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J. rJoCT8HOBK8 38a8'1H 

Oco6eHHOCTb peaKIIHA CpbrBa A{d,p)B 
Ha ae<f>opMHpOB8HHbiX HApax 

CBH38Ha C cymeCTBOB8HHeM B rrocneAHHX uenoro pHAa HH3KOne*8WHX nerKo 

B036y*J:laeMbiX COCTOHHHA, KOTOpbie HapHAy C OCHOBHbiMH COCTOHHHHMH AOn*Hbl 

BKnJO'I8TbCH B p8C'I~T Ha OCHOBe MeTOA8 CBH38HHb!X KaHanos. 

Ill 
Paaee 6hrno noKa3aHo, 'ITO BKnJO'!eHHe TaKHM crroco6oM s paccMoTpe-

HHe rro oaaoA spamaTenbHOA rronoce HAep A H 8 ITpHBOAHT K HOBbiM, 

TO'IHhiM ( B cpasHeHHH c o6br'!HbiM MeToAoM HCKa*eHHbiX BOnH ( M 11 B ) ) 

rrpasHnaM OT6opa H. cymeCTBeHHOMy H3MeHeHHIO CTpyKTypb! Ce'IeHHH H !f>opMbl 

121 
yrnoBbiX pacnpeaeneHHA. AnanH3 rrony'IeHHbiX pe3ynbTaToB no3BOnHn HHTep-

npeTHpOB8Tb ITOA06Hbie pe8KllHH K8K MHOrOCTyrreH'I8Tbie, ITOCKOnbKy HapHAY 

c o6bi'IHoA a MHB oaaocTyrreH'IaToA nepeaa'IeA 'IaCTHllbi Ha HHnhcconoscKy
10 

op6HTy cymecTBeHHhrA BKnaa B ce'!eHHe aaeT cpbiB c npeasapHTenbHbiM ( nocne-

LIYIOWHM) nOLIB036y)I{LieHHeM BparuaTenhHblX COCTOHHHA HLipa A { 8 ) . 

EcnH cTaBHTh Terreph rroao6ny10 3aaaqy B paMKH rrpaKTH'IeCKoro rrpH-

no*eHHH 1 TO B paCCMOTpeHHe cneayeT BKniO'IHTh BMeCTe C BpamaTenhHh!MH 

PHLI ApyrHX HH3KOne*8WHX COCTOHHHA HeBpamaTenbHO A npHpOAbi
1 

KOTOpb!X 

oco6eaao MHoro s He'I~THOM HApe, yqacTByJOmeM s peaKuHH. Y'IeT 9THx coc -

TOHHHti 03H8'18eT, ITO cymeCTBy, BKnJO'IeHHe B p8CCMOTpeHHe AOnonHHTenhHbiX 
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KaHanoB, KOHKypHpylOIIIHX e BXOLIHbiM H BbiXOLIHbiM KaHanOM ynpyroro paeee-

/1/ . 
SIHHSio 0LtHaKO Henonb30BaBIIIHAeSI paHee aaHa6aTHqeeKHA nOLIXOLI TpyLtHO 

npHMeHSITb K ypOBHSIM LtpyroA, HeBpamaTenbHOA npHpOLibl. neAeTBHTenbHO, 

paHee ynpoiiialOIIIee o6eTOSITenbeTBO ne>Kano B eaMOA CHMMeTpHH aaaaqH, no-

3BOnSilOIIIeA ~YHKUHH OTHOCH TenbHOrO LIBH>KeHHSI paCCMaTpHBaTb CHaqana BO BHyT-

peHHeA (SIAepHOA) eHCTeMe KOOLIHHaT H aaTeM C flOMOlllblO ee flOBOpOTa nepexo-

LIHTb B naoopaTOpHylO eHeTeMy. BbJLtenSieMble TaKHM o6pa30M ~YHKUHH Bpa-

IIIeHHSI npoeTO HHTerpHpOBanHeb e BpaiiiaTenbHblMH ~YHKUHSIMH eBSI3aHHbiX 

eoeTOSIHHA, qTO eymeeTBeHHo ynpomano peaynbTaT H ero HHTepnpeTaUHlO. 

