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YqeHblll CeKpeTapb Jl.llCCepTaIUI0HHOrO coBeTa 
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A.f. IloneKo 

Olill.(Afl XAPAKTEPHCTHKA PABOTbl 

ArcryaJibHOCTb npo6JICMbl. 3KcrrepHMeHTaJibHaJI qaCT1, .l(aHHOH pa6onr 6wra 

BbllI0JIHeHa B Jla6oparnpm1 51.l(epHblX PeaKUllH llM. r.H. <l>nepoaa 0115111 B paMKaX 

llCCJie,l(OBaHllH CBOHCTB H.l(ep B6Jill31l rpaHllUIJ H.l(epHOH CTa61lJIJ,HQCTH. IlpoBe,l(eHHbIH 

aHaJill3 H llHTeprrpeTaUllH 3KCrrepllMeHTaJIJ,HIJX ,l(aHHIJX B orrpe,l(eJieHHOH crerreHll 

6aJllPYIOTCH Ha TeopeTH'IeCKllX pe3yJII,TaTaX, lI0Jiy'IeHHIJX a TeXHH'IeCKOM 

YHHBepcllTeTe qaJIMepca (fcre6opr, lllaeuIIH), YHHBepcHTeTe Cyppea (fllJiqJOP.ll, 

BeJIHKo6pllTaHHH) ll HayqHoM uetrrpe GSI ()];apMIIITMT, fepMaHirn). 

CBOHCTBa «CIIJIJ,H0 acHMMe'I'pll'IH0H» H.l(epHOH MaTepllH HBJIHIOTCH Ha 

cero,l(HHIIIHHH ,l(eHI, rrpo6JieMOil:, ,l(aJieKoil: OT OKOH'IaTeJIJ,HOH HCH0CTll. IlOHllMaHlle 

CBOHCTB TaKllX CllCTeM, KaK CBepxTH)KeJible ll30T0ITI,I B0.l(0p0.l(a 
4H-7H M0)KeT CTaTb 

BaJKHIJM 3TalI0M B pa3BllTllH 3TOH o6JiaCTH H.l(epHOH HayKll. HHTepec K CBepXTH)KeJIJ,IM 

B0.l(0p0.l(aM H qiopMyJIHpOBKll C00TBeTCTBYIOIUHX rrpo6JieM cymeCTBYIOT y)Ke ,l(aBH0. 

O.11.HaKO, HeCM0'I'pH Ha IT0'ITH cop0K!IJleTHIOIO HCT0plllO llCCJie.l(OBaHllil:, Ha cero,l(HHIIIHllH 

,l(eHI, 3KCrrepHMeHTaJIJ,HIJe ,l(aHHIJe 0 CBOHCTBax 3TllX ll30T0IT0B 3aqacry10 

rrp0THB0pe'IHBhl. He HBJIHeTCH llCKJIIO'IeHHeM H cnyqaii ll30TOrra sH. 

C K0HUa 60-x r0,1(0B IT0HCK H30Torra SH He ,l(!IJI y6e.l(llTeJIJ,HI,IX pe3yJIJ,TaTOB. C 

K0HUa 90-x rD.l(0B HHTepec K 3TOH TeMe rrepe)KHBaeT «peHeccaHC», CBH3aHHI,IH C 

6hlC1'phlM pa3BHTHeM TeXHllKll 3KCrrepHMeHT0B Ha rry'IKaX PMH0aKTllBHbIX H.l(ep. B 

IT0CJie,l(HHe r0,!(1,1 B HeCKQJIJ,KllX Hay'IHhlX uetrrpax 6hlJI rrpoBe,l(eH pH,!( 3KcrrepHMeHT0B 

«H0B0ro lI0K0JieHIIH» (pernc'I'paUIIH HeCK0Jil,KllX rrpo.l(yKT0B peaKUHll C BhlC0KllM 

aKcemaHCOM), ,naBIUHX, K CQ)KaJieHHIO, rrpOTHBope'IHBIJe pe3yJII,TaTI,J. Bo3HHKJia 

He06XOJl.HMOCTI, KaK B lI0Hlll\faHHH B031\fQ)KHI,JX qJH31l'IeCKIIX rrpH'IHH B03HllKIIIllX 

TPY.llHOCTeil:, TaK H B qiopMyJIHpOBKe 3KCrrepHMeHTaJIJ,Hl,JX 3a,l(a'I, pe11IeHHe K0T0pbIX 

lI03B0JlllJI0 61,1 llX rrpe0,l(0JieTb. 

lleJiblO pa6oT, B0IUe,l(IUllX B ,l(HCCepTaUlllO, HBJIHeTCH my'IeHHe HerrpepbIBH0ro crreK'I'pa 

SH MH pa3perneHIIH cymeC'l'BYJOIUeil: rrpOTllBOpe'IHBOH CHryaUllll C IT0JI0)KeHHel\f 

C0CT0HHHil: B Hel\f. B CBH3H C 3THM B ,l(HCCepTaUll0HHOH pa6oTe CT3BHTCH H pemaIOTCH 

CJie,gyromue 1a,gaqu: 

t6 !,-e;, ~uie;ir,1ir :m:rcnn~ 
;:, pr :1TX 1::·cr!J1 L CTI(:Hlli: 

l~: JS j-~J ~l~''l :~~~l'{1:\ 
------ --------- -------



• C11cTeMa 
5
H · IICCJie.n.yeTCH TeOpeT111IeeKH B 1J)eX'IaCTllqHQH t+n+n M0)].eJIH. 

Pacc~rnTf)HBaIOTCH CBOHCTBa OCH0BH0ro 112+ C0CT0HHIIH 11 .n.y6JieTa 5/2+ - 3/2+ 

HlllKHHX B036ylK)].eHHbIX COCTOHHHH . .[{eMOHCTf)HpyeTCH, ~o T.K. Bee C0CT0HHHH B 

CIIeKTf)e 
5
H )].0CTaToqno nmpmme, Ha6mo.n.aeMbie CBOHCTBa CHCTeMbl MOryT 

CHJibHO 3aBHCeTb OT MexaHH3Ma peaKIIIIH H )].JIH Ha.n.ei1rnoro 3aKJIIOqeHHH 0 

II0JI0lKeHHH 0CHOBHOro C0CTOHHIIH 
5
H H Heo6xo.n.nMbl )].eTaJibHbie 

KOppeJIHIIHOHHb!e H3MepeHHH. 

• IlpOBO)].HTCH 3KCrrepnMeHTaJibHble HCCJie)].0BaHHH peaKIIHH rrepe.n.aqn .11.BYX 

HeHTflOHOB 
3
H(t,p)5H na rrepBnqHoM rryqKe TflHTOH0B c 3Heprnew 57.7 M3B c 

. IICIIOJib30BanneM lKH)].KOH Tf)HTHeBOH MHIIIeHH. PaCCl\faTf)HBa!OTCH co6blTHH B 

K0T0pbIX H)].epa OT)].aqn (11pOTOHbI) BblJieTa!OT 110)]. MaJibIM yrnoM B HarrpaBJieHHH 

Ha3a)].. BoccTaHaBmrnaeTCH II0JIHaH KHHeMaTnqeCKaH KapTHHa .peaKIIHH; CIIeKTf) 

3Heprnn 
5
H H K0ppeJIHIIHOHHbie CIIeKTf)bl )].JIH 11po.n.yKT0B ero pac11a.n.a 

II0Jiyqa!OTCH H3 pernCTf)aIIHH Tf)OHHblX p-t-n H qeTBepHblX p-t-n-n COBIIa)].eHHH. 

