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3a;o;a'lu auTll:npoTou-zgep~o·ii cpmm:KH Mo:JKHo y~'I,OBHO pan;o;enun, ua ;o;Be 

xaTeropuu. IlepBM ~.ai-o uny'leHne o6ruux xapaxTepncTHK pA-;o;uua1mxu, 

TO,eCTb nporpaMMa, BO MHOI'OM aHaJIOI'U'iHa.ll npOT_<>H-.II)l;epHhiMIIJIU IIUOH

.II)l;epHbiM uccJie;o;oBaHII.IIM noc11e;o;uux JieT. BTopa.~~ KaTeropn.II npo6JieM ~ 

II3y'IeHne CIIeD;HcpH'IeCKHX .IIBJieHHil, BO:JHHKaiOIQHX npH aHIIIII'llJI.IID;Im • aH

THIIPO'-';'OHOBB .II;o;pax~ Kax,pearHpyeT .H;o;po uaBh!;o;eneHHeBMaJIOM o6'beMe 

IIO'ITU 2 raB aueprHH? HacKOJibKO BeJIHKO B:JaHMO)l;eMCTBHe B KOHe'IHOM 

coCTO.IIHxiH. 6oJibWOr~ 'I~CJia auu't~rHJI.IID;~OHH~x .Me::lOHOB? Bo:JMOJKHa Jill 

aHHlii'II_ JI.II~~.II Ha MH~ro~yKJI~~HhiX KJiaCTep.ax? 0TJIH'i~TC.Il Jill BepO.IITHO--
' . . . . . . 

CTU aHHHrHJI.IID;Im Ha CBo6o;o;HoM II CB.HOaiiHOM HYKJIOHax? Bee ::ITO npiiMepbi 

:Jaga..; 1~'IHC~01; aHTHnp~T"oHHOM Te~aTUKU. liMeHHO 13TH np06Jie~bi06cy: 
:IK)l;aiOTC.Il B )l;UCCepTaD;Hli1 KOTOpa.ll IIOCB.IIIQ~Ha UCCJie)l;OBaHUIOIIpO~ecca. aH-

HHI'HJI.IID;HU MegJieHHbiX.aHTUIIpOTOHOB C JierKHMH .II)l;paMH. , . ;· 

Mny'Ie~ue aHHHr~JIH aHTimp'aToHoB c JierxnMn .H;o;p<~~u~·npoB~;o;urrocb 
B axcnepHMeHTe_ PS, 179Ha Hak()nUT~JieLEAR B IJ;EPHuaycTaHOBKe co 

CTpHMepHOM,KaMepOM B MarHIITHOM UOJie. 

AxTy~~HOCTb Te~~TIIKII uawer~ axcnepiiMeHTa B :JHa'IHTeJibHOM Mepe 

o6yCJIOBJieHa OTCY':['C:I';BIIeM CHCTeMaTH'ieCKIIX )l;aHHbiX no B:JaiiMO)l;eMCTBRIO 

aHTHnpoTOHOB c .II)l;paMH. B excnepHMeHTe 6h!rro6uapy:JKeH p.II;o; HOBhiX, HH

TepecHbiX · ecpcpeKTOB, KOTOpbie. CTHMYliiipOBaJII,I 60llb.WYIO, TeopeTII'IeCKYIO 

aKTHBHOCTb )l;ll.II HX 06'b.IICHeHU.II. 8TO OTHOCHTC.II npe:JK;o;e Bcero K o6Hapy

JKeHHIO ~emK~;o;aHHo 6orrt:.moro Bh!xop;a A ~rHnepoHOB ;o;a:JKe npH aHHHrH

li.IID;HH UOKO.IIIQHXC.II aHTHnpOTOHOB (T.e. npH 9HeprHH1 cyiQeCTBeHHO HHJKe 

nopora o6panoBaHII.II A B aHHHI'HJI.IID;HU Ha· cBo6op;uoM·uyxrroue, KoTopbiM 

cocTaBJI.IIeT Pth = 1435 MeBjc). 3uauHe HeKOTOpbiX ce'leHHM aHHHriiJI.II

D;HH Ha rrerKHX .II)l;pax HMeeT,OC06eHHO 60Jib.WOe :JHa'IeHHe ~JI.Il KOCMOJIOI'Hil 

II UO:JBOJIHJIO p;aTb orpaHII'ieHHe Ha KOJIH'leCTBO aHTHBeiQeCTBa B·paHHeii 

BceneHHoM. BbiJI cp;errau p.II;o; pa6oT no H::3Y'JeHJIIO peaxn;Hii IIouTexopBo

_HOBoro Kllacca·npon;eccoB aHTHnpOTOH:..IIp;epHOM aHHHrHliHD;Hll;···· 

J'. ' .•• -;.. _; 
t' 

OcHoBHaK n;en:b pa6oTbl 

D;ellbiO pa6oTh1 6h!JIO noliY'JeHHe axcnepHMeHTaJibHhiX p;aHHhiX o peax

D;U.IIX aHHHI'HJI.Illl;HU aHTHnpO~OHOB C JierKHMll .II)l;paMH. npH panHhiX 9Hep

l'U.IIX II auamro 13THX p;aHHhiX B paMKax panliH'iHhiX MOp;eneM. 
-............ ___ ._....____ 
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Hay'IHWI HOBHOHa H npaKTH'IecKas: J:(eHHOCTh paooThi 

CncTeMaTH"!ecKoe ImyqeHHe aHHHrmum;nu Me;n;rreHHhiX aHTHnpoTOHOB 

c H;n;paMII 3He II 4He 6bmo npoBe;n;eHo BnepBbie, ;n;pyrux ;n;aHHbiX no B:Jan?.w

;n;ei'rcTBIIIO aHTHnpOTOHOB C CITIIMH .li;IJ;paMII HeT II nOHbiHe. 

06pa6oTKa ;n;aHHbiX aKcnepnMeHTa PS 179 no::JBomma o6Hapy~nTb pHp; 

HOBhiX, HHTepeCHhiX a<f><f>eKTOB: 
- CIIllbHYIO II30CnHHOBYIO naBIICIIMOCTh aMnliiiTY;IJ;hl aHHIIriiliHll;IIII B BbiC-

WIIX napD;IIaJibHhiX BOnHax; 
. - cyiiJ;eCTBeHHOe nogaBneHHe peaKIJ;Ilii panBana .ll;IJ;pa aHTIInpOTOHaMllj 

- Heo~n;n;aHHO 6onhwoil :Shcico;n; A-rnnepoHOB ;n;a:t~~:e npu aHHIIriill.liiJ;IIn noKo-. 
Hlll;IIXCH. aHTHTif?OTOHOB. 

Bhlmi nony"'eHhl CHCTeMaTii'IecKue cBe;n;eHII.li o xapaKTepncTIIKax aHHII

rnnHu;im aHTnnpoTOHOB c .iJ:;n;paMH 3He n: 4He'npn pan:Hbix aHepniHx. Hc

cne;n;o~aHa ponh a<f><f>eKTOB · m3anMogei'rcTBII.li B · KOHe"!HOM · cocTO.liHIIII: · Hn

Mepemre Ce"!eHII.li BhiXO;IJ;a 3He B _plHe aHHIIrHn.llll;IIII no:JBonnrro nony"'IITb 

orpaHII"'eHIIe Ha npe;n;enbHO ;n;onyCTIIMOe KOnii'!eCTBO aHTIIBeiiJ;eCTBa B paH

Heii BceneHHOH. BbmonHeH aHan:rrn HOBoro Knacca npou;eccoB. a:HnmpoTOH

.li;IJ;epHoir aHHUrnn.liiJ;HII- peaKIJ;IIII.liOHTeKOpBO~ 

IIony'IeHHhle penynhTaThl npe;n;cTaBn.liiDT co6oll: npaKTII'leCKYIO u;eH

HOCTb ;n;n.H nnaHnpomuin.H H:oBbiX aKcnepuMeHTOB no nny'leHIIIO aHTIInpoToH

H;n;epHoro B:JauMo;n;eircTBII.li. Oco6eHHo MHTepeclio ncnonbnoBaHne pea-K~nir · 
IloHTeKopBo ;n;nH·rro~cKa aK~o::r~qecKnx MenoHHhiX ·c~c~oHHIIir. 0TKphiTne 

noBh!WeHHoro Bhlxo;n;a rnnepoHoB B pA aHHIIrnmru;mx : rip1I Hno:Knx aHep-
' . ' ~ ,-, 

riiHX O'leHb Ba~H01 nOCKOnbKY CITO · Harn.ll;IJ;HO geMOHCTpHpyeT cyiiJ;eCTBeH-

H)''IO ponb a<f>¢eKTOB nepepaceHHH.li ~HHHriin.ruiiiOHHhiX Me:JOHOB. 3TO HH

TepeCHOe 'cBoHCTBo aHTimpoToH-H;n;epHoir aHHIIrnnm:iHII ;n;enaeT BonMo~
HhiM IIccne;n;oBaHne · wnpoKoro cneKTpa HeTpiiBHaJibHhiX Jilmemr:il: A I:I · ~
.ri:Inep.H;n;ep, MHOroKBapKOBbiX cTpaHHhiX cocTOHHIIH Tnml: H-;n;:H6apnoiia, II:J

y'leHne nornoiiJ;eHII.li TJ- II w-Me:JoHoB, nonyqeJ:iue pa:3Hoo6panHhlx. HyKnn;n;o:B. 

AnpooaJ:(HJI paooThl 

PenynhTaThl, Bowe;n;wne B ;n;nccepTaiJ;IIIO, ;n;oKnaAhiBaJIIICb aBTOpOM Ha 

Me~;n;yHapo;n;HhiX KoH<f>epeHIJ;II.liX no <f>nmnw aHTIIllpOTOHOB Ha LEAR (Bun
nap, 1987; CToKronhM, 1990), :ioH<f>epeHIJ;IIII no aHTnnpoToHHOH <f>ImiiKe 

('IypiiH1 1989), KOH<f>epeHIJ;IIH no B:JaiiMO;IJ;eHCTBIIIO aHTIITipOTOHOB C HyKno

HaMII H l!;n;paMII NAN-9L(MocKBa, 1991), cnMnoniiyMe "Me:JOHhl II nerKne 

H;n;pa" (IIpara,1991 ), ceMIIHape "A;o;poHHaH cneKTpocKorm.H-92'; (IIpoTBIIHo, 
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1992), CIIMnonHyMe "liiiOH-eyKnOHHhle II ·HyKnOH.;eyKnOHHhle B:JaiiMO;IJ;eH

CTBII.li" (ThT..mHa, 1989), ceMimapeim npo6neMaM ipnniiKH BhiCOKHX a:Hep

rnii, peJI.ll':{'HBIICTCKoii .HgepHoii <f>II3IIKII H KX,IJ; (,I(y6Ha, 1990), ceMHHape no 

<f>rrmiKe npoMe~yTO'IHhiX aHepriiii INES-89.(MocKBa; 1989), ceFciiri: O.H<I> 
AH CCCP. . . . . ·. 

