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BBE,IlEHHE 

HaC TOfl~afl pa60Ta nOCBfl~eHa onHcaHH~ 3KcnepHMe HTan bHoH yCTa
HOBKH, c03AaHHoH B fla6o pa To p HH HeHTpoHHOH $ H3HKH OHRH Anfl H3y
4eHHfl nOBepX HOCT H~X c n o e B KpHCTannOB, B~RBn eHHfl oco6eHHocTe H 
pa cnpeAeneHHR paAHa4HOHH~X pa3pyweHHH, a TaKme AnR o npeAeneHH fl 
Me CTo non omeHHR npHMeC H~X aTOMOB B KpHcTannH4ec KoH pew eT Ke 
MeTOAOM KaHanHpOBaHHR . nOA KaHanHpOBaHHeM HOHOB, naAa ~HX Ha 
KpH CTann , cn eAy e T nOHHMaTb ABHIKCHHe 3THX 4aCTH4 BAonb IKaHanoB", 
o6p a3 0 B a HH ~ x n apannnenbH~MH pRAaMH a TOMOB KpHCT a nna. AnR o c y 
~CCTBnCHHR 3Toro npo4ecca Heo6xoAHMO , 4T06~ yron , o6p a30 BaHH~~ 

BeKTopOM CKOpOCTH HaneTa~ero HOHa C OCb~ 4en04KH KpHCTanna, 
6~n Man / < 2° / H He npeauuran HeKOToporo KPHTH4eCKoro SHa -
4e HHR l/J • o n pe nenaeaoro $opMynoi1
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rne Zl' Z 2 - sapRA~ ABHmy~e il c R 4aCTH4~ H RAe p a TOMOB 4en04 KH, 
E - 3HeprHR 4aCTH4~ , d - pacCTORHHC MelKAY c o ce AHHMH a TOMa MH 
4e n0 4KH, e - 3apflA 3neKTpOHa, p - cpeAHe-KsaApaTH4Hoe SHa4eHHe 
aMnnHTYA~ TennOB~x Kone6aHHH aTOMOB peweTKH, a - paAHyc 3Kpa 
HHpOBa HHfl TOMa c a - 4le pMH, c - .,f'J. EcnH yron naAeHHft HOHOB MeHbwe 
KpH TH4eCKoro (l/J < l/Jk ). TO ace aKT~ pacceaaaa n pOH CXOAflT Ha Ma
n~~ y ron , B pesynbTaTe 4ero HMeeT MeCTO 3epKan bHoe OTpaIKeHHe 
3T HX HOHOB 4en04KO~ aT OMOB. B cny4ae l/J >l/Jk HOH~ pacceHBa~TCfl 

Ha 60nbWH~ yron H B~6~Ba~T H3 peIKHMa KaHanHpOBaHHR, ABHraRCb B 
AanbHei1weM, KaK B aMOp$HO~ cpeAe . 

HaPflAY C ABHme HHe M naAa~HX 4aCTH4 BAonb KpHCTannorp a4lH
4eCK O~ OCH Te opHfl KaHanHpOBaHHfl paCCMaTpHBa eT e~e OAH H BOSMOIK
H ~ ~ cnY4a~ - TaK Ha3~BaeMoe nnOCKOCTHoe KaHanHpOBaHHe, Ha6n~a
e Moe TorAa, KorAa 4aCTH4~ naAa~T Ha MOHOKpHCTann BAonb KpHCTan
norpa4lH4ecKHX nnOCKOCTeH, T04H ee , B 06nacTH npOCTpaHCTBa, saKn~

4eHHoro MelKAY AByMR coceAHHMH nnOCKOCTflMH. AHanH3 TaKOH CHC T eM~ 

nOKasan , 4TO KpHTH4eCKH~ y r on B cn y 4a e nnOCKOCTHo ro KaHanHpOBa
HHR MeHbwe a HanorH4Horo yrna AnR oceBoro KaHanHpOBaHHR. JlBHlKe
HHe 4aCTH4 B pelKHMe oceBoro H nnO CKOCTHoro KaHanHpOBaHHR npH 
BOAHT K PRAY B a IKH ~X cneACTBHH, H Me~HX 60nbwoe npa KJH 4eCKo e 
3Ha4e HHe. . '\1'- .Il~ . -... I 

t: 
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K H~ M cneAYeT OTH eCT~ : 

1. 3 a MeTHoe YHeHbweH~e TOPM03 H ~X cnoc06HocTe~ naAa~e~ 

4aCT~~~ ~ CB~3aHHoe C 3T~M YB en~4eH~ e An ~H ~ np06e ra . 
2 . Pe 3 Ko e n OAaBn eH~ e Bcex npo~eCCOB, npo~CXOA~~~X np~ CTanK

HO Be H~~ n aAa~HX HOHOB C ~ApaM~ HnH BHYTp e HH~MH 06on04KaMH aTO
MOB KpHC T annH 4 e C KO~ peWeTKH. K TaKHM n p O~eC Ca M OTHOC~T C~ ~Aep

H~e p eaK~~~, y npyroe pe3ep~OPAOBCKoe paCCe~HHe Ha 60nb WHe yrn~, 

B03 6Y~AeHHe XapaKTepHCTH4eCKOr O peHT r eHOBCKOrO H3nY4eH~~. 3T~ 
CBO~CTB a Aa~T B03MO~HOCTb onpeAen ~ T b MeCTOnO nO~eHHe npHMeCH~X 

aTOMOB , CMe~ eHH~ X Ha Man~ e paC CT O~H~A no OT H owe HH~ K ~ en04 K e 

a TOMOB HnH K nnO CKO CT~. Bo MHo r HX c nY4a AX YAaC TCR Ha~TH MeCTO
nono~eHHe npH MeCH ~X a TOMOB B KpHCTann H4CCKOH peWCTKC npH KOH
~eHTpa~H~ X npHMeceH AO 10- 2 aTOM H~ X npc ueur a ( - 10 14 + 10 16 a r /CM 2 ) . 

I1H~ PMa~H ~ 06 Y Ka3aHH~X n po~eccax MO~CT Gbllh nony 4eHa n p H 
H3Mepe HHH 3H epreTH4e C K~ X cne xr pos ynpy r-o -ipa c c e ru uusx ~ OliOB B 
p a3n~ 4 H~X opHeH Ta~H~X KpHCTa nna. OTMeT HM, 4 TO H3 y4CHHC 3T HX 
~Bn e HHH HMeeT 60nbwoe npaKTH 4e CKoe 3 Ha4eHHe, nOCKon~ KY OHH 
CBA3 aH~ C 3 neKTp H4eCK~MH , onTH4eCI<l-1MH, Mexatt 11 4C CK~M I1 CB O~CT 

BaMI1 nonynpoBOAHI1KOB. B Ha c To~~HH MOMe HT onyGJIl11<OUilHO 3Ha4H 
TenbHoe 4Hc n o 3Kcn epHMeHTa nbH~ X H Te ope TH4e CKI1 X paGo T, nOCB~ 

llIe H H~X H3Y4eHH~ npouecca KaHanHp O BaHH~ HOHOD 0 I<PIICTannax , 
a TaK~ e I1cnonb30BaHI11O a r o r o MeTOAa B n pHKnaAl1blX ucnax . 11 e c n a 
TeopeTH4eCKHe OCHOB~ Me TOAa H3no~eH~ AOCTa TOlllIO nOAP0 6 HO, TO 
M e TOAH4eCK a~ ~H~pMa1.lH~ He BcerAa AOCTa T0 4H<l /l ilA e r o BocnpOH3

Be AeHH~ . 

