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OElllA.R XAPAKTEPMOT~KA PAEO'l'li 

AK?1anhttOOTl> npoOne~~. B rrocneAHee Bp~MR Haeln~AaeTCH noB11-

111eHt11idl MttTepeo K tteynpyrMN :rne1trpouarm•THblM npot1eccar.t, BoaHM­

!t8.10lllm& rrp!.t B38iU.I0]\0"CTBIUi 38.plllitBHHWC l{SCT\U( K r -ltBaHTOB C 

1.tOllOltp\lOTaJJJIQllM. K TllKMll npoueccaM OTHOCJITCR: TOpM03HOe 1rnny'le­

Hlt6 ynupapeJIRTMBllCTCIU!X 3JieKTpOKOB, tl>OTOpOlK,lteP.lfe 11enTOH-8HTH­

Jten'tOHlfWt nap, o6p8TH06 TOpr.t03HOe H3JIY'l6KMe s.neKTp0HOB, ca11oyc­

HopettHe 3JleHTpOHKNX ny'IKOB v. .ltP· BHHM8fflte K 3THM npoueccaM Bb13-

B8HO' BO-nepBblX I ttHCTO uayl{Hb!M llKTepeom.~, JJOCKO,llblty OHi/i ,1{8!!JT 

ueHHYIO 1rniJ>op1mu1r110 06 3Jte!('?pouartulTKOU B38ll\lO]te'1cTBHH JIBJJTOHOB II 

r-KBUHTOB C aTOM8Ml1 B ynOpfl,ltO'tfeHHHX CDC:Teuax, 8, BO-BTOpWC, 

B03MO~HOCTLIO lllX npaKTH'leCKOro MCnOHb30BBHHR B ~H3HKe ~blCOKKX 

s11epr111". Ta1c 1 Hanp11Mep, rrpoueccbl TOpMoaHoro 1nny-qeH11P. BblCOKo-

3HepreTHl{eCKHx 3JteKTpOHOB H o6pa30B8HHfl aneKTpOH-I103KTpOHHblX nap 

-KBaHT8MJ.1 B MOHOKp!llCTannax y~e 'AOBOHLHO mlllpOKO lllCI10JIL3YIOTCH 

.nm1 TIOJJYl{BHHf! t perlllCTpaui.rn 11 ViCCJte,noBaHHfl nonflpl130B8HHbl.X 

)'-KB8HTOB. y-qacTBYIOIJlYIX B paamt'IHhlX peaKUIHiX clJOTOpOM'ABHKR a.npo­

HOB, lJTO ltaC88TOfl npouecca OOp8T'lOro TOpM03HOrO Ml31Iy'leHHll, TO 

OH MOJKeT 6b1Tb HCTI0Jlb30BSH (no KpaWHe~ Mepe B npH:!UKne) MR. yBe­

JIHt10Hl1H 3Hepr1111 ynupapenRTKBJ.tCTCKHX 31IeKTpOHOB B ny'IKe Clnaro­

'ABPH OBMOYCKOpeHJ.t~ 6e3 ,,l{OnOnHl1TenbHhlX 38.TpaT . 

Tipouecc~ TOpM03HOro 1113HY'IBHHH Ill o6pasoBaHKR aneKTpOH-IlOSH­

TpOHHh!X nap B Kp!.tCTaJtnax B H8CTOHll\ee BpeMR .neTanbHO MCC1IB'A)'IOTCfl 

Ha sneKTpOHHhlX ycKop1.tTenruc KBR B CCCP (EpeBaH 9 XaphKOB, ToMoK) , 

T8K YI 30 pyOelltON. ( CV.HXpOTpOH ~pacKaTH B ~!TaJtHM. iH!S y B ~Pr H 

'AP· ) . B TO lite BpeMR 0<511\H~ nporpecc ycKop1·~eJ11>HOtl TeXHHKM ITOBBO­

JIJIBT H8'ABRTLCR HS TIO ABRBHKB B <5n11ma~meM 6y~y~eM aneKTpOHHLOC nyq­

KOB , l1HT0HCHBHOOTb Ill ITJIOTHOCTL KOTOp!iX 6y.JtYT 'AOC T8TO~H~ JVIfl SKC­

nepl1MBHT8JlbHOrG OCl HapylKeHl1R H HOOJte'AOBBHMR rrpoueccon o6pa THOro 

TOpMoa aoro Hany\JeHirn 11 ca1toyc1wpo1rnR aneKTpOHHl:ilX ny'!KOE 
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11CXO)lll 113 BbllD00K030HHOro I TeopeTl148CKOe 1100Jl0l\OB8JH1e Heyn­

pyrMX npouecco11. noa1n1Ka1011111x npn npoxoJK;11et11-111 ny1moe nonnp11ao­

:sat1HblX BlilOOKOSKepreir1111eo1t11x :1JIOK'l'p0HOB 11 ~ .:Kll011TQ1l ltepea MO­

HOKpllO'f8JIJllil npe)lOT8BMl6TOR 11eo:&MS !H<Tyant.H~lM. 

UeJJ:b ti aaJ;@ll(\ paOOTIL Uent.JO :11110oepT0Li11011HOll paClOTbl RBJIR6T-

OR TeopeTHlt60~06 MOCl6)10BQHH8 npOQeCCpll npRMOrO 11 OClpSTKOro 

TdpM03Horo Hany1telll1R yn:&TpapeJIRTHBHCTCKHX npO;!IOJILHO-nOJJRpl130-

B0hHWC sneKTPOHOB, o6paaOBBKHR nonnpl130B0HttblX 3Jl6KTpOH-n03ffT-

poHllWC nap 1!blOOKOSHepreT111teCKl1MH ~ -l<I:l0llT0MH 11 ca110yc1<0pe111rn 

DJJeKTpOlfHWx ny1tKOD I Kp11CT8J .• la.X I nepBOM CiopHOllCKOM npH6Jll1llt6Hl11!. 

Sa~a1ten MocneAOBaHHR ABJJReTcR: -0npe)lenettee 11ttTeHcHBHOcTH H 

CfeneHl1 JIKHe"HOI! nOJIRpll381.1HH TOpMoa11oro 1!3J!Yllelll1R YJII>TpapenRTH-: 

Jl!OTOKKX 8Jl8KtpOHOJ B Kp110 11nnne c y11eTOM npO,llOJ!l>HOil nonRpM36l.IHH 

ff81{8JliHWC r paC08ffHHWC aneKTpOHOBI 11CCJIB,llOB0HHe OCipaao~aHHR npo­

~OJl~HO!OOJIRpH30BBHHhDC 9JIBKTpOH-00311TpOHHblX nap J!l1Jfe"Ho-nonRp11ao­

l18HHl:IMH ¥' -KB8HT814H B Kpl1CT8JIJiaX' BblltHCJieHHe nepORTHOCTH nepe­

X0)18 .lVIR npouecca 06paT11oro TOpMoattoro 11any1teHHR npo~OJil>Ho-noJIR-· 

_pHaOllfllfHl:Dt :BUCOKOaHepreTH110CKllX aneK':lpOHOB B KpHCT8.JIJie. no.11y11e­

HH8 llHOJl8 OO~l:ITMH OaMoyOKOpeHHR B B)1HH11LIY Bp6M0HH np11 npoxolltJ(e­

BHH ny1u<a ynHpapeJIRTHBHOTOKKX 3Jl01<Tp0HOB 11epea KpHOTBJIJI. 

lia:qnan .g2:aH!ffa pa6oTw. B ,ll11ooepTaL1HH paoouorpen npoueco 

topMoeuoro 11any11ea11~ ynLTpapeJIRTHBHOTCKKX aneKTpottoB :a KpHotanne 

0 ylleTOM JIHH8AHoa nOJIRpHaaUHH TOpMOSHl:Dt ~OTOHOB H npo~OJILIDIX no­

. nnpnaaUHA HaqaJihHoro ft paooeRHHoro aneKTpottoB. 

BYllHOneaw HHTeltoHBHOOTl> H ~~enetth n11ae""o" nonRpHaau1111 Top-

' •oattwt· wotoaoB c y11eroM on11ao:awt oocT0Rn11A aneKTpottoB. 11ccJie)lo­

ilaaa a&BMd11~oou 11epoHTHOOTH nepeBopoTa omrna Cnenomip~aaum1) 

sneKTpOHO! B npoueooe , TopuoaHoro 11any1teH11R B KpHcTanJie OT aaep­

l'HB 11ony111eaftla )' •KBaHTOB. 

