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BB8A81IH8 

HccneAOBaHBe KOnneKTBBIIbiX COCTOliHBli A8cp0pMHpOBaHHbiX HASp B 6eTa-pacna

A8 noMoraeT nOHl!Tb OCOOSIIHOCTB CTpyKTypw BOnHOBbiX cpyHKUHJi 9THX ~OCTOliHHli. 

Oco6bili HHTepec npeACTasnmoT paapeweHHbie 6eTa-nepeXOAbi Ha KonneKTBBllbie 0+-

B 2 + -COCTOliHHll,. T8K OHH A8IOT HaM B03MOlKHOCTb HCCnSAOB8Tb xapaKT8pBCTHKH 

B030YlKA8HHWX COCTOliiiHli OTHOCBTenbHO OCHOBHOrO COCTOliHBll, B qaCTHOCTB, OTHO

CBT8nbHYIO CKOpOCTb 0STa-nepeXOA8. 

+ . !"e~ 
B nocneAHee Bp8Mll nOAPOOHO HccneAOB8Hbl 0- COCTOliHB!I B E:r npn pac-

T 1e ~ /I I Hf 178 . 178 /2/ X 
nMe m n B npa. p~cnaAe Ta • apaKTepHoft· oco6eH!ro-

+ 
CTbiO 6eTa-nepeXOAOB· !ia B036y.lKA8Hllb!8 0- COCTOllHBll .l!BnliSTCll 38M8TH08 38M8A-

+ neaae CKOpOCTB pacnaAa Ha HHX O'l'HOCBTSnbHO OCHOBHOro COCTOl!HBll. Ecnu 0 ~co-

CTO!IHHll p8CCM8TpHB8Tb K8K 08T8-BHOp8UHOHHW8, TO BX BOnHOB8ll cpyHKUHll npeA

CTaBnl!STCll K8K cynepn03BUBll ABYXKB83BqaCTH'!HbiX COCTO!IHHli, npiiqeM B MOA8nlf 

C napHb!MH B KB8Apynonb!Ib!MB B38BMOA8liCTBHllMB OCHOBHOli BKnaA B BOnHOBYIO cpyHK-

. /3-5/ 
UBIO A8IOT KB83BqacTBUbl, CltA!IWHS H8 OAHOM ypOBHS. • BKnaA 9TBX COCTOliHIIfi 

H8CTOnbKO BenaK, qTO OOb!qHO TSOpH!! npeACK83biB88T T8KYIO lKS CKOpOCTb paape-
. . ~/ 

WSHHOro 08Ta-nepeXOA8 Ha 08T8-BB6paUIIOHII08 COCTO!IHBe,KaK B Ha OCHOBIIOS • 

OKCJI8pltM8HT, oqeBHAHO, YK83b!B88T Ha MSHbWYIO pOnb BKn8JtOB nap KB83BqacTBU 

Ha OJtHOM ypOBHS B CTpyKType BOnHOBOli cpyHKUIIII. 3aMSJtnSHB!I CKOpOCTH 6eTa-pac

naAa MOlKHO .ltOCTHrHyTb niiOO CYW8CTB8HHOli KOnnSKTBBH3aUIISJi 0+-COCTO!IIIBll (oJt

HaKO npu 9TOM ero aHeprH!I canbHO noHIIlKaeTC!I a ObiCTpo pacTeT senuqnHa B ( E 2 )!, 

nu6o ysenHqeHBSM BKna):la OT KBaaaqaCTHU Ha pa3HWX ypOBH!IX, qTO H8B03MOlKIIO 

B paMKaX OObiqaoli MBKpOCKO~IIIqecKOfi T80pltBo 
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rioaTOMY npe.ttcTaanseT saa'IHTenbHh!fi HHTepec uccne.ttoaaTh anul!Hue cnua

KBa.ttpynonbHbiX B38HMO.ttefiCTBHfi HB CKOpOCTb OeTa-nepeXO.tiOB B paMKBX MO.ttenu, 
/6/ 

paannTofi paaee • B aTofi paooTe obxno noKaaaao, 'ITO cnua-KBa.ttpynonhllhxe 

B38HMO.ttefiCTBH5l MOryT cyme CTBeHHO ynenH'IHB8Tb BKna.tt KB83H'I8CTHU HB pa31!biX 
+ . 

ypOBHllX B BOnHOBYIO tPYHKUHIO 0 -COCTOllHHii, 'ITO MO)KeT npuBeCTH K 38Me.ttneHHIO 

