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I. BaeoeHue 

8 peaKUHJIX C yqaCTHCM TJI)I(CJlbiX HOHOB, llOMHMO Jl,llepHbiX CHJI, 

,llCHCTBYIOT H MOIUHbie KYJIOHOBCKHC. lloCKOJibKY H,llpa o6Jia,llaiOT KOHeq

HOH )I(CCTKOCTbiO /B KOJIJICKTHBHOH MO,llCJIH OHa npe,llCTaBJieHa napaMeT

pOM C2 /,TO B pe3yJibTaTe KYJIOHOBCKOrO B3aHMO,llCHCTBHJI, C6JIH3HB

WHCb Ha MHHHMaJibHOC pacCTOJIHHe, OHH npH06peTyT ,llOllOJIHHTeJibHYIO, 

,llHHaMH'ICCKYIO ,llCWOpMaUHIO. 803HHKaiOIUHe HCKa)I(CHHJI WOPMbl CTaJIKH

aaJOIUHXCH H,llep I HBJieuue ,llHCTopcuu/ uenocpe,llcTaeuuo npoHBJIHJOTCH 

B aapHaUHH BeJIH'IHHbl J«<lccleKTHBHOro pa,lluyca CHJlbHOrO B3aHMO,llCHCT-

BHJI. I 1-14.20.221 
JIBJICHHe ,llHCTOpCHH aHaJIH3Hp0BaJIOCb BO MHOrHX pa6oTaX . 

liOJibWHHCTBO aBTOpOB C'IHTaeT, 'ITO 3TOT J«<lccleKT ,llOJI)I(CH HMCTb MCCTO. 

8 pa6oTax I 6 • 10 • 14/ BbiCKa3biBaeTCH npe.llnoJIO)I(eHHe, 'ITO ecnu y'leCTb 

Jl,llCpHble CHJlbl, TO 3WWCKT ,llHCTOpCHH H3- 3a KYJIOHOBCKOrO B3aHMO,llCHCT

BHJI B HeKoTOpbiX cny'laHx MO)I(eT 6biTb qacTH'IHO KOMneucuposau HJIH 

llOJIHOCTbiO UO,llaBJieH Jl,llepHbiM MCXaHHJMOM B036y)l(,llCHHJI KOJIJICKTHB

HbiX COCTOJIHHH Jl,llpa. 

8 HaCTOJIIUee BpeMJI llOJIBJIJIIOTCJI B03MO)I(HOCTH HCCJIC,llOBaTb npo-

6JieMy 3KCnepHMCHTaJibHO. 

8 3TOM OTHOWCHHH Ba)I(HOe 3Ha'leHHe HMCIOT 3KCnepHMCHTbl cl»pH,ll

MaHa u KaHHHrJMa I l71 no ynpyroMy pacceHHHIO uouoa 12C H 16 0 ua 

H.llpax JJieMeHTOB pe,llK03eMeJibHOH o6naCTH 144N d, 146 N d, 148 Nd, 152 Sm, 154Sm 
H Ha H30TOllaX CBHHUa 

206pb, 208Pb , a TaK)I(e nepable 3KCnepHMCHTbl / 18
/ C 

HOHaMH ln . npoae,lleHHble B Jla6opaTopuu H,llepublx peaKuuii: OHJIH. 

II . 3t/HPeK111UBHblii paouyc cwlbHozo a3aUMooeiic111aU.JI 
M€JICOY CAOJICHbiMU .JIOpaMU 

llepaaH npo6JieMa, KOTOPYIO CJIC,llyeT paCCMOTpeTb, - 3TO onpe,lleJie

HBe J«<lccleKTHBHOrO pa,llHyca CHJibHOro B3aHMO,lleHCTBHJI. 0T ee peweHBJI 
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BO MHOrOM JaBHCHT IIOHHMaHHe pOIIH paJIIHl.fHbJX BJaHMO,lleHCTBHH 

a rrpo1.1ecce pacceHHHH. 

1. B Bbipa:lKeHHH ,lliiH KYIIOHOBCKOrO 6apbepa orrpe,lleiiHIOil(eH BenH

l.fHHOH HBIIHeTCH rrapaMeTp pa,llHyca r
0 

: 

R min 
r ( A 1/3 + A 1 IJ ) 
0 1 2 • /1/ 

Ha pHC. 1 CXeMaTHl.feCKH IIOKaJaHO, KaK ~OPMHpyeTCH KYIIOHOBCKHH 

6apbep. BH,llHO, "'TO TepMHH "KyiiOHOBCKHH 6apbep", CTporo rOBOpH, 

onpaB,llaH IIHWb B Cllyl.fae, KOr,na H,llepHOe BJaHMO,lleHCTBHe OIIHCbJBaeTCH 

B BH,lle llpHMOyrOIIbHOH HMbl. 0,llHaKO ,lliiH OIIHCaHHH peanbHOro BJaHMO

,lleHCTBHH llpHHHMaeTCH 6onee CIIO:lKHaH JaBHCHMOCTb OT r, l.fall(e BCero 

IIOTeHl(Han CaKCOHa-By.nca. ilOJTOMy KYIIOHOBCKHH 6apbep B Cllyl.fae 

CTOIIKHOBeHHH H,llep llpOH3BOIIbHOH ~OpMbl eCTb MaKCHMYM J~~eKTHBHOro 
BJaHMO,lleHCTBHH ( R 2: R0 ), HBIIHIOil(eroCH CYMMOH H,ll;epHOrO H KYIIOHOB

