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1. BaeneHirn 

no,ll H8PITpOHOrpa«,1-1eP1 B peanbHOM MaClllTaC5e speMeH11 <HPMB) no

Hl-1MaeTCR l-13YY0Hl-1e HepaBHOBeCHOro COCTORH11R B KOH.ll0HCl1POBaHHOA 

cpe,lle C nOMOlllbKl pacce.AHl1R HeRTpOHOB Henocpe.llCTBeHHO B XO.lie 

penaKcam-11-1 3TOro COCTORHl1R K paBHOB0CHOMY. HeATpOHorpa«,11.A RB

nReTCR Ml-1KpocKon1-1YeCKl-1M MSTO.llOM l13YY6Hl1R CTPYKTYPbl semecTsa, 

11, TaK11M oC5pa3oM, xo.ll npouecca MoxceT C>b!Tb npocnexceH Ha. aToM

HOM YPOBHe. 8 3TOM OTHOlll6Hl111 803MOJCHOCTl1 HeRTpOHHOro 11 peHT

reHOBCKoro 11n1-1 Cl-1HXPOTPOHHOro 113nYY9Hl1R, TaKxce IIIHpOKO np11Me

H.AeMbIX ,llnR HaCinK>.ll9Hl18 nepeXO,llHblX npoueccos, 3KB11BaneHTHbl. Ho 

HPMB coxpaHReT see .llOCTOl-1HCTBa, np11cym11e HeATpOHaM, npexc.lle 

scero cnocoe5HOCT.b "811.llSTb" nerK11e aTOMbl BC5nl1311 TmKSJlblX 11 pa3-

m-1YaTb l-130TOnhI :;ineMeHTOB, YacTO np11 nocTaHOBKe 3Kcnepl1M6HTOB 

B peanbHOM MaCWTa(5e speM8Hl1 HeManosaJCHblM i»aKTOPOM RBn.AeTCR 

BbICOKa.A npOHl-1KaK>maR cnocoC5HOCTb HSRTpOHOB. 

HeRTpOHOrpa«i1-1YeCKl16 3KCnepl1M8HTbl B pel<:11Me peanbHOro speMe

Hl1 HaYan11 pa3Bl1BaTbCR B T0Y6Hl16 nocne,llHl1X 10-15 neT (CM. 0(5-
/1/ 

30p ) B OCHOBHOM Ha BblCOKOnOTOYHblX 11CTOYH11Kax HeATpOHOB. 8 

Ka'4eCTBe np1-1Mepos npoB6.ll8HHblX 11ccne.llOBaH11A MOJCHO Ha3BaTb 

l-13YY6Hl18. Xl-1MHY0CKHX peaKU11A B TBSP.llOA i»a3e ✓2,3/, npoueccos 
/45/ 

1130TOnHoro oe5MeHa ' , npouecca nepeKnK>YeHHR nonRp113au1111 

cerHeT03J10KTpHKa/f,/. penaKcauHH HaMarHHYSHHOCTH B cnHHOBOM 

CTeKne/'?/. 

MacwTaC5 xapaKTepHblX speMeH, .llOCTYnHblX .llnR 113YY0Hl1R, cyme

CTBSHHO pa3n11YaeTCR B 3aBl1Cl1MOCTl1 OT Toro, RBnReTCR npouecc 

socnpoH3BO.llHMblM HnH HST. llnR socnpoH3BO.llHMblX RBneHl1R .llOCTYnHbl 

speMeHa nopRZlKa 1□-3c, KaK npH nepeKnK>YeHHH nonRpH3aUHH KPHC-
' /6/ -4 

Tanna NAN02 , H naxce 10 c, KaK s cnytiae cnHH-(l)non nepexo.zia 

B HMnY n.bCHOM MarHHTHOM none B KpHcTanne CR203 /8/. B 3THX 3KC

nepHM0HTax HHllCHRR rpaHHUa speMSHHoro pa3peweHHR B03HHKaeT B 

OCHOBHOM · 113-3a HeonpeneneHHOCTeA npH B03.llSACTBHH nepeKn1>tia1>

lllHX HMn:Yn.bCOB Ha KpHCTanJJ. CTaTHCTHYSCKaR TOYHOCTb H3MepR6MblX 

cneKTPOB 3aBHCHT OT YHCJJa noBTOpeHHA npouecca H MOXC8T C5b1Tb 

KaK yro.llHO xopoweR. -,.-& .... t C J>-



B cn:YYae Heo6paT1-1Moro npouecca, Hanp1-1Mep, TaKoro. KaK 

XHMHYSCKa.R peaKUl-1.R, ero Ha6m>.naeMOCTb onpe.zteJ1.R0TC.R :YCJ10BJ.10M 

ts«T, r.ne T-xapaKTepHoe speM.R npouecca, ts-speM.R H3MepeHH.R 

OllHOro cneKTpa C llOCTaTO'-IHblM llJ1.R ueneA 3KcnepHM0HTa :YPOBHSM 

cTaTHCTHKJ,1. 8eJ1J,1'-IJ.1Ha ts 3aBHCHT OT noTOKa HSATpOHOB B neps1-1y

HOM n:YYKS, nnoma.n1-1, pacce1-1saK>meA cnoco6HocTH 06pa3ua • .ztpyr1-1x 

IJ)aKTOpOB (CM. HHlCe), 1-1 llJ1.R Ha1-16onee CB6TOCHJ1bHbJX HePlTPOHHbIX 

.ztHIJ)paKT,OMSTPOB Ha CTaUHOHapHbJX peaKTOpax COCTaBn.ReT 5-15 MHH 

<D1B Ha peaKTope HFR s ILL rpeHo6nb /2/. nJ.1CK Ha peaKTope 
/9/ 

MP-8 B J1A3, MoCKBa ). 

CpaBHSHJ,16 no CB6TOCHJ1e HeATpOHHbJX .ztHIJ)paKTOMeTpOB C MOHO- . 

xpoMaTOPOM Ha CTaUHOHapHblX peaKTOpax J,1 llHIJ)paKTOMSTPOB no spe

M0Hl1 nponeTa(nBn> Ha J1Mn:YJ1bCH1,JX · 11cTOYHl1KaX HSATpOHOB B OC>JIISM 
· /10/ 

CJ1:YYae noKa3bIBaeT npeJ.1M:YJ116CTBO nocne.ztHl1X , HSCMOTp.R Ha TO, 

YTO cpe.ztH11A no speMeHH noTOK OT CTau110HapHoro peaKTOpa 00J1bW6 

no KpaAHeA Mepe Ha .ztBa nop.R.ztKa. nn.R 3KCnepl1MSHTOB B pelKHMe 

peaJ1bHOrO Bp9M9Hl1 OCHOBHbJMl1 IJ)aKTOpaMl1, n03B0J1.RK>JIIJ.1MJ1 Ha nsn 

pe3KO :YBSJ1J,1YJ1Tb CKOPOCTb HaOopa .ztaHHbJX, .RBJ1.RK>TCR CJ10lt:YK>JIIJ1e: 

OTC:YTCTBl1e npe.nsapJ.1T9J1bHOA MOHOXpOMaT113au1111 nyYKa HSATPOHOB, 

napanneJJbHa.R per11cTpam1.R .z:taHHblX B OOJlbWOM HHTepsane DHKL J.1 

OOJlbWOM TSJ16CHOM :Yrne, B03MOlKHOCTb 11cnoJ1b30BaHl1R o0pa3UOB 

00J1bWOPl nnoma.z:111. 8 pe3:YJ1bTaTe np1-1 HCCJ16ltOBaH111-1 OltHHaKOBblX 

npoueccos-Ha D1B <ILL. rpeHoOnb) 1-1 Ha .z:t111J)paKTOMeTpe no speMe

HJ.1 nponeTa nH-2 Ha 11Mn:YJ1bCHOM peaKTope J15P-2/11/(0J18M, n:YOHa) 

speM.R 113MepeHl1.R .z:tHIJ)paKUHOHHi,JX cneKTpOB BO BTOPOM CJl:YYae OKa-

38.JlOCb np11MepHo Ha nop.R.z:tOK MSHbWS (CM. pa3.z:t0J1 3.1). 5onee 

Toro. KaK noKa3aHO s/
12

/. Ha M5P-2 J.1M08TC.R npJ.1HU1-1n11aJ1bHaR 

B03MblKHOCTb 113MepeHJ.1.R HSATpOHOrpaMM OT O.z:tHoro J.1Mn:YJlbCa MOJII

HOCTJ.1 peaKTOpa. 1-1 B 3TOM CJ1:YYae cneu11aJ1bHa.R opraHH3aUJ.1.R .z:teTe

KTOPHOA Cl1CT9Mi,J no3BOJ111T 11CCJ19.z:tOBaTb Heo6paTl1Mbl0 npouecc1,1 C 

BpeMeHHblM pa3peweHl19M .t:.U:::300 MKC. TaKoe pa3peweH1-1e B .z:tJ.11J)paK

UJ.10HHblX 3Kcnep11MeHTax .z:tOCTl1lCHMO noKa TOJlbKO Ha caepXb.RpKJ.1X 

J.1CTOYHJ1Kax CJ.1HXPOTpOHHOro 113J1:YY9HJ.1.R. 

