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Y'leHblH ceKpeTapb AHCCeprnu110HHOfO COBeTa 

KaHAHAaT <l>H311KO-MaTeMaTH'leCKl1X Hay~ 

0.61.IJ:MI. XAPAKTEPHCTHKA PAJiOThl 

A1qyaJibHOCTb npo6neMbl. E n aro.n.apll 3Ha'!11TenbHOMY rrporpeccy B 06nacT11 TCXHHKH 

BTOp11'1HblX IlY'!KOB 11ccne.uoaaHl1.JI CBOMCTB .!I)l.ep B6Jll1311 rpaHl1U HYKJIOHHOM 

CTa6HJibHOCTl1 B IIOCJIC)l.Hl1C ,[\CC.!ITHJICTH.!I IlOJlY'!HJIH HOBbIM HMilYJibC K pa3BHTl1IO . B 

'!aCTHOCTH, B o6naCTl1 MaJiblX Mace Heo6XO)l.11MO OTMCTHTb nocne,[\OBaTeJibHOCTb 

H30TOilOB renH.!I, 06na.n.a10mHX He06bJ'IHbIMH CBOMCTBaMH. 3Tl1 CBOMCTBa BKJIIO'la!OT B 

ce6ll renHeByIO aHoManHIO, HeMTPOHHoe ra.JJO H HapyrneHH.!I 06ono'!e'!11oil: CTPYKTyp&1. 

CornacHo o6ono'!e'!HOM M0,1\em1, ABa H30Tona, .n.ocTynH&Ie .n.nn 3KcnepttMeHTan&HbIX 

HCCJie)l.OBaHHM, 
4
He H '

0
He, .!IBJI.!IIOTC.!I )l.Ba)l()l.bl MarH'leCKHMH, T .e . o6na.n.aIOT 

3aMKHYTbIMH npOTOHHbIMH H Heil:rpoHHbIMH o6oJIO'IKaMH. 11:mTOilbl 
6
He 11 

8
He 

06na.ua10T, COOTBCTCTBeHHO, ABYXHCM1"pOHHblM rano H 'leTb!peXHeil:TpOHHblM «CKHHOM» . 

l130T0Ilbl 
5
•
7
•
9
•
10

He He CTa6HJibHbl OTHOCHTeJlbHO 3MHCCHH HeMTPOHOB H .UaIOT 

B03MO)f(HOCTb H3Y'!aTb 3aKOHOMepHocTH ll.UepHoil: CTPYKTYPhI IlYTeM H3MepeHHH 

KoppeAAUHM npOAYKTOB HX pacrra.ua. 

3Ha'IHTCJlbHbie orpaHH'ICHH.!I 11HTeHCHBHOCTH, xapaKTepHbie AAA BTOpH'IHbIX IlY'!KOB, 

CTHMynHpyIOT pa3BHTHe 3KCnepHMCHTaJibHbIX IIOAXOAOB, KOTOpbie npe.unonaraIOT 

IlOBbIIIIeHHe 3cp<t>eKTHBHOCTH H3MepeHHM. 3 Hepr11.!I nepBH'IHbIX IlY'!KOB, KOTOpbie MOfYT 

6b1Tb ycKopeHbI Ha UHKJIOTpoHe Y400M, cocTaBJI.!IeT HeCKOJlbKO .n.ecnTKOB MJB/ HyKJJOH. 

0THOCHTeJibHO HH3KHe 3HeprHH nepBH'IHblX H, COOTBeTCTBeHHO, BTOpH'IHblX IlY'!KOB, 

Il03BOJl.!!IOT 3<l><l>eKTHBHO HCIIOJlb30BaTb B HCcne.uosaHH.!IX KaK peaKUHH rrepe.ua1rn, TaK H 

peaKUHH BbI6HBaHHH HYKJIOHOB HJIH KJJacrepoa. B 3KcnepHMeHTaX ua ycTaHOBKe 

AKYJil1HA rnttpoKo ttcrron&JyeTCH yHHKan&HM TPHTHeBa.!I MHIIIeHb, II03BOAAIOJUM 

H3Y'!aTb '1pe3Bbl'laMHO HeH1"pOHOH36bITO'IHbie n.upa B peaKl..{H.!IX nepe,ua'IH .usyx 

Heil:TPOHOB c TpHToHa c ce'!eHHeM nopn,uKa cTa MK6/cp. ManM HHTeHCHBHOCTh 

BTOpH'IHhIX IIY'!KOB KOMIIeHCHpyeTCll HCilOJib30BaJrneM CHCTeM perHCTpauHH c 60JibIIIHM 

yrnOBhIM aKcenTaHCOM, '!TO II03BOJI.!IeT HJy'laTb 3TH .ll.Qpa B IIIHpOKHX .UHarra30Hax 

KHHeMaTH'leCKHX napaMeTpOB. 

Jis:oG .,,.,. c11• ell.Lil .. ~v41 
~-:~X.~-~ Tex. tPiOltHeTeH• ... J 



UeJihlO pa6oThI irnm1eTcJr: 

o Ha6mo)J.em1e cocTOlIHHH CBepxnrn<enoro H30Tona reJIHlI 
10

IIe B cneKTpe :rneprn11 

OTHOCHTeJibHOfO ABtt)!(eHIDI 
8He-n-n, IlOJT)"leimoro B pcaKL(1111 nepe)J.a'-111 HeHTpOHOB 

3
H(

8
He,p)

10
He; 

o l1ccneAOBaH11e 06onoyeq110H: CTPYKTYPhI ABa)!()J.bl Marn'leCKoro 
101 Ie nyrcM 

113MepeHttl! yrnOBh!X If 3HepreTH'!eCKHX KOppeJil!l(HH npOAYKTOB ero pac11a1~a ; 

0 3KcnepHMeHTaJTbHOe H3)"1eHHe MexaHH3Ma BbI6HBaHHl! HYKJIOllOB If J(JlaCTepoB KaK 

aJTbTepHaTl1BHOro MeTO)J.a IlOJT)"leHl1lI lIAep 3a rpaH11ueli HeHTpOHHOH CTa611JTbHOCTl1 

Ha np11Mepe peaKl(lflf KBa3HCB060AHOfO pacceHHIDl 
4
He(

6
He,2a)2n; 

0 3KcnepHMeHTaJibHOe l1CCJie)J.OBaH11e BJil1lIHl1lI B3a!fMOAeHCTB!fl! B KOHe'!HOM 

COCTOJIHIH! Ha ¢opMHpOBaH11e H113K03HepreT!f'-leCKOf0 cneKTpa 

HeHTpOHOl136bITO'!Hb!X lIAep; 

0 3Kcnep11MeHTaJibHOe lfCCJleAOBaH!fe TpexTeJThHblX a-n-n KoppeJIJ!l(HH, xapaKTepHblX 

)J.JllI OCHOBHOfO COCTOlIHIDl cna6oCBJl3aHHOfO 6oppOMl1eBCKOfO lIApa 
6
He, B peaKL(l1H 

KBa311CB060AHOfO BbI6!fBaH!flI a-'!aCTHl(bl 
4
He(

6
He,2a)2n; 

o CpaBHHTeJihHhJH aHan113 cneKTpos, nony'!eHHhIX B peaK1(11lIX Bb1611saH11l! 11 

nepe.11aYH, npHBOAlillll1X K o6pa30BaHHIO HeHTpOHOl136hITO'!HhlX HeCBJl3aHHhlX 

Cl1CTeM; 

B CBlI31f c )'Ka3aHHhIM!f l(eJIJ1M11 B AHCcepTal(HOHHOH pa6oTe cTaBHTCH u pema10TCH 

cJie.lly10mue 3a,l.l,aqu: 

• IlpoBe,lleH!fe ::iKcnep11Me11TaJihHoro 11ccne,lloBaH!flI peaKl(!fl1 nepe,lla'!11 .llByx 

HeHTPOHOB 
3
H(

8
He,p)

10
He c 11CilOJlb30BaH11eM BTOpH'!HOfO Il)"!Ka 

8
He c 3Heprneii 

21.SA M::iB 11 ra30BOH TPl1T11eBoii MmneHH. Per11cTPaU11J1 npoToHa, KOTOpbIH 

lIBJllIJIClI lI,llpOM OT,lla'!H, B K1rneMaT11'-1eCKOH o6JiaCTl1, COOTBeTCTByIDllleH MaJib!M 

yrnaM B ueHTpe Mace 11 MaKC11MaJihHOMY ce'-!eHmo peaKl.(1111. B ::JTOH 

KHHeMaT11'!eCKOH o6JiaCTl1 npoTOH BbIJieTaeT B HanpaBJieH!fl1, npOTl1BOilOJIO)!(HOM 

