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JInnamika 30ya2KeHHS aBTOIOHI3aMIfHUX CTaHIB aToMa
pyb6inito i mosiekyau Rbs mipu e1eKTpoOH-aTOMHUX
3iTKHEHHAX

(ITpedcmasaeno axademirom HAH Yipainu O. B. Ilnenukxom)

Zocaidotceno enexmporni a8moionidauitini cnexmpu amoma pybidito 6 dianasoni enepzitl 3imik-
nenv 6id nopoza 36yoscenna cybeanrernmmoi 4p° oboronku do 660 eB. Odepoicaro enepzemuni
3ANEIACHOCTIVE AOCOMOMHUT NEPEPI3I6 36Yodcerta Oaa JECAMU GMOMHUT MaA MOAEKYAAPHOZ0
asmoionizauitinur cmanie. Ha ocnosi meopemuunux po3apaxynxic enepeiti, nepepidie 3o6ydotcen-
na, tmosiprocmets poanady cmanis 4p°nilingls 3diticneno cnexmpockoniuny idenmudirayino
CNOCMEPENCYBAHUL NIHITT.

Eneprernuni 3asexxnocri nepepisis 30ymkenns (dynxuiin 30y/xennst (P3)) aromMHuX craHiB,
SIKIIO BOHU OJIEPXKaHI 3 NPUAHSITHUM €HEPreTUIHUM PO3IIJIeHHSIM, MICTATH Oarary iH(MOpMAIio
PO TPOIECH YTBOPEHHs 1 posmaay mux craniB. Taki maHi, JTOMOBHEHI TEOPETHIHUM AHAJIZ0M
eHepriii, nepepiziB 30y/KeHHs Ta IMOBIpHOCTE PO3IIa Ly, JIeYKaTh B OCHOBI HAJIITHOT Kyracuikarril
pPI3HOTO THUILY CHEKTPIB.

30y/KeHHsT CyOBaJIEHTHOT 4p6 obosonku B aromi py6imito (emeprermunumii mopir 15,312
eB [1]) mpusBosuTh 10 yTBOpeHHs JayOJeTHHX Ta KBAPTETHUX CTAHIB i3 3arajbHOI0 KOHMDIry-
palii€io 4p5n1l1n2l2. OCKIJIBKM TakKi CTaHU PO3TAIIOBAHI 3a €HEPTi€l0 BUINE IEPIITOro MOTEHIHaLy
ionizanii aroma pybigio Ei.y = 4,177 eB [2], ix posnay Moxke BinbyBaTHCh SIK B €JIEKTPDOHHOMY
KaHaJI 3 yrBOpeHHsM iona RbT ta aproioizamiiiHoro emekrpona 3 eHeprieio Eayr = Fas — Fiou,
TaK 1 B ONTHYHOMY KaHaJi Ha 30y/2KeHi aTOMHI piBHI 4p6nl.

Crexrpockoriuna kiacudixamis cranis 4p°nilinals Mae JIOBTY 1CTOpif0 — BiJ mepmmx ga-
HUX 3 (DOTONOTJINHAHHS JJIs HAWHUXKYIOro Iay0seTy (4p5582)2P3/2 [1] mo Bubipkosoi kiacudbi-
Kallil HARHMKINX METAacTablIbHUX Ta KBaziMeTacTabiJbHUX CTaHIB 3 KOHMIryparismu 4p54d5s
ta 4p°5s5p (mus. [3, 4] 1 mocunanus B mux). Crpobu 3aificHuTH GLIBII MHPOKY Kiacudikariio
cranis 4p°nqlinaly [5—8| Hapazkasmcst Ha HAIB3BUYAHO CKJIAHY CTPYKTYPY $IK CHEKTPIB DOTOIO-
rirHaHHS 9], Tak i esleKTpoHHUX exkekIiiinux cuekTpis [6]. Ili pesyibraTy nmokasasu, 30Kpema,
10 I HAIIHOI KJiachudiKallil BUCOKOEHEPreTHIHUX CTaHIB HEOOXIJJHOIO YMOBOIO € 3HAHHS IX
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JMHAMIKY 30y/KeHHsI B IIUPOKOMY Jlianas3oHi eHepriii Bzaemosil. Bake nepuii mocstimzkenns [10]
@3 ny1s1 craHis (4p5552)2P3/2,1/2, (4p54d55)4P1/2,3/275/2 MiITBEpIMIA CKa3aHe. TOMy METOo Jia-
HOI POOOTH € JeTa/IbHe JTOC/IKeHHs 30y/I2KeHHsT BUCOKOCHEPIeTUIHIX aBTOIOHI3aIlINHNX CTaHIB
(AIC) 4p5n1l1n2l2 B aToMi pyOiifo 3 MOJa/IbIIO IX CIEKTPOCKOIIYHOI KJacHpiKaI€Ero.

