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1 . BBEAEH~E 

Ba KaHC~~ Ha BHeWH~ X aTOMH~X o6ono 4Kax ~rpa~T 8amHY~ ponb B 

aT OMH~ X n po~ec c a x . npoHcxoAR~HX B nna3Me TepMoRAepH~x yc r aHo BoK, 
B KonneKT~BH~X c ry c TKax 4acTH~ , ~ C T04HHKa x TR ~e n~ x ~OHOB ~ 

B aCTpQ¢H3H4ecKHx o6beKTax. Cy~ec T BeHHo BflHReT Ha XOA npoue c
COB H CHfla 83 a HMOAe HCTBHR B aTOMHO~ OfiOn04Ke H MemA Y 3 neKTpOH

HO~ 060n04KO~ H RAPOM. 
B flH Te parype H3 eeCTHQ HeMH OrO 3 KcnepH MeHTOB no onp eAene HH~ 

3HepreTH4eC KHX CABHrOB peH TreHOBCKH X nHHH~ npH 06pa 30ea HHH pa3

flH4H oro 4Hc na eaKaHCH H Ha BHeWHHX 060 n04Kax aTOMa . 3ro , HeCOM
He HHO, CBR3aHO c Man~M 4HcnOM nOAxOAR~HX HCTQ4HHKOB MHor03apRA

H~X HOHO B H C 6 0fl bWH MH rpe 50BaHHRMH K 3KcnepHMeHTan b Ho~ TeX HHK e 

H Me r OAH Ke. OnpeAenHT b BenH4HH~ CABHr OB 3Hepr ~ ~ xapaKTepHCTH~e

CKoro peH TreHOBCKoro H 3ny~eHHR B 3aB~C~MOCTH OT ~~cna BHeWHHX 
BaKaHC~~ MO~HO paC4e T H~M nyTeM n pH nOMO~H MeTOAa ca Mocorna coaa H
Ho r o nOllR. C 3 TOH ,-, e llblD B Ha C TOflute~ pa60Te npoeeAe HbI pa C4eTbi 
no Me TOAY AHpaKa-~OKa - CJ1e~Tepa / l l AnA Bcex OCHOBHblX COCTORHH~ 
HOHOB HeoHa. aprOHa, KpHnTOHa H Kce HOHa . 3 TO AOnOJ1HReT no CY
~eCTBY paHee npOBeAeHH~e paC4eTbi CTpyKT y pbI KceH OHa !2! H AaeT 
n p eAC TaBlleHHe 0 noa e AeHH H 06CY*AaeMblx ae lllo14H H B 6011bWOM AHana
30He Z. OnpeAenR~TC R CABHr H 3H e prHH peH TreHOBCKHX n e peXOAOB 
Itt H3Me He HHR 3He p r HH CBR3H 3neK TpO HOB Ka K $YHK'-'HH HQHItI 3a'-'HQHHO rO 
COC TORHltlfI aTOHa. Ha n pH Mepe ap r oHa B~flC HR~TC R H3MeHeH ItIR HHTeH
CHBHOC H 1 p eHTreHOBC KHX nefeXOAOB. KOT opble paCC41t1 Tbl SalOTC R Ha OC
Hose TeOpytJ,1 C KQ~HI1bAa 13.4 c Hcnonb30Ba H~1eM pellfl TItI BHCTCKH X Don
HO B~X ¢JYH K'-'H i1 / 1 . 

2 . HETDA PAC4ETA 

An fl paC4eTa CABHr OB 3HeprHH peHTreHOBCKHX Ca TellllltlTQB H 3He p 
r HH CBR3H MHor03apflAHblX HOHOB Hcnonb3yeTcR nporpa MMa HEX ! 1 B KO 
TOPO~ caMocorllaCOBaHHoe nOTeH,-,HallbHoe nOlle H paAHanbHble Op6H
TallbHble $YHK,-,HH nOlly~a~TcR C Hcnonb30BaHltleM ypaBHeHHR nltlpaKa . 

B npltt6nH*eHHH caMocornacosaHHoro nonR BOnHoaaR ¢YHK'-'ItIR 3anltl 
CblsaeTCR KaK AeTepMHHaHT Cnei1Tepa H3 Op61t1TallbHblX ¢YHKUItlH . Op6H
TallbHble ¢JYHKUHH YAoBlleTBopR~T OAH03neKTpOHHblM ypasHeHItIRM. Ypaa 
HeHltle AHpaKa B nOKanbHOM c¢epH~eCKH CHMMeTpH4HOM nOTeH,-,Hane 
HMeeT BHA 
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nOTeH~~anbHaR ~YHK~~R CKnaA~saeTCR ~ 3 nOTeH~Hana RApa, KynoHoe
CKoro nonR 3neKTpOHOB ~ nOTeH~Hana 05MeHa cneHTepoeCKoro p i / S -

THna 

2 

VA(r) __ (;: )(3"2p (r» 113 . 
 /2/ 

Op5HTanbH~e ~yHK~HH ~ MO*HO 3anHcaTb B BHAe: 

A(I) /r
'I' _ ! f, n JIm ) 

/3/( B(r)/ r / nJr'm . 

