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HacTomnag pa6oTa npeanpHHHTa B CBH3H c nnaaHpyeMbiM o6ny~eHHeM 

2-MeTpOBOA nponaHOBOA KaMepbl na6opaTOpHH Bb!COKHX SHeprHA Ol1Rl1 1 1/ 

B ny~e 11- -Me30HOB C HMDYnbCOM 40 fae/c. 3aecb DpHBOaHTCH pe3ynbTa

Tbl paCCMOTp9HHH cneayiOIUHX M9TOaH~9CKHX BODpOCOB: 

1 ) B03MO)I{HOCTH paaaeneHHH B3SHMOaeACTBHA 11 -M930HOB CO CB06oa

HblMH H KB83HCB060aHbiMH npOTOH8MH; 

2) B03MO)I{HOCTH BbiaeneHHH A -rHnepoHOB H K0 
-Me30HOB OT y -

KB8HTOB DpH BbiCOKHX SHepi"HHX; 

3) BnHHHHH BenH~HH OIUH60K napaMeTpOB ~8CTHU Ha BepOHTHOCTb oa
H03H8~HOA HaeHTH~HK8UHH K8H8nOB peaKUHA. 

Pga M9TOaH~eCKHX BODpOCOB 1 CBH38HHbiX C «lJHTHpOB8HH9M KaHanOB pe-

0 
8KUHA B 11- p -B38HMOaeACTBHHX npH 40 rss H HaeHTH~HK8UHeA A- H K -

'18CTHU 6bin paCCMOTpeH paaee /2/. 

§ 1. MoaenHpOBBHHe co6biTHil' · HB KBB3HCBo6oanoM 

npOTOHe 

MonenHPOB8HHe C06biTHA, HMHTHpyiOIUHX B3SHMOaeACTBHH 11 -Me30HOB 

Ha KBa3HCBo6oaHbiX npoToHax yrnepoaa, npoeoaHnocb c noMoiUblO nporpaM-

Mbi <tlOPC /3/, npH'IeM npOTOH-MHID9Hb C'IHTancg llBH)I{YIUHMCH. i1MnynbC 
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I 

P F H npoeKUHH HMnynhca X F , Y F 

no !jlopMynaM /3/ 

Z F npOTOH8-MHllleHH Bbi'IHC11StnHCh 

P - [ 2M (a T ) (a T )~ ] ., ~ 
F - N I MAX + I MAX 

XF = p F V 1- 1'/; ros ¢ F Y F = PF y 1- 17 ~ sin ¢ ZF= PF 1'/F • 

3.o.ech a
1 

, a 2 , a
3 

-cnyqa:iiHbie 'IHCna; ¢F=2rra 2 H 1'/F=2a 3 -1- yrnhi Bbi-

neTa npoToHa-MHllleHH, a T MAXMaKCHManhaaSI KHHeTH'IeCKaSI saeprHSI !jlepMH-

ABH)I{eHHSI MHllleHH, TMAx"' 25 Msa, Ml'i-Macca ayKnoaa. 

Ha pHC. 1 nOK838Hbl HCn011h3yeMble H8MH pacnpe.o.eneHHSI p F XF, 

y F' z F 
napaMeTpbi qacTHU ( HMnynhCbi H yrnhi), creaepHpoaaHHbie nporpaMMo:il 

<t>OPC, aaTeM paa6paCbiB8JIHCh cnyqa:ifHbiM o6pa30M B npe.o.enax OlliHfiOK 9THX 

napaMeTpoa 121 • ohmH aa.o.aHbi OlliH6KH, xapaxTepHbie .o.nSI .o.ayxMeTpoaoli: npo-

naaoao:il nyabiphKOBo:il KaMepbi: 

~p -- = 0,07 - cpe.O.HSISI OTHOCHTe11hH8SI OlliHfiKa B HMIIYnhC8X 
p 

3apSI)I{aHHbiX "18CTHU; 

aa = 0,005 pa.o. a tga= 0,0076 pa.o. ) H a f3 = 0,0042 pa.o. -

cpe.o.HeKB8,!l.paTH'IHble OlliHfiKH B yrne H8KJIOH8 H 83HMYT8JlhHOM 

yrne, COOTBeTCTBeHHO. 

I1 MnynhC nepBH"'HO:il '18CTHUbl B3SIT paBHbiM p 1 = 40 rsa/ c c OlliH6Ko:il 

~ P 1 = 400 Msalc. 
PeaKUHSI yrrpyroro pacceSIHHSI 6hma CMo.o.enHpoaaaa B rrpe.o.nono*eHHH, 

"'TO pacrrpe.o.eneHHe IIO KBa.O.paTy nepe.0.8HHOI'O HMIIY11hC8 t OIIHCbiBaeTCSl 

Bblpa)l{eHHe M BHJl8 exp (- At) • r.o.e A = 8 ( rsa I c) -
2 • nng APYI'HX peaK

UHH HMnynbCHbie pacrrpe.o.eneHHSI o6pa3yiOlliHXCSI npOTOHOB 38.ll.8B811HCh T8KH

MH1 "'T06bi xos!jl!jJHUHeHT A B exp (-A I t - t I ) .o.nSI HHX 6hw paaea 
min 

B911H"'HH8M 1 npHB9,!l.9HHbiM B Tafin. 1. 
ohmH cMo.o.enHpoaaHhi cne.o.yiOlliHe peaKUHH: 

rr-+ p -.rr- + p ( 1 ) 

4 

--

<1', ., 
·r-+ 
"\·Y 

~ 

rr- + p -orr-+ p + rrO , 

rr- + p-> rr-+ rr++n, 

rr-+P ... 2rr-+rr++p 

rr- + p ... 2 rr- + rr + + p + rr o , 

rr-+p ... 2r+2rr++n, 

rr- + p ... 2 rr- + rr+ + p + 2 rr 0 , 

rr- + p ... 3 rr- + 2 rr + + p , 

rr-+ p -o4rr-+3rr++p. 

PeaKUHH ( 1-9), cMo.o.enHposaHHbie c y'leT.OM !jlepMH-ABH*eH 

'IHM HX IF I = 1 • • • • 9) ) , aaTeM o6c'IHTbiBanHcb no rHrro• 

TOphi X npoToH-MHllleHb noKOH11CSI ( o6oaaa'IHM 9TH r&noTe3bi IR 

Pac"leThl npoao.o.HnHCb no KHHeMaTH"lecxo:il nporpaMMe 10-30 141. 

B Ta6n. 1, 2, 3 rrpHBe.lleHhl pe3ynbTaTbl pac'leTOB .o.nsr pea 

Ta6naua 1 

Kona'leCTBO co6ht'I'HA, YllOBlleTeopsnomax ranoTe3e {a %) 

ranoTe3hi 

IR 

1 

2 

8 

HaKnoa A 
{ -2 
rse/c) 

MollenBpoeaHHhte peaJUlHH c y'leToM clJepMJ 
HMIIYDI:!C_& ---r"':""--------zF 

10 + 8 5 

75 + 7 

8 5 

5 

3F 
4 + 2 

+2 
98-9 

5 



eKUHH HMrrynhca X F , Y F Z F IlpOTOHa-MHUI9HH Bbl"'HC11SJnHCb 

aM 
131 

p F = [ 2 M N (a 1 T MAX)+ (a 1 T MAX r J ., ~ 

p F V 1 - 1j: COS cp F Y F = PF y 1- "'~ sin ¢ ZF= PF "'F • 

, a
2 

, a
3 

-cnyqa:ifHhie qacna; ¢F=2rra 2 H 1jF=2a3 -1- yrnhi Bhi-

OHa-MH!lleHH, a T MAXMaKCHManbHaSI KHHeTH'IaCKaSI sHeprHSI cpepMH-

MH!lleHH, TMAx= 25 Msa, M!i-Macca HyK1IOHa. 

pHC, 1 IIOK838Hbl HCII011b3yeMhle HaMH pacnpe)le11eHHSI p F XF, 

MeTpbl '18CTHU ( HMIIY11bCbl H YI'11bl), CI'eHepHpOBBHHhle rrporpaMMO:ii 

TeM pa36paCbiB811HCb cnyqa:ifHbiM o6pa30M B rrpe)lenaX OUIH60K 3THX 

a 12 I, EhmH saJlaHhi OlliH6KH, xapaKTepHbie Jl11SI JlBYXMeTpoao:H rrpo-

ysbipbKOBO:ii KaMepbi: 