• Pa3BHBaeTCH 4)0pMaJIH3M · )].JIH aHaJIH3a K0ppeJIHIIH0HHbIX 3KCIIepnMeHTaJibHb!X 

.n.aHHblX H3 pacrra.n.oB BbICTf)OeHHbIX Tf)exqacTnqHbIX CI!CTeM co CIIHH0M; 

Pa3pa6aTbIBaeTCH MeT0)].HKa K0ppeKTH0ro BBe)].eHHH rrorrpaB0K na 3qJ<j)eKTHBHOCTb 

perHCTf)aIIHH, C II0JIH0IIeHHbIM yqeTOM KoppeJIHIIHOHHOH KapTHHbl pacrra.n.a 

n3yqaeMOH CHCTeMbl. 

• Ha 0CH0Be II0JiyqeHH0fO <j)opMaJIH3Ma aHamnnpyIOTCH )].aHHbie H3 peaKIIl!H 

3
H(t,p)5H. Pe3yJibTaTbl aHaJIH3a 3KcrrepnMeHTaJibHb!X .n.aHHb!X Bb!palKaIOTCH B 

aHaJIHTnqecK0M Bl!)].e, He 1'pe6y10111eM rrpn )].aJibHeHIIIeM «IICII0Jib30BaHHH» 

(HarrpnMep, rrpn cpaBHemrn C Teopnei1.) 3HaHJIH oco6eHHOCTei1. 

3KCrrepnMeHTaJibHOH ycTaH0BKH. I10Ka3bIBaeTCH, qTo B 3TOH peaKIIIIII 3aceJIHeTCH 

B 0CH0BH0M HH3KOJiel!Ca11111i1. .n.y6JieT 5/2+ - 3/2+. Ha 0CH0Be aHaJIH3a 

HHTep<j)epeHIIHOHHOH Kapn!Hbl ycTaHaBJIHBaeTCH, ~o 0CH0BH0e 1/2+ C0CT0HHHe 

5
H Haxo.n.nTCH rrpn 3Heprnn -1.8 M3B 

HayquaH 110B113Ha pa6oT, B0IIIe)].IIIHX B .n.nccepTaIIH!O, 3aKJI10qaeTCH B CJie.n.y10111eM: 

I. BrrepBble B 3KCIIepnMeHTe 3HepreTnqecKHH CIIeKTf) 
5
H 6brn 6brn H3MepeH )].0 5 

M3B C Bb!C0K0H CTaTHCTHKOH II pa3perneHHeM, qTo C)].eJiaJI0 B03M0lKHblM 

2 

.11.eTaJibHblH KoppeJIHIIH0HHb!H auanm. DblJia Ha6mo.n.eHa BeCbMa CJI0lKHaH 

KoppeJIHIIHOHHaH KapTHHa. 

2. Auanm KoppeJIHilHH II03BOJIHJI Bb!)].eJIHTb 113 nenpepbIBHoro CITeKTf)a BKJia)]. 

COCTOHHHH C pa3HbIMH .I'. llcnoJib3yeMblH rrpn 3TOM MeTO)]. ananornqen 

KJiaccnqecKOMy KOppeJIHIIH0HH0My MeTO.n.y 011pe.n.eJieHHH yrnoBoro MOMenrn 

H)].epHO-HeCTa6HJibHOro COCTOHHHH, 3aCeJIHeMoro B peaKilHH C «nyJieBOH 

reOMeTf)Heil» HJIH B IlpHM0H peaKilnn. O.n.naKo, Mbl BIIepBb!e .n.eMOHCTf)HpyeM 

IIpnMeHHMOCTb H 34)4)eKTHBHOCTb 3TOro MeTO)].a B I1pHJI0l!CeHHH K CHCTeMe, 

pacna.n.aiomeilcH B nerrpepwBHbIH cneKT{l Tf)ex TeJI. -

3. MHoroMepHbie KOppeJIHIIHOHHble 3KcrrepnMeHTaJibHbie )].aHHble rrpe.n.CTaBJieHbl B 

BH)].e pa3JIOlKeHHH no aHaJil!THqecKHM <PYHKilHHM C yqi:ToM . HCKaJKenni1., 

CBH3aHHbIX C pa6ornti: )].eTeKTOpHOH CHCTeMbI. Pa3JIHqHbie acneKTbl TaKOro 

aHaJIH3a BCTf)eqaJIHCb II panee, HO IlOJIHOIIennoe paCCMOTf)eHne CTOJib CJIOlKHOH 

KOppe!IHIIHOHHOH KapTHHbl rrpo.n.enano BrrepBbie. 

4. IlOJIOl!CeHne OCHOBHoro COCTOHHHH 
5
H orrpe)].eJIHeTCH KaK -1.8 M3B C BblCOKOH 

crerreHbIO Ha)].el!CHOCTH. 3Ty qaCTb rrpo6JieMbl 5H MOlKHO cqHTaTb, TaKHM 

o6pa30111, 3aKpblTOH. 

IlpaKTHqecKaH ueHHOCTL. 

• 

• 

B .n.aHHOH pa60Te rnnpoKHe rrepeKpb!BaIOI11HecH COCTOHHI!H 

crreKTfle Tf)exqacTHqnoti: cnCTeMbI H.D.eHTn!pn11npy10TcH no 

B HerrpepbIBH0I\I 

KOppeJIHIIHHIII B 

011pe.n.eJieHHOH KOop.n.nnaTHOH CHCTe111e. TaKaH B03MOlKHOCTb BO MHOroM CBH3aHa 

c BbI6opoM reOMeTf)HH («HyJieBM reOMeTf)HH») n oco6ennoCTHMH MexaHH3Ma 

peaKilnn («rrpHMaH 11epe.n.atJa»). Ilpn111eHenne pa3pa6ornnnoro Mern.n.a, TaKHM 

o6pa30M, He orpaHH'IHBaeTcH CHCTeMoti: 
5
H. B6JIH3H H 3a rpan1111aMH HeHTf)OHHOH 

II IIpOTOHHOH CTa6HJibHOCTH 3acenen11.e HerrpepbIBHoro CIIeKTf)a Tf)eX II 6onee TeJI 

HBJIHeTCH CKopee PH.11.0BblM HBJieH11.e111, '!ell! 3K30THKOH. Han11.q11.e 3)].ecb 06111ero 

MeTO)].a, 1103BOJIHIOI11ero rrpn orrpe.n.eJieHHblX ycJI0BHHX orrpe.n.em1Tb CIIHHbI 

COCTOHHHH HBJIHeTCH BeCbMa IIeHHbIM. 

