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OSIWI XAP.AKI'EPHCTHKA PASCJl'li 

AKU&mtHOC'l'~ paCIOTlll 88IUJIH88'l'Cll B p81118H11111 npoCIJielli, cm1-

aaHHol c Dl"{ellll9K IIpOJleccoa J!Oa,JlelcTBIUI '18CTJDJ; CIOJDllllllX anprd 

HJDll DCTKOro 8J18KTpoJl81'Hlft'HOro lllJIY'leHIUI (pelft'reHOBCKK8 JIY'IH, 
T -KBaH'1'111) H8 'l'Hpllil8 !8Jl8, B '18CTHOCTJI, Ra 111IJIC'1'1Jdt" KOJ>YH,ll 

(cz-Al:Ai) II pyOllJI (a-Ala0s:Cr3+), r?pe,JtC'1'8BJJHft K8K 118)":1H11dt, '1'8K 

H npJIDUl8llHOI IUITapac. 3'.r~ oCSYCHR8'l'Cft T811, tao, BO-nepmix, B 

noCJIUHH apeu 3H8'Dl'J.'8AHO paClllRpllMCR ,1Ulan&30H npBK8H9HHll 

lll>HOKpKC'l'MJJOB sop~ B paaJlll'fJDIX npROopax, B 'UIC'l'HOCTll, omo-

8Jl8HpolDIK8, H8IJPJlll8p !I K8'18C'1'!18 8KTDROro U91l8HT8 aaepos, 
CBMOnpollO,IOB, ODTIN'eCKJIX OXOH, 3811Ul'.fHlllX noap..,,,.d COJJHl'IHlllX 

8Jl8M8H'.l'OB, JIOAJI0118K • T ... • • Kpom !Oro, KopyH,1l paCClll'!l'pll888'l'C$1 

a Knte'l':H 1IOT9HltllUU0ro le'l'epll&1m nepaolt CT8HICll TepalOJUl&pHtilX 

p88KTC>p01J II KOH'1'81Hepcm A1Ift 00,Jl&paHIUI BOJlOPO,UI CSJf8I'O.lBPJl aro 

BWCOKOI p8,1D118UROHHOI C'l'ObOCTJI II OTpaCIOT8HHOC'l'JI !8XllOJlOI'llll J!lil­

P8lllRB8Hlfll apymroraClapnHlllX ll>HOKpllC'lMJJOB. IloBwmeHJl8 ~oH­
HOlt C'l'OlxOC'l'JI KPlllCTMJJOB KopyJU&a oClec119'1HB88T alCOK)'I> 118,1811-

HOC'l'll II ~II npROopoa, RCilOJDa8YlllUI 8Jl8ll9Hftl n KOPYH­
.u JI IIPRlllHRIMllX B YCJIOBJUIX JCOCllOC8, 8 TBKD B IOH8X C JIOB1111119H­

Hlllll ypOIUl8a p.....-. IlpDl,ll81DD19 BlrB8 aprymll'1'W mnc'l'ym H­

oCIXO,JlJlll>CH KOllDJJ8KCHOI'O JI ~eJl8HllDpUJ18HHOI'O J181'18HIDI IIpOJl8CCOB 

aapoq8RJDI R H8KOIJJl8HJDl C'1'8CSllJ.lllHlllX p8,1PDIJUIOlllll ,1l8\)8KTO!J !I 

88BllCJlll>C!ll OT U.U oCIJJy'l8HllR. HeCll>Tpa HS HaKOIJJl8HHlil8 llHOI'O­

'IJICDHllW8 Jlll'l'ep8'J.'1PHW8 ,1l8HHlrl8 UK T80p8TIN'8CKOI'O, TaJC II 8KC­

IJ8p ... H'1'&DHOI'O xapaKTepa no .1l•bmao PUK8IUIR Ra llOHOKPllC'l'UJJlll 

KopyQa, OJUIOIHa'IHU llJIT&pr?p8'l'81.0U1 DEH8Hlll la1N9CKD c:aolcTB 

KPlllCT&JIJ!a, ClUlaaJDIWX C p8,1U18U110HHlllllll .1819KT81111, r?p8,lC'1'88JJllft 

Onp8,l8Jl9HHlll8 ~·· ocs.nplDUmll ~ K PA.JU181UIOHHOMY 
aoa.iebmao 181 IC H8KO'l'OpON,Y .. ~ TJlep,1l09 TeJIO 

laKTopy C08,Jl88'l' np8,1tC'l'amt11119 0 Jl08P8ll,llllll, "yxy,1Ullllllllll'' 
,JlelC'l'BD p8,1llllllUUI, OC'l'aUu a HHll ee "y~" pon. T811 H8 

•n• T8Q8JIQBR paaU'IRR no p......_HHOI la•H !Jlep.-c>I'O HJra 

llOIBO.IRft O'l'llOCll'l'JtQI I ftOI npo6.ll•1 Clone BIDIMM:e.DHO, H8 

..-.. 1H1!8 paa!lll'l'a pa;uaU.1P'llHOt'O BC>QelC'l'm Ra KOpJlf,l. 

Um p!CSOT111: K 1111quy BlilDOJlll8HllR HaC!OllllUIX paCSOT a oCIJiaC'l'H 

~HHOI faDR JCopJHl8 K pydJDla 01'0p oClpa'l'Jl.I DJllllHll9 Ha 

TO, 'ITO npB 118}"18111111 801 .. tlcTBD oCIJG"l8HRR H8 KopyJU( JICC118-

,lOMT8JDI a OCHOBBOll Jll}"l&JDI 1WDDlll8 Hd'!l'poHOB, rKB8Jft'OB H 
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peHTreHOBCKHX .nyqel. JllayqeHHe B03.1t8RcTBHll 8JI8KTpOHHOro OC5JIY­
qeHJUI HS Kopye,n HMeJIO ammo~ecKd xapaKTep. Kpom Toro, 
8KCIIepHMeHT8JihHbl8 H TeopeTll'ISCKHe pae50TW He CHCTeMBTH81lpOB8Hbl 
,JtJrJl O.-S03H8qffOro OC5'WlCH8HHR 8THX npouaccoB, CBH88HHWX co 
CJ1011Hb1t CTPYKTypof,t PUHSUHOHHWX n•KTOB. 

Heoe5XO,IUIMO nolqepKffYTJa; 'l'l'O Ellll9 B KO~e ~-x H ff&q&Jie 60-x 
ronoB aHB'IHTeJillHO noBblCMCJt HHTepec K P8J1H8UHOHHlilll .ttBJieHJUDI, 
npoRCXO,ltSIDUIM B Kp31CT8JLJI8X KOpYJQS. B nep:awe ro,JUil llLllO H8KOltJIBHHB 
JDrtlPpJ18UHH OTHOCh"TBJillHO H3M8H8HH.fl . OO'lll'l8CKHX, M8X81Ul'llCKHX, 
8Jr8K'l'POM8rHHTHblX . H AJ)yrn xap&K'l'8PHCTHK KOPYff.118 B npouecce 
OC5JiyqeHHJl. npH HCCJIS.-OBBHHH p8,1Ul81UIOHHOrO oC5p880B8HIUl ,ll;.ICTOB 
KPHCTSJIJIOB, CO&n8JIOCJa BIIe'll8'1'JrBHH8 irl'o HOHHlllpynml8 .nytlll, r 
KB8H'tW, peHTreHOBCKH9 JIY'UI, 6WCTpwe 8JI8KTPOHW HI cnoco6HW oe5pa-
80B8'l'Ja ,ll;.KTW C11911l8HIUl, K8K 8TO npOHCXO.IUl'l' B ll&IJIO'IHO-rBJJJIO­
H,UHhlX KpRCT8JIJI8X, 8 llOry'l' JDDllJa R81181Dt'l'Ja l&pQOBOI COC'1'0JUUl8 
paaJllNHblX ,ll;Op8,1tH8IUIOHHWX .1t$KTOB H np11118Cel. 

Ko~eHTp8ll1Ul .1te4ieKTOB, BOIHHK811QHX npH peaKTopHOll (HeATpoH­
HOll) oC5.nyqeHHH, T8Kae OH88J18CJa 8H8'1JtT8JIJaHO lame TOlt, KOTOpYJO 
110ZHO OD,JUlTJa, HCXOAH Ha TeopHH STOMHWX C'l'OJDCHOaeHd. Kpon 
Toro, Hll9JIHCJa npOTHBOpe'IJIBWe pe1yJI11T8'1'W B IUl'l'IPIIPM'CUUI ,ll;SHHWX, 
IIOJIY'l&HHWX npH 06.:nyqeHHH C5wCTplilllH &JrlKTpoHIMll. TaK eanpH118p, 
8CJDI 8BTOPW paCSOT [I-3] 8KCReplllllll'1'8JIWIO noKll8JIH, 'l'l'O 
8JI8K'1'POHW c 8H8PrK81 2 llaB CIIOCOC5HW CMl!llUITJa llOHW pem&TKH 
llOHOKpKC'1'8JIJIOB KOPYJQ& II0,1l06HO HeltrpOIUIOllY 06.nyqeHHll, '1'0 rpyrma 
HCCJl8.1t0B8T8JI81t T8KZ9 axcnepH118HT&mtllO IIOK888Jl8, 'l'l'O IJIIKTpOHW c 
8H&pl'H81 0,24 ' 8 H 26 llaB "He o6paaym B p81D9TK8 Al~ 
ycTohHBwx ,Jte4)8KTOB CllEllllBHHH11 

[ 4-6]. JllCXOAH 118 BlillllBRIJIOlt9HHOrO 
6WJIS *J>llYJIHPOB£1H8 IIOCT8HOBK8 88Jl8qK no lt8HHOI ,JUICC8PT8IUUI H 
IIOCT8BJJ8HW CJI9AYJC$&8 H8yqHW9 npo6JieMY: 

I. PoJill aeeprHH nete1Too6paaynm1X qaCTHU-&JraKTPOHOB B 
H8119H8HHH CBOIC'l'.:r. KpHCTBJIJIOB KOpYJQS, Bblp81118HHWX p88JUl'IHliDIH 
119T0.181Uf, npH 8HB:prHH 06.Jij\19HH.fl 8JraK'l'poHOB 2t5Q JlaB. 

Ha OCHOBB a1:.:napiD1!~of'l8JlllHWX peayJIJa'1'8TOB c IIOllOlltDIJ (leHo­
, JllHOJIOrll'leCKHX TeQpJil BWllCH8HH8 xap&KTepa H8KODJ18JUU[ TOt1911RWX P' 

H p+ UBH'l'poB (aHHoHHWe B8K8HCHH c .uyJUl H OJUUDI JIOK8JIHIOBIHHliDOI 
8JI8KTpoH811H). 0np8,1lUBHH8 CllJJW OCIUIJJJDlTOPOB F Hp+ Il8HTPOI. 

2. HayqaHHe npoueccoB nepeaap.tl,1llCH F x p+ ~•H'l'J)OI np1r HX 
poBOa6ya:,aeHHH. IlpH 8'1'011 8KCIIepJD1811'1'8JlllHO onp........,. BOl­
lmllHOCTH o6paaOB81DUl «10TOTOK8 npH BOa6ya:,aeHJIJf • p K r+ 

f 

l 
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L\9HTpax. H B pBMKax KBSHTOBOKexamNecKHX Teop:d o6wi:cHH'l'b 
M9X8HJl8M CTlllMYJJHPOBSHHOI ponpoBO~CTH. 

3. 0np8,1leJieHHe BeJIINJIHlil HHTeHCHBHOC'l'H norJIO~eHH.R F H F+ 
L\9HTpoB B 38BHCHMOC'l'H OT M9TO~ BWp8DUIB81DUl KpHCT8JJJIOB, 8Hepr:im 
aKTHB81.UUI H nop.R,11;Ka XJ1D01q9c1ol peaKJ.tHH F QeHTpos. 

4. BiiulCH8HH8 IIpHpOAW Q8HTpOB 0Kp8CKH (UO) , H8B8A8HHWX B 

KOp~e 6YCTptilMll 8JI8KTpOH8Mll, H3f'i8HH8 IIpH 8TOM KHHBTMKH MX 
H8KOIJJI8HJUt, T8pMO-OTDI'8, 8 T8Kllt8 HX c»oTOJJDDIH9CQ9HL\HH. 

5. HccJI~OBBHHe aaa1010cBS1SaHHWx noJioc norJIOll\8HJll'SI. H J1DG11-

HecQe~ CJIOllHWX IIO, HCCJIQOBBHHe xapaKTepa aJieKTpOH\lJOHoHHoro 
B38HMO,Jt9ICTBHH Jlt no.nyqeHHe MH(lopMBI.lHH 0 CH.JIB H THile saamro­
ABICTBHH, npoHcxo,AAIQero 111811'.JW p~HHWM L\8HTpo111 H oKpYJ18K111el 
ero c»oeoHHol CHCTeMOI peme'l'KH. UO CJIOZHoro TMI18 .RBJlRIOTC.R 
HBH60JI99 noAXO~ cp8ACTBOM AJJ$1. 8TOI Q9JIH HCCJI8AOBBHHI, T8K 
xaK cmtaa Mel!JG" L\&HTpOM H pemeTKol HaMHoro CJiaC5ee, qeM CB$13b 
C06CTB9HHWX HOHOB PBDIBTKH. 

6. H'ayqeHHe aHepr&TJNaQKol CTPYKTYPW OllTJNecKoro norJIOlqeHH.R 
Ff- L\8H'l'pOB, H8B9A9HHWX 6111C'l'p!llMH 8Jl8KTpOH8Jllll H HeftrpOH8MH: B 

KOpYff.11e, B o6JIBC'l'H Yt H BYt cnaKTpa c HCnoJIJaaOBBHHeM CHHXpo­
TpoHHoro K3JIY'l81UUl (CH) • 

7. IllCCJI8.1lOB8HH8 BJllOUIIUl 8Jl9KTpoHHoro 06.JIY119HH.H H8 8Hepre­
TH'l9CKYJ> CTPYKTYPY CII9KTpOB 0Tp8118HHR KOPYJWI B BYt 06JI8CTH; 
onp~e.neHHe OllTH'l8CKHX KOHCT8HT H xapaKT8pHC'l'IN9CKHX IIOTepH 
11\UICTWX" H 06.xyqeHHWX 6wCTpWllH 8JI9KTpOH8MH KpHCT8J1JIOB KOpYHJlB. 

8. B&ulcHeHHe :xapaKTep H IIpHJ>OAW Q8HTpOB CBeqeHlUI MOHO­
KpHC'l'8JJJIOB KOpYffAS no CII8KTp8M B036yitrA9HIUI JIKIUUl9CQ8~ B 

o6JI8CTH CI19KTp8 5+30 aB. 
9. HccJI1.1toBBmm BJ1H.RHHH 06.ny'leHHR 6wCTpWMH aJieKTpOHSMH ea 

c»oTOJIIJllHHHCl,\8HQlllO py61111a, a T8Klt8 H8 CBOICTBB K IIpKpO,Dy uo, 
H8BOAJDtiX B py6HHe 6wCTpWMM 8Jl8KTpOH8MH YJ18p8HHblX H 60JI111DHX 
,Jl03. . 

IO. HayqeHHe BJIHRHH.R y-06.ny'leHHR Ha reHepawmHHWe cBOlcTBa 
py6HHOBWX JI839pOB c IIpllM8cmut: r8JLJJHSI H THT8H8, H 8JI8KTpoHHOro 
06.xyqeHHR Ha reHBP8UHOHHWe cBOICTea 6ea BTHX np1D18cel. 

