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OBIU;AH XAPARTEPHCTHKA PABOTbI 

ARTyaJILHOCTL npo6JieMLI 

HccJie~onaHHJI KYMYJIJITHBHoro polR,ll;eHHJI -.:i:acTnn, T.e. qacTHn, polR,ll;e

Hlle K0T0phlX 3anpe~eH0. 3aKOHa?.m coxpaHCHHJI B CTOJIKH0BeHHJix cno6o~I,IX 

HYKJIOHOB, JIBJIJIIOTCJI Ba)KHLIM HCTO'IHU:~{OM llHq:>OpManu:n 0 xapaKTepe D3all

MO~eil:CTBHJI ll BHyTpeHHeil: CTPYKType CTaJIKHBaIO~CJI 061,eKTOD, 0~ H3 

KOTOphlX o6JI3aTCJII,HO ~0JDRHO 6hlTI, JI~O. B TaKHX CT0JIKHOBCHHJIX B03Hll

KaIOT qacTHI{hl C HMIIYJII,Ca1m, K0TOphlM CO0TBCTCTBYIOT 3HaqeHHJI ·MaCUITa6-

HOH nepeMeHHOH x, cy~eCTBCHH0 npeBLIIIIaIO~e e.n;mm:ny. <l>H3HqecKH 3TO 

oaHa'laeT yqacTne n nponecce naaHMo~eil:CTBHJI 061,eKTa, Macca K0Toporo npe

BhlIIIaeT Macey o~oro HJKJIOHa. Cnoil:cTBa TaKoro o6pa3oBaHHJI H3yqaIOTCJI 

npn cpparMeHTannn JI~ep n pa3JIHqHoro n~a KYMJJIJITHBHLie. qacTHnLI no~ 

B03~CHCTBHCM pa3H006pa3HLIX no 3Heprllll ll Tllrry nepBII:tJHLIX qacTnn, ll3 KO

TOpHX Han6oJiee· npe~O'ITHTeJII,HLIMll cqnTaIOTCJI JienT0Hhl, o~aKO MaJIOCTI, 

KOHCTaHTLI B3allMO~eil:CTBHJI B nocJie~eM cnyqae CTaBHT cep1,e3HL1e npo6JieMhl 

npn 3KCnepHMCHTafilHOM Ha6JIIO~eHHJI qacTHI{ C 60fillllllMll 3HaqeHllJIMll x. 

HccJie~oBaHHe_ KYMYJIJITHBHHX rrponeccon o6Hapy)IUIJIO no~o6ne cneKTpOB 

KYMYJIJITHBHhlX qacTHn 1r±, K±, p, p, d, t, 3He, 4He Ha pa3HHX JI~ax, 

YHHBepcafilHJIO BCJill'lllHY napaMeTpa HaKJIOHa cneKTpOB B q:>YHRnllll Mac

IIITa6HOH nepeMeHHOH X co cpe~HM 3HaqeHHCM < X >~ 0,14 (n nepB0M 

npn6JIIDKeHllll), ycnJieHHJIO A-3aBHCHMOCTL ceqeHHii IIHOHOB (a,rnnap. ~A), 

0TJillqne B none~eHllll ce'leHHil: Ha JierKHX ll T.IDRCJILIX JI~ax, ll30TOnllqecKII:il: 

ll ll30TQHHqecmil: 3q>q:>CKTLI B none~eHllll ceqeHHH. 

YHHBepcaJII,HOCTI, 0CHOBHHX xapaKTepHCTllK KYMJJIJITHBHoro polR,ll;eHHJI, 

K0T0paJI npoJIBHJiaCI, B IIIHpOKllX ~ana30HaX HaqaJII,HLIX 3Heprri ll q:>parMeH

THpyro~ JI~ep, npHBeJia K noHJITllIO KBapK-napTOHHOH CTPYKTJPHOH <l>YH-
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ImHH JI,n;pa l, orrpe,Zl;eJIJIIOlll;e:fi B3a:liMO,Zl;eHCTBHJI peJIJITHBHCTCRIIX JI.D:ep qepe3 

HH.D:HBHJJYaill>Hhle CT0JIBH0BeHHJI RBapR0B. 

ll;eJib pa6o:ru 

110):(aBJIJIIOlll;aJI qacTI, 3RCIIepHMeHTaJil>HI,IX ,Zl;aHHhlX II0 RYMYJIJITIIBH0My po

iR,ll;eHHIO qacTHD; rro.rryqeHa Ha rryqRax IIp0T0H0B B HHTepBaJie 3HeprHH 

1-:-400 r3B. CHcTeMaTIIqecIUie H cTaTHCTHqecIUI o6ecrreqeHHhle· .D:aHHhle Ha 

.D:pyrHX rryqRax .D:0B0Jil>H0 <pparMeHTapHhl. HacTOJilll;aJI pa6oTa II0CBJilll;eHa 

HCCJie,Zl;0BaHHIO RYMYJIJITilBH0ro poiR,D;eHilJI qacTHD; Ha rryRax IIp0T0H0B H JI,Zl;ep 

B e.D:HHhlX 3RCIIepnMeHTaJil>HI,IX ycJI0BHJIX, B R0T0phlX pemaJIIlCL CJie,Zl;yIOlll;He 

3a.D:aqn: 

.ll:eTaJil>HOe Il3yqeHHe A-3aBilCilMOCTH ceqeHHH poiR,D;eHHJI BT0pHqHI,IX qa

CTIID; Ha rryqRax IIp0T0H0B II JI.D:ep c IIpllBJieqeHileM IIIIIp0Roro Ha6opa 

<pparMeHTilpyIOlll;HX JI,Zl;ep-MHIIIeHe:fi, BRJIIQqaJI o6JiaCTH JierIUIX, cpe,Zl;HHX 

II TJDKeJihlX JI.D:ep. ARD;eHT irn H3yqeHilll IIMeHHo A-3aBIICilMOCTil ceqeHH:fi 

0CH0BaH Ha IIO,Zl;06IIIl 3HepreTnqecIUix crreRTp0B .D:JIJI pa3JIIlqHI,IX JI.D:ep . 

HccJie.D:oBaHIIe 3HepreTIIqecRo:fi Il A-3aBilCilMOCTII ceqeHHH Ha Il30Torrrrqe

CRII o6oram;eHHhlX JI,n;pax Hlll{eJIJI, D;IIHRa n 0JI0Ba Ha rryqRe rrpoT0H0B c 

IlMrrym,coM, B,Zl;B0e 60Jil>IIIIlM IIMrrym,ca Ha HYRJI0H IICII0Jil>3yeMI,IX JI,Zl;epHhlX 

rryqRoB. 

CpaBHeHHe xapaRTepncTilR RYMYJIJITilBHoro poiR,D;eHilJI qacnrn; B rrpoToH

JI.D:epHhlX Il JI,DJ)0-JI,Zl;epHhlX B3ailMO,Zl;eHCTBHJIX. 

Ha 0CH0Be rrpoBe,Zl;eHHhlX IICCJie,Zl;OBaHilli BI,IJICHeHHe Harr6oJiee IlHTepeCHhlX 

acrreRT0B .D:JIJI II0CTaH0BRII R0ppeJIJID;Il0HHhlX 3RCIIepHMeHT0B. 

