
OT3bIB O«l>HQHaJlbHOrO OnnOHeHTa 

.n;OKTopa <pH3HKO-MaTeMaTWleCKHX HayK TIOTHeBa AH.n;pe51 I1aBflOBWIa Ha .n;HCCep

TaI..l;I11O qHpcKoH HaTaflhH I1aBJIOBHhI Ha TeMY «MaTeMaTlflleCKOe MO.n;eflHpOBaHHe 

B3aHMo.n;eHcTBH5I KOCMHqeCKHX H3flyqeHHH C reTepOreHHhIMH MHKpOCTpyKTypa

MH», rrpe.n;CTaBfleHHYIO Ha COHCKaHHe yqeHOH CTerreHH KaH.n;H.n;aTa <pH3HKO

MaTeMaTHqeCKHX HaYK rro CrreIJ,HaJIbHOCDIM 01.04.20 - «cDH3HKa IIytIKOB 3ap5I

)l(eHHbIX qaCTHIJ, H YCKopHTeJIbHa51 TeXHHKa» H 01.04.16 «cDH3HKa aTOMHoro 5l,n;pa 

H 3fleMeHTapHhIX qaCTHlJ,» 

1. AKryaJlbHOCTb TeMbI )1;HCCepTaQHOHHoro HCCJle)1;OnaHHSI 

I1pe.n;cTaBfleHHa51 .n;HccepTalJ,H5I qHPCKOH HaTaflbH I1aBJIOBHbI, Ha MOH B3rfl5l,n;, 

51Bfl5leTC5I KOMrrfleKCHOH Me)l()J;HClJ,HrrflHHapHoH pa60ToH, OT.n;eflhHhle acrreKThI KO

TOPOH 06'be,n;HHeHbI IJ,eJIeBOH 3a,n;aqeH. TeMa ,n;HccepTaIJ,HH rrpe.n;CTaBfl5leTC5I aKTy

aJIbHOH KaK B HaytIHOM, TaK H B rrpaKTWIeCKOM OTHOlIleHHH. BorrpochI rrOBhIlIleHlUI 

Ha.n;e)l(HOCTH pa60ThI 60PTOBOH pa.n;H03fleKTpoHHOH arrrrapaTyphI KOCMHqeCKHX 

arrrrapaTOB (KA) H YBeJIH'-IeHH51 cpOKa aKTHBHOro CYlIJ,eCTBOBaHH5I Harrp5lMYlO CB5I

3aHhI C 3alIJ,HlIJ,eHHOCTblO KA OT B03,n;eHcTBH51 KOCMHqeCKHX HOHH3HPYIOlIJ,HX H3

JIyqeHHH. B HaCT05llIJ,ee BpeM51 Ha6fllO.n;aeTC5I 51BHa51 TeH,n:eHlJ,H5I MHKpOMI1Hl1anO

pH3aIJ,HH 3JIeKTpOHHhIX cpe.n;CTB KOCMWIeCKHX arrrrapaTOB. I1 XOT5I 3TO rrpouecc OT

CTaeT OT rro.uo6HhIX rrpoueCCOB B .upyrHx 06JIaCT5IX '-IeJIOBe'-leCKOH ,n:e5lTeflhHOCTH 

H3-3a Toro, qTO pa3pa60TQHKaM KOCMHQeCKOH arrrrapaTyphI, pa60TalOlIJ,eH B 3KC

TpeMaJIbHblX YCflOBH5IX, npI1Xo.n;HTC5I HCKaTh Pa3YMHhIH KOMnpOMHCC Me)l(.n;y pa

.uHaUHoHHoH CTOHKOCThlO arrrrapaTyphI, ee <PYHKUHOHaflhHhIMH B03MO)l(HOCT5IMH H 

Macco-ra6apHTHhIMH nOKa3aTeIDIMH, TeH,n:eHlJ,H5I MI1KpOMI1Hl1aTlOpI13a:1~1111 :meK

TpOHHoro 06opy.uoBaHH5I KA COXpaH5IeTC5I. 