8 HaCTO.RJ110A paOoTe pacCMOTp0Hbl B03MOlCHOCTJ,1 1-1 oco(5eHHOCTJ.1 

npoBe.zteHH.R .z:tJ.11J)paKUl10HHblX 3KCnepHMSHTOB Ha HeATpOHHOM .z:tHIJ)paK

TOMeTpe llH-2 Ha HMny JlbCHOM peaKTope J15P-2 11 npe.z:tcTaBJlSHbl pe-

3:Y J1bTaT1,1 HSKOTOpblX llCCJie,n;oaaHBH. 

2 

,.· 

l 

.I 

l 
I 

I 
1 

I 

l 

I 

2. MeTO.z:t HPMB Ha J.1Mn:Y JlbCHOM J.1CTOYHl1K8 HSATPOHOB 

v1HIJ)OpM8.TJ.1BHOCTb .z:tHIJ)paKU110HHOro 3KCnepHMSHTa B peaJ1bHOM 

MaCWTa6e BP8M8Hl1 onpe.z:t8Jl.R8TCR B OCHOBHOM TPSM.R xapaKTep11c- . 

THKaMJ.1: 

- CBSTOCHJlOA, T.8. B03MOlCHOCTbK> llOCTl1lC8Hl1R 'HS0<5XO.z:tl1MOA 

BBJll-1YJ.1Hbl ts• 

- lll1ana30HOM O.z:tHOBPSMSHHO per11CTP11P:Y8Mb!X dhkl, 

- pa3pewaK>meA cnocooHocTbK>, T.e. aen11Y11HoA .t:.d/d. 

PaCCMOTPJ.1M COOTBSTCTB:YK>Jlll18 B03MOlCHOCTl1 .z:tl11J)paKTOM8Tpa no ape

MBHJ.1 nponeTa nH-2/
13

/ Ha 11r.iny JJbCHOM peaKTope J15P-2. 

fl111J)paKT0MeTp pacnono:teeH Ha 6-M KaHane J15P-2 Ha paccTORHl111 

24 M OT aKTJ.1BHOA 30Hl,J peaKTopa. n:YYOK. HSFITPOHOB Ha o0pa3U6 

IJ)OpMHp:YBTC.R 1130rH:YTblM _3SpKaJ1bHi,JM HSPlTpOHOBO.z:tOM .z:tJJl1HOPl 19 M C 

pa.ztl-1:YCOM Kpl1B113Hbl 1200 M, CSYSHJ.18 HSATPOHOBO.z:ta Ha BblXOZlS 

1.5x18 CM • np11 OC>b!YHOM p8%11MS paCiOTbl peaKTopa - cpSZlHRR 

MOJIIHOCTb 2 MBT, YaCTOTa 5 ru, Cp8ZlH11Pl nOTOK TSnJlOBblX HBPlTpo

HOB c noaepXHOCTJ,1 3aMB.z:tJlJ.1TBJ1R OKOJ!O 8 · 10
12

H/cM
2 
/C, nOJ1HblA 

0 

noTOK HBPlTpOHOB Ha o0pa3U8 B Z1Hana30HS l!Jll1H BOJlH 1-20 A 

COCT8.BJ1RST it> 0 :::::::10 
7 

H/CM
2 
/c. <l>opMa 11Mn:Y JlbCa TBnJlOBb!X HSATPOHOB 

.RBJlRBTCR CBBPTKOPl HMn:Y JlbCa (51,JCTPblX HSPlTpOHOB 11 lb:YHKU1111 

OTKJlHKa 3aMe.z:tn11TBJ1R 11 np11 A> 2 A npe.z:tcTaBJ1RST coe5oA 0Jll13KOB 

K raycc11aH:Y cnerKa 8.Cl1MMBTPl1YHOB pacnpeZ16J16Hl1B C W11pJ.1HOA Ha 

noJ10B11H6 Bl,JCOTl,J l:.t=320 MKC. Pa3p6Wal)J118.R cnocoC5HOCTb .z:tl11J)paKTO

M8Tpa B nepBOM np116J1J.1lC8Hl111 onpezien.RBTCR ZlB:YMR cnaraSMblMl1 

Cl:.d/d)
2

=Cl:.t/t)
2

+Cl:.0/tg0)
2

, (1) 

r.zxe d - MSlCnJlOCKOCTHOB paccTORHl18, t=606. 6 · L · d • si nC 0) - non

HOB BpSMR nponeTa n:YTl1 LOT 38.M8ZlJlJ.1T6J1R ZlO ZlBTSKTOpa, e-yron 

5p3rra, .t:.e-yrn0B1,JB Heonpe.z:teneHHOCTl1 npouecca pacceRHHR, csR-

38.HHbIB C KOJ1Jll1MaUJ.18Pl nepBl1YHoro n:YYKa, pa3MBpaMl1 o(5pa3ua J.1 

anepTypoA .z:tSTBKTOpa. Pa3pemeHl16 y Jl:YYW8.6TCR C YB8Jll1YBHl16M e, a 

np1-1 IJ)J,1KCl1p0B8.HHOM e C YBSJ111Y6Hl18M d, .z:tJlR e50JlbWl1X yrnoB pacce-
0 

RHl1R (0?!::70 ) OHO npaKTl1Y6CKl1 paBHO nepBOMY cnaraeMOMY B (1) 11 
C 

COCT8.BJ1R8T l:.d/d=O. 026/d, r.z:te d B A. TaKOS pa3peme1me no3BOJ1R
. 0 

ST YBSPSHHO pacm111J)pOBl,JB8.Tb HSPlTpOHOrpaMMbl C d ?!:2 A, YTO o(51,1y-

HO ZlOCT8.TOYHO np11 J.13:YYSHHH XHMHY6CKJ.1X peaKUHPl. 

3 



BaJCHhlM MOMSHTOM B opraHH3aUHH HPMB Ha .ztH(l)paKTOMSTpe no 

BPSMSHH nponeTa RBJJRSTCR B03MOJCHOCTb C nOMOlllbll HSC50JlbWOro 

•mcna .ztSTSKTOPOB OXBaTHTb BSCb HSOC5XOllHMhJPI HHTepsan MSJCnnoc-
0 

KOCTHhlX paCCTORHHPI. TaK. npH pae50T8 B llHana30H8 1.5-8 A (HaH-

C5onee HHTSHCHBHaR YaCTb cneKTpa HSPITPOHOB Ha llH-2) Bcero .ztBa 
0 0 

llSTSKTOpa. nocTaBJJ8HHhl8 Ha yrnax pacCSRHHR 160 H 20 • no3Bo
o 

JlRDT per11cTp11poBaTb llH(l)paKUHD B HHTSpBane OT 0.8 llO 24 A. 
0 

nocTaHOBKa llOnonHHTSJlbHhlX llSTSKTOpOB Ha ManhJX ("'-1-3 ) yrnax 

.ziaeT B03MOJCHOCTb napaJJJJSJlbHO C llH(l)paKUHOHHblMH perHCTpHpoBaTb 

cneKTpbl Manoyrnosoro pacceRHHR HSPITPOHOB. KaK H3B9CTHO. 3TO 

n03BOJlR8T nOJJYYHTb HH(l)OpMaUHD O KpynHOMacwTaC5Hh!X HSOllHOPOll- . 

HOCTRX pacceHBanmeA cnocoe5HOCTH B8lll9CTBa. llnR llJ111H BOJJH 
0 

1.5-8 A xapaKTepHble pa3M8ph! HaC5JlDlla8MhlX HSOllHOPOllHOCTSA coc-
o 

TaBJJRDT OT 10 llO 100 A. npH H3YY8Hl1H nepeXOllHh!X npoueccoB 

perHcTpau11R Manoyrnosoro pacceRHHR no3BOJJReT onpellSJJHTb Mo

MSHT B03HHKHOB8HHR 3apOllhlWSA HOBOA (l)a3bl, OUSHHBaTb 11X pa3Mep· 

11 lll1HaMl1KY pa3B11THR. 

