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BBenea11e 

IlpH Bhl'iHCfleHHH s¢JcpeKTHBHhiX Ce'ieHHH IIOCne}lOB8TeflbHOH HOHII38UHH 

aneKTpOHHhlM yJJapoM HeOOXOJllfMO HMeTb Haoop aaeprHH cBg31f lffllf lfOHif38-

UifOHHhiX IIOTeHUif8flOB ( l1Il) OpOHT8flbHh!X 9fleKTpOHOB1 COOTBeTCTBYIOIUIIX 

BceM rrepexonaM Z 0 --> Z 0 + I , rne Z =0,1,2 ••• ( Z - I )= ( Z - N ) -

38pSIJlHOCTb Hfllf Kp8THOCTb IIOHH38Uiflf IIOH8 C 8TOMHbiM HOMepoM Z If 

'ilfCflOM aneKTpOHOB lfOHHOrO OCTOB8 N • IlpH 9Hepr!IH 9fl8KTpOHHOrO ny'iK8 

Ee If l1Il, paBHhiX I , ceqealfe a = a ( E e , I ) nng oTnenhHhiX rrepexonoB 

Zo ... Z 
0 

+ I gBngeTCSI cyMMOH rrapuHanhHhiX ceqeHHH a 1 ( E e , I 1 ) , 

Ka*noe H3 KOTOPhiX Y'iHThJBaeT ynanea!fe opoHTanhHoro aneKTpoaa B rrpouec­

ce IIOHH38Uiflf lf3 nf -IIOJJOOOflO'iKH C HOMepoM i Ill. IlonHOe 9cpcpeKTIIB-

aoe ceqealfe HMeeT BHJJ: 

a 
afn (Ee /1 1 

( 1 --------- rrpii 11 '5 E e '5 I 2 
HflH 

11 Ee 

a 
M 

~ 
1=1 

M ~ a fn ( E /I ) 1=1 f I _____ e __ l_ 

I I E e 

rrpH Ee 2. IM at 
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3Jleeh I I - aHeprHSI eBSI3H aneKTpOHOB BO BHeUIHeA n £ -rroJl06onO'IKe, 

HnH Hn paaHoaeeHol!: HOHHaauHH; I 2 • • • • I M - aaeprHSI eaSiaH anexTpoHoB 

B 6onee rny60KHX ITOJl06onO'IK8X,HnH HD HepaBHOBeeHol!: HOHH38UHH; E
1 

'IHeno 8KBHBaneHTHhlX aneKTpOHOB B n £ -ITOJl06onoqKe e HoMepOM i i 

a "'4,0x 10-14 JlnSI 8TOMOB H 0JlH038pS!JlHbiX HOHOB H 4,5x 10-14 - JWSI MHO-

roaapS!JlHblX HOHOB B JlHanaaoae 500 aB < E e < 10 Kaa; M o:2-4 npH 

z E H II "'2-92. EenH aHeprHH H3MepSIIOTeSI B 8B 0 TO a<jxpeKTHBHOe e 

ee'leHHe a 6yJleT HMeTh p83MepHOeTh eM2 • 

HMeiOIUHeeSI B HaeToSIIUee BpeMSI Ta6nHUbi HIT paaaoaeeHoA HOHHaa­

UHHI 2-7 I SIBnSIIOTeSI aenonHbiMH, rrpH'I~M B pSIJle eny'lae HeHaseeTHbt Jl8)1(e rrep­

Bbie Hn. Ta6nHua Hn HepaBHOBecHoll: HOaHaauHH eoeTasneHa Ha oeHoBe axerre-

pHMeHTanhHbiX H pae'I~THblX JlBHHblX TOnhKO f!.nS! BTOMOB aneMeHTOB e Z 

"'2-1081 81 • aKenepHMeHTanhHbie JlBHHhie, eo6paHHbie B Ta6nHuax Mypa17 1 , a 

enyqae z ,79 eoJlep)l(aT TonhKo nepBbie Hn paBHoBeeaoA HOHHaauHH, pas-

Hhie I, "'9,22 H I 2 o:20,5 as, rrpH'I~M TaKoe rrono)l(eHHe xapaKTepHo anSI 

6onhUieA 'laeTH aneMeHTOB e Z ~ 30. 

0JlH8KO HMeeTeSI pS!Jl aKenepHMeHTanhHbiX 38Jl8'1 0 JlnSI peUieHHSI KOTOpb!X 

Heo6XOJlHMO 3H8Th Bee 8HeprHH eBSI3H aneKTpOHOB B 8TOMaX H HOH8X JlO o6naeTH e 

Z o:92 BKniO'IHTenhHo. HanpHMep, B aneKTpoHHony'leaoM HOHHOM HeTO'IHHKe 

+ 19 
Han

19
-

111 
nony'leHbi HOHhl c~6 

iiaaaa'leH )lnSI nony'leHHSI HOHOB 

N +7 +8 
0 H Au • Han rrpen-

+40 
eaepXBhiCOKHX aap.ruJ.HOCTei!: Au 

+60 
H U • AaanorH'IHb!e aaJla'IH eTaBSITeSI H rrpH e03Jl8HHH HOHHOrO HeTO'I!iH-

Ka HIPAC I 12,13 1. B o6oHx eny'laSix pae'I~T HOHHaauHoHHoA uerro'IKH MO)I(HO 

BhliTOnHHTh TOnhKO ITpH H8nH'IHH Ha6opa eoOTBeTeTBYIOUIHX aHeprHH eBSI3H op-

6HTBnhHblX aneKTpOHOB B aToMax H HOHax, BKniO'IaH HD paBHoaeeHol!: HOHH­

aaUHH JlO I 5o_60• 

UenbiO HaeToSIIUelf pa60Tbi HBnHeTeH pae'leT Ha6opa HD paaHoBeeHoA 

HOHH3BUHH I 1 - I 50 aToMa aonoTa, B KOTopoM BbiiTOnHSieTeH yenoaHe I Zo + 1> 

> Iz 0 M oTpa)l(eHa o6ono'le'IHaH eTpyKTypa aneKTpoaaoro o6naKa. Bee 

Bbi'IHeneHHH BbiiTOnHeHbl HBMH e ITOMOUihiO H8eTOnhHOrO aneKTpOHHOrO K8nh­

KynHTOpa "'anKa'. 

