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O(lmlJ,HaJIbHoro OnnOHeHTa 


Ha ,n;HCCepTalJ,HOHH)'IO pa60TY JIaBpHHeHKO JlpOCJIaBa CepreeBHqa 


«l1cCJIe,n;OBaHHe HeH,n;eaJIbHOH 3JIeKrpOH-HOHHOH nJIa3MbI MeTO,n;OM ,n;HHaMHKH 


BOJIHOBbIX naKeTOB» Ha COHCKaHHe yqeHoH CTeneHH KaH,n;H,n;aTa <pH3HKO­


MaTeMaTHqeCKHX HaYK no CnelJ,HaJIbHOCTH 1.3.9 - <pH3HKa nJIa3MbI 


,ll,HccepTalJ,HH JIaBpHHeHKo JI.C. nOCBHIlJ,eHa pa3BHTHIO H npHMeHeHHIO MeTo,n;a 

qHCJIeHHOrO aTOMHCTHqeCKOrO Mo,n;eJIHpOBaHHH HeH,n;eaJIbHOH 3JIeKrpoH-HOHHOH 

nJIa3MbI. Pa60Ta 06'beMOM B 127 crpaHHlJ, TeKCTa COCTOHT H3 BBe,n;eHHH; KpaTKoro 

o630pa 3KcnepHMeHTaJIbHbIX H TeOpeTHqeCKHX pa60TbI B 06JIaCTH <pH3HKH 

HeH,n;eaJIbHOH nJIa3MbI; qeTblpex rJIaB, B KOTOPbIX H3JIo)KeHa Mo,n;eJIb nJIa3MbI, 

no,n;xo,n;bI K ee nporpaMMHoH peaJIH3alJ,HH H pe3YJIbTaTbI Mo,n;eJIHpOBaH}Ij{ 

,n;eHTepHeBoH H BO,n;OPO,n;HOH nJIa3MbI; 3aKJIlOqeH}Ij{; cnHCKa JIHTepaTypbI, 

co,n;ep)l(aIlJ,ero 137 HaHMeHoBaHHH, B IIIeCTH H3 KOTOPbIX COHCKaTeJIb BblcTynaeT B 

KaqeCTBe aBTopa HJIH coaBTopa. TIOJIO)l(eHHH, BbIHOCHMble COHCKaTeJIeM Ha 

3aIlJ,H'ry, paCKpbITbI H 06ocHoBaHbI B qeTblpex rJIaBaX H3 lliITH. ,ll,aJIee 6y,n;YT 

npe,n;CTaBJIeHbI HaH60JIee 3HaqHMble, Ha HaIII B3rJIH,n;, pe3YJIbTaTbI. 

B nepeou cRaee ,n;HccepTalJ,HH npe,n;cTaBJIeH 0630p pa60T no 

3KcnepHMeHTaJIbHoM)' H TeOpeTHqeCKoMY H3yqeHHIO pa3orpeToro nJIOTHOrO 

BeIlJ,eCTBa H HeH,n;eaJIbHOH nJIa3MbI. TIOMHMO 3Toro npe,n;CTaBJIeHO onHcaHHe 

qeTblpex MeTo,n;OB aTOMHCTHqeCKOrO Mo,n;eJIHpOBaH}Ij{, npHMeHHeMbIX ,n;JIH 

H3yqeHHH CBOHCTB CHCTeM 3apH)I(eHHbIX qaCTHlJ,: MeTo,n;bI KJIaCCHqeCKOH H 

KBaHTOBOH MOJIeKYJIHpHOH ,n;HHaMHKH, nonyKJIaCCHqeCKHH MeTO,n; MOJIeKYJIHpHOH 

,n;HHaMHKH BonHOBblX naKeTOB (M,ll,BTI) H MeTO,n; MOHTe-Kapno B HHTerpaJIaX no 

TpaeKTOp}lj{M (PIMe). Oco6oe BHHMaHHe y,n;eneHo onHcaHHIO ceMeHCTBa 

MeTo,n;OB M,ll,BTI, HBJIHIOIlJ,HXCH ,n;aJIbHeHIIIHM pa3BHTHeM MeTo,n;OB KJIaCCHqeCKOH 

MoneKynHpHo ,n;HHaMHKH, B KOTOPOH 3neKTpoH npe,n;cTaBJIHeTCH B BH,n;e 

rayccoBcKoro BOJIHOBOrO naKeTa. 

