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OE!UAH XAPAKTEPMCTHKA PABO'ill 

ARTYaJD:,HOCTI, llCCJIS,nOEaHIDI CTOJIRHOEeHllil peJIHTllEllCTCRHX HYRJIOHOE,. 

,lieMTp0HOB ll c5oJiee T.fIJKeJI!IX llOHOB C aTOMH!lMll .f!IijJaMH COCTOHT rrpe~~e 
Boero E TOM, 'ITO E 3THX rrpoqeccax oc5HapynrnaeTM p.sm HOEIU .fIEJiemi:il, 

He rrpOJIEJIHI01!1llXCi! B Tpa.mn.uioHHOM .smepHOM <pH3HRe Hll3RHX 3H8pl'lrn. K HllM 
OTHOCllTC.fI, HarrpnMep, EUc5HEaHne HYRJIOHaMH ll3 .smep 6IICTpUX ,lieMTpOHOE H 

6oJiee T.fIJKeJI!IX <pparMeHTOE,- Ror.na ncnyCRaHlle ETOpll'IH!lX 'laCTHq H3 .f!,liep 

rrpollCXO,lillT E RllHeMaTll'IJeCRHX oc5JiaCT.fIX, He,liOCTYIIHIIX ,liJIH llX o6pa30EaHll.f! 

E CEOc50,liH!IX HYRJIOH-HYRJIOHHUX COy,1-iapeHIDIX. C )-ipyroil CTOpmru, Heo6xo
,nHMOCTI, TaRllX llCCJie,nOEaHllfi BUTeRaeT ll3 E03MOlKHOCTH nsyqeHIDI a,n:pOHHUX 

o6~eKTOB, ROTopue MOryT cymecTEOEaTI, TOJII,RO BHYTPH aTOMHllX .f!)-iep. 3To 
CB.fI3UBaeT llCCJIS,liOBaHlle .fI,1-iSpHUX peaRqlli rrpn peJIHTllBllCTCKHX 3Heprll.f!X C 
<pyH,D;aMeHTaJD:,H!IMll rrpoc5JieMaMH <pll3llRll a,n:pOHOE. 

PasBHTllS REapK-rrapTOHHllX rrpe,1-iCTaEJieHHM O CTpyRType 3JISMeHTapHUX 
'laCTllq HaEO,liHT Ha MUCJII, 0 E03MOlKHOCTll e,liHHOro OilllCaHIDI a,n:poH-a.n:poH
HllX ll a,n:poH-.f!)-iepH!lX B3allMO,J-ieilcTBd; EO EC.f!KOM CJiy<Iae, E IIOCJie,liline 
ro,lill ,liOCTHrHYTO IIOHHMaHHe llX TeCHOll B3aHMOCE.fI3ll. CHHTe3 :ime:li REapK
rrapTOHHOll MO,li8Jil1 ll MeTo.na MHOrORpaTH!lX rrepepacce.f!Hd IlO,liCTPYRTypHUX 
3JieMSHTOB CJIOJKHllX o6~eRTOB YJKe IIpllBeJI K orrpe,neJieHH!IM ycrrexaM B TpaR
TOBRS B3allMO,J-ie:licTBllil 3JISMeHTapHllX qacTnq rrpn BUCORHX 3Heprll.f!X •. Hc

CJie,nOBaHHS coy,napeHHil MaJIOHYRJIOHH!IX CllCTeM, npocTeMIIIe:li H3 KOTOpllX 
.f!EJIHSTC.f! .neflTpOH, CJiyJKHT y,noc5H!lM crrococ5oM H3ycieHM MeXaHH3Ma MHOro

RpaTHllX rrepepacceRmrn. 
TaRHM o6pasoM, 3KCII8PllMSHTaJD:,H08 llCCJIS,liOBaHlle HYRJIOH-.f!,liepH!lX ll 

Mpo-MepHHX E3allMO,li8:liCTBllll rrpll BUCOKllX 3HeprMX JIBJIHSTCJI BeCI,Ma 
rrepcrreKTHBHliM RaR ,liJIH yrJIY6JISHH.f! 3HaHH:li O CTPYRType aTOMHllX .f!,liep ll, 
B03MO.lEHO, o6Hapyl!eHM llX HOBUX CEO:liCTB, TaR H ,liJIH IIOHl'!MaHl'IJi M8XaHli3-
Ma H,nSpHllX peaRqllil H, B 6oJiee nmpoROM IIJiaHe, MSXaHHSMa B3allMO,lieflcT
EH:li CJIO:.EHUX 06~8KTOB. 

UeJir, pa6om - pasBHTHe MST0,1-iHKH cneKTpoMeTpll'IeCKHX H3Mepemti1 

npo.nyKTOB H,nepmrx peruu~ff npH peJI.f!THBHCTCRHX aHeprll.f!x; 
- IIOJiyqSHHS HOBOro 3Ha'IJHT6J!I,HOrO no o6~SMY 3KCII8pHMSHTaJD:,HOro 

Ma.TSpHMa O B38lIMO,neflcTBHllX npoTOHOB H ,neffTpoHOB BUCORHX 3Heprd C 

aTOMHUMR H,np&m; 
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- aHaJIH3 no.nytiemrux 8KcnepllMeHT8JibHllX AaHHllX Ha OCHOB0 cymeCT
BYJ(l!UiX TeopeTll'!0CKllX nOAXO'AOB, onpeAeJieHlle CTeneHll nx 3,IJ;eltBaTHOCTll 
aKcnepllMeHTY ll oe!JiaCTll npllMeHllMOCTlI. 

HoBll3Ha pae!OTl:l. Pea.imaamm Ha cnmcpoqiaaoTpoHe Ollilli Me)J,]IeHHoro 
Bl:lBO'Aa ycKopemrux npOTOHOB, a aaTeM ycKopeHlle AellTpoHOB lI H,Uep Clo;ree 
THJKe~X 3JieMeHTOB Il03BOJJIDIR C IlOMOl!lI,ID cneun~HO C03AaHHoro ~ 8TO
ro UIIK~ aKcnepllMeHTOB'MarHHTHOro crreKTPOMeTpa C npoBOJIOqHllMII llCKPO
Bl:lMll KaMepaMH Ha JilIHlm C SBM BnepBl:l0 C xopomllM llMIIY~CHl:lM paapemeHII
eM (Ap/p = ± 0,25%) Bl:lITO~Tb lI3MepeHllH lIHK~3llBHl:lX llMilY~CHllX 
crreKTpOB BTOpll'!HllX rrpOTOHOB H A0ttTpoHOB, ncnymeHHl:lX ITO'A yrJIOM103 M:p3,IJ; 

BO B38.llMO'A0liCTBID!X
0

IIpOTOHOB H AeHTpOHOB C H,UpaMll lipH 4,3; 6,3 H 
8,9 I'aB/c,a TaRJKe rrpoAOJDKHTb IIpH 4,3 I'aB/c Ha~THe paHee IIpH 1,3 raB/c 
HCM0'AOB8HlilI rrpo~ecca KBa3uyrrpyroro BHCIHBaHlilI 'A0liTpOHOB H3 H,Uep 
rrpoTOHaMH. Eo~aJI qacTb rrepeqnc;remrux aKcnepHMeHTMbHl:lX 'AaHHl:lX no~
qeHa BnepBl:le. B Bl:lCOKOliMIIY~CHllX qacTHX cneKTPOB AefiTpOHOB, ncrrymeH
Hl:lX IlO'A yrJIOM 103 MPM B AefiTPOH-AettTpomrux coy:n;apeHllHX rrpn 6,3 H 
8,9 I'aB/c~ BnepBHe YAMOCb oe!HapylltHTb ABYXIlllKOBYID CTPYKTYPY, oelyCJIOB
JieHHyro BK~OM HYKJIOH-HYKJIOHHl:lX pacCMHHM pa3~HOM KpaTHOCTH H HX 
llHTeptiepe~en. CorrOCTaBJieHHe H3Mepemrux B O~HaKOBl:lX ycJIOBMX BHCO
KOllMITY~CHl:lX qacTeil cneKTpOB BTOPll'!HllX rrpoTOHOB ll AeilTpoHOB COOTB0T
CTBeHHO OT rrpoTOH- H AefiTpoH-H,UepHl:lX pacceHHHil BrrepBl:le Il03BO~O 
CAeJiaTb Bl:lBO'A 06 HX KaqeCTBeHHOM pa3~llH B oel~CTH rrepeAaq mmy~-
COB 0,4~ltl~0,8 (raB/c)2 • · 

HaV'IHaJI H rrpaKTll'l0CK8JI ueHHOCTb. Peay~TaTl:l ~ccepTaUIIQHHOli pa
Clom, rrpo~eMoHcTpnpoBaB MHorooelpaane rrpo~eccoB, rrpoTeK8lllllllX npn Baa
llMOAeilcTBMX peMTHBHCTCKllX rrpoTOHOB H AefiTpOHOB C HAPaMH, AaIOT 06-
illHpHllfi ~aKTll'!eCKnil MaTepnM ~ pa3BllTM T00p0Tll'l0CKliX IlO'AXOAOB K 
TpaKTOBKe MexaHH3Ma H,UepHl:lX peaK~ npn peJUITHBHCTCKHX aHeprro=rx KaK 
B OCIJiaCTH KBaanyrrpyroro paccerunm rrpoTOHOB H AeilTPOHOB rrpH nepe'Aaqax 
mmyJII,ca 0,2 - 0,8 (I'aB/c)2, TaK H B oe!JiacTH KorepeHTHoro oelpaaoBa
HnH ITHOHOB Ha H,Upax A0ilTpOHaMH, nponcxo,wrmero Clea pa3B~ nocJieAHHX, 
npn TeX JKe nepe'Aaqax llMllY~Ca~ B TO BpeMfi KaK 'AaHHl:l0 0 KBa3HyrrpyrOM 
H,UepHOM pacce.lIHllH npOTOHOB H AefiTPOHOB CO'A0PJKaT HH<pOPMaunID ~ KO~
qecTBeHHott,npoBepKll MOAeJiefi MHOroKpaTHHX rrepepacceHHntt, AaHHl:le o KO
repeHTHOM ITHOHOOC!pasOBaHHH·B 'AefiTpOH-H,UepHl:lX B3allMOA0liCTBMX MOryT 
CIHTb HCn0~30BaHH (H ncno~ayroTCH) 'AJUi arrpoelaunn TeopeTll'!eCKllX MOAe
Jieil HeynpyrHX E3allMOAeilCTBnil AeflTPOHOB C HYKJIOHaMH H H'APaMH C yqeTOM 
llX KBapKOBOH CTPYKTyp!l. , · •. . . 

PH.U El:lRMeHHHx HoBl:lx·ocoeleHHOCTeil H,UepHl:lx peaK~.rrpn peMTH-
EllCTCRHX :3HeprMX nosBoJI/IeT HaMeTllTb nYTH ,A~Heliillll nccJieAOBaHnil 
aTott npoe!JieMl:l, ·aaHnMaIOlll9li cettqac Ba.JKHOe MecTo E ~ll3HKe a.npoHoE. 
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OnpeAeJieHHl:le xapaKTepnCTHKll rrpo~eCCOB o6pa30EaHllH qacTl!U B COYAapeHH
HX rrpoTOHOB H AeilTpoHOB C H,UpaMH H ~parMeHTaUIIll peJUITllBllCTCKllX 'A0liT
poHOB MoryT HaliTll npaKTll'leCKlle npMOlKeHllH B 33,IJ;aqax, CEH3aHHHX C pac
qeTaMH npoxoimeHnH EHCOKOaHepreTll'!eCKllX qaCTl!U qepe3 EemecTBO, C pa
~aunoHHott ~H3HKOfl H TeXHHKofl, HaIIpllMep, npn npoeKTllpoBaHllH p~aun
OHHOli 3amHTl:l KOCMll'!eCKHX Kopae!Jiett, a.TaKJKe npn paCCMOTpeHHn npo~ec
COB, npoTeKaKl!lllX npH npoxoimeHnn qaCTl!U ROCMHqeCRoro ll3.nytieHllll qepe3 
aTMOeq>epy. 

