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A6paumeew-1 A.r. H np. P4-89-425 
11ccne)];oerurne )];Ba)Knhl eo36y)K)];eHHhIX cocTOHHHH H - H He 
B MHOfOKaHanbHOM r11nepccpep11qecKOM a,lJ;Ha6aT11qecKOM TTO)];XO)];e 

B paMKax MHoroKaHanhHoro r11nepccpep11qecKoro aAHa6aTITTecKo­
ro (HSA) nonxoAa Hccne)];oBaHbI ABa)K)];bI eo36y)K)];eHHh1e cocTOHHHH 
(DES) H- H He. 1-IHcneHHO 113yqeHo BnHHHHe yrnoBhIX H pa.nHanhHhIX 
KoppenHUHH Ha CKOpOCTh CXO)];HMOCTH 3HaqeHHH TepMOB H MaTpITT­
HbIX 3neMeHTOB pa;::i:HanhHOH cBH3H. ,Un11 KnaccHq:>HKaUHH DES 11c­
nonb3oeaHa cxeMa, 6a3HpyIOIUaflCfl Ha MOneKynHpHOH KnaCCHq:>HKa­
UHH cocTOHHHH HSA-6a3Hca. IlpHBe)];eHbI pe3ynhTaTbI MHoroKaHanh- · 
HbIX pacqeTOB 1s e H 1P O DES H - H He, cxonHIUHXCfl KO BTOpOMY 
nopory. BhlnonHeHo cpaeHeHHe nonyqeHHhIX pe3ynhTaToe c npyrHMH 
pacqeTaMH H 31<'.CnepHMeHTOM. O6cy)K)];aeTCfl o6nacTh npHMeHHMOCTH 
a;::i:11a6aT11qecKoro np116nH)KeHHH. 

Pa6oTa BbITTOnHeHa e Jia6opaTOpHH Bbiti:HcnHTenhHOH TeXHHKH 
H aBTOMaTH3aUHH 011.RH. 

IlpenpHHT 061aeJUU1e1D10l"O HHC111TyT& ff,llepHbIX HCcne,llOBaHHH . .Uy6Ha 1989 

Ilepeeon r .r .CaHAYKOBCKOH 
• 

Abrashkevich A.G. et al. P4-89-425 
Study of Doubly Excited States of H- and He 
in the Coupled-Channel Hyperspherical Adiabatic Approach 

, Doubly excited states (DES) of H- and He are investigated within 
the coupled-channel hyperspherical adiabatic (HSA) approach. Influen­
ce of the angular and radial electron correlations on the rate of conver­
gence of the values of the potential curves and matrix elements of 
radial coupling is studied numerically. The scheme based on molecu­
lar classification of the HSA basis states is used for the classification 
of DES. The results of the multichannel calculations of 1S e and 
1P O DES of H - and He below the second threshold are presented. 
The obtained results are compared with other calculations and experi­
ment. The region of applicability of the adiabatic approximation is 
discussed. 

The investigation has been performed at the Laboratory of Compu­
ting Technuqies and Automation, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1989 



I. BB8'A8HH8 

MCCR8'AOB8HH8 'ABYKpBTHO H MHOroKp8THO B086Yllt,Zt8HHNX COCTOHHHtt 8TO­
MOB li HOHOB aBnaeTCa O'AHOtt H8 @YH'A8M8HT8RLHNX npo6neM COBpeMeHHOtt 
BTOMHOH WH8HKH. 3H8HH8 xap8KT8PHCTHK TBKHX COCTOHHHH H806XOJUIMO 'AnH 
peweHHH WHPOKOro Kpyra npBKTHqeCKHX 88'A8q 8TOMHOH H MoneKynapHott cne­
KTpOCKOllID4, @H8HKH nnaaMH, @H8HKH B8PXHHX cnoeB 8TMOCW8PH, KBBHTOBOH 
XHMHH, 8CTPOWli8HKH H 'AP· C TeopeTHqecKott TOqKH apeHHa HayqeHH8 STHX 
COCTOHHHtt B8llCHO 'AHH llOHHM8HHH 'AliH8MliKH CHnLHO KOppenHpOB8HHOro 'ABHXe­
HHH 'ABYX H 6onee aneKTPOHOB B 8TOM8X H HOH8X. HaH6onee llO'AXO'Aff~HIIH 
o6~8KT8MH 'AnR TeopeTHqeCKHX liCCn8'AOB8HHH RBRHllTCH 8TOM renHa H 'AByxa­
neKTpOHHH8 HOHN, o6R8'A81l~He 6oraTHMH cneKTPBMH 'AB8X.ztll B086YJ!t)t8HHWC 
COCTOHHHH (DES). rerutellO'A06HHH 8TOM - npocTettmaa KB8HTOBO-M8X8HHqec­
K8a CliCT8M8 H8 Tpex qaCTHU C KYROHOBCKHM B88HMO'A8ttCTBli8M, 'AHH KOTOpott 
MOllC8T 6HTL BHilOnH8HO T8CTHpOB8Hli8 TeopeTHqecKHx pacqeTOB [I,6-I4] H 
npoBe'AeHO cp8BH8Hli8 C 3KCil8PliM8HT8RLHHMH 'A8HHHMH [4,5,IS-23]. 

CHnLHH8 KOppenaUHH aneKTpOHOB B.8TOMe npHBOMT K nepeM8DIHB8HHll 
aneKTpOHHHX KOH@Hrypaultlt, qTo 88TPY'AHH8T @liaHqecKyll liHTepnpeTBIUfll H 
KH8CCHWHK8Ulill cneKTpOB DES B p8MK8X MO'A8nH H888BHCHMUX qSCTHU, mHpOKO 
ucnonr,ayeMott B STOMHOH @H8HKe. STO 06CTOHT8HLCTBO CTHMynHpyeT p88BH­
TH8 'APYrHx llO'AXO'AOB, He HCnonr,ayw~HX KOHU8IlUHll H888BHCliMl,IX aneKTPOHOB. 
0AHHM H8 HHX~RBHH8TCH runepcwepHqecKHtt 8'AH868THqeCKHH (RSA) IlO'AXO'A, 
IlP8'AHOllC8HH.b!H B 1968 ro'AY ~.MaqeKOM [24] 'Anfi Olll!C8HHH Cll8KTPOB DES 8TO­
M8 renua. B 'A8RLH8HW8M STOT M8TO)t WHPOKO npuueaanca 'Ami Hayqeaua npo­
ueccoB B086YX'A8HHH H HOHH88UHH B 'AByxaneKTPOHHHX 8TOM8X (CM. o6aOpH 
[12,14_]). B 60nLmHHCTB8 pacqeTOB B P8MK8X HSA-Il0'AXO'A8 ucnonr,ayeTCH 
8'AH868THqecxoe npH6nHllC8HH8, B KOTOPOM,npeaeClperallT H88'AH868THqecKott 
CBH3l,I) K8H8HOB B CHCTeMe PB'AHBHLHHX ypaBH8HHtt (CM.' H8llp. '[24-28]). 
~na 'AOCTHllC8HHa ToqHQCTH pacqeTOB, cpaBHHMOtt C 'APYrHMH H8B8CTHWH IlO'A­
XO'ABMH, He06XO'AffM yqeT H88'AH868THqecKHX 3WP8KTOB [29-33]. Mccne'AOB8HH6 
CXO'AHMOCTH HSA-paanoxeHHH 'AHH OCHOBHHX H DES renH8llO'A06HNX CHCT8M 6uno 
BHilOIDi8HO B pa60T8X [3I,32j. IlonyqeHHHe qucneHHHe peaynLT8TH YK88HB81lT 
HB BHCOKYll CKOpOCTL CXO'AUMOCTH HSA-paanoxeHHa. 3TO o6CTOHTenr,cTBO no-
8BOnH8T npH pacqeTe cneKTP8HLHHX xapaKTepHCTHK 'ABYX3H8KTPOHHHX BTOMOB 
oc5ecnequn BHCOKYll TOqHQCTL (-I0-4 a.e.), orpaHHqHBBHCL nepBHMH He­
CKOHLKHMH P8'AH8HLIU,IMH yp8BH8HHHMH. B 'A8HHOH pa60Te B MHOrOK8H8nLHOM 
npHClnHllC8Hlili HSA-nO'AXO'A8 HCCH8'AYllTCH HH8KOneJKB~He DES renuenO'AOClHUX 
CHCT8M, 'Ana KOTOPHX cy~eCTB8HHH aneKTPOHlll,l8 KoppenaUHH. qucneHHo HC­
cne'AOB8HH yrnOBHe H PB'AffBHLHHe KOppenauuu. BunoruteHH CliCT8M8THqecxue 
pacqeTH aaaqeHHtt aHeprHH 1se H 1P0 DES H- H He, CXO'AHfllHXCH KO BT~OMY 
(n=2) nopory, C yqeTOM H68)tH868THqecKHX nonpaBOK C TOqHQCTl,B) ""IO a. e. 



06CYJ!t'A88TCH o6naCTI, npHM6HlWOCTH 8'AH868THqecKoro npH6nHJK8HHH. nna 
KH8CCHipHK8Il,HH DE.S HCnOnI,3Y8TCH MOneKynllpH8H KnBCCHqJHK8UHH, IlP6'AHOJK8H­

H8H B'p860T8 [33]. 
2. rmiepcipepuqec1toe 8'AHa6aT11qec1toe npe;11cTaBneHHe. 

A. rHnepcqiepHqeCKHtt 8;ltH868THqecKHtt 6a3HC 

B runepcipepuqecKOM KOOp,l!HH8THOM 683HC8 nyxaneKTPOHHlili 8TOM onH­
CUB88TCH c noMOUILll mecTH KOOP.ztHH8T { R, c,l. , i" , ll1,} , r:ite 

R: (,zJ+-if)~, ol = a.'lda1t(~"/'t,.), S2 = {cl.,i;t,2~J , ( :{c9.:, Y,;}, l:.t,£. 