D1@ ...... _ I i : ~-------,.._.... _.., _ 
_ L-t-~•--r-....: __ 

::::::::::i----- I I I I -02® 

PMc.1: CxeMa ·.,wcnep1-1MeH

T<::1 c ne·-1bn CBl·1l1 csepxy). 

01(20=160°) 11 02(2t)=20°) -

ll8T8KTOpb! HenTpOHOB. 

Ha PllC • 1 noKa3aHa CXSMa npOB8ll8HHR 3Kcnep11M~HTa. B XOllS 

KOToporo oC5pa3SU HarpesaeTCR B neYH, HM8J:llll8A C50JlbWOA BHYTPSH

HHA OC5b8M H C50JlbWH8 BXOllHOS 11 BhIXO.ztHOS OKHa. KOTOphle 3aKphJBa

DTCR. npo3paYHblMH .zlJlR HSATpOHOB 3KpaHaMl1. lleTSKTOpbl D1 11 D2 

pa3Meman~CR Ha yrnax pacceRHHR 160° 11 20°. ~11CJ10 HSATpOHOB, 

per11CTp11pyeMb!X O.ztHHM ll8T8KTOpOM, SCTb 
0 . 

I= w
0

•S• 4~n•6, (2) 
r.zie S-ceYSHl18 OC5pa3ua. 0-TeneCHblA yron llSTSKTOpa. 6 - sepoRT

HOCTb pacceRHHR Ha OC5pa3ue. Ha C50J1bWOM yrne perHCTpaUHR pac

CBRHHoro nYYKa B03MOJCHa C593 .zionoJ1HHT8JlbHOA KOJlJlHMaUHH. T8J18C

HhlA yron ll8TSKTOpa D1 paBSH 0.013 cp H B CJlYYae H30TpOnHoro 
. z 

pacceHBaTSJlR C 6=0.2 nnoma.ztbll 10 CM D1 (5y .zt8T perHCTPHPOBaTb 
4 

"'-3·10 W'C. 3TOA B8JlHYHHOPI H onp8ll8J1R8TCR HHTepsan t.s cneJCSHHR 
4 
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3a XOllOM npouecca. llnR coxpaHeHHR YMepeHHOrO pa3peweHHR llS

TSKTOp D2 HCnOJ1b3YSTCR ~ llOnOJJHHTSJlbHblM KOJlJlHMaTopoM, H era 

TSJlBCHhlPI yroJJ CYlllSCTBSHHO MSHbWS, YSM Y D1. OllHaKo. BCJ18llCT

BHS Toro. YTO CTPYKTYPHblB (l)aKTOphl llH(l)p~KUHOHHblX nJ-1KOB C MaJlbI

MH HH.ztSKCaMH MHJJJJSpa OTHOCHTBJlbHO. BSJJHKH, perHCTPHPYSMM HH

TSHCHBHOCTb OC5b!YHO llOCTaTOYHa llJlR HllSHTH(l)HKaUHH (()a3. Ha PHC • 2 

noKa3aHbl llH(l)paKUHOHHblS cneKTpbl B oC5nacTH C50JJbWHX dhkl, H3Me

peHHhl9 llSTBKTOpOM D2 B npouecce CHHTS3a YBazCU30x· 

(001) d=l 1.95 

-¢· 
~~ 

..,_'b-::. 

..,_tb~ ❖~ 
r:.,,"">.z..❖ 

P1-1c.2. nocnel!OBaTBJ1bHOCTb 

LU!(llpaKW·10HHblX cneKTpOB, 

M3M8p8HHoR B XOll8 CMHT83o. 

YR'I :P-'30 )( Bl!o.111:. oc11 spe

MBHl-1 pacnOJ10.iKeHO 60 l(J,1(1)

pa1<m10HHblX cneKTpOB, Ka)l(

,1bll;1 IT~ KOTOpblX l-13M8pr!J1CR 

5 MMH. !lOK<:l.3c!H He6om,won 

Y '-1,3.CTOK H8r1TpoHorpa.MMbl B 
0 

l)fiJk'ICTl·1 d=l-Z A. 

8 XOllS 3KcnepHM9HTOB B peaJJbHOM MaCWTaC5e Bp8M8HH perHCTpH

pyDTCR C50J1bWHS OC5b8Mhl itaHHblX .• Tvirrn:trHbIH 8KCnepv1MeHT , ,IVIRII1v!MCR He

CKO~oKO traCOB C BP8M8H8M v!3M8p8Hv!R O~Horo cneKTpa ts=I-3 Mv!H, 

C '11cnOJlb30BaHHSM 2-4 llSTSKTOPOB. noCTaBJJRST "'-1 MC5aAT HH(l)OpMa

UHH. lln.R 88 HaKOnJJBHH.R H aHaJJH3a pa3paC50TaHO CnBUHaJ1bH08 3JJS

KTpOHHOS H nporpaMMHOS oC5ecneY8HHB/
14

/. B HaCTO.RlllBB Bp8MR KaK 

BSllBHHS 3KCnepHM8HTa. TaK H nOCJ18llYlllUHA aHaJ1H3 .ztaHHblX ocyme

CTBJ188TCR C nOMOlllb~ nepcoHaJlbHOA 3BM Knacca PC/AT~a36. 

nporpaMMbl oC5paC5oTKH HH(l)OpMaUHH no3BOJ1RJ:lT BhlnOJJHHTb pa3HO

oC5pa3HblS THnbl npocMOTpa cneKTpOB 11 -HllSHTH(l)HKaUHll .ztH(l)paKUHOH

HblX nHKOB no dhkl' npocne.ztHTb HX 3BOJJDUHD BO Bp8M8HH. onpezte

m1Tb OCHOBHbl8 xapaKT8pHCTl1KH nHKOB (nOJJOJCSHHS, nnomazu~. mHpH

HY), BblflOJJHHTb CTPYKTYPHblA aHaJ1113 no MSTO.z:IY PHTBSJlb.z:16.. 
. 5 



3. 3Kcnepl1MSHTbl B p8JCl1M8 HPMB Ha .ztl1(1)paKTOM8Tp8 nH-2 

B XO.ztS pa3B11Tl1.R MSTO.zta HPMB Ha flH-2 c5blnl1 BbinOnHSHbl 

MH0,0'-111CneHHbl8 3KCnepl1MSHTbl, HOC.Rm11e KaK TSCTOBb!P!, TaK 11 

(1)11311'-18CKl1A xapaKTSp. H11ice paCCMOTPSHbl nocTaHOBKa 11 pe3ynbTaTbl 

HSKOTOpblX Ha11c5onee T11nl1'-IHblX 113 H11X. 

3.1. X11M11'-!ecKa.R peaKU11.R r11.ztpaTau1111/15/ 

8 pac50T8✓2/. BbinOnHSHHOA Ha D18 B Ill., c5bln 11ccne.ztoBaH npo

uecc r11.ztpaTau1111 O.ztHOA 113 COCTasnm:>m11x USMSHTa - Tp8XKanbU11S

BOrD am)Ml1HaTa Ca3Al t'6 ( KpaTKOS Oc503Ha'-!SHl18 - C3A, r.zte 

C=GaO, A=Al203 ). HeATpOHOrpaMMbl 113M8p.Rnl1Cb c t.,s =6:-12 Ml1H 

no311U110HHO-'-IYBCTBl1TSnbHblM .ztSTSKTOPOM OllHOBPSMSHHO B m11pOKOM 
0 0 

11HTepsane yrnos pacce.RHl1.R (.ti.e=so • 1-.7~d~9.6 A). AsTopbl .ztan11 

OUSHKY Bp8MSHl1 nonypacna.zta 11CXO.ztHOA (1)83bl B npouecce peaKU1111 

( t.,1 /2 < 0.1 '-I ) • YCTaHOBl1n11 (l)aKTbl c5onee c5blCTporo 11C'-183HOBSHl1R 

C3A, no cpaBHSHl11) C no.RBnSH118M CTac511nbHOA ,11.ztpaTHOA (l)a3bl 

~AD6 (D=D,f>), 11 OTCYTCTBl1.R .ztl1(1)PaKU110HHOA KapTl1Hbl B npOMSJCY

TO'-IHOM 11HTSpaane BPSMSHl1, Ha OCHOBaHl111 '-18,0 c5bln C.ztenaH np11H

u11n11anbHblA Bb!BO.zt O B03Hl1KHOBSHl111 KOHS'-IHOA (l)a3bl 113 aMOp(l)HO,O 

COCTO.RHl1.R pear11py1>meA CMSCl1. 

