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OEIIWI XAP.AK'l'EmC'm 

AKT~HOCT~ IIp06~eMH 

HOCX6.lt0BaHH8 CBOftCTB C~HO H8ftTpOF. 

HOI R3 ~aM8H'l'&Jn.HliX 3Q.lt&'l Jl,llepHOft ~ 

~T Herxae aelrpoHoas6aro'IHH8 R.llpa. B 
nep.BM8HT&Jn.HYJI Hlllllo~ 0 Jmp&X C 60J 
( Njz > 2) MODO, JUIIlll, R3Y'lBJI ~erRHe Jln.Pii 
RRX Jmep MODO .ltOCTRrHY'l'l> rpaHliiUi HBI'l'I 

Jmpa, paciia,ItB.D~Utec~ IIy'l'8M acnycRaHWI H~ 

~OlleHHH r_pa.H.IInH C'l'a6HHI>HOC'l'R aTOMHHX JJ;I 

HOBHliX SQ.lta'l Jl.lt8PHOI ii>R3RKH. Hsyqeaae < 

B6~3R rpe.wnnl Jm8pHOI C'l'a6~HOCTR, ]IJ. 

Jt!t8PlfYll MaT8p.Hil B 3RC'l'peMam.HliX COC'l'O.fll 

ee HOBH8 CBOIC'l'Ba, B 'l'OM 'IR~e HOBH8 BJ 

IIO~'la'l'l> axcnepRMeHr&Jn.HYJ! JU$>pMBJlDl J 

.lt8~l>HliX IIpe.JtCTaB~eHBI 0 C'l'PYR'l'YP8 Jmpa , 

IIp8,JtCKa3&HRR CBOICTB JJ;Itep B pa3~HliX I 

CTBOBaHIIe 6~moro 'D!~ pa3JIJI'IHHX pac~ 

TO"'HO Ha,ltemut IIpK SHa'D!T9Jll>HOM OTXO,Jt8 C 

JD1188 BpeM$1 3RCII8p.IIM8H'l'&Jn.HO B86JII)Jt8HH I 

3~8M8RfOB, y RO'l'OpliX H8ftTpoHHHI H36H'l'OI 

ro,a B reopef.ll'lecRaX pa6orax ctaBarc~ 1 

BaH.IJI Jl,llep, COC'l'O~ HS O.ltHJIX H8ft'l'poH1 

6H IIpo,lt8MOHO'l'pBpOBaB8 BOSIIODOOfJI OYJII81 

60XhmZM H8l'l'poHHHM Jl86H'l'ROM, TO 8f0 .ItA 
pasB.Ilf.lle HamBX oero.~tHRmHBX npe.~tc~eR 

aa ,JtpyrBe aayxB, Haiip.ID48p ao'l'~SIIXJ 

pee IIp8.1tCTaBJIII81' BCCH8,JtOB8HBI C'fpylt'J'YP! 

1118HHHX R8l!poH8Mll, ltaK 'l'D8HH8 UO'l'OIIH 

ifx>J~oWtU, IIMyq8HIWI ~- 9!'.U JUtllp 06 : 
r .. BOS6~8HBHX JPOBH&I, IIOS~'f Hll 

~'1'0 IIp8.ltOf&BXR8f oaMOOf0~'1'8Jn.RHI IB'flp 

HH8 JUt8pHHe MO.ltiiJll y rpaamnl ~pHOI 0 

cBolorBB MY~fiBIIIfpoHBHX cacreM. 

Ue~ PAAOf!l 

I. Paspadorxa MefO.ltBD H8ICODBIWI 1 

MeHta% IIO Jl8JIIp8BJIII M&CO 0'1'86.BJBIDIX a 8 
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f.Jt111'11 Dpe.IUipiJl'l'H: 

t,_.aOCJI8.li;OB8.HJD.CJtd JIBCU'fY! 41l8PHO! ~3llltll MI'Y, llooua 

UOC8PftUtU COC!Oa!'CJI "-" · 1988 roJt& 

• 1a0 sa saoe.li;BBAI·ene~szpoBaHHoro co:aeta n~047.01.05 npa 

'rODU aelrpoaao!. ~s.KKJl a Jia6ope.rop.u JOtepawx )I6UEXII OHRH 

llocitOBCKOI o6.mcra). 

UOCepranael MOKHO 03H8ROMB'l'DCR B CIB0na0'1'8K8 ~. 

iJI'rOpe(flepar pasoCJIB.H "_.. 1988 ro.na. 

cexpe rap11 CneitBBJUlsapo.BaHHoro co Be ora 

TAPAH ll.B. 

.. 

DElilAH XAPAKTEPHC'illKA PA130'l'H 

AKryan»HocTL npo6~eMH 

Hccne.noBaHRe cBolc'l'B c~Ho aelrpoaoo6or~eaHHX JOtep ~eTCH o.n~ 

HOI K3 ~8M8HT8JIDHWX sa,n;a~ .IJ.I{epHOI ~RICH. 0co6Hft KH'l'epec. npe.li;CTaB

JI.Il!l'l' ~erue ae!Tpoaoas6H'l'OllHH6 R.Itpa. B aacrosmtee BpeMS noJJ;y1lau axe- · 

nepRM6HTM:&ayD ~pMSUKD 0 R.Itpax C 6~mKM B36HTKOM Hel'l'poHOB . 

( Njz > 2) MOlUIO, .. JlZllll> RSY"M ~ei'lU!e .IJ.I{pa. TMDKO B 06JmC'l'K CSMHX ~er..; 
KHX .IJ.I{ep MOlUIO .li;OC'l'KrHY'l'l> rpa.H.IIItH HBI'l'pOHHOI cra6MDHOCTK K.Ha6Jm.n&'f:. 

nnpa, paciia,J:ta.Q~Utecs JIY'l'BM aceycK&HM He!TpoHoB. PemeHKe BOnpoca o no... 

~OMBHRK rpaHRnH C'l'a6RXDHOC'l'R 8TOMHHX R.Itep SBxff6TCS 'l'aKMB O.li;HO! K3 00-

HOBHHX sa,n;a-q _MepHOI !IJR3RKR. H3j"16HH6 .CBOIO'l'B ~OB, .. pacnMOUHHHX 

B~3H r~ .IJ.I{6pHO! CTaCIMDHOC'l'H, ll&6'1' B03MOlUIOCTb H.COJ18.li;OB8Tl> . 

.IJ.It6PHYD MaT6PH.ll B 3KC'l'p6MMLHHX COC'l'OJIHl'IJ1X, npz KO'l'OpHX npoSBJliDI'l'OS 

ee HOBH6 CBOICTBa, B TOM 'IIRM8 HOBH8 B~H ~OaK'l'KBHOr~ pacna.ll;a,.K 

no.ny'IIS.TD 3KCnepHM6H'1'8JIDHyJI .BH!lJopManRlll .li;M JIPOB&pKil '1'8X JlJIJl .JIHHi M~ 
,ne~:&HHX npe.li;CTaB~eH.d 0 C'l'pyltTYp& R.Itpa, Ha OCHOB8 KO'l'OpHX .iteJJaJ)'l'CR .. 

npe.li;CKa3aHKS CBO!C'l'B_.IJ.I{ep B pa3~HHX o6n&CTRX_MaCC.HecMOTp8 B8 C~&
CTBOBSBHe 6~moro liZ~ paSXH'IIHHX pac-qaTOB MSCC S.ll;&p,BOe OBB H8.li;OC'l'a

TO'IHO Ha.li;EWm JIPH. SHa'IIZT~OM OTXO.ll;8 0'1' .DBBH OTa6mHOOTH..B. HaCTo-. 

Jlllt88 BpeMII 3KCnep.IIM6HTM:&HO HB.CIJJII,JteHH H8l'fpoHOK3CSHTO"'HH8 41tp6 .UI'XU 
9~8M8H!'OB; ·y KOTOpHX He!TpoHHHI H36HTOK.H811HOrO 6o.u.me npe.li;CKaSaHHO... 

ro, Jl B .!'80p8'1'Jl'II8CKHX pa60T&X CfSBITOS BOnpoc. 0 B03MOKHOCTJa OYJQ8CTBo

BB.HJIJI Ji.ll;ep, COCTOJmti{X B3 O,lUUIX H&!TpoHOB. Talc.BM o6pa3011, 8MJ! 6KJra 

6H npo.ll;eMOHCTpHpOBB.H8 BOSMOKHO~U CyDI8CTBOB8.HJf.S: ~ep 0 a~OM&UBO. •: 

60J.I:&IDJIII H&ITpoHmll JlSCIHTKOM, 'TQ 3!1.'0 ,1ULIIO 6Y CYIQ8CD8HHJIJI llJC.1JU ll. 

pasBJlTJ!e H8IIIJIX oero.li;HSmH.ax npe~c:aueHd o nnpe 11 OKa3Uo. 611 . .JtJWJHI8 . 

aa ~yrae HayKB, H8llp.HMep aC!'~SJllt1. B CBRU 0 S!'.IM 6oJD.IIOI JlHte;,. 

pee npe.li;C!'aBJIJt&T JlCc~e.no:BaHJle OTPYJt!YPH taux·~erx.ax' ft;Jlep, nepeo6ora

III&HHHX Hel'l'poH&MB, W 'l'JIX8JIH8 KSO'l'OIIH re.IWI. 3KOnep•8HT8JI~H8JI JlH-. 
I . . . , -

cJlo,IMa~tU, n0JJY118HH8J! J~;M.n.ax mtep. oel aaepru eMU seltpoaoia, asep-

ru. .Bos6;p;~teHHHX ypoBHel, nosBOJIJ!8! He to.nxo onpe.ne.un JIX cBolot•, 

'liTO np&.li;CfaaiS8f oaMOO'l'OST8~HHI JlB!8peO, HO !aK.e npoBepK!~ pas~ 
HH8 Hn8pHH8 MO.ll;8~ y rpaHJUH R.ll;lpHOt OtaCIXX.HOC'l'a a npe.li;OK&S&T:. 

