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OT3hIB 

Be,n:ym;eii opraHH3aIl;HH 


Ha ,n:HCCePTaIl;HOHHYIO pa60TY KOHoHoBa EBreHH5I AneKcaH,n:poBHqa «AKTHBHoe 6pOYHoBcKoe 


,n:BH)I(eHHe CHJIbHOB3aHMo,n:eiicTBYIOm;HX 3ap5I)I(eHHbIX qaCTHIl; B ra30pa3PAAHOii IIJIa3Me» Ha 


COHCKaHHe yqeHoii CTeIIeHH KaH,n:H,n:aTa <pH3HKo-MaTeMaTHqeCKHX HaYK 


IIO CIIeIl;HaJIbHOCTH 1.3.9 - <pH3HKa IIJIa3MbI 


,nHccepTaIl;HOHHM pa60Ta KOHoHoBa EBreHH5I AJIeKCaH,n:poBHqa IIOCB5Im;eHa 

3KCIIepm>feHTaJIbHoMY HCCJIe,n:OBaHHIO aKTHBHOro 6POYHOBCKOro ,n:BH)I(eHH5I qaCTHIl;, 

<P0pMHPYIOm;HX yrrop5I,n:OqeHHble CTpyKTYPbI B ra3opa3p5I,n:Hoii IIJIa3Me, B TOM qHCJIe IIpH 

TeMIIepaTypax CBepxTeKyqero reJIH5I. 

B pa60Te OIIHCaHbI 3KCIIepHMeHTaJIbHble CTeH,n:bI ,n:AA y,n:ep)I(aHH5I H ,n:HarHOCTHKH 

YIIOp5I,n:OqeHHbIX CTPYKTYP B IIJIa3Me ra30BbIX pa3p5I,n:OB Pa3JIHQHOrO BH,n:a - BbICOKOqaCTOTHoro 

eMKOCTHoro H TJIeIOm;erO IIOCT05IHHOrO TOKa, B TOM qHCJIe IIpH TeMIIepaType 1.6 K H BblIIIe; 

pe3YJIbTaTbI 3KcIIepHMeHTaJIbHOrO HCCJIe,n:OBaHH5I MO,n:H<pHKaQHH IIoBepxHocTH MaKpOQaCTHIl;, a 

HMeHHO, 06pa30BaHH5I MeTaJIJIHqeCKOrO IIOKPbITH5I, IIpH HX 3KCII03HIl;HH B IIpH3JIeKTp o,n:HOii 

06JIaCTH BbICOKOqaCTOTHoro pa3p5I,n:a; 3KcIIepHMeHTaJIbHble HCCJIe,n:OBaHH5I XapaKTepa ,n:BH)I(eHH5I 

IIOJIHMePHbIX qaCTHIl; C MO,n:H<pHIl;HPOBaHHOii IIoBepxHocTbIO IIpH B03,n:eiicTBHH JIa3epHOrO 

H3JIYQeHH5I; aHaJIH3 CTPYKTypHbIX xapaKTepHcTHK ,n:AA MOHOCJI05I H3 MO,n:H<pHIl;HPOBaHHbIX 

QaCTHIl; IIpH B03,n:eiicTBHH JIa3epHOrO H3JIyqeHH5I; aHaJIH3 CTPYKTypHbIX H ,n:HHaMHqeCKHX 

xapaKTepHcTHK aKTHBHbIX 6POYHOBCKHX MaKpOqaCTHIl; B Il;eIIOQeqHOii cTpyKType, 

C<pOpMHpoBaHHoM B IIJIa3Me TJIeIOIIIerO pa3p5I,n:a IIOCT05IHHOrO TOKa; 3KcIIepHMeHTaJIbHble 

YCJIOBH5I H pe3YJIbTaTbI HCCJIe,n:oBaHHii IIpoIl;eccoB caMOOpraHH3aQHH H 3BOJIIOIl;HH 

MYJIbTHMO,n:aJIbHOii IIbIJIeBOii IIJIa3MbI, C<pOpMHpoBaHHoii B rrOJIO)I(IITeJIbHOM cToJI6e TJIeIOrn:ero 

pa3p5I,n:a rrOCT05IHHOrO TOKa rrpH TeMIIepaType cBepxTeKyqero reJIH5I. 



Pa60Ta 06na,n;aeT HaYQHOii HOBH3HOii H 5IBIDIeTC5I aKTyaJIbHOii. 

AKTHBHa5I MaTepH5I rrpe,.[(CTaBIDIeT C060H HOBbIH H BeCbMa CnmKHbIH 06beKT. AKTHBHbIe 

~aCTHIJ;bI CrrOC06HbI aBTOHOMHO rrpe06pa30BbIBaTb ,.[(OCTyrrHYID :meprmo OKpY)l(aIOmeH Cpe,.[(bI 

(XHMH~eCKYID, ::meKTpOMarHHTHYID, TerrnOBYID H T.,.[(.) B C06CTBeHHOe MeXaHH~eCKOe ,.[(BH)l(eHHe. 