= 0,07 - cpeJlHSISI OTHOCHTe11bHaSI OUIH6Ka B HMIIYnhCaX 

sapR)KeHHbiX "'aCTHU; 

= 0,005 pall a tga= 0,0076 pall ) H a {3 = 0,0042 pall -

cpeJlHeKB8Jlp8TH"'Hhie OUIH6KH B yrne HaK1IOHa H a3HMYT8nhHOM 

yrne, COOTBeTCTBeHHO, 

Y11bC rrepBH'IHO:ii "'aCTHUbl B3SIT paBHbiM p 1 = 40 fsalc C OUIH6KO:if 

KUHSI yrrpyroro pacceSIHHSI 6bina CMO)le11HpOBaHa B Ilp~Jli101IOJKeHHH, 

peJle11eHHe ITO KBaJlpaTy rrepeJl8HHOI'O HMIIY11bCa t OIIHCbiBaeTCSI 

eM BHJ(a exp (- At) ' I')le A = 8 ( f3B I c) -
2 • nnSI llPYI'HX peax-

1lbCHbie pacrrpeneneHHSI o6pa3y!OUIHXCSI IIpOTOHOB 38Jl8B811HCb T8KH

bl xos¢!lmuHeHT A B exp (-A I t - t I ) JlllSI HHX 6hm paaeH 
min 

M, IIpHBe)leHHbiM B Ta6n, }, 

H CMO)le11Hp0B8Hbl C11e)ly!OUIHe peaKUHH: 

rr-+ p -.rr- + p ( 1 ) 

4 

.,. 

'\ 

':,1 

rr- + p -> rr-+ p + rrO , (2) 

rr- + p ... rr-+ rr + + n , (8) 

TT + p -> 2 rr-+ TT ++ p (4) 

rr- + p -> 2 rr- + rr + + p + rr 0 , (5) 

rr-+p ... 2r+2rr++n, (6) 

TT- + p -> 2 TT- + rr+ + p + 2 TT O , (7) 

rr- + p ... 3 rr- + 2 rr + + p , (8) 

rr-+ p -o4rr-+3rr++p. (9) 

PeaKUHH (1-9), CMOJlellHpoaaHHMe c yqeTOM ¢epMH-JlBH~eHHSI (o6o3Ra-

'IHM HX IF I = 1 • • • • 9) ) , 3aTeM o6c'iHTMBanHCL no rHnoTe3aM, a xo-

TOpbiX npoToH-MHllleRb noKOHllCSI (o6o3Ha'IHM 9TH I'HIIOTe3hl IR (I =1 •• ,9)). 

Pac"'eTN rrpoBOJlHllHCh no KHHeMaTH"'ecxo:H nporpaMMe 10-30 141. 
B Ta6n. 1, 2, 3 rrpHBeJleHhi pe3ynbTaTbi pac'leToB Jl11SI peaxuHA (1-9). 

Ta6nuua 1 

KonH'IeCTBO co6hiTHA, y.~:~osneTaopsnomHx runoTe3e (a %) 

ranOT93bl 

IR 

1 

2 

3 

HaKnoa A 

( -2 
raa/c) 

~ 

Mo.~:~enKpoaaHH~e peaxuaa c y'leTOM ~PMH-
HMDYIIbCa 

IF 2F 
10 + 3 5 

75 + 7 

8 5 

5 

:fF 
4 + 2 

+2 
98-9 

5 



Ta6nHua 2 

KonH'ieCTBo co6biTHll, ynoaneTBopSiroiUHX AaHaol!: I'HnoTeae ( B %) 

fHITOT83bl MoncnHpoaaHHhie peaKUHH C y'i~TOM 

!jlepMH-HMnynbCa 

IR 4F SF 6F 7F 

4 53 + 6 10 + 3 12 + 4 < 0,5 - - -
5 78 + 7 81 + 8 99 +1 61 + 8 - - -9 
6 95 +5 

88 -! 7 97 +3 10 + 4 
-9 - -9 

HaKnOH A 
(faB/c)-2 4 4 4 3 

Ta6nHUa 3 

KonH'ieCTBO co6hiTHll, ynoBneTBOpSIIOIUHX naaaoli I'HITOTeae ( B %) 

fHITOT83bl 

8R 

8R I· ( 77°) 

8R +(n) 

9R 

HaKnOH A 

(faa/c) 
-2 

MoncnHpoBaHI!hie peaKUHH c yq~TOM 

SF 

59 + 8 -
73 + 9 

94 + 6 
-10 

3 

ljlepMH-HMnynbca 
9F 

56:!:_6 

3 

B Ta6n. 3 sseneHbi cnenyiOIIIHe nononasTeJibHbie o6oaaa'ieHHH: 8 R+ ( IT
0

) 

H 8R+(n) • OHH yxaabiBSIOT aa I'HIIOTe3bi IT-+ p -o3~T":""+21T++p+ 1T 0 H IT-+ p _. 

-> 3 IT- + 3 IT + + n , COOTBeTCTBeHHO, HeKOTOpbie I'HIIOT93bl B uenHX 3KOHOMHH 

BpeMeHH Ha 3Jl9KTPOHHO-C'i9THbiX MaiiiHHaX He IIpOC'iHTbiBaJIHCb (npoiiyCKH 

B Ta6nsuax). 

C'iHTanocb, 'iTo cMonenHpOBaHHaH peaKUHH ynosneTBOpHeT KHHeMaTHKe 

Jl8HHOH I'HIIOT93bi, ecnH BenH'IHH8 X2 
JlnH 3TOii: I'HIIOT93bl M9Hblll9 rpaHH'iHO

I'O 3H8'19HHH, COOTBeTCTBYIOIIl9I'O 1 %-HOMy ypOBHIO JlOCTOBepHOCTH. 

6 

.18 

(. 

·~ .,r: 

.'.r ~ 

"}~;: 

1
.;,~ .. ., 
. 

' 
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AaansaspyH naHHbie Ta6n.l-3, MO>KHO cnenaTb cnenyiOmse 

a) ynpyrse B3aHMOJleii:CTBHSI IT- -M930HOB Ha KBa3HCB060 

HaX T01JbKO B (10 ± 3)% YJlOBneTBOpHIOT KHHeMSTHKe ynpyroro J: 

CB060JlHOM IIpOTOHe ( Ta6n. 1), 3TO K8K pa3 Te C06biTHH, B KOTO 

HMnynbc npoToaa-MHWeHH 6nsaox x 0. Bxnan co6&ITHA oT Hey 

MO)leii:CTBHil: Ha XBa3HCB060JlHOM IIpOTOHe B ynpyrHil: KaHan B38 

Ha CBOfSOJlHOM IIpOTOHe O'i9Hb Man ( CM, Ta6n 1 ) • 

6) PaHee 6binO noxaaaao, 'ITO c noMOillbiO XHHeMaTH'iecxJ 

nei'KO BbiJlenHIOTCSI OT IIpO'lHX KaHaJIOB IIpOUeCCbl C 'leTbipbMSI CT4 

60Jlbl, noaTOMY OC06biil: HHTepeC IIP9JlCTaBnHeT paCCMOTpeHHe BO 

KaXyiO IIpHMeCb K peaXUHSIM (4), (8) H (9) COCTaBHT aHanOrH'l 

Ha KB83HCB060JlHOM IIpOTOHe, Kax BHJlHO H3 Ta6JIHU 1-3, IIpHMe] 

B3aHMO)leii:CTBHil: IT --Me30HOB C JlBH>KYillHMHCSI IIpOTOHaMH ( THI 

JieTBOpS!eT KHHeMaTHXe COOTBeTCTBYIOillHX peaXUHil: C IIOKOS!IllHM 

( THII R ) • EeaycnoBHo, npsMeCb co6biTHA THIIa F x co6biT 

IIocne KHHeMaTH'i9CKOil: o6pa60TKH BCeX C06biTHH 6yJleT 3aBHCeT 

WeHHH Ce'ieHHH COOTB9TCTBYIOillHX Jlpyr Jlpyry IIpOUeCCOB, B Ka'ie 

paCCMOTpHM peaKUHIO (4), Ha OCHOBe JlaHHbiX -pa60Tbl /B/, a Tl 

no>KeHHSI 0 TOM, 'ITO Ce'leHHe B3aHMO)leHCTBHSI IT- -Me30HOB CO 

B S!Jlpe IIpOTOHaMH H Heii:TpOHaMH 0JlHHaKOB0 0 Mbl HaWnH, 'ITO JlO 

BKnaJl B38HMOJleHCTBHH Ha KBa3HCB060JlHbiX IIpOTOHaX B o6mee 'l 

peaKUHW (4) Ha CB060JlHOM H KBa3HCB060JlHOM IIpOTOHaX COCTaBH 

Ecns nanee npennono>KHTb, 'iTO ce'!eHHe saasMoneAcTBHA IT

CBH38HHbiMH B S!Jlpe HyKnOH8MH MeHHeTCSI B 385HCHMOCTH OT 3He: 

30HOB TaK >Ke, XaK Ce'leHHe B3aHMOJleHCTBHSI CO CB060JlHbiMH II] 

BKnaJl B38HMO)leHCTBHH Ha KB83HCB060JlHbiX IIpOTOHaX B o6mee I 

TaBHT IIPHMepHO 30% T8K>Ke H IIPH 40 ras/c. 11cnonb3YH JlaHil 

MO>KHO 3aKniO'lHTb 0 'ITO nocne KHHeMaTH'ieCKOH o6pa60TKH IIpHN 

THIIa F B peaxUHIO (4) 6yJleT pasaa 15%. 

