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I. Ha npOTHlK8HIU1 noone.ntt11x .neo11T1rnaT11U 1rnyqe1rne ren11eno}.loci11ux 
OHCTeM HBnHeTCH npe}.lM8TOLI 11H'r8HC11BHblX T80p8Tl!'leCKl1X 11 ::mcnep11Me!IT8n!,

IIUX 11oone.i:tOB8!1HU. Hayqe111110 ,ltl1H8MIIKH 1CoppenHpona1111oro .ztBH~te!IHfl .llBYX 
aneKTPOIIOB B 8TOMe, paoqeTBM l1 KnBOCHclJH!CBUHH O,!lllOKPBTHO H ABBlK,!lhl B08-
6YlK.zt81111blX OOCTOHHH0 ,llByxanaKTPOHHlilX CHCT8M, 11ccne.I10JJBlll1!0 npoueccoB 
paooef!HHfl anaKTpOHOll HB O.IIHOBneKTPOH!lblX BTOMBX H HOHBX, a TBKlKe npo
ueocOB ~OTOB086YlK.I18HHH, clJOTOHOHH88UHH H ABY~anaKTpOIIIIOU HOIIH88UHl1 B 
BTOMBX H HOHBX Il00BHU(8HO 6om,woe 'lHOno p800T (OM. o6aopu [1-13.J), 
nony'lBHHe H8,lt8JKHlilX TaopeTH'i80KHX H 8KCil8pHMeHTBnl>HlilX .ztBHliblX l-lnf! nepe
'lHCnBHHUX Bb1W8 npoueccOB H806XO,l{Hl.10 B naaepHOR cneKTpOCKOflHH, KBBHTO
BOU aneK_TPOHHKe I clJH8HK8 nna 8Mbl I KBBIITOBOll XIUIHH 1 8CTp01l>H8HK8 II .ztp. B 
HBOTOHU(88 Bp~MH AnR Blil'lllCnBHIIH !PH8H'i8CKHX xapBKTep11CTHK BTOM!lblX npo
ueoooll 11M88TCH PH.it npHOnHlK8 HllhlX flO,!lXO.IIOB, opel-111 KOTOPUX H8116onoe 113-
BBOTHhlMH f!BnHIOTCH: MBTOA c11n1,11ol1 CBH8H 1rn11anon [I4 ,Is], n-MBTpH'lHUU 
1.18TOJ.l [4]' UBTpHIIHhlll BBpHBUHOHHUU ueTOA [5 ], MBTO,lt HBnOlK8IIHH KOH1p11ry
pau11U [16], MHOrOKOH<l>HrypauHOHHb!U M8TO.lt XapTpH-40K8 [17], M8T0l-l apa
U(8HIIH KOMnnaKCHhlX ltOOPAHHBT [IO]. C IlOl.101!(!,ll 8THX IlOAXO,ltOB nunonueuu 
pac11eru onaKTPOB ran11eno,no6HhlX OHcTeM (CM,, ttanp., [I-IO,IG-30]), 
llaH60nee TO'lHLl8 pe11ynL'l'8Thl nony11e11u BBPHBUIIOllllhlM U8TO,!l014 [rn-2.s], Pe-
8,Y1l!,T8Thl BhlllHCneuHti OPBAIIHX BHl:llle!IHU pa.inllll!ILIX oneparopOB H 01m oc-. 
u11nnnTOpOB - HHTerpanl>HhlX Ol18KTp8JI!,llhlX xopBKT8pllCT11K, BLIHBIIJIH BUBHCH-