CHHTeTH~eCKHe aKTHBHbIe ~aCTHIJ;bI, KaK rrpaBHnO, COCT05IT H3 KOMrr03HIJ;HOHHbIX MaTepHMOB, 

COCTaBHbIe ~aCTH KOTOPbIX rrO-pa3HOMY B3aHMO,.[(eHCTBYIDT co Cpe"[(OH HnH HMeIOT pa3nH~HbIH 

OTKnHK Ha BHeIIIHHe B03MymeHH5I. He3aBHCHMO OT rrpHpO,.[(bI CBOerO rrpOHCX O)l(,.[(eHH5I, CHCTeM a 

aKTHBHbIX ~aCTHIJ; HaxO,.[(HTC5I B,.[(MH OT TepMO,.[(HHaMH~eCKOrO paBHOBeCH5I. B )l(H,.[(KHX H 

ra3006pa3HbIX KOnnOH,.[(HbIX cHcTeMax peMH3yeTC5I 6pOYHOBCKOe ,.[(BH)l(eHHe ~aCTHIJ; . 0 6bflHO 

OHO 5IBIDIeTC5I rraCCHBHbIM, TaK KaK 06ycnoBneHO TerrnOBbIM XaOTH~HbIM ,.[(BH)l(eHHeM Cp e,.[(bI H ee 

B3aHMO,.[(eHCTBHeM C ~aCTHIJ;aMH. B TOM cn~ae, eCnH CHCTeMa rrpe06pa3y eT rron~aeMyIO H3BHe 

:meprHIO B HarrpaBneHHOe ,.[(BH)l(eHHe ~aCTHIJ; B HeH, Y)l(e B03HHKaeT aKTH BHOe 6pOYHOBCKOe 

,.[(BH)l(eHHe. l1HTepecHO, ~TO CrrOC06HOCTbIO K aKTHBHOMY 6POYHOBCKOM Y ,lJ;BH )l(eHHIO 06na,n;aIOT 

He TonbKO MHKpo06beKTbI BpO,lJ;e 6aKTepHH H 5IHyc-~aCTHIJ;, HO H )l(IfBbIe opraHH3MbI H CHCTeMbI 

MaKpOMaCIIITa6a. B HaCT05Imee BpeM5I HaH60nee rrepcrreKTHBHbIMH HarrpaBneHH5IMH 

Hcrronb30BaHH5I aKTHBHbIX KonnOH,.[(HbIX CHCTeM 5IBIDIIOTC5I Me,.[(HIJ;HHa, XHMH~eCKHe TeXHonorHH, 

HaHOTeXHonorHH, <pOTOHHKa H ,.[(p. I1pHMepaMH 5IBIDIeTC5I HarrpaBneHHbIH Tp aHCrrOpT 

neKapCTBeHHbIX BemeCTB, 6HOMapKepbI, MaTepHMbI ,.[(IDI MHKpo:meKTpOHHKH H 

3Heproc6eperaIOmHX TeXHonorHH, TaK)l(e rrOTeHIJ;HMbHO aKTHBHbIe Konn OH,.[(HbIe CHCTeMbI 

MoryT rrpHMeH5ITbC5I B HecpT5IHOH rrpOMbIIIIneHHOCTH. 113~eHHe 5IBn eHHH, CB5I3aHHbIX C 

CTpyKTypHbIMH rrepeXO,lJ;aMH B aKTHBHbIX c HcTeMax, B TOM ~Hcne B rrna3MeHHO-rrbmeBbIX 

CTpyKTypax aKTHBHbIX 6pOYHOBCKHX ~aCTHIJ; - aKTYMbHa5I 3a,n;a~a, rr03BOn 5IIOma5I Hccn e,.[(OBaTb 

3BOnIOIJ;HIO H CaMOOpraHH3aIJ;HIO CHnbHOHeH,.[(eMbHbIX ,.[(HCCHrraTHBHbIX CHCTeM. ,n:HHaMHKa 

aKTHBHbIX CHCTeM B na60paTopHbIX y cnOBH5IX MO)l(eT 6bITb BeCbMa pa3Ho06pa3Ha: OT 

06Pa30BaHH5I H pa3pYIIIeHH5I CTPyKTYP ,.[(0 HX Ka~eCTBeHHOH 3BOnIOIJ;HH. YrrpaBneHHe 

KOnnOH,lJ;HbIMH CHCTeMaMH, HaXOMmHMHC5I B HepaBHOBeCHOM COCT05lHHH, 51BIDIeTC5I 

cpYH"[(aMeHTMbHOH 3a,n;a~eH, KOTOPa5I MO)l(eT 6bITb rrone3HOH ,lJ;IDI pa3pa6 0TKH HHHOBaIJ;HOHHbIX 

MaTepHMOB, a TaK)l(e ,.[(IDI rrOHHMaHH5I 3aKOHOMepHOCTeH aKTHBHOCTH y HCKYCCTBeHHbIX H 

)l(HBbIX 06beKTOB. Bce BblIIIeCKa3aHHOe orrpe,.[(eIDIeT aKryaJIbHOCTb ,.[(aHHoii pa60TbI. 

CTPYKTypa )J;HccepTaQHOHHOii pa60TbI. ,n:HccepTaIJ;HOHHa5I pa60Ta KOHOHOBa E BreHH5I 

AneKCaH,.[(pOBH~a COCTOHT H3 BBe,.[(eHH5I, Tpex rnaB, 3aKnIO~eHH5I H 6H6nH orpacpHH. I10nHbIH 

TeKCT ,lJ;HCCepTaIJ;HH COCTaBIDIeT 106 CTpaHHIJ;, BKnIO~a5I 34 pHCYHKa, 3 Ta6nHIJ;bI. CrrHcoK 

IJ;HTHpyeMoH nHTepaTypbI co,.[(ep)I(HT 153 HaHMeHOBaHH5I. 