Bxnall B peaxUHIO ( 4) IT- P•B3aHMOJleli:cTBHH Tsna F OT ' 

nos (5,6,7 H Jlp,) COCTaBnHeT IIpHMepHO 10% OT Ce'leHHH 3THX 

Ta6n. 2). 

7 



Ta6nHua 2 

KonH'ieCTBO co6LITHil:, yAoBneTBopHID!UHX AaHHoil: l'HllOTeae (B %) 

~3hl 

A 
)-2 

4F 

Mo~tcnHpOBBHHLie peaKUHH c y'i~TOM 

ljlepMH-HMnynbC8 

5F 6F 

53 + 6 10 + 3 12 + 4 --
78 + 7 81 + 8 99 +1 

- - -9 
95 +5 88 ~ 7 97 +3 

-9 - -9 

4 4 4 

Ta6nHua 3 

7F 

< 0,5 

61 + 8 

10 + 4 

3 

KonH'ieCTBO co6LITHil:, yAoBneTBOpSIIOlUHX ABHHOil: l'HnoTe3e ( B %) 

~3LI 

( 770 ) 

( n) 

OH A 

/c)-2 

Mo~tcnHpoBaHI!Lie peaKUHH C y'ieTOM 

SF 

59 + 8 

73 + 9 

94 + 6 
-10 

3 

ljlepMH-HMnynbca 
9F 

56:!;_6 

3 

n. 3 sseneHbi cnenyiOIUHe nononHHTenbHbie o6oaHa'leHHH: 8 R+ ( IT
0

) 

, 0HH YK83biB8IOT Ha I'HllOTe3bi IT-+p->3n-:-+21T++p+ ITO H IT-+p-> 

+ n , COOTBeTCTBeHHO, HeKOTOpbie I'HllOTe3bl B UenHX SKOHOMHH 

~ aneKTpOHHO-C'IeTHhiX M8lllHH8X He llpOC'IHTbiB8nHCb ( nponyCKH 

) . 
nocb, 'ITO CMOJlenHpOB8HH8SI peaKUHSI ynosneTBOpS!eT KHHeMaTHKe 

'OTe3bi, ecnH senH'IHH8 X 2 
JlnSI STOH I'HllOTe3bl MeHbiUe I'p8HH'IHO

SI, COOTBeTCTBYIOIUero 1 %-HOMY ypOBHIO llOCTOBepHOCTH. 

6 

.-. 

I 

~~; 

".· .. '' '·,:.),1 
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~¥f 

AHanH3HpySI naHHbie Ta6n,1-8, MO>KHO cnenaTb cnenyiOIUHe BbiaO.Ilbl! 

a) ynpyrHe B38HMO.IleftCTBHSI IT- -Me30HOB H8 KBa3HCB060.IlHbiX npoTO

H8X TOnbKO B (10 ± 8)% ynosneTBOpSIIOT KHHeMaTHKe ynpyroro paCCeSIHHSI Ha 

CB060l1KOM npOTOHe ( Ta6n. 1), 3TO K8K pa3 Te C06hiTHSI, B KOTOpbiX cjlepM~

HMnynbC npoToHa-MHWeHH 6nH30K K 0. BKnaJl co6hiTHA oT HeynpyrHx saaH

MoneAcTsHA Ha KBa3HCB060JlHOM npOTOHe B ynpyrHA KaHan B3aHMO.IleACTBHSI 

H8 CB060l1HOM npOTOHe O'leHb Man (eM, Ta6n 1), 

6) PaHee 6blno noKaaaHo, 'ITO c noMOIUbiO KHHeMaTH'IeCKHX nporpaMM 

nerKo BhinenSIIOTCSI oT npo'IHX KaHanos npouecChi c qeTbipbMSI cTeneHSIMH cso-

6onbi, nosToMy oco6hill: HHTepec npencTasnHeT paccMoTpeHHe sonpoca o TOM, 

KaKyiO npHMeCb K peaKUHSIM (4), (8) H (8) COCTaBSIT aHanOI'H'IHhie peaKUHH 

Ha KsaaHcso6onHOM npoToHe. KaK BHJlHO H3 Ta6nHu 1-8, npHMepHo nonosHHa 

saaHMoneAcTsHA IT --Me3oHos c JlBH>KYIUHMHCSI npoToHaMH ( THna F ) ynos

neTsopSieT KHHeMaTHKe COOTBeTCTBYIOIUHX peaKUHft C llOKOSIIUHMCSI npOTOHOM 

( THn R ) • EeaycnosHo, npHMeCb co6biTHA THna F K co6hiTHSIM THna R 

nocne KHHeMaTH'IeCKOft o6pa60TKH scex C06b1THH 6yneT 3aBHCeTb OT COOTHo

WeHHSI Ce'leHHH COOTBeTCTBYIOIUHX npyr npyry npoUeCCOB, 8 Ka'leCTBe npHMepa 

paccMoTpHM peaKUHIO (4). Ha ocHose naHHbiX pa6oTbi 
151 , a TaK~e npenno

no>KeHHSI 0 TOM, 'ITO Ce'leHH9 B3aHMO)leHCTBHSI IT- -Me30HOB CO CBSI38HHbiMH 

B SIJlpe npOTOHaMH H HeHTpOHaMH Ol1HHaKOBO, Mbl HaWnH, 'ITO )10 cjlHTHpOBaHHSI 

BKnan B3aHMO}leHCTBHft H8 KBa3HCB060JlHbiX npOTOHaX B o6mee 'IHCno C06biTHH 

peaKUH~ (4) Ha CB060l1HOM H KBa3HCB060l1HOM npOTOHaX COCTaBHT OKOno 80%, 

EcnH nanee npeJlnono>KHTb, 'ITO ce'leHHe saaHMoneA:cTsHA "- -Me3oHos co 

CBSI38HHbiMH B Slnpe KyKnOHaMH MeHS!eTCSI B 38BHCHMOCTH OT SHeprHH IT -Me-

30HOB TaK >Ke, KaK Ce'leHHe B3aHMOJleHCTBHSI CO CB060)1HbiMH npOTOHaMH, TO 

BKnan B3aHMO)leHCTBHH Ha KBa3HCB060)1HbiX npoTOHaX B o6mee Ce'leHHe COC

TaBHT npHMepHO 30% TaK>Ke H npH 40 fss/c, JiiCnOnb3YSI )laHHbie Ta6n, 2 I' 

MO>KHO 3aKniO'IHTb, 'ITO nocne KHHeMaTH'IeCKOH o6pa60TKH npHMeCb C06biTHH 

THna F s peaKUHIO (4) 6yneT pasHa 15%. 

BKnan s peaKUHIO ( 4) IT- p-saaHMoneAcTsHA THna F oT JlpyrHX KaHa

nos (5,6,7 H Jlp,) COCTasnHeT npHMepHO 10% OT Ce'leHHH STHX KaHanOB (eM, 

Ta6n. 2). 

