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Bseaeaae 

Yp8saeaae Wpeaaarep8 38Jl8'1H asyx ueaTpos, T.e. 38Jl8'1H o ABR)I{eaaa 3II9ltTpoaa 

B none JlByX <jlHKeHpOB8HHbiX ltYIIOROBeltHX UeRTpOB e 38p11Jl8MH Z 1 H Z 
2 

, yn8neRRblX 

R8 p8eeTOSIRHe R , HMeeT sau
11

•
21 

'11
0 (R; i')= En {R)IJI. (R;i') (1) 

r 
1 

, r 
2 

- p8eeTOIIHHe 31IeKTpOH8 JlO 38p!IIlOB Z 1 H Z 2 eoOTBeTeTB9HHO; h = m = e = 1 ). 

3T8 KII8eeH'!eeK81I 3Rn8'18 KB8HTOBOA M9X8HHKR B TeOpHH eTpOeHHR H eneKTpOB MOne

KYII arp8eT TY )l{e ponb, 'ITO a 38Jla'la oo 8TOMe souopona s Teopaa eTpoeaaa aTOMOB, B 

IIOCIIe)lHee speMSI IIOTpeOHOeTH <jlH3HKH Me30HOB IIpB HR3KBX 3HeprHRX BHOBb B03ponanH HH
/3,4/ 

Tepee K 38Jl8'!e nsyx UeHTpOB 

Oua8KO aeeMoTpR aa rroRSITHhtA uaTepee K 3TOA 38Jl8'1e a oOIIbrnoe qaeno paooT, rro

esmuel:!HbtX ell (eM. H8rrpaMep,
11

•
2

•
31

), oaa no eax nop ae perneaa s oomeM sane, T.e. rrpa 

liPOBCIBOIIbHbiX 3H8'1eHBRX z 1 • z 2 • R • npa'lRH TOMY nne: so-rrepBb!X, rrpa IIpOH3BOnb-

HbiX R ee aenb31I pernBTb aa8nBTR'IeeKB qepe3 H3seeTHbte errenuanbHble <jlyHKURR; BD-BTo-
/ 5/ 

phlx, TO'!Hoe '!Reneaaoe perneaae 38na'IH, rronyqeaaoe B p8oOT8x . EeATe8 a eoTpynaaKon 

JlliR Z I= 1 Z 2 =1; 2, rrpa n8nhaellrneM ynena'leaaa Z 2 H8T8IIKHB89TeR 88 esoeoop83-

Hbie Bbi'!HenuTenbHbie TpynaoeTa. CyTb 3TBX TpynaoeTell B erroeoobi ax rrpeononeaaR - rrpen

MeT OTIIeiibHOA M8TeM8TH'!eeKOII p800Tbl, H Mbl He oyueM H8 HHX eel!qae oeTaH8BliHB8TbeR 

0TMeTHM T8K)I{e enenytomee: lipH p83neiieHHH rrepeMeHHbiX B e<jlepOBJl8libHb!X KOOpnHH8T8X 

r 1 + r 2 
~ = --R-;n 

ypaBHeHBe (1) lipHBOnaTe!I K eBSI38HHOfi eaeTeMe ypaBHeHHfi lliTypM8-flHyBHIIIIII 88 HHTep-

B8IIe - 1 ~ 1) ~ 1 1 1 _$ .; < oo 
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_j_ ( 1 - '7 2 ) ..!!_ + [ - P 2 (1 - '72 ) + b '7 - >. - __ m_2 -1 y • 0, 
d'l d'l 1-'72 

(26) 

rne 

2 R2 
pa-TE; b'•R(Z2+ZI); b·R(Z2-ZI ); 

A - XOHCTaHT8 paaneneHKH. llpH 9TOM ypeBHBHHH \2e) B (26) CBH3eH~ TonbXO qepea BenH-

qga~ p 2 If A • Pemea ypeBB9HifH (2e) If (26) COBMBCTHO, onpBA9nHM COOcTB8HHbl9 3Re-

qeaaa E • E • ~ n ., ( R) a A • A ( R) xex cjlyalt!UIR MBJKH.Ilepaoro peCCTOIDIB>I 
~ '7 "(">7"' 

R a amtanTaqecxax xseaTOBhiX qacen o ( , n 
17

, m • llpa TexoM qacne nepeMeTpOB Teoyna-

posaaae cjlyaxnall il coocTseaa~x aaaqeHHII aaTpynaHTenbaO. B CBII3H c 9Til:N, no-BHJlllMo

My, aepeUIIOHHnhHO COCTHBn>JTb npocTpeHH~e TaOnllU~ Ana BCBX Benaqaa: npll COBp9M8HHDM 

COCTOS!Rifll B~qacnHT9nhHOII MeT9M8TBKH 3HH'IHTenbHO YAOOH98 BM8Tb peapaOOTHHH~II anro-

pllTM AnR HX onpeAeneHIIR. 

neTenbHOMY OOBCeHHIO THitOrO anropBTMH AnSI B~qacneHBSI COI5CTBeQH~X aaaqeaall H 

col5cTseaa~x cjlyHJt!Uill ypasaeaall (2). a THKll<e ueTonaxe s~qacneHBa MaTpaqa~x aneMea

TOB 00 3TBM cjlyHKUBSIM oyneT llOCBRm9H8 OTll8nbH8SI M8T9M8TBqeclt8R paOOTH . 

