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1. B a e n e H H e 

KaK aaaecTHO, KnacTepHble caolkTBa nerKHX stnep MOlKHO arronae ynoaneTBOpH

/1/ 
TenbHO onHcaTb B paMKax o6onoqeqao~ MonenH • Cornacao OCHOBHbiM nonolKeHH-

SIM MOnenH o6onoqeK, 8CCOUH8UHH B stnpe B38HMHO nepeKpb1B8IOTCSI If MelKllY OTllenb-

HbiMH 8CCOUH8UHSIMH HMeeT MeCTO 06MeH HyKnOH8MH 0 KOTOp blii , OllH8KO, H3-38 TOlK-

necTBeHHOCTH HyKnOHOB He HapymaeT KnacTepHo~ CTPYKTyphl. B o6onoqeqaoii Mo -

aenH, HCXOllSI H3 OllHOii H TO~ lKe BOnHOBOii ~YHKUHH, MOlKHO p8CCqHT8Tb CneKTpOCKO

II!fqeCKHe ~aKTOpbl nnst oTneneHHst paan lfqHbiX KnacTepoa. 

B HacTostmee apeMst HMeeTcst 6onhmoe qHcno paccqHTBHHbiX cneKTpocKorrHqec 

KHX ~8KTOpOB , npelKne BCero nnst OCHOBIIbiX If B036ylKneHHbiX COCTOSIHHli stnep l p - 060-
4 D 

noqKH c KOH~HrypauHe~ II sl (lp I • CooTBeTCTBHe HX co cneKTpocKonHqecKHMH 

~aKTOpaMH, nonyqeHHbiMH aKcnepHMeHTanbHO, B o6meM, xopomee. K npHMepy, cornacHo 
8 

o6onoqeqHOii MOnenH, anb~8-lllHpHH8 OCHOBHOrO COCTOSIHHSI stnpa Be 6nH3KB K J 
/2/ 

(a enHHHu ax BHrHepoacKoro rrpenen a ) , KB K 3TO c nenyeT H H3 aKcnepHMeHTa . B 

HeKO'!'OpbiX cnyqastx peaynhTBThl , nonyqeHHhle Ha ocaoae o6onoqeqaoii MonenH
1

pe3KO OT

nHqaiOTCst OT npennonolKeHHii, cnenaHHhiX HB 6aae KnacTepaoli MonenH . 3To naeT B03MOlK

HOCTh HenocpencTBeHHO npoaepHTh BhiBOllbl o6onoqeqao~ MonenH o Knac T epaoli C TPYKT y -

16 
pe HllPB . HanpHMep , cor naCHO n1060ii KnBCTepHOH KBpTHHe OCHOBHOe COCTOSII!He 0 reHeB--

12 
norHqeCKH CHnbHO CBH38HO C OCHOBHbiM COCTOHHHeM stnpa C, 06onoq eqaaH MOaenb , Oll-

12 
HBKO, naeT npyro~ peaynbTBT; cneKTpOCKOlllfqecKHll ' cj>aK T Op nnH CTpyK Typbl C +a 

12 
OCH , COC T, 

B nstT h paa MeHbi:Ie c rre KTpOC K OrrHqecKoro ~aKTOpa nnH CTpyKT YPhl ~ 22 +. • · •
8 

Mae+ a 
131 

H B 10 paa MeHbllle cneKTpocKonHqecKoro ~aKTopa nnH CT pyKTYPhl C + M + a 
4 , 12 3B 

3 T H BbiBOllbl , IIO - Bif llHMOMy', COOTBeTC T ByiOT 3KC n epHMeHTy, XOTH CTporaH npoBepKB 

/4/ 
erne OT CYT CTByeT 
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Bo36y*aBHHhlB COCTO~HH~ H UBp B KOHUB Jp - 060noqK H HB o6naaa~T qHCTOA 

(Is)~ (I p) n - KOHqmry oauHel!. Eonhwy~ ponh Hrpa~T 3aech cocTO~HH~, nonyqeHHbi B 

B036y*aB HHBM OUHOrO H n H HBCKOnhKHX HyKnOHOB B c neay~wy~ 
1 

( 2 s - 1 d ) - o 6on oq

Ky, C n eaoaaTenbHO, npH pac q e T e cneKTpocKonHqecKHX ¢aK TopoB 3 THx ypoaHeli Henh3~ 

OrpaHHqHBBThCSI KnBCTBp8MH 1 COCTOSiliiH MH H3 HyKnOHOB TOnhKO 1 p - o6onoqKH; HB06-

XOaHMO TBK *B p8CCM8TpHB8Th Kn8CTBpbl, COC TOS!liiHB H3 HyKnOHOB p83nHqHblX 060n0-

qeK. 

B a aHHDli pa 6oTe pacc qH T BHbi c n eK T pocKonHqe c KHB ¢aKTOpbl an~ Bo3 6Y*OBHHbiX 

COCTO SIHH li Siaep UN H 
16 

N C KOH¢H r y paUHSI MH ( 1 p) -n-
2 

( 2 s- l d ) 0 
H ( 1 p ) -n- l 

( 2 8 -1 d )
0 m 

OTHOCHTBn h HO OC HOBH b!X COCTO SIHH li K OHBqHb!X Haep C K OH¢Hryp8UHBH ( 1 p ). 