AHaJIIl3 rro.rryqeHHhlX pe3ym,TaT0B RaR B cpaBHeHilil C IlMeIOlll;HMHCJI JIIlTe-

1 A.M.Baldin.// Proc. of the Int. Conf. on Extreme States in Nuclear Systems, Dresden, 1980, v.26 p.l 
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paTypHhlMH ,Zl;aHHhlMH, TaR Il C TeopeTIPieCIUIMil rrpe,Zl;CTaBJieHHJIMil 0 rrpo

n;eccax RYMYJIJITilBH0ro poiR,D;eHHJI rrprr B3allMO,Zl;eHCTBIDI qacTnn; BLIC0RHX 

3Heprrr:fi n JI.D:ep c JI,n;paMil. 

Hay11Ha.a H0BH3Ha pa6o:rLI 

BrrepBhle IIpOBe,Zl;eHhl CHCTeMaTIIqecIUie IlCCJie,Zl;0BaHHJI A-3aBilCilMOCTil ce

qeHilli RYMYJIJITilBHoro poiR,D;eHHJI qacTnn; 7r+, 71"-, K+, p, d Ha rryqRax rrpoTo

H0B, .D:e:fiTpoHoB, JI.D:ep reJIHJI n yrJiepo.D:a c IlMIIYJil>CaMH Ha eyRJioH 4,5 r3B/c 

Ha 6om,mo:fi rpyrrrre JI.D:ep 

DH 6 L. 1 L· C Al 3· C 58 N. 64 N. 64 Z 114 8 124 8 Pb , e, i, i, , , i, u, i, i, n, n, n, . 

H3MepeHIDI rrpOBe,Zl;eHhl .D:JIJI <pllRCHpOBaHHOro IlMIIYJil>Ca BT0pnqffhlX qacTnn; 

0,5 r3B/c II0.D: yrnoM 120°. Ha rry~e IIp0T0H0B C IlMIIYJil>C0M 8,9 r3B/c 

BrrepBLie Il3MepeHa 3HepreTHqecRaJI n A-3aBHCHMOCTil · ceqeHilli 7r±, p, d Ha 

pa3,Zl;eJieHHLIX II30T0IIax HIIReJIJI, D;HHRa H 0JI0Ba B IIHTepBaJie IlMIIYJil>C0B 0,3 -

0,7 r3B/c. Orrpe.D:eJieHhl rrapaMeTphl HaRJI0H0B crreRTpoB B xapaRTepHhlX .D:JIJI 

RYMYJIJITHBHoro poiR,D;eHHJI rrpe.D:CTaBJieHHJIX. YcTaHOBJieHo, qTo rroBe.D:eHne ce

qeHn:fi IIO.D:06HO Ha rr~ax rrpoT.0H0B Il JI,Zl;ep, o6Hapy}l{eHO ,Zl;eTaJil>H0e IIO,Zl;06ne 

B II0Be,Zl;eHHH ceqeHilli Ha pa3HhlX rryqRax, 0TMeqeHLI RoppeJIJID;llJI ceqeHilli C 

JI,Zl;epHOH IIJI0TH0CTLIO B o6JiaCTll JierRHX JI,Zl;ep n R0ppeJIJID;IDI ceqeHH:fi c IIJI0T

H0CTLIO 3apJI.D:0Boro pacrrpe,Zl;eJieHHJI .D:JIJI cpe.D:HHX n TJDKeJihlX JI.D:ep. O6Hapy

}l{eHo, qTQ ceqeHIDI II0JI0}l{llTeJil>H0 3apJDKeHHhlX qacTilD; ( 7r+, K+, p) R0ppe

JIIlPYIOT c 0THocnTemHLIM co,Z1;ep}l{aHHeM rrpoT0H0B <pparMeHTnpyrom;HX JI.D:ep, 

0Tpnn;aTeJil>HhlX ( 71"- -Me30Hhl) - C C0,Zl;ep}l{aHHeM HeHTpOHOB. BeJIIlqllHLI II0-

Ra3aTeJie:fi CTerreHH A-3aBHCilMOCTll ceqeHilH IIH0H0B, rrpoT0H0B ll ,Zl;e:il:TpOHOB 

pacTyT rrpn Il3MeHeHHH MilCCOBoro qncJia CHapJI,Zl;a (oT B0.D:0P0.D:a .D:0 reJIHJI), 

II0CJie qero rrpHHHMaIOT II0CT0JIHHLie 3HaqeHIDI, CB0H .D:JIJI RaiR,ll;OH ll3 qacTnn;. 
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Hayquo-npaRTH'lleCRaR n;eHH0CTL pe3yJILTaT0B 

II0,n:06I1e n n_one,n:eHIIII ceqeHniI Ha rryqRax npoToHoB I! JI,n:ep CBII,n:eTem

CTByeT O e,n:nHOM MeXaHil3Me rrpon;ecca reHepaD;IIII RYMYJIHTIIBHhlX qacTIID;. 

BoJiee Toro, ,n:eTamHoe no,n:o6IIe, OTMeqeHHoe n po)I{)];eHIIII rroJioJruITemHhlX II 

OTpnn;aTeJII,HI,IX qacTnn;, CBJI3aHHOe c OTHOCIITeJII,HhlM co,n:epm:aHIIeM npoTOHOB 

II HeiITpOHOB B H,n:pax, MOllieT yRa3hlBaTh Ha npocTpaHCTBeHHOe pa3,n:eJieHI1e IIX 

IICTOqHIIROB B MOMeHT reHepaD;IIII. 3,n:ecb MOllieT CRa3hlBaTI,CJI BJIIIJIHile 3JieR

TP OMarHIITHOro . noJIH HaJieTaro:w;e:ii: qaCTIID;I,I Ha IICXO,n:HO e co CTOJIHile JI,n:ep' 

ROTOphle, B CBOIO oqepe,D;I,, MoryT Il3MeHHTI, cnoe COCTOJIHIIe IIpII n36hlTOqHoM 

co,n:epm:aHIIII He:ii:TpOHOB rrpII qrnRcnponaHHOM 3apJI,n:e. O6Hapym:eHHaJI B pa-

6oTe RoppeJIHn;IIJI ceqeHIIH RYMYJIHTIIBHhlX qacTIID; c nJIOTHOCTI,JO JI.n;ep MOllieT 

yRa3hlBaTh Ha orrpe,n:eJIHro:w;yro pom, JI,n;epHo:ii: IIJIOTHOCTII B <pOpMnponaHIIII 

ROH<pI1rypan;I1:fi ( cRoppeJIIIponaHHI,Ie rpynnhl HYRJIOHOB, <pJIYRTOHhl, MYJII,TII

RBapROBI,Ie COCTOJIHIIJI), OTBeTCTBeHHhlX 3a reHepan;nro RYMYJIHTIIBHhlX qacTnn;. 

BJIII3Rlle BeJIIIqHHI,I OTHOlleHIIH ceqeHIIH 7r+ ;1r--Me30HOB Ha JierROM H30CRa

JIHpHOM JI,n:pe (6 Li) II H,n:pe c 6ommI1M co.n;epm:aHIIeM He:ii:TpoHOB (Pb) cTaBJIT 

IIHTepecHhliI nonpoc o poJIII 6om,moro He:ii:TpOHHoro Il36hlTRa B JI,n:pax. He~ 

nocpe,n:cTBeHHoe cpanHeHile ceqeHII:ii: Ha nyqRax rrpoToHOB II JI,n;ep yrJiepo.n;a 

He IIORa3hlBaeT pocTa ceqeHIIH B A pa3, qTo IIpOTIIBOpeqnT rrpe.n;cTaBJieHIIJIM 

IIMero:w;nxcJI MO,D;eJie:ii: H,n:pO-JI,D;epHhlX B3aI1Mo,n;eiICTBIIH. 