8Aecr, R ecn runeppa,l!Hyc cucTeMu, ol - rHnepyron, ,z.,_ H 'l-t - pac­
CTOHHHH M8Jt'AY aneKTpoHaMH H H:itpou , ii1 H ,; .t - o6utUiue yrnoBue nepe­
MeHHlie aneKTpOHOB. YpaBH6lill8 illpe;ltHHrepa ;ltnH ,llByxaneKTpOHHoro 8TOM8 C 
aaps:;1101,1 ~ B rHnepcqiepHqeCRHX KOOp,l!HH8T8X HM88T BH'A ( ,e : -Ji : m£ =.:£): 

H Y(R,Q): 2£ Y(R,Q), (1) 
r'Ae 

H=-"fofRR"]R +Ji(R). s 
8;11ec1, '1.(R) ecTb yrnoBaH qaCTL raMHnl>TOHHalia Ha cqiepe S (Q), 
BHCHil!BH OT R KBR OT napaMeTpa: · 

J,,{K) = T(R)_~ R-
1

V(c1.,Vj,), 

aa-

(2) 

r:ite _ 2, 

T(R) = - /1- [sin-1
2c1. tsln22,1, L -~f:,_o1, -.2. ] ~!._ 

- sin 2.1, 
(3) 

- KHH8THqeCK8!J aHeprHH, 

\If )-- £,l _ ti! + 2 (4) 
Vtcl, ~1 - co.s .,1, 5in ~ (f.- Sin 2rt.t:.0.5 v;,. )¥£ 

- llOT8HUH8HbH8H 8H~rHH, -Ii. H 4 - op6HT8HLHli8 MOM8HTli aneKTpOHOB, 
~s = ate.co~ [(it,.· 'ti.)/"l-4 tt1,] • 

B gaqeCTBe NSA-6aaHca Hcnoni,ayeTcs: nonHlitt Ha6op pemeHHH 
{~J_;::t. EL'- ( S$) cneKTpani,Hott aa;11aqH 

h,(R)t/Q;R)=R 2~(R)~(Q;R) , (5) 

HOpMHPOB8HHliX ycnoBHeM * 
<~l4>~)~=JJ~i(~;R)p)l(Q;R) = ~v, 
J1: =sin cl e..CJs,,o1, s1,,nB~sinO,_ a'ot'1&4 tl0i. ✓~IP,, . 

8;11ec1, ~ ( R) - co6cueHHlie aHaqeHHH ( TepMu), napaMeTpHqecKH_ aaBHcs:­
ll!He OT R 'AHR 4JHKCHpOB8HHoro Ha6opa KBBHTOBliX 1rncen M • ~cno~ao-. r· 1..1 
B8HH6 ToqHlix HHTerpanoB ;ltBHllt8HHH:•nonHOro op6HT8HLHOrO MOM8HT8 H 
ero npoeKUHH ML Ha oci, Z na6opaTopHott cucTeMu 1toop.ztHH8T noaBonHeT 
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ynpocTHTl> rHnepcipepuqec1tyro aa;11aqy (5) H BunonHHTl> napunanLHlitt aHanua 
B npe,1.tCT8BH8HHH llOnHOrO lil0M8HT8: 

p/f (Q; R) = (sinrt wsr1.)_,. [i ! J1 (.t; R) :l.t~ :"( z,., 1,.) . (6) 

3;11ec1, 

'Yt2 (i,.·,~,.) = ,bi. CZ~~hmi ¼4.m,. ('l~) Yt~m,. (i,_) 
8CTI, 6,monapH8H rapMOHHK8, Y,t . ..,,. (i•) t"=i £, - cqiepHqecKHe qiyHKUHH, 

LM ",, .. ,. " 1 ' · C , .!:. , m - K03qiqiHUH6HT Kne6ma-rop;11aHa. IT0;11c:raHOBKB paanollteHns: (6) 
'• .,.L "'-t I, '!/ L M • A 

B ypaBH8HH8 (5) H ycpe;1tH8HHe no ../4. L~ ( 't,1., 'ti,) noaBOH!JIOT npe;11CT8-
BHTI, (5) B BH;lte CHCT8Mli ypaBH8HHH ~) 

[ 
Jf. ,1i_ <'1+1.) t,, <11-+J) + R 2 u (R)J q, 1 R) + 

/t1-2 - cos £et - sln l.,1, r J q,t~Lt ~ol; 
~) ' (7) 

+ R j,;, < !½~2\it, ti,.)/V(ct, ~,.)/ 'Yi:2\i,., iil) !t,.'~;(~; R) = 0 I 

r.zte JaipHqHue aneMeHTli ('!J;J,. /V{ot,Vi.,)/u'}:1;.> onpe;11eJieHu B 
[13,14]. I'P.BHHqHue ycnOBHH, BliP8llt8IDlllli8 orpaHnqeHHOCTI, ipyHKUHH 
3-f'/t,. (cl; R) · B Hyn~ H yqH:rliBBIDUIHe npHHUHn ITaynH, aa;11BllTCH cne;11yll-

ll(HM o6paaoM [24]: q,.0) (O ·R)·;. O 
/,,) (J -1,_/t, 1 1 

~f('"'(. R'/ ( )L+S+.£,.+4 ~) · ))/ 
<7",t,_li .t.; J/«=:£/.q = -i !~t4 (~/J,-c1-;R'/4t-=q4' 

Jtt~,,(,J;K)I _l_i)L+.S+.t,.+l,_H 1"1:~,W,.-.t;~) I , (8) 
Jr1. 7ot=1C/; - r " tlr:t. 7ot.=liEfv • 

8,1.t8CI, S - nonHlitt CllHHOBlitt .MOM8HT CHCT8MU, a (-i.)~+4.-::. :rt:' - qeT­
HOCTI,. B HOHKP8THliX pacqeTBX orpaHHIMBBIDTCH #~ qneHaMH B paanollte­
HHH (6), qTO npHB0,1.tliT K CHCT8M8 ~ YPBBH8HHH. nJIH pemeHHH CHCT811li 
;l!Hipip8P8HUHBnLHliX ypaBH8HKtt (7) Mli Hcnonr,aoBanH M8TO;lt KOH8qffliX paaHOC~ 
:reM. 8a;11aqa illTypua-RHyBHHJIH (7)-(8) annpORCH.MHPOB8JI8CI, TpexToqeqam,in 
KOHeqHO-p83HOCTHliMH qiopuynaMH, a nonyqaro1I18!JCH 0006ll(eHH8H anre6paH-
qecxaH aa;11aqa Ha C06CTB8HH~8 3HaqeHHH pemanaci, M8TO;l!Olil HT8P8UHH no;11-
npocTp8HCTB [34], ll03BOHHIDUIHM O;IIHOBP81i18HHO BliqHcns:TI, nepBliX H8CKOHI,KO 
C06CTB8HHliX 3H8q8HHH H C06CTB8HHliX 4JYHKUHtt. 

B. CHCT8M8 p8;11H8Hl>HliX yp8BH8HHH 

PaaJiollteHHe nonHott BOnHOBoii qiyHKUHH Y(R, Q) no· HSA-aaaucy aueeT 

BH;lt :t(R,Q) = R-S/£ ~ f5u (R) i (Q; R) 
IlO;ltCT8HOBR8 paanoJKeHHH (9) B ypaBH8HH8 (1) npHBO,l!HT K CHCT8M8 p8;11H8JII,-

(9) 

n;:;7;;;/?j~; r]r(R) + k[ Q (1/)F(KJJ. + Q(//) 'JP0 = 0 ' (IO) 
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r'Ae J V H Q HBmu:iTCH KB8'AP8THH!.IH MB'l'panaua, onpe'A81IHeuuuz cooTHome-

HHHMH:1 ~y :~>' , ,/',J/:::1..,J.,... . 

~v (R) =f- 0.2.sR-'-+ Lf,(R)]~v + H~,,(K), 
H (R) = H (R) =<"$<~S?; R) r elP1(Q; R) > , (II) 

y,tJJ ~ fl JR (I2) 

~y{K)=-Q~dK)=-<~,µ{.Q;R)I Jip")~;R)) . 
3'A8CL CHMBO1I < • J.) O3H8tJ88T HHTerpHpOB8HHe no nepeMeHHOti ol H cyM­

MHpOB8HHe no napaM. ,£,! H 4 . CHCTe!.ly P8'AH81ILHHX ypaBHeHHH (IO) He­

O6XO'AHMO 'AOnO1IHHTL rpaHHtJHHMH yC1IOBHHMH 

(I3) P~(o) = ~. ( oo) = 0 , /=~.£ .... 
IlpH tJHC1IeHHOM pemeHHH CHCT8Mhl (IO) o6utJHO orpaHHtJHB8DTCH KOHetJHHM 
qac11O1.1 ypaBHeHHH NR H aaueHHIOT no11y6ecKOHetJHHll HHTepBan no nepeueH­

Hott R KOH8llHHM R E [O, Rmax]. 
.I{1IH BHllHC1I8HHH nponaBO'AHLIX HSA-qiyHKl.(HH no R B BupaJJteHHHX (II) n 

(I2) ML! HCilO1IL3OB81IH KOH8llHO-p83HOCTHHe WOPMY1IH ll6TBepToro nopflW(8 

TOllHOCTH, a T86Jm'tlHO 38'A8HHHe noTeHl.(H8Jlli ~y H {]/'y HHTepno11HpOB8-
1IHCL C IlOMO~LD Ky6Hll6CKOH cn11allH-HHTepno1IHl.(ill!. PemeHHe cneKTP81ILHOH 
38'A8llH (IO), (I3) ocy~eCTB1IH1IOCL MeTO'AOM KOHetJHHX 31IeM6HTOB C HCil01IL-

3OB8HH6M cxeu BHCOKOrO nopimKa TOllHOCTH [35] • .I{1IH KOHetJHO-aneMeHTHOH 
annpOKCHM81.(HH 38'A8llH (IO), (I3) 6H1IH HCilO1IL3OB8HH HaonapaMeTpHlleCKHe 

narpaHaeBH a11eMeHTH qerBep.roro nopH'AKa, O6ecne1IHBBD~He TOllHOCTL O{h!) 
OTHOCHT81ILHO co6CTB8HHHX tJHC61I ( h.R - M8KCHM81ILHHH war KOHe'liiO31Ie­
MeHTHOH C8TKH). IlOCTpoeHH8 ceTKH, annpoKCH!.181.(HH, peweHHe anre6paaqec­
KOH 38'A8llH Ha CO6CTBeHHHe 3H8tJ8HHH H nporpaMMHBH peanH381.(HH B BH'Ae 
naKeTa HSATOM IlO'APO6HO paCCMOTpeHH B pa6OT8X [35,3€[{. 

