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PadoTa BHJ!OJIHeHa B JiadopaTOpHll ~epmu upo6Jieu 
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,JtORTOp ~HSHK0-MaT8MaTH'<l9CKHX HayK ' 
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P.H.SyJI~pH89B 
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B.A.lbtKHTHH 

JI.C.Bopodl.eB 

Be.JlYllt99 Hay'tflf0-HCCJI9,lt0Ba'l'SJI~CK09 ytlp81!,1l9HH9: Xap~KOBCIUift 
cptSHKQ-T9XHH'<l9CKd HHC'l'H'l'Y''l'o r.Xap~OB. 

3aJJniTa ,ltHCC9pTanHH COCTOH'l'CSI "-" !989 r. 
B . _,me. Ha sace.naHH11 Cnin:tHaJIHaHpOBaHHoro coBeTa 

.I( 047.0!.03 DpH JiadOpa'l'OpHH Sl.lt9PHHX IIpadJieM Od'fo8.lt!IH8HHOro HHCTHTYTa, 

~9pHHX HCCJI9,ItOBaHd, r.,llydHa MoCROBCKOft OdJiacTB. 

C .~tHccepT~eft uo•Ho osHaROMH~CSI B dudJIIIoTexe OKRH. 

ABTOp~paT pasocnaH " " !988 r. 

1'18BHI cexpemp~ CnenHaJIHSHpoBaHHOro coBeTa _ 

.ltOR'l'Op ~113HKo-MiiT8M!lTH'<l9CKHX HayK c:pr 
-· ---L.-> ,. .• · 

J>.A.Ba'!'Y'COB 
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OEUWI XAPAKTEPI1CTHKA PAEOT!l 

AKTYaJILHOCTL. B KO~ 60-x ro.noB 6uno o6Hap~eHo S~BneHHe ucnyc-

KaHHSI qacnm us S~.~tep B o6JracTL, iarneMa.TH'!ecKH sanpemeHJIYB) .ztmt peaK

~~ Ha CB060.ItHOM ayKnOH9. BIIOC~9,ltCTBHH TaKHe IIpoUSCCH CT~ HaSHBaTL 

IcyMyJUITHBHHMH~ .I(OCTa'l'O'IHO 6HCTpO 6unH HaKOM9HH 3KCII9pHM9HTaJILHH9 

,ItaHHH9 0 CII9KTpaX HHKnDSHBHO perHCTpHpyeMHX 'IaCTHU B pea~X THna 

a + A {Sl,~tpo) .:__ b + X , · (I) 

aH~3 KOTOpHX IIOKa3aJI HaJIR'IH9 pR,Ita xapaKT9pHHX CBO~CTB 3TOrO npouec

ca. IH~o npe~Ol!teHo 6o~ee .neCHTH TeopeTH'IecKHX Mo.ne~e~. y.noBJieTBopu

Te~LHO OIIHCHBamtHX HHKJII03HBHHe C9'!9HHSI B peaK~RX THIIa (I) •. CTaJIO 

SICHO, 'ITO ~ _ 3KCII9pHM9HTH ( IIOMHMO H3Mepemm l'IHKJII03UBHHX C9'!9HH~), 
H9cymH9 ,ItOIIO~HT9~LJIYB) HHtPOPMa~IO 0 pe~H. 0JtHO~ l'I3 H93aBHCHMHX 

xapaKTeplicTHK peaK~H 11B.imeTc.ll nOMpaa~ u~aHBHo perucTpupyeMHx • 

npoTOHOB, ucnycxaeMH~ B aToM npouscce. IIoaTOMY iiaMepeHH.Il IIOJI.IlpHsaUl'IH _ 

Ha pa3~'!HllX .~I.~tpax H IIpH pa3~'IHHX SHeprMX KaK HaJI9TaDIIHX, TaR l'l pe7 
rHCTpHpyeMHX.'IaCTHU 6~ B9CbMa ~e~aTe~HH H aKTYaJILHH. 

' ~ ~ -

lie~L padorn COCTO~a B.Hccne,~tOBaHl'Il'l IIOMpH3~H KYMYJUI'l'HBHHX 

npoTOHOB B peaKUl'Il'l p + A :_ p + X npu sHeprl'IH HaJieTatomero npqToHa 

640 · MaB H aHaJIH39 IIO~'<l9HHHX .ztaHHHX. 

oHeprM HHKJII03HBHO perHCTpHpyeMHX HaMH DpOTOHOB 6una B )tl'Iaiia30-

H9 !20-235 MaB. 11a~peHHe CII9KTpOB KyMyJUITHBHHX npOTOHOB, !IH~9TaDIIHX 
us S~.~tep yr~epo.na, npoBO,~tKnocL npu yr~ax 90; IIO, .I30, !50 rpa.nycoB B 

~a60paTOpHO~ CHCT9M9 KOOp)tl'!HaT.'' 3aBHCHMOC'l'L IIOMpH3anlfH OT aTOMHOrO . 

HOM9pa .~I.~tpa-Ml'IllleHH l'ICC~e,ItOBanaCL IIpH yr~ax 90 H !30 rpa.nycoB. KpoMe 

TOro, .ztmt .~I.~tep yr~epo.zta HaMH DpoBe,IteHO HCC~9)t0BaHH9 IIOJUipHSaUKH IIpH 

yr~aX perHC'l'panlfH 57,5 H 70 r~COB, TO 9CTL B ycnOBH.IlX, 6.JIH3KHX K 

KHH9MaTHtt9CKH paapemeHHHM' .ztmt paCC9.1lHH.Il Ha CB060.ItHOM ayKnOH9. 

Hay:nia.ll HOBH3Ha: Bnepl!lle 6HJIO npoB9,It9HO CHCT9MaTH3HpoBaHH09 HC-. 

cne.ztOBaH~e IIOJI.IlpH3aU!'IH IcyMyJUITHBHHX npoTOHO~ B peaKizym p + A - p + X 
npH 3H9prHH 640 MaB: H3Ytt9HH 3aBHCHMOCTL IIOMpH3aUKH OT yrna BWI9Ta 

npoTOHOB, · OT KHHSTHttecKoA aHeprHH H OT a'ioMHoro HOM9pa Mpa-MHIII9HH. 

B paMKB.X M9XaHH3Ma IIp.!IMOrO BH6HBaHH.Il npoTOHOB 1'13 .ll.lt9P BII9pBHe 6Wm 
npoH3B9~9HH pactteTH IIO~pHsanHH H KX CpaBH9HH9 C 3KCU9pHM9HTanLHHMH 

pesy~TaTaMH .ltJI.Il npOM9MYTO'<IHHX 3H9prHA HaJI9TatomHX ~C'l'HU • 

.; ,.-_..,. .... --~--~------;---_----;;-~~-
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flpaRTwqecKaR ll9HHOCTb 
·r. Pa3pa60TErna M9TO,ItHRa H3M9p9HR!i nOJIHpH3aniDI HHKJII03HBHO perHCT

pRpy9M!IX npoToHOB npH Ha.JJirtm:R 6oJinmoro ROJIHTJ:ecTBa JT -MesoHOB B HC-:
crre~eMOM nyTJ:Re. Oco6eHHoCTniD no~o6HHX H3MepeHHtt REJIRBTCH Heo6xo~~ 
MOCTb H~SmHOH H~SHTHWHRa~ npoTOHOB ~-HCKHIDTJ:SHRR CRCT8MaTRTJ:8CROH 

· omH6RR, cBH3aHHOH c npHMecnm Jr -M930HOB. STa MSTO.ItHRa Mo~eT 6uTb. 
RCUOJib30BaHa ~ R3M~p8HHH UOJIHpR3~R npOTOHOB C 3Hepr>reli ~o·250 
MaB Ha .mo6oM nyTJ:Re TJ:aCTR~. 

2. Ha OCHOB8 paspa6oTaHHOH MSTO~RR 6UJIR C03~aHH 3KCll8pRM8HTaJib
.Haa ycTaHOBKa R KOMnJISKC nporpaMM, C UOMOmnro KOTOpHX npoB9~8HO 3KC-

. nepHMSHTaJinHOe Rccrre~oBaHRe no.impRsa~R B peaK~H p + A - ~ + X 
npH :meprHH 640 MaB. · . 