Anpoe!BllIDl paeloTl:l ll ny6JIHR8Illlll. OcHOBHl:le MaTepn~ 'AHCC9pT~llll 
'AOKJI3,IJ;l:lBaJIHCb Ha MeJK,IzyHapo'AHHX CHMll03nyMax no !pll3HKe Bl:lCORllX 3Heprntt 
H 3JI9MeHTapHHX qaCTl!U (lliTp6cRe IlJieco - 1972, Bap!IlaBa - 1975), Meimy
HapoAHOM CHMIT03nyMe no H.USPHOfl aJieRTpoHllKe (EyAarremT - 1973), Meimy
HapoAHOM COBSillaHllll no nporpaMMnpOBaHHID H MaTeMaTnqecKllM MeTO'AaM peme
HllH ~nsnqecKnx aa,naq (,Ilye!Ha - 1977), BcecomHoil mKoJie no aBToMaTnaa
unn HayqHl:lX HCCJIS'AOBaHllli (MnHcK - 1977), Jiemmrpa,rtCKOM MeJK,IzyHapoAHOM 
C9MllHape no H,UepHofl KOCMHqeCKOli <pH3HRe (JieHHHrPa.rt - 1978), BcecomHOM 
npoe!JISMHOM ceMHHape no B38.llMO'A9liCTEllRM qacTim H H,Uep Bl:lCOKOli aHeprHll 
c H'APaMR (TamKeHT - 1978), MeJK,IzyHapoAHofl KOHcpepe~Hll no RJISCTepHl:lM 
acrreKTaM CTPYKTY.Pl:l HAPS H H,UepHl:lx peaK~ (BllHHllller - 1978), MewHa
po'Affofl KOH~epemu,m no ~H3HRe BHCORHX aHeprntt (TOKllO - 1978), MeimyHa
PD'AHHX KOHq,epe~x no <pH3HR9 EHCOKHX aHeprnil ll CTpyRType H,Upa (HbIO

tloPK - 1969, l{Dpruc - 1977, BaHRYBSP - 1979), ceccMx 0TASJI0Hllll H,Uep
Hofl ~H3HRH AH CCCP (MocKBa - 1977, 1979). 

IIo MaTSpHaJiaM AHCCSPT~ orrye!JIHROBaHO 22 pae!OTl:l, CITHCOK KOTOpl:lX 
npHBO~TCH B KO~e aETOp~epaTa. 

Ha 3amRTy: BHHOC.IITCJJ CJI0.IlVllllH9 OCHOBHl:l9 pesy~TaTl:l 

l. C03AaHa aETOMaTH3HpoBaHHeJI YCTaHOBKS 'AJiff aRcnepllMeHTSJibHOro 
HCCJISAOBrumll HHRJm3HBHHX cneRTpoB qacTmt, oelpa3YJOlllHXC.II E H,U9pHl:lX pe
aR~X npH peJUITHBHCTCRHX aHeprH.IIX, - O'AHOUJieqeBoff MarHHTHl:lfl cneKTpo
MSTp C 'A9T8KTH.PYDll9fl annapaTypoa H3 IlPOBOJIQqHl:lX HCRpoEHX KaMep H 
ClUIHTHJIJlftIUiOHHl:lX cqeTqHROB 'AJI/1 aHaJIH3a qacTmt no BpeMBHH npoJieTa Ha 
JIHHHH C 3.BM. PasBHTa M8TOAHRa npetnmHOHHOro H3M8peHH.II llMllY~CHHX 
Cll8RTp0B BTOpt,ttlHliX qacTmt c paspemeHHSM 6 p/p = ± 0,25% (npn IDmyJib

ce 6 ThB/c}, p8ROP.IUWM ,JtJIII YCTaHOBOR TaROro RJiacca. COS'AaHHS.II ycTa
HOBRa llOCJIYDJIS npO'l'OTHaOM ,JtJIII paspaeloTRH ABYXWieqeBoro Mal'HHTHoro 
Cil8KTp0M8Tpa, coopyxeHHoro Ha BliB9~8HHOM rryqRe P8Jl/lTJ!llHCTCRHX H,Uep 
C~OTpoHa OHml. 

2. Paspac!oTaHH MaTeMa'l'JAecxoe o6ecne~eHHe ,JtJIII pac!om ycTaHOBRH 
Ha JillHHH C 8BM B::X:M-4, ll08BOJIR:BID88 IIOJiyqaTb llMrryJII,CHHe cneRTpi B pe
MLHOM Bp0M8HH axcnepJtMeHTa, nporpB.Ml,li MO~eJIHpoBaHHlt npoxoll:,lt8HHII 
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sapsilKSHHHX qaCT:lill qepes CIT8KTPOM8Tp, KOMlLl18KC nporpaMM ,ItJilI OKOH'Ia
T8Jll,HOil oopaOoTKll Ha 8BM C~C-6500 BCett HaROll~BHHOfl B aKcnepm.ieHTax 
llHqJOpMarum, BKJIIO'laBlllett OKORO 2-ro6 COOUTlifl B8allMO.I(eflcTBlifl npoTOHOB ll 
.I(BflTpoHOB C H,Itpru.m. 

3. IlpOB8.I(8H UHRR aKcnepm.ieHTaJU,HUX llCM8,IlOB8Hd ·cneKTp0B BTOpm
HUX npoTOHOB ll .I(BilTpOHOB, ncnycKaewx ITO.I( YJ'ROM ro3 MP/U BO B8am.lO
.I(8flCTBIDIX npOTOHOB ll .I(BilTpOHOB C llMnyJll,CaMH 4,3; 6,3 ll 8,9 ThB/c, B 
paHee He llCCR8.I(OBaHHOil OORaCTll aHeprllfl, C MPaMll BO.I(opo.I(a, .I(eflrepruI, 
yrRepo.I(a, aJIJOMHHIDI ll BllCMYTa. Pesym,TaTU 8KCIT8pHM8HTOB npoaH~Snpo
BaHU B paMRax CY!llBCTBYJ[lltWC TeopeTmecKllX MO.I(eRett. 

4. Al!aJm8 cneKTpoB npOTOHOB OT pa8BMa .I(BilTpoHOB C llMnyJU,COM 
6, 3 TuB/ c Ha H,Itpax H , D , C , A I n Bi B IIpllOJIIDKemm MHOrOKpaTHOro 
pacceHHIDI, BUilORUBHHHtt ,ItJilI HBCKOJll,KllX ll8B8CTHUX MO.I(eRett pacrrpe.I(eReHIDI 
HYKROHOB no m.lnyJU,CaM B .I(BflTpoHe, lIOKa8M, qro mnpHHU ll8MepeHHHX npo
TOHHHX IIHROB OO~HCW!IOTCH B OCHOBHOM ROP8HU8BCKHM ymllpeHReM HMnym,c
Horo pacnpe.I(8R8HIDI HYRROHOB B .I(BilTPOHe npH nepexo.I(e ll8 CllCTBMU IIOKOH 
,neilTpoHa B Rao. CHCTBMY KOOp.I(HHaT. Hafl.I(BHO, qTo npoueccu pasBa.na pe
JilITllBllCTCKllX .I(BilTPOl!OB Ha H,ItpaX, B118BaHHUe 8R8M8HTapHUMH N - N B8all
MO.I(8ilCTBIDIMH, B HBKOTOpliX C~MX conpOBOlll,ll;aJOTG.lI o6pasOBaHH8M nHOHOB. 

5. 06HapylK8HO, qTo 8aM8THHe BRR/UH B .I(Hqql0p8HURaJII>HUe ceqeHIDI 
B8aHMO.I(8ftCTBM peMTHBHCTCKHX .I(8ilTp0HOB C MPaMH npn rrepe.I(aqax HM
nym,ca 0,2 - 0,9 (ThB/c)2 .I(aJOT Heynpyrne npoueccu, rrpoTeKruoom:e Kore
peHTHo, oes pa8BMa HM6T8.!0lllHX .I(eftTpOHOB. Onpe.I(eReHU COOTB8TCTBYllllll6 
aTHM npoueccaM SHaqeHIDL~epeHURam,HHx ceqeHllil ,ItJilI peaJmSOBaHHUX 
aKcnepm.ieHTaJU,HUX yCROBHil. . 

6. B El:lCOKOm.lnyJll,CHUX qaCTHX crreRTpOB .I(ettTpOHOB OT d - d coy,na
peHHil rrpH 6,3 H 8, 9 raB/c BrrepBHe OOHapy,KEma .I(BYXIIHROBM CTPYRTYPa, 
ooycROMBHHM cyrrepnosHUHeff HYK~OH-HYRROHHHX pacceHHd pa8Jlli'IHOfl 
KpaTHOCTll, - HOBHil oo~eKT ,ItJilI cpaBHeHIDI C MO.I(BMMR, OlIHCUBaJO!J!HMR B8a
HMO.I(eilcTBM COCTaBHbIX CHCTeM. Ha OCHOBe npnOJIIDKeHIDI MHOroKpaTHoro 
pacceHHRH pa8BHT cpopMaJm8M-.I(JilI OlIHCaHIDI m.lnyJll,CHbIX pacrrpe.I(eReHlifl 
.I(eilTpoHOB OT KBasnyrrpyroro ( C pa8BMOM .I(~ftTpoHa-MRmeHR) d - d pac
C8HHIDI rrpn BHCOKHX aHeprIDix • 

7. YCTaHOM6HO KaqeCTBeHHoe pasJlli'Ille B MexrumsMax KBa8RYIIPYI'Oro 
pacceHHRH peJilITllBllCTCKllX rrpoTOHOB ll .I(eflTpoHOB Ha H,Itpax B OORaCTH ne
pe.I(aq HMnym,ca 0,4 - 0,8 (TuB/c) 2 • 

8. IlpoBe.I(eHo aKcrrepHMeHTaJU,HOe HCCR6.I(OB8Hl'Ie yrROBOil 8aBllCHMOCTll 
H SaBHCHMOCTll OT MaCCOBOro qHCJIB. H,Itpa-MHmeHR rrpouecca lIPHMOro BHOllBa
HHH .I(BflTpoHOB HS H,Itep npoTOHaMH c aHeprnett 670 MaB.Onpe.I(eReHO ~e
peHUnaJn,HOe ceqeHHe BHOHBaHHH .I(B!TpoHOB H8 H,Itep. YI'R8po.I(a rrpoTOHaMR C 
HMnyJU,CQM 4,3 TuB/c. C.I(8RaHO SaRJIR)qeHRe 00 YHHBepcam,HQCTH aToro 
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npouecca B mnpoKott odRacTn aHeprllfl HMBTaIOII!HX qacTHU, OT 0,38 AO 
3,46 TuB. 

Oo~eM H CTPYKTypa paOOTU. ~ccepTauM COCTOHT H8 BBe.I(eHM, MTH 
rRaE, 8aRJIIO'IeHHH, Tpex npMOJKeimil ll ClillCKa RHTepaTypu - ECero ll8 264 
CTpaH:llll MamHHOITHCHOro TeKCTa, EKJilOqaH 62 PHCYHKa, 23 TaO~ H ono-
morpaqJHID llS r97 HaHMBHOEalillil. • 

CO~EP1KAIIBE PABOThl 

Bo EEeneHHH C.I(8JIB.H oosop aKcrrepHMeHTaJU,HbIX H TeopeTmecKHX HCCRe
.I(OEaHHtt E8aHMO.I(eilCTEHH HYKROHOB C MPaMH rrpn rrpoMe}Kj'TQqHUX H EUCOKHX 
aHeprMX, .I(aHO OOOCHOEaHHe H800XO.I(HMOCTH aKcrrepHMeHTMI,HOro ll8Jq8HIDI 
.gnepHUX peaRrmil rrpn peMTHEllCTCKHX aHeprMX, (!)OPMYRHPYIDTCH uen H sa
.I(aqn onncaHHHx E .I(HCC8pTal\HH HCCR8.I(OBaHHil. 