BepXHRR CTpOKa 9 /3/ COOTBe TCTByeT 60nbWO~ KOMnOHeHTe, HH*HRR -
MaflOH KOMnOHeHTe BonHOBOH ¢YHK~HH. n - ABYXKOMnOHeHTH~e HOPMHPO
8aHH~e cnHHOp~ C YKa3aHH~MH KBaHTOB~MH 4HcnaMH. Me*AY K8aHTOB~MH 
4H cnaMH 8~nOnHRQT C A COOTHoweHHR: 

1 , . I
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.ll101$¢)epeH~~anbHble ypaBHeHHR AnA paAHanbHblx 4lYHK~Io1H A(r) H B(r) 
3anHCblBaOTCR KaK 

2

d 	 - k/ r (V-me _E,)/eS)( A(r» )A(r») ( /5/dr 

( B(I) • -(V + me 2 _ E ,)/es k/ I B(r) 

PaC4eTbi npoBoA~nlo1cb B npH6nH~eHIo1Io1 3aMopo~eHHblx op6HTaneH. npH 
3TOM AnR pac4eToB CABH r OB 3HeprHH CBR3H co6cT seHHble 3Ha4eHHR, 
nony4eHHble C Hc nonb30BaHHeM nOTeH~Hana /2/, 6epYTcR C nonpaBKoH 
no Me TOAY naTTepa ' 5 .' . C,QBHrH 3Hep r HH peHTreHo8cKHX n HHHH paCC4t.1
TbiBanHCb c Io1 cnonb308aHHeM ofiMeHHoro nOTeH~Hana cao60AHblX 3neKT 

/pOHoa H1na XapTpH-~OKa l e,7 . CpaBHeHHe nonYl.IeHHbl X pe3ynbTaToB 
C 3KcnepHMeHTanbHblMH AaHHblMH npOBOAHTCR B nocneAy~~Hx pa3Aenax . 

3. 	 PEHTrEHOBCKHE CATEnnHT~ nPH HAnH4HH BHEWHHX 

BAKAHCHA B 3nEKTPOHHOA 060n04KE 


KaK y*e rOBopHnOCb Bblwe, 3KcnepHMeHTanbHblX AaHl-lbiX ° CABHrax 
peHT reHOBCKHX nHHHH nplo1 HanH4HIo1 BHeWHIo1X aaKaHCHH a aToMHoH 060 
n04Ke nOl.lTH HeT . OAHaKo AnR onpeAeneHHR T04HOCTIo1 paC4eTOB ~ena
TenbHO cpasHHTb Io1X C 3Kcneplo1MeHTanbHblMIo1 AaHH~MIo1 . TaKaA B03MO~
HOCTb cy~ecTByeT AnR caTennHlOB HeOHa, T.K . B 3TOM cnY4ae BflIo1R 
Hlo1e BHeWHHX BaKaHCMH H~ 3HepreTIo14eCKMC CABH r H peHTreHoeCKHX 
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Tal5mnJ,a 

BnHRHHe BHemHHX BaKaHCHH Ha C~HrH 3HeprHH Ka-nepexoAoB 
B HeOHe. CpaBHHBa~TcR pac~eTHWe 3Ha~eHHR EII~C 

/ 8/
C 3KcnepHMeHTMbHhnofH ~Kcn. 76.E - cp;BHrH 3HeprHH OTHOCHTenbHO 

AHarpaMMHOH nHHHH 

KOH~HrypaI..lHR CaTennHT E /3B ~E /3B
3Kcn. 3Kcn. ElI<I>C hB 

Is l2sm2pn 

n KLom 

2 6 	 848+2 


2 5 
 1

6 KL- 855+2 7+4 6, 1 


2 4 
 -21 5 KL 863+2 15+4 14,5 

0 6 


2 3 

KL- 3
1 4 873+2 25+4 25 ,4 


0 5 


2 
1 3 

2 
KL- 4 882+2 34+4 31 , 7 
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2 
1 2 

1 
KL- 5 89 5+2 47+4 45, 3 


0 3 


1 1 

6
0 2 KL- 907.2 59+4 56,1 

flHHHH MO*HO Ha6n~Aa Tb 8 He~CKa*eHHOM 8HAe. OTCY TCTBlo1e 6e3H3n Y4a
Tenb H~X npo~eCCOB nepeC TpOMKH aTOMHOM o6ono4KH 7 xapa KTepH~x npH 
3anOflHeH HH BHyTpeHHHX saKaHcHM BHeWHHMH 3neKT poHaMH AnR 3neMeH
TOB C 60nee B~COKHM nopRAKOB~M HOMepoM Z. n03BonReT o AH03Ha4Ho 

I HHTe p npeTHpo BaT b nonY4cHH~e pe3ynbTaT~ . B Ta6n . 1 cpaBHHBa~TCR 
3Kc ne p HMe HTanbHble 3Ha4e HHR 3HeprHH Ka - caTennHTH~X nHHHM HeOH8 
c pac 4eTH~MH. CpaB HeHHe 3KcnepHMeHTanbH~X H paC4eTH~X cABHroB 
AaeT x o powee cOBnaAeHlo1e c T04HOCTb~ AO owH6oK 3KcnepHMeHTa, 
cpeAHee OTKnOHeHHe 101 3 MepReM~x 3Ha4eHIo1M OT paC4eTH~X He npeB~wa
eT 	 5% . n pH nepeXOAe K 60nee TR~en~M 3neMeHTaM cHTya~HR y cnO*HR