4 
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1. BnHHHHe o6ono'le'IHhiX alf>.PeKTOB aa n 

nocnenoaaTenhaoa HOHHaauHH 

Mo*Ho rroKaaaTr:., 'ITo a eneKTpe aapSinaoeTeA Han Jl 

38pHJlHOeTh rrpHXOJlHTeSI OKOnO 30% OT 06IUero 'IHena HOHOB/ 

HOeTh HOHH38UHH MO)I(HO Bb!p83HTb K8K p "'a j r , rJle 

TOK8 aneKTpOHHOrO ITy'IK8 H r - BpeMH HOHH38UHH. ITpH riC 

E e H r lf>opMa erreKTpa aapHJlHOeTeA 6yJleT onpeJlenSIThC 

'IHHoA Hn. B qaeTHoeTH, rrpH MoHoToaHo yaenH'IHBaiOuxHxeSI 

BHyTpH KaKoll:-nH6o n f -rrono6ono'IKH erreKTp rrpHo6peTae~ 

pH'IHYIO lf>opMy. B npoueeee rrepexoJla K O'lepeJlHOA, 6onee rn~ 

Hell: n 'f' -ITOJl06onO'IK9 0 r)le MD HeiTb!TbiB89T peaK HI!: eKa 

BaeTeSI B H9eKOnhKO paa, alf>!f>eKTHBHOe ee'leHHe pe3KO yMeHJ 

eTBHeM TBKOrO yMeHhUieHHSI alf>lf>eKTHBHOrO ee'leHHH 6yJleT "'KOM 

pa aapHJlHoeTel!: rrepen 6aphepoM B lf>opMe 6onee rny6oKol!: rrt 

IT03BOnSieT yMeHhUIHTh "!Heno KOMITOHeHT erreKTpa H B rrpeaene, ( 

BbieoKHM MD, rrony'IHTh MOHoxpoMaTH'IHbii!: aapHJlOBbiA erreKTp. 

lf>eKT MO)I(eT HMeTb MeeTO TOnhKO rrpH eKopoeTH HH)I(eKUHH H€ 

6o'lero aemeeTBa, 3H8'1HTenhHO MeHhUielf eKOpOeTH HOHH38UHE 

~ MeTOJlhl pae'leTa HIT 

DpoBeJleHHbdl: HaMH epaBHHTenhHhiA aHanHa HaaeeTHhiX "' 

HIT/6,14-23/ ITOK83biBaeT, 'ITO HaH6onee yHHBepeanbHbiM H 

IUHM rroeTaBneHHbiM B HaeTOHIUeA pa6oTe uenHM HBnSieTeH 

pal 15,161X: DpaaHna CnelfTepa JlnH HBXO)I(JleHHH senH'IHH napa 

pOB8HHH Sn£ "' ( Z - r8 /r) MO)I{HO npe)leTaBHTh B lf>opMe K 

nHUbi0 KOTOp8S1 rrpHBeJleHa HH)I(e ( Ta6n. 1) • 

x/ 
Pe~nbTaTbi pac"!1!ToB no MeToay XapTpH-~oKa nona 

HH3allHH E T 25/ H neyBbiX TpHaaauaTH Hn pasaosecaoA HOHH 
Kr 0 Xe H U 126 HCIIOnb30BanHCb H8MH B Ka'ieCTBe OCH 

HeHH>lo 
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1. BnHSIHHe ooonoqe'IHbiX acpcpexToB aa npouecc 

nocneaoBaTenbHOft HOHH38UHH 

Mo)I<HO noxaaaTb, 'ITO B cnexTpe aapSiaHocTeft H3n Ha onTHManbHYIO 

aapSiaHoCTb npHxoaHTCSI oxono 30% oT oomero 'IHCna HOHOB/9,131. BepoSIT­

HOCTh HOHH38UHH MO)f{HO Bbip83HTh KaK p = U j T 0 rae j - IInOTHOCTb 

TOKB aneKTpOHHoro IIY'IK8 H T - BpeMSI HOHH38UHH. ITpH IIOCTOSIHHblX j 

Ee H r .PopMa crrexTpa aapHaHocTeA 6yaeT orrpeaenHTbCH TOnbKO senH­

'IHHOii HIT. B 'ISCTHOCTH, npH MOHOTOHHO yeenH'IHBaiOmHxCH 3Ha'leHHSIX HIT 

BHyTpH KSKOii-nHOO D f -rroaooonO'IKH CIIeKTp npHoopeTaeT KB83HCHMMeT­

pH'IHYIO cpopMy. B rrpouecce rrepexoaa K oqepeaaoA, 6onee rny6oxoA BHyTpeH­

aeA n 'f' -rroao6onoqxe, rae HIT HCIIbiTbiBaeT peaK Hit cKa'IOK H ysenH'IH­

saeTCSI B aecxonhKO paa, aiP.PeKTHBHoe ce'leHMe peaxo yMeHbmaeTcSI. Cnea­

CTBHeM TBKOI'O yMeHbllleHHSI a4JcpeKTHBHOI'O Ce'leHHSI 6yaeT "'KOMIIpeCCHSI"' ClleKT­

pa aapSiaHocTeA rrepea 6apbepoM B cpopMe 6onee rny6oxoA rroaooono'IKH, 'ITO 

II03BOnHeT yMeHblliHTh 'IHCnO KOMIIOHeHT CIIeKTpa H B IIpeaene, COOTBeTCTBYIOilleM 

BbiCOKHM HIT, nony'IHTh MOHoxpoMaTH'IHbiii aapHaoBbiA crreKTp. IToao6Hbiii acp­
cpeKT MO)f{eT HMeTb MeCTO TOnbKO IlpH CKOpOCTH HH)f{eKUHH HeiiTpanbHOI'O pa­

OO'Iero semeCTBa, 3H8'1HTenhHO MeHbllleii CKOpOCTH HOHH38UHH. 

