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1. BBEAEH~E 

Ao HeAaBHero epeMCHH norApl13aU11A ,\ - r11 nepoHOB 113y4anacb 
B OCHOBHOM B aAPOHH~X B~ai1~Jf,C~CT B11RX 11 B 00JlbW11HCTBC cny4aCB 
MeTOA11 KO~ nya~pbKOBbiX Ka~.cp 1"121• B nocneAH11e rOA~ nOAB11nCA 
PAA 3neKTPOHHbiX 3Kcnepi1MeHToe , noceR~eHHbiX 113Y4CHI1~ nonRp11aa
ll1111 /1. -rl1nepOHO B, oopa30Ba BW11XCR KaK B aApOHHbiX, TaK 11 B aA
pOH- RACPHbiX B3ai1MOAC~ CT B11RX I 13·20/. 

HeKoTopaR,B03MO~Ho, , He nonHaR, cBOAKa 3TI1X AaHHbiX np11eeAeHa 
Ha p11c. 1 • B~IAHO, 4TO Aa~e np11 OAHO~ 11 TO~ ~e 3Hep r1111, HanpHMep .. 
5 f3B, nony4CHHble a pa3HbiX pa6oTax eenH4HHbl P /1. pa3nl14a~TCR 
04CHb CHnbHO. 

~0 

t ! 
" 1r"• p~/\· ... 
o P •P~/\• . . 
D. J'. n.~/\ • .. 
v p. sq,o-1\• ... 

~ -r .. ~ r -' ~·~ 

P .. 6 (liBic) 

PHC. 1. 3aB11CHMOCTb nonRpl13aUHI1 /1. -rl1nepOHOB OT 3Hepri1H 

HaneTa~~ei1 4aCTHI.Ibl. 

B 1976 r. noRe11nacb pa6oTa G.Bunce 11 AP / 141
, noKaaaewaR, 

4TO nonRPH3aUHR /1. -r11nepoHoe 113 peaKUI-11-1 p + Be ... /1. + ... np11 
300 r3B/ c C11JlbHO 3aBHCI1T OT HX nonepe4HOrO~Mnynbca. 3Ta pa60Ta 
npo6yA11na 6onbwoi1 HHTepec K HccneAoeaHH~ P/1. e npoToH-RAepH~X 

06lle~W\"1..4o..l :.l 1.;1Ct1iT)' I 

~l !)( '".'!P.JI()It5RUi: 
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B3a11MOAe~CTBI1RX B OoJlbWOM Al1ana30He 3Heprl1~ nepBI14H~X npOTOHOB, 
OT -20 r3B AO 1500 r3B. 

Hs 3TI1X 3Kcnepi1MeHTOB aeTopaMI1 1 161 6~nl1 CAenaH~ cneAY~~I1e 
B~BOA~: ~ 

ll BeKTOp nonRp11sa~1111 A -rl1nepoHa PA nepneHAHKynRpe H 
nnOCKOCTH pO~AeHHR, T.e. HeT HapyWeHHR COXpaHeHHR 4eTHOCTH 
B CHJlbHWX B3aHM0Ae~CTBHRX. A 

21 Be1111411Ha n011RPH3a~H11 MOHOTOHHO pacTeT C POCTOM p ~ 
A A 

OT 0 np11 Pl =0 AO /20.;.301% npH Pl = 11,6-;.21 r3Bic lcM.pHc.21. 

• P•Pt -A• ... . ~" r.&~c 
o P• S. -A• ... , !(X)-·-

y P • Cu -A • .• , 500- • -
X P • Be-A• ... ,lfOO-•-

p • S.-A• .• , ~211; 28,5. 

0 & 

'~. 'Oh~ft ! I 

I I 

2.0 
I , , , -1.5 

tO P.A (r~B /c) 
P11c.2. 3aBHCHMOCTb nonRpHSa4HH A -rHnepoH08 OT 
HX nonepe4H~X HMnynbC0 8 AJ1R npOTOH - RAepHWX 83aHMO
Ae~CTBH~. 

