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l.BBEJ[EHHE 

B peaKUHHX KBaJuynpyroro Bhi6uaaHUH .D:eiiTpOHOB 7 H3 
H.IJ:ep llO.D: .D:eHCTBHeM 6hlCTphlX llpOTOHOB HapH.IJ:Y C-Mexa· 
HU3MOM llpHMOrO Bbi6UBaHUH /puc. Ia/ B03MO>KeH o6MeHHbiH 
Mexamr~M, T.e.c pacceHHHe npoTOHa Ha np- cucTeMe, Ha
XO.D:HIUeUCH B CHHrneTHOM COCTOHHUU, C nepeBO.IJ:OM. ee 
B TpunneTHoe cocTOHHue /puc. 16/. KpoMe Toro, ecnu 
B 3KcnepHMeHTe perucTpupyeTCH Tqnh_Ko Bbi6UThiH .D:eiiTpoH, 
TO CTaHOBHTCH .IJ:OllYCTHMbiM MeXaHU3M, yKa3aHHbiH Ha 
puc. lB - pacceHHUe Ha 6uHeHTpOHe. . . 

KaqecTBeHHO aonpoc o ponu o6M€mHhiX npoueccoa He
O.D:HOKpa THO o6C,>K,llanCH B pa6oTaX B .B .lianaiiiOBa C COT-. --
PY.D:HHKaMU /l-3 , O.llHaKo KonuqecTaeuHhiX oueHoK .D:O cux 
nop He npoBo,llunoch. OcHOBHaH TPY.llHOCTb JaKnwqaeTcH.~ 
B cne.D:YIDIUeM. IIOCKOnhKY 3cfJ$eKTUBHbie qucna .IJ:eHTpOHOB, 
"cuHrneTHbiX .D:eHTPOHOB" u 6uHeiiTpOHOB cpaBHUMbl Me>K.D:Y . 
C060H, TO BOllpOC 0 COOTHOIIIeHUU · BKJia.D:OB pa3nUqHbiX 
npouec90B CBO,llUTCH K BOllpocy 0 COOTHOIIIeHUU ceqeHUH 
npoUeCCOB, COOTBeTCTBYIDIUUX BepXHUM qaCTHM .IJ:UarpaMM 
puc. 1. 3.D:eCb Mhi CTanKUBaeMCH C . .IJ:pyroii: HepeiiieHHOH 
npo6neMOH : ynpyruM npoTOH· .D:eHTpOHHbiM pacceHHHeM 
Ha Ja.D:aHH&Ie yrn&I; 'I'aK KaK uMeHHO B cnyqae 6on&rnux 
nepe.IJ:aHHhlX UMnynhCOB O>KH,llaeTCH B03pacTaHUe ponu 06· 
MeHHhiX npoueccoa. 

B .D:aHHoii: pa6oTe Mhi npoaeiiu . .D:oBon&Ho rpy6yw oueHI<y 
COOTHOIIIeHUH ceqeHUH, COOTBeTCTBYIDIUUX ~BepXHUM qac'!HM 
.D:UarpaMM Ia u 16 B paMKax .D:Byx· MO.IJ:(meii .D:nH yripyroro 
pd . • pacceHHUH Ha3a,ll: a/ MO,llenH C npoMe>KyToqHbiM .BUp • 
Tyan&HhiM nuoHoM - Tpeyro.n&HaH · .D:Uarpa:MMa /puc. 2a/. 
H · 6/ Mo,llenu HeiiTpOHHoro o6MeHa - nonwcHaH .D:HarpaMMa 
/puc. 26/. 
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2. Bb/IJHCJIEHHE CEIJEHHH 

Ha ocmonaHH~ o6Il.IHX npaBHJI ~MnJIH;TYJJ;LI pacce.SIHHH ,n;nH 
TpHnJieTHOPO HatJaJibHOPO COCTO.SIHH.SI np ·CHCTeMLI, COOT· 
BeTCTBYJOII.IHe JJ;HarpaMMaM 2a H 26, MO)KHO 3anHCaTb • I 

B BHJJ;e 

- (a), :.1 - - - " 
~ I· 

m-6 VlG- - 4·· -~, T = - ~ * f U ( ) m+p t 
t (2 IT )4 2p. - c PI A ll 2_ . 2 rv . . .. p m 0 2-=:.m2 K2-f'2 YsUc(Pl)~lvd n,. ~ 

./1/ ; I. 

