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OT3bIB 

Be)l;ymeH opraHM3aQMM Ha )l;HCCepTaQMoHHYIO pa60Ty AneKcaIIIKMHoH AHHbI AH)l;peeBHbI 

«MoneKYIDIpHo-)l;HHaMMqecKoe MO)l;enHpOBaHHe CBOHCTB MeTaJInOB H MexaHH3MOB HMrrynbcHoH 

na3epHOH a6mlQHH 30nOTa», rrpe)l;CTaBneHHYIO Ha COMCKaHMe yqeHOH CTerreHH KaH)l;H)l;aTa 

CPM3HKo-MaTeMaTMqeCKMX HayK rro crreQMaJIbHOCTM 1.2.2 - MaTeMaTHqecKoe MO)l;enMpOBaHMe, 

qHCneHHble MeTO)l;bI M KOMrrneKCbI rrporpaMM 

,ll,MccepTaQMOHHaH pa60Ta AneKcaIIIKHHoH AHHbI AH)l;peeBHbI rrOCB5ImeHa pa3pa60TKe M 

rrpMMeHeHHlO HOBbIX B03MO)I(HOCTeH BblqMCnHTenbHOH MaTeMaTHKH, BKnlOqaH MaTeMaTHqeCKMe 

MO)l;enH, BbJqHcnMTenbHble aJIrOpHTMbI H MX rrporpaMMHYIO peaJIH3aQMlO, Heo6xo)l;MMbIX .nIDI 

rronHOQeHHoro MaTeMaTMqeCKOrO MO)l;enHpOBaHM5I CBOHCTB H cpeMToceKYH)l;HOH a6n5lQMH 

MeTaJInOB, B paMKax aTOMHCTMqeCKOrO rrO)l;XO)l;a. 

AKryaJIhHOCTh H36paHHoH TeMhI. 

JIa3epHaH a6n5lQH5I MeTaJInOB MMrrynbcaMM ynbTpaKopoTKOH (cpeMTo-rrMKOCeKYH)l;HoH) 

)l;nMTenbHOCTH 51BIDIeTC5I O)l;HHM M3 HaH60nee rrepcrreKTHBHhIX MeTO)l;OB CHHTe3a HaHOqaCTMQ. 

Oco6eHHocTh cpeMToceKYH)l;HOrO B03)l;eHCTBH5I Ha MeTaJInhI rrp05lBn5leTC5I B )l;nHTenbHOCTM 

na3epHhIX HMrrynhcoB, KOTOPaH OKa3hIBaeTC5I KOpOqe BpeMeH penaKcaQMM Bcex OCHOBHhIX 

rrpoQeccoB. B pe3ynhTaTe rrornOmeHHaH ::meprH5I na3epHOrO MMrrynbca Bbmen5leTC5I B 

::meKTpoHHOH KOMrrOHeHTe, OCTaBn5151 pellieTKY XOnO)l;HOH Ha BpeM5I, Heo6xo)l;MMOe )l;n51 

rrepe)l;aqH 3HeprMH OT HarpeTbIX 3neKTpoHoB K peIIIeTKe. ITo 3TOH rrpMqMHe Bce rrpoQeccbI, 

MH)l;YQHpoBaHHhle cpeMTOCeKYH)l;HbIM M3nyqeHHeM: 3neKTpoHHhle, TerrnOBble, 

rH)l;pO)l;HHaMHqeCKMe M, B TOM qHCne, cpa30Bhle rrpeBpameHM5I rrpOTeKaIOT B ycnoBH5IX CMnbHOH 

HepaBHOBeCHOCTH, KOTopble )l;On)I(HbI a.neKBaTHO yqMTbIBaTbC5I B MaTeMaTMqeCKHX MO)l;en5lX. 

,ll,MHaMHqeCKHH rrpoQecc cpparMeHTaQHM )I(M)l;KOH CPa3hI MeTaJIna rrpMBO)l;HT K 

06pa30BaHHIO 06naKa MenKHX Karrenb pacrrnasa, BbI6porneHHbIX C BbICOKOH CKOPOCTblO B 

OKpY)I(aIOmee rrpOCTpaHCTBO CO CTOPOHbI o6nyqaeMoH rrOBepXHOCTM. 11crronb30BaHHe 



cpeMToceKYH,n:HbIX JIa3epHbIX HMrrYJIbCOB B KaqeCTBe HCTOqHHKa HarpeBa OTKPbIJIO HOBbIe 

B03MO)l(HOCTH ,n:lliI npaKTHqeCKOrO rrpHMeHeHH5I rrpOIIeCCOB HaHOCTpYKTypHpOBaHH5I, B TOM 

qHCJIe, reHepaIIHH HaHOqaCTHII H HaHOCTpYKTYP ,n:lliI Hy)I(LJ: Me.z:UIIIHHbI H 6HOJIOrHH. bblCTpoe 

BHe,n:peHHe rrpHKJIa,n:HbIX rrpHJIO)l(emrH B CBOlO Oqepe,n:b CTHMYJIHpyeT ,n:orrOJIHHTeJIbHbIH HHTepec 

K 3KcrrepHMeHTaJIbHO-TeOpeTHqeCKHM HCCJIe,n:OBaHH5IM CPYH,n:aMeHTaJIbHbIX CBOHCTB, JIe)l(aIIIHX B 

OCHOBe CBepXKopOTKOH JIa3epHOH a6lli1IIHH. 