IIoeyqeHHhle pe3ym,TaThl .n;aroT nnoJIHe onpe,n:eJieHHhle opneHTilphl ,n;JIH rrpo

ne.n;eHIIJI II nJiaHIIponaHIIJI RoppeJIHD;IIOHHhlX 3RcnepnMeHTOB n HT8<I>, H<I>B8, 

MRM, LHC, CEBAF Ha pa3JIIIqHI,IX nepnI1qHI,IX nyqRax n n pa3JIIIqHI,IX 06-

JiaCTHX cpparMeHTIIPYIO:W:IIX JI,n;ep. BcJI COBORynHOCTI, ,n:aHHhlX HaCTOJI:ru;e:ii:_ pa-

60TI,I JIBJIHeTCJI xopOillllM RpIITnqecRIIM TeCTOM RaR ,D;JIH Teop~TilqecRIIX MO,D;e

Jie:ii: RJMyJIJITllBHOrO po)I{)];eHIIJI qacTIID;, TaR II ,Zl;JIH MO,D;eJiell a,n:poH-H,n:epHhlX II 

JI,D;pO-JI,D;epHhlX B3aIIMO,n:e:ii:cTBHH npII BhlCORIIX 3Hepr:iUix. 
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Anpo6an;1111 pa6oru 

Pe3ym,TaThl II BhlBO,n:hl ,n:nccepTaD;IIOHHOH pa60TI,I ,D;ORJia,D;I,IBaJIIICI, Ha ce

MIIHapax JIB8 OMRM, rrpo6JieMHhlX ceMI1Hapax II pa6oqI1x cone:w;aHIIJIX no 

<pil3IIRe BhlCORIIX 3Heprn:ii:: Hop-AM6ep,n:, 1988 r. (ApMeHIIJI), AJIMa-ATa, 

1989 r., JleHIIHrpa,n:, 1990 r., BJia,n:nn.ocTOR, 1991 r., Ha Mem:,n:yHapo,n:HhlX 

ROH<pepeHD;llJIX IIO npo6JieMaM <pll3IIRII BhICORIIX 3HeprIIH B ,ay6He (1984, 

1986, 1990, 1992 rr.), IlIIaCRll, 1993 r. (IIomma), Hom,;r:ii: CneT, 1993 r; 

(YRpaIIHa), BapHa, 1994 r. (BoJirapM), Romnn;e, 1994 r. (CJioBaRllH). 

O6'LeM pa6oTLI 

JJ:I1ccepTan;nJI COCTOIIT II3 BBe,n;eHllJI, qeThlpex pa3,n:eJIOB, 3aRJIJOqeHllJI II 

npIIJIOllieHIIJI. Co,n:eplRIIT 125 CTpaHIID; TeRCTa, BRJIJOqaJI 20 pIICYHROB II 37 

Ta6JIIIn;. CIIIICOR D;IITilpyeMOH mnepaTyphl co.n;eplRIIT 111 HaIIMeHOBaHIIH. 

co,n:EPJKAHHE PABOTbI 

Bo BBe.l{eHHH co,n:eplRIITCJI RpaTRaJI IIH<pOpMaD;llJI OTHOCIITeJII,HO CBOHCTB 

RYMYJIHTIIBHhlX rrpon;eccon, OTMeqaeTCJI aRTyam,Ho·cTI, 3TIIX IICCJie,n:onaHII:fi n 

CBJI3II C ,n:aHHhlMII. no rey6oROHeyrrpyroMy pacceJIHIIIO JieIITOHOB Ha JI,n:pax II 

rrpo6JieMOH noJiyqeHllJI RBapR-rJIIOOHHOH nJia3Mhl B CTOJIRHOBeHIIHX peJIHTII

BIICTCRIIX JI,n:ep, cpopMyJIIIpyeTCJI n;em, pa60TI,I II ycJIOBIIJI BhlIIOJIHeHllJI, npe,n:

CTaBJieH. nJiaH ,n:nccepTan;nn. 

B nepB0M pa3,L{eJie Il3JiaraeTCJI IICTOpIIJI norrpoca II OCHOBHhle 3aROHO

MepHOCTII, ycTaHOBJieHHhle B IICCJie,n;onaHllJIX no RYMYJIHTIIBHOMY po)I{)];eHIIIO 

qaCTIID; R ·HaCTOJI:W:eMy npeMeHII. 8HepreTI1qecRI1e cneRTphl RYMYJIHTIIBHhlX 

qacTnn; no,n:o6Hhl Ha pa3HhlX H,n:pax, 3TO no.n;o6I1e IIMeeT MeCTO B mnpOROM ,n:n

ana3oHe HaqamHhlX 3Heprn:ii: II coxpaHHeTcJI BHe 3aBIICIIMOCTII OT Bil.n;a nep

nilqHhlX -qaCTIID;. IIapaMeTp HaRJIOHa crreRTpOB B <pyHRD;IIII RI1HeTI1qecRo:ii: 

3HeprnI1 qacTnn; 3aBIICIIT OT yrJia 3MIICCIIII, HO IIMeeT IIpII6JIII3IITeJII,HO o,n:n

HaROBOe 3HaqeHI1e B <pyHRD;IIII MacmTa6Ho:ii: rrepeMeHHOH X IIJIII rrepeMeHHOH 
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CBeTonoro <ppOHTa a. BeJmqlIHI,I napaMeTpOB HaKJIOHa pa3;mqHI,I JJ,JIJI 06-

JiaCTeii JierKIIx II TJIJReJILix HJJ.ep. 

Ceqemrn po)RJJ.eHIIH nIIoHoB nponoprurnHafilHO MacconoMy qIIcJiy A <ppar

MeHTIIpyroru;IIx HJJ,ep II 6oJiee BLICOKOii CTeneHII A JJ,JIJI npoTOHOB II 6apIIOHHLIX 

<pparMeHTOB. HopMIIpOBaHHLie Ha HYKJIOH HJJ.Pa ceqeHIIH pa3;mqHI,IX qacTIIIJ; 

B <pyHKIJ;IIII Macconoro qIIcJia <pparMeHTIIpyroru;IIX HJJ,ep JJ,eMOHCTPIIPYIOT YHII

nepcam,Hoe noBeJJ,eHIIe, KOTopoe xapaKTepII3yeTCH pe3KIIM pOCTOM B o6JiaCTlI 

JierKIIx HJJ,ep lI npn6Jm3lITeJII,HfilM noCTOHHCTBOM JJ,JIJI TJIJReJILix HJJ,ep. BLIXOJJ. 

Ha noCTOHHHLiii pe»rn:M B noBeJJ,eHlilI A-3aBlIClIMOCTII ceqeHliii HaqnHaeTCH 

B o6JiaCTlI 3HaqeHliii A'.:::30 JJ.JIJI nnoHOB n A'.:::100 JJ.JIJI npoToHOB. He3aBH

ClIMOCTI> ceqeHJIH po)RJJ.eHIIH npOTOHOB OT HeiiTpOHHoro lI36LITKa B HJJ,pax lI 

ceqeHIIH po)RJJ.eHIIH HeiiTpOHOB OT COJJ,epmaHJIH npoTOHOB nocyqnJia Ha3BaHHe 

lI30TonnqecKoro lI lI30TOHIIqecKoro 3<p<peKTOB COOTBeTCTBeHHO. 