!.IOC'r!, 8THX lHJnllllllH OT' 8HBnH:r1111ecKoU C'l'PYKTYPhl BOnHOllWC 1PYHKUIIU. Hc
nom,aoBBHll8 p88Hb1X 011CTeM KOOp.ztHHBT, paan1111ttuU Bbl6op npo6HhlX <l>YHKQHU 
H cnoco6u y11eTa oco6ux TolleK ypaB11BHHH lllpe.zt1111repa [35-3?]npHBOAHT K 
88M8THUM OTJIHIIIIHM B HHTerpBJI!,HUX xap8KT8pHOTIIKBX, XOTfl CBl.111 3!18'i8llllfl 
a11epr1111 np11 l:lTOM npBKT111180Kl1 118 MBHH!OTOH [I7-34]. ,llpyr11u11 OJ!OllOMH, 
npH6JIHlK8 Hll!,18 BOnHOBhl8 <l>YHKUHH, 06ecnaq11B81ll!IH8 11 TO'illhl8 11 8H811811HH a11ep
r1111, CyU(eCTBeHhblM o6paaou OTnl111810TCH OBOIIM noneAeHll8M B OltpeCTHOCTH 
oco6ux roqeK II Ha 8CHMilTOTHHe. TBKH!.I o6paaoM, .i:tnH nony11eHHH BKKypaT
HlilX BOJIHOBUX ~YHKUHU H800XO,ltl1M Tl!IBTenDllblll yqar oco6eH!IOCTe0 ypan11eH11H 
lllpe.itHHrepa [35-37]. He.ztBBHHe npeq11a11011111:le p8C'ieTbl 8Hepr1111 OCIIOBHOro II 
0,7:tHOKPBTHO BOSby)K'Aell!lblX COCTOHHHU 8TOM8 re m111 ll rHnepc1~ap1111eCl(O£i no
paueTpH88UIIH [38-4I], nunonHettttue B paMKBx paan1111ttux pean11aau11u aToro 
llO)tXO.ztB, npO}.l8MOHOTpHpOllBnH Jl88Jl!,Hhl6 B08J.10l!CHOOTl1 MeTO)t8, All8Jll18 cpo)t
HHX 8118118HHU paanHIIHhlX onepaTopoll, npOB6)1611HUU B p800T8 [41], no1waan, 
IITO np116n11l!CeHHBH BOn!IOBBH ~YHKUHH, nony11ett11BH B 8TOM llOAXO,/.le O y'leTOM 
TpotiuoM H nap!lblX TOlleK ooy.ztapeHIIH IIBCTIIU, pBBHoMepuo OXO,l{HTCH K TQqHO
MY peweHll!O B KBE,ItOll TOIIKe. OTueTHM, qTo BBpllBQHOIIIIBH BOnHOBBH ~yl!Kl.1,11H, 
nonyqeHHBH MHHIIM11aau11eU ~yHKQHOHana nonHoU attepr11a, 11e o6na,ztaeT, nooo
l!le roBOPH, BTHM ono0crnou. "cnon1,aona1111e r11nepc~ep11qe0Koff napaMeTp11aa
UHH 11ueeT e~e 0,7:tHO BBlKHOa ,ltOCTOIIHCTBO: B paUKBX 8,lt11B6BTHqeoKOro no.ztxo-
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.ll8 OH8 fl08BOnHeT IlOHHTD }.lllH8MHKY KOppenHpOBBHHOro .llBllllteHHH 8JI8KTPOHOB 
B 8TOMe H onHC8TD cneKTpH O,l{HO.H ,l{B8l!C,1U,I B080Yl!C.lt8HHHX OOOTOHHHA (DES) 
ren11eno.zto6ttux cucTeu. Bnepnue r11nepcwapH11ecKutt B.ztHa6aTllll:eoKH0 (HSA) 
IlO.llXO.ll 6un npHMeHeH ~.MaqeKOM [42] .llmI BblllHCJI8HHH H HHTepnpeTBUIIH 
cneKTPOB DES remrH. B .ll8HnHe0weu HSA.-IlO.llXO.ll 8KTHBHO npHMeHHnCH .lllIB 
peweHJrn wHpottoro Kpyra .aa,Itaq BTOMH00 WHSHKII ( cu. o6aopu [II ,13] lI IU1-
THpyeuy10 TBM llHTeparypy)~ Ilpl! STOM, K8K npaBHJIO, HcnonD80B8H00D 8.llll8-
6aTHlleCKOe npH6HlfllteHHe, B KOTOPOM npeHe6peraeroH H88l-lH868THQeOK00 
CBH8l>I) K8HanoB B CHCT8Me P8.lll18lIDHhlX yp8BH8Hrui, STO npH6nHl!CeHHe Il08BO
naeT KaqecTBeHHO OfiHCBTD KOppen11poBBHH08 .llBHJKeHHe 8H8KTPOHOB B 8TOM8 
H B PHl-18 cnyqaeB .ll88T xopom11e peaynl>TBTH, 0,1Ul8KO B uenou l-lJIH .llOOTHXe
HHH Tpe6yeuon ToqHOCTH, npHHHT00 B 8TOMHblX pacqerax ,~ ro-4 a.e.), 
Heo6xo,n11u BNXO.ll aa paMKH_8.llH868THqeoKoro npH6HHJK9HHH[43,44]. Peayn1,
T8TU 'lHCJISHIIUX HCOJI9)tOB8HHn, BUilOHH8HHhlX B pa6orax[45-48], YK88UB810T 
Ha BHCOKY!O OKOPOOTD CXO,ltl1MOCTH HSA-paanoxeHHH .lllIB OOHOBHOro [45,46] H 
.lllIB DEs[li.7-48] .llByxaneKTpOHHUX 8TOMOB. 9To 060TOHT8JIDCTBO Il08BOlIB8T 
06eoneq11TD Tpe6yeMy10 TOQHOCT!, Bl:lllHCJI8Hll0 (~lo-4 a.e.) .npH HCnonD80BB
HIIII He6on1,woro trncna pa.ztHanDHUX ypanHeHHtt, Mcnoni,aoBaHHe 6apHUeHTpHqe
CKHX KOOp.ztHH8T [49] B p8MK8X HSA-no.ztXO.llB [50] Il08BOnHJIO TOllHO yqBOTD 
H30TOilHQeCKH8 nonpaBKH, CBH88HHble C KOHeqHott MBC000 H.ztpa. 

