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A H H o T a u H H 

Co6paHbl H TeopeTH'leCKH npoaHaJJH3HposaHbl see H3BeCTHhie B HacToHwee speMH 

aKcnepHMeHTSJJbHbie .aaHHbfe n c c e 'leHHHM po)K,aeHHH nap K-Me30HOB H rimepoHOB B HyKnoH

HYKJJOHHbiX,_ nHoH-HYKJJOHHbiX CTOJIKHOBeHHHX npH SHHHrHJJHUHH aHTHHYKJJOHOB. OpHse.aeHbi 

T86JIHUbl H HHTepnOJIHUHOHHble KpHBbie. 

v.s. Barashenkov, 1. Patera 

STRANGE PARTICLE PRODUCTION 

The available experimental data on the cross sections for the production of K - mesons end hyperons in nucle

on-nucleon, pion-nucleon collisions by the antinucleon annihilation have been collected and analysed theoretically. 

The tables are given and the interpolation curves are drawn. 



Vfccne.OOB8HHIO npoueCCOB pO)!(.QeHHH CTp8HHbiX 'i8CTHU IIOCBHI.IJ;eHO OrpOMHOe K0/1H'ieCTBO 

pa6oT. 0.QH8KO, 60I1blli8H 'i8CTb 11 0 11Y'ieHHbiX pe3y/1bT8TOB HB/1HeTCH O'ieHb HeTO'iHOll: H MO)!(eT 

p8CCM8TpHB8TbCH /1Hllib K8K rpy6aH, npe.QB8plnenbH8H OUeHK8 • 

.[lanee Mbl IIO.Op06HO paCCMOTpHM TY 'i8CTb 8KCnepHMeHT8/1bHOH HH<i:>OpM8UHH, KOTOp8H Kaca

e TCH Ce'ieHHll: pO)!(.QeHHH CTp8HHbiX 'i8CTH~. 

HaH6onee TO'iHO B H8CTOHWee BpeMH H3BeCTHbl Ce'ieHHH pO)!(.QeHHH rHnepOHOB B IIHOH-HyK

x) 
noHHOM B38HMo.aell:cTBHHX npH sHeprHH T < 1,5 Ess H OTHOCHTenbHbie sepoHTHOCTH po)!{.aeHHH 

nap K-Me30HOB npH 8HHHrHI1HUHH aHTHHyKnoHOB. B .apyrHx cny'iaHx npHMbiX H3MepeHHll: ceqeHHll: 

pO)!(.QeHHH CTp8HHbiX '18CTHU Bbin0/1HeHO ew;e M8/10 H 38K/110'ieHHH 0 Be/1H'iHHe 8THX Ce'leHHll: MO)!{-

HO 11011Y'IHTb /1Hllib H8 OCHOBe KOCBeHHbiX .08HHbiX • 

.[lanee Mbl 6y.aeM HCII0/1b30B8Tb cne.ayJOLUHe COKpaw;eHHbie 0603H8'1eHHH MeTO.OOB, C IIOMO-

LUbiO KOTOpbiX 11011Y'IeHbl 8KCnepHMeHT8/1bHbie .Q8HHbie: 

8-nK H n-nK - COOTBeTCTBeHHO BO.QOpO.OH8H H nponaHOB8H ny3b!pbKOBbie K8Mepbli 

8-.[lK, .[l-.[lK - BO.OOPO.OH8H H .aeli:TepnesaH .OH¢¢y3HOHHhie K8Mephi; 

cp - 8H8/1H3 B38HMO.Qeli:CTBHll: nepBH'IHbiX '18CTHU B ¢oT08MY/1bCHH; 

8¢ - '18CTHUbl, o6p830B8BWHeCH npH o6nyqeHHH BO.OOpO.OHOll: MHWeHH, .QeTeKTHpy!OTCH 

B ¢oT08MY/1bCHH; 

H - MeTo.a H3MepeHHll: He yKa3aH. 

B Tex cny'laHx, Kor.aa npH onpe.aeneHHH ce'leHHll: cymecTseHHO Hcnonb3osanHCb K8KHe-nH6o 

TeopeTH'IeCKHe npe.QIIO/JO)!(eHHH, 8TH npe.OIIO/JO)!(eHiiH 6y .OYT YK838Hhl B COOTBeTCTByiOI.IJ;HX npHMe-

'18HHHX. 

Mbi 6y.aeM npHBO.OHTb Te ~ owH6KH, 'ITO yKa3aHbi B 9KcnepHMeHT8/1bHhiX pa6oTax. EcnH 

Ce'leHHSI Ollpe.aeneHbl H8 OCHOBe KOCBeHHbiX .Q8HHbiX, npHBO.QHMbie OWH6KH X8p8KTepH3YIOT /1Hllib 

TO'IHOCTb HCII0/1b30B811Hb!X 9KC1IepHMeHT8/1bHhiX .Q8HHbiXi HCTHH!Ib!e OWH6KH ceqeHHll: B 8THX cnyqa

HX 3aMeTHO 6onbwe yKa3aHHhiX, o.aHaKo TaKoro )!(e nopH.aKa Be/1H'IHHbi. B Tex cny'laHx, Kor.aa 

OWH6KH nepeC'IeTa 3H8'1HTe/1bHO 60/lbllle 8KCnepHMeHT8/1bHbiX, 6y.aeT y ·K83hiB8TbCH /1Hllib IIOpH.OOK 

Be/1H'IHHhl Ce'leHHll:. 

1. .[lByX'I8CTH 'llible peaKUHH 

.[lnH nposepKH Bh!BO.OOB p83/1H'IHbiX TeopeTH'IeCKHX MO.aenell:, OIIHCbiB810WHX pO)!(.QeHHe CTpaH

Hb!X '18CTHU, OC06biH HI- ·epee npe.QCT8B/1HIOT ce'l e liHSI .OBYX'I8CTH'IHblX pe8KUHll: CO CTp8HHblMH '18C

THU8MH. TeopeTH'IeCKHe pacqeTbi B STOM cnyqae 3118'1HTenbHO ynpow;aJOTCH. 

x) 3.aecb H Be3.Qe .aanee T - KHHeTH'IeCK8H 8HeprHH '18CTHU B na6op8TOpHOH CHCTeMe KOOp

.0HH8T. 
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Vf3BeCTHble B H8CTOS!Wee BpeMSI 3KCnepHMeHT8nbHble Ce'!eHHSI T8KHX p eaKUHJ:t npHBe.aeHbl 

B Ta6nHU8X 1-5. B 3THX Ta6nHU8X npHBe.aeHbl T8K>Ke OTHOCHTenbHhl e BepOS!THOCTH 

w !!..L + .!!_/L ( ~.!'J.. + 0 (1 /!!_ ) , 
( 1 ) 

" aln a,n (1" a,n 

r.ae TIOnHOe Ce'!eHHe HeynpyrHX peaKUHJ:t a 1n :!:: OCTin nony'leHO HHTepnonSIUHeJ:t H3BeCTHbiX 9KCne-

/1/ 
pHMeHT8nbHblX ,08HHhiX 

B Ta6nHuax yKa3aHhl 3Ha'ieHHSI noporonoJ:t 9HeprHH T n 

JlnSI HarnSI.OHOCTH OCHOBHble 3KCnepHMeHT8nbHble ,08HHble CyMMHpOB8Hhl Ha pHC. 1-2. npH 

9TOM B Tex cny'laSJx, Kor.aa .anSI o.aHoJ:t H TOJ:t me sHeprHH T H3BeCTHO N 

H3MepeHHJ:t pa3nH'IHhlX 8BTOpOB, Ha pHCYHK8X YK838Hhl cpe.OHHe 3H8'1eHHSI: 

N N -1 2 

(1 + 0 (1 

~ (1 rr ( 0 ak ) 
n k= 1 

~--~-~-----
N N -1 

2 ~ rr (oak) 
n=1 k=1 

kf-n 

+ 

N 

rr 0 ak 
k = 1 

N N -1 2 

..; ~ rr (o a > 
n=1k=1 k 

k f- n 

He38BHCHMhiX 

(2) 

d ----. 
1.2 

I 

08 

0.6 

a~t 

02 

0~~~--~--~--~--~--~--~~ 
08 10 1.2 1/t T5~B 

PHc. 1. CeqeHHe p eaKUHH Tr + p->A + l(o 
-27 2 

( B e,OHHH U8X 10 CM ) • 
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Ta6JIHga I 

Cet~eHHe peaKUHH $-+p-1\-+Ko . 

T,.liaB MeTO;zt a-: -~~ 2 
AIC•' IO Cll (o-'A~· I <Y,,..)% 

Tn= O, 74 0 0 

0,775 B-IIK2 0,056 ± 0,015 0,3 :t O,I 
0,793 H-IIK2 0,14 ± 0,02 0,9 :t 0,2 
0,8 B- Ka 0,09 :t 0,03 0,6 :t 0,2 
0,81 B-IIK4 0,37 . ± 0,03 2,3 :t 0,3 
0,829 B-IIK2 0,43 ± 0,04 2,4 ± 0,3 
0,871 .B-IIK2 

0,~6 ± 0,04 2,9 :t 0,4 
0,88 B-II~ 0,95 ± 0,1 4,7 :t 0,9 
0,90 B-IIK4 1,20 :t 0,~7 6,0 ± 1,0 
0,91 rr-rrK7 0,59 ± 0,12 3,D ± 0,8 
0,95 B-II~ O,Stl ± 0,12 3,0 :t 0,8 
0,96 B-IIK7 0,82 ± 0,13 4,0 ± 0,8 
0,96 1HIK4 0,90 ± 0,07 4,3 ± 0,9 
0,96 B-IIK9 0,58 ±,0,12 2,8 ± 0,8 
0,99 B-IIK8 0,85 ± 0,10 4,1 ± 0,9 
0,99 B-IIK10 0,49 ± O,II 2,3 ± 0,8 

1,01 B-IIK4 0,68 ± 0,03 3,2 ± 0,6 
1,1 II-IIK3 0,27 ± 0,04 1,5 ± 0,4 
1,1 II-IIK8 0,26 ± 0,04 1,4 ± 0,4 
1,1 B-II~ 0,52 ± 0,02 3,1 ± 0,7 
I,I II-IIKII 0,22 :t 0,06 1,2 ± 0,4 
1,2 II-IIK7 0,29 ± 0,05 1,8 ± 0,5 
1,3 II-IIK7 0,32 ± 0,06 1,6 ± 0,4 
1,46 B-ilK 12 0,238 ± 0,041 1,2 ± 0,3 

4,85 H-IIKI3 * ~0,12 ~0,6 
15,86 B-IIKI4 * <: 0,34 ± 0,05 <1,5 ± 0,4 
23,86 B-IIK14 * <0,3~ ± O,U'/ < 1,'1 ± 0,5 

i),ilpHB6;!t6HH06 3HatleHHe RBJIReTCR cywapHWL ceqeH!rfeM peaRUHH );- + p __. 1\ +I(<> + rt..<il
1 

r;zte t'l = 0,1,2 ••• 9TO 3Hat!eHHe llOJiytleHO B npe;ztfiOJIOXeHHH , t!TO (}. ,..., ~ AIC0 + t'-'i" v,: 0~0 + rt.Tt 

Ta6JIHga 2 
Ce'!eime peaKI.(l111 w- +P-I 0 +K" . 