8 npHHUHne, B HallleM enyqae MO>KHO Henonb30B8Tb TOqHbiA ( HeaLtH808-

THqeeKHA) M9TOLI MHOrOKaHanbHOrO paeeMOTpeHHSI. 3aeeb HeTpyAHO nposeeTH 

/3/ 
Bee BblKnaLtKH 1 OLtHaKO B nnaHe npaKTHqeeKOro npHMeHeH~SI TaKoA nOLIXOLI 

SIBnSieTeSI HeyLtOOHblM1 noeKOnbKY BpeMSI qHeneHHbiX paeqi:'!TOB OKa3bJBaeTeSI 

oqeHb 60nbiiiHM LtnSI paayMHOrO qHena BKnlQqeHHbiX eoeTOSIHHA. noaToMy HH>Ke 

(paaaen 2) npeanaraeTeSI apyroA, noayaaHaoaTHqeeKHA MeToLt paeqi:'!Ta son-

HOBb!X ~yHKUHA LIBH>KeHHSI qaeTHU B none Lte~OpMHpOBaHHOrO SILtpa. CyTb ero 

eoeTOHT B TOM, qTo HeaaHa6aTHqeeKHM MeTOLIOM (ToqHo) oepyTeSI B paeqi:'!T 

HeeKOnbKO HaH6onee Ba>KHblX eoeTOSIHHA HeBpaiiiaTenbHOA npHpOLibl, a Bee 

BpaiiiaTenbHble eoeTOSIHHSI yqHTbJBalOTeSI aaHaOaTHqeCKH. TaKoA flOAXOA SIBnSieT-

eSI, e OLIHOA eTOpOHbl, LtOeTaTOqHO OOIIIHM, qTOObl BKnlOqHTb B paeeMOTpeHHe 

ypOBHH n1060A npHpOLibi 1 KOTOpb!e MO>KHO OnHebiBaTb KaK B MaKpo-, TaK H B 

MHKpOMOLtenSIX SILtpa, H 1 e LtpyroA eTOpOHbl, - LtOeTaTOqHO SKOHOMHbiM 1 HOO 

aaHaOaTHKa no OOnbiiiHHeTBy HaHOOnee Ba>KHbiX BpaiiiaTenbHbiX eoeTOSIHHA 

HaMHoro ynpomaeT qHeneHHhle paeqi:'!Thl. 
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Danee, B paaaene 3, C IIOMOIIIbiO Ha tiaeHHbiX !}>yHKUIIti rrony'leHO ceqeHIIe 

CpbiBa Ha ae!}JopMIIpOBaHHOM Hllpe. PeaynbTaT llnniOCTpllpy eTCH C IIOMOIIIbiO 

Teopllll aoaMymeHIIlt no ocTaTO'iHhiM aaaiiMOJleltcTBIIHM. B b i'IIICnHJOTCH crreK T po-

CKO!III'ieCKIIe aMIIniiTYllbl !IpOMe>KyTO'IHbiX nepeXOllOB B paMKaX MIIKpOMOJlenll 

2. BonHOBbre ¢YHKLIHH 

Dmi Haxo>KaeHIIH ceqeHIIH peaKUIIII CpbiBa A ( d , p ) B 
He06XOlliiMO IIOCTpO-

liTh BOnHOBbie QJYHKUIIII BXOllHOro d +A II BbiXOllHOrO p + 8 KaHanoa. PacCMOT-

piiM CHaqana BXOllHOti KaHan. 

