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1. Bse.n;eH11e 

l13Y'18H118 npoiJ,eCCOB flJOT0110H113alJ,I111 B036yz,n;eHHOrO reJI11H '18pe3 

aBT0110H113aiJ,110HHN8 · COCTOHH11H { Al1C) . OTKPNBaeT HOBN8 . B03MO:IHOCT11 ,ll;JIH 

noJiyqeH11H · 11HflJOpMaiJ,11H 0 B3a11MO,ll;8HCTB1111 -11CXO,ll;Horo ,lJ;11CKP8THOro 

COCTOHH11H aTOMa · C ero KOHT11HYYMOM B ,npoiJ,eeeaX tlJOTOTIOrJIOIJ(8H11H, 0 

CTPYKType COCTOHH11H 11 · npOHBJIHIODt11XCH SJI8KTPOHHNX KOppeJIHIJ,11HX. · llp11 

flJOT0110H113aiJ,1111 . H3 B036yz,n;eHHNX COCTOHH11H reJI11H MOryT B036y:i,naTbCH 

C11HrJieTHN8··11 TP11nJi8THNe COCTOHH11H KOHT11HYYMa> · KOTOpble H8B03MO:IHO 

B036y,n;11Tb O,lJ;HOflJOTOHHNM ·nepeXO,lJ;OM 113 OCHOBHOro COCTOHH11H, Hanp11Mep 

eep1111 1• 3 s,-3P- 11 1 • 3 D- 11 ,np. pe30HaHCOB. 3KCTI8P11M8HTaJII>Hbl8 ,naHHbl8 

TaKoro po,n;a · ,ll;JIH . reJI11H: TIOKa OTCYTCTBYIOT, . O,D;HaKO · 11CTIOJib30BaH11e 

Jla38POB ,D;JIH TIO'JiyqeH11H M11m8H8H B036yz,n;eHHOrO reJI11H[
1

-
3J, eoq~TaH118 B . . . 

O,ll;HOM SKCTI8P11M8HT8 Jia3epHoro 11 · · . C11HXPOTPOHHoro 113JiyqeH11H 

npe.n;eTaBJIHIOTCH B8CI>Ma. ·TI8PCTI8KT11BHbiM11 ,D;JIH SKCTI8P11M8HTaJibHOrO 

113yqeH11H sToH 3a,na1111. B To. · xe. · .speMH eneKTpocKon11qeeK11e 

xapaKTep11eT11K11 Al1C reJI11H salltHbl ,nJIH tiJyJi,naMeHTaJI:bHNX 11 · np11KJia,D;HbiX 

pa3,ll;8JIOB fll11311K11[ 1]. TIOSTOMY ItOJiyqeH11e OIJ,8HOK ,ll;JIH xapaKT8P11CT11K . . ' 

m11poKoro Ha6opa Al1C. oeTaeTeH aKTyaJII>HOH 3a,naqeH~. 
l1CCJI8,lJ;OBat!l1HM CTPYKTYPbl KOHT11HYYMa ·•: reJI11H B.· HaCTOHIJ(88 .·. BP8MH 

eepb83H08 BH11MaH118 y,n;eJIHIOT 11 T80P8T11K11. ,XapaKT8P!1CT11K11 eep11H S,- P-. 

11 D-aBT0110H113aiJ,110HHbiX ··· · pe30HaHCOB (Al1P) · . H11:18. _BTOporo . nopora 

110HH3cliJ,1111 paeeqmbiBaJI11CI> s np116JI11Jit8H11HX C11JII>HOH CBH311 KaHaJios[5 ·~11.~ 
KOHflJ11rypaiJ,110HHOro B3a11MO,ll;8HCTB11H[ 12], . B ,D;11aroHaJI113aiJ,110H~OM 
TIO,D;XO,D;e[13• 14• 23 • 24], fllem6aXOBCKOM Tip08KIJ,110HHOM fllopMaJI113M8[ 

1 
O] ·11 

Bap11aiJ,110HHO-aJire6pa11qeeK11M M8TO,ll;OM[ 7 ] · .. ·: i;' C.· ; 11CTIOJib30BaH118M . 

nees,no6a311COB, a TaKJite M8TO,ll;OM Bpall(8H11H KOMTIJI8KCHbiX KOOP,ll;11lJaT[S, g]. 

11 MHOrOKOHtlJ11rypaiJ,110HHbiM MeTO,ll;OM XapTp11-~0Ka [ 20
]. JlJIH .· HCCJie,nosaHKH 

CTPYKTYPbl. : B036y:a:,neHH~X; COCTOHH11H . reJI11H~. np11BJieqeHbl , CJIO:IHble 

Bap11aiJ,110HHb18 M8TO,ll;!i[ 4 • 5 ], ·11M88TCH .: TaKll:8 .11 OTI!iT 11CTIOJib30BaH11H 

MHOrOKOHflJ11rypaiJ,110HHOrOM8TO,D;aXapTp11-~0Ka[ 6 ]~ 
O,nHaKO :OTI!iT anpo611pOBaH11H 11M810Dt11XCH BOJIHOB!iX tlJYHKIJ,11H 

KOHT11HyyMa 11 . . ,lJ;11CKP8THOrO . B036YE,ll;8HHOrO · COCTOHH11H reJI11H 

np11M8H11T8Jil>HO K 
1

0TI11CaH1110 eeq~H11H pe30HaHCHOH , , flJOT0110H113aiJ,1111 

B036yz.n;eHHOrO T8JI11H .· ropa3,D;O' 6oJ!ee' CKPO~eH. ~OT0110H113aiJ,11H 

B036yz,neHHOrO . reJI11H paeeMaTP11BaJiaCI> B np116JIH:I8H1111 C11JibHOH CBH311 

KaHaJIOB[5 • 22], · B,",D;11aroHaJIH3aiJ,HOHHOM · 'TIO,ll;XO,D;e[ 23•,~4l.~ ·.. M8TO,ll;OM 

L 2 -HHTerpHpyeMNX··_ 6a~HCOB. B < rH~epctiJep11qeeKHX : KOOp,n~Ha TaX [ 
15

] . · ' H 

MeTo.noM TeopHH Bo3MymeHHH[ 2 1]. B KatJecTse.soJIH.osNx ~YHK~HH. np.i 

STOM ,nJI~ Hexo,nHNX coeTOHHHH 6~JIH BSH~bl ··qiyHKUHH XapTpH~~oKa[22Jc 
3aMopozeHHb1M:OCTOBOM, 56[ 5 ]- i 6[23 ], -"napaMeTpHqeci<He sapHautmHHHe 

tlJYHKUHH, a Ta~e . lliYHKUHH, noJiy-'1e~H!i8 no T80PHH B03MYIJ(8HHH~ 21
} H 

MHOrOKOH!lJHrypaiJ,HOHH!iM M8TO~OM 'Xa T H~~OKa[:iO].. . . . .. 

. B:,l.t1Hittt"tim • .ii\ Hii:ii:!ff { 
~ fL~'!l;l~i:llK f!CC :Jf.llUll!l!Sft ~ 
~ .. r;,u,t: ff!.J·...,·n:::u .a. t .. .,p,:;, 11 f '\,....1 •..!:;..!!!!.. 



B cneKTPOCKonHH · AHP, Bo36yx~aeMNx llJoToHaMH H3 · ~HcKpeTHNX 

COCTO.HHHH reJJH.H, OCTaeTC.H MHOro HepemeHHNX BOIIPOCOB. B qacTHOCTH, 

SKCnepHMeHTaJJbHNe ~aHHNe[ 16- 191 no illHPHHaM HMe~TC.H TOJ!bKO ~JJ.H 
HHJ:aiimHX 1 

S, 
1 

P 1r1 -1 D AHC, a TeopeTH4eCKHe 01.\eHKH, UOJJyqeHHble . B 

pa3JJH4HNX no~xo~ax[7.:.. 15 • 201 ,. He acer~a oKa3NBa~Tc.H 6JJH3KH Mex~y 
co6oi1. B cJJyqa.Hx .· Y3KHX pe3oHaHcoa TeopeTH4eCKHe pe3yJJbTaThl mHpHH 

· cHHrJJeTHhiX 1r1 . TpHnJieTHNX s;P 1r1 D- AHC, pacc4HTaHHNe B 

~HaroHaJJH3al\HOHHOM no~xo~e- c HcnoJJb30BaHHeM KYJIOHOBCKOH IPYHKI.\HH AJI.H 

OTKPNToro KaHaJJa,He corJJacy~TC.H c 01.\eHKaMH- ~pyrHX aBTOPOB[ 141 ~-
llpoilJHJibHHe HH~eKCN AHC oKa3h!Ba~TC.H qyacTBHTeJJbHNMH K onHcaHH~ 

KOHTHHYYMa 1r1 , HCXO~HNX B036yz~eHHNX- COCTO.HHHH reJIH.H~ IlPOlllHJibHble 

HH~eKCN 1 
'

3 p aBTO!r1,0Hlr13al\HOHHNX COCTO.HHHH (AHC), - B036yx~aeMNX 1r13-

CHHrJJeTHOrO 1r1 TpHnJJeTHOro MeTaCTa6HJJbHNX COCTO.HHHH reJJH.H, BN41r1CJJeHbl 

B paMKaX ,llHaroHaJIH3al\HOHHOrO npl16JJl1JCeHH.H[ 23
' 

241 Yl npH6JIHJCeHH.H 

CHJ!bHOH CB.H31r1 KaHaJIOB[ 5
-'

221
• HpoilJHJibHNe HH,IleKCN HHXaiimHX AHP cep1r11r1 

1 • 3 s 1r1 1n,· B036i,r:l,llaeMNX .lr13 '21 • 3 p .:..coCTOHHHH, paCC4HTaHN B 

pa6oTaX[S, 221 • llpOilJHJJbHble HH,IleKCN ,li;JI.H cepHH Cl1HrJieTHNX 1r1 

TPHTIJieTHhlx s, P .H D AHP, B036yx:,naeMNX llJoToHaMH H3 2 1
• 

3 s- · 1r1 2 1 • 3 P

cocTO.HHHH reJJH.H, BCe el!le He HCCJie,llOBaHhl SKCnepHMeHTaJibHO, npH4eM 

HMeiOI!lHeC.H Jll1illb ,llJI.H HHX:aHmH~ pe30HaHCOB TeopeTH4eCKHe 01.\eHKH 4aCTO 

He corJiacyiOTC.H ,npyr c ,npyroM • 

KoHKypeHI.\H.H_ 1r1 HHTepllJepeHI.\H.H _BeTBe£1· np.HMoro llJoTonepexo.na B 

OTKPhiTNH ·KaHaJI*) 1r1 TIPOI.\eCCa lr10Hlr13al\lr11r1. qepes 3aKpNTNM KaHaJI B 

onpe,neJJeHHNX ~aCT.HX. cneKTpa 6NJI!r1 paCCMOTpeHN B . Hamei1 npe,llN,IlYI!l8M 

pa6oTe[ 271 • B o6JiaCT!r1 SHeprHWE>0,5 a.e. B3al1MO,IleHCTBl1e STHX BeTBeM 

o6ycJiaBJIHBaeT -. ·l13BeCTHhiH . Ml1H.HMYM[ 5 ' 20 l B. ceqeHl11r1 np.HMOH 

ilJOTOHOHH3al\Hlr1,. 1r1 STOT _ . SilJ!lJeKT . OC06eHHO. CHJibHO .. Ha6JIIO,IlaeTC.H B 

