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11syqeaHe aneMeHTapHoro aKTa saxaaTa p. -MesoHa npoToHoM He .Qa-

eT HC'IepiibiB8JOllle:l!: HH«flOpMaUHH 0 KOHCTaHTaX MJOOH-liyKnOHHOI'O B38HMO.Qe:l!:

CTBHH, B CBH3H C 9THM B03HHKaeT He06XO.QHMOCTb nony'!eHHH .QOnonHHTenb-

HOH HH«flopMaUHH H3 OnbiTOB no 38XB8Ty /b" -Me30HOB CnOlKHbiMH H.QpaMHo 

B nocne.QHee speMR aKcnepHMeHTaTopbi npo.smnHJOT 6onbwo:l!: HHTepec K rrap

/1,2/ 
UHanbHOMY nepexo.Qy 

- II II 
p. + B -+ Be +V , { 1) 

3 KOTopoM sos6ylK.QaeTt::R YP,OBeHb J 11 
= l /2- ( E * = 320 Kaa) .II.Qpa 

11 
Be • 

i1HTepec K HeMy o6yCIIOBneH TeM «flaKTOM1 'ITO COCTOHHHe l/2- RBnReTCH 

II 
eAI!HCTBeHHbiM CB513aHHbiM B H!lpe Be, H noaToMy TaKo:l!: nepexo.Q nerKo Bbl-

AenHTb, 0AH8KO rrpelK.Qe '19M H3BneKaTb H3 pesynbT8TOB TaKOI'O 9KCnepHMeH

Ta HH«flopMaUHJO 0 MJOOH-ayKnOHHOM B381!MO.QeHCTBI!H, He06XO.QHMO npoaHanH-

3HpOB8Tb B03MOlKHOCTH TeopeTH'IeCKOI'O OnHC8HH51 YK838HHOI'O nepeXO.Qa, 

3TOMy BOnpocy H nOCBRWeHa H8CT0Hlll8H pa50Ta, 

II 
CrrHH OCHOBHoro cocTO.IIHHH .II.Qpa B paaeH J 

1 
=3/2. IToaToMy Meso-

aTOMbi 
11 B H8XO.QHTC51 B O.QHOM H3 .QByX COCTOSIHHH CBepXTOHKOH CTpyKTy-

phi: F-t. = J I ±.1 I 2 • ITepsoHa'!anbHOe saceneHHe ypoaHe:l!: HapywaeTC.II 

H3-3a KOHBepCHH BHyTpH CBepXTOHKOI'O .Qy5neTa, 

ITpH HccneAOBaHHI! yKasaaaoro nepexoAa rrpeAcTaBnHJOT HHTepec cne

!IYJOlllHe XapaKTepHCTHKI! : 
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A, Bepo.HTHOCTb napuHanbaoro nepexoJla W ( t) 

W ( t ) = W + ~ 0 
exp ( - R t ) + W _ (1 - p 0 exp ( - R t )) , (2) 

rile R - CKopocTb KOHaepcHH BHYTPH caepxTOHKoro Jly6neTa, a p 0 

0 Jt + 1 nepaoaa'lanbaoe sacenea:He coCTO.HHH.H F • npH p = ---=5/8 H 
+ 2jl +1 

R =0 HMeeM cTaTHCTH'IeCKoe sacenea:He 

5 3 
W =-W +-W 

CTaT, 8 + 8 - (3) 

B. 0Taowea:He aepoHTHOCTH saxaa Ta W + HS COCTOHHH.H F + K Be-

po.HTHOCTH saxaaTa W 113 COCTO.HHH.H F 

TJ = w+ ;w _ . (4) 

B, ACHMMeTpHH .HJlpa 0Til8'1H OTHOCHTenbHO BeKTOpa rrOn.HpH38UHH /l-

MeSOHOB 

w ( (J ) - 1 + c (t ) cos (J • (5) 
I'lle (J eCTb yron Me*llY HMrrynbCOM .Hilpa 0Til8'1H H Harrpaanea:HeM CIIHHa 