T,EaB YeTo;zt cr. I -~~ ~ r•~e• , 0 CAt - (<rr•~· /<I'cto} 0/o 
1'~= 0,86 0 0 
0,95 B-IIK3 0,35 t 0,09 1,7 ± 0,7 
0,96 B-ilK7 0,25 i 0,10 1,2 ::!: 0,6 
0,96 B-TIK4 0,34 ± 0,07 1,6 ± o,~ 
0,96 H-IIK9 0,35 :t 0,09 1,7 ± 0,7 
0,99 B-JU<a 0,41 :t 0,07 2,0 ::!: 0,6 
0,99 B-TIK10 0,19 ± 0,04 0,9 ± 0,3 
0,99 B-IIK4 0,34 ± 0,04 1,6 ::!: 0,4 
1,09 B-IIK15 0,39 ± 0,04 2,2 ± 0,6 
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I,I n-nK8 O,I6 ± 0,04 0,9 :!: 0,4 
I,I II-IIKII 0,2I :!: 0,06 I,2 :!: 0,6 
I,2 rr-nK7 0,12 ± 0,04 o,u :t 0,4 
I,3 II-IIK7 0,24 ± 0,06 J: ,2 :!: 0, 5 
I,46 B-IIKI2 D, I06:t 0,02! 0,5 :!: 0, <:: 

4,85 B-TIK13 * ~ 0 , 1 2 ~ 0,5 
I5,86 B-l1i{l4 * < 0' 34 :t 0, 5 <I,5 ± 0,4 
23,86 B-IIK14 * < 0 , 3~ :!: 0, 7 <I,7 :t 0, 5 

*) 
• IIpHBe,lJ;eHHOe aHalleHHe HBJIH eTCH cyuMapHblll Ce'leHKel4 peaKUHil rr- + p ~ .r 0 -f- K 0 

..... n.'il, 
r,D;e n :::1 0 ,I ,2 • , , 8TO 3HatleHHe UOJiylleHO B npe,nn0.7!0lE6HHIJI, '! TO ~•Ko +nfl" rv cfi\K• + P\n , 

Ta6JIH!:m 3 

Ce'!eHHe peaKUH~I Tt-+p-r-+K"'" 
·--·-- ·--- ------

T, EaB Me oro A -3..1-
o'r-K~ , 10 c .... z ( crl:-1'+ I o-; .. )% 

··---· 
T11 =0,86 - u 0 
0,88 .l$-H.Ii16 0 u~ + u,uo 0,3 :t O,I ' - 0,02 
0,89 B-IIKI6 O,I6 ± 0,05 0,8 :!: 0,3 

·0,90 lS-JIKl6 0, 16 ± 0,05 0,8 ± 0,3 
0,92 B-IIKI6 O,IO ± 0,0~ o,s ± u,:; 
o.~~ .I:S-1Ul16 O,I6 ± 0,05 0,8 ± 0,3 

... ~~ 0,94 B-IIKI6 0, 23 :!: 0,06 l , I ± 0,4 
0,95 .ts-l!KI6 O,I4 ± 0,05 0,7 ± 0,3 
0,95 B-nxB 0,09 ± 0, 04 U,4 ± 0,2 

0,96 B-nK7 0,25 ± 0, 07 1,2 ± 0,5 
0,% B-IIK7 0,24 ± LJ ,U6 1,1 ± 0,4 
0,% B-TIK5 0,09 ± 0, 04 0,4 :!: 0,2 
0,97 B-IIK16 0,25 ± o, us 1,I ± 0,4 
0,98 B-IIKI6 O,I7 ± 0, 05 O, tl :t U,d 
u.~~ lS-AJ(3 0,22 ± 0,03 I,O ± 0,3 
0,99 B-IIKIO 0, 22 :!: 0, 03 I ,O :t 0,3 
0,99 B-IIKI6 0,25 ± 0,07 1,2 :!: 0,5 

I B-IIKI6 0,21 + 0,06 I ,O :t 0,4 
I,OI B-IIKI6 I -

I, S :t 0,5 0,31 ± 0,07 
I,02 B-HKI6 0,29 :!: 0,07 I,4 ± 0,5 
I,04 B-IIKI6 0,26 ± 0,07 1,3 :t 0,5 
I,05 B-IIKI6 0,25 :!: 0,07 I,2 :!: 0,5 
1 ,06 lS-lH\16 0,25 ± 0,07 I,2 ± 0,5 
~09 B-TIKI5 0,27 :t 0,03 I,5 ± 0,4 
1,09 .n-JlKI7 0,200± o,02o I,I ± 0,3 
1,09 .n-.nx17 3f 0,177± 0,033 I,O :t 0,3 
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I,I ll-l!Kll O,I7 :!: 0,04 0,9 :t 0,4 
I,2 Il-IIK7 0,!3 :!:_0,03 0,8 ± 0,3 
I,3 II-IIK7 0,23 :!: 0,04 I,I ± 0,3 
I,46 .B-IIKI2 0,238± 0,029 I,I ± 0,2 

4,85 .B-IIKI3 + < 0,05 < 0,02 
I5,86 B-IIKI4 -t <. 0,29 :!: 0,04 (I,3 ± 0,3 

*). l1oJiylleHO HS YCJIOliHfl HSOTOIIH'Q6CKOLl HHBapHaHTHOCTH. 

-t). Ilpu:se.~teHHOe aHalleHHe lUIJIHeTcH cywapHhlM ceqeHHeK peaKWtH 'J('- + p ... 1::- + ~ + + n'ir, 
r.~te ~"" O,I,2 ••• 3To aHa1leHHe no.nyqeHo :s npe;ztnoJioxeHHH, llTO o;-,.;;-+t'l.'ii ,...., 0';;-,.-• ... n.T 

Ta6Jmua 4 

CeqeHHe peaKWfU <Ji + + p __,. I: + + K ~ 

T , Ea:s 

T" = 0,86 

0,91 

0,9I 
0,98 
0,99 

0,99 

I 
I 
I,03 
1,09 
I,09 
I,09 

1,I 
I,26 
4,85 
I5,86 

MeTo.~t 

B-IIK18 

B-IIKI9 
B-IIKI8 
B-IIK20 

B-IIK2I 

B-IIK3 

II-IIK22 

B-IIK23 

B-IIKI8 

.ll-.llK17 

.ll-.llKI7 3E 

II-TIKI! 
B-IIK18 
B-IIK13 + 
B-IIKI4+ 

-:J..?-
o-'r .. K"', 10 v/· 

0 
0 033 + O,OI8 

' - 0,012 

0,067 ± 0,005 
0,088 + 0,026 
0 19 + 0,09 

' - 0,07 

0,16 + 0,08 
- 0,06 

0,4I :!: 0,2I 
0,08 
0,205 ± O,OI4 
0,25 ± 0,02 
O,I?I ± 0, 03I 
O,I85 :!: 0,035 

0,15 ± 0,05 
0,42 ± 0,07 
<. 0,05 

<0,36 :!: 0,06 

~. IlOJiyqei{O H3 yCJIOBHfl H30TOllHlleCKOil HHDapHaHTHOCTH . 

r;zte ~ = 0,1,2 ••• IIpH sTow npe;ztnono~eHo, qTo 

7 

(err ... ~<"' fcr,.,.) 

0 

0,3 ± 0,2 

0,6 ± 0,2 
0,6 ± 0,2 
I,4 ± 0,7 

I,1 ± 0,6 

2,9 ± I,6 
0,6 
I,O ± 0,2 
I,6 ± 0,3 
I,I ± 0,3 
I,2 ± 0,4 

0,9 ± 0,4 
I,B ± 0,5 
< 0,2 

<I,6:!: 0,5 

o/o 

' ' 
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9E'9.L 7/ 0! 

o>1 + ;?-d+_Jb 

~0 

0 

010 

0?0 

Of'O 

0 

>10 

570 

0 

S/0 

Of"O 

~?0 



X+'!' . 

)(++K

Ko + i(• 
fi+K 

A+A 
1\ -t- A 

~-t-f"l 
/\+I:"~ 
:r+ ... f+ 
I:-+I:-

/1. + i\ 
li. + r· 
A +fo 
r=t + f: 11: 

A-i-A 

A+~·t 
fl.+ :r· 

Ta6JIHua 5 

CeqeHHa ~yxqacTHqHol aHHHrHxa~H aH~HBYKnOHO~ 

T, Ea~ 

0,92 

0,92 

0,92 

I,26 

I,29 

I,29 

2,25 

2,25 

2,25 

2,5 

2,5 

2,5 

2,5 

2 55" 
(2,2~-2,85) 

2,55 

(2,25-2,85) 

2,85 

2,85 

p +p ---9 X+'f 

lle~oJt 

B-ITK24 

B-nK24 

B-ITK24,25 

B-IIK25 

B-IIK25 

B-IIK25 

B-rrx26 

B-IIK26 

B-IIK26. 

B-IIK27 

B-IIK27 

B-IIK27 

B-IIK27 

B-IIK26 

55 :t IS 

.(50 

57 :t IS 

55 :t 40 

.... 40 

,...40 

38 ± 7 

s ± 3 

4 ± 2,5 

94 ± 20 
N3Q 

~'<20 

"'IS 

78,5:t; 23 

91 ± 25 

45 ± I2 

7 ± 3,5 

0,09 ± 0,04 

(O,I 

O,IO :t 0,04 

O,IO :!: 0,08 

-0,08 

.... o,08 

0,085± 0,025 

O,OI8:t 0,009 

0,089:t; 0,07 

0,21 :t;0,06 

,.,. 0,067 

.... 0,045 

,.. 0,033 

O,I?:t; 0,07 

0,2 :!: 0,008 

O,I :t 0,04 

O,OI5:t 0,009 

fioporOBaa aHeprH.R p0llt~8HH.R nap rHnepOHO~ I\+ i\ 1 7\ + Z 
f +!: 1H ;::::: +2, COCTaBJI.ReT COOTBeTCTBeHHO 0, 745, 0 ,94, I 1 !3 H I ,83 :Sa~. 
nna pollt~eHH.R napH K-Ke30HOB ,." =0. 
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06pawaeT Ha ce6SI BHliM8HH e SICHO Bblpa}!{eHHOe pe30HaHCH Oe noB eLJ.eH I! e Ce'leHHSI pO}!{LJ.eHIHI 

0 
nap bi .\ + ~( a6nu311 T "' 0,9 B aa. B p e30H 8HC H_D ll T O'lKe ce'leHa e a A K 0 B03pacTaeT B 4-6 pa3. 

