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1. YTo411ellHe l11a4eHHH K03"''''HIJ,HeIlTOB B "'opMYJIe lieTe - BeHlJ,leKepa 

3HaMemnaH ITOJIY3MITMpM4eCKaH <p0pMYJIa beTe - BeHIJ.3eKepa (1935 r.) )lJl}I :mepnm 

CBHHI EUJ (A, Z) H;:J,pa, COCTOHIIJ.erO H3 A HYKJIOHOB, BKJlI04aIOlllHX 2 ITPOTOHOB H (A - 2) =N 

lIdiTPOHOB, HMeeT CJle)lYIOlllHH BH)l: 

Eell (J\thB) ell . A + ell . A W + Q] .22 
. A -113 + el • /2 . A -I + as . ~. A -kI4, (1)

4 

r~te k 3 [I] MJIM k = 2 [2], H30TOnH'IeCKOe 'IHCJlO / = N - 2 = A 22 

I , WUl 4eTHblX 2 M N; 
.1 =\ 0, ;:J,JlH He4eTHblX A: 

l I , llJlH He4eTHblX 2 H N 

LfJICHbI B ¢opMyne (1) B nOpH)lKe HX pacnOJIO)KeHHH CJleBa HanpaBo Ha3bIBaIOTCH 06beMHoH, 

IIOBCPXHOCTlIOH, KYJIOHOBCKOH, cHMMeTpHH H cnapHBaHHH ::meprHHMH. K03<P<PHIJ.HeHTbI 

"I a, 1l0)l6HpaIOTcH no 3KcnepHMeHTaJIbHblM 3Ha'IeHHHM 3HeprHH CBH3H Eexp (A, 2). no 

cpaBHCHMIO C 1935 r. OTKPblTO 60JIbllIOe 4MCJIO (- 1500) aTOMHblX H)lep H H3MepeHbI HX 

'}IICpnm CSH3H. :'1T0 n03BOJIHJIO YTO'IHHTb 3Ha'IeHHH K03<P<PHIJ.HeHTOB no )laHHbIM [1] 0 961 

H)lpe. B m6JI. 1 npHBe)leHbl 3Ha'IeHHH K03<P<PHIJ.HeHTOB, B3HTble H3 JIHTepaTypbl H 

Bbl4MCJleHHble aBTopoM. ,ll;nH OIJ.eHKH Ka4eCTBa nO)lrOHKH napaMeTpoB BbJlIHCJIHJIHCb: 

Cpe)lHee ITO BceM H)lpaM 3Ha'IeHHe (0) OTHOCHTeJIbHOH 01lIH6KH 0 

JUlcnepCMH (J n-"~2J(0)-of, n = 961. YKa3aHHH nopora TO'IHOCTH,ll;JIH HH)KHerO 

H,LlepHblX MO)leJIeH, npeTeH)lYIOlllHx. Ha onHcaHHe 3HeprHH CBH3H, B HH)KHeH cTPoKe Ta6JIHIJ.bI 

'HM )Ke SeJIH4HHbI npHBe,lJ,eHbI ,lJ,JIH npocTeHllIeH <P0PMYJIbI 

(2) 

r)le (e) - cpe,lJ,HHH Y)leJIbHaH ::meprHH CBH3H. 

113 Ta6JI. BH)lHO: a) BHOBb HaH)leHHbIe K03<p<pHIJ.HeHTbI rOpa3)l0 JIY'Illie 

COOTBeTCTBYIOT cyrnecTBYIOIIJ.HM 3KcnepHMeHTaJIbHbIM )laHHbIM; 6) pa36poc 3Ha'IeHHH 

O,LlHOI1MeHHbIX napaMeTpoB B (1) npH pa3JIH'IHbIX 3Ha'IeHHHX k cyrnecTBeHHo YMeHbllIHJICH; 

B) llJIH BeJII1YHHbI OTHOllIeHHH (a3 /2a4 ) BbIIIOJIHHeTCH CJIe)lYIOIIJ.ee COOTHOllIeHHe 

(3) 

r)le 2a::: 2(e
2
/ lie) 0,0145946 ( B nOpH)lKe CJIe,lJ,OBaHHH CTPOK Ta6n. 1 ee 3Ha'IeHHH TaKOBbl: 

0,015107, 0,01498, 0,01488, 0,01483, 0,01481). EcnH BbIIIonHeHHe HYMepOnOrH'IeCKOrO 

OTHomeHHH (3.0) He C'IHTaTb cnY'IaHHbIM, TO B <popMyne (1) CO)lep)l{HTCH He nHTb, a'IeTbIpe 

He3aBHCMMbIX napaMeTpa. 

http:CJIe)lYIOIIJ.ee
http:cyrnecTBYIOIIJ.HM
http:Ta6JIHIJ.bI


06Hapy:>KeHHoe 3.IleCb H3MeHeHHe 3Hal.JeHHH K03<P<PHlJ,HeHTOB He MO)f(eT He CKa3aTbC5I 

Ha Heo6xo.IlHMOCTH nepeCMOTpa HeKOTopbIX nOCTpoeHHH TeOpeTHl.JeCKOH 5I.IlepHOH <pH3HKH. 

<!>opMyny .IlnH nHHHH cTa6HnhHOCTH (nC) (3aBHCHMOCTh l.JHCna HYKnoHoB A OT KOnHl.JeCTBa 

npoToHoB Z B HaH60nee YCTOHl.JHBOM 5I.Ilpe) nonyqalOT H3 cne.IlYlOllI,ero ycnOBH5I: 

(a ECB /aZ)A =consl = O. (4) 

C<iHTanOCh <iTO "<pOpMa 3HepmH CHMMeTpHH (B BhIpa)f(eHHH (I)) npOCTeHWa51, npH 

KOTOPOH MO)f(HO paCCl.JHThIBaTh Ha OnHCaHHe nHHHH cTa6HnhHOCTH". "Vh (1) H (4) Cne.IlyeT 

(5) 

113 (5) H (3) cne.IlYCT, 'ITO Bhlpa)f(eHHe .Iln51 H30TOnHl.JeCKoro l.JHCna I HaH60JleC cTa6HnbHoro 

51llpa HMeeT cne.IlyIOU~HH BH.Il: 

21.' - 2 Z A 2!}I = (a} / 2Cl,,') Z • A = a· . (6) 

2. KpHTHKa (j>OpMyJIhi lien - Beiill,3eKepa 

npe.IlJlO)f(eHO MHO)f(CCTBO <p0pMyn, onHChIBalOllI,HX 3HeprHlO CB513H C 60JIee BhICOKOH 

TO'-lHOCThlO (!lua .IlBa nOp5l.IlKa Bblwe" [2]), l.JeM <p0pMYJIa (I). O.IlHaKO 3Ta TOl.JHOCTb 

)lOCTHraCTC51 BBe.IlCHHeM 6onbworo '-IHCJIa 3MfmpHl.JeCKH nO.Il6HpaeMhIx napaMcTpoB. 

