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B nocnettaee epeMSI uccnettoeaHHSI cTpyKTYPbl Rttpa npu noMomu pacce-
/1 2 3/ 

SIHHSI sneKTpOHOB nonyqunH HOBoe paSBHTHe ' 1 
• B qacTHOCTH1 Ylt80TCSI H3y-

qaTbH30TonuqeCKHe paanuqug e pacnpetteneHHSIX nnoTHOCTH aapSiltOB (p.n.a.) 

no pS!ltY cocettHHX Rttep, a sKcnepuMeHTbl npu 6onbWHX nepettaHHbiX HMnynb

cax n03BOIISIIOT BbiSIBIIHTb 'TOHK!Ie .J:teTanH' p.n.a., OTp8lK81011llle HHltHBHltyanb

Hble. OC06eHHOCTH CTpyKTypbl HJ;tpa. B CBH311 C 3THM nOHBHIICSI pHlt TeopeTuqec-
/4 56/ . . . 

KHX pa6oT ( aanpuMep, ' ' ) , rtte aeTopbi, ucxottH H3 paanuqnbiX Motteneli, 

nb!T810TCSI OltHOBpeMeHHO cornaCOB8Tb C SKCnepHMeHTOM K8K lt8HHblO no Olt-

HoqaCTHqHbiM COCTOHHHHM1 T8K II lt8HHbl0 no p.n.a., HalitteH/Ible H3 ynpyroro 

pacceSIHHSI sneKTpoaoe. OcuoeaaSI TPYltHOCTb e npoeetteauu TaKnx nccnettoeannli 

COCTOHT B HOOfiXOltHMOCTII K8)1{ltblli pa3 aaaoeo no ualltteHHOMY p.n.a. pac-

cqnThlBaTb ceqeuue ynpyroro pacceSIHIISI sneKTpouoe H cpaeuneaTb ero c co

OTBOTCTByJOIIliiMH SKCIIOpHMeHT811bHbiMH lt8HHblMHo QqeBHltH01 qTO npOBOltHTb 

notto6Hbie pacq~Tbl na 6aae MeTotta ¢aaoeoro auannaa, rtte ttnSI KalKttoro npo6-

uoro p.n.a. rrpuxoJ:tHTCH qucneuuo pewaTb ypaeueune llnpaKa H cyMMnpoeaTb 

napuuanbHblli pS!lt ltiiH aMnnHTYltbl paCCOHHIIH 1 CIIOlKHO TOXHf!qOCKU 1 nOSTOMY 

nonyqnTb Tpe6yeMoe cornacue oqeub aaTpyltHIITenbHo. 

AnanoruqaaR TPYltHOCTb B03HHKaeT npn ¢eaoMeaonoruqecKoM aaannae 

sKcnepnMeHTanbHbiX ttaHHbiX c uenb!O naeneqeanSI 113 anx ceetteauli o p.n.a. 

lleliCTBIITenbH01 B K8lKltOM KOHKpeTHOM cnyqae 113~epeH!Ie npOBOltllTCSI llllWb 

e orpauuqeunoM HHTepeane nepettaHHbiX HMnynbcoe q 0 < q < q 1 a 3TO 

npiiBOltHT1 B CBOIO oqepOJ;tb1 K HeKOTOpOli .HeonpetteneHHOCTH B IIOnyqaeMbiX 

ua sTnx ttaHHbiX p.rr.a. HHbiMII cnoeaMu, OltHHM H. TeM lKe ttaHHbiM oKaabi

eaeTCH B03MOlKHO conocTaBHTb 6onbwoe qucno paanuqnbiX · p.n.a. Bee OHH 
.,_c,'..-

3 



npiiBO):\SIT K Ce'leHIISIM pacceSIHIISI 1 YAOBneTBOpiiTenbHO OnHCbiB810llliiM ABHHbie 

B I13MepeHHOH o6naCTII q < q r 

B o6nacTII q > q 1 

II OTnii'1810llliiMCSI Apyr OT Apyra nHIIIb 

B H8CTOS1llleil pa6oTe npeAnaraeTCSI MeTOA rnpSIMoror 8HanH38 SKene-

piiMeHTanhHhiX ABHHhiX ynpyroro pacceSIHHSI sneKTpoHOB Ha SIApax. MeTOA 

171 
OCHOB8H HB peaynhT8T8X pa60Tbl 1 rAe B BbiCOKOSHepreTH'IeCKOM npH6nii-

meHIIII nony'leHO BHBniiTH'IeCKOe BhlpameHIIe Ce'!eHIISI pacceSIHHSI sneKTpOHOB 

HB S1Ap8X C npOH3BOnhHbiM <jlepMH-nOA06HbiM p,n,a, npo6HaSI ljlyHKllHSI p,n,a, 

npeACTBBnSieTCSI B BHAe paanomeHHSI no CHCTeMe <jlyHKllHH1 o6pa30B8HHOH H3 

npOH3BOAHbiX ljJepMH-nnoTHOCTH, 3KcnepHMeHT8nbHhie ABHHbie 8H8nH3Hpy!OTCSI 

/8/ ( 2 ) 
C nOMOlllblO 3BM no MeTOAY HBHMeHbiiiHX KB8Ap8TOB ·X -MeTOA 1 B KO-

TOpOM KOSijl<j!HitHeHTbl paanomeHHSI npo6.Horo. p.n.3, Bb!CTynaJOT K8K noArO-

HO'IHbie napaMeTpbi AnSI ce'!eHHSI pacceSIHIISI; B paaAene II KOpOTKO 1!3nara-

eTCSI <jlopManl!3M MeTOA8 II nOCT8HOBK8 38A8'1H npSIMOrO 8H8nll38, B paa-

Aene III o6cymAaJOTCSI peaynhTBThi npSIMoro aHannaa aKcnepiiMeHTanhHhiX 

4o Ill 
ABHHhiX ynpyroro pacceSIHIISJ sneKTpoHoB Ha Ga npn saeprl!l! 250 Mas 

} 
40 48 /3/ ( 

( ABHHbie I II S!Apax Ca H Ca npH SHeprlll! 750 M 9B ABHHbiB II ) • 

II 

noJlp06HO BbiCOKOSHepreTI!'IeCKHH MeTOA Bbi'IHCneHHSI Ce'leHI!SI papceSIHHSI 

sneKTpOHOB AnSI npOH3BOnbHOrO <jlepMH-nO)l06HOrO p,n,a, 'paCCM8TpHsaeTCSI 

/7/ 
B pa6oTe 1 rAe Jl8Hbl ycnoBIISI ero npHMeHI!MOCTH H cpasHeHHe C TO'IHbiMII 

pac'I~TaMH ljlaaosoro aHanHaa. 

nnljJijJepeH!li!BnbHOe Ce'leHI!e pacceSIHHSI B STOM MeTO)le HMeeT cneAyJO-

" /7/ 
ll!IIH BHA 

..!!$..~ T(k, Oh(...:!.::_l 
dO dO 

d a 1 
rAe(~ 

~<2ky)2 
2 

'! 