B rrepEoil rRaBe OlIHCaHhl lIOCTaHOEKa H M8TO,I(HRa npoBe.I(eHM aKcrrepn
MeHTOB no H8MepeHHID HMnyJU,CHUX crreKTPOB ETOpmHUX qaCT:lill, ncrrycKaewx 
ITO.I( YJ'ROM ro3 MPIU E coy,napeHHHX rrpoTOHOB H .I(eilTpoHOE c .fI.LIPaMH rrpn 
4,3; 6,3 n 8,9 TuB/c. HccRe,noBaHHe aTnx rrpoueccoE E paHee He nsyqeH
Hoil OORaCTll :=meprnil CTMO BOSMOlKHb!M lIOCRe pea.JillilauHH Ha CUHXpoq>aso
TpOHe Ollilli Me.I(ReHHoro EHBO,I(a ycKopeHHhIX ITPOTOHOE n ,neilTpOHOE. ,UJm EU
lIORHeHIDI HaMeqeHHOH aKcrrepHMeHTaRI>HOH rrporpaMMH OU~ C08,I(aH 0,I(HOITReqe
EOH MarHHTHbIH crreKTpOMeTp C rrpOEO~oqHbIMH HCKpoEHMH KaMepaMH Ha ~HR.Im 

c 8BM. 

IlpHHUHITHaRI>HM cxeMa aKcrrepHMeHTOE ITOKa8aHa Ha pnc.I. IlepEmHUH 
rryqoK qacTHU IT/UM Ha MHmeim, KOTopue C ITOMOUU,ID ,I(HCTaHm'[OHHO yrrpaB
MeMoro ycTpottcTBa MOrm B COOTEeTCTEHH C rrporpa.MMOH :rncrrepHMeHTa rro
rrepeMeHHo ycTaHaMHEaTI>CH E nyqKe E Haqa.ne crreKTpoMeTpmecKoro TPaRTa. 
Bec:r:, ITYTI> rrepBmHbIX qa.CTHU H HaqaJII,HHH yqa.CTOK IIYTH BTopmHbIX qacTHU 
HaxO.I(MHCI, B BaKYJMe.MMrryRI>cHue crrexTpli BTOpHtmIDC qa.CTHU OT B8Bl!MO
,neHCTBHil C BO.I(OpO.I(OM H ,neilTePHeM onpe.I(e.mtJIHCI, rryTeM B)NlrTaHIDI crreKTPOB, 

H8MepeHHUX OT 8KBl1BMeHTHUX no TOpMOSHbIM CIIOCOOHOCTHM MlllI!eHett HS CH2, 
CD2 n yrRepo,na. 

BTopmHUe qacTlllU, lICIIY!lleHHHe H8 MHmeim ITO.I( yrROM 103 Mpa.I( K Ha
IIPaBR6HIDO rrepBmHoro nyqKa, 8HMH8l!pOBMHCI, MarHHTHUM crreKTpOM6TpoM. 
TpaeKTOPHH qaCTHU .I(O H rroc~e MarHHTa (pHRCHp0EaJmCI, HCKpoBUMH KaMep8MlI 
Kr - KII. TpnrrepoM CllCTeMU HCKPOEUX Kfil1ep HMHRCH HMIIYRI>C COEII[UeHHH 
CHrHMOB OT C!lllHTHJlJI!llUlOHHHX cqeTqHKQB Cr - C4• BXO.I(HOH CtJ8TqJIK Cr 
OUR pacrroRoEeH Ha pa.CCTOHHHH 23 M OT MHW6Hli H (pllKCHpoBa.n: yrROBYfil 

I 

paCXO.I(MMOCTI, BU.I(eMeMoro BTOpmHoro ITyqKa BSRmHHOH ± r,7 Mp[U. Bro-
pmHHe' rrpoTOHbI ll .neilTPOHH B Tex yqaCTKax ClISKTpoB, r.ne 8TO OURO Heoo-
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Pile. I. CxeMa 3RCnepHMeHTOE ITO ll3MepeHmo HMITYJII,CHblX CIT8RTPOB ETOpIN

HblX "!aCTHU OT coy,rtapemtli ITpoTOHOB ll .rteiiTpoHOB C MPaMH ITPll 
4,3; 6,3 H 8,9 ThB/c. T- MHllleHI>, S - 3antHTa, M -.amum-

3Hpyiomrul MaI'HHT, Co - C4 - CUHHTRJIJifIUHOHHble C"l8T"IHRH, Kr -
Kn - .ItBYXROOp,ItHHaTHUe ITPOBOJIO"lHUe HCRpoBUe RaMepu, Ml-4 -
MOHHTOp. 

XO,ItHMO, pa3,It8JlllJillCI, ITO BpeMeHH ITpoJieTa Ha 6aae ,ItJIHHOtt OROJIO 21 M 
MeJI\IlY c"leT"lHRB.MH c0 H c4 • 

EJIOR-CXeMa 3JI8RTpOHHOii auITapaTypu YCTaHOBRll ITOKa3aHa Ha PHO. 2. 
3Ta armapaTypa ITOMHMO cxeM 6UCTpott 3JI8RTpOHHKlI (E3) BKJIIO'laJia TaKJKa 

ClICT8MY aauycKa llCKPOEUX Ka.Map, CllCT8MY c~eMa, KO,ItHpOBaHHfI ll ITepe,Ita"lH 
B 3BM HH(!lOpM~IDI C HCKpDBl:lX KaMep (CCKIIB) ll armapaTYPY perllCTp~HH li 
ITepe,Ita"lll B 3BM HHi{JOpMarum c OCTaJil>HblX ,ItaT"!HKOB (APIIB). BCII HHqJOpMaqHII 
co CTOeK CCKIIB H APIIB ITO Ra6eJII>HOii JIHHIDI ,ItJIHHoii OKOJIO I KM ITepe,rtaBa
JiaCI, B 3BM E3CM-4. Pa6oTa aunapaTypu Ha JIHHliH c 3BM 6uJia cHHxpomrao
BaHa C pa6oToii ycROpllTeJIII. B T8"l8HHe HMITYJII,Ca HHT8HCIIBHOCTH ycKopn
T8JIII ,ItJIHT8JII,HOCTI,ID OROJIO 300 MC YCTaHOBROii perHCTPHPOBaJIOCI, ,ItO 40 
co6uTllii. 

)L.IDI perHCTJ)8.l.l;llll KOOp,ItHHaX tJaCTHU Ha BXO,Ite ll BWCO,Ite Mal'lmTHOI'O_ cneKT
poMeTPa 6wra pa3pa60TaHa CliCTeMa ,ItByxKOOp,ItHHaTHWC IIpOBOJIO"lHWC HCKpoBWC 

Kf¥,leP c ITaMR:TI>ID Ha qieppHTOEUX KOJII,tlax. CHcTeMa BRJDO!laJia RaMeRU c paa
MepaMH pa6otJett 06JiaCTli 116 x 116, 308 x 308 H 616 x 308 MNf' c 061l!l™ 

"IHCJIOM HRTett- 6000. C U8JII,ID IlOBU!ll6HIDI. TO"IHOCTH BOCCTaHOBJieHIDI 

ROOp,ItRHaT perHCTpHpye.MUX "!aCTHU 6HJI peaJIH30BaH TaKOtt pelltHM pa6om HC
RpOBHX RaMep, ROr.rta B 3aBHCHMOCTH OT M8CTa nepecetJeHIDI "!aCTHUett ITJIOC
ROCTH ITPOBOJIO"lHOro .3JI8RTpo,Ita HCKpDBOtt paap.im rtpoHCXO,ItliT Ha "l8TH08 wm 

6 

AllIIAPATYPA 
CBll3H 

,- - --:- -:rv--- - -
*---· ·- ---- I 

I 
I I{ , 7\ I IFOHTPO.ll.l!EPI ' 

I<==-== 
I -- - - ----'----'--~--__. 
L __ KPEtlT KAM AK _ _j 

:a 
E-< 

"' < 
"" 
"' :a 
:,: 
u 
,:,;: 

"' €) 

"' "' E-< 
:,: 
::s: 

u 
;,: 

"' 

"" "' 

"' ::s: 
:,: 

"' "' I,: 

"' i::: 
0 
u 

3BM 
BJCM-4 

"' E-< 

"' :>: 
< 
"' < 
i::: 
= 
:>: 
a, 

"' 

Pile. 2. J3JioK-CX8Ma 3JI8RTpDHHOi! armapaTypU MarHHTHOro cneRTpoMeTpa C 
npOBOJIO"lHblMH HCRpDBl:lMH KaMepaMH Ha JIHHHH c 3BM. 

H8"l8TH08 "lliCJIO coce,ItHHX npoBOJIO"leR. IlpH 3TOM, ecJIH "laCT~ npoJieTaeT 
npllM8PHO nocepe,ItHHe M8JI\IlY .ItBYMH coce,ItHHMH npOBOJIO"lRaMH, TO TOKOM HCR
pu nepeMarHH"IHBaIOTCR B OCHOBHOM ,ItBa Wlli "leTUpe CM8lKHllX qieppHTOBl:lX 
KOJII,Ila; B npOTHBHOM CJIY"lae ITepeMarHINHBaIOTCII O,ItHO WlH TpH CM8JKHl:lX 
KOJII,Ila. 'l'mm"IHUe 3Ha"leHHR TO"lHOCTett onpe,rteJieHHR KOOp,ItHHaT "laCTHU C 

ITOMOUU,D HCKpDBl:lX RaMep ITOKa3aHH Ha PHO. 3. 
,llJm CIT8RTpoMeTpll"leCKOro aHaJIH3a npo,ItyKTOB .imepHUX peaRilllii C paa

pememreU,,ItOCTaTO"lHUM ,ItJilI BWIBJI8HIDI B cneKTpax CTPYRTypU, o6ycJIOBJI8H
HOtt BKJia,ItaMH HYKJIOH-HYRJIOHHUX pacceRHHii pa3JIH"IHOi1 RpaTHOCTH, Hap.imy c 
TO"IHUM BOCCTaHOBJI8HH8M KOOp,ItHHaT "!aCTHU H806XO,ItHMO 3HaHRe IIpOCTpaH
CTBeHHoro pacnpe,IteJieHHR ITOJIH aHaJIH3HJlY10lll8rO MaI'HHTa.M3Mepemra MarHllTHO

ro ITOJIH npoH3BO.ItHJIHCI> B o6JiaCTH paaMepoM • 450 x 64 x 16 cM3 MSJI\IlY no
JIIDCaMH MBI'HllTa B 15385 TO"!Rax, c maraMH 2, 5 CM B,ItOJII, ITOJIIDCOB H 4 CM B 
ITOnepe"lHUX HaITpaBJI8HWIX. HaMepeHIDI 6UJIH aBTOMaTH3Hp0BaHU, HX peayJII,

TaTU 3anHCHBaJIHCI, Ha MarHllTHYIO JI8HTY. 
H3MepeHHbl8 3Ha"leHWI MBI'HHTHOro ITOJIR HCITOJII,30BaJIHCI, ,ItJilI BU"IHCJie

HHR ROsqxpllUH8HTOB Ctjktm.' Pa3JIOJKeHHR llMITYJII,Ca p perHCTpHpyeMott 
"laCTIIIlU ITO ITOJIHHOM8M qe6UllleBa OT aKcnepHM8HTaJil>HO onpe,rteJIReMUX BeJIH
"IHH - HOPMHPOEaHHUX KOOp,ItHHaT TpaeRTOPHH "laCTIIIlU B ITJIOCKOCTH MHlll8HH 
(5p ~ 2), ll ITJIOCKOCTH ITOCJie,nHeii RaMepu BXO.ItHOrO cerM8HTa CITeRTpoMeTpa 
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Plic. 3. Tmmt!HHe 3HaqeHIDI ToqHOCTett onpe'Ae~eHIDI KOop.mi:HaT qaCTHll C 
noMonu,ro HCKpOBHX KaMep. 

(~3. ~) 

(~6) : 

H HOPMHPOBaHHOro -yr~a OTR~OHeHIDI qacTHIJ;ll B Mal'HHTHOM rro~e 

p-1 = ~ ~ L L EC i.J'lcltn Tj_ <sr )Ti,(S2)T1c.(~3)Tt (~4)T,n.(s 6). 
l-Jklm. a 

(1) 

IlpH6Jlll0HHe (I) C 486 K03~9HTaMH pas~OlKeHHJI 'AaBaJIO ,Jt1lJI 1™!IYJU,C
HOro HHT8PB~ OT 5,4 ~o 6, 7 ThB/c TOqHOCT:& BHqxMeHIDI HMIJYJU,Ca OKO

~o 0,05%. 
IlpBMeHeHHe SBM WLR aBTOMaTH3a.u;mI 3!tCIIepBMeHTBJU,Hl:lX RCME)'AOBalillli, 

BKJIEJtJa:amett HeIIp8p!,!BHb!H KOHTPOJU, sa pa60TOfl 3KCll8pnM8HTaJU,HOtt annapa
TY.PH, nepBWl:ffYro o6pa60TKY llOCTYllaJOIIl9fl HHqiOpMattlm B XO'Ae 3KCIIepm1eHTa 
R HaKOM9HH9 'AaHllbIX Ha Mal'IDITHHX ~eHTax, llOTpe60BaJIO paspa60TKH CIIe
rni:am,Horo IIporpaMMHoro o6ecrreqeHmr, orrRCaHHoro BO BTopon rrne. 