CBOiofBayY~fJB8I'l'poHHHX OKC'l'&M. 

l!e~ PMof! 

I. Paspaelo!'K& · M&'l'OnKa H8ltOIL18IWI Jl o6paelotu .n&HJnll: B axcnepa.:.. .• · 

, M&HT&X. no asM&pellllll Mace o'l'&CIJl.JiloJDa • asepru JtBaUCtaniO&apHIIl coo--. 

O~'lltnliti~tm~n BHcmy.r I 
l!t~~t!lt!X m:c!!eJIO!:lUIIIII 

~ 6l1SJIJ.lOTEf{A 
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fORHRI nerKHX 3K301'R~8CKRX ~ep C UOMO~ RSMeparenLHOft YCfaHOBKH Ha 
6ase MarHUHoro cneKTpoMerpa MCII-144. . 

2. HccneJJ;o:saHae MexaruisMa peaxruitt MB.JIOHYKJ!OHHHX nepe;n;a~, a ra.Kllte 
peaxnH! C 3MHCCaeft nerKRX ~ep C TREenYMH ROHaMH npa SHeprHRX JJ:O 
20 MaB/HYKJ!oH a BosMoXHocrea arzx peaxna! ~ cRHresa a.acc~e;n;o:saHZH 
.!te!rpoHoas6Hro~wc ~ep ner~amax aneMeHTOB. 

3. ITpoBeJJ:eHae axcnepHMeHroB no asMepeHBD Mace cra6anLHHX a aH~ 
.·raft K:saSacranaoaapHHX COCfORHH! f.fDitenHX H301'0nOB renxa 5He 1 ~e, He, 

sHe, 9He B peaxnHRX c ycxopeHHHMH aomiMa 9Be, IIB a 14c. · 

Haytn!BJI HOBH3Ha . 

Paspa6oraaa BHCOKO~CfBHfBnbHSH MefOJJ;RR8 ;D;Aff accne;D;OBaHZH 
cBoftcrB cra6anLHHX.H KBasacranaoaapHHX cocromial He!rpoHoas6Hro~ 
~ep nerKRX aneuearoB. Cos;n;aHH oparHHanLHHe nporpaMMH ~ aa6opa H . 
o6pa601'KH .JJ:aHHHX~ KOfOpHe o6ecne~.I'IB8DT .BHCOKyD scixlJeKTHB(!OC'l'b. RSMepa
f8Jll.HOI YCfaHOBKH, HM8ltHy!l .HJJ;BHTa~m<Bl.lHBJ a 'l'O~HOCUf'B onpeJJ;eneHM 
aaepraa perHcTpHpyeMHX npOJJ:YKro~ peaxnaz. 

. .ll.M :BwicaeHJIJI Me:xaHasMa aMHccu BHCOKoaaeprerz~ecKRX tmOTRm B pe
~ C.f~nHMH HOHaMH UpaMeHeH M8f0Jl: &HanHSa nepeJJ:SHHHX npOJJ:YKTaM 
peaxnaa BMnynLCOB B KOppenRUHOHHHX asMepeHHRX. 

BnepBHe · ll!cno.n.so:saHH IIj"OO! TJDBJIHX II!OHOB 9Be 111 IIB, a ra.ae pa
.lU!~fHBHHX 14C B lllCCnBJJ;OBSHM 3HBpreT.H~8CKHX ypOBH8ft TRZBnHX_.HSOTO-
noB reJUlJI. . . . . 

Ha6~eHH ocHoBHHe a Bos6~eHHue cocromiZH ~ep ~e, .6He, 7He, 
SHe, 9ae • no~eHH ce~eHZH o6paso:saHZH S'l'RX cocromiatt B peaxnHRX 
9Be+9.B8, IIB+7L; , IIB+9Be 111 I4c+9Be. BnepBHe aa6~eHH Bos6YJr,lleHBoe 
COCfOJDU18. JtitP9. 7He C 3Heprael 3,4 M3B a BOS6~eHHH8 COCTORHZH ~pa . 
8He C 8He~.llJDUl 1,3 MaB a 4,0 M3B. B peaxnaa 14C+9Be Ha6JDl,IteHo H8C'l'a-
6.1Jll.H08 cooromi.I!e 9He c aHeprael BOS6Y3JteHM,.... I,S M:JB. 

llPBKTa~eCKSH neHHOCTb pa60TH 

CosnaHHBR axcnepBMearaniHSH M8TOJJ:RR8 uozer 6Hrb·acnoJll.so:saHa JJ:~ 
npoBe,neHZH BHCOKO~CfB.HTBnLHHX SKcnepBM8HTOB no .I!SM8p8HDl MaCC CT&-
6.1JW!HX II SHepraa KBaS.I!CT!UUIOHapHHX COCTOJDI.HI H,Itep B peaKIU!JCC C TJme
JDIIUJ. .llOHSMB• KpoMe ororo, nOJIY'IeHHHe axcnep.IIMeH'l'SnLHHe .naHHHe B aa- . 
0'1'0~88 Bpeun .I!CnOJll,SyDTCB np.H paspa6orxe HOBO! 8Kcnepii!M8HT&nDHOft yc
'l'SHOBKJI .1tJUI KOppenRUJlOHHWC .1!8M8peHd MaCC JI8I'KHX 3KSOTII!~eCKRX ~ep. 

·; 

---.. -.-PesyJtLT8TH-.IlSy1{8HU-xapaxrep.I!C'l'.I!K·8M.I!CC.I!.I!··BHCOK03Hepre'l'.ltli8CKRX---
. nei'X.I!X. Jgt8p B peulUuoc ~RZB~··;OHmm_C_S~;Prilet-:no-20 M3B/HYitJtOH -·- .. ----· 

JlCDOJll.3f,Q'l'CB ,1tJUI DOCfaHOBKH 8KCnep.I!M8HTOB DO DO~eHBD ~erKII!X SKSO'l'.ll-
qecm ~ep, a ftlKS8 MOryT 6Hfb .IICDOJll.SOBaHH ~ DpOBepKH Cytll8CTByrl- . 
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llUlX R pasBHBa.DllUlXCB .B HaCTOR!Ilee BpeMB TeopeTH~ecRRX npeJJ;CTaBJIElHd 0 
uexaHasMaX peaxnal JJ:aHHoro rma. 

llo~eHHHe 3RCnepHM8HT8Jll.HH8 .pesynht'&TH 0 MaCCax .HSOTOUOB renxa 
.H SHeprznx BOS6~8HHHX COCTOBWlft 3THX H,Itep MOryT 6Hfb aCDOJll.30BaHH 
.H yze .HCDanbSyDT~n B reoperaqecKRX .Hcone.noBaHanx.crpyxrypH nerxzx 
H,Itep a ~ npeJJ:CKaSaHM cBoficrB ~erRRX MYnLTHHefl:rpoHHHX J'!,ll;ep • .naa~e 
0 ceqeHHRX o6pa30BaHM aSOTODOB reJIM:B .HCCJie,nyeMHX pea&nRBX MOryT 
6HTb:nonesHHMm ~ reoperaqecxoro asyl{eau MexaHHSMapeaxnaa ManoHYR
nonHHX nepe,naq Me~y ~paua c MaccoBHMR qzc~.H A<2o a anepraeft DYli-
RoB E"'IO MaB/HYKJ!OH. . . . .. 

llo~eHHHB .n&HHHe 0 B036y3,D;BHHHX COCTORHHBX 7He a8 He MOryT JIB% 
B OCHO.By 8KCnepRM8HTOB no RCcne;n;oBSHBD paCDBJJ:a 3THX ~ep C BHXBTOM 
aeftrpoHHHX c.acreM ( 3n, 4n). 

Ha 3amgT! BHHOCHTCB cnenynmae nonoXeH.I!B R peaynbTaTH: 

!) COSJJ:~SB BHCORO~CfBHrenbHSH M8TO;D;HKa ~ HSMepeH~ MaCC R 
aHepra~·RBasacranaoaapnwc cocroHR.aft .HsoronoB ner&.ax aneMearoB RBnXer~ 
CB 3~RT.I!BHHM M81'0Jl:OM aCMeJJ;OBaHU nerKRX. SKSOTaqeCRRX ~ep, o6pasy..; 
lOIIUDCCH B peaxnam( C TJ!ieJIHMI! aOHBMH. ·· ' 

2) HcnonbsoBan.ae aro~ Mero.nHK.a nosBonHer z;n;ea~.a~HUHPOBaTb a npo-. 
BOJJ:an aaMeperuie aaepru nerKHX ~ep c roqaocum JJ:O o;3%npH ce~eaaa 
HX o6pa30BaHM nopJJ;!Uta I H6/0AsB.cp) B peaK!.{WJX C T.fiJKeJIHMH .I!OHBM.H, ~· 
yc&opeHB1lMn Ha qa&noTpone. 