IIyo~HKaJ:(HH 

OcHOBHoe co;n;epJI{~~e ;n;nccepTa:Qu~ oTpa~eHo B 37' ny6n~Kan;m, Ko
Tophle npiiBegeHbl B CTIIICKe JIUTepaTyphl • 

CTpyKTypa H .o o'heM AKccepTaJ:(HH 

,lJ;HccepTau;llii cocTOIIT nn. BBe;n;eH:q.H, wecTII rnaB II. ~aKJIIO'leHII.II. 0Ha 

co;n;ep~HT 189 cTpaHIIIJ; TeKcTa, 34 pncYHKa II cnHcoK nHTepaTyphl II3 182 
HaHMeHOBaHnH. : .. 

CO,JJ;E1?)1(AHlfE P ABOTbl 

B nepao:H rnaae ;n;nccepTan;nn ·~aHo onncaHne aKcnepUMeHTaJibHOII 
ycTaHOBKII ll npou;ep;yphl II3MepeHIIH. . 'c .:' , 

H:Jy'leHIIe aHHIIriiJI.liiJ;IIII aHTIInpoTOHOB c H;n;paMII 3He II 4He npoBO;JJ;II

noch B aKcnepiiMeHTe PS 179 Ha HaKOilHTene LEAR B D;EPH Ha·ycTaHOBKe 

co cTpUMepHoii KaMepoii B MarHIITHOM none.· CxeMa ycTaHOB~M noKanaHa 
Ha Pnc.l. 

CTpiiMepHaH KaMepa, panMepoM 90 x 70 x 18 cM3 , pa6oT~a npii Hop
MaJihHOM,.p;aBneHIIII, ·T.e. npep;CTaBn's:rra co6oii' TOHKYIO ra:JoB;iiD MH~eHh 
ToniiJ;uHoii. ~ 15Mr f cM2• CTpiiMep:HaH KaMepa pa6o~cin:a B TaK Ha:JhiBae

MoM: · c~J:m~yHTilpyiOfu;eM · pe~IIMe , xor;c;a BhlcoxoBoni.iHhiH nMnyJibc o6-

pbiBaeTCH. CaMIIM p~p.!!;IJ;OM B K~epe •. 'Th:xoll: pe::llmz,{ llO:JBOJI.!IeT n~ny..fiiTh 
CJie;IJ;hl 'laCTIIll; C BhiCOKOH .irpKOCTbiO y:lKe npii ;IJ;OBOnbHO MaJihiX:KOHIJ;eHTpa

ll;Il.IIX raCHIIJ;HX npnMeceii (Ha ypoBHe 1%). IIoaToMy ra:J KaMephl npe;n;~ 
CTaBJI.IIJI co6oll: ;n;ocTaTo'!Ho ·o~Hopo;n;eyro MIIWeHh; 

AHTIInpoTOHhl c HHTeHCHBHOCThiD 1 ...;- 5 • 104 ~a:cifcex· Bxop;imn·B xa

Mepy, MIIHY.II TeJieCKOil C'leT'!IIKOB cl '~ c2. Tpmrep nponcxo;c;rrn', eCJIH 

aHTIITipOTOH BXOp;IIn B KaMepy II OTKnOHliJicsl B penyHbTaTe ni06oro B:Jaii
Mo;n;encTBnH Ha yrOJI1 . OOJibWnH 5° OT HanpaBJieHIIH lzyqKa. ( T .e. ,B aHTIICO-

. -
Bna;c;aTeJibHhiH C'leT'lllK C 5 (eM. Puc. 1),. pacnono:lKe~ na KaMepoii, He 

_j .~ 
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Puc. 1. GxcnepiiMeHTaJibHaJI ycTaHOBKa PS 179: SC - cTpiiMepHaJI Ka

Mepai. c1.:.6 ~ Tpiirrepabie C~llHTIIJillii~OHHbie C'IeT'IllKII; WCt-2: npoBO

JIO'IHble nponop~IIoHarrbiri,Ie xaMepbi; EM - :3JieKTpoMarHIIT; HVPG - re

aepaTop BbiCOKOBOJib~HbiX IIMIIYJibcoB; TP - nop;BIDKHaJI nnaT4>opMa; ES -
aJieK~pocTaTII'IeCKIIH :3KpaH:; Mt-5 - TOHKIIe CTeHKii.'. . 

' .f' '·. I 

nonap;an:a HIIKaxaJI qacTII~a): TaKaJI. cxeMa Tp~rrepa rro3BOJIJIJia II3y'IaTb 

Bee B03MO:lKH~e KOHe'IHbie. ~OCTOJIHlljl peax~llll aHHIIriiJIJI~II, ynpyroro II 

Heynpyroro pacceJIHlljl aHTIIIIpoTOHOB; . . .. 

<l>oTorpa4>IIpoBrume . ocy~ecTBJIJIJIOCb cTepeonapoii: 4>oTo~rrapaToB. 
Kax npaBIIJio~ Ha op;HoM xap;pe Bcerp;a 6biJio TOJibKO op;Ho co6biTIIe aHHIIru
llil~n. 

8xcrrepnMeHTaJibHble p;aaH~e 6~mn rronyqeHbi rrpii 4-x 3Ha'!eHllj{X nM

rryJibca aHTIIIIpOTOHOB- 105, 192.8, 306.2 II 607,7 M3Bfc. 
Bcero B :3KcnepuMeHTe 6biJIO rrpocMoTpeHo oKono 5 · 105 4>oTorpa4>m'i. 

Ba:lKHbiM npeiiMy~ecTBOM KaMepbi c ra:JoBbiM HanonHeHIIeM JIBJIJieTCJI 
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1 
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B03MOiKHOCTb periicTpa~nn qacTn~ c MaJihtMII IIMIIYJibCaMII. HanpiiMep, 
IIpOTOHbi c :3Hep'rrreii: 170 KaB IIJiii a-qacT~bi ~ :3Hepmif 300 KaB IIMeiOT 

··. ~po6e~ l.c:M B ra:Je~~IIJI--::- T.e. JIBJIJIIDTCJI xopowoBIIIJ;IIMbiMH. 8T003Ha

q~ei, 'ITO Mbl BIIIJ;IIM npaxTII.;IeCKIIBce TpeKII oi _rrpoTOHOB-cneKTaTopoB. 
.,JJ;llil. cpaBHeH:im, B · axcrrepnMeHTax no rmyqeHIIIO pd. aHHIIriiJIJI~IIII B IIY:-

3bipbKOBOH KaMepe npoTOHOB-CIIeKTaTopoB He 6biJIO ~~~/];HOB 73% co6biTIIH. 

CTpiiMepHaJI ~aMepa c ra:JoM npri HOpMaJibHOM p;aBJI~HIIII ·_ IIp;ean:bHbiH. rrpii

~op /];JIJI II3Mepeiui:JI MHO:lKeCTBeHHOCTeH.B aHHIIrrmJI~III aHTIInpOTOHOB. 

'BTopaJI · rnaaa IIOCBJI~e:Ha uccnep;oBaHIIIO ocHOBHbiX xapaxTepncTHK 

p
4
He aHHnrnn~n - MHo2KecT~eHHocTeii:; ceqeHnii oT~e~bHhlx .xaHan:oB, 

IIMIIYJibCHbiX pacnpep;eJieHnii: '!aCT}!~ B KOHe'IHOM cocTOJIHIIH. 

...... 
·o 
~ 
c::u 

'. 

192.8\. 

at.r~st~\ 
306.2 

4 5 6 7 8 9 
. M. 

Puc. 2. Pacrrpep;eneHne no. MHmiWCTBeHiiocTn·aapJI:lKeHHbiX .'IacTn~ B 

HeynpyroM p4
He-B3an:Mop;eii:cT:Bnn. ITo ocH: · op):(ii::HaT oTm)-KeHa BeJIII'InHa 

W ~ u;j UR (% r. Jl.nJI yp;o6~TBa BOCIIpiiJITIIJI H~ ~TJ rncTorpaMMy HaHe-
" " . - ... , . "· 

ceHbi pe3yJibTaTbi npii Bcex :3HepriiJIX. · 

Jl.J!li HaAe:lKHOro onpep;eneHHJI MHO:lKeCTBeHHOCTeH II TOriOJiorn..J~cKIIX ce

'IeHHH rHe aHHHrHM~HII OT6npan:nc:b C06biTiui c BepiiiiiHOH B ~eHTpanb
HOH qacTn KaMepbi. 84>4>eKTIIBHOCTb npocMoTpa g~·Haxo:lKp;eHHJI.co6hiTHJI 
B3aiiMop;eilcTBHJI cocTaBnJia 99,5% Ha Bceii p;nnHe KaMepbi. CncTeMaTiP!e~ 
CKaJI OIIIII6Ka :Ja C'IeT Heonpep;eneHHOCTell B :3HaHHH TOJI~IIHbi MUIIIeHII H 
MOHIITOpllpOBaHHII IIY'IKa COCTaBJIJIJia 2,5%. 
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Ha Puc. 2 rroKaaa.Ho pacrrpe;o;errerme no MHo:n;:ecTBeHHOCTH ~apJI:lKeHHbiX 
qacT~ B HeyrrpyroM pi He -BoanMo;o;eiicTBHii. ITepBbin cTorr6eif ~ ~a:lK;o;oii 

~·· JI'lenKe rnciorpaMMbi · cooTBeTCTByeT MHo:n;:ecTBeHHocTn, ~mMepeiiHoil il;rrH 
aHHHrHJIJl~H IIOKOJI~HXCJI aHTIIIIpOTOHOB, BTOpOH ·_ IIpii ·~Heprnii .19,6 
MaB, TpeTnii- rrpn 48,7 MaB u '!eTBepTbiii:- rrp~I 179,6 MaB. llom!oe 
:'JIICJIO co6hiTIIH, BKJIIO'IeHHOe B aTy riiCTorpaMMY COCTaBIIJIO: - 2677 C0-
6biTIIH ;IJ;JIJI aHHIIriiiT~HII IIOKOJl~liXCJl ffiiTIIIIpOTOHOB, 612 __.:..__ IIpii aHeprnn 
19,6 MaB, 1042- rrpii 48.7 MilB, 2859- rrpn 179 MaB. 

