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/1/ . 
B npe/lbI/lymei1: pa6oTe C ycnexoM 6hin npuMeHeH MeTO/l CBSI3aHHbIX 

KaHanoa B 6opHOBCKOM npu6nu>KeHuu (CCBA) 11.nsi onucaHusi 11ei1:TpoHHOI'O 

CpbIBa Ha 11eqiopMHpOBaHHhIX S!/lpax 
24 Mg H 

176 Yb• BonHOBaSI <pyHKUHSI CBSl-

3aHHOI'O COCTOSIHHSI nepe11aHHOI'O Hei1:TpoHa 61,ina pa3nO>KeHa no <pyHKUHS!M 

lliTypMa, KOTOpbie o6pa3y!OT nonHhli1: Ha6op 11nsi nJ06hIX KBa11paTH'IHO HHTe

I'pHpyeMbIX <pyHKUHiI. noaTOMY 0/lHO'laCTH'IHbie BOnHOBhie qiyHKUUU MOI'YT 

6hITb nonr1eHbl C mo6oi1: >KenaeMofi CTenel!b!O TO'IHOCTH. CneAOBaTenhHO, 

TaKHe <pyHKUUH COBMeCTl!O C CCBA cneAyeT npuMeHS!Tb 11nsi onucaHUSI peaK

UUH nepe11a'l Ha Te COCTOSIHUSI 11eqiopMHPOBaHHOI'O Sl/lpa, CBOfiCTBa KOTOpb!X 

CHnbHO 3aBUCSIT OT HH/lHBH/lYanhHbIX CBOi1:CTB 6a3HCHbIX <pyHKUHH H OT qiopMbl 

noTeHuHana B3aHMO/leMCTBUSI. TaKHMH SIBnSIIOTCSI napbl OAHO'laCTH'IHbIX co-

+ + + . + 
CTOSIHHiI 1/2 /660/ H 1/2 /400/, 3/2 /651/ H 3/2 /402/ Sl/lep pe/lK03e-

/2 3/ 
MenbHOfi o6nacTH ' • ne~rnmux 0'10Hb 6nH3KO no 9HepI'HU llPYI' OT 11pyPa 

u HMe!OmHX CHnbHOe CMeIIIHBaHHe KOMnoHeHT ( ti N =±_2 CMeIIIHBaHHe). 8TH 

/4/ 
COCTOSIHHSI Ha6n1011anHCb KaK B ( d. p ), TaK H B ( d. t) peaKUHSIX • 

/5/ 
Bbm ony6nHKOBaH PSl/l pa6oT ' nocssimeHHbIX 11aHHOfi npo6neMe, I'/10 BbI-

'IHCnSinHCb /lH<pqiepeHUHanhHhie Ce'leHHSI nepe/la'l B paMKaX MeTO/la UCKa>KeHHbIX 

/1/ 
BOnH ( [J,fBA ). 011HaKo, KaK 9TO llO/l'lepKHyTo B pa6oTe '11.uqiqiepeH-

UHanbHhie Ce'leHHSI, paCC'IHTaHHbl8 B npu6nu>KeHUU DWBA • He 'IYBCTBH-

TenhHbl K K09!p<pHUH8HTaM CMeIIIHBaHUSI 0/lHO'laCTH'IHOiI sonHOBOiI <jiyHKUHH, 

llOCKOnbKY Y'IUThlBaeTCSI BKna11 TOllbKO 0/1.HOI'O 6asucHOI'O COCTOSIHHSI B aMnnH-
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Tyny nepexona u npeHe6peraeTcH aceMu ocTanbHbIMH (ecnu Hnpo-MuweHb 

HBnHeTCH q{!THbIM). OTc10na HCHO, 'ITO onpeneneHHYIO uml>opMaUHIO O K03<fi-

<fiuuueHTax /'!,. N =+2 CMeWHBaHUH MO)l{HO nony'IHTb npu H3y'leHUH Ce'leHuii -. 
peaKUHii nepena11 c noMOIIIbIO MeTona CCBA. KpoMe Toro, npu aToM cMe