3. B pesyJibTaTe HaiDHX HCCH8~0BaHRH YCTaHOBJI9HO, 'ITO: 
a) UOJIHpH3a~.RYMYJIHTRBHHX npoTOHOB, BO BCHROM CJIYTJ:a8 npH npo

!>'18~0tffiHX aHeprHHx; HeBeJIHKa, He npeBumaeT I5-20%, H cYnlecTBSHHO sa-
BHCHT OT yrJia perRCTpa~R npOTOHOBj ~· 

6) OHa crra60 SaBHCRT OT 3HeprRH RYM;fJIHTHBHHX npOTOHOBj. 
B) c pocToM aToMHoro HoMepa ~a-MHmeHR nOJIHpHsauaa1MeH:&maeTCH. 
4. Cos~aHa nporpaMMa R BnepBHe npoBe~eHH tmcrreHHHa pacTJ:eTu noJIH- · 

p>rsa~H H aHaJIHSHpYRJmeli cnoco6HOCTR ~ KYMYJIHTHBHHX npoTOHOB B·paM-· 
RaX O~HOrO R3 B03M~HHX .RaHaJIOB peaK~R - npHMOrO. BH6RBaHRH npOTOHOB 
HS ~ep. B pesyJI:&TaTe cpaBHSHHH pacTJ:STHHX sHaTJ:eH~ c CYmSCTByromnMR ··- .. . 
3KCU8pHM8HTaJihHHMH ~aHHHMR nOKaSaHo,· 'ITO nOJIHpR3a~ y~OBJI8TBOpRT8Jlh-
HO onRcuBaeTCH B paMRax. aToro MSxaHRsMa ~ yrJIOB, 60JimHX 90 r.PBJ&
COB B Jia60paTOpHOH CHCT9Me KOOpnRHaT; OC068HHO ~ ~ep ~9HT8pRH~ 

ABTOp samHmaeT: . . . 
I. MeTO~HKy HSMepeHRH noJIHpHsa~ HHKJIIDSRBHO pe~cTpRpyeMHX npo

TOHOB • .lf,7m peaJIRSa~R ee. co3~aHa yCTaHOBRa, n03B~ Ha JIRHHH C 
MaJioft s~ J.r~eJKHo ~eHTR!lk~poBaT~ perRcTpRpyewe TJ:acTHDJl; cos~Ha 
CRCT8Ma nporpaMM, o6ecnetm:Ba~ npHSM ~aHHHX, KOHTpOJih me R o6pa6oT
RY ~aHHHX B npo~ecce KaJIR6poBKR CU8KTPOM8TpRTJ:8CKHX KaHaJIOB H R3M8pe~ 
HRft. ·. . . . 

2. PesyJI:&TaTH-RsMepeHRH nOJIHpRs~ npR pasJIRTJ:HHX yrJiax perRcT
paniDf npOTOHOB R ~ pasJIHqHHX ~ep. llpoB9~9H aHaJIR3 B03MOl!tHOrO BKJia
~ B p~eHRe KYMYJIHTHBHHX TJ:aCTR~ npR HamMx yCJIOBRHX R3MepeK3li HeKo-
TOpax M8XaHH3MOB pea~.: . . 

3. P93YJihTaTH TJ:HCJI9HHHX pacTJ:eTOB ~ O~Horo R3 HHX·- MexaHRSMa 
npHMoro BH6RBaHHH npOTOHOB RS ~ep- H CpaBH8HRH.p83YJI:&TaTOB pacTJ:STa .. 

C CYm9CTBOBaBm~ K TOMY BP9M8HH 3KCnepRMeHTaJihHHMH ~HHHMR. 

Anpo6a!ll!.!! .~mccepTamm. PesyJI:&TaTH pa6oTH ~oKHa.iurnaJIRc:& Ha Iii Bce
consHoM CSMRHape "ITporpaMMa 3KcnepHM8HTaJihHHX RCCJI9~0BaHHfi Ha .M930H-
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HOti Wa6pHK8 wm AH CCCP" B I983 r. B 3BeHRropo~e. Ha Me~po~OM 

cooomaHRR. no RcCJie~OBaHRHM B o6JracTR pMHTHBRCTCKoli ~epHoli WRSHRR · 
B ~6He (I982 r.), Ha ceccRHx OT~eJieHKR~epHoli WRSHRR AH CCCP, Ha 

CSMRHapax no WR3RK8 BHCORRX rre~rnli H 3JI9M8HTapHHX TJ:aCTR~ JIHIT OHHH R . 
ony6JIRKOBaHH B ceMR pa6oTax I-:- I B JKYPHaJiax "Jl.I(epHaH WRSHRa", "ITpn-
6opu H TSXHHRa 3KCU8PHM8HTa", B MaTSpHaJiax CaMRHapa H COBSmaHHH, > B 
coo6meHHHX OllHH. 

CTQYKT¥pa'R 06$8M nRccepTaqRH.' ~ccepTa~ COCTOHT H3 BBS,neHHH, 
treTHP9X rJiaB R 3aKmo'I9Hlili, C0~9pl.t!1T 92 CTpaHHI]Jl TSKCTa, BIUII!ltJrul 20 
pliCYHKOB, 2 Ta6JIJI~ H CUHCOK ~THPY9MOH JIHTepaTYpu • 

CO,UEPJWillE PAEO'lH 

Bo. BBe.neHHR 060CHOBaHa aKTyaJI:&HOCTh TSM!l, CclJOp!'JlYJlllpOBaHa ~9JI:& 

pa60TU, KpaTKO H3JIOl!t8HO CO,n8pJKaHH9 ,nHCC8pTa~H. 

B rJiaBe I npRBO~HTCH KpaTKoe onncaHHe xapaKTepHHx oco6eHHocTeli 
npo~eccoB polJUteHRH KYMYJIHTHBHHX TJ:a~T~ B peaKWm Tnna (I). Ha'IRHM c 
HSKOTOpOH 3H8prHH HaJI9TaiDm8H TJ:aCTR~, HO~pOBaHHOS HHBapHaHTHOS ce
'I8HR8 He SaBJICHT OT TRna HaJieTaromeli.TJ:aCTH~.H ·88 3H8prHH. 3TOT 3~9KT 
HOCHT Ha3BaHR8 ·MaCIDTa6HOli JIHBapHaHTHOCTR IfJIH ~8pHoro CKSftlm:Hra. 

KpoMe Toro, B aToli rJiaBe ripHBOMTCH.ocHOBHHe onpe,neJieHRH, nc
noJihsyewe B ~aJI:&HelimeM HsJioJKeHHH. B '!acTHocTH, B ,ItHccepTa~R pe.'I:& 
~aT o nonepe'!Holi noJIHpHsa~H KYMYJIHTHBHHX npoTOHOB PY' polJUta!OII!lfXCH 
B peaK~H H8UOJIHpll30BaHHOH . 'IaCTHIJPI C H8UOJIHpll30BaHHHM ~POM, TO 8CT:& 
a + A -- p + X. AHaJinsHpy!OOlM ciroco6HOCT:& AY nP_!~CTaBJIHST co6oli 
acHMMeTpHD BHJieTa KyMyJIHTHBHHX 'IaCTH~ B peaK~H p +A~ b+ X npH 
B3aHM0~8liCTBHH UOJIHpRSOBaHHOrO npoTOHa .. C H9UOJIHpH30BaHHHM ~paM: 

A _o(t)-o(O,._L, .. 
~-S(t}+6U) P 

· r~e cTpeJIKott noKasaHo HanpaBJieRne noJIHpnsa~R HaJieTaromero npoToHa 
(BB8pX-BHn3), P- BS~'IHHa ee. . 

.IJ:aJiee pe.'I:& ~8T 0 . C(JBp8M9HHOM COCTOHHHH ~SJI C RCCJI8~0BaHR9M CnH
HOBHX SaBRCRMOCTStt IcyMyJIHTHBHHX C8'ISHRtt. 

K MOMSHTY Ha'IaJia .R3M8peHRH UOJIHpRsa~H, OUHcaii!nlJi B ,ItHCCepTa~, 
QYmSCTBOBaJia Bcero O~a pa6oTa HM.I967 r., B KOTOpott 6wm OnHCaHH 
pesyJI:&TaTH ·HSMepeHWI nOJIHpRaanmi B peaKniDI p + C --p + X npR yrJie 
per>rcTpaniDf I37 rp~coB B JI.c. R aHeprHHX npOTOHOB 2 H 3,66 raB. 
ABTOPH ~8JiaJIH BHBO~ 0 ~H UOJIHpR3~ H8 M8H88 20% C ~OCTOBep
HOCT:&ID 95%. 0 3HaK8 UOJIHpR3a~H He roBOpHTCH. 
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K Hac~Rm8MY~Bp8M8HH n~pH3a~H Py H3M8~Ha B nponeccax _. 