ExcrepumenTanibia TexHika i MeTOAuMKa MIPOBEIEHHS BUMIPIOBAHDL JI€TAJbLHO OIUMCAHI B Ha-
mux nomepesnix podorax [6, 10]. fAkino cruciio, eJ1eKTPOHHMI CIEKTPOMETD MICTHB MOHOXPOMa-
TOP MEPBUHHOIO €JIEKTPOHHOI'O IIYYKa 1 aHAJN3aTOp €Hepriii eXKeKTOBaHUX eJIEKTPOHIB, 3i0paHni
Ha 6a3i 127° enekrpocrarmannx nedIIeKTOPIB, Ta JXKEPESO IydKa HeHTpaJIbHUX aToMiB edysiii-
Horo tuny. Jljist 3MeHIeHHs BIJIUBY aHI30TPOMIl KyTOBOI'O PO3IOALILY €KEeKTOBAHUX €JIEKTPOHIB
Ha BuMipioBaHi O3 eJIeKTPOHHI CIEKTPU BUMIPIOBAJIACS IMiJ[ «MATiIHUM» KYTOM CIIOCTEDEXKEHHSI
54,7° [11]. Bumipu nposojusmcsi npu eHepreTudaHoMy po3ziienti anasizaropa 0,04 eB i mono-
€HEPTeTHIHOCTI IEPBUHHOIO eJIeKTPOHHOro myuka <0,2 eB. @3 Oy/u ojep:kaHi y BULJISIII HOPMO-
BaHUX HA CTPYM IIEPBUHHOTO €JIeKTPOHHOTO ITyYKa iHTEHCUBHOCTE JIiHii B CIIEKTPAX, BUMIPSIHIX
[IpU 3HAYEHHSIX eHepril 3iTKHEHb Bijl moporis 30ymKkenHst 10 660 eB. OTpuMani BiHOCHI 3HAYEHHS
nepepiziB 36ykennst AIC Oyu npuBejieHi 10 abCOMIOTHOT TIKAJIN MIJISXOM HOPMYBaHHST IHTEH-
CHUBHOCTI JIiHIl (4p5532)2P3 /2 Ha TEOpETHIHe 3HAYCHHs Lepepisy 30ymekenHst npu eneprii 16,04
eB [10]. Y Bumajky MosekyssipHOl JiiHil, KpiM CHIBBIHOIIEHHsT iHTEHCUBHOCTEIH JIiHIl, BpaxoBy-
BAJIOCs TAKOXK CIIIBBIJIHOIIIEHHsI KOHIEHTpaIliil aroMiB 1 Mosiekys y myuky [12]. Ilpu BusHauenni
nepepisy 30yIzKeHHsT MOJICKYJIIPHOTO CTaHy IMOXUOKa CTaHOBUJIA OJU3BKO 45% 11 maHux, OTpu-
MaHUX B IIPUIIOPOrOBOil 0bJiacTi, i He nepepuntyBasta 35% s Beix inmmx jganux. [Toxubka ogep-
JKaHHA nepepisy 30ykenns aromanx AIC cranosuia ne 6iabine 35% y BCHOMY TOCIIIZKEHOMY
Jiana3oHi eHepriii.