ITo 3TOH rrpHQHHe c03.uaTefleH KOCMHqeCKOH TeXHHKH Y)l(e He YCTpaHBalOT pac

qeThI nOfJIOmeHHOH ,U03bI KaK cpe.llHeii BeJIHQHHbl, H B ,n;HccepTaIJ,Hlf OCYlIJ,eCTBJIeH 

rrepexo,n; K MaTeMaTI1'-1eCKOMY Mo.n;eflHpOBailHIO pacrrpe,n;efleHH5I rrOrJIOlIJ,eHHOH ,n;o

311 B MHKpOCTpyKrypax, xapaKTepHbIX ,n:JI5I 3JIeMeHTOB 06opy.uOBaHH5I H HOBhIX 

MaTepmmOB KOCMl1'-1eCKOll TeXHI1KI1. K HaCTO~I.ll;eMy BpeMeHI1 pa3pa60TaHO 3<p
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<peKTIIBHoe rrpOrpaMMHOe 06eCrreqeHIIe, 6JIaro,ll,ap51 qeMY KOMrrblOTepHOe MO,ll,e

JIIIpOBaHIIe B TeXHIIKe II TeXHOJIOHi5lX Y)l(e CTanO OCHOBHbIM IIHCTpYMeHTOM Pa3

pa60TqI1KOB. 

OTpa,ll,HO OTMeTI1Tb, QTO B CBOe:H: ,ll,I1CCepTal.HWHHO:H: pa60Te COIICKaTeJIb YMeJIO 

11 rpaMOTHO rrOJIh3yeTC5I COBpeMeHHbIM rrpOrpaMMHbIM 06eCrreQeHIIeM ,ll,JI5I KOM

rrblOTepHOrO MO,ll,eJIIIpOBaHH5I npl1 paCQeTaX rrOrJIO~eHHOH ,ll,03hI KOCMI1QeCKI1X 

IIOHI13IIPYlO~IIX II3nyqeHl1H 11 oCJIa6JIeHlUI IIX nOTOKOB Pa3JIIIQHbIMI1 CTPYKTypa

MI1: COTOBO:H:, nOJII1MepHhIMI1 KOMn03l1TaMl1 C MI1KpOpa3MepHhIMI1 HarrOJIHI1Teml

MI1, CJIOIICThIMI1 CTPYKTypaMI1 II ,ll,p. B ,ll,I1CCepTaU;HII C rrOMO~blO QI1CJIeHHOrO MO

,ll,eJIl1pOBaHI151 I1CCJIe,ll,OBaH TaK)l(e BeCbMa KPIITIIQHbIH ,ll,JI5I KOCMHQeCKOH TeXHI1KI1 

rrpOu;ecc 3P03IIII rrOJIIIMepHbIX KOMrr03HTOB aTOMapHbIM KIICJIOPO,ll,OM. B CB5I3H C 

Heo6xo,ll,I1MOCTblO rrOBhlilleHII5I TOqHOCTII Orrpe,ll,eJIeHII5I napaMeTpOB KOCMI1QeCKI1X 

113JIyqeHl1:H:, B03,ll,eHCTBYlO~IIX Ha KA, B ,ll,I1CCepTaU;1111 pa3pa60TaHa 11 arrpo6l1po

BaHa HOBa51 MeTO,ll,I1Ka Orrpe,ll,eJIeHI151 3<p<peKTI1BHOCTI1 perl1cTPaU;1111 3JIeKTpOHOB 

pa,ll,l1aU;IIOHHhIX rr05lCOB 3eMJIl1 (PIT3). 

TaKIIM 06Pa30M, ,ll,IICCepTaI.~II5I qIIPCKO:H: HaTaJIbl1 ITaBJIOBHhI rrOCB5I~eHa pe

rneHl1lO 3KTY3J1LHOii 33)1;3'1U - IICCJIe,ll,OBaHHlO paCQeTHO-TeOpeTIIQeCKI1MII MeTO

,ll,aMI1 rrpOu;eCCOB B3aI1MO,ll,e:H:CTBI1}1 KOCMlfqeCKIfX IfOHlf3lfpYIOmlfX 1f3JIj'lIeHIfH C 

Ml1KpOKOMn0311TaMl1 11 TOHKOrrJIeHOQHhIMII 3JIeMeHTaMII KOHCTPYKU;III1 KA 11 BbI

pa60TKe Ha 3TO:H: OCHOBe peKOMeH,ll,aU;lf:H: rro nOBbIllIeHl1lO CTO:H:KOCTII KA K B03

,ll,eHCTBl1lO KOCMHQeCKI1X 110Hl13IIpyIOml1X 113JIytIeHIIH. 

