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YrnoaaR. H HMnynbcHaR saBHCHMOCTH nonRPH3a~HH 
npOTOHOB·, HCnyllleHHbiX B pC -coyAapeHHRX 
npH 3HeprHH 640 M3B 

iTOAOM ABOHHoro pacceRHHR H3MepeHa nonRpHsa~HR 
,a, HHKni03HBH·o perHcTpHpyeMbiX a peaK~HH p +C ... P+ ••• 
iprHH HaneTaiOIIIHX npOTOHOB 640 M3B. npeACTaaneHa 
I SaBHCHMOCTb no.:----:-"'IIW~aeMbiX npOTOHOB B 
'.nax 3HeprHH ~ 12~ · · . 
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HccneAOBaHHe npo~eccoe e~6HBaHHR H3 RAeP 4aCTH~ c AOCTaTo4-
HO 66nbWOH 3HeprHeH B o6naCTb, KHHeMaTH4eCKH sanpe~eHHY~ AflR 

COyAapeHHH HaneTa~~ero aAPOHa C MeAneHHO ABHmy~HMHCR HYKnOHaMH 
RApa-MHWeHH * ,npOAOnJKaeT OCTaBaTbCR OAHHM H3 HaH6onee HHTepec
H~X H 3araA04H~X HanpaeneHHH B ~H3HKe B3aHMOAeHCTBHR aApOHOB 
C RAPaMH. B 3TOH CB.RaH aBTOpbl PRAa: pa6oT/l,l!/ yKasanH Ha TOT 
~at<T, 4TO nonRpH3a~HOHHble' 3,KcnepHMeHT~ MOryT AaTb HOBY~ H He-
3aBHCHMY~ HH~OpMa~H~ 0 MeXaHH3Me Tat<oro B~6HBaHHR 4aCTH~. no
n~TKH noi-IRTb MexaHH3M KyMynRTHBH~x npo~eccos c T04KH speHHR 
KBapK-napTOHH~X npeACTasneHH~ TaKJKe CBHAeTeflbCTBY~T 0 Heo6xo-
AHMOCTH nonRpH3a~HOHHbiX 3KCn.epHMeHTOB/SI. · . . . 

B HacToR~ei1 pa6oTe npHBOARTcR pesyni.Tan• AeTanbHoro H3Y4e
HHR yrnOBOH H HMnynbCHOH 3aBHCHMOCTei1 nonflpl-13a~HH.npOTOHOB,HC
ny~eHHbiX B peaK~HI1 

12 . .: 
p + c ... p + •••• /1/ 

npH 3HeprHH 640 M3B; TaKHM o6pasoM, cy~eCTBeHHO AOnonHeH~ 
H yT04HeHbl. npe'AeapHTenbH~e pesynbTaTbl HaWHX npeAbiAY~HX HC
cneAOBaHHH 3TOH eenH4HH~ /~/ • 
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Puc.l. CxeMa npoeeAeHHR 3KcnepHMeH
Ta: Tt,.;. nonRpHsaTop; :r2 - aHanHsa
Top; L , R - HHAeKc~ cooTaeTCTBeHHO 
neaoro H npaaoro pacceRHHH. 

' CXEMA OnbiTA 
.·. H nPOI..IE.llYPA 
H3MEPEHH~ 

3KcnepHMeHT 6bln Bbl
nOnHeH Ha HenonRpHso
aaHHOM ny4Ke CHHXpO
~HKnOTpOHa na6opaTOPHH 
RAePHbiX npo6neM OHRH 
c 3Hepr!llei1 640+15 M3B. 
CxeMa pacceRHHR npHBe
AeHa Ha puc.l 11 He Tpe-
6yeT AeTanbH~X noRcHe
HHH. CHcTeMa c4eT4HKOB 
1 +5 , NaJ nos aonRna 113-
MepRTb apeMR nponeTa 
4aCTH~aMH paCCTORHHH 

*HHOrAa B flHTepaType TaKHe B3aHMOAeHCTBHR Ha3~Ba~T npo~ec
caMH KyMynRTHBHOrO Bbi6HBaHHR 4aCTH~ /3,61. 