I1ccJIe,n:oBaHH5I TepMo,n:HHaMHqeCKHX H TerrJIocpH3HqeCKHX CBOHCTB MeTaJIJIOB (Me,n:b , 

30JIOTO) B rnHpOKOM TepM06apHqeCKOM ,n:Harra30He (OT HOPMaJIbHbIX YCJIOBHH - T o= 300K, P o= I 

6ap, ,n:o YCJIOBHH 3aKpHTHqeCKOrO pa3JIeTa - T > T er, P > Per) , a TaK)I(e MeXaHH3MOB 

cpeMTOCeKYH,n:HOH a6lli1IIHH, Tpe6yIOT rrpHMeHeHH5I rrepe,n:OBbIX MeTo,n:OB Mo,n:eJIHpOBaHH5I H 

HOBbIX rro,n:xo,n:OB B pa3pa60TKe BbJqHCJIHTeJIbHbIX arrropHTMOB. MaTeMaTHqeCKOe orrHcaHHe H 

,n:eTaJIbHOe HCCJIe,n:OBaHHe CBOHCTB MeTaJIJIOB H MexaHH3MOB a6JI51IIHH OCYIIIeCTBJISreTC5I Ha 

OCHOBe aTOMHCTHqeCKOrO rro,n:xo,n:a , rr03BOJI5IlOIIIerO rro HOBOMY B3rllilHYTb Ha 

TepMo,n:HHaMHqeCKHe H KHHeTHqeCKHe CBOHCTBa MHKPOCTPYKTYPbI MeTaJIJIOB H, B TOM qHCJIe, 

51BJIeHHH cpparMeHTaIIHH 30JIOTa, KOTopble Pa3BHBaIOTC5I rrOCJIe qaCTHqHOrO HJIH rrOJIHOrO 

rrJIaBJIeHH5I 06pa3IIa. 

ATOMHCTHqeCKOe Mo,n:eJIHpOBaHHe ,n:HHaMHqeCKOH cpparMeHTaIIHH 30JIOTa, HaHOqaCTHIIbI 

KOToporo 06JIa,n:aIOT YHHKaJIbHbIMH CBOHCTBaMH, OIIeHKa HX reOMeTpHqeCKHX H 

KHHeMaTHqeCKHX rrapaMeTpOB 51BJI5IlOTC5I aKTYaJIbHOH rrp06JIeMOH, KaK ,n:JI5I CPYH,n:aMeHTaJIbHOH, 

TaK H rrpHKJIa,n:HOH HaYKH. Pe3YJIbTaTbI TaKoro Mo,n:eJIHpOBaHH5I CBOHCTB MeTaJIJIOB H JIa3epHOH 

<pparMeHTaIIHH 30JIOTa BOCTpe6oBaHbI H aKTYaJIbHbI B TaKHX rrp06JIeMaX KaK pa3pa60TKa HOBblX 

MaTepHaJIOB H MaTepHaJIOB C 3a,n:aHHbIMH CBoHCTBaMH. 

HayqHa5I rrp06JIeMa, Ha perneHHe KOTOPOH HarrpaBJIeHa ,n:HccepTaIIHOHHa5I pa60Ta, COCTOHT 

B pa3pa60TKe H rrpHMeHeHHH C HCrrOJIb30BaHHeM COBpeMeHHbIX B03MO)KHOCTeH 

BblqHCJIHTeJIbHOH MaTeMaTHKH rrOJIHOIIeHHoro MaTeMaTHqeCKOrO Mo,n:eJIHpOBaHH5I CBOHCTB H 

cpeMTOceKYH,n:HOH a6lli1IIHH MeTaJIJIOB B paMKaX aTOMHCTHqeCKOrO rro,n:xo,n:a. 

HOBH3Ha HCCJle.IJ:OBaHHH H IIOJIY'IeHHhlX pe3YJlbTaTOB. 

HayqHa5I HOBH3Ha HCCJIe,n:OBaHH5I H rrOJIyqeHHbIX pe3YJIbTaTOB orrpe,n:eJI5IeTC5I KOMrrJIeKCOM 

perneHHH (MaTeMaTHqeCKHX, aJIrOpHTMHqeCKHX H rrporpaMMHbIX): 

- rrpe,n:JIO)KeHHbIM aJIrOpHTMOM, C rrOMOIIIblO KOToporo BbJqHCJIeHbI TerrJIocpH3HqeCKHe 

CBOHCTBa MeTaJIJIOB (Me,n:H H 30JIOTa) B rnHpOKOM TeMrrepaTypHOM ,n:Harra30He, BKJIlOqalOIIIeM 

06JIaCTb cpa30BOrO rrepexo,n:a (rrJIaBJIeHHe-KpHCTaJIJIH3aIIH5I), H OKOJIOKpHTHqeCKyIO 06JIaCTb, B 

KOTOPOH orrpe,n:eJIeHbI rrapaMeTpbI KpHTHqeCKOH TOqKH Me,n:H H 30JIOTa; 

Mo,n:HcpHKaIIHeH O,n:HOCKOPOCTHOH HepaBHOBeCHOH 

KOM6HHHpOBaHHOH KOHTHHYaJIbHO-aTOMHCTHqeCKOH Mo,n:eJIH ,n:JI5I HCCJIe,n:OBaHH5I MexaHH3MOB 

