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)UmaMHtreCKOe onHcaHHe 8JI8KTJ)OMarHHTHOil ( aJIM) CTPYK'l'Y'Pll CWII,HO- . 
Baam~o.n;eilcTBYJl]llEX tJ:ac~, aKcnepmvi:eHTaJII,HO OTK.IJHTofl eme B cepe,inme 
ll.fITimeCJITUX ro.n;oB B onuTax X0g)ll!T~Tepa no yrrpyroMY paccemnno 
aJieKTPOHOB Ha pasHUX Mmlle.HJDC, OCTaeTCSI o~ofl HS Ba'1tHWC Hepememmx 
npo6JreM ~HSHKII SJieMeHTapHHX tJ:aCTHIJ;. 11ieHOM8HOJIOrwi:ec.lCll: aTa CTPYKTY
pa yqnTUBaeTCSI nyTeM BBe.n;emm CKaJIS!IlHUX lpYHKIJ;lni KB~paTa nepe.n;aHHo
ro ~OTOHOM tJ:eTUpeXMepHoro HMeyJII,Ca f; = - Q~ ' TaK HSSHBaeMWC aJIM 
~Op.$1KTOpOB (<M) fi(t). 0HH IlOJlllJIJIIOTCR B Irn;D;e KOaq$mlieHTOB B 
pas~o~eHHH MaTJ)Wl:HOrO MeMeHTa aJIM TOKa pacCMSTJ)RBaeMOil CHJI!iHOBSaH
MO,ll;8HCTByx:meil tJ:ac~ no MaKCHMSJII,HOMY 'IliCJJY JIKHeilHo-HesaBncmmx 
KOBapnaHTOB, KOHCTPYHPYSMUX HS cmmoBWC napaMeTpOB ll COOTB8TCT:syx>
nnrx tJ:erupeXMepHwc HMeyJII,coB. 

~OHaJII,HSH saBHCHMOCTI, aJIM ~ Jll3JI/I8TCSI npe'AMSTOM BlltJ:RCJie
Hllil 6y,izymeil Teop:1m CWll,Hl:lX BSaHM()'AeilCTBRil. KaK HSB8CTHO, HS pOJII, 
TaKoil TeOpHH cero~ npeTeH,DyeT KBaHTOBSH xpOMO~aMRKa (IOOL) -
KaJm:6pOBOtJ:HO-HHBapllaHTHaH JIOKaJII,HaH RBaHTOBSH TeOpHH IlOJIH BSSEMO
.n;eilcTBRil W3eTHHX RBapKOB H rJilOOHOB. QnHaKO OHS B pesyJII,TaTe CBOeil 
aCllMIITOTITT8CKOil CB06o.n;u B paMKax Teopmr BOSMYll!BHRil, rpy6o rOBOPH, 
TOJII,KO BOCnpOHSBO'A:HT 8CHMilTOTRtJ:8CKOe noBe.n;eHHe ~~KTOpHUX (pYHK
n;d, npe.n;cKasHBaeMoe pam,me npaBHJUlMR KBapKoBoro CtJ:eTa C TOtJ:HOCTI,IO 
.n;o JIOrapnqr,raqecKOil nonpaBim:. C IlOMO~IO M8TO,ll;OB npaBWI CYMM (no cy
mecTBY CBOeMY Henep'!'YP6a'l'ltBHUX) KXl{ npe.n;cKasUBaeT noBe.n;eime aJIM ~ 
B orpaHHtJ:eHHOM HHTepBaJie t B IlpOCTpaHCTB8HHOilO,ll;06Hott o6Jiac'l'lt. 
Ho BO Bp8M8HHIIO,ll;OdHofl o6JiaCTll, r.n;e ~ HBJIHIOTCSI KOMilJI8KCHUMH (pYHK-
1.UmMH CBOero apryMeHT8 H aKcnepHMeHTU no 8JI8KTJ)OH-llOSHTJ)OHHOil aH
HnI'Wilill,IDI B a.n;poH-aH'l'lta,ll;pOH BWmJI!iIOT RX H8TJ)RBH8JII,H08 noBe,Itemre, 
BllSBaHHoe pOJir;l(eHHeM COCTOHHHH pasH006pasHHX H8CTa6HJifilraX B8KTOPHUX 
MeSOHOB, KXl{ noKa npe.n;cKaa~Hllil He .n;aeT. STO Bee CBlijt8TeJII,CTBY8T 0 
TOM, 'ITO llOKa eme OTCYTCTByeT e~aH ,ll;HHSMITTeCKaH KSpTHHa OnHcaHHH 
aJIM CTPYK'l'Y'Pll CHJII,HOBSaHMo.n;eilcTJ3Y]lltHX tJ:aCTHIJ;. B T8ROi! CHTYSitlm Ballt

HYJD pOJII, HI'pam paSJIHTmUe nOJJYi.peHOM8HOJIOrWl:8CIGie no.n;xo.n;u H MQ'A8Jm, 
~OMY HS ROTOPHX l'I IlOCBHl!leHa npe.n;JiaraeMaH .n;nccepT~. OH OCHOBaH 
Ha CTJ)OI'HX aHaJIJIITl'ItJ:eCKHX CBOi!CTBaX aJIM i;JX!i:n CT:HMYJIOM MJ! 8I'O paSBHTWI 
IlOCJIYJ!WJIO HaKOll7I8HH8 60Jlldl!OI'O 06'b8Ma 8KOil8pm.!8HT8JII,HOff l!HWOpMattlm 
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06 aJlM \tll) a,Iij)OHOB lI aTOMHHX H,Itep, Tpe6Y1Cllleii eneTeMarnaarnrn ll qlli3lI
qeeKoii :imTepnpeTarum. TaRaJI enTy-an;im e sKenepIDl.leHTam,HNMH .n;aHlillMl! 
B03HBRJia BCJie,n;eTBR8' 6ypHoro pa3BllTIDI HOBOii 3KenepIDl.leHTaJll,HOii TeXJlli
Kll, no3BOJilIRllleii Bee BpeWI noBlilllaTii 3HeprIDI yeKopgeMllX qaenm ll lI3-
MePfiTI, xapaKTepBeTBKll pa3J!ll1ilIHX npo~eeeoB e 60Jiee BlleOKOH TOtIHOeTii!O. 
QzulaKO He MeHee BaJK.IDlM em.,yJIOM ,n.JIH ll3MepeHY.i.ll 3TBX HOBHX .n;aHHIDC 
o 3JIM \tll) B 60Jiee llllipOKOii o~eTB RBa'APaTa nepe.n;aHHoro IDl.lllYm,ea JIBlI
Jmeii lI HOBlle npe.n;eRa3aHirJI TeopeT:Ht:[ee!CllX MO,D;Meii, KOTOpHe Tpe6yroT 
3KenepIDl!eHTaJll,HOii llpOBepRB. MMeeTeJl B B~, rJiaBHllM o6pa30M, npe.n;
eRa3aHlle RBapKOBOii Mo,n;eJm aCIDl!llTOT:Ht:[9eKoro noBe.n;eHHH a.JIM qi<;D a,Iij)OHOB 
lI aTOMHllX H,Itep B npoeTpaHeTB9HHOno.n;o6Hoii o6J!aern, a TaIOJte B~CJieH
Hlle B paMRax pa3Jill1lllllX KBaHTOBO-nOJieBllX no'A)CO,D;OB 3H8t:[8HllJ'I 3<pl)8KTHB
HHX Pa'ABYeOB a'APOHOB li napaMeTpOB npe,n;e.Ka3llB8eMoro eneKTpa B03MO~
HHX pe30H8HCHHX eoeTORHllli BeKTOPHHX Me30HOB, llp0.lll3JIJIKIIUDCM BO BpeMe
IDUIO,D;06Hoii o~eTB \tll), KOTOplle B HaeTOH111ee BpeWI lIHTepnpeTnpyroT-
CR RaK eBH3aHHlle eoeTORHirJI RBapRa ll aHTHRBapRa. 