p93ynbT8Tbl Hamero 3KCnepl1MSHTa c5blnl1 nony'-!SHbl B llBYX 113MS-
o 

peH11.Rx np11 cne.ztY1>m11x ycnoa11.Rx= 1) yron pacce.RHl1.R 112 • Macca 

cyxoro aemecTaa 8 r. t..s =40 c. 4 Mn D
2

0 a Te'-!eH11e 3 c 3an11aa

n11cb s KOHTSAHep c5e3 nocne.ztY1>mero nepeMem11aaH11.R s Ha,'-lane 
0 

Ch8MKl1 BTOporo Ka.ztpa 113MSPSHl1R. 2) yron pacceRHl1R 40 • Macca 

cyxoro aemeCTaa 6 r. t..s=10 c. oc5pa3eu B a11.zte naCTbl, nony'-leH

HOA nepeMem11saHl18M B T8'-18Hl18 20 c CMSCl1 nopomKa 11 3 Mn D20· 

CTaa11ncR Ha nY'-IOK HSATPOHOB Ha 60-A CSKYH.ztS C Ha'-!ana np11ro

TOBnSHl1R nacTbl. 8 oc5011x cny'-!aRK nnoma.ztb oc5pa3Ua COCTaBJ1Rna 

OKono 6 cM
2

, KOHT8AH8pbl c5blnl1 113 an1>Ml1Hl18BOA (l)Onb,11, 113M8p8Hl1R 

nposo.zt11n11cb (593 TSPMOCTaT11poaaHl1R np11 KOMHaTHOA TSMnepaType. 

HeATpOHorpaMMbl cyxoro aemeCTaa 11 KOHS'-IHO,O npo.ztYKTa ,11.ztpaTa-
0 

U1111 COOTBSTCTBOBan11 113B8CTHblM .ztaHHb!M= np.rp.Pa3. ~,=15.263 A. 

z=32✓l6/ 11 np.rp.Ia3d. a=12.47 A. z=s/17 /. 
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3Kcnepl1M8HT, B KOTOpOM. KOHTa~ D20 c CY.X11M C3A npoHCXOlU'Ul .• B 

npouecce ChSMKH (.ti.t..=40 c). no3aon11n Hac5n1>.ztaTb Ha'-!anbHYD. c-ra
.ztHD peaKUl-111. Ha pl1C.3 npe.ztcTaBnSHbt Y'-laCTKl-1 HSATPOHOrpaMM 1. 

4, 6 11 8-ro Ka.ztpoa; nepBb!Pl Ka.ztp COOTBSTCTBYST CYXOMY. C3A, 8-A 

11HT8pBany Bp8M8Hl1 240-280 cc MOMSHTa 3Ml1BK11 D20. CpaBHSHl-18 

HSPlTpOHO,paMM nOK83b1B88T • '-lTO YJCS K 120-t::, CSKYHllS (4-t::, Kazlp) 

.ztl1(1)p8.KU110HHbl8 n11Kl1 OT 11CXO.ztHOt::, (l)a3bl notJTl1 HC'-IS3al>T. napan

nenbHO C 11X 11C'-183HOBSHl18M noRBnRl>TCR 1111C'-18381>T nHKH. HS np11-
o 

Ha.ztneJ.:am11e Hl-1 C3A, Hl-1. C3AD6. HanpHMSp. nHK c d=2.69 A noRBnR-
0 

STCR B 4-M Ka.ztpe 11 11C'-18388T B 6-M. n11K C d=2.5 A SCTb TOnbKO 

B 6-M Ka.ztpe 11 T • .zt. Ha HSATpOHorpaMMS 8-ro Ka.ztpa y.ztaSTCR no'-ITH 

ace Hac5nD.zta8Mbl8 lll1(1)paKU110HHbl8 n11Kl1 npo11Hll11Ul1POB8Tb Ha OCHOBS 

pemeTKH C3AD6. XOTR 11X HHTSHCHBHOCTH ems HS nonHOCTbl> COOTBST• 

CTBYl>T K8.PTl1H8, nom,''-lSHHOt::, B KOHUS 3Kcnepl1MSHT8 (cnyCTR 8 '-1) • 

~E~t\5~a! 

P11c.3. Het::,TpOHOrpaMMbl, 113-

MSpSHHblS B XOllB nfllp8.T8.UH11 

C3A- YKa3aH HHTepaan Ch8MKl1, 

OTC'-ll1T6.HHblt::, OT Ha qana · 3an11a

Kl1 BOllbl- llnR 8-ro Ka.ztpa YKa-

38Hbl nonoiceHHR 11 11Hll8KCbl 

M11nnepa n11KOB, COOTB8TCTBY1>

m11e C3AD6. 

BpeMSHHhl8 3aBHCHMOCTl1 nonHOA 11HTSHC11BHOCTl1 pacce.RHl1R 11 HH

TSHCl1BHOCTH HSKOTOpblK lll1(1)paKU110HHblK nHKOB noKa3aHbl Ha p11c.4. 

Ha npe.ztCTaaneHHblX 3aB11Cl1MOCTRX MOll:HO Bhl.zt8nl1Tb HSCKOnbKO xapa

KTSpHblX speMSHHblK Y'-16.CTKOB. 8 11HTepaane o< t..< 2 MHH npoHCXO.ztHT 

no'-ITl1 nonHoe 11C'-l83HOB8Hl18 nl1KOB OT cyxoro C3A, H6.'-ll1H6.J:>T B03-

Hl1KaTb n11K11 npoMSlKYTO'-lHblX Kp11CTaJml1'-l8CKl1X (l)a3. xopomo Ha<Sm:>

ll6.8Mbl8 annOTb .ztO t..=4 M11H. C 3TOro MOM8HT6. H8'-111H6.STCR oc5pa30-:

aaHl18 CTac51-mbHOA 111llP6.THOA (1)6.3bl C3AD6. BnnOTb llO t.,~ MHH 

npoHCKOllRT cpaBH11TSnbHO c5bJCTpb18 H3M9H8Hl1R .ztH(l)paKUHOHHblX cneK

TPOB, CBfl36.HHhl8 C npo.zton1:a1>mHMCfl (l)OPMHPOBaHHeM KOHS\IHOA g)a3bI, 
7 
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P11c.4. 3aBl1Cl1MOCTh nonHOF1 11HT8H

C11BHOCTl1 (1) 11 11HT8HCl1BHOCTl1 lll1-

Q)paKU110HHblX nl1KOB OT Bp8M8HH .ztml 
0 

11HTepsana 1. 93SdS2.06 A (2) 11 1 

1.81SdS1. 93 A <3). 3a n:'/HKTHPHoA 

n11Hl18Pl - TO'-IKl1. 113M8p8HHbl8 cnyc

T.R 8 .'-I nocne Ha"1ana r11.ztpaTaU1111. 

nanee Hae5m)ztal>TC.R nHmb H83H6.'-IHT8nbHbl8 MSllnSHHblS 113M8HSHH.R. 

lln.RlllHSC.R llO KOHU6. 3KcnepHMSHT6. (8 '-16.C). 
. 0 . 

B H3MepeH1111 Ha ManoM yrne pacce.RHH.R (20=40 ) c t, s =10 c 

HaC>nD.ztanocb B~3Hl1KHOB8HH8 xapaKTSpHoro itn.R C3A06 peQ)neKca 

(211) c d=5.13 A. fio.RBJTSHl18 HOBOPl Q)a3bl, T6.K %8 K6.K 11 B npe.z1bl

llYlll8M cnyqae. npo11cxo.z111no Ha 5-Pl M11HYT8 KOHTaKTa B8Jll8CTB6. C 

BOllOPl 11 HOCHJTO CK6.YKOOOpa3HblF1 xapaKTep. 

no p83YJTbTaTaM 3KCnepl1M8HTa MO%HO c.zteJTaTb cn8llYl>lll118 BblBOllbl= 

- pacnan 11CXO.ztHOF1 Q)6.3hl npaKTHYSCKH 36.BepmaeTC.R 36. BpSM.R 2 MHH. 

- KOH8'-IH6..R Q)a3a B03HHK6.8T Ha 5-Pl MHHYTS KOHT6.KT6. C3A C 020 

CK6.YKOOC5pa3HO, 

- B HHT8pB6.JT8 1<t.<4 MHH HSPlTPOHOrpaMMbl conep:xtaT C50JTbID08 YHcno 
. . 

ll11Q)paKUHOHHblX nHKOB. C>hlCTPO 113M8H.Rl>JllHXC.R no 11HT8HC11BHOCTH 11 

nono:1KeH111>. 