HayqH8! HOBH3H8 H IIp8KTJN8CKIUI 3H8'DJMOC'l'b pa60Tlil: 
HaH6oJiee cyDtBCTBIHHWe BJI8M8HTW HOBJl8HW paC5oTw MOZHo 

c(x>pMyJJHPOBBTD CJie.v;ynqKM oc5paaoM: 
I. YCTaHOMeHO, 'l'l'o B npouecce oCSJIYlleHU peH'l'reHoBcKMMH 

.nyqaMH, rKB8HT8MH H 6wC'l'pWMH 8Jl9KTPOH8MH oc5H8PYllfJIB89TCJl SlfxlieKT 
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"11118J1Wx .ztoa", aa~JIICNatCQHIC.R B yBeJJJNeHHH nponycKaHHll 111.IHCToro" 
KOpYJijl8 B Wlq)OKOA Y4> OCIJI8CTH ( HHOI',!Ul IJ.0 BlflJ,HMOft oCIJiaCTH ) 
cneKTpa npH 06.nyqemm M8JllilMH AQ3SMH ( rQIOt-IQ12 aJI•CM-2 ) 
aJIBKTpOHOB. YcTaHoBJieHo, \!:TO npH "~xTe MSJilolX ;1toa" B xopYH.JtB 
AeftcTrym ABa xoexyp11p~x ·JIBXBHHaMS-"a8JI8'fHB8HH8" xpHCT8JIJIR­
qecxoR pemeTKH, H H8MBH0HHB aapJl,1\0BOro COCTOJIHHR ;ltOp~HHhlX 

uewrpos. 
2. noxaaaeo, qTo 6wcTpwe aJieKTpoHbl o6paayiar TBKHB Jl9 

Toqeqff&JB F K F* ueHTpw, KSK &To ycT&HOBJIBHO npK aeftTpoHHOM 
06.nyqeHKH. Onpe,ttBJIBHO OTHOmBHHB CMJI oc~opoB F H F+ UBHTpOB 

fr:fr+'"'3, 9:I. 
3. Y CT8HOBJIBHO H TBOp9THt{QCKH 060CHOB8HO, t{TO HSKOnJIBHHl! F 

H F* ~eHTpOB COCTOHT HS Tpex aTanos: 
a) SanoJIHeHHB aJieKTpoH8Mll ,ttop8,1tHBI.UmHlDllX nycTwx aHHOHHWX 

B81C8Hcd; 6) yqt!CTOIC HB~BHIUl, COOTBBTCTByniudt IlOJIHOMY aanoJI-. 
HBHMJO HCXO.JU:lhlX aHHOHHhlX B8K&Hcd; s) H&KOMBHHB "HoBhlx" F 11 Fi" 
UBHTpoB, o6yCJIOBJIBHHlilX B08HllKHOBBHH8M 8HHOHHlllX B81C8HCHI B pe­
aynTaTe CMBDtBHHSl yaJIOBblX BTOMOB pemeTICH. Ha nep:BblX ABYX 8T8ll8X 
KOHl\BHTpa~ H8X0Afi.TC$l B COCTOSIHHH Nr..>Nr. Ha noCJIB,ttHBM 8Tane 
cxopocn 06paaoJ;1aHH.R F ueHTpos npeBhlm&BT c1opocT:& 06paaoaaH1U1 
Fi° USHTpOB, BCJI~CTBHB qero IIpH ,1\088X ~IQ17 &JI•CM-2 COOTHOmBHHB 

KOHUBHTpal.UfA H8M9HSl0TCff Nr>Nr+ • 
4. 3KcnepHMBHTaJIDHO aaperHCTpHpOBBH lliOTOTOK IIpM lliOTOB03-

6~eHHH 06.nyqeHHoro SJIBKTpOHSMK c &HepI'Hell: !50 llBB icop~ B 
F+ noJIOCB norJIODt9HHJI 4,86 aB. )t1r.R 06'.&llCHBHHJt H86Jll!ASBMOR F+ 
npOBO,llHMOCTH db!JIB IIpHBJie'llBHB TBop1Ul nplillllCOBOlt ,aw@ty.sw, CTHMYJIH­

pOBSHHOI CBBTOM. 
5. 3xcnepHMeHTSJI:&HO HSCIJDCWUl&C:& nepeaapJl,1\Ka F 11 Ff" QeHTpoe, 

T • e. lliOTOB036YJr,n9HH8 B noJIOCe npHBO;ltHT K yMSH:&meHHIO KOHUeH­
'l'PBilD F UBHTPB H K yBeJIH'IBHJm KOHUBHTP81U:IH Ff° U9HTPOB H, 
Haodopof. B paMKSX ~9HOM9HOJIOI'H118CKOI'O OnHCSH1Ul npoueccos 
nepeaap.RAKH od~~BTCR M8X8HK811 aaa1111Horo npesp~eHHll F H Ff" 
U9HTpOB. 

6. BnepBble qeTKO dblJIH OdffBPy.8Hbl noJIOCW OnTM'llCXOro 
norJiout8H1Ul 6,3; 7 H 8 sB B 06JJY'l8HHOJI U8KTPOHBIGI .II HBll!pOH81111 
KOpYH.zt9 np11 HCOOJI:&80B8HHH CM. Ha6JJIQ1{8HB cmHBll 8HB80Tpomul A.JUI 
noJIOCbl OOI'JI01!1BH1Ul 6, 3 aB B 38BHCJIMOCTH OT opll8H'l'IU1DI IJIBK-... 
Tp1Necrcoro BeKTopa E CH K Oll'l'M'f8CKOA ocH C3. 

f 
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7. Ha6JDQ1l8H8 SHHBOTpOIDUl noJIOC OTpaJteHHJI B 88BHCHllOCTH OT 

opHeHTaumr anHpH'lecxoro B8KTopa E CH IC C3 B lllHPOKol oelJiacTH 
cnexTpa OdJIY'leHHoro &JtexTpOHSMH KOPYHAS· YcTaHoBJieHo ys8JIH­
qeHHe K0~9HTB 0Tp81KBHKR B lllOHOKpHCT8JUIBX KOpYffAB, 06JIY'IBH­
'Hb1X 8JIBICTpOHBMH B o6JIBCTSIX cneKTpa hv<9,5 aB H hv>25aB. 
·McCJISAOBaHlil cnexTpw B086~9HHH JIDllHH9CU9HUHH H M9X8HH3MW 
iIJoToHHoro pB3MHOllBHHJt, B036~8HHOI'O B H806JIY'l9HH&IX H 06.ny­
qeHHblX KpKCTBJIJI8X Kop~. 

B. YcTaHoBJieHo, lfTO B npoqecce 06.nyqeHHH peaxTopHhlMH 
eeftTpoHBMH H anexTpoHaMH c BHepI'HeR 25 111 50 M'aB, B xopy:ime 
reHepHpymCJt, B OCHOBHOM o~axoro TH118 uo. 0,ttH&KO KOffU8HTP~ 
HBB9,1\aHHlllX uo npK 8JI9KTpOHHOM o6Jr)"l9HPIH HS ABB nopJl,1\Ka MeH:&me, 
qeM KOHUeHTpaxuut np111 HeftTpoHHoM od.nyqeHMH, npH o~axoBlilx .ztoaax 
ot5.nyqeH1U1. Bw.RcHSHo, t{TO uexTpoHW c aHeprHRMH 2> H 50 KaB 
cnocodHW HH,Jij'qRpOBST:&, xpo• F H Fi- qeHTpoB, TaKllte xoMIIJieJCcH&Ie 
qeHTpY TMIY8 (Ali+ F], (Al10 F+] H [Ali+ F+]. 

3tccnepJllM8HT8JlbHO OdHapyzeHo, qTO UOJIOC&I norJI011t8HHH TO\IB\IHblX 
F, Fi- H v UBHTpOB He HMBm 6ec«x>HOHHblX JIHHd (BM) c !lX>HOHHblMH 
xpliL7I:&RMH (tK). Yc'l'aHoBJieHo, t{TO T&Koe CTpoeHHe JIDl9l7l' JOOll:& 
CJIOmflie ueHTpw KOMIIJieKC&I 'l'Hlla [Ali F ] H Fn (n-'lHCJio BHHOHHblX 
saxaHco). IIoxaaaHO, t{TO IJOJIOlK8HKB MBKClDIYMB, m11pHHa H 

HHT8HCJIBHOCTb B*JI 9:rn Hll IlOJIOC&I norJiomeHKR 850 HM [A11+F +] 
1:1eHTpa aaBHcHT OT Tmmepacypw, qioo :xopomo y~oBJieTBOpHeT llk>PMYJre 
)tedB.R-Be.Jr.nepa MHOll:MT9J18M . 1e9.f-Mt'l'.}), Ill npH llOBhllllBHJIH TBMIIe­
paTyplll OT 77 ,ItO I60 I( Had-eHB nepelC81lK8.9H8prHH OT BM H tK c 
YB8JDN9HHBJI ee HHTBHCHBHOCTH. 

IO. 9JccnepHMBHT8JI:&Ho ycTSHOBJIBHO sOIJIBHHe nepeHoca aHeprn 
8JIBKTpOHHOro BOad~eHHJt OT PS'AH81.\HOHHblX QBHTpOB K HOH8M Cz3+ B 
pydHHe, B peaynbTBTe qero yseJllNHBBeTca HHTeHCHBHOCT:& lliOTo­
JIDIHHBCUBHQllM R-.mond, yB8JIM'IKB89TCJl TSKZB HHT8HCJIBHO.CT& 
norJIOJqeHJUI R-.mund npx odJIY'IBHHH dwCTplllMA BJIBKTPOHSMH. 9.roT 
a«iBKT od~CHBH '18CTHblM CIUITHBM 88IIp9T8 HHTepKOM611Jf8UHOHHblX 
nepexoAOB ~E HOHa Cr3+ BCJI~CTBHe K3M9HeHHH BeyTpH­
xpHCTaJLJIH'lec1oro IIOJUl OKOJIO STJIX HOHOB Ha-aa ·oe1paaoBSHHR 
aap.RllBHHWX ~BHTpOB oxpacxH. 

Hayta1BR aH&lfllD!IKJCT& padoTw aaKJIICNaeTca B yr.ny6HBHHoM, doHee 
noCJl~OBIJTeJibHOM, KoppeKTHOM H ICOMIJJI81CCHOM Il0,JU[O,It9 x OnHCSHHIO 
rrpouecca pa;IUlfBIUIOHHOro B03A8IC':l'BHR HS llDlpOK030HHhl9 KPHCT8Jl'Jlbl, 
6JiaroAapa KOTOPOMY odeapyzeHhl ao:ewe BBJiaHIUI, CBR38HHY9 c 
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p8,JUlf8W'IOHHblM . ynopR,110'18HH8M KpHCT8JLJIOB, KHH8THKOA H8KOI!J[9HHR, 
npe:ep811(eHKH H Koacy~HH TO'IB'lHblX IIO. Ilo.nyqeHHble peaym.TaTbl 
JU'PBm ~eCTBBlfHYIO pom. B p83BH'l'HH iflH311KH CTpyKTyphl lllHpOK0-

30HHblX KpKCT8JI1IOB. 
IIpaKTM'l:ecKaK geHHOCTb pa6oTw aaKJIIO'l&eTCll B TOM, t.rro 

BceCTOpOHH99 KayqeHHe uo B Kop~e H B py6HHe C03,11;8JIO yCJroBHR 
.ItJJJl paapemeHK.H npoTMBope'IMBOro :eonpoca o :eoaMOJ!tHOC'l'H y:ee.JIM'{eHMSI 
BblX~HOI :aHeprHH py6HHOBOro Jiaaepa no,u; ,u;elCTBK9M pa,lUllm.um, 
ocyn(eCTB.~eHJl!SI: nepeCTpaHBaeM&IX no qacToTe CTHMYJIMPOBBHHblX 
H8JIY'l9~ H8 uo, KCilOJl'fl30B8HJUI. B paapa6oTKe ,ll9T9KTOpOB ,JVTJI 

perHcTpawra qacTHr( H aJieKTpOMSrmrrHblx BOJIH. KpoMe Toro, npx 
06.nyqemra KOpYH.JtS 8JI0KTpoHaMH c SHeprweR 8 MaB M8T0,11;0M 
pa,nMaUHOHHol CTKMY~ H conpoBOSA~X ero TepMOCTHMY­
JIHPOBaHHhlX npoqeccoB (B TeqeHHe 06JIY'f9HJUI T8MII9p8Typ8 KpMCT8JI­
JIOB no,'ltHMM8J1ac11 ,u;o I2CD+I5CX>°C) noKBKJIBCb B03MOlltHOCTb O'iHCTHTb 
KOP~ OT H0KOHTPOJIHPY0MWX IIpJIMBCeft KOHOB rpynnw lt9Jl938, 'ITO 
~o B03MOlKHOCTb ~ BliUIOJIHBHM.Sl xoa,u;oroBOpHWX pa6oT. 

0cHOBHh!MK 3aiqwq&eMblMH noJIOlK9H1UIMlll llBJUllJ'l'CR: 
I. OnKcaHHe H jflHaHtfecKoe o6ocHOBBHHa lIO 11ase,u;eHHhlx 6HcTpWMK 

8JI9KTp0HaMH B pemeTKB Kop~. K.u;eHT~~ H8KOTOpHX CJK>ZHHX 
IIO. HayqeHHe no.noc omxqecxoro norJioutaHHR F+ qeHTpa c noJ'lllOlqhlD 

CH. 
2. Y:se.mNeHHe nponycxaHlfSI "'IHCToro" xop~a :a YcZ>, a s 

'IJSCTHOCTH, B BKAJllMOI o6JISCTH cnexTpa, npK 06JIY'f9HMH 11
M8JlhlMM 

,u;oaan" 8JI0KTpOHOB, a T81Ut8 rKBBHTOB H peHTrBHOBCKHMJII .nyqaMM. 
:&uitmeHHe M9X8HM3M8 ODTIN9CKOro e«iexTa 11MSJihlX ,u;oa" xop~a. 

3.YCT8HOBJ[9HM9 OTHOmeHHR CHJIH ~TopoB F H F+ n;eHTpOB 
fr:fr+=3,9:I. Onpe,u;eJieHHe nopR,11K8 KB83'HXHMH'10CKOI peaKQMH (y=3) 

K &HeprHR aKTHBBIJ;HH F n;eHTpa. 
4.BlllBo,u; 0 TOM, 'lTO o6Jly,'leHMe Kopy~a He IIpHBO,JtHT K 

noRBJ19HJIJ10 HOBHX 8«llJeKTHBHHX JIOBymex 8Jl8KTpOHOB, KpOMB 8HHOHHhlX 

BSKBHcHI, s peaym.TaTe qero cxopoCTb o6peao:eamm HOBHX F ueH­
TpoB IIp9Bhllll88T Cl~OpOCTh o6pa30B8HJUI. HOBWX F+ uaHTpOB, a BBJIJRJll­

H8 lnF/F+ M9HJl9T CBOlt 3HBK. 
5. Onpe,JteJieHHe Be.mNHHli 8«JeKTHBHOI qeCTOTbl tiOHOHOB .lJrJI 

p.H,1Ui cnoltHblx UO, paBHolt 216 crI. OHa 0Kaa8J18Ch o,u;HH8Ko:aol .lJrJI 
Bcex IIO. 3-ro yKaalilBSaT Ha To, 'ITO ClfJl8 11 Tm. sa~lcT111U1 
MelfAY uo H oxpyumel ero (loHoHHOlt CHCT8MOlt II MITp~· HM9m' 

O,JtHH H TOT lK0 xapexTep. 

'· 
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6. 06HapyiiteHHe (loTOilpoBO,lUIMOCTH IIpK :aoa6~aHHH r+ UaHTpa. 
TeopeT~ecxx pacCtrHTaHHBA Y.iteJI&HBR npoBO;JtHMOC'l':& o y,1toBJieT:eopx­
TM:&Ho KOPP8JJHPYeTCR c &KcnepHMeHTBJlhHlllMH aaaqaHHRMH. 

