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1.8B8A8HH8 

)lHCrrapCHOHHbiS COOTHOW8HIISI, UOITY'I88Mbl8 C UOMOWb!O Haynpyroro p8CCSSIHIISI TSUITO

Bb!X HSi!TpOHOB, rro-rrp8)1{HSMY Up8ACT8BITSIIOT HHTapaC rrpH HCOIT8AOB8HHH CBOliCTB TBSpAOrO 

Terra. KaK npaaano, aaaecTHbia H3 rrHTepaTypbi pa6oTbi orpaHH'ISHbi accneAoaaHHSIMH Ky6aqe

CKHX H raKCarOH8ITbHb!X CTpyKTyp. 0AHHM H3 HCKITIO'ISHHli B 3TOM CMbiCne SIBITH8TCSI pa6o-

111 
T8 , B KOTOpOJI rrpHB8ll8Hbl HSKOTOpb!S peayrrhT8Tbl H3MepeHHJI llHCOSpCHOHHb!X KpHBb!X lliTSl 

MOHOKpHCT8ITIT8 BHCMYT8. 

B aawell pa6oTe npencTaarreHbi peayrrbTaTbi H3Mepeaali, nony'laHHbie nrrg TaKoro JKe 

ItpHCTanna c noMo!Oh!O HaliTpoaaoro cneKTPOMaTpa, nocTpoeaaoro Ha 6aae HMrryrrhCHoro 6bi-

. f21 
cTporo peaKTopa (11BP~ a Jly6ae. npa OOMOWH KpHCT8ITITH'18CKOrO MOHOXpOM8TOp8 rrorry-

'188TCSI "11MUYllbCHbiJI M0HOXpOM8TH'I8CKHli ny'IOK HeliTpOHOB, Heyrrpyroe paCC8HHH8 KOToporo 

H8 HCCITSAY8MOM MOHOKpHCTarrne H3Y'I88TCSI no BpaMSHH nporreTa H8l1Tp0H8. 8 pa6oTe norry-

'18H pS!A AHCrrapCHOHHblX COOTHOWSHHli B HarrpaBITSHHSIX 

Ill 
CSI B cornaCHH C A8HHblMH pa60Tbl AITSI H8Up8BIT8HHSI 

( 111] H [100). 
[ 111). 

2. 3 K C rr 8 p H M e H T 

PeaynhT8Tbi aaxonHT-

CxeMa ycTaHOBKH npencTaaneaa Ha pac. 1. BnrroTayro K BKTHBHOli aoae peaKTopa I 1 I 

yCT8HOBIT8H lliTOCKHJI BOllSIHOli 38M8J;IITHT8ITb 121 TOITIOHHOli 40 MM. J1MrryllbCHblil rry'IOK 38Me

lliT8HHbiX HSJITpOHOB rrpOXOAHT '18p83 K8H8IT 131 B 6eTOHHOli CT8H8 38IT8 peaKTOpa H rrorranaeT 

x) 
H8 MOBOKpHCT8ITIT llHHK8 , BblllOITHSIIOWHli pOITb MOHOXpOM8TOpa 151. MOHOXpOM8TH'I8CKHJI ny-

'IOK aeliTpoaoa, npoXOASl q:epea weneaoll KonnaMaTop 191, pacceaaaeTcg aa o6paane 1101. 

P acceSIHHbiS aa yron </> aeliTpOHbi 'lepea BBKYYMHbili HaltTpoaoaon I 11 I noCTHraroT CUHHTHn

rrSIIlHOHHoro ll8T9KTOpa /7 I, HMDyllbCbl C KOTOpOro C UOMOillb!O CT8Hll8pTHOJI 3IT8KTpOHHOli ang:apa

Typbl 00ll8lOTCSl Ha MBOrOK8H8IThHbJli Bp8M8HHOJI 8H8ITH38TOp H 8H8ITH3HPYIOTCSI no apeMSHH 

rrpOIT8T8 HSliTpOHOB, ll8B8Sl K8pTHHY Heynpyroro B38HM0ll8i!CTBHSI aei!TpOHOB C o6pa3UOM. 

JlnH ycTaaoaneaag MOH6xpoMaTopa B nonoJKeHHe 6parroacKoro pacceHHHH 11 norryq:eaag 

M8KCHM8rihHOJI BHT8HCBBHOCTH MOHOXpOM8TH'I8CKOrO rry'IKa rrpenyCMOTp8H8 B03MOJKHOCTb AH-

x) 
AaTopbi 6rraronapHbi A. MonJKeeacKoMy, nro6eaao aaroToaaaweMy MOHoKpacTann 

BO n na6opaTOpBB 11HCTBTyTa BABPHbiX uccnenoaaauli, CaepK, nonbwa. 
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CTHHUHOJIHOrO IJOBOpOT8 MOHOKpHCTllnna BOKpyr aepTHK8JlbHOi:f. H ropH30HT8nbHOH OCeH:, 8 

TBKil<e JIOCTynaTeJlbHOrO nepeMelU6HH51 B H8IIpaaneHHH, neprreHD.H.KynHpHOM OTp8M8IOIUeH IIJlOC

KOCTII (0001), CTOniiK anSI o6pa3U8 II KOnliHMATOp ycTaHOBneHbl HA nne'le, TIOBOpOTbl KOTOpO-

ro BOKpyr BCpTHK8JlbHOi1 OCH
1 

CODTI8J-l8JOIHei1 C OCblO MOHOXpOM8TOpa, II03BOJlSilOT M9HS1Tb yron 

paccemmSI MOnoxpoMATH'IOCKoro ny'IKA 2": B npeaenax or 25° no 90°. Cranbnoi! KonnuMa-