wuaaHue apamaTenbHbIX nonoc, BbI3bIBaeMoe KopuonucoabIM aaauMoneiicTau

eM, Heo6xonuMo uccnenoaaTb oTnenbHo, u6o nnH I'!. ·N =±.2 CMeWaHHbIX co

CTOHHHii a6nuau Kaaaunepece11eHHH nayx ypoaHeii Kopuonucoao aaauMoneiicT-
/6/·· 

BHe MO)KeT CTaHOBUTbCH oco6eHHO Ba)KHbIM • 

ti 1. PeweHue ypaBHeHUH llipenuHrepa C aHU30TPOnllbIM 

noTeHuuanoM CaKcoHa-Bynca c noMOIIIbIO MeTona 

ill TypMa-fluyaunng 

BnepBble Ha npHHUUnHanbHYIO B03MO)KHOCTb npuMeHeHUH MeTona lliTypMa

nuyaunnH nnH peweHHH ypaaHeHHH WpenuHrepa c aHuaoTponHbIM noTeHuua

noM KOH9'1HOii rny6HHbl 6binO yKa3aHo B pa6oTe
17 

/' 3aTeM 3TOT MeTon 6bm 
/8 9/ • 

C ycnexoM ucnonb30BaH B pa6oTaX ' • B naHHOH CTaTbe Mb! npuMeHHeM 

MeTon WrypMa-fluyaunnH nnH peweHuH ypaaHeHHH WpenuHrepa c ne<fiopMu

poaaHHbIM noTeHuuanoM CaKcoHa-Bynca B Hau6onee o6meii <fiopMe c MaKcu-

ManbHO B03MO)KH0ii CTeneHblO TO'IHOCTH, IlOCKOnbKY l'!.N =±.2 CMewuaaHue 

0'19Hb 'IYBCTBUTenbHO K TO'IHOCTU peweHUH ypaBHeHUH WpenuHrepa UK <fiop-

6 ~f K Me Bbl paHHoro cpenHero nonH • poMe Toro, KaK y)Ke 6bmo non11epKHy-
/ l / 

TO B pa6oTe ' MeTon lliTypMa-nuyaunnH 0'19Hb yno6eH nnH Bbl'IUCneHUH 

<fiopM<fiaKTOpOB peaKUHH nepena'I, TaK KaK OH noaaonHeT paCC'IUTbIBaTb <fiopM

<fiaKTOpbi Ha n106b1X paCCTOHHUHX C xopoweii TO'IHOCTbIO. 
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1.1. MeTOt:l lllTypMa-nn:yBrrnnsi 

Ot:1HO'laCTH'IHY IO BOnHOBYIO <fiyHKUHIO IJI n, IT 
CBSI38HHoro COCT0SIHHSI 

t:1e<fiopMn:poBaHHOro Slt:lpa npet:1CTaBHM B Bllt:le cynepnoauuun: no 6a3HCHhlM 

<fiyHKUHSIM lllTypMa S a ( r ) : 
n"' J 

(0) 
a 

n f J r 

rt:1e O - npoeKun:si nonnoro yrnoBoro MoMeHTa J 

( 1 ) 

IT - '18TH0CTb COCTOSI~ 

HHSI• TToCKOnbKy IJI {l, IT t:lllSI CBSI38HHbIX COCTOSIHHll KBat:1paTH'IHO HHTe-
/8/ 

rpupyeMa, TO ona MO)KeT 6b1Tb paano*eHa no <fiyHKUHSIM lliTypMa S nffr) • 

~YHKUHH lliTypMa SIBllSIIOTCSI pewenn:eM ypaBHeHHSI 

h 
2 

d 
2 e(e + 1 J ➔ ➔ ➔ 

(- - ---) + E - V (r) a e - a V (r )] S (r) =O, (2) 
2m dr 2 r 2 s.o. n £1 neJ 

n: Yt:IOBneTB0PSIIOT cnet:1yIOIUHM rpaHH'IHhIM ycnoBHSIM 

s e . (OJ = o , 
n J 

S (r)- exp (- ✓_3_!!:_IEJr) 
n fl h 2 

a Benn:'IHHhI an i - co6cTBeHHhie ana'leHn:SI aat:1a'ln: (2), 

Bhmn:weM ypaBHenn:e llipenn:nrepa: 

➔ ➔ ➔ 

2m 
+CW(r)]IJI (r)=E'I' (r), n, IT n, IT 

(3) 

(4) 

(5) 

rt:1e C - o6o6meHHhJe co6CTBeHHbJe 3Ha'leHn:SI, E - 9HeprHSI CBSI3ll paccMaT

PHBaeMoro C0CT0SIHHSI, Benn:'IHHa E 6epeTCSI H3 9KCIIepn:MeHTallbHhIX t:1aHHh1X. 

O6o6meHHhifi noTeHun:an cpet:1Hero nonsi n:MeeT Bn:.it: 
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"' 
CW(;) C [ V ( ;) + V 

s.o. 

➔ 

(r)]+V (r), 
s.o. 

(6) 

➔ /2/ V ( ,L 
r.ue V ( r ) - aHH3OTpOilHbIH noTeHUHan CaKCOHa-By.uca I s.o. r 

CilHH-op6HTanhHOe B38HMO.UeiiCTBHe, a vs.o. (;) paaeH: 

v ( r J s.o. 

➔ 

V ( r ) s.o. 
V ( r) • s.o. 

(7) 

CnHH-op6uTanbHOe aaauMo,neiicTBHe aanumeM B Han6onee HHaapuaHTHOii ¢op-

Me: 

➔ 

V (r) 
s.o. 

- K [ ; ;; ] g rad V ( ; ) , (8) 

r.ue K - KOHCTaHTa CilHH-op6HTanhHOI'O B38HMO,UeiiCTBHSI, a - MaTpnuaflaynu, 
➔ 

p - HMnynhC HyKnOHa. 

Ecnu cnHH-op6HTanbHOe B38HMO,[lettCTBHe 6paTb B 6onee npoCTOM BH
/9/ 

.u~, KaK aTo c,uenaHo, HanpuMep, a : 

➔ 

V ' ( r) - K (; l) 
s.o. 

1 
t 

d U2:...) 
dr 

To nerKo ·y6e,uuThCSI, qTo onepaTop V' ( r) 
s.o. 

(9) 

He3pMHToa, cne.uoaa-

TenbHO, nonyqeHHbie O,UHoqacTuqHbie BOnHOBbie IPYHKUHH 6y.uyT HeopTOI'OHallb

HblMH, 3Ta HeOpTOI'OHanbHOCTb oco6eHHO BenHKa .nnSI 6nH3KHX ypOBHefi C 

ti N =~/10/• 

l1 TaK, Mb! .uomKHbl pemHTb ypaBHeHHe llJpe.nuHrepa (5) c tpHKCHpOBaH

HblM ( 3KCnepHMeHTanbHblM) 3HaqeHHeM O.UHoqaCTIIqHoii 3HeprHH CBSI31I E 1 

a napaMeTp C HrpaeT ponh co6CTBeHHOI'O 3HaqeHHSI ypaBHeHHSI (5). 
* no.ncTaBHM paano)KeHHe ( 1) B (5), yMHO)KHM cneaa Ha IJI . , u, 

