
«YTBEP)I()I;AIO» 
'L' ;r."PTr1rAn 110<1> PAH, 

'r:#~~t===~~l---- c.B. fapHOB 

Be.ll:YlI(eH. OpraHli3aUHH 


Ha .ll:HCCepTaI.{HOHH)'lO pa60TY MOp030Ba 11rop~ BJIa,ll;HMHpOBHqa 


«CTOJIKHOBHTeJIbHble H peJIaKCaI.{HOHHble npOueCCbI B HeH.ll:eaJIbHOH. 3JIeKTpOH-HOHHOH. nJIa3Me», 


npe.ll:CTaBJIeHH)'lO Ha COHCKaHHe yqeHOH. CTeneHH .ll:OKTOpa CPH3HKO-MaTeMaTHqeCKHX HaYK n o 


CneUHaJIbHOCTH 1.3.9 - cpH3HKa nJIa3MbI 


,ll;HccepTaUH~ Mopo30Ba 11.B. nOCB~lI(eHa TeOpeTHqeCKOMY HCCJIe.ll:OBaHHIO paBHOBeCHOH. 

H HepaBHOBeCHOH. HeH.ll:eaJIbHOH. 3JIeKrpoH-HOHHOH. nJIa3MbI C npHMeHeHHeM KOMn bIOTep Horo 

MO.ll:eJIHpOBaHH~ MeTO.ll:aMH KJIaCCHqeCKOH. MOJIeKYJI~pHOH. .ll:HHaMHKH H M OJIeKYAApHOH. .ll:HHaMHKH 

C BOJIHOBbIMH naKeTaMH. B pa60Te pa3BHTbI M eTO.ll:bI paCqeTa H n OJIyqeH bI pe3YJIbTaTbI .ll:AA 

CTaTHqeCKOH. H .ll:HHaMHqeCKOH. npOBO.ll:HMOCTH paBHOBeCHOH. HeH.ll:eaJIbHOH. nJIa3MbI, CKOPOCTH 

p eJIaKCaUHOHHbIX npoueCCOB B HeH30TepMHqeCKOH. H npocrpaHcTBeHHO-HeO.ll:HOP0.ll:HOH. nJIa3Me 

Pa3JIHqHOH. reOMerpHH, XapaKTepHbIX pa3MepOB .ll:BOHHOro 3JIeKTpOHHor o CJIO~ Ha r paHHu e 

nJIa3MbI, 3MHCCHH 3JIeKrpOHOB H KOJIe6aHHH B KJIaCTepHoH HaHOnJIa3M e , ypaBHeHH~ COCTO~HH~, 

Y.ll:apHOH. a,ll;Ha6aTbI H H303HTponbI C)l(aTH~ .ll:AA nJIa3MbI BO.ll:OpO.ll:a, .ll:eH.TepH~ H reJIH~ . nOJIbillOe 

BHHMaHHe Y.ll:eAAeTC~ o6cY)l(,ll;eHHIO MeT0.ll:HqeCKHX BonpocoB npHMeHeHH~ MeTO.l1,a 

MOJIeKYAApHOH. .l1,HHaMHKH (M,ll;), a TaK)l(e nOBblIIIeHH~ TOqHOCTH yqeTa KBaHTOBO-MeXaHHqeCKHX 

3cpcpeKToB B3aHMO.ll:eH.CTBH~ qaCTHU H paCIIIHpeHH~ 06JIaCTH npHMeHHMOCTH MeTO.ll:a 

MOJIeKYAApHoH .ll:HHaMHKH C BOJIHOBbIMH naKeTaMH. 

06'heM u CTpYKTYpa ));UCcepTauuu. 

,ll;HcCepTaUH~ COCTOHT H3 BBe.ll:eHH~, 5-TH maB, BKJIIOqM 0630p JIHTepaTypbI, 3aKJIIOqeH~ 

H cnHCKa JIHTepaTypbI. I10JIHbIH. TeKCT .ll:HCCepTaUHH H3JIO)l(eH Ha 284-x CTPaHHUax, crrHCOK 

JIHTepaTypbI CO.ll:ep)l(HT 557 HaHMeHOBaHHH.. 

Bo eeeoelluu 06ocHoBaHa aKTYaJIbHOCTb .ll:HCCepTaUHOHHOH. pa6oTbI, CCPOPMYJIHpOBaHbI 

u errH H aprYMeHTHpoBaHa HayqHM HOBH3Ha HCCJIe.ll:OBaHHH, rrOKa3aHa npaKTHqeCKM 3HaqHMOCTb 

rrorryqeHHbIX pe3YJIbTaTOB, npe.ll:CTaBJIeHbI BbIHOCHMble Ha 3alI(HTY HayqHble rrOJIO)l(eHH~. 

B nepeou 2Jlaee npHBe.ll:eH 0630p JIHTepaTypbI rro MeTO.ll:aM H pe3YJIbTaTaM 

3KcrrepHMeHTaJIbHbIX HCCJIe.ll:OBaHHH. HeH.ll:eaJIbHOH 3JIeKTpOH-HOHHOH n JIa3M bI , BKJIIOqM 

Ha6JIIO.ll:eHH~ 3a aCTpocpH3HqeCKHMH 06beKTaMH, CTaTHQeCKHe 3Kc rrepHMeHTbI, reHepaI.{HIO 

3JIeKTpHQeCKHX pa3P~.ll:OB, 3JIeKrpoB3pbIB IIPOBO.ll:HHKOB, Y.ll:apHO-BOJIHOBble 3Kc rrep HM eHTbI, 