TIPOI.\eccax c·MaJINMl1 ce4eHl1.HM!r1 TIP.HMOrO ilJOTOnepeXO,Ila B OTKPNThiH KaHaJJ. 

llpH STOM BKJia,ll. 3aKpNTOrO KaHaJia • B.' ceqeH!1e l10HH3al\l1H c, .. yBeJil148Hl18M 

SHeprHYI ilJOTOSJI8KTPOHa ~ B > HeKOTOPNX CJiyqa.HL ~OMYIHHpyeT Ha,ll . BKJia,llOM 

np.HMoro !lloTonepexo.na B. OTKPNThiH KaHaJI~ , TaKoe CYIJibHoe npo.HBJieHHe 

sllJ!lJeKTa ·:xaocTa" pe3oHaHca no.n noporoM KaHaJia a,naJIH oT pe3oHaHcHoi1 

06JiaCT!r1 TIPl1BO,Illr1T K oco6oMy .. m:iBe,lleHl110> pe30HaHca 11 B CaMOM T04Ke 

* > HaHa.A.oJL peaKquu, tuu · pacce5l1fll.5!~ 6yoeJL 1ta3U6amb 'co6oKymwcmb 
KBaN.11lo6ux 'l.uce.A. .. noocucmeJL. -· HaHa.A.u · pCZ3uue, · ec.A.u coBoKyn1LOcmu 
K6aN.Tilo6ux 'l.Uee.A. ouu1.£QXJmcsr. xomsr. 6u oouUJL 'l.UC.A.OJL. Kaua.A. saKpum, ec.A.U 
WYUKqusr. · Ka1la.A.a samyxaem 1ta 6ecK01l8'i1LOCmu no · BceJL· paoua.A.b1LUJL 
nepeJLeuuUJL. Ec.A.u xomb no oouo~ paoua.A.buo~ nepeJLeuuo~ wyuKqusr. Ka1la.A.a 
Om.A.U'l-7-La om· uy.A.sr. 1ta 6ecK01l8'i1LOcmu, Ka1ta.A. om~p~. HanpUJLep, 6 ze.A.UU 
~pu 31tepeu~ wpmouo6. E'(::_24,6 aB KaHa.A. 1 sEd · D oupum,: a KaHa.A. 2s3d · 

D saKpum~ ·au omKpoem~sr. mo~bKO npu Ey-= 60,05 aB. · · · ·· · · 
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MaKCl1MYMa ·Ce4eHH.H. B 4aCTHOCTH, STOT sllJ!lJeKT TIPHBO,IlHT K H3BeCTHNM 

ym11peHHIO l1 cMel!leHHIO[ 5 
• 

301 AHP ~ TaKze 6NJio OTMe4eHo, 4TO BJIYI.HHHe 

3aKpNToro KaHaJia Ha ilJOPMl1POBaHl1e CTPYKTYPN C848Hl1M MO:IeT CHJibHee 

TIPOHBHTbC.H B 6e3pa3MepHbiX BeJI!r14HHaX, .TaKYIX KaK KOSilJ!lJl11.\lr18HT!i yrJJOBOM 

aHH30TPOTIHH ilJOTOSJJeKTPOHa, . BTOPl14Horo lllOTOHa [ 281 '( 
2 

np11 

,lli1SJieKTPOHHOM peKOM6HHal\!r111 He+ +e . · => _ · He**=> '( 
1 

+ (He ( 2 1 P) => · 

He<t.
1 s>;t2 >.. ', . , 

· B pa6oTe[ 271 TaKx:e noKa3aHo, -4TO pemeHI1e ypaaHeHmi Iii:PeiHHrepa 

c sllJ!lJeKT~1BHNM 1.\eHTpaJIMINM :.noTeHUI1aJIOM[_25] BMecTe co cJiaraeMNM, · 

OTII1CNBaiOII\11M 3aKpbiTNH KaHaJJ, B C04eTaH~111 C ilJYHKU11eM, TIOJIY48HHOM 

MHOrOKOHilJI1rypaUI10HHbiM M8TO,IlOM XapTPH:-~OKa .(MCHF),,IlOCTaT04HO·XOpOmo· 

onl1cbl~aeT np.HMYIO ·!lloToHoHH3aU11~ ilo36yz,nE:~HHoro . reJIH.H a mHpoKoii 
o6JiacT'H>cneiTpa./ .. 

B .naHHOH - ·pa6oTe HaMI1 · . pacc4HTaHN . cneKTpocKOTII14eCKHe 

xapaKTepi1CT11Kl1 cepHM~I1HrJieTHNX 11 Tpl1nJieTHNX S, P 11 D·AHC, Jie:lal!lHX 

iuixe nopora I1~2 HOHa' He~ ,B036YJIC,IlaeMNX 113 21• 3s- ,11 21• 3p- COCTO.HHI1M 

reJII1.H. '.• CTPYKTypa' ' ; aTo'Ma :a : ·; KoHTMHYYMe · ' onHcNBaJ!acb a 

,nl1aroi-iaJII13a~HOHHOM 'npl16.iii1:icemm . c 'IPYHKU11ei1 · ,nJI.H · !lloTo::iJieKTPOHa~ 
.HB.JiHIOIJleHCH. pemeHHeM ,ypaBHeHH.H · Dlpe,Iii1Hnipa c J :UeHTpa.ii:hHNM' 

napaMeTPI14eCKI1M UOTeHU11aJIOM[ 251 ~- ' BOJIHOBble' -ilJYHKtii1H HCXO~HNX 
cocTcifiimii noJiy4eHN ' o,nHo'- l1 • MHoroKoH!lJHrypaUHOHHNM · MeTo~oM 
Xap.J.':Pif..:.~oi<a[ 61 • < • · 

Bo BTopoM pa3ie.iie H3JioxeH TeopeTH4ecKHi1 llJopMaJII13M. B TpeTbeM w 
4eTBepTOM pa3~eJiaX paccMaTpHBiliOTC.H npoue,nypa pactJeToB, pe3YJibTaTN 11 

npoBO~HTCH o6cyz,neHI1e. ",,•' 

2. ~OpMaJII13M: 3a,naq11 pe30HaHCHO~ ilJOTOHOHl13aUH11 

B036YJ:,IleHHOro reJII1.H . 

a.Bo.A.1LD6asr. W1fuKqusr. KON.TilU1l1f1fJLa amoJLa 
. . .l!JI.H onlicaHH.H. pe30HaHCHOM ifJO~C:>HOHH3aU11H '~TOMa MN ·. 11CUOJ!b3Y8M 

,nHaroHaJII13aui1oHHtii1 MeTo.zi EaJiamoaa [ 131 a· al-i.ne~ KOTOPNM 6NJI 113JJoxeH a 

Hameii npe.nN~YI!lei1pa6oTec 271 ~. c Toii JII1mb pa3HHuei1, 4To 3~ecb' sHeprHH, 

!lloToHa ~ocTaTo4Ha,,nJJ.H B036yx.neHI1.H AHC. . 

BoJIHOBa.H IPYHKU11H.KOHT11HYYMa aToManpe~cTaBJI.HeTc.H[ 13 • 271 B Bl1~e 
JII1Hei1Hoi1 cynepno3111.\HI1 IPYHKU1111 ,nJI.H. np.HMoro ~oTonepexo~a H 'L 2 -

lllYHKU1111 4> Jl ~JIH BeTBI1 pe30HaHCHOr? lllOTOTIPOUecca~ llo~CTaB11B STY 

IPYHKUHIO · KOHTHHyyMa·· B ypaBHeHI1e Dlpe,nHHrepa ,nJI.H reJIH.H, npoae~.H 

HeKoTopNe ynpoii\eHI1H_ H npeHe6pera.H CB.H3biD pa3HNX aBTOl10HH3al\110HHNX 

ypoBHeii qepe3 KaHaJI np.HMoro !lloTonepexo,na, MOJ:Ho. 3an11caTb · ·aoJiiwayio 

IPYHKI.\~~ KOHTI1HyyMa npH6JII1XeHHO B cJie~y~mei1:1lJopMec 271 : . 

\jl(E,r1 ,r2 ) = a(E)~~(r1 ,r2 ) +;~ b).l(~)4>J.l(r 1 ;r2 ): (1) 

3 



E;_E!l 
a{E). = L E-E -i/2fJL(EJ 

JL . JL 
r.ne {2) 

bJL(E) 
. ~~ gl V 121 , ~ E> 

= ~~EJL-i/2f'JL(.EJ (3). 

3,~~;ecb .• r JL c E)·= . 21:1 <~ ~ < E > I v_12 1·· ~ ll. > 1
2 {4) 

- BepORTHOCTb,YXO)J;a 3~eKT~OHa .· 113 RaHa~a JL 3a 

MeXs~eRTPOHHOI'O B3aHMO)J;ei1cTBHH V~ 2 ~' ·., 

cqeT · xy~oHoBcRoro 

'• . . .,.I· 

v12= _lllr1_-:r21 (5) 

-~~(z:1;i-;i·~.(j)o(r1)f~(E,:2>+ ·(...:1)s(1 ~'2). . (6) 

3,~~;ecb qJ
0
(r

1
) - ~O~HO·B~R ~~HRI.\HH HOHa~e+' B ~CHOBHOM COC~OH~H~.; 

~YHKI.\HR £
0 
c E;: 2 >. y )J;OB~eTBOPSjeT_ Cfe,ll;yJOUJ,eMy ypa~HeHHJO illpe,~~;HHr~pa 

· [-C-1(2•17; ~-U~(r2 ) :- E0]£0 (E,r2J:= Oi , (7) 
;, -',',; ' 

I')J;e · E
0 

-· 3HeprHR;, OTCqHTt~~aeTCR OT nepBOI'O. ~opora HOHa, S - CHHH. 

aTOMHOH CHCTeMbl. , ilpH .3TOM . Mbl BBe~H 3qJ!lJeRTHBHliW UeHTpa~bHbiH[27] 
noTeHI.\H~ .... U~ ( r 

2 
) , ·. · .•. annpoRCHMHPYIOW.HW_ ~oKaAbHbiH .11 H~OKa~~H~i1 

HOTeHI.\Ha~N B ypaBHeHHH illpe,II;HHrepa. · . 

. B iiJopMy~e (1) IPYHRI.\HR.,. 4Vr1 ,r2) RBJ!ReTCH co6cTBeH.~OW ilJYH-~I.\l1"ew, 
raMH~bTOHHaHa CHCTeMbi[1~J B HO)J;HpOCTpaHCTBe. 3aRpb1TbiX.t RaHa~OB. C 

co6cTBeHHbiM 3HaqeH~eM · EJL" OHa. nocTpoeHa . RaR .cynepno3HI.\l1R 

npOH3Be)J;eHHW O)J;HOqaCTHqHbJX· KYJIOHOBCRHX;. op6HTaJiew ... (j)JL(r) B noJie C 

3apst,noM. Z=2. CJie,noBaTeJibHO~ IPYHKUHH. qJ0 H. <I>JL. B B~paxeHHH. <1 J 
YAOBJieTBOPRIOT cJie,nyJOUJ,eMy ycJIOBHJO 

<<PJLI(j)0 > =: o (8) 

B_BOJIHOBOW ilJYHKUHH (1 )~03ilJqJHJ.\~e~Tbl a H bJL onpe,neJIHIOT BKJI~.l(bl. npRMOH 

H pe3oHaHCHOH BeTaew iiJoTonpouecca. BepoRTHOCTb npe6tmaHHR sJieKTPOHa 

B pe30HaHCHOM KaHiiJie onpe,neJIHeTCR RBa,npaTOM MO)J;YJIR K03qJilJHUHeHTa 

_bJL" T.e. 

lbJL(E) 1
2

= <~ IV121 ~JL> 2 
1 

2 dJLIV121 ~ > • (9) 
· c (E-EJL) +1/4f JL(E) < c 

.· 
llpH E~EJL . BblpaxeHHe. (9) OHHCbiBaeT, CB513b OTKPbiTbiX .· KaHaJIOB qepe3 

3aKpb1Tble, KOI',JJ.a H3-3a lBYXSJieKTPOHHbiX KOppeJIRI.\HH 3JieKTPOH YXO,li.HT 

112 npstMoro KaHaJia B 3aKpb1Tbli1 KaHaJI, 113 Hero onRTb xe · H3-3a 

KOppeJIRUHH nepeXOAHT . o6paTHO . B. npRMOH KaHaJI. B ,naJibHeiimeM B 

pacqeTaX Mbl He 6y,neM yq11TbiBaTb cmm-op6wraJibHOI'O B3aHMOAeHCTB11R. 