CHCTeMa IIporpaMM COCTOHT R3 c~eJtYJOl]lRX OCHOBHllX qacTeit: IIO'Allpol'
paw.ll:l BBO~ !tOHCTaHT, opraim:3YJOlll9ft llpO:rpaMMbl R IIpOrpaMM!I-.ItHCll8T1iepa, 

- IIpOrpaMMfl IIpHeMa ::rncnepRMeHTaJU,HHX ~x. IIpOrpa.MM 1-ro npHopxTeTa, 
nporpa.MM o6pa6oTKR co6um 2-ro npnopHTeTa R IIporpaMMl:l ne-qam pe
sym,TaToB. IIporpaMMH 1-ro IIPHOPRTeTa BKJIJOtJaroT IlO'Aaporpa.MM!l KOHTPOJiiI 
npRWITOtt RHq)OpMa$lll, 3anRCH ee Ha Mal'HRTHyro ~eHTY R aHaJIH3a MOTHOC

TH nocTyn8.!0llleit RHq)Op~. 

~ Lechanoine c. et al. Nucl.Instr. and Meth., 1969, v.69,No.1,p.122. 
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.11HqiopM~, nocTynaBII!M B 3BM C 3KCII9PllM9HTaJ.l:&HOtt YCTaHOBKH, o6-
pa6aTHB~C:& no nporpaMMaM 2-ro IIPHOPHT9Ta B npoM9JKYTKax ~T9JII,HOC
T:&ro OKO~O IO C MelK,lzy liMIIYJll,CaMH mIT9HCHBHOCTH YCKOPHTe.IDI; sa 3TO 
BpeMII YAaBaJIOC:& o6pa6oTaT:& OKO~O 30% perncTp:irpyeMblX co6HTim. Henoc
peACTB9HHO B xo~e 3KCnepllM9HTa IIpoH3BO.IlllJiaCb llporpa.MMHM roCTHPOBKa 
B3aHMHoro pacIIo~o~eHmr HCKPOBUX KaMe~. KOHTPOJIBpOBaJIHC:& HanpmKeHIDI B 
16 TOqKax 3KcrrepRMeHTaJI:&HOtt annapa-rypa: H aq4leKTHBHOCTH HCKpo1311X KaMep 
K sanycKy; a,iweca HCKp B Ka.Mepax IIpeo6pa30BUBaJlllC:& B npOCTpaHCTBeHHHe 
KOOp'AHHaTU, H3 Boero MaCCHBa saperHCTPHPOBaHHHX B OAHOM co6uTHH KOOP
MHaT BU6HpaJIHCb KOOP'AmiaTU, llPHH8A)I9JKa.Illlle OMOMY TpeKy; BWIHCJif!Jll!C:& 
TOtIHOCTH BOCCTaHOB~emm IWOPMHaT tJaCTHll, aqxp6KTHBHOCTH KaMep K TpeKy, 
HMeym,cu per:ircTpnpyeMblx qaCTH!l; cTpoHJrnc:& pacIIpe~e~emm noKasaHHit ne
pecqeTHHX cxeM BO BpeMeIDI B npe'AeJiax ~T9Jll,HOCTH :m1eym,ca YCKOpHTeJIII, 
pacnpeAeJieHWI co6UTim no qnc~ HCKP B MOCKOCTH n no q:irc~ CMelKHUX ne
peMarHwi:eHHHx KOJiell, pacnpeAeJieHM, xapaKTep:irsyronme "cunrnaHHe" TpeKoB, 
Hflll,I(eHiru:X BO BXOMOM H BUXOAHOM cerMeHTaX HCKpOBHX Ka.Mep cneKTpoMeTpa, 
llPO~HJrn ~a per:ircTpHpyeMUX qacTH!l B sa.na.mru:x nJIOCKOCTRX ycTaHOBKH H 
HMIIYJII,CHHe ClleKTpH. 

A6co~THHe sHatJemm 'A~PeHin!aJI:&Hl,IX ceqelillil onpeAeJilIJIHCb nyTeM 
H3MepeHIDI aKTliBHOCTli R,nep 2 Na. HaBe~eHHOH B TOHKHX aJIIOMHHH9BHX 
~m,rax nepBWl:Hl,IMH 'A9H~H8MH li n~TOH8.MH B pesym,TaTe IlPOll9CCOB 

7 A I ( d • X )24 Na H 2 A I ( p • X ) 4 Na COOTB9TCTB9HHO. B Cll9llHaJI:&HHX 
KaJIH6pOBOqHl,IX OllUTax. B 3KcnepHM8HTaJI:&Hlle ~rumue BHOCIDIHCb noIIpaBKli 
Ha npHMeCb qioHOBHX co6HTim (THrrwi:Inle 3HaqeHWI 3THX llOllpaBOK AID! pas
JIK'll{I,!X ceaHCOB COCTaBJiffJIB OT 3 ~o 19%), Ha nor~omeHHe BTOplfll:Hl,IX qac
Tllll B BemecTBe YCTaHOBKH (OT 15 'AO 25%), Ha npRMeC:& c~aitHllX COBlla
'A9Him (OT 3 ~o 12%) H Ha reoMeTpwi:ecKyro H9aqxp6KTHBHOCT:& pernCTparni:H 
qaCTHll Cll9KTpoMeTpOM OKO~O rpaIOOl liCCJ19'AY9MOro HHTepB~ HMfiYJll,COB. 
3aBHCliMOCTli reoMeTpR1i9CKOtt aq4leKTHBHOCTH OT HMilYJII,Ca Ollp9'A9JIBJllID:& IIY
TeM MOAe~poBam-.tR: llpOXOX\lt8IDIR 3apruKeHIWX l!aCTHll qepes crreKTPOMeTp. Ha . 
pnc. 4 llOKa3aHa KPHBafl reoMeTpITT:eCKOit ajxpeKTHBHOCTli AID! liHT9PB8.7Ul HM
rrym,coB perncTpHpyeMUX l!aCTHll OT 5,1 ~o 6,5 ThB/c; TaM lite IIPHB9'A8Hli 
3Haqemm aq4leKTHBHOCTH, onpe'AeJiemme aKcIIepliMeHTaJU,HO. 

A6co~H8JI HOPMJl:POBKa cneKTpoB ,BTOpHqHHX IIPOTOHOB, liCIIYmeHIWr. 
no'A -yr~oM 103 MPM B p - p , p - d H p - C coYJ]:aperumx, llPOH3BO,tnf.liaC:& 
TaKJte eyTeM npRpaBmmaHHJI MOIIt8,ll;e:lt llllKOB OT ynp-yrorb p ... p paccrummr 
cooTBeTCTBYJOlllHM · sHaqeRlil™ · ~peHllRaJU,HHX ceqeHHtt aroro ·· nportecoa, 
ncmyqeRH!lM HHTepIIomlUliett HsBecTHHX aKcIIepHMeHTaJl!,HllX~aHH!lx::JlM'sTo:
ro -yr~QBue saBRCHMOOTH ynp-yroro p - p paccea:tn\lI, .,H3Mepewme B. paaHUx 
3KCrrepHM8HTax npR 3Hal!eHRf!X HaqaJI:&Horo HMIIYJII,ca Po. OT 4,0 }JIJ 
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p(TuB/c) 
Pnc. 4. KpIIDM reoMeTpWieCROH ajrpeRTilllHOCTH cneRTpOMeTpa, IlOJIY'leHHruI 

n pesyJI!,TaTe Mo.n:em1ponru11m npoxo~emm sapa;Kemrux qacTlill; 
qepes YCTUHOBHy. TO'!HaMM nonasruru 3Ha'!eHIDI aqxpeRTnBHOCTn, 
oape.n:eJiellillie aRcnepHMOHT8JlI,HO. 

8, 8 raB/c x/, armpORCHMllPOBaJil!CI, B l'ICCJie,eyeMHX IDITepBaJiaX nepe.n;allilliX 
HMfIYJI!,COB t qJYHRJ:~lfIMl! BJI.n;a 

f:[p0 =con~t, t =j(G)] =exp(a + &ltl +cltl 1
). (2) 

3aTeM ns cooTHomemtl1 (2) 61-1;1 BU'IHCJieu uaelop Bemr<mH d.6/ d t npn sua
'lemmx t' , OTBe'laJOIItlIX pas.mNHllM p

0 
npn qilIKcnponaHHOM yrJie paccesnnm 

B .na.6. CHCTeMe g = 103 Mpa.I\, OnasaJIOCI,, TITO Ha.ilnemntli Haelop 3Ha'lelllil 
d.6 ( t' )/cit xopomo armpORCHMHpyeTCJI BU_pa;KeHHSM 

~~ [o=I03MP8J\, t' = j (p0 )] =e.l:p[C4,66± 0,03) - (7 ,83±0,07)1 t'I] . (3) 

Ha (3) 61:lJil! B!I'Il!CJISHl-1 3HalJ:0HIDI d.6" / cl. t ,nJifi Ha'l8JlI,lil:lX HMilYJI!,COB npo
TOHOB 4,3; 6,3 M 8,9 TuB/c, HCilOJIJ,30:BaHHlle ,nJifi HOpMHpomrn. IlOJIY'l0HH00 
aTMM cnoco6oM suaTiemre .IUJlPPSP8HiniaJII,Horo ceTieHIDI ,nJifi p0 = 8,9 raB/c 
B npe.n:eJiax Olllll60K corJiacyeTcH co sHa'lemreM, Haime~M uenocpe.n:cTBeHHo 
B KaJIM6pOBO'lHhIX HSM0p0HHIIX. 

Bo3M0'1!H8JI CHCT8M8.Tll'i8CKaJI onm6Ka IlO.nytl8HlIHX a6COJWTHHX 3Ha'lernrli 
.It1$pepemni:am,H1,1x cetieH:d d 2.6 / d..ncip, o6ycJioBJieHHrui: COBOKyIIHOCT1>10 nor
pemHOCTett, CBSl3runtl:lX C OTHOCMT8JI!,HllM MOHHTOPHPOB8Hll8M nepBM'IHOro 

x/Benary o. et al. NN and ND Interactions (a Compilation).
Berkeley, 1970. - (UCRL-20000 NN). 
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ny'!Ra H onpe.n:eJieHHeM ero a6COJIIOTHOff lIHTSHCHBHOCTH, C onpe.n;eJI0HlI0M 
B8Jill'iMHl,I T0JI8CHoro yrJia, BElpesaeMoro cneKTpoMeTpOM, a TaKllie C BH'IBC
JI8Hll0M BeJill'llIH yKa3aHHl:lX Blillle nonpaBOK, oueHMBaeTCH paBHOil ± 20% B 
C.nytlae nepBM'IHOro nyTIKa .n:eflTpOHOB H ±. I5% B C.nytlae npoTOHOB. 