B03.ll:eH.CTBHe JIa3epHbIX HMnYJIbCOB H rrOTOKOB qaCTHU Ha BelI(eCTBO, HCCJIe.ll:OBaHH~ 

YJIbTpaXOJIO.ll:HOH IIJIa3MbI. 06CY)l(,ll;aIOTC~ TaK)l(e CYlI(eCTB)'lOlI(He TeOpeTHqeCKHe M O.ll:eJIH, 

OCHOBaHHble Ha KBaHTOBO-CTaTHCTHqeCKOM rrO.ll:XO.ll:e, HCrrOJIb30BaHHH rrCeB.ll:OrrOTeHUHaJIOB .n;JI~ 

OIIHcaHH~ B3aHMO.ll:eHCTBH~ qaCTHU, cpH3HQeCKOH H XHMHQeCKOH. Mo.n;eAAX n JIa3MbI, CPOpMaJIH3Me 

3JIeKTpOHHOH nJIOTHOCTH. OnHcaHbI OCHOBHbIe MeTo,n:bI aTOMHcnflIec Koro Mo,n:eJIHpOBamuI 

HeH.l1,eaJIbHOH. nJIa3MbI HJIH pa30rpeTOro nJIOTHOrO BelI(eCTBa: KJIaCCHQeCKM MOJIeKYAApH M 

1 



.IJ;I1HaMI1Ka 11 MOHTe-KapJIo, KBaHToBrur MOJIeKYJUIpHrur .IJ;I1HaMI1Ka, MOHTe-KapJIo B TepMI1Hax 

I1HTerpaJIOB rro TpaeKTopmIM, MOJIeKYJUIpHrur .IJ;I1HaMI1Ka C BOJIHOBbIMI1 rraKeTaMl1. C.IJ;eJIaHbI 

BbIBO.IJ;bI 0 rrpl1MeHI1MOCTI1 YKa:3aHHbIX rro.n;xO.IJ;OB .IJ;JUI peIIIeHI15I aKTYaJIbHbIX 3a.n;aq CPl1311KI1 

Hel1.IJ;eaJIbHOH: rrJIa3MbI. 

Bo emopou 2JlQee 06CY)J(,l(aIOTC5I crroco6bI paCqeTa CTaTl1qeCKOH: 11 .IJ;I1HaMl1qeCKOH: 

rrpOBO.IJ;I1MOCTI1, a TaK)Ke 3cpcpeKTI1BHOH: qaCTOTbI CTOJIKHOBeHI1H: B Hel1.IJ;eaJIbHOH: 3JIeKTpOH-110HHOH: 

rrJIa3Me C rrOMo:rn;bIO MeTO.IJ;a KJIaCCl1qeCKOH: MOJIeKYJI5IpHOH: .IJ;I1HaMI1KI1. TIpe.IJ;CTaBJIeHa 

Opl1rl1HaJIbHrur MeTO.IJ;I1Ka .IJ;06aBJIeHI15I B M,U MO.IJ;eJIb Cpe.IJ;HerO rroJUI, KOTOPrur rr03BOJII1JIa 

rrpOBeCTI1 TeOpeTl1qeCKI1H: aHaJII13 .IJ;aHHOH: rrp06JIeMbI. I1oKa3aHO, qTO pe3YJIbTaTbI, rrOJIyqeHHble B 

paMKaX 3TOH: MO.IJ;eJII1, COOTBeTCTBYIOT rrpO.IJ;OJIbHOH: I1JII1 BHYTpeHHeH: rrpOBO.IJ;I1MOCTI1, B TO BpeM5I 

KaK CTaH.IJ;apTHbIH: MeTO.IJ; M,U MO.IJ;eJIl1pOBaHI15I C rrep110.IJ;I1QeCKI1MI1 rpaHI1QHbIMI1 YCJIOBI15IMI1 

rr03BOJUIeT rrOJIyql1Tb rrOrrepeQHYIO I1JII1 BHeIIIHIOIO rrpOBO.IJ;I1MOCTb. I1pe.IJ;JIO)KeHHble 

aHaJIl1TI1QeCKl1e Bblpa)KeHI15I, CB5I3bIBaIO:rn;l1e KaK rrpO.IJ;OJIbHYIO, TaK 11 rrOrrepeQHYIO rrpOBO.IJ;I1MOCTb 

C 3cpcpeKTI1BHOH: QaCTOTOH: CTOJIKHOBeHI1H: rr03BOJII1JII1 rrO.IJ;TBep.IJ;I1Tb, QTO pe3YJIbTaTbI 060l1X 

paCQeTOB .IJ;aIOT O.IJ;I1HaKOBYIO 3aBI1CI1MOCTb 3cpcpeKTI1BHOH: QaCTOTbI CTOJIKHOBeHI1H: OT QaCTOTbI 

B03My:rn;aIO:rn;ero rroJUI, QTO 03HaQaeT COOTBeTCTBl1e I1X .IJ;JII1HHOBOJIHOBOMY rrpe.IJ;eJIy. 