ehe.iliHelilluil' uncrmyr 
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AO H noc~e aHa~H3aTopa,onpeAe~P.Tb 3HeprH~,nor~o~eHHY~ C4eT4H
KOM NaJ,H Ha 3BM.HP-2116 B pe)I(HMe oH-~aHH HAeHTH$HLtHPOBaTb 4ac
THI.l~ no Macce.noAp06Hoe onHcaHHe aonpocos MeTOAHKH H3MepeHHH 
6yAeT AaHo no3AHee.AHa~H3 no~RPH3aLtHH npoH3BOAHTCR nyTeM pac
ceRHHR npoTOHOB Ha yr~epoAe.AnR 6o~ee 3$$eKTHBHoro,4eM 3TO AO
CTHra~ocb HaMH paHee14~ noAaB~eHHR ~OlKHbiX aCHMMeTpHH yro~ B aHa
~H3Hpy~~eM pacceRHI111 fibr~ yae~l14eH c 8° AO /12+1/0 a ~a6opaTop
HOH CI1CTeMe.3TI1M cnoco6oM 113t..,ep:R~acb no~RPH3ali"11R npoTOHos,Hc
ny~eHHbJX no~RPI13aTOpOM nOA yr~OM (J =/57-:-150JC~. C. B HHTepsa~e 
3Hepri1H npoTOHOB EP 9 P 
= /120-235/ M3B. To4-
HOCTb onpeAe~eHHR 3Hep
rHI1 - ~17-:-121 M3B. Yr
~osoe pa3peweHHe cocTaa
~R~o+1 ,5°·AHa~I1311PY~~aR 
cnocobHOCTb P

0 
HaXOAI1-

~acb B OTAe~bHOM on~Te. 
Pe3y~bTaTbl 3TI1X 113Mepe
i·mH npi1BeAeHbl Ha puc. 2 
11 CTaTHCTI14eCKH XOPOWO 
coenaAa~T c yme H3BecT
HbiMI1 AaHHbiMH A~R yr~a 
12 0 11. c. 161 

AOM11HI1PY~~I1H 11CT04-
HI1K $OHa - c~y4aHHble 
COBnaAeHI1R -· KOHTpO~Hpo
sa~CR a npouecce npoae
AeHI1R 3Kcnepi1MeHTa, H 
ero BK~aA Ofibi4HO He 
npeabrwa~ /2+5/% OT no~
Horo 411C~a N aKTOB 
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FUc.2. 3HepreTI14ecKaR saa11c11MOCTb 
aHa~I1311PY~~eH cnoco6HOCTH yr~epo
Aa P c a 11HTepsa~e 3Hepn1H 
130-220 M3B A~R yr~a 12° ~.c. 

ABOHHoro pacceRHI1R. KpoMe 3Toro, Y4HT~aa~cR e~e OAHH ~OlKHbiH 
BHA COfibiTHH N JIOJK , . KOTOPbiH B03HHKa~ BC~eACTBHe lie CTOnpoLteHT
HOH 11AeHTH$HKaLtl111 4aCT11Lt AO aHa~H3aTopa H Mor Bbi3~BaTbCR peaK
Lti1RMH Tl1na TT + <d> -> p + ••• Ha KBa311AeHTPOHH~X napax RAPa yr~e
POAa a aHa~H3aTope. CneuHaJlbHbJMI1 3KcnepHMeHTaMH fibr~o ycTaHoa
~eHo, 4TO ero se~H4HHa He npeabJWa~a /2, 0+0, 7/% OT N. 

