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A\{fl)l,i!:M\111 llAYK APtAflllCKO\:\ CCP 

\ti\ ICT\1TY'l' flPIB{J]Mf\UX TIPO@!EM (f?\13YlKH 

Tipenp11HT 

A. p .Ml\FTUlH. p .A. rACTIAPHH. p .r .rABPl1EJlflH, 

A. I' .MKP'l.'l.BH, A.A.AC]AHRH, K.r .rAJlOP.H, 

Jl. A. K04AP.ffil, X. C. MEf PANlH 

\13.JlYl.{EHYlE KAHAJil1POBAHllliX fl03vlTPOHOB 11 3.ilEK­

TPOHOB 3HEPf\1\1 4. 5 f3B B I1bE303Ji.El{TP\14ECK¥1X 

KP\1CTAJIJ1AX. 

EPEBAH - 198? 



Ile'!aTaeTCR ITO pemeHl'l!O Y'!eHoro COBe'l'a Y!HCTl'1TyTa rrpl'!K.7!8,ll;IlliX 

rrpo6JieM rPl'l3l'!Kl'l /rn:a.n;eMl'll'l aayK ApMRHCKOM CCP OT I. X. I 987 r. l'l 

Pe,J\a:KrurnHH0-1'!3,JJ;aTeJihCKoro coBeTa AKa,JJ;eMl'!l'1 HayK ApMRHCKoli: CCP 

OT 23 . XI. 1987 r . 

'1\llU )lSl'll\o,1lll' 11 1:4. 4 ,5 qt;'\ l;\otlf'qtiUSO'\ l;ltl!SPll\o\otf't> 

dllltU'~U!lltllhlll' "Ell:l!ll t:LtlllSl'UllU\J PBll~Pt;'\\otrn~IJ' 

\llll':l 'l!lll\o ll.IL. •mU'l\Uf'oU\o IL2..' quPrtitLBU\o o-.q.' 

1ru1·sw11\o 11 . •1., 1111LU\IBU\o i..u., quLOBU\o u.q., 

111\'lUf' ll ll\o \. . ll., \lt2.PUflBU\J 1U .U. 

1'\o\o•('l\ 1!11111 I. 4 .. 'll•t "'!14•h 111nqp•('n\o'lib[tp IL 4,5 qi;"\ l;'lib[tqp• -

1111! l. 11•11"'!'"''''\J!•I• Omn•qwJ!iJw\o t-'li'lPI'!! S"O:i. ,Li Nb Oi.ILcJ.S11tJbqn ­

~i bl1•11111l1m\1 p J"' f'b'l'lib[tnLu ~•!'Iii IL •n•'li!ll!•Jp'li 4m'li•t•!1u•'li 'lbutl!b­

t"" •I• "ln•1l•"'l'"uub[tp Omn111qwJ\il"tJf! 'lr.,•ro44ntJ I; \o1111L f!'lif'\t•J'liw4w'li 

'•l•l\bt"'"'J"'"'JP" •trl!'lib[tp l'\•2vonLUI 

1'lif'4nLJ b\o ~pll\.bf'd•J'liwJp'li •Lrp'lib[tp nbqn\o•uu•Jp'li •q'lbqnL"' 

~J•\o l\ .. JJw\o'lib(tf! l\JbqnpJnL[tb'l\ob[tnLJ 4•'li•t"'!14•h 11tnqr•l'""P Ow-

n•q• JfilJwu 41'"'' 



l13JI.YlIBlillE KAHAJMPOBAHHHX TI03.11TPOHOB Yi 3JIEKTPOHOB 

3HEPf'Y1¥1 4,5 r3B B TibE303JIEKTPWIBCIOOC KPYiCTAJI.JIAX. 

A.P.MKPTtIBH, P.A.fACTIAPffi!, P.r .rABPYiE.".HH, A.r. 

MKPTl.ffiH, A. A. AC.JIAHffi!, K. r .r AJIOHH. JI. A.KOl!APHH, 

X.C.MEfPABHH 

PaccMB.TpHsaeTCR sa,n,aqa 06 HsnyqeHHH KaHMHpOBa.H­

HblX Il03HTpOHOB H 3ReKTpOHOB 3HeprHH 4,5 fsB B Ilbe303neK­

TpHqecKHX KpHCTannax Si.~, LLWb(Ji, CdS B cnyqaRx nnocKOCT­

Horo H ocesoro KaHMHpOBaHHR. YisnyqeHHe KaHMHpOBa.HHbIX 

nosHTpOHOB paccMaTpHsaeTcR Ta!Olte B none nonepeqHo~ rHnep­

ssyKoso~ BOnHli. TipHBO~RTCR ycnOBHR pesOHaHCHOrO BnHRHHR 

~Mneps~yKOBblX BORH Ha MsnyqeHHe KaHMHpOB8.HHOro Il03HTpO­

Ha B nbe30KpHCTMnax. 

RADlA~lOR O~ (J}LUUIBLLED POSITROBS A1ID ELECTROlfS 

1' l'l'lt Tl3 ENERGY OP 4. 5 GeV lli PIEZCJBLECTRIC CRYSTALS 

A.R.Jlkrtoh,ysn, R.H.Gaeper1an, R.G.Gabriel,.an, 

A.O .Ykrtoh,yan, H. A.illan1an, K.G .Galo,.an, 

L.A.Koohar:Y&n• Kb.S.Kegbrabian 

'l·h11 J.lllVer deale •1th the problem of radiation of chan-

1•ll oc1 pu•Uronu and electrons •ith the energy of 4.5 GeV in 

1il e1011.,1 aot.rto crystals s102 , Lim>O) and CdS in case of plan-

1<1 a'.llal channelling. The channelled positron radiation 

al 110 considered in the transverse hyperso•io wave field. 

Oond1t1ons for the resonant effect of hypersonic wavee on 

channelled positron radiation in piezocrystals are giTen. 
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B rroc.ne.n1me I'O,ILbl O.ll;HOM l13 . a.KTYaJThHHX rrpoOJI8M tPl13HIG'l HB.JIJI8 

CH IIOJiy-'I8Hl18 Y3Kl1X ll MOIUHl:lX !TY'lKOB JK8CTKllX raMMa-KDarITOB. !ICTOt[­

lfr!KOM 'l'aJWI'O l13JIYl!8HIDI MOI'YT CJIYi illTh pe.JIJITllBHCTCKH8 3ap.iUK8 HHU8 

qaCT IDJ;H rrpH HX KaH8JIH.POBaHl1H B MOHOK.PHCTaJIJiax. 

