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Cpe~ HHT8HCHBHO H3yq~CR B nocne~e ro~ HOBHX 

I'I!I'8JI'U:IO!X pe30H8HCOB DOBHIII8HllliM BHHM8JDieM DOJih9yDTCR pe-

30H8HCH MarHBTHOro THna. ~ODOAHBTanhHHI HHTepec K HHM CTH

NYJtHJlY8TCR oTKpHTBeM B PJUte *pll'lecxn a,nep M8.I'Hl'ITROro K1l8Jl

pynan»uoro peaoHSHca, a raKKe BOaHHKmeA ue~aBHo ~cKYcczeA o 

CYIIleCTBOB8.HHl'l MI-pesouaHce/2/ H npH'IHHSX ero "zcqesuoBemm" 

B cpe~X B TRaenHX 8TOMHHX ~axl3•4/. 3TH pe90H8HCH DOJih-

3YDTCR H8B60JlhmHM BHKM8HH8M reopeTKKOB. lloMHMO pa60T , BHnO~

ueHHHX B paMKax TeOpKB KOHeqayx ~epMH-cHCTeM / 5
•
6< CBOICTB8 

MBrHBTHHX AHTIOJihHOrO H K~ynOJihHOrO pe30H8HCOB HS~Cb 

TB.KJte H B paOOTSX/7-9/ B paMK8X KB8.9JI'I8CTH'IH~HOHHOA MO~eJIH,r~e 

B Ka'18CTB6 OCT8TO'IHOro B38lD40~eftCTBIUI BCIIOJib9yDTCSl cenapa66JtbHH8 

yYJihTBIIOJWDi8 H CIIHH"""'1JibTBIIOJibH!i8 CBJlH C npocTOft pa.nHaJD.ROI 98-

BHCHMOCTbll z." /IO/. B qacTHOCTH, o,nHo<pouoHHHe M;. -cocToa

HHR reH8PHPYDTCR ~KTKBHHM BSaHMO~eftCTBHeM Ban8 

rJ1e L:). + 1 

3ro oauaqaer, 'ITO MI-cocroHHHA reuepBpymca ~6 -cBASMB, 

He 98BHC.IIIIU1MH OT DpOCTpaHCTB8HlWX KOOp~T HYltJIOHOB, a M2-

COCTORHBR reuepHPYJlTCR cenapadem.umm CIU!H-~OJihHI:BOI CJ!Jl8Ml'l. 

B TO a e BpeMII npaB.HJI8 OT6opa ,II.IUI O,JUI0'18CTB'IliHX MaTJ)H'JlWX Me

M8HTOB TaKOBH , 'ITO B CTpyKTypy 1+- H 2--cOCTOHHHI MOryT ~Th 

~an COOTBeTCTB8HHO CDHH-K~ynOJihHH8 H CnHH-QKTynOJihHH8 

CHnlll. BnzRHHe CDHH-K~ynon»HHX CJIJl H8 Ml-pesOBBHC HSyq~OCb 

B pa6orefii/ ua npmaepe MarH'18CKoro roq>a 
2 01 Pb . B uacroa-

- .. 



I 
~ea pa6oTe paccMOTpeH 6oAee WHPOKKH Kpyr aAep , B TOM ~c~e H 

RAPS C p83BHTHM cnapHBaHHeM, KpoMe TOr0,HCC~e~CTCR ~KRJWC 

cnuH-oKTyno~HHx CKR Ha CTPYKTJPY 2--cocTORHH~. PacqeTu Bu

nonHeHu B npu6JnuteHID! CJIY'{aJluoA <Paau. 

2. YpanHeHH.R: .D.JJR aHeprHA H CTpJKTypu o.mw¢oHOHHH.X. 

M). - COCTORHHA 

f8MH.IlbTOHHSH Mpa B KBaSKtraCTJr<ru<Hfx>HOHHOft Mo.neAH BKJIJ)

'18CT ~eH , OnHC~a ABKaeHHe He3aBHCKMHX HJKnOHOB B cpe.n

HCM flO~e , 0CT8TO'qHOe cnapHBaT~HOe HeaTpoH-HCttTpoHHOC H 

npoTOH-UpoTOHHOC B3aHMO,neaCTBHR H cenapa6CJlbHUC H30CKanRpHHe 

H H30BCKTOpHHe MYJI.bTHUOJIDHUe v;. (-t: , t:_) H CllHH-MYJIDTI!liOJll>HUe 

v. L ~ -+ 

( 't, , ~~.) CWII:l , reHep.wpYJl!IHe ¢oHOHHHe noa6~eHWI: c pa3.11.H'l
~>-

HHMH MOMeHTSMH H qeTHOCTRWH. 

Jl :: fls; + flpJir + L 1{ (~, ~) + L "V;.lL (z; i;) 
,4 )L 

(G) 

JloC!<OJI.bKy Hac HHTepeCYJOT TOJI.bKO M}. -cocTOJl.HRR H MU orprum

qunaeMCR npu6AKieHHeM CJIY'{a!HoA ¢aau , T. e . He 6y.neT npHHHMaTb

CR no BHHMaHHe B3aHMo.neiicTBHe M). -1>oHOHOB c MHOro¢oHOH1WM14 

v. .. ... VL(-. -
COCTORHWIMll , B (G) H3 BCeX ). (Z.,, 'CL) H 

6
,l t,, 't,~.) COxpallSl-

IOTCR TOJI.bKO C~e.nyll!Uie : 

). -- ). .... .... v; ( ~. ZL)t lf ('l:, ~ ... ) =. 
Q A·4 I v (j .1. t~ ' 

= i [~CH,.l~ (.H, ll._. ... J[t).o~t".'f6:Yff2 ,;7 & \J( .J (J) z 0 ~1 ~l'L ' l lof .A·4t 'l;.rLO.Z ~-.(f2. 1f;./" . 
Jt' 