3anllllieM raMIInbTOHIIaH CIICTeMbl d + A B Blllle 

3necb nonHOCThiO paaaeneHbi llBII>KeHIIH HepoTaUIIOHHoro Tllna ( ~) 11 apawaTenh-

H bie ((}I ) , TaK KaK B raMIInbTOHIIaHe OTCyTCTByiOT KOpiiOniiCOBbl II T.rr. B3a-

IIMOJletiCTBIIH 0 CBH3biBaiOIIIIIe KOOplliiHaTbl ~ 
II 81 • 0CHOBaHIIeM JlnH STOrO 

cny>KIIT aalla 6 aTII'IecKoe npeanono>KeHIIe, KOTopoe o6bi'IHO BBOlliiTCH np11 nocT-

poeHIIII MOlleneA Hllpa. OcTaTO'iHble B3a11MoaeticTBIIH naaaJOmelt 'laCTIIUhi (r) 

c nepeM eHHbiMII ( ~ ) II ( 8 ) 
TaK>Ke npearronaraJOTC H aJllliiTIIBHblMII II O!III C bi-

rot 
Ba!OTCH llBYMH He3aBIICIIMbiMII cnaraeMbiMII! V rez -+ N -+ 

(r,8)11V (r,~). 
rez 

BonHoaaH !}>yHKUIIH ypaBHeHIIH WpelliiHrepa c raMIInbTOHIIaHoM ( 1) np11 

Bbi6paHHOti aCIIM!ITOTIIKe IIMeeT Bllll 

(+) (+) ... ... 

wd+A ·x A (r,e,.~><lld (p) I sd > 
( 2) 



rae 

npoH3Be)leM npH6nH}f(eHHOe p83)leneHHe nepeMeHHbiX 

(+) -+ <+> -+ 
X A ( r. 81 • ~ ) .. D A ( 8 I) ., A ( r • 81 • e ) . 

2J A+ 1 
D "' y 

A 

JA 
D M K ( 8 1 

A A 

HBnHeTCH BpamaTenbHO~ ¢yHKUHe~ OCHOBHOrO COCTOHHHH HJlp8 A 
rot rot 

HADA-EA DA 

(3) 

(3) 

a B ¢yHKUHH 
<+> -+ 

7/A(r, ()I • e> 38BHCHMOCTb OT yrnoB 3~n.epa HBnSieTCSI 

cna6o~ H HX MO}f(HO paCCM8TpHB8Tb K8K napaMeTpbl ypaBHeHHSI 

In rot -+ N -+ (+) 
( H A ( e> + T + V ( r) + V ( r , 8 

1 
) + V ( r , e ) - E ) 7/ ( r , 8 1 , e ) .. 0 

r opt rez rez A ~ ( 4) 

rot 
TaKOMY pa3aeneHH~ (3) npensTcTsyeT onepaTop H A ( 81) KOTOpbl~ ae~-

CTByeT H8 $yHKUH~ 
(+)( () 1:). 

T/ A r • I '> OnHaKo, ecnH BbinOnHHeTcH ycnosHe anH-

t 
a6aTHKH , >> t. rne r ("' F:rot l - xapaKTepHoe speMH spamaTenbHoro 

t:IBH}f(eHHH, a 

HJlp8 0 TO 

t( .. Ry 2m 
E 

- xapaKTepHoe speMH nponeTa qacTHUbi B03ne 

rot (+) rot (+) ( +) 
H A X A .. E X A << E X A 

~t 

H T8KOe p83JleneHHe ocymeCTBnHeTCH C TO'IHOCTb~ JlO qneHOB nopBJlK8 E /E<~. 

B CHCTeMe KOOpllHH8T0 }f(t!CTKO CBSI38HHO~ C SIJlpOM, ypaBHeHHe ( 4) HMeeT npo-

CTOA BHA: 
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ln ret ..,. N ..,. (+) 
(HA (cf)+T,+V (r')+V (r')+V (r',t)-E)n (t' 1:) 

r opt rez rez ~ ., A ' ~ 

<+>( ... , 1:) a rrpeo6paaoBaHHe rronyqeHHoA: H3 Hero ¢yHKUHH 17 A r , "' 

0 • ( 6) 

B na6opaTopHyJO 

CHCTeMy ocymecTBnneTcn rrpoCTbiM nosopoToM Ha yrnbi 3A:nepa ( 0
1 

) • Pewe -

Hlie ypaBHeHHR ( 6) MO>KHO Hai!Tii MeTOLlOM CBR3aHHblX KaHanoB. YfMeHHO, paa-

(+)( ... , 
nO>KliM 'T/A r , flO C06CTBeHHhlM QJYHKUHRM 

(+) 
a 1JI npeLlCTABHM B BHLle pRLla CQJepH'leCKHX rapMOHHK: 

