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BBEAEHHE 

npH B3aHMOAeHCTBHH pen~THBHCTCKHX ~Aep ~e C npOTOHaMH 6onb
wa~ 4aCTb peaK~HH HAeT KaK 6e3Me30HH~H pa3Ban ~APa C pa3nH4HOH 
CTeneHb~ ~parMeHTai:IHH. 3TO peaK~HH 4Hep ... 3Hpp , 4Hep ... 3Hepn , 
4 Hep ... ddp ' 4Hep ... dppn H 4flep ... pppnn. nepe~e TPH HAYT 4epe3 
KBa3Hynpyroe HyKnoH-HyKnoHHoe pacce~HHe/ 1,2/, peaK~H~ 4 Hep ... dppn 
rnaBH~M o6pa30M - 4epe3 ABYKPaTHoe B3aHMOAeHCTBHe. XapaKTepHCTH
KH peaK~HH nonHero 6e3Me30HHoro pa3eana ~APa ~e Henb3~ Hccne
AOBaTb B 3KCKn~3HBHOH nOCTaHOBKe, T.K. 1-13-3a HanH4H~ ABYX HeHT
pOHOB OHa He¢HTHpyeMa. KpoMe TOrO, HCnOnb3yeMa~ MeTOAHKa He no-
3BOn~eT OTAenHTb KaHan 4Hep ... pppnn OT KaHana 4Hep ... pppnn 17°. 

B o6~Hx 4epTax xapaKTep npoTeKa~~Hx npH nonHoH Ae3HHTerpa~HH 
~APa 4 He npo~eccoe MO>KHO npocneAHTb Ha npHMepe ~~>~T~>~pyeMOH I lc -
~~>~T/ peaK~~>~~>~ 4Hep ... ppppn" -; An~ KOTOPOH AonycKaeTc~ nonH~H 3Kcn~-
3~>~BH~H aHanl-13. TaKa~ non~TKa H CAenaHa e HacTo~~eA pa6oTe,e npeA
nono>KeH~>~~>~, 4TO 77- -Me30H PO>KAaeTC~ B OTAenbHOM HyKnoH-HyKnOHHOM 
aKTe 1-1 Cy~eCTBeHHO He 1-'!CKa>KaeT KOppen~~I'IH Me>KAY B~neTa~~I-'IMI-1 HyK
noHaMI-1. 

3KcnEPHI1EHT 

Pa6oTa e~nonHeHa e ny4Ke ycKopeHH~x Ha C~>~Hxp~a30TPOHe IlB3 
OHRH ~AeP 4He c noMo~b~ 100-caHTHMeTpoeoH BOAOPOAHOH ny3~PbKo
BOH KaMep~. HMnynbc 4He 6~n paeeH 8 '6 raB/c. 06pa6oTKa CHI'IMKOB 
eenacb B na6opaTOPH~X COTPYAHI-14eCTBa no CTaHAaPT~OH npo~eAype. 
npocTpaHCTBeHHa~ peKOHCTPYK~I-1~ 1-1 KHHeMaTI-14eCKHH aHanl-13 C06~THH 
npoeoA~>~nHCb no nporpaMMaM aAanT~>~poeaHHOH 6H6nHoTeK~>~ CERN-HYDRA. 
npeACTaeneHH~e pe3ynbTaT~ OCHOBaH~ Ha CTaTHCTHKe 723 co6~THH 
peaK~HH 4Hep ... ppppn"-. 

Hcnonb30BaHHe ny4Ka ycKopeHH~x ~Aep, KOrAa nocne B3aHMOAeHcT
B~>~~ ~parMeHT~ ~Bn~~TC~ 6~CTp~MH, n03BOnl-1nO npaKTH4eCKI-1 6e3 no
Tepb H3Y4~>~T~ yKa3aHHY~ peaK~H~. npH on~>~caHHH pe3ynbTaToe see ee
nH4HH~ npHBOA~TC~ B CHCTeMe noKO~ ~APa ~e. 