Cyl!leCTBeHHO MeHDW8 .llBHHblX HM88TCH no pacqeTBM HHTerpaJIDHUX xapaK
T8pHCTHK B HSA-nO.ztXO.ll8, B pa6orax [51-53] npe.ztOTBBneHu peaynDT8TU pac
qeTOB .ztHnOnDHh!X CHH OOUHHHHTOpOB H ceqeHH0 WOTOIIOHll88UHH He H H-, Bbl
nonHeHHUX B 8)tH808THqecKOM npl!011HE8IIHH, CpaBH8Hlle o'peaynDT8T8MH BHB
noruqttux p8C'i8TOB .ztpyrHMH M8TO.ll8MH[17,25,3I-33] IlOK88UB88T, QTO Bue
HOM 8.llH868THQ80KHe PBOQ8TU [52] xopomo oornacymcf! C nyqmHMII B8pH8UH
OHHHMH oueHKBMII 8HeprH0 H Ol!H OCUHJIHHTOPOB, HO ycTynB!OT fill B TQqffOOTH. 
ITpe.ztcTBBHHeT HHTepeo HCCJI8.ll0BBTD T8KX8 POHD Hea.ztH868THlleOKHX.nonpaBoK. 
npH BHqHcneHIIH cneKTpBHDHblX xap8KT8PHOTHK renH8IlOl-l06HUX CHCT8M B HSA
IlO.llXO}.le. _B ,ltBHHOll pa6oTa HOOne.ztY!OTCH SHeprHII O,llHOKPBTHO B080YJAA8HHUX 
OOCTOHHHH H OHJibl OCUHJilIBTOpOB lge_lpo ,ltHOKp8THUX nepexo.ztoB B He B MHO
rOKBH8JI!,HOM np~6mrseHHH HSA-no;zpco}.la. 

2. YpaBHeHHe illpe.zt11Hrepa .lllIB .ztByxaneKTpoHHoro aToua o aapH.ztOM i!. B 
rHnepcwep1tqecK.1-1x KOOp.ztHHBTax { R, °', z~, id . 

( s %,)¼g -i . .. { } . R = z, +z,, , cl,= "C047, (rz.1,/1t.:1.) , z. = Bt, 'ft , 1..,d.,2. 
HMeeT BH,1l (-1?.:fi.:m,=i) 

H Y(R,Q)=2E Y(R,52) , 
r.i:te 

(1) 

H 1 ;; Rs 'J T( ) -:t = - p ;JR W + R + R V(cil, ~~), (2) 

05bE,';''.'":'~:: . -- . ·•,~TMTYT 1 

"!JE':l'- • 3 ,,; ,,.- / r. . I • :,·, •. •• •. ·•. 
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j(") - - 1. [ ·~ 2..sinzzJ,1._ - .11. " - R! slnt£.t{},:1, 'J,1, cos".,1, - -""'-"'--- ] I (3) 

\I _ _ 2t _ 2i! + £ _ 
v (ct, ~2) - cos ,1, sin.£. ( 1. -sin 2,1, cos ZJ;t )4~ 

(4) 

3:ztec,, l i ecn onepaTop opCiHTanoHoro MOMeHTa i -ro aneKTpona, 
SJ.. = { .I.. 1 ii!., z,_} H Vi£ ::. tOS-

4
(~ • i.e,) • HSA-6asnc onpe.ztenHeTCH K8K 

nonmd! opT0Hop1i1npo:BaHHhltt Haeiop pemeHHtt { ~ (52; Rll°':L e l i ( 55 ) 
sa,1taqn 'f" 

[T(R)+ K-ty{.t~~2l~(S2;R)= R2~(R)i(Q;R). (5) 
CoCicT:BeHHHe sHaqeHHH (TepMhl) ~ ( R) aa:BHC.HT OT R KaK OT napaMeTpa 
npn WliHCHpo:BaHHOM naeiope KE8HTOEhlX qncen.l'. IlaputtanoHhltt ananna E 
npe.ztCT8:Bll6HHH nonnoro MOM6HT8 Il03:BOllH6T OT,l(6nHTF, qeThlpe yrnO:Bhl6 nepe-" ,. 
M6HHhl6 'l4,., Z,i : / ~\ 

,h I. ) . -1. -!. ~ y '/ R) ~ I J.. M .. 
. 'i'A lS2· R = Sln .t cos ct,L- !1,4, (.t; J1 t. (i~, izi) , 

r.zte / ' ~..rt "' 
'll l M • • ) ,Z C J. H V .. ) v ,. ) 

(6) 

J.t,.lt('l.1.,'Z1, =m1.1ni ~,.m~..r,m,_ l..r1.h1.1.('Z,. /11,mi('t.,_ • 

3;!!6CF, [, HM - IlOllHhlH opCiHTBlloHhlil MOM6HT CHCT6Mhl Hero npoeKUHff H8 
L,M . 

oc,, Z naCiopaTopHOH CHCT~MH Koop.ztHHaT, C L,md.4, m,, - KOSgJgJHUHeHT 
KneCima-rop.ztaHa, ½.nz. ('l.,:), i =-t, 2, - cwepHqecK1-ie rapMOHHKH. 
Il0.l(CT8HO:BK8 (6) :B ypa:Bi6HH6 (5) H ycpe.ztH6HH6 no 'Y.t:7, (z,., ~) IlpH
:BO,l(ffT K CieCKOHeqnon CHCTeMe OCihJKHO:B6HHl:lX ,l(HgJWepeHUH8llF,HhJX YPBEH6HH8 

[ .J!. - ~(4-rJ.) - ~ (4+J) + D2(j (R)1 fl,(:") (..,t•R) + 
Jr£1- cos 2,:J, stn, 2 ~ I\ Y' 1J <fJ'd.4, ' 

+Rl,;, <i:t(i,it)]V?t.~i)]'Y/;':;rtii)\11:lr<l,;R): 0 . (7
) 

~J. "'2 J;., ( ) 1/ J. I, 
AHTHCHMMeTpHH WYHKUHH ~ Q ; R ·. oCiecneqH:BaeTca rpaanqHhlMH yc-
no:BH.HMH na WYHKUHH 1-rt;; .t"t,' (ct,; R ) E Toq.Ke ,:/, :: a'/4 [ 42]. 