Bo BBe)J;eHHH ,.[(aHO KpaTKoe 060cHoBaHHe HarrpaBneHH5I Hccne,.[(oBaHHH, <p0pMynHpyeTc5I 

IJ;enb, CTaB5ITC5I 3a,n;a~H pa60TbI, H3naraeTC5I Ha~Ha5I HOBH3Ha H rrpaKTH~eCKa5I 3Ha~HMOCTb 

rrpe,.[(cTaBIDIeMoH pa60TbI, cpopMynHpYIDTc5I rrOnO)l(eHH5I, BbIHOCHMble Ha 3amHTY, a TaK)l(e 

rrpe,.[(CTaBneH crrHCOK OCHOBHbIX rry6nHKaIJ;HH aBTopa rro TeMe ,.[(HccepTaIJ;HH, r ,.[(e OTMe~eH ero 

nH~HbIH ' BKn a,n;. 

llepBaH r JIaBa rrOCB5ImeHa aHMHTH~ecKoMy 0630py nHTepaTypbI rro TeMe ,lJ;HCCepTaIJ;HH. 

BBO,.[(HTC5I orrpe,.[(eneHHe aKTHBHoro 6POYHoBcKoro ,lJ;BH)I(eHH5I, paCCMaTpH BaIOTC5I BH,.[(bI 

aKTHBHbIX 6POYHOBCKHX ~aCTHIJ; H MeXaHH3MbI aKTHBHoro ,.[(BH)l(eHH5I, rrpHBe,lJ;eHO KpaTKo e 

OIHiCaHIIe CBOlfcTB IIbmeBoM IIna3MbI II II1>meBbIX MaKpO~aCTHIJ;, a TaK)l(e paccMoTp eHa p o n b 

51BneHH5I aKTHBHOCTH B rrpOIJ;eCcax CaMOOpraHH3aIJ;HH rrna3MeHHO-rrbmeBbIX CTPyKTyp. 



Bo BTOpoii rJlaBe rrpe,Il;CTaBJIeHhI pe3YJIhTaThI 3KCrrepHMeHTaJIbHOrO H3yqeHH5I JIa3epHO­

HH,II;yrrHpoBaHHOrO aKTHBHOrO 6PO)'HOBCKOrO ,Il;BH)KeHH5I MaKpO"lJaCTHIX KaK pe3YJIbTaT HX 

MO,Il;H(pHKaIXHH B rrJIa3Me BbICOKO"lJaCTOTHOrO eMKOCTHOrO pa3p5l,Il;a. I1oKa3aHO, "lJTO B 

rrpH3JIeKTpO,Il;HOH 06JIaCTH BbICOKO"lJaCTOTHOrO pa3p5l,Il;a "lJaCTHIXhI MO,Il;HqmIXHPYIDTC5I H 

rrpHo6peTaJOT MeTaJIJIH"lJeCKOe rrOKphITHe, rrpH 3TOM CBOHCTBa HX rrOBepXHOCTH H3MeH5IIOTC5I. 

Ha6JIIO,II;aJIOCb H3MeHeHHe XapaKTepa ,Il;BH)KeHH5I rrOJIHMepHbIX "lJaCTHIX C MO,Il;H<pHIXHPOBaHHOH 

rrOBepXHOCTblO B KBa3H,II;BYMepHOH rrbIJIeBOH CTpyKType rrpH H3MeHeHHH HHTeHCHBHOCTH 

B03,I1;eHCTBYIDIIXerO JIa3epHOrO H3JIyqeHH5I. I1poBe,Il;eHHhIH aHaJIH3 TpaeKTOpHH H Cpe,Il;HerO 

KBa,IJ;paTH"lJHOrO CMeIIXeHH5I MaKpO"lJaCTHIX B MOHOCJIOe oTo6pa)KaeT H3MeHeHHe ,Il;HHaMHKH 

,Il;BH)KeHH5I MaKpO"lJaCTHIX rrpH Pa3JIH"lJHOH HHTeHCHBHOCTH JIa3epHOrO H3JIyqeHH5I: y,Il;ep)KaHHe 

JIOBYlliKOH; 6PO)'HOBCKOe ,Il;BH)KeHHe H KOM6HHHpOBaHHOe HarrpaBJIeHO-CJIyqaHHoe ,Il;BH)KeHHe, 

COCT05lIIXee H3 JIa3epHO-HH,IJ;yrrHpOBaHHOrO (<pOTO<pOpe3) H 6PO)'HOBCKOrO ,Il;BH)KeHH5I. AHaJIH3 

JIHHeHHOrO CMeIIXeHH5I MaKpO"lJaCTHIX ,Il;O H3MeHeHH5I HarrpaBJIeHH5I ,Il;BH)KeHH5I H OTKJIOHeHH5I OT 

HerO rrpH Pa3JIH"lJHbIX 3Ha"lJeHH5IX HHTeHCHBHOCTH JIa3epHOrO H3nyqeHH5I rrOKa3aJI, "lJTO 

MaKpO"lJaCTHIXhI Ha"lJHHaJOT rrp05lBJI5lTb aKTHBHOCTh rrpH B03,I1;eHCTBHH Ha HHX JIa3epHOrO 

H3JIyqeHH5I H HX aKTHBHOCTh paCTeT C YBeJIH"lJeHHeM MOIIXHOCTH B03,I1;eHCTBYIDIIXerO JIa3epHOrO 