XOTJl Bee 3TH BWlleynOM/IHYTHe eBoiieTBa 3JIM \Wi a'APOHOB ~TM 
He3aBHel!MHMH, B eYl!IHOeTH OHH oqem, TeCHO CBJl38Hll. He60Jll,IlIOe ll3MeHe
HHe 3HatrelmJi a.JIM Pa'ADYea a'APOHa llpHBO,D;liT K Ha6.JnQnaeMOMY H3MeHeHBro 
noBe.n;eHHH ®), ~ He6om,moe li3M9H9Hlle napaMeTpoB pe3oHaHeOB MOJ!t9T 
np:HBeem K eymeeTBeHHOMY li3MeHeHmO epe.n;HeRBa'Apa~oro P8'AllYC8 
paeCMaTp:HBaeMoro a,npoHa. 3TO 3Ha~T, trTO·llpOBepKe 9.n;Horo eBoiieTBa 
\tll) MOlKHO ,lJ;OBepgTii TOJll,KO llpll ~eTe 'ApyrllX ero eBoiieTB,H 3TOro 
Moot!IO .n;o6HUCR TOJll,KO B pat.max rJio6am,Hoii MQIJ;eJm, ~TllBaRll!eii Bee 
li3BeeTHlle eBoiieTBa li O,D;HOBpeMeHHO OllllellBa1C111eii Bee eymeeTByroI!tHe .n;aH
Hlle. ' 

IlOeT})OeHHe rJIOOaJIDHoro no.n;xo.na .n.im OlllieaHHH a.JIM~ ~POBaHO 
li psmOM ,Iij)yrliX, noRa HH TeopeTllt:[eeRB, Hll 3KenepllMeHT8JlbHO He pemeH
HHX npo6JieM. TaKoii Jlll.lmeTM, HanpID11ep, BpeMeHHno.n;o6Hoe noBe.n;eHBe 
H,ItepHHX 3JIM \tll) li llp9'AeRa3aHBe Ha ero oeHoBe noBe.n;elmJi eetreHBH 
npoueeeOB WieKT})OH-n03HT})OHHOii aHHm'RJIJlinra B H,ItpO-aHTRR;D;po. 

l3alltHHM !CruKSTeJl H IIOJiytremte OUSHKH H8'A9XHl:lX 3Hatremm KOHeTaHT 
Ba.eyyMHHX KOH'AeHeaTOB llpli nOMOl!lll npaBM CYMM IQCil, a Ta.lOlte TOWaJI 
OUBH.Ka a'APOHHoro BKJ18'Aa B aHoMaJII,HH:11 MarHBTmtll MOMeHT MllOHa li ,IU>yrne 
npo6JieMI:l, KOTOpHe Henocpe,n;CTBBHHO CBH38Hll e noBe.n;eHBeM aJIM \tll). 

3TO Bee Y.Ka3HBaeT Ha TO, '!TO noeT})OeHBe rJio6am,Hoii lI .n;oeTOBep
HOil MO,D;eJm 3JIM CTPYKTYPH CHJil,HOB3am.to.n;eiicTizyI\lllBX trae~ Jlll.lmeTCR 
BeeiiMa aKTYaJIDHHM lI BaJ!tHHM RaK C TO'!Kll apeHBH,OOIIleil Teopo eHJII,HHX 
B3am.to.n;eileTB:Hil, TaK lI ]lJIJI llpaKT:Ht:[eeRBX UMett BHTepnpeTa~ cymecTB;yt>
l!ll!X 3KCIIep:m11eHT8Jll,HllX .n;amwx. 
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UMii pa6oru 
UeJU,10 ,nneeepTaunn .llBJifteTCH paaBnTHe S'A:imoro rJio6am,Horo no'A)Co

.n;a llpli nocTpOeHHlI peaJilleTllt:[eeKIDC MO,D;eJieii 3JIM eT})YKTYPll a'APOHOB, OT})a
'1tal(Jl{lIX li3Be eTIIllli 3KcnepmiieHTam,HI:rtl :pf!KT o6pa30BaHBJl peaoHaHeHHX 
eoeToJlHliil BeKTOPHHX Me30HOB B npou~ccax 3J!eKT})OH-n03HT})OHHOH aHJml'lI
~ B 8'APOH-aHTll8'APOHHyro napy lI O'AHOBpeMeHHO OM8'Aal!lllllX aemmTO
Tllt:[ee!GlM noBe.n;ew.reM, _npe,n;eRa3HBaeMHM RBapKOBOii MO.n;em,10. 

BlmoJIHeHo TaIOKe noCJie.n;oBaTeJIIiHOe o6o6meHHe aToro no.n;xo.na Ha 
CJIY'!aii aTOMHHX H,Itep C ~em,ro BOCeTaHoBJiemm cymeeTBY:RJI!HX .n;aHHllX B 
npOCTpaHCTB9HHOIIO,D;00HOH o6JiaeTH li npe.n;cRa3aHlIJI noBe.n;emm eOOTBeTeT
Byr<Il\IDC a.JIM ~ BO Bp9M9HHIIO,lJ;00HOi!. O~CTll, KOTopoe, B npmnu,me, 
npe.n;oeTaBJ!JleT B03MOlKHOeTii ~eHKll eeqeHHJl npoue~ca 3J!eKT})OH-II03lIT})OH
HOii ammrM.lilUili B smpo-aiiTRR;D;po. 

HaycmaJl HOBll3Ha lI rrpaKTli'reCRaJI geHHOeTii 

HoBHM .n;ocTIDKeHHeM JlBJ!JleTM cos,n;aHne e.n;HHoro rro.n;xo.n;a K rJioOaJIIi
HOMY OlllleaHIDO 3JIM eTpyKTYPll ClIJll,HOB38llMO,D;eileTBYJOIIllIX qacnm, KOTOpuii 
oeHODaH Ha ~eTe llp8BlIJll,HHX aHaJmTWieeKIDC eBoiicTB 3JIM \tll) B paMRax 
MO,D;eJm ,D;OMHHaHTHOCTli BSKTOPHHX M930HOB (BM,Il:) H 0606meHH1I acmmTOTlI
qeeKoro rroBe.n;emm B eorJiaeIDI c npe.n;eRaaaHHeM RBapKOBoil Mo.n;eJill a,npo
HOB. IlpS'AJIO~eHHaJl MO~pOB8HH8Jl mU]; MO,D;eJII, y,no6Ha, Iq)OMe .n;pyrBX 
npe'HMYil!eeTB, MJI li3~eHHJl erreKTpa BeKTOpHHX Me30HOB lI onpe,n;eJieHHJl 
OTHOmemm KOHCTOHT eBHaeii BeKTOPHHX Me30HOB