~ MeToahl pac'leTa HIT 

ITposeaeHHblii HSMH CpaBHHTenbHblft 8H8nH3 H3BeCTHbiX MeToaOB pacq~Ta 

HIT/6, 14-23
1 

rroxaabiBaeT, 'ITO HaH6onee yHHBepcanbHbiM H yaoeneTBopSIIO­

mHM IIOCTaBneHHbiM B HSCTOSimeii pa6oTe uenSIM SIBnHeTCSI MeToa CneiiTe­

pa/ IB,16/X: ITpaBHna CneATepa anH aaxo)f{aeHHH senH'IHH rrapaMeTpoB aKpaHH­

poBaHHH Snf = ( Z - fH ;; ) MO)f{HO IIpeaCTSBHTb B cpopMe KOMIISKTHOil: T80-

nHUbl0 KOTOpBS! IlpHBeaeHa HH)f{e ( Taon. 1) • 

x/ 
Pe~nbT8Tbi pac'I~TOB no MeTOilY XapTpH-<I>oKa rronaoA aaeprHH Ho-

HH381lHH E T 25/ H nepBhiX TPHH81lll8TH Hn pasaosecaoA HOHHaanHH Ar , Cu , 
1(,. , Xe H U / 26 HCIIOnh30B8nHCh H8MH B K8'1eCTBe OCHOBhl Jlml CJJ8B-

HeHH>1. 
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Ta6nuua 

n f - aneKTpOH 0 

nm1 KOToporo 
onpenenSieTcSI Snf 

BKnan B sn f OT K8lKAOrO n 'f' -sneKTpOH8 
38 HCKniO'IeHHeM nf -sneKTPOH8 

n1 ST p/ d/ t' 

ns1np 0185(.DJI)s o,85(n-1)p o,a5(n-1)d 0185(~)t 
01 35ns 0,35np o,OOnd o,OOD:t 

nd 1 100(n-1)s 1 100(~)p l,OO(n-l)d 1 ,OO(n-t~)f 
1,00ns 1,00np o,J,nd o,OOnt 

Dt 1100(nJI)s 1 100(n-1)p 1100(n..,)d 1,00(n-1)f 
1,00ns 1,00np 1,00Ad. 0,35Dt 

npaBHna Cnei!:Tepa BblBelleHbl H3 cpaBHeHHSI paC'I~THbiX H 9KCnepHMeHTanbHbl:X. 

3Ha'leHHi!: paanH'IHblX 9HepreTH'IeCKHX napaMeTpOB aTOMOB H HOHOB npH Z ~30, 

n09TOMY npHMeHeHHe 9THX npaBHn B o6naCTH aneMeHTOB C Z > 30 SIBnSieTCB 

/16/ 
Heo6oCHOBaHHOi!: 9KCTpanonSIUHei!: • 

HaH6onee cymecTBeHHblMH HellOCTaTKaMH npaBHn CneATepa SIBnSI~TCSI 

HanH'IHe s - 1 p -BbipO:lKJleHHSI no f H OTCyTCTBHe penSITHBHCTCKOI'O 

()6o6meHHSI aTHX npaaHn. BcnellCTBHe npeae6pe>KeHHSI aKpaHHpy~mHM lleAcT­

BHeM BHeWHHX n ' f' -aneKTPOHOB Bbi'IHcneHHbJe no Cnei!:Tepy 3Ha'leHHSI Snf 

SIBnSI~TCSI papaMeTpaMH BPyTpeaaero 9KpaHHpOBaHHSio 0JlHaKO Y'I~T BHeWHero 

9KpaHHpOBaHHSI 3Ha'IHTenbHO yaenH'IHBaeT TpyllOeMKOCTb paC'I~TOB0 He llaBaSI 

OllHoapeMeHao cymecTaeaaoro BbiHrpbiWa a To<~aocTH pac<~~THbiX Hn. 

TipH CHSITHH Bb!pO:lK,IleHHSI no f Yll06HO npellCTaBHTb napaMeTp 9Kpa-

HHpOBaHHSI B BHile sn e = ( p -1 ) X + Q y + R v • rile p - 'IHcno 

sneKTpoaoB a co6cTaeaaol!: rpynne paccMaTpHBaeMoro aneKTpoaa, Q H R 
- 'IHCnO aneKTpOHOB BHyTpeHHHX rpynn, Ka>Kilblit H3 KOTOpbiX JlaeT BKnallbl 

Y H V cooTBeTCTBeHHO. B cny<~ae aMnBpH<~ecKHX npaaun Cnei!:Tepa 

X = 0,35 (0,30) I y =0,85 H v = 1,00. 
/24/ 

lleHTH npellnO>KHn llnSI CHSITHSI s-, p -BblpO>KileHHSI y'IHTbiB8Tb 

BXnall BHYTpeHHHX n 'f ' -nooooono'lf&X no cTapblM npaBHnaM CneATepa, a X 

HaXOilHTbH3 ypaBHeHHSI 

6 

-~. 