CKOpOCTH paapeweHHbiX oeTa-nepeXO.tiOB, 

.B aacTo5Illlefi paooTe npoBe.tteHbi no.ttpooHb!e 'lucnenable pac'leThl aneprufi, Be
+ 

poSITHOCTell E2-nepexo.ttoB u paapeweaHhiX f3 -nepexo.ttOB .ttnSI ps.tta 0 -cocTosnufi 

B 11.1l'PBX Er 164
. n Hf 118 

• ripoBe.tten TliK:a{e aaanua {3·-nepexo.tta na raMMa-nu6-
1H 

paUHOHHOe COCTO!llllle B Er 

Teopns 

5y.tteM npe.ttnonaraTb cymeCTBOB8Hlle B ll.tlpe OCTBTO'IHb!X napHbiX B38HMO.ttell

* 
CTBHfi, .ttanbHO.tteiiCTByiOmHX KBB.ttpynOnbHhiX, TUna -K q r 

2
1 r 2

2 
• Y 

2 
f1 (1 ). Y 

2 
ll ( 2) ( K q 

KB8.ttpynonbH85l KOIICT8HT8 CBB3H) ll .tiBnhHO.ttefiCTByiOmHX CllHH-KBBUpynonbllbiX B38HMQ-

x) 2 2 * ( ( .tteliCTBHii: -K 1 r 1 r 
2 

(a 1 YA (1)) 2fl(a 2 Yx 2)) 2fl Kt- cnna-KBanpynonbaas KoacTanTa 

CB5!3ll 1 a I - M8TpHUbl fiaynn, r I - pa.ttHYCbi-BeKTOpbl 'IBCTHU ll Y Afl -c<jlepn'leCKHe 
/6/ 

<jlynKnnn). Tor.tta, KaK ObinO nony'leao B , ypaBnenue .ttns 'IBCTOT KonneKTHBHbiX 

0+ n 2+ - .Koneoannfi w uMeeT BH.tt: 

_l_=P(w,Kt) 
Kq 

P(w,K 1 )=F(w)+ t::(w,K 1 ) X(w) 

D(w,K 1 ) K
1 

X(w) /[l-K
1

S(w)] 

F(w)=Fo-(w)- ¢n(w) 
Y n ( W) 

¢ (w) 
.:-L:.-.:. 
y p ( ())) 

(1) 

x) C . . . ~ ~ 
UHH-KBB.ttpynonbHhie B38HMO]:IeHCTBH5l ub!nll HCCne.ttOB8Hbl B C'l'epl!'leCKI!X 

ll.tlrfllX K!!ccnunrepoM/7/, 3aKl1IO'!eHI!e o snaKe B3BI!MO.tteficTBH5l c.ttenano ua <jlaKTa 
cymecTBOB8Hll5l BTOpbiX 0+- B036y)K.tteHI!ll lli!)Ke men!!, 
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F
0 

(cu)= 2I 
w' 2 2 

t vv' - cu 

. 2 2 2 2 
y (cu)-= (4C -cu ) b (cu) + 4d(cu) 

4 c 2 
2 2 

t/>(cu)=---l a(cu)y (cu)-4[b(cu)h(cu)- a(cu) d(cu)] 
b (u,) 

a ( cu ) "' ~ ___ q_,:;V.zY __ b(cu)= ~ 
v 2 2 

rv(4r,..-cu) 
y 2 2 

r,..(4rv-cu) 

E,..- A d ( cu ) = I _ ___::. __ _ h(cu): I qvv(E"-A) 
y 

"· 

s ( liJ) 2 I 
2 2 

r vv' Lvv' t vv' 

vv'· 2 
t vv'-· Ct> 

X(cu)=2~ 
vv' 2 

( , -: (t) vv . 

B t/>(cu) a y(cu) cyMMHpoaaaae npoBOAHTCH nat5o no npoTOHHbiM (¢ , y ) , 
p p ' 

naco no 

HefiTpOHHbiM ( tjJn , y n) OJlHO'IaCTH'IHbiM COCTOSIHHS!M C HSDOpOM KBSHTOBbiX 'IHCen 

( " ) • nayXKB83H'18CTH'IHble .aaepraa ( w' = v ( E "-A) 
2 
+ c 2 + y( Ey.- A); c!. menb 

C = G I u " v" , .napaMeTphl ·napa oro aaauMonellc-'l'B~SI . u" n v" ( c KOHCTaHTolt 
y 

B3SHMOAeficTBUSI G ) ·a xn:Ma'lecKafi noTeHuaan A onpeJlenmoTcSI npn pemeann 

3SAS'IH napHbiX KOppenSIUnfi. B ljlyHKUUHX· F
0 

(cu) , S ( cu) n X ( cu ) cyMMHpoaaaae 

npOBOAHTCS! U no llefiTpOHHblM U no npOTOHHblM COCTOSIIIHSIM. MaTpii'IHble aneMeHTbl 