KnacTepb! o6pa3y~TCSI H3 HyxnoHoB 1p , 2 s H ld -o6onoqeK. 3TH c neKTpocKonn -

qBCKHB ¢aKTOpb! onpeaen~~T, HanpHMBp , OTHOC HTBnhHb!B 

HHSI ypOBHB li KOHeqaoro ~apa B pB8KUH SIX n e peaaqH TH fl8 

11 
B ( 

5 
Li , d l 

16 
N • 

2. Pacqi\T cneKTpocKon HqecKHx ¢a K Topoa 

BBpO~THOCTH o6p830B3 -

10 B ( 6 Li , d l 14 N 

/ 2,5 / 
C neKTpocKonHqeCKH li ¢aK T op o npeuenSieTc~ cneay~WHM BbiPB *BHH BM : 

s - ( 11 1 +m~ 

m + " I 2 

l<TT.J T 'T: T o To. >" 

l: I l: '( A N/~ --- ) I( ~Jo A- m m(N,L 0 l a 1 b k ( - ) L+ L 

H 

(I) 
x U ( S 1 L 'L

0 
: L 1

0 
) U ( L ' S ' 1 

0 
5
0 

: 11 S ) 

X < 1/ f n l 
1 I 

[ f J L S T 1/ f m2 
2 2 

[f ] L S T 
2 2 2 2 1 I I I 

II 1/ f n 1 - ID 1 [ f, l L 's 'T , . 1/ f ., I [ f "] L , • 
1 1 1 ' 1 1 1 

1/ f m2 

2 2 

LST 

[ f ] L : ([ f ] L S T l > t 
2 2 0 0 0 0 

3aecb m = m + m - qucno o6pa 3y~I.UH X K na c T ep ayKnoaon; n m - qucno 
1 2 I 2 

HyKnOH O B B 1 p- HnH COOTBBTCTBBHHO ( 2s - I d ) - o6onoqKe; N a m I 1/
1 

+ m 2 1/ 2 ; 

(T T. JT'T; ; T 
0 

T
0

• ) - Ko3¢¢u uHBHT Kne 6wa - ropao a a ; a 
1

, h k - a o nHOBbiB 

¢YHKUHH aaqanhHOrO H KOHeqaoro COCTO~HH l! ; U(abcd, ef ) - Ko 3¢¢m meHT PaK a ; 

4 

A N/2 
( ) - nonpaaoqHbil! MHO*HTBnh, yqHTbiBB~liiHl! aBH*BHH € 

A - m 
D ~~~~ D - Ill Ill D\... 

< v f 1! v f : LST I Jv f 1 t£1L'S'T ';vf !v..f f( f ]L5 T;..HHTe r pan • 
1 22 1 1 11 • aooo9 

q~qaol! BOnHoBol! ¢YHKUHH I Y f
01

[ f ] L S T , v f "' 2 [f ]L S 
I I I I I I 2 2 2 2 :1 

aaqanhHoro Siapa c o6onoqeqHol! ¢yHKUHe l! l v fn 1 -"' 1 [f']L' S 'T' 
I I 

~apa H ¢yHKUHBli I v fm 1 .[f"]L".I v f m2 [f] L : [f] L S T > 
I I I I 2 2 2 2 0 000 

OTa enSIBMbiX HyKiJOHOB. 3TOT HHTerpan , yqHTbiBB~lii Hl! CTpyKTypy 

HOrO ~aep, 06 bJ qHQ H83b! B8BTCSI reHean orHqecK HM K03<jl¢H U HBHTOt. 

HHTerpan nepeKpb! BBHH~ a o n HOBol! ¢yHKUHH I v i ml, v f m 2 : [ f 
I ·1 2 2 0 

B Mb!X HyKnOHOB C BOflHO BOli ¢YHKUHB l! 1/J , rp C B060a HO l! a 
N 1\ m/ 4 / 

BBHHOli m HyKnOHBMH ( 6on ee noapo6HO CM. B ) • 

3. Pe3ynhTBT bl p ac q e Ta 

A = 14 

fln~ pac q e Ta c neKTpOCKOnHqeCKHX ¢aK TOpO B npHMBIHi n HCh I 

/ 6 / 12 
Tp y3 , nonv4B HHbiB CBSI3h~ HeBo36Y*UBHHoro ocToBa C 

B COCTO ~Hlf SI X I p l/2' 2 s l/2 I d a/ 2 H I d 
6
/2. B bJqHcneHH bl li HM c 

14 
nBTBOpHTBnhHO O ni! Cb! BBBT H113 KOnB *BliiiiB COCTO~HII~ B N K 8 : 

TBK II OTpHUBTBnhHOl! q e THO C TH. BonHOBB~ ¢Y HKUIISI OCHOBHOrO C • 

B 3 TOli MOaenH cneay~liiHM Bb!PB*BHIIBM ( 6a3HCH blB ¢YHKUIIII O ITI 

HB X LS - CB~311 ) 

ifi( l ) e 0 ,47 1 I (lpl
10 

[442]
18 S> - !J,847 I ( l p) 10 [442 ] 1a D > 

+ 0,064 l (lp)
8

( 2sl
2

[ 442] 
18 s > + 0,185 ( 1p)