'][+A·~ p + X,Jl +A-- A+ X, p +A-- p +X, 1 +A ---p +X 
H amum3H.PJ'!CmaR cnoco6HOCTI> Ay B ,nponecce p + A - p + X. B ,ItHccep

TanHH npHB8,It8H KpaTKHfi 0630p 3THX ,ItaHHRX. 0H n03B0~8T C,It8~TI> BHBO,It 

o TOM, .~To ~aHHHS no nnnRpHsanHH KYMY~THBHHX ~CTHU neci.Ma WParMSH-

. · Tapirn, H8KOTOpH8 H3M8p8HHR -npOB8,It8HH TOJII>KO ~ O,ItHoro_yrJia perHCT-

. ~H. BosMOlKHO, ~TO cymecTByeT cHJII>HaR saiDICHMOCTI> noJIRpHsaniD! ey
MY~THBHilX npoTOHOB OT BH,Ita HBJI8Tallll8ti ~CTHI]Jl, B TO BpeMR KaK C8'I8-

• HHe nponecca THna (I) He saBHCHT oT"' ~CTHI]Jl-6oM6ap.ztllpa. 
. B 3TOti rJiaB8 npOBO,ItHTCH 06C~8HH8 HSKOTOpHX CJm8CTBYIDmHX no,It-

XO,ItOB K OITHCaHHID C8'I8HHR o6pa30BaHHR KYMYJIRTHBHHX ~CTan H 06c~aeT
CH npe.ItCKa3aHH8 HMH no~p1!3a~H• EoJiliiiiHHCTBO H3 HHX Y.ItOB7I8TBOpHT8JI:&

HO OnHCHBa!OT CBORCTBa HHKJI!l3HBHHX CTI8KTpOB, O,ItHaKO HH O,ItHa H3 MO,It8-

JI8it He ,ItaeT noRHoro onHcaHHR BCSX·xapaKTSpHHX oco6eHHOCTeit KYMYJIRTHB

·Horo pOlK.ItSHHH ~CTHU. HecoMHSHHHM H~STCR HS06XO.I@MOCTI> HOBHX, 6o-
- . ' 

JI88. TO'IHHX, 3KCIT8pHM8HTaJibHHX ,ItaHHHX ITO C8'I8HHRM ITpH pa3JIH'IHHX 3H8p-

rHRX H ~ poJK.IteHHH pasJIH'IHHX KyMy~THBHHX 'IaCTHU. Ka'ISCTBSHHO HOBHe 

KpRT8pKK ~ MO,IteJieit ,Ita!OT K?PP8JI~OHHH8_0nHTH •. llo~pH3a~OHHH8 Ha

MSP8HHH TaKES .ItO~HH ITOC~HTI> BHRCHSHHID ~pHpO,ItH TaKOrO HHT8p8CHOrO 

. nponecca KaK KYMY~THBHHti 3~KT, UOCKOJII>K'.f OHH HBJIRIOTCH RCTO'IHHKOM 

.ItonoRHHTSJII>Hoil H HesaBHCHMoit HHWOPMa~H o6 aMITJIHTY.Itax 3Toro nponecca. 

rJiaBa IT ITOCBRm8Ha.OITHCaHUIO 3KCU8pKM8HT8JihHOR YCTaHOBKH H MSTO~ 
,ItHKH H3M8p8HHit. B H8it U3J!Ollt8HH BOnpOCH, Kaca!llliR8CR KaJIH6pOBOK, o6pa-

60TKH MHHHX, WOHOBHX li3M8peHHti. 

HsMepeHue nOJIHpusanaH HHKJII03HBHO perncTpHpyeMHX npoTOHOB npono

.ItHJIOCI> MSTO,ItOM ,ItBOitHOrO paCCSHHHH C HCITOJih30BaHH8M C~HTHJ!JIR~OHHHX 

.C'IST'IHKOB. 

llpn HHKJII03RBHOti perHCTPBURH 'IaCTHU HapR.Ity.C npOTOHiiMH B perHCT

pHPYIOmYJO annapaTYPY nona,ItaeT 60JI!>ill08 Koih'ISCTBO Yl -M830HOB, IT03TOMY 

~ ,ItOCTaTO'IHO TO'IHOrO H3MSp8HHR ITOJIRpH3a~H npoTOHOB HS06XO~ BH

COKM Ha,It8lKHOCTI> I1,It8HTRWRKaUHH 'IaCTHU. 3THM Tpe60BaHReM OITp8,It8JIRJiaCI> 

H806XO,ItHMOCTI> H3M8p8HHH Bp8M8HH npOJISTa qacTHI]Jl 0Jt~9DP8M8HHO C H3M8-

p8HH8M 88 KHH8TH'I8CKOit 3H8pruu. 

. 3KcnepuMSHTBJihHM ycTaHOBKa no.Itpo6Ho onucaHa D /I/. CxeMa ee 

H306pallt8Ha Ha. puc.I. ily'IOK H8ITOJIRpH30BaHHHX npOTOHOB C. 3H8prueit 64Qt 

I5 M3B HanpaBJIRJICR Ha no~pusylllliYIO MHIIISHh MI. llacTHUH, ncnymeHHHS 

3Toft MHmeHI>IO, perncTpHpoBaJIHci. c'IST'IIfKaMH ·I u 2~ sa.ItimaBrirnMH yroJI me. 

~8Ta 8I, H ITOITa,ItaJIH Ha. BTOpy!O yrJiepo.ItHYJO Mlnn8HI> M2, CJIYlltHBllJYIO aHa-

. JIH3aTOpoM ITO~pH3a~H UpOTOHOB. PaCC8HHHH8 3TOit MHm8HI>IO 'IaCTHI]Jl pe

rHCTpUpoBaJIHCI> C'IST'IHKaMH 3, 4 H 5. 

KHHSTH'ISCKM 3H8prHR perHcTpnpyeMHX 'IaCTHU (T} H3M8pMaCh C'IST

'IHKOM noRHoro norJiorqeHua NaJ(Tl) .ItHaMSTpOM IO eM n .nmmoa IO eM. 
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Puc. I. CxeMa 3KcnepuMeHTMI>Hoft ycTa

HOBKH. MI - MHm8Hh-nO~pU3aTop, 

M2 - aHBJiusnpYJOmM MHmeHI>,' I-6 

- C'IST'IHKH, NaJ(Tl) - C'IST'IHK 

ITOJIHOrO norJIOiq8HllH, Bl - yrOJI 

BHJieTa qacTnn ns MHmeHH MI, 
82 - yrOJI aHaJIHsnpymmero pac

ceHHHR, ti, t2 - 6asa·~ H3Me

peHHR Bp8M8HH npoJISTa 'IaCTHU •. 

Pa3M8pH C'IST'IHKa COOTBSTCTBY

IOT .J¥"'HHe noRHoro norJiomeHHR • 

npoTOHOB c 3Heprnen ISO MaB, 

~TO IT03BOJIRJIO C Y'ISTOM TIOT8p!> 

B ITOrJIOTHTS~X Ha ITyTH qacTRU 

(c~eT'IHitH H MHmeHH MI, M2) on

pe,IteJIRTI> nx 3HeprniO n .ItHanaso

He I20-235 M3B. PesyJII>TaTH 

KaJIH6poBO'IHHX ll3M8p8HHfi TIOKa-

3aJIH,·'ITO paspemeHHe npH:usMe

peHzn 3H8prHH COCTaBJIRJIO 

±(7-9) M3B. 

BpeM!1 npOJieTa ~CTHU ti 

.ItO MHm8HH-aHBJIR3aTopa M2 onpe

.ItSJI!1J!oci> C ITOMOiq!>IO C'I8T'IHKOB 

I H 2, noOJie .MHmeHH-aHaJIH3aTo

pa ( t2) - C ITOMOiq!>IO C'I8T'IHKOB 

3 H 5~ Bo Bp8Ml1 BCSX H3M8peHHR 

paspemeHJie npH H3M8peHllH Bpe

MSHH IipOJISTa 6HJIO H8 xyllt8 

±0,3 HC. PaCCTORHH8 MS~ 

C'IST'IHKaMH 3 ll 5 6HJIO YCTaHOB

JISHO 80 CM. 

