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I. nocTaaoBK& aa.na~u 

Bo MHOl"HX SKCil8pHMeHT8JibH&IX H T80peTH~ecKHX pa6oTaX H3y~anaCb se~TROCTb aax• 

BaTa rr -Me3oBOB aa il.!!Pa pa3nB~RhlX semecTB KaK <!JyHKilRII 3aps.aa a.npa Z • Hcxo-·· 
' /1/ 

QR H3 Mo.nena To~as;~epMH, <llepMR a Tennep · c<!JopMynaposana Tax aaablBileM&~A z 
38KOR0 C0l"ll8CBO XOTOpOMY sTa B8poHTROCTb .. Z 3KcnepBMe~T&I/ 2/ llOK83&1B810T0 qTO 

STOT aaxoa BhlnOJIBI!eTCH nnoxo. OcooeHao pe3Ko oa aapymaeTCH s· cHcTeMax THDa Z-H. 

( UH CH , CH 2 B T.n.), r.ne no H3MepeHBHM fleTpyXRHa n . /3/( 
B poxoWI[BBa .KOTOpbi& 

nonTsepJKQeHbl rpynnoA B3 UEPR/
41

), sepoRTBOCTb 38XBaT8 • Z a (npll Z :;j 10). 

Hapyrueaae· Z -aaxoaa s Ta.KoA cJicTeMe ecTecTseHHo, Tax xax s ·HeA He sblnonHeBbl 

yenoBKB npaM~HMOCTB Monenu ToMaca-$epMB, onHaKO a see .npyrue cymecTBYIOIIlBe_ cxeM.bl 
. . . 151 . . 

ae, .aaiOT xOllH'IeCTBeBHOro onHcaHBH Bsneaua. Oa&o<!JcxuA npe.nnolKBJI Monenb nepexsaTa, 

B KOTOpoli , -Me-

30~0M B .nanee npu .QBBlKeHiiB nepexsaTbiBaeTCB Ha snpa c 60JibWBMB z • Ho Torna, o~e-. 

IJK.[Ulo, ceqeue ·nponecca nonlKB:o aasuceT-. oT KoaneaTp81lHB C • , 'ITO npoTBBOpe'IBT ·ftc .. 
x/ . t2o~fc~ . 

nepHM8B~aM (s OQHOM B3 -·~ffllOTBOCT& C2H1 M8BIIll8C& B 110 paa,;.... 

_97;.raaa _no li<HnxocTB,-onRaxo 3a~BCHMOCT.U oT. ·c. o6aapylKeHo He 6bmo). CymecTBYIOT u 

QpYJ'BE! B03paiKeBJUI llpoTHB CX8Mbl flaao<!Jcxoro, B ~8CTBOCTB, B9'1yJicTBBTen&HOCTb llpoll9CC8 

nepeX:saTa_ K npuMecRM o~eB& THlKenhlx aneMearoa, Hanp&Mep, Ph 11 T • .a.x/. 

3xcnepB.MeJIT8llbHO YCT8HOBJieH01 'ITO 3aXBaT Me30H8 H.!!POM npoBCXOQHT B3 CBH38.BHOl'O

COCTO!IBHB. Bnonue sepoS!TH00 ~0 .!!JIB THli<8JibiX 8TOMOB BM8HHO nponecc nepeXona M8.!lllElH

JihiX M9301i0B 83 HenpephlBHoro cneKTpa aa K8KOli-llB6o CT811BOH8pHblli Me30{lTOMHbifi ypQMmo 

QaeT OCHOBHOA BXll8.Q B Z -aasucHMOcT&. Opa aToM ocHoBHYIO pon& nonlKHa arpaTb 

-~elrTpoHHa~ OOonO'IK&. -Jln11 STOMa BOQOpoQa Cpe.Illl MHOl"HX .B03MOlKHbiX M8X8BH3MOB nepexo-

):!8 tf B ;llBCKpeTHblli cnexTp pe6JIB3ye'l'cH1 llG-BHQBMOMy, JIBWb O.QBH~ 8QH868TB~eCXRli 

d 161 
3'axB8T. ll8HKB 8aliTM8If8 llOX83biB8IOT1 ~TO npB aTOM 'lr llOJIJK8H 38XB8THTbCB H8 

_yposeil.&· D • J4A ·Onllall:O MOlKHO npocTO llOK83&Tb1 . ~TO ypoBHB SHep~BII BOQOpo.!!a B CHCTeMe 

z- H , nnSI. KOTOJH>Ix n > n 0 •· v · R , - oomue ypoBHH see A caCTeM&~ xx/ ~ 
2(2 'If"%+ 1) 

· R ·-MelKHylUIOHHoe paccT(UIIJHe B Me3oaToMHbix h = e ,.. m rr• 1 

{TO npB Z a 1 + 10 

. - upoBCXOQBT H8 CBCT8MY ?- - H 

lTpaiiJIM&SI BO BHBM8HH8 see BhlWeCJcll~1.,ll ll8BHO!i pa6oTe npennaraeTCB cnenyiOIIl4H 

x/ B.H·. fleTpyxua, IO • .n. OpoxomKBH • .noxnll.ll.Ha ceCCRB AH CCCP, Mall· 1964 r, 

xx/ flpH D >DO B03HBK8eT BBJieBBe, aHanOl"B~BOe HC'I$3BOBeHHIO llHHBli npB WT4px-

.;.,. .c~Te B CHJibHhiX fiOJIHX ( CM. PBCo 1 J 1 oap&ep 'llOHHll<aeTCB H8CTOJibXO, 'r~O npoBCXO.!!HT 

Biliph!.Ba.aue Me3oaa· noneM a.npa Z 
8 

,,_-
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exeMa nponeccoa, npoHcxo.llstiiiH_x ,' l'tpu saxaaTe MeJlneHHbiX " -Mesouoa 