B yrJIOBLIX 3aBIIClIMOCTHX ceqeHIIii KYMYJIJITlIBHoro po)RJJ.eHIIH qacTJIIJ; OT

MeqaroTCH HeperyJIJipHOCTlI B6Jm3lI 3HaqeHlIH 0 '.::: 170° -;- 180°. 

Bo BTopoM pa3,n;eJie onncaHa 3KcnepHMeHTam,HaH ycTaHoBKa ,Z1J1CR-2, 

npeJJ.cTaBJIJIIOIIJ;M co6oii cneKTpoMeTp no npeMeHn npoJieTa B coqeTaHnn c Ma

rHHTHLIM aHaJm30M BTOpliqHI,IX qacTlIIJ; no lIMnym,caM. YcTaHOBKa pa6oTaeT 

Ha JllIHlilI C 8BM. .ll:JIJI qacTIIIJ;, BLIJJ,eJieHHLIX MarHlITOM no 3apHJJ.Y lI lIM

nym,cy, lI3MepHeTCH npeMH npoJieTa Ha JJ.BYX 6a3ax, lIOHII3aIJ;IIOHHLie noTepII 

B CIJ;lIHTlIJIJIJITOpax cqeTqJIKOB, lIHTeHClIBHOCTI, qepeHKOBCKOro lI3JIYqeHIIH qa

CTlIIJ;. CoBOKynHOCTI, lI3MepeHHLIX ne;mqJIH 06pa3yeT npocTpaHCTBO co6LITlIH. 

O6JiaCTI, B npocTpaHCTBe co6LITliii 3aJJ,aeTCH ycJIOBlieM OJJ,HOBpeMeHHoro Ha-

6JIIOJJ,eHIIH 3HaqeHliii KOOPJJ.IIHaT co6LITIIH B 3aJJ,aHHLIX lIHTepnaJiax Ka)RJJ.OH 

lI3 KOOpJJ.IIHaT. OpraHH3au;IIH nporpaMMI,I MHOroMepHoro aHamrna n03BOJIJieT 

B npou;ecce o6pa6oTKII JJ,aHHLIX BLIJJ,eJIJITb co6LITIIH B pa3;mqHLIX MHoroMep

HLIX o6JiaCTHX n CTpOHTI, OJJ,HOMepHLie n JJ,ByMepHLie npoeKIJ;lilI COJJ,ep»rn:Moro 
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3TlIX o6JiacTeii Ha OCH npocTpaHCTBa co6LITlIH. AHaJm3 nocyqeHHLIX pacnpe

JJ,eJieHlIH JJ,aeT B03MOJRHOCTI> ou;eHHTb qncJio co6LITliii onpeJJ,eJieHHoro copTa, 

CTaTJICTJiqecKIIe xapaKTeplICTlIKII cneKTpon, ou;eHJITI, BKJiaJJ, ccyqaii:HLIX co

nnaJJ,eHIIH. 

OnncaHa npou;eJJ,ypa BLiqncJiemIH ceqeHnii qepe3 Ha6JIIOJJ,aeMLie ne;mqnHLI 

lI napaMeTpLI ycTaHOBKII lI He06XOJJ.IIMLI~ nonpaBOK (Ha B3aIIMOJJ,eii:CTBlie BTO

pIIqHI,IX qacTlID; B neru;eCTBe cneKTpO!,IeTpa, MHOroKpaTHOe pacceHHJie lI TOp

MOJReHHe B MlIIIIeHII, pacnaJJ, HeCTa6JIJII,HI,IX qacTlIIJ;j norrpaBKII, CBH3aHHOH C 

ycpeJJ,HeHJieM BeJmqJIHI,I ceqemUI no KOHeqHOMY lIHTepnacy perlICTpnpyeMLIX 

yrJIOB lI lIMnym,con). 

YcTaHOBKa n03BOJIJieT BeCTlI OJJ.HOBpeMeHeyIO perlICTpau;lIIO qacTlIIJ; "/!"±, 

K±, p, p n HJJ.epHLIX <pparMeHTOB d, t, 3 He, 4 He. l".IMrryfilcHLiii HHTepBaJI 

perncTpau;lilI OJJ.H03apHJJ.HLIX qacTnu; 0,15 - 1,6 r3B/c, yrnonoii JJ.IIana3oH 

cocTanJIJieT 49° -;- 180°. l".IMnym,cHoe pa3pemeHIIe cneKTpoMeTpa 6.p / p = 
8%, BeJmqnHa a~cenTaHCa ycTaHOBKII COCTaBJIJieT 3, _4 · 10-5 CTep. BLI6op 

JJ,JIJI lICCJieJJ,OBaHIIH pa3;mqHI,IX HJJ,ep-MHIIIeHeii npaKTJiqecKJI HeorpaHIIqeH B 

JJ.IIana3oHe oT BOJJ.opoJJ,a JJ.O ypaHa. 

TpeTHU: pa3,n;eJI COJJ,ep»rn:T 3KCnepHMeHTaJII,HLie JJ,aHHLie B BlIJJ,e plICYH

KOB lI Ta6;mu;, a TaKJRe Heo6XOJJ.lIMLie KOMMeHTapnn, conpoBO)RJJ.aIOru;lie 3Kcne

pHMeHTaJII,HI,IH MaTepnaJI. A-3aBJIClIMOCTlI ceqeHIIii lICCJieJJ,OBaHHLIX qaCTlIIJ; 

Ha pa3;mqHI,IX nyqKaX npeJJ,CTaBJieHLI pncyHKaMlI JJ.BYX TlinOB. B nepBOM 

ccyqae noKa3aHo noneJJ,eHIIe ceqeHliii Ha ncex HJJ.Pax, KOTOpLie ncnom,3ona

;mc1, B 3KcnepnMeHTax, C u;em,ro JJ,eMOHCTpau;lilI o6ru;eii KapTlIHLI. BTOpoii 

Tlin pncyHKOB noKa3LIBaeT A-3aBlIClIMOCTI, ceqeHIIii pa3JJ,eJII,HO JJ,JIJI JierKIIX lI 

OCTaJII,HI,IX HJJ,ep. 3aBlIClIM.OCTI, ceqeHlIH B <pyHKIJ;IIlI KIIHeTnqecKOH 3HeprlilI 

npeJJ,cTaBJieHa JJ,JIJI nlIOHOB n. IIpOTOHOB Ha HJJ.Pe Pb B lIJIJIIOCTpaTlIBHLIX u;eJIJIX. 

·BoJiee noJIHo 3HepreTnqecKM 3anIIcHMocTI> ceqemm npeJJ.CTaBJieHa Ta6JllIIJ;eii, 
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co.n;epma:rn;eft cpe,D;HeB3BeIIIemnrn 3Ha'IeHIDI rrapaMeTpoB HaKJIOHOB crreKTpoB B 

pa3IDPI:m.IX rrpe,n;cTaBJiemmx. 
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P11:c. 1: A-aaBHCHMOCTh ceqeHH:11 rrpoT0H0B Ha pa3HI,IX rryqKax. 
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P11:c. 2: A-aaBHCHMOCTI, ceqeHH:11 7r+-Me30HOB Ha paam.rx ,rryqKax. 

