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OBIItAH XAPAKTEPHCTHKA PABOTY 

AltTyanLHOCTI, npo6neMld. 11cc~eAOBaHl1H npol..\eCCOB B3811MOAeHCTBl1H 
pe~HTl1Bl1CTCKl1X HA8P C npoTOH8Ml1 HB~HIOTCH BallCHUM maroM Ha nyTH 

noHl1M8Hl1H A11H8Ml1Kl1 CH~bHOro B3811MOA8MCTB11H. B HaCTOHII(ee BpeMH 
o6menpl13H8HO, qTo KB8HTOBaH XPOMOAHHaMHKa (KX~). B OCHOBY KOTOPOH 

no~oxeH npHHI..\Hn ~OKa~LHOH I..\B8THOM Cl1MM8TPl111, HB~HeTCH K8HA11A8TOM 
TOqHoH Teop1111 Cl1~bHOro B3811MOA8MCTBl1H. OAH8KO, npaKTl1qeCKl1 B paMKaX 

KX~ BO3MOXHO noc~eAOBaTe~hHO on11caTb TO~bKO llCeCTlme npOl..\eCCU, 
CBH3aHHUe C B3811MOAeHCTBl1eM qacTHI..\ Ha Ma~ux OTHOCl1Te~bHUX 

paCCTOHHl1HX r~i, rAe M-xapaKTepHaH 8APOHHaH Macca. On11caH11e HB~eHHH 
Ha 60~1,m11x paccTOHHl1HX TeCHO CBH38HO C npo6~eMOH KOHIJ)ai1MeHTa. 

~~H pa3Bl1Tl1H Teop1111 Cl1~bHUX B3811MOA8MCTBl1H HeoueHl1MYIO po~b 
11rpa10T SKCnep11MeHTU np11 npoMeJ:yToqHUX SHeprl1HX. 11MeHHO npl.f STHX 
SHeprl1HX B ~11311Ke s~eMeHT8PHUX qaCTl11..\ 38 noc~eAHee AeCHTM~eT11e 
npo113ome~ KaqecTBeHHUM CKaqoK, CBH38HHUH C O6HapyxeHl1eM 

KYMY~HTl1BHOro s~~eKTa 11 Ha6~IOAeH11eM Al16ap11OHHUX pe3OHaHCOB, KOTopue 
111iTepnpeT11pyIOTCH KaK npoHB~eH11e KBapKOBUX . CTeneHeH CB060AU HAepHOH 

MaTep1111. 

B H8CTOHII(ee BpeMH CAe~aHU AOCTaTO4HO BeCOMUe 38HBKl1 Ha 
Ha6~IOAeH11e 6oraToro cneKTpa AJ16apl10HHUX pe3OH8HCOB, HOK coxa~eHl1!0 

noKa He HCeH OAl1H 113 OCHOBHUX BonpocoB, 4TO TaKoe Al16ap110H: o6uqHaH 
HAepHaH CHCTeMa Tl1na KB8311A8MTPOHa 11~11 meCTl1KB8PKOBoe COCTOHHl1e. 

Ha116o~ee HBHO BUpaxeHHUM 3F3-pe3OH8HC COOTBeTCTByeT npl11..\8~bHOMY 
napaMeTpy ABYX npoTOHOB paBHOMY O. 9 IJ)M, qTo Me111,me, qeM pa3Mep 
Aei1TpoHa 11 60~1,me coBnaAaeT c pa3MepaM11 o6uqHoro 6ap11OHHOro 
pe3OHaHca. KaqeCTBeHHO STO YKa3UBaeT Ha TO, 4TO 3F3-pesoHaHc cKopee 

mecTHKBapKOBOe COCTOHHl1e, qeM HAepHaH Cl1CTeMa. Ho 3TO IIYXA88TCH B 

KO~11qecTBeHHOM nOATBePXA8Hl111. 
QqeB11AHO; qTo 11eo6XOAl1MUM YC~OBl1eM Ha STOM nyTl1 HB~HeTCH He 

TO~bKO COBepmeHCTBOBaH11e Teop1111, HO 11 Aa~hHeiimee HaKon~eH11e HOBUX 
3Kcnepl1MeHTa~bHUX AaHHUX, noBumeH11e AOCTOB8PHOCTl1 11 ToqHOCTl1 
no~yqeHHUX pe3y~bT8TOB. 3TO no3BO~l1~O-OU, Bo-nepBUX, pem11Tb Bonpoc 

·O cymeCTBOBaHl111 AH6ap11O1111ux peso11aHCOB 11, BO-BTOPUX, ec~11 OH11 
/Cyll(eCTBYIOT, TO noHHTh 11X TTPl1POAY 11 ycTaHOBl1Th XOTH-6U 

IJ)eHOMe~or11qecKyIO Cl1CTeMaTl1Ky. 
Bo3pocm11H 11HTepec K pe~HTl1Bl1CTCKOH HAePHOH iJ)l1311Ke o6yc~OB~eH 

TaKXe o6HapyllCeHl1eM KYMY~HTl1BHoro siJ)IJ)eKTa, KOrAa BTOp11qHue 8APOHU 
11cnycKaIOTCH B Kl1HeMaT11qecKl1 sanpemeHHYIO A~H 
CB06OAHOM HYK~OHe o6~aCTb. 3Kcnep11MeHTU 
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o6pa30BaHHIO a,ZJ;pOHOB a· HA8PHHX peaKU11HX npoBO,ZJ;HjJHCb npe11MymecTB8HHO 
Ha HAPaX C A>3. OCHOBHHe 3aKOHOMel)HOCTl1 11HKjJI0311BHOI'O o6pa30BaHl1H 
KYMY jJ8Tl1BHHX a,ZJ;pOHOB B HA8PHHX peaKUHHX nOATB8PlCAalOT npeACKa3aHl1e 
A.M.EajJ,ZJ;HHa O TOM, qTo CBOHCTBa cneKTPOB BTOpl14HHX qacTHU BHCOKOH 
8Hepr1111 onpe,ZJ;ejJHIOTCH jJQKajJbHHMH CBOHCTBaMH aAPOHHOM MaTep11H, a He 
reoMeTp11qecKl1Ml1 xapaKT8PHCTHKaMH CTajJKl1Barom11xcH o6'beKTOB. 3Tl1 :re 
3aKOHOMepHOCTl1 no3B0jJHjJH ctlJOPMYjJHpOBaTb I'HnOTe3y npeAejJbHOH 
tlJparMeHTaUHH HAPa ( H,ZJ;epHHH CK8ttjJl1HI'). BHnOjJHHMOCTb HA8PHOI'O 
CKeHjJl1HI'a Illl1POKO npoBepHjJaCb )l;jJ,H ,ll;OCTaT04HO THllC8jJHX HA8P ( A>12). 

l.!TO xe KacaeTCH jJerqai1m11x HA8P d 11 4He, TO 3AeCb HHtlJOpMaU11H HaMHOI'O 
6eAHee, a K uaqajJy uam11x HCCjJ8AOBaHl1M OHa npaKTH48CK11 

OTCYTCTBOBajJa. 
v13Y48HHe 3THX npHHUHnHajJbHO HOBHX C TQqKH 3peHHH KjJacc11qecKOH 

H,ZJ;epHOtt tlJH3HKH 8BjJeHl1tt B03MOlltHO jJl-lillb npH oqeHb xopomeM noHHMaHl1H 

MexaHH3Ma HAePHOM peaKUHH. IlpoueccH C yqacTHeM jJ8I'4ai1mHX HA8P 
no3B0jJHIOT 60jJee HaAeJICHO, qeM AjJH THJICejJHX HA8P, BHflBjJflTb Ha tlJOHe 

"TPaAHUHOHHHX" MexaHH3MOB (3A8Cb HMeeTCH np11Hu11nHajJbHaH B03MOlltHOCTb 
HX yqeTa) MexaHl13MH, Tpe6yrom11e BKjJIOqeHHH HeHyKjJQHHHX CTeneHeM 

CB060,ZJ;H ( m10HOB, ll-pe3oHaHCOB H KBap!COBHX aqiqieKTOB). ITOSTOMY 113yqag 
npoueccH pa3BajJa jJerqai1m11x HAep, MOEHO ycTaHoBHTb rpaHHUY 

npHM8HHMOCTH PH,ZJ;a cymecTByrom11x MOAejJeH, onHCHBarom11x npHMHe HAepHHe 
peaKU1111 (nOjJIOCHaH MO,ll;8jJb, B3aHMOAeMCTBHe B KOHe4HOM COCTOHHHH, 

o6pa30BaHHe npoMe:ryT04HOtt ll-11306apH HT. A.). 
AKTyajJbHHM AjJH ITOHHMaHHH AHHaMHKH B3aHMOAeMCTBHH 

pejJHTHBHCTCKl1X HAeP HBjJHeTCH HCCjJeAOBaH11e BHjJeTa COCTaBHHX 
qiparMeHTOB (Aei1TpoH, TPHTHtt 11 T.A.). vlHTepec K aTott npo6jJeMe 

o6yCjJ0BjJeH H TeM, qTo ce4eHHH BHXOAa jJeI'KHX HAep MOI'YT 6HTb CBH3aHH 
C pa3MepaMH BHCOKOB036YEA8HHOM CHCTeMH, l13jJyqaromen -BTOpl1qHHe 

4aCTHUH. Ao HamHx HCCjJeAOBaHHtt AaHHHe O MexaHH3Me o6pa30BaHHH 
,!LeMTPOHOB B peaKUHHX 6e3Me30HHOrO pa3BajJa H,!Lpa . 4He Boo6me 

OTCYTCTBOBajJH. 

v13Y48HHe MexaHl13MOB B3aHMO,!LeticTBl1H aAPOHOB C -~eI'KHMl1 
' pejJHTHBHCTCKHMH H,!LpaMH HBjJHeTCH aKTyajJbHHM B nOjJHpl13aUHOHHHX 

8KCnep11MeHTax, nocKOjJbKY B HHX HaH60jJee f'jJy6oKO npOHBjJHeTCH 

3aBHCHMOCTb He TOjJbKO OT MexaHH3MOB B3aHMOAeMCTBl1H, a TaKll[e OT 

CITHHOBOtt CTPYKTYPH HAPa, 4TO BeCbMa BallCHO ,!LjJH nocTpOeHHH BOjJHQBOM 
tllYHKUHH H,!Lpa. AKTyajJbHOCTb H3Y48HHH ITOjJ8Pl13aUHOHHHX HBjJeHHtt CBH3aHa 
eme l1 C TeM, 4TO 3KCnepHMeHTajJbHO TaKHe HBjJeHHH AjJH 
HYKjJQH-,!L8MTPOHHOI'O pacceHHHH MajJO H3y4eHH. IlpaKTH4eCKl1 OTKPHTHM 
OCTaeTCH BOnpoc O nOjJHPH3aUHH "cneKTaTOPOB" (nepeAatJa nOjJHPH3aU11l1), 
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KOTOpHe no onpeAejJeHHIO )LQjJJCHH HMeTb TY xe CTeneHb nOjJHPl13aUH11 (6e3 
ytJeTa D-BOjJHH), tJTO 11 AettTPOH AO pa3BajJa. IlpHMHe onHTH C 

nOjJHPl130BaHHHMl1 AeMTPOHaMl1 MOI'YT noHCHHTb TaKHe BOnpocu, KaK CBH3b 
o6MeHa 3aPHAa C 06MeHOM cn11Ha, KOTOpaH MOJCeT npOHBHTbCH 4epe3 o6MeH 
BajJeHTHHM- KBapKOM, tJTO nOMOJCeT pa306paTbCH C pa3jJHtJHeM MeJCAY 
11CTl1HHOM nepe3aPHAKOtt 11 pacceHHHeM Ha3aA. 

Uenbm nMccepTa~MOHHOH pa6oTY HBl1jJCH c11cTeMaTtttJecK11ti, B paMKax 
eAl1HOM MeTOA11Kl1, aHajJH3 OCHOBHHX 3KCKjJI03HBHHX KaHajJOB B dp, 4Hep H 
3

Hep-B3al1MOAeMCTBl1HX np11 npoMezyTOtJ~HX SHepI'HHX, tJT06H HCCjJeAOBaTb 
pe3oHaHCHHe HBjJeHHH B npoueccax pa3BajJa jJertJatim11x H)Lep, AjJH pemeHHH 

CjJeAYIOmHx npo6jJeM: 1. cymecTBOBa1111e AH6apHOHHHX pe30HaHCOB, 2. 
BHjJeT aApOHOB B Kl1HeMaTH_tJeCK11 3anpemeHHYJO 06jJaCTb AjJH 

HYKjJOH-HYKjJOHHOI'O B3al1MO,!LettcTBl1H H npttMeHHMOCTb I'HnOTe3H H,ZJ;epHOI'O 
CKettjJHHI'a )ljJH jJeI'4atim11x H,!Lep, 3. 8Kcnep11MeHTajJbHOe HCCjJe,!LOBaHHe 

MexaHH3Ma pa3BajJa jJertJaMmHx s,11ep, a TaKxe 4. H3ytJeHHe 
nOjJHPl13aUHOHHHX HBjJeHHti B cttp-B3al1MO,lleticTBl1HX. 