2 

i { U<l,.l) cvvl--. JI \ .l•• ).If[ .. ,1 l r- Y (Sl J 
+ Z ~ + ~. ~.-r. L t-, ~... «r, 'i·•r-(.U,)j>t' o ... M?- ~t-r· . 

fl ' 

MliHHMH3BpYR cpe,llHee 3R8'1e!me :;t no O.zo.to¢oHOHHOMY COCTORHHJO 

= - 'r. . d. d - (-J . . . + lj1_ 1[(!1·"" 1- 1- ..1 -;/1 J i LJ! 
Q,l}(t o z /'/L[<.,, ,.,/J-MJ;4 ~v~~ ..... ~1M'li") 0 

J.l~ 
ITpH YCJIOBD 

(4) 

+ i } "'' .l .~ .. ).~. <IP.G,~.~',Q).~'''P.> = z L,. (~v·J - (~~~ = i , (5) 

1•/.z 
M!i noJIY'{aeU cJie,IIJIIIIee ypaBHeHHe .D.JJR onpe.ne.neHWI • HeprHH 

O,IIRo¢oHOHH!U COCTOSIHJdl : 

c/dP =O . (6) 

3neMeHTH. fi._ MaTPllllli p 
¢j'HKI.I)lli w : 

p _ (.1-f,~)x (A·f,,HJ 

u - £.~ "' ( w) - i 

f7 _ (.H,..I)x (.1.·1, >. · l ) 

Lf- ~"P p (w) 

~ - (H,.l) X (l· f , .l.H) 

31- ~.., ,., <w) 

~ - (l-1,1-)x '~·,,>.·•) 
r 141 -~"P p Cr...~) , 

3 

pa3MepHOCTR 4x4 cyTb CJie~e 

F - (.H, .l) X (.l.·f, ).·f) 
i2. - dt?"P ~ (w) , 

F - (A·f,A)x'.l.·i,.H) 
H - ~p f> (W)- i 

1 

r - (l·f,l)x (.l•i,).•l) 

r_,a.- de"f n (c..J) 

~ ,.~. .... ~<) X ().tf, .~.-~> 
112. = ~p p <w) 



0CTaJ!hHble ~L~ DO~CJI 1!3 BHmeopHBe.neHHHX 38M6HOA KH.D.eKCOB 

>. -1 => A+ i • ;. + t = > >. - t . HMeHHo , B peay;n,rare ra-

KOA aaMeHhl oepm~e "!eTHJ>e F;t ==.,. F'i•z,a•L (T .e. ~u => F,~ 
H T.D.), 'I6THJ>6 .npyrHX f=';ll n,:',_, II+Z (T.e . J;''<i =>Jiu H 

' 
T.O.). 

n ( p) ( . .H,..I) H 2.. 

_ \. ( f;.,.. Ui•J• ) EN• 

L (l).+ t )(E.L . -wt) 

(>.·f, ..1·1) 

X <w) 
It ( p) 

JtJL N .. 

X
(H, .>.•f} 

(W) = 
ll{ p) 

L"'fl 
J·J~ 

().·l,..IJ (A+1, A) f £ (·) z 
i.j.. i.jt. (uJ·i·) c;i''' 

(2J.t1) ( cJ,i•- w},) 

(>.-t , >.} (>.-1,>.} ( A·t ,A) (.),-f,A) 
""' = ~ = ~ -+ ~. ~.... p 0 

(A·f,A) (A· f,A) (A· f, .A) 

~"P = :l.o - Jet 

(?) 

X {>,ff,). •f} ()..t, J.) (J.•t, ).} (J.•t,).) 

BeJIH<OtH!i lt{p) (GJ} ' ~~ ' ~... I! ;e.¥ 
DO~aDTCJI H3 !IX>PMYJI (?) O'leBH,IUWM 06paaow. B !IX>puy.nax ( 4 ) -

(?) I!CDOJl.b30~ CJie~e 0603Ha"'eHHR: ~ - BOJIHOBM ~YHK
UHJ! OCHOBHOro COCTOJIHHR "16THO-'t6THOrO ~ep1!"16CKOrO R,ll.pa (RJIB 

~~>oaoliHilft Ba.KJ'YW Q~ !/! = 0 ) ; Q :~, , Q.JI<-._· - onepa

ropu poa.neHHR I! YHJf'ITOZ eHHR !IX>HOHa C MOW6BTOiol ) , npoeJUtHe! 

MOMSHTa /' H HOMepoM i ; cL_;f,.. , ~;..., - ooepaTOp!i poa.ne-

HHS H JHH"'TOZeHXJI KBa3KqaCTKUH Ha ypoBHe Cpe.D.Hero no~ C KBaH

TOB!iMH tmCJIElMH i: ( tz-, ~i} il npoeKLtKea nOJIHOro MOMeHTa 

"" 7i· - SHepi'I!JI .IlllyxRBB.Sil'iSCTlit'UJOro COCTOJUIRR: ; 

4 

l).-i,>J 

JtJ'-
3JieM6Hnl 

(~tf.~) 

, ~.j.. - npHBe,neruwe o~o...ac~e MaTpif'U!He 

.~.-~r·v 1 .~~.~r- Y 1 oneparopoB & G , ,(11.) "'... H t 6 (fl.) .>. ... • ,.. I" , . .Art,!' r 
(-) 

UJ,J• - H3B6CTHM KOM6HH~ K03~RUReHTOB npeo6pa30BB.HIDt 

lJ H 
BoroJID6oBa UJ , J : UJ•Jl = UJ,UJ.-Vj.Uj.. . Wn.nexchl 

tt-(p) B !IX>IJMY.IUlX (6) - (?) 03HS"'allT, 'iTO .ll.aHHWI B6JIH'IHH8. OT-

HOCI!TCJI TOJl.bKO K aehpoHaM (npoTOHaM), T. e. CJ'MMHpoBaHHe B 

(?) no i• , Jr.. Be.D.eTcJI TOJO>KO no HeArpoliHHM (npoTOHJWM) 

O,II,HO'IaCTH'iHWtl COCTO.IlHIDiM. 8 !IX>pMYJiax (4) - (5) cyw.mpoBa.HEe Be

.li.6TCJI H no DpoTOHHHM H no HeaTpoHHhiM O,II,HO'IaC~~ COCTOJIHHRM. 