T.o., Mam11 P83YJTbT6.Tbl .ztal>T 6.JlbT8PH6.T11BHYD no OTHOID8Hl11) K Bbl-
. /2/ 

BO,llaM paC50Tbl TpaKTOBKY npouecca. a 11M8HHO! r11.z1paTH6..R Q)a3a 

oe5pa3y8TC.R qepe3 nocnenosa TSJTbHOCTb npOMS:XCYTO'-IHblX MST6.CTa

C511JTbHblX Kpl1CT6.JTJTH'·l8CKHX COCTO.RHHF1. 

3.2. X11M11YSCKa.R peaKUHR C11HTS3a 

nocne OTKpblTH.R BblCOKOTSMnepaTYPHblX csepxnpOBOllH!-iKOB CSOJTb

moe BHl1M6.Hl18 C>bIJTO Y .ztSJTSHO npoueccaM. 11llYllll1M np11 11X Cl1HT838. 8 
OCHOBHOM 11cnonb30BaJTl1Cb MSTO.ztbl OTA 11 TGA. a TaK%8 p8HTrSHOB

CKl1F1 aHaJTl13 npOMSJ:YTO'-IHblX Q)a3. nOJTY\fSHHblX B pa3J111\fHblX sap11aH

.TaX BHSIDHHX YCJTOBl1F1 C OCT6.HOBKOPl peaKU11H 11 CSb!CTpOPl 36.K6.JTKOPl 

npoitYKTa. 
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Mbl npl1MSH11Jll1 HPMB llJl.R 11CCJl8llOBaHH.R npoueccos Cl1HT836. HSKO

TOpb!X BTCfl-MaTep11anoB (11TTpl18BhlX 11 B11CMYTOBblX KepaM11K). pe-

3YJlbT6.Tbl KOTOPblX '-!aCTl1YHO onYC5JJHKOB6.Hbl s/18
/. 3KcnepHM8HTbl . 

npOB8ll8Hbl no cxeMe. 1130C5pa:xceHHOF1 Ha p11c.1. np11 Cl1HT838 

YBa,£u30x oe5pa38U npe.ztcTaBJJ.RJl coC5oF1 CTSXl10M8Tpl1Y8CKYI> CMSCb 

J.-1CXOllHblX KOMnOH8HT Y 203, BaC03 11 CuO B l<OHTSPIHepe 113 nn~nmo
BOF1 (l)OJlbrJ,1 B (l)OPMS napannenen11nei:ta C pa3MSpaMl1 1.5x0.5x4 CM • 

TeMnepaTypa B neq11 nnaBHO no.ztH11Manacb OT KOMH6.THOF1 llO 940°C 

3a ..... 5 '-I' llH\'l>paKUHOHHblS cneKTPbl 113MSP.RJ111Cb HenpephlBHO C ls =5 

Ml--1H. npH 600°C Ha'-laJJOCb oe5pa3oBaHH8 OCHOBHblX npoMSJ:YTO'-IHblX 

(Pa3 3TOA peaKu1111: BaCu02' Y ~aCu05 11 Y ,£,U~5- ct>opM11posaHl18 

\'l)6.3bl 1-2-3 HaYaJlOCb np11 870°C C OllHOBP8MSHHb!M YM8HbIDSHl18M co

llSPJ:aHH.R npoMBJCYTO'-IHb!X. (l)a3. nol\pOC5H08 paccMOTp8Hl18 Xl1M11'-I8CKHX 

acneKTOB npouecca npoBBllSHO B /13/, 3ll8Cb Mbl amiJTl1311PYSM TOJlb

KO KOHS'-IHYI> cTallJ.-11) psaKUHH: KHH8THKY oC5pa30BaHl1.R 11 CTPYKTYp

Hb!S xapaKTBpHCTHKH (l)a3bl 1-2-3. 

J.13 lll1(1)paKUHOHHb!X cneKTPOB OT llSTSKTOpa 02. coi:tep:xtam11x n11K 
0 

(001) c d=11. CJ3 A T8TparoH6.JlbHOF1 \'l)6.3bl YBa,£,u306 (p11c.2), MOJ:HO 

onp8ll8Jll1Tb ero HHTerpaJJbHYI> HHTSHCHBHOCTb, 113M8H8Hl18 KOTOPOF1 

xapaKT8Pl13Y8T pOCT COll8pJ:6.Hl1.R (l)a3bl 1-2-3 B pearnpynmeA CMSCH 

(p11c.5). T.K. npl<I t.~225 M11H <T~9J0°C) peJ:HM peaKUHH no'-ITH 

H30T8PMH'-18CKHF1. MOJ:HO npoBSCTH aHaJJH3 KHHSTHKH HllYlllSPl peaKUHH. 

KaK noKa3aHo B paC5oTe/ZO/ (MeTOllbl OTA 11 TGA), B03MOJ:HblMl1 Mexa

H113MaMl1 MOrYT C5b1Tb Tp8XM8pHa.R lll1\'l)\'l>Y3l1.R 11JlH B38.11M0ll8F1CTBl18 Ha 

rpaHl--1U6.X p6.3ll8Jl6. (1)6.3. 8 nepBOM CJJY'Iae' J111HSF1HOF1 BO BPSMSHH 
. 1/3 2 

llOJl:XCHa C5bJTb (l)YHKUH.R C 1-(1-y) l • r.z1e Y - llOJl.R HOBOF1 (l)Q.3bl B 
1/2 

oe5pa3US. BO BTOPOM - (l)YHKUH.R 1-(1-y) • ecm-1 peaKUH.R HllST Ha 

llBYM8PHblX (UHJlHHllPl1'I8CKHX) nosepXHOCT.RX pa3ll8J16. (1)6.3, HJTH 
1/3 /ZV 

1-(1-y) • SCJTH nosepXHOCTb pa3.ztSJla C(l)SpHYSCKa.R • CooT-

B8TCTBYl>llll18 36.BHCHMOCTH np8,llCT6.BJ18Hbl Ha p11c.e. 113 KOTOPhlX 

BHllHO, YTO H6.11JlYYlllHM oe5pa30M 3KCnepHM8HTaJTbHbl8 TOYKH onl1Cb1Ba-
1 /2 

l>TC.R ypaBH8Hl18M Kl=1-(1-y) ' YTO llJl.R HTTPH8BOF1 KSpaM11Kl1 oT-

B8Y6.8T 11 ll6.HHblM paC50Tbl/ZO/. XOT.R H8Jlb3.R noJTHOCTbl) HCKJll)'IHTb 

B36.11MOll8PICTBl1.R (l)a3 Ha C(l)Spl1'-18CKHX nosepXHOCTRX pa3ll8J16.. 

nocne Toro KaK conep:xtaHHS (l)a3bl 1-2-3 llOCTHrno MaKCHMYMa. 

npHMSCb llPYr11X (l)a3 <Sb!Jla yi-;e H83Ha'Il1T8JlbHa, OK8.36.J10Cb B03MO%

HblM BbinOJTHHTb CTPYKTYPHb!F1 aHaJTH3 no MSTOllY PHTB8Jlbl(a. 
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t,min/5 

PHc.5. 3aBHCHMOCTb conepxaHHR 

0.00 1, 11 I ,®,Q.9,1,~,. I I 11 11 I 111 1111 I 111 11 ii I 

40 44 46 52 56 
t,min/5 

P11c.6. 3aBHCHMOCTb OT BPBMBHH 
1/3 2 

(r)YHKUHA C 1-C1 -y) J Co) , . 

60" 

1/2 1/3 1-C1-y) C ) H 1-C1-y) C ) 

(r)a3bl 1-2-3 B CMBCH OT Bp8M9HH. y=I Ct,) /I max· 

0H noKa3an. '-IT0 nony'-leHa 1l8ACTBHTBnbH0 TBTparoHanbHaR (r)a3a 

YBa£,U306+6 c 6:::::0.02-0.04 H HSOOnbmHM ]l8(1')HUHT0M MBllH B no311-

UHH Cul· <n<Cul)=0. <Jj). 8 HBATP0HorpaMMaX npHCYTCTBOBanH llBa 
0 

nOCTOpoHHHX ]lH(l')paKUH0HHblX nHKa npH d=2.11 H 1.83 A. 8B81l8HH8 

B Ka'-IBCTBS BT0p0AcJ)a31,1 MBTannH'-IBCK0A M81lH no3son11no on11caTb 

HSATp0HorpaMMY nonHOCTbl) (p11c.7). p93ynbTaTbl aHanH3a np11sene

HJ,1 e TaC:Sn11ue 1. 

