHTU 
($>y3MM HOHOB F& (fl) (c MCn0.1b3QBaHH9M TBOpAOrO MOAHOaOHOBOPO KaTO~ 
A&) M HOHCE SC (ID) (c HCn0Ab30BaHM6M JIlHAKOPC UWHKOBOru XdTOAa 
/!/) b paonaaBe KCi-NoCt (1:1), CoanTepM^i K08#nnH8HT3B a%#y3KK 
OilHOUBaiUTCf! ypaBHCHKHMX, pttCUHMTaHHoIMt! MQTOAOM HaMM8HMIHX KBaApa- 
TOB*

fy&Fe* * -2,672 ~ I662./T 1 0,025 im 953-1085 K

Zg^Sc*' = -2,704 - I993/T ± 0,03 fljio. 973-1073 K

KoNMyraTopHiiM mbtoaom ohath;! noAapusauKOHHHX KpnB*jx HayMdHO 
0Ca«A9HMe OXaHAKH H %8JI83a Ha TBapAOM M0AK6A8H0B0M tf %HAXOM UpfllKO
bom xaTOAax np*f aaexTpoAMse paonAasoB KC£- NoC€(\xi} npK 10x8 K. 
ycvaHOBAOHO, mto paapBA hohob oxaH.zi.nfl k& kkakom uhhkobom xaTOAe*
no CpaBHbHHC C TBOPAHM M0AH0A8H0BHM dA8K.Tp0A0MP npOT8K.a0T 0 AOHO- 
AHpM3aUH8$l, B6AHHUH& KOTOpOfl C0CTaBAH6T 200 mB, P83DAA HOHOB X0- 
Aesft h na moam6a6hobon$,k na umhkobom xaTOAax npoTexasT npn doaee
n0A0ACHT8ALHUX nQTQHUHaxaX t H8M pS3p%A HOHOB CKdHAHH,

IlOAHpM3aqMOHHU0 XpHBW© WWAKOrO UMHKOBOrO Vi TBQpAOPO MOAkitiAd-
HOBOrO OAQKTpOAOb, nOAyH6HHU8 
I! pH DAQKTpOAM 39 «eA830CKaHAHtt-
ooAepxiaiQMx 3a©xtpoahtob, npeA- 
CT&BA9HH Ha pHC.I. ilpH MdCOO-
bom oTHoaneHHH Fe \ Sc * I Ha
1CHAKOM ykHXOBOM xaTOAe (xpH- 
Ba« I) MOXHO BMA6AHTB yfl&CTKH 
OQAeKTHBHOrO 0CaiKA8HHfli K©A83a-
(2,2-2,4) B vi oxaHAHfl - (2,4­
2,95) B. PaspflA hohob ckohaha 
HaMHHaaTOH npH nOT8HUHaA9 tia 
150 mB noAOxMTeAiiHae, 48m npw
paspBAG 3THX HOHOB B oxaHAnR- 
C0AepM3A9M pacnA&Bo, H, HO-BH- 
AMMOMy, CBH3»H C T8M, 4TO p©3- 
pHA MX OOnpOBOlKAaeTOfl AenOAflpH 
3aqH8tt HO TOALKO 3& 046T CHAB- 
BOOdpaSOBdHHrl C qHMKOM, HO n 0 
*aA830M. npH yB8AH48HHH "OOTHO

pHC.I. riOAflpH3aUHfl UKHXOBOrO (T, 
2) H M0AVi6A8H0B01'0 (3) KaTOAOB. 
OoAepvaHHa b pacnaaae (vac.#):
Sc -0,1 (1-3); fe-OJ. (I); 0,2 
(2.3).
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siemtH KOHuoMTpauMM hohob xeaeaa % cnaHjiMH 50 5Byx (KpMflaa 2) Bwae- 
axTb ynacTKB oeaeKTUBHoro paapfl5a hohob cKanawa w xejteaa ho npea- 
GTaBjmeTCfl bobmoxhum. flo-BHawjio^y, hmbot wee to cosMecTHutt paapaa 
3TMX MOHOB. Ha TB8P50M M05Hd56H0B0M KCTO/O (KpHBafl 3) iipM COOTHO- 
meHMH Fe : St * 2, paspaay hohob xejieaa OTnenaeT ynacTOK xpeBoR 
npw noTOHUMOJiax - (1,48-1,6) B. floTeHUMaji Haxaaa paapaaa mohob 
cKaH#M% paBOH -2,63 B, hto na 200 mB n050*KT95bHee hx paapfl^a na 
MoaMdaoHOBQM KOTOfie b cKaH5Wtc05epmaatMx oaeKTpoaMTax. oto oBftaaHO 
o saw* hto paapa* h^hob oKaHjMR b paccMaTpwBaeMOM cjiynae npoTexa- 
3T o AenojiflpMaauMett odyozoaaeiiHOR cruiaBOOdpaaoBaHHeM c mejieaow.

PeayjibTatu noaapKaauMOHHwx HSKepoHHR noATBepjimaDTCR saHHUMM 
npHMoro ajioKTpojiHaa, KOTcpuo npMB@aeHy «a pwc.2. Tlpn ajieKTpoawae

C nJIOTHOCTbO TOKa H8 K8T058 0,1 A/cM^ 
OHanaJia npOTexaer coBMecTHOe ocaxsemie 
xtejiasa m cKanaMR sa chot odpaaosaHHA 
onjiaBa. Ho wepe BLpadOTKM M3 paonjiaBa 
xojieaa KaToanuR ooaaoK odoramaeTOH
CKaK5M6M. C yB05MH6HH6M H50TH00TH TOKa 

W y/% 50 0,5 A/cm^ MaccoBoe OTHomemie CKatmHH
u K *656ay B KaT05H0M 0Ca5K8 npaKTHH6CKH
*Q6\ . H8 HSM8HH8TCH, HTO CBH56T85bCTBy8T C

npoTOKaHHH coBMecTHoro paapH5a mohob

*858aa m 0K8H5MH o odpaaoBaHH8M cimBa., ,1, --.-I. ■

2 4 6 Q, A+
Pec .2. B5HHHM8 K05MH8CTBa np0nym8HH0P0 358KTpMH8CTBa H8 

co5ep*aHH© *858aa m cxaHSHH b KaT05«0M oca^Ke npw 
958KTp05Mae paciuaBa, co5ep*aaero 1,5 xao.2 Fe h

0,1 Mac.% Sc .
KaT05Han mtoTHOCTb tokb 0,5 (1,3) h 0,1 (2,4) A/cm^.

BTEPAT/PA
I* A.o. # 1376033, CCCP, MKH 6 01 N 27/48, XpoHonoreHUHOMeTpn-

H9CKHR cnocod Onp85058HHH K03$fHUH8HT6B 5H#y3HH HOHOB M6T85- 
«& b C058B0M paensase / A.B»Bobkobhh, A.B.KpHBonymKHH, B.A.Ho- 
bhkob (CCCP)* 4080877/31-25$ 3brb5, 30.06.86; 0nyd5. 23.02.89
Boa. H 7 -3c.
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o mflifiH&iHH ^TOfHAOB a arnTPoms PACfMBMiHtix 
im oKOMflOHamitix chctsm aur nomfiHKR umhka

A.fl0A*TwiHOB, B JUPpitropbeB, A.Befti6axois 
BHHMqBetiiey, r. ycrb-KaiieHoropcK

B Hacvomnee speuH dflxi>BiiHCTBO obboaob npoaabOART nefr&JutM- 
qeoKMB uhhk axeRTpoxnaoi# pacTsopa cyxfa$a*a miHKa. Me*yiy van 
Becbua nepcnQKTMBHHM npHBH&H BJteKTpOJCIB paeiUKABJKOHHHUX COJieft, t. 
*e HW8K&8 TBMnep&Typa nxacxeHHft uhhkb (4I9°C) tioaBoxaev noxynavb 
ero b xhakou bha® R KSBxefcaTb ho bahkh 6aa ocvbhobxn npoqecca.

tiaHtfoxee MsyuenHwin; Ha momcht rex/idtcr xxopHAHue
pacnxaBJieHHUO chctsiih na ochobeZtrC£s c AO^aBXGHHew xxopmaob iqa*
XOUHtiX MBTaZJEOB, B flJfMlAQpl pa60T6 B JiadopaTODHMX yeXOBHHX 6hxe
mayhem* xxopwAHO-$?opHAHwe paciixABxemwe cucveM*1 Ha ochob6 xxo~ 
pHfta AHHKa. B K&UBCTB6 AOdaBOK (fcTOpHAOD npHMeHHXH LlF H NoF *
B npoijeoce %ccxc#uaaHM# 6nxa ycT&HOBxeHa qexecoodpaaHocTb npii-
M0H0HHH HaF B CM6CH C XJIOpHflHLlMJI COXRMM A** CHHUtertHR yAOXbHOrO
pacxoAft axeKTpooHepi'MM aa eve? yuejnmeHun axeKTponpoBOAHocTH 
pacmiaBOb.

ZlpaBBAen cpanmiTejibHHti anajiHS cbo^ctb oxeKTpoxtrra 
ZnC£fNaCZ-M}F no oTHoineHHD k tpahhi4hohhhm xhophahhm cmctomem
2nC£a-NaCe-m, ZnC£s-KCL-Li.a. .

TexHoxornwecKM nepcneRTHBHod npHonana cncTewa Zn(£^“No(£r 
NaF » B npoqecce nccxeAOBaHXd ashkoR cmct6mh asy^axH bxhhhh6 
TOMnopaTypN, rixoTHOCTK Toxa h MexnoxjocHoro pacctoHHHR Ha buxoa 
QHHK& no Toicy, yAexwwR pacxeR oxeRTpoaHepriw m yAexbHy© npoHS- 
BOAHWXhHoevb naTOAHod noBepxHocwr. Ha npmiep© oxexvpo juste 
2nCli-NaC£-NaF rroKaaaHo , vro npH coxpaneHHH pacxo,aa ©xeitrpo- 
anepniH Ha tom xe ypoBHe, «jto m rrpw awxTpojMae cyxb$aTHux pac- 
TBOpOB (2,8-3,2 itBT-tl/ltr) IIORHO AOCVHUb 3H&VilTeXbH0r0 IIOBUmeHHS 
yAeXbHOd npOHOBOAHTexbHOCTH KATOAHOd nOBBpXHOCTH (b 12-16 paa) 
npK doxee bhcokom buxoa® uhhks no Ttmy 94-96 % no cpaBHeKdD c 
exeKTpoxHaoii paeTBopos - 69-91 HosTOMy noxyuerote ipiHxa
3XeiCtp0XH30l4 p&CHJiaBOB MHOrOKOMHOHeHTiaiX CHCT6M C npMM9HQHH8M 
#TOpMAOB M0JK6T OKBOaTbCH KOHKypQHTHOCnoCOdHHM TipClteCCOM.
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JIETilPOBAHjHE MWm CDMB03 HA QCHOBE UMHKA H CSHHUA 
ajI5{TP0m30M PACIDLmEHHHX COJIgl

A„1U1hTBHHOB? B*A.rp%ropbeB, A.B.PHdaKOB 
3b(HHQBeTMe9? r, r* ^ CTfo-KaMenoropcK

0 i^ejihio $h3Hko-M8X&hwuockhx xapaKi'epuc'pMK
n,KHK-tiUEDMHHHeBKX CnjiaSOB (0o5“A>,0 B6Ca% ill), npHMeHH6MbIX ,[V«H 
ropfmero rjujiKOBBHHfl csajibHoro npona^a „ a oBHH%OBO-cepe0pa%yx 
cruiasoBj ncnojib3.yeMmr s xawecTae aHo.aob !;: npou,ecc6 ajiGKTpomsa 
nepiiOKHCJiHX pac-i?BopoB» c$kjm npoBexienw viccjienoBaHHH no JierHpoBa-
Hi-EO MX n«tTM6Mc.

VlHTHil B C1I./TBBH BBOIIHJIM DM.R9 OOOTB8TC%ayfOUlMX JIHFBTyp
M-Li h P6 -Li. - :;oraTbie Uo 20 % Li ) ./nira-rypti potobhxh
9JieKrpojiH30M paciuraBnoHiiHX cncTew 3qC£2"-LLC£ KCt -LlCZ
h mcToroLiC£c makhmk ajmMMHMeEUM h cBHHpoBbm naTonaMii. Hcc~
516^0BaHHR npoBO^HJiM s HHTepsaji© tpewnepaTyp 420 ~7bO° G b sanM-
CKMOCTH OT COCTBBa JKWAKOro KBTO^a M 8XQKTpOJIMTa „ Eyjio nsyneno 
BJMHHH6 KaVOAHO# lUiOSBOCTH TOKB B &Hana3CHe 0,1-1,2 A/gM^ HB 
bmxoa jihthh no tokv h pacrrpe,riejiejme ero no rjiydnae w^xkqvo ita- 
TOfla* McCJie^OBBHHfl nOKBSajm, tfPO C yBGJBMSHXeM fUI09H0CT% TOK& 
(npx npotmx paBHHX ye/iOBKHX ©jieKsrpo^Hsa) bmxoa kmthh no to icy 
pacTei, ho b to m Bpewn o&Haxo yBejn-?.mtBaes?c/i HepaBHowepnocTb 
cocTasa jmra$ypti no jimthh) * Hpn tiojibimix tokobhx narpysicax joisHfl 
He ycnsBaes1 AM#WLKposaTb b FJiytib xaTo&a % clean jiHBaerrcn b oc~ 
HOBHOM B BQpXHSft BFO M&CTK, ^l’O HpWBOftWT K pacCJIOeHWK) JfWraTypH 
H BCnJSHBQHH© tioraTHX JiHTHSSM KOpOJIbKOB Ha riOBOpXliOCTb &H6K*pO,HH~ 
ea»

Tax, nanpxMepy opn ojieKTpoMae uhctopo xnopima johpuh c 
AI kbtoaom npn 750° Cy MeacnojnocHOM pbcctohhhh 4 cm h iuiothocth 
cok& 096 A/car bhxoje, no s?OKy AocracaJi 87-88 %» B otom cjiyitae 
npss AOCTHKeHKH K0$meH®p8AHH JIHT15H B Cnj$BB6 16,5 % HaHKHaJlOCb, 
BCIUXHB&HK6 KOpOJtbKOB. Pa3HUq& M6»Wy COftBpOKaHMeM JTHTMfl B BBpXHe^ 
h Hsmsefl uactra k&?o#& cocvaBJinjia 7 %e lipn ysejmenMM hjiothocth 
fsona a eex ee ycaosnax ao 1.2 A/cm^ bhxoe jihthh no Tony nocTHran 
90 %s ko npamtueoKK bqcb jih$k% CKanjasBancn b BepxaeK nacTW Ka- 
eoA&» Hasdonee oakopoahub no justhid m.rasypu c y^o BJieTBopxTejibHHM 
bhxoaom no Sony noJiy^aM npx kbtoahoK iuiothoctm tokb 0,3-0,4 A/



MdlOmOBAHHE aJlSRTPQKOB 1-13 UATBPHAHA HA OCHOBE 
KAPE$W KPBfiHHH B PAClEiAMEmillX BQMPAWATAr.

AJUBoee, B„B,Cmojiqhcxem, B.E.KcM&pok 

MHCTM'ITT aEEKTPOmM YpO AH CGCP

MccjiejtoBaiiHe BaaHMoaeJtcjTEiw MaTopitana na ochobs Kapdima 
KpeMHiiH noKasajiOp hto oh othociit6jti,ho yoToft^niB no OTHcmemno k 
pacru/aBaM A'ci2Wl4 - x , Bro xmnmecKaq oto£kgctb

b okchahhx cpe^ax onpe£9Ji>J3Tc/i HajranxeM aawKTHOft hjiqhkk ns SiOx o 
HedojiMHivi kojutcgctbcm cjuiMKaTOB HaTpna, odpasyioqetiCH Ha noBepx- 
HOOT31 MaTepnaJia ns Si£ npH ero okiic^ghkh. Ed racTtopEMocTL onoHB 
Majia h He npeBumaeT coTboc AcJieii MaccoBoro nponanra b hhtQpBrUie 
TBMnepaTyp ot 1023 AO 1373 K n cooTaBos ot BOJi^paMBTa ac aheojib- 
$paMBTa naTpMH. CocTaB h cipyKTypa iuibhrh saEiioHT ot TeMnepaa-ypu 
e ccsepsaHiLa Afa2Wz^ e paciuiase. B aiyyae dojiBworo conpCTEBJieiciH 
BjieKTpMnecKOMy TOKy OKOHAHoft ruieHKE mm oaMoro icapaMsnecKoro 
9JiaKTpo.ua, npuMeneHEe MarepKazra na ochobs KapdE/ta apeMHEH jwh %s- 
rOTOBJieHEH SJIQKTpOAOB dyAGT HOUeJIBCOOdpaSHO..

OA.B.aKO MSMepeHMH ojisicTpoiipuBOAHocTK oopasyoB M3 ECOJieAyGfoQ- 
ro MaTepna,Tia, nposaAeiiKne npii TOMnepaTypax 923 - 1223 K b aa’Moe- 
$epe Boa.nyxa noKasajm, hto od.pasyKui&ncH Ha ex uobgpxhocte okcha- 
koh: mieHKa bhocht uesHaHHTtMLimG BKJiaA b oomee conpoTEMBHEd od- 
pasuoB, Hx daektponpoBOAHOCtl aospacTaeT no Mepe yEeJnrqeHEH Tew- 
neparypH or 0,90 jig 1,03 Om~*cm~'

Ha KaTOAax hs waTepiiajia na ockobq Si 0 b paciuiaBax A/a2 W0H -t- 
(.0 - 82 moji*%) fta2 Wz07 b odJiacTH TewnepaTyp 1083 - 1223 K u npn 
ruiOTHOOTHX TOKa OT 10^ AO 3 10^ A/M^ npOECXOAHT B4A&A6HE0 HaTpHfi- 

BCUJBtjMpaMOBKX 6poH3 ejie MSTajunraeokoro BOJCbcppaMa, SHa^euaa noreH- 
UE3JI0B EX BUAQJIBHEH aaKOHOMepHO H3M0HfliOTOH B SaBHCEMOCTE OT COG-
Tasa paciuiaba e Tewneparypu. B AajrLHeiifiieM KaTo.miHii npoueco npoMc- 
xgaet hb ooaacAeHHoti $ase des ocjio^kbhmE:

yOTaHOMdHO, ^TO lipE HHOAHOM nOJLripM3amUl 8A9KTpOAOE, HaTO— 
TOBJI8HHHX ES MaTBpEcUia HE OOHOB0 KEpdEAB IcpOMHHH HpGHCXO.AET B 00-
hobhcm *%AG%e%E6 raaoodpasiioro KECJiopoAa. ilpH stom b aamHTHOft 
7U16HKC (jlOpwapyiOTCH nopLI, BliAHMHH H& $OTOrpa^EHX, nnjiyt$GiIHBX na 
sjieKTpcHHOM cxaH>ip>TaneM MEKpooKone > 0 noBLDueiiiieivi itjili'Uocte tokb 
pasMep nop s sauMTFOii HJitiHiie .\39JTinEjaeT0H. HadJnoAaeTCfi TaiO;;e oo-



paaoBanne KpaTepononodHiix .He^eieroB. Hpn yBBJLmeum il/iothoctu TOKa 
npoHvxoAKT OTCJiaHBaH.ne qacTirqeK okohehoS iLieHKJi no^ ^q^ctbe9M 
BKm&mmaerocH na anoKTpoj^e rasa, sto npHBOjrar k yMeHBineHHK) seca 
ajieKrpo^a. Hpa TenmepaTypax sama 1223 K noKaxLHoe cTCJiaHBaima 
aaioHTHOfi njieiiKH HadJumaeTCH % dea HanoateHim anojmoro TOKa.

/dura* Baca aao^oB'c enmnsm pado^efi hobqpxhocth

B eflHHHBy Bp@M@HE B 3BBHCHMOCTH OT mOTHOCTH TOKfi

SMunpuHecKaa sasHCHMocTB yd turn Beca anererpoaoB c oimmm pa- 
done# noBepxHocTH b ewnmy speMeira ct iuiothocth anosHoro tokb 
CoM.pHCe)!, JHOCTBTOBHO XOpOIHO OIIHCHBaKmaH 0KCnepHM6HTaJIBHHe %%%- 
HH8, KM86T 0X6^10#% B3^:

A * B (r
9 Prse A =-2,81 x 10"; kv/uto r 

3 = 7,81 x IO"13 nr m2/A2c

Bromiie TeMnepaTypn h cocTasa paciuiaBa Ha ;coy 3To% aaBdcwMocTH 
HeSHaHHTeJIBHO.

3 ne.?iOM 3Ji6KTpo.n,M as MaTepiiajia Ha ochobo Kaud>ufa Kpor-miH mo- 
ryT HCII0,71B3OBBTX>CiI B BOJTBtppaiVia-PHUX pacrL’iaB^X KHK B r.aTv.7:.H0M, T3K 
/i B BHOAHOM fiumisKemio .niD.-jiiTiiiyiucn - r/rry-
po#, a b aHOflHOM pexauvio o wi/mmoa clnothocth tojcu.



CMHTE3 MFlTEPMETAMMflOB THTAHA M3 COJ1EEUX PACIUIAfiOB

B*H.fllanoBaJif JLM.SapydHUKGH, B.M.TapaHeHKO, IQ.B.KopodKa

MHCTHTyT o6%e# m HeopraHHuecKO# xhmmh AH yCCP -

PaaoHTMe pas-wmiix oTpac&eft naykh , t*©xhmkh h npoMUGUieHHOCTM 
npodjieMy co3£aHXR hobux Ma?epnajroB c nporHoanpyeMUMM 

CBOttcTDaMM, OeodeHHuvi hhTepee npeACTajiHJDT HHTepMeT&JuiH^ecKHe ooe- 
AHH8HMH (HMC/ d - nepexoAKHx aJieMdHTOB, b mbcthocth, coeflHHeHHR 
THTSHa TtFe}TtFe2lTLaNtjTLNlpTiNi-j h ap

UeJCbK) iiaiMx MccJieABAHHti dbuia paepadOTKa a JieKTpoxHMHqecnoro 
cnoooda noJiyqennfi HMC. Ann 3Toro Heodxo&KMo dhuio npobooth ripe#- 
BapuTejibHue MccjisAOuaiiMH (TepMOAHHaMK^ecKHe pac^eTM, 3JieK?poxK~ 
MUMeoKMe /iBMepeHMH). PaeeMHTaHHBie b6j:hwhu TenJieodpaaosaHHH mu-
TepM6TaJI.JIHA0B &8DT BOSMOHCHOCTb HpeACKaaaTb, MTO HpOpeOC MX Otip&- 
30B8HHH dy#8T MATM OOJIOe QXTMBHO A-HH COeAHHeHHtt TMT3H8 C HHK6vieM,
hqm fiJia TMTana c xeaeaow. Jinx TtFe , TiFefi chm eooTaBJiflJOT ( -8,2, 
-6,5) KKaji/v-aT. Atih RNl ^ll^NLTlNl^ - (-19,0; -16,2; -12,4)

KKfiJl/r-aT, COOTBeTCTBQHHO .
ylaMepeuti CTapMonapHue noTeupwaww, noTeHunaJiH aHOAHOro pacT- 

BopeHMa m icbtoahopo paspHAa am Asyx MQTaJiJiOB, odpaayiomwx HMC, 
b aJieKTpojiHTax, coAepxfagxx oAHOBpeweHHO cojih AByx MeTajuioa. Ha 
OCHOBe BOJIbTaMnepHUX HCCaeACBBHM# MOKHO npeAHOJIOEMTb, tlTO odpaso- 
BaHHe MMC npOMoxoAXT b pesyjibTaTs xHMHiiecKoro BaaHMOAettcTBHH 
Me«Ay AByMH MeTaJixaMM npi! hx nocJtenoBaTe.flbHOM aneKTpoBOccTaHOBJie- 
HHM

fipoBeAeu a.neKTpoxMMhuecKM^ ohhtgq MMC M3 cojieBHX pacnjiae- 
JI6KKUX patfHHHpOBOMHbIX BfiHH C pac TBO pHMifMM aHOABMH. flOJiyMeHH Bti- 
coKOAxcriepcHbie KpMCTaaa%%ecKHe noponiKM, coAep*an(Me, b ochobhom, 
MHTepMeTajiJiMAb: w npuMecu cbo6oahux MGTaMOB (yAeflfaHafi nosepx- 
HOCTb ~ 16 paSMepU OTAeJIbHHX KpHCCTaJIJIOB 5-10 MKkf) „

riOpOIflKH, nOJiyueHHHe TBepA0$83HKM CMHT63CM, MMeDT OKPyTJlOS 
cJiOEHOe cTpoewne uqctmh CyAeJibHdH noaepxHocTb I%5 , paa-
wepbi ^ 100 mkm) .

flpOueCCOM CHHTQ38 MOXHO yiipaBJSHTb. M3M6HHH COOTHOD2BHH8 HJIO- 
TH0CT6B T0K8 Hft 8H0A3X H COOTUOOeHMH aHOA.tltiX M KtiTOflHMX 0JCOTHOC- 
Teft tokob, motkho peryjiHpOBSTb oooTae KaTOAHoro npofiyitTa.
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HCGHEflOBAliME B03MO1H0CTH nOJC/'iEHMB CII.1AB0B OJIOBO- 
PEJIK03EWSJIBHH 0 METAJIA 3JIE.KTP0.Wi3GM TAJICTEHM/lHOrO PACflJIABA

0.#.Ee%OB, r,#.Cepe%MKa, M.C.MryMHOB 
MOCKOBOKHfl MHOTMTyT TORKO# OCMMHHeCKOtl TeXHOJIOrHH KMGHK 
M.iWouoHOCoaa
PeRKCaeMejiMiue MGTeaaw mwpOKO ncnojiBayioTCfi rjih JierMposaHWfl 

ManujeuuXt ajumHueBbix n %pyr%x cnaaaoB. B nccjieziHMe ro%u nona- 
aana neponeKTHBftocTB JiempcBaHHH peflKoaeMejiBHbiMM MeTaaaaww 
(30 0,1% Mace.) cnjiasoB kq dcmobo ojiona, npww6hrictiutxch b xawecT- 
bo npwnoeB b aBHaakomiOti npoMbmuietiHOCTM.

C ueJIBlO COBOPWGHGTBOB8HMH TeXHOvWtiM TI0JiyweHHH'CnJI8B0B OJIO-
Bo-pe&Koa&MeaBKwM uevann iiccnejiOBSHa boomoxhoctb jientpoBaHHH ojio~ 
B8 uapneii k jiaHiaHOM aaeKTpojiwaow xaopM%Hc-#Topw%Horo pacnaaBa. 
SaeKTpoawa npoBo^RJiM s JiadopaTopnoM rpa^MTOBOM ajieKTpojinaepe o 
KopyH^OBfaiM iwrJieM-npueMiiHKOU ajih KaTOjuioro npo^yKTa* B KaqecTBe 
siiflKoro Kafo^a HcnoJiBsOBaJM hh^mHit#ya jibhoq ojiobo ywcTOTO# 99,99 
m cnjias hq ochobg ojiob8, ncnojiBsyetitiH ksk npwno# h ooaep*mmMM 
BHCUyT, HMK6JIB, Me&B H CypBMy, PaCTBOpHMBW QHO&OM CJiyXMJI p8#K0- 
BQMeiiBHUft weTaaa (uepHit mjim jiaHTdH). OchoboH sjieKTpoJiHia hbjihjich 
pacnaaa ICCI(0,4Q5)-LiCI(Q,560)~LiF • B sJieKTpojiHT Tame BBoaum 
coe^HHemie P3M - x%op%% hjih $Top%% uepim (jiaHTana) b KOJUtqecTse 
3 - 10% Maoo.

KayyeHO BJWHHMe cocTasa s/ieKTpojiMTa h yc/iOBwH ajieKrpomaa 
aa KCHueHTpautoo P3M b cnJiase h buxob no Toxy. KaToanyio hjigthoctb 
TOKti H8M6HHJW B HpOgOJiax 1-5 a/CM , Bp6MH 9JieKTpOJIM38 - OT 10 
so 60 mhh., TenmopaTypy - ot 370 %c 450°Co

yC$aHOB3I6HO, MTO B HsyMdHHhlX yCJIOBMfiX 9JIGKTpOJIH3Q B03W0HH0 
noay^eHido H.a KSTOse ms ojioaa 99,99 cnjiaBOB ojioso-P3M c co&epxa- 
HM6M 0,01 - 1,90% Mace, no uepwo mjih 0,01 - 5,90% waoc, no jish- 
saHy. A Ha itaTO#e Ha cn/iasa ojioaa c &odaBKewH BwcwyTa, hhkqjih, 
W6%H it oypLMH no^yneHH onjiasw c KOHueHTpamieti ucpim ot 0,01 go 
6,20% uacce^ ,a no JianraHy c koHi^eht pa ijm 0 $ ot 0,01 ao 16,0% wacc. 
KstOaH»$i BHX02 no TOKy npa stom HgweHfleTCH ot 5 40%. Paaawq-
Hoe co^apucaHHe uepim w JiaHTana b cnjiasax, a T3k;kg paoJiwwa b bm- 
xo&ax no TOKy iioryT 6htb odBHCHeHbi Hajinquow b pacruiane cocawnG- 
hmM P3M c paaHOti CTeneHBio okmcjighmh (+01, +U - j\jih Ce; +iil - j\m 
La ) m CBflaaHKbUii c sthm paammew 0khcmto;ibh0-s(;cctah0bha’e/il- 
HHX npoueecoB, npoTeKaiomux na sJieKTpojiax,
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3JIE3C3POJIMTIWEGKOS PA3flEJIEHME HAJUIAAKH M 
BQJMPAMM B XJICPMJWX PAGIWABAX

rojibfimTeRH C.JI., KaoaKOB A.C,, Cmmpkob P,B.,
Duikob K.M., BapadonrcwH B.G., BeTpoB B.F.

ypaJibCKMM no.npiTexHMUocKH^ HHCTHTyr mm. C.M.KnpOBa 

CBBp&noBCKKR sasoA odpadoTKM LteeTHtix MerajiJiOB

ripOBefidHU MCCJI6A0B&HHH BO BJlOKTpOJlHTMXieCKOM/ padA8JI6HMV) naH-
jibahh h BOAb$pawa bhoahhm pacTBopoHHBM ncxoAHoro cruiaaa ( pa „ w - 
- 20%) B XJIOpMAHOM 3JJ0KTpOJIHTO C nOCJI8AyWO*HM Md6HpBT9JIbHMM BHA9- 
JI8HHBM dJieKTponOAOXtHTeJIbHOP 0 KOMHOH0HTa Ha K9.T0RQ B PaJIbBaHOCTa- 
THtiecKOM (PC) h noTeHUHocTaTHMQCKOM (OG) pentHwaXe TeMiiepaTypa 
npoqecca 550°GW KaTOAHMfl ocbaok noayuajm Ha najuiaAH99ott npoeoao* 
K9» B ttat|0CTB9 KOHT0ttH0pa MCnOJIbBOBBJIH eJiyHAOBBttl JIHdO CT8KJI0rpa- 
$HT0Bti9 TWPJIH, nOMBHeHHHe B repM9THMHy» KBapUBByiO HWettKy C aTMOC- 
4>epoR P9J1HH. IIoT8HUtHaJIH 3Jf9KTp0A0B 'H3M8pJUlH OTHOCHT€JI bHO XJIOpHOPO
nojiya^eMeHTa b KBaptteaoM nexjie jih<5o MQTajuiHuecKoW najuiaAHBBott 
rrpoBOJioKH,

tlpM PC P8T.HM9 npoitecc B9JIH B 3JI9KTpOJIlfT0 C HCXOAHHM COCTBBOM 
( K « Ha - Ce )c]gyp - 3 mbc.% pa • B peayjibTaTe npH iuiothocthx 
tokb (0,05 - 0,7) A/ckf, paccwraHHux hb hcxoah/X) noeepxHoetb xa- 

?OA&, nojiystaum HPOJib^aTHe aqhaphthhb ocbakh c bkcokkm ( ~ 96%) 
buxoaom no Toxy. noBumamte ipiothocth tokb ao (0,5 - I,0)A/cm^ npn^

BOAHnO K 0dpa30B8HHK> nOpOOIKOOOpaSHHX OCaAXOB, ITO BHAHMO CBH3EH0 
C COOC&KASKMSM dOJIbmerO KOJIHH9CTB& BOJib<}>p8Ma. AaHHH8 CneKTpaJIbHO- 
po BHajiHaa noxaaajiH, vro coAepxaHHe BOJib^pawa b kbtoaho** ocbak® 
b jijr^njew cjiyxtae cocTaBJiner coth© aojim wac.%.

npH npoBdAenuM IK dJiQKTpojistsa Hcnojib30Bajin tot xe ijieKrpo*
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jiht, ho KpoMe 2,6 mbc$ pa , co#ep%amnR e^a 0,65 Mac.% w , 

uto cooTBe-rcTByer Hcxo#HOwy cocTaoy crwiaBa. 3to osnanaer, wro 
yCJIOBHfl p&3fl8JieHHfl B !K) P8WMM8 dR7IH 3aB8#OMO Xy)K8 HO CpBBH8HHK) 

c PC, B BHAy BucoHOtt arpoccHBHocTH BOJib(J)pa_MCOA9p>Kamero pacnnaBa 

no oTHomeHHio k KBapueBOMy waxJiy dbLna nponaaeAena ooj/GHa x;iopuo~ 

ro aaaK'fpo&a cpaBHOHMH hb najyiaAHQBuR h ajiyHAOBoro KOHTettnepa 

»a QTdKJIOrpa4)MTOBH(t» I1G 3JI8KTpOJIH3 B8JIH ITpH nOJIHpH3aUMH KfiTO^a 

100 mB, ToKorpaMMa npoqecca viMOJia xapaKTQpnutt aw#; b naqajie 6h- 

CTpyfl cnaA b TeyaHwe 1-2 mhhyt, a 3BT8m dojiea MQjDpienHHi) poci1 to- 

KA, CBflaaHHHft C yB8AHli6HH8M HOBOpXHOCTW KaTOAA. BcO 0C8AKH, 00- 

jiyydHHue b btom pestMMe, hm8Jih AQHAPHTHyiO cTpyKTypy,

GonoeTaajieHHQ jiyxmmx paayjibTaTOB PC h HO a^eKTpojniaa npw~
o

B8&8HM b Tadjimje A^n hcxoahoA noBepxHocTH xaTOA& s * 1,2 cm 

m MaccH ocaAKa 0,1 r.

TadjiMua

Pe«HM ynpaBA6HM8 BpeMfl DJIQKTpOJIH- 
3a, MHH

CoAdgwaHMe w , 
wac.%

PC

ILjothoctl TOKa
Ha KATOAO 0,05 
A/cm^

66 0,0b

nc

SaAaiiHan no ah-
pM3dI4Hfl KATOAa
100 mB

30 0,003

Ms TadJiHipj cJtapy&f, uro HQCT&uHOHapHHrt pasitM noaBCjineT noiiy- 
v*HTb Jiytuaee paaAOJidHMe kiwibinoo Bpawm aAenTpo/iHsa b dojiea aa- 

rpfi&HOtolOM 3A8KTpOJlHTO,



BUHflHHE TEXHOnorM^BCKMX IIAPAMETPCB HA JJIEiCTPOmH^XOE 
PAMHHPCBAHME OTXQEOB BOJIfeSPiUA B rAJlOfEHMJXHbLX PACriJIABAX

B.i.EoDajieB, A.B.Bojikobmm, B.M.lypaajiec

HobomockobckmH $mjim£ji MXTH, MHO "TyjiawepMGT"

MayneHO bjikahmo KaTO^noPt rnioTHOCTM tokb ((0,2-0,7 )• 10^ A/m^), 
TeMneparypa (973-1173 &), npo^ojiKMTe/ibHocTM uMKJia an^TponKoa 
(0,5-3 yac.), KOHueHTpauuM reKcaxJiopMAa BOJibcppaMa (1-10 moc.%) b 
aneKTpoJi^Te iCl-KF-HClg na (ppaxumohhuH cocTaB xaTO^nux oca^xoB.

PaiJ>WlfripOBaHHe, H3MeJIbM0HHBX £0. KpyriHOCTM 5-7 MM, OTXOACB BO- 
jibcppawa (ano^) npoBo^ium na ynpyrmenHux /zaCopaTopiiux aneKTpojmae- 
pax Ha CMJiy tokq 100 w 500 A. zCbtoa - MOjnno^ehobui^ cTop&QHb.

Ha pMcywce npKBo^tiHu pesyjibTaTH bjimbhuji HawanbHoR nnoTHOcTM 
tor a «a $pa«uwoHHHW ooctelb itaTOflHUX ocanxoB Bonb$paMa (T ■ 1023 
co^epsoHiie rexcaxwopn/ia BO/ibifp&Ma 9 Mac.%, npoflojiEWTQ/ibHocTb wxK- 
Jia 1 yac). Bm^ho, mto aoaa mojikoflitcnepchux (fipaitUMfl aaaoHOMSpHO

LoopacraoT c yBejuiyeHHeti
nJIOTHOCTH TOR a OT 0,2 AO 
6*10^ A/m^. r[poM6/ Toro,

Pile. Bim/iHiie fi-iOTHOCTH TOKB HB

nrxi iH> 5*10^ A/m^ K3-3& 
6o/rb'iioii #cjr% KGJixc&Mcnep- 
CHOfl tJpaKUilH yMQHbIIIaeTOH 
cuennenne ocaztKa c kbto- 
/IOm « npoMGxo^MT "cno%3a- 
HHe" ocsmxa. yaejiH^eHMe 
Ha^ajibHOH tK npaKTwyecxn 
He BJiHflOT na coaepm&Hwe B 
oca^xe HeMeTa^juweoxwx 
np^MOCGB. Ilo—BBflHMOKV,OHM
nona^ajoT B Ka-roAHUtt oca-
A OK 3B CU0T BKJIiOMeHlto %&- 
CTMU ttlJiaMa 113 3Jl9KTpOJ2MTa, 
MOHI M9T8JIJIGB, (SoJIGO 3JI6- 
KTpooTpiuaTeJibHtix, yew

fppaXUKOHKHfl COCTBB K&TO#-
Horo oca^xa fiojibtypawa

Bojib$pan, paapainaDTCH na 
npe^ojibHOK to e no wepe 
AOdTimeiMH noTenmiajioB mi

paspifliia BQfia^cTBHe noJiflpsisaiwn F.aTO^a, CoAopaaimo MQTajuinyecKMX 
npwMeceK b KaTO^ho.-; oewe, Kax bh^hg ms TadJiima, aaKvHCMeptiO bo-
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apaotaeT. noBtiuiemie Tewneparypu c 973 wo 1173 K nj*mowwT k ripen- 
MymecTBeHHOMy odpaaoBaHMio B6TBmctux ^enflpiTHux ocawxoB w hgkoto- 
pony yBejmMewtt) aoaw KpyriHOKpncTajuitfMeeKOfl j/paKunn. ilpw 973 K aj-

Tadnuua
Cowepxanno npiMecof! b kuto^how ocawxe b aoBnenMCCTit ot 

KaTOAHOR nnOTHOCTM TOKa

4c"f0^ : Co^epsaHMe npuMecefl, mbc.%
A/m^ : a , T; St ; Ni | Fe !; m ; Mo i s ! 0 ; o j /A &
0,5 0,001 0,000 0,01 0,005 0,02 0,003 0,05 0,01 0,002
1,0 0,003 0,007 0,01 0,003 0,02 0,003 0,06 0,01 0,002
2,0 0,002 0,007 0,01 0,005 0,03 0,003 0,09 0,015 0,002
3,0 0,002 0,008 0,01 0,005 0,04 0,003 0,07 0,015 0,002
4.0 0,002 0,008 0,013 0,005 0,04 0,003 0,1 0,02 0,002
5,0 0,002 0,017 0,015 0,01 0,04 0,003 0,08 0,03 0.002
6,0 0,002 0,018 0,028 0,016 0,06 0,003 0,1 0,02 0,002
7,0 0,003 0,013 0,03 0,018 0,10 0,003 0,1 0,04 0,002

resHfi ocawxa HeBemiK ia. Had/ixmaeTCfl ero onoJiaame c k;aTOwa. 3axBtiT
aceKTpoJiHTa KarowHUM ocawKOM c pootom TewnepaTypu cHumaeTCfl b woa 
paaa, aocrwraa 30$.

iiOHueHTpauMa rexoax/iopM^a BOKb^paMa b bjiqktpojmt© cymecTBen- 
HO BJIMHQT Ha XOfl Bfl6KTpOJIH3a. IlpM 6P0 OO^epaOHHH 1-3 MaO.% OCEViKH 
Me/iKOKpHCTajiJiHyecKMe, Jienco cnoJioaDT c KaTowa. npoTwaoaac wocin- 
raeT 1,6 B, MTO npMBowwT k BoccTanob;ieHmD na taTowe hojiob keuihb. 
yBenwyeHMe QQRep&am* rexcax/zopiiwa BOAb&pawa wo 0+1 Mac.?' npn 
1023 K, * 3• 104 A/m^ w wtoo 1 ^ac npieown k pocry tpynHHX 
$paKUMH b kbtowhom ocawKe m ynymneHno cuen/iennH oca^ica c KRTowow,

yeeaMMeHwe bpsmohm ewMMWHoro unoa aneKTpojmda ot 0,5 wo 3 
Mac. npH o^HaKCBOH nawan&HoB nwoTHooTH TOKa npHBo^HT x yKpynHe- 
HHK) BOJikj?paidOBoro nopouKa, mto cbjisbho g yMeHbiuoHHOH mctmhhoh 
naoTHOCTH TOKa no Mepe paapacTannfl KaTowHoro ucawxa. flpw apowemi 
umuia Z wnca BHyTpeHnwo cjioh ocawKa ^opMHpyrTca %a pasHooohtix 
eflOMHHx icpMOTaa/iOB. nepwJepMftHHe - e c-chobhom hb MacTWu /leriecTKo- 
Bcro Tuna.

Tax mm otipasoti, wQmmme bcex TexHOJiortwocxHx riapaweTpoB 
aaexTpo)!H3a, npiBoaamxx k cHMsceKHio k&towhof. normpnoaunn, cnocod- 
CTuyoT BoapacTaHift) wojih dojioe Kpyiino&t ^paxmin BOJib^paMoaoro nopo­
int a b kbtcwhom ocowKe.



HHSEHEPHHE IlPOBJIEMti MHrBHClMMKAUMH 3JIEKTP0JWTHNECKMX
nPOUECCOB

C.JLLUiMtiaxoB, B.H JlapoBRniH, 3.T.!3ayiieHdaeBa 

EparcKMW MHaycTpwaabHuA MHOTHTyr

3xeKTpnxM3 paonxaBxeHHwx coxeft, npHMBHfteMwft axx nnxyHe* 
H«a NBTajijioB h mx onxanoB, conpnBnimaeToa tioxbeiiMM BHeprosa* 
rparaM* »a BAHHMuy mroBoft npoAyKmw. B rex cxyHaax, Korxa
OARH M3 BXBKTpOAOB *MAKMft, BTOpOR pa000X8r8GTC* ropM30HTRXbw 
RO, HTO 3H8HI1T0AbHO M3M0HR0T XapaKTBp UMpxyX*URR OXBKTpOXMTa *
Meraxxa /!/. Hpw 3xbktp0amthhbckon padxomeroiit raxoreHMAOB wa 
noj.ovuTOXbHOM dxeKTpoxe nepMOAMMecKM BosHHRaeT bhciahur o^exT 
(A3), npMBOAHQMtl K npeKpameHim 9XBKTpoxR3a, nepepaoxoxy oxer- 
TpOBHBpniR M TBXHOjnrMHBCKOrO CUpbH /2/.

Ha MM, Ha OpRMBpB npOMUMXBHHOrO OXBKTpOXM SB KpMOXHTO-rXM- 
hobbkhux paonxaBOB, paapatioraH cnoood ynpaBXBHmm raaorwApo-
ARHaNRKOfl OXBKTpOXM36pOB C BH AK°HBTBXXUHBOKMK KBTOAW, HOSBO**
X ADAH A yCTpaHATb A3.

yOTQHOBX0K8 M M3yHBH8 B38WM0CBH3b TpOBtMHOBaTOCTH OOAOMBW 
8H0A8 H HBCTOTti BO3HWKHOB0HHH A3.

IlpoMUBixeHHaH anpodaiuta cnocnda aBTonaTHHecKoro ycTpaHBHWfl 
A3 noopaAOTBOM noxa^H nox bhoa cxaToro BoaAyxa nyxbCMpy»aiero' 
AaBXBHMA b saAaHHOM p bum Me noxasaxa ero BwccicyD ojtfte kt hbh oot b, 
Btipa*a6ayiD0fl b okohommr axBKTpooHBprwM, cupba w cymbcvbbhiiom
OHHXBHtttt 3RrpR3HBH»O0TW 8TM00$BpW OpOtlSBOACTBOHHtiX nOWGAOHRft*

ycTSHOBra hbabmhq b padore. Bpena yoTpaHBHHfl A3 ohm*bho 
B CpeAHBM H8 30-40 C0K. 3KOHOMHH0CKHft B#0KT OOOTRBMX 38 1988 
roA okoxo 80 two* pydxBft.