HSA-paanomenHe nonnon .ztEyxaneKTponnott EOllHOEoil qiyHKUHH y· HMeeT 

EH.zt -5/2 ) 
Y(R,Q) = R if~ (R) P_,.,,,(Q; R . . (8) 

Ilo.ztcTaHOEKa nepBhlX II qneHo:B paanomeHHH {8) B ypa:BaenHe {I) H ycpe;!!He
HHe no CiaaHCHhlM q>YHKUHHM ~ (Q; R) npHEO.ztHT K cncTeMe 

N CEHS~l:lX oCih!KHOEeHHhlX·.ztHqigJepeHuHan,,ahlx ypa:Baennn :ztna pa.ztnan,,-
Hl:lX WYHKUHil p ( R) = { t:,. (K) J; .. ~ : . 
[~ J;ii + V(R)-zEi] P(R)_+ Q(R) ~~RJ + Jx [Q(R)F(Ril = o <9) 

C rpaHHqHhlMH ycnoEHffMH 
. - ... 

p ( 0) = t ( o0) = 0 (IO) 
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8.zt6CF, j , V ~ Q - K:B8.ztp8THhl6 ii" N M8TPHUhl, HM6IOIJtH6 BH,1!: ~y : ~Y, 

,, (R'' = _L £:.., + u !O)r' +('~,u(Q; R) I Jpy (Q; R)) 
~ol I 4R_" r rl" ~" 7/ R JR , 

(II) 
~ 1 (R)=-0r(R)=--(~(Q;R)} ,lp✓rr;R)) . 

CKOCiKH < • f ·) 08Haqa10T l,iHTerpHpO:B8HH6 no nep6M6HHOil c;{, H cywrnpo:Ba
HHe no :BCeM napaM (/,, ,Ii,) . B npaKTHqecKHX pacqeTax no;nyCiecKOHeqHhlit 
HHTep:Ban no nepeMeaaon R [0,oa) aaMea.HeTca Ha KoneqHuil R e[O,Kma«]. 

3. PemeHH6 cneKTpanoHhlX aa~aq (5) H (9) ocy~eCTEllffllOCF, M6TO;n;au 

KOHeqHhJX paSHOCTeit H KOHeqamc aneueHTO:B COOT:B6TCT:B6HHO. IlOCTP06HHe 
CeTOK, annpOKCHMBUHff C HeOCiXO.l(HMOil TOqHOCTF,IO H peweHHe COOT:B8TCT:Byll
mHx anreCipaHqecKHX aa.ztaq Ha coCicTEeHHHe aHaqenna ocy~eCTEna;imc,, anro
PHTMBMH H nporp8liM8MH, paapaCiOT8HHhJMH :B [54,55]. 

B ;n;aanon paCioTe pacqeT TepMo:B ~ ( R) H oT:BeqalOUIHX HM coCicT:BeHHmc 
q>yHKUH8 3-j'Jt (cl; R) Cim1 Bhlno1IHea E cne.zty10me1i1 npnCinnEeHHH: :ztllff 1se 
cocTOHHHil J/t lma)l :m-a,c(~,-4)=8 (9 ypa:BaeHHil E CHCTeMe (7)) H 
qncno yano:B KOHeqno-paaHOCTHOit C6TKH H8 HHTepBane ·ot E: [ o, %'/f] 
fl,~= 500, B ,l(llff 1P° COCTOffHHil He - lmax=4 (8 ypa:BH6HHil CHCT6MH (7)) H 

n.."'= 720. B Kam:ztol-i Toq.Ke no R O.ztHOEpeueHHO :BHqHCJIHnHCo Il6j:Bhl6 weCTI> 
(.ztllff 1se ) H qeThlpe (:ztnH 1P0 ) T6pMOB {1,« ( R) H WYHK~Hit ft~ (ot; !(). 
PacqeThl npo:Bo,1t1rnHco Ha ceTKe ya;no:B no rHneppa.ztnycy R : o.I(O.I)I5 
(0.2)20(0,25)30(0.5l40{I)50(2)60 - :ztna 1se H O.I(0.1)12(0.2)20(0,25) 
40(1)50(2)60 - .l(llff P° COCTOHHH8 He. IlpOH3:BO.ztHU8' <f1t~ (at;/()/,//( 
:BhJqHCllffllHCo no KOHeqHo-paSHOCTHhlM q>OpuynaM qeT:B6PTOrO nop.H.ztK8 TOqHoc
TH. IloTenuHanhl '?co1 ( K) H ~1,1(/() HHTepnonnpo:Bannc,, c nouomo10 KyCiH
qecKott c,nnaitH-HHT6 pnoJI.RUHH. ,l.lna P6W6HH.H aa,1taqa lllTypua-JIHy:BHllllff ( 9)_. 
-(IO) Mhl HCilOllF,30:B8llH HaonapaueTpHqec.KH6 narp8HlK6:Bhl aneMeHThl qeT:Bep
Toro nop.H.ztKB, o6ecneqH:B8lO~He TOqHOCTF, 0(h8 ) OTHOCHT8lloHO COCiCT:BeHHhlX 
qHcen H 0(h5 ) OTHOCHT6lloHO COCiCT:B6HHhJX WYHKUHil (s;n;ec,, h - war KOHeqHo
aneueHTH08 C6TKH). B peaynoTaTe qncneHHhJX 3KCnepHM8HTO:B :BHCipaHhJ cne,1ty-
10mne aaaqeHH.H napaMeTpO:B :BhlqHCllHT6lloHOil CX6Mhl: SHaqenHe I\nax • 40 H 
qHcno aneueHTO:B nR = 100·:ztnff OCHO:BHOro COCTO.HHHff He H I\na.x • 60 H 
nR ~150 ;!!llff :BC6X OCT8lloHUX COCTOffHHil. B TaCinHue l npe,1tCT8:Bll8lill pesynI>
TBThl :BhJqncneHHil ypO:BHeil SHeprHH lens 1se{n=1,2,3) H 1smp 1P0 (m=2,3,4) 
COCTO.HHHtt He :B 88:BHCHMOCTH OT qncna p8,1!H8lloHUX YP8EH8W N. ,l.lru=I cpaB
H6HHff npH:B6,l(6HU T8Kl!t6 pesyllbT8Thl aHanorHqHhJX pacqeTO:B .ztpyrHMH M8TO,l(8-
MH. 3HaqeHH6 SHeprHH OCHO:BHOrO COCTO.HlWff E0:-2190370±o,0001 a.e., :BU
qHCll6HH08 :B ,1!8HHOit paCioTe E W6CTHK8H8lloHOMHSA-npHCiJIHllt6HHH C yqeTOM 9 
napunanoHhlX :B01IH (lmaxa8), xopomo cornacyeTC.H c peaynoTaTaMH ;n;pyrHX 
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Ta6nHua I. SuaqeHHH aueprHH - E (B a.e.) 1se 1 8 ns{n=1,2,3) H 1 P0 