H3JIyqeHH5I. I105lBHBIIIHHC5I B pe3YJIbTaTe MO,Il;H<pHKaIXHH rrOBepXHOCTH MexaHH3M 

rrpe06pa30BaHH5I 3HeprHH JIa3epHOrO H3JIyqeHH5I B 3HeprHlO ,Il;BH)KeHH5I rr03BOJIHJI rrOJIHMepHbIM 

"lJaCTHIXaM H3MeH5ITh ,Il;HHaMHKY CBoero ,Il;BH)KeHH5I H CTerreHb CBoeH aKTHBHOCTH rrpH H3MeHeHHH 

MOIIXHOCTH B03,I1;eHCTBYIDIIXero JIa3epHoro H3JIyqeHH5I. 3KcrrepHMeHTaJIbHO Ha6JIIO,II;aJIHCb POCT 

KHHeTH"lJeCKOH 3HepmH H CTpyKTYPHhIH rrepeXO,Il; «KPHCTaJIJI-)KH,II;KOCTh» B KBa3H,II;BYMepHOH 

CTpYKType MO,Il;H<pHIXHpOBaHHbIX "lJaCTHIX, JIeBHTHpYIDIIXHX B rrpH3JIeKTpO,Il;HOM CJIoe eMKOCTHoro 

BbICOKO"lJaCTOTHoro pa3p5l,Il;a. I1pe,Il;JIO)KeHO 06b5lCHeHHe CTpyKTypHoro rrepeXO,Il;a B crpyKType H3 

MO,Il;H<pHIXHPOBaHHbIX "lJaCTHIX C yqeToM POJIH <pOTO<popeTH"lJeCKOH CHJIbI B ,Il;BH)KeHHH 

MaKpO"lJaCTHIX. 

TpeThB rJlaBa rrOCB5IIIXeHa 3KcrrepHMeHTaJIhHhIM HCCJIe,Il;OBaHH5IM aKTHBHoro 

6PO)'HOBCKOro ,Il;BH)KeHH5I "lJaCTHIX B rrJIa3Me TJIelOIIXerO pa3p5l,Il;a rrOCT05lHHOro TOKa rrpH 

Pa3JIH"lJHhIX TeMrrepaTypax 6y<pepHoro ra3a. I1oKa3aHbI H3MeHeHH5I JIOKaJIH3aIXHH H POCT 

aKTHBHOCTH Me,Il;HbIX MHKpO"lJaCTHIX B IXerrO"lJe"lJHOH CTpyKType rro Mepe YBeJIH"lJeHH5I 

HHTeHCHBHOCTH pa30rpeBaJOIIXero JIa3epHoro H3JIyqeHH5I. I1poBe,Il;eHHbIH aHaJIH3 TpaeKTopHH, 

,Il;HHaMH"lJeCKOH 3HTporrHH H Cpe,Il;HerO KBa,IJ;paTH"lJHOrO CMeIIXeHH5I MaKpO"lJaCTHIX B IIerrO"lJe"lJHOH 

CrpyKType oTo6pa)KaeT H3MeHeHHe ,Il;HHaMHKH ,Il;BH)KeHH5I "lJaCTHIX rro Mepe YBeJIH"lJeHH5I 

HHTeHCHBHOCTH JIa3epHOrO H3JIyqeHH5I: ,Il;BH)KeHHe B JIOBYIIIKe; ,Il;BH)KeHHe BHYTpH 060JIO"lJeK 

IIerrO"lJe"lJHhIX CTPyKTyp; «06MeH» "lJaCTHIXaMH Me)K,IJ;y IXerrO"lJKaMH. AHaJIH3 JIHHeHHOro CMeIIXeHH5I 

,Il;O H3MeHeHH5I HarrpaBJIeHH5I ,Il;BH)KeHH5I H OTKJIOHeHH5I OT Hero MaKpO"lJaCTHIX rrpH Pa3JIH"lJHbIX 

3Ha"lJeHH5IX HHTeHCHBHOCTH JIa3epHOrO H3JIyqeHH5I rrOKa3aJI, "lJTO H3MeHeHHe ,Il;HHaMHKH 

,Il;BH)KeHH5I "lJaCTHIX H CTpyKTYPHbIH rrepeXO,Il; C 06MeHOM <pparMeHTaMH IXerrO"lJeK BHyrpH 

CTpyKTYPbI CTaJIH B03MO)KHbI 6JIaro,Il;ap51 MexaHH3MY rrpe06pa30BaHH5I 3HeprHH OrrTH"lJeCKOrO 

H3JIyqeHH5I B 3HeprHlO ,Il;BH)KeHH5I "lJaCTHII, TO eCTb aKTHBHOCTH Me,Il;HhIX "lJaCTHIX. I1PH reJIHeBbIX 

TeMrrepaTypax Ha6JIIO,II;aJIaCb H 6bIJIa HCCJIe,Il;OBaHa MYJIbTHMO,Il;aJIbHa5I CJIO)KHa5I rrJIa3Ma, 

06pa30BaHHa5I C<pePOH,II;aJIbHOH rrJIa3MeHHO-rrhIJIeBOH CTPyKTypOH, COCT05lIIXeH H3 

rrOJIH,II;HCrrepCHbIX "lJaCTHII OKCH,II;a IXepH5I, HaJIO)KeHHbIX Ha 06JIaKO HaHO"lJaCTHIX H TBep,Il;bIX 

CrrHpaJIbHbIX BOJIOKOH B ,Il;Harra30He TeMrrepaTYP 1.6-2 K. 