AjJH ocymecTBjJeHHH nocTaBjJeHHoti uejJH Heo6xo,11HM np116op, KOToputi 
,11aeT B03MOZHOCTb nOjJYtJHTb a6COjJIOTHHe nOjJHHe Ce4eHHH H)lepHHX peaKU11ti 

c norpemHOCTblO He BHme 5-7%, ,11eTeKTHPOBaTb tJaCTl1UH B 4X-reoMeTpHH, 
Ha,lleZHO H,l\eHTl1qJ11UHPOBaTb 3apsxeHHHe BTOPHtJHHe tJaCTHUH, C BHCOKOti 

TOtJHOCTblO l13MepHTb HMnyjJbCH npO,IIYKTOB qiparMeHTau1111 pejJHTl1BHCTCKl1X 
H,llep. Bee 3TH B03MOZHOCTl1 B 06jJaCTl1 npoMexyTOtJHHX 8Hepr11ti (1+3 raB 

Ha HYKjJOH) xopomo peajJl13YIOTCH B 8Kcnep11MeHTax C pejJHTHBHCTCKHMl1 

H,llpaMH, 11CnOjJb3YH B KatJeCTBe MHmeH11-,11eTeKTOpa BOAOPOAHYIO 
ny3HPbKOBYIO KaMepy ,!LOCTaTOtJHO 60jJbillHX pa3MepoB, noMemeHHYIO B 
CHjJbHOe MaI'HHTHOe nojJe, )LjJH nojJytJeHHH xopomero HMnyjJbCHOI'O 
pa3pemeHHH. 

HayqHaH HOBM3Ha npo)lejJaHHOH pa6oTH 3aKjJIOtJaeTCH B CjJe)lyromeM: 

1. BnepBHe B paMKax e,IIHHOti MeTO,I\HKH B nytJKe pejJHTl1BHCTCKHX 
H)l;ep d, 3

He H ,4He npH 3HatJeHl1HX HMnyjJbCOB 1.65A, 2.15A, 3.4A H 

4.5A raB/c nojJytJeHH 3KCnepHMeHTajJbHHe AaHHHe KaK no nOjJHHM, TaK H 

no TOnOjJOI'HtJeCKHM H ,I\HqitlJepeHUHajJbHHM cetJeHHHM OCHOBHHX 3KCKjJI0311BHHX 
KaHajJOB. BnepBHe 6HjJQ npoBe,lleHo 06jJytJeHHe KaMepH B nytJKe 
ITOjJHpH30BaHHHX ,!LetiTPOHOB npH HMITYjJbCe 3. 35 raB/c H noKa3aHa 

uejJeCoo6pa3HOCTb HCIT0jJb30BaHHH B0,IIOPO,ll;HOM ny3HPbKOBOti KaMepH B 
ITQjJHPH3aUHOHHHX HCCjJeAOBaHHHX; 

2. BnepBHe B nOjJHQM qia30BOM o6~eMe l13MepeHH HMITYjJbCHHe l1 
YI'jJOBHe cneKTPH cneKTaTOPHHX tJaCTHU B peaKUHHX pa3BajJa H,llep d, 4He 
B 06jJaCTl1 HCCjJe)LyeMoti 8Heprtt11; 

3. Bnepaue npoBe,!LeH nOCjJ8,ll;OBaTejJbHHti aHajJH3 MexaHH3Ma peaKUHH 

3 



pa3Ba~a ~er4afim11x H.itep 11 11cc~e.it0Battu BK~a.itll tteno~IDCHIIX MexaHl13MOB 
pe30HaHCHOPO xapaKTepa (B3al1MO)teHCTBHe B KOHe4HOM COCTOHHl111 11 
o6pa30Batt11e npoMeJCYT04Horo ti.-pe3oHattca 11~11 nor~oll\eH11e ,t-Me3oHa Ha 

nape HYK~OHOB). 
4. BnepBue B 3KCK~ID311BHOH nocTaHOBKe 11cc~e.itoBaHll 6e3Me30HHUe 

pea1<um1 , pa3Ba~a H)tpa 4He C BllXO.ltOM .iteHTPOHOB. IloKa3aHa Ma~aH 

sepOHTHOCTh dd-accou11au1111 B H)tpe 4He; . 
5. BnepBUe 611~11 no~y4eHU 11HK~ID311BH!le ce4eHl1H o6pa3oBaHl1H 

HYK~OHOB 3a Kl1HeMaTl14eCKl1M npe.ite~OM, .itonyCTl1MUM np11 coy,1tapeHl111 C 
OT)te~hHllM HYK~OHOM, B dp 11 4Hep-B3al1MO)teHCTBl1HX. no~y4eHa oueHKa 
OTHomeHHH BllXO)tOB npoTOHOB 11 HeHTPOHOB B 3TOH o6~aCTl1 .lt~H peaKU1111 

ctp-ppn; 
6. BnepBue 113MepeHll .itnflJqiepettu11a~hH1Ie ceqemrn peaKu11fi 

6e3Me30HHOPO pa3Ba~a H)tep 3He H 4He 11 conocTaB~eH!l C npe)tcKa3aHl1HMH 

MO)te~H MHOPOKpaTHOPO pacceHHl1H r~ay6epa-C11TeHKO; 
7. Ha6~ID)teHU .it116ap110HH!le pe3oHaHCll C m11p11HOH OKO~O 20 ,MsB B dp 

11 4Hep-B3al1MO)teHCTBl1HX. no~y4eHll Bee 3apH)tOBUe KOMnOHeHTll 3Tl1X 

COCTOHHHH; 
8. IloKa3aHa np11MeHHMOCTh B!l6paHHOH MeTO)tl1Kl1 B no~HPH3aU110HHUX 

11cc~e)tOBaHl1HX 11 o6HapyxeHO aHoMa~hHOe n0Be.itett11e a311MYTa~hHOro 

pacnpe)te~eHHH HeHTPOHOB OT)ta411 B peaKUl111 6e3Me30HHOPO pa3Ba~a 

.itefiTPOHa c nepe3apH.itKofi. IlpaKTHqecKaH qeHHOCTL no~y4eHHllX 

pe3y~hTaTOB COCTOHT B c~e.itYIDII\eM: 
1. CTaTHCTl14eCKl1 o6ecne4eHHlle 3Kcnep11MeHTa~hH!le )taHHUe 
no 3KCK~ID311BHIIM dp, 3Hep 11 4Hep-B3al1MO)teHCTBl1HM np11 11MnY~hcax 

tta~eTaIDII\11X H.itep 1.65A, 2.15A, 3.4A 11 4.5A rsB/c no3BO~HIDT npoBO.ltHTh 
npaKTl14eCKl1 B no~HOM (fla30BOM OO'beMe .iteTa~bHlle cpaBHeHHH 'C 

pa3~114HUMl1 MO)te~HMl1 a)tpOH-H)tepHoro B3al1MO)teHCTBHH; 
2. no~y4eHttlle B e.it11HOM s1<cnep11MeHTe .itaHH!le KaK o pacceHHl111 

HYK~OHOB Bnepe)t, TaK 11 0 pacceHHHl1 Ha3a)t HecyT HOBYID HHqJOpMaU11ID 0 

CTPYKType H)tep d 11 4He, a TaKJCe Ha~araIDT orpaHH4eHIIH Ha BUA 
BO~HOBOH qiyHKU1111 H)tpa 11 MOPYT c~yJCl1Th xopom11M Kp11Tep11eM .lt~H B!l6opa 

NN-noTeHu11a~a; 
3. 3Kcnep11MeHTa~hHlltt MaTep11a~ ( KOTOPIIH no CBOeH no~HOTe 11 

T04HOCTl1 113MepeHUH B 113y4aeMOH o6~aCTl1 3Hepr11i1 He 11MeeT aHa~oroB) 11 

npoBe.iteHHUH TeopeTl14eCKl1H aHa~l13 MOPYT noc~yJCl1Th OCHOBOH )t~H 
.ita~hHefimero pa3Bl1Tl1H KaK s1<cnep11MeHTa~hHUX (nOl1CK .it116ap110HHIIX 
pe30HaHCOB, 113y4eH11e pe30HaHCHllX 3qJqJeKTOB B peaKU11HX pa3Ba~a 
~er4afim11x H)tep), TaK 11 TeopeTl14eCKl1X (06'hHCHeH11e Ha6~ID.itaeMOH 
aHOMa~1111 B pa3Ba~e no~HPl130BaHHoro .itefiTpOHa) 11cc~e)tOBaHl1H B o6~aCTl1 
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pe~HTl1Bl1CTCKOH H)tepHOH qJl1311Kl1. 

Ha 33DtHTY BWHOCHTCH c~e.itYIDII\11e pe3y~hTaTU, no~y4eHHlle B 
.it11ccepTau1111: 

1. HOBIIH 3Kcnep11MeHTa~hHllH MaTep11a~ no no~HllM 11 TOno~orl14eCKl1M 

Ce4eHl1HM 3Hep 11 4He-B3al1MO)teHCTBl1H np11 11Mny~bce Ha~eTaIDII\HX H)tep 8.6 
11 13.5 rsB/c, a TaKJCe no no~HllM Ce4eHl1HM KaHa~OB B 
4He-CTO~KHOBeHl1HX np11 11Mny~hCe H)tpa 8.6 rsB/c; 

2. WMnY~hCHUe 11 yr~OBUe pacnpe.ite~eHl1H cneKTaTOPHUX 4aCTl1U 
npaKTl14eCKl1 B no~HOM qia3oBoM o6'heMe·.it~H pea1<u11n pa3Ba~a ~er4afim11x 

H)tep d 11 4He 11 aHa~l13 no~y4eHHUX )tl1qJqJepeHU11a~hHUX ce4eHl1H B paMKaX 

11Mny~bCHOro np116~11xeHl1H C y4eTOM Heno~IDCHIIX MexaHl13MOB pe3oHaHCHoro 
xapaKTepa (B3al1MO)teHCTBl1e B KOHe4HOM COCTOHHl111 11 o6pa30BaHue 
npoMexyT04Horo ti.-pe3oHaHca); 

3. AHa~113 MexaHl13Ma o6pa30BaH11H .iteHTPOHOB B npoueccax 
6e3Me30HHoro pa3Ba~a H.itpa :He; 

4. WHK~ID311BHUe Ce4eHl1H o6pa3oBaHl1H HYK~OHOB, Bli~eTaIDII\11X B 

Kl1HeMaTl14eCKl1 3anpell\eHHYID .lt~H B3al1MO)teHCTBl1H Ha CB060)tHOM HYK~OHe 
o6~aCTh, B dp 11 4Hep-coy,1tapeHl1HX 11 npoBe.iteHHllH aHa~l13 11HBapl1aHTHUX 

qJYHKU11H .lt~H pa3HUX yr~OBUX 11HTepBa~oB; 
5. Ha6~ID)teH11e .it116ap110HHUX pe30HaHCOB. no~y4eHHllX np11 

HCC~e)tOBaHl1H cneKTpOB 3qJqJeKTl1BHUX Mace .ltBYX HYK~OHOB B dp 11 4Hep­
B3al1MO)teHCTBl1HX; 

6. AHOMa~hHOe n0Be,1tett11e a311MyTa~hHOro pacnpe)te~eHl1H HeHTPOHOB 
OT.ita411, no~y4eHHOe np11 113y4eH1111 pea1<u1111 pa3Ba~a no~HPl130BaHHoro 

.itefiTPOHa C nepe3apH)tKOH. _ 
Anpo6aqu11 pa6oTw. MaTep11a~11, 113~oxeHH11e B ,1t11ccepTau1111, 

)tOK~a)tUBa~l1Ch Ha ceM11Hapax W~B3 TrY, ~B3 OWHH, WHW (BapmaBa), 
UHH(CTpac6ypr), W3~ (Kom11ue), Ha Mex.itYHapo.itHofi KOHqiepeHu1111 no 
qJl1311Ke BUCOKl1X 3Hepr11w B Bepca~e (1981r.), Ha BcecoID3HllX ceMl1Hapax 

"KBapK11-84" 11 "KBapKl1-88" B T611~11c11 (1984r.,1988r.), Ha VIII 
MeJC.itYHapO)tHOM ceMl1Hape no qJl1311Ke BUCOKl1X 3Hepr11n B ~y6He (1986r.), 
Ha VII MeJC)tyHapO)tHOM ceMl1Hape no cn11HOBIIM HB~eHl1HM B qJl1311Ke BUCOKl1X 
3Hepr11n (IlpOTBl1HO, 1986r.), Ha IV BceCOID3HOM npo6~eMHOM ceM11Hape no 
B3al1MO)teHCTBl1ID 4aCT11U 11 H)tep BllCOKOH 3Heprnfi C H)tpaMl1 ( TamKeHT, 

1989r.), a TaKJCe Ha COBell\aHl1HX MeJC)tyHapo)tHOro COTPY.ltHl14eCTBa no 
11cc~e.itOBaHl1HM Ha O)tHOMeTpOBOH BO.ltOPO.ltHOH KaMepe. 

Ily6JIHKaqHH. Pe3Y~hTaTU )tl1CCepTau110HHOH pa60TU npe)tCTaB~eHU B 

i{Ba.ituaTl1 .ltBYX ny6~11KaU11HX B Bl1)te CTaTeH B ll[yptta~ax "Physical 
Review", "Nuclear Physics", "Fortschri tte der Physik", "H.itepttaH 

~113HKa", B TPY.itax TrY, B MaTepna~ax ynOMHHYTUX MeJC.itYHapO)tHUX 
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KOH~epeHUHH H B BH,ne npenpHHTOB OWHW. 