2 
TOp aniiHOil !00 CM C pa3Mep8MII OKHA 10 X 10 CM IIMGeT men11 lllllpHHOH 6 MM. CronHK C 

;--'l);riiOMeTpOM, HD KOTOpOM yKpenneH o6pa39U 1 yCT8HOBJleH H8 KOHI:f nne98 H C IIOMOlUblO OIITH-

'li(!CKOfi CHCTeMbl MOiK9T TIOBOplP.lHDOTbCSI H8 ITpOH3BOJlbHhlfi yron BOKpyr eepTHK8JlbHOH OCH 1 

o6CCH0'111Bil!l BMOCTO C rOI!IlOMOTpOM B03MO>KHOCTb nro6oi! Opi!OHTAUIIH o6pa3U8 OTHOCHTOnbHO 

MOHoxpoMaTH'IOCKoro ny'IKA. HeiirpouoBon H aeTOKTOp c 3all!HToll /12/ ycraHOBneHbi Ha Te-

ne>KKe, II 3TO TI03BOMIOT MOH!!Tb yron paCCO!lHIISI ~'> OT 30° JlO 85°, 

!1cnonb30B81ICS! Bb!COKOSijl<jleKTIIBHblil CUHHTHnliSI!IHOHHblH JlOTOKTOp TennOBblX Hei!TpOHOB HA OC• 

10 /3/ 
HOBO Zn S(Ag)+·B

2
0

81
o6orall!eHHHbrlii!30TOnoM B • Pa6o"!asr nnomaab aeTeKTopa cocTaB-

2 JIS!liA 2000 CM , KaK BHUHO 113 pHC, 1, MOHOxpOMATOp C KOllnHMATOpOM HOMOll!OHbl B l5yHKep 

113 6aKOB c eoaoi! /6/, o6nuuoeaHHbrll BHYTPH c noeM Kap6una Gopa. Ha nyTu npsrMoro peaK

ropHoro ny'IKA HAXOUHnHCb CBHHUOBAS! nnHTA II TOnCTblll CliOil napaljlHHA /8/, CMOWAHHOrO C 

Kap6HaOM 6opa, BaKyyMHbiil HeilTpOHOBOJl OKPYlKOH 3All!HToll H3 cMecu napaljluHa c Kap6uaoM 

6opa, a aeTeKTop 38ll!llll!OH TOnCTh!M cnoeM paCTBOpa 6opHOH KHC110Tbl, <l>opMA BCllbllUKH 

MOHOXPO'IATII'IOCKIIX HOi!TpOHOB npeaCTABneHa 118 pi!C, 2, nonorllll Cnaa HIIKA 06ycnoeneH 

KOHO'IHblM BpOMOHOM )l(H3HII TOHnOBblX HOi!TpOHOB B 38MeanHTOne, 

11HTOHCHBHOCTb C'IOTA HeiiTpOHOB nnHHOil BOnHbl 1 ,56~ HA BblXOJlO ll!eneeoro KOnnHMATO• 

4 
pa COCTABnsrna 10 HeilTpOHOB/CeK npH MOlliHOCTH peaKTopa 2 15 KBTo MoHOKpHCTann UHHKA 

HMOOT ljlopMy UH11HHJlp8 JliiAMOTpOM 70 MM, ani!HOI1 210 MM, p83p938HHOrO HOHOnAM HO nnOC• 
x) 

KOCTII ( 0001) • 11ccneayeMblil MOHOKpHCTann BHCMyTa HM90T ljlopMy UHnHHapa JliiAMOTpOM 

70 MM H BbiCOTOil 180 MM. 

3. P o 3 y n b '5 a T bl 

BucMyT HMeeT poM6oaapH'!ecKyro cTpyKTypy, eTHOCsrll!yroTcsr K npocTpaHCTBeHuoll rpynne 

0 0 ' /4/ 
R3m 1 

c napaMeTpaMH peweTKH a •4,746 A a =57 14 • KaK BIIJlBO 113 p11cysKa 3, 

aneMeHTapHAH gqel!Ka HMeeT aBa STOMA c KoopnHHATAMII ( u I u I u ) II (~Iii I u) I rae 

\
.. .. .. I !51 u • 0,234 a 

1 
+ a

2 
+ a

8 
• B uall!HX H3MepeBII!Ix o6pa3eu oplleHTIIpoBanc!l TaK, 'ITO nnocKOCTb 

pell!eTKH (0 I r) 6btn8 napannenbHA nnoCKOCTH paccesrHIIS!. CooTBOTCTsyroll!ee CO'IOHIIO ol5paT

uoll pell!OTKH npeaCT8B110HO HA piiC, 4 BMeCTO C BOnBOBblMII BeKTOpAMII ueATpOHOB II ljloHOHOB 

JlliSI pacCOS!HBS! npll yrnax cp a84°18' H 1/J •11°03'. 0Tpe3KH 1 OTliO>KOHBblO HA HanpaeneHBII .. 
sonuoeoro eeKTopa k paccesrHHbrx uel!TpOHOB, BbrpalKaroT co6oll aeonpeaeneuuocTb B sua-

... 
'IOHHH ~ • CooTBeTcreyroll!asr HeliTpoHorpaMMa, nony"!eHHAH 3a 15 qacoe 113MepeHHll, npen-

x) 3TOT YHIIKAnbHblil MOllOKpiiCTann l5bl11 nro6e3HO npenoCTABliOH HAM C, 6eaHapCKIIMI 

u3rOTOBHBlliiiM ero eo II na6opaTopHH 11ucTHTyTa MepHbiX HccneaoeaHHll 1 CeepK, nonbwa~, 

4 -
' i< 

, 

\ 

t 

cTaeneua ua puc. 5 B KaqecTse npHMepa. CTpenKoll yKa3aHa nnHHa 

aaroll!IIX Ha o5pa3eu. 