2. CTeneHL 06ocHoBaHHocTu H3y'lHhIX nOJlomeHuii, BLIBO)1;OB U peKo

MeHJ1.3uuii, c410PMYJlUPOB3HHhIX B )1;UCCepT3u.uu 

CO,ll,ep)l(aHl1e ,ll,IICCepTaU;I1H CBI1,ll,eTeJIbCTByeT 0 KaQeCTBeHHOH rrpopa6oTKe 

TeMaTI1KI1. HayqHble rrOJIO)KeHl15I ,ll,I1CCepTaU;1111 cooTBeTcTBYlOT cOBpeMeHHbIM 

Q.lH3If11eCKHM rrpe.ucTaBJIeHIDIM. B ,ll,I1CCepTaU;I1II rrpOBe,ll,eHo, r,ll,e 3TO B03MO)l(HO, 

corrOCTaBJIeHlfe 3KcneplfMeHTaJIbHbIX If paCqeTHhIX .n.aHHhIX. B qaCTHOCTI1, npII 

rrpOBe.ueHnn MaTeMaTllqeCIWrO MO)J,eJIHpOBaHlI.SI rrpou;ecca 3p0311J{ rrOJIIIMepHblx 
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KOMrr0311TOB aTOMapHbIM KI1CJIOPO.n;OM rrapaMe'TpbI MaTeMaTJ1lieCKOH MO.n;eJII1 

orrpe.n;eJIeHbI Ha OCHOBaHl111 3KCrrepl1MeHTaJIbHbIX .n;aHHbIX. TaKI1M 06Pa30M, rrpl1

Be,n:eHHble COI1CKaTeJIeM BbIBO,n:bI, OCHOBbIBaIOW:l1eC5I Ha TeOpeTJ1lIeCKI1X pe3yJIbTa

Tax 11 npOBepeHHble 3KCrrepI1MeHTaJIbHO, BnonHe 060CHOBaHbI. 

3. )1;ocToBepHocTb H HOBH3Ha HaYQHblX nOJIO~eHHii, BhlBOAOB II peKo

MeH~a~uii 

~OCTOBepHOCTb nOJIyqeHHbIX B ,n:l1ccepTalJ,1111 paCl.feTHbIX pe3YJIbTaTOB rro.n;

TBep)K.IJ:aeTOI xoponmM COBrra.n;eHl1eM C 3KCrrepl1MeHTaJIbHbIMI1 pe3YJIbTaTaMI1, 

ony6JII1KOBaHHbIMI1 B rrOCJIe.n;Hl1e ro.n;bI 11 ll,I1THpyeMbIMI1 B .n;l1ccepTalJ,1111 (CM., B 

qaCTHOCTI1, [91,92]). CqI1TaIO, qTO rrOJIyqeHHble B ,n:l1ccepTalJ,1111 pe3YJIbTaTbI MoryT 

CJIY)l(l1Tb OCHOBOH: MeTo.n;I1KI1 o6eCrrel.feHI151 3aml1TbI KA OT B03)leHcTBIDI KOCMJ1lIe

CKMX 110H11311P)'lOW:I1X 113JIyqeHI1H:. TIpeTeH31111 Ha HaYQHYIO HOBI13HY ,n:l1ccepTa

lJ,1111 rro,n:po6HO Yl3JIO)f(eHbI B )ll1CCepTall,1111 11 aBTopeci>epaTe. 5I rrepel.fI1CJIIO I1X B 

HaCT05lw:eM OT3bIBe C He6oJIbllll1MI1 KOMMeHTapl151Ml1. 

