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oBmAJI XAPAKTEPl1CTl1KA 

HaCTORIUaJI ,zo,i:ccepTaQHR nocnnmeHa TeopeTH'lCCK0MY IICCJIC,!1,0Bamno npnMoro H 

pe3011aHcHoro nepexo,n,oB aT0M0B rennn H3 0CH0BHoro H B036y}l{,!l,eHHhlX C0CTORIIR.0. B 

K0HTHHYYM II0,!l, ,!l,C.0.CTBHCM q>OTOHOB, 6hlCTphlx 3JICKTp0HOB, Me,!l,JICHHhlX 0TpRI{aTeJibHLIX 

MIO0H0B R a,n,pol!0B. 

A1nyaJibHOCTb TCMbl. 

B HaCTOHmee BpeMJI qiy11,n,aMCHTaJibHhlil: HHTepec npe,n;cTaBJIRIOT npHMLIC R pe30· 

HaHCHhlC nponeccLI B3aRM0,!l,ei!:cTBRJI q>OTOHOB R 3apnmeHHLIX 3JICMC!ITapHLIX 'laCTHI{ C 

aT0MaMIL TaKRC CT0JIKH0BCHHJI conpoB0}l{,!l,aIOTCJI npoHBJICHHCM pa311006pa3HLIX MC· 

xam:13M0B nponecca, qiopMRpOBaHRCM onpe,n,eJICHH0.0. CTPYKTYPLI K0HTRHyyMa,. B TOM 

lJRCJie KBa3RCTaTIR0HapHLIX ( aBTOROHR3aI{ROHHhlX) C0CT0JIHR.0. B K0HTHHYYMC aT0MHhlX 

R 3K30TR'ICCKIIX aT0MHhlX CRCTE::M, xapaKTCpH3JIOTCJI 6oraThlM cneKTp0M q>parMCHTOB B 

BhlX0,lJ;l!hlX KaHaJiax peaKTIRR. PaC'lCThl xapaKTCpHCTRK TaKHX nponeccoB Ba}l{Hhl ,!1,JIR 

pa3JIJI'lHhlX o6JiaCTCH q>H3RKR R IIp!IKJia,!l,HhlX 3a,n,aq H BMCCTC C TCM 0'lCHb CJI0}l{Hhl, ' 

Il0CHOJlbHY 3a,n,a'la MH0roTCJibHan, R cymecTBCHHYIO p0Jib HrpaeT HJJI0H0BCH0C B3aHM0· 

,!l,CHCTBRC MC}l{,!l,y 'laCTRI{aMJI. Tauan 3a,!l,a'la ,T0'IH0 He M0}l{CT 6.h!Tb perneHa ,n,ame ,!l,JIR 

CJIJ'lan npocTeHIIIRX aT0M0B. ATOM reJIHJI HaH npoCTC.0.IIIM MH0r03JICKTp0HHaR CHCTCMa 

,n,aBH~ CJIYlKRT OTJIR'IH0.0. Jia6opaTOpRefi ,!l,JIR pa3pa60THR H0BhlX MCT0,!l,0B HepeJIRTRBRCT· 

CHOH TeopRH MH0rHX TCJI H RX 3HCilepHMCHTaJibH0.0. npoBepRR. 

K nponeccy pe3oHaHCH0il: q>OTOROHR3al{HH aT0Ma reJIIDI 6hlJia BnepBhlC npRMCHeHa B 

60-e ro,n,hl Teoprrn <l>aHo [l]. BnepBhle npoq>RJIR aBT0R0HH3aI{R0HHhlX cocTOHHR.ii (AI1C) 

6hlJIII 3HCnepRMCHTaJibHO H,!1,CHTRq>III{HpOBaHhl B 1963 r. B cneRTpax q>OTOnorJiomeHHJI 

Ha aT0Me reJIHH. 3aTeM 6hlJia npoBe,n,eHa cepHn 3RcriepRMeHTOB no B036y}l{,!l,eHRIO AI1C 

B aT0MC reJIHJI 6hlCTphlMR 3JICHTpoHaMR, a TaRJKC Ha6JIIO,!l,CHRR AI1C R B ,n;pyrHX npo

neccax aT0MHhlX CTOJIRH0BCHIIH. B HT0re I{ R0HI{Y 60-x ro,n,oB 6hlJIR pa3BHThl M0mHhlC 

MCT0,lJ;hl 3RCnepRMCHTaJibH0ro HCCJIC,!1,0BaHRJI AI1C, TaRRC RaR q>OTOTIOrJiomeHHe, perH

CTpauJin cneuTp0B 3JKCRUHR, noTCpb H perHCTpaI{IIJI qaCTHI{ Ha COBTia,n;eHRe. 

.l(ocTORHCTBO BhlrneynoMnHyToro MCT0,lJ;a Y. <l>aHO 3aRJIIO'laeTcn B HarJIR,!l,H0CTH RH· 

TepnpeTaTIHH pe30HaHCHhlX JIBJICHH.0. B aT0Max, R0Topan o6ecneqRBaCTCJI ero napaMe

TpR'ICCRIIM npe,n,cTaBJICHRCM. O,n,HaRo ,!l,JIR npaRTH'lCCRRX pacqeT0B 3TOT MCT0,lJ; He MCHCC 

CJI0JKCH no cpaBHCHRIO C MCT0,!l,0M <l>ern6axa, MCT0,!l,aMR CRJibHOli CBJl3H KaHaJioB, CJI0JK· 

HhlMR aapRaI{H0HHhlMR R ,n,pyrRMR llpHMhl.MR MCT0,lJ;aMR perneHRJI ypaBHCHIIJI Illpe,n;RH· 

repa. cha Tpy,n,H0CTb 6hlJia npeo,n,oJieHa B 110,!l,X0,!l,e, npe,!1,JI0JKCHHOM H pa3pa6oTaHHOM 

B. B. BaJiarnoBhlM II ero coTpy,n,HHRaMH [2, 3]. IIocne,!l,HRH, TaK HMhlBaCMhlil: .n.naroHa

JIH3aUR0HHhlil: MeTo,n, B. B. BaJiarnoBa, no cymecTBY, npR BhlTI0JIHCHRH onpe,n;eneHHhlX 

q>R3H'ICCRRX ycJI0BRil: · ,n,aeT peaJIR3aI{RIO o6mero 110,n,xo.n.a Y. <l>aHo B ropM,n,o 6oJiee 

np0CT0.0. qiopMe R o6ecne'lJIBaeT xoporny10 TO'lH0CTb 0IIHCaHRR 3HcnepHMCHTa .. B OT· 

H0IIICHIIR onRcaHRJI HeynpyrRX CTOJIRH0BCHH.0. MC,!l,JICHHhlX OTpHI{aTCJ!bHhlX MIO0H0B H 

a,n,p0H0B ( 'laCTRI{ M-) C aTo.Ma.MH reJIHR R B0,!1,0po,n,a H3 RMe10mn:xcn TeopCTil'lCCRllX 

no.n.xo,n;0B HaR60JICC np0CThlM JIBJIRCTCJI MCT0,l( nonyKJiaCCll'lCCR0ro peIIICHIIJI ypaBHCHH:i!: 

Hay11BO•TeXHB1feCK&SI 
fht6.a11..,e&a 

OHSIH 



CBH3ll .D;Byx- n TpexqacTll'IHhlX KaHaJIOB [4]. Ha3BaHI!hle MeTO,ll;hl .n;aIOT ,ll;OBOJih!IO XO-• 
ponrne pe3JJihTaThl ,n;JIJI onncaHnH npHMhlX n pe3oua11c11Mx nporreccoB B3anMo,n;encTBHJI 

q:>OTOIIOB ll THJKeJihlX OTpnrraTeJihHO 3apHlKeHHhlX 'IaCTllll C aToMa~n reJinH, "i-raxo.n;mrrn
MllCH B OCIIOB!IOM COCTOH!lllll. 

B .n;au11ott o6JiacTn B nocJie,n;nee Bpel\rn OTKphlBaIOTCH HOBhle nrnpoKne rrepcrreK

THBhl, CBH3aIIHhle C OCBOeHneM IIOBhlX 3KCIIepnMeHTaJibllhlX MeTO,ll;OB: llCIIOJih30BaHne 

IIOBhlX IIJ'IKOB q:>OTOHOB ll 3JieMeHTapHhlX 'IaCTHII, npnroTOBJieHHe aTOMHh!X MHIIIeneu B 

B036yJK,n;eHHhlX ( MeTaCTa6HJihHhlX) COCTOHIIHHX. BJiaro.n;apH 3TOMY llh!He TeXHH'IeCKllll 

ypoBe!lb 3RCIIepnMeHTa BIIJIOTHJIO no.n;onreJI K CllCTeMaTH'IeCKOMY ll3J'IeHHIO B3aHMO,n;eu

CTBllH <pOTOIIOB ll 'Iacnrrr C aTOMaMn reJIHH, HaXOMJnllMllCH B B036yJK,n;ennhlx COCTOJ!
IIHJIX. 
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P:uc. 1. Cxe.Ma nepexoaoa 

amo.Ma 2e.11uJ1, U3 oc1wa'//,020 

(1s2
)

1 s u a036y:J1Caemw20 

(1s2p1 P) cocmoJ1,'//,UU a 1wu

mu'//,yyM noa aeucmaUeJ!! 6bt

cmpbtX 3.ile'K:mpo'/1,oa u rfiomo

'11,00 1tu:J1Ce amopozo nopoza 12. 
3aecb 1 D - aamoUO'//,U3a4u-

0'//,1lbte COCmOJl,'11,UJI,, cn.!IOUl'/1,aJI, 

u OO.il'//,UCmaJ1, .!IU1lUU o603'11,a

'<ta'/Om npo4eCCbt, uayw,ue noa 

aeucmaue.M 3.ile'K:mpo'/1,00 U rfio

m0'//,00 coomaemcmae'//,1to. 