7. IlpoJIBJieHMB *8KT8 "p8,1Ul8IUIOHHOI llBMRTH", cyT:& KOTOporo 
38KJllCN88TCR B TOM, l.[TO UO, H8B9.1t9HHH8 6blCTpblMH 8Jl9KTpoH8MH B 

KPHCTBJ1Jl9 KOpYJmS, IIpH OTlllllI'8 IIpH JCX)()OC H MJIHY'l.'HOM 06JIY'l9HHH 
CH KMHTaMH c MBKCHJllBJI:&HOI seeprHeR I2 xsB :aoccTBHBBJIHBBJO'l'C.H, 
npH STOM KOHIJ;9HTP81UDI IIO He llOCTHI'aeT 88 B8JIH"IHHlll ,JtO OTllHI'8. 

8. 06HapyiiteHHe v UGHTPOB B 06.nyqaHHblX 8JI9KTpoH8MK KpHCTaJI­
Jl8X KOPYJmS. 

9. KayqeHHa BJIHSUUll'.R &J19KTPOHHoro 06JIY'IBHHR Ha · &HepreTH­
qecxy:io CTPYJCTYPY MOHOKPHCT&JUJOB xopYHJlS no cnexTpaM OTP8ll9HJUl B 
lllHpOKOM y~ H BY'~ 06JI8CTRX. Onpa,1t8Jl8HH8 ~KUHH 8HapraT~8CKHX 
noTep:& H OllT~9CICHX ICOHCTBHT, HHTapnpeTawut cnalCTPOB B036Yll­
Jl9HHll JlllUIH9CUBHUHH MOHOICpHCTBJIJIOB KOPYH.Jl8 II 06JI8CTH 5+30 aB. 

IO. YBeJIHl.laHHe HHTaHCllBHOC'l'H norJIOlllaHHR 11 \flOTOJ1DG1HacueHUHH 
paaoHaHcHHX R-JIJIHHI py6HHa H pyCSHHo:eoro Jiaaapa, 06.JIY'laHHoro 
6b1CTPNMR 8Jl9KTPOH8MH 60JI:&lllHX .itoa, OTOJlll8HHOro II o6JI8CTH TeMIIa­
paTYJ) 300+350°C. 

Anp06ayHSI pa60TW: 
0cHOBHlil8 paayJihT8TH ,llHCCapTSUHOHHOft pa60TH .ltOJIOlteHH Ha: 
• BcacOJOaHOR xo$pemuar "Pa.u;HalUIOHHM 4iJ1aHKa DOJIYIIPOBO,Jl­

HHKOB H POllCTB8HHblX MBT8PK8JIJIOE" (TamxeHT, I984r.); 
• BcacomHOM CBIGIHape ''HoB&la 8KCnBPHll8HT8JlloHlil9 MEITO,Jthl B 

pa.nHaiuroHHol 4iJ1aHKe no.nynpoBO~os" (EpaBSH, I965r.); 
• ''WecTol llC8COJJ3HOR xoalePaHIJ;HK no pa,u;HalUIOHHOR jflHaHKe H 

XHMHM HOHHfllX KpHCT8JIJIOB11 (PHra, I986r.); 
• '

11Ce.1t:&MOI BC8COJD3HOI xo148pemum no pa,JUWUIOHHOI tHaHKe H 
XHMHH HeopraJDNecKHX Ma'l'epH8JJJIOs" (PHra, I989r.); 

• l8a'.JG'ffBPOllHOI KO$pemuar "~~X'l'W B ,'IU(8Jl9KTPIA9CKHX 
xpHC'l'aJIJraX" (PHra, I9eir.); 

• ll9llf..1tYHapo,1lHol xo$pamum CK-88 (Hosocx6wpcx, I988r.); 
• ll8llJlYHSPOltHOI KO$paHll;HK "B.muume Ha CBOICi'Ba M8T8pM8JIOB 

8HapreTJN8CKHX HMnyJihCOB JI nyi!KOB aapsmeHHHX '18CTHQ11 (Jtp83,Jt8H, 
I989r.); 

• 9-ol ~POJtHOI KO$P9HI.UDI no pa,u;KalUIOHHlllM npoueccSM 
(C11'8M6yJI, I994r.); 

• 7-ol EBpotltanecxol 1Co$pemuar no A•KTBM :e H30J1H­

poMHHHX MaTapH8.118X (JbroH, I994r.) ; 
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• I-oft EBponeAcKOA KO~peHLUIH no cHHxpOTpOHHOMY HSJIY'l8HHIO 

B HayqeHHH MaTepKaJioB {AHr.lilUl, I994r.); 
• Me1KJ1.YH8p0,1UIOA Ko.peHUHH ''IIpMMeHeHHe ycKopwreJieA B 

HCCJI8,JtOBSHHH H npo1ILlllL1I8HHOC'l'H11 (Texac, I994r.); 
• KeJKJ!.YHapo;u;HoR Ko~peHUHH CH-90 {KocKBS, I990r.); 
• 2-oR eeMMHaP no HcnoJI11ao:aaHH10 CH {Ilpara, I989r.); 
• Koff4iepeHUHH no JII<llHHB~9HLUIH H ee HCfiOJili80B8HHIO B 

HSpo~M xoa.dcTBe (MocKBS, I994r.). 
\ CTpYKTYPS H o6~eM .JtHCC8pT8IUIHo ,J{HccepTatUUl COCTOHT HS ee-

,11;8HHSl, mecTH rJISB, 3SKJII(R8HlUI, 6H6JIHOrp8i»HH HS I64 H&MeHOBSHMI. 
,J{HccepTSUHH CO.JtBPJll:KT 25I C'l'PS~ M81llHHOIIHCHOro T8KCT8, B TOM 

'IHCJIB TS6.1IHU H 80 pHcyHKOB. 

CQllEPll[AHKE J!HCCEPI' AllHH 

Bo BB8,Jt8HHK o6ocHOBLIB88TCS£ SKTY8JlliHOCTb BhlIIOJIHBHHOR pado­
Tbl, l.l9Jlb H 38,JtS'IH HCCJI8,JtOB8HHI. B paCS0'1'8 c«x>PMYJ!HPOBSHbl peayn1>­
T8TY no H3yti9HHIO p8AJl81.lHOHHYX CBOICTB MOHOKPHCTSJrJl8 KOpYH.Jt&-a-· 
Al2'J3. Ilpee,neHhl OCHOBH!ile noJIO!l8HM,BlilH8C8HHbl8 HB 881UH'rY· 

Ilo Kaz,11.0R rJISBB B OT;n;BJiliHOCTK ~8TCH KpSTKHI 8HSJIH3 OCHOB­
HblX JIKT8p8TYPHblX ~HHblX, Ka~CS£ Henocpe;n;CTB8HHO BWIIOJIH9HHCI 
a~'IH, H npodJieMlil ;iurccepT81.lHOHHOR pa60TY. 

IIepsaa rnaBS padoTY nocBJtDXeHa 061>0KT8M HcCJie;u;osaHBWR, aKc­
nepHMeHT~LHOR annap&TYPB, M8TO,'IUIK9 o6pa60TKH 8Kc:;JtepJlll9HT8Jlllil'liX 

peayJlloTSTOB H HX H3118peHHH. 
Ji[cCJie;u;oB8J!HClo HOYHH8JI&H0 "'DrCTYe" (HeJIBrJIPOB&Hlbile) llOHO-

KpHC'r8JIJ!lil xopyima cx-Al2'J3, BYP811lBHHhl9 M8TO;n;OM ropHSOHT8JihHOll 
HanpaBJieHHOA KPHCCT8JIH8~ (Illl<), ~oHaMeHeaHSY KeTO~B KHpo­
noJioca {fOH) H BepHeW a T8KD CSecnp1111ecm.dt, JrerMPOB8YHY8 Cr3+ 
(py6HH) H THTSHOM (Ti3+) H r&JIJDleK (Ga3+) MOHOKpHCT8.JIJDll pyCSHHS. 
06paaUbl Kop~. npe,ItHSaHBqeHHble .JtJDl HSMepeHHI oJITHtrecxoro 
IlOI'JIOlltBHM (OII), OTpaaeHM, JJJCl[l(He~em:um H ~TOnpOBO;zurMOCTH, 
6YJIH H3roTOBJI8Hbl !~3 CII81.lH8Jil>HO BW6p8HHblX coBepmeBHYX cJIHTKOB B 
s11.ne IIJiocxonap8JIJie.1I!oHhlX rIJI8C'rHHOK -IOxl51ef! H xydoB co cTopoHol 
IO ~. OIITHtrecKHe ocH C3 odpaa~B 6YJIH napaJUIBJJaHhl ,11,.11HHe 
CSO.liliWOA rpaHH c TOqffOCTLIO ±3°. IToBepXHOCTH rpaHeA BC8X o6p88Il0B 
CSYJIH Tllt8T8JILHO odpa60T8Hlil K Hll8JIH ;u;oBOJIJaHO xopomyJO ••PK&maffYX> 
nosepXHOCTL. 06p88I.gil o6.xyq8JIKC:& 8JI8KTPOH8JGI c 8HeprnJt 2+90J(aB, 

f 
I 
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1-ICNHTaMK CtJIJ, peHTreHOBcKmm JiyqSIOt, peaxTopHYMH aeATpoHaMH 
c 8Hepr11eR 2 :U:aB K "deJ!blM'' nyqt(OM CH. 

IJOCKOJI!IKY qacT!i 8KCil9pHM8HTanHliX peayJiliTS'l'OB nonyqeHa c 
f1PHM8H8HK8M CK, npee;u;emr OCHOBH!ile CBORC'l'Ba CH YCKOPHT8JIJI E4>H 
"APYC" K amrapaTypY ltJDl BY(> cnaK'l'pOCKOIIHK ,J£Jl$I CHSIThlX cneKTpOB 
norn0111aHHJ1. HaupaHJU1 oTpaemm :soa6Y1U1eHJU1 JIDtKHe~eHUHH 1Cp11c­
T8JUIOB Kopyi:r;u;a ltJDl BY4> ,JU1anaa0Ha s o6JiacTH cneICTpa o-30 aB npo-

, se,neHhl Ha ycTaHOBKe "CKEHPb-I" poccHlcxoro Hayqaoro ueHTpa 
''KypqaTOBCKHI HHCTJITYT" ~ 

IJpHBO;u;HTCJI: 6JIOK CXSMa YCTSHOBICH ,1l;JPl ll0.JIY1{8HHll Cn&K'l'pOB 4Jo­
TOJlllOUl8~9HUHH B 06JI8CTH cn8K'l'P8 3-I aB, 4ioTOTOKa; CT8~PTHY8 
np11dopw ltJDl no.nyqeHHJI cneKTPOB <II B o6JI8CTK cneKTpa 6,I-I aB H 
MeTo,nKK8 !CSK 4io'l'oo68CllB8qHB8HJUl, T81C K T8pMOOTllHI'8 06.nyqeHHWx 
KPHCT8JIJIOB. 

8Ha'Cf8HJUI OilTHtr8CKHX KOHCT8HT paccqwraHJi Ha COOTHOmeHHSl 
KpaMepa-Kpoora Ha OCHOBaHJIH 3KCil9pHM9HT8JlllHlllX ,naHHblx, no.71Y­
tf8HHlllX npH H3M8P8HJIH B o6JIOCTH 5-30 3B KSK Heo6.nyqeHHYx, T8K 11' 

odJll"feHHWx s o6pazxos. 
Bo BTopoR r.11888 npHB8Jt8Hbl peayJI!tT8Thl KCCJI8.JlOBamdt xopyi:r;u;a, 

06Jll"f&HHOro BWCOK08H8preTHtlHlilllH a718K'l'POH8MK 2-00 )(aB. Ewro Ha-
6~8HO, \ITO BWCOKO&Hepr8TJlqffY8 8JI'8KTpOHbl npHBO;u;aT K yse.mrqeHJUO' 
KO~H'r8 norJIOlll9HJUI ' BO BC8M cneKTpe, IIpJAeM B03p.ac:T8HH9 
norJI0111eHHJ1 H&6JII0,1l88TCJI: B xopoTKOBOJI!tHOBoR Y4> H BY(> qacTHX 
cnexTpa • CneKTpw npe;u;CTalWll71' co6oR CJIOllffYlO KpHBYJ>, no.ttoCSHYJO 
HehpoHHO 06.nyqeHHW11 cneKTp8M en, KOTOP811 JUWl8TCJI: cyMMapHOR 
KpHBOR BC8X COCT8BJUllCllUIX llOJ!OCW HaB8,Jt8HHOro nor.7I0111eH1Ul(Hl1). B' 
cneKTpe RBHO awl9JIJ[8TCS£ KOpoTKOBOJIHOBSH no.11oca B oCSJIOCTK 6,(l) 
(F-1.leHTp, aHHOHH:ut BaK8HCHJI c ,JlBYMfl JIOKaJIH30BaHH&IMH 3JI8KTPOHa- ' 
MK) npx ;u;oaax o6J!Ytr&H1Ul ... IQI7 SJI·CM""2, 5,4; 4,86- r+- ueHTpa aH­
HOHHast: BaK8HCJUI JIOK8JDl30B8HH81l o;D;HMM uexTpOHoM. Kpo111e Toro, 
npx f1PHM9H8HHH CH B cnexTpe 00 :e BY4' odJiaCTK o6HapyDHhl no.11ocw 
Oil 6,3; 7; 8 3B (pHc. Ia H CS), KQ10phle npHIIHcaHY T81CJt9 Fi' 
uewrp811l, T8K K8K IIpH B036YQ8HHK 4i0TOJlllGIH8CU8HUHH STHX noJIOC . 
H86JDQll88TCR CB8'f8HH8 3,8 aB, a IlPH B036YQ8HHH 6,00 aB-3 aB 11'1'0 ' 
no,no6HO HeRTpOHHO 06.7JY'18HHb1M KPHCTSJJJI8M. 06H8pyz8Hlil fiOJIOCW 0,4; .• 
4,86; 6,3; 7 II 8 aB, KOTOPb18 :xopomo Koppe.mtpymCll c paccqeTH!ilMH 
nep•:xo1SMH Fi' ueH'l'pa (119To~K Joa c8MOcorJiacoBSHHOro nOD.). 
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TeopeTJNecxK H axcnepHN8H'l'8JillHO HCCJI8Jl0:88H8 KHHeTHKa ea­
KOITJl8HKR F H F* Lt9H'l'POB B KOJ)YM9 I'HK, 06JJr{eHHOro 8JI9KTPOH8MH 

C 8H8pntell 50 MaB (pHC .2) • Klm8TJIK8 H8KOIIJl8HKR 8'1'HX UH8'1'POB B 

Kopyqe, 06J1}"18HHOlll HeltrpoH8MH, HCCJI9,llOBaH8 B [7]. B 8'1'01 pa<5o­

T9 IlpHHJITO yc.noue p8B8HC'1':88 CHJI OCUHJIJDITopOB F H F* U8H'l'POB, 

irro H9 •aeT peaJlllHOro npe~CTa:s.neHHJt 0 IlpOHCOXO.-smDIX !liHaH'l&CKHX 

1IJ>OU8CC8X IlpH BOa•elcTUH p8,llH8LtHH. Ilo peayJJli'1'8'1'UI H8lllJllX aac­

nepHMeH'l'OB onpe•9Jl9HB.CHJ10 OCLtJ(JIJUITopOB ,1{Jlft (loTonepexo•oB aJieK­

TpoHOB B ROJIOC8X norJIOlll8HIUl F U8H'l'p0B (6,00 9B) II F* lt8H'l'p0B 

(4,86), paBH8JI /6,05:/,.,lll=3,9:I. 3To noa:BOJIR9T onpe.ite.mr.r& OTHO­

meHHe KOHUBH'l'PSUHI F H F* U8H'l'pOB npH paaJlll1IHLIX .1t038X 06.nyqe:HKR 

H YCT8HOBR'l'L H9KOTOpYe KOJIHll8C'l'B8HHY8 COOTHomaHHJt ll9lf,1l;y xapaK­

'.P8pHlillU! II8p8118Tp8MH OKp8111HB8HJUl KOpYJfM Ila.. BO&,JtallC'1'BH8M 6YCT­

pb1X 8Jl81C'l'POHOB. Ha OCHOB8 TBKOro pacCKO'l'p8HHS£ np8,Uoa&H8 MO,JteJI& 

npouecca HBKorrJieHHR. 

