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Ha .{tacceprarlr{oHHyro pa6ory Mopos on a Llr op x B na4uurapoBr,rqa

<CronrHoeI{TeJIbHbIe r4 penaKcarlrroHHbre [poqeccBr B Her.r.4eaJrbnofi sner<rpon-r,rouuoft rrJra3Me),

rlpeAcraBneHHylo Ha cor,rcKaHr.re yvenofi crerreHr.r AoKTopa $u:raro-ruareMarr{qecKfix HayK rro

creqraJrrnocrz 1 .3.9 - $usrara rrJra3Mbr

.{zccepraqvogHat pa6ora Mopoaona 14. B. [ocBrrqeHa r.rccJreAoBaHrarc ner.r4eanrHofi

(nnornofi) gneKTpou-I{onnoft rIJI€I3Mbr, Bo3Hr{Karoqefi npra nos4eftcrnuv KoporKrrx Jra3epHbrx

r4MrIyJIbcoB yltepeuuofi LIHTeHcI,IBHocrr.r Ha rBepAorenbHbre 14 HaHocrpyKTypr4poBaHHbre

MVITTeHI{, nsaulrao4eftcrBI4l,I rloroKoB 3ap-f,xeHHbrx qacrr,rq c BeIrIecrBoM, B gneKTpvqecKr,rx

pa3pflilax, [pI{ sneKTpoB3pblBe rIpoBoAHt4Kos. Heureurb:c'as. [Jra3Ma Bcrpeqaercr raKx{e B

HeKoropbrx acrpo$zsNqecKllx o6rexrax, TaK[x KaK KoMrraKTHbre 3Be3.4br r,r HeApa KpyrrHbrx

TIJIAHET.

Anrya.nurocrb reMbr r.rccJreAoBaHuq

Kar npanraJlo, AJII onvca:aug. rrJr€I3Mbr, qerBeproro cocrorHl{r BelrlecrBa, olpeAeJu{eMofo

KaK KBtl3l{Hefirpalsurrfi uonrasuponaunrrfi ra3, cocroqt4wtt uz 6olruroro qrrcJra 3apsxeHHbx
tIacrIrIII, uclonb3yerct ra3oeofi npr,l6luxenue, [peAfionararoqee MaJrocrb cpe4uefi

rIoreHIILIaJIrnoft sneprlr:zqacrvlr\ rro cpaBHeHvlo c rax Kr{Herr,rqecrofi eneprreft. I4lureguo TaKoe

npn6lI'INenl{e rIo3BoJU{er o6ocnosarb Kl4uerl{qecKyro reopr4ro v lv1poqktHaM1rqecKpre MoAeJrr4,

sBJlf,r0rq}Ixc.f, ocHoBoft gnx orrr4cbrBaHr,rf r4AeanbHofi nnasNdrr. [w. r43ytrcHprfl. Her,r4elrnoft

rIJIa3MbI, fAe ra3oBoft npra6nI,INeHrle Herrpr{MeHr4Mo, ycrornurefi cfl "reopr4tr Ao ct4x rrop He

cyrlecrByer, qro obrscn.flerc{ cJloxHocrbro rrocJreAoBarenbgofo yqera croJrKHoBrrreJrbHbx

lpoqeccoB, Bo MHoroM orrpeAeJrrrorlr4x AI{HaMI{Ky rracrr,rq B rrJriBMe u na6nronaeurrfi ornnur
cpeAbl B BI4A€ u3JryqeHvt rIJILI BhrxoAa 3aptxeHnbrx qacrlzrl. Pagnzrze reoperratrecKr{x rroxoAoB

I4 MeroAoB KoMrlblorepHoto MoAeJlupoBaHr,r-tr Her4AeaJrbHofi nuasldrr, yqLrrBrBarorqr,rx 6nzsrr,re

cronKHoBeHI'I-f, qacrI4IL KBaHToBo-MexaHr.rqecKze s(f$errbr r4x nsazrvro4eficrBvrfl., [poqeccbr

uonusaqr'u u pexou6uHaIII4I4 aroMoB, rlacrl{qHoe I4Jrr{ rloJrHoe Bbrpox(AeHr,re gJreKTpoHHoro fa3a,

flBlrflercs., TaKI'IM o6pasorra, arrya-rrrnofi gaAa.refi KaK c roqKr{ 3peHl4r HaKolJreHr{rr

(by"late"tiulbHbx sHaHzfi o csoftctnax BerrlecrBa B (sKcrpeMaJrrHbrx) cocro.rrHr4flx, K KoropbrM

c yBepeHHocrbro MoxHo orHecrn Her,rAeilrbHyro [na3My ) Ta]1- vr c flpaKTr,rqecrofi ToqKr{ 3peHr,rjr

BBI4Ay 3HaqI4MOCTuI BJIUI'HVIS' HeI4AeaJIbHOCTLI [JIa3MbI Ha pe3ynbTaTbl SKCIIepI4MeHTaJIbHbD(

llccJleAoBaHzfi ra rexuoJlor[qecKlrx rlpoqeccon. Ha sroM nyrr.r cneAyer orAenbno BbrneJrr{Tb

paspa6orrcy MeroAoB KoMrlErorepHoro MoAenr{poBaHr{r, KoropbrM B Ar.rcceprarlqoHnofi pa6ore



yAenf,ercf, 6onrruoe BHI4MaHIie. Conpevrennoe pil3Br.rrr{e KoMrrbrorepHbrx rexuoJrorr4fi cAenano