I 

aocnom,aoaaamHCb opToroHanhHOCThIO ipyHKUHii S i (r) c aecoM V (r) , 
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npo!IHTerpnpyeM no r , 0 , ¢ • Tor.na nonyqnM cncTeMY anre6pantJeCKIIX 
(0) 

ypaaHeHnfi Ha onpe.neneHne Koa¢¢nuneHTOB paanox,eHnH 8 ; H co6cTaeH-

HbIX 3Ha'IeHIIH C : 

en> ;, a 
i, 

0. (10) 

3aMeTnM, 'ITO MaTpnua CIICT0Mbl ( 10) cymeCTB0HHO H0CIIMMeTp!I'IHa II noa-

TOMY nony'IeHHbie ¢YHKUIIH 'I' n, rr 6y.nyT HeopToroHanhHblMII B npocrpancT-

Be BeCOBOH ¢yHKUIIII V ( r ) • Ecnn BbIITOnH!ITb a ( 10) nnnefiHoe npeo6pa-
/9/ 

30BaHHe 

- (0) 
a. 

\' a ; 

I 

TO ypaBHeH!Ie (10) npHH!IMaeT BIIJ:l: 

<ilV(;) 
1 1 - ~ n J 

(- --) a l 
Cl C 

; V 

·• 
+ V ( r) s.o. 

- c n J 
'.> a ; , 

0 (11) 

a. a 
I 

JlerKo llOKa3aTh, 'ITO l (a (O) ) 
2t J II l r:rnJ /=1 • Ecnn HOpM11pOBaTb 

i i i i 

cpyHKUHII Si (r)c BeCOM V(r) 

JS. ( r ) V ( r) S . ( r) d r - I 
I I 

Tor.na l\!LI .nonxrnbl ncnonh30BaTb B ¢tt31I'leCKIIX BbllJIICneHHHX cne.ny1omy10 

¢YIIKUHJO, HOpMHpOBaHIIYJO Ha emrnnuy 6ea BeCOBOH ¢YHKUHH 

2 ➔ 

('1'0,rr dr 

(12) 
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1 .2. BonHOBb1e"' 4D'HKUHH OijHO'IaCTH'IHbIX COCTOSIHHil: 

+ + + + 
1 /:2 /~00/ 1 l /2 /660/ 1 3/2 14Q2/ ~ll 3/2--1951 / 

➔ 

3JleCb Mb! H3y'IHM CTpyKTypy BOnHOBOit iflyHKUHU 'P fl, 
11 

( r ) KBa3U-

rrepeceKaIOIUUXCSI ypoaHeil: C OAUHaKOBblMH fl H tJ{!THOCTbIO 11 • KaK fIOKa-

/3/ 
3aHO B pa5oTe ' UHTeHCHBHOCTb L'1 N =:t..2 CMenmBaHUSI cunbHO 3aBUCHT 

OT TO'IHOCTH perneHUSI ypaBHeHUSI llipeAHHI'epa. ilnsr TOI'O 'IT05bl fIOBbICH rb 

TO'IHOCTb Bbl'IUCneHUSI co5CTBeHHbIX 3Ha'IeHuil: 11 co5CTBeHHbIX BOnHOBb!X 

¢yHKU11ii 'P0 (;) 
.. , 11 

AnSI cnytJaSI L'1 N =:t_2 CMernaHHbIX COCTOSIHUil:, AOCTa-

TO'IHO yaenU'Il1.Tb paHr M MaTpUUbl CUC Te Mb[ ( 10). O5hI'IHO MaTpuuy Cl1CTe

Mbl AnaroHanuaupyIOT B npu6n11)KeHHH, orpaHH'IUBaSICb 'Il1CnOM 5a3UCHb!X co

CTOSIHuil:, COOTBeTCTBYIOIU11M rnaBHbIM KBaHT0BbIM 'Il1CnaM N =4 u .N =6 

( N = 2 n + e , r'Ae n - 'I11cno y3JIOB paA11anbH0H tJaCTl1 5a3UCHOil: ¢YHKUH11, 

e - COOTBeTCTBYIOIUee op611TanbHOe KBaHTOBOe 'IUCno). IToaTOMY HaM Ka-

)KeTCSI Ba)KHblM uccneAOBaTb 3aBl1Cl1MOCTb L'1 N =±.2 CMelIIHBaHUSI OT paHra 

M MaTp11Ubl CUCTeMbl ( 10). Ha puc. 1 npuBeAeHbl coficTBeHHbJe 3HatJeHHSI 

C yo B 3aBHCUMOCTH OT napaMeTpOB Ae¢opMaUUH /3 20 H /3 40 • PaHf' 

Marp11uh1 paBeH M =16 ( N =0,2,4,6) u M =36 ( N =0,2,4,6,8,10), c::o

OTBeTcTBeHHo. IToreHuHaJibl (6)' ucnonb30BaHHbJe B ( 10)' 5bIJIU pa3JIO)KeHbl 

B pSIA no c¢epu-'IeCKUM rapMOHUKaM Y ,\ ( 0) AO ,\ =6, 3HatJeHHSI napa1'teT-

P0B noTeHUHana npHBeAeHbl B TeKCTax fIOA pucyHKaMu. Ha OCH0BaHUH AaH

HhIX, npeACTaBneHHbIX Ha 9THX pucyHKax, H HalllHX 'IUCJieHHbIX peay nbTa TOB, 

MO)KHO CAenaTb cneAyIOIUUe BblB0AbI: 

1) Ecnu yBem1tJUTb paHr M MarpHUbl CUCTeMhI, TO HHTepBaJI KBa311-

nepecetJeHUSI ypOBHeil: C OAHH8KOBbIMl1 n" ABU)KeTCSI B CT0P0HY ManhIX 

3Ha'IeHuii napaMeTpa /3 20 • H anpuMep, KBa3unepecetJeHl1SI ITOSIBJISIIOTCSI rrpu 

/3 
20 

- 0,45➔0,47 u /3 
20 

- 0,33➔0,34 AnSI M =16 11 M =36, coorBeTcTBeH

Ho. 