HanpHMCp, B pa60Te fleBH HCnOJlh3yeTC51 81, a B pa60Te KaMcpoHa - 250 napaMeTPoB [3]. B 

TaKOH Cl-lTyalJ,HH, KOr.Ila l.JHCnO napaMeTpoB cTpeMHTC5I K l.JHcny 5I.Ilep, Ol.JeBH.IlHO, 'ITO 

II03HaBaTcnbHM H npC.llCKa3aTCJIbHa5I CHna <popMyn na.llaeT 06paTHO npOnOplJ,HOHaJlbHO 

tlHCJlY napaMCTPOB. TCM 60nhwe lJ,eHHOCTh ManonapaMeTPHl.JCCKHX (a CllI,C nyqwc 

6ecnapaMeTpW-IeCKl1x) <P0PMYTI nllla (1) 11 (6). OIlHaKo cnpaBeIlTIl1BOCTh 3KcTpanOmlI-l1111 

nOcne.llIIHX B o6nacTh 60nhwHx Z (Hnl1 A) BhI3hIBaCT 6onbwoc COMHCUHC. A HMCHHO, 

comaCHO (6), C POCTOM A H36blTOK (UlCJla HCHTPOHOB Ha.Il l.JHCnOM npoToHoB B }I.llpe 

A'l/3
HCOrpaHH'IeHHO H 6hICTPO B03pacTaeT KaK I "" Z2, CM. P"C. l. TaKa}l 3aBHCl1MOCTh 

06YCJIOBnCna HHl.JCM He C.llcp)f(l1BaCMhIM (KaK npC.llnonaranOCh) .IleHCTBHCM KynoHoBcKoro 

IIOJH}, paCTanKHBalOllI,ero npOTOHhI }I.Ilpa. ,Uo6aBneHHe HeHTpOHOB (n) B }I.llPO, ysenWIHBa}l 

paCCT05lUHe MC)f(.llY npOTOHaMH (p) 11 HeCKonhKO YMCHhwaH HX 3neKTpOCTaTw-reCKoe 

paCTaJIKl1BaHHe, He MO)f(eT npHBeCTH K 06pa30BaHHIO .IlOCTaTOl.JHOro KOnHl.JeCTBa HOBbIX 

(np)-CB}l3eH, ne06XO.IlHMhlX .Iln}l IleJIOCTHOCTH H.Ilpa. "B CBH3H C 3THM HanOMHHM, 'ITO 

CHJlhHOe (np)-B3aHMO.IleifcTBHe HJ{eHTWIHO (nll)- H (pp)-B3aHMO.IleHCTBHIO nHWh B Tex 

COCT05lHH5IX, KOTophIe pa3peweHbI npHHlJ,HnOM naynH. O.IlHaKO B CHHmeTHOM Hel.JeTHOM H B 

TpHIIJICTHOM '-IeTHOM COCTOHHH}lX B03MO)KHO, B COrJlaCHH C 3THM npHHlJ,HI10M, TonbKO 
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(1//))-BHllIi\IO/ldiCTBIIC. MelKJlY TeM cymecTBoBaHHe .llethpoHa B Kal.feCTBe eOUHCl116eHHOZO 

ClunallliOrO COCTOHIIWI CIiCTeMbl llBYX HYKJIOHOB CBUTCJIbCTBYCT 0 TOM, l.fTO npu 3HeprUHX, 

\alX\I,TCPllbIX :UIH }WHllOrO HJlpa, TaKoti THn B3aHMO.llCHCTBHH CBH3blBaeT CHJIbHeC Bcero. "[2) 

3. 1I08aH .pOPM)'J13 i1~IH .lUIHHH cTa6HJ1bHOCTH (JlC) . 

B IIPOL[CCCC 1I0CTPOCIHIH TaK na3blBaCl\lOH "qmYKToHHOH" MO.lleJIH H]lpa [4 - 9] 

OOIl<lPY'lKllJ11ICb lIeKoTopblC '3aKolloMepHocTH, KOTopble n03BOJIHJlH npC.llJIOIKHTb HOBoe 

HhlpaFl,cllllc ;UIH JIe· 

l=aZ2 
.{ I +exp[21t(aZ l)]}-I. (7) 

JICCI>. IWK II B (IWPMYJIC (6). npH ueJlblX 3Ha4eHHHX Z. :ma4eHHH I HeIlCJIbIe. 

'>To BhlP(l)!{CIlIIC - 6ccllapaMeTpH4ecKoc, KaK H HatUe IIpu6.7lIJICeHHOe BblpalKclHIe (6). vl3 (7) 

CJH::IYcr, 'ITO IIpH )lOCTaTOLlHo 60JlbllHIX A (111m Z) II C HX POCTOM 1I36bITOK 4HCJIa HCHTPOIIOB 

II,L't 'lI\C)Ini\l IIPOTOHOB B HLl.PC cTpeMHTcH K HYJIIO (CM. pHC. I), 4TO YCTpaHHeT TO 

BI>IIIICYIGIWIIIIOC HeCOOTBCTCTBHe IIPIiPO)l,C HLl.epHbiX CHJI, KOTOPOC npHCYJIlC CPOPMYJlC (I). 

(!)opt\lym\ (7) IIMCCT, no KpMhlCH Mcpe, He MeHbwee npaBO Ha CY1ueCTBOB<lHHe B HaY4HOM 

OOIlXO}IC, 'ICM (IJOpMyml (6), H BOT n04CMY: 

1. 011a BIIOJIHe YllOBlleTBOpHTCJIbllO (CM. Ta6Jl. 2 II pHC. 2) onnCblBaCT 

'J1(Cllepll!'lICIITaJlbIIYK) '3aBHCHMOCTb CpeLl.HCrO (HeueJI04HCJleHHoro) 3Ha4ellHH aTOMHoro 

HOMepa (A) OT Z, JacpHKcHpoBaHHYIO B Ta6mnl,c MeHLl.CJIeCBa [10]. 3Ta 3UBHCHMOCTb 

Dllpe)lcJIHeTCH pacllpocTpaHeHHocTblO H30TonOB, T.e., B OCIIOBHOM, HX cTa6J1JIbllOCTbI0. Ha 

p"C. 2 BHJIHO, tlTO npH Z ~ 94 3Ha4eHUH (A), Bbl4HCJleHHbie 110 cpopMYJlaM (6) H (7), 

IleCJ(OJlbKO lIpeBbllllalOT TafiJlH4Hble, lITO OfibHCHHCTCH CHHTeTH4CCKHM npOIICXO:ll\;lemleM 

rpallcypalloBbiX ')JICMeHTOB (3HaqeHHH A UCJJble). j},JlH HamHJlHOCTH H WlJlbHCiiulIIX 

Bhl'llIC;ICIHlB qlOpMyJly (7) nepemlweM B CJleLl.YIOlIlcM BHLl.C: 

(A)=2Z+lX·Z 2 ·{I+cxpI2·Jr(aZ 1)1l' 

a (llOPMYJlY «()) - B CJlC.llYIOIUCM: 

(A) 22 + 20:·2· (A)~!! . (9) 

).J,ml OIlCHKH KUllCCTBa OfmcaHHH Ta6JlHIlbi MeU)lelleeBa cpopMYJlaMH (R) If (9) B Ta6Jl,2 

IlPJ.1SCJlClIbl: CpCJ1IIIfC no BceM Z :ma4CHHH (8) OTlIOCIfTCJlbHOif Olll1l6KII 

(A)I/(A)",I' H )lHCIICPCHH a II I [f((i)8,f, BUJlIIO, 'ITO BblpalKCIIlI}/ un Ii 

(9) )!lUI JIC OI111CbIBalOT Ta6m1UY MeH)l,eJ1CeBa C OLl.HHaKOBoH T04HOCTblO. YMeHblllclIHC 
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1Hal {eHHH (0) H (J npH HCKll}{)l{eHHH 5!1lep BOllOpOlla (Z = I) CB5!JaHO C MallOH 

paCnpOCTpaHeHHOCTh}{) lleHTepml, 06YCllOBlleHHOH, nO-BHllHMOMY, ero peKopllHO MaJIoi-i 

Y;leJlhHOH 1HeprHeH CB}]JH. To, l{TO BeJIHl{HHa (0) B 1TOH rafillHlle B-2 paJa fiollhllle, l{eM 

IlpH onHcaHHH 1HeprHH CB}]3H (Tafill. 1), MOJKeT 6hITh OfiycllOBJleHO TeM, l{TO, KpoMe 

YCTOHl{HBOCTH, pacnpocTpaHeHHocTh }]llep onpellell5!eTC5! H llPYrHMH ¢aKTopaMH, HanpHMep 

HCTopHeH HYKJleOreHeJa H reO¢H3Hl{eCKHMH npolleccaMH. 