' 7 
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P&ccMoTpHM llanee sonpoc o TOM, HaCKOilbKO l18HHhie, npaselleHHbie 

B T861J. 1-3, ycTO:li:"'HBbl no OTHOWeHHIO K Bbi6opy rpaHHUol o6pe::'8HHSI no 

2 
B91JH"'HH8M X • 

B Ta6n. 4 npaselleHhi cpellHHe 3Ha"'eHHH x 2 
l11IH llBYX rpynn co6hiTHA 

THna F • TiepsyiO rpynny COCTaBIJSIIOT C06biTHSI 0 YllOB1l9TBOpSIIOWH9 KHH9Ma

THK9 B38HMOlleAcTBHH Ha cso60l1HOM npoToHe c llOCTosepaocTbiO s 1%. Bo 

BTOpyiO rpynny BXOllSIT OCT81lbHbl9 B38HMOlle:li:CTBHSI. BHllHO, "'TO cpellHHe 

3Ha"'eHHSI x2 l11JSI B3aHMOl19ACTBHA Ha CB060l1HOM H KBa3HCB060llHOM rrpOTo

HaX CHilbHO pa31IH"'aiOTCSI. 0l1HaK0 0 KaK BHllHO H3 Ta6n, 5, Bbi60p 3Ha"'eHHSI 

2 
rpaHHU~ o6pesaHHH rro X l11IH ssaaMolle:ll:cTsHA Ha cso60l1H~M npoToHe 

arpaeT see *e sa~THYIO ponb. Ysena"'eHae rpaHH"'HbiX x 2 
sHa'IHTenb

HO ysenH"'HT BK1Jall cPOHOBbiX rrpoueCCOBo 

PeaKUHll 

THIT8 F 

4R 

SR 
9R 

PeaKUHll 

THIT8 F 

4R 

SR 

9R 

._. 