C I1CrrOJIb30BaHI1eM YKa3aHHbIX pe3YJIbTaTOB paCCQI1TaHbI 3HaQeHI15I CTaTI1QeCKOH: 11 

.IJ;I1HaMI1QeCKOH: rrpOBO.IJ;I1MOCTI1 Hel1.IJ;eaJIbHOH: rrJIa3MbI CO 3HaQeHI1eM rrapaMeTpa Hel1.IJ;eaJIbHOCTI1 

0.1 - 5, orrpe.IJ;eJIeHa BbICOKOQaCToTHrur aCI1MrrTOTI1Ka 3cpcpeKTI1BHOH: QaCTOTbI CTOJIKHOBeHI1H: .IJ;JUI 

MO.IJ;eJIbHOrO rrCeB.IJ;OrrOTeH:U;l1aJIa KeJIb6ra, a TaK)Ke 3aBI1CI1MOCTb pe3YJIb TaTOB OT TeMrrepaTypbI, 

5IBJUIIO:rn;eH:C5I rrapaMeTpOM .IJ;aHHoro rrOTeH:U;l1aJIa. ,UorrOJIHI1TeJIbHO rrpOBe.IJ;eH aHaJII13 crreKTpa 

aBTOKOppeJUITOpa TOKa .IJ;JUI CI1CTeMbI C oTpa)KaIO:rn;I1MI1 rpaHl1qffbIMI1 YCJIOBI15IMI1. I10Ka3aHO, QTO 

3TI1 pe3YJIbTaTbI MoryT I1CrrOJIb30BaTbC5I .IJ;JUI paCQeTa rrpO.IJ;OJIbHOH: rrpOBO.IJ;I1MOCTI1 rrp l1 

I1CrrOJIb30BaHI111 BHYTpeHHeH: 06JIaCTI1 paCQeTHOH: 5IQeH:KI1. 

B mpembeu 2JlQee Orrl1CaHO MO.IJ;eJIl1pOBaHl1e peJIaKca:u;110HHbIX rrpo:u;eccoB B 

rrpOCTpaHCTBeHHO-HeO.IJ;HOpO.IJ;HOH: Hel1.IJ;eaJIbHOH: IIJIa3Me. PaCCMaTpI1BaIOTC5I rrpo:u;eccbI 

CPOpMl1pOBaHI15I .IJ;BOH:HOro 3JIeKTpl1QeCKOrO CJI05I Ha rpaHI1:u;e rrJIa3Ma-BaKYYM, B TOM QI1CJIe 

B6JII1311 rrOBepXHOCTI1 MeTaJIJIa B YCJIOBI15IX YHl1rrOJUIpHOH: .IJ;yrl1. MCCJIe.IJ;yeTC5I peJIaKca :U;l15I 

Hel1.IJ;eaJIbHOH: rrJIa3MbI, 06Pa30BaHHOH: O.IJ;I1HOQHbIM MHOr03ap5I.IJ;HbIM 110HOM B KOH.IJ;eHCl1pOBaHHOH: 

MI1IIIeHI1. 

Bo Bcex CJIyqrurx rrOKa3aHa cTpYKTypa YCTaHoBI1BIIIerOC5I .IJ;BOH:HOrO 3JIeKTpl1QeCKOrO CJI05I 

B 3aBI1CI1MOCTI1 OT rrapaMeTpOB IIJIa3MbI, IIpl1Be.IJ;eHbI TeOpeTI1QeCKl1e o:u;eHKI1 11 corrOCTaBJIeHl1e C 

3KCrrepI1MeHToM. B :u;eJIOM rrOJIyqeHHble pe3YJIbTaTbI rrOKa3bIBaIOT 06:rn;HH: .IJ;JI5I Bcex CJIyqaeB 

xapaKTep peJIaKca:U;1111 11 YCTaHOBJIeHH5I .IJ;BOH:HOrO 3JIeKTpOHHoro CJI05I Ha rpaHH:u;e HeH.IJ;eaJIbHOH: 

rrJIa3MbI C Pa3JIHQHOH: reOMeTpHeH:. PaCCMOTpeHHrur 3.IJ;eCb MeTO.IJ;HKa MO.IJ;eJIl1pOBaHH5I 

peJIaKca:U;110HHbIX rrpo:u;eccoB 11 CHCTeM C OTKPbITOH: rpaHH:u;eH: I1CIIOJIb3yeTC5I .IJ;aJIee IIpl1 

MO.IJ;eJIHpOBaHI1H KJIaCTepHOH: HaHOrrJIa3MbI. 

B lJemeepmou 2JlQee Orrl1CaHbI HCCJIe.IJ;OBaHl15I .IJ;I1HaMHKH 3JIeKTpoHoB B KJIaCTepHOH: 

HaHOrrJIa3Me. TIpe.IJ;JIO)KeHa cxeMa MO.IJ;eJIl1pOBaHH5I, II03BOJI5IIO:rn;asI OT.IJ;eJIbHO paccMo TpeTb 

IIpo:u;eccbI B 3JIeKTpOHHOH: IIO.IJ;CHCTeMe 110HH30BaHHoro KJIaCTepa B Pa3JIHQHble MOMeHTbI pa3JIeTa 

110HOB. C ee rroMo:rn;bIO IIpOBe.IJ;eHO HCCJIe.IJ;OBaHHe rrpo:u;ecca peJIaKc a:u;1111 3JIeKTpOHoB B 

KJIaCTepHOH: HaHOrrJIa3Me, rrOJIyqeHbI YCTaHOBHBIIIHeC5I pacrrpe.IJ;eJIeHI15I :meKTpoHoB rro :meprI1SIM, 

pa.n;l1aJIbHbIH: rrpocpl1JIb KOH:u;eHTpa:U;HI1 3JIeKTpoHoB, Cpe.IJ;HI1H: 3ap5I.IJ; KJIaCTepa H TeMrrepaTypa 
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3neKTpOHOB B 3aBHCHMOCTH OT rrnOTHOCTH HOHOB, Ha'lanhHOH TeMrrepaTyphI H 'lHCna HOHOB B 

KnaCTepe. I1oKa3aHO, 'lTO 3apSI,n: KnaCTepa B paCCMOTpeHHOH 06naCTH rrapaMeTpOB MO)l(HO C'lHTaTh 

nHHeHHO 3aBHCSIIIIHM OT rrpOH3Be,n:eHHSI KOHe'lHOH TeMrrepaTyphI 3neKrpOHOB Ha pa,UHYC 

KnaCTepa. Orrpe,n:eneH K03<P<PHIIHeHT 3TOH 3aBHCHMOCTH. 