B T80p8Tllt[8CKHX pa6oTax tr-2] BI18pBl:l8 6~o IIOKa3aJIO, l!TO 

3JI8KTpO!lhl H I103HTpOIIH rrpvr KaHaJIHpOBaHll.11 MOI'YT l13JIYl[aT:o .ll;OCTaTOt[-

110 ·3 rrne l1 IIOJUI.PH30Barlllli8 I1Yt£K11 iK8CTKllX I'aMMa-KBaHTOB, a 3KCII8.PU 

M8!1TaJibH08 .ll;OIIB3aT8JI:OCTBO cyu1eCTDOBaHHH Ta.KOI'O H3JIYl[8HIDI [3-5 J 
eme C5oJiee ITOBl:lCHJI HHTepec Ii. 3rpp8KTY l13JIYl!8HHH YJI:OTpapeJI.R.TllBHCT­

CKHX KaJ!aJIHpOBaHHh!X l!aCTffi~. 

.!3wKHoe M8CTO B 11CCJI8.ll;OBaJ1IDIX CII8li.Tp8JI:OHO-YI'JIOBblX xapa.KTe­

.PHCTllK KaHaJIH.POBaHHh!X qacT~ B KpllCTaJIJiax saHHMaeT BIDIBJI8IIB8 HX 

T OJIJllHHHh!X saB11c11MocTei1 . Ta 1rne 11ccJieJ~OBaHIDI nosBOJUIIOT cy.n;HT:O Kali. 

0 BKJI8,ll;8 p a3JIHt[Hh!X M8XaHH3MOB 113JIJt[8HIIB qaCT~ !IO Mepe ux yr;ry6-

JI8IH!Jl B TOJII.UY KpHCTaJIJIOB, TaK VI 06 OJITl1MaJibHl:DC '£0Jl !UHH, H806 XO.ll;H­

Ml:.IX )J,JIH cos.namm reHepaTOpOD c MaJi.CID.'!aJibHO B03MOJKlillM DblXO.ll;OM 

raMMa-KDaJf'rOB. -C APJl'Oi.l CTopo11u, rrpo;\c'rclBJI.FieT o rrpe.noJiemJHi1 HHTepec p aclllli­

pe!ilie Kpyra HCCJI8)(y8Ml:.IX pa,n;11aTOpOB sa C'I8T HCITOJI:o30Ba.HWI KpHC­

Tll.IIJIOB c pa3Jlll.tU!liMH CTpyKTYPaMH ff Tl1!IaMH Xl1Mllt[8CKOH CBH3U. 3II;ec:o 

CJI8.l(y'E'T OTMOTr!Th' <ITO .rpl1 BLIOOpe pa,n;ltaTO.POB ococioe 3!la<remre ID.188T 

'j'7.eT aIHl30Tp 

<Hi1 

If TOJIJJOBUX KOJie6a.m.J aTOMOB peweTKYI B Kp!1CTaJIJiax . 

m JI80a.mii oco6eHHO JaM8T8H B II.b830-

Pl:iX. KaK rrpaBHJIO' yrrpy 'aF.. rro.naT 

-'x . IarJOd.BJI8H¥.liX 00J!blli8. CJie,'\0 -

uHH lIJIH Kal.WllIPOBa raH 'If."T, 

; cpr, 

f; 
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• ,tol<ic'l' IH!TOJl b llO , 

MaJIOCTh aMITJ!HTY.ll; T8TIJIOBhiX KOJI80aJHI~l yB8Jin'Il1-

KaliaJJ: t{aCT~. Tali. 11 HHTOHCHB-

I' 1m1t o Oll\08 <U'!CJ!O 3aJ{lla'I8!!HUX B 

'l'l • ~((!C 'l'Jto i·l tiaCTH crreKTpa H3JIY'I8Hlffi. 

Jla p !LITY c 3THM B8.lKHll TaKJK8 l1CCJI8.ll;OBaHlffi BJilffiHH.fl BH8WHI1X 

.. 1v~ti <;'l' l3l1ik Ha xapaKT8p11CTl.ffiH H3JIY'I8IDffi KallaJIHPOBaHllhlX 3 ap.fDK8H-

jX '!aCTl-!I.I, [ 6, 7} . 
l3 naCTOffill8M paC5oTe coo61UaJOTCH pesyJTuTaTU TeopeTH'I8CKOI'0 

iltcllop11MeHTaJI.bHOI'O :11ccJie,n;oBamm cneKTpaJI.bHOI'O pacrrpe.J~eJieHH.fl 
l•i liltiil yJTuTpapeMTlffiHCTCKHX 8JI8KTpOHOB B ycJIOBWlX oceBOI'O H 

jllClltoCTI!OI'O KaJ!aJIHpOBaJIAA B IT.b8303JI8KTp1'I'I8CKIDC KpHCTaJIJiax 

j v). I L; Nb 0 ~ ' cd s . a TaIQK8 npoBO.Ji:HTCJ1 aHaJIH3 pesouaHCHO­

JIJ[l1.Hllli.J1 rmrepsByKOBblX BOJIH na 113J(ytl8iIH8 1(.8.HaJIHpOBar!HhlX IT03!1T­

KpHCTaJIJiax B.ll;aJIH OT Hai-\.n8 IUIOI'0 

pOllOB B 3TIDC n:oe308JI8KTpW:i:eCKl1X 

.Ul'l'OpaMH ~ 6. 7] pe3onru1ca H ytil1Tb1Ba8TC.fl. BJilffiHH8 

aHI'apMO!lH3Ma KO-

11 o <iaHHi1: aTOMOB Ha cneKTP H3JIY'I8HHH . 

§ I. J.13JIY'I8HH8 8JI8ltTpOHOB rrpl1 aJi.CI1aJTuHOM KaHaJJ::HpoBaHJ1l1. 

Teoprm. 