JlMteparypa
1. EeryHos A.w. - MsB.Bysos. Hbbthbs Me?axxypniifi, 1979, 

fc I, c.48-54.
2. Jl 03 OB Oft U..JL* RHKO 3,A. - B KH. : DpOMSBOACTBO ^XDMM* 

hma b axBKTpoxMsepax o BepxHMH tokoroaboaom. M»: M6Texxypr%a, 
1976, o.79»
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nomEHMJfi HOKPHTOl KAPEklM BOJIIAPAMA 
3J1EKTP0JM30M PACilfiABOB

I73EEB II.B .M.I\ ,0£PA3!I.0B G.A. JLltiTHEBA I'.M.
TomckhA rocyj^opcTBeHHiit! neAaroriiqecKMti wHCTMTyr

CoamaHne noKpwTHtt TyronjraBKwx co«;u<hghh{* hbjjhptcb o^eKTMB- 
HHM Cp9,HCTBON» peiflOHHH CJIOXHtiX TOXHOJIomHeCKHy npO«1JIOM ,CBH3B!!HUX 
o HeotixoflHMocTM) ucnojtb'soBOHMfl Heupeptmuo ricBiiMjaKxuMxcH padoqxx 
reMnoparyp * Harpy3ok,c 3Kcn/(yrraixnGti MarepHruioE b ycJiohvurx bos- 
AettcTBiiH arpeccHBHHX cpe,n. ’

HasecTHo,qro noKpHrws bhcokoA hhctotu upw donee hh3khx tgm- 
nepaTypax moxho nojiyqaTb ojieKrpojinaoM pHCMAMeuHtix open..

IkmyqeHHe uokputhh wapdn.ua bojtmJpcIMB Ha. Manx w HKortan npoBO- 
WtOGL B aTlyHUOBKX H HMKO/ieBNX TWIVrHX B MHOpTHO# BTMnc^ pQ llpH 
800°C*B KanecTBe ahcnoB wcuoa&aoBaawcb BO.nbjpawoBau cTap*HW.

3jieKTp(xnM90M tjTupunno-dopaTHoro pacruiABA okcmah BOJib(Jpar4a 
h xapdonara hbtphu npq iioctojihhom toko mb odpaanax Mena h wxodxH 
noJiyqeHU noKpKrw? wapdnna BOUb$paMa, iiMewaHe xopomyo i»nre3nio c 
noAnoxKoit.IloKpUTAH HH8HTH<J>MtwpoBanH penTr8Horpa#qecKd.

llojiyqeHti cnjiomnua no.KpuTtf/r xapdwua BOJfb^pajMa Ha msam aneKT 
P0JIM30M pacBJiaBa $ropimoii hsjechhux mbtomob , BOJifc^pawaTa i xapdo- 
K&?a naTpwa npn doctohhhom toko.

npoBQAeHu HccJiesoBaHito no noxyqeHHw noKpwTwM wapdnaa boj»4>- 
pawa na Menu 3JieKTpoxwiHqecKHM Bogota hobkgh Her/ npn pasjitewHHX 
qacTOTax nepQMeHHoro accttMeTpXHHoro yokb, Eojiee KaqecTBeHHHG ncK- 
pKTMa nojtyqenti ane KTpo.fi :i30M ^TOpMUno-dopaTtioro paciuiaBa OKcnaa 
BOJib^pawa w KapdoHBTa hbtpkh b nuanaacae mbctot 600-1000 rn, np« 
oooTHomoHHM Karo&Horo h tAHojiHOTO nojiynepxona '-K/ia = 10:1 H
BJEOTHOCTil TOKB L = 0,3 A/<V*.
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HAHBCEHHB 3JlEI<TPOJIMWLB3!OIX HHOEKEBbK nOKPHTltit 
HA HHOEJtii-THTAHOByiO HOMOIW

9.C,MaTirceHKO, JI.A.CToaKpoaa, A.AJtioBNpeB 

HHOTMTyr XJHMHM KHU AH CCCP

HsyHQHHQ B03M0HCH00TH HCn0JlB30B0HRfi HllOdnit-THTaHrBHX cnJi830B 
b Ka^ecTna nojuiomi npn 3;iGKTpo;in,rn'iecKOM no;iy**oHHit Haorax HHodne- 
bux nonpuTHk upo^cTaB^roTca nGJieoootipanmjM b etuiy pn.ua npcawymeoTB 
toko# nojviomi. Tlo cpanHewiB c KnodneBott oira od^a^aeT mohruagH 
ynojiBHoft Maccoit, no opaDiiemoo c THTaiiCBO*l - do%oe Bticoicoit KoppodH- 
oiihoM cToftKocTbio b HModKitcofloputaiw r£U!orQHMflHHX pacnjiaBax COJIdii 
n dflHSKHM k HModiuo K03j$nunoiiTOM jutKotiitoro T9MHOpaT>rpnoro pacuin- 
pomw.

Uei'omim muietbiotl BO^BTaMnopoMOTpaa n rpanKMGTpnn noo/ie,no36Jio 
nOBOJUGHHO HHOOHOBLtX On/IBBOB {IT-50 tt HT-34, G0CTBQTCTB6HH0 0 50 H 
34 Mac.# TMTaiia, b xjiopa^Ho-$TopiyoiOM n hhcto #?opnwoM Hnodniico- 
SQpKaumX COJIGBHX B.lGKTpOABTaX.

B aJJGKTpOJlBTG 7CF 1 -AfoF -L'tF- cECOpOCTb K0pp03SM GHfiaBa
HT-50 npn 973 K QOCTBBHfla 0.1 r/chf.^ao. 3 X,nOpHJpiO-^TCpKJtROM 
pacrniaso £Ct-jya.ci- yitaaanHHti cn;iaB noitaaaji dojiRmyro ycTofl-
HHBOCTR, Ha HGM nOJiyqeHH HHOdnGBfclG nOKpHTMH npH IWLTOJUICtt njlOTKOO- 
tb TOKa jig muhgg 300 A/n£ , cmuKeHHG KOTopofi npfujOOTT k Boapacra- 
Hmo KoppoaHH j[a«G npn KaTojmoR no/inpnaaiuin,

JUlh dnaapHux tbgpjihx pacTBopoa, zcaKHMn hb^ottch KKodnft-THTar- 
hobhg cnjiaBH, b nanaJibHOM nepnoae xapaicTopen cg.igkthbhhK nepexojt b 
pacinian ajieKTpoxHNOTecKH oapnnaTejiRHoro KOMnoHQHTa, b nameM ojiynae 
THTaiia. Ha noaepxHocTH ciuiaBa ocTaeTcn irpaKTiFrecKM oshh aJiJXTpono- 
flCHKnTGJiBHH# KOMHOH0HT - HHOdHft, MIGTHKOfi paCTBOpGIIBJI XOTOpOPO 0H- 
ponejiHGTCJi cTaunonapnoe pacTBcpenne on-nasa b ugjigm.

KaTojmue n bhcwho iqinnue miodnn h crniana HT-34 Mato OTJin^a- 
k)tch Jtpyr ot Apyra. Ciuiau HT-34 3JieKTpoxnm%c%n ycTofinnu s odvtao- 
TH KaTOJCHHX rwiOTFOCTGft TOKa, nCL'OJlRSyOMHX h ^paKTBKa HaH9C9HM KKO— 
dnenyx noitpHTUft. Cyan no ^OTorpa^mvr noneponHux iiotJob, h no tinea oe 
noKpuTna wiotho npiuoiaei k no^aomte. BnayaaRHO nepexo#-
hhH CJiott N"c%T%y nojcf^oTuxoit k noKpuiMOM no coctoby hq oT^n^aoTc.^ ot 
HUodK^-THTanoBOft no^nojrjvH, Kan cTiejiye? ns MPiKpopGnvreiio-
cneKTpa^BHoro ana.niiaa.



- 43 -•

0 HAHECEKMH 3JEKTP0JIimHEGKHX nOKPtTOlfl
HA WmVM TM1A TEJ1 BPAlltEHHfl

P.n»re.Hb, D.D.^y^bKHH, P.A.^poOoTeHKo

KHQTMTyT XMMMM KHU AH GCCP

B HacToamett padoTe hcnoJibaonaHo ycTpottcTBo, noaBO/ifliQi^ee Ha- 
HOCHTb pssHOMepHbie no TOMHHe h o^HcpoAHue no (paaoaoMy h xmmmmoc- 
KOMy cocTaey BAeKTpoAHTimecKHe noKpwTwa na Aiodvje no necy M3A6jihh 
M oahoBpeMeHho c ojieKTpoocojKAeHM6M odKBTwBaTb noAynaeMue caoM iioa 
H&rpy3KO%, T.e. noAeepraTb mx noBepxHOGTHO-njiacTmiecKOMy A&tfopMM- 
pOBBHtoo. Ka^ecTBO noKpwTMR Ha MBAejiHflx Tima tbji BpameHHR Baawiwo- 
CBHaaHo c pasMepaMM nAomaAM KOHTaKTa, HanpameHHO~A#opMMpoBaHHWM 
C0CT0AHH6M npHTioBepxHOCTHtix CA06B, cTeneHbio ruiacTM'iecKO# Ae^opwa- 
UMM* npHpOAOtt B3BHMOAettCTByiOmHX MeTBJIJIOB, KBneCTBOM MCXOAHO# HO- - 
BepxHocTH noAJioxKH m oCKBTUBaJomnx AeTajie5t, TewnepaTypoM oaeKTpo- 
aw&a, TajmiHHott m cTpyxTypod noKpbTTviH, coAepxaHiieM b H6M npwMeoeM, 
a TaiOKe cooTHOiaeHHeM CKopocTeM npoueccoe oAeKTpoocaameHMH h Ha- 
KaTbieaHHfl. BejiHMHHa wsweHeHMR bhcoth uiepoxoBaTocTefl npM Majibix 
Happyanax pacTGT oneHb owcTpo, a aaveM poor aaMCAAfleTcn. nocjie 
nepBora HarpyxeHHfl noeepxHocTH Haxdoaee Bbiconwe BbicTynu, yuacTBO- 
BaBniMe b KOHTaKTe» A#opMHpyx)TCR w HaKAenuBaioTCR, BCJiencTBwe nero 
npw noBTopHOM HarpymeHHM koht8kt ctshodhtcr ynpyrwM ao Tex nop, 
noKa Harpyaxa He npeeucHT nepBOHanajibno npnAOKenHyro. Hpn noBTop- 
hom HarpymeHHH pasAwnwe b cdjmxeHMRx mhopo Menbuie.

B padoTe /!/ hbmh uccjieAOBaH coctbb h cTpyicTypHue ocodeHHOc- 
TH BJieKTpOJMTWMeCKOrO CTaHHHAa HMOdWB. XpyAHOCTb B AOCTMmeHMM 3$- 
$eKTHBHoro peayAbTaTa npH odxaTKe noBepXHOCTw oaeKTpoxMMMwecKH 
cHHTesHpyeMOro HHTepMeTaAAWAa saKJiKMaeTcn Bcro HerexHOAonmHocTM,
BLlCOKOfl XpyriKOCTH H TBepflOCTH
MeneHMe a&baohhh cymecTBeHHo cKaauBaeTCfl Ha MHKpopejibe$e noeepx- 
hocth Aa*e tbkopo HeruiacTMyHoro MaTepwana kbk ciuibb hmoOmh c ojio- 
BOM. MoCAeAOBaHHfiMH yCTaHOBJIBHA OnTttMEUlbHafl AAH KOHKpeTKHX yCAOBMM 
HarpyaKB^npeBUBieHHe KOTopoM npHBOAHf k noABAewnw TpenjMH, otcaoghwo . 
I. TeAb P.il., ApodoTeHKO f.A*, Koaocob B.H., llteBupeB A.A. Cocteb h 

cTpyrtTypKue ocodeHHOCTH sxeKTpojmTHuecKoro cTaHHWA& hwoCwa. Te- 
3MCH KOtKp. nMeTaJlA0-<I)H3HKa CBepXnpOBOAHHHOBM,Kl6dB, 1966, H.3, 
c.326-327.
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XHMMMECKAH A 9JlEKTPCXMMK4ECKAfl OBPABOTKA HtiOSWi A 
ETO CIUIABOB

A.M. ^ejaopeHKo, H.il. HecKopoMHHtt, B.A, Cokojiob,
T.A. UwraHKOBa, A.H. KpwjioB

CwMi^eponojibCKHtt rocyAapcTBeHHNti yHMBopcHTOT MM.M.B.$pyHoe,
r. CMM($)eponojib, HWM3&A mm. JVB. E$peMOBft* r, JleHHHrpaA

djieKTpoxMMvmecKoe noJivipoBaHwe OXTI) h xmmmmqckob noAMpoBauM© 
(Xfl) HBflHDTCH BajKHeftnmMH TexHOjronwecKMMH onepauwft.wK npn mstotob- 
JI6HMH CBepxnpOBOAflmMX CBM - CMCT6M - yCKOpHC^MX BOJIHOBO&OB, ft FipO- 
i^ecce KOToptix npowcxo&nT (popMUpoBanne sepKaabHwx h #3%wec%M wnc- 
rax noeepxHocTeW m o6ecne^MBae? TpedyeMHe reoMeTpH^ecKne pamwepw. 
Odecnenemie bncokopo na^ecTBa padowe# noeepxHocvM boahopoaob cy- 
a^ecTBeHHHM odpaaoM cHwaaeT OMtmecKtte no?epn tt, cjieAosaTejibHC , no- 
3B0j?fleT AOCTMrnyTb bucokmx padomix napaweTpos ycKopwrea# sapm^en- 
hhx qacTWA.

B HacTomneM coodqeHMW odpajqeno BHHManwe he paapadoTKy Taxwo- 
aorww 3XH m XT1 c npHMeHeHHeM opwruHajibHUx KowmieKcoodpaoyioTW coe- 
AMH6HHW (xapdaMMAa, TMOKapdaMHAa, rerepouKKJiMqecKtix a30T~> khcjio- 
poA- M cepycoAepJKftqMe). 0chobho6 8HwwaHMe yAeaeno Mayt?eHM$o Mexa- 
HM3M8 B3aWMOAe#CTBMH MOTOJUIft C KOMFIOH0HTaMM paCTBOpOB. OnMCEilU 
TaK%e npopeAypti no#dopa k omit onehtob o qejibio noewmeHMA %a%ecTBa 06- 
padaniBaeMoft noBepxHocTH MGAeaw# ms hho6mr h eraHHMAa hho6mk (no-
JIHpOBaHMe $ aHOAMpOBBHMe) . .

3 peayjibTaTe npoaeAemia MccjieAoaaHM^ no paapadOTKe TexHosormt 
sjreKTpoxmdvmecKoro h xMMH^ecicoro nompoBaHM* hmo6mr bhhbaqhu ochob- 
Hbie xapaKTepucTMKH h napaweTpu npoueccoB, KOTOpwe odecne^HBajoT npo- 
BeAOHne pado? b aBTOMafiraecftoM pemwe* ilpM otom coba&hs vexHOjrom- 
u.QCKBR OCHaCTKa A^fi OdpadOTKH M3A&KH# CJIOMHOPO npO$HAH9 B TOM yRC- 
Jie SaKpWTHX od'BOMOB. PaapatiOTBHH H MOrOTOBAeHH K8TOAM, odecne^H- 
Basque TpedyewyK) naoTHocTb tokb, aaqwTy KSAejiim ot sofoppAa, pais-
HOMepHMft CbeM MOTSJIAE ? 3aM6Hy SAeKTOOJXKT& * B Tattxe HDO 1)626 HM© G6- 
AeTfTHBHoro npouecca odpadoTKH. P&opadoTana TexHOAortm He#Tpajni3aq%% 
OTpadOTBHHHX OAOKTpOAMTOB 3XTI M XII C nOCA©AyKHE(HM M3BA0t|eHM8M HH06HH 
(^80%),
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iiCCUItMODMME yimnOJJKPHOOTil MO')-CHCTffiiU HA HHGEHH C
UOiviOUbiV CTPyitr/FU w« -M*Or -FACiUIAB •' .

b.M.Bawp&qmu#, JuB.JIhuiok, B,n,FoM030B, Ji.W.CKaTKOB 

XapbKOBCKMtt nO.»IHTeXHimeCKMii MHCTWTyT

flpytpofla yKHnojinpHoft npOBo^vi^ocTH chctemu BOHTHJibHHi'i mqtbjiji 
0KCHM*3.ri9KTp0JIHT /MOB-CHCTeMS./ II, B W&CTHOCTM, CTpyKT/pU W - 
^<!»fljf-3^eKTpo.»iMT flo nacToa^ero Bpewenw ocTaeTca npe.^eTOM aMcxyc- 

cwM, A^tiwoe odcTQflTeJibCTBo orpaimwMBaeT nepcneKTMBu pacuinpeHHH 
odaacTM nuMMeneHna okchjihwc icoiiflencaTopoB, b kOTophix auoaHaa ok- 
CM^Han ruienica /AUn/A/Sid>r KcnojibayeTca b KaqecTBe flMOJiQKTpuKa, 

Ci'i-yKTypHtiMM MeTo^ajvu^dH/io >craHOBJieHO, wro ocodennocTb% 
HOHiioodMeHHHX nponeccoB na rpamme OKOHfl/ajieKTpoawT npw lcaToaHoii 
noaflpw3ai^iH MiG? HBjmeTCH oKCTpaKUiia na iipHnobepxFOCTHHx caogb 
OKCHfla aHMOHOB KWCJiopo,na /3A/, odycjiaBjiHBaiaiiaa b AOfi ifaaoFHtt ne- 
poxofl /‘111/ e H3MtiheHM9M npOBO,B[HMOCTl1, HKMUMllpOBaHHHit ptiBytlOpH^O- 
HeHHQM b anwoiiHoft no.acwcTeMe A/l|Or . ilpn a tom, gcjm b cjiyuae eo a- 
Horo oJieKTpojiMTa npo^ooo oiccTpaituKH ueajmayeTCH uai any c hhao. /- 
ijwett b okcha npoTOHOB, npw nojiapM3ai(HK e pacruiaBe KWO* ,)A OKaau- 
Baei'oa e^HHOTBeHHbiM KOHHOodMeHhtiM npoueccow.

TaKMM odpaaoM, cwcTewa M - J^4*Or -pa conan npo^c'iaBjmeT 
ocoduti HHTepeo, nocKOJibKy noauojiHeT BH^ejiHTb upouecc Z/A nay- 
H6HHR BJIHHHHfl noCJte^HePO Hd CBOtiCTDa DHTHOKMCH HMOdlM n ncc.ueno~ 
B&T% M6XaHH3M B3aWMO#eMCTBHfl nOBOpXHGCTHOrO GJIOH OKCW.^a C BPO 
odbewow, odycjiaBJiHBEJouiHii HSMenenae odheMHUX xapaKTepwcTHK NtiOr 
B peayJILTATe lipwnOBOpXHOCTHOH GKCTpaKI4HH,

B iiacTOflii|eU pado-re waMehenHe gboUctp A0FI W4*Qr npu KaTo^ioft 

noJZflpwaa4WH wiO J-cucreMu hhte pri pe t w py e t c a r paMKax iipe,4coai3JieHHH 
o BOJibT-jjapa^nux xapantepwc th kax KoirraKTa okom^huu liOJiyupOBipuiHK/ 
aJieKTpOJIHT ITpM H&JIUWVL 3 OK011,71,3 RVJA THH0B AOllOpi'HX H,eHTpOB.

HoKEtBaao, mto na iiauaribHOti cra^m-t KaTO.ijHoft TioJinpiiatiunw ill 
o HBZviemiHueM HpoBO,nhMouTH npowcxo.4HT a npmiOEepxjiocTaoM cjice AOll, 
B to u pewit KcvK o k c -r pa pm py e c >1 b oicv,u,u no MOTcUUia ojieKTponu 3a-
XbahmuBajoTCji na ’‘pjiydOKMo" yj^oBiiw a ofji.ewe.

puCT K0HL^JHTpai!>1H HOCHTOJIGH iipVI ill OOyCJiaOJIHBaeT llOiiBBUiUllO 
b n !(;v:iiM'iitjeeKOM nojiti odjiac.TH iipoGT}TciHcYBeiiHoro aap>p^a urjiy30KHXw 
UO)iOj.w,i3, KOHii.eBTpauzH icotop,lx ctaijobutch i^ocTaTo^iOli ?i,jih peajiHoa- 
IV.ui oc i oMt-j Nit Or .
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0 3ABHCHM0CTM CBOHCTB AilOfiHOH OKCMHOft I1JIEHKH 

HA HHOEHH OT CilOCOEA EE SOPMMPOBAHHH

EaflpaMHuB B.H., JIabok Jl.B., BaOHjib'iemto A.B. 

XapbKOBCKMt! nOJIMTeXHtmeCKHtt. HHCTHTyT

B 0BR3H 0 T6M, UTO DJIGKTpOJlMTU HB OCHOBO OpTO#OQ$OpHOR KMO- 
jiOTti, npMMeHHeMue jum OKcwaMposamiR Hwodwfl, wmbkt neKOTOpue Tex- 
HOjiorMMeoKiie HeAOCTaTKM (nanpuMep, HeodxOAMMOOTb npo-
mubkm b ropRMett ECAe), dbui paspadoTan ’ajieKTpojmr Ha ocHoee opra- 
HHHecKHX m HeopraHMHecKMx aMMOHMMuHx cojieft, He TpedyiotuMfl nponuB*-
KM, B KOTOpOM KOAMMeOTBO j)OC(})OpOOAepiKatHWX aHMOHOB GBeAGHO K MHHM- 
Myny• Qa Hako, . nptt noBHiUBHHOJt TeMneparype oxopooTb AorpaAaiuiH 
atiOAHoro okcmab, o^opMwpOBaHHoro b tqkom OAeKTpOAHTe, oKa.iajianb
CJIHOIKOM dOAbMOtt. llOBHCWTb OTadHAbHOCTb HMOdW8BO% AHOAHO# OKOMA- 
hoW njiGHKH (AOlI) npn t ep mo bo 3a eti o tb mt yAaAOCb, jterHpyn ee XpOM- 

M <$TopcoAepxamwMM bhmohamh.
OKasa^oob Toiotte, mto npeABapHTejibHan odpadoTK.a odpaauoB rie- 

pGA OKCHAMpOBSHHeM 9 t)A6KTpOAHTe HpH HOBHWGHHOR TBMfiepaType H
HectauHOHapHHe onocodw (JopMOBKW noaBOAmoT nHTeHCH^HUMpoBaTb one- 
panwo OKCMAHpOBaiiHH HMOdltfl.

MeTOABMH peHTreHOBOKOW i)OTO3A8K?pOHH0W H 07K6- OneKTpOCKOnHM 
yrraHOBJieHo., mto xapaKTep pacnpeAeAenwi ncojieAyeMux JierHpytnriHx 
aeinecTH p HHOdneBOW AOll oorAanyeTon c nsaeoTHbiMH abhhhmm od «x
pacrtpeAeJiemm b raHraAOBOtt AOiK

M8T0ABMM t13,yMajlOOb AJiHRHlie JierKpyWWMX B9I4O0TB 
pa KOHllOHTpaaHF.) HOHMRMpOoaHHWX AOHOpOB 8 HMOdweBOti AOfl M 6 mao 
noKaaano, mto cma MmiHMaAbna aar ojighkh, o^opMHpoaaHHoR b bask-
TpOyl’/re, UMBiOiilCM OAHOBpOMOHHO XpOM- M $rOpCOA8pMaWM8 ailWOHU.

Ann a;* HO.nbT-aMnepHHx xapaKrepnGTHK no 3 boa ha CAe.naTb bhboAi 
mto copMe^THOe j]btvTpOBaHM8 HMOdvieBoW AOll 3thmh auMOHaMH 0 nocod-* 
ntp.y0t BPMOAAPHiiv: npouer.ooB nerpajiaum1, ruieH^w npw noBbtitietmoPi 
t8?.mrv'lType. iiadA^aeMHii o^eKT 3abho.it ot ooMeraHHR panMepos
AMMO HOC, t'x X'/,MlV{eCKHX CBOROTB, pacnp6A6A6HMH B OdS6M0 AOfl, 8 
■o ■ or nwna npeAnapviTeAbHOrt odpadOTKH oOpasua m ooothoqiqhhr 

'}'0{ MOKKtf ilpH HKOTBUHOHapHOM OKOMAMpOBaHHH *



CMMUMPOBAHUE 8J1SMEKTOB IlOfiFFynilii TKTAEA B
PAClUIAMiSHliOM XJlOFMfifi KAJibl^H, HACbflUEHHOM 

AMOKCHflOM KPfiMHMH

t,r,flWKyHOB, B.Txa^, M.H.OsepHHaH, M.B.BeKmu

CMdMpcKMlt MeTaJuiypruwecKM# MHOTWTyT, wucTHTyT
BJieKTpoximMM YP0 AH GCCP

ye^bK) .naKHoro MGCJieMCBamm hbjihjiocb noxyqeHMe Kopposti- 
ohhoctoMkhx noKparw#, yoToftqMBHX k Bos^ePiQTBm arpeccuBHux 
cpe# npu bug ok mx TeMnepaTypax, Odpaauu na ftauwflHux TKTaHa, 
ipipKOHHfl a ra#HW£ BbmepKMBaim b TeweHMM 4-12 qaooB b pac - 
naasax xiiopu^a KOKbawK, Hac^eHHwx amokcm.hom Kpemiwfi b mh~ 
TepBaae TewnepaTyp 1073-1223 K, Ilocjie wcmaramiA wx odMHBa/ra 

ot ojie^OB ccjih m BSBeumBaJiM. ycTaHOBJieHO) hto b peeyabTaTe 
uacca odpaai^oB yBejmqMBa^acb. Ha noBepxHooTM odpaaoBbrnaJmcb 
nOKpMTMH T6MH0 CepOPO L^BBTa, OdJlSABlGlUMe BliCOKOft TBepjlOCTbC , 
KoppoawoHHott ctohkoctuo M sapocTofiKooTbio h xopouieit a^reaMOH- 
HOK npoqHOCTbiO.

Peht re«o$aa OBbtM w MeTaOTorpafluqecRuft aHaJivia cdpaaijoB 
noKaaaji, wto ocSpaayjouisiecft na noBepxHocTt* noKpfcmiH off/ia^a^T 
ojfroxHbM GTpoemieM, Okm coctoht ms BHeumero caoH,ToJ%WHHo& 
40-60 MKM> KOTOpaM COCTOHT MB AMCMltMWma TMTSHa, IIWpKOHWH 
ium r#H%a, npoMeacyTOMHoro, Tofiimmofr 2-7 mkm, a b cayqae tm~ 
Tana m KpnctauumqecKoft bohu, ToJiutMHa rotodoB KoJiedJieTCH ot 
20 Ao 170 mkm. MexaHMBM, npoTeitaiowHX b pacnaaBe pearmuti, 
npcAnoJiaraeTca QHG£yiGwtMCt:
1) , npoAy%™ rMApoJiHaa xjiophaob odpaeyfor cwJiMKaTbr, KOTopue 
pacTfcopHJGTCH b odtewe pacrutaBa:

CqO^SiOj = Co SiOj ;

2) , odpaaoeamte awcmhmiwob:
£Me-*- HCqSlOj- Me5ia-* 2Co0r 2Me02,

true Me — .
B peayjiESaie npoBefieMitiK HocJiesoBannii onpeaeaeHH onss=- 

MaflkHue yoJioBHH Ana noJiytfemta ycTottawBEK cmrapHAHta noRptnuft 
tt saBHCHMOcTH ot TCMnepttrypu pacnJiasa m Bpenemi BtmepsKw.
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OCOEEHHOCTH SMOPOmtHECKIDC HCCJIEAOBAHHft PACiUIABOB, .
COJTOKAIEIX rMOrSW PEHKHX 3JIEMEHT0B

E.rjIOflHKOB

Mhcthtyt xhmhm KHU AH CCCP

BojibboH od-beM 3Kcnep*irvteHTaji6HHX jtaHHux no ajieKTpoxHMBraeoKO- 
My Hoo^ie^oBaHnK) paciiJiasoB, coAepmamnx pejntiie a jibmghth , HaKoiuioH— 
hh8 k HaoToninGMy bpgmghh, xapaKTepHayeTon 3HaHHT©jibhhmh npoTMsope- 
HHHMH B TpaKTOBKG M0XaHH3WOB 3fl9KTpQSHHX IipOUGCCOB. Ha npHMGpG XO- 
pomo Hay^eimux TaHTaJicojiepmanuax ra/ioreHHjnmx paonrasoB npoaHajm- 
SHpoBana npHpojta HaHdojiee nacTO BCTpeHamHxoH MQTOjcwHeoKRx omndoK, 
paCOMOTpGHU MX nOOJIGflGTBHH. IIOKa3£LHO, HTO peaKURH 3aM9tUQHMH JIM- 
raHJIOB, B OGOdeHHOCTM 3aM8tUQHHH raJlOreHH^-MOHOB OKCim-KOHaMH B JIM- 
ramoioft odojioHRe TaHTaJia, hbjlkiotch npRHHHott noHBJieHHa hobhx bojih 
he nojmpHsauMOHHHX KpHBHx, naoTO npMHHMaQMux 3a cTajoMM nepeaaptma 
B KaTojmoM npoueooe*

IIpoaHaJIMSHpOBaHH npHHHHH nOHBJIBHMH OKCM^-MOKOB B raJIOrGHM^- 
hhx pacnjiasax» paccMOTpeHH peaKUHH BaaHMOjteticTBHH Haadojiee hbcto 
MonojibayeMHX b Ka.MecTBO 3ji8Mqhtob 3 jiqktpoxmmhhg crssx nneex Mare pa- 
aJIOB O HOCJiesyeMHMH paOHJIBBaMH. yjtGJlGHO BHHMaHMG M9T0,ttaM IXOJDCTO— * 
tobkm mejioHHttx rajioremmoB, kohtpojuo hhototh $ohobhx paonjiaBOB,
OHMOTIC0 KH9PTHHX ra30B, npHTOTOBJieHHH) raJIOrOHHAOB £ ICOMI1JI0KQHHX 
raJiorenHB.OB HccjiG^yowax pajputx 3ji0MGhtob6

PaocMOTpenu ouradim, cBnaamiue c BUdopoM MaTepHaJia mupacaTop- 
Horo ajieicTpoita. HoKasano, hto odpaaoBawie HHTepMGTonjWHeoKHx ooe- 
jumeimlt b npouecce KaTogHott nojinpHaauHH, takko npaBo^MT k odpa- 
aOBBITMK) JIOnommTGJlBHUX BOJIH, HOKaHtaBDUlX BOJIBTaMnepOrpaMMHg

Ha npuMepe paciuiaBJiGHHoS cmgom xjiopimoB ueaiwf kbjuui h Hat- 
pH« o flodaBitarvm neiiTaxJiopHjna TaHTajia n renTa^TopTaHTanaTa Kewm 
npOMJlJUOOTpHpOBaHO H3M0H8HH0 DMAS BOJIBTfiMnepOrpaMM HpH 3aTpH3H9- 
nm paoruiana okcmji- mjim rMnpoKoHJi.-noHawH-
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SJUacrPOXIWtBCKOB UQBBUEHUE HMOQlfl B PACIMABE
yc&e- MS#?

M.P.EjwaapoBa, E.r.IIOAHKOB, JUlUnoAHKOBa 

HttCTHTyr xhmhm KHU AH CCCP

KaTOjtHoe BoccTaiioBAeHHQ hohob hhoOhk b 8btqkthm0okom pacnjia- 
BQ XAOpHJKOB H63HH, KaJlMH H HBTpHH, CO^epaaiUQM HQHTaXAOpim HHOdHH,
dHAO asy^eiio mgtowmh juineftHofi BOJibTaMnepOMeTpHu 11 nojwporpa$HH 
oo GTaimoHapMHMH aaeKTpojaeaMH a jmanaaoHe KOHuearpamift (0.4­
4.0) •10”^ moab/om^ h TemepaTypioM HHTepaaAe 773-1023 K c hciioab- 

30B8HH6M OTGKAOyTAepOW B KanaOTBO HHAHKBTOpHOro 3J18KTpO.ua. Bcno- 
MOraTGJlBHUM OJlOKTpO^OM Si KOHTGltHGpOM JKAH paCUJLdBa CJiyaHAB CT6KA0—
rpa$MToaaa awnyaa.

BoABTaMnejpHue itpHaue, chhthg b cTaunoHapHom pgkhmg othooh- 
tgabho cepedpanoro oaeKTpoM cpaanemiH, mem abb naomamui npe- 
flGABHHX TOKOB 0 OTHOHIGHHeM TOKB BTOpOfi BOJ11IH K nepBOft djU!3KHM K 4.

noTeimnocTaTHaecKfift 3Agktpoah3 npn noTemymae nepBott boahh 
ae npHBOfiHT k odpaaoBaHHD KaTogHoro ocawa hah HSMeneuHn noBepxnoo- 
TH 8J10KTpO.ua9 HTO yKBSHBaGT Ha paGTBOpHMOCTb npOJQTKTa BOCCTaHOBAG- 
hhh b paonjiase. PeHTreaojmoisiril aitajina npojtyKTa noTGHunocTaTira c- 
Koro 3AQKTpOJlH3a DpH HOTGHQHaABX BTOpOft 0T8AHH BOOCTaHOBAGHHH, Od- 
HapyKMBaQT MGTaAJlHHOGKHft HMOdHti.

Ha B0At>T8MnepHHx kpmbhx npH ckopoem paaaepTKH noTGHUMaAa 
0,125-4.0 B/c a HoojioflyeMOM TeNmepaTypnoM HHTopsaae HadJuyiaDTCft 
jopsa nmea BOOCTaHOBAGHHH npw noTenutiaJiax -(0.2-0.0) h (0.7-0.5)B„ 

Ehah Hay^enu aasHCHMooTH noTGHUHaaoB h tokob ihikob ot kohugh-
TpamiH H CKOpOOTH nOAHpHSailMH. AHBAH3 3TMX 38BHCHM0GTG# IlOKaSHBa- 
eT, hto nepBBH bojihe 0TB8%8T nepeaapHfly ^4(?) &o s/4 (ft) h koht- 
pOAHpyeTOH OKOpOOTBD M$$y3HK.

HooAGjtoBamie BTopoft oTamm BocoTaaoBAemw npoBojouin nan b ho- 
XOJRTOM 3JlGKTpDJlHTe » TSK H B 3AGKTpOAHTG, I\AG M (?) 6m ItOAHOOTBD
nepesefleH b HeTtipexsaAenTHoe cocTonmie MeraAAimcKHM hho6h9m h boo- 
OTaHOBAGHHG flO MGT&AAB npOTQKBAO B 0£Hy OTajBEHD. CorABCHO JUiaTHOC- 
TOSeOKHM KpflTGpHHM MG TOW JIM 3A8KTp0flHHfi HpOUGOO BOOOTaHOBA8HHfl 

(ft) AO J/4* He OOAOXHOH XHMH^GOKHMH P8&KUHHMH B OdfcGMO paOHXa-
aa h KOHTpoAHpyeTCH cKopooTBK) nepeHooa oapaw. •



HCCJIEHOBAHHE 3JIEKTP0B0CCTAH0BJIETO1H MQJIHEflAT- HOHA B PACIDIABB
BOAMPAMATA HATPWft, CQHEK^ITOM KATHOMJ Li* ba2* Mj*

X.E.Kyiuxon, B.B.ManuweB, B.W.liianoBan

Hhcthtyt odmett a HeopraHaqecKoif xhmhh AH YGCP

B padcvre noKasaiio nnnFHPie KaTwnHHoro coctopb pacii nasa Ha 
aJieKTpojiHHfl npouccc BneicrpoBOccTOHoaneHar Monad/iaT-aoim hb fyoHa 
BOflfc$pnMCTn HOTPHF. MeTOJIOM HCCfleJtOBOHH^ BUdpGHU nOTeHUMCMieTpPlF 
a BOflbTaMnepoMeTpHP c ennHHHHot% a UBK.mmecKoft pos^epTKoft noTOHria- 
ana. Kgthohh BBraoum b pacnjian b B$me desponHHx Monadnaron. Aho- 
&om a KOHTeftHepoM jmr pocrinasa cnymn rinaTHHOBHf* ?arejib. B Kar4ec- 
TBe Bananatophofo aneKTpono acnojihaoBajia nonynorpyKeHHue aron&qa- 
Twe nwaTHHOBue a 3anaflHHHe b KBapti MonatinenoBHe. BJieKTpon cpaBHe- 
hhp - nnaTHHo-KHcnopoAHutl oneKTpon Pt , 0& ( = 0,21 otm.)I
|Afc»2W0i* -QZWOjI. TewnepaTypa - 900°C.

HsMepeHMB paBHOBecHHX noTeHimanoB KHcnoponHoro anenipona npa 
flBej50HaH b pacnnaB’ Bon^paMaTa hotpmf pagnaHHHx MonadjtaTon cant- 
HonoJinpasyromax k8tmohob noKasuBaioT cMemenae noTenimena b odneoit 
donee nonoKiiTentHux BHaneHnlt, T.e. yMeHtmenae aKTHBHocTa bohob. 
KHCJiopona. C yBejianenaeM ynentHoro 3app.no K3Taona HadnrcweeTcH do­
nee 3HBHHTenbHoe cMcmenae. HcKJuoBeHae cocTonnmoT MOJiadnaTu nant- 
um a HSTpaa.

JUifl BHHCHeHHB BnaFHHB KQTaoHHoro cocTBBa Ha npouecc oneKTpo- 
BoccTaHonneHaR wonadnaT-aoHa duno npoeeneHo BontTatvmepoweTpatec- 
Koe agyqcHae cacTew >^1/0^- JtleT KoO«#(r;i;e Me*- JiatLi*, Bet2* f

M?* ) • HadwonaeMwe bojihh xapaKTepaayiOTCH cnenymmm oco- 
deHHOcTFMa:

1. npa yBena^eHira ynentHoro sapane KaTaoHa aojma aneKTpoBOC- 
cTOHOBneHHP cMemaeTCfl b nonoxaTeutHyD otinacTt noTeHnaajioB (T8K, 
Hanpp^ep, npa nepexone ot KaTBOHe Jfa* a JtE3*cMeweHae cocraBnir- 
eT ri opnnKa 1,0 B).

2. Hamee rpanaHHoe 3rb'46hh6 KOHqeHTpatiaa MojiadjisTa no^sne-
hhf p:niH PocoTaHOBneHaa sbbhcbt ot yneatHoro sapajna KaTHOHa.

:% C ysenaqeHHeM ynantHoro aapana KaTaona HadjnonaeTcn Tpaa- 
C'Mpr.'wjiiB bdtihh BoccTaHOBnanHfl as S -odpeaHoft b r-odpasHyi).

FegyntTaTH BonLTaMnepoMeTpaqtecKax asMepeHaft He nonTBep*fla*>T 
ppennono«eHae, htc b pacnnaBax onanaKOBoft KaonoTHOcTa aJiexTpon-
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Htrft npoiiecc AOAxeH xapaKTepuaaBST^cfl oABHaKOBwrjm napawerpaivia.
B pBcnjiaaex GAHHQKOBoii icwctiothocth yneiibhuA saps# KaTMone ok8- 
auaaeT cymecTBeHHoe Bjuvme Ha rioTeHima/i oTieKTpoBoccTaHOBJieHun 
MOJiMd^aT-HOHa. Tai<, noTeHmian 9JieKTp0B0ccTaH0BJieHMfl mojih^otob 
dapHB, MarHHP, amviiiHHF cocTaBJLFeT cooTBeTCTBemio 1,8 f 1,9 B, 
1,4 * 1,6 B, 1,0 + 1,2 B.

Ctotib do/iBUioe pasmywe iioTeiiUHaziofl a^eHTpoBocoTanoB/iefiHP 
MOJiHdjiaT-Hona cfiHAeTentCTByeT o tom, 4To $opwa h coctcb aneK- 
TpDXiiMH4 0CK11 BKTMBHbiX 48CTHa 3&BMCHT OT KaTMOHHOrO COCTBBa p8- 
GBTlHBa .

Bcjib du a/icKTpoxurvmHecKH aKTHBHott 4acTMneit HB/mncfl abmo- 
nud^aT-’Hoii Mo^O? , to CMeweime noTenmiaTia cooTaoM/io da tihuil

— = 0,067 B npn #6cflTMKpatjhdm yBe;meHMi KOHiieHTpamm mo- 
jmOASTa.

yAenbiihitt sapPA KaTBOHa BflHPeT ae tojibko hq noTeHimafl, ho 
h Ha xapaKTep aneKTpojmoro npouecca. B paon^anex, coAepKauinx 
MOjmdAaT Maraup, BumejieHiie womdAena npoTenaeT c aaweTHm nepe- 
Hanpp«eHneM, yMeHbwaiouuiMCfi c yBe^H4eHHew KOHueHTpuim. B pacn- 
uanax, coAepacamHX womdABT ajitiMMHHfl, Btimenemte Mo/mdAena npo- 
HOXOAMT BpaKTH4eCKH d83 nepetianpFtKeHliP H B C04eT8HHM C npPMO- 
nponopqHohbalhoft 38bhchmootbi) npcAantaoro tokb BoocTanoB/ie- 
HHfl OT KOHUeHTpaiiHH MOJUBdABTa tiJUOMHHHfl CBMABTejILCTByiOT DO Od~ 
paTHMOM np0T6K8HHH DpOIteCCB BJieKTpOBOCCTaHOBTieHIlP. AH87IH3 
noABpHaamioHHUX kphbmx b n o;iy tiorapM($m4ec k 08 cucTewe KooptAWHaT 
E - U - t) AaeT KonnqecTBO aaeicrpoHOB, nepeHocmwx 

B BAeivTpoAHOM npouecce, paBHoe 6,0 - 0,25.
Tbkhm odpaaoM, HccTieAOBaHHG 3JieKTpoBoccTanoBJieniiF Monud- 

AaT-iaoHa B pacnnaae BOJii>$paMETa naTpwH, coAeputaweM kqthohh
|j* j|£3t , 110KB38710 3tiBHCHMOOTB napaMBTpOB B7IOK-
TpoBoccTaHOBneHM MOjmdAaT-HOHa i& xapaKTepa aweitTpoAHoro npo~ 
aecoa ot yAe/ii>Horb sapHAa KaTnona. Haw npeACTaaapeTcfl, 4to ksk 
H duno UOK88HHO paH66, B OKCKAEiO-XJIOpititHBlZ pSCILSSBaX IcaTHOHJIHfl 
ooctob Aomen cymectaeHHo bthiftl kbk hb $opwy cywecfBOBaHHF
fiHBOHa, TaK H H8 CO0THB 8JI6KTpOXJUMH40CKH 8KTHBHHX 400TMI.



BJIMflHHE KMCJIOTHO-OCHOBFUX CBOflCTB PACilfiABA HA MEXAHH3M 
3JiEKTF0B0CCTA HOBJIE HHfl WOEHfl Vi XPOMA

a./urnaroneRCKOH, C.A.Ky3HeuoB, fLT.CTnHrpHT 

Mhcthtyt XHMMX AH CCCP

Panee HaMM Hayneno BJiMHHMe cchob8hm^~qhhohob (frropa h KMcnopc^a 
•" Mf>xaHU3M 3.n6KTpQB0CCTaH0UJieto1fl KCMrweKCOR hho6mh H Xt)OMa, B Hac- 

padoTe yc'raHcrmeHo bjihhhmg scecTKHx kmcjiot k8Thohob JR** n 
d<L* Ha WexaifH3M 3/ieKTpOBQCCTaHOBJieHMH KOMIUICKCOB J/bF? 11 0-Cl6 .