0 

e ~OTOHOM li 8'APOH8MJI 
li3 .n;aHHHX no COOTBeTeTByIOll1IDII aJIM \tll). IlpaKTlitreeKll OHa OWia rrpIDlleHeHa 
K OimcaHlIJO aJIM CTPYKTYPH llliOHa, RaOHOB, HYKJIOHOB lI aTOMHllX ~,n;ep 

4 3 ._-:i He , He , tt~. 
Ilo~eHHlle TeopeTllt:[eeKne peaym,TaTH cymeeTBeHHO pacmnplIJllI 

npe,n;eTaBJieHHe 06 3lIM eTpYKTYPe a'APOHOB n JierRBX aTOMHllX smep. Teope
Tllt:[eerore cxeMll, npe.n;,!IO~eHHHe B .n;HecepTaunn, nerroJIIi3yroTM .n;pyr:m.m 
aBTOpar.m B paetreTaX ll npn aHaJill3e 3Kenepm.teHTaJll,HHX .n;amru.x. Peaym,
TaTH HeKOTOPHX npe.n;eKa38Hllli lI paetreTOB nerroJIIi3yroTM 3KerrepHMeHTaJili
HHMll rpyrrrraMH npn IIJ18HllpOBaHllll lI no.n;roTOBKe 3KCIIepllMeHTOB. 

.llJm SalltliTH !W@ITT'aJOTCSI CJI8.ll,Vlllm9 OCHOBHlle pesynTaTH1 IIOJJY'Ie~e 
B @ecepTamm: 

I. Ilpe.n;JIOJiteH MeTO,D; rumeJieHIDI 3KCII9pllMeHT8JlI,HHX .n;aHHHX no MHlI

MO! '!8CTH lllIOHHOro \tll) B ynpyrott OOJ!aCTlI ns .n;aHHllX no eetreHlIJO 
3J19KTPOH-n03lITpOHHO! a~ Ha ,n;Ba llliOHa • .l(aJiee OHB HCilOJil,SOBa
HH npn llpOBepKe H8'Ae:lKHOCTlI .n;aHHHX no lllIOHHOMY \tll) B llpOCT})aHCTBeHHO
no.n;o6HO! o~eTH, KOTOpHe n~eHH MO,D;9Jll,H0-3aBHellMHM enoeoOOM lI3 
npouecca 3J19KTJ)Op~elmJi llliOHOB Ha HYKJIOHax. 
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2. B no,n;xo,n;e K ormcamno 3JIM CTPYKTYPll :rrnoua, OCHOBaHHOM Ha 
aHaJWTlI'!eC.IOIX CBOllCTBax, 6wra 06Hapy,KeHa Ba:lKHOCTl, BRJia.n;a OT ~eBoro 
paspesa Ha BTOpOM JWCTe pllMaHOBOli noBepXHOCTH, KOTOpllii noSIBJIJieTCJI 
RBK Me~CTBHe npncyTCTBIDr aMIIJillTy,nll JIHOH-JIHOHHOro pacceRH:wr B 
ynpyroM YCJJ:OBHli YHHTapHOCTH ® :rrnoHa. 

3. Paspa60TaHa npOCTaR aHaJWTlfl!eCKaR Mo,n;e~1, JIHOHHOrO \Mi, 
,n;eilCTByxJl!aR B ynpyron o6~acTH, npH nOMOIIIH KOTOpon nOKa3aHo, qTO H3 
Tpex He3aBHCHM!lX Ha6opoB .n;aHH!lX no IIHOHHOMY \Mi, no~eHH!lX B paMKax 
COBM6CTHblX COB6TCKO-aMepHKaHC.IOIX 3KCnepHMeHTOB no paccerurrno JIHOHOB 
Ha aTOMHblX MeKTpOHax BO,n;opo.n;Ho:ii MHIIIeHH, .n;aHHHe H3 noMe.n;Hero 3KCne
pllMeHTa .fIBJillIOTCR caMblMH Ha.n;e:lKHHMR. TaKoe saRJIJO'leHHe aHaJWsa HesaBH~ 
CllMO no.n;TBe~aeTCR H pesy~1>TaTaMH HOBoro NA t 3KcnepllM6HTa B 
UEPHe. 

4. Onpe.n;e.neH HHTepBa~ corJiaCM c 3KCnepHMeHTaJII,Hl:,l?,IB .n;aHHhlMH 
noBe,n;eHHR JIHOHHOro ~. npe,n;CKa3aHHoro MO,n;e~l>ID KOHCTHTYeHTHblX RBap
KOB B O.KJ)eCTHOCTH TOq.KH t = O; npH 3TOM BO~OBaR ~YHKUIDI IlHOHa , 
B Bepnnrne JIHOH-RBapK-aHTHRBapK Bll6HpaeTCR B BH,n;e 6030HHOro nponara
TOpa C O,Il;HllM CB06o.n;IWM napaMeTpOM pa3MepHOCTH MaCCH. 

5. Paspa6oTaHa YHHTapH30BaHHaR aHaJWTlf<l:eCKaR MO,n;em, ,Il;OMHHaHT
HOCTH BeKTOPHblX Me30HOB ,Il;M 3.JIM \Mi mroHa, YlIBTb!BalOOlaR ajxpeKTHBHhlM 
cnoco6oM BRJia,n;!l HeynpyrHx KaHa~OB, npn nOMOI!lU KOTOpon no.n;TBep,imaeT
CR Ha~e B npouecce e+e--5{'.«- o6cy,IQJ;aeMoro cefiqac <f1 

(I450)-pe
soHaHca. IlocTpOeH ycoBepmeHCTBOBaHHllii BapHaHT Mo,n;eJW, Y'IBTb!BalOOlHE 
noporoBble YMOBM, B paMKaX_KOTOporo Ha OCHOBe r~o6am,Horo aHaJW3a 
Bcex CYJ!lBCTBYKlllHX ,n;awrax onpe,n;e~eHI:l caMHM Ha.n;8'ltIWM cnoco6oM napaMeT
pu Bcex Y'IBTb!BaeMHX pesoHaHcoB. 

6. Ha OCHOBe pa3BHTOii MO,n;e.Jlli JIHOHHOro \Mi npe,n;~OlKeH M6TO,Il; BH
trn:MeHHR ~31,l H Heynpyrocnr nap~a~l>HOll a~Ty,nll IIHOH-llliOHHOro 
pacceJlHIDI BO Been 3KcnepHM6HT8JII,HO H3MepHMOll oMaCTH. 

7. B paMKaX YHHT8pH30BaHHOH aHaJWTlf<l:6CKOil MO,n;e;m ,Il;OMHHaHTHOCTH 
BeKTOPHHX M630HOB BblllO~eH r~o6aJII,HHii aHaJW3 Bcex cymecTByrommc .n;aH
HblX no KaOHHHM 3JIM ~ H onpe,n;e~eHH napaMBTPH Y'IBTb!BaeMHX B MO,n;eJW 
pesoHaHCOB. B pesym,TaTe no.n;TBe~aeTCR Ha~e lf'

1 

(I450) B npouec
ce e+e--KK • KpoMe Toro, oKasHBaeTCR: qTo o/" (I700) ,n;aeT HesHatm
Tem,Hllii BRJia,n; B e+e-- K K H BM6CTO Hero oqeHl> qeTKO npoRBMeTCJI 
BRJia,n; ~"(2I50)-pesoHaHca, npa:a,n;a, c Maccoii HeMHoro HHlKe sHaqeHHR, 
no~eHHoro :as ,n;pyrHX npoueccoB. 