0TMOTHM
1 

'ITO <jloHOHHblO H3MOpeHHSl llpOH3BOJlHniiCb Hpll JlBYX : 

nanaroll!IIX ueliTpOHoB: 1,56 ~ H 2,U3 ~. Ha pHc. 6 npen(;TaeneHbt " 

CHOHHbiX KpHBbiX pa3nH'IHblX ljlOHOHHblX BOTBOil B HanpaBneHHS!X _[ 100] 
/6/ 

liOHIISI [ 111] B3S!Tbl •3BaqeHHS! CKOpOCTH 3BYKA 113 pa60Tbl 1 H HA r 

BOTCTByroll!IIO npS!Mb18, 

Ha rpaljlHxe nnsr HanpaeneHHsr [ 111] TpeyronbiiiiKAMH uaueceHb 

cTaTbH/ 1 1• KaK BIIJlHO, uall!ll pe3ynbTAThl uaxoasrTC!I B cornac1111 c 

Tbl, Mo>KHO HaaesrTbCH, 'ITO aHallll3 113MepeuuA, KOTOpbre npoaomKaJC 

(5onee HOliHble CBeaeHHS! 0 JliiHAMIIKO pell!OTKII BIICMyTa. 

AeTopbi 6naronapsrT npoljleccopa 6,6ypaca 38 npenno>Keauyro T 

T8UIIro
1 

npoljleccopa <!>,Jl,!llan11p0 38 15onbWOe BHHMAHIIO II H01193Hb!E 

BAHUA 38 nonroTOBKY annapaTypbl H HOMOll!b B H3MOpOHHS!X, B T8Kl 

noMOWb B pa6oTe. 
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TB MOHOJ<pHCTanna BOKpyr aepTHK8JlbHOti: H ropH30HT8J1hHOti: oceH:, 8 

ro ncpeMemeHJHI s HanpasneHHH, neprreHDHKyJIHPHOM OTPB*BlOJlleH nnoc

K JlnSl o6pa3U8 H KOnnHMBTOp yCTlliiODneHbi HA IIRB'-19 1 TIOBOpOTbi KOTOpo

HOi.f OCH 1 CODIT8Jl810ll{eti C OCblO MOHOXpOMBTOpa, II03BOnSllOT M8HHTb yron 

aTn•IecKoro nyqKa 2 '·) a npeaenax OT 25° 110 90°. CTallbHoii KOf!f!HMa-

2 
paaM"paMH oKna 10 x 10 CM II MeeT 111enn IIIIIpllnoil 6 MM. CTOf!IIK c 

opo;v1 yKpenncH o6pa3eu, ycTaHosneH Ha KOHI!f nne1.1a H c IIOMOlltblO onTH

eT IIOBOp£PJHB8TbC51 HB IIpOH3BOnbHbiti: yron BOKpyr aepTHKanbHOH: OCH, 

C T'Ol!I!OMGTpOM B03MOlKHOCTb l!IOOOM Op110HTilUIIII 00p83U8 0THOCIIT0flbHO 

nyqKa. HeiiTpouoaon 11 aeTeKTOp c 38IIIIITO!i 1121 ycTanoaneHbi na Te-

RGT MC!II<!Th yron p8CC0RHHR <,'> OT 30° JlO 85°. 

biCOK08<jlcjleKTIIBHbiM CUIIHTIIf!/IRUIIOHHbiM Jl0T8KTOp T8flf!OBbiX Hel!TpOHOB Ha OC• 

10 131 
6orameHHHbiii ll30TonoM 13 • Pa6o'iaR nnoruaab ueTeKTOpa cocTaa-

BIIUHO 113 puc. I, MOHOXpOMaTop C KOfll!IIMaTOpOM f!OM8lll0Hbl B 6yHKep 

I, o6nlluoaaHm,nii aHyTpll cnoeM Kap6uua Gopa. Ha nyTH np11Moro peaK

nucb CBHHIIOBBSI flfiHTa H TOf!CTblli Cf!Oii napa<jlHHa 181, CMeiiiaHHOT'O C 

YMHoiii neliTpOHOBOil OKPY>KeH 3/liUHToii 113 CMeCII napa<jl11na c Kap611JlOM 

38IIIHIU0H TO/lCThiM Cfl00M paCTBOpa OOpHOH KIICf!OTb!, <llopMa BCflbllllKH 

eliTpoHoB npeacTaanena Ha puc, 2, nonornli cnau nHKa o6ycnoanen 

li<H3nn TennoabiX neliTponoa a 3aMellf!HTene, 

C'ieTa HeliTpOHOB JlflliHOi! BOf!Hbl 1,56~ Ha Bb!XOUe IU0f!0BOT'O KO/lf!HMaTo

ei!TpOHOBICeK npn MOlllHOCTH peaKTopa 2,5 KB'l', MonoKpHcTann UHHKa 

JlHaMeTpoM 70 MM, anHHot1 210 MM, pa3pe3annoro nononaM no nnoc
x) 