B 3aKJIIO...eHHH C<P0PMYJIHPOBaHbI OCHOBHbIe pe3YJIbTaTbI, IIOJIyqeHHbIe B 

)l}ICCepTaIIHOHHOH pa6oTe, H C,ll;eJIaHbI BbIBO,ll;bl. 

B KaqeCTBe 3aMe...aHHH CJIe,ll;yeT OTMeTHTb CJIe,ll;YIOIIIee: 

1) B pa60Te BrrepBbIe rrpOBe,ll;eHO ,ll;eTaJIbHOe HCCJIe,ll;OBaHHe 5IBJIeHRSI OCa)K)1;eHH5I 

aTOMOB cmeKTpO,ll;OB H KOHCTPyKTHBHblX 3JIeMeHTOB Ha rroBepxHocTH rrbIJIeBbIX qaCTHII B rrJIalMe, 

rrOJIyqeHbI ,ll;aHHble 0 MaCCOBOH ,ll;OJIe aTOMOB Pa3JIHqHblX MaTepHaJIOB B 3aBHCHMOCTH OT 

BpeMeHH ropeHH5I pa3pMa, rrOJIyqeHbI ,ll;aHHble 0 cTpyKType OCa)K)1;eHHbIX aTOMOB Ha 

rroBepxHocTH rrbIJIeBOH qaCTHIIbI H MO,ll;H<pHKaIIHH rroBepxHocTH rrbIJIHHOK rro,ll; B03,ll;eHCTBHeM 

rrJIalMbI palp5I,ll;a. Ho rrpHBe,ll;eHHble ,ll;aHHble 0 MaCCOBOH ,ll;OJIe aTOMOB MeTaJIJIa Ha rrbIJIHHKax Ha 

OCHOBe 3JIeMeHTapHbIX oIIeHoK rr03BOJI5IlOT rrOJIyqHTb 3HaqeHH5I KOHIIeHTpaIIHH aTOMOB H HOHOB 

rrpHMecH B o6beMe H cpaBHHTb HX rrapaMerpaMH pa6oqero rala. 3TO 6bIJIO Heo6xo,ll;HMO 

C,ll;eJIaTb. 

2 ) B ,ll;OrrOJIHeHHe K rrpe,ll;bmYIIIeMY 3aMeqaHHIO. B Ta6JI. 2.1 Ha cTp.46 rrpHBe,ll;eHO, 

qTO MaCCOBM ,ll;OAA )l(eJIe3a rrOCJIe 30 MHHyr COCTaBAAeT rrOJITOpa rrpOIIeHTa, qepe3 qac - O,ll;HH 

rrpoIIeHT, a qepe3 IIIeCTb qaCOB - ,ll;Ba C rrOJIOBHHOH rrpOIIeHTa. KaK H rrOqeMY TaKoe MO)l(eT 

6bITb? ITo MeHbilieH Mepe, CJIe,ll;OBaJIO 6bI o6paTHTb BHHMaHHe Ha TaKyIO aHOMaJIHIO H eCJIH He 

06b5ICHHTb, TO XOTb KaK-HH6Y,ll;b rrpOKOMMeHTHpOBaTb 3TO. KpoMe Tor o , B Ta6JIHIIe rrpHBe,ll;eHO, 

qTO MaCCOBM ,ll;OJI5I cepbI COCTaBAAeT 0.4% ,ll;AA JII06oro BpeMeHH 3KcrroHHpOBaHH5I - Ha 3TO 

TO)l(e CJIe,ll;OBaJIO, HaBepHoe, o6paTHTb BHHMaHHe H XOTb KaK-TO rr05ICHHTb. 

3) B Ta6JI. 2.2 Ha crp.46 rrpHBe,ll;eHO 3HaqeHHe MaCCOBOH ,ll;OJIH Me,ll;H 85% B 

HCXO,ll;HOM CJIyqae (,ll;O o6pa6oTKH), KOr,ll;a Me,ll;b rroKpbIBaeT ,ll;eC5ITHMHKPOHHyIO rrbIJIHHKY H3 

MeJIaMHHa CJIOeM TOJIIIIHHOH Bcero JIHilib 0.2 MKM. 3TO yKalbIBaeT Ha TO, qTO orrpe,ll;eJI5IeTC5I 

MaCCOBM ,ll;OAA JIHilib B KaKOM-TO rrpHrrOBepXHOCTHOM CJIoe rrbIJIHHKH, Heo6xo,ll;HMO 6bIJIO 

y,ll;eJIHTb KaKoe-TO BHHMaHHe 3TOMY Borrpocy. KpoMe Toro, 3HaqeHH5I MaCCOBOH ,ll;OJIH 

Pa3JIHqHblX rrpHMeceH BO BTOPOH CTpOKe 3TOH Ta6JIHIIbI ,ll;OJI)I(HbI COBrra,ll;aTb CO 3HaqeHH5IMH B 

rrOCJIe,ll;HeH crpOKe rrpe,ll;bmyIIIeH Ta6JIHIIbl. O,ll;HaKO ,ll;AA Me,ll;H OHH PalJIHqaIOTC5I ,ll;a)l(e B rrepBOH 

3HaqaIIIeH IIH<ppe. B qeM rrpHqHHa? 