B Aaaaoll paoOTe M~ ocTeaosaMCSJ Tonbxo aa peaynbTaTax pacqeToe, &MeiOmex aeno-

cpencTseaa~l! cjlaaaqecxall aaTepec. 

3 + &+ 8 + 
Te£Mhi Eill CHCT9M p eLi , p e C , p e 0 

015~qao Ana 15o.1IbmaacTsa xaqecTeeaa~x cyJKneaell aaaoonbmell aaTepec npeAcTaenaeT 

aaeaae TepMOB E ( R) cacTeM~ Z 1 e Z 2 • He psc. 1-6 npasenea~ xepTHHbi TepMOB 

E·~· .,(R) nn>JCHCTeM ZleZ2npe Zl c 1cp If Z2cZ-3, ... ,8coOTBeTCTB9HHO. He 
~ '7 z z 

pee. le-6e ' npaeeneabl TeKJKe rpecjlaxa nonaoll aaepraa W(R)· E(R)+ ~ , KOTo-

peg sKniOqeeT aaepre10 OTTenxaeeHHR H.llep. KneccacjlaKauBSJ TepMOB ABBe no KBeHTOBhiM 

qgcneM N em OO"b9JlHH9HHOro eTOMe c aepH.IlOM z I + z2 . B KOTOpblll nepexoneT CBCTeMa 

Z 1 e 2 2 npa R .. 0 • llpa aTOM KeJKAb!ll yposeHb c rneBHbiM KBeHTOB~M qacnoM N N2-

Kp8THO B~pOlK.IleR. llpB R,i 0 BblpOlKAeaae CHRMaeTCSJ a B npeAene npa R .... KHlKllbiii 

aa ypoeaell oo"benaaeaaoro aToMa e ( Z 1 + Z 2) aenpep~eao nepexonHT e onaa aa ypoeael! 

8TOM8 e Z I HnH e Z 2 C napaoonaqeCKBMH KB8HTOB~MH qecnaMH ( ft ft I 0 
2 

m) one 

(o'n'
1 

n' m) COOTB9TCTB9HHO. Cell3b 9THX aeoopoe KBHHTOB~X 'IHCen MelKny coco!!, 

a TaKJKe c annanTeqecKHMR xeaaTOBbiMB qacnaMa N, n ( , n 17 , m npaseneaa B pa6o-

Te 121. Ha pee. le-6e nepeoona<Jecxae xseHTOB~e qacne AeHbi B CKol5xex cnpese oT ca~ 
sonos TepMOB. He pac. 36-3r npeeenea~ rpecjlexa A(R), p(R) a A·A-p 2 An>J peane'IHbiX 

TepMOB npB Z : 5. 
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ripoaaanaaBpyeM non)"'eBBbte xpaable, Bo-nepabtX, aa aax cp83Y lKe cneAyeT, 'ITO a 

ABBHOM cny'i8e TeopeM8 Heli.M8a8-Baraep8 o aenepeceqeaaa TepMoa OAaaaxoaoll CHMMeTpaH 

aeaepaa (a ee 06bl'lBOll <I><>PMYIIBPOaJ<e AnB cny'i8H AayX8TOMBOll Monexynb/S/ }. 3TOT peaynb

T8T DOATaeplK-\189T T90p9TH'i9CI<H9 abtaOAbl p860Tb/
2

/ 0 aenpHM9HBMOCTH T90p9Mbl a Cny'i89 

ypaaaeaalt C p83A9niiJOIUHMBCH nepeMeBBbiMB. 

8 A9liCTaHTenhHOCTH, 011881<00 H8nB'iH9 T8KBX nepeC9'i9HBll He npOTHaope'ill~ o6melt 

<jlopMYnapoaxe TeopeMbl HeliMBB8-Baraepa: xaK noK83aao a aeA8aaell p86oTe 1 38118'18 c 

p83A9ni!JOIUHMHCII nepeMeHHbiMH BM99T 6onee abtCOKYIO CHMMeTpHIO, '19M reoMeTpH'i9CK8R, 

C TO'iK..H 3p911HII 3TOII 6onee abiCOKOll CHMMeTpHH ace T9pMbl CHCT9Mbl Z 
1 

e Z 
2 

p8ana'iHbt 

H MOryT D03TOMY nepeceK8TbCII M9lKAY C06olt 6e3 orp8HH'i9HHli, 8 'i8CTHOCTH, 0 -TepMbi 

nepeceKatOTCR K8K npa p8aHbiX N (a8npaMep, TepMbl 4po a 4 fo 11n11 Z=S }, T8K 

KpaaaR U max {R) H8 pBC, 1-6 COOTaeTCTayeT M81<CHMYMY DOT9HUH8nbHOli a aeprHH 

U aneKTpOB8 a none 11ayx <jlaKcapoa8HHbiX 1111ep (T.e. abiCOTe noTeauaanbaoro 68pbep8 

M9lKUY BAp8MH p H Z 

U=-_!__- z ,, 
'2 

-2 
(3} u {R)=- (I+JZ) 

R 

rlpa R >> I aaeprus T e pMoa cacTeMbt p e Z , cooTaeTCTBYJOlllHX npH R ... oo ypoaHRM 

/ 2 / 
8TOM8 e p , p8aH8 

E n•- (4) 

f1pt<p8BIHIB Bbtp8>K9HHII l4} H (3}, H8ili19M, 'ITO DpH 3H8'19HHI! 