yeMblii MOHOKpHCTilf!f! BHCMyTa HMeeT <jlopMy Ullf!liHUpa UHaMeTpOM 

MM, 

3, P e 3 y n b T a T bi 

OM008UpHqecKyiD CTpyKTypy, eTHOCIIlllYIDTCII K npOCTpaHCTB0HHOi! rpynne 

H peiiieTKH a •4,746 .)( , a =57°14' 141
• KaK BHUHO H3 pucyHKa 3, 

HM00T UBa llTOMa C KOOpJlHHaTaMH ( U, U, U ) ll (;; •;; • u) 
1 

rue 

'I 151 
1 • B nam11x 113MepeHHIIX o6pa3eu oplleHTHpoaanc,. .'l'aK, 'iTo nnocKOCTb 

napannenbHa nnocKoCTH pacceHHIII!, CooTaeTCTayiDruee ceqenne o6paT

neno Hll pile. 4 BM0CTe C BOfiHOBblMII B0KTOpaMII Hei!TpOHOB ll <jlOHOHOB 

q, a84° 18' II .;, a II 
0
03'. 0Tpe3KH, 0Tf!OlK9HHb19 Ha HanpaaneHHH 

paCC911HHb!X H0i!Tp0HOB, BblplllKaiDT COOOI! HeonpeueneHHOCTb B 3Ha

nonyqeHHilll 3a 15 qacoa 113Mepennl!, npeu-

Hhti! MonoKpiiCTann Oblfl niD6e3HO npeaocTaanen HaM C, EeanapcKHM, 

11 na6opaTopuu 11HCTHTyTa smepHb!X IICCf!9JlOBaHHi!, CaepK, nonbiiia, 

4 

.. 

! 
I 

' 

I 

CTaanena Ha p11c, 5 a KaqecTae npiiMepa, CTpenKoli yKa3aHa anuna BOf!Hbi Hei!Tponoa, na

uaiDntHX na o6pa3eu, 

0TM9THM, qro <jlOHOHHbl9 H3M9p9Hll>l npOH3BOUIIfiiiCb npH llBYX 3Ha'i9HHIIX llfiiiHbl BOf!Hbl 

naaaiDIUHX nei!Tponoa: I ,56~ 11 2,U3 )(. Ha puc, 6 npencTaaneHbl neKOTOpbie TO'iKH Jlllcnep

CHOHHh!X KpliBb!X pa3nHqHb!X <jlOHOHHbiX B8TBei! B HanpaaneHHSIX _[ 100] II [JJJ J , flng Hanpaa-

161 
f!8HIIII ( JJJ] B3>lTbi•3HaqeHHII CKOpOCTH 3BYK8 H3 pa60Tbl 

1 
II Hll rpa<jl11K9 OTf!OlK8Hbl COOT-

B8TCTBYIDIUH0 npi!Mb19, 

Ha rpa<jlHKe nn11 nanpaaneHII>l [Ill) TpeyronLHHKaMII nanecenbt aaHHhte, B3>lTbte 113 

CTaTbHII 
1

• KaK BHUHO, HaiiiH pe3ynbTaTbl HaXOil>lTC>l a cornacn11 c pe3ynbTaT8MH 8Toil pa6o

Tbl, MolKHO naae>lTbCI!, qTo ananH3 113Mepenull, KOTOpbte npouomKaiDTC>l, no3aonuT nony'iHTb 

!Sonee f!Of!Hble CB0Jl9HH>l 0 JliiHaMIIKe peiiieTKH BHCMyTa, 

AaTopbi l5naroaap>lT npo<jleccopa E.Eypaca 3a npeunolKeHHYID TeMy H nayqnyiD Koncynb· 

TaUHID, npo<jleccopa <ll.JJ.lllannpo 3a 6onbiiiOe BHHManue H none3Hbte o6cyJKneHIIII
1 

C,Ha6bi

Banua aa nouroTOBKy annapaTypb! 11 noMOlllb a 113MepeHH>lX, a TaKJKe B.B.ronHKoaa 3a 

f!OMO!Ub B pa!SOTe, 

JJ 11 T e p a T y p a 

I.J.L,Yarnell et al, Bull. Am, Phys, Soc,, ~ 597 ( 1964), 

2, r.E. EnOXHH H up. ATOMHa>l 3HeprH>l, !Q, Bbin, 5, 437 (19tH). 

s. B.B.ronnKoa n up., nT:;~, a, 59 (1963). 

4, P,Cucka and C,S,B>.rrc+. Acta, Cryst., ~ 865 ( 1962), 

5, C,S,Barret. Austr, Joce·n, Phys., g 209 ( 1960). 