Wiipuaa pe30H8HCH o ro m1K8 cocTaBnSieT npn6nu 3 nTenhHO 50- 100 Mas. 

Bo3pacTaHue ce'leHuii B o6nacTn T "' 1 6ae Ha6mo.o. aeTcSI H .anSI peaKUHll c pO}!{LJ.eHHeM 

~ -rnnepOHOB. 0.o.HaKO B03paCT8HHe Ce'leHHSI B a THX CJlY'l8SIX SIBJlS!eTCSI MeHee CHJlbHblM, 'leM 

.o.n11 peaKunll c pox<.o.eau eM ,\ -rnne poHa; B03MO}!{H 0 , 'lTO aTO B03paCT8HHe HMeeT 'lHCTO KHHe-

M8Tn'lec Koe nponcxo}!{ LJ. e Hue: poe T ce'leHIISI a6nH31i noporoao ll aHeprnu T = T n 11 cna.o. npH 

aHepri·ISlX T > 1 - 1,5 6 <> B, o6ycnoaneHHblll 6bJCTpbiM yaenH•IeHHeM 'lHCna B03MO}!{HbiX KaHanoa 

Heynpyroi1 peaKuim. ( HanoMHIIM, 'lTO ce'leHHe a
1

" npH T ;;: 1 B aa H3MeHS1eTcSI O'leHb cna6o, 

. I ll 
CM. ) • VI MeHHO nocne.O.HHM o6cTOSITenbCTSOM o6ycnosneHo yMeH bWeHHe ceqeHnll scex .o.syx-

'lacTn'lH biX pea Kuni1 npn aHeprHHX T >>l 63s. 

86nn3n nopora T = T n 9KcnepnMeHTanbHbie ce'leHHSI .o.ayxqacTH'lHbiX pe a KuHtt xopowo annpoK-

1871 
CI!MIIpyiO TCSI cpyHKUHeti : 

a (T) 
'h 

a(T-TnJ • (3) 

r.o.e 

-27 2 
rr-+ P-+ lo+ !(o; • . . (0,045:t_0,004)· 10 CM Mas Ll.JlSl pe8KUHH 

-27 
rr-+p-+l-+K+; • = (0,038:t_0,002)· 10 CM Mas Ll.JlSl pe8KUHH 

-27 + + + 
a = (0,0082:t_0,0006)• 10 CM Mas LJ.JlSl peaKUHH rr +p-+l +K 

141 
npH T>>l Bas npS!Mble H3MepeHHSl ceqeHHl! .o.syxqaCTH'lHbiX peaKuHA ewe He SblllOJlHeHbl. 

8 Ka'leCTSe Kpal\Heil BepxHel\ OUeHKH aTUX ceqeHHti MO}!{HO HCfiOJlb30BaTb aKcnepHMeHTaJlbHble .o.aH

Hble no ceqeHHHM peaKuHt!: c po }!{LJ.eHHeM nap cTpaHHbiX qacTHU A + !( H l + K s conposo}j{.o.e-

HHH pa3Jllf'lHOrO 'lHCJla rr -Me3oHos. ( CM. npHMe'laHHe K Ta6nHue 1-4), Cne.ayeT O}!{HLJ.aTb, 'lTO 

ce'!eHHSI Ll.BYX'laCTH'!HblX peaKUHA HaMHOrO MeHbWe TaKHX CyMMapHbiX Ce'leHHti, (3TO fiOLJ.TSep}!{LJ.a-

eTCSI TaK}!{e p8C'!eTaMH OTHOCHTeJlbHOti SeJlH'lHHbl C e 'leHHti p83JlH'lHblX KaHanos no CTaTHCTii'leCKOti 

TeO pHil MHO}!{ eCTBeHHOrO pO}!{LJ.eHHSI qaCTHU). 

2. Po}j{.o.eHHe nap K-Me30HOB 

KpoMe .o.syxqacTU'lHbiX peaKuHl! 6onhwol\ HHTepec npe.o.cTaBnliJOT TaK}!{e peaKuHH c po}!{.ae

HHeM napbl K-Me30HOB, TaK KaK MeXaHH3M o6pa30S8Hifll TaKHX nap MO}!{eT 6b1Tb HHblM, qeM Mexa-

x) K . 
HH3M pO}!{LJ.eHHSI CTpaHHblX '!aCTHU B peaKUHl!X C rBnepoHaMH , pOMe TOrO, pa3LJ.eJlbHOe li3yqe-

Hiie peaKuHli c napaMn K-Me30HOB 11 peaKUHl! c pO}!{LJ.eHBeM rHnepoHOB O'leHb aa}!{HO .anSI Bbi6opa 

1281 129/ 
napaMeTpOS B CTaTHCTH'!eCKOl! TeOplHI MHO)!<eCTBeHHOro pO}!{LJ.eHiiSI 'laCTUU ' 

0.ilHaKO, ecnn He C'li!TaTb aHHiirUJlS!UUH aHTHHYKJlOHOB, r.o.e npn aHeprliSIX, He npeBbiWaJOWHX 

HecKonhKO 6:;m, sep o SITHOCTb po>KLJ.eHHSI rBnepoHoB oqeHb Mana li ceqeHHe pO}!{LJ.eHBll nap K-Me-

30HOB aKK COBna.o.a e T C fiOJlHblM ceqeHHeM pO}!{LJ.eHiill CTpaHHblX '!aCTHU, TO HenocpeLJ.CTBeHHb!.e 

x) 
npu aHHHrliJJS!Uiill 8HTiiHYKJJOHOB napa K-Me30H OS MO}!{eT pO}!{LJ.aTbCl! s LlBYX'!aCTii'lHOl! 

p e8 KUIIH, 0.o.HaKO ceqeHBe T8KOl! pe8KUiili O'!eHb Mano (cM.Ta6n, 5), TaK KaK B 60JlblllHHCTSe 

cny <Jae K-Me30Hbi pO}!{LJ.aJOTCSI B conpOBO}!{LJ.eHHH HeCKOJJbKHX rr -Me3oHos. 
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H3MepeHIHI aKK HMelOTCSl nHlllb B p e.aKHX cny'laSIX. 8 6onblllHHCTBe cnyqaeB MO.lKHO n ony'lHTb 

nHlllb oueH.KH, ocHoaaHHbie Ha 6onee HnH MeHee on paa.aaHHbiX npe.anono.lKeHHilX. 

Vf3BeCTHbie B HaCTOSilllee apeMSl 3Ha'leHHSI a KK , nonyqeHHbie Ha OCHOBe npSI~blX H KOC-

BeHHbiX 9KCllepHMeHTanbHbiX ,aaHHbiX, C06paHbl B Ta6nHUe 6. 

HeKoTophle H3 npHae.aeHHhlX B 9Tolf Ta6n11ue 3Ha'leHHlf aKK onpe.aeneHbi H3 9KcnepHMeH-

TanbHhrx .aaHHhiX o Bhrxo.ae K - Me30HOB B 6epHnHeaoil: 11 anlOMHHHeaoA MHlllSHSIX, TaK KaK B o6-

naCTH ycKopHTenbHbiX 9HeprHlf aepoSITHOCTb o.aHoapeMeHHoro po.lK.aeHHH H ecKonbKHX nap K-Me-

30HOB qpe3Bbi'l8AHo Mana, TO cpe.aHee 'lHCn o po>K.aalOWHXCSl K - Me30HOB,. 

n 
K (4) 

r.ae w1 - BepOSlTHOCTb 

HHSI napbi K-Me30HOB 

-ro KaHana Heynpyroil: peaKUHH. Cne.aoaaTenbHo, ce'leHHe pom.ae-

a 
KK 

2a 
KK 

2 ( ~ K' ) n aln 
n TT-

(5) 

" 
npH 9TOM Mbl y'lnH, 'ITO npH 6onbWHX 9H8pf'11SIX CTp8HHble 'laCTHUbl pO>K,aalOTCSI B COllpOBO)K,ae

HHH HeCKOnbKHX TT -Me30HOB 1 ll09TOMY pa3nH'lHbl8 38p11.aOBbl8 COCTOSlHHSI napbl '( + [( np116n11-

3HTSnbHO paBHOBepOSITHhl H a = 2a 
KK KK 

3KCnepHMeHT a nbHbie OTHOWeHHSl 'lHCen pO>K,aalOUU!XCSI X-- H TT -Me30HOB npHBe.aeHbl 

B Ta6nHue 7. 3TH OTHOllleHHSl Mano H3MeHS1IOTCSI np11 nepexo.ae OT Be K AP • 3To ron o pHT o 

TOM, 'ITO aKcnepHMeHTanbHbre .aaHHhie Ta6nHUbi 7 xapaKTepH3yio T nepBn'lHoe p - N a3a11 Mo.aeil:-

9 
CTBHe, a He nocne.aylOWHe BHYTPHB.a e pHbie B3aH Mo.aeAcTBiill . ( npn ne pexo.ae OT 11.apa Be K 

27 . /44/ /45/ 
Sl,apy A e 'lHCno BHYTPHSl.a epHblX CTOnKHOBeHHA yaenH'lHBaeTCSI npH6nH3HTenbHO a.aaoe ' ) • 

B cpe.aHeM B o6nacTH 3H8'leHHA p H e . yKa3aHHb!X B T86nHue 7. aenrr 'lHH a n K' I n TT.;; 0,01 

npH T=-6 Baa H nopSI.aKa 0,01 H 0,05 np11 T=10 H 20-30 Baa. O.aHaKo, pacqeTbi, BhmonHeHHbie 

C llOMO!llblO CT8THCTH'leCKOH TeopHH MHO)KeCTBeHHOf'O pom,aeHHSl 'l aCTHU llOK838nH, 'ITO 8 pac-

CM8Tpl188eMOH o6naCTI1 p H e HMnynhCHbre 11 yrnoabre pacnpe.aeneHHSI 

. 3H8'lHTenbHO p83nH'lalOTCS1. noaTOMY ,aaHHbie Ta6nHUbl 7 npHBO,allT K 38Bbll.ileHHOil: BenH'l11H8 OT-

HoweHH SI cpe.aHHX 'lHcen ;; K. I il" · 

aKK ; 6onee TO'IHO 

H MoryT .aaTb npe.acTaaneHHe nHw h o aenH'lHHe nop11.arca 

( : K' ) 

n 
TT 

1 ( ~JC 
3 n -

TT 

(6) 

nony'leHHbie T8KHM 06pa30M Ce'leHHSI 

a Ta6nHue 6 • 

aKK COT'i18CY!OTCS1 C .apyf'HMH .aaHHbiMH, llp11Be.aeHHbiMH 

.[ln11 Harnll.aHOCTH OCHOBHbie aKCllepHMeHTailbHble .aaHHble CyMMHpOBaHbl H8 pHC, 3-5, ( npH 

aToM a p11.ae cnyqaea yKa3aHbi ycpe.aHeHHhre 3Ha'leHHSI ce'leHHA ( 2)) . 