BmoPaJl cRaea ,n;HccepTalJ,HH nOCBHllJ,eHa onHcaHHIO npe,n;JIaraeMOro 

COHCKaTeneM MeTo,n;a MoneKynHpHoH ,n;HHaMHKH BonHOBhlX rraKeTOB 

BKnlOqeHHeM rrOJIO)l(eHHH TeopHH <PYHKlJ,HOHaJIa rrnOTHOCTH (M,ll,BTI-<l>TI). ,l],nH 

rrOBbIIIIeH}Ij{ TOqHOCTH MeTo,n;a M,ll,BTI H paCIIIHpeH}Ij{ o6nacTH rrpHMeHHMOCTH 

MeTo,n;a COHCKaTeneM npe,n;naraeTCH BBeCTH ,n;onOJIHHTeJIhH)'IO 3HeprHIO B 

raMHJIbTOHHaH Mo,n;eJIHpyeMoH CHCTeMbI, Bblpa)l(alOIlJ,HH 3HeprHIO o6MeHHo­

KOppenHlJ,HOHHOro B3aHMo,n;eHcTBHH, paCCqHTaHH)'IO H3 nOJIO)l(eHHH TeopHH 

<PYHKlJ,HOHaJIa nnOTHOCTH. B KaqeCTBe OCHOBhI rrpe,n;naraeMoro MeTo,n;a 6hIJI 

BbI6paH BapHaHT M,ll,BTI B npH6nH)I(eHHH XapTpH H3-3a BhICOKOH 

BhIqHCJIHTeJIhHOH rrpOH3Bo,n;HTenbHOCTH. 113-3a oco6eHHocTeH paCqeTa 

KYJIOHOBCKoro B3aHMo,n;eHCTB}Ij{ B MeTo,n;e M,ll,BTI o6MeHHo-KOppeJIHlJ,HOHHhle 
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ljlYHKll,MOHaJIbI, MCrrOJIb3yeMbIe B MeTO.n:e ljlYHKll,MOHaJIa rrJIOTHOCTM (M<I>Il), 

.n:OJI)KHbI cO.n:ep)KaTb rrOrrpaBKM, MCKJIIO"lJalOllJ,Me 3ljlljleKTbI KOMrreHCall,MM 

CaMO.n:eMCTBIDI rrpM I1X MCrrOJIb30BaHMM B M)J,BIl. 

B Ka"lJeCTBe rpaHM"lJHbIX YCJIOBMM .n:ml rrpe.n:JIaraeMOrO MeTO.n:a M)J,BIl-<I>Il 

MCrrOJIb3yeTC5l OTpa)KalOllJ,MM rapMOHM"lJeCKMM rrOTeHll,MaJI Ha rpaHMll,aX 5l"lJeMKM 

MO.n:eJIMpOBaHM5l. Ilo.n:06HbIM BbI60p rpaHM"lJHbIX YCJIOBMM MOTMBMpOBaH 

He06xo.n:MMOCTblO YCTpaHeHM5l 3ljlljleKTa "paCrrJIbIBaHM5l" BOJIHOBbIX rraKeTOB 

(HeOrpaHM"lJeHHOrO ynmpeHM5l CJIa60CB5l3aHHbIX BOJIHOBbIX rraKeTOB B 

HeOrpaHM"lJeHHOM rrpOCTpaHCTBe). HCrrOJIb30BaHMe OTPa)KaIOllJ,MX rpaHM"lJHbIX 

YCJIOBMM BHOCMT CMCTeMaTM"lJeCKyIO rrOrpellIHOCTb B Ha6JIIO.n:aeMbIe BeJIM"lJMHbI M 

3aMe.n:JI5leT MX CXO.n:MMOCTb K rrpe.n:eJIbHbIM 3Ha"lJeHM5lM. TeM He MeHee, 3Ta 

rrorpellIHOCTb MO)KeT 6bITb y-qTeHa rrpM BbI"lJMCJIeHMM MHTepeCYIOllJ,MX BeJIM"lJMH rro 

BHYTpeHHeMY 06neMY Mo.n:eJIMpyeMoM CMCTeMbI B.n:aJIM OT rrpMrpaHM"lJHbIX 

06JIaCTeM. 