Ta6nHua 4 

0lKH!I89M09 x2 
Itnll 

B38HMOitel\CTBHl\ 

Tuna R 

4 

4 

4 

Ta6nHua 5 

-2 x nnll 

THA C 

4,07 

4,16 

4,20 

F- co6bi

X2 < 14 

-2 x nnll co-

6biTHA C 

x2 > 14 

40,49 

33,73 

25,01 

t{ucno C06biTHl\ (B %), y.QOBneTBOpliiOUlHX COOTB9TCT

BYIOUl9l\ R -rHnoTeae npH Tpe6oBSHHH aocToBepaocTu 

(B %) 
2 

47 + 6 

54 + 8 

50+ 7 

8 

53 + 6 

59 + 8 

56 + 8 

0,5 

56 + 6 

62 + 9 

59 + 7 

.'a 
.~\{'/ 

' 
;r~, 
~~~ 

.,.it~\ 
' . 

. 
I 

l~ "t 

,,,, 

( 

~ 

§2. B03MOJKHOCTH KHHeMaTHqecxoro OTtreneaHR 11-

H K -qacTHII oT y -KBBHTOB IIPH 40 F3slc 

TipH 6ollbWHX SHepi'HSIX l40 fss) yrnhi pasneTa rrpOllYKTOB pa 

I'H"'HbiX 1\- H K -"'aCTHU 6yJJ.yT 0"19Hb MallbiMH ( B OCHOBHOM 

pesynhTaTe qero sasyallbHO TPYllHO 6ylleT OTIJH"'HTb 1\ - H K -'lac· 

mae Manhre yrnhl pasneTa rrpOllYKTOB pacrralla, OT sneKTpOHHo-rrosa1 

B STOM (l11JSI BbiCOKOSHepreTH"'HbiX "'aCTHU) MallO rrOMOlKeT TaK)!{E 

KpHBH3Hbl CllellOB S119KTpOHOB H n03HTpOHOB 0 rrpOHCXOllSDilee H3 

SHepi'HH Ha TOpM03HOe H311Y"'9HHe. Mbl HCC119llOBa1JH B03M0)!{H0C~ 

HHSI STHX "'aCTHU C rrOMOIUblO KHHeMaTH"'9CKOft nporpaMMbl 161 

no rrporpaMMe <J>OPC 6hi1Ja CMOl191IHPOBaHa C1l9llYIOIUaSI peaKUHSI 

seTBHMH pacnalla: 

TT + p _, A + 

J ,....-_ r 
p rr+ rr+ 

K 

• .. -TT 

+ TTO 

• c 
~ 
y y 

lD l D 
-:;::---"- --e e- e+ 

none Slllpa yrnepolla llllSI BeTBH D Y'IHTbiBallOCb rrpa61JH)K9HHO I 

HhiM npHnHChiBaHHeM y -KsaHTaM MaCChi, pasHoR My"'( 1:!: ~M. 

~ M -ManaS! ll06asKa K Macce, pasHaS! 0,2 Mss, a r -cey"'a 
+ 

Owa6KH s rrapaMeTpax npoToHOB H rr -Mesouos npHHKMa. 

)1{9
0 

KaK H B §1, .QnH SIJeKTpOHOB H IT03HTpOHOB 3allaBa1JHCb C1Jell: 

KH: 

~ "" 0,15 - cpellHSISI OTHOCHT91lbHaSI OWH6Ka B HMITym 

u a = 0,010 pall H u {3= 0,005 pall - cpel1H9KI 

OIIIH6KH B yrne H8K1JOHa H B a3HMyTallbHOM yrne, COC 

Tiocne reHepHpOBaHHSI Ha nep$oKapTbl llllSI K8)!{l10I'O C06biTHS 

B91JH"'HHbl B CTaHllaPTHOft cPOPM9o ITPHHSITOft l11ISI KHHeMaTH"'9CK4 

Mbl 2-3 l 6 l • llnH TOI'O, "'T06bl 6bl1l B03M0)!{9H 06C"'~T 1\ - H 

rro rarroTese y -KBaHTOB H 
11

Ha060pOT, y -KBaHTOB no I'HIT4 
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pHM l].anee BOnpOC 0 TOM, H8CKOilbKO l18HHbie, npHBel].eHHble 

yCTO:li:'IHBbl no OTHOWeHHIO K Bbi60py rpaHHU'f>I o6pe~aHHSI no 

L-2 • 
4 npHBeAeHhi cpellHHe saa'leHHSI X 2 

llllSI llBYX rpynn co6hiTH:ll: 

~BYIO rpynny COCTaBIISIIOT C06biTHSI, YllOBileTBOpSIIOWHe KHHeMa

e:li:CTBHSI aa cso6oAHOM npoToHe c AOCTosepaocTbiO s 1%. Bo 

py BXOilSIT OCTallbHbie B38HMOl].e:li:CTBHSI, BHAH0 1 'ITO CpeAHHe 

llllSI B38HMOl].e:li:CTBH:ll: Ha CB060AHOM H KB83HCB060ilHOM npoTo-

831lH'I8IOTCSI. 01lH8K01 K8K BHllHO H3 Ta6n, 5, Bbi6op 3Ha'leHHSI 

2 
~saHHSI no X anSI B3aHMOAe:ll:cTBH:ll: aa cso6oAHPM npoToae 

e sa~THYIO ponb, YsenH'IeHHe rpaHH'IHhiX x 2 saa'IHTenb-

BKnaA !jloHOBhiX npoueccoB, 

Ta6nHua 4 

O)KHASeMOe x 2 
AnSI 

B38HMOAeliCTBHli 

THna R 

4 

4 

4 

Ta6nHua 5 

-2 X Anll 

THli C 

4,07 

4,16 

4,20 

F- co6bi

X2 < 14 

-2 
X Allll co-

6biTHli C 

x2 > 14 

40,49 

33,73 

25,01 

1.J:Hcno C06biTHli ( B %) 1 YAOBileTBOpl!IOUIHX COOTBeTCT

BYIOUleli R -rHnoTeae 

(a%) 
2 --

47 + 6 

54 + 8 -
50 + 7 

8 

.--

t 

npH Tpe60B8HHH AOCTOBepHOCTH 

53 + 6 

59 + 8 

56 + 8 

0,5 

56 + 6 

62 + 9 

59 + 7 

§2, BoaMOJKHOCTH KHHeMSTH'Iecxoro OTtleneHHH A

H K -'ISCTHII OT y -KBSHTOB IIPH 40 raslc 

npa 6ollbwax saeprHSIX ( 40 fsB) yrnhi pasneTa npoayKTOB pacnaaa saep

rH'IHbiX i\- H K -'laCTHU 6yayT o'leHb MallhiMH ( B OCHOBHOM 0::; 5°). B 

peayllbTaTe 'lero BHSyallbHO Tpyaao 6yaeT OTIIH'IHTb 1\ - H K -'laCTBUhi, BMeiO

mae Mallbie yrnhi pasneTa npoAyKTOB pacnaAa, oT sneKTpoaao-nosaTpoHHbiX nap. 

B STOM (AIISI BbiCOKOSHepi'eTH'IHbiX '18CTHU) MallO nOMO>KeT T8K>Ke H3MeHeHHe 

KpHBB3Hbl CllellOB SlleKTpOHOB H n03HTpOHOB 1 npOHCXOllSIW99 H3-3a c6poca 

SHeprHH Ha TOPM03HOe H31ly'leHH9, Mbi HCCileAOB81lH B03MO>KHOCTb pa3l].elle

HHSI STHX '18CTHil C nOMOWblO KHHeMSTH'IeCKO:ll: nporpaMMbl l6l, .Qng STOI'O 

no nporp!iMMe <IIQPC 15hina CMOAellHpOBaHa Cll9l1YIOW8SI peaKilHSI CO BCeMH 

seTBSIMH pacnaaa: 

TT + p ... A + K + TTO 

l ~ 'c ,............_. r ~ .......... ..........-_ ( 1 ) 
p rr+ rr+ rr- y y 

iD !n ,..._..__ ,...__....._ 
e+ e- e+ -e 

none SlllPS yrnepoAa llllSI BeTBH D Y'IHTbiB8110Cb npHI51IH>KeHHO npHHYilHTellb-' 

HhiM npHnHChiBaHHeM y -xsaaTaM MaCChi, pasao:ll: My=( l:t ~M.r) Mss, rae 

~ M -ManaS!: AOI5asxa K Macce, pasaaSI 0,2 Mss, a r -cnyqa:ll:aoe 'IHCno. 

0wHI5KH B napaMeTpaX npOTOHOB H TT + -Me30HOB npHHHMallHCb TaKHMH 

>Ke, K8K H B §1, .Qng sneKTpOHOB H n03HTpOHOB 3allaBSIIHCb CllellYIOWHe OWH6-

KH: 

~ • 0,15 - cpellHSISI OTHOCHT91lbHaSI OlliHI5Ka B HMnyllbcax; 

a a = 0,010 pall H a {3 = 0,005 pall - CpellHeKBallp8TH'IHbl9 

OWHI5KH B yrne HaKIIOHa H B a3HMyTallbHOM yrne, COOTBeTCTBeHBOo 

Docne reaepHpOBaHHSI Ha nep!jJOKapTbl llllSI Ka>KllOI'O C06biTHSI BblllSBallHCb 

BellH'IHHbl B CTaHllaPTHO:ll: dJopMe, DPHHSITOA llllSI KHHeMaTH'I9CKOli nporpaM

Mbl 2-8 161 • .Qng Toro, 'IT06hi 6hm B03MO>KeH o6c'I~T 1\ - H K 
0 

-'IS.CTHU 

no ranoTese y -KBaHTOB H 
11

Hao6opOT1 y -KBaHTOB DO ranoTe3aM 1\ -

9 



0 
H 'K -~aCTHu, anH xa*aoro npoayxTa pacnaaa 9THX ~acTHU BhlaaBanocb no 

2 nep¢loxapTbl C npH3H8K8MH pa3HbiX ~SCTHU (npoTOH8 HnH 1T+ -Me30Ha -

n03HTpoaa, 11- -Meaoaa - snexTpoaa H aaooopoT ) • 