CHCTeMaTH4eCKI1H KOHTpO~b 3a Ha~H411eM nOlKHbiX aCHMMeTpHH 
npOH3BOA11~CR nyTeM Hafi~~AeHHfl 3a a311MyTa~bHOH aCHMMeTpHeH pac
CeRHI1R ni10HOB eTT Ha aHa~l13aTOpe. Pe3y~bTaTbl 3TOrO KOHTpO~fl, 
KOTOPbiH Be~CR HenpepbiBHO B npouecce Hafiopa CTaTHCnlKH, noKa3bJ
sa~T, 4TO ae~H4HHa e" ~ 0,006+0,006 11 npeHe6pelKI1MO Ma~a no 
cpaBHeHI1~ co cTaTI1CTH4eCKOH ow116KOH 113MepeHI1R npoTOHHOH acHM
MeTp~~ ep· KpoMe 3Toro, 3ni130AI14eCKI1 npoi13BOAH~I1Cb 11 APYrHe 
BI1Abl KOHTPO~R 3a B03MOlKH~MH ~OlKHbiMI1 aCJ.1MMeTpHRMI1. 
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FUc.3. Yr~oaaR 3aBHCI1MOCTb no~RPH-
3aLt11H npOTOHOB, 11Cny~eHH~X B npo
LteCCe /1/ npH 3HeprHI-1 640 M3B: 
e - Be~I1411Hbl •nO~RPH3aLtH11 /Ha- . 
CTOR~aR pa6oTa/, 0 - pe3y~bTaTbr 
acrirMMeTpl111 np11 3Hepri1H 800 M3B 191

• 
• - aCI1MMeTpi1R np11 3Heprl111 
516 M3B ,/S/ , WTPHXOBKa - pe3y~b
TaT~ HaWHX OLteHOK no~Rpl13aU1111 

npoTOHOB np11 3Heprl111 640 M3B, 
CAe~aHHbJe Ha OCHOBe pafiOTbJ'121• 

ol • t -~~I 

-ioi 

3KCnEPHMEHTAJlbHbiE PE3YJlbTATbl J.1 HX 06CYJKAEHJ.1E 

· 3KcnepHMeHTa~bHbre 3Ha4eHI1R ep rpynn11posa~I1Cb HaMI1 a TPI1 
3HepreTH4eCKHX 11HTepaa~a: /120+140/, /140+165/ 11 /165+235/-M3B. 
Yrnosble 3aBI1CI1MOCTI1 no~RPH3aU1111 P(OP) ~R_KalKAoro 113 3TI1X 
11HTepsa~os npi1BeAeHbl Ha puc.3, B noseAeHHI1 no~RpH3aLt1111 y Hc~e
AYeM~x npoTOHOB RCHO BHAHO Ha~l1411e ABYX pemi1Mos. B nepsoM 113 
HI1X OTCYTCTByeT CKO~bKO-HI1fiYAb 3aMeTHaR no~RPI13aLt11R Y npOTOHOB 
C 3Heprl1eH /120-140/ M3B; BO BTOPOM c~y4ae nO~RPI13aLt11R cy~ecT-. 
BeHHOOT~I14Ha OT HY~R, MeHReT 3HaK B Ofi~aCTI1(Jp:!/100-110jC~.C. 
11 11MeeT a6co~~THY~ ee~I1411HY =/15+20/% a o6~acTI1 Ma~~x 11 04eHb 
fio~bWHX yr~OB 11CnycKaHHR. 3TOH OCOfieHHOCTb~ , B OT~I14He OT pe-
3Y~bTaTOB HaWeH npeA~AY~eH pa6oTb1 141 o6~aAa~T ~11Wb AOCTa- . 
T04HO 11mecTK11e11 npoTOHbl c 3Hepri1RMI1 'E p ;::: 160 M3B. ··· 

Haw11 pe3y~bTaTbl MOlKHO cpaBHHTb c 11Me~~HMI1Cf1 a ~HTepaType · 
0Tpb1B04H~MI1 CBeAeHI1RMH 0 no~RPI13aLtH11 p np11' 3Heprl111 2 f3B /7/ 

