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/1-3/ 
B rrpemnecTBYJOlllIIX pa6oTax 6bmo rroKa3aHo, ·qTo yrrpyroe 

pacceRHIIe tJaCTIIU Ha rrpoTOHax B o6naCTH nII¢paKUIIOHHOI'O IIIIKa OIIHCbl

BaeTCR ¢opMynotl: 

du 

d(-t) 

2 
t 

t + ~ 
--.,,.---) (1 _+ 

<pl > 2p2 

rne p - IIMrrynbC rrpOTOHa B c.u.M. 

) ' ( 1) 

2 ½ 
CpenHeKBanpaTII'IHblH rrorrepe'IHbIH IIMrrynbc <pl '> =0,35:!:.0,01 r::m/c. 

/2 3/ 2 
B pa6oTax ' rronytJeHo, 'ITO ¢opMyna ( 1) c 3a~eHotl < pl > Ha 4< pl > 

orrIICbIBaeT yrrpyroe p - p pacceRHIIe B IIHTepBane 6onbll!IIX yrnoB 
0 

( 40 < 0 s 70 ) I TO eCTb nMeeT M0CTO KBaHTOBaHHe BenII'IIIH cpenHeKBanpa-

TII'IHOI'O rrorrepeqnoro HMrrynbca: 

fpa¢IIKII, paCC'IIITaHHbie no ¢opMyne ( 1); H 8KCrrepIIM0HTanbHbie naHHbie 

6 ! 4 ,BI 11 r / 1 B 131 
H3 pa OT rrpII 8B c, rrpIIBeneHbl na pIICYHKe • . pa6oTe 

paccMaTpIIBanacb IIHTep¢epeHUIIR rrapunanbHbIX Bonn OT pacceRHIIR na nByx 

o6naCTRX B3aIIMonetlcTBIIR, COOTB0TCTBYIOUIIIX < 

Ha ocnoBe aToro 6hlna rronyqena ¢opMJna nng 

3 

II 2<pl >½. 

KOTopag OIIIICbl-
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Pnc. 1. ·Yrrpyroe p-p paccesimre rrpII 11 f::rn/c. KpnBbie pacc<J:nTaHbI 
rro qiopMyne ( 1) - neBaSI rrpn < Pl >½ = 0,35 f::rn/c; rrpaBaSI -
IIplI < Pf > ½ = 0, 70 f::rn/c. 3KCIIE!pHMeHT8nbHbie TO'!Kll-IIO Jl8HHbIM 

0

pa60T/4,5/. 
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. . /4-7/ 
Bana 8KCIIep11MeHTanbHbie Jl8HHbie ll3 pa6oT . B lIHTepBane lIMIIynbCOB 

8,5:!::_1214 fsB/ c. 
/8/ 

B pa6oTe lI3MepeHHSI rrpoBe)leHbl B nmpoKOM lIHTepBane 3Ha<J:e-

Hllii t , lI Jl8HHbie lIMe!OT 6onblllYIO TO'IHOCTb •. ,Unsi lIX OIIlIC8HlISI neo6-

XOJllIMO Jl06aBHTb rrapunanbHYIO BOnHy paccesrnnsi, COOTBeTCTByIOmyIO cne-
2 ½ 

JlYIOmeMy "KBaHTOBOMY ypoBHIO" - 3 < pl > . CyMMapHaSI aMrrnnTyJla 

pacceSIHlISI C y'IeTOM OTHOCHTenbHbIX qia3 'P2 lI ¢a<¢ I .. 0 ) ' a T8K:lKe 

- 2 pl= t + 
t2 

---, 6yJleT paBHa: 
4 p 2 

A ( -t) c½ 
I 

2 

PL_) 
exp ( - 2<pl. > 

2 
p 

2 

Pl ) 
+ C : exp ( - 8 <p 1 > 

I 9S 2 
e + 

( 2) 

·½ 
+ c 3 exp(·-

18 < p 2 > 
l 

1
'Pa ] ( 1 + e t / 

2p2 

M3 qiopMynhl (2) rronyqnM: 

da 

d(-t) 

½ 
+ 2( c1 c 2 } 

p2 

[c 1 exp(- L )+c2 exp(-
<p2 > 

l 

2 2 

~l Pl 
-......:.....-)+c3 exp(- --
4 <pl. > · 9 <pl.. > 

2 

Cos¢ exp ( -
2 

PL )+2(c 1cJ½ Cos¢
3

exp(.:. 
8 <p2 > 

2 ( 3) 
-PL 
-.,,---) + f-<pl > T L 

,2 t . 
+2( c2 c3 )½ Cos (¢2- ¢ 3) exp( L_)] < i + 

72· <p 2 > 
13 l 

2 p2 

(3) 

.5 



. /4-7/ 
Bana 9KcnepHMeHTanhHbie J:(8HHbJe H3 pa5oT . B HHTepBane HMnynhCOB 

8,5:!:.12,4 faBlc. 