lsmp{m=2 ,3 ,4) COCTOHHH!a He B 38B_HCHMOCTH OT qHcna pa;n;H
am,Hinc ypa:aHeHHll N • B pacqeTax CJblnH HCilOm',30B8Hbl cne;n;y10-
~He auaqeHHH napaMeTpOB: qHcno KOHeqHblX aneMeHTOB nEfIOO 

H l\nax =40 ;n;nH OCHOBHOro COCTOHHHH H nR=ISO H l\nsx =60 
;n;nH Bcex OCT8HbHblX COCTOHHHH 

~ .: 1s2 c1se) 1s2sc1se) 1S3S(1se) 1S2P(1P0
) 1S3P( 1P0

) 1S4P(1P0
) 

1 2.895590 
2 2.898683 
3 2.903651 

2,140207 
2.141884 
2,145790 

2.059262 
2.059884 
2.060958 

2,121608 
2.122922 
2,123231 

2,054071 
2.054556 
2.054747 

2,030571 
2.030797 
2.030875 

4 2.903672 

5 2. 903676 

2.145823 

2.145880 
2.050976 · 2.123623 2,054907 2.030953 
2.061035 

6 

lJ.py-
rHe 

pac-
qeThl 

2.903698 2.145946 

2,889125a 2,139455a 
2.903382b 2,145937b 
2,903724c 2.149974c 
2,903433d 2.145909d 
2,903033e 2,145873e 
2,903535f 2.145935f 
2.903724g 2,145974g 
2.903694h 2.145974h 

2,061095 

2,0590508 

2,061260b 
2,061272c 

2,061272g 
2,061272h 

8 Park 1 Starace, Tan and Lin [52] 

bGreen, Kolchin and Johnson [28] 

cSchiff, Pekeris and Accad [32] 
dDevine and Stewart [3o] 
eFischer [56] 

fDavis and Chung [33] 

gKono and Hattori [25] 

hMoore [57] 

2,1214608 2.0540558 2,0305758 

2,123781b 2,055125b 2.031059b 
2.123843c 2,055146c 2.031070c 
2.123801d 
2,123748e 
2,123826f 
2,123843g 2.055146g 2,031070g 
2.123840h 2.055145h 2.031069h 

pacqeTOB (cu. Ta6nHUy I) H ycTynaeT no ToqHOCTH HHlllb npeuHaHOHHblM :aa
PH8UHOHHhlM pacqeT8.!4 Evar=-2,903724 a.e. [32,25]. SaMeTHM, qTo yqeT 

Bh!ClllHX napuaanbHhlX BOHR (lmax•8) noa:aonHeT cy~eCTB8HHO ynyqmHTb 3H8-
qeHH6 auepraa E0=-2 19032 a.a., nonyqeuHoe B Hemen npe;n;bl;n;y~en pa6oTe 
[46] T8K36 B W6c.THK8H6HbHOM npH6nHJK8HHH C yqeTOM 4 IlBPUHBHbHblX BOHH 
(lmax:3) • B TO ae BpeMH auaqeHHH aHeprHH OCHOBHoro COCTOHHHH, BblqHc-

6 

neHHble B ;ZJ;BHHO!a pa6oTe :a a;n;ua6BTHqeCKOM E8 d=-2,8956 a.e. H ;ZJ;BYXKB
HBHbHOM E~c=-2,8987 a. e. npH6HHJK8HHHX, co~na;n;aIOT c peaynbTBTBMH pa6o
Tbl [46] H xopomo cornacy10TCH c a;n;ua6aTaqeCKHM pacqeToM E~d=-2,895a.e •. 
IlapKa H CTapauca [58] H ;n;ByxK8HBHDHblM pacqeTOM E~C=-2,899 8,6, ropHO
CB H ;n;p.[44], BblilOHH8HHblMH c yqeTOM 4 napUHBHbHblX BOHH. IlonyqeHHble 
peaynbT8Tbl Il03BOHHIOT c;n;enaTb BblBO;ZJ; 0 TOM, qTo ;n;nH OCHOBHOro COCTOHHHH 