3) Pe~ c rmtemi.ui .I!OHEUAR c 3Hepr.aea:~20 MaB/Hy&JIOH,. conpOBOE..;' 
JJ:810llU'18CB 3W'ICC.il8ft Jierxax ~ep, JmJIIllOTCB 3/MJeRf.BBHHM M8TOJJ:OM CHHT83&'" 
JierK.ilx HeitrpOHO.I!36H'l'OqHHX stitep. 

4) HacSJI!J,Iteaae nepnoro nos6y;r.n;enaoro cocromian 5He c saepraeft .• 
E=(5,2±0,3)· AbB a .mapHHoft I'=(2,0±o,5) M:JB Bleaxnmt IIB(BS M3B)+?L··~ 

5) OcSaapyxaruie'noscSy3;ll;eHHoro coctoBHZH He c aneprzel E=(3,4±
±o,3) .AbB a l!llipHHOit I'=(I,5±o,5) :MaB B peaxwm 14C(I52,6 M3B)~Be. · 

6) 06napyzen.ae BOS6~eHHHx COOTOBHRft ~He C SHeprRRMB !,3 II 
4,0 l.bB c ll!.ltpHHoit noc.JieJJ;Hero I'=(0,5±o,3) J.bB. · · · · .. 

· 7) Ha6JI!J,Iteaae KBaaaoranaoBapHoro cocroBHZH y J'!,ll;pa: 9He B peaRnaH 
14C(I5S'M3B)+9Be. 

Aru>o6anrut oa6orH · · 

Marepz.a.:EH, IIOliWJJ:Jil.l!&· B ,1U!C08pT&llm>, Jl:OitJm,Itu:saJI.I!C:D Ha. 00B6!llaHM IIO' 
BKOIIepnia!iTaii~ Ha~-iijti?':aJC · fmm:-aoiio:S: (Bapmi~~.:. HPB;=-!984-=ii~ r;~.-m:IXXIY --:~. 
a IXDII 'con:il:!!UUUlX ao JgtepRol one1trpooxomm ll ofpyxeypo a'!'OMHoro a,lij)a 
C!m.o.-.A!'a,,.I984 r • .I~. 1987 r.), sa Mewaapo.itnol .JiePtiJIJtO.U.-- · · 
IIO CicaOt-pU ii Dl!.BI.lt.taOO!NGCl.'t.I!Ll II~BM R JgtepHOI X!IJWIIKI (BpqoBr . . ' 
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CPP, I985 r.) Ha XY a XYI Me~apo,nHNX c.BMIIosayMaX no. smepHoft fll.llsa
xe <rayccar, rnr, I985 r. a I986 r.), Ha CoBemaHaa no My~T.iiHBftTpOH
HHM cacreMa.M (.IlyCSHa, I987 r.) a Ha Melll;eylmpo.nHOM coBemaHa.il no reopa.a 
~o~aCTR~ .II KBapK-a,npOHHHX CaCTBM (nydaa, I987 r.). 

CTpyKTypa a oCS~M paCSoru 

J[HccepTSllM cocToRT as BBe.neHWI~ rpex rJiaB, SaKJIIO'lBHiut .a cnacm 
mneparypH. 0Ha co.nepnr I2I crpaH.I!IItY MaiiiKHonacaoro rexcra (BKJIIl'lM 
p.HcyaKR), 34 pacym<a, 9 TaCSJmn .1! cnac~K Jll'lTBpaTypH .113 !09 Ha.HMBHOBa
HK!t •. 

CQllEPlKAllliE PAEOTH 

Bo BBe.neHRH OCSOCHOBaHH aKTYaJILHOCTL H B83HOC'l'L accJie,ttyeMHX B ,ttHC
cepranza npoCSJieM. KpaTRO HSJIO~HO OCHOBHoe CO,tt8p~H.Il8 O'l',ttBJILHNX rJiaB 
.H IIpRBe,neHH OCHOBHHB pesyJILTaTH, nOJIY'l8HHH6 aBTOpOM B .naHHOft paCSoTe. eo . 

Ilepaaa rJiaBa nOCB.IimBHa pacCMOTpBHRD HSKOTOpHX OC066HHOCTeft ,ttByx 
TRinOB pea.KI:td c '1'JmeJIHMll HOHB.MR npH E/A .tto 20 MaB/HYRJioH: · peaKIJ;.d 

· MS.JIOHYKJIOHHHX nepe,na'l (PMII) .a peaKIUII c auccael JierRHX s,nep, a TaK
ze BOSMOlltHOCTH RICnOJIL30BaHM 3THX peaKIJ;Rft ;D;M C.IIHT63S a HCC~~,nOBaHM 
~erKHX H8ftTpoHOH36H'l'O~HX smep. 

PacCMS.rpBBSDrca.ocoCSeaHocra PMII Me~y smpaMa c MaccoBHMH ~cJiaMH 
A<20 npa aHepraa E/A-IO MsB/HYKJioH, KOTopue HeoCSxo.nHMo ~~TL npH 
IIOCTSHOBKe 3RCII9pHM8HTOB IIO RlCCJie,nOBaHKD JierRHX 3KaO'f.H'l8CKRX smep. 
H~yqeHHe aHepreTRI~ecxoro cnexrpa npo.nyxroB PMIT ymsHBaer aa cymecrBo
BaHHe ,nayx cnocoCSoB nepe.na~ HYKJIOHOB M8JmY s.npaMH: ltJIBcrepHM M.il . 

noCJie.tto:aarenHa.li nepe.natm, np.neM RJiacrepHa.li nepe.natm xa~repasyeor- . 
CJi BHCOKOI BS6RpaT8JILHOCTLm 3SC8JieHM B B036~eHHHX COCTO.IiHR.IiX IIpo
,ttyRTOB . peaKIJ;Rft. YrJtoBwe pacnpe.neJieHR.Ii npo,ttyRTOB Pltll on.acHBallrca oc
nHJlJ!Hp~ RpHBYMB C IIO,tt~NOM npRI MaJIHX yrJiaX,·'lTO CBI.n8T8JILCTBY8T 
o IIPJD&OM xapaxrepe peaKII;d. Balmoft xapaxrepacuxon PMli ~rca saB.a
c.INocn O'l'HOC.IIHJILHOI BepORTHOCTH 3SCBJieHM B pa3JIR"'HHX COCTOJiH.I!JiX 
OCSp830BaHHHX npo,ttyRTOB 0'1' KRIH8MB.T.i1'18CRHX yCJIOB.ilft pea.xnd. B CB.IiSRI. C 

. aT.IN paCCMB.Tp.i1Ba8TCJi BOIIpoC 06 OIITRIMB.JIJ.HOM 3HS~8HKB Q -peaKIJ;.il.il 
( Q onr> RI npoBO,nnca aHaJIRs pasu"'HHX Mo,neJteft, aa ocaoBe xoTopNX BH
~CJISie'rCa Qonr• PaccMB.rpa:aaerca saBHCRIMOCTL ce'leH.aft PMIT O'l' crpyxry
PH nepe.naHHo!\,acr.BUH. IIpe.ncraBJieHH HeROropwe xapax'1'8pacuu peaxn.lll 
nepesap~. x6ropse oCSH'iHo conpoBo~aDTca cRIJILHolt nepecTpoftRo! 
C!'pJRrypH CTaJIRBB8DltHXCJi s,nep. 

B 3'1'01 r.mBe 'l'S.Ue npe.ttcTaBJieH xparKd oCSsop pesym.raroB .IHKJIII- . 

BHBHWX JlsuepeHd xapaxrepacux auccu JierKHX s,nep B peaKIJ;.MX c T.Gli
JIYMJI KouaM. C 8HeprHRMB ~0 20 MaB/HYKJIOH J1 IIOKasaHa B03MOEHOC'l'D JIC-
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no~soBaHWI peruantlt .ttaHHoro rana ;n;mr CKH'resa aKsorl!~ecKKX s,nep. C . 
neJil>D B:wrcHeHWI Mexarut3Ma peruantlt, conpoBo~a aMRccaen JierKax 
smep, npoBe,neHH KOpp6JIJmROHHH8 asMepeHWI d.. -"'RCT.Bn C OCKOJIKSMa ,tteJie
HM B peaKIUUI I

2
c(B5 M3B)+23~h. Pesy~rar aaaJI.Haa nepe.ttaHHHX npo,ttyR

TaM peruma.a . .HMIIyJILCOB yRB.3HBa8T Ha npeoCSJia,ttallllyl) pom. MexaHaSMS. HB
nOJIHOro cJm.Jmaa B .ttaHHoft peaxnaa •. IIpne.tteHH reKJ~te pesy~rers .HsMepe~ 
HHft RHRJIDSHBHNX 3HepreTH'l9CKRX cneRTpOB HSOTOnOB JI8rKKX 3JI6MBHTOB B 
peaxnaax YCKOpBHHHX .I!OHOB 20tJe(360 M3B) Ha MRmeHJiX IBLra a 232Th •. 
IlOKaSSHO yBBJIR~eHRe BNXO,ttOB .1!30TOnOB JIBrRKX 3JIBM8HTOB (nO'lT.H·aa ~. 
noPJmRB.) ripa nepexo.ne aHepraa llY'lM or,.. IO MaB/HYKJioH, ~ro CBB.tteore.ni.
crByer o nepcnexrE8aX acnom.so:aaHWI peaxnan·np.a aHepr.ll.liX HaJierammax 
.IIOHOB ..... 20 M3B/ayKJIOH ;D;M CRHT83a JierKKX 3K30'l'a~eCKKX s,nep. 