CTPYKTypa ~MccepTa~""· ~HccepTaUHH COCTOHT H3 BBe,neHHH, mecTH 
rJiaB H 3aKJIIOt.JeHHH. 06'beM ,nHccepTaUHH: 183 CTpaHHU MamHHOnHCHOro 

TeKCTa, BKJIIOt.JaH 68 PHCYHKOB, 14 Ta6JIHU H cnHCOK JIHTepaTypH, 
HaCtJHTHBaIOil(HH 240 HaHMeHOBaHHH. !· 

coiEPIAHHE PABOTY. 
Bo BBe~eHMM C~OPMYJIHPOBaHa ueJih ,liHCCepTaUHOHHOH pa60TH H 

o60CHOBaHa aKTyaJihHOCTh HCCJie,noBaHHH pe30HaHCHHX HBJieHHH, ,liJlfl 

pemeHHH CJie,nyIOil(ttX npo6JieM: cymecTBOBaHHe ,nH6apHOHHl:lX pe30HaHCOB. 
Bl:lJieT a,npOHOB B KHHeMaTHt.JeCKH 3anpell(eHHYIO o6JiaCTh ,liJlfl 

HYKJIOH-HYKJIOHHOro B3aHMO,neHCTBHH H npHMeHHMOCTh rttnoTe31:l a,nepHoro 
cKeHJIHHra AJIH Jiert.JaHmttx a,nep. MexaHH3M pa3BaJia Jiert.JaHmHx a,nep. a 

TaK:ace noKa3aHa BallCHOCTh H3yt.JeHHH nOJIHPH3aUHOHHl:lX HBJieHHH B 
dtp-B3aHMO,neHCTBHHX. OTMet.JeHO npettMyll(eCTBO ttCCJieAOBaHHH 

nepetJHCJieHHHX 3aAatJ BO B3aHMOAeUCTBHHX Jiert.JaHmHX a,nep C npoTOHaMtt, 

CBH3aHHHMH KaK C MaJil:lM t.JHCJIOM HYKJIOHOB, yt.JaCTBYIOil(ttX B peaKUHHX, TaK 
H C B03MO:BCHOCThlO ,nocTaTOtJHO Ha,ne:acHO Bl:lflBJIHTh Ha ~OHe "Tpa,nHUHOHHHX" 

MexaHH3MOB MexaHH3Ml:l, Tpe6yIOil(He BKJIIOt.JeHHH HeHyKJIOHHHX CTeneHeH 

CB060,lil:l (nHOHOB, ~-pe30HaHCOB H KBapKOBHX 3~~eKTOB). 
Ka:ac,naa rJiaBa HMeeT BBe,neHHe, KOTopoe HOCMT o630pHHH xapaKTep 

KaK B 3KCnepHMeHTaJihHOM, TaK H B TeopeTHt.JeCKOM nJiaHe HCCJie,nyeMOH B 

3TOH rJiaBe npo6JieMu. 
B nepBOM rnaee paccMOTpeHH OCHOBHl:le MeTO,liHt.JeCKHe HCCJie,noBaHH~. 

Heo6XOAHMl:le ,liJlfl noJiyt.JeHHH 3KCnepHMeHTaJihHOro MaTepHaJia no H3yt.JaeMHM 
KaHaJiaM peaKUHH11 - 31 • 3aTpoHyTue B pa6oTe BonpocH ocHoBaHl:l Ha 

CTaTHCTHKe 6oJiee 500 000 CTepeOCHttMKOB • noJiyt.JeHHl:lX npH o6Jiyl!eHHH 

BO,nopo,nHOH O,liHOMeTpOBOH KaMepH peJIHTHBttCTCKHMH a,npaMH d, 4He tt 3He 

npH HMnyJihcax 3. 3. 8. 6 H 13. 5 fsB/c Ha CHHxpo~a3oTp~He JIB3 OWHW. 
OnHCaHH cxeMa o6pa60TKH CTepeocHttMKOB H KPHTepHH OT6opa rimoTe3. 

IlPOBO,liHTCH aHaJIH3 norpemHOCTeH, B03HHKaIOil(HX B KaMepHOtt MeTO,liHKe npH 
onpe,neJieHHH HMnYJihCOB H yrJIOB Bl:lJieTa 3apm1ceHHHX l!aCTHU- Kat.JeCTBO 
H3MepeHHH, KHHeMaTHt.JeCKoro 6aJiaHca H tt,neHTH~HKaUHH co6HTHH' no 

KaHaJiaM HJIJIIOCTPHPYIOTCH Ha npHMepe S(ai)-~YHKUHH H pacnpeAeJieHHH no 
KBa,npaTaM HeAOCTaIOil(HX Mace. 

C yt.JeTOM noTeph B ynpyrHX B3aHMO,lieHCTBHHX H 3~~eKTHBHOCTH 
npocMoTpa (6oJiee 97%) 6HJIH BnepBue onpe,neJieHH noJIHl:le H, 
TOnOJIOrHl!eCKHe Cel!eHHH B3aHMO,neHCTBHH a,nep 4He H 3He C BO,nopo,nHOH 
MHmeHhIO B HCCJieAyeMOH o6JiaCTH 3HeprHu, a TaKJa:e cel!eHHH OCHOBHHX 
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3KCKJII03HBHHX KaHaJIOB 4Hep-B3aHMOAeHCTBttl1 npH 8.6 fsB/c. 

BO-BTOPOH rnaee paCCMOTpeHH peaKUHH pa3BaJia MaJIOHYKJIOHHl:lX 
( d, 

4
He) HAep. C ueJihIO HCCJie,noBaHHH BKJia,na HenoJIIOCHl:lX MexaHH3MOB 

pe30HaHCHOro xapaKTepa14
• 51 (B3aHMOAeHCTBHe B. KOHetJHOM COCTOHHHH, 

npoMexyTOl!HaH ~-tt3o6apa). 

YnpomeHHaH KapTHHa npaMoro B3attMOAettCTBHH t.JaCTHU C a,npoM 
C03AaeTCH B npoCTOM HMnyJihCHOM nptt6JIHXeHHH ( cneKTaTOpHaH Mo,neJih). 

Ha AHarpaMMHOM fl31:lKe cneKTaTOPHaH Mo,neJih BHpa:acaeTCH noJIIOCHl:lM 
npH6JIHXeHHeM 6e3 yt.JeTa BHeMaCCOB~X 3~eKTOB, T.e. BHPTYaJihHl:le 
o6MeHHHe l!aCTHUl:l CtJHTaIOTCH peaJihHHMH. 

EHJIH H3yt.JeHH HMnyJihCHHe H yrJIOBl:le pacnpe,neJieHHH cneKTaTOPHl:lX 
l!aCTMU B peaKUHHX dp-p ppx-. p pnx+x; dx+n 141 (1) H sp sp sp 4
Hep-

3
H pp, 3He pn151 (2). WccJie,noBaHtta noKa3aJIH, sp sp l!TO 

3KCnepHMeHTaJihHHe ttMnyJihCHHe cneKTPH cneKTaTOPHl:lX HYKJIOHOB ,no 

200 MsB/c B peaKUHHX pa3~aJia AeMTPOHa onHCHBaIOTCH BOJIHOBOM ~YHKUHeM 
XIOJihTeHa B HMnYJihCHOM npe,ncTaBJieHHH. WcnOJih30BaHHe H3BeCTHHX 
BOJIHOBHX ~YHKUHH CJia6o BJIHHeT Ha pe3yJihTaTH aHaJIH3a. 

~ 

~ 
.... 
0 

11 
~ 

dp.p
9

pnt:+t:- p
8

<2001eV/c dp.d1t:•n
8 

p
8

<2001eV/c 

364ev 236ev 

30•- -,20 

B yrJIOBHX pacnpe,neJieHttHX 

HYKJIOHOB-cneKTaTopoB Ha6JIIOAaeTCH 
CHJihHaH aCHMMeTpttfl (pHc.1). l!TO 

He corJiacyeTcH c npe,ncKa3aHHeM 

cneKTaTOPHOU MO,neJIH ( KPHBafl 

I I U «-~~ :z.:.C~ 4). B cJiyt1ae peaKUHH dP-ctx+nsp 
--~ ~ ~lo HMeeTCH aCHMM8Tpttfl npOTHBOnOJIOX-

Horo 3HaKa. 

Pttc.1 YrJioBue pacnpeAeJieHHH 

HYKJIOHOB-cneKTaTOPOB. 

06'bHCHeHHe Ha6JIIOAaeMHX 
acttMMeTpHM B yrJIOBHX 
pacnpe,neJieHttHx y,naJioch noJiytJHTh 

Of (...rcJ..... (o npH YlleTe ~aKTOpa noToKa H 
-1 +1 -1 

cos~ 
0 +1 3HepreTHl!eCK011 3aBHCttMOCTtt 

Cel!eHHH KBa3HHYKJIOHHOro 
B3aHMo,neMCTBHH o(s) (KPHBaH 1). KOTOpHe B npOCTOM HMnyJihCHOM 
npH6JIHXeHHH He paccMaTpHBaIOTCH. OHtt B03HHKaIOT KaK CJie,liCTBttfl ~epMH 

,liBHXeHHH HYKJIOHOB B a,npe. Ha PHC.1 KPHBHe 2 H 3 COOTBeTCTBYIOT ylleTy 

TOJihKO ~aKTopa noTOKa HJ!tt o(s). BH,nHO, t.JTO KPHBHe 1 H 3 onHCUBaIOT 
OCHOBHl:le qepTH 3KcnepHMeHTaJihHl:lX ,naHHl:lX. BKJia,n ~aKTOpa noTOKa 
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COCTaBJIHeT Jil1illb ( 4+5) % 11 OCHOBHYIO poJib 11rpaeT 0( s), nocKOJ!bKY B 

11CCJie.n;yeMOH o6JiaCTl1 HYKJIOH-HYKJIOHHUe Ce4eHl1H Cl1JlbHO 3aBl1CHT OT 
sHeprn11. 

B Kl1HeMaTl14eCKOH o6JiaCTl1 11MnyJibCOB cneKTaTopoB Burne 200 MsB/c ,c 
8KCnep11MeHTaJibHUe 11MnyJibCHUe 11 yrJIOBUe cneKTPU He on11cuBaIOTCH 
cneKTaTOPHOH MO,ll;eJibIO, 4TO, B OCHOBHOM, CBH3aHO C yBeJI114eH11eM BKJia.n;a 
HecneKTaTOPHUX (HenoJIIOCHUX) MeXaHl13MOB. 

lfTO KacaeTCH 11MnyJibCHUX 11 yrJIOBUX pacnpe.n;eJieHl1H cneKTaTOPHUX 

TpeXHYKJIOHHUX Cl1CTeM B peaKU1111 pa3BaJia H.n;pa 4He, TO 
Y ,ll;OBJieTBOp11TeJibHOe on11caH11e noJiy4aeTCH B o6JiaCTl1 11Mny J!bCOB MeHbme 
250 MsB/c. 

AJIH 11CCJie.n;oBaHl1H ,ll;OMl1HaHTHOCTl1 noJIIOCHOro MexaHl13Ma B peaKU11HX 

6e3Me3oHHoro pa3BaJia H.n;pa 4He 6uJI np11MeHeH KPl1Tep11H TpeMMaHa-flHra. 

WMeIOmaHCH CTaTl1CTl1Ka no3BOJil1Jia nepeHTl1 OT npe.n;cTaBJieHl1H .n;aHHUX no 
yrJiy TpeHMaHa-flHra K 3aBl1Cl1MOCTl1 ac11MMeTp1111 OT 11MnYJibCa 

cneKTaTOPHUX 4aCT11U- Ha6JIIO,ll;eHa o6maH 3aKOHOMepHOCTb B xo.n;e 

napaMeTpa aCl1MMeTp1111. C POCTOM 11MnyJibCa cneKTaTOPHUX 4aCT11U 
ac11MMeTpl1H B03pacTaeT 11 BUX0,11;11T Ha nJiaTO. 

B paMKax 11MnyJibCHOro np116JI11EeHl1H no.n;po6HO 11CCJie.n;yeTCH 

HenoJIIOCHOH MexaHl13M pe30HaHCHOro xapaKTepa - B3al1MO,ll;eHCTBl1e B 
KOHe4HOM COCTOHH1111 (BKC) 161 ,ll;JIH o6~HCHeHl1H Ha6JI10.n;aeMUX ac11MMeTp1111 B 
pacnpe.n;eJieH11Hx no yrJiy TpeHMaHa-flHra B cJiy4ae pa3BaJia .n;eHTPOHa 

dp-+ppn. BJil1HHl1e BKC oco6eHHO Cl1JibHO npoHBJIHeTCH np11 MaJIUX 

OTHOCl1TeJibHUX 11MnYJibCaX BTOPl14HUX 4aCT11U 11 o6yCJIOBJil1BaeTCH 
pe30HaHCHUM noBe.n;eH11eM BOJIHOBOH ~YHKU1111 3Tl1X 4aCTl1U B KOHe4HOM 
COCTOHHl111. 3TO, B OCHOBHOM, BU3BaHO o6pa30BaHl1eM KBa311CBH3aHHoro 
B11pTyaJibHOro COCTOHHl1H, SHeprl1H CBH311 KOTOporo HaMHOro MeHbille 

8Hepr1111 CBH311 .n;eHTPOHa. 
B npHMOM pa3BaJie .n;eHTPOHa dp-+(pp)n BKC ,ll;JIH np-Cl1CTeMU B 

3S1-COCTOHHl111 MOJ:eT np11BeCTl1 K KOaJiecueHU11fJ ( K peK9M611Hau11M) B 
.n;eHTPOH, TeM caMUM K nepexo.n;y co6uT11H 113 peaKu1111 pa3BaJia B ynpyr11H 
KaHaJI. B npe.n;Jio:a:eHHOH MO,ll;eJil1 Y4eT BKC npoB0,11;11JICH MeTO,ll;OM HeCKOJibKO 

OTJil14HUM OT Tpa.n;11u110HHoro, a 11MeHHO, ,ll;JIH BUpa:a:eHl1H BOJIHOBOH ~YHKUHl1 
np-Cl1CTeMU B KOHe4HOM COCTOHHl111 11cnOJib30BaJICH S-BOJIHOBOH 

1130CKaJIHPHUH cenapa6eJibHUH noTeHu11aJI, HYKJIOHU paccMaTp11BaJil1Cb KaK 
HepeJIHTl1B11CTCKl1e 11 npeHe6peraJIOCb D-COCTOHHl1eM .n;eHTPOHa. B Ka4eCTBe 
BOJIHOBOH ~YHKU1111 .n;eHTPOHa 6paJiaCb ~YHKU11H MaK-r11. 