B Ka'!eCTBe IIJIJTIOCTpan;mI Ha pIIc.l II 2 rroRa3am,r A-3aBIICIIMOCTII ce-qe

HIIH IIIIOHOB II rrpoTOHOB Ha IIY'!Kax rrpOTOHOB II H.n;ep C IIMrrym.caMII Ha Hy

KJIOH 4,5 raB/c, II3 KOTOPIJX BII,D;HO rro.n;o6Hoe IIOBe,n;eHIIe ce-qemm Ha pa3HIJX 
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rry'!Kax BO BCeM ,n;IIaIIa30He cpparMeHTIIpyro:rn;IIX H.n;ep. Ha pIIc.3 IIOKa3aHa A-

3aBIICIIMOCTb ce'IeHIIH Ha JierKIIX H.npax. CrrJIOIIIHM KpIIBaH Ha pIICYHKe OT0-

6pamaeT IIOBe,n;eHIIe IIJIOTHOCTII ,ll;JIH 3TIIX H,n;ep, BIJ'IIICJieHHOH no II3BeCTHIJM 

3Ha'!eHIIHM 3a pH,ll;OBIJX pa,n;IIycoB 113 BIJpameHIIH 

p(A) = a. ½7r(i < r2 >)2 
A 

MoiKHO BII,n;eTb, 'ITO IIMeeTCH KOppeJIHn;IIH ce'!eHIIH C IIJIOTHOCTbIO, KOTOpaH 

MaKCIIMaJibHO II3MeHHeTCH B 3TOH o6JiaCTII H.n;ep. CpaBHeHIIe OTHOIIIeHIIH IIJIOT-

HOCTeii: C OTHOIIIeHIIHMII ce'!eHIIH rrpIIBO,n;IIT K TaKOMY me BIJBO,ll;y Ha KOJIII'Ie

CTBeHHOM ypoBHe. AHaJiorII'!HaH CIITyan;IIH IIMeeT MeCTO B CJiy'!ae rrpoTOH

H.n;epHLIX B3aIIMO,n;eii:cTBIIH Ha B,n;BOe 60JibIIIeM IIMrrym.ce rrepBII'IHIJX IIpOTOHOB 

II ,ll;JIH yrJia 3MIICCIIII 180°. O,D;HaKo B 06011x CJiy'IaHX TaKaH KoppeJIHn;IIH He 

Ha6Jiro,n;aeTCH rrpII nepexo.n;e OT H.n;pa reJIIIH K H)WY JIIITIIH, 'ITO MOlReT 6IJTb 

o6ycJIOBJieHo oco6eHHOCTbIO CTPYKTYPIJ JIIITIIH. 

10,0 _ p 
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P11:c. 3: A-aaBHCHMOCTh ceqeHH:11 KYMYJIJITHBHLIX qacrnrr B rrporrecce D+A-+ c+• · · (0 = 120°). 

B o6JiaCTHX cpe,n;HIIX II THlReJIIJX H.n;ep, r.n;e IIJIOTHOCTb IIpII6JIII3IITem.Ho 

IIOCTOHHHa, a II3MeHHIOTCH 3apH,ll;OBIJe pa.n;IIyCIJ H.n;ep, Ha6JIIO,n;aeTCH .n;eTam.

HOe no.n;o611e B IIOBe,n;eHIIII ce'IeHIIH Ha II30TOllII'IeCKII o6orameHHIJX H.npax. 
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8TH pe3ym.TaTLI rrpe.n;craBJieHI.r B Ta6Jim~e 1 B BR.n;e OTHOIIIeHRH ceqeHn:il: Ha 

H.n;pax C paJJIRqHLIM co.n;epmaHn:eM Heil:TpOHOB IIplI O.n;IIHaKOBLIX 3ap1I.n;ax II 

Ha H.n;pax, KOTOpLie co.n;epmaT pa3JIRqHLie q1IcJia npoTOHOB II Heil:TpOHOB IIplI 

O.n;IIHaKOBLIX MaCCOBLIX q1IcJiaX. 113 .n;aHHLIX Ta6JIRD;LI BII.n;HO, qTo Ha Bcex 

rrepBIIqHLIX nyqKaX RMeeTCJI KoppeJIJID;IIJI ceqemril: IIOJIO)I{IITeill>HLIX II OTplI

u;aTeill>HLIX qacTIID; C OTHOCRTeJII,HLIM co.n;epmaHHeM rrpOTOHOB II Heil:TpOHOB B 

H.n;pax. OTHOIIIeHIIJI ceqeHHil: Ha Tex me H.n;pax Be.n;yT ce6JI no.n;o6HLIM o6pa-

30M II Ha rrepBIIqHoM nyqKe IIpOTOHOB C IIMnym,coM 8,9 n~B/c, r.n;e IIMeIOTCJI 

.n;aHHLie .n;JIJI K+-Me30HOB. 

, Ta6;mna 1. OTHomeHl!JI ceqeH11:li (He HopM11poBaHH1IX Ha A) B pa3H1IX nponeccax. 

Ilpou;ecc 64Nij5BNi 124Snj114Sn 64znj64Ni 

p 1,00±0,03 0, 97 ± 0,03 1, 06 ± 0, 03 

p+A --+ 7r+ 0, 98 ± 0,03 0, 98 ± 0,03 1,04 ± 0, 03 

7r - 1,22±0,03 1,17±0,03 0, 90 ± 0,03 

p 0,99 ± 0,04 1,00±0,03 1, 12 ± 0,04 

D+A--+ 7r+ 1,00±0,03 0, 99 ±0,03 1,07± 0,02 

7r - 1,24±0,06 1,12±0,05 0, 88 ± 0, 03 

p 1,04 ± 0,03 0, 99 ± 0,03 1, 10± 0,03 

4H e+A --+ 7r+ 1, 10 ± 0,05 1,01 ± 0,05 1,09±0,05 

7r - 1,40 ± 0, 12 1,14±0,06 0,95±0,09 

Ilo.n;o6ne rrpOJIBJIJieTCJI B IIOBe.n;eHHII OTHOIIIeHHH ceqeHHil: 7r+ ;7!"--Me30HOB 

Il p/7r+ Ha JierKOM Il TJI)I{eJIOM JI.n;pax KaK Ha nyqKax IIpOTOHOB, TaK Il Ha. 

JI.n;epHLIX nyqKaX. B rrepBOM ceyqae 3TII OTHOIIIeHIIJI 6JIR3KH K e.n;IIHHD;e, BO 

BTOpOM - xapaKTepn3yIOTCJI IIOCTOJIHHLIM ypoBHeM, CBOHM Ha Kam,ZJ;OM Il3 

JI.n;ep. 

Herrocpe.n;CTBeHHoe cpaBHeHHe OTHOIIIeHHil: ceqeHHil: 7r+ /7r- -Me30HOB Ha 
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nyqKax IIpOTOHOB c m.mym,caMII 4,5 n~B/c n: 8,9 raB/c Ha O.n;HRX n Tex 

me H.n;pax IIOKa3LIBaeT paBeHCTBO 3THX OTHOIIIeHnil: B npe.n;eJiax 3KCIIepnMeH

TaJII,HLIX OIIIII60K. 