2) YBeJI11'IeH11e paHra M BeAeT K Cy)KeHUIO HHTepBana !\ /3 20, B K0TO-

poM 11MeeTCSI CHJlbHOe L'1 N =±_2 CMelIIUBaHlrn. 
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CVo 

50 

49 

48 

47 

3/2[40~ 

3/2[651] M• 16 

112[400] n40•0.04 
1/ 2[660] 

n20 46'-------r-----r-----...----=-----..--
.35 .40 . 55 .60 

Puc. 1. Co6cTBeHHhie 3Hff'l0HH.II C V
0 

(M::rn) B saBHCHMOCTH OT napaMeTpa 
,necpopMaUHH /3 20 u OT paHra M MaTpHUhl .nuaroaanusauuu ( 11 ). 
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3) I1HTepaan CMelllHBamrn ~ /3 20 yaenHttHaaeTCSI cna6o IIpH aospacTa
.,. 

mm 3HatteHHSI IIapaMeTpa aecjiopMaUHH /3 40 B cor-naCHH C pesynbTaTaMH, 

/3/ 
rronytteHHbIMH B •• 

4) KoacpcpHUHeHThl CMelllHBaHHSI a<fU 
i cna6o 3aBHCSIT OT aHepI'lllf 

CBSI3ll Hei1:TpoHa E I a pesynhTllpy10mne 0/:lHO'laCTH'IHbJe BOllHOBbl0 cpyHKUllll 

If/ n (r) H3MeHSIIOTCSI O'leHb CHllhHO IIpH aapHaUim E • 
u 'TT 

+ + 
2. CetteHHSI IIepe1;iattH Ha COCTOSIHHSI 1 /2 /400/ + 1 /2 /6~6Q/ 

+ + 
If 3/2 /402/ _± 3/2 /65J/ 6~3 ytteTa KOpll01IHCOBa 

B3aHMOAettCTBl!5I 

+ + 
;\ N =:..2 CMe!llaHHL!X naphl COCTOSIHlfH 1 /2 /400/ + 1 /2 /660/ If 

+ + 
3/2 /402/ + 3/2 /651/ 6wn1-1 0611apyMeHhl 9KCIIepHMel!TanhHO IIpH ( d, t ) 

" 159 163 /4/ ' 
n ( d , p ) peaKUHH Ha Gd H Dy • Cnepaa Mhr BhrttucnuM co-

OTBeTCTBYIO!llHe cetteHHSI 6e3 KOpuonucoBa B3aHMO/:lei1:CTBHSI, H6o TaKue acp

<peKTL! HyMHO H3yttaTb pasaenhHO. 0nTH'l0CKHe IIapaMeTpbl /:lllSI aei1TpOIIOD 

n napaMeTpLr aecjiopMaunH 6hrnn onpeaeneHbI c noMO!llhIO npor-paMMLr 

/11/ /12 13/ 
KASTOR , ncrronbsysr aKcnepnMeHTanbHh1e aa1111Lre pa6oT ' , 

OaHaKo rronytteHHLJe IIapaMeTpl,1 aecpopMaUHH He 51Bll5110TC51 BTIOJil!e KOppeKTl!bl

MH, IIOCKOllhKY 9KCIIepHM0HTallbHL!e Aal!IIL!e Heynpyroro paccemmSI /:l0l!TpOHOB 

u 160 /12/ 
C aHeprHell 12 Maa Ha Gd HMe!OTCSI TOllbKO /:lll51 /:lBYX yrnoB • Te 

163 
Me napaMeTpbl Mbl HCIIOllb30Bam1 AJ151 peaKUHlf ( d I I ) Ha Dy • ,Un51 

BbIXO/:(HOI'O KaHaJia OTITutteCKUe napaMeTpbi TpHTOHa 6brnH B3SITL! H3 pa6o-

/ 4/ 
Thi 

ITpH Bbl'IHCneHHH 0/:lHO'laCTH'IHb!X BOllHOBb!X cpyHKUH11 aecjiopMHpoBaHHb!X 

SI/:lep Mb! or-paH!f'llflllfCb panroM MaTpHUbl M =36, 

+ + 
CoCTOSIHlfSI 1/2 1/2 /400 + 1/2 1/2 /660/ B 

159 Gd 

ITocKOllhKY IIepeaaHHbIH nonHhlH MOMeHT J paaeH 1 /2 If '18THOCTb 

IIOllOM!fTenhHa, TO /:lHcpcpepeHuHanbHbJe cetteHH51 rrepeaattlf Ha 9Tlf COCT051Hlf51 

COOTBeTCTBy!OT cnytta10, KOI'/:(a rrepeaaHHb!H op6HTaJibHblH MOMeHT r =O, IToa

TOMY cneayeT OMH/:laTh, 'ITO caMb!H 6onhlll0H BKJia/:l B aMIIJIHTY/:lY rrepe/:la'IH 
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6yayT .QaBaTb s -KOMIIOH8HThl O.QHO<raCTIPUIOH BOnHOBOH <pyHKIUII! ae<jiopMl!pOBall

HOro H.Qpa. 