IlpH 06.nyqeHHH 6WC'l'pwMH 8JI9KTPOH811H B Kopyqa. o6pasymCSi 

CB06o.uwe 0'1' 8Jl8K'l'pOHOB 8HllOHHW9 :88K8HCHH pat H ~e~pa HHOro 

THilB, JIOByDllCH 8JI9K'l'p0HOB 8 H ,1tlilpOK h, Melr,1tOJ8&lI!IHbl8 HOHbl Ali, 
KHCJIOPOM 01 H CBll38HHbl9 C &THllJll B03JIOZHbl8 JJOBymKH ,1{Jl'JI BJieK­

TpOHOB R c P83.1JH'IHliDIK 88P.fl'.ltOBWllH COC'l'OJUDUIJGI B'l'HX o6paaoaaHHSt. 

IIocTpoeHa ~H0119HOJIOrtNecicu 'l'8opa H BJiNaCJieHbl xoeueH'l'pSUHH 

npMBB.JtBHHblX B8JllNHH. 

•..-------------------.. 
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PHc.2 • .Itoaoaa.si: aaBHClDIDC'l'& ico~eHTa nor.JIO:l{8HKR IIOJIOc F H F+ 
Q&HTpos:I- nOJioca 6,Cl5 eB; 2- rIOJIOca 4,86 aB. 

------ ----------------------
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B npime,11;eHHblx Teopux 61i1JIO noK&38HO,'ITO KHHBTHK8 HSKOIIJIBHIUI 
F H F* QBHTpos B Kopy~e npH o6JIY'IBHHH 61:11CTp111MH aJieKTpOHSMH 
COCTOHT H3 Tpex aTanoB. Ha nepBOM aTane, xapaKT9pH3~C.ll 

KB83JILJIHH9Am.IM pOCTOM KOHQ9HTPSUH9A UO, OKpamKBaHHB KpHCTSJIJIOB 
o6yCJIOBJIBHO aanoJIH0H1'I8Jll 8JI9KTpOH8MK ,11;opa,JtH81UIOHHl:llX 8HHOHHl:llX 
BSK8Hcidt. Ha BTOpoM aTane BCJI~CTBHe peKOM6HHaQHH yc­
TaeaBJIHBaeTc.11 KB83HCTSQHOH8pHoe COCTO.HHHe. Ha nep:BYX .JU!YX aTa­
nax ~~eA .llBJIHBTC.ll KOHQ9HTP8IUUI F* ~BHTPOB. Bw:xo.it c:so-
6o~x 8JI9KTpOHOB H ,D;lilpOK Ollp~9JI.119TC.ll 3H8'119HKBM 1,.=IQI4 CM""3·c-I 
llpH IlOTOKe 3JI9KTpOHOEI J1=IQIO c..-2.c-I, Tor:ixa 1'1e8KC.=1,./J1·I04 arl 

CH.Jn.HO OTJilN89TC.ll OT 1'1e=3·Ia; c..-I P.JI.11 8Jl9KTpOHOB . E=60 l(aB. 
BepoaTHO STO paaJnNHB o6yCJIOBJI9HO CHJIDHOA peKOM6HH8UH9A reee­
TiNBCKHX e-h nap, 'ITO cBOACTBeHHo KpHCT8JIJiaM c lllf8JIOA no.iut1m­
HOCTlllO HOCHTe.neA TOK&. TiocJle,wml aTan 0Kp8111HB8HH.ll, xapaKTepH­
ayeTca 6hlCTphllll JIHHBAH&llll pOCTOM KOHQ9HTpaQHI 110, CB.ll38HHl:llX c 
noBhllDeiureM KHCJIOpO~X B8K8HCHI npH ynpyrHx coy,11;8p9HIVIX 8TOMOB 
KpHCT8JIJI8 6wcTphlMH 8JI9KTpoH8MK. BcJre,JJ;CTBH9 aToro llpOQ9CC8 llpH 
TBMIIepaType OCSJJY'l9HlUI ... 300 K onpe;AteJUl9TC.ll 111==11/"2·7·6·I0-2 arl 

npH Ji-IOI2Clf"2. c-I. TipH T81Giepa'l'YPe o6J1Y119HHll 71 K 11ir-2I • I0-2cr I. 

3'ro p83JIHtlHe eCTBCTBBHHO CB.ll38Tb c YJl8HbmeHHeM p8,11;MyCOB o6JISCTH 
HeyCTOfNHBOCTH npH IlOHllEBHllH T9MII9p8Typhl. Oren BlllCOKM pa,JtHa­
~OHHU CTOfhcOCTb CB.113888, B9p0.llTHO, C 60.ll!tlllllMH p~HHhlllH 
o6JiacTl!MK eeycroAinmocTH reHBTiNecxHX nap ~eHKemt. PexoM6H­
H81UIH o6JI8CTH HeyCTOfNHBOCTH KOMIIOHBHTOB 8HHOHHl:llX nap ~BHKQJJj( 
B HCCJie;D;Y9MlllX YCJIOBHJIX HB npoHcxo~. 'ITO npHBO~ K JIJllHehoMY 
H8KOITJI9HH!O U0 c ,11;oaoA. 

9KcnepHM9HT&nH09 H T9Dp9'l'H\19CK09 H3Y'lf9HH9 KHHBTHKH nape­
pacnpe~eJieHWl (lfloTOKOHBepcu) BJIBKTpOHOB Mear,IW 8HHOHHlilMH BBKBH­
ClUDIK B o6JIY'lfeHHblx KpHCTaJrJIBX npH lfloTOB036yJf,D;eHHH F H F* ~eH­
Tpo:s U03BOJIHJIO OIIp9,11;9JJHTb OTHOmeHHe CHJI OC~TOpOB ,1l;JISl nepe­
:X0,11;8 8JI9KTpOHOB M91tAY OCHOBHlllM H B036~9HHlllM COCTO.RHIUJMH STHX 
Q9HTPOB H8-'ll8CTOTBX M8KCHMYJllOB norJIOll(BHJUl COOTB9CTB9HHO 6,(15 H 
4,86 aB, paBHoe fs,5:f'4,86=3, 9:1. HcCJI~OBSHH.11 T8KJ!8 noaBOJIHJIH 
yCTaHOBHT:& cyiqecTBOBSHHe c:so6o~x aHHoHHhlx BSK8HcHA (F2+ ueH­
Tp) B xop~e nocJ1e od.nyqeHJUI do.11li11111MH .11os&MM :swcoxoaHepreTH'll­
HhlX aJleKTpOHOB. 

;ltJrg od~cHeHHH Had~aeMYx npOQ8CCOB lfloTOKOHB9pCHll IlpH lflo­
TOB036yJf,D;eHHH F H F* U9HTpOB npe,JUIOICBH M9XSBH8M, OCHOB8HHlllA HS 
nepecxoxax B03dYJC,D.9HHOro aJieKTpOH8 MBlf,D;Y BHHOHHlllMH B8K8HCHRIOI. 

.. 
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liml npouecca nepeaapQKH 4}eHOM8HOJIOrlN8CKH rIOJJY'IBHlll T80p9TH­
'18CKH9 Blllp81t9HHll ,llJUl· BP8118HHlllX 388HCHMOCT81t KO~eHTpSIUdt uea­
TPOB, xopomo cor.11acyD11HXca c BKcnepl!MBHTBnHlllMH KpHBllllGI. Conoc­
TaBJieHHe ieop8'l'JN:aCKHX 111 axcnepH1118HT8nHWX a88HCJOllOC'l'BA noaBO­
JIHJIO onp&ll:UH'r:& rrap8118'l'pW, BXOlJ:llllUl8 B TeOpmo, H 3H8'118HIUI OTHO­
memdt B8pOR'l'HOC'1'8R rrepeCKOKOB 8.1I8K'l'POHOB. 

KccJI8.lOB8JI8C:& ponpoBO:rtRMOCT:& npH lfloTOKOHBepcKH M8lf,1ly F 
H r+ 1l9H'l'paD. K3M8p8HH9 PO'l'OK8 IIp080,1lHJIOCb npH KOMH8'?HOft 
T9MII8p8'1'yp8 B odnaC'l'JlX 6,5; 5,2 K 4,86 H8C5,mmaJ18C:& M8KCJIMYM 
lflo'l'OTOKa. HaH6oJntmero 3H8'19HIUI ~TO'l'OK ,1lOC'l'Kl"89T npH B03dyilt­
.l9HKK IIOJIOCW 4,86 aB HH'1'9HCHBHOCT!IJO 1013 ~-c..-2.c-l COCT8BJIIL1I8 
8, 7. IO-ISA/ Cla2; npH KOHQ8H'l'p~ r U8H'l'POB 2. IOI6c.s, sanpmteH­
IJOC'l'K E=3·IOS B/CM, a aHa'leHHB y.D:eJIHol npoBO.'IUK>CTH ~,9·I0-16 
QM-1.c..-I. HamAKe portpOBO.'IUK>CTH B JICCJI9,1lOB8HHOI 06Jl8CTH 
cneKTpa, BKJllJllanqel IIOJIOCW F H F* HesoaMO.lalo 0C521J1CHH'l':& '1'8IJJIOBHM 
B036ys,1t9HHEIM c KSQOro Ha 8036YJ!,1t8HHhlX YPOBH81. B '1'0 :u BP81Ul 
ynolUlffYTU Blllll!e MO.le.ms, o6YCHJlllQ8Jl omJNecKYJO nepeaapQKY F H 
r+ ueHTpO!I B O'l'cyC'l'BJ118 anxTpnecxoro IIOJISI, cnoco6HS B np~e 
oCSMCHM'l'b B08HHKHOB8HH8 ponpOBO,Jl;HMOCTH npK BKJJIN9HHH fIOJJj( • 
.IIml BllRHC.1I9HJUl B8p0Jl'l'HOC'l'H IIOSIBJl9HHll ~'1'0'1'0K8 npH lflo'1'0KOHB9pCHH 
paCCM8'1'pHB88'1'C.ll BBpOll'l'HOC'l':& IlphllEIC8 8JI8K'l'POH8, H8:XOJtSll!l9rOC.ll 8 
soa6YJ11,1teHHOM cocTOllHHH F ueHTpa HS dJIHaKHI no sHeprKH yposeH:& 
COC8lUl91 B8K8HCHH (p2+ U9H'l'p8) , yqHTlllB8$l KSK B88HMO,ttelCTBK8 
a'l'HX U9HTPOB M9lt1tY cotSol, Tait H 838HM0,119IC'l'BH9 KSQOro H3 HHX c 
6.mmaflmHM 0Kpyll9HH9M, q'l'Q npHBOllJl'l' K ymrqTO:UHHI> HJDI pOQemm 
toHOHOB npK 8JIBM8H'l'8pHOM 8KT8 nepeCKOIC8. TipH STOii 6oJiee ~x­
THBHlllMH C'1'8HOBft'l'CJl llpllllKKK ~epea BHPT)'BJl:&Hill8 COC'l'ORHHJl 8JI9KTPOH8 
B aoHe npoBOlPDlOCTH c yqaCTHeM eyx ~HOHOB. Taxol npllllKOK 
p8CC1118TpHB88'l'CJl K8K COBOKynHOCT:& ,ltByX npoueccoB: B OJUIOM Jil3 HHX 
8JI9KTPOH c B03C5yQ9HHOro COC'l'OSIHHll F* U8HTpa, H8:XOllRIQ8roCJl 8 
TO'llK8 r1 c aHeprnR 81, nepe:XO,JlHT B aoey IlpOBOllJOllOCTH, OCTSBJWI 
B8K8HCHIO CBOdOllHOI, B ,Jij)yroM- 8Jl9KTpOH 1113 30Hill npOBOllJOllOCTH 
nepexo,IUIT H8 p2+ U8HTp, H8X0,1tRlllJl!flCJl B 'l'O'llC9 r2, .1JOK8JIH8Y.flC:& H8 
ypo:eHe ,Jij)yrOBO F* U8HTpa c 8H8pI'H91 ~, npJN:eM, B oCSoKX 
npoueccax K3118HJl8TCJI COCTO.HHHB lfloaoHHOA no,llCHCTEIMW. BepOll'l'HOCT:& 
npblll!Ka 9.118K'1'pOHa qepea IIpOM811;y'l'OqJf08 COC'1'0.RHH8 onpe1eJL118TC.ll BO 
B'l'OPOM nopQK8 HOPllH B03MYD19mdl. BoJIHOB8.fl 0'JmUHR, OrmJCWB811118P: 
f+ U&HTp, -raycoBOI, IlpH 8TOM T8Ml'I9p8TJ'P8 llOCT8T011HO 8111COK8Jl 
(300 K). JriCXO,llA H3 T8KOI MOl8JIH BIAKCJl8H8 YleJI&HM npoBOJUDIOCT:& 
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r,lle, n-KOHU9HTP8IUUI 8JI9KTpoHOB, <R12> cpe,llH89 pacCT0$1HH9 Mem,Jij' 

U9HTp8MH ...0,5·I0-5cx,9-sHepru ~HOHa CtUII'laJUIC!i paBHOR 4·IQ-I5 

apr. Ko~eHT a r+ ueHTpa 11113,33 earl, HHTeHcKBHocu na,Jlalalt9-

ro c:ee'l'a I=IOI3 fb/cril-, Bp8MR mraHK ='l·I0-7 c, F2+=v<b0,25xV1:::; 
5-IQI5 civr3; Vr=2·I016 ar-3, n=3,2·I06 car3; ma11/ll=3°I07 (U:­
Macca _MOJI9KYJihl KOPYHJta) VrKOHll9H'l'PaIUm F+ ueHTpa, m~.- 8*K­

THBHaJI MaCCa 8JI9KTPOHa), V/N:::;I0-23 ar-3, S=I06 CM/ceK, T=3CXl K 
(N-'IHCJIO 8JI9M8HT8pHltlX Jl'l{98K, V-o6~9M KpHCT8JUI8, S CKOpOC'l'la asy-

. Ka B KPHCTaJIJie). c nOMOllU>lD 8THX B9JIH'DIH dlllJia OU9H9Ha B9p011T­

HOC'l'b P12 nphll!Ka 8JI9KTPOHa qepea IIPOMellYT0\IH09 COCTOJIHH9. Ha 
OCHOBaHHH 8THX peaynTaTOB npoBQ9HH09 paCCMOTP9HH9 no3BOJIHJIH 

,ll06H'l'CR KOJIH118C'l'B9HHOro C08lt8,1'8HJUI TeopHH c 8KcnepHN8H'l'Oll. 

I Ha:ee.ueHHble B KopYff,Ue CS!iCTPllllllM qacTm.taMH noJIOC!i Hl1 OTJIH­

'll:alO'l'CJl l'90peTH'l9CKol CTa6HnHOCT:&JJ. Or!IJII' OOJIOC 6,00; 5,4 H 

4,86 aB MOl!HO no,Jtpa3,U8JJH'l':D Ha ,1lB8 dOJllilllHe CTaJlHH: 400t'700 K H 

750~ ICOO K. OcHoBHOft OTllHI' npoHCXC),1(HT npH TeJmepa'l'ype 8blllle ?f.?O 
K c MaKCHMyMOM 850+900 K. 

IlOK838HO, 11'1'0 KOJDN9CTBO CTa,JUdl 0Tl!IHI'8 38BHCHT OT M8TO.U8 

B!iipantHB8HM KpHCTaJJJrOB. EcJJH npH OltHIHIC H '1'8X lt9 YCJIOBHSIX K 

O,IUIH8KOBOft 'l'OJlllUIH8 0~0Bp8M8HHO 06JIY'f8HH1118 KpHCT8JIJilil BepHei.u K 

rHK 'l'epMOOTltHI'8JO'l'Cll, TO BWICHll8TCR, 'ITO BepH81JroBCKH8 oCSpaatt1i1 

co.uepeT Ha OJtHY CT8UIO CSoJllillle (400+520 K) 1118.UY T8M HaCSJJrr. 