3. CeqeHHSl po.lK.aeHHSl KacKa,aHbiX -rHnepoHOB 

Pom.aeHHe KBCKa.aHhiX rHnepoHOB Ha6n10.aanoch ao MHOT'HX pa6oTax, o.aHaKo 'lHcno 3aperH-

CTpHpOB8HHbiX C06hiTHH B 60ilbWHHCTBe cnyqaea 6bli10 KpaAHe M8i10; noaTOMY oueHKH Ce'leHHSl 
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BsBJiuo
:AeltcTBIIe 

p-p 

N-N 

p-p 

?-n, 

P-N 

r.--p 

'Ji-N 

T,EsB 

23 

... a 
-o 
0,08 

(0 .. 0,23) 

0,47 

0,92 

I,26 

Al0 

0,47 

O,I4 
(0 + 0,23) 

I,46 

1,85 

4,7 

4,85 

6,65 

9,86 

I5,7 

I5,86 

4,3 

Ta6;rmqa 6 

Ce'leHHe po&AeHHa nap K-uesoaoB 

lleTO.ll 

B-nKI4~+ 

n-nKso~ 

,. '*) 

~3I 

"' '*) 

., '*) 

H32 

~33 

n-nK34 

n-nK35 

B-nK36 

B-nK36 

n32 

n-nK35 

~38 ... 

B-nK12 

B-nK39+ 

B-.l!K40+ 

B-nKI3+ 

H-nK41 + 

B-n~6 
B-nK42+ 

B-llK14+ 

<1143 

+ +) 

0',." • 10-:&~ ... a. (a'rcrc / d;,. } •j. 

4,2 ± 0,6 I3± 2,5 

O,I5± 0,07 0,7 ± 0,03 

~ U,3 

- O,I 

-0,3 

"'3 

...... ) 
..... ) 

4,4 ± I,5 

5,6 ± 2,2 

6 ± I 
7,4 ± 2,I 

3 

~ O,I 

~o,3 

"'I 

"'IO 

3 ± I 

4 i 2 

4 ± I 

8 :!: 2 

I0,3 ± I,1 

13 ± 3 

5,6 : 2,2 8 : 2 

3,1 ± I,7• 

-0,031 

- O,I 

-0,6 

-0,7 

I,6 ± 0,4 

2,U + 0,3 

2,21± 0,25 

2,3 

::l-0,8 

3,5 ± I, 5 

-0,15 

"'0,5 

- 2,5 
~ 3 

7,0 ± 2,6 

9,1 ± 2,2 

9,7 ±I 

IO 

:'}4 

lloporoBaa saepr11a poa.nea11a napu K-uesoaoB T. = 2,47, 0 11 1,34 EsB 

cooTBeTCTBeHHO ;l(JIR cJiy'laR N-N , N- N 11 'il- N' BSBJiuo;neltcTBHit. 

'· llOJiy'ISHO B rrpe;llllOJIOlKeHHII 0 'ITO Q' ~ (j' 1\IC"+r•tc+ MC• 1"l:°K 0 , 

+). llpll STOM npe;nnOJiaraJIOCh 0 'ITO paSJIII'IHHe 3apa;nOBN8 COCTORHIIR napN 

K-uesoaoB paBHOBepoaTHH • 

._, ">~'). OueaKa, rroJiyqeaaaa no cpe.ztHHM 'IHCJiau polK,llaKHlii!XCR K- - uesoaoB. 

+ -t). Ce'!eHI!e a;,.l # N) np11 T ~ 0 Heii3BeCTHO. 

V) . llp11 ycJIOBl!l! 0 'ITO <T;h ( p N) =: <J', .. { p p) . 
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T, BaB 

6 

IO 

20 

24 

30 

" 
" 
II 

n 

" 
II 

n 

n 

n 

n 

n 

n 

II 

II 

II 

II 

33 

Ta6JIHUa 7 

0THoweH~e cpe.nHHX l!HCeJI K-:..H 

CTOJ!KH OBeHl!ll npOTOHOB C n,npaMH. 

n-- M630HOB, pox,na~~XCH npH 

flOJ!HSTHJieH 46 

Be46 

" 

Be47 

II 

Be47 

II 

II 

" 
II 

II 

Ae 48-5o 

" 
" 

Be47 

n 

n 

n 

n 

n 

n 

n 

n 

Jle. 47 

II 

n 

II 

II 

" 

II 

II 

p - HMnyn»C po~,na~~lXCH 'laCTHU 

Q - yroJI, no,n ROTOpUM 3TH l!aCTHUU BUJi eTa~T R HanpaBJieHHD 

nyl!Ra nepBH'IHUX npoTOHOB. 

Ra60paTOpHaH CHCTeMa ROOp,llHHaT. 

9 (rpa.n.) P,BaB/c n~~:- /n •. 
0 1,12 0,007 

0 1,7 0,02 
II 2 0,014 

" 2,8 0,014 

9 3 0,037 ± O,OII 

5,9 0,0069 ± 0,0020 

4,75 8,1 0,031 ± o,oos 
n 8,8 0,028 ± 0,002 
n 10,5 0,018 ± 0,002 

9 3 0,067 t 0,013 
5,9 0,042 :!: 0,005 

II 8,9 0,024 :!: 0,004 

6 5 0,066 :!: 0,020 

" 6 0,054 :t 0,007 
n 8 0,039 :t 0,007 

16 2 0,12 

4,75 II,7 0,040 l 0,005 

9 8 0,074 :!: 0,019 
n 3,9 0,055 :!: 0,006 

" 4,9 0,079 ± 0,008 

" 5,9 0,069 :!: 0,007 
II 8 0,074 :t 0,006 
n 1,25 0,012 ± 0,005 

" 2,5 0,088 ± 0,009 

" s 0,088 ± 0,010 

4,75 5,4 0,036 :!: 0,004 
n 6,4 0,057 :!: 0,015 
II 7,5 0,059 ± 0,007 

" 8,8 0,051 ± 0,004 
.. 10,7 0,050 :t 0,003 
n II, 3 0,050 :t 0,006 
II 12,3 0,043 ± 0,004 

" 14,3 0,034 :!: 0,006 

" 16,3 0,024 :t 0,008 

9 10 0,079 ± 0,017 

13 6 0,062 :!: 0,010 

9 0,048 ! O,OIO 

13,25 2 (!l ,9 :!: 1,3) IO - 2 

" 2,5 (8 ,5 :t 1, 3) 10 -2 
13 



"' 

df 
I 

8 

6 
/ 

4 J/ / 
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/ 0 
/ 

/ 

2 / 
/ 

/ 
/ 

./ 
./ 

./ 

~ -- af - == I 

0 5 10 15 20 25 TE:;B 
P11c. 3 . CeqeHIIe ~O:lK.Ll9HIIH cTpaHHhiX qacTIIU y Heynpyr11x N - N -saaHMO.LlellcTBHHX (a e.LlHHII -

uax lQ- 2 CM2). 3HaqK8MII fl II t:> OTMeqeHbl COOTB9TCTB9HHO 3HaqeHIIS! a II a 
Sf KK 

~%f I I I I I I Tl6 I Oin 

12 

9 

6 

3 

0 0.2 att 06 0.8 I LZ T/538 

PHc. 4 . BepoHTHOCTb PO*.Ll9HHH cTpaHHhiX qaCTHU ( !!__sL) "' ( -~ 
-

B n eynpyrnx N - f-1 

B3aHMO.Ll9HCTBHHX. 
0. 

'" 
a in 

Jli 



6 .---~--~----~--~----~--~--~----~--~ 

3 

2 

I 

0 

•• / 
/ 

/ 
/ 

/ 
/0 

/ 0 
/ 

/ 

/ , 

8 

............ -

• 

+ 
---- 1~-------- . --

12 16 
PHe. 5. Ce'le HHSI po)!{aeHHSI eTpaHH hiX qaeTHU B Heynpyrax 11 - N B38HMoaell:eTBHSIX, 

Bee o6o3Ha'leHHSI Te )!{e, qTo H Ha pHe. 3, 

T6~s 

aE HMeiOTeSI Beero nHWb B HeeKOnbKHX TO'IKBX (eM, Ta6n, ·8 H pHe, 6), npH 3TOM 'l8eTb 

OUeHOK nony'leH a H3 8H8nH38 B3 8 HMOaell:eTBHll: e SiapaMH, KoHe'lHO, nonyqeHHb!e TBKHM o6p830M 

3H8'leHHSI eneayeT paeeMaTpHB8Tb nHW b K8K rpy6o OpHeHTHpOBO'lHb!e, 0wH6KH oa 
= 

3 8HHhie anSI 3THX enyqaeB, xapaKTepH3yiOT nHWb eT8THeTH'leeKyiO o6eene'leHHOeTb H3MepeHHll: , 

8 o6naeTH 3HeprHll:, aoeTyiTHh!X HeeneaOBBHHIO Ha y eKOpHTemiX, ee'leHHe pO)!{aeHHSI =. 