YpaaHeHlile (6) pewaeTCJI <atCJieHHh!MH MeTO.D.aMH. Bl.i'tHCJIHB 
,;, ;.: tO..ti 

3Heprmi W;.i , 8MIIJIHTY.l0i ';-~.c. H -/-j.i. MO.DIO pacc<OtTaTb 

no CJie,!IJ1lliHM toM .n.aw: 

. (-/ ; . tL (-/ 
f:. )~ = .f. tii.;j. J) /~,) ~ "= d. N~ ~ {(.);i). 
/'/t- ,2 ~/L - tJ.A, /'/J. I :f1J 2 ~V• + ~i 0"/.1. ' 

(J-1,).} /, (o fkf. A} ().-f,)J (J.-f,J) (J.-~).) J 
,!J.1 r~.J= . N~ ce,., · '.D..rc.J;.J+d!. 'j)_Pr~.J f 
cr~:t 2..1 f I ·~ "f 

(8) 

(), ,, )/ I . , f {),•f,.Ai/J. • t,).) r;•o) rf.),ll, .A) } 
+ ~.;.. d!,._ "' (~.) -;~I' Up ('0,) . 

2).' I 

(A-1 , ~) (>.+f,J.) 

~yma.v.m D"(P/w .... ) H Dn.(pJ (W,~.<.) BupazamM <~epea 
MliHOp!i 3JieMeHTCII 'leTBepTOI CTpoKH MaTpHUH F' opl1 LJ =cJ,~., 

5 



( . .H , l) ll 
D (c.J,~;.) = - - H"'' I 
~ ~~~ 

o.~~JJ ./[ 

D (W;i) =- - 111() 
"' H"'lf 

(.l-I,,A) .Jz 
Df r~.J = - !1¥J 

11"'"' 
Olf,.J) 

D (t.;),J = .Jt 
j> 

Be.JmtmHa )Z onpe~eMercn H3 ycJioBM: BOJ»dlfPPBKl'l (5). CoorHo

meHli!Jt ( 8) BWlHCB.HI:l AIIJ{ He!TpoHHHX ,nByxKBa3HqacTH'IHHX 8.Mll.Jil!TY.D., 

.Il,.1Ul OpDTOHHWC ,lUiyxKBaSH'laCTHqHJiX 8MIIJmTY.D. Biipa&6HH1i OOJrY

qavrcn npocTOA 38M6HOI B~eKCOB /%, ~ p . 

.113 cpo~JI (8) JI6I'KO ~eTb , 'ITO BKJIJ)t{eHHe HOBHX CHJI .llBOSI

Kl'!M oOpasoM BJillSieT Ha CTPYKTYPY O,!Uiocpoaomnu /1). -cocro.JIHl!!. 
,J,Ai .Ai 

Bo-nepBHX1 npOHCXO.D.HT nepeHO~BKa 8WI.IIMTY.D. Y'i/l. R V},/,_ 
no CpaBH6HHD CO 3Ha'l6HRRMH, COOTBeTCTByxwRMH BapHaHTY 

{.J.tf,.A) () •I, ,V 
£, ::: ~~ = 0 . 3TOT CJIY'laJ! 0Cj'lll6CranReTCR B KOr.l{a 

0 •0) ti.Ht,J.) J' 
1' . ' = 0 , B Kor.na 'i·i~ r 0 . Bo-BTOpHX, OJIOT-r,,;~ ~· 

HOCTl. ,nByxKB8.3B'laCTH'lHHX OOJIIlCOB C6KY.11KpHOro ypaBHeHKR (6) 
(.J.;I, A) 

6oJil.me 1 tteM cuy.rurpHoro ypaBHelmR .Il,.1Ul CJIY'IM C?o = 
()II, ).) 

:: ;;"ef = 0 . 3TO npoHCXO.D.HT H3-3a TOrO , 'ITO npaBHJia OTOOpe 
( ) ·f, J) .10.-f,J.) 

.Il,.1Ul ldB.Tplii'UW.X 3JieM6HTOB h .l.t B /.1;·,1 pa3J!Htl-
;'; {J-( A) ,. I(A• f,J) 

lW .11 BOswoa eH CJfY'lal, Kor.na £ . '= 0 I a 
1
,, ~ 0 

1v~ v~ 
Hs -sa &TOro B CTpyxrype O.D.HO!liOBOHHHX COCTOSlHIA OOSIBARD'l'CSI HO-

Bli6 .lUIYXKBa3B'laCTH'IH!ie KOMIIOH6HTU ( t - sanpe!li6HH!ie .Il,.1Ul 

I+ -ypoBHel). 