PE3YilbTATbl 

nonHoe Ce4eHHe peaK~HH 4Hep ... ppppn 17- · paBHO /1,75+0,10/ M6H, 
4TO COCTaBn~eT OKono 1,2% OT nonHero Ce4eHH~ 4Hep-e3aHMOAeHcT
BH~ npH AaHHOH 3Hepr~>~H. 
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PHc. I . HMITYJihCHhie CITeKTPbi HYKJIOHOB H3 peaK~HH 
4

Hep -> ppppnrr HoMepaMH oT I ,o;o 5 o6osHa<IeHhi ITap~HaJib-
Hbie CITeKTpbi YITOp.fi,IJ;O'leHHbiX ITO BeJIH'IHHe HMTIYJihCa HYKJIOHOB, 

OT,o;enhHO npHBO,IJ;HTC.fi cyMMapHhlli ciTeKTp. 
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PHC • 2 • p acrrpep;eneHHH HYKJIOHOB, YITOPJI,IJ;O'leHHhiX ITO BeJIH<IH

He HMITYJihCa, ITO ITpOCTpaHCTBeHHOMy yrJiy BbmeTa, 
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PHc. 3. l1MITYJihCHbie cneKTpbi HyK-

JIOHOB: - HYKJIOHhl rpyrriTbl 5 , 
- - - - - HyKJIOHbl H3 peaKl\HH 
4 Hep -> ppppn11 -. BbiJieTaiOII\l1e H HH

TepBane COSO f /-I ,0 7 -0,5/. 

AnR o6cymgeHJ.1R oco6eHHOCTe~ 

peaKUJ.1J.1 M~ ynopRA04J.1JlJ.1 HYKJlOH~ 

no senJ.14J.1He VIMnynbca ,., npV1CBOJ.1J1J.1 

VIM UV1$POB~e J.1HgeKC~ /1-5/, Ho4J.1-

HaR c caMoro 6~cTporo ,., KOH4aR 

caM~M MegneHH~M HYKilOHOM. Ha 

PV1C.1 npegcTaBJleH~ J.1MnyJlbCH~e 

CneKTp~ Ka~goro J.13 HYKJlOHOB, 

a TaKme cyMMapH~~ cneKTp. BV~geH 

Henpep~BH~~ xapaKTep cyMMapHoro 

CneKTpa J.1 yCJlOBHOCTb geileHJ.1R 

napuVIaJlbH~e cneKTP~ 3aMeTHo nepe

KPbiBa~TCR. 

Ha pJ.1c.2 gaH~ yrnos~e pacnpe

geneHVIR ynOPHA04eHH~X no BeJlJ.14J.1He 

J.1MnynbCa HYKJlOHOB, KOTOp~e CTaHo

BRTCR see 6onee J.130TponH~MJ.1 

VIMnynbca. EcnJ.1 npegnonomVITb, 4TO HyK-

JIUMbl' ~biJitldiUU.p"lt:: tj ~d,L.J.HIUIV Yt:lt1t::~lb lt::JitL.HUIU :fiJid, l.t::. VlMt::IVLil,Vlt 

cosO< /-1,0 7- 0,5/, rpe VIX yrnosoe pacnpegeneHJ.1e J.130TponHo, ~w
IlR~TCR 4aCTV1UaMJ.1-cneKTaTOpoMJ.1, TO MO~HO nonbiTaTbCR COnOCTaBJ.1Tb 

VIM rpynny CaM~X MegneHH~X HyKJlOHOB /5/. 