(5) 

3HeprHR CIICT9Mbl p e Z CT8HOBHTC II paBHOl! BbJCOT9 DOT9HUH8nbHOro 6apbepa M9>KAY 51Apa-

MH p II Z 
141

, npH'IeM: 

B TO'!Ke n a pece'!eHHII R, 

-2 
(l+JZ) 

TepMa E (R) c Kpuaoii Umax(R) yposeab n H30nHpo-

B8HHOrO 8TOM8 BOAOP0/18 e p nepe XOUHT B 06Ullif1 ypOB9Hb CHCT9Mbl p e Z 3 TO <IBn e 

x) 
HH e anonHe aHanor Jtt·IHO HC'lfe3 HOBeJIHJO nHHHi1 npH WTapK- 3¢c?eKTe B CHnbHbiX non5tx . 

x) KpHTH'IeCKOe none F , npu KOTopoM nuHHII u cqeaae T, npoc To aaiiTu H3 <j>OpMyn 

(3} H (5) 0+VZ)2 
F= • 

4n
4

(1 + 2J Z)
2 

/S/ 
[1pu Z _, "' nony'IHM Knacca'!eCKHt1 npenen 

F = __L_ 
0 IF n 4 
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<t>opMyna (6) BhiBeAeHa B npennono>KeHBB cnpaaennBBOCTB MeTOAa LCAO • KaK noK83bt-

B89T TO'!Hbtl! pac qeT , B3-3a !!Bneaal! nceanonepeceqeHB!I (KOTOpbte nonpo6Ho o6cy>KnaroT-

c11 HBJKe ) oaa aapymaeTc!l, npa'!eM, nel!cTBHTenbaoe R • > 2 n 2 ( 1 + 2 y z ) ( eM. pnc.1-6). 

YcTOH'IBBbte COCTO!IHB!I MoneKyn!lpHb!X BOHOB p e Z 

TepM c KBAHTOBbtMB qacnaMB n = 1 m = 0 COOTB8TCTBY!OlliHH npH = n 
2 

R ._. oo OCHOBHOMY COCTO!IHH!O STOMA BOAOPOAA 

Mbl c KBAHTOBhtMB qacnaMB N = Z ; f = Z - 1 

ep 

m=O 

, np11 R .. 0 nepexonaT a Tep-

121. 3Heprli!l 9TBX TepMOB 38BHCHT 

OT R cnenyromaM o6pa3oM
121 

npa R » 1 w-- 1/ 2- .2_ ~ 
4 R• 

(6a) 

R « 1 w.- (Z+1)
2 

+ ~ 
(66) 

2Z' R 

npa 

171 
T.e. 9TH TepMbt nonlKHbt !IMeTb MBHBMYM npa KOHe'!HbiX 3Ha'!eHH!IX R = R 0 Jlel!cTBHTenb-

ao, K8K BBAHO H3 pH C. 1a-6a1 COOTB8TCTBY!Olli!l8 MHHBMYMbl An!! TepMOB 3 do Z = 3 , 5 qo 

z ~ 5 B 8 k 0 Z ~ 8 AOCTHr&IOTC !I npH R 0 ~6,2; R
0

=13,6; R 0=44,5. 3To 03Ha'laeT, 

'ITO npa 6onbmax MelKSIAepabrx paccTostHB!tX 

neKyn!lpHb!X HOHOB THUS p e Z 

R 0 cymecTayroT ycToli'!HBbte cocTO!IHHst Mo-

0Ka3anocb, OAHAKO, 'ITO KpOMe YCTOil'IBBb!X COCTOS!HBH MOneKynstpHblX BOHOB, B CHCTe-

Me p e Z B03MOlKHbl KBA3HCTauaoHapHbte ypoBHB. Oaa nOstBn!IIOTCS! UpH Z > 4 H CBll-

38Hb! c TepMAMB N=Z-1; f=Z-2; m=O (T.e. n '= Z-1; n = 0 n = Z- 2; m = 0 

aanpaMep, 4fo nnsr Z=5;7io a 6ho AnSI Z = 8 ) . 3TOT THU TepMOB AO CRX nop, 

nO-BB.nHMOMy, He 6&In H3BeCTeH. 