He BKna;n; OT BblCWHX napuuanbHblX BOHH (lmax~4) cy~eCTBBH nHlllb npH 
N~3. AHanorHqHoe YTBepJK;n;eHHe cnpaBe;n;nHBO T8KJKe H ;n;HH O;ZJ;HOKp8THO B03-
6yJK;n;eHHblX 1se COCTOHHHll He (CM. T8CJHHUY I). qeT&peXK8H8HbHble pacqeTbl 
O;n;HOr,paTHO BOSCJyJK;n;eHHblX 1P° COCTOHHHl-t He c yqeTOM 5 IrapUH8HbHblX BOHH 
(1 =4) c TOqHOCTblO ~ro-4 a.e. cornacyIOTCH C peaynbTBTBMH pacqeTOB max 

;n;pyrHMH MeTO;ZJ;8MH (CM, T86HHUY I). TBKHM o6p830M, 8H8HH3 no~qeHHblX 
peaynbT8TOB Il08BOHHeT c;n;enaTb BblBO;n;, qTo BblXO;ZJ; 88 p8MKH a;n;Ha6aTHqec
KOro ~pHCJHHJKeHHH noa:aonHeT HCilOHb80B8Tb B pacqeTBX He6onbmoe qHcno 
pa;n;HBHbHblX YP8BH8Hlm ;n;nH BblqHcneID!H YPOBHell aHeprHH C TOqHOCTblO 
~ 1()-4 8 • e • /Aa T86HHUbl I BH;ZJ;HO, qTQ ;ZJ;HH lse H lpo COCTOHHHl-t He onpe;n;e

HHIO~HM HBHHBTCH yqeT BTOpO!a o6ono~H, 46IO~en OCHOBHOll BKna;n; B Hea;n;ua
CJBTHqeCKHe nonpBBKH K 3HaqeHHHM aueprHH B 8;ZJ;H868THqeCKOM npHCJHHJKeHHH. 
OTMeTHM, qTo p83HOCTb aHeprHn, nonyqeHHblX npH yqeTe COOTB8TCTB6HHO 
O;ZJ;HOll H ;n;:ayx o6onoqeK, YM8Hblll86TCH C POCTOM HOMepa YPOBHH. 9TO 03Haqa
eT, qTo BKna;n; yrnOBblX KOppenHuan C y:aenHqeuHeM HOMepa ypOBHH YM8HbW8-
eTCH. 

4, lJ.HllOHbHbl!a MBTpHqHblll aneM8HT B "qiopMe ;n;nHHbl11 ;ZJ;HH nHHellHo--nonHpH-
30BBHHOro CBeTa, na;n;a10~ero B;ZJ;Onb OCH 2 , HMeeT BH;n; 

D l. = ( Yf / E.z · f ~ I 'lfi ) = 
(12) = < Y, / R ( cos.l. c.os 01. + sin .t eos Bi)/ 'Y!::) , 

r;n;e Y'i H Y,- BonHDBble qiyHKUHH uaqanbHOro H KOHequoro cocTOHHH!a. 
HcnonnayH ;n;nH STHX tlJYHKUHll paanoJKeHHB (8), nonyqaeM :aupaJKeHHe ;n;na DL 

BH;ZJ;B Di. : I:, jJK ~(R) R 8,,(R) I!~, (R) 
1 

(I3) 
./'_/I D / / :tre. '- 0 

r;n;e ;n;nH paCCM8TpHB88MblX B ;ZJ;BHHOil pa6oTe ;ZJ;HCKpeTHblX oJ - p nepexo;n;oB 
yrnoBon MarpHtJHblH aneMeHT 1se_lpo mAeeT BH.ZI [s2]: . 

r;n;e 

r'L. ,(R) = z 3-1/t(t..t1.+ir'/l (L,./1 c'-/lti) • 
:I'/ .e,.tl. .i'l"J 

(f~ ~) (p'} I (Ir) ~') ) 
" o /o1, j.t,.4 C,()S,/,j.t,.4 + o }t1.4. ~inrL /f~t1. lo1. , 

(.ti/JC.!Jl.t1.) = ('i.,-t,+J)!/l,cf:0°1.0 

(14) 
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T861IHU8 3. 8HaqeHHR CHH OCUHHHRTOPOB B WOPM8 .llHHHU (yCKOp8HHR) .llnfi 
nepeXO.llOB la2s (lSe) - lsmp(1 P0

) , m::2,3,4, B remm B 38BH
CID.IOCTH OT qHcna P8.llH8n!,HUX ypaBH8HHli Ni H Nr- )lnR Cp8BH8-
HHR npliB8.ll8HN pesynLT8TU BuqucneHHli B HSA-npu6nHJK8HHH H 
B8pH8UHOHHUM M8TO.ll0M 

~ 
~ 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

1 2 3 6 

1s2sc1se) - 1S2P{1P0
) 

o.3249(31.0768) 8 0.3524(5.3014) o.4106(7.9088) o.4228(5.4205) 

0.2966(3.8582) 0.3242(21.787) 0.3828(4.7509) 0.3951(5.8098) 
o.2867(1.1418) 0.3144(4.7421) 0.3731(0.0699) 0.3853(0.3744) 
0.2784(1.4930) 0.3062(5.1377) 0.3650(0.3039) 0.3773(0.8732)b 