Flle : 11rS8.tllll_ "811 : 897 Nin : ~ 

LJ 
t.361 

L-1.J 
1.8411 

L-1.J 
2.531 

t I t t t I t 
3.124 3.7117 
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P11c. 7- ZlH(r)paKUH-

0HHblA cneKTP TST

paroHanbH0A (r)a3bl 

YBa2cu3o 6 np11 

T=9l¼0°C. noKa3aHbl 

3KcnepHM9HTanbHl,IB 

TO'-IKH, paCC'-IHTaH

HblA npo(r)Hnb H 

pa3HOCTHaR KPHBaR. 

8p8MR H3M8P8HHR 

5 MHH. 

I 

·I 
) 

I 

TaKHM oC5pa3oM, npHMBHBHHe HPMB no3BOn1-1no BLmonHMTb Henpe- · 

PLIBHLUl ,llHIJ)paKUHOHHWl KOHTpom,.. XO.zta CMHT83a .KepaM11KH ._YBa,£,u30x 

1-13 HCXO.ztHLIX KOMnOHSHT • ~npe.z1em1Tb 38KOH. KHH8THKH . oC5pa30B8.HHR 

npO.ztYKT8. pee.KIU1H 11 nposeCTH ero CTPYKTYPmlPl .8.H8.Jll13. .B '-laCT

HOCTH. OKa33nocb. 'iTO Ha nocne.ztHBf'I e1:a.zt1111 p88.KUMH .B03Hl1K8.9T 

B B11118 OT.ztBnbHOPl (l)a31,1 M9TannH'i8CK8.R MBZII>,. npH O.ztHOBP8M9HHOM 

ee .zt8(1)HUHT8 B n03111UHH Cul CTPYl<TYPl>I 1-:-2-3~ 

TaC5n11ua 1. 4)aKTOPhl 3anonHBHHR. KOOP.llHH6.Thl .aTOMOB 11. napaMeTphl 

pemeTKH YBa,£,u306 npH T=940 °c. t.s =5 MHH <np.rp~P4/mn;µrt). B 

CKOC5Kax - CT8.H.zt8.PTHLl9 OTKnOHSHHR. Bhlpa:a:eHHhle B B.ztHHHU8.X noc

ne.ztHB~ 3H8.'-16.WBPI UH(l)p1,I. R_..p H Rexp - B3BBW9HHLIA. 11 Oltl1.zt8.8Mhlf'I 

R - IJ)aKTOpl,I. 

ATOM n X y z 

y 1 0.6 0.6 0.6 

Ba a 0.5 0.6 0.6 

Cul 0. g.s{3) 0 0 0 

Cu2 1. 98(3) 0 0 0. 360(1) 

01 0. 04(2) 0 0.5 0 

02 2 0 0.5 0. 379(1) 

03 1. 92(2) 0 0 0.152C1) 

--
0 

a A 
/ 0 

3. 916(1) R..,p 0.0447 

b,A 11.95&3) Rexp 0.0458 

3.3. npouecc 1130TOnHoro oC5MBH8. B n11n11.ztHLIX MYnbTHcnORX 

0.ztHOfl 113 HaHC5onee CYWBCTB8HHWX. OCOOOHHOCTBA B38.HMO.l19ACTBl1R 

H8PlTPOHOB C BBWBCTBOM RBnRBTCR 38.BHCHMOCTb BepoRTHOCTH. pac

ceRHHR OT 1130TOnHoro COCTaBa cpe.nw. OcoC5eHHO RPKO . 3TO npoRs

nRBTCR BO B3aHMO.l19ACTBl111 C · B0.llOPO.llOM H .ll8AT8Pl18M - KOrepeH

Tlihl9 ·.ztnHHW paCCBRHHR ,llnR 3Tl1X 1130TOnOB -~ 11 ho PaBHLI. COOT

E39TCTB8HHO. -0.374 11 0.665 B 9ZlHHHUax 10- CM. np11MepaMH K11-

HBTH'i8CKHX 3KcnepHM8HTOB. OCHOBaHHblX Ha C5oni.moA '• pa3HHU8 MBJ.ZlY 
11 



bi-I }1 ho· RBn.RDTCR Ha<.5nDZl8Hl1R 3aM8lll8Hl1.R H20 Ha Dz) 11 o(5paTHO B 

KOnnareHe, M11enl1H8 11 MYnbTl1naMennRpHb!X n11m1Z1Hh!X CTPYKTYpax. 8 
'-laCTHOCTl1, B pa(5oTe0 /, BhmonHeHHOA Ha llH-2, (51,mo noKa3aHO, 

'-ITO npouecc 3aMemeH11R C 0ZlHOBP8M8HHhlM 113M8H8HH9M ypOBHR enax

HOCTl1 RBnReTCR cnOllCHhIM, T.0. COCTORl!ll1M 113 H8CKOnbKl1X CTaZ111A, 

pa3nH'-laDl!ll1XCR nocTORHHhlMl1 Bp0M0HH. Ha'-lanbHYD, caMYD (51,JCTPYD, 
- . 

cTallHD B 3THX 3KCnepHM8HTax Ha<.5n1>Z1aTb HS Y Z1anocb, (51,ma nHWb 

Z1aHa OU8HKa, '-ITO ee nocTORHHaR Bp0M8HH <.5nH3Ka K 1 MHH. llse 

nocnellYDlllH8 CT8llHH npoTeKanH C xapaKTSPHhlMH speMeHaMH 3-4 MHH 

11 10-30 Ml1H. Hx KOHKP8THaR B0fll1'-111Ha 3ae11cena OT Ha'-lanbHOrO 11 . * 
KOH0'-IHOro YPOBHSA snalCHOCTl1. Mb! BhmOnH11n11 3KCnepl1M0HT no Kl1-

H0T11K0 1130TOnHoro OOMeHa B nl1n11llHhlX MYnbTl1CnORX 113 (l)OC(l)aT11-

llHJlXOn11Ha-(l)oc(l)aTHllHnrn11uep11Ha (4>X: qir, CT8Xl10M8TPl1R 1: 1), oc

HOBHOA uenbD KOTOporo (51,mo Ha<.5nD.ll8Hl18 Ha'-JanbHOA CTa.ztl111 npo

uecca. 0(5pa38U B B11ll8 HaHSCSHHhlX Ha noKpOBHOS CTSKnO 

(24x24 MM ) Opl18HT11POBaHHhIX cnoee CM8Cl1 n11n11.ztOB nOMSl!lancR e 

repM8Tl1'-IHYD KaMepy C OKHaMl1 113 anDM11HH8BOA (l)Onbrl1. Bna:KHOCTb 

B KaMepe 3a.ztaeanacb noMSl!l8Hl18M B H88 KDB8Tbl C TKaHbD, CMO'-leH

HOA B TR:l!CS~OA 11n11 nerKOA BO,ll0. 3aMeHa OllHOA KDB0Tbl Ha .ztpyryi, 

npo11cxo.zt11na e Te'-leH11e "-1 c, (593 coo<.5meH11R c BHSWHef'I cpe.ztof'!. 

MOlCHO npennonol!Cl1Tb, '-!TO 113M8H8Hl18 KOnl1"18CTBa D20 B o(5pa3U8 

B npouecce 3aMeHhI H
2
o -> □2o <11n11 H2o np11 o<.5paTHOM npouecce) 

(5y ll8T npo11cxo.ztl1Tb no 3KCnOH8HU11anbHOMY 3aKOHY T .e. 
-t/T 

m( t) = M · < 1 - e ) • 

rz:te t - apeMR, npowe.ztwee c Ha'-lana npouecca, M - cooTBSTCTBYST 

Maces BO,llbl B HaCbllll8HHOM COCTORH1111, T - xapaKT8PH09 epeMR. 

nocKOnbKY nonHblf'I CTPYKTYPHhn:1 (l)aKTOp n11n11.ztHOro (511cnoR MOllCHO 

npe.zicTaBl1Tb B B11ll8 CYMMbl F,r==FL+Fw• r.zte FL 11 Fw - CTPYKTYPHhl8 

~aKTOphl n11n11.ztHOf'I 11 BO,llHOA '-laCTef'I, a Fw "- m(l), TO. 3aBl1Cl1MOCTb 

FT OT apeM9Hl1 ,llOnllCHa <.5b!Tb TaKllC8 3KCnOH8HUl1anbHOf'I: 

F (l) = F + F ·s-l/T 
T oo 1 

rne F 00 11 F 1 - HEJKOTop1,1e KOHCTaHTbl. 