B noCJie,IUieit tmc.ra nepBoft rJiaBH pacCMa'l'paBaDrca BOSMOlltHOCT.il PMII. . 
.nJIJi caHTBSa .a accJie,nOBaHR.Ii CTpyKrypH JierKax 3K30Ta~eCKKX s,nep. 0nKCH
Ba8TCJi MSTO,n .ttByxTBJILHOft peaKIUUl, ROTOplift aCIIOJILSOBaH B HaCTO.Iim8ft pa
CSore .tt~ aaMepeHWI MaCCH a 3Hepraa B036~SHHHX COCTO.IiH.Ilft aSOTOIIOB 
reJllut. 

Bropao rJiaBa nocBameaa on.acaH.aD axcnep.HMeHTaJILHoft Mero.ttHKH,.ac
no~syeMoft B paCSore ,nJIJi RCCJie,no:aaHWI 3Heprera'l8CKKX ypoBHeft HSOTOnOB. 
5
He-

9
He. MaJIHe ce~eHHR oCSpaaoBaHRa 3K30Ta~ecKKX ~ep H OCTpaJ! HanpaB

JISHHOC!l'L IIpO,ttyKTOB peaxnaft B nepe,IUI.i!S yrJIH, r,ne BB.1ll'1KH: C8~8HH.Ii ynpy ... 
roro a x:aasaynpyroro pacceaHM; coa.ttaJOT cepLeaHHe rpy,nHocu B RisMepe ... 
H.i!JiX, ~TO HaKJia,ttHBaB'l' X8CTKH8 YCJIOB.I!Ji Ha BHCSop 3KCII8pHMBHT<aJILHOft M8~ . 
ro,nHKa :n:mr npoBe.tteHM HccJie.ttoBaH.i!ft. Ha pac. I noxasaa cxeMara~ecKHa · 

ny•wK 
HOHOB 

Pac. I. CxeMara~ecKd BH.n axcnepHMeHram.Hoft ycraHoBu .tt~.RsMepeHRJi 
aHeprer.a~ecKHX cneKrpoB Jierxax s,nep, oCSpaso:aaHHHX B-peaxnRI.IiX 

C T~JISM.Il HOHaMa 
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. . . 
Ban 3KCnepRMBHTaJihHO~ ycTaHOBKR ~nH RSMepeH.HH BHeprOTRtJBCKRX cneKT-

pOB JierKRX ~ep. IIytmR ycKopeHHHX ROHOB noMe npoXOli\ItOH.HH KOJIJIRMaiJ:R-
OHHO! CRCTSMH na.tta.JIR Ha MRmBHh,· paCIIOJIOZ8HayD B USHTpe RaMepH paCCSH

HHH. llpo~TH pBaKI.lR! aHaJIR3RpOBaJIRCh C noM~hD MarHRTHOro oneKTpO

~eTpa MCll-144 R perRCTpRpOBRJIRCh ROHRSauROHHO! nOS.HnHOHHO-tJYBCTBR
TBJIDHO! KaMe pol .4 E-E, pacnO~OllteHHOfl B <l>oKMDHO! nJIOCKOCTR cneKTpOMOT,

pa. CneKTpOMe'l'p IIOMSntaJICH no~ yrJIOM 8° MR 5° OTHOCRTSJIDHO HanpaB

JieHHH na.ttaDmero nytJKa, ero TBJISCHHA yroJI COCTBBJI&n 0,6 MOp C yrJIOBO! 

aneprypofl I 0 • PaspemeHae no !OOJY.lllaCY ~oro cnexrpoMerpa (AP/P) ooc

or~o..., I0-4. HoHRSauROHHaH K8Mepa ZMeJia cJie.nyJlllU'le napaMerpa: paspe

meime no aHepru (E) 6wro He xytte .2,I%, no~E - 3,2% 11 no KOop.ttwm.re. 

X- 0, 7 MM. BMe~crBze pas6poca aHepru nytJKa sa ~rem.Hoe BpeMH zs

MepeHd R ~pyr.HX qrutTOpoB; !'aKRX KaK 'l'OJilliRHa MRm8HR 1 pas6poc no yrJJBN. 
nona.ttaHHH tzaC!'RU B KaMepy, TOtJHOCTh B onpe~eJieHRR SHeprRR tzaCTRU 0 .. 

IIOMOII!l>D ~aHHO! MB!'O.lt.II!Xl1 COCl'aB~ BBJmtJRHY - 0,3%, a ee 'JYBCTBR'l'SJID-

HOCTh HB xyllt8 I0-33 ctl-/(r.bB.cp). • ~ _ . 
B aro! ze r~e onacaHa cacreMa perncrpaoan a Ha6opa axcnepRMeH

!'aJIDHO! HH<l>opMB.IliD'l 1 UOC'l'pOeHHaH Ha OCHOBB 3JI9Kl'p0HHHX 6JIOKOB B CTaH-. 

~apre KAMAK 1t paCSorani~taH "B JIRHRJD" o 9BM. CM-3. • .IL1IH npoBe.tteHHH zsMepe

HHI aa nytJKaX BHCOKO! HH'l'BHCRBHOCTR Ha BCBX TpaKTaX _8JIBKTpOHHO!.CXB~
MH BBB~BHH pelleRl'OpH HaJIOllteHHHX ZMfiYJihCOB 1 KOfOpHB ~allT CHrHM 6JIOKR

'poBKR BXo~oB B AUIT B CJIYtJae o6HapyzeHHH CRrHaJia HMOEBHZH Ha o.ttHOM. 

.IS TpaK'rOB. 
Paspa6oraHH .ttBe o.cHoBHHe nporpaMMH HRKOMBHWI a o6pa6oTKR axcne-

p.BMeHTRJIDHO! HH<l>opMaitM 1 B KO'rOpble BXO.ltHl' IIO~nporpa.MMH ~ ynpaBJie

HRH 9BM a 6JioRaM.H KAMAK npa BbliioJIHeHRR pasJIRtJHHX onepa.I(R!, TRKRX KBlt 

nepe~atza ~aHHWC B 6~p, COpTRpOBKa ,ItaHHHX B .ItByMepHblX npe~CTaBJIBHR
JDC R JtX BblCBetJRBaH.He Ha nBBTHOM ,IU!CIIJiee. Bal!tHb!M aJieMeH'l'OM.nporpaMMHO

ro o6ecnetzeHRH·~eTCH IIpoue.ttypa or6opa.ttaqHHX nocpe.ttCTBOM Basyam.-

. HOrO npe~CTaBJIBH.HH 3KCII8pRM8Hi'aJIDHO! ~J»w!BllRR• 00YI!lBC!'BJI8HR8 npe.tt.,. 
BapllT8JIDHOrO OT60pa ~aHHHX .ItO RX 3am1CR B IIaMHTh 9BM 3HatJilT8JllaHO n6-

BHma8'r a~KTKBHOOTh.aKcnepZMeHTSJibHO~ ycTaHOBKR sa c~eor yweHhmeHBH 

_SaTpatzeHHOro Ha sanae:& HH<l>oPMB.UilH BpeMeHil_ R SKOHOMRR ns.MHTR. liJlSI op

rBHZSRUW! HaKOIIJI8HZH ~HHX npZMBHH8TCH M8TO.lt ~BO!HO! 6~pllSB.I(RR. 
H.lteHU~WI saperacTpRpoBaHHHX tzacrm:i npoBo~~ch ny'l'8M nocJie~oBa
TenHoro ofdopa ~aHHHX: (AE,E)-npe~CTaBJI8KR8 ~aHHblX fi03BOJIH8T OT0-

6paT:& C06bl'fM.HHTepecyDitero H8.C 3JI8M8HTa (pac. 2a) R noCJie 3TOrO 

____ 1(~~-I_L 6W!O · pa3.It8JIRTh 3TH ooro6paHHH8 C061iTHH no RSOTOnaM C IIOMOIIO>D 

(X,E)-n~.ltorw~H;i-(pac~ 2(n. RJUt CX:;A E)-n.Pe:ncraBJieHM. Sroi- lie'To~ 
o6ecnetz.BBaeT ~el!llyn RJ.ItBHTa~mo ~aHHHX .naite B c.nyqae CSOJIDmoro 
'IU!CJia CJIY'W.!HWC COBnanemtit. lloCJie Rl.lt8HTR~ru<allRil SHeprM tzaCTRU BHUC

JIH8TCH R3 SHatzeHHH NBrHRTHOro IIOnH cneKTpoMeTpa R X-Koop~Tbl. 
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P.ac. 2a 

nayMepHOe npe~CTaBJI8HR8 

(AE,E) peracTpa~yeMHX tzaorzu 
as peaKI.lM 9Be+ ui. 

Pac. 26 .. 

nByMepHOe npe~CTaBJIBHRe 
(X,.E) oro6paHHHX no (AE,E).

npe~cTaBJieHmo co61iTR!, npR

Ha.ItJiezSmax x zsoTonaM asora 

B peaKitHR 9Be+7 ui. llpoBaJibl 

B X-cnexrpax - MecTo nepero

po~a BXO,ltHOrO ORHa KaMBpH. 