8. IlOCTPOBHa YimTapH30BaHHaR aHaJmTlflI6CKaR H,1,IJ; MO,n;em, 3~eKTPH
qecrorx n MarHHTHHX eyRJioHmoc ~ c acllMllTOTlI'!ec.KHM noBe.n;eHHeM, 
corJiaCYiallHMCJI C npe,n;CKa3aHHeM RBapKOBOil MO,n;~ .n;M 6apHOHOB. Onpe,n;e
~ CB060,n;Jfile ~H3lf<l:6C.KHe napaMeTpll MO,n;eJW H3 HallJJY'IIIlero BOCnpOH3Be-
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,n;emm cymeCTByxJl!HX ,n;aHHblX no npOTOHHHM ~ H .n;aHHHX no HB:l!TPOHHHM 
\Mi B npOCTpaHCTB8HHOno,n;o6HOli o6JiacTH, MO,Il;SJII, npe.n;CKa3HBaeT noBe,n;e
lIB8 ceqemm e+e--hfi , KOTOpoe B orq>eCTHOCTH HYRJIOH-aHTHHYRJIOHHOro 
nopora CYJ!le cTBeHHo npeBocxo.n;HT ceqeHHe npoue cca e + e---- pp • 

9. Ilo,n;xo,n;,ocHOBamm!l Ha YHHTapH30BaHHO:l! aHaJWTH"I6CKO:l! MO,n;eJW 
,Il;OMHHaHTHOCTH B6KTOPHblX Me30HOB, pacnpocTpaHeH TaRllte Ha ~ail omi:
caHM 3JIM CTPY:KTYPH aTOMHHX JI.n;ep. Ilpm.aeHeHHe STO:l! Mo,n;eJW K .fI,Il;paM 

He4, He3 H Jt' npHBe~o He TOJII,KO K BOCnpOH3Be.n;eHHID CYJ!leCTByxmHX 
,n;aHHblX no COOTBeTCTBYl(l!IHM 3JIM \Mi B npOCTpaHCTB8HHOilO,D;06Hoit o6JiacTH, 
,ll;M KOTOpblX xapaKTepHI:l Tmm'llible . ,D;HiIJp~oHHHe MHHHMYMH, HO TalOlte 
no3BO~O npe,D;CKa3aT1> noBe.n;eHHe \Mi BO Bp8Memuio,n;o6HOR 06JiaCTH, :e:, 
KaK Me.n;cTB:e:e, oueHHTl> sHaqeHHR no~ ceqemn! npoueccoB a+e::.Ha4lie4, 
e+e--He3ife3 :e: e+e--JMi3. 

Anpo6ar.m:R ~nccepTatnm 

OCHOBHI:le MaTep:e:a~ ,n;nccepTaUHH HeO,n;HO.KJ)aTHO ,ll;OKJia.n;HBaJWCl, Ha 
ceMIDiapax ]a6opaTOpllli TeopeTlI'!ecKoil ~3HKH owrn: B ,Ify6He, ~slf<l:ecKoro 
HHCTHTYT8 CAH B EpaTHCJiaBe, Me~apo.n;Horo ueHTPa TeopeTlI'!BCKO:l! 
~H3H.KH n TpnecTe, MHcTHTYTa TeopeTlI'!ecKo:l! ~H3HKH B K:e:eBe, ~OTOMesoH
HOn ~a6opaTopmr~ CCCP HM.Il.H.]e6e.n;eBa B MocKBe, WI~ n MH co AH 
CCCP B HOBOCH6HpCKe, MHCTHTYT8 TeopeTH'IeCKOll ~3HKH YHHBepcHTSTa B 
BeHe, HayqHO-HCMe,n;oBaTeJII,CKOro HHeTHTYTa TeopeTmeeKO:l! ~H3llroI B 
Xem,eHH.KH, Hay,:moro ueHTpa ~amum B Opes, ]a6opaTOpllli ~s:ium Me
MeHT8PHHX qaeTHIJ; B Alien (~a~), HannoHMl>HOro HHeTHTYTa JI.n;epHO:l! 
~s:ium Bo ~aeKaTH n Ha saee.n;aHHH YqeHoro eoBeTa no TeopeTlr'leeKon 
~H3HRe B ,Ify6He. KpoMe Toro, OHR ;D;OKJia.n;HBaJWel> Ha MHorotmMeHHHX 
M~apo.n;HHX KOH~epeHUHRX H eHMn03:eyMax, B TOM tmMe: Ha ceMIDiapax 
no npoMeMaM ~SH.KR BHeOKHX 9Heprd H KBaHTOBOil TeOpim noM (IlpOTBH
HO, I979, I987), Ha BapmaBe.lOIX eHMn03l'JYM8X no ~3HK8 MeMeHT8PHHX 
qaeTHIJ; (KasHMHepllt, I979, I983, I984, I986), Ha KO~peHUHRX qexo
MOBaU.IOIX ~3HROB (Konnme, I977; Epamc.naBa,I985), Ha M8Wllapo.n;HOH 
3HMHeil mKMe no CWll,HllM BSaHMo.n;e:l!eTBIDlM (llbia.n;M::lmr, I985), Ha Me,;r,n;y
Hapo.n;HHX CHMil03eyMaX "CTPYKTYPa a,n;poHoB" (IIITPa6cKe IJ.n:eco, I977; 
CMo~emm;e, I983), Ha Ill .A;D;pli!aTli~eexoR BeTPeqe no ~3HKe ~aeTmJ; 
(,ITy6pOBHHK, . I980). Ha Cm.m03l!YM8 no aKTY8JII,HllM npoMeMaM ~3:ium 
3JI6M6HTapHHX qacTHIJ; (MapHJIJieBa, I978). Ha CeMHIIape no HOBe:llnmM ,n;oeTH"'.' 
XtelllIJ!M ~H3HKII MeMeHTapHWC qaeTHIJ; (~anemT, I984). Ha PeHKOHTP ,n;s 
MopHOH {]ee ApKe, I986) n Ha "KBapKax-88" (T6wmcn, I988), Ha XX n 
XXlT M~apo,n;HHX KO~epeHUHRX no ~3HKe BbleOKHX SHepm (Ma.n;HeOH, 
I980 H ]eRilUHr, I984). 

I1y6Jmgamm. Ilo MaTepHa~ .n;HeeepTaUHR ony6JWKOBaHO 29 pa60T. 
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06~eM pa6orn. ,UnccepTaltlffi COCTOHT H3 BB6'A6Hl"JI, BOCbMII r~aB oc
HOBHOrO CO'A6J)lKaHID! ll 3aMJOtiemm, OHa CO'A6IJllGIT 229 ·cTPaHml; Ma!IllilIOIIl'lC~ 
Horo TeRcTa, 53 ,pHCYHRa, ·6 Ta~ H 6n6Jruorpa~H'!ecm crmcox Jm:Tepa
TYPH ll3 187 Ham49HOBaHHlii:. 

CO,llEPlKAHME PAECJI'hl 

Bo BB686HIDI ll3~()jKeHa 06111aJI IIOCTaHOBRa ll3yqaeMllX rrpoMeM, 
060CHOBHBaeTCJI IDC Ba:lKHOCTD ll R,PaTRO ll3~araeTCJI MaTepna~ ~ccepTaIWH. 