31 nonRpH3a~HR cna6o 3 a8~o~CHT OT npOAOllbHOro HMnynbca A-rH-

PtA 
nepOHOB 8 AHana30He 0, 2 < X < 0, 8 (x = ) • 

P mu 

41 nonRpHSa~HR A -r ... nepOHOB 113 o6naCTH Cl>parMeHTa~HH Hane
TaiOillero npoToHa He aa811CHT oT copTa M11WeHI1 I Be , Pt , Cu, 
Ir , Pb I. 

51 3a ei1CHMOCTb OT 3HeprHI1 HaneTaiO\lle H 4aCTH~~ HeRcHa. AaHH~e 
o6Hapyli<H8a~T TeHAeH~H~ K pOCTy nD11RPH3a~HH 8 06JlaCTI1 B~We 
300 r3B. 
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Pa5oT no HCcneAoBaHH~ · aaeHCHMOCTH P \ OT P1 e 11 -Me-
30HHOM ny4Ke 04eHb MallO / 21,22/. . 

M~ npeACTaenReM AaHH~e, nony4eHH~e Ha 2-MeTpoeo~ nponaHoeo~ 
ny3~pbKOBO~ KaMepe. 

CneAYeT OT MeTHTb, 4TO eo scex 3KcnepHMeHTax He B~AenReTCR 
npRMOe POli<AeHHe A - rHnepoHOB. OnpeAenRnac b nonRpH3a~HR A , 
KaK POAHBWHXCR B peaK~I111 11- +P-+ A+ ... , TaK 11 RBnRIO\IIHXCR npoAyK
TaMI1 pacnaAa l 0 -r ... nepoHoe H3 peaK~I1H 11- + p .. l 0 + ... 

LA +y 

/1. -nmepoH~ 113 nocneAHe~ peaK~~'~"' 6yAYT HMeTb iJA =- ~ Plo· 
Ho TaK KaK OTHOWeHI1e Ce4eHH~ peaK~H~ 11- + p->A+ .. .H IT-+ p .. }:0 + ... 
Hei13BeCTHO, TO 3TOT 3<l>¢eKT MO~HO TOJlbKO O~eHI1BaTb np11 pa3JlH4-
H~X npeAnonoll<eHHRX. 

2. 3KCnEPHMEHTAnbH~E PE3YnbTAT~ 

KaK 113 eecTHO, pacnpeAeneHHe npoTOHOB OT pacnaAa A - rHnepo
HOB B CI1CTeMe nOKOR A - rHne poHa AOJlli<HO HMeT b CJleAYIOUIH~ BHA: 

1 .. 
f (cos e) "' 2 (1 ~a Pi\. cos 8), Ill 

rAe 8 - yrOJl Meli<AY HanpaeneHHeM B~JleTa npOTOHa B CHCTeMe nOKOR 
A -rHnepoHa 11 e~6paHH~M HanpaeneHHeM e npocTpaHcTee . CHcTeMa 
KOOPAHHaT, KOTOpaR npHHHManaCb B AaHHO~ pa6oTe, CJleAYIO\llaR:OCb .. ... ] 

[ p _xpA 
-+ IT 
0 = , OCb y -

lprr-xPA I 
X - HOpMaJlb K nllOCKOCTH pO~AeHI1R, 

HanpaeneHHe HMnynbca A- rHnepoHa e na6. CHCTeMe, a ocb z e~-

6paHa nepneHAHKYllRPHO~ 3TI1M ABYM OCRM, 4T06~ o§p830B~BaTb · 
c HHMH npaey~ CHCTeMy KOOPAI1HaT. B swpa~eHHH 111 PA - seKTOP 
nor.RpH3a~HH A -rHnepoHa, a =0 ,647 - pacnaAHW~ napaMeTp, 112 -
HOPMHpOB04H~H K03<!>¢11~HeHT. H3 TaKoro pacnpeAeJleHHR nony4aeTCR, 
4TO ... 

a P A 

3 
<cosO> 

Ecn11 y4eCTb 34>¢eKTH8HOCTb perHcTpa~"""" 