8 
(I d)

2 
[ 442] 

8 2 13 8 2 
-0,240 I (lp) (!d) [442] D > - 0, 101 I (lp ) ( 2s ,1d) (4· 

0TMB TIIM , qTo BOnHOBa~ ¢Y HK UII SI 3 T OrO *B COCTO~HH~ B MOaen~ 
10 /7/ 

CB~3h~ an~ qHC T Ol! ( I p) - KOH¢Hrypa UHH B C Tb 

(2) 10 18 10 18 
"' - - 0,247 I (I p) [ 442] s > + 0,950 I (I p) [ 442] D > 

- 0,259 I (I p)
10 

[433 ]
11 

p >. 
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N/2 /2/ 
( A ) nonpaBO'iHbil! MHO>KHTenh, y'iHTbiBaiOmHl! llBH>KeHHe ueHTpa Mace ; 

A - D1 ., n -m m "'-

<II fn! II f 2:LSTII11 f 1 tr1L'S'T';IIf !11 .. £ t(!]L 5 T :,..HHTerpan nepeKpblB8HH!I o6ono-
ll 22 II 11•110 OOQ 

'~El'iHOl! sonHoBoll <jJyHKUHH I v 
1 
fn/ ( f 

1 
] L 

1 
s 

1 
T 

1 
, 11

2 
f: 2 [ f 

2 
l L

2 
S 

2 
T 

2
: L s T > 

naqanhHoro !IIlpa c o6onoqeqnol! <jJyHKUHel! l11 fn 1 -"' 1 [!'] L'S 'T' > KOHe'iHOro 
I I 

!IIlpa H <jJyHKUHel! 111 1'"' 1 ' (!"]L".I II f m
2 

(!] L :(I] L S T > anSI m = m + m 
I I I I 2 2 2 2 0 000 I 2 

OTAenSieMblX HyKnOHOB. 3TOT HHTerpan, Y'iHTblBBIOmHl! CTpyKTypy H8'i8nbHOPO H KOHe'i

HOPO !IIlep, 06bl'iHO H83 blB8eTC!I reneanOPH'ieCKHM KOa¢xjlHUHeHTOM. I( m ( N, L
0

) ecTb 

HHTerpan nepeKpbiB8HH!I BOnHOBOl! <jJyHKUHH 111 f "'I , II f m 2 : ( f ) L S T > OTaen!I-
1 •I 2 2 0 0 0 0 

eMbiX HyKnOHOB C BOnHOBOl! <jJyHKUHel! 1/J ,;, CB060ilHOl! 8CCOUH8UHH, o6p830-NA "~'m1 41 
B8HHOl! D1 HyKnOH8MH ( 6onee nOilp06HO CM. B ) • 

A = 14 

iln!I p8C'iilT8 cneKTpOCKOnHqeCKHX <jJaKTOpOB npHMeJUinHCb BOnHOBbie <jJyHKUHH 

/6/ 12 
Tpy3 , nonv ... eHHbte CB!I3biO Hesoa6y>Kaennoro ocToBa C c L!ByMSI HyKnonaMH 

B COCTO!IH!f!IX I p l/2' 2 s l/2 , I d a/
2 

H I d 
6

;
2

• Bbt'iHCneHHbll! HM c neKTp anon He yaoB-

14 
neTBOpHTenbHO OnHCblB8eT HH3KOne)f(amHe COCTO!IHH!I B N K8K nonO>KHTenbHOH, 

TBK H oTpHUaTenbHOll 'iilTHOCTH. BonnoaaSI <jJyHKUH!I ocnoaHoro cocTo!IHH!I 
14 

N aaeTc!I 

B 3TOl! MOilenH cneLJyiOmHM Bhlp8>KeHHeM (683HCHhle <jJyHKUHH OnHChlB8IOTC!I B TepMH-

H8X LS - CB!I3H) 

t/1 <ll c 0,471 I< Ipl 
10 

[442]
18 s >- u,847 1 (I pl

10 
[442)

18 n > 

+ 0,064 i (I p )
8 

( 2 s !
2 

[ 442] 
18 s > + 0,185 I (I p) 

8 
(I d )

2 
[ 442)

18 s > 

8 2 18 8 2 18 
-0,240I0pl (ldl [442) D>-O,IOIIOpl (2s,ld) [442] D> 

0TMeTHM, 'iTO BOnHOB8!I <jJyHKUH!I 3TOPO >Ke COCTO!IHHSI B MOLJenH C npOMe>KyTO'IHOH 

10 /7 I 
CB!I3bl0 lln!I 'IHCTOl! (I p) - KOH<jJHryp8UI1H eCTb 

10 13 10 18 
"'(

2
) - - 0,247 I (I p) [ 442) s > + 0,95J I (I p) [ 442] D > 

-0,259 I (I p) 
10 

[ 433 l 11 
p > . 
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C cpyHKUHHMH T py a paCC'IHT8Hhi npHBeneHHhte anbcpa - w HpHHhi nnH HH3KonelKamH x 

14 10 w 
ypOBHel! N OTHOCHTenbHO OC HOBHOrO COCTOl!HHH B • .Qnl! KOHe'IHOrO l!llpa B 

H CilOIT b 30 B8IT8Cb BOITHOB8l! cpyHKUHS! B npoMelKyTO'IHOl! CBl!3H C 'IHCTOl! 