CKoro: 

-+ (i) -+ (i) 

V8 = max[VKyn('•P,\) + VKyrl/•f3 ,\ )], /2/ 

{3 r i! , u ,~, • B 
r .ne ,\ - napaMeTpbi " -rronhHOH .ne'i'opMai.IHH 1 - ro H,llpa. blpa-

:lKeHHC ,lliiH KYIIOHOBCKOrO BJaHMO,lleHCTBHH ,llaHO B pa6oTaX /z, HI. To 

06CTORTCIIbCTBO,l.fTO KYIIOHOBCKHH 6apbep CCTb JKCTpeMyM JcPciJeKTHBHO

ro B3aHMO,llCHCTBHH, HpKO llpOHBIIHeTCH B HC06XO,llHMOCTH Bbi6HpaTb 

pa3Hb!C 3Hal.fCHHH r0 B JTHX CIIyl.faHX: r
0 

= 1,40 + 1, 45 cp ,lliiH 

npHMoyronhHoro, r~ = 1,26 + 1,28¢1 , :ecnH Yl.fHTb!BaeTCH "paJMbiToe" 

H,llCpHOC BJaHMO,llCHCTBHC. PHC. 1 IIOHCHHCT JTO. 

2. B IIOCIIC,llHCC BpCMH HHTCHCHBHO 06Cy:lK,naeTCH BOIIpOC 0 BIIHHHHH 

B036y:lK,llCHHH Ha ~OPMY CTaiiKHBaiOil(HXCH H,llep. B pa6oTaX /J- 14· 20 ·221 
Ol(CHHBaCTCH pOIIb KYIIOHOBCKOrO MeXaHHJMa llpH CTOIIKHOBCHHH TH:lKC

JlbiX H,llCp C HOHaMH, HMCIOil(HMH ,llOCTaTOl.fHO 60JibWOH JapH,ll. B pa6o

Tax 16
•

10
•

14/ paCCMaTpHBaeTCH Yl.fCT BIIHHHHH JI,llepHb!X CHII. 

Bo-nepBhiX, JaMeTHM, "'TO r0 H r~ rronyl.feH~ HJ aHaiiHJa JKcrre-

PHMeHTaJibHbiX ,llaHHbiX, B IIO,llaBIIJIIOil(CM 60IIbWHHCTBC OTHOCJIIl(HXCH 

K paCCCHHHIO HOHOB C OTHOCHTCIIbHO MaJibiMH HIIH yMepeHHbiMH JapJI,lla
MH (12C6' 14N7, 1608 ,20 Ne.Jo, 40Ar 18 ). 

l-IJBCCTHO, "'TO J~~CKTHBHOC B3aHMO,llCHCTBHC JaBHCHT OT 3HeprHH 

CTaJIKHBaiOil(¥XCJI CHCTCM. 3TOT BOIIpoc HCCJIC,llOBaH, HaiipHMep, ,llJIH 

cny'laH HYKJIOH + JI,llpo a wHpoKoM HHTepaane JHeprHH I 1 51. B I 151 6bino 

IIOKaJaHO, "'TO JaBHCHMOCTb J~~CKTHBHOro IIOTCHl(Hana OT 3HeprHH 

HBJIRCTCH HC06XO,llHMbiM CIIC,llCTBHCM HaiiHl.fHH KOppeiiHTHBHbiX BJaHMO

,llCHCTBHH. 

C ~H3H4CCKOH TO"'KH 3peHHJI JTa JaBHCHMOCTb o6yCIIOBIICHa BOJ

MO:lKHOCTbiO B036Y:lK.llCHHJI BJaHMO,llCHCTBYIOil(HX JI,llep. 
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.. 

TaKHM o6pa30M, Jdl¢CKTHBHOC BJaHMO.llCHCTBHC Y:lKC BKJIIOl.faeT B ce-

6H B036y:lK,!lCHHH CTaiiKHBai0!11HXCJI CHCTCM IIOCQC,!lCTBOM KaK Jl,!lCQHOrO, 

TaK H KyiiOHOBCKOrO MeXaHH3MOB. 

Cne.noaaTeiibHO, orrpe.neneHHOe HJ JKcrrepHMeHTOB JHal.feHHe 'o c 

IIOMOil(blO ~CHOMCHOIIOrHl.feCKHX OIITH"'CCKHX MO,llCJICH Yl.fHTbiBaeT 3TH 

· · JIBIICHHH. 