IIIHX BellieCTB8X: tr -Me30H 38XB8TbU!aeTCst Ha lleKOTc;>pbli! CT81lHOHap~bl 
~ 3 ', < Jlllst BCell CHCTeMbl Z - H , STeM lt.llyT CII91lY!Olltlfe KOHKYPltPYIOIIIHe np 

XO.Il Ha p83JlellbHbl9 ypOBHH Me308TOM8 

3) nepexaaT Ha JlpyrHe CHCT9Mbl, XX/ 

H ; ~) nepeXO.Il Ha ypoBHH M93 

B oTCYTCTBHe npHMecei!' ~na.lleHHe' " Ha O.llHO !13 Slllep CHCTeMbl 

'lan&uoro, o6mero .ctna acel! CHCTeMbi ypoaua,MoJKeT ObiT& o6ycnoaneuo a 

npB'IHH8MH: OlKe-~cjleKT, BHeiiiHHi! OlKe-scjlcjleKT (Jr3 .OOOIIO'IeK Jlpyrax 8TOM 

Hblll 38XB8T 0 IIITapKOBCKOe CM91Ii9HH9 YPOBH91! npH CTOIIKHOB9HHS!X H, HaKOI 

JI9p9XO.Ilbl, 0!t9HHTh KOIIH'I9CTB9HHO OTHOCHT91IbHblll BKna.ct BCeX : STHX llpOQe 

BpeMSI ,He npe.llCT8BnSieTCSI B03MOlKHblM0 0JlH8KO MOlKHO llpHl3eCTH H9CKOt.Il>KC 

xxx/ , ,,,,J\ 
non&sy nocne.llHero MexaHH3Ma • Bq-nepabxx 1a 8HanorH'IHbiX on,bt~ 

~ ,, -. .., 
Ha6n!O.ctanH HHT9HCHBHY!O p9HTr9HOBCKY!O cepH!O, Bo-BTOpblx, B T8KOll. ,' '•, " 

Tp81I0HBSI CHMMeTpHll, ll0,9TOMy OTCyTCTBY!OT. OObl'!Hbie npa~na OT60p4',: ·, ' 

MeHTy (L\~ ... ~) , H aepoRTHOCTH pa.ctHaUHOHHbiX nepexo.lloa .ll'onJKHbi a~$~ac 
't' 

TaKHM o6!¥130M, sa.lla'la cao.ctHTCll K OTbiCKBHII!O aepoliTHOCTeit ne~eic 
ZHrr -· PI, T8K KBK OCHOBHY!O ponb llpll ,9TOM Hrpa!OT BbiCOKOB036ylK.Ilell 

ecTecTaeuHo .ctnll ee pemeHHl! npuMeHHT& MeTOll BKB, 

Bee o603H8'19HHll H MBT9M8TH'IeCKHe llOllpOOHOCTH, Heo6XOllHMble llllll 
171 

Jl8'!H 0 JlBHbl B p860Te , 

2, BepoaTHOCTB panHauuoHHbiX nepexoaoa 

npennonOlKHM, 'ITO B CHCTeMe ZHrr 38 apeMl! nepexo.ct8 M9lKRyxno 

R He MeHl!eTcs, Torna aepol!THOCT& WNn IP8.1lHBilHOHHoro nepexona c' 

" /8/ ypOIIHH N liB HB3KHI! P~JleneHHblll n pasHa 

xi ' 
Pe'l& HJleT TOnbKO 0 TeX M930H8X0 KOTOpbi9 MOryT 3BTeM Bbl3B8Tb, 

"-+:p .. rL,.+· n , KOTopal! H cnyJKBT HHJlHKaTopoM nponecc8. KoHeHo, no. 

maa 'laCT& ~-.:.Me3oHoB H3 ny'IKa 3axaaTbiBaeTCH cpa3y Ha ypoBHH Me3oaT, 

KO 9TH Me30Hbl He JlBIOT BKII81l8 B peaKUHIO (oHa H)leT TOIIbKO HB HJlpax BOl 

JlB!OT 11'3 paCCMOTpeHHl!, npennonaraeTCll, 'ITO Me30Hbl 0 IIOll8BIIII!e HB ypoBBH 

Me3oaTOMa, 38 apeMH nponecca nepexaaTbiBaJOTca M8no a Mqry'l' 6b!T& sax 

liJlPBMH a'roro M930BTOMa, 
xx/ 

B nonb3y aToll runoTe3bl roaopJ!T TaKJKe cneayJOIIIHit cjlaKT: B CMeCl 

HJleT nepexaa'r C H2 HB Z , HO OH 3HB'IHTen&HO cna6ee If He 3BBHCBT C 
OT KOBiteHTpBUHH C• ,, 

xxx/ BepOHTHOCTh OJKe -nepexo.ctoB ( L\ E -pa3HOCT& sueprHit ypdaueil 

'IHTaii&Ba IIHIIIb ll~ll nepeXOJlOB MelK.Ily Bb!COKHMH ypOBHSIMB, B TO lK& Bp8MH 

peXOllbl " ( L\ E) a H MOryT nepeaeCTH Me30H cpa3y Ha OJlHH H3 HHlKHHX 
' 9· jo6 , , KO'I'Opb!X H,ci8T HHTeHCRBHbii! 38XBBT ~a l!Jlpo " -:-r- , 

< • 
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cxeM8 nponeccos, npoHcxo~HIUH_X llpH saxs8Te Me~neHHbtX " -MesoHoB a _ao~o'po~oco~eplKa-

IUHX aemecTaaJc fT -MBSOH SaXBaTblBaBTCH Ha HBKOTOpbtl! CT81lHOHapHbll! ypOB9Ho1 Ot5lllHI! 

Jln£1 BCBI! CHCTBMbl 
I . 

Z -; H x • · 3aTeM· II~YT cneayrolll.lle KOHxypHpyromHe nponeccbt: ~) nepe-

XOil Ha paSJlBJihHblB ypOBHH MBSOaTOMa 

-' . • xx/ 
H ; .2) rrepexoa Ha ypoBHH M.esoaToMa Z 

3) nepexa8T Ha ~pyr11e CHCTBMht. 

