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1. BeeoeHue 

llpB B3y'leHBB .IIBneHBJI ciJparMeHTaUBB, BrpaiOll.(ero 6onb

WYIO ponb B HeynpyrOM B3aBMO,IJ.eHCTBBB 'laCTBU BbiCOKOH 

3HeprBB C JI,D.paMB, OC06b1H BHTepec npe,D.CTaBnJieT CBCTeMa

TB3aUBJI ero xapaKTepBCTBK C uenbiO BbiJIBneHBJI,IJ.OCTaTO'IHO 

06IUBX 3aKOHOMepHOCTeH. 

B pa6oTe /I/ 6hlna c,IJ.enaHa nonhiTKa co3,IJ.a Th aapaaHT 

CBCTeMaTBKB DOnHhiX Ce'leHBH ciJparMeHTaUBB Ha OCHOBe 

npe,D.CTaBneHBH 0 B036y~eHBB B JI,IJ.pe na,IJ.aiOII.(eH 6hiCTpOH 

'laCTBUeH HepaBHOBeCHbiX COCTOJIHBH, pacna,IJ.aiOIUBXCJI Ha ,IJ.Ba 

Tena - ciJparMeHT m2 B ocTaTO'IHoe JI.D.PO m1 • CyiUeCTBeH

HhiM MOMeHTOM B 3TOH pa6oTe JIBBnOCb TO, 'ITO npe,D.nmKeH

Hble MO,IJ.ena npouecca o6pa3oBaHBJI ciJparMeHTa B ero 83aBMo

.D.eiicT8BJI C OCTaTO'IHbiM JI,D.pOM JIBBnBCb nBWb OCH080H ,IJ.nJI 

no,IJ.6opa ciJopMynhl, onpe,D.enJIJOIUeii 3a8BCBMOCTh ce'leHBJI 

ciJparMeHTaUBB OT 3HeprBB na,IJ.aiOII.(eH 'laCTBUbl B C80HCT8 

JI,IJ.pa-MaweHB a ciJparMeHTa. Uony'leHHaJI cpa8HHTenhHO npoc

TaJI nony3MDHpB'IeCKaJI 3a8BCBMOCTb OT napaMeTp08 JI,D.pa

MHWeHB B ciJparMeHTa /ciJopMyna /9/ 8 pa6oTe/I/ I nonHhiX 

Ce'leHBH o6pa308aHHJI 8TOpB'IHbiX 'laCTBU npB HeynpyrBX 

HyKnoH- JI,IJ.epHbiX 83aBMO,IJ.eHCT8HJIX 8 o6naCTB 8biCOKBX 3Hep

rBH no3aonana o6o6IUBTh o6wapHhlii 3KcnepaMeHTanhHhlii 

MaTepaan. B 3Toii pa6oTe 6hlno noKa3aHo, 'ITO npa cooTBeT

CTBYIOIUeM onpe,D.eneHHB .D.BYX napaMeTpOB B ciJopMyne /9/ 
OKa3biBaeTCJI B03MO:>KHbiM ODBCaTh uenbiH PJI.D. 3KCDepBMeH

TanbHbiX ciJa.KTOB: 3aBHCBMOCTb nonHhiX Ce'leHHH o6pa30BaHHJI 

ciJparMeHTOB OT 3HeprBB na,IJ.aiOIUBX npOTOHOB, COOTHOWeHBJI 

BepOJITHOCTeii o6pa30BaHBJI 3epKanbHbiX B306ap B JI,D.epHbiX 

pacll.(enneHBJIX B TaK Ha3biBaeMble B30TODHble 3ciJ«<leKTbl / 2,3/. 
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B TO )Ke npeMJI pac'leTLI no npe.nno)KeHHoii lllopMyne OT
HOWeHHH Ce'leHHH 06pa30BaHHJI mo6LIX H306apHLIX npO.IJ.YKTOB 
B npe,nnonO)KeHHH paBeHCTBa ,nnJI HHX HOpMHpyro~ero MHO
)KHTenJI f /lilp/ npHBO.IJ.JIT K 6onbWHM paCXO)K,IJ,eHHJIM C 3KCne

pHMeHTOM /BnnOTb .11.0 HeCKOnbKHX nopJI.IJ.KOB/, 'ITO OTHOCH • 
llOCb 3a C'leT CHnbHLIX H3MeHeHHH lilYHKUHH f /lilp/, H MO)KHO 
.IJ.YMaTb, 'ITO He.IJ.OCTaTKH lilopMynLI annpOKCHMaUHH CBJI3aHLI 
CO CTpyKTypoii OCHOBHOrO qneHa, ,naro~ero H30CnHHOBOe 

paclU?.JeHHe ce'leHHii. KpoMe Toro, &cnonL30BaHHaJI B pa-
6oTe 

1 
lilopMyna He n03BOnJina yqeCTb B JIBHOM BH.IJ.e BKna,n 

B036Y)K.IJ.eHHLIX COCTOJIHHH lilparMeHTOB, KOTOpLIH MOr 6LITb 
cy~ecTBeH. Bee 3TO c.nenano Heo6xo,nHMLIM .nanLHeiiwee 

yconepweHCTBOBaHHe lllopMynLI annpoxcHMaUHH ce'leHHii 

lilparMeHTaUHH. 
B ,naHHoii pa6oTe c noMOIUbiO Toro )Ke MeTo,na "npoH3BO

.IJ.JIIUeii" Mo,nenH, xoTopLiii 6Lin npHMeHeH B pa6oTe / 1/, .ne

naeTCJI nonLITKa C03.IJ.aTb 6onee YHHBepcanbHLIH BapHaHT 

CHCTeMaTHKH, CBJI3LIBaiO~eii Ce'leHHJI HCnycKaHHJI mo6LIX 
uyxnH.IJ.OB B rrpe.nenax ,naHHoro Macconoro 'IRena m 2 H np&

TOM B n106LIX COCTOJIHHJIX B036y)K.IJ.eHHJI. PJI.IJ. cne.IJ.CTBHH 
Tax oro no.nxo.na K npo6neMe no.nnepraeTCJI 3KcnepHMeHTanb

Hoi nponepxe. 