Eme O.n;IIH BH,ZJ; rro.n;o6IIJI BO B3aHMo.n;eil:CTBlIJIX rrpoTOHOB Il JI,ZJ;ep C H.n;paMII 

o6Hapy)I{IIBaeTCJI B IIOBe.n;eHHH IIOKa3aTeJIJI CTerreHH n A-3aBHCHMOCTH ceqe

HIIH IIHOHOB, IIpOTOHOB II .n;eil:TpOHOB. Ha pnc.4 rrpe.n;craBJieHa 3aBHCHMOCTL 

IIOK;:t3aTeJIJI CTerreHII Il OT MaCCOBoro qncJia rrepBH~LIX IIyqKOB. RaK BH.n;HO Il3 

plICYHKa, 3HaqeHHJI n O.n;IIHaKOBLIM o6pa30M Il3MeHJIIOTCJI·c Il3MeHeHHeM MaCCLI 

cHapJI.n;a. 

2.0 ,-----------------~ 

1.5 

r---+------ d / - - - -., ---. 

C 

v __ .,..___ p 
~/ --------~ 

1.0 A✓ /-r---------~-J 
.- l 

0.5 L-..L-_,_~_..___,_-'--'--..L--'-~-.,__,__. 
0 5 10 

AP 
P11c. 4: 3HaqeH11J1 IT0Ka3aTeJIJI cTeneH11 n Ha pa3H11x nyqKax. 

B qeTBepTOM pas,D;eJie o6cym.n;aIOTCJI 3KCIIepHMeHTaJII,HLie pe3ym,TaTLI 

.n;IICCepTaD;HOHHOil: pa6oTLI. RpaTKO cyMMnpyIOTCJI OCHOBHLie MOMeHTLI, KOTO

pue CJie,ZJ;yIOT Il3 3KCIIepHMeHTaill>HLIX .n;aHHLIX, OTMeqaeTCJI rro.n;o6ne B IIOBe.n;e

HIIH ceqemm nccJie.n;yeMLIX qacTnu; Ha pa3~ rryqKax n .n;eTam,Hoe rro.n;o-

61Ie, KOTopoe rrpoJIBJIJieTCJI Ha II30Tormqecm o6orameHHLIX JI.n;pax. CpaBHe

Hne c pe3ym,TaTaMn .n;pyrnx pa6oT, rronyqeHHLIX Ha paJJIHqHLIX rrepBnqHLIX 

nyqKax Il paJJIRqHLIX Haqam,HLIX 3HeprHJIX, IIOKa3LIBaeT, qTo .n;aHHLie HaCTO

JIIUeil: pa60TLI BIIHCLIBaIOTCJI B paMKH o6mnx 3aKOHOMepHOCTeil: KYMYJIJITHBHLIX 
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npo:a;eccoB II corJiacyroTcJI B npe.n;eJiax omII6oR 3RcnepIIMeHTa no xapaRTep

HLIM napaMeTpaM RYMYJIJITIIBHuro poJR.n;eHIIJI 1:JaCTHI:J; C .n;aHHLIMII, IIMeIOm:II

MIICJI B JIHTepaType ,!J;JIJI 6JIH3RHX RIIHeMaTII'IeCRIIX ycJIOBIIH Ha o.znrnaROBLIX 

IIJIH 6JIH3RHX no MaCCOBLIM 'IIICJiaM JI.n;pax. 
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Pnc. 5: OTHOllleHHe Cel!eHHll ?r±-MeBOHOB B 3aBHCHMOCTH OT MaClIITa6HOll nepeMeHHOll x. 

8HepreTII1JeCRaJI aaBIICHMOCTI, ce'IeHH:fi nIIOHOB II npoTOHOB Ha II:lOTOnII-

1:JeCRII o6oram:eHHLIX JI.n;pax npe.n;craBJieHa B BII.n;e OTHomeHIIJI ce1JeHH:fi B <l>YH

RD;IIII MacmTa6HOH nepeMeHHOH X II, B C~OCTII, .n;eMOHCTpIIpyeT II3OTOnII

qecRH:fi 3q:>q:>eRT Ha .II.n;pax 58Ni, 64Ni, 64Zn, 114Sn, 124Sn B IIMnymcHOM IIH

TepBaJie 0,3-;-0,7 r3B/c. 8TII peaymTaTLI noRaaami Ha pIIc.5 (11"±-Me30HLI) II 
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pIIc.6 (npOTOHLI), Ha ROTOpLIX Henocpe.n;crBeHHO BII.n;HLI MacmTa6LI II3MeHeHIIJI 

ceqeHII:fi npII II3MeHeHIIII 'IIICeJI npOTOHOB II He:fiTpOHOB .n;aHHLIX q:>parMeHTII

pyrom:IIx JI.n;ep II CIIMMeTpII'IHOe noBe.n;eHIIe nIIOHOB paaHoro 3HaRa aapJI.n;a. 
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Pnc. 6: OTHOllleHHe ceqeHHtt IIpOTOHOB B 3aBHCHMOCTH OT MaClIITa6Hott nepeMennott x. 

l130TOIIII1JeCRH:fi 3q:>q:>eRT B ce1JeHIIII poJR.n;eHIIJI nIIOHOB Ha paa.n;eJieHHLIX 

II3OTonax HIIReJIJI, D;IIHRa II OJIOBa BnoJIHe y,n;oBJieTBOpIITeJII,HO 06'hJICHJieTCJI 

Ha OCHOBe II3OTOnII'IeCROH IIHBapHaHTHOCTH, HO Ha II3OTonax JierRIIx JI.n;ep 

(
6 Li,7 Li) H nepBH'IHOM ny1JRe JI.n;ep yrnepo.n;a Ha6JI10.n;aeTcJI pocT ce1JeHIIfi 

.n;JIJI Bcex qacTm::i; npH yBeJIII1JeHHII 'IIICJia He:fiTpOHOB. I{poMe Toro, cym:e-
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CTByeT II30TOIIIIqecruril 3<p<peKT TaKoro me MaCUITa6a ,11.JIJI llp0T0H0B II II0JI0-

)KIITeJII,HLIX Ka0H0B. il, KaK 0TMeqaJI0CI, paHee, ceqeHIDI 7r+ - II 7r--Me30H0B 

11pII6JIII3IITem.Ho 0,11.IIHaKoBLI Ha JI,11.pax c N = Z II JI,11.pax c 6om,urnM co,11.epma

HIIeM He:fiTpOHOB. 

PaccMOTpeHLI B03M0)KHLie MexaHII3MhI KYMYJIJITIIBH0ro po)K,11.eHIDI qacTIID; 

corJiaCH0 IIMelOru;HMCJI TeopeTIIqecKIIM M0,11.eJIJIM, B pa3Hhie BpeMeHa II C pa3-

JIIIqHQH CTelleHhlO yc11exa llpHMeHJIBIIIIIMCJI ,11.JIJI 0IIIICaHIDI KYMYJIJITIIBHhIX 11po

u;eccoB KaK B a,11.poH-JI,11.epHLix, TaK H B JI,11.p0-JI,11.epHLIX B3aIIM0,11.eil:cTBIIJIX. Cpe

,11.II HIIX Mo,11.em, mecTKoro pacceJIHIDI, <pJIYKTOHHaJI Mo,11.em., Mo,11.em. ¢parMeH

TaD;IIII q>JIYKTOHOB, Mo,11.em, MaJI0HYKJI0HHI,IX KOppeJIJID;IIH, Mo,11.em, JI,11.epHoro 

¢aii:p6oJia, KBapK-rJilO0HHaJI CTpyHHaJI M0,11.eJII,. IIoJIHoro 0IIHCaHIIJI JIBJieHIDI 