. ~6~ . o:.:_- - d ·m+~ t . 

Tt·- =~2* Uc (pl)r2p.,..-,Iiv Uc(Pl)~Iv' 
_ll n-m /2/ 

0TCIOJJ;a Jieri<O · H<?JIY'IHTh Bbipa)KeHHH JJ;BYX aMHJIHTY~ 
pacce.SIHH.SI B CJiyqae CHHPJieTHOPO HatJaJibHOPO COCTO.SIHH.SI 

·' ·_np ·CHCTeMLI: 

( )· . . " . 
T a= 1 e* f - ) m+p s m-~ y2 G 4· 

s (~IT)' 2p. Uc (Pt ~IL p-~m2r n:Cm2.K2-p.2 Ys ~c(~2)d n, 
·-/3/ ) .. 

. . ! . ..... ' 
• ._ (6) . * - . rt m+n s 

Ts· =~2p.uc (pi)r2~ -:C-2 ri uc <P2>· 
/4/ 

3.tie~h. H ,n;anee HCriOJI~3YIOTCH 0603Ha'ieHI;IH: .M, m,p. • MaCChi 
· .n;eiiTpoHa In p- cHcTeMLI/, HYI<JioHa H nHo_Ha co~TBeTCTBeH::· 
Ho; £_. • 3HeprHJJ CB.H3H ,n;eiiTpoHa /np ·:CHCTeMbi/; K ~Em ,- . 

q= I q I - HMnynLc OTHOCHTeJILHoro ,n;BH)KeHHH H:yi<JIOHOB B 
I • . 

0 p· CH.CTeMe; ~ 1_( ~ 2 ) • • Bei<T_Op nOJIHPH3aUHH JiaqaJibHOPO 
/I<oJieimoro/ ,n:eiiTpona/ D p· CHCTeMLI B TpHnJieTJIOM COCTO.SI • 
HHJI/; A ll .. -. aM_nJIHTy.n;a . npouecca pp-. d77 +; G _- niwH
Hyi<JIOHH8,B BepWHHHaX ~YHI<UHH; U c=YoCU*. • 3apXJJ;OBO· 
conp~)KeHHhlH CnHHOp; r , r t (r s ) • BepWHHHLie ,4JyHI<UHH 
.n:eiiTpoHa H TpHnnenroro >/cHHrneTHoro/ cocTo.SIHHH. np ~ 
CHCTeMLJ,. . ·. . ., · ·. . 

,. 

Cne,i:lyfl pa6oTe /4/ ' 'nepeii.n;eM OT HHTerpHp'onamiH" no. "'· 
4-H:MnyJILCY HeiiTpoHa B -/1/ H /3/ I<. IIHTer.jmponaHH~ no 
p ~ n ~ • K 

2 e cf>: r.n;e 'cf> - aJHMYT~JILHLiii ·'yron ~. Tai< I<ai< 
3HeprHH. ~ca.SI3H np .;cricTeMLI Mana no cpaniuimuro- c Mace a:
r.--m paccMaTpHnaeMl>tX qa9THJl, -.1-o IIHTerpanLI no p2H _n2 
~-OCTaTO'IHO Y'I.CCTL B. nomocHOM npii6JIIJ)KeHim, a HHTerpan . 

! 
. G 
•.-. 

.. 
, -' 

;.•_;· :· 

., . ,, 
't 

r 
.. 
.l' 
r~ 

~~• .. 