2 0 
cos-

2 

aapSIAe , 0 - yron pacceSIHHSI , k = 

N 
~ a F {n) ( k, 0 ) J

2 
, ( 1} 

n=O 

Ce'!eHIIe pacCeSIHHSI HB TO'Ie'IHOM 

E 
E - SHeprHSI sneKTpOHOB1' 

h c 

q = 2k sin L 
2 

nepeAaHHb!H SIAPY HMnynhC1 
e2 y ~ 

be 
--1-.;. , F(n) (k ,0)-

137 171 
- H3BeCTHhle B SIBHOM BIIAe ljJyHKllHH • 

4 

fo 

., 

( 
{n) n-1 

F . (k, 0 l = 4172 q b 2 p !-il 
0 

~ 
G (x

0 
,c) 

[ 
( n-1 

h q sljl ( x 
0 

, d) • 
<=±I q~x~ ,tl 

• [n+q_sljl(x: ,d(iR-ulo cth~rqb)] 
. ( 

exp i ( £ q R + cJl ( x 
0 

, E l ) 

2 sb ITqb 

<l>yHKlll!H cJI(x~ ,c),G h~, E) H q91jJ(x~ ,£) Y'll!Tb!BBIOT IICKameHHe BO. 

BOil tPYHKlll!l! sneKTpOH8 B KynOHOBCKOM none SlApS H B SIBHOM BHAe Bbllli!C 
/9/ 

B pa6oTe ( 'IBCTHbiil cny'lail 6opHoscKoro np116nnmeHHS1 cneAyeT na ( 2)
1 

nonomHTh cp ~ o, G =I, q
9

1jJ = q ·) • 

SIApa 

Kos¢$HitHeHTbl a n 

N {n) 

p(xl~p0 Ian</> (x;R,bl, 
n=O 

rAe Po onpeAenSieTCSI H3 ycnosHSI coxpaHeHIISI o6~eMa 

z 00 {n) 

fcp (x;R,hlx 2 dx. 
0 

Po N 
41T ~a 
~ n 

H BCerAa MOlliHO nonOlliHTb a O = I 

aaAaJOT p.n. 

EaaHCHbie tPYHKllHH paanomeHHSI ( S) HMeJOT cneAyJOmee SIBHoe Bbipam 

HHe: 
{n) (0) 

cf> (X; R. b)= 
dn 

dzn 
</> ( z) = 

ez n-1 k i+l 

--- ~ (k +ll ~ (-1) 
0+ez)2k=O 1=0 

n-1 z k 
(i+ll Ck(_e __ ), 

I z 
I +e 
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:o OIIHCbiB8IOWHM A8HHbie 

Apyr OT Apyra nHWb 

BMoro' anannaa SKene-

HOB Ha BApax, MeTOA 

lHepreTI!'!eCKOM 11p1!6nl!-

pacceBHIIB sneKTpOHOB 

po6nag ¢yHKUIIB p,JI,a, 

fKUIIfi1 o6pa30BBHHOfi 113 

' A8HHbie BHBnii3HpyiOTCB 

/8/ ( 2 ) ' · X -Me Ton , a Ko-

hiCTynaroT KaK noaro-

ene II KOpOTKO 113nara-

oro anan11aa, B pas-

38 SKCnepi!MeHTBnbHbiX 

Ill 
11p11 saepr1111 250 Msa 

/3/ 
750 M sa ( naHHbie II ) , 

neHI!B Ce'!eHI!B pacceBHIIB 

~.3, 'paCCMBTp!!BBeTcg 

II Cp8BH9HII9 C TO'IHbiMII 

MeToae nMeeT cneayro-

I \2 ' ( 1) 

·egang Ha TO'I9'IHOM 

!pri!B sneKTpoaoa,· 

e2 

he 
___L_;. , F(n) (k ,0)-

137 

(n) n-1 
F . (k, 0) = 4rr 2 q b 2 p <-il :£ 

0 

( 

G (x 
0 

,E) 

exp i .( E q R + <I> ( x ~ , E) ) 

2 sh rrq b 

(2) 

tl>yHKUHII tl>(x~ ,d,G h~, c) II q3.p(x~ ,£) Y'IIITbiBBIOT IICKaJKeHI!e BOnHo

BOll <flyHKUHH sneKTpOHB B KynoHOBCKOM none BApa II B BBHOM BI!Ae Bhlfii!CBHbl 

/9/ ( ) 
a pa6oTe ( qacTHbill cny'lall 6opnoBCKoro npn6ni!JKeHI!B cneayeT 113 2 

1 
ecnn 

nonoJKIITb 4> , o, G = 1, q
3

<P = q ·). Kos¢¢HUI!eHThi a a ana roT p,n,a, 

smpa 

rne Po 

N (n) 
p(xl=p

0 
Ia

0
rp (x;R,b), 

n=O 

onpenenBeTCB 113 ycnoang coxpaHeHI!B o6~eMa 

z 
N 

4tr :£ a 
n=O n 

00 (n) 

fcp (x;R,blx 2 dx: 
0 

11 acerna MOJKHO noni>JKIITb a 0 = 1 

{3) 

(4) 

EaaHCHbie <flyHKUIIII paanoJKeHI!B ( :3) IIMeiOT cneayromee BBHOe BblpBlKe-

nne: 
(n) d n (0) • 

cp (x;R,bl=--rf> (z)= 
dz

0 

n-1 z k 
(i+ll Ck(-e--), 

I z 
1 +e 

5 

(5) 



l 

(0) 
cp ( z) = --'-- z = 

X- R 

1 + e z b 

3nech R II b napaMeTpbl npD113BO)lSIUleil cjlyHKUIIII <!JepMII, 

0TMeTIIMo 'ITO (3) npll N -> oo nepeXO)liiT B TO'IHOe pa3nomeHIIe cjlyHKUIIII 

p (X) B pSI)l no OpTOHOpM11pOB8HHOil CIICTeMe cjlyHKUIIfi 0 o6p830B8HHOfi 113 

cp <n> , a Kos<jl¢11u11eHThl a CBSI38Hbl C cjlypbe-K03cjlcjl11UIIeHTaMII T8KOrO 

pa3nomeHIISI, 

flapaMeTpbi R , b II 'IIICIIO 'IIIeHOB pSI)la N Bb!611paiO~SI 113 YCIIOBIISI 

nocTaTO'IHOil cxoniiMOCTII TO'!Horo pa3nomeHIISI K n106oii aanepen 3anaaaoil 

H . 6 11/ 
npo6aoil cjlyHKUllll p.rr,3. anpiiMep, B pa oTe 6biiiO ycTaaoaneao, 'ITO Bhi611-

paS! )lliSI SI)lpa Ca napaMeTpbl R II b paBHblMII UOIIOBIIHHOMY pan11ycy c 

II pa3M83KII noBepXHOCTII z cjlepMII-nnOTHOCTII II '!IICIIO qneHOB pS!l18 

N = 10-12, MOmHO OniiCaTb cjlepMli-UO)l06Hoe ( T,e, IIMeiOmee npli6IIII311-

TeiibHO cjlepMI!eBCKIIfi' cnan) p.n,3, C 2-3 OCUIIIIIISIUIISIMII B ueaTp8IIbHOil o6naCTll 

Hnpa. 

CpaBHIIBBSI 3Kcnep11MeaTanbHbie ce'!eHIISI ynpyroro pacceSIHIISI aneKTpoHOB 

II Bb!pameH!Ie ( 1) 0 MOmHO B npiiHUIIne HaXOlll!Tb K03cjlcjll!UIIeHTbl a 
n a p.n.3. 

( 3) • flpaKTII'IeCKII 3TO ocymeCTBIISieTCSI C noMO!l{biO '!liCIIeHHOrO MeTana Hall-. 