Hcxo,nHLIMH ,nnJI BLI6op~ lllopMynLI, annpoKCHMHpyro~e, 
Ce'leHHJI lilparMeHTaUHH, JIBHnHCb pe3ynbTaTLI pa60T f 4 - 10 , 

B KOTOpLIX" 6Lina noKa3aHa HeB03MO)KHOCTb CBe,neHHJI 4lpar

MeHTaUHH K npoueccaM panHonecHoro cTaTHCTH'9i7xoro pac
na.na cHnbHOB036y)K.IJ.eHHLIX JI,nep. B oTnH'IHe oT 

1 
B ,naHHoii 

pa6oTe &cnonL3yeTCJI rrpe.nnono)KeHHe o TOM, 'ITO lilparMeH

TaUHJI npe,ncTaBnJieT co6oii npouecc, rrpoTexaro~Hii Ha cTa-

.IJ.HH, ,naneKOH OT paBHOBeCHJI: r rt << r 
~p peJI 

PaccMoTpeHHe H30TOnHLIX 3414leKTOB B JIBneHHH lllparMeH
TaUHH/1-3/ y)Ke npHBeno HaC K BLIBO.IJ.Y 0 cy~eCTBOBaHHH 
3KCnOHeHUHanbHOH 3aBHCHMOCTH Ce'leHHH o6pa30BaHHJI 4lpar
MeHTOB OT TpeTbeH rrpoeKUHH H30CnHHa lilparMeHTa t 3 H, 

B COOTBeTCTBHH C H30CnHHOBOH HHBapHaHTHOCTbiO CHnbHLIX 
B3aHMo,neiicTBHii, oT H30CIIHHa JI,npa T 3 . 

J,necb MLI XOTHM o6paTHTb BHHMaHHe e~e Ha O.IJ.HY OC0-
6eHHOCTb B OTHOWeHHJIX Ce'leHHH o6pa30BaHHJI lilparMeHTOB H3 

.nnyx H30TonoB JI,nep-MHWeHeii. Kax noKa3LIBaeT aHanH3 
3Kcnep&MeHTanbHLIX ,naHHLIX, nony'leHHLIX B pa6oTax 12 ' 3 I , 
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OTHoweHHe ce'leHHii o6pa3oBaHHJI nro6oro lilparMeHTa H3 ner
xoro H TJI)Kenoro H30Tona JI,npa-MHWeHH no,n'IHHJieTCJI onpe

.neneHHoii KOM6HHaTOpHKe: 3TO OTHOWeHHe ,nnJI ,naHHOrO 
lilparMeHTa MO)KeT 6LITb npe,ncTanneHo xax npo&3ne,neHHe 
aHanorH'IHLIX OTHOWeHHH ,nnJI 6onee nerKHX lilparMeHTOB npH 

ycnoBHH t 3 = ~ t 3i , m 2 = ~ m 2i 
I I 

ae(m2't3) 

a h (m 2 ,t.) 

ae(m2.' t3.) 
)t I I . 

ah(m2f't3i) 
/1/ 

B 111a6t,. 1 np&~e,neHW oTH9meHHJI ce'leHHii o6pa3oBaHHJI 
3 He, 4 He, He ,6 Li , Li , Li , Be H3 .nnyx H30TonoB JI~ep
M&weueii nony'leHHLie uenocpe,ncTneHHO B 3Kcnep&MeHTe 

3
,
3

/ 

H BLI'IHCneHHLie no lilopMyne /1/ Ha OCHOBaHHH H3MepeHHLIX 

OTHOWeHHH .IJ.llJI H30TOnOB BO.IJ.OPO.IJ.a H renHJI. 06~ee Ka'leCT
BeHHOe COOTBeTCTBHe Me)K.IJ.y 3KCnep&MeHTanbHLIMH H pac

'leTHLIMH BenH'IHHaMH noKa3LIBaeT, 'ITO lilopManbHO mo60H 
CllO)KHLIH lilparMeHT MO)KeT paCCMaTpHBaTbCJI KaK CYMMa 

6onee npOCTLIX 'laCTHU. 
3TO 06CTOJITenbCTBO n03BOnJieT npe,nnonO)KHTb B03MO)K· 

HOCTb BLI.IJ.eneHHJI B CHCTeMaTHKe Ce'leHHH CeMeHCTBa 'laCTHU 

C ,naHHOH BenH'IHHOH m2 /He3aBHCHMO OT Bcex npO'IHX HX 

xapaxTepHCTHK/. 

2. Bt.z6op ,PopMyAbl OAJJ annpoKcuMaflUU ce'leHuu 

tftpaZM€HIIfOflUU 

,llnJI nony'leHHJI 6onee o6~Uero, qeM B pa6oTe /
1
/, BLipa

)KeHHJI ,nnJI Ce'leHHH lilparMeHTaUHH npHMeM rHnOTe3y npo

uecca 6LicTporo o6pa3oBaHHJI lilparMeHTOB /no cpanHeHHIO 

C BpeMeHeM penaKCaUHH JI,npa/ KaK OTnpaBHYIO TO'IKY .ll.llJI 

nocTpOeHHJI "3KBHBaneHTHOH MO.IJ.enH". llpH 3TOM 6y,neM npe,n
nonaraTb, 'ITO B pe3ynLTaTe Heynpyroro B3aHMO.IJ.eiicTBHJI 
B JI.IJ.pe nOJIBnJieTCJI 3HeprH'IHLIH xnacTep HnH B03HHKaeT 
noxanbHOe B036y)K.IJ.eHHe C KBaHTOBLIMH 'IHCnaMH 6y,ny~ero 
lilparMeHTa /H30CnHH t , t 3 , 3HeprHJI B036y)K.IJ.eHHJI f ~X , 

CnHH COCTQJIHHJI S i , pa.IJ.HYC 3KBHBaneHTHOrO pacnpe,neneHHJI 
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p 

n?o 

Puc. 1. CxeMa, no.RCHJI10U#a.R MexaHU3M o6pa3oeaHUJI (Jpaz
M€H1II06. 

R 2 = r2 m ¥3 , Macca m 2 , HMnynbc p I. CKa3aHHoe 

MO)I(HO npe,D;CTaBHTb BeCbMa npH6llH)I(eHHO ,IJ;HarpaMMOH, 

H3o6pa)l(eHHOH Ha puc. 1, B KoTopoa npou,eccbl, npoHcxo,nB

IIJ,He B BepWHHaX "1" H "2", C'IHTalOTCJI 4JYHKU,HJIMH TOllbKO 

E H m 2 , HH)I(e paccMa TpHBaeTcJI nawb B3aHMo,neacTBHe 

B BepWHHe "3". 
llpe,nnonO)I(HM, 'ITO nepe,naqa no 11,npy MHoroHyKnoHHoro 

COCTOJIHHJI m 
2 

onpe,nenJieTCJI ero B3aHMO,IJ;eHCTBHeM C OCTa

TO'IHOH nnOTHOCTblO BellJ,eCTBa H H30CnHHa B JI,D;pe, T.e., 'ITO 

B3aHMO,IJ;eHCTBHe B H30CKan11pHOH 'laCTH 3aBHCHT OT 

p 2(r)[p 0(r)-p2(r)],a B H30BeKTOpHoa - oT [pJr) r
0
-p

2
(r);];p

2
(r), 

r,ne p .( r) - nnoTHOCTb noTeHU,Hana; HH,IJ;eKC "0, OTHOCHTCJI 
I . 