I1pe,n:nO)l(eH MeTO,n: HCCne,n:OBaHHSI rrpOCTpaHCTBeHHOH CTPYKTyphl 3neKTpOHHhIX 

Kone6aHHH B KnaCTepe, OCHOBaHHhIH Ha paC'leTe rrpOCTpaHCTBeHHO-pa3peIIIeHHOH 

aBToKoppensrlIHoHHoH <PYHKIIHH TOKa. Pe3ynhTaToM 3THX HCCne,n:OBaHHH CTana TeOpeTH'leCKaSI 

MO,n:enh KOnneKTHBHhIX Kone6aHHH 3neKrpOHOB (rrOBepXHOCTHhIX rrna3MOHOB), XOPOIIIO 

OrrHChIBaIOIIIaSI rrOnY'leHH)'lO B M,n: MO,n:enHpOBaHHSI 3aBHCHMOCTh 'laCTOThI 3THX Kone6aHHH OT 

pa3Mepa KnaCTepa C y-qeTOM HeO,n:HOpO,n:HOrO pacrrpe,n:eneHHSI 3neKTpOHOB. TaK)l(e orrpe,n:eneHhI 

,n:eKpeMeHThI 3aTyxaHHSI ,n:nsr Kone6aHHH MH H neHrMlOpOBCKHX rrna3MeHHhIX Kone6aHHH. 

I1pHBe,n:eHhI pe3ynhTaThI paC'leTa YCTaHOBHBIIIerOCSI 3apSI,n:a KnaCTepa, 'laCTOT H ,n:eKpeMeHTOB 

3aTYXaHHSI rrOBepXHOCTHhIX H 06'heMHhIX rrna3MOHOB, B 3aBHCHMOCTH OT TeMrrepaTyphI 

3neKTpOHOB, rrnOTHOCTH H pa3Mepa KnaCTepa. I1PHBO,n:HTCSI OrrHCaHHe pa3pa60TaHHOH 

TeOpeTH'leCKOH MO,n:enH. 

B mtmou 2JlGee paCCMOrpeHhI B03MO)l(HOCTH pa3BHTHSI MeTO,n:a MoneKynxpHoH ,n:HHaMHKH C 

BOnHOBhIMH rraKeTaMH. Ha pa3nH'lHhIX rrpHMepaX 06CY)l(,UaIOTCSI rrpeHMYIIIecTBa H He,n:OCTaTKH 

.n;aHHOrO MeTO.n;a. B Ka'leCTBe He.n;OCTaTKOB YKa3aHhI: HeOrpaHH'leHHOe paCIIIHpeHHe BOJIHOBhIX 

rraKeTOB co BpeMeHeM ,n:nsr 3neKTpOHOB BHe 06naCTH CHnhHOrO B3aHMO,n:eHCTBHSI; HeBhICOKaSI 

TO'lHOCTh rrpe,n:CTaBneHHSI CBSI3aHHhIX COCTOSIHHH 3neKTpOHOB H HOHOB ,n:nsr HH3KOne)l(aIIIHX 

KBaHTOBbIX ypOBHeH rro cpaBHeHHlO C ,n:pyrHMH KBaHTOBO-MeXaHH'leCKHMH rro,n:xo,n:aMH; 

CnO)l(HOCTh HnH He,n:OCTaTO'lHaSI TO'lHOCTh CYIIIecTB)'lOIIIHX 'lHCneHHhIX anropHTMOB ,n:nSI Y'leTa 

MHOrO'laCTH'lHbIX KBaHTOBhIX 3<p<peKTOB. PeIIIeHHe Ka)l(,UOrO H3 3THX BorrpOCOB 06CY)l(,UaeTCSI B 

cooTBeTcTB)'lOIIIeM pa3,n:ene ,n:aHHOH maBhI. 

,n:nsr BepH<pHKaQHH pa3pa60TaHHOrO MeTo,n:a M,n:BI1-<l>I1 rrpHBe,n:eHhI paC'leThI ypaBHeHHSI 

COCTOSIHHSI BO,n:OPO,n:HOH rrna3MbI, y,n:apHOH a,UHa6aThI ,n:eHTepHSI, a TaK)l(e H303HTporrhI y ,n:apHO­

C)l(aTbIX ,n:eHTepHSI H renHSI. B pe3ynhTaTe ,n:enaeTCSI 3aKJIlO'leHHe 06 3<p<peKTHBHoCTH H 06nacTH 

rrpHMeHeHHSI ,n:aHHoro MeTo,n:a. I1oKa3aHO, 'lTO MeTO,n: M,n:BI1-<l>I1 06eCrre'lHBaeT TO'lHOCTh 

paC'leTa TepMo.n;HHaMH'leCKHX CBOHCTB, cpaBHHM)'lO C MeTo,n:aMH KBaHTOBoro MOHTe-Kapno H 

KBaHTOBOH MoneKynsrpHoH ,UHHaMHKOH, coxp aHAA rrpH 3TOM crroc06HOCTh orrHChIBaTh 

HepaBHOBeCH)'lO .n;HHaMHKY 3neKrpOHOB. 

B 3GKJl1OJ.lellUU rro,n:BO,UHTCSI HTor pa60ThI, 06CY)l(,UaIOTCSI rronY'leHHhle pe3ynhTaThI, a 

TaKlKe rrepcrreKTHBhI ,n:anhHeHIIIHx Hccne,n:oBaHHH. 