OCHOBlil-10 :xapaKTepHCTlIKH O.n:HOM~'leBoro MaI'HHTHoro crreKTpOMeTpa C 
IlPOBOJIO'IHl:lMH HCRpoBl-lMH KaMepaMH npHBe.n:eHl,I HIDKe: 

KOJill'i8CTBO BemecTBa Ha nyTH 'laCTrul - ~ 9 r/c~. 
'IHCJIO Ka!iWIOB perHCTPauHH 
'laCTOTa cpa6aTl:lBaHRII 
ropH30HTaJII,Hl:lff yrJIOBOtt aKCSilTa!iC 
TeJiecHl:ltt yroJI Bxo.n:noro cerMeHTa 
RMIIyJI!,CHl:lfl aKC0llTBJIC (npn 6 TuB/ c ) 
HMnyJI!,CHoe paspemeHHe (npH 6 TuB/ c ) 
paspemeime no BpeMeHM npoJieTa 

- OKOJIO 6000, 
- I25 ru, 
- ±. I,7 Ml)M, 
- I,I9·I□-5 cp, 
- ±. II,4%, 
- ±. 0,25%, 
- ±. 0,8 HC, 

06pa60TRa IlOJIY'ISHHOro B aKcnepHM0HTax MaTep:im.n:a npoBO.n:HJia.CI, Ha 
3BM C,UC-6500. Cpe.n:n ncex BOCCTa!iOBJISHlIHX co6hlT:d OT6Hpa.IDIC1, TOJll,KO 
TaKHe, .n:.,ISI KOTOphlX Ilp!lMble JIIDIIDI, aIIIIp0KCHMHPYJOIIIII0 TpeKH BO BXO.n;HOM 
cerMeHTe Cil0KTpoMeTpa, BhlXO.n:R1ll{ H3 OClJiaCTH MElll8HH, C yqeTOM MHoro
KpaTHoro KYJIOHOBCKoro pacceJIHHH 'lacTHU B nemecTBe nxo.n:noro cerMeHTa. 
Ha pnc. 5 noKasruta rncTorpaMMa o.n:non ns npoeKu:d npoqiHJISl: nyqKa qac
THU B MSCTe pacnoJIOllteHHJI Mm118Hll. To'IKaMH noKa3rut pesyJII,TaT MO~eJIHpo
BalilIH aToro npoqiRIDI c yqeTOM MHoroKpaTHoro pacceHHIDI. Ilpn nocTpoeHHH 
HMnyJI!,CHl,IX cneI<TpoB YtJMTHBaJmCI, COClllTHJI, IlOila.I\aJOIItlI8 B o6JiacTli, 
PaBHYJO y,n:BOeHHOMY pa.3Mepy MmIIeHH; OCTUJll,HHe C06HTHH OTClpaCblBBJ.WCI,, 

Ilpn: ~OCTaTO'IHO TntaT8JU,HOtt IDCTHpoBKe aKcnepHMSHTaJil>HOfl ycTrutOBKH 
paCCTOHHIDI .6. Me~ TO'IKaMH nepece'leHIDI IlPIIMhlX, npe.n:CTaB.7IIIJOlllliX Tpe
KH BO BXO.n;HOM H BElXO.n;HOM cerMeHTax cneKTpoMeTpa, C nepTlIKaJII,HOfl llJIOC
KOCTJ,Jl, npoxo.n;Hmefl qepes cepe.zurny MarHHTa, .n;oJUtHll Clh!Tl> MaJibl. I'McTO
rpaMMa pacCTOHHHil .6. noKa3aHa Ha pHc. 6. IlporpaMMH!:lM nyTeM OT6Hpa
JIHC1, Jil'Illll, Te C06llTHJI, .n:.,ISI KOTO.{HX 1a1 ~ 8 MM. 

CpanHeHlle HMnyJl!,CHl:lX Cil0KTpOB, llOCTpoeHHblX C HCilOJIJ,30BaHH0M H 
Cles HCUOJI1,30Bamm Yl(a3a!iHl,IX KpHTepneB OTClopa, llOKa3aJIO, 'ITO aTa npo
ue,eypa OTClopa 8KBHBaJI8HTHa O'llICTKe cneKTpoB OT q>OHOBllX coClb!Td, H3-
M0p0Hlil:lX B 8KCil08~ Cles MmIIeHH. 

B TpeTl>eA rJiaBe OllHCallH pe3y.1I!,TaTl:l H3MepeHHn H HHTepnpeTartIDI 
cneKTPOB BTOPH'lHhlX Ilp0TOHOB, oClpasoBa!iH!:lX B coy.n:apemmx.n:ettTpoHOB R 
IlPOTOHOB c .IJ,Iij)&m npH 4,3; 6,3 H 8,9_TuB/c. 

liHKJIIOSHBHHe cneKTPhl BTOPll'iHl:lX qacTMQ, ncnymeHHl:lx no.n: yrJioM 
103. ~ B coy.n:apemmx .ll;eflTpOHOB c m.myJII,COM 6; 3 I'aB/ c c ~ H , 0 , 
C , A I H BI , npe.n;CTaBJieHl:l Ha pn:c. 7 H 8. B cneKTpe OT d - p coy.n:a- . 
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PHc. 5. r11cTorpa.MMa rrpcxp:wm: rryq-
Ra B MeCTe pacrroJIOJKeHIDI MHll!ellli 
(XOZ-rrpoeRrum).ToqRa.MH rroRaarura 
peayJII,TaTU MO,neJIRPOEa.HWI 3Toro 
rrpoipwm: C ~eTOM MHOroRpaTHoro 
pacceHHIDI. Ilpn odpadoTRe .I{a.HHUX 
OTCilip~Cb COCiUTM, ~ ROTOpHX 
102 MM ~ X ~ 182 MM. 

n•i0
3 

2D 

15 

,a 

5 

-16 -8 0 8 16 
11(HH) 

PHc. 6. TucTorpaMMa paccTomilfii 
Me~ TO~BMR rrepeceqeHIDI ITPHMHX, 
arrrrpoRCliM:Hpymmx TpeRli EO EXO,n
HOM li BHXO.IU{OM cerMeHTax crreRTpO
MeTpa, C EepTHR~HOil IIJIOCROCTbID, 
rrpoxoJ:tH111eil_ qepea cepe.nRHy a.HM11-
a11pyromero MarHHTa. Ilp11 odpadoTRe 
.I{aHHHX OTCilip~Cb COCiUTWI, .I{M 
KOTOpux ,~, ~ 8 MM. 

peHH:li rrpn 6,07 TuB/c BR,neH ITHR .neilTpoHOB OT yrrpyroro paccemIM Ha 
rrpoToHax. IlO~aJI urn:pRHa 3TOro ITRKa Ha rro~BHCOTe COCTaBJllieT 36 raB/c 
li xapaKTepHSyeT RMITYJII,CHOe paaperueHRe YCTaHOEKli. JleEaJI CTOpoHa rrHRa 
crra,naeT ,no HyJieEoro YPOBHH ITPli 6,0 faB/c. 3TO IIOKa3UBaeT, qTo E YCJIO
BWIX HaCTOHmliX ll3MepeHlfii ~OHOBUe aqqieKTU He lll'p~ CKOJII,KO-HRCiy,nb 3a
MeTHOil po~. HaqRHaJI c 5,9 raB/c 11 BIIJIOTb .no 4,5faB/c rrpocTnpaeTCH 
HerrpepUBHOe pacrrpe,neJieHRe .neilTpoHoB, KOTopoe rrpocJie:IKHBaeTcH 11 Ha rrpo
THJK8HRR RHTepEMa OT 3,6 .no 2,6 raB/c. HM~lie 8TllX .neilTpoHOB CBR,ne
TeJII,CTByeT o 3aMeTHOM BKJia,ne Heyrrpyrnx rrpoueccoB, rrpoTeKa.IOm:HX Kore
peHTHO, des pa3BMa HMeTannnx .neilTpoHOB. 

B BepXHeil qacT:H crreKTpa OT d - d coy.napellliil OTqeT~EO odHapyim
BaJOTCH .I{Ba mma. 0,nnH ll3 HRX, C MaKC:HMYMOM rrpn 6,07 ThB/c ll rro~oil 
urn:pRHOil Ha IlO~COTe 68 MaB/c, OTBeqaeT KBa3:HyITpyroMy paccemI:HID rra
.namurx .neilTPOHOB Ha HyKJIOHax .nettTpoHa-MllllleIDI. BTopott IllIB, C MaKC:HMy
MOM rrpn 6,18 raB/c n ITOJIHOtt runpllHOii Ha ITO~COTe 36 MaB/c, K:HHeMaTll
qecIU<I COOTBeTCTByeT yrrpyrOA'fY d - d paccemnm. CJieBa OT IT:HK_a KBa3:HyIT-
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Pnc. 7. lhmyJII,CHUe crreKTPH rrpoTOHOB (cBeT~e KpylKlin) ll .neilTpOHOB 
(qepHUe KPYlKlill) OT coy.napeH:Hil .neiiTpOHOB C rrpoTOHaMll, .neilT
poHaMH n H.I{paMll yrJiepo.na rrpn 6,3 rilB/c. IlpaBrui: lllKaJIB. OTHO
CHTCH R .neilTpoHaM • .I{eilTpOHHUe IlllKll B d - p ll d - d crreKTpax 
OCiBe,neHU RPHBHMll OT PYKll. Kpnue Ha crreKTpax rrpoTOHOB -
pe3yJII,TaTU BUqncJieH:Hil C llCITOJll,30EaHReM ~ HMeTaromero 
.neilTpoHa BOJIHOBOil ~YHKU:Hll Pett.na (CIIJIOlllHUe Rpoue) ll Mo
paBq:HKa - rapTeHxayaa (mTpnxoBue Kpl:Ullle) • 

pyroro d - N paccemIM BIIJIOTb .no 4, 5 raB/ c n .nMee, OT 3, 6 .no 2, 6 
ThB/ c, T.fIH6TCH HerrpepuBHOe pacrrpe,neJieH:He .neilTpOHOB OT Heyrrpyrnx d - d 
B3anMO,neilcTBlfii, B ROTOpHX rra.naromlfii .neilTpOH He rrpeTeprreBaeT pa3BaJIB.. 

B BepXHllX qacTHX crreKTpOB OT d - C , d - A I ll d - Bi coy.napeHlfii 
HadJIJQitaDTCH urn:poK:118 ITHRH C'MaKCllMyMaMllilp:11 ~6,18 raB/c. CJieBa 8Tli 
ITHRn IlJiaBHO rrepexo.IUIT B HerrpepuBHlle pacrrpe,neJiemui .nettTpoHOE, KOTopue 
IlPOCJI8.liWBaJOTCH n B llHT6pBMe OT 3,6 .no 2,6 raB/c. 3To, IIO~B:11,nllMOMy, 
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liMrryJibCHHe crreKTpbl rrpOTOHOB liI .neil:Tl)OHOB OT coy.n;apem .n;eil:T
l)OHOB c smpaMH A I liI Bi rrpliI 6,3 TuB/c. KpliIBue - pe3ym.Taru 
Bll'IliICRem C HCITOJib30BaHliI8M .n;JlfI HMeTru:mero .n;eiiTpoHa BOJIHO
BOil <PYHKrnm Peff.n;a (CMOllllllle KpliIBUe) liI MopaB'lliIKa - rapTeH
xaysa (mTpliIXOBlle KpliIB!le) • .ILmi: d - Bi coy.n;apem rroKasaHH 
TaKX8 pe3yJibTaTU Bll't!liICReHlilfi C BOJIHOBOii <PYHKUH0il XI<llu,TeHa 
(ITYHKTliipHall KpliIBall) liI C BOJillOBOil <PYHKUliieil: B BH,!1;0 rayccoBC
KOro pacrrpe.n;eReHIDI (mTpliIX-ITYHKTliIPHall KpliIBWI). 

03Ha'laeT, 'ITO B coy.n;apeHIDIX C Jml)OM .n;eil:TpoH KaK e.n;ruioe U0R00 MOXeT 
llOT0pJITb 'laCTb CBOeii aHeprmI KaK Ha B036yJ!t,l:teHJiie smpa, TaK liI Ha o6pa-
30BaHJiie O.n;Horo liIJIH HeCKOJibKHX IIBOHOB. 

Bo Bcex crreKTpax B JP.lT0PBMe oT 2,6 .no 3,6 ThB/c .noMHHHpYJJT nliI
KliI lll)OTOHOB c MaKClIMYMaMH rrpH 3,I raB/c liI IlOJIHllMliI WliIPJiIHaMH Ha rro~
BUCOTe OKORO 280 MaB/c. HcTO'lHliIKOM rrpoTOHOB c liIMITYJibCaMH, rrpHMepHO 
paBHUMH IlOROBllHe liIMilym.ca HMeTru:mero .neil:TpoHa, O'lBB:tmHO I C~ll!a.T 
rrpoueccu Pa3B~ .nettTpOHOB, Ha R8BllX CKROHax rrpoTOHHUX mmoB, Ha't!HHall 
C 2, 9 ThB/c, BH,Il;HH xapaKTepHHe ycTyrw, CB:tm0T0JibCTBynllne O TOM, 'ITO 
rrpoueccu pa3B~ .n;eil:TpOHOB RHor.n;a corrpoBOE,IJ;aJOTCJI o6pa30BaHJiI0M IlliIOHOB. 