/8/ 
MeHbll{IIX KBaApaTOB ( )( 2 - MeTOAa) 0 B KOTOpOM KOs<jlcjliiUIIeHTbl an 

pa3nomeHIISI p.n,3, BhiCTynaiOT KaK noAroHO'IHhie napaMeTphi B ceqeHllll pacce-

SIHHSie 

38M HaXOAIIT aa6op Kos<jl¢11UHeHTOB a.1 , ·,aN, npll KOTOpOM cjlyHKUIISI 

( 1) IIY'Illie BCero npOXOlliiT no 3KCnepnMeHTalibHhiM TO'IK8M }; / k i' () j) C Qll{ll6-

KaMil aj 

MyMa cyMMbl 

COOTBeTCTBYIO!l{llMII KOOpl111H8T8M .k i , () i 

x2 
M 

}; };,(k .• O.l -T(k 1 ,01;a1 , .. ,aN) 

a; 

ll3 ycnOBIISI MIIHII-

2 
(6) 

llnH llCKIIIO'IeHIISI Hecjlll31l'!eCKilX pemeHI!il0 npiiBOllSI'lliiX K 3H8KO-nepeMeHHhiM 

cjlyHKUilSIM AIISI p,n,3, 0 BBOlliiTCSI nononHI!TeiibiiOe yCIIOBI!e 

6 

' ,' ., ~.::.::::..:.--

)(2 

p 
}; 
l 

N (n) 
p -p}; a cp (x) 2 

1 On:On 1 ], 

ll, 

KOTOpoe Tpe6yeT0 'IT06b! OnTIIMaiibHhlfi Ha6op a I , ... , aN onpenes 

nemamee B 3anaaaoM icop11nope p 1 ± lJ 
1 

. • flpaKTII'IeCKII nnSI aToro 

eTCSI llOCTaTO'IHbiM 3al18Tb HeCKOIIbKO OrpaHII'IIIB8IOUliiX TO'IeK B o6n 

aepxaocTaoro cuana p,n,3, Hnpa. 

8 KaqecTBe IICXOllHOrO Upll6nii:IKeHIISI lliiSI p,n,3, yno6ao llliSI KB 

KOHKpeTaoro Sl.tlpa Bbi611paTb cjlepMIIeBCKyiO nnOTHOCTb, 8 3TOM cnyq. 

rrapaMeTpbi R II b CIICTeMbl (5) COBnanaiOT C cjlepMIIeBCKIIMII, 

aa6op npenMeToB cnenyiOUlllil: 

a o = I , 
(0) (0) 

a =a = 
2 

(0) 
a 

N 
0. 

B npyr11x cny'laSix oa oupenenSieTCSI 113 pa3nomeHIISI 

(0) N (0) (n) 
p (x)= p }; a cp (x;R,b ). 

0 ndl n 

llnSI IICCIIenoBaHIISI HeOl1H03Ha'IHOCTll p,U,3, B aaanll3 H8pSI.tly C 3KCnE 

TaiibHbiMII TO'IKaMII 3anaBanOCb. HeCKOIIbKO TO'!eK 113 06II8CTII 6onbWII 

naHHhiX IIMnynbCOB q > q I , rAe yme HeT naHHhiX 3Kcnep11MeHTa, P1 

Bb!60pbl 3TIIX ·TO'!eK UpiiBOllSIT K p83IIIl'IHblM p,U,3,
1 

OllllHaKOBO . XOpO 

BaiOWIIM 3KCnepiiMeHTaiibHbie naHHb!e, llpyraSI B03MOmHOCTb IIOIIy'laT! 

IIII'!Hble Ha6opbl p,n,3, COCTOIIT B 113MeHeHIISIX KOplll!Opa ( 7) B OT.tlenl 

OTpe3KaX nepeMeHHOJi x. 

7 



KUIIII <l>epMII, 

rO'IHOe p83ITOlK8HII8 <J>yHKUIIII 

yHKUIIM 0 o6pa30B8HHOM 113 

·Kosljlljl11U11811T8MII T8KOro 

Bbi611p810~51 113 ycnOBIISI 

~6ofi 11anepen 3anaHHOfi 

,mo yCT8HOBIT8H0 0 ,'ITO Bb!611-

l ITOITOBIIHHOMY pan11ycy c 

II 'IIICUO 'IIISIIOB pSina 

( T,e, nMe10wee npii6n!I311-

ISIMII B U8HTp8ITbiiOM o6naCTII 

1yroro pacceSIHIISI sneKTpoHoB' 

181jlljliiU118HTbl a 
n 

:> qucneHHoro MeTona Hall-. 

poM Kog¢¢111tii811Tbl an 

> , llpll KOTOpOM ljlyHKUIISI 
N 

.! TO'IK8M I_ / k j' () j ) C OWII6-

113 ycnoBIISI Mllllll-

(6) 

UIX K 3H8KO-nepeMeHIIbiM 

=no nne 

l 

J' 
j 
i 

I 
,j 

I 
I 

l 
I 

I· 
'·I 

I 

! 

I 
l 

I. 
l 

N (n) 

p - p
0 

I. a </> ( x ) 2 
_lL_ _ _:_~n=O:::::.......::.n __ __:l:___ ] , (7) 

KOTOpoe Tpe6yeT0 'IT06b! OllTIIM8ITbHbiM Ha6op a I , , , . , aN onpenemm p,rr,3,
0 

neJKainee B 38Jl8HHOM KOPIIJlOpe p l ± 81 ' • npaKTl!'ISCKl! JliTSI 8Toro OK83biB8-

eTCSI JlOCT8TO'IHblM 3anaTb HSCKOITbKO Orp8liii'!IIB810WIIX_TO'I8K B 06U8CTII no-

aepxHoCTHoro cnana p,rr,3, SIJlpa, 

B KaqecTae 11cxonHoro rrp116n11~eHIIS1 nnSI p,rr,3, yno6Ho nnSI KalKJloro 

KOHKpSTHOro Sinpa Bbi611p8Tb ljlepMIISBCKYIO llUOTIIOCTb, B 8TOM cnyqae,, SCUll 

R II b CIICT8Mbl ( 5) COBnanaJOT C ljlepMH8BCKIIMII 0 H8'18ITbllblit 

Ha6op npenMeToB cnenyJOwllit: 

a 
0 - 1 ' 

(0) (0) 
a =a = 

2 

(0) 
aN 0. 

B npyr11x cnyqagx Oil onpenenSieTcSI 113 pa3nOJKSHIISI 

N ?' ( x) = p
0 

I. a<O>q, <n> ( x; R, b ) , 
n=<> n 

( 8) 

(9) 

nnSI l!CCIT8JlOB8HIISI HeOJlH03H8'11lOCTII p,rr,3, B 8H8ITII3 H8pS!JlY C 8KCnepiiM8H-

T8Ubllb!MII TO'IK8MII 38n8B8UOCb· HSCKOITbKO TO'ISK 113 06IT8CTII 6orrbWIIX rrepe-

Jl8HHblX IIMrrynbCOB q > q f , rne yJKe HeT naHHbiX sKcrrepiiMeHTa, Pa3nii'IHbie 

Bb!60pbl 3TIIX ·TO'ISK llpiiBOnSIT K p83ITII'IHblM p,rr,3,1 oniiH8KOBO . XOpOWO Oll11Cbl

B810WIIM 8KCll8piiM8HT8UbHbie naHHb!S, npyraSI B03MOlKHOCTb ll0ITY'I8Tb p83-

ITII'!Hbl8 H860pbl p,U,3, COCTOIIT B 113M8H8HIISIX KOpllnopa ( 7) B OTJl81IbHblX 

0Tp83K8X nepeMSHHOM x. 