KaK xopowo :Bn;o;Ho 'no Pnc.2, pacrrpe;o;erreHne ~o M~o:n;:~c~~e:fmocTn oa
pH:lKeHHbiX 'JaCTli~ IIpaKTH:'leCKli He 3aBIICHT OT 8HepriiH HaJieTaro~ero aH
TIIIIpOTOHa. cho YxlmbiBaeTHa Heo:n;:np;aHHO 60JibWOe rrop;asJieHne peaK~Hii 
6emmHIIrnrrsn:~nomm~o ·paaB~a Hp;pa Tima (p,j1), rro;o;po6Hoeo6cy:lKp;eHne 
aTOro a<J><J>eKTa IIpOBO;IJ;IITCJI B Thase 2. _ 

3a c~eT s:JanMo;o;eiicTBliJl B KOHe~HOM ~OCTOJIHHII (BKC) aHHllrliJIJl~U
OHHble Me30Hbl BoanMo;o;encTBYIOT c HYKJioHaMn Hp;pa-ocTaTKa n paaBarrii
BaiOT era. B crry'Iae p4He aHHIIriiJIJI~HII a<J><J>eKTbi BKC rrpuBop;JIT K yMeHb
weHnro BepOHTHOCTII o6paaoBaHim TpexHyKJIOHHOH CUC;eMbl B CBJI3aHHOM 
cocTOJIHUII. HarrpiiMep, rrpii 180 MeV BepoHTHOCTb ;o;rrH 3He Bbl:lKHTb rrocrre 

' . 
aHHIIriiJIJl~ll KaK ~erroe COCTaBJIJieT 

wi>eHe) = a(p + 4He--+ 3He + X)/aR = (15.6 ± 0.7)%. 

8To IIO'ITII B TpH paaa MeHbWe, '!eM coo-r:BeTCTBYIO~ee OTHOWeHHe B crry
'Iae rrnoH- 4He pacceJIHIIJI rrpn Ton :lKe '~Heprnii: 

lV"eHe) = u(1r + 4 He--+ 3He + X)faR ~46%: 

B ;o;~ccepTa~IIH rro;o;po6Ho o6cy:lKp;aeTcJI, KaKIIM o6paaoM a<J><J>eKTbl BKC 
' '~ ": . ; - * - ~ \.} . - .- • • . ~ '. 

IIpOJIBJIJIIOTCJl B HMIIYJibCH!>JX CIIei{Tpax 'JaCTII~B KOHe'IHOM COCTOJIHHH. 
· BecbMa HHTepecHo, .f'l:'o OHa.Hm:!' ce'IeHnii:npo~eccoB p4He aHHnrnrrJI
~nn C o6paaos~e~ Tpbmyi(nciHHOH. CHCTe~bl. B CBJI3a.HHOM. co'c'.roJIHII~I 
IIpep;CTaBJIJieT OHa'IIITeJibHbiH IIIITepec ;D;JIJI acTpo<J>noii~H. Jl.B.3e~~;D;OBH'I 
II B.M.llOHTeKOpBO IIpHBJieKJIII BHHMaHUe Hawen rpyiiiibl K Heo6xop;HMOCTII 

• ' • 'j ~- : • -

aKcrrepiiMeHTaJibHoro noy'!eHHJI TaKnx rrpo~eccoB. 
B pa6oTe [1] 6biJIO rroKaaa.Ho, 'ITO MO:lKHO CBJIOaTb. ce'!eHHJI o6paao

BB.HJi.a 3He B p4He~ ~HIIi-HJIJl~HH C KOJIH'IeCTBOM aHTIIBe~eCTBa B paHHeH 
BcerreHBan: ···· · · · · · 
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CTaH;o;apTHaJI 6apnoH-acnMMeTpii'IHaJI Mop;eJib BcerreHHOH IICKJI10'Ial!T . 
:So3MO:lKHO~TI,. cy~eCTBoB<lliii.!r BO BcerreHHOH mia.ffiTe"rrbHm KOJIII'leCTB a:H- . 
Txme~ecTBa H:a<i:HH~c'Mo:MeHT<l'Bp.el4eHn t > lo-s caT Ha'Ia.Jla pacwnpe
:Hn:H (eM., Harrp~ep, [2]): C ;o;pyroii cTopoHM, coipeMeHHaJI ac.Tpo¢IIoima, 
a TaK:lKe TeopiiH BeJIIIKoro o&bep;IIHe:ElHJI BOaHMO~eiicTBIIH'arreMeHTajnllirx 
..facTII~ npe;o;cKaahiBaroT B03MO:lKHOCT~· cy~e~TBOBaHHJI B paHHeH BceJieH
HOH HeKoToph!x HCTO~HIIKOB aHTUBelqecT~. liMn Mo~y; 6~Tb1 • HarrpiiMep, 

pacrra:p;w TJl)KeJibiX MeTaCTafiiiill.H~X '!aCT~~ ( TIIIIa rpaBIITIIIfO ), IICIIape- · 
Hue rrepBII~biX 'IepHbiX.p;bip, aTax:lKe ~o~ieHM aH;nBe~'eci:Ba:- o6rracTn 
c JI36PITKm.! OTpnu;aTenE.H:oro 6apHOHHOr.o o~pHp;a, cy~eCTBOBaHIIe KOTQ
pbiX npep;cKa:lbiBaeTcx HeKoTopb!Mu Mop;eJIJIMH. BeJIIIKoro o6'hep;nHeH~JI. K 
HaCTrur~eMy BpeMeHII TaKIIe acTO<iHIIj{II aHTIIBe~eCTBa MOrJIU: IIOJIHOCTbiO 
IIC'Ieo~yTb, rrpoarmurmmpomi.B '~ o6J;>i'!Hbl~ Be~eCT~OM, O;D;HaKO rrocne"g~ 
CTBHJI IIX aHHIIrii~ MoryT.fihlTb ;D;0)30JibHOOHa'IIITeJibHbl II JlO;D;

1

;D;aBaTbCJl 
of>Hapy:lKeHIIIO: . . . . • . . . . , . . • . . 

TaK xopouio u~mecTHo, 'IT~ BTop~M ~o pacnpocTpaHeHHOCTII arreMeH
TOMBo_ BcerreHHOH JIBJIJieTCJI 4He .. ,B p~6oTe [1] 6bi!J006pa~eH~BHIIM~ue· 
Ha TO; 'ITO aHTIIIIpOTOHbr OT IICTQqHIIKOB aHTIIBe~eCTB~ MOrllii fibl aRHIIrii
JIIIpO}JaTb.C 4He.·c a·6pan~Ba.Hlfe~ ;o;eiiTep~ u 3He: Tax K~ KoHrieHTp~un 
;o;~iiiepiiJI u 

3
He BoBcerreHHaii Ha 4 nopHp;Ka MeHb~e; . ~eM 4H~, T.o ;o;o

cTaT~'IHO. ~e6onl::rlmii ;o;orre 4He 'c ~ i0~4 ) ucrrbiTaTb p~~M B. peoyrrh;aTe 

aHHnr~mi:~il c aHTunpoT~mi.Mu,,'!To6bl o6panoB~Tb Bee H~~:p;o;ae:Moe.ce-
ro;o;H:.S: b6urrue geiiTepnH u 3He Bo Bce~eHH~ii~ ·. · ·· ·· ·· · · . · . . ... 

llpe;o;nmiaraJI, :'ITO B peoyrrbTaT~:rHe. aHHurnrrJI~II.He Mo:lKeT o6pa
ooBaTbc~ 6onbwe3He, '!eM era xorr~~ecTBo, Ha6~ro;o;aro~ee~ B liacToJI~ee 
BpeMJI so BcerreH~oii u uo~epnB a4>4>eKTIIBH~H Bblxo;o; 3He B p!He aHHII
rnJIJI~uu MO:lKHo norry:'IIITb orpaHU'IeHue. Ha npep;errbHO ;o;onycTnMoe Korru-
'!ecTBO aHTiiBe~ecTBa B paHHeii BceneHBoii. . . · 

Mo Hawux noMepeimii [3,4] npi pMHbiX aHep~HJix 8HTurrpoTOHOB OKa
oarrocb, 'ITo 

n- . . . 
. R == 2 <·(0.8-:: 1.2); 10~3 ·• (1) 

. . np . . .. ... ·.. . 
EcJIII 6bl B paHHeii BcerreHHOH OTHOWeHne R 6biJIO 6hi 6onbwe,: '!eM npe

;o;err (1), TO 8TO npnBeJIO 6bl K "rreperrpOU3BO;D;CTBy" ~He~ eroK~H~eHTp~ 
BO. BceneHHoii:. oxaaarracb 6bl 6oJibwe, '!eM Ha6mo;o;aeMaJI. ~- :. · 

Heo6xo;o;IIMo nop;'IepKHYTb, qTo norry'IeHHM HaMil o~eHKa Ha· BeJIII'IIIliY 
R JIBJIJieTCJI ,e;o;nHCTBeHHb!M aKcnepHMeHTaJibHbiM orparm'IermeM Ha Ko-
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n:n'leCTBO ~TliBe~~c~Ba B paH~eii Bcen:eH~oii B nep:no;n; 103 <'t < 10~3 c 
oT Ha'lan:a pacumpeHrur~ 0Ho non:HocTbio ocHOBbiBaeTc.H Ha ira6mo;::~;aTeJib
Hb!X ;n;aHHbiX no xo"HD;eHTp~RHM 3He, 4He ir Bblxo;n;y 3He B p!He aHHI~li
JIHIJ;rm. liMeBwnecH pali"ee'on;eHx:n Ha B03Mo)KHyro Bemx'lnHy R, xoTopbie 
6biJIII cp;eJiaHbi 113 aHan:n:Ja p;aHHbiX no nnaHKClBCKOMY xapaKTepy cneKTJ>a 
pennKTOJil.oro II3JIY'ieHIIH, no3BOJIHJIII 3aKJIIO'iliTb JIIIWb, 'ITO R < 1. 

3iiaHne BepxHero npe;n;ena ;n;JI.H R rio:JBOJIHeT HaJIO)KI!Tb CIIJibHbie orpaHu
qeHIIH Ha i:moTHOCTb B paHHeii BceneHHOI~I nepBH'lHbiX :qepHhlX ~hlp, Ha xoH
n;eHTpan;uro CBepXT.!I)KeJibiX MeTaCTa6IIJibmillc 'IaCTIID; (HarrPIIMep, Ha KOH
n;eHTpan;IIIO rpaBHTHHO C MaCCOll 102 raB), a TaK)KeHa n;eJibili pHp; p;pyrnx 
napaMeTpoB ncTO'IHHKOB aHTIIBe~ecTBa B paHHeii BceneHHoii (eM;, 6onee 
no;n;po6Hoe o.f)cy)K;n;eHueB pa6oTax [2,5]). 