Ha puc. 1 HaBeneHO eHEpPreTHYHI 3a/1€XKHOCTI TIepepisiB 30yKeHHst gesakux AIC 4p°n1linsls
B aTromi py6izito. [lepri mricts @3 MarTh TUIIOBUH JIJIsi KBAPTETIB BUIVIST — MAKCUMYyM [100JIU3Y
ropora 30y/?KEeHHsI 1 MBUJIKE T IiHHsI IIepepi3y 31 301abIIeHHSIM eHepril 3iTkKHeHb. BuasitkoMm € O3
JiHIT 25, nuHaMika 30y/KeHHs KOl B objiacti enepriii sitkaennr 50-200 eB xapakrepusyerbcs
HAsIBHICTIO JI€SIKOTO 30i/bIeHHsT e(peKTUBHOCTI 30y I2KEHHsI, 10 € MPUTAMAHHUM I TyO/IeTHUX
piBuiB. Takwuit xapakTep moBeiHKNA BYHKIIT BitoOparkae MOXKJIMBY [IPUCYTHICTH eDEKTy 3Mily-
BaHHsl KOH(DIrypaliiii, pojib sIKOro y BaxKKOMy aTomi pybifio € myxke 3naunoo [7]. Sk BugHO
TaKOXK 3 pHC. 1, IPUIOPOrOBe PEe30HAHCHE 30VKEHHS € JOMIHYIOYUM ITPOIECOM JIjIs PO3TJIsi-
JYBaHUX PIBHIB 1 XapaKTePU3YeThCA HAsIBHICTIO MAKCHUMYMIB ITepepisy 30yIrKeHHsI IIpU eHepril
6msbko 20 eB. Ilopisasinus 3 panime oxepxanuvu P33 HukHix pisuis [10] nokaszamno, mo i
MaKCUMyMHU Biji0OpazkaioTh ebeKTUBHE yTBOPEHHs 1 HACTYIIHUN eJIeKTPOHHUIT po3naj (pe3oHaH-
ciB) craniB HeratupHux ioHiB Rb™. Kpim Toro, nasiBicTh cTpyKTYpHUX OcobiamuBocTeil Ha D3
JIO3BOJISIE BBAXKATH, IO CIHOCTEPEXKYBAHI MAKCUMYMU € CYIIEPIIO3UINEI0 KITHbKOX OJIU3bKO pO3Ta-
moBaHuX pe3oHanciB. Ilomanbia moBeminka mepepisiB 30yMKeHHS JTaHUX JIHIN, a caMe MOBiLIbHE
3MEHIIIeHHs [1epepi3y B miana3oni enepriit 30ymxenns 20-40 eB, moxxe BKazyBaTn Ha HaSBHICTD
KACKaTHUX IIPOIECIB Uepe3 paialiiiuuii po3mna 0ibill BUCOKOEHEPIreTHIHNX KBAPTETHUX PIBHIB,
sIKi, B CBOIO Y€pry, TAKOXK MalOThb eeKTHBHUII pe3oHaHCHUN KaHas 30y/Kkenns [10].

[TopiBHsinHs HaBejeHUX Ha puc. 1 KpuBux mnokazye, mo O3 yiniit 47, 49, 63 1 64 € cxoxi 3a
dopwmoro. Makcumym niepepisy gocaraerbest npu eneprisix 100-200 eB, o Bimobpazkae myOseTHumit
XapaKTep BIJIMOBITHUX PIiBHIB.