·.~.., .•., 

. ··" ' 

. ., .. . . . . 
no K~ MO)KHO JaMeHHTh . cpe.n;nHM 3HatJenHeM. Tai<HM o6-
pa3o:M:, - .n;nH · aMiininy.n; T laJ H T <•>, , coon3eTCTBYIOII.IHX· 

. . . t . .. . s . . .. · 
TpeyronLHoii .n;HarpaMMe, nonyqae~ ·"'·· .. · 

(a) , 'q · _ . y2'G . . - · . ,.. t · 

T t'~·:=41TM -K! p.2 {2p. Uc (pi )Ap.(m+p~rv (m-fl>ys U c(p2)~ !v, 
' .. . . ~ ·/1 '; 

(a) q y2 G · . - · ', . . ,. s ,. . · 

T~ = 41TM K 2_p. 2 ~;p.u ~(pl)A ll (m_+J>) ~ (m-n) y 5 u c<pJ. 
.. . . . . . .. . /3 ··; 

r.n;~: iryi<JIOH~I 6epy.TcH Ha M~~conoii-~onepx~o-~TH: p 2=n2=m 2 , 
q2~- K 2, a nHoH - BHe Macconoii-·nonepxHoCTH: 

2 1 '2 2 - ( -. 2 . 
K =y(u+3m -::-M ), _ u.:~.d 2-p 1 ). 

AMnmiTynLt· /2/: H I 4/, ~o()TseT~·TBY~~He ·- HeiiT~P~~~~~~i 
. 06.MeHy, Bhi'IHCJI.SIIOTCH n_~H'_ n2 ~ U /. m 2 : . 

. q 2'=[M 4_:2M 
2
(m.2 +u)+(.ri 2..:. u. )2 1/(4M~). :· /5/-.' 

.. J<.;: 
--.-

Terie'pb ,D;JIH npone.n;eHHH pactJeTO_B. HY)KHO eme. onpe,neJIHTb 
nepiiiHHHhle cPYHI<UHH. Co_rJiacno pa6oTaM 15- 7 I ... Mhi BLI6pa- . 
JIH .. 

. s, • 2 
· T = g ( q· h- , • 

: s 5 - . 
t .. 2 . 2 - - : . /6/' 

T · = g ( q ) Y. + g ( q ) n • nnH' T (a). · . · 
lv 1 _v 2 . v . 

~ •• t ·:2·· . .. 2'' .. -, (t))' 
· ~-- ~v =81 (q )yv+g2{q _)p2v·:._-.n;nH !T2 •. 

,D;nH · «<JyHKUHii g MLI HcnonLJona~~ -HepenHTimHcTci<Qe 
_npH6JIH)KeHife~ B noM: cnyqae onH onpenemnoTcn «<JYiii>e-

· np{!o6pa3onaHHHMH ao·nHoBLix clJyHI<UHii /5/: · · 
a/ o6a HYI<JIOHa HaXO,IJ;HTCH Ha MaCCOBOH nOBt)pXHOCTH 

' ... . . .,. .. 

. 81T .. 
. g. =--.as 
. s_ yM 

: 81T · · ad , 
g = ---(a +-=), .. 1 . yM - s y2 

/7/ 
. 161T.. . ·. M +m 2 

··s.z = • (as- -a ) · 
yM(M+2m) M-2m . yr d ' 

J 
·:-

. 7 ~ . 
. ~ .. 

.. .., .,.; .. - · .. 

....... ~ . 



. 2 . 
6( n -u~ m2 

g,;. Aa 
s s 

. ad 
gl = A(a +-), 

_ s ..;r 
.. 2 2 222 

2A 
g2 = M+2rn 

3d M (M+2rn) -(rn -n ) 
las - -='[1+3 4 2 - 2 · 2 2 2 nl I, v8 M -2M (rn +n )--(rn .-n ) 

3[ ' . 2 2 1/ 
A =Brr( M M(M+2rn)-(rn -n )]. )2, 

[M(M+2rn) +(rn 2 -n 2 )][M4 -( 102 -n2)] 

/7'/ 

2 2 ....... 
2 q+k -•qr -+ -+ 

a/q )= 4" f e 'l'f (r)dr. . /8/ 

B Kal.JeCTBe BOJIHOBhJX tPYHKUHH n p- CHCTeMbJ Mhl HCllOJih-
30Bann tPYHKUHH, rronyqeHHbJe cninBaHHeM OCUHJIHHTOpHhiX 
j,IJ,JIH ro=2,27frn I c tPYHKUHHMH XaHKeJIH nepBoro po,IJ,a: 