B HaCTOHme.tt pa6oTe paCCMOTpeHhl: IIpHMhle ll pe30Ha!ICHhle nporrecchl ll0llll3arrnn 

aTOMa He 6hlcTphlMll 3JieRTpOHaMn, q:>OTOllOllll3arrnH B036yJK,n;emrnro'·aToMa He, peKOM-

6n:11arrn:H llOHa He+ C o6pa30Ba11neM BhlCTpoe1111oro COCTOJ!HllH aTOMa reJIHJ! ll ueynpyrne 

CTOJIKHOBeHnH Me,n;Jiel!HhlX qacTHII M- c aTOMaMn H n aTOMaMH He B MeTaCTa6HJII,HhlX 

cocTOHHnHx (2S). chn nporrecchl paccMaTpHBaIOTCH B o6JiacTn HHJKe BToporo nopora 

no11n3arrnn aToMa. Ilpn 3TOM oco6e1111ocTn cTpJKTyphl aToMa reJinn (naJIH'Ine ·nepe

KphlBa10mnxcn AMC B KOHTHHyyMe H 6JIH3Ko pacnoJioJKeHHhlx, IIO'ITH BhlpoJK,n;eHH.bIX 

B036JJK.D;eHHhlX COCTOH!lllll 2S ll 2P) IIpOHBJIJ!IOTCH rro-pa3HOMY B pa3HhlX BhlXO,ll;HhlX Ka

HaJiax paccMaTpnBaeMMX nporreccoB ( CM. pnc. 1 ), no-pa3HOMy B 3Tnx cnerrnq:inqecKn:x 

JCJIOBHHX lll!Tepq:iepnpy10T MeJK.n;y co6ou II BeTBII pa3TihlX MexaHH3MOB nporrecca (npH

MOro n pe30HaHcHoro). IlplI pa3pa6oTKe MaTeMaTII'IecRoro anrrapaTa ,n;JIJI ormcannH 

TaKIIX nporreccoB napH.n;y co cTpeMJieH1IeM coxpaunn .n;ocTonncTBO .n;n:aronaJin3a1\non-

11oro MeTo.n;a II MeTo,n;a IIOJIJKJiaccnqecKoro peIIIeHHH ypaBIIeHn.tt CBH3H ,n;Byx- H Tpexqa

CTll'IHhlX KaHaJIOB B03HHKJia, Heofixo,n;HMOC~b J'IeCTb CII_e!Illq:>ll'IeCKne Bhlll!eJIIOMJIHJThlC 

, 2 

. 

oco6eu11ocTH cTpyKTJPhl aToMa reJinH. 

I{ uaqaJiy BhIH0JIHeimH ,ll;llCCepTaIIHOIIH0ro llCCJie,n;oBaHHJ! 6hlJIH aKTyaJibllhl CJiep;y!O

mne 3a,n;a'IH: 

- O1mcauHe npHMhlX ll pe3011aHCHhIX nporrecCOB HOHII3a!IHH aTOMa reJIHJ! 6bICTphlMll 

3JieKTpo11al\lH (B K0IIJiauap11ott reol\leTpHH): yqeT HHTepq:iepe11rrm1 II HepeKphlTllH 6JIII3KO 

paCIIOJI0JKeHHhlX pe3oHaHCOB, KaJK,n;hlll H3 KOTOphlX CllJihHO B3aHM0.D;ettcTByeT C npnJiera

lOJnlll\l ROHTHHYYMOM, a TaRJKe ormcaun:e. COOTHOI!Ie!IHH HX BhlXO,ll;0B npn: pa:iHhlX KHHe

MaTH'leC!{llX ycJI0BHHX ( e,2e )- peaKrr1rn. 

- Pa3pa6oTKa HHBapnanT11ofi napaMeTpnqernoil: q:iopMhl 3anncn ceqenJiil: 3JKeKIIHJI 

c JIBHhIM BRJIIO'le11neM B 3TY 3aIIHCh MJJI.bTHIIOJieil: nepeKphlBaIOmJixcn AMC. <I>op

MJJia, rroJiyqeu11an nnTerpIIpoBann:eM Tpoiiuoro .n;nq:iq:>epeHrrn:aJI.bHoro ceqeHHJI ( e,2e )

rrporrecca B K0IIJiauapHott reoMeTpHn 11ea.n;eRBaT1ra ,n;JIJI onncaHHJI cneRTpa 3JKeRrrnn, TaR 

KaK B nett yrJIOBhlC MOMeHThl yxoMmnx 3JieKTpOHOB He Bhl,neJie!lhl J!BHO ll HeB03MOJKH0 

BBeCTll II0JIHhle (MJJihTllIIOJI.bllhlC) MOI\ICHThl CHCTCMhl (2e + He+(Is)). 
- Pa3pa6oTKa rrapaMeTpn:qecKoro q:iopMaJIH3Ma ,n;JIJI onncaHHJI pe3011aHCHhlX CTpyR- · 

TYP, npoJIBJIJIIOJnllXCJ! B q:>OTOIW!lll3a!Illll B036JJK)(eHHOro aTOMa ll )(II3JieRTpOHHOii pe

KOM6HHa!Illll HOila Ha BhlCTpoe11noe C0CTOJ!Hlle aTOMa reJIHJI, rrpn ROTOphlX ua6JIIO)(aIOTCJ! 

cJie.n;y10mHe oco6ennocTn:: B036yJK.n;e11n:e AMC c'6oJI.bI!IIIM 3Ha'IeHneM npoq:>HJI.bIIoro HH

.n;eKca (no a6cOJIIOTHOll BCJill'IHHe), J!BJieHHJ! ynrn:peHHJ! ll CMeme11n:JI npoq:>HJieii pe3oHaH

C0B B 6e3pa3MepHhlX xapaKTepHCTHRax. 8TH oco6enuocTH He MOI'JT HallTll ofr.bJICHeHIIJ! 

B paMKax rrapaMeTpH'ICCRHX Teopnu Y. <I>ano n B. B. BaJianroBa, KOTophle onHchl

BaIOT rrpoq:>nJin pe3oHaHC0B, JI0KaJIH30BaHnhle B6JIH3ll IIOJI0JKCHHJI AMC (pe3oHaHcHoe 

rrpH6Jim11eune). 

- Pa3pa6oTKa q:iopMaJIH3Ma .n;JIJI onnca111IJI yrnoBMX pacnpe,n;eJietmtt BTopn'IHhlX q:io

TOHOB, ncnycRaeMhlX ll3 B036JJK.n;Clll!Oro (BhlCTpOCHHHOro) aT0l\la Belle)( 3a )(II3JieKTpOH

HOll peRoM6n11arrn:eil: n:011a A+. 
- IlpoJIBJienn:e pe30HaHCOB B 3IIepreTH'IeCROll 3aBHCllM0CTH K03q:>q:>nn;n:eHTa yrJio

BOll aHH30Tporrnn BTOpll'IllhlX q:>OTOIIOB 12, ncrryc1caeMhlX ll3 aTOMa He(21P) BCJiep; 3a 

.D;ll3JieRTpon11ofi peRoM6n:nan;nefi no11a He+. vfayqe11n:e na npn:Mepe 3THX pe30Ha11coB 

oco6enuocTeii q:iopMnpoBannJI pe3oHaHCHoii cTpJRTyphl B o6paTHOM npon;ecce - q:>0To

nonn3an;nn B036ylK)(ennoro aToMa reJin:n: JIBJienn:JI ynrn:penHJI n: CMemeunJI. 

- MccJie)(OBaHHe Heynpyrnx CTOJIRHOBel!Hll Me.n;JieHHhlX OTpn:n;aTCJI.bHhlX MIOOHOB H 

a.n;ponoB c aTOMaMH H n He B MeTacTa6n:JihHhlX cocTOJIHHJIX (2S), a TaKJKe 3aMe.n;Jie11nJI 

II RJJIOIIOBCKOro 3axBaTa 3THX qaCTHII; B CMCCll aTOMOB B OCIIOBHOM II l\leTacTa6n:JI.bHhlX 

COCTOJ!llllJ!X. 8TH 3a.n;aqn aRTJaJihHhl C TO'IKll 3pCIIllJ! IIOJIY'IC!lllJ! ll. ll3J'ICHHJ! HOBhlX 

)(OJII'OJKHBymn:x MCTaCTa6HJihllhlX a.n;poHHhlX COCTOJ!Hllll B reJIHII. 8KcnepnMCHTaJihHhle 

.n;a1111ue [ll] (LEAR, IJ.EPH n: KER, .HnounH) noKa3h!BaIOT, -.iTo OTpnn;aTeJI.bHhle a.n;

ponhl, OCTaHOBilBIIIHCCJ! B reJilln c BepoJITHOCT.b!O 2 - 4 %, rrona.n;aIOT B MeTaCTa6JIJI.bllhIC 

COCTOJ!HIIH. B qaCTHOCTn, ,ll;JIJ! MeTacTa6HJI.bllhlX aHTllllpOTOHHhlX COCTOJ!Hllil: B o6hl'I

HOI\I reJIHll BpCMJ! JRH3Hll COCTaBJIJieT 2 - 3 MRC, 'ITO npeBhlI!IaeT 6oJiee 'ICM B l\lllJIJIIIOII 

pa3 TllIIll'IHOe (nnRoceRyH.n;noe) BpeMJI aHHllI'llJIJ!II;llll a11TnnpoT011a B cpe.n;e. B TO JKe 
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BpeMJI TeopeT11qecmi:e OI.(emm [12] n ,mcnep1n1eHTaJI1,Hhle .n:aHHhle [11] no nepHWIIIhll\l 

3aceJieHHOCTJ!M JIOJifOJRHBYIIlHX a.n:poHHhlX COCTO.IIHl!ii IlOKa3b!BaIOT, qTQ B o6bJllllOii 1\111-

IIIeHI! reJIHJ! 3aceJIJieTCJ! JIIIIIIb He60JII,IIlaJI qacTb MeTacTa611JibHhlX aJipOHllhlX COCT0.11-

HHll THIIa KpyroBhlX op6HT. Ilpn Me}IJieHHhlX CTOJIKIIOBemrnx T.fl}KeJihlX qaCTHI.( kl- c 

BeChMa phlXJihlMH H CJia6ocBJI3aHHhlMH (MeTacTa6nJihHhlMH) aroMaMI! ceqen11.11 IIX l{y

JIOHOBCl{OfO 3aXBaTa B COCTOJ!HHJ! C 60JII,IIIHM 3HaqeHl!eM rJiaBHoro l{BaHTOBOro q11cJia 

MoryT Ol{a3aTbCJ! .ZJ:OBOJII,HO 6oJihIIIHMII. 8rn rrpoI.(ecchl MoryT 6h!Tb IICCJie,ll.OBaHhl :mcne

pnMeHTaJibHO. BpeMJI JRH3HH cocTOJIHHJI H e(2 3 S) .ZJ:OBOJihHO aemrno, a Tcxmrna np11ro

TOBJiemrn M11rnenei1, co.n:epJRamnx B036yJR,n.em1ue aTOMhl, xoporno pa3pa6oraua. 