KBSApynonbHOI'O II CnHH-KBSJlpynOnbi!OI'O B3811MOJlefiCTBHfi 

. ~ H /8/ 
!OTCS! C BOnHOBbiMH '+'YHKUIIS!MII MOAena HnbCCOHS • 

q vv' II t , 
vv 

Bbl'IHCnSI-
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B '!aCTHbiX clly'!aSix, Korna K 
1 
~ 0 , 111100 K q = 0 , nolly'!aeM yp-aan&HifSI: 

_1_~F(w) 
K q 

_1 .~ S(w) • 
Kl 

Kl 0 

K = 0 
q 

(2) 

(3) 

0o03H8'111M onno<jlOHOHHbie BOIIHOBbie tPYHKIIIIII nil!! COCTO!IHIIH 1 Onpeneii!I9MbiX ypaBHe-

. + + 
IIIHIMII (2) II (3) '!epe3 B q IJ' O II B t IJI O COOTBeTCTBeHHO, rne IJI O - <jlOHOHHbiH 

BaKyyM. Torna onno¢onoHHhie cocToSIHII!! Q + '11 
0 c sneprnell, onpeJiell!leMoll pewe

nneM ypaBH9HII!I. {1), MOJKHO 38lliiC8Tb B Bllne {CM, npiiiiOJKeHIIe n,l II n,2): 

+ 
Q 'l'o ~ <flq(w,Kt) 

+ + 
B q 'I' 0 + <f. t ( (L) ' K I ) B t 'I' 0 1 (4) 

+ + + 
npn'!eM <jlyHKIIIIII B q '11 

0 
, B 

1 
·'I' 

0 
11 Q IJ' 

0 
nopMnpoaaHhi ·na onny 11 Ty JKe · aelln-

'IIIHy, <f'q(cu,Kt) II <f't (ru, Kt) - Kos¢¢nuneHTbi CMeWIIB8HII!I KBanpyllOIIbllbiX II 

cnnn-KaanpynollbHbiX KOIIeoannll. 861111311 cnnnoaoro. nomoca, onpeneiiSieMoro pewe-

HlleM ypaBHeHIISI {3) <f>
1 

(co, K ) ... 1 a6m!311 nomocoa ¢YHKIIIIII F ( w) ( "'= £ , 
1111 

II Ollpeneii!19MblX peweHIIeM ypaBHeHIISI y (C...) ~ 0 ) <f' q ( cu 
1 

K t.) :_. 1 , 0TMeTIIM1 'ITO 

BCe nll8l'OH811bHbie t W ~ 0 1 ll03TOMy napbl KB8311'18CTIII1 Ha onHOM ypOBHe naiOT 

+ + " + 
BKIIan TOIIbKO B B q IJ'

0 
(nil!! 0 - COCTO!IHIIH), B Clly'!ae 2 -:COCTOSIHIIH CTpyKTy-

+ + 
pa B q 'I' 

0 
u B 

1 
1)'

0 
COBepWeHHO oniiH8KOB8, 

PacCMOTpiiM oeTa-nepexonhl 113 nByXKB8311'!8CTII'IHOI'O COCTO!IHIIS! H9'!9THO-He-

'19TIIOI'O S!Jlpa H8 OCHOBHOe 'I' 0 II B030yJKnellllbl9 onHOcpOIIOHHbie COCTOSIIIII!I no'lep-

1191'0 '!eTIID-'!eTIIOI'O S!Jlpa, B npenCT8BII9HIIII BTOpii'IHOI'O KB811TOB8llll!! onepaTOp oeTa-

nepexona aannweTcSI B anne: 

{5) ~(3"' ~ < 11pjr{3j11'p' >a+ b '' 
1111' vp 11 p t 

pp' 
p = .:!- - anaK npoeK-rne ( 11) - 11800p KB8HTOBblX 'II!C911 onH0'!8CTII'IIIbiX COCTO!IIIIIH; 

+ 
111111 MOM9HT8 118 OCb CI!MMeTpllll Sinpa; a •• II b - onepaTopbl poJKneHII!l II YHII'I-vp 11p _ 

TOJ!(eHII!I npOTOII8 (~efiTp0!18) II H9HTp0!18 (npOTOHa) COOTBe.TCTBe!IHO n1111 {3 - pacna-

na 111111 e -aaxaaTa, OnfioqaCTII'IIIbill MaTpll'lllbill sneMenT non anaKoM cyMMbi Bbl'lll-