K Jl,npy-MHWeHH, HH,IJ;eKC "2" - K 4JparMeHTy. ,lJ.nJI npOCTOTbl 

npHMeM OTHOCHTellbHO pi ( r) Te )l(e ycnOBHJI, 'ITO H B /
1

/ • 

Tor.na ·,nn11 K034l4lHu.HeHTa 71 + - ,no6aBO'IHoro MHO)I(HTenJI K 

a c (E) - .B o6,..'1HOH TeOpHH ,IJ;BYX'IaCTH'IHOrO pacna,na, no 

aHanorHH c 71 , MO)I(HO nony'IHTb cne,nyJOIIJ,YIO 3anacb: 

6 

.,.,+ = 

3 
mo(Ro+R2)m2 ROm2 

expl 
3 

[a(E)(1- --) + 
3 R2 R 3 m 

R ( 1 + --) 2 o o R 3 
0 /2/ 

f3(E) [T . ; 
+- - 0 

mo·m2 

R3 
0 R3 t( t + 1)]11 
2 ' 

r .ne R 0 , R 2 - pa,naycbl noTeHu,Hana 11,npa- MHWeHH H 4Jpar

MeHTa; m0 , m2 - MaC COBble 'IHCna JI,D;pa- MHWeHH H 4JparMeH

Ta; a (E) , {3( E) - napaMeTpbl, no.nne)l(aiiJ,He onpe.neneHHIO. 

lfHTerpan no 06'beMy MHOrOHYKllOHHOrO COCTOJIHHJI m2 C 

pa,nHyCOM R2 , B3JITbiH BO BHyTpeHHeH 'laCTH Jl,npa H 3aTeM 

s.nonb ero pa,nayca, He MO)I(eT 6b1Tb Bblpa)l(eH B aHanHTH'Ie

CKOM BH,IJ;e. ll03TOMY ,IJ;llJI HaWHX u,eneH ero MO)I(HO OU,eHHTb 
3 

R2(Ro+R2) 
npa6nH)I(eHHo KaK • MHO)I(HTenb 71 + .non)l(eH 

1+(R 3 /R 3 ) 
2 0 

onacaTb H30CIIHHOBoe pacmenneHHe ce'leHHJI, He Y'IHTbiBae-

MOe 4Ja30BbiMH 06'beMaMH. ,lJ.nJI OTHOWeHHJI 4Ja30BbiX 06'beMOB 

KOHe'IHOrO H Ha'lanbHOrO COCTOJIHHH KpOMe o6bi'IHOrO MHO-

Q-t.l~B 
)I(HTenJI m

2 
( 2S i + 1) exp !- --d-l,annpoKCHMHpyiO(Uero HepaBHO-

BeCHOCTb npou,ecca 3aBbiWeHHbiM 31ia'leHileM 0, BBe,neH 

,nononHHTenbHbiH MHO)I(HTenb C( m 2 ) ,onpe,nenJIIOID,HH B MaT

pH'IHOM 3neMeHTe CeMeHCTBO npou,eCCOB C B036y)l(,neHHeM 

m2 HYKllOHOB npH OTCYTCTBHH pacmenneHHJI no CnHHY H H30-

cnHHy. 

TaKHM o6pa30M, ,nn11 nonHbiX ce'leHHH o6pa3oBaHHH4Jpar

MeHTOB HMeeT MeCTO Bblpa)l(eHHe: 

ex 
a(m 2 ,ti,t 3 ,f i , Si) =a (¢p)"' ain m

2
C(m

2
) (2Si + 1) x 

Q + f~x + B 
I 

X exp I - e I • exp I 

3 
mo. m 2 ( R o+ R2) Ro m2 

·---- [a(E) ( 1---)+ 
R: + R~ R~·m0 
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+ (3 (E) 
1 A A RJ 

mo·m2 (TO.ti-R:ti(ti+1))1l; 
2 

- 2 
a in ::.o,6rrR 0 . 

/3/ 

OTHoeBTenbHO cllB3H'ieeKoro eMblena Ko3«W!BuHeHTa C( m2 ) 

MO>KHO e.u.enaTb ene.u.y10mee 3aMe'laHHe. llpB BbiBO.U.e cllopMynbl 

/3/ BenOllb30BaneJI TOT cllaKT, 'ITO na,ll.aiOmaJI qaeTBUa 803-

6y>K,[I,aeT m 2 -qaeTB'iHOe eoeTOJIHHe. lloeKOllbKY npH 3TOM 

MO>KeT B036y.U.BTbeJI ll2 HeHTpOHOB H m2-n2 npOTOHOB, TO 

nonHOe 'IBeno TaKBX eo'ieTaHBH 6y.u.eT paBHO 
m 

2 "2 m2 
I C = 2 m 

"2 =0 2 

3TO n03BOllJieT BBeeTH B Ha'ianbHOe eoeTOJIHBe eyMMBpOBaHHe 

no 2m2 paBH03Ha'IHbiM eoeTOJIHBJIM, 'ITO npBBO,II.HT K 3aBBeB· 

MOCTB C( m 
2

) "' 2-~ ,lJ;nJI HeKOTOpblX 3Ha'ieHBH m 2 /B MallblX 

E I B03MO>KHO oTKnoHeHBe OT paBHOBepo.HTHoro pae!lpe.u.ene

HBJI no eoeTOJIHBJIM, T .e. Bee O,II.HOrO eoeTOJIHBJI eTaHeT 
-m 

nponopuuoHanbHblM He 2 2 , a yBenB'IBTeJI. ,lJ;nJI m 2 s_ 13 , 
,ll.eHCTBHTellbHO, BblnOnHJieTeJI npB6llB>KeHHOe eoOTHOWeHBe 

-m C(m2) "'2 ~ xoTJI B enyqae m2 = 1 H m2 =_~B 4 BMeiOT 

MeeTo OTKnoHeHBJI OT 3aBBeBMOeTB C( m 2 ) "'2 2
, B03-

MO>KHO, BBB.U.Y BKna.u.a B ee'ieHHe o6pa30BaHBJI HYKllOHOB B 

nerKHX qaeTHU uenapHTenbHoro MexaHB3Ma. KpoMe Toro, 

.u.nJI cllparMeHTOB, npe.u.eTaBnJIIOmHX eo6oii a -qaeTB'iHble 

JI.U.pa, B03MO>KHO yBenH'ieHBe C(m2)3a e'ieT Bbi.U.eneHHOeTB 

a -qaeTB'IHbiX KOHcllBrypauBH B Ha'iallbHOM eoeTOJIHBB /eM. 

puc. 2/. Mo>KHO .u.yMaTb, 'ITO OTKnoHeHBJI HOpMBPOBO'IHoro 

napaMeTpa ,ll.llJI cllparMeHTOB
3 H _,;He, 4He B "a -qaeTB'IHbiX" 

JI.U.ep oT 3aBHeBMOeTH C(m ) ""2 2 MoryT oKa3aTbeJI eBJI· 

3aHHbiMB e a -qaeTH'IHbiMB WBPBHaMH ,ll.llJI JI,II.pa-MBWeHB. 