8 oTCyTcTBHe npHMecel! ~na~eHHe' " Ha OllHO !IS HllBp CH<:;TBMbl Z - H c ua-

'!ani:>HOI"O, o6mero ~llSI BCel! CHCTBMbl ypOBHH.MOlKBT Ob!Th OOYCJIOBllBHO B !IpHHilHIIB MHOI"IIMH' 

llpii'IHHaMH: OlKe-a¢4JeK'I;', BHBIDHHII OlKe-s4lljleKT (irs OOOJIO'IBK apyrHX 8TOMOB), npBMOII Slllep.;. 
'. . . \ 

Hbll! saxeaT, UIT.!IpKOBCKoe CMeWBHHe .YPOBHel! npH CTOJIKHOBBHHHX 11, H8KOHBil, panHallHOHHbie 

.nepeXOilbl, OneHHTh KOllH'IeCTBeHHO OTHOCHTBllhHbll! BKJia~ BCBX 3THX rrponeccos· S HaCTOBl!lee 

BpBMH .HB npBJlCTaBJISIBTCH BOSMOlKHblM, OJlHaKO MOlKHO llpHBeCTH HeCKOllhKO ·COOOp8lKBHHII B 

=~ -
llOlli:>Sy llOCllellHBI"O MBX8HHSM8 , Bq-nepBb!X 1B 8H8llOI"H'IHblX Ollb!T8X C fT -MBSOJI8MH 

HaOlliOJlallH Hl!TBHCH!IHYID ,PBHTI"el!OBCKYIO cep,Hro, 8o-BTOpblX, B TBKOI! .CHCTBMB H8pyiDBHa llBH_:

TpanhHaSI CIIMMBTpRS!, ll03TOMY OTCYTCTBYIOT OObl'IHb!B lip8BIIJia OTOOp8 no OpOHTilJII:>HOMY MO

MBHTY (~~ .... ) ' II BBpOHTHOCTH P81lH81liiOHHblX nepexo~oB a'onlKHbl BOSpaCTH, 

T8KHM o6RSSOM, sa~8'1a caoaHTCH K oTbiCKaHIIJO aepoHTHOCTel!_ rrepexoaoa a CRCTeMe 

ZHrr -· H, TaK KaK OCHOBHYIO ponb 1IpH 3TOM RrpatoT BblCOKOBOSOYlKilBHHbte ypoBHH, 

ecTeCTBeHHO ana ee peweHHs llpHMBHH'rb MBTOil 8KE. 

Bee OOOSH8'1BHHH H M8TBM8TH'IBCKHB IIOilPOOHOCTII, HeOOXOiliiMblB llJISI peweHHSI 9TOI! sa-

/7/ 
lla'IH, aaHbl a pa6oTe , 

... 

2, 8epooTHOCTB p81lHBilHOHHblX rrepexoaos 

npennonOlKHM, 'ITO s CHCTBMB ZHrr Sa SpBMSI nepeXOJla MBlKHYKJIOHHOB paCCTOSIHHB 

R ae MeHS!eTcs. Torna aepoSITHOCTh WNn 1 pallH81lHOHHoro rrepexoa8 c Bbtcoxoro o6mero 

/8/ 
ypoBRH N 118 RRSKIIII pasaeneHHbtl! n pasHa : 'II 

x/ Peqh 11aeT TOnhxo o Tex MesoHax, xoTopbte MoryT saTeM BblSBaTh peaKilHIO 

"-+:p .. ~+' n , KOTopaa 11 cnylKRT IIHiliiKaTopoM rrponecca. Koueuo, no-npelKHBMY t5on~:>-_ 
mas!' 'laCTh ~-'-Mesouoa 113 ny'!Ka saxsaTbiBaeTca cpasy Ha yposHH MesoaTOM8 'Z , onua-

KO 3TH MesoHbl He aaroT sxneaa s peaKiliiiO (oua 11aeT TOni:>Ko Ha aapax aoaopona) 11 s&ma

naroT Jt3 paCCMOTpBHIISI, npennOJI8f"89TCll, 'ITO MB30Hbl 0 nonaBWII9 118 ypoBRII IISOlliiPOBaHHOI"O 

MeSOaTOMa, S8 speMll nponeCC8 nepexsaTblB810TCll MallO H M(!f"Y'I' Ob!Th S8XB8'1BHbl_ lliiUII:> 

llllP8MB 3Toro M9S08TOM8, 

xx/ ' . 
8 nonb3y STOll f"IIIIOT9Sbl f"OBOpHT TaKlKe CJI9~YIOlllHII ljl8KT: B CMeCliX f"8SOB H

2 
+ Z 

H~9T nepexsa~ C H2 118 Z , HO OR SHa'IHTenoHO CJiaoee H 119 S8BHCIIT OT Z , a lliiUII:> 

OT KOHI19HTP81lllll C
0 

•. 

xxx/ 8epOHTHOCTI:> O)Ke -nepexollOB ( ~ E -p8SHOCTh :;~ueprHII ype1suel!) • 1 , T,e, 3Ha-

'IIITElllbH8 nuwh llllH nepexoaos MelKJly Bb!COKHMH ypoaHSIMH. 8 To JKe speMH pa~oHH&Ie ne-

pexollbl " (~E) 8 
II MOI"YT nepeseCTH M930H Cp8Sy H8 O~HH 113 HHlKHHX S -ypOBHell, C 

' 

' 2·1o6 
KOTOpblX II,[IBT HH 1fCHBHblll 38XB8T 1f8 Hllpo " -::-r- • 

• \ .n 

. \ 
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BepoRTHOCTh uepex0,[18 c o,!Smero ypo8HII N ,· aa ypo88111t M8308TOM8 H 

W " 2 • e a 2nl1- 1 •h ~ a I 
Na• p -b a ( __ ) •( )• L. 