AJIH cn11H-He3aBl1CHl!ll1X aMnJil1TYA ynpyr11x pp 11 pn-pacceHHl1H B 
06JiacT11 MaJiux ltl np11MeHHJiacb cJie.n;y10maH napaMeTp113au11H: 
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~ 

io (1-ip ) 
T = pN pN exp(-;!;- ~2 ltl) tJ=n,p 

pN 4-.,r-,:- ~ pN 

r.n;e napaMeTpu opN' ppN , ~pN onpe.n;eJIHJI11cb 113 cymecTBYIOl!ll1X 
SKcnep11MeHTaJibHUX .n;aHHUX. 

0KOH4aTeJibHUH B11,11; Ce4eHl1H npHMOro pa3BaJia .n;eHTPOHa CB0,11;11TCH K 
CJie.n;yIOmeMy BUpa:a:eH11IO: 

2XITdl 2p2dp dCosa ldtl 8(1-R2 ) 8(q-2p Cosa) 
do = a a a 

d [1+(2p2 +q2-2p qCoM)·P Cosa/2m2q] 
B B B 

YroJI a 6uJI npe.n;Jio:a:eH B Teop1111 B11JIKl1HUM 11 onpe.n;eJIHJICH KaK yroJI Me:a:.n;y 

HanpaBJieH11eM BUJieTa HYKJIOHa-cneKTaTopa 11 nepe,n.aHHUM Tpex11Mny JlbCOM 

OT HaJieTa10mero npoTOHa K .n.eATpOHY- Ero noBe.n;eH11e B illl1POKOM 
.n.11ana30He coBna.n;aeT c yrJIOM TpeAMaHa-flHra. 

"' -0.5 ::, 

t .. 
t: 

! 
"' 

0.5 

+ 

Ha p11c.2 np11Be.n;eHu 

sKcnep11MeHTaJibHUe .n;aHHUe 11 pe3y­
JibTaTu pac4eToB ac11MMeTp1111 no 

yrJiy a. KaK B11,ll;HO 113 Pl1CYHKa, 

P11c.2 ACl1MMeTpHH B yrJie a ,ll;JIH 

HYKJIOIIOB-cneKTaTopoa: 

a) ltl<0.1(GeV/c) 2 11 6)0.1<1tl< 
0.4(GeV/c) 2 • CnJiomHaH KPl1BaH­
c y4eTOM BKC, nyHKTl1pHaH-6e3 

Y4eTa BKC. 

TeopeT114ecK11e 
y4eTOM BKC 
Bocnpo113BOAHT 

npe.n;cKasaHHH c 

anoJIHe xopomo 
11a6JI10.n;aeMuA xo.n. 

ac11MMeTp1111, oco6eHHO ,ll;JIH co6UTl1H 
ltl<0.1 (rsB/c) 2 (p11c.2a). ~opMa 

sKcnep11MeHTaJibHUX pacnpe.n;eJieH11A 
',, __ J ,ll;JIH ABYX o6JiaCTeH no t ,ll;OBOJibHO 

0 I .!l~.,----1-------,__ I 'I 

noxo:a:a, o.n;HaKo, ,ll;JIH 60Jihm11x t 
-o.s · ( p11c. 26) MeCTO, r.n;e acl1MMeTpl1H 

D 100 200 300 400 

P, /M•S/c) CTaHOBl1TbCH OTJil14HOH OT HYJIH 
C,ll;B11HYTO K 60Jibilll1M 3Ha4eHl1HM 

11MnYJibCOB "cneKTaTOPOB", 4TO corJiacyeTCH C Teop11ew. B CJiy4ae 6e3 
y4eTa BKC OTJil14HUe OT HYJIH 3Ha4eHl1H ac11MMeTp1111 o6yCJIOBJieHU 
nyTaH11UeH B BU6ope cneKTaTOPHOH 4aCTHUU-

IloKa3aHO, 4TO Ha6JIIO,ll;aeMaH Cl1JlbHaH 11MnyJibCHaH 3aBl1C11MOCTb 
ac11MMeTp1111 no yrJiy a B peaKu1111 npHMoro pa3BaJia ,n.eMTPOHa BU3BaHa 
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B3aHMOAeHCTBHeM B KOHe4HOM COCTO.HHHH MellCAY HettTpOHOM H npoTOHOM B 
3S1-BOJJHe, 4TO npHBOAHT K KOaJJecueHUHH np-napH B AettTPOH H nepeXOAY 
l(aCTH co6HTHW H3 peaKUHH pa3BaJJa B ynpyrHtt KaHaJJ. 

CJJeAyeT OTMeTHTh, 4TO BKC YJJY4maeT onHCaHHe HMnyJJ~CHOf'O 
pacnpeAeJJeHHH cneKTaTopHHX HYKJJOHOB, HO He o6~HCH.HeT 

BHCOKOHMnyJJhCHYID 4aCTh cneKTpa. 
EHJJO HCCJJeAOBaHO TaKxe B3aHMOAettCTBHe B KOHe4HOM COCTO.HHHH B 

peaKUHH pa3BaJJa AeiiTpoHa c nepe3apHAKOW dp--( pp) n171
• IlpH 

TeopeTH4eCKOM aHaJJH3e peaKUHH nepe3ap.HAKH HYKJJOHOB Ha AettTPOHe 6HJJO 

o6pameHO BHHMaHHe Ha TO, 4TO AH~~epeHUHaJJhHOe Ce4eHHe peaKUHH 
dp-( pp)n npH MaJJHX 4eTHpexMepHHX nepeAaYax t onpeAeJJ.HeTc.H 

cnHH-06MeHHHM B3aHMOAeWCTBHeM HYKJJOHOB H He HC4e3aeT npH t=O. ECJJH 

B KOHe4HOM COCTOHHHH HaXOA.HTC.H ABa TOllCAeCTBeHHHX HYKJJOHa C MaJJHM 
OTHOCHTeJJhHHM HMnYJJhCOM, TO npHMeHemie npHHUHna IIayJJH, HJJH 

aHTHCHMMeTpH3aUH.H BOJJHOBOW ¢YHKUHH STHX HYKJJOHOB, npHBOAHT K 

pa3AeJJeHHID BKJJaAOB o6MeHHHX HYKJJOH-HYKJJOHHHX CHJJ, 3aBHc.HmHx H 
He3aBHC.HillHX OT cnHHa. B OCHOBHOM npoHCXOA.HT TpHnJJeT-CHHf'JJeTHHe 

nepeXOAH, T.e. nepeXOA H3 Ha4aJJhHOf'O TpHnJJeTHOf'O 3s1-COCTO.HHH.H ~BYX 
HYKJJOHOB (AettTPOH) B KOHe4HOe CHHf'JleTHOe 1So-COCTO.HHHe. IlOSTOMY BKC 

ABYX npoTOHOB B CHHf' JJeTHOM 1 so -COCTO.HHHH MOllCeT Aa Th cymecTBeHHHW 
BKJJaA B peaKUHH C nepe3ap.HAKOW. 

Y4eT BKC ( 1So) B HMnyJJhCHOM npH6JJHllCeHHH npOBOAHJJC.H aHaJJOf'H4HO 
cJJy4aID np.HMoro pa3BaJJa. KaK noKa3aJJ aHaJJH3, onHcaHHe 

SKcnepHMeHTaJJbHOf'O pacnepeAeJJeHH.H no HMnYJJhCY cneKTaTOPHOf'O npoTOHa 

YJJY4maeTC.H B CJJy4ae Y4eTa BKC, HO BKC AaeT MaJJHW BKJJaA B 
BHCOKOHMnyJJbCHYID 4aCTh cneKTpa. Y4eT D-COCTO.HHH.H AeHTPOHa He 
YJJY4maeT COf'JlaCH.H. B CJJy4ae pa3BaJJa AeHTPOHa C nepe3ap.HAKOtt 

HMnyJJhCHa.H 3aBHCHMOCTh aCHMMeTpHH no yrJJy ct ~ettee BHpa3HTeJJbHa, 4eM 
B KattaJJe np.HMoro pa3BaJJa. TeM He Mettee TeopeTH4eCKHe pac4eTH 

HaXOA.HTC.H B 3aMeTHO JJY4illeM COf'JJaCHH C SKcnepHMeHTOM npH paCMOTpeHHH 
BKC. 

B paMKax H3JJOllCeHHOW MOAeJJH 6HJJa npeAnPHH.HTa nonHTKa onHCaT~ 
SKCnepHMeHTaJJhHOe AH¢¢epeHUHaJJhHOe ce4eHHe dcr/dt nepe3ap.HAKH Ha 

AettTPOHe, noKasaHHOe Ha PHC.3. 
y4eTOM BKC (nyHKTHpHa.H KPHBa.H) 

B TeopeTH4eCKOM npeACKa3aHHl1 C 

Ha6JJIDAaeTC.H 3aMeTHOe pa3JJH4He C 
SKCnepHMeHTOM, a HMeHHO, TeopeTH4eCKa.H KPHBa.H Cl1CTeMaTtt4eCKl1 HHllCe 

SKcnepHMeHTaJJhHHX T04eK npHMepHO Ha 25%. W3MepeHHOe 3Ha4eHHe 

ceYeHH.H crd ~c > ( ltl<0.3 (rsB/c) 2 )=4.34±0.09 M6, TOf'Aa KaK 
p~ PP n . 

TeopeTH4eCKOe npeACKa3aHHe TOJlhKO 3.3±0.2 M6. 

Ha PHC.4 npHBeAeHH SKCnepHMeHTaJJhHHe pacnpeAeJJeHHH no SHepf'HH 

10 

.. 

I 
~ 

f,J 

~ 
" JI) ~ 
"'­.., 
c._ ...... 
-..... 
~ 
£ 

L-.....1 

~~ 
201-1 \, ---------------,0 

-----------1 __ 

---
0 L-,.:::.._ _ __, ___ --1 ___ __,_ ___ J.. ___ ...,_ ___ ....._ __ __. 

0 0-1 0
·
2 

!ti ( r3B/c)2 
0-3 

PHc.3 .l\H¢¢epettu11aJJittoe ceYeHHe ~ AJJ.H nepe3ap.HAKH dp-+(pp)n. 
KpHBHe: nyHKTHpHa.H-C y4eTOM BKC, HHllCH.H.H cnJJomHa.H-npe­

ACKa3aHHe MOAeJJH BHpTyaJJbHOf'O ~-o6pa3oBaHHH, BepXH.H.H 

cnJJomHa.H-HX HeKorepeHTHaH CYMMa. 

200, I B036YXAeHH.H Qpp CHCTeMH ABYX 
100•-

50 

2,-

1,-

., I npoTOHOB AJJ.H ABYX o6JJacTew not. 
BHAHO, 4TO TeopeTH4eCKa.H Kp11BaH 

AJJ.H ltl<0.1 rsB2 npH MaJJHX 

3Hat1eHH.HX Qpp HMeeT nllK. 

PHC.4 gg ~RH nepe3ap.HAKH 
pp ~ 

dp-< pp) n: a) It I <0.1( rsB/c) "-
o.sL----L>"---L-......L----'----~ 

300 H 6)0.1<1tl<0.3(rsB/c) 2
• 

I 
,!. 

::: 
~g 

100 200 

Pac4eTHa.H KPHBa.H Ka4eCTBeHHO 

6JJH3Ka K 

T04KaM C 
nHKOM. 3TO 

nOCKOJJhKY 

SKCnepHMeHTaJJhHHM 
Mettee BHpaxeHHHM 

He YAHBHTeJJLHO, 
B pac4eTax 

npette6peraJJOCh KYJJOHOBCKHM 
0 100 200 300 400 500 OTT3JJKHB3HHeM npoTOHOB, KOTopoe 

Q •• , •• ., noAaBJJHeT aMnJJHTYAY npH MaJJHX 

3Ha4emrnx Q • B o6JJaCTH 
pp 

t::i( 0.1-0. 3) ( rsB/c) 2 npoHBJJHeTC.H nttK KBa3ttynpyroro pacceHHH.H B 
pawotte 40 MsB H Ha6JJIDAaeTC.H xopomee corJiacHe c Teopuett B o6JJacTH 
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' 

m1Ka. YlleT D-COCTOHHl1H ,n;ei1TPOHa MO:EeT noBJil1HTI, TOJII,KO Ha illl1Pl1HY 
KBa311ynpyroro n11Ka. HeCOMHeHHO, yl!eT BKC B 11MnyJI1CHOM np116JI11llteHl1l1 B 
06011x o6JiaCTHX not on11cuBaeT noHBJieH11e nepBoro n11Ka B pai1oHe MaJiux 
Q • HO He B COCTOHHl1l1 o6'bHCHl1TI, Ha6JIJO,ll;aeMoe B036yz,n;eH11e B6Jil1311 pp . 
Q ~300 MsB. Yl!eT MHOPOKpaTHoro pacceHHHH .naeT BKJia,n; B pai10He MaJIUX pp . 
3Ha1.ieH11i1 ·Q • 

PP 
~JIH on11caHHH SKcnep11MeHTaJI1Hux pacnpe,n;eJieH11i1 no psp' t 11 Q P 

paCCMOTpeH MexaHl13M o6pa30BaH11H npoMelltyTOl!HOH 6-11306apu17P • 
060CHOBaHa Ba:EHOCTI, np11BJiel!eHl1H 3TOro MeXaHl13Ma B peaKU1111 pa3BaJia 
,n;ei1TpoHa c nepesapH.n;Koi1. 