- Pa:3pa6oTRa MaTeMaTnqecl{oro arrrrapaTa .ZJ:JIJI orr11camrn Me,n;JieHHIJX 11eynpyr11x 

CTOJil{HOBeHHi1 qacTHI.( M- c aT0MaM11 H II He B MeracTaforn1,11ux cocro11111111x (2S) np11 

HaJIHqnn BhlpO]R.ZJ:eHHhlX H BeChMa 6Jil!3l{O pacIIOJIOJKeHHb!X B036y}l{,ll.ell!lblX COCTOJilll!ii 

(2S n 2P). -

ll;eJih HaCTOR~eii pa6oTh!: 

1. Pa3BHTHe TeopeTnqecKoro cpopMaJIH3Ma n co3.n:a1me rrporpaMMHoro o6ecueqeHl!JI 

}IJIJ! e,n.nHoro OIIHCaHHJI rrpol.(eCCOB rrpHMOll H pe3oHaHCHOii HOHH3aI.(l!H aTOMOB reJIHJI 

!pOTOHaMH H 6blcTphlMH 3JieRTPOHaMH H3 OCHOBHOl'O H B036y}l{,ll.eHHhlX COCTOJIHl!ll H ,ll.H3-

JieRTpOHHOi1 pel{OM6nHal.(HII HOHa Ha BhlCTpOeHHOe COCTOJIHHe aToMa B o6JiaCTII crrer{Tpa 

rro.n: BTophlM rroporoM. 

2. RoJinqecTBeHHhlll aHaJil!3 TeopeTH'!eCRHX pe3yJibTaTOB I! HHTepnpeTaI.(HJI IIMCIOII.(HXCJI 

3KCIIepnMeHTaJII,HhlX .n.amn,rx no B036y}l{,ll.eHHIO HOHTHHyyMa aTOMOB reJIH.11 B paccMaTpll

BaeMhlX rrpoI.(eccax HOHl!3aI.(HH H peHOM6HHaI.(l!H. 

3. J1ccJie,n;oBaHile Heyrrpyrnx CTOJIHHOBeHHll MC,ll.JieHHhlX OTpHI.(aTeJihllhlX MIOOHOB H 

a,n.poHoB (qaCTHI.( M-) c aToMaMH H H He B MeTacTa611JibHhlX cocTOJIHHJIX (2S), a 

TaK}l{C mrneTHqecHHX xapaHTep!!CTIIK 3aMe}IJieHHJ! H KYJIOHOBCHoro 3axBaTa 3THX qacTIII.( 

B CMCCH aTOMOB B OCHOBHOM H MeTaCTa611JibHhlX COCTOJIHIIJIX. Pa3.pa6oTKa MaTeMaT°irqe

CKOfO anrrapaTa .ZJ:JIJI n3yqeHHJI rrocTaBnennoi1 3a,n.aqn. 

Hayl:JHaR HOBH3Ha. 

- BrrepBhle rrpe,n;JIO}l{eHa rrapaMeTp11qecHaJI cpopMyJia .ll.JIJI orr11can1111 pe3onancuoro 

11pocp11JIJI B3aHMo,n.ei1cTBYIOIIlHX 1 P H 1 D AMC uocpe,n;cTBOM cyMMhl'ero Biwa,n;oB B Ha

}l{JlOM MYJihTHIIOJibHOM ceqeHl!H 3}1{CKI.(HH ( e,2e )- peam111n. 

- BrrepBhle BhlJ!BJieHa "npoTJI}l{eHHaJI CTPYKTypa" pe3oHaHCOB B !pOTOHOHll3aI.(IIII B03-

6y}l{,ll.eHHOro aTOMa reJIHJ! (rrpocTnpaIOmaJICJI Ha COTHII eCTCCTBeHilbIX nmp11H OT IIO

JIO}l{eHHJ! AMC) 11 rrpe,n;JIO}l{CHO 0606m~H11e .n:naroHaJIH3aI.(HOHHoro MeTo)Ia Ha cJiyqafi 

ee OIIl!CaHHJI._ IloKa3aHo, qTo "rrpoTJI}l{eIIHhlll rrpocpHJib" pe30HaHca. xapaKTCp113YCTCJ! 

3HepreT11qeCHoi1 3aBHCHMOCTb!O cpyHHI.(Hll IIIHPl!Hhl (r µ,L ( E)) H rrpO!pHJibHOfO IIH,ll.CI{Ca 

(q~,L(E)) B MYJihTIIIIOJihHhlX RaHanax rrpoI.(ecca. IloKa3a110, qTo rro.n:o6Hhle oco6errno

cTn I{QHTHHyyMa rrpoRBJIJIIOTCJ! B o6paTHOM rrpoI.(ecce - B peRoM61!Ha[{l!H HOHa reJil!JI Ha 

B036Y}l{.ZJ:CHHb!ll ypoBCHb aTOMa reJIHJI. 

- BrrepBhle rrpoBe}IeHhl IIOCJie,n;oBaTeJihHhle pacqeThl 11 .n:ana HHTeprrpeTaI.(IIJI 3l{CJie

pHMeHTOB no CIICRTpaM 3}1{CHI.(HH H COBIIa}IeHHJI B rrpHMOll H pe30HaHCHOi1 He( e, 2e )He+ -
peaRI.(IIJIX B o6JiacTH 60JI1,rn11x 3Heprni1 naneTaIOmero 3JieHTpoHa. 
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- Bncpahle IIOl{a3a110, 'ITO yrnoBhlC pac11pc.n:c,1c11HJI BTOp1! 11HLIX q>OTOHOB ,2, ncny

CI<aeMhlX 113 BhlCTpocnuoro aToMa Hc(21 P) BCJIC.ZJ: 3a 3JICKTpOHHO-l!OIIIIOit peKOM611Ha

IU!Cii, HOCJIT Bbrpa}l{Cllllhlll pe30HalICHhlii xapaKTCp. IloRa3aHo, qTo npoRBJICHHC "rrpo

TJI}l{CIIIIOll CTpyruyphl" B npo11eccax q>OTOHOHH3aI.(HH B036y}l{,ll.CHHOf0 aTmla reJIHJI H 

/lll3JICKTpOIIHOii peROM6nnan111-1 l!OHa Ha BhlCTpOCHHOC COCTOJ!IIHC npHBO.ZJ:HT l{ ynmpe-

111!IO I! CMCIIlCill-110 npocpl!JIJI pc30HaHCOB B I{03q>!pl!I.(l!CHTax yrnoBoii. aHl!30TpOIIl!H cpo-

T03JICl{TpOHa I! BTopnqnoro cporona. • 

- BncptthlC noJiyqcua OI.(CIIl{a ccqeHHJ! KYJIOHOBCKOro 3axBaT& OTpHIIaTCJ!bllhlX M!OO

IIOB I! a1wo110B MCTaCTa61!JIJ,llblMH aTOMaMI! reJil!JI. IToHa3aHo, qTo ceqCHl!e 3axBaTa 

6011cc 'ICM na nopJI.ZJ:01{ rrpeHbllllaCT COOTBCTCTBY!OIIICC CC'IClll!e Ha aTOMC H OCIIOBHOM 

COCTOJIIll!I!, a Hl!IICTl!'ICC({I-IC xapal{TCpl!CTl!HI! 3aMC.ZJ:JIClll!JI I! 3aXBaTa qaCTl!I.( HCCbMa 

'IYBCTHI-ITCJ!bllhl I{ npncyTCTHl-110 MCTacra61!JibllhlX aTOMOB. BnepBble IIOl{a3aHO, qTo npl! 

3aXHaTC aHTl-lllpOTOHa McTacTa61!JibllbIM l'C,11!CM 3aCCJIJI!OTCJI HpyroBblC op61!Thl C 0 11Clll, 

6om,IIIl!MI! 311aqc111-1JIMI! rJiaHHOl'O ,rnanTOBOfO lJHCJia (01{,10TI, /10 n ~ 150). 

Hay4HaR ll npaKTlll:JeCKaR QeHHOCTh pa60Tbl. 

- 13hlJIBJICIIIILIC B ,n.aHHOii pa6oTe "npoTJI}l{Cllllhle CTp)'HTypu" pe3011a11coo I! IIOJIXO,ll. 

I{ I-IX OIJI-ICalll-110 MoryT CJIY}Kl!Tb ornpaBHhlM nymuoM B l!CCJIC/lOHaHl!JIX q>OTOl!Olll13aIIl!I! 

MIIOf03JIC!ITpOHlll,IX aTOMOH 1!3 cna6ocBJI3ailllblX 0036ym11cm!hlX COCTOJIHHii. 

- ITpe,n;JIOJKCH!IaJI l!HBapnaUTHaJI cpopMyJia ceqeHl!JI 3}HCHl\l!I! MOJKCT 6b!Tl, l!CHOJib-

30Balla !{al{ HOBLIH MCTO,ll.l!qecHl!ii opneHTl!p B 3HCnepi!MCUTaJibllhlX l!CGICJIOHaIIHJIX IIJIJI 

1!3Mepeunn MYJibTl!TIOJibHLIX napaMcrpoB B3al!MO,n.ciicrBy1omnx 
1 P n 

1 D AMC B cneK

Tpax 3}l{CHI.(l!H. 

- ITonyqeHHhlC B pa6oTe qHCJICIIIILIC OIICIIKI! xapa1ucp1!CTl!H pe3oHaHCOB, npoRBJIJI-

IOIIll!~CJI B He( e, 2e )He+ - peam1nn, cpoTOl!OHH3aIIHH B036ym.n.em10ro aroMa reJIHJI I! B 

yrnottoM pacnpeJieJieHnl! BTop1-1qnoro cporoua B .ZJ:1!3JICKTpo1111oii peHoM6nna[{l!I! 11-1oryr 

6bJTl, HCIIOJib30BaHhl .ZJ:JIJI l!X 3KCIIepl!MCHTaJibllhlX npoBepoK. 

- Ilonyqem!hle B pa6ore OI.(CHl{l-1 no 3aCCJIClll!IO aHTl!IlpOTOHa B 11-1eracTa61IJiblIOM 

l'CJil!I! MoryT npe.n.craBJIJITI, l!IITCpcc 1IJIJI noJiyqeHl!JI II 1!3Y'lelll!JI HOBblX ,ll.OJ!fO}l{I-IBYIIII-IX 

11-1eTaCTa61!J(bHbJX COCTOJIIll!H a11po110H H l'CJll!I!. 