B COBpeMeHHOH H.D.epHoil 4)H3HKe CTaH0BHTCH cy111ecTBeHHOH rrpo6JieMa 

«HeBocrrpOH3BO)].HIIIOCUI» 3KCIIepnMeHTaJibHblX .n.aHHblX. OHa COCTOHT B TOM, ~o 

)].JIH CJIOlKHblX rrpo11eccoB, .n.aIOIIlHX HeCK0JibKO qaCTHII B K0HeqnoM COCT0HHHH, 

3 



MHOrne 3KCITepHMelffallI,Hbie ,naHHbie ITpe,nCTaBmlJOTCll B TaKOM BH,!le, 'ITO ITpllMOe 

cpaBHeHHe C HlIMH He B03MO)KH0 BCJie,nCTBHe CJIOlKHI,IX ITOITpaBOK, BHOCHMI,IX 

aKceIITaHCOM lI :iqiq>eKTHBHOC'fI,IO ,neTeKTOpHhlX CHCTeM. Tpe6yeTCll ,nocryIT K 

ITporpaMaM-CHMYJillTOpaM 3KCITepHMeITTanhHI,IX yCTaHOBOK. TaKal! cnryaIIllll 

MeTO,!llfqeCKH Hey,noBJieTBOpHTeJibHa. B ,naHHOll pa6oTe l\,IHOrGMepHhie 

KOppeJilllllIOHHbie 3KCITepHMelITanhHI,Ie ,naHHI,Ie «oqm11eHhl» (HaCKOJlhKO 3TO 

B03MO)KH0) OT HCKalKeHHll, CBl!3aHHhIX C pa60TOll ,neTeKTOpHOll CHCTeMhI lI 

npe,nCTaBJieHhl B BH,ne aHanHTHqeCKHX BbipalKeHHll, qro ,neJiaeT B03MOlKHhlM HX 

,nanhHeiimee He3aBHCHMOe HCITOJII,30BaHHe. · · 

Anpo6auuH pa60Tbl. Pe3yJII,TaTbI ,nuccepTaIIHOHHOH pa60TI,I 6bIJIH ITpe,nCTaBJieHhl Ha 

CJie,nyJOIIIHX COBeIIIaHHllX H KOHq>epeHIIHl!X: 

• MelK,!lyHapo,nHal! KOHq>epeHIIHll 3rd International Conference on Exotic Nuclei 

and Atomic Masses, ENAM 2001 (2 - 8 HJOJill 2001 r., X3MeeHJIHHHa, 

Cl>HHJillH,!lHll ). · 

• MelK,nyHapo,nHal! KOHq>epeHI.\Hll Joint Study Weekend HALO'2002 (14- 16 HJOHll 

2002 r., Chalmers University of Technology, rere6opr, lllae11Hll). 

• VIII MelK,nyllapo,nHal! KOHq>epeHIIHll Nucleus - Nucleus Collisions (MocKBa, 

PoccHll, 17-21 HJOJill 2003 r.) 

• MelK,!lyHapo,nHal! KOHq>epeHllHll International Nuclear Physics Conference INPC 

2004 (27 lIIOHll - 2 HJOJill 2004 r., rere6opr, lliBeIIHll) 

• MelK,!lyHapo,nHMil: CHMIT03lfYM EXON-2004 (5 - 12 HIOJill 2004 r., Ilcreproqi, 

PoccHll) 

Ily6JIHK3UHH. Ilo pe3yJII,TaTaM HCCJie,!lOBaHHH, COCTaBHBIIllIX OCHOBY ,!llICCepTalllIII, 

ony6JIHKOBaHO 5 pa60T. pe3yJII,TaThI, BOIIIe,!lIIIHe B TIH pa6oTbI, 6hIJIH IIOJiyqeubl 

aBTopoM B rrepHO,!l 1999 - 2005 IT. 

CTpyKl)'pa H 061.eM JlHCCepTauun. ,n:uccepTaIIlIOHHal! pa6oTa COCTOHT ll3 BBe,neHHll, 

I1llTlI rJiaB, 3aKJIIOqe11Hll lI H3JIOlKeHa Ha 71 CTpaHHIIe MaIIIHHOIIHCHOrO TeKCTa, BKJIJ0q3ll 

25 pHCYHKOB, 5 Ta6JIHll ll CIIHCOK JIHTCparyphI lI3 57 HaHMeHOBaHHH. 

4 

CO.l1:EPJKAHHE P AliOThl 

IlepBaH rJiaBa ITpe,ncTaBJilleT co6oii BBe,neHHe, r,ne o6ocHOBaHa aKryanhHOCTh 

- ,naHHI,IX ITO TeMe ITOCTaBJieHHhIX 3a,naq, co,neplKHTCll o63op 3KCITepm,IeHTaJihHI,IX 

,nHccepTaIIHH, lI Cq>OpMyJIHpoBaHa lleJII, pa60Thl. 

B Ta6JIHIIe l ITpHBO,!lllTCll 3KCITepHMeHTaJII,HI,IX ,naHHbie ITO OCHOBHOMY 

COCTOllHHIO 5H. Pe3yJihTaThl )1aJKe HC)1aBHHX 3KCIIepHMCHTOB Hax0)1l!TCll B IIpOTHBOpeq1m .11pyr 

c.11pyroM. 

Ta6JIHU:a 1. IlapaMeTPhI OCHOBHOro COCTOllHllll 5H, ITOJiyqeHHI,lC B pa3JIIIq!fI,JX pa6oTax. 

Pa6orn Er (M:iB) 

[Ade67] > 2.1 

[You68] 2.15 

[Gor91] 7.4 ± 0.7 

[Ale95] 5.2 ± 0.4 

[KorOl] 1.7 ± 0.3 

[Gor03] 5.5 ± 0.2 

[Gol03] 1.8 ± 0.1 

[Mei03] 3 

[Ade67] - E.G. Adelberger et al., Phys. Lett. B25 (1967) 595. 

[You68] - P.G. Young et al., Phys. Rev. 173 (1968)-949. 

[Gor91] - M.G. Gornov et al., Nucl. Phys. A531 (1991) 613. 

r (M:iB) Mcro.n 

3He('He,n}'Be 

1.5 3H(t,p)'H 

8 
9Be(1t",pt or dd)5H 

4 'Li(0Li,"B)'H 

1.9 ± 0.4 p(0He,2p)°H 

5.4 ± 0.5 9Be(1t",pt or dd)5H 

< 0.5 3H(t,p)'H 

6 "C(0He,'H)X 

[Ale95] - D.V. Aleksandrov et al.,, Proc. Int. Conf. on Exotic Nucl. and At. Masses, Aries, France, June 

19-23, (I 995) 329. 

[KorOI] - A.A. Korsheninnikov et al., Phys. Rev. Lett. 87 (2001) 092501. 

[Gor03] - M.G. Gornov et al., JETP Lett. 77 (2003) 344. 