YroR Ha6JIIO,n;eHIDI, paBH!lff 103 Mpa,n, Haxo.nwrca 3a rrpe.n;eRaMH KOHYCa, 
BHYTPliI KOToporo cocpe.n;OTO'leHa IlO,Il;aB.1.L'Il)lllaJ 'laCTb rrpoTOHOB-Cll0KTaTopoB, 
JiICrrymeHHHX B pe3yJibTaTe CTpliIIIIIliIHra liI KorepeHTHOil ,IU!IppaKUJiIQHHOil: .nnc-
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COUJiiaumI .neilTpOHOB. IloaTOMY B peMliI30BaHHHX yCROBliIHX B OCHOBHOM pe
rncTpliipoB~Cb npoTOHH, ncrrymeHHUe B pe3ym,TaTe B3ruIMO,n;eilcTBHfl HY!(RO
HOB .zteilTpoHa C HYRROHaMH a.n;pa-MmlleHliI. lfMrryJibCHHe pacrrpe.n;MeHHH npoTo
HOB, 06pa30BaHHHX B peaKURIIX 

d+A~p+X (4) 

np:e: 6,3 TuB/c Ha H,ItPax H , o , C , A I liI Bi , liIHTeprrpeT:e:poBMHCb B 
pa.MKax rro.ztxo.na, OCHOBaHHoro Ha liICilOJib30BaHHH MO.n;e~ MHoroKpaTHOro 
HyKROH-HYl(ROHHoro paCCMHIDI -xi, C Y't!6TOM peMTliIBHCTCKoro rrpeo6pa3o
BaHIDI BHYTpeHHe~HXeHHfl HYRROHOB ,Iteil:TpoHa rrp:e: nepexo.zte B Ra6. CliIC-
TBMY KOOp.nliIHaT • CorrocTaBRSHJiie pesyJibTaTOB pac'leTOB, IlOKa3aHHHX 
Ha p:e:c. 7 liI 8, C 9KCil6PliIM0HTaJlI,HHMR ,Il;aHHllMll Il03BOMBT c.n;eRaTb CRe.nyIO-
IIIH6 3aKJlD'!6HIDI. . 

I) Pacrrpe.n;eReHIDI rrpoTOHOB, Bll'lliICR0HHH8 C liICITOJib30BaHJiI6M .n;JlfI ,Iteil:
TpOHa EOJillqBUX <PYHKud Pe!ma C MHrKliIM KOpoM xxxl, MopaB'lliIKa - rapTeH
xaysaxxxx/H XIom.TeHa, B IlpOTHBOllORODOCT!, pacrrpe.n;Memm, BH'll!CJI8HHOMY 
C HCITOJlI,30BrumeM raycCOBCKOil: BOJIHOBOil qiymmim, y.n;oMeTBOPHTMbHO BOC
IlpOJiISBO,ItHT qJOpMy IlpaBI:IX ~OHOB IlpOTOHHI:IX IlliIKOBo 

2) llixpHHH rrpoTOHHUX llliIKOB orrpe.n;eJI/IllTCJI B OCHOBHOM HMITYRbCHHM 
pacrrpe.n;eReHHeM HY!(ROHOB BHYTPH .n;eil:TPOHa, ROpeHUeBCKH YJ!lliipeHHHM rrpH 
rrepexo,n;e OT CHCT8MU IlOKOH .n;eilTpoHa B JIB.6, CliICTSMY, B KOTOpofi .n;eil:TpOH 
,Il;BHX6TCJI C peMTliIBHCTCKOtt CKOpOCTblO, H CJIB.60 3aBHCHT OT MaCCOBoro 
'IliIMa A smpa-MIDIIeHH. 

3) J{HqxpepeHUJiiaJII,HHe ce'leHIDI rrpoqeccoB KBa3JiIYIIpyroro pacceHHHH 
HYKROHOB .n;eil:TpoHa Ha HYRROHax a.n;pa-MHIII0HH C liICITYCKaHHSM BTOpKtIHHX 
rrpoTOHOB rro.n yrROM 103 Mpa,n .n;JlfI BCeX smep, KpoMe BO.n;opo.n;a, arrrrpoKCH
MHpYJOTCH 3aBHCHMOCTblO 

ti = (240 ± 6)·A (0, 44 ± O,OI) M6/cp. (5) 

TaKaa A-saBHCllMOCTb xapaKTepHa .n;JlfI B3aHMo.n;eilcTBHfl, rrpoHCXO.n;HIIIHX B 
OCHOBHOM B rreplilq)epKtieCKOM CROe a.n;pa. 

-x!Glauber,,R.J. ini Lectures in Theoretical Physics, v.1, Ed.by 
Brittin W.E. and Duncham L.G., Interscience, New York, 1959, p.315. 

CJiIT6HKO A.r. YKp.tpH3.l!typHM,I959,T.4,Ji2,c.I52. 
x-x/Bertocchi L.,Treleani D. Nuovo Cim.A, 1976, v,36, No.1, p.1. xxx/ . 

~lberi G. et al. Phys.Rev.Lett., 1975, v.34, No.8, p.503. 
Moravcsik M.G. Nucl.Phys., 1958, v,7, No,2, p.113. 
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Pnc. 9. MMnym,CHHe cneRTpH rrpoTOHOB OT coy,nape1mn rrpOTOHOB c rrpoToHa-
Mli, .nefiTpOHa!,lli H R,ll;paMH yrJiepo.na npH 4,3; 6,3 H 8,9 TuB/c. 
YroJI Ha6JIIO,nemm - I03 Mpa,D;. CMOmHHe &p:imue rrpoBe,neH!l BRSyaJU,

HO. CTpeJIRH COOTBeTCTBYJOT 3Ha'!eHIDIM mmym,coB, BWJHCJieHH!lM 
HS RID-IeMaTrum ynpyrHX p- N H p - d pacce.mmn, H aHa'!emuo 

Ha'!am,Horo HMUYJII:,ca pO• 

&myJ!bcHHe crreRTpH rrpoToHoB OT npoqeccoB 

p+A~p+X (6) 

.I(JIJI BO,nopo.na, .nefiTepIDI H yrJi:epo.na rrp:rr Ha'!am,HHX HMIIYJ!bCax 4,3; 6,3 H 
8, 9 I'aB/c H yrJie Ha6JlllrteHIDI I03 Mpa,n rroRaaruru Ha pHc. 9. YaR.0:e mum 
B crreRTpax oT p - p coy;n:apeHllfi OTBe'!aroT rrpoqeccy yrrpyroro pacceJIHIDI. 
.AHaJIH3 CTPYRTypH HH3ROllMnyJ!bCHHX qacTen 8TllX crreRTpoB JIBJifieTCJI HC
TO'iHllROM liHq)OPMallIDI O .m$pepeH!lllaJU,HHX ce'!eHIDIX o6pa3OB8.HIDI B p- p 
coy,napemmx np.0: rre~qax ru,myJ!bca 0,4 - 0,8 (I'aB/c) 2 HaBeCTHHX HYR-

JIOHHhlX peaoHaHCOB • 
BucOROHMUyJII:,CHHe qacTH cneRTPOB npOTOHOB OT p - d li p- C coy

,napemdi aHaJili3liPOBaJiliCI:, B pru.max 1.m,neJm MHOI'ORpaTHOI'O HYRJIOH-HJRJIOH

HOI'O pacceJIHIDI; conocTaBJieHHe BH'!HCJiemrux II aRcrrepRMeHTam,HliX pac-

~ Allaby J.V. et al. Nucl.Phya. B, 1973, v.52, No.2, p.J16. 
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Pnc.ID. BucOROHMUYJ!bCHHe '!aCTH crreRTPOB npOTOHOB OT coy,napeHHH npo
TOHOB C .neflTpoHalvlll rrp:n paaHHX Ha'ia.Jll>HHX ID/JnyJII,cax. CUJIOJJH!,Ie 
RpHBHe - peayJII:,TaT BWJHCJieimil C BOJIHOBOH qiyiIBqHefi X!om,TeHa, 
mTpHXOBHe - c ~YJIB~en raycca. 

npe,neJiemrtt .ItIDI CJ.IY'!a.l! p - d paccemnm c,neJiaHO Ha pnc. IO. BunoJIHeHHHii 
aHaJIHS rroRaaaJI, 'I'i'.O: 

I) npn onncamm Ha'iaJII:,HOI'O li ROHBqHoro COCTOJIHllM .nefiTpOHa BOJIHO
BHMH <pYHRWUiMH, JIBJI!!IOillHMHM pemeHIDIMII ypaBHemm lllpe,nmII'epa c noTem:c,r
a.rroM Xlom,TeHa .J.i)ISl CM3aHHOro li Hec:rurnamroro COCTOJIHHH n - p CHCTeMH, 
y,naeTCJI JIY'!llle BOCIIpoH3BeCT.H aRcrrepRMeHTaJU,HHe .naHHHe ITO p - d pac-
ceJIHmo, qeM B CJIY'Iae .HcrrOJII:,SOBaHIDI ~YJIBqHH raycca; 

2) B p - d crreRTpe npn 8, 9 ThB/ c BRJ.Ia,ll; ,nByRpaTHOI'O N - N pacceJI
Hllll, rrp:imo.Il,llmero R paSBaJIY .nei!TpOHa-MHll!eirn:, B OOJiaCTI:, ITHRa, RHHeMaTH
qecRH oTBe'!a.IOlllero ynpyroMY p - d paccemooo, cocTaBJIJieT ITP.HMepHo 70%; 

3) Ha OCHOBe MO.l:{eJm MHOI'OI<paTHoro N - N pacceJIHWI xi y,naeTCJI 
y,noBJieTBOpHTeJII:,HO BOCJipOH3BeCT.H H BLICOROHMnyJII:,CHHe 'iaCTH crreRTpoB 
rrpoTOHOB OT p - C coy;n:apem, rrpmeM c yBeJJWJ:eirn:eM nepe,naHHoro HM
fiYJIJ,Ca OTHOCHTeJII:,HHtt BRJI~ B HMIIYJII:,CHHe cneRTpli rrpoTOHOB, .HCilHTa.I!UIHX 
N-N pacceJIHHJI OoJiee BUCOROit RpaTHOCTH, BO3pacTaeT. 

HayqeHHe coy;n:apeHmi peJifITHBHCTCRliX ,neiiTpoHOB C sr,npaMH, ROTOPDMY 
ITOCBml!eHa '!8TBepTW! !'JIB.Ba, npe,nCTaBJIJieT 6om,mon lliiTepec ;.insI BWICHe
HIDI Me:xrumaMa B3aHMO~ettCTBllfi COCTaBHHX CliCTeM. ITpocTeimmM rrpIDl!epoM 
TaRHX CHCTeM JIBJifleTC.fI .nenTpoH. BucoROHMIIYJII:,CH!le qacT.H crreRTPOB ,neitT
poHOB, .HCnyIIIeHH!lX B d - d coy;n:apemmx rro.n yrJIOM I03 Mp~ rrp:n 4,3;6,3 

~ Kofoed-Hansen o. Nucl.Phya. B, 1973, v.54, No.1, p.42. 
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Plic.II. lfMrryJII,CHHe CII8KTp!i .neiiTpoHOB, sapernCTplipoBaHHHX no.n yrJIOM 
I03 Mpa,n B d-d COY',I(apemmx npn 4,3; 6,3 n 8,9 TuB/c. Ill@
PaMll OTMff'l8HH BapnaHTll pac'!eTOB, BbtIIOJ!H8HHHX B pru.max MO,neJ!ll 
MHoroKpaTHoro paccerumJI, npn pasJIWIHHX sHa'!emmx napaMeTpoB 
9 ll t a.Ml1Jll,ITY.IUi ynpyroro N - N paccerumJI (9). lllTpH.:XOBbtMll 
KpllB!IMll IIOKasaHH Bbt'IllCJieHHHe BKJI~ OT KBasnynpyroro pacceH
HllH B OOJ!aCTll llllKOB, K:HH8MaTlI'l8CRll OTB8'l8Dll!RX ynpyrOMY d - d 
pacceHHmO • 