8AOB8.ldl SBepreTgqeoKHe 80Bl1CHMOCTH 11HTBHCl1I:lHOCTK 11 CTe­

!llnllila ~ ~eHIH, a TaKJr.e B6p0RTH0Cf~ nepeBO-
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pora cmrna aJ1e1tTpo11a np;i paa1111l!Ht1X 311al!eu1111x nonHpttoro " aa1111y­

Tan»ttoro yrnoB 11cnyc1<aHHR K -KB8HTOB. Onpe'AeJiet1u HHTBHOHilHOCTL 

H JlHHGAHBR nonRpH38UHR TOpM03HOro H3Jly4eHHR B onyqae npo11a:ac 11-

HOli opHGHT8UHH flJIOCKOC 'r>I nu,l\eHHR H848Jll>HliX a11eKTpOHOJI O'l'ij\)Cl1-

TeJILllO Kp11cTaJrnorpe.q>1111ec1cotl nnocKOCTlt M;iJ1ett1t • 'l', th npK ycpe~ue­

HHH no 03HMYT8JlhHOlolY yrJiy 118)1&.l0lill1X ::lJIGl<TpOHOB npll tli11HCHpOBaHHOM 

aual!eH>tH nonRpttoro yrna HXO~~ett>tR aneKTpoHoB. PaoouorpeH bny4a~ 
Bpall(emrn MOHOl<p11CT8JIJ18 BOKpyr Kp•tCTaJIJJOrpatiJ11"leOKO" 00111 oOpaey­

JOll(eli Manul\ yron c ttaliaJlI>Hblt.t ane1<TpOHHUl.l ny111\01.1, 

nony11et10 3<N!8KTl1llHOe cetie1rne o6pa30B8Hl1ft npOAOJl:LHO-nOJIRpH-

30BBliHLIX 3Jl0KTpOH-fl0311TpOHIUlX nap n11ueHuo-nOJ1Hp1130llaHHWlll1 "¥ -
KD8HT8t..rn B Kp11CTaJ1J18. !ilcc;1e,l\OB8liO BJ111Rll116 cn11HObWX COCT0f!Hl11i 

I 

11acT11u napi» 11a Koat.[1c1J 11u11e11T ac11MMeTp•111 npouecca, Onpe;11enema aaep-. . e•·· reTH4eC!<l18 38BHCl1MOCTH ce"leHllR II ac11u1.1eTp1m ciiOTOpOll)leHHfi ··nap 

np11 pa3Jllit{Hl:LX ¢irncnpOD8llHblX 3H04fJHHfL'{ nomipttoro H 8311MYT8JI:LHOrO 

yrJIOB 1cnycKatt11R O'AHOro 11~ nenTottoB. PaccuoTpeao ~OTOpox)leuae 
tJ'f .. 
.. 'nap B Kpl1CT8DJ!e np;i np0113l!OJl:CHOl\ opttettTaLUrn IlJIOCKOOTH fiaJ16HHll 

r-KB81!TOB, OTHOCl1T 0Jl.:bHO Kpl1CT8JIJIOrpa(j/H'lJeCKOn flJIOCKOOTlt 11 B CJiyqa,e 

Bpal:(6Hl1R LIOHOKp>tCTaJlJJa BOKpyr KpHCT8.JlJ10l'pB~l140.CKOI\ 001! t OOpasy­

IOU(eit IA8Dblli !1CDRpHblii yron C ttanpaBJI0.Hl16M )1BHllt6HHft r -KBSHTOB. 

Hccne'AOBCH npouecc o6paTuoro TOpMoattoro Hsnyqen1111 JI awoP41noA 

H Kpl!CT8Jlill1\leCKOH cpe,l\aX c y"leTOM npO,llOJILHb!X nOJIRPH88"KI\ H81l8Jlj­

HOro It KOHe'lJHOrO 3JleKTpOHOB. Oony11et1a 38Bl1Ci!MOCTL B0pOHTHOCTH 

npouecca OT saepr11H nornoll(aeuoro ~oTona KaK :s onyqae ~HKOHpo:saH• 
HOit op11eHT8Ul!l1 nnOCKOOTH Il0)1P,Hlb! H81t8J!:LHliX eneK!pOHOB OTHOOH'r'.3Jl11-

HO KpHCT8JlJIOrpaw;ill6CKOI\ flJIOOKOOTH MHW6HU, TQK H npK ycpC,llff8HH• no 

OpHeHT8U.ltH m10CKOCTl1 na;neHHll. : 

PacouoTpen npouec,c cauoyoKopeHHll ynJirpapen11td1HcioKoro npo-

14on»Ho-nonapMao:sannoro eneKTpoanoro nyqKa, · npoxO~Ull'8ro ~epee · 

aMOPiflHYIO MHW6Hh l1 "1epe'3 MOHOKpHCTaJIJI. Onpe,llijllBHa aa:BHCHMOOTL 

"l»Ona 8KTOB cawoycKopeH11R B 0.l4HHHAj' BpeMeHM Of Be.nHqllllJil np11pa-
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Ui6li11R attepr1111 yc1rnpettttoro a11e1cTpotta. 

no¥a3atto, 4TO np11 ~HKCHpOBaHHOA Op116HTBQl111 DJIOOKOCTl1 nane­

Hi1R ijB~aJihffbl.X 3JI6K1'POHOB OTHOCl1T6JlhHO Kpl1CTaJIJ!Ol'p8rJJH480KOA 

fiJIOCKOCTH' nonttoe 411CJIO ycKO{lCHllillC 3Jl81tTpOHOB (npo11ttTerp11po­

BalittDe no np11pB11i8HHIO :rnepr1111) t BblXO,lUllliHX 113 KpHCTaJIJIB 111&eo·r 

T8KOA ~e nopR;nOK, 4TO· 11 411CJIO ycKopettliblX 3Jl8KTpOHOB, BblXO;l(RllU1X 

113 aMopI>ttoA Ml1WP,HH. B cnyqae *e npo11aBOJihttOfi op11ettTaq1.111 n110-

cKqcT11 na;neHl1ff HattaJlbHblX 3Jl8J(TpOHOB, fl0JIH06 tUjCJ!O BKTOB CBMO­

ycKopettHli B MOHOKpl10TaJIJl6 UO*eT BOapaCTH fi04Tl1 Ha Tp11 nopa;nKa 

no cpaBH6Hl1~ c 8M0PWHOA Ml1W8Hhl01 

OpaKTH46CKaa QBliHOCTp padOTij. rrony4ettttble B ;n11coepT8Ql1H 

3ttepreT1148CK116 11 yrJIOBble 3BBHCl1MOCTl1 11HT6HOl1BHOCTl1 11 CTene1111 

Jil1H6HHOA noJIRp1138Ql111 TOp1403HOro 113JIY46Hllff npo;nOJil:HO-nOJIRp'tiao­

BaHHWC 3JI6KTpOHOB ll KpHCTaJIJle uoryT 6b1T:L 11cnOilb30B8Hbl npH no­

JI:f4CHl111 BblCOK03Hepre~'l1tleCKl1X Jll1H6HHO-nom1p11aoB8HllblX 1 -KBBll­

TOB, tteoc.ixo;n111iWX MR <Htcnep.r111ettTOB no WOTOPD*;n.ett1110 a;npo110B, 1w­

Top1i1e B ttaCTOR11186 llpBMR npOBO;l(RTCfi Ha 3JI8ltTp0111il:IX yc;Rop11Tenmc 

B Epeaaae, Xapi,1<0Be, Touc1te, To1<110 11 ;!Ip., a TaKlKe MR :npyr11x 

peaKUHfA 3JIB!.<8HTapHl:IX l!8CTl1!( c y4acT11eu no1111p1130BBllHblX J -KB811-

TOB. 

Attanor11l!Hble aaB11c11MocT;i :Illlfl aq41e1tT11B11oro ceqe11nR 11 acr11.tL1eT­

p11w cllOTO;lOl!(;!IBHHR fi0Jtflpli30ll8Hlil:IX 3JIBKTpOH-n0311TpOHHblX nap B Kp11-

CTaJ1Jtax uoryT 0b1Tl> 11cnOJib30BBHbl ' B uenax llOBblWBHliR T04HOCTM Ma-

11epemu1 CTBllBHli Jll1Hel1HOA nonRpl1381l,11M nyq1<a j-KBSHTOB. it To Ka­

caeTCR pe3yJ!bT8TOB. n01JY4'31iHb!X n pH TBOpeT11ttec1<01& liCCJIB;l(OBaHil!H 

npoudocon oopaTttoro •ropMoattoro 113ny\!eH11a a11eRTpo1ioB Ii car.ioycKo­

pemrn y.nI>TpapeJifiTliBliCTCKHX 3JJeI<TpOHHb!X ny4l<OB, TO OHl1 110J(a31:1Ba­

IOi', tlTO l1Cll0Jlb30BBHHB MOHO!Cpl1CT8JIJIOB B KatJBCi'BC Ml1WBHl1 fi03BOJIR­

BT 3H841iTBJ!bHO YB6Jllil!~Tl> B03MO)!(HOCT1> BKCnepHM8HTBJlbHOro Odttapy­

·llB.Hli.R M ~COJ!Bl(OBaHMR aqxpe1<Ta CBMOYCKOpeHHR. 

Anpo6au11R p~60TY. Octtonttble peayJibTBTu ~11ccepTBUKOH110A pa-
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60Tbl 6~1111 ;nonolKeHY Ha XXYlli, XXX, XXXl CoBe~aHliRX no R:nepHoll 

oneKTpOCKOfllil-1 Ii cTpyKType aTOMHOrO R;npa (AJIMB-ATa, 1978 r., 

neH11Hrpa1:1, 1980 r. t CaMap1ta11:n, 1981 r.) t I Ii ill Pecny6m1KaHCKHX 

Hayl!HblX K01tlflepeHUliRX acn11pal!TOB Byaon A3ep6aA;nlKaHa (EaKy, 

I 97 8 r. 
1 

Ea Ky, I 980 r.) , IY Pecny6mmattc1<0A MeicByao:ecKoll KOH­

we pe11un11 no cj)l1311K8 (EA.Ky, 1978 r.) Ii Ha HaytrnblX CBi.lllH8pBX Ka­

~B:zlpbl TeopeTHllecKo~ ~11a11KH ArY HM. c.M.Klllpona. 