11 acHMMeTpl111 A A~R peaKLt1111 /1/ Ha no~RPI13osaHHOM ny4Ke npoTo
Hoa np11 3Hepr11~X 516 M3B 181 w 800 M3B 19 1• Pe:iy~bTaT~ conocTaa~e
HI1R yKa3biBa~T Ha Ka4eCTBeHHY~ corJlaCOBaHHOCTb BCeX 3TI1X AaHHbiX 
MelKAY COfiOH. 3TO oficTOJ"'Te~bCTBO HaBOAI1T Ha MbiC~b 0 TOM, 4TO 
B 11CC~eAyeMbiX npoueccaX MOlKeT npHfiJlHlKeHHO' COfi~~AaTbCR paBeH:-::' .. ~ ' 
CTBO MelKAY p 11 A. 3aMeTI1M, 4TO COOTHOWeHI1e p -A =0 . AOCTClT04-
HO CTporo C06~~AaeTCR 06b14.HO ~11Wb B ynpyri1X CTO~KHOBeHI1RX /lO/, 
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~aKT HaroH4HR 3aMCTHOH OOroRp~3a~HH Y npOTOHOB, HCOy~eHH~X 
Ha 6onbWHe yrn~ B /1/,· CTaBHT OOA COMHCHHe COCTORTCnbHOCTb 
rHnoTe3 o AOMHHHPY~~eH poroH MexaHH3MOB, npeAnomeHH~x e pa6o
Tax Ill/ AnR 3Toro POAa .npo~eccoe. 

3HaK nonRpH3a~~H, Ha6n~Aae~i1 HaMH Ha yrnax 0 > 90 °, He 
coanaAaeT co 3HaKoM nonRp~3a~HH npoToHoe e ynpyro~ p 4 He-pac
ceRHH~, H3MepeHHOH paHee 1121 npH 6roH3KOH 3HeprHH npOTOHOB. 
HanpoTHB, KaK noKa3~Ba~T o~eHKH 121, rHnOTe3a o AOMHHHPY~uiei1 
ponH COYAapeHHH Ha4anbHOrO npOTOHa CO BCTpe4H~M 6biCTpbiM BHyTpH
RAepHbiM npOTOHOM HaXOAHTCR B Ka4eCTBeHHOM COOTBeTCTBHH C ·Ha
WHMH pe3ynbTaTaMH AnR (Jp >110° H C AaHHbiMH pa60Tbl /5~ 

HaMH 6blroH BblnonHeHbl aHanorH4Hble o~eHKH AnR 3HeprHH npoTOHOB 
640 M3S. B o~nH4He OT pe3yrobTaToa 121, 6blnH Y4TCHbl 3$$eKT ycpeA
HcHHR nOnRpH3a~HH npH CTOroKHOBeHHRX BHYTPHRAePHbiX HYKnOHOB, 
~CTR~HX OOA pa3H~MH yrnaMH no OTHOWeHH~ K naAaro~eMy, a TaKme 
3HepreTH4CCKaR H yrnOBaR 3aBHCHMOCTH Ce4eHHH B 3THX COyAape
HHRX npOTOHOB. B Ka4CCTBC <I>YHK~HH pacnpeAeneHHR HYKroOHOB no 
HMnyrobCaM BHYTPH RApa HCnOrob30BanHCb pe3ynbTaTbl pa60T /.13 •141 • 

Pe3yrobTaTbl .pacl.leTa npHBeAeHbl Ha puc. 3 WTPHXOBKOH H HaXOARTCR 
B Ka4eCTBeHHOM COrnaCHH C Ha6n~AeHHbiMH HaMH 3aBHCHMOCTRMH 
nonRpH3a~HH Ha 6onbWHX yrnax. 

Bo3MOmHo, 4TO Ha6n~AaeMoe Ka4eCTBeHHoe cornacHe RBnReTcR 
6onee 3Ha4HMbiM, 4cM npocToe coenaAeHHe ~H$p. TorAa MOmHo 
6~n0 6bl OmHAaTb, 4TO ACTarobHOe pa3BHTHe_ rHOOTe3~ aBTOPOB 
pa6o-T 12

•131 /c y4eToM 3$$eKTOB BHeMaccoeocTH, AenonRpH3a~~H 
npOTOHOB npH npOXOmAcHH~ 4epe3 RAPO H T.A./ 003BOnHnO 6bl nOHRTb 
H OP~POAY cn~HOBbiX 3<t><I>CKT<;>B B npo~eccax T~na /1/ npH yMepeHH~X 
Ha4arobH~X 3Hepr~RX 4aCTH~. 
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