HanpaBJieHmo ,llB!f)!(eHIDl HaJieTalO!lleH '-!aCTl11(hl, '-!TO Il03BOJ!lieT MlfHl1MH311fJOBaTb 

BKJiaA ¢oHOBhIX 11 KOHKYPHPYfOlllHX npol(eccos. Per11cTpau1rn 
8
He 113 pacna)J.a 

10
He 

H H3MepeHHe yrJIOBhIX H 3HepreTH'!eCK!fX KoppeJIJl1(11H, xapaKTepHblX ,[IJIH OCHOBHOro 

11 B036~AeHHhIX cocTOHHHH 
10

He. Bb16op peaKl.(1111 n03BOAAeT HHTepnpeT11posaTb 

IlOJI)"leHHb!e pe3yllhTaTbl B npe,!IITOJIO)!(eHHH, '-!TO HeHTpOHhl nepe,!lalOTCl! ua 
8
He 11 

2 

11cnycKalOTCl! 113 
10

He B S-COCTOHHHH c HyJieBb!M CilHHOM H OTHOCHTeJibHb!M 

op6HTallbHbIM MOMeHTOM. 

• IlpoBeAeHHe 3Kcrrep11MeHTaJibHOfO HCCJie,[IOBaHHlI peaKl(!fH rrepe,!la'-IH AByx 

HeHTPOHOB 
3
H(

6
He,p)

8
He• Ha BTOpH'!HOM II)"!Ke 

6
He c 3Heprneli 25A M::iB c 

• 

HCilOJ!b30BaH!feM fa30BOH TpHT!feBOH Ml1IIIeH!f. 11ccrre,!loBaH!fe 

Hlf3K03HepreTH'-leCKOfO cneKTPa 
8
He 11 IIOHCK rrpOlIBJieHHH MHfKOH AHIIOllbHOH MO)J.bl 

B036~,[leH!fH 8
He. 

IlpoBe.[leHHe ::iKcnep11MeHTaJihHOro 11ccneA0BaH!fl! CTPYKTYPhI 6oppoMHeBcKoro »Apa 

6
He B peaKU!flf ynpyroro paccelIHHlI Ha U-'!aCT!fl(e, CBJl3aHHOH B reJI1111-6, 

4
He(

6
He,2a)2n. IlOHCK npOlIBJieH!fH KBa311CB060AHOfO pacceJIHHl! nptt MaJibIX 

3HeprHlIX HaJieTalO!lleH '-!aCTlfl\hl. IlOHCK KOppeJIBU11H, COOTBeTCTBYlOllll1X 

TpexTeJibHOH BOJIHOBOH cpyHKl(Hl1 OCHOBHOfO COCTOlIHIDl If cpaBHeH!fe 

3KCrrep11MeHTallbHhIX pacrrpe,!leJieHHH c npe,!1CKa3aHl1lIMH TeopHH. 

• Co3,!laH!fe MoHTe Kaprro CHMYAA1\Hl1 ::iKcnepHMeHrn, BKJllO'-lalO!lleil: (a) perncTpal(HlO 

COB1la,[la101llHX U-'!aCTl11\ c IlOMOIUblO CHCTeMbl perHCTpaU!flf c 6oJiblllHM yrnoBb!M 

aKcenTaHCOM; (6) cneKTPOCKOil!f'-leCKyID cpyHKlllflO Ha OCHOBe TpexTeJibHOH 

BOJIHOBOH cpyttK1(111f 
6
He c )"leTOM B3aHMO,lleHCTBIDl B KOHe'-IHOM COCTOl!HHH ,!IByx 

HeHTPOHOB; (B) peaJil1CT!f'-leCK!fX aMllJIHTYA a-a paccelIHHl! B IIIIIpOKOM yrnoBOM H 

3HepreTH'-leCKOM AHana3oHax. Bb1Y11crrem1e MOAeJihHhIX pacnpe,!leJieHHH 11 

cpaBHeH!fe c 3KCIIepHMeHTaJibHhIMH ,[laHHbIMl1. 

• BbllICHeHHe MexaHH3Ma cpopM11pOBaHHll cneKTpa HeCBl!3aHIIOf0 COCTOJ!HlllI B 

peaKL(lflIX Bb1611BaHIDl H)'KJIOHOB lfJIH KJiaCTepoB. 3KcrrepHMe11TaJibHOe onpe,!leJieHHe 

CTerreH!f BJI!flIHIDl Ha'-!aJibHOro COCTOl!HHlI Ha xapaKTepHCT!fKH CITeKTPa, 

IlOJI)"laeMoro B 3KCnepHMeHTe. 

• l13)"1eHHe 3K30Tl1'-!eCKHX KJiaCTepH3al(l1H HeiiTpOHOH36bITO'iHblX Jl,!lep Ha rrpHMepe 

6
He If peaK1(111f KBa311CB060.[ll!OfO paccel!Hlfll Ha TPHTOHe, CBJl3aHHOM B 3TOM ll,!lpe. 

HarmaH HOBH3Ha pa6oT, BOJllC,[IIII!fX B AlfCCCpTal(!flO: 

1. BrrepBbie crreKTp ::iHepr11H 
10

He noJiy'ieH B peaKl(!flf nepe,!1a'!11 AByx HeHTPOHOB c 

TPHTOHa Ha 
8
He. 3KcrrepHMCHThI 6bIJI!f npoBe.[leHhI c HCIIOJih3oBaH!feM Kp11oreHHOH 

fa30BOH TPHT!feBoH: M!flllem1 H BTOpH'-!Horo II)"!Ka 
8
He c ::JHeprneH: 21.SA M::iB. B 

pe3yJihTaTe lf3MepeHHH 6bIJI IlOJI)"ICH CIICKTP He,[IOCTalOlllCH MaCCb! 10He, B KOTOpOM 

3 



6bIJIO 11,[leHTliCjJHI.(llpOBaHO OCHOBHOe COCTOl!Hlle 0 + C :mepr11eif 2.1 M3B 11 1I111p11HOH 

OKOJIO 2 M3B. 

2. B 113Mepett11l!x yrnosbrx pacnpe;::i;enett11if npo;::i;yKToB pacna;::i;a 
10

He s c11cTeMe l.(eHTpa 

Mace l!;::i;pa, o6pa3osattttoro s peaKI.(1111, snepBbJe 6bJJI11 o6ttap)')KeHbI llpKo 

BbipmKeHHb!e KoppeJ!lll.(1111, Il03BOJI11Blll11C 11;::i;eHTmjllll.(lfpOBaTb cn11H-qeTHOCTll ;::i;syx 

B036yJK;::i;eHHb!X COCTOl!Hllii: .!' = 1- c 3Hepr11eif OKOJIO 5 M3B 11 Ill11p11HOH OKOJIO 2 

M3B, a TaKJKe .!' = 2+ c 3Heprneii 6onee 7 M3B. 

3. YcTaHOBJieHHbrli nopll.LIOK cne;::i;osan11ll B036)')K;::i;eHHbIX yposHeii 
10

He no3son11n 

c;::i;enaTb BbIBO.LI o ttapyrnett1111 o6ono'le'IHOH CTPYKTypbI B ll,Llpax 3a rpaH11!.(eii 

HeiirpOHHOH CTa6HJibHOCT11. 

4. B cneKrpe 3Heprtt11 so36)')K;::i;ett11l! 
8
He, nonyqeHHOM s peaKI.(1111 nepe;::i;aq11 

HeHrpOHOB 
3
H(

6
He,p)

8
He, Ha6mo;::i;aJICll pe3KHH poCT Ce'leHllll B Ha;::i;noporoBOH 

o6JiaCT11, KOTOpb!H 6bJJI llHTepnpeT11posaH KaK IIp113HaK B036ylK)J;eHilll MllfKOH 

,LlllilOJ!bHOH MO,Llbl B ll,Llpe 
8
He. 

5. BnepBbie s peaKI.(1111 KBa311cso6o;::i;twro Bb1611san11l! a-Kopa 113 l!;::i;pa c 

6opp0MlleBCK11M ;::i;syxHeHrpOHHblM rano 
6
He nenocpe,LICTBeHHO B 3KCIIep11MeHTe 

tta6mo;::i;anttcb llMIIYJ!bCHb!e KoppeAAI.(lfH neifrpOHOB, COOTBeTCTBytOil\lfe 

TpexTeJibHOH BOJIHOBOH ¢YHKI.\Hl1 OCHOBHOro COCTOl!HHll 
6
He. 