3 



'-L~-Ar% 

K

10 20 30 

1'- K - Ne .u.: 
3 "" 2 - L'l.-Ar 

3- Lk, - Kr 
.82-K~22-Kr fL.t.,-x.,3-K~1 - Ar KJ.,- Kr 

4- Lts2 -XeI 
I 

5- Lt -Xe200~ ] ~-Xa200 

I " 
K.t.,-Xej I L,,-KI;) ,/ K"'2- Xe 

K"2-Ar I J I I l 
100 100 

, 
K.t.,/w 

~,-x.ro 
-Xe· 10

ot1

o'I'ec! , , ! 

40 50 [ o 10 20 30 40 50 

PM C. I. Cp;BHrH 3Hepnrn: .6.E PHC. 2. CABHI'H 3HeprHH AE L 
K -nepexop;oB x apaKTepHcTH4e nepexogoB xapaXTepHCTH4eCKoro 
CKoro peHTreHoBcKoro Hs nY4eHHH peHTreHOBcxoro H9ny4eHHR 6naro
6naropop;HhlX ra30B B S3BHCHMQ pOAHb~ raSOB B S 3BHCHMOCTH 
CTH OT 4Hcna I BHemHHX BaK3H OT llHcna I BHemHHX BaKaHCliH:. 

CHH. 

eTc ~ ~3- 3a nO~BneHHR CMewaHH~X KOH$~rypa4~~ c BHyTpeHH~MH H BHew
H~MH saKaHCHRMH . KpoMe Toro , YMeHbwaeT CR BenH~HHa CABHra npH AO 

nOJ1HHTeJlbHO~ Bal<aHCHH IT . K. C yaeIlH4eHY1eM Z paCTeT 3KpaHJ.1pOea

HHe BHeWHHX 3neKTpOHOB. 

Ha pHe.l H 2 nOKa3aH~ CABHrH 3Hep rHH peHTreHOBCKHX nepeXOAOB 
6naropoAH~X ra30S B 3aSHCHMOCTH OT 4 Hcna BHeWHHX aaKaHCHH S a TOM 
HOH o6ono4Ke . XapaK TepH~e H3MeHeHHR B HaKnOHe CABHrOB peHTreHOB 

CKH X 3HeprHH Ha6noAao TcR BcerAa AnR nonHOC Tb~ HOHH30BaHH~X nOA
o6ono4eK . n epBoe pe3Koe H3 MeHeHHe o6HapY*HBaeTc R n pH CTeneHH 
HOHH3a ll. HH 1 =8, 4TO cooTBe Tc TByeT nonHoH HOHH3all."u1 68 -060Il04KH 
y KceHOHa , 48 -060n04KH Y KpYlnTOHa H 3s-06on04KIo1 y aprOHa . HOHIo1
3all.HR cneAylOJqHx nd -aneK TpOHOB Cn = 3,4) aeAeT K YMeHbweHHKl 3Hep
rHH peHT r eHoaCKHX cABHroB , Ta K KaK npH YAaneHHH nd-3I1eKTpOHoB 
OTHocHTenbH~~ CABHr y4acTsyOJqHX B paAHall.HOH HOM nepeXOAe 3n e KTpoH J 
H~X YPoBHeH y MeHbwaeTcR. n pH I - 18 Ha6nloAaeTcR BTopoe aaMeTHoe 
H3 MeHeHHe pOCTa CABHrOB 3Hepr HH peHTreHOBCKHX caTennHTOB, KOTO
poe COOTBeTcTByeT HOHH3all.HH 3d -o6ono4KH Y KpH nTOHa itt 4d -060n04

" 

KIo1 Y KceH OHa. H3 MeHeH HR CA8HrOB npH I = 26 803HHKa~T aClleACTBHe 

HOHH3a ll.HH 4s- H 38 - 0501l0 4K J.1 Y Kce HOH a H KpHnToHa COOTse TCTseHHO , 
CneAYK>JqHe xa paKTe pHbl e T041\H . COOTseTcTBYIOT AnR KceHOHa: I = 36 
/3d - o6ono4Ka/ H 1 = 44 /35 - o6ono4Ka/. 