Ko,ItHpoBaHHe aHBJioroBHX 

CHrHBJIOB ti, t2, T (ti, t2-

BP8Ml1 npOJieTa .ItO n nocJie aHaJIH3aTopa:cooTBeTcTBeHHo~ .T- KHHSTH'Iec

KM 3HeprnH qacTHIJJl) nponsBO.ItHJIOCI> B. CTO!!Ke MHoroMepHoro aHaJIHsa HU 
JIHII, a saTSM 3Ta U$pMa~H ITOCTYITBJIB B a.}{8JIR3aTOpAH-4096,· KOTOpHti 

ncnOJII>30BBJICH B Ka'ISCTBe 6y<I>epHoti naMaTH. 3Ta HHWOPManHR MaccHBaMH 

no 2048 OJIOB nepe,ItaBBJiaCI. aBTOMaTH~CKH B 3BM (B p8lltHM8 npRMoro 

,ItOCTYITa B naM!1TI>). llpHSM ee npOH3BO,ItRJ!CR B P8lltHM8 ,ItHHaMH'ISCKOA 6y<I>e

pnsa~H. ~TO IT03BOJIRJIO npoH3B8CTH o6pa60TK',f paH88 npHHRTHX ,ItaHHHX BO 

Bp8Ml1 3aiTOJIH8HHR 6yqiepHOft ITaM!lTH HOBHMll C06HTHmm. 

THITH'IHHA CITSKTp Mace ITOKa3aH Ha pnc.2. ITOJIYI!IRpHHa Jia nOJIYBtlCOTS 

CITSKTpa npOTOHOB COCTaBJIRJia B nponecce H3M8p8Hllft I50-200_M3B B pas
JIH'IHHX ,ItHana30HaX perHCTpnpyeMHX 3H8prHft npOTOHOB. 

llepe,It Ha'IMOM Kal!tJtOrO CSaHca H3M8peHHft npOH3BO.Jiwrach KaJIH6pOBKa 

a6cOJIDTHHX BSJIH~ nsMepHaMHx BpeMeHH npOJieTa n 3HeprnH, BH.It~en
CR B c~T'IHlte noRHoro norJiomEiHHR. 3Ta npone,eypa oc:YmecTBJI!1Jiac:h B cne

~BJII>HOM BCITOMoraTSJI:bHOM ODHT8 no ynpyrOMY pp-PaCCSHHHIO npH 3H8prHH 

64Qti5 M3B. B 3TKX H3M8p9HK!1X C'IST'IHKH_l-5 BHCTpaHBaJIHCI> B JIHHH10 
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(82_= 0). C~eT~KH I-5 H ~onunHHTe~I>HH~ c~eT~K 6 ycTaHaBnHBaHHci> no~ 
yr~, COOTBeTCTB~mHMH KHHBMaTHKe pp-pacceRHRff. ~ OC~ec~eHHR 
Kamr6pOBO~X H3M9p9HHH aBTOpoM 6wra HallHCa.Ha nporpaMMa CALF, pa6o
Tal!lllaR B ~MOrOBOM p9JKHMe. 

N 

200 

100 

M, M3B 

Pnc.2. THilH~H cneKTp Mace. 

Ha6op SRcnepHMeHTMl>HOH HH~p
ManiiH 06 HHKJII03HBHHX cneRTpaX ~C
THn ROHTpO~poBMCR nporpaMMOH 
MEAS. 

_.,J u 
n3MepeHHe n~pH3a~ npoH3B0-

~0Cl> T~nHOHHHM cnoco6oM, noc
pe~CTBOM Ha6~eHHR a3HMyTMl>HHX 
(~eBo-npaBHX) acHMMeTp~ pacceRHRff 
npOTOHOB H3BeCTHOH SHeprHH Ha ~pe 
yr~epo~a. Cor~acHo Me~cOHCROMY 

cor~ameHHID, B Hameii reoMeTpHH onu-. . 
Ta (CM. pRe. I) .H3MepReMaR acHMMeT-
pHR B!l~MMaCI> RaR 

N1 - N 
e = r 

Nl - Nr 
r~e N1 - HOpMHpoBaHHoe Ha noRaaa

HH~ MOHHTOpa KO~H~eCTBO C06HTHH, COOTBeTCTB~ pacceRHHID Ha MHmeHH 
M2 M9BO OT HCMe.nyeMoro ~ npOTOHOB, Nr- BilpaBO OT Hero. JiCROMOe . 
3H8~HH9 n~pH3anHH paBHO 

Py = e/A0 , 

r~e A0 - aH~3HPYIOOlaR CirOC06HOCTl> BO BTOpOM'pacceRHHII. 
B Ra~eCTBe aHMH38TOpa (MHmBHH M2) B HamHX H3MepeHHmc Hcnuni>30-

BMaCI> yr~epo~H~ MHmeHI> T~Hoii ?,I r/c~, yro~ a.HMHaa- I2±I rpa
.nycoB. 

A~3HPY1001M cnoco6HocTI> (A0) MHmeHH M2 onpe~e~ac:D HaMH ny
TeM H3MepeHHR ~eBo-npaBOH acHMMeTpHH (e) pacceRHHH npoTOHOB C II3BeCT
HO:!l: noMpHaanaeii PPP H sHepriieii, n~eHJmx B ynpyroM pp-J)acceRHHH: 

A0 = e/Ppp ~ 
COOTBeTCT:eyR:IIJHe 3Ha~eHHR ~ yr~ airaJm:aa 92 = I2 rpa.nycoB. no

~eHHHe HaMH B STHX H3MepeHRffX, H306paieHH Ha·pHc.3. 
Ha6~eHHe sa HMH~eM B03MOXHHX ~OEHHX acHMMeTpHii (IIMe~. 

HallpHMep, IOCTHpOBO~:li xapaKTep) B8~0Cl> B Te~eHHe BCeX -ceaHCOB pa6o
TH YCTEmOBKH nyTeM H3MepeHHJI acHMMeTpHH paCCMHHR nHOHOB, npiiCYTCT
BYl!IJ1HX B nOTOKe ~CTlfn, B!l~eTa~ II3 MHmeHH MI,- Ha a.H~38TOpe. KaK 
npaBMo. acHMMeTPHR pacceRHHJI '][ -MeaoHOB He npeBumMa I-2%. 

6 

II 

,. 

1;-j 

~~ 

~ 
•• 100 

u .. 
". 92=12° 

f' i 80 .., f 0 

:,! 
5 60 

' 
~-

"' 2+ .. 
3" 

~ 40 

~ 
s 

~ .. 140 160 180 200 220 
3HEPri1R nPOTOHA, MJB 

PHc.3. ·aHepreTH'!ecKM saBHcHMocTI> 
a~3Hpy!Cllleil cnoco6HOCTH 
yr~epo~a ~ yr~a I2 rp~
coB: 0 - Jarvis O.N. et al. 

· NP, .1966, v. 77, p.161~; 

• - ~aiicHep r ~ IIDMpK38nlifl 
~oHoB·npK paccea~H. HH, 
M., I960f:/"I_6I; e - HamH 
~a.HH!le I . 

KpoMe roro, npoBepRa Ha 
OTCYTCTBHe ~OJKHHX aCKMM9TpHH 
SnH30~~eCKH npOBO~aCI> B 
~BYX cne~Ho nocTaMeHHHx 
onuTax. B.nepBOM K3 HHX HaMe
p~ci> acHMMeTpHR npoTOHOB, J 

ynpyro paccenHHHX BO~opo~oM 
Ha yrM 90 rpanyCOB B CHCTeMe 
ueHTpa·MacC. JI3BeCTHO,·'!TO OHa 
~MJKHa 6HTb paBHO~ HY~. 3TH 
H3Mep9HHR TaKJKe TIOR83MH, ~TO 

B03MOJKHM ~OlKHM acHMMeTpHR 
He npeBumaeT Be~~HH I±2%. 
Bo BTOpOM OnHTe C'!ST~KH 3, 4 
II 5 perHCTpHpOBMH ~CT~. 
HCnHTaBmHe,B OCHOBHOM, MHOrO
KpaTHOe paccemm:e Ha yrun 
B±,I, rpa.nyCOB B CBHHIIPBOM aHa
JIH3aTOpe.- 0Ha 0Ra3~Cl> paB
HOH o;o00+o;or2. 