C ,npyroii: CTOpOHbl, OKa3biBaCTC11, "'TO J~~CKTHBHbiH IIOTCHl(Haii 

BJaHMO,llCHCTBHJI MC:lK.llY CJIO:lKHbiMH JI,llpaMH B 06bil.fHO paCCMa iPHBaeMOH 

06JiaCTH JHeprHH Ol.fCHb CJia6o JaBHCHT OT JHeprHH /T.e. r0 - 11pH6nH

:lKeHHO KOHCTaHTa/. llo-BH,llHMOMy, JTO 06'bHCHHCTCJI MaiiOCTbiO HHTep

aana, B · KOTOpOM BapbHpoaanaCb JHeprHH CTOIIKHOBCHHJI I 161 
/5+10 MJB/HYKJIOH/. 

liTaK, B Cllyl.fae peaKl(HH MC:lK.llY CIIO:lKHbiMH H,llpaMH, B KOTOpbiX 

IIpHHHMaiOT yl.faCTHC HOHbl C Mallb!MH H yMepeHHbiMH JapH,llaMH, · r o 
IIpH6JIH:lKCHHO HBJIJICTCH ~ KOHCTaHTOH /JaMCTHM IIpH JTOM, "'TO ,naHHbiC 

0 BCIIH'fHHC r0 H3BIIeKaiiHCb B YCJIOBHHX He Ol.fCHb xopowero yriiOBOrO 

paJpeweHHJI l\v=l,5°j. ,nanee, 'o BKJIIOl.faeT a ce6H ace JcW!eKTbi 

B036y:lK,ll;CHHH CTaJIKHBa!Oil(HXCH CHCTCM, HX IIOIIllpR3al(HH. 

B JTOM OTHOWCHHH HHTepeCHbl BbiBO,llbl, IIOJIYl.fCHHbiC B pa6oTe 

rneH,llCHHHHra I 211. no MCTO.llY CBJIJaHHbiX KaHaJIOB aHaJIH3HpOBaJIOCb 

COOTHOWCHHC MC:lK.llY IIapaMeTpaMH OIITHl.fCCKOrO IIOTCHl(HaJia yrrpyroro 

paCCc.HHH.H a -l.faCTHI.I Ha C~epH"'CCKOM ( 
148

.'-im) H CHIIbHO ,llC~OpMHpo
BaHHOM ( IS4Sm) H,llpax. bb!JIO IIOKaJaHO, "'TO XOTJI H,llpa OTJIHl.faiOTCH 

CIICKTpOM HH3KOJIC:lKall(HX KOIIJICKTHBHbiX COCTOHHHH, MO:lKHO C O,llHHMH 

H TCMH :lKC napaMeTpaMH OIITHl.fCCKOro IIOTCHl(HaJia OIIHCaTb ynpyroe 

pacceHHHC a - '!aCTHU. llpH 3TOM Ol.fCBH,llHO, "'TO B paCCMOTp·eHHbiX 

peaKl(HHX , H,llCpHbiH MeXaHHJM B036y:lK,llCHHJI HrpaeT OCHOBHYIO pOIIb. 

0,llHaKO B03HHKaeT ,llpyroii: Ba:lKHbiH aonpoc: KaKOBO. COOTHOWCHHC 

BKJia,llOB H,llCpHOrO H KYIIOHOBCKOrO MCXaHHJMOB B BOJ6y:lK,ll;eHHe? 

B ynoMHHaBWHXCJI CJiyl.faHX /a OHH COCTaBIIJIIOT IIO,llaBIIHIOil(YIO Macey 

3KCnepHMCHTaJibHbiX HCCJIC,llOBaHHH/ KYIIOHOBCKHH MeXaHRJM HrpaeT 

BTopocTeneHHYIO HJIH cpaBHHMYIO 'c ».nepHbiM ponh. OcHOBHOH BKna.n 

,llaCT .H,llepHb!H Me xaHH 3M BO J6y:lK,lleHHJI. H 3TOT BKIIa,ll y:lKe Yl.fTCH npH 

~CHOMeHOJIOrHl.fCCKOM aHaJIHJC pal:CCHHHH H llpOHBHJICH B Bbt6ope 3Ha

l.fCHH.H napaMeTpa 'o , OllpC,llCJIJIIOil(CrO 3~~CKTHBHOC BJaHMO,llCHCTBHC. 

ECJlH HCIIOJibJOBaTb HOHbl C 60IIbWHMH 3apH,llaMH, TO CIIC.llYCT O:lKH,llaTb 

YCHIICHH.H pOIIH ,KyiiOHOBCKOrO MeXaHHJMa, TaK KaK OTHOCHTCIILHaH 

CKOpOCTb pOCTa BK?,a,lla lYJIOHOBCKOro MCXaHHJMa ~(A Y, ) 2 
60IIbWC, 

l.feM .a.nepHoro ~ (1 1 / + .1 ~ 3) . Hccne.noaaHHJt, rrpoae.neHHble B pa6oTe I 16/, 

lip .HMO yKaJb!BaiOT, "'TO C pOCTOM MaCCOBbiX l.fHCCII BJaHMO,llCHCTBYIOiliHX 

.H,llep OTHOCHTCIIbHaH pOIIb KYJIOHOBCKOrO MCXaHHJMa BOJ6y:lK,llCHHH 

BOJpacTaeT. 

TaKHM o6pa30M, CJIC.llYCT O:lKH,llaTb, "'TO llpH CTOIIKHOBCHHH TJI:lKCIIbJX 

.H,llep .llOII:lKHO npOHBHTbCJI JIBJICHHC ,llHHaMHl.fCCKOH .llC~OpMal(HH, o6ycnoa

IICHHOC peJKO B03pOCWHMH KYIIOHOBCKHMH CHJlaMH, "'TO H llpOJIBHTCJI 
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I 

B HJMeHeHHH JHalfeHHJI r0 • fiO.IllfepKHeM ei.Qe paJ, 'ITO BJIHJIHHe Jl.llepHbiX 

CHJI npH JTOM npaKTHlfeCKH YlfTeHO. 