!lnR a - n epe XOAOB s eex CepHI1 MO)t(HO c ¢)opMynH poaaT b npaslo1no: 
3Hep r e TH4eCKHe eABHrH HaHB~CWHe AnR Tex peHTreHOBCKHX cepHH, 
Ha4 anbH~H ypoBeHb KOTOp~X HMe e T MaKCHManbHoe 3Ha4eHHe r n a BHo ro 
KBaHTOBo r o 4Hcna . H3 Me He HH e CABlo1rOB 3HeprHH pe HTreHOBCKIo1X n epe 
XOAOB HaH60nbwee B Tex cny 4 a Rx, KorAa pa 3 HOCT b rnaBHblX K BaHTOB~X 

4Hcen 3neKTpOHH~X COCTORHHI1 MaKCHMan bH a. 3 TH 3aKOHOMepH OC TH CBR
3aH~ C pa 3nH4H~M YMeHbweHHeM 3HeprHH CBR3H 3 neKTpOHOS B COCTOR 
HHRX, Y4aCT BY~JqHX B peHTr eHOBCKOM nepexOAe, npH nORBneHHH AonOIl 
HHTenbHO~ BHeWHeH aa KaH CHH. Xa pa KTepHa 06~aR TeHAeH~HA: C POCTOM 
rnaBHoro KBaHTOBOra 4H Cn a Ba KaHCH~ BO BHeWHHX 060nO~Kax ~X snlo1R
HHe YMeHb WaeT CR. 3aMeAnAe TCA TaK)t(e p OCT 3 He p rHH CBR3H BHe WH HX 
3neKTpOHH~X COCTORH HI1 . OTHOC HTenbHoe H3MeHeHH e 3HeprHH CBR3H 
paCT eT C ysenH4eHHeM pa3HOCTH rnaBH~X KsaHTOB~X 4Hce n pae CMaT
pHBaeM~X YPOBH eH . 

4. PAC4ET ~HT EHC~ BHOCT E~ P E HTrEHOBCK~X nEP EXOAOB 

~ononHHTenbH~e BaKaHeHH B 3neKTpoHHO~ ofion04Ke anHR~T Ha Be 
pOR THOC H 1 paAHaLll.10 HHbl X 3neKTpOHH~X nepexOAOB . ~ 3MeHeHHR HHTeH 
CHBHOCTH p e HTreH OBCKI.1X nepexOAOB npeAcTaBnR~T c06011 He3aBHeHM~H 

aTOMH~11 na p a Me Tp , H3Me pAR KO T OP~~ . MO*HO CYAHT b 06 HOHH 3a ll. HOHHOM 
COCTOAHHH aT OMa, TaKHe H3MepeHHR HMe~T oco6eHHoe 3 Ha ~eHHe B CBA 
3]..1 C paCTY~H M HHTe peCOM K HC TO~HHKaM B~COKOHOHH30BaHH~X aTOMO B 
/ HOH-aTOMH~e CTo nKHO BeH HR, MeTaCTa6HnbH~e COCTORHHR npH B036ym
Ae HHH aTOMa MHweHH nY~KOM, ropR4aR nna3Ma/, T . K, c n eKTp H3ny~e 

HHR AaeT pa 3J1H4H YIO HH¢)OpMa4H IO 06 H3nY4alO~e~ CHe TeMe . 
AnA aHanH3a nepeXOAOB S MHo r OK paTHO HOHH 30BaHH~X aTO Max Dap 

KHHC / 9 1 npeAno~Hll c TaT HcTH4ec KyID np0ll. e AYPY ycp eAHeHHA , n03BonR~
utyto OLl eHIo1Tb CHll~ OClI.Hll11RTOPOB , EcnH n 3neKTpoHoB HaXOAATCA 
B nOA060no4Ke , KOTopaA MO)t(e T cOAepmaT b DO 3neKTpOHOB B 3anonHeH

HOM COCTORHHH, TO HHTeHCHBHOCTb nepexoAa YMeHbwaeTcR B nino pa3 
AnA oAH03neKTpOHH~X nepexOAOS . 4T06~ nonY4HTb HHTeHCHBHOCTH peHT
r eHOBC KH X nepexOAOB KSaHTQBO-MeXaHH4eCKH M nY Te M, M~ Hcnonb3yeM 
penRTHBHCT CKHe MaT pH4H~e 3neMeHT~ AnA paC 4 e TOB BepOATHOCTeH pa
AHaLlHOHH~X nepexOAOB 8 Myl1b THnon bHOM pa3J10*e HHH, cneAyR pa6o
Te I 10 / , 

B paC 4eT ax He y~HT~BanHC b 3~eKT~ 3neKTpOHHoro 06MeHa . npe
He6pe*eHHe 06MeHH~MH 3~eKTaMH npH paC4eTe OTHoweHHR HHTeHCHBHO
CTel1 K,a / Ka - ne p eXOAOB, HanpHMep , AaeT OW\I16KY n o pAAKa 5% 14/, OAHa 
KO, ecnH HHTepeCOBaTbCA To nbKO OTHOCHTenbH~MH H3MeHeHHRMH HH TeH 

CHB HOCTe~ peHTreHOBCKoro 
06MeHa MO*HO n peHe6pe4b. 

H3 n Y4eHHR, TO 3$$eKTaMH 3neKTpOHHor o 

" " 
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PHc . 3 . H3MeHeHHe nO]1HOH Be
pORTHOCTH K -nepeXOAOB H Be 

POHTHOCTeA K a 1 (K - LUI)-H 
K a 2 (K - Ln )-nepeXO,llOB npH 
HOHH3aUHH BHeIDHeH 060]101..fKH 

aproua, Bbl'·mcneHHblX ,D,JIH a Cllou
HbIX COCTOHHl1H HOHOD. I - C'l'e

neHb HOHli3aUHH. CBepxy YKa

33Hbl nOJ1HOCThlO o6o,o;paHHble 

060nOl,lKH. 
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PHC. 6. OTHOCHTenbHble HHTeI-iCHB-

HOCTH peHTreHODCKHX K -nepeXQ-

AOB aprOHa . CBepxy YKagaHbI 

nonHOCTblO 060.IlpaHHbJe 060nOT.lKH. 