Peay:;I>T8TH STHX Tpex He-. 
3aBHCHMHX. H3MepeHHii n03BOMIOT 

_HaM C~S~Tl> saKJIJO~eHHe 0 TOM, 
~To B nponecce HamHX HsMep~-

HHii noAapii3anHH npOTOHOB B~H~Ha B03MOJKHO:!l: CHCTeMaTH~eCKOH OIDH6KH 
II3M9p9HHR a3lfMYTMl>HOH acHMMeTpHH COCT~a He 6o~ee ±(0;02±0,02). 

~OHOB!lMH C06HTHRMH npii ·H3M9p9HHRX RBnanHCl> C06HTHR, CBR3aHHHe C 
paCCBRHIIBM HCC~e.nyeMHX npoTOHOB Ha Be~eCTBB CnHHT~TOpa C~eT~KOB 
2 H 3, H MY'I{aiime COBTIMeHlllt CHrHMOB CO ctieT'!HKOB I-5. CyMMapHHli 
BMM TaKHX ·· C06HTHH . KOHTpo~poJJ8.ncR B npouecce II3M9p9H~ II He npeBH-:- · 
mM o6~o I-5%. ,lT.Jm ero onpe~~eHM_;l13MepeHHR npoBo~ci> 6ea a~
·aiipymieii MHmeHH a.HMOrii'!HO OCHOBHHM H3M9p9HHRM. 

KpoMe Taro, B nMHOM ~Me perHcTpHpyeMHX npoTOHOB Mor~a 6uTI> 
npiDIIeci> npoToHoB, o6paaoaaHHHX B' MHmeHH M2 BMB~CTBIIe nor~o~eHHJI B 
HBii nHOHOB• HC~eHHHX .H3 MHmeHH-nOJlfipii3aTOpa MI. -~ Tai_taro ~Ha 
Henocpe~CTBeHHO B XO~e H3MepeHHH aCHMMBTpiiH (e) He MOr 6HTI> ilpORoHT
po~poBaH, nocKO~RY OH odyMOBJieH HB~OCTaTO'!HO HMBlltHHM pas~e~BHHBM 
IlpOTOHOB OT Ji ::.MeSOHOB ~0 a~3Hpy!llleit MHm8HK. !IOCRO~l>RY B 9TOM 
~e OCHOBHHM KCTO'!HHROM TaKara ~Ha MOr~a RBHTI>CR pea~ 

:it +(d)- p + X Ha KBa3~eiiTOHHHX napax B ~pa yr~ePo~. TO HaMH 
6~ nOCTaMeH cne~HHft ROHTpo~l>HHH 3KCnepHMeHT no onpe~e~eHHID 
B03MOIItHOH npHMeCII ero B ilO~OM ~Me C06HT~. JfaMepeHHR npoBO~Cl> 
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B OnHT9, r~e ~ 6onnmeit Hane~HOCTH ~9HTHWHKa~H ~CTHn paCCTOHHH9 
Me~ C"'9T~KaMH I K 2 6uno YB9~"'9HO nO"'TH ~oe no CpaBH8HHID·c YC
JIOBIIiiWI, npK KOTOpHX H3M8pruiaCn nOJIHpM3a~H. YCTaHOBJieHO, "'TO .BKJian . 
TaKHX C06HTHfi B nOJIHOe ~CJIO perHCTpHpyeMHX noCJie aHaJIH3aTOpa npOTO
HOB He npeBHmaeT I% (0,008+0,0I5) H HM MO~HO npeHe6peTh. 

'• . -
B rJiaBe ill OTIHCHBaiDTCH pe3yJinTaTH HCCJie~OBaHHH Be~~ nO~PH-

3aiJ;Im P npoToHoB B peaK~H p + A - p + X npH yr;rax 57 ,5; 7Dr 9Dr 
· IIO: I3b H I50 rPa,nycoB c ~poM yr;repe~a B KaqecTBe MHmeHH. ~anaaoH 
3HeprHH Ha~a8MHX npOTOHOB orpaHHqHBaJICH B03MO~HOCT~ YCTaHOBKH 
H 6HJI paBeH I20-235 MaB. H~HHfi npe~eJI onpe~eJI&nCH KGnH"'eCTBOM Be~e
CTBa Ha rryTH ~aCTHn ~0 C"'eT~Ka NaJ, BepXHHi - pa3MepoM 3TOrO C"'eT
~Ka. ·::!TOT HHTepBaJI sHeprn:tl 6HJI pa36HT Ha rpym:m: I20-I25; I25-I40, 
I40-I65, I65-I95 H 195-235 MaB. 

IIpH yr;rax 90 H I30 rp~coB 6una H3ytreHa A-3aBHcuMocn no~pu-
. 3aiJ;Im npOTOHOB Ha npHMepe ~ep Be, C, Al H Pb. . ft 

Pe3YJinTaTu H3MepeHHit npHBe~eHH B Ta6JIH~X I H 2. ::!TOT aKcnepH
MSHTaJiiffil:tl MaTepMaJI no3BOJIM nony~Tn HHWOpMacyliO o6 ::mepreTH"!ecKoit 
3aBHCHMOCTH Py(T}, yrJioBofi 3aBHCHMOCTH Py'8I) H 3aBHCHMOCTH no~pH-
3anHH OT aTOMHOro. HOMepa !I,llpa-MHmeHH A. 

3aBHCHMOCTn no~pH3a~H npOTOHOB, BH6HBaeMHX H3 yTJiepO~HO:tl MH

meHH,(Py} OT KHHSTH"'eCKO:tl 3HeprnH T ~H BCeX meCTH BHmenepeqH~~eHHHX 
yrJIOB H306pa~eHa Ha pHc.4. Ha BepXHe:tl rnRaJie OCR a6c~cc OTJIO~eHO KY-. 
MYJIHTHBHoe ~CJio Q, npe~cTaBJIHromee co6o:tl MHHHMaJinHYID Macey MUmeHH 
(B HYKJIOmWx Maecax}, OT KOTOpOit M~eT 0Tpa3HTI>CH no~ ~aHHHM yrJIOM 
H c aHepraeit E HaJieTa~man npoToH: 

E0 * E- p0 ~? * cos8I ~ ~2 
Q= . 

(E0 -E)* Mp 

r~e E0·u p0 - sHeprHH a HMITyJinc HaJieTaromero rrpoTbHa, E H p- ·pacceHH
Horo Ha yron 8I, Mp - Macca npOTOHa •. Ha ~He:tl illRaJI9 OCH, a6c~.cc OTJIO
~eHa RRHeTHqecKaH 3HeprHH npoTOHOB T, no Oc~1 op~HHaT - HX ITO~pR3a~H 
Py. 

. . .nrutHHe, R306p~eHHH9 Ha pac.4, nOKa3HBaiDT, 'ITO noJIHpH3a~H npo
TOHOB, HC~eHHHX B rrepe~HOO nOJIY$py, HeBeJIHKa, OTpHIJ;lTeJinHa H 
CPaBHHTeJinHo c;ra6o 3aBHCHT OT sHeprnH T BH6Hrux npoToHoB. IIpu yr;rax 
90 H. IIO r~COB OHa npaKTHqeCRH OTCYTCTByeT R B03pacTaeT C pOCTOM 
yr;ra. ·06~aeT Ha C96H BHHMaHHe TOT waRT, "'TO nOJIHpR3anHH 3aMeTHO-oT--

· ~tJaeTCH OT .llY~ y 6onee sHeprH"'HHX npoTOHOB •. Hmr6onnrnaH n~pH3~ 
He npeBHmaeT 2()%, B OCHOBHOM llt9 OHa HeBeJIHKa (- IO%) ITO .cpaBHeHH~ C 
n~pH3a~efi.B_HYRJIOH-HY.RJIOHHOM RIIH yrrpyroM HYRJ!OH-!I,llepHOM.paCC9HHHH 
npR ::mepruH HeCRGnnKO COT M3B, r~e HaH60JinmHe ee 3HaqBHHfl MOryT ~OC-_ 
TRraTn 50%. 
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57,5 
70 
90 
rro 
I30 
I 50 

Ta6~IJ;3. I. II~pu3anHH npoTOHOB Py rrpl! yrJiaX perncTpa~u ei B 
pa3JIH~X MHTepBaJiax sHeprRH T perHcTpHpyeMHx npoTo
HOB 

lfuTSpBaJI _ T, MsB 

I20-I25 I25-I40 . I40-I65 I65-I95 I95-235 

0,4±3,2 -5,2±2,0 -6,6±I,8 -IO,O±I,5 -18,0±4,0 
-2,6±3,8 -2,9±2,4 -6,4±2,0 -7,3±2,0 -I9,5±4,0 
3,8±2,8 -2,8±2,8 2,6±2,7 -0,!±2,3 -2,8±3,2 