Ha PV1C.3 npegCToBJleH~ OTHOPMVIPOBaHH~e J.1MnyJlbCH~e pacnpegene

HJ.1R BCeX HYKilOHOB, B~JleTa~~J.1X B 3aAH~~ 4eTBepTb, a TaKme HyK

JlOHOB rpynn~ 5. BVIAHO VIX Ka4eCTBeHHOe cosnageHVIe. YKa3uHH~~ pe-

3YI1bTaT n03BOJlJ.1Jl HaM OUeHJ.1Tb AOil~ HecneKTaTopH~X HYKilOHOB B rpyn

ne 4, OTHOPMVipOBaB 4aCTJ.1 cneKTPOB rpynn 4 J.1 5 AO J.1Mnyi1bCa 

120 M3B/c. 

OueHKa noKa3ana, 4TO B rpynne 4 cogep~VITCR oKono 60% HecneK-

TaTOPH~x HYKJlOHOB. 3TO 03Ha4aeT, 4TO B 40% CJly4aeB peaKUVIR 

lHep _, PPPPll77-V1AeT 4epe3 ABYKPaTHoe B3aV1MOAe~cTBJ.1e /c ABYMR 

cneKTaTopaMVI/, a B OCTailbH~X CJly4aRX J.1 TpeTJ.1~ HYKJlOH Rgpa Bo

BJle4eH BO B3aJ.1MOAe~CTBJ.1e. CKa3aHHOe MO~HO CXeMaTJ.14HO npegCTa

BJ.1Tb B BJ.1Ae AVIarpaMM /pJ.1C. 4/. 3geCb 77- -Me30H YCilOBHO npV1nJ.1CaH 

K OAHOMY J.13 Y3nos AVIarpaMMbl. CnegcTBJ.1eM TaKoro MexaHJ.13Ma peaK

UV1J.1 MOrJlJ.1 RBJ.1TbCR a3J.1MYTaJlbH~e KoppeJ1RUJ.1J.1 nap HYKJlOHOB, npV1Hag

Ilema~J.1X OAHOMY J.13 aKTOB B3aJ.1MOge~CTBJ.1R. 

AnR nposepKVI 3Toro npegnonomeHJ.1H 6~JlJ.1 nocTpoeH~ pacnpegene

HVIR no OTHOCJ.1TeJlbHOMy a3J.1MyTailbHOMy yrny ABYX HYKilOHOB AilR BCeX 

gecRTVI B03MOmH~x KoM6V1HaUJ.1~. BenJ.14J.1H~ acJ.1MMeTpJ.1~ 3TJ.1X pacnpe-
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A= a(c/J > rr/2)_:_!7(c/J5:3}3)_, 
a(c/J > rr/2) + a(c/J <rr/2) 

np~BOARTCR B Ta6n~~e. 
B~AHO, 4To caMaR c~nbHaR KoppenR~~R Ha6n~AaeTCR AnR nap 

c y4acT~eM n~A~PY~~eH 4aCT~~bl. Ben~4~Ha ac~MMeTp~~ c~cTeMaT~-

4eCK~ naAaeT C pOCTOM ~HAeKCa BTOPOrO HyKnOHa. AHanor~4HOe no
BeAeH~e Ha6n~AaeTCR ~ BO BTOPOH rpynne nap HyKnOHOB /II/, XOTR 
~ np~ OTHOC~TenbHO MeHbW~X Ben~4~HaX aC~MMeTp~~. 

lpaH~4Hoe 3Ha4eH~e ~Mnynbca 200 M3B/c cBR3biBanocb c HaAe)i{AOH 
pa3Aen~Tb co6~T~R Ha OAHO- ~ ABYXCneKTaTOPH~e. ~3 Ta6n~~~ B~AHO, 
4TO AeHCTB~TenbHO B cny4ae (P4 , 5 ) 2:. 200 M3B/c npo~CXOA~T OTHOC~
TenbHOe ysen~4eH~e KoppenR~~H AnR nap 1-4, 3-4, T.e. 3aMeTHO 
BOBne4eH~e TpeTbero HyKnOHa RAPa BO B3a~MOAeHCTB~e. 

B C06~T~RX C OTHOC~TenbHO MeHbW~M~ nepeAaHH~M~ ~MnynbCaM~ 
AOn)i{Ha B03pacTaTb ponb BTOP~4H~X npo~eCCOB /Hanp~Mep, B3a~MO
AeHCTB~e HyKnOHa OTAa4~ ~3 nepsoro aKTa, B~pTyanbHble B036Y)i{AeH
Hble COCTORH~R ~ T.A./. B~AHO, 4TO np~ \t\ <0,5 /136/c/ 2 KoppenR
~~R cpeA~ nap HyKnOHOB /1,2/ M~H~ManbHaR, a cpeA~ nap /2,3/ -
MaKC~ManbHaR. 