B 3T OH CBA3H HaCT O~ llI a~ pa60Ta B KaKO~ - T O Mope oocnon H~ eT 

np06e n , C Y4e TOM 3KcnepHMeHTan bH~x B03Mo~HocT e~ . KOTop~e Mo r y T 
6~T b pea nH30Ba H~ npl1 e e BblnOnHeHI1H Ha 3neKT pOCTLl TI111e CKOM yC KO
pl1Tene Ba H-Ae-rpaaltla n a 6 0 pa TOp l1H HeHTp o HHOI; lllH311KI1 OI1HI1 , yCKO
pAlOllICM 110Hbi BOAopOAa H 4He B Ht-! TepBane 3 HeprHl1 1 - 3, 8 HaB . 

B pa60Te npHBOAHTCA onH caHHe KaMep~ An~ H c cncAooaH H ~ , a a Ky 
YMHOH CHCT eM~ , AeTe KTl1 py~eH ann a paTY P~, 113MCpe Hl1A TOKa ny4Ka, 
n a A a ~llIe ro Ha MHweHb, a Ta~e MeTOAHKa 11 3Me pe HHfl 3Hcp reTH4e CKo r o 
cneKTpa ynpyro-pac c e~ HH~ X HOHoa BOAopOAa 11 4 He B p e~HMe KaHa
nHpOBaHH~. B KO H~e paGoT~ npl1BeAeH~ O C HO BH ~e p C3yn bTaT ~ no 
Opl1eH Ta~HOHH ~M 3aeHCHMO C T~M B~X OAa ynpyr o - p a c c e A H H~ X npOTOHOB 
11 HOHoa 4 He• nonY4 eHH~ e Ha c 03AaHHoH annapaT y pe . 

1 . HETOl\ I1 KA 

CxeMa on~T a n peACTaBne Ha Ha pl1c.1. KaK BHAHO H3 p Hcy HKa , 
nY40K HOHOB OT yCKopHT enA , npoHAA Y4a cToK 110Hon poBoAeJ , nonaAa
e T Ha MHoron0 3 Hl.l HOHHY lO MI1We Hb 7, H a X OAA~ Y IOC~ 0 l.leHTp C rO HHO
MeTpa 9 , yKpe nneHHoro B ~eHTp e K aMep~ 10 . li a Y4acTKe 110HOnpO
BOAa OT pa3AaT04Horo MarH I1Ta Cn- 10 AO r OHl10 Me Tpa ny40K $ OpMH
pyeTcA Tpe~ Al1 a$ pa r Ma MH 3. BxoAHaA Al1a$parMa Al1aMeTpOM 1 MM 
p a c n ono~e H a B Ha4an e HOHonpoeoAa. B~xoAH a~ - AH aMeTpoM 1 MM ~ 
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PHc . l . CxeMa YCTaHOB KH AnH opHeHTHpOBaHHR KpHCTanna : 
I - Ba KYYMHWe 9 aTBO p~ ; 2 - nOAB~o e g epKa no ; 3 
AHacPpa r Ma ; 4 - a ouonpoa on; 5 - OTKJIOIUlIOUl,He rma CTHHbI; 
6 - 3Kp a H; 7 - MHmeRb ; 8 - 81 -AeTeK TOp ; 9 - r OHHOMe Tp ; 
10 - KaMe p a H3Mepe HHA; I I - a90THaR nOBymKa; 12 - ~ eo

JIHTOBble nacocsi; 13 - cPOpBaKYYMHbii% xacoc ; 14 - rraa ep 
ITE-153; IS - BaKYYMHWe BeHTHITH. 

BHyTpl1 KaMep~ Ha paCCTO~HHH 100 MM OT ~eHTpa M ~ W e H I1 . PaccTo~

Hl1e MemAY YKa3aH H ~M I1 AHa$parMaMI1 - 3000 MM , 4TO 06ecne411BaeT 
paCXOAI1MOCTb nY4Ka Ha MI1WeHI1, paBHy lO - 0, 02 ° . AnA YCKopeHI1~ 
npol.lecca B~BOAa ny 4Ka Ha MHwe Hb e XOA H a~ AHa $ p a r Ma CAenaHa nOA
BH ~HOH , 11 Ha TOM ~e KpOHWTeHHe , Ha KOTOpOM OHa pacnono~ e H a , 

nOMellleH~ ~e ABe AHaltlparM~ AHaMeTpOM 2 11 4 MM. TpeTbA AHa ~pa rMa 
/Ha pHc y HKe He nOKa 3 a Ha /, YCT aHOBneH Ha~ Ha Bxo Ae B KaMe py , HMe 
e T Al1aMeT p 6 MM H o rpaHH4HBae T nonaAaH~e paCXOAA llIero c~ ny 4Ka 
Ha BXOAHy lO Al1a $ p a rMY, CH I1 ~aA Te M c a ~M $OHOBoe I1snY4eHHe B Ka
Mepe . KaK BHAHO HS pHc . l , ne peA BXOAHOH AHa$ pa r MOH y CTaHa Bn HBa 
e T C~ Y4acToK 110HonpOBOAa 2, B KOTOpOM yCT a HoBn e HO nOA B I1~HOe 

s e pKa n o 11 npo s pa 4 Hoe OKHO AHaMeTpOM 60 MM. BHe HOHo npOBOAa , 
B nepne HAHKyn~ pHoM Han paaneHHH K 3T OMy OKHy, YCT a Ha BnHeaeTC~ 

raSOB~~ nasep 14 , C nOMOll\b lO KOToporo npO BOAI1T C ~ IOCTl1pOBKa HOHO
n pOBoAa H Hc c n e AyeMo r o KpHCTanna OTHOCHTe n bHO OCH ny4 Ka OT YCKO
pHTen~ . npH IOCTHpOBKe nY4 n a sepa HanpaBnAeTC~ 4epe 3 BXOAHylO 11 
B~XOAHY~ AH a$parM~ . An ~ y cnewHoro npoBeAeHH~ 3TO~ IOCTH POBKI1 
n a 3e p YCT aH aenI1Bae TC~ Ha r OHHOMe Tp H4e CKOM YCTpo~CTBe , HMe~eM 

Tpl1 CTe neHH cBo60A~ nepeMe~eHH~. Ba~HO~ o c 0 6 e HHo cT bO KOHCT PYK~H I1 , 

o6 n e r 4a lOll\e H np OXO~eH l1e na3ep Horo ny4a 4e pes AHa$parM~, ~Bn~

eTC~ pacnon o~eHHe YKasaHHoro rO HHOMeTpa Ha Kpo HwTeHHe, C no
M~ b ~ KOTo po ro MO~HO , AOnOnHI1Ten bHO K I1Me~ H MC~ CTeneHAM CBO
60A~ , OCYllleCT Bn~T b nnaB H~H npe~HS I10HH~H Ha KnOH BceH CI1CTeM~ 

B n~60M HanpaeneHHH BOKpy r Be pTI1KanbHOH OCH . 
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C 3TOH ~en b~ OCHOBaHHe KpOHWTeH Ha na3epa yKpennReTCR Ha OC
HOBHOH nOACTaBKe 4eT~pbMR 60nTaMH 4e pe a p e3HHOBY~ npOKnaAKy 
AHaMe TpOM 180 MM , TO~H H OH 15 MM. *eCTKOCTb KpenneHHR C03Aa e TCR 
a a C4eT C~aTHR pe3HHOBOH npOKnaAKH. n OA~ H Ma R HnH oTnycKaR 60nT~, 

MO~HO HaKnOHRTb BC~ cHcTeMy Ha Heo6xOAHM~H y ron H B Heo6xOAHMOM 
HanpaBneHHH . 

