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1. B pa60Te
111 

6binO paccMOTpeHo H~ynpyroe pacceHHHe cnolKHblX l!Jlep c 3 HeprHell 

V 8 - xynoHOBCKHll 6apbep), conposoJKuaeMoe soa6yJKueHHeM yposHeA ouHo-

'laCTH'IHOro THna. Yuanocb noxaaaTb, 'ITO ecnH aapsm uaneTaJO!llero Slllpa npeBbllll&eT Z- s
1 

nonasnHJO!llHA sxnan e ceqeuHe uaeT xynouoscKHA MexaHH3M soa6yJKneHHR. KpoMe Toro, 

6 binO llOKB38H0 1 'ITO HCKB>KeHH~ Op6HTbl BeCbM8 CHnhHO CK83biB8eTCSI H8 BenH'IHHe M8TpH'I-

Horo sneMeHTa nepexon a, o6y cnosneHuoro SlllepHblM MexaHH3MOM. HanpoTHB, 3TO HCKaJKe

HHe cna6o BUHlteT Ha 89UH'IHHY MBTPH'IHOrO sneMeHTa, o 6ycnoeneHHOrO KYI10H08CKHM M eXa-

HH3 MOM. 

none3HO nposeCTH BHBI1H3 OTHOCHTenhHOll p011H 0 6 0HX M9X&HH3MOB B ueynpyroM pac

CeltHHH Cl10lKHblX Slll9p, KOraa B pe3ynhT&Te CTOUKH089HHR B036ylKABIOTCSI ypOBHH KOU119KTHB

HOrO THna (poTaUHOHHbJe H ea6pauHOHHb!e). BblltCHe HHe 3Toro eonpoca MOlKeT cyweCTBeHllo 

ynpOCTHTb HHTepnpeT&UHIO 3KCnepHM9HT&nhHblX Jl&llllb!Xo 

2. npeABBpHT911bHO CU911&9M 3BM9'1BHH9 0 ~OpMe yrnoeoro pacnpeneneHHSI Heynpyro 

pacce ltHH bJX Slllep. B cny'lae, xorna nonaenltiO!llHA BKI1Bil B C9'19HH9 U B9T Slll9pHblll Me-

XBHH3M B036ylKA9HIIlt 0 BHil yrnOBOrO pacnpeneneHHH nerKO nony'IHTb, 9CI1H HCUOUb30BBTb 

/2 ,3 / 
peaynhT&Tbi aHanHaa peaKuHII nepena'l • MaTpH'IHhi A a neMeHT nepexona 6yneT aaeH-

ceTb 0T B3BHMHOrO paCCTOHHHlt M9lKUY CTBI1KHBBIOlllHMHClt Slllp&MH 3KC110H9 HUHBUbHO. no-

3TOMY B CornaCHH C pa60TBMH/
2

•
31 

B yrnOBOM pacnpeu e neHHH B03HHKH9T MBKCHMYM npH 

2 
8= 8k (Ok ~ 2arctg(1)/fk)- yron paCC9SIHHlt npH KBCBT9UbHOM CTOUKH089HHH l!Jlep, !)=Z

1
Z

2
e /hv, 

fk_ HOMep napUHBnhHOll BOUHbl, HB pacnpOCTp&H9HH9 KOTOpOll HB'IHHBIOT OKB3blBBTb BI1HHHH9 

Slll9pHbl9 CHUb!) • . 
B Cnyqae, KOrna OCHOBHblM M9XBHH3MOM B036yl!{JleHHlt ltBI1lt9TClt KynOHOBCKHll, yrnoeoe 

pacnpeneneHHe T&KlKe llOUlKHO HM9Tb MBKCHMyM npH 8 a 8 k • JleliCTBHT9nhB00 npH YM9Hb

weHBH npHU9nhHOrO napaMeTpa ( yeeUH'I9HHH yrna) Ce'leHHe paCTeT, 110CKOI1bKY paCCTORHHe 

M9lKilY SlllPBMH yMeHbW&eTCR. 0AHBKO npH 8 > 8k 

BKU10'1&9TClt CH11bHOe OOrUOIU9HHe H OTpHU&T9nhHb!ll SIJl9pHb!l! 110T9HUH&n. 

TaxHM o6paaoM, ~opMa yrnosoro pacnpeneneHHlt OAHHaxoea B TOM H npyroM cnyqae 

C ~Oil nHlllb pa3HHUell, 'ITO 11pH KYUOHOBCKOM B036ylKJleHHH naneHHe C9'19HHR npH nepexone 

3 



oT o~ ok K MeHbWHM yrnaM npOHCXOilliT 6onee Me.o.neHHO ( nposmn S< eTCS! .o.anbH o .o.ellcTay · 

!OWHA xapaKTep B38HMOileACTBHS!) , 

Y'lHTb!BBS! TBKOe CXOilCTBO cpopMb! yrnOBblX pacnpeneneHHA 1 .o.nS! BblSICHeHHS! OTHOCHTenb

HOil ponH 060HX M9XIlHH3MOB MOlKHO BOCllOnb30B8TbCS! Oll9HKBMH nonHblX Ce'leHHA, 3TO cy

meCTBeHHO ynpomaeT Bbl'lHCneHHS!, 

3 , PaccMoTpHM Heynpyroe pacceS<BHe cnolKHb!X S!.O.ep npu aHeprHS!X nopS!.D.Ka 10 Mas/uyK

noH, T,e, 3HB'lHTenbHO BbiWe KynOHOBCKOrO 6apbepa, 

Jlnsr ce'leHHH Heynpyroro pacceS!HHSI, conposoJK.D.aeMoro nepexo.o.aMu aneKTpH'leCKoro 

14 / 
THna , HMeeM 

Z e 2 
OEA = (~) ·B(EA)• fE,\(1)1 , .; ), 

I 

r n e 

( EA('It'() 
647T2 

('2A+ 1)2klklle(2fl +1)(:!'1+1)(~~~~- Ao )2 x 
I I 

2 - A-t ~ 
X 1'1£ 1) I . I M f f I • 

I ~ I I 

(1 ) 

(2 ) 

B (EA) - npuseneHHBH aepoHTHOCTb n e n3xona, Z 1 - aapHLl HaneTBJOtuero >~npa, k1 , k 1 , '1£
1 

, 

7Jfl - BOnHOBbie 'tfHCnll H K0:.3~HUHeHTbi OTpa >KeHKSl B H8'1BnbHOM H KOHe'tfHOM KBHBnax, COOT
+t 

aeTCTBeHHo, a Mf 
1 

f 
1 

- pauuanbHBH 'IBCTb MaTpH'IHoro aneMeHTB. 