TaK~M o6pa3oM, KapT~Ha ABYXHyKnoHH~x KoppenR~~H He npoT~Bope-
4~T npeAnonaraeMoH cxeMe peaK~~~. 

To. 4TO VKi'!::lrJHHble KnnnPnRII'-1111 HnC:RT RnKn RhmrJ)I(PHHhliA KVIHf>MrJTVt-

4eCK~H xapaKTep, B~AHO XOTR 6~ ~3 TOro ~aKTa, 4TO MaKC~ManbHaR 
~3 Ha6n10AaeMbiX ac~MMeTp~H B Ta6n~~e /0,63~0,05/ 6n~3Ka no senV1-
4~He K aC~MMeTp~~ no OTHOC~TenbHOMY a3~MyTanbHOMY yrny ABYX 

4 3 -
npoTOHOB B KBa3~ABYXHyKnoHHOM npo~ecce Hep.... He pp17 , paBHOH 

0,65+0,04. 
l"'bi nonbiTan~cb c~cTeMaT~3~posaTb nony4eHHble 3Ha4eH~R ac~MMeT

P~~ B B'-1Ae 3aB~C~MOCT~ ee OT CYMM~ cpeAH~X K~HeT~4eCK~X 3Hep
r~H. YKa3aHHoe npeACTasneH~e AaHH~X RBnReTcR ~Hsap~aHTHbiM, T.K. 
pacnpeAeneH~R no a3~MyTanbHOMY yrny ~HBap~aHTHbl no OTHOWeH~IO 
K nopeH~eBOH TpaHC~OpMa~~~ BAOnb OC~ CTOnKHOBeH~R, a K~HeT~4e-

cny4aeM ~Hsap~aHTHOH sen~4~H~ 

~3 pa6oT A.M. EianA~Ha 131. 
Pe3ynbTaT TaKOH c~cTeMaT~3a~~~ np~BeAeH Ha p~c.5 AnR ~3y4ae

MOH peaK~~~ s ~enoM. Ha TOM )i{e p~cyHKe AaH~ ~HAeKc~ nap HyKno
HOB. Xopowo B~AHO pa3AeneH~e rpynn I, II Ta6n~4bl. Ha~6onbw~e 
KOppenR4111~ CBR3aH~ C rpynnoH I /KpaTHOe pacceRH~e n~A~PYIO~eH 
4aCT'-14~/, a TaK)i{e c rpynnoH II /sTop~4H~e B3a~MOAeHCTBV1R npo
AYKTOB nepsoro CTOnKHOBeH~R/. 

B CBR3~ C Ha6n10AeH~eM oco6eHHOCTeH B pacnpeAeneH~RX no 3~
~eKT~BHOfi Macce nap npoTOHOB ~3 peaK4~~ 4 Hep _, dppn / 4/, Mbl nonbi
Tan'-1Cb '-1CKaTb ~X B TeX KOM6~Ha~V1RX HyKnOHOB peaK~~~ 4 Hep_.ppppn 177 
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P11c.S. 3aBHCHMOCTb acuMMeTpHH 
no OTHOCHTe.ribHOMY a3HMyTaJ1bHOMy 
yrny napbl HYKJ10HOB OT CYMMbl 
cpegHHX KHHeTHqeCKHX 3HeprHn. 
0KOJ10 TOqeK npOCTaBJJeHbl HHAeKCbl 
HYKJ10HOB, BXOAHmHX B napy. 