- IToJiyqeHHbIC B /ll!CCCpTaI\l!I! l{OJil!'ICCTBClll!b!C CBCJICIIIIJI O xapaHTCpl!CTl!Hax II()JI

MOii I! pe3011a11c11oii l!Olll!3a!Jl!I! aro11-1a l'CJll!JI 1!3 ,ll.llCHpCTHhlX COCTOJIHl!ii 11-1oryT 6b1Tb 

1-1cnoJib30BaHhl H 3anoJI11ne11-11,1x 111,mc 6a1max 11annux rnna "Aro11-1" n "Attora11po", opl!

e11r11p0Ba1111ux na 1-1c11on1,3otta1mc B npnHna11111,1x 3a,n;aqax aT011-111oii cpn:m1rn, an·poqrn-

31!HH, q>1!31!l{I! JJJia3Mhl, Jia3cpoB I! /IP-
MeTOJll!l{a I! nporpa11-111-111oe 06cc11e11c1me, pa3pa6ora1111uc 11n11 n3y•1c1111n B e.n.n1101\1 

no.n:xo11e np11Moii II pe:m11a11cnoii 1-1011n3a[{l!II aTOMa reJIHJI, a TaHme CTOJIHIIOHCHl!il 1ra

crm1 M- c MCTaCTa61!JibllblMI! aro11-1a11-1n MOI'YT naiiTI! npl!MCIICHl!fl B 11aJiblICHIIIl!X 110-

.n:0611blX l!CCJICJIOHa1mnx. 

IloJio}l{eHHR ,llHCcepTaQllH, Bh!HOCHMble Ha 3amHTy. 

I. TeopCTl!'ICCHHii cpop11-1aJI1!3M c;1n11oro onnca11m1 np1111-1oii II pe3011a11c11oii 1-1011n3a

I\1!1! aTOMOH fCJil!JJ 1!3 OCIIOBIIOI'O I! tto:16y>K/1CllllblX COCTOJIIIl!ll q>0To11a11-11-1 I! 6blCTphlMI! 
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3,'leKTponaMI!. HoBh!C rrapaMeTpll'Iecrme qiopMyJihl ,IJ;JIR OIIl!Cal!IIJI MYJihTIIIIOJihllhIX rrpo

q>11,1efi pe3011auc0B B CIIeKTpax q>OTOITOrJIOIIIe!JIIR II 3)1{eH!{IIII . <l>opMyJIJ,I ,ll;J!JI yrJIOBhIX 

pacrrpe.n;eJreHllfi BTOpl!qUhlX q>OTOUOB, c.1e.n;y10m11x BCJIC,ll; 3a pe1wM61111an11efi !!Olla Ila 

Bh!CTpoeHHbill aTOM re.1IIR. 

2. KoMrr,1eKc11oe rrporpaM1111oe 06ecneqe1111e, HOBhre TcopcT1P1ec1me pc:iym,raTu 

,IJ;JIR pa3,111q11h!x xapa1ncp11cnm rrp11Mofi II pe3011a11c11ofi 110I1113a~1111 aTmia I'CJ!l1R 11:i 

OCHOBHOfO II B036y)l{,nenuoro COCTOFIHl!ll B crre1npax q>OTOlI0!',10ll!Clll1R, 3)KCJ{J(l111 I! co

Brra,neHl!R. YqeT pa3Jil!qHhIX TlllIOB Koppe,'!ill(III! 3JICKTpOII0B, B TOM q11c11e ,wppeJIHIIl1ii, 

orrHch!BaeMhIX MHOroKonqi11rypan110HHhll\l McT_o,noM XapTp11-<l>ol{a (MCHF). 
3. Heynpyr11e CTO,'l!{H0BeHlrn Me.n;JieHHh!X OTp11naTeJibHhIX l\!IOOI!OB II a.n;ponoB ( '!a

CTIIU M-) c aToMaMII H II He B McTacTa6HJihHbIX cocTORHIIJIX (2S), 1mneTl!'Iec1mc 

xapal{Tepl!CTIIJ{I! 3aMe,n;JieHl!R 11 I{YJ!0I!OBCJ{OfO 3axBaTa 3Tl1X qacTl!U B CMeCI! aT0MOB 

B ocnoBHOM 11 11ieTacTa611JihHhIX cocToHHIIRX. Pa3pa6onrn MaTeMaT11qecrwro amrapaTa 

.n;,w 113yqe1mn nocTaBJieunofi 3a,naq11. 

OcHOBHhle pe3yJibTaThl, noJiyt.IeHHhle B ,L(ttccepTal..{ttlI: 

1. Ha OCHOBe .n;11aronaJil!3aUl!OIIH0ro MeTO,ll;a pa3BIIT TeopeT11qec1mfi cpopMaJil!3M ,ll;J!H 

e.n;11noro orrIIcan11H npoueccoB npnMoii II pe3011aucnofi 11on113au1111 aTOM0B rcJI1111 cpoTo

naMl! I! 6h!cTph!Ml! 3Jiel{TpOHaMl! 113 OCHOBIIOro I! B036y)l{,ll;CI!llb!X COCTOHI!l!ll, a Tal{)!{C 

pe1wM6IIHaUIIl! !!Olla He+ Ha Bh!CTpoennoe COCTOHill!e np11 ycJI0Bl!II B036y)l{,neHl!JI ne

pel{ph!Ba!OIIIl!XCJI AMC, B TOM q11cJic : 

- Ilpe,n;JIO)l{ena noBaH rrapaMeTp11qecl{aH cpopMyJia ,ll;JIJI ceqcnl!H 3)l{CJ{ill!lf. Ilpoq>l!Jih 

CTPYJ{TypLI, o6ycJIOBJieHHblll 6Jil!3J{O pacnoJI0}l(CHHhll\!I! pe30HancaMl!, npe,ncTaBJieH B 

B11,ll;e cyMMbl MYJihTIIIT0J!hllh!X BJ{Jia,noB, l{OTOphlc xapal{Tepl!3YIOTCH "CBOIIMII" pe30!laHC

!lhIMl! rrapaMeTpaMl!, B TOM q11cJie napaMCTpaMl! l!HTepqiepe11u11II. 

- O6o6meu .n;11aronaJI113a1{11011Hhlfi MeTo,n na e11yqafi orrncamrn pe3onaucnofi cTpyl{

Typhr J{OHTIIHYYMa, rrpoHBJIHIOII!ellcH B q>OTOnpoueccax C yqacTl!el\! B036y)l{.n;eHHOro aTOl\!a 

rcJil!H. 8nepreTII'!ecRaH 3aB11_c11MOCTb npoq>IIJIH pe3ouanca npe,ncTaBJiena B BII,ne cy

nepn03l!UIIII MYJihTIIIlOJ!bHh!X npoq>IIJiefi, J{a)l{,ll;hifi 113 J{OTOphIX Oill!ChlBaeTCR q>YHRI!IIHMl! 

1II1Ipl!Hhl (f µ,L( E)) 11 rrpoq>IIJihHOro 1m,nel{ca ( q:,L ( E)) B .n;annoM J{aHaJie (L). 
- Pa3pa60Tan 06m11il. qiopMaJI1!3M ,IJ;JIR pacqeToB 311eprenrqecl{oil. 3aBl!CIIMOCTl! yrno

Bh!X pacnpe,neJie1111fi BTOpliqllhIX q>OTOUOB, 11crryc1{ael\!h!X BCJ!C,ll; 3a .nmmernpOHHOH pe

J{OM61I1Iall1Iefi IIO~a A+. 
2. IloJiyqe1111 oueul{II ,n;JIJI 1I1ITepqiepenu1111, nepel{ph!TIIR 6JIII3J{O Jie)l{all!IIX pe30~. 

11anc0B II COOTH0II!eHIIR l!X Bh!XO,ll;OB B (e,2c)- peal{UIIRX ' a _TaR)l{e ,ll;JIH ,ll;l!HaMIIJ{II 1{0-

3q>cp1IUIICIITa yrnoBofi aCIIl\ll\!CTplIII 3JleRTpOHOB 3)J{Cl{UIIll np11 pa3HI,JX J{HHeMaTnqecl{llX 

ycJIOBl!JIX npo11ecca. ,l{ana HHTepnpeTaun11 HMCIOII!IIXCR :=rncnepnMeHTaJihHh!X .n;ammx B 

o6JiacTn 3Heprnn naJieTawmero 3Jiernpona E ~ .5 1{38. IloJiyqeno xopolI!ee cornacne 

Teop1m II 3J{CITCp1IMeHTa. 

3. Ilol{a3auo, qTo B rrpol(eccax qioTonoHn3aunn B036y)l{.n;eunoro aToMa reJinH n 

,ll;WlJIC!{TpOI!IIOH pel{OJ\!6nnau1I11 IIOHa na Bh!CTpOeHH0e C0CTOJ!HllC aBT0l!OHH3aUl!0HHble 

pe3011a11ch! MoryT npOJIBJIRTbCH B xapal{TeplICTlll{aX npRMhlX npol(eccoB !{al{ CTPYJ{TYPhl, 

npocn-ipaIOIJ{l!ecn na MHoro m11pnn OT rroJIO)l{CH.l!H AMC (''npoTH)l{CHHaH cTpy1nypa1' 
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pe3onauca). Ilol{a3ano, qTo B OCHOBC rrpoHBJieHl!JI "rrpOTJl)l{eHHhIX CTpyRTyp" Jie)l{.l!T 

l!IITepqiepeHil.l!JI J\!e)l{,ll;y al\lITJI.l!Ty.n;oii. npHMOll .l!OH.1!3a!III.I! ll aMITJ!llTY.llOll qJOTOliepexo

,ll;OB '1epe3 aBTO.l!OHII3al(IIOHHOe COCTOJIHIIe C 60JiblII.l!I\I a6coJIIOTHhll\l 3ua11enneM qiynm(.l!ll 

npoq>IIJibHOrO IIH,ll;eRCa. fl pc,ll;JIOlKCH B03MO)l{Hh!ll Bap.11aHT 3RCITepnMeHTaJihHOrO ll3MC

pemrn q>JHJ{Ill!H 1II1Ip.1!Hhl .11 rrpoqi11JI1Horo IIH,nel{ca. 

4. Ilol{a3auo, qTO B 3HepreTIIqecROll 3aBHCllMOCTll l{03q>qJ.l!l(l!eHTa yrJIOBOli aH.1130-

Tp0ITIIII BTOpII'!HhIX qJOTOHOB 12, IIClIJCRaeMhIX 113 BhICTpoenuoro aTOMa He(2
1 
P) BCJie,n 

3a ,ll;II3Jiel{TpOHHOH peRoM61I1IaUI-1efi, npoHBJ!HeTCJI Bh!pameHHhlll pe3oHaHCHhlll xapaR

Tcp. Ilpe,ncl{a3h!Bael\lhle pe3oHaHChl MOryT 6h!Th llClIOJib30BaHhl ,ll;JIH 3RCrrep.11MenTaJih-

11oro II3yqenIIH HBJieHIIH y1II11peu.11H .11 cMemenIIJI npoq>IIJiei1 pe3onanc0B. 