YJIbTpaKOpOTKOH JIa3epHOH cpparMeHTaIIHH 30JIOTa, B pe3YJIbTaTe rrpHMeHeHH5I KOTOPOH 

rrOJIyqeHbI H rrpOaHaJIH3HpOBaHbI OCHOBHble MexaHH3MbI OTKOJIa Bem:eCTBa: 3aKpHTHqeCKHH 

pa3JIeT, CPa30BbIH B3pbIB H MeXaHHqeCKHH OTKOJI; 

- Mo,n:HcpHKaIIHeH/pacrnHpeHHeM rraKeTa MOJIeKYJI5IpHOH ,n:HHaMHKH Lammps ( L arge-scale 

Atomic/Molecular Massively Parallel Simulator) rrocpe,n:cTBoM CrreIIHaJIbHO pa3pa60TaHHo ro 

,n:orrOJIHHTeJIbHOrO MO,n:YlliI, peaJIH3yIOIIIero KOM6HHHpOBaHHyIO ,n:BYXTeMrrepaTypHyIO Mo,n:eJIb C 



He}!BHOM Pa3HOCTHOM CXeMOM C aBTOMaTHqeCKHM BhI60pOM IIIara rro BpeMeHH .lUI}! 3JIeKTpOHHOM 

TeMrrepaTyphI. 

TeOpeTUqeCKaH u npaKTUqeCKaH 3HaqUMOCTh nOJl)'qeHHhIX pe3YJIhTaTOB. 

TeOpeTHqeCK~ 3HaqHMOCTh pa60ThI 3aKJIlOqaeTC}! B pa3pa60TKe BhlqHCJIHTeJIhHhIX 

aJIrOpHTMOB, rrOCTpOeHHhIX Ha OCHOBe MeTO)IOB MOJIeKYAApHOM )IHHaMHKH, rrpHMeH}leMhIX )IJI}! 

HCCJIe)IOBaHH}! TerrJIo<jm3HqeCKHX H TepMO)IHHaMHqeCKHX CBOMCTB Me)IH H 30JIOTa B llIHPOKOM 

TepM06apHQeCKOM )IHarra30He TeMrrepaTYP H )IaBJIeHHM. 

ITpaKTHqeCK~ 3HaQHMOCTh (rrOJIyqeHHhIX) aTOMHCTHqeCKOrO 

MO)IemfpOBaHH}! MO)KeT 6hITh CB}!3aHa C rrpOueCCaMH HaHOCTpYKTypHpOBaHH}! H reHepaUHH 

HaHOqaCTlfIJ; (H HaHOCTPYKTYP) rrpH <peMToceKYH)IHOM JIa3epHOM B03)IeMCTBHH Ha 06pa3UhI 

30JIOTa, HaHOqaCTHllhI KOToporo 06JIa)IaIOT YHHKaJIhHhIMH CBoMCTBaMH. Pe3YJIhTaThI 

MO)IeJIHpOBaHH}! 3JIeKTPOHHhIX H <pOHOHHhIX CBOMCTB Me)IH H 30JIOTa MorYT 6hITh BOCTpe60BaHhI 

rrpH pa3pa60TKe HOBhIX MaTepHaJIOB C 3a)IaHHhIMH CBOMCTBaMH, )IJI}! llIHPOKOM 06JIaCTH 

rrpHMeHeHHM OT MaTepHaJIOBe)IeHH}! )IO 6HOMe)IHUHHhI. 

Pe3YJIhTaThI )IaHHOM pa60ThI MorYT 6hITh BOCTpe60BaHhI H rrOJIe3HhI B CJIe)IyromHX 

yqpe)I(Jl;eHH5IX HaYKH H TeXHHKH: I1HcTHTYTe 06meM <pH3HKH HM. A.M. ITpoxopoBa PAH, 

<l>H3HqeCKOM HHCTHTYTe HM. IT.H. JIe6e)IeBa PAH, HI15IY MI1<l>I1, 06be)IHHeHHOM HHCTHTYTe 

BhICOKHX TeMrrepaTyp PAH, BMK Mry HM. M.B.JIoMoHocoBa, CKOJIKOBCKOM HHCTHTYTe HaYKH 

H TeXHOJIOrHM. 

06ocHoBaHHocTh U ~ocToBepHocTh HaYQHhIX nOJIojKeHuii, BhIBO~OB u 3aKJIlOQeHuii. 

060cHoBaHHocTh H )IOCTOBepHOCTh rrpHMeH}!eMhIX B pa60Te MaTeMaTHqeCKHX MeTO)IOB 

OCHOBhIBaIOTC}! Ha pe3YJIhTaTaX BepH<pHKaUHH rrpHMeH}!eMhIX BhIQHCJIHTeJIhHhIX aJIrOpHTMOB H 

rrOJIyqeHHhIX C rrOMOmhIO HHX )IaHHhIX (KpHTHqeCKHX rrapaMeTpOB 30JIOTa H Me)IH) C 

H3BeCTHhIMH pe3YJIhTaTaMH )IPyrHx aBTopOB. .l1,ocToBepHocTh pe3YJIhTaTOB MaTeMaTHqe CKOrO 

MO)IeJIHpOBaHH}! <peMToceKYH)IHOH:: JIa3epHOH:: <pparMeHTaUHH 30JIOTa OCHOBhIBaeTC}! Ha 

pe3YJIhTaTaX BaJIH)IaUHH, rrOJIyqeHHOH:: cpaBHeHHeM H3BeCTHhlX 3KcrrepHMeHTaJIhHhIX )IaHHhIX 0 

BhIHoce BemeCTBa C )IaHHhIMH MO)IeJIHpOBaHH}!. 