,IJ;nJI no.u.6opa napaMeTpoB a(E) B (3(E) BenB'IBHa 6apbepa 

Z2(Z o- z 2) 
onpe.u.en.Hnaeb no cllopMyne B = ------ M3B /Ko3«W!B

Ro+ R 2 
/11/ 

UHeHT nOHB>KeHBJI 6apbepa npBHBManeJI paBHbiM 0,7 /. 

8 

.. 

I 10
1

1 3H "He 
'~~e• • 

trf 

/ [(111z)=2 :s-n~a 

.... .aBe 

--.. 
.!.. 
(....) 

•• .uc 

y 

1 ' 7 u 
mz 

Puc. 2. 3aeucUMoc•• ~:YNifiiUU C ( m 2 ) oa m 2 • To•11ru co
oaeeacae,YIOII 311Dwte•WIM c ( m 2 J.. ew..ucAe••.,... no /JopM;yAe 
/3/ JlpU UCJIOA.308QNUU 31CCftepUMe•aaA••wx cla••wx pa-
6oa I 14• 151 no cewte•WIM o6pa3oea•WI /lpazMe-oe 2H , 3 H , 
3H 4H 6H 6L. 1L. rB- lfH lfL. lfB 9.,.= 9B e. e, e, 1 "' 1 • e, e • 1 • • LI • e. 
10 B lOB IOC IL. liB liB IIC 12B 12C 13C e, , , -LI , e , , , , , • 
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Ri 
)J;m1 aenH"'HH R i /HnH r i = -~- I acnon&3yiOTCJI 3KC

mo 
I 1121 

nepHMeHTaJibHO H3MepeHHble 3Ha1.J.eHHJI /eM., Hanp., /. 

Onpe~eneHHe napaMeTpoa a( E) H {3(E} npoH3BO~Hnoc& B 
"Bb1COK03HepreTH1.J.eCKOM" ~JI npoTOHOB · E -npa6niDKeHHHI 11 

no ~aHHbiM 0 Ce1.J.eHHJIX liJparMeHTa:QHH, npHBe~eHHbiM B pa6o • 

Te 11 11, "'TO ~ano cne~yroi:QHe 3Ha1.J.eHHJI ~n.11 napaMeTpoa: 

0 ,070 ± 0 ,0 0 8 
a(E}=- ~ ,(E,F3B};{3(E}=+2,0±0,2. 

/IlpH CYMMHpOBaHHH no BCeM Jl~epHO- CTa6HJibHbiM COCTOJI· 

HHJIM liJparMeHTa/. 
)J;n.11 nonHoro ceqeHHJI o6pa3oBaHHJI onpe~eneHHoro 4Jpar

MeHTa C yqeTOM BCeX HYKJIOHOCTa6HJibHbiX COCTOJIHHB MO)IQfO 

3anacaTb Bblpa)l(eHHe, Y"'HTbiBaiOI:Qee, KpoMe Toro, B03MO)I(· 

HOCTb o6pa3oBaHHJI ~aHHoro 4JparMeHTa npH pacna~e 6onee 

TJI)I(eJibiX liJparMeHTOB m
2

j : 

Q+B Ro+R2 
lm 2 C( m 2) exp 1- -

8
- I exp lm 2 3 

:f x 

R o+ R 2 

a ( t~Jp) = a in 

a(E) 3 3 ex 
x [ - 3 - ( R 2 m 0 - R 0 m 2) J l x ~ ( 28 i + 1) exp I - € i I e I x 

R2 1 

3 
R0 + R2 .. .. R 0 

xexpl-~{3(E) [T 0 • ti- - 3 ti(ti+l)Jl+~m 2jC(m2j) x 
R

0
+R

2 
R

2 
1 

Qj+ Bj Ro+ R20 3 
x exp 1- -

8
--l exp lm 2j-3

--f a( E) (R:j m 0 - R 0 m2j) I x 

Ro+ R 2j 

K ( K 
X yo 2~ 28 0 + 

J -> K J 

R3 
0 - R""3 tK( t K + 
2j 

10 

€~~ Ro + R2j 
1) exp 1- --1-1 exp 1--- {3( E) 

Ro+ R2 

A A 

[ T0 • t3K-

1} J II, /4/ 

.... 

•I 

r~e HH~eKC i OTHOCHTCJI K COCTOJIHHJIM Ha6nro~aeMoro 

liJparMeHTa, j - K liJparMeHTY, pacna~aroi:QeMycJI Ha Ha6nro

~aeMbiB 4JparMeHT, K - K ypoBHJIM m
2 

0, pacna~aiOI:QHMCJI Ha 

Ha6JIIO~aeMbiB liJparMeHT C BeCOM y ~ 
2

1
• 

J-> 
O~HaKo, yqHTbiBaJI, "'TO ce"'eHae a(m

2
0} 3Ha1.J.HTen&Ho 

MeH&We ce1.J.eHHB a ( m2 ) npH m 2j > m 2 , KaK Hepaoe npa6na

)l(eHHe MO)I(HO npHHJITb, "'TO reHeTH1.J.eCKOB CBJ13bl0 Me~y 

m 2 H m 2jcne~yeT npeHe6pe"'b, T.e. nOJIO)I(H:b y r .. 2 =0, CO· 
xpaHHB JIHWb CYMMHpOBaHHe no HYKJIOHOYCTOH1.J.HBbiM COCTOJI· 

HHJIM I i l. 
CpaaHeHHe 4JopMynbl /3/ c 3KcnepHMeHTan&HbiMH 3aBH

CHMOCTJIMH Ce1.J.eHHB liJparMeHTa:QHH OT 3HeprHH nepBH1.J.HbiX 

npoTOHOB no3BOnJieT BbiJIBHTb cne~yroi:QHii liJaKT. KaK cne

~eT H3 liJopMyn~o~ /3/, ~n.11 acex l)parMeHTOB c Maccoii m 2 
npH npa6nH3HTen&HOM paaeHCTBe ~n.11 HHX pa~aycoa R 2 4Jop