6. BnepBbie co3;::i;atta KOMrrbtoTepnal! CllMYIIlll.\llll Ksa311cso6o;::i;Hoii peaKI.(1111 

4
He(

6
He,2a)2n c 11CilOJib30BaHlleM TpexTeJibHOH BOJIHOBOH «iiYHKI.\1111 

6
He 11 

aMnJIHTY.LI cso6o;::i;ttoro a-a paccel!HHll B IllHpOKOM ;::i;11ana30He OTHOCl!TeJibHb!X 

3Hepr11if. C11MyIIlll.\Hll no3BOJil!eT ;::i;eTaJibHO 113yqaTb cnoJKHbie MHOroMepHb1e 

KOppeIIlll.(HH B 'leTb1pexTeJibHOM Bb!XO,LIHOM KaHaJie peaKI.(1111. 

7. BnepBbJe tta6JIID)J;aJIOCb KBa311CB06o;::i;Hoe paccel!Hlle Ha CllJ!bHO CBl!3aHHOM B 
6
He 

TPllTOHHOM KJiacTepe c TpllTOHOM 11 CllCTeMOH ;::i;eifTpOH-HeHTpOH B Kaqecrne 

cneKTaTopa. 

IlpaKTnqecKaH ueuuocTb. 

• B pa6oTe noKa3aHo, 'ITO KoppeIIlll.(HOHHbie H3Mepettilll npo;::i;yKToB pacna;::i;a 

HeiirpOH01136bJTOqHb!X l!,LlepHb!X CllCTeM ;::i;atoT BaJKHytO 11H¢opMal.(11ID 0 crpyKType 

113yqaeMb!X l!,Llep. ,[(aHHbie no CTIJYKTYPe l!,Llep S,IOHe, nonyqeHHb!e B peaKI.(lll!X 

3
H(

6
'
8
He,p)

8
'
10

He MOryT 6b!Tb HCnOJib30BaHbl )J;Jlll p33BHT11ll TeopeT11qeCKHX MO,LleJieH, 

4 

l!MeIDll.(lfX OTHO!lleH!fe K CTpyKType l!,Llep, pacnOJIOJKeHHb!X B,LlaJIH OT JIHHHH ~­

CTafornbHOCTll. 

• IlonyqeHHbie ;::i;aHHb!e no paccel!HHID Ha BHpryaJibHb!X KJiaCTepax B 
6
He MOfYT 6b!Tb 

11cnOJib30BaHbl B TeopeTH'leCKHX HCCJie)J;OBaHHl!X CJia6ocBl!3aHHb!X .l!,Llep Ha rpaHHI.(e 

HyKJIOHHOH CTa6HJibHOCTlf. 

• ,[(JI.SI aHaJIH3a ;::i;aHHblX, norryqeHHblX B 3KCnep11MeHTe no HCCJie,LIOBaHHID peaKI.(Hll 

4
He(

6
He,2a)2n, 6brna C03,LlaHa KOMnbIDTepHal! CHMYIIlll.\Hll KB33HCB06o;::i;HOH c 

HCilOJ!b30BaHHeM TpexTeJibHOH BOJIHOBOH ¢YHKI.\HH 
6
He 11 aMnJIHTY.LI cso6o;::i;ttoro a­

u paccel!HH.l! B Ill11pOKOM ,ll;Hana30He OTHOCHTeJibHb!X 3Hepr11H. C11MyJI.l!l.(lll 

Il03BOJI.l!eT ;::i;eTaJibHO H3yqaTb CJ!OlKHbie MHOroMepHb!e KOppeIIlll.(HH B Bb!XO,LIHOM 

KaHaJie peaKI.(1111. IlOCKOJibKY peaKI.(11H Ha Bl1PTYaJibHb!X qacT11!.(ax xapainepH3ytOTC.l! 

• 

,LIOCTaToqHo Bb!COKHM ceqeH!1eM ;::i;aJKe npH OTHOCHTeJibHO MaJib!X 3HeprH.l!X, 

no;::i;o6Hal! CHMYIIlll.\11.l! l!BJ!lleTC.l! 3¢¢eKTl1BHb!M HHCTpJMeHTOM npH HCCJie;::i;osaHH.l!X 

3Ha'IHTeJibHOro 'll1CJia peaKI.(11H. 

Ilo pe3yIIbTaTaM HCCJie,LIOBaH!fH peaKI.(HH KBa311cso6o;::i;Horo paccel!Hilll 

4
He(

6
He,2a)2n 6brn c;::i;erraH Bb!BO,LI 0 cyll\eCTBeHHOM BJil1.l!Hl1H Ha'laJibHOro 

COCTO.l!HH.l! Ha Ha6nto;::i;aeMblH cneKTp ,LIHHeiiTpOHa. HecMOTP.l! Ha Ha6nto;::i;as!llee B 

3KCnepHMeHTe B3aHMO)J;eHCTBl1e B KOHe'IHOM COCTO.l!HHH ;::i;syx HeHTpOHOB. cneKTp 

3HeprnH B036)')K;::i;eHl1.l! ,LIHHeihpom1oii CHCTeMbl, B OCHOBHOM, onpe;::i;enl!eTCll 

KoppeIIlll.(11.l!Mll, xapaKTepHb!MH )J;Jlll Ha'laJibHOro COCTO.l!HHll, qTO Heo6xo;::i;HMO 

yqHTb!BaTb npH HHTepnpeTal.(HH cneKTpOB HeCB.l!33HHblX COCTO.l!HHH, KOTOpbie 

Ha6Joo;::i;atoTCll B peaKI.(lllX ¢parMeIITal.\HH. 

Anpo6auuH pa6oTbl. Pe3yIIbTaTbI ;::i;HccepTal.\HOHHOii pa60Tb1 6bJJIH npe;::i;crnsrreHbI Ha 

CJie,Llytall.(HX cosemaHHl!X If KOH¢epeHI.(Hl!X: 

CosemaH11e no ¢11311Ke CHJibHbIX s3a11Mo;::i;eifcTBHii (ryiinHHb, K11rnii, 30 OKTl!6pl! -

2 HO.l!6p.l! 2015). 

CeMHHap B lllKone ¢113HKH IleKHHCKOro ytt11sepc11Tern (IleKHH, K11rnif, 8 oKrn6pl! 

2012). 

CeMHHap B lllKone ¢11311K11 HaHKHHCKoro ytt11sepc11TeTa (HaHKHH, K11rnif, 11 

OKTll6p.l! 2012). 
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MelK1-1y1rnpo1-1HhIH CHMII03H)'M no 3K30TH'-!eCKHM ll/.1paM (Bna1-111aocTOK, PoccHJI, 29 

ce1-1rn6pJ1 - 6 OKTJ16pJ1 2012). 

MelK).1yttapo1-1HM KOH<!>epeHI.\HJI Nuclear Structure and Dynamics (OnaTHJI, 

XopaaTHJI, 8 - 14 HIOJIJI 2012). 

KoH<!>epem-1HJ1 .5I,npo-2012 (BopoHelK, PoccHJI, 25 - 29 HIOHJI 2012). 

MelK).1yttap0/.1H3Ji KOH<i>epem-1HJ1 EURORIB'2012 (A6aHo TepMe, :Vha1mJ1, 20 - 26 

M3Ji 2012). 

CoBell.laHHe EJIT<l>-I1T<l> (IleKHH, KHrnlf, 4 - 11 ce1-1rn6pJ12011). 

Me)f().1yttapo1-1HM KOH<i>epem-1HJ1 no Hecrn6HJihHbIM ll/.1paM (Xa1-1olf, BbeTHaM, 2011). 

CeMHHap B )'HHBeprnTeTe r. CTeJIJieH6oIU (CTeJIJieH6oIU, IOAP, 25 OKTJ16pJ1 2009). 

CeMHHap B iThemba Labs (Kelfmaytt, IOAP, 22 OKTJ16pJ1 2009). 

5 Me)f().1yttapo1-1HaJ1 KOH<i>epeHUHJI no 3K30TH'-!eCKHM ll/.1paM H aTOMHbIM MaccaM 

(CBepK, IlOJibllla, 2009). 

9 Me)f().1yttapo1-1HaJ1 KoHqiepeHUHJI no KJiacTepHbIM acneKTaM J1).1epHolf CTPYKTypb1 11 

1-111HaMHKH (CTPaT<!>op1-1, BeJIHKo6pHTaHHJI, 2008). 