1-L -Mesoaa, EcnH UHpKyn.srpHa.sr nonHpHsauH.sr Y -KBaHToa, HcnycKaeMbiX 

II /3/ 
HllPOM Be , He perHCTpHpyeTc.sr, To yKaSaHHa.H Koppen.HUH.H .HBn.HeTc.H 

eJlHHc~ea:Ho aosMo*aoa a aToM nepexo,lle, Koa<jJ<jJHuHeHT aCHMMeTpHH .HJlpa 

OTJl8'1H HMeeT BHJl 

8 o I o 1 o 
C(t )W(t)=-p A exp(-Rt)D+4[-0-p )A_+-p .\+0-exp(-Rt)]E, 

25 + 3 5 

I'lle A -± - napaMeTpbi, onpe,llen.sriDwHe non.srpH3aUHID MeaoaToMa a coc

TO.HHH.HX caepXTOHKOH crpyKTYPbi, BenH'IHHbi D , E , W H W Bbtpa*a-
+ -

IDTC.H 'lepes KOM6HH8UHH KOHCTSHT B38HMOJleHCTBH.H H .H,IlepHblX MaTpH'IHb!X 

aneMeHTOB qepes aenH'IHHbi 1-L ) k ) 

1 - - - 2 
D = -l3y'5 1-L (2)- y'3 1-L (2)- 4y'2 1-L (-3) I F 

10 I 2 2 (6) 

4 

,;1 

,, 
I 
I 

E = i l4v'21l 1 (-1) + !l 1 (2) + v'l5!l
2
(2) 12 F 

I 2 2 -
W + = W 115 1-L ~ (2) + ll 2 (2) + I61l 2 (-3)- 2 v' 15 ll

1 
(2) ll

2 
(2) I F 

I 2 2 2 -
W _ = () l161l1 (-I) +!l1 (2)+ I51l 2 (2) + 2 y'I5!l

1
(2)1l

2 
(2) IF , 

(7) 

I'lle 

8 z 4 
F = 2( a Z m ) q2 ( ~) 

1-L z . (8) 

BenH'IHHbi 1-L ( k) 
u .HBn.HIDTCH ¢yHKUHHMH KOHCT8HT B38HMOJleHCTBH.H H .H,Ilep

/4/ 
HbiX MaTpH'IHbiX aneMeHTOB H onpeJleneHbi a pa6oTe • EcnH npeHe6pe'lb 

BCeMH IIOIIpaBO'IHblMH MBTpH'IHbiMH aneMeHTSMH (eM, KnaCCHqlHK8UHID, HarrpH 
14/ 

Mep, a pa6oTe ) , TOI'Jla 

?. /<t 
!L 1 (2) = -~ G [ 10I ] , 

9 p 

21 
1-L (-1 ) = v'- (- G - G ) [ 10I ]. 

I 3 3 p A 

!' 

(9) 

3,1leCb [ 101 ] - raMoa-rennepoaCKHH MaTpH'IHbiH aneMeHT, a Gp H 'GA -

KOM6HH8UHH KOHCTSHT MIDOH-HyKnOHHOI'O B38HMOJleHCTBH.H. 0cTanbHble /l (k) 
u 

B aTOM IIpH6nH*eHHH paBHbi HyniD. BKnall or6poweHHbiX MaTpH'IHbiX aneMeH-

TOB IIOp.HJlKa 10% OT OCHOBHOI'O [ 101) , noaToMy B 9TOM cny'lae, KOI'Jl8 

Heo6XOJlHMO HSBneKaTb HH<jJOpMSUHID 0 KOHCT8HT8X MIDOH-HyKnOHHOI'O B38HM.0' 

JleHCTBH.H C 6onbWOH TO'IHOCTbiD,HX BKna,llOM rrpeHe6peraTb HenbS.H, 

.lln.H paC'IeTa HJlepHbiX Ma TpH'IHbiX aneMeHTOB HCIIOnbSOBanaCb MO,Ilenb 
/5/ 

o6ono'!eK , Bbi'IHcneHHH nposeJleHbi Jln.H llBYX cny'laea - a npoMe:x<yTo'l-
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HOH CBSI3H H B rrpeJlenbHOM cnyqae j- j - CBSI3H JlnSJ HnmocTpaUHH 'lyB