KaMepa 10 HMeeT $OPMY ~HnHHApa C BHyTpeHHHM AHaMeTpOM 410 MM, 
B~COTOH 400 MM. Ha B~COTe 200 MM OT OCHOBaHHR KaMepa HMeeT PRA 
BaKYYMH~X BBO~OB, Hcnonb3y eM~x AnA BBOAa npOBOAoB ynpaBneHHR 
weCTb~ warOB~MH ABHraTenAMH, AnA ynpaBneHHA pa60TOH AeTeKTopa, 
H3MepeHHA TOKa ny4Ka, OCB~eHHA KaMep~ H T.A. 

KaMepa yCTaHaBnHBaeTCA Ha cne~HanbHOM KPOHW TCHHC, yKpenneH
HOM Ha MaCCHBHOH nOACTaBKe , HCKn~4a~eH e e Kone6aHHC. KpOHWTeHH 
COBMeCTHO C KaMepOH Mo~eT nepeM~aTbCA B AByX ua aHHHO nepne HAH
KynApH~x HanpaBneHHAX B ropH30HTanbHO~ nnOCKOCTH H no B~COTe , 

06ecne4HBaA TeM caM~M B03MO~HOCTb ~CTHPOBKH IICHTpa KaMep~ OT
HOCHTenbHO OCH nY4Ka . Ha AHe KaMep~ eCTb OTBc pCTHe AHaMeTpOM 
150 MM, 4epe3 KOTopoe OCYilleCTBnAeTCA Aon onHHTenbttaA oTKa4Ka 
06DeMa KaMep~ Ha B~COKHH BaKyyM C nOMO~b~ r a 30pa 3pAAHoro Ha c o 
ca HOP,Q-250. Ha pHC. 1 npl-iBOAI-iTCA TaK~e npHIH\HnH anbHaA cxexa 
BaKYYMHoH cHcTe~, CocToA~eH H3 $opBaKYYMHoro t1a Coca TH na HB3-20, 
ABYX ~eonHToB~x HaCOCOB H B~coKoBaKYYMHoro Ha c o c a HOP,Q- 25 0 . 
CHc TeMa 06ecne4HBaeT AH$$epe H~HpOB aHHY~ OTKa4KY n~6oro Y3n a 
BceH yCTaHoBKH, a TaK~e nOAKn~4eHHe ee K BaKYYMHOH CHCTeMe 
3neKTpocTaTH4ecKoro yCKo pHTe n A. AnA nony4eHHA MaKCHManbHO S0 3 
MO~Horo BaKYYMa B KaMepy BBeAeHa nOBywKa 11 ODbCMOM 6 n , o x 
na~AaeMaA ~HAKHM a30TOM. Ee YCTaHOBKa yny4WHn a npe Ae n bHO AO
CTH~H~H saKyyM OT 2· 10-5 AO 6'10-8 Top 101, r naBHoe , CHH3Hna 
KOH~eHTpa~H~ napoB yrnepoAa B o6DeMe KaM ep~. nOc neAHee OKa 3 a 
nOCb seCbMa CYilleCTBeHH~M npH npoAon~HTenb H ~ x Hc cn CAOBaHHAX KOH
~eHTpHpoBaHHoro npo$HnA MOHoKpHcTanna B pe ll(HMe KaHanHpo BaHHA. 

Ha pHc.2 npeAcTaBneHa $oTorpa$HA rOHHoMeTpa. yCTaHoBn eHHoro 
B KaMepe. r OHHoMeTp H3rOTOBneH B HHHR$ Mry. KaK BHAHO 1013 $OTO
r pa$ HH, MHweHb HnH He CKon b KO MHweHeH YCTaHaBnHB a~TCA 14a~ e Bce
ro nyTeM npHKneHBaHHAI Ha nOABH ~HOH nnaCTHH e I , nepeMe~ aeMOH 

BAonb oceH X H Y C n O M~ b ~ warOB~X ABHraTeneH I Ha $OTorpa$HH 
OHH He BHAHbl, TaK KaK pacnono~eH ~ Ha 06paTHoH CTo pOHe rO HHO
MeTpa/. nnacTHHa 1 C MHweHAMH yKpenneHa Ha Bp a~ a~~HXCA KpoHwTeH
Hax 2 H 3, o6ecne4HBa~Hx nOBopOT MHweHH BOKpyr BepTHKanbHoH 
OCH lo603Ha4eH yron wI, nOBopOT BOKpyr OCH ny4K a Iyron ~I H 
HaKnOH MHweHH K ny4Ky H OT He r o / ¢ I. nepeMe~eHH e MHwe HH no 
OCAM X H Y 06ecne4HBaeT HccneAOBaHHe n~60H T04KH MHweHH B pa
AHyce 10 MM. nOBOpOT Ha yrnbl w, ¢ ,~ otiecnevaaaer B03MO~HOCTb 

yCTaHoBKH nnOCKOCTH MHweHH B HanpasneHHH , CTporo nepneHAHKy
nApHOM OCH ny4Ka, a TaK~e B03MO~HOCT b npOXOmAeHHA ny4Ka BAonb 
KpHCTannorpa$H4eCKHX oceH H nnOCKOCTeH 3TOH MHweHH IKpHCTanna/. 
AnA yCTaHoBKH nOBepXHOC TH KpHCTanna nepneHAHKynApHo OCH nY4 Ka 
Hcnon b3yeTc A n aaep, nY4 KOTopo r o, npOBeAeH HblH 4epea BXOAHY~ 

4 

1(x,y) 

Plic . 2 . <!loTorpa!fJ1U1 rOHHOMeTp a . I - KpOJUUTel1l1, CMe~<lJO!IUil1cR 
n o OCRM X Ii Y ; 2 - MeXaJIH3M Bp~eHHR no w; 3 , 4 - TO :IKe 
n on y rJIaMH ¢ Ii W; 5 - Si - p;e Te K TOp . 