KoH<l>epeHUHJI .5I,npo-2007 (BopoHelK, PoccHJ1, 25 - 29 HIOHJI 2007). 

7 Me)f().1yHapo1-1HaJ1 KoH<l>epeHUHll no pa1-111oaKTl!BHbIM J1).1epHblM n)"-!KaM (RNB7), 

(KopTHna 1-1 'AMneuuo, I1rnn11J1 2007). 

C11MnoJH)'M no J1).1epHoi1 <l>H3HKe VI (Type, <l>paHUHJI, 2007). 

11 Me)f().1yHapo1-1HaJ1 KOH<!>epeHUHJI no MexaHH3MaM J1).1epHbIX peaKUHH (BapeHHa, 

I1TaJIHJI, 12 - 16 HlOHJI 2006). 

Me)f().1yuapo1-1HhIH CHMII03H)'M no 3K30TH'-!eCKHM J11-1paM (XaHTb1-MaHCHHCK, PoccHJI, 

17-21 HlOJIJI 2006). 

Ily6JJHKauuu. Ilo pe3)'JlbTaTaM HCCJie).10BaHHH, COCTaBHBillHX OCHOBY ).1HCCeprnum1, 

ony6JIHKOBauo 19 pa6oT. Pe3)'JihTaThI, BOllle).1lIJHe B 3TH pa6oTbI, 6wm nony<1eHbI 

aBTOpOM B nepH0).1 2003 - 2016 rr. 

CTpyKnpa H o6beM L!HCcepTauuu. JJ:HccepTaUHOHH3Ji pa6oTa COCTOHT H3 BBe).1eHHJI, 

nJITH rrraB, 3aKJIIO'-!eHHJI H H3J!OlKeHa Ha 132 CTpaHHUaX MalUHHOnHCHOro TeKCTa, 

BKJ!l0'13Ji 4 7 pHC)'HKOB H cnHCOK J!HTepaTypbl H3 141 HaHMeHOBaHHJI. 

6 

com:P:>KAHllE p Al>OThl 

Bo BBe).1eHUH o60CHOBaHa aKTyaJibHOCTb nocTaBJieHHbJX 3a).1a'-I, co1-1eplKHTCJI ofoop 

JIHTepaTypHblX 1-1aHHb!X no TeMe ).1HCCeprnUHH, c<t>opM)'JIHpoBaHa ueJib pa60Tbl, 

H3J!OlKeHbl OCHOBHbJe noJIOlKeHHJI, KOTOpbie BbIHOCJITCll Ha 3all.IHT)', H npHB0).111TCll 

KpaTKoe co1-1eplKauHe 1-111ccepTau1111 no rnaBaM. 

B nepBoil rJJaBe np11Be1-1eHo on11caH11e 3KcnepHMeHTaJibHbIX MeT0/.1HK, BKJIIO'-!aIOll.lee 

onHcaHHe qiparMeHT-cenaparnpa AKYJU1HA H xapaKTepHCTl!KH BTOpH'IHbIX n)"-IKOB. 

ITp11se1-1eHo onHcaHHe Kp11oreHHoro MHIUeHHOro YCTPOHCTBa, npe1-1HaJHa'-!eHHoro ).1JIJI 

nOJI)"-leHHJI TPHTHeBOH H reJIHeBOH fa30Bb!X MHllleHelf, KOTOpbie HCnOJib30BaJIHCb B 

3KCnepHMeHTax. 

BTopas rJJaBa nocBl!W:eHa pe3yrrhTarnM 3Kcnep11MeHTa no H3)"-leHHIO caepxrnlKerroro 

H30Tona reJIHll 
10

He B peaKUHJIX nepe1-1a'IH Hei1TpOHOB 3H(8He,p) 10He. B 3TOH rnaae 

npHB0).1HTCJI onHCaHHe npoae1-1eHHb!X H3MepeHHH, a TaKlKe o6cylK).1aIOTCJI fIOJI)"-leHHbie 

pe3)'JlbTaTbl. .ll:JIJi perHCTpaUHH 3apl!lKeHHh!X qaCTHU B 3KCnepHMeHTe HCnOJib30BaJIHCb 

).1Ba TeJieCKona, ycTaHOBJieHHbie nepe1-1 MHllleHblO H nocJie MHIUeHH. ITepBb!H TeJieCKOn 

rrpe).1Ha3Ha'-!aJICJI ).1JIJI perHCTPaUHH npOTOHOB OT).1a'-IH, BTOpoi1 - ).1Jlll per11CTpau1rn 8He, 

Hcnyrn:eHuoro B pe3yJibTaTe pacna1-1a 10He. feoMeTpHll 3KcnepHMeHrn 6brna 

optteHTHpOBaHa Ha perHCTPaUHIO np0/.1)'KTOB peaKUHH B ).1HaIIa30He MaJib!X yrrroa B 

CHCTeMe ueHTPa Mace, OTBe'-laIOW:eM MaKCHMaJibHOMY ce'!eHHlO H MHHHMaJibHOMY 

BKJ!a).1)' <t>ouOBbIX peaKUHH. 

B cneKrpe 3HeprHH B036ylK).1eHHJI IOHe 6bIJI 06Hap)'lKeH nHK OCHOBHOro COCTOJIHHJI 0+ C 

3Heprnelf 2.1 M3B H IUHpHHOH oKorro 2 M3B (cM. pHc. 1). IlpH 3TOM 'laCTb cneKrpa c 

3Heprneil: BhIIUe 4 M3B npe1-1cTaBJIJ1eT co6oH: rna1-1Koe pacnpe1-1eneHHe, He co1-1eplKaw;ee 

llBHbIX npH3HaKOB JaceneHHll B036)')f().1eHHbIX cocTOl!HHH 10He. BMec.7e c TeM 6brna 

o6Hap)'lKeHa 3Ha'-!HTeJibH3Ji aHH30TPOnHll BbIJieTa 8He H3 10He no OTHOIUeHHlO K 

HanpaBJieHHlO nepe1-1aHHOrO HMnyrrhca, a TaKlKe 3aBHCHMOCTb yrJIOBOro pacnpe1-1erreHHJI 

OT 3HeprHH 10He. 

IlpH aHaJIH3e npe1-1nonaraJIOCb, '-ITO B peaKUHH ).1HHeHTPOH nepe1-1aeTCJI c TPHTOHa Ha 8He 

KaK 0).1Ha 'laCTHUa c noJIHb!M CIIHHOM S=O H H)'JieBb!M OTHOCHTeJibHb!M op6ITTaJibHb!M 

MOMeHTOM, 'ITO n0).1TBep)f().1aeTCJI MHOrO'-!HCJieHHb!MH 3KCIIepHMeHTaJibHbIMH ).1aHHblMH. 

B 3TOM CJI)"-lae, npH )'CJIOBHH, '-ITO op6HTaJibH'bJH MOMeHT B CHCTeMe ).1HHeHTPOHa fx=O, 

yrJIOBbJe KoppeJIJIUHH np0).1)'KTOB pacn31.1a 
10

He orrpe1-1eJIJ1lOTCJI op6HTaJibHblM MOMeHTOM 
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fl B Cl1CTeMe 2n- 8
He. B )laHHOM cnyqae op611TaJibHblH MOMeHT fy COBna.uaeT C fiOJIHbIM 

cn11HoM 
10

He J 11 Jie)f(l1T B nnocKOCT11, nepneH.Zl11KYJI»pHoli 1rnnpaBneH1110 nepe.uaHHOro 

MOMeHTa. 

o:l 

"' ~ 40 
0 
!!2 

~ 
:r 
u 

b 

30 

20 

10 

-2 

:······....... ++++ 
. ++ ++±+ ' + ++ + ······· .. ·· 

+ 
0 2 4 6 8 10 

E,, M3B 

Puc. 1. CneKTp He.11ocTaiolJ.leii MaCCbI 
10

He. TiyttKrnptta11 rncTOrpaMMa noKaJbIBaeT 

3ae11c11MOCTb Jcl>cl>eKTl!BHOCTl1 perncTpau1111 OT :rneprn11 
10

He. 

