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MaTeMaTu11ecKux uayK no cne1.1,uaJILHOCTH 01.04.21- Jl33epuaH cj>u3uKa 

J1a3epHrur a6m11.1;m1 B )Klf,ll;KOCTR - 3TO ITepcITeKTRBHhIM MeTO.U ITOJiyqeHmI HaHoqacTRU. 

KpoMe Toro, ITOCJie o6nyqeHmI Ha ITOBepXHOCTli MRIIIeHR o6pa3YJOTCSI ITOBepXHOCTHhie 

HaHOCTpyKTYPhI, KOTOphie ITpe.UCTaBJlSl.IOT caMOCTOSl.TeJihHhIM RHTepec. CTpoeHtte li COCTaB 

HaHoqacTRU OITpe.ueJISIIOTCSI ITapaMeTpaMR Jia3epHOro liMITYJihCa, Bem:ecTBOM MRIIIeHR li 

XRMlfqecKOM cpopMynoH: RCITOJlh3yeMOM )Klf.UKOCTR. 11pttHa HttKOJiaeBHa B CBoeH: pa6oTe R3yqttna 

BJIR51Htte .UJIRTeJihHOCTR na3epHoro RMITYJihca Ha To, KaKtte ITonyqaroTCSI HaHoqacTRUhI R 

ITOBepxHOCTHhie cTpyKTYPhI. ohrn ,n:eTaJihHO ttccne,n:oBaH .n:ttaITa30H .n:nttTeJihHOCTeH: OT ITOpS1,n:Ka 

300 cpc .n:o 10 ITC. ohrno ITpoBepeHo BJIRSIHRe )Klf,UKOCTR. ohIJIO paccMoTpeHo HeCKOJihKO 

MRIIIeHeH:. B pa6oTe cTaBttnach uenh - HattTR OITTRMaJihHhie ycnoBR51 ITonyqeHR51 HaHo'-laCTRU R 

Bhipam:ttBaHR51 ITOBepxHOCTHhIX CTPYKTYP ITyreM BapttaURR YKa3aHHhIX ITapaMeTpoB. 

Pa6oT ITO Jia3epHOM a6JISl.Ulili B )Klf,UKOCTR MHOro. I10HSITHO, qTo 3TO o6ycJIOBJieHO 

Ba)KHOCThIO BOITpoca. B .n:ttcceprnutttt 11pttHhI HttKonaeBHhI .uaeTC51 ITo,n:po6HhIM o63op 

RMeIOm:RXCSI Ha cerO,UH51 ITy6JIRKaIJ;liM. 0,n:HaKO .uo CRX ITOP He RMeeTCSI CRCTeMaTR'-leCKOro 

OITRCaHR51 Toro, KaK ,UJIRTeJihHOCTh liMITYJihCa BJIR51eT Ha pe3yJihTaT. Bonee Toro, B ,URCCepTaURR 

CKa3aHO cne.n:yrom:ee. ITocne TIIJ:aTeJihHOro ITORCKa ITO JIRTepaType, CORCKaTeJih HaIIIJia TOJlhKO 

,n:Be ITy6nttKaURR ITO yKa3aHHOM ITpo6neMe. ITptt'-leM 3TR ,n:Be ITy6nttKaURR ITpOTRBopeqaT .n:pyr 

.upyry. B O,UHOM ITRIIIeTC51 0 CHmKeHRli ITOpora BhIXO.Ua HaHO'!aCTRU ITO ITa,n:arom:eMy cpnIOeHcy 

ITPR )'BeJIR'!eHRR .UJIRTeJihHOCTR RMITYJihca. Tor.n:a KaK B .n:pyroH: pa6oTe, Hao6opoT ITopor pacTeT 

c pOCTOM cpnIOeHca. 3a6errur BITepe.n:, OTMeTHM, '!TO HaH:,n:eHHhie B .URCCepTaURR 3aBRCRMOCTR 

OKa3hIBa.IOTCSI 6onee CJIO)KHhIMR . A RMeHHO, Ha6n10.n:aeTcS1, HaITpttMep, HeMOHOTOHHoe 

ITOBe,UeHRe ITPR BapttaUHR ,UJIRTeJihHOCTR. 