H B~XOAHY~ AHa~parMbl, .HanpaBn AeTcA Ha MHweHb. OTpa3HBwHCb OT 
MHwe HH, OH nonaAaeT Ha 3Kp aH 6 IpHc.l/, YCTaHo BneHHblH B nnOCKO
CTI-i BblXOA HOH AH a¢lp a rM~. Bp a~ aA MI-iWeHb nOA yrnaMH W , ¢ , ~, MO~HO 
Ha HTH TaKoe HX C0 4e Ta HHe , npH KOTO POM nY4 naaepa OTpaaHTCA B 
HanpaBneHHH OCH ny4Ka, 4TO H 6YAeT COOTBeT CTBOBaTb nepneHAHKY
nApHOCTH nnOCKOCTH MHWeHI-i K 3TOH OCH. nepeM~eHH e MHwe HH B YKa
3aHH~X HanpaBneHHAX Ta~e ocy~ecTBnAeTCA warOB~MH ABHr a TenRMH 
Iyrn~ W,¢, ~ I H YCTaHOB neHH~MI-i Ha r OHHOMe Tpe I CM.pHC.2/. YnpaB
neHHe ABHraTenRMH npOH3BOAHTCR AHCTaH4HOHHO C nOM~b~ CHCTe~ 

PY4Horo ynpaBneHHA , rAe B Ka4eCT Be HHAHKaTopa nOBopoTa oceH 
ABHraTeneH Hcnon b3yeTcA Me xa HH4e c Ka A cHcTeMa, nocTpoeHHaA Ha 
6 a 3e C4e T4HKa C6-1 . 
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Pac , 3. Cx ex a c tJ:e TtJ:liKa 060p OTOB 
warOBoro ~BHraTeJlR . I - nepeKnIDtJ:a
TeJlb THna 3n2 4 12 ; 2 - meCTep lm ; 
3 - yCTaHoBKa HyJIJ I mK a..J1bI CtJ:eTtJ:HKai 
4 - n aM enH . 
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PHc . 4 . CXeMa ynpaBnelmR marOB~
MIl ~BHr a.TeJlRMH . I - 4 06MOTKH 
~BHr aTenfl . 

Pa CCMOTpHM KOHCTPY K~H~ ynpaBne HHR /pHc.3/. 
PY4Hoe y npaBneHHe warOB~M ABHraTeneM COCTOHT H3 MHo r o n03H

~HOHHo ro n epeKn~4aTenR THna 3n2q12 H HeKOTOp~X AeTane~ Mexa HH
4e CKo r o C4eT4HKa C6 - 1 . Hc nonb30BaHa Ta ero 4aCTb, KOTo pa R ocy
~eCT BnR eT ynpa Bne HHe CTpen Ka MH C4eT4HK a. B KOHCTPYK~H~ nep eKn~

4a Te nR H C4eT4HKa C6-1 BBOAHTCR OAHO AononHeHHe. KaK Ha OCH ne 
p eKn~4aTe nR . Ta K H Ha OAHO~ H3 o ceH C4eT4HKa, YCTaHa BnH B a~T CR 

/ KaK 3T O YKa3 aHO Ha pHc. 3/ B 3a~enn eHHH weCTepHH 2 OAHoro H 
To r o me MOAynR. To r Aa nOBopOT OCH C nOABHmH~M KOHTa KTOM Ha He
KOT O P~ ~ yron 6 YAe T ~HKcHpoBaT b cR wKano ~ C4eT4HKa. 

Ha pHc .4 n pHBeAe Ha npeAn a r a eMaR c xeMa ynpaBneHHR wa rOB~M AB H
r a Ten e M C Hcnonb 30 BaHHeM YKa3aHH~X B~we 3neM eHTOB. H3 pHcyHKa 
BHAHO , 4TO HanpRme HHe nHTaHHR +2 7 B 4epe3 nOABHmHo~ KO HT aKT , 
YKp enneH H~H Ha OCH MHoro n03H~H O H H oro nepeKn~4aTenR, nocneAOBa
Tenb HO nOABOAHTCR K o6MoTKaM 1 - 4 warOBoro ABHraTenR, 06~ aR 
T0 4Ka KOToporo n pHc o e AHHe Ha K MHHyCOBOMy 3neKTpOAY HCT04HHKa 
HanpR meHHR. Ta Koe no cn e AOBaTenbHoe nOA Kn~ 4eH He HanpR meHHR K 06
MOTKe 1, 2, 3 Hn H 4 n pHBOAHT K nocneAOBaTen b H~M nOBo pOTa M pOTopa 
ABHr a Te n R Ha yron () 10 = 3,2°/, H nOCKonbKY Ha YKa3aHHOM nep eKn~

4aTene HMeeTCR 24 KO HTaKT a, TO, CAena B COOTBeTCTBY~~ K OMMYT a~H~ 

/K aK 3TO npeA CTa BneHO Ha pHC.q/~ MomHO npH nOBopOTe nOABHmHoro 
KOHTaKTa nepeKnID4aTe nR nonY 4HTb B pa~e HHe OCH ABHraTenR Ha nID60H 
y r on (J . npH4eM 4Hcn o nepeKnID 4eHHH, npO BOAH M~ X no 4a COBOH Crpenxe 
HnH npoTHB Hee, MomHO KOHT ponHpOBa Tb no WKanaM Mexa HH4eCKo r o 
C4eT 4HKa C6-1 leAHHH4H~e nOBopO T~ H KamA~H COT~~ / . BamHO~ oco
6 eHHOCTbID cxe~ y npaBne HHR RBn Re TCR TO, 4TO B~KIlID4e H H e HCT04HH
Ka nHTaHHR He n pHBOAHT K nOTepe BH3y anb HoH HH~opMa~ HH 06 yrne 
nOBo po Ta , CAenaHHOM OCbID ABH r aTenR OT HyneBo r o OTC4eTa. 

CxeMa ynpaBneHHR Ao ny c Kae T y CTa HoBKy nepe A Ha 4anOM pa6oT ~ 

HyneB o H T0 4KH OTC4eTa . 3 TO Ao c THr a eT c R nyTeM yCTa Ho BKH nOA BHmH~X 

WKan C4eT 4 HKOB C6- 1 Ha Hy nb 6e3 B p a ~eHHR OCH ne peKnID4a TeIlR. 

6 

nB 

T a6J1H~a 

YrJ1b1 nOBopOTa, rp~ Csremesrae , MM 

¢ 6) I/J x y 

mar ~ B H raTeJUI 0 ,0 19 0 ,01 9 0, 10 0 , 0 4 2 0, 035 

B T a 6nH~e npHB eAeH~ pe3YIl b TaT~ , n OKa3 ~ B a ~He , Ha CKOIlbKO rpa
AyCOB nOBopa4HBaeT CR MHweH b nOA y rIlaMH ¢ , 6) , I/J n pH OAHOM wa r e 
C OO TBe TCT BY~HX warOB~X ABHraTeneH. B 3 TOH me Ta6n H ~ e / noCIleA
HHe ABa CTOIl6 ~a / npH BeAeH~ AaH H~e no cMe~eH HID MHweHH no OCRM 
X H Y np H OAHOM "w are" A BH r aTene~ . 

MOHHTopH 3 a~ H R 4Hcna 4aCTH~ , n aAa~HX Ha MHwe Hb , n pOBOAHTCR 
no H3MepeHH~ TOKa nY4Ka. nnR 06ecne4eHHR 3 THX H 3 Mepe HH~ MHweHb 
H30nHpo Ba Ha OT Kopnyca KaMep~ H nOAKn~4 e H a K HHTe r pa To py TOKa. 
HHTerpaTOp TOKa 06ec ne 4HBaeT H3MepeHHe TOKa nY4Ka B HHT ep Bane 
5 ·1 0- 10 -10-7 A C nHHei1HocTbID - 1%. nnR nOAa Bn eHHR BTOPH 4HO~ 
3n e KTpo HHOH 3 MH CCHH , B03 HHKa~e~ n pH 6oM6 a pAHpo BKe MHwe HH ny4
KOM HOHOB BOAopoAa HnH 4 He. MHwe Hb oKpymeHa 3KpaHoM , K KOTOpO
My nOAKn ID 4e HO OTpH~a Ten b Hoe Han pRme HHe - 6 0 0 B. KaK nOKa3an a 
n pa KTHKa H3Me pe HHH, B pemHMe KaHan HpOBa HHR, n pH npoAon mHTeIlb HoH 
6 0M6a PAHPoBKe HccneAye Mo~ MHwe HH nY4 KOM HOHOB npOHcxOAHT Hapy
we HHe KpHCTaJ1J1H 4eCKO~ CT PYKT YP~ HCCIleAye Mo r o o6pa3~a , 3aT pYAHR~