B KOHne r~a xpa~xo onacaHa nporpaMMa no~roHKH pao~aroB ~soBwc 
06~CMOB pasJm'tHHX BHXO,IUJWC RB.Ha.JIOB peaKI.lRR K BKcnepHMeHfaJI!IHHM ~aH
HUM. 
- Tpafbri r~ nOCBRm8Ha SKcnepZMeHfaJI!>HOMy RCO~e~OBaHZD 8Hepre!R

li8CKZX ypoBHeft !'SDteJII:IX xsoronoB re.l'Wi 5He-9He. HsMepaw aHapreutzeo-. 

rute oneKTPH COIIpSDteHHWC npO,lzylt!'OB SUX .IISOTOIIOB, no.JIY"'{ISHHWC np.H OCSJIY.-

tze!W!_Ha Bmae~eHHWC _nytmaX wuurorpoHa Y"":"300_MrulleHefLas_'!L~.R _9 Be Rcr;. __ _ 

HaW! 
9Bs I IIB, 14c. Ha OCHOBe aHMJlSa STRX pesym.TRTOB 6wm c~US:HH 

Dana~ o Macoax n aHeprRRX BosCS~eBHHX ypoBHeft·zcc~e~eMHX ~ep. 
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Ta6~a I. OcHOBHHe xapaxTepacTKKH acc~e~eMHX B pa6oore pe~a! 

E~6 (M:JB) Yro~ asMe- BHXo,nHo~ KB.HaJI Q -pe~M 

PerumM peHrui (M3B) 
(r~.) 

IIB+7Li 88 8 I3c+4Ie 9.56 
I2c+7He 5.98 
IIc+7He -12.74 

87 8 .,J 
10c+8He -23.74 

IIB+9Be 88 8 I3/J+-7He -II.O 

9Be+9Be 106.7 5 IIc+7He -13.62 
10c+8He -24.62 

14c+9Be 152.6 8 16o+7He -6.56 
158 8 I4o+9He -33.32 

OcHoBaue xapaxrepacTRKR acc~e~eMHX pe~aa npe.ncT~eHu B Ta6~. I~ 

llp.il aHSJmse no.nyqeHHHX pesym.TaToB pacc'!RTUBa~oc:& onr.itMaJn.uoe sHa'!e
aae Q-peaKnRR <QonT), KoTopoe onpe.ne~eT sHepreTa'!eCKyP o6~cT:& 
aa.116o~ee Bepo.FITHoro sace~eHIDI Bos6yl!meHHHX ypoBHe! smep. llpaQ on.fQ
pe~M c riaa6om.men Bepo.FiraocT:&n npoacxo.naT sace~eaae B Bos6~ea
HHX COCi'O.FIHW!X, llpa Q on? Q. -pe~iU'I rmBHHM o6pa30M saceJIJmTC.FI 
ypOBHJl B6~3H OCHOBHOro COCTO.FIHIDI. 3Ha'!8H.il8 Q onT paCC'l.ili'llBB.JIOCl> B 
paMKB.X Mo.ne~ B.llJil>'IHHOKoro npa HY~eBoft sHepraz .nzccanauaa /a/: 

.Pf z ) 
Gonr = \j -4M. +;;; K (Ec.H.- Vi • 

r.ne Vi 1 Vf - nore1ma~ BsruiMo.neftcTBHSI smep; p; 1 .P.; - npii!Be.neHHHe 
MaCCH BXO~HOro .il BHXO.nHoro KB.H~OB OOOTBBTCTBBHHO; EC.M,-SHeprBSI pe
~.H B c.n.M.; K - K09qqJ.illtHBHT, paCC'IHTaHHHft no MaCCaM smep BO BXo.n
HOM .il BHXO.nHOM RS.HB.JiaX peaKnRR. 

Bo BOBX .il3M8p8HHSIX 6~0 BaMHO SHaT:& BKnB.n B H3M8p8HHH8 cneKTpH 
peaxna! Ha R,Itpax DpHMeceft B MHmeHJ!x. TaKHMH DpHMBCSIMJt SIBMIOTC.FI yr~e
po.n, xa~opo.n.R B ~'!ae 6epannHeBoft MRmeHH - Me.n:&. ~Hze npBMeceft 
B MRmeHKX·onpe.ne~OCl> nyTBM H3MBp8HHSI SH8p~BTH'IBCKOro cneKTpa .il BH
Xo.na npo.nyxoroB smepHHX pe~d Ha MRmeHSIX as yr~epo.na, ~ 
<Af203) .il MB.l(.il. c .npyrol CTOpoHH, axonepiMeHTH CTaB~CL TaRIM o6pa
SOM, 'IT06H npoSIBJIJm~BCSI B HBKOTOpHX C~ SHeprza'ypOBHeft Ha an
pax npBMecel ~zana B ,npyroM saepreTR'!ecxOM .n.KanBsoae, He~~ zcc~e
~eMHe 9H8~8TH'IBOKH8 CDBKTpH. 

Hsoron 5He ac~e.no~cSI B peaxnaa 7ui<11B, 13c>4Ie, B Koropol 
npoacxonr pn-nepe,na'!a .as smpa MHI!IBHH x H~eremteMY ROHJ. B sHepreTz-
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'IBCKOM cnexTpe I3c '!eTKo aa6~,n~c:&-.nBa DRKB., cooTBeTcTBymmae.ocaoB
HOMY H nepBOMY B036~eHHOfQ COCi'OSIHBSIM 5He. 3To B036y~eHH08 COCTO.FI
HHe 5He HaXO.l(HTCSI npH saeprlUI E :=(5,2±o,3) bbB B CHCTe.Me 4He+n, ero 
mapKHB. I'=(2,.o±o,5) lohB, r.e. saa'!arem.uo MeHl>me npii!Be,neuaoro B JmTe
paTJPe 3Ha'l8HHSI (r~4 M3B) /6/. Ce'!BHRSI Si'IDc .nBJX COC'l'OSIH.ill B .l(aHHOI 
peaKitHH COCTaBJJHDT (12±3) MK6/cp H (6Q:!:IQ) MK6/cp COOTBBTCTBBHHO. B 
.naHHol peaKitU Q onT=-17,2 I.hB, .f.e. Mea:&me Q -pe~ Ha 27 lobB. ) 
3TO DOKB.SHBaBT ~ BBpOSITHOCTl> sace~BH.il.FI DpO~KTOB peaKitHH B 06nac
T.il SHepraH OCHOBHOrO COCTOSIHHSI 1 'ITO 0Tpa3a8'l'C.FI B C8'18HHSIX Ha6~aeMHX 
COCTOSIH.Hft: OHH 3Ha'IKT8.1Il>HO. MBH:&me TRnR'IHOro CB'IBHHSI pn-nepe,na'!H Dp.il 
SHeprHH HaJIBT~ero Hoaa 5-10 MaB/~oH /B/. llpa .nauHol saeprBB pe
BXItHSI MollteT npoacxo.nni. B .nBe oTa.nM: npe,nBapRTe~:&Hoe. Bos6yir,neaHe 
7LI a nepe,na'!a .neilTpoHa /r/. Tor.na o6pasoBaHHoe smpo 5He maeeor 6onmyD 
BBpOSITHOO'l'l> HaXO.l(H'l'l>CSI B B036~8HHOM OOCTOSIHHH 1/2-, 'IBM B OCHOBHOM 
COCTOSIHHH, 

HSOTOD ~e HCC~e,no~CSI B pe~HH 7Li ( IIB, 12c)6He. Ero OCHOBHOB 
.a nepBoe Bos6~eHHoe cocTO.FIHHSI aa6.mutaJmc:& npH HsMepeHHH aHepreTH'le
cxoro cneKTpa I2c Hs ,naHaol pe~u c ce'!eHBS~MR (32o:!:20) MK6/op a 
(270±30) MK6/cp. COO'l'BBTCTBBHHO. 3Ta peaKitM .npe.i(cTa~e'l' Co6oft. no,n ... 
XBB.'l' o.nHoro npO'l'OHa 0 sano~eHHeM . U!)OTOHHOI P3/2-rio.no6o.irom B. 12c.' 
Taxae peaKitM IMBBJT. Cpa.BHHTem.Ho 6o~:&mae. ce'!eHM. B no!! peaKnRR 
GonT=-IO MaB, T.e. aa 16 MaB MBH:&me Q -pe~a. Cor~Ho xpzT~P!Dl on
TRMaJII>Horo 3Ha'l8HRSI Q CB'IBHHSI o6pa30BaH.il.FI npo~K'l'OB B COCTOimHJ!X . 
B6Jm3.11 OCHOBHOro B ,naHHOM c.nyqae 6:f]J.Y'l H860JII>mHMH. JleftCTBH'l'BJil>HO, no
.nytl8HHH6 ce~eHHSI HaMHoro MeH:&me THDH'!HOro ce'!eHH.FI peaxnal nepe~a'!Z · 
O,nHOro npOTOHa /B/. · . : . 