(Gol03] - M.S. Golovkov et al., Phys. Lett. B566 (2003) 70. 

[Mei03] - M. Meister et al., Nucl. Phys. A723 (2003) 13; Phys. Rev. Lett. 91 (2003) 162504. 

Bo BTOpoii rJiaBe KpaTKO paccMarpHB3eTCll TeKymee COCTOl!HHe TeopeTHqeCKHX 

HCCJie,nOB3HHH SH lI rrpHBO,!lllTCll pe3yJihTaThl SH pacqe-roB B paMK3X TpexqacruqHoii 

t+n+n Mo,neJIH OCHOBaHHOii Ha MeTO,ne rnrrepcqiepHqecKHX rapMOHHK (rr). 

CaepxTlllKeJIUll Bo,nopo,n SH OTHOCHTCll K TaK Ha3bIBaeMbIM «.neMOKpaTHqecKHM» 

pacrra,nqHKaM - CHCTeMaM, Ml! OIIHCaHHl! KOTOpb!X Tpe6yeTCll ITPHBJieqeHHe 

TeopeTHqecKoro arrrrapaTa TeOpllll HeCKOJII,KHX TeJI. IlOHllTHe ,neMoKpaTifqecKOro 

pacITa,na 6bIJIO BBe,neHO B KOHIIe 80-x IT. ,!lJill OIIHCaHHl! ua6JIJO,naeMhlX pacrra,nHhlX 

5 



CBOHCTB COCTOHHHH 6Be. .[(eMOKpaTll11H0CTh 011peJ:(eJIHeTCH :mepreruqecKHMH 

ycrroBHHMH pac11aJ:(a (HeJ:(OCTY11H0CTh. 11ocrreJ:10BaTerrhHOH farnapHOH MOJ:(hl pacrraJ:(a 

qepe3 11poMe)l(yroqHhie CTaIJH0HapHbie HJIH KBa3HCTaIJM0HapHh!e COCTOHHllH). 

Ta6mm:a 2. ITapaMeTphl H!i3KorreJKamnx COCTOHHIIH 
5H, rrorry<leHHh!e B pa3rrU'lHhIX 

TeopeTH'lecKnx rrom-o.nax (MO - Mo.nerrb o6oJIO'leK, MPf - Mern.n pe3om1py10mnx rpyrrrr, 

MfK - MeT0.11 re11epaT0pHbIX Koop.11n11aT). Bee aerrH'lllHbl .naHbl B ]\,faB . 

.f' = 1/2+ .f' = 3/2+ 

Pa6orn MeTOJ:l 
ET r ET 

[Bev81] . MO 5.5 

[Pop85] MO 10.5 

[Gor89] IT 5 Terr 

[Fil99] MPf ~6 >4 

Pa6orn 1 ff 3 Terra 2.7 -3 -6.6 

[Des0l] MfK -3 1-4 

[Tim02) ff 5 TeJI -2 

Pa6orn 2 ff 3 Terra 1.5-5 1-6 
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B Ta6m11Je 2 .naeTCH CB0J:(Ka pe3yrrhTaT0B 110 SH 11orryqeHHh!X B pa3rr11qHh!X 

Teopen1qeCKHX 110J:(X0J:(aX. CuzyaIJHH B IJerr0M J:(aJieKa OT corrracUH. Pe3yrrhTaTOM HalllHX 

TeopeTl!'IeCKHX 11ccrreJ:(OBaHIIH HBHrr0Ch 1101mMattue 011peJ:(erreHHhlX 11pHHIJIHlllaJihHh!X 

11po6rreM CBH3aHHhlX C sH. 

1) Cymecrnyer tteo11peJ:1eJieHH0CTh B BhJ6ope 110TeHIJI1aJia B 110)1Cl!CTeMe KOp-HyKJIOH 

(t+n). 3TO 11p0HCX0J:(HT BCJieJ:(CTBlle H113K0ro KaqeCTBa .naHHh!X 110 t+n pacceHHHIO II 

He0)1H03HaqHQCTII !IX aHaJill3a. Pe3yrrhTaT0M HBJIHeTCH tteo11pe.11eJieHHOCTh :meprHII 

0CH0BH0fO C0CT0HHIIH SH 11opH.11Ka 1 M3B. 

2) CoCT0HHIIH B SH M0fYT l!MeTh BeCbMa He06hJqHy!O 11p11po.11y. B COOTBeTCTBIIII C 

Teoper11qeCKHMll pacqeraMH, 0HH o6pa30Bh!Ba!OTCH, B 0CH0BHOM, He Bcrre)1CTBl!e 

6 

0rpa)l(eHHH OT HeKoero 6apbepa, a CKopee BCJieJ:(CTBlle CBH3ll KaHaJI0B ll MeJ:(JieHH0ro 

J:(Bll)l(eHHH HaJ:( oqeHh rrmp0KHM (B J:(aHH0M CJiyqae KOJIJieKTIIBHhlM) 6apbepoM. 

3) .n;a)l(e OCH0BH0e C0CTOHHHe SH 110JiyqaercH J:(0CTaTOqHo rrmpOKHM, a BpeMH )l(ll3Hll 

MaJihIM, BCJieJ:(CTBl!e qero B03HHKaeT B03MO)l(H0CTh CllJihH0H qyBCTBHTeJihHOCTH 

Ha6JIIOJ:(aeMh!X CBOHCTB C0CTOHHHH K MeXaHH3MY peaKIJHll. IlpH 3T0M Ha6JIIOJ:(aeMoe 

110JI0)l(eHHe 0CH0BH0r0 C0CT0HHHH MO)l(eT.«ITJiaBaTh» Ha I M3B II 6oJiee. 

4) 0J:(HO H3 011peJ:1eJieHHII C0CTOHHIIH B HJ:(epH0H q>ll3HKe C0CTOHT B TOM, qro CB0HCTBa 

COCT0HHHH He J:(0JI)l(Hh! 3aBHCeTh OT YCJIOBHH Ha6JIIOJ:(eHHH (HarrpnMep, Toro, KaK 

C0CT0HHHe 3aceJIHJIOCh). J(nH J:(0CTaToq110 Y3KHX COCTOHHHH He3aBHCllM0CTh crporo 

J:(0Ka3h!BaeTCH B BeChMa o6mnx 11peJ:(11orro)l(eHUHX. CJiyqafi SH JIBJIHeTCJI BepoRTH0 

11orpaHnqHhJM (a M0)l(eT II HaX0J:(HTCJI 3a rpaHhlO :noil: "J:IOCTaToq11oil: Y30CTH"). 

CoCTOJIHHH SH B 3TOM CMhlCJie 6oJiee crporo Ha3hIBaTh "crpyKzypaMH B KOHTHHyyMe" 

HJIH "oTKJIHKOM KOHTHHYYMa" - T.e. CBOIICTBaMn, CBR3aHHhIMH co B3aHM0J:(eHCTBHeM B 

K011eq110M C0CT0J!Hllll. 