IToBe.QeHl!e 3·s½ -KOMIIOHeHT am1 3TIIX .QBYX op611T B aaBIICl!MOCTII OT 

/3 20 rrpeacTaBneHo+Ha pIIc. 2. Ha pIICYHKa BIIl:\..8O 1 'ITO ce<reHIIe rrepeaa<ru B 

COCTOHHIIe 1/2 1/2 /400/, a TaK)Ke B 1/2 1/2 /660/ rrp116n11a11TenbHO rrpo

rropuIIoHanbHO KBa.QpaTy COOTBeTCTBy10meii 3 s 1/: KOMIIOHeHThI. 3aMeTl!M, 'ITO 

.Qa)Ke ManhJe 3Ha<reHIIH KOMIIOHeHThl a (3½) B C~CT051Hl!l! 1/2 1/2+ /660/ .QaIOT 
s1/: 

3aMeTHh!II BKna.Q B ce<reHIIe Herrps_i,_Mh!X m§pexO.QOB, XOT51 o6ma51 <JiopMa Kpl!BOH 

ce<reHl!51 He 1!3M8H518TC51. 1/2 1/2 /400/ ceqettue OCTaeTCH rrpaKTl!'I8CKI! no

CTO51HHb!M II!fJolfj3MeHen1111 rrapaMeTpOB ae<jiopM8UIIII, TaK KBK llpl! 3TOM K03<P-

<jiuuneHTbl a 3 ~½ II3M8H51IOTC51 Ha Many10 BenII'IIIHY • KaK B11.QHO 113 pHc. 3, II pl! 

aeq,opMaUIII! f3 =0,3396 II OTHOCl!TenhHbJe II a6con10THbl8 3Ha<reHl!51 ce<re1mil 

xopowo cornacy10TC51 C 3KCIIep11MeHTanbHblMI! .QallHblMII. CneaoBaTenbHO, 11e

CMOTp>1 Ha H8KOTOpbi8 HeorrpeaeneHHOCTII, CB513al1Hb!e C MeTO.QOM CB513all/lJ,IX 

KarrnnoB ( CCBA) 11 orrpeaeneHueM ero rrapaMeTpoB Mb! MO)KeM caenaTb B1,1-

BD/l' 'ITO Ha6n10aaeM1,1e .QBa AN =:!:_2 CMewaHHblX_ ypoBH51 C J = 1 / 2 .QDn)KHhl 

l!ME>Tb paBHOBecuoe 311aqe1111e (3 20 1 M8HbW8 f3 1 Koraa llpOl!CXD/ll!T 11au-

6onee CHJlbHOe CM eU1HBa1me BOnHOBblX <PYHKUHII 3Tl!X COCTO51HHii. 3To He 

O'I8Hb TplIBl!anh!lbil1 pe3ynhTaT, TaK KaK 113 Bbl'IHCne,mft rro -CTpyKType 51.Q

pa131 tteBo3MO)KHO rrony<rIITh orrpeaenenny10 HH<popMauII10 o rropHaKe pacrrono

)K81JIIH 3TllX .QBYX AN =:!:_2 CMewaHHb!X yp0B11et':i. TaKa51 )K8 CIITyauIIH 11 .Qn51 

COCT0511!Hli C J =312 AN =:!:_2. 3aMeTl!M, 'ITO ecnu peumTb 3Ty 3a.Qaqy 

ME>Hee TO'Illb!M MeTO.QOM, TO IIOp51,lDK 3TIIX COCT051lllltt rronyqaeTC51 o6paTHbIM. 

159 
CocToHHl!H 3/2 3/2+/402/ + 3/2 3/2+/651/ B Gd 

/4/ 
ITpuMeM II.QettTmpllKau1110 ypoBHeil, rrpeano)KeHtty10 B • Ha pile. 4 rrpe.Q-

cTaBnettbI .QllCj·qiepel!UllanhHbl8 ce<reHII51 B 3aBllCHMOCTll OT {3 .QnH 3TIIX .QBYX 
20 

COCT051HIIH. TeopeTl!'IeCKl!e ce<reHII51 rrpu6nH31lT8nbHO rrporropuuoHanbHhl KBa.Q-

paTy COOTBeTCTBy10mero K03<P<Pllllll8HTa a ~
3f ~\ I llOBe.QeHIIe KOTOpb!X B 3_a

Bl!CHMOCTI! OT f3 20 IIOK838HO Ha pile. 2. 1{3 puc. 4 BII.QHO, 'ITO IIpII f320~ f3 ' 

KaK 6binD y)Ke rrony<reHO .Qn51 COCT051Hl!tt C J = 1 /2, OTHOCIITenbHbJe II a6co-

n10THbte TeopeTl!'I8CKl!e ce<rel!l!51 xopowo CDBIIa.QaIOT C 3CKIIep11MeHTanbHhIMll 

.QaHHbIMII. CneaoBaTenhHO 1 B paMKax MeTo.Qa CBH38HHbIX KaeanoB ( CCBA) 