. HsoTon 7He .acc~e.no~cSI B tierapex peaKitHJ~X: IIB+7Li, IIB+9Be, 
9Be+9Be.H 14C+9Be. B ~oM as aaepreTH'!eCKRX cnexTpoB conpSIZeHHHX 
npo.nyKTOB 7He B nepBHX .nBJX peaxnHSIX ( IIc H 13N) aa6~eH TOJII>KO ... 
o,nHH MaKORIMj'M, COOTB6TC'l'Bymutl OCHOBHOMY COCTOSIH!Dl 7He. CneHHSI o6pa-
30Bali.U 7He B OCHOBHOM COCTOSIHD, B CITJ!X pe~HSIX COCTSBJIJmT . ' 
{4,8:!:o,5) MK6/cp H (29±5) MK6/cp OOO'l'BBTCTBBHHO, 3aepreTH'IBCKH6 CDeK
TpH I1c H 13N xopomo onHcHBBBJTCSI pac~eTSMH.qasoBHX o6~MOB c' npe,nno-. 
~Ollt6HHBM o pas~e 7He (6He+n) B TpeX'!aCTH'IHHX BHXO.l(HHX ~Hamax peax
nd. ilOCKOJil>Ky KHH8MaTH'l6CKHe Y~OBH.FI STHX ,nByx peaKil.ilft o,nHHaKOBHe 
(no'ITH~HHB Q OUT .il Q -pe~HH), 6om.m8.SJ pa3HJ!It8, B CB'IBHHSIX. o6paso
BaHHSI He o6~CHSI8'1'CSI pas~oft CTeneHl>Kl ~OlltHOOTH nepe.na'IZ HJKXOHoB: 
B nepBOI pe~H.il npoHCXO.l(HT.06MeH.~OHaMR~ aBO B'l'Opol- DO.l(XBa'l' 
.l(Byx ~OHOB. B a3MepeHHOM aaepreTH'l6CKOM. cnexTpe He IdS Tp6T:&eit pe:.. 
~ {9Be+9Be) '18TKO Ha6~eHH nRKH, C~O'l'BBTCTB~e ~CHOBHOMY COC
TOSIHHJl 7He .1! BOS6yllt.Il6HH!Dd COCTOSIHHSIM IIc npH SHeprBB 2,0; -4,32 H ' 

9 



4,8 MaB. Ce'!8H.I!8 oClpaSOBa.HM 7He B 3TOft peB.Rl{.l!.l! COC!'aBJIJI8T 
(39±3) wt6/cp. 

I 
c.> 

:JHepr~ ooaelylll',lle!OO! cRcTew 6-rle+n(MaB) 
. 10 8 6 4 2 0 

•a.rc.18o/He 
E•152.6 il!aB . 
0•8 

§100 
51 

130 

P.l!c. 3 

3Heprera'!ecKHft cnexrp 160 zs 
pe~aa 9Be ·<14c, 16o>7He • 

,; Cn.noi!IHM JIHHM - KpZBM (Iaso
Boro o6'l>eMa orpexorem,Horo BH
xo~Horo KaHana pe~az 
I6o+6He+n. IlymtorapHrui JIHHM 
COOTB8TCTBY8T ({aSOBOMY 06'1>8MY 
c y'le'l'oM BKJIB.lt8. "aKso'l'a'!ecKo
ro" xasana pe~aa I6o+~e+2n. 

fl 

B pe~ 14C+9Be Ha6~anoc~ KpoMe OCHOBHOro COCTORHHH 7He H . 
ero BOS6Ylm8HH08 COCTOJIHae. 3Hepr8TH'l8CKd cneKTp ISO as 3'1'0ft p8altllHZ 
npe~CTaB~eH HR pac. 3. Cn.nomHaa .JIHHM npe~c~eor co6o! pacqer qaso
Boro .o6'l>eMa rpexqacra'!Horo BHXo~aoro KaHana 16o+6He+n c o6pasoBaHHeM 
·I6o B ocaoBHOM a ~yx nepBHX sos6yx,n;emmx·.:cocromtrurx. Jlyqmee cor.nacae 
C 3RCII8pHM8HTan~HHMH ~aHHHMRI no~e'fC.fi 1 ecJia 1'!80'1'~ BitJIB.D; "aXSO'l'H'l8-
CKOro" BHXO~Horo KaHana ISO+~e+ n, paCCMa'fpZBM ISO B OCHOBHOM COC
!OJIHHH (IIyHRTHPHrui JIHBM Ha pac. 4). B cneKrpe 16o aaei~Moo~ ·na . 
nBKa. MeHbmal nHK npa aHeprza Bos6yx,n;eHMrE:~(0,5±o,3) MaB B czo!eMe 
6He+n COO'l'B8TCTBY8'r OCHOBHOMY COC'l'O.fiHHD 7He. ee~eHae 3!0ro COO'l'O.fiHM 
COCTaBJUIBT (5±I) MKCI/op. BoJII>IllOf!: nHK C IIIHpZHOf!: r;(I,5±o,5) MaB HSXO
~II'rC.fi npH 8H8prJII.Z BOS6yx,D;8HM (3,4±o,3) MaB~ Ero C8'!8HH8 COOTaBJIJIB'l' . 
(B4±I5) MKCI/cp (Ciom,mrur H8'fO'IHOCT~ B. onpe~M8HaH Ce'!BHM noro COC'l'O
.fiHM CBgsaHa c aeonpe~e~eHHOC'fDD pacqeTa qasoBoro npoc!paHcrsa). 3ro 
BosCS~eHHoe cocToSIHae 7He paaee ae aa~anoc~. ~ Hero sRepre'l'H
~ecKH BOSMOEBH Ka~ pac~ C B~8TOM 'rp8X HB!TpOHOB 
·(7HeiE-- 4He +D+Il+n). B ~aHHOf!: peBltilHH Qonor paBHa -24 MaB, 'ITO H8. 

17,4 MaB MBHLme Q-pe~. 3ro ~e.naeT Clo~ee BHro~Hl:IM sace~eHae Bos-
CS~eHHoro COCTO.fiHM 7He. · . 

Hsoron ~ xcc~~oBMC.fi B .llByx pea.ttnMX: IIB+7L1 .ll 
9Be+9Be. 3!.1'1 

peEUm.u DIBD'r Clom,nute ottpznaTB;n,HHe . saa~eHM Q-peB.ltil.I!R a nponecc ne
pe~aqa ~OHOB ~OCTaTO'IHO ~OZSH: OT~BO.fl ~pa OCIMBH.fiJiii.C~ 
'l'peMll HYXJIOHBMK B pasHHX HanpaBJieHaSIX. CJie~oBarem,Ro, ee'!eHM aux .. 
pea.ltild OJtll,ltaJJ'rC.fi He6om,nutMH. B cneK'l'pe IDe as peaxnu IIB+7Li HaC!~ 
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:lHepri!Jl. B03C5ylll',llei00! ~e (LI3B) 
6 4 2 0 

9Bec~.10CJ 1H• 

~ci 'T• .... 

~10 
i§ I' 
08 
c.> 

~6 
c.> 

51. 

Eo10&.7i.faB 
e:s• 

n 

1 

l I 1L 1 ll +-JLlLLLL.L_ -
74 76 78 80 82 

ai!ID'l'k!f! 10c (idall) 

PHC. 4 

3Heprera'!ecKHf!: cneKrp 10e Ha 
peaxuaa 9Be(9Be,10c)8He. · 
erpe~ noKaSJ:maDT aRepru 
IOc npa sace~eHHSIX B OCHOBHHX 
a BOS6yll(,I(8HHHX COCTO.fiHMX npo-J 
~RTOB peaRURa. 

~8HH ~Ba nHKa, COOTB8TCTBymmR8 OCHOBHOMY H BOS6~6HHOMY COCt'OHHJlmM 
8He C C6'!8HH.fiMJl (57±7) H6/cp H (93±25) H6/cp COOTB8TCTB8HHO. Bosdyz
~8HH08 COCTO.fiHH8 C mzpRHOt! I'=(I,O±o,5) M3B HM88T .aHeprRlll 
(2,6±o,3) MSB •. 3ro cocroHHRe ~eTCSI-HecTa6~~HHM OTHOCHTem,Ho pac
II~a Ha 

6He+2n. 0HO Ha6~oc~ Tad8 B peaKUHH 9:se(7Li, 8B)8He h/. 
KpOM8-3TKX COOTOSIHHf!:, B pe~M 9Be+9Be Ha6JIJ0~8HH eme na BOS6yll(,I(6H
HH8 COCTO.fiHM 8He. Ha pac. 4 npe.ncTaBJI8H 3HepreTa'!8CKd CllBKTp IOe 
Z3,3TOt! p8aKUHH, B KOTOpOM Ha6JIJOieHH MaKCHMYMH, COOTB8TCT~H8 OC
HOBHOMY H Bos6yll(,I(8HHHM npa 3Hepraa 1,3; 2,6 a 4,0 MaB COCTOnHRRM. 
ee~8HHR STHX COCTOKKHt! COOTB8TCTB8HHO paBHH (2?5±40) H6/cp, 
(92±20) H6/op; (49±I5) H6/cp a (I60±50)F.6/cp. Ms-sa MMOft OTa'l'.I!CUKH 
H8Jn,S.fl C Xopomef!: TO'IHOCTDD H3~8'!$ mRPHHY nepB&X BOS6~8HHHX COCTO.fl
Hd. lll.aprum COC'l'OHHM npa 3HeprZH 4,0 MaB !'=(0,5±o,3) M3B. YpoBeH~ 
npa aRepi'az I, 3 M3B cTa6~LHH! orRocareJI~Ho HettTpoHHoro pacna.na, a 
ypOB8Hb npa SHepran 4,0 M3B MOXBT pacn~aTbC.fi ny'reM SMHCCH.I! 4 H8!Tp0-

. HCB. Craelwn.Hltll ypOB6HL npH 3H8praH 1,3 M3B npe.ncTaBJIJIBT ZHT8pe0 B 
paC'!OTax CTpyKrypH ~ep, TaK.RaK 3TO nepB08·HY~OHHO-c'1'aelwn.H08.B03-
CIYJ'ilt8Hi!:oe COCTOJIHae T.fDit6.7IHX HSOTOnOB re~ (~5). Ypo:se~ 4,0 MaB 
npe~CTaBJIJI8'1' ZHT6p8C 0 TO'IK.I! speRM HSY'!BHIDI ero paciia.na C BHJI6TOM 
'!6'l'Hp6X BSaKMo~el!:CTByx>utax H8ftTpOHOB. . . 