1 - QYlCJIeHHbIMYI MeTo.n;aMI1 C I1CrrOnb30BaHI1eM cOBpeMeHHblx BbIl.fI1CJII1

TeJIbHbIX KOMrrJIeKCOB l1CCJIe,n:OBaHbI pa)ll1alJ,110HHO-3aW:I1THble CBoHcTBa rrOJII1Mep

HbIX MYlKpOKOMrro311ToB 11 MHOrOCJIOHHbIX 3KpaHoB. YCTaHOBJIeHO, QTO CTerreHb 

oCna6JIeHl151 rrOTOKa 110Hl13l1p)'lOw:ero 113.ll)'l.feHI151 CnOI1CTbIMI1 CrpyKTypaMI1 3aBI1

CI1T OT rrOcne)lOBaTenbHOCTI1 pacrrOnO)l(eHIDI MaTepl1aJIOB C pa3JII1QaIOW:I1Ml1c5I <p11

311QeCKI1MI1 CBOHCTBaMI1 (AI, W), HO npl1 Ql1cne cnoeB 60nee 4-6 OHa onpe,n:eJI5leT

C5I ycpe.n;HeHHbIMl1 rrapaMeTpaMl1 Bew:eCTBa 3KpaHa; 

Cl.fI1TaIO rrOJIO)l(eHl1e HOBbIM 11 rrOJIe3HbIM ,n:JHI rrpaKTI1QeCKOrO rrpl1MeHeHlUl 

TaM, f)le Macca 3KpaHa $IBn5leTC5I Ba)I(HbIM rrapaMerpOM. 

2 - paCCQI1TaHbI 3HepreTI1QeCKI1e crreKTpbI 11 yrnoBble pacnpe,n:eneHI151 3a

p5l)KeHHbIX qaCTIuJ;, rrpOllIe)l;IlHiX l.Jepe3 COTOBble :3JIeMeHTbI KOHCTPYKlJ,l1l1 KA rrpl1 

H30TporrHOM na,n:eHI1I1 nOTOKOB 3JIeKT})OHOB PTI3. YCTaHOBneHa onpe,n:emlIOw:a51 
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pOJIb rrpOu;eCCOB MHOrOKpaTHOrO paCCe~HH~ 3JIeKrpOHOB CTeHKaMH COTOBOM 

CrpYKTYPbI B OCJIa6JIeHHH HCXO.n:HOrO 3JIeKrpOHHOrO rrOTOKa; 

B HaCTO~~ee BpeMH TaKHe COTOBble CTPYKTypbI UmpOKO rrpHMeH~IOTCH .n:JI~ H3

rOTOBJIeH~ KOprrYCOB KA. ITOJIyqeHHble B .n:HccepTaU;HH HOBbIe .n:aHHbIe rro 

OCJIa6JIeHHIO nOTOKOB 3JIeKTPOHOB rr03BOMT orrTHMH3HpOBaTb 3alI.J,HTY KA H caMH 

CTPYKTypbI. 

3 - 06HaPY)KeHO H HCCJIe.n:OBaHO ~BJIeHHe CPOpMHpOBaHH~ 6HrrOJIHpHbIX 

3JIeKTpHqeCKHX CJIOeB B TOHKHX MHOrOCJIOHHbIX CTPYKTypax THrra «MeTaJIJI

,lJ,H3JIeKTPHK-MeTaJIJI»; 

,[(YMaIO, qTO 3TO HOBbIM acrreKT pa.n:HaU;HOHHoro 3ap~)KeHH~, C KOTOPbIM e~e 

rrpe,lJ,CTOHT 60pOTbC~. 

4 - pa3pa60TaHa H arrpo6HpOBaHa HOBa~ MeTo,n;HKa orrpe,n;eJIeHHH 3<p<peK

THBHOCTH perHcrpaU;HH 3JIeKrpOHOB PIT3; 

B CB~3H C TeM, qTO OKOJI03eMHa~ rroro,n;a (KaK H 3eMHaH) CTaHOBHTCH Bce 60JIee 

KarrpH3HOH, JI1060M: HOBbIM: MeTO,n; orrpe,n;eJIeHH~ 3<p<peKTI1BHOCTH perHCTPaU;HH 

3JIeKTPOHOB PTI3 KpaHHe rrOJIe3eH. 