. n. 8, 9 I'aB/ c, IIORaBaHH Ha pnc .II. B STRX CII8RTpax OT'leTJIHBO HaCIJID,ItaeT
CH CTPYRTypa, OOYCJIOBJ!8HHM Rmt8MaTlI'leCRllM pas,neJieHneM BRJIMOB N - N 
pacceHID:ti! pasHofl RpaTHOCTll B RBasnynpyroe (c pa8B8JIOM .neflTpoHa-.Mllllle
Hll) d - d pacceaHne ll BR~OM ynpyroro d - d pacCeHHIDI. CxeMaTlI'l8C
K08 npe,nCTaBJI8Hll8 npoQeCCOB N - N pacceamm pasJiwrnon RpaTHOCTll, 
iipllBO,IVIIllRX K ynpyrOMY d - p ll 1rnasnynpyrOMY d - d pacceHHHHM, ,naHO 
Ha puc.I2. 

llim:yJil>CHHe cneKTp!i .neflTpoHOB OT pea.KQHH 

d+d ➔ d+p+n· (7) 

aHaJillSllpOBaJillCJ, C IIOMOIIl!,D cne~HO pasBHTOro ,nJill STOfl Q8J!ll (p()pMa
J!llSMa, OCHOBaHHoro.Ha Mo,neJ!ll MHOrORpaTHOro pacce.lIHID!. :Ilpn STOM coc
TO.mme .nBYX H8CBH8aHHHX HYRJIOHOB OimCHBaJIOCl> MO,nl!lpHQHpoBaHHHMll llJIOC
RHMH BOJ!HaMH, opToroHaJIJ,HHMH R BOJIHOBOfl ~HKQllll OCHOBHoro COCTO.flHWi 
.neflTpoHa. BoJIHOBEUI ~ .neflTpOHa BHOHpaJraCJ, B mute 

¢(p) =N{3exp(-octp1) + exp(-oe1 p1 )}, (8) 

r.ne N = 9, 8 (ThB/c)-3/2 , °'i = 450 (ThB/c)-2 , cx,. = 50 (fsB/c)-2 • wyim
QIDI (8) COBna,naeT C BOJIHOBOfl ~Qneft Pei!,J:ta C MRI'RHM ROpoM' H C 4iYHR-
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Plic.I2. CxeMaTll'IeCKoe rrpe.ncTaBJiemie 
npoQeCCOB MHOrOKpaTHoro HYKJIOH -
HYRJIOHHOro pacceHHIDI, 'AaJ!llUIX EKJIM 
B ynpyroe d - p ll REasnynpyroe ( C 
paSBaJIOM .neiiTpOHa-Mm!leHll) d - d 
pacce.A:mm. JurarpaMMII a) II 6) npe.n
CTa.BJllllOT COOTB8TCTB8HHO O,IUIOKpaTHOe 
n .nBYRPaTHoe N-N pacce,rnrui:, rrpn
Eomi:mne R ynpyrm:ry d- p paccemnno. 
JUiaI'paMMa B) rrpe,nCTaBJI.fieT O'AHO
KpaTHOe, .nnarpaMMU r), .n), e) -
.nBYRPaTHIIe, :it), n) - TpeXKpaTmrn, 
R) - tJeTHpeXKpaTHOe N - N paccemoor 
B CJIY'Iae RBasnynpyroro d - d pac
ceHHrui:. 

Qneit MopaB'lnKa - rapTemcaysa B npe,neJiax I5% BIIJIOTl> .no p ~ 0,25 ThB/c. 
AMn.ln!Ty,na ynpyroro l'I - N pacceHHH.fI IIapaMeTplI30BaJiaCI, OO!i'!IlliM CIIO
co6oM: 

~{t) =:; (i+?)exp(tt), (9) 

r.ne k - B(?JIHOBOe 1UICJIO HaJieTamiero HYRJioHa, t - RBa,npaT nepe,naHHoro 
4-rumyJII,ca, .P = ~ ~(0)/lmf(O), 6 - rroJIHOe cetJemm N- N Bsaru.10.nen
cTBIDI, t - napaMeTp HaKJIOHa )UlifxpepeHQliaJII,HOro Ce'!eHll.fI ynpyroro N -N 
pacceHHrul. PesyJil>TaTll pasJIWIHIIX BapllaHTOB pactieTa, OTJill'I8.BllllIXCH 3Ha
'IeHRltMH IIapaMeTpOE f> ll .I, , IIpllBe,neHH Ha pllC. U. B!IIIOJilleHHIIil aHBJill3 
npmieJI R cJie.nyiwu™ saKJOOtieHH.fIM. 

I) B paMKax Mo,neJIH MHOroRpaTHoro pacCeHHH.fI y,naeTC.fI BOC!Ipoll3B8CTH 
OCHOBHHe ocoeleHHOCTll ll3MepeHH!ix llIMIIYJll,CHllX pacnpe,neJieHllit .neflTpOHOB. 

2) HcnoJII,SOBaHJre ynpomeHHoff o.nHorayccoBcRoff napaMeTpHSaQHH BOJI
HOBofl ~YHRQHH ~effTpoHa He II03BOJI.fieT IIOJIY'IHTI, npaBWII,HOe COOTHomeHne 
MeJ!UtY llllKw.m:, COOTBeTCTBYJOO!KMRpasH!IM IIOT8pJIM mfiIYJll,Ca. 

3) IlpR HCIIOJll,SOBalillH .nocTaTO'IHO TO'IHOfl MO'A8J!ll MHOroRpaTHOro pac
ceJIIDilI ll:3 .naHHHX IIO d - d COY',I(apeHJmM MOlmO HSBJ!eRaTJ, CBe.neHll.fI O BS
JllI'lllHe OTHOmemtlI peaJII,HOit ll MHHMOfl '!aCTeit aMIIJlllITy;tt!,I ynpyroro N - N 
pacce.fllmH BHe OOJiaCTlI RyJIOH-H,IlepHott HHTeppepeHQllll. 

4) Ilpn nepe,na'!ax J:UmyJII,Ca OOJI!,JIIll, treM ~ I,2 (ThB/c)2 , .noJilltHa 
IIPOHBllTJ,CJI TpeXImKOBa.fI CTPYRTYPa llIMIIYJll,CHHX CII9RTpoB .neflTpoHOB B pe- · 
aKQllll ( 7). Ha PHC. I3 llORasrum pesyJII,Tam pactieTOB .ItJIH Ha'IaJII,HOro mr 
nyJII,ca .neflTpOHOB 8,9 faB/c H yrJIOB pacceJIHHJI I03, 120, I40 H I60 ~ 
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P,I'aB/c 
Pesym,TaTll pacqeTOB ll'.MIIYJThCHHX cneKTpoB ,ItefiTpoHOB, HCnY111eHHHX 
B pea.Rrnra (7) no.it yrJiaMll I03, I20, 140 n 160 Mpa,It np:e:8,9 I'aB/c 
( ClIJIOllllille KpRBHe). lllTpRXOB.W.m Kplllll:lMII noKa.Sruw: BKJia,IUl 

.nefiTpoHOB OT ynpyroro d - d paccemllii!. 

,It8MOHCTJ)HPyIOll!li8 aBOJIJOIJ;RIO CTpYKTYJ)ll cneKTpoB no Mepe YBeJmll8HIDI 
yrJIB. paccemum:. Bli'AHO, qTo B CII8KT~ .IVIll yrJIOB I40 n I60 M.PM npn 
3HaqeIIm[X IIOTep:e: ru.myJI:&Ca ~5(poQ) /I6m. IIpo.lIBJill8TCJl MaRCHMYM, o6yc
JIOBJieHHllfi BKJIB,I(OM TpeXRpaTHUX N- N CTOJIRHOBelilifi. 

5) BRJI8,Il;l,I RBa3HYIIpyroro d - d paccemum: _B o6JiacTH cneKTpoB, Kn
HeMaTMecKH COOTB8TCTByIOll!li8 ynpyrONfY pacce.mnm (IIOTePfl mmym,ca 
~(poQ)2/4m.), COCTaM!IDT JimI[b OKOJIO 30%. STa CRTYa.IUIII Ra'leCTB8HliO 

OTJI:e:qaeTCJI OT Toil, KOTopaa: HMeeT M8CTO B p- d pacceruum. 
Ta.RHM o6pa30M, XDT.a: ,ItettTpOH npe,ItCTaBJI.R:eT co6oit 01leHb CJia6o CBH-

3aHHYJO CHCT8MY, IIPH OIIpe,IteJiemillx yCJIO_BlllIX ynpyro13 pacce.a:HHe npn 06-

.nyqemm .i:tettTpoHOB ,ItettTpoHaMH OKa3!raa8TCJl OTHOCHTWHO ·6oJiee BepoaT
HHM, 118M npn·o6.nyqeltmt ,ItettTpoHOB IIporoHaMH. &ro; KOH8lJHO, o6yoJIOBJie
HO B03M0'1fllOCT:&JO peaJIH3rutim B c.nyqae d - d paoceruma: Ta.RHX ,ItBY!(paTHHX 
N- N coy:napeHIItt, Ror.zta o6a HaJieTa.rmtWC HYRJIOHa O,ItHOBpeMeHHo paccen-
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PHc.I4. BucoKoIIMnyJI:&cHue qacTII cneRTpoB ;:i;eiiTpoHOB OT coy;:i;apeHJIH .ztenT
poHoB c HattaJI:&Hl:lMH HMIIyJThCaMII 4,3; 6,3 :e: 8,9 .ThB/c c .a:;:i;paMH 
yrJiepo.na, :e:sMepeHHHe no.n yrJioM 103 Mpa.rt. CTpeJIKar.m Y!ia3a.Hl,[ 
3HaqeHWI HM!IYJI:&COB .ztefiTpOHOB, COOTBeTCTBYJOI.lllie KHHeMaTHKe yn
PyrIIX d - p , d - d :e: d - C pacce.a:mul. Ihnrn, npHBe.ztemrue no 
.n;aHHHM nsMepeHllii ynpyroro d - p pacce.a:mm, .xapaRTep1rny-
10T paspemeHHe CII8KTPOMeTpa. CrrJIOillHl:le H WTplIXOBlle KPHBlle -
pesyJThTaTU pactteTOB, OIIHCaHHllX B TeKCTe. 

BaIOTCJl Rruimlltt Ha 0,D;HOM ll3 HYKJIOHOB MlfilleHJI (pIIC .I2, e), qTO .ItOIIYCKaeT . 
B03MO.lEHOCT:& .nocTaToqHo 60JI:&mlIX nepe.ztaq HMITYJI:&Ca 0601™ HYKJIOHaM ;:i;efiT
poHa IIPH CJia60M B03MY111eHHH IIX BeyTpM,ItepHoro OTHOCHT8JI:&HOro .ItBIDKeHIDI. 
HaJmtme RpaTHHX coy:napeHHfi Ta.Kore THIIa .ItOJVKHO IIPHBO,ItHT:& K TOMY, qTo 
ll B 'CJiyqae pacceHHWI ,n;eilTPOHOB Ha H,Itpax BllCOKOHMIIyJThCHl:le yqaCTKll 
CIIeRTPOB .nefiTpOHOB ,D;OJI'1Qll:l 61:lT:& o6oramew 3a cqeT pacce.a:rum HaJieTaro
max ,ItettTpoHOB Ha rpYIIIIax BHYTplm,Il;epHUx HYl{JIOHOB; 8TH rpynnu HYKJIOHOB 
MOryT ncnycRaT:&C.a: B mr.n;e ~parMeHTOB H,Itpa-Mlfil!eHH B CQOTBeTCTBlili C RlI
H8MaTHKOtt, 6JIH3ROil R RRH8MaTHKe ynpyroro pacce.a:HH.a: ,ItettTpOHOB Ha ~par
M6HTax. 3RcnepHMeHTaJI:&Hlle .ztaHHUe no pacce.a:HHD P8JIIITllBHCTCRHX .itettTpo
HOB Ha H,Itpax, IIO.nyqemme B OIIHcu:eaewx OIIl:lTax, He IIPOTHBopeqaT TaKOit 
RHTepupeTarnm. 

Ha pHc.I4 IIp:e:Be,IteHU BllCOROID.IIIYJl:&CHHe ttaCTH CII8RTpoB 'A8itTPOHOB OT 
d -C coy,Itapemrll IIpH 4,3;6,3 H 8,9 .ThB/C,H3Mepemwe llO,It yrJIOM 103 Mpa,It. 