Pa6oTa npolllJUl anpo6~ Ha oeMKHape ~a6. ~ 112 Epe:saacKoro 

ipH3H't00KOro HHCTHTYTa. 
IlJ'.61HlK8.l.U!H• fio pe::iyJII>TaTaM '}1.l!CcepTaUlll! onyCiJIHKOBaHO llO-

CeMh pa6oT. Cn11coK np11B0~11TcR B Kottue aarope~epaTa, 

06'1>6!.! paCiOTbl. JhtccepTaUl!R COCT011T 113 BBe;neHllR, Tpex r11aB, 

88KJllltl6fUlff M '/1.BYX 11 pH.1IOJK6l!H" t co;nepi!tliT -eal- CTpaHKU MalllHHOmrn­

Horo TeKoTa, 13 CTpaHl!Q pliCYHKOB II Clll1COK JlliTenaTypbl 113 96 H8H-

M6HOBB1111~. 

COAEPMAH"E PAEOTbl 

Bo B B e ~ e H II Ii o6cyx;naeTCR 8KTY8JlbHOCTt Telolbl ;n11ccep­

T8UHOHHO£l pa60Tbl II COCTORHMe llCC1lt:'J1.:f8>WX BOnpoCOB 'JJ.O BliilOJIHBl!llfi 

paCiOT, BOW6,1(IDHX B 'J1.8HHYll '}1.HCCepTBU11ll. C!Jiop1o1yn11pOB8Hbl 38'/1.Bl!H HC­

CJI8:z10ll8HHR II KpaTKO H3JI8raeTCR C0'}1.epxaHl!e pa60Tbl. 

B n e p B o n r 11 a 11 e pacct.1aTp11llaeTcH npoueoc Topuoa­

aoro .11a11yl!ett11R ynbTpapeJIRTHBllCTCKV.X aJieKTPOHOB ll KpHoT8JIJie c 

yt1eTOM JIHHet\110£\ IlOJIRpli381l,llli TOp1408HblX ctioTOHOB w np0'/1.0JlbHliX no­

mtp11aan11" H8tl8JlhHOrO II ltOHel!HOrO 31!6KTp01\0B. 

B § 1 a nepaoM 6optt0Bc1<0M np11Ci1111~ett1111 npHBe'}1.eHa OBHBb MeJKAY 

'J1.H!JlWepeHUll8JlbHblM aqiqieKTHBHblM cel!eHMBM npOli31!01I:bHOrO a11ekrpmmr-
I 

a11Tttoro npouecca B none Kp110T8JI11a 11 oet1eu11eM aToro ze nponecca 

B K:fJIOHOBCKOM none 0'}1.llHOquoro aTOJUl. IlOK888HO, qTo alllcI>eK!~BHOS . 

ceqett11e 11 none KpHCTaJJJia pa:eao ce~eHHll nponeooa B none aroua, 
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yMttoi1:etttto1,, tta Kp11cTan1111Gec1rn~ 1-aKrnp, Korop1i1n c yqerou renno­

BhlX l<OJie6a1rnt1 8TOMOB V.MeeT CJ!e;n;yJOW.Ht1 lll1.!l,: 

e"P(-At'J/ 'J:exp(ltt')/"+tl[i-i"P(·A~';>] (I) 

- r ,_ 
r;n;e 'J' - V.tlnyJI:&c 0T;n;ri.q11, L - BeKrop, onpe,n:eniuJ!iJ!ti nonose-

tt11e y311a Kpl-!CT8Jl1ll1'JeCKO~ pewcT1rn, ~ - cpe;n;tteKBa;n;pa1:i1rnoe Ten-

110Boe cMe!ileirne aTO!.!OB, N - •rncJTo aT~MOB B 1:(.1 cran11e. Dpn.F.e;n.eH 

RBHhltl Bl1,7.\ Bb!p8lKC!H!H If eJ<f(if t'J/~ l\11R MOHOKpHCTallJ!OB c 
npocTo~l 1<y611qec1<ot:l peweTKOil, rpaHel.ieHTp11poBamrnl1 peweTtto" 11 pe­

rue:i<oA T11na anua~a. 

B § 2 nony<rnlio BL1pall:en11e }J,]lH ceqemrn TOpM03Horo lfany<wmm 

npo;n;on;,no-rrom1p113onattHU1.X :rnertTpOHOB B Kp11cTam1e: 

J~a fO. #{ (i+S(S.a)[(~.,.(l-xf)(t/1'+W1)-l/~(i-)()('/t+~1)]-
- 2/3 s,s.l x'-(~ + I.Ii') J <2) 

r;n;e 6'o !'fli~rf , X: CAJ/E,. E, R flJ - 3KeprK11 1wmu;aoro 

3J!CKTpuaa 11 1 -KBBHTB, COCTB6TCTBeHRO, 5, K J~ - npOCKLi1111 crr11-

HOBoro MOIJCHTa Hall.a11.ottoro 11 v.cne1rnoro ~J1e1<rpo110B J{a 11x 111Mnyn:r,cbl 

( OHlll xapaw:epv.'3yt:i·r npo;n;on:Eittble nonnp'139UHH ::ineKTpottoB), I/ - •rnc­

.110 Q'fOUO:!l B Kp11CT8JIJJ e, 2 - 11X FlTOtAli!itl HOMC p, r. - lOl8CCH'!eCKitlti 

""'4 1u.l p11~~1c ~;teY.Tpoaa, cl. = I/I37. i:.yHKum1 T'1',~ H T'f,~ xapaKTep11-

ay10T aMopqmy;o l1 KpMC'l'liJ!Jlll'leC!{r · '18CTl1 ceqeHlllf! I COOTBeTCTBeHHO. 

c nOMOlll,:blil Bb!p8lltCHHfl (2) onpe;n;eJJellbl l1HTeHClllBHOCTD TOpM03HOro H3-

ny'l!eHl1H B cny'llaf!X, xorAa rrpo;nc'nl>Hhie rronHp113au111111 Ha'laJI:EiHOro H 

KOHe'l!ttOro aneKTpOHOB COBrra;n,ablT ( s,s .. ::: +I) Ill 1rnr;na omt 1101lf!p11!30-

JJ8Hbl npoT111Bono11olKHO ( S1S.c = -I), a TaltlKe BepoHTHOCT:& ne pe:aopoTa 

cmrna 3JlllKTpotta ,, rrpoL1ecce 11cnyc1<att11f! ( -KBaHra. 

B § 3 Hati;neaa CTeneH:Ei n;ineHHoR Il011Rp113BUHll TOpM03HOf O 1131lY­

'leH11f! JJ KpHcTanne c yqeToM rrpo;n;on:&Hh!X nonHp.1138Lil1l1 aaqanDIIblX H 

parceHHHb!X sneKTpOHOB: 

p = (d°'-- c/011)/dcr (3) 
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ttffS'.i. .. Ju;,:: 1~ if u+J,s.a )J(i-xJ'I;' (4) 

r:z1e d<Y. 11 JG:r ::iQi<jie1tTHJJl!hle ce'!elll1fl 11cnycKam.rn <fiOTOHOD, no­

Jr11p11::iona11HblX r:eprCH)(lllCY1lHPHO II napamteJtLHO nnocKOCTl1 na;n,eHIU! ... ... ... 
snev.rpotto:a ( R , 8, ) , coor:aeTcT11eH1iO, ~ - •u.mynhc tta11an:EiHOro 

311eK'rpo11a, (, - emrnn'l.Hl.lli neKTOp rrap8llnen:F.Hhl~ o;nno" na Kp1~cTan­
norpa~•U4ec1rnx oceii, o/o - onpe;nenHeTCfl BLlpai!ettHeM (2), ti;'° -
H81COTC paH Jyllltl~!Afl. \ia Dll pailtC llllfl ( 4) Dlll{HO. '!TO n p11 s,s~ ::: - I 

CTeneHb JJVIHCUHOR nonRpU3Bl\llll V13JlyQCHUf! TO~~eCTB8HHO pBBHa Hyn~. 

CJJC:zlOBa'renhHO, nirnevii'o-nonnpn3onaHHLIMH 1.1oryT OblT:& 1111m:& tlJOTOHbl, 

;wnycKatt11e KOTopux He np11n0~r.11T K nepeuopory cmrna sneK·rpoHOll. 