BO3MO)nHbrM MOAenr,IpoBaHI,Ie AOCTaTOqHO CrO)KHbrX [poqeccoB, [poficxoArrrlr4x B nJra3MeHHbrx

cpeAax. MeroArr MoreKyrqpnofi 4vnauuru (M[), paccMarprlBaroqrre BerrlecrBo Ha ypoBHe

OTAeJIbHbIx SJIeKTpoHOB pI LIOHOB vI He IIpeTeHAyIOque S 6OUrmuHCTBe cJryqaeB Ha

rloJlHoMaclrrra6noe ottucaHlle rIJIa3MeHHofi cucreurr, [o3BoJurror orr[carb croJrKHoBt4TeJrbHbre

lrpoqeccbl B Hel4AeanbHofi nnague I,I [oJryril4Tb xapaKTepkr}TprKvr rrJra3Mbr (nanprarraep, ypaBHeHr4e

cocroflHl{e nelqecrna), BecbMa nocrpeoonaHHbre AJUI rrr,rcJreHHbrx MeroAoB 6olee BblcoKofo

[oprAKa, TaKr.rx KaK fr{ApoAr,IHaMr,rqecKoe MoAeirr4poBaHve.

Hay.rnan HoBr.r3Ha rr AocroB epHocrb pe3yJrbraroB

Hay'rrrax HoBLI3Ha [peAcraBneHHbrx B Arrcceprarl]rr{ pe3ynbraroB onpeAerserc.f, Ha6opou

op[fllHanbHblx MeToALIK KoMrrbrorepnoro MoAeJrr4poBaHrzr gneKTpoH-r{oHnofi [JrzL3Mbr,

parpa6orannrrx Mopo3oBbIM 14. B., BKrroqaroqnx: MeroA Kraccr4trecKoft M[ c yqeroM

cpeAHero TIoJUI Ant pacqera rlpoAonbHoft npono4r,rMocrr{, MeroA r.rccJreAoBaHus xore6auuir
gneKTpoHoB B KJlacrepuofi HaHorIJIa3Me Ha ocHoBe aHaJrr43a rrpocrpaHcrBeHHo-pa3perueHuoft

aBToKoppensllilouHofi $ynr<qnu roKa; MeroA orpaHr,rqeHr.rs rrr{pprHbr BoJrHoBbrx rraKeroB B

MoneKyrflpnoft 4LtrauI,IKe c BoJIHoBbrMrr rraKeraMu (M!BII), ocuonaHnrrft Ha BbrrrucneHrzr,r

sHeprufi nsazlro4eftcrBr4rl sJIeKTpoHa c 6nraxaftrulrM r4oHoM; nro4ra(fuxaU]rs Meroaa MIBII c

IIoIIOJIL3OBaHIIeM HeCKOJIbKI4X BOJIHOBbX IIaKeTOB Ha 3neKTpoH AnrI rroB6lrrreH[t ToqHocTr.r

onncalJvls. cB;I3aHHbIX cocro.f,Hl,Ifi sneKTpoHoB lr r,roHoB; rrlo4ulprzxaqrrs MeroAa MABil c yqeroM

o6naeHHo-roppenfiIll{oHHblx e(f(fexron ssar,rl{oAeftcrBvrfl. gneKTpoHoB Ha ocHone (fopuarusrraa

sJIeKTpoHHofi uloilrocrvr !.Irfl. MoAenl{poBaur{r rrJra3Mbr 3a fpaHrlqeft nrrpoNgeur{f, gJreKTpoHoB.

C uouorquo yKa3aHHbx MeroAI{K BlepBbre paccMorpeHo BJrr4flHrire Her{Aeanbuocrrr

IrJIa3MbI Ha xapaKTepHcrI4KI,I 4noftuoro greKTpt4qecKofo cno-f, s6rIl3v [oBepxHocrr{ MeraJrJra B

ycnoBvtx (foprvrupoealqrs.y:grnnon-apnoft naryyuHofi I'yrr4v rrpeAnoxeHbr rroJryoMrrr{ptrrrecK}re

(poprraynsl AJIq 3aBllczuocreft Ixupr,rHbr cnos. v Harrp{xeHHocrLr gneKrpr{qecKofo rror.f, or
cpe4ueft KoHrIeHTpaUupr oneKTpoHoB; BrrepBbre c yrreroM eQ(fexron HevAeaJrbgocrlr

orlpeAeneHbr cKopocrrl ycraHoBJreHr,rr paBHoBeCHOrO paclpeAeneHrrr SJreKTpoHoB IIo

cKopocTf,M, [pocTpaHcTBeHHoIo pacnpeAeneHl{t SneKTpoHoB I,I IIJIaBJIeHTzT uonuofi pelreTKu B

fIJIa3Me, o6pasonanuofi B TpeKe r{xteJloro MHoro3aprAuoro krola; BrrepBbre AeriurbHo

I'IccJIeAoBaHbI MoAbr Itone6anaft gJIeKTpoHoB B KBa3IrpaBHoBecHoft rnacrepHofi nauorrJru3Me;

lonyqeHbl HoBbre yrotlutloIrlrle pe3ynbrarbr AJrr crarvqecKoit u ruHarvru.{ecxoft [poBoAr.rMocrr{

HevAeilrbHofi nnagusr, BKJrroqar ee BbrcoKorlacrorHylo acaMrrrorr.rKy,

TarNe B Al{ccepralltrur nperuraBJleHbr opvrvH€rnbHhre reoperr4qecKrre MoAenr4 pacqera

rlpoAoJlbHoft z nonepeqnoft [poBoApIMocrI4 rro pe3ynbraraM Mr{ rvro4entrpoBaTnfl, c yqeroM

lpaHI4qHbIX ycnonzft, penaKcall[ll gneKTpoHoB B KJracrepnofi HaHorrJra3Me 14 cliBura qacrorbr



loBepxHocrHbrx rIJIa3MoHoB B HevAeaJrbHofi KJracrepHofi HaHorrJra3Me B 3aBlrcr{Mocr[ or

pa3Mepa KJracTepa.