CTBHTenbHOCTH pesynbTBTOB K IIapaMeTpaM HCIIOnbsyeMOH MOJlenH, 

PesynbTBTbl paC'I~TOB BepOSITHOCTH IIepeXOJlOB H3 COCTOSIHHH CBepXTOH

KOH cTpyKTYPhi rrpH cTaTHCTH'IeCKOM saceneHHH H BpeMeHHOH 3BBHCHMOCTH 

BepOSITHOCTH IIpHBeJleHbl Ha pHC, 1 H B Ta6nHUe 1, noll IIpH6nH)I{9HHeM [ 101) 

IIOHHM89TCSI IIpH6nH)I{9HHe, KOrJla OCTaBneH TOnbKO 9TOT MaTpH'IHhiA aneMeHT, 

rrpH'I~M caM OH paCC'IHTBH B MOJlenH IIpOMe)l{yTO'IHOil: CBSI3H, 

KaK cneJlyeT H3 rrpHBeJleHHhiX JlBHHhiX, aepOSITHOCTH rrepeXOJlOB JlOBOnb

HO KpHTH'IHbl K rrapaMeTpaM MOJlenH, 0JlHBKO IIpH OIITHManbHbiX 3H8'19HHSIX 

rrapaMeTpOB MOJlenH IIpOMe)l{yTO'IHOA CBSI3H rronyqeHHhie 3H8'19HHSI 

/1/ 
xopomo cornacyiOTCSI c aKcrrepHMeHTanbHhiM 

w =1000 + 100 
9KCII, 

-1 
CeK. 

w 
CTaT, 

( 10) 

B 9TOH CBSI3H B8)1{H0 IIpOB9CTH CpaBH9HHe TeopeTH'I9CKOrO H 9KCI1epH

M9HTanbHOrO 3Ha'leHHSJ aenH'IHHhi B(M1;1/2-,3/2-+3/2-,1/2) B SIJlpe 11 8 
/5/ /6/ 

Pac'leT JlBeT JlnSI Hee 3H8'19HHe 3,66, 9KCIIepHMeHT 11,81;!:.30%. no-

BHJlHMOMy, JlnSJ 0JlH03HB'IHOrO BblB?llB )l{enaTenbHO IIpOB9CTH H3MepeHHe C 

6onblll9H TO'IHOCTbiO, 

p aCCMOTpHM Terrepb BenH'IHHY w+ I w- • B rrpH6nH)I{9HHH [ 101] OHa 

B006llle He 38BHCHT OT MaTpH'IHhiX aneMeHTOB, 0JlHBKO IIOIIpBBO'IHhie MBTpH'I-

Hhle aneMeHTbl 3Jl9Cb 0'19Hb B8)1{Hbi, T,K, B W + rnaBHbiH MBTpH'IHbiH ane-
/4/ 

M9HT IIOJlaBneH H3-38 ManoH BenH'IHHbi KOHCTSHTbl B38HMOJlei!:cTBHSI , 'ITO 

H BHJlHO IIpH cpaBH9HHH CTOn6UOB 10 H 14 Ta6n, 1, 

npH H3y'leHHH SCHMMeTpHH SJJlep OTJlS'IH, KSK cneJlyeT H3 <iJopMynhi 

{4), He06XOJlHMO 3HSHHe IIapaMeTpOB ,\ ± , xapaKTepH3YIOlllHX rronSJpH3a-

UHIO M9308TOMa (HnH OCTSTO'IHYIO IIOnS1pH38UHIO /l -Me30Ha Ha K -op6H-

/7/ 
Te) • 3TH BenH'IHHbl 6btnH paCC'IHTBHbl B pa6oTe B paMKSX KBCKSllHOrO 

M9XSHH3Ma ll9IIOnS1pH38UHH /l -M930Ha, IIpHHHMBSI BO BHHMBHHe CBepXTOH

KOe pacmerrneHHe B036y)I{Jl9HHbiX ypOBH9H M9308TOMa. 0JlH8KO, KSK cneJlyeT 

6 

~ , 

~ 
-:;5 
~ 

3000 

1000 

0 

\V-. nfJoM. cfu, 

P
0 = 0,8 

~ 

\.v' "PPOoo. c l'IJ6 

i,6 2.,1( Rt 
PHc. I. Bepo~l'HOCl'b aaxsara W(t) , paCC'iHl'aHHag no ljlOpMyne (21 B MOAenH npoMe>Kyl'O'<-

Holl cagaH, 
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171 
H3 1 Ha BenH'IHHbi A ± CHnbHO BnHReT pacrrpeaeneHHe rro opoHTanbHo-

MY MOMeHTy ypoBHR rrocaaKH p. -Me30H8. ll OSTOMY HBHoonee Haae)I(Hb!M 

obmo Obi Hcrronb30BBHHe aKcrrepHMeHTanbHbiX 3Ha'leHHA ,\ t 

,\ t. 