BKJia,n; o6pa30BaHHH 6-H3o6apu B npoMezyTOl!HOM COCTOHHl111 B 
.n11~~epeHu11aJI1Hoe cel!eH11e ~ noKa3aH Ha p11c.3 (Hl1XHHH cnJiomHaH 
KPl1BaH). Cna.n np11 MaJIUX t llaCTl-fl!HO ,ll;l1HaMl1l!eCKOro xapaKTepa, HO 11 
o6yCJIOBJieH TeM, l!TO Ml1Hl1MaJII,HUi1 nepe,naHHUi1 11MnyJI1C ,llJIH poz,neHl1H 
6-11306apu Ha CB06o,n;HOM HYKJIOHe 

It . I = I ( M2-m2
) /2K 12 

min 6 • 
KOTOPUi1 paBeH 0.035 (rsB/c) 2 , HaXO,lll1TCH B n11Ke pe30HaHca. 
Ilpe.n;cKa3aHHOe Cel!eH11e na,naeT cpaBHl1TeJII,HO Me,n;JieHHO C POCTOM It 1-
Ilpe,nnoJiaraH, l!TO noJiylleHHUi1 pe3yJI1TaT MOZHO CKJia,nuBaTI, HeKorepeHTHO 
c pacl!eTaM11 no HMnYJI1CHOMY np116JI11zeH1110, noJIYlleHo xopomee corJiac11e 
C 3KCnep11MeHTOM (BepXHHH cnJIOmHaH KPHBaH Ha p11c.3). BocnpOl13BO,ll;l1TCH 
KaK ~opMa pacnpe,neJieHl1H, TaK 11 a6COJIIOTHaH BeJIHl!l1Ha 
,n11~~epeHu11aJI1Horo cel!eH11H. 

0 cnpaBe,ll;Jil1B0CTH HeKorepeHTHOH CYMMU aMnJil1Ty.n; 11MnYJI1CHoro 
np116JI11zeH11H 11 .n;aHHOH MO,neJIH MOZHO CY,ll;l1TI, no p11c.4. 0Tl!eTJIHBO BH.n;Hq, 
l!TO o6a MexaHH3Ma .n;aJOT BKJia,n B pa3HUX o6JiaCTHX cneKTpa. YlleT 
B036yx,neHl1H 6-11306apu B npoMezyTOl!HOM COCTOHHl111 xopomo onHCUBaeT 
Ha6JI10,n;aeMue n11K11 B pai1oHe Q ~300 MsB ( npaBue cnJiomHue KPl1BUe Ha pp 
p11c.4a,6). 

KaK noKa3aJI aHaJI113, MexaHH3M 
npoMelltyTOl!HOM COCTOHHHH ,n;aeT OCHOBHOi1 
HYKJIOHOB-cneKTaTOpOB p ~300 MsB/c. sp 

o6pa30BaH11H 6-11306apu B 
BKJia,n; B o6JiaCTl1 11Mny JII,COB 

B TpeT:i:.e£i rnaee paccMOTpeH MeXaHH3M o6pa30BaHHH ,nei1TPOHOB B 
6e3Me30HHOM pa3BaJie H,npa 4He18- 101 • B 6e3Me30HHOM pa3BaJie H,npa 4He 
,nei1TPOHU MoryT poz,n;aTI,CH B ,ll;BYX KaHaJiax 4 Hep-+-dppn 11 4 Hep-+-ddp, 
KOTopue noJIHOCTI,IO BOCCTaHaBJIHBaJOTCH no Kl1HeMaTHKe. 3TO no3BOJil1Jl0 
npocJie,n11TI, 3a 6oJiee CJIOZHUM MeXaH113MOM H,nepHoi1 'peaKU1111, l!eM B 
cJiyl!ae 6e3Me30HHoro pa3BaJia .nei1TPOHa. ttccJie,noBaJI11c1 co6HTl1H 113 
peaKUH11 4 Hep-ctppn, B KOTOPUX HMnyJII,C .nei1TPOHOB B CHCTeMe noKOH 
H,npa 4 He He npeBumaJI 0.7 rsB/c. TaKoe 06pe3aH11e npaKTHl!ecK11 
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o6ecnel!HBaJIO l1CKJIIOl!eH11e COOUTHH, B KOTOPUX ,n;ei1TPOHU Mor Jll1 
o6pa30BaTI,CH 3a Cl!eT HecneKTaTOPHUX MexaHl13MOB. HccJie,ll;OBaHl1H 
noKa3aJil1, l!TO xapaKTepl1CTl1Kl1 .nei1TPOHOB 113 3TOH rpynnu co6UTl1H 
OKa3aJIHCI, Tl1nHl!HUMl1 ,ll;JIH cneKTaTOPHUX l!aCT11U, 0 l!eM CBl1,ll;eTeJII,CTBYIOT 
11MnYJI1CHUe 11 yrJIOBUe pacnpe,n;eJieHl1H .nei1TpOHOB. HMnYJI1CHOe 
pacnpe,n;eJieH11e 11MeeT xapaKTePHUi1 MaKCl1MYM ,ll;JIH npe.n;cKa3aHHH nOJIIOCHOro 
npH6JI11llteHl1H B pai10He 120 MsB/c 11 6UCTPO na.naeT C POCTOM HMnyJI1ca. 
YrJioeoe pacnpe,n;eJieH11e TaKze OTBel!aeT o:a:11.naeMoMy pacnpe,n;eJieHHJO H.n;pa 
cneKTaTopa, T.e. 6Jil13KO K 1130TPOnHOMY (aCl1MMeTPl1H COCTaBJIHeT 
0.02±0.02). 

COOTBeTCTBYIOlllee pacnpe,n;eJieHHe ,ll;JIH HYKJIOHOB Cl1JII,HO OTJll1l!aeTCH 
OT cneKTaTOpHoro. HMnyJI1CHUi1 cneKTp illHPOKl-fi1, a yrJIOBOe 
pacnpe,n;eJieH11e BUTHHYTO Bnepe,n;. 

B pa6oTe noKa3aHo, l!TO paccMaTp11BaeMaH peaKUl1H 11.n;eT rJiaBHUM 
o6pa3oM l!epe3 .n;ByxKpaTHoe·pacceHH11e. Ha p11c.5 np11Be.n;eHo 11MnyJI1cHoe 

pacnpe,n;eJieH11e caMoro Me,n;JieHHoro HYKJIOHa 
B Cl1CTeMe nOKOH d' (B npe,n;cTaBJieHl111 

~ 

~ .. '° ,, 
~ ;: 
N !'t 

'!:.10]:: 

q ,. 

~sol 

0 . 

' . . 
.... ... 

0.5 1.0 
p (f38/cl 

4He(d,d')),nocJie 11cKJIJOl!eH11H Ha6JI10,n;aeMoro 
B peaKu1111 ,n;ei1TpoHa-cneKTaTopa. CpaBHeH11e 

P11c.5 HMnyJI1cHoe pacnpe,n;eJieH11e caMoro 
Me.n;JieHHOro HYKJIOHa B Cl1CTeMe noKOH 
d'. IlYHKTl1poM noKa3aH cneKTP 
HYKJIOHOB-cneKTaTOPOB 113 peaKU1111 

dp-ppn np11 3.3 rsB/c. 

noJiyl!eHHoro cneKTpa co cneKTPOM 
HYKJIOHOB-cneKTaTOPOB H3 peaKUH11 pa3BaJia 

.nei1TPOHa dp-ppn no.n;TBepz,n;aeT, l!TO BKJia,n; KBa311,ll;ei1TPOHHOro MeXaHl13Ma 
( KJiaCTepl1sau11H H.n;pa 4He Ha ,ll;Ba ,n;ei1TPOHa) MaJI 11 o6a Me,ll;JieHHUX 
HYKJIOHa HBJIHIOTCH yl!aCTHl1KaM11 B3al1MO,n;ei1CTBl1H. BeJil1l!l1Ha HaKJIOHa 
.n11~epeHu11aJI1Horo cel!eH11H no KBa,n;paTy 4-11MnyJI1ca, nepe.n;aHHoro OT 
na,naJOlllero npOTOHa K Jll1,ll;l1PYIOllleMy HYKJIOHY (b=2.37±0.07 (rsB/c) 2 ), 

TaKze CBl1,ll;eTeJII,CTByeT O ,ll;BYXKpaTHOM pacceHHHl1 Jll1,ll;l1py101Ilei1 l!aCT11UU Ha 
HYKJIOHax H,npa 4He. 

~JIH BUHCHeHl-fH MeXaHl13Ma nponcxoz,neH11H .nei1TpoHOB 
HecneKTaTopttoro xapaKTepa B peaKU11HX 6e3Me3oHHoro pa3BaJia H,npa 4He, 
HapH,ny C peaKUHeH 4 Hep-+-dppn, 6uJI 11CCJie,noBaH KaHaJI 4 Hep-ctdp. OH 
xapaKTepeH TeM, l!TO Bcer.na co,n;epzHT cneKTaTOPHUi1 ,nei1TPOH. 06 3TOM 
CBH,ll;eTeJII,CTBYIOT HMnYJI1CHOe 11 yrJIOBOe pacnpe,neJieHl1H 6oJiee Me,nJieHHOro 
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.n.eftTpOHa B Cl1CTeMe noKOfl 4He. l1MnYJihCHHH cneKTP Tl-tnl14eH )I.Jlfl fl)l.pa 
cneKTaTopa, a yrJioBoe pacnpe.11.eJieH11e 11soTponHoe (3Ha4em-1e ac11MMeTpH11 

0.05±0.05). 
CpaBHem-1e xapaKTepHHX pacnpe.11.eJieH11ft HecneKTaTOPHHX .n.ettTpOHOB 

113 peaKu1111 4Hep-ctppn 11 4Hep-ctdp no.n.TBepx.n.aeT npe.11.noJ10::rett11e o TOM, 

4TO MexaHl13M o6pa30BaHl1fl HecneKTaTOPHHX ,n;eiiTPOHOB B 3Tl1X peaKU11flX 
6e3Me30HHOrO pa3BaJia fl,n;pa O)l.11HaKOB 11 CBfl3aH C KOaJiecueHu11ei1 

HYKJIOHOB OT)l.a411. 
IIpoBe.n.eHHHH aHaJil13 a311MYTaJibHHX KoppeJiflUHH BTOPl14HHX HYKJIOHOB 

B peaKUHflX 6e3MesoHHoro pa3BaJia fl,n;pa 4He no3BOJIHJI npocJie,n;HTh 

Kl1HeMaTH4eCKYIO CBfl3h Mex,n;y npo,n;yKTaMl1 peaKUl111 H noKa3aJI, 4TO 

OCJia6JieH11e a3HMYTaJibHHX KoppeJiflUHH B npmv!OM KaHaJie peaicu1111 
4Hep-ctppn o6ycJIOBJieHO KOaJiecueHUHeft CKOppeJIHPOBaHHHX np-nap B 
.n.eflTPOH B pesyJibTaTe B3al1MO,n;eftcTBl1H B KOHe4HOM COCTOHHl111 H TeM 

caMHM nepexo,n;oM B KaHaJI 4Hep-ctdp. 
B 'leTBepTOH rnase npoBe,n;eH aHaJIH3 0)1.H04aCTH4HHX 11HBapHaHTHHX 

pacnpe.n.eJieHl1H KYMYJiflTHBHHX 4aCT11U B dp111 - 131 11 
4Hep-B3al1MO,n;ei1CTBl1flX/ 131 • 

EHJil1 noJiy4eHH 11HKJII0311BHHe l1HBap11aHTHHe O)I.H04aCTl14HHe 

pacnpe.n.eJiem-rn a.n.pOHOB, BHJieTaBIIIHX 3a KHHeMaTl14eCKl1M npe,n;eJIOM, 

.n.onyCTl1MHM np11 coy,n;apeHl111 C OT)l.eJibHHM HYKJIOHOM, B 
dp-B3aHMO)l.eHCTBHflX. l1MeIOmaflCfl CTaTl1CTl1Ka n03BOJll1Jia 11CCJie,ll.OBaTb 

CTPYKTYPHHe ~YHKU1111 f(T)=o;~tp- 1do/dT )I.Jlfl Tpex pa3HHX yrJIOBHX 
11HTepBaJIOB no KOCl1HYCY yrJia BHJieTa a,n;poHOB B 3a,n;H~ noJiyc~epy. Ha 
p11c. 6 npe.n.cTaBJieHH ,n;amme ,n;Jifl npoTOHOB. Pe3Kl1H 113JIOM B paftotte 
30 MsB .11.eMOHCTp11pyeT pa3Jil1411e MeXaHH3MOB peaKU11H B o6JiaCTl1 MaJIHX 11 

60Jihllll1X 3Ha4eHl1H T. 
!1oJiy4eHHHe 11HBapHaHTHHe 11HKJII0311BHHe Ce4eHl1H anpoKCHMHPOBaJil1Ch 

CYMMOH .11.BYX 3KCnottettu11aJibHHX ~YHKUHH 

1 
f(T) = A1exp(-T/T01 ) + A2exp(-T/T02 ). 