(+) -;,;' " * " 
11' Aa(t') .. __ I R Aci£f'(r)Y..,.._ (r ') Yo'm-' (le'd). 

ff 'mm' f.m L 

... , 
nocne TIOBOpOTa led B na6opaTOpHyiO CliCTeMy C OCbiO Z • .. 
BLlOnb led • nonytJHM: 

IJI (+)( ... r , ) ~ ro m m, ( ) y ( ", ) f' ( (} ) 
. ,. k J\ A a JlrT r f.--;;, r 0 0 iJi, I ' 

A a "'ff-:n.n, 

7 

(7) 

(8) 

HarrpasneHHoJ:i: 

( 9) 



;;' 
!R -- 20' Aaff' •v _L_+~1 

4rr 

R a.,;;' _ 
Aalf' .. V rr(2 f'+1) if' 

IU.,.. - ~";, 
L 1 ¢I --

e kd'f Aa ff' ) · 
(g) 

H 3aTeM, llOACTaBHB (7) H ( 9) B ( 6) 0 HaAaeM CHCTeMy CBSI3aHHblX ypaBH8HHA 

Ha paaHallbHbie QJYHKUHH! 

2 
d [-;r-- f(f + 1) 

r 2 
+ 

2md 

12 V opt 

--, 
2 - m m 

- It ] ¢1 iftr, 
d Aa LL 

( 10) 

-- , 

-- l: < f;;., 
mliii' N -mlm 

Yf"-1 V rot I Y;;-- > ¢1 Acal'l'- l:_< y ~-¢Ia IV j-.-4> a' Y;; _>¢> 'l:f 
m rez Ll"'t 1 a'fjft, m rez L

1
m

1 
Aa 

TaKHM o6pa30M 0 llOIIHaSI BOnHOBaSI QJYHKUHSI BXOAHOrO KaHana HMeeT 

BHA! 

JA -~m-. "'f' (11) 
D (81 ) l: ¢1a<e->!R li . ..J.rlY;r_ (r'lD

0
-181l¢1d<P'Jiad>. 

MAKA aff'liillr' ACI f' Lin m 

(+) 2JA+1 

'~'a+A-v 16rr 2 

3aech HHJl8KCaMH a llOM8'18Hbl KBaHTOBbie 'IHCila KaHallOB 0 COOTB8TCTBYI01IIH8 

HeBpaJUaTe llbHbiM COCTOSIHH8M SIApa A, Ka>Kaoe H3 KOTOpbiX MO>KeT HMeTb 

CBOIO BpaJUaTellbHYIO llOIIOCYo YnpyrHA KaHan a• A COOTBeTCTByeT COCTOSIHHIO 

CHCTeMbl ( d+A) • KOraa B aCHMllTOTHKe HMeiOTCSI CXOAS11IIH8CSI H paCXOASI-

mHecH BOnHhi. Bo ecex JlpyrHx Kaaanax a 1- A - BOIIHbl TOilbKO paCXOASI-

lliHeCSI! 
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-- , --, mm mm 

i Aaff' "'(F f-iG f)l)ff' 8aA + S Aaff-,(F'f + iG 'f). 
( 12) 

3uecb 
II G f - COOTBeTCTBeHHO perynsrpHbie II HeperynSipHbie KynOHOB-

CKIIe <jJyHKUIIII. 