MeToaHxa Bbi~HcneaHH TO~HbiX xoopaHHaT To~KH pacnaaa ~ H K 0 
-

~aCTHU H nocneayiOmHA pa36poc 9TH X xoopauaaT onucaHbi B 121• ,D.ng y . -

KBSHTOB npHMeHHnCH TSKOA *e MeToa, HO aononHHTenbHO BBOaHnaCb BepOHT

HOCTb HX KOHBepCHH B KSMepe C y'leTOM paaHaUHOHHOH anHHbl ( X0 =110cM). 

.D.nSI KOHTpOnSI npaBHnbHOCTH MOaenupOBSHHH H paOOThl nporpaMMbl 2-3 
0 

A - H K -~aCTHUbi H y -xBaHTbi nponycxanucb cHa'lana no HCTHHHOA 

runoTe3e. Cpeaaue 3Ha'leHHSI x 2 , nonytieHHbie npH aTOM, npuBe,neHbi B 

Ta6n. 6. 

Ta6nKua 6 

rKnoTe3a !{Keno ypaaHeHHil 0JKKllaeMoe CpellHee 
eBSI3H x2 -2 

X 

A K8K A 3 3 :: 0,24 2,86 

Ko KaK K0 
3 3 :: 0,20 3,35 

y K8K y 3 3 + 0,26 2,97 

Hy*HO OTMeTHTb, ~To ¢lHTHpoBaHHe y -xBaHTOB no nporpaMMe 2-3161 

npoxoaHT aeyaoBneTBOPHTenbHo. llpHMepao B nonoBHHe co6biTHA ¢lyaxuuoaan 

He aaeT cxoaHMOCTH aa*e nocne 3HS'IHTenbaoro ~Hcna uTepauHA. To *e ca
o 

Moe :>THOCHTCH x npoc~HTbiBaHHIO A - H K -qacTHU no rHnoTeae y -xBaH-

Ta. 

B Ta6n. 7 npeacTaBneHbi peaynbTaTbi pac~eTa A-
0 

K t H y -~ac-

THU no "nO*RbiM" anSI HHX runOT938M. C'IHTanOCb, 'ITO CMO,I:lenHpOB8HH8H 

~acTHua yaoBneTBOpSieT aaHHOA rHnOTe3e, ecnu anH sToA runoTe3hl BenH'IH

Ha X 2 ~ 12 , 3TO COOTBeTCTByeT 1 %-HOMY ypOBHIO aocTOBepHOCTH. 

10 

_. 

';·,, 
~ 
~. 
~ ... ·' '~'~~l\ 

~ 
•·v 
~ .. s, 

~ .. }.II, 
' ' 

' ' 

~.' J~ 
I 

l ,, 

j 
l 
! I 
'I 
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Ta6nHna 7 

CpellHee X2 )(2 Jlnll e06biTKil KonH'IeeTBO 
rHllOTe3bl llnll aeex e X 2 -s_l2 Hepaanene HHbi 

eo6hiTHil l'HllOTe3 (B < 

AKaK y 354 6,31 15,4 

K° KaK y 1020 6,76 5,62 

y K8K A 20,8 5,72 38 

y K8K K 29 5,95 16 

Ta6n11ua 8 

t{aeTHU8 B CpellHHil CpellHHil yron !{Keno V0 
-' 

peaKUHH (1) KMnynbe B BepWHHe TH!l e yrno 
(raa/e) Bl!nKH (J < 1° (B 

A 13,30 4° 57' 8 

K 10,70 8 ° 28' 4 

y 7,61 0 

l13 aaanu3a aaHHbiX, a TaK*e H3 Ta6nuu 7-8 BHa ao, 'IT' 
0 

A - u K -'lacTuu._, xoTopbie HeB03MO*HO oTnH~HTb OT y -xBai 

nHeTcH 'IHCnoM Taxux A- H K -'laCTHU, yron 0 B Bepwuae e 

Man. QqeBHaHO, 'ITO cpeaHHH BenH'IHH8 9Toro yrna 38BHCHT OT 

'laCTHU. TaxHM o6pa30M, SICHO, 'ITO anH BbiCoxosaeprH'lHbiX A 

THU B03HHK89T Cepb93HSH npooneMa Hepa3nH'lHMOCTH HX OT 

ToT ¢laxT, 'ITO 16% y -xBaHTOB 6yaeT xuaeMaTu'lecxu ae oTn 

Me30HOB 0 npaKTH'leCKH CTSBHT noa BOnpOC B03MO*HOCTb H3Y~ 
0 

30HOB. O'leHb Mano anSI pa3aeneHHH y -xBaHTOB OT K -Me3o: 

nOTepb 9HeprHH H8 TOpM03HOe H3nyqeHHe sneKTpOHHO-n03HTpOHI 

6onbWHX 9HeprHA 9THX 'l8CTHU. 

C apyroA CTOpOHbl 0 nOCKOnbKy O*HaaeTCSI0 'ITO BKnaa nE 

npoUeCCOB npH 40 faBle oyaeT 6onbWHM 0 TO cpeaHHA HMnynbc 

HOB 6yaeT 3H8~HTenbHO M9HbWHM 0 '19M npHBeaeHHbi:i!: B Taon. 
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llliSI KB.>KllOro npOllYKTa pacnalla 9THX 'IB.CTHU Bblll8.B8.liOCb no 

npH3H8.K8.MH pa3HbiX 'IB.CTHU ( npOTOHa HliH rr + -Me30H8. -

-Me30H8. - 9l19KTpOHa H Hao6opOT ) • 

Bbi'IHClleHH.II TO'IHbiX KOOpllHHaT TO'IKH pacnalla A- H K 0 

yiOIUHi!: paa5poc 9THX KOOpllHHB.T OnHCB.Hbl B / 2 / • .!111.11 y .·

TB.KOi!: >Ke M9TOll 1 HO llOnOliHHT9llbHO BBOllHliB.Cb aepOSIT

HH a KaMepe c y'leToM pallHBUHOHHoi!: llliHHbi ( X0 =llOcM). 

11.11 npaBHllbHOCTH MOll9liHpOB8.HHSI H pa60Tbl nporpaMMbl 2-8 

CTHUbl H y -KBB.HTbl nponyCKB.liHCb CHB.'Ialla no HCTHHHOi!: 

He 3H8.'19HHSI )(
2 

, nony'ieHHbie npH 9TOM1 npHB9ll9Hbl B 

Ta6nHua 6 

'iHcno ypaaHeHHil 0JKHaaeMoe CpeaHee x2 -2 CBSI3H X 

3 3 + 0,24 2,86 

3 3 ~ 0,20 3,35 

3 3 + 0,26 2,97 

THTb, 'ITO ifJHTHpOBB.HHe y -KBB.HTOB no nporpaMMe 2-8 /6/ 

9TBOpHT9llbHO. TipHMepHO B nOliOBHHe C06biTHi!: lf>yHKilHOHali 

TH lla>Ke nocne 3Ha'IHTellbHoro 'IHcna HTepauui!:. To >Ke ca-
o 

npoc'IHTbiBaHHIO A - H K -'laCTHII no runoTeae y -Kaaa-

pellCTaaneHbi peayl1bTaTbi pac'leTa A- 0 
K t H y -'lac-

" llliSI HHX runoTeaaM. C'luTanocb, 'ITo CMOllenupoaaHHaR 

opSieT llaHaoi!: runoTeae, ecnu anSI aToi!: runoTe3bi aenR'IH

cooTaeTcTayeT 1%-HoMy ypoaHIO llOcToaepHoCTH. 

10 

...,. 

I 

'1·.·1 

I I, ., 

I 
' li 
I 

Ta6nHua 7 

CpeaHee X-2 - )(2 !lnll C06biTHil KonH'IecTao 
fHnOTe3bi Anll acex c X 2 ~ 12 HepaaaeneHHbiX 

co6biTHil rHnoTea (a%) 

AKaK y 354 6,31 15,4 
K° KaK y 1020 6,76 5,62 
y KBK A 20,8 5,72 38 
y KBK K 29 5,95 16 

J13 aHaliH3a llaHHbiX1 a TaK>Ke H3 Ta6liHil 7-8 BHll H0
1 

'ITO KOliH'IeCTBO 
0 

A - H K -'laCTH~, KOTOpbie HeB03MO>KHo OTliH'IHTb OT y -KBaHToa, onpelle-

liSieTcSI 'IHCnoM TaKHX A - H K -'laCTHII, yron 0 a aepWHHe BHliKH KOTOpbiX 

0 Mall. 0'1eBHllH01 'ITO CpellHSISI BeliH'IHHa 9TOro yrna 3aBHCHT OT 9HeprHH V -
0 'laCTHu. TaKHM o6paaoM, .IICHO, 'ITO lll1SI BbiCOK09HeprH'IHbiX A - H K -'lac-

THil B03HHKBeT cepbe3H8R npo6neMa Hepa3l1H'IHMOCTH HX OT y - KBaHTOB. 

ToT cllaKT, 'ITO 16% y -KBaHToa 6ylleT KHHeMaTH'IeCKH He oTliH'IHMO oT K 0 -

Me3oHoa, npaKTH'IeCKH CTaBHT noll aonpoc B03MO>KHOCTb uay'leHH.II K 0 -Me

aoaoa. O'leHb Mano llliR paalleneHH.II y -KaaHTOB oT K0 -Meaoaoa llaCT y'leT 

noTepb 9HeprHH Ha TOpM03HOe H3lly'I9HHe 9l19KTpOHHo-n03HTpOHHbiX nap H3-3a 

50l1bWHX 9HepruA 9THX 'laCTHit. 

C llpyroi!: CTOpOHbi 1 nOCKOllbKy O>KHllaeTCR, 'ITO BKllall nepucllepH'IeCKHX 

npoueccoa npu 40 raa/c 6ylleT 60l1bWHM, TO cpellHHA HMilYllbC A -runepo-

HOB 6ylleT 3HB'IHTenbHO MeHbWHM, 'leM npuBelleHHbii!: a Ta5n. B. Cnelloaa-

11 
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TenbHO, HA9HTH~HK8UHH A -rHnepOHOB OTHOCHTenbHO He6onbWHX 9HeprHA 