Ilapayerpli MO.D.e.n:bBOro raMH.JIDTOHBaHa (I) BSRT!i H8MH HS 

pa6orl8 ~ 9/. Hs 8TBX a e pa60T B3KTH onopJWe 3HatteHBK ROHCTaHT 
()£/ (,A£} 

~ lt c:l', 

6 

().L) fT ,;, M ~8 t).J.)-
i£ :- -- I ~ -0 

' A <rl' ~ ..... .-..~. " (9) 

3TJ: !lie~JIY OCHOBaHli Ha OU6ltlte.% l<aCTeJ!Jt l!l XaMaMoroii2/ l!l 

nosBO~ y~oanerBOpBTanDHo onl!loaTb HMe~ecR ~aHHHe no MI
l!! M2-pesoaaacawl8 ~ 91. Pacqer npBBe~eRHHX Beponraocre! M) 
oepexo~oB BYDO~cs co c~e~ ~eKTI!IBHHM oneparopow 

Jn(!1)J 

lTlfH-V:: !'·[~~.)r ~- :~;·) ~,jv.rr: '0,r12,)l ~ 
l (IO) 

~ IJ' ~,1/'JI/(J:;m,JS,~ 
3Ha"tleHli!Jt a4X~JeJtTUR!iX f'liPOJdB.I'HJITHHX <llaRTOpoB g, 1 9c. :e ~. 

06!i'IHO onpe.v.e.11JID'l'CS1 IIO 8RC!IepliMeHT8JihHW .l18l!HHM 0 MB.I'BllTHHX 

YOW6HT9.% CJlaOOBOS6ya.IteHma COCTOJUDII ltJili Bepo!lTHOCTRW M}. -

nepeXO.D.OB. IJapaweTp ~s OKa31iBa8T B.aBOOJiee CBJ!l>HOe BJillltHJle 

Ha reopeTJPiecue Slia"'eHli!Jt 8(H>.) .Il,.1Ul pesoHaHcHHX cocro.a-

Hld. Y pa3HIU aBTOpoB 3Ha'I6Hli!Jt 9s Bap.blqlYJ.)TCSl B npe~eJie.% 
f,.. .. 

(I , 0+013)~, . 3Ha"tleHHSl napawerpoB 9t H g. I eCJIH OHH 

ocTSDTCK B npe.v.eJie.x oO~"tiHo acno~ayeMHX aHatteHHI, c~aoo RnB

JmT H8 BeponTHOCTB CWil>HHX H~ -nepexo.noB, xoropHe r.llB.BHlD! 

OOpasoM I!HTepeCYDT H8C B HaCTO.IIllleA pa6ore. B .llBJ!l>HebeN M1l Oy-
fru 

~eu Bcno~so:aaT.b 3Ha"tleHJIJi: 8l = O,i ~ 1 ge (tt.) ::o 0 

9eCp)= ~~0 11 ~.=o . B pa6ord
7

- 9
1noKasaHo 1 qro np.H 

TaKl'!X 3HatteHHAX BOOJIHe Y.D.OBn6TBOpHT6JI»HO OnBCHBaDTCSI 3KCII6-

7 



Ta6Jmna I 
O~Q¢oHOHHHe r+- COCTORHRR, o6paa~e MI-pe90H8HC B 90zr H I24re ...... 
PaC'IBTbl C B98..1Dro.ll6ACTBHBM (j) H C f!6" - B98HMO.Il6ACTBH6M 

w B(M1) 
BMa.ll B HO}»omPPBicy O~Q¢oHOHHOro 

)I~ 
COCTORHRR ~yxKB89~8CTH'IHHX KOM-

W&B ITOHBHT 
flJux> • 

~~·>=o ~~~o (CIJ ""' t~1 -o z.~o ~H.IlBKC!l 
(~) z1 =O 

(CIJ 
Z1 -;o 

8 ,27 8 ,40 6,10 5 , 69 N 1g9/2 - 18-r/2 93 , 9% 92,0% 

z 1 ~/2 - 187/2 4,0% 5 ,2% 

z 1f7/2 - 1f5/2 1,5% 2,0% 

90zr 9 , 82 9 , 82 0 , 29 0 , 30 z 1f7/2 - 1f5/2 96 , 8% 96,0% 

z 1 ~/2 - 1g7/2 2,3% 2,9% 

10, 65 10 , 69 2, 59 2 , 82 z 1~/2 - 18-r/2 93 , 6% 91 , 8% 

N 1~/2 - 187/2 4, 7% 6 , 9% 

z 1f7/2 - 1f5/2 1 ' 7% 1, 9% 

7 ' 14 1' 16 4,76 4,50 z 1~/2 - 18-r/2 88 ,4% 87,2% 

N 1h11/2- 1h9/2 9 , 9% 11,01' 

9 , 38 9,42 3,51 2,86 N 1h11/2- 1hg/2 63,5% 55,3% 
124Te N 1g9/2 - 1 ~/2 .31, 1% 39,7% 

z 1~/2 - 18-r/2 5 , 0% 4, 5% 

9 , 86 9,91 4,47 5,21 N 1g9/2 - l g7/2 68,5% 58,9% 

N 1h11/2- 1h9/2 26,3% 33,2% 

z 1g9/2 - 18-r/2 4, 7% 6, 1~ 

• 

pDI8BT8JI1>HWB 9Ha'16Hllll B(Jl2) ~ M2-pesoaaBca B 9°zr 

B 208Pb 

Ilepei.Ileu reoepL K 06Cya.ll8HID pe3yKDT8TOB p8C'18TOB. 

3. B.Jwome ceoapa68Khma cmm-KBa.JtPyDO.IlLHHX cl!.11 

aa cBOICTBS MI-cocTOJDOd ....... 
BK.Jmqemte B I'810lAl>TOmtaB aoMIIIJIO upocna ~ ~ -cl!.11 ce-

oapa6eJLLHHX CmtH-KBa,lij)yDOJ!l>HliX CU opHBO,IlKT K CYlll8CTBBHHOt.IY 

y-Be.IJA8HDl tDICJlB .JO!YDUI83H'l8CTB"'WHX COCTOHBlll CO COlUiOM H 

'18THOCTLil 1+, y-<18CTBYJIIIKX B 4IO~B8.Hlllll warHBTHHX Jl,lUIO.IlLH!iX. 