B rrepBofi r~Be· OI!p6'A9.7IJI6TCJI IIOHJITHe 3/IM ® ll IIOM6'AOBaTemHO 
na~raeTCJI MeTO'A onpe'Ae~eHHJI Heo6XO'AHMOro 'IHMa !Mi~ OIIl'!camm 3/IM 
CTPYRTYPH pacCMaTPHBaeMOfi CM:E,HOB3aHM~efiCT.BYl(lllefi 'l:aCTmJ;H. IlpO'Ae
MOHCTpHpOBaHa 06llla.R: cxeMa Haxol!QJ;eHHJI 6.nmKafu!mx oco6eHHOCTeil ( TO'l:6It 
B6TMeHHJI) 3JlM CW:, Ha OCHOBe ll3yqeHHJI aHaJmTH'!6CKliX CBOilCTB ~OprilamHo
ro ~a 'AllarpaMM (PeiiHMaHa, IIMY'J:86MOro ~ !Mi B paMRaX TeOpHH B03MY
meHHil ~arpaIDiteBoii RBaHTOBOil TeOpHH II~. 

Tax RaR I!pll IIOCTpoeHHH r~o6amHoil aHaJmTH'!6CROii MO'A6Jill amA 
CTPYRTYPH CMl,HOB3aHMO'A9liCTBYJ(IIUIX 'IaCTHn B 'AllCCepTaIWH HCIIO~b3YJOTC.R: 
TaIOKe ll3B6CTHlie CBOliCTBa npo.R:Me.mm RBapROBOii CTPYRTYPH ~OHOB, TO 
BTOpa.ii r~aBa IIOCB.filll6Ha R,PaTROMY ll3~()jK6HHI0 IIp6'ACRa3aHHJI acHMIITOTlI
'l:eCROro IlOB6'A6Imll 3/IM !Mi CMl,HOB8aHMO'A6liCTBYJ(IIUIX 'l:aCTHq npaBMaMII 
RBapKOBOro C'leTa ll IIO'ATBep;imemno STOro pe3y~bTaTa C TO'l:HOCTDID 'AO 
~orapHql,IW!eCROii rronpaBKli B CJJY'l:86 IIl'lOHa B PaMitaX KB8HTOBOil xpOMO'All
H8MHK!i. 

TpeTM r~aBa HMeeT TaIOKe BCIIOMoraTemmtil. xapaRTep ll IIOCB.fillleHa 
H3~()jK6Hm0 OCHOBHOii nnen MO'A6Jill 'A0MllH8HTHOCTH B6RTOpHHX M680HOB (BW(), 
Sil3JIJIRlll6iiCJI llCXO'AHl,IM IIYHRTOM B 'AllCcepTaIWH rrpll IIOCTP06HHH r~o6amHoii 
aHaJmTH'l:6CROfi MO'AeJIH 3JIM CTPYRTYPH CM:E,HOB3allMO'A6liCTBYJ(IIUIX 'lacTHq. 

~eTBepT8JI r~aBa ~ccepTaIWH CO'A6pl!mT 06lllYJO CX6MY CTpoemm YHH
TapxsoBaHHofi aHaJmTH'l:eCROil HAJl MO'A6JIR ~ 3JIM ~. ROTOpaJI JIM.R:eTCJI 
o6~e'AHHeHHeM xopomo o6ocHoBaHHoii BMll MO'AeJIR c rrpn6JrmKeHHeM HY~eBHX 
IIIHpllH BeRTOpHHX M630HOB, npaBM:E,HHX aHaJmTH'l:6CKliX CBOliCTB CW:, Ha ~3ll
'l6CROM JmCTe pHMaHOBOfi IIOBepXHOCTH ll acm.mTOTH'l:9CROro IIOB9'A6HH.R:, 
IIp9'ACRa3HBaeMoro RBapROBOfi MO'Ae~DID a,IlpOHOB. 

HCXO.IUJHM IIYHKTOM IIpll STOM .R:BM6TC.fi BW( MO'Aem 

(VMD) i 
~ (t) = L__ ftnv~f,nr/f'-) 

V fmv - t 

(I) 

{VHb) -1 

C aCllMIITOTH'!BC.IGlM IIOBB'A6HHBM ff: (t) ~ t / t ➔ !: .,, , O'AllHaRO.Bl:lM 
'AJIJI Bcex CMl,HOB8allMO'AeiicTBYJ(IIUIX trac~. tJ:TO JIBHO HaXO'AllTCJI B IIpOTll-

6 

Bope'IHH C llPB'ACRa3aHHeM RBapROBOii MO~eJm ~ 6apHOHOB ll aTOMHHX 
- :~: H.14ep.: BRJIIO'l:eHHe B ' ( I) aHamrTH'!e C.IOOC CBO:ll CTB 3JIM ~ npOBB'AeHO B 

npH6JrmKeHHH 'ABYX paspeSOB, reHepnpoBalIHHX TOtIRaMlLBBTM6Hm! i 0 

n t,"" ···jimt KBa.i:tP~THoro xopHJI, trTo ocY111ecTaneHo"c noi.ionu,10 rroMe'Ao

BaTemHHX JtO~!pOPMHHX OT06pa1teHHil 

112 [ Q ]
11

'- 11/2 
2 "' [ tt -t., )/tc] n W(t)"' i ,Ht .,. '.? - ['l,"" - '2] 

[ Q,...i • q tt + [ q,"" . - 9 J11t 
(2) 

3Ta rrpoue'AYPa II03BOJIJIBT 0606111liTD aCIIMIITOTlI'IBCROe IIOBe'AeHlie B cor~a
CHH C np9'ACRa3aHlieM ItBapROBOfi MO'A9Jili a,npOHOB. BBe'AeHHe HeHY~eBHX 
mnpllH BBRTOPHHX Me30HOB . ( f; f O) npHBO'AllT TaIOKe R PJmY 'APY.I'IDC 38Me
l!aTe~DIIHX CBOiiCTB Fe,(t) no cpaBHBHlilO co CBOiiCTBaMll B ~OprilY~e (I). 

B ROHO'IHOM pe3ymTaTe IIOJJY'IaeTCJI MO'Aem 3JIM ® B BE;ne 

F. [lt'(tl]• [(4-Wl)2]nf•r~ ,,.,;.,-W;)(W.,. - w,:)(l,(,;_,- 'lw,)(w-,., - ~/Wi) cr.~r / f,) t 
f. Hr,;.,1 .L..,- (w- W.)(W- w, )(w-1/~~;;)(W-"lw() 

't 

L (W.,-~1)(~.,-~~;)(WN+~)(v.,,+wj) (l. -/1'·)} 
+ . , · • ) ( •i JJI f, f. JJ: , J (W-\~J>cv.:-1'llj')(w+wi w+11i . 

ROTOpaJI 'ABliCTBllTB~Ha Ha BBlllBCTBeHHOii OCH rrpn t < t., • l!MBBT 
pa3pes, Hal!llHaJI C t !! te , coxpaH.R:eT YMOBlle HOPf/lHpOBIGI llCXO'AHOil 
R1,Jl MO'ABJIR (I) H HMeeT ac'HMIITOTH'!BCROe IIOB9'ABHHB 

F.(t) ~ /-11~, 
.··(. t->too' 

(3) 

(4) 

r'Ae n2 - l!lIMO COCTaBJIJ!DlllDC RBapROB pacCMaTPHBaeMoil CM:E,HOB3al!MO
'ABfiCTBYICl!leii 'IaCTmJ;H. OHa OIIpe'AB~eHa Ha 'l:BTHpex.,mcTHO:ll llOBepXHOCTH 

· PllMaHa, ~'Ae 1 , i -rro~ca Ha ee H~H3ll'l:BC.IOOC JmCTax, H 3aBHCHT 
T~KO OT napaMeTpOB C JICHO:ii ~ll3ll'l:6CRO:ii HHTepnpeTaunefi ( mil , r,_ , 
fi.e.t: lfv , ti-..1 ). B M~ r~Bax ~ccepTaUHH aTa MO'Aem npn-
MeHSieTc.a _R aHaJm3Y ,n;ammx no 3JlM ® rmona, RaOHOB, HYK1IOHOB, ,mep 
He4• He3 ll JI3. . .. 