J:'HnepOHOB, BO BeSIKOM enyqae anSI 1T- N B38HMOaell:eTBHll:, O'leHb 6hieTpO B03p8eTaeT, 3TO 

o6eTOSITenbeTso B 3HB'lHTenbHOll: eTeneHH o6yenosneHo Bbreo K oll: noporosoll: 3HeprHell: T n 

06pawaeT H8 ee6SI BHHM8HHe OTHOeHTenbHO 60nbW8SI B.enH'lHH8 ee'leHHSI a= npH X - N 

B38HMOaell:eTBHH; pO)!{JleHHe J:'HnepOHOB B 3TOM enyqae OK83biB8eTeSI 3H8'lHTenbHO 6onee se-

pOSITHhiM, '!eM npn 1T -/\' B38HMOaell:eTBHSIX , 

4, reHepaUHSI 8HTHJ:'HnepOHOB 

LJ.TO KaeaeTeSI pO)!{aeHHSI 8HTHJ:'HnepOHOB B 1T - ·N H N - N B38HMoaell:eTBHSIX, TO . B 

HaeTOSIWee BpeMSI H 3 B e eTHbl nHWb eaHHH'lHbJe enyqaH TBKHX eo6biTHll: H KOnll'l e eTBeH!lbl e 38KniO

'l e HHSI 0 ee 'l e HHSIX O'leHb 38TpyaHBTe'IbHbl , 8 06nae TH 3 HeprHll:, He npeB b!WBIOWHX a r.yx-Tpex 

aeCSITKOB 63B, ee 'leHI!e pO}!{aeHHSI BHTHrHne pOHOB, no- sHaHMOMy, TBKOJ:'O )!{e nOpSiaKa BenH'll!Hbl 
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I, 

B3alfuo- ) 
)l.eltcTBite* 

P-P (:=:-) 
P-P (:-J 

en--P (s:-} 

" 
" 
" 

'ji-_ N ( :=..-) 

" 
" 

K:.p (Z..) 
K--/V {;::-} 

K"-P ts•) 
1\-P (0:::.-) 

Ta6JIHUa H 
Ce4eHHe polt)l.CHHll 8 - rHnepoHoB 

T ,E:lB MeTO.ll 

23 B-11KI4 

2,25 B-IIK26 

11,85 n-riK13 

9,86 B-11KH6 

!5,7 B-ill{42 

I?,!:l6 n-m{lll 
5,35 rr-nK52+ 

6,65 Il-11K53+ 

7,!:!5 n-llKSJ+ 

0,76 TI-11K54 

0,76 n-rrre55 

0,76 f1-IT!{54 

I,8 B-TIKU 

-30 
0"- ~0 ,_...z 

.::. ' 

<50 
4 :: 2,5 
""6 

I4,J !. 4,8 
~ 20 
<60 

2 J + J ,I 
"' • - I 6 

J 6 + 2:5 
"" ' - 2 ,I 

. + II 4 
""Ill,6- 3 •2 

' 
~ !4 

IU .±. 5 
"" 211 

2I,8:: 20 

(«::: /«.~ )% 

<0, ;! 
0, 008 .:: 0, 005 

""0,03 
0,0fi8 : 0 ,03 
~ Cl,I 
<. O, :l 

I + 0 QI II ..... r.,o - o'oos 
0 Olfi + n,OI? 

tv , . - 0,0!0 
o 04 .. + 0 ,017 

""• · 
1 - r ,(H 4 

~ () ,OH :: r,ol 
O,I : 0 , i1s 

"' [1 ,14 !. P, O~ 
0,I4 !. n ,r 6 

lloporosaa :lHepntll poll(,lf,eHitl! S-nmepona ~ = 3,71, 2 ,I9, 0 , 65 11 c oors e TcT HCH HO 

~JUI cny4all N- IV' , 'Jf -tv , 1<- tv B3Uifio:O)l.ellcrB»i! . 

*~B CK06KaX yKa3ai!O 1 KaKOR TJ.fO S - fl.fTICpO HU lfCCJie)l.OBUJICII B .J.C.Hl!Ofl p<t60Te . 

+ ~rpy6all OUCIIKa 1 TIOJiy4eHHUII l.f3 UHUJIJ.f3U ll31J.I.fMO)(P.f! CTB11H C l! )l.pa:~Y. yr JTC p0)l.U. 

o'. 

IS 

IQL . 

5 

0~~--~--~---~--~--~--~ 

"' 6 8 IQ tz It, f638 

.tee. 6. Ce'I&Hee po>K.a.eHHR :;. -rHnepOHOB a rr - N B38KMo .neAC TBHRX (a e.n. KHKuax 

to-30c .. 2 J. 
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KaK 11 eeqeHHe pO)!{,UeHHSI aHTHHyKnOHOB, HnH HeeK OnbKO Me HbW e , H e oeTaBnSJeT nHWb O'ieHb Ma

/ 56 / 
ny10 qaeTb nonHoro ee'ieHHSJ po)!{.ueHHSJ eTpaHHbiX qaeTHU. TaK B pa6 oTe .unSJ e e 'ieHHSJ po)!{.ue-

HHSJ A -rHnepoHoB B rr 

a- = (3 
A 

p B38HMo.uel!eTBHSJX npH T=7 Esa nonyqeHa oueHKa: 

+ 5 -30 
-3 ) . 10 

+ 2 -2 
( 1,3 _ 1,3 ) · 10 %a In 

3TO 3Ha'ieHHe 6nH3KO K OUeHKe ee'i e HHSI a_ ~ 10
-30 2 

eM , nonyqeHHOi! B STOll )!{ e na6opaTO-
/57/ N 

PHH • npH6nH3HTenbHO TaKoe )!{e 3H8'ieHH e 

/86/ 
a A nonyqeHo B rr -p B3aHMo.uel!eTBHSJX npH 

sHeprHH T = 10 EsB : 

a_= (5,2+3,2) • l0-
30

eM
2 

= (2,3 + 1,4) % a 
A - - In 

( BO.UOpO.UHaSJ TIY3b!pbKOBaSI KaMepa). 

/42/ 
B pa6oTe npH aHanH3e 60000 cp oTorpacpHil B3aHMo.uel!eTBHSJ 16-6sBHbiX " 

B BO.UOpO.UHOl\ TIY3blpbKOBOl\ KaMepe Hal\.ueH Beero nHW b O.UHH enyqal\ pO)!{,UeHHSI 8HTHI""'HTiepoHa 

A -rHnepoHoB B SToll pa6oTe nonyqeHa ae pxHSJSJ oueHKa: 

-29 2 
a-< 2·10 eM 

A"" 
0,08% a 1n 

EnH3K8SJ oueHKa ee'ieHHSJ a-
A 

p - p 
/14/ 

B3aHMo.uel!eTBHl!: np11 T =23 Esa 

a- "' 
A 

3 • 10-
29 

eM
2

"' 0,1% a 
In 

3TO npH6nH3HTenbHO Ha TIOpS!.UOK MeHbWe eeqeHHSI pO)!{.U eHHSI aHTHHyKnOHOB 

/58/ 
SHep!""'HH (eM. ). 

a ff npH STOI\ 

BnonHe B03MO)!{HO, 'iTO np11 o qeHb 6onbUJHX sHeprHSJX T>> 10 Esa ee'ieHHe po)!{.ueHHSJ aHTH

ni!IepoHoB 6y ,UeT H8MHOI""'O npeaoeXO.UHTb eeqeHHe a - (eM. TIO.Up06Hee B /'5
8/). 

N 

He.uaBHO 6wnH nonyqeHw KOnHqeeTB eHHhl e oueHKH aenH'iHHhl a- II a_ 
A ~ 

UHH aHTHHyKnOHOB (eM. Ta6n. 5). npH SHep!""'HSIX T < 1 OSB STO eE!'IeHHe eoeTaBnSJeT OKOnO O.UHO-
"' 

1""' 0 npoueHT8 OT nonHO!""'O ee'ieHHSI pO)!{.UeHHSI eTp8HHbiX 'i8eTHU H npH6nH3HTenbH O eTOnbKO )!{e OT 

eeqeHHSJ p o)!{.ueHHSJ aHTHHyKnoHoB. CTonb ManaSJ aemf'iHHa a A 11 af o6bSJeHSJe TeSJ, no-BH.UHMOMy, 

6nH 30eTbiO K n o poroaol!: sHeprHH. 

npH 6onbWHX SHep!""'HSIX eTaHOBSJTeSJ eyweeTBeHH biMH pE!8KUHH, B KOTOpblX aHTH!""'HnepOHbl 

p o)!{.ua10TeSJ B eonpoBO)!{JleHHH rr- H l( -Me30HOB. B HaeToSJwe e apeMSJ H3BeeTHa aeero nHWb 

/27/ 
O.UHa pa6oTa , B KOTOpOl\ H3MepeHhl eeqeHHSI TaKHX peaKUHl\: 

a ( 41 + 17 ) 10 - 3 0 

p+p-+1 
a ( 3,5 .±. 2) 10- 30 

np11 T = 2,25 OSBj 
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npH T : 2,55 6aej 

A+A+11° a "' 40 . 10 - 30 

p + p ... 
-± ±. 
~ +~ +110 a (9,8 ± 5 ) . 10 -

30 

npH T =2,85 6ae. 

KaK BHLlHO, 9TH Ce'leHHSI T8KOT'O )l{e nOpS1LlK8 BeilH'IHHbi, K8K H Ce'leHHSI LlBYX'18CTH'IHbiX 

peaKuHi! B Ta6nnu 5. 

/27/ 
B pa6oTe T8K)i{e enepBbie H3MepeHo ce'!eHHe pO)I{LleHHSI 

p + p ... ~ + c:: 

(eM. Ta6nHuy 8). 

~ - -rHnepoHa. 

5. nonHbie Ce'leHHSI pO)I{LleHHSI CTp8HHbiX 'laCTHU 

8 Ta6nnue 9 co6paHbi H3BeCTHbie a HaCTOSIUlee epeMSI aKcnepHMeHTanbHbie LlaHHbie no non-

Hb!M Ce'leHHSIM CTp8HHbiX '!aCTHU. 

B aTolt Ta6nHue HeT L18HHbiX LlilSI 11 +_ p B38HMOLleltcTBHi! H LlilSI aHHHT'HilSIUHH aHTHHyKno-

HOB, T8K K8K B nepBOM cnyqae Ce'leHHe a "' a'<' + + H npHBeLleHO B Ta6nHue 4, a BO BTOpOM 
St -"- K 

cny'lae a 
51 

"' a KK H yKa3aHo a Ta6nHue 6. KoHe'IHO, npH yeenH'IeHHH aHeprHH c 3aMeTHOlt 

BepOSITHOCTb~ 6yLleT peanH30B8TbCSI MHOT'O LlPYT'HX K8H8llOB peaKUHH H Ta6nHU 4 H 6 6yLleT 

y)l{e HeLlOCTaTO'IHO LlilSI onpeLleneHHSI Ce'leHHSI a 
St 

3H8'1HTenbHaSI '18CTb L18HHhlX T86llHUhl 9 SIBilSieTCSI OUeHK8MH, nony'leHHhlMH H8 OCHOBe pa3-

llH'IHbiX npeLlnOilO)I{eHIIlt. no X8p8KTepy npeLlnOilO)I{eHHlt 3TH OUeHKH MO)I{HO p83LleilHTb B OCHOa-

HOM H8 TpH rpynnw: 

1. OueHKH ce'!eHHlt, nony'leHHbie c noMOWb~ npeLinono)l{eHHlt, CBSI3biBci~WHX ce'!eHHSI po)I{

LleHHSI 3apg)l{eHHbiX H Hei!TpanbHbiX '18CTHU. TaKHe npeLinono)l{eHHSI BbmonHSI~TCSI TeM TO'IHee, 

'!eM BbiWe aHeprHSI T H 6onbwe 'IHcno pO)I{L18~WHXCSI a peaKUHH '18CTHU. 