CooTBeTcTBue nacnopTY cneIJ,UaJIhHOCTU BAK 

.l1,HccepTaUHoHH~ pa60Ta AJIeKcaIIIKHHOH:: A.A. rrOJIHOCThIO COOTBeTCTByeT rracrropTY 

CrreUHaJIhHOCTH BAK 1.2.2 - MaTeMaTHqeCKOe MO)IeJIHpOBaHHe, qHCJIeHHhle MeTO)IhI H 

KOMrrJIeKChI rrpOrpaMM, a HMeHHO IIyHKTY 1. Pa3pa60TKa HOBhIX MaTeMaTHqeCKHX MeTO)IOB 

MO)IeJIHpOBaHH}! 06beKToB H }!BJIeHHM (<pH3HKo-MaTeMaTHqeCKHe HaYKH) H qaCTHqHO rrYHKTaM 2. 

Pa3pa60TKa, 060CHOBaHHe H TecTHpoBaHHe 3<p<peKTHBHhIX BhJqHCJIHTeJIhHhIX MeT O)IOB C 

rrpHMeHemreM cOBpeMeHHhIX KOMrrhIOTepHhIX TeXHOJIOrHH:: H 8. KOMrrJIeKCHhle HCCJIe)IOBaHH}! 

HayqHhIX H TeXHHqeCKHX rrp06JIeM C rrpHMeHeHHeM cOBpeMeHHoM TeXHOJIOrHH 

MaTeMaTHqeCKOrO MO)IeJIHpOBaHH}! H BhJqHCJIHTeJIhHOrO 3KcrrepHMeHTa. 

Anpo6aIJ,UH 

OCHoBHhle pe3YJIhTaThI )IHCCepTaUHoHHoM pa60ThI )IOKJIa)IhIBaJIHCh H 06CY)I(Jl;aJIHCh Ha 

O)IHHHa)IuaTH Me)I(Jl;yHapO)IHhIX H POCCHMCKHX KOH<pepeHUH5IX, a TaK)Ke Ha HayqHhIX ceMHHapax. 

ITo TeMe )IHCCepTaUHH oIIy6JIHKOBaHo 17 pa60T, H3 KOTOPhIX 7 B H3)IaHH}!X H3 I1epeqH}! 

)KypHaJIOB, peKOMeH)IOBaHHhIX BAK, H lIB )l{)'pHaJIaX, HH)IeKcHpyeMhIX B Me)I(Jl;YHapO)IHhIX 

6a3ax )IaHHhIX Scopus, Web of Science H MathSciNet. 



JIHqHblH BKJIa,1J; aBTopa. 

I Bce pa6mhL KPOMC o,nHo~L HamlcaHbI B CClaBTopcme C PYKoBo,nMTeJleM 

M ,np., M B qeTbIpex M3 HMX ArreKcaIllKMHa A.A. 5IBJUleTC5I rrepBbIM aBTOpOM. JIMqHO aBTopOM 

6LL1M rrpoBc,neHhI Bce MoneKyn51pHo-,n}lHaMMqeCKl1e pac'1eTbL TaK)Ke paCqeTH C rrpHMeHemIeM 

KOM611HllpoBaHHoH KOHTllHYaJlbHo-aTOMllCTllqeCKOH Mo,nenll 11 BbIIIonHeHa llHTeprrpeTaUIl5I 

IIOJJyqeHHhlx ,naHHbIX. 

CO.LJ:epmaHHe ,1J;HCCepTal(HH• 

.D:I1CCepTaIUI5I COCTOMT J13 BBe,nCHH5I, qCTHpeX nIaB, 3aICHOqeIHl5I M CIlHCKa 

06IllHH o6beM ,nMccepTaUllM COCTaBJUleT 110 CTpaHMU, BKnIOqa5I 40 PMCYHKOB. 

hH6mwlpmlmqecKIIH crUICOK C()J(CP)I(lll 110 HaBMeHOBaHllH. 

Bo BBe,1J;eHHH 060cHoBhIBaeTC5I aKTYaJlbHOCTb rrpOBo,nMMbIX llccne,nOBaHHH, 

tPopMymrpYIOTC5I llenb, 3ajlaqll, HayqHa5J HOBM3Ha, TeOpCTll'!CCK85I 11 npaKTll'ICCKIDl 3Ha"tJHMJr:~h 

rrpc,ncTaBJUlcMoii pa60Thl, lIPllBC;J,CHhI lIOJIO)KeHlUI, BhIHOCllMblC Ha 3all1HTY. 

nepsaH f'JIaBa rrOCB5IIUeHa 0630PY pa60T rro TeMe JUiccepTanlUI If COCTOHT H3 Tpex 

"IaCTeH. 060CHOBaII BhI60p na3epnoH aOJUlUll1l KaK Halloonee uepcrreKTllBHolO crrocooa CllHTC3a 

HaHOqaCTllU. OmlcaHbI crroc06bI Mo,nenMpOBaHM5I na3epHOH a6JU1UMM M crroc06hI BhI"tJMcneHM5I 

TeITJIo<pHH1'IeCKUX CBOMCTB MeJII1 H 30JlOTa. B Tpen.eli qaCTU rJIaBhI ncpeQI1CJIeHbI lnBeCTHLle 

MeTo,nbI, KOTopble HcrrOnh30BaJIHCh ,nJUI paCQeTa KpHTllqeCKHX rrapaMeTpoB MeTaJlnOB. 