" c 2n 1 +1 . n 

(3) 

(4) 

AsanorB'IHO ,[1/IH H8peXOJl08 H8 Y.poBRB M8308TOM8 Z C 38YeHo8 n • n' , n
1 

•n' ,·n •n ,. •·, 
· I I I 

.. t' • nps &TOM llEql&XOAI>l B03MOlKHI>l /liHIIh npH f- .MOM&HT 81>ICoKoro ypo8llll · N ) : . 

N >N0 • t < 2N
0 
v'1- (~) 2 • 

N 
(8) 

- nns OTROW&HHfi Bep6HTHOCTeA nepeXOAOB C BblCOKOrO 6611lero 

'Hbl& UH3KB9 n. II n' DOJlY.'IHM (npll R » 1 '" ~ 1 ;•., 

II 

ypoBHB 

z' 
N H8 p83Jl9118R-

::7T ): 
n 

W • 2n' + 1 2n + 1 'l'a 1 4 
_J!L.., (_l __ f. _. __ ) ·<...!!.->. z • 
WN• 2n 1 + 1 2n';+:l n 

T,&, BepOHIFJIOCTh nepeXB8T8 " Z 

/ 

(6) 

HaTepeeao OTMeTBT&, ~To A/1!1/BpeMeaa· JKllasa ·11- -Meaoaa 8 BOJlopoAe sa (4). nony. 
. . -12 ,, 
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Oaaaxo, ao-l!epEn»x, a CHCT&Me H 1 11 H8 cymecTByeT ypOBHeA H3011HpoBaRIIOrO Mti-
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· 'lileCTait, 

.,1{ HU:OR8D1 8p8MSI lKII3Hll ft B He (3,6 + 0,7),10: 
H& .11811 n:opllllKa 6on&me, ~eM 8 aoaopoae. 

C TO'IKII 3peHH~ ll8HHOII pa60Tbl·. STO o61oHCHlleTCR TeM, ·'ITO He- ,d)l 

Koaequo, .llllll_ c'aon&Ko .. aa6ya& yaepeRHI>IX aaxn~qesaA aeo6xoAH~bl T.O~IJI>Ie 
'I&TI>Io 

3, nepexllaT H8 llpyrll,& C!fC'reMbl 

, Ycno.BHe (5) noaaonseT TaKJKa, no xpaAHeA Mepe 
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,ltB8T~. ft . C CBCT&MI>I Z - H B raaax, TaX K8X ORO R~AIIT 1t 
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nolKeHHe 1) naiOT: · 

~~nl M 

4 ( 2n +1 a/2 N -,- ...::L...:. ) • ( o a 
77 

2n F1 -) • ~ . N 

1, 
Gr 

(1) 

(2) 

napa6onaqecKHe KBSHTOBble 'IRena HHlKHero ypoBHK E
8 

, f • - 2 Ea, 

y'R(Z+ 1) 
No· -r-

pexona c o6mero ypoBHH N sa ypoB9Hib M8308TOMa H 

2 
WNn • J,;T 

_c( 2nl~1)a/a·(N )a· r2 
he a 2n

2
+:1 1f- n 

(3) 

(4) 

•'. ,, 

.OUOB H8 ypOBRH M8308TOM8 Z 

nepeXOllbl B03MOlKHbl DHWb npH 

C 38U&HOA 0 • n' 1 n
1 

•n' (8 •G .,_ 1 ~ 
I I I ' , 

f - . MOMeHT BbtcoKoro yposaa 'N ) ; . " 

N >No ' f < 2N
0 

v' 1 _ (~) 2 • 
N 

(8) 

THOCTel! nepexonoe c BbtCOKoro 06mero ypoBIIH 
z2 

N 118 p83.£1&1I8R-

nony'IHM ( npH 
1 

R»1r·~ ' t'• :71' ): 
n 

W , 2n; + 1 2n + 1 sh 1 c 
--l!!L•(---f·-~--> ·(~)·Z, 
WNa 2n 1 + 1 2n'2+:1 n 

XB8T8 " Z 

/.' 

( 6) 

liDH'epeMeRH lKH3HH 77 -M830118 B BOJlOPOll8 H3 (4) R04Y• 

eK , 'ITo no nopHIIKY senH'IHHbt coenanaeT c SKcnepH.MaH.TII.nbRo-ss•e- ' 

-12 /12/ ' 
10 ceK 

ITSKOe Manoe BpeMH lKH3RB He MOlKeT i5b!Tib oi5-..l!CH8HO pMB81lRC)HRWMil; 

BBHHOM M8308TOM81 TSK KSK JlSlKe C8Mblll CHDbHblll nepeX0.£1 ~p • 1a 
-12 /13/ . ,' 

3HH eenH'IHHY r ~ 6.10 ceK • neoH a EeTe ('raM lKe no.t:~podll8.R 

.ce npyrae B03MOlKHble MeX8HH3Mbl ( BHBWHHII OlKe-scjl4leB:T1 WTSpJtO!iO. 

81! 1 R.QepHoll CJlBHI" s -ypoBHell B HX BHTep<jlepeH.IlB101 npa.MOII llll8Jl- · 

e MOI"YT RpHBeCTB K 38XB8TY C H81!BnbHOR OpOHTbl n 
+ 1.4 -12 

ny'IHDH r ~ ( 2,3 -0,7 ) • 10 

15 a3onzpoBU-, 

+ 
Bb!X1 B CHCT8Me H 8 77 He cymeCTByeT ypOSHell B30IIBpoB8HHOI"O 

BO-BTOpbtX, Bee 3TH M9X8HH3Mbl cymeCTB9HRO, JlODlKHbl 38UC&T!o OT 

6 .,. 

.1.,1: .~ ~'1.··' },.1•• L., ·~· :-·' !, •. ,, ., ~ I 
0
1 ,·' "· 

I'~.: , .. 

CTOIIJtiiOJjeiiJij C li.PyT.MB 8TOM8i.IR, 81 B SRMOI"B'IHWX O!Jb!T8X C !lewecTB8MB T•lta Z .. .}{· 

H8 oiSHapyllt8RO lf3M9H~HBll oiSmero xapax;apa. RJlO!;l8CCOB B 38SR.Cif!I.(PCTR OT IUibTaOCTR 88"-.·· . ,• .. . . ' ... . 