CO'A8J)lKaHlieM ImTOil r~BH JIMJIBTC.fi pemeHHe npoMeM, CBJI38HHHX 
c 3JIM CTPYRTYPOii llliOHa. f~Ba cocTOHT HS ceMH rraparpa~B (§ 5.I -
- § 5.7). 

B § 5.I pe3n.mpyeTCJI llMBIClllaJICJI axcrrepHMeHT~HaJI ~Jl,!8~ 

0 3JIMI ® IIl'lOHa ll o6c~8!0TCII MBTO'AH IIOJJY'IBimll 'A8HHHX H3 _pa3Jlli'mHX 
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rrponeccoB. IIo.n;-qeprornaeTCJI lICKJIIG'IHTem,Hoe MecTo 3JIM ~ rnwHa cpe.n;n 
Bcex ~ .n;pyrmc e.n;pOHOB BCJI0.IJ;CTBlie OTCYTCTBU.H H0WlI3H'!eCKOii o6JracTlI 
H ero U3M0pllMOCTH BC!QnY Ha .n;e:iicTBllT0JII,HOii OCH t . 

Jiaparpaw 5. 2 IIOCBIDI{0H ll3B0CTHblM CBOilCTBa.M 3JIM ~ IIl!OHa. EoJiee 
.n;eTaJII,HO ;D;OKa3HBa0TCH, 'ITO caMaH HlDKHHH TO'!Ka B0TBJI0HUH t 0 = 4mi;
THIIa KBa;n:paTHOro KOPH.H, ~ IIHOHa Ha II Jil!OTe pnMaHOBOii IIOBepXHOCTl!, 
KJ)OMe rrpaBoro YHHTapHoro paspesa, IlMeeT H JieBHil paspes rrpn - oo < 

<. t < 0 , H TOJlU];0CTBO Wa3hl ~ 0 P-BOJIHOBOM l!30B0KTOpHOii wasoii 
n-'lr - pacceHHHH B yrrpyroii 06JracT11. 

B § 5,3 ~:ayt.m pasHh!MlI no;n:xo;n:ar,m .n;eMOHCTPl!pYeTCJI BJIHHHHe JieBoro 
paspesa Ha BTOPOM Jil!OTe pIDi!aHOBOii llOBepXHOOTlI Ha IIOBe;D;eHl!e IIHOHHOro 
~ B yrrpyroii o6JraCTlI ll TeM oaMhl.M .n;eMOHCTPl!pY0TCH Ba:lKHOOTI, ero HBHO
ro y-qeTa rrpl! KOHCTPY.IC[(lilI MO;D;eJieii 3JIM ~ IIHOHa, OCHOBaHHhlX Ha aHaJil!
TH'!HOCTll. 

B § 5.4 paccMaTpHBaeTCJI Borrpoc H8;D;0'1tHOCTH OT;D;eJII,HhlX HaOopoB 
3KCIIepIDi10HTaJII,HhlX ;n:aHHh!X no 8JIM ~ IIHOHa. Ewr rrpe;D;Jio~eH MeTO;D; rrpo
BepKH COB.MeCTilMOCTll rrpOCTpaHOTBSHHOIIO;D;OOHhlX ;D;aHHhlX' IIOJiy,:ISHHhlX MO
;IJ;8.1II,H0-3aBRCHMh!M CIIOCOOOM H3 rrponeccoB SJieKTpOpOJlUl;emm C ;n:aHHh!MlI, 
IIOJJY'l0HHhlMH H0IIOcpe;n:CTB0HHO H3 Ce'!eIDIH rrponecca e+e--+rt:fC-. }meH 
COCTOHT B nepeHeceHl!H He.n;e:lKHOii 3l-CIIepHMeHT8Jll,HOii HHWOPM8nHH 0 
IIHOHHOM ~ ll3 e+e--,tn-- B OOJiaCTI, rrpoBe_pJieMh!X ;n:aHHhlX rrpH IIOMOur.d 
l!HTerpaJII,HOro COOTHOmemm 

f'lrcw 

F (QI)= ..i..._f .'Jr; F,;(t) 
J[ 'Jr' ~ 

4rm' 
1C' 

"" 
d l .. _!__I.)'~ F,;<t-) clt 

n- t + Qt 

trr"w 

~ 

. (5) 

ll Bhl'!HCJI0Hl!H napn:1!8Jll,Hh!X Xp B KaJlU];Oii npoBepHeMoii TO'!Ke. B TO 
BpeMH, KaK aKcrrepm.reTITam,HaH l!HWOPManUH o rroBe;n:eHl!H 'J.i ff (t) 
.n;JIH 4 m,~ < t < t"°"-' noJiy-qaeTCJI Henocpe;n:cTBeHHo 1!3 ce-qemm 

~•e-->To:'n-_(t), noBe.n;eHl!e :;;. G;Ct) ;D;JIH t >t"'w anrrpoKcm.mpyeT-
CJI c rroMoim,ro napaMeTpnsanmr, y,n;oBJieTBO_pJ!l(Illeii OOJ111!M orpaHl!'IeHIDiM, 
BhlT0KaKIImM H3 KXJJ: l! aHaJIHTlI'!HOCTlI. 

B § 5,5 Bhl'!HCJIHeTCJI IIOBe;n:eHl!e IIHOHHOrO ~ B paMKaX MO.Imqllinll
poBaHHoil MO;D;eJIH KBapKOBhlX rreTeJII,, rrplI'!eM B M030H-KBapK-8HTlIKBapKO
Blle BepmHHhl rro.n;cTaBJmeTCJI a;n:HorrapaMeTPH'IecKaH BOJIHOBaH WYHKnUH 
THIIa oosoHHoro rrporraraTopa 

Mt 
q>(.f) = - r- Mt , (6) 

\. 

8 

i , 

tl 
J 
i../ .. 

\ 
:1 
I 

38Bl!CmI{aH OT OTHOCHT0JII,HOro IlMIIYJII,ca iJ KBapK-8HTHKB8pKOBOii naphl 
l! rrapaMeTpa ajqieKTRBHOii MaCChl M. 3Ta .<liYHKnUH :irrpaeT ;D;BOHRYJO pOJII,. 
OHa, B orrpe;n:eJieHHOM CMh!CJie, llMHTilpY0T CBH3aHHOe COCTOHHHe KBapKa
aHTHKBapKa B Bl!;n:e llliOHa, a TaIOKe ooecrre'!HBaeT CXO;D;IDJIOCTI, COOTBeTCTBYID-
Illl!X l!HTerpaJioB IWiiIIMaHa. • 

B KOH0'IHOM pesym,TaTe IIOJiy-qaeTCJI IIOBe;n:eHl!e IIHOHHOrO ~. KOTO
poe COBIIa~aeT C CYlll0CTBYJCl!lliMl! ;n:aHHBMl! B l!HTepBaJie 3Ha'!elmll ~aTa 
rrepe.n;aHHoro IlMIIYm,ca -0, 08 raB2 ~ t ~ Ir 1»1; . 