AKryaJIhHOCTh TeMhI .z:.uccepTalJ,UU. 

HeH,n:eanhHaSI 3neKTpOH-HOHHaSI rrna3Ma HHTeHCHBHO Hccne.n;yeTcSI BO BceM MHpe KaK 

3KcrrepHMeHTanhHO, TaK H TeOpeTH'leCKH. OHa xapaKTepH3yeTcSI 3Ha'lHTenhHOH 3HeprHeH 

KYJIOHOBCKoro B3aHMo,n:eHCTBHSI 'laCTHII rro CpaBHeHHlO C HX cpe,n:HeH KHHeTH'leCKOH 3HeprHeH, 

CYIIIeCTBeHHhIM BnHSIHHeM 6nH3KHX CTonKHOBeHHH 'laCTHII Ha TpaHcrropTHhle H penaKCaQHOHHhle 

CBOHCTBa rrna3MhI, OrpaHH'leHHOH rrpHMeHHMOCThlO rrapHoro rrpH6JIH)l(eHHSI H TeopHH 

3KpaHHpOBaHHSI ,n:e6aSI. TaKoe COCTOSIHHe BeIIIeCTBa BCTpe'laeTCSI B aCTpo<pH3H'leCKHX 06'heKTaX, a 

TaK)l(e B na60paTopHhIX ycnoBHSIx, HarrpHMep, rrpH B03,n:eHcTBHH Ha TBep.n;OTenhHhle MHIIIeHH 

KOPOTKHX na3epHbIX HMrrynhcoB HnH rrOTOKOB 3apSI)l(eHHhIX 'laCTHll, B rrpHKaTo,n:HOH 06nacTH 
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3JIeKTpHqeCKHX pa3p5I.n;OB B BaKYYMe H B IIJIOTHOM ra3e, Ha CPPOHTe MOI.l(HbIX y .n;apHbIX BOJIH B 

ra30BbIX H KOH.n;eHCHpOBaHHbIX cpe.n;ax, IIpH 3JIeKTpOB3pbIBe IIPOBO.n;HHKOB. 

ITo CpaBHeHHIO C IIbIJIeBOH IIJIa3MOH, B KOTOPOH 3cpcpeKTbI HeH.n;eaJIbHOCTH TaK)I(e HMelOT 

MeCTO, 3JIeKTPOH-HOHHM IIJIa3Ma 5IBJI5IeTC5I 6 0JIee IIPOCTOH MO.n;eJIblO .n;JI5I TeOpeTHqeCKOrO 

HCCJIe.n;OBaHH5I, TaK KaK CO.n;ep)l(HT JIHIIIb 3JIeKTpOHbI H O.n;HOKpaTHO HJIH MHOrOKpaTHO 

3ap5I)I(eHHbIe HOHbI (BJIH5IHHeM HeHTpaJIbHbIX q aCTHII BO MHOrHX CJIyqMX MO)l(HO IIpeHe6peqb). 

TeM He MeHee, IIpOIIeCCbI, IIPOHCXOMI.l(He B IIbIJIeBOH H 3JIeKTpOH-HOHHOH HeH.n;eaJIbHOH IIJIa3Me, 

HMelOT CXO)l(He qepTbI. TaKHM 06Pa30M, HCCJIe.n;OBaHHe 3JIeKTpOH-HOHHOH HeH.n;eaJIbHOH IIJIa3MbI 

HMeeT KOCBeHHoe BJIH5IHHe H Ha peIIIeHHe 3a,n:aq IIbIJIeBOH (KOMIIJIeKCHOH) IIJIa3MbI. 

ITPH BblCOKHX IIJIOTHOCT5IX HJIH OTHOCHTeJIbHO HH3KHX TeMIIepaTYpax IIpH H3yqeHHH 

HeH.n;eaJIbHOH IIJIa3MbI CJIe.n;yeT yqHTbIBaTb 3cpcpeKTbI HOHH3aIIHH H p eKOM6HHaIIHH, a TaK)I(e 

qaCTHqHOe BbIpO)l(.lJ:eHHe 3JIeKTPOHHoro ra3a, ~o CYI.l(eCTBeHHO YCJIO)l(H5IeT TeOpeTHqeCKHH 

aHaJIH3, H .n;eJIaeT IIOqTH HeB03MO)l(HbIM BbIBO.n; aHaJIHTHqeCKHX COOTHOIIIeHHH , .n;OCTyrrHbIX B 

CJIyqae H.n;eaJIbHOH IIJIa3MbI ( KJIaCCHqeCKOH HJIH BbIpO)l(.lJ:eHHoH). 3TO 06YCJIaBJIHBaeT 

Heo6xo.n;HMOCTb IIpHMeHeHH5I qHCJIeHHbIX MeTo.n;OB, cpe.n;H KOTopbIe o co6 oe M eCTO 3aHHMalOT 

aTOMHCTHqeCKHe IIO.n;xO.n;bI - MeTo.n;bI .n;HHaMHKH MHorHX qaCTHII (HJIH MOJIeKYJI5IpHOH .n;HHaMH KH), 

a TaK)I(e M eTo.n;bI MOHTe-KapJIo. ITpeHMYI.l(eCTBO 3THX IIO.n;xO.n;OB 3aKJIlOqaeTC5I B B03MO)l(HOCTH 

IIOCTpoeHHH Mo.n;eJIeH «H3 IIepBbIX IIPHHIIHIIOB». Pa3BHTHe H COBepIIIeHCTBOBaHHe .n;aHHbIX 

M eTo.n;OB 5IBJI5IeTC5I aKTYaJIbHOH 3a,n:aqeH. 