cymecTseHHO o6ner'IHTCH. KpoMe Toro, yron 0 B sepwHHe sHnKH 6yneT 

6onbwe, nosTOMY KHHeMaTH'IeCKH TSK:ll<e 6yneT npome oTnH'ISTb A-rHnepo-

Hbi OT Y -KB8HT0Bo 

§8. HaeHTH¢HKSUHH oraen&HhlX xananos peaxuHI 

B 3SBHCHMOCTH Ot OWH60K H3MepHeMhlX senHqHH 

C pOCTOM 9HeprHH npOAYKTOB B38HMOAeACTBHH paCTeT MHHHM8nbH8H 

nnHH8 TpeKa, H8 KOTOpOA Heo6XOAHMO H3MepHTb K00p/lHH8Tbl TO'IeK, 'IT06bl 

nony'IHTb Tpe6yeMylO TO'IHOCTb B H3MepeHHH HMfiynbC8o JlnH IT- -Me30HOB 

C HMllynbCOM 5 fss/c, HanpRMep (eM. pRC. 2) AnH nony'leHHH 6%-aoA TO'I

HOCTH B H3MepeHHH HMfiynbC8, He06XOAHM8H /lnHH8 TpeKS B KSMepe p8BH8 

L 2 50 eM. DpH cpeAHeM npo6ere IT- -Me3oHOB B nponaHe 210 eM TOnhKO 

77% cne/lOB IT--Me30HOB 6yAeT HMeTb AnHHY B xaMepe L> 50 eM. 

0TC10/l8 BH/lHO, K8K B8:lKHO Bb!SICHHTbo K8K8H Tpe6yeTCH TO'IHOCTb B 83-

MepeHHH napaMeTpOB /lnH TOI'O, 'IT06bl npOBO/lHTb ycneWHYlO H/leHTH~HK8UHlO 
oT/lenbHbiX xaHanos peaxuHA. t:fTo xacaeTCSl TO'IHOCTH a onpeAeneHHH yrnos, 

TO 3/leCb CHTY8UHH 6onee 6naronpHHTH8, T8K KSK OfiTHM8nbHble AnHHbl /lJIH 

onpeAeneHHH yrnos HesenHKH H TO'IHOCTb a onpe/leneHHH yrnos c ysenR'Ie

HHeM HMfiYJibC8 'ISCTHU, B o6meM, B03p8CT8eTo 

A. M3MeHeHRe a~~KTHBHOCTH H/leHTH~HKSUHH xaHanos peaxuHA npR so3-

pacTaHHH OWH60K B HMllY1IbC8X npO/l9MOHCTpHpOB8HO B pac'leTaX, npose/leHHbiX 

AnH KaHana (5). Bbmo CMO/lenRposaHO no 100 co6biTHA peaxuHH (5) npH 

pa3Hb!X cpe/lHHX 3Ha'leHRHX owH60K a RMnynbcax. PacnpeAeneHHH /l&BaeMbiX 

npH 9TOM OTHOCHTenhHblX OWH60K AnH p83HblX 3H8'1eHHA cpe/lHHX OWH60K B 

HMllynhC8X npHB9/leHO H8 pHC. 3. 
Pe3ynbTaTbl pac'leTa xaaana (5) no rRnoTe3e IT-+p ... p+ IT++ 2 IT- (4) 

npe/lCTasneHbt Ha pHc; 4 ( xpHBSH A). Kax BH/lHO, sepoHTHOCTb cosna/leHHH 

peaKUHH (5) C rHnOTe30A (4) CHnbHO B03p8CT8eT C pOCTOM OWH60K B KM

nynbCSX '18CTHU: C ysenR'IeHHeM OWH60K B -. 3 p838 'IHCnO COfibiTHA (a %) 

peaKUHH (5), ynosneTBOpHlOWHX KHHeMSTHKe peaKUHH ( 4), B03p8CTaeT B 

... to pa3. 

12 
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B • .llnH nposepKH Toro, HacxonbKO pe3ynhTSTbi pac'leTos 

MOileACTBHA H8 KB83HCB060/lHbiX npOTOHSX (AaHHble Ta6n. 1-3) 'I~ 

Hbl K 3H8'19HHHM OWH60K B HMnynhCSX, HSMH T8K:ll<e 6b!JIH npOB9ll 

HHT9JibHbl9 paC'I9Tbl /lJIH peaKUHH 4F C y'leTOM HMnynbC8 <J>eplll 

JIH'IHblX 3H8'19HHSIX OWH60K B HMnyJibCSX '18CTHU, npH'IeM paa6poc 

T9JibHblX OWH6K8X npHHHMSJICH TSKHM, KSK nOK838HO H8 pHCo 3. ] 

npoC'IHTbiBaHHH peaKUHH 4 F no rHnoTe3aM ( 4) H ( 5) npencTasneJ 

H H8 pHC. 4 (KpHBSH B). 

Ta6nHua 9 

fHnoTeaa CpeAHHe aaa'leHH st )( 2 l..j HCJlO C06hiTHil 

a 

(4) 1T-+p->p+31T± 21,17 

(5) 1T-+p->p+31T"'+1T 0 8,36 

ByKBSMH a , {3 

CO Cpe/lHHMH OWH6KSMH 

f3 y YAOBJleTBOpstiOIUHX l"H: 

10,76 6,28 53 + 6 68 + 9 86 - -
3,06 1,40 78 + 7 80 + 6 9~ 

y B 

L'lP 
p 

Ta6n. 9 o6o3Ha'leHbi pe3yJibTa' 

COOTBeTCTBeHHO 7 ,10,20%. 

Kax BH/lHO H3 Ta6n. 9 H pHc. 4 ( xpHBSH B ) , c poe ToM 

HbiX OWH60K B HMnynbC8X 

H/l9HTH~HK8UHH K8H8nOB H 

KB83HCBOOO/lHbiX npOTOHSX 

Ha cso6onaoM npoToHe. 

'18CTHU YXY/lW89TCH 'IYBCTBHTenbHOCTI 

y:ll<e npH tp ::20% oxono 86% B38HMO, 

oy/leT YllOBneTBOpSITb KHH9M8THK9 B3l 

l1TaK, npH yseJIH'I9,!1HH OWHOOK B HMnynbCSX pe3K0 yMeHbl 

SlTHOCTb O/lH03Ha'IHOA H/leHTH~HKSUHH KaHanos peaKuHA. OpH 9T< 

a) pacTeT 'IHCno coobiTHA c HeATpanhHbiMH qacTHUaMH, Yl 

IUHX KHH9M8THKe peaKUHA 6e3 Heil:Tp8JibHbiX '18CTHU; 

6) YB9JIH'IHB89TCSI 'IHCJIO B38HMO/l9ii:CTBHil: IT- -Me30HOB C 

Hb!MH npOTOH8MH, YllOBJieTBOpS!lOWHX KHH9M8THKe B38HMO/leii:CTBH 

'iOM npOTOHe. 

0TC10/l8 SICHO, 'ITO TpeOOB8HHSI K TO'IHOCTSIM B onpeneneH~ 

'18CTHU, B '18CTHOCTH K H8JIH'IH10 MHHHMSnbHOA /lJIHHbl TpeKa H :M 

'leCTBY Tpexos, nonMHbi ObiTb o'leHb MeCTKHMH • 
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UHR A -rHrtepOHOB OTHOCHTenbHO He6onbWHX 9HeprHA 

HTCR, KpoMe Toro, yron (} B aepWHHe BHnKH 6yneT 

A-rHnepo-HeMaTH~eCKH TaK*e 6yneT npome OTnH~aTb 

aeHTH¢HKSUHH oTaen&HNX KSHSnOB peSKUHR 

SBHCHMOCTH OT OillHfJOK H3MepHeMbiX BenH'lllH 

rtpOllYKTOB B3aHMOl19ii:CTBHR pacTeT MHHHM8nbHaR 

TO~eK, ~T06bl 
TOpOil: He06XOllHMO H3MepHTb K00pl1HH8Tbl 

10 TO~HOCTb B H3MepeHHH HMrtynbCa, ,llnR TT- -Me30HOB 

/c, HSI!pHMep (eM, pHC. 2) nnR nony~eHHR 6%-HOil: TO'I

HMnynbCS, He06XOllHM8R nnHH8 TpeKS B KSMepe p8BH8 

l1H9M npo6ere TT- -Me30HOB B rtp0It8H9 210 CM TOnbKO 

aoHOB 6yneT HMeTb nnHHY a KaMepe L > 50 eM, 

0 
KaK Ba*HO BblRCHHTb, KaKSR Tpe6yeTCR TO'IHOCTb B H3-

'IT06bl npOBOllHTb ycneWHYIO HlleHTH!llHK8UHI0 
oa nnR Toro, 

peaKUHil:, qTO KaCaeTCR TO'IHOCTH B onpeneneHHH yrnOB, 

R 6onee 6naronpHRTHa, TSK KaK onTHManbHbl9 nnHHbl nnR 

HeaenHKH H TO'IHOCTb a onpeneneHHH yrnoa c yaenH'Ie-

CTHU, a o6meM, soapacTaeT. 

e a!ll!lleKTHBHOCTH Hl19HTH!l~HK8UHH KaHSnOB peaKUHil: rtpH B03-

HMny11bCaX nponeMOHCTpHpOBaHO B pac'leTaX, nposeneHHblX 

Ebmo cMonenHpoaaHo no 100 co6biTHA peaKUHH (5) npH 

Ha~eHHRX omH6oK a HMnynbcax. PacnpeneneHHR naaaeMbiX 

enbHbiX OJUH60K nnR pa3HblX 3Ha'I9HHil: cpellHHX OJUH60K B 

eHO Ha pHC, 3, 

pac~eTa KaHana ( 5) no rHIIOTeae rr- + p ... p + rr ++ 2 rr - (4) 

pHc. 4 (KpHBaR A). KaK BHllHO, aepoRTHOCTb coananeHHR 

nOT830il: (4) CHnbHO B03pacTaeT C pOCTOM OJUH60K B HM

C yaenH'IeHHeM OJUHtsOK B -. 3 paaa 'IHCnO C06biTHil: ( B %) 

aneTBOpR!OWHX KHH9M8THKe peaKUHH (4), B03p8CT89T B 

12 

~ 

\ 