Cl!!l9TC!l n1111 COOTBeTCTByiOWe!'O Tllll8 pacnana (H8llp11Mep, r/3 "' T ±_a 
TenllepoBCKI!X paapeweHHbiX nepexonoa), 
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nerKO UOK838Tb 1 'ITO nepe"'JI 1!3 COCTOS!l!HH (A 1 A') MaTepHli~N:Gr>O sr,qpa B 

OCROB!I09 COCTOHHHe '19TH0-'19Tl!OI'O HJIP8 ll91lHKOM onpeJienneTCH OJIII0'18CTH'lllb!M 

MaTpU'lllb!M 91l9M9HTOM < ,\ I r {31 ,\ ' > 

(CM, npallOlKO!IHe n.6 H n.7), 

·H ·napaMeTpaMu napHbiX np·eoopaaoaanu-n. 

CTpyKTypa MaTpH'l~oro aneMeHTa oe'ta-nepexoJia Ha KonneKTnaHoe cocTonane 

OK83biB8ElTCSI li8Ml!OI'O CllOlKHee H OObl'lliO BKili0'189T B C90SI cynepn03HiliiiO pasntt'l

Hb!X OAHO'ISCTII'IHbiX MaTpii'IHbtX aneMeHTOB. B oomeM cnyqae MOlKHO npencTaBIITb 

M8Tpii'IHbtil 91l9M9l!T B BIIJI9 

fqJ Ctl 
rne M {3 n M {3 - cooTaeTcTaytomae MaTpH'lllbte 

cny'la~a (2) II (3), BHJI MBTPII'IHOro aneMel!Ta .M ~~ 

(6) 

aneMeJITbt nnn npenenbllbiX 

/5/ 
onpeJiellel! B paooTe , noll-

•• fq) It) 
pool!8H CTPYKTypa M {3 H M {3 Jl8H8 B npHil0lK9liHH ( n.s, n.9). 

BalKHO UOJI'lepKHYTb1 'ITO 9CilH oeTa-pacnaJI IIJl9T B OCHOB!IOM 'lepes BKilaJibl nap 

+ 
KB83II'l8CTIIII 118 OJI!IOM ypOBHe B B q lJ' O (KaK 9TO OK83b!B89TCH1 !18llpHMep 1 JIIlli pas-

pewelll{b!X nepeXOJIOB TIIU8 1 +- 0 +) 1 TO BB9Jl9l!II9 CIIHH-KB8JlpyllOJibllbiX B38IIMP- . 

neilcTanll yMeJiblllaeT MaTpH'IJibtil aneMeJIT nepexoJia, TaK KaK I ¢ q ( cu , .K t ) 1 < 1 
lq) It) 

II, KpOMe TOI'01 MOlK9T OK838TbCSI CyllleCTB91IJIOil IIJITepcpepeHUIIH M {3 II p,! {3 , 

BonHsii cnHJioaoro nontoca, KOrJia I ¢ t ( cu, K t ) 1 .. 1 , a 1 ¢ q ( C<l , K t ) 1 ... 0 , aKnaJI 

M ~) OK83b!B89TCH M81lb!M II Mbl MOll<eM OlKIIJl8Tb C!Wbl!OI'O 38M9Jlll9l!HH CKOpOCTH 

oeTa-paCII8Jl8, 

B Jl81lbReilllleM Mbl oyneM Bbi'IHCilSITb OT!IOW9H1Ie MaTPII'lllb!X aneMeHTOB oeTa

pacnana H8 B030YlKJI9HH09 II OC!IOBHOe COCTOS!HIIS!, 'ITOObl II309lK8Tb JIOUOilJIIIT91lbllbiX 

OIIIIIOOK, CBH38HHb!X C !19T0'1Hb!M 3H8HII9M CTPYKTYPbl OCHOBHOI'O COCTOSIHIIH, TaKIIM 

00p830M1 Mbl oyneM 1IpiiHIIM8Tb B91l1I'IIIIIY fog f t JlllR oeTa-nepeXOJia B OCHOBHOe 

COCTORIIII9 KaK IICXOJIHYIO H 38T9M Bbl'IIICilHTb CKOpOCTII pacnaJia Ha KOilll9KTIIBHbl9 

COCTOHHIIH, 

PacqeTbt II o6cylKJieHne pesynbTaTOB 

nnn p8C'l9TOB IICIIOilb30B81lii:Cb paHee IIOily'l9HHbl9 BOilHOBble cpyHKIIIIII JIIlR KOil-