7 



AHan11a11pyn TaKIIM o6paaoM aKcrrepiiMeHTanbHbJe )laHHbie rrp11 paami'I-

HOM Bbi6ope rrapaMeTpOB rrpo6HbiX p.ll0 3 0 R , b , N 11 paanllqHoM "rrpo-

JlOnlKeHIIII" aKcrrepiiMeHTanbHbiX JlaHHhiX a a 113MepeHHyro o6nacTb q > q r , 

MOlKHO BbiJleniiTb Ha6op p.rr.a., )lll<jlcjJepeHUIIBnhHbie ceqeHIIH KOTOpb!X llpOXOJlHT 

ITO ( TOnbKO) 3KCllep11MeHTanbHbiM TQqKaM C llpiiMepHO OJliiHaKOBbiM 3Ha-

qeHIIeM X 2 . 3TOT Ha6op 11nnrocTp11pyeT HeorrpeJleneHHOCTb IIH¢opMaUIIII o 

p.rr.a. IICcne)lyeMOrO HJlpa CBH3aHHOil C orpaHIIqeHHOCTb!O JlBHHbiX" 3KCllepll-

MeHTa B o6nacTII q 
0 

< q < q r . Linn BbiJleneHIIH 113 aToro Ha6opa 'IICTIIH-

Horo" p.rr.a. HJlpa Heo6xoJliiMO rrpiiBneKaTb JlOrronHIITenbHbie ycnoBIIH. MolKHo, 

uarrpiiMep, llcrronhaoBaTb JlnSI aToro JlaHHbie Jlpyrnx aKcrrepiiMeHTOB no orr-

. /10/ 
peJleneHIIJO paaMepoB HJlpa. TaKaS! B03MOlKHOCTb o6cylKJlaeTcSI B pa6oTax • 

L(pyraH B03MOlKHOCTb COCTOIIT B OTbiCKaHIIII JlOITOnHIITenbHbiX orpaHIIqeHIIil_ Ha 

rrpo6Hble p.rr.3., Harrp!fMep, IICrronbaoBaHIIII JlaHHhiX no pacq~TaM p.rr.a. B paM 

Kax paan11qHbiX MOJlenell SIJlpa. 

III 

HanolKeHHbiil MeToJl rrpiiMeHSinCSI JlnSI auan113a JlaHHbiX yrrpyroro pacce-

SIHIISI sneKTpOHOB Ha SI)lpax 
4° Ca 11 

48 
Ca • Han11q11e sKcrrepiiMeHTanbHbiX 

JlaHHhiX ua SIJlpe 
4° Ca 

Ill 
rrp11 sHeprllll sneKTpoHoB 250 MsB (JlaHHbie 

/3/ 
11 750 M aB ( JlaHHbie II rroaBonSieT rrpocneJliiTh, KaK cylKaeTcH ueorrpe-

JleneHHOCTb B rronyqaeMbiX p.rr.a. c pacwllpeHIIeM 113MepeHHoll o6nacTII 

rrepe)laHHbiX IIMllynbCOB q QT. q r 

OCTaeTCSI II llpll aHanll3e )laHHbiX II 

"'-1 ,~,-1 2 't' . JlO q r = 3,3 't' • HeorrpeJleneHHOCTb 

JlnSI 1130TOllOB 
4° Ca 

. 48 
II Ca, rrp11qeM 

JlnSI 
48 Ca Haw aHanlla JlaHHhiX II )laeT p.rr.a., auaqiiTenbHO OTnllqaro

/3/ 
IUIIeCSI oT p.rr.3., rronyqeHuoro B pa6oTe • 3Jlecb IIHTepecHo BhiSICHIITh, 

HaCKOnbKO TQqHQ MOlKHO 113BneKaTb CBe)leHIISI 06 II30TOllllqecKIIX pa3nllqiiSIX 

B p.rr.a. 3TIIX SI)lep II rrpoBeCTII cpaBHeHIIe C TeopeTIIqeCKIIMII rrpeJlCKa3aHIISIMII. 

npo6Hble ¢yHKUIIII JlnH p.rr.a. orrpeJleminiiCb Cne)lyiOIUIIMII JlBYMSI Bbi6opa-

Mil rrapaMeTpOB: R = 31602, b = 0,576 JlnSI 40 Ca II R = 317369, 

b = 0,5245 JlnSI 48 Ca' qTQ COBlla)laeT C rrapaMeTpaMII c II z 

¢epMII-llnOTHOCTII 3TIIX SI)lep II R = 3,0, b = 0 16 JlnSI 060IIX SIJlep. 411Cno 

qneuoB pSIJla N = 10-12. TaKoll Bbi6op rrapaMeTpoB o6ecrreqnBaeT orr11caH11e 

¢epMII-llOJl06Hoil rrnoTHOCTII C 3-4 paJliiBnbHbiMII BapllaUIISIMII B ueHTpanbHOil 

o6nacTII SIJlpa. 

8 

'£: -Cln 
~ 
C!) 

<:::::> ~-
"J' C) 

<3~ 
II 

~ 

~-

1 • r 1 1 I 
!\. m d I I I ~ C:l "d..J.:> ~ "" n.. n ~ ~ ts. _ C'l') 

·~ ·~ 
9 



l naHHbie np11 pa3nll'l-

11 pa3nii'!HOM "npo-

o o6nacTh q > q 1 , 

8HIISI KOTOpb!X llpOXOASIT 

OAI!HaKOBbl"'\ 3Ha-

HOCTh IIH~OpMaUI!II 0 

'hiO naHHbiX eKcnepn

Toro Ha6opa "IICTIIH

ihHbJe ycnoBI!SI, MoJKHo, 

:crrepnMeHTOB no on-
110/ 

~naeTcSI B pa6oTax , 

!nhHbiX orpaHII'leHIIll. Ha 

pacqilTaM p,n,3, B paM -

lHhiX ynpyroro pacce-

3KCnepi!MeHTanhHblX 
Ill 

!50 Mea ( naHHbie I 

KaK cyJKaeTcSI neonpe

!Mepennoll o6nacTn 

,3 ~-~ HeonpeneneHHOCTh 

40 Ca II 48 Ca • 

H8'li!TenhHO OTnll'l810-

TepeCHO BbiSICHIITb 1 

·onnqecKI!X pa3nl!'li!SIX 

:ecKIIMII npencKa3aHI!SIMI!, 

YIOIUIIMII ABYMll Bbi6opa-

II R = 3173691 

leTpaMI! c II z 

~nH o6onx HAep, lJIIcno 

o6ecneqnaaeT onncanne 

lUIIS!MI! B U8HTpanhHOll 

l 

I 
j 
l 

I 
j 
1 
l 

l 



I 

Ha p11c, 1 nao6palKeHhi HeKoTopbie TIIITII'!Hbie peaynbTaTbi npHMoro aHa-

JUI3a ABHHbiX 1 HApa 
4° Ca B aepxaeil: qacTII p11cyaKa 113o6palKeHbi aopMII-

pOBBHHbie <jJepMII-ITITOTHOCTb ( CITITOWH8H KpiiBaH) C napaMeTpaMH C = 3,602 

II Z = 0 1576 II p,IT,3, 1 BOCCT8HOBITeHHbie ITO Ha6opaM KOa<jJ<jJI!IllleHTOB a I , • •, aN' 

ITOITy'!eHHbiX H3 npHMOrO 8H8ITII38 ( ITYHKTHpHaH ll WTpllx-nyHKTIIpHbie KpiiBbie) o 