B cnyqae, Korn a MexaHn3M aoa6y JKneHIHI - KynoHOBCKH i! , MaTpH'lHbiH aneMeHT 

HMeeT BH.Q : 
-A-t 

M fie I k I k 1 

-A-I 
( Fe (k 1 r)r Ff (k

1
r)dr , 

0 I I (3) 

-F0 (k r) H Ee (k r) - KynoHoscKue pa.o.HanbHhie aonHOBhie cjlyHKilHH (npu a TOM 1) 0 =1) e = 1). 
Ll I I f Ll I 

TaK KaK Mbl paccMaTpHsaeM Heynpyroe pacceS!HHe npu E > V 8 , TO Heo6xonuMo 

Y'IHTblBBTb H H.O.epHbiA M9XBHH3M B036ylK!l9HHSI, flpH 3TOM 0 B006me rosopsr, BOnHOBble cpyHK

IlHH OTHOCHTenbHOrO .O.BHlK9HHS! Fe (kr) yJKe He 6y.o.yT 'lHCTO KynOHOBCKHMH, JleliCTBHTenb

H01cjlyHKilHH .O.OnlKHbl Y'IHTblBBTb HCKBlKeHHS!, BHOCHMble S!,O.epHblM B38HMO.O.ellcTBHeM MelKLlY 

CTBnKHBBIOWHMHCSI S!.D.PBMB, 

Tor.o.a, HCllOnb3YSI peaynbTBTbl pa6oT
15

•
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, .o.nsr MBTPH'lHoro aneMeHTa cne.o.yeT 

aanHC8Th! 

oo -A-t 
f £g (k

1
r)lr + 

k I k I 0 I 

(2A + 1) R - au l£ O< 
3Z

1
ze2RX-aR e 1 r)dr, 

2 2 0 I 
M flfl (4) 

4 

l, 

.) 

rne Z 2 , R 2 - aap S!.D. H p a n u y c srnpa- MuweHH, U - S!LlepHoe B3B11Mon e llc· 

BBJOWHMHCS! S!LlPBMH, a R0 - ero a<jxjleKTHBHblll pBJlHyc, B cjlopMyne ( 4) n J 

Fe (kr) -+f e (k1) , 'lTo6bi no.o.'le pKHYTb oTnH'lHe KynoHOBCKHX cjlyHKUHll OT cp) 

BBIOWHX S!LlepHbl9 HCKBlKeHHH, 

PaccMoTpHM .o.eTanbHO BblpaJKeHHe ( 4): 

+ 

-A-1 .....\-! 
M·e e = ____l_ f£e (k r) r 

I I kl kl I I 

{2>.+1)· Rn 
2 X k 1 k 1 ·3Z 1Z 2 e R 2 

(k) 

'k-k- Me e (A) + 
I I I I 

ff (k
1

r)dr + 
I 

.j £e (klr)·~fe (k r)dr 
0 I aR 0 I I 

(2A + 1) • R . M f f (A) • 
I I k1 k1 -3Z 1 Z 2 e 2 R", 

Jlng ynpoweHHSI .O.BnbH9AWHX Bbi'lHCneHHll orpaHH'lHMCS! KB83HynpyrHM np 

k I =k I = k 1) • M = 0 , e 1 = f 1 • 3To MOlKHO c.o.enaTb, nocKom 
2 E 

CMBTpHBBeMblX B036yJK.D.e HHblX C OCTOIIHH ii E ~ 
B036 

1 Mas H, KpoMe 

IToaToMy HCnonbaosaHI!e Kaaaaynpyroro npa6naJKeHHH ne npaseneT K 3Ha 

KaK y>Ke ynoMHHanocb Bhi me, M aTpH'IHhi e aneMe HTbl KynoHOBCKoro soa6y: 

CSIT OT 5Ule pHblX HCKB}KeHJd i. TI09 TOMY D.n51 HX OUe HKH MO)KUO HCfiOnh30Bl 

lKeHHS!, HanpuMep, .o.n11 A = 2 -ne pexonoa HMeeM/ 
41 

( k) 

Mff (A = 2) = 

rne 1m'l'(f + 1 +i7)) 

-------l2f + 1 - "'1 + 2'7· Jm'P (e 
2f (f + 1)(2f + 1) 

-1 f 
= rrCth(rrl))l)+ l) - - 21) I __ _ 

•=O '1 2 + 0 2 

Y'IHTbiBBH TOT cjlaKT, 'ITo np11 pacceS!HHH cnolKHbiX S!Llep 1)~ 20-40 , a f Q 

MOlKHO C XOpomell TO"HOCTbiO npenCTBBHTb B BH!lel 

(k) 3 
M l'l' (A= 2) :! ( 2f - "'1 ) / 4 e 

PaccMoTpi!M Tenepb MBTPH'IHhlll aneMeHT M l'l' nnsr s!LlepHoro Me' 

HHH, flpH ero OileHKe Mbl H9 MOlK9M npeHe6peraTb S!Ll9pHbiMH HCI<BlKeHHSIMil 

cneHHA He06XOJlHMO HMeTb HCKalKeHHble BOnHOBble cpyHKilHH OllTH'IeCKOli M 

noKaaan 0cTepu
151

, B cny'lae soa6yJKneHHSI KonneKTHBHbiX yposHell MOlKE 

COOTHOWeHHe: .. 2 

ff~dr:E·~ 
o e a R o de 

COOTHOUieHH e (8) CBS!3b!BBeT panHanbHYIO 'IBCTb MBTpK'IHOrO aneMeHTB fi 

TH'l9CKOrO nOTeHilHBnB C npOH3BOilHOA no de oT S!LlepHoll cjlaabt, TaKHM 

a caoeM p acnopRlKeHHH TOnbKO cjlaabi ynpyroro p a cceS!HH S!, HeTpy n Ho n o11: 

5 



MeHbWHM yrnaM npOHCXO.IlHT 6onee Me.nneHHO 

838HMO.IleflCTBHH), 

( npoHBnHeTCH .ll&nb HOUeliCTBy• 

I 
T&Koe CXOACT80 <jlOpMbl yrn08biX pacnpe.neneHHfl 1 nnH 8biHCHeHH!I OTHOCHTenb

M9XBHH3M08 MOlKHO BOCII01lb30B8TbC!I 0Il9HKBMH IIOnHbiX Ce"'eHHli, 3TO Cy-

0Dl89T Bbl'C{BCneHHH. 