... ... -+ 
'I' (t ·) = a 'I' 

8 
( r ) + y 'I'D ( r ) -- ,IJ,n~trpnnneTa" 

.... ... 
'P (r ) = 'l' (r ) s . ' 

H " " - ,IJ,JIH CHHrneTa, 

r,IJ,e 

-+ ... " 

1

.A 8 [aR19(-r}fbR.z 8 {r)], 

'1'
8 

(r) = Y00 (r) x . (I) . : 
· - B

8 
h

0 
(1 K r), 

r ~ R, 

r> R = 

-.jHJ/ 

AD Rid (r)' 

'I' G'J~ Y2M (;') x ! B h (I) (lK r l. 
D ~ D 2 

r~R, 

r-> R 

,n;mi· Konequoro ,IJ,euTpoua rionaranoci., l.JTo 
ad· = 0.2 a8 , ·-

·8 

.-~ ''" 
'fr ·-· 

< 

no3TOMY $yph·e -npeo6paJo.Baune ,IJ,euTpouuoii BomioB6u !f>yuK
unn _B !f>opMynax ,IJ,JIH OTHOrneJIIIH CeqeHHH COKpa.'JuaeTCH·.· 

'pe3yJibTaTbl OUeHKH OTH(nueHH.H ceqeunu· npn-Be.tieHbl 
B Ta6n: 1 .. Ji 2, npnqe·M .ilnH Tpe)Tonhnoii ,IJ,narpaMMhi B 
nperieriax npnMemiMOCTH npHHHThiX nim6nnmeii:Hu OHH ue 
3~l.BHCHT ·un OT 3Fieprnn~ HH or yrna pacc~HHHH. 

· Ta6JIHita I 
. . . 

Oraomeaxe ceqeaxa pacceaHHa aa •cxar~eTe• K ceqeHHm 
pacceRHXR sa •r~~ere•. · 

Tpeyro~~Haa AHarpaxwa 

6, llaB 
.. .. 

0(. .-t a.-1·, L.o a.•~, .f,;.4 a.-fJ=~ a-&=" 
.• -

r.oo o.oo 1.0Q · r.oo 1.oo r.oo , 

2.23 0~98 0.20 1.04 1.04 1.04 1.04' 
. ·:.:~ . .. 0~80 . 0.60 .... 1.50 1.54 1.48 : 1.53. 

;! • ' 

... 
' 

" I~OO o.oo 1.00 r.oo 1.00 · 1.oo . 

~.00 0.98· 0.20 1.03 1.04 - I. OJ 1.04 

o.8o 0.60 . I.J6 1.51 .. I.JB 1.50 
.. ., 

1.00 . o.oo 1.00 1.00 ' 1.oo 1.oo 

1o.oo 0.98 o.·2o . 1~01 ' 1~04 1~02 ' -· 1.04 
. -T.· t 

.• 
o.8o 0.60 1.08 1.46 1.28 1.44 .. -

3uaq&HH8 6yltB a.1 & H To.lto yKa3aHO B 'T8KCre. 

3. OECY)[(,l(EHHE 

lfJ Ta6n. 1 I! 2 BH,IJ,HO; l.JTO pOJih 06MeHHhiX 3$$eKTOB 
,IJ,OBOJihHO- 6onhiiiaH. Auanornqu~Ix peJyni.TaroB . cne~yeT 
omn,IJ,aTh .n ,IJ,nH ,IJ,narpaMMhi lB. O,IJ,uako ueo6xo,IJ,nMo · eiUe 
pa3 llO,IJ,l.JepKHYTh, l.JTO· .. 3TII, OUeHKH BCe me oqe.Hb rpy6bie ~ 

9-

.. ;· 



OcHOBHhle BO~~a~e~HH Bhl3hlB~eT Hcnorr&ioBa~He.Heperrx
THimc-Tc:Kux BomioB&Ix ·I}JyHKUHii:. npu. paBH&IX · 3Jieptu.xx CBH3H · 
KaK· .rini CHHrrreTHoro, TaK H ipunrreTHoro cocToHHHH n.P.: cue
TeMLI · :B x.np'e. Ilo3TOMY :l.THM oueHKaM HerrLJH npu.naaaT& 
a6corr~THoro 3Ha·qeir~x. B~mo·· 6-bi i3~ci.:Ma 'uHTepecH&IM 
cpaBHHTb Ha 3KcnepHMeHTe ceqe.HHH.(p;pd) H (p,nd) peaKUHH. 