HayqHaH HOBH3Ha. B .n;HccepTaIIHOHHo H pa60 Te IIpe.n;JIO)l(eH p5I.n; HOBbIX M eTo.n;OB .n;JI5I 

HCCJIe.n;OBaHH5I HeH.n;eaJIbHOH 3JIeKTPOH-HOHHOH IIJIa3MbI, a TaK)I(e IIOJIyqeHbI OpHr HHaJIbHbIe 

p e3YJIbTaTbI. Cpe.n;H HHX CTOHT OTMeTHTb CJIe.n;YIOI.l(He: 

- pa3pa60TaHa MeTo.n;HKa paCqeTa IIPO.n;OJIbHOH H IIOIIepeqHOH IIPOBO.n;HMOCTH 

HeH.n;eaJIbHOH IIJIa3MbI C IIOMOI.l(blO KJIaCCHqeCKOH MOJIeKYJI5IpHOH .n;HH aMHKH IIpH HCIIOJIb30BaHHH 

CIIeIIHaJIbHOrO THIIa rpaHHqHbIX YCJIOBHH; 

- CHCTeMaTHqeCKH HCCJIe.n;OBaHO BJIH5IHHe IIepHo.n;HqeCKHX H OTPa)l(aIOI.l(HX rpaHHqHbIX 

YCJIOBHH Ha paCqeT ypaBHeHH5I COCT05IHHH HeH.n;eaJIbHOH IIJIa3MbI H 3 cpcpeKTHBHOH qaCTOTbI 

CTOJIKHOBeHHH ; 

- IIOJIyqeHbI HOBbIe .n;aHHbIe IIO CTaTHqeCKOH H .n;HHaMHq eCK OH IIP OBO.n;HMOCTH 

paBHOBeCHOH IIJIa3MbI IIpH Pa3JIHqHbIX TeMIIepaTypax H IIJIOTHOCT5IX, IIOKa3aHa 06JIaCTb 

IIpHMeHHMOCTH Pa3JIHqHbIX BapHaHTOB M,n Mo.n;eJIHpOBaHH5I; 

- HCCJIe.n;OBaHbI peJIaKCaIIHOHHble IIpOIIeCCbI B HepaBHOBeCHOH IIJIa3Me B6JIH3H 

IIOBepXHOCTH MeTaJIJIa B YCJIOBH5IX CPOPMHPOBaHH5I YHHIIOJI5IPHOH BaKYYMHOH .n;yrH, B TpeKe 

O.n;HHOqHOrO MHOr03ap5I.D:HOrO HOHa, B KJIaCTepHOH H aHOIIJIa3Me; 

- IIpe.n;JIO)l(eHa OpHrHHaJIbHM MeTo.n;HKa HCCJIe.n;OBaHH5I KOJIe6 aHHH 3JIeKTPOHOB B 

KJIaCTepHOH HaHOIIJIa3Me, IIOJIyqeHbI HOBbIe .n;aHHbIe 0 c.n;BHre q aCTOTbI IIOBepXHOCTHbIX 

IIJIa3MOHOB B KpaCHYIO 06JIaCTb CIIeKTpa .n;JI5I KJIaCTepOB MaJIOrO p a3M epa, ,ll;JI5I KOTOPbIX 

IIpe.n;JIO)l(eHa OpHrHHaJIbHM TeOpeTHqeCKM Mo.n;eJIb; 

- IIpe.n;JIO)l(eHO HeCKOJIbKO MO.n;HCPHKaIIHH M eTo.n;a MOJIeKYJI5IpHOH .n;HH aMHKH C BOJIHOBbIMH 

IIaKeTaMH, II03BOJI5IIOI.l(HX peIIIHTb IIpo6JIeMY HeOr paHHqeHHOrO paCIIJIbIBaHH5I BOJIHOBOrO IIaKeTa 

.n;JI5I cBo6o.n;Horo 3JIeKTpOHa, IIOBbIIIIeHH5I TOqffOCTH OIIHCaHH5I CB5I3aHHbIX COCT05IHHH 3JIeKTpOHOB 

H HOHOB, yqeTa 06MeHHO-KOppeJI5IIIHOHHbIX 3cpcpeKTOB; 
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- nOJIyqeHbI HOBbIe pe3YJIbTaTbI .LJ:IDI ypaBHeHlnI COCTO~HlUI BO.LJ:OPO.LJ:HOH nJIa3MbI, 

Y.LJ:aPHOH a.n:Ha6aTbI .LJ:eHTepH~, H303HTponbI .LJ:eHTepH~ H reJIH~, nOKa3aBIIIHH npHMeHHMOCTb 

npe.LJ:JIO)KeHHOrO HOBoro MeTO.LJ:a M,lJ;BTI-<l>TI ,UIDI MO.LJ:eJIHpOBaHH~ nJIa3MbI C KOHueHTPaIIHeH 

3JIeKTpOHoB,n;0 1025 CM-3. 

npaInHQeCKaH 3HaQHMOCTh pa60ThI. Pe3YJIbTaTbI, H3JIO)KeHHble B .LJ:HCCepTaUHH, Moryr 

6bITb HCnOJIb30BaHbI .LJ:IDI TeOpeTHqeCKHX HCCJIe.LJ:OBaHHH B 06JIaCTH CPH3HKH HeH.LJ:eaJIbHOH n JIa3MbI 

H nJIOTHOrO pa30rpeTOro BeIUeCTBa, a TaK)Ke .LJ:IDI HHTepnpeTaIIHH 3KcnepHMeHTaJIbHbIX .LJ:aHH bIX, 

HMelOIUHX Ba)KHOe npaKTHqeCKOe 3HaL£eHHe. HanpHMep, nJIa3Ma C 3cpcpeKTaMH HeH.LJ:eaJIbHOCTH, 

nOJIyqeHHM B pe3YJIbTaTe B03.LJ:eHCTBH~ KOPOTKHX JIa3epHbIX HMnYJIbCOB Ha KOH.LJ:eHCHPOBaHHbIe 

MHIIIeHH, MO)J(eT HCnOJIb30BaTbC~ KaK HCTOL£HHK peHTreHOBCKHX H r aMMa HMnYJIb COB, 

TeparepUOBoro H3JIyqeHH~, nOTOKOB 3JIeKTpOHOB, HOHOB H HeHTpOHOB C BbICOKHMH 3HeprH~MH. 