PacqeTu, nponel(errnue no q;o prJynatA ( 2-4) Tainte rroKa3UBaJOT, qTo 

c1·e11eH.1> m1ae.1i:10V. nonRp113au1111 113nyqeH11H Cie3 nepeBopoTa cn11Ha 3ne­

K.TpOHOB 6CJihW~' qeM npll cywrnpOBBHl-111 no rrpo;ztOJl:bliblM rronf!p113Bl\11.Rll 

1cotte4ttl:l.X 3ne1«rpotton. 

b § 4 \1CCJ!e;ll,OB8110 BJlllflHl1e oce:aol\ !\OJI]! 11MBU1111 ( orpaHl1'!eHl1fl 

nonflpHoro yrna) 11cnyCK8HHR ¥ -KB8HTOB Ha cneKTP 11 Jl11HeHHylO 

nonnp•1aa!ll110 1rnnyqemrn, a TBKJ!(e Ha Be pORTHOCT:b nepeBo pora cmrna 

3JIBKTPOHB B npOLieCce TOpM03HOrO ll31lY'IBHl1fl. 00KB38HO, 'ITO oceBBfl 

l(01lJil1l!Bl\11H H3JJY4CHJ\fl npl1ll0;D,11T I( yne11114el!VllO ero IJOHOXpOM8Tl14HO­

CTl1 l1 creneml l!HHCiiHO~ nonf!plt33Liill1. l1p111 STOM B 3HepreTitl'l6Cl<IDC 

·3aBlllCIHJOCTHX 11HT8HCl1BHOCTl1 11 CTenem.1 Jll1Het1HOl'I nonRp>138l\1111 1131lY­

'ICHllR 1rne10T MCCTO ya1rne VI pea1t11e J.IBKC!IH.IYl.!N. c yMell:bWBHHeJ.I no-

J!RpHoro yrna HcnycKa1111A (;}0 1 11uTettc11n11ocTb 111 nonHp11138Ul1H 1113-

nyqea11R B rna1moA.1 Ma1rn11uyMe yFem1q11na10TCH, a ero urn.p11Ha y1.1en:Ei-

111aeTcf!. KpoMe Toro y1.1ea:&wt11111e 9o npHBO;n,VIT K yt.1eHI.1UeHH10 l!epo-. 

RTHOCTl1 nepenopoTa cnatta snexTpoHa. 

B § 5 paccMoTpeH cnyqail tlJ11KCBL\Itll1 nnocKodT11 11crrycKaH11R (~/()· 
<topM03HblX tlJoTonos, r.ne K - 1t1unyJll>C qiorotta. nony'leHbl aaBHCH1to-

cT11 11nTeHCi1BHOCT11 11 cTenett11 11111na~11ott noJrnp111aauH11 H3nyqemrn, a 

Tam•e BeponTHOCTH rrepeBopoTa cn11&a aneKTpoaa OT 3Hepr~rn irnny-
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UleHHl:!X ¥ -1rnattTOB 11 OT a3111&yTaJibttoro yriia lJ1 , onpe;ne;u1-

10U\ero bp11ettTall,1110 llJIOCKOC'.1'11 <{it) OTHOCl1T8JIJ)H0 DJIOCIWCTl1 na;ne­

H11H Ha'!aJibHhlX 3JI8KTpOHOB. BuRcttetto, 4TO 11HTettc11BHOCT1 11 CTeneH1 

Jll1H8HHOH noJil!p1138ll,W11 T0pM03Horo 113JIY'l81111H IJOlKHO Bapbl1pOBa'.l'b B 

){OCTaTO'll!O urnpOKWX npe.11eJiax nocpe)\.CTBOM per11cTpau1111 1 -KBaH­

TOB' . HCDY!ll8HHblX B DJIOCJCOCTHX I o6paayKHl\11X pa3Jil1'll!ble yrJihl c DJIO­

CKOCTJ)D na;neH11n 3JI8KTpOHOB. 

• B § 6 paCCMOTpeH npouecc TOpMOSHOro H3JJY'ltlHl1H B KpllCTaJlJie 

B CJiy'lae npO!r13BOJJbHOi1 Op118HTULll111 DJIOC!COCTl1 n&,nemrn tta'laJJ:bHhlX 

6JI81CTpOHOB ( if . i: ) OTHOCl1T8JlbHO Kpl1CTUJIJIOrpe1fm1rnc1<0A DJIOCKO­

CTH ~ t . (. ) np11 qJl1KCl1pOBaHHOM 3H8'l6Hl111 DOJIHpHoro yrna BXOlK}le-
'!tt 

Hl1H 3Jl8KTp0HOB· 0TllOCl1T6JlbHO Rp11CT8JIJIOrpa£lit•t!eCKOii OCl1 It .. • 0o-

R83aH01 t!TO B STOM cJiy'lae npo11cxo;1111T crJiaJ111Batt1r1e peaKnx Ma1<c11-

uyuoB - B cneKTpe 11:3Jly11ett1M1, HO era 11HT8HCl1BHOCT1 n'p1-1 3TOM wo­

xeT 3Ha'lHT8JIJ)ll0 npeBhllllaTb 11HT8HCYIBHOCTJ) 113JIY11Clll1H B 81.!0ptJ]HOil 

cpe;ne. CTene111 J111Hefo10A DOJIHpll38UIU\ TOpMOSHoro H3JIY116Kl1H np11 OT­

cyTCTlHU\ onpe.neneHHOA optteHTall,1111 nJIOCKOCTll na;neHl'1R H8'laJibHhlX 

6JI6KTpOHOB OJil13Ka K HyJID, 

nanee npou,ecc paCCMDT~eH BO Bpa~aDU\6MCfl BOKpyr OCH I; MOHO­

Kp11CT8JIJI6 {nee SJl81tTpOHbl na;naioll(ero ny1.rna CtrnTalOTCrf ;nBl1liCYlllHMHCH 

B OAHOV. UJIOCKOCTl1 DOA MaJIWM yrJIOM K 3TOH OCH), 00K838H0 1 t!TO B 

' 3TOM CJiy11ae fllHT8HCKBl:lOC'U 113JIY'-leHl1ll HS OTJil1486TCH OT npe;llliJly111e­

ro CJIY"laf!, o;nua1<e iH1J1y 1rnH11e cTaHOBWi'CH Jrnttel!Ho-no1rnpK30BaHKliM. 

ECJIK np11 &TOM ~HKCHpOB8Tb DOJIHpHhlB yron 1-1cnyOR8HHH TOpMOSHblX 

!l!OTOHOB, TO Mb! TIOJIY4HH MCTO'l!H111\ H8JIYll8HKH, 0Clna,lla1014Hli Bb!COltO~ 

CT6Il8Hl>IO mrne.V.HOLi TIOJillpH38ll,HH (""' 90%) ,· MHT6HC
0

HBHOC1'l> !<OTOporo 
u • 

B HH8K03HepreTl1'l!6CKOH 'l!ac..-11 cneKTpa ·OlleJi}) CJiaOo 38lll1CHT OT 

!lH6prHit r -KBSHTOB,. 

B § 7 onpe;nenf!JOTCH ycnOBHH np11MeHm10CTH nony'leHHblX B nepBot4 

rnaue peaynI>Ta~oB. 

Bo » T o p o I! r n a B e 11ccne;no11aa npouecc ~oTopoll\l(e-
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mrn ::- neKTpoa-noal!TpOHHbIX nap B KpKcTam1e c y'leTOM n1rne"tto~ no­

m1pHaa,µ11n ¥ -KBHHTOB H npOAOJll>llLIX nom1p11aau11!1 6JI6KTpOl!a H no-

311TpOHa, Bb!pali\errnn ,l\Jifl ::11J;1DeRTHBHb!X oetJe!i~li. 06pa<i0Ban11R. npo;no11b­

Ho-nonnp112onattHb!X e"'e.,.. -nap B ltpHCT8JJJJe JJl1H6l!HO-n01lflpl130BaHHbl­

!.lll ¥ -1rnaHTarrn tiltllHJT n11;n ( § 8); 

JGl <t~~ ;fV.~ {Ci"'•'·~(Cf'+u .. 1;•J(~'tW') tJ/!!l(l .. ~)-

•C"1'+~1)j ~.1111+~ .. {l#4'4'1/1')} cs> 

J&~9'6tv .... 1r~+('"'J~s.)J1CtJ-iJ~' (6) 

r.ne ff 01 11 ,/(jf, - :J(Vi1CICTl1Illl!I(; cet!8Hl1fl O!ipa30B8HllR +a"' -nap 

toTOHar.m, f!OJIRp1130l'OHHLlt.111 nop11eH71IrnyJJHpHO >1 napaJIJICJlbHO nJIOCl<O­

CTl1 na;nemrn ( il t I, ) ' COOTB8TC'l'B8HHO' 'it - 11 :AnyJibC rf,OTOHB i 

~· e~/fAJ Is~ 11 (,Ji) - :nre11r1rn n'0311TpcHa Ill r -KBaHTa, i+· M !- -
.npoeKl{lH1 cmtHOBOro ·:01WHTa n0311TpOHa >I 3JICKT[l~Ha na l!artpa1meHV.P 

l'lJC llMDYJibOOB ( T. e. crnpa:JbHOCTV. rt0311TpOHB II 3Jl6KTpOHa) I OCTBJlb­

Hble 0603H8t!6HWR connn~amT c y~e BCTpet!aBllil/IMMCH, 

Bairnotl "xaptrnTepncTnKoii npou,ecca 06pa3ona1rn11 -00~'"' -nap irn-

11ei1HO-llOJIHp1130B3HHb!Mll ¥ -rrnal!T8l!H llRJIH6TCH KO~tlltflMlttl6HT acm•­

M6'rp1111 <JlOTOpOllt]l.6Hi1R f:1(Je',, ... "e'.i)/(,.{6j. •4'fit). ~3 {flopMym.i (6) 

B11.lll!O, IITO B!Ol81l D 8CHMM6TpHIO tilOTOpOllt]l.6HMH .naJOT J!HlllL n"apb! c 

B3al1MHO npOTMDCJDOJ!OlKllhlMlll npOl\OJlbHblM~ 110J!Hp11381.l,lllf!Ml1 JIBITTOIIOB 

( l+il.= -I). J(JlfJ OCTaJlhllblX nap c &+S .. = +I acHMMBTp11H !ll~TOpOllt­

.neHHH TOlK.l\CCTBCHllO paFHa H,YJIIO. IlOK888HO t t!TO ecmi per1110TpHpyllT­

CH npOll,COCbl o6pa3o"aHHR He BC6X nap, a J!MWJ) C S.S..= -!, TO 

aCMMM8Tp11ll fiiOTOp0lK,!(6lnlf! e+e• -nap B03p8CT8BT nO'lTH B ,lJ,Ba pa3S. 