3. CJie.llYIOLQHB Ba)I{Hblii oonpoc KacaeTCJI BJIHJIHHJI CTaTHlfeCKOH 

.ae«PopMaUHH R.apa • MHWeHH Ha pe JYJibTa Tbl aHaJIHJa ynpyroro pacceJIHHJI 

npH E > V 8 - )l;nR JToii uenH paccMoTpHM peJyJI&TaTbi JKcnepHMeHTa 

<flpH.IlMaHa H KaHHHHrJMa no ynpyroMy pacceJIHHIO HOHOB 
12C H 

16 0 Ha 
R.llpax 2os Pb, 206 Pb , 154 Sm , 152 Sm ,148Nd , 146 Nd , 144 Nd • B JTHX 

JKcnepHMeHTax, o&monHeHHbiX B ycnoBHJIX xopowero yrnouoro paJpe· 

weHHll r i\ v = 0,5° ), HJ aHaJIHJa .llH«P«PepeHuHaJibHoro celfeHHJI ynpyroro 

pacceliHHll 6biJIO YCTaHOBJieHO yMeHbWeHHe BeJIH'iHHbl J<W!eKTHBHOrO 

pa.aHyca CHJibHOrO BJaHMO.IleHCTBHll C pOCT0'1n~aMeTpa KBa.apynOJibHOH 

.ae«PopMaUHH f3o· )l;aHHble JKcnepHMeHTa 
17 

noKaJaHbi ua pHc. 2. 
8 npHHUHne, HaJIHlfHe Y Jl.llep CTaTHlfeCKOH .ae«<!opMaUHH {30 MO)I{eT 

6b!Tb npH'iHHOH CHCTeMaTH'ieCKOrO HJMeHeHHJI r0 sllJ!tJc pOCTOM napa· 

MeTpa .ae«<!opMaUHH {3 0 Jl,llep • MHWeHeii. )l;JIJI CJiy'iall E » VB 6biJIO 

noKaJaHo I 201, 'ITO peweHHe Ja.aalfH 6eJ yqeTa HCKa)l{eHHJI TpaeKTOpHii 

KYJIOHOBCKHM noJieM He npHBO.IlHT K HJMeHeHHIO BeJIH'iHHbi r 0
3 4J4J C TOlf· 

HOCTbiO .llO TpeTbero JHaKa BKJIIOlfHTeJibHO, T .e. r O siJ!<P= r
0 

sljJiP . 0,llHaKO 

npH JHeprHliX, npH KOTOpblx npoBO.IlHJICJI JKcnepHMeHT <llpH,llMaHa H Ka· 

HHHrJMa ( E > VB), TpaeKTOpHH HOHOB, ,llaiOLQHe Onpe.aeJiliiOI.QHH BKJia.ll 

B .llH«<!«<!epeHuHaJibHOe Ce'ieHHe ynpyroro pacCeliHHH, OITHCbiBaiOTCJI 

rHnep60JIHlfeCKHMH KpHBbiMH, o6na.aaiOIUHMH B JOHe aKTHBHOrO BJaHMO· 

.aeiiCTBHll JHalfHTeJibHOH KpHBHJHOH. 3TOT <iJaKT, OlfeBH.IlHO, HY)I{HO 

DpHHliTb BO BH~MaHHe. 

PaccMoTpHM JTOT uonpoc 6onee ,lleTaJibHO. 

CeMeiicTBO rHnep6on npH «<!HKCHpoBaHHOH JHeprHH HaneTaiO!Uero 

HOHa O.llHOJHalfHO OITHCbiBaeTCll napaMeTpOM P ·nepHreJIHeM KYJIOHOB· 

CKOH op6HTbl. 

MO)I{HO npHHliTb, 'ITO 06JiaCTb BJaHMO.IleHCTBHJI C XOpOWeH TOlf· 

HOCTbiO onHCbiBaeTCll JJIJIHnCOH.IlOM Bpai.QeHHJI, napaMeTpbi KOTOporo 

MO>KHO CBliJaTb C napaMeTpaMH .ae«<!opMaUHH Jl.llpa·MHWeHH: 

N stjltjl i{ stjltjl (] + 
ctjl 

Ro 1 Po 

~ citJ 

5 v-4 p2 (cos 0))' 
TT 'I 

/4/ 

8 COOTBeTCTBH.H .C JIOrHKOH .llH4JpaKUHOHHOH MO.IleJIH pacceJIHHll He· 

06XO.IlHMO HaRTH TO JHalfeHHe p( (), cp}, npH KOTOpOM npOHCXO.IlHT KaCaHHe 

JJIJIHnCa H rHnep60Jibl, H ycpe.llHHTb JTO JHa'ieHHe no BCeM OpHeHTaUHliM 

ll.llpa • MHWeHH. 