B § 5.6 OOCYJK,D;aeTCJI rrpo6JreMa CTP00Hl!H rJioOaJll,Hh!X aHaJil!TH'Iecrorx 
MO;n:ezeii a1IM CTPYKTYPhl IIHOHa, KOTOphle OimCh!BaJIH Ohl BCID llM011Icy1JCJI B 
HacTomitee BpeMH aKcrrepnMeHTaJII,JJYIOHHWOPManmo. IlpRBO;n:HTCJI noIIHTKH pas
JllilmhlX oooomeIDtii caMoii n1IT1IpyeMoii Mo;n:eJIH I'yHapllca-CaRYJ)aH, ocHoBaH
Hoii Ha CllJie OOOOJ!lemroro npn6.nm!:eHUH 3qxp0KTHBHOro pe.n;eyca ;D;JIH P-BOJI
HOBO:li li30B0KTOpHO:ii wasu fl:11: -pacceHHUH, lI lIX H8.IJ;OCTaTKH. IIpe;D;JI()jjteHa 
MO;D;8JII, IIHOHHoro ~ 

~(t): (Q-Q,)(~.,-2p) ~ (QH-2v)(<,2,.,-~,) (f'.,,rfr/f,) (7) 
(c;?-~p)(<;2N-x1.>L__ (<;2-<;?v)(Q-S?v) 

V=\",f1•f• 

[ 
1/t [ t 'l1 it-c 2= (t-J,)/lf] J 9v-= {(1m,-ir.-h)-4}/1t) = -2.,- I Q,.,=t J 

KOTopaH o6Jra;n:aeT yrrpyrHM paspesoM, KaK lI Bee MO;D;eJIH Tlll!a I'yHapnca
-CaRY})aH,n BKJie.n;hl BllCilllIX pesoHaHCOB f 1 

(1450) ll f',(1700) y,:ITeHhl 
e.n;l!Hh!M CIIOCOOOM. EoJiee Toro, Olia Y'!HThlBS8T Bltlia,It JI8BOrO paspesa 
Ha II Jil!CTe pnMaHOBO:ii IIOBepXHOCTlI, ROTOPHM rrpe;n:cTaBJieH B (7) B 
B:0;1l;e HYJIH 22 lI nOJIIDca Qp • 

Ms TpeooBamm Ha:wJy'IIIlero omrcamm CYllleCTBYDnRX ;n:aHHh!X c no
MO!lll>ID (7) y,n;aJIOCI, orrpe;n:eJil!TI, 3Ha'!eHl!H Bcex CBOOO;n:HhlX rrapaMeTPOB 
MO;D;8JIH ( Xt/ ndf = 531/282): 

rmf' = 763 ± 2 MaB, ~ = 145 ± 3 MaB, fi.,u/fr = 1,rns± 0,006, 

rmr = 1350 ± 25 MaB, 

fYY\o'' = 1740 ± 51 MaB, 

(8) 
~• = 379 ± 33 MaB, fr',rn/fr' =-0,179± 0,013, 

rf" = 290 ± 50 MaB, f(utfr" = 0,09o± 0,0II, 

KOTOpue IIO;D;TBe:pl!,,ItaIDT rrplICYTCTBRe COOTBSTCTBYJ!llllIX pe30H8HCOB B 
rrponecce e+e--,I~-. 

QzuraKO MO.l];8Jll, (7) rrpeHeoperaeT Bltlia,ItaMlI Heyrrpyrmc KaHaJIOB, 
KOTOphle Ha H3h1Ke aHaJil!Tll'l8CKlIX CBOfiCTB Y'!HThlB8DTCJI llOHBJieIDieM TO~eK 
BeTBJie.HM B COOTBeTCTBYJfllllIX rroporax. IlOKa3UBa8TCH, 'ITO 3TO rrpRBO;n:HT 
K rrpoTRBope'llllO C SKCIIepn.MeHTSJll,lWMlI ;n:aimw.m O P-BOJIHOBOi lI30B0RTOpHott 
. aMIIJIHTY,D;e ,nr - pa c ce.HHRH. 
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Peme1meM Bonpoca .fIBJllieTClI r~o6a.m,HaR aHaJmTlfll:eCRaR MO'AeJII, (3) 

Hee ycoBepmeHCTBOBaHHe, COCTOJilllee B .IIBHOM ytreTe TaK Ha3ImaeMllX: 

noporomcr YMOB:iril. 

B noMe.IUieM naparpa~e r~aBH Y paspa6oTaH MeTO'A BwraMemm 

~3H H HeynpyrOCTH napUH8JU,HOil aMIJJrnTy,Il;H ImOH-ImOHHOro paccerurn.11 

H3 npe'A~OJKeHHlllC MO'AMeil ImOHHoro iP/b, OM~81001HX ajq>eKrnBHHM Heyn

pyrJ,lM paspe30M. On RBJDieTClI xopomHM npID.iepOM HeTp}IBH8JU,HOro 'AeilCTBM 

aHaJmTWl:HOCTlI B ~H3HKe. 0Ra3llB8eTClI, 't!TO TOJU,KO TPe6oBaHRe BHno~e

HM noporOBlllC YMOBRii Mo.n;e~:&IO ImOHHOro ~ C .IIBHOil HeynpyrocT:&IO 

npRBo.n;HT K cor~cmo npe'ACRa3aHHoro noBe'Aemm Heynpyrocrn a~Ty,IJ;H 

,r,r -pacceHHRH C CYllleCTBYJ(IIIRMR 'AaIIJIHMlI. 

B mecTOil r~aBe paCCMaTPRBaeTClI ncno~:&30BaHHe YHHTapH30B8HHO:ll 

aHaJmrni:recxoil J1i1U MO'AeJm np:a ll3ytl:8HID1 aJlM CTPYKTYPH KaOHOB.MO'A8Jl:& 
S V 

(3) .IIBHO npID.ieHHeTClI K H30CRaJIHpHOMY F,;ct) HK li30BeKTOpHOMY ~(t) 

~ RaOHOB, KOTOpHe CB.1!3llB8IOTClI C iP/b sapmteHHOro H HeilTPaJU,HOro . 

RaOHa Me,IlYIOOlllM o6pasoM: 

<; V ,=;:. (t) = ~ (t) + ,=; (t)' 

) 
S V 

~o(t = ~ (t) - ~(t), 

(9) 

B c.nyg:ae H30CRaJIHpHOro ~ CY}/IMH B ·(3) H8CHIIl8IOTClI ll30CK8MPHHMR 

BeKTOPIWMR Me30H8Mli uJ , 'f , <f I H npeHe6peraeTCH BKJI~OM 

J/lf (3097) H 1/-'1 
(3685), nOCKOJU,ey OHR H8XOMTClI 'A8~eKO OT oMac

Tli CYllleCTBOB8HM 3Kcnep:m.7eHTa~:&HHX 'A8HHHX no RaOHHHM /J)(l). B Mytrae 

li30BeKTOpHoro ~ yi:rHTHB8IOTClI BMa'AH Tpex ll30BeKTOpHHX BeKTOPHlllC 
I b . 