C~e,noBaTeJibHO·. y,no6HO 3an11CbiBaTb BOJIHOBYIO IPYHKI.\1110 KOHT11HYYMa c1) B 

4;. 

I 

I 
! 

I 
I 
t 
I 

L-S- npe,ncTaBJieHHH, B ROTOPOM , BbiJieTalOUJ,HH 3JieRTPOH 

yr JIOBbiM MOMeHTOM L 11 qeTHOCTblO, T. e~ B B11Ae . . . 

onpe,neJIReTCR 

( -) . . * - ·. '. . 
~E (k1 ,r1 ;r2 ) .='L YLM(k1 )11SEL:LS~>, . . LM . 

(10)_ 

r.ne Y~MCk1 ~:.:. cqJep11qecKaR ~YHKUHR ~T yrJia · MMriyJib'ca · BbiJieTaiOw.ero.· 

3JieKTPOHa k
1

• ~YHKUI1R. l1sEL: LSM> npe,ncTaBJIReTCH B CJI~lYIOUJ,eH qJOpMe: 

l1sEL:LSM> = a(E) l1sELS:LSM:>: + Jt bJLC,EliJL LSM ~ • (11) 

BBe,neM o6o3HaqeHM.H c yqeToM . (6): 
. .. . '.::.1<5 . 

l1sEL:LSM> = ~LM(E,r1 r2 )= e L(CJ)15 Cr1 l fEL (r2 )YLM ( ;2 )~(-1Js (1::2)) • 

(12) 

IJL LSM > =·~JLi.st.t<r1r2> (13) 

· CorJiacHo BblmecKa3aHHOMY BOJIHOBaR . qJYHKI.\11.H _ 1130JI11POBaHHOI'O, 

aBTOHOHH3aUHOJ1HOI'O_ypOBH$1 B (13) npe,ncTaBJIReTCR B. BH.l(e: 
., ; " 

~JLLSM(r1,r2) = l tlJL<n1l1,n2l2) (j)~s~ ~·r<r1,r2>' ••• <1.4 > 
. . . 1 1 2.2 

n1l.1n21 2 .. ,· 

(j)~S~ n l.(r1,r2) ;= l d1~1 12~21.LM>[(j)n l m(r1)(j)~l m(r2J+(:-lls(l::2 >]. 
. 1 1 2 2 :· ni m · · · · · · ·. · 1 1 1 · :•· 2 2 2 · . ; : 

.1 2 • ·: .. 
(15). 

tlw <~ctb~ I ~t~ - KosiiJ!lmuMeHTbl · K.oiitiJ~rypau_Mo~Horo_: ?Meum~aH11st i1 
KJie6ma-fo~,noHa~ 3,necb (j)nl. (rl .:..,.KYJIOHOBCKa.H Bo,nopo,nono,no6HaR tlJYHKU11.H 

C I'JiaBHbiM .. H op6HTaJibHbiM KBaHTOBbiMH qJ1cJiaMH n .. H 1 . COOTBeTCTBeHHO. 

Pa,n;HaJibHa.H i ~YHKU11.H ' qJOT09JieKTPOHa . . fEL ( r ,· 'slBJIReTCR; pemeHlieM 

pa,nHaJibHOI'O ypaBHeHHH llipe,n11Hrepa B fiOTeHUMaJie U~ ( r 2 ) ( eM. ( 7)) M 

y,noBJieTBop.HeT cJie,nyiOUJ,eMy ycJIOBHIO Ha acHMnTOTHKe. · 

· ·£E
1
(r)'-Sin(k

1
r-:- ~'l:·:... ~ln(2k1 r)+ 61 ), r; ro 

. . . •.. 1 . . . 
(16) 

a YCJIOB11.H HOPMHPOBK11 .l(JI.H Hee. 

r_ne tlJa3a pacceRHH.H 

<fE~.IfE~l. ~> :=. 6(E-E. >BJ.{: · 

(17 >' 



d01$. = a1s .[~+.S2(.1~S ~1 ;P2(~0s8o>], 
4X 

·cHh 

r.l{e . P 2 ( COs8b) - . ll0;~111HOM Jle:taH,n;pa, 8byroJI BtlJieTa tPOTOSJieKTPOHa

BN6HpaeTcH B 3aBHCi1MocTH OT' cocTOHHHH noJIHPH3al.\iHt na,l{aiOmero !PoToHa, 

.a (1s)- Kos!PIPHl.\HeHT ... yrJioBoi1 aHH30TponHH . !PoTosJieKTpoHa. IIoJIHoe 
2. .• ' ' " . . .,. . . . . . . . . .· '. ' . ' .. 

ce4eHHe npHMOi1 tPOTOHOHH3al.\HH aTOMa~ ocTaBJIHIO!llei1 HOH _B OCHOBHOM (1s)-: 
-~· 

COCTOHHHH, 3aJJHCtlBaeTC51 KaK 

· = · L: ·a< o) jE > ; ' ' · 
L L . 

:-' ·.. a(E) (19) 

a napl.\HaJII>Hoe ce4eHHe · npHMoro 
' :;• 

!PoTo~e·p~xo,n;a '~~ o) cE'{ onpeAe.imeTcH 
~ ',' ' . 

tPOPf:IYJIOi1' ; 

2 2 
( 0 ) 4X ctwa0 _· 2 . · 

aL. cE) = . · .. · . I R L ; 
·-- 3( 2L' +1) ~'L. ·. 

(20) 

. ' ' i 

3.l{eCb Ct, W ,; H: a 0 - n~?T~HH~aH -~~~K?~; 9Tpy~~yp~~. : ~~qT6T~,.IPo::~~a H 

6opoBcKHi1 pa)J.Hyc, RL- npHBe,n;eHHtli1_ MaTpHtJHNi1 3JieMeHT · )iHnOJII>Horo · 

· nepexo.n;a~-.. ·• '· _ .. >•, • · .. ·. '. '' '· 

RL = <1s ELS:LSIID lln1 L1 > (21) 

', \ ' < • ' " 'i i . :- '• ~ ,i ' '- . . 

r,l{e D ~---~- rk -ouepaTop AH!JOJII>Horo nepexo,n;a~ 
i ·-••. ·: 

'(21a:) 

IlO)(CTaBJIHH @yHKl.\HIO ( 11 ) B @opt.ly JIY ( 20), npHmiMaH BO BmiMaHi-fe 

COOTHomeHHe (21 )I ,MOlCHO. 3aJJHCaTb, napl.\HaJibHOe eel!eHHe HOHH3cll.\HH C 

y~~~oM.' w3.o_JI·~~9B~.H~.?fo_,xpo~k-~ ·:~~:. ~: :~eAY~:ifi +lll~P~~ ~ :, , . ·' . •.' '' . ' 

. . .. , -.·. ~ .. _,(E) =· ,.< o) (E). +<aUl) <E>' [ · .. ILL .. ·IlL'"' 1] :: 
_ .vJlLS '_.vL.. L' 2 · ' 

: , . ·.:.·-:·,,. -~ i ' ·•·'·'•!:_..::·1-+}:JlL'''i.' ,_,:_; 
"'<22) 

rAe ;t' ,_ 

,}'·,;); ,,1 

1 <JlSLIIDII1s_n1L1 :~1 s> _.., 
'· <aJl£E> = 'x<~si:.lv 12 lisESL:Ls;_~·1sESL:Ls]IDU:ikniL~S:L~s>·: r _c...,s). 

- napaMeTp, onpe,l{eJIHIOI!lHH npo@HJib Ce4eHHH'lPOTOHOHH3iH.(H~ItaTOMa-• 113 

HCXO,D;HOrO COCTOHHHH i~ 0TMeTHM, . 4TO B pe30HaHCHOM JJpH6Jll11:eH11H 

m~pHHa pacna,n;a Al1C H 'er~ npo~HJII>Htli1 11H . .i\eKc- onpe,n;eJIHIOTCH · 3Ha 4eHHHMH 

IPYHKL\Hi1 rJlc~> 11 q~L<E>_ npH .E~Ew: _ - · - · - · · .. - -
_ . E- E-
:e~L= 2''., ·JtL. ·'. ,, '(24y;. 

.. ~'. 
XC1J)aKTepH3YeT paccTpOHKY pe30HaHca B. e,D;HHHl.\aX ,JJOJIYlliHPHHIX. 
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Ros!P@Hl.\HeHT yrJIOBOH · aHH30TPOJJHH .S2 <1~) npe.ztcTaBJIHeTcH B lm.n;e 

.S2 <1s) = f 
tL·S(L'LL L')RL.RL.Cos(~L-~L') 

L IRL.I
2 

S(L'LLL' >=C-1)i.+L· [LL']<LOL'OI20>x{1 .LLi}P(j), 
· · · · · ' L'12 · 20 

. . . L .. 
. ' £-::3< -1) i • .. . .. ·. '. 

[ab]:::; lc2a+i)(2b+1) ; {~:~:~}- 6j- CHMBOJI Bl1rHepa. 

(25) ~ 

(26) 

p20~cTaTJ1CTH~eCKHH TeH30p .ltJIH HeJJOJIHpH30BaHHOr0·11 lJOJIHPH30BaHHOro 

¢oTOHOB COOTBeTCTBeHHO. 0H :npe.ztCTaBJIHeTCH B BH.zte:. 

. ·p<f)_ ·{ 1/2 <1010120> -·.ztJIH Heno~HPH30BaHHO.ro @OTOHa,. L~?) 
2o - -<1010120> - )J;~H ~HHeHHO lJO~HPH30BaHHOro @OTOHa~ 

B . HalliHX HCCJI~.ltOBaHHHX TaKXe flOHa.zt06HTC51 Ce4eHHe . .ztHSJieKTPOHHOH 

peKOMOHHal.\11~, . · HBJI51IO!llei1cH. o6paTH.HM npotieccoM. llPHMOH ¢oTOHOHH3al.\11H. 

IlOJIH~~. c~·~eH~e JtH3J!eKTPOHHOH peKOM6HHal.\HH 0~ ( E J MOI:HO JJOJIY4HTb H3 

Ce4eHHH pe30HaHCHOH @OTOHOHH3al.\HH t19J~ 11CJJOJ1b3YH TeopeMy "06pameHHH 
' ' , ' 1 • ' 

. BpeMeHW:: 

artE) = .<l
2;k2 O(E) 

r,n;e q H k;:; BOJIHOB!ie 4HCJia lPOTCiHa H SJieKTpOHa. 