Bce [oJryrIeHHbIe pe3ynbrarbl corrocraBJreHbr c lrMerorqvrMprcs. TeopervqecKr4Mr,r

MOA9JIIMLI, pe3yJlbraraMl,I gKcrreplrMeHTaJrbHbrx r,rccne4oeanzfi v KoM[brorepHoro

Mo,4enllpoBantrs, npoBeAeHHbrMrr piunr,rrtrrbrMr,r MeroAaMr4. Tar, nanprrMep, pe3ynbrarbl AJrt

qacror rIoBepxHocrHblx rrJrur3MoHoB n rlacrepnoft HaHorrJriBMe, [orytreHHble MeroAoM

KJlaccuqecKofi M[ cpaBHl,IBilrorcs c pacqeroM Ha ocHoBe ypaBHeHr{r Bracona, a pe3ynbrarbr

uo4zlpzqupoBaHHoro MeroAa MABII corrocraBr-{rorc.f, c pe3yJrbraraMtr, ronyqeHHbrMt4

MeroAaMz rnanrosoft Iuolexynxpuoft ALIHaMT4KV il MeronoM Monre-Kapno B TepMr{Hax

I4HTerpanoB rlo rpaeKTopl{tM. flpzuzurr Bbr{BJreHHhrx parnu-ufi no4po6uo o6cyN4aercx n

TeKcre pa6oTbr. Pesylrrarrr pa6orrr He nporr{Bopeqar coBpeMeHHhrM rrpeAcraBneHr{sM

cratr'rctz'recxofi Susr,Irr,I, rnacczqecrofi v rranrosofi MexaHr{Kr4. Tarzvr o6pasou,

AOCTOBEPHOCTb IIPEACTABJIEHHbIX PE3YNbTATOB HE BbI3bIBAET COMHEHI4-'I.

Crenenr o6ocHonanHocrrr HayqHBrx nonoxeuufi

HayuHrre rrorrox{eHl,I-f,, BbIBoAbr vr peKoMeHrarl[[, csoprr,rynr,rpoBaHHbre B

Al4cceprallzonnoft pa6ote, xopouo bpryrr,renrupoBaHbr vr o6ocnonanrr pe3ynbraraMr.r

rlpoBeAeHHoro KoMrlblorepHoro MoAenr{poBaHv\ rrpeAcraBJreHHbrMrr B Ar,rcceprarlzu n (fopue

rpaQuron u ra6nut7, cpaBneHl{enr c ony6nI4KoBaHHbIMLI, B ToM rlrrcJle gKcrrepr,rMeHTaJrbHblMlr,

AaHHbMI'I. flony-reuHrre aHaJII{TI4qecKLIe BblpaxeHr{s cHa6NeHrr ueo6xoAr4MbrMr{ BbrKna,rlKaMr.r u

ccbIJIKaMI4 Ha nl4TeparypHbre I4croqHIlKr,I. IlonoNeHr{-f,, BEIHocr,rMbIe Ha 3arrII,ITy, {BJlrrorcfi

florl{rlecKr4 HerIporI,IBopeqI,IBbIMr,I n o6ocnosauHbruI{.

TeopernvecKafl H rrp aKTrrrrecKafl 3Haqr,rMocrb

TeopernuecKat 3HaqI,IMocrE pa6otrr olpeAen{ercr B rrepByro oqepeAb pa3BHTr,reM

MeroAoB KoMnblorepHoro MoAenI{poBaHI{r, Koropbre Moryr 6rrrr npurraeHeHbr B pa3rr{rrHbx

o6ractf,x I4ccJIeAoBaHuit rteugewtrnofi nnagMbr 14 rrJrorHoro pa3orperoro BerrlecrBa: yAapHo-

cNaroft [JI€l3Mhr, rrJIa3MbI B ycnoBr,rrx na3epHofo HarpeBa r.I Bo3Aeitctsus [yqKoB qacr]rrl,

xnacrepnofi HaHorIJIa3MbI, piBnLIrIHoro rrrrra npocrparicrBeHHo HeoAgopoAHbrx vl

HepaBHOBeCHhrX rrJriBMeHHbX CTpyKTyp, acrpo $zsErrecKr4x o6texros.

llparrra'recKoe 3HaqeHlre vMelor parpa6oranHar MoAenb peJraKcaur{rr rrJra3Mbr B TpeKe

T-sxeroro MHoro3aptAHoro zona (neo6xoAl,IMa, Harrpr4Mep, An-f, MeArrrlr{HcKr4x npznoxeHraft z
3aAaq ylpaBJureMoro repMorAepHofo czuresa); [oJryrreHHhre AaHHbre o HaqaJrbHoM grarre