TaM lite IIpliBEUleml mnw OT yupyroro d- p pacce.a:mm:, xapaRTepH-
SyrailRe 8RCII8IJHM8HTaJI:&HOe pa3peme:ime. CTpeJIRaMH IIORa3aHH 3Hatt8HIDI HM

IIYJThCOB, Bll'!HCJieHHUe li3 HRH8MaTHKll ynpyrnx d - p , d - d 11 d - C pac-
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CeilllllH. Bll.lUIO, 'ITO caeKTp!i ,D;eilTpOHOB OT KBa3nyapyroro d - C paCCeJIHIDI 
3aMeTHO o6orameHH BhlCOKOHMI!YJibCHliMH KOMilOHeHTaMH ao cpaBHemrn co 
cneKTpaMH npoToHOB OT p - C pacceHmm, H3MepeHHHMH B -rex xe ycJIOBMX 
(pm;. 9). IllTpHXOBIIMH KPHBHMH Ha pHC. 14 Il0Ka38.HH pe3y.m,TaTli pactieTOB 
B paMKax MO,D;eJIH MHOrOKpaTHOro pacceHHIDI, BHilOJIHeHHHX B' apeHe6peilteHlili 
B3aHMO,D;eilCTBHeM Bli6HTUX ,D;eilTpoHOM :m:j· _.fIAPa HYKJIOHOB B KOHS'IHOM COCTOH
HHH. Pe3yJibTB:TH, paC'ISTOB, BHilOJIHeHHHX ,B apeJ];IlOJIOlKSHml, 'ITO qac'Tb Bll-
6HTliX HYKJIOHOB Bli~eTaeT B CM3aHHOM COCTOHHHH, B Bll,D;S ~parMSHTOB HJ];

pa-MlillleHH (T.e. H,D;ep 2H, 3H H 3tte), IlOKa3aHH CilJIOWHHMli KIJHBIIMH. BH,D;
HO, 'ITO ao,cJie,D;HHil BapmiHT pactieTOB ;ryqme- COOTBeTCTByeT 3KCil8 pHMSH
TaJibHHM ,D;aHHHM, XOT.fl KOJIH'ISCTBSHHOS cor;rac:ae BCe.eme HS ,D;OCTHraeTCH. 
IlocJie,D;OBaTeJibHOe KOJIHtieCTBeHHOe OilHCaHHS ,D;ettTpOH-H,D;8pHHX'B3aHMO,D;ett
CTBHH .Tpe6yeT J];aJibHettmero TSOpeTWISCKOro aHaJm3a. 

B IlHTOtt rJiaBe OimCaHH HCCJISJ];OBaHHH apouecca Bhl6HBaHHH ,D;SttTpOHOB 
H3 H,D;ep npOTOHaMH c HMnYJibCaMH 1,3 n 4,3ToB/c. 

fulJieHHe IlP.f!Moro Bli6HBaHHH ,D;eilTpOHOB H3 H,D;ep Il_P.OTOHaMH BllCOKott 
3H8prRH BaepB!Ie 6uio o6HapyiiteHo B .I(y6He B 1957 r~x/ H IlOJ];TBepJK,IJ;eHO 
B 3KCaepHMeHTaX Ha EpyKxeilBeHCKOM KOCMOTpoHe )];80.f!Tb JIST cnycTH xx/_ 
BaOCJISJ];CTBlili Ha CHHXpo~JIOTpoHe OIDIB 6HJm Ilp0B8)];8Hli )];8TaJibHH8 HCCJie
,D;OBaHHH caeKTPOB ,D;SHTPOHOB, 06pa3yeMliX BO B3aHMO,D;eilCTBMX apOTOHOB C 
aHeprHett 670 MaB C H,D;paMH. B 8THX 3KCaepHMeHTax B mnpoKOM HMUYJII,CHOM 
HHTepBaJie, OT 700 J];O 1700 MaB/c, 6HJm H3MepeHH CilSKTpH BTOpH'lHHX 
,D;ettTpoHOB, HcnycKaeMliX IlOJ]; yrJirum 6,5°, 9~5°, 13,5° H 16° B pesy.m,
TaTe coy,D;apeHHtt npOTOHOB c .fIAPaMH H , D , Li, 7 L i , C '·AI , Cu, Rh 
H Pb. KpoMe apouecca KBa3eyapyroro BH6HBaHM ,D;ettTpOHOB H3 H,D;ep B 
8THX OllliTax H3Y'laJIOCb TaKilte o6pa30BaHli8 ,D;ettTpoHOB B peaKUHH 

p + (N)➔ d + n , apoTeKruomen Ha HYKJIOHax .f!Apa. 
3aBHCHMOCTH ,D;~epeHUHaJibHHX cetieHHtt d.6' /d.w peaKUHH 

p +(2N) ➔ d + N (IO) 

)J,IDI pa3HliX yrJIOB ncayCKaHIDI ,D;ettTpoHOB OT MaCCOBOro 'IHCJia A H,D;pa
Mml!SHR IlOKa3aHH Ha pHc.15. 3TH 3aBHCHMOCTH MOJKHO aaapOKCHMHpoBaTb 
BIIPallreHHSM 

d,6 
d.w ( P, cl N) = 6 An. 0 (II) 

xi . 
• Allcrnpefl n.C.,BsopoB H.K.,3peJioB B.Il.,Memepru<oB M.r.,HeraHoB E.G., 

Illa6yAHH A.~. D'.l'w,1957,T.33,Blla.5(11),c.1185. 
xx/ ' 

Sutter R.J, et al, Phys.Rev.Lett., 1967, v.19, No.20,-,p.1189. 
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P:ac.16. YrJIOBLie 3aBHCHMOCTH ,IUiq>
~pSHUHaJII,HHX cetieHHtt peaKIUm 
A(p,d.N )A-2 IIPH 670 MaB AJIH pas
HHX ,a;nep. TOtIKH, OTHOCHmliSCH K 
OAHOMY .f!APY, 008,IUIHSHLI KPHBLIMH 
OT PYKH. 

co 3HatISHIDIMll n, paBHLIMH 0,37 ± 0,05, 0,41 ± 0,05, 0,47 ± 0,05 H 

0,47 ± 0,04 AJilI yrJIOB HCnyCRaHIDI ,D;SflTpoHOB 6,5°, 9,5°, 13,50 H I60 
COOTB8TCTB8HHO, 

YrJIOBlie 3aBHCHMOCTH ,D;~peHUHaJII,HHX cetieHHit apouecca (IO) IIOKa-
3aHH Ha pHc,I6. Bll.lUIO, 'ITO 3Ha'l8HHH d.6/d.w )J,IDI Pa3HliX .a;nep MOHOTOH
HO YMSHbmaJOTCH IIPH YB8JIH'l8HHH yr;ra BliJISTa ,D;SitTpoHa, IIOBTOPHH yrJIOBYfil 
3aBHCHMOCTb ~epeHUHa.m,Horo cetieHHH CIJ060,D;HOro p - d pacceHHM • 

Ilo;ryqeHHHe 3KCil8PHM8HTaJibHHe J];aHH!le IlOCJiyEWIH B J];aJibHeilmeM )J,IDI 

paspa60TKH MO,D;eJI~, OilHCHBamtHX KJiaCTSpHlie acaeKTH CTPYKTYpH H)l;pa H 
.imepHHX peaKrnnt • XoTH AO CHX nop OTCYTCTBYST 8,D;HHruI TpaKTOBKa ~H-
3li'l8CROro MeXaHH3Ma npouecca RIJasnynpyroro IJH6HIJaHM ,D;ettTpoHOIJ H3 
.imep HYKJIOHaMH apoMelltyTO'lHliX H BHCOKIDC 3Heprntt, IlO-Illl,D;HMOMY, MOJKHO 
YTBe~aT1,, 'ITO HMSHHO BIICOROHMIIYJII,CHlle H II03TOMY ROp0TKO,D;eilcTBYJO
mH8 KOMIIOHeHTH BOJIHOBOfl ~YHKUHH KoppeJIHpOIJaHHHX KBa3n.neflTpoHHHx nap 
HYK~OHOB 1l H.JU)ax )];8IOT oape,D;eJifl!ClllHA IlKJia,I( 1l cetieHHe IlpsIMoro IJLI6HIJaHM 
,D;SilTpOHOB, 

x/Balaehov v.v. Ina Proc. of the II Internat.Conf. on Clustering Phe
nomena in Nuclei, College Park, Marylend, 1975, Ed. by Goldberg D.A. 
et al., Springfield, Virginia, 1975, p.281. 
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PHc.17. CpB.BHeHHe 38.BRCm.lOCTll OT
HOW8HWl R .IU$pepeJillllaJII,HOI'O ce
"48HWl BUOllEEilm!l ,Itei1Tp0HOB K3 .fl,l.l,ep 
yr~epo,Ita ITO.It yr~OM OO K-.ItH(f:q>epeH
l.lll8JIJ,HOMy ce'leHml cB060,1tuoro p-d 
pacce.flmm OT Ha'lam,Horo :m.myJII,ca 
rrpoToHa, BWIRC~8HHOH B HMllYRl>CHOM 
rrpn6~Hllll c llCHaJKeHHOH ITROTHOC-
Tl>IO , C 3HCrrepllM6HTaJII,Hl1Mll .n:amrnMll, 

B xo.n:e llCCRe,ItOBaHWl .fl,l.l,epimx B3aHMO,ItettcTBllH rrpoTOHOB C lill!IlYRl>COM 
4,3 TuB/c Ha CllHXpcxpa30TpoHe OIBIB 611~ rrpe,ItnpllH.fITl1 ITOllCHll Bl10llBaHWl 
.n:eiiTpoHOE H3 .fl,l.l,ep yr~epo,na. C 1.18./Il,IO OOHapyJKeHli.fl ynpyro H HEaanyrrpyro 
Bl10llTl1X ,nettTpoHOE aHa.J.lll3llpOBa.J.lllCl> 'ca.Ml1e B8pXHHe y-qaCTHll crreHTpOB BTO
pll'IHl1X 'laCTlll.l, ncrrymeHHl1X ITO.It yr ROM 103 Mpa,n B p - d ll p - C coy,Itape
Hll.f!X, BTOPH'IH116 rrpoTOHl1 ll .It6HTPOHl1 pa3,It6Jlll~CI, M6TO,ItOM ll3MepeHll.fI Bpe
M8H rrpoReTa, llaMepeHHoe .nnqqiepeHl.lll8JIJ,HOe cetieHHe npouecca Bl16HBaHUll 
,neiiTpoHOE ll3 .fl,l.l,ep yrRepo,na COCTaBWIO (3,4 ± 2,4) MK6/cp, a OTHOilleHHe 
A . 3TOro C8'I8Hll.fl H C81I8Hll!O CE060,JtHOro p - d paCC8.fIHli.fl B TeX lKe YCRO
Ell.fIX OHa3a.JIOCI, PaBHl1M 1,6 ± 2,9. 3HepreTll"48CHall 3aBllCllMOCTI, OTHOIII8HIDI 
A , OCHOBaHHall Ha HM8IOIIlllXC.fI B HaCTOlllllee BP8Mll 0Ill1THl1X .ItaHHl1X (pnc. 
17), ,neMOHCTpnpyeT YHHBepCa.Jil>HOCTI, rrpouecca llpJIMOro Bl10llBaHll.fl ,neiiTpo
HOB ll3 .a,nep B lllllpoHOH OOMCTH aHeprntt. 

B 3aH~'I8Hllll opopMy~pOBaHll OCHOBHl18 pe3yJII,TaTl1 ,ItllCCepTal.lllOHHOH 
pa60T11, a B npwrolKeHll.fIX ,ItaHl1 Bl1palK8Hllll ,ltJill BWlllCRemm llMilYJII,CHl1X 
cneHTPOB rrpOTOHOB OT HBa3llynpyroro p - d pacce.f!Hll.fl H llMllYRl>CHl1X crre.K
TPOB ,nettTpOHOB, llCnycHaewx B HEaanynpyr:wc .It8HTPOH-,It8HTp0HHl1X ll .n:eiiT
poH-.fl,l.l,6pHl1X CTORHHOB8Hll.fIX, 
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