Tpemb51 2Jlaea co.n:ep)KMT TeXHM"lJeCKyIO MHljlopMall,MIO, He06xo.n:MMyIO .n:JI5l 

rrporpaMMHOM peaJIM3all,MM rrpe.n:JIaraeMOro MeTo.n:a M)J,BIl-<I>Il. BbI"lJMCJIeHMe 

06MeHHO-KOppeJI5l11,MOHHOM 3HeprMM BbIIlOJIH5leTC5l rrYTeM "lJMCJIeHHOrO 

MHTerpMpOBaHIDI 06MeHHO-KOppeJI5l11,MOHHoro 4>YHKll,MOHaJIa LDA rro TPeXMepHOM 

rrpOCTPaHCTBeHHOM ceTKe. 3JIeKTPOHHa5l rrJIOTHOCTb BbI"lJMCJI5leTC5l M3 HOpM 

BOJIHOBbIX rraKeTOB. ,l(mI rrOBbIllIeHIDI 6bICTPo.n:eMCTBM5l MeTo.n:a rrpe.n:JIaraeTC5l 

MCrrOJIb30BaTb ceTKM C rrepeMeHHbIM llIarOM, rro.n:CTPaMBalOllJ,MeC5l rro.n: rpa.n:MeHT 

3JIeKTpOHHOM rrJIOTHOCTM, KOTOPbIM MO)KeT 6bITb Oll,eHeH M3 rrapaMeTPOB 

BOJIHOBbIX rraKeTOB. TaK)Ke CYllJ,eCTBeHHO rrOBbICMTb CKOPOCTb BbI"lJMCJIeHMM 

rr03BOJI5lIOT rpa4>M"lJeCKMe YCKopMTeJIM. IlporpaMMHa5l peaJIM3all,M5l MeTo.n:a M)J,BIT­

<l>Il, BbIIlOJIHeHHa5l COMCKaTeJIeM, rr03BOJI5leT MCrrOJIb30BaTb .n:JI5l BbI"lJMCJIeHMM 

MHOrOrrpOll,eCCOBHbIe M rM6pM.n:Hble BbI"lJMCJIMTeJIbHble CMCTeMbI. 

B lJemeepmou 2Jlaee rrpe.n:CTaBJIeHbI pe3YJIbTaTbI rrpMMeHeHM5l MeTo.n:a 

M)J,BIl-<I>Il .n:JI5l Mo.n:eJIMpOBaHM5l BO.n:OPO.n:HOM M .n:eMTepMeBoM rrJIa3MbI. 

Ilpe.n:JIO)KeHHbIM MeTO.n: rr03BOJI5leT rrOBbICMTb TO"lJHOCTb rrpe.n:CTaBJIeHM5l 

MOJIeKYJI5lpHbIX COCT05lHMM Bo.n:opo.n:a B cpaBHeHMM C MCXO.n:HbIM MeTo.n:OM M)J,BIT, 
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a TaK)Ke paCllIMpMTb .n:Marra30H rrJIOTHOCTeM Mo.n:eJIMpyeMbIx CMCTeM .n:o CM . 

O.n:HaKO rrpe.n:CTaBJIeHHbIe 3Ha"lJeHM5l 3aBMCMMOCTM 3HeprMM BO.n:OPO.n:HOM rrJIa3MbI 

OT rrJIOTHOCTM XOTb M COrJIaCyIOTC5l C pe3YJIbTaTaMM KBaHTOBOMeXaHM"lJeCKMX 

paC"lJeTOB (PIMC), HO CMCTeMaTM"lJeCKM MX 3aBbIllIalOT. PaC"lJeTbI y.n:aPHOM 

a.n:Ma6aTbI .n:eMTepM5l .n:eMOHCTPMPyIOT xopOllIee COrJIaCMe C 3KcrrepMMeHTaJIbHbIMM 