6, Y.Eckstein et al, J, Appl. Phys,, d1 534 ( 1960), 
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• 
l.Baepeaae 

llacnepCHOHHbie COOTHOWeHIHI, nonyqaeMble C nOMOWbiO Heynpyroro pacCeiiHHH Tenno

Bb!X Hel!TpOHOB, no-npe:>I<HeMY npencTaBnHIOT HHTepec npH HCOne)lOB8HHH CBOHCTB TBepnoro 

Tena. KaK npaBHno, H3BecTHbie H3 nHTepaTypbi pa6oTbi orpaHH'IeHbi HCcnenoaaHHHMH Ky6aqe

CKHX H reKCaroHanbHblX CTpyKTyp, 0)lHHM H3 HCKniO'!eHHH B 3TOM CMb!Cne HBnHeTCH pa6o-
/1/ 

Ta , B KOTOpOH npHBelleHbl HeKOTOpbie pe3ynbTaTbl H3MepeHHl! JlHCnepCHOHHblX KpHBblX llnH 

MOHOKpHCTanna BHCMYT8, 

B Hamel! pa6oTe npencTaaneHbi pe3ynbT8Tbi H3MepeHHil, nonyqeHHhie nnH TaKoro JKe 

KpHcTanna c nOMOIIIhiO HeilTpoHaoro cneKTpoMeTpa, nocTpoeaaoro aa 6a3e HMnynbCHoro 6bi-
. f21 

CTpOI"O peaKTOpa (!16P; B lly6ae, npH nOMOIIIH KpHCTannH'!eCKOI"O MOHOXpOM8TOp8 nony-

~eTCH BMnynbCHbil! MOHOXpoMaTH'IeCKHl! ny'!OK HeHTpOHOB, aeynpy!"oe pacceHHHe KOTOporo 

Ha HCCnenyeMOM MOHOKpHCTanne H3y'l:aeTCH no BpeMeHH nponeTa Hei\TpOHa, B pa6oTe nony-

'!eH pHil .aHcnepCHOHHhiX cooTaoweaHl! a HanpaaneHHHX ( 111] H ( 100 ]. Pe3ynhT8Thi Haxo.aHT

CH B COI"naCHH C .aaHHblMH pa60Tb/
11 

.anH HanpaaneHHH [ 111], 

2, 3 K C n e p H M e H T 

CxeMa ycTaHOBKH npe.acTaaneHa aa pHc, 1. BnnoTHyiO K aKTHBHOI! 3oHe peaKTopa I I I 

ycTaHOBneH nnOCKBi! BO.CIHHOI! 3aMeJ;InHTenb /2/ TOniiiHHOi! 40 MM, 11MnynbCHbiil ny'IOK 3aMe

nneHHblX Hei!TpOBOB npoxo.aaT qepe3 KaHan /3/ a 6eTOHHOil CTeae 3ana peaKTOpa H nonanaeT 
x) 

Ba MOHOKpBCTann llHHKa , BhlnOnBHIOWHil ponb MOHOXpOMaTopa /51, MoHOXpOM8TH'IeCKHil ny-

'IOK aei!Tpoaoa, npoxo.aH qepe3 meneaoil KonnHMaTop 191, pacceHaaeTCH Ha o6paane /10/, 

P acceHHHbie aa yl"on </> ael!:TpOHbi qepe3 aaKyyMHbiil HeilTpOHOBo.a I 11 I .aocTHI"aiOT cnHHTHn

nsmaoaaol"o .aeTeKTOp8 11 I, HMnynbCbl C KOTOpOI"O C nOMOillblO CTaH.aapTHOil aneKTpOHHOil annapa

Typbl no.aaiOTCH Ha MHOI"OKaHanbHhlil BpeMeHHOJ!: aHanH3aTop H 8HanH3HpyiOTCH no apeMeHH 

nponeTa BeJ!:TpOHOB, .[laBaH KapTHHy Heynpyi"OI"O B3aHMO.aeilCTBHH Hei\TpOHOB C 06pa3UOM, 

llnH ycTaHOBneHaH MOHOXpOMaTOpa B nonoJKeHHe 6p31"1"0BCKOI"O pacceHHHH H nonyqe&HII 

MaKCHManbBOil BHTeHCHBBOCTH MOHOXpOMaTB'IeCKOI"O ny'I:Ka npe.ayCMOTpeHa B03MOlKHOCTb .[IH-

x) 
AaTopbl 6nal"o.aapHbi A. Mo.aJKeeaCKOMy, ni06e3ao H3I"OTOBHBIUeMy MOHOKpHCTann 

BO H na6opaTOpHH 11HCTHTyTa HJlepHbiX Hccne.aoaaHBll, CaepK, nonhwa. 
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CTflHlllfOJlHOrO flOBOpOT8 MOHOKpHCTanna BOKpyr aepTHKBJJbHOti H ropH30HTanbHOH OCeH., 8 

TaJoKc nocTyrraTenhHOro nepeMemeHHH s aanpaaneHHH, nepneH~OiKyns:~paoM oTpa)KaiOmeM: nnoc

KOCTII {0001). CTOI111K IWH 06p83U8 II KOI11111M8TOp ycTaHOBI1eHbl Ill! TII1e'le, llOBOpOTbl KOTOpO-

ro BOKpyr BOpTHKanbHOi.t QCH
1 

COBri8H810ut8:ti C OCbiO MOHOXpOMBTOpa, U03BOnRIOT M8Hs:ITb yron 

paccemnHI MOnoxpoMBTII'lOCKoro nyqKa 2"1 B rrpene11ax OT 25° no 90°. CTa11hHOH KOI11111Ma-

2 
TOp /ll111HOH 100 CM C pa3Mep8MII OKH8 10 X 10 CM II MeeT 11101111 Wllpi!HOii 6 MM. CTOTIIIK C 

;-'O~!IIOMeTpOM, Hll KOTOpOM yKpenneH o6pa3eU, yCTBHOBneH H8 KOHl:f nneqa H C flOMOlUblO OflTH-

l.JC!CKOi1: CHCTeMLI MOiK8T riOBOp£PIHB8TbCR H8 npoH3BOnbHblil yron BOKpyr sepTHK8nbHOA OCH 1 

o6CCIW'!IIBIHI B"OCTe C rOHIIOMOTpOM B03MO>KHOCTb 111060ii Op110HT8UIIII o6pa3U8 OTHOCIIT011bll0 

MoHoxpoMBTII'lecKoro ny'IK8, Hei!Tponoson 11 neTeKTop c 3aWIITOil /12/ ycTanoBI10Hhl aa Te-

ne}KKe, H aTo nosaonsteT MeHs:ITb yron pacces:IHHs:I (,
1
l oT 30° no 85°. 