Hso'l'on 9He .BccJie~oBMcSI B peaKnM 14e+9Be, aHepre'l'H'!eCKHf!: cneR'l'p 
140 ZS KOTOpol!: IIpe~O'raM8H Ha pRe. 5. Cn.noi!IHM JIHHM Ha S'lOM pacyaKe. 
~8TOH paC'l8TOM (IaSOBOro 06'l>8Ma BHXO~Horo KaHMa peaKn.I!H I(0+8He~. 
HaCS~aercn mapoKoe pacnpe.ne~eHHe ~ qasoBHM npocorpaacrBoM. B npe~e
.mu: TO'IHOCTH 3KCII8pHM8HTa MOJCHO onpe~eJiaU C8'!6HR8 o6pa30BaHM 8TOro 
COCTOJIHH.fi R MaCCf ~ 9He,·ttoropae· COCTaBJI.fiDT COOTBBTCTBBHHO 

... o,r MK6/cp a (4I,5±I,O) MaB. 3ro ce~eHae cymecrBeHHo CloJI!>IIIe cneHu . 
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_J_ 
<>to 

I 
5 

9Be("'c,'0)9He 
E•l5811aB 
9•8° 

:l!iepl'WI B03dYliiJIBIIltJl CllCTBJ<H Bae-tn(llaB) 
12 8 4 0 

!. n He+n 
- I 

I • 

110 120 
aHEPI'llil 14o (llaB) 

P.11c. 5 

3Heprera~ecKa~ cnexrp 14o as 
pe~ 9Beci4c,I4o)9He. 

Cn.no111H8Jr JmHWi - Kpl!BWI: {flaSOBO
ro od~eMa ~xre~aoro BHXO~Ho-
ro KaHana O+~e+n-peaxn.il.il. 

; CTpe.mta noxasHBS.er neHTpoRI.It 
i pacnpe~e~eHZH ~ {flaSOBHM od~e

J MOM. 

Tadnna 2. Hadm~aeMae B Hacronmeft J)adoTe aaepreT.il1iecRae ypoBH.il _ 
- .iiSOTOfiOB 5He-9He 

Hso- te11e/ae) 
(" 

KaHu 3aepru ron Pe8.KWU1 Mitd op EJ*(MaB) r<MaB) HetrpoH-~cnra 
Horo - M3B 
paciiMa . 

~e ?r.i. ( IIB, I3c) !2±3 o.o. o,a±o,s 4He+n 0,9±o,3 
so±ro 4,3±o,3 2,0±0,5 ~e+n 5,2±o,3 

6He 7L1(IIB I2c) 320-~0 o.o. ' . 
r,a±o,3 ~e+2n 270±30 ~ 0,2 o,a±o,3 

7He 7L1(IIB,IIc) 4,8±o,5 o.o.- ~ 0,2 6He+n 0,5±0,3 
9Be ( IIB, I~ ) 29±5 o.o. ~ 0,2 6He+n 0,5±0,3 
9Be(9Be, IIc> 39±3 .o.c • :s 0,2 6He+n 0,5±o,3 

. 9Beci4c, rs0> 5±r o. c. . :s 0,2 6He+n 0,5±0,3 
84±!5 2,9±o,3~) I,5±o,5 6He+n 3,4±0,3 

4He+3n 2,4±o,3 
. 8He 7Li(IIB,IOc) (57±7)·ro-3 o.c. 

< 93±25 > • ro-3 2~6:to,3 I,o±o,5 6He+2n 0,5:to,3 
9Be(9Be, IDe> (275±4o> • ro-3 o.c. 

(92±2o>·ro-3 I,3:to,3JE) 
(49±I5)·ro-3 

2;6±o,3 ) . .:. 6He+2n 0,5±0,3 
< rso±so > • ro-3 4,0±o,3* 0,5±o,3 6He+2zi . I,9±o,3 

4He+4n 0, 9±o,3 

9He _ ~~ci4c~I4o) ,...., O,I o.c. ,..3 8He+n - !,8 

*) 3ra YPOBH.il BnepBae aad~eaa B aaoronmel padore. 
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odpasoBaHZH 9He B peaxnWJX c :Jt. -MBSOHBNI.il /e/. IIII!plliia aororo coo. roJUUIJI 
BeJW<a (---3 M3B) .II He .iiC.KJIJl116HO, 11TO npa do~me!l CT8'l'.iiCTHKe .OHO pas~e
Jm'l'CS Ha OT~B~HHe 'ypoBH.il /z/. 

3Ha1i6H.IIS C6116rut!! HadJIJJ,JtaBMHX COCTOSHd ~ BCBX· .iiCCJie~eMHX peax
Jll[~, .iiX 3H6f.U Jl mRpRHH npe~CT8M6HH B Ta~. 2. Kait BRl.ItHO HS .fadJUt
nH, aso~on He do~ee oraCl~HH!!. 1iBM 6He. Hsoron 7He XOTJI a SIPJIJ~eTcJI 
aeorad~HHM smpoM, Ho do~ee cBssiw, 11eM ~e. CymecTBeHao dOJiee cBs.:. 
saaHI:&t, 11eM npe~noJIS.I'a.noo:&, oxasa.ncs ~e. 'TaJCBJI: ocodeHHoon noBHIII8.,;, 
HKS cTad~aocr.il r~e~ smep re~ n~ HaSBaH.ile "reiaeBo!! aao~ 
ManRI!" a MOZST cBRI.Itere~cTBOBar:& o noB&meH.il.il crad~HOCT.il MY~Taaei
TpoHHHX CI!OTBM no Mepe y.maxeH.iiJI OT ~0~ CTad~HOCTZ. 3'1'0'1' BaKHYI 
BHBO~ Tpedyer ~~Helme! SKcnep.iiM8HT~HOtt npOB8pKI,R.0-3TOa ro11KR 

SpeH.IIS ocodeHHO n¥BBnRn~HHM.il MOry'l' dHT:& aKcnepRMeH'l'H no HSMepeH.IID 
MB.CO smep I£1Ie H . 2He. B 'm.CTHOC'l'Jl, nepcneKTRBHO!! MOZST omsancg 
pealCtl.iiJI 9Be(I8o, I7Ne)I£1I6 • 

OCHOBHHE PF!3YJlbTATH PAEOTH 

B 3aKJlll11eHU CifiopMYJmpOBaHH OCHOBHH6 pesynra'l'H, no~eHHHe aB'fo

poM B ~ccepranaoHHo! padore. 
I. Cos~ BacoKoa~KTRBHas Mere~ ~ asy11eHHJ1 CTPYKTYPH ~er

KHX 3KSOTJ11i8CK.iiX SI,Itep, noSBO~ JlSMepaT:& MaCCH a 3HeprRI KBaSZCTa-
"" . ' . ,..,...:c-/~. 

Jli[OHapHHX COC'l'OHHR!l 3THX smep. PaspadOTaHH IIporpaMMH HaKOIIJI8H.iiJI H od-
pa601'KH 3KOnep.i1MeH~~HHX ja~ sa OCHOBB 3~6KTpOHHKB B CTa~p~e 
KAMAK .ttM padorw "B JmH.~~D" c 3BM CM-3. 

2. Hcc~e.n;oBaHH xapaxrepacrHK.il peaxnd MaJIOID'RJIOHHHX uepe~11 a. 
raxze peaKn.ilft c sMacoae!! ~erKHX ~ep c·aoHSMH 9Be, 11B, I 4c .11 

2~Be 
( ...... 20 M3B/ayRJioa). IIomaaaa nepcneK'l'RBHOCT:& .ilcno.m.soBaHHJI 3'1'HX peax
nal ~ no~eHHJI Jl . .iiCCJie~OBaHHJI CBO!C~B H8ft'l'poHOHSdHT011HHX gxep Jier
'IS.ftmBX 3~8M6HTOB • 

3. Ha6Jm.IteHH nepBH8 BOS6yz.It8HHH8 COCTOSHM F!.It8P 5He Jl 6He. IIOJiy-
118HH HOBHe saa11eH.iiJI aHepr.il.il t mzpHHH nepBoro Bosdy~eHHoro cocrogazg 

F!Jtpa ~e. . 
4. Had~eHH OCHOBHOB a BOSdyz.IteHHoe COC'l'OSH.illi J'!.ltp& 7He • .lLJm B03-

dyz.IteHHOro cocroRHRJI c aHepraeA ,...3,4 MaB SHeprerH1iecKH Bbsuo.aa pac
na.zt c s!oUlccaeA rpex ae!!orpoHoB. IIpoBe~eHH pac11erli <IasoBHX o6'!18MOB 
'1'peX'm.CT.il1iHHX BHXO~HHX KaHB.JIOB JlC~e~eMHX peaxnzl C npe~O~Oli8HZeM . 
o paswe 7He(6He+nl. OHa xopomo oiiHCJ:maD!' SHepreu11ecxae cneKrpw co-

npJ~ZSHHHX npo~roB 7He as STHX peaxna!. · ·· · " · · ··• .. · 
5. B p88.KilU IIB+7L1 Had~eHH ~e B OCHOBHOM B B03dp;Jt8HHOM COO

TOSH.IIJIX. JlJm no~e~Hero 3HepreTR'IIBCltJI B03MOli8H pacna.zt C BHJI8TOM iByx 
Hel'l'pOHOB. B peaJCilU 9Be+9Be RpOMe 3!-.iiX COCTOSHd aad.IJ:l.ieHH 8Dle ~ 
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BOS6Y1Ql8HHH8 COC~OJIHU: O,JUIO - H8ft'!'pOHOCfaCJI!JII:,HOe, a ,npyroe .I!M88f 
sHepre Btmie nopora paa:BaJla ·c aM.accaal 'lferupex HaitrpoHoB. 