5) He CM0TPR Ha YKa3aHHh!e 11po6JieMhl, TeopeniqecKHe pacqeTh! HMeIOT n CHJihHh!e 

CT0p0Hhl. K HaJ:(e)l(H0 paccqHTh!BaeMh!M 0TH0CJ!TCJI CBJ13h 110JI0)l(eHUH pe30HaHCa II ero 

rrmpnnhl, a TaK)l(e CBR3h CTPYKTYPhI n KopperrRIJnii 11pn pac11aJ:(e. B 3TOH CBR3H 6hIJIO 

YKa3aHo, qro KoppeJIHIJH0HHhle H3MepeHHH M0fYT BH0CHTh JICH0CTh B Tex CJiyqMX, 

Koma C11eKrp HHBapnaHTHOH ( OTCYTCTBYJOII{eii) MaCChl J:(aeT HHcpopMaIJHIO, 

J:(0IIYCKaIOII{YJO He0J:(H03HaqHYJO HHTep11peTaIJHIO. 

TpeTLH rJiaBa 110CBJ!ll{eHa pe3yJibT3TaM 3KC11epnMeHTa 110 113yqeHHIO SH B 

peaKIJHH 11epeJ:(aqn LIBYX HeHrpOHOB 
3
H(t,p)5H. 3Kc11epnMeHT rrpoB0J:(HJICjj Ha 

IJHKJiorpo11e U-400M Jla6oparnpnn JlJ:1ep11h!x PeaKIJni1 HM. r.H. <l>Jieposa. TpnrneBhlil: 

11yqoK C 3Heprnefi 57.7 M3B rpauc11opTHp0BaJICH 110 MOJ:(Hq>HIJHpOBaHHOII JIHHllll Macc

ce11aparnpa ACCULINNA B BaKyyMHYJO KaMepy, rJ:(e pa3Memannc1, rp11rneBM MnrneHh 

n J:1eTeKTop1,1 3apH)l(eHHbIX qaCTHIJ. JlnHHH Macc-ce11apaTopa TaK)l(e ncrroJI1,3osanac1, 

qro6hl yMeHl,IIIHTh yrJI0Boe pacxo)l(J:leHne H 3HeprernqecKYIO J:lllC11epcHIO HCX0J:(H0ro 

rpHTHeBoro rryqKa LIO 7 MPUJ:l H 0.3 M3B 110JIH0H rnnpn111,1 11a 110Jiys1,1coTe (FWHM). 

TpHTHeBh!H rryqoK co cpeJ:(Heii HHTeHCHBH0CTl,IO 3· 107 B CeKyHey, q>OKYCHpOBaJICjj B 5 

MM ITJITH0 Ha fa30BOH jjqeil:Ke KpH0reHH0II TPHTHeBOH MHllleHH. fa30BM Jlqei1Ka, 
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TOJIII\HHoii 4 MM, 3anomurnac1, lpHTHeM no,n ,naanettueM 860 M6ap u OXJIIDK)J.anac1, ,no 

25°K. 

3KcnepuMeHTaJILHID! ycTaH0BKa II0KaJaHa Ha Pnc. 1. Me,nneHHLJe 1IpOTOHLI, 

BLIXO}UIII\He Il3 MHllieHII B HanpaaneHHH HaJa,n 113MepJIJIHCb K0JILIIeBLIM 300 µM 

KpeMHI!eBLIM ,neTeKTopoM C aKTHBHOll 30HOH I!Meromeii · BHelIIHHll H BHyrpeHHilll 

,nuaMelpbl 82 MM u 32 MM, n 28 MM 11eHlpaJILH0e OTBepCTHe. ,[(eTeKTop 6Lrn ycTaHOBJieH 

B 100 MM He ,nOXO)UI ,no MHllieHII. Ilo3HIIHOHHID! qyBCTBHTeJILHOCTb o6ecneqnaaeTCJI 

cerMeHTaIIHeii Ha 32 KOJILIIa c o,nHOll n 32 ceKTopa c ,npyroii CTOp0HLI. Ilopor 

,neTeKTnpoBaHHJI ,nJIJI np0TOHOB 61,rn 1 M3B. TenecKOII ,nJIJI 3apmKeHHLIX qacTHII, 

,nBmKyll\HXCJI a HanpaBJieHHH Bnepe,n 61,rn ycTaH0BJieH a 150 u 220 MM IIOCJie MHllieHH a 

,nayx pa3JIHqHJ,IX cepHJix H3MepeHHll. TeneCKOII COCTOJIJI H3 qerLJpex KOJILIIeBLIX 

KpeMHHeBbIX ,neTeKTopoB TaK0ro )Ke pa3Mepa, KaK npoTOHHblll ,neTeKTop. TOJIII\HHbl . 

,neTeKT0pOB, HaqlJHIDI OT BX0,na COCTaBJIJIIOT 300 µMu 3 no 1 MM. ,[(Be CTOpOHbl nepaoro, 

300 µM ,neTeKTopa, cerMeHTIIpOBaHbl Ha 16 KOJieII u 16 CeKTopoB. 

----~· 

@~~--.,..· 
' vacuum chamber 

Puc. 1. CxeMa JKcnepHMeHT3JlbHoli ycmHOBKII. 

11,neurnqmKaIIHJI qaCTHII a nepe,nHeM TeJieCKOIIe ocymecTBJIJIJiaCL CTau,napTHLIM 

~-E MeTO,nOM. HeiilpOHbl ,neTeKTIIpOBaJIHCb 48-IO CIIHHIIHJIJIJIIIHOHHLIMII Mo,nynl!MH 

apeMJinponeTHoro cneKlpOMelpa DEMON. Mo,nynn DEMON a 6LJJIH ycrnuoaneHLI 

Ha paCCTOJIHIIII 2.5 MOT MIIllieHH B yrnoBOM ,nnanaJOHe elab= 5°-40°. 
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I. 

B pa6oTe paCCMalpHBa!OTCll. a 0CHOBHOM lpOHHbie p-t-n C0Bna,neHIIll. 

,[(eTeKTupoBaHIIe TaKIIX co6LITHH o,nH03HaqHo 11,neHTmpu1111pyeT p+
5
H BblXO,nHOll Kattan 

H ,nenaeT B03MO)l(H0ll ·noJIHYIO KHHeMaTuqecKyIO peKOHClpYKIIHIO. ITpe,ncTaBJieHIIe 

,naHHbIX B CHCTeMe 11eHlpa Mace (11.M.) t+2n l!BJllleTCll Ha116onee no,nXO}UIII\HM. j:vrn 

II0IICKa pe30HaHC0B B 
5
H. OCb Z BbI611paeTCll B,nOJib HanpaBJieHIIll (2/3)kbeam + kp, 

KOTOpoe l!BJIJieTCll uanpaBJieHHeM nepe,naim HMIIYJILCa B aHTrrna6opaTOpHOll CHCTeMe. 