+ + • /6 9/ 
ll9KTIIBHbiX 0 II 2 COCTOHHII:II 

1 
, nnn 6onee Jl9T81lbHOI'O Cp8BH9HIIH C 9KC1Iepn-
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M9HTOM Bbl'li!CnSin!!Cb 9Hepl'!111 1 BepOSITHOCTII E2-rrepexoa(m II CKOpOCTII pa3pewea·-

+ + 1e4 + 
Hb!X 6eTa-rrepexoaoB anSI KOnneKTIIBHbiX 0 II 2 -COCTOSIH!!ll: B Er II anSI 0 -

17 8 
COCTOSI!Illll: B Hf llpll pa3nll'lllblX 31!8'191li!SIX napaMeTpOB CBSI31! K II K 

178 . . q t 
B MaTepiiiiCKOM m:tpe Ta OCIIOBHOe COCTOS!lllle OIIpeaeiiSieTCSI KSK 

+/2/ 178 
In 514~ -· p 514t I l , TaKIIM o6paooM1 B ocuoBaoe cocTonniie Hf IIaeT 

paopeweHHbill: 
+ 

a • u. -nepexoa. Pacrraa Ha aoo6y,KaeHHbie 0 -COCTOSIHIISI B OCliOB-

HOM onpeaenneTcn aBYXKB831I'l8CTII'lllhiMII aMII~IITyaaMII n n [ 514• -· 51H] 11 

p p [ 514t _, 514t 1 (Ha30B9M !IX allal'OHSnbHblMII 8MIIni!TyaaMI! B BOnliOBblX <jlyHKIIIISIX 

/2/ 
IIOK838llbl 3KCII9piiM9HT8nbHbi()- aaHHbl9 3TIIX COCTOSIHI!ll:), Ha pi!C, 11 paonii'lllbie 

. c 6 151 
B8pli8HTbl TeopeTII'leCKIIX Bbl'liiCneHI!II, neBS IIp!meaeHbl p8C"!9Tbl 113 pa OTbl 

(c y'leTOM a!jl<jleKTa 6nOKIIpOBK1!) 1 38T9M .QSHbl paC'l9Tbl C K t = 0 ; liO 6e3 yqeTa 

-413 
a!jl<jleKTa 6nOKIIpOB!Cil ll paC'leTbl C K t = 9 17 X 'A h COO, 3KCII9pllM91lT IIOK83biB89T 

+ 
cyweCTB91IHOe 38Meanel!l!9 CKOpOCTII pacnaaa 118 IIepBOe B036y}K.Q9Hll09 0 -COCTOSI-

Hlle, Eeo y'leTa CUIIH-KBa.r:tpyrronbHbiX B3anMoaell:cTBIIfi TaKoe oaMenneHIIe ue nony

qaeTcSI. CnuH-KDaapynonbHble B38HMO.r:tell:cTBIISI CIInbHO yMenbwaiOT aiial'OHanbHbie 

8M!InUTY.Qbl COCTOSII!Ull: B6nii31! CllllliOBOI'O IIOn!OCa, Tip11 3TOM D03p8CTaeT pOnb BKna

.QOB OT KB831I'l8CTUII Ha p831Ib!X ypOBHSIX 1 H8IIpUM9p 1 n n ( 5]4\- 50Jf], Ha puc, 2 

llpi!B9.Q9Hbl II9KOTOpbl9 Bbl'lUCneH!Ibie 8Mlln!!Tyahi 1/J •= .1_ ( g . , + W , ) IIpll K = 0 -4/3 . IJIJ 2 JJJJ IJIJ t 

II 917 A n "'0 B 38DIICIIMOCTII OT 31lepri!U, Buanol 'ITO npii K t = 0 BKnaa .Qll8l'D-

HanbllblX 8MIIn~TY.Q TIIII8 n n ( 514 ... 514~ II pp( 514t-5J4t] aOMIII!UpyE.TI 8 8MIIniiTy.Qa 

n n [ 514\ - Sl3t l Mana, Benii'lUI!a rrocneaHefi aMnniiTy.Qhi CHnbi!O B03pacTaeT np11 

-4/3 
K 1 = 9,7 A 1i "'o 1 a Benl!'li!Ha auaronanbHbiX aMnniiTya cywecTneHHO yMeHb-

waeTcn anSI nepnoro B036yxcnenHoro 0 + -cocTOHI!HH. B Ol!a'li!TenbHOii cTenenii oa-

+ 
Meaneniie cKopOCTH f3 -nepexoaa na HU,Kall:wee 0 -cocTOSII!IIe o6ycnonne11o IIHTep-