~ee Hccn eAOBaHHe opH e H T a ~ HoHHo H 3 a BH CHMOCTH B~XOA a y npy r o r o pa c 
ceR HHR HOHOB B KpHCTannax . AnR YMeH bweHHR 3 Toro 3~e KTa B pa60
r e Hc nOIlb30BaHa CH CTe Ma OTKnOHeHHR nY4Ka, COKpa~a lOll\aR It He pa 6 o 
4e e l ' Bpe MR npe6~ BaH HR ny4Ka Ha MHweHH . 3TO ocyurec'r ena e r c a C no 
MO~b~ ABy X nIlaCT HH 5 /pHC. 1/ , Y C T a ~t OBJ1eHH~X B HOHo n po BoAe ne 
pe A B~XOAHOH AHa$parMo~. OAH a H3 nn aCTHH 3a3e MIle Ha , a Ha APY
ry~ nOAa e Tc A Ha n pRmeHHe 2 7 3 K3B. no cn e npeKpa~eH HA H3Mepe HHH, 
AnA 3anHCH HH ¢opMa~HH , H~ nIlaCTHHY a BTOMaTH4eCKH nOAaeTCR Ha
npRme HHe - 2 KB, H nY40K OTKnOHAeTCR Ha He KOTO p~~ yron , He no na
AaR TeM c a~M Ha MHweHb . 

Ka K YKa 3 a HO Ha pHc.1, B Ka Mepe pa cnon omeH K p e M HHeB~H nOBepx
HOcT H o-6ap bepH~H Ae TeKTOp 8 , C nOMO~bID KOTopo r o H 3MepR~TcR y npy r o 
pa cceR HH~e HOH~ OT a TOMOB M~we H~ . Ae Te KTo p YCTa HOBne H Ha OAHOM 
H3 KpoHwTeHHoB rO HHOMeTpa H MOme T nepeMe~aT b CR Ha 60IlbWHe yrn bl 
/ 10 0- 172°/ C nOMO~b ~ warOBoro ABH raTenR. HMnYIl bc~ OT AeTeKTopa 
4epe3 npeAy c HnHTeIl b , y CHnHTen b H 3MH T Tep H~H nOBTo pHTe n b n oc~ 

na~TCR Ha MHorOKaHanb H~H aHan~3aTOp HMnynb c o B / THna " DI DAC" 
$H pM~ "HHTepT exHHK"/ HnH Ha 3 8M MERA-60 AIlR HX no cneAYlOU\e H 06 
pa6 o TKH. 

reoMeT pH 4ecKH~ $a KTop AeTe KTo pa n COCTaBIlRe T 5· 10-4 /n = 
= S 1R2 , rAe S - nno~aA b BXOAHOH A H a$parM~ n e r e kropa , R - paccrc
RHHe OT M~w eHH AO AHa$ parM ~/. AIlR nepHoAH4eC KHx KanH6 po Bo K AeTeK
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Iopa B K p ~W Ke KaMep~ yCTaHoBneH nOABHmHOH BaKYYMH~H BBOA, Ha 

Si <111) 

t., 

Puc . 5 . CTepeo rp a ~wa AnH orrpeWO 
KOTOpOM ycr aaoaneu a -I1CT04HHK 238 Pu 1 Ea = 5 ,49 I13B/ . 3Hepren1  ~ Aen e HH R KOOPAHH3T KpHCTanno

24eCKoe pa3peWeHI1e AeTeKTopa AnH npOTOHOB C 3Heprl1eH 3, 0 H3B I'p aqlHlle cKoro xanarra < ill > B 

xpncr anrre Si .
 
Kanl16pOBKa 3HepreTI1"leCKOH WKan~ 3neKTpOCTaTI1"leCKOro yCKOpl1


COCTaBnHeT - 25 K3B . 

1
TenH npOBOAl1naCb no 113MepeHI1~ nOnOmeHI1H nl1Ka Heynpyroro pacceH
HI1R npOTOHa B peaK41111 24 Mg(p.p'y j!4 Mg C 3Heprl1ei:1 2, 41 H3B. N I' I I , -

OH a npOBOAl1naCb Ha TOHKOH MI1WeHI1 . nony"leHHoH nyTeM Han~neHI1 H 0 2000 

MarHI1H Ha TOHKY~ 1 - 30 MKr/cM2 1 nneHKy y r ne pOAa . OWl16Ka B onpe
1500AeneHl111 3Heprl111 He npeB~waeT 0 , 1%. 

-1 
100 0 

2. nOHCK yr110BblX I{OOPtlHHAT KPHCTI\Jl11A, 
- 2 500

COOTBETCTBYKX~HX OCEBOHY H n110CKOCTHOHY 
,KAHAnHPOBA HH~ HOHOB BOtlOP0tlA H 4He 
L _ I ---.1- 2 -1 o 1 2 '/>0 WO- 2 -1 o 2 

KaK y~e YKa3~BanO Cb, 3 aKn~"leHl1e 0 KaHan11pOBaH1111 110HOB B 

a 

If  Cons t 

Kpl1C Tanne npOBOAI1TCH no pe3ynbTaTaM 113Mepe HI1R I1HTeHCI1BHOCTI1 N 

ynpy ro pacceHHH~X 110Hoe Ha 6onbwI1e y rn~. AnH cnY"laH HeOpl1eH Pu c . 6. YrnOB aR 3 aDHCHMoc'rb BWXO 15000 . Si <111) 
Tl1 pOBa HHo r o Kpl1CTanna 3Hepre TI14eCKI1H cneKTp yn pyr o -pa c ceHHH~ X na y npvr-o-rpa c c emurux IIPOTOIIOB 

110HOB I1MeeT ¢oPMY nonoroH KPI1BOH, naAa~ eH K Hyne BoMy 3Ha"le HI1~ c 3 He prlfei1 1, 5 M3 B B lIanpaBneHHH UJ : Const10000 
npl1 E = k Eo. rAe Eo - 3Heprl1R nY4Ka. 3He prl111 k Eo COOTBeTCT K pHc Tannorpa~n 4ecKoH OCH <100> 
ByeT HyneBaH rny611Ha npOHI1KHOBe HI1H "laCTI14 B Kpl1 CTann, k - KI1 Ii <111 > nna xpa c-rann a Si. 110 o ca 
He MaTI1 "le CKI1H ~aKTop paCCeRHI1R . l{orAa ycnoBI1R KaHanl1pOBaHI1H AnH a6 CIJ,Hcc: - vron nouopo-ra KpliCTaJI 5000 

naAa~l1x Ha MI1WeHb 110HOB B~nonHeH~, BepORTHOCTb I1X CTon KHOBe  na B rp~ . no O CIi op)J,HHaT - OT HO s. 
HI1R C RApaMI1 yMe HbwaeTc R, 11 "l11cno paCCe I1B a~~I1X cR 4a CT114. pe  CIITeJ1bJ!hIJ1 ClIeT yrrpy r-o- pac ceanasrx o'--'- - '-- -' I , 0 

r l1 cT p l1 pye M~x AeTeKTo poM, pe3KO naAa eT, 3a I1 C Kn~"le H l1eM HI1 3KO np OTOIIOD. -2 -1 o 2 ep
 