He co,11.ep)KIIT HII 0,11.Ha II3 11epeqIICJieHHhIX M0,11.eJieii:. IIpIIMeHIITeJII,HO K pe3ym,

TaTaM HaCTOJiru;eii: pa60TLI M0)KH0 BhI,11.eJIIITI, M0,11.eJil> ¢parMeHTaD;IIII q>JIYKTOH_a 

II Mo,11.em, MaJI0HYKJI0HHLIX K0ppeJIJID;IIH. . 
B 3aKJilOqIITeJII,HhIX 3aMeqaHIIJix 0TMeqaroTCJI B0llp0cLI, K0T0phie 6LIJIII He-

,11.0CTaToqHo _ II0JIH0 0CBeru;eHI,I B TeKcTe pa6oTLI, BhICKa3hIBalOTCJI HeK0T0phie 

rIIII0Te3hI 0TH0CIITeJil>H0 B03M0)KHI,IX llpIIqIIH B03HIIKH0BeHIDI ,11.eTaJihH0ro 110-

,11.06IDI B II0Be,11.eHIIII ceqeHIIH IIPII B3aIIM0,11.eii:cTBIIII CJI0,KHLIX JI,11.epHLIX CIICTeM 

H coo6pameHIIJI 0TH0CIITeJII,H0 iI0CTaH0BKII H0BLIX 3KC11epIIMeHT0B. 

IIepclleKTIIBLI ,11.am.HeHIIIIIX IICCJie,11.oBaHim CBJI3aHhI C 3KCIIJIYaTau;IIeH ycTa

H0BKII Ccl>EPA. B pa6oTe 11pHB0,11.JITCJI KpaTKaJI xapaKTepIICTIIKa ycTaH0BKII 

II 11epBooqepe,11.HLie <pIIJIIqecKIIe 3a,11.aqII 11porpaMMhI IICCJie,11.oBaHIIH. 

B 3a1u11oqeHHH co,11.epmaTCJI 0CH0BHLie BLIB0,11.LI ,11.IICCepTaD;IIOHHOH pa-

6oTLI. 

IlpnnomeHne co,11.ep,KIIT Ta6JIIID;LI ceqeHIIH II 11apaMeTpLI HaKJI0H0B cneK

TpoB Ha K0HKpeTHLIX JI,11.pax B npe,11.CTaBJieHIIJIX 110 KIIHeTnqecKOH 3HeprIIII II 

MaCI1ITa6HLIM 11epeMeHHLIM x II a. 
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OCHOBHhIE PE3YJihTAThl LJ:ilCCEPTAIJJ1:il 

1. B paMKaX e,11.IIH0H 3KC11epIIMeHTaJil>HOH 11pou;e,1J.ypLI BllepBhie ,11.eTaJil>H0 IIC

CJie,11.0BaHa A-3aBHCIIMOCTh ceqeHII:il KYMYJIJITIIBHoro po,K,1J.eHIIJI qacTIID; Ha 

11yqKax 11p0T0H0B II JI,11.ep B IIIIIpOK0H o6JiaCTII <pparMeHTIIpyroru;nx JI,11.ep OT 

,11.eii:TepIIJI ,11.0 CBIIHD;a II II0Ka3aHo, '!TO 3TII 3aBIICIIM0CTII 110,11.06HLI. BoJiee 

Toro, o6HapymeHo ,11.eTam.Hoe 110,11.06IIe B 110Be,11.eHIIII ceqeHIJ:il: Ha II30T0IIII

qecKII o6oraru;eHHLIX JI,11.pax, K0Topoe 11poJIBJIJieTCJI Ha Bcex IIc11om.3oBaH

HLIX 11yqKax. 

2. B11epBhie ,11.eTaJil>H0 IICCJie,11.0BaHa 3HepreTnqecKaJI 3aBIICIIM0CTI, ceqeHIIH 

Ha II30T0IIIIqecKII o6oraru;eHHLIX JI,Zq>ax HIIKeJIJI, D;IIHKa II 0JI0Ba Ha rryqKe 

llp0T0H0B C IIMnyJil>C0M 8,9 r3B/c, onpe,11.eJieHLI 3HaqeHIIJI napaMeTpOB Ha

KJI0Ha B 11pe,11.cTaBJieHIDIX, Tpa,11.IID;II0HHLIX IIPII II3yqeHIIII KJMYJIJITIIBHLIX 

11pou;eccoB. CTom. me ,11.eTam.Ho IIJyqeHa A-3aBIICIIMOCTh ceqeHII:il: BT0pIIq

HLIX qacTIID; B IIMIIYJil>CH0M IIHTepBaJie 0,3 - 0,7 r3B/c. illnpomft Ha6op 

<pparMeHTIIpyroru;HX JI,11.ep 1103B0JIIIJI BLIJIBIITI, xapaKTepHLie oco6eHHOCTII, 

11pIIcyru;He paJJIIIqHLIM IIX o6JiaCTJIM. 

3. B o6JiaCTII JierKIIx JI,11.ep (D, He, 6Li, 7Li, C) B11epBhie o6HapymeHa 

K0ppeJIJID;IDI ceqeHIJ:il: C IIJI0TH0CThlO JI,11.ep. ilMeHHo C 3TIIM, B 0CH0BH0M, 

CBJI3aH pe3KIIH pocT II HeperyJIJipH0CTII B II0Be,11.eHIIII ceqeHIJH B yKa3aH

HOH o6JiaCTII JI,11.ep. .Il:aHHLie ,11.JIJI yrJia 3MIICCIIII 180° II0Ka3LIBalOT TaKoe 

me ll(?Be,11.eHIIe ceqeHIIH. OTHOIIIeHIDI ceqeHIIH 7r+ /1r- -Me30H0B II p/1r+ Ha 

JierKoM ( 6 Li) II TJI,KeJI0M (Pb) JI,11.pax He 3aBIICJIT OT MaccoBoro qncJia JI,11.pa

cHapJI,11.a. IJpnqeM 0TH0IIIeHIDI ceqeHIJH 7r+ /1r- -Me30H0B 6JIII3KII 110 BeJIII

qIIHe Ha JierK0M II TJI)KeJI0M JI,11.pax, B TO BpeMJI KaK 0TH0IIIeHIIe Heii:TpOHOB 

II 11poTOH0B B JI,11.pe Pb paBHo 1,5. 

4. B o6JiaCTII cpe,11.HIIX II TJI,KeJII,Ix JI,11.ep o6HapymeH II30TOIIIIqecrum 3<p<peKT B 

15 



IIOBe.n;emm ce1Iemtii: - He3aBIICHMOCTI, ce'lemIJI poJR,n;eHIIJI IIOJIOJruITeJII.HO 

. aapJDReHIIl,lX 'laCTim; ( 7r+, J{+, p) OT II36I>lTO'lHOrO co,n;epJKaHIIJI He:ii:TpOHOB 

rrp1I q:>IIKCHpOBaHHOM aapJI,n;e JI,n;pa. HarrpoTIIB, ceqeHIIe poJR.n;eHIIJI 1r--

Me30HOB RoppeJIHpyeT C II3fiI>lTO'lHbIM co,n;epJKaHHeM He:ii:TpOHOB. O6a 3q:>

q:>eRTa HMeIOT MeCTO Ha rry'll{aX IIpOTOHOB, ,n;e:ii:TpOHOB II JI,n;ep reJIIIJI. Ilo 

MaCIIITa6y BeJIH'llIHbl OTMe'lCHHiire CBOHCTBa cpaBHIIMii[ c OTHOCIITeJII.HiirMII 

co,n;epJKamIJIMII rrpOTOHOB II He:ii:TpOHOB q:>parMeHTIIpyrom;HX JI,n;ep. 