HaneHHll nceanonepeceqeHHst TepMoB 

06paTHM BHl!MAHHe HA CB0800p83H08 B38HMOA8l!CTBH8 T epMOB C KB8HTOBb!MH 'IHCnaMH: 

N=Z; f=Z-1;ms0; (n=1; n
1
=n

2
= m=0) 

H 

N = Z - 1 ; e = Z - 2; m = 0 ; ( n '= Z -1 ; n '
1 

= 0; n '
2 

= Z- 2; m = 0). 

3TO l!BneHI!e B03HHK88T UpH Z ~ 4 , XOTst 38MeTRO y>Ke npB Z= 3 nn<r TepMOB 3 do 

H 2po (eM. pHC . 1a). npa yaenH'-18HHH z 9TH TepMbl UOCTeUeHHO COnHlKSIOTCst, 06-

pa3ysr npa 9TOM THUH'!Hyro KapTKHY nceanonepeceqeJIH!I (aanpuMep, 1'epMbl 5 QC1 H 4 fa 

nnsr Z=S Ha pHc . 3, 8ko H 7ia nnsr Z = 8 Ha pnc. 6). 

6 



llpH Z :::_ 7 KapTHHY ncee.Qonepece'leHag o 6pa3yeT eme O.QHa napa TepMoe: 

H 

N = z -1 ; e e z -2; m ~ 0; ( il 'e z -1; n 'I - 0 ; II '2- z- 2; m - 0) 

N a Z- 2; P a Z - 3; m ~ 0 ; ( Q 'a . Z- 2 ; II '
1 

e 0 ; II '
2 

e Z - 3 ; m c 0 ) 

(HanpHMep, 7 i <7 H. 6h<7 ADR Z = 8 CN, pBC , 6), C pOCTOM Z yKa3aHHag TBH.QeHIUlg 

COXpaHHBTCH, T,e, 'IHCDO TaKBX •saaHMO.QeiiCTBYIOIIlHX• nap TBpNOB yBBDH'IMBaeTCH, 

0rMBTHM xapaKTBpHbiB DpB3KBKH ODHCaKHbiX TepMOB: BCe OHH KMBIOT MaKCHManbHblll 

MOMBHT e- N - 1 ' 'ITO COoTBeTCTByeT B TeOpHH Bopa xpyrOBbiM op6HTaM, a B lllTapx

a<jxj>eKTe - HaHOODbWBll DDOTHOCTH 9DBKTpOHHOrO o6naxa MelK.!lY SUlpaMH Z I H Z 2 , TaK 
/ 9 / 

KaK DpH 9TON II 2 - D I a miX KpONe TOrO, BX •pa.QHBDbiUIH• BOJlHOBaH <jlyHKllHH X (() 

He BMeeT aynell eo ecell o6nacTP. onpe.QeneHHH ' , T,e, II (a II I z II ; • 0. 

0rMeTHM ewe OAHY oco6eHHOCTb 9TIIX DCeBltODepeCe'leHHII: llDH HHX llPII TOM lKB 3Ha-

'IBHIIB R ''ITO ll .QDH W(R) DpOHCXO.QBT DCeB.QODepeCe'IBHBB KOHCTBHT pa3.QBDBHHH A(R) 

coOTeeTcTey;omHx ypoeaell, e TO epe MH Kax nnH o 6 bi'IHbiX nepece'leHHll z:oHcTaHTbl A ( R ) 

B TO'IKe nepece'leHHH TepMoB W (R) canbao pa3DH'IaiOTCH (eM. p.Hc. Sr, rne npHeeneHbl 

3Ha'leH.HR eenH'IHH A= A + p 2 .QDR paana'IHbiX TepMOB npH Z ~5), 3aMeTHM, 'ITO B CHDy 

HBBblpOJKIJ.eHHOCTH onHoMe.pHoll Kpaeeoll 3ana'IH KpHBbi e A ( R) H 

yp OBHell He MOryT nepece'lbCSI np11 OllHOM II TOM lKB 3Ra'leHIIH R 

W( R) 
/ 2 / 

llDSI pa3DH'IHbiX 

Ceoeo6pa3ae •eaaHMOIJ.ellcTBHR• TepMOB npoaenRBTCH TaKJKe s TOM, 'ITO e oonacTH 

ncesaonepece'leHHR TepM c N = Z -1 oona.QaeT ceollcTsaMH TepMa c N = z B 'IBCTHOCTH, 

nnR TepMa c N = Z Sqo nnR Z = 5) B npn6DHlKeHHH LCAO npH 3HB'IBHHRX R 

enpaea OT TO'IKH nceenonepeee '!eHHH enpaeennHBa ~opMyna (6a) nnH nonwpnaaoHH oeaoeHo-

ro ypOBHSI aTOMa BOIJ.Opona, B KOTOpblll npH R -+ .. nepexo.Q.HT TepM 5 q o • Oxaaanocb, 

'ITO cneea OT TO'!KH neeeaonepece'leHHR ~opMyna (6a) xopomo onacbleaeT TepM c 

N = Z-1 ( 4fu nnR Z = 5) , T,e. ~OpMaDbHO TepMbl Squ H 41<> nepecexaiOTCH, B nell-