,TpHM neynpyroe pacceHHHe cnolKHbiX Hnep npH aHeprHHX nopHUK& 10 Ma8/eyx

~enbHO 8b1We xynoHo8CKoro 6apbepa. 

H!l Reynpyroro pacceHHHH, conpoaoJKnaeMoro nepexonaMB anexTpH"'ecxoro 

Z e 2 
OEA = (~) ·B(EA)· f E).<'ll . ~ ), 

I 

64rr' f 1 f ,.A ) 2 

,0 = --- k k I (2f +1)(:£ +1Ho 0 o 
I (' 2A + 1)2 I lf/r I f 

2 -A- t ~ 

x l'le 7) 1 • 1 Me e 1 
r ~ 1 r 

(1) 

X 

(2 ) 

3HHS R BepO~THOCTb ne~3XOU8 , Z 1 - aap stn HaneTaiOIUero Hnpa, k 1 , k r , 'lf , 
I 

lHCnll H K03$<PH ilH9H T bi 0Tp8 >K9 HH51 B HaqaJibHOM H KOHeqHOM KSHanaX, COOT
-.\- I 

Mf f - pannanbH&H '!&CTb Ma TpH"'H oro 3n eMeHTa. 
1 r 

Korna MeXBH113M B036)'>KUel!ll!l - KynOHOBCKHil, M&Tpii'!Hblli 3lleMeHT 

-A-t 
1 

oo -A-t 
Mr f = -- f Fe (k 1 r)r 

1 r k 
1 

k 
1 0 r 

Fe
1

( k 1r)dr, 

(3) 

1r) - KynOHOBCKHe p&UH81lbHbJe BOnHOBble <jlyHKllHH (npH 3TOM 7)f =7) f = 1), 
1 r 

bl paccMaTpnaaeM Heynpyroe pacceRHHe np11 E > V 8 , TO Heo6xonHMO 

~pHbiA MexaHH3M aoa6yJKueHHH, OpH 3TOM, aoo6me rosopH, 80llHOBble <jlynK

Ioro U8HlKeHHH Fe (kr) y>Ke He 6ynyT "'HCTO xynoHOBCKHMH, neACTBHTenb

KHbl Y"'HTbi88Tb HCK&>KeHHH, I!HOCHMble HnepHbiM 838HMOUeliCTI!HeM MelKUY 

:SI HnPSMI, 

:n011h3YII peaynbTBTbl pa6oT
15

•
61

, nn11 MaTpH'!Horo aneMeHTa cnenyeT 

M £
1
£, 

r f -A-I 
k I k, o g,<k,r)lr 

(2A + 1) R • ..QJL_ If. (k r)dr, 
+ Ll I 

3ZZe 2 R.\ aRo 
I 2 2 

(4) 

4 

L 

rne Z 2 , R 2 - aapHn H panllyc Hnpa-MnweHH, U - HnepHoe 83&HMonellcTane MelKn y CTanxn-

8&IOWHMHCH HnP&MH, a R0- ero a<lx!>eKTHBHblli pannyc. B <jlopMyne ( 4) nponaseneHa 3aMeHa 

F f (kr) .. f f (kr ) , "'T06bl nonqepKHYTb oTnH"!He xynono8CKHX <jlynxunll OT <jlyexuuli ff , Y'<HTbl

saiOmHx smepHble ncxan<een " · 

PaccMoTpHM neTa1lbHO BblpalKeHHe ( 4) : 

+ 

-A-1 -.\-t 
Mf f =__l_Jff (k r)r 

I r kl k, r r 
ff (k 

1 
r )dr + 

I 

k 1 k, ·3Z 1Z 2 e 
2

R ~ 
~.\:+ 1)· Ro .jff(k 1 r)·~ff (kr)dr 

0 I aR 0 I I 

(k) 
1 M (') (2A+ 1)·R 

-- 'f f " + • 
k 1 & 1 I r k 1 k 1 ·3Z

1
Z

2
e R 

2 

M f f (A) • 
I r 

(5) 

nnH ynpoweHH!I nanbHeliWHX 8bi'IHCneHHli orpaHII"'HMCSJ KBB3IIynpyrHM npH6niilKeHHeM, T,e, 

k 1 =k 1 = k 7) • M = 0 , f 1 = f 1 • 3To MO>KHO cnenaTb, nocxonbKY 3HeprHH pac-
2E 

CM&TpHB89MbiX 8036y>KUeHl!bi X COCTOSJHHll EB036 <? I M a s "• xpoMe Toro, f 1 ,f 1 >> A 

003TOMy HCII01lb30B8HI!e KBB3Hynpyroro I1pH6nHlKeHHH He npHBen eT K 3HB"'HTe1lbHOli OWH6Ke, 

Kax y>Ke ynoMHHanocb Bblwe , MBTPH'!Hbl e a neMe HTbl KynoHoacxoro aoa6ylKueHHst cna6o aaan

CHT OT Hnepl!biX HCKB>KeHHli , 003TOMy llllH HX OUeHKH MOlKl!O RCIIOllb30B8Tb 06bi"!Hble Bblpa

lKeHHS!, HanpnMep, nnR A = 2 -nepexonoa HMeeM / 
41 

( k) 

Mff (A= 2) = 

rue lm'l'(f + 1 +irl) 

------- ~ 2f + 1 -177) + 27]-Im'P (f + 1 + i7])], 
2f(f + 1)(2 f + 1) 

-1 f 
17Ctb(177))7)+ '1 -21) I ---

n=o 1J 2 + n 2 

(6) 