.ua&Tca pa3HOrJiaCHR H B HHT8HCHBHOCTJIX HII B 38BKCIDIOCTH OT 118TO­

M BlilPau.unsaHKA KpHCTUJIOB. Kax o6wimo npH o~I H TOI .. lt038 

8JI8KTpoHHOro OCSJIY'f8HHJl B8pHetbroBCKH8 KpHCTaJUJhl OKP8DIM8810'l'CJl B 2 
paaa RHT8HCHBHal, '18JI oCSpaatt1i1 I'HK: 

B paCSoTe ,llaeTCR oCS'b.llcHeHll9 &Toro RBJI8HHR. IlpQJiaraeTCJt, H 

8TO ,llOCTOBepHo, 'ITO :aepHebeBCKH8 KpHCT8JIJilil co.-epaT 3H8'1H­

T8JillHO · CSonme eapymeHHft a T8Klll9 H8KOHTpoJD1pyeM111x npH.Mecel, 

odyCJCOEIJI8HHlilX npouecCOM l9!11PamimaHJUI, qg KPHCTaJIJIW fHl(. llpH 

OC5JIY'{&HHH <51i1CTPllDIH 8JI8KTPOHaJGI (00 lsB) HaJIHIUl8 B B8PHW81CKHX 

KPHC'l'aJLJiax ,ll.KTOB onpQ8JI8HHOro Tmta, K01'0Pli8 Y,lllPIQIHm 

B111<5H'l'lldt M81t,1lOyaenHlilft KHCJIOPO,ll 01, npRB0,1Ul'l' K }'M8HDm8HJlllD 'DTCJI8 

paxoMCSmmpo:eaHHHblX oi 11 saxucd F2+ s XO,lle oCSJIY'f&HHR, a CJie.uo­

:eaTenHo K K YB8JilN9HHJO HHTeHcKBHoCTH norJIOlll&HIDI B F H F+ 
U8H'l'pax. IlpH'IHHa H86JJl),ll88110ro paaJJH'IHR B HH'1'8HCIDHOCTH H HSJIH- ' ,\ 

.... 

{" 

~ 
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I 

• 
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llJU[ peaKoro T8MIIepaTYJlHOro CTa,mdt xaoxpoHHoro OTlKMI'a F ~eHTpa, 
no BH,1UOlllOMf' O)tHB H Ta ll8-BOaHHKHOB8HJl8 onpeAeJIBHHOro THI18 

MeTaCTa6K1IhHlllX, MeHee TepMOyCTo~x Ae4ieKTOB a sepaelJieBCKHX 

XpHCTSJUl8X. 

Hcxo~ Ha ·coxpaHBHHR KOJJJNBCTBa BSK&Hcd H ~oyaBJii.Hlilx 

Oi, BllNHCJ[9HO KOJllA8CT80 M8T8CT8dHJniHlllX ,ll9'BXTOB HS yp8BH8HH.R 

XMHBTHKH KB88JIXRMHq8CKOI pe8KIUIH, noCJie H80TepMH'l9CKOro OTJKHI'8 

npH 4?.5, ~ H 525 K; OllpQBJieH nop.R,llOK peaKlUIH F3 H aeeprQ 

8KTD81UIM e==I, I aB, np1111811, ~ Tpex K30T8pJUN8CKHX OTllHI'OB 

JIOraplllPf KOffll8H'l'p8lUIH &tr JJHHebo 38BHCH'l' OT Bp9M8HH 

H8rp9B8HHSI, a STH JDD001f nap8JIJI9.n.HY .iq>yr llJlyry. 0npQBJI9HHa.R 

T8KMM o6paaOM B9JDNHH8 y 0~0Bp8M9HHO paapemaaT TB npoCSJieMlil, 

KOTOp!ile B!iUlBJil'JIHC& B CBR3H c paa~el B 3H8'18HHH &z H KOJIH­

'18CTB8 CT8,1{MH TepMOOTltlll'a BepHebeBCKHX H I'HK KpHCT8JUIOB llpH 

06.nyqeHHH BhlCOKOaHepreTH'IHWMH 8JI8KTPOH8MH. 

Ha3"1eHHe soa,llelcTBHSl CS111cTp111x aJieKTpoHoB Ha xopy~ 

Blilp~9HHWI MeTO.JtOM I'HK, noK838JIO, 'l'l'O IIpH MBJiblX ,itoaax (IQIOT 
5.IQII aJI·cr2) o6JIY'leHHR YB8J!H'IHB89TCft nponycxaHHe KpHCT8JL7IOB 

B lllHpOKOR Y~. HHOr,lla H B :mwm>R OCSJ18CTH cnexTpa. OreneHla npo­

CB8T./19HIUI B08p8CT88T B CTopOffY KOpOTKHX ,llJlHH BOJIH. lfaKCHMSJila­

H09 3H8'19HH9 y.)HldlleHH.R KO~HT8 norJioot8HHR AOCTHI'88T "'30% 
(CM pwc.2). 06HapY1t9HH08 .RBJI9HH8 RB 38BHCHT OT TeMIIep8TYJllil, IlpH 

KO'l'Opol 06JIY'f817l'C$1 odpaal.l,bl ( ... 300 H 77 K) • 06HapyzBHHoe .RBJIQHKe 

HOCMT H83B8HH9 OilTPNecxoro a«xli&KT8 "M8JIWX Aoa". AHaJiorll'IHlill aqi­
~XT H86~88Tc.R HS XpHCT8JUI8X, l!Wp~BHHYX M9TOASMM J'HI< H rOH, 
noA B03A8RCTBHeM peHTreHOBCXHX JIY'fel B Te'leHHe 35 '18COB, y­
KB8HT8MH AOBOR "'!()1 p8,ll, llpH'IBM B ~89 KpHCT8JJJI8 f(E IlpOCBBT­

JIBHH8 HSCSJll>,lt8eTCJt T81CZ8 npH 06.nyqeHHH :ewcoxoaeepreTINHWMH aJiex­

TpOHSMM. CJre,1ij'8T OTM8Tllf'l':Ea, ·'l'l'O BCTP8'1am'C$l o6p83l.l,bl Kopyiwa rHK, 
B XOTOplilX ac»eicT IlpOCB8TJ18HIUI H86~9TCR B IIp9,JteJI8X IQI0+IQI5 
aJJ:·cr2 • .:B &TOM c.xyqae npoHCXOAll'l' CSOJiae d111CTphlR Cll8,ll norJIOllleHHSl, 

nocJia 'lero OHO OCT88Tcit H8H3M8HHlllM BilJIOTll .it<> ;ltC>3 ... IQI5 8JI•CM"'2 

11 aaTett Ha'lllHaeT peSKo BOapaCTaT!t. 9xcnepHMeH'1'8JIDHlil8 peay.m.T&Tbl 

,1;am H8M B031110lKHOCT!t K8'18CTB8HHO OCSWICHKT!t M8X8HH311 a(rllexTa 
11M8JilllX ,u;oa": npx M8JDilX ,Jt088X o1.tyq9HlfSI B KPHCTaJIJiaX IlpOHCXO,JUIT 

pSAHSUHOHHO-cTHMyJJHpOBSHHoe ~'Ynop.R,ll0'18HJl9 M8T8CTa6HJ1J>H111X &TOM-, '' 
·HlllX ,ll9'BKTOB pemeTKH KpHCT8JIJli8~KOTOpwe IIpBB&mlpyim" HS,ll AecpeK-

Too6paaoBSHH9M. npx: ,11;038X, KO-. npouecc ''ynop.ff.AO'lemm"dJIH30K K 

HaCliQUIHll, ,llOllHHHpYDQ81 OK831ilB<'"'l(;'TCR A9rp8,ll81Ulll KpHCTaJIJia, oCSyc-
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xopomo BH,IUi8 llOJIOC8 B o6JiaCTK norJI<XqeJUUI v ~eHTpOB. OHa Hec­

KOJI:&Kci c~a B odJI8CT:& dOJI:&IDKX BHeprd dJl8ro~pR H8JIKIDllJ 

oqeH:& HliTeHceeolt nOJiocH xopOTKOBOJmosolt CTopoHlil. Ha pHc. 4d 

BH,ttHO, llTO noc.ne IS qacoB odec~'IHB8HJUI MHTSHCMBHOCT:& V ~eH­
Tpos He YJl8Hhlll8BTCll, OCT8B88C:& noCTOftHHOA. IlpK 8TOM T81Cllte HQ 

H3M91Ul8TCJl H OCT89TCJl noCTOftHHOlt HHT8HCHBHOCT:& no.noCY Oil 4,86 
sB, HeCMOTpsr ea ee mmoe npHcyCTBHe. 3To 03H8'18eT, 'ITO see 

JIOBymKH eJieKTpOHOB aanoJIHeHY H ocsod~eH:&t DOA AeAcTBHBM cBeTa 

c F* ~eHTpOB 8JI9KTpOHhl, KO'l'opwe 38XB8TYB8JQTC$1 C8MllMK ze DyCTlllllll 

8HHOHHYMK Ba.K.~HCKJl:MH, B peayJI:&T8T9 qero HHTBHCHBHOCT:& F+ He 

H3Me1Ul9TCH. CJreAOBSTeJIDHO, npH ode~e'llHB8HHK dOJI:&lll8H '18CT:& v 
ueHTpOB paapymae'l'CJI. IloCJie 06.nyq:eHIDI CK xop~, od.nyq:emmro 

aJieKTpoHSMH H OTOlllC9HHoro npH 425 C, H8dJIJDA8eTca cHJiltHoe 

ys9JIH'leHKe no Beel odJiaCTH <II. B 'l&CTHOCTH HSdJIJDASeTca CHJiltHoe 

ysBJIH'leHHe noJioc111 3,T sB V ueHTpa. Ha npeeAeHHblX npo~eccos c 

IlOllOIIUdO pea~ Mmr;o;y HOCKTBJI;.JOOll a&pJIAS H v ~eHTpaMK npHXO,JUDI 

K 381CJDOqeHJllJO, 'ITO llOCJie 8JI9KTpOHHoro od.nyq:eHlUl H&HdoJiee B9pOSIT­

HhlM RB.1Ui9TCH odp830B8HH8 Vo, v- H V2-. 
ltmr MOA0JIHPOB8HHSl K8THOHHOA B8K8HCHH noAdHp8JICJl KJISCTep B 

BH,it9 Al 3+( ('jl.- ]6. TaKaSI MOABJID YAOdHS AJIJI OdYCHeHHR 118X8HH3MOB 

H8KOIJJI0HHR H 8HH30Tpomm v ueHTpOB B 8JI9KTpOHHO od.nyq:eHHOM 

KOpYffAe. Hcxo~ Ha &Toi MOA8JIH no,1Q>OdHo od2-ftcHeH8 xaK KHHBTMJCa 

H8KOIJJI8HHH:, T8K H 8HH30Tpomur., a T8Klle npH'IHHa Toro, 'ITO npH 

HeltrpOHHOM od.nyq:e~ K0~9HTp8QJf$1 v U9HTpoB He ysemoomaeTCR. 

ltaHS KOJJHlleCTBeHHUI 0~9HK8 odpaaoB8HIUl v ~eHTpoB npH eJieKTpo­

HHOM K HeltrpOHHOM od.nyq:eHHK KpHCTSJIJUl KO~a. 

B cneKTpe ar SJieKTpOHHO od.nyqeHHoro KpHCT8JIJI8 dblJI8 odH8-

pyiiteH8 noJioca 4,35, 8HH30TpOIIHOCT11 xoTopoA A<I. B cnexTpe 41JI 
odHapyzeHbl T81CZ8 IlOJIOCY 2,61 K 2,82 eB, odyCJioBJieHHble noJIOC&MH 

nor.JIOJqeHJUl 4,51 11 4,35, COOTBeCTBeHHo. HcCJIBAOB8HH9 KHHeTMJCH 

pacnaAa noJioc 41.H 2,64 H 2,82 eB noxaaaHo, 'ITO BpeMH aaTJXSHH.R i 

nep:sort no.110CY tM 57±3 MC npH 77 K H 47±2. MC npH 300 K H i 

BTopol noJiocw ICXltIO Mc npH 77 K H '75.t5 MC npx 300 K. 
HaoxpoHHbll OTICHI' noxaaaJI, 'ITO c pocTOM T8MllepaTYPH AO 570 

K HHTeHCHBHOCT:& nOJIOChl 4,35 aB ys8JIH'IHB89TCR. ,Jta.m,Helmee no:Blil­
mene TBMl!epaTypH IIPHBOAHT K YMBH}JJllBHHIJ ea HHTeJ;JCKBHOCTH, o~­

xo ~ npH 1200 K nOJioca 4,35 aB He HC'lleaaeT. IlpHBSAeHHble 

HCCJI0AOB8HJUl ITOK83HB811'1', 'ITO DOJIOC8 HrI 4,35 aB odyCJIOBJleHO 

p8,11,H8UHQHH111MH eapymeHJrJtMH pemeTKH KpHCT8JL1I8. 3To C811>CT0$1-

l 
J ) 

. 1 
J 
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TeJI:&Hbll UO, M He npHH8,1t.1Iemr.r noJioce eoa6~eH1Ul F+ ueHTpa, 

Ae(JopMHpOB8HHOro OTHOCHTeJillHO IIOJIOCbl 4,86 eB B CJI8;1lCTBH8 

CSJC>norJJOmeHJUt. HayqeHO 8Jl9KTpoH-(loHOHH08 B38HMO;ll8ICTBH8 B 
od.nyqeHHWX 8Jl9KTPOH811H H HeltrpoH811H MOHOKPHC'1'8JIJI8X KOPYffAS. 

HadJllQJleHO, 'ITO npx 'HJUiepairype 77 K ace cnexTpw aJ H tM CJIOZH!llX 

. uo, KpOMe F' F* H v aeHTpo:s, HM8l7l' 69*HOHHbl8 JJHHHK (BZIJI) c 

·m~OKHMH «iDHOHHbllllil Kp!llJRIJDIH (4'K). )lJrJl :scex CJIOltHlllX uo 4'K HMem 

ocHOBHOR mm norJIODieHHR H n.nyqeHHH c 'llSCTOTOR mo=2l6:tI enc I, 
KOTopllll .RBJU!B'l'CJI OCHOBHOR llO;llOI KpHCTSJIJUl. KayqeHY lllHpKHa, 

PIHTBHCDHOCTH H CM811l8HJUt BtM (915 HM) IIOJIOCbl <J:I 850 HM (I,46 
aB) B 38BHCl'IMOCTK OT T91UI8P8TYPbl B 06Jl8CTH 77-160 K. 3KcnepH­

M8HT8JI:&HO H8b8HO, 'ITO IlpH T911l'Iep8T1J>9 77 K IIOJIOC8 Oil 850 HM 

COCTOJl'l' H3 llHT8HCHBHOR BtM H lllHpOKOI fi<. B Cil9KTp8 8T8 CTpyK­

Typ8 Ilp0Jll!Wl8TCJI B TOM c.nyqae, xor.-a odJIY'(eHHWI KPHCT8JUI xo­

pyHAa OTIOllI'88TCJI npH TeMIIepaType 7'lO K. 3Ta TeMIIepaTypa OTJIOO'B 

H1Wl9TCJI OnTHll8.1IllHOI ,1lJDl .-anoro uo, np11 KOTOpol HHTBHCJIBHOCT:& 

BM AOCTllI'&B'l' MaKCIDlllJIJ.teoro aHa'leHKR, np11 &TOM 4'K OX!l8TlllB8BT 

o6Jl8CT!i 760-910 HM, a rJ18BHlilR MaKCHMYM mo= 216±1 crI - 50-400 
arI. &uro H86.JIQ1l8HO, 'ITO, BO nep:BlllX, B 4IK IlpOJlBJIH8TCJI Hfi8TH08 

'IHCJIO odepTOHOB K, BO-BTOpWX, 8CT:& odepTOHlll, SIBJIRlllUl8Cll cyMMDI , 

,llpyrHX '18CTOT C OTHOCJl'l'eJillHO HR3KOR HHT8HCDHOCT:&JD. 