/8/ 
B pa5oTe H3MepeHHSI npoBeJ:(eHbl B nrnpOKOM HHTepBane 3Ha'le-

HHH t , H J:(8HHbl9 HMeIOT 5onhlIIYIO TO'IHOCTh •. nnsi HX OITHC8HHSI Heo5-

XOJ:(HMO no5aBHTh nap1manhHy10 BOnHy pacceSIHHSI, COOTB9TCTByromyro cne-
2 ½ 

nyromeMy "KBaHTOBOMY ypoBHro" - 3 < p L > . CyMMapHaSI aMnnHTyna 

pacceSIHHSI C Y'l~TOM OTHOCHTenhHbIX cpas ¢2 H ¢a<¢ I "' 0 ) ' a T8K)K9 

t2 
---, 5yneT paBHa: 

4 p 2 

A ( -t) = 

lfa cpopMynb1 ( 2) nony'IHM: 

da 

d(-t) 

Cos¢ 2 exp ( -

2 

½ Pl 
+c exp( - -.......,,.-) 

2 8 <p2 > 
l 

+ 

2 

PL ½ . 
8 )+2(c 1cJ 2 Cos¢ exp(:.. 

_ <p2 > . 3 

5 L · 

.5 

.2 

Pl -> 1 < t + 
72· <p 2 > 
13 l 

2 p2 

( 2) 

(3) 
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Pn:c. 2. Yrrpyroe p-p paccesrHHe rrpn: 19,2 .faB/c. Kpn:Basi pacc_tJHTaHa 
ITO cpopMyne (3).- 8KCIIepHMeHTanbHbie /l8HHhie - ll3 pa60Tbl/8/. 
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Ha pncyHKe 2 110Ka3attb, qTo pacqeTbI 110 cpopMyne (3) cornacyJOTcsr 
/8/• 

C 011hlTHhlMII naHHblMII pa6oTbl rrpn 3Haqeansrx rrapaMeTpoB: 
-27 2 2 

F ennanuax 10 CM /faB/c 
2 Hi 

<pl> 0,35 faB/c; CI c2 c3 
0 0 .. 

K0T0pb!e C00TBeTCTBeHH0 paBHhl 88; 0, 15; 0,001; <p 2 == }50 <p 
3 

== 0 • ilnsr 

cpaBHeHHS! pllcyH0K 3 HnnJOCTpHpyeT, qTo IIpll C 3 = 0 pactJeTHbie KpllBble 
/8/ 

Henb3Sl cornacoBaTb C l18HHh!Mll pa6oTbl I Bapbllpysi 0CT81IbHbie 11apaMeT-

pb1. 

¢opMyna ( 3) He BKnJOtJaeT Manoro BKnana, o6ycnoBmrnaeMoro cTa-

TllCTl!qecKIIM MexaHl!3M0M paccesrHIISI, KOTOpblll cym-~CTBeHeH rrpn yrnax 

0 
~ 90. OrrycKaSI ero nnH rronaoro ceqeansr yrrpyroro paccesrHnsr, rronyqnM 

cpopMyny: 

. 16 ½ aer =[ c, + 4c2 + 9c3 + -5-( c,c2) 
18 ½ 

Cos ¢ 
2 

+ - ( c 
I 

c
3

) Cos ¢ 
3 

+ 
5 

(4) 

144 ( C C )½ Cos (cp - <p ) ] < P 2 > • 
+ 13 2 a 2 a l 

B .:HaCT0SI!llee BpeMSI a e C B cpyHKUllll 9Heprnn ll3BeCTHhl C T0'IH0CTblO AO 

"' 10%, B rrpenenax KOTopoii HeT pacX0)l{AeHHS! 9KCIIepIIMeHTanbHhlX 3Ha

qeH!Ill c pactJeTaMII 110 cpopMyne (4) 11pn paHee yKa3aHHhIX 3HatJeHHHX rrapa

MeTpoB. 
2 ½ 2 ½ 

Ecnn rrponomKHTh KBaHToBaHIIe, BB0ASI BenIItJIIHhI <pl >k == k <pl > , 

TO cpopMyna nnsr da 
d{-t) 

11pnMeT BIIA: 

~=Ii 
d(-t) k==I 

2 2 
P n p 1 

c 2 exp ( - 1 ) + 2 2 c 
1
· c Cos cpk exp[- ___l._(1+--)] + 

k k2<p2 > .k=2 k 2<p2> k2 
l l 

k+m,:Sn 

+2 2 Ck ck+m k::2 
m=l 

P~, 1 1 t 
Cos( cpk -¢k+ m) x exp [ - ~( -2 + 2 ) ] I ( 1 + --2-). 

2<p.J_ > k (k+m) 2 p 
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3. KpHBbl9 1,2,3 paCC'IHTaHbl rro tpOpMyne (3) rrpn Gi = o, Ct lI C 2 

B enuttnua~ 10-27 cM2 / faB/c)~: 
0 

1 KpnBaH: c 1 = 80; c 2 = 0,2 ½ = 0,355 faBlc¢ = 120 
2 0 

> = 0,345 ¢ = 150 C 1 = 88; C 2 = 0 1 16 2 

0 
¢ = 150 • 

2 KpHBaH: < Pl 
3 KplIBaH: C = 88• C = 0, 18 

I ' 2 
0,33 
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O'1eBllllHO, HMeeT M8CTO 0blCTpoe yMeHblll8HHe K09tptpHUll8HTOB Ck H cxo

llHM0CTh cyMM B tpOpMyne ( 5). 
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