CTBHTenbHOCTH, KOHeqHo, 9 TOrO H8 npOHCXOAHT 1 T8K K8K H3 8H8nB38 ll0B8U8HHH T8pMOB 

npH R .. 0 (eM, pnc. 3) cne.QyeT, 'ITO npH aToM TepMbl Sao H 4fo He npocTo 

nepeCeKyTeR, a nepel!nyT .Qpyr B .Qpyra, llocneaHee H9B03MOlKHO,. TBK KBK 9KBHB8DeHTHO 

HapymeHH!O TeopeMbl 0 COXpaHeHHH 'I.Hena aynel! BODHOBOll ~YHZ:llHH Y ( '1) npH H3Me HeHHB 

napaMeTpa R H TaKHX eneneTBHll TeOpeMW K8K Dp8BHD8 COOTBBTeTBHH TepMOB DpH 

R-> 0 B R .... 
12 1

. 

B paooTe
17 1 

MBTO.QOM LCAO e TO'IKe neeenonepeCe'leH.HH 6blno nony'leao o6!>1'1Hoe 

nepece'leHae TepMOB, 'ITO oaaaqaeT aenpaMeH&MoeTb MeTona L C A 0 B aToll oonacTH ana-

'leHHll R • 3To TeM o onee eTpaHHo, 'ITO ace yKa3aHHble ncee.Qonepece'leHHH B03HHKBIOT 

HDB B oonaeTH DOT9HllH8DbHOro 6apbepa ( E ( R) a u m az ( R ) 

T,e, npa E(R) < U m az (R) (eM . pBC, 1-6). 

) , Hllll 38 08pbepoM . 

BoaHHz:aeT ceoeo6paaHaH eHTya.Q.HH: ~OPMYDbi LCAO , xOTopble xopowo BbiDODHS!-

lOTCH B WHpOKOll oonaCTH 3H8'1BHH ll R no o6e eTopoHbl OT TO'IKB nceeaonepeceqeHBH, 
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B OKp&CTHOCTB 3TOA TOqKH COBepmeHHO HenparOAHhl, ~IlK KIIK npBBOART K nepeceqeHHID Tap-

MOB, Cornacso peaynbTaTaM pa!SOTb/
21 

, ae cymecTsyeT o6max aanpeToB .'l:nH niDtiwx 

nepeceqeaBA TepMOB B CBCTeMe Z1 e Z 2 , noaTOMy B AIIHHOM Cnyqae AOnJKHhl cymeCTBo-

BilTb nononaaTenbawe npaaana oT6opa, KOTOphle oTnaqaiDT TepMw c n 1 ~ n '
1 

= 0 oT acex 

npoqax. 
x) 

PacCMOTPBM 3TO smneHBe 6onee A9T8flbHO. npa R..... MeTOA LCAO npRBOABT K cne-

Ay:IOIUBM Bhlp8lK9HB!IM Afl!l nonaoA aaeprHB W ( R) CHCT9Mhl p e Z: 

2 
1 9 7. 

w1 ~ -2-T? 

W ~-.!._(_z_)~Z-1 _2_ (Z-1)(Z-2) 
2 2 Z -1 R 2 ZR 2 

Afl!l TepMa C N = Z; e = Z - 1 ; 

Afl!l TepMa C N = Z -1 ; e = Z- 2. 

Torna sa ycnoaa!l w = w 
1 2 

nonyqaM nepeceqeaue TepMoB a ToqKe R = R 
0 

R w2·~3 
o 2Z- 1 . 

(7) 

(8) 

OnaaKo sa ypasseaa!l (2a) cnenyeT, qTo npa mo6oM R AOfllKHO BbtnOflH!ITbC!I COOTHOllle-
/ 2/ 2 

HBe (A • >. + p ) : 

(A 
1 

- A 
2 

) f X 
1 

X 
2 

d.; = ( p ~ - p:) f X 
1 

.; 
2 X 

2 
d(. (9) 

1 1 

noaTOMy B3 ycnOBBB p 1 = p 2 a TOqKe nepeceqeHH!I cnenyeT mt6o A 
1 

= A 
2 

, na6o .. 
f X I X 2 d.; - 0 • nepaoe H9B03MOlKHO, TBK KBK aanaqa H9BhlpOlKAena. BTopoe ycnoaae 

A~.B TepMOB D l = D ' 1 = 0 T8K)I{e H8B03M0)KH01 TBK K8K B 9TOM cnyqae ITOnHHTerp81IbHOe 

swpallteaue nonolKBTenbao so sceA o6nacTB onpeneneaaH. CnenosaTenbKo: TaKae TepMw ne 

MOryT nepeCBKBTbC!I MBlKAY co6oA, X OT!I c6nRlK9HBSI M9lKAY HBMH B03MOlKHhl, !13 COOTHOllle-

HB!I (ll) cnenyeT, qTo npB ~p 2 -p~-p: ... 0 OAHOBpeMeHHO ~A-+ 0. nocnenHee MOlKHO 

YCTBHOBBTb H HenocpenCTB9HHO, ecna RCflOnb30B8Tb Bb!p8lK9HB!I AflSI 
- /2/ 

n - n ~ = 0 , npaaeneaabre B pa60Te 

B aToM cnyqae: 