E. ,llng npoaepKH Toro, HaCKOnbKO peaynbTaTbl paC'I8TOB nng B38H

MOlleitCTBHii Ha KB83HCB060l1HblX rtpOTOHSX ( naHHble Ta6n, 1-3) ~YBCTBHTenb

Hbl K 3Ha~eHHRM OJUH60K B HMnynbC8X 0 HaMH TaK*e 6binH npOB8l18Hbl nonon

HHTenbHble pa,c~eTbl nng peaKUHH 4F C y~eTOM HMnynbC8 $epMH ItpH pa3-

nH~HblX 3Ha'I8HHRX OJUH60K B HMrtynbCSX 'laCTHU, npH'19M pas6poC B OTHOCH

TenbHblX OWH6KaX ItpHHHManCR T8KHM 0 KaK noKa3aHO Ha pHC, 3, Pe3ynbTaTbl 

npoC~HTb!BaHHR peaKUHH 4 F no rHnOTe3aM ( 4) H ( 5) rtpencTaaneHbl B Ta6n,9 

H Ha pHc, 4 (KpHBaR B). 

Ta6nHlla 9 

fHnoTeaa CpenHHe 3Ha'leHH Sl X 2 1bcno C06biTHil (B %), 

a 

(4) 77-+p->pt377± 21,17 

(5) 77-+p->pt377"'+77 0 8,36 

EyKBSMH a , f3 
CO CpenHHMH OWH6KaMH 

{3 y y )lOBneTBOpliiOillHX I'HfiOTe3e 

10,76 6,28 53+6 68+9 86+5 - - -
3,06 I ,40 78 + 7 80 + 6 93 + 3 

y B Ta6n, 9 o603H8'19Hbl pe3ynbT8Tbl paC'I9TOB 

LlP 
COOTB9TCTB9HHO 7 ,10,20%, 

p 

KaK BHllHO H3 Ta6n, 9 H pHC, 4 ( KpHBSR B ) , C pOCTOM OTHOCHTenb-

HblX OWH60K B HMnynbCSX ~aCTHU yxynwaeTCR 'lyBCTBHTenbHOCTb nporpaMMbl 

Hl19HTH!llHKaUHH KaHanOB H Y*e npH ~ ::20% OKOnO 86% B38HMOlleitCTBHit Ha 

KBa3HCBOOOl1HblX npOTOHSX oyneT ynosneTBOpRTb KHH9M8THK9 B38HM0l19HCTBHR 

Ha cso6onHoM npoTOHe. 

Y!TaK, npH ysenH~9HHH OWH60K B HMIIynbCaX pe3KO yMeHbW89TCR sepo-

RTHOCTb Ol1H03Haqaoit Hl19HTH~HK8UHH KaHanOB peaKUHii, Op11 9TOM: 

a) paCT9T qHCno C06biTHii C HeiiTpanbHbiMH qaCTHU8MH 0 ynosneTBOpRIO-

JUHX KHH9M8THK9 peaKUHii 6e3 Heii:TpanbHbiX qaCTHUj 

6) ysenHqlfB89TCR qHCnO B3aHMOneii:CTBHit TT- -Me30HOB C KBa3HCB060ll

HbiMH npOTOHSMH, ynosneTBOpRIOIUHX KHH9M8THK9 B38HMOl19ifCTBHif Ha CB060ll

'!OM npOTOHe, 

0TCIOl18 RCHO, qTQ Tpe60B8HHR K TOqHOCTRM B onpeneneHHH HMnynbCOB 

qaCTHU, B qaCTHOCTH K HanHqHJO MHHHMSnbHOil: nnHHbl TpeKa H xopoweMy Ka-

qeCTBY TpeKOB
1 
non*Hhl 6b1Tb oqeHb *9CTKHMH, 

,, 
13 



, B 38KniO"'eHHe 8BTOpbl C"'HT810T CBOHM llpHSITHbiM .~tonroM ll06n8rO.[t8pHTb 

38 noMOW:b u o6cy)KaeHHH B.r. fpnmHH8, B.A. BenHKosa, K.n. Buw:aescKyiO, 

B.M. Tionosy, A.A. A6ayp8XHMOBa. ABTOpbi npH3HSTenbHbl .ll.B. nuaacJ!opc, 

A. rna.~tKOI!: H C.B. KOMaposol!: 38 noMOW:b 'B CHCTeMaTH38UHH pe3ynbTSTOB 

p8C"'eTOB H8 sneKTpOHHQ-C"'eTHbiX M81IlHH8Xo 

nHreparypB 

1, M.P.Balandin, N.G.Borisov, Wan_g Yung-chang, R.P.Kukhareva, 

V.A.Moiseenko, V.I.Snyatkov, M.I. Soloviev, I. V.Chuvilo. N.I.J.\/f. 
1 

20, 1.1.0 (1.963). 

2. E.H. KIIBIIHHUKBH, B.E. KoMonosa, A.A. Ky3Heuos, HryeH JlHH Tbr, 

B.H. JleHeB, M.l1. ColiOBbeB, JO.B. TeB3B/I3e, n.a. l1eHHK. JlpenpHHT 

OJ1Rl1, 1-4283, Jlyt5HB, 1969. 

3. B.E. KoMOIIOBB, r.J1. KonblliOB. JlpenpHHT Ol1Rl1,P-2027, £iyt5HB, 1965; 

B.E. KOMOIIOBB, r.J1. KonblliOB, JlpenpHHT Ol1Hl1, P11-3193, £iyt5Ha,1967. 

4. 3.M. l1BBH'leHKO, A.B. nyK'bHHUeB, 4--11.. MaKapeHKOBa, .a 11. Mopo3, 

r.H. TeHTIOKOBB. JlpeiipHHT 0.11 R.l1, p 11-3983, Jlyt5HB, 1968. 

5. M. J1pem, M. HoBaK, B. JleTplKHIIKa, JlpenpHHT Ol1Hl1, 1-3457, .lly6Ha,1967. 

6. n.tP. nyK'bHHUeB H lip. JlpellpHHT O.l1R.J1, P-1982, Ilyt5HB, 1965. 

..-

PyKonHCb nocTynHna a H3AaTen&cKHli OTAen 

30 anpenH 1969 roAa. 
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OpoeKWJU lUll~ "f'O'IM 
xr, ~r 'il' ( 

A. PacnpeAeneaue HMnynbCOB npoTOH8-MHWeHH; B - pacn~ 
npOeKUHii HMnynbCOB npoTOH8-MHWeHHo 3awTpHXOB8Hbl HMn; 

C06biTHli peaKUHH 1T-( p) -+ p + IT++ 2 7T - , YAOBneTBOpS!!OlllH 

THKe pe8KUHH 7T - p -+ p + 7T + + 2 7T- H8 CB060AHOM npOTOHe 
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.JO'IeHHe 8BTOpb! C'IHT8JOT CBOHM npHHTHbiM JlOni'OM no6nai'OJl8pHTb 

o6cy.lK.lleHHH B.r. fpHWHHa, B.A. EenHKoaa, K.n. BHwneacxyJO, 

' A.A. A6nypaXHMOBa. ABTOpbi npH3HaTenbHbl .a.B. nHHJlljlopc, 

H G.B. KOMapoaoit aa noMOlllb 'B CHCTeMaTH3aUHH peaynbTaToa 

sneKTpOHHQ-C'IeTHbiX M8WHHax. 

nnreparypa 

N.G.Borisov, Wa.n.€ Yung-cha.ng, R.P.Kukha.reva, 

V.I.Snya.tkov, M.I.Soloviev, I. V.Chuvilo. N.I.IVf. 
1 

B.E. KoMonoBa, A.A. KyaneuoB, Hryen ,linn Tbi
1 

ConoBbeB, JO.B. TeBaa.aae, n.a. ti"eHHK. JlpenpHHT 
, ,l1y6na, 1989. 

r.H. KonbinOB. JlpenpHHT OHRHJP-2027, ,l1y6Ha, 1985; 

r.H. KonbinOB. JlpenpHHT OHRHJ ?11-3193, ,l1y6na,1967. 

A.B. nyK'bRHUeB, -...a. MaKapeHKOBa, B. H. Mopoa, 

OBa. JlpenpHHT OH RH, P 11-3983, ,l1y6na, 1988. 

B. JleTp)I(HflKa. JlpenpHHT OHRH, 1-3457, ay6Ha,1967. 

RHIIeB H .ap. JlpenpHHT OHRH, P-1982, ,lly6na, 1985. 

PyKOOHCb nocTynHna a H3AaTenbCKHA OTAen 

30 anpeng 1969 roAa, 
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Opoe~ I.IIIII'!JIMICCl "fO'II'IOHtt MUUIIHII 

.xr'dlr ,;,. (r,Jjc) 

PHc,l. A. PacnpeJ:IeneHHe HMnynbcoa npoToaa-MHIIIeHH; B - pacnpeJ:IeneHHR 

npoeKUHll HMITYnbCOB npOTOH8-MHIII8HH. 3aliiTpHXOB8Hbl HMnynbCbi 

C06biTHli peaKUHH "-( p) _, p + "+ + 2 " - 1 YJ:IOBneTBOpS!IOIUHX KHHeMa-

THKe peaKUHH " - p _, p + "+ + 2 "- Ha CB060J:IHOM npOTOHe, 

,, 
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'!eHHH cpellHI!X OWI!60K B HMIIYlibCaX Tl- -Me30HOB, I!CIIOnh3yeMbl6 B 

MO!l6111!pOB8HHI! pa3ni!'IHbiX peaKUI!H. 
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Q tu. U.O X CL b U.Jt,L'nYIIbCa~ ¥c&~> 
PHc,4, 3aBHCHMOCTb 'IHCna co6hlTHA ( B %) peaK!lHH "- p _, p + "+ + 2" -+ " o 

(xpHBaSI A) H r(p)->P+"++ 2"- c y'leTOI\4 HMnynbca $epMH (KpHBaSI 8)1 

YAOBneTBOpS!IOillHX KHHeMSTHKe rHnOT63bl "- p -> p + "++ 2 "-
B 38BHCHMOCTH OT BenH'IHHbl OWH60K B HMnynbCSX '18CTH!l, 

18 

.-