5. Ha OCIIOBe ITOJIJJ{Jiacc1IqecRoro npII6JIII)l{eHIIJI ,ll;JIR penreHllJI ypaBHeHIIll CBJl3II 

,n;Byx- II TpexqacTIIqHh!X RanaJIOB pa3pa60TaH TeopeTnqecR.l!H anrrapaT ,n;JIR onIIcau.1111 

ncynpyrIIX CTOJIJ{HOBennfi 11acT.l!l( M- c aToMaMn H .I! He B MeTacTa6IIJihHh!X cocTo

HHIIJIX (2S) C HCilOJib30BaHIIeM JI.l!HefiHhIX l{OM6IInau11i1 aTOMHh!X BOJIHOBhIX• qiynRIIIIll, 

IICJ{J!IO'!a!OIIIllX ,IJ;l!IlOJ!bHhlll '!JieH H3 CBJl3.I! ,n;Byx11acTII'IHhIX I{aHaJIOB. 

6. IIoRa3ano, qTo ceqeHHJI neyrrpyroro B3al!MO,nefiCTBIIJI 11aCTlll( ,\1- C MeTaCTa6llJib

Ilhll\lII aTOMaMII H II He 6oJiee 'lei\! Ha rropH,ll;Ol{ npeBh!II!a!OT COOTBeTCTBYIOIIIHe ce11eHI-1H 

na aTOMe B OCH0BHOM COCTOHH.11.1!. IIp.11cyTCTBIIe MeTacTa6HJibHh!X aTOMOB B cpe.ne cy

mecTBeHHO BJIIIHeT na l{lll!eTII'leCR.l!e xapaRTepIICT.l!l{ll 3aMe,1J;J1eHllH II 3axBaTa qacTIIII, 

BpeMH 3aMe,ll;JieHIIJI qaCTlll! rrpII 100%-tt l{OHI(eHTpaUHH MeTaCTa6HJibHhIX aTOMOB reJIIIH 

yMeH11IIaeTCH np.11Mepno na nopn,noR. 

7. IloRa3aHo, 'ITO llCl10Jlb30BaHl!e MeTaCTa6IIJibHOR reJ1.11eBOll MIIIIIeHII B rrp.l!Hl(IIITe 

OTI{pb!BaeT B03M0)1{HOCTb n3yqeHIIJI HOBOR o6JiaCT.I! ,IJ;OJirO)l{llBYII!llX a.n;poHHhIX COCTOHHIIii: 

B reJil!H, B qacTHOCT.11, npII 3axBaTe aHTllrrpoTOHa MeTaCTa6HJibHhlM aTOI\IOM He MoryT 

3aceJIJ!ThCH J{pyroBh!e op6.1!Thl co 3Ha11eHHJIM.I! rJiaBHOro RBaHTOBOro 'lllCJia BlIJIOTh ,no 

n ~ 150. 
8. ,l{JIJI 'lllCJieHHOll peaJIII3aIIIIll rrocTaBJieHHhIX 3a,naq C03,IJ;aH l{OMITJiel{C rrporpaM-

MHOro 06ecrre11eHIIH. IloJiy•1eHhl HOBble qIICJieHHhle pe3JJ!bTaTh! ,ll;JIR crrel{TpOCJ{OlI.l!'le

CJ{IIX xapaRTep.l!CTIII{ pe30HaHCOB, qiopMIIpyeMh!X npn .1!0Hll3a!IllII aTOMOB He q>OTOHaMl! 

H 3JieHTponaMII I-13 OCHOBHOro .I! B036J)l{,ll;eHHb!X COCTOJIHIIH, a TaR)l{e ,ll;J!R ,n;JIR nonyRJiac

CIIqecl{IIX .I! l{IIHeTII'leCRIIX xapaRTep.l!CTlll{ neyrrpyrIIX CTOJIRHOBeHHii: 11aCTIII! M- C 

aToMaM.I! H .I! aToMaMII He B MeTaCTa6.l!JihHhlX COCTOHHllJIX ll B cMeCl! 3TllX aTOMOB B 

0CHOBHOI\I n B036J)l{,1J;eIIHhIX COCTOHHIIJIX COOTBeTCTBeHHO. 

Anpo6al..{ttJI .I(ttccepTal..{tttt ny6n11Kal..{tttt. 

OcnoBnh!e pe3ymTaThl .n;.11ccepTaIIHH orry6JIIIROBaHh! B Tpy.n;ax: XVI-XVIII Me;JIC
ayuapoau'btX 1wurfiepem1,ui1 no rpu3u-x:e 3.;1e-x:mpo1t1t'btX u amo.11m'btX cmo.;1-x:uoaeuuii {IC

PEA C): H1m-HopR -1989,Bpnc6an -1991, Aapxyc -1993; 

Me;J1Cayuapoauoi1 -x:ourfiepem.1,uu no cne-x:mpoc-x:onuu u cmo.;1-x:uoaeuuS!.At .Ata.;103.te-x:-

mpouu'btX uouoa: ByxapecT -1988; 

X-XI Bceco1031t'btX -x:ourfiepeuv,uii no rfiu3u-x;e 3.;1e-x:mpo1t1t'btX u amo.AtU'btX cmo.;1-x:uo-

aeuuii {BKA9C): Y)l{ropo.n; -1988, qe6oRcaphl -1991; 

IV Bceco103uozo coaeU{aUUS! "Aamououu3av,uou1t'bte .51,a.;1euuS! a amo.Atax" : Moc-
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· RBa -1990; 

Eaponeilc11:oi1 11:01uJ>epe1tv,uu no (e,2e) cmo.;111:11,oae11,us1,,,11, u CBRJa1t1tbtM npo6.;1e,,11,a,,11,: 
BpecT, <I>pamr1rn -1991; 

Mexay1tapoa1tow cu,,11,n03uy,,11,a no {e,2e) cmo.;111:1toae1tu51,,,11,
1
aao·u1toi1 ¢omouo1tu3a

v,uu u CBRJa1t1tbtM npov,ecca,,11,; IlapnJK -1993; B JKypHaJiax; Y'leHh!X 3am1cRax Mou

rom,cRoro rocyHnBepCIITeTa, B coo6ru;eHnnx n rrperrpnnTax OI1RI1. 

Pe3yJibTaThl ,Zl;llCCepTao;HOHHOii pa6oThl II0CTORHHO no Mepe llX II0Jiyqemrn o6cyJK,n;a

JillCI, Ha ce,,11,u11,apax Jla6opamopuu meopemu'!lec11:ow npa11:mu11:y.Ata HJ111Jl</J MI'Y, a 
ma11:xe me.Mamu'lernoil ipynnbt Jla6opamopuu meopemu'lec11:oi1 <fiu3u11:u 011JIJ1. 

IloMllMO Toro, 3TH MaTepHaJihl TaRJKe ,Zl;ORJia,ZJ;h!BaJIHCI, '/la exeioa'ltblX 11:0'll<pepemiuRx 
no <J>u3u11:e: YJiaaH6aaTap 1988-1993; 

MaTepHaJihl ,n;HccepTaD;Hll B cpopMe npHrnanremmx .n;oRna.n;oB ,n;BaJK,n;hl 6h!m1 .n;ono
JKeHhl na MeJK.n;yHapo.n;nhlx ROHcpepe11u;m1x:Byxapecm -1988 u Epecm (</Jpa1t11,uR) -1991; 

Ilo MaTepnanaM .n;nccepTaD;Hll ony6JIHROBaHo 33 ne'laTHhIX pa6on,1, B TOM 'lllcne 19 

CTaTeii B poccHiiCRllX ll 3apy6eJKHb!X ll3,ZJ;aHHRX (lKypHaJiax, Tpy.n;ax MeJK,n;yIIapo,n;HhlX 

ROHcpepeno;Hfi, B Y'leHh!X 3arrHcRax MonronbcRoro rocyHHBepcHTeTa ll B coo6m;emrnx 
H rrperrpHHTax OI1RI1). 

CTpyKTypa JI! o6'beM pa60T1>1: .lJ:HccepTaD;llR C0CT0llT ll3 BBe,n;eHHR, qen1pex rJiaB, 

.l1.BYX npHJIOJKeHHii n 3aRJIIO'leHHR o6ru;HM o6'beMOM 185 CTpaHiio;, BRJIIO'laR 61 pncynoR, 

33 Ta6mID;hl ll CIIllC0R D;llTnpoBaHHOii JIHTepaTyphl ll3 175 !Ia3BaHnii. 

C04EPJKAHJ1E PAEOTbJ 

Bo BBe~eH:H:H o6ocnoBana aRTyaJibH0CTh pa3pa6aTh!BaeMoii TeMhl n ccpopMynnpo

BaHhl 0CH0BHhle 3a,n;aqn .n;nccepTaD;HOHHoro .llCCJie,n;oBaHHR. 

B rrepBOH rJiaBe paccMaTpnBaeTc11 TeopeTn'lecRnii cpopMaJIH3M .n;nn e.n;mmro mm

cannn IIpRMOll ll pe30HaHCHOfi ll0Hll3ao;nn aT0Ma reJinR ll3 0CH0BHoro ll B036yJK,n;emmx 

COCTORHllfi !pOTOHaMn ll 6h!CTphlMll 3JieRTpoHaMH Ha 0CH0Be .n;naroHaJinsau;noHHoro Me

TO,n;a [2, 3]. KopoTRO ll3JI0JKeH .n;naroHaJinsau;noHHhlll MeT0,[( ll o6cyJK,n;aeTCR Bonpoc 0 

,n;aJihHefinreM ero rrpnMenennn R nc·cJie,n;oBaHn!O rrocTaBJieHnhlx sa,n;aq. Ilpirne.n;enhl Bhl

paJKeHnn .ZJ;JIR TpoiiHhlX .n;ncpcpepenu;naJibHhlX xapaRTepllCTllR He( e, 2e )He+ - peaRD;llll 

(B ROMIIJiaHapnott reoMeTpnn) B napaMeTpnqecRofi cpopMe, B R0T0phlX Y'lTeHa llHTep
cpepeuu;nn nepeRph!BaIOru;nxrn 1 P n 1 D AI1C. 