P11c.6. PacnpegeneHHe no BenHqHHe 
QPP = MPP - 2mp Ann nap npoTo
HOB rpynn 2,4. KpHBaH - pe3yJ1b
TaT tPHTHpOBaHHH gai!HbiX 3KCnOHeH-
TOH C ABYMH tPYHKIU1lHilf 13pe!"!Ta-
BHrHepa. 
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KOTOp~e no CBO~M xapaKTep~CT~KaM 6~J1~ aHanor~4H~ ABYM npOTOHaM 
~3 peaKI..l~~ 4Hep ~ dppn. TaK~M~ 6biJ1~ KOM6~Ha4~~ 2-3, 2-4, 3-4 
B CJ1y4ae, KOrAa ~MnyflbC~ CaM~X MeAfleHH~X HYKJ10HOB /4,5/ 6~n~ 
6onbwe 200 M3B/c. 3T~M ~CKJ1D4an~cb cneKTaTopH~e HYKJ10H~. 

B oTo6paHHbiX TaK~M o6pa3oM KoM6~Ha4~Rx 3$$eKT~BH~X Mace ABYX 
npOTOHOB npORBJ1RDTCR OCOOeHHOCT~, Ha6J1DAaeM~e B peaK4~~4Hep~dppn, 
np~4eM Ha~ny4W~M o6pa30M s nape 2-4. Pe3ynbTaT~ noKa3aH~ Ha 

... 

p~c.6. Kp~saR cooTBeTcTsyeT cyMMe 3KcnoHeHT~ ~ ABYX $YHK4~~ • 
5pe~Ta-B~rHepa. $~y~posaH~e npoBOA~nocb 6e3 3aKpenneH~R napa-
MeTpos x 2/Np = 4,7/5. 

nony4eHbl cneAYDI4~e napaMeTpbl oco6eHHOcTe~: M 1 = /2036 + 15/~13B/c 2 ; 
1 1 = /27+25/ M3B/c 2; npeBbiWeH~e HaA $OHOM 4,2+1 ,4 CTaHAaPTHbiX 
OTKJ10HeH-;~; M2 = /2126+15/ M3B/c2; f'2 c /41+3"8"/ M3B/c2; npeBbl
weH~e HaA ¢'0HOM 3, 1.:!:_ 1 ,4 CTaHAaPTHbiX OTKJ10HeH~~. 

6 

nepsaR oco6eHHOCTb xopowo cosnaAaeT co 3Ha4eH~eM 
/2037+15/ M3B/c 2 14~ a BTopaR HeCKOflbKO CAB~HyTa sneso, 4TO 
MO)I(eT-6biTb cneACTB~eM sn~RH~R rpaH~I..lbl ¢a3osoro o6beMa peaK4~~. 

3AKni04EHHE 

PaccMoTpeHbl HeKOTOPble oco6eHHOCT~ peaK4~~ 4Hep _, ppppn 17 -. 

Ha ocHosaH~~ pacnpeAeneH~~ HyKnoHos no yrnaM ~ ~MnynbcaM 

CAenaHa Ol..leHKa AOJ1~ ABYXCneKTaTOPHO~ Ae3~HTerpa4~~ RAPa 4He, 
KOTOpaR COCTaB~J1a OKOJ10 40%. 

l-13y4eH~e XapaKTepa napH~X KoppeJ1R4~~ HYKJ10HOB no OTHOC~Tenb
HOMY a3~MyTaJ1bHOMy yrny noKa3ano, 4TO peaKI..l~R ~AeT C y4aCT~eM 
KaK ABYX, TaK ~ Tpex HYKJ10HOB RAPa 4He. np~ 3TOM 4eTKO B~AenR
DTCR nepepacceRH~e J1~A~PYD1J1ero HYKJ10Ha ~ KBa3~ABYX4aCT~4HOe 

B3a~MOAe~CTB~e BTOp~4H~X ¢parMeHTOB. 
B pacnpeAeneH~~ no 3¢¢eKT~BH~M MaccaM ABYX npoToHoB Ha6nD

AaDTCR oco6eHHOCT~ np~ /2036+15/ M3B/c2 ~ /2126+15/ M3B/c2, 
T.e. TaM )l(e, rAe~ s peaK4~~- 4 Hep--dppn/4 ~ -

B 3aKJ1D4eH~e asTopbl C4~TaiOT cso~M np~RTHbiM AonroM no6naro
AaP~Tb nepcoHan rpynn~ 100-caHT~MeTpOBO~ BOAOPOAHO~ ny3~PbKOBO~ 
KaMep~ nB3 OHRH, a TaK)I(e OTAena o6pa6oTK~ ¢~J1bMOBO~ ~H¢0PMa4~~ 
nBTA OHRH ~ APYr~x na6opaTop~~ COTPYAH~4eCTBa. 