V ClIeKTpax exeKTOBAHIX eleKTpoHis [13] moGusy il atomuoro cramy (4p°5s2)? Py /2 Oyna
BUsIBJIEHA MTUPOKa JiHist pu eneprii £ = 11,2 eB 1 moporom 36yxenns 15,4 + 0,1 eB. Ananis
ITOBEIIHKY IHTEHCUBHOCTI ITi€T JTIHIT, & TAKOXK MOPIBHSAHHS 3 ABTOIOHI3AIIINHAMY CIIEKTPAMU aTOMIB
girio [14] mokaszas, mo jaHa JiHig MOXKe BiAmoBizaTh posnajy HeineHTudIKOBAHOIO Ha JaHU
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Puc. 1. Enepreruyni 3ame:xnocTi abcorOTHAX m1epepiziB 30y/2KeHHsT o aBTOloHI3ariitnnx 4p°nilinals cTanis aroma
py6inito (imenrudikanist BigoBiHEX cTaHiB HaBexeHa B Tabur. 1)
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Puc. 2. Enepreruani 3amesknocti abcomoTnux nepepesis 36ypxents o aroMuoro (4p°5s”)° Py o i Momexymsproro
(', aBTOlOHI3aIIIHUX CTaHIB

MOMEHT aBTOIOHIZaIiiHOro crany MoJsiekyan Rbo [13]. Puc. 2 nemoncrpye nuaamiky 30y/12KeHHsT
boro crany i aromuoro AIC (4p55s2)2P3 /2- ZlK BUIHO, uHAMIKA IIOBEJIIHKN Lepepisy 30y /PKeHHs
MOJIEKYJISIPHOI'O CTAHY XapaKTEePU3YEThCs PI3KUM 3pOCTAHHAM e(PEeKTUBHOCTI 30Y/I2KEHHS Y TTOPO3i
(Omax = 1,0 £ 0,3 - 10714 CM2), 3YMOBJIEHUM TIPOIIECOM YTBOPEHHS 1 pO3MaJjly CTaHy HETaTUBHO-
ro iona Rb,, i momaspmmm 1maBHUM cHajoM i3 30iabIIeHHAM eHepril 3iTkHeHb. llopiBHaHHS
dyHKIII aTOMHOTO (4p5532)2P3 /2 T& MOJIEKYJISIDHOTO CTAHIB IOKa3ye iX IOJOHY MOBEJIHKY, 3a
BUHATKOM €HEPTreTUYHOTO IOJIOYKEHHSI Ta IMUPUHU MAKCUMYMIiB.
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AHani3 ekciepuMeHTaIbHIX (DYHKINH 30y xkerrst aromHux AIC, mpoBemenuil y naHiit pobori,
Ta aHaJI3 yciX BIOMHX Ha JaHUil 9ac poOiT 3 imerTudikaril 4p5n1l1n2l2 CTaHIB Pa30M 3 pe3yb-
TaTaMU TEOPETUIHUX PO3PaxyHKIB eHepriil, nepepisiB 30y KeHHs Ta HMOBipHOCTEH posnaiy [7],
JIO3BOJIMJIM BIIEPIIIE 3MIHCHUTH HAWOIIBIN MOBHY HA NAHUI YaC CHEKTPOCKOIIYHY KJIaCHMIKAIIIO
AIC, posmaj sIKMX cIOCTepiraBcst B CIIEKTpaX €XKEKTOBaHUX eJIEKTPOHIB. Pesyibraru mposee-
HOT poboru HaBejieHi B Tabu. 1. 3rinHo 3 janoro imentudikaricio, 3 81 crocrepexKyBaHol JHHIT

Tabauys 1. Enepril 36ymkennss Fss (eB) ta cnekrpockoniuna kiacudikanis Jiniii, 1o cnocrepiraloTbes B ciie-
KTpaxX e»KeKTOBaHUX eJIEKTPOHIB aroma pybinito. [loxubka y Busnauenni Fis cranoBuia £0,04 eB st aromHux
crauis i £0,1 eB — nysr mostekyssiproro crany Cy