BojibTaMnepHaa Kpusaji pacruiaBa JlaCl-KCZ , coaepaia^ero JVLF'? 
wweeT abb nuKa, oTBetiaiomux nepeaapaAy JfbW) ao M{V/) w paapjmy
JJb(tj) AO dlb(0)9 IloTeHUMaji nepBoro rmna hmCgt 3 Kane Hue - 0,633, 

a BToporo - I,23B 0TH0CMTe;ibH0 cepedpaHoro DJieKTpoAa cpaBHeHM/u Dpn 
BBeflerotM b pacruiaB atecTKoti khcjiotu (Jl3*) bhcota nepeoro w BToporo 

nwKa yMeiibuiaeTca, a npH noTeHiAtajiax - 1,05B iiohbjihgtch AonojiHMTeJib- 
HWfl OCTpwA flMK» npH MOJIbHOM OTHOUIGHHH p£j = 1,33 Ha BOflbTawnepHwx 
KDMBbix ooTaeTCH JiMmb o&MH nwK 3JieKTp0B0ccTaH0BJi6HHH npH noTGHUKa- 
Jie - 1,05B. IloTeHUMOcTaTHMecKMR ajieKTpojrns npH noTeHnnariax, otb6- 
naxxmtx btoPi boh He npnbo.aut k ocamACHwo Ha KaTO^e b ochobhom Meraji- 
nirmecKoro HModita, a anajina AMarHocTMtiecKttx KpMTepneB noasojiaeT c#e- 
na?b bhboa 06 odpaTWMOM 3JieKTpoBOCCTaHOBJieHMM, HojiyiieHHbie peayjibTa- 
Tw MoryT MattTn odbacHemie, gcjih npeAriojroawTb odpaaonarote b pacnnaae 
MHboc, uew ■Fj. 3JieKTpoxwMHqecKH sktkbhhx qacTMu - reTeponoEHHAep-
K3JX KOMIIJieKCOB \_JHm ^\] ^ ^ t M3 KOTOpbiX yA66TCfl peaJIMSOBaTb
nepeHoc mm< a;ieKTpoHOB b yatcoM HepaspemetmoM HHTepBSJie noTeHuna- 
jiob* IloBbicieHMe ajieKTpoaKuenropHMx cboHctb reTeponoAHHAepHMX komji- 
aexcoB odycJiOBJieHo, no-BHAMwoMy, cneumJWKOtf mx CTpoeHMH."ApyroR npH- 
nMMOft wonteT HBMTbCH bkcokhA nojtoxMTe;i brail sapHA reTeporioAMHAepHoro 
KOMn^eKca (aa chgt *Al ), mo hpmboaht k yMettboienwo OTpwuaTejibHoil 
BcnMtmHu % - noTemyiaAa, cnocodcTByomero yMeHbmeH*B nepeHaripfise- 

mhh BoccTBHOBMTenbHoro npouecca.
B padoTe nojiy-Menbi pedyabfBTM, noaBOJiflBmue BMCKaaaTb npejunoao- 

ateroie 06 odpasosamiM reTeponojiM«A«pHbix KOiinneKjob xpowa h nairraHa 
np« EHecerotH b pacnnas xjiopmaob MaTpwH, najiHA, xpowa, TpHxnopMAa 
wawraMa. IIoKaaaHa bo3mokhoctb cTHMy^HpoBaHwa peaxwiA AMcnponopqMO- 
rotpoBaroiH (JTU1) c odpasoBaHMeM noKpuTHft m nopotnKOB mmo&mh n xpoxa 
aa cuei MaweHeHHH kmcjiotho-ochobhhx cboRctb pacnjiaBa - nyreu BBe- 
AeKMH b pacnjiaB zmctkmx kmcjiot, C zcnojibaoBaHHeM peaKUMM JPQ Ha- 
HeceHH MHoditeBue noKpuTMH na CTajibMue m&ewn m&shx paawepOB*
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B3AMM0fl£HCTBHE HMOBHH C 
PACIIMBAMH

SeA.AuMMOBa, B#r.KpeweHei%KwA, E.r.IlojiflKOB, 
JUn*IlofljiKOBa

MHCTHTyv xumhh KHU AH CCCP, AnaTHTu

HayneKMe BaaMitoAeticTBint hho6ha c HHodHRcoAupataiuMMH 
paonaaeaMH raaoreMHAor meaoqwwx MeTajuiuB HweeT Baawoe ana- 
H8HM6 a*h paapadoTKM a/QKTpojiMTuwecKoro MQTo.ua nojiyuerotfl 
nOKpUTMft M 9JieKTpOpa$HHMpOBaHMfl. MeTOflOM HHHetiHOti BOJIbT&|/!- 
nepoMerpHH 6uno ttccxoflobbhq BaawwoAeflcTBue mo6m c aBTeKTM- 
tiecitHM pacnjiaeoM xjiopmjuob neonii, najiMfl m HaTpwi (68,15­
16,26-15,6 wac.%) c AodaBKOti renTatJrcopuHOdaTa Kanwi b ctbk- 
aoyraepoAHoil awnyjie uapKM Cy-2000 (b p«Ae ohutob b njiaTM- 
HOfiOH TMr/ie) noA aTMoejepott onwmeHHoro a pro Ha.

npeABapuTeubHUMH uccneAOBaHHflMM dhuio nOKaaaHO, mto .. 
BOGCTBHO BA6HM6 HHOdUH B pacnA&B0 &££- &Ce£- j/cbte-
apoTexaeT b abo noc*eAOBaTenbHue cTaAww: nepeaap«A (Y)-* 
J4& (iy) h AaubHettmee BOccTaHOBxeHMe JS6 (IY) ao MeTauua.

Dpn BBeAeHMM MeTannMqecKoro hho6mh BaaHMOAetiCTBHe ero c tq- 
kmmh pacnxaBaMH npcntcxoAMT no cxeme:

+ 53 S*6(8) (I)

Qpu btom nepeafl bo*Ha BOCcraHosneHuji vV£ (Y) nosHocTbo 
OABHraetca b artOAHy*> odnacTb h oTseqaeT npoueccy oKHCAeroi*

(IY) --> J*4> (Y), mo CBHAeTenbOTayeT o doiihom CMemeHHH 
paBHOBQCHH pee huh h we*BaneHTHoro BaawMOAeWcTBwa (I) pnpaBo.

Bbuio HayqeHO uaMeHeHHe KOHuehtpbuhm qeTupex aaneHTHux 
ho hob Htiotina b npoqecce ycTaHOB/ieHM* paBHOoecMfl peaKUHH
(1) npa JI3CYOSHHO& KOKASHYpaUKH (5 MAH 10 MSC.%) K
paauHAHWx YeMnepa^ypax. HoKaoaito, mo ctcopocvb BaaniwCAeno-p- 
bhb BoapacraoT c yseuMMeHMeM YesmepaTypti h KOHneiiTpauHH 
renTa$ropHModaTa KanHs. Oahsko ydu/ib mbcch HHodneaux otipaa 
uob duna Mehbrae pacqeThoB no peaKAHM (I) h paaHHpa moxav 
pacqeTHOd h OKcnepHMtsHTaAbHoM BenuuuHaMH yBenHMHBanacb c 
noBuiuenHOM TewnepaTypu. Kpoiie Toro, duzio aaMeneNO, mo ao
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BBeAeHHfl HMo6neBoro odpeaqa b pacmras, coAepaamitll reirra- 
(JrropHMcdat wajirtH, HadjroAaeTCH yBe/HitweainmeecH bo BpeitoHW 
cwweHMe nepBOtt botihm BoccTaHOBJieHMfl jv€ (17)
b aHOAWo odnacTb, 3HatiMTexbH0 B03pac7a«nee c noBumerores* 
setmepaTypti, h b pacnnase ente ao BBeAeHMH weTaaaa npwcyT- 
CTByoT tieTwpexBajieHTHwe wohm HModn*.

fla^bHefioiMMM HCc^eAOBamiFMM dfcino noxaaaHO, vro npHuu- 
Hofl HadjuoAaeMoro HecooTBeTCT bmh ydiMH Maccu odpaaua m ne-
peXOAB (7) B %A/4 (17) aBABeTCH ORHCXHTeJIbHO—BOCCTAHO—
BHT6J! bHail peaKUMH

“7 -*M<r I" + l/2 . <2)

npoTOKannan 0ahoBpetieHHo m HeaaeHCiiMO 07 peaKtMH MemBaxeHT- 
Horo BaaMMOAettcvBMH (!)•

UeTOAOM xHHeflHoti BonbTaMnepoweTpnH nattAetia aaBHcmnocfb 
CKOpOCTM OKHCXMmenbHO-BOCCTaHOBHTeXbHOtt peaKURM (2) 07 Tew- 
nepatypy h HaqaxbHott KOHHeHTpatara renTajrropHHOdaTa xanwa h 
ee 3$$eKTMBHaa aiepnot airrMBtteauHH, paanai! 96,9 KflK/moxb,

B Aa/ibHeRmew pacn^aBu, tab HModMtt HaxOAttxcit b pasHo- 
BSCMOlt BAXCHTHCCTH pQBKOA Ue7UpeM, dfcUIH HCHOAbdOBaHH A*A 
M3ytieHHH CKOpOCTM K0pp03RH HHOdMCBblX 0(5pa3q0B. Kopp03l(fl 
HModH* b Tpotinott aBTeKTHKe £*Ct- wet- j/ttCC , eoAepitamett 
ero tteTHpexBaneHtHHe tttitM (I,6&-3,75 wac.% %M6 ) b teime- 
pafypHoin HHTepeaxe 9&M073K HeaHatwTenbHa h hbxoahtob 
b npeAenax (I-3)*Itr* r/cir.tu CxopocTb Koppoami Hecttoxbieo 
yeexmai Basse* c TewnepaTypo* n npaimtuecKK He staiieHaeTea 
c ROfmeHTpataieft HHotiwa b pacroiaee,

ttonyitenmie sHavema cnopocTK iroppoaMM m HeaaBMCiniocfb 
ee or KOHueHrpauHK roeopuT od oTcyTCTBHM AaxbHeftmero B3au- 
HOAeftcTBHH we7ax*HtiecKoro mo6m c ero tteTHpexeanesiTHimH
ROHaMB C 0dpa30B3HB8M NOHOB Htt3D9ti BAJteHTIfOCSN•



AHOJIHOE iJOBEJlEHME U02 B mPMjSHO~<BTOPM2lHHX PACfiJIABAX 

H.Il.HeKpacoBa, A.M.flOTaiiOB, H,O.EcnHa, U.E.KoMapoB 

MHCTMTyT DJieKTpOXHMMH ypO AH CCGP

B pacnJiaBJieh.mx xAopHAax meJioqHux MeTajuioa bhoah H3 ahokcha^ 
ypana BeAyT cedn noAodno MeTajuinwecKHM ajiGKTpoAaM /I/. HoaAHee 
diiAo noKaaano /2/, q?o npH anoahom pacTBopenmt UOp b paciuiaB nepe- 
xoaht MOHti ypaHMJia UOp"1" n lOp, CooTHomeHMe wex:AY KOHaww pa3AKHHux 
CTeneneH OKMCJieHMR aaiwcHT OT TeMnepaTypu, KaTHOHHoro cocTaga pao- 
TBopMTeJin. CpeAHflfl BejmquHa BajieHTHOCTM hohob ypaHMJia MenneTCfi b 
npeAeJiax 1,5 ~ 1,8, ilpu usMepeHMH paBHOBecnux no?eHhmsuiob uo^ b 
XJIOpHAHO~$TOpHAHHX pacnJiaBQX /3/ aBTOpti npMQUfH K BUBO Ay, MTO ”b 
paBHOBecHH c UOp b xJiopMAHO~$TopnAHux ypaHHJicoAep/Kamwx paonAanax 
HaxOAflTCB KOKllAeKOHUe HO HU , UO,,F7 K UO-F2"" ,

B nacTOHineM cooOiuohhh uphboahtch pea^JiBTaTu HccAeAOBanHR 
anoAHoro noBeAeHKR gaoktpoaob mb UOp b xjiopnAHO-i|)TopwAHHx pacnJia- 
Bax. B KaMBCTBe SAeKTpOAQB HCri0Ab30BaAM TadJltiTKM H3 nOJX)![lKOOtipa3~
hoh UOp h ahokcha ypana, nojiyncHHUH 3agktpoah30m ypaHHjicoAepxca- 
mero xjiopHAHoro pacnAasa. XAopwaw m ^topmau k, Na, Cb oqumann we- 
TO AON 30HH0fl IlflaBKH* 0dHapyK6H0, HTO II pH aHOAHOM paCTBOpeHHi! UOg 
b xAOpHAHO—$ropHAHux paonAaBax npw TeMnepaT.ype 700-820°C K otho- 
eghhh [jp] / [UOp] « 2 * 30 oOpaayioTOR abb bmab npoA/KTa - qacTb 

UOp neoexoAHT b bhag pacTBOpHMoro b pacnAane npOAyKra, a qacTb 
odpasyeT Hepac* BopHMoe £ pacnAaBe <m b boag) coeAHHeHne, icoropoe 
pacnpeAeAHCTofl b wacce paoiurasa b shag nopomKa AHdo odpaayeT na 
pacTBopflewoM uOg-aAeKTpoAe "mydy” (b cayqae 9aeKTpoAMT%qeoKoro 

U02), KOTopaa »e npennTCTByeT upoxoKAeuHD tokb* Buxoa no Tony 
Mfl 9AeKTpoAHTHqecKoro UOp nc ydtiAH seca 9A6KTpoAa cocTaMneT npn- 
wepno 105^, no aaaji^'sy hash a - 6^%, aajj TadAeTKH UOp - 94 w 63%, 
cooTBeTCTBeHHo. Ha pnc,I npeAOT£BA6Ha peHTrenorpatiHa nopomKa, chh- 
tan na peHTreHOBCKOH AH^paKTOMeTpe £P0H-3 b HSAyneHHH Cuk :

100 Pho.I iTpHxpeHTreHorpaHMa nopomKa, 
noAyqeHHoro R3 pacriAasa 
K, U0p/ci,y50

10 20 30



HaMeneHMe KaTHOHHoro cocTaBd ajieKTpojmTa npHBOAHT k CMeineHMJD jih- 
hhA Ha peHTrcHorpaMMe.

Ha pMC.2 riOKasanu CHHTue na crifiKpofavroMCTpe 00-26 ajietcrpoH- 
Hue onexTpu norjiomeHMH pacTBOpon, oopa'jyiumwxcR npn aHOAHOM paoT- 
BOpeHHH uOg B pacnJIBBax KCl-NaCl (a; K KCl-flaCUCKP-NaF) (d) 
npM TeMnepaType 720°0,

Pko* 2 3Cfl ypaiiHJicoAepmnwx xjiopHfliioro (a) h xjioPMAHO**$to- 
pMAHoro (d) pacriJiaBOB npH pa3Jrm?Hiix KOJtHHecTBax npo- 
riymenHoro 0Jiei<TpH»iecTBa (b AMnep-uacax): 1-0,25.
2-1,25, 3-2,5, 4-5,0, 5-IO'Kr'

HpH nponycKaHHH paaiioro KOJiMMeoraa BJicitTpunecTBa yepes fmeM- 
Ky oriTtneoKan njioruor Tb ypaiiHjjco^PHmniHx xJiopMAHO-tfcTopHAHux pao- 
ruaBOB cymeoTBeHHo imtte, hgm b cjiynae wjcto xJiopmvtoro ypaimj!&no- 
ro paonJiasa, *ito OBimano o odpaaoBamteM b xjiopmaho-($)Tophmhx pac- 
ruianax HepacTBopMMoro oceanHernia, b cooTaB KCToporo bxoamt hob 
ypaHWjiG.

JlMTepaTypa
1. Cmhphob M.B#, MBaHOBOKHM JI.Eo H. otim, xhh» 1997, t.27, lt> 2,

c.295-299 '
2. HeKpacnaa HdL PaBHOBeoHue saiQXTpoAHHe noTeHUMajiH b pao- 

nJiaMeuHtix rajioreHHAax mejmHHx MetajuioB, ABtope$. ... kbha. 
xhm. Hayx. Cbb PASO box, yHU AH CCGP. 1981, 17 C.

3. RoMapOB , CMOJieHQKHR B.B» TesHoy %OKJ%a&OB Buec, kohq).
no xhmhh ypana. M., Hayxa. 1978, o.90
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anEKTFOXMMtFECKOE nOBEJEHME VIOHOB Cn(ri) 3 EBTEKTIflJECHOM
PACTUIABE LiCM<Cl

0,C«TyjijiKOB, B.A.Hmkmtmh

JleHMHrpaflCKidt TexHoaorwyecKwM lwcTHryT nM.JleHCoaeTa

KwHeTMHa 9JieKTpoxHMwecKoro BoccTaHoaneHMH mohob AByx- 
BBJieHTHott Mew Hcc/iewBftHa Ha BpamaiomeMCH amckobom aneKTpo- 
BA* Bubchcho, hto npouecc BoccTaHOBJieHHH ao Merajura - Anyx* 
CT8AMMHHM, XapaKTepwayiPlUHttCA ABywa AM#yBHOHHHMM B0AH8MM, 
ilepsafl ctbahh - nepeaapaA, oTaetiae? ypaBHCHMi?:

CvP+ + e Cm4- (l)
KomfxfMUHeHTH wWyawM noAHWHarrca wBBecTHOwy ypaBHCHHin:

. Jlr - R0- &*p ('£/>/) (2)
pfle JIe - 1,607.10"fiu2/oeK 

E^ * 43,43 k/Tx/mojib

B TewnepaTypHOw MHTepBane 673-773 K ao KOHUeHTpamtti - 
3,10"aMOAb/cMa.

npH nepeaapHAO He npowcxoAMT HaKonaeHM* npoAyxTOB
BOCCTBHOBJieHHfl H8 BJieKDpOAO H BOJIHH HMC1DT flpKO BfcipaxeHNHtl 
np6A€ABHHtt TOK*

Hauano BTopott bojihh , oooTBeTCTByxmtetl BTopoti oaho* 
BJteKtpOHHOtt ctbahm:

Cm* + e Cm0 (3)
«a 1 B donee xatoAHo*

Bo BpeueHH moh AByxeaAeHTHoH mbam cawonpoM3Boa&HO 
nepexoAHT a Ch(1), uto xapaKTepuaye*oh cooTBerrcTBywumi 
OMemeHMex noTeHUwana Havana bojih.

Flpouecc BocoTaHDBJieHHH Cm( 1) HCCJieAOBajrcH hqmh /1/e 
0 A^HHott padoTe npn KOHUeHTpaumt < 3. 10"“3mojib/cm8 otam-* 
hhb a rtoBeACHWH na $owe LtChKCh Ci*C\2ne odHapyxeHOV

roaiOAwi fepaivOiiaAS Cw\n 5 GhEBKAHG HmcGT uOAEe* OAOSt-
nyt? npwpoAy, uew odpaTHMw* oAHoaAeKTpoHHwM npouecc*

JlHreparypa.: OtCeTyAAKoa, 8*A.Hhkwtkh. Tcbmch aokabab yn 
BceooesHeKOH^)* no xmmhh* h TexHOAon* peAxiix menoHHHX we** 
tqaaob, Anavsm*. 1988.C. 96v i ,
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MMATHKA lffOUECCA AHCWOIO OKHCJBiUHH ft. (I) ti PA0MA3E
Kce - l, ce

* '
B.A.Hiikuthh, O.C.TyjiitKOB

JttQHMHrpa^CKida TexHcxzionroecioui micTfliyT MM.JIeHCOBeTa

Ah£Ubh3 ncmpuaamioHHUX icpusux, no^y^e^iHUx b yo/iOBwix oTauno- 
HapHOft AH$$y3MH AenojmpusaTopa h c aa^aimuM rMApOAMaaMmeckhm 
pexwMoM* b uiupOKOM Anana30He KOHueHTpauiiii CuCQ b pacimaBti 
UiC£- KC? 'LC?,\ noKaaa/i, hto npoueco dJieKTpooKiicjieHiia Cuff] ^C^l) 
ncyvtitHaeTCH AMjx&yaiioHHoii KHiieTince, 3aBwo«MOCTi» Jl - jim-
He&na. Uto AaeT QCHOBaiuiH wm pacne'ra Koa^yy^unuHTOB AH#y3mi, f 
no anoAiioii hbcth nojuipuaauuoHhOM kphbom. Oahbko , iipn ueTajiLiiOM 
paOCMOTpeHiUl TOKOBUX 3HaweWHi, OTBe'iawmiLX KaTOAHllM B aHOAHiiM npo- 
ueocaM a pacottaae C<CP - XC(? -L,C? bo boom HHTepBaJie kohught- 
paunil G. ce , bubbjiuho, hto ico3j)$6mn8HTu AH%y3m rDu, , pao-
CWTaHHHU M3 SHOAHtiX UOJLHpMUOUMOIiHUX M3M8pemifl, np8BtiWaK)T K03$- 
$MUM8HTU lUljxpy31111 fOVO JKO MOHB, IiaiWQHliUe 113 KaTO^HUX. llpMHO^
9TM pa'dJIMHMii yBa/IU'lUBajOTCfl C POCTOM KOHUOHTpaiBUl CuCP B IICCJIU- 
AyuMoti oncTeivio ♦ Kmc dtuio uuicauano panoe /%/ KaTOAimii lipouecc 
Cu(t) Cu((>) KOHTpOJlMpyOTCa AlH^yailOHHOil ItitilGTllKOii BlUIOTB AO 

KOiiuoHTpuuMil C*c+ee ^ i.HT3 Ma«ib/cM3 b paeiiriuue tree-i,CP
8BT8KT1140CKOl’O OOCfaiid.

tijitumna pocra KoauehTpamdn G, CP na bojim4muu +\f b wiy- 
4ad KtiTOAiiax ncvuipiiaauMomiHx MUMepemiti b uocjie.uyeMOM AiiatiujQUu 
KonuQHTpauail, ho par^o-rpMp^ioTOR

H3B8CTJHO, 4TO CJXb Ce^ XUpaKTopildy OTOJ1 TGpMIViUCKOit UtiGTOM -
KOCTbD /3/. 0 pocToiw veivuiepaTypu HadjijoAaoTGa uomwM nepoxoA 
OtCQ ~~+ CuCP , npouoco coupoBOAcuaoTOH BiiaejiuHnew cBodoAitoro 

jwopa.
jj moiihoK (popMti 3Ta pudicmiH uiolcgt duTJb np8ACTa>yiena u uua& 

ypUBHOilMil*

a * * (1

* G'xettid MGUOJib:.iObaiuioti b padoro yo ianoiMa. c o aicaunaw koh, Vi -ytiii' 
BpauiaiuuiorooiT amokoboi'o 'om-jKTpo.ua iuiajiuni'iiiu upuBG.uona j . -do 
to /!/.
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OtipaTHMocTL 3TO# peaKujiH b xjiopHjijBhLX HoiiHHx pacruiaBax noKaaann 
b patio'rax /4,5/.

klcnoJiB'syH KOHuermnfo peaKUHOHHoro KimeTHHecKoro ojioh /6/ '
npewioaena MOfleju, iipouecca nepeaapa^a CLff) —Cn (n) % npoTo- 
Kawmero ua aHOjumi-i Bonne, b cootb6Tctbhh c KOTopofi DJieicTpojpiuft 
npouecc ano^Horo okkcjiqhjih Cu (t) ogjiokh6H nocuieAyioiueit roMoren- 
Hoft XHMHH6CK0M peaKimeii (I) b peayjTbTaT© KOTopoi* bhoeb otipasyei’CH 
9JI KTpOaKTHBHHG peOTQHffU. C n03MU>m BMdpaHHOit MOJipJIH C pOOTOM KOH- 
UeHTpaunn G, ce 3 paciuiaBe yBejuriHBaeTCH icaTaJiUTHMecKnii tok, hto 
npHBOjXHT IC 3aBUUieHHUM KC3$j)imneHTa JUI$$y3HH HOHOD Cuff)

paoc^HTam™ H3 aHojumx iiojiapH aan#omiux naMepemiti, BunojmenH oue~ 
HOMHHe pacneTU KitHcmnecimx napaMeTpoB paawm (I), iipoT0Ka»meft a 
amsKott $aao b KBasHCTaipioHapnux ycJioBnax ns-sa OTcyrcTBMH pasHOBe- 
chh XMMMHQGKoro nQTeHitfiajta xjiopa b rasoBoti $a3e h pacruiaae.

JhiTopaTypa :

I- Hmkmthh B.A., TyjiHKOB O.G. #en. OHMMTBXMM r.uGpKftObZ, 
1986, 16 773-XII-86, 36 c.

2. TyjiHKOB O.C., Hiikhthh B.A. HI BcecoK)3Haa KOH^epeHujiH
no xzmhh h TexHOJionui pejyaix mejmHHX ajieweHTOB, AnaTiiTM, T63hch 
SOMajia, 1988, c.95.

3. KapHKHi; K).B., AnreJiOB M.M. ^Ihcth© xm-nraecKHe BewecTBa.- 
M.; Xmmn, 1974, 406 c.

4. Utoad H.A., Thmhqhko A.II, /Kp.xUM.x., 1976, 42, 16 9,
o.980-983.

5. Ttfmeffito A.E. yKp.XHM.a., 1978. 44, 16 9, c.768-770.
6. EneoKOB K).B., $hjehhobckh& B.K). BpaiuawtiicH ^mckobbiS 

3J!eKTpOA4 M.: Hayita, 1972* - 343 c.



anserpoxiwmcAfl aKarPAKLwa EBPonm m coiiHHOKMGJiiix 
PACTBOPOB

A.r. ATawacHHU, A.H. CeperwH, A.B. flana-nos

MOCKOBCKHH XMMMKO-*TeXHOJIOrMqeCHHtt HHCTHTyT HM.J1. MeMeHAeaeeBa

dufl&Jiam* ©BponnH aa cmbcm peAKcaenejibHUx ajiaiieHTOB (P33) 
cpe^Heft rpynnu (Sw,Ea,&A b cojianoKacjiux pacTBopax ocymecTBAneTca 
nyreM ocaxAenaa MajiopacTBopaMoro EaSO^. G axotf uejibio b HacTomitee 
Bpewa BoccTanoBacHae Ea^*1* npoBOAflT xHManecKaM cnocodon, acnoabaya 
uaHKoayio mntb, c nocjieAywmeft odpado'fxofi HgSG^. 3to sKonoraqecKa 
rpaaHutt a Aoporoti npouecc.

Hawa paapado'faH ajieKTpoxHMaqecKHtt cnocod BoccTaHOBaenaa qb- 
ponaa aa cmbcm P33 «a tbspaom xaTOAe b cojihhokhcjiux pacTBopax. 
Motoaom uamiatmcKoit BOJiLTaMnepOMeTpaa c TpeyrwsHoti paaBeprxotl 
Hanpaxenaa Ha rpa^HToeoM kbtoa6 onpeAeaenu xaTOAHue noTeHuaajiu 
naxa (Ep)K a noaynaaa (Epi/p)* npa paaaamiux caopocTax paaBeprxa 
noTeHuaaaa UTot 0,01 ao IB/c), pacaaTan napaMerp HeodpaTHMoexa ^ 
a ycvaHOBaeHO, mto npouecc aaeaTpoBoecTaHOBaenaa eeponaa npoTexa- 
8T b odaacTa CMeoiaHHOtt khh6thkm» OnpeAeaeHU KaHeTwnocKae napawer- 
py npouecca: KoajxjiauaeHT nepenoca KaTOAHOtt peaxuaa Ea^+e 3rEa^^ 
d(*0,I5 npa (if=IB/c.) a KCHCTanTa citqpocTM peaxuaa =6,75 • I0"^cm/c .
HaRAenu xpavepaa ^=^^=0,5 a - tok naxa, C - koh*
qeHTpauaa). fioKaaaHo, ijto npouecc aaeaTpoBOCCTaHOBaenaa esponaa 
Ha rpa$aTe KBaauodpaTWM npa caopocTa paaBdprxa noTeHuaajia £f*0,0I 
B/c a ct&ho&htch HeodpaTHMHM npa cKopocTM paaBepraa dojiee 0,5B/o. 
UeJiecoodpaaHo npouecc ajiexTpoBocc?aHOBJieHMH npOBo,n,aTb b noTeHuno- 
CTaTMuecKax yciiOBHflx npa(^K«-IB (n.x.a.)»

flponeoc sjaeKTpoBocoTaHOBJieHaH ebponaa BecbMa qyBCTBMTeaeH k 
pH cpeAU. daeKTpoAM3 BeAyT aa pacTBopoe c odmeti xoHueHTpauaeti P33 
IOOp/jb a KOHueHTpauaetl esponaa I5r/a. MaxcaMaJibHHtt bhxoa no roay 

£*85% AOOTaraeToa npa pH«I,5 a Tetmepavype 24°C. Ho vexHOJiorMtiec- 
hum coodpaxeHMHM ajieKTpojiHa boayt b raabBaaocTaTawecKax ycjioBaax 
a AOCTaraior creneHa aaMeaeHaa 100% npa nponycKanaa nojiyropHoro
HGSn‘46CTBa oAoKTpHU&CxBa, COOTBSTCTuylMUde feOperHQeCKOliy; K&fOA-
Haa ruroTHOCTb Toxa 0,02A/cm*\ B aaeKTpoaaaepe xaToaaf ot aHoanva
OTAea^H HOHHOOdMeHHOfl MeMtip&HO#. no OKOHqaHHM SBeHTpOXHaa KATOXHT
nocTyrtaeT b xpactajuiHaaTop. TyA& noAawr 10% (aacc.) HgSO^ a noA- 
AepxKBaior TSMtiepaTypy 4°C. Ocbaok EmSo^ o#aabTpoBHBa«T a cymaf.



K BOHPOCy OB aflEKTPOXMNmECKUtl 3KCTPAKLIHH EBPOflHfl
W3 A30TH0KMCJ1UX PACTBOPOB

A.P.ATaHacRHU, D.A.CeHbKHH

MockobckhA XHMMKO-TexHOJiorHMecKHtt HHCTHTyT MM .fl. H.MeHAOAeeBa

PaapadoTxa npoqecca sjieKTpoxHMHHecKoro HaBJieneHHfl eeponHfl H3 
aaOTHOKHCJMX pBCTBOpOB peAK036MeJIbHHX 3A6M0HTOB B3&M6H CymeCTByD- 
iqero xhmhh6ckofo cnocoda noaBORHJia 6m peniHTb uejoitt pflA TexHOJiorn- 
qecKHx, BKOJioFHnecKHX, couHajibiiHX npodJieM.

Ha noJiflpHaauHOHHHx kphbhx, noay%0HHwx npn paajiHUHbix KOHqeHT- 
paqHflx esponna b pacTBope aaoTHOfl khcaoth hb rpa^HTOBOM BJieicTpofle, 
cjieflyeT, nto rwiOTHocTb tokb cyMMapnoro npoqecca pacTOT c yBejinne- 
HH0M KOHUteHTpaqHH ©BpOnHfl, B, CABAOB&TBAbHO, paCTBT H CKOpOCTb 
B0CCT8H0BJI6HHH OBpOIlHfl. 3TO yKa3MBB6T HB IipHHLUfnHaJIbHyK) B03M0*- 
HOCTb BOCCTBHOBJieHHH 0BpOIIHfl(III) AO 6BponHS(II) B MCTHOKHCJIOfl 
cpeAe c nocjieAynuHM h3ba0U0HM0M b bha® HepacTBopHMoro ocbakb EuSQ 
IlocTpoeHHeM KpHBux £ -{fl AHHettHott pa3BeprKoit noTeHunajia, mnuiHue- 
ckhx BOJibTaMneporpaMM c TpeyroAbHot! paandprKotl noTeHimana duaa 
onpeAeJieHa odAaeTb npoTeitaHHfl ueaeBoft peanunn £i/3Ve

HapRAy c i^8Ji6Bott peaKunett Ha naTOA® npoTexaeT peaiuvtfl boc- 
ctshobaghha BOAopoAa. HccaeAOBaHHGM creneKH HSBJie^oHHH esponKfl ot 
rhcaothocth pacTBopa onpeA©«neHa odJiacTb orrrHiianbHoro sHaneHHfl pH, 
t*A6 CTeneHb H3BA©ueHHfl eBponna MaxcHMeuibHa.

noittmo noT6HUMeuia h khcjiothocth pacTBopa oahhm hs aaawwx $a- 
RTopoB ABJiHercH TeunepaTypa npoqecca bocctahobaghha eeponHfl. 3a- 
BHCHMOCTb CT0H0HH H3BA0H0HHH espOfiMfl OT TOMnepaTypti HM66T 3KCTp6-
uaJibHtift xapaarep c MaxcMMyMOM okcao 50mto, ouqbhaho, o6t>^chh- 
erea npeodsaAaHHmi cnopocTH odpatHoft peaKUHH okhcjibkha eapom:': 
npa noBinneHHfcix revnepaTypax.

npoBeAOHiie npenapatHBHoro ajieKTpojmaa b repnieTwwofl mteftxe 
C paaAeJESHHMMH coabbum mocthrom KBTOAHHM h 8HOAHUM npOCtpaHCT Ba­
lm ( npH mom hbtoaht noABepraacn npeABapHTOabhor AeoKcnremiaa- 
Hh* aproHOM ) b o6abcth onpeAe*§HHHx napanerpoB ( ip, pH, T ) 
b HacToamee spena nosBOAner aocthms CTenenn HBBAeneHHH eBponvtH 
Ha aaoTHOKHCAoro paoteopa ao 90% h buxoab no Tony uejieeofl peax- 
mw ao 60%,



paciwub i/icmu iwthh.

Nl-IOJUB

M .r.CTapmfOBC!:ti;r, U. D. Uenmir.^aH, k\. H. Koiiyiiajio

i'jHCTKTyT xwMMd TBepnoro Tt;Jin ii jiepepatfortui 
MUMpaJihiiovo ciqihP. GO AtT COOP

upH coarxaHm! BROJiorinieoim mmcthx TexHORornti acraeT boil'kx- 06 
yrjjimamin ctohhux bo.u h upoMe.^y-roMHux Texjiojori-meoKux pacTuo.,od 
paSJIMMHliX XM.V.HMeCICHX ITp0H3B0.HCTB, MTO HOSBOJIItT peWMTL lie TOJIi-KC 
3KojiorimecKii(i aorrpocn, rio h nojiyntiTL tn,ono jiiihtrjtlhub TOBapiwe npo- 
tiyKTti. ajieKTposv.eMv^paimyje Merofiu npe.no TaDJiHioT aJiLTepnartiny ditepro- 
PMKOMy r/.eTOjty BunapiiBciHM, umpOKo rrpHMCHneivoMy rum 3T0tt nejin b npu 
f/itmuieiiHOCTn. jipn 3tom o^HoapeMeHno c KOHyeHTpnpoBaHiieM oJieKTpojm- 
tob no3Mo;::Ho riryooKoe ooeccojnmamte pacTBOpon no ypoBHH rhctoR bouu.

H paOOTO MCCJIOHOBaHU B03M0JKH0CTH r.OHpeMTpupOBaHHB paeTBOpOB 
XJTOpiI.ua JItfTMH C npUMeHOHUeM 3/teKTpC.HHajIH3a H 3JTeKTpOHOHHpOB8HMH.

ilC(?Jieji.0BaHMR npono.HHjrncL Ha Monenwix pacTBopax xiiopHCToro
JIHTHH C llCnOJTLaOBaiiKOM JIBOOpaTOpiIOH 3JieK'i'pon%aJIM3HO% HHeftKH C T0.«
mmioic KOMep ooeccoJWBaHKR 0,r> cm. Jj cjiynae aJieKTpo.unajtitaa Kawepu 
oueccojiimaHtm sanojmRJinoh ceT^aTHMH cenapaTapaMH, a irpn ajieKTpono- 
mipoBaHnn - CMOuiaHHUM cjioervi wohhtob b cooTHumemm A :tv~i ,0:i ,u. 00 
paOoTKa paeTBOpOB rrpouaBoniuiach b uwpKyjumHOHHOM pemtMe, c hocto-
HHHOlt CKOpOCTLK) UltpiCyJTHUHiJ JJ JI/HQC, lid 8 0118 pa T6 IIOjmepMUBaJIOCL 
nocTo/HTHoe HanpflJKenne, npn a tom KonTpoimpoBajiiicB JOHHue KomjenTpa 
UHH x./iopo it jnraiM, pH ntiajnsaTa ti KOHitenTpaTa, tuk Ha annapaTe.

.vteKTponnaJins. R nacTORiueti paourre ncxonnaR KonuenTpamiR mo- 
HeJHitmx pacTBupoB xjiopiina jmtmh cocTaBJiHiia 3,o-3,u r/ji. UoKaaaao, 
mto npn ooeccojiHBamiH Hcxonnuru pauidupa b 100-150 pas, b KQMOpe
KOKU'iHTpHpCBa I!MR y HR6TCR JIC'jTMRB KOtmeHTpaUSfH XJIOpMRS JO-GO iy ji

Ilpn KOHUf-HTpaumi nopR.nKa 100 r/ji npou.ecc oopaTHoii iw#y3Mii cTano- 
dutch 3QM-'Thum t tskoH rviyOiiHH ooeccojiMBaHHR nocTim, lie ynaeTCR. 
iio-BH.n.MMouy, ,/um HajiBHciiwcro KOHueiiTpnpoBaiiKH neooxo.iniMO opramiso 
bsti. npouecc b nuC!:o;ri-.KO CTyneHeK. Okopoctl riepepaOoTKH it rJfyOu- 
iia oMHcrKU pac'iDopa saf-itcHT ot HanpRjt.emiR Ha annapaTe- c ybcjihqe- 
imew t:anpR:::cHnR cicopocTB nepepadoTKit pacTeopa b pacneTe wa erptwi­
ny ruioifja.Hit napHux MCMOpan yBe;ii-JTntBoeTcR ( cm . Tadjntny;.

!? ripoi’ccco Komie h tdi? po am hr pH odeccouoHHoro pacTnopa n? nc
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xo^Hpro ananemm 5,6 mmivuicn b KKCJiyio odJiacTB 3,0, a nocjre 
CHHJKeHHfl: KOHneHTpauwi pacTBOpa jio HecKOJiBicnx mt/ji nontnnaJiCH AO 3-9
B 38BHCKM0CTR OT BpGMGHH UHpKyJLfn01H paCTBOpa.

aneicTpoiioHupoBaiine. B a tom cjiynae, ksic w npn 3JreKTpo.nnajm3e, 
odeccojreBamie no KotmeHTpaunft 2-3 mp/jt no noHaw k* flocTnraJiocL npn 
KOHUQHTpaiimi paccojia 50 r/ji. npezteJiBHan KonneHTpawi paccojia b a tom 
cjiynae lie onpexejmjiacB. IIo npn ajtqkTponOHnpOBaHi*m conpoTWBJieHne an- 
napa?a aaMCTHo cnnaMOCB, hto noanojiMo bgctr npouecc c ojtmiaKOBHM 
imajiBHHM tokom npn HanpJSKennn b jxBa paaa r/.enBineM, Mew npn aJieicrpo- 
jotnajmae, CnopocTB nepepaooTKH pacTBopa oueinma^acB no napaweTpy U/n:

r*~'S-Tqn
r,ue Up h Ct - Havajihiian n Tercyiaan KOKueHTpamm pacTBopa r:> nepepada- 
TimaeMOM oObgmc V ; rl - CTenenB oOeccojniBamm; t -bpgmh nepepaOoT-

kh nopunn pacTBopa V , nojiesnan ruioyajiB MewdpaHH.
Ilpn aJieKTponomrpo narran pH ^mmoaTa » npn cooTHOiLennH

cmoji b cMecn, ot ncxoanoro ananeHnn CMemsjrcn b me.no nnym odJiacTB 
no 11,3, a k KOHiry miKJia oOeocoMsaimn cunsiajica RO 8-0. To oOctoji- 
TejiBCTBO, nTo pH pacTBopoB npn oOonx MOTO^ax npoxojmr iepea oOJiacTi. 
rnejicnmix Bnanemilt, craHOBHTCH cymecTBemimi b c.nynae pacTBopoB, rjie 
KpOMe jiittwh rnryr dim KaTROHN, odpaayTomne ncpacTBopwie rnupnoKncn
0TOT Bonpoc Tpeoyet ji,ono,/™Tcra-:oro nsynemm.

B Tadjr/ite npnnoACi-fH nnpaweTpy odonx i:eTCj,on:
Mei'oji ll ,B 3ITavj , A V KOIf. v V^n W^Ji/wc-nyr

BjieKTpojtna^na 20 1,(3!'
'J'l

u,0!:?
u)00v)

0,15
0,26

OjieKTpOROIIHp OBa ITU 0 20 2,P' 0,002 ',\bv
iOv: it;-: Tad :., npn ojihhx r Tex xe CKopoeTn impnyjLmnm n

reoMeTpim annaparoB, b cjiynae ojicktpoitoitnponai:rm, ckopocti- nrpcpcdoT- 
kh npn aanoHno?! CTeneim odeccojnmima rt^ '■ sure m;-; r. m-
npH^emin hs annapsm.

TaKm.'i odpaaon, oda ?jcTpoMoi.topanmix r<r:>':\n v----.-- v.-’vn--.
jvm odoccojmBaKn.n n KOHi.T.e?’Tpnponnmtn pa^dap-onrny par- ---v 
pfina jmmn. BHdop M?To.n;a nonwn pen'vr-.f.q <*• ;r-r. • - :-s\ . • - v>-
W-I X OdBeKTOB. '
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BUCOK(HIPOM3BO®!TEJILtiblE 3.I]EKTP0JI^3EPU C TPEXMBIMM 

amCTPQUAMM JTJlfl MHTEHOHSlKAiMI-1 IPOUEOCOB B PA3.BAB./JEHHIjX 
PACTBOPAX
B.K.BapeHUOB, B.B.npoKO$f>ec
HHGTHTyT XHMBM TBeptiOPO T6JI3 H nCpepfidOTKB MMHepaJIL HOPO 
oHpBH CO AH CCCP, CKB ropHoodortiTiiT3JiP>Hoi'o odopy,AOBaHna

IIpotijieMa BHTeiiCJi$j2KaitHM ajiexTpoxiiMimecKHx npopecooB b pacT- 
Bopax, pasdasjieHHUx no qjibKTpoaxT nbhhm KOMnoHeHTaw, mwiaeTca ax- 
TyajiBHofi npn pemsHHM paajniHHHX npaxTHnecxii BazjfHx aa^an, HanpifMop, 
b rnflpoMeTajL7iyprEM Taxoro po%a pacTBopu nojiynaioT rrpi: bckputhh pyx 
H KOHUeilTpaTOB, lipH n0^36MH0M M KyHHOM BHIUeJiaHHBaUMM, 9TH paOTBOpti 
ABJimOTCH MOTOHHHKOM IlOJiyHeHllH MeTaJUIOB. PaJIBBaHOTeXHMKa M PBA OT- 
pacjieti npoMtiiiuieHHOCTii Tepmoi MHonie TucanE tohh mstbajigb, b tom 
'mcjie dJiaropo,nHuxt pe/ocax h UBeTHHx c npoMBBHHi.j h cto^humh bor8-
MU, HBJIHBmHMMOH HCTOHHHKOM 0Tp8BJI6HHH GXpyxaiometi Cpefltf.

Mcc/xesosaHM, CBaaaHHHe c pemeHEeM nepenMCJieHHHx aaflan, dtura 
pasBepHyTH iuhpokhm $pohtom xax y nao b cTpans, Tax h aa pydexoM 
b Hanajie 7.0-x ro^oB. 3to npHBe^o x paapadoTxe irpviHiiHnnaJiBHO hobux 
onocodoB h peaxTopoB, noaBOjmBinux ananuTeJiBHo noBuojaTb npon3ao.ua- 
TejiLHOOTB ajiexTpoxHMHiecxHX npoueccoB irpw ajiexTpojmae pactbopob, 
cojotepjKamax aJiexTpoaxTEBKue xomitohghth b Ma.uxx KOKueHTpamwx. Hhtoh 
oa$HxauHM npoueccoB yaajioct hocthhb aa one? HcnojmaoBaHHn npoTon-
HHX OdBGMHO-IIOpHCTHX HJIH TpGXMGpHHX BJieKTpOfiOB C BUG0K0p83BHTOff 
peaxipiGHHOit noBepxHOOTBio. B HacToamee Bpem H3B6gthh paajranntid 
BapMaHTH Taxdro po&a ajiexTpouoB: cyoneH3HOHHHe, nceaxoojtiUKeHHue, 
BGJioxHHCTua yrJierpa$HTOBHe h MeTajumnecxHe, miacTHnnaTHe, oeT*ia~ 
Ttie u APyrne noflodHxe chct6mh.

B peayjiBTaTe HCCjjeflOBaHHft, BMnojmeHHax b I1XTTHMC paapadoTaHa 
npoueocH o yrjiepouHHMH bojioxhhcthmh ajiexTpo,uaMH(yB3). CpaBHemae 
yB3 o nepeMMCJiGHHUMn TpexwepHWMH cHCTeMaMH noxaaajro, hto yB3 odjia-
j^SiuT HauuO.acv BiafCOKHivui uGTGKIJ$*uJSx>KIimI3 1303MGJfui00TJUmII 3HT0XOHy^HZ^pO
BtiTB npoqeccu b paadaBJieHHfcix paoTBopax. BejmnnHu yaeJiBHHX peaxijH- 
OHHtix noBGpxHGCTeit jyw YB3 aooTaramT 500-600 civi^/cm3, aHanenKa ko- 
3$$wetiT03 Maoconepesa^H 7* lO"”2- I0~2om/c, hto noanojiHeT HHxeHcn- 

4>nm!poBaTB npoueccu a^exTpomaa b paadaBJieRHHX paoraopax na xsa - 
Tpx nopajyta othoch rrejibho a^exTpo^Haa na iuiooxhx aJiexTpo,nax, 

OyeBHAHo* nTO hombimo npHHmmaajrBHHx BoaMOKHOcrelt roro ujm 
HHOPO BFi^a BJieKTpOJlOB MHT6HCH$HmipOB6TB HpOUeCO 3J16RTpOJIH3a K60d •
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xojihmo ymmaaTb bosmcxhoctb coasamra m oohobg sm aJieKTpoflOB 
npoMBGiuieHnoSt annaparypH, H8Ae*H0# 2 yaodsoB b aKcruiyaTanaB. 0t- 
oyTCTBue b npojMuaureHHOcTH ouhts cosaamia aJieKTpojraaepoB o 7B3 no- 
TpedoBaao paapadoTKH ochobhhx nparanraoB hx KOHOTpyapoBamw h Tpe- 
doBaHult k KOHCTpyKUHHM a ycTaHOBKdM Ha daae axeKTpojmsepoB o 7B3.
B peayjBTaTe cobmgcthhx pador HXTTHMC a CKB ropHoodoraTBTeJMoro 
odopyAOBaHBfl paapadoTan hobuB mraco aJieKTpojraaepoB o iipotohhhmb 
odBexHO-nopacTHMH ajieKipoflaMH. Kohctpjtkuhh aJieKTpojraaepoB Bmane- 
hh b cjiejtynuHe rpyram: I. SjieKTpojmaepH KopnycHoro Tana o aaexT- 
pojxHHMU KaMepaMfl RacceTHoro THna. 2. SxeicTpojmaepH naneTHoro hjzh 
$HJu>Tp-npeccHoro Tuna. 3. OjieKTpojraaepH c ;nBBxymaMCH k&to#om.
4. 3Ji©KTpojiHaopH o miacTHHHaTHM vum ceT^aTUM ajieKTpojjoM.