2. <t>OPMYllY (7) CJle,nyeT paccMaTpHBaTh KaK pe3YllhTaT llH¢¢epeHllHpOBaHH5! no Z 

HeKoToporo BhlpaJKeHH}]llJI}]1HeprHH CB5I3H. fIpo,neJlhlBa5! Hall (7) onepallH}{), ofipaTHYlo (4), 

T.e. HHTerpHpy5! no Z UOBoe BhlpaJKeUHe ,nll}] JIC: 

A-2Z a·Z2 
·{I+exp[2·K(aZ I)]r' , 

rrOJ1Yl{aeM HOBY}{) ¢opMyny llJI}]1HeprHH CB5!3H: 

ECB (M')B) CO . f~(A,Z) + LC, .fJA), ( 10) 

me f;j(A,Z) [Z· (A - Z) J], fiCA) - HeKoTophIe npOHJBOJ1hHhle ¢ynKllHH 01' A; co' c, 

fJapaMeTphI, OnpelleJl5!eMhie TeM JKe cnocofioM, KaK H llJl5! ¢OpMyJlhI (1); J OnpelleJleHHhIH 

HHTerpaJl (II ), BhIl{HCJl}]eMhIH 'IHCJleHHhIMH MeTOllaMH 

z 
J = a· JX2 . {l + exp[2· K(aX - I)] r' . dX . (11) 

B OTJlHl{He 01' ¢OpMyJlhI (1) B ¢opMyJIe (10) COllepJKHTC}] He ,nBe, a OllHa ¢ynKllH}] OT Z, 

Tpe6Y}{)IJJ,a}] uaXOJKlleHH5! COOTBeTCTBYhlIJJ,erO MHOJKHTeJl}] B Kal{eCTBe napaMeTpa. 3a,naBa}] B 

Kal{eCTBe npOHJBOJlhHhIX ¢ynKllHH .t;(A) Te JKe ¢ynKllHH, l{TO H B (1), nOJlyqaeM 

MOllH¢HUHpOBaHHYhl ¢OpMyJly lieTe - BeHllJeKepa: 

A 213
ECB (M')B) = alA + a2 + a, . .fo(A,Z) + a3 . fo(A,Z) + a4 • L\. A -k/4, (12) 

COllepJKaIJJ,Yhl Ha OllHH, ,)MnHpHl{eCKH OnpelleJl}]eMhIH, napaMeTp MeHhllle, l{eM B (1). B Ta6Jl.3 

npHBelleHbI BhI'IHCJleHHhIe MeTo,nOM HaHMeHhIJJ,HX KBallpaToB 3Ha'leHHJI napaMeTpoB a, - a4 

JUHl ¢opMynhl (12). 

CpaBHeHHe 3Hal{eHHH BeJlHl{HH (0) H (J B TafiJl. 3 H YKa3hIBaeT ua 

YllOBJJeTBOpHTeJlhHOe comaCHe ¢OpMyJIhI (12) C 3KcnepHMeHToM. 
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4. Ana.11M3 IIOBOH tIlOpMyJIhi JlJIH JIHHHH cTa6HJILHOCTH 

I1pOJl.eMOHCTpHpoBaHHa51 Bblllle "pa60Tocnoc06HoCTb" <P0PMYJIbl (7) .n;JI5I a.n;eKBaTHoro 

}l:ICPIfOii <p11311Ke ormcaHH5I HeKoTopblX CBOHCTB H3BeCTHblX 11 ell{e HeoTKpbITbIX 

CBCPXT5IiKCJlbIX 51.n;ep nopolK.n;aeT He06xo.n;IlMOCTb <p1l311LJeCKOrO aHamna :nOH <P0PMYJIbI. 

I ilUCTalloBKa a (e!../ Ii c) B LJllCJIllTeJIb (7) nOKa3blBaeT, LJTO OH npe.n;CTaBJI5IeT C060H 

0c)pa'31'\'fcpHoe BblpalKeHlle .n;Jl51 KYJIOHOBCKOH ::meprHll (06YCJlOBJIeHHOH HaJIllLJlleM npoToHoB) 

C(llCPbl C HCKOTOPbIM 3<p<peKTllBHbIM pa.n;IlYCOM R 

a Z2 = Z2e2R-1 / (nc·R- 1) == Ec / (ne· R- 1). (13) 

31laMCllaTCJlb B (7) 

{ 1 + exp[2 Jt(aZ l)]} (14) 

CBH)lCTeJJbCTByeT 0 HaJIllLJllll (11, C yseJIllLJeHlleM Z, 3KcnOHeHIJ,llaJIbHOM B03pacTaHllll 

;leI1cTBH5I) HeKoToporo MexaHll3Ma 3KpaHllpoBKll KYJIOHOBCKOro nOJI5I npoToHoB, 

11CCTPYKTHBHoro .n;JI5I 51.n;pa. [fonbITaeMC5I OTblCKaTb 3TOT MexaH1l3M. 

B KHllrax [II, 12] 11 JIllTepaTypHbIx CCbIJIKaX K HllM (06beMoM B 98 11 233 

HaHMeHoBaHllH cooTBeTcTBeHHo) paccMaTpllBaeTC5I B03MOiKHOCTb p0iK.D;eHIl51 nllOHOB B 

')JICKTPHLJCCKOM nOJIe CBepXnJIOTHhiX ll/llJIll cBepX3ap5lIKeHHblX 5I.n;ep, y.n;oBJIeTBOp5l1Oll{IlX 

YCJIOBI1JO 

(15) 

I1JlH (KaK CJIe.n;CTBlle) 

11 JIOKaJIbHOro 3KpaHllpOBaHIl51 3ap5l.n;a npoToHoB 3ap5l.n;oM 7r -Me30HOB. [foCJIe.n;Hlle 

pOIK.n;aJOTC5I 113 BaKYYMa, CTaHOB5Ill{erOC5I HeYCTOH'l{IlBbIM no.n; .n;eHCTBHeM CllJIbHOrO 

]JICKTpHLJeCKOrO nOJI5I. 

ComaCHO ynOM5IHYTOH B npe.n;bI.n;ymeM pa3.n;eJIe "<pJIYKTOHHOH" Mo.n;eJIH 5I.n;pa, 

HYKJlOHbl Haxo.n;5ITC5I B .n;Byx <pa3ax. TIpllMepHo 90% HYKJIOHHOrO COCTaBa 51.n;pa HaXOJlllTC5I B 

qJa3e KBa311cB060.n;HblX HYKJIOHOB. OCTaJIbHa5I .n;OJI5I HYKJIOHOB qJ - 10 % naxo.n;HTC5I B 

CBepXnJIOTHOH (<pJIYKTOHHOH) <pa3e co cpe.n;HeH nJIOTHOCTblO P¢w, B - 4 pa3a 

npeBoCXo.ll5lll{eH cpe.n;HIOIO 51.n;epHylO Po. CaMo cymecTBoBaHlle 51.n;pa 06513aHo HaJIllLJHIO B HeM 

CBepXfIJIOTHOH <pa3bI, B03HHKalOll{eH BCJIe.n;CTBHe BOCCTaHOBJIeHIl51 B HeH KllPaJIbHOH 

CllMMeTpllll .n;JI5I ee HYKJIOHOB [9]. <PJIYKTOHHa5I <pa3a COCTOHT 113 CBepXnJIOTHbIX cy6b5l.n;ep 

(<pJIYKTOHOB llJIll <pJIy.n;ponOB) 'l{eTblpeX TllnOB C H30TOnH'l{eCKHMH 'l{HCJIaMH I = 0, ±1: 
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6030HbI (crrHH 1 H 0): 1=0 (Cy6BO,ll0P0,ll H2 H cy6rCJIHH Hc4), 

CPCPMHOHbI (crrHH 112): 1 (Cy6BO,ll0P0,ll- H3), I -1(cy6rcJIHH Hc3). 