B cJIY'Iae aKCHaJTuHOI'O KaHaJIHPOBaIDffi aJieii.Tponon xopoweit 

ll!p01tC11MaIJY!8M (y,n;oOHaH ,n;Jlll aHaJIHTH'I8CKl1X paC'I8TOB) K noTeHUHaJIY 

~oJl!,Opa J1BJIH8TCJ1 Bblpa.JK8HH8 l8, 91 
u ( ~) = - ~ +- c 

'? 
IJPll c;OO'l'B8TCTByIDlil8M rro,n;6ope rrapaMeTpOB cX H c 
p: 10C'l'O.flHH8 3JI8KTpoHa OT OCl1 KaHaJIHPOBaHlffi· 

Ila p!1c.I rrpl1B8,ll;8H xo.n MO,ll;8Jll>HOI'0 noTeHUHaJia 

1 11uupa.n;1eHHH ocH l IOO) c rrocTO.fl.HHOH peweTKH c;/ 

(I) 

, r,n;e ~ 

(I) ,n;Jlll ruiai,:,ua 
0 

== 4, 9T ' rrp1;: 
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3Ha•remmx .rapaMeTp< n d = II aB· A ra C = 6. 5 aB. }J,JLH. cpa.BHem 

na pacymw IIp11.Be.rre1 l ·ramiw rpaipmrn .!10TeHI:V1aJIOB .Jlmixap,a;a M Mo.m;e 

pa .Ji!Ill. 3TO~ llW OCH. KaK BH,li~IO' ccrJiaCJirn MO,l~8JlbHOI'O I!~'reHlJ;ll.a.J~a 

(I) c rroreHU,H£UIHM'1 MoJIHlpa z YJHlIXa_p,na. xopcmee. 

KaK ¥.3BeCTHo. TpaeKTopmo 3JieKTpoHa, .J:(BMJKyl!je.ficB. B rroJrn (II 
Mo;n,no rrpe.nc-ra.BHTI> 1 napaMe'.l·plf'!ecKoM Bn.~e [8, IO] 

:x: = Q, ( ~ J" - E) d' =- q, j1 - E 2 1s , n, d , 

- _!_ (:J- ;:. ,...) - ~ 2 ' :<.\ '3/. t - <..v" . '- <; ' "'- 0 ~ f' = /" (1 .. Q, w., 12 (, J =, ( f-

- ct.-"£ cJ. 

~~). (2) 

"? ~cr:,i +- '12 . ai= - c:- " s;;"t,S-) }': "IF 
c. 

r .ne a = o< 1 ~ / EJ. / 8MIIJlliTy.na, t - aKcn;eHTpHCHTeT, S , E 

n epetIBM H IlOJillM 3Hepr:1m 3JI6KTpOHa, 

- no-

Cn eK'rpa.JII:,HaJI I!JIOTHOCTJ; H3Jly'lemm aJieKTpoHa rrpH Ta.Ko:ii 

TpaeKTOPHH MOJKHO CtIHTaTJ; no KJiaccHtieCKOH cI>oPMYJie H3JIY'l9Hlm 

[ 9, II) 

c(2 I - e2 wi, j "" -
clwct Sl. - k-1 1i ~C}, _l .·~vj ex 1:> l~ ~(-t ) j .Ji\;/, 

r ,ne tJ>aaa f ( t) B aKcnoHeHTe onpe.neJif!eTc.FI n o cI>oPMYJie 

f(tj = -..; t - ~"'Z(t) : wt - ~ (n.x-l=+- h-..J~'" ni?J= 

(3) 

. . ( - . )) (4) 
-= ~ 1 - l' \11,i) ( o- - rle.., • "'- p· .. ·x ) w., 

r.ne n, , ':J, n~ - rrpo01<1..e>rn 

de -== a..u" . ~ 
" c --!- J'> vi.c 
a. ..v., r--::;> n 

+ - v ' /- s ..... . --2__ 
c f - ·;;;;II/, 

' ~ 

,-· -----, 
__,,. 0 ~ 

9,L\HHWIHOI'O B9KTOpa vi,, -~: "{ ~,,."" + ~ ~ > 

.{ ;(, 

( 1 ti W e n~ J as' "-t° --- - + 
~i c2 f -

-nJr 

X de~ '")! 'de ... " S1vi- -= - , ~;\.,, _ _,~ 

de. ae 

- ~ -
lltHJJll) ll(J)lC'l'lllltJlllUI 111lp1U1:omni ( 2) l1 ( 4) B <I>oPMYJIY ( 3) VI rpOl.103,JJ,­

' ' 1(11){ 11Wl11 0 Jt 0 111tll. llOJIY'l:UlM 

(; - I ~)\'.<;" U.' c· - ',' 2._ I C\~\Lll'>v cJ\w 1-'.'>'" l)"~ <S) 
~ 0 ,J 11) 

"l 

JJ · 2 · ;;i..a ( t'--""-X)· :<. 2E · i ~ ,\1 ~ \. • ., .. ~)\ = t "' V\, TJ 1- --:ae- + T(1-f..t,4;\ A/;i_<-· 

1 t'-"' ~ "'Y..)S • V\. 9 (!~ \ D ' \ / ln\J. 
\ l c -~ • ~ \i I- 'l. uµ,,')( S · VI T + s .. ",,~r) . 

)1 t t. ~, ... ~~9·~,,.,,vzx + 2E
6
'(1 ·E

2 s11/1,i'X)+ <v ~:J.£ 
\ '> "D(v i- £~ ~ .... xs . ...,\0-<~:X'<-~'f'J_!s :;~

2

(1<.~J 
~./> - I!OJI.IIP Ila.FI l1 a3 HMYT aJTh II all YT' Jill 113.JIY'! e I IHR. • 

.!1tJKo uac 6y.ne1' T!!HTepecoBaTb TOJibKO cneKTpa.!IbHOe pacrrpe;~CJ-

11JlllW 1113JIJ'lemm . rro.aTOMY rrpomrTorpHpoBaB BlipaJKeHT!!e (5) rro yrJiaM 

n 'f BblJieTa KBaHTa, .L\JIR Hero no.rrytlllM cJie,JzyIOlllee BbfpaJKemw 

o/J = e2w - 2=_ ~2'\ o~(-~ (i - K~"'>) \ ~J.'P. (6) 
dw ZJTc f'>W 0 .,_ ,, ~ 

A111.l.!1ot1111'!1illf.1 peayJibTaT rro.JIY'!aeTC.fl TaKJKe MeTO.L\OM, paapa6oTanHllM 

UI ll/I
1
ntCJIClHIDl crreKTpa.7IbHOrO pacrrpe,n;eJieHIDl OH,ll,YMTOpHoro 1'!3.JJY-

Ull l J?.) • 
.' Ir~ pnc. 2 rrpT!!Be.L\eHo crreI<Tpa.TfoHOe pacnpe,JJ,eJie1ll1e H3.JIY'!8HIDI. 