AHanorii'IHbiM o6pa30M MO>KHO nOCTpOIITh BOnHOByiO <jJyHKUIIIO Bb!XOLlHOrO 

KaHana CIICTeMbl ( p + B ) 
co CXOLISiuteAcSI aCIIMnToTIIKoA. Oa.HaKo, 'IT06br He 

peutaTb 38HOBO ypaBHeHIISI 0 8Hanorii'1Horo (6), HO C LipyroA 
8CIIMnTOTIIKOA, 

A 

MO>KHO BOCnOnh30B8ThCSI onepaulleA o6pauteHIISI BpeMeHII R . 
nocKOnhKy Mb! 

nonbayeMCSI 3LieCb 8LIIIa6aTII'IeCKIIM npH6nH>KeHHeM no BpauteHH10
0 

TO 8T8 

OnepaUIIH 6yLieT onpeuenSITbCSI Ha OCHOBe IIHB8pii8HTHOCTII np11 o6pauteHHII Bpe-

Me HI! ypaBHeHIISI ( 6 ) , OITIICbiB810illero LlBII JKeHIIe '18CTIIUbl B none ae<jJopMIIpOB8H-

Horo SILlpa. TaKIIM o6paaoM , 

( 13) 

rue 

( -) A (+) A "' m m , A *' 
'1'8 • R "1 •R I «<>~(~)R (r)YD (r')Yn'm' (It , 

B {Jff'mm''"' a{Jff' tm (. P 
( 14) 

11MeH B BIILIYo 'ITO 

-" A f' A 

R Yn'm'(lt'd l-(-1) Y* (It'), 
(. f'm, d 

9 



~ Y f~m ( ; , ) "' Y fm (; , ) "'(-) R "' (+) "' (+) * 
T Jt • T t • T -k ' 

llOlly'lHM LlllSI BOllHOBOH <f>yHKUHH BbiXO.QHOrO K8H8118 ( P + B) 

(-) * 
'I' 

P+ B 

r.ne 

-v 

~ 

2J
8 

+ 1 

"""i67 
*J 

D B (0 ) 
MBKB I 

*R • mm A 

I. <11{3 <e> ~ t:m, (r)Y0 (r'>Y: (Jr. ) f3if.' B,...._ lm L'/l p 

mm 'll 

f' 
• D , (8 ) < s I 

ll m i P 

mm -f' 1<7 f' 1 mm 

--<II 
lr.Pr s{3ff' sf3U' 

2, i e 

( 15) 

( 16) 

( 16') 

8 <f>yHKUHH <II y.noaneTBopHJOT ypaBHeHHJO, aHanorH'lHOMY ( 10), c TeMH *e 

rpaHH'lHbiMH ycnoBHHMH ( 12). 

8 38KlliO'leHHe 3TOrO paa.nena OCT8HOBHMCSI H8 Bbi6ope OCT8TO'lHbiX Baa-

HMO.QeHCTBHH 
V rot 

••• 
H VN 

rez KaK noKa3aHo, HCllOllb30B8HHe 8.QHa6aTH'le-

CKOrO npH61IH)KeHHSI npHBOLlHT K ypaBHeHHIO (10) H ll03B011SieT 38!l8B8Tb 3TH 

B38HMO.QeHCTBHSI BO BHyTpeHHeH CHCTeMe KOOp.UHH8To 

Y'lHTbiB8SI 0 K8K 06bi'lH0 0 llHIIIb KB8.UpynOllbHbi9 (A • 2 ) H OKTYflOllbHble 

( A -3) .ne<f>opM8UHH SI.Qpa, MO)KHO 381IHC8Tb : . 

rot v ("t,) .... ... 
• I. u A ( r ) PA ( r ' ) , 

A..:i,a ( 17) 
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rAe ¢yHKUHH u A BbipS)f(SIOTC.H qepea npoH3BOJJHhie onTH'IeCKoro noTenuHana 

V opt (r) • Toraa COOTBeTCTBYIOIUHe MaTpH'IHhie sneMeHTbl B ypaBHeHHH ( 10) 

HMeiOT BHA! 

rot 

< Y f; I v ... z 
( 18) 

rAe 

m+~t ·' <2fr-IH2f+I> 
(-1) v ( 19) 

OcTaTO'IHhte B3aHMOAeA'CTBH.H naAaiOmeA' 'IBCTHUhi <i l C JJpyrHMH CTe-

rieH.HMH CB050Ahl S!Apa ( ~) MO)f(HO 38J]8B8Tb B 05IUeM 

N 

V rez (1 ~) -
A 

I v <1 -1 
1•1 I 

). 