Ee HCCJIe.LJ:OBaHHe Heo6xo.LJ:HMO .LJ:IDI C03.LJ:aHH~ HOBbIX MeTO.LJ:OB peHTreHOBCKOH .LJ:HarHOCTHKH 

BeIUeCTBa C c y6nHKoceKYH.LJ:HbIM BpeMeHHbIM pa3peIIIeHHeM, HHHUHHpOBaHH~ ~.LJ:epHbIX peaKUHH, 

3a.n:aq ~.LJ:epHOH CPOTOHHKH H MeTO.LJ:OB Me.LJ:HUHHCKOH .LJ:HarHOCTHKH. MO.LJ:HCPHKaIIH~ nOBepXHOCTH 

cpeMToceKYH.LJ:HbIMH JIa3epHbIMH HMnYJIbCaMH ~BIDIeTC~ 3cpcpeKTHBHbIM HHCTp YMeHTOM C03.LJ:aHH~ 

HaH006'beKTOB H nOBepXHOCTHbIX HaHOCTpyKTYP , npH 3TOM POJIb HeH.LJ:eaJIbHOH nJIa3MhI H a 

HaqaJIhHOM 3Tane B3aHMO.LJ:eMCTBH~ JIa3epa C nOBepXHOCThlO, MO)KeT 6 hITh ,n;OCTaTOL£HO Ba)J(Ha. 

HeH.LJ:eaJIbHM nJIa3Ma B npHKaTO.LJ:HOH 06JIaCTH CYIUeCTBeHHhIM 0 6 pa30M BJIH~eT Ha Xap aKTep 

CPOpMHpOBaHH~ pa3P~.LJ:OB H nOBpe)K.LJ:eHH~ nOBepXHOCTeH, a HCCJIe.LJ:OBaHH~ nJIa3M bI , 

06pa3YIOIUeHC~ B BaKYYMHhIX YHHnOJI~pHbIX .LJ:yrax, He06xo.LJ:HMbI .LJ:JI~ 3aIUHTbI MHKPOBOJIHOBbIX 

YCTPOHCTB BBO.LJ:a 3HeprHH B YCKopHTeJIbHOH TeXHHKe. HeH.LJ:eaJIbHM nJIa3Ma paccMaTPHBaeTC~ 

TaK)Ke B 3a.n:aqax MeTeopHTHOH 3aIUHTbI, B03.LJ:eHCTBH~ Ha BeIUecTBO KOCMHqeCKOrO H3JIyqeHH~ 

HJIH YCKopeHHhIX nyqKoB qaCTHU, B L£aCTHOCTH, npH MO.LJ:eJIHpOBaHHH aBapHMHhIX cHTyaUHM Ha 

KpynHhIX YCKopMTeIDIX. 

ny6J1HKaU;HH. MaTepHaJIbI .LJ:HCCepTaUHH ony6JIHKOBaHbI B 2 7-MH CTaTb~ B 

peueH3HpyeMbIx HayqHbIX )KypHaJIaX, BXOMIUHX B nepeqeHb BAK H HH.LJ:eKcHpy eMbIx CHCTeMaMH 

Web of Science H Scopus. 

Anpo6au;uH pa6oThI. MaTepHaJIbI .LJ:HCCepTaIIHH npe.LJ:CTaBJIeHbI aBTopOM JIHqHO Ha 34-x 

BcepoccHHCKHX H Me)K.LJ:YHapO.LJ:HbIX HayqHbIX KOHcpepeHUH~. 

3aMeQaHHH. He.LJ:OCTaTKH pa60TbI CBOMTC~ K cJIe.LJ:YIOIUeMY: 

1. Ha pHcYHKe 1.1 P~.LJ:OM C KPHBOH HOHH3aUHH YKa3aHO «l10HH3aIIH~ H 2», XOT~, n o­

BH.LJ:HMOMY, peq b H.LJ:eT 06 HOHH3aUHH aTOMa BO.LJ:OpO.LJ:a H. 

2. B pa3.LJ:eJIe 2.4 .3 onHCbIBaeTC~ MeT O.LJ: paCqeTa aBToKoppeIDIUHo HHOH CPYHKUHH TOKa .LJ:JI~ 

BHYTpeHHeH 06JIaCTH pacL£eTHoH ~qeHKH npH HCnOJIb30BaHHH OTPa)J(aIOIUHX rpaHHqHbIX YCJIOBHH 

( )J(ecTKHx cTeHoK) . O.LJ:HaKO, npe.LJ:CTaBJIeHHbIe pe3YJIbTaTbI He .LJ:aIOT OTBeTa Ha BOUpOC 0 TOM , 

COBna.n:aIOT JIM nOJIyqeHHbIe TaKHM cnoco60M pe3YJIbTaTbI .LJ:IDI CTaTHL£eCKOH H .LJ:HHaMHq eCKOH 

npOBo,n;MMOCTM C yKa3aHHhIMM paHee B pa3.LJ:eJIax 2.1.2 H 2.3 .4 pe3YJIbTaTaMH .LJ:IDI u epHO.LJ:H q eCKHX 

rpaHHqHhIX YCJIOBHH. 