I1nTerpnpoBanneM TpoiiHoro ,n;llcpcpepenu;naJibHoro ceqennn (B na6opaTopnofi cll

cTeMe Roop,n;llHaT) no yrnaM paccennnn Bh!Be,n;ena H0Ban napaMeTpnqecRaR cpopMyJia 

.ZJ;JIJI ,n;Bofinoro .n;ncpcpepeHo;llaJibHoro ceqe1rnn (.IJ:.IJ:C) 3}ReRo;lln: 

d}c, " (2) 
dE dD = ~ c, L ' 

b b L 
c,1_

2
) = CLh(Ob)- (1) 

3.n;eci, c,1_
2
l(E0 , Eb, Ob)- MYJihTnnoJibH~e ceqenne 3JKeRo;lln, L- MYJihTnno111,Hhlii yrnoBoti 

MoMeHT, PL( Ob)- IIOJIHHOM JleJKan.n;pa. YrnoBh!e R03cpcpno;lleHThl CL B ( 1) onpe.n;enmoTcJJ 
RaR 
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'l 

..,, 

ct = c(2) + cP + cn + ci 
I, J, L L 1,, (2) 

rf<C cf) J,! Cj,- My.1hTHII0JlhllhlC H03cpcpHD;l!CIITU, 0IIpe,n;eJIRIOIIU!e IIpRM0ti IIp0!leCC 11 

ll!ITCptpcpeHI(J,IIO Ip H I J) AMC C0OTBCTCTBeHHO. I{o3cpcpHJlHCl!Tl,J cf II cf onpe.n;e

JIHIOTCJI "CBOIIMII" pe:m11a11c111,IMll rrapaMeTpaMII a1,,j H b1,,f 

ci - a1,,jE:j + bL,j 

L - c/ +] 
J 1,·2 T.C. ,[(JIR 

1 P 11 1 D AMC. (3) 

3.n;cch C j = 2( E - E~es) / I\ ; Efes II r j - IIOJIO}Kf!IIIIC ],! Illllpll!Ia j-ro pe3011a11ca. Ms cpop

My,1 ( l )- (3) 1rn.n;no, 'ITO npotjiHJib I P 11 1 D AMC B ccqc11H11 .n;orroJI11ReTCJI 11mpopMa1111eti 

06 :➔ H0JIIOl(llll BHJia,n;oB IIpocpllJieti H MYJibTl!II0JibHhIX CC'lCIIIIJIX. 

Mym,Tl!IIOJII,IIOC CC'!CIIJ,IC cjJOTOIIpoaecca, J'll!Tb!Ba!OII(Ce npoHHJie1me "rrpOTil}KeHHOII 

CTpy1nyp1,1" µ- ro AMC sa1111c1,rnacT<:n: 

. . [q; (E) + c (E)]2 
(,i (£) = (,,,(0)(£) + c,,,(o) µL 1,L 

µL L L l + l!L ( £) ' 

l',l(C (,~~< 0 \E)- MYJibTl!II0JJJ,II0C CC'lC!ll!C npRM0ro cpoTOIICpexo.n;a H 0THpblTl,JH Hana,1; 

E:1,L = 2(E - E1,L)/f1,dE); 

(4) 

(5) 

I\,L( E), qtL ( E) - tJ>Yl!llJlllll ump11m,1 11 11p()(jmn1,11oro 1111;\eHca B J\aIInoM MYJihTHII0JihH0~I 

uaHaJ1e, Eµ1,- rronmuc11He AMC (L). 
IT pllH0.ll.HTCJI cpopMy11w AJIJI ,l(OJill Birna.n;a llOlll!3a!lllll 1.Jcpc3 AMC no 0THomenmo H 

MYJihTlln0JihII0MY celJel!l!IO B OT!{phlThlti Hanan, a TaHl!{e celJCI!llR pe1wM6ll!IaJlllll llOlla 

na Bl,ICTpocnnoe C0CTOJ!lll!C aT0Ma reJIHJI. 

BTopaR rJiaBa II0CHJIIUCHa ll3JIQ}l{Cilll!O OCH0Bllh!X pe3yJibTaT0H l!CCJIC,l(OBa1111ti IIpH

MOti 11 pcso11a11c11oti HOl!ll3aI(HH aToMa reJI11H 6b1cTph1M11 3J1c1npo11aM11. 

rI01ry1.Jeuu ou;emrn pasnwmwx xaparnepncTml npHMhIX (c,2c)- nponcccoH 11 J(ana 

l!IITCpIIpeTal(HJI 3l{CIIepHMCIIT0B [5, 6, 7], Bh!II0JIIICHI!hlX B J(0CTaT0'III0 m11po1wti 06nacn1 

J{l!IICMaTJ1llCCJ{HX nepeMCIII!blX. 

lJ p0HC,l(Cllhl H0MIIJICl{CllhlH aHaJ!ll3 II '111CJICIIIIaJI J(CM0IICTpaD;HH T0ro, 11()11 J{aJmX 

1mneMaTH'lCCHHX ycJIOBllJIX C0BIIaJ(aTCJII,IlhlC ( c,2e )- pcaHD;llH, a Ta!OIIC yrnoBLIC ll 311Cp

reTJ1'lCCJ{llC pacnpe.n;eJICHl!JI 3flCl{TponoB 3lKC!{[(llll MoryT 61,ITh 0IIHCa!lbl C 6om,moti T0'I

H0CTI,10 pac'!eTatrn B rIGrI. flmrnsauo, •no pacqcTw xopomo onllCb!HaIOT cottna)(a

Te1r1,11we (e,2e)- peaI{JlHH np11 311cpr11Hx uancTaIOn(ero 3JICHTpona E0 ~ •1 1mB, a J\JIJI 

Eo ~ 500 3B - YrJIOBOe ll 3HcprCTll'lCCH0C pacrrpc.n;eJIClll!JI 3JICHTpona 3}1{CHIUlH J(JIH 

orrpc,l(ene11nhlx ycnos11ti HHl!eMaTmm. .lVrn 3JICHTpo110B 3mCHI(llH ;~a11a J\CTam,11a11 1111-

TcpnpeTaJll!H 3HC11CpllMCIIT0B, H I{0T0p1,1x napHJ\Y C yrnoHI,IM ( CM., 11anp11Mep, pnc. 2) 

11 31Iepre'!'l!'ICCJ{l!M pacnpeJ(CJICIIHJIMl1 11:lMCpHmlCh 11 MYJihTl!IIOJihllhlC H03cj>qJHJlHCIITl,l. 

B pc3ym,TaTe 3T0l'O, H 'IaCTII0CTJ,!, BblJICIICII0, 'ITO C H0:1pacTam1cM 3I1cpr1111 na.n;a!0ll(Cro 

:➔JICI(Tpo11a (oT 200 J(0 2000 :➔B) npn Mam,rx 311cpnrnx 3lHCm\Hll (Eb ~ 2 3B) B yrno

H0M pacnpeJ(eJICI!llll 3JICl(Tp0110H 3}HCIU(l!H cnaracM0C C J{()3cpcp11n11cHTOM aCHMMCTpllll 

{i2(Eo, Eb) JIHJIJICTCJI J(0MHHHPYIOil(f!M H MCIIHCT :maIL 
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P1,1c. 2. ,4,4C x:ar;; ef>yux:v,ua om yz.ta 
3:JIC€'K:1J,UU 0b npu 3'/lepzuu naaa10w,ezo 
3.,1,ex:mpona E0 = l!{::iB. 1- nacmo
aw,uu pac'IJ,em; 2- no.ty3.Mnupu'l{ecx:ue 
01.1,enr;;u {9}; 3- 3r;;cnepu.Meum {6}; 4- pac
'l{em {8}. 

35.0 35.5 36.0 35.0 35.5 36.0 
Eb , 3B Eb , 3B 

P1,1c. 3. Cnex:mp 3:J1Cex:1.1,uu B ox:pecmuo
cmu ID u Ip AMC npu Eo = l!{::iB 

u 0b = 33° u 142°. ,4,4C noae.teno 
ua ezo J'/la'l{e1tue 13 no.to:J1Ceuuu I P AMC 
(DDCSP). 
nepu.Meum 

CJepm,te X:Baapamur;;u- 3'K:C
{7}. Cn.townaa .,1,uuua -

uacmoaw,uu pac'IJ,em. 

llanee npoBe,n:eH aHaJIH3 pe3yJihTaTOB pacqeTa .n:nn 
1 P n 

1 D AMC c IIOJIHhlM yqe

TOM nx HHTepcpepeHl.(lflf ll rrepeRpb!THR rrpn pa3JI!fqHbIX ycJIOBHRX l{lfHeManmn. IlpJIBe

/.\CHO 6oJih11IOC qncno pacqeTHhlX ,n:aHHb!X B BJI,n:e pncyHROB If Ta6JIHI.(, HJIJIIOCTpnpy10ninx 

CTPYRTyp1,1 AJ1O, rrpoRBJIRIOil.(HXCR Ra!{ B CIIC!{Tpax COBITa,n:eHHR, Ta!{ If B crre1npax 3}l{Cl{

l(Hlf, a TaR)I{e HIITeHCHBHOCTH B3aHMo,n:eiiCTBJIR 3THX AJ1C, HHTepcpepeHl.(HJI aMIIJIHTY.D:, 

IIepeHpbITHR n Bapnal(Hlf CO0THOilleHHH nx BbIXO.D:OB B rnnpO!{OH o6naCTH l(lf!ICMaTHHH. 

Ilo.n:po6Ho pacomTpen Bonpoc o npoqinnnx pe3oHancHhlX CTPYKTYP B MJJihTJIIIOJihHhlX 

ceqemrnx 3)I{CRl.(HH, qTo .n:aeT ropa3,n:o 6onee 6oraTy10 n no.n:po6nyJO'·.nucpopMal(nJO o 

Mexann3MC cpopMnpoBaHnn, pacrra.n:a JI B3anMo.n:eiicTBHR IP n ID AJ1 C. B pe3JJih

TaTe MJJihTHIIOJihHOro orrncaHHR pe30HaIICHOH CTpy1nyphl .n:ana IIHTepnpeTal(HR 3KCIIC

p11MCHTa, B l{0TOpOM 6bIJIJI CI!RThl CIICRTpbl B3aHMO,!l;eHCTBJIOil.(HX Ip JI ID rrpn yrnax 

3}KCl{l(lfll 33° ll 142° C Bh!COJ{OH TOqH0CTh!O ( CM. pnc. 3). O6cy}l{.n:aeTCR TaK)I{e BOI!poc 

0 BLJ6ope CIICl.(JI<p!fqecKHX ycJIOBHH KHHCMaTHKH, IIpJI HOTOpb!X BhlXO,!l;hl paccMaTpHBae

MJ,JX aBTOHOHl13al(nOHHbIX COCTORHHH MoryT 6bITh ll3Mepe!Ibl pa3,n:CJibHO. 