HeKOTOpLie npe,nCTaBJieHHll 3KC1IepIIMeHTaJibHLIX ,naHHLIX B 3TOH CHCTeMe 1IpHBe,neHLJ 

Ha Puc. 2 (ESH - 11.M. 3Heprnll 
5
H, Enn - :meprnll OTH0CHTeJILH0ro ,nBH)l(eHHll ,nJill 

HelllpOHOB, et Hen - IIOJillpHLie yrnLI lpHTHll II O,nHOfO H3 HelllpOHOB). 

~ 
~ 
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150 180 0 ~~ 

"' 

1000 

800 

E 600 
(\) 
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30 

0,0 
0.2 

0.4 ;,;-
0.6 ~ 

0.8 <,;/ 
1.0 // 

0 "' 

Puc. 2. PacnpeJJ.erreH11e JKcnep11MeHTaJibHblX 5H co6blTHli JJ.JIH peaKUHH 
3
H(t,p )5H noKa3aHo Ha 

IlJIOCKOCTHX {EsH, 0,} 11 {E •• I Em, e.}. 

B yrnoBOM pacnpe,neneuun lpHTOHOB lpll OClpblX IIHKa na6JIIO,na!OTCJI a 

IIIHp0KOM ,nIIaliaJOHe 3Hepruii EsH- 3TH IIHKH CBl!3aHLI C 3aceneuueM B036y)l(_neHHLIX 

COCTOl!Hllll B 5H, qJ,j! ClpyKTypa - B OCH0BHOM lpHTOH B d-BOJIHe. MO)l(HO 3aMeTIITL, qTO 

npu MaJILIX £ 5" «caTeJIJIHTHLie» nuKH (ttanpaaneuHJI anepe,n u HaJa,n) IIcqeJaIOT 11 

OCTaeTCJI TOJILKO IIHK npn 81 - 90°. 3To H3Menenne ue CBJI3aHO C 3q>q>eKTHBHOCTLIO, a 

l!BJIJieTCJI pe3yn1,TaTOM IIHTepqiepenunn B036y)l(,neHHLIX COCTOJIHHH B 
5H C OCH0BHLIM 

COCTOl!HHeM 1/2+. 

OcHOBHOll qepTOll HelllpOHHLIX pacnpe,neJieHHll, IIOKaJaHHLIX Ha Pnc. 2, 

JIBJilleTCJI KOHIIeHlpaIIHJI BepOJITHOCTH npH HII3KOH 3HeprHH Enn. 3TO, oqean,nno, 

CBll3aHO C CIIJILHLIM n-n B3aHMO,neiiCTBHeM B K0HequoM COCTOJIHHH (BKC). B 3TOH 
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qacn1 crreICTpa yrnosoe pacrrpe.neneHue TalOKe HMeeT TPH rruKa, uarrpllMYIO CBl!JaHHhIX c 

TPeMJI ITHKal\m s TPHTOHHOM crreICTpe. L(eiicTBHTeJJbHO, s npe.uene Enn -+ 0 

IIH.UHBil.UYaJJbH0e .UBHJKeHue HeHTPOHOB pe.uyu:upycrcl! .no .UBIIJKeHilll O.UHOro 

«.uuueiiTPOHa», KOTOpblll HMeeT TaKOe )Ke yrnosoe pacrrpe,neJJeHIIe B Il;.M. CllCTeMe 5H, 

qTQ II TPHTOH. Ilpu 6oJJbIIIIIX Enn 3Heprlll!X, HefiTPoHHOe pacrrpe,neJJeHHe IIMeeT .UBa 

nHKa. 3To llBJllleTCJI rrpol!BJJeHHeM p-BOJJHOBOro .UBIIJKeHill! IIH.UllBH.UYaJJbHbIX 

HeHTPOHOB, qTo JIBJJJieTCJI OJKH,naeMbIM CBOHCTBOM 5H. 

CIIJJbHO OCD;HJIJJIIPYIOII(Ile yrnoBbie pacrrpe,neJJeHIIJI TPIITOHOB (Tpll ITIIKa) H 

HeHTPOHOB (.usa ITHKa) MOryT HMeTb .usa o6bl!CHeHIIJI. OHII MOryT (i) B03HllKHYTb Ja 

cqer cneu:ucpuqecKoro MexaHHJMa peaKD;Illl, IlJJil (ii) OHII MOryT llBJJJITbCJI rrpOJIBJJeHileM 

COCTOJIHIIH B 
5H. Pacqfubl, BbIIIOJJHeHHhle .UJJJI peaKU:Illl 3H(t,p )5H B M0,nenu 

IiopHOBCKOro rrpu6JJuJKeHHJI c IlCKaJKeHHb!Mll BOJ!Hal\lll (DWBA), noKaJhIBaIOT, qTQ 

rrepsoe o6Mcueuue secbMa ue rrpas.nono,no6Ho. B cnyqae (ii) ,nnJI nonyqeHill! TaKHX 

CIIJlbHblX 0CU:HJJJIJIU:Illl, KaK Ha PIie. 2, TPe6yeTCJI BbIII0JJHeHHe u:enoro pJI,na ycJJ0Billl. 

I) PeJOHaHCHble C0CT0J!Hllll JaCeJJJIIOTCll B peaKD;IlJIX nepe,naqll npll ycJJ0Billl <<Hynesoii 

reoMeTPIIIl». 5!.npo B HHTepecyIOll(eM pe30HaHCHOM C0CTOl!Hllll IlCnycKaeTCll 

(rrpIIMepHo) rrpu HyJJeB0M u;.M. yrne. TalOKe, Heo6xo,nIIMO, ~06bl TOJlbKO qaCTilU:bl C 

HyJJeBblM CnllH0M yqacTB0BaJJU B JaceneHilll II pacrra.ne :noro COCTOJ!Hllll. HanpIIMep 

npII 113yqeHI1Il a-a Koppenl!U:HII .UJJJI qacTHU:, ucnymeHHhIX B .usyxcryneHqaToM 

npou;ecce. «IIepBaJI» ucnymeHHaJI a-qacTIIU:a .UeTCKTilpyeTCll no.u yrnoM MaKCIIMaJJbH0 

6JJH3KIIM K Hymo, rrpII JTOM yrnosoe pacnpe.neneHIIe «BTopoii» a-qaCTuu;u IIMecr 

npOCTOll CIIJ!bH0 ocu;1rnm1py10ll(Illl BII.U, xop0III0 OIIIIChIBaeMblll n0JJIIH0M0M 1Pt(0)J2. 

2) Ocu;IIJJJJIIPYIOII(Ile yrnos1,1e pacrrpe,neJJeHHJI M0ryT Ha6JJIO.UaTbCJI B cnyqae npJIMI,IX 

peaKu;Illl. KaK II B npe,n1,1,nymeM CJJyqae, Heo6xo,nHMO, ~061,1 TOJlbKO qacTIIU:bl C 

HYJJCBbIM cnHH0M yqacTB0BaJJII B JaCeJJeHIIII II pacna.ue C0CTOJ!Hllll. Ho Tenepb 

K0ppeJJJIU:IIII na6mo,naIOTCll OTHOCHTCJJbH0 uarrpaBJJCHilll rrepe.nannoro IlMnyJJhCa. 