$oprrauponanvt [oBpexre:uLrs. rloBepxHocrr4 npr,r Bo3Hr{KHoBeHrrr,r yHr4rrouxpuofi nar<yyuuoft

ayru (neo6xoAI'IMbI [tlr;.. pazpalorKl{ MeroAoB 3arrlr{Tbr creHoK Mr{KpoBonHoBbrx ycrpoficrn s
ycr<opztenHrofi rexHzre); pe3yJlbrarbl pacqera 4nuavrauecroft [poBoArrMocrr4 vr

.4I43JleKTpl4'recroft [poHl'IqaeMocrIr Hel4Aeanruofi [JrrL3Mbr (neo6xo4raMbre, Hanpr4Mep, 4nx 6onee



ToqHoro orwrc ankrs. HarraJrbHo ft cr aplvrlr na3 epH ofi a6 nrrquu) .

O6rervr r{ crpyKTypa Arrcceprarluu

.{zccepraql4t cocrorlT I43 fr.f,Tr{ ocnoBHbrx rJIaB, BBeAeHur-g,,3aKnroqeHllfi. vr cfrvlcKa

Jll{reparyprr. O6rqrau o6teu pa6orrr cocraBJrrer 284 cr:pauurlbr, r43 uux223 crpaHrrrlbr reKcra r,r

50 crpanuq cnrrcKa nrireparypbr, cocrorrqero r{3 557 ccunor<.

Bo eeedenuu Lr3Jro)KeHbI aKTyilnbuocrb reMbr rrccneAoBaHkrfl, r\eilv kr gara\x pa6orrr,

HOBI43Ha, Teoperl,IqecKas. kr [paKTr4qecKar 3Harrr4Mocrb floryqeHHbrx pe3yJrbraroB, MeroAbr

[ccJreAoBaHr{s, [oJro)KeHvIs., BbrHocr4Mbre Ha 3arrlr{Ty, creleHb AocroBepHocrr.r u artpo5aryus

pe3ynbTaToB, OIII{oaHLIe JILIqHOTO BKnaAa aBTOpa.

Irepaan ?raes coAep)KI4T o6sop I{MeroilIr{xcr reopervqecKr.rx r4 3Kcrrepr4MeHTaJrbHbD(

pe3yJlbraroB, a raKxe MeroAoB KoMrbrorepHofo MoAenlrpoBanvrs.. Cpe4r.r reoperr,rqecKlrx

MeroAoB BbIAeJIeHbr xllMzqecKa-fl z (pzsuuecKarr MoAeJrr4 luetr4eurtnofi nla:Mbr, KBaHToBo-

crarzcrra'recxrzfi rIoAXoA Anfl pacqera ee repMoArrHaMr,rqecKlrx croficrn, MoAenLI

esararrao4eficrBl,{f, rlacrl,Iq Ha ocHoBe [ceBAoloreHrlr4iuroB, cnoco6rr [ocrpoeHr,r t ypanueuuit

cocrof,Hl4{ BelrlecrBa, crarl,Icrr4qecKue MeroAbr, ocHoBaHHbre ua (fopuanr,I3Me gneKTpounofi

rlJrorHocrrl (rvrero4 Torraaca-OepMu). Haz6onruree BHvMaHrre yAe[-f,ercr MeroAttM

KoMrlblorepHoro MoAelrvpoBali.krf. B qactnocrll, rroApo6Ho onzcanaLrcropvs. Bo3Hr.rKHoBenufl.v

pa3BI{TI4t Mero.4oB Kracc[qecKofi uonerynxpnofi 4vrnaMuKtr ra Monre-Kapilo, a raKxe ux

uo4z$uraqurtr - MeroAa TreeMD. Tarxe o6cyNlarorc{ Mero.4 qacrarl n xueftre, MeroA

reaHronoft MofleKyrr.spHofi 4zHauvIKvI v. KBaHToBoro Monre-Kapno B TepMrzuax r4uTerplJroB rro

TpaeKTopkItM, MeroA volerynxpHofi AI{HaMI4KI{ c BoJrHoBbrMrl rraKeraMr{. llpano4xrcx

9KcrIepI{MeHTaJIbHbIe IaHHhIe pe3ynbraron acrpo(pu3LrqecKrrx r4ccJreAoBanzfi, 9r<cnepr.rMeHToB c

aJIMa3HbIMIZ HaKOBilJIbHflrI{lr, B TOM rrLrCJIe rroAorpeBaeMbrMt4 na3epHbrMrl I,IMrIyJIbCaMI,I, yAapHo-

BoJIHoBbrx SKcrIepI4MeHToB, gKclepvMeHToB fro nor4eftcrezrc na3epHbrx I,IMrrynbcoB r4 rroroKoB

qacrrlll Ha KOHAeHCLIpOBaHHbTe MI,IrreHLr, B TOM quone HaHocrpyKTypr{poBaHHbre, AaHHhre o

3[eKTpI4qecKI{x pa3pfl.rax u sneKTpoB3pbrBe [poBoAHr,rKoB. Bolrruoe BHr{MaHHe y1eil;1ercfl

aKTyanbHoft npo6nerr.le Qasonoro repexoAa B pa3orperorra nlorubM BoAopoAe u geirrepuu.