(q) ~t) 
!jlepenunefi MaTpii'lllbiX sneMei!TOB M P 11 M p 1 TaK KaK aMnniiTyabi (j.. u ¢ MO-

~ ~ q t 

ryT IIMeTb paom!'lllbie oHaKn (eM, puc. 3), BniinHire CIIIIH-KBaapynonbl!hix aoanMo-

aefiCTDl!H Hll CTPYKTypy BbiWene,KaWIIX 0+-COCTOSIHIIH 6biCTpO naaaeT C yaenu'lei!II

eM anep!'IIU COCTOS!IIllSI. BepoSITI!OCTb E2-rrepexoaa TaK,Ke OK~3b!Bll9TCSI B8CbM8 'lYD-

CTDIITenbi'iOH K DKn!O'l9HII!O Clllii!-KBllapynOnbHbiX B38l!MOaellCTDI!fl ( CM, puc, 1 ) • 

K COlKaneUIIIO, B 9KCIIep~M9HT9 IIOK8 ll3B9CTHO TOnbKO COOTHOWBHI!e 1!HT91ICllDHOCTeil 

E2-nepexoaoB c paom!'IHLix 0 + -cocTOHHai1. 

164 + + 16 4 
B pacnaae Tm I In 523l- p 523t I aa Boo6yncaenl!Lie 0 - cocT051Hill1 Er 

nposmnsriOTC~T al!aronanbHLJe aMJTni!Tya~>I n n [52,\- 5231 l 11 p p [ 5231 - 523t ] • Tipn 
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(q) 
K 1 = 0 BKn8A npyrux a~-.mnnTyn s M fJ secbM8 Man. Ha p11c. 4 npnsenel!hi Bhi-

•mcneHI!ble SHepl"'lll! 1 3118'1eHilH 0 ( E2) II OTllOCliTenbHble 31!8'1eHI!H fog f t nnn 

+ -~ 
0 - COCTOHHI!fl npll K q =5,3 A h W O ll n npn II 

-4/3. ' . 
8,8 A h w 

0 
( B npasm1 '18CTn: pn:cymw). P ac'!eTbi noK83anu, 'ITO npn: K 

1 
= 0 np8K-

TR'!eCKu Heso3MOlKHO corn8COB8Tb c sKcnepiiMeHTOM sHeprun 11 3llll'leHIBI fog f t 

onl!ospeMei!HO. Bonee Toro, Teopn:n o6bi'IHO npencK83biBaeT np11 K 
1 

= 0 npnMepno 

TY lKe senn:qnny fog f t nng 6eTa-Ba6paUilOHHOI"'O COCTOHHiiH, 'ITO II lip!! pacnane 

B OCHOBHOe COCTOHHI!e. TaKilM o6pa30M1 38MenneHile CKOpOCTil 6eTa-nepexona na 

nepsoe B036yl!(AeHHOe 0+ -COCTOHHI!e U B 3TOM HApe uenuKOM CBH38110 C BKniO'IeHH-· 

eM CllllH-KBallpynonbl!biX B38l!MOileliCTBI!ll, 

8 3aBilCIIMOCTI! OT COOTHOII!ei!I!H KOHCT8HT CBH311 K q I! K t 3aMennenae CKo

pOCTI! 6eTa-nepexona MOl!(eT B8pbllposaTbCH s npenenax necKonbKilX nopHAKOB senH

'IIlHbi. Y'leT cniiH-KsanpynonbHbiX EI3811MoneiiCTBIIil TaKlKe cywecTseHno yny'lwaeT co-

+ . 
rnacae C 3KCUepllMel!TOM 110 Sl!epl"'IIHM 0 -COCTOHHIIii, II 1 B '18CTHOCTI! 1 OK83b!B8IOT-

CH OTBeTCTBel!HbiMil 38 onyCK8l!lle BTOporo 0+ -COCTOHIII!H Hlll!(e snepreTI!'!eCKOli wenn. 

+ -
Bbi'IIICneHHbie B ( E 2) nnn nepsoro 0 -cocTOHHilH He npoTIIBOpe'laT sKcnepiiMenTanb-

HOI1 oueHKe
11 01 

CTpyKTypa Bblll!enel!Caii!I!X 0 + -COCTOHI!IIfl, KBK npaBIIno, O'!ellb 'lyBCTBIITenbH8 K 

Bbi6opy KOI!CTaHT CBH311 K q II K t , nosTOMY TeOpiiH He MOlKeT npereHAOBaTb 118 

CTOnb lKe XOpOII!ee KOnll'!eCTBeHHOe OIIIIC8Hil8 II X, K8K ll HlllK8ftll!llX 0 + -COCTOHIIllll, 