6. Ha6Jlll,Il8HO KB8.SRC!'!UtJ10HapH08 C.OCTOJIHHe 9He B perutnHH ·14C+9Be 
C 'amipraeff CB!ISH BA--1,8 M3B, 'ITO 6onme; ''ieM':upeJiCKaSHBSJrOC:D B T.eo-.. 
perFIEiCKRX pac'ieTax~ Ce'i8HHe o6pasoBa!Wi 9He B ,naHHOft peaKD;U CYutecr-... 
B8HHO BHII!e C8'i8HM: ero o6pasoBaHM B peaxnu c :Jt -MesoHaMR. 

7. IlpOB8J(8H Rl!B..1m8 IIOJIY'i8HHHX .nt:i.HHHX C. TOtmH SpBHH!I BJIMHU XHHe
MaTJt.qSCKl!X YCJIOBd.l'l cnocodoB nepe,u;a'IH HYRJIOHOBM8li'JtY CT8JIK.IlB8DiliOO!.
C!I J'O{paMli Ha OTHOC.IU'8JI:DHHe BepO.R:'rHOCtRI 3aceJieH.WI B pa8Jm'iHHX COC!'O!I
HMX. 'o6pasOBaHHHx. IIpO.nyR'rOB Jl.CCJie.nyeMHX peaxr(Hft .It · . .RX ce-.JeHU. · 

.•• . • -, ._ t 

0CHOBHHe pesynrarH, 'npeJ(CTaBJI8HHH8 B ,nzccepTailW'l, ony6JIJ!KOBaHH 
B cJie.nymuix pa6orax: 

-I. EeJioaepoB A.B., Eoplla K., repiw< 3., HryeH Xoaft T:D.R:y, KyrHep B.E., 
Ka.mrax'iae:sa P., Ka.1numH A.M., DraHec.R:H IO.U., Ilel!lloliDeB.Ircr 10.3., 
IlpoHJlH H.B., ~JiepoB r.H. CaRras RSOTOIIOB JierKHX SJI8M8HTOB B6JIRSR 
rpaBl'IU smepHoft ora6HJI:&Hocra B·peaxnaHX nepesap~ c 'r.R:!aJIHMI zo
HBMil.- B RH.: TesacH .ltOIUJa.nOB <XXXIY CoBeDtruni.a no. smepHoft cnenpo
cxoiiRa a crpyxrype aroMHoro smpa. A.nMa-Ara, I984~ c. ,379. 

2 •. .seiozyorov A. v. t Borcea c. t: Dlollby z~ •. Kalinin A~M. t Nguyen Hoai 

C~u, -Oganellllian Yu.Ta., Penionzhkevi~h Yu.E• Experi~eiltal &tud;y 
of the .uucleon stability. of neutr'o~-rich nuclei with ~lj. in reac~ 
tiona with 14-c ions.- I;r;u 7_-tll I~t.C~~. on Atomic Maaaea and. 
Fundamental.Co.ustanta (AMCo-?)a Abstracta. Darmatadt, Seeheim, . 
1984-, . P• 104-. -

3. EeJiosepoB A.B., Eoplla K., CaJ.raMaTRHa·T.C., Hryeit Xoan T:Dey. Ilpor
~ o6pa60TKII .II aire.Jmsa ,naHHHX B 9RCIIBp!IIM8HTaX IIO.RSY1f8HHJJ .aao
fOIIOB_Jie~ SJI8M8Ht'OB.~ B RH.: CoBemaHHe II0·3KCII8pBM8HTaM Ha 
JIY'DCB.X. !'Hlt8JIHX ROHOB, BapHa: C6opH.IR aHHO!'~.Hft. ,I{y6Ha, OIDni, 
,1{7~-736, !984, c. 68-69. . 

4~ EeJiosepoB A.B., Eoplla K. ~ ,I{JioyrH 3., KammaR A.M., I\a;1Maxll.lteBa P., 
HryeH Xoal TLJlY, IleRaoHJtiteBa'i 10.3., Cxo6eJieB H.K. YcrB.HoBita .ztJI.R: 
.IISM8p8H.WI MaCC smep, o6pasyD!UDCC.R: B J(BJ'X'IElOT.It'IIHHX pe~ 0 T.DS
JWM.II aoHliMl'l.- Jly6aa; !985.- 8 c. (Coo6111SHHe/OHHH: !3-85-535). 

6. liguye.u Hoai Cllau, Aug~st;rUiak w., Borcea c., Lewitowicz M. llpha
. ;· fr~~~t-_correl~tion meaaurement~ ili the ·reaction 1.2a(85 ·JieV)+ 
~- +23 Til.- Iua Proc. X.Vth . Int. S;ymposiwn on N11cle.ar Pllyaica - Nllc-

:-~-==ieu)iisaiol:l1 -aaussig~ 1985~ :nre-8d.8l:l;~ 1986,:p. -127-129'~- · 
· 6. All!llat)"aiak w. 1 Borcea c. 1 Lewitowicz H., liguyen Hold Cllau1 Pozd

ODZhkevich Yu..J., Sudllkovaki v~a~·~ Sowuski' u.·, Oho~Da~ki s. Ex
perimental stu.Cli of .,L. -fission fragment correlatious in the 

14 

2~2Tn(12c,.t.f) reaction.- Dubna, 1986.- 11 p. (P~epri.nt/JINR: 
E7-86-7~2). 

7. Dlollby z., Svanda J., Belezyorov A. V •. , .aorcea., Kalinin A.M., Kal
pakcllieva R. 1 Nguyen Hoai Chau, Oganessian Yu. Ts.; Penionzhkevicll 
Yu.E. Emission of H and He heavy isotopes in HIC at 8 HeV/n.- Ina 
Proc. XVIth Int. Symposium on Nuclear Physics-Dynamic of Heavy- : 
ion collisions, Gaussig, 1986, Dresden, 1986, p._204--211. 

8 • .Belozyorov A.V., .Borcea C., Dlouhy z., Kalinin A~LI., Ngu;ren Hoai. 
Cllau, Penionzhkevich Yu.E. Search for tlle.tri- and tetraneutron in 
reactions induced by 11B and 9Be ions on 7Li and 9Be.- Dubna, 
1967.- 12 p. (Preprint/JINRa E?-87-14-0). 

9. Belozyorov A. V ., Borcea c., DloUhy z., Kalinin A.M., Ng:JI,yen Hoai 
Chau,· Penionzhkevicll Yu.E. Study of He isotopes with A~5.in Heavy
ion reactions at E/A-' 10 lleV/:ilucleon.- Dubna, 1987.- 18 p. (Prep
riut/JINR: E15-87-7~3). 

ll!~zpo:saHHa.R: JIRreparypa: 

/a/ Wilczynski J., Siwek-Wilczynska, van Direl J. , Go;rggrijp s. , Ha-
\ . . . 

geaan D.C.J., Janssens·R.V.F., Lukasiak J., Siemssen R.H., 
van Der Werf s. Y. Binary l-atched reactions·in 1~+ 159Tb colli
sions- Nucl.Pilys., 19621 v. A373, No.1, p.109-14-0. 

/6/ Ajzenberg-Selove F. &nergr levels of light nuclei_A=5-10. 
Nucl.Pilys., 1964, v. Ali-13, No.1, p.1-214-. 

/B/ .A.Ilyas-Weiss N., Cornell J .c., Fisher P.S., Hudson P.N., il_encb.aca
rocha A., Killener D.J., Panagiotou A.O., Scott D.K., Strottman D., 
Brink D.ll., Bilek B., Ellis P., England T. Nuclear structure of 
light nuclei using the selectivity of high energr transfer reac
tions with heavy ions.- Pllys.Rep., 1974-1 v. 120, No.3, p.201-272. 

/r/Basa R. Nuclear reactions with heavy ions.- Berlin, Heidelberg, 
I. 

New Yorka Springer-Verlag,. 1980 - 4-10 P• 
/.n/ AJ!eltC8JI11.POB ,I{. B., rJIYXoB D. A., ,I{eMl>m!oBa A.C., JlyxB.HoB B. H., 

MasypoB H.E., HoBanRd E.r., 0rJio6JIRH A.A., ~ora C.E., . 
CteilBHOB ,I{. H. HcCJie.u;oBaHae p8aKilJif:t (6Li, 8B) 1'1 ( Li, 8B) HA J[8I'UX · 
smpax.- H~, !982, r. 35, BHII. 2, o. 277-28!. 

· /e/ Seth K.K. Pionic probea for exotic nuclei.- Ina Proc. 4th Int • 
Con£. on nuclei far from stability, Helaingor (Denmark), 1961, 
Geneva,. CEBB 81..()9, 1981 1 . p. 65~63. ·-·--··----·---....... . 

Ia/ setli-K~K:-;-:-.Artuso M~-;-Barlgwti:;--Iveraens-:;-Kiiletk&-K:;-Nann·H:;---...,...---
Parker B., Soundranayagam R. Exotic nucleus heliua-9 and ita 
excites statea. Pbys.Rev.Lett., 1987, v • .58, No.19, p.-1930:-1933. 

'PyxoiiRC:D IIOO~ B RSJ(aTan:DCRHR" OT,llal 
2_3 .nexa6p.R: I987 ro.na. 

15 