'l'pOllH ( [ 4, 5 raB) B,JJ,OJib OCU ~ 100] MOHOKpHCTa.JIJia KBapn;a 

E.L = 60 aB, cooTBCTCTBYJ0lllei1 Ha'iaJibHhlM 

S'
0 

= 0, 16 A, go= 0. CJre,rryeT OTM9Tl1Tb, 

110)lo611M 3a,naqa pellleHa TB.KlK8 B pa6o•re LI31 , HO iPOPMYJIOH, rro-

1c11111oli B 3TOM pa6oTe H8B03MQJ[(H0 I!OJib30BaTbCB. . TaK KaK OHa rrpT!! 

E: l • B qaCTHOCTll, B C.JIY'!ae E. .l = 60 3B ,JJ,a9'1' O"' '.)Hua-

1110 :JJl(l'-{O!IIDI. ,L\JIR HHT9HCKBHOCTT!!. 
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Mu )\0 C>!X nop mvteJrn: )\8JIO co crreKTPOM U3JIY'f8ID!Jl O).(Horo 

:i.nu tt·rpoua c orrpe).(eJre1moi1 rrorrepetrHO:i1 attepr1rnil:. 0).(HaKo, TaK KaK B 

pCaJIJ,JIOC'rJ1 Ha Kp!<!CTaJLlI ITa,n;aeT ITOTOK 3.JI8KTpOHOB c pa3Hh!Ml1 Hatfa..n:& 

lll.JMH KOOp ).(nHaTaMH r.) H B c (yro.JI BJieTa)' TO B03HHKaeT Heo6xo 

J~HMOCTb ycpe).(HeHHJI CIT8KTpa H3.JIY'l8HHJI ITO pacrrpe).(eJieHHIO -90 H 

f,,, . YtrHTblBM, trTo traCTHU!I rra,n;aIOT Ha KpHCTaJIJI c otreHh y3IU'IMH 

ROJIJlliMHpOBaHHblMH ITYtfKaMH c paCXO).(HMOCTb!O 4.xI0-5 pa,n;, a TaJOKe TOT 

ipaKT. 'ITO CITeI<Tp CJia6o 38.BHCHT OT yr.Jia BJieTa, MOJKHO rrpn6JIIDKemro 

B Bblpa.JKeHHJIX ITO).(CTaBHT:b i9" = o. Tor)l;a cl.I, 'dw HYJKHO ycpe).(-

HHTb ITO rrpm.i;eJibHOMY ITapaMeTpy -~ • B ;~a..n:&HeHilleM pacrrpe,n;eJieHH 

traCTHU ITO 3TOM KOOp).(HHaTe upe).(ITOJiaraeTCJI paBHOMepHliM. Bupa.JKemrn 

(6) ycpe).(HJieM ITO cJie).(yIOme:i1 woPMYJie 

IE I 
;- J. ... ""'")( 

<-d"' l > :: ( of I -4, (EJ.) J E 1. 
•,;) ) d 1,J ) ,) 

(7) 
0 , 

r).(e +' \ t EL)- cpymul,lffi pacrrpe).(eJieHHJI 3JieKTpOHOB ITO ITOITepetfHblM 3Hep-

---~ , . - 2 E 
} (El)~ ( E.;,: t=,/ )3 ) 

rHJIM 
'V ~' 

E=C+-EB0 ;2. 

Bepx1rnli rrpe).(eJI HHTerpHpoBa:inm orrpe).(eJUieTCJI cJie.lJYlOl!U™ o6pa-

30M; j E:,,. .. \ ~ ~"T - c.-¥}'~. r).(e ~r - aMWlliTY.I\a TeIIJIOBblX KOJie6a 

HlIB. CJie).(yeT OTMSTHTb, '!TO p03YJibTaT ycpe).(HeHHJI OtfeHb CHJibHO 3a-

BHCHT OT rrpGJ\eJia liHTerpHpOBaHHJI. ItOHKpeTHO OT 3HatreHIDi S' T 

H ).(.JIJl CJIOJK!lblX I<pHCTaJIJIOB (HGCKOJibKO aTOMOB B 3JieMeHTapHOtl: Rtreit:Ke) 

).(.JIJl I<OTOpbiX ue pa3pa60TB.H MeTO).( orrpe).(eJieHHJI S'r ' JIY'Illle ITOJib30-

BaTbCR 3I<CIT9pHM9HTaJibHblMYI 3l!atreHHRMH noro ITapaM9Tpa. 

Ha pHC.3 !IpliB9~9HO CpaBHeHHe p93YJibTaTOB ~eopeTWI9CKI1X 

pactreTOB c 3KCIT9pHM9HTaJibHblMYI ).(8.lllih!Ml1 ).(JIR MOHOI<pliCTa.JI.1IWl9CKOro 

KBapua X-cpe3a TOJI:UUUill I MM. l\oaqxp~eHT COIIOCTaBJI9HHJI 3THX Kpli-

- II -

llnlWJ~ll'l' Oll Jl(l11pEl11!llffiaHHElM MaKCHMaJibHOrO 3HatreI!lIB z cl j / d w> 
l'l'fll)'l' l:'l' llYJOll\HM :n teITepHMeHTaJibHblM 3HatreHHeM . KaK BMHO H3 pJll­

yrnm, ::i 111t•!CllH9 traCTOTbl, ITPH KOTOpOH HHTeHCliBHOCTb rrn.JIY'IeHlU! 

cor;racyeTCR c 3KCITepHM9HTaJibHblM pe3YJibTaTOM. 
1tc11Mu.111>11a , xopomo 

' Jmy 1·oll c ·ropoHbl noBe.neuHe TeopeTHtiecKoro 
H 3KCITepHMeHTaJibHOrO 

l((nlllllK Ml.UIO OTJ!Htfa:IOTCR .upyr OT .upyra. 

2. M3.JIY'I9HHe rrp:i-r ITJIOCKOCTHOM KaHaJ!HPOBaHHH aJieKTpOHOB. 

TeopHR. 