IIepBafl sKcnotteHTa c 6oJihllll1M 3Ha4eH11eM napaMeTpoB A1 ( ce4eH11e np11 

T=O) 11 a1=1/T01 (HaKJIOH 3KCnotteHTH) COOTBeTCTBYeT noJIIOCHOMY 
MexaHH3MY, Kor.n.a B nepe.n.aqe 11MnyJihCa aKTl1BHO y4aCTByeT TOJlhKO O)l.11H 
113 HYKJIOHOB .n.ei1TPOHa. 06JiaCTh ::re 60Jihllll1X T MOJ:eT COOTBeTCTBOBaTh 

MeXaHl13MaM, Kor,n;a B peaKU1111 aKTl1BHO yqacTBYIOT o6a HYKJIOHa .n.ei1TPOHa. 
3Ha4eHl1fl HaKJIOHOB l1HBap11aHTHHX 11HKJ1I0311BHHX ce4eHHH npoTOHOB B 

C6JiaCTl1 60Jihllll1X T (>30 M3B) XOPOIIIO corJiacyIOTCfl C aHaJIOrl14HHMl1 
,n;aHHHMH, noJiy4eHHHMH B 3Kcnep11MeHTax C ,n;pyrHMl1 fl)l.paMH 11 np11 
OTJ1114HHX OT Ha11111x 3Heprl1flX. Ha6JIIO,ll.eHHafl He3aBl1Cl1MOCTh HaKJIOHa' OT 
3Hepr1111 11 copTa Ha4aJibHHX 4aCT11U yKa3HBaeT Ha cnpaBe)I.Jil1BOCTh 

14 

; 
r 

; 

•u' 

! 
" 
"' .=. ,0 

I~ 
~ ' 

""---:1:J 
-IQ 

-I.I 

r11n0Te311 npe,n;eJihHOft ~parMeHTau1111 
,n;Jifl J1er4aftm11x fl,n;ep. 

P11c.6 l1HBap11aHTHOe Ce4eH11e f(T) 

)I.Jlfl HHKJII0311BHHX npOTOHOB B 
dp-B3al1MO)l.eftcTBHflX. KpHBHe: 

1-cos~E[-1;-0.67], 2-cos~E 
[-0.67;-0.33], 3-cos~E[-0.67; 
O.]. 4-cos~E [-1 ;OJ. 

AaJiee no.n.po6Ho 11ccJie.11.yeTcfl 
KaK o6JiaCTh MaJIHX T, TaK 11 

o6JiaCTh 60Jihilll1X T. 06cy::r.n.aIOTCfl 
MexaHl13MH, 

Ha1160J1hm11i1 

o6JiaCTflX. 

KOTOpHe 

BKJia,n; B 

11oKa3aHo, 

,n;aIOT 

3Tl1X 

4TO 
Hl13K03HepreTl14eCKafl 4aCTh 
cneKTpa corJiacyeTcfl c 

f f ' l npe.n.cKasaHl1flMl1 noJIIOcHoro 
'°' , np116J111llteH11fl. AJifl aHaJIH3a 

0 M m ~ ~ .6 

BHCOK03HepreTl14eCKOH 4aCTl1 
TI r,01 

cneKTpa 11CCJie)I.OBaHO KYMYJlflTl1BHOe 
o6pa30BaH11e npOTOHOB 11 HeHTPOHOB 113 peaKU1111 6e3Me30HHoro pa3BaJia 
,n;eiiTPOHa. IloJiy4eHHHe 3Kcnep11MeHTaJibHHe .n.aHHHe 
Bepof!THOCTeft BHXo,n;a npoTOHOB 11 HeHTPOHOB OT 

)I.Jlfl 
yrJia 

OTHOilleHl1fl 

BllJ!eTa B 
KYMYJiflTl1BHOH o6JiaCTl1 corJiacyIOTCfl C npe.n.cKa3aHl1flMl1, C,ll.eJiaHHHMl1 Ha 
OCHOBe MO)l.eJ111 o6pa30BaHl1fl ~-pe30HaHca B npoMelltyT04HOM COCTOflHl111. B 

paMKaX 3TOH MO,ll.eJ111 TaKJKe y,n;OBJieTBOp11TeJibHO on11c11BaeTCfl cneKTP no 
MacmTa6HOH nepeMeHHOH x=T/T B peaKU1111 dp-ppn. 

max 
IIpoBe.n;eHHHH aHaJil13 o6pa30BaH11H npOTOHOB 11 HeHTPOHOB B 

Kl1HeMaTl14eCKl1 3anpemeHHOH )I.Jlfl HYKJIOH-HYKJIOHHOro B3al1MO)l.eHCTBl1H 
06JiacT11 no.n.TBepx,n;aeT npe.11.rloJ10J1Cett11e o cymecTBeHHoft poJ111 MexaH113Ma 
o6pa30BaHl1H ~-11306apH B npoMeEyT04HOM COCTOHHl111. 

B 3TOH rJiaBe npOB0,!1;11TCH TaKllte aHaJil13 113MepeHHHX 
,n;11~~epettu11aJihHHX ce4ett11ft ~ .n;Jifl cyMMapHoro 6esMe30HHoro pa3BaJia 
H)l.ep 

4
He 11 

3
He np11 11MnYJihcax 8. 6 11 13. 5 rsB/c B paMKax Mo.11.eJ111 

MHoroKpaTHoro paccef!Hl1fl fJiay6epa-C11TeHK015 • 141 • ~eT11pex-11MnyJihcHaH 
nepe,n;aqa t BH411CJIHJiaCb B Jia6opaTOPHOH Cl1CTeMe OT npoTOHa-M11meH11 K 

CaMoMy Me,n;JieHHOMY npoTOHY B KOHe4HOM COCTOflHl111. AaeTCfl KPaTKOe 
on11caH11e Mo,n;eJ111. 
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TipoBe.l{eHHUH aHa~H3 noKa3a~. 4TO 3KCnepHMeHTa~bHUe 
AH$$epeHUH3~bHUe ceYeHHH 1W 6e3Me30HHOro pa3Ba~a H.l{ep 4He npH 
11Mny~1cax 8.6 11 13.5 f3B/c, a TaKxe HApa 3He np11 11Mny~1ce 
13. 5 f3B/c cor~acyIOTCH c npe.l{CKa3aHl1HMH MO.l{e~H MHoroKpaTHOro 
pacceHHHH r~ay6epa-C11TeHKO Bn~OTb AO nepe.l{aBaeMUX YeTupex-11MnY~LCOB 
0.40+0.45 (f3B/c) 2 • 

TIHTaH rnaBa .l{l1CCepTau1111 noCBHII\aeTCH npo6~eMe Al16ap110HHUX 
pe30HaHCOB115

-
201

• TipoBe.l{eH KpaTKHtt o630P COBpeMeHHOro CTaTyca 
Al16ap110HOB 11 npe.l{CTaB~eHU pe3y~bTaTU 11CC~e.l{OBaHHtt no 11X no11cKy B dp 
11 

4 Hep-B3311MO.l{eHCTBl1HX. 
Tip11MeHHeMaH MeT0.1{11Ka 11cc~e.1{0BaH11tt .l{a~a B03MOXHOCTb 11CC~e.l{OBaTb 

npaKTl14eCKH 6e3 noTepb 60~1m11HCTBO pea1<u11A B 3KCK~I0311BHOM no.l{XOAe. 
a Ma~oe 411C~O BTOPl14HUX YaCTHU n03B0~11~0 npoBeCTl1 KOHKpeTHUe 
pacYeTU A~H npoBepKl1 HeKOTOpux MO.l{e~bHUX coo6paxeHHtt. 

A~H H3Y4eHHH cneKTpa 3$$eKTHBHUX Mace ABYX HYK~OHOB 6u~11 
oTo6pattu pea1<u1111: 

d p -. p p n 
d p-. p x+n n 

4 He p-. d pp n 
4 He p-. pp pp n x 

3HaH11e Kl1HeMaTl1'1eCKOH 

47 298 co6uT11i1 ( 3). 
2 414" " (4). 
2 783" " ( 5). 

723" " ( 6). 
06~acT11, r.l{e noeo6~aAaIOT npocT.ue 

MexaHH3MU, Tl1na no~IOCHoro. no3B0~11~0 BU.l{e~l1Tb K~acc B3al1MO.l{ettCTBHtt, 
r.l{e o6pa30BaHHe ABYXHYK~OHHUX pe30HaHCOB OZl1.l{aeTCH 6o~ee BepOHTHUM. 

- ApryMeHTHpyeTCH npoue.l{ypa BU.l{e~eHl1H TaKOtt o6~aCTl1. A~H peaKU1111 (3) 
3TO COOTBeTCTByeT OT6opy 6eccneKTaTOPHUX co6UTl1H, MeTO.l{OM BU.l{e~eHl1H 
KOTOpux MOZeT C~YZHTb o6pe3aH11e CHl13Y no 11Mny~1cy caMoro Me.l{~eHHOro 
113 Ha6~IO.l{aeMUX B peaKU1111 HYK~OHOB. 

Ha PHC. 7 11 8 npe.l{CTaB~eHU pacnpe.l{e~eHHH no 3$$eKTl1BHUM MaccaM 
Me.l{~eHHUX HYK~OHOB A~H peaKUHH nepe3apH.l{Kl1 11 npHMOro pa3Ba~a 
AefiTpoHa COOTBeTCTBeHHO c o6pe3aHHeM p >200 11 p >350 M3B/c. B 

s s 
Ta6~11ue 1 np11BeAeHu napaMeTpu Ha6~IOAaeMux oco6ettttocTei1,' no~yYeHHue 
npH anpOKCHMaU11H 3KCnep11MeHTa~bHUX pacnpe.l{e~eHl1H $YHKU11ett 

fili ~ a ~(M) + L ~.BW.(M), 
i ]. ]. 

npe.l{CTaB~HIOII\efi co6ofi CYMMY $OHOBOro pacnpe.l{e~eHl1H ~(M) (B KaYeCTBe 
KOToporo no.1{611pa~CH no~l1HOM BTOpofi CTeneH11) 11 pe30H3HCHUX 
6pei1T-B11rttep0Bc1<11x $YHKU1111 BW(M). A~H M -cneKTpa 6pa~ac1 cyMMa 

- - pp YeTupex WYHKUHH Epe11Ta-BHrHepa. a A~H M -cneKTpa np11H11Ma~ac1 pn 
Tpexpe30HaHCHaH r11n0Te3a. B Ta6~11ue .l{~H KaZ.l{Oro MaKCl1MYMa yKa3aHO 
TaKze 411C~O CTaH.l{apTHUX OTK~OHeHl1H OT $OHa (S.D.). 

A~H no11cKa Hei1Tpa~1Horo A116ap110Ha ( DB0 ) • napTHepa 

16 

~ 

' 
N 

80 

~ 60 
co 
f; 
IJl 

0 
~ 40 
z 

20 

d p-n(PP) 

2080 

2.01 2.16 2.31 

Mppm_Blc21 

PHC.7 Pacnpe.l{e~eH11e no stteKTl1BHOH 
.l{BYX npoTOHOB 113 KaHa~a C nepe3a­

PHAKOH dp-.(pp)n. 

80 

N 

~ 60 ... 
L... 

q 

~ (0 
z 

20 

1.87 2.07 2.27 

Hpn (f3B/c2] 

P11c.8 Pacnpe.l{e~ett11e no 
3t$eKTl1BHOH Macce pn­
Cl1CTeM.U 113 npHMoro Ka­
Ha~a ctp-.(pn)p. 

COOTBeTCTBYIOII\11X 3apHZeHHUX COCTOHHl1H, 11cc~e.l{OBa~ac1 peaKUHH 
dP-PX+(nn). TIOCKO~bKY ceYeH11e o6pa30BaHl1H ABYX nHOHOB B 
NN-B3al1MO.l{ei1cTB11H np11 11Mny~bce 1.66 f3B/c (~50MK6) cymecTBeHHO 
MeHbme. YeM no~Hoe ceYeH11e KaHa~a dp-.px+(MM) (20M6). TO MOZHO 
C411TaTb, 4TO B KaYeCTBe He.l{OCTaIOII\ett Macc.u B .l{aHHOtt peaKU1111 HB~HIOTCH 

.l{Ba HettTPOHa. 
Ta6~11ua 1 

M . MsB r M3B S.D. M M3B r MsB S.D. 
PP . pp pn pn 

1939 ± 15 27 ± 13 2.2 

2007 ± 15 39 ± 17 4.1 2006 ± 10 25 ± 11 5.1 

2090 ± 15 10 ± 12 2.0 2080 ± 10 9 ± 12 1. 7 

2154 ± 15 31 ± 11 5.8 2118 ± 10 15 ± 13 4.3 

AHa~113 
stteKTHBHOH 

3TOtt peaKu1111 noKa3a~. YTO B pacnpe.l{e~eHl1HX no 
Macce .l{BYX HettTPOHOB A~H co6UTHtt, B KOTopux o6a 

HettTPOHa npHHl1Ma~H y4acT11e BO B3al1MO.l{ettCTBl111, Ha6~IO.l{aIOTCH ){Ba 
OT4eT~HB.UX n11Ka np11 3Ha4eHl1HX Mace Mnn=2020 H 2140 M3B. 