, I 

-

~ ( 
z- S 1 

)2 - ~ ( 
z- slm 

)
2

=1(n ,f 
n* l~m n* m m 

I I 

e + 1 
I ( n , e ) = I ( n , f , j ) + -- [I (n , f ,j+l)- I (J 

2f +l 

I (n, 0) = I ( n , 0 , l/2 ) , f = i + l/2 ' 

rAe I ( n , f , j ) HBnSI~TCSI sKcnepHMeHTanbHbiMH Hn aepaBHI 

UHH anSI sneMeHTOB c Z =2-41. B pa6oTe/24/ paccMoTpeJ 

THBHCTCKaSI, TaK H penSITHBHCTCKaSI MeTOilHKH onpelleneHHSI 

MeHToB c Z ~ 36. TeM ae MeHee lla>Ke npH HcnonbaoBall 

TanbHbiX Hn anSI noaroHKH aaa'lfeHHi!: X no HepenSITHBHC 

CneATepa-lleHTH s - , p -BblpO>KileHHe 110TeHuHanoB paBHI 

UHH He CHHMaeTCSI 1 T8K KBK ( Q. Y + R . V ) n " = ( Q • Y 

H ycnoBHe I z + 1 > I z sa BelloMo He Bbli10nHHeTcSI, 11DTc 
0 0 

HHe Hn AnSI s - H _ p -110ilo6ono1feK coal1alla~T no aenH'II 

3. H o B bi e 11 p a B H n a C n e l!: T e p - M H C n e ATe J:: 

Ha cpaaaeHHSI aKcnepHMeHTanbHbiX Hn paBHoBecHoi!: He 

nonHblX 9HeprHA HOHH3aUHH E T / 25/ C paC'If~THbiMH B 0611 

HaMH aai!:JleHbi HOBbie 9M11HpH<~ecKHe npaaHna Cnei!:Tep- M 

Snf H ~$eKTHBHoro rnaBHoro KBaHTOBoro 'lfHCna n* • r 
peaynbTaTe p8C'I~Ta 110 HOBbiM 11paBHnaM Ha6op HepenSITHBHCTCI 

BOpS!eT nOCTaBneHHblM B HaCTOSIIUeA pa6oTe uenSIM H He HMec 

BbiPO:lK.IleHHSI, TipaaHna CneifTep- M HMe~T cnelly~mHA BHl 

a) TipH n =1; 2; 3; 4; 5; 6; 7 ~eKTHBHOe KBaHTO: 

= 1; 2; 3; 3,7; 4,0; 4,2; 4,3 1 T,e, .QnSI n =7 BBOilHTCSI HOI 

KBaHTOBOe 'IHCnO n* =4,3, 
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~ 
z- S1 

n* 
I 

)2 ·- ~ 
ifm 

z- slm __ ) 2 

n* 
I 

I ( n m e > , 
m 

I ( n , f. ) 
e + 1 

[I(n ,f.,j+O-I(n,f.,j)], (1) l(n,f.,j + 
2f +l 

I (n,O) I ( n , 0 , l/2 ) , e + l/2 ' 

rJle I ( n 'e ' j ) SIBnsnoTCSI aKcnepHMeHTanSHbiMH HIT HepaBHOBeCHOA JiiOHJil3a­

UJi!Jil Jl.IISI aneMeHTOB c Z =2-41. B pa6oTe/24/ paccMoTpeHhi KaK HepenSI­

TRBHCTCKaSI, TaK Jii pe.IISITHBJiiCTCKaSI MeTOJlHKH onpeJleneHHSI S n f. Jl.IISI ane­

MeHTOB c Z ":_ 36. TeM He MeHee Jla)Ke npH HcnonhaoaaHHH aKcnepHMeH­

TanhHhiX HIT Jl.IISI no)lrOHKH 3Ha'leHHA X no aepenSITHBHCTCKoMy MeTOJlY 

CnetiTepa-lleHTH S- I p -BblpO)KJleHJile noTeHUJilanOB paBHOBeCHOA JiiOHJil3a-

UHJil He CHHMaeTCSI 1 TaK KaK ( Q. Y + R.V)ns =(Q.Y + R • V ) np 

H ycnoBHe I z + 1 > I z aaaeJloMo He BhiiTO.IIHSieTcSI, noToMy 'ITO nocneJl-
o 0 

HHe HIT Jl.IISI s - H _ p -noJlo6ono'leK coanaJlaiOT no aenH'IHHe. 

3. H o a hi e n p a B H n a C n e AT e p - M H C n e A T e p - MN 

Ha cpaaaeHHSI aKcnepHMeHTanhHbiX HIT paauoaecHoA HOHH3aUHH/5, 7 I H 

nonHhiX aueprHil: HOHHaauHH E T 1251 c pac'I~THhiMH B o6nacTH Z = 1-92 

HaMH HaAJleHbi HOBbie aMnHpH'IeCKHe npaBHlla Cnell:Tep- M JlllSI onpeJleneHHSI 

Snf. H a$~eKTHBHoro rnaBHoro KBaHToaoro 'IHcna n* • ITony'laiOmHAcg B 

peaynhTaTe paC'I~Ta no HOBhlM npaBHllaM Ha6op HepenSITHBHCTCKHX HIT YJlOBlleT-

BOpSieT nocTaaneHHbiM B HaCTOSIIIleJ:I: pa6oTe Uel!SIM H He Ji!MeeT 

BbipO)KJleHHSI. ITpaBHlla CnetiTep- M HMeiOT cneJlyiOIIlHA BHJl: 

s -. p -

a) ITpH n =1; 2; S; 4; 5; 6; 7 ~eKTHBHoe KBaHToaoe 'IHCllO n* • 

= 1; 2; 3; 3,7; 4,0; 4,2; 4,3, T.e. JlllSI n =7 BBOtiHTCSI HOBOe scJ>~eKTJiiBHOe 

KB8HTOBOe 'IHCllO n* =4,3. 
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6) .[l!ISI onpeneneHHSI Sn f aneKTpOHbl p83JienSIIOTCSI HS rpynnbi 1 CllBna-

Jl81011lHe c n e -nono6ono'IK8MH: Is • 2s • 2p • 3s • 3p • 3d • 4s 

7s 

B) 3neKTpOHHbie rpynnbi1 HSXOJlS!lllHeCSI CHapyJKH p8CCM8TpHB8eMOil: rpynnb1, 

He BnHSIIOT HS BenH'IHHy S n f 1 T.e. no SHanorHH C COOTBeTCTBYIOlllHM npa-

BHnoM Cnei!'Tepa y'IHTbiBaeTCSI TOnbKO BHyTpeHHee axpaHHpoBaHHe. 

r) Ka)I(Jlbiii: aneKTpoH H3 co6cTBeHHOII: rpynnbi paccMaTpHBaeMoro n f 

aneKTpoHa yBenH'IHBaeT Snf Ha, X =0,30 npH n =1 H Ha X =0,35 npH 

n •> 2. 