3. PeaynLT8TH H O6Cyiit'A8HHH 

A. IlOTeHl.(H81ILHH8 KPHBHe H !.18TpHllHH8 3JI8M8HTH P8'AH81ILHOll CBH3H 

.I{nH BHtJHC1I8HHH T8pMOB {j/". (R) H co6CTBeH!WX WYHKl.(filt ,.tArol,; R) 
C 38'A8HHOH TOtJHOCTLID (B 'A8HHOH pa6OT8 OH8 ~10--4-Io-5 a.e.) Tpe6yeTCH 
HCC1Ie'AOB8TL 38BHCID.IOCTL 3THX BenHtJHH OT lillC1I8.ypaBHeHHH ~ CHCT8!.!H' 
( 7) H1IH, tJTO 3KBHB81I8HTHO, OT 3H8tJ8HHff ,trn,a,x : max (,,t~, ,t,.) (yrno­
BHe KOppentmHH) H qacna yanoB n,c(, KOH6tJHO-p83HOCTHO.li ceTKH no nepe­
M8HHO.li cl (P8'AH81ILHUe KOppenHl.(lm) 'A1IH P831IHllHHX 3H8lleH~ ranepp8'AHYC8 
R . TaKae accne'AOB8HHH 6uml'. Bunonae HH HBMH 'A1IH 1se .H 1P0 TepMOB H uaT-

- 1 e PHllHHX aneueHTOB He H H. B Ta6n.ene I npHB6'A6H8 38BHCHMOCTL S T6p!.IOB 
He OT 3H8tJ6HHH i/'YIIU .H tJHC1I8 yanoB C6TKH net ,1(1IH ,l(Byx 3H8ll6HH.li rHneppa­
'AHYC8 R=l H 15. AH81Ili3 3TO.li Ta6nHl.(H IlOK83HB86T, tJTO CXO'AHMOCTL TBpMOB 
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Ta6mu1a I. CXO'AHMOCTL 1 se TepMOB l-fµ ~=t,.3,(B Ry) He B 38BHC~OCTH 
oT aaaqeHHH Lmax = m,a)!.( ,.,LJ ii qacna ya11OB n,ot KoHetJHO-

paaHOCTHOH ceTKH 'A1IH 'ABYX 3H8tJeHHH rHnepva'AHYC8 R=l H 15 

1max n.L .U1 (R=l) u3 (R=l) u1 (R=lb) U3 (R=l5) 

2 100 -7.91163 18.54512 -4.08178 -1.12124 .. 

3 100 -7.91303 18.54254 -4.08178 -1.12125 
4 100 -7.913/i3 18.54171 -4.08178 -1.12125 
5 100 -7.91376 18.54135 -4.08178 -1.12125 

G 100 -7.91387 18.54117 -4.08178 -1.12125 
7 100 -7.91393 18.54107 -4.08178 -1.12125 
8 100 -7.91397 18.54100 -4.08178 --1.12125 
9 100 -7.91399 18.54097 -4.08178 -1.12125 
3 200 -7.91334 18.54559 -4.12201 -1.12133 
3 300 -7.91340 18.54615 -4.12964 -1.12133 

3 500 -7.91343 18.54644 -4.13358 -1.12133 
3 700 -7.91343 18.54652 -4.13465 -1.12133 

~ (~) B aaBHCHMOCTH OT Lma.x H YI-at c yBenHqeHHeM R 6ucTpo ynyq­
maeTCH. 3aMeTHM, qTo WHPOKO npHM6HHeuoe B pactJeTax paano~eHHe HSA -

qiyHHJ4.HLi no JC -rapMOHHKBM - co6CTBeHHHM <lJYHKl.(HHM onepaTopa rHnepuo1i1eH­
T8 ~ £ H3 L' ( ss) [39]- C BO3p8CT8HH8M f< CXO'Al1TCH OtJeHL MeAn6HHO 

[I2,I4,4U,4:i] • 3TO p831IlitJHe B IlOB6'A6ll11H 683HCHllX HSA-WYHKl.(Hii oChHCHH­
eTCH T6M o6CTOHTe1ILCTBOM, tJTO Mil pewaeM CHCT8MY 'AH~epeHl.(H81ILHHX ypaB­

H6HHil (7) no nepeMeHHOil ol tJHCRBHHO C 38'A8HHOH TOtJHOCTLD, a He HC­
non1,3yeM paanoJKeHHe peweHHH (7) no IlO1IHHOM8M HKO6H, tJTO HM6eT CMHC1I 
1IHWI, B OKpeCTHOCT.H TOtJKli R=O • BHCTp8H CXO'AHMOCTL paanollteHHH H:JA­

WYHKl.(Hil no 6.enonHPHHM rapuoHHKaM c poCTOM R CBHAeTenLCTByeT o TOM, 
qTo nonyqeHHHe H8MH WYHKl.(HH 4?,,u (52; /() HB1IHDTCH IlO'AXO'AHmHM 6a3HCOM 
'A1IH OilHCBHHH nponecCOB BO36Ya'AeHHH B 'AByxaneKTPOHHJ,JX 8TOM8X. 3TOT BH­
BO'A nOATBepa'ABDT TaKae peay1ILT8TH tJHCR611HHX HCC1I6'AOB8HHH IlOT6HJ.U181IL­
HHX KPliBHX 'A1Ifl 1se 11 

1 P° COCTOHHHH H- [32,42]. 
J.1CC1I6'AYeM TenepL 38BHCl1!.IOCTL p8'AH81ILHHX M8TpHtJl!HX 81IeMeHTOB 

Q.t4f1' ( R) 11 H,,..,,>' ( R) OT Lm.a.x H n.1. • HaBeCTHo, tJTO cBoH MaKcuuan1,­
uue aHatJeimH OHH npHHHM8DT B OKpeCTHOCTH roqeK KBaaanepecetJeHHH Re 
(cu., Hanp., [I2]). Il03TOMY npeACT8B1IH8T HHTepec qHcneHHHe HCC1I6'AOB8-

HHH CXO'AHMOCTH ~i1{K) H ~" {R) BHnonHHTL 'ARR f<= Re . B ra6nH­
~ax 2 H 3 npe'ACTBBneHB aaBHCHMOCTL (}t:; , ll/41 a H/'/•/f =2.,3 OT 
aHatJeHHii Lrn.a.Jl a n."'- 'A1IH 

1
P

0 
cocTOHHH.li H- H He B ToqKax KB8BHnepe­

cetJeHntt Rc=13,66 H Rc=7,65 cooTBeTCTBeHHO. B Ta611Hne 3 'ABHO TaKae cpa­

BHBHHe 3HBtJeHHH Q23' u2 H U3 C peaynLT8T8MH 'APYrllX pacqeTOB [37, 
38]. AH81IH3 T861IHI.( 3 H 4 IlOK83HB86T, qTo M8TpHtJHll6 aneMeHTll ~3,H22 H 

H33 'ARH H- pacTyT c yBenutJeHHeM Lm.ax a y6HBa~T c pocToM qacna yanoB 

CeTKH n~, TOr'Aa K8K 'ARR He cnp8B8'A1IHB8 o6paTH8H 38BHCHMOCTL. Be11HtJH­
H8 pacmenneHHH M6llt'AY Tepua.MH U3-U2 C yBenHqeHHeM .t,nax H nr,t yMeHL-
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Ta6nHua 2. CXO'AHMOCTI, H- 1 P0 T8PMOB U2, U3 H P8'AH8HI,HUX M8TpHqHux 

aneMeHTOB Q23' H22 H H33 B 38BHCHM~CTH OT SHaqeHliH lmax 

H qHcna Y3llOB n.,t KOHellllo-pa3HOCTHOi1 CeTKH B OKpeCTHOCTH 
TOqKH KB83HnepeceqeHHH R=l3,66 

1max noL -U2 -U3 Q23 H22 H33 

2 300 0,266478 0,262669 1.0068 1,01483 1.01363 
3 300 0.266703 0,262721 0.9552 0.91362 0,91247 
4 300 0.266705 0,262726 0.9560 0,91519 0,91403 
5 300 0.26670fi 0,262727 0,9562 o.91545 0.91430 
6 300 0,266706 0.262728 0.9563 o.91573 0.91457 
3 400 o.266709 o.262719 0,9534 0,91019 0.90904 
3 500 0.266712 0.262718 0.9525 0.90853 0,90737 
3 600 0,266713 0,26~717 0,9524 0,9C830 o. 90715 
3 700 0.266714 0,262717 0,9522 0,90800 0,90685 
3 800 0,266714 0.262717 o.9519 0,90732 0.90616 