171 
cpHrypauHell 

' 6 Is 1 p KOH-

H eKOTOp b te paCC'IHT8HHb!e c neKTpOCKOflH'IeCKH e _cpaKTOpbl sa ll8Hbl B Ta6nH-

u e I. C neKTpocKonH'!eCKHe cpaKTOpht nnst Tpex cocTOSIHHII 0-, 0 npH 3,31 M as, 

2-,0 npH 4,83 M 3o H 3-,0 npH 5,60 M as stBnsl iQTCSI HaH60nbWH MH nnst C XOilHhiX 

KO HcpHrypaUHI!, 0HH ilO'ITH H8 nopstllOK BerrH'IHHbl MeHbWe H8H 60rrbWHX COeKTpOCKQ-

flH'IeCKHX cpaKTOpOB Sa nnst npyrHx stoep 1 p - o6orrO'IKH, B KOTOpb!X anbcp8-'18CTH-

UB o6paayeTC S! TOITbKO H3 1 p -HYIIITOHOB, 

A = 15 

P accMaTpHBarrHCh cneny!OmHe cocToH HHst: 

I. llbtpK8 B 1p -o6ono'!K e :I (lp)-
1 22

p,J" 
1- 1 - I 22 " 3 - .1 

- . T -->HI (lp) . P.J -- . T-->. 
2 2 !~ 2 2 

3TO XOpOWO 113 B eCTHb!e OCHOBHOe H TpeTbe B036ylKileHHOe COCTOS!HHS! B N . 

2. 8oa6y)f(/le HHb !e COCTOSIHH S! flOJJO)f(HTenbHOII 'I~THOCTH C KO HcpHrypauHel! 

- 2 1 \ 15 
I ( 1 p) ( 2s I d) > , onpenenstiOWHe B OC H OBHOM aHepreTH'!eCKHii cneKT p N npH 

HH3KHX a n eprHstx. CneKTpocK o nH '!OCKHe cpaKTOpbt pacc'!HT8 H bl c BOITHO B biMH cpyHKUH

SIMH MOileiTH C npoM e )f(yTO'IHOW CBS!3bi0/S/ 

3, .QoflOITHHTerrbHO paCCMBTpHB8ITHCb COC TOS!HHS! THna l(l p)-S ( 281d )
2 > H 

-( 8 
( I p) ( 2 s, 1 d) > . CneKTpoCKOHH'IeCKHe cpaKTopbt pacc '!HTbtBanH c b c aonHOBbt:vtH 

cpy HKUHSlMH c 'IHCTOI! L s - CBH3b!Q, 

.Qng KOH e '!Hbl X Slrtep 
12 

C H 
11

8 HCHOITb30B8ITHCb BOITHOBbie ljlyHKUHH C npoMe -

4 n /7/ 
>KYTO'IHOfi cB<I3biO H c 'IHCToll KOHqmrypauHel! I ( 1 s) ( 1 p) PeaynhTBThi npaae-

llOHhl a Ta6~aue ~ KaK H B cnyqae 
14 

N, cneKTpocKonHqeCK He cpaKTOphl B Te x 

CITy'IB HX, Korna 8~bcp8 -'IDCTHU8 HITH TpHTOH o6pa3yiOTCS! H3 HYKITOHOB p83ITH'!Hb! X 

KOHcpHrypaua ll , ropaano MeHbwe , qeM B cn y'!astx , Korna K n ac Tep o6paayeTcst H3 

HYKITO HOB OU HOI! 060nO'IKH , 

4. 06cy)f(neHH e 

Co rnaCHO cpopMyne (1), cneK T pOCKOilH'!OCKHH cpaKTOp COCTOHT H3 UByx OCHOB

HbiX MHO lKHTe nel!: reHeanorH'!OCKoro KoacpcpHuHeHTa , CBSI3BHHoro co CTPYKTypol! llUep, 

H HHTe rpana nepeKpbiB8HHS! J(m BOITHOBOH cpyHKUHH m OTilensteMbiX HYKITOHOB C BOn -

6 

I 
J 

l 

HO BO A cpyHKUBeil accouHaUH H B cao6oaHoM cocTostHHH, BenH'II!Ha en• 

cpaKTOpa OOpenensteTCS! B OCHOBHOM reHeanorH'!eCKHM KO acpcpHUHe HTC 

8CCOUH8UHH , o6p830B8HHO W 113 HYKITOHOB 1 p -o6ono'!KH, K m 38BHC 

'!8CTHU , o6pa3YIOWHX 8CCOUH8UHIO, HO H e OT L 0 

KOflH'!eCKHe cpaKTOpbl OTilerrbHblX ypOBHel! st llep 

noaTOMY OTHOCH"l 

1 p -o6 0ITO'IKH 08!0' 