Bmopan anaea [ocBtlrleHa MeroAaM pacqera crarzqecrcoft v 4r.rHanazuecror

lpoBoAI'IMocrI4 HerlAeanruoff ulagubl c [oMorrlbro KJracc[qecrofi M,I[. 3ra rJraBa uMeer BaxHoe

MeroAl4rlecKoe 3HarIeHuIe) uI ee pe3yJrbrarbr r{c[oJrb3yrorcr B [ocJreAyrorqr{x rJraBax. B |Jlaee

rlpe.4craBneHbr MeroAbI pacqera rpaeKTopI4ft n nepzo4z.recxofi crrcreMe c yqeroM u 6es yqera

CpeAHerO IIOJUI, a TaKXe B CI4CTeM€ C OTpaXaIOUIIMI4 lpaHI{IIaMV, IIpOBOAI,ITC{. A]FrAJI]/-I3 CIIOKTpOB

aBToKoppeJUITopa roKa AJUI cI4creM c pa3nvqHbrMrr rpaHr4qH6rMr{ ycnoBr.rrMr,r u oficyxgae1:c;

cnoco6 [epexoAa K AJIzHHoBoJIHoBoMy rrpeAeJry. Pesynrrarorvr 4aHnoft rJraBbr sBJrflercs,

Teoperllqecxoe o6ocuoBaHlle Bo3MoxHocrr4 npr.rMeHeHI,Ir MeroAa Klaccr4qecroft uonexynxpnofi



Ar4HaMUKrr An.f, pacqeTa AkrHilMr.rrrecKoft [poBoAr,rMocTr.r He]rAearrbHoft SneKTpoH-r{oHHoft rrJra3Mbl

B AJTITHHOBOJTHOBOM rrpeAeJle, a raK)Ke MeTOAI'IKa OrrpeAeneHr,r{ BHyTpeHHefi r,r BHerrrHefi

Ar4HaMr.IqecKofi rrpoBoAI4MocTI{ rrpl{ I4crronb3oBaHrr[ pa3nr,rrrHofo Tr{fra rpaHrirqHbfx ycJroBr,rft.

llpune4eHrr 3aBr{cr.rMocrr,r 4unarur,ruecxofi rpoBoAuMocrr.r 14 s(f(fexrznnofi qacrorbr

croJlKHoBenzft s HelrAeaJrrHofi nnasNre or rrapaMerpa Her4AeilJrbHocrr.I rrJra3Mbr, TeMleparypbr

rrJra3Mbr r4 qacToTbr B o3Mylllarolllero rro JIr.

Tpemtn ?na6a Aaer orrucaHrre MeroAoB Lr pe3ynbraroB MoAenkrpoBaHrzt

peJIaKcaIIuoHHbIx npoqeccoB HekrAeaJrbHofi nrasNae c pa3rrdrlHbrM Tr4rroM rrpocrpaHcrnennofi

HeoAHopoAHocrLI. Paccuarpr.IBalorc{ [poqecCbr (fopuuponaHux 4nofiuoro sJleKTpzqecKoro

cJrot Ha rpaHvlle ruIa3Ma-BaKyyM, a raKlce n6mtgv rroBepxHocrlr MeraJIJIa B ycloBl{sx

yHranonrpHofi AyrLI (rueraru-nra":rrra). Zccre4yercx pelaKcarll,,I.f, nez4eanrnofi rrJr€r3Mbr,

o6pasonannofi oAI4HortrrrIM MHoro3aprAHbM I{oHoM B KoHAencr{ponannofi MI,IlreHr,I.

OcnoeHrn{r,I pe3ynETaraMLI AaHHofi rnaerr rBJurrorcr o6rqze BbrBorbr o xapaKTepe r{ crpyKType

ycrauoBl,IBlleroc-f, 4noftnoro gneKTpvqecKoro cJro.tr B 3aBr,rclrMocrrl or rrapaMerpos nra3rvmr. B

rIacTHocTI,I [pI4BeAeHbI BpeMeHa ycTaHoBneHr4f, rrpocTpaHcTBeHHoe paclpeAeJreHr,re 3apflAa v

HanptxeHHocrl{ SJIeKTpI4qecKoro rroJl.rr B Hel,IAeanbHofi nnalrvre s6rl,IsIa rroBepxHocrl4 MeraJrJIa B

ycnoBl,Isx (fopruzponauux yultnonrpnofi naxyyrrauoff Ayrr,r, 3aB[crrMocrr{ rrrr{pr{Hbr

lrpl{noBepxHocrHoro clrofl vt HaIIp.{xeHHocrI{ ]Ilorur or KoHrIeHTpa\vu 3ap.ruoB rrpu pa3nrrrrHbD(

TeMrlepaTypax sneKTpoHoB; BpeMeHa ycTaHoBJreHr{.rr paBHoBecHofo paclpeAeneHr4r sJreKTpoHoB

v ycTaHoBI4BIrIeect [pocTpaHcTBeHHoe paclpeAeneHr{e 3apfl.ila B rlunr4HIpr,rqecKoM cJroe

HelilAeanbHofi nlagmrr, o6paronannofi uo4 nos4eftcrnueM oAlrHoqHoro MHoro3aprAHoro rroHa Ha

KoHAeHcLIpoBaHHyro MI4IrIeHb. Pesynrrarrr KoMrrbrorepHoro MoAenr.rpoBaHlrr colocraBJreHbr c

SKCrrepI{MeHTaJrbHbrMI4,qaHHbrMr4.