3; Mo~e~I> pac4eTa 

(28) 

BBe,l!,eM COKPallleHHoe o6o3Ha4eH11e FII .n;~H CTPYKTYPHoi1 Mo.n;eJII1 

aToMa, KoTopoe HBJIHeTCH KOMcSHHal.\Hei1 BOJIHOBtlX ¢YHKL\Hi1. 11cxo.nuoro. , : - . 
CBH3aHHOro lH KOHe4HOro B KOHTJ1HyyMe F COC'l'OHHHH. )lJIH BOJIHOBIXX 

lPYHKl.\HH OCHOBHOrO H JtHCKpeTHIXX B036y:~~:~eHHNX ~OCTOHHHH B• XO.zte 

pacqeTa HCJJOJib30BaHIX - ¢YHKUHH, noJiy4eHHtle OJtHO- H 

MHoroKoH@~rypal.\HOHHIXM MeTo.l{aMI1 XapTpl1-~oKa[ 61 . 06o3Ha4H~ STI1 

lPYHKl.\HH KaK SCHF. H .MCHF COOTBeTCTBeHHO. B pac4eTaX lPYHKl.\HH MCHF 

Y4HTNBaJIOCb B3aHMO,D;eHCTBHe CJie,n;yiO!llHX KOH~Hrypal.\HH: 
1s2 , 2s2 , 2p2 , 3s2 , 3p2 , 3d2 .- ,ll;JIH 11 S- TepMa, . 

. 2 2 2' 1s2s, 1s , 2!3 , 2p ,n;JIH ·. 2 1 s-. TepMa, 
(~9) 

1s2s, 2s3s, 2p3p, 3d4d - .ztJIH 23 s~ TepMa, 

1s2p, 2s2p, 2s3p, 2p3s, 2p3d - .ztJIH. 2 1P- H 23P- TepMOB. 

BoJIHOBaH • lPYHKl.\HH KOHTHHYYMa . C¢0PMYJIIX ( 1) H ( 11)) 

npe,n;cTaBJIHeTCH B BH.zte cynepll03Hl.\H11 . ¢YHKL\HH, XapaKTepH3YIO!llHX 

~ COCTOHHHe SJieKTP9Ha B llPHMOH (PS) H pe3oHaHCHOH (~Jl) BeTBHX 

npol.\eCca. 3Ty lPYHKl.\HID KOHe4HOrO COCT051~HH·.ztJI51 KpaTKOCTH Ha30BeM 

PS. CJie,l!,oBaTeJibHO, HamH pac4eTIX. npoBe)l.eHIX B MO)l.eJIHX CTPYKTYP!i 

. PSIMCHF H .PSISCHF. BoJIHOBaH IPYHKL\HH npHr.ioro illoTonepexo.na fEL(r) 

(tPOPMYJia <.12)) B3HTa KaK pemeHHe pa.l{HaJibHOro ypaBHeHHH ~pe,l{HH·repa CO 

7 



CJie,l{yiOl!li1M lJ,eHTpaJI~HHM . napaMeTp114eCKI1M .. noTeHlJ,I1aJIOM [ 2,5 ) : . 

. . · · 1 ( -<X.1r · -<X.3r ·) . 
V(<X, r )=- r-' e +<X.

2
re +1 • ( 30) 

B noTeHlJ,I1aJie (30),napaMeTpH <X1,a.2 ,a.3 B CJiy4ae CI1HrJieTHOrO COCTO.HHI1.H 

np11HI1MaiOT 3Ha4eHI1.H 8,90663,_ 16,3~067 11 . 9,82222, .ItJIH TPI1nJieTHoro 

cocTo.HHI1.H 33,46494,. 7,91893 11 3,27399 · cooTBeTCTBemio'. Ham11 pac4eTH 

11 aHaJI113H, npoBe,IteHHHe . B npe.ItH.ItYUle£1 pa6oTe[ 271 , · noKasaJII1, 4TO 

nocJie.II;H.HH . IPYHKIJ.HH .· ( PS) 11 pemeHI1e ypaBHeHI1H illpe,Iti1Hrepa co 
. .J 

cTaTI14eCK11M noTeHIJ.I1aJioM c y4eToM o6MeHa B co4eTaHI111 c IPYHKIJ.I1.HMI1 

SCHF 11 MCHF .HPHBO.ItH1:• K BeCI>Ma 6JII13KHM Me:r,Ity ~060~ pesyJII>~aTaM B 

.u;ocTaT04Ho 6oJII>moM 11HTepBaJie sHepr1111. C ,Itpyro£1 cTopoHH; IPYHKIJ..HH PS 

HBJI.HeTCH BeCI>Ma TIPOCTOH 11 corJiaCHO pac4eTaM[251 · i1' HamHM TeCTaM 

oKa3HBaeTc.H .ItOCTaT04HO Ha,Ite:rHol1 B'OTHomeHI1110nl1caHI1H !PoTonpoueccoB. 

Ko~noHeHTa 'Bo1Ho~o£f ,WYHKIJ.HH, KOH.e4HOro COCTO.HHI1H, ·. eoOTBeTCTBYIOl!la.H 

pesoHaHcHo£1 ·- BeTBI1. '<wopMy.Jia· (14)). noJiy4eHa[ 271 · ·.ItHaroHa~11sau11e£f 
noJIHoro ra~I1JibTOHI1aHa aTOMa B 'n6,Itnpoc~paHCTBe 3aKPNTHi KaHaJIOB Ha 

. ~YJIOHOBCKOM 6a·~~~e ,c' sap.HJJ;OM "z=Z. _ IIp11 ·aToM .ItJI.H, 1 ~ 3s: cocTO.HHI1i1 B 

~o~TI1HYi/Me '6paJI~Cb 'KoHIP11rypaiJ.I1W. 2~~s.. 2pnp, · 3~~s •. 3pnp, . 3d~d;, 
1 3 . . ; .. ''1 3' -·' 

2snp, 2pns, 2pnd ,l{JI.H . · • P, 2pnp, 2snd, 2pnf KOHqJI1rypaiJ.I111 ,l{JI.H • D-

COCTOSIHI1.H ( n~5). IIp11 ,l{l1aroHaJil13aiJ.l111 MaTpi1IJ. CXO,l{I1MOCTp npoBep.HJiaCb 

BKJII04eHI1eM 6a311CO.B ,l{O pa3MeiJHOCTI1- 20~ 11 H·aml1 ll.11WPii, noJiy~eHHHe C 

KY_JioHoBcKol1 , iPYHKU11ei1 · .. B KOHTI1HYYMe, I~o~npol1sBeJII1 ._ ouel:lKI1 no 

q-11H.Il~Kca~ . 11 .· illi1PI1HaM pes~HaHCOB[ 13 • 141 .ItO Tpex. 3Ha4al!lHX . IJ.11WP· 

Bo.iiHoBaH ' IPYHKIJ.I1H. Ps ~ 6Ii~a ·· opToroHaJIHso:Bruta K a.ItHo4ac;i14Hw.i 

KYJIOHOBC~I1MOp611Ta~HM,,C, Z~2. C n'OMOl!lbiO npoiJ.e,Itypbl illMI1,1lTa~ . . . .. 

. Ha~11 . npeJiH~Yllll1e 11e~Jie,ItoBaHI1H[ 27] rioKasaJI~ •. ,4To. ~YHKU11H PS ,, i3 
co4eTaHI111 .. c.IPYHKL\11etl ··MCHF B .. ,m11poKoi1 ()6~~~TI1 slieprHI1 MOliC~T on11caTi,_' 

npoueccli ' npHMOH WOTO~Olil13cll\1111 'Bos6yxileHHOro ·. re~H.H -. c'. T~KOH Jc~ . ._-·.· ,·. ·'·<···~ .-:;_~; ., .. ' ~.·.: ,· - ~ ·. ' - ·-. '.·. ' ' ' ; -_,_ .• '-~ 

CTeneHbiO T04HOCTI1,_. ,KaK ,}1 _KOM611HaU1111 . MHOrOKaHaJII>Horo .· 11 . ,D;pyr,I1X 
r. , ' · ~ , .· · , - ,•. . • , • -· •. t. . " ' ' ' " •· ~. -~ • ' : '. · · • : . , 

cJio:rHux MeTo.D;oB. c Bap11aU110HHbiMI1 IPYHKIJ.11HMI1 .D;JI.H 11cxo.D;Horo cocTOHHI1.H. 

. BcJie.D;CTBI1e 's,Toro. B. HaCTOHIIleH __ pa6oTe-.. MJi npHBO~I1M pesyJibTaTii pacqeTOB 

B. ocHOBHoM ~ MoieJII1 PS I MqHF. _ · • - · · 

BBe.D;eM TaK:re COKpameHHJie . 0603Ha4eHI1.H ,l{JIH ._. MO.D;eJieH, 

11cnoJII>30BaHHHX 8 p~cqeTax ,D;pyr11x.aBTopo~.' Bapl1al\110HHYIO IPYHK~I1IO'.D;JIH 
11CXO.D;Horo COCTOHH11H aTOM~ Tl1na XHJIJiepaaca.,co,D;~p:ramyiO .n napaMeTpOB, 

o6o3Ha q11M _· KaK clf: ( Han'il11Mep, .WYHKL\1111 . c ·. napa~eTpaMI1 n=20 ·• 11 56 .HHIDYTC.H 

KaK _ 20H 11. 5.im .. cooTI3e~cTBeHHO J,. a Bapl1aiJ.I10HHYIO. IPYHKuiuo TBH.D;a ~ 2~ 1 l~~ . ' -- ~ . '' . . . . - -· . . . . . 
OCHOB1i9r:'O_COCTO.HH1-!H KaK.TWD. .~ ' . 

:.4.?esyJII>TaTH.11 o6cy:r,~~;eHI1H 

nepeM';l'H . K paqCM()TpeHHJo , Hami1X pesyJII>TaTOB·: no 
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xapaKTepi1CTI1KaM AHC,-. ocTaHOBI1MC.H Ha oco6eHHOCTHX IPOPMHPOBaHl1H· 

pesoHaHcHoi1 CTPYKTYPH .. B ce4eHI1HX - < p11c.1-6 >. P11c.1 11JIJIIOcTpHpyeT 

noBe.n.eHI1e ce4eHI1i1 · B . ,ItocTaT04HO m11poKoi1 o6JiacTI1 sHepr1111 BoKpyr 
1 D~. 

pe30HaHCa, B036Ylii:,ItaeMoro · !13 2 1 P- COCTOHHI1H reJII1H, , paCC411TaHHbiX B 

pesoHaHCHOM npi16JII1lll:eHI111· cpi1c~1a), a TaK:re·c IPYHKL\11HMl1 q(E).11. f(E)_ 

(pi1C.1b). B11.D;HO, liTO l3Tl1 ce4eHI1.H . ,l{OXO,l{HT.·· ,l{O . MHHHMyMa Ha· 

paccTOHHI1.HX ~19 sB 11 ~ 9 sB OT noJIOllteHI1H EJ.L COOTBeT.CTBeHHO • _ • 

0TMeTl1M, 4TO B CJiyqae onHCaHI1.H 1 D~KaHaJia aBTOMaTI14eCKOe: 

npo,ItOJillteHI1e pesoHaHcHoro n'pi16JII1JICeHI1.H B . o6JiaCTb. • sHeprl111 , Ha 

paCCTOHHI1H OT noJIOllteHl1H pe30HaHca EJ.L" npeBHmaiOUll1e B · COTH11 pa3 ero 

IDI1P11HH (EJ.L-E»f(EJ.i) ), npOTl1BOpe411T· 3aKOHY ·coxpaHeHI1H_ SHepPI111, TaK 

KaK B STOM.CJiyqae 1D- pe30HaHC HaXO,l{I1TCH B 3aKpHTOM·KaHaJie.TaKI1M 

o6pasoM, B'WOPMI1POBaHI111 KPI1BHX ce4eHl1i1' 1D-KaHaJiaBa:JHYIO poJII> 11rpa10T 

KOHKypeHIJ.I1H 11 11HTepwepeHU11H npHMbiX !PoTonepexo,D;oB B OTKPHTbiH KaHaJI 11 

nepeXO,l{OB B ·. OTKPNTHH KaHaJI. qepe3 · 3aKpb1Tble 'KaHaJIIi.f -11JII1, · :.4TO TO liCe, 

npHMOH 11 pesoHaHcHoi1 BeTBei1B6Jil1311 noJiozeHI1H. AHC. (pl1c.1). 