HhiMH reHeanorHqecKHMH Koaq,¢HuHe HT8MH, Korna KnacTep o6pa3ye 

6onee B hiCOKHX HrrH pa3HhiX o6ono'leK, Km 38BHCHT OT L 0 • HecM• 

Hoil aenH'IHHo ll, onpenenstiOtueli cneKTpOcKonw'!eCKH ii <j>aK Top , no-np• 

r eueanorHqecKHil Ko a¢<l>HuHeHT. HanpHMep , nnst nepexona 

I (Is) ' ( 1 p) 
8 

( 2 s) 
8 .> ... . I (I 8) ' ( 1 p) 

8 > + k ( 2 s) & > 
2 

K 
8 

( 6 , L 
0 

- 0 ) ·• o , 0 3 

(l 8 )
4 

( 1 p) 
10 

( 2 8) I > .. I (1 s 

2 
)( 

8 
( 4, L

0
zO) = 0,25 , 

B T O apeMst KaK nnst nepexona 

l'(l p )8 > + I (lp) 2(2s) I> BenH'IliH8 

IC 2 
( 4 , L ~ 2 ) = 0,17 • Ho reHean o 

8 0 

<j>HUHeHT, a BMeCTe C HHM H cneKTpOCKOflH'!eCKH II <j>aKTOp, K8K H 

naTb, 6onhwe nnst nepe xona I (ls )
4

( lp)
6

\2 s)
8

> -+ l( ls)
4

( Jp)
8

> + 1 ( : 

nepexona IOsl' (lp)
10 

(2 s)
1 

> -- lOs ) 
4
(l pl

8 
> + \ (Jp)

2 
(2s)

1 
>. 

BhtBOil o ToM, 'ITO aenH'IHHofi, onpenenst!Omel! cneKTpoc KonH' 

ypOBHSI, HBnsteTCSI reHeanorH'!eCKHI! KOa¢<l>HUHeHT, He 38BHCHT OT ! 

ITOHO B, H3 KOTOpb! X COC TOHT K ITBCTep, 0H cnpa BelliTHB B 'IBCTHOCTI! 

'IBSl , Korna 'KnacTep* COCTOHT TOITbKO H 3 OUHOrO HYKITOH8, P a3n 

flH'!eCKHX <j>aKTOpO B U ITS! HYKITOHOB H U IT S! KITBCTepoB H e TOITbK O B "! 

TpO CKOflH'IeCKHii <j>aK T Op lliTSI KITBCTepOB U OflOITHHTeiTbHO BXOUHT HH"l 

B8HI!Sl J( m, 0TITH'!He npe>Kne B C e ro B TOM, 'ITO B C ilOKTpOCKOilH'!e 

HYK ITOHO B BXOUHT OUH0'18CTH'!HhiH reHean o rl!'!eCKHH Koacp<j>HUHeHT ( I 

KpbiB8HH S! BOITHOB biX cpyHKUHH Slllep A H A-1 ), 8 B c neKTpOCKO ilH 

ll iTSI KITBCTepOB - M HOrO'IBCTH'IHhiH re Hea norH'!eCKHH Koa<I>¢HuHeHT 

Kpb!BBHHS! BOITHOBbiX <j>yHKUH H Slllep A HA- m ) , 

<t>aKTO p bl K m I!Me !OT xapaKTepHyiO 38BHCHMOCTb O T Lo -op f 

TB KITBCTepa O THOCHTe iThHO Sl/lp8-QC T BTK8: KBK npaBHITO , J( M8 

MBKCHMBITbHbiX L
0 

, 3 TO ilpHBOilHT K 38BH CHMOCTH C ileKTpOCKOflH'IE 

OT L
0 

S lliTSI OllHHX It T eX )f(e HB'IBITbHblX H KOHe'IH biX KOH<j>Hryp ! 

o6bi'IHO H B H60ITbWHM lliTSI MBKCHMBITbHhiX L o ( CM. Ta6nHUY 3) , 

nony'!eHHblll 3/leCb BbiBOil 0 MBITOCTH C fleKTpOCKOflH'!eCKHX 

qaea, Koraa KnacTep o6pa3yeTcst H3 HYKITOHOB pa3HhiX o6ono'leK, 

7 



HOBOA !jlyHKUHeA accouHau11 11 B cBo6oaHoM cocTOSIHHII. Benll'll!Ha cneKTpoCKOIIII'!ec K oro 

~aKTOpa onpeaenSieTCSI B OCHOBHOM reHeanorll'!eCKIIM KOg¢~11UIIeHTOM. HanpiiMep, anSI 

acCOUIIaUIIH, o6pa3 0BaHHOli 1!3 HyKnOHOB 1 p -o6onO'IKH, K m 3aBHCIIT TOnbKO OT 'lHCna 

'!aCTHU, o6pa3yiOIUHX aCCOUIIaUIIIO, HO He OT L 0 

KOilll'!eCKIIe !jlaKTOphl OTaenbHhlX ypOBHeA Slaep 

no3TOMY OTHOCIITenbHble CIIeKTpOC-

1 p -o6onO'IKII aaiOTCSI OTHOCIITenb-

H WMH reHeanorll 'leCKIIMII Kos!jJ!jJHulleHTaMII. Koraa KnacTep o6pa3yeT CSI HyKnoHaMII 