Y"'HTbiB&R T OT <jlaxT, "'To np11 paccestHHH c no>KHbiX Hnep '7~ 20-40 

MO>KHO C XOpOwei! TO ... HOCTb!O npeUCTBBHTb 8 8HU9: 

(k) 
, a f ~ 60 -120, Ml'f (A=2) 

(k) a 
Mff (A ~ 2) :t (2f - "'1) / 4f (7) 

PaccMoTpnM Tenepb MaTpH"!Hbiil aneMe HT M l'f n n st stuepHoro MexaHHaMa aoa6y>KUe-

HHSI, Opn ero OJieHK9 Mbl H9 MOlKeM npene6peraTb Hn9pHbiMll HCK8>K9HHS!Mll, 003TOMY Jlll!l Bbi"'H

cneHHfl H906XOUHMO HMeTb HCKBlK9HHbl9 80llH08bl9 <jlyHKUHH OIITH"!eCKOil MOUenH, 0UH8KO, KBK 

noxaaan 0cTepn
15 1

, 8 cnyqae aoa6yJKneHH!I xonneKTHBHbiX ypoanell MOlKBO HCn01lbaoaaTb 

COOTHOWeHHe! .. 2 

Jf~dr=E·~ 
o f a R 

0 
df 

(8) 

COOTHOW9Hll9 (8) C8!13bl8&eT panHanbHYIO "!BCTb MSTpK"'HOrO aneMeHTB npOH380UHOil OT OII-

TH"!eCKOro nOTennaana c npoHaaoneoA no df oT Slllepeoll <jlaabl , TaKHM c9n-<'30M, HMe!l ....... 
B caoeM pacnop>I>KeHHH T OllbKO <jla3bl ynpyroro paccestn nH, HeTpy n e o nony'< ~ Tpe6yeMblll 
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r 
pe3ynhTaT, MccnenoeaHHe Heynpyroro pacceHHHH nerKHX srnep, npoeeneHHoe· CaqnepoM, 

6acceneM H DpHcKo 111, 

OCHOB8HHHIMH 

noKa3ana, qTo TaxaR oneHKa a ennoxo cornacyeTCH c pacqeTa MH, 

Ha HCDOnh30BaHHH HCKa~eHHWX BOnHOBWX ~YHKUHA, 

Dnsr BbiqHcneHHH MaTpHqHoro aneMeHTa {8) npennono~M, qTo OCHOBHoA BKnan 

o6ycnoeneH npOH3BO!lHOli OT MHHMOA qaCTH SI.UBpHOli <Pa3w, T,e, npHMeM npB6nH~9BHe CHTib

HO nornoma10mero noTeHnHana, 3To npH6nH~eBHe e ocaoeHoM npaBHfibHO nepenaeT oco6eH

HOCTH paCC9HHHS! CnO~HblX smep H B9CbMa yno6HO ansr HaiUHX neneli, 

0CHOBb!BaSICb Ha pe3ynbTaTaX aHanB3a 3KCD9pHM9HTOB DO ynpyroMy paCC9HHBIO smep / 8 / 

(B 0603HaqeHHHX 3TOA pa60Tbl), nonyqaeM 

Mff = E· _i_ [~b1n~] = E • __ b_ 
ae fk_£ 1 2(f-f

1
J 

rne b = 1,5 , a Bbi60p f I CBSI3aH C ycnOBH9M 7) f = 0 DpH f < f 

Mcnonb3YH onpeneneHHe / 8/ 
'If 

'1 f = L(f - f )/(f -£ J ]
1
'

6 

I k I 

(sr) 
H M ff , nnsr ) 

(k) 
Bblpa~eHHS! (7) H (9 nnsr M ff (A = 2) 

( E~ nonyqHM: 

rne 

f E~ (7),0) ~ [(1 - .i.! )(2 
25fk~ fk 

..!!!1. )~ +4(2 -~+ ~) + 
fk . 3fk 4f: 

25 f ~ ~ 
+ • Ro 

2( 1 - f I ) ~ ' ~ 
l. 

~ ' '1 • R~· k 

f ( , ~ ') ~ , • 
k = p -21)p , p =k(R

0
+ u ) , f I 

~ ~ ~ ~ -
p [( p- l)fk -'1 ] • 

~ . 
p = 1 + ~0; /', K 2,2• 

2 Et.~ V0 = 40 MaB 
t/a 1/a 

R 0 = 1,27· (A 1 +A~ ) •f 

(9) 

. (1 0) 

(II ) 

OpH Bbreone ~opMynbl ( 11) 6brno npoeeneuo npH6nH~eHHoe c y MMHpoeaHBe no npoex-

nHsrM n epenaeaeMor o MOMeHTa H no 

Oepewe llBa qneHa, CT OHIUHe B KBanpaTHbiX CK06KaX ~pMynbl ( 11 ), COOTBeT CTBYJOT 

BKnany, o6yCnOBn eHHOMy KynOHOBCKHM M9XBHH3MOM B036y l!<ll eHR H, a Tp eTHI - smepHbiM 

M9X8HH3MOM. 

4. Pac cMOTpHM Tenepb eonpoc o c ooTeeTCTBHH Ky noHoBcKor o a anepu oro MeXBHH3MOB 

B036Y~ll9HHH, 0HO ~aKTHqeCKH onpenen sreTCH B3aHMHOli Be nHqHHOli ne pBbiX llBYX R Tp&Tbero 

qneHa B ~OpMynl.· ( II ) , 

6 

Ha pac, 1 npencTa eneHbi pe 3ynhTaTbi pac'le TOB cor n aCHO aToii tj>opMy 

a6cuac c oTnO*eHbl A I - MBCCbl ycKo p sre MbiX smep, DO OCll OPllHHaT - BKJ 

Hbili Kyn oHOBCKHM MexaHH3MOM eo36y~neHH H ( e %) • Pa3nHqHble KPHBbie c 

pB3HbiM no Macce anpaM-MHilleHRM Ni ~ , So 118 , Pb 
208 

, P acqeTbi Bhi 

aHeprHH 10 Mae/ayxnoH ( na6opaTOpHaR CHCTeMa ), 

M3 pHC, 1 BHUHO, qTo npH 60M6apnHpOBK9 srnep C MaCCOfl, npeBbi illaiO 
<0 

HOilBMH At BKnB!l KynOilOBCKOrO MeXa HH3Ma B036y~.U9HHH HBnHaTCH DO! 