Ta6nHU8 3. CXO.ztHMOCTI, He 1
P

0 TepMOB U2, U3 H P8'AH8HLHUX M8TpHqHUX 

aneMeHTOB Q23' H22 H H33 B 38BHCHMOCTH OT 3HaqeHHH lmax 
H qucna yanoB n~ KOHeqao-p83HOCTHOR ceTKH B OKpeCTHOCTH 
TOIU<H KB83HnepeceqeHHH R=7,65 

1max n-' -u2 -u3 Q23 l-!22 H33 

2 300 1.303811 1.302012 -0.9549 91.1817 91.1858 
3 300 1.303979 1,302093 9.2230 85,0635 85.0678 
4 300 1,304010 1.302116 9.1984 84,6109 84.6153 
5 300 1.304019 1.302125 9,2027 84.6907 84.6950 
6 300 1.304024 1,302129 9,1962 84.5701 84.5744 
3 400 l.303967 1.302127 9,4427 89.1647 89.1690 
3 500 1.303961 1.302142 9,5621 91.4334 91.4377 
3 600 1.303958 1.302151 9,6229 92.5996 92.6039 
3 700 l.30395f, 1.302156 9.6442 93,0098 93 .0141 
3 800 1,30395b 1.302160 9,6892 93.8808 93.8851 

a l,3039fi 1.30218 
b 1.30400 1.30220 9. 7419 

a Miller and Starace [37,38] 

b Christensen-Dalsgaard [38] 

W88TCH, p83HOCTI, JKe H33-H22 IlP8KTHq8CKH He MeHHeTCH 'AHH BC6X "- H 

n,~. Ilpu 3TOM CKOpOCTI, CXO'AHMOCTH M8TpHqaux aneMeHTOB, HBnHIOO(HXCH 
HHTerpanI,HOH xapaKTepHCTHICOH KaqecTB8 683HCHUX \PYHKUHR, CyU1eCTBeHHO 
HHJKe, qeu y T8PMOB. 

B .ztaHaon pa6oTe npH BuqHcneaHH TepuoB U,µ {R) H co6cTBeHaux wYHK-
1.lHii q. f )~ (ot- • R') 6unH HCilOHI,30B8HU cne.ztyIOUIHe aaaqeaHH napaMeTpOB 

; d ~ <-t) ' - ~ e // ,1 
,C,fY1,a,% (N',t H n.,t : a) H ~ - ,l,,nu: 7 (1Yot=B) H IZ.,t=440, 

6) H- '- P0 
- i~= 3 (,¼ = 6) H n"'- = 700, B) He 'Je - Lwcax= 8 W=9) 

H n.,i.=500, r) He i.se- .!max= 4 (H.t= 8) H Yl,ot= 720. B K8llC]tOH ToqKe 
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no ,R € [o,60] o.itHOBpeueaa·o Buq.11cnanHCL nepBue 6 (4) TepMoB H cooTBeT­
CTBYKllllHX C06CTBeHHUX qiyHHUHii ]tnH 1 Se (1 p0

) COCTOHHHil H- H He. IlpH 
6onLwHx 3HaqeHHHX /? MaTpHqaue aneMeHTN ~Jl(R) H 'V,,uv(R) BtJqffCHH­
nHCI, no aCHMilTOTHqecKHM qiopuynaM. ~nH .ztH8I'OH8H!,HSX M8TpHqHux aneMeH­
TOB ~~ ( R) Mu HcnonLaoBanH ac1WnTOTHqec1me paanoJKeHHH c ToqHoCTI,ll 
O(R-3 )[24,30]. He.ztnaroaanI,Hue M8Tpnqaue aneueHTu ~v(K) H H~v(R) 
Be,eyT ce6H npH R-oo K8K cR-i. H dR-J. cooTB8TCTBeHHO [3a]. 
RoHCT8HTa C. H J onpe,1tenHnHCI, H3 ycnoBHH CWHBKH C qncneHHWo!H aaaqe­
HHHMH. 

B. RnaccHqiHKBUHH .ztB8lK,1tli B036j'llt.zteHHUX COCTOHHHii 

B H8CTOHU1e8 BpeMH HM88TCH HeCKOHI,KO KnaCCHqiHK8l.(HOHHUX CX8M 'AnH 
DES. Cp6'AH HHX H8H6onee H3BeCTHaMH HBHHR>TCH "+" H 11 - 11 KnaccHqiHKal.(HH 
Rynepa, ~8HO H IlpaTca [43], SMilHpHqecKaH cxeMa ROHHHHH H RHnCKOro[44J, 
TeopeTHKO-rpynnoB8H KnaccHqiHK81.(HH reppHK8 H CHH8Horny [45], nonyaMllH­
pnqeCK8H I'HnepcqiepnqecKaH KH8CCHq>HK8UHH RHH8 [46] H MonexynapHo-op6H­
T8RI,H8H KH8CCH(PHK81.(HH ~HI'HH8 H EpHrrca [47]. Ha np8KTHK8 qa~e HCilOHI,-
3YRlTCH KnaCCliqlliK81.(HOHHU8 CX8MU ROHHHHH H RHllCKOI'O li RHH8 (CM,, aanp., 
[14,27,28,49-5.[f). Ilo].{p06Hoe 06Cj'll!,1t8HH8 H CP8BH8HH8 paanHqHHX Knacca­
q>HK8~Htt MOlKHO H8i1TH B pa60T8X [14,47,49,~3,sifJ. 

B ].{8HHOii pa6oTe HcnonLayeTCH anaccHqiHKanna DES, npe].tnollteHHBH B 
pa6oTe [33]. OHa 6aaHpyeTCH aa 06U1eii KnaccHqiHKaUHH cocTOHHHli IISA-6a­
snca [55], O].{H03HaqHo yCT8H8BHHB88MOii B MOneKynHpHoii CHCTeMe KOOp].{H­
H8T [56]. 

PaccMOTPHl! ].{Ba npe.itenI,HtJX cnyqaa: R - 0 - npe.zten o6M.ztHH8HHoro 
aToMa M R- oo - npe].ten paa1,e;ziHHeHHoro aToMa. Ilpn R - 0 cocToH­
mm HSA-6aaHca aa,1taqH (5) xap8KTepH3YilTCH Ha6opoM KB8HTOBax qncen 

~ = { l M 1, :IC Jt) , r].{e rHnepMOM6HT X qiHKCHpyeT aaaqeHne ~~HTpo6ex­
aott 3H8PI'.1Ui U~ : J{ (JC+ o/ )/t /?. I. • B OTCYTCTBH8 B38HMO.zt8iiCTBHH op6H­
T8HI,HU8 KB8HTOBae MOMeHTU aneKTpOHOB L! H .t,, HBHHRlTCH XOPOWHMH KBBHTO­
Bbl.MH qHcnaMH, T.e. no HHM 8CTI, BHPOJK,1teHH8 npH q>HKCHPOB8HHOM aaaqeHHH 
JC. BxmoqeHHe B38HMO.itettcTBHH V (of,, ~2-) CHHMaeT BaJ)Ollt.1t8HH8. B Kaqe­
CTBe qiyHKl.lliU HyneBOI'O npH6HHilC8HHH ecTeCTB8HHO HCllOHI,30B8TI, nHHettHUe 
KOM6HH8UHH CT8H.ztapTHax :JC-rapMOHHK Ha J./· (S5

) [39] 
P;(Q) =cf.i}"J: ,tfJ Px(Q) , (I4) 

r.ite ~x{Q) = tl4 (ot) 'Ji1L (ii, i,) ,/, ,1, ~ "/.)· 

,1,. , ,t, .Is. D 1-<1+7'J,.e.1.f7,t / t:aSU) 
'r,:,t1 4. (cl)= M:.t.1.t sm :t"' e,os ct r/( 1• , 

11,d'- Is - HOPM.HpoBoqaaii KOSq>qJHI.lH8HT, P,/.t,-011., ~ +~/.t) { e,os J.. ,1,) - no-
nHHOM HKo6n, K = { :TC L:1 ,t,.} - uynI,THHH.iteKc, :re= L:1 + ..t,. +- £ K , 
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K =O,I,2, ••• , - qacno yanoB nonaHoMa HKo6a. KoaqiqiauaeHTu 

A811HllTCH O,ltHOBp8M6HHO C nepBOti nonpBBKOil U;;} K TepMy 

. [;-,) 
.C x onpe-

~ (R) : 
lf_;.(R) = u)0

>.,. U)/'R_,. + uJ' + O(R) (IS) 

H8 yp8BH6HHH 

~
1

,,,/<LHL:rL,.1:}vr.t.~,)]LM1.~~'1;\ _ u!r; ,, r, 1.,}J
1
,t-, = o (16) 

{1,.,4 e.ll--l' I . / ,. : .,_ i ,. ,. 