.n:aHHbIMM B 06JIaCTM 6JIM3KOM K rrpe.n:eJIY C)KaTIDI. MeTO.n: M)J,BIl-<I>Il rr03BOJI5leT 

BocrrpOM3BeCTM rrepexo.n: OT MOJIeKYJI5lpHOrO COCT05lHIDI D2 K rrOJIHOCTblO 

MOHM3MpOBaHHOM rrJIa3Me. B ,ll;OIIOJIHeHHe K 3TOMY, cepIDI "lJHCJIeHHbIX 

3KcrrepHMeHTOB rr03BOJIMJIa YCTaHOBMTb rpaHMll,Y rrpMMeHMMOCTM MeTo.n:a rro 

TeMrrepaType T > 5000 K. 



B nRmou 2Jlaee IIpe.n,CTaBJIeHbI pe3YJIbTaTbI paCl1eTa H303HrpOIIbI C)I(anUI 

.n,eMTepml H TeMIIepaTypHOM 3JIeKrpOH-HOHHOM peJIaKcaQHH. ,L(ml IIocrpoeHmI 

H303HTPOIIbI 6b1JIH HCIIOJIb30BaHbI .n,Ba MeTo.n,a: rpa.n,HQHOHHbIM, CB5I3aHHbIM C 

peIIIeHHeM ypaBHeHH5I <I>epMH-3eJIb.n,OBHl1a, H HOBbIM, IIpe.n,JIO)l(eHHbIM 

COHCKaTeJIeM MeTO.n, Me.n,JIeHHOrO C)I(aTmI. TIOJIYlleHHbIe pe3YJIbTaTbI 

.n,eMOHcrpHP)'lOT COrJIaCOBaHHOCTb 3THX .n,Byx MeTo.n,OB Me)l(.n,y C060M H C 

3KCIIepHMeHTaJIbHbIMH .n,aHHbIMH. 

B 3aKJlJOlleHUU CCPOPMYJIHpOBaHbI OCHOBHbIe pe3YJIbTaThI pa60ThI. 

AKmYQJlbHOCmb pa60mbl 060CHOBaHa Heo6xo.n,HMOCThIO TeOpeTHl1eCKOrO 

OIIHCaHmI 60JIhIllOrO 06'beMa 3KCIIepHMeHTaJIhHhIX .n,aHHblX IIO HCCJIe.n,OBaHHIO 

CBOMCTB pa30rpeToro IIJIOTHOrO Beru;eCTBa H HeH.n,eaJIbHOM IIJIa3MbI. Jlb-3a 

IIpeo6JIa.n,aHH5I Me)l(l1aCTHl1HOrO B3aHMo.n,eMCTBmI B Beru;eCTBe BhICOKOM IIJIOTHOCTH 

IIpHMeHeHHe cyru;eCTBYIOru;HX Mo.n,eJIeM H.n,eaJIbHOM IIJIa3MbI HeB03MO)l(HO, a B 

CB5I3H C HaJIHl1HeM .n,aJIhHo.n,eMCTB)'lOru;ero KYJIOHOBCKoro B3aHMo.n,eMCTBmI 

IIocrpoeHHe HOBblX 3aTpy.n,HHTeJIhHO. 113Yl1eHHe CBOMCTB HeH.n,eaJIhHOM IIJIa3MbI B 

CBOIO Ol1epe.n,h Heo6xo.n,HMO, B l1aCTHOCTH, .n,JI5I IIocrpoeHH5I KOHTHHYaJIbHhIX 

(rH.n,po.n,HHaMHl1eCKHX, KHHeTHlleCKHX) Mo.n,eJIeM cpe.n,hI C YlleTOM 3cpcpeKTOB 

HeH.n,eaJIbHOCTH, l1TO MO)l(eT 6hITb Heo6xo.n,HMbIM .n,JI5I HH)I(eHepHblX IIpHJIO)l(eHHM 

H cpYH.n,aMeHTaJIhHhIX HCCJIe.n,OBaHHM B .n,pyrHx 06JIaCT5Ix. TaKHM 06Pa30M, 

C03.n,aHHe HOBblX MeTo.n,OB l1HCJIeHHOrO Mo.n,eJIHpOBaHH5I HeH.n,eaJIhHOM IIJIa3MhI B 

IImpOKOM .n,HaIIa30He TeMIIepaTYP H IIJIOTHOCTeM 51BJI5IeTC.SI aKTYaJIbHOM 3a.n,al1eM Ha 

cero.n,H.SIIIIHHM ,n:eHb. 