H11lKe npiiBeaeHbi aKcnepiiMeHTBITbHbie TO'IKH n pacC'!IITaHHbie KpHB~Ie AII<!J<!Je

peHullanbHbiX ce'!eanil: pacceHHIIH, KaK BIIAH0 1 corn'lcne c aKcnepnMeHTOM AITH 

' 0 
BCeX p 0 IT,3o ITO'ITII nonHoe 1 HO B OOITBCTII (} > 125 paCC'IHTBHH~Ie KpiiBbie 

Ce'!eHHiJ: 3aMeTHO OTITll'IBIOTCSI Apyr OT Apyra, TaKI!M o6pa3 OM 1 MOlKHO CAe

IT8Tb. Bb!BOA1 'ITO Ha 6aae I!MeiOIUIIXCSI aKCnepiiMeHTBITbHbiX ABHI!b!X np11 anep

rHII aneKTpoHOB E = 250 Maa MOlKHO c xopoweil: TO'IHOCTbiO onpeaeni!Tb 
40 . -

p~n.a. HApa Ca TOITbKo B o6nacTH noaepxHDCTI!oro cnaaa. BosMOJKI!bie 

· lKe aapnaunn p.n.3, · B uenTpanbHOil: o6nacTn HApa nopHAKa ::!::.. 20% oT ero 

cpeaHero 3HB'!eHIISI He npi!BOAHT K paCXOlKAeHIIID COOTBBTCTBYIOIUIIX paCC'IIITBH-

llb!X ce'!eHHiJ: C aKCITepi!MeHTBITbHbiMII ABHI!b!MII, 

B Ta6nnue 1 npnaeaenhi aHa'!eHI!H cpeaHeKBaapaTII'!HbiX paa11ycoa ( c,K,p,) 

<iP lt/2= ~ 

ii2 
J p (x) x 2 d3 x 

J p (x) d 3 x 

11 aenn'!HIIbl x 2 ( TOITbKO no aKCnepi!MeHTaiTbHbiM TO'!KaM) paCC'II!TaHH~IX 

p.n.a. 

BcneacTBI!e ycnoang coxpaaeHI!H o6~eMa AOBOITbHO 6onbwl!e Bapl!alll!ll 

p.n.a, He npHBOAHT K 3H8'1HTeiTbHOMy paa6pocy B C,K,p, 0TKITOHeHIIH OT CpeA-

aero aaa'!eHHH c.K,p. no paanH'IHbiM aapnaHTaM p.n.a. 

R cp = 3,4843 ::!::.. 0,038 

cocTaBnHIOT ~ 1,5%, 'ITO cornacyeTCH co aHa'!eHI!SIMII c.K.p. nony'leHHbiX paaee 

113 aaan11aa aKcnepi!MeHTan&HbiX AaHHbiX aa 6aae <jJepMn- 11 napa6onii'19CKOil: 

<jJepMII-IliTOTHOCTII. ( CM. Ta6nllllY I). lloBOITbHO 60ITbiUI!e 3Ha'leHII!I x2 
' nony-

• 
'19HHbie B HaweM aaan11ae, Bbi3BaHbi 6on&WIIM paa6pocoM aKcnepiiMeHTan&HbiX 

· Ill o 
TO'!eK B paooTe 1 B OCHOBHOM npll 321 401 531 78 II 105 • HoBble1 6onee 

1111 
TO'IHbie aKcnepuMeHTanbHbie naHHbie , KOTOpbie ony6nnKoBaHbi ylKe nocne 

10 
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II 

Bb!UOITHeHIIH HBCTOHIUIIX paC'!eTOB1 ueiTIIKOM ITOlKBTCH HB HBWII KpiiBb!E 

BOAHT K 3HB'!eHHHM X 2 ~ 20-30, 

Ta6ru~ua .1 

40 40 48 
Ca 250 Maa Ca 750 Maa Ca 

p p p ---
ii. X 2 'R X2 If 

-- 3,516 --- 3.49 --- 3,467 

r-- 3.496 209 ---- 3.516 - -- 3,490 

f- • - 3,507 179 ..;... . - 3.442 12 -·- 3,514 

1- •• - 3,:485 182 - .. - . 3.497 16. -··- 3,541 

1- ••• - 3,522 193 -···- 3.471 12,6 -···- 3.515 

~ ... _ 3,446 198 ..J••·-· 3.480 14 _ ..... _ 3.496 

1111 3.4869 /1 ;, ( 3.4869 /11/ 3.476~ 

1111/ 3.526 /11/ 3.526 1111 3.517 

/3/ 3.49 /3/ 3,467 

TaKHM' o6paaoM, npHMoil: aHanna AaHHbiX ynpyroro paccesHHll < 

HOB C aHeprneil: 250 MaB Ka'!eCTBeHHO lliTITIOCTpHpyeT KOp!!AOp B03MC 

p.n.a. n paa6poc B c.K.p. nccneayeMoro HApa, llnH BbiHCHeHHH 6one• 

Horo XOAB p,n,3, B UeHTpaiTbHOiJ: OOITBCTII S!Apa· HeOOXOAIIMO npi!BITeKB 

ITOITIIHTeiTbHYIO <jJH3l!'!eCKyiO ITIIOO aKcnepnMeHTBITbHYIO HH<jJopM8UHID1 Hl 

pacwnpHTb o6nacTb 113MepenHbiX q
0 

< q < q 
1 

, <jJHKCHpoBaTb 3H 

C,K,p,1 HBITOlKllTb <jJH3ll'!eCKHe orpaHH'!eHIISI Ha npo6Hbie <jJyHKUllll p,n,: 

Oepeil:AeM K o6CylKA9HIIIO peaynbTBTOB npsJMOrO 8H8ITII38 AaHHbl 

ynpyroro pacceHHHH aneKTpoHDB c aaepr11eil: 750 Mas aa llQpax 
4° C 

131 
B OTITII'III9 OT pa60Tbl 1 rae AITH yny'IW9HIIH CornaCII!I JIB MaiTbiX ) 

paCC'IIITbiBaeMb!X ceqeHHSIX 6panacb aaepriiH 757,7 MaB, B HBWIIX pa 

aHepriiH BCIOAY 6panacb paaaoil: 750 Mas. B aaan11ae yqacTBOBanll E 

cnepi!MeHTBITbHbie TD'IKII AITH 4° Ca 11 30 aKcnepi!Mei!TanbHbiX TO'!eK 
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pe3ynbT8Tbi npSIMoro aHa

ICYHKa H306paJKeHbl HOpMH

l8paMeTp8Mil c = 3,602 

LM Koa!jl!flnunenToB a 1 , •• , aN' 

rpi!X-ITyHKTHpHbie Kpi!Bb!e), 

:'IIIT8HHbie KpHB!>Ie 111l!fl!jle-

1CHe C 9KCITepi!MeHTOM /1ITSI 

p8CC'IIIT8HH~Ie KpiiBb!e 

IM o6pa3 OM, .MOJKHO Cne-

·anbHbiX naHHbiX npn anep-

TO'IIIOCTbiD onpeneni!Tb 

:~ro cnana." Bo3MOJKHbie 

opllnKa ±. 20% oT ero 

>OTBeTCTBYIDWHX paCC'IIIT8H-

lPBTII'IHbiX panl!yCOB ( C,K,p,) 

M TO'IK8M) paCC'IIIT8HII~lX 

)nbHO 6onbiUHe B8pH8Uilll 

:.K.p, 0TKnonennSI oT cpen-

,rr.a. 