I - CTeneHb HOHH3aUHH. 
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PHc.4 . H3MeHeHH€ BepoRTHocTeA 

K/31 (K - MIII}-H K/lS(K -f>\nl-nepe
XOAOB npH HOHli3aUliH BHenlHeii 

060n01.{KH aproHa, Bb14HcneHHbIx 

AIlfi OCHOBHblX COCTOJlluu'i HOHOB . 

- CTeneHb HOHH3aUHH. CBepxy 
YKa3aJ-lbJ nomiOCTblO o6oApaHHble 

060nO'-lKJi . 

..4 PHC . 5 . OTliOCHTenbHble HHTeHClm

, HOCTH peHTreHOBCKHX K-nepexo

AOB aprolla. CBepxy YKa3aHbl 
nonHOCTblO 060ApaHHble 060nO'-lKH. 

I - CTeneHb HOHH3aUHH . 
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Ha pHc . 3 nOKa3aH~ H3MeHeHHR nonHo~ sepoRTHoC TH H3ny~eHHfl AnR 

K - nepexOAos H H3MeHeHHfl sepoRTHocTe~ K - Ln H K - L JtI /K a2 

H Kat / n epexOAOs npH nocneAosaTenbHOM YAaneHHH BHeWHHX 3neKTpo
HO B aToMHO~ o60n04KH aprOHa. 3TH me 3aBHCHMoCTH nOKa3aH~ Ha 

P"C, l, An" K - Mit" K - MIll /K/3s -" K/3C / nepeXOAOB aprOHa . Y",e 
npH YAaneHHH nepB~X 3neKTpOHOB HHTeHCHBHOCTb K~L-nepexoAa cpaay 

) 
naAaeT, T . K. y,qanRKlTCR :meKTpOH~ C MlIt -ypOBHR. rJplo1 y,qaneHHIo1 
SHeWHHX 3neKTpOHoe eepORTHOCTH Ka - nepeXOAOB H nonHaR sepOR T
HOCTb K -nepeXOAOB H3Me HRIOTCR Hecy~ecTBeHHO . Bm1ReT TOnb KO YAa
neHlo1e 3J1eKTpOHOB 1013 L -o60n04KH. 

Ha pHc . 5 H 6 nOKa3aH~ H3MeHeHHR OTHOCHTeJ1bH~X HHTeHCHBHOCTe~ 
peHTreHOBCKIo1X K-nepexoAoB npH y,qaneHHH BHeWHHX 3neKTpOHOB aprOHa 

AnR OCHOBHoro COCTORHIo1R HOHa. Pe3Koe HapaCTaHHe oTHoweHH~ ~3/K$1 

H Ka 2/Ka lo6bACHReTCR yMeHbweHHeM 4Hcna 3neKTpOHOB Ha Mnr H Lnr
YPOBHRX, H3-3a ~ero na,QalOT eepORTHoCTH K~ 1-101 Ka 1 -nepexoAoB. 

5. 	 3HEp r~~ CBR3~ np~ ODPA30BAH~~ BHEWH~X BAKAHC~A 
B 3nEKTPOHHOA 060n04KE 

B pa3Aene 3 Ha pHc.l H 2 AaH~ npHMep~ CABHrOB peHTreHOBCKHX 
nHHH~ npH HOHH3a~HH aTOMH~X 060n04eK. 3 TH CABHrH B03HHKalOT 
BcneACTBHe YMeHbweHHR 3KpaHHposaHHR H CBA3aHHoro C 3 THM pOCTa 
3HeprHH CBR3H 3neKTpOHOB. 3HeprHA CB~3H H3MeHAeTCA no- pa3HOMY 
AnR pa3flH4HWX ypOBHe~. nplo1 06pa30BaHHH AonOnHHTeJ1bH~X BaKaHCIo1~ 

3HepreTH4eCKoe pa CC TOAHHe Me*AY 3neKTpoHH~MH COCTOR H Io1~MIo1 H3MeHA
eTCA , 4TO npOABnAeTCA B CABHrax 3HeprHH COOTBeTCTBY~~HX peHTre

e /2 1HOBCKHX nepeXOAoB. 3TO nOKa3aHo An~ Bcex CTeneHe~ HOHH3a~HH 
KCeHOHa . 

nnA onpeAeneHHR T04HOCTH paC4e TOB B Ta6n.2 CpaBHIo1BaOTCA 3Kcne
pHMeHTanbH~e 3Ha4eHHR nOTeH~HanOB HOHH3a~HH, nonY4eHH~e H3 aHa
flH3 a onTH 4eCKHX cneK TpoB /11/ c paCC4H TaHH~MH e Hawe~ pa60Te 3Ha4e 
HHRMH . COBnaAeHHe 3KcnepHMeHTanbH~X H pac~eTH~X 3Ha4eHH~ BO Bcex 
cnY4aAX He xy*e 5%. AnA yBenH4eHHA T04HOCTH pac4e Ta Heo6xoAHMO 
y4HT~BaTb AononHHTenbH~e nonpaBKH /KoppenR~HH 3neKTpoHoB, KBaH
TOBo-3neKTpoAHHaMH4ecKHe 3$¢eKT~/ . 