M3 T90IJHH H3.JIY'I9HID! KaHaJ!HPOBaHHblX tracTHU xopomo H3Be CTHO, 

rapMOlilitfeCKM ITOTeHUHaJI HeITJIOXO OllHCblBaeT .JJ;BIDKeHne ITO.JIOJKH­

'Jll>l!O 3apRJKeHHblX traCTHU (HarrpHMep ' IT03HTpOHOB) B c.JIY'Iae ITJIOC-

OC'!'llOrO KaHaJIHPOBaHIDl tracTID.l;. 0.JJ;HaKO, B c.JIY'Iae 3JI9KTIJOHOB 3TO 

np11C'l,nHJKeHne He a,n;eKBaTHO OTpaJKa e T ·p eaJibHYIO KaPTHHY M9J!ULJIOCKOCTHO­

~·o noTeHUHaJia B KpHCTaJIJiax. KOTOpHi.1 OITHCblBaeTCR ITOTeHUHaJIOM 

\IOJlI,opa. K coJKaJieHHIO, ITOTeHUHaJI MoJibepa He r o ;n;eH .UM attaJIHTWie-

ltK pactreTOB. Il03TOMY, C UeJib!O HaxOJR,ll;9HHR y.n;o6HOH ;D;M aHaJIH'rWie­

il>OPMYJibl,ITOTeHUHaJI arrpoKCHMHPY9M KBa.upaTH'IHblM Tpex-
pac'leToB 

HOM qre.uyromero BMa: 

u (x) =- - U
0 

-r Z(, \:x:.I - 7./2 Jc~ (8) 

'Uo), U, 
1 

?,/z - nocTOJ:lHHble BeJIHtfIDibi, JC - Koop.nHHaTa, 0Tctrn-

1111nFI OT cepe.JJ;HHbl MeJKaTOMHblX llJIOCI<OCTeR. 

A6coJIIOTHblH 3HaK y JIHHeilHoro tf.lleHa o TPasaeT cHMMeTIJHIO ITO-

T('llll\Htlla OTHOCHTeJibHO ITJIOCKOCTH. 

Ha p:i-rc . 4 rrpHBe;n;eH ITOT9HUHaJI 

T(IJl.llOl'paj>HtieCKOii TIJIOCKOCTH (IOII) 

( c orJiacHo BblIJaiKeHHIO (8)) i.pnc­

KBapua c MeJKILJIOCKOCTHHM pac-
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CTORHH6M 
0 

d = 3,34 A. Ha aTOM JK0 pHcymte NIJi cpaBHeIIBR rrpmie.rr.e 

IIOT6HIUiaJI Mo,m,epa • .Jly1!niyID arrpoKcHMa.wrIO K IIOTemma.rry Mo,m,epa B 

,l.\aHHOM CJIY'Iae ,l.\aIOT CJie)zylOOllile 3HatJ:eHHR IIOCTORHIDIX '2.lv = 78, 03 aB, 
0 0 

V, = 145 aB/A, 'll:<, = 79,4 aB/A2• KaK BH,l.\HO :1'!3 3TOro pHcyHKa B 

pa6otJ:eM ).\HarraaoHe Ka' na arrpoKcHM~ y.rr.oBJieTBOpHTe.JThHa. 

IlpH IIJIOCKOCTHOIV! .t\aHaJIHpOBaIIBH rrorrepetIHaR KOOp,l.\HHaTa 3JI6KT­

poHa y.rr.oBJieTBOpReT ypaBHeHHIO 

x - w~ x - 'U, 
0 - - -

r.rr.e 0)lj' 
'·' - , I'\, 2 '"'-'o-y--

m. o 

vno 6 
sqvz, x 
(j • (9) 

PemeHHe 3Toro ypaBHeHWI c HatJ:a.JTh.HHMH ycJIOBIDIMH x ( o) = - '.XO= -~ 1' 
:(,( 0) = C 8

0
>( 8

0
:: 2,5-f 0-~ HM99T CJie.nylOIIlllii BH,l.\ (CM.pHC. 5, CIIJIOllIHM 

JIKHIDI) 

:x(i) = { 
x.1skc.J0I+(:Xz-XJckw)-x..< , O~ t~ t0 

x;Ja,sh-wo(t-to)-ckc.Jo (t -t.)+1.] > io~ i ~1 .. t .. 
r.ne 

c..f) ?J, 1 ;·1 /'.I :x:," we. > X,z = -- ' T = -- f-ri,, _+_<N_ 
o 2 u.z cv" 1 _ a,, 

u.,-= _1_ l :x
1
vhw,i0 +(:X~-xJsl~w.,i 0 J; 

X2 J ;?_ ,i I 

I t X:1, (. -:x;.:t - 'X.,)- :x,-x, -r 2 X.z .JC.,,.. X 0 

CV\. lv o = '> • 
0 ( ::C.~- :C .. )"' - ~,~ 

H0TPY.l.\HO IIOKa3aTb, qTo c 60,m,mott TOqHOCTh!O :x.(~) MOJKHO rrpe.rr.-

(IO) 

CTaBRTh 6oJiee rrpOCTOtt, qeM (IO) H y.rr.o6Hott Nili BH'IHCJI9HHtt ifJoPMYJIOtt 

<.AJT)Z it Si x.... -"- ~ . ' 
:.(t)= I ,(/ )' .s,,,.~i-t-i)-=:X: s,"""11 (-t-L) >(II) 

i + (w T 1 ' • h'\ 1 " 
0 'Si 

r.ne 'T - rro.nynepHO,l.\ .I(BIDK9HHR (CM. pHC • -5) • 
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1111,1\llll H~I 11110. li 00l'J[l\CH9 TO'l:Horo pelll9HHR ( CIIJIOll!HaR JIHHHR) 

rtn110J11111w 1111t1M po1111 i 11~0M (l I) (rryHKTHpHM JIHHHR) xopolllBe. rrocJie 

n11pti,l\llJnti'h rrpO.JJ.OJihHyIO Koop.rr.HHaTy )J.BI1JK9HHR 

- ·.xz52~ 
( 4 ( ' • \. . \ • ~ l C>-::;. f' u - __'.:- ) 1 , ) ii (. ~ 

I ~ ,-

\ 
) 

- :?. I '.X S2. ,, t - Ii 
= ( \j -'\. ~)ctt " - ~- S1•\.1V.52 ,.\l-T. 
'/ \ i ~ l;,V 

' M OrtOltTJl(Ulhll09 pacrrpe.rr.eJiemrn H3.JIY'I6HHR B c.JIY'Iae IIJIOCKOCT-

'lllpOllUIHUl 3JI6KTpOHOB H MO)J.6JlhHOrO rroTeHUHaJia BH).\a (8). 

JJ 1<.Jmcc!<l'!9CKOi1: cpo·pMYJIH (3), r.rr.e iJ)aaa .j( t.) orrpe.rr.eJIReT-

(I2) 

(·I 

s 

II 

I II x~}f>Mj'JlO 

j(t:):tJt- i;:''i'(t)= wt-~(vix.X.+n,l2)=-
( 1- i" Vl, 2) ( 52 l - ~ )C s ; vZ JL t - 'C£ l, s I YI, 2 ~ i) ) 

l 'l\tl { ·· Xm.52) 2 ''!..? 