-I,I±3,7 4,5±5,0 3,2±4,0 4,8±5,9 -2,6±7,5 
0,4±7,4 -4,I±5,3 _9,6±4,5 14,8±5,2 22,6±6,9 

-I6,0±I0,8 -I,0±7,6 4,3±7,3 15,5±9,8 I2,4±9,3 

IIOJIHpH3aiJ;I{H Py, % 

Ta6JIRIJ;3. 2. II~pu3a~H npoTOHOB, ycpe~eHHM B RHTSpBa;re 
T = 120:-235 MaB, ~ pa3JIH"'HHX !Ulep-r.mmeHeit 

YrOJI fl.zlpo 
BHJieTa 
npoTO-
Ha ei 

_ Be c Al Pb 

90 -2±2 'I±2 -I±3 I±3 
I30 I4±4 7±2 4±3 -2±3 

IIo~pu3anmt P Y' % 

Ha OCHOBe ~aHHHX Ta6JIUUH I H3BJie"'eHa yrJIOBaH 3aBUCID~OCTn Py ~ 
Tpex sHepreTn"'ecRHX RHTepBaJIOB: I20-I40, I40-I65 u 165-235 MaB. CJie
~eT OiMeTUTn npaKTU"'eCKH OTCYTCTBUe IIOJIHpu::iacym y "MHrKHX" npOTOHOB 
(I20-I40 MsB}. ·.!Vm 6Mee "llt9CTKHX" npoTOHOB (165-235 MaB) na6JI~aeT
CH. 3aM9THM n<?JIHPR3a~H Ha MamlX .H 6onWIHX yrJiaX CO CMeHOit 3HaKa npu 
90-IIO r~COB. 3~ecn llte npoBO~HTCH CpaBHeHue HamHX_~aHHHX C pe3YJID
TaTaMH, no;ryqeHHHMH B .illill:Il AH CCCP (ITperrpHHT .illill<l? 1023, JI._, I984) R 
ITOKa3aHa UX corJiaCOBaHHOCTn B npe~eJiaX OmH60K H3M9peHHI. . 

ITpH yr;rax 90 u I30 rp~coB HSMR 6HJia ~3MepeHa no~pH3a~H ~
~THBHHX ilp<)TOHOB, BHJieTaromHX H3 !I,llep 6epHJI.7IHJ_l, .yrJiepoM, aJIJ(JIIl!HHH R 
CBHHIJ;3.. fiOCROJinRY B HCCJie~eMOM HaMH HHTepBaJie 3HeprH:tl perRCTpupyeMHX 
rrpoTOHOB (I2b-235 M3B) HeT pe3RO:tl ::mepreTK"'eCROI 3aBUCHMOCTH ITOJIHpR-
3a~H_Py(T) (eM~ Ta6JI.I), ~uoJiYqeHHJlA.:.saBHCUMOCTR Py 6wro npOH3-
Be~eHo.ycpe~eHHe 3TO:tl BeJIR~ no BCSMY SHepreTH"'eCROMY.HHTepBaJIY. 
::lttcnepHMeHTaJIDHO ITOJIY"'eHHHe :3aBucUMocTH -no~pHaawm- B- I>9aKUlm -P + A -
p+ x oT MaccoBoro qHCJia ~a-MHmeHH (A) npe~cTaBJiemz B TaCs.inr~e. 2. 
Oum6RH H3MepeHd Py BeJIRKH, HO, no-:B~HMOMY, _ M~Ho yTBep~r.naTn, ."'TO 
rr~pH3aiJ;I{H MOHOTOHHO rranaeT C pOCTOM A. 
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tJO tsa t70 t!IO 2tll T, M30 2111 

PHc.4. 3aBMCHMOCTb no~pHSa~H·llpOTOHOB, HCnyCKaBMHX HS 
yrJiepo,IUIOfi MHIIIBHH, OT HX ::meprHH T H OT KYMY~THB
HOrO ~CJia Q ~ yrJIOB 5?,5; ?0: 90: IIO; I30 H 
I50 rpa,mrcoB. 

a 

T, M3B 

B rJiaBe IY onHcaHH pac~eTu n~pHsanaH KYMY~THBHHX.npoTOHOB B 
pa.MKax MEiXaHHSMa rrpm~Ioro. BHOHBaHIDI HS SJ.Itep. S,necb lite npo:Bo,ItHTCJl cpaB
HeHHe pesyJibTaTOB pac~eTa C CY!n9CTBYJlllHMH 3KCrrepHM9HTaJibHllMH ~aHHllMH. 

HaM npe~cTaBJIBJiacb BBXHOfi nonuTKa pacc~TaTb no~pHsanan B npo
~ecce (I) B npHOJIHllteHHH KBaSHCBOOo,IUioro BHOHBaHIDI ~~ymHXCR npoTO
HOB SJ.Itpa. ECJIH paccMaTpHBaTb Ha6~eMHfi HaMH npoTOH KaK pesyJibTaT 
paCC9SlHIDl Ha BCTpB~OM ~BHlltYlllBMCSl rrpoTOHB SJ.Itpa, TO nepe~a~ ~mpex-

• HMnyJibCa B TaKOM nponecce MaJia ((O,OI-0,03} (raB/c)2 ~ OCHOBHOfi 
· · ~OJIH co6uTHfi) • - OcHOBHllB Heonpe~eJieHHocrn. B TaKoro po.zta .· :BH~cJieHHruc 

CBSl3aHH CO CXO~OM C MaCCOBOfi ITOB9pXHOCTH npH 60JI:E:.IIllix 3Ha~HHSlX' HM
llYJibCOB BHYTPH.R.ItBPHllX npoToHoB. B Mo~e~x BHYT~EipHllx KaCRa,I(OB aTa 
npo6JieMa o6xo~HTCJ1 UyTBM pacCMoTpeHIDl.PaCCBSlHHSl BHYTPK ~ KaK cBo
oo~oro pacceSiHIDl, HO C Y'!9TOM RSM9H9HIDl SH9prHH ~cTHn npH BXO.ne B 
SJ.Itpo H wxo~e ns Hero (B.C.BapameHKoB, B.J{. ToHeeB •. BsaiiMo~ei1cTBHB w-' 
coKosHepreTn~ecK.wc ~acTml.M.:AToMHs~T,I9?2,c.2?0).MH TOlKB BocrrOJibSOBa-
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JIRCb TaKHM npH6JIHllteHHeM. MexaHHsM rrpmiloro BH6HBaHHSl ~ocTaTo~o xopo
mo BOCilpOHSBO,ItHT a0COJinTHH9 3Ha~9Hl!Sl IIHKJIID3HBHHX ce~eHHfi npoTOHOB, · 
HC~BHHHX B pe~ Tnna (I) B KnHBMaTHqecKH sanpe~SHHYn 06JiaCTb 
npn npoMemyTo~x sHepriDIX. ITosTOMY 6UJio 6u ecTecTBeHHHM; ocTaBaSlCb 
B paMKaX aToro no~o~. ~eJiaTb CJie~n mar R nonuTaTbCSl·o~eHMTb 
yrJIOBH9 H SHepreTHqBCKH9 3aBHCnMOCTn ll~pHSanaH npOTOHOB B llPOU9CC9 
(I), liH~pMa~Sl 0 KOTOpHX YRB nM99TCJl B JIHTBpaTYPe (BTIJIOTb ~0 I raB). 
~ ~aJibHefimero ynpomeHIISl paCCMaTpRBa9MOi1 KapTHHH rrpe~OJIOlltnM, 

~o: 

I) noJISlpHsa~Sl npOTOHOB B KBaSHcBo6o~HOM pacceSlHHH Ha rrpoToHe 
SJ.Itpa paBHa rrOJISlpHSanaH P(a,t), Bos~Karomefi B nponecce ynpyroro N-N
pacceSlHHSl npn COOTB9TCTByromrrX 3Ha~9HIDIX HHBapHaHTHHX ll9p9M9HHHX a n 
t, onpe~eJieHHHx CJie~~ o6pasoM: 

a = (p'.+q)2 ' ')2 t = (p-p t 

r~e p - ~mpexnMTIYJibC nyqKOBoro npoToHa, p1 
- pacceSlHHoro, q - pe

rncTpHpyeMoro; 
2) MOlltHO npeHeOpe~ nepepacceSlHHeM HYKJIOHOB n BSanMo~ei1cTBHBM . . . ' ~ 