Ma liJYHK:QHH B036y)l(~eHHJI npH E P > l F3B ~OJI)I(Ha 6b1Tb 

o~HHaKoBa. B ma6A. 2 npe~cTaaneHbl 3KcnepHMeHTan&Ho 

H3MepeHHble BeJIH1.J.HHbl OTHOWeHHB Ce"'eHHB o6pa30BaHHJI 

H306ap ~JIJI HeCKOJibKHX, ~OCTaT01.J.HO OTJIH1.J.aiOI:QHXCJI ~pyr 

OT ~pyra 3HeprHB E oMO)I(HO BH~eTb, "'TO yKa3aHHOe CBOBCTBO 

liJyHK:QHH B036y)l(~eHHJI ~eBCTBHTeJibHO HMeeT MeCTO, T .K. 

oTHoweHHJI ce1.J.eHHB coxpaHJIIOTCJI nocTOJIHHbiMH I e~HHCTBeH
HOe HCKJII01.J.eHHe COCTaBnJieT cnyqaji OTHOWeHHJI Ce1.J.eHHB 

a( 7 Li} I a ( 7 Be} ~nJI ypaHa, "'TO MO)I(eT 6b1Tb CBJI3aHo c 

OWH6KaMH H3MepeHHB/. 
TaKHM o6pa30M, ~n.11 acex cocTOJIHHB BHYTPH ~aHHOro 

H3o6apaqecKoro MYJibTHnneTa m
2 

MO)I(HO npHHJITb nocTOJIH

Hoe3Ha1.J.eHae R 2 ,T.e.c1.J.HTaTb R 2 "' R 2(m 2), anpeHe-

6peq& 3aBHCHMOCTbiO OT ~pyrHX napaMeTpOB liJparMeHTa, "'TO, 

ecTeCTBeHHO, MO)I(eT npHBeCTH K HeKOTOpbiM HeT01.J.HOCTJIM * . 
B CBJI3H c 3THM Mbl C"'HTaeM, "'TO Myn&THnneT I m 2 1 3a~a
eTCJI 3Ha1.J.eHHJIMH C(m2 }, m2 , R 2 , a qacTH:Qbl BHYTPH Myn&TH

nneTa xapaKTepH3YIOTCJI BeJIH1.J.HHaMH 

t , 8 o € ~X t 
3 I ' I ' i • 

*Cne~yeT OTMeTHTb, "'TO ~JIJI HYKJIH~OB, HeCTa6HJibHbiX 
no OTHOWeHHIO K HYKJIOHHOMY pacna~y, MO)IQfO O)I(H~a Tb yae
JIH"'eHHJI R 
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l.lrHol:leUHR ceqeuHI v!SpaaoB8JIIIR .ao!Sap npH paaJinma 
3HeprKRX 

IIAI>o- JHeprlla npo- Oruo~:~eue ceqeuHI l:Cio1JIK8 
J.UIIIIem. 1'011081 I'&B 

A., !·0 3,2 /U/ 
,5 2,9. /Hl 

u J·~ 0,56 11'1 ... o.~ /15/ 

Ai . ~·0 ,s •.s •,o 
j'1jf 
/15/ 

u !·0 25 (J /13/ ,s t:o /1.5/ 

A# !·0 ,s 11,5 

"·' 
/I3/ 
/14/ 

u ~·0 ,s 0,15 t 0,0'7 
0,07 

/B/ 
n.ct 

u ~·0 ,s 8:19 ~g~ 

.Aa 
.s,o .so,o 5,6 

6,2 /14/ 

u 3,0 .so,o f•25 ,6 /15/ 

At 1·8 
.s:o 

p·o 
d:~ /l4/ 

u 1,0 3,1t~ t2,d 
2,0 /15/ 
3,0 z:7 

--

3. CpaeHeHue c 3KcnepuMeHIIIOM 

i 

I 

I 

,lJ;JIJI cpaBHeHHJI BLiqHcJieHH:ii no 4lopMyJie /4/ /npH y~O I 
3ICCnepHMeHTOM MLI npoBeJIH pacqeT 41YHICUHH B036y)K.A~HHJI c 

peaiCUHii: 
27 7B p+ Af'-> e+ ••• , p + 197Au -> 7 Be+ •.• ' 

24 24 p + Ag ... N e + • • • , ... Ne+ .•. , p + u 
a TaiClKe pacqeT COOTHOmeHHH Me)K.Ay ceqeHHJIMH o6pa30BaHHJI 

HeiCOTOpLIX JieriCHX H TJilKeJILIX 4lparMeHTOB llpH pa3JIHqHLIX 
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3Heprasx npoToaos. CooTBeTCTBYID~e pe3ynbTaT~ npe~
cTasneabl ua puc. 3 H B •a6A. 3; H3 HHX cne~yeT, 'ITO HMeeT 
MeCTO Y~OBneTBOpHTenbHOe COBna~eHHe pacqeTHbiX H 3KC
nepHMeHTanbHbiX 3aBHCHMOCTeH. qaCTb pacqeTOB B JIU6A. 3 
C~enaaa npH ~BYX 3Ha'leHHBX r 2 ; OHH fiOKa3biBaiDT CTeneHb 
qyBCTBHTenbHOCTH yKa3aHHbiX OTHOWeHHH K BapHa~HH pa
~yca r 2 • 

B Jla6A. 4npe~cTasneabl oTaoweuus ceqeuuii o6pa3oBaHHB 
ps~a H3o6apu~a~x npo~yKTOB. Pe3ynbTaTbl 3Toii Ta6nH~bl 
~eMOHCTpHpyiDT Y~OBneTBOpHTenbHOe COBna~eHHe paC'IeTa 
C 3KCnepHMeHTOM, 'ITO CBH~eTenbCTByeT 0. npaBHnbHOCTH 
~ony~eHHB B03MO)KHOCTH BBe~eHHB YHHBepcanbHOrO MHO)KH
Tens C( m2 ) , Bbl~ensw~ero ceMeiicTsa <}lparMeHTOB c ~aHHbiM 
3Ha'leaaeM m 2 - H3o6apa'leCKHe MynbTHnneT~. Ha puc. 4 
noKa3aHo pacnpe~eneHHe ce'leHHii B npe~enax H3o6apaqecKHX 
MynbTHnneToB c m 2 = 10 H 11. U3 aero cne~yeT, 'ITO pac
qeTHble H 3KcnepHMeHTanbHble 3Ha'leaus ceqeuuii cosna~aiDT. 
Xopowee onucauue 3KcnepaMeHTanbHbiX ~aHH~x <}lopMynoii 
/4/, B 'laCTHOCTH, 03HaqaeT, 'ITO, Bo-nepB~X, 3TY <}lopMyny 

'0 
E 

..0 

fO 

14 

Q4 

P+A .... Be7+ ··· 
• -At 
• -A" 

r 
AI 

• 

a/ 

~.0 

E,, ra8. 
40 

m 
• p•U-2'tNI!• .. . 