·meeT sit. 

.,}( H8KOH81l, 
-JO /14/ 

(3,6 + 0,7).10. C8K ' 0 T;e,: · SpaMII lKII3HH' fl s He 

Ha .£188 R,Op51li.K8 OOIIblll8, '19M s .. BOli.OPOll.9o 

C TO'IKH 3p8KHH ll8HHOII paoOTbi.3TO oiS-..RCHli8TCll TeM, 'ITO He- ona.OaTOMRblll ra3-.· 
I . . 

Koa8'1HO, WIR. Cli:Oilb!£0.•)1HOY.£1b yeepeKHbllt 38KIII0'18HBII HeOOXOJlHMbl TO'lHbte 'IHCD8HHble pac;.,. <: ,. 

"1:8Tbl. 

3, 0epeX&8T HS .QpyrHe CHCTe~ 

YcnoBHe (5) noasonseT 'I'SKlKe, no KpallHell Mepe K8'16CTB6RHO, JIOHliTb M8XSHII3M ·nape-. ' . . 

.,XBSTS fr _, C CBCT6Mbl Z - H B r'aaax, T8K K8K OHO npHSOJlHT It p83HOMY speMeHII .liiii;JRH·,c, 
' . . . . . 1,,,. 

Ansi 'pa:anH'IHbiX· ypoesell. Hcnonb3yll npHnOlK6HHe n • ROliCRRM B03M~lKHblll M6X8HH3M:·.Ha . ' 

!14Clllenll 'Ha 3-x yposaell ( aa ypcBeHib E 1 np11MeM yposesb 1a , eM. psc. 2). 
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• ,, 

I 

-~ 
-- "-2 ·~Ea==+~r-7~-E, 

' 'ta,· 1 T:u 
,. f. 

"=0 -- ~ . \' 

E1 . , 

' ) .. 

'"f<', 

pH Co 2. ... ~. { 
il '1, .. ,,_ 

/ 
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I ,, . \ :' 
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06ntal! <jlppMyna Allll' a 1(1o) -sepol!THOCTH 3ali:B8Ta Ha , E I JlOBOllbHO rpOM03lUC:a, 

uo npu 

A2p « -
r 21 r 81 

~>> __!_ 
r 's2 (7) 

(<jJH3HqecKH 9TO COOTB9TCTByeT nepexonaM C ypoBHeR, npHHannemantHX OJlHOMY MYllbTHJlli9Ty) ' 

nonyquM·: 

flpH p ... 0 

HOCTeR·' a
1 

1 (, 
a 1 (t 0 )-a 1 +:(1-expl-Jl.l)a 2 +:---<1-expl---Apt

0
l)a

8
• (8) 

T 1 +Apr T · 

H p .. 00 a 1 (lo) 3aKmoqeHO B KOHeqHbiX llp9Jl9llaX, 3aBHCS!ntHX liHntb OT BepOl!T-

uaqanbHoro pacnpeneneHHl! no ypoBHl!M u o6mero apeMeuu nponecca to 

, AHaliOI'HqHall, XOTll H 6onee CliOmHal! J[apTHHa, 6yJleT TaKme B 06nteM Cllyqae: a TaK KaK KOHC-

TBHTbl nepexBaTa A I Cli860 3aBHCliT OT z , TO nepexBaT B OCHOBHOM onpeJlelili9TCll 

KQHQ9~TpauueR npHM9CH p , a TaKme COOTHOnt9HH9M A1 p H_!_ 
•• 

06cymneuue pe3ylibTa;os 

flonyqeHHbie pe3yllbTaTbl MOI'YT npeTeHJlOBiiTb liHntb Ha llOliYKOlll!qeoTB9HH09 OJli!CaHH9 · • 
, I ' 

asneuuR, TaK KaK npH HX BbiBone nonymeHbi cnenyiOmHe npu6numeuua: S!Jlpa npennonaranucb 

·'· 6ecKoaeqao TllmenbiMHj He yquTbiBanacb aKpaHupoBKa ux sliewHHMH aneKTpoHaMu; He yquTbi

Banucb .r:tpyrHe B03MOmHbi9 ·MeXaHH3Mbl 0 KOTOpbie, KO!IeqHO, JlaiOT HeKOTOpbiR BKllaJl, 

OnHBKO npennomeHHBll cxeMa Jl03BO,lll!eT c 9JlHHOR ToqKH 3peHHll KaqecTBeHHO llOHli,Tb l!B

li9HHR, llpORCXOnllntRe
0
npR 3BXBaTe rr 

HM9HHO! 

8 

x/ . 
-Me3ouoa B sonoponoconepmamux semecTBax , a 

l, CanbHYIO Z -aaBI!CHMOCT:b (~ Z ) nepexaaTa rr -Me3oHoB OT anep sonopona. 

2, QTCYTCTBH9 atPtP9KT8 JlliOTHOCTH, T,e, He~aBHCHJOCTb nepexBaTa· OT llliOTHQCTH 'R name 

BI:peraTHOI'O COCTOSIHHSI CHCT9Mbl Z - II 

3, HeqyBCTBIITen:&HOCTb nponecca nepexBaTa K npHMecl!M oqea& Tl!menbiX MeMeHTOB 

Pb H T,n.) • , 

x/ MomeT. so3HHKHYTb ecTecTBeHHbiR' sonpoc: noqeMy naHMaH cxeMa neRoTByeT nuw& B 

3TOM oqeHb cneuuljJuqecKOM Cnyqae H H9 Jl9RCTByeT B CHCTeMaX Z I -z 2 , rna 3KCnepHM9H-

T8ll:bll0 yc\TaHOBli9HO OTCyTCTBH9 'l'BKHX p93KHX Z , -38BHCHMOCTeR? 70JK¥' MK83A'fb• 

0Jllf8KO, qTO B 9TOM cnyqae ypoB9Hb CTBHOBHTCSI o6ntHM liHWb npH n > . 1R , 
T,e, no •16io17 )'me ppR Zt• 3 ~ 4. 2(2v"Xi+1) 

zt 

8 ... 
···~~ 

f"""" .. ,::n"''.' ··•··•"''l<'?':"""".;,.'c"'~!.:; 

, 

4. flpuq11Hy 11 o6m11A xapaKTep 38BHCHMOCTH nponeccos nepexaaTa aa 

3oo!Spa3HbiX cucTeMax Z -H. 