ABTop&I B&IpamaiOT HCKpeHHIOIO 6rraro.napHOCTb B.B.Iia
rraiiioBy 3a HHTepec K paGoTe H norre3H&Ie o6cym.n;eHHH. 

. T~ 

o.66 r3B 

1.00 raa 

-

1.50 raa 

i1o 

~- ~: .. -

fad~K!l6 2 

Otaomeaae ceqe~li · paccealliUI aa •caar.11ere• · x ce11eHHD pacceaaaa 
sa •rp~~DJiere•. flOJIDCHall ,lti!ArpeJOIB. 

~.5- a -1.0 .. "'$"'" ~ ;..o.8 
' 

L 
' ~ f II3B ~ .. CbrO a.-4 a.--.c C1•4 Cl•O a.--4 (l:o:-4 

,f,:o ,.; .. 6·4 fJ•-i ll,.o 6·-4 ., ... 6·-.f 
1.00 o.oo 0.96 0~96 0.96 0.96 0.96 0.96 0.96 0.96 

2.23 0,98 0.20 0.92 1.01 1,00 0.95 0.93 0.93 0.93 o.o3 
o.8o 0.60 0.51 1.35 1.00 1.10 o.81 0.70 0.72 o.oo 

1.00 o.oo 0,96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 
5.00 0,98 0.20 0.55 1.01 1.00 0.95 0.58 0.98 o.aa 0.92 

o.8o 0.60 o.u 1.34 1.13 1.rn 0.14 1.16 0.49 0.74 

1,00 o.oo 0.96 0.% 0.96 0.96 0.96 0.96 0.96 0.96 
w.oo 0,98 ·o~2o 0,18 1.01 ·1.00 0.93 0.98 0.99 0.22 ·0.99 

o.8o 0.60 0.03 1.32 1.18 0.94 1.18 .· 1.30 0.03 1.33 

1.00 o.oo 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 
2.23 0.98 0,20 0.97 1,02 0.94 0.83 0.86 0.94 0.94 0,92 

o.8o 0.110 0 • .64 1.28 0.51 0.54 0.49 0.75 .0.77 0.65 

1~00 o.oo 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 
5.00 0,98 0.20 1.02 .1.02 0.44 0.94 0.95 0,98 0.84 0,74 

o.8o 0.60 1.40 1.39 0,07 1.10 0.91 1.12 0.40 0.26 

1,00 o.oo 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 
10.00 0,98 0.20 1.oo 0,99 1.00 1.00 0,23 1.00 0.68 1,00 

o.8o 0.60 1.49 1.48 1.50 1.50 o.oo 1.33 0.21 1.38 

1.00 o.oo 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 
2.23 0,98 0.20 0,98 0.91 1.03 1.02 0.89 0.95 0.89 0.94 

o.8o 0,60 1.34 o.aa 1.48 1.55 0.54 o.81 0.53 0.73 

1<00 o.oo 0,96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 
5.00 0.98 0,20 0,93 1,00 1,03 1.03 0,93 0.99 0,13 0,87 

o.8o 0.60 0,99 0.70 1.20 1,01 0.70 1.21 0.02 0.48 

IO.OO 
1,00 o.oo 0,96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 
0,98 0.20 o.OI 1.03 1.02 0.73 1.01 0,99 1,01 1,01 
o.8o 0,60 o.oo 1.24 0.90 0.34 1.45 1.16 1.46 1.50 

------ --

3aa-ieaae dyu 0. 1 & H r • .J;. ymaaao B reJtcre. 
., 
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