B TpeTbeH rnaae npuBo;n;'aTcH axcnepnMeHTaJibHbie pe:JyJibTaTbi no 
II3Mepermro ce'!eHuii 6e3aHHIIriiJIHD;IIOHHoro pa:JBana Hp;pa 4He. Oxa:Ja
nocb; 'ITO B aHTIInpOTOH-Hp;epHOM B3aiiMOp;ellCTBUII T,jlKIIe peaKD;IIII p;o

BOJibHO CIIJibHO nop;aBneHb!. 8TOT BhlBO)l; MO)KHO Cp;~aTb y)Ke II3 aHan:IIna 
pacnpe;n;eneHuii no MHo)l(ecTBeHHOCTII,· noxa:JaHHbiX Ha• Pnc.2, r;n;e BIIp;Ho, 
'ITO pacnpe;n;eneHne no MHO)KeCTBeHHOCTII :JapH)KeHHbiX qacTIID;. npaxTW!e
cKn lie :J~IICIIT oT aHepriiii :Han:eTaroniero··a.HTnnpoToHa. Oco6eHHO y;n;n
BIITeJieH:TriT <}>axT, 'ITo c aHeprueii:npaKTII'le'cim He-.M~:imeTCH OTHoc'u
TeJibHhlii BbiXO)l; C06biTI!ll C 2 II 3 :JapH)KeHHbiMII 'ia~-i-IID;aMII B KOHe'IHOM . . . 
COCTOHHIIII. , 

,II;eno B TOM, qTo B peaxn;IIII c M=2,3 MoryT p;aBaTb sxna;n; HeTOJibKO pe
aKD;IIII aHHIIr~JIHD;rm, HO II npon;eccbl 6roaHHIIriiJIHD;IIOHHOro pa3Bana Hp;pa, 
Tuna 

fi+ 4He ~.fi+ 3He + n, 
fi+. 4He..~ fi+ 2p+'2n, 

·M~2, 

M=3. 

(2) 

O;n;Haxo nopor TaKIIX peaxn;uii cocTaBJIHeT 24,8 MaB. Cnep;oBaTeJibHo, 
;n;nH noxoH~nxcH aH~nnpoToHoB.II npii a:Heprnu T::::19,6 MaB Ha6nro;n;aeMble 
pacnpep;eJieHIIH no MHO)KeCTBeHHOCTII cop;ep)KaT TOJibKO C06biTIIH aHHIIrii
JI.!ID;III! ( :JaMeTnM, .{To nopor peaxn;nu nepe:JapH;n;'KII pi He ~ fin3 H cc)cTa-

. BJI.!IeT 28 MaB)~· Ilpn 6onee BbiCOKIIX aHepriiHX KaHan: (p,p')oTKpbiT,'u eenu 
6bi aTOT npon;ecc liMeJI 3Ha'IIITeJibHOe Ce'IeHIIe, TO OTHOCIITenbHbill BbiXO)l; 
'IaCTIIIJ; c M=2,3 ;n;oJI)KeH :JaMeTHO Bo:JpacTII. Op;Haxo, xax BIIp;Ho II:J ·Puc: 2, 
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. aTO _He TaK - nOHBJieHIIe KaHaJIOB Heynpyroro pacceHHI!H npaKTII'IeCKII He 
MeH.HeT. o~HocnTeJibHhlii BhlXOA 'Ia~:run;c M,;2,3 npu :Bh!coxu~ aHeprmix. 
' . y )Ke im aTIIX p;aHHbiX MO)KHO on;eHIITb, 'ITO. ab no xpaxi:Heii ·~epe MeHbWe 
5-IO%oi,un'[8] ... : · .. · .. ' · ··· ,. . .. ·.· .•. ' . " · . 

' Taxoe 3aKJnoqeHiie nop;TBep)KgaxOT xi pe:JyJi'bTaTbi npHMbiX ll:JMepeHnii, 
BblnonHeHHbiX npn aHepmu T=179.6 MaB [13]. (K cmKan:eHnro, cTaTII
cTn:Ka npu aae{mm 48.7 M~B Hep;ocTaT~'IHa )l;JIH' Toro, 'IT06bx cp;enaTb 
aHa:iroru'!Hbiii: aHan:Im ). · · · · . , , , .. 

· . Co6biTIIH pli:JBan:a Hp;paBblp;eJIHJIIIcb c noMo~biO xnHeMaTn-.:le~Koro <f>u
TupoBarum, a Tax:iKec noMo~biO xpnTepneB Ha HOHim~uro Tpexa. B xa-

. 'IeCTB~ TeCTa npon;ep;ypbi B~p;eJieHiiH peaill;uii paOBaJia ~bi rrpOaHaJIII3IIpo
B'anu ~o6bi-inH npn aH:epr~m 19.6 MaB- T.e. npii aHepmu.H:n)Ke nopora 
peaxn;uii (2). Hn op;Ho co6biTne np~ a~oii aHepruu He 6blm) OTHeceHo. K 
KaTeropnu peaKn;uxi: pa3Ban:a. 

0KOH'iaTeJibHo, 6blno Hai"x;n;eHo, 'iTo cpe;n;u ll;Byxny'IeBbiX co6biTIIii cny
'iaii peaKD;IIII pa3Ban:a HIJ;pa COCTaBJIHIOT (30.8 ± 9.0)%, a cp~p;II TpexJiy'ie
BbiX co6biTuii- (15.1.::1: 3.4)%. CooTBeTcT:Byro~ue ce'!eHII.!I T_aKOBbi: . 

ub(M = 2) ·=. 4.2 ± 1.3 mb 

ub(M = 3) = 11.3 ± 2.6 mb 

ub(tot~ = 15.5 ± 2.9 mb. 

To eCTb ab( tot) cocTaBJIHeT ~cero JIIIWb 6.5%, OT n~n'H:o~o ce'l~HIIH pe
axn;IIii ripu )J;aimoii am!priiH. 8T<) CIIJibHO ~TJIII'iaeTCH OT xapaxTepHhlX Be
nii'IIIH Ce'ieHIIll pa,;~an:a HIJ;ep niiOHaMII. HJIII npOTOH~II,· KOTOpbie .COCTa-
BJIHIOT 70-100% OT rionHoro ce~eHn'H H~y~pyrirx pea.Kn;nii. . . . ·• 

,I(JI.H B~CH~~IIH <J>nn~'leCKII~ np~'iiiH no)J;aBJieHIIH
1 
pa3B8Jla H)J;pa aHTII-

IIpOTOHaMII 6hlim C)J;eJiaHbi pac'!eT:bx rio Mogenix Thay6epa[11,13] .. 0Hn 
nOKa:J~II xopow~e c~rJiaciie. c axcnepnMeHTaJib~~MII ;qami:hi:MII: ~e~H'IIIHa 
Ce'Ie:~IIIH panBan:a npu 180 M~B dxa:Jan:acb 14, 7 -7- 16,2 M6, B aaBHCIIMO
CTII oT napaMeTpu:Jan;xm aneMeHTapHoii aMnJIIITy;n;hl N N B:JaiiMo;n;eiicT~liH. 
BbiJIII pacc'IIITaHbi TaK)Ke ce'!eHI~H. pa3BWia ·H;qpa ;qJI.H. pa3HbiX HIJ;ep. Oxa
:Jan:ocb, 'ITo ~o 'acex cny'laHX OHH MMbi, Ha ypoBHe 10% oT .u'n. Ka.K 6~no 
IIOKa:JaHO B [13], ~CHOBHcut <}>imii'lCCKcut npii~IIHa aTOro .!IBJieHHH.COCT<iiiT B 

, 6oJibWOll BepOHTHO~TU aHHIIriiJI;D;~I~; ·~OTOp~ He p;aeT B03M0)KHOCTb .npo
XOIJ;IITb peaxn;n~M KBa:Jnynpyroro pacceHHIIH npu Bcex npnn;enbHhlx napa
MeTpax, xpoMe He6onbworo KOJibn;a Ha HIJ;epHoii noBepxHocTu; Cne)J;oBa-
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Te1IbHO, MOJKHO OJKlip;aTb, 'ITO pea.KD;HII 6e3aHHIIriili.!ID;IIOHHOrO pa3Bana 6y
p;yT qyBcTBIITenbHbl K p;eTan.aM.ap;epHoil m:i:o~HocTn Ha rrepmpepll:n .ap;pa. B 
ca.MOM ~ene,Kax rroKa:Jann Hawn Bbl.fncm:~mnr, B cnyqae 4°Ca10% u3MeHe
HMe BeliU'IliHbl rrapa.MeTpa p;mp<PY:JHOCTii .ap;pa npnBO):I;IIT K 10% I~MeHe.HUIO 
Ub, Torp;a Ka.K Bee p;pyrne ce'!eHn.a paece.aHII.!l rrpaKTII'IeCKII He MeH!IIOTC.!l. 

Ilpn'InHa rrop;aBneHll.!l pa3Bana .llp;pa aHTnrrpoToHaMn ·B cnyqae nerKnx 
.llp;ep' neJ!mT B cnen;n<PnKe NN-a.MniroflTyp;bi [8,13]. Xopowo II3BeCTHo; 'ITO 
npn HnnKnx :=meprnmc .P.P-p~cce.aHue ri:pon~xop;nT inaBHbiM o6patioM H:aHe-
6onbwne yrnhl. IlooToMy aneMeHTapHa.a NN a.MrrmrTyp;CI:pacce.liHII.ll xapaK
TepnnyeTCJ.! ManbiMII cpep;HIIMII nepep;aHH~:~.m irMriyrrbcaMn < q2 >, KOTO
pbiX rrpocTo Hep;ocTaTO'IHbi p;n.ll Toro, 'IT06bl oTp;ennTb HyKnoH oT .ap;pa. 
AHanorn'IHblll a<P<PeKT 6blrr o6Hapy)KeH Ta.K)Ke B p;pyrilx aKcrrepuMeHTax 
rrpn II3y'IeHIIII aHHIIriili.!ID;IIII aHTll~pOTOHOB C 12C. . . . 

-qeTBepTaJI rJiaBa nOCBJ.!~eHa ImyqeHIIIO a<P<PeKTOB JI30CIIIIHOBOll 3a
BIICUMOCTU N N a.MnJIUTYAbi B pA aHHnrnrr.ll'n;Im. 

-M3 aKcnepnMeHTOB no pp' II np aHHIIriiJIJ.!n;IIII Ha JieTy II3BeCTHO, 'ITO 
OTHOllieHile R · 

R = Uann(.Pn) 
. Uann(fip) 

ecTb oKono R = 0.8 + l.o n-npaKTII'!ecKn He naBncnT oT aHeprnn. 

(3) 

,II;JIJ.! aHHUriiJIJ.!D;liii IIOKO.!l~IIXCJI aHTIIIIpOTOHOB B )KII~KOM p;enTepnii 6blliO 
Hanp;eHo, 'ITo R( d) = 0.82 ± o.o3. 

B HaweM aKmepnMeHTe 6blrra II3MepeHa Berrn'InHa oTHoweHwi R p;nH 

aHHnrnnHn;nn'rioKoJI~uxcH aHTnnpoToHoB :B 3He n 4He' [15,16].· 
,II;JIH. nccrrep;OBaHliJI aHHllriiliHD;i~i. OcT aH.iBniiB~IO~IIXC~ aHTIIIIpOTOHOB 

6bln ncnonwoBal{iJyqoK -LEAR c nMriynbcbM 105 M;Bfc. Kit~~Tn'I~cKa.a 
aHeprnH, aHTn~p()T~Ha~ BiefeJ3w~ro _B :KaMepy cocTaBJi~mi ~ 2.5 · MaB. ,!\H

.. TUnpOTOHbi' c TaKOll. aHeprneu 3a.Mep;JIJiliiiCb B ra:Je _ KaMepbi 'u aHHIIriirrnpo
Baliii B6nnn~'x'J;e~Tpa Ka.Mep:br. Bcero B ai<>u. :JoHe oi~anocb 3125. co6brTnil 
p3 He aHHnrnrr.an;nn: . · ' 

3:Hafi OTHOCIITeJibHhie B~xop;bl qacTnn;, c p;aHHoil. MHO)KeCTBeHHOCTbiO B 
pp n pn aHHnrnrr.an;IIII, MoiKHo pacc'InTaTb oTHocnie.rrbHble BepoHTHOcTn 
o6pa30BaHli.ll i oTj:mn;aTenbHbiX rr-Mecic:moB B~BpAaH::HnrnJIHn;nn. 