IIJOuouo». 3TO xopo110 BJUUiO aa pKC. I, r;te .IJ)Ul n.llp8 I
40

ce Hao-

6paaeaa rKCTOrpaae&a WJOTHOCTJI OOJillCOB C8IcyJIHPBOro ypaBHBHllll 

(6) AX& WI-IIJOHOHOB. O,llRBXO B OOnacTH C06CTB8HHO MI-pB30H8H

ca ( Ex:.t 8+9 YaB) xsueHeHKJI uesaauTe.llLHH, a HaH6oJiee CH.IlLHO 

WJOTHOCTL OOJIIICOB weaneTCii npH Ex= 17+22 MaB. Heaaa'IHTeJI.LHO 

Clt83tma0TCJI HOBY8 CILIW K B8 CBOitCTBSX O.u;BQ¢oHOIU!lU COCTOR:HJdt, 

o6pas~X Yl-pe30H8HC. 3TO OOK83WB86T pBC. 2 , H8 KOTOpoM 

xao6pueHH BaK6oJiee ciiAl>HHe WI-aepexo,IOi B 5~1 z 
118sn 

apa auepi'MX Ex< IO M&B. Hsueaemte aaeprd pesoHaHcHHX co

cTOJmd HaXOJDITCJI B ope;teJIBX 50-IOO ttaB, B8JDJ'iBHH B(Yl) Me

wmTCJI Ha ID-20%. B Ta6mlne I upne;teHa C'fPYltTYPS O.AHQ¢oHOH

HMX r+ -cocTOiillllA B3 oo.mcn MI-pe90H8HC8 ll n;tpax 9°zr K I24re. 

pacotDrT&BBBJl !t8K C ia -B9a.DtJJ1.8ICTBileM, T8X B 0 BS8DIO;tei

CTBil811 ( 3). MaltCHMaJil>H08 .SM8H8HH8 BKJl8JUi KOMOOH8HT, J(OTOpoe 

ua6mJVUOCI> B B9f'I8HBHX JOIJ)SX,- 8%. B OCT8JI1>HWX CA:y'l8llX •a

M8H8BB8 818 e&a6ee. 3Tx pesyJ~:LTST!l cornaCYIITCR c BWBOASMK 

p&OOn/II/ .lWl 208pb . 
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Eo.nee aaMeTHH B eTepecHH KsweueHBJI, npoKcXQ.~UD~~He c 

O.llH$HOHHHMII 1+ -cocro.IIHI4HIOI Bl:lcoxof! asepru:. B o6JtacTK cltlll>

Horo y-se;xne!DlSi IlJIOTBOC'l'lt nOJOOCOB (E ~ 20 MaB) nolllWIJ)TCR 

CH.IIl>HO KOJ!JteKTHBH9llpOBB.HHHe O,JtHocpoHOBHB6 COCTOJillllSI 1+. B Ta6-

JUUle 2 npHBe,D,esa crpyx-rypa aexoropHX liS T8KJIX KO.IIJieKTJtBHHX 

COCTOSIHJII B 5SN1 , 9°zr , 124Te Jl 
20Bpb • KoJueK-

THBHHe COCTOJillllll 06pa30BB.HH r.118BBHW 00pa30M JlByxxB8.311'18.C

TJl'UQDOI B036~eDJDOI C .& 1 • 1 1 - 1 2 • 2 , COOTBeTC'J'BYI]IIDD 

nepexo,D,BM qepe3 o6oJio'!XY ( 2t..t.J -nepexo.llli). HHor,D,a B n 

CTpyt<'ey'pe BCTpe'lall'l'CR Jl 1-paapemeBBHe ltOtiiiOHeHTH. 0KB TSX-

lle cooTBeTCTByDT nepexo.ltaM qepes o6oJio'IKY, • noarouy a&aTpn

HHI ueweur all-oneparopa (10) Allll ox sa nopsmox wem.me, qeu 

J1,1Ul COCTO.RHHI cmm-op6JIT8Jll>BOI'O .Jzy6JleT8. B OTCJ'l'CTU8 cmm

KBBJij)ynOJn.HOI'O B3aJDI),D,6I CTBll8 CUB. TSJOIX KOWIIOH6BT 611.18. UO.Jl

HOCTl>ll CKOHU8HTJlllpOB8H8 H8 O,ltHOM COCTOJUIJlH, JIB.JlJil!llleMCJI, T8KlDI 

o6paaOW "'lliCTO ,D,ByxKB83Jl'IB.CTII'IlOOI"'?/. B OTCYTCTBB8 UOJUIPJI98-
• 

nJIOHHOI'O 'L118Ba B (!0) (T.e. npll 81 ::0 , 0) TOJil>KO BeJm'UlB8. 

npHMeCB KOUDOHeHT (n, 1, 1-1/2; n + 1, 1,1 + 1/2 ) Onpe,D,e

JISI6T Bepo.IITHOCTL B(Ml) ,n.Jlll KOJ!JteK'l'JIBHHX ypoBHel. Y'leT DOJISl

pllSSIUIOHHOI'O c.naraeworo yseJIH'lllBiieT B (III) B IO+ roo pas 

(pac'leT 6l:U! Bblll0JIH6H ,n.Jlll 1• (•)=- ~, (p} =- 0;f'l4 /G/), TeM He We

see BeJ!ll'mlia Bon) OCTaeTCJI we!Wie 0' I .P~ 
~T CYJleCTBOBWWl KO.U8ltftBHHX O,D,IlOifJoHOBBHX 1~ -ypoBBel 