3Hep r e TI14 eCKOH 06nacTI1, rAe Kpl1BaH BcneACTBl1 e 3$$eKTa AeKaHanl1

pOBaHI1R I1MeeT HeKOTopblH norrsex . llocnenaee npo l1 CXOAI1 T nOA BIH1H

Hl1 e M TaKI1X $a KTOpOB, KaK MHoroKpaTHoe paCCe HHl1e KaHan l1 pOBaHH~x H3MepeHI1e npOBOAl1nOC b C warO M a T 0,02° AD 0, 1 . Ha pl1c . 5 npl1

"laCTI14 Ha Tenn OB~X Kone6aHI1HX aTOMOB pe WeTKI1. Hanl1 411 e Ae ~eKTo B Be AeHa T~n~"lH aR CT epeorpaMMa OAHoro 113 ~3Mep eHI1 H , r Ae no OCI1
 
Kpl1CTannl14eCKOH CTPYKTYP~ 11 T.A. a6c411cc 11 DCI1 OPAI1H aT 06 03Ha"le Hbl yrn ~ HaKnOHa nnOCKOCTI1 K p~ cTan


nOI1 CK xaaan a npOBOAl1nCR no 113Me pe HI1 1O yrnoBoH 3aBI1CI1MOCTI1 Bbl  na $ 11 W K OCI1 nY4Ka . ~3MepeH l1e B~xoAa ynpyro pac ce RHH~ x ~OHOB 

xOAa ynpy ro-pacceHHHblx "la cT 11 4 . 3TI1 113MepeHI1R npoBoAl1nl1Cb np l1 npo xoAl1no no nepl1MeTpy KBaApaTa, nOKa3aHHoMY Ha p ~C Y HKe, 11 a Ha 
nocneAoBa TenbHoM 113MeHeHI111 yrna HaKnOHa MI1 WeHI1 B Hanpa Bn eHl1 11 norauao 11 3Me pe HI1 RM, npOBOAI1MbIM B pa 50Te / 2 / . B~ xoA y noyr'o-pa c cea a 
~ 11 W npl1 He l1 3MeHHOM y rne~. H3MepeHI1H npOBOAl1nl1C b B ABa3Tana . HbiX 110HOB no 3TOMy nepl1MeTpy ~M ee T PRA M I1HI1~I Y MO B, xoropue COOT
BHa"lane C nOM~ b~ nY4a na3e pa 116- 153 nOBepXHOCTb Kpl1C Tanna yCTa  BeTc TBylOT nnocKo cTHoMy l(aHanl1 pOBaH I1~ 110HOB B KpHCTanne. tlnR cny
HaBnl1BanaCb nepneHAI1 KynHpHo OCI1 nY4Ka naAa~I1 X 110HOB Inorpew 4 a R , KorAa T ~n Kp11 CTa nnOr pa$ 11 4e CKOH OC I1 Kpl1CTanna 113 BeCTeH 
HOCTb - 1° / . C Y"leTOM To r o , "lTO AnH I1 c cn eAye Mblx HaMI1 Kpl1C TannOB 1<111 > , <100 > 11 T. A· I, onpeneneuae KooPA~Ha T ~ o ' W rOH110Me Tpa, 

I 
o 

S1 HanpaBneHl1e Kpl1CTannO rpa ~11"l ec Ko H OCI1 no OT HOWeHl11O K nOBepx  np~ KOTOP~X Ha6nlOAaeTcR KaHanl1pOBa Hl1e "laCT 11 4 , He CKonbKO o6ner 
HOCT I1 Kpl1CTanna 11 3BeCTHO B np eAenax ~3°, Aanb HeH WI1 H, BTOPOH "leHO. AnR 3Toro Heo6xoA~MO np OBeCTI1 npRMble n~ HHH no MI1HHMyMaM, 
3Tan 113MepeHI1H COCTOI1T B YT04HeHI111 3To ro Hanpa BneHI1 R nyTeM 'f cooTBeTcTBY~~ M onpeAenn eMblM Kpl1 CTann or pa$ 11"le CKI1M nnocKocTRM , 
nocneAOBaTe nb Horo , AI1CKpeTHoro n e p eMe~e HI1H Kpl1CTann a nOA y rna Ta K. "l T06~ ace npoBeAe HHble npAMble nepe cex anac s B OAHOH T04Ke 
MI1 ~ 11 W B npeAe nax 3To ro Al1a na3 0Ha . TaK, Ha npl1Mep, CKaHl1pO nOA yrnaM~ , cOOT BeT cT B Y~~MI1 1.13Bec THo My Tl1ny KpI1CTan nOrpa~H"le

BaHl1e no ~ npOBOAl1n OC b npl1 Hel13MeHHOM 3Ha"leHI111 yrnoB w • ~ CKOH oc~ . TO"lKa I.1X nepeCe4eHI1R 11 onpeAe nReTcR I1CKOM~M I1 KOOPA I.1
11 Hao6opoT I CKaHl1 pOBa Hl1 e npOBOAI1T CR no y r ny w npl1 He l1 3Me HHOM HaTaM~ ~o ' W • T . e. KooPAI1HaT a MI.1 , np l1 KOT O P~X KpHcTanno r pa $ l1 o 

3Ha"leHI111 ~ • o/J I. uec xa a OCb co a nanaer C O Cb~ ny-uca , 3TI1 KOOPA I1 Ha T~ ~o ' W ~ ycr a o 
HaBn l.1 Ba lOTCR Ha rOHI10MeTpe AnA nocneAY~HX ~ccneAOBaHI1H Kpl.1CTanna 
C I1cnonb30SaHI1eM oceBoro Ka Han l1 pOBa HI.1 R.
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PHC. 7. 3 Hep reTHtJe c KHJi cnex-rp ynpyr-o-jrac c enunstx HOHOB 
4 He na x pa c -ranrre 8i <111> , n a nOBep XII OCTb xoropor'o Ha
nsm en a Pt : I - cnexrp ;U,JUl HeopHe HTHp OBa HHOr'O KpUCTaJIJIa 
npa pa3JIHtJHbIX y r-n ax q, H W; 2 - c n ex r p ,!VHf crryxaa , KOr ,IJ;a 
rrvxox YCKop eHHbIX HOHOB nanaer B,IJ;OJIb KpHCTaJlJlOrpa.pHtJeCKOH 
OCH. 