MbI MO)KeM caenaTh BbIBO.ll, 'ITO paBHOBec11oe 3Ha<re1me rrapaMeTpa ae<jiopMa-

Ulll! f3 20 .QOn)KHO 6b!Th Bb!6paHO M8)K.Q-1 .QBYMH KB83IIIIepeceKa10m11MIIC51 

o6naCT51Ml! C {l r, =1/2+ II {lr, =3/2 1 COOTB8TCTB8HHO. 
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cpyHKUIIII B 3aBIICIIMOCTII OT rrapaMeTpa KBaJlpyrronbHOH necpopM8UIIII {3 20 

rrpn /3 40 =0,04, 
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Puc. 3. Bb1qucneHHh1e JlHcpcpefeHu11anbHb1e ceqeHHSI (crrnourn hie KpHBh1e) rre

pe/laq Ha COCl'OSIHHSl 1 /2 1 /4 /400/ 11 1 /2 1 /2+ /6601/ B 38BHCHMOCTH OT rra-

paMeTpa KB8/lpyrroJibHOll .QecpopM8UHH f320 npH f3 40 =0,04. 3KcrrepHMeH-

TaJibHh10 .Q8HHhl0 o603HaqeHbl KPYMK8MH. 
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PHC, 4. BbI'IHCneHHble .QH<jllpepeauuanbHble ce'leHIHI (cnnollJHb!e KPIIBbie) ne

pe.Qa'! aa COCTO.IIHH.11 3/2 312+ /402/ Ii 3/2 312+ /651 / B 3aBIICl!MOCTII OT {320 

np!i /3 =0,04. 3KcnepuMeHTanhHb!0 .QaHHble o6o3Ha'!eHbl Kpy)l{Ka11.111. 
40 · 
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CocTORHHR 1/2 l/2+/400/ + 1/2 l/2+/660/ n 3/2 3/2+/402/ + 

+ 3/2 3/2+ /651 B 
163 

Dy 

nnn 9THX COCTORHHH 9KCnepuMeHTanbHbJe JlaHl!bl0 0 ceqeHngx HMelOTCR 

TOnbKO npn Tpex yrnax. TaKHe 9KCnepuMeHTanbHble JlBHHbie JlnR nae BIIOn

He llOJlXOJlRT, u6o Mb! HHTepecyeMCR KOppeKTHbIM ormcaHHeM a6conJOTHbJX 

3HaqeHHfi ceqeHHH. 

nucKyCCHR 06 OllHCBHHH 9TIIX aKcnepnMeHTanbHblX )laHHbIX auanoruqna 

Toil:, KOTOPYIO Mb! npoBOJlHnH )lng 
159

'Gd • Mbl 3)leCb XOTHM no)lqepKIIYTb, 

KaK 9TO BHJlHO H3 Ta6n. 1, qro npu fJ =0,3395 OTHOCHTenbllble II a6con10T-

+ + 
Hbie ceqeHIIR )lnR COCTORHHH 1 /2 1 /2 / 400/ + 1 /2 l /2 /660/ xoporuo coana-

Jl8IOT C 9KCnepnMeHTanbHblMII ToqKaMII. 

B saKmo'leHHe aToro naparpaqia saMeTHM, qro CCBA npn6n11>KeH11e 

COBMeCTIIO C MeTO)lOM illrypMa-nnyB11nng npe)lCK83bIB80T )lnR Bcex paccMaT-

p11aaeMbIX cnyqaea npaa11nbub1e a6con10Tubie II oTHocuTenbHbie ceqeHnn. no

Jl06Hble pesynbTaTbl 6binH nonyqeHbl panee C IlOMOllJblO MeTOJla DWBA 141 

3TO ueyAIIBIITenbHO, IlOCKOnbKY B o6nacTH KBas11nepeceqeHHR K09qlqJHUH0HTbl 

(0) .i, 
CMellJHBBIIIIR a nfj oqeHb cnnbHO MeHRIOTCR B 3aBIICIIMOCTH OT )le'l'opMa-

UHH /3 20 II BC0I'Jla MO}l<HO BbI6paTb Koaqiqi11uneHTbl a (fl) TaK, qT06b[ 
nfj 

nonyqnTb npaa11nbllble OTHOCHTenbHbie ce'leHIIR. 3To neI'KO C)lenaTb, TaK KaK 

ceqeu11e npnMo nponopu110HanbHO ( a (J~> 2 
• nencranrenbHo, Harun 

m:.J 

Bb1qncneu11n B paMKax CCBA noKa3hIBaJOT, qro BKna)loM )la>Ke oqeHb 6onb-

runx KOMilOHeHT a (O > MO>KHO npeue6peqb. 11TaK, peaKUIIH nepe)laq 
I i I 3/2 

HyKnoHa Ha ocHOBHb1e cocronHnn MO>KHo onncaTb DWBA u CCBA MeTOJla-

MH, 6epg pa3Hble 3Ha'leHHR napaMeTpOB Jl0qJOpM8UHil: /3 I COOTBeTCTBeH-
/1 / 20 

HO • TTpenMyWeCTBa CCBA CTaHyT RCHbIMH npH OilHCBHHH nepe)la"IH Ha 

BbICOKOB36y)l{)l0HHbie COCTORHHR o6cy>K)l80MbIX nonoc, HO, K CO)KaneHHIO, 

TBKHe aKcnepHM0HTanbHble JlBHHbie OTCYTCTBYIOT. 