6onee BbiCOKIIX 11n11 pa3HhtX o6ono'!eK , Km 3aBIICIIT OT L 0 • HecMOTpSI Hil 3 T o, ocHOB

HoA Benii'IRHOli, OIIpeaenSitOlUel\ CIIeKTpOCKOIIII'IeCKIIH !jlaKTOp, no-npel!<HeMy OCTaeTCSI 

reHeanor ll'leCKHii Kos¢!jJIIUIIeHT. HanpiiMep, anSI nepexoaa 

IOsl~(1p) 8 (2sla.>-+ (ls)~(lp) 8 >+ kl2s) 6 > 

B TO apeMSI KaK anSI nepexoaa K: ( 6, L 0 - 0 l - o, 0 3 

(1 s )~ ( 1 p) 10 
( 2 s) I > ... I (1 s 

2 

)~(lp)8 > + I (lp) 2(2s) I> 

2 

Benii'IAHa 6onb llle; 

K 
8 

(4, L
0
-ol = 0,25 K 

8 
( 4 , L

0 
~ 2 ) = 0,17 • Ho reHean orHqecKIIA Kos!jJ-

!jJIIUHeHT, a BMeCTe C HIIM II CIJeKTpOCKOIIII'IeCKIIil !jlaKTOp, KaK II c n eLlOB8J)O OlKII-

aaTb , 6onbllle anSI nepexoaa IOsl ' (lp/(2sl
8

> -ol(lsl
4
(1pl

8
>+ ll2s)a>. '!eM anSI 

nepexoaa I (ls )~ ( 1 p) 
10 

(2sl 
1 

> ... I (ls) ~(1 pl 8 >+ I (lpl 2 (2s) 1 >. 

BbtBoa o TOM, 'ITO aenii'IIIHOH, onpeaenS~tomeA cneKTpOCKOIIII'IecKIIA !jlaKTOp 

ypOBHSI, SIBnSieTCSI reueanOrll'leCKIIil KOs!jJ!jJMUIIeHT, He 3aBIICHT OT KOnH'IeCTB8 HyK

nOHOB, H3 KOTOpb!X COCTOHT KnacTep. 0H CIIpaaeanHB B '!aCTHOCTII H anSI TOrO cny -

'!aSI, Korna "KnacTep• COCTOHT TOnbKO H3 OllHOro HYKIIOHa. Pa3nH'!He cneKTpOCKO-

IlH'!eCKHX !jlaKTOpOB llnSI HyKnOHOB H anSI KnaCTepoB He TOnbKO B TOM, 'ITO B cneK -

TpOCKOIIH'IeCKHil !jlaKTOp anSI KnaCTepOB aOIIOnHHTenbHO BXOllHT HHTerpan IIepeKpbl

BaHHSI K m. OTnH'!Ue npel!<ne Bcero B TOM, 'ITO B c n eKTpocKonu'!eCKHA !jlaKTOp anSI 

HyK n OHOB BXOllHT OaHO'I8CTM'IHbiH reHeanorH'!eCKHii KOs!jJ!jJHUHeHT ( HHTerpan nepe-

KpbtBaHHSI BonHoBbtX !jlyHKUH ii Slaep A H A -1 ), a B CTieKTpOCKOIIH'!eCKHli !jlaKTOp 

a n SI KnacTepoB - MHoro'laCTH'IHbtil reHeanorM'IeCKHA K03cj>4JHuHeHT ( HHTerpan nepe

KpbtBaHHSI BOnHOBb!X !jlyHKUH li Slllep A HA-m ) • 

cf>aKTOpbl I( m HMetoT xapaKTepHyto 3aBHCHMOCTb OT L 0 -op6HTanbHOrO MOMeH-

Ta KnacTepa OTHOC HTenbHO Sl apa-oCTaTKa: KaK npaBHnO , I( MaKCHManbHO anSI 

MaKCHManbHbiX L
0 

• 3To npHBOllHT K 3aBHCHMOC TH cneKTpocKonHqecKHX !jlaKTopoB 

OT L 
0 

S anSI OllHHX H T eX lKe Ha'!anbHb!X H KOHe'IHblX K OH!jJHrypauHil SIBnSieTCSI 

o6bt'IHO HaH6onbli!HM anSI MaKCH ManbHbiX L 0 (eM. Ta6nHUY 3), 

nony'leHHblii 3lleCb BbtBOa 0 ManOCTH cneKTpOCKOIIH'IeCKHX !jlaKTOpOB anSI cny

qaeB, Koraa KnacTep o6pa3yeTCSI 1!3 HyKnoHoB pa3HbiX o6ono'!eK, He SIBnSieTCSI cny -
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'I8J1HbiM, feHeanorii'IeCKIIe K0 :3<jxpi!UIIeHTbl II , Cne.QOBBTen bHO , C ITeKTpOCKOITII'Ie CK IIe 

¢aKTOphl , K B K npa BIIIT O , HBII60ITbllill e , ecnll KIT8CTep COC TOIIT 11 3 HyKnOHOB O.QHOrO COp -