Mepe, TO 

c; _ al w 1 cos e i 
J A -

a I\\ 1 

3 1 
±v 2 N 

a 

121 

A - r~o~nepoHOB 8 Ka-

131 
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-1 
rAe WI .. [1-exp(UL)]- sec co6biTH.R, aenH4HHa, o6paTHa.R 3<!>4JeK-
THBHOCTH perHCTpaUHH A -rHnepOHOB 9 KaMepe, f -noTeHUHaJlbHa.R 
AflHHa, L= {3c y r0 - cpeAHHH CBOOOAHbiH npo6er. 

npH o6pa6oTKe 80 000 <I>OTOrpa~i1 6bln0 Hai1AeHO 411 A- rHnepo
HOB 9 IT-p-a3aHMOAeHCTBH.RX,112 • BIT-0 1-1696 • 9 IT-Cno CTaH· 
AapTHbiM KpHTepH.RM pa3Ae11eHH.R COfibiTHH 9 nponaHOBOH KaMepe 123 ' . 

OnpeAeJleHHe 0011.RpH3aUHH OTHOCHTe11bHO Hanpaa11eHH.R HOpMa11H 
K n110CKOCTH PO*AeHH.R Afl.R peaKUHH 

IT- + p .... A+ ... 

rr +O .... A+ ... 

IT- + c .... A+ ... 

IT- +C 8H 8 ... A+ ... 

AaJlO c11eAY~He peay11bTaTbl: 
... A 
P 0 - - (0,14 ± 0,12) , 

... A 
P 

0 
:- (0,32 ± 0,24) , 

... A 
P 

0 
.,_ (0 ,22 ± 0,09) , 

.. A 
P 

0 
,.,_ (0,22 ± 0,07) . 

/4/ 

/5/ 

/6/ 

171 

no11.RPH3aUH.R A ·rHnepOHOB Afl.R peaKUHH /7/ 0THOCHTe11bHO Hanpaa-.. ;\ 
11eHH.R no11eTa A- rHnepoHoa a 11a6. c . P Y = -/0 , 10 ±0, 11 I. /npl-1 
3TOM 6bi11H a aeAeHbl nonpaaKH Ha TaKHe pacnaAbl A -rHnepoHoa, 
KOrAa C11eAbl IT- ·Me30HO B / P IT - < 0 , 06 r3B/c/ H11H npOTOHOB 
I p p < 0' 16 r3B/ c/ He Ha61110AaiOTC.R 9 KaMepe/. no11.RPH3aUH.R OTHO-

.. A .. A .. A 
CHTe11bHO OCH Pz =0,08±0,07, T.e. o6e ae11!-14HHbl, P y 1-1 Pz , 
paBHbl HY1110 a npeAe11ax 3 Kcnepi-1 MeHTa11 bHblx owH6oK. 

CpaaHeHHe aa aHCHMOCTH no11.RPH3aUHH A -rHnepoHoa oT HX no
nepe4Horo HMny11bCa a IT-p-,IT-0- H IT- C - peaKUH.RX noKaaano, 
4TO OTJll-141-i.R He BbiXOART 3a npeAe11bl CTaTHCTH4eCKHX OWH60K. 3TO 
00390111-1110 HaM 06oeAHHHTb BCIO CTaTHCTHKY H paCCMaTpHBaTb B3aHMO· 

Aei1~::::H:o~;bc~~:;P~;;~~H/:~::0r~~!~oH~~4~~TH~/f npeAc~aa11eHa 
Ha PHC.3. npRMa.R- pe3y11bTaT annpOKCHMaUI-IH ~YHKUHeH PA 
=/0 , 058±0, 13/ - /0,57±0,23/ P~ C X 2 =0,64 Ha 1 CTeneHb 
CBOOOAbl. 
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PHc.3.3aaHCHMOCTb 
no11RPH3aUHH A - rHne
poHa OT P 1 AflR peaK
UHH "- + c 3 H 8 .. A + ... 
npH 40 r3B/c.npRMa.R 
11HHHR · annpOKCHMa· 
UH.R aaaHCHMOCTbiO .. 
pi\ =/0,058 ±0 , 13/-

-/0,57±0,23/ P1. 