Ha excnepHM8H'1'8JI:&HlilX x TeopaTJNacKRX peayaTaTOB Blll'IXCJI&Ha 

B9JIJll'IRH8 px'fopa .Uedasr-:B8JJJiepa: BKJISA BapOJl.THOCTJI NHoro«ic>HoHHblx 

npouecco:s B HHTBHCHBHOCT:& CII8K'l'pa norJIOlllBHJUl 411(. Ha IlOJlY'l8HHblX 

peayJI:&'1'8TOB c,1l8Jl8H BlllBO;ll 0 TOii, 'ITO an8KTpOH-(loHOHH08 B38HMO­

,Jl8ltCTBJll8 Y~BJt8'l'BOPJl9T )'CJIOBHIO tpaHJCa-KoH,1lOH8, a CKJl8 CBR3H e­
JIJl8TCJI CJI860R Ka-aa KSJIOR B8JIHllHHlil taKTopa Jie6asr-Ba.1uiepa a(T)= 
0,046 KPH77 K • 

B '18TB!pTOI rJl8B8 Ilp8;1lCT8BJ18Hlil peayJI:&Ta'l'W HCCJie~BaHHHR 

uo, H8B8,1l8HHWX B KPHCT8JJJUIX KOpyHAS, no CII8KTP8M O'l'p81l9HHJI K 

B03C!yiut8HlVl JIDODl8CU8HUHH B odJISCTH 5+30 aB; BJOOlHHJI odnycreHJfJI 

6blCTpWlllH i\l.1l8KTpOH811H H8 OnTJN8CICH8 IPYffKLUIH KOpyHAS. 

HayqeHHe BOaAelCTBHR 6111CTpblX axexTpOHOB Ha KpHCTaJIJIW xo­

PYffA8 B!IUIBJllJIO OTJDl'IH8 cnexTpoB oTp82K91flUl B aaBHCIDIOCTH OT 

opH8HT8llHH anKTpH'lecicoro BaKTopa E CK x oca C3. Taxasr aHHao­

TponeoCT:& o6yCJIOBJreHa cneI.U'4K1tol aHepreTH'lecxoro cocTOSIHHSl no­

Bep XHocTH oxpyaeHJUl a, CJIBAOBaT&DHO x cRMMeTpHeR aHHOHHHX 
BaK8HCd F H F+ ll8HTpoB, JIOK8JI:&H8JI cHMMeTpHfl KOToplllX CpaBHH­

T9JI!IHO OTJIHq88TCll OT OC!'ll9MHOI. 
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PHc. 4a,6. CneKTP!tl OTPUemul KOPYH'Jt8 I'HK: 
I -Heo6nyqeffl1Jd; 2-oCSnyqeHllJd ,Jtoaol S.IQ1'1 &JI·cr2. 
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~KcnepH119HTam.Hoe HByqeHH9 cnexTpoB OTp8ll81UUt KOPYHJl& no­

KaaaJio cHM<SaTHOCT:& nOJIOc oTpaemm c nOJioc8MH norJIOJQeHHJl 'Jl.O 

xpu ~aMeHT8JJ:&Horo norJIOJQeHHJI. BYcoxoaHepreTH'IH!ile IIOJIOC&I B 

cneKTpax 0Tp8lll9HH.R npO.RBJDll11'CJl 60JI99 qeTKO B Heo6.nyqeHHYX KpHc­

T 8JJJI8X. ~O p88JDl'.IK8 8CT8CTB8HHO CBll88T:& C H8pyDI9HH9M CT9XKO­

MeTpHH npHIIOB8PXHOCTHlilX CJI09B B peayJI:&T8T8 p8,1P18UHOHHOro B03-

,neRCTBHll, 'll'l'O npHB0,1UIT K CMelll9HJllO 8KCll'l'OHHOro IU\KCHllYlfS B CTO­

POHY M8H:&DIHX 8Heprd (9,I sB, H Bll8CT8 9,:a aB,pHC:.. 4). 
IloJIOC&I E* ueHTpa T8Kae npwcyCTnym B cneKTpe oTpauHHll. 

xopyH,JUl. B o6JISCTJI cneKTpa I3T23 sB MBKCJllllYMW o6yCJIOBJieHH paa­

pemeHHLIMM nepexo~ HS r - ToqKH 5pHJJJJl)8Ha, KO'l'opu o6paaoB&Ha 

2p-op6H'l'8JIWUOI 8HHOHOB KHCJIOPO.-&. 

fio 8KCnepH119HTSJI:&HO DO.nyti9HHlllll BeJDl'UIH8J( H CD9K'l'pOB 0Tpa­

ll9HHJI onpe,1UWl8TCJl B9JDNHH8 taaoaoro c,uJII'8 c HCIIOJI:&80:aaHH8M 

JtHcnepcKOHHoro coCTomuut Kpuepca-Kpo&ra. ,1luee no HBB8CTHlilM 
lf!OPllYJI8M onpe,neJUIJIH 3HIN8HHJI 0Il'l'H'l8CKJIX KOHC'l'8HT n H k, BI JI 62 
H906.nytl8HHlilX H 06.nytl8HHlilX 8JI8K'l'pOH8MH KpJICT8JJJIOB KopYH.JtS, KOTO­

plil8 'l'81Ut8 npeTepneB8171' COOTB8'l'CT~ H8M9H8HHJI. 

*8KTJmHOe KOJ!Hq9C'l'BO B8J18H'l'HlilX 8JI8KTpOHOB, BOBJieqeHHJilX B 

~Tonepexo.1t111, BblBO,llJITCJl Ha npaBKll cyMll JI llOCTHI'SeT I4 aJieK- , 

TpOHOB B 06JI8C'l'H ItJI88MOH8 H8 "MOJI8KYJIY" Alz03, ~ IS BS­

Jl9HTHYX 2p 8JI8KTpOHOB. Soro CBH,l8'l'9Jl:&CTB}'8T 0 TOM, '1'1'0 CHJIJol oc­

UHJIJIHS'l'OpOB HS HCT011'19HY, JI Ol?'l'JN9CK08 norJIOll'l9HH9 lipH JJJOC!oA 

3H8PrHH BW8YB89'l' CJU3HI' IIJI83llOHHOR &Hapro OT 88 CBOCSO,IUIOro 

aHaqeHJUl. 

$yHKIUIH xapaKTepJNeCKHX noTep:& -Im(a)-I H -Im(a+I)-I o6yc­

JIOBJDlfB8IO'l' 06~e11HYe H noaepXHOCTHHe noTepK KPH'l'8JJJI8. BeJmcnma 

Im(a)-I nponopJUl()HSJI:&H8 BepOH'l'HOC'l'JI IIOTepH SHeprHH "KB83H­

CB060,JtHOro" 8JI8K'l'poHHOro raaa B Alz03, \ITO xapaKT8pH8y8'l' 118KCH­

M8JI:&H08 KOJl9681D18 8H8pI'llJI IIJI88llOH8. 

JfaKClllM8Jl'&H8Jl SHeprHR 06YllHC>ro IIJI83llOH8 paBHa 26 aB {EllC3) 
H 26,5 aB (E.LC3). tyexwm -Im(a+I>-l COOTB8CTB8HHO, paBHa 22 H 

22,5 sB {EfjC3) H 24-2!5 aB (E.LC3). IIHKH I0,3; I0,5; I4,5 H !5,6 
aB o6yCJIOBJI8HY KOH6HH81UUDOI IIOT8p:& noaepXHOCTHWX H odHMHlilX 

Ma&MOHOB 8JJlllOllHH.R. B peayJI:&TBTe 06.nyqeHHll KpHCT8JJJIOB KOPYIWl 

npoHcxolUl'l' CMelllBHHe IIHKOB IIJI83MOHB n-aa "paapymeHJU1" nosepx­

HOCTH H YB9JIKq8HJUl KOHU8H'l'p8IUIH l!;.K'l'OB B lipHllOB8pXHOCTHlilX 

CJIOJlX (TO'l8'1111i18, arpera'l'Hlile KOIGIJl8KCLI, KJraCTeplil H 'l'.,1'.). IlpH 

8TOM lipOHCXO,llHT l!;8COp6IUUl KHCJIOPO.-S c nonapXHOC'l'H KPHCT8JJJI8. 
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.A.momnudt, B03HHKmdt B peay.m.T8T9 "paa.nmteHKR11 noBepXHOCTK, 
38llOJI ·ffSleT ,lUICJIOK81.UfOHHhl9 neTJIK H nopw, MMKpOTp~ H T0M ca­
MIOlll C03,1{88T 11aepK8.lIOHYJD noBepXHOCT!s, 6Jiar0,1{8p.fl t{9MY Had~aeTC.fl 
}'B9JDN9HHe KO~eHTa OTpmreHHSI (CM. pHc.4). CMeiqeHHe IIHXOB 
IIJr83MOHOB CBSl38HO T8KJl9 H · C HOHll881.Uf9A rny<IOKHX 8JI9KTpOHHhlX 
odOJIOlleK KBTHOHOB. 

HccneAOBBHHe cneKTpoB BOa<l~eHH.fl JIDOOleCQeHQHH KOpYffAa, 
o(l~eHHoro dYcTphlllH aJIBKTpOH8Mll 60JIJ.111Kx AO& (6°!017 aJI·cBr2), 
Bhl.flBJl'.1IO HaJDNHe IIOJIOC B036~emm CB9t{9HH.fl 5,4; 6,3; 7 H 8 aB, 
8H8JlOriNHhlX noJIOC8M norJIOllBHJUl H 0Tp8ll9HHSI, HSBOAHMJiiX B KOpYffAe 
9Jf9KTpOH8MH H HelTpOHBMK, o<lyCJIOBJieHHlilX F+ ~eHTp8Mlli H nonDC8MH 
6,C?> aB- F ~eHTpa. 

Cn:a<lye 9KCHTOHHYe B03dys,Jt9HHSI B CHHeA y~ odJiaCTH CB9ll9HH.fl, 
HO CMHYe B odJiaCTH 9 aB 1tp8CHOI (I, 76 aB) JllllOIH9CQ9HQHH, 
od~CltillDTCR paCna.JtOM 8KCHTOHOB Ha CBO<IOAHYB 9JieKTpoHY H ~KH. 
Tall: KSK npH OdJiyQ'8HMlf ll8C'l'h HOHOB C:c3+ (KOHL\9H'l'p8UJUI JIOHOB C:c3+ 
COCT8BJIH9T - I016 cr3) H3M8HfllQT CBOll B8Jl9HTHOCTll H CT8HOBRTCfi 
IWH8MH Cr.2+ H Cr4+, TO ll0CJI9,1{HYMH 38XB8TWB817J.'C.fl OCBOdo~ecR 
8Jl8KTpoHhl H ~KH, H HOHhl Cr.2+ H Cr4+ nep9X0Afi'l' B Tp9XB8JI9HTHhl9 
BOad~eHHhle COCTOJlHJUi c no~ KB8HTOM R JIDIHH9CQ9HIU'IH (R 
.mnodt wI,76 aB). 

B odJICTH 9,5~22 aB ~KTHBHOCT& nepaASlfH aHeprHH QaHTpSM 
CBB'19HHSl n~aeT Ha-aa <leawanyq&TeJihHliX K8HBJIOB peJIBKCBQMH nyTeM 
nepeJtSllH 9HeprHH 9JI9KTpoHHoro 9KCHTOHHOro H IJJI83MOHHOro B036ya­
ABHKR. 

npH 9HaprHH B03dyil;A8Dll9I'O H3~9HH.R 22 aB e{JlieKTHBHOCTll 
cHHero K Y~ cBeqemut soapaCTaeT aa cqeT poHHoro yMHmteHH.R H 
yqaCTH.fl 06it9MHhlX BOad~eHHhlx KpHCTBJJJIOB. 

B IIRToA _·.mme np8JtCT8BJIBHlll peay.m.TaTw HCCJiaAoBBHHA UO, 
HSBOAJIM!ilX B KpHCT8JIJl8X pydHHa BlilCOK08H8preTJNHYMH 8JI8K'l'pOH8MH H 
y-KBBHTBMH; BJiimHlUl od.nyqeHIUI dYCTplllMH 8Jl8KTpOH8Mll 88 po.JJD1H­
H8CQ8~ R-.mnnrlt pydHHS. 

KayqeHHe BOaAelCTBMSl dwCTpwx BJIBKTpOHOB YJl8PBHHYX A03 
(sIQI6 8JI•car2) K y-KBBHTOB HS KpHCT8JUIY pydKH8 BlllHBJfJIO nDJIHYlO 
8H8JIOI'JllJO cneKTpa .llll. npoQeCCOB Oltp8llDIB8HIUI H OTDl'8. CneKTpY ,llil 
py<IKHa COCTO.RT K3 xopomo H3B9CTHYX IIOJIOC 5,23; 4,43; 3,35 H 
2,64 aB, a T8KlK9 B HHX Had~BTC.fl 8llt9 ~ noJioca B o6JI8CTH 
...s,re aB. 'llaCTO H86JQ89MU B cneK'!'paX pydHHa JIOJIOC8 5, 'r.5 aB 
JIBJUIBTCH peayJIJsTSTOM nepe1tplilB8HH.ll IIOJIOC ...S,00 H 5,23 aB. Ilo.11ocw 

- 25 -

00 ...s,re H 5,23 aB xopomo t1posm.M171'Cll B CIIEIKTpax KPHCT8JJJIOB, 
069CUB8'1HB8HHhlX KB8HT811H 2,64 8B. 

boodecuseqeaHHe :a noJiocax 5,23; 4,43; 3,35 H 2,64 aB 
npHBO,lUtT K paBHOMepHOMY y6w:aaHJDJ HX Ji1HT8HCJIBHOCT81t. 3To noaso­
JIHJIO fiP8,JlOOJIOIOl'l'll t1pJlllQJl8llHOCTh 8THX noJIOC OJUIOMY H TOMY u. 
U8HTPY Cr2+. toTooc:lecuse'IHB8HH8 KB8HT8IOI 6,00 H 4,86 aB B8pHe.lt­
JIOBCKHX H nn< ICPHCTaJIJIOB KOpYHJta, OdJIY'IBHIDIX <liiCTPllllOI SJieK­

TPOHBMH, OK838JIO paBHOMHpH08 H3M9H8HH8 HHT8HCHBHOC'l'H norJI0118HIUl 
Ha qacTOT8X 6,C?> H 6,3 aB, a B o6JiaCTH M8HllDIHX 8HeprHH- Hepa:a­
HOM8pHoe. 068CUB9qJllB8HH8 KBaHTaMH 2,64 aB H8 Blll3!11B88'1' HK KSKHX 
H3M8H8HHH B CU8KTP8X Jl£I nn< KPHC'l'aJIJIOB, 'l'Or,1{8 IC8K Jt1IJl B8pHeR­
JIOBCICHX o6paauos H86JJJQ11;88TC.fl K8PTHH8, 8H8JIOI'Hllff8.ll Jt1IJl pyc:IHHa, 
'1'.8. B odJJaCTll 6,00 aB npoHCXO,lUtT yMeHblll8HH8 HHT8HCHBHOCTH no­
rJIOlll8HHR. 3TH HCCJI9,JlOBaHIUl noa:BOJUDa'l' 381CJllNR'rb, 'Cf?O B CIIEIK'l'pax 
Ha6J11>,1tae1111x JS Jl£I pydHHS' Oc:l.JJ3"18HHOro YJ118P8HHllDDI ,Jl03811H c:liiC'l'PlilX 
8JI81C'l'p0HOB, np0HCX0,1tll'l' YJl8HDl8HH8 HHT8HCHBHOC'l'H norJI0118HH.ll noxo­
Cii JS o6JiaCTH ...S, 00 aB, oc:lyCJIOUeHHOe Cr4+ :tteH'l'po11. 