~=1+..!.+0(...!.._), 
~p2 p p2 

A npa R»1 

(10) 

nonqepKHeM, qTo o6aapYJK9HHOe 'B38BMOAeACTBRe' TepMOB He BMeeT ARHBMRqecKOA 

UpBpOAW, TIIK KIIK B CHCTBMB p e Z BCero OABH aneKTpOH, a !!Apll npennonaraiDTC!I lj>RKCB
xx) 

pOBIIHHhlMH , no CYIUBCTBy, Mbl HM99M 3A9Cb npaMep CBOe06pa3HOro B38HMOAeACTBHSI 

x) 
3TH coo6paJKeHB!I npaaanneJKaT C.C. feplllTeAay. 

xx) 
06wqao KBpTBHil nceanonepeceqeaRSI B03HHKIIBT B TOqKe nepeceqeHBH SpOBHeA 

npB yqeTe B03MYIUBHHA OT ABBlKBHBSI S!Aep, B38HMOABACTBBSI aneKTpOHOB B T.n/ I , 

8 



KOH<jlarypauai! H nOTOMy OnHC8HHOe !IBUeHHe MOlKHO H83B8Tb 1\0H<jJHrypeUHOHHbiM B38BMOAei!-

CTBHeM TepMOB, 

BonHOBbte ¢yHKUBB cacTeMbt p e Z 

Ha puc, 7 a 8 

Z • 5 llll!l TepMOB 

npHBeneRbl BOUHOBble <jlyHKUHH X ( () B ~ ( '7) CHCTeMbl p e Z 
• 

npa 5 gu , 4fu B 4su KaK a cnenosano OlKHilBTb, npa R-+ 0 

ORR OnBCbiBBIOT llBBlKeHHe aneKTpOHB B none !lllpB C 38p>UlOM Z + 1 

06p8THM BHHMBHBe UB OC06eHHOCTB UOBeneHB>l 'eoUHOBbiX <jlyHKUBi! UpB ll 

R • 13: B qacTuocTa, npa R • 13 BOUHOBble <jlyHKUHR TepMOB 5 gu H 4 fu aecbMB no-

.!l06Bbl, Jlanee, HeCMOTp!! BB TO, qTO npa R -+"" TepM 4 fu npaaenneJKHT cacTeMe . e Z 

ero BOilBOBB!I <jlyHKUB!I yJKe npH R • 7 cocpenoToqeaa s6naaa npOToaa, 3To KBK paa a 

cooTBeTcTsyeT yTsepll<neaa~, qTo cnesa OT ToqKa ncesnonep e ceqeaag TepM 4 fu npao6pe-

TBeT CBOi!CTBB TepMB 

ncesnonepeceqeaB>I ( 

5 gu npa llBUbBeAwe .. ysenaqeHHH R • cnpasa OT ToqKH 

R•1B). BOUHOBbte <jlyRKUHH CHCTeMbl p e Z nepeXOil!IT B BOUROBble 

¢yHKUBH B30UHpOB8HHbiX BTO,.OB e p H e Z , 

B03MOlKable npaMeaeRB!I 

1. l1cnoiJb3Y!I peaynbTBTbl llBRHOi! pa60Tbl, MOlKHO OU9HBTb XapaKTep H rpaHHUbl npH

M9HHMOCTB paanaqab!X npa6naJKeaail, B qaCTROCTB, aaaqeaag R , npa KOTOpblx cnpasenna

Bht acaMnToTaqecKHe ¢opMynbl, HanpaMep, aa aaaUHaa KpBBbiX cne.[lyeT, qTo npa R >> 1 cy-

mecTsyeT o6naCTb aaaqeaail R , rne npa6naJKeaae LCAO RenpBMeHBMO, 

2. nonyqeaable peaynbTBTbl n03BOU!I~T BblqBCUBTb sepORTHOCTH PBilBBUBOHHbiX nepexo

llOB "- -Meaoaa, llBHlKYtneroca s KynoaoscKoM none nsyx <jlaKcaposaaabtX ayKnoaos. TaKoe 

/ 10 / 
BblqacneHHe npei!CTBBU>I~ <jJH3BqeCKRil BHTepeC B CBR3B C 3KCnepBMeHT81lbHbiMH H Teo-

peTHqeCKBMH / 4 / pa60T8MB no nornotneHH~ OCTBROBHBWHXC>I " -Me30HOB B BOI!OpOilOCOilep

lKBIUHX semeCTBBX , 8 TBKlKe B CB>I3B C 3KCnepHMeHT8MB no H3yqeaa~ Me30peHTreHOBCKOJI 

/Ill 
cepaa s XHMaqecKax coenaaeHB>IX 

3, B TeOpRR XRMRqecKOi! CB>I3R H cneKTpOB MOileKyn WHPOKO npRMeH~T MeTO.!l MOne

/7/ 
KYil>IpHbiX .. op6BT , .!lll>I npa6nalKeaaoro BBXOlKileRB>I KOTOpbiX 06btqao RCnOUb3y~T llR~i!Hble 