Ha ochob6 aJieKTpojraaepoB c aJieKTpoHHHMH xawepaMH nacceTHoro 
Tuna paapadoTan napaMeTpaHecKHft pan annapaTOB, napaMeTpanecKaft 
pjyr yCTQHOBOK JVIH JIOXaJDbHOft OdpadOTKH paCTBOpOB raJIBBaHBHGCKBX 
npoBaBOflOTB, a TaK«e TanoBtie npoeKTH oTjteJtemaB 3JieKTpojmsa b "ajie- 
KTpoajDQBpoBaHBa". SjiGKTpoaBaepu Tana 37-IM b napaweTpanecKoro pa- 
jn;a 37-IB + 37-108 HcnoJTbayDToa jura HaBaeMenaa MGTamoB aa pbctbo- 
pos rajoapoMeTaJzayprHHecKMx a raaBBaHM^ecKHx npoH3BOjacTB. Ho tgxhb- 
KO-aKOHOMBaecKHii noKaaaTejiHM aaeKTpojmaepH Tana 37 npesocxoaaT aa- 
pydemie a oTenecTBeHUHe aaaaora, acnojraayeMHe mb aaMeaeHaa Me­
TaMOB aa pasdaBaeHHHx pacTBopoB.

PeayjiLTaTH npoMunuieHraix HcmiTaHufl a aKcnayaTaoaa aaeKTpoaa- 
aepoB c 7B3 noKaaaaa, hto ohm MoryT acnojiLaoBaTLca turn pemeHaa 
paaaHHHHx HapoaHOxoaaBcTBGHHHx aaaai: b raapoMeTaJiaypraa wia aa- 
Mesemia aooioTa a cepedpa aa pacTBopos .necopdrcua weTamoB aa hoho- 
OdMGHHHX CMOa H 8KTBB0pOBaHHHX yrJiett, paCTBOpOB BHmeJia^HBaHHH 
8TBX M6T8JXJT0& H3 pa3JIHHHHX IipOMIipOflyKTOB; flJLfi HSBJmeHHH MGTaJMOB 
iuraTHHOBoit rpyrnm aa pacTBopoB Bumejia^HBaiina npoMnpojtyKTOB; 
xadaaaaaqaa KOMnaencoB naaTBHOBttx we Tamos nepejt hx copduHOHHHM 
aaa dKCTpaimHOHHHM Haeae^eHaeM; &%a H3Bji6^ghhh tiaaropoasux a hbgt- 
KHX MB'raJMOB SIS pacTBopoB pa$KKHpOBaKHH Me#H, HHKeaH* miHKa; B 
raaBBaHOTexHBKe jw aasaeneHaH tiJiaroposunx a imeTHHx MexaaaoB as 
npOMHBHHx pacTBopos 2 ajieKTpojmTOB, KOHUHuaonapoBaHHR aaeKTpoaa- 
tob; ,naa HaBaeneHaa cepedpa aa pacTBopoB khho - $oTOKon0poBajii>~ 
ho# npoMumaeHHooTH, a Tarose am odeaspeautpaHUH tokchmhnx KOMno- 
hghtob pacTBopos paarnRHUx OTpacjieti iipomhiiijirhhocth .
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0 B03UOIH0CTM IM1EHCM6MKALV1M UPOljgCCOB aflEKTPC3MCTPAKUMH

B BH-nOJIE
BpaMMM B.A., Craci> M.B,, TumoHXo T.C., ftoji/ixoBa ti.B,, Apucosa M.A. 

AxTattCKH# rocyAftpcTBeHHwtt yHMBepcHTeT, r.Bapnayji
boa^eftcTBHe Ha pacTBop axexrpoJBiTA auco kombctoworo axext- 

pouarroiTHoro nojm npHBO&Mv x 3nayHT6JibH0My (2-10 pad) ycxopoHHc 
Wmtpoahux npoyeccoB, JuacHTapyetiux xax cTfimnoft aoctabkh BemecT- 
BB K nOBBpXHOCTH dXOKTpOABt TBX U CO6CTB6HH0 3JIdKTp0XilMMMeCK0fl 
CTXAWeA, 0#exT odnapyxeH b uqipokom AHanaaoHe KOHgeHTpaijHii 
aJiexrpoBHTa M. 0 CTeneHH hhtbhcm^mk&lihh xaTOAHoro npo-
146oca cyflMJiu no yBOJiuvenujo npejiejibHoro tokb BOJibTaxnepHott xpHeoti 
npx BWeMemu KOMnoHeHTOB M3 pa3daBJieHHux pacTBopoB m no yaexH- 
neHHW Maceu xaTOAa npw aJieierpojiHae xoHueHTpHpobshhux pacTBopoa
fi.a).

ilayneHB daBMCMMOCTb CKOpOCTM H3BJI0M0HHfl KOMnOH0HTOB H3
pacTBOpa ot uacTCTu HaAaraeMoro hojih joar 12 axeaewTOB : Cm 9Cd, 
n {71 fSn ,%i ,84 ,in ,Kn,M ,K ,fU. B iiayveHHOM AManaaoHe 
nacfOT flJiH Kaa^oro axeweHTa BUHBJieho ot X &o 5 anaqeHMti gacTOTM, 
npx KOTopux cKopocTb BOCCTaHOBfleHMH MQTttJuia MaKCXMajibHa. 'fax, 
Hanpwiep, ae/umuHa npeA@abHoro tokb bocctbhobjiqhmh Bi (Hi)
(C*b• 10”'' M) M3 2 M pacTBOpa HCi BoapacvaeT M&xcHMaJibHo b 8,8­
9,7 paa npnf =83, 76, 129 MPi*, vox bocctsho momma mohob P#(R) Ha 
pacTBopa M PKa/Oj)^ ^ 0,1 H MCI npn axcTpeMaxbHUx a*h He­
ro gacTorax 72, 96, 133 MPu BoapacTaaT b 3,1-4,5 paa, yaxcHMajth-
HBfl CXOpOCTb BOCCTBHOBJtQHMfl Cl4 (II) (C=2 M) M3 mtpojtOCtfcaTHOrO 
exexTpoJiMTa AocTHraoTCB npx f =60 MPg h npeaumaeT cxopocTb am- 
Horo npouecca a ovcyTCTave no jib b 1,5-8,0 paa.

3$$bkt KadJinmaJiM b MHTepeajie leunepaTyp 3-55 °C b boahux 
pacTBopax paaJUNMoro cocfasa, a Taxma b He boahux pacTBopMTdAfix. 
ibxaaaHo, g«po nosomeHHe aKCTpeuyMOB «a obbhcmmoctm npeAOJibHutt 
TOK-gacTOTa, a Taxse cTeneHb ycxopaHMH dJiexrpoAHoro npoi4ecca
3BBMCMT He TOJlbXO Ot npwpOAU 05SKTpoa«THBHUX uaCTMU, HO TBK1WI 
OT XMMHgeCKOft (fcopMti, B KOTOpOtt AXHHUil 0X0M0HT flpHCyTCTBy6T B

pacTBone, h npxpoAU pacTBopHTejifl. Tax, npx nepexo^e ot aKBaxou- 
aaexcoB k rasoreHMAHuu Pf (11) otiHapyxeno nocTeneHHoa yaeJiMgeHMe 
OTMOuieHMfl npeAeabHoro Toxa npx aaAfiHHott gacTOTe B4-nojiH If x
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npeaeJibHOMy Tony b oTcyTCTBHe noaa J0: ajib C
(If/Io)max =2,8, npM nepexose ot xjiophahhx k hoamahum KOMiuieKcaw 
(If/I0)mox BoapacTaeT ot 4,5 ao 13,9. Hpn btom mMemei'CH Tarane 
noJzoiseHHe dKCTpaMyMOB Ha 3aBHCMM0CTW TOK-yacTOTa.
B KawecTBe pacTaopHTejiett HcnoJibaosaJiMCb boab, awm® tm j$cy Jib$okcha 
(J3MC0) H AHA»eTHJI$OpMaMHA (#$A) . M3BJI8H6HMe meAOHHtiX M6TSUIX0B 
npoBOAHJiH H3 JtyM c AodaBJieHHeM (C^Hg)ajih yMeHbmeHHfl conpo- 
TMBJI8HMH pBCTBOpa. yB0JLHW6HH6 If/Iff COCTaBMJIO fiJIZ ti&. -3 >8 pa 3 . 
Ass K-II paa, zasiJLi -1,7 paa npH C^IO^-IO*"6 M, IlpH cpaaHeHHH 
CKOpOCTH BOCCTaHOBJieHHB CA (II) H P6 (II) B B4-HOJ19 H3 BOAHHX 
pacTBopoe, a TaK*e W&A h AMCO duxo ycraHOBJieHo, wro sejiMyMHa 
If /Io MancMMaabHa b boakux pacTBopax, b pacTBopax Ha ochobb 

HM$A h IPX) GTeneHb yaemyeHM* toks MeH bum, flpn nepexoAe k hq- 
boahbm pacTBopHTexflM npoxcxoAHT cweiUQHHe yacTOT MaKCHMywoB ripe-
ABJIbHOrO TO KB. TaK, A^H W MaKCHMBJIbHOQ yB93Hy0HH0 TO KB HadJODAB-
8tch npH -p=88p 186 MFu (pacTEopuTeJib H^O), npn ^=50, 180 MTu 
(paCTBOpHTQJIb jjft&k) H npH 160 MPl* ( paCTB0pHT6Ab JfflCO) .

HaMeHemie TewnepaTypw a KowueHTpauhh pacTsopa sumneT Ha 
CT0H9Hb HHT8HCM(|MKaiAlH aAQKTpOAHOro HpOUecCB M HQ W3M0HH0T HOJIO- 
IStoHMfl SKCTpeMyMOB.

BcjieACTBMe Toror mto a*h paajumHux a3®icrpojzhtob waKcwwaab- 
Hoe yaejiMyeHMe CKopocTH H&^JW^&eTCH npM paaJwyHMx yacTOT«xr to 
nyT9M audopa cooTBQTCTaym^e^ yacTOTH a-seKrpoMarHHTHoro hojih wo*- 
HO HOBMCHTb CQJteKTMBHOCTb BUA6A6HHH JKOMnOHQHTOB MB pBCTBOpa, H&- 
npHMQpv npH COBM6CTHOM BWAeXQKWK HOHOB P6 (II) H (II)
M) cooTHoineHMe npeA&#bHwx tokob othx mctbaaob b aaaMCHMocTH ot 
yaCTOTM H3M6HflA0Cb OT 1,8 ao 6,6 [3],

Tams odpasow, BOSAeftcTays na pacTsop o-T8KTpo3MTa B^-nosew,
MO&HQ CymeCTBQHHO HOBMCHTb HHTQHCHBHOCTb K C838KTWBH0CTb H3BJI6- 
yeHHH paSAKUHtiX MeTBASOB,

JI M T B P A T y P A
I* BpaMHH B.A., CTacb M.E. //3ji9KTpoHHS5i odpadoTxa MaTepwa- 

30*. -1988. -N. -C.44-47,
2. KaruiHH A.A.* BpaMHH B.A., G-racb M,B, /V%pH. ana3HT. xvi- 

MMW. -1988. -T.43. -»7. -C.II57-II65*
3. Kanjmw A.A., BpaMHH B.A., Ctbcb M.E* //%pH. anaiiHT. xh- 

mmh. -1988. -T.43s -H. -C.632-635.
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ajZEKTPOXMiOTBGKOB BttaEKEHME TAHTAJIA M3 OPrAHHHEmx
PACTB0P012

H.II.Tdjiiuhob, ILT.GT8HrpnT
MHOTHTyr xhmhjh KHU AH CCCP

K KBOTonmeMy BpeMeHH aooTHrHyTu arta^MTejiBitoQ ycnexn b npax-
THKG npKM0HOIlHH SKCTpOKUHH B aHaAHTHHeOKOtt XBMHH M TeXHOAOrtU! JU1H 
H3BA9H9HJHH H OTOCTKH pejtKHX M6T8JIA0B, OJC1BKO, B COBP&M0HIIHX yOAO- 
BHHX OdOQTpeilKK BKOAOrHHeOKHX npodAGM, OTailOBHTQH aKTyB.ABHHM 
yMenbraoHHe yrmuiaiipyeMbix otokob , HonoABsoBamie deapearoiiTHux moto- 
AOBp HanpHMep, 9A0KTp0XHMimCKHX npOU0CGOB 0 npHM0HOHU6M HOHOOd- 
M6HHUX MeMdpaH,

Ma poDKCTpawym TaHTaaa H3 TpndyTHA$oo$aTa (TD^) m mnuioreK- 
canoHa (LtTH) odtrmo HonoAtayioT paoTBop $Topnua amoum (150 r/n), 
KOTOpuft HeOdXOAHMO BnOOAeACTBHB yTHAH3HpOBB?B. P63K0TpaKLtIW TBHTB- 
Aa BOflOft /I/ BA0HQT 38 COdoA yBOAH^eilHO paOTBOpHMOCTM aKCTpareit- 
tob § odpasonaHMe ycToifrntBux 3MyAbcH8 h nenoAHoe BtuteAeime TaHTa^a; 
npH HonoABaoBamiH MeMdpaH H3-aa HeH3foeHHott rpaiimtu paajteAa SToro 
H6 npOMOXOAHT. Mu noOAOAOBaAH M3BAOW0HM0 TBHTBAa M3 pacTBopoB TB&
H UIH HOA AOttGTBHOM nOGTOHHHOrO OAeRTpHaeCKOrO TOKa 0 nOMOmbK) A8B- 
OaHOBOti H MOHOOdMOHHHX MGMdpaH MA-40 H MK-40 M eOTeOTBGHHOit rpaHH- 
mt pasAQAa $a3 Mew^y opraHFracicHM m boahum pac?B0p&MH*

HH3KO0 H3BA0^OHMO 0.7% M BHXOfl MO TOKy (BT) 0.5% npH HCnOABSO- 
bbhhh MK-40 noATBepnvtaeT, hto tslhtba naxoAHTon b ochobhom b suite 
aHMonoB. npw HonoAbauBaHMK Bcex ooTaAbHHX MeMdpaH aa HecKOABKO tra­
ces padoTH yAtmaAOCB aoothhb H3BAetieHHH 99.0-99.5% npn BT aah MA - 
40 ~30%, AaBoaH ~70% h rpamma paaAQAa $aa 150%. IIooa8ahah m$pa
03Ha^aQT# MTO BHA0AQHM0 TaHTBAB B3 OpraHHHeCKOti $B3H HpOHOXOAHT 
K8K 38 09GT npOXOHJteHHH TOKa* TBR M 3B CH0T p03KOTpaKttfUI (KOMHAeK- 
ooodpasoaaHHe b bojchom paoTBope).

I* EadKHH A.T., MaSopos B.T., HffitOA&efi A.H. SncTpaicasLH iiMcdnn, Tan- 
Taaa a ^pyrnx 9A8M6htob aa $Topmoncx pacTBopoB.- Jl.: Hayna* 
1988.- 224 o.
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MHlEHCMMKAUflS ailEKTPOXllMIWECKMX I1POUECCOB nyJIBCAUMGHHUM
nEFEyiElIlMBAHMEM 3JEKTP0JlJfTA

B.A.MepHoe, B.H.HyniHepeB, T.fc.BopoHMHa, A.n.IlaaJMHOB

3HMM HeopraHmtecKWx MBTepnanoa

OAHHM M3 CHOCOdOB MHTC‘HCM4)MKaUlMH DJIGKTpOXMMMMCCKHX fipOUGC- 
cob HBJiHeTCH nepeMeuittnaHHe ojichtpcjihtb. Flpw 3T0M nyjibcaunoHHoe 
nepeMeuiMeauMe npe&iiowTMTejibHo, rocKOAbKy noaBOJineT opraHMaoBaTt. 
^OCTaTOtlHO MHTeHCHBHOe nepeMClUMBaHMC B yaKMX (20-50 mm) mctkbjigk- 

TpoAHbix cjiohx aJieKTpo^MTa M mciuikwigt ABMxyatMecfl ojieMGHThi %a 
KOHTBKTa c arpeccMBHo# cpeAOft BJneKTpojiMTa /I/. MMeionuiecfi tgxhm- 

yecKMO peuueHMfi nocBOJimoT nepeo6opyAoparb cymecTBymqMG KOHCTpyk- 
Umm 9BHH noA ny^bcauMOHHoo nepeMeuJMpaHMe.

IlyjibcaaMOHHbiP cMCTeMhi nepeMCWMBaHMfl a^h flmuMHbtx m jwnbTp- 
npeccHbix BapMBHTon DbinojiHeriMH dJieKTpojinaepoB npeACTaejimoT codoti 
nenoABM^Ho cMOKTMponaHHUC b annapaTe corviOBbie ycTpottcTBa, opwen- 
TKpopaHHwe baojib 3JicKTpoAOB it npGodpaayiomMe nyjibcaijw® aaexTpo- 
jimtb b noTOKM, OMUBajoutue noeepxHocTb bjicktpoaob /2/. Mcnojibso- 

BdHHe nneBMaTimecicott cwcTeww nyjibcaiyiH nosBOJineT peajiwaoBaTb b 
npOCTpBHCTBe MBTKAy SJICKTpOABMM paSMGpOM Ixl M BMXper 06 TetlCHMG 
QJietfTpOJIMTd CO CKOpOCTHMM AO 0,3 m/c M XapEKTepHUM paSMGpOM BMX- 
peft AO 20 CM. Hpn 3T0M AJIfl SJieKTpOJIHTB C BH3KOCTb® M nJIOTHOCTbD 
6jim3kmmm k boag peannsyiOTCH micjia PcflHOJibAca IO3 f 10^, ?.3. 

AocTHraeTCH TypdyjieHTHUti pemiw TeyeHwa.
Hbmh HccjieAOBaHO bjihhhmg rMApoAMHaMHKM Ha npouecc Maccone- 

peHoca b npocTpancTBe we^ny ojichtpoabmh npoMNnuiemiorc pas mg pa 
Ixl M. MHTGHCH$HKaiJMfl MBCCOnepGHOCa OUGHMBaJiaCb K03<txJ)HUrt6HT0M , 
paBHUM OTHOiiiGHMK) npeAejibHux tokob b yc/ioaMHX nyjibcauHOHHoro ne- 
peMenMBaHHfl m 663 Hero,

Ha pMcyHKe I b KatjecTBe npMwepa noicaaaHa aasitcHMoc.To K ot 
Re a^h paajiMUHux ttacTOT nyjib 054^11.

OdpadoTKa paayjibTaTOB xccaeAODaHHR noKasana, hto koO'^hum- 
GHT MHT6HCM$HKayWM nponOpUMOHEUGH cpO^HeM CKOpOCVH B COllJtBX D
CTenGHH 0,5 aaMKHapnoR odJiacTM (Re < 1000) h b CTeneHM 0,8 
An* TypdyjieHTHoR odjiacTM ( RG \ 1000). 3tc xcpomo corjiacyeTcn c 
TGOpeTMUGCKMMM npeACTaBJIGHHfiMH’ /J/.
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2.4 2.8 &2 3.6 fc{Re
PHC. I. SaBMCHMOCTb K03#MqM6HTa MHT6HCMjMKA4KM WOCCO-

nepeHoca or twcjia PeilHcwihAca
□ - nacTora nyubcaynw 26 mhh-I.

.-I.
O - uacTOTa nyjibcauHii 

A - tiac?ora nyjfbcai^HH 60 mhh”* .42 mhh' $
PeayjibTaTU HCCJieAOBatiHti noaBOJiflioT ApcTaToywo to<iho oueHHTb 

CTeneHb MHTeHCM$HKauWM B 3ABMCHM0CTM OT feOMOTpHH MeXO.’ieKTpOflHO- 
ro npocTpancTBtt m napaMerpoa ny-flbcaijHH (nacroTa w paaMax Koneda- 
hhR). floKaaano, wto ncno.nb30saHne nHGBMaTHyecKoA nyjibcaumi no3- 
BOJIfleT HHTeHCH^HUHpOBaTb MBCCOIiepCHOC K HOBepXHOCTH OJlGHTpOfla
a 5 m donee paa.

nyj!bcai4HOHnue ajieKTpojiwaepw oomdoeaHM b npoMuuuiGHHhix ycjiu- 
bhhx AJiH uejioro p«Aa ojioktpoxhmhmrckhx nponeccos, b tom ywcaa 
Win npoueccoB okhcji6hhh uepvia h BoccTaHOHJiemtfl eeponwH.

B vacTHocTH, ahb OKMCJieHMn uepMB HcnojibdOBtt^nH onwTHO-npo- 
MunyienHHtt ajieKrpojinaep aamuHoro Twna. Buna AocTHmyra cTeneHb 
OKHCJieHHH oepHw b pacTBOpe 9b,5% npw cpeAHOM BbixoAe no Tony 60%. 

Pacxofl sjieKTpoaHeprHH mb OKHCJieHHe I kp pepn.H cocTanwa 3fc5KOT-y. 1 2 3

1. HepHOB 3.A. M Ap- XHM.npoM. 1983, ^ 3, o. 54-67.
2. Abt.cbha* CCCP $ 476764, S.H. 1975 f 15.
3. Jlehiin ij.T. i.iwccx,^ i kL\i:.T.

‘" .1 • 3.i.i
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amTPojtoii me micpoxHiix
BOJIOKHMCTUX PATEPKAJIOB j\J[)l uJTKKTPO-
JlMTMMECKOrO MSBHE4EI1M'! HMKEJBl .

ByitiKOB B,He

OejibCKOxo3n:icTBeHHHtt mhctmt'/t, r. IlojiTaBa.

BaEHOCTb pOHiCHHH RpOdAGMH M3BJIGMGHMH UBGTHUX MGTBAJIOB, B TOM 
RMCAG H HKKeAH, M3 pa3AMMH0P0 pOAa pasdaBJieMHUX paCTBOpOB (npOMtiD- 
HNX BOA raAbBaHMMeCKMX npOM3BOACTB, CTOMHHX BOA MGTaAAyprMHCCXHX 
npeAnpMRTMii M T.IT.) OdyCAOEACHti K^X TOKCMHHOCTbl) MOHOB UBCTHHX 
MeTOAAOB, TdK M MX AOCTaTOMHO BUCOKOM CTOKMOCTLD M Ae&MUMTHOCTbD 
/!/. JijIH M3BAGHCHMR MUTdJlAOB M3 ynOMRHyTNX Bl’Uie paCTBOpOB M03H6T 
dUTb MCnOJIbSOBaH 3ACKTP0AH3 C ITpKMGHGHMeM 3JIOKTpOAOP M? yPAGpOA"" 
HUX BOAOKHMCTUX MaTGpwaAOB. npMMGHCHWG B KOMfiCTBC KaTOAOB TaKMX 
MaTepMajion nossoAR ?T 3HamiTeAbHO mhtchcm^miiMpoBaTb rrpouecc BjicKT- 
pOAW30 /2/, MTO AOA6PT 3(146KTMPHNM MCnOAbSOBaHMG 3A6KTP0XMMMMGC- 
KOfl TGXHOAOPMM AAR M3BAGMGHMR MPTflAAOB M3 pa3dflBAPHHWX paCTBOpOB.

R AaHHOti padore rrpeACTaBAeHb peayAbraTu MccAUAOBAHwR no 
9AeKTp0AMTMMeCK0My H3BAGHGHMD HMKGAH M3 paSdaBACHHUX paCTBOpOB, 
MOAeAMpyniqKX no cocTasy cooTBSTCTByomMe rTpo^upin.-e boah raAbBann- 
HPCKMX !Tp0M3B0ACTB, paCCHWTtiHH npHeMAGMl.’e TCXHOAOrWH,. CKMG CXPMN 
AAR OCyiUeCTBAGHMR 3T0T0 npOUGCCB,

B VfCCAGAOBajIHHX HCn0Ab30BaAHCb paCTROpU C COAepHtaiiMPM HMKGAR 
M6Hee I t/a. M3yneH0 BAMRHMe riAOTHOCTH TOKa, TnMnepaTyph', pH, CKO- 
pocTM npoTOKa pacTBopa Mepes 3Aei<rroA, a Taxme SAeKTponpoBOAHOCTeR 
paCTBOpa M OABKTpOAa Ha J#eKTMBHOCTb M3BA6HGH MR HMKGAR •

ripeAAOAeHH TexHOAorMRecKan cxcmb a pe&MM 3AGKTpoAH3a, no3Bo- 
ARcmne yABBAKBaTb He mghgg 99% MGTaAAa. SarpaTH 3agKTposHGprMM Ha 
M3BA6RGHMG HWXGAfl COCT8BARDT OKOAO 20 XBT*R/xr$ MSBAGRGHHhM HMKGAb 
MOMGT dHTb AerKO yTMAMSMpOBan, HanpMMCp nyTGM MCnUAbSOBaHMfl B 1(8- 
M6CTB6 paCTBOpMMOrO &HOA8 B B8HHG HMKGAMpOBaHKH.

JTMTEPATyPA.

Ie Morankob A.fT,, .TlayvffHOKac P.A,, Hajianxml 0»#., KepmaxoB B.M„ - 
Xhm. np-Tb, I9CI, Ru, C.E6-39.

2. Bex P.D.- X3B.C0 AH CCCP. Cai.XMM.Hayx,1972,sun.6,#14,0.11-20.
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3JIWIT0XMROTRCK0E MFJIATOAHME BOJlWA^ITOm KOHUEHTPATOB 

M.H.UIeBUOBa, A.10.Ga$poHOB, A.B.KuweBCKM#* A.C.Mepnm< 

MpKYTCKW# rocynapcTBeHHufl yHWBeponTeT

3jieKTpoxKMMMecKce BtuuejiamiBaHitG uennux 3ji6M8htob nosBmncT 
UEjTvncHjHUBpomTL nepepatioTKy MnnepajiBHoro oup&H, hckjuohoot weoO- 
XOflHMOCTL HC.nOJIBoOBaHMH 3K0J10rMMeCKM H6 d JI3 T CIipl-mTHlJX BliCOKOTeMne- 
paTypHux npouoccoB, cunjKaeT paexon poareirroB. 3jickt-
pMMecKoro Toica npimmnT k naonpaTejiLHOMy paapyiiienmo h ne^opMainm 
KpuCTajljinqeckot* pemoTKi! n o6jierHae'v xumhmockqg paajiowcmie ynopnux
MMHOpaJIOiJ, CnOCOGCTHYH MIITCHCHifHKaUMM npOpUGca IiWUieJiaHH'iVlHH.n .

Mccuienonano R.mwmte not3him0CTath hockoVi non u pi'a 0 unit na npo- 
necc BOJinf pawtfTa b I M pacTropax KCIO^ b bono, npomi-
jieHKapdciiaTe (TOO 11 iipcmuieHrjmKOJic (HT’). nan/ipMaamir npcuoruuut b 
nOTOHUMOCTDTHMCiCKOM fOKMMO B KHTOfnano noTeiujHajiop -0,2 f 1,2 B 
Ha njiflTHUCBoi! noivimmi.

yCTHHOBJlGHO, HVO B BOBHHX paCTFCpaX 1 M HCIO^ 0J1GKT\ 0XV1MW—
He cko e BuvvvrmmHHo BOJiufpaMa ne iiaojnonaeTCB. Omm Ko nun stom 
npmicxonKT BHUiejinHUBaHMO Mapranua, ho saiwcmuee ot noTemumxa,no~ 
iiai39oMore hq noiL/uwity. PacTBopemte nona wajiesa MHTeHCM#%a%ryeTCH 
npit KfiTouHoft nojLwpiidaumt n oOjiqctm noTBHunajjoB 0,0 * -0,2 B. Bh~ 
mo.nfimtte-qHi'• ’ r.oni/f pewi, x<w go r Maprnnua b 1 M paerjanpax HCIO^ b 
fir b pcscHMG nojwpwsaiwn HeBHanviTejiino. Tqkhm oOpaaoM, b yKaaaHHUX 
yo.ooBKHX mi oawa kmcjiot8, hh fir cno:eK£nHecKoro ivmHmm H3 npoueoc 
BHUio.namnwmm MeTajuitj ho okh emus tor.

3 I M pmcTBopax HCIO^ b UK hq kpmbhx shii: on amt Fauna b anomtoti 
cGjiacTn novenura.noB odnapymmb! HGTKxe waKcm/fyMw b oOj:8ctw noTmi- 
uwajioB 0,P 4* 1,0 B win B0jii4paM3«, ^ 1,0 B nnn mnega w^O,n B tm 
Ma premia, B to *e booma, wn $opmh icpnBHx BKweJiamtBOHR^ cjtcnye-r, 
htc b nepeyto onenonr (npn noCTmKomm noTOHtmajra -0,3 B) u pacTBcp 
ncpexcttHT BOJieso, sfiTPM wapmHen fK -0,5 B) w t nocJiertHm onapeni. 
BOJiB^paM tHamtHan c E e 0,C B), npn c^Mcnomffi Ha^n^naewux hbho-
KKft npeanoj!?)raerrcn, htu bhomroq nojwpiizmwfi nc'iuioffihv npimawr k 
OKHCJieHiw xejieaa (TI) w Mspranua Cl!) b Kpi'croanwHOCKcfi poviotko 
BOjn.ff'iYHvnHa. O-o, b cboio ove.penB, Beno,r i< imrexony yKnoaHHro;
Tr B $>3CTB0p Y> HaCTMHHOMV jXj?pjnilOmV Kpm,.TOJl.nViM->CKr'.1 OVU'^TK:
tmHOpaT.fJ , Tro OHOCOOCTByuT liepoxony h pSCTBVp
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BJULHHKE rOBEPXHOCTHO-AKTHBHbiX BB'tECTB / HAB /
11A BKJIMEHHE J1PAPOUEHHHX METAJUIOB B K/vTOJUIH) MFJIh

B.C.KOHGD8TOBO, 3.A.CHMKHH, M,M./TapKHft, B.M.rOAflKOB 
M.C.MHpHHUGBa

flepMcicyti no/jBTexHHHecKHft hhcthtyt

lIepHOB3n moal, ncoTynaKsnan na aJieKTpopadhHHHponamie, oojtep- 
/KHT Aparouemrue MeTOJi;/K, GnaHHTeJiBHaji hgctb hx b swab MGABBOli- 
iupix BSBememrtix b s-jicktpothtg nacTtm ran am BKnmaeTcn b KaTojinyic
MGJUj 0 TOp/IGTCa C)03BO3BpQTHO. HOTGpM 0?M 38BWCHT OT CKOpOCTZ 06- 
AHMGHTaUHR MS M3 - H6M dHCTp88 KOaFynWpyiOT V. 0C3$AaX)TC;i HBCTBUH
nuiawa, tgm MeHLiue coocaxmenne hx c mgabk).

rIaoTt!MHo Apan.ieTaajiij Tepmorcn BcaeacTBHe ooBMecTHoro c mb- 
AM> paspnAa hx hohob.

B padoTe npocnomeFio BJiHaime HAB in oda nyra norepL Aparonten- 
hkx MBTaaaoB, 5 KaaecTBO AotiasoK DAB nonHTUBanon ojikomoh OC-2.

GoOCaSASHHC AP^rOUGHHHX MGTaJiaOB 0 K8T0JIH0ft MGALiO B saeKTpo-
AHTe paiJ)0H[ipoBaHHa Hcc;reAOBa;iH b aadopaTopua mqtoaom napuBanM-mx 
no;Lap03au0OHHUx kphbhx 0 c noMomB© weaerax qtomob no panwaKTBB- 
HOMy HSOTorry a b yoaosnax npoMHmJieimoro sneHTpo/nioo. Me-
cjiBAOBame ceARMGHTauHK maawoB npoBQAeno HenocpeacTBaano na npo- 
03BOACTB6 GO OB6K0M0 OIJIOMaMH H8 38B0ACKHX odopyAOBHIIRB 0 pOCTBO-
pax, '

yCTaHOBJIBHO, HTO BMKReHHe v HaupRMep oepcdpn, 38 CHGT Top- 
mojksimh paapaAQ coKparoaeTca b 7,5 pas (irpw KotmeHTpaizmi Aodasna 
5 Mr/a).

McnKTanaa ckopocth ocBeTneHBH npoMumaeimHx aaeirrpoaRTOB ot 
maeMOB FOKasajra, hto BBeAenye b oneicTpoABT 10-100 Mr/a a/iKOMona 
OC-2 odecncHMBaeT n o ji k o e ocseTJieHRe aneKTponKTe b ccnpa- 
meHBG BP0M0H0 OTCT80BaHHa m%8M8 B 3,5-4 PSS8. Upti 3TOM M0AB, F0- 
JiyaenEaa na kotoag cooTBQTCTByeT MapKe MOny, coAepaaHKe ApsrMe- 
TaAJicB cHHisaeToa u KaTOAHOM MerajiAG na 10-15? OAROBpeweHKO Ha 
7? yMGHLmaeTCH coAepxaHee oepu.

T.o* aAKOMOH OC-2, SHTMdapya rrponecc paspaAs rohcb r ctrocod- 
cTBya ceA0MeHT8Q0w nmawa. topmosct BKnmeHRe AparMeTajuioy b Ka-
TOAliyX) M6AB 0 CH0S8OT tie3B03BpQTHHC BOTGpR MX,
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BbiAwimit; OTPOuuwa ha mrwx Bi/todm* cbmhuh
H CJ1J1ABAX JidCMdU BMCMyT-CBMHtill 

A*r.MopaHeBCKnM» iieB.KJiodaHOB, 0,0, Taapaflae

nOjUlTeXHMMQOKMfl WHGTHTyf* iiailHHrpQA. HtiOTUTtYT HSOpraHiHlSG KOM 
XMWMH II 3JI6KIpOXMMHM AH PCOP, TOMJIMCU

B aaotohihq# paOo*rs anepBue wayyaiia $opiiofliriasMHKa npouanoa 
onJiaBQoOpaaotiaHMH npa BU&aaaHHW qtpouuwh aa xmakux B^ouyTe, obmu- 
U9 H MX OIUiatiax» Ha OCHOBaHMM M3Udp0HMK BOJlM'-iMHbJ AOnOAMpMaaiUlH 
npju BhiA6;idtiMM oTpoiitiMH Ha onjiasax paaawyaoro oocTaza pauouMTaww 
T9pti0AMHaMU4e0iiMe x a pa ter c p m c ? m km ciuiaaoB. wooJidAObaiiMe bunomeuo 
MeiOAOU CMITMfl nOAHpilsaUKOHtiUX KPHBUX B MMIiyJlkOHOM P8JI BBflHOCTaTH- 
46GK0M pO&MU'j IIpM 900 K. TaKOii tid TO A HBJJHdTOH BdObMG 9#dKTWBHUM 
Iipii MayiieHMM )KMAKMX CIIARBOB, Ha B hlA d PM W B a 10 i^MX AJlttT&ilBHOro KOHTaiC"
Ta o paoriJiaBJieHUhiM aadKTpoAMTOw, B kamuotba ajidHTpoAiira nouoJii>ao- 
BQAc a paonJiaB KCf ~ Sr C/p * JoflapKaiwa ctpohuhh b oiuiauax onpe- 
AdJIflAOOfc aTOUHO-aOCOpdU.MOHtiUM UHaJIWdOM. o

BdJIMStMHU npdAdJlJbHUX K03#M#aHTOB 8KTMBHC0TM OTpOHUMfi j'Vr $ 
paoTBopemioro b kmakwx onjiaeax bmcmyt~obmhou TeopaTimooiui paooyw- 
T&HW c noMOiAbio ypaaHGHMW. npaflJio*8Hdux Bar'Hepou (I) m b'Jiatmepou 
(2), PdayjibTaTU paoyeTOB upwadA^HU b vatijume. Xopcuiea oorjiaoaa 
aicGiiepMMUHTaJiBHux m paoqeTuux abhhux g b m adTgjibotb,ytit o bosuoikhoo- 
TH npMUUUetiMH 3TMX ypaiiUeHMM flflfl UHoUKM npti.AdJILHUX SHa40HlflB K09d» 
i&MUMdHTG aiCTHBHOOTM $ $ <
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C0BMECTH0E 9J1EKTP0B0CCTAH0MEIME MOJIMEJIAT-MOILA C
KATOOHAMH HMKEJIH H KOBAJDbTA B XJIOPHUHhLX PAC1ULADAX

X.E.KyuixoB, JVI\CynaTaumiiJin, tl.A.Honoce/iona, B.K.Ilianobojt,
H.A.racBur.HH

HncTRTyT odwoft h aeoprammecKoft xiimmr AH YCCP
Hhctht:/t HeopraHtraecKoft xrmiui h oneKTpcxmmR AH FCCP

Mot05dm LmKTiiiqecKott BOJibTaMnepoMeTpRR myneuo s/mHHne hohob 
to \ Mi.2* Mg2* POj Ka npotiecc 3JieKTpoBoccT8HOBJicHvin M0Jind5aT8 

HQTpWH B XJlopiumOM pacnnaBQ A/a ,K /£Z Ha lUlOTHHOBOM 37I6KTPO- 
5e npn reMTiepaType 700+750°C. IIoKaaaHo, hto naeseHne yK336HHHx 
hohob b pacnjiae npnB05MT k K3MeH6H%D npRpo5N 3JiGKTpo5Horo npoue- 
coa: oca«56Hne 5hokch58 MOJindaeua cMbHfleTCH BUnaneHRcx’ M3T8jijih- 
qecKoro M05nd5ena. OtfHOBpeweHHo npoHcxo5RT cMemeime noTeHrmejioB 
BHueJieHun M0JiKd56Ha b ncuioKHTejiBHyio odnecTL.

Tan, npn BBe5eHKH xnopimoB KodanbTa (hrk9jih) b M0Jmtf5aT~ 
C05epR8WRft X5. opium# pacruiaB «a /- kphbux RwewTCH 5Be bokhh: 
nepsan - Bcvma oJieKTpoBUQejieHim KodaJibTa (hhkojih) ; BTopaa - boji- 
aa 3JieKTpoBU5eJieHHH Mojmtisena. PasHocTt noTenunaJ’^B mme/remm 
Koda.m>Ta (mucejm) h M0jmd56H8 cocTaewieT nopH5K8 (0,9+1,0)B R 
(I,I+I,2)B C00TBBTCTB8HH0, TTO 3HaqRT6JIBH0 npeBHUiaeT 5OnyCTHMH0 
SHaqeHRH 5J1H OCymeCTBJIGHHB RX COBMeOTHOrO 3JieKTp0fl0CCTaK0BJieKRH 
B RB83Rp8BH0BeCH0M feiRMe. A 9T0 BB7IBGTCB 05HHM H3 OCHOBHHX yc- 
JIOBRft no^yBeRMH HHTepMeTBMimOB Coptic ( ifi tHo ).

BBe56HReM B yK83QHHNe OJieKTpOJIHTU TBKOft CRTIbHOft KHCTIOTHOft 
50daBKH, K8K , y5850CB COBMeCTHTL BOJIHH 3;(0KTpo3115650HRB
£o R Me > a TaKxe cdJiRBMTb pasiiocTB noTeHtmn^oB BU5eji6HHH uh~ 

K6JIH R M05Rd56Ha 50 250 MB. COBMeCTHOe 95eKTpOBH507ieHRe HRKe/IH 
H M05Rd5QH8 npil 05RH8K0BHX noT8HUR85ax 50CTMraeTCFI HpH BB656HPIH 
B pacn^aB ROHOB PQ ~ .

Tqkrm odpaaow, HSMemm noTeHURaa BbmejieHRP m05Rd5©Ha c no-
MOmsi) KHOJIOTHHX 506&B0K, H8M y58JI0CB H 8 ft Til VC/IOBHe JUIB COBMeCT- 
noro aJieKTpOBOCCTflHOMeHIlH ROHOB K0da5LT3 (HREe/rn) R M07tHd5aT- 
HOHa. IIOTeHimOCTaTRTeCKRft OJieKTpOJIHS QTHX CHCT8M F103B0J1RJ1 HOM DO 

.H.aHEiafl peHTreHo$830Boro oh az 213a nojiyhhtl rhtgpme to jljir h e ckii0 coe- 
5RHeHRH K0d85BTa (HMKe?IB; C fi05Rd5eH0M B BRJTe BfiC0K05RCIlepChHX 

nopomKOB R HOKpHTUft,



COBMBCTHOE 9JIEKTPOBOGGTAHOMEIIWEI BOJDtfPAMA M KOBAJIM’A 
M3 OKCHTAJIOrEHMJUto PACIUIABOB

X.E.Kymxon, Jt.r.CyimTompuntt, K.A.Hoaocenonn, ll.M.illononnn,
H.A.raonnaHM

MHCTHTyT oduteft n HGOprmm'iecicoft xhmhh AH 7CCP
HHctht^t HeoproKWiecKo# xirnim H anoKTpoxHMHM AH PCCP

HaysHo-TGXHMsecKnft nporpeco b HcimotJ crpane bo mhopom oasn- 
cut ot odooneqeHUB oTpnanefl Hapo,nnoro xoauftoTno oobpomohhhmm mb- 
Tepnanawn. 9to mokot dim, flocrnrHyro cyineoTnoHUMM ynymnoiwoM rpn~ 
JinmioHmo: waTepmaaoD, a wrae paspadoTKoft nonwx - cnocodiarx aicc- 
luiyuTnpoBtiTBCB b yoxormnx jjhcokbx TGwnepnTyp, nanpFKeHHft n odnn- 
Smovmx ojfuncHtiM KOMnnnKcoM cfrn3Hko-xhmivibokmx % XHiwmemaix CBoftoTB. 
BaKHJe MGCTO Cpe,7{M HHX 3aHI1M0K>T K0MB03I1UH0HHH0 MATOpMUlH, B 1RCT- 
HOOTB, MBOrOKOMH OHCHTHUG OmWBH.

B ooHone a&oKTpanimraGOKoro no/tysonim Koda/iLTBoJiH^pnMOBUx 
onjiaBoB nesH'r cobmoctIioo BoocTfiHon/ieMie KOMnonenvoB, odpnBymnmx 
on nan. TepMn#MHOM%';ecK%# anajma noKaaaJi* uto jvih oo&mHe>ifltt bo.tii,- 
#AMa n itodojiLTn HondoTioe dnnsKMQ noTemwanu paajmiKemm hmoiot ' 
WO* n [oCtg . B KaiocTPG pacnnnBa-paoTBOpnTejm no nojioMy pany 
npusuR odirmo npmeH%mT omool rnnoreH?;ion uieaow oc motojuiob. B 
shcto xjiopHKHHX pnonjmnax W05 HeycToftsmB, tbk itmc B38HM0.neft0T-* 
By@T O HMMM O OdpO30BBHH0M JieTyHHX OKCHXJlOpHJIOB pBSHOR flaJieHTHQO- 
th. IloaTOMy a hbuifix nccjie^oBmmnx Mouo%L3onano# xnopmmo--$Top$in~ 
Haft pecujian Xo., K |. OcodeimocTM ojieKTposocoTaHoa/iettiiB Bo%&- 
jipfiMQ pi3 ymoamioro oJieKTpoJiBTa, oo^epsamero $TopoKoivuiirft ko.mii- 
JI6KC t Hay sen u hamh poneo n onHoom* a /!/.

Ha pncyHice I npiiBejieHu boji>ih aneKTpoBoccTaaoBJieHHH, noayyoH* 
huo juih pacnjinan -,tioL,Klf/A . oojiepiKawero £cClp n W05 ksk no o?- 
JlOJItHOCTH, TflK M COBM6CTHO. M3 pHCyHKfl BB&HO, STO DO OTJieJIBttOOTH 
<X710KTp0BUU0/IeHH6 KOdfintTti M BOJll^pftMa flpOHCXQUHT npaKTHSOCKH npn 
ojiHHx pi Tf?x *e noTeHUHBXRx (KpHBue 2 % 3). HoaToMy npn cOBMeotHOM 
HPtfC.YTCTilHH OflOFTpoPOOr.TCHORJ19HM6 3TUX 006JDlHeHHff npOBMHeTCH M8 
n ^hTn?/nofi$KX annHOH?- CT51X T/lKKe 3 Bl'Jie QJUlOsf QO.ntiH (KpHBlie 4 H 6) 

\VHMtFbi? pniv»-nTrTM TKRlHBBn? HO O03M0KM0CT& nO^VSeHIU! FOdaJItT- 
irr r r r/;. ;eKHsa o^eKTpoaaTZB. HcTeHcmo- m nu%&-

?*c?ew nc peaTre-
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I R/cHa-ios
Pho.I. BoJitTaMneporpeMMu 
pacnnaBa jfaK ICfF (I), coaepaa- 
mero WO, •IO*’4 MOJib/cM3 (2,4, 
5) h 6>CEa .IO*"b (3,4,5). 
T=750°C. BneKTpoji opaBHeHHH 
PL !0Z . T*750°C.