113 H)'KJlOHHOrO COCTaBa cy6'bH,llCp CJIC,llYCT, qTO HcOrpaHHqCHHblH POCT H36bITKa 

HCHTPOHOB C YSCJIHl.JCHHCM Z (CM. pa3,llCJI 3) rrpHBo,llHJI 6bl K 3aHYJICHHlO ,llOJIH HYKJlOHOB cp 

BO CPJI)'KTOHHOH cpa3c H 3aHYJICHHlO y,llCJIbHOH ::mcprHH CBH3H (H3-3a YMcHbmcmul ,llOJIH 

H)'KJIOHOB BO CPJI)'KTOHHOH cpa3e). Cy6'bH,llpa HcrrpcpbIBHO B03HHKalOT H HCqe3a1OT, HCrrOJIb3Y51 

JlJIH CBoero rrocTpocHHH Bce H)'KJlOHbl 51,llpa. TaKHM 06pa30M, Ka)K,llbIH H3 HYKJlOHOB 51,llpa 

'laCTb BpeMcHH rrpOBO,llHT BO CPJI)'KTOHHOH cpa3e. HaH60JIec CHJIbHO ,lleCTp)'KTHBHOC BJIHHHHC 

KYJIOHOBCKHX CHJI ,llCHCTByeT B 06JIaCTHX 5I,llpa C rroBblmcHHoH rrnOTHOCTblO rrpoToHoB (BO 

cpnYKToHHOH cpa3c H,llpa). Ho B 3THX )KC 06naCT5IX HaH60JIcc CHnbHO "pa60TaCT" rrpouecc 

1JICKTPOPO)K,llCHH5I rrHOHOB, B TOM qHCnC H 1'C-MC30HOB, 3KpaHHpYlOIUHX 3ap5I,ll rrpOTOHOB. B 

KaqCCTBC 3KcrrcpHMCHTaJIbHOrO rrO,llTBCp)K,llCHH5I 3JICKTPOHCHTpaJIbHoro COCT05lHH5I 

q)JlYKTOHHOH cpa3bI 5I,llpa CJIC,llYCT paCCMaTpHBaTb 3CPCPCKTbI, 06Hap~CHHbJC B pa60Tax [7, 13, 

14]. MMCHHO TaKa5I HHTcprrpcTaUHH 3THX 3CPCPCKTOB 6blna ,llaHa B pa60Tax [4 7] H 6Y,llCT 

KpaTKo H3nO)KeHa B pa3,llCnC 5. CPC,llHH5I y,llCnbHa51 3HCprH5I CB5I3H H)'KnoHoB cpnYKToHHOH 

qJa3bJ B-1 0 pa3 rrpeBOCXO,llHT cpe,llHIOIO y,llCJIbHYlO :mCprHlO CB5I3H 51,llpa. TaKHM 06pa30M, 

60nbma5I qaCTb :meprHH CBH3H cOCpe,llOTOqCHa BO CPJIYKTOHHOH cpa3c, a Cpe,llHHH }.lecpcKT 

MaCCbI HYKnoHoB BO cpnYKTOHHOH cpa3e COCTaBJI5IeT 

(J 7) 

me me Macca ":)JlCKTpOHa. OTclO,lla Cnc,llyeT, qTO Cpe,llH5I5I Macca H)'KJIOHOB CPJIYKTOHHOH 

qla3bI paBHa 

J.1 N = O,5(mll + mt!) - !J.mN 868,89368 M3B. ( 18) 

3HaQCHH5I cP H dnzN , rrpHBe,lleHHble 3,lleCb, xopomo cornacYlOTC5I C ,llaHHblMH 0 ,llonc HYKnOHOB 

(8 \5%) HYKJIOHOB B 51,llpe, HMelOIUHX ,llecpcKT MaCCbI (50 85 M3B), rrOJIyqCHHbIMH B [15] 

npH CPHTHpoBaHHH 3KcrrcpHMeHTanbHbIx ,llaHHblX rro EMC-3cpcpeKTY (,llJI5I 06'b5ICHeHH5I ')Toro 

1CPCPcKTa). 

OTMCTHM, qTO HMceT MCCTO Cne,llYlOIUee HYMeponOrHqeCKOC COOTHomCHHC 

J.1 N 1mI'(' 6,2255982 z 2n =6,2831852, (19) 

mc MaCCbI qaCTHU, Bblpa)KeHHbIC B (M3B), TaKOBhI [16]: 

m" =: 938,27231, mil = 939,56563, ml'(f = 139,56796, mit" =: 134,9743. 
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It!!}) T01'O '!TOObl OTHOllleHHC MaCC B (19) TOllHO paBlUlnOCh 2n, HallO 3aMeHHTh B HeM Maccy 

lap}I,KClflIOIO 1H1OIta lIa ')~)(I)CKTl1BHYIO Maccy 1H1OHa 

Ill" J.l, 12l[ ~'m!C +(1 ~)'I1I!C" 138,28872 M3B. (20) 

\\U:ICT<IBJHHI B (20) 1KcncpHMcHTanbHhic 31lallCHHSI Macc nHOHOB. MO)l{HO HaHTH 

BK:I(I:lhllap.ll){(CllllbIX ~ II IIcifTP3JlbHbIX (1 ~) nHOIlOB B BCJlHllHHY mrr : 

~ 0.72152995. (I ~) 0,2784701 <'(\13). (21 ) 

1kIlO"h'!),SI COOTIWILICIHIC (20). nOKa33TCJlb )KCnOHCHTbl B (14) MO)l{HO 3anHcaTb B 

cnc.·tYIOIllCl\I BII}IC: 

(22) 

1.1C It \ ::: Ii I cJ.l N' Itrr Ii I I1I C - KOMnTOIlOBCKHe JIJIHHbl BOJlH, R - "pa.llHyc S1.llpa".rr 

I h (IJOPMYJlhl (7) BH.llHO, llTO )$$eKTHBHoe JKpaHHpoBaHHc KynoHoBcKoro nOILS! Sll1pa 

lIal'rYllacT IIpU lIoJ)O)!(~lTeJlhHOH BeJUfllHHe nOK33aTCHSI 3KcnOHeHThl. T.e. COrJlaCHO (22). npu 

BhlllOJIllClU1I1 YCJIOBIUI 

(23) 

I<LI'ICCTBClIJIO COBlIaJWIOIl~cro C Bblpa)l{CHHeM (16). 

C YlleTOM 60JlhUJOro o6beMa TeopeTHllecKHx HCCne.llOBaHHti (CM. BhlUJC), CBSl3aHHbiX C 

BOIIPOCOM PO)!(J.lC H lUI llaCTHU B CHJlbHhlX nOJlSlX, H B llaCTHOCTH e $OPMYJlOii (16), )TO 

COBIIUJ1ClIJlC JlaeT O.llH0311alll1blH OTBeT Ha Bonpoe 0 MexaHH3Me 3KpaHnpoBKH KYJIOHOBCKoro 

Iloml BHYTpHSI.llepHblx npoToHoB, nOCTaBJleHHblH B HallaJle noro pa3;'~CJla CTaTbl!. 