4) B orrHcaHHH rrOCTaHOBKH 3KcrrepHMeHToB B eMKOCTHOM BbICOKOqaCTOTHOM 

palp5I,ll;e YKalaHO, qTO ,ll;aBJIeHHe B 3KcrrepHMeHTaJIbHOH KaMepe rro.rr,n:ep)l(HBaJIOCb HerrpepbIBHoH 

rrO,ll;aqeH pa6oqero rala. OqeBH,ll;HO, qTO B YCJIOBH5IX, KOr,ll;a aTOMbI paCrrbIJIeHHblX 

KOHCTPyKTHBHblX 3JIeMeHTOB ()I(eJIe30, aJIlOMHHHH H Me,ll;b) CHJIbHO BJIHIDOT Ha COCTaB rrbIJIeBblX 

qaCTHII, rrO,ll;BeprIlIHXC5I o6pa6oTKe, CKOPOCTb rrpOKaqKH pa6oqero o6beMa qHCTbIM ralOM 

(aproHoM) rala ,ll;OJI)I(Ha OKalbIBaTb CHJIbHOe BJIH5IHHe Ha 3KcrrepHMeHTaJIbHbIe pe3YJIbTaTbl. 

5) B pa60Te rrOKalaHO, qTO B 3aBHCHMOCTH OT BpeMeHH 3Kcrr03HIIHH B rrbIJIeBOH 

cTpyKType H,ll;eT MO,ll;H<pHKaIIH5I rroBepxHocTH qaCTHII H3-3a rrpHcyrcTByeT JIemo HOHH3yeMM 

rrpHMeCb. KaKoe BJIH5IHHe OHa OKalbIBaeT Ha B3aHMO,ll;eHCTBHe Me)K)1;y qaCTHIIaMH B rrbIJIeBOH 

cTpyKType. 

6) 
COCTaB HaHOqaCTHII, BrrOJIHe B03MO)l(HO, qTO OHH rrpe,ll;CTaBAAIOT C060H KJIaCTepbI aTOMOB 

paCrrbIJIeHHblX 3JIeKTpO,ll;OB, rrOCKOJIbKY Y MeTaJIJIOB BbICOKM rroAApH3yeMocTb H KOHBepCH5I B 

MOJIeKYJI5IpHble HOHbI MO)l(eT 6bITb BeCbMa BblCOKa. 

Bce rrepeqHCJIeHHble 3aMeqaHH5I HOC5IT peKOMeH,ll;aTeJIbHbIH xapaKTep H »BJI5IIOTC» cKopee 

Cne.ll:CTBHeM HCKJIlOqHTeJIbHO BbICOKoro HHTepeca K OqeHb OpHrHHaJIbHOH 3KcrrepHMeHTaJIbHOH 

pa60Te H He CHH)I(aIOT o6IIIeH 3HaqHMOCTH ,ll;HCCepTaIIHOHHOH pa60Tbl. ,Z1,HccepTaIIHOHHM 



pa60Ta KOHOHOBa EBremUI AJIeKCaH,npOBHqa BbIIIOJIHeHa Ha BbICOKOM HayqHoM ypOBHe H 

BHOCHT 60JIbIIIOH BKJIa,n B 06JIaCTb HCCJIe,nOBaHHH aKTHBHbIX 6POYHOBCKHX qaCTHII, a HMeHHO 

CHJIbHOB3aHMo,neHCTB)'IOIIIHX MaKpOqaCTHII, <P0PMHP)'IOIIIHX yrropH,nOqeHHbIe CTPYKTYPbI B 

ra30pa3pH.D:HOH rrJIa3Me, B TOM qHCJIe rrpH TeMrrepaTYpax CBepxTeKyqero reJIHH. ABTope<pepaT 

OTpa)KaeT co,nep)KaHHe ,nHccepTaIIHH rrpaBHJIbHO H rrOJIHO. 

HayqHaH H npaKTHqeCKaH 3HaQHMOCTh pa60ThI. I1cCJIe,nOBaHHH, rrpe,nCTaBJIeHHbIe B 

,nHccepTaIIHOHHOH pa60Te, 3aTparHBaIOT Cpa3Y HeCKOJIbKO 06JIaCTeH HayKH, TaKHe KaK: <pH3HKa 

rrbIJIeBOH H HH3KOTeMrrepaTypHOH rrJIa3MbI, <pH3HKa ra30Boro pa3pH,na, XHMHH rrOJIHMepOB H 

MaTepHaJIOBe,neHHe. IIpe,nCTaBJIeHHbIe B ,naHHOH pa60Te pe3YJIbTaTbI 3KcrrepHMeHTaJIbHbIX 

HCCJIe,nOBaHHH MoryT OKa3aTbCH rrOJIe3HbIMH IIlliPOKOMY Kpyry CrreIIHaJIHCTOB, B TOM qHCJIe 

3aHHMaIOIIIHXCH C03,naHHeM HOBbIX KOHCTPyKIIHOHHbIX H <PYHKIIHOHaJIbHbIX MaTepHaJIOB, 

H3yqeHHeM CBOHCTB aKTHBHbIX KOJIJIOH,nHbIX CHCTeM H pa3pa60TKOH rrpHJIO)KeHHH, CBH3aHHbIX C 

HX HCrrOJIb30BaHHeM. MO,nH<pHKaIIHH rrpHBo,nHT K pa3BHTHIO Y qaCTHII YHHKaJIbHbIX 

<PYHKIIHOHaJIbHbIX CBOHCTB rrOBepXHOCTH H COCTaBa, KOTopbIe MoryT 6bITb HCrrOJIb30BaHbI KaK B 

Me,nHIIHHCKHX H TeXHHqeCKHX IIeJIHX (a,npeCHM ,nOCTaBKa JIeKapCTB H C03,naHHe rropOIIIKOBbIX 

OCHOB ,nJIH KOMrr03HTHbIX MaTepHaJIOB), TaK H B HayqHbIX (C03,naHHe aKTHBHbIX HHyc- qaCTHII,nJIH 

H3yqeHHH CaMOOpraHH3aIIHH B KOJIJIOH,I:(HbIX H rrJIa3MeHHO-rrbIJIeBbIX CHCTeMax). 