Ta . B 'I8CTHOCTII , c neKTpOCKOITII'IeCKIIe ¢aKTOpbl sm .rtnR nepexo.uoa TIIITa 

IOpl <fl > .. I o pl > + l<fl > , 

KBK np8BIIITO , Cp8BHIIMbl CO CITeKTpOCKOITII'IeCK HMII ¢aKTOpBMII .QIT R nepeXO.QOB 

I ( 1 P ) n > -o I ( 1 P) n- m >+I ( 1 P) m > ' 
B TO BpeMR KBK ClleK TpOCKOITH'IeCKIIe ¢aK TOpbl .QITR nepeXO.QOB 

I (1 p ) D (e) m- a > .. I ( 1 p) D - a > + I ( 1 p) a ( fl m- a> 

B 06WeM MeHb llle • 3 TO ABeT B03MO)!{HQCTb HCC IT e.QOBBTb :3KCllepi!MeHT8flbHO ITpiiMeCII 

p83H bi X KOH¢11ryp8UIIJ1 , B OC06eHHO C TII B ypOBHRX, IIMeiOilliiX .QblpO'I H b iJ1 X8p8KTep . 

5. HeKoTopbre BbiBO.Cibi o peaK UII RX co cnO)!{H bi MII R.rtpaMn 

CornaCHO :3KCITep11MeHT8ITbH biM .Q8HH bi M, B peBKUIIRX C IIOHBMII ITIITIIR B :3Hepre -

TII'IeCKOA o6naCTII B6ITII 3 11 KYITOHOBCKOrO 6apbepa cymeC TByeT KOHKypeHUIIR Me)!{.Qy 

19, 101 
npRMbiM MexaHII3MOM 11 MexaHII3MOM cocT a BHoro R.rtpa • CooTHoweHI!e Me)!{.rty 

HilMI!, ITO - B II .QIIMOMY , 38 BIIC IIT O T Q-Benii'IIiHbl pe8KUIIII II a6COITIOTH bi X 3H8'Ie HIIti 

COOTBeTCTByiOilliiX KIT8CTepHblX npi!Be.rteHHbiX lllllpiiH . 

2 2 
B a6coniOTHYIO aenii'IliHY npi!Be.QeH HOJ1 K nacTepHoA llillpiiH bl () m = () 0 sm BXO.QIIT 

2 
0

0 
- a e nii'IHHa, c o.uep)!{amaR MHoro neonpe.ueneHHOCTeil . E c n11 npe.unonO)!{IITb , 'ITO 

(} 2 
11 3 M8HReTCR M BITO OT R.Qpa K R.Qpy, TO MO)!{H O 0)!{li.Q8Th , 'ITO B p e8KUIIRX A~ Li, d)B 

0 'T 

11 A ( Li, 1) B BKna.u n pRMbiX npou eccoa 6y.ueT T eM 6 onhwe, <I eM 6onhwe 6y.uyT 

c neKTpOCKOITII'I8CKII8 ¢aKTOpbl Sa .rtnR B -o A + a . 
OCH.COCT . 

npe.QCTBBITH<:! T IIHTe peC C p8 B H8HII8 CIT8KTpOCKOITII'I8CKIIX ¢aKTOpOB Sa .CI ITR 

to* G II * T U * 10 
B -. Li + a B -. Li + a c O.QHOA C TOtJOHbi , 11 N -. B + a 

te* II 10 II 
N -o 8 + a - c .rtpyrol! . H113 Kone)!{81lllle ypoBHII 8 II 8 B OC HOB-

HOM RBITR!OTCR ypOBHR ~\.111 'IIIC T OJ1 KOH¢11ryp8UIIII ( 1 s ) 
4 

( 1 p) G llflli ( 1 s ) 
4 

( 1 p) T, COOT-

BeTCTB8HHO, B TO Bp2MR K 8K HII3KOIT2)!{81lllle ypOBHII UN II 16N IIMeiOT 6on ee CITO)!{ -

Hbl li 'IB CTII'IHO - AbipO'IHbili xapKTep. Cpaa H eHI!e noKa3biBaeT, 'ITO c neKTpocKOITII'IeCK IIe 

¢aKTOpbl .rtnR H11 3 Kone)!{81lliiX ypoanen 
10 

B a o6me M 6 onhwe c neK TpocKo-
II 

II 8 sa 
14 16 

ITII'IeCKIIX ¢aKTOpOB .QITH HH3KOfle)!{81lliiX ypOBHel! N II N. 