B03BpamaSlcb K HCXO.llHOMY Bblpa)!(emno (7), BH.llHM, 4TO IIOKa3aTCJlb 3KcnOIlClITbl 

IIOJIO)!(IITCJlCH npH 

Z?a- I 137, (24) 

a B JllHIIla30HC H3MeUCHlUi Z OT I .ll0 137 3HaMeHaTeJlb B (7) (K03$$HUHCHT 3KpmlllpOBalllI.ll) 

II'\MCIISleTCSI OT - 1 .llO 2. B OTJlH4Ue OT npC)!(HHX TeopeTH4ecKHx nocTpocBl111 [11. 1 

rpC60n<.lBIUHX J\JUI BbUlOJ)HCHHSI YCJ)OBHSI (16) (nOJlHaH 3KpaHHpoBKa 3apSI}.la npoToHoB) 

IHlJllILlIUi ')K30TH4CCKHX ~.llCp - cBepxnnoTHblx (Manble 3Ha~leHHSI R) unM cBcpX3ap~)!(emlhIX 

(60JlbLllHC 3HallCIHISI 2), OKa3bIBaCTC5I, 4TO H B "06blttHbIX" S1)l,pax npoucxo:UIT 

')JICKTpOPO)!(}~CHHe IIHOHOB C B03HHKHOBCHHeM nHOHHoro KOH.lleIiCaTa, HO YJKC C 4aCTH4nOH 

J10KHJlhHOH JKpaHHpoBKOH. fIo.ll JIOKaJlbUOCTblO nOHHMaCTCSI npcHMyulcCTBCHlUISI 

I<OllllCIITpmUISI 1t- -MC30HOB B CBCPXIIJIOTHOH $a3c ~!.llpa BOKpyr Cy6MI)WPHbiX npoToHoB. 

)tpyroc O'ICBH)lHOe OTJlH4He OT npe)!(HHX TeopuH 3aKJ1I04aCTCH B ')KCIIOnCIIUUaJlbHOM no Z 
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HapaCTaHlfH BHyrPHHllCPHOH MHO)KCCTBCHHOCTH 'HICKTPOPO)KllCHHhIX I1HOHOB. ).1,pyrHMH 

CllOBaMH - 6 JKCnOHeHt/llCl.7hHO.lt 603paCmClliUU Heycmoicl(U60CmU 6(l1(YY-lUl OTHOCHTCllhHO 

POiKLlCHHH nHOHOB. fIO-BHllHMOMY, B npOlJ,CCCC HYKJICOCHHTC3a )lC¢CKT MaCChI HYKllOHOB 

~lOiKCT B03HHKaTh 3a C'IeT HcnYCKaHHH HyKllOHHhlMH aCCOlJ,HalJ,HHMH HCKOTOPOH 1l01lH ')THX 

IIHOHOB. 11 BCPOHTHCC Bccro ;CO -MC30HOB, T.C. }'-KBaHTOB C JHCprHCH 

(25) 

B03MO)KHO, I10JTOMY BCllW{HHa cpCllHcro llC¢CKTa MaCChI HYKllOHOB BO ¢JIYKTOHHOH ¢a3C Ll 

111\ =70,02527 MJB (17) 6mI3Ka K 3TOH BCllH4HHC Ey . I10J7{1zaJl: 1) lITO Ha Ka)KllhIC )lBa 

HYKllOHa ¢llyKTOHHOH ¢a3bI HcnYCKaCTCH OllHH MaCCHBHhIH ;CO -MC30H H I1pHMCpHO CTOJlhKO 

iKC lIOpOiKllaCTCH nap nO'lTH 6e3MaCCOBhlX ;c± -MC30HOB (O;lHa H3 COCTaBllHIOUJ.HX KBapK

rJIIDOHHOH: nJ1a3MhI), 2) 4TO nOllOBHHa HyKJIOHOB ¢llyKTOHHOH ¢a3hl npoToHhI, IlWlytwe.H, 

YTO Ha 3apH)l Ka)KllOrO npoToHa ~noH ¢a3hI npHxollHTCH OllHH 3apH)l nOYTH 6c3MaccoBoro 

IC -MCJOHa, KOToporo 1l0CTaT04HO llllH 3KpaHHpoBaHHH 3apHlla npoToHa. B TCOPCTH4CCKOH 

( 16) H B }MflHPH4CCKOH (23) ¢opMYllax Ha OllHH npOTOH npHxollHTCH OllHa I1HOHHaH Macca. 

3TO HB1l5lCTCH YKaJaHHCM Ha TO, 4TO CYMMapHaH Macca BCCX TpCX 3JICKTPOPO)KllCHHhIX 

f1HOHOB (;CO, ;c+ H ;c-) BCChMa 611H3Ka K Macce OOH020 cB06011Horo I1HOHa. BCllC)lCTBHC 

MallOH MaCChI )lPyroro napTHcpa nHOHHOH naphI ;c+ ~Me30Ha, nOCJIC)lHHH ry10)KeT 

YllallHThC5I, HC BhIJIeTaH H3 H)lpa (BHyrpHSlJlepHhlH JleKoH(l)aHHMeHT, IlBeTOnpOBOJlHOCTb), 

Ha CTOllh 3Ha4HTCllhHOC paCCT05lHHC OT MCCTa cBoero pO)KlleHHH (OT cy6'hSlJlpa), 4TO KanJIH 

(q>llYllPOflhI) ¢llyKTOHHOH ¢a3hI H)lpa CTaHOBHTCH 311CKTPOHCHTpaJIhHhIMH npH coxpaHeHHH 

f1011HOro JllCKTpH4CCKOro 3apR)la Hllpa Z. HMCIOUJ.HeC5I yKa3aHHH [3] Ha Hc60JIhlllOe 

YMeHhlllCFfHe nJIOTHOCTH 3apHlla (HO HC HyKllOHOB) B lJ,eHTpe Hllpa nOJIY4aIOT CCTCCTBeHHOC 

06MICHCHHe C n03HlJ,HH H3JIO)KeHHOrO ClJ,eHapHH. A HMeHHO, B UeHTpallhHOH 4aCTH Hllpa 

IUIOTHOCTh HYKllOHOB H Bep05lTHOCTb o6pa30saHHH Cy6'hHtJ:ep 60JIbIlle, 4eM Ha ero 

IIclm¢cpHH, Ky)la H HanpaBJIHIOTCH n04TH cBo6o)lHbIe (no4TH 6e3MaccoBhIC) 

'H1CKTpOpO)K)leHHhle ;c+ -Me30HhI. 

B [II, 12] o6cY)K)lallaCh B03MO)KHOCTh It-KOH)leHCaUHH H B 06hI4HhIX 5111pax. EhlJIO 

YCTaHOBJICHO, 4TO ")KCnepHMeHTaJIhHhIe ¢aKThI nO)lTBep)KllaIOT npHHHThIe KOHCTaHThI 

1I110HHOro o6MeHa H YKa3hIsalOT Ha 611H30CTh H)lep K KOH)lCHcaIJ.HH... . BMecTe C TeM, 

HHKaKI1X onpellCJIeHHhIX 3KcnepHMeHTallhHhIX yKa3aHHH Ha cymecTBosaHHe KOHlleHcaTa s 

51Jlpax nOKa HeT. ECJIH npHH5ITh KOHcTaHTY I = 0,9f H g' = 1, TO KpHTH4eCKaR nJIOTHOCTh 
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OIGl'!bIBaCTCH 60nhllICH, LICM .sI,llcpHa.sI - Pc == 1,5po . ECnIi BCpHTh :)TOH On:CHKC, TO 

KOH:ICIiCaT8 B H,llpaX HCT." [12]. Ilo-BIi,llIiMoMY, 3KcrrcpHMcHTanhHo ,llCnanIiCh rrorrhITKIi 

lIaiiTll HCa;(CKBanlO npC,llCKa3aHI-Ihle (6C3 yqCTa KBapKoBoH MO.llenIi Ii KX)J" B LIacTHocTIi) 

IlPlHIBJICHH}l KOH,lleHCaTa. TCOPCTHqCCKOC iKC B03paiKcHIic, CB.sI3aHHOC C 6onhilioH 

KPHTI14CCKOH JInOTHOCThIO, MOiKHO CLIIiTaTh CH.sIThJM rrocne OTKphITIi.sI B .sI,llpax cBcpxrrnoTHhlx 

oop,noBallHH q)J]YKTOHOB [17]. 