yMeHblllaeTcR npH nepexone K 6onee nerKilM HOHaM. T aK, npH pacce sruHH 
12 alB 

Oil paeell a 50% . OnHBKO B cnyqae pacceRHI! R c + Pb Oil OCTa&TCR I 

6onblllHM i: 90%. KpHBble nponon~eHbi no A 1 = 4 , T,e, eKniO'Iell cny qall> 

qaCTHU, 0 0CKOnbKY Mbl orpaHHqReaeMC R cpaBilHTenbll ;) Bb!COKHMH 3Heprnmv 

BBHHe KBB3HKn aCCHqeCKOrO npHOnH~9HHH H nnH a -t:J:BCTH!l. SIB n HeTCSl Ori] 

p HC , I cnenyeT, qTo npH pacceRHRH nerKHX HOHOB n onaen RIDWH M RBnReTc sr 

Hli3M B036ylKU9 HHR, 

Kax 6brnO yrta3aHO Bblllle, BbJqHcneHHe KPHBb!X. npencTaeneHHbi X Ha r 

n poeeneHo e np116nn~eHHH cHnbHO n ornoma romero noTeHuaana , T,e, npu on 

MBTpllqHOrO 3n9M9HTa npRHHManBCb BO BHHMOHBe TOnbKO MHHMOR 'IBCTb SU 

HenocpencTeeHHbie BblqocneHHSI noKa3biBBIOT, qTo y 'leT neAcTBRTenbHOll qa 

~a3 He BHOCHT CyiUeCTB9HHbiX H3M9H9HHli B pe3ynbTBTbl ( H3M9H9HH9 BKnat 

MexaHR3Ma He npeebllllaeT I 0-20 % ), 

AHanorHqHble pacqeTb; 6brnH npoeeneHbl H nnsr E3-nepexonoe. Pe3y 

Ha p uc . 2, B aTo M cnyqae KpRBbie c MeHbllleA TO'IHOCTbiO oTpa~llroT peam 

noCKOnbKY npa Bbl qncneHHH npalllnOCb eocnonb30BBTbCH 6onee rpy6b1 M yep 

pH'IHbiX aneMell1'0B, COOTB9TCTBYIOIUHX pa3nHqHbiM npoe KUHHM nepenaeaeMO 

003TOMY nonyqeHH09 COOTH01ll9HII9 M9~llY M9XBilH3MBMH B036y>KU9HHH nnH 

srensreTCB npH6na~eHHbiM, Mbr BHllRM ,qTo na>Ke npa p acce srHHH Ar '
0 

Ha T 

Pb :ros xynoHOBCKHA MexaHH3M naeT TOnbKO IIOnOBHHY atj>tj>eKTa, B cnyqa< 

OH COCTaen ReT 20%, 0pH pacCeRHHH HOHOB Ha 6onee nerKHX srnpax BKnan 

M9XaHH3MB COCTBBnReT = 90% , 

5 , Oepel!neM Tenepb K CpBBH9HHIO nonyqeHHbiX pe3ynbTaTOB C 9KCD9 

naHKbi MH . Tax.Hx .o.aHHhiX H MeeTcH noKa HeMHoro. 

' 8 pa6oTe /
9 / H3Y'I9HO Heynpyroe pacceRHHe HOHOB o 16 

( E =166 na6 

C B03i5y lKUeHHeM pOTauaoHHoro ypoBHR 136 K3B, OpoeeneHHble e aToll "' 

a¢¢eKTa no Teopan KynoHOBCKoro eo36y>KneHHR npaeena K xopollleMy corn 

MH n aHHblMI!, C TO'IKH 3peHHH HaCTOBIUell pa60Tbl 3TOT tj>aKT npencTaensre· 

llb!M ( CM, pUC, ! ) - KynOHOBCKHli M9XaHI!3M non~eH n aeaTb ~ 9 0% 3¢tj>eK· 

7 



TaT, HccneaoeaHHe Heynpyroro pacceRHHR nerKHX uaep, npoeeaeHHoe· CaqnepoM, 

neM H llpHCKo
17 1

, 

9HHMIMH 

noKaaana, 'ITO TaKaH oneuKa uennoxo cornacyeTcH c pacqeTaMa, 

Ha HCnOUb30BaHHH HCKa*BHHWX BOl!HOBWX ~YHKUHA, 

{nH Bbl'IHCl!BHHR MaTpH'IHOro 3l!BMBHTa (8) npeanOl!O*HM, 'ITO OCHOBHOA Bkl!Ba 

IBl!BH npOH3BOaHOII OT MHHMOl! 'laCTH 
Raepuoll <jlaaw, T,e, npHMeM npu6nu*euue CHUb

nomaJOmero noTeHnuana. 3To npu6nu*eHHe a ocaoeaoM npaBHUbHo nepeaaeT oco6ea-

paCCBS!HHSI Cl!O*Hb!X Raep H BBCbMa yao6HO anSI HaWHX Uenell, 

18 / CHOBbiBaRCb Ha peaynbTaTaX aaanuaa 3KCnepHMBHTOB n o ynpyrOMY paCCBSIHHIO >mep 

IHa'IBHUSIX 3TOl! pa60Tbl), nonyqaeM 

M ee = E· j_ [~bin e - e 1 1 = E • 
ae ek_£ 1 

b 

2(f -f1) 

1,5 , a Bb160p f 1 CBR3all C YCl!OBHBM 7J f = 0 npu e < f 1 

non&aySI onpeaeneaue 18 / 
TJe 

f '·· 7J e = L< - e 1 11 < e k - e 
1 
1 1 

~~ (a) ~SI (7) H (9) anSI Mlf (.\= 2) H Mff , anSI fE
2 nony'IHM: 

'2 ( 7J, 0) ~ [(1 - .!.!. )(2 
25fk2 fk 

2 .&... :l 2 .!!1..) +.4(2 -~+ ~) + 
fk 3lk 4f: 

+ 

2 2 
25t, R 0 1

, 
f 4 2 2(1 - _! ) • 7J 2 • R 

2 
• k 

fkl 

k = (p' 2 - 27Jp') li , p ' = k( R o + !l ) , t 1 = 
-li 2 2 li. 