Ha Puc~ 3 n "4 rroKa:JaHbl pe3yiibTaThi pac'!eTa B~ p;nH aHHnrnnHn;Im 
aHTnrrpoToHoB c 3He n 4He cyqeTo:!.i a<P<PeKTOB BKC . ..Ilpep;nmlaranocb, 
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Puc. 3. PeayiihTaThi pac'leTa B~ gmr aHHlirliii.l!LiliH rroKO.l!IL\liXCH aHTlirrpo-
3 . . . . . ' . 

TOHOB c He rrpli paaHhiX OHa'IeHli.l!X R. CrrrroiiiHhiMli IIliHli.l!Mli HaHeceHhi pe-

ayrrh~aTbi pac'leTa c y<ieioM acpcpeK~oB BKC, rryHKTlipHhiMli ~- 6ea y'leTa BKC. 

3aiiiTpliXOBaHHhle riOIIOCbi COOTBeTCTBJIOT OrllH6KaM B GKCIIep~MeHT<l:l!hHbiX'gaH
HbiX. 

'ITo BepoHTHOCTb nnoHy nop;BeprHyTbCJ.! IinanMop;eilci~niO B ·KoHe~H~M co
cToHHnn eCTb WFsi = 0.26, rrpn'IeM Bepo.liTHOCTb rroTepHTh.OTpnn;aTenb- . 
Hblll lliiOH na C'IeT peaxrinu nepe3apHp;Kn ec~b vV~EX == 0.2. CrrJIOlliHbiMII 
11IIHIIJIMII HaHeCeHbl pe3yllbTaTbl pacqeTOB p;nH pa3HbiX 3Ha'!eHnllR. JiyH
KTIIpHbiMli liiiHUJ.!MII IIOKa3aHbl pac'!eTbl 6e3· yqeTa a<P<PexToB BKC. 

Bnp;H:o, 'ITO )"leT BKC :He cnnwKoM cn1IbHo U3MeH.lleT KOHe'!Hoe pac~ 
npep;erreHne, op;HaKo OH HeCOMHeHHo yrryqwaeT corrracne c aKcnepnMe:HTanb
HbiMU pe3yJibTaTa.Mn. Heo6xop;n;.m rrop;qepKHYTb, 'ITO XOT.ll a<P<PeKTbl BKC 
He cnnwKoM naMeTHbl B IIHKJIIO:JIIBHbiX B~'IIIHax .Tuna B~, TeM He :~.wHee 
aTn rrpon;eccbl · p;oBoJibHo cyuiecTBeirnbi n -rrponcxop;.liT .· y 6orriwoil p;onn ~ 
20-30% · co6biTIIn aHHnrnJIHn;IIII. ·· · · · . · · ' · · · 

Hanrry.qwee corrracne c a:KcrrepiiMeHTanb~_p;aHHbiMU HacTyrraeT rrpn 
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PHc. 4~ Pe:JynhTaTbi pac'!eTa B~ ,o;nH aHHMrrrnJIIJ;HII noKOJIIIJ;HXCJI aHTrrnpo

TOHOB c 
4
He npu pa:J,llhiX :JH~'leHMJIX R. CnnoiiiHhiMH nl!IIHJIMM HaHeceHbi pe

:JynhTaTbi pac'!eTa c y'leTOM a<J><J>eKTOB BKC, nyHKTHpHhiMH - 6e:J y'leTa BKC. 

3aiiiTpHXOBaHHhle HOJIOCbi COOTBeTCTBYIOT OIIIH6KaM B aKCllepHMeHTa.'IbHbiX ,!J;aH

HhiX. 

CJiep;yroru;IIx tma'leHillrx R II WFsi: 
< • 1 .·, - ; ··~.,. ' '' : 

R(3 He}= 0.35 ± 0.07; WFsie He) :::: 0.15 ± 0.03, 

R(4H e)= 0.48 ± 0.10; · WFsi(4H e)= 0.08 ± 0.05. 

B npe;o;ene k -+ 0 oTHoiUeHIIe R_ caH3aHo c N N p;niiHaMII pac~eHHHH a 
S-BOJIHe: ' . · 

· R = 2 Im a1 

Im a1 + Imao 
3Ha'lCHIIe R, icoTopoe noJiy'laeTCH B proyJibTaTE,i.Hep;aBHHX aKcrrepn-. 

MCHTOB ecTb R = 0.87±0.11, TaKoe :lKe 'IIICJIO npep;cKa:Jbu,~aeT 6oJihiUIIHCTBO 

noTeH~HaJibHhiX. Mop;eJieii N N B3anMop;eiicTBHH. BIIp;Ho, 'ITO 3To 3aMeTHo 
6oJihiUe proyJihTaTos, nony'leHHhlx a remm. . 
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Bo3MO:lKHaJI npH'lllHa 3Toro COCTOllT B TOM, 'ITO aHTHnpOTOHhi, OCTaHa
BJIIIBaiOIIJ;lleCH B ·reniieBoM rane, aHHIIriiJIIIpyroT rJiaBHhiM.o6panoM II3 P- II 

D- aTOMHhiX cocTOHHnii:. KaK 6hiJI~ noKanaHo a pac'leTax 'a;IeKTpoMarHHT
Horo KacKap;a a-' rennH; aepoHTH~CTh., npoaHHnriiJIHpoaaTh 113 S-ypoBHeii 

aToMa reniiH npH. 1 an.i: ecTh. 8%, · Tor;o;a KaK sepoHTHOCTh aHHnrnnnpo- . 

~aTh II3 P-COCTOHHIIH CO~TaBJIHeT 49% ' a II3 D-COCTOHHIIH - 43%. ,, .. ) 

Cnep;osaTeJihHo, IieB03MOJKHo ':HanpHMyro ·cpaBHimaTh pe3y<IhTaThi, no-

Jiy'le~Hhie B remm c TeMH, 'ITO 6hiJI~ II3MepeHhi s pd- IIJIII B pp - aHHIIriiJIH

~IIII. llpii'liiHa cocTOIIT B TOM; 'ITO a JKII;J;KOMBO;:J;opop;e naxsaT aHTnnpoTo

HOB npoircxop;uT maBHhiM o6panoM C Bh;COKO B036y:..Kp;eHHhiX S~COCTOHHIIII 
rm-na cnrrhHoro uiiapKo:BcKoro cueiUnBaHIIH. Panmr•me a R p;nH aHHIIriiJIH

~IIII B 
4
He II p;ei'ITepiiii p;omrmo paccua~piiBaThCH KaK YKaD~HIIe Ha CIIJihHYIO 

rmocmmoayro 3aBUCIIMOCTh N N -aMnJIIITY;r:J;hi B P- u/nnii D~cocTOHHIIHX. 
liHTepecHo, KaKyiO aHepreTII'leCKYIO naBIICIIMOCTh OTHOWeHUH R npep;

CKa:JhiBaiOT noTeH~HaJihHhie Mop;emr N N - anarn.rop;eiicT:Brm, rp;e aHHnru

JIH~IIOHHhrii: noTeH~HaJI He ';)'aBIICIITOT II:JOCniiHa, a BCIO II:JOCniiHOBYIO :Ja

BIICIIMO~Th CIIMynupye~ TOJihKO peaJihHCUI 'laCTh. N N noTeH~HaJia, KOTO

Pa.JI CTponTCH rm HYKJIOH-HyKJIOHHoro noTeH~naJia nyTeM- G-conpHJKeHIIH. 

Ha PIIc.5'noKanaHa aHepreTu'lecKaJI nasucnMocTh OTHOIUeHnH Ra S- II P

BOJIHe, pacc'luTaHHaJI BMop;emr J(osepa-PniUapa. Bnp;H~, .'iTo S-BOJIHoaoe 

oTiioiUemre ~ 0.8. socnpounaop;IITCH a TaKOM · nop;xop;e p;oa~JihHo xopoiUo. 

llpii'leM 3TO cormicyeTCH C p;aHHhiMII no pd-aHHIIriiJIH~HI, nOKaDaHHhiMII 

Ha' P11c. ·5 H:enaillTprrxoBaHHM~~~r Ksa;o;paTal..m: O;o;~aKo:~ P-aohH:e Mogerr~ 
,I(oaepa-Pu~apa:;o;aeT :Ha riop6re Rp ~ 0.75 :B penKoi.lnp?T~mope'lmr c 

~aHHhitUI no p4He ~ aHHIIriiJI~uxi (Ha Puc.5 OHH o60:JHa.feHhi KpeCTaMII). 

TaKnM o6panoM,. MaJIOCTh OTHoiUeHnH R a jjHe-~HHuruJIH~uu MOJKHo 

paccMaTpuaaTh KaK yKanaHlJ:e Ha CIIJihHYIO uno~miHosyro 3aaucnMocTb N N 
-B:JaUMO;r:J;CHCTBIIH B BhiCIIIIIX nap~HaJihHhiX BOJIHaX, KOTOpaJI p;omKHa BO:JHU

KaTh :Ja C'leT nnocnnHoaoii: 3aBIICIIMOCTII aHHIIrimH~IOHHoro N N noTeH

~IIaJia. 8To ;r:J;OBOJihHO pep;KIIIi npiiMep TOro, _KaK II:Jy'leHIIe pA ~B:JaiiMOp;eii
CTBIIH npep;ocTaBIIJIO Hoayro IIHcpopMa~IIIO o' CTPYKType aJieM~HTapHOII N N 
aMnJIIITY;r:J;hi pacceHHIIH. 

llonenHyro IIHcpop:Ma~uro o6 nnocnnHosoii: cTpyKType aneMeHTapHoii: N Rr 
aMnJIIITyp;e MOJKHO ll:JBJie'lh TaKJKe II:J aHaJIII:Ja Ce'ICHIIII fJ- HgepHoro pacceH

HIIH. B p;uccepT~IIII rrop;po6Ho onucaHhi pac'leThi pA~pacceHHIIH no Mop;enn 

Thay6epa [10-12]; a 'KOTOphix noKanaHo, 'ITO MOJKHo rrorry'liiTh xopoiUee 

omrcaHue jj-Hp;ep:i:tblx p;aHHhix eCJIII IicnonhnoaaTb. cne;o;yro~ue · napaMeTpu-
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Puc. 5. 3a.BIICIIMOCTb OTHoweHrur R oT IIMnynhca. Kp~c~~II noKanaHbi 
p;aHHble ri~ aHimrii~rilm noKo.HW.n'xc.HaHTIInpoToHoB :B 4He, KBap;paTaMII
B pd-aHHIIrm~nii. ·KpHBbif:! cooTBeTcTBYIOT _ pac~~TaM·-:B. noT~H~IIan~~'oi:i 
Mop;~II ,I(oliep~-PIIwap~ ;o;hR BKna;o;o:B S ::aoJIHhi. (wTpiix~BaJI JIIIHim), P

BOJIHbi- (wTpmmyHKTIIpHrui),II S+P ~ (cnnowHaJI JIIIHII.H). · 

:J~IIII pn ~Ce'!eHIIM: 

a~~ = 60.59 + 44.26/PL (raB/c),' 

a;~n ~ .37.~0 +27.97 /PL (raB/c). 