CoCTOHHHH HSA-6aaaca xapaKTepHSYJOTCH TenepF. aa6opoM KBBHTOBWC qHcen 

/1 = { L ML ;ff 'JC v}, rAe aHaqeHHH HHAeKca Y = Y ( /4, ~) nepeayMepo­

BUBBIOT B nopHAK8 B08p8CT8HHH KOpHH ,U;;} ceKynHpHOrO YP8BH6Hliff (16) 
npa qiHKCHPOBBHHUX { l M 1.. ;ff JC} • IIepexoA B MoneKynHpHoe npeACTBBne­

HHe [33] noaBonaeT onpe.l{enHTI> KPBTHOCTI> BUPOlKAeHHH no L:J. H ~ npa 

qiHKCHpOBBHHUX aaaqeaaHx l , H 1.,, 7C H :IC • IlpH nepecTaHOBKe aneKTpoHoB 

HM60T 116CTO COOTHOIDeHHe :JC (-i.) s = p I p = H ( ,-ezale) HJIH -~ (un1uael2), 
KOTOpoe CBH8UB88T qeTHUe (3) H aeqeTHU0 (u) MOneKyJIHpHue COCTOHHHH co 

8HaqeHH8M nonaoro cnHH8 S , 8TO no8BOJIH8T npa qJHKCHPOB8HHUX S H ~ 
yKaaaTF. .ztononHHTenI>HYIO ff· ana u -qeTHOCTI> 6aaHcHux HSA-qiyHKUHtt. TaKHM 

06paao11, nonaaa KnaccHq>HKBUHH IISA-6aaaca npa R ➔ 0 OAHOaaaqao onpe.l{e­

nHeTCH aa6opou KBaHTOBUX qacen _,;'.f = { l Hi. S $"JC))] <p) . 
liccneAOBBHHe acHMnTOTHK TepMOB a cocTOHHHtt HSA-6aaHca B npe.l{ene 

paa~e.ztHHeHHoro aToua R - oo noApo6Ho pacc110TpeHo B [33]. ~nH nocTpo­

eHHH KnaccH({>HKeuaa HSA-coCTOHHHti Heo6xo.ztaMo yqecTI> B paano~eHHH 

u (K)=-£- irl-1.> + u<MR-t-1-o(R-3) cr7) 
~ n.t R y, 

qneHI:l ..., R-2., KOTopue CHHMBIOT KYJIOHOBCKoe BUPOlK.zteHHe B cnoe napa6ona­

qecKax COCTOHHHtt / n,. n,, m) C qJHKCHPOBaHHUM rnaBHUM qHCJIOM fl, = n. s. ~ 
n9- + m + i , m = /ml • 8KBHB8JieHTHUti one pa Top, COOTB8TCTBY!Oll1Hti B08MYU!8-

HHIO ~ R -2 , HM80T BJ,!,l{ [33 ,48] 

A~ f?) :3 n i {...1 -t ( 1. 2 )il i (- t - -+) = - TT Az! + 2 ,_ t;, - y n +4 ~ + f l -21. L . 
8.zteCI> Az - npoeKUHH BeKTOpa PyHre-JeHua Ha MoneKynHpHy10 ocI> ~, aa­

npaBneHHYJO B,l{OJII, ll8KTOP8 ~i 
1 

i=-i HJIH 2 (STO 88BHCHT OT Toro, KBKOil 

H8 aneKTPOHOll MU Y.zt8JIH8M ,.o,T H.ztpa ) • Co6CTB8HHU0 3HaqeHHH H COCJCTB·ea-~,o (t} 
Hue 'PYHKUHH onepaTopa A npe.ztCT8BJIHIOT HCKOMUe nonpaBKH u6f B 

paano~eHHH (I?o} H npaBHJII,HUe 'PYHKUHH HyneBoro npHCJJIHlKBHHH 1.,,:/(Q). 
B KaqecTBe p_:u (52.) HCnOJII,3YJOTCH llHHeitaue KOMClHH8UHH KyJIOHOllCKHX 

napa6011HtJeCKHX q>YHKUHH .Y' ,;;n.,m ~,>'), /4" = 'l+i!, >'= ~-z, llO llpall!BJO­

U!eticH CHCTeMe KOP~AHHBT B npe.ztCT8B116HHH Il011Horo MOM6HT8 [33] 
(o)(. 1111.1t(L.,n-j) n•m-1 {!I) (o) /.:I< P Al \.Q) = L I: a:n,.m 'fn1n,m ~,Y).!Jm.M,. {cP,B, If} (I8) 

~-L.:lr m. n1 I 
r.zte cUm.H,, - i{l) -qiyHKUHH BHrHepa, onpe.zte11eHHUe B [33,56]. 
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(£) f") 
l!CKOMble nonpaBKH ~ H K08ql(pliltli8HTH ah..1,m. onpe.l{e11HIOTCH H8 peme-

HHH anre6paaqecKoro ypaBHBHHH: 
mi'tt(L,n-1) n-m-.t: ~(o) • {!) l (!) 

~ ~t [(ntn,,tnLML!1fJA /n~n;m'LML:r)-lf/fn1n;~mj~tm~O~I9
) 

TBKHM o6paaoM,·cocToHHHH //SA-6aaHca 6y;l{yT xapaKTepeaoBaTI>CH aa6opoM 

KBaHTOBux qacen /Cf= { l H1.. :TC n 'I-} , rAe aaa1JeHHH 'I, = 'J, ( nt, m) 
HyMepy!OT B nopH.z{KB B03p8CT8HHH KOPHH uJ} ceKy11HpHOrO yp8BH8HHH 

( 19) npa \T]11KcepoBBHHux l, M ,..,tr, n. B npeAene paa:r,e.ztHHeHHoro aToMa 

COCTOHHl1H llHPOlK}{8HU no qeTHOCTH f =ff,, U , IlOSTO!.IY ;!{JI~ onHC8HHH pac­

C6HHHH 8116KTPOH8 Ha 0,l{H031!6KTpOHHOM 8TOM8 ecTeCTllBHHO n~eilTH K 

(a, ,t) -npe.ztcTaBneau10 : /a)= 2-1/1. (If>+ I u>) , //) = £- -z.{/ff) - Ju>). 

B pea111uaTe nMeeM nonHyIO KnaccaqiHKauaro HSA-6aaaca npH f?.- 00 

~ = i L ML S QC n 'I- } (f) , f =. a,./. 
CBH3I, M6lK.ztY { 'JC JI} H { n 'f J KJI8CCH!pHK8UHHMH YCT8H8B11HB8eTCH C 

noMOU{I,IO KoppenHUHOHHUX ,l{liarpaMM - cpaBHeHHeM TepMOB, BJlqacneHHHX no 

qiopMynaM {IS) 11 (I7)' C qacneHHHMH TepM8MH. IlpHMepu T8KHX KOppe1!HUHOH­

HUX AHarpaMM H conocTBBneaae HSA-Knacca\T}HKBUH.ii ,,M={XJI} H .,,,u = { tt.'y J 
co CTaH.ztapTHOtt 8,l{H868THll8CKOil ~ ::: {/IJm} [ 56] K118CCHqJl-lK8UHett p83'.b6,l{H­

H8HHoro aToMa A :[n,..nt-rn} [s6] H c .,,,«_ = {nK'T'}KnaccHrJ)aKauHetl reppH­

Ka H CaHaaorny [45] npaBe;l{eHH B pa6oTe [33]. Baron pa6oTe T8KlK6 noKa­

aaHo, qTo TO'IKH KBaaHnepecetJeHHH B HSA-npe.l{cTaBneaHH cooTBeTCTBYIOT 

TO'IK8M TOqHoro nepecetJeHHH TepMOll CT8H.zt8PTHOtl 38,l{8ql,! ABYX U8HTpOB C 

p83,l{611HIOU{liMHCH nepeMeHHUMH [ 751. IlpH nepexo;11e K rHnepcrpepnqeCKOMY ;1{H8:-

6aTHll6CKOMY (11S D) npeACTBBneHHJO [24 ,25 ,27] KBBaHnepeceqe1rna CTBHOllHT­

CH TQqHHMH nepeceqeHHHMH. B STOM cnyqae Heo6XO;l{HMO COOTB8TCTBYIO~YIO 

napy COCTOHHH.lt /" = [ n. iJ nOM6HHTI, MeCTaMH ll COOTBeTCTBHH C KOppenaua­

OHHOH .zt11arpaMMOH aa;l{allu .ztllYX ueHTPOB [ 75]. TaKHM o6paaoM, 1ISA-6aaHc no 

cyTH COOTlleTCTBYBT ,l{Ha6aTHqecKOMY 6aaacy HHTerpapyeMOH 38.ztaqH .ztBYX 

ueHTpOB C P83,l{B11HIOU{HMHCH·nepeMeHHUMH. 

IIonHaH KnaccHqiHKaUHH DES 6aaHpyeTCH Ha MoneKynapHoti KnaccHqiHKBUHH 

coCTOHHHH HSA-6aa.Hca. 06oaHallHM DES CHMBonou tSH l ~ v-(X,l)p (npeAen 
2S+J.l'1 t ) 06'.b6,l{HH6HHOro aTOM8) H11H u,n,'f, p (npe.zten paa:r,e.ztHHeHHor,o • 

8TOM8), r.zte p=j H11H U (p= (-:t)Sgi). 8.zteCI, V- HMB0.T CMUCJI llH6paua­

OHHOro KBaHTOBoro ll11C118 •. HanH'IHe B38HMHO O,l{H03HaqHoro COOTll6TCTBHH 

M0lKAY napai.!H {:JC VJ H { n f/, J , yCT8H8ll11HBaeMoro C nOMOlllI>IO KOppe11HUH-

OHHUX AHarpaMM, noaB011H6T Il01lI,30BaTI>CH o6eHMH K118CCHrJ)l1K8UHHMH ,l{Jlff 060-

anaqeuHH 0,l{HOro H Toro )1(6 coc TOHHl'lH. KB8HTOBUB t!HC na {fl.'/-} 6011ee no.zt­

XOAHT ,l{11H.0IlHC8HHH npouecCOB Boa6yll.neHHH 8TOMOB H11H HOHOB 8118KTpOHHUM 

y.ztapou, B TO BpeMH KBK q1icna { Xv} noneaHee npH paccuoTpeHHH AByxa­

neKTpounon HOHH38UHH. 
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Ta6nHua 4. COOTB8TCTBH8 M8lK,lCT pa3nHqHuMH KnBCCHWHKBUHHMH DES ABYX­
aneKTpOHHUX CHCT8M HHlK8 BToporo nopora. 3ttaqeHHH L,S H ;ff 

HBnHIDTCH o6~HMH AnH BCex cxeu. ~pyrHe KBBHTOB!,18 qHcna, HC­
nonbsyeuue AnH KnBCCHWHKBUHH DES B pasnHqHUX CXeMax, HM8IDT 
cneAyID~H cuucn: n - rnaBHOe KBBHTOBOe qHcno pa3~8AHH8HHO­
ro BT0!.18, n - rnaBHOe KBBHTOB08 qHcno BHeWHero aneKTPOHa, 
HHA6KC ,/, =a,b,c 0603HaqaeT pasnHqHue peaoHBHCHUe cepHH, 
K=n2-n1 , T=m,rAe n1 ,n2 ,m - napa6onHqecKHe KBBHTOBue qHc­
na, A=~l Ho. OcTanbHUe KB8HTOBU8 qHcna o6~HCHHIDTCH B 
T8KCT8 