0610P rrOCJIc,nHHX nocTmKcHMH o6nacnr MaTCM£tTll'!CCKOrO Mo,nemlpOBaHM}Ia3ep~iOM 

a6mlIlllM BKnIOqaeT 70 nMTepaTypHhIX llCTO"tJHllKOB, ,nOCTaTo"tJHO IIonHO oCBeIUaIOIUHX 

noCTJDKCHlUI MOj jCJmpOnaHM5I o6nacHI <PYH;1aMCHTMbHhIX MCC"lC;loBamfH rrpoueCCOB II 

CBOHCTB MHKPOCTPYKTyphI, TepMo,nHHaMH"tJecKHx, TerrnO<pM3M"tJeCKllX H KMHeTH"tJeCKHX CBOHCTB 

MeTaJInOB, a TalO!(e CHHTe3a cOBpeMcHHbIX MaTepmmOB. BHHMaHHC y,neJlellO 

<peMTOCeKYH,nHOMY na3epHOMY B03,neMCTBHIO Ha MeTaJlnhI 11 aHaJIll3Y OCHOBHhIX MCXaHll3MOB HX 

aOmIUMH. f1epe4HcneHbl H3BCClHbIC MeTo/lbl orrpC}leneH paBHOBeC1l0H Tt:,dlepaTyphI 

nnaBneHH5I, TerrnoeMKOCTM H TerrnorrpOBo,nHOCTM, a TaK)l{e rrapaMeTpOB KpHTHqeCKOH TOqKll 

MC/1I1 11 '3(UOTa rrOMOll1bIO MO,QenMpoBaHmL 1'13 0630pa BI1JIHO, 6naIO,iJ,ap51. uporpcccy 

COHpeMeHHOH Bhl'!HCnll'renhHOH TeXHHKH H pa3pa6oTKe HOHhIX a.nropHTMOB .11 MeTO,Ll,OB 

BbTTmcneHHH B03MO)I(HOCTII aTOMIICTHqeCKO[O Mo,nenllpOBaHU5I CfWhHO B03pocrrn. 

Bo BTOpoii l'JIaBe orrllChlBaeTC5I MeTo)], lvlOneKYJllIpHO-,LI,HHaMHqeCKOrO Mo,neJmpOBamUf. 

TIpe;rcTaRneHa MaTeMaTHQeCKa5I <P0PMYJUlpORKa aTOMMCTHQeCKOH MOLl,enH, COCT05IIUa5I H3 

CHCTeMbI 06hIKlIOBeHHLlx ,nH<P¢cpeHUlIa.JlhHhIX ypaBIlcHllH, naqaJIhHhIX 11 ,norrOJIlIl1TenhHhlx 

ycnoBHH ;lJUI PCIIICHIl5I JTOH CliCTeMhI ypaBHClmH. JlbI611paCTCH rrOTcHUHarr B3allMO;leHCTBHH 

qaCTYIll, - .l1)Ul MeTaJInOB rrOTeHIl,MaJI rrorpY)I(eHHOrO aTOMa EAM. B naJIbHeHllIeM CMCTeMa 

pellI£tCTC5I rroMOIUbIO pa3HOCTHOM cxeMLI BepJIC, MOJlcKyn5Ipl 

,nHHaMHQeCKOrO Mo,nenHpOBaHH5I MCIlonb3yeTC5I rraKeT Lammps (Large-scale Atomic/Molecular 

Massively Parallel Simulator). 

11pe,ncTaBneHhI QHCnCHHhle aJIrOpHTMbI orrpe,nenCHH5I 6apH"tJecKHX 3aBMcHMoCTeii 

paHHoBecHoH TC.\HIepaTypbI lUIaBnemUL Y.llCJlbHOH TcrrnOTbl rrnHBJleHml, TeMJI cpaTyp I I ( 

3aBMCMMOCTeH 3HTaJlbrrMH, TerrnoeMKOCTll, K03<p<PMIlMeHTa nHHeHHoro pacIllllpeHIl5I, rrnOTHOCTll 

If TcnnonpOBo,nHOCTH WHY l~Byx MCTaJlnOH - MCJIH 11 30JIOTa. 



B TpeTbeii rJIaBe C rrOMOllI,hl() MOJIeKYJUlpHO-,]];ImaMllqeCKOrO MO.LJ:eJIllpOBaHll51 BhIIIOJIHeH 

paCqeT KpllTllqeCKllX rrapaMeTpOB MeTaJIJIOB, a llMeHHO, KpllTllqeCKa5I TeMrrepaTypa, 

KpllTllqeCKa5I rrJIOTHOCTh II KpllTllqeCKOe .LJ:aBJIeHlle. B TpeTheH rJIaBe rrpOBe.LJ:eHO 

cpaBHeHlle/ BepmpllKaUll51 pe3YJIhTaTOB rrpOBe.LJ:eHHOrO MO.LJ:eJIllpOBaHll51 C pe3YJIhTaTaMll pa60T 

.LJ:pyrllx aBTopOB. K CO)l(aJIeHlll(), TaK KaK 3KcrrepllMeHTaJIhHhIX .LJ:aHHhIX rro orrpe.LJ:eJIeHlll() 

KpllTllqeCKllX rrapaMeTpOB Me.LJ:ll HeT, TO .nJUI Me.nll cpaBHeHlle rrpOBo.nllJIOCh TOJIhKO C 

TeOpeTllqeCKllMll pe3YJIhTaTaMll .npyrllx aBTopOB. 