Ha pHC . 7-9 nOKa3aH~ CABHrH 3HeprHH CBA3/o1 K- , L - H Mn-YPOBu 
He~ HeOHa, aprOHa, KpHnTOHa H KceHOHa . Pe3KHe H3MeHeH/o1A HaKnOHa 
CABHrOB 3HeprHH peHTreH09CKHX nepeXOAOB Ha6n~Aa1OTcA npH AOC TH*e
HHH 3neKTpOHH~X KOH$Hrypa~HH B HOHe, KOTop~e COOTseTcTBylOT 3aMK

HyT~M 06ono4KaM KOH$Hrypa~H~ 6naropoAH~X ra30S HflH r6J1arOPOAH~~ 
raa] nd 10 (n = 3,4) , 4TO 06"bAcHAeTcA COOTeeTcTBylOU.\HMH H3MeHeHHAMHI 
3HeprHH CBA3H B MHor03apAAHOM HOHe. H3 pHc.7-9 BHAHO, 4TO aHa

I 	 norH4Hoe nOBeAeHHe HafinOAaeTCA AnA 3HeprHH CBA3H MHor03apAAH~X 


HOHOB, T.e . npoRBnReTcA O*HAaeMaR HAeHTH4HOCTb noeeAeHHA 3H eprHH 

CBA 3 H 101 cooTBeTCTBY~~HX peHTreHOBcKHX nepexOAoe. 
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Ta6nHL(a 2 

CpaBHeHHe 3KcnepHMeHTaJIbHbIX 3HalleHHH nOTeHI.\HanOB 

HOHH3al.\HH / 11 1 c paCCql{TaH~MH no MeTOAY AHpaKa-~oKa
CneHTepa. I - CTeneHb H OHH3al'(HH, E 3Kcn;- 3KcnepHMeHTaJIbHble

1 11 1. 
3Hal.JeHHH 3HeprHH ; E.ll4>C - paCCl.JHTaHHhle HaMH 3HaqeHHR 

HeoH Z = 10 AproH Z 18 

I E hB I E hB 
3Kcn . El\<I>C hB 

3Kcn. ~<I>CI'B 

0 21 ,564 19,960 0 15,759 14,428 

41,079 40,353 27,628 26 ,971 

2 63,742 64,086 2 40,908 40, 860 

3 97,044 90,777 3 59 , 806 55,89 

4 126,287 120, 338 4 75,02 72,228 

5 157, 940 152,166 5 91,32 89 ,267 

6 124, 03 123,901 

7 148,49 144,511 

KpHnTDH Z 36 KceHOH Z = 54 

I E I.B 
3Rcn. El\<l>C hB I E hB 

3Rcn. El\<I>C h B 

0 13,999 12,707 0 12,129 10,953 

24,570 23,574 21,208 20 , 120 

2 36,947 35 , 461 2 32,121 30,087 

06~4HO Ha~6onbwee ~3MeHeH~e 3Hepr~~ CBR3~ Ha6n~AaeTcA AnR 
BHYTpeHHHx ypo8He~, TaK KaK ocna6neHHe 3KpaHHpoaaHHR CKa3~BaeTCR 

3Aecb 0 4eHb cy~ecTBeHHo. YAaneHHe 3neKTpOHoa c B~COKHMH MOMeHTa 
MH KonH4eCTsa ABH~eHHR MeHbwe en~ReT Ha 3KpaHHpoBaHHe 3neKTpoHoB 
K -o6ono4KH, 4eM Ha pacnono*eHH~e B~we YPOBHH. CneAoe a Ten bHo, 
H3MeHeHHe 3HeprHH CBR3H 3neKTpOHQB K-06ono4KH C POCTOM HOHH3a
4HH Mo~e T CTaTb MeHbwe, 4eM AnA pacnono~eHH~X B~we ypoeHe~, 4 TO 
ASDReTCA npH4HHO~ YMeHbweHHR CABHrOB 3HeprHH peHTreHOBCKoro ~3
nY4eHHR /CM. pHc . l H 2/ . 

anA 04eHKH CTeneH~ COBnaAeH~R paC4eTOB 3HeprHH CBR3 H 3neKT 
pOHOB no MeTOAY caMocornacoaaHHoro nOnA C 3KcnepHMeHTanbH~MH pe
3ynbT aTaMH Ha pHC . 10 cpaBHHBa~Tcfl OTHOCHTenbH~e OTKnOHeH~R pac

~.1 
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PMC . 7. H3MeHeIDIR 3HepraH CBR:3H 

6E K - ypoBHeA oJlaropo,I:tHblx 

ra30B, BbI1UfcneH}u.,le AJIR OCHOB

HWX COCTORHHH HOHDB. I - CTeneHb 

HOHH3aU,HH . 