Pal!ee 

Ha SHepl"'l!ll 

6bin 0 IIOKa3aH01 'ITO CllllH-KBaApynonbllbie B3811MOAeflcTBI!H cna6o Bnl!HIOT 

II sepOHTHOCTil E2-nepeXOAOB l"'8MM8-Bi!6paUHOHIIbiX COCTOHllllfl/g/• npo-

seneHHbie pac'!eTbi noKa3anll cna6oe snHHHI!e cnnH-KsanpynonhHbiX B3SIIMOneflcTsnir 

II 118 CKOpOCTb 6eTO-p8CII8AOB !18 3TO COCTOHHI!e B Er 
164 

(eM, pi!C, 4, cnesa). 3aTO 

+ 
CllllH-KBBI!pynonb~ble B3811MOAeliCTBilH Cyll!eCTBeHUO IIOHIIl!WIOT snepl"'ll!O BTOpOI"'O 2 -

COCTOHH!IH, 118 IIOPHAOK ysenli'!HB810T B (E2) II CKOpbCTb 6eT8-nepexona 1!8 Hero, 

B :;nccnepiiMeHTe sTo cocTOHI!!Ie noKa l!e co6nronanocb,\ 

3 a K n 10 'I e ll 11 e 

Hccnenosanue paspeweHHbiX 6eTa-nepexonos Ha 0+ - cocTonnun B Er 154 II 

Hf 11a 
noKasano BlllKHOCTb y'!eTa cnHHOBbiX B31ll!MoneiicTBilil ann o6bncnenun l!a6nro

+ 
na IIIPKailwee 0 -coc;ToHHUe. 4ncnenHbie narowerocn 3aMeanenun CKOpOCTII pacnan a 

0 



pacqeTLI IIOKa3anll, 'ITO CIIIIHOBbie B3811MOAeHCTBI!Sl Cl!nhHO 1!3MeHSIIOT CTpyKTypy BOn

HOBOH ljlyHKUHI! 6eTa-an6paUIIOHHOrO COCTOIIHI!Il1 yaenl!'li!BaiOT 3aMeTHO ponb HeAI!a

roaanbHbiX aMrrni!TyA, B TO Me apeMI! STII B381lMOAeHCTBHI! rrpHBOAI!T K OrrycKaHHIO 

BTOporo 0+ - B036y2KAeHI!I! HI!2Ke menu H 3aMeTHO MeHI!IOT aepOI!THOCTII E2-rrepe-

XOAOB. 

O'IeBHAHO, 'ITO aaanori!'IHbie sljl¢eKThi MOryT 6biTb o611apyMellbi n B ApyrHX pac

rraAIIhiX npoueccax, a KOTOpbiX cymecTae1111yro · ponb nrparoT AHarollanbllbie aMnnHTYAbl 

" + /5/ 
B BOniiOBOH ljlyiiKUI!I! 0 -COCTOI!HI!Sl1 llarrpHMep, B anbljla-paCUaAaX Ha STI! COCTOI!III!I! • 

B sKcnepnMeiiTe lla6nroAannCb cHnbllbie 3aMeAneHHII anbljla-pacnaAa 11a B036yMAellllble 

0+ -COCTOI!HI!I!1 CpaBHHTenbHO C pacnaAOM 118 OCIIOBHOe COCTOI!III!e 1 KOTOpbie TpyA-

110 ·o6"bi!CHI!Tb B p8MK8X MOAenl! C rrapHblMH I! KBaApynonhllbiMI! B3ai!MOAeHCTBHI!),O 

/12,11/ 
Mil , 

HaM KMKeTCI!, 'ITO ace yKa3aHHbie 'sKcrrepnMeHTanbHbie ljlaKTbi TpylliiO o6"hi!C-

• /13/ 
III!Tb B paMKaX rrpOCTbiX MOAeneu, Y'IHTbiBBIOIUI!X TOnbKO napl!ble B3ai!MOAeficTBHSl , 

HaK0119U 1 IIOA'lepKHeM, 'ITO CUI!H-KB8Apynonbl!b!e B38HMOAeHCTBI!I! Cl!nbiiO Mei!I!