B KOHB~OM COCTOSlHHH. 
llpH STIIX rrpe~OJIOlltBHHSlX IIHTepecyro~M HaC IIHKJin3HBHM rr~pnsa

UHSl npoToHoB Py(q). MollteT OHTb o~eHeHa KaK cpe.I~HeBsBemeHHoe_sHaqeHMe 
llOJISlpHSa~H rrpOTOHOB, ncnycKaBMHX C nMnyJibCOM q BO BCBX KIIH9Ma_Tnqec
Kll paspemeHHHX aJieMBHTapHllx aKTax pp- H pn-coy~apeHHi1 c ~lllltymnMHCSl 
HYKJIOHaMH .R.Itpa. BKa~ecTBe Beca MH.ncrroJibSOBaJIH rrO.I~HHTerpaJibHYID ~-

c/o E dtr M q d K .. 2 
~n. B Bl:lpallt9HHH: '''\ } ':!. 

dQ'ldEq=9· <t' d!.Cj = 2(27i:lp E"-Ep• [np(K).L_)Mpp/i-(2) 

+n, (K),L IMp, 1
2

] b(E; +.E" -E~'-Eq -E.) 
~ CB~HIISl HHKJIIDSHBHOrO o6pa30BaHIISl npOTOHOB Ha SJ.Itpax, UOJIYqBHHOrO 
AMa.I~o n BoJioum!mM B paMKaX MexaHHSMa rrpmlloro BH6HBaHIDI (PRL, v.J6, 
No.24, 1976, p.14J5). 3.I(9Cb~ - T9JIBCHHi1 yroJI BHJIBTa rrpOTOHOB C 

q . . . 
~JibCOM q; M - Macca rrpoTOHa; "'P H Mpn - Ma.TPntl1i nepexo~ ~ yn-
pyroro pp- n pn-co~apeHMfi; n n(k) - BepoSlTHOCTn o6HaPYlJtBHHSl B Sl.IIPB 
H.1KJioHa·c nMllYJibCOM k; Ek2 = ~~ + M2; Ef- cpe~ SHeprRa BSaRMO~ 
.I(9i1CTBIDl HYKJIOHOB B Sl.IIPB; dJk = k2dk d 'P k lf dcoa9k. ' 

CorJiaCHO D.Boal (PR, 1980, C21, No.5, p.191J), ~CTb, c:BSlsaHHaSl 
c pn-pacceSlHHeM, ~aeT mUra.zt B (2), cocTa.~n He 60Jiee HBCKOJibKHX 
nponeHTOB. Ha 3TOM OCHOBaHHH B pac~eTax Mil ee H9 Y'!HTllBaJIH·. . 

BHpruttaSl MPP ~apes .ztH@lepeanli:aJibHoe ce~HHe n nponHTerpnpo!laB · 
BHpa!teHHe (2) no coae, ITOJIY'!HM: 
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K...... 2rr ... J ";,~)· K·dl< fs(S/~- M') ~~ (s, I)·P'(s.l)· d'P, 
(3) 

.()!.-) ~(,.,;,. 0 
fj ,q = K """' 2;;: J6 J n~(=). K·dK j S (5/4- M

2
)clt (5, O·d lfJK 

·J<,.,i., 0 . .J 

3~ec~A~K- a3KMYTan:E>HHll yro~; P*(a,t) = Ppp(s,t) * cos(i~n).Y~eT 
cos(l,n) CBH3aH c TaM o6cTOHT9~:E>CTBOM, ~TO Ha6~eMaH Ha onuTe no
~pH3a~ 3aBHCHT RaK OT aprJM9HTOB.S H t, TaK HOT B3aHMHOfi OpH9H
TaiJ;IfH HopManeii i = [P*P'J //[ fi*p'J I K IIJIOCKOCTH nOMpH3YJD!!tero pacceH
HHR H n = (fi*iiJ/j( fi*Q.JI , onpe~9JUlKIII9it HallpaM9HH9 nonepe~oii KOMnO
H9HTH no~pH3a~, H3M9pH9MOfi Ha OnHT9. Hanp~9HH9 069HX HOpManeii 
Bl16paHo TaR, t£T06u npR nepexo~e K KoMIIJiaHapHoii_ reQMeTpHH 3HaK nOM
pu3aD;l'm coBna.nan co 3HrutoM ~ ynpyroro pp-pacceHHHH. 

Tipe~e~ RHTerpupOBaHHH ~in H ~ax onpe~e~Ch KRH9MaTRKOii pe
aKIJ;IfH A(p,2p) (A-I) H yc~OBH9M ~ax< I,2 raB/c. Heonpe~e~eHHOCT:E> 
paC~9TOB, CBH3aHHM C OmH6RaMll RCllO~h30~tHuX 3KCll9pRM9H~hHI1X ~H
HI1X, - ne 6o~ae IIBCKM:E>KHX npouenTOB. Pac~eT Py B!1no.mm.iicH ~ ~ep 
~eiiTepHH R yr~epo~a. · 

I . 

Pe3y~:E>TaTu pacttel'OB norta3anH, '!TO ~ yr~oB, 6o~:E>mnx 90 rpa,ey-
coB, p93Y~:E>TaTH pactteTa Kal.£9CTB9HHO COBlla,naiDT C 3KCll9pHM9HTan:E>HI1MH 
~aHH11MH, npH~eM cor~acue y~aeTcH c yne~t£eHHeM yxo~a OT KHHBMa
TH~cKoro npe~e~a NN-pacceHHHH. Ha yr~ax .90 rpa.nycoB n MeH:E>mHX Iia6.mo
~aeTM CM:E>H09 pacXOJIU.t9HU9 p93Y~:E>TaTOB pac~eTa C 3KCll9pHM9HTan:E>HI1Ml'l 
~HHI1MH, XOTH.3HaK IIMHpH3a~ COBna,naeT. Bo3MOlltHOii llpll~Ofi 3TOrO 
pacXOJIU.t9HRH M0llt9T 611Th 60~:E>moii B~a,n B H~~3HBH09 C9~9Hlf9 ~ M9-
xaHH3MOB pea!O~m. Y~T!1BaH TO, ~TO npR CJMMI'IpOBaHHH B~a.na. B HHKJIJ0-
3HBH09 C9~9HH9 paa~~ M9XaHH3MOB peaK~ft H906XO~O ycpe~HHT:E> K 
3Ha~9HHH TIOMpll3~H, CTaHOBRTCH HCHI1M, ~0 pean:E>H!19 B~H~ llO~
pK3~H npH 8 < 90 rpa,eycOB ~MlltHI1 6!1T:E>. 3Ha~T9~:E>HO MBH:cme, lt9M pac
C~TaHHI19 B. llO~CHOM . npHMHllt9HHH 3Ha l.£9HHR. 
. Y~KTB~HI1M ~eTCH xopomee corJtacRe pac~eTH!1x 3Ha~eHHtt Ay c 
3RCll9pliM9HTan:E>HI1MH ~aHHI1MH ~ ~a ~eiiT9pHH. oTO OTHOCKTCH ~allt9 .K 
yr~ ~eTa npoTOHOB B nepe.nnm no~cq,epy. Gne~T no~~epKHYT:E>, ~TO 
CB060~HI1X napaMeTpOB B pacl.£9Tax H9T R 3aBHCRMOCT:E> OT aT9MHOrO HOMepa 
MHmeHH onpe~eMeTcH TO~:E>KO KMnY~:E>·cH!lM pacnpe~e~eHKeM R rprum~ 

· 3Ha~eHHHMH K 1. , K (npe~e~ KHTerpHpoBaHKH B (3)) , onpe~eMeMI1MR . 
· mn max · 

KHHBMaTmtaft peaKnrtK A(p,2p)(A-I}. Xopomee onacaHKe .ltlL'l npocTettmero 
~pa, KOr.ml B Ka~CTB9 ~pa OT~~ Bl1CTYJia9T O~H HYRJIOH, B03MOlltHO, 

12 

CB~9T9~:E>CTByeT 0 TOM, ~TO pacCMOTp9HH!1ii M9XaHH3M peaKnrtH urpaeT H9-
~0Bal!t~ pM:E> B o6pa30BaHKH K.JMY"MTKBHI1X 'ffiOTKn npH npOM9lltYTO~X 
3H9prHHX. 