3 . B pa3.LJ:eJIe 3 .2, nOCB~IUeHHOM MO.LJ:eJIHpOBaHHIO UJIa3MbI B yCJIOBH~X YHHUOIDIPHOH 

.LJ:yrH, L£aCTb PHCYHKOB, Ta6JIHU H cpOpMyJI CO.LJ:eP)J(HT KOHueHTpaUHIO 3JIeKTpOHoB, H3Mep~eMYIO B 
~ ~ 

CM ,a .LJ:pyrM qaCTh - B M ,LITO 3aTpY.LJ:H~eT conOCTaBJIeHHe pe3YJIbTaTo B . 

4. B maBe 5 Cpe.LJ:H npeHMYIUecTB npe.LJ:JIO)KeHHOH aBTopoM M O.LJ:HCPHKaIIHH MeTO.LJ:a 

MOJIeKYIDIpHoM .LJ:MHaMMKM C BOJIHOBbIMH naKeTaMH OTMeL£aeTC~ B03MO)KHOCTb MCCJIe.LJ:OBaHH~ 
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HepaBHOBeCHhIX COCT05IHHH H peJIaKCaIJ,HOHHhIX npOIJ,eCCOB, npH TOM, "L£TO 3TOT MeTO.n 60JIee 

TO"L£HO no cpaBHeHHIO C KJIaCCH"L£eCKOH MOJIeKYJI5IpHOH .nHHaMHKOH onHChIBaeT KBaHTOBO­

MeXaHH"L£eCKHe 3<p<peKThI CTOJIKHOBeHHH "L£aCTHIJ, H BhIpmK.neHH5I 3JIeKTpOHHor o r a3a. O.nHaKO, B 

pa60Te OTCYTCTBYIOT npHMephI, HJIJIIOCTpHpYIOIIIHe npHMeHeHHe .naHHoro MeTo.na K 

Mo.neJIHpOBaHHIO HepaBHOBeCHOH nJIa3MhI B TOH 06JIaCTH napaMeTpOB, r.ne YKa3aHHhle KBaHTOBhIe 

3<p<peKThI 5IBJI5IIOTC5I CYIIJ,eCTBeHHhIMH. 

ITepe"L£HCJIeHHhIe 3aMe"L£aHH5I He CHH)I(aIOT 06IIIeH BhICOKOH OIJ,eHKH pa60Thl. JJ;HccepTaIIH5I 

npe.nCTaBJI5IeT C060H 3aKOH"L£eHHYIO Hay-qHYIO KBarrH<pHKaIIHOHHYIO pa60TY, KOTOPM 

COOTBeTcTByeT BceM KpHTepH5IM, YCTaHOBJIeHHhlM n. 9 ITOJIO)l(eHH5I 0 nop5I.nKe npHCY)I(.JJ:eHH5I 

Y"L£eHhIX CTeneHeH NQ 842 OT 24.09.20 13r. , pe.n.01.10.2018r., a ee aBTop Mop030B I1.B. 

3aCJIY)l(HBaeT npHcY)I(.JJ:eHH5I eMY y-qeHoH CTeneHH .noKTopa <pH3HKo-MaTeMaTH"L£eCKHX HayK no 

CneIJ,HarrhHOCTH 1.3.9 - <pH3HKa nJIa3Mhl. 

JJ;HccepTaIJ,HOHHM pa60Ta 6hma 06cY)I(.JJ:eHa H 0.n06peHa Ha 3ace.naHHH NQ 1598 ceMHHapa 

HM. A.A. Pyxa.n3e TeOpeTH"L£eCKOrO OT.neJIa <1>e.neparrhHoro rocy.napCTBeHHoro 61O.n)l(eTHOrO 

y-qpe)I(.JJ:eHH5I HaYKH <1>e.neparrhHoro HCCJIe.nOBaTeJIhCKoro IJ,eHTpa «11HCTHTYT 06IIJ,eH <p1i3HKH HM. 

A.M. ITpoxopoBa POCCHHCKOH aKa.neMHH HaYK» 07 .neKa6p5I 2022 r. OT3hIB COCTaBJIeH rrraBHhlM 

Hay-qHhlM COTpy.nHHKOM TeOpeTH"L£eCKOrO OT.neJIa 110<1> PAH, .nOKTOPOM <pH3HKo-MaTeMaTH"L£eCKHX 

HaYK, np0<peccopoM A.M. 11rHaToBhlM, 06cY)l(.neH H 0.n06peH Ha 3ace.naHHH Y"L£eHOrO COBeTa 

TeOpeTH"L£eCKOrO OT.nerra <1>e.neparrhHoro rocy.napcTBeHHoro 61O.n)l(eTHOr O y-qpe)I(.JJ:eHH5I HaYKH 

<1>e.neparrhHoro Hccrre.nOBaTerrhCKoro IJ,eHTpa «11HCTHTYT 06IIJ,eH <pH3HKH HM. A.M. ITpoxopoBa 

POCCHHCKOH aKa.neMHH HaYK»NQ 1 0 OT 07 .neKa6p5I 2022r. 

frraBHhIH Hay-qHhIH COTpy.nHHK TeOpeTH"L£eCKOrO OT.neJIa 110<1> P A H 

.nOKTOP <pH3HKo-MaTeMaTH"L£eCKHX HaYK, np0<peccop 
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