COCTO­
HHHe 

2$Hfl 

1 e 
s 

lpo 

HaH­
!.!8Hb­
IDHH 
HOMep 
C8pHH 

ri 

2 

2 

2 

3 

3 

Cooper ,Flmo 
and Prats 

[43] 

2sri's+2p~p 

2s~s-2pnp 

2snp+ns2p 
2snp-ns2p 

2pnd 

Lipsky 
and· 

Conneely 
[44] 
(n,n, rt ) 

(2,n,a) 

(~,n,b) 

(2,n,a) 
(2 1 n,b) 
(2,ri',c) 

Lin 

[46] 
,..(K·r)A 
n n 

+ 
n(l,0)2 

ii(-1,0); 
+ 

n(o,1>2 
~c1,0>2 n o 
3(-1,0>2 

Feagin 
and 

Briggs 
[47] 

v(Nlm 

v(3d6') g 

v(2slig) 

v(2p;rt"u) 
v(4f'6'u) 
v(3p6'u) 

,ltBHHBH 
pa6oTa 

v(n,q) 

v(2,0)g 

v(2 1 l)g 

v(2,0)u 
v(2,l)u 
v(2,2)u 

B ABHHoil pa6oTe AHH KnacCHWHKBUHH DES 1.11,1 Hcnon0soBanH CHMBon 
2.s+:1. L:;. v(n,'f)p,p=j,". B Taonnue 4 npHBeAeHo cooTBeTCTBHe MBlK.zCT 

pasnHqHUMH KnaccHWHKBUHHMH DES HHllte BToporo nopora. OTMeTHM, qTo B 
A8HHOH pa6oTe npH pacqeTe ypoBHeii atteprHH DES HcnonbsyeTCH 1.1Hor0Ka­
Han0Hoe npH6nttiKeHHe NSA-noAxoAa. B aToM cnyqae npH HanaqHH ToqeK KBa-
3HnepeceqeHHH HeT Heo6xo;u.HMOCTH nepexoAHTb K HSD-npe;u.cTaBnettHro, KaK 
3TO qacTO AenaeTCH B pacqeTax npH HCilOnb30B8HHH 8;11.H868THqecKoro npH-
6nHiK8HHH [25,27,28,38,42]. Hanpauep, .z:inH o6oaHaqemrn 

1-P 0 

DES, CXOAH­
~HXCH K l'!.=2 nopory, cne,ICTeT HCilOHb30B8Tb 0003HaqeHHH 1l(2,0)u H 
V-(2,l)u, ;u.na nepBOil (2,0)u H BTOpoii (2,l)u IlOT8HUH8nbHUX KpHBUX co-

OTB8TCTB8HHO. B HSD-npeACTaBneHHH aTH lite KPHBue 06osttaqaMC0 61,1 cooT­
BBTCTBeHHO (2,l)u H. (2,0)u H OTBeqam,1 61,1 11+11 H 11

- 11 HHH (0,1)+ H 
(1,0)- IlOT8HUH8nbHUM KPHBUM [25,411. 3TO 03HaqaeT, B qacTHOCTH, qTo 
KnaccHqiHKaur,rn JlHHa [46] cooTBeTCTByeT HSD-npe,llCTaBneHHID. l{OHKP3Tnuil 
Bu6op J/SAc Hna HSD-KnacCHWHKBUHH ;u.na DES .z:101IJ1teH 6un cornacoBaH c npH­

uettaeuuM B KOHK~THux pacqeTax USA-HnH HSD-npe.z:icTaBneHHeM. MHoroKa­
Ham,ttaa pea1rnsauHH HSA-no.z:ixo;u.a, Hcnom,ayeuaa B ;u.attHott pa6oTe, noaBona­
eT paccqHTUBSTb cneKTpu DES c BucoKoU TOqHoCTbD H tta;u.elKHo HX KnacCHWH­
UHPOBan B cooTBeTCTllHH c HSA-KnaccH!lJHKBUHeil. 

IO 

1 
J 

' 

C. 0TpHU8T8nbHUH HOH BOAOPOAB 

PesynbTBTU BUqHcneHHH aHeprHH 1se H 1P0 DES H- B 38BHCHMOCTH OT 
qHcna PBAHBHbHUX YP8BH8HIIB NR IlP8ACT8BH6HU B Ta6nauax 5 H 6, rAe OHH 
Cp8BHHB8IDTCH C-APYrHMH TeopeTHqeCKHMH pacqeTaUH. Ma Ta6nauu 5 BHAHO, 

TadnHua 5. 3aBHCH!.!OCTb 3HaqeHHH aHeprHH 1se DES H- HHllte BTOporp 
(n=2) nopora OT qHcna NR PBAHBHbHUX ypaBtteH1rn (B a.e.) 

NR 
Kn8CCHilJHKBUHH 

0(2,0)g 

1 -0.148630 
2 -0.147168 
3 ·-0.148098 
4 -0.148598 
5 -0.148654 
6 -0.148665 

;u.pyrHe a -0.14849 b 
pacqeTu -0.148782c 

-0.148778d 
-0.147896e 
-0.148777f' 
-0,14869~ 
-0.14879 

8 Lin [57] 
bBhatia and Temkin [58] 
cHo, Bhatia and Temkin [59] 
dConneelly and Lipsky [44] 
eHo [53] 
f' Macias and Riera [60] 

1(2,0)g 

-0.125865 
-0.125768 
-0.125828 
-0.125969 
-0.125993 
-0.125995 

-0.12588a 

. d 
-0.125973 

f -0.126015g 
-0.125845 

gKoyama, Fukuda, Motoyama and Matsuzawa [27] 

2(2,0) 

-0.124855 
-0.124847 
-0.124863 
-0.124900 
-0.124907 
-0.124909 

-0.12507a 

-0.125012d 

-0.124662f 

qTO 'AnH ~se-COCTOHHHil 8'AH868THqecK08 npH6nHJ1t8HHe 'ABeT oqeHb XOpOmHe 
3HaqeHHH 3Heprm,:. BKnDqeHHe CBH3H co BTOPUM KBHanoM HeMHOro C;l1.BHraeT 
YPOBHH aHeprHH BBepx, npHqeM BenaqHHa 3TOro C,llBHra O~CTpo yMeHbmaeTCH 
C POCTOM HOMepa YPOBHH V. 8TO 03HaqaeT, qTo yrnoBue .Koppenaum,: CTa­
HOBHTCH cna6ee C pOCTOM 'If. BKnDqeHHe TpeT0en o6onoqKH H nocne;u.yD~ee 
yBeJIHq8HH8 qHcna YPBBH8HHil MBHHVT B 3HaqeHHH 3HeprHH lIHWb 5-6 UHq>py 
nocne aanaToil, T.e. yqeT Tpex o6onoqeK (mecTH cocTOHHHtt HSA-6asHca) 
o6ecneqHBBeT TOqHOCTb pacqeTa He xyxe 10-4 a.e. IlonyqeHHue peaynbTBTu 
xopomo cornacyDTCH (B paMKSX YK838HHOil TOqHOCTH) C peaynbTBTBMH ;u.py­
rHX pacqeTOB, nony~eHHllX C yqeTOM 6on0mero qHcna COCTOHHHil. Mu He npH­
BO;l1.HM s.z:iecb KOHKpeTHUX aHaqeHHil Rr,ut'J(H qHcna aneueHTOll nR KOHewo-ane­
ueHTHon C8TKH, HcnonbSOBBHHUX B pacqeTax, IlOCKOllbKY 3TH 3HaqeHHH M8llH-

ll 



llTCH B mHpOKl!X npe;l{e.nax ,1{.llll p83.l1HtJHblX COCTOHHHi1 YJ. H V- (H 8TOMHblX 

CHCTeM). 8aMeTHM, tJTO 3H8tJ8HHH 3THX napaMeTpOB cne;l{yeT Bb16Hp8Tb C no­

MOll{bll tJHC.l18HHblX 3KCnepHMeHTOB TBK, tJT06bl o6acnetJHTb Tpe6yeMylO TOtJ­

HOCTb peay.nbT8T8 (B ,1{8HHOi1 pa6oTe-ro-4 a.a.). 
l o -Ta6.l!HU8 6. 88BHCHMOCTb 3H8tJ8HHH 3HaprHH P DES H Boane BToporo no-

pora OT tJllC1!8 NR pa.n;H8.llbHblX ypaBHBHH~l (B a.e.) 

K.l18CCH4)HK8UHH 

NR 0(2,0)u 

1 -0.1249014 
2 -0.1249014 
3 -0.1259213 
4 -0.1259325 

,l(pyrHa -0.1259558 

pactJBTbl -o.12595b 
-0.125965C 
-0.1259726d 
-0.126048e 
-O.l26098f 

8 Lin [25] 
bChristensen-Dalsgaard [38] 

1(2,0)l,f 

-0.1247087 
-0.1247087 
-0.1250216 
-0.1250222 

-0.125038 

-0.125015c 
-0.1250233d 

-o.125201f 

craylor and Burke; Macek and Burke [61] 
dAjmera and Chung [62] 
eWendoloski and Reinhardt [63] 
:fMacias and Riera [64]. 