HCCJI9,JlOBaHHR IIOICHaJIH, 'Cf?O B cneK'l'pax l1Il pyc:IHHS, od.ny­
qeHHOro diiCTPllllGI 8J18KTPOH8IOI <IOJiliDIJIX .noa (~IQI6 8JI•CM""2), CHOBS 
H86JlllQ1t88'1'CJl }'B8Jill'll8HH8 HH'l'8HCHBHOCTH norJIOlll8HH.ll IIOJIOC O'l' 5,27; 
4,43; 3,35 H 2,64 aB. nocn OTllHI'8 npR T81m8p8T)'pe ..o73K, 
Blll.llBHJIOCit H8JDNHe nOJIOC 6,00; 5,4 H 4,86 aB, aHaJIOl'JIMWX nOJio­
caM, H8BEIJt8HHlllll B KopYHJte 8JI8KTpOH8MH H H9hpoH8111H. c poc'l'OM 
A03Y od.nyqemm JilHT8HCHBHOCTh 8'l'HX IIOJIOC YB8J,IHllHB88TCJl. Ha npH­
cyTCTBHe B Cll8KTpe .Jll1 OCT&111tHYX 5 IIOJIOC, o6yCJIOM8HHYX paAHa­

lU!OHHlllMR CTPYKTYPHlllllH .Jle4)elCT811H, YK83111118JO'I' B03P8C'l'8HH8 (noCJie 
H8Cbllll8HHR) JilHTeHCHBHOC'l'H fiPH. 01Cp8111HB8HHH H H8JIHqH9 BlrlCOKOT8M­
nepSTypHOI CT8,1Ulll' OTJIH1'8 3,~ H 2,64 aB. HCCJI8Jl0B8HK8 pOJIDDI­
He<m8HIUDI R-JIHHHll py6HHS, KOHQ8HTp81UUl HOHOB xpou :a oClpaauax 
6YJia "'2 • IOI9 era, odJIY'CfaHHoro enKTpoHBMH c 8Heprnfl 50 lleB, 
.noaol "'3·IOI7 8Jl•CM""2 H OTODEIHHOro npx '1'81Ulep8TYP8 570-620 I<, 
no1taaaJ10, 'Cfro HHT8HCHBHOCT11 JJDGIH8Cll8HL\HH R-JJHHHll odpadoTaHHYx 
KpHCT8JIJIOJS 3H811HT8JJltHO YB8JDNDa8'l'CSl no cpUH8HHIO H80c:IJIY'l8HH&IMM 
o6p831l8JOJ, Hac:IJDOU8Mlidt at»eKT Oc:IHCHR8'l'Cff H8Jly'CfaT&aHOR H 6ea-
1113JIY'l8'1'8JJltHOR nepe,uqeR 8Hepr11H OT p8,1tH8WIOHHlilX U8H'l'po:a 8JieK­
TPOHHOro :aoad3'1Ut8HJUI HOHBM C;r3t-. 

06.nyqemre BlrlCOK08HepI'8'l'JmlliltH 8Jl8KTpoH8MH B M8TPHQ8 KOPYH­
,11;8 IIPDOJUIT oOpa10BaH111D PR..18 DOJIOC (JI uo, KU noKaa8HO Blillll8, 
'f8CTll KoTopwx .RBJDlm'CSl "aKTJIBHllllGI", a 'fSCTll "napaameoro" tteH-

-~-~ 
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Tpa, Hanp:imep OII 3, 94 sB KO'l'OpYe IIpHBO,l{fl'l' K }'M8H:&meHJllO HH'l'e­

rp&JI:&HOI mrreHClmHOCTH R-JIHHHR JIDIHH8ctteHLUOI. TeJmepaTYPHYA oT­

llHI' IIpHBO,JtHT He 'l'OAKO K BOCC'1'8HOBJIBHHIO HOHOB cr3+ H O'l'Dcy 

Psuta nOJIOC, B TOM 'IUICJie II "napaaJl'l'HYX ueHTpoB", HO H BCJ19,1lC'l'He 

11ero CHJI:&HO JIDDIH9CWIP~ T8PllOCT86HJJHlilX ueHTpax, IIpOHCXO,n;HT 

nep9,lla11a aHeprHH &JieKTPOHHOI'O :eoa6~eHIUl HOH8MH Cr3+. 
mecTaR rJiaBS ,1lHCCep'1'8JlHOHHOI pa60'l'Y DOCBHllleHa reHepSUHOH­

HlilM CBOIC'1'B8M py6HHOBLIX Jiaaepo:e. JlHoI'OtfHCJI8HHY8 ,n;aHHYe :eoa,n;el­

C'l'BHH P8lU!8ltHH HB reHepSQHoHHWe xapaxTepHCTHKH py6HHOBYX .naae­

po:e xpalHe IIpO'l'HBOpe'IUl:BY, H IIO ,1l8HHOJIY :eonpocy HIT 9,1UIHOI '1'011KH 

apeHWl. JIIasecTHO, 11'1'0 BB8,1leHHe B py6HH HaoB&JieHTHol npHMBcH 

cnoco6CTBY8T nOB&llll8HJIIO 0:tl'llN8CKOI 0,llHOpO,llHOC'l'H KPHCT8JL1I8 no 

pacnpe.rieJiemm xpoMa. 3'1'o MODT npsmecu x y.nyqmeHJUO om1NecxHX 

H reHepauHOHHYX CBOICTB KPHC'1'8JIJIOB py6HHa • .llJIR BYRCH8HKR BJIHR­
HKR P8.11H8llHH H H30B8JI8HTHOI IIpRMeCH HS O:tl'llN8CKHe H reHepa­

UHOHHW9 xap8KT8PHCTHKH py6HH8 6WJIH HCDOJI:&80B8HY o6paauw py6HH8, 

8KTHmlpOB8HHY8 r8JUIHeM H THTSHOM, '1'8pM006pa6oT8HHY8 B OKHCJIH­

TB.m.HlilX H BOCC'1'8HOBHTB.m.HlilX YCJIO:BHRX,a T8Klt9 06.nyqeHHYe y-KBSH­

T8MH paaHlilX .uoa. YCJIO:BHR TepM006pa6oTKH BJIHIDO'l' TOAKO HS Y41 

118C'1':& cneKTpa: npH O'l'mll'8 B cpe,n;e KHCJ!Opo,118 HH'1'9HClmHOC'l':& no­

rJIOmemm B STOA 06.naCTH cnexirpa y:e8JDl'IHB88TCJI. JIIHTeHCHDHOCT:& 

CII8KTpa '1'8K-ll9 B03p8C'1'88'1' C yB8JD!'18HH9M KOHU8HTpSQHH B'l'OpH'IHlllX 

npHMecel. 06.nyqeHHe y-KB&H'l'aMH py6HHa, 'l'epM006pa60TaHHoro B 

KHCJIOpo,n;e, IIpHB0,1lH'l' K y:eeJUNeHJO> HH'1'8HCHBHOC'l'H norJIC>m8HIUI BO 

BC8M CIIeK'l'pe, 38 HCKJDOll8HH9K 550 HM H dOJiae. B Clt9K'l'p8 en py6H­

H8 C ,11068BKOft Ti 6WJI8 H86~eH8 DOJIOC8 en 5,6 aB, IIpHIIHCYB88M81! 

TiS+ noJIOca 6, 9 aB Ti 4+. 

3Hepr9'l'lN8CKldt »YXO.U E.1 C'l'HllYJIHpOB8HHOro H3Jll"l8HHI! KPHC­

T8JL1IOB py6HHa "O H nocJie y o<S.nyqeHJISI H nocJie odeCUB8'11HB8HHI! 

.naaepHlilx &JleMeHToB IIRT:DJO BCnYmKaMH ,1lJUl py<SHHB c npHMec:&10 Ga 
yseJUNHB&eTc11 no cpaBHeHHJO c 'IUICTWM py<SHHoM H py<SHHOM c Ti. 

YMBH:&memme raH&PailHOHHlilX noTap:& B &KTHBHOI cpe,n;e a<!', 
CWl88HH08 c nom.mreHHeM OnTHtlBCKOI 0,llHOpO,llHOC'l'K no pacnpa,n;eJieHRIO 

Cr3+, IIpHBO,IUl'l' X yseJIHqeHJUO E.11. XoTll IIpRK8C:& Ti T8Klt9 YJIY'llllM!T 

O:tl'lM'l8CKYJO 0,1lHOp0,1lHOC'l':& xpHC'1'8JIJIOB py6HHa y:eaJIM'leHHe EJI Heff&-

6DW18'1'Cll. 3'1'o oaHaqae'l', 11'1'0 :a xpHCT8JIJI8X py6HHa, JierapoaaHRWX 

Ti, B03HHK8IO'l' K8H8JIY II0'1'8PR 8HeprRH, KO'l'OPY9 YCII81DHO KOHICYJ>K­

PYJOT c YJIY'illl8lllUIM ~KTOp8JOI. Y:aeJDl'leHHe RHTeHCHBHOCTR nor.noui.e-
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HlUl cnoco6cTayeT yMBHhmelDiio BlilXOAB Ma.:nyqeeHR K noBblllleHHlO nopora 

reeepaqHH. 

KaK 6&1JIO noK838HO BYIDB, nepeAS'IS aeeprHH 9JI9KTpOHHOro B03-

6~eHHI! oT p8,1lH81UIOHHYX I.IO K MOHaM Cr2-t- MOJtBT npHBecTM x 

IlOB&llll9HHIO BlilXO)UIOI aeeprd py6HHOB&IX JI888pOB • .n:o TewepaTypHOI'O 

oTlKHI'& noCJ10 od.JIY'f9HHR A3 Jiaaepa AO AO& 5·IOI7 &JI•cM""2 yxy,n;ma­

JIHCh nopor reeepa~ En H BYXOA Ei. nocJie TBMnBp8TYPHOro OTllCHI'8 

A3 IIpM 6CXl I< B T9'18HM9 I5 MHH EJ( yse.moomaJICR Ha 40%, Ha C'l'OJib­

KO 1te yM&HhmaJICR nopor reaepSQHH. HadJllWIJIOC:& TaKltB, 'lTO npK 

earpeeeHHH A3 py6HHS c poCTOM TeMnepaTypW.AO 700 K reHepSQHoe­

HYB xapaKTBpHCTKKM Jiaaepa yxyAJJI8.11MCh, a IIpH TeMIIepaTypax :&Yme 

700 K reHBP8llHOHHY9 nap8M9TpY 6oJI:&me HB H3MeH.RJJHCh M IIOtl'l'M 

COBilB,JlaJIM c nap8M9Tp811H HCXO,'llHYX eeo6.nyqeHHYx Kp11CT8JIJIOB. 

HcCJIBAOBSHKR noKaa8.JDI, tl'l'o cse'l'oaoA OTJIHI' (JI8MIIOB811 eaxaq­

Ka) od.nyqeHHYx 8JIBK'l'pOH8MK A3 py6HHa, TSIC se npHBOAJIT IC yse.JIM­

qemm seeprHH reHepSQHH E,1, KSK H TepJUNecxd OTllllI'. O.-eaKo, 

CBBTOBOA OTllllI' ,n;aae noCJie 20-25 BCIIWlllBK H8K8'1KH paa.mNHWMK 

aeeprlUOOI ea npllBOAJIT K nOJIHOMY aocCTaHOBJIBHJUO aeeprHH EJI. 
Ysu®IBHHe aeeprmr reHepmum Jiaaepa EJI c poCToM 'IHCJia 

BCIIYllIBIC o6YCIUl9TCR TBM, 'ITO ABICTBHB B036~ero CBBTS Ha 

06.:nyqeHHJile Kp11C'l'8JIJIY A3 py<SRHB CBOAJITCR, B OCHOBHOM, K «ic>To­

CTJIMYJIHPOBSHHOMY paap~Hlll> HOHOB Cr2+ II Cr4t° H '18CTll"IHOMY 

BOCC'1'8HOBJl:BHJllO ICO~eHTpaJ.zyDll HOHOB Cr3+. 
SAK.JJIOlmlHE 

I. 9xcnepDeHTam.Ho noxaaaeo, 'ITO BJI&KTpOHhl c eaeprMSIMK 

2+50 laB C08,118JllT B pemeTKe XOpyH.JUI yCTolcnmHe CTPYK'l'YPHlilB AB­

l{leKTW, B03HHK~e BCJ1'8,11;CTBH8 BY6MB8HHI! <Solldap~ &JieK­

TpOHaMH 8TOMOB 113 HOpM8JlhHlilX yaJIOB B 8HHOHHOI DOAPBID8TK9 HM 

COOTB9C'l'Bym F M F+ ueHTpw c 110JIOC811H OnT1N9CKOro norJIC>m8HJUI 

COOTB9C'l'B8HHO 6,00 aB (F L\BHTp) H 5,4; 4,86; 6,3; 7 H 8 aB 

(E* ~eHTp). IloCJI8,'llHYe Tpll noJIOCY a cneKTpe HTI BhUIBJieHY c 

IIOMOlqhl) CH, B xaTHOHHoA noA}>emeTxe-~eHTpY V Tma c noJiocoR 

ROI'Jf0Dt9HllJI B o6JI8CTll 3,I sB. 

YcTaHoBJieHO, 'ITO npH od.nyqeHlDI :ewcoKoaaepreTM'IHlilMH &JieKTpo­

H811H B KOp~e ~ymCR IlOJIOClil 285, n, 325, 380, 4!0+455, 
530, 570, 690 HM. Ha OCHOBB H8IDHX axcnepHM8HT8JI:&HYX peayJI:&TSTOB . 

II JIMTBpaTypHYX ,1l8HHlilX nOK838HO, 'ITO aa IlOJIOCW ll, 358 H 456 HM 

OTBBCTB8HHhl ~eHTpW 01Cp8CKH TllII8 (Alt F); (Al10 rt"] H (Al/ rt"] 
COOTBBCTB9HHO. 
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2. YciraHoBJieHo paaJBNHe B npoueccax oxpaimmamm H OTlltllI'a 

npx 06.nyqeHHH 11'1HCToro" xop'Yff,Ua 6111CTpillMH SJIHTpoHaMH :e aa:BHcK­

MOCTK OT MeTo.na BlllPB111HB8HHR KPKC'l'aJIJIOB. BepH81JIOBCKHEI 06paaIUi1 

oicpamHBaIOTc11 I,5+2 paaa cHJIHee xpHCTaJUIOB I'HK. KayqeHKB npouec­

ca H30xpOHHoro OTllDII'8 F IIOJIOC OOK838JIO, '1'1'0 O'l'llllI' BBpHelJioBCKKX 

KPHCTSJIJIOB HlllI99T O.ztHY CT~Jll) 6onme, "IBM KpHCT8JJJlbl I'HK. c no­
MODUiX> TBOpeTH"l8CKHX pac'l:eTOB H 8KCUepHM9HT8JI&HlllX peay.1IllT8TOB 

onpe.neJieHbl IlOPA.nOK KB83HXHION9CKOR peaKUHK ('f"'3) H 8Hepra 

8KTHB81XHH ce=r,I aB) F U8HTPOB. c.ii:8Jl8H mmo.n, 'l'l'O Had~eMOe 

paa.mNKe ftJ;Wl8TCJl CJI8,ltCTBH8M CO,ltep!rSHHlt ,1lOp8,1Uf81UllOHllhlX lleifleKTOB 

B KpKCT8JIJISX BepHeftml. 