B § 9 paocuoTpeHbl cnyttavi ip11.Kcau,1n, nonHpHoro yrna v. rrnooito~ 

C'.l'H HonyoKaHHR o;ntto'1 H3 'l8CT11U napbl. B Ot,Jl11( onyllallX noJJyt!eHR 

Bb!paliteHl1H ~J!R sqxpeKTMBHOro 06'l6Hl1fl 11 KOBqKlJHl\HBHTa 8.CHMMeTpHlll 

!lJOTOpOlK;Z\8InlR e+e·-nap. ilOIC838H0 0 'l!TO 4JHKCaI.t11f! KBR rtOJIRpl!OrO 

yrna, TaK 11 P.JIOCKOOTH 11cnycRaHHf! qacr11n napbl ll08BOJIH6T aHallH-

TCJ!J)ffQ yBeJI 11'lMT:b B6Jll1t!lllHY ' 9 a I CJ! e:n OBa T6JlbHO t H TO'l!ff OOTJ) 

• 
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}'!BM0p9HIUI OTSllSHH JU'IHeitHoit TIOJISqllrU38WUl clJOTOHOB c UOMOlUb!l npo-

neooa o6irao~ttM nap, 0Jl){W<O 1 B nep:aoM o.JIY'lae, 11..utCl!MJ'Mll B 

auep:veTH'lac101.x aaBIWllMOOTJlX ceqelUUl K aouMMOTPIDi qxnopoll!,ll.e!UUi 

:+Ai'"' e ~-nap ruwDOTOli aHa'lHT0JibHO 60JI00 pe31U!MH K yaKHMH1 'lOM B 

. CJIY'laa rJ.lHKOaIUlH llJIOOKOOTK KCnyoarurna. CJie.II.o:aa.TeJihHO, npa HO­

IIOJJJiSO~Hn ~kOEUUGl ttOJliij)l!OI'O yrJia ltOIJYOKaHM OJJ){Oi\ H3 'laCTKI\ 

IJapw paapemalllllM cnooo6HOC'l'l> no auepI'lfH perHcTpKpYlOll!HX yc'l'­

poitcTB .II.OJIJi!Ha oaTh auaqHT0JihHO Blilll0 1 'leM npu cJiliKCa.I.UHf ll.IIOOKOOTH 

• 
•crtyoKamw, +I ... 

B § 10 paooMOTpeH npo~eoo cJ.ioTOpO}IQ\0HHfi e ~ -nap B KpHO'l'M-

JI0 npH ~OKBBOJil>HOit opHOHTlll{liM tlJIOOKOOTH na,u,emrn '( -KB!iHTOB 

( 't 
1 
',, ) OTHOCHTOJILHO KpHCTa.rlJIOI'.Pa¢lf'l00KOti TIJIOCltOOTH ( I: , i, ) , 

Iloi<aaruto, 'ITO npH BTOM npoHOXO.Jl.l!T orJirutUU3!Ut~e peaKKX MaKCHMlMOB 

B aaepreTH~0CKOtt 3aBHOMMOCTH d0'l0HHJl clJOTOpOlll.n0HliJl1HO 00.MO oe~eKHf 

trna'tHTElJlbHO npeBbllllae'l' 00'l0liH9 o6paaoaamt1t e~ fr' -nap B aMOp<flHOM 

B011\0CTB0. 0.JniaKO; aoHMMST})l!Jl cpaTOp0llt,ll;0Hml npH yope.imeHllli no opilSH-

1'~ IIJIOCKOCTH na,u,eHM i' -K.naHTOB 6JIRBKa K uy.mo. 
+t.? .. 

J~ee paCCMOTp0H npOI.tOCC cJ.ioTopo~.etntfl e c; -r~ B KpliCTaJl-

Jl01 Bpalllaiotl(OMC.II BOl\PYr KpHCTaJIJIOI'pa~l!f'IeCROn OOH 8f ' 0THOOH­

T6JlbHO KOTOpott 11a'IMbHl.l8 ~ -KBaHTl.l wm.iey•rcJI no.n MaJ1HM yrJIOM 

(l~oe KBaHTli C'lRTalOTCll .n;BIDtcyll4ID>mC.F! B O.n;HOl:i: llJIOCKOCTY-). I!OKa3!UiO, 

'lTO tiqqie1c:·11n11oe 0011euue cpoTopoxmeHWl B S'l'OM OJIY'lae coBna.II.aeT c 

0011eHReM npoqecca np.e: rrpo:lfsBOJlbHO~ opuoHTauHH 11JI00KooTB nu.n;eliliJl 

"{ -1<138.HTOB, O.Jl.Ha.KO a.Cli!i!MS'l'pH.F! if,oTOpOJK.n0HWI e-te ..... nap BO Bpama-

~0M0fi KpHCTaJJJ10 OT.mNHa CT HYJIJI• 

~'ASCb pacoMoTpeu Ta.R>Ke CJIY't{ait ~caw.rn noMpaoro yrJta xc-
1+ .... 

llYOKaHKSi O,wlOil Rl3 qaOT}il\ napli npu clJoTOpOl".,nCHIDl e e -nap BO Bpa-

IMD!l0MCI! :aoKpyr ooH l, KpHCTalIJle. B aTOM CJIYtlae a<W>eKTRBHOe 

ceqeHHe ~ aclViD&eirpKH o6pa3oBaHWI nap 11esHa'IV.TeYlbHO ycTyna!O'l' ce-
4-n-

'!0HHJ:l :It 8,CHL..~0TpIDi <fJOTOpOil(.U0HIDi e ""' -nap IIpH c'plmCaJ.Unt llOJIJJPH0-

1'0 'jI'JIEJ. :Hcnyc1w1uur 'laCTIDJ. naplil B ae:ro.D,BYumrn-op~tiH'rHPOBaHROM KpH-

\! 

1 
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oranne, O~HBKO llX 3HOprBTll40CKlle 38BllOdMOCtll llMe!Oi 6onee nnan­

HU~ xapaKTep. TaKllM o6paaoM, t11Kcau11R nonRpttoro yrna 11cnycKa-

H1tH O,!l.HOfi 113 'iBOTHU. nupu npli liX IJoropOil<l\GHllll no npali(BIOU(eMOR 

KpliCTanne TBK•e, KBK II R c1y'iae H8DOABll~HO-op11eHT»POBBHHOro 

Kp11cranna npllllOi\HT K 3tta11111·en&HDMY Yllf:m;1qemrn K031A;liUnettTa ac11w-

1.1eTp1111 npou.ecqa, C,i\HaHo np:1 ocy1:<ec:rmrntt•m T&Ko7. (~lmcau.m1 MOl!tHO 

110noni.aonaTh per11c1·p1;p:;rJuurn ycTpov\cTlla c MtlH11aet1 pa3pema.:il!le~ 

cnoco6ttocTblll no 3tte;:rr1111, lieM ::iTo tteo6xo,r..11Mo n cny'iae Heno,nBrtll-

• HO-opael!TlipOllBHHOro . l<PllC'r8nJl8. 

T p e T b R r n a u a rocHR~Ctta 11ccnei10BaHM~ npoueccoB 

o6paTHOro TOpM03HOrO ll::iJIY'iCill1R II CUMOyc1-:opl3HIUI i;iupapeJIRTnBli­

CTCY.llX 11 po~OJlhHO-n Oil Rp11301>8!1!!!..lX one I<'l' po i!OB. 

B § II nony'ietta 3aB;1c11!,•0CTh EepORTHOCTl1 aepexoJJ.a ,nn11 npo­

u.ecca o6pa~Horo TOpMoattoro 113;iy'ieHilR npO;'.\On.bHO-nonRp!i30BaHliWt 

aneKTpottoB B a1.1op;pno~ cpe;Ae O'.i.' 3H epr1111 norno!!iBeM!.lx cpoTOHOll npH 

iJ!1rnc11poBaHHOM yrne Me;;;,ll.y ;:i.myJI:bCUMM H8'iG.n.bH!:.'.X aneKTpOHOB H 

"( - f{J'8H70il: 

W:. ,. -f w, ( ~P' .J.)ta { (i•s,s.,>f.rt 'Ut/t (~ •(i+><)') • "l(i+•)" 

a -E-J ~ .. u .. M] .. s,.>,, 'lx<L (1.+u')11 

' 
(7) 

~,,.. a"'J. rt N 
r.ne W'o:i &, --- , )(• flJ/S,, E, v. 11.J - :sHepr:.rn aa• 

\IBJlhHOI'V 3jltJ!\TpOHa 11 norJIOU\&et.101·0 1pCT0Ha, s, 11 s,,, ... cn11pe.Jll>HO-

CTll tta'..!a11.uHorc 11 KOHe«ttOrc 3Jie!C'POHOB, il=E1$1 ' (i, .. yroJt M8l!t:ziY 

v.t.1nynI>cn:~11 oa 'iaJlI>Horo 3JieKT µotta 11 '( -1rnaw.l'a. Be p0:1~''' 0CTb i.u• 

pexo~a ;lVli1 o<ip1rnoro TOpM03HOI'O ki3JlY'<0HV.li l1Bl<Cl1M8Jil1Ha }l.Jlll Ml'II"" 

K.!X ' -i<Bal!TOB (X"ct. I) Vi peoKO na.z;acr (C.O ti ) 0 'poCTOM HX 

aaepr1111. C no:~OllU>lO llrlpalKeHV.fi (7) Tal<llte onpe;lieJteHa 11epO!iTHOOT1> 

nepeBopora cmrnu ::me K·~poHa B npoueo1.J nor11o~e~a11 j ... gBaaia. 