.&. 
36 3Pt ~ 2 Xe 

1,5 

0,5 

Ar o 1"""-- I I ' 

o 10 20 30 40 


ti'l l

>6 2PJ 
4 x. 
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PliC. 8 . IbMeHelO1.H 3HeprHH 

CBR3H 6E L U-YPoBHeii onaro-
POAHbIX ra30B, BbNHcneHHbie 

,IUIR O CHOBHbIX COCTORHHH HO

HOB. I - CTeneHb HOHH3auHH. 

PHc . 9 . IbMeHeHHfI 3f-1eprHH 

CBR3H.1E MIl -YPoBHeli 6naro
pO,IJ;I-lbIX ra30B, BbJlIHCneHHble 

,lUI" OCHOBHblX COCTORHHH HOHOB. 

I - CTeneHb HOHH3aI.\HH. 

4eTH~X 3HeprHH ypoBHe~ OT 
3Kcnep~MeHTanbH~X 3Ha4eHH~ 

Anfl KpHnTOHa . HepenRTHB~cT

Ci<He paC4eTbi. KaK npaBHJ10, 
60nbwe OT KnOHA~TCR OT 3Kcne 
pHMeHTanbH~X AaHH~x,4eM penR
THB~CTCKHe . B penRTHBHCTC KHX 
paC4eTax Ha 3neKTpOH~ BHeWHHX 
oGono4eK penRTHBHCTcKHe 3$
$eKT~ BnHR~T KOCBeHHQ B CBA 

3H C pOCTOM 3Hepr~H CBfl3H 
3neKTpOHOB C MaJ1~M MOMeHToM 
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PMc.IO. OTHOCHTenbHOe OTK n OHeHH e , 
paC~eTHb~ 3HeprHH YPOBHeA OT 9 Kcne~ 
pHMeHTanb~ 3Ha~eHHA / 1 2/ AnR KpHn

r-"" • J 
G&:::= • 

I TOHa. 1 - co6CTBeHHMe SHa~eKHR n o 'o ,,- ._): MeTo,n;y XapTpH-¢>oKa-CneATepa 1 1S/ ; - _t \ 2 -	 3HeprHH CBR3H no MeTOAY ~pajr."- I 
4 

Ka-$oKa-CneHTepa 1 11 C o(5MeHHbIM/r -~ "' A...· 
nOTe~anOM THTIa XapTpH-$oxa AflRr ·-	 -- I !f \ 

I:' 	 \ CBO(ioAHhfX 3neKTpoHOB 18.11; 3 - co(i
;/" f/ \ \ 5 CTBeH~e 3Ha~eHHft no MeToAY ~paKa. ; I, \ ,., ¢>oKa-CneHTepa C 9aMOpO~eHHb~H op,
I ~ .: \ 6HTaJlRMH; 4 - co6cTBemfbie 3Ha~eHHR
/\}j/ .... no 	MeTOAY DHpaxa-¢>oKa- CneHTepa / 141 

" 	 ' '... 1 C yqeTOM penaKca~HH; 5 - co6 CTs eH0.1 " V 
"Is h 	 2p' 2p ls ]p' 3p leI" 3d 45 "P' 4p 

Hble 	 3Ha~eHJHI n o MeTO.IJ,Y ,[{HpaK a - ¢>o

Ka-CneHTepa 1 141 c 3aMOpO~eHHbIMH 
Op6HT3nRMH. 3HalleHHR 5 3a HCKnK)~eHHeM AByx BHemllHX op6 H T ane11 co
OTs eTCTB)1lOT p esynbTa TaH }leKno / 16/• nonyqeHHbIM no MeTOAY ilHpaKa

¢>OKa C :HlMopO~eHHblMH op6HTanRMH . 3HaKoM .. xapaKTepH9)TJ()TCR Op6H

TanH . ,Il,11R KOTOPblX j .. t - % ;,[l1IR OCTanbHblX op6HTaneA j _ t + IA. 

KonVl4eCTB3 ABH)tIeHHA I L&-18/ . 3neKTpOHHbte op6~T3nH C /OIantMMH MOMe HTa
MVI 	 B pemHIIIBIIICTCKOH TeOpl1H np~6nH)I(aKlTCR K RAPY , H 3¢ltIeK T~BHee 

3KpaH~pYIOT 3.neKTpOHbl C 60nee BtMCOKI1M~ MOMeHT3MH. 3 TO BeAeT 
K YMeHbweH~1O 3Hepr ~ VI CBA3H 3T~X 3neKTpOHOB, ec n~ 3$$eKT~ 06MeHa 
He 	 OKa3~Ba~T o6paTH or o BnHA H~A . 