Ho$a30Boro aHBjmsa b tca^eoTBa K&Tojiuoro ocajuca abti nopouiKOByto 
OM&Gb Co , VJ H /o5W . fiOJldopOM OnTHMWibHUX COOTHOtiieHUtt 
KOHUOHTpamift [W03]» uapaMeTpou aJieicrpoJiHaa (kbtc^ho9

njioTHocTH TOKa, HanpflxeHBH ha bbhhb) waTepna^oB ajieKTpojma Haw 
y^anocB nojiym^h ojmo$osHuit nopouiKOBu# npoayKT ZojW c y^ejiB- 
Hoft noaepXHocTBK) 5 + 15 m2/f.

npoueoc ajieKTpojiHTM^ecKoro nojiyveam KoOaTiiTBo/iuppaMOBbix 
onJiaBoa c HonojiB30BaHH8M paon^iaBJieHHux cojibbux opes no cpoB>ieH>uo 
c Bomum rieeT cyweoTBeHHue npeHMyweoTsa:

- peajiBBflKafl Oojibluhx njnoTHocTett tokb m oToma bobmoxhoctb 
nojiyqeHHfl KodajiBTBOJiB$paM03oro cnjiaBa b awe BHcoxojwicnepcHoro 
noponiKa, *ito Kpatoe aaxHo win nopouiKOBO# weTanaypraM;

- BO3M0KH0CTB vnpaBJiQHiiH COCT0BOM cntiaflti.

HHTEPAiyPA
I. iilanoflaji B.$f., Kymxoa X.B., Hoaooe^oaa H.A. Teaacu 401m. IX 

Bceco»3Ho<i KOK$epeHiau4 no a 8b6ktpox*imhii hohhux
paciuaBOB a TBepKKX bxqktpojimtob. CaepiuinBCK, 1987, t.2,
o.IO-II.



— B3 —
0EPA1MM0E PACTBOPEHHE- GUUFJtEHHE METAJU1A B PACIUUtnAX COJIRBOd 

■4'ABU CHCTEM In HUi - Sb .

A.H.Pe£F>KMH* H.A.CMWpHOB

liHCTMTyT npod;ieM TexHOJiontvi mm k po a jib k t po hh kh m occdo^HCTUX 
MaTepvwjiOB All CGCP

Hpi; Baam.mjiortcTBtTH MGTajr;nviecKoft oypbva* c panruiaBJisHKHMU Tpw- 
rajioreHiwiMi! mmim npowcxoaiiT 4acTW4Hoe pacTBopemie MeTa^a ( CBW- 
uif3 20 c odpaaoBQHMeM npoapaHKwx OKpauisHHHX ccjigbux pacruia-
BOB, KOTOpue npM OXJIti^UemiM KpHCTBJVWi3yiOTCH C BHUBJieKVlCM MeJIKO-
awcnepcucM MeTajumecKoft cyptMW. 0 KcnojibBOBQHweM mgtoads JiTA,
P1>A, XHMlIMGOKOro BHaJIMSO yCTBHOBJIGHO, 4TO CMCTeMH Jh HoZ^- %
HMem jincrpaMMy coctohmw BBTGKTiviecKcro Tima c 4octii4HNm pacTBO- 
potraew KCMnoHeHmoB b muxKOei, coctohhwm. OBTeKTwqeoKafl cwecb Th&3 - 

Sb coAepxitT 22,0 MO.ri.z^ Si M KpwcTaJumsyeTGH tipn 390°0. D cn- 
oTerie Jn Sr3 - Si OBTCFTtiKa coAepKWT [9,5 moji.5 £6 v KpiiCTOJi- 
jmayeTOH np^ 304°C. Goctbb sbtsktwkm - Si - 10 imji.% Si ,
TGMiiepoTypa KpucTajumsamm - I4G°C. C yBejrw4em;eM TGMnopaTypu 
paOTBOpMMOCTF: CypfcMN B pacnJiaBBX TpHTa.noreKWAOB MHAtfH BO3paCT00T,' 
Haiidomee 0T4GTjmB0 3to nponruiaeTCH b cucTeMO 1*1$ -Si .

PacTBOpiiMocTB cypswi/ b pacnjiaBax Tpt’rajioremiAOB mhauh ymm,- 
maeTCH npw AodaBJicmm b cmcTeMy kgk cootbgtctbyioiiihx Tpuraaoromi- 
AOB CypBMH, T3K W WOHOraJIOrGHFAOB MHAMH. Od 3TOM CBHASTGABCTByQT 
aaBlICMMOCTb paCTBOpiTMOCTH CypbMU B pacnJiaBJieHHHX CMQOHX Th Halt £ + 

w ThHdS.3 f SbH*£^ paajnmnoro cccTaBa, «3y4enH8H mqtoaom 
waoTepr.mecKoro BUAepxiiBSHHfi. Albums nojryneHHMX ashhux nonasaJ!,
4to 3KcnepmeHTBJiBHNe peayjibTBTW onucHBawTCH pmjHOBGCHoft paanmieti:

3 + Sb 3 Th (V
.iHLr.vr.i cjioBajvTH, odpaTHMoe pacrBopemte cypfcMbi b pacnjiaBax 

Tpnx'a.rioreHiiAOB mmim cBagano c 4hcth4Hkm odpasoBanneM HH3nrarx co- 
ejvn-e::;;K koto pi ?e npn xpucTaJLT.mamm pSc.iJraBa BoccTaHnr-
JiHBam cypbr.iyC F.TT) ao weTajvia, BCJiGAOTBwe noJiHoro one me huh paBHO- 
aecwH (0 b cTopctiy hcxoahux KoMnoneHTOB. Takwm odpasoM, 3 otjjh- 

4T-ie OT odHHHHX CMC TOM 3BTeKTH4eCK0r0 Tima, B CKCTewaX In — Sb

komi 13 mouth ?bto»:tmkh od pa 3 ywTCH b npouecce KpticTaJunmami! pac- 
iLriana 30 oM-r.* x,'-"!Mecvo^ 0eaKir.n1.
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UAiMhHL UAPUOhAMuiO 1'AtniObtiCHH h OKCMJlitO XAuOlUUtuM

t>A?;jjAAbfc; ha xapakii:.ij ahomhopo iipouucr.A ha vrAPr-ojUMuH

i^AEK'n um:.

Itv-Kpacob to.ii.. tidpr mi H. M. , H&.iHonchMft A.?:.

HHuTHTyi 3 Jlu'KTpCJXMMHi I VpO All CL'CP

liptt liiJUhTpOJiHDe UhCiUlHO -rdJIuremtAHtlX ijaCimahOb b ballHdX c

yrfH->po ah iumh PHnAami cihojiui.mh npojiyKTdMi; napHAy i; apvphhh td.ntMM

MbAMKfl Clr) MU no dHOKCtld /!' puAd . haftMMfJduHCT bib • |Mi: i UupHMti' -l UC rt t'i 

3/JUKTpOJiHTC? JUlOhC.H/lti yiHfcpUMd U OKOUAHbMM M iCTHHdMM lIpHbuJiMT K 

QtpcUOBdHHJU MdpbOHaTHblX HUHOB: UO^ t UZ w CjO*~, MTO MOHiO l , I ID btl 

AllMUM/. UT{j jriHTbCH Hd Xdp^Tkpf HU JiopH.idUMOHHblX ddbHUHMi- i.i vll yi 

AepudHOro r-JJivKTpUda npH OTp a»IDAHOM llu/mpH3bU.MH. b COut/Utv

HUM HpHOeAtiHLl H 06C/WAW1 Lfl pU.3/HbTdTbl C p.JtiHMTe HUHt-lX I kuiHpUddUH 

ohhijx H3Nf>pc?nHti Ha CTt?h noy r rtepojuiQM a ne-hTpuno b p<u;mumv Uu'ii - 

KCUU9 MU H. *0 + QaOtl MOJI. K> rtpll 1023H, KOI'Ad h rpphk' i MHHuH ;i/iok 

rpoxiiMHHvCKoH HHePKe b xone oribira nojkJi&pmmaiun:i> a i Moc^upd mihu 

hhop morn raaai renufl) cpnc . i a ), Jindo AbynKc:mia yr.,, puab <pm:. 1P >.

flpMtie Adi IHbfc nOJlHpH3.JHHUHHi.fc IdbMCMMuCTH Jv^Hhi OTHUi: HTUJibHU UTAH

AapTHoro uAempoda a,<;iz/iJi~.OTMyhim, hto pdbhuduCHbtti noruhmu-i n 

aneKrpoAd CV. <qo>G()4 > ^ so*'tao*~ b abiihom par.mMiiM n
J. ^JatlK ■ i flJ * 11 n • 6

npu yKaaaHiiOiri YeMnoparypc- conT.iti/iHvT 1,3m b .

f* KOHT&K Tfc’ C rd.3UD6pd:iHUM CIOg HpH P i ATM C 1,01 . i<»° lid ) ptib

HOBecHiR KOHCTai-ira k *«• Xtiti(.;o /Xc^.PGO npu io:>jk ooctcibah^t ,

,T.e. npMMepud na okchahafi npHMech r :*/ieKTpaJiHTP riptfACTAtiMOHd 

KapfioHaroM.

Ha uGpmx uofinpH.<au.HOHHbix ddbHCHMnrrHX paupi-m okchaunAopxuitonx 

Hohua npumnmcTun b noaoj^HHH ohko* i m ii.Ma pnc.ia npu mm. hi i t i

8 Max. 6jlH3KMX K pd BMObtr, HOfiy . OTMOHtiVTCH lU'JIIOMfftIT'O MbHblll HI1F ,

hah!imp humm ripf?ammkom. Kan fiOKauan ana.nH3* on hmoot dAcop6unoHHynj

HpnpoAy h Moxtor owrt> oth^coh k nponer.cy neKTpoxMMivit-CKOH ajir.apfa

UHM of. ... ' O Ha BTOPOM p»icyHKe CIO) UH Ho HpnHBMH"TfjH

p.a.i i x a nr...

na-ui cHriquHiii Hans.ni>Horntctaiu-loHapHoi’o> ik>remindna & ihoahvm rro- 

|ir'Hv npu nnAAHe p. fjhc.hikv raauobpvianoro oo^.

/.rraHuBMoHHo Kaphonaihoi o paennm, r-n<i b pdCTnnpp f< Koo/\iKTo c 

M- o. ;Pf rjH Gt>e fipHBOAHT Ft AHS‘!ll T'^ HbMOMV U3MOHGHHfc llHK UMF.!X TOKOB

t i# t . npiiM^n nopB'.'jf io hhx i^cr. a .or op oh coot c- r

» 4
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ctbphho yper.jiHMp.ioTcn. MocKonbKo c mg ma tore a o a hi •Aiiy’o cTopony no- 
tghiumNbi 3Tax hhkop.

oTMni-h'HM.in n-iKotior i'>pHocTb npiiBujiHT k nunoAy. 'n o paap$<A na 

yr nvpoAHOM a no jir* oh pa wioilmxcfi b mieKTpcn;iTe mo hod GO* no c a one - 

HHri.C IIOIMMU 0z MTpyAHr H, a CKetltoHMC P.3BHODOCH.-I prdhUMM oGpaSO- 

aoikiHim ••paomr.a Kap&ona ra 3 a Top mo who. riooTOMy mo'KHo nvnaraTb, mto 

b oGmjcth noTf'ML'.na nou nopaero mix a r p c? h mv mo c t bo h ho pa 3pn.ua iotc a 

m-Miib noun o2 . a btopoh hmk c n.q.33 h c pnapnAon KapSonanioro no Ha.

nn'/M rniKHM na hot o n lu 10 ai tmm mi t m<?c koti Kpi-tnort I-V coot Derr, rsytor 

jibc? noc no.noD.iTG;ibHbie bonun h i cram 101-iaphoh nojiApn3amioi!HOM kpmboH. 

MpM n TOM D 06 ndCTH nOT&HLU IcJ AO D BTOPOH H3 HH.V ( - 0.5 -0.2 B> H3pHAy 

c caaflMvt co.c02 <nocm\annH nermerca ochobhmm) b raaoBoH *a39 n na- 

KormenufM KapGonaTa b co/igeoh &aao ana/ina yKaobmaeT Ha npHcyTCTBHe 

raaooOpaaiioro x/iopa . HoaTOMy bo3mowhan anoAHaA peaKUHA npn pac - 

cMarpuDar-Mbiy nmonuHanax mcjkct Gbrrb cBA3ana c co&MecTHNM pnapAAOM 

mohop xnopMA-i H K.ipGoHara. nai:pnMGp. no cxomp Gl •> GO2 —> COCK. 

HeycTortMUBocTb ti paa/ic wenne rajooGpu3Horo npoA/Kra COCl? npw nw- 

cokm:1 TOMncpa rypix Momer of ^cneHHBarb HaOmcAaenmi na6op raaoB. 

TcpMnxHMH'wcKHe pacMCTbi nonnabmaiOT B03MowfiDCTb TaKoro nponecca.

oaapAA KapoonaTHoro rtona npOAB/weTcA h na puc. la. <11 rhk > B , 

aahiicm cnynae < b nnoHKe c r 10 a A1? P *n ik* e mo 11 aTMnc@epo# rc?jnm> oh ko~
WGT bbrrb npOAXKTOM B33HMUAGHCTBMA B AH4><t>y3HOHHOM CHOP O&p330BaBn»f?- 

rocA hi a Hose co^ ru o&nacTH 1 miKa > c AHm^yiiAHpyKXMHM k dHoAy no- 
roKOM no non oz . TaKHM oftpaaoM. npoBOAennbifl anamta noKaabiBaer. hto 

AGUCTBHTOnbflO P 3 noKTponH3HblX BdHHaX. riOAOMtOft PaCCMOTpeHHOrt.. npw
opraiurMiimi powitna ruioKTpcnina c no Ay or ynUTbinaTb udpaaoBaHHe b

:«noKTpomiT c K-ipb- inara.

*/6V6
Puc <Ci

f
-t,ue>

Puc 4 f.
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ajLEKTPOmilWHJCKOE HCCJIEfflOBAlME THOCOJ1EB CYPRUJ 
B XJIOPTOHUX PACIMABAX

O.H.MycTima, P.r.BmceiiKO, O.r.&tpydauKail, B.A.JIaTa 

KwerCKWk aBTOMOdaHLHO-flOpOHHUtl MHCTllTyT

Cy;nb$iifliitie pynu a KOHnenxpaTH hbjuwtch ochoboB cwp&oBO# daau 
UueTHoft Mexannypraa a, b qaexHoexa, MexaH.nypraa cypbMH. B iiacxon- 
wee BpeMH, Kor.ua ocodo cxapaxcH ponpocu k oupbepoA daae, a trkhco 
k oxpane OKpy«aiameii cpenu ho Bcex OTpacnax MexanJiypraii, ocodyio an- 
TyaJEE>HocTi> npaodpeTaeT desoxxoHHOCTb a KOMnaeKcnocTb nepepatioxKii 
GHpBfl - ace to, qxo coqeTaeTCH b napo87ieKTpoxwwmqecKOil xexHO/ioran.

npeacTaBJiaaocB auxepeehum, Hapany e HMeiomaMacn nanHUMii no ao- 
caeflOBaHaio $H3tfK0-xiiMaqecKHX cboMctb eyab^annux cypLwanux waTepaa- 
hob, aayqaxb bo3mokhocT]s aan&ne#iuero yeopepuieHCTEOEamiH axeKTpona- 
3a cyHB^HfiiiHx pacnnaBOB - acnomaOBaxb r KaqeeTue pacruiaB/icHHoro 
samuTHoro choh, npefloxpanHiomero oyjihitWHUil pacn/iaB ot Henocpcncx- 
BeiiHoro KOHTRKTa e BoanyxoM a, cooTueTOTBeuHO, cuaHtajomero rub venue 
napoB a noxepa MaxepaanoB e oicpyHammy 10 epeny, aExeKTHKy NaCl-KCl .
B padoTe acnoHLSOEBHH thocohm, noHyqemiue b nadopaxopaa WMaO All 
KaaCCP ruiaBKOli cy/m^ajunux cypbMfluux KOHueHTpaTOE c cympiTOM nax- 
pwa, okchhom Kalman a yrnSw; OETeKTaqecKiiii cocxap x/iopaHnotl cac-
tomu NaCt-Ktl ,

ripe^EapaTe/EbHO aayqeuu nnapKa MaxepaatOB cacxeMu xaocomb - 3B- 
TeKTHKa* IloKaaaiio, qxo bo bcbm aHTepsajiG coctobob bosmohho odpaao- 
Baaae roMoreaHUx paca/taroE. IlccnenoFana ynenbHaa aTieKTponpoporjiocTF, 
paonnaBOB cacTewa NaSt^^NdCt -kLI) bo ecSm HHTepcano cocTUBor 
npa paamiqHUX xeMiiepaxypax. TewiiepaxypHaa saBacMMOcxj-. a/:*KTpoiipo~ 
BOflHoexa TMOCona, dnaaKOlt no oocTapy Ha St £>2 • p WIko.'.i cocTomiaa
noBumaexca 0 pooxoM xeMiiepaxypu b wHxeprano 953 - .1173 X ox 93,5 
Ho 178,0 Cm/m, npaKxaqeoKa,ao nimeltiioMy aaxoHy. B odmexa ^Bgpno- 
re cccTO^fiiin aHOKXpcnpor0ju:octl txqcqjui hsmsHnexen, cnemri! PmraKon 
K BKonoHeHimaHbHoM aaBMoaiViocxa (10,0 npa 823 a 93,5 Cm/m npa 953 10, 

Odpaaen 8BT6KxaqecKoro ooexapa NaCi -KCt n/raBiixca npa 949 K. 
Ilpa noBumeHaa reMnepaxypu eneRTpoupoBonHonxb axorc odpaaua, mien 
rtOHOHHxeHBHHft xeMflepaxypttuti KO^wnacHT, wpHfiercs ex 221,0 npn 
949 ho 289,0 Cm/m npa 1223 K. nonaxepwu KMefOT pkh PHnyicTiofl othoch- 
le.HBHo oc a adczmec roheoH .
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TIo#ipM3aHMOHHaa KpHEatf pacnnaBa tmoootih, c kotophm nnoEOAH -

JIHOB OCHOEHUe OlltiTH HO 3;iOKTpOJM3y, OdHapyttWEae? ^OCTOTOWHC 'iPTKttft 
neperwd, mto cpwAOTenBOTByeT o cyuiecTFeHHofi iio7wpH3am«i Karojia. no- 
TeiniKaA 0,2 B c;iejiyeT oTHectH k naMany paspnjia hohob Sb3+. Haii- 
AennaH 3KcuepnMeHTa7iBH0 EOTiOTHim ::opomo corAacyeTcn c jihtepnTypHHMK 
AaHHHivM. PaapHA hohob cyp&.MH, no-PH,rjtMOMy, HPAneTca e%#HC^BeHHO% 
aneiCTpoAHOft pea Kune na icaTOAe, npoTCKammeM u pnciinnBe thocojih npK 
AOCTBToaHo t'Ucokmx mmeparypax. Ojihhko, c nsMeHemic . TCMnepaTypn 
xapaKTep Ka to ah of! norrHpiianmw cynecTEeizno MOMcnfieTca. B cnyqae cob- 
MccTHorc paapnjia hohob cvpbmh h mo/ionnoro MCTan/ia posmokhu ado nan- 
pap Jie huh nponecca: r/OTaAniMecKan cypBwa paaHMOAcRcTpyeT c HATpueM 
c odpaaoBaHwem HHTep»vieTan.7iHHecKoro co bah no fiiih Na^Sb , odjiaAarcmero, 
no-pmAHMowy, orpaHKHeHHOii pncTpoppuocT&m r- mTeftne. CycnensuH tbko- 
ro HHTepM6Ta;uiHAa e pesyjiBTaTe ana^opeso, KOHpeKUHH vum AH#y3HH 
MOxeT nepeHocHTBCH pr/iydb oncHTpo/nira h okwcahtbch na ariOAe. tlo 
ApyroMy nyTti MPTajim-rcecKHti HaTpufl mokot poccTanarmipaTB cypBMy H3 
eS cy. fleproe HanpapneHne upouecca, coiipoBOJUAaiomeecH odpaao-
pomieM HHTupMeTnoHAa, Kan-cemH irpeAnoHTirreJiBHee.

Xjropr'iAi?aH 3BTeKTHKn, ppeAennaH p pa on jibe thoco/ih, He ripiipoAHT 
k AEHOMy HSMOHeiiHK).xapaicTepa TeMiiepaTypHoft saBHCHMCcTii 3t , a 
peA&T k aaKOHOMepHOMy irdMenenroo nenHHMH aJieKTponpopoAHOcTH h yr/ia 
HaKAOHB (fyilKUIIH 9C = f (T) . OTKJIOHeHtfe XOAa ITSOTepM OT 8AAHTHB -
hocti!, a Taimc ahhiih AiiKPHAyca, cpoiicTBeHHafl atm ciicreM, e kotojjhx 
npOHEJineTCH xi^HHecKoe psawMOAPRcTPHe, CBHAeTe/E&cTByioT o npeodpa - 
aoBaiiHHx p ciiCTer/e, odycflopAHEamux odpasopaHiie b paon/rasax xhmk - 
HocKoro coeAHHeruiH, cooTPeTCTryianero no cocTSBy aKBHMoneKyjiHnnolt 
c;/.ecn THOcomi h x nop hah oh 3btckthkh.

ypKTtJpaa HHKonneHiiHtt k nacTonmeMy ppeMemi onHT no BAeKTpoAHsy 
pacn;ia?op cypB:iHHo-ppTpncpNx njTeiinor, ocHOpy kotodijx cocrapAjuin xn- 
Mir^ecime ooeAHiinnu.q, dnusKtie no coo?apy k N&SbS^ , dfcura npope- 
achq cepiiH oitdItop no SAeKTpomay tmocoah p paciuiaBax XAopnAHoii bb- 
TeKTiiKH. IIpopOAeno do:iee 100 OlIHTOE no 3JICKTpOJIHTIwccKOP^y pasxotte- 
hmto pacn/iarop p 3aHintr>iocTii ot TewnepaTypH, KOHCTpyKonn aJis.'TpoJin- 
aep-i, KaTOAiioii nno?hocti: Toica n cooTHomeHnn "TopepxHOCTeS icaTOAa a 
anoAa. YcpeAHeHiMc onr::Ma ;rBHHe pem\-iu npn JiadopaTopHOM sjieKTpojrtise 
pacnnapop purnnART cneAynmu.: odpasoM: tK= 2.I04 A/yM2, I,bx
x ICr A/m^, T = 1023 K, U = 4,7 B, Me*3)ieKTpoAHoe . accTomme - 
I,5«ynKcrp.nABHHii pitxoa no Tony e othx ycaobkhx cocTaEiin 72%.
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PACTBOPEHME CEPEBPA B yPAH(X)AEP)KAil#iX XHOP#iWX PACIU1ABAX 

B.Jl.BacMH, B.A.MfiaHOB, C.H.PacnonnH

ypaJlbCKHft nOJIMTeXHHWeCKHtt HHCTMTyT mm. C.M.KiipoBa

PacnjiaBJieHHwe CMecu xjiophaob meJioiiHbix MeTajuioe, coAepaantue 
fevpaxJiopMA ypana, odjraAatoT AOBOJibHO chjibhumh OKMCJiWTejibHUMH cBoti 
CTBBMM. flOBTOMy HpM KOHTaKTMpOBaHMW C T8KMMK 3JI6KTpOJIMTaMM flaJK6 
OTHocMTeJibHO dJiaropoAHHX MeTan^OB B03M0*Ha mx aaMSTHaa Koppoawfl,,

B HacTOHineft padoTe nayneHG BaaMMO^ettcTBMe cepedpa co CMecbio 

XJIOpMAOB Ha H Cs, B COCTaB KOTOpO# BBO^MJIM TeTpaXJIOpMA yp3H3.
Ilpe^BapHTeJibHO 6mjim MSMepeHu paBHOBecHue noTeHqwajiw Ag otho- 

CMTeJibHO xJiopnoro 3JieKrpo.ua cpaPHeHHM b (Na~Cs)ci3BT npw Konnen- 
TpaqMM mohob Ag+ 0,35-3,11 moji.% b MHTepBaJie TewnspaTyp 804-988K, 

Ma aKcnepHMeHTajibHbtx aHanenuti pasHODecHtix noTeHUHajioB (umcjio 
HdMepeHHfl oocTaBMJio 47) no ypaiweHHio HepHCTa onpeaeaenw ycjiOBHtie 
CTSH^apTHue noTeHqwajiu cepedpa. llocjie odpadoTKM flauHtix mgtoaom 
HaHMeHbumx KBaApaTOB nojiytieHo ypasHeHMe onucuBaromee TewnepaTypayio 
saBMCHMOcTb ycjiOBHoro cTaimapTHoro ncTeHywaas:

EAs+/at * (- 1,223 + 3,26-I0'4-T) + 0,008 b.
B cneuHOHbHOH oepnn ohutob chhtu noTem<noMeTpimecKne xpHBua 

BOCCTaHOBJieHMfl U(iy) AO u(lil) B (Na-Cs)C13LT MeTaJIJIMqeCKMMM Zn M 
Al. rioKaaaHO, npoqecc BoecTaHOBJieHHtf UCI^ ao ucig aaMeren yme 
npH noTenquajiax -1,0 B. CjieA.CBaTejibHO paBHOBecnue noTeHqwajibi Ag 
(nanpMMep, npw 900 K u KOHneHTpaquw 0,35 moji.% oh cocTaejmev
-1,38 B) qacTMHHO nepenpuBaioT odJiacTb noTenquajiDB nepeaapaAa no­
hob ypana. 3to AOJiaer bosmokhum pacTBopemie cepedpa no peaicqmi;

1)4+ + Ago g_g, >j3+ + Ac+

PeayjibTftTw MCCJieAoeaHMH 3Toro ripoqecca b (Na-Cs)ci3BT<npeA- 
CTaBJieHU b Tadjwqe. TadJizqa

K
795
893
894 
894 
996

ypaHa, wac.%

1:1
12,33
6,31

M8CCM ag
BAeKTpOAa, r

&JI0KTpOJIMTaMHiMwri

0,0550 
0,0670 
0 1079 
0 1734 
0,0886

3,6

II
M.

lloKaaaHo, uto c poctom TewnepaTypu h KGHueHTpaqHH ypana ydbw 
Macchi Ag oJieKTpoAa eoapacTaer, oah8ko crenaHb bqcctzhobjiqhuh ypana 
o yeejiM^eHMeM ero odmeil KoaqeHTpaqHM yweHbmaoTea.



1...

AHOJUiUE nPOHECCU HA yrJfETFA^lfTODUX MATEPHMAX B ■ 
KHCJlOPOACOJIERlMilHX XROPW&IX M XJiOPMIO-OTODUUDjX PACHJjA

1.H.iiianorbn, H.H.ycKona, B.Vl.TappHOHKo 

ViHCTRT.rr 'V)!no« neopratuviecKoit xiimhh AH YCCP

imcTomiieCt padoxe n?:,":ru:ooL nenHMHoe R/iapnwe npoueccoB okmc- 
ueRKH <J»t op-notion it nohoB KucAopnjia Bn vrnerprvBMT0BMX MBTepVlOTlBX a 
pacn/iana KCt - NqCI n liGCTarjiioHapHOM ne^m/ie. 3th nppueccu ocio%- 
HrioTca n3nr.Mojio(toTn%cm pi-in Tin a non a c p83pp%GMUMMBCP aHnoHawn. 
CicopccTb iionripnariLiHii ?ticktnope V - 1-50 3/c, KctuieHTpatinn &Topn- 
na HOTpHa -• (I • 10~°vl • TO"3) im.ni:,/cm3, Hpn 0Kiic;ienmi mohob

•iiTopn b XAupivmoM pacn/iHBe Ha i - y icptiBoit HndTuanacTOH o;:na Bo:ma 
••••/••iic/icHKF npp. iH'TeHrnviie 6c.nee r/rpHiiaTem-imM, qr-w nnTeiunm okhc- 

• oh mi F.oHf-i xnopa . y ne ;’i vienne CnoF b pacnnnne npuho/orr k cMo'menmo 
'oTCHUMana miKo ( ) npnuecon oimcnemin nona Oxopa a odaaoTb do-
:ee e’leKTpnoTpy.Lnvrenanhx ciianem':? noTeurmancn (i:n 300-400mV). Ko-

HUeH i'pnilHDHHBA BaBHOBMOCTI- riMKOBWX TORCH OKMGnOHMP MOHO pTOpB XV-
enKTepHByeTCB cncipyKTmyn eceocimccTBMM; nrm yneniviemniCiVoF 

['10"'"4l'T0'"h Monv/CM3 Tor He ,veHveTcn, wnw&HeRwoe :/scwi'feH%9 
Cn^;: lipMHO.ADT I' COCT.V TOJ^ XoC^F" 5' /'XUlRHeniUee
-'BennHAHMe '(OHneiiTpaiiH/ Heiia ,|rropa n pacmiane > (5'I0~^)Mon%/oM3 
03 WMMPAT Ha OKOPOOTH HPOIieOCO OKIlC/ieilHB.

ea ecueve no^xTOMHepHwx 3HPncHvocToM Momio npo.%noJio%%T&,qTO
vpn enOKTpnxvMHHeCKOM niOlOHCHMM (VTOp-HOHa ^mOl'pCfbllTOBHX 9718-
KTpoAox oOpocyeTCH vnoHKa tpTopxnopyr.ieprpi.oB uepeweiuioro oocT8B8, 
KOToprm HeycTo^HHBv npereHR n oannciiT o? KOHUOHTPBiiPm #Tpp- 

I.» pMCi.Vt^BO,
TipeRC'r-BABirjc:, niTepecHMM Hco;ie;ioB8TL hmimiHo Hnna KPicncpo- 

"V ua eKBC7;etmo vi v: 'inHB, Hp% BncueiuiK oKcivn.3 (CuO) no XJiopmuio- 
I'TopHAiimi cecrmap ’.KCHviaCl. * NaP) ho iicnvTpnBaLmoHiii.rx Kpwnux iiobd- 
'■Belof .;fee bg/jhh. i> eveniioTcmmanc nepBorn nm«;o npoMCXpRST
- CUg n CO . 0 odnacTM iiOTeHimuno f Tnpuro iiMKu, one-
i-uiiue. nphyicxnji.HT c i.veecTHoe bw(e;ienwe CO5tCQ C%Fy. B npncyTCTnnw
:'::H074 ••nnHOV.-on'U, L - Or'dAHBKa K np57M011 p:)llopUM011 aJ'OH0it, qT0 ,

'■•■‘•'•Bi'/M: • . r.vcno-1-iph:) paepvue.HHeM ; T^eyrjiepoj'Hott leiiKB, iipia btom 
:Hb! :,HC : 'C.O:a CByeKBT VeiVeCCHBaTOpaMH leieKTPOHHoii HOBGPXHOCTII. 0 
^iv 7ev;v3'/ /cxnr.HTaaLnin o%c}ixa na oiio;;e 11 ocnomfow iiPL^cxo^T na-

- lerilVr L O9 v L- 0 .
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xpoiioiiomittiOMuTWH \m oca*aishmm iiajuiaam ms juopmahox paciimbub

H.A.CajiTuicoBa, B.r.toaiuieuoB, C.H.KotobckuM 

MhOTHTyT 3AtiKTpOXMMMM ^pO AH CCGP, r.Ci3dpM0BCK

B HacTOHiuett nadove uccAeAOBbHU xpoHonoTeHiiwoweTpimacKiiM mgto-
AOU K8T0AHHQ npOUSCCN IIPM OCGBAGHWH MBAA8AMA M3 p8CIlA8B8 9BT0KTM- 
yecKoW okecM NaCi-Kd-CsCi, coAQpisameW 0,2-4 Mbcc./o iiaAJiaAMfi, npu 
500-700°C. OnuTU boam b asKpuiux KBapuuBbix nweftKax b aTwoc^ape 
nwepTHoro raaa. Kbtoa - ruiacTMHKa «a ji8aa8amh, norpy*eHH8H b pa on- 
JI8B H8 TOHKO# naAA8AM6B0M npObOAOKQ, BAQKTpOA CpUBtitiHMH M BHOA Gu­
nn Toaca M3 najiJiaA.ufl. Ha oahom kstoag npOBOAiuiu 3-10 MbwepamiM kpjw-
BUX E,t c OdHOBJIGHMeU nOliOpXBOGTM 3AtiKTpOA8 HOCAQ Kti&AOLO M3hl0p0- 
HMfl nyT6M BHOAHOrO paCTBOptiHMfl M BNA6P&KM. T11J1W4H8H KpMB8fl E,t 
npMB0AQH8 H8 p%C.la. 38BMCMM0CTBVt-1 /i duJIO JUmaiiHOM B Od;i8CTM 
KOHIIQHTpaUMtl 0,2-1,5 UQCG.% (4 v 8• I0“'"-3 » 3* IO^MOJl/CV^) U ripOXUAHAB 
qapaa h8M9ao koopamhbt. IIpn ooJiaa eucokmx kqhuqhtpbumhx npoiicxoAUT
CMABH06 p83paCT9UM6 riOBQpXHOCTM 38 CM0T MHTUHCtlB HOTO O0p830BtitiMfl 
AQHApHTOB, IIa KpMBOfi BlUIKNdilMfl H8dJUuAU0TCfl HHK I10T6HLUI9J!8 (pMC.lO) 
Wcn0JlB30B8HlI8 paciUIOBOB C HM3K0ii K0iiA0HTp8ip1dM MOHOB naji;i8AH>i B 
pflAQ CAJ/H80B OrptiHMqilBOQTCfl M3-38 BAMfliiWH npWWeoaM OKCMCOQAHHOIIMW 
H8 KBTOAHHd IipOUQCC.

11 PM 3T0!i jOpiiB KpMBOft E,t OC JICfolb'10TC H nOfitiJIdHMQM AOllGJIHMTaAB 
HOtt 90ABU HpM nOT0BAM8Ji0X 0K0J10 - I,3B OTBOCMT0ALHO XJiOpHCrO 3A6KT 
P0A8 (pmc.Ib).

a 6 B
two.I. KpMBUQ nOT0HUM3A—BpGMfl npu 0C8WAQHMM I)UJIAUAM>1.

e-60Q°G, t -0,215 A/cm2, Cpd *1,04 waoc,;%,, 0,5 b/aga. , 
0,1 C / aoa; (5-55C0C, i =0,39’A/cm2, 3pd =4,06 mqcc♦ >, 
0,1 B/sefl., I c/asa; b-550°C, i »2,75'I0""2A/cm2,
Cpd * 0,23 wecc.%, 0,5 B/aoa., 0|2 c/aha.
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rpejiimecKaa otipotioi'Ka xpoHonoTeHmioueTpmiQCKMX kphbux b Hoop-. 
AHH8TQX E - lg^1-(%)1/jnOK838%8, qT0 3Tq 33BKCHMOCTB JIUHQflHS , M 

50JU1MHII8 H8KJI0H3 npHMOfl M3WUHKJI8C& B IipGdOJlOX 2,3 KT/(I,4-2)F. OTKJIf 
H8HHG OT BeJIMMllHU 2,3RT/2P, OTBQM&lUiaQtt 0(3p8TWWO% pu8Kq#%, yBGJUMM- 
B88TCH npn nOBUlUGHMM IIJIOTHOCTM TOK8 M nOHW%6HMM T6Mnep8TypU, HO 
HBMdOJIMiee QTKJIOH6HH0 HadJT10Jl0JIM B p8Cnjl8B8X, 00^8 0^8 np.«M8CM OK- 
CHCOG#MH8HM%. '

KoaiKnuHeHTu JWiplyann hohob AByXB8JienTiioro najnia/wifl b paciuia- 
B8 Onp8AQ-1H:m no ypOBHOHHK) C0II£9. ft-fTfi ptiCMOTS OTdupaJlM KpHBUd E,t 
c mgtkoM $opMOtt napexoao ot oahoto npouecce k Apyroay. 3KcnepHM6h- 
T8JILHhie BGJlvmMHW XO3^pMHH0HTOB py3MH XOpOlDO yKJI8AhL38K)TCfl H8 
npmiyn b KoopAwneTex igO-1/T (pwc.2). Mgtoaom hbhmqhbuihx KB8&-
P8TOB H8WA0HO ypOBH0HM0 '

igD = -2,98 -

kjih D » 1,04*10"^ exp (- - ), cm^/c
RT

B0JIMMWH8 3HGprmi UKTMB8UHH IlpOUeCCS AM#y3HM HOHOB HQ/IJISAH FI B XJIO- 
PWAH014 P8CTIJI8B8 COCT8BJIR8T 28,3 Kfla/MOJIB. H8GjilQA80TCfi yAOBJIOTBOJW- 
TQJIBH06 COi3nOfl0HH0 3KCn0pHM0HTajlbHUX 3H0MQHHft D C p8CCMMT8liHbBM 
no ypgBHGHMK) CroKca-SBHmraMHG,

PMC,2* T0Mfiep8TypK8H 38B11CHM0CTB KOo^i^VlaHQHIvB B AtitpipytiitM MOHOB 

A-ByxBajiQHTHoro naJuia/uiH b pacnjiase NaCl-KCi-CsCl



SJiEKTPOXKMiMECKOE IIOBE&EHHE THTAHA, IlAJJiAjRMfi K 
MX CFIJiABA B PACfUABJlEHHOM TETPALOPATE HATPM/i
JBoxkmh B.3. ,MeTaJii>HHKOB E.M. ,KoqeprHH B.U. 
XpajibcKMfl rocynnaepoMTeT mu. A.M.Foplkovo

BWeKTKBHUM cnOCOCOM nOBbl'ieHMH KOppO3M0HH0R CTOflKOCTM THTaHii,

H ero cnjiaBOB hb^.ctch naTOAHoe jiempoBaHwe hx majiumm AOdasKawM 
po^HH, iiJiaTMHu, naJuiaAHfl m pyTeHHH, nosBOJiHLWMMH nepeaecTM cnjiaB 
B ycToftMMBoe nacciiBitoe cocTOHHHe .

B CBH3M C peiUCHMeM SBASHH nOBUlL6HMB KOppOCHHOR CTOflKOCTM 

THTawa b pacnjiaBJieHHUx HeopraHHHecKMX nomwepax b nacTOHi^eM eood- 

meHMM npMBOAflTca peayJiLTaTti wccaeaoBaHMa npw 1123 K bjicktpoxhmm- 
MeoKoro BsanMOflettcTBUfl c paoruiaBJieHHtiM TerpadopaTOM naTpua THTana 

BTI-0, naJUiaAHfl 11a 99,9 m ciuiaBa T< ~ 0,2 sec.%Pd , MOAH^miMpoaaH- 
Horo AOtiaBKOR najuianm .

OJieKTpoxMMMqeoKoe noseAenHe nepeMMCJienHux weTaajiOB b pacruiaB- 
JCHHOM TeTpadopare naTpHfl HcoJieAOBaJiM weTOAaMM: MSwepeHM* noTeHUH- 
aJIOB KOppO3BH OTIIOCMTeJILHO KMCJlOpOAHG-nJiaTMHOBOrO BJieKTpOAa opaa- 
HeKKa; cHHTim anoAHtix nooiflpMBauMOHHux kphbux; peHTreHotlasoBUM h 
MMKpopeHTreHocneKTpaJifcHbw

IlOTeHUMaJl KOppOSKH BJieKTpOAa AOOTMraJB nOCTOHHHOR BeJUMMHHti npy 
1123 K aa 2-3 qaoa h duJi paaeH rjm Tirana BTI-0 l - 1,525 B ),cn- 
jaasa Ti - 0,2 aec./lPd ( - 1,550 B ), najuiaaw# IU 99,9 C - 0,790 B) 
MoiiepeHHe noTeHUwaJiOB nopposmh BTI-0 h li - 0,2 Bee*%Pd no na 3a.no, 
WTO AOdaBKa 0,2 see*%F\d k THTAHy HesHa^RTeJitHO weirne? ero se JWMKHy.

MccJieAyeMbe weT&juiw nojwpM20Ba.uM b noTeHuwoAMHaniviecKOM pe&a- 
«e o noMomtD BJieKTpoHHoro noTeimwocTaTa 0-5646. it ha bhoahux noaa- 
PHSauHOHHtiX KpHBUX A-Wi BC6X ynGMHHVTHX WOTBAAOB xapaKTepivdyeTcfi Ha- 
JiHHBeM odAaoTM naccMBauMH. TopMomeHHe anoAuoro npouecca ajw cnJiaaa 
73 - 0,2 boo*% Pd nacTynaeT npw - 1,2 B , a A-R% TKi'awa BTi-0 - npn 
- 1,0 B, hto yxa3HBaeT »a naeoHBHpymee BJMHHHe riaJiMsiia. OdjiacTb

aKTBBHOrO pacTBOpetiMH BTI-0 mTi-0,2 BeeSrd EHpe , 'ie« y iiajuaaAHfl, r
oMeinena b oTopowy oJieKTpooTpHuaTeAfcKux sHaweHHR .

PeuTreH0$a30Bufl atiadwa npoAyicTOB koppoohh noKasaJi, mto wa no - 
BepxnooTM TMT8H& BTI-0 odpaaveTcfl cjqomheui no cocTany lueHna, bkju- 
Haomaa fi02 « ooeAMHeHna N&^TiOj , . lum cnjiaBa h - 0,-
sec.>iPd npeAnoqTHTeJiibHO oOpadosaHHe Ji20 , ,Tibz h ^Q2iTi0o ,
Ba ncBepxHocTM aajjaAsa ne odHapyieHy oncHAHue (fast, ,



iiUlEJlEHME J1MTHH HA PA3J1M4HHX KATO^AX

r.H.hnnKaHH, d.J^.Mwyxemae. H.b.XapuKvWiae

Hhcthtyt neopraHMMecKoW xhmhh h aJieKTpoxHMMH AH FCCP, 

TdHJIHCH

AKTyaJIbHOfl IipoOJieMOd pa3BMTHH COEpeMCHHOB T0XH>,..H hbjih- 
qtch paspadOTKa hoboto noKOJienviH bbtohomhux xmmmmcckhx mctom- 
HHKOB TOKa (XMT) C BblCOKMMM y^ejIbHblMH XRpaKTepMCTHKRMM, HpWVeM 
H0 TOJlbKO MOQHblX, OpHeHTMpOBBHHbOC Ha MCn0JIb30B&HM6 H8 TpGLHC- ' 
nopre, ho h npeAnaaHaneHHbtx jyifl iiMTaHHfl pnaJiHUHbrx pa&Mogaex-
TpOHHUX yCTpO^CTB. flepcneKTHBHbtMH aHO^HblMH MRTepHajlRMW flJlR TR- 
KHX XHT HBJIHIOTCH JIHTViti H CnjiRBH HB 0rO OCHOB0, npHMeH@HM0 KO- 

TOpbDC n03B0JLH6T Cyu^eCTB6HH0 ynpOCTHTb KOHCTpyKUHJO HCTOMHHKB 
TOKa H yBOJIMMMTb CpOK 6TO CJiyxtiti /I—3/.

MsBeeTen TepMuyecKM# cnocod npnroTOBji©HMfl 3THX cruiasoB, 
OAHUKO BBMfy Toro, MTO HCFlOJIbCOBaHMO 3T0r0 MGTOA& CBfI3RHO c 
PHAom aKOHOMMuecKwx m TexHOJiorviuecKvrx TpyAHOCTefl, hbmm npe&- 
aoxeH cnocod nojiyqeHMH otkx ciuibbob mstoaom ajieKTpojiHae pac- 
nJiaBOB C npKMQHCHVieM TBepAbIX K JKMAKKX K8TOAOB.

b HBCTOflUeM COOdmeHHM npHBOJQHTCfl peay^bTBTU 3vl6KTpoXHMH- 
qecxoro nojiymqhmh TBepAboc cnaasoB jihthh cocTasa U ~ A6 , 
Lf - A 6 - !3i , Lt- f\C - Dn , Lt - Li - /IC-Sn ,

M KHflKMX CFUIBBOB COCTftBa L/1-A6 , LV - AC- G-V. B KBMQC- 

TBe 3jiaKTpoJiHTO b dbuiK ncnojib30BaHbi xJiopMAHo-s^roptiAHbie pacruia- 
bn. SKcnepMMeHTw npoBOAMjmcb b aTMOc$epe oqumQHHoro aprona. 
TeMnepaTypa npouecca: 720 K ~ rrpw nojiyueHMM TB8PANX crmaBOB, 
h 1000 K «- npw noayqeHMd xhakmx.

ynasaHHbiM cnocodoM dbuitt nojiyueHu cnjiRBU c co&@p&aHM9M jik- 
tma ao 80 aT.%,

JlMTepaTypa

1. KeApHHCKHW K.A.,AMMTp6HKO B.E. .ilOBapOB 10.M. XuMHqeCKMe HC- 
TOMHMKH TOKa C JIHTHQBblM 3JI6KTp0A0M. - KpaCHOHpCK: M3A.%&C- 
HOHpcKoro yn-Ta, 1983.