BHAe: 

( 20) 

l1MeSI B BHAY HCil01lb30B8Tb B A81lbHeA'weM MHKpOMOJ]eJIH S!JJpe, 38llHWeM STO 

B38HMOJJeA'CTBHe B npeACTaBneHHH 'IHCen 38ll011HeHHSI C OriepaTOpaMH pO)f(JleHH.H 

+ a 
n 

H YHH'ITOlKeHH.H a n '18CTHU Ha HH1lbCCOHOBCKHX op5HTax, onpeaen.He-

MbiX KBaHTOBbiMH 'IHC118MH I n I 

npocTpaHCTBe N (;) • Toraa 
D 

I 
nn 'vo 

H B01lHOBbiMH cjlyHKUH.HMH B KOOpJJHHBTHOM 

VU A + 
p ,(r1Y (r')a •• 

n n 110 a n • 

11 

+ 
a a -D D 

( 21) 



IIU 
rue p 

nn COOTB9TCTByeT rrepeXOLlHO~ ITnOTHOCTH RLlpa H B cnyqae 8 -06-

p83HOrO B38HMOLl9 ~CTBHR M9)1(LlY HyKnOH8!v!H ( V (-; , - ; ) • g 8 (?'- i_ ) ) HMeeT 

ITpOCTO~ BHLl: 

IIU A 

p (rl•g< Y (r)N <1ll N ,(f")>. 
n n' VU n n 

( 22) 

Terrepb MO)I(HO 38ITHC8Tb MaTpHqHbie aneMeHTbi ocTaToqHhiX HepoTaUHOHHbiX 

B38HMOLl9~CTBHtf, BXOLlRIUHe B ypaBH9HH9 ( 1 Q) • 

N 
< Y;;-41 IV 141 ,y.- >-

Lm a rez Q Lt m 
1 

( 23) 

mm 1 u W + 
=L Pfe- p {r)<<l>ia a,!<ll ,> 

nn 'vo f' n n' a 11 0 a 

DocneLlHHtf MaTpHqHbl~ aneMeHT BblqHCnR9TCS! B paMK8X mo6o~ MHKpOMOLlenH 

RLlp8 ITOCne rrepeXOLl8 K KB83Hq8CTHU8M 0 B rrpeLlCTaBneHHH KOTOpb!X 38Ll8IDTCR 

06b!qHo BOn HOBbie cpyHKUHH RLl9pHbiX COCTORHH tf, 

3. CeqeHHe cpbiBa 

C ITOMOlUbiD BOnHOBbiX cpyHKUH~ BXOLlHOrO H BbiXOLlHOrO K8HanOB ( 11) 

H ( 16) BbiqHCnHM aMrrnHTYLlY H LlHcpcpepeHuHanbHOe ceqeHHe peaKUHH Cpb!Ba 

A (d p) B: 
(-) 

T = < 'I' 
d P P+ B 

(+) 

Vnpl'l'd+A> 

12 

( 24) 



-1 
u(8). [(2JA+ll(2 sd+ 1)] I I 

MAWB 17dl7p ( 25) 

LlnH aToro socnonb3yeMc!! npH6nH>KeHHeM 8 -rrceanorroTeHuHana ( np}...B3a-

HMOQeitCTBHS! 

v ~ - g [$ (,. -t ) 
DP d n Q (26) 

a cpyHKUHH CBS!3aHHOro COCTOS!HHS! KOHeqHoro S!Qpa B pa3nO>KHM ITO oflyHKUHS!M 

!!Qpa A H HHnbCCOHOBCKHM cpyHKUHS!M HyKnOHa: 

(27) 

rne 

R 

r D < K ·K + n > - < ~ I N < t; •I> >, 
fia f3 a f3<Kf3) nd'b a<Ka> ( 28) 

a 

-+. (n) (n) " • o I 
N Jr ") • I a 0 "A R 0 , ( r) Y 0 "A( r ") ! D n! ( 8 ) s ( s 17 ) > 

n(o....t\+I,) f"A L L L I7D 17D I D D D ( 29) 
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eCTb HHnhCCOHOBCK8H ~YHKUHH He~TpOH8 0 B KOTOpoA CITHHOB8H qaCTb rrepeaeneHa 