6. 	3AKnI04EH~E 

Pa3BIIITHe YCKop~TeneH TR*entMX HOHOB ~ CBA3aHH~X c HHMH H C TO~

HVIK OB TA*en~x ~OHOB , paapa60 TKa OCHoa ynpaaflAe/Oloro TepMOAAe pHoro 
CVlHTe3a H npo rpecc B KOCM~ 4eCKI1X ~ccneAoaaH~AX Ha CTOATeflbHO Tpe
6Y~T 3HaHVlA CTPYK TyptM MHo r 03a pAAH~X HOHOB . 4T06bt nony4HTb npeA
CTaBneH ~e 06 ~3Me HeHH~ H no pAAKe 8enH4~H~ cy~ecTBeHH~X napaMeT
POB np~ 0 6 pa 30BaHH VI AononH~Te.n bH~X BHeWH HX B3Ka HCH~ B aTOMe, Mbl 
I1 ccneAoaan~ paC4eT H~M nYTeM xapaKTepHCT H4eCKoe peHTreHOBCKoe 1013
nY4eH~e H CABHrl1 3 He pr HH CBA3~ AnA HeOHa,aprOH3,KpHnTOHa H Kc e
HOHa.3T H 3neMeHT~ YA06H~ AnA npHM€H e HHH B HCTo4HHKax TA*en~x 110
HOB, T . e . He T pe6Y~T AononHHTenb H~X YCTaHOBOK An~ na3epHo r o HC
napeHHA H T . n. 

nonY4eHH~e HaMH peayflbT3Tbj Aa~T npeACTaeneHHe 06 H3MeHeH~H 
HccneAyeM~x napaMeTpOB B 60flbWOM Z -A~ana30He H MorYT oKa3aTbc~ 
none3H~MH AnA AHarHoCT~K~ pa3n~4H~X crycTKoB 4aCT~~, BKn~4a~Vlx 

MHoroaapRAH~e HOHbj no xapaKTepHc T~4eCKOMY peHTreHoaCKOMY ~3ny
4eH~~ 3THX VlOHOB. 
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~opHaK r . , MY3wOnb r. , nHnb~ P. P7-83 -57 
X8paKTepHc TH~ecKoe p e HTreHo8cKoe H3ny~eHMe 
H 3HeprHH C8~3H 3neKTpoHOB MHor03apRAHwx HOHOS 6naropoAHwX r a30S 

no MeTOAY aHpaKa-~oKa- CneHTepa npOBeAeHW pac~eT~ H3MeHeHHM 3HeprHH 
peHTreH08CKHX nepeXOA08 H 3HeprHH CBR3H 3neKTpOHOB 8 aTOHax 6naropOAH~X 
r a30S . HMe~HX BHeWHHe saKaHCHH . nony .. eHW CABH r H peHTre HOBC KHX nHHHH K- H 

L -cepHH HeOHa . apro~a . KpHnTOHa H KCeHOHa . anA 3TH X .e 3neHeHTOB npHgeAeHW 
pe3ynbTaTbi \o13HeHeH\o1R 3Hepr/.1H C9 R3H K-. l " _ H Mil - YPoBHeH. 06HapYllleHbI 
pe3KHe H3MeHe HHA HaKnOHa HccneAyeHblx napaMeTpOB AnR KOH$Hrypa~HH l6naroPoA
HbiH ra3] H (6naroPoAH~H ralj nd 10(n _ 3.4). AnA aprOHa np .... SeAeHbI pe3ynbTaTbI 
paC~eTa H3MeHeHMR HHTeHCMSHOCTH peHTreHOBCKHX K-nepeXOAoe npH nOCneAOBa 
TenbHOH HOHH3aU\o1 .... 3neKTpOHHblX 06ono~eK. H3 CpaSHeHHR c 3KcnepHMeHTanbH~H 
AaHHWMH cneAyeT. ~TO TO~HOC T b paC~eTOS H3HeHeHHA 3Hepr~H peHTreH08CKHX nepe
XOAOS H 3Hepr .... H CBR3W 3neKTpOHOB He xy.e 5% . 

Pa fiOTa B~nonHeHa 8 OTAene HOBWX Me TOAOB y c Kope H .... R OH~" . 

npenpHHT OG~eA~HeHHOro MHcT~TyT a ftQepHWX ~ccneA08aHHM . AY6 Ha 1983 

Zscharnack G .• Mu sial G., Pil z R. P7-83-S7 
Charac t eris tic X-Ray and El ectron Binding Energies 
of 	Highly Charged Noble Gas Ions 

The energies of charac teristi c X-ray and el ect ron bind i ng energ i es 
of hi ghl y charged nobl e gas ions are comput ed for a successi ve i ncreas ing 
number of outer-s hel l vacancies by the Dirac- Fock-Sl ater method. X- ray 
energy shifts for t he K-and L-ser i es of neon, argon, krypton and xenon 
have been obtained. For these elements bi nd i ng energy shifts for the 'K - , 
Ln - and Mo -orbita l s are also d i~cu ~sed . ~or configurat i ons [nobl e ga s ) 
and [ noble gas) Dd10 (o_3,4) strong alterati ons of the investigated atomic 
parameters are met . Calculations for the change of the X-ray rates i n the 
argon K-series by i ncreasing outer- shell ion i Zation are provided. Compa r i 
sons between experimental and theoretica l results show tha t the accu racy 
of the calculated va l ues due to experi ments are in the range of abou t 5%. 

The invest i gation has been perf ormed at t he Department of New 
Acceleratio n r~et hods . JI NR . 

P l'" ep rin t o f the Joi nt Inst itute fo r Nucl ear Re search . Oubna 198) 
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