B IIJITOH rJI~~e· o6cy)Kp;aiOTC.H aKcnepiiMeHTa.JlbHble proynhTaTbi no 
pO)Kp;eHHIO CTpaHHbiX _'!aCT~ npu aHHIII'II~HH aHTIInpOTOHOB Ha .Hp;pax 
3 . . . . • . ' ' -
He II 4He [19, 21, 24, 30, 32], a TaK)Ke proynhTaTbi TeopeTII'IecKnx,pa:c-

'IeToB BbiXO)J;OB CTpaHHbiX '!aCTII~ B pA aHHHI'II~HH [29, 33]. 

Mbi IIccnep;OBaJIII CJiep;yro~IIe peaK~IIII: 
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-p+3 He·~ Y~·+X, ': 

rp;e Y0 = A(~0), Kg. __ _ 
)l;a.HH:bre: 6biJIH rroiiy<ie:Hbi npu o6riy'!CHIIU CTpuM:epHOH ':Ka:M:ephi rry'IKOM' 

aHTnnpoToHoB c nMTiynhcoM 607,7 MaB/c un~I 105 MaB/c B CJiy~ae 4He n 
105 MaB/c __;·;o;m! 3He. . .. - · · · ··- . ·· · • . 

Ilpn, TaKnx a!l~pru.Hx HeBO:JMO~Ho o6panoBaHne A B aHHHriinR~uu 'Ha 
cBo6op;HoM HyKnolie, nocKOJibKY nopor peaK~nu p + p -7-+ A+ A cocTa.BJI.HeT 
Pth = 1435 MaB/c .. Op;HaK~, KaK oKananoc~, BbiXOp; A B pA· aH~nriiJI.H~mr 
)l;OBOJibHO 60JihWOH, )l;a)Ke p;mi . aHHUI'UJI.li~IIU nOKOH~UXCH. aHTIInpOTOHOB. 

c- ~eJibiO ir~IICK~ ~aHp;np;aTOB Ha pacnap;' HeiiTpaJrbHOM CTpa:HH:~:il 'Ia

CTII~bl Y0 6biJIO npocMoTpeHo ~ 2 · 105 <f>oTorpaqm:il. Ha:ilp;eHHble co6biTIIH 
II:JMepHJIIICb II aaTeM o6pa6aTbiBaJIIICb nporpaMMOM reoMeTpii'IeCKOM pe
KOHCTpyK~Ifii·~·~IIHeMaTII'l~cK~I'O ~~ann:~a HYDRA. - · 

lloT~pii V 0 ~'!aCT~; pa~na~a~rQIIXCH BH(! ~p~II~, a<f><J>eKTHB~OI'O 06'b7 

eMa IIJIII Hep;aneKO OT :JBe:Jp;bi, Y'IIITbiBMIICb BBep;eHUeMBeCOB. )l;JI.H Ka)Kp;OI'O 
C06bi;liH .Bee W (Belill;IIHa, o6paTHaJI BepOHTHOCTII perHCTpa~IIII C06bl-
T~) (}hi~· Bbl~ll:~e~ ~ H<?~~~biO, MOge~llpOBa.HIIH:. . r , - --

. 'IT06bl O~eHIITb BO:JMO)I{Hble OWIIfiKII, BO:JHIIKaiO~~e npli_~p;eHTII<J>IIKa~ 
~IIII peaK~IIM,6biJIOCp;enaHO CIIMYJIIIpOBaHIIe no 'MoHTe-Kapno co6biTUII c 
o6pano~aHIIe~ A' u I<s-:Me:JOHO~,· :JaTeM IIX -x~paKTep~CTIIKII IICKa)KaJIIICb 

C, y:<IeTOM .• peaJibHbiX TO'IHOCTeii II:JMepeHIIM B KaMepe. II MOp;eJIIIpOBaHHble 
cofibiT.n.ll n~p;Bep~aJIIICb TaKOM )Ke -np~~ep;ype ~6pa6~TKII KaK -II ~Kcnepu~ 
M(!HTaJibHble. 0Ka3aJIOCb, 'ITO B ~-- 10% Clly'IaeB MOI'Jla np~IICXO;rJ;IITb He
npaBIIllbHaJI IIp;eHTII<I>IIK~HH- .V0 • _ O;o;HaKo KoHe'IHble BeJIII'IIIHhi ce'IeHIIH 
( IIII.II BbiXO;rJ;OB, p;JIH aHHIII'IlliH~II. B noKoe) c y'IeTOiM-a;OH KOppeK~llll OT

liii'IaiOTC.ll OT HeCKOppeKTHpOBaHHbiX BCero liiiWb Ha 2%;.3TO npOHCXO)l;IIT 
IIn~na Toro, _'ITo IIp;eT B:JaHMHaJI "nepeKa'IKa" A B Ks.il o6paTHo. 

OcHOBHble aKcnepiiMeHTaJibHbre pe:JyJibTaTbi cBep;eHhi B Ta6rrii~Y 1. 
Bbiiiii II:JMepeHbi TaK)Ke MHO)KeCTBeHHOCTII B co6hi:THHX co CTpaHHbiMII 

'!aCTII~aMII,nMnyJibcHble pacnpep;err~HIIH.A II Kg, a TaK)Ke BbiXOp;bi oTp;enb

HbiX norryrrHKJIIO:JIIBHhiX KaHano:S THmi K~K~ IIrrii AKg. , 
KaK BIIp;Ho IID penynhTaToB, npe;o;cTaBJieHHbiX B Ta6nn~e 1, o6Hapy)KeH 

aHOMaJibHO BbiCOKIIH BbiXOp; A - riinepoHoB, cpa.BHHMbiM c BbiXop;oM Kg p;a)Ke 

;rJ;JI.H aHHIII'Illl~IIII ~OKOH~UXC.ll_- aHTIInpOTOHOB •. 
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Ta6nn:~a 1. 0THOCIITeJibllliie B·:bixa;n;bi Y = a(V0 )Jaa HenTpaJibHbiX cTpaH

HbiX '!aCT~ B ammrn:mr~n::ll aHTn:npoToHo:B Ha B;n;pax renn:JI. R.- OTHowe-
Hn:e Y(A)/Y(K~). 

·· :rln:cno >: ;•. Y(%) ,.· 
'-" R 

I' .yo . A.· El; 
B noxae ,. ·~· \. •' 

p3He 123 0,55 ± 0,11 / 1,59 ±0,20 0,35 ± 0,08 
p4He '617 1,12 ± 0,12 1,07 ± 0,11 1'05 :± 0 16 

' • ' ' l p=0,6 raBfc '>· .. 

p4He· llO 1,53 ± 0,22 ·. 1;63 ± 0,22 '0,94 ± 0,19 

MmKHo nn:o6'bJICHIITb oco6eHHocTn: o6inmoBaHn:JI cTpaHHbiX 'IacTn~ B 

pA aHHIIrHJ!~IIII c no::m~IIHHeKOTOpbiX "cT<iH;n;apTHbiX'' no~xo;n;oB IIJIH )l{e 
Mbi uM:eeM ;n;erro c:npoB:Bne:HnJIMn: "Ho:Boii" <J>imn:xn: ? lJa aToT c<JeT: nMe

IOTCJI paoHi.Ie TO'IKH npeHHH. Tax, H.Pa<f>eJICKII nonarcm, 'ITO penyJII>TaTbi 

no o6paoOBaHmO CTpaHHhiX 'IaCTn:ti B; pA aHHIIriiJIHQHII CBII;JJ;eTeJibCTBYIDT 

o6 o6paooBaHIIII nepeoxna)l{~eHHoii i{Bapx-rnrooHHoii nnaoMbi c Te~riepa::.. 
Typoii nopJ:r;n;xa 60 MaB:· · 

KyHI>aH· n: Ba.H;n;epMIOneH yxanann:, ''ITo yBemx<JeHn:e ·po)l{;n;e:Hn:.ii cTpaii~ 
Hblx <JacTn:ti M:o)l{eT np_(mcxo;n;n:Tb He Tonh:Ko npll: <f>aoo:BoM riepexo~e B·a;n;c 

pOHHOH MaTepn:n:, HO II npn: ncnapeHHII <J>aiiep60JIOB C HeHyJieBbiM 6apii<)H~ 
HbiM napJI;JJ;OM. , 

TeopeTII'IeCKIIH. aHanrm nony'IeHHbiX penyJibTaTOB, a TaK)I{e Been IIMe

IO~eiicH COB~KynHOCTII ;JJ;aHHbiX no· pO)I{;JJ;eHIIIO · CTpaHHhiX '!aCT II~ B · pA -
aHHIIriiJIH~II, BbrnOJIHeHHbiH B ;JJ;IICCepTa~n:n:, no3BOJIIIJI c;n;emiTb BhiBO;JJ; o 

TOM, 'ITO npOCTM CXeMa nepepacceHHIIJI 'aHHIIriiJIH~IIOHHbiX. Me:JOHOB OKa-

3biBaeTCH Bnomie ';n;ocTaTo'!Hoii ;n;nH o6'bHCHeHn:H nHa'In:TeJii.Horo Bblxo;n;a' A 

;n;a)l{e B. o6nac*n: aHeprn:ii aHTnnpoToHoB, cy~e·cTBeHHo HII)I{e nopora AA 
( CM. Pn:c.6). • ·;'· • · -

0Ka:JaJIOCb, 'ITO OCHOBHbrM IICTO'IHIIKOM 06IIJ!bHOrO pO)I{;JJ;eHIIH rn:nepo

HOB .S:BJIJieTCJI nepepacceJIHIIJI aHHIIriiJI~IIOHHbiX KaOHOB. 3Ha'!IITellbHbiii: 
·Bxna;n; B o6paooBaHIIe ;A BHOCHT nepepacceJIHIIH napH)I{eHH:hlx E Ha H:y~no
iiax B~pa~ocTaTxa::Po)l{;n;eHn:e A npn: Bnan::Mo;n;eiicTBrin: 1r n:n'n: 1]- MoooHoB 

';JJ;aiOT MaJibiH BKJia;JJ;, HO ;JJ;OJI)I{Hhl 6biTb cy~eCTBeHHhi npn: <f>opMIIpOBaHIIU 
· Bbicoxon:MnyJibCHoii KOMnoHeHTbi cneKTpa A. 
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PHc. 6. PenynbTaTbi pac<JeToB Bblxo;n;a A rnnepoHOB,Y(A) B aHHnrn:nH~Im 

noKOH~liXCH aHTIInpOTOHOB Ha H~paX (oBe:J;JJ;O'IKII); 

B mecTOH rJiaae paccMa.TpiiBaiOTCH cBoiicTBa HOBoro Krracca peax

~nii aHTimpoToH-H;n;epHoii: a.HHnrnJIH~m - peaK~IIII IIoHTeKopBo. 