B 38KliiO-ieuue Bb!pama!O rpy6oKyiO npH3HaTellbHOCTI> c.c. repwTeiiHy l 

38HRSI H 60llbWYIO llOMOntb. flpHHOWY rny6oKyiO 6naronap~OCTb B.H. fleTpyxE 

119HH9 C pe3yllbT8T8MH 9KCnepHM9HTOB no HX onyfiliHKOBaHHH H MHOI'QqHCI!e~ 

H JO,.iJ., flpOKOntKRHY 38 dpenno~eHue JlBHHOR TeMbl H llOCTOSIHHbllt CTHMYliHp 

B XOJle pa!SOTblo 

flPI1JIO>KEHHE 

Bbi'I,HCliBM 

.. .. .. 
•Nn = r~· t/JN r t/Jn • r -I X • y. z I • 

R a ' ' d• - 8 <e - 71 )de d71 d¢, , 

'1 .. ,)';)'l_ 

1 .~~ 
' I 

-:-\4 \' .t' 
' ' ;t 

:'t 

\ 
\ I 
X . } 

z •· R J: ,.. .. 71. 
R ' 2 x - 2 v<e -1)(1-"' )r:tJs ¢ 

R ' ., ' Ji
--- ------

, y • T --·1)(1-71 Hlill ~ 

B o6nacTB KB83BKnaccuqecKoro nBHlK&HRR uopMuposaHRbi& BOliJIOIIbl& 

171 
ypOIIBR BMeiOT BRn: e 

CtJs({~Wde- ~) 71 rt) 
CtJI (f Q (71)d71-'T

I!o 0 
t/JN•· C N • -=,===-""="· = .;e -·1 >/Ro <e> .;~>/Qo('l) 

\ 
a yposull, npuuannelK8ntero Me3oaToMy 

e 
CtJs(/. R<elde -!..> 

t/J - c . i 
4 

D D --==.~--.--
.; e -· 1 .j R <0 

H 
71 

oos((Q(71)d71-~) 
711 4 

_--, --
,.;.1-71 .jQ (71) 

-- 2 

/:
pI e2+b'{+ A -~ 

R(e) - e"-1 <e'-1> 
i 2 m 1 j p 7l +b71-A_ 

Q ('I) - • 1-71' i.t::;tf 

lml/> 
.e 

R
2 

R
2 

b'-•R(2;+l), ,, E •. -f • p e-•T 4 b • R(Z - 1), 

•• e 

E - saeprus cooTBeTCTByJOmero ypoBHB, 

3anaqa 2-x ueHTpoB 

A - KOHCTaHTS pa~li8HH 

9 



pMyna .tin>! a 1 ( t 0 ) -aepOSITHOCTH 38XB8T8 H8 E 1 noaon&Ho rpoMoanxa, 

A2p « -
'21 '81 

.2.>> _!__ 
r r 

82 
(7) 

COOTBSTCTByeT rrepeXOil8M C ypOBHeA, ITpHH81lll9~8WHX OllHOMy Myn&THITileTy) 

• ~ 1 t0 
1 (t 0 ) = a 1 + (1-exp I --l)a 2 +: ---0-expl---Apt

0
l)a . 

T 1 +Apr T 8 (8) 

-+ oo a 1 (I(,)_ 38Kn!O'i9HO B KOHS'iHb!X rrpeaenax, 38BHCSIJilllX IIHW& OT B9pOHT-

Ian&HOrO pacrrpeneneHHSI ITO YPOBHSIM H oowero Bp9M9HH ITPOil9CCa t 0 

Sl H oonee cno~H8SI KapTHHa, oyaeT TaKJKe B OOWSM cnyqae: a TaK xax KOHC-

AI Cllaoo 38BHCSIT OT z , TO rrep9XB8T B OCHOBHOM 0Dp9.ti91ISI9TCH 

PHM9CH () , a TBK~e COOTHOW9HH9M 

Oocy~eHue peayn&TaToB 

AI p H 
1 
't 

peayn&TBT~ MOryT npeT9HilOBBT& JlHW& HB ITOIIYKOIIH'i9CTB9HH09 OITHC8HH9 

rrpn ux BbiBOae aorrymeHbi cneayromue npuonu~eHua: srapa npeano.n'aranuc& 

b!MH; He Y'iHTbiBanac& 9Kp8HUpOBKa Hx BHSWHHMH Sll9KTpoHaMH; He Y'IHTbi

MexaHU3Mbl0 KOTOpb!9 0 KOH9'iHO, .tiBIOT H9KOTOpbiA BKnaa,· 

ll0~9HHaH CX9Ma II03BOIISI9T C 9.t1HHOA TO'iKH 3p9HHSI Ka'!eCTBSHHO IIOHS!Th SIB-

- ~ -
ue npu 3axaaTe rr -M930HOB B aonopoaoconep~awux aemecTaax , a 

' 

3 
Z -38BHCHMOCT& (" Z ) II9p9XB8T8 TT 

-Me3oHoB OT aaep aoaopoaa. 

e a<IJ<J>exTa IIIIOTHOCTH, T.e. H93aBHCHMOCTh II9p9XBaTa· OT IIIIOTHI)CT~ 'H aa~e 
SIHHSI CHCTeM~ Z - II 

T91l&HOCTb IIPOil9CCa II9p9XBBT8 K npHM9CSIM 0'19Hh TSI~91lblx M9M9HTOB 

3HHKHyT& 9CT9CTB9HHbiif BOIIpoc: IIO'I9MY .tiBHllaSI CXSM!l ll9ACTBY9T IIHW& B 

!<j>H'I9CKOM cnyqae H H9 ll9ACTBY9T B CHCT9M8X Z I -Z
2 

, rae SKCIISpHMeH-

0 OTcyTCTBHe Taxux pe3KHX Z -38BHCHMOCTeA? Jo"!Kf' nnxaaay&, 

M cnyqae YPOB9H& CTBHOBHTCSI OOWHM ~HWb rrpH n > . 1lr I 

~9/lpH Zt=3.:.4. 2(2y"L_+1) . 
z. 