8bi6epeM .aeKapTOBy CHCTeMy KOOP.IlHHaT C HalfaJIOM B ueuTpe npo· 

H 3 BOJibHO OpHeHTHpOBaHHOrO JJIJIHITCOH.Ila. fiyCTb ITYlfOK lfaCTHU .llBH>KeT • 

ell cneua uanpauo B.llOJib ocH X B nnocKOCTH XY. 
YpaBHeHHe KYJIOHOBCKOH op6HTbi B ITOJillpHbiX KOOP.IlHHaTaX HMeeT 

CJie.llYIOLQHH BH.Il: 

6 

• 

¢ = -arc sin 

2 a a p ---p+-r 
[ E c ~E c 

(p-a/2Ec)r 

a/2Ec ] 
] + arc sin [ p-a/2E c ' 

2 
r.ae a= Z 1 Z 2 e , Ec- JHeprHll HOHa B c.u.M. 

/5/ 

BoJBpai.QaliCb K .lleKapTOBOH CHCTeMe KOOP.IlHHaT, npeo6paJyeM Bbl" 

pa)l{eHHe /5/ K BH.IlY 

Ay 2 + B xy + Cx + Dy + E = 0, /6/ 

r.ae KOJ<W!HuHeHTbi, Bblpa)l{eHHble qepe3 napaMeTpbl Ja.lla'IH, HMeiOT BH.Il: 

2 
2 a a 

A = p - £P- -:j£2, 
c c 

a ·2 a 1/2 
B = --fp - -p) 

Ec Ec 

u 2 u /7/ c = -(p- -p), 
f:"c f:c 

' 2 u J/2 
/) = - 2 ( p - -:- p) , 

f. c 

2 u 2 
E=fp--.-pJ 

,., c 

B ypaoueHHH JJIJIHncoH.aa opai.QeHHll, onHcbJBaiO!Uero "rpauHuy" 

06JiaCTH BJaHMO.IleHCTBHll 
, 2 , 2 , 2 

)' \ : 
-·-I-- I--
a 2 /, 2 /, 2 

/8/ 

nocne nooopora ooKpyr ocH \ Ha yron •/J H JaTeM - nouopoTa BOKpyr 

ocH I Ha yron ~ - fl nono>KHM t: ~-o · B peJyJibTaTe nony'iHM ypau

ueuHe Ce'leHHll np()HJBOJibHbiM o6paJOM OpHeHTHpOBaHHOrO JJIJIHnCOH.Ila 

nJIOCKOCTbiO .\) : 

F y 1 + G x 
2

-" 2 II xy - I ... fl . 

3.aec& 

F 
sin 

1 
() <·os 

2
¢ 

a2 

sin 2 ¢ + cos 
2 0 cos 

1
¢ 

b2 

/9/ 
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I 

G 

II 

cos 2(} sin 2 (} 
---- + -----

a 2 b 2 

a 2_ b 2 
- 2-2- cos Osin (}cos¢ 

a b 
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TaKHM o6pa30M, Mbl HMeeM CHCTeMy .D;BYX ypaBHeHHH BTOpoii: CTeneHH. 

Cne,nyeT OTMeTHTb, 'ITO B pe3yR&TaTe B03Be.D;eHHll B KBa,npaT npH nepe • 

XO.D;e OT ypaBHeHHll 151 K ypaBHeHHIO 161 B03HHKaiOT "nHWHHe" pewe· 

HHll, COOTBeTCTBYIOwHe nepecetfeHHIO .D;e!llopMHpQBaHHOH 30Hbl B3aHMO· 

.D;eHCTBHll C IIOTOKOM ycxopeHHblX 3ap.IDKeHHbiX tfaCTH~, .D;BH)I(YLQHXCll 

cnpaua Haneuo. B .D;an&Heii:weM 3TH peweHHll 6y.D;yT oT6pacblBaT&Cll. 

r.ne 

ilO.D;CTaBRllll X H3 ypaBHeHHll 161 B 191, IIORY'IHM: 

4 3 2 
Ky +Ly +My +Ny + P = 0, 

2 2 
K = FR + GA - 21/AB , 

L = (2BCF + 2D4G- 2HAC- 2HDB)IK 

M o (FC 2 + GD
2 

+ 2EAG- 21/DC- 2PEB- B
2
)IK, 

N = (2EDG - 2HEC- 2BC )IK, 

P = ( GE 
2

- C 
2
)IK . 

1111 

1121 

KopHH ypaBHeHHll I 191 couna.D;aiOT c xopHliMH .D;BYX cne.D;yiOLQHX ypaBHe • 

HHH i2l/: 

2 y Ls- N 
y + (L ± Q)y+ (s ± --Q-)= 0, 1131 

r.ne 

2 1/2 
Q = ± (8 s + L - t .II) , 1141 

a s • .neiicTBHTen&HblH xopeH& xy6Ht~ecxoro ypasHeHHll 

J 2 . 2 2 
Bs - ·IMs + (2LN- BP)s + P(4M-L )-N = 0. 1151 

8 

~ 

f 

i 
l 
'i 

I 

AHaRH3 ypaBHeHHH 1131 C IIORO)I(HTeRbHblM H OTpH~aTen&HblM Q noxa· 

3biBaeT, 'ITO peWeHHll C Q > 0 liBRliiOTCll "nHWHHMH" IB yKa3aHHOM 

BblWe CMblCnel. 

llo3TOMY Bbl6HpaeM 3HatfeHHe Q < 0 · 
E.nHHCTBeHHOCTb peweHH.Il ypaBHeHHll I 131, a cne.D;oua Ten&Ho, H 