C~Lla )l{e MO)I{HO OTHeCTH OUeHKH, OCHOB8HHbie H8 npeLlll0il0)1{9;!HSIX, CBSI3b!B8~WHX ceqe

Hihl pO)I{LleHHSI rHnepoHOB H nap K-Me30HOB. 3TH npeLinono)l{eHHSI, eoo6we roe::>pSI, BbmonHSI~T

CSI llHWb B onpeLleneHHbiX HHTepeanax aseprHH H HX CneLlyeT p8CCMaTpHB8Tb KOHKpeTHO (eM. 

npHMe'I8HHSI K Ta6nHue 9). 

2. OnpeLieneHHe ce'!eHHlt H3 ananH3a B38HMOL1eltcTBHlt '18CTHU c HLlpaMH. TaKHM a 
St 

o6pa30M MO)I{HO c xopowelt TO'IHOCTb~ onpeLienHTb ce'!eHHe a 
St 

B Cily'lae aHHIIrHilHUHH 

aHTHHyKnOHOB npH ManbiX aHeprHSIX. Bee CTpaHHbie 'lacTHUbi pO)I{L18IOTCSI a aTOM cnyqae npH 

B3aHMOLlei!CTBHH C OLlHHM H3 HyKnOHOB SILlpa. 8 llOCileLly~UlUX B38HMOL19i!CTDHSIX BHyTpH npo-

HCXOLlHT llHWb nepe38pSILlK8 pOLlHBWHX'CSI CTp8HHbiX '18CTHU H H3MeHeHHe HX HMnynbCOB. 

noaToMy 

(~L N + SILlpO ~- ) if+ N 

a In a In 
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ll3amt.o
.1leli cTBHe 

P-P 

" 

" 

" 

" 
" 
" 

" 
" 

" 

" 

P-n 
" 

/V•N 

" 

" 

" 
" 
" 

" 
" 
It 

" 

T l3:JB 

2 

2,75 

2,85 

3 

3 

3 

3 

3 

9 

9 

23 

3 

6 

2,8 

6 

6 

9 

9 

9 

10 

20.;.30 

28 
(10+100) 

150 
(50+250) 

Ta6JIJH.\a 9. 

Ce<leHJIJe po)[~CHHR cTpaHHblx 4aCTI1l.\ 

MeT o.ll 

B-HK59 * O,OH3 ~ 0,005 C,06 ~ 0,03 

B-JlK60 0,1 -7I,5 0,3 -+- 0,5 

B-!IK61~* ~O,IJO ~ O,OJ 0,44 ~ O,IJ 

BiJ?62-64+ <0,8 <3 
nq,65 ""0,3 "'1 

B-JlK66 ~0,2 "'0,7 

B-JIK66 < 0,4 < 1,3 
c67++ "'0,08 : 0,12 "'0,25 :!: 0,3 
,p85 3-3 ~10 

~68 I. ~1,3 ~4 

B-!IKI4 u 7,3 :o,7 23 :: 5 

,..., 4 

"'2 

Jill( cl2) 69 >0,09 ~0, 06 0,3 :to,2 

n~IIK30 ~ ..... 0,5 - I,5 

f~ ~) ,... 0,5 ,...2 

.p70 9'9' ,..., 0,5 "'1,5 
\i?44,7I. --3 "'10 
931 r-1 .... 3 

~ ':\" ~) "'3 ~ro 

"" % "") ,... IO "'30 

KB( Af 27) 72 ~ ,....20 N 60 

f!KB lnap8ilJJiJH) 73" NJQ w30 

---------------------------------------------------------------------------------------
1i- -P 0,775 B-11K2 0,056 :: 0,015 0,4 :: 0,2 

" 0,793 B-IIK2 0,!11 : 0,02 0,9 '!:0,2 
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J 

0,8 B-,ll.K3 0, 09 : O,OJ 0 , 6 : 0 ,3 

" O,S29 B- l1K2 0 , 1+3 : 0,04 2 ,5 : 0 , 4 

" 0,87I B-ITK2 0,56 : 0,04 2 ,9 : 0 , 5 

" 0,91 fl-ITK 7 •• ...., 0 ,9 .v 4,5 
II 0,95 B-ITK8 1,02 : 0 ,25 4,9 : I,9 
II 0,96 B- .ll.K 11 ¢74 0,8 + I 3 + 6 

- O,B ' 8 - 3,8 

0,96 B-ITK7 1 ,32 : O,I8 6,3 : I,8 

" 0,96 B-IIK9 I ,02 : 0,2 4,9 : I,7 
II 0,99 B-.JtKs I ,118 !. O, I3 7, 0!. I,6 
II 0,99 B-IIKIO 0,90 : O, I2 4,3: I ,2 

" 0, 99 B-l1K75 0,9 4,3 

" I,I ll-ITK3 A >O' £iO : 0, 07 )3,5-:!: I,O 

" I,I ll-ITKII ~ >0 , 60 : 0,09 ) 3 ,5 !. I, I 
" IT-rrK7 ~ II I,2 >0,54 : 0 ,07 ) 3 , 4't i,3 

II I,3 ll-!IK 7 A >0,79 : 0 ,09 /4,0 : 0,9 

" I ,116 B-l1KI2 0, 92 4 : 0,095 4,4 : 0, 9 

" I,85 B-IJK39 >0,4 > I,9 

" I,9 B-JU{76 =I 0<' 4,8 

" 4,7 B-.lll\40 .... J, 2 -5 

" 4,85 B-IIK13 I, I4 5 

" 6, 65 ll-!1K4I AA 3 ,2 : 0 , 6 !4,0 : 3,2 

" 9,86 B-IIK86 3 ,3 : 0 , 4 I5,5 !. I ,3 

" I5 ,86 B-IIKI 4 3 ,6 I6 

" ! 6 B-IIK77 '78o .... 3 .... I3 

-------------------------------------------------------------------------------------
1i-N 1,5 KB(ci2)79 0,6 2,5 

" .p43 ., 
" 4,3 "'I ,5 - 6,6 

-------------------------------------------------------------------------------------
K:.P I,8 B-f!K88 DO O,I8 : 0,02 I,2 : 0 ,4 

-------------------------------------------------------------------------------------
~f.llp11B6~6HO C646HI16 peaKnHH p+p--p + /\+ K+ ; C646!1116 p0ll,ll;61!Hi! 1: - rHnepo HOB 

3Ha4HTenbHO M6Hbill6. 

**)He y4reH BKna~ nap K-we30HOB. llo-BH~Hwouy , aror BKna~ o4 eHb Man, raK KaK nopor pox~e-
HHI! napw K+K scero nHmb Ha 0,5 E3B weHbme paccuarpHBaewoA 3HeprHH. 

+) 0UeBKa 1 UOHf46HHai! H3 3KCnepHU6BTanbHHX ~HHWX C UOMO~bD CTaTHCTH46CKOA T60pHH 9epMH, 
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A) rpyde.R OUeHKa, nony'leHHaR B npe,llnOJIOlll:eHHH, 4TO Ce'leH~IIl pOliC,IleHHR J': 0 
1 z• 1 z- H t1 

-rHnepoHoB npHdJIH3HTeJihHO paBHbl. Ce'leHHe po:-~:,lleUMII nap K-Me3oHOB He Y4TeHo. 

Al) KpoMe npe,11,nonoliCeH11n, yKa3aHHblX a npHl.W'laHHM K TadnHue 6, npe,ll,nonaranoc&, 4To ce'le-

JIMR pOK.llCIIMR 3apRl!WHHblX H HellTpCl.JihHilX rMnepOIIOB npudJIH3HTeJibi!O paBHbl. 

't') flpH :JTOM npe,llnOJiara.~OCh , 4TO Ce'leHHR pOll).ICHHR 3apRJ:ei!HblX H HelhpaJihHbiX 'laCTIIU 

npudJIH3HTeJibHO paBHbl. 

Y Y) floJiy'leHO ~13 llllaJIH3a B3llMMO,!(CliC~Bf!ll C R,llpaMH !l>OT03MJ JlhCHH B npe,ll,nOJIOXeHHH, 4TO Ce'le

HHe po1K,n.CHHR nap K-Me30HOB Taro :r;e nopR,liKa, 4TO H Ce'leHHe poX,IleHHR rHnepOHOB, a Ce'leHHR 

pol!:,li,OHHR 3apRJKeBHblX 11 HefiTpanhnhlx rHnepoHoB npndmt3HTcnhno O.l\l1HaKosu. ITo-Bll.llHMOMJ', cel.le

m:c ~ H31.A:CpClliiOe B padotef?O/, RBJIRCTCII CIIJihHO 3aHV.lWilllblloi!. 
I 

'**~) rpydaR oueHKa no cpe,11,nnM 4Hcnau po:~r,llaDIIIIIXCII K:t -ue36Hon . 

•) Ilony'leno 113 aHn.JIH3a B3aHMO.IlellcTBHn c a.n;pauw !l>oT031oi!JJlhCHH B npe.n;nono:a:eHHK, 4TO 

T ~ 0,14 E3B, 

TO OCTllJlhJICl.ll 'laCTh CC'lCI!Hil ,!(OdaBJieHa 113 cpaBHeHHSI C TeopeTH'leCKHMH CneKTpaMH 1 paCC'lHTaH

HHMH no CTRTHC'fH4CCK00 TeopMH ~epMH. 

••) OueHKa, nony4eHHaR npH ycnoBHH: a;.~ <>r- = 0,16 (cp . Tadn. 3). 

A) Ce'l CHHe pertKUltl! c 11-Me3onauH He y'lHTblBanoch (noporosall :JHeprHil pol!C){eHHR ~-l!.e3o

Hon Tq '::! I E:lB). 