B na6opaTOpHy~ CHCTeMy KOOpnHH8T, 

l1crronh3YH rrpHaeneHHhie Bhipa>KeHHH H rrpoaonH a ~opMynax ( 24) H ( 25) 

COOTBeTCTBy~ume HHTerpHpOB8HHH H rrpeo6p830B8f!HSJ ( CM,, H8IIpHMep, flpH

/2/ 
no>KeHHe 1 pa6oThi ) , rronyqHM OKOHqaTenhHhiA peaynhTaT: 

T dp ~atTn , y~t :{3 

J J KA-MA "" 
n = C A B (-l) _ _j; 

'a.f3 4y;T ee :ee' If 
(n) ff 

,'!- l: 8 
, ~ (JBJ A-MJ! AI JM)x(30) e Aun J L e A e, J ~ 

mm mm, 

( JB J A - KB K A I J - n )( ei' p. 0 I L p. )( f'f' m 'rii , I L m , +iii')( ee 0 0 lf''O) ~ 

<ffmmlf"AHs s uulsdudHLs p.u IJ-MHLs m'+;;'l:IJ-Idx (
31

) pnpn n n n 

AB a{3 n 
I e ... m 

yf~p. (kp). 

c 2 " 2 

u(8)------l:L-
2

(J JK !liJ K) l:ll: y:_(Kf3'"'Ka +!1) 
16JT ( 2 s + l) JL A A B B p. a.{3 n ,_..... 

n 

" " (n) 

l: af'j~Lsn 0-l:l: I J n) l: I ABa.{3n 
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HHTerpan nepeKpbiTHSI paaH81lbHbiX <jlyHKUHA, 

Ill 
TaK )!(e, KaK paaee , aaecb BbinOIIHHIOTCSI npaBHna oT6opa: 

rae 0 eCTb npoeKUHSI MOMeHTa HYKIIOHa B SILlpe 8, a caM nepeaaHHbiA .. .. .. 
MOMeHT J - J 8 -J A, aoo6me rosopH, He coanaaaeT c aecoxpaHHIOILIHMCH 

11/ 
MOMeHTOM HYKIIOHa B SIL!pe 8 · ·0aHaKO B LlOfiOIIHeHHe K peayllbTaTaM 3LleCb 

D 

fiOSIBIISIIOTCSI cneKTpOCKOfiH'IeCKHe aMnllHTyabi )I {3a. , 'ITO CBH3aHO C B03M0)!(-

HOCTbiO npoMe)!(yTO'IHOr'O. B036y)!(LleHHSI ypOBHeA HepoTaUHOHHOA npHpOLlbi, 

CTpyKTypy nonyqeHHbiX Bbipa)!(eHHA MO)!(HO noHHTb aa npHMepe, Koraa 

N I rot 
npeanonaraeTCSI ManoCTb ocTaTO'IHoro B3aHMoaeAcTBHSI IV Pea I • t V ns I (t<< 1). 

nnSI 9TOr'O aanHW~ CXeMaTH'IeCKH ypaBHeHHe (10): 

..... 
+tl:F 'DD 

'D Q.Q. l.l.l 
a. .. {", 

noacTaBIISISI CIOaa peWeHHe B BHae 

... (O)mm' (l)mm' 
41 B +t41 

AA"' All All"' 
41 

All, ' 

(34) 

(35) 

H npHpaBHHBaSI 'lneHbl OaHoro nopHaKa no (, fiOIIY'IHM L!Ba ypaBHeHHSI LIIISI 9THX 

cjlyHKUHA: 
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AHanorJ.PiHbie Bbipa)!{eHHSI nony<~aiOTCSI nnSI npoTOHHoro KaHana. 