(P +) 

CBR38Hbl C OCTaTO'IHOH rronRpH38UHeA p. -Me30Ha Ha 

B COCTORHHRX f + cneayiO!IlHM o6pa30M: 

J I+ l ~;: 
.\ = p+=.JL.P • 

+ 2J + l 8 + 

,\ 

I 

Jl 
=-- ---P 3 

2 
=--P 

J+l- 4 -· 
I 

• BenH'IHHhi 

K -opoHTe 

(11) 

/2/ 
J1cnonb3YR 3KCITepHMeHT8nbHhie 3H8'1eHHR 

x/ 
p+ , npHBeaeHHhie B , rro-

ny'IHM 3KCITe 

,\ = 0,04 + 0,004 • 
+ 

3KCIT. 

,\ = 0,006 ! 0,007 • (12) 

3KCIT. 

3KCITepHMeHTBnbHhle OlliHOKH A t BHOCRT 3H8'1HTenbHYIO Heorrpeae-

neHHOCTb B pac'leTHhie 3Ha'leHHR C ( t) • B Taon. 2 aaHhi 3Ha'leHHR C ( t=O) 

0 5 -1 
H C(t=7MKceK),pacc'IH.TaHHbie npH p =5/8, R =3,1•10 ceK HA+ =0,04, 

A_ =0,006. KaK BHaHo, H B H8'18nbHbiH MOMeHT BpeMeHH ( t =0) H nocne 

3aBepmeHHR KOHBepCHH Ha K -opOHTe (rrpaKTH'IeCKH ITPH t =7 MKCeK) 

K03~~HUHeHT 8CHMMeTpHH BeCbM8 cnaoo 38BHCHT OT KOHCT8HT MIOOH-HyKnOH

Horo B3BHMoaeAcTBHR H rrapaMeTpoB RaepaoA MoaenH. TaK 'ITO Ha pHc.2 

Mhi rrpHBeaeM KPHBhie C ( t ) 1 paCC'IHT8HHbl9 nHlilb ITpH HeKOTOpbiX 3H8'1e-

x/ /12/ 
B aaHhi P+ I Po, rae Po - rronRpH3aUHR p. -Me3oHa Ha K -op-

oHTe oeCCITHHo"ioro Rapa 
12

C • BenH'IHH8 p 0 =3a =0,168, rae a -K03~ 
~HUHeHT 8CHMM9TpHH aneKTpOHOB OT pacrraaa p. -Me30HOB. 
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HHgX KOHCT8HT B38HMOaeti:CTBHg H B paMK8X MOaenH 060nO'IeK C rrpoMe*y

TO'IHOti: CBg3biO, KpHBbie pHC, 2 HnniOCTpHpyiOT BnHgHHe, OK83biB8eMOe Ha 

K09$$HUHeHT c ( t) H3MeHeHHeM rrapaMeTpOB A -· p 
0 

H g p • napaMeTp 

A + rrono*eH paBHhiM 0,04; rrpH $HKCHPOBaHHOM 3Ha'IeHHH A_/A + , KaK 

BHaHO H3 (6), C(t)-A+, l1HTepBan H3MeHeHHg A_/At Bbi6paH B COOTBeTcT-

17 
BHH CO 3H8'IeHHgMH ( 11) H C pe3ynbT8TOM pa60Tbl o PHC. 2 IIOK83biBaeT1 

'ITO 8CHMMeTpHg1 IIOMHMO 3H8'IeHHti: rrapaMeTpOB, aOBOnbHO CHnbHO 38BHCHT 

OT HCXOaHOI'O 3aceneHHg ypOBHeti: CBepXTOHKOH CTpyKTypbl p 0 , noaTOMy 

IlpH aeTanbHOM H3y'IeHHH 8CHMMeTpHH gaep OTaa~H ·*enaTenbHO 6onee TO'I-

HOe onpeaeneHHe aTHX BenH'IHH Ha orrhiTe. 3Ha'!eHHg BenH'IHH D H E 

rrpHBeaeHhi B Ta6n. 3. 