0(2,l)w 

-0.1242652 
-0.1243480 
-0.1243502 
-0.1243507 

-0.123828 

-0.12434c 

-0.12435le 

1.po - H PaCCMOTPHM Tenepb -P830H8HCbl Be - pacce11HHH. AH8JIH3 Ta6.nH-
Ub1 6 IlOK83blB88T, tJTO noBe.n;eHHe 3THX peaoHaHCOB, OTOJK,1{8CTB.llff8MblX C pas­

.llJtll:HblMH IlOT6HUH8.llbHblMH KPHBblMH, CXO,ll;Hll{HMHCff KO BTOPOMy nopory, CH.llbHO 
OT.nHtJaeTCH. ,l(.llH 'P O 

o (t, 1.)14 pesoHaHca q,opMbl BK.lllOtJBHHe CBH3H co BTO­
PblM K8H8.llOM nOHHlK86T 8,ll;H868THtJ6CKOe· 3H8tJ6HHe SHeprHH Ha ro-4 a.e. 

,l(a.nbHei1wee H8p8ll{HB8HHe tJHCJ18 K8H8J10B MeHHBT .llHWb 5-6 UHq,py noc.na aanH­
TOi1. ,l(IDI 'P 0 

,r(£,O)u,V-=0,1, pe30H8HCOB ~ew6axa 8.1{H868THqeCK06 npH6J1H­
JK8HHe ,ll;88T 3H8tJ6HH6 3HeprHH BblW6 nopora K8H8J18 H TO.llbKO BK.lllltJ6HHe 
CHJ1bHOi1 CBH3H Mex.n;y BTOPUM H TpeTbHM KaHaJiaMR C,IU3HI'a9T 3TH p930HaHCbl 
BHH3 38 nopor.CH.llbH8ff CBll3b MBJK,ll;y BTOpblM H TpeTbHM K8H8J18MH o6yc.noB.ne­

H8 H8.l1HtJH6M TOtJKH KBaaHnepecetJaHHH npH R=I3,66 Mex.n;y {2,0)u H (2,I)~ 
nOT6HUH8.llbHblMH KpHBblMH, tJTO npHBO,ll;HT K HPKO BblP8llt6HHblM M8KCHMYM8M M8T­
pHtJHblX 3J18M8HTOB p8,lJ;H8.llbHOi1 CBH3H B 0Kp8CTHOCTH 3TOi1 TOtJKH (CM. T86.l1H­
UY 2). CTaH.n;apTHblM npHeMOM ,ll;.llff ycTp8H6HHH CHHry.nHpHoro IlOB8,ll;6HHH M8T­
PlitJHblX sneueHTOB B TOtJKax KBasHnepecetJeHHi1 HB.nHeTCH nepaxo.n; K HSD­
npa.n;cTaB.neHHJO f rz ,38], B KOTO.pOM KB83HnepeceqeHHll TBPMOB CT8HOBllTCll 
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TOtJHblMH nepecetJaHHllMH. 8TO Il03B0Jlll6T B O,ll;HOK8H8JlbHOM npH6.llHJK6HHH pac­

CtJHTblB8Tb Cil6KTPbl DES c Tpe6yeMOH TOqHOCTbll.[25,38,42], B oco6eHHOCTH 

,ll;.llll BNCOKO.l16JK8ll{UX COCTOHHHi1 [ 27 ,za]. B ,ll;8HHOi1 pa6oTe Mil BlltJHC.llH.llH no-
1 0 

.noJKeHHH P pesottaHCOB wopubl n i?>ew6axa, ucno.nnayH npoue.n;ypy .n;na6aTH-

qecKoti llHTepnonHUHH [24 ,25] IlOT6HUH8.llOB B 06.l18CTH 11 < R <15. B. STOM 
c.nyqae y.n;o6Hee IlO.llb30B8TbCH HSD-K.l18CCHqJHK8UHei1, cor.nacHo KOTOpoi1 1p 0 

pe30H8HC WOPMbl 6y.n;eT Tenepb 0603H8q8TbCll CHMBO.llOM 0(2,0)u, a pe3DH8H­

Chl i?>ew6axa - v(2,l)u, v=0,1 • I.IN no.nyqum1 c.neAYIOlllHe SHaqeHHH aHeprmi: 
-U,I24372 a.e • .n;nH pesottattca wopMbl H -O,I260I9 a.e. H -O,I25U20 a.e. 
,ll;.llH nepBNX ABYX pe30HBHCOB i?>ew6axa COOTBeTCTB6HHD. 8Tl:I 3H8tJ6HHff H8XO­
,ll;HTCH B xopoweM corJI8CHH C 8H8.llOrHqH!lMJ1 pacqeT8MH JlHH8 [2s] 

1 
C qeTN­

peXK8H8.llbH!lMl:I pacqeT8MH ,ll;8HHOli pa6oTh! B HSA-npe,llCT8BJI6Hl:IH, a T8K~6 C 
P€3YJlbT8T8MH ,zipyrnx pacqe~OB (CM. T801IHUY 6). 

Ta6.nuua 7. Cp8BH6HHe A8Hl!Oro Ml!OrOK8H8 .llbHoro pacqeTa ypo.BHei1 SHeprHH 

DES H- ( B ev) C 3KC!IepHMell'l'3.llbl!blMH ,ll8HH!lMH H .llPYrHMl:I HSA 
BbltIHC.l16HHHMH. vlcno.nb30B8HO 3Haqe111:1e npl1B6,ll;61!HOro pn,zi6epra 

¾=l~i. /,9842 eV. llnc.no B CKD6Kax YK83h!B86T OWH6Ky B noc.ne.n;­
Hei1 UHlppe 

1sec(G 1 0)e l"el(2 O) 
,:, I e 1sc2(2 1 0)g lpo0(2 0) 

' u 

TeopHH 
.l{BHHui1 pacqeT 9.555 10.172 10.201 10.173 
[57,25] 9.560 10.175 10.197 10.173 [26 J 9.448 10.169 
[65] 9.558 
[27J 9.552 10.176 

8Kcne11nMeHT 
[66] 9.56(1) 10.130(15) [67] 9.558(10) 10.128(10) [16J 9.59(3) 10.18(3) 

B Ta6.nnue 7 npl:!Be,1{6HO CP8BH6HHe peay.llbT8TOB MHOrOK8H8.llbHblX pacqe­
TOB ,ll;8HHOi1 pa60Tbl ,ll;.llff HeKOTOpblX t. 3 t, ll t p ° COCTOl!HHi1 H- C HM6!0ll{HMHCH 

3KCnepl:IM6HT8.llbHblMH ,ll8HHblMH, 8 T8KJKe C .n;pyrHMH Bflq1:1cneHHHMH, Bblil0.llH6H­
HllMH B paMKax paa.nttqHNX npu6.nu~eHHli HSA-no.n;xo.n;a. OTMeTHM, qTo HMeeTCH 
xopowee cor.nacne Me~.n;y TeopeTHtI6CKHMH H 3KCil8pHMeHT8.llbH!lMH peay.nbT8-
T8MH. 

A· ATOM renHH 

ATOM reJIHH npe.n;CT8BJ1H6T ,ll;.llH 1:1ayqe11HH OC06b1H HHTepec KBK C T60pe­
THtJ6CKOli, T8K H C SKcnepHMeHT8.llbHOH ToqeK 3p6HHff. Ha.n1:1qHe 60.noworo 
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qHClI8 aKcnep11MeHT8lII,HblX ,!(8HHblX CTl1Myn11pyeT P83Bl1T11e TeopeT11qeCKl1X Me­

TO,llOB .l(lIH HX OCi'.bHCHeHlrn, 8 TeopeTHqeCKHe npe,l(CK838HHH CTHMYJIHPYIOT no­
CT8HOBKY HOBflX SKCnepHMeHTOB (CM, [4-8,II-23] ). ATOM reJIHH HBRll8TCH 

T8CTOM AHR 60JII,wHHCTB8 TeopeTHqecKHX MeTO.l(OB, qTQ oCiyClIOBll8HO BOSMOllt­

HOCTI,IO npmmro Cp8BH6HHH TeopeTHqecKHX peaym;T8TOB C ,mcnep11MeHT8JII,­
H!.MH ,ll8HHblMl1, 

B .ll8HHO.ti paooTe ttayqa10TCH DES He B MHorouaHanr,HoM 1-lSA-no.nxo:n.e, 
Il03B0_1IHIOIJl8M yqeCTI, 60llI,l!!YIO qaCTI, p8.l(H8JII,UUX H yrlIOBblX uoppellHI.\Hll 

aneKTPOHOB B BTOMe. B T80lIHl._\8X 8 H 9 npe.l(CT8Bll8Hhl peaynLTaTi. Bblq11cne­
Hl1H YPOBliGH attepr,rn 4.s ~ 11 1-po DES He B 38Bl1C11MOCTl1 OT q11cna yqTeHHilX 

o6onoqeK. IlonyqeHHhle peayJII,T8Tbl Cp8BHl1B8IOTCH C ,llpyr11M11 TeopeTHqecKHMH 
pacqeTBMH. AHan11a Ta6mu.i 8 H 9 no;n;TBepllt;n;aeT c;n;enaHttuii B 11pe;n;u;n;yll(eM 

paa;n;ene Bi.Bo;n; o cxo;n;HMOCTH HSA-paanollteHHH ;n;na DES, xoTH cuopocTr, cxo­
;n;11uocTH ;D;lIH He HeCKOJII,KO HH~e, qeM ;D;lIH H-. TeM He MeHee, pesynhT8Tbl 

BuqttcneHttiiD£S He B HSA-no;n;xo;n;e nouaa1,1Ba10T, qTo ;n;na ;n;oCTHllteHHH Tpe6y­
eMoii TO~OCTl1 (N 10-4 a.e.) ;D;OCTBTOqHo orp8Hl1qHTI,CH HeOOlII,lliHM qHClIOM 

pa;n;H8JII,Hl,IX ,YPBBHeHHii. Ha T8Cilil1U 8 11 9 BH;n;HO, qTo H8illl1 pacqeTu npeupac­