PacCMOTpen Borrpoc O qyBCTBllTCJibHOCTH TpOHHhlX .n:ncpqiepCHI.\HaJihHbIX xapaRTC

pllCTlfl{ He(e, 2e)He+ - peaHl.(HH K pa3JI!fqHhIM MO,!l;CJIRM cTpJRTYPhl MJI111enn na ocuoBe 

cpaBJICJIHR C 1IpCl.(lf3HOH!lh!MH .n:aHHhillm comia.n:aTCJibHOro 3HCnepnMeHTa [5]' rrpoBe.n:en-

1101'0 np11 BLICOKHX ::ineprnnx 11aJieTaJOil.(ero ::iJie1npona. 

rJiaBa 3 IIOCBRil.(eHa lf3JIO}KCHHIO pC3JJibTaTOB pacqeTOB IIpRMOH II pe30!laHCJIOll 
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<poToJIOIIH3al.(1rn B036y)I{.n:emroro aToMa rennn, a TaK)I{e yrnoBoro pacnpe.n:eneHnn BTO
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P1,1c. 4. 8uepzemu'l{ecx:aa JaBucu.Mocmb ef>yux:v,uu wupuubt r µL(E) u npoef>u.tb
uozo uuaex:ca q~L(E). l.{uef>pbt 1 ,2, 3 u 4 coom13emcmBy10m ef>omououuJav,uu He(2I P), 
He(21S) u He(23 S) amo.M0/3 C 13036y:J1Caeuue.M 1S, ID, Ip u 3 P AMC coom13em
cmBeu1to. 8x:cnepu.Me1tma.tb'llote mo'l{r;;u a.ta wupuuot B mo'l{r;;ax pe:3ouauca ◊, X, 
6 u + BJam'bt uJ pa6omot [10} (puc. 4a). Ha puc. 46 x:puBbte 1 u 4 coom13em
cm1Jy10m J1ta'l{euua.M {-q~L ( E)j. 

IloKa3ano, qTO rrpn <pOTOHOHH3al(Hll aTOMa reJIHR ll3 B036J}l{,!l;eHHbIX COCTORHllH 

rrpo<pHJIH o.n:nnx If TCX }l{e pe3onaucoB B KOHTHHYYMC MoryT npoRBHTbCR KaqecTB_CHHO 

no- HHOMY, HC}l{eJIH B npou:ecce qJOTOHOHH3al(lllf OCHOBHOro COCTORHHR. IloKa3aHo, 

qTO pe30HaHCHaR CTpyKTypa IIpORBJIReTCR B 11IllpOKOH o6JiaCTll CilCKTpa, npocTHpaIO

Il(CHCR ua coTnn ecTecTBCHHhlX rnnpnu OT rroJIO}l{CHHR AJ1C. IlpH ::iHeprnnx ::iJieKTpoua 

E 2: 0.5 a.e., r.n:e oqeHh Mallo MJJihTHITOJihHoe ceqemre npnMoro qioTonepexo.n:a II3 

B036J)I{.ll:eIIHhlX COCTORHHH B,!l;aJIH OT IlOJ!0}l{eHHR pe30HaHCOB, HOHII3al(IIR qepe3 AJ1C 
CTaHOBIITCR CJil.(CCTBCHHO 3aMCTHOH. Ha111n pacqeTbI Il0Ka3hlBaIOT, qTO npII E = 1 a.e. 

11a paccTonunnx 6.1 n 8.24 ::iB oT noJIO}l{CJIIIH nepBhlX 1 D II 1S AJ1C (::iueprnH AJ1C 
paBHhl 60.05 ::iB n 57:90 ::iB cooTBeTcTBenHo) BKJia.n:hl B ceqeJIHR HOHH3al(Hll qepe3 AJ1C 
COCTaBJIRIOT 91.2% II 75.6 % COOTBeTCTBeHHO. <!>yHKl.(lfll IIlllpll!Ihl H npo<pllJihHOro llH

,n:eRca ,!l;lIR "npOTR}l{eHHbIX rrpO<pHJICH" pe30HaHCOB B ceqeHHll npou;ecca npHBe.n:eHbI ua 

pIIC. 4a II 46. BH.n:no, qTo <pyHKl.(llll npo<pHJibHOro llH,!l;CKCa npHHHMaJOT 60JibIIllle no 

a6COJIIOTHOH BCJillqIIue, 3JiaqeHHR ( CM. pIIc. 46). BhlRBJICHO no.n:o6Hoe }l{C IlOBC.D:eHHC 

pe30uaucuoit CTPYKTJpbI II B o6paTHOM IIpOl.(CCCe - B peROM6nuau;JIH Ha B036y}l{,n:eu

HbIH ypoBeHh aToMa reJIIIR. BbIRCHCHO, qTO rrpnpo.n:a q>OpMnpoBaHJIR "rrpOTR}l{CJIHbIX 

CTPYRTyp" cBR3aHa c HHTepqiepeHl.(ne.tt npRMhIX rrepexo,n:oB ll nepexo.n:oB qepe3 AJ1C c 
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q>yHKI(Ileii npoq>IlJlhHOrO IlH,n:eKCa 6oJibIIIIlX a6coJIIOTHh!X 3Ha<IeHilH. 

IloJiy'leHa qiopMyJia ;:(JIB :rnepreTil'!eCKOii 3aBilCilMOCTil K03q>q>Ill:J;IleHTa yrnoBOll aHn-

30Tp0Illlll BTopnqnoro qioToHa, cJie,n:y10mero 3a peKoMfornanneif A+ +e, Kornpan B 'Ia

CTHOM cJiy'!ae noHa B S - cocTonnnn ( L 0 = 0) c o6pa30BanneM Bo36y»<.nennoro P -
cocTORHHR (L1 = 1) aToMa Il c yqeToM ,n:Byx 6JIH3KO JieH<amnx AHC, nMe10mnx MO

MeHThl L~ = 0 n L~ = 2, paBna: 

(3 _ A[(c 0 c2 + 1) cos(80 - 82) + (c2 - E0 ) sin(80 - 82) + (] 

"I - R~(c~ + l)(qo + co)2 + R~(c~ + l)(q2 + c2)
2 

' 
(6) 

r,n:e 

J\ = \1'2,RoR2(qo + Eo)(q2 + c2), 

1 2 2 )( 2 (= 2R0 (1o 0 +l q2+c2). 

IloKa3aHo, 'ITO yrJIOBh!e pacnpe,n:eJieHHJI BTOpH'IHhIX qJOTOHOB ,2, ncnycKaeMh!X ll3 

Bh!CTpoennoro aToMa He(21 P), o6pa3oBaHnoro B nponecce 3JieKTponno-nonnoii peKoM-

6nnann0:, HOCRT -qeTKO BhlpaJReHHhlli pe30HaHCHhlli xapaKTep (cM. pnc. 5). BoJibIIIOe 

BHHManne y,n:eJIHeTcR 0:3yqenn10 npoRBJiemrn 3aKph!TOro KanaJia B nponeccax q>oTo

peKoM6nnannn. IloKa3ano, 'ITO BJIIlRHile aBTOil0Jm3annonnoro pe3onanca oco6emro 

CilJlbHO npORBJIHeTCR B 6e3pa3MepHh!X xapaKTepHCTHKax nponecca: K03qJqJill.J;IleIITaX 

yrJioBoii aHH30Tponnn 'cpoT03JleI{Tpona f32 npn qJOTOHOHll3/lilllll ll BTOpll'IHh!X qJOTOHOB 

B peKOM6nnannn {3-y (cM. pnc. 5). IIpn 3ToM, KaK npaBnJio, cpopMnpyeTcJI yIIInpeirnan 

CTpyKTypa pe3oHaHca, CilJlhHO CMemeHHaJI B CTopony MaJih!X 3Heprnit. 

0.2 

-0.0 

-0.2 

?--
Q)__ -0.5 

-0.7 

-o.9"2 

/ ,, 
,• / .. / ,,, / 

// 

--✓ ,,,{' 
,> -~ 

// 
/' 

r/' 

12 42 
E ?B 

IS 

2 
1 
3 

32 

----------: 
tn 1 

~ 1 

~
:•\ I 
ii : 
:: "' ! ,.., : 
'. ' 

' ! 
42 

PHc. 5. 911,epzemu'lecnaR 3a-

13ucu.,1wcmb no:Jrfirju11,ue11,_ma 

yz.,1.013oii q11,u3omponuu Bmo

pU'l1lbtX rfiomo1to8 (3-y( E) U3 

21 P cocmoR1lU5l zeAU5l 8 pe

noM6u1ta11,uu ( e + He+). Pac

'lembt npo8eae1lbt 

8 pe3011,a11,c11,0'1 npu6,1,u:J1Ce11,uu 

( cnAowua5t npu8a5l) u c y'le

moM 311,epzemu'lecnux 3a.8ucu

Mocmeii fPY1l'l>11,UU 111UpU1tbt U 

nporpuAMtozo u11,aenca (nyu

nmup). 

O6cyH<,n:aeMh!e Bh!Ilie pe3oHaHChl npe,n:cTaBJIJIIOT ll!ITepec C TO'IKll 3pCIIllJI 3HCIIepn

MCHTaJlbHOro H3yqeHHR 3q>q>eHTa IIpOJIBJiemrn aBTOllOHll3annoH!IhlX pe3onaucoB B o6Jia

CTll rrpJIMh!X rrepexo,n:oB npn qJOTOHOHil3al.J;llll B036yH<,n:emrnro aTOMa, CCJlll npnIIHMaTb 

BO BHHManne , 'ITO Hh!He ycneIIIHO npoBO,n:JITCJI rrpRMh!e Il3MepeHHJI ceqennit 3JICMCH

Tapnoro aKTa peKoM6nuannn na aTOMe remrn. Ilpe,n:JiaraeTcJI B03MO}KHh!it BapnauT 

12 

C)J{Cl!CflllMCJITaJibl!OI'O ll3MCJ)CIIl1JI <l>YIIIHUlH urnpm11,1 ll IlpOq>HJiblIOro 1111/{CHCa C llCII0,1b-

30Ha1meM MHII!Cl!CH II0,1Hpn:10HaJII1b!X aT0M0B ll H0JIR[)H30BaHHOro IIY'IHa cpoTOIIOH. 