Jl) EcnH paCCMSTpHBSeMbiil: aneKTpOH OTHOCHTCSI K DS -rpynne, TO KSlK­

Jlbiil: aneKTpoH BHyTpeHHell: rpynnbi c rnaBHbiM 'IHcnoM ( n - I ) yBenH'IHBaeT 

Sn f HS Y =0,80, a KSlKJlblil: aneKT_ROH H3 eme 6onee rny60KOII: BHyT-
" ~ 

peuuell: rpynnbi - Ha V =1,00. 

e) EcnH p8CCM8TpHB8eMblil: aneKTpOH OTHOCHTCSI K D p -rpynne, TO 

npH D :5_ 3 KS)I(Jlblil: aneKTpOH H3 D S -rpyDfibl H BCeX BHyTpeHHHX rpyiin 

C rnaBHbiM KBSHTOBbiM 'IHCnoM ( D -I ) yBenH'IHBSeT S n f Ha Y •0,80. 

IlpH n > 3 anexTpOHbi H3 ( n - I ) s - H ( n - I ) p-rpynn naiOT BKnan Y = 

=1,00, a aneKTPOHbi H3 ( n- I) d- H (n- I) £ -rpynn Y =0,80. B o6oHx 

cnyqagx KalKJlbiii: aneKTpoH H3 eme 6onee rny6oxoll: BHyTpeHHell: rpynnbi yBe-

nH'IHBaeT Snf Ha V =1,00. 

..... lK) EcnH paccMaTpHBaeMbiil: aneKTpOH OTHOCHTCSI K nd -rpynne, TO 

Ka)I(Jlbiil: aneKTpOH H3 ns- H np- rpynn yBenH'IHBaeT Sn f Ha Y =0,80, 

a KaJKJlbiii: aneKTpoH H3 eme 6onee rny6oKHX BHyTpeHHHX rpynn - ua Y = 1,00. 

3)EcnH paCCMaTpHBaeMbiil: aneKTpOH GTHOCHTCSI K D f -rpynne, TO npH 

B •4 BCe aneKTpOHbl BCeX BHyTpeHHHX rpynn yBenH'IHBaiOT S n f Ha 

y = v = 1,00. IlpH n > 5 aneKTpOHbl H3 n s -, np- H nd rpynn-

na10T BKnan y =0,80. 

B Ta6n. 2 npaBHna Cneii:Tep- M npHBeneHbi B 6onee yno6Holl: <f!opMe. 
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Ta6nnua 2 

BKnaJl B s n f n f -aneKTpoH, 
JlnH KOToporo 
onpeJlenl!eTcS!S,.f 

38 HCKniO'IeHHeM 
OT K8JKJlOrO D 'f ' 
n f -aneKTpoaa 

Dl •' p/ 

ns o,8(~)• o,ac~>P 
(0,)0)0,35ns o,oap 

d/ 

o,a(n-4)4 
o,ODd 

tl 

~ (1,0) o,8(~)s (1,o)o,a(~)p o,~)d 
o,OD.d 

nd 

o,ana o,3511P 

1,Q(D'II1)a 

o,SDS 
1,0(n-4)p 
o,SJ~p 

1,0(a-1)4 
0,)5nd 

Dt 1,o(n-1)a 1,0(...,)p 1,0(~)4 

(0,8)1,0ns co .. a)1,0l:lp (0,8)1,0nd 

Pe3ynbTaTbi npHMeHeHHSI npaBHn Cneii:Tep- M npH Z 

HHlKe. B cxo6xax naHbl 3Ha'leHHSI sn e 

ls 2 

2s 2 

2p6 

3s 2 

3p 6 

3d10 

4s
2 

4p 6 

4d10 

4f 14 

Ix0,30 

Ix0,35 

5x0,35 

Ix0,35 

5x0,35 

9x0,35 

Ix0,35 

5x0,35 

9x0,35 

I3x0,35 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

oxo,a 
2x0,8 

4x0,8 

8x0,8 

IOx0,8 

axo,a 
I8x0,8 

I2x0,8 

axo,a 
oxo,a 

9 

, nony'leHHbie no c· 

+ o,xr,o .. o,sc 
+ oxr,o = I,9~ 
+ oxr,o .. 4,9~ 

+ 2xr,o .. a, 7~ 
+ 2xl,O = II,~ 
+ IOxi,O = 19,~ 
+ IOxi,O = 24,~ 
+ I8xi,O :: 29,: 

+ 28xi,O .. 37 ,~ 
+ 46xi,O = 50,' 



Ta6nHua 2 

nf -sneKTpOH1 BKnaa B s nf oT Ka>Kaoro n 'f ' -sneKTpoaa 

ansi KoToporo 38 HCKni0'19HH9M n f -sneKTposa 

onpeaenHeTcSISnf 

Dl I •' p/ d' t.' 

'\ DS o,e(Dolf1)• o,e(D-'I)p o,e(ZII'I1)4 o,e(DJ1):t 
t 

I (0,)0)0,35DS o,ODp o,ODd o,OD:t 
I. 

I np (1,0) o,e(~)s (1,o)o,e(~)p o,~JLooo't)d o,e(n-11 ):t 
,j 
.I o,Sns o,35DP o,ODd o,OD:t 

t nd 1,Q(n-1)• 1,0(n--'1)j) 1,0(Jl!llft)4 1,0(n-'l):t 

o,Sns o,SDp 0,35nd o,OD:t 

) 
1l:t 1,0(n.J1)• 1,0(JlM'1)p 1,0(~)4 1,0(11-'1):! 