Jei? = T ~ --C ·J~r 
:X.,., SL VLx 

)( G J - ~ vz,i 

IJ<H}JllJ 1•poM03,!J;CKHX BH'I1'lCJI9H1'!H rro;ryqHM 

a.II :. e?w L (\u,1<\i o\'f 
('\w 2'i'i c·~ u\ >: 0 

, ~) ·2 . Qo "~ , , vi. 

\ 

(\ 1 :G - (' S,"" " + 
1 - 2 £") "2 •'ix l ) 

\.\ - bt:.t,' b\<:Y ' 
l'J\ 

n :X:.,.,5l - ~I ;?,?)j ( ' ri ~ ) lo = -- + - ¥-d! J 'K~ \<..~ c.. CR 2_ i \<. f z) 'F•:?.~ ) > (I3) 
l( p 

~\<~-:: 1-'\ .. ("°''£;?J·J" .. 2?(1<."£J? 
r 

111.UCO)\HTC.fl B IIOJIHOM COOTB9TCTB1'IY! C ll2J . 
1{(11t H D c.JIY'lae IIJIOCKOCTHOrO KaHaJIRPOBaHHR H8,Il;0 rrpOH3BO.IJ:HTh 

\l'l '(l 
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y c pe,n:Heirne TIO Ha'!aJThHh!M KOop .n:1rnaTaM x . H (), • OIDiTI> TaID! 

Tip11HHMM 8~ v 0 MOY.tHO orpa.HWl:HThC.fl: ycpe,n:HeHH8M TIO .x.., c IIOMO!l~ 

cJie,n:y!Oll\e f1 1.flYHKl..U'Ie i1 pacnpe,n:eJieHH.A: 

Uu-E 
I . .L 

L ( E ) : ,---·- . ~ l ' ) 
J .L :t' ·J u ~-+ 1.1 u' ( i E.\ ... E - I 0 

( .. 
> ) t ( E.t) cf El= i 

,._ I ..._ " 
r .n:e 

Ha p11c . 6 rrp HBe.n:eHo ycpe.JJ;HeHHoe cTieKTpa.lThHOe pacrrpe,n:eJieHHe 

H3JIY'!8HH.fl: IIpH IIJIOCKOCTHOM Ka.HaJIHpOBaHHH 3JI8KTpOHOB C 

r 3B B KBapue (TIJIOCKOCTh (1011)). 

§ 3. 3I<CnepHMeHTaJThHM '!aCTI:. 

E = 4,5 

3KcnepHMeHT TIO Ha6.7Il0,I\8HHID H3JIY'!8HH.A: K8.Ha.JIH.POBaHHh!X 3JI9KT:p0 

HOB Bh!TIOJIHeH Ha Bh!Be,n:eHHOM rryqKe 3JI8KTPOHOB EpeBaHCKoro yCKOpli!TO 

c 3HeprHei1 4,5 r3B lr4,I51 . Pa36poc 3JI8KTpOHOB TIO 3Heprli!.A:M Ji! 

yrJIOBM p acxo,n:HMOCTI:. TiyqKa 6h!JIB COOTB8TCTB8HHO 45 M3B I1 5·10-5 

p a,n;. 3Kc nepHMeHT rrp oBO,n:HTC.A: n o CJie.n:yromel1 c xeMe pHc.7. KpHCTaJIJIO· 

.n:epJKa TeJII:. c HCCJie.n:yeMh!MH Kp11CTaJIJiaMH 3a:Kp eTIJieH B rOHHOMeTpwi:eCK• 

ycTpOMCTBe (rY), YCTaHOBJI8HHOM B BaKYYMHOH KaMep e . rY TI03BOJI.f18T 

BpamaTI:. Mli!lll8HI:. (M) BOKpyr B38.li!MHO-nep TI9H,n:HKYJUIPH!:lX ocel1 , JI8JKa.IllIDC 

B IIJIOCKOCTl1 TieprreH.n:HKYJUIPHOH Hanpa.BJieHllJID p acrrpo cTpaHeHH.A: 3JI8KT­

p0HOB, a TaKJKe TiepeMemaTI:. TIOTiepeK 3TOMY uanpa.BJieHHID. OpHeHTHPOBK 

Kp11CTaJIJia OTHOCl1T8JII:.HO TiyqKa 3JI8KTpOHOB rrpOH3BO,n:HJiac;, B rrpe,n:eJiax 

yrJIOB ± 0,066 pa,n; c l!JarOM 4,4xro-5 pa,n:. 

IlyqoK 3JI8KTPOHOB J(O TIOITa,n;a.HM Ha Kpli!CTaJIJI perHCT:pHpyeTC.fl: 

c KpemeHHh!MH MHororrpoBOJIO'!Hh!MH rrporropLCJ10HaJThHHMH KaMepaMH Mill\, 
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1m:.tLl-IMl-I 'Jl1il0.1\0;1wr1. Ko op,n:11HaTH H pa3Mephl nyqKa. 

llOOJIO II flOX<>lK,l\l) lll1Jl i.repe3 KpHCTaJIJI 3JI9KTpOHhl oT,n:eJI.A:IDTCll 

1turu1'l'011 OTI<JIOH.fl:IDmID<! MarHHTOM OM 11 per11cTpHpyIDTCH 

•1w1ot:1t11x c~HTliillJlllTopoB Cn-c22• raMMa-KBaHThl, 

I ltp11c;•rllJIJI6 perHCTpHpyIDTC.fl: crreKTpOMeT:pOM rroJIHoro 

')(JI. co<l paHHOM Ha OCHOB9 Kp11CTaJIJia /I/a 1 pa3M9-

o CM~1 • H ocMaTpmiaeMOM o.n:HHM \P3Y-32. CJie,n:yeT HaTIOM-

111 1 I\ C 
11

-C
2

2 pa6oTaIDT B pel!UiMe coBna,n;eHH.A:. 