TO'IKY xacaHH.Il 3nnHnca H rHnep6onbl MO)I(HO nonyt~HT&, npHpaBHHBa.ll 

,nHCKPHMHHaHT 3Toro ypauHeHHll HyniO. Hcxo.D;.Il H3 3Toro Tpe6ouaHH.Il, 

nonyt~aeM ypaBHeHHe 

(L + Q/ Ls- N 
- 4( s + ---rt-) = 0 . D(p,O,cp) = 1161 

4 

Ero peweHHe p=p(O, cp) Heo6xo.D;HMO ycpe.D;HHTb no uceM opHeHTa~H.IlM 

.ll.D;pa·MHWeHH: 
J TT 2 TT 

p = - I I p(O, ¢)sin(} dOd¢ 
4 TT 0 0 

PaccMoTpHM noue.D;eHHe lllYHK~HH D(p, 0, cp) Ha HHTepuane b 5 p :5 a. 

llpH p = a ypaBHeHHe 11'31 nH60 He HMeeT KOpHeH, RH60 HMeeT O.D;HH 

xopeH&,T.e. D(a, 0, ¢)::;0. llpH p = b ypauHeHHe 1131 ucer.na HMeeT 

XOTll 6bl O.D;HH KOpeHb, T.e. D ( b , (}, cp)?_O.TaK KaK 1161 HMeeT e.D;HHCT· 

BeHHblH KOpeHb Ha HHTepBane b ~ p :5 a , TO ero y.D;06HO HCKaTb MeTo· 

.D;OM nocne.D;OBaTeRbHblX npH6RH)I(eHHi, .D;en.ll OTpe30K, Ha KOTOpOM 

!llYHK~H.Il 1161 npHHHMaeT pa3Hble 3HatfeHH.Il, nononaM H T • .D;. 154 . 

liHcneHHOe peweHHe Ja.D;atfH npHBO.D;HT K pe3yn&TaTy l.nnll Sm 1: 
t.R a<j><jl a<j><jl 

(--)=( Rc<jl -p)IRc<!> <0,5%; 'ITO Haxo.D;HTCll B xopoweM cornacHH 
Ra<jxp 

c n~:6nH)I(eHHOi o~eHxoi, nonytfeHHOi B I 201 . TaKHM o6pa30M, MO)I(HO 

onpe,neneHHO YTBep)l(~aTb, 'ITO HanHtfHe CTaTHtfeJKOH .D;e!llopMa~HH 
y li.D;ep· MHWeHei, HCnORb3yeMblX B 3KCII6pHMeHTaX !7/, He 06'bl!CHlleT 

yMeH&WeHHe uenHtfHHbl 3!ll!lleKTHBHOrO pa.D;HyCa CHnbHOrO B3~HMO.D;6HCT· 
BHll c pocToM rrapaMeTpa xua.D;pyrron&Hoi .D;e!llopMa~HH {3, , Tax xax 

cocTaBnlleT He 6onee 0,1 oT uenHtfHHbl Ha6niO.D;aeMoro 34l4lexTa. 

Yt~TeM .D;e!llopMHpyeMOCTb li.IJ;ep·MJfWeHeii: lot~eBH.D;HO, .D;e!llopMHpye· 

MOCTbiO Tl!)l(enoro HORa B rrepBOM IIpH6nH)I(eHHH MO)I(HO npeHe6petfb, TaK 

xax 3KCnepHMeHTan&Ho H3ytfeHa uapHa~Hll r
0 

a<jxp npH pacceliHHH O.D;Ho.ro 

H TOrO )l(e HOHa Ha 6nH3KHX IIO Japli.D;Y li.D;pax·MHWeHliXI. Tor.D;a Bbl3" 

BaHH06 3THM H3MeH6HHe BenHtfHHbl pa,nHyCa CHRbHOrO B3aHMO.D;eHCTBHll 

HMeeT BH.D; I 2ol 

s<jl<jl s<j><j> s<jl<j> 
8R (O)=R (O,f3

0
,y=O)- R (O,f3,y) 1171 

5 - yJ . 2 
ROl v4'iilf3oP2(cos0)-f3P2(cos(})+f3·y· Tsm 0 I. 

9 
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B <t>opMyne /17 I napaMeTpbl f3 H y onpe,ll,eJIJIIOTCJI cooTHoweHHJIMH 

K 3 K 2 4 -1 
{:3 =(~- -P (cos0)}(1--(-) sin 0) 

o c2 
2 4 c2 

/18/ 

y3 K 2 K 3 K 2 4 -1 
y = 2 G; sin 0({:3

0
- G;P2 (cos 0)}(1- T(c;J sin 0) , 

3l1 l 2 e 
2
R:1 

r,ll,e K =w 2 yS (R sll$)3• C2 - KOJ<I><I>HUHeHTbl ,ll,e<l>opMHpyeMOCTH JI,ll,ep

MHWeHeH. 

UcnoJIL3YJI <l>opMyJibl /17 I, /18/, nony'laeM peweHHe, CXO.li.JillleecJI 

a<l><l> 
K onpe,ll,eJieHHOMY 13 R ( 0), Y.li.OBJieTBOPJIIOlllee ycnoBHIO conpHKOCHO-

BeHHJI nooepxHocTeii ll.ll.ep. 3aTeM JTO peweHHe cJie,ll,yeT ycpe,li,HHTb no 

yrny () . 