Jlinis ‘ FEs ‘ Kiracudikarrist ‘ Pob6ora ‘ Jlinis ‘ FEs ‘ Kiracudikarrist ‘ Pobota
1 15,31 552°Py /o [1, 5, 10] 41 18,45  4d(*D)5s° D35 3, 7]
Ca 1540  Rbox — Rby'yf — 42 18,55  5s(*P)6s°Py /o (7]
2 16,16 55°2 P, /2 [1, 5, 10] 43 18,62 4d(*D)5s° D5 s 7]
3 16,64 5s5(*P)5p* Ss /o 4] 44 18,67 5s(*P)6s' Py s 3]
4 16,69 4d(*P)5s* Py /3 [5, 6, 10] 45 18,73 5s(*P)6p°Ds s 7]
5 16,72 5s(°P)5p* D7/a [15] 46 18,76 5s(*P)6s' Pss 3]
6 16,78 4d(* P)5s" Py 5 [5, 6, 10] 47 18,80  4d('P)5s°P, s [5, 6]
7 16,82  5s(°P)5p*Ds o [15] 48 18,87 5s('P)6s°Py /o 3]
8 16,90 5s(>P)5p* Ps o [7] 49 18,90  4d('P)5s°Ps)s [5, 6]
9 16,93 5s(°P)5p* Py /o [7] 50 18,97 5s(*P)5d" Py 7]
10 16,97 4d(*P)5s" P53 4, 6] 51 19,02 5P*' Ds /s 3]
11 17,04 55(' P)5p°S1 /o [7] 52 19,07 5s5(°P)5d" Fy s [15]
12 17,10 — — 53 19,11 5s(°*P)5d°Dy» 6]
13 17,13 4d(*F)55" Fy s 5, 15] 54 19,19 55(*P)6s'Py /s 7]
14 17,16 5s5(>P)5p* P o [7] 55 19,22 5s(*P)6s*Pss 5]
15 17,19 4d(*F)55" Fy 5, 7] 56 19,31 4d°(*P)’Ds)» 7]
16 17,22 4d(* P)5s> Py /3 [5, 6] 57 19,35 4d°(*F)*Dy» 7]
17 17,28 55(> P)5p® Py s [7] 58 19,39 55(*P)6p°Ss s 6]
18 17,31 4d(°F)55* Fy [5, 6] 59 19,44 55(>P)5f° D3y 7]
19 17,36 4d(* P)55° Py 3 [5, 6] 60 19,47 4d(*F)5p* Dy s 7]
20 17,40 55(* P)5p” Ds o 7] 61 19,56 — —
21 17,47 5s('P)5p°Dys [7] 62 19,63 55(*Py)5d 8]
22 17,51 4d(°*F)55* Fy [5, 6] 63 19,66  5s(*P)5d° Py s 6]
23 17,62 55(" P)5p> P, s [7] 64 19,74 5s("P)6s” Py, 6]
24 17,66  4d(*F)55° Fy s 5, 6, 7] 65 19,81 55(>P1)7s (8]
25 17,73 4d(°F)55° Fy 5, 6, 7] 66 19,89 — —
26 17,79 5s('P)5p° D5 s [5] 67 19,96 5s(*P)6d> Py s 6]
27 17,82 4d(' F)55° Fy [7] 68 20,01 4d(*Py)6s 8]
28 17,87 55(>P)5p> P, /s [7] 69 20,05 4d(> P,)6s 8]
29 17,92 4d(*D)5s" D75 [7] 70 20,12 5s5(° P2)8s 8]
30 17,96 — — 71 20,17 55(* Py)5d 8]
31 18,02  4d(*D)5s" Dy s 5, 7] 72 20,21 5s('P)6p°S 2 6]
32 18,05  4d(*D)5s* Dy, 5, 7] 73 20,25 55(°P)7d 8]
33 18,10  4d(*D)5s" D5 5 5, 7] 74 20,32 55(°P2)9s 8]
34 18,13 — — 75 20,37 55(° P2)8d 8]
35 18,19  4d(*P)5p* Dy s [7] 76 20,44 5s(' P1)5d 8]
36 18,24  4d(*P)5p* Dy, 7] 77 20,48 55(*P1)9s 8]
37 18,29  4d('F)55°Fy )y 7] 78 20,53 5s5(*Py)8d 8]
38 18,33 55(>P)6s° Py s [5] 79 20,58  4d('D)5p’P; s 6]
39 18,36 4d('D)55° D35 [7] 80 20,61 55(' Py)7s 8]
40 18,42 55(>P)5p*S1 o [7] 81 20,67 4d(* Py)5d 8]
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imenTudikoBano 3 kpapreraumu i jgyoseraumMu AIC npubim3HO OgHAKOBY KiIbKicTh. KpiMm Haii-