11w1 11l p11MeHTS 113Mep.A:eTC.A: crreKT·paJII:.Hoe ·pacrrpe,n:eJieHHe '!11CJia 

.lll'l'Oll ua O,ll;IDI 3JieKT:pOH ,IJ,JIB. cJiyqaeB oceBoro 11 IIJIOCKOCT-

11(;) !((llllUll'IPOBa.HIDI., a Ta.KlK8 ,IJ,JIB. ,ne30pli!9HTHp0BaHHOrO KpHCTaJIJia 

(11y1 11t•r 11p111te JIBHHH Ha ·pHCyttKaX). HIDKe rrpHBe.n:eM HeKoTopHe 3KcrrepH­

MOll'1·ru11r111w pe3ym.TaThl ,IJ,JIB. IThe303JieKTpwi:ecKHX KpHCTaJIJIOB S ; Oz , 

L., N Ii 0 . .., , Co\ S -
lln [)HC. 8 rrpHBe.n:eHa CTI9KTpaJII:.HM 3aBHCHMOCTh HHT9HCHBHOCTH 

1w;1y
1
10 111ffi 3JI9KTpOHa B KpHCTaJIJI9 x-c·pe3a TOJimli!Hhl t = I·, :;;s6 ; 3' 5 Ji! 

MM 11 c;ryqa e oceBoro Ka.HaJIHpOBaHAA B Harrpa.BJieHHl'l troo] . B rrpa-

11J1\ •11\t:'l'lo\'. p11:c . 8 ,n:a.Ha 3aBl1Cli!MOCT:O 11HTerpaJII:.HOtl: 11:HT8HCHBHOCTI1 !'13-

o·r TOJimli!Hhl K.BapueBOH ITJiaCTHHhl. Kalt Bl'I.JJ;HO 113 p11cyttKa' c 

ITJiaCTI1Hhl 11HT9HCl'!BHOCT:O 113JIY'!8HAA ITO'lTl1 JII1Heii-

110 y111);111'l1maeTc.A:. 

I In rrn:c. 9 rrp11Be.n:eHhl crreKTpaJII:.Hh!e pacrrpe,n:eJieHIDI H3JIY'!eHH.A: B 

1~p11o·ru.i 1 ;1 0 111106aTa JIHTl'l.fl: Y-cpe3a TOJimli!Hhl 2 MM .n:JI.A: oceBoro Ka.HaJI11-

Ci ti fll ll1'.J1 n uarrpa.BJieH1111 L iroj (To'lK!'l) 11 .n:JI.A: ITJiocr<ocTHoro (rrJioc-

1wc·rh ( 1.12)) KaHaJII1POBaHIDI. (KpYJKK11). 3Ta JKe 3aBl1Cli!MOCTI:. B Kpl'!C-

10 \, \ N't>O~ , TOJlil(liliY i. = 3 MM, Y-cpe3a B cJiyqae oceBoro 

111 po 11ru 1AA B Hanpa.Memrn l. iro j rrpHBe.n:eHa Ha pHc. IO. C. ,_,_~n 
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H3.JIY'IeHim 3.JieKTpoim rrpH oceBOM Ka.Ha.mrpoBaHHH B.n;o.m, [ 001] B CJIY'I 

MOl!OKpncTa.JI.Jia Col S Z -cpesa TO.JIIUJ1Hhl t = 3, 5 MM rrpHBe.n;eHa Ha 

J)HC.Il. 

TaK!·IM oc5pasoM, KaK BH.n;HO H3 3KcrrepHMeHTa.JThHblX pesy.m,TaTOll 

no Mepe YBe.JIHqe1I.IDI rrnesocBOHCTB H sqxpeKTHBHoro sapR.n;a R.n;ep pa,n;i 

TOpOB YB8.JIHq11BaeTCH Bl:DCO.JJ; H3~8HIDi Ka.Ha.JIHpOBB.HHOH qacTmw. 

§ 4. PeSOHB.HCHOe B.JIIDIH118 rrorrepequoif rHITep3BYKOBOM BO.JIHb! 

Ha H3.JiyqeHHe Ka.Ha.JIHpOBB.HHOro IT03Wil:poua B MOHOKpHc­

T a.JI.JI ax • 

B pac5oTax l6-71 du.JI paccMoTpeu Borrpoc o B.JIHHHHH rrpo.n;o.m,uoi! 

H rrorrepeqHOH rHITep3BYKOBOM (I'S) BO.JIHhl Ha H3~8HHe IT03HTpOHa ITPH 

HX Ka.Ha.JIHpoBaHHH B KpHCTa.JI.Jiax. B qaCTHOCTH, c5u.JIO ITOKa3aHO, qTo 

CYJU9CTBYJOT orrpe.n:e.JieHHh!e pe30HaHCHhle YC.JIOBIDi, KOTOpb!e rrpHBO,IVIT 

K cyiuecTBeHHOMy YBe.JIHqeHmo HHTerpa.JinHoro H3~eHIDI y.m,Tpape.JIHTH­

BHCTCKoft Ka.Ha.JIHpOBaHHOM qacTmw B ITO.Jie CTO.fiqeli 8.KYCTHqecKOH BO.JI­

lill. 3THMH pe30HaHCHblMH YC.JIOBIDIMH .n:.JIH rrpo.n:o.m,HUx H rrorrepeqHh!x rs 
BO.JIH .fill.JUilOTC.fI COOTB8TCTB8HHO A.,/'), :. />\ s H A c" ). '.:> ( /\ s. -

.JJ;.JIHHa BO.JIH!l I'S, ;\, - ITpOCTpaHCTB9HHh!H rrepHO.IJ: .n;BIDKeHIDI IT03HTpOHa) 

B uacTomueM rraparpaifie IIOKB.JKeM, qTo B CIT8KTpe H3~8HH.fI Ka­

Ha.JIHpOBaJil!Oro Il03HTpoua B rrpI1CYTCTBHH rrorrepequux rHITep3BYKOBb!X 

BO.JIH, KpOMe YKa3a.HHoro BLillle OCHOBHOro pe30HB.Hca, CYJU8CTByroT TaKJKe 

;~orrommTe.JThHh!e pesottaHch!, Kor.n:a rrapaMeTp 1\ 
0 

KpaTeH Be.JIHqHHe /\ s 

J:WyrHMH C.JIOBaMH, BK.Jia.n; B H3~8HHe MoryT .IJ:aBaTb Ta.IQf(e 3.JI8KTpOHU 

c rrorrepeqlill.llrn 3HeprIDIMH, COOTB8TCTBYJOillH8 rrpocTpaHCTBellBble rrepHO.IU>I 

KOTOphDC KpaTH!:l B!llll80TMeqeHHHM 3HaqelJIDiM .n;.JIIIHU rs BO.JIHU. S.n;ecn 

oc5cynHM Taroke B03MOJKHOCTb yqeTa aHrapMOHI13Ma B IlOT8HWfa.JI8 Ha 

I 'I -

u 11olll'i(lO'll10l\ 1'3 BO.JIHb! B Mo.n;e.JIH rapMomi:qecKoro 110TeH­

YJll,'l'pt1poJUITRBRCTCKOro rros:M:TpoHa rrpe.n;cTaB.JIJ!8TC.fI 

l ?'l 
.;/w:l, 

- ____£_ (ceH.J t - co~Q t) ., 
w.::!-JL~ D 

( ) 

- 0 I ) I ) ~ {J:.,..,.. We.);<. 
t· , f" J-'(1- B\'>) 2 ) ~,~ "°i \----C:- · 

""~(n-~1, ;r2 =- ~ Fr if..i_v;:<.)Jt::: <15) 
J 2,V ) \ J. .l. 