KOM6BHBURH BTOMHbiX ¢yHKUBi! B CoqeTBHHH C BBpBiiUROHHblM npaananoM. Qqesanao, pe-

WHB ypBBHeHHR ( 1), Mbl nonyqaM Toqay~ KBpTRHY MOUeKyllRpRbiX Op6HTBUei!, 

4. B HeKOTOpbtX cnyqarut llllii oueHKB ceqeaall peaKUBil nepeaap!IAKH TRna A + s+-+ A++ B 

H aaanoraqRbiX liM llOCTBTOqHO 3H8Tb pBCCTO!IRBe 

HHe TepMOB, H aaaqeHB!I npOH3BOilHbiX 

g 

R , BB KOTOpOM npOHCXOilBT nepeceqe

/6/ 
B <>Toll TOqKe 



Bee 9TH BOllH'IHHbl DpOCTO onpeneliHTb, 311811 CHCT.OMY TepMOB. 

5. 0nii8XO OCIIOBII8SI 0Dli8CTb llpSINepeiiHSI nonyqellllbiX pe3ylibT8TOB CBB38118 C p8311Q

o6p8311biM.H nponecc8MH c y'18CTHeM 8-x. 'l8CTBll, B38HuonellcTBYIOJitHX no 38XOIIY Kyno!l8. 

B '18CTIIOCTH, CIO.tl8 OTIIOCSITCSI 38ll8'lH 0 nepeXBaTe H 119CHMNeTpll'liiOA nepe38pSill1t9 THII8: 

p,..-+z-.z,..-+P 

0 

• P/l-+Z-+Z/l-+P+ r; 

npoueccbl o6p830B8HHH Me30Monexyn: 

PI" + · Z -+ PI" z; 

lt8T8nH3 Slll9pllbiX pe8ltllBA I" -N030H8MB: 

P/l-+Z-+PI"-z .. (Z-t;1)+1"-; 

p8CCOSIHB9 llpOTOHOB H li03HTpOHOB H8 8TOM8X BOllOpO.tl8 H npyrae CXOAIIbiO BOilpOCbl, 

B 38KliiO'<eHHe Bblp8JK8eM rny6oxy10 6ll8rOn8PIIOCTb C.C. fepmTeA!Iy 38 npacTallbHbiA 

H CTHMYliBpyiOJitiiA HHTepec B npouecce aceA paoOTbl B C.n. ~nnanyeay 38 uellllbiO o6cy-

lK.tlOHII!I, • 

n H T 9 p 8 T y p 8 

I. E. Teller, Z.F.Phys . 61,458 (1930). W.G.Baber, H.R . Hasse, Proc. Camb. Phil. Soc. 31,564 (1938). 

S. K. Charkavarty, Phil. Mag. 28, 423 (1939 ). 

2. ·C.C. fepmTeAa, B.Jl. KpHB'Ieaxoa. )1(3T<I>, .1Q, 1491 (1961). 

3. c.c. fepmTeAa, n.H. noaOM8pea, T.n. ny3b!HHH8. )1(3T<I>, ~ 682 (1965). 

4. n.11. noHOM8peB. SlnepH8!1 <jJH3 HK8 0 ~ 223 ( 1965). 

5. D.R. Bates, K.Ledsham, A.L. Stewart, Phil. Trans. Roy. Soc.· A246, 215 (1953). 

6. n.JI. n8Hll8Y, E.M. naqnnau. KB8HTOB8SI MOXBHHK8, <I>H3MaTrH3, MoCKB8, 1963. 

7. C.C. fepmTeAa. )1(3T<I>, 12, 706 (1962). 

8. JlJK. Cngrep. 3neKTpOHH8!1 CTpyKTyp8 MOlieKyn, 'Map', MOCKB8, 1965. 

9. r. EeTe. KB8HTOB8SI M9X8HHK8 npocTeAmax CHCTeM. OHTI1, 1935. 

10. A.<l>. JlyH8AileB, B.H. neTpyXHH, IO.Jl. npoKOWKHH, 8.11 . Pbii<8llHH. )1(3T<I>, ~ 1680. {1962). 

A. F.Dunaitsev, V.I.Petrukhin, Yu.D . Prokoshkln, Nuovo Cim . ~· 521 (1964). 

M. Charbe, P.Depommier, J.Heintze, \t.Sorgel. Phys . Lett. ~. 67. (1963). 

II. B.r. 3aaoe, A.Jl. Koai.a, A.l1 . MyxaH. Slnepa8st ¢a3 aKa, ~ 859 (1965). 
B.r. 3HHOB, A.Jl. KoHHR, A.l1. MyXHR. npenpHRT 011Sll1 P-2039, Jly6aa 1965. 