0 p ·A,-24Ne• .. . 

!0 

~ 
:E 

'c:i 

UJ 0 

0 6/ 

OOJ L----.L..---..1...-.---'-----'----' 
l.O 2.0 3.0 "" j{) 

..-.. EPJ36 . 

Puc. 3. 3aeucu..woc•u ce-.eHuii o6pa3oeaHU.R 
7 

Be /a/ u
24

Ne 

~ 
/6/ o• 3Hepzuu npoJioHoe E. 3Kcnepu..weHJIUAbHbJe 3Ha'leHu.R 
ce-.eHuii 63.RJibJ .u3 pa6o• Ill, 14 , 1 s/. CnAOUlHbJe AUHUU coo•
eeJICJI6YKJJI 6bi'IUCAeHU.RM no (JopMyAe /3/ . 

MO)KHO ucnonh30BaTb ~nJI npu6na)Keauoii o~eHKH ceqeuuii 
o6pa30BaHHB HeKOTOpbiX "3K30TH'IeCKHX" B~epHbiX CHCTeM, 
H, BO-BTOphiX, 'ITO He06XO~HMOCTb yqeTa B036y~eHHhiX 
COCTOBHHH <}lparMeHTOB fiOKa3W:BaeT, 'ITO MO)KHO nonw:TaTbCB 
o6uapy)KHTb pacna~aw~ecJI <}lparMeHThl - "uyKna~uw:e 
cTpyu", T .e. Koppenuposauuw:e no yrny noTOKH qacTH~, 

npOHCXO)K~eHHe KOTOphiX C pa3HhiX fi03H~H o6cy~anOCb 
B /20,21/ . 

IS 
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101 
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Puc. 4. 3aeucuMoc•• ce'leHuri o6paaoeaHUA t/JpazMeH•oe e 
npelJeAax MYA••unAe•oe: a/ m 2 =10, 6/ m 2 = 11. 
3KcnepUMeH•OA,Hio}e aHa'leHUA ce'leHuri o6oaHa'lelfw.

1
· a/• -

U, E = 5,5 raB I 15/ · • - U, E = 1,0 raB I 11 ; V -
Ag, E = 1,0 raB/ 11/; fl • - U, E = 5,5 raB / 15/; 
<> - Ag, E = 1,0 raB/ 11 . Pac .. e•Hwe 3Ha'leHUA ce'leHIIU 
o~e'leHw cee~wMu KPYJCKaMu u coelJuHeHw lJ~ JUJZ~CJHo
c•u AUHUAMII. 

16 

~par-
U6HT 

6He 

') 
Li 

--
71'\e 

lo 
. ~e 

IDa 

13,T 
\ 

17N 

16 c 
21T 

Ne 

2~e 

Ta6xMua 3 

UTHOW6HMR oeqeHMl o6paaOBaHMH ~parKeHTOB ~~~~ 
npM AByx 3HaqeHMRX aHeprMH E1 H E2 nepBMqHHX npoToHoB 

IIJUlo. 3HeprMR npOTOHOB SKcrrepvn.1.e11T PacqcT 
KM- I'3B 
lii6H:& 

Er E2 6('-.) /6{£,) CCWIKa ~'"·)jrt.> '12' !PII 

Cu 
Ag 0,94 I,d4 0,50 

0,57 /161 0,45 
0,57 r.~a 

~u I,O 2,8 0,27 8:~ ,g 0,21 /17/ I,4 u 0,20 0,42 

&u 0,27 
/17/ 

0,44 
!,5 g I,O 2,8 0,2! 0,39 

0,20 0,32 

v 3,0 29,0 o,69to,ro /18/ 0,88 
0,76 

I,5 
!,8 

ro II,5 300,0 o,asto,r2 /19/ 0,9! !,8 

u I,O 5,5 II,O /13,15/ 3 4 !,4 
rl,6 !,8 

u I,O 5,5 !4,5 /13,15/ 3 4 !,4 
d,6 I,d 

v 3,0 29,0 0,62 t O,IO /18/ 0,85 1,4 
u I,O 2,9 0,20 /15/ 0,32 !,4 I 

x~ I,O 2,8 
0,23 0,23 I 
O,I6 /17/ 0,18 I,4 u 0,17 0,!7 

~u I,O 2,8 
0,21 0,33 

ug 0,!6 /17/ 0,26 !,4 
0,!7 0,!9 

Ag 
3,0 29,0 

0,43 /14/ 0,47 
u· 0,26 /15/ 0,39 1,4 

Av 
3.0 29.0 8:~ /14/ 0,40 

u /15/ 0,35 1,4 
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T&dJIH!l8 4. 

OtHomeH•• ceqeH•I odpaaoaaHKR ueKOTopwx •aodapHYX ~ep 
(pac•cor awn~aeH a nptt.-nOJia.ou• nocoro11Hcn3 C( nz. 

2
) 

Alii acero ce•eleoraa •aodap • c yqeoro• •aa,corawx HYKJIOHHo
coradaa.a.z COC'fOIIKIP. ~ParM8H'fOB} 

l!aodap- bp~ .IU8PMI• Pac•i:!'f JKcnep•- Cc~UKa 3uaqeuHe aaa na- MU8Ja IIJQ& no .pofi; "ell'l' pa noooro•o• J17M 4) 
~2' O• raa 