3. nHqiqiepeHUHanbHbie Ce"leHHR nepeJlB"IH c yqeTOM KOpHOnHCOBa 

B38HM0Jl0HCTBHR 

BsaHMO)leil:CTBHR pasnH"IHblX THilOB JlBH>KeHHR, KOTOpb1e, KBK Mb! yBe
t. 

peHbI, HY)KHO y"leCTb B peanbHbIX pac"leTax, HapyruaJOT npocTylO O)lHO"laCTH"l-

15 



Ia611m,1a I 
:J ~ SlJ l,Y.9 

KoacM}1u,1eHTbl CMew1rnamrn C sz_ 11 0... 4 'ff .1vrn: flAP8 (id 
PaclleTbl npo:ae;zi;eH1:,1 np11 f :lo -= o, 3 3 gt u- ./3-rc ·= o, Oo/' 

I/2+/400/ I/2+/660/ 3/2+/402/ 3/2+/651/ . 
4 

1;2+1;2+;400; 0,993 0,747 D,II9 -0,0460 

3;2+u2+;400; 0,073 0,730 0,220 +O,III -0,082 G,052 

1;2+1;2+/600/ -O,II9 -C,099 0,993 -0,381 

3/2+1;2+/600/ 0,220 0,165 0,962 -0,379 -0,077 - 0,139 

3/2+3;2+;402; O,I06 - 0,065 - 0,989 0,333 0,079 0,060 

en 3;2+3;2+/651/ -0,139 - -0,015 - 0,095 -0,032 0,986 o, 745 

·raomu.ia II 

IIal?aMeTpbl l{oa1f1nll,l!ll,leHTbl D831I0lKeHltlfl Cetiemrn <T'(9tl} CetieHltlH a-{9o, 
PeaKl,lltl.il Q."3$ 1/.t. a.2d3/2 1/2//;;o(Jj '/i'/iUtJI 3/.2JI/D2/ ~/27..6.S-// ;zi;ewopl.laultlr t/Q+/rooj '1.l/Mo/ '3/1'/'1112/ ~/ts!/ arecn. Teon. SKCil • Teon arecnen. Teon. SKCil. Teop. 

I6~d (o/,1) /ta=.3396 
n~.=.04 .752 -.384 .336 .755 584 822 195 225 114 III 6I3 479 

I64 .fir-3395 
Dy(t/,-1) 13.,0 =0 .686 - .. 298 .4II .722 599 538 IOI II4 49 99.6 526 397 



HYIO KapTHHY B036y)KJl9HHH B AecpopMHpOBaHHbIX SIJlpax. KopHOnHCOBO B3aHMO

)l9HCTBH9 SIBnSieTCSI OJlHHM H3 HaH6onee Ba)KHbIX H noHSITHb!X OCTaTO'IHbIX 

B3aHMO)l9HCTBHH, npHBOJlSIIUHX K B3aHMHOMY CM9lllHBaHHIO OJlHO'laCTH'IHb!X 

BOnHOBb!X cpyHKUHH. Jlo H8CTOSIIU9I'O apeMeHH BnHSIHHe KOpHOnHCOBa B3aHMO-

Jl9HCTBH.SI Ha cetJeHHSI nepeJla'IH H3ytJeHO TOllbKO B npn6nH)K9HHH DWBA 

B ,h,h • /4/ 
9TOM cnyqae JlH~~epeHuHanbHOe C8'18HHe UMeeT JlOBOnbHO npoCTOll BUil 

(qeTHO-'leTHa.SI Mlllll8Hb) 

da 

dO 

] 2 • (13) 

113 9TOH cpopMynbI BllJlHO, 'ITO ceqeane .SIBnSieTC.SI cyMMOH npoCTb!X CetJeHHil:, 

nonytJeHHbIX B paMKaX DWBA ll YMHO)K9HHbIX Ha COOTB9TCTByIOIUHe K09!p-
( N) (N) 2 

!pllUll8HTb! ( a C j f ) • 8Tn K09!p!pHUH8HTb! O'18Hb tJaCTO Bbl'lllCn.SIIOTC.SI 

/14/ • 
B MO)lenn KepMaHa I B KOTOpOH CM8llllIBaIOTC.SI TOnbKO )lBe Bpa ruaTenb-

Hbie nonOCbI. 

3annmeM aonaoay10 cpyHKUIIIO KOHetJHoro RJlpa B Han6onee o6rueM BH

/6,14/ 
)le : 

<l>j M (;, 
2fa+1 la 

0, ) = V --- I CK a 
1611 2 K8 a B 

·x 

B B 

D JB 
MK 

B B 

(0
1

) w_:=--0.
11

(?) I, 
(14) 

rile - K09!p!pHUH8HTbl KopnonncoBa CM8lllHBaHII.SI, Bbl'IUCneHHbie 

/5/ 
B nonyMnKpOCKOnH'l8CKOH MO)lenn, KaK 9TO C)lenaHO nsiTOBblM ll Jlp. 1 ll B 

MOJlenn KepMaHa. CyMMHpoaaHHe B ( 14) B9Jl9TC.SI no aecoxpaHSIIOIUllMCSI 

npO9KUll.SIM KB nonaoro yrnoaoro MOMeHTa , f B H no llHJleKcy a 
1 KO-

TOpblH O3Ha'laeT pa3nll'IHb19 BparuaTenbHbie COCTOSIHHSI C O)lHHaKOBOH K B • 

Ecnn Mb! paccMaTpnaaeM OJlHOHyKnOHHbie peaKUHII nepe)la'III Ha 'leTHO-tJeTHOM 

SIJlpe c J A = KA = 0, TO J 8 = 1 11 K 8 = 0 , I')le J - nepeJlaHHbIH yrno-

• 
BOH MOM9HT, {l - ero npoeKUll.SI Ha OCb CIIMMeTpHII SI)lpa. Tor)la B npn6nn-

/ l l/ 
)K9HHII CCBA Jlll<pcpepeHunanbHOe cetJeHHe nepeJlatJH'-3annmeTc.sr B qiopMe 
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CCBA 1 Y( d '1 p 
a (0)=----
LJO 2 (2TT h2 ) 2 