O1/IbIIT HU3bKOCHEPIETUIHUX CTAHIB (4p5552)2P3 /2,1/2, Bci AIC 3 eneprieto 36y uenns 10 17,19 eB

€ kBapTeraMu. BinbIin BucokoeHepreru«wHi Jinil 14-56 3a CBOEH MPUPOIOIO BiAIIOBITAIOTH PO3IIa-

NIy sIK KBAPTETHUX, Tak 1 jaybiernux cranis. [lepeBazkHa KiIbKiCTh BUIUX PiBHIB (eHeprisi 30y1-

skenHst Olibie 19,35 eB) e myGueramu. Corij TakoXK BiJ3BHAYUTH, 10 OCHOBHA YaCTHHA CTAHIB

HaJIC2KUTDH KOH(l)ipraH,iHl\l, 1o SYMOBJIeHi O/THOCJICKTPOHHUMU IIE€peXoJaMn 3 OCHOBHOT'O CTaHYy

aroma. Jlana criekrpockomivna inenTudikariis miITBepIzKYE BUCHOBKU poboTu [6], 30Kpema, 110
mepepi3 aBToioHizaril aroma py6imio opMyeTbCs MepeBarXKHO 3a PAXyHOK BHECKY Bi po3mary
KBapTEeTHUX DPIBHIB y HPHUIOPOTOBiii 00jacTi i aybjeTHUX PIBHIB Npu OUIBIN BHCOKUX €HEPIisX

3ITKHEHD.
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B. . Poman, A.B. Kyniauayckuene, A. A. Boposuk, O. . 3anapuHHbIi

JnHaMuka BO30y>K/JeHUs aBTOMOHU3AIMMOHHBIX COCTOSHUII aToMa
pyoumust m MoJiekyJabl Rbs IIpu 3/1eKTPOH-aTOMHBIX CTOJTKHOBEHUSIX

Hccenedosanvl anekmportbie a8mouonu3auuontse cCnexkmps, amoma pybudus 6 duanaione snep-
euti cmoaknosenuti om nopoza 6036yscoenus cybsarenmnoti 4p® oborouxu do 660 2B. Ionyuernov
IHEP2EMUMECKUE 3GEUCUMOCTIU AOCOAOMHBIT ceuenuti 6030Yatcdenus OAA OECANU AMOMHBIT U MO-
AEKYAAPHO20 ABMOUOHUIAUUOHHBLE cocmosnul. Ha ocnose meopemuveckur pacwemos asnepeud,
cenenuti 6036yocdenus, eeposmmuocmets pacnada cocmoanut 4ponilinals ocywecmenena cnexmpo-
cKonuveckas udenmudurayus Habarodaemulr AuHU.
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Excitation dynamics of autoionizing states in rubidium atom and
molecule Rb, in electron-atom collisions

The autoionizing electron spectra in rubidium atoms are investigated in an impact energy range
from the excitation threshold of the inner 4p° subshell up to 660 eV. The energy dependences of
the absolute excitation cross sections for tem atomic and one molecular autoionizing states are
measured. Basing on theoretical calculations of the energies, cross-sections, and decay probabilities
for the 4p°nilinsly states, the spectroscopic identification of the observed lines is performed.
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