~";1k& 7• 0,6 1,7 ~,65 /1/ P6 0,6 6,9 ,0 1,4 

'k~ !I j·~ O,Jd o,~~~~ /13/ ,, 
8:·~ /14/ 

j..o A., z:o z:ol · /13/ 1,98 

7·~ 
... , l·g -·' 4,5 ~~,I /13/ ,.., ,., -·' 3tZ t ,.6 

~u~ 7A. ro ' c 1,8 A" :~ u:g 2-,?16,0 
~ 9,} ~15~ 

IJI_'ff.L, u 5,5, 0,075 O,Cn5 /15/ 1,13 

A! ~·~ 0,01 cu /1.5/ 'Ji,,~ 
~ o,oe o:11 

~i1~ l,d 
91\· ro o,., 0,26 

I} :~ o.~ 0,3? 
~g~ u • o.~ 0,31 

~~ey,: .. , 
1'0 I·~ 1,0 ~B~ L' ,0 4,5 I,ll "e ..: ,5 z:s '·· /15/ 

"Lj,.( L' 4,d 0,.5 0,4 /1?/ I,4 
--

B03M0)1(HOCTL noJiy'leHHJI OTHOWeHHJI Ce'leHHB o6pa3oaa

HHJI JII06LIX H3o6ap no I!JopMyJiaM /3/ H /4/ n03BOJIJieT no 

H3BeCTHLIM Ce'leHHJIM OUeHHBaTL Ce'leHHJI o6pa30BaHHJI JI,!J,ep

npO.IJ.YKTOB, HaXO,IJ,Jili.UIXCJI Ha rpaHHUe HYKJIOHHOB CTa6HJILHOC

TH. 0CHOBHLIM npenJITCTBHeM ,IJ,JIJI npoBe,IJ,eHHJI TaKHX OUeHOK 

JIBJIJieTCJI OTCYTCTBHe TO'IHLIX CBe,IJ,eHHB 0 pa,IJ,Hycax, Maccax 

H CnHHaX HCKOMLIX JI,IJ,ep. MLI npQBeJIH PJI.D. OUeHOK ,IJ,JIJI ceqe

HHB o6pa3osaHHJI TaKHx 3K30TH'IeCKHx JI.IJ.ep KaK 8C , 10 He , 
11

He,
14

Be B peaKUHJIX p + U npH 3HeprHH 5,5 F3B, ,IJ,JIJI KOTO

PLIX H3BeCTHLI Ce'leHHJI o6pa30BaHHJI COOTBeTCTBYIOUUIX H30-

6apHLIX npO.IJ.YKTOB /
14

•15/. 3TH Ce'leHHJI OKa3aJIHCL CJie,IJ,yiO
IUBMH: 

18 

a( 8 C) = 0 ,0000 5 mb ( r 2 = 1,8) ; a ( 10 He)~ 0, 15mb, ( r 
2 

= 1,8) ; 

a( 11 He)~0,001mb (r 2 = 1,4); a( 14 Be)=0,017mb,(r 2 = 1,4). 

14 
Ce'leHHe o6pa3osaHHJI Be s peaKUHH p + U 6~a~no onpe.IJ.e-

neao He.D.a,~o a pa6oTe /22/, a KOTopoii 61a1na .D.OKa3aHa eTa-

6HJILHOCTb Be no or.roweHHIO 1< HYKJIOHHOMY pacna,IJ,y. Ce

qeHHe o6pa3oaaHHJI Be oKa3anocL paBHLIM 0,010 M6, 'ITO 

COBna,IJ,aeT C npHBe,IJ,eHHOB BLIWe OUeHKOB. 

CpasaeHae BLI'IHCJieHHoro ce'leHHJI o6pa3oBaHHJI 10He c 

noJiy'leHHLIM B pa6oTe / 15/ aepXHHM npe,!J,eJIOM Ce'leHHJI 

o6pa30BaHHJI 'laCTHU B ,IJ,aHHOB 06JiaCTH MaCC n03BOJI.JieT, 

no- BH,IJ,HMOMY, rOBOpHTL 0 JI,IJ,epHOB HeCTa6HJILHOCTH JI,IJ,pa 
10 He, 'ITO coana,IJ,aeT c BLIBO.D.OM, C.D.enaHHLIM a pa6oTe 1231. 

Heo6xo.D.HMo OTMeTHTL, 'ITO B03MO)I(HOCTL oueHaaaTL 

no I!JopMyne /3/ ce'leHHJI o6pa3oaaHHJI npaKTH'IeCKH JII06Lix 

3K30TH'IeCKHX JI,IJ,ep n03BOJIJieT HCnOJIL30BaTL ee B HCCJie

,IJ,OBaHHJIX JI,!J,ep B6JIH3H rpaHHUbl HYKJIOHHOB CTa6HJibHOCTH. 

3aKAJOtteHue 

Pa3BHTHe CHCTeMaTHKH Ce'leHHB I!JparMeHTaUHH Ha oc

HOBe npe.D.CTaaneHHB o 6LICTpLix npoueccax o6pa3osaHHJI 

I!JparMeHTOB H COnOCTaBJieHHe npe,!J,CKa3aHHB ,IJ,aHHOB CHCTe

MaTHKH C 3KCnepHMeHTOM n03BOJIJIIOT C,IJ,eJiaTL CJie,IJ,yiOli.Uie 

BLIBO,IJ,LI. 

Ha Haw B3rJIJI.D., Haa6onee cyiUeCTBeHHLIM JIBJIJieTCJI TO 

06CTOJITeJILCTBO, 'ITO nOJIHble Ce'leHHJI I!JparMeHTaUHH y,IJ,a· 

eTCJI CHCTeMaTH3HpOBaTL, BLIJIBJIJIJI 'leTKHe MYJILTHnJieTLI 

I!JparMeHTOB, onpe.D.eJIJieMLie 3Ha'leHHeM Maccoaoro 'IHcna 

m
2 

, s npe.D.enax KOTOpLix paciUenneHHe ce'leHHB ocyJ.UeCTBJI.JI· 

eTCJI KaK 3a C'leT I!Ja3006'beMHOrO MHO)KHTeJIJI, TaK H 6Jia

rop;apJI H30CnHH- HHBapHaHTHOMY B3aHMO,IJ,eBCTBHIO. Ba)KHLIM 

JIBJIJieTC.JI TaK)I(e H TO, 'ITO B npe,!J,eJiaX TO'IHOCTH COBpeMeH· 

HOrO 3KCnepHMeHTa He B03HHKaeT He06XO,IJ,HMOCTH BO BBe,IJ,e

HHH KaKOB·JIH60 pa3HHULI Me)I(,IJ,y HeBTpOHHLIM H npOTOHHLIM 

pa,!J,HyCaMH JI,IJ,ep- MHWeHeB, H TO, 'ITO B pac'leTaX HCnOJIL· 

3YIOTCJI peaJILHLie xapaKTepHCTHKH HCXO,IJ,HLIX H o6pa3yeMLIX 

.JI,IJ,ep. 
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O,r;.HaKo TaKoe caoiicTBO .s:~ep, KaK accou;aapoaaHae 

HYKnOHOB, nO-BH~HMOMy, npo.s:Bn.&:eTC.B B OTKnOHeHH.S:X OT 

3aBHCHMOCTH C( m ) ~, 2 m2, KOTOpLie 06Hapy>KHBaiOTC.S: ~JI.S: 
«<IParMeHTOB, npe~cTaBJI.S:IOll.UIX co6oii " a - qacTB'IHLie .s:~pa". 