qeTBepTaH r JIaBa IIOCB5IllI,eHa llCCJIe.LJ:OBaHlll() MexaHll3MOB cpeMToceKYH.LJ:HOH JIa3epHOH 

a6JU1Ullll 30JIOTa II rrpoueCCOB, B03HllKamllI,llX rrpll B03.neHCTBllll JIa3epHOrO ll3JIyqeHll51 Ha 

MeTaJIJI C rrOMOllI,hl() aTOMllCTllqeCKOrO Mo.neJIllpOBaHll5l. )J;JUI yqeTa KOHBeKTllBHoro MexaHll3Ma 

rrepeHoca 3Heprllll B 3JIeKTpOHHOH rrO.LJ:CllCTeMe MO.LJ:llcpllUllpyeTc5I O.LJ:HOCKOPOCTHa5I 

HepaBHOBeCHa5I KOM6llHllpOBaHHa5I KOHTllHYaJIhHO-aTOMllCTllqeCKa5I Mo.neJIh . MaTeMaTllqeCKa5I 

MO.LJ:eJIh COCTOllT ll3 .LJ:Byx rro.nCllCTeM, rrepBa5I ll3 KOTOPhIX (KOHTllHYaJIhHa5l) , llCrrOJIh3yeTc5I .LJ:JI5I 

orrllCaHll51 rrpoueCCOB B rrOTOKe KOJIJIeKTllBll3llpOBaHHhIX 3JIeKTpOHOB C yqeToM rrepeHoca 

BellI,eCTBa II rrepeHoca JIa3epHOrO ll3JIyqeHll51 (3aKOH Eyrepa-JIaM6epTa) . BTOPa51 )l(e, 

aTOMllCTllQeCKa5I rrO.LJ:CllCTeMa, oT06pa)l(aeT rrOBe.LJ:eHlle T5I)I(eJIhIX QaCTllU ( llOHOB) B 

KPllCTaJIJIllQeCKOM, )l(ll.nKOM II rrapOra30BOM COCT05lHllll. 

ITpllBe.LJ:eH aJIrOpllTM QllCJIeHHOrO pelIIeHll51 rrorryqeHHoH CllCTeMhI ypaBHeHllH II 6JIOK

cxeMa, .LJ:eMOHcTpllpymllI,a5I peaJIll3aumO BhNllCJIllTeJIhHOrO aJIrOpllTMa Ha O.LJ:HOM MOJIeKYJI5IpHO

.nllHaMllQeCKOM lIIare. )J;eTaJIhHO rrpOaHaJIll3llpOBaHhI MexaHll3MhI a6JI5IUllll: 3aKpllTllQeCKllH 

pa3JIeT, CPa30BhIH B3phIB II cpOTOMeXaHllQeCKllH OTKOJI. BhIIIOJIHeHO cpaBHeHlle C 

3KcrrepllMeHTaJIhHhIMll .LJ:aHHhIMll pe3YJIhTaTOB MO.LJ:eJIllpOBaHll51 rJIy6llHhI a6JI5IUllll .nJI5I .LJ:By x 

EAM rrOTeHUllaJIOB, rrpe.LJ:JIO)l(eHHhIX B 2009 II 2018 rO.LJ:ax rpyrrrroH H.A. HHOraMOBa. 3 TO 

rr03BOJIllJIO orrpe.neJIllTh rrOTeHUllaJI B3allMo.neHCTBll5I, JIYQlIIe corJIacYI()llI,llHC5I C 

3KcrrepllMeHTaJIhHhIMll .LJ:aHHhIMll rro rJIy6llHe a6JI5IUllll .LJ:JUI 30JIOTa B paccMaTpllBaeMoM p e)l(llMe 

B03.neHcTBll51 JIa3epHOrO ll3JIyqeHll5l. 

B 3aKJIIOQeHHH rrpllBOMTC5I OCHOBHhle pe3YJIhTaThI .LJ:llCCepTaUlloHHoH pa60ThI II BhIBO.LJ:hI. 

ITo cO.LJ:ep)l(aHlll() pa60ThI MoryT 6hITh C.LJ:eJIaHhI CJIe.LJ:YI()llI,lle 3aMeQaHll5l: 

1. OCHoBHhle rrOJIO)l(eHll51 COBrra.naI()T .nOCJIOBHO C OCHOBHhlMll pe3YJIhTaTaMM. 

2. B maBe 2, CTp. 30 - 60, rrpe.LJ:CTaBJIeHhI pe3YJIhTaThI 06lIIllpHOrO aTOMllCTllQeCKOrO 

Mo.neJIllpOBaHll51 TepM06apllQeCKllX 3aBllCllMOCTeH Me.nll II 30JIOTa B IIIllPOKOM .LJ:Marra30He 

.LJ:aBJIeHllH P II TeMrrepaTYP T: paBHoBecHoH TeMrrepaTyphI rrJIaBJIeHll51 TnlP) II y .neJIhHOH 

TerrJIOThI rrJIaBJIeHll51 Lm(P), 3HTaJIhrrllll !1H(T), TerrJIOeMKOCTll L~(T) , K03CPCPllUlleHTa JIllHeHHOr o 

paclIIllpeHll51 a(1], rrJIOTHOCTll p(T) II TerrJIOrrpoBo.nHOCTll ),, (1). Bce rrOJIYQeHHhle 3aBllCllMOCTll 

rrpOIIIJIll BaJIll.naUlll() (cpaBHeHlle C 3KcrrepllMeHTaJIhHhIMll .naHHhIMll). O.nHaKo .nJUI BaJIll.D,aUllll 

aBTOp llCrrOJIh30BaJIa cpaBHllTeJIhHO YCTapeBume .LJ:aHHhle [MoHorpacpllll 80 (l991r), 8 1(198 9 r ) ]. 