p [( p - l )fk -1} 1 • 

2 
~o · 
2 E!l 2 ' 

tl-2,2· V0 = 40 M s 11 
t/a 1/a 

R 0 = 1,27•( A
1 

+A
2 

)·f 

(9) 

• ( 10) 

(II ) 

ble oae ~opMynhr (II) 6bmo npoeeaea o np u6na *euuoe cyMMHpoeaHBe no npoex-

3Ba e Mor o MOMBHTa B n o 

~ a sa qneHa, cTO!UIIHe a KeaapaTHbiX cKo6Kax <j>op Mynhl (II), c ooTeeTc TeyiOT 

:n oen eHHOMy KynOHOBCKBM MeXaBH3MOM B036Y*aBHHR
0 

a TpeTBII - RaBpHWM 

'MOTpHM Tenepb BOnpoc 0 COOTBBTCTBBH kYl!OHOBCKOro B Raepaoro MBX4HH3MOB 

Oao ~akTH'tecKu onpeuen aeTc H B3aBMHOA eenH'IHHol! nepeblx ueyx H TpeT&ero 

( II ) . yne 

6 

Ha puc. I npencTaeneHbl p eayn&TaTbl pac'IBTOB cor n acHO 3TOH Q>opMyne. n o ocn 

a6cuucc oTno~eHw A 1 - MaCCb1 YCKOp HBMb1X Sl,ll9p , no OCH op n HHaT - BKl!Aa, o 6y cnoeneH-

HbiH xynOHOBCXHM M9X8HH3MOM B036Y>Kll9 H H fl ( a % )~ 

pa3Hb1M no Macce HUPBM-MHWeHRM Ni ~ , So 118 
, 

3HeprHH 10 M3BIHyKnoH (na6opaTOp HaH c u cTeMa ) . 

Pa3nH'IHhle KpHBbie OT H OC HT C.St K 

Pb208 • Pacqe T hi B hinonHeHhi n nH 

113 pRe, I BHnHo, 'ITO npu 6oM6apuupoeKe Sl,llep c Maccoir, npeBhl lllBJOIUeli Macey Ni ~· 
40 

H0118MH Ar sxnaJl xynouoacKoro Mexa HH3Ma B03 6y)K.ueHHSJ ganneTCSI noaaanHIOIUHM. O H 

yMeH&lllaeTCSI npu nepexone K 6onee nerKHM HOHaM, T aK, npH p acce HHHH C 
12 

+ Ni
58 

12 208 
OH paeeH = 50%, 0 nH&KO B cnyqae pacceHHI! ll C +Pb OR OCTaeTCH BCB e !Ue O'IBHb 

6on&lllHM ~ 90%, KpHBbre npouomKeHhi no A 1 = 4 , T.e. eKnJO'IeH cny qai! pacceSIHH R a -

qacTHU, f!OCKOnbKY Mb1 orp&HH'IUBaeMC SI cpaBHHTenbH C> BblCOKU MU 3Hepr11SIMU, TO HCnOn&3o-

B&HHe KDa3HKn 8CCB'IeCKOrO np HOnH*eHHSI H anSI a -qac TI!ll SIBnSieTcSI onpasn a HHb1M, Ha 

puc, I cnenyeT, 'ITO npu pacCBSIHHU nerKHX UOHOD n oaaBnR10IUHM SIBnSieTCSI RaepHb1l! Mexa

HU3M B036y*UeHHll, 

KaK 6 b!UO yKa aaao Bb1llle, Bht'lucneaue KpHBbiX, npeacTaeneHHbtX ua puc. I, 6b1no 

n poeeaeuo n npu6nu*eHHH cunbHO nornomaJOmero noTeHnuana , T,e. npn oneHKe RaepHoro 

M8TpU'IHOrO 9n9MBHTB npHHUManacb BO BHUMBHUe TOl!bKO MUUMBSI 'IBCTb Sl,llepHblX <jlaa, 

HenocpencTeeHHhle Bhi'IHcneHH>I noKa3btBaJOT, 'ITO y'leT nel!cTBUTen&uol! qacTH Sl.llepHb1X 

<jlaa He BHOCUT cymecTBBHHb!X H3MeHeHHl! B peaynbT8Tbl (U3MeHeHUe BKl!B.!lB OT Sl.!lBpHoro 

M9X8HU3M8 He npeBbllU&eT I Q-20% ), 

A uanor H'IHbie p ac'leTb: 6hmu npoeeaeHhi u anSI E3-nepexonoe. Pe3yn&TaTb1 naHbt 

aa puc. 2 . B 3TOM cnyqae KpUBbie c Men& meA TO'IHOcTbJO OTPB*'IIOT peanbHYJO cuTyalluJO, 

nOCKOI!bKY npH Bbl'IHCneHUU n pHwnOcb BOCIIOnb30B8TbCSI 6onee r py6b1M ycpeuueHHeM MST-

pH'IHblX 9UeMeHTOB, COOTBeTCTBYIOlUUX paanH'IHhlM npoeKUHSIM rrepeaSB8 9MOrO MOMeHTB, 

f!03TOMY rr~y'leHHOe COOTHOlllBHHB Me*UY MeXBHU3M&MU B036y*neHUSI anSI E3-nepeXOilOB, 

SIBHSieTca npu6nH*eHHhiM. Mbi BUAHM,'ITO aa*e npu pacceSIHHU Ar 
40 

ua TmKenoM Sl.llpe 

Pb 
208 

KynouoecKHI! MexauuaM aaeT TonbKO nonoeuuy 3~<jleKTa, B cnyqae *e C 
12+ Pb 

208 

ou cocTaBnSieT 20%. r!pu pacceSIHHH UOHOB ua 6onee nerKux Slllpax &Knan OT Slllepuoro 

MBX8HU3MB COCTaBnl!BT = 90%, 

5 , flepel!aeM Terrepb K Cp BBHeHHIO norry'IBHHbiX peaynbTBTOB C 9KCnepHMeHT8nbHblMU 

naHHhtMu , TaKux n aHBbtX HMeeTCSI noKa HeMuoro. 