HaYllHaR HoeU3Ha IIpe.n,CTaBJIeHHOM pa60ThI 3aKJIIOl1aeTC.SI B C03.n,aHHH HOBoro 

MeTo.n,a l1HCJIeHHOrO Mo.n,eJIHpOBaHmI M,L(BTI-<I>TI, KaK 06'be.n,HHeHHe XOPOIIIO 

H3BeCTHblX MeTo.n,OB CPYHKQHOHaJIa TeopHH IIJIOTHOCTH H MOJIeKYJI5IpHOM 

.n,HHaMHKH BOJIHOBbIX IIaKeTOB. TIpe.n,JIO)l(eHHhIM MeTO.n, o6JIa.n,aeT P.Sl.n,OM 

YHHKaJIhHhIX oco6eHHOCTeM, TaKHX KaK BhICOKa5I IIPOH3Bo.n,HTeJIhHOCTh, 

B03MO)l(HOCTh Mo.n,eJIHpOBaHmI COBMeCTHOM .n,HHaMHKH 3JIeKTpOHOB H HOHOB, 

IIOBhIIIIeHHe TOl1HOCTH YlleTa KBaHTOBbIX 3cpcpeKTOB IIO cpaBHeHHIO 

KJIaCCHl1eCKOM MOJIeKYJI.SIpHOM .n,HHaMHKH. ,L(OIIOJIHHTeJIbHO B pa60Te IIpOBe.n,eHO 

HCCJIe.n,OBaHHe orpa)l(aIOru;HX rpaHHl1HbIX YCJIOBHM H HX BJImIHH.SI Ha 

Mo.n,eJIHpyeM)'lO CHCTeMY. TIOJIYlleHhI HOBhIe .n,aHHble IIO y.n,apHoM a.n,Ha6aTe H 

H303HTpOIIe C)I(aTH.SI .n,eMTepH.SI. 

,L(HccepTaQH.SI HaIIHcaHa .SICHhIM, rpaMOTHhIM PYCCKHM .SI3hIKOM, o.n,HaKO 

IIPHCYTCTByeT HeKOTopoe KOJIHl1eCTBO HeTOl1HOCTeM H OIIel1aTOK. KaK 3TO 

THIIHl1HO .n,JI.SI JII060M cephe3HOM HaYllHO-KBaJIHcpHKaQHOHHOM pa60ThI, IIO 

.n,HccepTaQHH JIaBpHHeHKO R.C. MO)l(HO c.n,eJIaTh HeKOTophIe 3aMel1aHH5I: 

1. Bo BTOPOM rJIaBe .n,HccepTall,HOHHOM pa60TbI IIo.n,po6HO OIIHCbIBaeTCH MeTO,l1, 

OrpaHHl1eHmI IIIHpHHbI BOJIHOBbIX IIaKeTOB IIYTeM 3a.n,aHH.SI OTpa)l(aIOru;Hx 

rpaHHl1HbIX YCJIOBHM. TIPOBO.n,HTC5I IIo.n,po6HhIM pa360p 3<pcpeKToB, BHOCHMblX 
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rpaHH~HbIMH YCJIOBIDIMH, H crroc060B HX YCTpaHeHHH, HO He rrpHBo,n:HTC~ HHKaKHX 

KOJIH~eCTBeHHbIX ,n:aHHbIX rro p83Mepy rrpHrpaHH~Horo CJIO~, He06xo,n:HMoro ,n:JI~ 

rrOJI~eHIDI CTaTHCTH~eCKH ,n:OCTOBepHbIX pe3YJIbTaTOB, KOJIH~eCTBY ~aCTHL( H 

,n:pyrHM rrapaMeTPaM. DbIJIO 6bI rrOJIe3HbIM rrpe,n:OCTaBHTb 3TH ,n:aHHble H 

cqlOPMYJIHpOBaTb KpHTepHH HX rrOJI~eHIDI. 