AHan11a aKcnepi!Me HTanhHbiX ABHHbi X npHBOAIIT K B b iBo.rty, 'ITO a peaKuiiRX 

e 10 * e 
Li( Li,d) B , Li( Li , I ) 

10. 
B, B KOTOpbl X B OCHOBHOM npeo6 -

191 
IT8)18IOT n p HMbie npoueCCbl , c neKTpOCKO!lii'IeCKIIe ¢aK TOpbl .QITR 8 ITh¢8 -'I8CTIIU 6 onh-

8 

w11e . B p eaKUIIHX )!{e ( 
6 

Li , d) 11 ( T L i , 1 ) 
10 II 

H8 8 II 8 OTHOC 

CTII B036y)!{!leHIIR HII3KOfle)!{8 1llHX ypOBHel! 6 nH3 KH K C T 8TIICTII'IeC 

I 101 
eT H8 6on hWOl! BKITBA KOMITBYHA - npoueCC OB • 3 T o COOTBeTC ' 

KOMY peaynhTBTy MBITOC TH anh¢8-lliHpHH AITR HH3KOITe)!{81lliiX ypo 

0 T MeTIIM, 'ITO BKIT8A KOMnayHA - MeX8HII3M8 MO)!{eT 6b1Tb P• 

HHX ypOBHe ll OAHOrO RApa. TaK, B peaKU IIHX ( G Li, d) II ( 
1 

Li, I) 

10 
COCTORHIIe B, HMeiCmee MBITYIO llpH Be.QeHH YIO anh ¢ 8 - llillpHHY (Sa ' 

eTCH OTHOCHTeJfbHO CliflhHO. QqeBIIAHO, 'ITO B :3TOM c nyqae HeMI 

o6p830B8HHe COCTBBHOrO ~Apa. 
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T 10 II 
wHe. B peaKUHHX lf<e ( 

6 
Li , d l H ( Li, t ) HB B H B OTHOCHTe/lbHbte aepOS!THO-

CTH B036ylK!leHHSI HH3KO/lelK81UHX ypOBHe ll 6 nH3KH K CT8THC'rH'IeCKHM, 'ITO YK83b!Ba 
/ 10 / 

eT Ha 6onbwoll aKnaa KOMnayaa - npoueccoa • 3To cooTBeTcTnyeT TeopeTH'Iec -
14 1 a 

KOMY peaynbTaTy ManocTH anbljla - wHpHR anH HH3KonelKaiUHx ypoaHe ll N H N • 

0TMeTHM, 'ITO BK/18/l KOMnayRn- MeXaHH3M8 MOlKeT 6btTb p83/lH'IHblM /1/lSI Cocen -

HHX ypOBHell 0/lHOrO Hnpa, TaK, B peaKUHSIX ( e Li, d ) H ' ( 
7 

Li ,t) H8 Li a 
10 -3 

COCTOSIHHe B, HMeJOmee MB/lYJO npHBeneHHyJO 8/lbljla - WHpHHy (Sa = 1,3,10 ) , D036ylKaa-
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TaO JI H~ai 

CnexrpOCKOllHI.!eCKHe ~aKrop~ sa 
14* 

)(JIJI N ~ 
10 

B +a 

YpoBHH S!)(pa I4N KoH~Hrypa~JI Sa, B~I.!KCJieHH~g 
o r,n; e JI Jl exw: C BOJIHOB~MH rr 

J ' T E /MaB/ E ./M:>B/ HyKJIOHOB ~YHK~Kl!MH /6/ axe reop 

I+,o 0 0 I p • 0,646 

I+,o 3,95 4,0 I P • 

o- ,.o 4,9 I 3,3 • I p 2 s - 0,226 

2- , o 5,IO 4,8 I p
8 

I d O, I94 

r,o 5, 69 4,9 8 
0, 039 I p 2 s 

T, O 5,83 5, 6 8 
I p I d o, I58 

I+, 0 6,23 6, 3 I p
0 

2 s 
2 0, 016 

T a -o Jl H ~ a 2 

CneKrpocKonHI.!eCKKe ~axropbl )(Jill " 10 " N ~ C+ t, N ~ 

YpoBHH l!)(pa 
I5 KoH~Hrypa~Hl! N_ 

i" T E/MaB/ or,n;eJIHe.uw: 
aKc reop HYKJIQHQB (nQ3 HJIHn c4)S, 

ur , I/2 0 0 ( l p)" I, 6. 10- I 

3/~-, I/2 6, 33 (I p ) n I 1 o. I o- I 

7/2+, I/2 7,57 5,9 n-1 
( I p l (I d l 

I 

I/2+, I/2 8,3I 9,3 
n-1 I 7 .10-4 (I p) ( 2 5) 

' 7/2+, I/2 . 9, 83 I 0, 9 
n- 1 I 

(I P) (ld) 

I/2+, I/2 • I , 2. 10- I ( 2 5) 

II/2+ 
I/2 J • 4, 7. ro- 1 (I d) 

IJ/2+ I/2 

10 

L 

T a 6 JI H Q a 3 

3aBHCHMOCTh CDeKTpOCKOnHqecKoro ~aKTOpa ~RR 

1 < 1 • >' < 1 P > 
8 

< 1 d >a > .. 1 < 1 • > ' < 1 P > 
8 

> + 1 < 1 d >a > 
sa B~I.!KCJieHHbl~ 

C oBOJIHO Bbl:wf OT MOMeHT a KOJIHqeCTBa ~BHXeHHR 
~YHK~Kl!MH /7/ 

0,683 

0,3II Lo I( s t t 

0 O.I2I 0,056 

2 O,I82 O,I26 

4 O,I82 O, I26 

6 0,352 0,471 

II B+a 

sa 
f) 

4, I. 10-I I. 

9, 0, 10- 2 

3,7.10-3 

9.10- 3 

5, 3. 10- 2 
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