Pe3yJILTaTbi pac'leTa npe,ll,cTaBJieHbl Ha pHc. 2 cnnowHoii JIHHHeii. 

BH.li.HO, 'ITO y'leT J<l><l>exTa .li.HHaMH'Iecxoii .ll.eclJopMaUHH ll.ll.ep no3BOJilleT 

noHliTL Ha6JIIO,ll,aeMoe B JKcnepHMeHTax I 171 nooe,ll,eHHe r0 acll4> • EcnH 

,ll,aJILHeHWall npooepKa H YTO'IHeHHe JKCnepHMeHTa IIO,li,TBep,ll,liT OCHOBHble 

pe3yJILTaTLI pa60Tbl /I7/. TO OHH JIBJITCJI BeCKHM CBH,ll,eTeJibCTBOM 

B03HHKHOBeHHll ,li,HHaMH'IeCKOH ,ll,eclJopMaUHH npH CTOJIKHOBeHHH ll,ll,ep. 

/II . 3aKAKJ'IeHue 

KaK y)l(e oTMe'!anocL I 201, Hccne.ll.oBaHHe liBJieHHll .li.HHaMH'Iecxoii 

,ll,eclJopMaUHH MO)I(eT ,ll,aTL ueHHYIO HHclJOpMaUHIO 0 peaJibHOH 3aBHCHMOCTH 

JHeprHH ll.ll.pa Va ( {:3) OT napaMeTpa KBa,ll,pynoJILHOH .ll.eclJopMaUHH. 3To 

3aKJIIO'IeHHe OCHOBaHO Ha TOM clJaKTe, 'ITO CBe,ll,eHHll 0 I (J({U /.llJill CJiy'lall 

OTCYTCTBHJI y - ,ll,eclJopMaUHH/ H3BJieKaiOTCJI H3 .llH<I><I>epeHUHaJILHOrO yc

JIOBHll, KOTOpoe B KBa3HCTaTH'IeCKOM npH6JIH)I(eHHH HMeeT BH,ll, 

a . a 
a{:3 "a r f:3 I J + - r r o. R .• f:3 i J = o 

i a{:3. Q mrn. • 
I 

\i = 1,2 ' 

r.11.e 

. 9 112 
V Q ( 0, R"' in • , {:3 I ) = ( 20 17 ) 

3 
+-

717 

27 
+ 1017 

10 

2 2 2 2 9 
ZIZ2e I {:3. Rio+ 2817 -- I 

DJ i=l 

' 2 2 2 
zl z2.e {:31{:32R1oR2o+ 

. 2 
l 1 l 2 e 

R3 

2 
2 

I {:3i RiO+ 
i= I 

e
2 

2 2 4 z1z2 Il-lR. + 
·- t-'; 10 R 5 i=l 

/19/ 

/20/ 

AHaJIH3 JKcnepHMeHTa I 1 71 6biJJ npooe,ll,eH o I 201 c y'leTOM TOJJLKO 

nepooro 'IJieHa B BLipa)l(eHHH /20/. 0,li,HaKO 3aMeTHM, 'ITO B HeKOTOpbiX 

cny'laJix I C 2 - Mano, l 1 , Z 2 B3aHMO.ll.eiicTBYIOlllHX JI,ll,ep oeJJHKH/ or

paHH'IeHHe nepBblM 'IJJeHOM He o6ecne'IHBaeT CXO,li,HMOCTb HTepauHOHHOH 

npoue.li.YPbl HaXO)I(,ll,eHHJI R m in/YCJJOBHe conpHKO.(;HOBeHHJI/. Tor.11.a HY)I(

HO HCIIOJJb30BaTL BbiCWHe 'IJJeHbl pa3JJO)I(eHH.R /20/. 3Ta CHTyauH.R npo

HJ1J110CTpHpOBaHa Ha pHc. 3 ,li,JJ.R .li.BYX peaKilHii:: 
160 + 154 Sm /KpHBble 

I - c2 =25 MJB/ H 
40Zn+ 238U /KpHBble II- c2 =200 MJo; III

C 2 =50 M JB/. )J;JJ.R npOCTOTbl ,ll,eclJopMauHeH HaJJeTaiOlllHX HOHOB 

npeHe6peraeM. 

Ha pHC. 3 np.RMLie JJHHHH /a,6/ OIIHCbiBaiOT JcllclleKTHBHLIH pa,li,Hyc 

B3aHMO,ll,eHCTBH.R npH JJ060BOM CTOJJKHOBeHHH B 3aBHCHMOCTH OT /] 

.R,ll,pa- MliWeHH: 

R a~Pt Ro2+ Rol [1 + v-:rrf:3P2(cosO}j0=o ]. 