2. B TeKYIL(eH pa60Te MeTO,n: M):(BI1-Cl>I1 rrpHMeHHJIC~ TOJIbKO ,n:AA 

Mo,n:eJIHpOBaHH~ Bo,n:opo,n:orro,n:06HbIX aTOMOB, HO HH~ero He rOBopHTbC~ 06 

3JIeMeHTax C 60JIee CJIO)l(HOH 3JIeKTPoHHoH CTPYKTYPOH. I1o,n:p83YMeBaeT JIH 3TO, 

~TO rrpe,n:JIO)l(eHHbIH MeTO,n: MO)l(eT 6bITb HCrrOJIb30BaH TOJIbKO ,n:JI~ Mo,n:eJIHpOBaHH~ 

BO,n:OPO,n:HOH rrJI83MbI? 

OTMe~eHHble 3aMe~aHH~ He CHH)I(aIOT 06IL(ee rrOJIO)l(HTeJIbHOe Brre~aTJIeHHe 0 

pa60Te JIaBpHHeHKo .5I.C. I10JIaraIO, ~TO OTBeTbI Ha 3a,n:aHHble BorrpOCbI He 

COCTaB~T ,n:AA Hero np06JIeM H ,n:a.n:yT CrreL(HaJIH3HpOBaHHoMY cOBeTY 24.1.193.01 
()J, 002.110.02) ,n:orrOJIHHTeJIbHble OCHOBaHIDI ,n:JI~ rr03HTHBHOH OL(eHKH 

,n:HccepTaL(HOHHOH pa60TbI. I1pe,n:cTaBJIeHHble B ,n:HccepTaL(HH MaTepHaJIbI 

HCCJIe,n:oBaHHH HMeIOT ,n:OCTaTO~HO xoponIHH ypoBeHb BepmlmKaL(HH H 

arrp06aL(HH. CrrHcoK rry6JIHKaL(HH JIaBpHHeHKo .5I.C. rro TeMe pa60TbI BKJIIO~aeT 

6 cTaTeH, orry6JIHKOBaHHblx B peL(eH3HpyeMblx )l(ypHaJIaX, a TaK)I(e rrpe,n:cTaBJIeHbI 

Ha MHO)l(eCTBe KOHcpepeHL(HH. 

06uWe 3QKJlIOl[eHue. I1pe,n:JIO)l(eHHa~ K 3aIL(HTe ,n:HccepTaL(H~ JIaBpHHeHKo .5I.C. 

rrpe,n:CTaBJI~eT C060H 3aKOH~eHHyIO Ha~HO-KBaJIHcpHKaL(HOHHyIO pa60TY, KOTOPaH 

cooTBeTcTByeT BceM KpHTepH~M, YCTaHOBJIeHHbIM II. 9 I10JIO)l(eHH~ 0 IIop~,n:Ke 

IIpHcy)l(,n:eHH~ ~eHblx cTerreHeH NQ 842 OT 24.09.2013 r., a ee aBTOp JIaBpHHeHKO 

.5IpOCJIaB CepreeBH~ 3aCJIY)l(HBaeT IIpHcy)l(,n:eHH~ ~eHOH CTeIIeHH KaH,n:H,n:aTa 

CPH3HKO-MaTeMaTH~eCKHX HayK IIO CrreL(HaJIbHOCTH 1.3.9 - cpH3HKa IIJI83MbI. 

OT3bIB COCTaBHJI ,n:.cp.-M.H, I1rHaToB A.M.v 
IIpOcp., rJI.H.C. 

I10,n:rrHCb ,n:.cp.-M.H., Ha~Horo cOTpy,n:HHKa 

TeopeTH~eCKoro OT,n:eJIa 

Bp.H.o. Y~eHoro ceKpeTap 

,n:.cp.-M.H. rJIYIllKOB B.B. 
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