3) Ocu;IIJJJJHpyIOll(Ile yrnoBble pacnpe,neJJeHHll JJIIIIII, 0.UllH pa3 Ha6JJIO.UaJJIICI, B 

_ n 6 . d)110 •c )13c rr peaKD;IlJIX C ll,npaMII, IIMe!Oll(IIMil HeHyJJeB0II CIIIlH: C( LI, U g.s.• 03.UHee 

6blJJO II0KaJano, qTo 3T0T pe3yJJhTaT M0JKeT 6b1Tb o6bl!CHeH TOJlbKO B cnyqae 

:mepreruqecKoro Bblp0JK,neHilll II HHTepcpepeHD;IlII (no Kpaiineii Mepe) .usyx COCTOJ!Hllll C 

pa3Hb!MII cnnHaMII (B HaIIIeM cnyqae .U0JJJKHI,I IlHTepcpepupoBaTb C0CT0JIHHJI 

BOJ6yJK,nenHoro ,uy6ncra .f' = 312+, 5/2+). 
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4) OcHOBHOe C0CT0llHHe 5H nnoxo (no cpaBHeHIIIO C BOJ6yJK,neHHbIMII) JaceJil!eTCJI B 

peaKU:IIII .usyxHeHTPOHHOii rrepe,naqII ncne.ncrnIIe cTaTIICTilqecKoro cpaKTopa (2J+ I), a 

TalOKe KaK pe3yJibTaT "HeCThlK0BKil yrnosoro MOMeHTa". 

5) ITepe,naqefi cnI1Ha B peaKu;nu M0JKH0 npene6peqb. ITepe,naqa CIIIIHa M = I oJnaqaeT, 

qTQ .una HeHTPOHa rrepe,naIOTCll B C0CT0JIHIIIl OTH0CHTCJ!bH0fO .UBIIJKeHilll C 

OTPIIU:aTeJihHoii qeTH0CTbIO. CymeCTByIOmnii orrhIT 113yqeHilll peaKu;Ilii nepe,naqu 

rroKaJbIBaeT, ~o «nepe,naqa .UIIHCHTPOHa» (M=O) llBJIJleTCll ropaJ,no 6onee 

npe,nnoqTIITCJJbHblM KaHaJJ0M peaKD;IIII. 

6) HyJKHO, ~o6bI K0MnoHeHTa B<I> {L=2,Sx=O,lx=O,ly=2} .U0MHHilposana B pacna.ne 
5
H 

(L - noJIHI,Ill yrrrosoii M0MCHT, IlH.UCKCI,I X Il y 0TH0CJITCJI K cnuHaM II yrnoBbIM 

M0MeHTaM IIO.UCilCTeM nn Il t-nn). TaKall K0MnOHeHTa B<I> C00TBeTCTByeT d-BOJIHOBOMY 

.UBIIJKeHIIIO TPHTIIJI B 5H. Ha ·To, qTo JTO TPe6osami:e y,noBJieTBOplleTCJI, yKaJbIBaIOT 

TeopcrI1qecKI1e pacqfubl 5H, 6He II JKcnepuMeHTaJJhHbie peJyJihTaTbI no pacna,naM 

po,ncTBeHH0ro C0CT0l!Hllll 2+ B 
6
He. 

B qeTBCpTOH rJJaBe npHB0.UHTCJI cpopMaJJil3M IlCnOJib30BaHHblll Ml! aHaJJIIJa 

3KCI1epI1MeHTaJJbHblX ,naHHbIX, paccMaTpIIBalOTCll KaqecTBCHHbie acneKTbl Koppelll!Il;Hll, 

,naHbl rrpou:e.uypa Il 0CH0BHble pe3yJibTaThl aHaJJI!3a. 

B HaIIIeM aHaJJIIJe ,naHHblX Mb! rrpe,nrrOJI0JKIIJIIl, ~o aMilllllTY.Uhl pacrra.ua 

cpaKrOpll3YIOTCJI Ha qJieHbl OITilCbIBa!Oll(IlC BHYTPeHHee .UBHlKCHile 
5
H ( onHCbIBalOTCll 

pa3JI0JKCHill!Mll no mrrepccpepI1qecKUM aMIIJIIITY.UaM) Il qJieHbl orneqa!Qll(Ile 3a 

.UBillKCHile 5H KaK u;enoro ( 0IIHCbIBalOTCll p-MaTPHU:eii). ,[(eTaJJil 3KCrrepHMCHTaJJbHOll 

ycTaH0BKH (reOMCTPilll, 3cpcpeKTIIBHOCTH .ucreKTilpOBaHilll, rropom, napaMCTPhl nyqKa H 

MHIIIeHH, JHeprcruqecKoe Il BpeMeHHOe pa3peIIIeHilll Il T.,n.) yqnTb!BaJJilCb B MK 

CllMYJIJID;Illl. 113-Ja oqeHh CJI0JKHI,IX nonpaB0K na 3cpcpeKTHBHOCTb npl!M0e npuMeHeHue 

:X,-KBa.upaT npou;e.uypbl K aHaJII!3Y JTOro 3KCnepuMeHTa e.usa Jill B03M0JKHO. IT03TOMY 

rrpou:e.uypa no,nroHKil 6brna peanHJOBana HTepaTHBH0 c TPeMJI IIIaraMH s KaJK,nOH 

HTepau;IIIl: 

I) "BHYTPeHHIIe" pacnpe,neneHilll no E;,n no,nroHJIIOTCll no :X,-KBa.npaT no 0T.UCJ!bHOCT_H B 

uecK0JihKHX 6uHax no E5n. I1JBJieKaioTCll K03cpcpIIu;neHThI paJJI0JKeHHll aMnnury.n no 

runeprapMoHHKaM. 
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2) IIo,11roID1IOTCH yrnoswe pacITpe,11eneH1ur qaCTHU a CHCTeMe EsH (OITS!Th JKe, B 6HHax ITO 

EsH)- l13BJieKaIOTCH ITapaMerpbI p-Marpnuw. 

3) Co6npaercx HmpopMaUHH ITO 6HHaM H ITO,llroID!eTCH ITpO<pHJIJ, 5H CITeKrpa ITO EsH-

! 

0.2 0.4 0.6 0.8 

E_IE'H 
0.2 0.4 0.6 

E.IE'H 

100,---:--------i 
E,.=0-2 (a) 

MeV 

.o.s 0.0 o.s -0.S 0.0 0.S I 0 
cos(B,) cos(81 ) 

Puc. 3. YrnoBbie H 3HepreruqecKHe pacnpe.11eneHllil JIJUI sH MJI pa:iHbIX 3HepreTHqecKHX 6ttHax. 