AHaJIH3 yrnOBbIX pacnpe.ueneHl1H 
8
He noKa3aJJ, 1.fTO OHH xapaKTep113YIOTCJI BeCbMa 

xapaKTepHhlMH KOppeJJJIUHJIMl1, KOTOpbie 3aBl1CJIT OT .u11ana3oHa :mepr1111 
10

He. Ha p11c. 2 

nOKa3aHbl pacnpe.ueneHHJI KOCHHyca yrna BbIJieTa 
8
He H3 

10
He no OTHOWeHl110 K 

HanpaBneH1110 nepe.uaHHOro 11Mnynhca, a TaK)f(e pacnpe.ueneHHJI .uonH 3Hepr1111 

OTHOCHTeJJbHOro )lBH)f(eH1111 Heli-rpoHOB B nonHoli :mepr1111 
10

He E = Ennl ET .UJIJI pa3HbIX 

.u11ana30HOB 3Hepnrn 
10

He. 

::ii 
f-
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::r 
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Puc. 2. YrnoBbie pacnpe.11eneH1111 (Tp11 rreBbie naHeim) 11 pacnpe.ueneH11e no e (Tpl! npaBbie 

naHerr11), nonyqeHHbie .11rr11 pmrr11'1Hb1x m1anmoHoB B036y)J(.11eH11J1 10He. f11cTorpaMMb1 11 Jil!HHH 

Ha rreBblX naHeJJl!X (a), (B) I! (.LI) Il0Ka3b!BaJOT, COOTBeTCTBeHHO, 3cpc~eKTl!BHOCTb perncTpal{l!I! I! 

pe3yJJbTaTbl IlO)lfOHKl1 cneKTpOB. fl!CTOrpaMMbl Ha npaBb!X naHeJJl!X (6), (r) 11 (e) nony'leHbl B 

pe3yJJhTaTe Cl!MYJJlll.{111! rpexTeJJbHOro cj>aJOBOfO o6beMa. 

8 

KpaCHhie JIHHHH Ha pacnpe,n:eJJeHHJIX, IIOKa3aHHblX B neBOM CTOJI6ue, rronyqeHhI 

pe3yJibTaTe rro,n:rOHKH 3KCIIepHMeHTaJihHhIX crreICTpOB npH IIOMOIIlH Bblp~eHHJI 

w =[A· P0 (x) + B ·ff P1 (x) + C ·.JS· P2 (x)]2 + D2
, 

r.n:e Pe - rronHHOMbI Jie)f(aH,n:pa c x = cos i'JaHe. K034>4>HUHeHTh! A, B H C rrpe,n:cTaBJlJIIOT 

co6oli aMIIJIH'fY.Zlbl s-, p- H d-BOJIH, KOTOpbie CKJia)lhIBaIOTCJI KorepeHTHO. K034>4>HUHeHT 

D orneqae-r 3a HeKorepeHTHhIH <!:>OH, o6yCJIOBJieHHhIH BKJiaJJ:OM .n:pyrHX COCTOJl:HHH 
10

He, 

HarrpHMep, co crrHHOM .ZlHHeliTpoHa S=l. KpoMe 3Toro, Ko34>4>HUHeHT D MO)f(eT 

OIIHCbIBaTb BKJia,n: .n:pyrHX npouecCOB, KOTOphie He }"IHTbIBaIOTCJl: B HaIIIeM aHaJIH3e. 

K034>4>11u11eHThI A, B, C 11 D JJ:BJlJIIOTCJI rro,n:roH01.fHhIMl1 rrapaMe-rpaM11. Pe3ynhTaThI 

IIO)lroHKH 3KCrrep11MeHTaJlhHOro crreICTpa IIOKa3aHhl Ha p11c. 3 (a). 

~ 't'), I f- 60 A u l 

@ 40 B 
f-

a 20 
P.. 

~ 0 
---:- 1 s L (o) 
c::( . 
<l) 

~ 0.5 
b 

0 
') 0 2 -I 6 

Er (M38) 
8 10 

Puc. 3. (a) AMnrr11Ty.!lhr BKJia)lOB s-, p- I! d-BOJIH, B03Be.11eHHb1e B KBa.upaT. AMnnHTY.!lbI 

IlOJIY'leHbl B pe3yJibTaTe IlO,l(fOHKI! 3KCnep11MeHTaJJbHOfO cneK-rpa c nOMOIJ.lhlO Bb!pa)J(eHHJI 

(2.3.1); (6) pe3yJibTaTbl TeopeTH'leCKl!X pac'!eTOB .!IJIJl: COCTOJIHHH c CilHH-'leTHOCTKMli .!'=O+,l' I! 
2+. PmMep o6nacTe:ii, OKparneHHb!X B pa3Hb!e IJBeTa, 0-rpa)J(aeT CTeneHb HeTO'IHOCTli 

Bbl'IHCJieHHH. 

TaKHM o6pa30M, aHaJil13 KOppeAAUHH rrpo.n:yKTOB pacrra.n:a II03BOJIHJI BhIJl:BHTh B crreICTpe 

BOJ6y)f()leH11SI 
10

He 06nacT11, B KOTOphIX yrnoBhie pacnpe.n:eneH11SI 
8
He xopowo 

OIIl1ChIBaIOTCJI KOrepeHTOH CYMMOH -rpex COCTOJIHHii:: 0+, l' 11 2+. 06Hapy)f(eHl1e 

COCTOJ!HliSI c O'fPHUaTeJihHOii: 1.feTHOCThlO B Kal.feCTBe rrepBoro B036y)f()leHHOfO ypOBHJI 

JIBJIJ!eTCJI 0.ZlHHM 113 Ha116onee HeO)f(HJJ:aHHhIX pe3yJihTaTOB, KOTOphIH CBl1,n:eTeJihCTBYeT 0 

HapymeHl111 o6onoqe1.fHOii: C'fPYKTYPhl B 
10

He. 

TpeThH rnasa rrocBJill\eHa aHaJIH3Y pe3ynhTaTOB 3KcrrepnMeHTa rro H3ytieHmo 

Hl13K03HepreTl11.fecKoro crreICTpa JI.Upa 
8
He B peaKUHH rrepe.uaqn HeHTpOHOB 
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3
H(

6
He,p )

8
He. B 11ccne.110BaHJUIX np11Memm11cb 3KCnep11MeHTaJlbHbie TIO.!IXO.llbl, 

attanorl1'-1Hble TeM, KOTOpbie 11CTIOJlb30BaJJl1Cb B 11ccne.11osatt11.11x 
10

He: npoTOH OT.lla'-111 

per11cTp11posanc.11 B o6naCTl1 ManbJX yrnoB B Cl1CTeMe uettrpa Mace, COOTBeTCTBYIOIIJeH 

uanpasnett1110 BbrneTa npoTOHa, o6paTHOMY ttanpasnett1110 .11s11JKett11.11 60M6ap.1111py10mei:f 

'-!aCTl11.{bl. 
8
He MOr 6bJTb o6pa30BaH n1160 B OCHOBHOM, JJH6o B B036YJK.lleHHOM 

COCTO.IIHl111. B nepBOM cnyqae npOTOH per11cTpHposanc.11 B cosna.11ett1111 c 
8
He, BO BTOpOM 

B coena,ueH1111 npo.11yKTaM11 pacna.11a 
8
He: c 

6
He 11 O.!IHl1M 113 ttei:frpottoB. B 113Mepett11.11x 

6blJJl1 nony'-leHbl cneKrpbl 3Hepr1111 B036yJK.11eHH.11 
8
He, COOTBeTCTBYI-OllJl1e 0.!IHOMY 113 

rpex sapHaHTOB COBna.11eHl1H '-laCT11U B Bb!XOJIHOM Kattane peaKu1111: p-8He, p-6He 11 p-

6He-n. 3TH cneKTpb1 noKaJaHbI Ha p11c. 4. 
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EXlk' M3B 
Puc. 4. (a) CneKTp 3HeprnH eo36ylK.lleHHll 8He. Cepal! rncrnrpaMMa e o6nacrn 3ttepnrn HH>Ke 

nopora 6He+n+n cooTBeTcTeyeT coena.ueHH.IIM npoToHa c 8He. Pacnpe,lleJJeHHe Bbillle nopora 

pacna.ua 8He nony'-leHo np11 ycnoBHH coena,[{eHH.11 npoTOHa c 6He; (6) cneKTp 3Heprn11 

B036Y>K.lleHHll 6He ,[{Jlll TpOHHblX coena,[{eHHH 6He, npOTOHa H HeHTpOHa. IlyHKTHpHblMH 

JJHHH.IIMH IlOKa3aHbl 38BHCHMOCTH OT 3HeprHH 3<l><l>eKTHBHOCTH perncTpal.{HH. 