Ha pHc.6 npH BeAeH~ KpHB~e yrnoB~x 3aBHcHMocTeH a~x oAa ynpyro
p a c ceA HH~x np OTOHoa a HanpaaneHHH KpHc Ta nno r p a ~H 4 ccK HX oce H<111> 
11 <100> B Kpl1CTanne Si . nonY 4e HH~e 3Ha4eHI1A nonywl1 pl1Hbl KpH BOH 
t/J / ' paauae AnA 8i < 111> - 0, 5W H AnA 81 < 110 > - 0 ,29° , xopo
wo 

1 2 
corn a CY~T CA C Teo pe TH4e CKI1MI1 pac4eT aMH / l~ 3KcnepHMeHTanbHble 

a03MOmHOCTI1 onHCblaae MOH yCTa HoBKH npoae pAnHCb npl1 np OBeAe HHI1 
clleAYIOlqHX paGoT: 

1. "'sMepeH B~XOA ynpyro-pac ceA H H~X HOHoe o r KpH CTallna Si <111>. 
Ha nOBepXHOCTb xo'r o po r o Ha nblne H cnOH n1la THHbI Id - 1000 Ii.!. "'3Me
peHHA npOBOAH1lHCb npH HeOpl1e HTHpOaaHHoM H op~eHTHpo B aHHoM 

Hanpa B1leHI1 AX K pI1CTall1l 0rpa~H 4 ecKoH OCI1 OTHOC~Tenb HO OCH nY4Ka . 
AnA HeOpl1e HTl1 pOBaHHoro HanpaBneHHA 113MepeHH~ npOBOAHnl1 Cb npl1 
HeCKon bKHX yr nax noao po r a MI1WeHH q, H w . npJ.1 3TOM BblXOA yn py r o 
pac ceAHHblX HOHOB B npeAenDx 5% oCTaBanCA He~3MeHHblM. 

Ha pl1c. 7 IKPHBaA 11 npl1BeAe Hbl 3 He pr e TI1 4e CKHe cneK Tp~ ynpyro
pa c ce AHHblX HOHOB, Ha OCHO BaHHH KOTOPblX npoBoAHnHcb 3TI1 onpeAe
n e HHA l AnA Har1lAAHOCTI1 Ha pl1cyHKe npl1BeAeHbl ABa c ne KTpa H3 5 H3 
Me pe HHblx/ . AnA Opl1eHTHpOBa HHo r o KpHC Tanna BblXOA ynpyro-pacceAH
H~ X HOHOB YMe HbWl1nCA Ha 65% IKpl1BaA 2/ . CTonb He60nb woe yMeH b
WeHl1e BblXOAa ynpy r-o-pac ce a uua x HOHOB 8i CBR 3aHO c H81lH4I1e M 

10 

PHc . 8 . CTep eo r p aMMa ,IJ;JlJI onpe,IJ;eq> 
a	 neHHJI KOOPAHHaT KpHCTannorpa.pH

oI I ' :> ...... ' I' ..... -t: I

2	 qe CKOI'O KaHaJIa < 111> B xpac r anne 
81 C HMnn a HTHpOBaHHWMH B HeM 
aTOMaMH As . 

1 

nneHKI1 P t Ha ee nOBepXHOCTH. 
KOTopaA np" BOAHT K YBenI1 4eH H~ 

paCXOAHMOCTH nY4Ka npH n poxo~ 

-1 AeHI1H 3Toro C1l0A, YXYAwaA TeM
 
CaMblM ycnoBH A KaHanHpOBaHHA .
 

3aMeTHM. 4TO 3aWT pHXOBa HHaA
e-2	 4aCTb cneKTpa - oGnaC Tb . no KO
TOPOH BeAeTCA CyMMH poBa HHe 

-2 -1 0 1 2 W cnexrpa , WHpHHa 3TOH oGnacTH 
BblGHpanacb TaKoH, 4TOGbl OTHoweHHe HHTerpan bHo ro C4eTa ynpyro
pa cce AHHblX HOHOB AnA HeopHeHTHpOBaHHoro KpHCTanna K TOMy ~e 

C4eTY npH H3MepeHHAX. npoBOAHMblX B pe~HMe KaHa1lHpOBaHHA, Gblno 
B03MomHO GonbWI1M. 

2. PaccMoTpeHbl H3MeHeHHA B cTpyKType KpHCT a1l11a C WMnnaHTHpo
Ba HHblM B Hero As. B pe3ynbTaTe Te pMoo GpaGoTKH 3Toro Kp"CTa1lna. 
"'c cneAo BanHc b 06pa3~bl. HMe~He cneAY~He xapaKTe pHCTI1KI1: 

al HCXOAHblH KpHC Ta1l11 81 < 111> ; 61 HCXOAHblH Kp"CTa1l11 81 < 111 > 
C OTml1rOM; BI I1CXOAHblH KpHcTa nn 81 <111> . B KOTOpOM HMnnaHTl1 pO
Ba H As 13 HeprHA HMnnaHTl1pOBa HHblx 110HOB EAB - 20 K3B. 411C1l0 
HMnna HTHpOBa HHblX a TOMOB 6.1 015 aToMa/cM2 ; r l I1CXOA H~ H Kpl1CTann 
81<111 > C HMnnaHTHpoBaHHblM B Hero As, HO np OWeAWI1 MOTmHr. 

Pe3ynbTaTbl 113MepeHI1A npeAc Ta Bne Hbl Ha pHc.8- 10~ Ha pHc.8 nOKa
3a Ha cTepeorpaMMa HccneAYeMOrO Kpl1CTanna, rAe I1HAeKcaMH a,G, B 
YKa3aHbl HanpaBne HHA KpHcTan n o rpa~H 4ecKHx nnoc KoCTeH, nepece4e
HHe KOTOpblX onpeAe nAeT KOOPAHHaTbl K pH CTannor pa~114 e CKoro KaHa
na <111>. Ha pHc .9A npeAcTaBneHa o pHeH T a~HoHHaA 3aBHCHMOCTb AnA 
HccneAyeMoro KpHCTanna 8i <111 > C HMnna HTl1 pOBa HHblM B HeM As 
Ge3 TepMH4ecKoH 06paGoTKH . AnA Ha r nAAHOCTH AaHH~e AnA 81 H As 
HOpMHpoBaHbl Ha eAHHH~y.BHAHO. 4TO AnA As opHeHTa~HoHHaA 3aBHCH
MOCTb HMee T BHA npAMoH, napannenbHoH OCH aGc~Hcc. 3TO YKa3~BaeT 

Ha TO. 4TO aTOM~ As nocne I1Mnna HTa~HH pacnpeAeneHbl B nOBepXHOCT
HOM cnoe pa BHOMepHO. OpHeHTa~HOHHaR Kpl1 BaA AnA 3Toro ~e KpHCTan
na 16 , pHc.9/ . HO npoweAWe ro oTmHr, I1 MeeT AnA As MHHHMyM. COCTaB
nAIOII\Hii - ~ 0% OT MHHHMyMa AnA S1. 3TO rOBopHT 0 TOM. 4TO OTmHr 
4aCTH4HO YCOBepweHCTBOBan CTpy KTYPY npeA nOBepXHOCTHoro cnOA, 
H 4aCTb aTOMOB As nocne OTlKHra AH<!XllYHAHpoBana B y31lbl H MemY3nHfI 
KPHcTannorpa~H4ecKoH peweTKH 8i . 3TH H3MeHeHHA MomHO npOCneAI1Tb
 
H Ha pHc . 10 , rAe npHBeAeH 3 HepreTH4ecKHH c neKTp y npyro-pacceAH

H~X HOHOB 4 He A1lA 060Hx cnyvaea , l{pHBaA 1 noencraena e r 3Hepre

TH4e c KHH cne KTp AnA HeopHeHTHpO Ba HHoro KpH CT a1l11 a . Kpl1BaA 2 - AnR
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PH C. 9 . Opneu-rauaouaan ::I 3 B H CH MO CTb AJIH xpn c-ranna Si <111 > 
C HMIUlaHTHpOllaHHblM B He~, As . 1f3 Me p e lll laH IIa ny -uce H OHO H 