5 - C HCrrOJIb30BaHHeM nOJI~IeHHbIX B HIiJ.l15[<l> .MrY 3KCrrepl1MeHTaJIbHbIX 

,lJ,aHHbIX nocrpoeHa KOJIHl.J:eCTBeHHa~ Mo.n:eJIb 3P03HH rrOJIHMepHbIX KOMrr03HTOB 

rro,n; ,n;eHCTBHeM aTOMapHoro KHCJIOpo,n;a. TIoKa3aHO, qTO rrpH <pHKCHpOBaHHOM KO

JIHl.J:eCTBe BelI.J,eCTBa HarrOJIHHTeJI~ rrOTep~ MaCCbI rrOJII1Mepa CHH)KaeTC~ C YMeHb

meHHeM ,n,HaMerpa qaCTHIJ; HarrOJIHHTeJI~; 

HOBbIH HaYl.J:HbIH BbIBO.n:, KOTOPbIH 6y,n,eT rrOJIe3eH pa3pa60Tl.J:HKaM KOMrr03HTOB 

,n;JIH KA. 

HCrrOJIb30BaHHe pe3YJIbTaTOB ,n,HccepTaU;HH rr03BOJIHT B JIYl.J:IIIYlO CTOPOHY 

H3MeHHTb rro.n:XO,lJ,bI K rrpoeKTHpOBaHHlO 3alI.J,HTbI KA OT KOCMHl.J:eCKI1X HOHH3I1py

IOIl(HX H3JIJl1eHHH. 
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CJIe)1,yeT C)1,eJI3Tb HeKOTOpble 33MeQ3HHSI no )1,HCCepT3QHH: 

1. Ha CT}). 55 rrpe,lJ,JIaraeTC5I B KatIeCTBe HarronmnemI B KOMrr03llTax llCrrOJIb30

BaTb BO,lJ,OPO,lJ,. B 3TOM CJIytIae B 1,2 pa3a CHlf)KaeTC5I rrOTOK HellTpoHoB rrpll o6JIY

qeHl'ill KOMrr03l1Ta rrpoToHaMll C :meprllell 50 M3B. O,lJ,HaKO B TeKCTe HeT yKa3a

HllM: Ha TO, KaK 3TO MO)KHO C,lJ,eJIaTb. 

2. Ha pllC. 2.19, cT}). 74 rrpe,lJ,CTaBneHbI KpllBble, xapaKTepll3YIOI.IJ:lle oCJIa6JIeHlle 

3neKTpoHHoro rrOTOKa COTOBOll CT})YKTYPOll. K CO)KaJIeHllIO, HeT paC1feTHOll Kpll

BOll ,lJ,JI5I He COTOBOll CTPYKTYPbI C TOll )Ke MaCCOM: rrpH H30TPOIIHOM rra,lJ,eHI1H 3JIeK

TpOHOB. 

3. B Ta6JIllue 3.1 Ha CTp. 86 rrpllBe,lJ,eHbI TeMHOBble II pa,lJ,lfall,lfOHHble rrapaMeTpbI 

I1cCne,lJ,yeMblx ,lJ,ll3JIeKTpllKoB. OrMe1faeTC5I, 1fTO 3Tll rrapaMerpbI rrpllBe,lJ,eHbI B 

IIporpaMMHOM KOMrrneKce DICTAT. 3TH )J,aHHble CI1JIbHO OTJIll1faIOTC5I OT Tex, KO

Topble MbI 3KcrrepllMeHTaJIbHO IIonyqaeM )J,n5I OTeqeCTBeHHbIX II llMrropTHbIX Ma

TepllaJIOB. 

YrrOM5IHYTble 3aMetIaHll5I He BJIlf5IIOT CYI.IJ:eCTBeHHO Ha HaytIHyIO II rrpaKTll

tIeCKYJO ueHHOCTb ,lJ,OCTHrHYTbIX aBTopOM pe3YJIbTaToB. 