B cneKrpe 3Hepnrn B036YJK.lleHH51 
8
He .IICHO BH,UHbl IUIKH, OTBe'-!alOIIJHe 06pa30BaH1110 

ocHOBHoro cocT05JHH51 
8
He

0
+ (HmKe nopora pacna.11a 

6He-n-n) H nepsoro B036ylK.lleHHoro 

10 

) 

cocTo.srnm1 8He2
+ c JHeprHeii ::::3.6 M3B. TaKJKe MOJKHO npe,llnonO>KHTb, '-!TO B peaKl.(1111, 

TIOMHMO COCTOJIHH.11 z+, 3aCeJJ51eTC.II ypoBeHb J + C 3Hepr11eH: 5.4 M3B, 0 KOTOpOM 

ynoM11HaeTCJ1 e pll.11e JKcnepHMeHTaJJhHbIX 11 TeopeTH'-!ecKHx pa6oT. BaJKHoil. 

oco6eHHOCTblO cneKrpa, IlOKa3aHHOro Ha p11c. 4, .IIBJJ51eTC.II pe3KHH TIO,[{'beM cetfeHl1.II 

Bbnlle nopora TpexTeJibHoro pacna,[{a 
6He+n+n. B cneKrpe, nonyqeHHOM B 

3KCnep11MeHTe, ce'-1eH11e pacTeT 3aMeTHO 6b!CTpee, '-!eM MOJKHO 6brnO 6bi OlKl1.Ll8Tb, 

HCXO.Ll51 H3 CTaH.uapTHOrO R-MarpH'-IHOrO no.uxo.ua, cornaCHO KOTopoMy np11 3Hepr1111 

Bbm1e nopora .usyxTenbttoro pacna.ua 8He
2

+---> 
7
He+n cetfeH11e 3aceneHH.1I cocTOl!Hl1ll 

3/2 
.uomKHO 6bITh nponopu110HaJ1bHO Estte · Eonee pe3KOe nose.uett11e cetfeH115l MO>KeT 

paccMaTp11BaTbC.II KaK YKa3aH11e Ha B036Yll<.llem1e MllfKOH .Lll1IlOJlbHOH MO.Lib! 
8
He

1
". 

B 'leTsepTon rnase co.11epJKaTc.11 pe3yJJhTaTbI 11ccne.uosatt11fi peaKl.(1111 pacce.11H11J1 Ha 

BHpTyanbHOH (l-'faCTl11.{e, CBJl3aHHOH B 
6
He 

4
He(

6
He,2a)2n. ,UaHna.11 pa6orn 

npecne.uosana .uee ocHOBHbie uen11. IIepea.ll cs.113aHa c 113yqen11eM B03MO>KHOCTei1 

11ccne.uosaHl1.II crpyKTypbl 3K30Tl1'feCKHX ll.llep B KBa311CB060.LIHbIX peaKl.{11.IIX np11 

OTHoc11TeJ1bHO ee6onbIIIOH Jttepnrn HaneTaIOIIJero .11.11pa 25A M 3B. B Katfecrne 

113yqaeMoro .11.upa 6bIJJ Bbi6paH 
6
He, llOCKOJlbKY OH xapaKTepH3yeTC.II HaH6onee llpKO 

Bbipa>KeHHOH TpexTeJJbHOH CTPYKTYPOH a-n-n 11 ero sonttosa.11 cpyttKI.IH51 cq11TaeTc.11 

xopoIIIo ycTaHosneHHOH. B Katfecrne .11.upa-JoH.ua, B3aHMO.lleficTByIOIIJero c a-KopoM 
6
He, 

11Cil0Jlb30BaJIC.II 4He, TIOCKOJibKY aMTIJll1TY.Lla ynpyroro a-a pacce.IIHH51 xopOIIIO 113BeCTHa 

s umpoKOM 3HepreT11'feCKOM .u11anaJ0He. MexaH113M KBaJ11ceo60.uHoil. peaKIJllH 

no.upaJyMeeaeT ttanl1'fHe e .1111arpaMMe peaKl.{1111 .ueyx tte3ae11c11MbIX sep1mrn, o.uHa 113 

KOTOpbIX Oill1CbIBaeTC.II BOJIHOBOH cpyttKl.(HeH 
6
He, a BTopa.11 - aMIIJIHTY.LIOH a-a 

pacce.IIHH.11. lhmynbCHOe np116nH>KeH11e IIJJOCKHX BOJJH lIO.LIPa3YMeBaeT cne.11y1-011JyIO 

cpaKTop113au1110 BbipalKeHH.11 .Lill.II Ce'-!eHH.11 peaKl.{1111 

daQFS _Neff d
2

Ufree Jlf'(P nn• P2n) J2dP aadP2a2ndP nn• 
dEaad{Jaa 

r.ue Neff - 3cpcpeKTl1BHOe '-111CJIO KJJaCTepoe B 113yqaeMOM .11.upe, O'free - cetfeH11e 

CB060.LIHOro a-a paccel!HH.11, a lf'(Pnn•P2n) - BOJIHOBal! cpyttKU11.II 
6
He B HMTIYJJbCHOM 

rrpe.ucTaenett1111. HeJae11c11MocTb .ueyx eep1mrn TaKJKe 03Ha'-!aeT, '-!TO ecn11 yrnoeb1e 

pacnpe.ueneHHJI a-a pacce.11m1.11 B IIIHpOKOM 3HepreTH'-leCKOM .u11arra30He OlIHChIBalOTC.11 

aMIIJJHTY.LIOH CB060.LIHOro a-a pacce.IIHHJI, TO .LIOmKHhl Ha6n10.11aThC.II 11 eeChMa 

Bhlpa3HTeJlhHbie rpexTeJJhHhie KOppeJJ511.{HH, xapaKTepHhie .LIJIJI BOJJHOBOH cpyttKUHH 
6
He. 
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BTopoii 11enb!O ~IBJUinCJI nonHb!H HJlH qacTH'iHbIH OTBeT Ha BOnpoc, noqeMy B 

3KcnepHMeHTanbHbIX HCCne,noBaHHJIX Jl,UepHbIX COCTOJIHHH 3a rpaHHl\eH cTa6HnbHOCTH, 

TaKHX, HanpHMep, KaK 
10

He, peaKl\HH BbI6HBaHHJI (npoTOHa H3 
11 Li) H peaKl\HH nepe,naqH 

(.usyx HeiiTpOHOB Ha 
8
He) ,naJOT pa3HbIH pe3ynhTaT. B paMKax 3TOH 3a,naqH Mb! 

HCilOJ1b3yeM aHanorHJO MeJK.D;y 
10

He, nonyqeHHOM B peaKl\HH BbI6HBaHHJI npoTOHa H3 

11 Li, H BHpTyanbHblM COCTOJIHHeM ,UHHeiiTpoHa, KOTOpbIH non)"-IeH B peaKl\HH 

BbI6HBaHHJI a-Kopa H3 
6
He. KaK OTMeqanocb BbIIIIe, npeHMymecTBOM peaKl\HH 

4
H e(

6
He,2a)2n J!BnJ!eTCJI B03MO)!(HOCTb .uernnbHO H3yqHTb npo6neMy, IlOCKOnbKY ,UnJI 

Hee H3BeCTHbl KaK HaqanbHOe, TaK H KOHeqHoe COCTOJIHHJI. 