ABTOP~ 6naroAaPH~ B.r.HsaHoBy ~ r.H.n~Kacosy 3a nOMOIJ1b B pa-
Mf"'\nO.,ULIO -hr",f\tlnOLJIAn .. -- -- -·- -- - ... ···~-. 
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PyKon~cb nocTyn~na 

3 asrycTa 
B ~3AaTeJ1bCK~~ OTAeJ1 

1983 roAa. 
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HET nM nPOBEnOB B BAWER BMBnMOTEKE? 

8bl MOJI(eTe OOJIY'IMTb no 00\ITe nepe'IMCJieHHble HMae KHMfM, 
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3aK83bl Ha ynOMRHYTble KHHrH MOfYT 0b1Tb HanpasneHbl no aApecy: 
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H3ABTenbCKHH OTAen 00~eAHHeHHOf0 HHCTHTYT3 RAePHbiX HCCneAOB3HMA 

3enHHCKH n. H AP· 1-83-566 
nonHaR Ae3HHTerpai.IHR RAPa 4 He B peaKI.IHH 'Hep-+ ppppn"-

npoBeAeH aHaflH3 noBeAeHHR KOppeflAI.IHH nap HyKflOHOB no OTHOCHTeflbHbiM 
a3HMYTaflbHbiM yrnaM B peaKI.IHH 4 Hep -+ppppn!T-. 3KcnepHMeHT BblnOnHeH Ha CHHXpo
~a30TPOHe flB3 OHRH c noM~b~ 100-caHTHMeTpOBOH BOAOPOAHOH nyablpbKOBOH 
KaMepbl. noKa3aHO, 4TO H3y4aeMaR peaKI.IHR HAeT, rnaBHbiM o6pa30M, C y4aCTHeM 
KaK ABYX, TaK H Tpex HyKflOHOB RAPa ~e. 8b1AeflR~TCR ABe rpynnbl B3aHMOAeHCT
BHH: nepepacceRHHe flHAHPY~ero HYKflOHa H B3aHMOAeHCTBHe BTOPH4HbiX ~parMeH
TOB. B pacnpeAefleHHH no 3~eKTHBHbiM MaCCaM ABYX npOTOHOB Ha6n~Aa~TCR oco-
6eHHOCTH npH /2036~15/ M3B/c 2 H /2126~15/ M3B/c 2. 

Pa6oTa BblnonHeHa a fla6opaToPHH BbiCOKHx 3HeprHH OHRH. 

Coo6weHHe 06oeAHHeHHoro MHCTHTyTa AAepHwx HccneAoaaHMH. ,lly6Ha 1983 

Zelinski P. et al. 1-83-566 
Total Desintegration of 4 He Nucleus in the 4Hep-+ ppppn11- · Reaction 

The correlation of nucleon pairs in the 4Hep -+PPPpn"- reaction is ana
lysed over their relative azimuthal angles. The experiment has been realised 
on the JINR LHE synchrophasotron by means of the 1m hydrogen bubble chamber . 
It has been found that mainly two or three nucleons of the 4He nucleons 
take part in the studied reactions. The events may be divided into two 
groups, those with the rescattering of the leading nucleon and with the 
interaction of secondary fragments. Some irregularities have been observed 
in the two-proton effective mass distribution, one at /2036+15/ MeV/c2 and 
the second at /2126~15/ HeV/c~ -

The investigation has been performed at the Laboratory of High 
Energies, JINR . 
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