( 36) 

TaKHM o6pa 3oM, c ¢YHKUHSIMH (35) aMnnHTyna cpbiBa c TO'iHOCTbiO 

~ 
no <~neHoB nopSinKa E npencTaBnSieTcSI B BHne 

Tdp ·YaA[tOAB+EtlAB] + EY{3atlA{3+ EYaat laB ( 37) 

( {3 .f. B) (a .f. A) 

npH (• o Gnecb ocTaeTcR nepaoe cnaraeMoe, KOTopoe npH y
8

A·1 coana-

/1/ 
naeT c nony<~eHHbiM paHee peGynbTaToM. OcTanbHbie cnaraeMbie B ( 37) 

onHCbiBSIOT npoMe)!{yTO'iHbie aMnnHTynhio BHnHo, 'iTO ecnH cywecTayeT cHnb-

( 
-1 

Hbifi npoMe)!{yTo'iHbifi nepexon c y HnH y >•£ y To BKnan ero B 
{3A Ba BA' 

Ce'ieHHe MO)!{'eT OKa3aTbCR cpaBHHMbiM C OCHOBHbiMo TeM oonee B8)!{H0 Y<~H-

Tb!B8Tb npoMe)!{yTO'iHbie CTeneHH CpbiBa, Korna OCT8TO'iHbie B3aHMoneACTBHSI 

He Manbi ( (- 1). 

D 

Pacc<~HTaeM Tenepb cneKTpocKonH<~ecKHe aMnnHTynhi Y {3a B paMKaX 

/4,5/ 
MHKpoMonenH ne¢opMHpoBaHHoro Rnpa • DnSI sToro nepenHweM ( 28) a 

npencTaaneHHH 'iHCen GanonHeHHR, nonpa3yMeBaR non HHneKCOM In I coao-

KYITHOCTb KB8HTOBbiX 'iHCen ypOBHeA c penHero nong s ,r a± 1, B TOM 'iHCne 

npoeKUHH MOMeHT8 0 H 'i~THOCTb JT : 
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(38) 

C'!HTaH <ll R ~. nonc TaBHM a ( 38) aonHOBbre ¢YHKUHH '!(iTHoro Hll;:JB A 

/ 4/ 
(eM, ): 

(39) 

(OCHOBHOe COCTOSIHHe C KA •0, KOTOpoe OnpeneneHo K8K 

Q 
1 

(A p. ) 0 > • 0 
(40) 

( q nHotj>oHoHHoe cocTOSIHHe c I a I • I i, A • P. •Ka. IT), H ¢YHKUHl! He'!(iTHoro 

srnpa B (eM, /S/): 

+ 

po + 
A/t'1'yop 

<ll,q=[l:c 
,... po p 

a 

( 3necb I f3 I • I K f3 rr {31 l . 

nepeXOilSI nanee K KB83H'I8CTHU8M 

a+ 

•' 
•u 

• 

A'p.'1' + + 
D (K,qrr,qla Q (A'p.'l\0> 

pyo ,... ,... yo 1 

( 41) 

(42) 

• r ' 

nocne HeKoTopbiX npeo6paaoaaHRl! nonyqaeM COOTBeTCTBeHHO llnSI nepexo-

Jl8 H3 OCHOBHOro(A) H OllHO!j>OHOHHOT'O (a) COCTOSIHHl! '!~THOro Slllp8 B COC-

TOSIHHe <11{3 He'I~THoro Hllpa cnenyJOUIHl! peaynbTaT: 
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I 
(Kf{' p if> ya 

/5/ 
(eM. TaK)I(e , TaM He npHaeaeno BTopoe cnaraeMoe, KoTopoe Mano, a a npH-

6nH)I(eHHH TaMMa-llaHKoaa HC'1eaaeT), 
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.. y 

KfJ" {:11 A.p. 

Ap.l v • I 
(KR .. p.+OlaoiD +-LIC II' 
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u A.fcl 
-"- I D (II' 

2 pAp. I 'yp.' py-r p.'" 
* I I' *1 
II' , + ¢> , ¢> , l. 

P.Y ILY p.a 

/4 5/ Bc10ay auecb npHHS!Tbl o6oaHa'1eHHSI pa6oT ' , 

(44) 

B aaKni0'1eHHe aaTopbl 6narouapHT npo<fl, B.r.Cono abeaa H H.YI.nHToaa 

aa pHLI noneaHbiX o6cy)l(£teHHll:, 
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