IIpe,nCTaBJIHeTCH IIeJIecoo6pa3HbIM HCrrOJIb30BaHHe pe3YJIbTaTOB HaCTOHIIIeH pa60TbI B 

<l>e,nepaJIbHOM rocy,napCTBeHHOM 61O,n)KeTHOM yqpe)K,I:(eHHH HaYKH « 06be,nHHeHHbIH HHCTHTyT 

BbICOKHX TeMrrepaTYP P AH», HaIIHOHaJIbHOM HCCJIe,nOBaTeJIbCKOM IIeHTpe « KypqaTOBCKHH 

HHCTHTyT», <l>e,nepaJIbHOM rocy,napCTBeHHOM 6 1O,n)KeTHOM yqpe)K,I:(eHHH HayKH « <l>H3HqeCKHH 

HHCTHTyT HM. II.H. fle6e,neBa PAH», <l>e,nepaJIbHOM rocy,napCTBeHHOM 61O,n)KeTHOM 

06pa30BaTeJIbHOM yqpe)K,I:(eHHH BbICIIIero 06pa30BaHHH «HaIIHOHaJIbHbIH HCCJIe,nOBaTeJIbCKHH 

YHHBepCHTeT «M3I1», <l>e,nepaJIbHOM rocy,napCTBeHHOM aBTOHOMHOM 06pa30BaTeJIbHOM 

yqpe)K,I:(eHHH BbICIIIero 06pa30BaHHH «MOCKOBCKHH <pH3HKO-TeXHHqeCKHH HHCTHTyT 

(HaIIHOHaJIbHbIH HCCJIe,nOBaTeJIbCKHH YHHBepCHTeT)>> , <l>e,nepaJIbHOM r o c y,napCTBeHHOM 

61O,n)KeTHOM yqpe)K,I:(eHHH HayKH <l>e,nepaJIbHOM HCCJIe,nOBaTeJIbCKOM IIeHTpe XHM HqeCKOH 

<pH3HKH HM. H.H. CeMeHOBa P AH, <l>e,nepaJIbHOM rocy,napCTBeHHOM 61O,n)KeTHOM yqpe)K,neHHH 

HayKH <l>e,nepaJIbHOM HCCJIe,nOBaTeJIbCKOM IIeHTpe «I1HCTHTYT 06IIIeH <pH3HKH 

HM. A.M. IIpoxopoBa P AH» H ,npymx HayqHbIX opraHH3aIIHHX. 

lly6JIHKa.o;HH H JIHqHhIH BKJIa,LJ; aBTopa. ABTOPOM COBMeCTHO C COaBTOPaMH 

orry6JIHKOBaHo 9 rreqaTHbIX pa60T B Be,nYIIIHX 3apy6e)KHbIX H POCCHHCKHX peIIeH3HpyeM bIX 

HayqHbIX )KypHaJIaX H3 rrepeqHH BAK. ):(HcCepTaIIHOHHM pa60Ta o606IIIaeT pe3YJIbTaTbI , 

rrpe,nCTaBJIeHHbIe B HayqHbIX rry6JIHKaIIHHX aBTopa. flHqHbIH BKJIa,n aBTOpa B pa6oTbI, 

BOIIIe,nIIIHe B ,nHccepTaIIHIO, HBJIHeTCH orrpe,neJIHIOIIIHM. OCHOBHbIe pe3YJIbTaTbI, H3JIO)KeHHbIe B 

,nHccepTaIIHoHHoH pa6oTe, rronyqeHbI H3 rrpOBe,neHHbIX aBTopOM 3KcrrepHMeHTOB. Ha 

OCHOBaHHH rrpOBe,n;eHHbIX HCCJIe,noBaHHH H aHaJIH3a rrOJIyqeHHbIX pe3YJIbTaTOB 6bIJIH 

C<P0PMYJIHpOBaHbI H 060CHOBaHbI BbIBO,n;bI H rrOJIO)KeHHH, BOIIIe,nIIIHe B ,nHccepTaIIHIO. 

,n:OCTOBepHOCTh pe3YJIhTaTOB H anpo6a.o;HH pa6oThl. IIpe,ncTaBJIeHHble B ,n;aHHoH 

,n;HccepTaIIHOHHOH pa60Te pe3YJIbTaTbI 3KcrrepHMeHTaJIbHbIX HCCJIe,noBaHHH C BbICOKOH 

TOqHOCTblO BocrrpOH3BO,nHTCH B MHOrOqHCJIeHHbIX 3KcrrepHMeHTax H corJIaCYIOTCH C 

pe3YJIbTaTaMH ~m:cneHHblX HCCne.llOBaHHH H TeOpeTHQeCKHMH rrpe,nCKa3aHHHMH ,npyrHx aBTOpOB. 