Ham11 pac4eTbl noKa3biBaiOT. 4TO no.D;o6HaH · kapTir1Ha saMeTHO cJia6ee 

, npo.HBJI.HeTc.H B noBe.D;eHI111 ce4eHI1i1 ·.D;pyrHx . pesoHaHcHHX' npoueccoB. 

HanpHMep. · .. Ha. p11c.2 npi1Be.D;eHo ceqeHI1e l10Hl13aiJ.I111 Hec2
1
P) aToMa _ c 

Bos6yx,D;eHl1eM 1 s AHC. . B cJiyqae npoiJ.eccoB :· o.D;I1HaKoBoro nop.H.D;Ka 

aeJI,l1411Hii rJ.LL<E> · (pl1c.4, 1 ·11· 2) .4eM MeHI>me . ce4eHI1e npHMoro 

!PoTonepexo.D;a <PI1C~3; 2>. TeM 6oJII>me npo!PI1JII>HHH 11H.D;eKc. Bos6yx.D;aeMoro 

np11 aTOM AHC. (pl1c.5, 2). 

BJII1HHl1e saKPNToroKaHaJia Ha wopMHpoaaHI1e KPI1Boi1 ceqeHHi1 B 
1
D

KaHaJie 6Ji.JIO· 11CCJie,l{OBaHO[ 28 ] Ha ·. llPI1Mepe: DOBe,D;eHI1H · ' : K03WWl1U11eHTa 

yrJioao£!· aHI130Tponl111 -!(JIH BTOPI14Horo~ t 2- !PoToHa· np11 .D;HSJieKTPOHHOH 

peKOM611HaiJ.I111 He++e. ~.He**~ '(1+ • (He*(21P)· --~- He(11s)+'(2 ) B 

pesoHaHCHOM npi16JII1:ateHHI1~ -· · Mli . noJiaraeM:. ·' 4TO oco6eHHOCTW· wopMI1POBaHI1H 

CTPYKTYPN nepBoro 1D A~CMOliCHO H3Y411Tb SKCJlepi1MeHTaJII>HO 113MepeHI1eM . .. . - . 
yrJIOBOH. ··aHI130TPOfil111:: BTOPI14HOrO '(2_- rlJOTOHa-···B·_· ml1pOKOM ·,· 11HTepBaJie 

SHeprl111 ·. B6.lll1311 ero . noJIOJ:eHI1H •. , liO.D;06HaH · oco6eHHOCTb, . BepO.HTHO, 

. npi1CYTCTByeT .11 B noBe.D;eHI111 KOSWW11U11eHTa yrJioBoi1 · -·- aHI130Tponl111 

WOTOSJieKTPOHa: 
0CHOBHHe' pesyJibTaTii ''pacqeTOB xapaKTepi1CTI1K· A11P npi1Be.D;eHii B 

Ta6JI. -1-14. ·oueHKI1 m11p11H ' ;i:nsl •' 1 ~3' A11C, paccqaTawme B MO.D;eJII1 

PS 1 MCHF; ,~~;aJOT iienJioxoe npH6JI.i:reHI1e K aKcnep.IMeHTaJii>HliM · ·.naHHIIIM c 
19

111 

· TeopeTI14eCKI1M pesyJII>TclTaM[7 • 151 (Ta6~.1 ). O.D;Hako, IDI1PI1Ha'qeTBepToro 

pe30HaHca, 113[ 151 _ OKaSNBaeTCH . np~MepH!{ Ha flOPHAOK MeHI>me ·no 

cpaBHeHI110 . c pe3yJII>TaTaMI1 HaCTOHl!lero 11. '_ipyri1X[ 7 • 141 pac4eToB. B 

CJiyqae' 3s A11C OlJ,eHKI1,_ noJiyqeHHHe ~ MO,leJil1 PSINCHF,_ TaKZe-HaXO,l{HTCSI 

B. xopomkM co'r Jia'c11H. c oueHKaMH . pa6oT[ 7 • 111 • . 0TMeTI1M: ' 4T'o;. oueHK11 
'9' . . 
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s- pesoHaHcoB, pacctmTaHHhiX c· KYJIOHOBCKoii 

ilJYHKttMeH[ 
14

], 3aMeTHO · OTJIMliaiOTCH OT pesyJibTaTOB HaCTOHll(ei'O M 

.l\PYI'MX . paclieTOB[ 
7

' 
1 

.
1 

' 
15 

Y. · Oco6eHHO STO MMeeT MeCTO B CJIYliae Y3KMX 

pe30HaHCOB (Ta6JI. t M 2 l. 3TO, BM,l\M~O, noKa3tlBaeT, liTO lliMPMHhl. 1 ' 3s

pe30HaHCOB liYB~TBMTeJibHhl K YlieTY.SKpaHMPOBaHMH·M 06MeHa SJieKTPOHOB 

B KOH_TMHYYMe. illMPMHhl 
1 

P AYIC, cocliMTaHHtle B MO,l\eJIM PSI MCHF ,1\JI.H 

1(+),2{-),3(+),4(+), 6(+) - -YPOBHeH, COI'JiacyiOTC.H C OUeHKaMM 

pa6oT~ 8 • 11 • 13 l. · B cJiyliae lC+l M 3(+) AYIC STM ,1\aHHhle ,1\aiOT xopomee 

npM6JIMXeHMe K SKcnepMMeHTY[ 17] ,J· B npe,lleJiaX OlliM60K - ( Ta6JI. 3 l. 

HeKOTOpoe OTKJIOHeHMe HalliMX paclieTOB OT OUeHOK[ 11 • 13 ] Ha6JIIO,n:aeTC.H 

,n:JI.H 5 c d l AYIC. Ha M3BeCTHYIO CJIOEHcicTb onMcaHM.H · CTPYKTYPhl . 5 i d >-1 P

pesoHaHca 6tlJio YKasaHo B · pa6oTer 14 ~ HamM oueHKM . mMpMH 3P AYIC, 

noJiylieHHhle B KOM6MHattMM PS IMCHF, HaXO.l\.HTC.H B xopomeM corJiaCMM c 

OUeHKaMM pa60Thl[ 
11

; COCliMTaHHhiMM MeTO.ltOM Cl1JlbHOM CB.H3M KaHaJIOB, a 

TaKliCe COI'JiaCyiOTC.H C OUeHKaMM[ 7 ] ,1\JIH nepBhiX 'Tpex M n.HTOI'O !51+)) 

AYIP, HO OHM npMMepHo Ha nop.H,l\OK pacxo,li.HTcsi c pesyJibTaTaMM • ,1\JI.H 

4Cdl M 6(-) AYIC 'M3 pa6oThlr 7JCTa6JI.4l~ OTJIMliM.H HamMx pesyJibTaToB ,1\JIH 
3

P-CepMM OT OUeHOK[ 
14

; OlieBM.ltHO, yXa3h!BaJOT Ha TO, . liTO 

SKpaHMPOBaHMe M 06MeHHaH KOppeJIHitMH SJieKTPOHOB MI'paiOT BaliCHYIO POJib 

B STOH o6JiaCTM KOHTMHYYMa. . · 

illMPMHhl 
1

D AYIC, cocliMTaHHhle HaMM B Mo,n:eJIM PSIMCHF, HaXO.l\HTCH B 

HenJIOXOM COI'JiaCMM C·SKCnepMMeHTaJibHhiMM[ 19JH.TeopeTMlieCKMMM[B, 12 • 14J. 

,1\aHHhiMM CTa6JI.5). B CJIYliae 
3

D AYIP Hamw pesyJibTaThl cTa6JI.6) xopomo 

COI'JiaCyiOTCH C TeopeTMlieCKMI.iM OUeHKaMM[ 12.], TaKJKe OHM BeCbMa 6JIM3KM · 

K 3HalieHMHM lliMPMH ,1\JIH BTOPOI'O M. TpeTbero pe30HaHCOB,: noJiylieHHhiM B. 

pa6oTaxr
7

•
8

J. ·A oueHKMr
7

•
8

J ,1\JI.H Y3KMX il-l- .M 3c->- pesoHaHcoB 

OTJIMliaiOTCH Ha nopH,l\OK Be.JiMliMHhl OT Hamero - paclieTa. M .l\PYI'MX 

OUeHOK[
12

•
14

J. ,llocTaTOliHaH 6JIM30CTb HalliMX pesyJibTaTOB M OUeHOK .ll:JIH 

lliMPMH (Ta6JI.1-6), noJiyYeHHhiX CJ!OlltHhiMM M~TO,llaMMr 7-;- 12 ; ,1\eMOHCTpHpyeT, 

liTo McnoJib30BaHMe IPYHKUMM PS ,1\JIH KOHTMHYYMa B · ,l\MaroHaJIM3aUMOHHOM · 

npM6JIMlll:eHMM npMBO,l\MT K ~opomeMy onMCaHMIO pe30HaHCHOH CTPYKTYPhi.HMliCe 

.BToporo nopora. 

B Ta6JI. 7 npMBe,lleHtl pesyJibTaThl. HamMx paclieToB npoilJMJibHhiX 

MH,n:eKcoB ,n:JIH HM~aiimMx 1 
p AYIC, B036yx,llaeMhiX M3 ocHOBHoro cocTOHHM.H 

I'eJIMH,. B cpaBHeHMM C SKcnepMMeHTaJibHhiMM ,l\aHHhiMM[ 16- 18] l1 

TeopeTMlieCKMMM .. OUeHKaMM[ 11 - 13 • 21l. 3HalieHMH npoilJMJibHhiX MH,l\e~COB, 
coc~MTaHHtle B Mo,n:eJIHX · PS IMCHF M PS ITWD, corJiacyiOTCH c 

3KcnepMMeHTaJibHhiMM ,n:aHHhiMM B npe,n:eJiaX OH!l160K, OHM TaKXe 6JIM3KM K 

TeopeTMlieCKMM oueHKaM ,n:pyrMx aBTOPOB[ 11 - 13 ~ TaKMM o6pa30M, Ta6JIMUa. 