38. 

Mil c,K,p, nony'IeHHbiX paaee 

'epMH- H napa6onn'IecKoll 

bWHe aHa'IeHHll x 2 , nony-

:pocoM aKcnepHMeHTanbHbiX 

'8 H 105°, HoBble, 6onee 

ony6nnKoBaHbl yll<e nocne 

i 1'" 

J~ -

Bb!UOITHeHI!SI H8CTOSIIUIIX paC'I~TOB 1 ueni!KOM nOJK8TCSI H8 H8Wil Kpi!Bb!e II ITp11-

B0/1SIT K 3naqennl!M x 2 = 20-30, 

Ta6nnua 1 

40 40 48 Ca 250 Maa Ca 750 Maa Ca 750 MaB 
p p p 

ii. X 2 B. X2 fi x2 

--- 3,516 --- 3,49 --- 3,467 

f- - - 3,496 209 - --- 3,516 f- - -- 3,490 

1- • - 3,507 179 ..;.. . - 3,442 12 - . - 3,514 7 

~ .. - 3A85 182 -··- . 3,497 16. - .. - 3,541 5,7 

1- ••• - 3,522 193 -··· - 3.471 12,6 -···- 3,515 6,8 

~···-
3.446 198 __, ... _ 3,480 14 _ ... ,_ 3,496 9•5 

·' ( 
1111 3,48B9 I 111' 3,4869 I 111 3,4762 

'111 3,526 1111 3,526 1111 3,517 

131 3.49 131 3,467 

TaKnM· o6pa3oM, npSIMoll aHann3 naHHbiX ynpyroro pacceHHIIH aneKTpo

HOB C aneprnell 250 MaB Ka'IeCTBeHHO HnnrocTpllpyeT KOpll/10p B03MOlKHblX 

p,n,3. H pa36poc B c,K.p. HccnenyeMoro SIJJ.pa. llnSI BblliCHeHHSI 6onee neTanb

Horo xona p.n,3, B ueHTpanbHOll o6nacTn Sinpa· Heo6xonnMo npllaneKaTb no

nonHHTenbHyro !jli!31!'IeCKYID nll60 9KCITepHMeHT8ITbHYID HHijJOpM8UIIID, H8ITpllMep, 

pacwllpi!Tb o6nacTb H3MepeHHbiX q
0 

< q < q r ljJHKCHpOB8Tb 3H8'IeHHe 

C,K,p,, HanO>KHTb ljJH3H'IeCKHe orpaHH'IeHHSI Ha npo6Hble ljlyHKUHH p,n,a, 

nepellneM K o6cy>KileHHIO peaynbTSTOB npsiMoro 8H8ITH38 JJ.aHHbiX II 

ynpyroro paccel!HHSI aneKTpOHOB c aneprnelt 750 Mas Ha HApax 
4° Ca R

48 
c/

31
• 

131 
B oTnn'rne oT pa6oTbi , rne AnSI yny'ImeanSI cornacHSI na ManbiX yrnax B 

paCC'IHTbiBaeMbiX Ce'IeHHSIX 6panacb aHeprliSI 757,7 Mas, B HSWHX p8C'I~T8X 

aneprHSI acrony 6panacb paaHolt 750 Mas. B anannae y'IaCTBOBanH ace 31 aK

cnepRMeHTanbHbie TO'IKH AnSI 40 Ca n 30 aKcnepHMeHTanbHbiX To'IeK lliTSI 
48 

ca. 
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I. 
I 

i 

i 
I 
f-· 

f 
I 

I 
I 

CooTBeTcTBYJOI!lue aaa'leHuSI x 2 
u c.x.p, nony'leHHbiX p.n.a. naHbi B Ta6nu-

ue 1, Ha pucyaxax 2 u 3 cnnolllHbiMU KpUBbiMH uao6paJKeHbi p.n.a., nony'!eH
/3/ 

Hble B pa60Te 1 nyHKTUpHbiMU KpUBbiMU - !jlepMU-nnOTHOCTU STUX. Slllep C 

napaMeTpaMu c = 3,602, z = 0,576 nnu 
4° Ca u c = 3, 7369, ~ =0,5245 

JlnH 
48 

Ca U COOTBeTCTBYIOI!lUe nu!jl!jlepeHUUanbHbie Ce'!eHUH, paCC'IUT8HHbie 
171 

no MeTony (npu saepruu snexTpoHoB E = 750 MsB). lllTpux-nyHKTUpHbie 

xpuBbie - peaynbTaT npnMoro aaanuaa sxcnepuMeHTanbHhiX TO'IeK BMecTe 

c no6aBneHHbiMH TO'IKaMu, neJKal!luMn aa o6nacTblo naMepeauii 53° _< () ~ 60°, 

11'3 puc, 2 U 3 U3 3Ha'!eHUii X 2 ( TOnbKO no SKCnepuMeHTanbHbiM TO'{KaM) 

Bunao, 'ITO uMeeTCH nonaoe cornacue paCC'IHTaHHbiX u sxcnepuMeHTanbHbiX ee-

'!eHUH B U3MepeHHOH o6naCTU q < q I 
-l 

= 3.3 !jl • HeonpeneneHHOCTb B p.n,a. 

cyaunaCb no CpaBHeHUIO C ll8HHhlMH 1 u,no3BOnHeT CYilUTb 0 Ka'!eCTBeHHOM 

xone p.n,a, BHyTpn Hllpa. 

llnH unpa 40 Ca Ham aaanua naeT p,n,a,, KOTOpbie aaxonHTCH B xa-
/3/ 

qeCTBeHHOM COrnaCUU C nnOTHOCTbl01 nony'leHHOH B pa60Te • 0TKnOHeHUH 

oT cpenaero aHa'!eHUH,,c,x.p., B3HToro no paanU'IHbiM BapuaaTaM· p,n,a, 

R = 3,4792 + 0,02, 
cp -

cocTaBnHIOT · ~ 0,8%. + 1,0% u cornacyJOTCSI c peaynbTaTaMn aaanuaa nan
/ 11/ 

HbiX 1 u pa6oToii , B HliJKHeii '!aCTii puc, 2_ npiiBOiliiTCH cpaBHeane naHHhiX 

II llii!jl!jlepeHUIIanbHbiX Ce'!eHIIii pacceHHIIH npii E = 250 MsB, COOTBeT

CTBYIOIIlliX nao6paJKeHHbiM BBepxy p.n.a .. Kax u cnenoBano oJKunaTb, Bee p.n.a,, 

nony'leHHbie II3 auaniiaa naHHhiX rrpii suepriiii E= 750 M ss,xoporno cornacyJOTCH c 

naHHbiMii I npii E = 250M sB, H e6onbrnoe OTKnoaeaiie B o6nacTn yrnoB 80 -
0 ' ' 

100 , soaMOJKHo, yxaabiBaeT aa aeo6xonnMocTb y'leTa B pac'!~Tax nucnepcuoa-
/12/ ' 

HhiX nonpaBoK • OTMeTIIM anecb, 'ITO HaMil rrpoBoniincu npSIMOii auanua . 

naHHbiX II II npii suepriiH E = 757, 5 MsB. Oxaaanocb, 'ITO nony'leHHbie 

B STOM cny'!ae p,n,a, Ka'!eCTBeHHO He 0Tllll'1810TCH OT HaiineHHbl~ npii E=750MsB, 