Dnp KP 

2rr K 
d 

< 2 L + 1 r 1 
i I i c b 

m' Oa a 
p 

I 
9

(0,a> 
nCJ · · nCJ + 

2 
+ I (L s O - a a I JO) ( e s O - a a I j O) B ( n e j a m , ) I 

a LO P 

11/ (0,a) 
AMnnuTy/lhI BL n 6hmu onpeaeneHbI B , a Ko:;uMmuueHThI a nfi sm-

nsnoTcsi pememrnMu cucTeMbI ypasnettusi (10). J,13 cpasuenttsi cjiopMyn ceqe-

HUSI B np"6nttll<elllrnx CCBA (15) u DWBA {13) MO)l{HO BU/leTh, 'IToDWBA 

Ce'IeHlfe ecTb KOI'epeHTHaSI CyMMa Bcex B03M0)1{Hb!X nepe/la'I Ha poTaUUOHHbie 

COCTOS!HlfSI, CBSI3aHHbIX Me)l{/lY co6ofi KOPHOnUCOBblM B3alfMO/leHCTBlfeM. B cny-

qae, KOl'/la CMelliUBaIOTCSI BpamarenbHbie nonoChl, UMetomue 0 =1 /2, cyM-

MUposaHue no a B { 15, MO)l{eT 6h1Tb BJ,monHeHO. ·" TOl'}la K03cjicjiHUUeHTbl 

(0,a) -OJ 
a n. MOll<HO 3aMeHUTb "3cjicjieKTHBHblMlf" a n. 

nlJ nr1 

- OJ 
-a nfi I c 1 

a Oa 
(0,a) 

a nfj ( 16) 

B Ta6nuue 2 npttBe}leHbl K03cjicjiuuueHTbl KOp1t0nHCOBa CMeillUBaHUS! ansi COCTO-

+ + + + 1 59 
SIHUH 1/2 /400/ u 1/2 /660/, 3/2 /402/ H 3/2 /651/ s Sl/lpe Gd• Pac-

tJ:eT /lHcjicjiepeHUlfanhHbIX CetJ:eHlffi nepeaa'IH C yqeTOM KOpHonucosa CMeWHBaHUSI 

/6/ 
no MeTO/lY nOK83bIBaeT, 'ITO XOTSI npHMecu K Ka)l{/lOMY COCTOSIHHIO SIBnSI-

IOTCSI He6onhillUMH, CetJ:eHHe H3MeHSieTCSI 3aMeTHO. HanpHMep, OTHOilleHUSI 

+ + 
Ce'IeHHH nepeaa'IH Ha COCTOSIHUSI 1/2 /400/" 1/2 /660/ C ytJ:eTOM" 6e3 

y'IeTa KOpHonucosa CMeWHBaHUSI OTnH'IaIOTCSI Ha 30%. Ha/lO OTMeTHTh, 'ITO 

• (0,a) 
B o6naCTH KBa3HnepecetJ:eHUS! 0/lHO'IaCTU'IHbIX ypOBHeH K03cjicjilfUUeHTbl a e· 

n 1 

O'IeHb CHnhHO 3aBHCSIT OT napaMeTpa aecjiopMaUUH, no3TOMY, KaK y)l{e OTMe-

qanocb Bb!Ille, Bcer-aa B03MO)l{H0 Bht6paTh 3TH napaMeTpbl TaK, 'IT06b! nony

'IHTb npaBHnhHOe onHcaHHe 3KCnepHMeHTanbHblX /laHHbIX. l13BeCTHO, 'ITO 

BO spaIUaTenhHblX nonocax KOpttonHCOBO CMeillHBaHue ysemr'IUBaeTCSI C 
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pOCTOM CIIHHa COCT05IHHSI, Il09TOMY 0binO Obi O'IeHh HHTepeCHO IlOC'IHTaTh 

cetieHH5I nepe.ua'IH Ha B030y)K.UeHHbie BpawaTenhHb!e COCT05IHH5I. B 9THX cny-

tia5IX Hap5I.UY C /). N =:t.2 CMell!HBaHHeM 6onhll!YIO ponh 6y.ueT HrpaTh CMelllH-

BaHHe COCT05IHHH C /). K =:t.1, :t.2 ••• K CO)KaneHHIO, IlOKa TaKHX 9KCIIe-

pHMeHTanhHb!X .uaHHb!X ewe HeT. 
/3/ 

B pa5oTe 0binO H3y'IeHO BnHSIHHe B3aHMO.UefiCTBH5I KBa3H'IaCTHU C 

cpOHOHaMH Ha cTpyKTYPY /). N =:t.2 COCT05IHHfi. 3TH BOilpOCb! B .uaHHOfi 
/3/ 

CTaThe He paccMaTpIIBanIICh, HO H3 pe3ynhTaTOB pa60Tb! 5ICHO, 'ITO 

BnH5IHHe B3aHMO.UefiCTBHSI KBa3H'IaCTHU C !pOHOHaMH CBe.ueTC5I K nepeHOpMH
(!l,a) 

pOBKe K09!p!pHUHeHTOB CMelllHBaHH5I a nEj 

ABTOpbl 6naro.uapHbl rrpocpeccopaM B.r. ConOBheBy H n.rr. fpetiyXHHY 

3a MHOI"O'IHCneHHb!e none3Hhle .UHCKYCCHH H no.u.uep)KKY I IlpH3HaTenhHbl 

H.11. IT5ITOBY, M.!1. lJepHeIO, c.rr. 11BaHOBOH 3a o5cy)K.UeHH5I. O.UHH H3 aBTO

pOB (r.lll.) 6naro.uapeH COTPY.UHIIKaM 11HCTHTyTa HHnhca Eopa, B oco6eHHOC

TH .UOKTopaM E. EaHry H E. n. AH.uepceHy, 3a npoSIBneHHhifi HHTepec K pa-

6oTe. 
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