Me30HOB: I{' (770), f (1450) II f (1700) • 

TaK RaK w (783) H f (770) pacno~OlteHH B HecpJI3li'tleCKOil 

oMacrn, r'Ae HeT HH O'AHOil 3KCnepID.ieHTM:&Hoil TOtJKH li 3TH pe30H8HCH 

onpe'AMeHH c xopomeil Toi:rnocT:&IO, B aHaJmse 'AaHHHX RX napaMeTpH ~K

CHpYIDTCH npli Ta~ 3Hai:reHMX. 

H3 Tpe6oBamm Ha:w:iytJIIIero·orm:camm CYllleCTBY!(llltlrX 'A8HHllx: no.lly'm

Jmc:& Me'AYI001He M8CCH OCT8JU,HHX pe30H8HCOB: 

rm'f = IOI9,4 ± 0,6 MaB, rmr' = I42I,I ± 74,7 MaB, 
(IO) 

rm'f'= I64I,2 ± I6,5 MaB, tmr' = !947,I ± 67,2 MaB, 

KOTOpHe no.n;TBepi!QJ;aBlT npHCYTCTBHe ip' (I450) B npouecce e+e--1< K 
H YRa3HB8BlT Ha TO, 't!TO 'AaHHHe no RaOHHHM iP/b npe'AnO'tlliT8IOT BMa'A 

rni (2150) BMa,ey f" (I700)-p830HaHCa. 

\ 
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HHTepecH!Iil pe3yJU,T8T no.nyq:aeTClI npH npID.ieHemm YHRTapH30B8HHOil 

aH8JmTWieCROH EM,ll MO'AeJm R aHa.JIH3Y 'A8HHlllC no HYKJIOHHhlM iPib, ROTOPOMY 

nocBrnnena ceA:&Ma.11 r~aBa 'AHccapTaIJ;11H. CooTHomeIDie (3) IIO'ACTaBMeTCH 

m.1ecTO ll30CK~pHoro Ii H30BeKTOPHlllC ;J;Hp8ROBCKHX H nayJmeBCKHX iP/b B 

BHpa:nteHMX 

t> ~ -I t' s V 

GE (t) = [ r=;m + F,"(t)] \rm1 [ ~ (t) t ~ (t)], 
p (II) 

'P s .. ., • " 
G,,/tl=[~Ct),-~(t·)J ~ [~(t)+F;:(tl] 

ll 

11 s· V t S V 
G~ (t) ~ [ f;;Ct)- F; (t)] + -J Fi (t)- F; Ct)], 

4rm0 (I2) 

G; (t) = [ f;;
5
Ct) - Ft<ti] + [ r=;:\t) - F;ct)], 

IIPH'IeM npOBO'AHTClI KOpp8KIUIH 8Cl!MIITOT,I,qeCKOro noBe'AeIDm H30CRaMpHo:ll 

n H30BeKTOpHoil qacTn nayJmeBcRoro ~ TaR, 'IT06H 'A06HT:&CH cor~ac1m 

acHMIITOTHi:reCKHX IlOBe'Aemrn HYKITOHHHX ::meKTpll'tleCRHX H MarHRTHHX ~ 

C npe'ACRasaHHeM RBBPROBOll MO'Ae~. IlocTpoeHHa.lI T8K MO'AeJU, i:repes COOT

HomeHM (II) li (I2) npID.ieHHeTClI R aHa~sy CYlll8CTBYJ(]IlRX 'A8HHHX. 

OTMei:raeM, tJTO no He:llTpOllHHM 1M 'A8HHl16 BO Bp8M8HllIIO'A06HOli oMaCTH 

IlORa OTCYTCTBYIDT. 0'AH8RO, ~HRCHPYR napaMeTpH MO'AeJllI c IIOMom:&ro 'A8H

HlllC no npOTOHHHM ~ H HeHTPOHHHM 1M B npocTpaHCTB8HHOil0'A06HOil 06-
~aCTH ,MOJKHO npe'ACRasaT:& noBe'Aeime s~eRTpHtJecRoro 1c;1 n MarHHT-

Horo I G; I H8i1TpOHHOro ~ H BO Bp8M8HWIO'A06Hoil O~CTH, 3Ha-

i:reHM ROTOPlllC B oMacTH BHIIIe HY.KJtOH-aHTIIHYKJIOIIHOro nopora cpaBHH

BaIOTClI co sHai:reHlL'l:MlI npoTOHH!lX ~ B TaMllUe. 

Ta~a 

t [rsBG] · I G;l I i;;1 I G~ I I G~I 

3.6 0.462 2.374 0.460 2.343 
3.8 0.364 I.965 0.36! I.870 
4.0 0.295 I.653 0.294 I.5I8 
4.2 0.244 I.4IO 0.245 I.252 
4.4 0.205 r.217· 0.209 I.046 
4.6 0.!75 I.06! a.mo 0.884 
4.8 O.I52 0.933 O.I56 0.755 
5.0 O.I32 0.827 O.I37 0.65I 

ll 



\ 

\\ 

0TTy;ll;a BB;nHO' 'l:TO B cpe.n;HeM HeilTpOHHl:le <Mi B IIJITI, pas 60.u,we 
npOTOHHHX <M>,n B pesym,TaTe npe.n;cY~Sl:lBaeTCSI CJie.nymee COOTHOWSHlle 
Me,JOzy nOJilWMll ce'l:eHl1l!Mll s~eKTPOH-nOSllTPOHHOil amrnrwrmunr Ha H'fKJIOH-
8HTllHYK7IOHHYJO napy: 

S(e'e--e"'>hii) = /l5xS(e.·e-➔ pp>, (13) 

KOTopoe np~cTaBJI.fieT llHTepec B CBJi3ll C no,n;rOTCBKOil HOBOro SKcnepilMeH
Ta Ha YCKOpllTe~e ADONE BO wpaCKaTll 'AJill ll3Mepemm He~TPOHHl:lX <Mi BO 
BP0M0HHIIO,n;06HOH O~CTll. 

Boc1>Ma.FI r~aa nocB.fII!leHa. o6o6memno YHHTapnsoBaHHOfi auamrTll'l:e
CKOil m,uJ; MO,n;emr ,IJ;M onncamm aJ1M CTPYKTYPl:l ~erKIDC 8TOMHl:lX .imep, 
KOHKPSTHO ,Il;M He4, He3 ll H3. 3Ta l/10,Il;SJII, He TO~I,KO BOcnpOU3BO,IJ;llT 
cymecTByrootlle .n;aHHHe no a.JIM <Mi B npocTpaHCTB0HHOIIO,n;06HOH OO~CTll, 
HO ll npe,n;CK831:lB88T noBe,n;eHHe <Mi BO Bp0M0HWIO,IJ;06HOH oMacrn, ll3 
KOTOPl:lX nOJJY'l~CI, CJie,Il;yrootlle OUSHKll 'AJill COOTBSTCTBYJ001llX no~ ce~ 
'l:eHllil 8~8KTpOH-II03llTPOHHOil aHHllrllJI.fII.tlIB Ha .impo-aHTHro:tpo: 

( 
,- -- ~ - ~) -JS r S e e -"> He He z ,f() .Mo 

ll 
t - , - ) + - J -3 -~8 

G ( e e -"> H HJ ~ 6'( e e ➔ He He) "" ,fC -''er. 

B saRJIIO'!eHirn .n;aHO KpaTrtoe o6cy;JU(eim:e OCHOBHl:lX pesym,TaTOB 
pa60Tl:l. 
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