Hcnol1b30B8l!CH BbiCOKOa<jl<jleKTIIBHbili CUIIHTIIlliiHUIIOHHhiil neTeKTOp Tenl1oBbiX aeltTpoaos aa oc• 

10 /3/ 
Hone Zn S(Ag)+·B

2
0

81
o6oraweHHHbilt 1130TonoM B • Pa6o'laH nl!omauh neTeKTopa cocTas-

2 
JISIJI8 2000 eM • KaK BIIUHO 113 p11c. I, MOHoxpoMaTop c KOJIJIIIMBTopoM noMemeHbi B fiyHKep 

113 6aKos c sonoii /6/, o6n11uosaHHhilt sayTpH c noeM Kap611na Ciopa. Ha nyTII npSIMoro peaK

TOpl!oro llY'IK8 HBXOUIIJII!Cb CBIIHUOB8SI lli111T8 II TOI1CTblil C110lt napa<jJIIHB /8/, CMOWBHHOrO C 

Kap611UOM 6opa. BaKyyMHbiil aellTponoson OKPY>KOH 3BWIITOil 113 cMeCII napa,P11Ha c Kap6anoM 

6opa, a ueTeKTOP 38WIIWOH TOJICThiM CI100M paCTBOp8 6opHOil KIICJIOTbl, 4>opM8 BCilblWKH 

MOHOXP0''ATII'IOCKIIX HeltTpOHOB npei1CT8BI10H8 Ha pi!C, 2, nonorHii Cll811 lliiK8 o6yCI10BllOH 

KOHO'IHbiM BpOMOHOM >KII3HII TOilllOBblX HOliTpOHOB B 38MOUlliiTOllO, 

liHTOHCIIBHOCTb C'IOT8 HeliTpOHOB UI111HOJI BOI1Hbl I ,56~ H8 Bb1XOU9 W9110BOrO K0111111M8TO• 

4 
pa COCT8B11SII18 !0 HOilTpOHOB/CeK 11p11 MOWHOCTII peaKTOpa 2,5 KBT, MoHOKp11CT81111 UIIHK8 

IIMOOT <jlopMy U111111Hilp8 /lii8MOTpOM 70 MM, Ul!IIHOil 2!0 MM, p83p038HI!OrO 110110118M 110 11110C• 

x) 
KOCTII ( 0001), J1cC110UYOMblil M0110Kp11CT811JI BIICMyTa II MOOT <jlopMy U111111H/lp8 11118MOTpOM 

70 MM II BbiCOTOlt 180 MM, 

3, P e 3 y n S. T a T hi 

BllcMyT HMeeT poM6oanp11'1eCKYIO cTpyKTypy, ..r'I!OCHWYIOTCII K npocTpaHCTBOHHOlt rpynne 

0 0 ' /4/ 
R3m 1 

c napaMeTpaMII peweTKH a •4,746 A • a =57 14 • KaK BIIUHO H3 pHcynKa 3, 

9110M9HT8pH811 H'leAKa HMOOT UB8 8TOM8 C KOOpUIIH8T8MH 

\
.. .. .. , /5/ 

u aQ,234 a,+ 82+ 88 • B HBWHX 113MepeHIIIIX o6pa3eU 

peWOTKH (0 1 f) fiblll8 napannel1bH8 11110CKOCTII paCCOHHHSI, 

(u,u,u H (j; 0 U o u) 1 rue 

Op119HTHpOB811CII T8K, 'ITO 11110CKOCTb 

CooTBeTCTByiOwee ceqenl!e o6paT-

HOlt peW9TKII npenCT8BI10110 Ha p11C, 4 BMOCT9 C BOI1HOBbiMH B9KTOp8MII HOilTpOHOB H <jJOHOHOB 

un11 pacceHHHII npH yrnax </> •84° 18' H ~' • II 
0
03'. 0Tpe3KII, OTI10)I{OHHbi9 Ha nanpaaneHHH .. 

B011HOBOrO BOKTOpa k paCCOHHHblX HOliTpOHOB, Bblp8lK8iOT Co6olt H0011p9U9119HHOCTb B SHa-

... 
qeHIIII k • CooTBeTCTBYIOWall aeltTpoHorpaMMa, nonyqei!HBH 38 15 qacos 113Mepenl!lt, npeu-

4 .. 
,. 

, 

I 
i 

' 

cTaBI1el!a na pHC, 5 B Ka"!eCTBe npHMepa. CTpe11KOii yKa3aHa nnHf 

naiOWHX aa o6pa3eu. 