7 noKa3hiBaeT, liTO Mo,n:eJib .PSIMCHF MOliCeT onMCaTb pe30HaHCHYIO 

CJPYKTYPY cepMM 
1 

P 'AYIC npMMepHo c TaKoii liCe cTeneHbiO TOliH.OCTM, .KaK H 

10 

-l 

'1 
·h 
rf 

' .J 

I 
I 

I 
I 

J 
'k I 

6oJiee CJ!OliCHhle paclieThl, • BhlnOJIHeHHhle MeTO,l\OM' CMJibHOH CBH311 · KaHaJIOB 

B colieTaHI111 c MHoronapaMeTPI1liecKoi1 · Iiapl1aU110HHoi1 ilJYHKUMeiir 5.•} 2 l ~ 
CWJibHoe .pa3JIMlil1e · q-11H,n:eicoB B · MO,lleJIHX : PSI SCHF M PSI MCHF yKa3NBaeT 

Ha BalJ:HOCTb < KoppeJI.HU11H, YtiMTNBaeMNX KOHilJMf'ypa~.tMHMM 

2s
2

, 2p
2 
,3s

2
, 3p

2
, 3ct

2 
.. ·B · i1JYHKU11M MCHF. ,n:JIH ocHOBHoro cocTOHHMH reJIMH; 

· . . IJpoilJMJibHhle. MH,l\eKChl 'cepMif HMliCaifmMX CI1HI' JieTHtlX M . TpMnJieTHhiX S, P 

11' · D . AYIC, B036yx,n:aeMhiX M3: · 2 1 ! 3 S- · 11 : 2 1 ' 3P-COCTOHHI1H, MMeiOT, B 

ocHOBHOM, ·. 6bJI:bmMe • 3Haliem1Si ·H. saMeTHO MeHHIOTCH ;. B . saBMCMMOCTM oT 

Bhl6opa .MO,l\eJieH ·.CTPYKTYPhl .. aT~Ma B :MCXO,l\H!lX .. COCTOHHMHX .' CTa6JI. 8.,-13 l. 

OtteHKM npoilJMJibHoro • MHAeKca 
1 

P AYIC, eoctiMTaHHhle B .MoAeJIM. Ps 1 MCHF , .. 

HenJIOXO COf'JiaCyiOTCH;.C pe3yJibTaTaMM pa60T[.5 ~ 21 ~ 2 ~], · 3a MCKJIIOlieHMeM· 

pe30HaHca 5(d)• .(Ta6JI.8l •.. -BI1AHO; liTO HamM··pe3YJibTaThl :, B. MO,l\eJIM 

PSI SCHF CMJibHO oTJIMliaiOTCH oT . oueHoK; noJiylieHHNX B MOAeJIM Ps 1 MCHF. 

TaKOI'O· po,n:a • OTKJJOHeHMe · Ha6JIIO,llaJIOCb . W B. • CJIYliae; CelieHMH . npHMOf'O 

11JoTonpouecca.~ 27 J ~ . Pe3yJibTaTN· pa6oTr~~ • 23 ~ .AJI.A. TpeTbero .11. mecToro 

h:-pesoHaHca:HeCKOJibKo 9TJII1tiaiOTCH o'r.HamMx-oueHoK B'Mo,lleJIM PSIMCHF •. 

3To •. · cKopee :; Bcero ,. : o6ycJIOBJieH6, TeM,. liTO . 8 HMX , · BOJIHOBNe i1JYHKU1111 

AJIH l'icxo,l\Horo cocTOHHI1H • ·no Ka tiecTBY. ycTynaroT, i1JYHKI.ti1M MCHF, ·• TaK KaK: 

B sToi1 CMTYaU11M . BOJIH~BaH ilJYHKUMH KOHTMHYYMa: CPS>, o6ecnetiMBaeT ,, ' ,, ' 

OnMCaHMe:· pe30HaHCHOH .:CTPYKTYPtl .• ·c. TaKOfi, lite CTeneHbiO , . TOliHOCTM, KaK 

11 tPYHKUMH .B npi16JIMJKeHI1M CMJibHOH-, CBH3M. KaHaJioB JTa6JI. 3) ., 'B cJiyliae ~P. 
AYIC · npoilJI1JibHtle MHAeKchl, ·. noJiy_lieHHhle , B. KOM611HaU11HX,: PSI SCHF M PSI MCHF, , 

11MeiOT OJII13KMe •. , MeJKAY .. : co6oif :3Ha lieHMH, •• OHM :' HaJW,l\HTCH . , B.,· ,!\OCT a TO~HOM 
COI'JiaCI1M C . OUeHKaMI1 ···. M3• · ·pa60T[ 5 ~~ 1 -7:3 J. BCHOMHMM, .liTO , B 

paclieTatc.( 
5 ~ ~-,1 ;2~ J, ,1\JIH 11JY~KU11~, MCXO,l\HOf'6 CO.~T;.HHMH 11CnOJib30BaHhl 56:-. 

napaMeTp~qecKa~ .. •. Bap~aU110HHa~ , .11JYHKU11H , X~JI~epaaca r ,5 J ., TaKxe Teopi1H . 
-. ' •••• , ; • • ' •••••• "· - • '.. - _.. • •••• • ' ·--' • - ·- c 

B03Myll(eHMH·CilJYHKUMeif.XapTpM:-IliOKa C 3aMOpOJI[eHHhiM.OCTOBOM B.HyJieBOM 

npM6JIMllteHMM[ 
2
,1]" . 11 • .xapTpM-~~KOBCKa~ , ilJYH~~MH,. C 3aMop~J:eHHhiM·. 't22] , ........ ,, ' .... ..... . . ··3· ...... ,,, ... ···• 

OCTOBOM •. , GJie,l\OBaTeJibHO, , , . . .·.· ·. . · npoilJMJib P-:- pe30HaHCa . CJia6o 

liYBCTBMTe~eH . K Bhl6~py. M~AeJIM c;py!~TYPhl ."AJIH.:23s- cocTOHH11H~ B . s~~ii · 
cl1Tyaum1 oT JIMtii1H • o~eHoK r 14 J .oT Hamero · ~ . APYrMx. · ·pacqe~oB, KaK· yJ:e 

6;JIO . OTMet!eHO !:!billie (;a6JI. 4), o6ycJIOB~e-Hhl, pa3JJH~MHMI1 ~ ~nM~aHI1H 
~ . ~ ' -" ' ' ' . ' . ~ ..... : ' ' ' . '' . . .. 
C.TPYKTYPtl KO!iTMHYYMa,C.I1CnOJib30BaHJ1eM·KYJIOHOBCKOi1 tPYHKU1111.M.tPYHKUH11 
PS ; a paMK.ax Al1aroHaJII13aUMOHHor~. npH6JIMxeHI1H: . • .. .. \ . . .. 

~ . C;Yli~e 1 ~ 3 ~ .AYIC, . ·~~36~J:,l\aeMhiX. ~~ ~-1 ~ 3 P- COC~OHHMH, H?-lliM 

oueHKM B MOAeJIHX PslscHF M PSIMCHF, HaxoAHTC.H B npeKpacHoMeorJiaCMI1 

c :-pesyJibTaTaMI1 pa6oThl[ 
15

}, . B: KOTopoA. _McnoJib30BaH • MeTo.ll pasJio:a:e!iMH 

L 
2

-ilJYHKUMM "' B f'Mnepc¢JepMtieCKMX KbOp,l\11HaTaX, CTa6JJ.10, 11 l •.;. : 3a 
3 . 1 

MCKJIIOlieHMeM :nepsoro S~M. ~eTBepTOf'O, S-pe30HaHCOB.~. Pa3JIM';!~e _OUeHOK 

,1\JIH , q..:.MH,lleKCOB · · noCJie,nHHX · .Pe30HaHCOB. , . COf'JiaCHO J'lhlllie~Ka3aH!'JOMY 
CBH3aHO C TeM, tiTO onMCaHMe CTPYKTYPN , KOHTMHYYMa ,naHHtl~ peso_HaHCOB 

IL 



B pa6oTe[
151 

·cymecTBeHHO OT~H4aeTC~ · OT HCIIO~b3YeMoro· HaMH H 

aBTOpaMH .llPYrHX pac4eTQB[ 7 • 14 J (Ta6~.1,2l. 
11~~ 1

•
3

n Al1C, Bos6~,T:JC,llaeMbiX H3 2
1! 3P- cocTo~HHH, 3Ha4eHH~ 

q-HH,lleKCOB B Mo,lle~~x PSI SCHF H PSI MCHF .llOCTaT04Ho : 6~H3KH · 

(Ta6~.12,13 ). ,:llpH4HHa Hecor~aCH~ · B,' 3Ha4eHH~X q-HH,lleKCOB ,ll~H 
nepBoro 

1 
D- pe30HaHca ·. COCTOHT B 3Ha 4HTe~bHbiX pacxoilc,lleHHHX Ce4eHHH 

nepexo,lla B OTKPhiTbiH KaHa.ri npHMoii iiJo'l'oHoHH3aUHH B T04Ke pesoHaHca 

(Ta6~.12l, no~y4eHHNX' B HameM pac4eTe[ 27 J H B pa6oTe[ 5 J (Ta6~.14). 
TaKHM o6pa3oM, HamH . pac.4eTbi..J H BblmenpHBe,lleHHOe o6cyliC,lleHHe 

noKa3biBaJOT. 4TO · CTPYKTYPHa~ MO.lle~b PS I MCHF. Hcno~b3yeMaH B 

HaCTO~meii pa6oTe, ,llOIIYCKaeT BIIOJJHe Ha,lle:amoe OIIHCaHHe . pe30HaHCHOH 

tPOTOHOHH3aUHH aTOMa re~HW H3 ero B036YliC,lleHHbiX. COCTO~HHH. 
, . . . . 

. 3aK~I04eHHe 

B pa6oTe HCC~e,llOBa~HCb. IIPO~B~eHHH 3aKpbiTOro KaHa~a B 

!IJoToHOHH3aUHH Bo36y:r,lleHHoro re~H~·H ero KOHKYP~HUH~ H HHTeptiJepeHUHH 

C np~MbiM ilJOTonepeXO,llOM .B .tiJOPMHPOBaHHH ·npotiJH~H aBTOHOHH3al{HOHHOro 

pe3oHaHca ( AI1P >: KpoMe Toro; Mbl pacc4HTa~H 3Ha 4eHH~ xapaKTepHCTHK. 

pe3oHaHcoB .llJI~ cepHii 
1

•
3
s, 1

•
3P H 1 • 3n AI1C. ·Bo~6y:r,llaeMbiX H3 2 1 • 3s

H 2
1

•
3P- COCTO~HHH re~HH. 
11~~ pac4eTOB HCIIO~b30BaJJHCb CTPYKTYPHa~ · .. MO,lleJJb B036y:r,lleHHoro 

reJJH~ cPS I MCHF >. · oTTeCTHPOBaHHa~ B • Hameii npe.Jlhl.llYmeii pa69Tec 27J. 

llpH 3TOM BO~HOBa5J ilJYHKUH~ KOHTHHYYMa 6paJJaCb · B BH,D;e cynepn03Hl{HH 

pemeHHd ypaBHeHH~ · ·ffipe,D;HHrepa . C l{eHTpaJJbHbiM napaMeTpH4eCKHM 

IIOTeHUHa~OM H L 2 
· - ilJYHKl{HH .. · aBTOHOHH3al{HOHHOrO · ypOBHJi B p8w<ax 

,llHaroHa~H3al{HOHHOro IIO,ll;XO,lla ( 13
] · '( PS). ·, ~YHKU~fH ~HCXO,ll;HbiX COCTO~HHH 

Bhi4Hc~~JJHCb MHoroKoHiiJHrypauHoHHbiM MeTO.llOM ',: XapTPH-:~oKa :; ·. ( MCHF) • 

HamH pac4eTbl. noKa3iiBaJOT, 4TO ·.Jl~H ·cJJyqa5J 'npouecca · c MaJJbiM 
.. " ' . ' . '-'· ' ... 