A~H 6o~ee T04HOro onpe.l{e~eHl1H napaMeTpOB CTaTl1CTl14eCKl1 
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o6ecne4eHHHX COCTOHHHA Bee cneKTPH s!lJ!lleKTHBHHX Mace M • M HM 
pp pn nn 

anpoKCHMHPOBaJJHCb C Y4eTOM 3KcnepHMeHTaJJbHHX paspemeHHA ABYMH 
!llYHKll,HHMH EpeATa-BHrHepa. PesyJJbTaTH anpoKCfiMal.J,HH npHBeAeHH B 
Ta6JJH1.J,e 2. Y4eT 3KCnepHMeHTaJJbHOro paspemeHHH n03BOJJHeT nOHH3HTb 
ou.eHKY BepxHeA rpaHHU.H mHpHHH pesoHaHCOB AO 20 MsB. 

Ta6JJHU.a 2. 

peaKl.J,HH z M MsB r MsB S.D M MsB r MsB S.D al/ND 
- -- - -- -

dp➔(pp)n ++ 2009±15 16±19 4.1 2145±15 7±11 5.8 9.6/21 
- -- - -- -

dp➔(pn)p + 2007±10 8±12 5.1 2118±10 6±9 4.3 6.2/32 
- -- - -- -

dp➔(nn)px+ 0 2027±20 16±18 6.3 2137±20 17±9 8.2 21.2/14 

KaK BHAHO, B dp-B3aHMOAettCTBHHX C BHCOKOA CTaTHCTH4eCKOW 
3Ha4HMOCTbID Ha6JJIDAaIDTCH ABa AH6apHOHHHX COCTOHHHH H noJJy4eHH Bee HX 
sapHAOBHe KOMnoHeHTH~ 

~ 

I 

~ 
!= 
N g 

' z 

' 

1.9 2.1 2.3 M,.., (GeVI 

IlpeBumeHwe nepBoro nwKa 

PacnpeAeJJeHHH no s!lJ!lleKTHBHoA Macce 
ABYX MeAJJeHHHX HYKJJOHOB H3 peaKl.J,HH 
4Hep-➔Clppn npHBeAeHH Ha PHC.9. BHAHO, 
4TO AJJH pn-CHCTeMH B npHMOM KaHaJJe 

Pwc.9 PacnpeAeJJeHHe no s!lJ!lJ. Macce 
ABYX MeAJJeHHHX HYKJJOHOB AJJH npHMoro 
KaHaJJa(BepxHHH rwcT.) H KaHaJJa c nepesa­

PHAKOA(HHllCHHH rHCT.). 

cneKTP HMeeT y611Baro111yro !lJopMy H 

onHCHBaeTCH 3KCnOHeH1.J,HaJJbHHM 3aKOHOM C 
YPOBHeM AOCTOBepHOCTH 6oJJee 60%. CneKTP 
s!lJ!lJeKTHBHHX Mace ABYX npoTOHOB HMeeT 
HHOW xapaKTep H ' HaHJJY4mee onwcaHwe 
AOCTHraeTCH CYMMOW 3KCnoHeH1.J,HaJJbHOro 
!lJoHa w ABYX !llYHKU.HA EpeATa-Bwrnepa co 
CJJeAYIDlllHMH napaMeTpaMH: 

M1=2035±15MsB r1=30±23MsB; 
M2=2137±15MsB r2=59±20MsB ~2/ND=27/20. 

HaA !llOHOM COCTaBHJJO 3. 0, a BTOporo 3. 2 
CTaHAapTHHX OTKJJOHeHHA. Ce4eHHH, COOTBeTCTBYID!llHe nHKaM, 6UJJH paBHH 
01=0.12±0.04 M6H H 02=0.20±0.04 M6H. 

~H6apHOHHUe COCTOHHHH HCKaJJHCb B peaKl.J,HH 4HeIJ-ppppnx-. AHaJJH3 

l8 

3KCnepHMeHTaJibHOro cneKTpa no s!lJ!lJeKTHBHOA Macce ABYX npoTOHOB AaJJ 
npHMepHO TaKHe xe 3Ha4eHHH Mace, 4TO H B peaKl.J,HH 4Hep-dppn: 

M1 = 2036 ± 15 MsB r1 = 27 ± 25 MsB S.D.= 4.2 
M2 = 2126 ± 15 MsB r2 = 41 ± 38 MsB S.D.= 3.1 

EuJJa npeAnPHHHTa nonHTKa o6'bHCHHTb HaAAeHHUe oco6eHHOCTH 6e3 
np11BJJe4eHHH rHnOTe3U O AH6apHOHHHX pe30HaHcax. TaK, HanpHMep, B 
peaKl.J,HHX hA-NNX BHYTPH HAPa MoryT npoHCXOAHTb npou.eccu THna 
x"NN"-NN, KOTOpue npw MaJJHX 3HeprHHX nHOHOB npHBOAHT K pesoHaHCHUM 
sw!lleKTaM. B 4aCTHOCTH, ce4eHHe peaKl.J,HH x+ ct-pp HMeeT MaKCHMYM B 
o6JJaCTH YKa3aHHHX 3Ha4eHHW Mace. 

IlpoBeAeHHHA pac4eT no sw!lleKTHBHHM MaccaM ABYX npoTOHOB 
BOcnpOH3BOAHT nOJJOllCeHHe nHKOB, OAHaKO, He onHCHBaeT mHpHHU · 
Ha6JJIDAaeMUX pe30HaHCOB. K TOMY l!Ce AJJH noJJy4eHHH nepBoro MaKCHMyMa 
(M =2.01+2.02 rsB) Heo6XOAHMO BBeAeHHe AOnOJJHHTeJJbHOro 

pp 
npeAnOJJOllCeHHH O HaJJH4HH oco6eHHOCTH B noBeAeHHH BHe3HepreTH4eCKOA 
aMnJJHTYAH peaKl.J,HH xct-NN B6JJH3H nopora. 

B meCTOH rnaae H3JJOl!CeHH pesyJJbTaTH HCCJJeAOBaHHW B ny4Ke 
nOJJHPH30BaHHHX AeATPOHOB121 - 221 • 3KcnepHMeHT 6uJJ npoBeAeH B ny4Ke 
BeKTOPHO noJJHPH30BaHHHX AeWTPOHOB C HMCTYJJbCOM 3.33 rsB/c B KaHaJJe 
6ucTporo BHBOAa CHHXPO!llaSOTPOHa. iiMnyJJbC ny4Ka BU6HpaJJCH H3 ABYX 
coo6pallCeHHA: BO-nepBUX, B STOW o6JJaCTH 3HeprHA aHaJJH3Hpyro111aH 
cnoco6HOCTb BOAOPOAa 6JJH3Ka K MaKCHMaJJbHOW H H3MepeHa C AOCTaT04HO 
xopomeA T04HOCThID, a BO-BTOPUX, 6UJJ HaKonJJeH 3KCnepHMeHTaJJbHUW 
MaTepHaJJ no dp-B3aHMOAeWCTBHHM npH 3TOM llCe 3Ha4eHHH HMnYJJbCa B 
ny4Ke HenoJJHPH30BaHHUX AeWTPOHOB. 

CyMMapHaH CTaTHCTHKa d tp-B3aHMOAeWCTBHW COCTaBHJJa 63 646 
co6UTHW, Ha OCHOBe KOTOPUX 6uJJ npoBeAeH !lJH3H4eCKHW aHaJJH3. 

IlOCKOJJbKY o6JJy4eHHe KaMepu 6UJJO npoBeAeHO B KaHaJJe 6ucTporo 
BHBOAa CHHXPO!lla30TPOHa, rAe HMeroTCH 3aMeTHUe npOAOJJbHUe KOMnOHeHTU 
MarHHTOro noJJH, 6UJJO onaceHHe, 4TO ny40K MOl!CeT AenoJJHPH30BaTbCH. 
l103TOMY 6uJJa npoBeAeHa 01.J,eHKa CTenem-1 noJJHPH3al.J,HH ny4Ka B 
BOAOPOAHOW KaMepe. 

IlpoBeAeHHe TaKoA 01.J,eHKH OCHOBUBaJJOCb Ha npeAnOJJOllCeHHH O TOM, 
4TO B OCHOBHOM COCTOHHHH AeWTPOHa cnHHU npoTOHa H HeWTPOHa 
optteHTHPOBaHU no cnHHY AeATpOHa. Pac4eTu, npoBeAeHHUe K. BHJJKHHUM, 
noKasuBaroT, 4TO 3TO AeWCTBHTeJJbHO TaK B o6JJaCTH !lJepMH-HMnyJJbCOB AO 
200 MsB/c, T.e. TaM, rAe MOllCHO H36el!CaTh 3!lJ~eKTOB, CBH3aHHUX C 
D-BOJJHOW. KaK OTMe4aJJOC1, TaKOMY Tpe6oBaHHID YAOBJJeTBOpHeT 
noAaBJJHID!llaH 4aCTb co6UTHW peaKl.J,HH pasBaJJa AeWTPOHa dp-ppn, 
KOTopaH, B OCHOBHOM, npeACTaBJJHeT KBasHynpyroe pp HJJH pn-pacceHHHe. 
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oueHKa noJJHPH3aUHH ny4Ka npoBO,D;HJJaCb no H3MepeHHID a3HMYTaJJbHOM 
acHMMeTpHH BUJJeTa HYKJJOHOB OT,D;a4H B peaKUHH dp-+ppn. .QJJH 
onpe,n;eJJeHHH nOJJHPH3aUHH Heo6xo.n;HMO 3HaHHe aHaJJH3Hpyromett cnoco6HOCTH 
BO.n;opo,n;a, KOTopyro MOlCHO oueHHTb C HCnOJJb30BaHHeM ,n;aHHUX 0 
noJJHPH3aUHH B ynpyroM pp H pn-pacceHHHH • .QJJH cpe,n;Heii aHaJJH3Hpyromett 
cnoco6HocTH Bo.n;opo,n;a 6uJJa noJJy4eHa <A>=0.33±0.04. 

Ilpe,n;MeTOM aHaJJH3a HBHJJHCb pacnpe,n;eJJeHHH no a3HMyTaJJbHOMY yrJJy 
HYKJJOHOB OT,D;a4H B peaKUHH pasBaJJa dp-ppn. IloJJy4eHHOe yrJJOBOe 
pacnpe.n;eJJeHHe ,D;JJH npOTOHOB OTia4H H3 npHMOro KaHaJJa dp-(pn)p 
npe.n;cTaBJJeHO Ha PHC.10a. OHO anpOKCHMHPOBaJJOCb BUpalCeHHeM N(~) = 
No( 1 + Beas~ + Ccos2~), r,n;e KOSilJilJHUHeHT B onpe,n;eJJHeT BeKTOPHYID 
nOJJHPH3aUHID ny4Ka Pz=B/<A>, <A>-aHaJJH3HpyromaH cnoco6HOCTb BO.n;opo,n;a, 
a KOSilJilJHUHeHT C CBH3aH C Bl:lCTpoeHHOCTbro .n;eMTPOHa. PesyJJbTaTU 
anpoKCHMaUHH CBe.n;eHU B Ta6JJHUY 3 H H306palCeHU KPHBOM Ha PHC.10a. 

PeaKUHH 

dp-(pn)p 

t 

L:J 
D lt 

'I' lr,ci) 

B 

-0.13±0.03 

-SO -a 
f 

,..J-..-,,, 
~ 
z 40 

0 

f 

Ha SKCnepttMeHTe 6UJJO 

C 

0.02±0.03 

6) 

'f [rad] 

f 

Ta6JJHUa 3. 

~2/ND ..._ pz 

4.47 -0.41±0.09 

IloJJy4eHHaH oueHKa 
BeKTOPHOii noJJHPH3aUHH 
ny4Ka: P z =-0. 41 ±0. 09 B 
npe,n;eJJax onm6oK xopomo 
corJJacyeTCH c H3MepeH-< 
HUM 3Ha4eHHeM noJJHPH3a-· 
UHH BHYTPH KaMepu YCKO­
PHTeJJH P

2
=-0.50±0.05, 

4TO CBH,D;eTeJJbCTBYeT 0 
OTCYTCTBHH 3aMeTHOM .n;e­
noJJHPH3aUHH ':nettTPOHOB B 
npouecce ycKopeHHH H 
6UCTporo B11B0,D;a. 

,r PHC.10 A3HMYTaJJhHUe pa-
cnpe.n;eJJeHttH HYKJJOHOB 
OT,D;a4H:a)npHMOM KaHaJJ; 
6)KaHaJJ c nepesapH.n;Kott. 

o6HapyxeHo, 4TO a3HMYTaJJbHOe 
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pacnpe,n;eJJeHHe HeMTPOHa oT.n;a4H H3 KaHaJJa nepesapH,D;KH, npttBe,n;eHHoe Ha 
pHC.106, cymecTBeHHO OTJJH4aeTCH OT TaKoro lCe pacnpe,n;eJJeHHH ,D;JJH 
npOTOHOB OT,D;a4H H3 npHMOro KaHaJJa ( pHc.10a). .QJJH o6'bHCHeHHH SToro 
pa3JJH4HH 6UJJ npoBe.n;eH pac4eT C Y4eTOM H.n;epHUX silJ!lleKTOB B peaKUHH 
nepesapH,ll;KH, a HMeHHO, C y4eTOM npHHUHna IlayJJH H D-COCTOHHHH 
.n;eMTPOHa. Pac4eTU, npoBe.n;eHHUe B HMnyJJbCHOM npH6JJHllCeHHH C y4eTOM 
D-BOJJHU H npHHUttna IlayJJH (KPHBaH Ha pttc.106) He Bocnpott3B0,ll;HT 
SKCnepttMeHTaJJbHUe .n;aHHUe (~2 /ND=52/8). 