8 

JA 

.-

" ''.~ ,·, .... 

4, npH'IHHY B OOWHA xapaKTep 3.!1BHCHMOCTH IIpDil8CCOB nepeXB.!ITa HI! npBMQCB B r8-

300opaaBbiX CRCT9M8X Z -H • 

B aaKn!O'Ieirue Bblp8lKa!O rpyooKyJO npH3HBT91lhHOCTb c.c. repwTeAHy 38 HBTepec, yJta-

38HII!I H "oOnbWYIQ IIoMOJilb, npiiHOWy rnyOOKYIO onaronap~oCTb 8,11, neTpyXHHy 3a 03HaKOM

Il9HH9 C pe3yll&T8TilMH 3KCII9pHM9HTOB llO HX OIIYOIIIIKOB8HH~ II MHOrO'II!Cil9HHbl9 OOCY~SHHSI 

H JO,ll, npoKOWKHRY 38 npenno~SHHe naHHOA 1'9Mbl H IIOCTOSIHHbiR CTHMYIIHPYIOWHR HHTep_eC 

B xone p800Tbi, 

B&r'!IICnBM 

z --.!e11. 
2 

nPI1DO)I(EH11E 

"tN = f~r r/J ; ·'· n N '#'n,' 
;.{x,y,zl, <n.l) 

Ra 2 2 
dr - T <e - 71 )de d71 d¢, , 

R I 2 R I 2 -, ' 
x • - v<e -1)0-"1 )ros ¢ , y • T v<e _,1)( 1-71 )·lain¢ 2 < 

(n.2) 

B o6n8CTB KB83BIUI8CCH'I9CKOro llBHlKSHHII HOPMHpoB8RHble BOni!OB~e ljlyHKiliiH oomero 

171 - ' 
ypOBBH BMeiOT Bll.tl: , 

' ro•<LiuWde-: > 71 tl ) 
ros ({ Qo(71)d71-'T 

"' ·-N C N • -:;-r-;--· l7o = 
v' t:::;;r v' Qo ('I ) ve _,1 vRo <eJ 

8 ypoaHSI, npBHSJtnelK.!Imero Me3o8TOMy H " e 'I 
<»• u R<e>de - !!..> 

t/1 a c . ei < 4 
D D -==u==~-:-_ --

y e _, 1 v R ce > 

ros( f~(71)d'l-::_) 
711 4 

--, --
_..,;:1-71 yQ('I) 

--- .- 2 

/:
22,/:A m 

- p e + b .. +: - :-:-::----11 
R (e) • e U_ 1 <e ~ 1) 

2 2 m I 
/

p 71 +b71-A_ -
Q ( 71) • 1-71 a '(~ 

Ira</> 
.e 

p2 
R2 
TE R 

1 
b' · •- R ( Z + 1 ) ' -f, 

4 
b • R(Z - 1), 

lm¢ 

e , (n,S) 

<n.s') 

<n.4) 

(n.s) 

E - ateprBSI COOTB9TCTByiOIIl9rO 

381l8'1R 2tx ll9B~B 
ypOBHSI, A - KOHCT8HT8 p8aneneHHII B yp8BHeHI!stX 

\ 
9 

-I 
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!f-

1
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-,'iijl 
!-'3J;~), 

~t -· ' 

''· 

a/• 
eN. 2 _ro • 

7" . v R'(Z':i:']) ·-v'-Ao ~ 

II. II 
,·'I< 

, -a/4 '2 \ , 
c.~-~. vn 

HBil8KCOM Hynb DOM8'i191fbi Bee &enB'IHHbi 1 DPHH8llJ18lK81UHe OOQI&My ypoBHIO N 

Hll0 llpRH8,1lnelK4mero M&~O~TOMY Z - asanora.'luo, ~ 3aMe_uoil: n .. n' 

A .. A'. 

' \1,1! l. 

<n.a> 

- •' llna ypoa-. 
f ·-:*f' 

B .o.an&ueilmeM llnH npocTOTbi orpaHB'IRMCH cny'laeM : m • 0 a 1\m •- 0 , TaK K8K 

IIPR 9TOM MS'I'pB'IHblil 9D8M8HT ( n.l) 3H8'1BT8nbHO oon&me, '18M llPll &I o/o- 0 • J'orlla 
.. 2 2 

lrNal ,. _I sNn I 

KBa3RKil8CCB'I8CKR8 M8TPB'IBbl9 9D8M9RTbl ( n.t)' K8K IIpaBBno, 9KCDOil8BilB8nbHO Ma-
/9/ ' , x/ 

nhl , 0JlH8KO B cny'lae xynOHOBCKO,rO DOnSI 9TO Be T81t , HHTerpan ( n.J) COJl8plKBT DPC?"' 