B KaQeCTBe rrpllMepa COBpeMeHHoro rrOCT05lHHO 06HOBJUleMOrO llCTOQHllKa CrrpaBOQHhIX .LJ:aHHhIX 

HY)l(HO 6hIJIO llCrrOJIh30BaTh caRT www.nist.gov HaUllOHaJIhHOrO llHcTllTyra CTaH.napTOB Ii 

TeXHOJIOrHH (NIST- National Institute of Standards and Technology U.S. Department of 

Commerce, USA). 

http:www.nist.gov


3. B maBe 3, CTp. 30 - 71, rrpe,L(CTaBJleHhI pe3YJlhTaThI aTOMIfCTIfqeCKOrO MO,L(eJlIfpOBaHIfH 

KpIfTIfqeCKIfX rrapaMeTpOB, K KOTOPhIM OTHOCHTCH - KpIfTIfqeCKM TeMrrepaTypa Tel" , 

KpIfTIfqeCKOe ,L(aBJleHIfe Per , If KpIfTIfqeCKM rrJlOTHOCTh per - ,L(JlH ,L(Byx MeTaJlJlOB Me,L(If If 30JlOTa. 

TIOJlyqeHHhIe pe3YJlhTaThI 6hIJlIf rrO,L(BeprHYThI rrpOue,L(ype BepmpIfKaUIfIf, T.e. cpaBHeHIfIO C 

TeopenIKO-paCqeTHhIMIf pe3YJlhTaTaMIf ,L(pymx aBTopOB. ABTOP pa60ThI cpaBHeHIfe BhIIIOJlHIfJla 

C BhICOKOH TIlIaTeJlhHOCThIO. )J,JlH Ka)!(,[(oro If3 MeTaJlJlOB cpaBHeHIfe rrpOIf3BO,L(IfJlOCh He MeHee 

qeM C 10 IfCTOqHIfKaMIf. K CO)KaJleHIfIO, Cpe,L(If 3TIfX pa60T <paKTIfqeCKIf rrOJlHOCThIO 

OTCYTCTBYIOT 3KcrrepIfMeHTaJlhHhIe. HIfKaKlfx rrOHCHeHIfH TaKOMY BhI60py B pa60Te He 

CO,L(ep)KIfTcH. 

4. B rJlaBe 4 aBTopoM pa3pa60TaHa O,L(HOCKOPOCTHM HepaBHoBecHM MO,L(eJlh 

cBepx6hIcTporo Jla3epHOrO B03,L(eHCTBIfH Ha MeTaJlJlIfqecKYIO MIfIIleHh, COCTOHIIIM If3 ,L(Byx 

rrO,L(CIfCTeM: KOHTIfHYaJlhHOH (ypaBHeHIfe (7)) , xapaKTepIf3yIDIIIeH rrepeHoc CBo6o,L(HhIX 

3JleKTpOHoB If aTOMIfCTIfqeCKOH (cIfcTeMa ypaBHeHIfH (9)), oT06pa)KaIOIIIM rrOBe,L(eHIfe TH)KeJlhIX 

qaCTIfII (IfOHOB). 06IIIM rIf,L(pO,L(IfHaMIfqeCKM CKOPOCTh U orrpe,L(eJlHeTCH OCpe,L(HeHIfeM 

CKopocTeH IfOHOB B Ka)!(,[(oH paCqeTHOH HqeHKe, If3-3a qero 3HaqeHIfe CKOPOCTIf U OKa3hIBaeTCH 

CIfJlhHO <pJlYKTYHPyIDIIIeH BeJlIfqIfHOH, qTO 3aTPY,L(HHeT qIfCJleHHOe pellieHIfe 3JleKTpOHHoro 

ypaBHeHIfH (7). TIpIfMeHeHIfe MeTO,L(a paCIIIerrJleHIfH rro <pIf3IfqeCKIfM rrpOueccaM rr03BOJlIfJlO 

yrrpocTIfTh rrpolIecc 3JleKTpOHHoro rrepeHoca KOJlIfqeCTBa ,L(BIf)KeHIfH rrpe,L(CTaBJleHIfeM ero B 

BIf,L(e ,L(Byx 60Jlee rrpocThIX MexaHIf3MOB rrepeHoca: ,L(If<P<PY3IfoHHoro If KOHBeKTIfBHoro. 

COOTBeTCTBeHHo ypaBHeHIfe (7) 3aMeHHeTCH ,L(ByMH 60Jlee rrpOCThIMIf ypaBHeHIfHMIf (13) If (14). 

qIfCJleHHOe pellieHIfe ypaBHeHIfH KOHBeKTIfBHoro rrepeHoca (14) oCYIIIecTBJUlJlOCh aBTopoM 

MeTO,L(OM, aHaJlOrIfqHhIM MeTO,L(y «qaCTIfII B »qeHKe», KOr,L(a 3JleKTpOHHM 3HeprIf» 3aKperrJl»eTc H 

3a MOJleKYJUlpHO-,L(IfHaMIfqeCKIfMIf aTOMaMIf If rrepeHocIfTc» IfMIf qepe3 rpaHIflIhI paCqeTHhIX 