Ce4eHHeM IIP~Moro ilJOTOnepeXO,D;a KOHKypeHUHH H HHTepiiJepeHUH~ IIP~MOH; H 

pe30HaHCHOH BeTBeH .. aMIIJIHTY.llbl IIPHBO.ll~T · K ; ilJOPt•IHPOBaHHio AI1C C 

6oJJbiDHM 3Ha4eHHeM npoilJHJJbHoro ,HH.lleKc.i. c Ta6~ •. 1:..:13 > ~ · 

B STOM · c~yqae pe3oHaHc co . cpaBHHTe~bHO 6o~bmoi1 · mHpH.HOH 

npo~B~~eTc~ Iia · mHpoKoM' HHTepBa~e cneKTpa · .llOBO~bHO ,D;aJJeKo . 3a 

npe.n;eJJ~MH mHpim Al1C. 3;a oco6eHHOCTb pe30HaHCHOH CTPYKTYPhl BeCbMa 

4eTKO 'npo~BJJ~eTc~ .llJI~ nepBoro 1n Al1C.' B036yx,D;aeMoro .. l-13 2 1P..: 
.COCTOHHHHreJJH~. 

OnHcaHHe TaKHX ·pe30HaHCOB 

IIPH6JJHJ:eHHH[ 13 • 26 ], He COOTBeTCTBYeT 

-; ~ . 

B ' Tpa,D;Hl{HOHHOM pe30HaHCHOM 

HCTHHHOH KapTHHe liJopMHPOBaHH~ 
KPHBOH Ce4eHHH. l13 HaiDHX .:pe3yJibTaTOB BH,ll;HO,' 4TO paCCMaTpHBaeMaSI 

Oco6eHHOCTb IIOBe,D;eHH~ pe30HaHCHOH CTPYKTYPbl cymeCTBeHHO CH~bHO 
npo~B~~eTcR B 6espa3MepHbiX xapaKTepHCTHKax: tiJoTonpouecca H 

.B.Hi:l.lJeKTPOHHOH. peK~M6HHaUHH[ 28~ > . ' 
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Eti. aB 

PHc.1. Ce4eHH~ npouecca Hec21P> + r ~ He~:"c 1 D> ~ He+(is) + e(d) 

.•KaK, tPYHKUHH . OT sHeprHH Bl:l6HToro . s~eKTpoHa Eb. a;_ paciJeT ·B 

pe30HaHCHOM IIPH6JIHl!CeHHH ' , C q}.J.i D ( ER) , b- , HaCTORmHH , paC4eT C 
i 

WYHKUHeii qJ.J.D<Eb> 

101 

10° 

;:Ql0-2 

:::!!! ---' ... 
~· -b 1o-• 

' 10.:.. 

31 33 ' 835 
Eb. a 

37' 

PHc.2; To xe~ '4TO H,Ha PHc-.I;~.niJ n'poJ..\ecca'He(2 1Pf.+;~H~**< 1 S) ~ 
He+( is) + e(a). 0603Ha4eHHR a H b Te J:e • ·4TO H ·Ha pHc.i. · 

. ·,i3. ' ,, .. . ' . 
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PY!C. 3. 3HepreTYttieCKaH . 3aBY!CYIMOCTb fPYHKll,11Y! r J.LL { Eb i .: : B cetieHY!.HX 

fPOTOI10HY!3all,YtY!. 0603HatieHI1.H 1 Yl 2 COOTBeTCTBYIOT npolJ,eCCaM, 

npY!Be,l(eHHbiM HapYtc~1 Yl 2, a3 114- npou.eccaM Hec2 1 S;)·~ r,;He**c 1P) ~ 
He+(1s> + .. e(p.) ··H Hec23 S) ·+\t => He**< 3P) .=> He+c1s). + e{p) 

i ' 7' ,,.. -., 

COOTBeTCTBeHHO 

.c 
::e . -1 
""':' 10. :..--..·. 
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~ -'·'· ~ 10-:..2 
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PY!c.4 •. e~;em~e. np~~9H ,.!PoT.?~.ClHI13a~l1~ ?L Ka~ ~y~~~I1.H •. oT ,sH~pr~Yt 
Bbi611Toro. SJieKTPOHa. 0603HatieHH.H -·1 ,· 2,' 3' Yl' 4 'COOTBeTCTBYJOT TeM J:e 
npou.eccaM,-''q.rd·»"Ha-xmh:3 ..... :•'],1 '• io <.(7!-l·c':<:;c:;v .. ,,,:· ;. '.·.'"'' 
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Pl1C. 5. 3HepreTI1tiecKa.H 3aBHCHMOCT:O IPYHKU11l1 q~L c Eb l 

fPOTOYIOHl13al(Hl1. 0603HatieHl1.H Te lite, '-ITO l1 Ha PHC.3. 

l1 3 COOTBeTCTBYIOT 3HatieHl1.HM [..: q~~CEt,).]. . 

40 

B cetieHY!HX 

~~~ 1 

B STOM CBH311 HaM npe.l(cTaBJI.HeTc.H B03MOlKHbiM Bbi.HB~T:o oco6eHHOCT:o 

pe3oHaHCHOM CTPYKTYPbl H3MepeHHeM KOSfPfPY!U.Y!eHTOB yrJioBoR aHI130Tponl1H 

fPOTOSJieKTPOHa B npou.ecce Her 2
1 

P > ~' e · => He+ c 1 s l + e 11 BTOPY!tiHoro 

rpoToHa B .1\YISJieKTpoHHoR pe~eoM611HaU.H» He+c1s> + e => He** => 

t 1+cHec21PJ .. => HeC1s2 1"81 +t
2

l •. 

PactieTbl » aHaJIYt3bl c npY!BJietieHY!eM ·· 11Meiqll\l1XCH TeopeTY!tieCKY!X 

ou.eHoK TaKl!Ce noKa3biBaroT, liTo . PSIMCHF- MO.l(eJI:o MollteT oni1Cb1BaTb 

pe30HaHCHble He!'j,el He+- npolJ,eCCbl C TaKOM lte CTeneHbiO TOtiHOCTI1, KaK 

H KOM6~Hall,H.H MHOrOKaHaJI:OHOro MeTO.l(a CO CJ!Ol!CHOM Bapl1all,I10HHOM 

fPYHKU.»eR. B pa6oTe Mbl pacctiY!TaJIYt .1\0CTaTOtiHo noJIHbli1 Ha6op 

pe30HaHCHbiX xapaKTepl1CTI1K (illHpY!Hbl, llOJ!Ol!CeHY!.H H q- HH.l(eKCbl) .l(Jl.H 

~epYtM 1
•

3
s,

1
•

3
P Yt

1
'

3
D AHC, B036y'liC.l(aeMbiX H3 2 1 • 3 s- l1 2 .. 1 • 3P

COCTO.HHl1M reJIYt.H. 

PaccMoTpeHHa.H HaMH oco6eHHOCTb· rpopMHPOBaHY!.H pe3oHaHcHOM 

CTPYKTYPbi cetieHY!M fPOTOl10HI13all,Ytl1 B036YliC.l\eHHoro reJIY!.H l1 

fPOTOpeKOM611Hall,11Y! Y!OHOB 'reJII1.H MoryT llpO.HBHTbC.H B _OOJiee . T.HliCeJibiX 

aTOMaX He TOJibKO npYt fPOTOl10Hl13all,HH l1 peKOM011Hall,l1l1, HO Yl B HeynpyrY!X 

npou.eccax. IIosToMy .l(aJI:oHeRmee 113YtieHI1e SToi1 npo6JieMbi l1MeeT BaxHoe 

3HatieHI1e .l(JI.H aTOMHOM fP~311KI1. 

15 



Ta6JI.1! IIoJioxeHHH w mwpwHH 1s AI1C aToMa reJnu1 · 

KJiaC- HaCTOHm.pacqeTH ,JJ;p.pacqeTH. r csB> 
CHilJH-
KaUHSI .ER(SB) r csB> [14] < [7] [15] [19] 

1(+). 57.90 1. 738-1 '1.403-1 1.246-1 1.243-1 1:38-1 ±1.5-2 

2(-) 62.28 4.28s~3 1.096-3 .6.286"'3 6.419-3 

3(+) 62.99. 5.435-2 4.422-2 3.755-2 3.835-2 

64.11 2.672-3 ···1:247-3 -3 -4 
4(-) 2.355 ·1.436 

5(+) 64.19 1.942-2 1. 615-2 1.33-2 

*> 3,D;ecb H B cJie,D;yromwx Ta6JIHUaX npHHSITO o6o3HaqeHHe 
a-b,COOTBeTCTByromee a·10-b. 

Ta6JI.2.IIoJio:a:eHWH H mwpHHH 3s AI1C aToMa reJIHH 

KJiaC-
CHilJH-
Kal.(HSI 

1(+) 

2(-) . 

3(+) 

4(-) 

KJiac-
CWilJH-
Kal.(HSI 

1(+) 

2{-) . 

3{+). 

4(-) 

5{d) 

6{+) 

HaCTOHm.pacqeTH ,D;p.pacqeTH, f (SB): 

ER(SB) r (SB) [14] [11] [7] 

.62.62 2.795-4 1.154-5 1.812-4 1.75~~ 
63.78 7.601-6 ·4.0-7 7 .si6-6 6.26.:..6 . 

' 1.3.44-4 5~56-5 8~·513~5 8.35-5 
64.07 

64.57 ·. 6 .. 2os-6 6.0-7 4.20-6 .,··:·. -6··: 
.4.08 

Ta6JI.s.rroJ!oxeHwH w 1 P AI1C aTOMa reJIWSI . . . . 

,D;aHHlie, 
·• ·.,· _! 

ER(SB) T (SB) [13] [11]· 

60.32 

62.77 

63.70 
" 64.13 

64.16 

64.51 

3.59-2 .j4~37~-2 3~74-2 3~8-2±0.002' . 

1.58-4 ·1.394-4 Lo5-4< . . 
.6:8·6_3. a·.7l8-3 8.19-3 . 8. 3.:..3±o~~o2 

·. 5.66-5 5~032..:5 5.57:..5 

s'.oo-6 · 1:'539.::.6 

·5.03-3 3.690..:3 3.51..:3 

16 

Ta6JI. 4. IIoJio:a:eHwH w mwpwHH 3P . AI1C aToMa reJIHSI. 

KJiac~ HacToHm.pacqeTH 
CHilJH-:-

. Kal.(WSI ER{SB) r {SB) 

58.39 1.162-2 

. . -3 
63.15: 3.382 

63.26 7.705-5 

64.11 2.791-6 

,JJ;p; pacqeTH, r {SB) 

_:. [14]. [11] [7] 

2.204-2 -. L064-2 8.187-3 

6.469-3 . 3.101-3 -2.094-3 

3.61"'5 7.76-5 . ·.4.842-5 

2.281-5 4.53-6 2~965-7 

1( + )' 

2( +) 

3(-) 

4(d) 

5{+) 

6(-) 

64.2'4 .. 1.398-3 . 2.67-3 . 1.231-3 ,8.214-4 

164.32 3.270-5 1.45-5 3.16-5 ' .. -4 
3.917 

Ta6JI. 5. liOJIOJ:eHHSI. H IDHPWHH 1 D A!t1C' aTOMa re.iJWSI · ·. 

KJiac-. HacToHm. pacqeTH , 
CHilJH.::. 

,D;p. pacqeTH , .r 
Kal.(HSI' • E {SB) r (SB) [14] 

R· .. . [12] :. [8] [19] 

1{2p2 ) 

2{-:) 

3(+) 

4(-) 

5{+) 

60.05 ·····8:o74-:-2 :·•8.on-2 7.'48~2 6.425-2 1.2?2±1.8-2 
. -2 . . -2 . -2 . : . . -2 .· 

63.56 1.821 1.821 . 1. 791 1.510. 
6s.86 ·,7:i49""'4 ·?:5oc4 4.o4-4 . 5.467-4 ' 

•' .. ··." . -2 ..•. ·····-2·· .·;·,·.'':.!.2·; .. ;·•·.·-3;'." ,, . 
.64. 43 1. 085 1. 076 1.161 6. 338 . 

64.60 ... 6;193-4 .· 6.273-4 3.11"',4 · 2;992-4 · 

Ta6JI.6.IIoJioxeHI1S! H limpUHH 3D 'AI1C aToMare.liHH' · .:';. 

KJiac-, HacToHm.pacqeTH-
. CHilJH- .. ,. •:. ·. . · · ... 
Kal.(HSI E (SB) r· (SB')~ [14] 

R 

1{-) 

2{+) 

3(-) 

4{+) 

63.13 9.357-o. 1.4o'-5 

63.75 2.:372:..;4 ; 2 .. 344':.:4 
.::.6;. . .. ·'-'6 

64.27 3.695 5.61 
: . '-4 . , . .:..4 

64.51· . ·1.733 . ·1.734. 

. ··-5· . ':..7 ... 
1.20 · .. 7.779 .. H .•. 
2.53-4 ' ·2:041.:.;4H 

·.·, -6' ,• -7 . 

5.30~4· 3~12~~~~: 
2.05 ····· :L039 ·:·· o 

H,0-03HaqaroT,qTo L\HilJpH fiOJiyqeHH.H3 [8] H (7] 
COOTBeTCTBeHHO. 

.1.7' 



.• Ta6~.7. q~ HHAeKCN 1P A~c. CXOAH~WXCH K nopory n=2 WOHa 
· He+ npw pe30HaHCHOH iiJOTOWOHW3aUWW W3 OCHOB.HOro .COCTOHHWH 

HO
Mep 
ypoB
HH 

1 

2 

3 

.4 

5 

6 

(±) . q-W H A e,K C N 
K~ac-- ··.,..:....._:_.;. _ __;_ ________ __;_ _________ __;_ 

cw!IJw- HacTOH~. pacq; -~pyrwe pac4eTN 