Vemaepman arona cBt3aHa c LrccJre.qoBaHr4f,Mlr enerrponnoft rroAcr{creMbr B

Hev.4eaJlbHofi nna-:rvre, rroJryrleHnofi n p*ynbrare nos4eficrnzx SenaroceKyHAHbrx na3epHbrx

I4MlynbcoB Ha HaHopa3MepHbre KJracrepbl. B naqane rJraBbr orrracaH MeroA HccJreAoBaHrat

paBHoBecHofi nanonna3Mbl, ocHoBaHHbrfi ua ocranoBKe I{oHoB'I,I TepMi}nvga\r4yt gJIeKTpoHoB, a

TaKXe MeroA LIccJIeAoBaHIa{ peJraKcarlurl gJreKTpoHoB lr sapfl.4Kpr KJracrepa. .{anee r.r3Jro}Keu

opllfllHanbnrrft no4xol K I{ccJIeAoBaHLIIo roue6auuft gneKTpoHoB B KJracrepnofi HaHonna3Me Ha

ocHoBe pacqera rlpocrpaHcrBeHHo-pa3peureHHofi aBToKopperxqzouHofi (fynxqzv roKa. B

KaqecTBe pe3yJIbTaToB ilpLIBeAeHhI AaHHbre AJrtr yoTaHoBr,IBrrefoc-rr 3apsila KJracTepa, qacToT r{

AeKpeMeHToB 3aryxaHvs, rloBepxuocrHbrx vr o6tervlnrrx rrJra3MoHoB B 3aBr4crrMocrtr or

TeMrreparypbr gneKTpoHoB, rrnorHocrr,r u pa3Mepa KJracrepa. florcaeano, rrro rrpor.r3BeAeHlre

BOJII,IqI4HbI yCTaHOBI4BIIIOIOCI 3Apfl-AA IIOHIIBOBaHHO|O HaHOpa3MepHOrO Kna0Tepa HA

TeMneparypy oJreKTpoHos rraHeftHo 3aBvclrr or pa3Mepa Knacrepa. OnucaHo HecKoJIbKo



Teoperl,IqecKllx MoAeJIefi, o6r-f,cHmorqvx xapaKTep 3aBr{c[Mocrr,r qacrorbr rroBepxHocrHbrx

nJIa3MOHOB OT pruMepa KJlacrepa c yqeroM HeoAHOpOAHOTO paolpeAeJreHr4.fl 9JTeKTpOHOB B

r,roHl43OBaHHOM KnacTepe.

Ifnman anana oflIrcblBaer rlpeAnorxeuHbre aBTopoM AorroJrHeHr{{ K MeroAy MIBII n

rIpI4MeHeHHI{ K MoAenzpoBaur{ro gneKTpoH-r{onnofi rrJrrrsMbr. flannrrfi Merol ocHoBaH Ha

rIpeAcraBneHI,IlI 3JIeKTpOHOB B Br4Ae rayccoBcKr4x BoJrHoBbrx rraKeroB r{ r,rMeer prA [per4MyrqecrB

rlo cpaBHeHI4Io c KJlacczqecroft M[. O4naro, eMy csoficrseHHbr r{ cyqecrBeHHble HeAocrarKpr,

TaKI4e KaK HeOIpaHLItIeHHOe paolllupeHl,Ie BOJIHOBbIX IIaKeTOB CO BpeMeHeM Anr 3JIeKTpOHOB BHe

o6nacrz cI{JIbHoro e:a[raoAeftcrBtrfl; HeBbrcoKtul Torruocrb rlpercraBneHrlt cB;13aHHb111

cocro.flHlrfi SneKTpoHoB I4 I{oHoB AJU{ H}r3KoJrexarrlr{x KBaHToBbrx ypoenefi no cpaBHeHI,Iro c

APYTI,IMI,I KBAHTOBO-MEXAHI4IIECKI,IMI,I IIOAXOAAMI4; CJIOXHOCTb IINIZ HEAOCTATOqHA' TOqHOCTb

cylqecrBylouplx qzcneHHbrx anropr.rrMo\ AIrfl yqera MHofoqacrr.rqHbx KBaHToBbrx e(f$erron.
Peuenue KaxAoro Ir3 ortlx BorlpocoB o6cyN4aercf, B coorBercrByroqeM pa3Aene .(annofi
fJIaBbI: B rIepBoM rloApa3Aene [peAnoxeHbr opvrr4HilJrbHrre cnoco6rr orpaHr{rreHvrfl. rnvrpvt1br

BOJIHOBbX rlaKeroB; IIo BTOpOM rIOApa3AeJre onl{caHo IloBbllrreHr,re roqHocrn rrpeAcrulBJreHl{,r

BoJIHoBbIx Qynxqzft sa crler Llclonb3oBagr{rr rtraueftnofi nou6nnaquz us HecKoJrbKrrx

rayccoBcKl'Ix BOJIHOBbIX [aKeroB Ha 3JreKTpOH; B TperbeM noApa3Aene orrr4caH Merol pacqera

o6rrteuno-roppensquoHHbrx s(f$exron, ocHosaHHrrfi Ha rzcrroJrb3oBaHr4rr (fyHxqzonana
gJIeKTpoHHofi nnoilroc'rv\TparvrlrloHHo [prrMen-r{eMofo B KBaHroeoft MoJreKyJrrpnofi 4ranaurare.

,{nx nepz(fur<aqraz paspa6orauuoro rloAxo,qa [pr4BeAeHbr pactrerbr ypaBHeHr,rr cocro.flH1as

BoAopo.qHoft unaglGr, y4apHofi a4na6atst geitrepus,, a raKxe r.r3oenTpon6r yAapHo-cxarbx

4efirepr,rx firerms.