8MeCTe C TeM cneayeT o6paTHTb BHHM8HHe Ha T0 1 'ITO 8CHMMeTpHg 

COXpaHgeT 3H8K IIO'ITH IlpH BCeX aorryCTHMbiX 3Ha'IeHHgX orrpeaengiOIDHX ee 

rrapaMeTpOB, \13 <!JopMyn (6) H (7) BHaH01 'ITO OTpHUBTenbHag 8CHMMeTpHg 

B03MO*Ha nHmb rrpH A_< 0 B Te'IeHHe KopoTKoro rrpoMe*YTKa BpeMeHH 

Rt<-A /A 
171 

• CornacHo oueHKaM , rrocneaHee OTHomeHHe Bpga nH 
... - + 

MO*eT rrpeBOCXOaHTb 0,1, 0TCIOaa IipH 
5 -1 

R =3•10 ceK HMeeM t ~0,3 MKCeK, 

npH 9TOM M8KCHM8nbHOe OTpHU8 TenbHOe 3H8'I9HH9 C ( t ) 

IIpH t =Q, COCT8BnHeT BC9I'O OKOnO 1%, 

, aocTHraeMoe 

:' 
3aMeTHM, 'ITO rronO*HT9nbH8H OIIpeaeneHHOCTb 8CHMM9TpHH, KOTOpag 

rrporropUHOHanbHa crrHpanbHOCTH HeiiTpHHO, cneayeT B rrpearrono*eHHH ucnyc

KBHHH neBOI'O HeHTpHHO B peaKUHH p -38XB8Ta, 

npoBeaeHHbiH aHanH3 rrepexoaa IIOK83an, 'ITO pacCMOTpeHHbill: rrepeXOJl 

MO*eT Jl8Tb JlOIIOnHHTenbHYIO HH$OpM8UHIO B cnyqae H3MepeHHH BenH'IHH 

W /W HnH C ( t ) • O.aHaKo ManocTb o6eHx BenH'IHH rrorpe6yeT 6onee 
+ -

TIDaTenbHOI'O HX H3MepeHHg, 

B 3aKniO'IeHHe aBTOpbi BhiPB*BIOT 6naro.aapHOCTb 10. CanraHHKY 

38 IIOMOIDb B 'IHCneHHbiX paC'I~T8X, a TBK*e n, fpeHaKcy 38 coo6meHHe 

rrpeJlBapHTenbHbiX pe3ynbT8TOB H3MepeHHti:, 
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(t) 

0,06 

qo~t 

0,02. 

I 
I 

I 
I 

/ 
/ 

,.,... ----
--

0 I 'I I I f I i I I 

i 2. 
Rt 

-0,02 

PHc. 2, KoaciMIJHuHeHT KoppenBIIHH C( t) , pacC'IHTaHHbiJI: a MoaenH npoMe)I()'TO'IHOJI: CB>I3H npH 
.\ + =(),04, 

1. po-5/8, gp/gAa7 

2, p
0 

• 0,8 , gp/ g A= 7 

3.p
0
-5/8, gplgA=7 

4 • po• 5/8' gp/gA• 7 
0 

5. p -5/8, ~~p/gAaO 

.\ I A = 0,40 
- + 

A_/.\+= 0,15 

.\_/.\+=0,15 

A_/.\+ =-0,10 

.\ _/.\+a-0,10. 
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Ta6maua 3 .f 
3HaqeHHH BenuqHH Jl~ H e KaK ~YHK~H KOHCTaHT B3aHMo~eiCTBHS 

H MO.D:eJIH S)(pa .... ··----T ____ T ____________________ l _____________________ _ 

a7./A ~(~{Jl:-------~~-------~---~--~----~----~---
1 ~ 

---~-~-------~~---~---~--~---~---~---~-----------~~--~----· . . . 1 
I I ·, 

0 5,740 17,87 8193 
4 . 0 69, 82 105,4 7581 
7 164,5 218,9 7139 

12 411,1 499,1 6430 
) 

6567 
6014 
5615 
4981 

-----~1. :----:----;~~~;--------~;:;----J~----~~;~------;~~---· 

. --~- ~--~----~~:~-------~~=~~---- ----~~=------~=---· 

-----=-