Ha p11c.8 noKa3aHhl 3aBl1Cl1MOCTH OT Bp9M9Hl1 11HTSHC11BHOCTl1 

nepeoro nopR.ztKa lll1(1)paKU110HHOro 0Tpal!CSHl1R OT MYnbTl1CnOR 
0 

(d~O A), 113MSPSHHb19 C ls =2 C B T8"18Hl18 nepBhlX 250 C npouecca. 

* 3Kcnspl1MSHT BbinOnHSH np11 Y'-laCTl111 A.H.TIYH8B11'-la. 
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P11c.8. 3aBl1C11MOCTb OT epeMSHH 

HHTerpanbHOf'I 11HTSHC11BHOCTl1 

n11Ka (001) OT MYnbTl1GnOR 

4>X:~f B XOll0 npOUSCCOB OOMSHa 

nerKOA BOZlhl Ha TRJi:SnYD H 

oopaTHO. CTpenKOA noKa38.H MO

MSHT CM8Hhl cpe.zu,1. 

YB8nH'·lBH118 11HTSHC11BHOCTl1 npH 3aMSH8 H20 Ha DzO COOTBSTCTBYST 

YB0nl1"18Hl11) CTPYKTYPHOro (l)aKTOpa 3a C'-IST (5onhW8A .ztnl1Hbl KOre

peHTHOro pacceRHl1R y D20. np11 OTCYTCTBl111 3(1)(1)8KTOB 3KCTHHKU1111 
1/2 

FT "" ! ., r.zte I - 11HT8HCHBHOCTb nHKa, 11, CJlS,llOOOTSnbHO, 

3as11CHMOCTb lnlF<t)-F00 I noni:Ha <.5NTb nHHSAHOA ao apeMeH0. 3Ta 

(l)YHKU11R nnR o<.5oHx npoueccos noKa3aHa Ha pHc. 9, 113. KoToporo 

B11.llHO, '-ITO n11HeAHOCTb ll9ACTBl1T8JlbHO 11M80T MSC~O. H3 HaKnoHa 

npRMhlX onpe.ztenm>TCR B9fll1'-111Hhl T(H->D) 11 T(D->H), KOTOpble OKa-

3an11Cb paBHhlMl1 92 11 71 C COOTB8TCTB8HHO. 

I ~_,.1-
100 

IO" 

20 40 60 10 100 120 1'0 110 110 t,HC 

P11c. 9. fpa(l)l1Kl1 1 n I FC t.) -Fm I .ztnR 

3aBl1CHMOCT8A, noKa3aHHblX Ha 

PHC.8. 

MTaK, B 3TOM 3Kcnepl1MSHT8 <5blJ111 onpenenSHbl noCTORHHbl8 epe

MSHl1 Ha'-lanbHOA CTan1111 npoueccoa 3aM8Hhl nerKOA BO,llbl Ha TRZSJlYD 

11 o<5paTHO B J1Hnl1.l1HOM MYJ1bTl1CJ108 113 ~X: 4)f. 0Ka3tlJ10Cb, B '-16.CT

HOCTH. '-ITO nen<aR eona BblTSCHRST TR:CSJlYD 36.MSTHO <5wcrpee. 
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3.4. 83a11MoneP1cTa11e sonopona c YBafu
3
o

7 

OnHOPI 113 OCOC58HHOCT8Pl HOBOro BblCOKOTSMnepaTYPHOro CBepx

npoBOllHl1Ka YBafu307 RBJlRSTCR ero BblCOKaR peaKUl10HHa.R cnocoC5-

HOCTb B3al1Monef'ICTBl1R C ra30BblMl1 cpenaM11. 8 H8CKOJ1bKl1X pae50-

Taxa2-24/ YKa3bIBaJ10Cb, B '-laCTHOCTl1. Ha Cl1JlbHYD nerpanaum> 

YBa,;ftJ307 np11 B3al1Monef'ICTBl111 C sonoponoM,a TaKJCS Ha T8Tparo

HaJ1113all}11) pemeTK11 1-2-3. npo11cxonRmY1> np11 aropacTaH1111 KoH

usHTPaW111 BHsnpeHHoro sonopona. YTOC5bl nOJ1Y'-111Tb nononHl1TSJ1bHbl8 

naHHbls oo 3TOM npouecce. MhI npennp11HRn11 11ccnenosaH11e B3a11Mo-
/2:j/ 

ll8ACTBl1R sonopona c K9P8M11KOA 1-2-3 c noMOmbD HPMB 

MccnsnoaaHHblA oe5pa3SU COCTORJl 113 3Sp8H ~a MM
3 

11 noMsmancR 

B KBaPUBBOA TPYC5Ke B ns'-lb. 3Kcnepl1MSHT C5bm npoaeneH B TPl1 

CTaW·U,t. CHa'-lana aonopon nponycKanCR '-leps3 oCipa3eU np11 KOMHaT

HOA TSMnepaTyps. 3aTSM TSMnepaTypa nonH11Manacb C np11MSpHo 

nOCTORHHOA CKOPOCTbll (AT/At.=5rpa.zt/Ml1H) ,llO 350°C. llanse aono
pO,ll C5blJ1 3aMSHSH Ha aprOH, H oopa38U Cib!Jl HarpsT no 700°C.' 

np11 KOMHaTHOA TSMnspaType (1-42 Ml1li. 3KCnep11MSHTa) • KPOM8 

H83Ha'-111TSJ1bHOro YBSJ111'-18Hl1.R.H8KOrspSHTHOPI nonnoJCKl1. H3M8H8H11Pl 

n1-11»paKUHOHHblX cneKTpOB HS npo11cxon1-1no. no.ztb8M TSMnepaTYPbl 

npo11cxon11n B 11Hrepaane c 42 no 114 Ml1H. OC5pae5oTKa cnsKTpoa no 

MSTOllY P11TB8Jlblla nana 3BOJ1DUl1D BO Bp8MSHl1 napaMeTpOB CTPYKTY

pb!. TaK,Ha p11c.10 11 11 npencTaBJlSHbl 3aceneHHOCTb KHCJlOPOllOM 

no311U1111 04 11 pa3MSpbl 3J18M8HTapHOA .R'-18AKl1. 0TM8'-18HHO,o B/2
4

/ 

YM8Hbm8Hl1R opTOpOMCil1'-18CK010 pacmenneHl1R B H8W8M CJ1Y'-18S HS 
1.0 ~-----------, 3.95 

n(04) i;i._ · 
09;{Q G;J C!l ID 

• \ 1 tJEllel, B9J \ 
0.6 

0.7 

0.6 

[!I (ii 

3.90 

3.85 

bo 
3.80 

~ 
b 

~ 

0.5 1,' '''''''I''''''''' I''''''''' I 3.75 1, I I I I I'' I I I I I''''' I,·, I I'' I I Id 

0 40 80 120 
t,min 

P11c.10. 3BOJ1DUl1R BO Bp8M8H11 3aCSJ1SH

HOCTl1 n0311Ul111 04 B CTPYKType 1-2-:3. 

Ha <;0-A Ml1HYTe (Ha'-lano ps3Koro cnana 

3aCSJ1SHHOCTl1) TeMnspaTypa 220 °c. 
14 

0 40 80 .120 
t,min 

PJ,ic.11. To JCS. '-ITO Ha 

p11c.10. HO nnR napa

MeTpoa 3J18MSHTapHOA 

R'-18PIK11 1-2-3. 

HaC5nD.ztanocb, no KpaAHSA Meps. no MOMSHTa neKOMn03HU1111. Ha 

p11c.12 noKa3aHbl KaK l»YHKU1111 BpSMSHl1 <11, COOTBSTCTBSHHO. TSM

nepaTYPbI) conspJCaH11s <t>a3bI 1-2-3 B oopa3us. BSJ111'-111Ha HSKors

peHTHoro l»OHa. nonym11p11Ha n111»paKUl10HHblX nl1KOB 11 KOJ1H'-19CTBO 

HOBOPI l»83bl. KOTopaR. KaK noKa3an aHaJ1H3 • .RBJ1R9TC.R MSTaJ1J1l1'-ISC

KOPI Menbl). no noCT11JC9Hl111 TSMnepaTYPbl 220°C Bee napaMeTpbl. 

npenCT8BJ18HHbl9 Ha p11c.10-12. OOHap:YJ:HBaDT 38MSTHb18 113M8H8H11.R. 