DoKaaaHO, ~TO 3T8 nepOHTHOCT:b MOHOTOHHO B03p80TaeT _c pooroK x 
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t1 npr1X~4'. I 011a 01JeHL !.18.JJa (npH )( = O,I 01wno~5%), 

B § 12 nonylleHo Bhipar:ea11e ;D.JIR BepoArttocr:-1 11e pexo.n.a B e,ll11-

111my BpeMeHK lWR nponecca o6parnoro rop1.10attoro 11aJ1y4emrn nonR-

pr1aonattttblX 3Jlel<TpOHOll l3 ltp11CT8Jlile: . 

w"". f w. ~ {<,ts,• .. >[~,,.,,~1>•>("• A> .... 

u~x)ct::TJ''". fi >] ... 1,1,a 1t~•,2!4:-0t (Ii+ I;{ >J 
(8) 

r11a WYHKUlrn H ,.,," xaµal<'rep;13y!OT "aMOp\l_.HyJO" K 11 Kp~1CT8JIJ!H-

lJeOKy10" ll80TK BepORTHOCTll nepexo.n.a. !Jp11 onpe;ue.JJellHhlX. 3H81leHl1-

.RX 3Hepr1111 ne~oRTHoon n e pexo.na ;weer pe:rnHe Ma1cc111.1yMbl, Eeirn­

'lttHa KOTOpwc l.lOlKeT Oonee 48M Ha i'.{Ba nopn,nKa npeBOCXO'AWl'l> Eepo­

flTHOOTl> nepexo;na B aMop<lJHOB cpe;n.e. C TIOMOllU>ll ilJop!.lyJUJ (8) HC-

0Jle~OB8H8 al!epreTK\!ecKafl 38BllCl1MOCT:b .EepORT!IOCTll nepeBOpOTa 

onm1a. aJieK'rpotta :a npouecce r.ornou1emrn t -KBaHTa B KpHnranne. 

Tiokaaa.110, qro B 3TO~ 88.lHIOJ.IMOCTll TBKli!S 11M8JOT0fl O'!eHL pea1rne 

MaKOl.!t.iyW. 

B.n.eo» ~e onpe.n.eneua BepORTHOCTl> ncpexo.n.a ;nnR npoueoca 06-

parnoro l'OpMOBHOro H3JiylleHllfl :B Kp11CT8J[]l6 npll OTCYTCTBlll1 onpe­

.n.enetmoit op11eitT8Uttl1 flJI oc i\OCT ~ na.n.ettHfl sneKT pOHOB B HH 48Jll>!l0},( 

ny~Ke OTHOOKT8nI1HO Kpl1CT8JJJJOrpaiti1146CkoU tt1IOOKOCTll ( t I ' ) • 

lloltaaaHOt ~TO .B aroM C1Iytrae aepofl~HOCTL npoueocg, npl1M8pHo, B 

30·40 pa• rtpeBOOXO,ltl1T OOOTBeTOTBY~lllY~ BepOflTHOCT5 B BMOp¢lHO~ 

ope.ne npH n~CiliX anallett11RX s-.;epr1rn nor110111aeMoro <J?orona, 

l);Me& Mor1eaoli01!dR a<WitrnT· O!l.MuyOttopelHIR y11upapeJlRTKB.l1CT­

OKKX n'po:z.tOJil'>HO-nOJlflP!o!aOBaHHblX aneK'l'POllHbiX nyllltoll nocpellOTBOM 
I 

npaMoro H · oopc~l'HOI'O TOpMOBHOro 113l!Yll6HKfl. 

B § I3 IlOJlj"\!eHa
0 

88Bll011MOCT:& q11cna BKTOB car.1oyc1topett1111 B 

e;z.tHHMUJ .BpeM~Hl1 OT BBJI11lll1Hbl rrpHpa111emrn 3Heprtm H8l!aJil>HhlX aJieK­

TpOHOB B OJiy,ae 8MOp¢aoii MKW6Hlt c ytreTOM cm!HOBh!X COOTORH11~ 
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Haqam,uoro K ICOHCllHOro 3JJt:lt'rpOHOB. Onpe,I\6Jl6HO IIOJIHOe 41.!CJIO co-

6bJTliH cauoyc1<0 peHl1fl E e,ZHIHHl.IJ 1l peueHK, T. e. ljKCJIO 3Jl61<'1'POHOB. 

no1rn;n.aJ01lil1X ar.!O P(IJllYll Ll11W6Hh B 6l(l1lf11UY Bpeue1rn 0 8H6PI'Kelt 

"-. &. 1'Alim11t , r;n.e .f -H81J8JlbH8fl 3Heprl1R aneKtpOHOB, 

A&'111itt - M11H11Mai1nnoe np11pa4ett11e attepr~rn 3Jiet<:rpoHoB, KOTopoe 

uo•eT 6UTh aeper1r1crp11p0Batto D 3KcnepMuettre. DoKaaatto, qro npK 

npOXOli<~6HHll nylll<a 3Jll!.K'rpo110B c s11epr11en 6, = IO raB, nJIOTHO .. 

CTblO 1012 3JI/CM3 11 HHT611CHBllOCTl>JO !Ol? 31!/C liepca l'paqll1T T011-

Ui11HOU 3 LIM, 411C1!0 :rneitTp_OHOB, yBeJltt'iKB:ill1X OBOtO 3Heprmo BB ·2% ff 

6011ee. COCTaBnner - 0 t I coo/4 • n pll TOJ!Uit1He Ml11l16Hll I CM 3TO 

4:1cJ10 cocraBJrneT,.., I co6/4 • Ta1<111J 06pa3011, ooymecu1tTI> aKcne­

ptt1.1ettranhHOe OCiHapyiKeJ!He 3<f<1eJtTa caL!OYCKOpe11t111 npH npOXOllC]l6Ht1H 

3Jlel<TpOHHUX nyllIWB 4epea 8MOp:IiHYIO cpe;ny ltOBOJ!l>HO 3BTPY~llHTe,Jil>-

110. 

B § 14 f!OJlylJeHa 38Bl1C11MOCT:b \lHCJJa aK'l'OB C8LIOyCKOpeHKll B Bl{H­

HlluY BpAM6HH OT B6Jli1411ll!:l npllp8Ul6Ht1fl 31feprKH yci<opeuHOI'O 3Jl6KTpO­

Ha B cny4ae npoxo~e1rnR aJJe1crpou11oro ny,IKa qepea MOHOKp11cTanJJ 

aJJJA838. 00K83atto, IJTO 8CJ!ll ny40K 3Jl6KTpOHOB llXO,ltttT B LIOHOKpK­

CTaJIJI no;n. Ma.'luM yr1101A ( N l Mpa.n) .1:c Kp11craJIJ1orpaciiK4eOKOU OCH 

(np114elJ BCe 3Jl6KTpO!lbl AlH!.iCYTCli B O]!llOH flJIOOKOOTll) 9 TO B 3TOR 

38Bl1Ct1!.!0CTl1 11146klTOR peaKlle 1.1aKC11t.1yr.iu, Benll4Klla KOTOpblX MOlil6T 

6onee tr:w Ha .nna nopfll{l<a npeBblWaT:& COOTBeTCTBYDlllYD .B61IHtrHHY ,lPill 

a1&op{l;Ho:.t w1weHK. Teu ue Mettee, nonttoe llMCJIO coCiYTHU cauoyclf.ope­

HHH (nportttTerp•1ponanaoe no np11paU1emrn aaeprHH) npH npoxo~eBHH 

aJI6KTpOHOll 11epe3 If p11Cf8JIJ1 ll 31'0M c11yqae JUUi!> H63~a'JHT6JILHO OT­

JllllJaeTCR or nonuoro 'iHcna. aKroB cauoyo1<opeeHa B auo~ao~ ope•e . 