.... 
3a~HCI-1MOCTb pi\ 

OT P.1 , no11y4eHHaR 
Afl.R "- + C 3 H 8 
B3aHMOAeHCTBHH npH 
40 r3B/c , coanaAaeT 
a npeAe11ax OWH60K 
C 3aBHCHMOCTbiO 

:~r · · C,H8--/\ • ... 

0 

-1 

1 2 
~f' (5 8/c) 

Afl.R IT- p -peaKUHH npH 15 r3B/ c 12 11 • XoTR owHfiKH aenHKH, c03Aa
eTc.R ane4aT neHHe, 4TO A - 4aCTHUbl H3 peaKUHH, Bb13 aaHHbiX IT- -Me-
30HaMH , n011RPH3oaaHbl CH11bHee, 4eM A ·4aCTHUbl H3 npOTOHHbiX peaK
UHi1/cM. p!-1c,4/ . 

Paa6HeHHe o6nacTH H3MeHeHHR 
AYIO~He 3Ha4eHHR no11RPH3aUHH: 

pA 
..L Ha ABa HHTepaana AaeT c11e· 

... A 
PA (P ~ < 0,6) .. - (0,07± 0,08). 

.. A 
P A (P ~ > 0,6) = - (0,38± 0,13) . 

H3y4eHHe aaBHCHMOCTI-1 PA OT nepeMeHHOH x noKaaa11o, 4TO 
Afl.R A - rHnepoHoa, o6paaoaaHHbiX IT- ·Me30HaMH Ha nponaHe , 

.. 
P A (x > 0) '"' - (0,41 ± 0,17) , .. 
PA(x < 0) = - (0,18±0,08), 

T.e. A-rHnepOHbl, neT.R~e a nepeAHIOIO nonyc¢epy, n011RPH30BaHbl 
CH11~Hee , 4eM A - rHnepoHbl, 11eTR~He a aaAHIOIO nonyc¢epy. AaHHble 
o PA= f (~, no11y4eHHble a APYrHx 3KcnepHMeHTax, He noaao11RIOT 
CAenaT b onpeAe11eHHoro aaKnl04eHHR o aaaHCHMOCTH 3THX pacnpeAe
neHHH OT 3HeprHH, 
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3. 3/\KilOYEHHE 

0.5 

o :f"• P -A· . 15 liB It X <·0.2 
• f"·· C,H,-A· • ~ r.& lc 
~:; f · · P - A· • OJ. m . !160 r>&~< 
x P· S. - A· . 400r.alc e·•?.2~ 
- P • K./Dt-11 • • ~ z,. u.s r>B~e Q2W(<D.6 

I f l { 

' 

t 0 i.S a.o a.s 
P: ( ro&le) 

P~c.4. 3ae~c~MOCTb fOnRp~3aU~~ 
A -r~nepoHoe OT Pi AJlR 17-+p-, 

T7- +C 3H8 - ~ p+A- B3a~MOAe~CT B~~. 

1/0npeAeneHa nonRp~3aU~R A-r~nepoHoa, o6pa3oeaHH~x "--Me-
30HaM~ B C3H8, OTHOC~TeflbHO HOpMan~ K nnOCKOCT~ pO~AeH~R: 

~ 

P A = -(0,22 ± 0.07) . 

2/ 0onRp~3aU~R 3aB~C~T OT nonepe4HO~ KOMnOHeHT~ ~MnynbCa 
A -4acT~U ~ annpoKC~M~pyeTCR npRMO~ .. 

P A .. (0,058 ± 0,13) - (0,57 ± 0,23) P.! . 
3/ A-r~nepoH~ , neTR~~e e nepeAH~~ nonyc$epy , nonRP~3oaaH~ 

c~nbHee, 4eM neTR~~e e 3aAH~~ nonyc¢epy. 

AaTop~ 6na roAapRT B.r.rp~w~Ha, A.B.E$peMOaa, E.M.nea~Ha , 

B . n.n~6ow~ua , B.H.OeHesa 3a none3Hwe o6cy~AeH~R , B . C.BaKc~HY 
3a noMO~b e pac4eTax, H . A.Oepeyw~HY ~ H.B.Oe4eHOBa 3a o¢opM
neH~e p~CYHKOB. 
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