B 3aKnmqeHHH CilJOPMYJJHPOBaHU OCHOBHl:le pesyJJbTaTU pa60TU: 
1. B paMKax e.n;HHOM MeTO,D;HKH noJJy4eH SKCnepHMeHTaJJbHl:lM MaTepHaJJ 

,ll;JJH HCCJJe,D;OBaHHH 4Hep-B3aHMO,ll;eMCTBHM nptt ,ll;BYX 3Ha4eHHHX Ha4aJJbHl:lX 
HMnYJJbCOB H.n;ep 4He 8.6 H 13.5 rsB/c H 3Hep-CTOJJKHOBeHHM npH 
13.5 fsB/c. BnepBue 6UJJO npoBe.n;eHO o6JJy4eHHe BO,D;OPO.D;HOM nysupbKOBOM 
KaMepu B ny4Ke noJJHPH30BaH~l:lX .n;eMTPOHOB npH HMnyJJbCe 3.35 fsB/c H 

noKa3aHa ueJJecoo6pa3HOCTb HCnOJJb30BaHHH KaMepHOM MeTO,D;HKH B 
noJJHPH3aUHOHHl:lX HCCJJe.n;oBaHHHX; 

2. BnepBue onpe.n;eJJeHU noJJHl:le Ce4eHHH B3aHMO,ll;eMCTBHH H.n;ep 4He H 
3He C BO.n;opo.n;oM B HCCJJe.n;yeMOM o6JJaCTH 3Heprni1, Ce4eHHH OCHOBHl:lX 
KaHaJJOB peaKUHH B 4Hep-B3aHMO,D;ei1CTBHHX "nptt HMnyJJbCe 8.6 fsB/c, a 
TaKllCe TOnOJJOPH4eCKHe ce4eHHH B 4Hep H 3Hep-CTOJJKHOBeHHHX npH 
13.5 rsB/c; 

3. BnepBue noJJy4eHu HMnyJJhCHue tt yrJJoBue pacnpe.n;eJJeHHH 
cneKTaTOPHUX 4aCTHU B peaKUHHX pasBaJJa JJerKHX H.n;ep ( 2 H, 4He) npH 
npoMellCyT04HUX SHeprm1x. IloKa3aHO, 4TO HMnyJJbCHUe cneKTPl:l xopomo 
corJJacyroTCH C npe.n;cKa3aHHHMH cneKTaTOPHOH MO,ll;eJJH, a o6'bHCHeHtte 
yr JJOBUX pacnpe.n;eJJeHHM - Tpe6yeT y4eTa ilJaKTopa noToKa H 
3HepreTtt4eCKOH 3aBHCHMOCTH Ce4eHHH COOTBeTCTByromero KaHaJJa 
HYKJJOH-HYKJJOHHoro B3aHMO.n;ei1CTBHH; 

4. IloKa3aHO, 4TO Ha6JJro.n;aeMaH 3aBHCHMOCTb aCHMMeTpHH no yrJJy 
TpefiMaHa-HHra OT HMnYJJbCa HYKJJOHa-cneKTaTopa B peaKUHH npHMOro 
pasBaJJa .n;eMTPOHa onHCUBaeTCH HMnYJJbCHl:lM nptt6JJttlCeHtteM C Y4eTOM 
B3attMo.n;ei1CTBHH B KOHe4HOM COCTOHHHH HeHTPOH-npOTOHHOH napu. B 
CJJY4ae peaKL(HH pasBaJJa .n;ei1TPOHa C nepesapH,lJ;KOM Y4eT B3aHMO.n;ei1cTBHH 
B KOHe4HOM 1 so -COCTOHHHH .D;BYX npoTOHOB .n;aeT Ka 4eCTBeHHOe 
06'bHCHeHHe SKCnepttMeHTaJJbHOro xo.n;a acttMMeTptttt; 

5. IloKa3aHO. 4TO ,D;JJH onttcaHHH COBOKYnHOCTH SKcnepttMeHTaJJbHUX 
.n;aHHblX dp-SKCnepttMeHTa, a HMeHHO .n;ttilJilJepeHUHaJJbHUX ce4eHtti1 da/dt, 
da/dQ H da/dpsp ,D;JJH peaKUHH pa3BaJJa ,n;ei1TPOHa, Heo6xo.n;HMO y4ecTb 
o6pasoBaHtte ll-H306apu B npoMelCYT04HOM COCTOHHHH. 3TOT MexaHH3M 
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cyll(eCTBeHeH B }U1HeMaT11qec1<0i1 o6JJaCTl1, COOTBeTCTBYIOll(ei1 11MnyJJbCaM 
"HYKJJOHOB-cneKTaTOPOB" 60JJ1,me 300 MaB/c; 

6. BnepBJ:le B 3KCKJJI0311BHOH nocTaHOBKe 11CCJJe.n;oBaHU 6e3Me30HHUe 
peaKl.\1111 pa3BaJJa .H,n;pa 4He C BUXO,IJ;OM ,n;ei1TPOHOB. MexaHl13M peaKl.\1111 
4Hep-ctppn TaKOB, qTo B no,l(aBJJ.fllOll(eM 60JJbfill1HCTBe CJJyqaeB .n;ei1TpOH 
.flBJJ.fleTC.fl cneKTaTOPHOH qaCTl1Uei1, a OCTaBml1eC.fl ,n;Ba HYKJJOHa .fl,IJ;pa 
BOBJJeqeHU BO B3al1MO,n;ei1cTBl1e. 06HapyxeHo, qTo HecneKTaTOPHUe 
,n;ei1TpOHU, B OCHOBHOM, ~OPMl1PYIOTC.fl qepe3 KOaJJecueHl.\11!0 HYKJJOHOB 
OT.n;aq11 B pesyJJbTaTe B3al1MO,n;ei1CTBl1.fl B KOHeqHOM COCTO.f!Hl111. Hai1.n;eHa 
MaJJa.H Bepo.HTHOCTL dd-accou11au1111 B .H,n;pe 4He; 

7. 06HapyxeHO YHl1BepcaJJbHOe noBe.n;eH11e a311MYTaJJbHUX ac11MMeTp11i1 
B peaKu1111 4Hep-ctppn np11 11MnyJJ1,ce .H,n;pa 8.6 11 13.5 raB/c. 
OcJJa6JJeH11e a311MyTaJJbHUX KOppeJJ.fll.\11H B npHMOM KaHaJJe peaKl.\1111 
4Hep-ctppn o6ycJJOBJJeHO KOaJJecueHU11ei1 CKOppeJJ11poBaHHUX np-nap B 
.n;ei1TPOH B pesyJJbTaTe B3al1MO,n;ei1cTBl1H B KOHeqHoM COCTOHHl111 11 TeM 
caMuM nepexo.n;oM B KaHaJJ 4 Hep-ctdp; 

8. BnepBue 6uJJ11 noJJyqeHu 11HKJJI0311BHUe ceqeH11H 06pasoBaH11H 
HYKJJOHOB B Kl1HeMaT11qecKl1 sanpell(eHHOH o6JJaCTl1 ,IJ;JIH CB06o.n;Horo 
HYKJJOH-HYKJJOHHOro coy,n;apeHl1.fl B dp (1977r.) 11 4 Hep-B3al1M0,1J;ei1CTBl1HX. 
B dp-CTOJIKHOBeHl1HX Ha6JJIO,IJ;eHO 113MeHeH11e HaKJJOHa O,IJ;HoqacT11qHuX 
l1HBap11aHTHUX cneKTPOB )(JI.fl npoTOHOB B pai1oHe T=30 MaB, yKa3UBalOll(ee 
Ha pasJJ11qHue MexaHl13MU o6pasoBamm npoTOHOB B 06JJacT11 MaJJux 11 
60JJbfilHX KHHeT11qecKl1X 3Hepr11i1. Hl13K03HepreT11qecKaH qacTb cneKTpa 
corJJacyeTCH C npe,n;cKa3aHl1HMl1 nOJJIOCHOro np116JJ11XeH11.H; 

9. IloKa3aHO, qTo B peaKl.\1111 6e3Me30HHoro pasBaJJa ,l(ei1TpOHa BUXOA 
HYKJJOHOB sa Kl1HeMa T11qecK11M npe,n;eJJOM, ,n;onyCTl1MUM np11 coy ,n;apeHl111 , C 
OT,IJ;eJJbHUM HYKJJOHOM, o6ycJJOBJJeH MexaHl13MOM B3a11MO.IJ;ei1cTB11H 
npoMexyToqHUX 11so6apHUX COCTOHH11H C HYKJJOHOM. TaKOH MexaHl13M 

" no,IJ;TBepx,n;aeTCH aHaJJl130M o6pa30BaH11H HYKJJOHOB B Kl1HeMaT11qecK11 
sanpell(eHHoi1" 06JJacT11 B peaKl.\11.flX pasBaJJa H.n;pa 4He; 

10. Onpe,n;eJJeHu ,n;11~~epeHu11aJJ1,Hue ceqeH11H do/dt peaKu11i1 
6esMe;OHHOrO pasBaJJa H,IJ;ep 4He np11 11MnyJJLCe 8.6 11 13.5 faB/C 11 H,!J;pa 
3He np11 11MnyJJbCe 13.5 raB/c. IToKa3aHo, qTo 3HKOHaJJLHaH MO,l{eJJI, 
MHOroKpaTHOro pacce.HHl1H fJJay6epa-C11TeHKO xopomo on11cuBaeT .n;aHHUe 
no ,n;11~~epeHu11aJJLHUM ceqeHl1HM peaKl.\1111 6esMe30HHoro pasBaJJa H,n;ep 4He 
11 3He B o6JJaCTl1 nepe.n;aBaeMUX qeTupex-11MnYJJbCOB 
ltl<(0.4+0.45) (raB/c) 2 ; 

11. IToKa3aHo, qTo ,IJ;JIH no11cKa ,n;H6apHOHHUX COCTOHHl1i1 BO 
B3al1MO,n;ei1CTBHHX JJerKHX H,IJ;ep C npOTOHaMl1 npl1Hl.\l1n11aJJbHO BaXHUM 
HBJJHeTCH BU,1J;eJJeH11e KHHeMaTHqecKOH o6JJaCTl1, r.n;e o6pa30BaHHe 
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ABYXHYKJJOHHUX CB.H3aHHHX COCTO.f!HHH ox11,n;aeTC.fl 6oJJee Bepo.HTHHM; 
12. 06HapyxeHH Y3KHe pe3oHaHCHOno,n;o6Hue nl1KH c mHpHHOH 20 MsB B 

o6JJaCTl1 Mace MNN=2.01+2.02 11 MNN~2.12+2.15 raB B dP-B3al1M0,1J;ei1CTBl1.flX 
npH HMnYJJbCe 3.3 raB/c. 3Kcnep11MeHTaJJbHUe fill1Pl1HH Ha6JJ10,1J;aeMHX nHKOB 
.H,!J;epHHMl1 8~~eKTaMl1 He 06~.HCH.f!IOTC.fl, qTo MOXeT CJJYXl1TI, KaK YKa3aH11e 
Ha Ha6JJ10,1J;eH11e ,n;116ap110HHHX pesoHaHCOB. IloJJyqeHU Bee 3ap.H,IJ;OBHe 
KOMnOHeHTH (DB++,DB+,DB0) 3Tl1X COCTO.flHHi1; 

13. B peaKu1111 4 Hep-dppn o6HapyxeHu .n;Be oco6eHHOCTl1 B cneKTpe 
8~~eKTl1BHHX Mace ,IJ;BYX npoTOHOB np11·M =2035±15 11 M =2137±15 M3B. 

. PP PP 
Yc11JJeH11e a3HMyTaJJbHOi1 KoppeJJ.fll.\1111 B o6JJaCTl1 nHKOB yKa3UB3eT Ha 
Ha6JJ10,1J;eH11e ,n;116ap110HHHX pesoHaHCOB. Ilp11 8Tl1X xe 3HaqeH11.flX Mace 
Hai1.n;eHH HeperyJJ.HPHOCTl1 
4Hep-ppppmC; 

B M :--CneKTpe 
PP 

B cJJyqae peaKu1111 

14. Ha OCHOBe aHaJJ113a as11MyJaJJbHHX pacnpe,n;eJJeHH~ npoTOHOB 
0T.n;aq11 11s np.HMoro pasBaJJ~ ,n;ei1TPOHa onpe,n;eJJeHa BeKTopHa.H noJJ.Hp113au11.H 
nyqKa Pz=-0,41±0.09. IloKasaHo, qTo cyll(eCTBeHHa.H .n;enoJJ.Hp11sau11.H nyqKa 
B npouecce ycKopeHH.fl 11 6ucTporo BUBo,n;a He HMeeT MecTa; 

15. 06HapyxeHo aHoMaJJLHoe noBe,n;eH11e pacnpe,n;eJJeHH.fl no 
a311MYTaJJbHOMY yrJJy HeMTPOHOB OT,n;aq11 B peaKl.\1111 6esMe30HHOro pasBaJJa 
,n;ei1TpoHa c nepesap.H,n;Koi1. 
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