B rJiaBe 4 paCCl\!aTpnHaI0TCJI neyrrpyrnc CT0JIHl!0BCIIHJI MCl{JleHilh!X OTj:>lli{aTC.1b

IlhlX MIOOl!OH n a;wol!OB C .MeTacra6nJihllblMll aT0MaMn Bo,n:opo.na n reJillJI . .lla11 KpaTHHH 

ofoop COB[)CMCJll!LIX reopCTll'ICCHllX !I0.QXO.QOB I{ 3TOH npo6Jie.Me, pa3BHTh!X .QJIJI CTOJIHJIO

BCIIllH C MaJI03JICl{T[)0IIIILIMH cncTeMal\!n ( H, He, Jf 2), a TaHlHC .Q0CTHH<ennit noc.1emrnx 

JJCT H 3HCIIC[)lll\!Cl!TaJiblll,IX [12] n reopeTll'ICCHllX ncc,1e.noBaI!llJIX [4] .QOJlfO}KllBYIII:llX 

aapommx- cocT01111ntt B reJinH. }laJiee o6cylKaaeTcJI npo6JieMa B3anMo.nel'lcTBHJI •iacTnL{ 

M- c aToMaMH H n He H MeTacra6nm,HhIX 2S-cocroJ11mnx. 

IlpHBC)(Cl!LJ Heo6xo;(HMJ,Je )(JIJI )(aJIJ,Hefimero OCl!0Bl!b!C IIOJIOlKClllrn l!OJIYliJJacCIPie

CJ{Ol'O Hpn6m1memrn B 3a;(aqe 0 CHJI3ll ypaBHCHllH )(Byx- ll Tf>CX'laCTll'IIILIX Hana,10B. 

1-Ieyupyrnc M- - 11(28) CT0Jil{J[0BCJIHH paccM0T[)Cllbl H 3TOM rrp116JilllKClllll! C 11CIIO,'lb-

30Ha1!11CM !{al{ a)(Ha6aT11'1CCJ{Ol'O, Tai{ 11 mia6aTl1'1CCHOl'O 6a311COH. PactJCThl ,n:aIOT HatJe

CTHCJll!O 0l{l1l!aH0HblC J)CJyJII,Ta'!'J,J H o6onx 6a311cax. cha MCT0/{ll'ICCHaR 3a.Qa'la, B npn!!

l(llIIC, aaeT OCJI0Ha11ne J(JIJI I1p11MCl!CJll1JI 110/{X0l{a H peme11mo 3al{a1m 0 CHJl3Jl .QHyx- 11 

Tpcx11aCTJ1lllll,IX Ha11aJJ0H C JlCIJ0JIJ,30Ham1eM .n11a6aTJl'ICCHOI'O 6a311ca B H3)"1CllllH CT0JJ-

1{1[0BCJ111ll 'IaCTllll M- C MCTacra6HJJbllbIMH aToMaMn I'CJIHJI. B Ha11CCTHe 6a311ca H3JIThl 

JIHIIC'Hllh!C l{OM6m1a1(1ll1 aT0MllhlX H0JIII0HLIX <j>y111u111li' HCl{JII01 laIO!i{HC )lllII0Jlhlll,Iii l(Jlell 

113 CH/1311 /lHYX'IaC'l'Jllllll,IX HilllaJI0H. J(m, aT0Ma ·fl a11a.uon1•1m,1c HOM6n11a1urn C0OTHC'T

CTHYI0T "unapl{oHcHnM" cocT0HlllrnM / n n 1 n 2 m ). 
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PHc.6. Cc'lCNU5l 

aA5l C7T!0A'l>1to8C1tllU 

pemn(uu 

ompuu,a-

mC.1b1toc0 .4O00/la C U.1110,IW.A/ 

} le a cormoRuwu 11 S (cn,1,o

w1ta5l np1waR) , 21 S (wmpuxo-

8aJt np1wa5t) u 238 (11ymmzup). 

.llJIJI o6cnx M11meneit TCpMhl / 2 100) (01) 11 / 2 0 1 0) ( l 0) HhIX0l{JIT H Ho11rn11yyM 

Ha :ma
1
mTCJ11,IIO 6oJJblllllX paccT0JIIJllJIX ( ~ 5 - 10 a.e.)' 'ICM TCflM 0CII0HII0l'0 C0CT0JIIIIIJI 

(~ l a.c.). 8T11 paccromrnn nrpamT pom, pa;(llyca 11cy11pyroro H:1a11Mo;1cfiCTHHJ1 (R.,). 
Pacc•rnTallbl ce11c111111 ll0Hl13aI(Hll 11 l{YJIOII0HCl{0J'0 :iaxHaTa, a Ta!OIW Hl!IICTl1'1CCl{HC xa

pa1rrcp11cTH){Jl am1 •iacTlfll H cpcae, co;(cpmauieit MeTacra6nm,11ue aT0MJJ. CetJcnne 

JlCill(I\Hl1 H 11a11aJ1c ( JO) 06pau1acTn1 H 11y11L ITJHI 311eprn11 E s; H1 , me E
1 

- HLicoTa 

6apbcpa TCpMa 10 (E, ~ o.o:i a.c. )(JI/I II n 0.04 a.c. l{JIJI TJlllllJICTIICl'0 He). B apyroM 

1:i 



HaHaJIC TCpM HC co,n;epl!{HT 6apbepa, Il03T0MY CC'ICHHC pcam(llll pacTCT C YMCl!bll!CHHCM 

3Hepnm. 8 pe3JJibTaTe ceqe1mc 3aXBaTa qacTHUbl MCTacra6ttJJbllblM aT0M0M a2s llMCCT 

npoBa,1 B6JIH3H E = E1• B uenoM ceqenue neynpyroro B3aHMo;iellcTBHR npeBhill!aeT 

auaJJ0fll'IH0C ce•reuue )lJJH 3aXBaTa B 0CH0BH0M C0CT0H!Illll 6onee 'ICM na nopn,n;oH ( CM. 

puc. 6). Jlnn re;rnn uey11pyroe ceqe1me 3aMCTH0 3aBUCHT OT cnmia cocTonnnn. 

KuueTnqec1me xapa1nepHCTUHll )\JIR cpc,n;u ll3 aT0M0B B MCTaCTa611JJJ,IIl,IX C0CT0-

HHHHX cymecTBeHH0 0T:JH'!a!OTCH OT a11a,1ornq11bJX BeJiu•mn )\JIR aT0M0B B 0CII0BII0M 

C0CT0HHIIU. BpeMJI 3aMC)lJICHUR aHTUI!p0T0H0B B reJIHll.llpll 100 %-ll l{0I!UeHTpauuu Me

TacTa6UJihHbIX aT0M0B reJIUJI yMellbll!aeTCJI noqTll 11a nopn,n;0J{. Pacnpe,n;e11e11ne 3aXBa

qeJilll,JX qacTUU no l'JlaBH0MY 1rnaHT0B0MY quc11y Pnl C)lBIIHYT0 B CT0pony 6oJibll!UX n 

( n 2: ✓ M /2!' r,n;e )lJJJI TpnnJieTJrnro MeTaCTa611Jibl!OfO a To Ma He Il0TCHI(UaJI llO!llf3aI(llll 

I= 0.175 a. e., Tor,n;a HaH )lJJJI ocnoBnoro cocTon11un I= 0.904 a. e.). Pacnpc,n;e,1e1111e 

no ! nMeeT 6onee cJI0)!{Hbill Bn,n;, qeM npn 3axBaTe aT0M0M B 1S - cocTonmm. 

Pacrrpe,n;enem1e 110 op6ttTaJibJIOMY M0MCHTY M0H{H0 npe,n;cTaBUTb B Bll)(C 

Pnl = Pn Pnl, (7) 

rrpuqeM Pnl co,n;epl!{HT BHJJa)lbl OT ,n;Byx HaHaJioB (v = 01 11 10): 

_ 1 '°' 21 + 1 
Pnl = 2 L: (l~ + l) 2 0(1~ -1). (8) 

MaHCHMaJibHi,Jll yrJioBoll M0MCHT qacTl!l(bl B o6pa30BaBll!eMCH 3H30TllqecH0M aT0MC 

011pe,n;eJIHCTCH Hal{ rrponBJJe1111e MaJ{CHMaJibllblX npHUCJibllbIX rrapaMCT[l0B ueynpyroro 

B3attMo,n;ellcTBHH b,.,(E) B ,n;Byx Hauanax (10), (01), )lJJH J{al!{,n;oro H3 H0T0pbIX MaHcn

MaJ11,n1,1ll M0Mel!T rrpe)lCTaBJJHCTCH cpopMyJioll 

l~ = min{(n - 1), Entier(-~ + J2µR~ [En1 - E,., + (U,.,(R,.,) - U,.,(oo))] )}. (9) 

3,n;eci, En1 u E,., - :rneprnn o6pa3oBaBll!erocn 3H30TuqecHoro aToMa n :rnepr11n naqaJJb

uoro (MeTaCTa6nJJhHoro) aToMa He, U,.,(R) - TepM ,n;ByxqacTuquoro Hauana v. 
IToHa3a110, qTQ npn 3aXBaTe aHTllIIp0T0Ha MCTaCTa6nJibHblM aTO~OM He MoryT 3a

ceJIHTbCJI HpyroBue op6UTbl co 3HaqeHIIHMU l'JlaBH0TO 1rnaHT0B0T0 qncJia BIIJI0Tb )(0 

n ~ 150, l{0T0pue He 3aceJIJIIOTCJI npn 3aXBaTe HCB036Jl!{)leHHblM aT0M0M. ITo3TOMY 

UCII0JJl,30BaHUe MeTacra6HJJbHOll reJIUeBoll Mllll!eHU )lJJH rroJiyqeunH MeracTa6ttnbHbIX 

31{30TllqecHHX aT0M0B M0I'JI0 61,1 3JiaqnreJibH0 pacll!npHTb o6JJaCT!, u3yqaeMUX )l0JIT0)!{lf

BYIUHX a,n;pomrnx COCTOHHl!ll. 

Jltt<IHhIH BKJia,ll aBTopa. 

B )ll!Ccepraunw Bl{JJIO'ICHbl pC3YJJbTaTU, II0JIJ'IeHHble nnqno aBropo.M, a Tal{l!{e pe-

3ym,Tan1, B II0JJyqe11ne H0TOpblX aBT0p BHec orrpe,n;eJIJIIOll.(llll BHJia)l Ha 3Tarrax IIOCTa

H0BHll 3a,n;aq, pa3BllTllH cpop.MaJJU3Ma, c03,n;annn MaTeMaTnqecHoro o6ecneqennn, npo

BCJ\CHHH pacqeroB, anaJIU3a II rrpe,n;cTaBJJel!UR IIOJiyqennux pe3JJibTaT0B. 
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