(0,8)1,0ns (0,.8)1,011p (0,8)1,0nd 0,35nt 

PeaynbT8Tbi npHMeHeHHSI npaBHn CneltTep- M npH Z =79 npHBeneHbi 

·-· HH)Ke. B CK06Kax naHbl 3H8'1eHHSI s n e , nony'leHHbie no cTapb!M npaBHnaM. 

ls 2 rxo,so + Ox0,8 + o,xr,o ::: 0,30 (O,SO) 

2s 2 Ix0,35 + 2x0,8 + oxr,o = 1,95 (4,15) 

> 

i 2p6 5x0,35 + 4x0,8 + oxr,o ,. 4,95 {4,15) 

3s 2 Ix0,35 + 8x0,8 + 2x1,0 = 8,75 ( 11,25) 

\ 
3p 6 5x0,35 + IOx0,8 + 2x1,0 = II, 75 ( 11,25) 

3d10 9x0,35 + 8x0,8 + roxr,o :: 19,55 (21,15) 

4s 2 Ix0,35 + I8x0,8 + IOxi,O :: 24,75 (27,75) 

4p 6 5x0,35 + I2x0,8 + I8xl,O = 29,35 (27,75) 

4d10 9x0,35 + 8x0,8 + 28xi,O ::: 37,55 (89,15) 

4f 
14 I3x0,35 + Ox0,8 + 46XI,O = 50,55 (50,55) 
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I 

t\ ' ·: 

2 
Ix0,35 32x0,8 + 28xi,O = 53,95 (57,65) 5s + 

6 5x0,35 26x0,8 + 36xi,O = 58,55 (57,65) 5p + 

5d tO 9x0,35 + 8x0,8 + 60xi,O = 69,55 (71,15) 

6s 1 Ox0,35 + I8x0,8 + 60xi,O = 7 4, 40 ( 75,80) 

UnH ysenuqeHHH ToqaocTH pacq~Ta npasuna CneATep- M aononHH~TCH 

npoueaypoA noaroHKH senuqua Snf no axcnepHMeHTanbHbiM H axcTpanonH­

posaHHbiM aaaqeHHHM aaeprHA CBH3H aneKTpoaos15•81 • B aToM cnyqae ( npa­

BHna CneATep- MN ) B ypaBHeHHe Sn e = (p-I) X+Q y +R v noacTaBnH~TCH X= 

=-0,35, V =1,00 H no <lJopMynaM ( 1) onpeaenHeTCH onTHManbHOe aaaqeaue Y • EcnH 

aTo aaaqeaue Y > 1,00, TO anH 

PeaynbTaTbi pacq~TOB Hn 

ToaaM CneAl'epa, CneATep- M 

Y = 1,0 onpeaenHeTCH onTHManbaoe aaaqeapo X. 
~ 

pasaosecaoA HOHHaauHH aonoTa ao I 50 no Me-

H CneATep- MN npHseaeHbi B Ta6n, 3, B 

Ta6nHU9 4 IIOK838Hbl CpaBHHT9nbHbl9 Jl8HHbl9 no nonHbiM aHeprHHM HOHH38UHH 

E T , rronyqeHHbie JlnH pHJla aneMeHTOB OT renHH JlO ypaaa B pacq~Tax no 

MeTOJlY CneATepa, CneATep- M , Hepem1 THBHCTCKHM MeToJlaM XapTpH 

(NR-H) 1251• XapTpH-<I>oKa (NR-HF) /25/. penHTHBHCTCKOMY MeTOJlY nupaKa­

CneATepa (R-DS) 1251, a TBK:lKe s axcrrepHMeHTax no onpeJleneHH~ 11n15• 71 • 

..... 
4. B bl B 0 Jl bl 

BCSI COBOKynHOCTb nonyqeHHblX JlBHHbiX CBHJleTenbCTByeT 0 TOM, qTO 

npeJlno:lKeHHbie aaMH npaBHna CneATep- M aapHJlY co CHHTHeM BbipO:lKJleHHH 

no e o6ecneqHB8~T aa6op Hn H nonHble aHeprHH HOHH38IlHH E T • rrpaK­

THqeCKH COBnaJla~mHe C COOTBeTCTBy~mHMH BenHqHH8MH H3 HepenHTHBHCT -

cxux qucneHHbiX pacq~Tos rro MeToay XapTpH ( NR-H) 1251. 

Bonee ToqHhle 3HaqeHHH aaeprHA CBH3H anexTpoHoB MO:lKHO nonyqHTb 

H3 penHTHBHCTCKoro o6o6meHHH rrpaBHn CneATep- MN no <tJopMynaM H3 pa6o-

Tb/241, peaynbTBTOM npHMeHeHHH KOTOpbiX HBn.II~TCH npaBHna CnettTep - MR , 

MeTOJlbi pacq~Ta no rrpasunaM CneATep- M , CneATep- MN H Cnett-

Tep- MR CB.II3BHbi Me:lKJly co6oA, T,K, KB:lKJlbiA npeJlbiJlymHA aa6op npaBHn 

HBnHeTCH nepBbiM npH6nH:lKeHHeM JlnH nocneJly~mero. <l>opManbHoe paanHqHe 

10 

Me)KJly Tp9M.II B8pH8HT8MH OT06pa:lK89TCSI B 3HaqeHHHX napaMe• 

H H3M9H9HHH «fJopMbl ypaBH9HHA ( 1) IIpH nepexoae K penHTHBHC~ 

CnettTep- MR , 
Hn aepasaosecaoA HOHHaauHH rronyqa~TCH B «fJopMe npoMe: 

nbTBTOB npH pacq~Tax no MeToaaM CneATep- MN H CneATep-

B aaxn~qeHHe asTop cqHTaeT csoHM npH.IITHbiM JlOnroM 

E.n. UoHua aa ueHHbie JlHCKyccHH no aaTpOHYTbiM B cTaTbe 1 

nHT8pSTyps 

1. W. Lotz. Astroph.J.Suppl,, ~4. 207 (~967), 
2. E, Lisitzin. Comm.Phys. -Math.Soc.Sci.F'enn., ~0. 

8, W. F'inkelnburg, W. Humbach. Naturwiss., 421 35 

4. M, Von Ardenne, Tabellen der Elektronenphysik, loJ 

Ubermikroskopie, L 580 ( ~ 962). 