(If) (If) 
SaBIICKT OT B6.lll'liBII ltOBC'!'8HT Z 0 ll (!C1 • YBe.IJAeKile 

( lfl Ia'. I no cpaBHeBJU) co ssaqeoe~~ (9) ro.n.~~:o y cuoaeT 
(U) 

ltO.Jl.JleJtTDOOCTL cocTOJIHd. np. JKeBLIIeBD lz. I 11 5 pas 

'18.CTl> KO.UeJt'l'JlBHWX COCTOJI1IKI JIC'lesaeT, B CTpJXTYpe OC!'8.1Jo1Da 

0CT81)'l'CR 2-4 AByxx:aa5Fl8C!TIHK6 X(Ml()Jielmil . lb.JlBoc'l'Lil JlC'le38-
(1fl 

D1' JtOJIJieJtTDIDie ypoBWI ~ SB8.'18BDX I ae... I , B IO pas 

t2 

I I 

M6HLIIU!X, '!eM (9). BJuuome R30CKwutpHWC CDHH-KBa.ll.pynOJU>HWt 
(U/ (2;) 

CHJI He MeHReT 3TOI KapTHHH. npz ~.. - ~ ( T. e. 

~(Z(/- 0 ) , KOr.na O.D.HO<l>oHOHHlie 1+ -cOCTOJIHHJI CTaHOBJtTCR 
"P 

'IBCTO ITpoTOHHHMH nE60 'IHCTO Hei TpoHHNMH , HeKOTOpHe KOJ!JteK-

TiilBHlie COCTORHRR RC'l83~T R YC~BaeTCR KOHUeHTpauHR HeKOTO

pHX ,II,ByxKBa3H'l8CTH~ KOMnOHeHT. 

C~e,D,yeT yxasaTL, 'ITO Ha cymeCTBOBSHHe KOJ!Jt8KTHBHHX l+

ypoBHef! c 6o~mol aaeprHeA sos6~eHHJI yxasHBSAOCb B pa6oTe 

/1
3/ . 3TH paC'l8TH 6HAR BHTIO~eHH B paMKax TeOplilH KOHe'IUHX 

qiepMH-cHcTeM .II.1IJI R.D.PB 208
Pb . KoJ!JteKTHBHHe 'laCTH'lHO-.llllPO'f-

HHe sos6~e!DlSi c B (Ml) : 0 , I +0, 2 .;tt.Z 6HAR o6aap~eHH rrpz 

3Hepi'Kll Ex:::: 19 M3B H Ex =25 , 16 M3B. YKasHBSAOCb , 'ITO 

3TH COCTOJIHWi ,II,OnaHH CH~HO B036~TbCR B (e ,e• ) -pacceRHHB. 

B To a e speMJI B pacqerax c rrpocTbiMH ~ 6 -cHJJ.aw/7 I crpyx-

Typa O.D.HO<l>oHOHHHX l+-cOCTOJIHH~ C 3HeprHeA B036~eHEJI 

Ex> IO MaB noAyq~acb 'IECTO ABYXKBS3H~aCTiil'IHOft. H XOTR rrpH 

Ex !:: 15 MsB R ~ 25 M3B !TORBJIJIJUICL r+ -coCTOJIHHJI c BMH'IHHOlt 
,c. 

B (Ml) t!' 0, 05+0, 2 ?• , ara BeJD4'1HHa o6'h.llc~acb Hexorop~& 

YBMH'leHHeM o,D,HoqacTHqsoro MaTpHt~Horo 3~eMeHTa MI-onepaTopa 

Mea;zy COCTOJUUI!!MH I n , 1 , 1-1/2 ) H J n + 1 , 1 , 1 + . 1/2A 

a He KOJ!JteKTHBHOCTbD COCTORHRA. 

... -HaCTOJllllHe pacqeTH ITOK831lB8.1lT , 'ITO 0 0 -cHJI!i C ¢JopM-

¢aKTOpoM, He 3aBHC~ OT KOOp,D,RHaT HYKnOHOB , He~OCT8TO'IHH 

,II,1IJI a.neKBaTHOI'O OimCaHWI BHCOKO~eZB.~UHX 1+ -ypoBHelt . 0HH 06-

~anaDT cnKWKOM a eCTKHMH !TpaBHJISMH OT6opa , 'ITO pe3KO JMeHL

waeT 'IHC~O JlBYJU(BaslftlaCTliNHHX 1+ -ypoBHel!, yqaCTByoiiHX B iflop

MiilpoBB.KHR Mai'HliTHHX ,lllriTOJil>lflU ifloHOHOB C BHCOKHMl! 3Hepl'RlDolll 

B036~e!DlSi. Kpoue TOro, CJie,D,yeT yqeCTb 3aBHCi!MOCTb CHJI OT 

KOOp,D,RHaT B3aHMO~eftCTBJDmKX ayKnOHOB. 06a 3TH He,D,OCTaTKa 
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HCOpaBARDTCR BBe~eHHeM CnHR-K~ynOnDHOro B3BRWO~eiCTBHR. 

HeCMOTPR H8 TO, 'ITO C~eCTBOBSKZe BYCOKO~~ K0~8K

TBBHHX 1+-cOCTORHR! C~e~eT B HS reopHB KOHC~ ~pMK-cHC

TeM H H3 KBa3Hq8CTH"'H0-4JoHOHHOit MO~eJlll (BO BC.IIKOM CJIY'I86 

AnR .IlOCT8TOqHQ m:llpOKOro ~anasOHa 3H8'1CHHI C&nOBHX KOHCT8BT) 

BOOpoC 0 TOM pymeCTByeT nB B peaxDHHX ~ BHCOKO~e&amB! 