1S2S(1se) - 1S3P(1P0
) 

o.1804(0.6033 )0 0.1623(0.2694) 0.1303(0.4118) 0.1230(0.3603) 
0.1980(0.0547) 0.1790(0.0004) 0.1451(0.0209) 0.1373(0.0120) 
0.2062(0.2533) 0.1864(0.0572) 0.1518(0.1500) 0.1438(0.1216) 
0.2122 (0.4064) 0.1921(0.1333) 0.1569(0.2471) 0.1488(0.2067)d 

1s2sc1se) - 1S4P(1P0 ) 

0.0571(0.1652)e 0.0528(0.0829) 0.0450(0,1216) 0.0422(0.1053) 
0.0609(0.0169) 0.0565(0.0002) o.0486(0.0081) o.0459{0.o049) 

3 0.0519(0.0700) 0.0575(0.0207) o.0496(0.0458) o.0469(0.0367) 
4 0.0633(0.1189) 0.0589)0.0488) 0.0509(0.0808) 0.0482(0.0675)f' 

a - I'HnepcwepHqeCK08 8.llH868THqecK08 npH6HHlK8HH8 [52]: 0.326(0.926) 
b - BapH8UHOHHUli pacqeT [25]: 0.3764 
c - runepcwep11qecKoe a.1111a6aTuqecKoe npu61mJKeHue [52]: 0.!78(0.540) 
d - BapH8~0HHUli pacqeT [25]: 0.I5I3 
e - I'Hll8PCW8pHqeCK08 8.llH868THqecKH8 npH6HHlK8HH8 [52]: 0.056(0.!54) 
f' - BapH8UHOHHUli pacqeT [25]: 0.0492 

Ni=6 H N:r=4 CHHU oc~nnRTOPOB f'L cornacyioTCR C npeUHSHOHHUMH B8pH8UH
OHHUMH pacqeT8MH C TOqHOCTLfil .110 HeCKOHLKHX .ll8CRTHTUCR~UX a.e. Bo 
BCex H8WHX.pacqeTax_aHaqeHHR f'A npeBUW8filT f'L. SaMeTHM, qTo B M8T0-
.11e H8HOllt8HHH KOHWHrypauutt c yqeTOM ~ 50 cnaTapOBCKHX op6HTanell [59] . 
SHaqeHHH f'A MeHLWe, qe~ f'L, HO npH6nHSHT8HLHO H8 TY lite BenHqHHY 
p8CX0llt'A8HHH, qro H B H8W8M pacqere. 0TM8THM T8Kllte, qTo C POCTOM HOMe-

1 e lpo 
pa m .llnfl 1 S - m nepeXO.llOB P88HOCTL M8lK.llY f' L H f' A yMeHLW88T-
CH. Sro cnpaB8.llHHBO H .llHH OCT8HLHUX n1se - m1P0 , ms2,3 J! m=2,3,4, 
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Ta6n.11ua s. CpaBHSH.116 c.11n ocu.11n1IBTopoB, Bblq.11cneHHLIX B AaHHOH paooTe B 
MHoroKaHanbHOM HSA-IlpH6nHJK6HHH (6 KaHanoB AIDI 1se .11 4 Ka

Hana AnH 1p° COCTOHHHll), C pe3ynl>T8T8MH aHanorHqHblX pacqe

TOB APYrHM.11 MeTOA8M.11 

IIepexoA Green Fischer Devine Davies Shiff Kono and l{aHHblH 
et al. 12nd and et al Hattori Stewart Ch,m& pacqeT 
[59] r 17J [31] [33 [32] [25] 

11s - 21P 0.2754 0.2753 0.2760 0.2721 o.2762 0,2762 0.2763 
11s- 31P 0.0729 0.0734 0.073 0.0734 0.0728 
11s -41P 0.02915 0.030 0.0299 0,0297 
21s - 21P 0,3773 0,3771 0.3764 0,3761 0,3764 0.3764 0.3773 
21s - 31P 0.1513 0.151b 0.1514 0,1513 0.1488 
21s - 41P 0.0493 0.049 0,0492 0.0482 
31s - 21P -0.1457 -0.1456 -0.1454 -0.1455 -0.14E2 
31S - 31P 0."6279 0.6264 0.626 0.6262 0.6261 
31s- 41P 0.1429 0.144 0,1439 0.1389 

nepexOAOB (CM. Ta6nHUbl 3 .11 4), XOTH C8LU1 3H8qeHHff fA 'AIDI STHX nepexo
'AOB 3H8qffT6nl>HO ycTynaIDT B ToqHOCT.11 f1· 8TO CBH38HO C Han.11qHeM B Bbl

p8JK6H.11.11 Anff fA W8KTOpa (Ef-Ei):3 B6CbM8 qyBCTBl1T6HbHOrO K TOqHOCTH 
BblqHcneHHH 3HeprHll Ei .11 Er· AH8HH3 Ta6n.11u 3 .11 4 IlOK83blB8eT, qTo Bue
noM ,l{nff n1se - m1P0 ,n=2,3 H m•2,3,4, nepeXO'AOB COXP8HH6TCH T8 JK6 
K8pTHH8 CXOAHMOCT.11, qTo .11 ,l{nff nepeXO,l{OB .113 OCHOBHOro COCTOHHHH, 38 
HCKJIJOqeHH6Jd 21se - 21P0 .11 31Se - a1P0 nepeXO'AOB, 'Anff KOTOPblX f L cxo
,l{HTCH K 11 T0qffbJM11 3HaqeH.11HM CHH3Y • 38M6THM, qTo yqeT H68AH868THqecmoc 