IlOJlBO)lH HTor 3TOMY pa3,lleny CTaThIi, MOiKHO CKa3aTh, LITO B HeM CO.llepiKaTC.sI 

:lOCTaT04Hble OCHOBaHH.sI ,lln.sI: 1) YTBCPiK.llCHIi.sI a cymccTBoBaHHH i't'-KOH,llCHCaTa B 06bILIHhIX 

>I;lpax, 2) HP0,llOJliKeHH.sI TCOPCTHLICCKIiX IiCCnC,llOBaHIiH rro :noH rrpo6ncMe. 

5. Ll,pyrIie lKcnepHMeHTaJlbHble CBH,ll.eTeJlbCTBa HaJlHqHH DHOHHoro KOH,ll.eHCaTa B 

06bJ11HbIX H,ll.paX 

{{HiKC MbT 6Y,lleM rOBopHTh 0 rrpoucccax B pCn}ITHBHCTCKOH .sI.llCPHOH CPIi3IiKC, 

CB>l3aHHbIX C TaK na3bIBaCMbIM "KYMyn.sITHBHbIM 3CPCPCKTOM (K3)" [18, 19]. C06bITH.sI, 

COlIpOBOIK,llaCMhIC K3, Ha3bIBaJOT "KYMyn.sITIiBHbIMIi". B 06J1aCTH cpparMcHTaUHH .sI,llpa

MHIlJeHH K3 rrpO.sIBJ1.sICTC.sI B HcrrYCKaHHH qaCTIiU co CTonb 60nbIllIiM IiMrrynhcoM, KOTOPhIH 

KHHCMaTWlCCKH 3arrpClll.CH rrpH CTonKHOBCHHH C C,llHHHqHhIM HYKnOHOM MHiliCHH. IlpIi 3TOM 

BCJ1H4HHa, xapaKrepH3YJOlll.a.sI Maccy MIilllCHH H Ha3bIBaCMa.sI "rrOp.sI.llKOM KYMYJUITHBHOCTIi", 

II, I . Ll,J1.sI HcrrycKacMhIx rrHOHOB nc = E( 1 - cos 8) I M N' E Ii 8 - rrOnHa.sI 3HCpm.sI Ii yron 

BblJlCTa TC-MC30Ha B na6. CHCTCMC, MN - Macca HYKnOHa, 

(26) 

B 06JlaCTH cpparMcHTaUIiH .sI,llpa-CHap.sI.lla C HaLIanhHhIM IiMrrynhcoM (Po I HYKnoH) K3 

npmlBn>ICTC>I B HcrrYCKaHHH HYKnOHOB C IiMrrynbcaMIi P > Po I HYK110H. PacrrpOCTpaHcHHblM 

06b}lCHCHHeM K3 >IBn>ICTC>I rrCpC.llaLIa HMrrynhca O,llHOH LIaCTHUC OT CKOrrnCHIi.sI ("cumul" 

Ky4H HCCKonhKHX ,llpyrIiX, paCrrOJIOiKCHHbIX HaCTOJIbKO 6JIH3KO ,llpyr K ,llpyry 

(cBcpxrrnOTHa.sI cpa3a .sI.llCPHOH MaTcpHH), LITO rrpOIiCXO,llHT 0606lll.CHIiC 4-IiMrrynhcoB IiX 

KBapKOB. TaKHc CKOrrJICHIi.sI 6hInIi Ha3BaHhI "cpJIYKTOHaMIi" BCnC,llCTBHC rrcpBOHaLIaJIhHOrO 

npC,llIlOJIO)l(CHH.sI ()J,.H.EJIOXIiHUCB) 0 LIHCTO cpnYKTyaUIioHHOH rrpHpO,llC IiX 06pa30BaHIi.sI (6C3 

npO>IBJICHH.sI MCiKLIaCTIiLIHoro B3aIiMO.llCHCTBIi.sI). 

110 rIirrOTC3C 0 M.sIrKOH a.llpOHIi3aUIiIi BcnIiLIHHa nc == x, r,llc x - .llon.sI 4-IiMrrynbca 

HYKJIOHa, YHocIiMa.sI KBapKOM, a,llpOHIi3IiPyIOlll.HMC>I B rrIiOH. TCOpIi.sI H 3KcrrcpIiMcHT 
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nOKa3hIBa1OT, '-ITO npH X ~ 1 HHBapHaHTHoc HHKJ1103HBHOC CC'-ICHHC (E da /dp), onpC,IlCn$lCMOC 
') 

KBapK-napToHHoH CTPYI<TYPHOH $YHKu,HeH $I,llep (G(x,Q-», 6bICTPO Cna,llaeT no 3aKoBY 

cxp(-x / (x}), me (x) 0,14. 

5.1. 3KcnepuMeHm (nY3bIpbKOBa$l KaMepa) [20]. B n ~12 C-B3aHMO,llCHCTBHSX npH 

PJr 40 f3B/c B (1 ,O±O, 1)% cnyqaeB Ha6nlO,IlalOTCS n ~Me30HbI C n, > I . 3TH nHOHbI B gO% 

cnyqacB HcnYCKaIOTC$I B 3a,llHIOIO nonyc$epy JI.C.K. H B 90% cny1.laeB HMCIOT 

nO.TIOIKHTeJlhHhlH 3HaK 3ap$l,lla. B KYMyn$lTHBHbIX C06bITH$lX nonHbIH pa3Ban $I,llpa yrnepo,lla 

npo.HcXO,llHT B - 5 pa3 '-lame, '-IeM B 06bI'-IHbIX HeynpyrHx n ~12 C~B3aHMO,llCHCTBH$lX. 

I1Hmepnpema14uJl: 1) HcnycKaHHc KYMynHHBHbIX nHOHOB )'Ka3blBaeT Ha B3aHMO,llCHCTBHe 

HaJICTalOmCro nHOHa C MHoroHYKnoHHbIM BHyrpH$I,llepHbIM 06pa30BaHHeM (Cy6b$l,llpOM); 2) 

pa3pyrueHHe O,llHOrO H3 cy6bH,Ilep (noCpe,llCTBOM 3aKa'-lKH B Hero :meprHH) npHBO,llHT K 

pa3pyweHHIO Bcero $I,1lpa; 3) npCHM)'lIlCCTBeHHoe HcnYCKaHHe KYMyn$lTHBHblX n+ ~Me30HOB 

(HC HBn$llOmeCC$I HapyweHHeM 3aKOHa coxpaHeHH$I 3ap$l,lla) )'Ka3bIBaeT Ha HX MeHbWYIO (no 

cpaBHCHHIO c KYMyn$lTHBHbIMH n~ -Me30HaMH) JIOKaJIH3au,HIO OKono nOp0,llHBWHX HX 

Cy6b$l,llCp, nO,llBeprWHxcs BHewHeMY B03,1leHCTBHIO. 0 ,IlanbHeHweH cY,llb6e n~ ~Me30HOB 

3apH,IlOBbIX napTHepoB H36bITO'-lHbIX KYMyn$lTHBHbIX n+ ~Me30HOB - 6Y,lleT CKa3aHO B 

pa'3,1lenC 5.3. 

I1ccne,llOBaHHe 3aBHCHMOCTH BenH'IHHbI H36hITKa KYMynHTHBHhIX n+ ~Me30HOB no 

cpaBHCHHIO C KYMyn$lTHBHbIMH n< -MC30HaMH npHBeno aBTopOB pa60TbI [23] K 

aHanoru'-lHoMY 3aKnlO'-IeHHIO 0 TOM, 'ITO B <KBapK~rnIOOHHOH nna3MC $nYKTOHa 

KyMynHTHBHble (OHH IKe KOH,IlCHCaTHble) n+ ~Me30Hbl 06pa3Y1OTCH 6JIHIKe K nOBcpXHOCTH 

~,llpa. 