~ ~ . 
- · .. ·- ,U.· L-1-CN\Z4' s .... __ - --· s :G_ i 2 i .... ~ 
'+' 's _ (1. _ (...tJ ~ ( "> _ 1 )).] l , $ ·= SL , 

~-~ 5 (~ 
(IMI!JlliTY.Il.a H -qaCTOTa I'3 BOJllfil, ''.)(. - \J _, '. .., ·\)·01-~ n - t.i..l / \..Vi; > 

L.1 , ••. c 

l((\\((IJ!bHaJl CKo·pocTI:. '!aCTmJPI' LJ Cl - '!aCTOTa rrorrepe'!HblX 

11p11 OTCyTCTBHH I'3 BO.JIHb!, f ·-=- A / ·x,.., , '+'-=- w,t. 
C!IOI<'l'plU!I>l!08 pacrrpe.n;eJie1llie BH'!HCJIHM 110 <l>OPMYJI9 (3)' r.u.e 

11 <MY'IUO J ('-I') HM89T C.JI8)1.YJOUIHK BH.n;: 

W ~ - p.. vt. l ~ - O(X S '\II'-\' ;- o/.:r_ S ' VI 2 '-\' -(.<.) ( ·- ) 

~ ~ . (16) 
M tJ v\x -x....,.., ( . ) w -::x.""'w" ·'~ , z. ~~ \ u~+- U)~ ~ '-\' - "' z·2v-· s•--i. 

}·\'I') 

\J.-1" - .... \-C4-'J(')..-i)'-V . \-L..G-">(\-i)-'V J 
fl ~ - s .) 
IV 's, ... i. '5 -i 

w x: -/ w rv- ;c . " vi., 
c_· \'\.x. ""'> v..l-:: .8c.Z ..A..tn (..<..lo l 

i l)llrruKeHH8 ( 16) B CJI8)1.YJOUIH8 cpopMy.Jib! 

t. .. _.Ji._ \ '\! ( '+') e ·, ~ ( '+'\~ ~ (17) 
X,i 2'S\C. _..., X,i ' 

11'!lUI!' e..x p l i ;){ x <; 'i VI '-¥.J , e..x? l I .X? s\ v. :<.*'] 
ll<UWJ.M Gecce.JI.fI H c y'!8TOM Ma.JIOCTH rrapaMeTpa f' rro­

KUHl1 c apryMeHTaMVt ¥- - vv*' Z l'V' ... 's , 1<-"".,.. 2 W\ ... s ...-1 ; 
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\<.-"" ·•~Wl-'s,"--"•2m:-S•1• r;n;e \< •W/w_, (i- '?> \11,i),ri. JI! \'YI n;eJible rroJIOJKli 

TeJI:&Hb!e '!Jl!CJra. 3TJI! tLJieHH B mrpaJKeHJl!H cneKTpa.JibHoro pacrrpe.n;eJiel 

Jll3JIY'I9HJl!.ll B (3) OTJIJl!'laJOTC.fl OT HYJI.F! TOJibKO ITpJI! ll;9JIO'!Jl!CJI9HHb!X 

3HatieHJl!.llX ~ • ,npyrJl!Mli CJIOBaMH,B Jl!HT9HCHBHOCTJI! Jll3JIY'I9HJl!fl rrpll 

Bb!IlOJIHeHJl!Jll ycJIOBJl!.ll ~ = I,2,3, ••• Ha6JII<l,ll;aeTC.fl pe30HaHCHoe 

YB9JIJl!'!9HJl!e. TaKafl pe30HaHCHaH 38.BMCRMOCT:o RMeeT rrpocToe WJll3H'! 

CKOe 06'hl!CHeHHe. .UeJIO B TOM, '!TO pe30HaHCHb!e yCJIOBJl!fl ( s .,. \-\, ' 
vv = I,2,3, · ••• ) BlilTIOJl!UUOTC.R, Kor.n;a 

.D;JIJl!Hhl aoJIHbl rs. T. e. /\ o "'° "" ·). s 

I\ 
0 

JIBJI.R9TCR KpaTHb!M 

vv = I,2,3, •••• 

CJie.n;yeT OTMeTMTb, '!TO M3 acex 3THX pe30HaHCOB HaH60Jiee 

CKJI:&HHM .flBJI.F!9TCR pe30HaHC c HOMepoM rapMOHHKH vt, = I, T.e. 

A ,, :: A s , o6c~eHHoii pauee B pa6oTe \. 7 1 . 
KaK IlOKa31i1BaJOT on;eHKK KO ajxfJKn;HeHTOB npK d -<IiYHKn:AAX. KO' 

pb!e <Pa.KTM'leCKM onpe.n;eJI.fllOT KHTeHCJllBHOCTb M3JIY'I9HJl!fl COOTBeTCTBYJ<l 

rapMOHHKH c HOMepoM ."" • TO OHM MaJibl ITO cp8.BH9HMIO c COOTB9TC 

BYIOllllfM ero 3HatieHM9M wm Vt. = I. HO B CYMM9 OHM MOryT .n;aT:o 3Ha'!I 

T9JibHblH BKJia,n B HHTerpaJI:&HOe M3JIY'I9H119 tiaCTHn;b!. 

Bee B!ililleITpHBe;n;eHHHe Bb!KJia;n;KM rrpOM3B9)1;9Hb! B IIOJie CTO.flll1IDC 

rHIIep3BYKOBb!X BOJIH, ycJIOBMe B03HHKHOB9HJl!.ll KOTOpb!X orrpe;n;eJI.F!eTC.fl 
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