nonpaBOK (Ni•6,Nfx4) Il03BOHH6T nOBblCHTb TOqHOCTb BblqHcneHHH fL no 
Cp8BH6H.11ID C 8,l{.11868T.11qecK.11M np.116nHJK6H.l16M no Kp8llHell Mepe H8 nopff,l{OK. 
Cp8BH6H.116 BblnonHeHHblX pacqeTOB C pe3yn1>T8T8M.l1 BblqHcneHHli CHn OCUHnnH
TOPOB 'APYrHM.11 M6TO,l{8M.11, npHB6,l{6HHblMH B T80 nHU6 5, noK83hJB8.6T, qTo 
MHOrOK8H8nl>H06 npH6nHJK6H.116 HSA-Il0,l{XOA8 cpaBHHMO no TOqHOCT.11 C 6on1,m.11H
CTBOM m.11pOKO .11cnon1>3y6MblX B 8TOMHblX pacqeTaX M6TO,l{OB .11 ycTynaeT Ton:i,
KO Bap.118U.110HHblM pacqeTaM, BblnOnHeHHblM C yqeTOM 3H8qnTenbHO 6on:i,mero 
q.11cna COCTOHHHtt. 8TO 06CTOHTen1>cTBO HBnHeTCff xopomett npe,l{IlOCblnKOtt ,l{nff 
m.11p0Koro np.11M6H6H.11ff MHOrOK8Hanl>HOro HSA-IlO,l{X0,1{8 B pacqeT8X cneKTpan:i,
HblX xapaKT6p.11CT.11K 8TOMHblX CHCTeM. MHTepeCHO .113~qnTl, B03MOJKHOCT.11 HC
nonb30BaH.11ff HSA-nOAXOA8 'AIDI MHOrOK8HanbHblX pacqeTOB ceqeHHll WOT0.110H.11-
3aUHH ren.11enO,l{06HblX CHCTeM, a T8KJK6 ceqeHHll B036YJKA6H.11ff OAHOaneKTPOH
HLIX 8TOMOB .11 HOHOB aneKTPOHHblM Y'ABPOM. Kpoue Toro, .B8lKHO .11ccne,l{O
B8Tl> B1llUilill8 H6a,l{.1t86aT.11qecK.1tX nonpaBOK H8 m.11pHHbl 8BT0.110H.113aUl!IOHHblX 

COCXOHHHtt AByxaneKTPOHHblX CHCTeM. YK838HHblH Kpyr BOilpOCOB HBnHeTCH 
IlP6'AM6TOM A8nl>Hellm.11x .11ccneAOB8H.1tll. 
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A6pamKeBHq A.r. u: ,n;p. 
Pacqer ,D;HTIOJibHbIX CIDI ocnu:rrmITOpOB ,IJ;JIH ,IJ;HCKpeTHblX 
1S e - lpo nepeXO~OB BTeJIHH B MHOrOKaHaJibHOM 
ru:nepccpepw1ecKoM a,n;u:a6aTHqecI<:oM no,n;xo,n;e 

P4-89-426 

BnepBbie B a,n;u:a6aTHtieCKOM ru:nepccpepu:qecKoM no,n;xo,n;e BhI
qu:crreHhI ,IJ;HTIOJibHhie MaTpHqHbie 3JieMeHThl H CHJihl ocnHJIJIHTOpOB 
,IJ;JIH ,D;HCKpeTHhlX 1 s e - 1P 0 nepexo.n;oB B reJIHH C yqeTOM Hea.n;u:a6a-· 
mqecKOH CBH3H KaHaJIOB. 1IttcJieHHO HCCJie,D;OBaHa 3aBHCHMOCTb 
3HaqeHHH ypoBHeH :meprHH OCHOBHoro H 0,IJ;HOKpaTHO B036y)K,D;eHHhlX 
COCTOHHHH H CHJI ocnIDIJIHTOpOB OT qu:crra KaHaJIOB. IlorryqeHO xopo
mee corrracHe C pe3yJibTaTaMH aHaJIOrHqHhIX BhJqHcJieHHH ,n;pyrHMH 
MeTO,D;aMH. 

Pa6oTa BhinOJIHeHa a Jla6opaTOpHH BhiqHCJIHTeJihHOH TeXHHKH 
H aBToMaTH3anu:u: 011JIH. 

IlpenpHHT 061,emmeuuoro HHCTHTyTa H.D;epHhIX nccne.o;osamm. )ly6ua 1989 

Ilepeao,n; r .r .CaH,n;yKoacKoiI 

Abrashkevich A.G. et al. P4-89-426 
Multichannel Calculation of the Electric-Dipole 
Oscillator Strengths for the Discrete . 1S 8 

-
1 P O Transitions 

in Helium within the Hyperspherical Adiabatic Approach 

For the first time the electric-dipole matrix elements and oscillator 
strengths for the dicrete 1S e - 1P 0 transitions in helium are calculated 
with taking into account the nonadiabatic channel coupling. Dependen
ce of the energy values for the ground and single excited states and 
oscillator strengths on the number of channels is investigated. The 
good agreement with the results of similar calculations by different 
methods is obtained. 

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