/9/ 16 18! 
· B pa6oTe uayqeuo Heynpyroe paccesJHue uouoe 0 ( E na

6
=166 Mse) ua Ta 

C D03oy lKUeHUeM pOTBUUOHHOrO ypOBHSI 136 K3B, flpoeeaeHHbte B 3TOH *e pa60Te OUeHKU 

3~eKTa 110 TeOpHB KynOHOBCKOrO B036y*UeHUSI 1tpHB9liU K XOpOWBMY cornaCHIO C OnhiTHb1-

MU aaHHbi MU, C TO'IKH apeHUSI HBCTOSI!Uel! pa60Tbl 3TOT ~BKT npeUCTBBIISIBTCSI 9CT9CTBeH

I!b1M (eM. puc. I) - KynouoecKuA MexauuaM aon*eH naeaTb ~ 90% 3<jxpeKTB . CpaBHUTen&HO 

7 
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~ 

He)laeuo BouroM H MaK- 11HTallpoM
1101 

Ob!ITO HCCIT9AOeBHO Heynpyroe pac<;:eHHHe HOHOB 
12 20s 

C (Enao = 126 Mae) ua Pb 

H 3 - - COCTOSIHHSI ( - 2 ,7 Mae) e 

C e030YlKJl9HH9 M 2+ - COCTOSIHHSI e C
12 

(-4,43 Mae) 
20 8 

Pb 

nocKon b KY npa eoaoylKJleHHH 2+ - cocTOHHHH c or n acuo oocylKJlBeMoll KBpTHHe n o)laenu

IOWHII BKnBJl Jl0fllK9H JlBeBTb KYITOHOBCKHII M9XBHH3M eoaoylKJl9HHSI, TO Cpa eHeHBe aKcnepB-

M9HTBITbHbiX JlBHHhiX c Teopuell npoeeCTU H9TPYllHO, B (E2) )lnH yKaaauuoro nepeXOJlB 

Ohtno U3Mepeuo ueaaeucuMo H oKaaanocb paeabiM B(E2) = 0,009 e 2 (6apu)
2 141

• , Boc-

nonbaoeaeliiUCb oohi'lHhiM eapuaHTOM Teopuu KynouoecKoro eoaoylKAeHHH H ehloHpaSI yron 

paCC9SIHHSI () = 30° ( ()k = 35 G ·> ()), AnSI llB<jMpepeHilHBllbHOrO C9'19HHSI nony'IHM 56 MOfCTepBA, 

3xcnepHMeHTBnbHOe 3Ha'leHBe <-£fr>lbs~050 - 60 Mo/cTepaJl , TaKHM o6pa30M, ehiBOJl o pons 

KynoHOBCKoro M9X8HB3MB B aTOM cny'lae flO)lTB9plKJl8 9TCH, 

- p 208 2 S / 11 I 
A uanorH'lHbte oneHKH JlnSI 3 ypoeHH e b c ucnollb3oeaHBeM B(E3)= 0 ,54 e (oap a ) 

JlBIOT (E.£.)() 0 = 8 Mo/ CTepaA, B TO ep9MSI KBK aKCnepBM9HT8llbH09 3H8'19HH9 
d!l =so 

(~ )11=!00 = 3 0 MolcTepaJl, Cne)loeaTenbHo, ocuoeHbiM MexaHH3MOM eoaoylKJleHHH smnueTCH 

Slll9pUbiii, 3TOT ebieO)l nOnHOCTbiO cornacyeTCSI C Jl8HHbiMU pUC, 2, U3 KOTOporo Cne)lyeT > 

'ITO eKnBJl OT SIA9pHoro M9X8HU3U8 AOnlKeH 6biTb e UeCKOnbKO pa3 00llblll9 KynoHOeCKoro, 

/1/ 
nony'JeHHhie 3)l9Cb H e paooTe P9·'3YnbT8Tbl noaeonHIOT CYJlUTb JlOCT8TO'IHO onpe-

AeneHHO 0 COCTHOlii9HHH BKnB)lOe OT KynOHOeCKOI'O H Slll9pHOrO M9X8HH3MOe B030YlKJl9HHSI, 

TaK KaK auanua npoee)leu )lnH )leyx Kpalluux cny'laee: onuo'JaCTB'IHOII H xonneKTHeuoll 

MOAenu Sl)lpa , TO MO>KHO C'IHTBTb, 'ITO OH Cnpaee)lnHe eooome, 

3TH peaynbTBThi MoryT obiTb none3HbiMU JlnH BHTepnpeTaUHH aKcnepHM9HT81IbHhiX 

JlBHHbiX, B 'IBCTHOCTU, ebi6Hp8H JlOCTBTO'lHO TSI>K9ITblll UOH ebiCOKOII aHeprUH, MOlKHO C XOp o

lll911 TO'IHOCTbiO onpe)lenl!Tb e enH'IUHY B(E2) (npH 3T6M C9'19HH9 OK83hiea eTCSI )lOeOnbHO 

OOnb liiHM), 

B 3aKn iO'l9HH9 C)lenaeM eme OJlHO 3 BM9'18HBe. npe)lCTaeneHHble pe3ynbT8Thl OhlnH 

nony'leHhi e nepeo M nopl!JlKe no Teopl!H eoaMymeuull , HenocpeJlCTeeuuau oneHKa eenu'IUHhi 
~ 

( eepOHTHOCTb) = )( flOK83bieaeT, 'ITO )ln II eCeX paCCMOTpeHUhiX cny'la ee )( ( () =0 k )=0, 2 << 1, 

3 To oaua qaeT, 'ITO ucnonbaoeauue yKaaauuoro npuonu>KeHHll smn ueTCll enonue aaxoHHhl~ 121 

B cny 'lae ueyn pyroro paccel!HBH npH E = V e , Korna a<P<!>eKTueubtll eKnBJl n a iOT 6om.

l11Ue yrnht , cnpaeennueOCTb n on o6Hhi X p ac 'leTo e uapy lllaeTC H H npouecc ueo6xonHMO pac

CMaTpuea Tb no TeopuH MHOrOKpBTHOrO eoaoylK)leHHH C Y'l9TOM Hll9pHoro M9 XBHH3 M8, 3 T OT 

eonpoc UM9 9T CBMOCTOliT9nbHbiii UHTepeC U Tpe6yeT llOnOnHHT91lbHOrO HCCn e)lOBBHHH, 