0TMOTIIM, 'ITO <jJOHOHHbiO H3MepeHHH 11p0113B01lHI1HCb 11pH nay: 

nanaiOWIIX neltTpoaoa: I ,56 R 11 2,U3 R. Ha pHc. 6 npen(;TBBI1enb 

CIIOHHbiX Kpi!BbiX pa31111'1HbiX <jJOHOHHbiX BOTBelt B H811p8BI10HII HX . (I 01 
/6/ 

11eHHII (Ill] B3SITbl ·3H8'19HHH cKopoCTH 3ByKa H3 pa6oTbi 1 H aa 

BOTCTByiOWII9 npHMb19, 

Ha rpa<jJHKe 111111 aanpaanen1111 [111] Tpeyrol1bi!HK8MH Hanece 

cTaTbH/l 1• KaK Blluno, aaw11 pe3yl1bT8Tbi HaxonHTCII B cornacHH 

Tbi, Mo)I{HO Hauei!TbCH, 'ITO aaai1H3 H3MepenHlt, KOTOpbie nponol1)1{ 

6onea 11011Hbl0 CBOUOHHH 0 UIIHBMHKO peWOTKH BHCMyTa, 

AaTOpbi finaronapHT npo,Peccopa B.Bypaca 3a npeui10)I{9HHyiC 

TaUHIO, npoljleccopa 4>.n.lllanHpo 3a 6ol1bWOe BHIIMaHHe H nonesE 

B8HU8 38 nonroTOBKY annapaTypbl II TIOMOWb B 113M0p9HIIIIX, 8 T' 

110MOntb B pa60TO, 

nHTepaTypa 

l.J,L.Yarnell et al, Bull, Am, Phys. Soc,, ~ 597 ( 1964) 

2, r,E, J3nOXHH II up. ATOMH811 aneprHII, !Q, Bblll, 5, 437 (19(:l! 

3. B.B.ronHKOB H up.' nT~' £., 59 (1963). 

4. P,Cucka and C,S,Barrc+ .. Acta, Cryst., 1:2, 865 ( 1962). 

5. C.S,Barret. Austr. Jot.e·n. Phys., g 209 ( 1960), 

6. Y:,Eckstein et al, J, Appl. Phys., 2.J, 534 (1960), 

.. 
PyKOI111Cb nocTynHI1a B 113naTel1bCKHli 

23 Ho116p11 1964 r. 
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MOHOKfJl1CTanna BOKpyr aepTHK8J1bHOti H ropH30HTanbHOJ1 OCeif:, B 

ncpeMemeHIHI s HanpasneHHM, nepneHnHKynHpHOM oTpam:aiOJlleH nnoc

!lnH o6pa3U8 H KOnnHMBTOp ycTanonneHbl HA nnel..Je, ITOBOpOTbi KOTOpO

fi OCH, COI3TI8/l8lOIJleti C OCbJO MOHOXpOM8TOpa, T103BOnSJIOT MeHSlTb yron 

'IBCKoro ny'!Ka 2'~ e npeaenax oT 25° llO 90°. CTailbHOil KOIII!IIMa

a3McpaMII OKH8 10 X 10 CM
2 

IIMCeT li!C!lll WllpiiHOil 6 MM, CTOI!IIK C 

O~v1 yKpeunoH o6pll39U, ycTaHOBneH HB KOHllf nneqa H C ITOMOlUbiO OITTH

nonOp[ll.JHBllTbCH Ha npOH3BOnbHbll1 yron BOKpyr B9pTHK8nbHOit OCH, 

rOIIJIOMGTpOM B03MO)KHOCTb mo6oi\ OpiiCHTBUIIII o6pa3U8 OTIIOCIITB!lbHO 

qxa, HeiiTpouoeon 11 aeTexTop c 3BWIITOli 1121 ycTaHoaneHhi Ha Te-

Mcn<ITb yron pacceSIHIISI '.'• OT 30° ao 85°, 

OKOa<jlljleKTIIBHbill CUIIHTIIIIJISIUIIOHHbiH llCTCKTOp TCIII!OBhiX HCI!TpOHOB HB OC• 
10 131 

raweHHHhill Ii30TonoM 13 , Pa6o'!a<I nnomanb aeTexTopa cocTaB-

IlHO H3 pHc. I, MOHoxpoMaTop c xonniiMaTopoM noMeweHbi e 15yHxep 

6n11uoeaHHbii! eHyTpll c noeM xap6Haa Gopa. Ha nyTII np<IMoro peax

Cb CBIIHUOBIHI IIIIIITB II TOI!CTbiH CI!Ol! rrapa<jliiHa /81, CM9WaHHOrO C 

HbiH HaHTpOHOBOil OKpy>KBH 3aWI!TOi! 113 CMCCII rrapa<jliiHB C Kap6111l0M 

WIIWBH TOI!CThiM CI!OBM paCTBopa 6opHOi! KIICI!OTbl, <l>opMa BC!lb!WKII 

Tpoaoe npeacTaeneHa Ha pHc, 2, nonor111! crraa rr11xa o6ycnosneH 

3HH TCI!I!OBh!X Hai!TpOHOB B SaMCil!IIITene, 

eTa ael!TpoHOB ll!IHHoll BOnHbi I ,56~ aa Bhrxoae meneaoro xonniiMaTo

TpoHoelcex rrp11 MOlllHOCTII peaxTopa 2,5 KBT, MoHOKpllcTann UIIHKa 

HaMeTpoM 70 MM, anHHOI1 210 MM, paspe3aHHoro nononaM no nnoc
x) 