2. IleTpHft B.K. XnMimecKMe ucTomiMKH tokb c bmcokoK ahJproeM- 
icocTbio. - Utoth HayKH h tgxhhkh.M.:EHHHTM,1986,t.8,c.3-134.

o. ^oceTT ti.P. - 3jieKTpoxnMMfi, I983,t. 19, #9, c.1160-1172.
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ITOAHPtUAUHOHhOh: COMPoTHbAliHllE KOMUOUHTA HA
Cv O HA r PAHHUE C KPHOAHT • PAHHCXdEMHbM PACr’AABOM <5 9

A- B. b.H.HvKpucop. r. Jl. Mnnona. B. B.!' ym>iN. b. a. Aem /len

ypajjbCKHii no/urrc'XHH’iecKHii hhc TMTyv mm.c, h. Knpoua

b nocneJiHeF bpeMH fcoubmciii UHTepec nentiaaoT i-tunonb junamto b 

KeHK-croe 3 JieKTpojymtK h kohi:rpykumohhux opim >i< >m . utcmkmx b Kpno

HM T r vl* 1HO:seMl1LIX paermabviX. OI/:MJU!L.C< KOMilO 5MTOB . nyH&aMCH'f
nap«MerpaM;i eastrent* s,fit»KTpowHoro Mo repMo n<\ it paemiaba rm/iH-
WTCH TOKH OfiMelia H KGpp03J1ll.

Q'lnecruyeT pac M€TOiK-b jym onpejiemnaiH oriix bawnbix i/dpaMOTpub,
K Htie iiy nanbonee nenunu uyeNLix othoch jcm n. ui nu.iHpu^ciiiHnmiOt’G
< peahuuoiiHpro ; conpoTHb.nc*nnf*. HMoercn mhow-c rbu p<<.':H,)tiiuutui'TvH 
a roro MeTuna. m.» lurrapbix hamm tiuuu ota-iho npu.nnow i owte riorwituiL-jiH- 
HuMUHunKoy MeroAHKe, ran Kan oho ni:K.Mh*iaer IcjibiuMHCTbo npnbik-m, 
Ctih^aHHbix c tin renuiBHCiVt noBftpuaamien 3Jbn.Tpc.na.

PettMmonHue cunpcmir*neHne tit>uio uup^AeneHO upn Hu JioweHifM jiHojn-
HOfl U KaTOJIHOU nonfipHAaUHH B HHTepbdJie IT 0 AO 25 Mb OTHuCItTfc-JlLHn
CTauHonapHOj c nareHUHoiiia co cKupucTbiu pAuBepTKH iiotohum i wa i Mh/c 
a ;jn<9KTpo/njne, HacbaneiiHOM nv pncTbopHt mom;' Al o#. Ha noeux butbax 

MMKponorjHpMaamioHHOfi kphboh .it a xapah repwc rux i gk.3 3‘i nacb npaKTM- 
4WCKM CAMH6KOBOH 11 paBHOti HO bOriHHUHC1 IXiriti 10,f#9 OM.CM^.

y«4HTt>maeMoe OMnnenKoe naneHiie HaripH/KeHim 6lmo HoMepono kumm/- 

rauMOHHWM Mert-AOM npu padmiNHux ihiothocthx roxa . Pa an hi id b bciihmh 
Hax vont>oTMBJieHHH OKaaananb HeanaHMTenbHtjM m He npObMiiiana nor pew • 

HOuTb H'aMepeHHPi.
IU1H pLiuuHHfl eonpoca o 110 r e nunanu iipenhkhuhti 3/ivk rpu.UHuH yea*- 

LUtH ObUlM npMD.l|e46.Hbl AflUHbk? O 3aB»ftilMOC i it 3JIOKTf'OJlHblX »107 eHUHGTIOB
OT KOHUeHToauuiH i »HH03CMa, pat. 7 nopet moro b aneKTpUUm e . Max hoH

Ha r'pa4»MKe t> Koop;innurax AG -- ic«AJ2C>a A@€T n -« ],9w,2 Jinq 
padHHHHNX KOMriuJHIOB. H3 Htf O O OvlUO fitJ I ip(? AllOJlC) AH Tb . HTU 3 UvH

TpOMOTPpFOft flbnef'TCH p£*dKUMH: l' + 'Mi *■ JO‘*‘ . ip!H ilpOBOpKH 3*011 I’i 1 ~

iioreitM HCjaenunamiCb ncivHmia^u uftpa^uob r.pti fiaaiiH-inNx riapmi3r,t-Hi4>. 
4ifeDJieMH«A KhCilOpuAS H.=lA pacri'laBf M. Il.‘>7) MVHHt Cf pV3y J,i.T3T£.. OTBi iifaKfr 

.npeiinc<nomenH& in 2# 0 reyre:TBnq jiane rnori- eo hhhuh nup.inanbimru aab 
.Mti no reHiiiian 11 rue b'. rr jiu 7i,,nevminy n* e iieifc-baHnn.

i



ahc#m mmymim KKPAwwwcKoro aiuacrpoaa

3 PACIU1ABE CaCIr> - CaO

A.S^dOBueB, H.M.BapdKH, D.n.3a8KOB,B.U.EaTyxTWH*

Jl.ci.HpaHOBCKHft

idHCTMTyT OaeKTpoxwMHw ypO AH CCCP '

B HHTepBajie TewnepaTyp 1073-1173 M3MepcHa anoAHa* noaa- 
pnaauHa 3JieKTpo.ua H3 MLO - il^O r pacruiape CaClg, coaep**- 

meM ot 0,5 ao 5 sec% CaO, b aTMOc^epe reJiMR.
OnWTK npOBOAMJlH B TpOXOJieKTpOAHO# fmetlKe C KOHTQtlH6pOM 

AJia pe ;ruiaBa M3 okcmab depiwuiHK. Patiomie KepaMK'iecKHO BJieKTpo- 
A« dbuiH nojiynorpyxeHHHMM, WcnojtbaoBaJicR xJiopHwti BJieKTpoA cp&B- 
HGHHR. B Kft^eCTBe np0THB03J16KTp0AB MCnOJIbSOBaJIH paCnJlBBJieMHhril 
CBMHeu, KOTopytt HaxoAHJicfl noA pacruiaBOM hb AHR thtjir H3 okch- 

A* OepMjiJiMfl,
XjIOpMA KBJIbAMR njlBBHJlH DOfi BBKyyilOM, OdpadaTUBBJIM B Teue- 

HUM 6 q&COB XJlOpOM M *nepeKpMCTajUtM30BWBBJIM HOA BBK.yyMOMe Ok- 

CMA KCUIbltHR UpOKBJIMBBJlK fiOA BBKyyMOM B T6UOHMW 6 UfiCOB A^R , 
yAajieHMR BJiarw u yr\neKKCJiorn rasa. KepawvwecKHe 3JieKTpoA« 
POTOBHJIM H* OKCMAB HMKCJ1R C AOdBBKBMIl OKCMAB JIMTMR nyTOM
npeccoBBHMR M odawra.

ilOJIflpMdamiOHHHe 33BMCMM0CTH CHMMBJIII C flOMOIltbD raJlbBBHO-
crara, Aacmero cTadiuiH3wpOBaHHwtt tok ot 0,01 ao 10 A k pado- 
Taomero e pexuwe HonpepuBHoro cjigaobbhicr wmyjibcoB c nay-
30# A^KTeJIbHOCTbD 10 HKC K <J>pOHTOM H6 np6BHIUBfOAMM 1 MK.C, UTO 
n03BOJUU10 OUeHKB&Tb II MCKJIDitBTb OMMWeCKOO n&A6HM6 HanpRxeHKH. 

DojiRpMaamiio M3Mepfljin ocuMJuiorpa<$)OM C8-13.
„ Okcka KBJibuiiR b HcanoAyeMwtt pacruiaa bboahjw b ko;im- 

secTBe 0,5; 2; 5 eec%. Hjmcpchhr npoBOAWM npw Tewnepavype 
1073 K, a o pacnjiaoc, coAcpxanteM 5 aec% CaO b HHTepaase tom- 
nepaTyp 1073-1173 K.

HadJiioAaeTCR cjiomnaR noaRpwaaynoHHaR 3BBMCMM0CTb ( cm. 
pMC. ), BKJlDttaeiqaR HeCKOJIbKO yWaCTKOB, OTBeqaDlUHX, BOpORYHO, 
paajiHRHUM dJieKTpoAHww npoueccau.
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0.5

0

- 0.5

- I

“0.1 - 0.2. -0.5 -0 4 - 0.5 £T b

Phc, AHOAHafl nojifipnaaiiMs KepaMvmecKoro e;ieKTpoAa 
npK X073 K b pscnjiaee CaCIo , coAep*amen CaO (eec*) •
I - 5; 2 - 2; 3 - 0,5 "

BoJibTaMnepHHe KpwBwe, no Mepe pocTa KOHueHTpauvm oxcw- 
Aa KajibuMa b pacn/iane, CABwrawTca e OTpituaTeJibHyio odaacTb 
noTeHunajyoB, Poct TewnepaTypu, Tatcxe Be^eT k CABnry bojibt- 
aimepHo# KpHBOtt b 6o;iee OTpwy^TeabHyo odjiacTb noTeHUMeuioe.

HadJiBAaeMue 3hbhchmocth woryT dHTb odbACnenu c noawuntt
AHMyaHOHHOft M CMeiuaHHOft KHHeTKKH,

fain ycvaHOB/ieHHH MexaHMdMd aHOAHoro npouecca hco6xoaw- 
mh A&WbHeRufMe HccxeAOBaHHH c npMBaeweHMew peaKUHOHHHX ajieitTpo- 
XHMSW3CKHX M6T0AHK, KOTOpUe H03B0J1HT BMAeJIKTb OTAeWbHWe CTR- 
A«h 8/ieKTpoAHoro npouecca.

npoeeAGH sjieKfpojina pacanaBa UaCig- CaO ( 5 Bec% ) npM 
IUIOTHOCTHX TOKR* COOTBeTCTBymmMX IIOTeHUHaJlttM 0,^5 - 0,4 B.



DjjEKTPOraitfl METAJlJlOflOtiOBHLLX MATEPMMOB 13 PACJUiABJIEHJILiX
XJIOPWiAX

B.&.Mwcoron, T.M.JJ.urtr obb, A.M.ry/iurviemcn

Whctwt^t oduteti M HeopraHH'iecKovi xRwm AH VCOP

PaanzTMd aneKTpomMKM m sneicrpOMeTaJuiypraH nucoKOTOMiiepaTyp- 
hux pacn naanemiux chctgm HocTottaBO ctbbmt npodneMy npUMcneHUfl 
hobux orHoynopHux w sneKTpoxaux waTepwaaoo, noaBonuBiiiax du cos.ua- 
B8Tb npmmHmianbHo oTJiHaaioiuHecfi KOHCTpyKtnm sneKTponHaepon. Kbk 
noKasuBaeT mmpobbh npaKima, qto MoryT (5htb KapdmtH, dopMXN M ok- 
cfljau nepexojmux waTanaoB.

npoBeaeHHue hbmh Mccjiexo'BaHHH rpemui xMMMHecKoft u a noktooxh- 
MMsecxoft ycTOftqHBocfH pfma MaTepsmnon noKasann:

- b paoanoB© npn TeivmepaTypax G00-900°C nepcneimiB-
Bue orneynopHue waTepnaJiu no CTenenH Kopposimimoft cToftKOCTH moi^t 
Curb pacnonoKeHH b tskom nopaxice: rpo$HT, cnmocMTajm, xhokcmx 
napKOHiw, wnaKocHTanJi, chtbjiji. Cmbcm we khtphxob* dopnnoa, xapda- 
fiCB M OKORHOB, XpOMOM8rH03MT, 8 T8KX9 lUIBBneHHtie OKCMXH BmOMMHHH \ 
a Mamivi Henban peKOMeanoBeTb jinn BonojibsoBaHiin b TexHOJiorMsecicax 
nponecoax c Mcno&bsoDGHMow $TopmtHO-xnopiwmx pacnjiaBOB;

- b pacnjiasax naca -kc.4 ^ N*ct-LTcz > n*c,< -cacAg. npa
TOMDeparypax 700-750°C MeTawionoxodHue kombobhuhh

“rxe^-r;^ Meaee ycToftsHBU, sqm rpa$%T h oTexnoyrJiepox. Hx eaeKT- 
poXHue noTenmieiiu B3M6hb*)t gboq snaseHne kbk jb saRzcmooTM or 
cocTaBfl pacnjiaBa, Tax h no BpoMeHH. Jfcvr xpoMcoxepxaumx coctbbob 
©TO CBH38H0 C MX KOppO3H0ft. AnpodHpOB8HM9 MX B KflSeCTBe 8H9KTpO- 
aob npn pasnoxemua xnoprwoB menosHHx MerajwoB h xflopemoMMHSTBHX 
pacnjiaBOB noxasano, sto Hex paapax <$>OHoaoro sjiaxTpoAHTa, Tax h 
BOCOT8HOBneHH6 OmOMMHMF M3 XBOpHXa a/TOMMRBfl, npOHCXOXXT DO M0X8- 
HH3My, BK/uoseumeMy paspxx npoxyxTOB xoppoBHM.

llepcnOKTMBH UMH MOI^T CSBTBTbCH Tt&* B pflfl KOMdBHMpOBfiBHHX
MaTepnaaoB hs ochob© t\ b*- m*j no cbohm aJieKTpoxHMBseoxMM 
noKasaTenflM npHonnKaioumxcfl k yrxepoxy.
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3JIEKTP0XHMMHCK0E nOBBAEHHE PEHWfl HA 0OHE PACIUIABA Jto&L 
H BJMHHHE HA HEED KATHOHOB UlEflOHBHX METAJU10B H 

AHHOHOB $TOPA

G*AeKy8Heuofi# CJUMapommiKOB, A.B.Cmhphob, A,JL3t8Hko 

MHCTHTyr xmmiur KHU AH CCCP

B itaneoTBe oohobhopo MeTOfla HooJieAOBaimfl dujia HonojibaoBana 
jumeftHaa BOABTaMnepoMeTpaa (JBA) o HHTepB&noM gkopootu paasepira 
noTQHUHajia ao 480 B/mhh. 3/ieKTpoxaNmeoKafi aaeftKa Tpajowaoima 
iiaurnx padoT 11 onacana panee /I/. KomteHTpaumo peimn oosAasaJia ne- 
noopej$oTB6HHo xaopHpOBaimeM MeTMtiMnecKoro penan b paonaaBe,

Ha BoaBTaMnepaux Kpasux, nojiyneiwHX b paon/mne j/a£t npa buoo 
khx cKopocT/rx nojwpaaauHn HadmaaoToa nmh oahh seraa# xopotno boo- 
npOH3BO^J!MHtt IUiK BOOCTaHOB/lQHHE KOMHJieKOOB pGHHH, 8 npa HH3KUX 
oahb Moyajpca npeAejiBHoro Aa^yaaonHoro Toaa. noTeHuaooTP.THneoKHfi 
BAdKTpoAaa npa noTemmsuiax btoA boahh hphboaht k odpaaoBanaio tia 
naTOfle mmnwHQCKQTo pemia.

Bujih aayqeHH aaBHoaMooTa ghjih tokh a noTQHuaa^a nana ot oK.opoc- 
th mwpaaaiyiH (TT) a KOimeHTpauaa hohob penaa b paciuiaBe, Ton na- 
Ra npflMo nponopuaoHaJiexi ^1/2, a noTenuaaa hhka ae 3qbuoht ot 
AO BHaqena^ 1,0 B/o, Cofaboho veopaa JffiA ao lT< 1.0 B/o na naTOAe
npOHOXOAHT odpaTHMOO BOQQT&HOBAOHH8 KOMn^OKOOB peHHH AO M8TOJ1M,
a npa 1Ta* 1,0 B/o npoueoo paapana oTaHonaToa KBasaodpaTauuM. Pao- 
hot %aom aAOKTpoHOB no ypaBHBHHD EopsHHoa-JlejiaxaH:

E„« E, qssv (i)

noKaaaa, ^to OTajpui BoooTaHOBAenaa ao mbtsuab - Tpexa aeaTpoiiHaa. 
noayqemme peay/iBTaTU naxoAHToa b oootb8totbeb o Aaronra, iioayHon- 
HUMH H3 OTaUHOHapHHX BOABTAMneDHUX KpHBlOU CTaUBOHapHUO BOZBTaimep- 
Hue Kpirnue xopoino onaouBajoTOH ypaBHeHaeu KoaBTro$a-JiMMreftHa npa
HHOJie 9/lQKTpOHOB P&BHOM TpOM.

OToyrroTsae KHKax-aado boah, upoMd bojihh OKHOJiemw xjiopa a 
anoAHoB odaaoTH noKaouBaeT, bto b paonmne j/a&e, npaoy^ "tayuT jum 
komehokou fKt ($) « a npoueoo katoahopo BoooraHOBJieHiM onaofcmaeran
peaamiBfi! 3~

&LeCes * 3c file + (g)

noAyseHHHe pesyaiBTaTti hbxoahtos b qootbstotbhh o jsshj?k«k pe* 
doTu /3/. HoMOAOBanan npoaeAeuiiue » paonAan&x PteS * Gtcf nofca-
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8HB8DT, HTO npH XJlOpHpOBBHHH P6HHH B HHX OdpasyDTOH KOMIIJieKGH 
^e(iy), KOTopue paapfieaDTOH b jcbq QTajutu: o#ho- a TpexBJieKTpoH- 
rryio. Thrum odpaaoM, npja cMeraeimH pacnnaBa , oo^epsamero pe-
HHfl o pacmiaBaMH jcce a tset npa BureoneHmi as BTopofi uoopEHHar* 
HHOHHOfl 0$8pu KaTHOHOB HaTpPLfl H 38M6HH HX HB KB4Hfl HJIH UQBHfl B 
pacnjiaBe odpasyiorcH KOMn^eKcu (17) h btot nponaoo oonpoBoana* 
9tch pearamef! jiHonponoptBaoimpoBaimH (JHEI): 1

4 0ie9 +- (3)
Odpaaosaime KOMnaeKooB &e (17) ^mkchpobeuih hb umumeoittix 

BOJIBTflMnepHHX KpHBHX DO nOHBJIQHHD BOJIHH EJl8RTp00RH0JieHHH
JleOIt)-* fteCtyJl OdpaaoBanno romtijiokoob 0ic (17) a peafflW JUKE
(3) jovm pacrmaBOB ghotgmh J^a^e-Mce HadJuowaeToa npa ooflepaaHHM 

Moji.St, a mb paonjiaBos C4ce npa xoHUGHTpanaa <**ee
75 iioji./t, EojiBmaH RomteHTpamw &ce HQodxojtHMaH mb npOTeKaiuw 

pearaoui (3) odyojiOBJieHa mbhbdihm hohhhm hotghuhbjiom ugmh no opas-
HGHHJ0 0 KaMeil,

Ilpa BBenoHHH $Topajta hbtphh b pacnaan Wa&e , ooaepaanatil pe- 
Haft R0MnaeRcoodpB30BaHas o aoaawa $Topa Taxaa oonpoBOaaaeTOH pe- 
axuaeft fflUI: "

4 frecef 'i- <f<rS0i*v(l‘+ a# + i*ce (4}

BMnoraeEHHe looaesoeamw noBBoawu yoiaHOBHn yonoBM otade- 
uaauRi KoimeitcoB Ac (m) h Ac (iy) b xaopHjmo-^Topajtmac paonaa-
B8X.

Jlatepaiypa
1. C.A.KyaaeaoB, A.B.CiapHOB, A.H.HerxoBaxefl.- XQX 1987, *.60,

» 8, o.1730-1734.
2. JUB.flpodor, B.r.KopayHOB, B.DIapHajgi. - Haa.BysOB lisa*.aerazayp- 

nw. 1971, * 3 , 0.82-84.
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BblXOA 110 1W riPM aiEKTP0KPHClAJUI113Aipi yPAHA M3 XJIOPH^HUX
PACfUIABOB

E,ILAjieKcaHApoB, B.^.Bacnw, A.D.Kaaam^eB, C.n.PacnomiH,
B.A.MeMeaos

ypaJibCKHd llOJIHTeXHHqeCKHft HHCTMTyT hii. C.M.KnpoBa

Bhxoa no TOKy aBaaeTca saxHott xapaKTepwcTHKOti npoyecca noxty- 
%eH%# MeTajuiHtiecKoro ypana n ero pa$MHHp0B8HHs aaeKTpoaHaoM pac- 
nJiaBJieHHHx ooaeA.

UpH onpefleaeHHH otoB BeaHSHmi b KavecTBe saeKTpoaHTa itcnoab-. 
30B&JIM pacnaaBaeHHy© dkBHMoabHyio cwecb xaopHAOB hbtpkh w Kaawa, 
coMepxantyio I,00±0,03 Moa.% TpxxJiop%&a ypana. Kbtoaom cayxnaa ana- 
CTHHa H3 HepaaBQKxqeB ctcuih, anoAOM - CTepaeHb MeTaaaniiecKoro ypa- 
»a. KoaanecTBO nponymeHHoro aaeKTpwiecTBa, oTKecenHoe k naoma^H 
norpy*6HHO# s pacnaae nacTH KaTo^a, cocTaaaaao 0,22 h 0,94*0,03 
A'MMH'GM^. 3aeKTpoocaxA©HMe ypana npoeoAHait npa TeMnepasype 708- 
-719^0. KaTOAHyio naoTHOCTb Toxa M3MeHaa« b HHTepBaae 3"I0~**-2,86* 
"10. A*cm“*\ Ilpa onpeAeaeHHM buxoab no Toity yuHTHBasu amnb Maccy 
ypana, ocraBoeroca «a KatoAQ nocae ero otmhbkh ot oaeKTpoawTa.

KaTOAHHe ocaAKH npeACTaBaem b ochobhom aghapht&mh paaantmofl 
$opMH m pasMepoB. IIoBtiaieHMe k8toaho# naoTHooT* toks npHBOA«ao k 
yBeaw^eHtno aoxh uroabtiarax KpHCTaaaos, naoxo cnenaeromx o noAaox-

Phc. SasncKMOCTb bi£Koa» no Toxy ot xatOAHoB naoTHOCTM Tona. 
Qpu naaux ilsothootax tokq 0KA3MBaeTCH bjihahho KoppoaHH. MaveHentie 
KOKMiecTBa nponyHQHHoro saeRTputteoTBa npaKTHteoim He BawaeT Ha 
BHXOA no TOKy.
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BSAMMDffiBlfcTBME CTAJIEH ML CEUIABA BTI 0 fkDimBmmiM

mmmm, ccmBrnm^ kathohm mm>

T.M.MaHyxnHa, H.ft«,iUaMaHOBa, IVHutllapaaKOBa, Pi.B-OsepflHa* 
MucTHTyr aHeKTpoxm/mn Yp 0 AIT CCCP, i\ CBepjproBCK

X^opH^KHa paocaaBM, oosep«ai#e KamoHU aneKTporrojioxHTejiBHHx 
MeTtiJUIOB» OTJUWaJOTCH HCKJmSUTejIBHOtt arpeCCITBHOO'KblOo B 0BH3H C 3*ICM 
npe^cTaBjme^cjz nepcneKTHBHHM odsaropazHBaHiie noBepxHOCTP MeT&JUioB 
mw cnjtaBOB, Haxo#am%xca b koht8kt®; c pacnjiaBa?.m, nyreM HaHeceimn 
Ha mix OKCBJUIHX nOKpHTKfl*

B HaoTomeM coodmemni npescTaBJieHBz peay^LraTH KOpposaoHHoro 
BoajaeticTBMa xJiopwtHM pacnjraBOB, cosepzaimix KaTHoua mem* na npo~ 
Munmetmu© HepzaBeiomtie cTajrc I2XI8HI0T, 12X17 n crmas BTI, a Tamse 
Ha an* cnjnBH nocjia naccuBaiiHH hx b pacruiaBJieHHHx Kapdonarax 
iihx M0Tan.noB»

Haneceniie okcmshiix noKpHTtiti ocymecTBJiam npn 600-700°C B pbtqk^
THHecKHx GMecHX KapdoHBTOB^ cosepatatmiix Kapdonar shthb* B peayjTBTSTo 
OKciunipoBaHmi Ha iiobqpxhocth erased otipaayBTCH coesHHeniiH cL-dUPeO^ 
% K&tfesOg t hb cnjraBe BTI - okchjlu THTana,

KoppOBHOHHH© HCnUTaHHE OKOHJOHpOBaHHHX H HOXO.SHHX CTMett npOBO- 
jyum npH 500°C b HHTepsajie Bu^epzeK b paoruiaB© ot I so 20 ?. Packer 
CKOpOCTH KOppOSHS! OCymeCTBJBOT no ydHJIH Macc&u SaBHCHMOCTH KOppCH 
shohhhx noTepB CTaseit / y / ot BpeMenn BHsepmtH b pacruiase / V/ bh- 
pazaiDTca ypaBHermnm:

CT3JIB, 12X18110? 
OROTtS. CTBJIL I2XI8HI0T 

CTajEB 12X17 
OKCHS. CTaJDb 12X17

y « /I70 - 70l/£v'I>1 ± °’9/\ r/M2 
y ^ /270 - 50/ t^0'4 ± 0f4^9 r/w2 

y = /I270 * 2^3/r^3 t 0,2y/, r/w? 
y = /380 i 60/r/0>I ± r/M2

Bhjio noKaaaHO, K0pp03H0HHaa CTotiicoCTB oiaxa 12X17 aa%e,ge# 
ctbjbi I2XI8HI0Te IlpespaprreJEbHoe oKcwipoBPHBe crazm 12X17 omntatn 
ee Koppoamo b raJioreHHSHOM paomrase, OncHSHpOBaime ctmh 12XI8HI0T 
«© cnocodOTByer yMeHBmeHH® Koppoarat werajura b pacmiaBe* npotteo© $cop* 
pOBHH CTawreft nporeKaer a doammo# cKopocrao fl conpor,o*saorc^
HM0w weja Ha noBepx«ocTH Merpjuia*.

ttimsTHKa Bsam/ioseflcTBiw cnsasa BTI o xsoppumm* paonJtoB3^ 
na b saBBCMMOctei ot TewaepaTypH h MoeiteT dtin> utibsctypaBHf*r7^
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/500°/
/540°/

/pSBHeHtiH HOJiyqeilU PM HOpp03H0RHHX HCnWTan&W npOjSpJI&HTQJlBHaCTBHr 
Of I go 30 mmh. IIpejmapsiTejmHoe oKciwpoBaHHa onjaaiaa BTI m OHHsta- 
9T 6P0 KOppOdHOHHHX HOTepJb B ra^orCHli^HOW paciLffaBG,

Kopposim 9neKTpooTpiiuaTejiBHKX iseTajuioB b xJiopsjyioM pacaaaBa, 
ooitep*ameM itaTitOHH mm, conpoBoxnaeTca BUflejiemieM nejrn Ha ax no- 
BepxHOCTH, 3a TeqeHHGM BToro oponecoa moxhq nadjmiBTB n» aawefremra 
ttOfeHmiajta aoojresyeMHx cn^asoB /pao,/.

X

iac* $f3MeH<maa noTemxaajia bo BpeMernat otqjib I2XI8HI0T A,6/, 
otazB 12X17 /2,4/. cnjsas BTI /3,5/» Hoxo^nwe onjiaBH: 4,5,6*. 
ChtcaifiapOBaBHue aaTepaaxu: ^2,3.

CtatuiOHapHoe coctoamie «a hcxctoobdc otb^ex m encase BTI 
/oacajgepoeaHHOM a hcxohhom/ ycranasjihpaeron epaay, npaaew noTemoir 
9M cnjiaBOB djiH3Ra pasnoaeOHOMy noTemjHaay Mejps b rex xe yoaosa- 
at* Cram,. npeaBapareJOiHo ORcanapo®aHHHe b pacruiaMennux aapdo- 
aatftx, b nepBoe Bpeaw noexe norpyxemw b pacruiaBr hmodt cpebhh- 
tbj&ho 6osea nommavemHHer noreHuaass, Koropas sarem pesno owema- 
arcs b orfpiirtaTBXBHyer OTaposy, npg&%axaac& k noTeHuaajiy Mem.



1 (A3
KMHBTMSA B3AHlDJ$EHCTBHfI jUQOMKHHfl C PkCIUiABO^, UtWiMSlM

mm MB#

Oaepmiaji B.W^HeaarMua o.rL,!Ham)wBa #.#,
Hhothtyt BJieKrpoxHMHB ypO AFi HOOP, P,QBOpRj5utiOi{

Hanecemie noKpuTafi na aomMHHMft n ero oruiaaa (ipa&oT&maeT 
dOJSMIOft ITpaKTHHQCKHfi H HayqilHtt MHTapeo H BM80T6 0 ‘vQH GTjiiiria6TCm 
0BO6O6pB3U6M BOaeACTBBG lWeiDH%8BOR HB UOBepX3iOCT& oKOHRiiOtt rUI8HKM * 

HoojiejcoBaHa KKueTBKa BsajwwojieRcTBan a-woMiiimh m e-ro mi mb on 
(AB$ AMqf AMT3 a ijp„) o cojieBim pa c rum bom, oo^epmmaw noun warn* 
npH TGMnepaTypax 400-580%. Upa btom rioRasano hobb-hqu^g ua noBep- 

xhoctb ^ocjiejcyewjx waTepaajiOB Mejtnoro ojiob
Ppaij-iiK TemepaTypaoM oanacwMOCTH noTQHipiajia &jioKTpo,n.a %a 

AMa 0 MOHHUM ft 0KpiiTH6M (pHC.I) flOKaSUBaQT, fiTO HOTOH^aJI TBROrO
B^mcTpo^a OTJMBadTCH ot paaiioueoHoro noTermwajia it own an tug a Meun: 
otROCMTemiio icoTopoft npone#enu uoc^ejioBainvi. paa-iiMHe cocraBJiaef 
ot 5(nppi 400°) ro IOmB pi pH 500°), >tbjih8TCH yoTOttaaBoft BejiaqgHoG* 
KOTopa/i uooTHraeroH b Teaenna 20150c a b jiajiLHaftuieM i$e Metmern'i, 
3t#o odyojioBJieHO BJnmnaeM ochobh a R%#y3HOHHum ovpamnmmttMM; » 
nopax ocanmenHoro oaoa ,

OpwpocT Macon ooaawmorD noKpUTM tpwo.2) aaMe^meTca c 
yBQjnmnHeM Bpeweam BtmepxRH odpaaioB b pacruiaBe» BOjibsh 400° tcpfl 

Ban SaBHCBMOOTH TOJI1UHHH riOKpUTitH OT BpeM8HJ0 (H3 rpaBHMeTpHH80KHX 
HSMepeHBti) duoTpea buxorht k HacuineiiMD, hqm npH tiojiee bucokhx tsm- 
nepaTypax. C noBmaenHeM TewnepaTypti BoapaoTaeT oRopocTt KOHTaKTHO- 
re odMena, noKpuTue CTaHOBHTca 6o;-i9e tojiotum, nopacTUM u Kpyune^ 
KpMOTaJUraqeOKHM. XOfl KpHBHX rOBOpiuT U aOCTBTOtmo tiHCTpOM R0CTMX6^ 
huh npe&ea&wwx jyin TewnepaTypnoro HHTepBajia 400-430° bojeth^hh no- 
KpHTMfl, npn 500° na<lroaaeTcn doaee icpyroR rtoRigw kpmboH. PaoosiiTB- 

hhbh no H3M0H0HWW Macau odpnauoB TOJimaHa noRpumi ROCTHmoT oymeo- 
TBeHBO dOJIBCDUX B6JIMMMH (T.6, lipHpawemie MfiOOU ydUBaCT He OTOJUi 
dtiOTpO, KBK B HHTOpBaJ50 4 00-4 30°).

PeayjistaTti nofta^HBajoT. «ito o yee/meHtieM TeMriepary^y paoiuta*
BB M BP6M6HH BURepRKH Odpfl^HOB B HQM MO*0f OUTt. BOOTHTHyTO VBGRW- 
S6H»e TORWMHU OOailieHHOrO M 6I'D OH 1HBBX MBUHOro !70Kp^-
mn.

CorxacHG naHHMM m«f«.;inurpaipiieokoro h? -unBaHiSfl, nuKpnTF.G 
xapaRTepH3yeT( a nopRCTooTi.io h HepaHOnepHocTUo ”•'» toxitiuh ^. mto

O0MOHH°TOfl O0Od*MHOCTHMFI rpOpMHpOBOH«H
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B yOJIOBHHX KOHTBKTHOrO OdhtoHa Ha H69KBan0TeHHHaJUbH0it HOBepXHO- 
CTR.

Pho.I MaMeneHRe aoTeHmmjia aneKTpo.ua as AMa o mo^hhm 
nOKpHTR5M B aaBHCKMOOTH OT BP6M6HM BU^epXRH B paOHJiaBO*

i 2 3 H 5~ & 7

P*c.2 3aBHciMooTA TOjnnHHH Mejmoro hokphtm hs rpaBiwer- 
prtecKHX H8MepeHKi! ot TeMttepaTypn pacnjiasa a Bpewemi BHjtep*K« 
s "Smt X —' 40S°C f 2 -* 430°C, 3 ~ 500^0.



IlOBEHEIIMB 2EJIE3A, XPOMA 11 GILHABOB HA MX OCHOBE 
B PACIIJ1AMEIIHOM BCJJbvPAMATE IiATPwI

O.n.neHHfHHa, B.JI.Ahtohok
Hhcthtyt aJiGKTpoxidMHM YpG AH COOP, r« CB15PIUIOBCK
B padoTe HCc^enoBano noflesenne <*£ J-z n nepKaaeiomiix cnsaBOB 

Ha hx ochobb(15X28 a X27K)^ b BOJiL^par.r ?e navpM npn 750 -- 950° 0 
no# eiTMOctjiepoti Boasyxa,. HcniiTaHUH b vKanaHHorvi MHrepBcUie Tewne- 
paryp BunojiHeHH non npo#ojncnTevibHocTH onuTOB 5,10,20 h 30 h„ Hpn 
Majiux BW%epmax Hadjrojj.aeTca jinuib JioitajTBHo bh#mm8>i tohkba luiemca, 
npw 950°' oh& uoothtomho nojmo BBKpHBaer iroBepxHocrb odpasnoB«, B 
30 a onuTax uebt njieHKH. MenneTCH ot ciiHeBaTO-aepHoro npw 750° #o
dapxaTMCTO-HGpftoro npn 950°. PeHTreHoctmoBuii an am 3 noeepxHocTH no- 
Ka3HBaeT, HTO OCHOBHUM npOnjKTOM D:iaHMO#G^CTBHH X C pacnJiaBOM HE- 
jmeTCH odpp.oBaH^e,% 0 „ Otmo^ghu Taicace ojiejxuJ^O^ , Koppoonn 
bo bcgx cjiynanx nqeT c ydojiBic iwaccu odpamon, Hpn 950° ohb. naMeim*-- 
8TCH ot 30 r/M^ b 5 a onHTax uo 140 - ISO v/uP 3a 30 m.

KoppoaHOHHue McnuTannn CH % xpoMCOTrepMaupix cTajie# 15X28 u 

X27K)5 b wccjienyoMOM miTepBajie TeMiieparyp npoBoaonw npw 20 li BH.iiep~ 
JKKax, npn 750°ohh coiip03o«#a»:;icjb HSMepeimeM noreHunaJia padomix am- 
KTpo#op OTHocwTe.nbHO xwcnoposHoro nseKTpojia o njiaTHHOBoft nojyroKKofi, 
OTMeneno duoTpoe n 3Haqrre.:iBHoe ewemehug ojigktpohhhx noTeHUMason s 
CTOpony no#o*WTeJiBHUx iHaqoHwW ot BemnwHU noTenuwajia hwcthx MGTaJV- 
hob. Hm qncToro Cz w cram 15X28 oho socmraeT 0,5-0,6 B, a jins 
cn/raBa X27K35 e»ue donea\ 9no osnsano c naocwBaaneil padonwx bjibk rpo­
ne b noosyKWWM B3an. .osencTEM mgtbjui - paorutaB. Xoom iiOKpusaeTca 
cnsowHoft nsoTHoti lUieHKOti qepHoro UBeaa, Jim xpowwoTon cram 15X28 
xapaKTepno odpaaoBaHwe- tohkwx c npdoE - rawn ocnoBW owidBaTOr-qepHux

luieHOK npn 750°' so rycTo oKpamei-mux nejieHOBaTO-qepiiux npn 950°..
Ee KopposWH, Kai: u KoppoawH xpOMa, npoTenaeT npeHMyinecTEeiflio c yse*- 
snnemiOM Macca w panna 4-6 v/v£ npn750c w 18-25 p/m^ npw 950°,
Ha cruiatie X27105. npw 750° otipaaytoTCH TOHKwey so I, 410^'cm, panonaio 
$wojreTOB«e-nseimn,, w npn Bcex nocse#o3aHH'Jx TewnepaTypax nadmsaeT^ 
ch tojibko yBejm^eHwa Maccw odpannoB. TaKWM odpaaoM, xpoMv ocodeHHO 
b coneiaHEH c nono.iHHTeTTBHUM serMponanneM BJifOMnnneM, bhocbt ?naHR- 
TesLHuR BTuan b K0pp03H0HHy» ycTotteKBOCTB MB?aJtJ.nneoKiix v»aTepnajro? 
k pacnsaBseHHOMy aojiB^pawaTy naTpHS*.
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moc-MPd Boyim ha koppcoWg tctaha

B PACTOIABfi XilOB'l/iA KAJlbLM 

B»Txaft,K).r*JlMKyHOB, A# A,Base an, B* A. 5 gji an, F..n,KJibmoB

CMdHpCKMtt MeTflJIJiypnivieCKl^ HHCTtfTyT

B3aHMo,nencTBMe MeTaAJioB c pacnJrarjfOHmxNm ;:jiopn;iaMW me- 
JiutinoaeMe/ibHux MeTaiuioB p wHepTHoft aTMocpepe crmaano c ckxc- 
JWZeJlbHOft aKTWBHO^TfclC K8THOHOB CQ7IM. 0.UHHKO, 8THOC hepa B03fly- 
xa HaA pacnJiaBOM oneHb omjibho bjimabt Ha KoppoancnHi-Jti nnoiiacc. 
~TO CBHSaHO 0 T6M, HTO B HTMOO , epe BOSPC/XR nr.ilGyTCTPyK’-T H 
MOJieKyjmpHfjfl KM:,.aopoA w naptr bo.uh, KoTonwe npHMo mx KocBen- 
ho oKasyi BoaneftcTBiie na BaanMoyte^cTPHe MeTajuia c a an not* 
GpeflOiU B CBH3M C BTMM U.eJIbfO HBCTOflinero UOCJieHOBaHH^ f$NJIO 
wayneHtie e s an m o a 0 n c tb n h TWTaHa c pacruiaEOM . xJTopnjia kb Jibuti 
noA aTMocifepott BoaAyxa. rtiJiH cpaBHHTeJihKoft oueHKW BJinrmn>6 
aTMocrpepH BoaAyxa na Koppoavnc hbmh Bsaia cncTewa Tl-OlCtz 
Ma noayweHHNX 3KcnepMMCHTeui bHboc abhhhx bhahg , WTO HeaatmcM- 
mo ot TeMnepaTypij onura ytfHtib Maccu co BpeMSHeM EoapacTaeT, 
a GKopocTb KoppouttH ocTaeTCH nociofiHHofl. FlojryHeimwe AaHHbre 
Mom HO oOtlCHMTb CJieAyiOUiHM:

a) OCHOBHHMtl OKHOJIMTeJIHMM BUCTynaiOT 02 M npOAyKT HM-
poaisaa CoCl2 , no peaKUHH 2CoClg+ Hao ~ Cc^oCi^ + 2 HC.L,
XJlOpHCTHfi BOAOPOA.

Ha noBepxHocTH oSpaaua BoaHWKaeT okcmahwR OAo%, koto- 
pMtt b AaJibHefiweM onpeAeJiaei GKopocTb Koppoann thtshh, T,e.
AHMMTHpyeT AH'{xtysMH OKHCJiHTeAff % MGTBJiAa tiepea TBepAyc mieH-
ry. A GKopocTb A^rysim npaKTHHecira ne saBwewT ot TswnepaTy- 
pw. KpoMe Toro Ha rpaawue MeTaJuia c coJieBHM pacruraBOM bob - 
MOJtHM TBKMe peaKiflra:

TI-+-2HCL ,

= H4.° ’

BnayaJibHo HatimoAeuiHCb BcimniKtt BOKpyr o5paaua, vro cbhbaito c 
oKHCAenneM MeTaaJia w ropenweM BOAopoAa.

CpaBHeHHe c pauee noJiyhchhlikk AaHHyMH noKasaRo, mo 
CKopooTb Koppoami tut an a noA aTMoc$epoft Bos.Ayxa b 1000 pa» 
5oJtbae, new iioa aTMOC$epofl HHepTKoro raaa*
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BMIHUB XETHPOUAHlia UMPilOIMEM .MOMLHEHOM M tiGJiWAMOM 
HA nCWE&fc'HHE CIIJ.ABA PLRh 10 U PAClMAOJlEHHtiX Uj.OAHUX 0RU1UAX
MeT&JIBHHKOB ,KOMeprMH Sell,. 

ypQjibcKMfl rocynMBepcMTeT mu• A.M.FopbKoro

ilpoMSBOACTBo KanecTBeHHux onTMHecKiix oTeKOJi npn 14U0-15U0 H
B03M0&H0 B nJiaBMJILHUX flaHHaX C BUOOKOs. KOppO vHOHHOM CTOMKOGTbL H
m ex at; h He cko H npoHHOcTLL. A jib otou ueJiH ncnoJibBycr KOHcTpyKmioHHUM 
MaTepMaJi ua ocHoae nJiaTMao-po^iieBoro on Ada a •

ti nacTOHiiieM cootiReHMM odoonieHu peayjibTaTu KccJie/iOBtthMH xop~ 
po 3M0HH0R OTOUKCCTM II pM 1273 - 1473 K !■ 6T0A0M HiiMOpeilMfl cjLC I'aJlb- 
B&HHHeCKMX HMeuK, B KClOpiiX 3Ji6KTp0^0M CpaBtieiiMfi CJ.y*U I P^Ph 10, & 
KonuTyeMMMM &JieKTpo(uauH PtRh 20, PIRh 30 , pofMM, MpMjnm m lumTMiia, 

UcriOJiBSyeMfiM fcjieKTpoJuiT co/iepsaJi ckoha cbmhu8 ao 7 5 wac.#, a tak 
X6 OKCMAU UMHK.a, 60pa, KpeMHHH M 8JiDMHHMH ,

BucOKoe ananewne c£G nweeK npn I273 m 1373 K oTMeneHO a np«~ 
cyTcTBMM pojiMfl H cnjiaea PlRhlO, a npn 1473 K - mphahh m cnjiaua 
PiRh^r ( 30-0,5 ). ilpoayKTH KoppoaHH cojtepaaJiM cbm Hen m qnhK b 

COe&HHeHHM C HJiaTllHOM M pOAMBM .
iZ‘tMTUBBR Ae^MUMTHOCTB pO^Mfl M MpHAIlH, OtiJIH BUIlOJiHeHti MBUepU-

khh 5JlC nneeK, b koto pax Mcnwfyewuw sJieKTpoAOH cJiyiMJa oimB/WiIO, 

jaerMpOBaHHuR MOJind^eHcw, BOJib^pawow, nMpKOHwew, dopow, THTaHOM,
HTTPH6M, pyTeHMEM 11 MpKAMfcM .

PesyJiLTaTu onpeAeJieHMfl npMBe/ieHii b TaCJiHue.

HoKasa- 
•re Jib

lodapKa jiei/pywmero BJIGMGHTa K p//?/? 10 AO 0,1 Mac*%

Mo W Hr Hr 6 Y «/.7i Ru
1*0,wB 1,050 1,250 1,100 0,650 0,700 0,650 1,050 0,650

r ,4 3.6 3,9 2.2 4,8 10,2 5.8 3,7 2,S>

Ms nee cJieayeT, hto npMcyrcTBHe MOJiHdflOHa, BOJib'ppana, qwpKu- 
HUH m pyTenMH noBdiuaeT 3JIG raJiLBaiumecKMx aweex Mkh I0| pacnmm 
QKGiwohlHRh 10 r Me . J5jir aqhhhx MaTepMaJioo ua aob/iyxe npH 1473 PC 
n Harpy&Ke 2,69 %?/*&/ onpeAeJitHC Bpeun coxi aneiiPm npOHiioont ( bi et 

mb XB3HM, t , h ). floeneAH>m xapaK'iepMviiMKa y cm/maa it.it.imho poahm

JierMpoBahKoro wiTpuew. nujm donee bbookuR
fi-ieRKH B II f)HCyTcTBHtf 9T0T0 0I1JI8B8 fti Jifl MWHMMa/m'Ott .