PyKonac& nocTynan8 B H3n8Ten&ci<!IA oTnen 

10 
4 aoa6pst 1966 r . 



s 10 1,5 
-o,s 4Jo 

~~~§§§§~~~~~R 

n'=2 

~ -~5~~1-~fr--------~-------
t 

I 
I 

I 
I 
I 
I 

I 
I 

-40~--r-~,;-l---------~--------__j 
I 
I 
I 
I 
I 
I 

Z=3 
,' lfmax (R) 
I -251:----L' __ -L ________ _L ________ j 

' E 
PHc. 1. 

11 



0 v 10 15 

R 

Z=J 

/ 

- o,5 1 \ \\ \Jr--: / I 13do(1ooo) 
/ 

/ 
/ 

I 
I 

I 

I 

/ 
I 

I 

/ 

- 1,0 :-' -:---vv -' ~~---

Pac . 1a. 

12 

1 ~ 

• 

5 10 15 

-
0

·
5 I 5 g6 S:::::::::::::: I I I R 

-1,0 

-2,0 £ 

I 
I 

I 
I 

I 

I 
I 

I 

I 

/ 
I 

I 

/ llfmax (R) 

Pac. 2. 

13 

---- _!]~<!_ 



j m ~ 

I \ \~ I \\ I I 

0 

Z=4-

251 \ \ ""~ 

5 

I 
I 

I 
I 

I 

/ 

/ 
/ 

/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

I . ~ W I /Umox(R) I 

P nc . 2a . 

14 

4~6 

5qd 

4j6 

I 
I 
I 
I 
I 
I 
I 

/ lfmax(R) 
I 

/0 

... ... 
___ _ / ....tt: -

/ 

P nc . 3. 

15 

15 

n'=J 

=5 

0 ,,.,. 

~ 

10 
C') 

u 
= 0.. 



~
8 

I 
I 

"" 
"" 

c5
 

S
>

 
()\

 
,c

:;, 
"' 

"' 
"' 

"' 
~
 

" "' ---- ~
 --

' 
' 

' 
' '

 ' 
' 

'1l
 

' 
Ill

 
' 

;> 
' 

... 
0 

(I
) 

c.o
 

"' 
!" 

.. <>
, 

... -.
.)

 

l=
S 

~
--

--
--

--
--

--
+-

--
--

--
--

--
--

~-
--

--
--

--
--

-~
--

--
--

--
--

--
~R

 
5 

10
 

15
 

2
0

 

P
a
c
. 

3
6

. 



-00 -co 

"0
 .. n 

I 
I 

5~
--
--
--
--
--
--
--
--
--
--
--
--
~~
~-
--
--
--
--
--
--
.-
--
.~
-r
-r
~-
--
--
--
--
--
--
--
--
--
--
--
-i~

~ 

Z
=

5
 

~-
--
--
--
--
--
-+
--
--

--
--

--
--

-~
--

--
--

--
--

--
~-

--
--

--
--

--
-~

R 
0 

5 
10

 
15

 
2

0 

P
sc

. 
3

r.
 



't1
 .. 0 

--
--

--
--

-

N
 

II ~
 

---

" "
 \ \ 

\ 

-
-'-

\ 
I 

l;
:s ,,,
 

I~
 

I 

N
 

II 0
) 

• 



"" "" 

'1l
 

111
 !"' ?'
 '1l

 =
 " "' "' 

' -~
 --

--
--

--
-- N

 I 
'"

"'
~ 

--
-

--
-

I I I I I I I I I I I I I I I I I f;_ .,. 

\ 
\ 

\ \ 
\ \ \ \ \ \ I I I 

I I I I I I I I I I I I I I 

' 
' 
, 

I 
.._

. &:
 ' \ ' \ ' ' ' I

 ' \ 



I 

I 
I 

I 
I 

Z=8 

~ n 

5g6 

E 

I 
I 
I 
I 
1{/nw {R) 
I 
I 
I 

JO 

PHC. 6. 

24 

~ 

I I ' I 'A\ I I ~ 18~6Mo.o> 

Z=8 

PHc. Ba . 

25 



o.• 

' . I 
I I 

i I 

\ I 

I I ,, 
) 

0.3,1' 

i 

0,2 

I 

/ ' ..... ,,, 
' ' ' ' I 

I 

.... . - ·- - ·- -

0,1 i ~',, / 
/ ·- , 

' ' ' ', j ,.- _ 
I 
i 
I 

j 

., 

xw 

' 

' \ 

' 
' 

\ ., ·, 

' 
' 

' ·-·-·-·-

R-0.2 

J ' o6J 

R o7 

!"=3 

z,s 

- - - sg6 

=--~.--- t{~ 

//~:13 
,. , 2,2 

o.• 

~ -----1' 
-0,1 

. 

i 
I 
I 1 
\./ 

o~ji\~, 
' 0,21 \ 

o.• 

-0. 11 I I 
\/ 

', 

I 
I 

I 
' ·, , 

P11c. 7 . 

26 

R ~ 19 

J'=l,9 

•, 

-- 5g6 
::-_:-.: 4t: 

Y( ~) 
R~0.2 

R ~ 7 

Z-5 

// 

I 
/ 

/ 

1 "' -£- - - - \ ,fl 
- 1 "' - - 7 , , ' 

- 1 
R ~i3 

-11 ~----~ 

R~ i9 

I "--... --s I I ~ -1 ' -,_ I \1/ 

Pac . 8. 

27 