5, W. Lotz, J,Opt,Soc.Am., 57, 873 (~967), 
6, S,O, Kastner, J.Chem.Phys., 50, 2896 (~969), 
7, Ch,E. Moore. Circular of Natl.Bureau of Sts., No 467 

(1958). 

B. W. Lotz. J,Opt.Soc.Am., .§!2, 206 (~970). 
9, E.P.. P.oHeu, B.H. 11niDIIXeHKO, B.A. AnbnepT, llpenpHHT C 

P.y6Hs, 1968. 

10. E.P.. P.oHeu, B.H. 11niOIIXeHK01 B.A. AnbnepT. llpenpHHT C 

.Qy6Hs, 1989. 

11.E.D. Donets, V.I. Uyushchenko, V.A. Alpert. Premie. 

interna.tionale sur les sources d'ions, p. 635, 11\. 

~B-20 juine ~969. 

12. G. S. Janes, R,H, Levy, H.A. Bethe, B. T, F'eld. 

925 (~966). 

Pl 

18. J.D. Daugherty, L. Grodzins, G,S, Janes, R,H, Levy. 

20, 369 (~968). 

14. A. Sommerfeld, Z.LPhysik, 80, 4~5 (~933}. 
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MelKllY TpeMSI sapHaHTaMH oTo6pa*aeTCSI B aHa"l:eHHSIX napaMeTpoB X H Y 

H HaMeHeHHH !flopMbl ypaBHeHHi!: ( 1) npH nepeXOile K penSITHBHCTCKHM npaBHnaM 

Cnei!:Tep- MR , 
HIT HepaBHOBeCHOi!: HOHHaauHH nony"iaJOTCSI B !flopMe npoMe)l{yTo"l:HbiX peay-

nbTBTOB rrpH pac"i~Tax no MeTollaM Cnei!:Tep- MN H Cnei!:Tep- MR • 

B aaKnJO"l:eHHe asTop C"iHTaeT CBOHM npHSITHhlM llOnroM rro6narollapHTb 

E,.Ll, .LloHU8 38 UeHHbie llHCKyCCHH IIO 38TpOHYTbiM B CT8Tbe BOIIpOCaM, 

nHTepaTypa 

1, W, Lotz, Astroph.J.Supp1,, 1.4, 207 (1.967). 

2. E. Lisitzin. Comm.Phys. -Math.Soc.Sci.Fenn., ~ H.4 (1.938). 

3. W. Finkelnburg, W. Humbach. Natui;JNi.ss., 42, 35 ( 1. 955), 

4, M. Von Ardenne. Tabellen der Elektronenphysik, Ionenphysik und 

Ubermikroskopie, L 580 ( 1. 962), 

5, W. Lotz. J,Opt.Soc.Am., 57, 873 (1.967), 

6. S,O, Kastner. J,Chem.Phys,, 50, 2896 (1.969). 

7, Ch.E. Moore, Circular of Natl,Bureau of Sts., No 467, III, Table 34 
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9. E.D.. D.oeeu, B.H. HmoiUeHKo, B.A. AnbirepT, lipenpHHT OHHH, P7-4124, 

D.y6Ha, 1968. 

10, E,D., D.oeeu, B.H. HmoiUeHKo, B.A. AnbnepT. lipenpHHT OHHH, P7-4489, 

Jly6Ha, 1969. 

11. E,D, Donets, V.I. Uyushchenko, V.A. Alpert. Premiere conference 

internationale sur les sources d'ions, p. 635, INSTN, Saclay, 

18-20 juine 1.969, 

12, G. S. Janes, R.H. Levy, H.A. Bethe, B. T. Feld. Phys,Rev., 1.45, 

925 ( 1. 966). 

13. J.D. Daugherty, L, Grodzins, G,S, Janes, R.H. Levy, Phys,Rev,Lett., 

20, 369 (1.968). 

14. A. Sommerfeld. Z.f.Physik, 80, 41.5 (1.933). 
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~300 (~967). 
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M 
n/n 

Ta6naua 3 

Hn paBHOBecaoA HOHH38QHH aToMa aonoTa (as) 

3oMMep<Penbn CneATep CneATep-M CneATep- MN 
/14/ I 15/ ( HaCTO!!lll8H pa6oTa) 

nacar 
/2. 

1 1.8 10,5 16,3 9.3 9. 
2 8,2 9,4 24,3 18,5 18, 
3 17,4 17,3 34,1 2?,6 30, 
4 29,0 25,8 44,5 37,4 43, 
5 42,8 34,9 55,5 47,7 57, 
6 58,? 44,7 6?,3 58,? ?3, 
7 ?6,? 55,0 79,5 ?0,3 96, 
8 96,7 66,0 92,5 82t5 114, 
9 118,8 ?7,7 105,9 95,4 133, 
10 142,8 89,9 120,1 108,9 152, 
~1 161,2 102,8 1~,~ ~,0 17$e 
2 197,6 291,6 2 • 2 ,1 -

13 227,7 322,0 317,8 229,3 -
14 261,1 347,0 342,1 250,2 -
15 295,9 372,6 367,1 2?1,7 ~ 
16 333,7 398,8 392,7 293,9 -
1a :lt2.6 42~·~ 418.4 ... 16.6 .. 1 8,6 45 t 518,24,0 
16 4'{'g 481 1 j ~·j ~1 12 • 2 5 , 545, , 4 o,6 ... 
21 555t5 582,2 582,2 524,9 M 