4 He C 31lCP rHeii 1, 5 }bB: A - opu e n -r a u n o u u a a 3 i1Il IlCH MO CT b , 

xor-na OOpa 3 e J.{ He npouren TepMH4eCKo?i oGpa6oTKH ; B - r a 

JKe 3aBJl CIIMOCTb, HO nOCJIe Tep~ni'leCKOII 0 6pa60TKII . 
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PHC. 10. 3Hepre THlJeCl(Jfl'l CIle K Tp ynpy r o -p a c c eHHHblX HOHOB 

4He c 3HeprHeli 1, 5 M3B 0'1' K p H C T aJ1n a 81<111 > C HM lUlaHTIf

pOB aHllblM B He M As : I - KpBC TanJI H e o p a e u r a p o a a a ; 2 _ 
K pBCTanJIOrpaq,HlJeCK<Ul OCb opB ell THpOBalla Bp,OJIb nYlJK3 . 

no OCH a6 Cl.{BCC - KaHaJ1hl aHaJIH3aTOpa HM IlYJIbCOB . TID OCB 

opp,HHaT - OT HOC H T CJI b Hbni C lJe T . 

12 

opHeHTHpoaaHHor o . H3 pHcyHKa BHAHO, 4TO nno~aA b c ne KTpa Ha KpH
BOH 2 YMe HblUaeTCR Ino pa C4eTY Ha 35%1. 3TO nOAT aep~aeT CAenaH
Hoe B~we 3aKn~4eHHe. 

3. PaccMOTpeHo BnHR HHe Bpe Me HH 05ny4eHHR KpHCTanna HOHaMH Ha 
CTpyKTypy e ro noaepXHOCTHoro H npeAnoae pXHOCTHo r o cnoe B. H3Me
peHHR npoaOAHnHCb KaK Ha HeopHe HTHpoaa HHOM KpHCTanne, TaK H B 
pe~HMe KaHanHpOBaHHR . 6~H 3aMe4eH~ cneAY~He 3aKOHOMepHOCTH : 

a/ npH 8-4acoaoM 05nY4eHHH KpHcTann a 81 < 111-> Ha HeM nonon 
HHTenb HO o6pa3yeT cR nneHKa yrnepoAa. B pe3ynbTaTe H a 5n ~Aae T c R 

KaK CMe~eHHe nHKa ynpy ro-pacceRHH~x HOHOB 4He Ha KHcnopoAe, 
TaK 11 cMeU\eHHe rp aH I1~bl cn ex r pa ynpyroro paCCeRHI1R 4 He aa Si , 

51 BblXOA ynpyro - pac ceRHHblX l"IOHoa 4He a pell<HMe KaHanHpoaaHHR 
np H Am1TenbHOM o6nY4eHHH yBenH4I1BaeTCR, a caMa Op l1eHTa~ 110HHaR 

aaBHC WlOCTb CT a HOBI1T CA He crons ABHO Bblpa~ eHHoH. Ilocnenaee , 
nO-BHAHMOMy, RBnReTCA pe3ynbTaToM paAHa~HOHH~ X nOBpe~AeHHH pe
weTKH KpHCT anna, a Ta Kme nORBneHHR Ha HeM nneHKH yrnepoAa. 
ECTe cTBeHHo, Bce 3TO He06xoAHMO Y411TblBaTb np l1 nn aHHpoBaHHH 
3KcnepHMeHTa. 

3AKnlO4E HH E 

Ta KHM 06pa30M, B pe3ynbTaTe npoBeAeHHoH pa60T~: 

1. nOCTpoeHa 3KcnepHMeHTanbHaR YCTaHOBKa AnA H3Y4eHHR CTpyK
TYPbl KpHCTanna Me TOAoM ynpyroro pacceAHHA HOHoa BOAopOAa H~e 
B pe~I1M e HX KaHanH pOBaHI1R B KpHCTannax. 

2. nOKa3aHa B03MOlKHOCTb nony 4e HHR Ha ~ I1WeHH ny4Ka YC Kop eHH~X 

Ho ~oa Al1 aMe TpOM 1 MM C paC XOAHMOCTb~ nY4Ka 0,02 0 npH TOKe nY4Ka 
10 HA , a TaK~e B03MO~ HOCTb opHe HTHpOBaHHR Kpl1 CTannO r pa~ H 4 ecKoH 

OCH KpH cTanna BAon b 3Tor o nY4Ka B npeAenax +0 , 020 
• 

3. Ha npHMepe HccneAOBa HI1R 4 06pa3~oB 81<111 >, B Aayx H3 KO 
TOPblX HMnnaHTl1pOBaH ~WbAK , nOKa3aHa a03MO~HOCTb nonY4eHI1R 
HH¢opMa~HI1 06 H3MeHeHI1AX, npOHCXOAR~HX B CTpyKType KpHCTanna 
B npo~ecc e ero O T~Hra. 

4. B~RCHeHbl He KOTopble oco6eHHOCTH pa60T yCTaHoBKH , KOTop~ e 

He06xoAHMO Y4H T~BaTb npH nnaHHpOBaHHH HccneAoaaHHH OAHoro H 
Toro ~e KpHCTanna. K HI1M cneAyeT OTHeCTH a nepBy o 04epe Ab ya enH
4eHHe co BpeMeHeM TonU\H H~ y rn epoAHo~ nneHKH Ha nOBepXHOCTH 
KpHCTanna . 

ABTOPbl Be Cb,~a tinaronap-ru C.H. TKa4eHKo, 3.,Q . TpoWKHHY . 
C.f{) .6e3HorHX 3a nOMOU\ b 13 pa60Te no C60P KC H lIanaAKe yCTaHOBKH. 
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B 06beAHHeHHoM HHcTHTyTe RAe pH~X HccneAoBaHHH Ha4an 
B~XOAHTb C60pHHK "Hpamxu e c oo6U/eHU.R Ol1ff/1" . B HeM 
6YAYT nOMe~aTb cR cTaTbH. cOAep*a~He opHrHHanbH~e HaY4H~e, 

HaY4HO-TexHH4eCKHe , MeTOAH4eCKHe H npHKnaA H~e p e3ynbT aT~, 

Tpe6yIOllIHe CP04HOH ny6I1HKa~HI1. 6YAY4H 4aCTblO "Co06~eHHH 

O"R~II , CTaTbl1, BoweAwHe B C60PHI1K, HMeIOT, KaK H APyrHe 
H3AaHHR O~RH, c TaTyc O~H~l1aI1bH~X ny 6nHKa~HH. 

C60pHH K "KpaTKl1e coo6~eHH R OHRW I 6YAeT B~XOAHT b 
perynRpHO. 

The Joint Institute for Nuclear Research begins pUbli
shing a coll ection of papers entitled JINR Rapid Communi
cations whic h i s a section of the JINR Communications 
and is i nt ended for the accelerated publication of impor
tant results on the following subjects: 

Physic s of elementary par ti cl es and atomic nuclei. 
Theoretica l physics . 
Exper iment al techniques and methods. 
Accelerators. 
Cryogenics .
Computi ng mathematics and methods. 
Solid state physics. Liquids. 
Theory of condensed matter. 
Applied researches. 
Being a part of the JINR Communications, the articles 

of new collection like al l othe r publications of 
the Joint Institute for Nucl ear Research have the status 
of official publications. 

I NR Rapid Communications will be issued regularly. 