H3B9J181!JI8 4-X OCllBnDRtiYIOIURX ljlyHKJlBil, 3aiTHCbiBaB ero Ilt8K CYMMY DpOB3B8)18RRil KOCBlly

COB 0'1' CYM~ B p83HOCTR apryM8HTOB1 IIp&He6peraH RHTerpanOM OT IIpOH389)19RBH KOCB

HYCOB OT CYMMbl apryM&BTOB, IIony'IR~: 

"R
4 

~. • y- · cNc• {,ded'lt(e~'l>cosx<e>m.•.P<'I> I 

e e 
xW • {,R Ce)de-{R(e>de~ 

e~ el 
'1 '1 

<{;(7J) •{,Q (7J)d7j-•{Q(7J)d'1 1 <n.7) 
-•1 • -1 

I I 

rc " > - '"ce -·" > ~1'1 - • j 

ce --t> vR0 WR<e> u-" >v'Qu<'I>Q<"> 

·HRTerpap (n,7) oepeTCH DO H8BM8Hb!Ueil 00n8CTB KB83~Kn8CCR'I8CKOro JlBBlK8HRH
1 

T8K K8K 

aue ee ljlyuxuuu sJt'cnoaesuuall&Ho Manbl, Os ue 6yneT sxcnoaeHUuanbHo Man, ecnu cymecT

By•T oomaa oonacT& onpeneneaaa nonoJKRTenJ.u~x 3Ha'l\uuil R0 <e> u R(e) (nna _Q,('I) 

• Q(7J) '' T8KaA o!SnacTJ. licerna cymecTByeT), Ycnosue Bbiii~IlHeso IIpB eo <e 2' rne e2 
~BJ.WRil xopeRJ. ypaBH&RRB R0 (e) •-0 , e, - oon&mRil KOp&Hb R(el•O, HciiOill>3YSI 

(no4) R paooTy/
7
/, MOJKHO IIOK838Tb,, 'ITO STO 9KBRB8n9HTRO ycnOBRIO: 

2 
.,;,A0 < b' .... 'p 

0 
1 

RnR ( JlnH BbiCOKOn&lK81URX ypOBHea).: 

N I 
t < 2N 0 v'l -·<-;) 1 

-yR{Z+:1) • 
N • _,.--

(n.s) 

(n.e) 

~ CB080op83H08 Ofp8RR'I9BHe B8 B&nR'IRHy OpOBTanJ.HOro MOM9HT8 COOTB9TCTBY9T 

- -- ,YJ npH'IRH8 9KCIIOB9BilR8n&BOII M&nOCTR ( n,J) 38Kni0'189TCll B !'OM, 'ITO KpBBblll E
1 
-U I (z) 

R Ea '-U2 (z) (, U(x) -s¢11jleKTRBRbiA IIOT9HilR8n) Be RMeiOT TO'IKR nepeC9'18BBH Ha J18iiCTBR• 
Ten:&BO.i! OCJI1 B o!SnaCTR KB83B~8CCR'19CKOro JlBRlK&JIJIH~ '• 

10 

.,. 
'_,_ '"~.·:-:~ ......... -._.,.fl9111<"11-•w.-..._.,,__,. "'' .,.. .... ~...n...· ·-~. 

1
,, ' ' 

,;;. .1_. 

,, 
't '·f 1. ..... J.t\. ,.,.. --

!'.J'. ~~,~ 

:~ .. 
,L 

.: ~ ... 
'" ,;;, 

1'0,;,-~ ·i:lnll: tmtx YJ».~.A •&Oecf.~iw'taliafl-6a ·ll811TpM:&Has c"l\t~pli• · 
'fCOpeHb ype~el!li!l x'{a.)~ 'npa 'p~>>. 1 Cacnonb3y/

71> 
- :.·' . . ' . . 

·-. . ~ - ', , ·.· · I , · , , 2 
.,.· .A-A0 A'-p+:b - ... 0 -b+·p0 

It •-~ ~· 1 +: !I I + 2 2 " 1 + 

2(2n ,+:1)

p 
P ~Po- P.-Po P -P 0 

ne~~ a· otmaCTB 

riOw· 
oripe.aenesHH' tjlyamuil Ro (~) u R(el ua neAcTBRTe, 

~' '', 

'(· a x"<a.>. ~ 
2 2 

P -Po 
-~>0. 
v R (a.) 

Kopesb asanor&'lsoro ypaBseaaa t/>' ( '1) • 0 neJKRT sue oonacTR onpe.aem 

Q(!J)' • O.auxo B3 ( n. 7) BRJlBO, 'ITO min .p ( '1 ) - 0 JlOCTB_raeTlt~~ 
·l\11~---.-lipR IITOM~ 

<f;'(fj) •· v'Qo (fj) -.YQ.(fj) <;''!}':. 

~·~i~ \:' .. : 
'• jj t •{I ,I 

~ ' 

·, .··. ' ·~· 
' 9TRX . )'CilOBRHX K RH:rerpany ( n, 7) llpllMeBRM M9TOJ:l CT8DBOB8pB~ ~i 

.aae,. .,.R 4 .· 217 . K 1 · . w :i: 
liN ... CNC • -- f(a.l.tJH--1 .__._ ·11111[)({11)+~.--·.].,.(91 

D D 32 )("(lr) . .p '(/J) ... - ·.. .. • • 

,, 
Opa ·p '» 

171 . 
Y'IHTblBaSI (n.to), x(a.)•rt ( a 1 +:%) < y .. ,.blBIPi::~ 

-~ 
2 

p -· A - b • 2p (2a 2 + 1) 1 

p 
1 

- A - b • -· A ~ 0 0 0 
.. ~ 

\ R(a.) ,., b'·•·R(Z+:1), t/r(fsJ •-0 1 

oony'IBM 

_ a 1 
lix,.l .. 2;T. 

2Il1 +1 a/2 f R ,a/a 
( ____.__ ) • (_o_ ) 
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ITPHJJO?KEHijE II 

ITycTb HMeeTcH c;:ucTeMa ypoaueA E 1 < E 2 < ••• < lj; •. ; J1106oA nponecc 

pexo,!la C OllHOBp&M&HHbiM nepexBaTOM· Ha ApyrHe CHCT9Mbl ( H938BHCHMO OT M&X8HR3M~) 

Cb!B89TCSI ypaBH&HB&M: • 
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T1PHJI02KEHHE II 

CI!CTeMa yposHeA E 1 < E 2 < ••• < En JlroooA nponecc 

nepeXBSTOM HS .llpyrHe CI!CT9Mbl (H938BIICIIMO OT M9)CSHII3M&) 
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