B.M. IIoHTeKopBo e~e B 1956 r. o6pa.TIIli BHIIMaHue Ha BO:JMO)I{HOCTb 

HeTpiiBIIaJibHbiX peaK~llll aHHIIriiJIH~IIII, · KOTOpbie :Janpe~eHbi Ha CB060-

;JJ;HOM HYKJIOHe, HO panpeweHbi Ha HYKJIOHe, CB.!I:JaHHOM B H;n;pe. IIpu o6bi'I
HOH aHHIIrn:JI.!I~Im a.HTimpoToHoB Ha HYKJIOHe Bcer;n;a. ;JJ;Oli)I{Hbi o6pa30Bbi

BaTbCH KaK MIIHIIMYM ;n;Ba Meno'Ha. O;n;HaKo B aHHIIrimH~Im aHTn:npoTOHOB 

Ha H;JJ;pax BO:JMO)I{Hbi peaK~IIII, Kor;n;a ~ KOHe'IHOM COCTOHHIIII o6paoy_eTCH 

TOJib~O O;JJ;IIH M:e:JOH, Hanpn:Mep 

p + d--+ 7r- + p, 

·~+d:~·K++E-. p . . .•.. 
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Puc. 7. ,D;uarpa.MMbi p;mipeaxn;uu IloHTeKopBo j5 + d--+ M_+ N 

p+d--+K0 +A 
liJIU aHHUrliJUID;li5I, KOrp;a B KOHC'IHOM COCTO.liHUU COBCCM HCT MC30HOB: 

· j5 + 3 He --+ p + n, 

"11 

· n + 3 He --+ p + p. 

(6) 

. liHTepec K ll3Y'ICHUIO peaxn;uii !IOHTCKOpBO MOTHBUpOBaH TCM, 'ITO. 

TaKUe rrpon;eccbi 'IYBCTBUTCJibHbi K IIOBCf!;CHUIO BbiCOKOUMIIYJibCHOH KOM

IIOHCHTbi BOJIHOBoii «l>yHKn;uu H;o;pa, r;o;e HeHyKJIOHHbie cTerreHH cBo6o;o;bi 

;JJ;OJIJKHbi urpaTb BaJKHyiO pOJib. B cTau;o;apTHOM no;o;xop;e peaxn;uu ( 4)-(6) 
MOJKHO paCCMaTpliBaTb KaK ;JJ;ByxCTYIICH'!aTbiC IIpOD;CCCbi, IIOKa:JaHHbiC Ha 
p;uarpaMMax ·Puc. 7. 
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. B ;o;uccepTan;uu BbiiiOJIHCHbi pac'!eTbi BepoHTHOCTeii peaxn;uii ( 4 )-( 6) 

f!;Jl.li aHHIIrliJI.liD;IIli noio~UJ;liXC.li aHTIIIIpOTOHOB (20, 25]~ IloKa:J<i.Ho,: 'ITO 

p~3YJibTaTbi cnnl>Ho. 3aBIIC.liT oT rroB~;JJ;CHII.liBOJIHOBOH IPYHKD;IIII ;o;eiiTpoHa 

Ha ~MbiX pac~ToHiui:~x, ·a ~axJKe oT Bbi6opa MNN «t>opM«t>axTopa~ Be

poHTHOCTb (4),. Bbi'IUCJICHHaH ;o;nH peamiCTII'!ecxoii t/Jri(p) :u MNN «t>op

M«t>axTopa, :Bcer;o;a OKa:JbiBaeTC.li MCHbWe axcrrepnMeHTaJibHOro pe3ynbTaTa. 

HarrpiiMep, AJIH .rmpii:lK~xoii. BOJIHOBoii IPYHKD;II~ II AIIIIOJibHO~~ «t>opM«t>ax

Topa W(1r-p) = 2.7 • 10-6
, Tor;o;a xax axcnepnMeHTaJibime :JHa'lemi:e ecib 

W(1r-p) = (1.20 ± 0.14}· io-s.. · . · · · . . 
,lJ;ByXcTyrreH'!aTbiii MexaHII:JM ;JJ;JIH peaxrimJ: IloHTCKOpBO co CTpaHHbiMII 

'!aCTIID;aMII (5)-(6) IIpiiBO;Jl;IIT K Bep~.liTH<?CT~I, KOTOpbie ·Ha O;Jl;IIH~TpH IIC>_

p.li;JJ;Ka MeH:bwe, '!eM a:KcrrepiiMeHTMbHbiH Bepxmi:ii .npe;o;en W(K+L:-:) < 
8 · 10-6 • 06HapyJKCHliC 8TIIX peax~UH· Ha ypo~He 1 0_:6 -;-l(l-' 7 ;JJ;OJIJKHO 6biTb 
.liCHbiM CHrHa.i'IOM HCTpUBIIkbHOH «t>rmiiKII. . . . _ . . _ 

BaJKHO 3a.MC~IITb [36]' 'ITO orrpep;eJICHIIe peaKD;IIH IloHTCKOpBO Ka.K npo

n;eccoB, KOTOpbiC HC MoryT IIpOUCXO;Jl;IITbHa CB060p;HOM HyKJIOHC IIJIII 6biTb. 

CJICf!;CTBIICM rrepepaCCC.liHII.li MC30HOB, HaxO;JJ;.liUJ;IIXC.li Ha MaCCOBOH IIOBCpXHO

CTII, oxBaTbiBaeT p;oBOJibim wnpo:Kuii Knacc peaKn;Iiii aHHIIriiJIHD;IIII. Hanpu

Mep, ;JJ;OJIJKHO cyw;eCTBOBaTb ~HOJKC~TBO peaKD;liH O;Jl;H~MC30HHOii. aHHIIri1-

JI.liD;UU TUna 

j5 + d --+ M + N, (7) 

rp;e M- nro6oii MenoH, Taxoii Ka~ rJ,p,w ... u T.p;. (eM p;uarpaMMY PHc.·7b). 

Knacc peaxn;uii IloHTexopBo BKJIIO'!aeT TaKJKe rrpon;eccbi o6pa:JoBaHII.li 

pe30HaHCOB 
' > -: ~ 

p+d~M+N*, . (8) 

rp;e N* MOJKeT 6biTb nro6biM 6apuoHHbiMpen~H.aHC()B T~rra D.(1232) 11mr 

N(1540) (eM. p;Harpa.MMY Puc. 7c). 

IlepBbiC OD;CHKII BcpO.liTHOCTCH pa3liii'IHbiX peaKD;UHilOHTCKOpBO C pa3-

JII1'!HbiMU MC30Ha.MII 6biJIU C/];CJI<\Hbi B [37]. !Ipc;JJ;CKa:JbiBaCTC.li, 'ITO, Haiipii

Mep, BCpOH;.HOCTb peaKD;UII f5+d --+ p-+p MOJKCT 6bi.Tb B p;Ba pa3a 6orrbweii, 
'ICM j5 + d --+ 7r- + p. . . 

KpoMe Toro, BO:JMOJKHbi cny'lau, xorp;a cHaqana rrpoucxop;nT aHHIIriiJI.li

n;I1.li B 2;3,4 ••• MroOHa, a OaTe~ O;Jl;IIH li3 MC30HOB rrorJiow;aeTC.li Ha HYKJIOHC 

( CM. p;nH rrpliMepa PH~. 7d). JlcHo, ~To Taxoe ~ornow;eH~e MenoHoB Ha 
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. O~HOM uy:Krroae CCTb pe~xnii rrpou;ecc, HO OH ~orr~ en cyiD;~CTBOBaTb a6co
'rrroTHO ~mr Be~ xauanoB auunrnrrHu;nn anTnOpoTonoB B. J!~pax .. Peaxu;Im 

IIonTexopBo B aToM cMhicrre rrpe~cTaBmrror oTp;Cllbub!ii imacc B::Jau:Mo~eii-
cTBIIH aHT1InpOTOHOJ3 C ;~pOM. . . . . . 

PeaK~Irn IloHTexopBo yp;o6Ii6' IICIIOllb30BaTb p;lli! IIOIICKa·HOBbiX ax::JoTn

'IeCKIIX cocTOHHIIii, rrocxorrbKY nx BHYTPCHHHH p;Byx'laCTII'IHaH xnneMaTnxa 
rrpep;OCTaBJIHCT BIIOJIHC OIIpep;erren'HbiC "MCTKU" .D;llH H.D;CHTli(fliiKaD;Illl peaK

D;IIll, a OTCYTCTBIIe KOM6nHaTopuoro <Poua rr <Poua OT 06bi'IHbiX p'e30HaHCOB 
,,- ·,· ' ' 

cyiD;eCTBCHHO YllJ"'WaeT ycrroBnH perncTpau;mx ·ucxoMbiX rrpou;eccoB. 

B Ka'lecTBe rrpnMepa ncrrom.::JoBaHiiH peaKu;nix IIoH:.rexop~o· .n;rrH rroncxa 
uoBh!x cocToHHnii, B .n;nccepTau;nn paccMoTpeua cuTy~u:~nro c Tax Ha::Jhma
eMbi~ C-Me30HOM c :Maccoii 1480 MaB, wnpuuoii r = 130 ± 60 MaB (JPC 
= 1 -,.- ). 8TO COCTOHHIIe Ha6JIIO.D;MOCb • B CIICKTpe a<P<PeKTIIBHbiX, Mace CII

CTCMbi <l>7r
0 B peaKD;llll 7r- + p -t J<+ K- 7r0 n 'rrpu32.5 raB I c 11 C'IIITa~TCH 

O.D;HIIM II3 :BepOHTllbiX KaHp;np;aTOB Ha pOllb 'ICTbipCXKBapKOBoro COCTOHHIIH. 
Ilpe.n;rro2KeH IIOIICK C-Me::JoHa B peaxu;nn 

p + d _:---t C(1480t + p 

L <~> + 1!"