HO BCe JKe nyqrne OIIIICbiBaiOT ll8HHbie !!pll E 250 MsB u OTKnoaeane 

uc'!eaaeT, B o6naCTII 80 ~ 100° 

llnH _Hnpa 
48 Ca aarn aaaniia naeT ua6opbi p.n.a., oTnii'!aJOI!liiecSI no 

~ /3/ . 
BIIIlY II 'l'opMe OT p.n.a., nonyqeaaoro B pa6oTe , HeaaBIICIIMO oT Bbi6opa 

BXOilHbiX ll8HHbiX Haili MeTOil npHBOilliT K p,n,a,, 6nJ!3KIIM K !jlepMit- nnoTHOCTU, 

ao c ae6onbrnoii ocuiinnHUIIeii B'paiioae 1-2 !jl u 6onee nonor~M noBepx

HOCTHbiM cnanoM,· Cpenaee aHa'!eHIIe c.x.p., B3SIToe no aaiineHHOMY ua6opy 

12 
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biX p,n,a, !18Hbl B Ta6n11-

JameHbi p,n,a,, nonyqen-

IOTHOCTII 3TIIX RAep C 

c = 3, 7369, ~ = 0,5245 

Ce'!eHIIH, paCC'liiTaHHbie 

3B), llJTpiiX-ITYHKTIIpHbie 

~anbHblX TO'leK BMecTe 

3MepeHIIll 53° _< (} 5;: 60°, 

MeHT8nbHblM TO'!KaM) 

11 aKcnepnMeHTanbHbiX ce-

eonpeneneHHOCTb B p,n,a, 

:yniiTb 0 KaqeCTBeHHOM 

ropbie H8XOARTCR B Ka
/3/ 

Ja6oTe , OTKnoaeanR 

rnbTaTaMn aaannaa nan-

DAHTCR CpaBHeHI!e naHHbiX 

= 250 M aB, COOTBeT-

>Bano omnnaTb, ace p.n.a,, 

iaa,xopowo cornacyroTCR c 

o6nacTn yrnoa 80 -

·a B pac'li!Tax nncnepcnou-

JnnncR rrpRMol! auanna . 

aaanoch, 'ITO nony'leHHbie 

>T HallneHHbl~ rrpll E=750MaB, 

250 Maa H OTKnoaeune 

1,3,, OTnH'laiOIUIIeCR ITO 

HeaaancnMo oT Bbi6opa 

3KIIM K ljlepMit- rrnOTHOCTH, 

>nee nonor~M noaepx

no ual!nenaoMy aa6opy 
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·p,n,a,, RM99T BSJIII'IHHy 

R = 3,5196 + 0,022, 
cp -

'ITO HaXO.!UITCll B cornaciin: c aHaniiaoM aaHHhiX no ynpyroMy paccemu 
. /11/ 

sneKTpOHOB npii sHepriiH 500 ~sB , rae Ha 6aae napa6onii'IecKoft ' 

nnoTHOCTH 6bmo nony'leHo aHa'leHIIe if = 3,517, OaHaKo sTII aHa'lem 

. /3/ 
npeBbiiiiaiOT c,K,p,, c.neayiOmiie II3 pa6oTbi (eM, Ta6n1Iue I). HaMII 

npoBeaeH TaKlKe npl1Moft aHaniia aaHHbiX 11 an11
48 Ca npii sHepriiii sneKT 

E = 757,5 MsB, B aToM ·cny'lae onl1Tb He npoiiCXO.!liiT KaqecTBSHf 

II3M9H9HIIll B p,n,a,~ O.!lHEtK0 0 Cp9.!lH99 3H8'19HII9 C,K,p, YM9Hbiiia9TCl1 II 

'189TCl1 paBHbiM 

R = 3,49 + 0,02. 
cp -

P,n.a., nony'leHnoe B 
/3/ 

pa6oTe npii sHepriiii sneKTponoB 757,5 MsB, 

Ce'ISHIIe paccel1HIIl1, TaKlKe cornacyiOmeecg c sKcnepiiMeHTanbHbiMII aa 

II l1Brrl1eTcl1, B npiiHUIIne, O.!lHIIM II3 B03MOlKHbiX p,n,a, ll.!lpa, OaHaKo a 

'ISHIIe X 
2 

"' 25 .!lrrll sToro p.n,a, aHa'IIITerrbHO npeBbiiiiaeT Berrii'IHHy ~ 

nony'leHnoro HaMII Ha6opa p,n,a., 6niiaKoro K IIao6palKSHHOMY Ha piic. 

Ha piic, 4 IIao6palKeHa yMHOlKSIIHall Ha 41Tr 2 
paaHIIUa p.n,a, ll.! 

40 Ca 
II 48 Ca, KOTOpal1 . .!l89T npe.!lCT8BJI9HII9 06 IIX II30TOnR'I9CKOI 

JIII'IIIII, llfTp1Ix-nyHKTIIpHbl9 KpiiBbl9 COOTBS.TCTByiOT p,n,a, piiC, 2 II : 

Hall KpHBall - peayrrbTaT pa60Tb/
31 

0 npe.!lCK83b!BaiOIII9ll OTpiiUaTSJibHOE 

40 
Ca TOnii'I9CK09 CM91II9HII9 p,n,a, ll.!lpa 

48 
Ca OTHOCIITSJibHO • ny 

• . I 13/ • • 
T90p9T!I'I9CKIIII pac<reT 0 KOTOpbiii aaeT OTHOCIITSJibHbiii pOCT C,K,p, 

4° Ca K 
48 Ca, HO aHa'IIITerrbHO aaHIIlKSIIHbie 3Ha<reiiiil1 IIX a6coniOTHI 

rrii'IIIH, KaK BII.!lHO, Haiii ananiia aaeT COBOKynHoCTb IIITpnx-nyiiKTnpHbi:X 

BbiX, pacnonaraiOIIIHXCH MelK.!lY STH1..m .!lBYMll KpHBb!MII, II CKOpee 6rr1IlKE 

nocneaHeft, 

B 3aKJIIO'I9HII9 OTM9THM1 'ITO MSTO.!l npllMOrO aHaJIII3a OCHOBb!BaE 

/14/ 
BblCOKOSHepr9TII'I9CKOM npii6JIHlK9HIIH .!liTH aMnJIIITY.!lbl paCC9l1HIIl1 

/7,9/ 
KOTOpOrO nO.!lTB9plK.!larraCb cpaBHSIIIIHMH C TO'IIIb!MH paC'IeTaMII C• 

MeTO.!lOM ¢aaoBoro anannaa, B cuny ero npm;:TOTbi MeTO.!l yao6Ho liCIT< 

BaTb npn aHaniiae sKcnepn:MenTanbiibiX aaHHbiX anll noncKa naii6on·ee 1 

HTHbiX p.n,a, (a ce<renne pacceHHIIll yTo<rHHTb aaTeM no MeToay <jlaao1 

ananiiaa), 
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R = 3,5196 + 0,022, 
cp -

'ITO aaxoAHTCSI B cornacnn c aaannaoM AaHflhlX no yrrpyroMy paccegangro 
. /11/ 

aneKTponoa rrpn aaeprnn 500 ~sa 1 rAe na 6aae rrapa6onnqecKOH ~epMn-

rrnoTnocTn 6brno rrony'IeHo aHa'IeHne R = 3,517, 0AHaKo aTn 3Ha'IeHnSI 
. . /3/ 

rrpeabiWaroT c,K,p, 1 cneAyrowne na pa6oTbi (eM, Ta6nnue I). HaMn 6bin 

rrpoaeAeH TaKJKe rrpSIMOH aHanna AaHHhiX .IJ AnSI 48 Ca rrpn aHeprnn aneKTpoHOB. 