H Re npe1mwaer "'° I co6/q • 

:Ua.Jiee B § 14 nonyqeao Bb!pallteHHe AJI~ 'IHOJia co61>1ult oe.uoyoRo-
, 

peHHli B KpHCTa.JIJ!e B 6]\14HHuy BpeueHH npH npoHSl301ll>HOI OpH61i1'8lUIH 

nnocKOCTH na~eHMli Hal!aJii.Hwc aneKr9ouoa OTBOOHteni.ao KPHCfWIJIO­

r~\IJHqecKoU n1100Koc1H ( f,, l ) . IloKaae.Ho, trTO B Hou a.iry1w.e 
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OOJJHOe tt!ACJ!O 8l<TOll C'&UOj•Ct<Optll11ff l"J03pacTaeT Ha 2t.3 l!Optt;iu<a no 

cpa1>HOHJAi) c am)pq,HO~ w1wettr:.JO l\ npv. np1rnell,ett.imx BUUJe napauerpax 

aJieK'rpO!!CIB ny1rna MOllWT ll,OCT11rao,0b - 100 co6/4 • n pOjjO]lWrCfl 

Cf,alll!O!nte flOJly'leHHOIX pe3yJih'.rr:iTOB C 41WJ!OLI C06UTtlR C8MOYCl<Ope­

IHH! .13 e;n1t1rnuy BpeM8Hl1, J<OTOpoe 06ecne'l11BaeTCH )lpyrIAMIA D031.!0li!­

ilWHf 1.1examrnMaM11 caMO.)'C!<0pc111rn (nocpe.ncTBOM uennepoac1<0ro pac­

cem11u1 31lCKTpOHOB It npm.wro H o6paTHOPO TOp1.I03l!OrO 113J!Y46Hl1fl B 

p~11ue JIJJOCICOCTHOrO KHaJrnponaH11H) 11 BhlHCHtteTOH Ka!<Olt JA3 Hl1X 11 

npH 1<a1rnx ycnOBIAHX RDJ!HeTCH ;llOMl1HHPYJOl~l1M. 

B n p 11 n o lit e a 11 11 I np11BO/IHTCH WYHKLlllll, \tepea J<OTO-

pble BblpalltaeTCH 38Bl1CMMOCTL q11una C06blTl1~ ca1.10ycKopeHHR D Kpl1C­

TBJIJie OT np11pamea11R a11epr1111 ycKope11ttoro ane1<Tpotta. 

B n p H n o JK e u 11 H 2 no1<aaauo, QTO qacTb aaB11cuMOCTH 

q11cJia co6ur11n ca1.1oyc1<0peu11tt B 1tp11cTanne o•r np11pall\CHlilH auepr1rn 

Ii' ~oopa3111i1e n11K11 ,naeT npe-yc1<opettHoro aneK·rpona, co;ncpJKa maH 

HeCipeJKJAUO MaJlbli'J BKJIB,1\ B non11oe QJilCJIO C06blTMl1 

B 3 a K n 10 q e H .11 11 c~op1.1ynt1poDaHbl 

cauoycKopeHHR. 

OCHOBHUC pe3yJil>TB-

Tbl ,n11ccepTau11.11, !{OTOpble Dbl,ll;Ill1P8JOTCfl ,1\JlH 3all\MTbl. 

OCHOBH~E PE3Y~bTATbl PAFOTbl 

. I. Bnep11ble .BblQHCJie110 ceqe111rn TOpMOaHoro 1rnnyqen11H yn:o·rpape­

JJRT111ll1CTCKl1X aneKTpOHOD B Kp11CTanne c y 1IeTOM Jll1118~HOl1 fiOJ!Rpllaa­

l\11H TOp1.103HIIX ilJOTOHO:B 11 npO;l\OJIJ,HUX flOJIRpl13BU11li Hat!aJILHOrO H pac­

cel!HHOro sneKTpottoB. C noMO!lU>kl nony4eHHblX BhlpalKett11n onre,14enett1i1 

11HTBHCl1BHOCTh H CTeneHb n1111e~110R npDRpK3BUMl1 11anyqett11fl, a TBK~e 

BepORTHOCTh nepeBopoTa cn1111a aneKTpotta. TI0Kaaa110, qro n1111etiHO­

nonHp11aoBaH~lblM11 1.1oryT ~LIT:& Jrnwr, ilJoTOHbl, Hcnyc1taH11H KOTOpblx tte 

llp111l0;1l.11T !{ nepeBOpOTY CllJAHa 3Jl8KTpoua. 

noJiy1.leHbl 8H8Jl11Tl1qec1<11e BblpalK8llllfl ;c(J!R 3JlflpreTl14eCl<O~ 38Bl1Cl1-

MOCTH 11RTBHCl1BHOCTl1, CTene1111 DHH~HttoU nonRpH38UMl1 113J!Y4BHMH 11 

11epORTHOCTH nepeBopoTa CTIMHB 3JICKTpOHOB n cny48HX iHKC0QHl1 no-
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J?flpHoro yrna II rinocr.OCTl1 ;icnycKaHHR TOpM3Hl.lX !};OTOHOB. 

2. TioMaauo, 1.ITO ye pe;nttemie no op11ett'l'a111o111 nnocKOCT\1 na~ett11R 
118tlaJILHblX 3.llBK'IpOHOll ( Jr f 1, ) OTllOCJATe11ioHO_ Kpl1CT8J!JlO!'paiIJ11qe­

CK?n nnoc;:;)Crl1 ( (,I '} npii QllilKCHtpOllaHHOM 311aqe111111 nonHpHoro 

yrna 

OCif 

BXO)f(;nemrn anew.rpotto11 OTt1oc11Te1r&110 1tp11cTannorpaqmtJecKon 

, np1.rno;n111T K crnaurnaHKll tta.KCl1MYMOB 1l cneKTpe l'l3Jiy1.1e1111f!, 

o.n11a1to era rt.HTeHc>1EHOCTb npit 31'0M a11a1rnrenbHO np1:rnumaer MHTeH­

CHBHOCTb TOpM03HOro IA3JIY1Jeli11fl B auop¢nol-1 cpe;ne. CTeneHl> Jllo!Hei'l­

Jl(}" no1rnp1taa$rn .i::lJly1rnmrn np1-1 TaKO&t ycpP,71He!f1111 Cin11aKa K HYJIK>. 

JJ,anee, m.11.<aaaHo, <t'l'<J 11 p11 llpamett111<1 Kp11crai111a soKpyr 1<p11cra11no-

""' rpa~11qecKoi'l oc~ I, . oCipa3y~~en v.an1i1n yron c 111MnyJ1:1>COM 11aqa-

Jil>HblX 3JleKTp01lO:B (Bee ua4aJll>Hble aJteKTpOllbl Cl.Jl!TalOTCfl ,I(BMlKYlliHM11-

Cfl B O.I\HO!t flJIOC'l\OCT11) I ~~Tel!Cl1nHOCTb TOJJMO<!HOfO 11anyt1em111 COB­

na;naeT c 1mTeHCIAJJHOCTl>IO np11 ycpe;nHeHl.\11 no op11ei.t111UUf tfJlOCK()C'r 

na;nemrn uaqaJII>HblX aneKTpOHOB, HO np11 STOM 1rnJ1yqeu1rn CTaHOBl1TCfi 

mrnelh10-no11Rp1130J3aHHhlM. ~Cil0JlL3Yfl oceBytO KOnJIJilM8U11JO TOpM03HOro 

;rnnyqemrn BO' :BpamaIOll\6MCH Kpl·1CT8JIJ!e Mbl MOl!teM nonyq11'J.'b l1CTOq1111K 

11any1.1eHJAR, 06na;11a10m11l-1 Bbl CO Ko ti creneHLJO mrne~non nom1p11aau.1111 

(:no 90%) B Ul11pOKon cneKTnaJII>HOR o6~aCTl1, 11HTeHCl1BHOCTL KOTOpO­

ro cpaBHHMa c non110n (Cie ' KaKon-n.1160 KOJIJIHMau1111) HHT8HCHBHOCTLE 

TOpM03HOro Jil3JIY4CHl1R B aMopw11oti cpene • 

3. Bnep:able nony1.1etto llblpalKen11e 7J,JIH aq,xpe1tT11B11_oro cel!eHHH wo­

ropoJK,ncu.11H e+e• -nap B Kp11CT8JIJ!e C yqeTOM Jll.\HettHOJ;i nOJIRp1138UHH 

r-KllaHTOB 11 npo;nOJil>Hbl.X IlOJ1Rp113au11n qaCTl.\l( napbl. Onpe;neneH KO­

aqxf 11n11e11T ac111.1MeTpHlil iIJ0TopoJK,ne11.11H 11 Hccne,noBaHo BJIHHHne cmrno­

Bbl.X COCTOHHJAtt a11e1tTpOHa Ji! 110311TpOHa Ha ee BeJrnq1111y. TioKaaaHO I 

1.1ro :aKJiaµ; B acnMMeTpIAIO cpoTopoJK;nemrn ,na10T JI1.J1£, napbl c 11aam.ionpo­

THBononoJKHhlMJ.1 npo;non:oHblMl1 nonHp11aaUHRM11 nenTOHOB ( S+S-= -I), 

a .I\11H ocranI>HblX nap c Sti .. = +I acHMMeTpHfi TOJlt,I\8CTDCHHO paBHa 
+LJ· 

HYJIIO. BblHCHeHO I qro per11cTpau11R tl>OTOpOlt,1\8HHfl He llCE:IX e '![;, -nap. 

a nm:r& c .~.S- = -I noaBonHeT no11u 11 :n:sa paaa yBrurn-rnTL acu:-
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MCT pmo •l 111 " 1r"(l\l'.llliln, 