Mhli! MOHOKpliCTann BIICMyTa IIM99T <jlopMy UHI!HHilpa llllaMeTpOM 

M, 

3, P e s y n b T a T hi 

603/lpii'IBCKYID CTpyKTypy, eTHOCHlliYIDTCSI K npOCTpaHCTBBHHOI! rpynne 

peweTKII a •4,746 ~ , a =57°14' 
141

• Kax BllllBO Hs pHCyHxa 3, 

BBT UBa aTOMa C KOOpUHHaTaMII (u,U,U 11 (ii',ii,ii) , rue 
1

• B Haw11x IISMepaHIISIX o6paseu opllaHTBposanc<I Tax, 'ITO nnocxocTb 

pannenbHa nnocxoCTII pacca<IHIISI, CooTBaTCTayromee Ca'!eHIIe o15paT

HO Ha piiC, 4 BMCCTa C BOI!HOBblMII BaKTOpaMII Hai!TpOHOB II <jlOHOHOB 

X rp a84°18' II 1/• ~11°03', 0TpeSKH, OTI!O)K9HHbl9 Ha BanpaB!lCHBH 

paCC9SIHHh!X Hai!TpOHOB, Bblpa>KaiDT C060I! H90!lp9U9!l9HHOCTb B SHa

YIDlllaSI seiiTpoHorpaMMa, nony'leHHa<I 3a 15 '!acoa HSMepeHIIll, npea-

-ri! MouoxpncTann 6hrn nro6esso rrpeuocTaanes HaM C. EeusapcxHM, 

I na6opaTOpllll i1HCTIITyTa SIUBPHhlX IICCI!CilOBaHHli, Ceepx, nonbwa, 

4 

•· 

., 

I 

CTaB!leHa Ha piiC, 5 B Ka'leCTBe llpiiMBpa, CTpenxoli yKa3aHa UI!IIH& BOI!Hhl HeiiTpOHOB, rra

UaiDUIIIX Ha o6paseu. 

0TMCTHM, 'ITO <jloHOHHh!e IISMBpeHIIII 1Ip0li3BOUH!ll1Cb llpB UBYX SHa'IBHIIIIX UI!HHbl BOI!Hhl 

llallaiDUIHX HaliTpOHOB! 1,56 )1. H 2,U3 ~. Ha pHC, 6 rrpeUCTBBI!CHhl He KOTOpb!B TO'IKII UIIC!lep-

CHOHHhlX KpHBhiX paS!lii'IHblX <jlOHOHHhiX BCTBeli B HarrpaBI!BHIIHX .[ 100] II [Ill J , Jlns1 Ha!lpas

/61 
neHIISI [Ill] BSSITbi•3Ha'!eHIISI CKOpOCTII SByKa 113 pa60Tbl I II Ha rpa<jliiKa OTnO)I(BHhl COOT-

B9TCTBYIDlliH9 I!pSIMhlB, 

Ha rpa<jlHKe AI! <I HanpaanaHIISI [ 111 J Tpeyro!lbHIIKaMII HaHeceHbi A&HHhia, esnThia 11s 
Ill 

CT&Tbll , KaK BHUHO, HaWK pe3y!lbTaTbl llaXOASITCSI B cornaCHH C pesynbTaTaMII 3TOl! pa6o-

Tbl, Mo)KHO HaAaHTbCH, 'ITO aHanHa IISMepeHHli, KOTOpbie npoAon)KaiDTCH, noseon11T nony'!IITb 

15onee !lOnllhiB CB91l9HHII 0 UIIHaMHKe peWaTKH BIICMyTa, 

AaTOphi 15narouapHT npo<jleccopa E.Eypaca sa rrpeano)KeHHyro TeMy 11 Bay'!Hyro xoscynb· 

T&IIHID, rrpo<jleccopa <l>.n.lllannpo sa eionbwoe BHHMaHIIe 11 nonesHhie o6cy)KJ1BHIIH, C.Ha6br

B&HIIa s& rroAroToaxy annapaTyphr 11 noMOlllb a IISMepeunnx, a Tax)Ke B.B.ron11xoaa 3a 

IIOMO!llb B p&eiOTa, 

n 11 T e p a T y p a 

I.J,L,Yarnell et aJ., Bull, Am, Phys. Soc,, ~ 597 ( 1964), 

2, r.E. EnoXIIH H up. ATOMHaSI 3HeprHSI, 1.Q. Bbin, 5, 437 (19tll). 

3,8,B,roniiKOB H 11p., nT~, £..59 (1963), 

4, P,Cucka and C,S,Barr<:>+ .• Acta, Cryst., ]2, 865 ( 1962). 

5. C,S,Barret. Austr, Jou!Tt, Phys., ]d. 209 ( 1960), 

6, YAEckstein et al. J, ApJ?l. Phys,, ~ 534 ( 1960), 

• 

PyKO!liiCb IIOCTYIIII!la B IISAaTa!lbCKIIA OTI19!l 

23 HOSI6pSI 1964 r, 
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PHc. 2. <l>opMa MoaoxpoMaTH'Iecxoro nyqKe npH 11nHae eonHhl 2,039\.. 
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[Ill) 
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[lld 
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Puc. 3. KpncTannH"19CK8R peweTKa BHCMyTa. 

Puc, 4. 015p8TH8R peweTK8 BHCMYT8 B nnOCKOCTH (Q 1 i 

7 



(Ill) 
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[lid 
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Pac. I. CxeMa ycTaaosR:a. 

•JO' a.•A 
I Puc, 3. KpncTannnqecKas peweTKS BRCMyTa, 

•••CI.OIA 

>.CAJ I Puc, 4. 06paTaao peweTKa ancMyTa a nnocKoCTH (0 I I>. 
<l>opMa MOHOXpOMSTH'IeCKOro ny'IKS npH JlnHHe BOnHbl 2,03'11.. 
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