~~~ - 3KcnepwMeHT 1 2 3 .[131 [121 [111 [201 

(+) 

(-) 
(+) 

(-) 
(d) 

-2. 8(±0. 25)[ 1,61 

-2.6(±0.3)[171 -6.73 -3.42...!3.22 -2~85 -2.97 -2.59 -;-3.25 

-2. 75(±0.5} 181 

--4.61 -3.07 -1.93 -3.57·-3.70 -3.02 

-2.0(±1.0)[161 "-5.98 -3.13 -;-3.07 -2.74-2.89 -2.44 
. [ 17] . 

-2.5(±0.5) --4.68 -2.73 -1.37 -3.20 -4.17 -3.30 

12.12 -6.32 -7.29 - -0.10 

<+> - ·. -5.80 -3.09 -3:o6 -2.73 -2:81 -2.42 

c) B Ta6~.7=13 uw!IJpbi 1,2 w 3 03Ha4aJOT,4TO pac4eTbl npoBeAeHN' 
B MOAe~Hx PS lscHF,PS IMcHF 11 ·P,s ITwD cooTBeTCTBeHHO. -·. 

Ta6~.8. q- 11HAeKcN 1P A~C. CXOAH~I1XCH K nopory n=2 11oHa 
He+ np11 pe30HaHCHOH iiJOTOI10HI13aU1111 113 COCTOHHI1H 2 1s 

HO- (±) 
Mep K~ac-

YPOB- CI111JI1-;-
HH KaU11H 

'1 (+) 

2 (-) 
3 (+) 

4 (-) 

5 (d)'· 

6 (+) 

1 
-

135.9 

1490 

-36.42 

1075. 
-429'.8 

-22.26 

538.2 

A e K C _N 

~pyr11e pac4eTN 
[23] [21] [5] 

75.13 64.73 76.2 

740.9 . 598.2 

~4.23. -11.4 

455.3 587 .. 4 

-60.78' 581.6 _-546.5 

-10.79 -3.36 -5.12 
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Ta6~. 9: q - 11HAeKCN 3PA~c. 'cxbAH~I1XCH K nopory n=2 11i:>Ha 
He+ npl1 peso'HaHCHOH f1JOTOI10HI13a~I1H' W3 cocibHHHH 2 3 S 

(±) . . .. q 11 
HOMep K~ac- : , 
ypoB-;- C11ill11-: HacToHtiJ.I1e pac4eTbl· 

. HH . KaU11H 
1

-, •
2

- -[23] 
[21] 

1 

2 

(+) 

(+) 

~124.9 -122.4: ~80.58 -106;6 --122;4 -160.7 
-9.593 -10"27- -7.83 -~ -4.848 

3 (-) -820.4 -839'.3 -1032·. -773.0' 
4- (d) -630.4 • -343.6 . -94:il "-561.2 
5 (+). -25.92 --27.1 -17.47: -18.83 
6 . (-) -661.0 --663.7 •'-"855_;f '-646.-1': 

Ta6JI.10. ~ - 11H,l\eKCN , 1 s. A~C, CXO.l\H~I1XCH: K nopory n=2· iioiia 

He+ np11 pe3oHaH-~Ho~ .f119Toi10HI13<J._U1111 ;113, ~o~TOHHI1H .--~ 2 1;P 

q - W H .!\ e K C N 
(±) 

HOMep K~ac

YPOB-:- Cl1f1Jl1-
' HH . KaUWH HacToHiitiie. pac4eTN ::,.: ~pyrwe pac4eTN . ' .. , ' . -. . ~ 

.. 2 ·····. '3•. ·-·_;[5] . : [15] 

(+) '-30.56 -28.83 .. -29.3 •':.:29~'7 1 

2 

3 

4 

5 

('-) -363.1· -329;3;. - -263;5' 
'rl 

(+) 28:85- . 24:43 - 26.69 ' .. 
(-).' -15.44 >::.12.61 ' - ;_61. 52 

, ·:>< 

(+) 5.99 -- 3:382 
. . . 

Ta6.ri. 11. q- 11H.l\eKcbl' 3 -s A~C~ · cxoAilhlHxcH K l1opory 
n=2 11oHa He+. npH. -P~~oHai-lcliolf- ~oT~I-ioi-llisau~w -· 11:3 · . 

COCTbHH~H; . '23 p' _.( -; ..•. 

(±) 
HOMep K~ac- .. 

'ypoa-: Cl-111111- • HacToH~I1e 
HH . KaUHH {. . 
. . •1' 

1 

2 

3 

4 

'(+) 1172 
(-) . 1d~7 

'<+) 575.9 

(-) 7263 

·8888. 

195.5 

6113 
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f 

Ta6JI 12. q- HH,IJ,eKC!i: .1 D Al-1C, CXO,IJ,HIIlHXCH K. nopory 

n=2 HOHa He+ IIPH pe30HaHCHOH ~OTOHOHH3aUHH H3_ 
cbcTOHHHH 2 1 P. . 

. '"' (±) q 7 :H H ,II, e K:c N . 
HOMep · KJiaC- . 
YPOB:-·· CH~H- ' HacTOHIIlHe pacqeTN ,np.pacqeT 

.HH KaUHH . 1 2 :. [5] 

1 (2p) 472.9 . 47J.r~ 9 172.4 

2 (-) .. : -86.91 -91.10 

3 (+) -1459 ... 

'4 (.:..) 

5 (+) 

· Ta6JI 13. · q:c.·: HH,IJ,e~cti · 3 D' ArtC, cxoiHIIlHXCH, K 

nopory n~2 HoHa He' npH pe3oHaHcHoit:' 

ilJOTOliOHH3aUHH H3 COCTOHHHH .. 23 P 

(±)' q..:H H ,II, e K c>N 
HOMep ;KJiaC-
YPOB-- -CH!f!H-
HH . ' ·, KaUHH 

~- ~ 

1 (.,-) 9276 '8972 _, 

2 C-t;) -1129 .-1100 

3 (.:..) 6578' "6285. ., 

4 

Ta6JI~ 14. _ Xapa~~~pli~THKH, nepBor~ '. 1 J). H. 

· 4eTsep.f.oro 1 s- pe3oHaticos. Bo36y:a:,IJ,aeMfi~ 
. lfJOTOHaMW 2 1 P- COCTOHH~H reJIHH ' 

pac~e-TY 
HaCT. -2 

L 1D pac~. '8.07 ' <' "SI •• ...,. 

[5) 7.32-2 172.4 
H&CT. -3 .. •·'. 

.-12.61 
4

_ 1
8 
pac~ 2.67 ' 

'' ·'.:..4 
[15) 1.44'' -61.52 
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ilpHHHMaeTCSI DOADHCKU HU npenpHH1 

HHCTHTyra S~AepHblX HCCJieAOBUHHH H «KpaTKHe 

YCTaHOBJieHa CJie)zyiOllliiSI CTOHMOCTb DO]l 

01Ull1, BKJIIO'IaSI nepeCbiJIKy, no OTAenbHhiM T• 

11UAeKC TeMaTHKU 

1. 3KcnepHMeHTaJibHUSI lfJH3HKU BbiCOKHX 3He] 

2. TeopeTH'IecKaSI lfln3HKa BbiCOKHX auepmu 

3. 3KcnepHMeHTaJibHUSI HeHTpOHHUSI lfJH3HKU 

4. TeopeTH'IecKasrlfln3HKU HH3KHX 3Hepmu 

5. MaTeMaTHKa · 

6. ~AepHaSI COeKTpOCKODHSI H paAHOXHMHSI 

7. <l>H3HKa TSI:lKenblX HOHOB 

8. KpuoreHHKa 

9. YcKopnTenH 

10. ABTOMaTH3UQHSI o6pa6oTKH aKcnepnMeHTaJ 

11. Bbl'IHCJIHTenbHasr MaTeMaTHKn u TeXHHKa 

12. XHMHSI 

13. TexHHKa $H3H'IecKoro 3KcnepnMeHTU 

14. 11CCJieAOBaHHSI TsepAblX Ten H JKHAKOCTeit Sl 

15. 3KcnepHMeHTaJibHaSI $H3HKa SIAepublx pea1 

npH HH3KHX 3HeprHSIX 

16 . .IJ.o3HMeTpHSI H $H3HKU 3UtUHTbl 

17. TeopHSI KOifAeHCHpOBUHHOro COCTOSIHHSI 

18. 11cnoJJbJOBaHHe pe3yilbTUTOB 

H MeTOAOB 4>YHAnMeuTaJJbHblX lfln3H'IecKHX 

B CMe:lKHblX' o6JJaCTSIX HUYKH H TeXHHKH 

19. BHo$HanKa 

«KpaTKne coo6meHHH OHSIJh (6 BblnycKc 

ilOADHCKa MO:lK_eT 6b1Tb O$opMJJeHa C JJIO( 

llo BCeM BOnpocaM o4JopMJJeHHSI UOAm 

TenbCKTHH OTAen 011~11 no UApecy: 141980, r. 