MI-pesoHSH~ ocraercH OTKPUTHM. lBa aeyqTeSHHx ¢exTOpa OynyT 

Cl'!JtbHO l!JIJIRT:b Ha C!IpaBCAJ[Jn!OCT:b paC'IeTOB, OO,nOOHlU TeM, qTO 

BHOO~eHH illneATOMB ,np./JJ/ H RSMR. Bo-nepBHX , 3TO BSaBMO

,ne!CTBBC CO C~OJU~ KO~rypauHRMH. Bcne,nCTBH6 BHCOKOA KO~

~CKTBBHOCTH O~o¢QHOHHHX 1+-JPOBHelt, 0 KOTOpHX a,neT pe'lb, 

n OonDmoA HX aaepi'IIli oosOyueHHJ! , qTo osaaqaer • OoJibmyD 

~OTHOCT:b C~OIHHX COCTORKBI B0nBSB HBX, BSSHYO.Ile!CTBHe C 

nByx¢oHOHHHMH COCTORHHRMB,CKOpee BCero,Oy~eT npHBO~T:b K 

CBJibHOI ~parweHTQUKB, B03MO&HO,~ K O~HOMY pas~ O,nHO

~HOHHHX COCTOKHB!. TaKSR CBTYauHR OC~eCTBAReTCH, HanpHMep, 

C BHCOKO~ezamel BCTB:bD M2-pesoHaBcsf9/ . 3aweTRHU Oy,neT II 

BJD1StHJie CMOli!Horo cneJtTpa. Boa HliDt8IIJ48SI Bc.ne.nc TBJie a TOro llll

pBHa pesoHSHCa B 208pb Oyner "' I Maw'IJ/, B Oo.nee .nei'KB.x 

Sl.llJl8.X ara BeJmq}{Ha e111e 6o.nee oospacrer. Bosr.eom1o, qTo ooa 

9TH ~TOpa H o6yCJIOBKKI Hey,naqy HC.nanHBX nOBCKOB BYCOKO~e

zamero MI-pesoHaHca B 208pb B aeynpyrow pacceRBIB a.lleKTpO

ao/14/. 

14 

4. B.Jmsume cenapa6CnDHHX CrmH-QKTytiOnbHHX CM 

aa M2-pesoHSHc 

CHTyQUHR , BOS~SR AnR 2--ypoBHel B pesynDT8T6 ~ 

'ICHKR B raMHnDTOHH8H (1) nOMHMO CIIHH-,nHOOnbHHX el!le B CIIHH

OKTytlOnbHHX CI!Jl, OTnB'18CTCR OT TOft, 'ITO M1i MOrJIH Ba,nCT:b 

lLJUi 1+ -ypoBHelt. IlnOTHOCT:b nByxKBaSnaCTH'ffiHJ: OOJIDCOB, BXO

,Il.RliiHX B YpaBHCHHe (6) lLJUi ).. • 2 MaJIO H3MeAAeTCH OOCJie nepe-
' 

XO,nB OT CnHH-~llOJibHOrO K CM6W8HHOMJ . B38HMO.IlCICTBHD (CM. 

pi!C. 3). 3TO 03H8'18CT, 'ITO HOBYe CHJW OyJIYT , rJiaBJUIM 00pa-

30M, nepepacrrpe,ne~T:b CKnY nByxKB83B'I8CTH'IHHX KOMDOHCHT Mea

ny O~o¢QHOHHHMH 2- -COCTORHJUl:MB. KaK OOK83tmallT p8C'ICTH, 

aqxpeKTH, CM38HHHC C T8KHM nepepacrrpe,IIM6HHeM, npo.fUIJISWTCR 

HaJI6o~ee 38M6THO OpH 9HCpl'HSU Ex > 15 MaB. CpaBHHM pHc. 

4a,B,.n , r~e Hso6paxeHH pesynDTSTH pacqeroB M2- ypoBHelt 

B ~ 9°zr , 124Te H 208pb TOnDKO c cenapa6CnDmo.m 

crnm-,mmoJibHHMB c l!J18JCI!I, c pxc. 4 6, r, e ) , aa KOTOpllX SBa

~oruqHHe pesynDTSTH npHBe.neHH yze AAR cwemaHHoro BsaHMO.nelt

CTBKR (3). fpynOH CKX:&HHX M2-oepeXO,IlOB, KOTOpHe HaXO,nRTCH 

npH aaeprHRx 9<E < !3 MaB B 90zr 7<E:x < IO MaB B 
124Te 

:X • 

H 6 < E:x < 9 MaB B 208Pb , npaxruqecu HD:aK He Jt91146WWTCH 

npi! BR.11D'i6HD CrmH-QKTytiOnbHHX CU. :3TO 03H8'186T, qro COrM

CBe C 9KCOepBMeHTOM lLJUi CJMMSpHOit B6poHTHOCTB W2-nepeXO.IlOB 

B 06JiaCTB M2-pesOH8HC8, KOTOpoe 6~0 OO.IIy'i600 npl! SHaqeHJ!SU 

ROHCT8HT (9) B pa6orl9/ C yqeTOM TOnbKO CIDIH-.IOIOOnbHliX 

CRJI, OCT86TCH npe&HHM. ~ CpaBH8HHR MH IIpJtBO~ B T8CnB-

U6 3 axcnepBMeHTSA»HHe .naHHHe B pesyn»TaTH pacqeroB 
'\""" + - 90 140 t..... B(ll42, 9 ~ 21 ) B 00JI8CTB M2- peSOH.8HC8 B Zr , Ce 

B 208Pb lLJUi llByx T HllOB OCT8TO'IHMX BSaHMO,neltCTBd. ~0 

B3M6HRCTCH B CTPJKTypa OT~eJ!bHHX O.nHQ¢oHOHHHX COCTOKHBA 
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8 

6 

I. 

2 

8 

6 

I. 