A A) I1p11 3TOM npe,llnonaranoch , 4TO poJK)(eHHC nap K-Me3oHon pa3HhiX 3HaKoB 3apR.Ila pasuose

poRTHO 1 a CC4eHHil pOK,lleHII il 3apRlKe!IHUX 11 HCI-!TpaJibHblX nmepOHOB npHdJIJ/f3HTeJihHO paBHbl. 

a) . OueHK<t , nony'leHIIaSI B npe,ll,nOJIOJ!(eHIIH, I.! To cc'leHHe poJK.IleHHII nap K-Me3oHoB npHdJIH3HTeJihHO 

pasHa y .liBOeHHOMY ce'lCHHKl poli(.JJ;f~HHR rHneponon . ( Cp / 42/). 

00) B CJIJ'lae tt.- (1/ B3al!J~O){CilCTBHll no,n. CC'ICIIUe!A polit).ICHHR CTpal!llbiX 'laCTUU Mbl nOHlfMaCJ.I 

ce4eHne peaKun:l c pox,J\cnHeM rpex n donee cTpaHHblX 'lacTMU, r.e.- ce'leHHe pOJ!(.l\CHHil ~

HIHCJIL!Iol! naphl CTpaHHbiX 'laCTJ/fU. 

21 



' 

npH 6onbWHX 9HeprH!IX H3MepeHHSI H8 SILlpBX 6yLlyT Ll8B8Tb nHWb HH)!(HIO IO OUeHKY a Sf , T8K 

KBK 'i8CTb CTp8HHbiX 'i8CTHU 6y LleT p0)!(Ll8TbCSI npH 8HHHrHn!IUHH 8HTHHyKnOHOB, y)!(e 38MeLlnHB

WHXCSI acneLlCTBHe B38HMOLleAcTBHit BHyTpH !ILlpa (HanoMHHM, 'iTO ceqeane a ( NN) cnnbHO 
Sf 

38BHCHT OT 9HeprHH). 

B npHMeHeHHH K rr - N H N -N B38HMOLleAcTBH!IM aaann3 B3BHMOLl e i!CTBHit c !ILlpBMH 

T8K)!(e M0)!(8T Ll8Tb LlOCT8TO'iHO TO'iHbie 3H8'ieHHSI Ce'ieHHSI _ pO)!(LleHHSI CTp8HHbiX 'i 8 CTHU, ecnH 

9HeprHSI 'i8CTHU nocne BHyTpHSILlepHbiX B38HMOLleitCTBHit He npeBOCXOLlHT nopora pO)!(LleHHSI CTpaH

Hb!X 'i8CTHU. 3TO BHLlHO, HBnpHMep, H3 Ta6nHUbl 10, rLle npHBeLleH BbiXOLl CTp8HHbiX 'i8CTHU 

(a I a ) , pO)!(LlBIOWHXC!I npn B3BHMOLleitcTBHH 1,5 -6aBHbiX rr- -Me30HOB c p a 3nH'iHbiMH 
Sf ~n /79/ 

!1Llp8MH \no LlBHHhiM pa6oThi ) • 3aeprH!I 6onbWHHCTBa 'iBCTHU nocne nepsoro rr- - N 

B38HMOLleitCTBHSI B 9TOM cnyqae HeLlOCT8TO'iH8 Lln!l pO)!(LleHHSI CTp8HHbiX 'i 8 CTHU H BenH'iHH8 

(asflaln 
12 208 

B WHpOKOM HHTepsane OT C LlO Pb OK83b!B8eTCSI npaKTH'ieCKH He38BHCSI-

welt (a I a 
Sf In + SILlPO 

OT 8TOMHOrO HOMepa SILlpa-MHWeHH: "' 2,5%. ) -
1T 

Ta6JH1L\a 10 

3ElX 0.11: CTpUI!llbiX 4ctCnW, npM D3C.lnvi0.11:8HCTBIH1 ft =--I.KC30HOB V1 npOTOIIOB C 

R,!i;paMVI {110 OTHOU!8HV1!0 K DO.ii!iOlAJ C848l1Y!IO BCCX JJGynpyrMX peaKL\\1U rm 

rr.n:pe): <r' / o's~ <> /o 

M\1Il18Hh r.-+ H,::I;po p + .rr.n;Eo 
T = I,5 n3B 

1)1 ( ) 

J. = L' b38 

ci2 2,57 .: 0,36 0,333 :: O,II8 

'Jc5o 2,25 :: 0,4I 0,2L~6 :: 0,085 
CJ6 20R 2 17 :: 0 IS 

' ' 
0,668 :: 0,161 

·--------------------------------------------------------------------------· 

3-To xopowo cornacyeTc!l c ycpeLlHeHHOi! a e nw-IHHoil 

%[(~)"-+ p 

a In 

a Sf ) - ] +( --- TT +n 
a In 

, (3 + 1)%, 

Bbl'iHCneHHOit no 9KCnepnMeHTBnbHbiM LlBHHbiM Ta6nHU 4 H 9, Te M 6onee, 'iTO Bb!XOLl CTp8 HH biX 

/79/ 
'i8CTHU B pa6oTe HeCKOnbKO 38HH)!(eH (cTp8HHbie 'i8CTHUbl perHCTpHpOBBnHCb no HX pacn a -

Ll8M, npH 9TOM 110 ycnOBHSIM 3KCnepHMeHT8 'i8CTb pacnaLlOB 6bin8 nponyweaa). npH 6dnbWl!X 

aHeprH!IX cywecTBeHHYIO ponb nrpaiOT BTOpH'iHbie rr - N H N - N B3BHMOLleitcTBH!I B !1Llpe 

B 9TOM cnyqae MO)!(HO nony'iHTb OUeHKY nHW b 110p!1LlK8 BenH'iHHbl 
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BTOpli'IHbie B38HMOLJ;eitCTBIHI HCKB:>KBIOT Ce'ieHHe a 
51 

( N N) 1 TBK KBK rrpH 3HeprHH ITOPHLIKB He-

CKOnbKHX Eas a (NN) « a (rrN) TaK
1

rrpH saaHMoaeltcTBHH rrpOTOHOB C 3Hep-
St St +28 

rHeA 2 18 Ess c HapaMH yrnepoaa (40_
13

)% scex CTpaHHbiX qacTHU o6paayiOTCH s .. peaynbTaTe 

179/ 
BHYTPHHLiepHbiX TT - N B38HMOLJ;eitcTBI!K ; D;nH Hn;ep CBHHUa 3T8 senH'lHHa ewe 6onbwe: 

( 64 
-

+2
14

1)% 1791. B b!XOLI CTp8HHbiX 'IBCTHU B 3TOM cnyqae CHnbHO 38BHCHT OT sewe CTBB MHWeHH 

(eM. Ta6n. 10). 

3. OueHKH ceqeHHH a ITO BbiXOLIY K + -MeaoHOB H3 aniOMHHHesoll H 6epHnnHesolt MHwe-
St 

Hell. 

TaK KaK rrpH aHeprHHX 1 He rrpeB biWBIOWHX HeCKOnbKHX aecHTKOB Eas 1 sepoHTHOCTb oaHospeMeH

+ 
H0£'0 pO:>KLJ;eHHH 6onee '!eM OLJ;H0£'0 K -Me30Ha HeBenHK8 1 TO Ce'!eHHe peaKUHK C pox<:a eHHeM 

K+-MeaoHos 

+ 
a (K ) "' ~ 

11, cneaosaTenbH0 1 

a = a · + 
St YK 

w a "' n a 

a 
KK 

n In + ln 
K 

"' 2a + 2a 
YK+ 

( ~K+) n 

+ KK 

n + 17-
17 

+ 
2 a (K ) 

a In (7) 

(8) 

(cp. cpOpMyny (5) ). 3KcrrepHMeHTanbHbie 3H8'leHHH OTHOWeHHH ( n +j n + ) 
K 17 

anH paanH'lHbiX 

yrnoB H HMITynbCOB UpHBeLJ;eHbl B Ta6nHue 11. Vf3 3TOH Ta6nHUbl BHLJ;H0 1 'ITO ITO llOpHLIKY BenH'lH

Hbl OTHOWeHHe cpeLJ;HHX 'lHCen COCTaBnHeT UpH6nH 3HTenbHO 0,02; 0 11; 0,2 COOTBeTCTBeHHO D;nH 

T ~61 10 H 20-30 Eas. npH 3TOM KBK H rrpH Bbl'lHCneHHH ce'leHHH 

cpaKTop 1/3 (eM. cpopMyny (6) ). 

a 
KK 

cneayeT Y'iHThlBBTb 

Vf3 npHBeLJ;eHHbiX LJ;BHHb!X BHLJ;H0 1 'ITO C pOCTOM 8HeprHH Ce'leHHe pox<:.a._eHHH CTp8HHbiX 

qacTHU 6biCTpo ysenH'l!iBaeTCH. EcnH rrpH aHeprHHX T"' 1 Eas ce'!eHHH a H a 
51 

( N N ) 
St 

COCTBBnHIOT nHW b OKOnO OLJ;H0£'0 rrpoueHTB oT rronHoro ceqeHHH scex HeyrrpyrHx KaHanos, TO 

rrpH aHeprHH T 20 - 30 Eas aTo ceqeHne B03pacTaeT B aecHTb - asaauaTb paa. Oco6eHHO 

6biCTpbll! pOCT Ha6niOn;aeTCH B cnyqae BHHHr'HnHUHH 8HTHHyKnOHOB; Bb!XOLI CTp8HHbiX 'IBCTHU yse

nH'lHB8eTCH aaecb npH6nti3HTenbHO BTpoe Ha HHTepsane aHeprHH ~ T "' 1 Ess. 