IOT CTPYKTYPY BOnHOBOH ljlyHKUHII TOre 0+-COCTOI!III!I!1 KOTOpoe 6ni!3KO K CIIHIIOBOMy 

rronrocy. CTpyKTypa OCTaribllbiX COCTOSIHI!ll 1!3M9HileTCI! AOBOnbi!O cna6o, 

npoae):lei!Hble Bbl'li!Cnelll!l! UOATBepAHnH 1 'ITO CUI!IIOBhie B3ai!MOAeHC'J'BIISI Cna-

60 Bni!I!IOT Ha CBOHCTBa raMMa-BH6paUI!OIIIIbiX COCTOI!IIHH, 3neprl!l! ll pacrraAHbl9 

CBOHCTBa BbiiiieneMaiUI!X 2 + -COCTOI!IIHH, l!a060pOT1 C!Wbi!O Meiii!IOTCg IIpH BKniO'lelll!ll 

CUHIIOBbiX B3aHMOAefiCTBI!H, 0AHaKO UOKa 1!9T sKCIIepi!MeHTanbl!biX Aallllb!X AnSI npo-

aepKH STOrO BbiBOAa, 

B 3aKnro'le!IHe aBTOpbi BbipaMaroT 6naroAapHOCTb rrpoljleccopy B.r. Conoa!>e

ay 38 HHTepec K pa6oTe I! rrone~Hbie o6cyMAeHHII. AaTOpbi TaKMe 6naroAapllbi AOK-

Topy C. EbepaxonhMY ( S. Bj cimholm ) , B.A. Mopo3oay n rrpo¢. P.r. Xa11ceny 

( P.G.Hansen ) 3a rrone3Hbie o6cylKAean.g sK:crrepaMeHTan!>HbiX AaHHhiX •. AaTOpbi npn3-

naTenbllbl AOKTopy no¢Ty Hnn!>ceay ( H.l.Nielsen 

TanhHbiX ABIII!b!X AO orry6ni!KOBaiiHI!, 

) 3a rrpeAOCTaaneHI!e sKcrrepnMeH-
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llPlUIOJK.EHHE 

+ 
. O;ztHOil/OHHOHI!!lll onepaTOP E) ( wi..) onpe;lleJII!eTOI! B BM;zte: 

+ f w, t) + (?;t) A } 
(w.)-_L (W·) - (wt) 

5,9;t) - 2 b t. ' A,. ~Y' . V?' 

r;lle 
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)I v ' J/ w, "¥ " l 
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r(wb)= (4 c l:_w~}a-6 +LJcLh~4(Ev-;1)[8-h-a· d] v 

fcwLJ-==(4c6__wt}C1·b + '-t_hd 
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YC~OBHe HOpMMpOBKH aMnXHty~: 

~ tr\,/fJf) . J2- fl0(£t) J2} = 2 L Ty)'' (W~) L'Tn'' (t.v.) • 

"' . 

~II .5) 

Bo scex swpa7eHHHX npe~onaraetca cyMMHposaane no aentpoaauu H npotoHHHM o~oqactnq

HHM COCtOJII!Hllll. 

BunmmeM uatpHqaue ~~eMeHtH deta-nepexo~ B ocaosaoe coctOJIHHe qetao-qetaoro 

11~pa: 

I. p:. pacna~ 
M/PJ~<P/If/n 7Ua i1p (II.6) 

2. ~~cna~ ' e - 3axsat 

M ( P~ e. c. J~ < n I r,~ e. c.\ P~" uf LYn. 
0 

. (II. 7) 

B (II.6) n (II.7) qepe3 'I y\..7 H /P-> odo3aaqeau coc:roii!IHII uentpoaa n npo:roua s 

ua:repHHCKOM Jl~pe. !Iapaue:rpH ~ H lt BHqHC~JIIl:J:CII ~1111 COO:J:Be:rC:rBYDI!lHX COC:J:OIIIIHll 

B ~oqepHeM 11~pe. + 
Jl;t11 pJ.cna~a 11a Ko~~eK:rHBaoe coctollane :rnna 5.Cw,) lf Ma:rpnqaun 3~euent 

HMeet s~: C£t)' o 

i. r-- pacna~. (~t) 
M . ({>-)""' Un'L <P'/!j-Jn7Up' *'p' -

(?,t) P' (~t) 
-IlL< PI ff.-ln'7 ~~ Yf,,n' . . 

f.li' e p nl . 2. J - pacna~, - 3aXBat 

M ... 'C' 'In . I u IJ/(~t:) (~,e.c.)~ Up L.. < n I ~-t;ec. P> ,; 'n' -
~~ ~ . J~ n 

-lln ~ < nJ(f;e.c.}P'~v;, ~:~ 

(II.8) 

(II.9) 
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Pnc. 1. 3KcrrepnMel!Tany.p
8
bie n TeopeTnqecKne aneprnn, B (E2) a anaqennSI 

fog f t LlnSI Hf ( 0+ - COCTOSIHRSI). 
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