5. Ha JierRHX JI,n;pax 6 Li II 7 Li II30TOIIII'lecRH:ii: aq:>q:>eRT rrpoJIBJIJieTcJI JIHIIIL 

,n;JIJI 7r+ -Me30HOB B rrpoTOH-JI,n;epHiirX B3alIMO,n;e:ii:CTBIIJIX. Ha ny'lRe JI,n;ep · 

yrJiepo,n;a II30TOITII'leCRIIH 3q:>q:>eRT OTCJTCTByeT - Ce'leHIIJI poJR,n;eHIIJI no

JIO}KIITeJII.HO 3ap.1DReHHbIX 'laCTIID; 7r+, J{+, p B03pacTaIOT nplI nepexo,n;e OT 

JI,n;pa 6 Li R JI,n;py 
7 Li. 

6. OTHOIIIeHIIJI CTpyRTYPHbIX q:>JHRD;IIH ( OTHOIIIeHIIJI IIHRJII031IBHiirX ce'leHIIH) 

Ha II30TOnlI'leCRII o6oram;eHHiirX JI,n;pax B aaBIICHMOCTII OT MaCIIITa6HOH ne

peMeHHOH X ,n;eMOHCTPIIPYIOT CIIMMeTplI'IHOe noBe,n;eHHe ,n;JIJI IIIIOHOB pa3-

Horo 3HaRa aapJI,n;a, o6ycJIOBJieHHOe OTHOCIITeJII.HI,IM co,n;epJKaHIIeM npOTO

HOB II He:ii:TpOHOB B JI,n;paX. AHaJIOrlI'lHii[e OTHOIIIeHIIJI ceqeHIIH ,n;JIJI rrpo

TOHOB Ha Tex }Ke JI,n;pax IIORa3HBaIOT 3aMeTHYI0 X-3aBIICIIMOCTl, B MJirROH 

(,n;o 0,5 raB/c) 1IaCTII crreKTpa, oco6eHHO B CJIY'lae II30TOnOB OJIOBa. 

7. CpaBHeHIIe ce1Iemm: IIOJIOJruITeJil,HO II OTplin;aTeJII.HO aapJDReHHiirX 'laCTIID; 

Ha q:>parMeHTHpJIOID;IIX JI,n;pax, JIBJIJIIOID;IIXCJI II306apaMII (
64 Zn II 

64 Ni), 

rroKa3HBaeT rrpeHMJID;eCTBeHHyro pom. aapJI.n;a JI,n;pa B o6paaoBaHIIII rroJio

JruITem.HbIX 'laCTIIIJ;, 

8. MaoTOIIII'leCKH:ii: aq:>q:>eKT B noBe,n;eHIIII ceqemm: ,Zl;JIJI 'laCTIID; 7r+, 7r-, p O,n;H

HaKOBii[M o6pa30M rrpOJIBJIJieTCJI Ha rrepBII'lHbIX IIJ'IKax npoTOHOB C IIM

rrym.caMH 4,5 raB/c II 8,9 raB/c. 
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9. IloKa3aTeJIH CTeneHII A-aaBIICHMOCTII ce'leHIIH ,Zl;JIJI IIIIOHOB, rrpOTOHOB II 

,n;e:ii:TpOHOB B q:>yHRn;IIII MaCCOBoro 'llICJia 'nepBII'IHii[X _IIY'IKOB IIMeIOT IIO

,n;o6Hoe noBe,n;eHIIe, B03pacTaJI no BeJIH'llIHe C II3MeHeHIIeM BII,Zl;a IIY'lKa, 

a Ha'lHHaJI C ny'lKa JI,n;ep reJIIIJI rrplIHIIMaIOT IIOCTOJIHHiire 3Ha'leHIIJI, CBOII 

,Zl;JIJI KaJR,n;o:ii: II3 'laCTIID;. 

10. COBoKynHOCTI, peaym.TaTOB, IIOJIY'leHHii[X B HaCTOJim;e:ii: pa6oTe, npe,n;cTaB

JIJieT HOBhlH 3KCnep1IMeHTaJII,HhlH MaTep1IaJI no IICCJie,n;oBaHIIIO rrpon;eccoB 

KYMYJIJITIIBHOro poJR.n;eHIIJI 'laCTIID; Ha IIJ'IKax npoTOHOB II JI,n;ep. <I>parMeH

T1Ipyrom;1Ie JI,n;pa oxBaT~BaIOT rrpaKTII'leCRH BCIO rreplIO,n;H'lecKyIO Ta6JIHn;y, 

BKJIIO'laJI Ha1I60JICe 3K30TII'leCRHe JI,n;epHhlC CIICTeMii[. CrreKTp BTOplI'IHii[X 

qacTIID; co,n;epJruIT KaK cTpyKTYPHiire aJieMeHTiir JI,n;ep, TaK II CTpyKTYPH, 

B03H1IKaIOm;1Ie B npon;ecce B3alIMo,n;e:ii:cTBIIJI. ,[(eTam.Hoe rro,n;o61Ie B noBe

,n;eHHII Ce'leHHH CTOJII, pa3JIH'laIOm;IIXCJI IIO RIIHeMaTH'leCKHM H KBaHTOBii[M 

xapaKTeplICTHKaM 'laCTHD; MO}KeT 6hlTI, CBJI3aHO co cnen;IIq:>H'leCRHM IIOBe

,n;eH1IeM JI,n;epHOH cpe,Zl;hl B ceyqae II30TOIIII'leCKII o6oram;eHHii[X JI,n;ep HJIII 

C B03,n;e:ii:CTBIIeM 3JieKTpOMarHIITHOro IIOJIJI HaJieTarom;e:ii: 'laCTHD;hl Ha HC

XO,n;HOe COCTOJIHHe q:>parMeHTIIpyrom:ero JI,n;pa. He IICKJIIO'leHO H BJIIIJIHHe 

o6onx q:>aKTopoB. 

Iloey'leHHHe peaym.TaTH ,n;aroT BIIoJIHe orrpe,n;eJieHHHe opneHTIIpiir .n;JIJI nJia.

HIIpoBaHIIJI II npoBe.n;eHIIJI KoppeJIJID;HOHHhlX 3KCnepHMeHTOB Ha pa3JIH'l

Hii[X nepBII'lHii[X ny'lKax H B pa3JIII'lHhlX o6JiaCTJIX q:>parMeHTIIpyrom:nx 

JI,n;ep. HecoMHeHHiirH HHTepec, paayMeeTCJI, npe,n;cTaBJIJIIOT 3Kcn_ep1IMeHTii[ 

C noJIJip1I30BaHHiirMH ny'lKaMH II MIIIIIeHJIMII. 

8Kcnep1IMeHTaJI1,Hii[e peayJI.T,TaThl HaCTOJIID;e:ii: pa6oThl CBH,Zl;eTeJII.CTBJIOT B 

nom.ay TaK Ha3HBaeMHX xoJio,n;HhlX Mo.n;eJie:ii:, npe,n;noJiararom;IIX cym:ecTBO

BaH1Ie q:>JIYKTOHOB B JI,n;pax ,n;o B3alIMo,n;e:ii:CTBIIJI, H JIBJIJIIOTCJI xopOIIIHM KplI-
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