AH8J1113 Gn9KTPOB no MSTOllY P11TB8Jlbna DOKa3aJ1. '-ITO Ha 3aKJ11)'-111-

T8JlbHOM 3Tane peaKU1111 semsCTBO. Haxon11mesc.RB KPl1CT6,J1J111'-18CKOM 

COCTO.RHHH. MOJCST Cib!Tb npsitCT8B.llSHO K8K OCibI'-IH8..R CTPYKTypa 

1-2-3. e5e3 np113HaKoB n0Kan113au1111 sonopona. 11 Menb. np11 noc

T11JCeH1111 350°C neKoMn0311UH11 nonssprnOCb OKOJ10 80¾ HcxonHof'I 

CTPYKTYPbI. 

8-,-----------~-;i;-, 

6 

4 

2 

20 40 60 60 100 120 
t,min 

P11c.12. To JCS, '-ITO Ha pHc.10, nnR 
mHpHHbl ll111J1paKU110HHblX nHKOB(◊), HB

KOrepeHTHOA ((>OHOBOA nonnoJCK11 (o). 

conspJCaHl1R B oe5pa3US POMC5H'-18CKOA 

(tla3bl 1-2-3 (0) H COZl8pJCaHH.R B o(5-

p83US MSTaJlJlH'-ISCKOA M8llH (it). 

Ha nocneitHSA CT8l1Hl1 .3KCnepl1M8HTa . IIPOIICXO)];IDIO y,a;aneHlfe BO,llo

POll8 B noToKe aproHa np11 TeMnspaType no 700°C. flspexon 1-2-3 

a TsTparoHaJlbHYkl «ia3y 3aaepmimc.R no 500°C. '-!TO cymsCTBSHHo 

H11J:8 OCibl'-IHOro 3Ha'-ISH11R <~650°C). no Mepe YnanSHHR BOllOPO.zta 

aMOp((>H30BaHH8R '-laCTb CTPYKTYPbl 11 MSllb TP8HC(t>OpMHPOBaJ1HCb B 

HOBblS KPMCTaJ1J1H'-ISCKH8 ((>83bl. BenH'-IHHa HSKorspSHTHoro ((>OHa np11 

3TOM YMSHbm11nacb nO'-ITH no CTapTOBoro 3Ha'-ISHH.R. 

MTaK._B npousccs peaKUHH oonopona c KspaMHKOPI npo11cxon11na 

'-18CTH'-IHaR aMop((ll13aUHR CTPYKTYpbl (593 oC5pa3oBaHHR TBSpztoro pac

TBOpa 1-2-3+H2 11 C Bblll8J18Hl18M 3Ha'-IHT8JlbHOro KOJ1H'-18CTBa M8TaJ1-

J1H'-18CKOPI MSllH. flpenCT8BJ18HHb18 p83YJ1bT8Tbl MOJ:HO HHTepnpeTHpo

BaTb KaK ancopCiUHD B0.llOPOZla,Ha nosspXHOCTRX rpaHyn KepaMHKH 

npH H113KHX TSMnepaTypax. a np11 TSMnepaTypax. CiOJlbWHX. '-ISM 

220°c. 8KTHBH08 pa3pymeH11e HM CTPYKTYPbl 1-2-3 C OTrOHKOA KHC

nopona 113 ueno'-ISK Cu-0 11 C BblZl9J18HH9M M8T8J1J1H"-19CKOA MSllH. 
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4- 3aKm>'-leHHe 

Zlonroe apeMR C'-IHTanocb, '-!TO HSP'ITpOHhl Mano nonxo,1:urT llJJR 

3KcnepHMeHTOB B peaJJbHOM MacwTaC5e Bp9M9HJ.1 BCJ19llCTBHe OTHOCJ.1-

TeJlbHO HJ.13KOYI CBSTOCHJlbl HCTO'-IHHKOB. C03llaHH9 BblCOKOnOTO'-IHblX 

peaKTOpOB H WHPOKOanepTYPHblX llSTSKTOPOB no3eom1110 pe3KO yee

JIH'-IHTb CKOPOCTb Hae5opa itaHHblX H CHH3J.1Tb BPSMR J.13M8p8HHR on

Horo llH(l)paKUHOHHOro cneKTpa llO HSCKOJlbKHX MHHYT- KaK npone

MOHCTPHPOBaHO B HaCTORIUeYI paC5oTe. npH nocTaHOBKS 3KCnepHMeH

TOB B pellCHMS HPMB Ha HMnYJibCHOM peaKTope J.15P-2 Yll8.8TCR YMeHb

WHTb 3TO speMR eme Ha nop.RllOK. 

flOMHMO paccMOTpSHHblX 3KcnepHMeHTOB, Ha llHl.f>paKTOM8Tpe ZlH-2 

MSTOllOM HPMB nposeneHbl HCCJl8llOBaHHR KHHSTHKJ.1 OKHCJISHHR Men11. 

npoueccos CHHTS3a BTCn Ha OCHOBS BHCMYTa. KHHSTHK11 OTllCHra 

3aKaJISHHOYI J.13 pacnnasa BHCMYTOBOYI KepaMHKH COCTaBa 1-1-1-2. 

KHH8THKH nerHnpaTaUHH renR nonHMepa llH3THJiaKpHnaMl1lla H llP

npononllCaSTCR pa3BHTH8 MSTOllHKH, CBR3aHH08 C OllHOBp8M8HHblM 113-

MepeHHSM (5p::irroBCKOYI lll11.f>paKUHH H Manoyrnosoro, a TaKllCe llHl.f>

if>Y3HOro pacceRHHR HeYITPOHOB. 

XOTR nOTeHUH8JlbHb18 B03MOllCHOCTH MSTOlla naneKO HS HC'-!epnaHbl, 

Y.l!Ce Ha cymeCTBYi>IUeM YPOBH8 pa3BHTHR HMSDTCR WHPOKJ.18 B03MoJ:

HOCTH llJI.R ero ycnewHoro npHMSHeHHR npH 113Y'-18HHJ.1 Kl1H9THKH xH

MH'-leCKHX peaKUHYI B TB8PllOYI /,f>a3e, Hll8HTHl.f>HKaUHH . npOM8llCYTO'-IHblX 

/,f>a3, npouecCOB KPHCTaJIJIH3aUHH, OTllCHra. 11HTepK8JIRUH11 H llPYrHX 

.. nepeXOllHblX npoueccoB B KOHlleHCHpoBaHHblX c:penax. 

ABTOpbl npH3HaT8JlbHbl 

BHHMaH11e 11 nonnepllCKY. 

AJ1.0CTpOBHOMY 38 C50JibWYl> 

oC5paC50TKe p93YJibTaTOB. 

B.R.AKceHOBY 11 D.M.OcTaHeBH'-IY 3a 
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BanarypoB A.M., MupoHoBa r.M. 
HettTPOHorpa~ttqecKtte ttccnegoBaHHH 
B peanbHOM MacmTa6e BpeMeHH 

P14-90-372 

PaCCMOTpeHhl B03MO)KHOCTH npoBegeHHH HeHTPOHHhlX gH~paK
~HOHHblX 3KcnepHMeHTOB B pe)KHMe peanbHoro BpeMeHH Ha.HM
nynbCHOM peaKTOpe HBP-2 B mum' LlY6Ha. ITp1-megeHbl pe3ynb
TaThl HCCnegoBaHHH: peaK~HH rugpaTa~HH C3A+DzO, peaK~HH 
cttHTe3a BTCIT-KepaMHKH YBazCu30x, H30TonHoro o6MeHa 
HzO-DzO B nttnttgHOM MYnbTHcnoe, B3aHMogeuCTBHH Bogopoga 
c 1-2-3-KepaMHKOH npH HarpeBaHHH. XapaKTepHbJe BPeMeHa 
HccnegoBaHHblX npo~eCCOB COCTaBnHnH OT ogHOH go HeCKOnbKHX 
MHHYT, 

Pa60Ta BhinOnHeHa B fla6opaTOPHH HeHTpOHHOH ~H3HKH Qllf{H, 

IlpenpHHT 061,e,1umeauoro uacnnyra .RAepm,1x uccne,lloBaHHH. ,I:ty6ua 1990 

ITepeBog aBTOPOB 

Balagurov A.M., Mironova G,M. P14-90-372 
Real Time Neutron Diffraction Studies 

The conditions for the real time neutron diffraction 
experiments on the pulsed reactor IBR-2 in JINR, Dubna 
are considered, The results of some studies are given: 
hydration reaction between C3A and DzO, reaction of syn
thesis of YBaicu3ox ceramic, isotope exchange HzO-DzO 
in lipid multilayer, interaction of hydrogen and 1-2-3 
ceramic. The characteristic time of processes to be in
vestigated varied from I up to several minutes. 

The investigation has been performed at the Laboratory 
of ~eutron Physics, JINR. 
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