LK++K-

PE3YJibTATbl H'BbiBO,II;bl · 

1. BrrepBbie BbiiiOJIHeHo CIICTeMaTII'lecxoe nccrrep;oBaHne aHHIIrHJIHD;Im 
,ffil,TIIIIpOTOHOB Ha JierKIIX Hp;pax. li3MepeHbi pacnpep;eJieHIIH no MH02Ke
'CTBCHHOCTII II CC'ICHUH Heynpyroro B3aHMO.D;CHCTBHH .D;JIH aHHIIriiJIHD;IIH aH
TIInpOTOHOB c 4He npn 'ieTbipexa'ueprHHx: 179,6 MaB;'48, 7 MaB, 19,6 MaB 

ll .D;llH OCTaHOBliBWHXCH aHTIInpOTOHOB, a TaK2Ke .D;llH aHHllrHrrHIJ;Hli nOKO

HID;liXCH aHTHnpOTOHOB B 3He-: !Ioxati'auo; 'ITO' B3aUMO.D;CHCTBliC; aHHIIrii
JiHD;liOHHbiX MC30HOB . B. KOHC'lliOM COCTOHHIIll p;OBOllbHO 3Ha'tiiTCllbHO, ero 

BepOHTHOCTb MOiKCT COCTaBJIHTb 30-60%, B 3aBiiCUMOCTll OT 3HeprHH Ha
llCTaiOIIJ;ero aHTHIIpOTOHa. 

2. Onpe.n;erreHbi ce'!eHiiH o6pa30BaHIIH 3He B p 4He: lUIHnrnmru;irn npn 

aaeprnirx 179,6 M<iB, 48,7 MaB, 19,6 MaB n .n;mr odauoBiffiwnxcH aHTH~ 
npoToHoB. IInMepeunir ~Tnx ce'!eunii rrpe~CTaBIDIIOT ~eHHOCTb p;rrH acTpo

-<l>II311KH, Ollll nOOBOJIHllll nOJIY'lliTb orpaHli'ICHUe Ha npep;eJibliO p;onyCTliMOC 

20 

KOliii'ICCTBO aHTIIBeiD;eC;iBa. B pau~~ri-BcerreH~o{x ( 103 _ < t < 1013 c): . 

., '_ ~ = ~~~~ < :·2 -10-
3 

'3. IIm:iepi'!u~ ce~eHI-IH 6~::Jaiui:iirnilliuuouH:oro p~Barr~ Hp;pa 4He npn 
a~eprmx-180 MaB. Haii.n;euo, 'ITO cooTBeTCTByrow;ee ce.{euue 

:,'-

-ab(tpt) .= 1_5.5 ± 2.9:_inb • 
COCTa&'IHCT BCero ::IIIWb 6.5% OT _nOJIHOrO CC'ICHIIH peaKD;Illl npii ~aHHOII 
3Hepriiii. _8TO CIIllbHO OTJIII'laCTCH OT ~apaKTCpHhlX BCllll'lliH CC'ICHIIII pa3-

BaJia H~ep nllOHa:lvUI. IIJIII npOTOHru.I~I, KOTOpbie COCTaBJIHIOT 70-100%' OT 
norruoro ce•IeHiur aeyrrpyrux peaxu;mi. 

,I(aHHbiC no 3HepreTII'ICCKOII 3aBIICIUIOCTil UH02KCCTBCHHOCTe{x B' p4He 
aHIIriiJIHD;IIII IIO;IJ;T~Cp2Kp;aiOT BbiBO;J; 0 no;J;aBliCHIIII peaKD;IIH pa3Barra II npii 
p;pyrHX 3HeprHHX aHTlliipOTOHOB. 

BbinOJIHCllbi pac'!CTJ>I CC'ICHIIH pa3BaJia B MO.D;Cllll rrray6epa' ;IJ;ll.ll .-pa3-

llll'IHbiX Hp;ep. Oun rroxa::Jamr xopowee corrracne c 3KcnepnMeHTaJibHbiMH 
p;aHHbiMII. !Ipep;CKa3biBaCTCH, 'ITO. ;IJ;ll.ll BCe.'C H~ep CC'ICHIIH pa3BaJia.'JI.n;pa 

6yp;yT MaJibiMII, Ha ypoBHe.10% OT aR. 
4 .. Auarrim _ 3KcnepuMeHTaJibHbiX _ p;aHHbiX no_ auunrmiJID;Hll. rroxoHm;nxcJI 

aHTIIIIpOTOHOB B 3He H 4He noKa::JaJI, 'ITO O.THOWCHIIC R = ~ann~fin~ Bepo-
~ ann PP 

HTHOCTeii auuurnmru;Iur ua ue1xTpoue n npoToHe ecTb 

.. '3 . '' -, ,- : 
. R(' He)= 0.35 ± 0.07, 

'. ' ' '~ L ' '- •' ' ~ • - e ''' 

R(4 He) = 0.48 ± o.io." 
,, ' if ! ' ·' 

8TH :3Ha'ICHIIH_ nO,'ITH B p;Ba pa3a MCHbwe; 'ICM ,B pd-aHHIIrllJIHD;IIH. 
MarrocT~ ~THOWCHIDI R B pHe-auunni:rrHD;IIII M02KHO paccMaTpnBaTb xax 

yxa::Jaa'ne ua cnrrbHYIO II3o~mxHoByro ::JaBH~IIMOCTb N N - B3aiiMop;eiicTBUH 
' - '.', ' . ' ~ ' ' ' . " ' . ' 

B BbiCWHX napD;HaJibHbiX BOJIHax, KOTOpaH ;IJ;Oll2KHa B03HHKaTb Oa C'ICT.II30C-

rllll!OB~ll o<l.Bn~uMoc'1:'u ~HHnnmHD;HOHHo~o N N no~euu;narra, 
Bbinorr~,~~bi pac~eTbi pA- pacceHHIIH no 1;o.n;emx-Thay6epa. IloKanauo, 

' ' • • • < •" • • • ~ ' ' r < " 

'ITO M?.2KHO norry'IHTb_ xopowee onncaune p_ ;-;, Hp;epHbiX p;auHbiX, ecn:u uc-

noJibOOBaTb crrep;yrow;ne napaMeTpimau;mx pn.- ce'-Ienmi: 
' . . ' . . ~ . . . . 

a~~= 60.59 + 44.26/pL· (r3B/c), 
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a;:n= 37.20+ 27~97 /PL (raB/c). 

5. IInMepeHbi BbiXO.D;bi II ce'!eHns: po::.Kp;eHII.!I cTpaHHbiX '!aCTIID; B p3 He xi 
p 4ffe aHHIIrliJI.JID;IIII .D;ll.!l nOKO.!IrtiiiXCH aHTIIIIpOTOHOB II B p4He aHHUrii:I.!ID;IIII 
npn 600 MaBjc. 06Hapy:tKeH aHOMaJibHo Bblcoxni! Bblxo.o; A- rnnepoHoB, 
cpaBHIIMbiH c BbiXop;oM /(~ p;a:tKe .D;ll.!l aHHIIriiJI.!III;IUI noKOHrtiliXC.!I aHTimpo-. - " ., - - . . - ; . 

TOHOB. . . . . 
Ilpep;cTasJieHbi penyJibT~T~ no IIMnyrrbcHbiM cnexTpaM A II J{~ -Me~o

HOB, li3MepeHbi BepO.!ITHOCTII OTp;ellbHbiX nOliYJIHKJII03IIBHbiX KaHaJIOB CO 
cTpaHHbiMII 'iaCTIID;aMII B imHe'!HoM cocToHJ:iiiu, onpe.o;erreHbi MHO:tKecTself
HOCTII B C06biTIIHX CO CTpaHHbiMII '!aCTIIII;aMII. 

TeopeTII'!ecxuii aHaJIIIn norry'!eHHbiX penyJibTaTos, a'Tax::.Ke :Sceii IIMe
IOrtieHC.!I coooxynHOCTli p;aHHbiX no po::.Kp;eHIIIO cTpaHHbiX • '!acTu:u; · B pA ·
aHHIIriiJI.!III;llll, no:JBOJIIIJI cp;eJiaTb BbiBOp; 0 TOM, 'ITO MOp;eJib nepepacce.!IHII.!I 
aHHIIriiJI.!III;IIOHHbiX:MroOHOB OKa:JbiBaeTC.!I BnOJIHe p;OCTaTO'iHOH .IJ;ll.!l 06'b.!I
CHeHII.!I nHa'iiiTeirbHOro BbiXOp;a A p;a::.Ke B o6rracTu aHepriiii aHTIInpoToHos, 
cyrtieCTBeHHO HII::.Ke nopora AA. 

OcHOBHbiM IICTO'IHIIKOM o6IIJibHoro po::.Kp;eHIIS: riinepoHoB .!IBJI.!IeTc.!l ne
pepacce.!IHIIe aHHIIriiJI.!III;liOHHbiX xaoHoB. 3Ha'!IITeJibHbiii sxim.o; B o6pano:Ba
Hne A BHOCIIT nepepacce.!IHIIe napH::.KeHHbiX E Ha HYKJIOHax .!I~J>a~ocTaTxa. 
Po::.Kp;eHIIe A npii roanMop;eiicTBIIII 7r·IIJIII 77- MenoHoB .o;aeT MaJibiH B:Kmi.o;; Ho 
.o;orr::.KHo 6biTb cyrtieCTBeHHO ·npn <f>opMIIpoBaHIIII BbiCOK<>IIMnyrrbcHoii KOM
noHeHThl cne:KTpa~A. ; : 

0TKpbiTIIe nOBbiWeHHOrO BbiXOp;a rimepOHOB B pA aHHIIrHJUrD;IIH npn 
HII3KIIX 9HepriiHX O'ieHb Ba:IKH01 nOCKOJibKy 9TO. HarJI.!I)J;HO p;eMOHCTpHpyeT 
porrb a<f><f>exToB nepepaceHHiiH MrooHos; <ho HHTepecHoe csoiicTBo aHTII
npoToH-Hp;epHoii. aHHIIrHIT.!III;liii p;eJiaeT B03MO:iKHbiM HCCJIC.IJ;OBaHIIe WIIpo

KOrO cnexTpa HeTpiiBIIaJibHhlX .!IBJieHnii: A n E - rnnep.11p;ep, noncx cyne
p.!Ip;ep, MHOrOKBapKOBbiX CTpaHHbiX COCTO.!IHIIH TIIIIa ff: p;II6apiiOHa, · imy'le
HIIe nor~OrtieHIIH 7]~ II w'- MC30HOB,' noJiy'ieHIIe panHoo6paOHbiX 'H:yxir~p;oB: 

6. BbinoJIHeH aHamm Hosoroxnacca peaK:u;IIii aHTIInpoToH-HgepHoii aH
HIIriiJI.!ID;llll -'- peaKD;IIH IJoHTeKopBo: 'Pacc'!IITaHbi Bepo.!ITHOCTH panJIII'i
HbiX peax:u;IIii IloHTexopBo. IIoxanaHo, 'ITO TaKIIe npo:u;ecc:bi CIIJibHO :JaBII
C.!IT OT noBep;eHIIH BoJIHOBOH <f>YHKD;llll · p;eiiTpoHa npu6oJibWHX nepeAaHHbiX 
liMIIYJibcax II BIIp;a MNN <f>opM<f>axTopa:PaccMoTpeHbi npiiMeHeHim peax-
D;IIH IJOHTeKopBO .D;JI.!I nOIICKa MHOrOKBapKOBbiX COCTO.!IHIIH. . 
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