K0PP03WH UHPKOHHH B XJIORtHHHX H JUOTOUIO-^'fOFMJWfcK
PAGHJIABAX

Jt.n.iloAHKOBa, T.B.GToroBa, H.T.CTaHrpHT 

Whcthtyt xhmhh Kliil AH CCCP

npose^eH anaJiHs AHTopaTypHHX hctohhhkob, nocHHmonHHX Hayno-
HStiO K0PP03HH UKPKOHHH B paOHJlBBaX raAOreHHAOB, nOKaseBO 3HaHHTOAB-
Hoe pacxomjieHHe emoioqihxc/i 3KcnepiweHTajiBHux .naHHtfx $t bosmokhhb npa-
HHHH OTM0H0HHHX paOXOXAQHMti.

Ha odpasuax H3 nojtmmoro uhpkohhh rpaBUMeTpaneokmm motoaom b 
COnOCTaBJlQHHH 0 AEHHHMH XHMHH0CKOrO EHaAim BAGKTpOAHTE Ha co£ep~ 
saHHe uhpkohhh Hayqena Kogposaa b okbkmoahphom pacnAaBe xaophuob 
HaTpiiH k keahh c 5 h 10% r0nT8$TopuHpKOHaTa KaAMH dea jiodaaox a o 
AOdasKaMH $Topima HaTpwn. J[m cpaBnemiH noAywmux abhhhx HccAeao- 
sana KopposHH uhpkohhh b pacnAase-pacTBOpHTeAe ,

Ouhtu npnBojuiAHGL b aTMoo$epe TtnaTeABHo oHHtneimoro aprona, 
Hay^ieHO T8KK0 BAHHHH9 Ha ItpOU0OO KOPP03HH GOCTBBa BTMOO$epH HBA 
pacn/iaBOM, waTopusuia KOHTeftnepa m no^aecKH odpaaua, OnpoAOAeHHue 
BKOnepHM0HTaJIfcHO CKOpOQTH R0pp03HH B XAOpHJLHHX paOIIJTaBaX yAOBAOT- 
BOpHTGABHO OOPAaoyiOTCH 0 paOCHHTailHHMH HO 3HaH0HHHM CTEUHOHapHHX 
nOTOHUHaAOB UHpKOHHH,

IIOKaaaHo, hto bb0A0hh© b HcxojmJHft XAoptmHitii i icnAaB r9Kca$To- 
pOimpKOHaTa RBAHH, yBOAHHHBBQT CKOpOCTB K0pp03HH UHpKGHHH B IipOflB- 
Aax oAfloro nopajota bqahtoih h hockoabko doABrao o jmdaBKofi $Topima 
HaTpsm. OweseHo odpaaosamie Ha hobopxhogth odpaaua coe/mHeHHft
UHpKOHHH C BSA0HTHOCTBK M0HBDI0 HQTHpGX, IIpQJUipHHHTH IIOIIHTKH GHHTti- 
3a STOro CO0AHH0HHH, HO AaHHHM XHMHHGCKOrO aH8JIH3a nOAJ^OHHOrO 00-
poro aemecTBa oho npoRctebahot oodofi coeAHHemie cooTasa # 
PeHTreaorpaMMH 3Toro ooojchhohhh h kopkh he odpaaua, odpaayjomettcH 
b npoueooe KoppoaHH uhpkohhh b pacnAaBe jJo&i- , gob-
naflauT. Kopna npouyKTOB Koppoana, aaTpyjauHH. sooTasKy setuecTBa k 
peaKUHOHHOft nOBBpXHOOTH, 3HEHHT0ABHO CHHEaOT BO B09M8HH CKOpOCTB 
KOppoaHH UHpKOHHH B B3yH0HHMX pBCHAELBaX.



TEHAOMHAMm OMCTB4 /PAH-XPOM H /PAH-^MESO

AeBeMsaHOB, D« BeBaMdepoKKii

I-lHOTMTyr Metqji Jiypraif hm.A. A.BaftKona AH CROP

Mqtoaom ajiexTpoABfwymwx cwi (3^0) c mwmi xxodkahum ajieKTpo- 
jihtom (paonjias cone ft a/uc \e , /trz , zz/z; } ncuiy^enii TeMiiepaTypHue 
aaHHCHMOcra 3,10 Ana ormaBOB GHOTeMw ypad-xpavi, paonojiOKsHHHx b 
AByx$asHoft oCUiacTM f + & - o , Tepmc ah naMifne okh6 .oantiue hc 
npoTHBopenaT Anarpamie ooctojihhh b oThoweHMH OTcyrcTBHH npowexy- 
tohhhx $aa b TCMnepaTypHcw HHTepsajie I050-II90K. Auajiua ncayweHHUx 
peayjiLTaTOB nosBOJin-n oAO-naTi ihboa, hto paoTBop;iMco?i> xpoiwa b f - 
ypaae npii BBieKTHHeoKoft TeMneparype ApjittKa du’TL paBna 4 a?.#* kuk 
npHBeABHO Xanoehcm /l/.

Me toacm ajieKTpoABKxyimix am c tbbpaum ^tophahhm bjibktpojimtom
( trez/jt ) MowieACBatm Tep,ioMfiaiviHqecjcme x&p&K?epHOTHKK cncTdMU
ypaH-JKejieao b TeMiiepaTypHGM nHTepBajie S40-II70K. HHTerpanbHue Tep- 
MOA^HaMBMecKwe xa pan t epwothkh coeAHHe hit ft h t/6 fe paooHHTa—
hu aha TeMJieiaTypj 975%, npvi kotopoft oda coeAWHeHHH OTadmiBHU.

MHHHMyM M3M9HeHIIH C BO do AUG ft BHeplMH FUGdoa fipKXOAHTOH hQ 
KOHrpya htiio njiaBHUteeca npn TeMiiepaType 150 PK hhtbpine i-anjiHMeckoq 
ooeAWHeHne . CTadiuibhocTB coeAHneitiiH ,npeTepneBarome-
ro paoiiaA iia jshakogti m TBepAUft paoTBop wejieaa b y ~ypane npw 
I078K,MMeeT weexo HOKJiionMTejibdo aa one? aHTaJiBciHftHoro $&KTopa,TaK 
K3K OTpilltaTaRBHafl OHTpOi'IHH 0dp33OBattVJH %L6T XIOJICOHTejlbilHtt BKtiaA B
OBcdoAHyio aueprifK) odpaaom^a. nepec^mraHHaH iia TeMiiepaTypy ^98K 
DHTajiHiifH odpaaosahHH ooeAHHetwa z/z^ xopouio coBna/iaeT o pesyjit-
T8TOM, nCUiytietiriUM KSJI0pHMe Tpn HecK>P/1 M6TOA0M A//J# ( Zfqjjj *
* -I0,75±0,4% i^z.mojib"I /2/.

IlonuTKa liccjieAPBaTb TepMOAUHaMHHeoxine xapaKTepK0TMi3f o/maBOB 
9 to ft c hot a,iu we to acm 3^0 o wiAKHM ajieKTpojiHTCM onasajiaob HeyAaS- 
HOft Vi 3-*eta BSaHMOAFftOTtiMfl Bv’ieKTpOJIHTa 0 OOpatitiEiMM,

JUvrepaTypa,
I. XaHoeH ivU, Ahaodko K. O-rpyKTypu ABoftnux oiuibbob. CnpaBu^rofh 

b 2 t. - M. s Poo. Hay^iHO-Texavi^ecKoe hba-bo /iKTepaT/pw no yepaoU
H UB6TH0ti MeTtiJi^yrirFH.

2. Axa^HHOdHii B.B, .RGnHTKHH JI.M. .MiiaiiOB M.M. .noAoaboKaft H5A, Ten- 
jioth odpaaoBaHHH MexMeTojuaiMGOKHX ooeA^neHHtii anyroHHH o ajuo/iii- 
HH6M h xejieaoM m ypana o «ejiaaoM- <wouy.^
Afafc v-z r/, V/IA'M / /* 1 .A ,
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BJiPIHHKE COCTABA KOMTUIEKCHUX rmnttPOBOK U(IV) VI U(VI)
B CKCMXJ1 OPWZLHblX PAHIJ1ABAX HA CTEXMOMBTPVIIO KATOJIHOPO EWOKCWM

yPAHA

A.A.Xoxphkob, AeM.XoxJiOBa

VIhotht^t uerajurypriui, HncTBTyT djioktpoxhiawh ypO AH CGGP

M3B6CTH0, MTO UpR 3JI6KTpOBOCCTaH 0BJI9HNSI ypaB00^00IMHX OKCHXJIO-
pMKHwx pacn^aBDB na naxose noayyaioT ocasKH AMOKCMa ypana necTexw-
OMeTpMqeoKoro oocTasa /1-2/, Opn a tom coctqb KaxoAHoro nposyKTa
BuBRCMT OT GOOTHOlUeHRH paBHOBOCHUX KMCAOpOSHbiX $OpM yp8H3 B %8H- 
hux pacriJiaBax. B HacToame# paGora mstoaom M cri6KTpocKonnn H3ay~ 
UQHfilH iICCJlQAOBaHH CHOCK XJIOpKAOB IHQJ10VHUX M6TaJiJT0B, COAOpSaiHEG
npo^yKTH BaaHMOjueWcTBvn TOTpaxJiopnaa ypana n AuxBopwaa ypaanaa c 
okckaom Gapun h raaoodpaaHiiiM KnoJiopo&ow, koto put! bboamjih b 3tmqc- 
$epy nHepTHoro rasa, naxoAHtiterocn hba pacnJm.BOM, '

MIC cnaKipu KSJiyyoHMH paonjiaBJieHHott cwecM uaci-csd-uci^-DaO no- 
aBOgMJiw ycTaaoBUTt cymecTB0B8HH6 b hqM TpoxsTomiioM rpynnwpoBKH 
u20 • nooKOJiBKy 02"* sawemaeT b koopakhsuvighhoH ctpepe reitcax;!opo~
KouraeKCOB uci£“ noiiu xjicpa, to sto npwBosHT k odpasoraBKio b okcr--* 
xiiopKflHHX pacnjiasax aHBOHHoW rpynn%poaKW Bbqa6ihi6 b stot

pacnjias KwcJiopoaa, B3awMOAettcTBy?omero c hum no peaKunT/ /4/:
°2(r) + ^ 2 02" + 2 01 ^f npwBOflHT k okkcjiqhkio J(iv) &o
u(vi;. 3to noATBepKAaeTCH nonyqeHnoH cneKTpaJiBHOfi KapTDHO#, otbg- 
qaiomeii cneicTpaw ypaiiHJiBUHx pacnaanoB /5/. BaaHwoaeWcTBHo pacnjiau- 
nemioM cmgch NaCi-csi-uOgCig c okcesom dapHH hjih MOJieKyjmpauM kmc~ 
jioposoM no yicaaaHHO# same peak lot iiphboakt k MSMeHonmo q-acTOT aa- 
A8HTHUX KOjiedauHti ypaaMLHoM rpynim n noHBjieHHB HOBcfi qacToru ko« 
JiedaHHtS 4^ = 870 cm"”* HsMeneiiMe uaciosnax xapa k x 0 p k c xhk pacnjia- 
Ba CBKA9T0ABCTByeT o TOM, qxo b KoopAMHaqwoHHofl c$0pe ypaHMBIiHX
KOMnUGKCOB npQKGXOAHT iaCT%qHO0 3BM0IE10HB0 BOH OB XJIOpa HQ OKCK#~ 
ROHM, npa 3T0M KOQp#5*83UJAOHH00 qHCJIO rpyjIHH UO^ yBOJIAMEBaeTCH QT 

4 %o 5. nocJisAyw^ee yBesHqenae KOHueHipaum? OKCEsa dapiin b hccag- 
AJouoh pacnaaBQ ho BtiausaeT k3M3B8hrh ero qacTOTBUx xapaKiepHCTHK, 

ynaauBaeT aa so, %To %oaw 02wHe hbilhdtch KOHueuboca jn$raHAaMH b 
ypassssstix KOsnssKcax* a bheojihwdt pom cBasymm btomob Mossy he­
ME. neHTarbHajtBBOii KOopsHHaiyaH uo|+ npoECXoswi oGboshhoheq od- 
pasoaaMBXCH cTpyaryp no ossoMy »a pedep neHTaroHamaoB dwnwpaME-
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AH A3JUH MOGTHKOBhillH aVOUaUU KMOJIOpOfla* OieBBAHO, qtO KOHU UO^* B 

pacnaaBai, cogepsammc naTHOHu uqshh, odpaayDT AByxnAepnua aHHOHHU* 
rpynnupoBKB (uo2)2o2ci£ •

Unafl KaptHHa HadJuoAaaTon npw BaasuiOAeflcTBBH bohob ypaamia o o 
oHA-HOHaMH a pacnxaBxaaHdx xjiopHAax uaTptm u Kama h bx cueceft.
0COd8HHOOTB*> CHOKipOB H33y%8HKH BIMX paCTBOpOB HB3H8YCH OTOyTOTBH* 
CMemeHHfil hsctot aaaeHiawx KOnedaHwft rp^nnu ypaHBBa. 3to cBBAeTeBi- 
CTByei o tom, yro CBJiOBoe nojia woua tjg24 weHaaTca HeanashTeJiBHO a 

ero RoopAHHbUKOHHoe uhcjio ccxpanaeTca paBHHM 4. Kpoiia Toro, nacTCS 
ra KoaadaHw# moothkoboS chasm u(vi)-*o-u(vi)pori9CTpBpyeTcn b npe%@~ 
sax 656-870 cu~*. 3tg moxbt duTB CEflaaso c TeoMiwecfcoti HeycTOtlw 

boctbio Mccaaayewux pacruiasoB is, cootbctctb8bho, m3M0H8hbamb b hot 
OTHOCPYeJiBHtix KOHueHTpauw# AByxRxepBfcix KOMHJieKCHUX rpynriBpoBOK 
(U02)20C1^ H (U02)202ClJ“.

floKasaiiO, vivo yioHHL'ti cooray oKcwxnopM&Hux rpyunispoBOK u(iv) y 
u(Yi) b pacnxaBax xjiopuflOB weaowHwx ueiaJuioB cbh3Bh c oocTasoM KB- 
TOflHtiX npoajKTOR IIpi! 3JI9ICTpOJIMTMVieGKOM 3HA6#@HM% paSSMtlHHX ORCHIDS
ypaaa. Tax, 39kbob-okmcb ypaaa b xaopw/iHtfx pacnjiasax, co%6p%3%KX 
KBTisoHbi aeawn, wo%eT ngJiyMaTBcfl jikCo BocciaHOBBeHMeu KOMruiQKCHHX 
rpynnzpoBOK OJ02)2o2ci£ , jimgo oAtiogpeMeHKUM paspimoM AByx atanoH- 
hu : KounjieKcoB uo2ni^“ y (uo2)2o2ci^"*,

MCXOXB H3 OOGTSBa OKCMX,%OpM#HWX KOMIUIOKCHtiX 8HH0H0B, yflaeTOfl 
OIieHHTB rpaHMQU 83881181180 X B U02+x* XapaKTOpKayBDineti CTenOHB OT- 
K30H6HBH OCSAKOB flByOKMCn yp9Hti OT CT9XMOM8TPWM. IIOKaaaHO, WTO X
iiratei np^HHMaTB 3Ka*ieHHA -I <: x c 0,66*

toe pa Type

1. A.H.EapadowKWH, K.A.Karnes, T.E.KceHot'OHioBa, K.n.TapacoBa. 
Bjihbhh6 reipaxJiopyxa ypaaa ua aa^aJiBuyio oraABio axeKYpoicpHorax-
383811%% AByOKMCM ypa 113 MB pa01138*8. Tp. WH-T8 936KTpOXMMHI!, 
1970, B. 15, c. 74-68. '

2. B.S.KOMapOB, B.B.CM036HCK8t$. 33dKTpOAHUe npoueccu npii 00a*A0HBB 
88KM0K-0KMCM yp8H8 83 pacn38B3eHHtiX C036BUX 838KTp03BT0B. Pa*B~ 
oxmubh, 1982, Us Pt c. 164-167.

3. A.A.Xoxphkob, H.fl.HeKpacoBa, B.E.KoiiapoB. HcoseflOBaHMe KOimaaK- 
coodpaaoBaHMH hoh& ypanaJia b xbopbahhx b x3opuaho~$yop8aiu/x 
peon3*sax yes03055 KK cnsKTpooKonsm itaayMeBHfi. PaxBaxwiiwH,l987,,
K» 4, c. 485-488.

4. M.B.Cmhphob. 33eKTpoflHue noTa«m%aaw B pacnBaBBeunux xaopBAaxx
M„: Haynn, 1973, 247;:.



HMHTAUWOHHOE MOflEUIMPOBAHMS POCTA OCAflKA 
5 BHCOKJTEMfIEPATy PHOM 3JIEKTP0JH13SFE

Pojib^pTe^H G„ JL, KaoaKOB A,C., MapKtma C,3,, Gmhphob I\5*?
Bapa(5oinKHH B,2,, BeTpOB G,T., IWomoeB H.M*

ypaabCKH# nojiKTexHvwecKM^ whctwtyt.WMBG»M.Kwpooa 
Cnep&no9c%H% aaso/j, odpadoTKH ljpqthux mgtbjuiob

Panes dbina peoisna 3anana hmhtanm0nh>jr0 ^ one.nnpo bo* mh pacrcpe~ 
ite.TiaHHR nepBHqnoro snercTpanacKoro no;i.n h pacnpeneneuHR tokb b 
BHCOHOT9MiienaT,ypHOM 3JieKTpo.)TM3epe c njiocKonapMn&nbHwww 3JiettTpo~ 
xi( Hi MdTonoM ByqKCJiMTenbHoro BxeneptweHTa /!/-

lIonytiefiHaH Mojiejib nosBonae? npencxaauBATb KOH^wrypaijira 
aiieicTpuuecKoro no.%% a BJieKTpojiHsepe « a ab h cmmoct h ot reoweTcwK 
•anoKTpojmsepa n coowcTB oaeicTpoaMTa.

,oaj-ma.R irporpar/Ma cun a ananTHposana jyin nocTpoeHWH ;*MHaMW~ 
P0CKO& K&prwHu pocTa ocanna 8 npouwTJUieHHOP 
:;apepadotkm 6jiaror>oiu-njx mqtajuio b »

c;ienyio#iA HTepauwoi!Hi;M ejiropHTv ueiuemin non-
aa,i.uiqH:

no pacnpon&neHMio DneKTpwyecKorr norm oripencjmercH wonyn?j BanTO"
pa IUIOTHOOTH TOK& B 06TKH:
nocne swdopa spGMemioro wars. paco%HTMBasTC% noxHuecTeo rpo.u:von 
iswjieneB'nerocH no aanony ^apanea neqocTDa r ceTimii
no oO^ewno^ ruicTnocTn ocanna, nw%Mcano?c# ero npupmenHO na 
-'one:
no ;ioBW4 paowepm.? n .n.pna RonpeKTnpyaTca pewenne jsji&im
%ona n -

Ha ochobq n,3Jio^eK)iorc -uiropaT^a zozjiQm. nporpm^a, hotoran 
•'3e comer openim- udmee npevn h.tchtpomma, nmc m inop^y nonynao- 

urrr oca^Ka„ MeTonow finaHHpoBaHHoro aiKcnepH^OHTa npoBG^eH.u nrou- 
cue nacneTH, jj>anw nonoMOHn,oipm no kohctpyirrnBHUM ria vghohhhm re- 
ewnrpmi Hcxojqpoft x-taTpi-mUe

jiimrPATypA
Cmhphob r.B.. MapKHHa C*3„, riepeTHTMMH K.B. Tea new jioKnanoB 

HaytiHo^exHHoacKoU tcoiidbepeHinm "flpwMeHeBiie 3BM b naym-mw no- 

cjie.no b&bhh m ynpae.neHHK xh^mko-mgt aoyprHT4eckhmh od'beKTawHM. 
Cb8p.hitobck, 198v .. ,)7
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0 F01M CMJICBiX JMHHti SJlEKTPWECiCm
noiii npid snEKipomE paoijiadob

A.M.IlyTHJIHH

ypajibcictR nqjiht&xhmh©okha HHCTHTyx mm• C.M.Kwpozsa

Mo boot ho, mto TyronjiaBKMo MerajiJiu HaxoAffTCH b raAoreHMAHux

f-cnjiaeax b bhag OTpnqaTe.nbHo aapftMSHHUx komfiaokchux aHMOHOB Twm
Me(r)m J(m'°r (w Me - Ti ,Zi m a r - F t U t Bt

3 )• B KAB COM4 9 CKOM yJieKTpOJIM 38 flpM HaAOMdHMH HE aAeKTpjAMT 3JI8K 

TpifiecKoro nojiR noAoaarrejibHo aap mice h Hue khtmohu ABMxyrca % oTpwua 
to jib ho oapflxeHHOMy K&TO&y. B pacnjiaBax, icaTMOHu TyroruiaBKMx 
M6TBJIJI0B HaxO^RTCH B COuTaBB OTpMUBTeAbHO 3apflK6HHUX. KOMHJieKCHUx 
aHMOHOB, raKOM M6xaHM3M 3JJ0KTp&JIM3a H3HpM6MAeM. PaapflJJ Ha KUTOJie 

TSLKtdX aHMOHOB B p&OHJiaBax C?aHOBMTCH dOJlCO nOHHTHUM, OC./1M npeAJio~ 
xHTb cjie^yiomMii ero mgx&hm3M» flpn HajioacoHHM Ha aAeicrpoAMT mojkojiok- 

TpoflHoro HanpflxemiH ojioktpmh ecKoe rtojie mb?kjo kbtoaom n bhoaom r.
nO-BMjIMMOMy, CTBHOBUTCH liepaBHOMbpHblM, T.e. nOHBJIHlOTCfl HMJIMHJipM- 
HecKMe odjiacTH paoriAaBa, cBRoHBaiomwe ynacTKii ano.na c pacT,ymiiMM 
rpaHHMM KpMcrajuioB na KaroAe, BHyTpM KOTopux n jiOTHocTb cmaobux jzh 
mift 3Ji9KTpH4ooKoro hoah Buujo, 4om b oMpy^aweM gTM odjiacTM pacnAa 
bo. ripw 3T0M npoMoxoAMT EaaitMCAeti crime 3oh pacnAam 0 ft OBtiiiieHHOtl 

njIOTHOCTbD CMJIOBUX JIMHMM 3 A8KTpIPi 6 OKGPO OOJIfl 0 MOHEMM, UMeDClMMM 
HajidojiboiMM mohhhM MoMern? (oTHomeHMG sapfi^a mona k ero pa^Mycy). A 

Tax KBK iiaMdOJIbSilM HOHHUM MOMQHTOM b paoilJiaBO WGJIOHHWX M mGAOHHO- 
sewejibHWx MeTOJuios, kslk n pas mjio, o(>;iaAawT mm©mho khtmohu Tyronjia- 
bkmx xerajuioB, to mm oh ho ohm m KOHueHTpupywrcH BHyT pw stmx uhahh-
ApM4eCKMX 3OH B SHAG KBK Oti W80TKM'. :i)hTyTOB% CBflaHBaotUHX KBTGA M 

aHOA* PaapHA xyronjiaBKiix MerajuiOh, nanpHMep, npw mx aJteKrpoAMTH- 
46 CKOM pajMHMpOBaHMM , B CB6T8 BtilflQOKAaBtiHOPO , nO-BMAMMOMy , npOTQ-

Kaer cjieAywwMM odpaacw. {]pn nepexoA© o bhoab b paaiAab Ke.TMOHa 
Meiajuia odpaayeTCfi KowiAdKOnuti bhhoh [ Me (P» KoTopufc^ 
BaaMMOAOflOT By H C 011 AO BUM M AHHHflMH oAGKTpMHeOKOPO HOAR, ptiBKOM 
BXOAMT BHyTPb UMOMHAP^eOKOM odABOTM o noBbiueHHOP. XOHUeHTpa^HeB 
TBKHX %e aHMOHOB, a TtKt BOO 3TII KOMnABKOHUe aHMOHU OAHOMMOHHO 
aapnxenu, to npoHoxoAMT aJieKTpooraT iridOKoe ot tea km be hm e we*Ay hm- 
mm. KOTopoe b BHse “acrat|jeTU" no "jcryTy" nepeAaeTc.i ot anoAa k 
KBTOAy m penyAbTa-roM KOToporo UBnaeTOfli but&akmbbhh© komhaskohux 
aHMOHOB TyrcnABEKKX MOTBAAOB, HBXOAflClMX CR Bl AM 3H KftTOAa, H/i KBTCI 
h mx paapftA na kbtoa^•
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3J1EHTP00CAIABHHE MOJMEflEHA H3 SBTEK'fHIECKOtl CHECH MOPH^OB
HATPHfl, tCAJMft M UE3HH

U.A.ApXMfiOB, 3.W.B8JI89B, 3.C.M8pT9MBHHOB8 
MHCTHTyT 3JI9KTpOXMMMH jfpO AH CCCP, r.CB6pAJI0BCK

npOD8%6HO MCC7I0AOB9HM8 yCJIOBM# nOJiyMBHHfl CJI06B MOJIMGA0H8 H8 
rpajSITOBOtt nOflJIOKKB H3 3BT9KTM(18CKO& CII9CH XJIOpMAOB HflTpMfl,K8JIMH 
M U63MR. K0HQ8HTpdUHK) MOJBi(5fl8H0 B pQCHJI8B 39A9B8JIM XJI0pHp0B8HM6M. 
0JI8KTpOJIMT OMMmeJIM OT KMCJIOpOACOAepJKOIUHX npMMGC9M C nOMOIUJbJO H9- 
pSCTBOpMMOrO 8 HO AS. OCOAKM M0JiM(5flGH8 0II«JJUi3Mp0B8JlM p8HflT8H0rp8- 

M6CKHM M M8T8JIAOrp8$MW8CKMM M8TOA8MM. P93yJlBT8TU p&dOThl npHB9- 
flQHU B T8dJ!MU6.

KoHiieHTpauMfl
M0CI3,

WOilL.%

4'
A/cm^

T°C a,A TQKCTypa XspaKTOpH-
CTHK0
0C8#K8

1.96 U.U5 700 3.1465 (III) CiuiouihoM
4.96 0.05 700 3.1467 (III) CflAOlUHOtt)
6.81 0.2 650 3.1475 (III) CnjioiaHOit
6.81 0.1 650 3. mi (III) CnjioaiHOtt
6.81 0.1 600 3.1476 UII)(2II) CnjiouHOtt t

nopouiOK,
NaCI

Ms Tadjimm BH&HO, sto ijrapua ogsakob aaswcHT ot TeunapaTypu 
3J16KTp0JBt38 M H6 38BMCHT OT K0HU6HTp8UM MOJ1M0&6H8 B p3urjI8B0. 
06p8 3OB8HH8 nOpOfflKQ H8 CnJIOUJHOM CJI06 MCJKHO OdBHCHKTB, I10--BHAHM0- 
My, TQM, qTO y nOBQpXHOCTM K8T0A9 HpOMCXOAMT M3MQH6HH9 KOHUQHT- 
pamiOHHUX COOTHOUIOHHft $OHOBOrO 9JI6KTP0JIMT8 H Fipiti T = 600°C H8 
CnJIOfflHOM CJIO0 MO JIM CA0H3 BUna^aiOT KpMCTdJIJIbI NaOl KOl’Opue M8CTMM-
ho naccHBMpyioT kstoju

0np9A9JI6H SHOflHNfl bhxoa no TOKy (ABT) npw TemiupaTypax 87)- 
973 K. ilpM HM3KMX 8 HO AH ax nJIOTHOCTHX T0K8, p8CTBOp6HM6 dHO&8 fipO- 
HCXOAMT p8BHOMdpHO HO BCett HOBepXHOCTH M AtiT 6JIM30K K 100% B 
P8CM9T9 H0 MO(QI). I1OBHUI0HH0 8H0AH0K nJlOTHOCTM TOK8 p63K0 CHMX80T 

ABT, H8 IlOBepXHOCTM 8H0A8 nORBJIHiOTCH HOpOBHOCTM, yrjiydJIGHMH B03- 
MOXHO CJI6AU II8C0HB8IIMM TsepAtiMM HpO&yKTSMM p8tiKLIMii.

0B9MK8 8HOAHUX IIOTOHUMOAMH8MM^9CKKX BOJIJbT-aiMapHhLX KpilBHX 

nOATB9pAHJI8r 9TO p8CTBOp9HM9 M0JUI0A6H8 HpOHCXOAMT C 0Gpb30B8HH8ti 
AByx TsepAHX npoflyKTOB peaKQWH*
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MCCJ1WBAHME CflJlAB00BPA30BAHMH iiPM 3J1EKTPOOCAWWH 
PASHKA HA PA3JIHMHHX IlOMOMKAX B FACfUIABJIEHHUX COJIflX

C.B.KyaHenoaa,A.Jl.rjiarofleecKafl, C.A.KyaHeqoa 
WHCTMTyr xwMMM KHLJ AH CCCP

MccaejsoBaHMe nponeccoe cnnaBoodpa:)OBaHMH na TeepAux aneKTpo- 
AflX nosBOflfleT nojiyuaTb AaHHue, neodxoAHMue aah ocymecTBJieHMH no- 
BepxhocTHoro npeiiM3MOHHoro aerHpOBaHM*. BucokoM My BCTBMTejibHGCTbio 
k H3MOHeHMio ifiaaoBoro cocTaea noBepxHocTHOPo cxoH npn anenTpoocas- 
AeiiHM odjia^aeT ajieKTpoxMMMMecKHtt mctoa. HccnefloeaHne npoao.umiocb
M6T0A0M CHHTMfl XpOHOnOTeHHMOMeTpMMeCKMX KpHBUX. XpOHOnOTeHUMOMGT— 
pMfl b KBMtiCTee aKcripecc-MeTOfla nojBOjifleT Tanma onpe&e%RTb Tepwoww- 
HdMHMecxMe CBoRcTBa odpaaytomHxcn cnnaBoe, ec/in KUMnoneHTu odpaay- 
dt p«A MHTepMe'raJiJiMMtiCKMx coeAMHeHMR c npeHedpe*MMO mshnwh odxac- 
thmh roworeHHOCTM. B padoTe /I/ aTMM motoaom yc^aiiOB/ieHO M3Mene- 
HMe ^aaoBoro coctbbs npw aaeKTpoocaxAeHMM ro$HHfl Ha Hwodwti w onpe- 
AeneHbi HHTepBajiw otipaaoBaHMti m pocTa tfiaa wa noeepxHocTM waTona npw 
paawMMHoR n/iQTHOCTM To«a m TewncpaType.

Ilpw MayMPHMH cnJiaBOodpaaoBaHHH Ha Meuhom naTDAP na KpMBwx 
PblKMOMOHMA nOTeHHMaA-PpPMfl HfldjUOA^IOTCH nj!OilJ&AKH nOCTOHHHOrO 3H8M9- 
hub noTPHtwa^a. HajiMMMe nnotnaAOK cnaaano r Tew, mto b noaepxHocT- 
hom rwoe OfieKTpoA* odpaaymTCH AByx^aanwe odjmcrn, n KOTOpux bktmb-
HOCTM KOMnOHCHTOB MMP10T HOCTOflHHblf; 3H6M6HMM. B Od^CM CJiyMae MMC/IO 
nxomaAOK aojijkho POOTReTCTiJOBflTb MMc/iy AH.yx<|w3Hwx oonaCTef* Ha Awar* 
paMwe cootoahmh. 11 pH HayttennH cnr.tiBOodpaaoBaHHH Ha mgahom khtoao 
hs KpHBhix PCTeHmiau-ijpevH Ha owny n noma Any dojiboie, mom
cnejiyoT M3 nMorpavM). coctohhmb /%/. MoTUAaMM peHTreHccneHTpajiiHoro 
3?IPKTp3liH030H10BOI''» MM!(D0aHaXM3a (RX)MA) , paCTpOBOft MMKpOCKOnMM
(P3M) yc'iaH-3BxoHOf mto rpy avuiKTpoornavieHMM ratf-HM* Ha MeAb Ha no-
Etet'XHOPTM BnOKTpOfia IlpJKAP fWOPO (fK)pMM; yrTCB CO "AH He HMe HJOi^ JT-
cyTCTByrxiiec ha AHarpaMMo ^octobhmi /%/. B pacnnaaneHtoix cojiax npo- 
uccr'.j rnjiapoodp.'^innoHMx: npOTexawT npatfT.tMeCKii npw paBHOBecHtix ro~ 
TeimMen/ix, i-»?nnu;«Fu ncnunHpMnaviMM HonorpeactBehhc cbh3bhm c Tepwo- 
AMHaMMM'trKHMW cBo'‘r raMM cooTneTCTBymqMx TnepAbix cnnaBOB. Hawn on- 
penonehu n-iMnnenMH 3HeorwW rnddce odpaaopaHMA MHTPfMeTannMMecKMX 
cook/Hemi# raif ima c voAbfc HfG.1* , Hi Cu. w

V " V J1 w # J*

, hOTvp^o cocTap^funT npM I023K cooT'«eTf;viem'u: -40.6^0,8; 
-50,^1.4; -ti2,>?»2,0; -64,3>2,0 ^.TTfiESa* *2~ee',w

HCC/ieACBnH'OM M?iffepra/;o KoHUGHvpaiiHfl OHeprwx Tundra meci aha* n~
re.ibHHe 01 pHiiaTejiHHtte BenmotHw. Bto ropopHT o rM,ib>nM R:4 8i,t onfOr
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BMW Id$HME C MeflbD, KOTOpoe %OCTMraCT MaKCMMaJIbHOrO 3HQMRHHH y 
cnjiaeoB, d/iH3KMx no wcTeey k HJ2Cu5 • Hpn 3%GKTpooca*#eHMM rajn 
hme hr CTa^bHyw nojaJiOKKy (Ct.3) ^ame npn AJiMTeabHow saeKTpoKHae 
no flaHHMM PC3MA m MeTajinorpa^wnecKoro aHannaa He odnapyaieHO mh- 
TepMeTa.iJiHuecKMx coeAMneHMM ra$HHE c steaeaoM, hmgkxuwmce na A%ar- 
paMMe cocTOHHMfl /3/. OTcyTCTBMe HHTepMeTaji/iHHecxHx coeAMHeHM# ra$- 
hue c noAfloXKOti Ct.3 morct dbiTb BwaBano odpaaoeaHMeM npn ojiexTpo- 
jmae KapdHAfl ra^HHfl. MaeecTHO, mto KapdwAH TyronnaBKHx MeTajuicn 
HBJIHWTCH dapbepHUMH CdOEMH H npeAOTBpaiqaoT npOUSCCbl B39HMHOW 
$y3HH. 0 HOJIHXIMM KflpdHAa ra$HME n03BO;imOT npeAJlOAOroiTb CKMMKM , CHE 
TWA b norjiomeHHbix aaeKTpoHax w pacrpoBhie ajieKTpoHHue MaotipazeHME, 
Ha KOTOptJX BHA6H CEO# < I MKM, p83AeJIflKX4Htt fiOAnOXUty H nOKpHTMC.

ftnH noATBepsAeHHH odpaaoBaHMH dapbepnoro cede KapdnAa ra$HM# 
npM ocajKAeHMM Ha Ct.3 cHMwajiMCb xpuBwe noTeHunaji epewE (!f -ri ) na 
noAflowKax Ct.3, yiO h Ha 3/teKTpoAax H3 cneKTpa^bHO imcToro rpa<Jw- 
Ta h cTeKJioyraepoAa Cy-2000, XapanTep xpoHonoTeHunorpaMM oAMHanoB 
A%a 9thx noAno*eK h coraacyeTCE c AHarpaaiMofl coctoehhe Hf - C /4/. 
Ha KpHBHx BHKEEmeHHE KpOMe nnomaAOK pBCTBOpeHHE MeTaanwiecKoro 
ra$HHE HadEDABDTCfl ABe DflOmaAKH, CBflaaHHUe C H8JIMXIMCM AByX$a3HbDC 
odaacTeft Hf* + HJC h HJC+C . noTeHUMaaw n/iomaAOK Ha paaTinqHHx no#- 
noautax HaxoAHTCH 3 npeAe/iax Bocnpona boahmoctm hx na oahopoahoR 
noAJio*K6, T,e. b npeAenax +Q,02B. Ha ocHOBaroui nojiytieHHhrx abhkux 
paccMHTaHu TepMOAHHaMHqecKwe xapaKTepwcTHKH HJC , KOTopue yaob- 
EQTBOpHTeabHO cornacyoTCH c HMeemHMMCE b nHTepaType /o/.
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liUWHtiMti NiJKAMWWJMX IJuKKJTHIH HA UUliUtiti 
HAPbtiWVti UhimuAHtiA MIViAJIJiUjj dJitiKTHUJlMdOM 

PACtJMKHb'HHfalA UuJlhil

l>3eeB ti.Jbt. .urnaxOB ti«W.,Akmmub& T.W.,Akmmob A.W.

ti CBH3H 0 peilJ6HMeM 3&ABW HO OOSAaHWk WpMHijMHM&XbHO HObUX 
nporpeooMBHux ToxHOjiormi m HuvepnaxuB aoe Boupacrawmee BnaseHMo 
npHoOperaer dflOKTpojma mohhux pacnAaBOB,no3BoxH»iaMto no/iynaTb *8-
T&JUlhl, H8M8TaaaW H MX 00e/|,MH6HMH b BH&8 bBdlHtH80KMX HOKpUTMH.

b hav 1‘uflUtbM paUUTti U llOMOUlblO bAOKTpOXMMM48CK0f0 bOCCTauOBA6-
Han mohhux pacnaaBOB noxyqoHu KapdMAu HUKOTopux nepexuAHux Merafl- 
xob iy-yi i’pynn, ooxaMumue HandoxbiueM aapooToaKOCTbo m bucokhmm

M0X&HH46QKMMM OflOttefBUMMe UuKpUTMH HUOfltiAOBdXHOb 0 nOMOUlbli pbtiT-
raHO-jaaoiuro m aroHHO-oMMooMOHHoro anaAMaoB, Ha ocHOBaHMM koto- 
pux dux oaeattH buboa o npMHaAaexHooTM mx k KaponAan, b umpOKOM 
MHrepBaie naoTHOcreH rona na hbahux, cTaxbHux m yrAepOAQOAepxui- 
HMX exeKtpuAax woayHOHu noKparaa tmob LC , \yc , Mn,>C • 
TuJiiumia noKpuTHM KOHTpojiHpobaxaob c riOMOutbo paAwawMOHHwx mbtoaob 
H6paspy<ua»mero kohtpoah a oooTaBAMxa aaa paynUx xaptiMAOB U,05 + 
+0,1(4*. MeTOA&MM KOAtiCa-rejibHOil oneKTpooKonwM m AW#ep8HywaAbHO~ 
-tepMH4eoKoro awa/iMaa McoxeAOBaHo cTpoenwe wQHHoro paonaawa m od-- 
paaoBaHwe MOHHO-aoooqmipoijaHHux rpynn, 0TB6TCTB8HHtiX aa Haoooue- 
peHOo.U yy&TOM roaMOMHuro KatoAHoro BoccTaHOBxeHUfl caoehux hhm- 
OHOB M3 Kap60HarH0*4T0pMAHUX paollAftBOB CyMMapHyw 0Jl8KTpOXMMMM80- 
*y» pe ax limb noxyseHMA KapdwAOB mowho npBAOtaBHTb b o/ieAyiuuie* bm-

*** I'HeOX^J3 • CO, » >*• - MeC ' 40r ► <)Y '

m: Ho : It >' ,-Ho ; \ ( , CL

- Aah ybeflMHeaHfl aju 63H0HH0tt upoHHOoTM noKpiiTHfl u pu bo ah xaob
aKTHBMdaUMH OAOKTpOAOB*

PaspadoTaHHbio riOKpuTMH woryr duTb Mono also aaHH KdK sapocfott- 
KM6 AAA SaWMfW UT BtiOOKOT6MI18patypHOtt KdppOSHM M RAK BSHOOOOfOR-
KM8 AAA ynpOHHRHMA A^TaAeR MafflHH*



t

i. BTOfl XPui’.OnOTEHUnOf^TPKkl nP.HJEHMTE/LHO K A dOHMW
cifUmuMPO^Anmo mojmejleha c pactuiabb: com,

iO'fUABApeeB, H.B.^eaeaaaa

fciOOKOBGXHtl HMOTHTyT CT8JIH W OiWQBOD

nposoTaBrcz’Q padova no Baytiemis) npoueccn r a., bbcano/uiV!t-;/ aflOH** 
aoro cH^RUMpoEansm uck%G%uua a ucjild noBunemm cro aapooTO.ucoos^ 
h unue'ieHu nyisi oro khtohcr^HKdUMii* LlDyucmio nponoiiu^uf.ucfc we?o- 
flou xp0H0ii0T9Hut20U0TpKM, o TPic.u tijyufuiacB :;anmn:ocaib npnpooTO 
MOOCH r.O^KdTOJta CT BpOMeiVI H IUiOTHOOTM TOKO B OKCM/UiOM OflGKTpOtih-
so b npMcyfCTBUd OBOOoraicro Kpcwum a O03 ncro*

Gig pile.I OJIGflyCT, ^TO 3 OKCIVIHOK OZGiCTpOJlWTO* HO COAOpxa- 
mOM ajiCUGhTapIILi*; KpOtilJHi,, ^aaaCKuJOOTB npapUCTO UQCCM “O-KUTOAG 
OT BpOLieHH HUOUT Jl* XOJMJKVOp npn t' •» 0§I A/CM^o

B *;pdCVTO?Liii: & CKOpocT* ORAM^aponatipm 
c;v^ccTdoi...o DL'130* iliiiiei’.Han Kiincuv.Ka poo- 
to odyc.un BAtiLacT nocTOnnoiflO no-
TOlca QT0S103 & e HQ OCpQ sOBa-
mio ciuauKAa. I'oxoAn »i«> moaojim bhiiq^hopo 
pocTa KHTcpaGTQATiHAa /!/# ypt-Bnciiao da^ai. 
Cfl uaccu aanHCUBoeTCH kuk

&,- z> * <2(i)

—;—I—I—V~*~s—?r rse % - koo’-mukoht b W %':««*
C - KOHUeaTpaUHH, ^ - CnOpOCTB &R '(■y.ROllliOPO puOTG O/AKl Hvt8e

- ckoi.octb ABi;:iorRH rpaii;ir,u icaToa-pucnjiaB. #
Ko ztpoucLU ( nopuxuAi.oe bpguh ) itotwcinpamin ^ no

noBopxnocTB Hinuoro cmmi'tia AOCTuracT iaaitOiu:a;: i>ho bomuok- 
Horo HOHcuRfi C(ott)m , oro poet? npoi;pnt;aoTOnf « topuoahhq- 
MMseoicH ctohobmtch BO.^oziiiLu coporouaHut Li.cncpo OM;i;.uKAa

&.• -- 2> ^ (2)
tlepoxutf. X UOdfipHOi, ItOliUOIITpQ, Urt -^. *5, ^ 11 0 SMOTOM ^ 

nojwumi iyi« c.i.iiiuuAa Mom. Jlv

50. A" f ^ (3)



r%@ ofaaoTS roisoreiiMocTM Aaanoro ojatmtifiu,
BejiamsHjy T onpc^ojirLiM m ashulx xpoHOnQ?om;HOMo?pin (pao»2) 

Ro aejfia^aBO ^ is OKDpocira citJiwuzpoiiMiHflno topayjie (3) pac*»
CUU1U3MUIM BeaWKJBy M •

Bn* pacnsaBa
| n.i;OT- j

Uss* , ch/°I 2, A/oa*-j

1 1

M
'i

SD- /Wv

1

0K0K4HUA 
(utt )

0,C5
0,1
0,2

0,27-10"* 
0,33 -10"* 
1,57'icr6

5£J:MJ®
720 3,3 • I0”10

0:.CKAHLii| B 0,05 1,85-10"* 840 2,87-I0"10

npaC^TCTBMH CbO- 0,1 1,68-10^ 60 1,7 • ID"10

COfilKU’O KpeUHHf!( JMM Mo £ix ) .
0,2 1,60-10"* 40 2,56-10“'u

OKCHABi:ttt B 0,05 0,9 • 3 1:90 1,5 • 1C"9

OTO^TOTJMM CBO* 0.1 1.7 • 1J* 900 2,6 • IT*9
Cojuioro icpcumw ( jwb ) 0,2 5,0 • ICf6 300 7,7 • IT*9

44*4

t'GTOA XpOHOnOTOHUHOUeTpiIU AQet BO.IMOB* 
HOOTS 1HKCltpOBOT* HHJCHHIO M BepXINOiC rOd-
HMuy oo/iacfH roncremiocra caa^^waoa no 
noTcimne;iy# :)ro no:so;ifiQ? onpej^jisits *m- 
ndcjiee i.HTOHonBiiuU cnoooo cirai.npozianafii 
poryjiiipyn xiothoctb toko, ea ncpaoa jts- 
ne war.cH.v.QALiiO OtcTpo aoc?wru%T& cepx- 
H6;l rpajiiiUL: OCOlOG?;’, rCtiOrCtiHOCTM IiO*a-» 
pocTu.:; oro ,;a a ^qjiov
L-OKCMLIHJibHOe "pfiCTJT'■■'.30HBC" lC::aUTSI

pocTa Eapocioanoro cjjnsuaaa
JiMTep8?\pa

I* AHApeOB r..R* UjiCKTpO-xnI,<5, 6, C*24
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M3yMtJrtWE Kl'MCTAJUmAUMl UnOiWiUX IIOKPUTrlfl IlPM AHOAHOM 
OKtiCJIEHUtf TAHTMA B HHTPATHliX PAC1U1ABAX

lOpKHHCKHP 13 J1. , nOHOHCB A.irl., Mopflt?9BCKI!tt @RpCOB8 B.T.