B CBH3H C 06cyin9HK9M ll0Mpli3~0HH!1X 3KcnepHM9HTOB Ha CliHXp0-
~30TpOH9 RB3 OHHM na~ 6una npoH3Be~eHa oneHRa omu~eM!1X 31m~eHKfi 
noMpK3annn: KYMY~THBH!1X npoTOHOB B paMKaX paccMoTpeHHoro.3~ec:E> Me
xaHK3Ma. TioRa3aHo, ~To o~aeMM B~R~ no~pH3a~H He npeB!1maeT · 
IO% ~e ~ ~a ~afiTepHH. 

B 3aRniDgeHn:H opopMJ~pOBaHI1 ocHOBHI1e pe3y~TaT!1 ~HccepTanHR: 
I. Pa3pa6oTaHa MBTO~Ra H3MepeHHH no~pH3anaH H~~3HBHO PerHCT

papyeM!1X npoTOHOB npu H~~H 6o~:r,moro KO~llt{9CTBa :i{ -Me30HOB B He- ' 
cne~eMOM nyt:IKe. Oco6eHHOCTb~ no~o6H!1x li3MepeHUn R~9TCR .Heo6xo~
MOCT:E> ~elltHofi n~eHT:IliPHKanHR npoTcmoB .ltlL'l uc~eHM cH.~T9MaTHt£ecKofi 
omn:6ro!, CBH3aHHofi c npRMec:&~ 1[ -M930HOB. · 

2. Ha 0CHOB9 pa3pa60TaHHO~ M9TO~Kll 6~H.C03~aHu 3KcnepiDMeHT~h-. 
HaH ycTaHOBKa H KOMIIJI9KC nporpaMM, C llOMOm:E>~ ROTOp!1X llpOB9~9HO 3KC
nepHM9HTan:E>iiOe acMe~oBaHKe no~pa3a~u B peaKnan p +A __._ p + X npn 
aHepruli 640 MaB, B pe3y~:E>TaTe ~era nMJtteHI1: ·· 

~TO: 

a) 3HepreTH~CKH9 3aBKCHMOCTH no~Rpn3awm;. 
6) 3aBHCHMOCT:E> llO~pH3anHH OT yr~a p9rHCTpanHH npoTOHOB; 
B) 3aBHCHMOCTh no~pn:3anrtK OT.aTOMHOrO HOM9pa ~pa-MHmeHH~ 
3. B pe3y~:E>TaTe Hamuincc~e~oBaHHfi ~KcrrepHMeHT~Ho ycTaHoBneHo, 

a) noMpn:3a~ KJMY~THBHI1X npoTOHOB,.Bo BCRKOM c~~e npn: npo
MBlftYTO~X aHeprHHx, HeBe~HKa, He npeBumaeT · !5-20% a' CYJ!lecTBeHHO · 3a
BHCHT OT yr~a perHCTpa~n: npOTOHOB; 

6) Ma6o 3aBHCHT OT 3H9prllH KYMJMTHBHI1X llpOTOHOB; •• 
B) C poCTOM aTOMHOro HOM9pa ~pa-MHm9HH no~p!i3~ JM9H:E>ma9TCH. 
4. Co3~aHa nporpaMMa n: BnepB!1e npoBe~eH!1 ~MBHH!1e pact£eT!1 no~-

pu3a~H H aHanK3HpJIDm9fi Cll0C06HOCTH ~R ~W~THBHI1X npoTOHOB B paM
RaX O~HOrO li3 B03M01KHI1X RaH~OB peaK~li - npHMOro B!16KBaHKH llpOTOHOB 
H3 ~ep. B pe3y~:E>TaTe cpaBHBHHH pact£eTH!1X 3Hat£eHnfi c HMBIDmHMKCR 3KC
nepHMeHT~:E>HI1Mll ~HHI1Mll B o6~cTH aHeprufi 316-IOOO MaB noKa3aHo, -~To 
no~pn:3a~R MOllt9T 6!1Th Y~OM9TBOpHT9~hHO OnKCaHa B paMKaX 3TOrO Mexa- . 
Hli3Ma ~ yr~OB, 6~bmliX 90 rpanyCOB B ~a6opaTOpHOfi CHCT9M9 KOOp~~ 
HaT, oco6eHHo ~ ~ep ~efiTepHH. 

0cHOBHI19 p93Y~TaTI1 ggccepTaUHR ony~KOBaH!1 B M9nypm[X pa60Tax: 
I. BnacoB H.B., 3y~RapHeeB P.H., I\y3:E>MKH H.A., KyTJeB P.x;, MypTa-

3aeB X. MeTo~HKa H3MepeHHH ~eBo~npaBux acHMMeTpufi H B?ccTaHoMe
HHR llMRpH3~ 6!1CTp!1X npoTOHOB, ncnymeHH!1X BpeaK~X TKna 
p + A - p + ••• npa aHeprmr 640 MaB. - TITS, I98I, J& 5, c.34-38. 
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2. 3yJII>RapHeeB P.H., KYTYBB P.X. Crnmome aifxileKTII B npo~eccax ncnyc
RaHIDI KYMYJIRTHBHHX tmcTn~. - .Ily6Ha, 1983. - 13 c. ( Coo6meime/06"De,l{. 
HH-T R.I{BpH.HCCJIS.l{.: 1-83-860). 

3. 3yJII>ItapHeeB P.H., 1\YTYSB P.X., _ htvpTa:men X. YrJioBM H HMIIyJII>CHaR 

. 3aBHCliMOCTH TIOJIRp!I3aU!ill npOTOHOB, HCIIYI!lSHH!lX B pC:-COy,I{apeHIIRX npH 
3HeprHH 640 MsB. - H~. 1980, T.32, mrr.4, c.889-892. -

4. 3yJII>RapiieeB P .H. , KYTYSB P. X. , htvpTasaen X. A-3aBHCHMocn nOJIRpH-
3aU!ill npoTOHOB, HCnymBHH!lX Ha3a,I{ H3 R.I{Sp npH HX 60M6apn.HpOBK8 npo-
~ . 
TOHaMH c aHeprneft 640 MaB. - .Ily6Ha, 1979. - 4 c. (Coo6meHHe/06'Le.l{. 
HH-T R.l{BpH:nccrrei.: P1-12906). 

5. 3yJII>RapHeeB P.H., KYTYeB P.X. HcCJie,I{OBaHIIe aHepreTH~ecKofi n.A-sa
BHCHMOcTBfi ITOJIRpHsauaH npOTOHOB, BU6HBa9MHX H3 R.I{9p TipoTOHauM npa 
aHepran 640 MaB. - .Ily6Ha, 1983. - 4 c. -(ITpenpHHT/06"Le.l{. HH-T R.I{epH. 
HCCJIB.l{.: P1-83-295); .Tpy,I{U Me~pO.l{HOro COBSI!laHna no HCCJI9,I{0Ba
HIIRM B o6JiacTH ~JIRTHBHCTCKofi Sl,I{epHo:fi qJH3HKH, OHHH, ,U2-82-568, 
.Ily6Ha, 1982; c.143-148. 

6. 3yJII>rtapHeeB P.H., KYTYBB P.X. IloJIRpH3a~ npoTOHOB, BUJIBTaJOIIliiX B 
3a.l{HIOIO rro;rycq>epy B peaKu;aH p + A ..._... p + ••• rrpa npOMB!tYTO~X 
3H9priDIX.- .Ily6Ha, 1983.- 8 C. (IlperipH~T/06'L9,I{. HH-T R.I{BpH.HCCJIB~.: 
P1-83-402). 

7. 3yJII>KapH89B P .H., KyTYBB P. X. IlOJIRpH3au;HOHHH8 3@!8KTH B pea~x 
THna p +A_._ p + ••• npa aHeprnRX 316-1000 M3B. - H~. 1984, 
'1'.39, nun.4, c. ?85-?93; Tpy,I{U ID Bcecoi03Horo cewmapa "IIporpaMMa 
nccJie.l{oBaHHfi Ha MesoHHofi <IJa6pHKe HHH AH CCCP", lliiH AH CCCP, MocKBa, 
1984, c.286-290. 

PyKOUHCL ITOCTynEJia B H3~T~CKE! OT,I{9JI 
14 ,I{8xS6pR 1988 ro,I{a. 
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