)J,AA H,UeHTmpHKal\HH npo11ecca TIYTeM orrncaHHJI qeTb!pexTenbHbIX yrnoBbIX H 

3Hepren1qecKHX Koppenl!l\HH B Bb!XO,UHOM KaHane peaKl\HH 6brna C03,Uaim 

KOMnbJOTepHal! MoHTe-Kapno CHMYnlll\HJI 3KcnepHMeHTa Ha 6a3e nnocKoBonHoBoro 

HMnynbCHOro npH6nH)!(eHHJI. )J,nJ! MO,nenHpoBaHHJI peaKl\HH HCIIOJ1b30Banacb 

cneKTpanbHaJI ¢YHK1\HH, IlOCTpoeHHaJI Ha OCHOBe TPeXTenbHOH BOnHOBOH ¢YHK1\HH 
6
He 

c yqeTOM B3aHMO,UeHCTBHJI B KOHeqHoM COCTOJIHHH ,UByx Hei1TpOHOB, a TaK)!(e 

3aBHCHMOCTb aMnnHTY.Ubl a-a pacceJIHHH OT yrna H 3Hepnm. 3KcnepHMeHTanbHbie 

cneKTpbI no,nroHllnHcb c noMOil\blO Ha6opa pacrrpe,neneHHH, nonyqeHHbIX B CHMYnlll\HH 

KBa3HCBo6o,nHoro paccel!HHJI. Ha6op BKnJOqan B ce6J1 cneKTPbI 7 He3aBHCHMbIX 

BeJlHqHH, KOTOpbie no,nrOHllnHCb 0,UHOBpeMeHHO, qTO 3HaqHTenbHO IlOBbIIIIano 

,nocTosepnocTb onHcaHHJI ,naHHbIX. Ha pHc. 5 noKaJaH pe3ynnaT no,nroHKH 

3KcnepHMeHTanbHbIX pacnpe,neneHHH yrna pacceJIHHJI 9aa, yrna Tpei1Mana-.5lHra 9r.y, 

rHnep-yrna 9h, .usyx KOMilOHeHTOB HMilYllbCa cneKTaTopa (.UHHei1TpOH) B 11eHTpe Mace 

Hcxo,n;Horo HaneTaJOmero J1,npa Pfn H P2~, a TaK)!(e nonHoro HMnynbca P2n- I1yHKTHpHoi1 

JlHHHeii noKa3aHbI pacnpe,neneHHJI, nonyqeHHbie B pe3ynbTaTe MO,nenHpOBaHHll 

KBa3HCBo6o,nHoro pacceJ1HHJ1, TeMHo-cepaJ1 rHcTorpaMMa OTBeqaeT qeTbipexTenbHOMY 

¢a30BOMY 061,eMy, cserno-cepaJ1 npe,ncrnBnJ1eT co6oii CYMMY .usyx BbIIIIeynoMl!HYTbIX 

pacnpe,neneHHH. ToqKaMH c OIIIH6KaMH noKaJaHbI 3KcnepHMeHTanbHbie ,naHHbie. lfa 

pHCyttKa BH,UHO xopoIIIee cornacHe 3KCnepHMeHTa c MO,UeJlbHbIMH npe,UCTaBneHHJIMH. 

Cosna,neHHe ¢opM 3KcnepHMeHTanbHbIX yrnoBbIX pacnpe,neneHHH {)aa B pa3nHqHbIX 

3HepreTHqecKHX ,UHanaJOHax c MO,nenbHb!MH pacnpe.ueneHHJIMH CBH,UeTenbCTByeT 0 TOM, 

qTQ a-a B3aHMO,UeHCTBHe B peaKl\HH 
4
He(6He,2a)2n OilHCbJBaeTCJI aMTIJlHTY.UOH 

cso6o,n;Horo a-a pacceJ1HHJ1. Orc10,na cne,nyeT, qTo H3 3KcnepHMeHTanbHbIX ,naHHbIX 

12 

MO)!(HO H3Bneqb ,nocTosepHYJO HH¢opMal(HJO o CTPYKTYPe 6He. B qacTHOCTH, 

pacnpe,neneHHJI HMnynbca P2n, ero npoeKl\HH Pfn H P[n, a TaK)!(e rnnep-yrna tan {)h = 

.J Enn/ E2n-a (E2n-a = Pfn/Zµzn-a), co,nep)!(aT HH<}>OpMal(HIO O BOJlHOBOH ¢YHK1\HH 

6
He. 
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Puc. 5. Pe3ynbTaTbl ognospeMennoi1 noi:1roHKH 3KcnepttMeHTaJlbHbIX ):laHHblX s 

:mepreTwiecKOM ):IHanaJone 35 < Eaa < 40 M3B H Enn < 10 M3B. BKJia):I KBa3HCB060):IHOro 

paccel!Hl1ll IIOKa3aH IIYHKT11pHblMH rHCTOrpaMMaMH, TeMHO-cepbie rHCTOrpaMMbl 

cooTBeTcTByJOT 'leTb1pexTenbHOMY cj>aJosoMy o6beMy. Cserno-cepb1e rncrnrpaMMbI 

COOTBeTCTBYIOT cyMMe BKJla):IOB KBa3HCB060):IHOfO paccel!HHJI H cj>a3osoro 06beMa. TO'IKaMH c 

OWH6KaMH 110Ka3aHbl 3KcnepHMCHTaJlbHble ):laHHble. 

3KcnepHMeHTallbHOe pacnpei:1eneHHe no rnnep-yrny .Unll co6bITHi1, OTBeqa10mHX 

ycnoBHJO Pfn > 80 M3B/c, noKaJaHo Ha pHc. 6. B pacnpe,neneHHH xopoIIIo 3aMerua 

aCHMMeTPHll cneKTpa, B03HHKal011\aJI 6naro,napJ1 BKna,UaM «,UHHeHTPOHHOH)) H 

«CHrapoo6pa3H0H)) KOMilOHeHTOB BOJIHOBOH <l>YHKl\HH 6He. 

IIonyqeHHb!e pe3yllbTaTbl co,nep)!(aT Ba)!(HYJO HH<}>opMal(HIO OTHOCHTeJlbHO MexaHH3Ma 

¢opMHpOBaHHJI cneKTpa KOHeqHoro COCTOJIHHJI, KOTOpal! 3aKnJOqaeTCJI B TOM, qTo 

HeCMOTpll Ha B3aHMO,UeHCTBHe B KOHeqHOM COCTOJIHHH, OCHOBHOe BnHJIHHe Ha ¢opMy 

cneKTPa HeCBJ13aHHOro COCTOJIHHJI H nOJlO)!(eHHe ero MaKCHMyMa ( OKOJ10 5 M3B) 

0Ka3bIBaeT BOJlHOBaJI <l>YHKl\HJI COCTOJIHHJI HaqanbHOro. 

13 



++t 
~ e 

M 200 
V) --E--
Q) 

lJ" 150 
(.) 
E--

0 
100 

50 

++ :--~ 
t. I I 

.1 I i • I 
~ __ .1 I 

;r I 

~- ~ 
I•'+- I 

0 
0 50 

Sh (rpaA.) 

Puc. 6. 3KcnepHMeHTMbHoe pacnpe,D,enem1e no rnnep-yrny i9h, nony'leHHoe B peaKL\1111 

4
He(6He,2a)2n npH ycnOBHH Pfn > 80 M3B/c. 06o3Ha'leHHll 06'bJ1CHJ110TCJ1 B no,D,nHCI! K p11c. 5. 

B nHTOH rnase np11BO,D,J1TCJ1 3Kcnep11MeHTaJI1>H1>1e .n;aHH1>1e, nony'leHH1>1e B peaK.111111 

pacceJIHWI a-qacnu-11>1 Ha Ha BHpTyaJihHOM TPHTOHe, CBJl3aHHOM B 
6
He, np11 :mepr1111 

HaJieTaJ01Uero 6He 150 M3B. B 3Kcnep11MeHTaX 113yqan11c1> .n;ayx- H TPexqacTH'IH1>1e 

Komlmrypa1-111H 
6
He-+t+t H 6He-+t+d+n. L{JIJI on11caHHJ1 BHYTpeHHero .D.BH)!(eH11J1 

TPllTOHOB B 
6
He B CHMYJIJIL\Hll HCnOJib30BaJiaCb BOJIHOBaJI <l>YHKllllll, BOCilp0113BO.D,J11Uall 

3Heprn!O CBJl311 ll,ll,pa no OTHOllleH1110 K pacna.n;y 6He-+t+t (12.6 M3B). Pa.n;11yc 

nOTeHL\HaJia BbI6HpancJI TaKHM o6pa30M, 'IT061>1 BOCnpOH3BeCTll 3KCnep11MeHTaJI1>HOe 

11MnyJI1>CHOe pacrrpe.n;eneH11e cneKTaTopa. 

Orr11caH11e 3Kcnep11MeHTan1>H1>1x .n;aHHhIX ocy1UeCTBJillJiac1> TaKHM )Ke o6pa3oM, KaK 11 B 

rnaae 4 B cnyqae a-a pacceJIHllll, IIYTeM o.n;HoapeMeHHoil: rro,D,roHKH 

3KCnep11MeHTaJibHblX pacrrpe.n;eneHllH Ha6opa rrepeMeHHblX c llCIIOJib30BaHlleM 

MO.D,eJI1>HbIX pacrrpe.n;eneH11H: KBa311cao60.n;Horo paccel!HllJI 11 <l>aJoaoro o6'beMa. 