5.2. 3KcnepuMeHm (nY3blpbKoBaH KaMepa) [13, 14, 22]. B yrnoBblx pacnpe,lleneHHHx 

IIPOTOHOB, HcnYlIleHHhIx B C06bITHHX C nonHbIM pa3BaJIOM s,llpa yrnep0,lla n~ ~Me30HaMH, 

6blJl 06Hap)'JKeH aHoManbHhIH nHK (AIl) npH 8 =60° B n.C.K. TOT IKe AIl Ha6nlO,llaeTCH H B 

I<YMYJlHTHBHbIX B3aHMO,lleHCTBHHX. AHaJIH3 HMnynbcHhIx H yrnoBblx xapaKTepHcTHK 

lJPOTOHOB no,ll AIl npHBen K Cne,llYlOlIIeH uHmepnpemal/uu: 1) IlpoxoIK,IleHHe KBapKa~ 

CneI<TaTOpa H3 HaJIeTalOIIIero m:lOHa '-Iepe3 cTon6HK cpnYKToHHoH $a3bI ,llnHHoH, paBHoH 

CpC,IlHeH XOp,llC H,Ilpa yrncpo,lla (3,3±0,3) CPM H HMcIOmcH rnlOOHHhIH aHaJIOr OnTH'-IeCKOrO 

IIOKa3aTCJI$I npCJIOMnCHHs n(llJI 2, nnOTHOCTb pq)jl = (4,3±0,4) po, nOpOIK,llaCT rnlOOHHOC 

IBJlY'-lCHHC C ,IlnHHOH BonHbl 1,25 $M. BHyrpH cpnYKTOHHoro CTOJI6HKa 3TO H3nyqeHHc 
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Illl]1OiK:WCT CJla6ylO y:.tapHYJO BOJIHy, BhJ6paChIBal<OIUYfO HYJ(JlOHhl H3 H.llpa B o6nacTb An. 

PalpYlIlclIIlC (I)JIYKTOIIlIOil q)a3h1 npIiBO.llHT K nOJIHoMY pa3BaJlY 5I.llpa. 2) Heo6xo.llHMhlM 

YU!OBI1C\1 B(HHIIKHOBemIH YllapHoH BonHbl HBnHeTC5I B03MO)f(HOCTh cymecTBOBaml51 B cpe.lle 

mYKOBhlX KO}Jc6alluii. 

COrJInCHO [23 J. TaKa51 B03MO)f(HOCTb CCTb, HO TOJlhKO B lJIeKTpOHeihpa.JIhHblX 

(1ICP;\III-CJlCTC:\HIX C IIPIITH)f(CIHfCM B pC3ynhTaTc B036Y)f(.llCHH}1 qaCTHU 113 603C-KOH,lCHcaTa. 

licit rpamnOBaTb iKC 3ap5I}1 "POTOHOB BO cpJIYKTOHHOH qJa3C MOfYT TonhKO re' -Me30HbI 

(00 HlIIhl). 110 IIC ')JICKTpOHbl. H3-:m 60JlbHlOrO q)CpMH-HMnynhca nocncJUlHx. 

5.3. JKcllepll1tcJ/111 (nY3hlpbKOBa5I KaMcpa) [7J. npH HCCnC.llOBaHlUl MHO)f(CCTBa 

IICYIIPYruX 111I0H-YrJICPO)lHhIX B3aHMOJleilcTBHH. HMCIOIUHX AD npH 60° B n.C.K. B yrnoBoM 

pacllpc)lCJlCHlIII IIPOTOHOB. B cncKTpax 3CPCPCKTHBHhiX Macc re+ p- II re- P-llaP C I1pOTOHaMH H3 

o6J1tlcTlI All 111'11 M,,, (lrp) (1300 ± 20) M3B HMceTCH YKa3aHJfC Ha pe3KHil npoBaJl )ll!}1 

rr' JHtap H PC3KHii nUK JlSHl re p-nap. npOHBncHHc 3TOfO 3<pcpcKTa YClIJlHBaCTCH C 

)i)I\CCTOlJCIlHCM KPHTCpUCB oT6opa COfihlTHH cAD. HconpC,'lCJICHHOCTb B 3Ha4eHHH M,'fI 

OllpC;lCJI5ICTOI T04J10CTb10 H3MCPCHH5I HMnYJlbCOB B flY3hlphKoBo!i K3MCpC. DPOBCllCJlHOC 

LlBTOPO:YI. IIOCJIC ony6JIHKOBaHli5I pafioTbl [7J. .llonOmUITCnbHOe IICCne,'lOBaHHC (c 

IICIIOJlblOBClHlICM KpHTCpH5I CrhfOJ~eHTa; fiY.llCT ony6mlKoBaHo I103)f(C). fie3 KaKOIi-JIlI60 

Bhl6opKl1 110 nmy C06bITHH. HO C oT60pOM np-nap C npOTOHaMH 113 pa3HhiX JUIana30HOB flO 

ylJly IICIIYCKaJlHH IIPOTOHOB I10.llTBep.llHnO CYLUCCTBOBaHHe 3cpcpeKTa. KaK II B pa3){CJlaX 5. I II 

5.2, IIPC)(HOJlaraCM. 'ITO xapaKTcpHcTHKH HcnYlUcHJlhlX H3 }1)~pa 'laCTlIU COXpaH5IIOT qaCTh 

IImlmpl\HlIlIHI 06 HX COCTOSlHHH B SI.llepHOH MaTcpllH. 11H111epnpemwlllfl: I) Mana5I IIlHpllHa 

I1I1K<1 « 40 M)B) npH Me/I (rep) = 1300 M3B YKa3hlBacT Ha 60JlhIUOC. cpaBHIITeJlhHO C 

5I)lCPllhIMH MacwTa6aMH, BPCMSI CYIUCCTBOBaHH5I lJIeKTpoHeiiTpaJIhHOrO CBSl3aJ!HOrO 

COCTOSlIIH5I rr p-nap BHYTpH <PJJYKTOHHOH cpa3hl SI.llpa. 2) HaJJJIlHfC COOTBCTCTBYJOIUero 

I1POBUJI<I J{J151 JlBa)f(.llhl 3ap5I)f(CJlHhIX Jr+ p-nap YKa3hlBaCT Ha PC3KYIO 06C,'lHCHHOCTh :noH )l(C 

KlIlICMtlTlI'lCCKOH 06m.lCTH HMCHHO TCMH re' -MC301HIMH (CM. pa3)lcn 5.1.), '[he 

IIPOIICXO)f()lCIlIfC 51BJIHCTC5I 061UHM C npOHCXO)f()lCHHCM re· -MC30ltOB, HeiirpaJllnYIOlIllIX 

'H1PSl)( "POTOIIOB. 
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6. OCHOBHble pe3YJIbTaTbi 

I. 110JlyqeHbl HCnpaBJleHHble 3HaIJeHH.H napaMeTpoB B <popMYJle peTe - BeHU3eKepa. HOBblC 

ma4eHH.H napaMeTpOB: a) He06xo)lHMO HCnOJlb30BaTb npH MO)leJlbHbIX paC4eTax C 

npHMeHeHHeM <P0PMYJlbl peTe BeHU3eKepa; 6) MorYT nOCJlYIKHTb OCHOBaHHeM llJl.H 

nepecMoTpa HeKoTopbIX nOCTpoeHHH TeopeTH4ecKoH .H)lepHOH <pH3HKH. 

2. 110Ka3aHO, "ITO BeJlH4HHa OTHOllIeHH.H napaMeTpa B KYJlOHOBCKOH 'lHeprHH K Y).IBOeHHOMY 

napaMeTpy B 'lHeprHH CHMMeTpHH npaKTH4eCKH paBHa Y)lBOCHHOH BeJIHIJHHe nOCTOSIHHOH 

TOHKOH CTPYKTYPbI H HHBapHaHTHa OTHOCHTeJlbHO HCnpaBJleHH.H 'lHepreTHIJeCKHX 

napaMeTpoB. 