8 
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Puc. 1, BKnan {%) KynouoecKoro MexauuaMa e 
aoa6ylKJleHHe KonneKTUeHhill. ypoeuell {.\ = 2 
A

1
- Mai:ca uoua. En80 /A

1 
=10 Mae. 

l o/oe. E3 
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10 

60 

50 
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1
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asao BoaroM H MaK-11aTaApoM / IO/ 6brno accneAosaao aeynpyroe pacceHHHe uouos 
1.1 208 + 12 
I ( Ena6 ~ 126 Mas) Ha Pb C soa6ylKA8HBQM 2 - COCTOSIHBSI S C (-4,43 Mas) 

~8 
- COCTOSIHHSI (-2,7 Mas) S Pb 

nocKOJlbKY npB soa6ylKAQHHH 2+ - COCTOSIHBSI cornaCHO o6cyJKA88MOA K8pTBHe fl0A8SJISI

A sKnaA AOJIJKeH AasaTb KynoaosCKHA MexaHH3M soa6yJKAeHHH, To cpasueaae a&cnepa-

T8JlbHbiX ABHHbiX c TeopaeA nposecTH HeTpyABo. B(E2) AJIH yKaaaaaoro nepexona 

I 2 2 141. 10 H3Mepeao ueaasHCHMO H oKaaanocb pasHbtM B(E2) • 0,000 e (6apa) • Boc-

;.aoaaawucb o6bi'IHbiM sapuaaTOM TeopHH KynouoacKoro soa6yJKneHHH H sbl6upaH yron 

:eHHHSI 0 = 30° ( Ok • 35° > 0), AJl!l AH<!><I>epeHilH811bROrO CQ'IQHH!! llOJIY'IHM 56 M6/CTepaA, 

nepaMeHTaflbaoe aaa'leuae <-£frlt:l=
8

; 050 - 60 M6/cTep aA . TaKHM o6paaoM, SbiBOA o ponu 

IHOBCKOrO M8X8HH3M8 S aTOM CJiy'lae fl0ATS9pJKA88TCSI, 

- p ~8 2 3 /11 I AaanorH'IHbie OllQHKH AJlSI 3 ypOBH!I B D C HCll011b30B8HB9M B(E3)=0,54 e (6apa) 

~ (~ ) 0 0 ~ 8 M6/ CTepaA, S TO Sp9MSI Kalt aKcnepHMQHT811bR09 3H8'18HH9 dfl = 30 

1.!00 •30 M61cTepaA. CneAOSaTenbHO, ocaosRbiM MeXaHH3MOM soaelyJKAeHHH lD!JIHeTCH 

~bill, 3TOT SbiSOA flOJlHOCTbiO CornacyeTC!I C A8HHbiMH pHC, 2, H3 KOToporo CJieAyeT > 

SKJ18A OT SIA9pHOrO M9X8HH3U8 AOIDKQR elbiTb S HQCKOflbKO paa 0011bWe JtYJIOHOSCKOro, 

/ I / 
nony'I9HHbie 3AQCb H S paooTe pe'3yflbT8Tbi ll03SOJISIIOT CYAHTb AOCT8TO'IHO onp e-

IHO 0 COOTHOWQHHH SKJ18AOS OT KYJIOHOSCKOro H SIA9pHOrO M9X8HH3MOS S030YJKAQHHSI, 

K8K aaanua nposeneu n nH n s y x Kpal!aux cny'laes: OAHO'IacTH'IHOI! a KonneKTHs uol! 

1H HApa, To MOlKHO C'IHT8Tb, 'ITO oa c npasen nas sooe>me. 

3TH peayJ1bT8Tbl MoryT 6b!Tb none3Hb!MH AJl!l BHTepnpeT81lHH aKCnepHM9HT81IbHbi X 

IX, 8 '18CTHOCTH, SbielHp8SI AOCT8TO'IHO TSilKQJibiJI HOH Sb!COKOI! aueprHH, MOlKHO C XOpo

'O'IHOCTbiO onpeneJISITb SQJIH'IHHY B(E2) (npH aTOM CQ'19HHe OK83b!S89TCSI AOSOflbH O 

!HM), 

B 38KJIIO'IQHHQ CAenaeM ewe OD HO 38Me'I8HHe. npeACTasneHHbie pe3yJ1bT8Tbl 6hiJlH 

3Hhi s nepsoM nopHnKe n o Teopu11 soaMymeaal! , HenocpeACTseaaag OlleHita senH'IHHbr 
11 

;rraocTb) = x noKaabrsaeT, 'ITO nnH scex paccMoTpeaHbiX cny'laes x<O~Ok )=0,2<< 1. 

3Ha'laeT, 'ITO acnonbaosaaue yitaaaaaoro npa6naJKeHHH HBJIHeTc" snonue aaKOHHbl~ 121 

} cnyqae Heynpyroro paCCQSIHHSI npH E • V s , KOrA8 acW>eKTHSHb!l! SKJ18A A810T OOIIb

'Jlbl, cnpasennusocTh non o6abrx pac'leTos uapywaeTCH H npotlecc ueooxonaMo pac

rsaTb UO TeopHH MHOrOitpaTHOrO S036yJKA9HHSI C Y'I9TOM SIA9pHOro M9X8HH3M8, 3TOT 

HM9QT C8MOCTO!ITQJlbHb!l! HHTepeC H Tpe6yeT A0llOJlHHT911bHOrO HCCJ19AOS8HHSI, 

8 

100 1 % lhu... G'noM 

~· 
80 

10 

;;o 

50 

ItO 

.lO 

20 

10 

... 

Pac. I, 

,,,,%e 
lO 

10 

10 

60 

JO 

"' 

E2 
~:::::::::============::--- Pb'OI Sn"' 

------- Ni'
1 

~;j0M8/t<Y" 
A, 

rz 18 10 11 II l t li \0 A1 

c" o" "'"' Pud 

BKnan (% ) Kyn oa oscKoro MexaaH3Ma s 
aoa6yJKAeuae Kon neKTHsHbrll. y p osuel! ( .\ = 2 ). 
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E3 
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12 
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