»qeeK. TaKoH rro,L(XO,L( MO)KeT rrpIfBO,L(IfTh K rrO»BJleHIfIO rrapa3IfTHOH ,L(If<P<PY3IfIf 3JleKTpOHHOH 

a2E 
3HepmIf, T.e. B rrpaBoH qaCTIf ypaBHeHIfH (14) rrapa3IITHhIH qJleH X -----f , r,L(e X - HeKoTop hIH ax 
K03<P<PIfIIIfeHT "rrapa3IfTHOH" ,L(If<p<pY3IfIf. 

bhIJlO 6hI YMecTHo rrpIfBecTIf B pa60Te KpaTKIfH aHaJlIf3 C orrpe,L(eJleHIfeM rrorpelliHoCTIf 

BhlqIfCJ1eHIfH ,[(JUI IfCrr0J1b3yeMbIX rrapaMeTpOB J1a3epHOrO B03,L(eHCTBIfH. 

BhICKa3aHHhIe BorrpochI If 3aMeqaHIfH He YMeHbIIlaIOT 3HaqIfMOCTIf rrpe,L(CTaBJ1eHHbIX 

HayqHhIX pe3YJlhTaTOB, He BJlIf»IOT Ha 06IIIyID rr0J10)KIfTeJ1bHyID oueHKY ,L(IfCCepTaUIfoHHoH 

pa60TbI AJ1eCaIIlKIfHOH A.A. If He 3aTparIfBaIOT ee OCHOBHhIX rr0J10)KeHIfH If BbIBO,L(OB. 

3aKJlIOQeHHe 

)J,IICCepTaUIIOHHM pa60Ta AJleKCaIIlKIfHOH A .A. HBJUleTCH 

Ha}"IHO-KBaJlIf<pIfKaUIfOHHhIM IfCCJle,L(OBaHIfeM, OCHOBHhle pe3YJlhTaThI KOToporo B ,L(OCTaTOq HOH 

Mepe OTpa)KeHbI B rry6JlIfKaUIf»X If 1I3,L(aHIf»X 1I3 rrepeqH51 BAK If rrpOIIlJlIf arrpo6 auIfIO Ha 

Me)!(,[(YHapO,L(HhIX If BcepOCCIfHCKIiX KOH<pepeHIIIfHX If ceMIfHapax. Pa60Ta HCHO If3JlO)KeHa II 

XOPOIIIO o<popMJleHa. ABTope<pepaT ,L(IfCCepTaUIfIf rrOJlHOCTbIO OTpa)KaeT ee CO,L(ep)KaHIfe If 

OCHOBHbIe pe3YJlhTaThI. 



,l1,HccepTaUlfOHHa5I pa60Ta AJIeKCalIlKHHOM A. A. rrOJIHOCTblO COOTBeTcTByeT Tpe6oBaHH5IM 

rr. 9 «lloJIo)KeHH5I 0 rrOp5I,n:Ke rrpHCY)K.lJ:eHH5I yqeHbIX cTerreHeM», YTBep)K,n:eHHbIX 

rrOCTaHOBJIeHHeM llpaBHTeJIbcTBa POCCHHCKOH <1>e,n:epaUHH OT 24 CeHT5I6p5I 2013 r. N2842, 
rrpe,n:b5IBJI5IeMbIM BAK POCCHH K KaH,n:H,n:aTCKHM ,n:HccepTaUH5IM, a ee aBTop, AJIeKCalIlKHHa AHHa 

AH,n:peeBHa, 3aCJIY)KHBaeT rrpHcY)K.lJ:eHH5I eM yqeHoM CTerreHH KaH,n:H,n:aTa <pH3HKO

MaTeMaTHqeCKHX HaYK rro CrreUHaJIbHOCTH 1.2.2 MaTeMaTHqeCKOe Mo,n:eJIHpOBaHHe, qHCJIeHHbIe 

MeTo,n:bI H KOMrrJIeKCbI rrpOrpaMM. 

OT3bIB COCTaBJIeH ,n:OKTOPOM <pH3HKo-MaTeMaTHqeCKHX HayK, rrpo<peccopoM, rJIaBHbIM 

HayqHbIM COTpy,n:HHKOM TeOpeTHqeCKOrO OT,n:eJIa <1>e,n:epaJIbHOrO rocy,n:apcTBeHHoro 

61O,n:)KeTHOrO YQpe)K.lJ:eHH5I HayKH <1>e,n:epaJIbHOrO HCCJIe,n:OBaTeJIbCKOrO ueHTpa «11HCTHTYT 

06meM <pH3HKH HM. A. M. llpoxopoBa POCCHMCKOM aKa,n:eMI-IH HayK 11rHaTOBbIM AJIeKcaH,n:poM 

MHxaMJIoBHqeM. 

OT3bIB o6cY)K.lJ:eH H o,n:06peH Ha 3ace,n:aHHH YqeHoro COBeTa TeOpeTHqeCKOrO OT,n:eJIa 110<1> 

(3ace,n:aHHe N2 7 OT 10 HIOJI5I 2024 ro,n:a). 
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[JI.H.C, ,n:.<p.-M. H., rrpo<peccop A.M. 11maToB 

3aM. rrpe,n:ce,n:aTeJI5I YqeHOrO COBeTa TeOpeTHqeCKOrO OT,n:eJIa, 

,n:.<p.-M. H., rrpo<peccop 

A.M. 11maToB 

YqeHbIM ceKpeTapb YqeHOrO COBeTa TeOpeTHqeCKOrO OT,n:eJIa, K.<p.-M. H., 

H.H. DOraqeB 