3. 1I0Ka:mHo, 'ITO nOJlyqeHHaSI H3 <P0PMYJlbI peTe - BeHU3eKepa <P0PMYJIa )lJl.H JlHHHH 

CTa6HJlbHOCTH npOTHBope4HT OCHOBaM SI)lepHOH <pH3HKH, TaK KaK Tpe6yeT HeOrpaHll'leHHOro 

pOCTa H3fibITKa HeHTpOHOB Ha)l npOTOHaMH npH yseJlHIJeHHH Z. 

4. flpe)lJIOlKeHO KaIJeCTBeHHO HOBoe BbIpalKeHHe )lJlSI JlHHHH cTa6HJlbHOCTH, JlHllIeHHOe 

YKaJaHHOrO He)lOCTaTKa. 

5. 1l0KaJaHO, 'ITO HOBaSI <POPMYJIa .llJlSI JlHHHH cTa6HJlbHOCTH XOPOllIO onHCbIBaeT 

pacnpOCTpaHeHHOCTb H30TonOB H :meprmo CB.H3H H3BeCTHbIX HYKJlH.llOB, a B ee 

TeOpeTHIJeCKOe 060CHOBaHHe BXO)lHT <pJlYKTOHHa.H MO.lleJlb SI)lpa H npe.llnOJlOlKeHHe 0 

HeHTpaJU13aUHH 3ap.H.lla npOTOHOB <pJlYKTOHHOH <pa3bI 3ap.H).IOM KOH)leHCaTHbIX 1[- -Me30HOB. 

CTPYKTypa <P0PMYJlbI YKa3bIBaeT, 'ITO C POCTOM Z .H)lpa HMeeT MeCTO 'lKCnOHeHUHaJlbHbIH 

pOCT HeYCTOHIJHBOCTH BaKYYMa no OTHOllIeHHIO K pOIK.lleHHIO nHOHOB B CHJlbHOM 

3JleKTpHIJeCKOM nOJle <pJlYKTOHHOH <pa3M .H)lpa. 

6. l1pHBe,l,eHhl YCKopHTeJlhHhle 3KcnepHMeHTaJJhHhIe .llaHHble, CBH.lleTeJIhCTByIOIUHe B nOJIh3Y 

cYluecTBOBaHH.H KOH.lleHCaTHbIX nHOHOB B 06hIIJHhIX .H.llpax. 

7. flpe.llJlOlKeHa MO)lH<pHKaUH.H <P0PMYJlbl peTe - BeHU3eKepa, HCnOJlb3YIOIUa.H HOBoe 

BblpalKeHHe )lJl.H JlHHHH cTa6HJlbHOCTH, HMeIOIUa.H Ha O)lHH napaMCTp MeHbllIe, IJeM B 

MO).lH<pHUHpyeMoH <popMYJle, H BbIIJHCJleHbI ee napaMeTpbI. 

R. pOJlee cOBepllIeHHa.H <p0pMYJla )lJl.H :meprHH CB.H3H .llOJlIKHa B .HBHOM BH.lle BKJlIOlIaTb B ce6.H 

1Heprmo CB.H3H HYKJIOHOB BO <pJlYKTOHHOH <pa3e, nO.ll06HO TOMY, KaK 31'0 6bIJlO C)leJlaHO B [4], 

11 Y4HTbiBaTh HOBoe BbIpalKeHHe )lJl.H JlHHHH cTa6HJlbHOCTH. 
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l>:mrOJIapHOCTH 

ABTOP 6JIarO)lapeH c.n.H.maToBoH, B.A.HHKHTHHY, J1.H..CapbllJ.eBOH, 

M.K.CYJldiMaHOBY, H.n.lO)lHHY 3a nO)l)lep)f(KY H HHTepeC K pa60Te, H.n.KapnHHCKOH 3a 

IlO:\IOlllb IIpH nO)lrOTOBKe TeKCTa K nelJ.aTH. 

Ta6JlHll,a 1 

KOJfj)tlmllHeHTbI (B MJB) B fj)0pMYJIe lieTe • BeHU3eKepa (1) H B (2) 

al a2 a3 at a5 (8), % 0', % )lJIjI k I1cTOlJ.HHK 

14.03 -13,03 -0,5835 -77,25/4 33,57 26,43 0,37 3 [6J 

15,75 -17,8 -0,710 -23,7 34 1,61 0,94 3 [2J 

i 14.35339 -14,05646 -0,5942382 -19,97268 8,551292 0,84 0,09 3 aBTOp 

15.56 17,23 -0,7 -23,6 12 1,15 0,57 2 [3J 

14.36578 14,09285 -0,5947126 -20,07545 7,116358 0,82 0,08 2 aBTop 

8.16807 6,34 0,75 aBTop 

Ta6JIHll,a 2 

XapaKTepHcTHKH TO'lHOCTH onHcaHHH (A(Z» B TaOJIHue MeHAeJIeeBa 

tjJ0pMYJIaMH (8) H (9) 

1 ~Z~103 2 ~Z ~103 

(8), % 0', % (8), % 0', % <p0pMYJIa 

2,81 0,96 1,87 0,19 (8) 

2,86 0,98 1,90 0,21 (9) 

Ta6JIHll,a 3 

KOJfj)fj)HuHeHTbI (B M3B) B fj)opMyJIe (12) 

a, a2 a3 at (8), % 0',% )lJIjI k 

13,21792 -13,94350 -0,070424 5,55089 1,0 0,1 3 

13,22514 -13,96735 -0,070503 4,68161 1,0 0,1 2 
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Pl1c. 2. 3aBHcHMoCTh A(Z) B 06nacTH Z = 1+ 103 110 cpopMynaM (8), (9) H 3anHCHMOCTh OT Z 

cpcJUlero 3Ha4eHH5I aTOMHoro Beca 3JleMeHTa B nepHO)lH4eCKOH CHCTeMe MeH)leneeBa )],.11. 

Bee TpH KpHBhle npaKTH4ecKH COBna)laIDT 
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AHOWHH A. H. P2-2002-90 
o HOBOH q,0pMYJIe WISI JIHHHH cTa6HJ1bHOCTH aTOMHbIX smep 

llpe.lJ,JlO)KeHO 60JIee peaJIHCTHqHOe HOBOe BbIpaxeHHe iI;UI JIHHHH cTa6HJ1bHO
CTH. Ero CTpylCTypa )'Ka3bIBaeT Ha B03MO)KHOCTb cymecTBOBaHHSI X-KOH,IleHCaTa 
BO BCeX SI,IlpaX, HaqHHaSI C ,IleHTOHa. llpHBe,lleHbI SKCnepHMeHTaJIbHble ,IlaHHble, 
nO,llTBep)KJlalOlilHe STY B03MO)KHOCTb. C HCnOJIb30BaHHeM HOBOro BbIpa)KeHHSI JIH
HHH cTa6HJIbHOCTH .lJ,JISI SHeprnH CBSl3H 5I,Ilep nOCTpOeHa MO,llHq,m,lHpOBaHHaSI q,OP
MyJIa EeTe-BeHI.{3eKepa. 

Pa60Ta BbInOJIHeHa B JIa60paTOpHH BbICOKHX 3HeprnH OH>IH H HHH>I<l> 
MIY. 

Coo6llleHHe Ofu.ellHHeHHoro HHcTHl)'Ta swepHblx HCCJlellOBaHHit lly6Ha, 2002 

llepeBO,ll aBTOpa 

Anoshin A. I. P2-2002-90 
About a New Formula for the Atomic Nuclei Line Stability 

A new more realistic expression for the stability line was propounded. Its 
structure indicates the possibility of existance x-condensate in all nuclei starting 
from deuteron. Experimental data are given to confirm this possibility. A modified 
Bethe-Weizsacker formula for the nuclear binding energy was built with the help 
of a new expression for line stability. 

The investigation has been performed at the Laboratory of High Energies, 
JINR, and at the NPI, MSU. 
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