Jl(iHHHrpfUj.cr'H'1 no.neirexHfweetcnfl RHCTHTyr ttM.M.W.KaAPiHHHa

npH rmcnnyaTamn TainwiOBux eJistcrpoA ursine ok %x KOHUeHoaropoa 
HAdaonaQTCw a pMU6 ojiynaes rx Aerpajiarum b p@3yJU.Tare KpacTcuumaa- 
lUWl flMOprflHOrO OKOtUiA TfiHTAJia« ii03T0My npQ&OT9B#H8T ftHTBpOO H3yBG- 
H«e ycJioBHfl noayyeHM.% KpHcraJuiBHOckopo okcbag Ta^O^.

B HacroBUie^ padore HaynaACfl tipouecc KpHOTO/iAnaauaii okcbaob 
op* awonHOM OKKCJieiiws TaHtana b usiTpaTHtix pacrvumtix. Oagktpoxhnw- 
96CK08 OKrtJxnoHMe ranrajia npoBOARAH b rajibBfiao- ham noTeHUHocTam- 
q@CFOM poauawax b 9KB%MoatHo# cMeca HfiTparoB mrpnsi a kajiab b a*~ 
repBBJie 533-723 K. Tqhtoaobug odpagrm npeABaparejibHO rtOABGpraAHCb 
MexaaeroecitoR h aAdRTpoxttMtm cfoR noARpoBne b om@ch nAaBUKoaoti h 
oepaod khcjiot, Creneab RpucTaMfloauaei oKCHAa onpeAGAHAOOB mgtoaom 
onmtiecKofl MHKpocKonaa.

yevanoBJfi0HO, nro npa bhoahom ok«oj!6hhki raarajia b BarparHyx 
pacnaaaax b odoax pqehmbx wodamAaeTOB naormnaea KpacranA>30U5iB ok- 
chahhx noKpyTHfl, UandoAee bqxhumh mattropaMii, baubjoiumwa hq npo- 
necc KpHOTajfiAKaamia oicoaAa, abahwtca Hanpameaae mopMomtH, KanecTso 
no.nroTOBKfi noBepXHOCTR odpaaua a reMtieparypa oKcnapaweHTa, CreneHb 
KpaorajiAHaniviH okomab yaeaMKROeToa 0 poctom HanpameauR mopMOBKM B 
npn flatipfi*eH»nx dMHBKttx k npodon oRoHAa ( 40-60 B ) ooct8Bab@t 
2-10)4. npn atom pa 3 Me pH odpaayuaunccH it p$t crams oocrasARnr okoao 
60-140 mkm* Ora a6hhhg noA.ynetiy b raJibBaHocTaTanacKOM pajtKMe mop- 
M09KB OKcema. XapoKrepHHM hbahstck odpagoBanwe ueHtpos kphctfuimr- 
38%%* 0K0BA09 HO p03AH9H0r0 pOflQ AemGKTBM HB rtOBepXHOCTR RQCJieAye- 
tioro odpaaua, noBfowy creneHb Kp«craJiAH3auMa orcrahofo hokphtmb 
og@H& oytneoTBeHflo saBKCur ot KanecrBfi noAforoBKH nonepxHocTH 0d- 
pdaaa. B noraiuttioor arimokom pexawe awoAHoro orhcji6HHh TaH'raaa 
npoHCxoABT odpasoeaHBe doAee msarbx KpaoranAOB r creneHb kpmctb— 
juiBaami* OKCima cytueoraeaHO BoapaoraeT 0 poctom reMneparypy .

ycrraaoBABHO* ^to okobahhs no%pw?RR* noAy^ieHHHe aa TanraAO 
apa ero aBOAttom okbca6Nbb b ttarparaux pwonaasax, <>6jwji,&dt bhcokoR
CKAOttOOTM) K nOAttO# KpB0T£UlAB38UAI! OKORA& np» ero n00JU)A,yi)lU9« BW-
AepSK6 RQR *W!P**6HM6M B PBCTBOPS CepHOR KMCAOTH (3B'> MAC,) .

•• \ "



METQTHKA <M3WIECK0r0 MOJIEJMPOBAHMH COKABCTHO 
nPOTEKAiXTO TETWOOEMEHA H KPHCTAJUMSAUBM B PACIWABAX

A.H. BeryiiOB

HpKyTCKHW nojrptTexHprfecKHti hhcthtyt

Hpii MojxojmooBamiH k oilmen™ or o TeiuioodMBna ajieMGHTa o 
.paciwoBOM norpyaonnoM oro b "xancmHue" moji6Jibhh6 xmkocth hc~ 
ncviB3yeTCH ypaiummie ;ym coBMocTiioro CBOdoAHO-BHHyjweHHoro

TeiUIOHOCBTeJIB:
Nu x * G'c/1' P-l. ( I ), TOO

Mi ( 2 ) ; Re = ( 3 ) $
X , v

Cr-L ~ y 3' ^ ( 4 ) » pr * ~ ( 6 ).

KpHTeppiamioe ypaBHemie saBHCHMOCTK cTauHOHapHOtl tojiiuh- 
hu rapracca^a ( ). ot Teimoaoro cortpoTHBneHiw cTemm ( & )
MOKHO nOJipniTB TQKBM OdptlSOM.

TennoBoa conpoTHBTioHHe TeroionpoBojmocTH
„ *2= 5;

r ^ >i ( 6 ) .

CyMMapnoe Teiuionoe conpOTHaneraie
t.-i+i/t. * i

(7) .

( 9 ) , rae cyi*~

BeapaaMepHoe reroiOBoe conpoTHBnorafe
‘ o'* ‘ K <6)

7 *ru TOJimmia rapimccaaa h -

Mapnan TOJimana ctshkh. BeapasMepHHit TeMnepaTypHHft nanop

T - T0 ( I0) .
% t

f \ /?
Toiwa



HCOlUAiWim IIPOWiCCA naH/4iiJiilji UUHK _ uUPKOHHi^U'O 
UlJlAjjA uJlhiVrPQjlll3Uv|

ID.r .CopoKoyc, t'.r ,Q'(ouou

jHnenponoTpoBCKMi-i xmmmlco-'rexiu.nor’.iMucKim MH.cTMTyT

UmiK-UHpKOHMejJUr UlU! aim OliptWv1! >MVT npaKTMMUUKMH MHTOpOC,
KtiK juiviATypu ah h i»oji yMomni | ;nn < iuiux m'ithhuuux viuiudub; 
npit OTOM TpesdyeTCH CUOTHOi 6!:iu; yllp KO lill>I K LplHKy 60JIBV [ I 5. ij JIH- 
oto/iu'Oo BpoMfl umpkohiigumo jiihuityi u ii;-gh3Boajit mothim ottpmH'ivokiim 
cnocodoM.

j ji adopaTopuux ycjiowmix iiutvi t:A>mv;n npouoco aziUKTpcuiimiwu-- 
ckoto ocaMAomin UHHic-ivipKoi:^u:.ux cujihjjob hu whakom hhiikuoom ko- 
toac*. CjiOKTpoJitn: umocl xJiopuAOiJ k&huh n Hh vpMH ( wupK»i "aM") h 
3Q# flCC . (JlTOpi;*?}, KOKfcTB KtUlH>l. HpOl{tit:C OCyil'OOTbJl fill M U (!‘l Q lUI Oy FJI U- 
pOAUUX TWPJlflX OMKOCTLU 600CMJ , fllbl .‘UUJiM XU ■* O .’1MQ UpOMPHHO BHOABMM,
WTO 1103130?! MJIO MSOOKSTL KOppeKTlipObKll It CJMBHU 3 1 UKTpOJlHTQ, B TUKWU 

BHOAHUX 0(|(l uKTOB » KuTOAHUO TMi'JI H M31'OTti!Ul 1-113UJI l! 113 (\ TOp^A OrOU11Tb.

ToMfirpaTypn oji eKTpox Msa QO^MCPC; Karounyit) mi otmocti to kb ii3M8na- 
JtH OT 0,2*10^ AO (1,4 "10^ AAlu-. 6jltiKTpO/lM3 npouoAiuiu oes HUpOMCUm-
BaHHfl C UQJI LK) (JiUKCnUHM BU3HllKHOBUHIlfl MB MO UOp XHO OTH JCU'IOAB 'lBOpAOM
jiB3U. UpeAon bHQ3 HBCtiL;6Hiio ciuiaan umpkohmom cu/OTneTCTBoiuno ji mum 
JiHKBMAycn AMarpaMMU coctohhhb Zn~Z?. riuxoA no -rony c jnn oM co- 
AepjKBHMH UMpKOHHfl fl CfUl M3 6 UH1T- 8LTOI C 65, ') AO 76, 9#; .--pH 3 TOM 3^- 
$OKTMBHOOTb CIIJUU006p030BaHI1fI (MOllOJI USOBtiHlie BBOJlHMOf’O Blip KOUMH^
ocTneTCH bucokoM: 66-71;:' ot Baipy* ohhovo b bji uktpoji ht .

PehTreHoerpyKTypHue m xpm ct hujioonrnw o c k n e Hcunetfi b.thuh iioku3:i- 
j!M, wvo pacupejieji enne uMpKomw no bmcotb npoAyKTa hcoahopojiho . 'pH 
onTHMaabnoM peaHwe ( TeMnepaTypa 62(fC, KaTOAnaH iuioanocTb to ku 
0,3•I0', A/m*") KtiTOAHUe CHJIHBU HMBK1T ( HO AAMitiM XllMll'iCCKOTO H ptiH-- 
tfehooTpykty])tioro anannaa) no -Neo-re cji eziyiuuinii uoctbu: B«pxnm'i tv.on 
coAepwH-j Maco.Zz ( ZzZn^Z^Zn^; cpo/iH.-iii coAepMir ~ I'Pf
waco. Zz ( ZvZng+ZzZnm+Zn) n hh^hhh coagp^ht /v3,‘># mucc .
Zz ( ZL%Znf<j+ Zn) ► HepiioAiiMt km otagjuzh Bepximtt cnoP, bobmowho no- 

jrywbTb ojieK'fpcviHTiweckme hmhk—MMpicoHMeBUB orvibbu (25- 26# mhco. 
Z% ). Hp9Aji0i<eH0 nepeMeiDMiariMe kstoaq, wto lioaBOJiMT ytj-aji mm nib co- 

.nepHAHMC- UMpKOHMff B OtibOMe acero CIWHBH AO 3 Oi ilBCC .



ilr-ii'knCH; MiJU'JK CJIK.iCrPOwlMM’HTCKMX ■ T ) -V TXOh M HCnorii>30BA?^E
aJIEKTPO^OB C BFJC0K0PA3SMTOR nOEEPXHOCTLD.

M.C.Mri#^iHOB,C. A.EpofeeB,A ,M.JIeBMH,Jl.A.y;nKOB,A,B«MepeHKOB, 
B.'t .Co.'lOBhf'B.

MHTXT m"u. M.B.JlOMOHQOOBa.
Oahhm wn caMbtx cymecTBeHHUx Her,ocrf;Tkob KAace.MtecKoro *3AeK- 

TpOJIMBa B paCTBOpaX M pacn.TIttBaX BBJIPeTCP MX HM3KQ« CKOOOCTb, 
otiycJioBJieHHiH npoToKaKView njieKrpoxw'fw^ecKMx pc a hum ft Ha noBep- 
XHO'TM paaAe/ia |aa ojieKTpoA-oAeKTpoAMT.npM noBu;iiemtHX haothoc- 
thx Toxa Ha njieKTpoAax Haprmy c ochobhkm npoueccow Moryr npoTe- 
KlTb HO^OMHUe pGRKUMM,CHW*an%Me BHXO.U, 110 TOKy„

3 Aamiott padoTe cabaana ncnuTKa oneHHTb ueAecocdpaaHocTb 
npiiMCHemiB B.neKTpoAOB c BWcoxopaSBXToM noBopxHcCTbio /3FTI-3J10K- 
rponu/ d e^eKTpoxHMHueoKxx npoueccax.K BPn-oaexTporaM moxho 
othboth tiacuriHue,nceBnoo*cM*eHHUe,cycrioH:jXOH iue 3JieKTpo&n,KOTO- 
p<ie woryT npxMQHHTbCH jvih ocymecTBJiemtfl xax aHo&Hux,T&K m hb- 
toahwx np ueccoB. ’

[IocKOJibKy rtpM pJieKTpojixse pactwaBOB cxopocTM npoueccoB 
3HBWMT&abHo B^rne,mom npw MeK'rpoawoe pacTBopoB,a co3#aHMe BPTI- 
iJieKTpoAOB b pacanaBax cbhsbho go 3 hemm t ga bhumm TexaxMecKHMM 
TpyAHocTHMx,npHMUH6Hne tbkmx sAGHTpoAon b pacnAa»ax BecbMa orpa- 
HHMeno.HaHloAeu HHTepecmie pesyjibTaTU noAyaeHW npK MHreHCH$MK • 
ohm ajieKTpoxMMMMecKoro npouecca nojiyMeHna tmtshobhx nopoimcoB 
ho pacnABBoa c rrpHMeHeHHeM nceaAooxHxeHHoro KaTO^a /!/.

Bo3mokhogth Mcno.ib30BaHHH RH1-3Agktpoaob b pacTBopax 3Ha- 
MKTeJlbHO ll'Hpe,OAHBKO M 3A6Cb MMGDTCH CyiUGCTBGHHHG OrpaHMUeHMH. 
HanpxMGp,B CAy^ae HcnoAbaosaHHH noeBAOoxHxeHHoro kbtoab n^H H3- 
BA9V6HHM pa3AH*iHUX Me T BAA OB BOSHHKaDT TpyAHOCTH B nOAAep*BHMH 
pe*HMa nG9BA00%M%eHMa,TaK KBK 3 HpOUeCOG CAGKTpOAMSa uacca 
’laCTXU yBOAHUMBAeTCfl HCOAHOpOAHO /CyUiOCTByGT rpajOkieHT ItOTeHLUI- 
aj.a no bug ore t'nceBAOoxMMeHHoro cAon/.npH HapyreHHM pexHMa nceu- 
.icoxHxeHMA mbcthuii , nonaBur/e b we*nAGXTpoaHoe TipocTpaHCTbo,pa6o- 
raicT hax dxnoAHpHH# oAeKTpoA»cHHxaH bhxoa no TOKy.KpoMe ?oro*
non MCn0Ab30BaHHM n^eBAOOXHXeHHUX 3AGKTpOAOB HeoGXOAMWa CTBAMH 
noAroTOBKH mcxcahux yacTHU.HpM McnoAbSOBaHMH cycneH3MOHHoro 
:-A6KTpoAa MQAKOAwenepcHbie MacTXuH MGTajuia,oceuKABflCb hb Awaq>par» 
Me,yBej:xTfXL»'irT r m a v o am hrmhqeckon w aneHTpu’-jecKoe conpoTHBAQHHe
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anetiKH A paOOTiiiUT KUrC OMllO.'l/ipiiUii GJItiKipUA ♦
riosTOMy npuMoneiiMe BRI-KaioAOB ad^eKTMBHO b cjiyuae M3B/16- 

utiHHfl pe^Kvix m tijiaropOAHux MBTuji.noB.KorAa ctcmmoctl npc^'KTa 
oKynaer aaTpaibi Ha cobAamte h no;viep*aHMe pc*MMa yjieKTpojiMsa u 
BHl-KaTo^aMH m npii H3BJieqeHHM Mera,ajiOB H3 paadaaneHHLx pacraop jb 
M,ocodeHHO,&..oaorwuecKM oriacatix ripoMCTOKOs /2/#Mcn<\nb30BaHM6 
IiPn-KaTOAOB,no-BMAMMOMy,onpaB;iaHO H B tom cjiyqae,Kor^a .nerKo 
wsroTOBMTb wcxoAHUft Ka?oAHbift uaTepwaji.Tan,b cJiyqse 3JieKTpoxMMM~ 
M8CKOro M3BJIGM0HMH CypbMU M3 Cyjlb HVlHO-ll^ejlOMHUX pacTBopoe, MaTti- 
pwan neebAOOKHxeHHoro KaTOAft mohchg naroTOiiMTb nyTeM wexaHwyec- 
Koro H3Mejib^ei-MH cypbMH.npm-ieHeHHe raKoro DJieKTpoAa na yaciwii 
CypbMbl AMaMOTpOM 2-4 MM npB yJItiKTpOXlriMHUeCKOM BUA@aeWMH CypbMU 
M3 paCTBODOB DBHH OCeAHGHMfl nO3B0J15ieT B 3-4 pa3a yB6.TMi|HTb YAeJlb- 
Hyy npoMSBOAMTejibnocTb m b 5-9 paa CHwawTb ocTa'rowHym itoHnen- 
Tp&UMK) CypbMU.

HaaSoAbuiMfl a^eKT no/iyneH npw ncnojibaoBaHMH BHI-bhoaob npu 
iiirpepa6oTKe otxoaob m BTopwyHoro cupbH,coAep%a^ero pt/ix/e m 
6/iaropoAHue MeTajuiw.npMMeHeHMe ncebAOoxoixeHHoro &hoab npM riepe- 
padOTKy BOJib^paM-HMOdMtiBhix ciuibbob /I-4 % Macc. HModMfl/ noaao- 
jimjio yBeawwMTb npon3BOAMTejibHOCTb nponecca no cpaBHfcnwo c rpa- 
AMUMOHHUM 3JT0KTP0J1M30M B 2-4 paaa M OMMGTMTb BOJIb<tpaM OT HMOdWR 
no KOHueHTpauMM 0,01 St Macc. hmoOhh,

npOBGAeHMe s.ieKTpoJiHaa npM KOHTpo;wpyeMOM bhoahom noTeHUM- 
a/re c Hcno/ib30BaHHeM nceBAOo*M&eHHoro anoAa npn nepepadoTKe 
otxoaob RJiexTpoHHoW npOMUuuteHHocTM, coAGp^aj^MX Aparoi;eHHbie,peA- 
KM6 M UBtiTHUe MCTaJUlhl,nOSBO./IMJIO KOJIMqeCTBeHiiO ptiSAeJIMTb McTannu 
3 2-3 CT3J&MM 3AeKTpOAM3a.ripOUecC xapaKT6pH3yeTCg BtiCOKOfl npOH3HV- 
AKiTeJibHocTbX) n MdBJieueiiMeM p«akmx h d.iaropoAHHx Mera-inoB b ko- 
nexiHMfl npoAyKT He wwae 95%.

fv>

JlH-reparypa.
1. CyyKOB A.B. M Ap« npodJieMU MHTeHcn*HKauHM oneKTpoJiMsa b Me- 

Tajuiypnm. ,M., MeranAyprHfl, 1976.
2, iLnnapHc.OB C.C.,BecKMH A.JI, ,Ho*mkob C.E. TpvxMepHue aJieKTpr'UH 

3 ripoueccax wgBaeyeHHR Merajuioe M3 npoMhiiizjicHHHx ^tokob.
BunycK 3,UHH>II],FF1TMET bkohomhkh h HH-f'opMauMM. ,M,.T987e



HHTSHCM^MKAUHH 3JIEKTP0JIH3A liCt4 B XJIOPHJUMX PACTUIABAX 

B.M.TapmieHKo, B.A.EmtQHKo, JI.M.SapydROKFM

-zlHCTHTyr odinett a HeopraHimecKoit xmtBH AH YCCP

0rp8H$i4CHHan pacTBopiiwocTb TtCf/f b xtiopsuihhx pacmiaeax np@&- 
capex anaqt Hagraie cKopocTa npouecoa kgk npa BOCCTaHOBxeHHB Titfy 
no HH3U1HX xjiopimoB he BcuoMoraT97ibHoM KQTojie c nocxexyiwimM MX 
BoccTaaoBJieHHeM ,no MeTaxna ho oghobhom K«To.ne, tqk a b cxynae 
npexBapwTexBHoro &r>ccT8H0BJieHWfT TiCt/{ jio hh3umx b xonoJiHHTexbHOM 
a^eKTponasepe.

MeTOJIOM PDJlbTOMnepOMOTpkH H3y49HO 3JieKTpOBOOCTaHOJ3.neHHe TiCti,
b pacnxaBox xjiopmob uiajionHux mbtojuiob a ouoneHbi B03Mu«Hocra hh~ 
TeHCH^MKaima BToro npouecca. MexaHasw npocecca ri(iv)-—Ti(lit)-+- 

TiO])-Ti(o) He aaBHCHT ot KBTaoHHoro cocTaDa oneKipoxwTa a aaMe
HflercH npa BBexeuan b pacnxeB $Top-aoHe.

Ha nojiynorpyKeHHbix a norpyxenHUX aneKTpoxax as cTe^noyrnepo- 
xa aayneHh KWHeTRKe aneHTpoBOCcTtiHOBnenafr T/f^e OueneHU reoMSTpH- 
HecKae pasMepu a cKcpocTii npouecoa Ha ?pex$83OB0ft rpaHaue. Taa, 
b pacnjiaBe KCt-MaCE (700°C) mb peaKuaa TiOv)^Ti(ft) % bhcotb nae- 
HKa pacnjtasa - xo 0,1 cm, TOJimana - 4'I0~3cm, npejiexBHOH nxoT- 
HOCTb TOKa JIO 0,2 kJCM2. &7IH UOrpyweHHOrp 3JI6KTpO.ua - 0,02 A/cm^.

HcnuTonu pasna^iHHe KOHCTpyKuaa kbtojiob: aacKnHoR; as boxor- 
HBCToro rpa$ivra; inumHXp, nepeMemajoumfccfl b BepTMKaxBHOtt nxocKoe- 
th; sajiKafi a t,h. B ycxoBRflx coaAaHZR passaTO# Tpex$a30Boft rpaHH- 
m cKopooTb npouecca 3xeKTpoxi*3a T/ff4 ysejm^uiBajiaoB b 2+10 pas.

HccjiejioBaHo BJiemHae asduTo^moro xaBxeHan Til'E^ b raaoBOft $ase 
H8 peCTBOpHMOCTb T(Ct4 H CKOpOCTb 6PO BOCCTfiHOBJieHHH B paQnX8B8X 
LiCt-KCi-CsCf, Afaff-KCt, . CorxaCHO X8HHMX XHMHSeCKOro
aHa/msa pacTBopnMocTb Ti€(4 upbmo nponopoaoHaxBHa PrteeA fl Hfl~ 
TepBaxe 0,1+10 8TM.J 38BHCBM0CTB CKOPOOTH B0CCTaH0BX6HBH Ti€P4 OT 
Pr,fl4 dxasKa r naHeltooft b Jiaanaaone 0,1+5 stri.

IlpoBCjieHH noTeHtiaocTeTHnecKae axektpoxrbh TiCfy npa noTeamt- 
axox npoTeKOHBH poaKtmft nepesapaxa, Ti(tv)+Tt(60, Tt(^) Ti(ft) ft 
paapHjia Ti (fl) Ti (o) a BHucxeHHB mexo^Horo MeTexxa. IIpoaHaxHBR- 
pOBSH C0CT5B 00X653# BSHHLi B BSB2CBSS0CTSL OT ycXOBHt BJieKTpOXH39,

npH 3xeicrpoxn3e TiCf/, b KCf-Afort onpejiaxeHti ycmoBHH noxy- 
48HHff axeKTpOXHTOB KOHUeHTpBpOBaHHUX DO Ti(Sf) H 7U®)+Tf (fi). 
locTRrayTo coxepKaHnea pacaxase mo 40 Bec.% c ycBooKBem 
TiCe^ mo 60 %.



9AEHTPOXHMHHECKHH CHOC OB nOAVHEHHH HHOBHEBWX aIOJICB 
, 3AEKTPOAHTHHECKHX KOH.2EHCATCPOB.

Earyxi nil B . fl. , HeaHoeuKHti A-E. JpaMub a. II, , 
i napXDMeHKD B. 11. , HaHHVHKO H. B.

HucTMTyr dneKTpoxuMHii ypo ah cccn

M^TaniwnecKHA hmo6hi?i nauion unipoKce npuMeneHne » nponaeoAc roe 
o(i MHO - nupnc: TNK aNUAou okchaho -nonynpoBOAHMKOBbix koha<:‘Hc&topob . 
cnocob aaKmwaercH h no/iynfcHHH nopouiKa.npeccc-BaHun TaPn^TOK m cne 
K&HHM MX npH BbEOKOtt TGMUGpaTy p<?. HeAOCTciTKW- CfiOWHOCTb H Tpy&Ot M" 
KOCTb nonyMeHHfl nopouiKa u na/iimne npnMecett o totobom slhojiq .

npH d/ieKi pQXMMHNyCKQM patpMHHpOBaHMH HHObim B pfiCH/Ube Hf bHti- 
PHpyioweM kotoag nouyHaiorcw PjpoNHb*? KoruidKTHb^e occuikh, xupewo cuen- 
ighhug c noA/iowKOfl/1 / , 9to noaeo/imo ham npea/ioauiTb raKow a nocob 
nonyneHHH o6t.GMHo-nopncTbL< anoAOB KoHAencaropoB /2/.

B rab/ntue rtpHoeAenbi xapaKTCpMCTHKH KoHAeKt-aropOB. nu.iyHGHHLix 
no npeArcaraeMOMy cnocoGy ripn KOHneHTpaunit hhoGha b snvHTponme 
3,*5 MacrAe: c-ya• eMKOCTb.mko>/r; iyT^yA- tdk yvtMKM ,Mha/MK*.r.

V,, 700
—
°C

------ -------------
7bO°< ooo^c

A/CM* CMKO>. C’MK(b. Vt . CMK4i. \T.

3 11.0 0.43 - 23.2 0,22

4 9,0 0,55 17.9 0.20 215. 3 0.45

9 0.3 o.5a 11,9 0. 42 17,5 0,36

0 8.8 1.52 10.4 O.L53 16.5 0,43

OnbrtHbie kohaghcaTopbi t bum noABGpniy ibi A/mrejibutw ycnurraniiHM. 
QjpaBjmaafl peaynbTarbi c a jhhiimm no ebnycKaaeMUM koh ag nr.att >pam , n e rn•• 
yfteAMTbCfl, Hro no crab H/ib hoc mth gmkccth oriwuiw? KoiiASHn.iTupt i no 
ycTyndiiOT KOHAOHdaropaM. uaroTOBriGMHbM no nauec mony cnocoby. nee/it 
AwBanMR noKwaanw, nto oahiim ;ia nepcneKTHiiHuix mgtoaob iki ojob.iiohh<? 
cipK Fb/inertiFi ajiy^rpoxHMn1, ?ckhA ciiocoo .

; a h r e p a r y P A
1 . XpfMOB A,T1. .ilLQHfJBCK. A A«E fioT/XTMH B . I!. -SJlOKTpOXMMMUH . 

19ti6,T.21,N O ,C, 002- 604.
2. MB&HObaKHJft A. E. 6 9TVXI MUM B, H. , XpaNi >ft A H- , M?mi> HI i P .B.,

iftapxoMJihko p,n, at. ceim. n t0579^5, \ aw*, xwj r
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MCCJIQ10BAHME CBOttCTB lyTOIUIABKHX MATSFWUIOB
D yCJIOBHHX 3JIEKTP0JIM3A AJlMHHHfl -

Kap tMOB M.H., BopwooraedcKMM D.3., Botkikob M.M.
JleHMHrpaUCKHtt nOJIMTeXHM^eCKMh HHCTWTyT HM6HM M» H# K&JIMHMHa

B HBCTomeM padoTe <5hjim HccJieAoaaHu okmcjih6mocth Tyroruias- 
coeAMHen al , C't C , ^*jV h komtio3MlviR - Q\t

i<HCJiopoAOM Boaayxa. OnpeAeaewo CMawBaHMO sthx TyroruiaBKMX wa- 
'TepnaJIOB KpHOJIHTO-rJWHOaeMHHMN paCIUiaB&MM M ajnOMMHH6M H pact- 
BOpMMOCTb MX B KpH0JIHT0~rJflMH03eMH0M paCIUiaB6.

MccjieAoaaHKe npoBOAMJiocb b MHTepsajie TetmepaTyp 1070# *. 
I380K. YcTaHOBjieHo, wro CKopocTb npouecca OKMcaeHM* wccae&o- 
aaHHhix TyroonaBKHx MaTepwajios onpeAejmeTCfi AM#y3MeR KMCJiopOAB 
vepea okchahhR CAOR. Ha KMHeTHKy OKMcaeHHH dopwAOB 3yuiecTBeH-
H06 BAMHHM0 0Ka3WBa®T BWC0K08 AaBAOHHe nftpOB M OFO CRO-
COdHOCTb odpaaOBUBaTb CTeKiIO$a3W.

flpn vKMcaeHMM KapdMAOB cdpaayivrcfi OKCMAti MQTcuiAa « odora- 
meHHuft yrAepoAHwW CAOR. flpw okmca6hhh hmtpmaob odpaayDTca oi<- 
CMA MSTajIJia M vV(? . npH OKMCaeHMM K0Mn03HRMR^tVi/~t7?C H Wifb'fWlt 
odpaayioTcfli , W#,

Bee MccasAOBaHHHe TyroruiaBKMe waTepwaJiH xoporao ciia^Hbqdtc/i 
KpM0AMT0-raHH03eMHUM pacitnaBOM. KpaeBbie yrau cwaMHBaHMfl npti 
aroM cocTaBAHRT 75,..40°. C yBeAM^eHweM coAepxaHwn rJiMweaewa 
cMaviMBaeMOCTb ynyqmaeTCH.

KpaeBoR yroji cwa^MBaHMa nccAeAOBaHHMX MaTepwanoB amoMKHKOM 
cocTBBJiHeT 100.,. 135°. Ajia yraerpajiMTOBux MavepMauiOB BeawnwHU 
BTMx yrjioB eocTaenaiDT 160°, T.e. npHMQHeHMe TyroruiaBKMX MaTe- 
pMajioB npwBeueT k yaytmieHun CKaweaHMB.

WccaeaonaHMe paoTBopMMocTM TyroruiaBKMX Matepnajira b Kpwo- 
AMTO-PAWHOOfiMMNX paCruiaBaX. npOBOAMAH B M30TepMHUeCKMX yCAOBttflX 
a repMCTMMHwx tiowdax nyren Bwo.ep*KM m nocAeAywijfcR aaKSAKM. 
OTodpaHHHe npodH pacruiaua m &akjmmhma a«EuiM3MpoBajiK Ha coA**p*a- 
Hue TMTaHA. Bee wccAeAOBaHHwe MarepnaJiH nocraTomso ctoRkw b

KpMOJlMTO-T.71MH03P.MHOM paCfUiaae, paCTBOpMMOCTb MX BOapaCTBOT B
pRu.y - Vi (!' - tTkN



BimOTMm.TypHilt Towcowioilmil 3jh5ktpojm3

A. A.OMdJibnyK, 0.r.3apyd[iiuc;ii, B.H.ropda^, .
B. T.Mejiexmi, B.r.By^Uiui:

MucTHTyT odu^eH h HeopraiiiPieoKoii xnr.mr AH ycOP, i\Kiigb

B iiacTOjnuGM oood#WTM ochobu iiobijx ajieKTpoxuMirioc-
kiix npouecooB nojiyneHiui u pa^imirpoBamoi JiorKonjiaBKiix ubqthux mg- 
teuuiob , b ocuoBy KOTopux rio.noixeiiu aaicoiioMepHocTi! Macoonepeiiocn 
nepo3 Tomciie gjioh pacnjiaBviemiux uJiuKTpojWTOb,

OOnapyxeno, hto npa pas.ne.nomm oa/iesoit ii MeTOJuawecKoii qxis 
cnomiajibuiJMii nopnoTur.m ^uGJiGKTpiiKaj'.u!, aepea kotophg ho npocaatt- 
BA6TCH pacnJiaBJtdnmjii MeTajui, o^naico CBodojuio npoiiHKacr paciumB- 
jeiL.uo uojim , ycToiiHimuii o./ieKTpojnia iiadaio^aoTcn npn o^oiib mgjiux 
Mex3JieKTpo;ima paccTomuiyDc, BiuioTb ao (I-0,b)xICf^ m. lUioTiiocTb 
tokb na sjreKTpo^ax npn otom momgt .JiocTuraTb nopnuKa (5-U)xICi 
A/m* dea icopOTKoro saMWtaHHH. Bhxoa MGTajuioB no TOKy b rrpe,uejtax 
oiimdKM onpe^ejienim cooTBGTCTByeT TeopeTiv-cecicoMy. KojnraecTBo oo~ 
jieBoro pacrmaea npu TatxoM a./iQKTpojmae he nrpaoT cyitiecTBGiiMOii po­
rn n rjih odecne^ennH ycToiinirsoro Maceonepenoca MdMjry GJieKTpo^aMM 
Bnojme «ocTaxoHHO 9,'ieKTpoJiiiTa, oo.nepy^unerocn b uopax ahojiqktph- 
Ka. JlaiiHoe odcToareatoTBo odeciio^imaoT 3iia4iiT6JiMioG coixpamemie 
MaTepnajioeMKOCth npouGccoB pa'TiimiipoBamia ubgthhx mgtu'uiob.

yCTBH0BJI8HG TaiOtG, TTO npil Olipti^eJIdmillX yCJICBIIHX TOMKOCJIOit- 
Horo o.TOKTpojmaa nadwtaeToa o.mn.wnaiwn Maeconepenoca c ano;va na 
KdTOA M6TBJUI0B, CHOCOdHUX OdpaaOBUBaTb Iip0M6)KyT04HUe IipO.ItyKTH 
pasiyma-HOHHaamiH, b nacTnocTii, BucwyTa, KajtMim. Odiiapy^emioe 
ffBJieHHe HonoJiBaoBaHo juih paapadorm; nponeccoB paaiinmpoBamm Bnc- 
uyva, pasAesemia cnnasoB oepedpo-cBiiHeu, muW-cypbMa.

OTMeneno, hto no cpaBnenmo o odMHHUM odT>6MHiJM ojieuTpojLiaoM 
pa$KjmpOBanne b tohkhx ojiohx pacluiaBJieiiHux ajiGKTpojnrroB odocne- 
MHBaer yM9ttBiueHne MacconepeHoca upwMecHHx MGTajmoB c aao,na »a 
KaTOA* OpoaHaJH!31!ponaJ?0 B&.ylHHQ paaJIMHHUX tfOKTOpOB (ilkothoctu 
tokb, nopwcTooTK AHa^eKTpraca, paaflejunoinero aJieKTpojtn, aJiGKTpo- 
npoi;o,nHooTM paoiwaaa-a.fleKTpo.nHTa) na Maoconepanoc npinietnmx we- 
TajmoB. yoTaHOBJieno, ito yaejumeiiHe BJie xTporrpcBojxHOc t h paun^ma- 
^a^eKTpojniTa yxy^yuaer k6hggtbo pa#nnpoBamm. flpn Honmuoimir hjio- 
thoctii tokb MaooonepeHOC npHMeouHx r^eraJUTOB yMeiibiuaeToq v GTpe-



mktch k HQKOTopoii DOJiiwiTHO, xapaKToptioti jot itaamoti npmeoH. 
yBGJnTH8HH8 MC/.n jigkt poju i c ro paccTOHiiiftf yxymiiaeT nonasaTejm pa$n- 
rntponamui. Ha npraviepe pa$wmipoBaHi«T hhjxmh onpejiejiena Kpa'-’iocTB
OqMCTKK OT pgJia M9TAJl/LOB-IIpHM6C8ft lipTI TOIlKOCJIOtitiOM aJI0KTpOJUI3e. 
jdaHHoa Bejmmia xnpaKTepiiayeT oTiioiiiOHwe KOHueiiTpanwiJ npro.iecH B 
ifcxojrjioM i! 0Tpa(J)i'D r irponam i om MOTajuiax aa ojuty ortepaumo ojigktpo- 
juiaa npn aauaHiiux yoJioBWHx it cfyiKCHpOBatiHOM kojbto6ctb8 nponymen- 
HOPO 3JI0KTpi:M9O7Ba. OTMUHGliO, HTO B CJiyHa© pa^VTHVipOBaHHH totoMfl 
M8TOSCM TOHKOCJIOflHOrO 3JIGKTpOJm3a OHa yMGHBMaeTCH B p<my:MTK6JIB, 
MUJJb, OJIOBO, GBHHQU, ICaJU^il , TaJUMti.

PaapadoTona mojiojil ToiiKocjioimoro a jiqitTpoxuroraecKoro peaKTo- 
pa n Macconepenoca He pea tomkiio cjioh pacnjiaBJieiiHHx aJiGKTpojnrroB.
B ocHOBy Mojuejm noJioxteHW anajma MarepMajiBHoro danaiifca hotokob pa- 
famiipyoMoro w npuMecHux MeTaJuios Meamy aJieicTpojiaMH. npmtHTO, hto 
MacconepeHoc ocymGCTBJweTca kbk aa chqt 3m, vaic m aa ctot 
MMrpaHKM HOHOB B IIOJ10 nOCTOrtHHOIX) TOKA* BKJiajl KOHB8KHTTH B MAC Go­
ne p© HOC H0P03 TOHK1TQ GvTOH paCIUiaBJfQHHUX 8JTO KTpOJIMTOB npAKTMH0CKH 
OTCyTCTByuT. 3TO OdyCJIOBJIGIlO OCOdGimOGTBMM paaneJIBHHH KHUKKX M9- 
TaJunmecKnx $aa ajreKTpojtoB. IioJiyHeHo ypaBHOinie, onncHBaroutoe pac- 
npe Ji0.ro hito mg TajuiOB-npiiMe c oii Mesjcy a jig KTpoj^aMH , npw 3tom npintHTU 
bo BunManne peanumi o6mokh Ha wesw^aaHHx rpanimax auuucnfl mgtbjui- 
-oojibboM pacmiaB. , v

i£i|
„ , c"

rjie C , C - KOHueHTpamm npmoch Ha kqtojiq h Ha anoflo oootbgt- 
ctbghho; <S - pG.imima, xapaKTepnaynmafi Tojummy nopwcToro jmaJie- 
KTpmca,8ro nopwcTccTb; I *- iuiothootb TOKa; #, - aJieKTponpoBOA -
hoctb pacruiaBa~3Ji8KTpojmTa; Z? - nocTommaH, yHHTUBamw KOHOTQHTy
OdMGHHWX pQaKJIldt.

llaynemiHG npoueccn h ycTaiioBJieHHHe aanoHOMepHOCTti nojroKGHH B 
ociioBy pnaa TexHOJiorwMocKitx uponoccoB, KOToptie b nacTOjnuee bpgmh 
ocBoeHH b npoMHuweHHOCTH.PaapadOTaH h bhgjqpqh b npaKTiocy gseTHO# 
:.ieT£LfLTypntH npouGCc pa^nHiTpoBaim/i mimra mbto^om TOHKOCJioiftioro 
DJI0KTpCOT3a.

3LTGKTPOJIH3 B TOHRKX CJIOflX pOCIUiaBJIGHHHX aJIGKTpOJTHTOB HO Cpa- 
BHemro C OdTbGMHHM OdGCneHHBaGT CHHXeHHO 3H0prO- K MaTQpHfiJIOeMKO0- 
TH, IIOBUIflGHHH KpaTHOCTH OHHCTKH SB OJtHy OnepaiTO).
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BffliflHMB JIOBABOK KAFBHfiA BOPA HA KOPPQ3H9 
kmmrni B PAGIUIABE CsCt~Ja%

repacBMOBa A^»,n]apj^xoB H.Te.Osepmiaa M.H.fPaq XLB^Cghtbwob G tM,

B HacTQftmeft pado/ye mocjiQ^oBaHo Bjamnae xodaBOK wajicrpacopi&o 
m r 'Sfpy^ojBicconHiipysjmffiro ooeameima - KapdMjtta dopa sa 9jw.Tpo>ai 
M&meooKoe: noBejtemte; ajimmpnm b pacimaBjeHHafi gBueuwiecKan ameer:: 
XJiapiMos aesmr h Ha*pa*u

AjidmuhhSBaa otipasm* as fyoxhm A999 tojepeo# 0,2 - 2o?»f’ *
b T6Hem$e & % BMfiepsHBajrs b pacruiaBJieHHotf aBTeKTimeoKovi cmqch. 
XJmpswm aesaa a HaTpitH, cojtepxameft no Macca 0,02; 0,1; 0,2 a 
0,8 % B^C, non aTMOo^epofi aprona npa TeMnepaifypaz 81 CL 855 u 900 K 
nepHOjgpaneoKB (napes In) CH#iam anojpHe nojiapHsarpiomw tcmbu:'; 
b raJTBBaHocTaTEtneoKOM pemse*

OKaaEBaevoa, n?o flajse Heanana'sreJiBmie Kommeora* KapK5M,ita dopa, 
SodaBJiaeworb b xJtopamaifi: pacmiaB, bjesott Ha xapanvep aHOflaux ncm, • 
paaameoHHHz kphbhx ajmmmm <pac»)» CTBnBOBaptrafl uomiw 
hm HeaHanimjtmHo oMeyaetoH b OTopcwy nojeoravejiLHHx ananas®!! in& 
20-25 mB), MeBHevcH n HatuiOH nojmpjssarpioHBoK kphboSp yttfiatmaa &a 
aaamiietiae OTananss oeuraateram hohqb ajonaraBi, Koropaa npmdJimeup^Ji 
k ipen, Hexo*ropoe BSMeHeHBe OTaqaoRapHutx noTemJW&HOB b xo&a no<Mr

pgo, Ah>*rhb raMaBooTATEnecHaie npuBHe hb bjmsihbh npm BIO K 
b &$& +*M*0£ o aodaMBHieit : 1-0; 2-0,02; 3-0,J; 4*0,2; 
5*3,3 % co Maooe
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piidamEOHKKx kphbux cbh8rho o odpeaoeannQM na uobqpxhocth ajizmnas 
ero dopanoB h KapdBaoB. nponaseBeHHaK ouqhks TepMoairaaMHHeoKOil 
BepoHTHCtora odpasoBanaH nonodHHx ooesmiemcl noKa3UBaea%tto as® 
peaniOT bosmoshh, &e%CT%%T&%&Ho* xKMiviecKP$ anajms nojiyqeKHMx 
njienoK na a--B3MHiD4H, up on 3 bg-bqhhh$ motobom Ose-eJieKTp0hhoK onempCH 
CKomm he Oie-MHKpo3ohbb " 'Jamp I0-31 w «• jyvaMeTpoM soima 5 a 
TOO mkm, Baer irpacyTOTBae b ehx a dopa, a yrjiepoaa, ^aaoaufi cooma 

: neuoK aaBBOB? b oohobhom m TemepaTypu C TadJtu). . *
‘ Taduzniuga

JtfM&VQCKMfo CGOTBB UpOJiyKTOB :C0pp03H35 aJBOMSlHEH
vs paoiuiaae' «* 3^0

HodsLBKa B^Op 
% no rg&cce

0,2

OJieWQHT 810 K 855 K 900 K

B
C
0
AI

12,4

32,6
54,8

3,3
8,5

34,6
51,8

33,8
25,6
39.1

0,3 B 8,6 3,5
C — 3.1 -
0 38,5 35,6
AI 56,2 56,6

IlpH 810 K b noBepxHooTHHft c/ioS ajmmMEB BHejtpHetCH dopt memm 
npQ^CV^TOB K0PPO3BH COCTOBT H3 dOpKQR adMMHIflM, npX 856 K B 1ZJIBHR0 
odHapyaem a dop, a yiviepo*, a npa 900 K - npeHuymeoTBerao yraepoa 
b ana* Rapdwi ajiDMHHMsr* Tojnnwra njiesoic aocTHraav 0,2 - 0,8 wau 

3HaneHI!H CKOpOCTK KOppOSHH, paCC^KTaHHBie pa3JE0X^HBGK aHooomx 
cojiHpHsauKojrHHx kpkbbx, npH bctox TmeiepaTypax yMeraynaarcs up* yae- 
jraenna KOKueHTpamut napdeum dopa b paoruiase, ywiemmemEe oKopocvs 
Kopposax nadjraaaeicH h npa noBumeraei rearepaiypH, Bepofrroo, ksr 
cjreacTBiitt dojiee bhcokbx bbiuhthhx oboJIctb Kapdaaa ajmiHHHs no 
opaBHenmo c dopyjtoM ajnoMMHitoo Bemnaaa cKopocm Koppoaait amimmtft, 
OFTpejTeji9Hffii<? c.nocodawa paajioxeHHH noJiapasaunoiiHHx kpkbhx h aatOTpar- 
ncjmmm jtmhb#hhx ynacTKoa nojiHpaaauHOHHOtl Kpsmoltn
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