2 

N 12-) 1138-1 

140ce 

a) 

Ex 1138 

6) 

10 20 Ex1138 

PHc. 3. rHcrorpaMMa qHc~a ABYXKBB3H
qacrH~ no~oB ypaBHeHKR (6) ~ 

T -COCTOJUUdt J = 2 Ha HHTep~e 

t:J. Ex ::I MaB B R.lijle 140ce: 
(.ll) (ll} (ll) (JI) 

a) Cl, = ~~ "' o; 6) ~ ,. o, 3e, ~ o 

BI M21JI!fm1
.1()"

1 I BIM21p!tm1·10.1 

16 90z, a) 16 ~ 124re 

12 12 

B(M 21p: tm1•10. 1 .zt) 
B) 140~ I 208pb 

.Xl 

8 8 20 

4 I I 4 

1 j IUI!II •I , tlJL 
E. 113B 16 

12 

8 

15 

PHc. 4. 0.D.H$ROHH!ie 2--coc roJUmR: B 90zr ( pzc. a, 6) , 

124 ) 20B... ) Ts (pHC. B,r .11 -pb (pHC. ,It, e. • 

a), B) , .zt) - pacqer np.B 3HMeHl!R.X KOHCT!UIT 
( U ) (U) 

de, ,. de, • 0 j 

6) , r) , e) - pacqeT npH 3HaqeHHRX KOHCTaHT, 

B!rnl~eHHJa no 4JoJWYJie (9) . 

16 

e ) 

B 3THX 06JiaCT.FU. PHc. 4 OOK831iBaeT TaKJ[e , qro OCHOBH!ie 1!3-

MeHeHHR B pacrrpe.zteJieHKH C~ M2- nepeXO,ItOB rrpoHCXO~T OpH 

Ex > I3+I5 MaB. B qacTHOCTH, YMeHLmaeTCR BeJIH~Ha B(M2) 

~ B!iCOKO~e~ero KO~eKTHBHOrO COCTOJUmR C 3HeprHe~ 

20 MaB. B 
90

zr arz H3MeHeHKR HaH6o~ee CKJlbHU , a~ecb BMec

ro O.D.HOrO CHJlbHO KO~eKTHBH3Hp0BaHHOrO COCTOJUmR C ~ = 
I8,6 MaB noc~e BKJIJNeHHR cnHH-<>KTynOJil>HJa cHJI B HHTepBa.

Jie I6<Ex < 20 MaB OO~CR 4 COCTO.IilmR C cymeCTBeHHO MeHb

mmm B (M2) . B pa6oref9/ 6~o noKa3aHO, qro BHCOKo~eZ811lM 
BeTBb M2-peaOHaBCa CHJibHO pa3MHBaeTCR H3-38 B3aHMO~eACTBHR 

C .ltBYlJPoHOHH!iMH COCTOJUill.IIMlil. Cmrn-<>KTynOJil>Hiie CH.IIli TaKJ[e 

j'MaHD1118.1lT KOHUeHrpa.wm c~ M2-nepexo.ztOB npH 3Hepro ot 20 MaB. 

TSKBM o6pasoM, c e~e 6oJil>meA YBepeHHocr»n MOZHo roBOpHTb o6 

OTCYTCTBHH 3H8~TeJil>HOA KOR08HTpauHH M2-c~ npH BHCOKHX 

aHeprKRX B036~eHKR. 

TaMliua 3 

CyMMapHaR BepoRTHOCTb M2-nepexo~OB B 06~aCTH 
M2-peaoHaHca B c¢epaqecKHx R,Itpax 

L B(M2 ) ~!,"JJ.ll-
H.ztpo 4 Ex MaB 

CW CU l (l1) (ll) 
8RCO. a>. = ~~ = 0 .:e. = o, :r, t 0 

90zr B+IO IIOO;tiOO 1090 II 50 

140ce ?,5+IO 6000;t900 4540 4360 

20Bpb 6,1+8,4 8500;t?50 9700 I0540 
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• 

5 . 3aK.~~JNeHHe 

PeaDMHpyR za~oaeHHHe BHWe peayAbTaTU, MOXHO CKSSSTD, 

~TO BnHRHHe HOBUX KOMUOHeHT OCTSTOqHHX C~ Ha CBOACTBa ~

H M2-sos6~eHHA rrpz aHeprxnx Ex <IO MaB HeaHaqzTeAbHO 

H D03TOMY BUBO~ 0 CBOBCTBaX Ml- H M2-peBOHaHCOB, no~eH

HUe paHee/7- 9/ HS OCHOBSHKZ pacqeTOB C ~~ -C~aMH ~ 
CDHH-~DOAbHHMH C~SMH, COxpaHHDT CBOD CrrpaBe~BOCTD. Eo

~ee 38M8THS poAb HOBHX KOMUOHeHT OCTSTOqHHX C~ npz BNCOKHX 

3HeprHAX B036~eHRR . B ~SCTHOCTZ, HMeHHO 6~aronapn HM B03-

HHKaDT KO~eKTHBHUe BUCOKO~examze 1+-cOCTORHKR. 0TCYTCTBHe 

BTRX COCTORHH~ B peayAbTSTax pacqeTOB pa6oTK / 7/ , CBR3aHO 

C HCDOAb30BaHHeM C~OM npoCTUX OCTaTOqHHX C~ . 

8 HSCTO~X pac~eTax MU O~Cl> aHanE30M TO~DKO 

HHTe~DHHX X8paKTepHCTRK OAH~HOHHHX COCTORHKl, TaKRX, 

KaK HX 3Heprlfl! H B(M)I) - tPaKTOpU. 11HTepeCHO BWICHHTl> 

RnERHHe HO BUX C~ HS nepeXOAUHe unOTHOCTH OT~eAbHHX ypoB

HeA .1:1 ~pyrHe , 60Jiee TOH!Oie RX xapa.KTepZCTHIU!. 3TH BOnpoC!i 

RBRTCR npe~eTOM ~HeAmHX HCCJie~OBaHHft. 
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