4. IIoJlHOT3 H3J10iKeHHSI M3TepH3JIOB )1,HcCepT3QHH B ny6JIHK3QHSlX co

HCKaTeJlSl 

ABTope<jlepaT )J,OCTaTOqHO rronHO oTPa)KaeT cO,lJ,ep)KaHlle ,lJ,llCCepTaUllll. Oc

HOBHble pe3ynbTaTbI ,lJ,llCCepTaUlfll orry6JIlfKOBaHbI B pa60Tax cOllCKaTeJl5I, CCbIJIKlf 

Ha KOTopble rrpllBe,lJ,eHbI B ,lJ,lfCCepTall,llll If aBTopecpepaTe. yi3,lJ,aHll5I, B KOTOPbIX 

oIIy6nllKoBaHbI OCHOBHble pe3YJIbTaTbI, cO,lJ,ep)KaTC5I B rrepetIHe BAK. 

5. 3aKJlIOQeHHe 0 COOTBeTCTBHH )1,HCCepTaO;HH KpHTepHHM, YCTaHoB

JleHHblM DOJlOiKeHHeM 0 nOpH)1,Ke npHcy~eHHSI YQeHblX cTeneHen 

)J;llccepTall,If5I lJIfPCKOll HaTaJIbIf ilaBJIOBHbI Ha COlfCKaHIfe YlJeHOll CTerreHlf 

KaH,[(H,[(aTa CPH3lfKo-MaTeMaTlf11eCKlfX HayK HBJUIeTCH HaY~IHO-KBanMqm:Kall,IfOHHOH 
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pa6oToi1:, B KOTOPOi1: CO,l1;ep)!(IfTC5I pellieHIfe 3a,l1;alJIf, IfMelOrn;eii 3HalJeHIfe ,l1;JI5I Pa3

BIfTIf51 tPIf3IfKIf rrylJKOB 3ap5l)KeHHbIX lJaCTIfQ If YCKOpIfTeJIbHOH TeXHIfKIf, a TaK)!(e 

<pIf3IfKIf aTOMHoro H,l1;pa If 3JIeMeHTapHbIX lJaCTIfQ. 

,n;IfccepTaQI151 rrOJIHOCTblO Y,l1;OBJIeTBOpHeT TPe60BaHlf5IM «I10JIO)!(eHIf51 0 rro

pH,l1;Ke rrpIfCY)!(,l1;eHIf51 yqeHblx CTerreHeH», YTBep)J(,l1;eHHoro I1ocTaHOBJIeHIfeM NQ 74 

I1paBIfTeJIbCTBa POCCIfHCKOH <I>e,l1;epaQI1If OT 30 51HBap51 2002 r. B penaKUIfI1 TIo

CTaHOBJIeHI151 N!~ 842 I1paBIfTeJIbCTBa P<l> OT 24.09.20l3 r., rrpe)1,'bHBJUIeMbIM K 

)1,I1CCepTaUI1HM Ha COI1CKaHl1e yqeHoi1: CTerreHI1 KaH)1,If)1,aTa tPIf3I1KO

MaTeMaTIflJeCKI1X HaYK. COI1CKaTeJIb, QIfpcKa51 HaTaJIb51 I1aBJIOBHa, 3aCJIY:)I(l1BaeT 

rrpl1cY)!()1,eHIf.H yqeHoif CTerreHI1 KaH,I:J:If,l1;aTa CPli3liKo-MaTeMauPfecK11x HaYK rro 

crreQIfaJIbHOCT5IM 01.04.20 - <p113IfKa rry~KoB 3ap5l)!(eHHbIX lJaCTI1U I1 YCKopIfTenb

Ha.H TeXHI1Ka If 01.04.16 - <pli3IfKa aTOMHoro 51)1,pa 11 :meMeHTapHblx lJaCTIfU. 

OcpIfQIfaJIbHbIM: orrIIOHeHT, rpa)J()1,aHIfH 115054, MocKBa, M. I1IfoHepcKaH 

P<l>, ,l1;.<p.-M.H., IIpo<peccop MI13M YJI·, )1,. 12 
lillY B1ll3 atyutnev@hse.ru 

. ! /fl/ ____ +7 (495) 9591466 p.T. 

.J3~ A.TI. TIOTHeB +7 (903) 2097822 
--------~~~------
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