3atilruqeHue [oABoAI4T LITor pa6orrr, rroKiBhrBaer B3ar.rMocBr3b pr 3HaqvMocrb

loJryqeHHhIX pe3ynbTaToB, coAep)KLIT IIepcrIeKTI,IBbI AilJlbHefiurzx r,rccne.[osaHr,rfi.

3anre.raHraq

Hecruorpx Ha xopomee [o 6onrrtefi qacrrr

Ar,rccepTarlvrfl He Jrr{[IeHa HeAOCTaTKOB :

KaTIeCTBO I,I3nOXeHI,Ie MaTepLIaJIa,

1. B rlaccra'recxofi TeopI{I{ rIJIa3MbI AlrgneKTp}rqecKar npoHr,rqaeMocrb n
rIpoBoAI{MOCTb OllpeAeJltlorct KaK OTKnr{K rrJla3Mhr Ha MaJIbre BO3MyrrIeHLrt

BHelrrHero 3neKTpl,IqecKoro rloJr.rr 14 Bbrrll,rcJrrroTc-{ qepe3 ToKkr, BbBBaHHbIe 9TVM

rIoJIeM. B Al4ccepralluonnofi pa6ore [poBoAvMocrr BbrrrlrcJrf,ercf, qepe3

KoppentIII4oHHbIe $yHrqzu roKoB, cBt3b Koropbrx c Ar4gJreKTpz.recrofi

npoBoll4Mocrblo olpeAeJleHa l.ns. v[eurcHofi unagMbr, Ho He croJrb oqeBuAHa Ant
paccMarpl4BaeMoro crryqafl Hel4AeanbHoft nnagrrmr. Bonee no4po6noe o6cyNgeune
gTofo [oIXoAa c o6ocnosaHveM ero nrt6opa xorenocb 6rr ynIa4erb B TeKcre pa6orrr.



LIg rercra ,4r-Icceprallnvr He tcHa ponb r{ouoB B orlr{cbrBaeMrrx peJraKcarlr4oHHbrx

npoqeccax. B 6onrruzHcrBe pacqeroB t4crronrsyrorcg HerroABl{xHbre I,IoHbI rirJrl{ LIoHbr

c MoAenbHoft ruaccofi (nouru n 20 paz MeHbrrre peamnoft). 3ro uoxer 6rrm

o[paBAaHo, ecJII{ peJIaKCaII}IOHHbre [poqeccbr orrpeAeJurrorcf roJrbKo gJreKTpoH-

gJreKTpoHHbIM B3al4Mo4eficrnr,IeM, B To BpeMr KaK gJreKTpoH-t4oHHalr peJraKcarlllfl

3aBr4cI'IT or Maccbr I{oHoB. Bruo 6rr nonesno rrpoBecr[ xors 6rr HecKonbKo pacqeroB

c peanbHblM coorHoIIreHI{eM Macc (r,urv npyrr{Mr4 MoAeJIbHrrMr,I coorHolrreHuxwu),

'rro6rr AoKa3arb Bo3MoxHocrb I{crroJrE3oBaHI{r [epeHopM]rpoBKlr B KoHerrHbD(

pe3yn6Tarax.

B rl4ccepralluonnofi pa6ote orrr{cbrBarorc.rr roHKr4e rrpoqecchr peJraKcau[u

TeMrleparypbl sneKTpoHoB. Bepomno crol4Jro 6rr oqenarb xapaKTepHbre [orepr4
gHeprrru, 3 arpaq[BaeMbre Ha Bo3MoxHo e u3ryrreHv e I{ccneAyeMofi nna-sl\arr.

B rperrefi rJIaBe rpv onvlcalvru [poqecca (fopnrnponanzx 4noftnoro cJrot

paccMarpl4Baerc-fi r<nasranefirpaJrbnafl. rIJIa3Ma, rpaHr.rqarqar c ueftrpanbHhrM

MeraJIJIoM. He scno KaK TaKaq cr4TyarJkrfl Molrer 6rtrr pearrr{3oBaHa B gKc[epI4MeHTe,

rAe rlna3Ma Co3Aaerct, KaK npaBl{no, 3a cqer gMrlcculr gJreKTpoHoB C Merz}Jln[qecxoft

IIOBepXHOCTLI' qTO IpLIBOAI{T KaK K 3aptAy IIOBOpXHOCTI,I MeTaJIJIa, TaK 14 OTCyTCTBT4IO

uefirpanrnocrr.r B [pvrroBepxnocurofi [na3Me.