22 611,9 619,8 619,8 561,1 -
23 667,9 658,3 658,3 597,5 -
24 726,0 697,2 697,2 634,9 
25 791,4 737,1 737,1 673,2 -
26 855,0 777,6 777,6 712,0 918,1 
27 926,8 819,0 819,0 751,6 953,1 
28 999,1 860,9 860,9 791,9 987,1 
29 1070 903,6 903,6 833,0 1040 
30 1156 947,0 947,0 87~~,8 1060 
31 1237 991,3 991,3 917,3 1080 
32 1330 1036 1036 960,6 119~ 
~ 1424 1081 1081 1004 1210 

1516 1327 1446 1574 2190 
35 1617 1380 1502 1632 2260 
36 1737 1434 1558 1691 2310 
37 1832 1490 1616 1751 2360 
38 1963 1~5 1674 1811 2410 
39 2083 1602 1733 1872 2550 
40 2229 1659 1792 1934 2590 
41 2350 1717 1853 1997 2630 
42 2425 1?76 1914 2061 26?0 :i 26~~ 18~ 1~,6 212( 2~00 2s: 23 2 5 233 2 ?o 
45 2979 2428 234 3 2403 3000 
46 3141 2498 2413 2473 3030 
47 3343 25?0 2483 2543 3130 
48 3523 2642 2553 2615 3150 sa ,920 2~1~ 2624 2964 ,1~ 52 28 2885 2 2o 

~ - 560,77 478,46 482,87 508,0? 531.~ 

~(NR...U) • 486,03 K3B • ET(R-DS) a 51?157 K3B• 
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N, 
rr/rr 

Ta6naua 3 

Hfl pBBHOBeCHOA HOHH3BUHH BTDMB aonoTa (3B) 

3oMMep<jlenbll CneATep CneATep-M CneATep- MN 
/14/ /15/ ( HBCTOHlltBH pa6oTa) 

nHCHUbiH 
121 

1 1.8 10.5 16,:3 9.:3 9.3 
2 8,2 9,4- 24,) 18,5 18,8 
) 17,4 17,) 34-,1 27,6 30,5 
4 29,0 25,8 44,5 37,4- 43,5 
5 42,8 34,9 55,5 47,7 57,8 
6 58,? 44,7 6?,) 58,7 73,1 
7 76,? 55,0 79,5 ?0,3 96,4 
8 96,7 66,0 92,5 82,5 114,4 
9 118,8 77,7 105,9 95,4 133,3 
10 142,8 89,9 120,1 108,9 152,5 
11 "161.2 102.8 134.9 123,0 172.0 12 19?,6 ~7Jo ________ G9lft'f ---- · 2~;1-- -----.. 
13 227,? 322,0 317,8 " 229,3 -
14 261,1 347,0 342,1 250,2 -
15 295,9 3?2,6 367,1 2'71,7 -
16 333,7 398,8 392,7 293,9 -
1? - 3'12 .... 6_ _4~.5 .. '1 .. _1+18~9 316,6 .. 
~- -ll-'18;6 -- - 453;2-- -- -5-rs;4--- -- ·q:-24-,u 
19 459.9 481,3 548.9 451.2 .. 
20 511,8 545,3 545,3 ~~ 
21 555,5 582,2 582,2 524,9 
22 611,9 619,8 619,8 561,1 
23 667,9 658,3 658,3 59?,5 
24 ?26,0 69?,2 697,2 634,9 
25 791,4 ?3?,1 73?,1 6?3,2 " 
26 855,0 777,6 777,6 712,0 918,0 
2? 926,8 819,0 819,0 751,6 953,0 
28 999,1 860,9 860,9 791,9 987,0 
29 1070 903,6 903,6 833,0 1040 
30 1156 947,0 947,0 874,8 1060 
31 123? 991,3 991,3 91?,3 1080 
32 1330 1036 1036 960,6 1199 
33_ 1424 1081 - 1081 1004 1210 

... .. -.. 

34 1516 1327 1446 1574 2190 
35 161? 1,380 1502 1632 2260 
36 1?37 1434 1558 1691 2310 
37 1832 1490 1616 1751 2360 
38 1963 1~5 1674 1811 2410 
39 2083 1602 1733 1872 2550 
40 2229 1659 1792 1934 2590 
41 2350 1717 1853 1997 2630 
42 2425 1??6 1914 2061 26?0 
43 263'l ____ -- 1836 1976 2125 2?00 
44 2812 2)58 2275 2334 29?0 
45 2979 2428 234 3 2403 3000 
46 3141 2498 2413 2473 3030 
47 3343 2570 2483 2543 3130 
48 3523 2642 2553 2615 3150 
!:!:9____3720 2715 - __ 2~24 268'1 3170 
50 3957 2789 2885 . ~961+- . -J?N 

ET • 560177 478146 482,87 508,0? 531 t'l? (K3B) 

ET(NR~) • 486,03 K3Bf ~(R-DS) a 51?,5'7 Kaa. 
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Ta6nHua 4 

nonHble SHeprHH HOHH38UHH ET ( ae) 

3KcnepHMeH- Cnel!Tep-M Cnel!Tep XapTpH llHpaK-CneliTep z TBnbHbie 3Ha-
(Hac•.pa6oTa) /15/ /25/ /25/ 

'!eHHSI 
(NR-H) 

/5,7/ 
(R-DS) 

2 79,0 78,6 78,6 ??,8 76,1 
5 6?1,0 675,1 669,7 667,6 6.54,4 
6 1030,1 1036,1 1027,4 1024,9 1008,2 
? 1486,1 1492,4 1479,6 1478,3 1457,6 
8 2043,7 2052,8 20~,0 2037,0 2011,7 
9 2715,7 2725,8 2702,3 2710,4 2679,7 

10 3511,6 3520,1 3490,0 350?,6 3470,5 
18 14397 14360 14290 143?1 14314 
29 44705 44488 43955 44646 44866 

35 - 69135 68757 70061 70?15 
54 - 194695 192559 196874 202331 
79 - 482867 478458 486035 51?572 
83 - 543737 538905 546691 586441 
92 - 696870 690805 698136 763174 .--. 
1lq • 13,6 ae. 
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