Pacc1.1otpem1 cnyqa11 c}.Hn<cau11H nonRpHoro yrna 11 nnocKoc'l'H 1110-

·17e1tatt1rn o;nttolt H3 ttac'l''.'U napu. B oOOHx cnyt1aRX nonyqeuH llhlpa-

ll\•. 1rn1t .nn1t stJxI>eKTlllBHoro cellett»R M aCMMMe1·p1rn QJotopom,ne1um 

ete:nap. IlOK838HO, ~1'0 KaK (~~!tC8U11R llOJlflpHOrO yr11a, Tait l1 QlllK­

C8UHR nnOCKOCTl1 110nyo1<am1R 'lt\CTllU nap~ Il03DOJ!lllOT 3ll!lttltTenJ.llO 

yne1rnttnr:& ac11MMerp111i'I q,oiropollt.lleHHlt, a 1 cne]lonnre.u110, 11 TO~HOCTii 

r.t3Mepett11111 crenem! 1n11te"11on non11p1rn2u1rn r!JOTOHOll c noMoUU>~ npo-

1ieccs o6p830BaHllfl e+r-nap. 
, .&+a• 

'•. PaccworpaHo <?io'l'opol«)le 11e • • -nap B 1tp11crnnne npM npo-

11anonttolt oplU.Hl'l'fHU'IK n:nooKOO'l'~ n&}l61HIR _)' -KD311TOB OTHOOMTen:b­

ilo KpHCT8JtJIOrpa!litt'l60KOlt mtOl:KOCTlll ( !, t I;). DOK838H01 'lTO npM 

STOY npoHOXO,l(MT crJt8ll!l!B8HHe pearmx M81\C,11MYMOB B 3HepreTl!tteCJ(Q" 

88BHCHMOCT~ M'leHMH \POTOp_ox;neHHll, O){H8KO cauo cetteHHe no a6co­

JllOTHOR 1lemt,llHHe aHatiHTeJt.bHO npenumaer cetteHHe o6paaoBaHlifl 

~':.nap B ' aMOpq!HOM Be~eCTBe. ACHMMeTpHR ~OTOp0llt,l\6HHfl _ .... _. -nap 

B sTOM cny11ae 6m1aI<a K nynJJ. 

. ~··-BnepBwe Hccne,lloBaH npouecc \Poropo~;neHH1t ~ 11a -nap BO npa-

~JJ111euca BOKpyr OCH I, KpHCT8JtJie (Ha\181l:&Hhle )' -1rnaHTlil .l\llHiltyT­

Ofl B O,l\HOR ltJIOO!tOOTH nc.;zt Ll81ll:lM yrJtOM 6 K OCH 1, ) , iloKaaaHO 1 . 

11ro sMetttr.tBHOe oe11eHHe npouecca B aToM cny11ae conna,llaeT c ce­

lleHHeu o6pasoBaHHR ~(!
9

-nap B KpHcTanne npH ycpe,l\HeHr.tr.t no opH­

euTaUHH nnocKOOTH na;zteHHH )' -KBaHTOB, O,l\H8KO 8CHMM6TpHH ~OTO­

po~eHHH e'9or-nap 01'JIH\IH8 OT HYJ!fl. PaCCMOTpeH CJiyttaR q,HKCSl{HH 

IlOJUlpeoro yrna HcnycKB.Hlifl O,l\ltO'i1 .Ha liaCTHU napl:l npH \POTOpOJ!'\]i6Hlili 

11 
e+e":.nap BO B!Jd1J10.tlutei4C1t RpHCTaJ!Jl6 • 

5. ~001te~oBaH npoueoc o6paTttoro TOpMoattoro HanytteH~R npo­

;zton:r:.Ro-nonap!lls'.lBaBHYX ~neKTpOHoB. ITony11e1W wpallteHHR iina Bepo­

.RTHOctn nepexO,l\8 RB.R B ' cny_ttae aMOpq!HOR cpe,l\1:.1, TSK Ii ;iillfl KpHCTaJ!­

na. IlOR888HO, ttto npfi BXOZ1(0HHH 3JISKTpOHR B KpHCTaJtJI noii MSJll:.IM 

yrnow K O,l\HOR 118 KpHC!a.JIJIOrlJ8\PHttecKHX oceH B 3HepreTHtt~6kott 38-
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BHC!1MOCTH BepOiiTHOCTH nepeXO,l\8 HM6IOTCH p63!Clte M0KOHyYWil. fac­

OM0Tp6H cnytiaA npOY.3B01lbHO» Op116HT8UliH nnoOKOCTH Il8,ll9HHH ! Ha-
' I . 

liSJILHblX 3JI6KTpOHOB OTHOCHT6Jll>HO KplilOT8JI]IOrpat~HlleCKOA nnocitoc ··K 

UOHOKpHCT81!Jla. B STOU cnyqae BepORTHOOTL nepexo,lla B 6.l\HHHtzy 

BpeMeHH B 30-40 pa3 npeBblWaeT attanorHttHY~ Bep0llTHOOTL 11,Jlfl 8140p­

~HOa Cp6)(bl npli mo6blX 3Heprl!HX norJIOlilSCMWC ~OTOHOB, 

6, ~CCJIB;!lOBaH a<W.i~KT oat.ioyoKOpeaHfi y111>Tpape1!f1Tr.tl!JAOTOKIDC 

11pc;ii;o11l>110-nom1p11aona1rnwc aneKrpoHHhfX n;rmon u a1.1opqinon ti 1Aotto­

KpHOT8Jl1l>tttecKon MJAW6Hff.X nocpe;nOTBOU npllMOI'O . » o6pairttoro TO~uo·a .. 

HOI'O H3JiytteHHH. llonyttellbl llblp8llC6Hl!ll ,ltJ!ii 3ElBllOIOIOCTH ttHOJla co6w­
T~A cat.1oyc1rnpett1rn B e;LtHHllllY Bpeuemt OT. Ben>tlfl!Hbl np¥1pa111e1rnn 

3tteprHI! ycttopettHOro 3JI6KTpOHa. noKa3&HO, liTO npK npOXO~'A6HHH 

3JieKTpOHHO!'O ny111<a llepes KpHCTSJIJI B 3TOR aaB11ciuoOTI! KMelOTOJl 

pe~Klie Mf!.KCHMyMhl, Te1& tte 1Jeuee, non11oe llHcno ooe5blTl1R oa••oyc~o­
pe111i1R B e,llllhfluy BpeMeHI! B cnyttae <IlWKCHpOMHJIOtl op;ieHTaUHI! nno­

CKOCTH na;ilemrn 3110I<TpOHOB Jll!Wl> H03H8l!l11'6Jll>HO OTJillllaeTOll Ot llOJiw 

ttoro 1.1r.tcna coe5uTa~ B awop<IittoM cpe,lle H He npenuruaeT.- I 006/q • 

Paccuotpett cnyqaR npo11anontuon op1i1eHTSUHI! nnooY.ooTr.t na;LteHHft 

sneI<rpouoB, npoxo;ztR!llliX ttepea 1<p1i1cTSJ1J1. B noM cny11ae noJI!lOe 

ttl1C110 COCiblTl-fli ca1Aoyc1<opett11a B Kp11CTaJIJle B03p8CT86T Ha 2-3 no­

pll;nKa " MOli<eT .l\OCTHran - IOO co6/11 • 

MATEPHAJJ!i J.(11CCEPTAUl111 OllYBJl!t1KOBAH!i B PAEOTAXi 

I. HaJ!,lKa{jloB 11 t M. , l~w pattye» JI. B. CnW!fOBlil6 eiWieKTbl yc1UieK1u1 

orene~r.t JIJAHeViHOA nonapH38UHl1: TOpMOaHoro H3Ji)'ll6HJ{Jl . JI KPHO'raJIJlax. 

lfaB. AH CCCP, cep11:ff qJH31itteCKaR, 1977 t 'l'• 41, lfi.! IO, o. 2II6-2I20 . 

2. HaA~awon ~.M,, MHpattyeB Jl,B~ RHHeRHa~ Il0JIHPH88UHH TOp­

N03HOro l1:3JIY\l6HHR Ha ·H;!lpax RPl1CT6JIJla npH BH6006BOU KOJIAHMB.l{HH c 

yqeTOM npOA011~HblX nonapH38UH~ HaqaJILHOrO H KOH6'lftOro 8Ji8RTpOHO». 

lfaB. AH CCCP, cepwll tl;r.t3Hli6CR8R, 19?9, ·T. 43, IP. II, c. 2362-2366, 
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Tipi!UOe H o6p&TH06 T0pa.!03H06 113JIY116HH6 

8Jl6KTpdiiOB B Kp»CTSJIJiax. Marep11an~ w pecnyOJIHKBHCKOa Hay11uoa 

KPH!flepe}nurn acnHpaHTOB ByaoB Aaepoa~;ni«a.Ha, CeK1.nrn TexH1111ecKKX 

HayK. 15-I? ;neKa~pR I980 ro;na. EaKy, I98I, c. 293-298, 

4, Ha;zp1ta<JloB 11,M,. Mllpa11µc:s JI.B. flpRMoe H oCipaTttoe ·Topuoa­

uoe HaJiylleHHe 3Jl6KTpoao:s H ~OTOpOll~6HHe .~~:nap B KpHCT8JlJiax 
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