Pe3yJibTliThI rro.n;roHKH .D.JIJI peaK.111111 
4
He(6He,at)t IIOKa3aH1>1 Ha p11c. 7. AHanorn'IH1>1e 

pe3yn1>TaT1>1 61>1JIH rronyqeH1>1 11 .D.JIJI peaK.111111 
4
He(

6
He,at)dn. 

3<P<l>eKTllBHOe 'lllCJIO TPHTOHOB ,D,JIJI KOH<l>11rypa1-111H 
6He-+t+d+n OKa3aJIOCb ,ll,OBOJibHO 

6on1>lll11M no cpaaHeHHJO c t-t KOH<l>Hrypa1-1H11: M=0.18(5) rrpoTllB N1=0.06(2). IlpH 3TOM 

113MepeHHOe Ce'leHHe paccel!HWl B yrJIOBOM .n;HaIIa30He 30°<.9a1<150° COCTliBllJIO 23(6) 

M6. I1HTepeCHO OTMeTHTb, 'ITO 3Heprl!ll .n;e311HTerpau1111 
6
He B 3TOM cnyqae 3Ha'IHTeJibHO 

14 

rrpeBbilllaeT COOTBeTCTByJOIUHe BeJIH'lllHbl ,ll,Jlll KOH<l>11rypa1-1H11 6He-+a+n+n (0.97 M3B) 

H 
6
He-+t+t (12.3 M3B) 11 cocrnamreT 18.6 M3B. 
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Puc. 7. PeJyJJbTaTbJ O,D,HOBpeMeHHOH no,D,roHKH 3Kcnep11MeHTaJlbHblX ,D,aHHblX, nony'leHHbJe ,D,JJll 

peaKL(1111 paccel!Hl!ll Ha BHPTYaJJbHOM Tpl!TOHe, c TPHTOHOM B Ka'leCTBe cneKTaTopa 4He(6He,at)I. 

0603Ha'leHl!JI o6'bl!CHlllOTCll B IlO,D,Ill!CH K p11c. 5. 

B 33KJllO'-IeHHH c<PopMynHpOBaHbl OCHOBHbie pe3yllhTaTbl .n;11cceprnu110HHOH pa60Tb1: 

o Bnepa1>1e 61>rn11 npoae.n;eH1>1 111MepeH11J1 HH3KOHepreTH<IecKoro cneKTpa 

caepxTll)!(eJioro 1130Tona renm1 
10

He B peaK.111111 nepe,D,aq11 ,D,Byx Hei1TpoHOB c 

11CnOJib30BaHHeM Kp110reHHOH TPllTlleBOH MllllleHll II BTOpwrnoro nyqKa 

pa.n;11oaKT11BH1>rx ll.n;ep 
8
He c 3HeprneH: 21.5A M3B; 

0 3Kcnep11MeHTaJibHO H3MepeHbl 3Heprnll H lllHpllHa OCHOBHOro COCTOllHHJI 10He: £,;::;; 

2.1 M3B II[';:;; 2 M3B; 

0 

0 

Ha6JIJO.D,eH11e llpKo B1>1pa)!(eHHbIX yrnos1>1x KoppeJIJ11-111i1 npO.D.YKTOB pacna.n;a 10He 

n03BOJillJIO ycTaHOBHTb cnllHbl II 'leTHOCTll B036~eHHblX COCTOllHHH 10He: .!' = 1 · c 

3HeprneH: OKono 5 M3B 11 lll11p11Hoil: OKOJio 2 M3B, a TaIOKe .!' = 2+ c 3HeprneH: 6onee 

7M3B; 

BnepB1>1e ycTaHOBJieHo, '!TO ll.D.PO 
10

He, o6Jia,D,aJOIUee MaKc11Man1>ttoH: cpe.n;11 

113BeCTHhIX J1.n;ep aen11'!11Hoil: OTHOllleHllll NIZ = 4, xapaKTep113yeTcll Heo6wrn1>1M 
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rropl!AKOM eneAOBaH!fll B036~eHHhIX ypOBHett: :meprm1 eoeTOl!Hlfll e 

OTpHuaTenhHOH 'leTHOeTh!O l" Mana, If :no eoeTOl!Hlfe paerronoJKeHO Ha 

3HepreT1fL1eeKOH llIKane HlfJKe eoeTOHHlfll e nonOJKlfTenhHOH 'leTHOeTh!O 2+, 'ITO 

CBlfAeTenhcTByeT 0 HapYllleHHH o6ono'le'IHOH eTPyKTyphl B HAepHOH eHeTeMe 10He, 

paerronoJKeHHOH 3a nHHHeH HeHTPOHHOH eTa6HnhHOeTH; 

a B erreKTpe 3HeprHH B036~eHJUI .!IApa 8He He06hI'lHOe ITOBeAeHHe Ce'leH!fe s6nH3H 

rropora paerraAa 6He+n+n HHTeprrpeTHpyeTcH KaK yKa3aHHe Ha B036~eH!fe 

M.!lrKOH AHIIOJlbHOH MOAhl B »Ape 8He. 

a Brrepsb1e rrposeAeHo AeTanhHOe H3yqeH!fe KBa3Heso6oAHOro pacee»HHH c 

HeeBH3aHHhIM AHHei1TpOHHhlM erreKTa-ropoM Ha BTOpH'IHOM rryqKe 6He. IloKa3aHO, 

'ITO KBa31feso60AHhie peaKUlfH Ha ena6oeB1!3aHHhIX HApax AOMHHlfPY!Oll.llfM 

rrpoueecoM AaJKe rrplf OTHOe!fTenhHO HeBhleOKOH :meprHH 60M6apAHPYIOI11ei1 

qaeTHUhI 25A M3B; 

a ,Un.a OII!feaH!fH 'leThipexTenhHh!X 3HepreTH'leeKHx If lfMrrynheHhIX Koppen.auHH B 

Bh!XOAHOM KaHane peaKUHH KBa3HCB060AHOro paeeeHHHH 4He(6He,2a)2n srrepBhJe 

6hrna C03AaHa rronHaH KOMIIh!OTepHaH CHMYn.l!UHH 3KCIIepHMeHTa Ha OCHOBe 

peanHCTH'leCKOH BOnHOBOH cjJyttKUHlf 6He If aMrrnHTYAhl ynpyroro a-a pacceHHHH B 

llllfpOKOM 3HepreTH'leCKOM AHaIIa30He; 

a B pe3ymrnTe H3yqenH.a peaKUlflf KBa3HCBo6oAHOro pacceHHlfH 4He(6He,2a)2n 

srrepBh1e 3KerrepHMeHTanhHO Ha6n10AanHch TPexTenhHhie HMrrynheHhie Koppen.auHH 

oeHOBHoro eoeTOHHHH 6He, cornaCYIQll.llfeCH c MOAenhHhIM npeACTasneH!feM; 

a BrrepBhie 6hrnO IIOKa3aHo, 'ITO B peaKUlfHX KBa3HCB060AHOro BbI6HBaHlf.!I KJlaCTepa 

Ha cjJopMHpOBaH!fe 3HepreTH'leCKOro crreKTpa HeCBll3aHHOro crreKTaTOpa 0Ka3b!Ba!OT 

Bnlfl!Hlfe KaK Ha'laJJhHOe COCTOHHHe, TaK If B3alfMOAeHCTBlfe B KOHe'lHOM COCTOHHlfH 

qaeTHU, coeTaBnH!Oll.IHX erreKTaTop. lli 3TOro cneAyeT, 'ITO y'leT TOnhKO OAHOro lf3 

3THX cjJaKTopos B peaKUlf.!IX cjJparMeHTaUHH MOlKeT npHBOAlfTh K HeBepHOH 

lfHTeprrpeTaUHH oco6eHHOeTeH crreKTpa lf3yqaeMOH e!fCTeMhl. 

a B peaKUH.!IX KBa3Heso60AHOro paeee.!IHH.!I Ha TPHTOHe, eB.!13aHHOM B 6He, 

4
He(6He,at)t If 

4He(6He,at)dn, !10Ka3aHO, 'ITO KOHcjJHrypaUHH e pa3pyllleHHOH a­

qacT!fUeH B 6He BHOC.!IT 3Ha'lHTenhHhIH BKJJaA B cpopMHpOBaHHe CTPYKTyphl 6He, 

HeeMOTp.!! Ha 6onhllIYIO, 6onee 10 M3B, 3Heprn10 Ae3HHTerpauHH .!!Apa. IlpH 3TOM 

16 

OTHOeHTenhHhlH see TPexTenhHOH KOM6HHaUHlf 6He-+t+d+n 3Ha'l!fTenhHO 

rrpeBhilllaeT Bee AByxTenhHOH KOM6HHaU!fH 6He-+t+t. 
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