EcnH H3BeCTHbie B HacTollwee speMII aKcrrepHMeHTanbHbie aaHHbie aKcTparronHposaTb a o6-

naCTb oqeHb 60nbWHX 3HeprHlt, TO MO:>KHO O:>KHLJ;8Tb, 'ITO llpH 3HeprHHX B HeCKOnbKO COTeH 638 1 

H Bblwe ceqeHHe a St 6yn;eT rrp8KTH'leCKH COBIT8LJ;8Tb C Ce'!eHHeM a In H pO:>KLJ;eHHe CTp8HHbiX 

qacTHU cTaHeT rrpeo6naaaiOWHM npouecccM. C 3KcnepHMeHTanbHolt TO'IKH apeHHH aTo rrpeanono

x) 
:>KeHHe B HBCTOHWee BpeMH Henb3H llOLJ;TBepn;HTb HnH OllpOBeprHyTb • llnH 3T0r'O Hy:>KHB 3H8'lH-

TenbHO 6onee 6oraTaH H 'lHCTaH aKcrrepHMeHTanbHBH HHcpopMaUHH. B qacTHOCTH 1 npHcyTCTBHe 

60nbW0£'0 'lHCna rHrrepOHOB B CTBOnax WHpOKHX BTMOCcpepHbiX nHBHe~ 1 Bbi3B8HHbiX KOCMH'leCKH

MH 'IBCTHUBMH csepxBbiCOKHX alieprHll, aon:>KHO rrpHBOLIHTb K uenoMy pRay xapaKTepHLIX HsneHHA: 

x) npearronox<: eHHe 0 6onbWOM Ce'!eHHe pox<:aeHHH CTp8HHbiX 'IBCTHU a "'a He UpOTHBO-
St In 

pe'IHT 3KCrrepHMeHT8nbHbiM LJ;8HHbiM 0 TOM, 'ITO D;OnH TII:>KenbiX 'IBCTHU ( T.e. B TOM 'lHCne H BC e X 

CTpaHHbiX 'IBCTHU) npH O'leHb 6onbWHX 3HeprHHX He rrpeBbiWBeT 20- 30% OT ITOnH0£'0 'lHCna po:>K-

LJ;8IOWHXCH 'IBCTHU ( CM/58/) 1 TBK KBK pOX< .QeHH e CTpBHHbiX 'IBCTHU MOX<eT COllpOBO)K.ll8TbCH 

pox<:aeHHeM 6 onbworo 'lHCna rr -MeaoHos. ( HarrpHMep1 rrpH saaHMoaeltCTBHH 16-6aBHhiX rr 
Me30HOB C rrpOTOHBMH B peaKUHHX CO CTp8HHbiMH 'IBCTHUBMH pox<:n;aeTCH B cpen; HeM 4 15 1T 

MC30H/
421 

). 
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T,l>oB. 

6 

" 
" 

" 

10 

" 

" 

" 
" 

20 

" 
" 
" 
" 

" 
" 

" 
" 

" 

" 

24 

" 

" 
" 
" 

Taelmil.la II 

OTuotueHMe cpe,llnux 'lHcen_K+ - H ~~-Me30HOB 1 po~D~MXCR npH 

CTOJIKHOB8HMM npOTOIIOB C ll~paMM (naelopaTOpliaR CHCTeua). 

0Cl0311a'leJB111 Te JS:e 1 'ITO M B TaelJIHUe 7. 

H~po 9(rpa~) P, EaB /c 

CKB2 () 0,505 

" 30 0,52 

" 60 0,49 

" 90 0,116 

Be47 4,75 J,J 

" " 11,6 

" " 7 

" 9 J 

" " 5,9 

c1183 .vO 4,75 

Be47 4,75 4,6 

" " 5 

" " 5,5 

" " 6 

" " '1 
I 

\ 

" " ,9,2 

" " II,2 

" It IJ 

" 9 3 

" " 5,9 

" " 8,9 

At.4fl-50 3 18 

" 6 5 

" " 6 

" " 8 

" I6 2 

, 
24 

n ,... I rt. 'jj. · 

(1,4 !: 0,4) I0-2 

(2 ,9 : 0,9) I0-2 

(4,4 : I,J) I0-2 

(3,6!: 1,4) I0-2 

0,050 !: 0,011 

O,D : 0,01 

0,14 : o,OI 

0,17 : 0,03 

0,15 : 0,03 

0,017 

0,082 : 0,005 

0,091 : 0,008 

O,II : 0,02 

0,099 : 0,007 

0,12 !: O,OI 

O,IJ 

0 ,20 ± O,OI 

0,18 !: 0,02 

0,15 : 0,02 

0,22 !. 0,02 

0,27 + 
- 0,03 

0,40 

0,26 

0,19 

0,19 

0,25 



.· 

-------------------------------------------------------------------------------------
30 Be 117 4,75 3,3 0,072 ~ O,OIJ 

II II II 3,9 0,094 ~ 0,013 

" II II 11,6 0,12 !. O,OI 
II II II 5,5 0,12 + 0,01 -
II II " 6,11 O,II : O,OI 

' II II II 6,9 O,II : O,OI 
II " 7,5 0,15 : 0,0'3 

II It " 7,9 0,14 !. O,OI 
It " 9,3 0,15 !. O,OI 
II II II,4 0,15 : O,OI 

II " II 13,8 0,18 + 0,03 -
II " " 1'5,2 0,16 + O,OJ -
II " 9 8 0,26 !. 0,02 
II " " IO 0,27 + 0,03 -
It II " II,9 0,28 ! 0,05 

" II 20 1,?5 0,027 + 0,012 -
" II II 2,5 0,230 ! 0,012 
.. Af47 9 3 0,14 + 0,02 -
II " " 3,9 0,15 : 0,01 
II II " 4,9 0,20 ! 0,01 
II It 5,9 0,26 ! 0,02 
II " 13 3 0,27 : 0,02 

II " 6 0,29 ! 0,05 
II " " 9 0,31 ! 0,04 

--------------------~--------------------------------------------------------------
Af1 13,5 2 0,22 + 0,02 33 -
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p8311H'IHIO 3HepreTH'IeCKHX cneKTpOB 31leKTpOHHO- cpOTOHHOl! KOMllOHeHTbl B nnOTHOH CpeLle H B aT-

MOCcpepe npH O'leHb 60llbWHX 3Hep!"'H SIX, H36biTKy 1J. - - Me30HOB H8Ll 1J. + -Me30H8MH B KOCM!i-

/80/,/81/ 
'leCKHX nyqax noLl aeMnel! H T,n . • H eKoTopbie H3 3THX SIBneHHl! Llel!cTBHTenbHO Ha6nl0-

Ll810TCSI Ha OnbiTe, 0LlH8KO TO'IHOCTb 3KCnepHMeHTOB HeBe llHK8 H MO:>KHO Bb!CKa3aTb llHWb Kaqe-

CTBeHHOe yTsep:>KLleHHe, 'ITO n pH O'leHb 6onbWHX 3HeprHSIX T>>10 6as pO:>KLlaeTCSI MHoro rHne-

pOHOB. 

C Llpyrol! CTOpOHbl 
1 
3KCnepHMe~!Tall bHbie Ll8HHbie, n onyqeHHbie Ha yCK OpHTellSIX 1 YK83b!B810T, 

'ITO npH O'leHb 6onbWHX 3HeprHSIX, B03MO:>KH0 1 6onee sepoS!THbiM 6yLleT pO:>KLleHHe nap K-Meao-

HOB, npH ysellH'IeHHH 3HeprHH Ce'leHHe o KK soapacTaeT 6biCTpee, 'leM ceqeHHe pO:>KLleHHSI 

nmepoHOB oYK 3To xopowo BHLlHO s cnyqae 77-N B38HMOLlel!CTBHl! ( CM,pHC, 7) H 1 no-sH-

LlHMOMy 1 HMee T MeCTO T8K:>Ke H B cnyqae N - JV B38HMOLlel!CTBHl!, XOTSI TO'IHOCTb H3MepeHHl! 

3LleCb O'leHb HH3K8, 

cr:,ll 
OVIi 

I 

0.5 

0 5 10 15 T638 

PHc . 7. 0THOCHTenbH 8>l senH'IHHa ce'leHHl! po>KHeHHSI n a p K-MeaoHOB 

H l"'Hn epOHOB; 77- - p - B38HMOLlel!CTBHe. 

BoaMO:>KHo , 'ITO paanH'IH e aHepre TI!'{eCKoro noseLleHHSI ce'leHHl! 

ua paanH'IHbil! MexaHH3M peaKuHl! c poA< neH!IeM nap K-Me3oHos 

0 H 0 yKU3biBaeT 
XK YK 

1841 
H l"'HllepOHOB, 8 pa6oTe 

noKaaaHo, 'ITO pO:>KLleHH e napbi K + [( conposO:>KLlaeTcSI cpasu!ITenbHO Manol! nepeLla'lel! HM-

nyllbC8 HYKllOHy OTLla'IH; B llOLl8BllSIIO U !.eM 60llbWIIHCTBe cnyqaes 3TOT HyKllOH B na6op8TOpHOH 

CHCTeMe KOOpLl!!H8T OCT8eTCSI MeLllleHHbiM, CpeLlHee 4HC110 77 -Me30HOB B pe8KU!ISIX C napoli 

K-Me30HOB T8K)!{e OK83 b JB8eTCSI 38MeTHO MeHbWHM, qeM B pe8KUHSIX C rHnepOH8MH; H811pHMep, 

LlllSI 77-- p B38HMOLlelkTBHH npH T = 16 63B 3TH 4!1C118 COOTBeTCTBeHHO COCT8B11SIIOT 4,0:_0,} 
/42/ 177/ 

H 4,9 :_0,1 ' • 3TH pe3yllbT8Tbl MO>KHO 6bi110 6bi 06bSICHHTb, eCllH npeLlllOllO>K!!Tb, 4TO 

B38HMOLleHCTil!ISI, npH KOTOpblX pO>KLlaiOTCSI l"'HllepOHbl, SIBllP.lO TCSI 6onee wUeHTp81lbHblMHn 1 T.e, 

npoHCXOLlSIT c MeHbWHMH napaMeTpaMH yLlapa, qeM uaaHMOLlel!c TDHSI c po>KLleHHeM napbi K- Me-

30Hos. 

26 



J.1:3 Ta6nHU 6 H 9 BH.llij0 1 'ITO npH 3HeprHSIX nopSI.llK8 HeCKOnbKHX 63B B N- f'l B38HMO-

.ne.ltCTBHSIX p0)1{.ll8eTCSI 3H8'1HTe nbHO MeHbWe CTp8HHbiX '1:8CTHU, 'l:eM npH B38HMO.llei!CTBHH 17 

Me30HOB c ayKnoaaMl!. HanpHMep, npH T =2 63B a (NN) /a (77N) "'2% npH T=663B 
St St 

3TO OTHOWeHHe COCT8BnSieT OKOnO 10%. nHWb npH 3HeprHSIX T~ 20 63B o6a Ce'l:eHHSI CT8HOBSITCSI 

' O.llHOrO nopSI.llK8, 

B 3aKmo'l:eHHe OTMeTHM, 'ITO npHse.neHHbie BbiWe ceqeHHSI ae H3MeHSIIOTCSI, ecnH 3aMeHHTb 

BCe Y'IBCTBYIOWH e B peaKUHH '18CTHUbl H8 COOTBeTCTBYIOWHe HM 8HTH'18CTHUbl ( p -+ p , n -+ n, 
+ - + 

77 - -+ 17 +, 1T O -+ 17 O , K -+ [( H T,.£l, ) HnH O.llHOBpeMeHHO H3MeHHTb H8 o6paTHbie 

HanpasneHHSI H30TOnH'IeCKHX CnHHOB BCeX '18CTHU 

H T,.ll. ). 
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