3. axcnepmrewraJildlo H TeopeTINecKH noxaaSHo, 'llTO npouecc 

H8KOITJI8HHft F H f+ UeHTPOB B xo~e IIPH 06JJytleHKH dWCTPl:illGI 

sJieKTPOHSMH :a J11Hpoxost mrrep:e&11e .uoa IQIO+IQI8 sJI·cr2 no.npaa.ueJI-

11eTca HS TPH &Tana. flepBOH8'18JlllHble CT8,1UIK oxp8111HB8HHR icpHCTSJI­

JIOB o6yCJIOBJI9Hbl aanOJJHBHKeM llOPUll81U«>HllhlX 8HHOHllhlX B8K8HCHR 

uexTpoHaMH. CHa'lua npo111c:xo,JXHT o,IHOxpaTHoe aanoJIHeHHe, cOOT­

BeC'l'BYJallee odpaaoB8HH10 F+ U8HTPOB, 38T811 o6paaymca F U8HTplil. 

Ha BTopOM 8'1'8IIB BCJie,JlCTBHB peicoMC51111awur YCTSHSBJIMB88TCll KB83H­

CT8IUIOH8pHoe COC'l'OSIHHe, B KO'l'OPOJI llOllllHHP~· $1BJUleTCJl KOHUeH­

'l'PauU F+ UeH'l'pOB. floCJie,JUllidt 8T8II 0Kp8111HB8HHR CBlla&H c noe­
JI8HH8K KHCJIOPO.IHlllX B8K8HCHR (F H f+ U8HTPlll) IIPH ynpyrHX y,uapsx 

8TOMOB KpHC'l'8JIJI8. 

YcTaHoBJieHo, "l'l'O npH T8111Ieps:rype 77 K cxopoc'l'h HaKoJTJiemm 

(F+F*) ueHTpOB B xop~e 00'1'.l'H B TPH paaa np8BOC:XO,JXllT CKOpOCTh 

HaKOITJieHM IIPH T&nepaType -3CX> K, 'l'.l'O ec:reCTBeHHo cuaaTii c 

YM&Hamemre11o1 pa.uaycoB o6Jl8CTH HeyCTo8'umc>CTH npx noHDeHKH 

'l'mmepa:rypw. . 

4. 3xcnep;, ;8HT8Jl:&HO onp~eJieHO COOTHOID8HHe CHJI OClUfJUUl'l'DpOB 

,Jt.11JI nepe:XO,JlOB 8JI8K!POHOB ~ OCHOBHWll H B086ys.JleHHWM COCTOft­

HHeK F H F+ U8HTPOB H8 "ISCTO'l'SX llSKCJlllYllOB norJIOlll8HIDl COO'l'BBCT­

BSHHO 6,a5 H 4,86 aB, KO'l'Opoe psBHO f&,m:f4,fJ6=3,9:I. YCTSHOB­

JI8HO HaJUNHe nycTHX SHHOHHWX BSKSHcd vco> B xpHCT8JUI8X xopYff.18, 

odJJytleHHblX 60JIIimHMH ll088111H 6WCTpYX 8Jl8KTPOHOB. 

Ilp8,11,JI01teH8 MO,JXeJIJ:i npoueccoB nepeasp$1,1UCH 8HHOHHWX B8K8HC:HR B 

PSBJDl'IHLIX aapA,nOBYX COCTOJIHHllX lfloTOB036YJl,l9HllSI HS "ISCTO'l'8X no­

rJIOlll8HHll F H F* I.t8HTPOB. rtonyqeao TeopeTIN8CK08 swp8ll8HHe, KO­

Topoe xopomo corJ1BcyeTca c &KcnepHll8H'l'&JIIiHblllR xpJUiwMra, T. e. 

noCJie eoa6YJr,1leHiUt B f+(F} nOJioce, a aaTa B F(f+) noJroce, oT-
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HOlll8HH8 HSM9H8HlUl K0~9HTOB HrI C'l'8HOBHTCll O,ltHHSXOBlllM rtpH 

300 K B odon CJIY'IMX. 
5. !3Kcnepllll8HT8JlbHO H86,.8H8 lfloTOIIPOBOJUD(OCTI> B od.nyqeHHOM 

aneKTpoHSMH xo~s npH soad~eHllK :a F* noJIOce norJionteHJUl 4,86 
aB. Ilpe~Olt8H MexaHHBll 4i0TOnpOB0,1UDIOCTH, o6yCJIOBJI8HHbdl npbDKKa­

MH 8JI8KTpOHOB no soadylr.UeHHYM COCTOIUUUIM F H F+ U8H'l'POB. IlpH 

p83YJGlblX aHaqeffHllX napaMeTpoB ~OC'rHI'ffY'l'O y.noBJieTBOPMT8JIIiH08 

KOJIH118CTB8HHOB corJI&CMB T90PeTIN9CKOro M axcnepHll9HT8Jil>HOro 

aHaqeJUdt 4i0TOTOK8. 
6. 06H8pyDH8 OOJlOC8 OIITJA8CKOro norJIODl8ffiU1 285 HI( B cneic-

Tpax 8JI8K'l'p0HHO M ael'l'pOHHO od.nyqeHHWX KPHCT8JIJIOB KOPYH.18· IlpH 

BOady-.neHHH B nOJIOce 285 HI( H86JD0.18BTCH JIDIHHBCUBHUIU1 B OOJIOC9 

440 HM c speMeHBM aaTy:xaHJUI r-53±:3 MC npM 77 K M r-4'7t2 MC npH 

3CXJ K. 3xcnepKMeHT8Jll>HO yCTaHOBJieHo, 'ITO speMH aaTyxaHJUl JID1M­

aecueHUHM B IIOJIOC8 2'70 HI( paBHO "t==IIO:t:IO MC npM 77 K H r-'75:t5 
MC npM 300 K. 

7. J/lcCJI8,ltOB8H8 KHH8'l'HK8 H81COITJr8HHll v ueHTpoB B MOHOKPMCT8JI-

JI8X KOPYH.18• H86.111\1t&HO, QTO c pOCTOM .noaw B HHTBpB8JI8 5.IQI6+IQI8 
8JI·Clr2 npR o6JJyt18HJIJH U8KTPOH811R c aaepnreR 50 ll8B KOHU8HTP8IUlll 

v ll&H'l'POB JlllHdHO ya8JDl'UIB8BTCll. c nolilOllll>JO peaKUHH l(U,1ijl' v Il&H­

TpaMH H HOCJJ.TeJUIMR aap,ua,ytlH'l'JllBaR T8KZB ICJI8CT8PHYI> MO.UeJlll TH08 

Al 3+: [ (j!-]6, odMCHJleTCJl K81C M8xaHH3M }'118H& meHHll, T8K H yaeJIM­
'i8HH8 mrreHCHBHOCTH IIOJIOCbl 3 &B. IlpDOJUll'rCJI. MO;A8Jlh v ueHTpOB, 

KOTOpllll YAOBJ18'1'BOPMT8JlllH0 o6MCHll8T KllH&THKY H8KOITJr8HHR H 
8HH80TpoIIlll> v ueMTpOB npH &Jl8KTPOHHOM od.n;yqeHHH. 

8. 06HapJUH OilTIN9CKlll a0»eKT M8JllilX ,1l03 • nocJl8 06.nyqeHHll 

peHTreHoBCKHMH JIY'ISMH, y-KB8H'l'8MH H aJieKTpOH8Jllll[ Jll8JDilX A03 

(IQI0+5.IOII BJ1·c..-2, s HetcoTopwx c.nyqMx IOI'4IOI6 en.e1r2) 

IlpOlllCXO,JXllT M3118H9HM9 OnTIN8CIUIX CBOitCTB KpHCT8JIJIOB xop~a. B 

qaCTHOCTM, B Ylll o«!JiaCTH cnexTpa nponycxaHMe scex xpHCT8JIJIOB 

H938BMC10l0 OT MeTON! HX BWp~t y.nyqm&BTCA, T.9. KpMC'raJUI 

"npocBBTJJJt8TCA11 • CTeneH!t "npocBeTJieHHJt"· soapaCTaeT c CTopoHY 

xopoTKHX )µIHH BOJIH. IloxaaaHO,'ITO B npo~ecce od.nyqemut B xop)'H.ll;e 

A91CTBym ABB KOHXypMpyD!tMX M9X8HH3M8: 
11

3aJI9llHB8HH9
11 

(ynopAA0-

'18HHO) KpMCT8JIJDN8CKOit pemaTKH M napeaapHAKa ,l\Op8,JXM81\MOHH&IX 

~ec»exToB, KOTOpHe aaBMc.RT OT np8,D,lllCTOpMH KpHCT8JIJI8. 

9. Bee I10J10c111 nor~elDUl lfloToJIDlllH&Cl\&ffUMH CJIOll!HlllX UO HMem 
BM, oonpo~CJI. «<. Ba.mNHHa ocHOBHOI qaCTOThl ~16 er.I 
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~ Bcex noJioc 0.JtHH81COB8, H SlBJUleTCJl HHlKHHM npe,JteJIOM OIITJN0CICKX 
«ic>HOHOB. 

,lleTaJiliHO K3Y'f0H8 OlI 850 HJ( H ()JI I0?5 HM. 41oHOHHhle KplilJTJI ti< 
HBJrmOTCJ[ KOM6~eft mo H 'AJ>yrHX '118C'l'OT, a T8Klt9 IlOBTopeHHeM . 
Jlmo, r~e n=2,3,5,7,9. TaK ica1C npK TBMIIepaType IGO K B cneKTpax 
on H ~~ Ha6~eTCJI 8JI81CTpoHHO-KOJI868T8JlhH8.R CTPYKTypa, M 

BBJIH'lHHa !liaKTOpa lte68Sl-BaJIJJepa p8BH8 0,046 IlpH 77 K, TO STO 
CBH.Jt9T9JI1iCTByeT 0 CJia6oft BJI9KTPOH-W0HOHHOft CBSl3H. 

IO. 3xcrrepoeHTaJii:.Ho rro.nyqeHo 3H8'11HT9JI11Hoe y-B9JDN&HHe HH­

T9HCHBHOCTH «ic>ToJUaMHHe~eHr(JDI R-.mmd py6HHa, 06.nyqeHHoro 6oJn,­
IIIJllMH .Jt038MH 6&1cTp&1x SJielCTpoHOB H OTOID!eHHoro IIpH TeMIIepaType 
5'75+625 K. 06HapyzeHHWA a(xlieKT o6~cHHeTCJl Ha.nyqaTam.HoA H 

6&3&13.JIY'l8T9Jl1iHOft rrep~qeft aaeprHH 8JI8KTpOHHOro BOadyameHHSl OT 
TepMOCTadHJI!rH&IX p~oHHo-cTpyKTypH&lx UO IC HOHaM Cr3+. 

rioJiyqeHHble peayJI11TaT&1 noaBOmim OOBDICHTll IC. n • .Jt. pydHHoro 
Jiaaepa Ha 40% H IIOHHaMTi:. nopor raHep8IU!H Jiaaepeoro 113.JIY'laHHSl. 

II. J.iCCJI9,JtOB8Ha cne1CTpam.Hu 38BHCHMOCTll ICo~eHTa oTpa­
lltaHM (Heo6.nyqeHHoro H od.nyqeHHOro) KOJ>YH.1t8 B odJiaCTH aaeprH11 

5+30 sB B aaBHcHMOCTH OT opH&H'l'8QHH ueJCTplNecKoro B&KTopa E 
CK K C3. OdH8pYJt8H8 HOB8.R CTPYJC'l'yp8 (6,3 H 7 aB) B cnexTpax 
O'l'P8lt8HH.R OKOJIO KP8.R tWH,1l8118H'l'8JillHOro norJI~aHHSl, KOTOP8.R 
II0.1t'l'B8pll(,D;aeT, tf'l'O 8JI8KTPOHH08 OdJIY'l8HH8 llpJIBOJlHT K odpaaoaamuo 
F+ ~8HTpa M Cll811{8HHJD 8KCH'l'OHHOro l'DIK8, a '1'81CJK8 llpOllBJI8HHll l10Jl.R­

PH38llKOHHOft SHH30TpOIIIUI BYCOK08Hepr8'l'll'UllllX IIOJl'OC. rpyrrna M8KCH­
JIYllOB B CII8KTpax OTP8lt8HH.R B OdJI8CTH I3+2I, 5 aB odyCJIOBJr8H8 
paapemeHHhlllH nep&XO.Jt8MH B 30H8X Dpll.1UD08H8, KOTOP&l8 odpaaOBaH&I 
2p-opdH'l'SJI.RMH 8HHOHOB KHCJiopOM. 

I2. Ha ocRoBe HaMepeHJdt cnexTpo:e O'l'p8llte!UUI BblllHCJiaH&I cneic­
'l'P&1 OIITH'l8CKHX •• OHCT8H'l' H .1t88JI8K'l'PH'l8CKOR ~KJ.UOI od.nyqeHHoro H 
Haod.nyqeHHoro KOPYffM. AHa.mraMpy.R ~Iii COOTB8CTBYDllHX cneK­
Tpos, YCT8HOBJJ:8HO, 'l'l'O B8JDNHHbl -Im(s)-I, -Im(s+I)-I CHJI!JHO 

... 
38BHCJlT He TOJIJ:i!CO OT OpHeHT~ E CH IC Cs. HO H OT &Jl91CTpOH-
HOro B03,Jt9ftCTBHSI, XOTopoe npMBO~ x H3M9H9HRJIM B nepe:XOMX c 
sepxaero HHT9HCHBHoro MSICCHMYlfS B ITJIOTHOCTH COCTOSIHHft 2p-aOHbl 
Ha aa YB9.JmqeHHJ1 Ko~eHTp81.UIH .ztec»exTos B npmosepXHOCTH&IX CJIORX 

~ 

KpHCT8JlJJ8. 

I3. KcCJie,JtoBSHa cTpyxTypa IIOJIOc cseqeHJUI no cnexTpBM BOa­
dyll(,D;elOOI .llDIMHec~eHI.\HH B 111Hpoxoft odJiac'l'H cneKTpa. YcT&HOBJieea 
H,l\8HTIN:HOCTb CB9ll9HHSI (3 II 3, 8 aB) B CllBKTpax B03dyll(,D;eHHH 
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Jlll»tHHecueHJ.UOI c nonoc81111 OIITH'lecKoro norn~eHH.R .JtO icpa.R ~­
MSHTanHOro nor.oomelDIR H UBHTHUHPOll8Hlll KaK nonoClll norJIOllleHH.R 
F+ ueHTpa (5,4; 6,3; 7 H 8 aB), TaK H F ueBTpa (6,00 sB). 
SKCHTOHHl!l8 B03dyll.J{eHHR B CHH81 (3 aB) H Y41 (3,8 sB) JID4HH8CU9H­
UHH HHTepnpeTJllPYBTCSl, K8K de3&13J!Ylf8'1'8JIJtH&IR nepeHOC SHeprHH, T8K 
H pacna~ 8KCHTOH8 H8 cBOdo~ .1tb!PKH H aneKTpOH&I c noCJI~ 
38XB8TOM Il8H'l'p8MH CB8118HH.R. 

OdaapynHO IJpO.RBJI8HH8 B cneKTpax B036Ylf,Jt8HHSI JIIMHH8CU8HUHH 
6ea&13JIY'l8T8JDtHOI npHnoB8pXHOC'l'HOI peKOM6HH8QHH aap.R,JlOB, BepORT­
HOCTli B03HHKHO:B8HHR KOTOPlllX P83KO B03p8C'l'88T npH 6on11111HX K0~­
~8HT8X nor.m>melDUl H 118JIOI r.nyClHHe I1POHHKHOB8HHR CB8Ta B 
KPHCTSJIJI. ripH aeeprJlll B03dyJIJl8DllHX KB8HTOB hv>22 aB ~KTHB­
HOCTb cHHero H Y41 CB8118HM.R B03p8CT88T 38 cqeT M8X8HH3M8 «ic>ToH­
Horo YJllHOlleHHR H Y'f8CTH.R odHMH&IX B03d}'ll,'lteHd, KOTOPb18 T8Kllt8 
YJ!8mNHBSl7r ~KTHBHOC'l'!I peKOllldHH8WIOHHOro CB9'1881Vl. 
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