16 l54s J , , , 40z 238 
KpHBble 1 ,2,3 ( 0+ m , 1 ,2 , 3 ( n + U) onHCbiBaiOT B03-

HHKWYIO ,li,HHaMH'IeCKYIO ,ll,eclJopMaUHIO . H OTHOC.RTCJI COOTBeTCTBeHHO 

K CJJy'la.RM, KOr,ll,a B clJopMyJJe ,li,JJ.R V ( R m in.• (), {3) Y'IHTbiBaiOTC.R nepBbiH, 

1 + 2, 1 + 2 + 3 'IJJeHbl pa3JJO)I(eHH.R. HTepauHOHHa.R npoue.11.ypa CBO.li.HTC.R 

K HaXO)I(,ll,eHHIO TO'IKH nepece'leHH.R COOTBeTCTBYIOlllHX np.RMOH /a HJJH 6/ 

H KpHBbiX JJHHHH (I' II. /II). 
BH.li.HO, 'ITO .li.JJ.R cJJy'la.R Zn + U ( C 2= SOMaa) orpaHH'IeHHe nepBLIM 

'IJJeHOM pa3JJO)I(eHH.R VQ ((), Rminl {:3) He o6ecne'IHBaeT CXO.lJ.HMOCTh HTe

pauHOHHOH npoue.ll.ypbl. 

C ,ll,pyroii CTOpOHbl, y'leT BhJCWHX 'IJJeHOB pa3JJO)I(eHH.R /20/ ,li,JJ.R 

peaKUHH 
160 + 154Sm He npHBeJJ ypaKTH'IeCKH K 3aMeTHOMY H3MeHeHHIO 

pe3yJJLTaTOB, IIOJJy'leHHblX B /2o . 
B 3aKJJIO'IeHHe OTMeTHM CJJe.llYIOlllee 06CTO.RTeJJbCTBO. 3KcnepHMeH

TaJJbHbie BapHaUHH BeJJH'IHHbl r o a~$QJ COCTaBJJ.RIOT HeCKOJJbKO npoueH

TOB OTHOCHTeJJbHO 3Ha'leHH.R r0 , YCTaHOBJJeHHOrO ,li,JJ.R pacce.RHH.R 
16 0 Ha ,li,Ba)l(,ll,bl MarH'IeCKOM .R,ll,pe 

2
•
08 p b · 0,li,HaKO TaKHe MaJJble BapHa

UHH BeJJH'IHHbl r0 a$$ COOTBeTCTBYIOT 3Ha'IHTeJJbHOMY H3MeHeHHIO pa3-

Mepoo .R,ll,pa-MHWeHH. HanpHMep, ,li,JJ.R cJJy'la.R 
16 0 + 154Sm ycnooHe 

corrpHKOCHOBeHH.R /.li.JJ.R 0"" 0 I BhinOJJH.ReTc.R npH 1'+.{:3 = 0 •TO eCTh clJop

Ma ll.npa rrpH6JJH)I(aeTc.R K cclJepH'Iecxoii. TaKHM o6pa3oM, 3Ha'IHTeJJLHble 

H3MeHeHH.R pa3MepOB .R,ll,pa- MHWeHH llpO.RBJJ.RIOTC.R B cpaBHHTeJJbHO He-

60JJbWHX BapHaUH.RX BeJJH'IHHbl r0 a$$. 

0TCIO,ll,a CJJe,ll,yeT, 'ITO JKCnepHMeHTbl no 06Hapy)l(eHHIO .RBJJeHHll 

,li,HHaMH'IeCKOH .neclJopMaUHH ,li,OJJ)I(Hbl BblnOJJH.RTbC.R B YCJJOBH.RX xopowero 

pa3peweHH.R no yrJJaM H JHeprH.RM. 

AoTop 6naro,ll,apeH li .H.KaJJHHKHHy Ja none3Hble .li.HCKyccHH H co

BeTbl, a TaK)I(e B.M .WHJJOBy 3a 60JJbWYIO nOMOlllb B npoBe,ll,eHHH 'IHCJJeH

HbiX pac'leTOB. 

~ .,, '"''·0.11 .... 1. 

•· __ ., .. ;!'~ 
II 

~--------~-----------------
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PHC. 1. "KynoHOBCKHft" 6apbep B cny'lae asyx ITOTeH~Hanos: rrpJIMO
yronbHOrO /wrpHxosaJI nHHHJI/ H c "pa3MbiTbiM" KpaeM /cnnowHaJI 
TOHKaJI nHHHJI/. 
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U'l 

PHC. 2. llapaMeTp paJ].Hyca CHJILHOrO BJaHMOJ].eHCTBHJI J].JIJI paJJIB'IHLIX 
JIJJ.ep /l7/. CnnowHaJI JIHHHJI - pac'leT, npoBeJJ.eHHWii c y'leTOM ,!I,HHaMH
qecKoii JJ.e4JopMaUHH. llyHKTHpHaJI JIHHHJI - Y'I~I BJIHJIHHJI CTaTH'IeCKOH 
JJ.e4JopMaUHH JIJJ.ep Ha seJIH'IHHY napaMeTpa r0 aqKp. 

as ~ 
0.4 

43 

02 

Q( 

0 

·0.1 

-0.2 

·O.J 

-O.t, 

-as 
·0.6 

5' 

_/ 
JY 

'---~ I 
2'1 
I f. 

I 
PHC. 3. Y'leT BLICWHX qJieHOB paJJIO)KeHHJI KYJIOHOBCKOrO BJaHMO,!I,eHCT" 
BHJI no f3; , R;0 /R. /no,!l,p06HOCTH CM. B TeKCTe/. 