EcTb pa4 saMe'raHuff uo o(foprrrJleHrrro Ar.rcceprarlr,ronnofi pa6orrr, csqsaHgrrfi c

BCTpeqilo4vtMvrcs, B TeKCTe ofleqarKaMr{ (nanpuuep, crp. 6 Bne4enua 14 B

anrope(fepare 0ALIHI4TIrI Ia3MepeHl,r.s rzHTeHcHBHocrt4 Jra3epHoro l,r3nyqeHzt

rlpl{BoArrc.rr KaK Br/crvr3, BMecro Brlcw?; crp. 70 ((Koropoe oKa3brBaerc_tr

HerIpIrMeHrIn'Eru pa6orarr rrpu), crp. 7l ((cxoJracrrlqHocrlr cr4creMbl)) I,I T.A.),

HeroqHocr{MH (na crp. l4l yKa3hrBaerc.[, qro (BpeMeHa ycraHoBreHr,r.f,

pacnpeAeJleHraft snerrpoHoB BHyrpLI s.refirz [pr,rMepHo coorBercrByror orrucaHHbrM

n ta6tutle 3.2>>, oAHaKO raM 9Tr{ AaHHEre He rrpr{BereHbr. Ha crp. 154 npw

o6cyNgenuuPuc.3.16 nanucago, (r.r3Jrorra rpznoft npu t: 1.5 rc...), a pficyrroK

IIOKA3AH TOJIbKO IO I.2 [C V T. T,,), A TAKXE HEYAAqHrIM PACNOJIOXEHI{EM P1ICYHKOB

3Haqr4TenbHo Hzx(e reKcra, rAe oHr{ o6cyN4arorcx (uHor4a Aaxe B Apyf}rx pa3Aenax

r<ar Puc. 2.3).

Orn4e'{eHHrre HeAocrarKLI He yMaJurror AocrorrHcrB ArlccepraquonHofi pa6orrr,

OIIeHLIBaJI KOTOpyrc B IIeJIOM, CJIeAyeT OTMeTLITb, qTO OHa BbIIIOJIHeHa Ha BbTCOKOM HayqHOM

ypoBHe Lr AeMoHcrpl4pyer onpe4enrrorqzfi mlqnrrfi BKnaA corrcKareJrtr n parpa6orry

o6cyx4aellrrx npo6leu. florryveHHrre pe3yJrbrarbr, orHocrrlzecq K TeMe Avrcaeprar\vvr,

ony6nr'rronaHbl B 27 ctarssx B BeAylqvx Mt4poBbrx perleH3r4pyeMbrx )KypHanax, AoKJraAbrBrurr{cb

2.
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aBTOpOM JIITqHO Ha MHOH,IX pOCCVftCKr,rX r,r MeXAyHapoAHbrx KoH(bepeHrlrrflx 14 r{3BecTHbr

HayrrHoft o6ulecrnenHocrrz.

Anrope(f epar rroJrHocrbro orpaxaer coAepxaHr..re Ar4ccepr ar\Lru.

Tarzu o6pasou, AlIcceprallur Moposoyal4ropl- Bna4nrr.rupoBrirqa <CrorxcrosureJrbHbre

v peJIaKcaIII{oHHbIe lpoqeccbr B HevAeiIJIbHofi srercrpou-zonnofi rrJra3Me)), [peAcraBJIeHHar Ha

coI{cKaHI{e yueHoft creneHl{ AoKTopa Qzszr<o-uareMarr4qecKl4x HayK -f,Brflerc{ HayrrHo-

rnanu(frarcaqr,ronnoft pa6orofi, n xoropofi Ha ocHoBaHr{r{ BbrrroJrHeHHbrx aBTopoM raccle4onaHufi

pa":pa6oraubl TeoperllqecKl4e rIoJIo)KeHr4f,, coBoKyrrHocrb Koropbrx MoxHo rnanz(fuqupoBarb

KaK HayrlHoe AocrI,IXeHLre B oonacru rpzsnrz rrJrzl3Mbr, no3Bor-srouee 3Haqr.rrenbHo ynyqlrzrb

o\lrcaEvre nera4eanrnofi rIJIzI3Mbr, qro coorBercrByer rpe6onaHz.arvr n. 9 flonoxenzs o

lplIcyxIeHI{I{ yqeHbIX cterteueft, yrBepxleHHoro nocraHoBrreHr,reM llpanzrenrcrna

Pocczftcrcofi @e4epaqzn Ns 842 or 24.09.2013 r., peA. 01.10.2018 r., npe4bsBr.rreMbrM K

AI{ccepraIII4tM Ha corlcKaHl{e yueHoft crerleHlr AoKTopa $usuro-uareMarr.rqecKrzx HayK, a ee

aBTop 3acnyxl,IBaer rlpt4cy)KAeHllt Lrclcouoft yvenoft crerreHr.r [o clerlzaJrbuocrkr L3.9 - (fzszra
TIJITL3MbI.

O(puquanrHrrfi onnoneur:

,{oxrop Quszxo-trlareMarllqecKl{x HayK rro clerlr4aJrbHocrrr 0I.04.21 - JrBepHa{ $usur<a,

ne4yrqufi nay'fiIbrfi corpyAHI4K Cer<ropa na3epHo-nnagnennofi (pu:urz BbrcoKkrx sneprufi

OrAela xsaHTonoft pa4Iao$zeurra @e4epanbHoro rocyAapcrBeHHoro 6ro4xernoro yqpexAeH[r

HayKv Ougz.recrofo r,rHcrr4Tyra r,rM. lI. H. Jle6e4ena poccuftcxoft aKaAeMZr,r HayK

Alpec: ll999l, fcll-l, r. Mocrna, Jleuvncrzfi npocuer<r,4. 53

Ten. +7 (499) 132-69-06, ee6 cafir: https://www.lebedev.ru, e-mail: brantovav@lebedev.ru
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-fl, EpaHron An4peft Bna4zrvrupoBrrrr, Aaro cornacve Ha

AaHHbx B AoKyMeHTbr, cBr3aHHbre c aarqzrofi lucceprarlur4

t4 r4x AanrHeffuryro o6pa6orry.
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