E = 757,5 Maa, B aToM ·cny'Iae orrSITb He rrponcxoAHT Ka'IecTaeHHhiX 

naMeHeHnH a p,rr,a,~ oAHaKo, cpeAHee aHa'IeHne c,K,p, yMeHbwaeTcSI 11 rrony

qaeTCSI paBHbiM 

P ,rr,a,, rronyqeHHoe B 

R cp = 3149 :!:.. 0,02. 

/3/ 
pa6oTe rrpn aHeprnn aneKTpoHoB 75715 Maa, ABeT 

Ce'ISHHS paCCSSIHHSI1 TaKlKS cornacyroweecg C 3KCI18pHMSHTanbHb!Mll AaHHb!Mll 

II S!Bi!SieTCSI1 B I1pHHUHIIS1 OAHHM ll3 B03MOlKHbiX p,I1,3, S!Apa, 0AH8KO 3H8-

'I8Hll8 X 2 "' 25 AnSI 3TOrO p,rr,~, 3Ha'IHTSnbHO I1p8Bb!W88T BSIIll'Il!Hy X
2 

"' 10 

rrony'IeHHoro aaMn Ha6opa p.rr.a, 1 6nnaKoro K nao6palKSHHoMy Ha pnc. 3, 

Ha pnc, 4 nao6palKeHa yMHOlKSIIHaSI na 47Tr 2 paaHnua p.rr,a, SIAep 
4° Ca n 48 ·ca, KOTopag ABeT rrpeACTaaneHne o6 nx naoTorrn.qecKOM paa-

nn'IHH, llfTpnx-rryHKTHPHbie KpHBbie cooTBeTcTayroT p,rr.a, pnc. 2 n 3, Cnnow-
/3/ 

HBSI KpllBBSI - peaynbTaT pa60Tbl 1 I1p8ACK83b!B8IDWSH OTpHUaTSnbHOS H3'0-

TorrnqecKoe cMeweHne p,rr,a, SIApa 
48 

Ca OTHOCHTSnbHO 40 Ca 
1 rryHKTI!pHaSI 

/13/ 
TeopeTH'ISCKHH paC'IeT 1 KOTOpb!H ABeT OTHOCHTSnbHbiH poeT C,K,p, OT S!Apa 

4° Ca K 48 Ca, ao aHa'II!TenbHO aaHnJKeHHbie aHa'Ielll!SI nx a6conroTHhiX ae

nH'IHH, KaK Bl!AHo, Haw aHanna AaeT coaoKyrrHOCTb wTpnx-rryHKTI!pHbiX Kpn

BbiX, pacrronaraiDWIIXCSI MelKAY 3TIIMII AByMg Kp11Bb!MII 1 II CKOpee 6nl!lKS K 

rrocneAHeH, 

B 38KniD'ISHIIS OTMSTI!M1 'ITO MSTOA IlpS!MOrO aHanll38 OCHOBb!B88TCSI Ha 
/14/ 

BblCOK03HepreTII'ISCKOM I1pii6IIIIlKSHl!ll Ami aMIIIIIITYAbl paCCSS!HllSI 1 TO'IHOCTb 
/7 9/ 

KOToporo IIOATBepJKAanaCb 1 CpaBHSHIIS!Mll C TO'IHbiMII paC'IeTBMl! CS'ISHIIH 

MSTOAOM ~830BOrO aHannaa, B Cl!IIY ero rrpOCTOTbl MSTOA YA06HO IICIIOIIb30-

B8Tb Ilpll aHan!I38 3KCI18piiMSHTaiibHbiX AaHHhiX AilS! IIOHCKB Han6on.ee aepo

SITHbiX p,rr,a, (a ce'Ienne pacceSIHIISI yTo'IHS!Tb aaTeM no MSTOAY ~aaoaoro 

anannaa), 
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II 

4TL r2 [~~rJ-q
4
JrJ}. 

-0.4 - - ' -

Pnc. 4. YMHO>KeHHaD Ha 417r 2 p83HHU8 ·p.n.a. stnep 
4° Ca. H ·•a Ca. 

Cnnomaaa Kpuaaa - peaynbTBT pa6oTM/3/, nyHKTHpHaH - TeopeTH
qecxuii pBC'Ii!T/ 13/; lliTpHX-nyHKTHpHMe KpHBbie nony'IeHbl H3 COOT

BeCTBYJOWHX. p.n.a. pHCe 2 H 3. 

·16 

r 

ABTopy npnRTHO no6naroaapnTh B.K.nyKhRHoBa n M.*.TieTKOBa 

MaHne. ll ITOMOlllb ITpll o6cyJKAeHHll pe3ynbTaTOB 3TOii: pa60Tbi, 

n n T e p a T y p a 

I. M,Croissiaux et al. Phys. Rev,, B1371 _ p•B865 l1965). 

2. R,Hofstadte'r, et al. Phys. Rev. Lett., :!2t 758 {1965), 

K.J .van Onstrum et al. Phys. Rev. Lett., ~ p,528 {1966), . 
3, I.B,Bellicard et al. Phys. Rev. Lett,, ~ 527 (1967). 

4. B,F,Gibson, K.J.van Oostrum. Nucl, Phys., A90, 159 {1967). 

5, A,Swift, L,R.B.Elton, Phys. Rev. Lett., .!Z, 484 (1966), 

6, F~C,Khanna. Phy~. Rev. Lett., £Q, 871 (1968). 

7, B.K.nyKhRHoB, M.*.TieTKoB, ·JO.c.nonh • .H<I> T, Q, Bbm, 2 ( 1969); 1 

npBHT OM.HM P4-3941, Lly6Ha 1968, 

8, M,H,CnnnH, TipenpnHT OM.HM 11-3362, Lly6Ha 1967, 

9, .11,)1(,TieTKOB, B.K.nyKhRHoB, JO.C.nonh • .H<I> T, i, Bbiii, I ( 1966). 

10, H,Bethe, L.R.B.Elton •. Phys. Rev. Lett., ~ 745 (1968), 

F.G.Perey, J.P.Shiffer. Phys. Rev. Lett., 1.1L_ 324 {1966). 

II. R.F.Frosch, R.Hofstadter et al. Phys. Rev., 174, 1380 (19E 

12, G,H.Rawitscher, Phys. Rev., 151, 846 {1966), 

.M,)!(,TieTKoB, · JO.C.Tionh. Conf. Symp. Nucl. Str,, Dubna, 1968, 

13, H.H.Wolter, A,Faessler, P.U.Sauer. Nucl. Phys., A116, 14E 

(1968). 

14. D.R.Yennie, F.L ,Boos, D.G.Ravenhall, Phys. Rev., B1371 E 

(1965). 

PyKOITllCb ITOCTynnna B ll3AaTenbCKllii OTAen 

II MapTa 1969 roaa. 

17 



2{0 (rJ -0 (rJ} 
l4o )48 · 

. _c.:·' 
-;? / ......... 

.. /' /'/·/ 
. "/' 

i ~· ,--.-/ 

y / 
' I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

H.0.9p 4° Ca. H '4.B Ca. 

'HKTHpH8SI - T80p8TH- · 

Ie nony'leHbJ H3 COOT- . 

l 
r 

ABTopy rrpnRTHo rro6naronapnTh B.K.flyKhHHoBa n H.)K.TieTKOBa sa BHH
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