------

Pe3YJIbTaTbI HCCJIe,ll.OBaHHH MHOrOKpaTHO ,ll.OKJIMbIBaJIHCb Ha Me)l(,[(yrrapO,ll.HbIX H 

BCepOCCHHCKHX HayqHbIX KOH<pepeHIIHIDC C Me)l(,[(YHapO,ll.HbIM yqacTHeM 

,lJ;HccepTaIImI npe,ll.CTaBJUIeT C060H 3aKOHqeHHYIO HayqHo-KBaJIH<pHKaIIHOHHYIO pa6oTY, 

KOTOPaSI COOTBeTcTByeT BCeM KpHTepmIM, YCTaHOBJIeHHbIM n. 9 I10JIO)l(eHH~ 0 nOp~,ll.Ke 

npHcy)I(,[(eHH~ yqeHbIX CTeneHeH NQ 842 OT 24.09.2013 r. (pe,ll.. 07.06.2021 r. ), a ee aBTOp 

KOHOHOB EBreHHH ArreKCaH,ll.pOBHq 3aCJIY)l(HBaeT npHcy)l(,[(eHH~ yqeHOH CTeneHH KaH,ll.H,ll.aTa 

<pH3HKo-MaTeMaTHqeCKHX HayK no CneIIHaJIbHOCTH 1.3.9 - <pH3HKa nJIa3MbI. 

,lJ;HccepTaIIHOHHaSI pa60Ta 6bma 06Cy)I(.Jl.eHa H O,ll.06peHa Ha 3aCe,ll.aHHH NQ 1595 ceMHHapa 

HM. A.A. PYXM3e TeopeTHqeCKOrO OT,ll.eJIa <1>e,ll.epaJIbHOrO rocY,ll.apCTBeHHoro 61O,ll.)I(eTHOrO 

yqpe)l(,[(eHmI HaYKH <l>e,ll.epaJIbHoro HCCJIe,ll.OBareJIbCKOrO IIeHTpa «l1RCTHTYT 06meH <pH3HKH HM. 

A.M. ITpoxopoBa POCCHHCKOH aKMeMHH HaYK» 16 Ho~6p~ 2022 r. Or3bIB COCTaJmeH rJIaBHbIM 

HayqHbIM C0Tpy,ll.HHKOM TeOpeTHqeCKOrO OT,ll.eJIa 110<1> PAH, ,ll.OKTOPOM <pH3HKo-MaTeMaTHQeCKHX 

HaYK, np0<peccopoM A.M. HrnaTOBbIM, 06Cy)I(.Jl.eH H O,ll.06peH Ha pacnrnpeHHoM 3aCe,ll.aHHH 

:YQeHOrO COBeTa TeOpeTJfqeCKOrO OT,ll.eJIa <1>e,ll.epaJIbHOrO rocY,ll.apCTBeHHoro 61O,ll.)I(eTHOrO 

yqpe)l(,[(eH~ HaYKH <l>e,ll.epaJIbHoro HCCJIe,ll.OBaTeJIbCKOrO IIeHTpa «l1HCTHTYT 06meH <pH3HKH HM. 

A.M. ITpoxopoBa POCCHHCKOH aKa,n:eMHH HaYK» C npHrJIarneHHeM CneIIHaJIHCTOB H3 OT,ll.eJIa <pH3HKH 

nJIa3MbI 110<1> PAH NQ l OoT 07 ,ll.eKa6p~ 2022 r. 

fJIaBHbIH HayqHbIH COTPY,ll.HHK TeOpeTHQeCKOrO OT,ll.eJIa 110<1> PAH, 

,ll..<p.-M.H., npo<p. I1rHaToB ArreKCaH,ll.p MHXaHJIOBHQ 

119991, r. MocKBa, YJI. BaBHJIOBa, 38, (499) 135-02-47, aign@ fpl.gpi .ru 

V A. M . I1maToB 

«OP>,ll.eKa6p~ 2022 r. 

3aB. OT,ll.eJIOM TeOpeTHQeCKOrO OT,ll.eJIa 110<l> P AH, 

,ll..<p.-M.H., npo<p. HaMHK fyceHHara OrJIbI fyceHH-3Me 

11 9991, r. MocKBa, YJI. BaBHJIOBa, 38, (499) 135-02-47, nami~l.g uu 

~/< H.f. fyceHH-3Me 

« t)~> ,ll.eKa6p~ 2022 r. 

CeKpeTapb :YQeHOrO COBeTa TeOpeTHQeCKOrO OT,ll.eJIa 110<l> PAH, 

,ll..<p.-M.H., BaCHJIHH B~QeCJIaBOBHQ CTpeJIKOB 

119991 , r . MOCKBa, yn. BaBlIJIOBa, 38, (499) 135 -02 -47, stre1ko ~mail.Com 

. B.B. CTpeJIKOB 

«oX>,ll.eKa6p~ 2022 r. 

<1>e,ll.epaJIbHOe rOCY,ll.apCTBeHHoe 61O,ll.)I(eTHOe HayKH <1>e,ll.epaJIbHbIH 

HCCJIe,ll.OBaTeJIbCKHH IIeHTp «l1.HCTHTyr 06meH <pH3HKH HM. A.M. ITpoxopoBa POCCHHCKOH 

aKMeMHH HaYK» (110<1> PAH) 119991 fCIT-I, r. MocKBa, YJI. BaBHJIOBa,,ll.. 38, (499) 503-87-34, 
office@ gpi.ru 
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