PoM6bI - 3KCnepHMeHTllJibHbie ,llaHHbie, a cepble mCTorpaMMbl - pe3yJibTaThl MK pacqe-roB. ek - yroJI 

MeJK.Zzy .HK06HeBCKHMH BeKTOpaMH HMnyJibCOB B RK06HeBCKOH <ff»-CHCTeMe. BMeCTe C E •• I Em 
nepeMeHHaJI ek o6pa:iyeT .!IOCTaTOqHblH Ha6op nepeMeHHblX MJI onHCaHllil BttyrpeHHero ,llBHJKeHHJI -rpex

qaCTH'lHOH CHCTeMbl npH q>HKCHpOBaHHOH / Em. 

30 60 90 120 ISO 

0, (dgr) 
30 60 90 120 150 180 

0, (dgr) 
30 60 90 120 l50 

0. (dgr) 
30 60 90 120 ISO 180 

0. (dgr) 

Puc. 4. YrnoBwe H 3HepreruqecKHe pacnpe.11eneHHJI .ll/lll sH Ml! pa:iHwx 3HepreruqecKHx 6ttHax. 

PoM6bI - 3KCnepHMeHTllJibHbie ,llaHHble, a cepble mcrorpaMMbl - pe3yJibTaThl MK pacqe-roB. 

Ha Pnc. 3 u 7 ,lleMoHcrpHpyercx KaqeCTBO ITO,llroHKH 3KCITepuMeHTaJibHbIX 

,llaHHblX .llJIH pa3JiffqHblX pacITpe,11eneHUH. Ha Pnc. 4, 5, 6 u 7 ITOKa3aHbI 

BOCCTaHOBJieHHbie (ITOITpaBJieHHble Ha 3<p<peKTHBHOCTb) pacITpe,11eJieHiur. 
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Puc. 5. BocCTaHOBJieHHble (nonpaBJieHHble Ha 3q>q>eKTHBHOCTb) cneKTpbI no E •• Mll pa:JJIH'!HhlX 

3Hepmli EsH- CnJIOWHaJI cepaJI KpHBaJI OTBeqaeT CJiyqalO «qHCTOro» n-n BKC. 
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Puc. 6. BocCTaHoBJieHHbie (nonpaBJieHHble Ha 3q>q>eKTHBHOCTb) yrn0Bb1e pacnpe.11eneHHJI no 01 [naHeJih 

(a)] He. [naHeJib (b)]. CnJIOWHaJI, WTJlHXOBaJI, nyttKTHpHaJI H WTJ)HX-nyHKTHpHaJI KpHBble coorne-rcrny

lOT naHeJIJIM (a), (b), (c) H (d) Ha Pttc. 4. 

IIonHwii cITeKrp OTcyrcrnyIOmeil: Maccw 
5
H (Puc. 7) caM ITO ce6e rna,11KHil: H He 

co,11eplKHT HHKaKOro HaMeKa Ha OCHOBHOe COCTOHHHe. O,11HaKO, yrJIOBbie KOppeMUHH 

(Pnc. 4, 6) He MOJYf 6b1Th BOCITpOH3Be,lleHhl 6e3 ITpe,11ITOJIO)KeHJur O HaJiffqHH OCHOBHOfO 

1/2+ coCTOHHHH B o6naCTH 1.8 M3B. 
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Puc. 7. BepXH1IJI nattem,: BOCCTIIHOBJieHHblH cnelITp OTCyrcTB}'IOmeil MaCCbl 5H. CnnowHal! KpHB3ll -

pe3yJibTIIT <jlllTHpOBaHIUI (BX0/1Hble 11aHHble )1Jill MK CHMYJilll.llfH). llhpHXOBal! H nyHKTHpHal! KpHBble 

noKa3bIBalOT COOTBeTCTBeHHO BKJ!a)1 COCTOllHHll 112+ H .ny6nem 3/2+, 5/2+_ HHlKHllll naHeJib: 3KCnepH

MeHTaJibHblH cneKTp OTCYTCTByIOmeil Maccb1. 

B UHTOii rJiaBe o6cy)K):{aioTCH nonyqeHHble Hm.m pe3yJII,TaTI,I a TaK )Ke npOBO)lCTCH 

cpaBHCHHe C npe)lbl)lyII(HMH 3KCnepnMeHTal\m. 3)lCCI, )KC CO.llCP)KHTCH 3aKmoqem1e, r)le 

cqiopMynnpoBaHbI OCHOBHble 

pe3yJibT3Tbl )lHCCepTaQHOHHOii pafiOTbI: 

• BnepBbie B rpexqacn1qHoil: t+n+n MO)lenn 6nm TeopeTnqecKH HJyqeH 

HenpepbIBHbIH CilCKrp H)lpa 5H. JicnOJib30BaJICH MCTO)l rnnepcqiepnqecKHX 

rapMOHHK, npaBHJII,HO pa6oTaIOII(HH c cyII(eCTBCHHO rpexqacTnqHoii 

aCHMilTOTHKOH B HenpepbIBHOM CilCl\"Tpe 5H. fibIJIH npe.llCKa3aHbl CBOHCTBa 

OCHOBHOro 112+ COCTOHHHH n ay6nera 5/2+_312+ HII)KHHX B036y)K)leHHbIX 

COCTOHHHH; 

• DbIJIO IlOKa3aHo, qro, BCJIC)lCTBIIe 3HaqHTeJibHOH IIIHpHHbI COCTOHHHH B cneKrpe 
5
H, Ha6JIIO)laeMblC CBOHCTBa CHCTCMbl Moryr CHJibHO 3aBHCeTb OT MexaHH3Ma 

peaKllHH; 

• AHaJIH3 HMCBIIIHXCH 3KCnepHMCHTaJibHbIX )laHHbIX IlOKa3aJI, qro OHH He 

)lOCTaToqHI,I .llJ1H Ha)le)KHOfO 3aKJIIOqeHHH O IlOJIO)KCHHH OCHOBHOro COCTOHHHH 5H 

H Heo6XO)lHMbI )leTaJibHbie KOppeJIHQUOHHble U3MepeHHH; 
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• DbIJI pa3BHT q>OpMaJIH3M (Ha OCHOBe MCTO)la rnnepcqiepnqecKHX rapMOHHK II p

MarpHllbl) )lJIH aHaJIH3a KOppen»llHOHHb!X 3KCnepHMCHTaJibHbIX )laHHb!X H3 

pacna.llOB BbICTPOCHHbIX rpexqaCTIIqHbJX CHCTCM co cnHHOM; 

• Ha OCHOBC 3TOro q>opMaJIH3Ma 6bIJIH npoaHaJIH3HpoBaHbl )laHHbie II3 peaKllHH 

3H(t,p)5H npn Eiab = 57.7 M3B. ohIJIO noKmauo, qro B JTOii peaKllHH 3aceJIJ1eTCH B 

OCHOBHOM HH3KOJIC)KaII(Hll ay6JICT 512:-3/2+. Ha OCHOBC aHaJIH3a HHTepq>epen

llHOHHOH KapTHHbl 6bIJIO ycTaHOBJICHO, qTo OCHOBHOC 1/2+ COCTOJIHHC 
5
H 

Haxo.llHTCH B o6nacrn - 1.8 M3B. 
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