HO cornacylOTCH c JiyqrnHMH B8j.JH81..(HOHHblMH pacqeTaMH [53,58,70] H MeTO;D;OM 

CHJII,HOH CBH311 C nceB;n;OCOCTOlllIHHMH [ 49] I KOTOpble ;D;BIOT H8H6onee TO'IJ!lble 
aHaqeHHH atteprHH DfS. Peaynr,TaTbl, nonyqettttwe B paMKax ;n;pyrHx no;n;xo;n;oB 

[44 ,64 1 68, 69], ttaxo;n;aTCfl B xoporneM cornac1rn c H8illHMH pacqeTaMH, HO ue­

CKOJII,KO yCTjll810T HM B TOqHOCTli, B T86JIHl..(8X 8 11 9 npHBe,lleHi. T8!0ite pe-

3JlII,T8ThJ rnnepc'fiepHqecKHX pac~eTOB X,Knapa H M.Knapa [26], Bh!IlOJIHeH­

HUe B nptt6ntt:;,;emrn EopHa-OnneHreiiMepa (BO), T, e. 6ea yqeTa P8AH8JII,Horo 

MaTpHqHoro aneMeHTa ~l"(R) npH pernenHH ypaBHeHHH (IO). 8To nptt6JIHllte­
Hl-te ;n;aeT OU8HKY CHl13y Ha ypOBHH SHeprHH [ 7I J, Bb1llOlIH8HHbJe H8MH pacqe­
Tbl aueprHtl DESB BO npH6JIHllten11H B uenoM cornacyillTCH c .naHHhlMH pa6oTi. 

[ 26] I O;D;ll8KO H8illll 3HaqeHlrn lI8llt8T ua HeCKOlILKO ThlCHqHhlX a. e. HHlKe. 8Hep­
rHH, Bhl't!HCJieHHhle B a;n;ua6aT11qecKOM npHOlIH:r.eu1111 (T.e. C Y't!8TOM Il0ll.f)8BKH 

H.,M/"(R) ), 06ecneqnBa10T B CBOIO oqepe;n;r, oueHKY cBepxy. MHTepecuo cpaB­
HllTL a;n;vra6aTHqeCKHe HBO pacqeTU C MHOrOK8H8lII,lllJMl1, IlOCKOlII,KY STO 

eCTI, XOpOillHH T6CT uaqecTB8 Bhl6paHHoro npH6lil1lK8HHH. bblilOlIHeHHOe Cp8BHe­
HHe 3THX Tpex np;i6nmiteHllLi IlOK83hlB8eT, qTo BO BCex cnyqaax H8illll MHOro­

K 8H8JII,Hue ,mepr1rn Il0Il8JJ.810T B BHlIKY Mellt;n;y 8,l1H808THqecKHMl1 11 BO 3H8ll8Hl1-

HMH auepr1111, SaueT11M, llTO ;n;na neKoTopux DES 3Hat1eH11H aHepr11il, nonyqeH­

uux B [26] B BO np116JIHJKemrn (CM, Ta6m1uu 8 11 9), pacnoJIOllteHhl Bhlllle MHO­
rOK8H8JII,H!JX peayJII,T8TOB II He 11ona;n;a10T B Bl1lIKY, 8TO o6CTOHTeJII,CTBO CBH­

;n;eTeJibCTByeT O TOM, qTo B pa:'.5oTe [26] ue;n;OCTBTOllHO yt1TeHh1 yrlIOBhle 11, 

B03MOlKHO, pa;n;H8libHhle KOp~eJIHl..(1111. BunOJIHeHHhle H8MH llllCJieHHhle HCClI6,llOBa­

HHH D£5 He II H- ;n;nn BToporo (n = 1) H TpeTI,ero (n-:.J) noporoB noK83hlBBIOT, 

qTo C YBenHqeHHeM B116pauHOHHOro llHCJia 11" BHJIKa M8llt.llY BO H 8;D;H868THqec-
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K11MH 3HalleHH.fll,lli 6blCTpO yMel!I,CJ8eTCff. 8TO 031!81l8eT I llTO ,1!1IH BblCOKOB03-

6yJK,1tel!HblX COCTOHl!HH xopomHM np1161111~eH11eM ffB1IffeTCff 0,1!HOKaHa1IbHOe a,1tMa-

6aT11lleCKOe np116ID1JKeHne • .zipyrru.rn C1IOBaMH, p01Ib Hea,11ua6aTl11l8CK'1X nonpa­

BOIC C poCTO!.I 'IT CTaHOBl1TCff H83HallUTe1Inl!OH, T.e. npe,lUl01IOiiieH11e O ce­

napa6e1IbHOCTH pa,1111a11nHoro ,1tB'1lKeHHff no rttneppaAttycy R H yrnoBoro 

.11BHr.C81!llff no nol3epXHOCTU cqiepbl S S Bb1Il01IHffeTCff ,1!1Iff Bb!COKOB036y;Ji,lleHHblX 

COCTOffHHH C xoporuen TOllHOCToID • 

B Ta611m,1e Iu np1rne;z(etto cpaBttemie 1/SA-paclleToB DES He c aKcnepH­

MeHTaJioHb!MH ,l,!8HHbl!.!H, nonylleHHblMll B 3KCnep11MeHTaX no (l)OTOilOI'1IOill6HHID 

[IS,23] H HHlKeKUHH 31I8KTpOI-IOB B npouecce aBTOHOHll:38Ul111 [17 ,rs]. JlJiff 

cpaBHeHllff npHBe,Z{eHbl T8RJKe npel,!H3HOI-IHl1e paCll6Th! 03bl [49], Bh!noJIHeHHble 

MeTO,Z{OM Cl/JlibHOii CBff3H K8Ha1IOB C yqeTOM nceB,Z{OCOCTOffl!Hfi. Ham11 peay11b­

TaTIJ XOpOWO COrliaCyIDTCff 9 pacqeT8Ml1 03h! [49] 11 C 3KCil8pllMeHT811bHblMH 

.zia1rnmrn. 

4 • 8aK1Iroqe H11e 

B ,l.{aHHofi pa6oTe B pa MK ax MHoroKaHa 1InHoro HSA-no.zixo,11a J1Cc11e,zioBaHh! 

DES H- u He, cxo.ziHilll1BCff Ko BTopoMy nopory. ll11c11eHHO ttayqeHo B1Il1ffHHe 

yr1IOBhlX 11 pa,llHal!bHllX 1coppe1Iffl,!l1ll Ha CKOpocn CXO.ztHMOCTH 3HalleHHtl Tep­

MOB U MaTpHllHllX a11eMeHTOB Hea,Z{Ha6aTHlleCKOii CBff3H. PaCCMOTpeHO noBe,Z{e­

Hlle 3THX MaTpHllHlJX 31leMeHTOB B OKpeCTHOCTl1 TOlleK ICBaaHnepecelle!IHH 

TepMoB • .zIJIH Knacc,iwuKauHH DES 11cnonn30Batta cxeMa, 6aa,ipyro~aHCH Ha M0-

11eKy11HpHon KnaccH(l)HKaUHH cocTOffHHH HSA-6aa11ca. PaccMoTpeHIJ oco6eHHoc­

TH KnacCHWHKal,!HH DES B HSA-n llSD-npe,l{CTaBJiemrnx. Ilp11Be,Z{eHbl peaynnTa-
~s~ "P 0 5 -TU MHoroKaHa1InHLIX pacqeToB 11 DE H 11 He. B1Jno11HeHo cpaBHeHHe 

no11yqeJ!HUX peayJinTaTOB C ,llpyrHMH TeopeT111leCKHMH pacqeTaMH H 3KCnepH­

MeHTOM, 06cy~.ziaeTCH T8KJKe 0611BCTb npHMeH11MOCTH a.zi11a6aTH1leCKOro npn-

6Jll'IJKeHHH. 

B ,llaHHOH pa6oTe Mb! orpaHl1llH1Il1Co P<lClleTaMH Il01IOlKeHHH pe 30HaHCHllX 

COCTOffHHil ,llByxa11eKTpOIIHllX CHCTeM. l1HTepeCHO npoBeCTH aHanorHllHOe HC­

cne.1t0Ba1rne He T01IbKa n01IOl!re1111li, 110 H WHpl1H aBT0110I-IH38I,!HOHHllX COCTOH­

Hl1ii • .zro HaCTDHil,!ero BpeMeH11 B HSA-no:n.xo,lle HeT cncTeMaTH1lecK11x pacqeToB 

ruHplrn aBTOHOHH3aUHOHHblX COCTOffHl1H ,lllIH .l{Byx:.meKTpOHHblX aTOMOB ,c\all(e B 

a,11na6aT111leCKOM npH61IID.(eJIHH. 

B pa6oTaX [72] ll,BHa a,1tMa6aTHlleCKaH WOPMY1II1pOBKa MHOI'OKaHaJlbHOil 

aa.ziaq,i paccemmff B CHCTeMe Tpex qacT11u c yqeToM nepepacnpe:n.eneHHH H 

paaBa11a Ha OCHOBe ypaBHeHllti ~a,1{.zieeBa, op11eHTUpoBaHHaH Ha pacqeT npo­

I,!eCCOB MIDOHHOI'O KaTa1111aa [ 73 1 74]. LlHTepeCHO npmJeHHTb 3TOT nO,llX0,11 ,ll1IH 

HCC1IeAOBaHHff npoueccoB B036yjji,ZleHUH H HOHl13al,!H11 B ll,ByxaneKTpO!!HblX 8T0-

1.1ax 11 paCCllHTaTn ceqeHHH pacceHHHH 11 napaMeTpbl peaoHaHCHblX COCTOffHldl 

B paMKax MHoroKatta110Horo HSA-no,llXOAa, 3T11 Bonpocu 6YAYT paccMoTpe­

Hu B cne,ziyro~Hx pa6oTax. 
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