qTO KacaeTC.B npe~CKa3aHHH nO.S:BJieHH.S: CKOppeJIHpOBaH· 

HLIX no yrJiy 'laCTHIJ; B paCIIJ;enJieHH.S:X /"HyKJIH~HLIX CTpyii"/, 

TO o6pa30BaHHe TaKHX KOppeJI.S:IJ;HH eCTL He06XO~HMOe CJie~

CTBHe npe~JiaraeMoro no~xo~a K cacTeMaTH3au;aa ce'leHHii 

«<IParMeHTaiJ;HH. 3TOT MeXaHH3M KOppeJIHpOBaHH.S: ~OJDKeH 
6LITL npH3HaH aJILTepHaTHBOH npe~JIO)I(eHHOMY B pa6oTef22 / 

MexaHH3MY KBaHTOBLIX BHTep<llepeHu;aii. CaMa no ce6e cac

TeMaTHKa /4/ He n03BOJI.S:eT ~eJiaTL OIJ;eHKH Ce'leHHH o6pa-

30BaHH.S: .S:~ep, 0 xapaKTepHCTHKaX KOTOPLIX HH'Iero He H3-

BeCTHO. «<>aKTH'IeCKH pe'IL MO)I(eT H~TH 06 OIJ;eHKe Ce'leHH.S: 

~.S: CHCTeM, 3a~aHHLIX onpe~eJieHHLIM MO~eJILHLIM cnoco60M. 

fi03TOMY COBna~eHHe HJIH pe3KOe HeCOBna~eHHe C 3KCnepH

MeHTOM CKOpee BCero MO)I(eT 03Ha'laTL npaBHJILHOCTL HJIH 

OWH60'IHOCTL MO~eJIH H3y'laeMoro HyKJIH~a. BMeCTe B TeM, 

HeKOTOpLie rpaHH'IHLie OIJ;eHKH MOryT 6LITL C~eJiaHLI, eCJIH 

pe'IL H~eT, HanpHMep, 0 MHHHMaJILHOM 3Ha'leHHH Ce'leHH.S: 

o6pa30BaHH.S: .S:~pa, ~JI.S: KOTOporo cnHH OCHOBHOrO COCTO.S:HHJI 

H ~eTaJIH cneKTpa yCTOH'IHBLIX K HYKJIOHHOMY pacna~y COCTO-

.S:HHH HeH3BeCTHLI. 

Pa3yMeeTc.s:, B HacToJI~ee apeMJI eiiJ;e paHo roaopBTL 

0 TOM, 'ITO pe3ynLTaTLI ~aHHOH pa60TLI ~OKa3LIBaiOT npe-

06Jia~aHHe npe~JIO)I(eHHoro MexaHH3Ma JIBJieHHJI <llparMeHTa

IJ;HH a KoppenapoBaHHJI. Pe'IL a~eT noKa o6 ycTaHOBJieHHH 

HeKOTOpLIX 06ll.UIX 3aKOHOMepHOCTeii 3THX JIBJieHHH, 'ITO 6y~eT 

noJie3HO He TOJILKO B npHJIO)I(eHHJIX Jl~epHOH <ilH3HKH BLICO· 

KHX 3Hepral K CMe)I(HLIM o6JiaCT.S:M HayKH, HO H~JIJI noHHMa

HB.S: npapo~w H3y'laeMwx npou;eccoa. 

3TH 3aKOHOMepHOCTH n03BOJI.S:IOT BLIJIBHTL O~HY aHaJio

rHIO C <ilH3HKOH 3JieMeHTapHLIX 'laCTHIJ;, a HMeHHO: rpynna

poBKY Ce'leHHH B H306apH'IeCKHe MYJILTHnJieTLI, CB.S:3aHHYIO 

CO CBOHCTBaMH CHMMeTpHH CHJILHLIX B3aHMO~eHCTBHH. AHa

nOrHJI MO)I(eT 6LITL pacwapeHa Ha CJiyqaii 6oJiee BLICOKHX 

CHMMeTpHH H 6oJiee CJIO)I(HLIX MYJILTHnJieTOB C IJ;eJILIO BKJIIO• 

'leHa.s: B paccMoTpeHae ranepoHoB a ranepJI~ep. 

qTo KacaeTc.s: aonpoca o apeMeHH pa3BHTH.S: npou;ecca 

«<IParMeHTaiJ;HH r¢p' CyiiJ;eCTBeHHOrO ~JI.B BLIBO~a <ilOPMYJILI 

20 

/3/, TO, Ha Haw B3rJI.s:~, B 6JIH)I(aiiwae ro~w MO)I(HO ocy

IIJ;eCTBHTL peaJILHOe COnOCTaBJieHHe 3TOH BeJIH'IHHLI C Bpe

MeHeM peJiaKCaiJ;HH B036y~eHHOrO Jl~pa T peJI , HCnOJIL3y.S: 

~.S: 3TOH IJ;eJIH nOJI.S:pH30BaHHWe .S:~pa, HanpHMep, 152 Em HJIH 
154 &1. B 3TOM ceyqae conocTaBJieHae ~aHHLIX, noJiyqaeMwx 

OT nOJI.BpH30BaHHOH H ~enOJIJipH30BaHHOH MHWeHeii, MO)I(eT 

~ TL OTBeT Ha BOn poe 0 COOTHOWeHHH BpeMeH T 1iJp B T p8JI • 

He3aBHCHMO oT peweHHJI 3Toro aonpoca 1Iaa6oJiee o6ll.Uie 

CBOHCTBa Ce'leHHH Tpe6yiOT ~JI.B CBOero 06b.BCHeHH.B JIHWL 

npe~nonO)I(eHH.B 06 H30CnHHOBOH CTpyKType B3aHMO~eiiCTBH.B 

H 3HaHH.S: caoiicTB caMax <ilparMeHTOB. HaM npe~cTaBJI.&:eTc.s: 
n03TOMy BHTepeCHLIM pacnpOCTpaHHTL HCCJie~oBaHHe 4lpar· 

MeHTfl.IJ;HH Ha 06JiaCTL "KoppeJI.S:IJ;HH" C u;eJILIO npoBepKH OC

HOBHLIX nOJIO)I(eHHH CHCTeMaTHKH ~JI.S: CJiy'laJI HeCTa6HJILHLIX 

CHCTeM. 

ABTOPLI BLipa)l(aiOT rJiy6oKyiO npH3HaTeJILHOCTL H.A.llep

<ilaJioBy 3a BHHMaHae a no~~ep)I(KY ~aHHoii pa6oTLI, M.H.llo~
ropeu;KoMy' r .H.KonLIJIOBY, B.K.nyKL.S:HOBY H B.,IJ;. ToHeeay -

3a ee o6cy)l(~eHae. 
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