3HaKOMCTBO c ,URCceprnutteH: li aBTopecpepaTOM pa60Thl He OCTaBJlSl.eT COMHeHRM B 

aKTyanhHOCTH ttccne,n:oBaHttH:, co6paHHhIX 11pttHoH: HttKon aeBHOM B ee ,n:ttcceprnuttoHHoH: 

pa6oTe. MHe ITpRXO,URJIOCh RCIIOJlh30BaTh CTaThli ,URCCepTaHTa li .uo 3HaKOMCTBa c ee 



;::r,HccepTauHeii. KpoMe Toro, MbI ITepeceKaJIHCb Ha KOHcpepeHUHHX. BHHMaTeJibHO IT03HaKOMHJIC51 

c ,llHCCepTauHeii H aBTOpecpepaTOM. 06cy;::r,HJIH llIHpOKHH Kpyr BOITpOCOB, KacaIOIUHXC51 

ITp06JieM, 3aTpOHYTbIX B ,llHCCepTaUHH Ha O,llHOM ITpe;::r,3aIUHTHOM o6cy)K,lleHHH B 11T<l> HM. 

JlaH;::r,ay PAH H Ha ocpHUHaJibHOM ITpe;::r,crnBJieHHH ;::r,HcceprnuHH Ha YqeHOM coBeTe 11T<l> HM. 

JlaH;::r,ay P AH. Mory CKa3aTh cne;::r,yIOmee. Pa6orn BbICOKOKBaJIHcpHUHpoBaHHM, oqeHb 6oJibllIM 

ITO o6oeMy ITpoBe;::r,eHHbIX OITbITOB H co6paHHbIX ;::r,aHHbIX. C;::r,enaHo MHoro Ba)l(HbIX BbIBO,llOB . 

.ll:HccepTaUH51 COCTOHT H3 BBe,lleHH51, IT51TH rJiaB, 3aKJIIOqeHH51 H CITHCKa CCblJIOK H3 1 70 

HaHMeHOBaHHH. 06oeM ,llHCCeprnUHH COCTaBJI51eT 117 CTpaHHU, BKJIIOqa5J 72 pHCyttKa H 2 

rn6mIUbI. 

Bo BBe,lleHHH ITpHBe,lleHbl aKTYaJibHOCTb ,llHCcepTaUHH, OCHOBHbie ueJIH H MeTO,llbl 

HCCJie,llOBaHHH, HayqHa5J HOBH3Ha, 3aIUHIUaeMbie ITOJIO)KeHH51 If ITpaKTHqecKaH 3HaqifMOCTb 

ITOJiyqeHHbIX pe3yJibTaTOB. 

f JiaBa 1 ITOCBHIUeHa ofoopy JIHTepaTypbl ITO Jia3epHOH reHepaUHH HaHoqaCTHU H 

cpopMHpoBaHHIO ITOBepxHOCTHbIX CTPYKTYP· 0ITHCaH llIHpOKHH Kpyr ITPHMeHeHHH. 

ITpe,llCTaBJieHbl OCHOBHbie cpH3IfqeCKHe MO,lleJIH, HCITOJib3yeMbie ITPH OITHCaHHH a6JI51UHH B 

)l(If,llKOCTb . .D:aH aHaJIH3 He,llOCTaTKOB, He51CHOCTeH, ITpo6JieM, CT05{IUMX ITepe,ll HCCJie,llOBaTeJI51MH. 

,.[(aeTCH ITOCTaHOBKa 3a,llaq H ITYTH ITO.llXO.llOB K HX pellleHHIO. 

f JiaBa 2 ITOCBHJUeHa OITHCaHHIO ,lleTaJieH 3KCITepHMeHTa: 3TO Jia3epHbie CHCTeMbl, 

aHaJIHTHqecKOe o6opy,lloBaHHe H OCHOBHbie pe)KHMbl pa6oTbl Jia3epoB. 

B f naBe 3 ITpe;::r,crnBJieHbI ;::r,aHHbie ITO 3KCITepHMeHTaJibHOMY H3MepeHHIO H pacqeTy 

ITOporoB OTKOJibHOH a6J151UHH B ITpouecce o6pa60TKH KpeMHH51 H cepe6pa B B03,llyxe If )l(If,llKHX 

cpenax cpeMToceKyH;::r,HbIM Jia3epHbIM H3nyqeHHeM 6JIH)l(Hero HK ,llHarra3oHa (-1030 HM). 

ITpHBe,lleHbl CITeKTpbl OITTHqecKOH 3MHCCHH Jia3epHoro cpaKeJia B B03,llyxe If B )KH,llKOCTH. 

OITpe;::r,eneHhI BpeMeHa, 3a KOTOpb1e ITpoHcxo;::r,HT IToracaHHe CBeqeHHH cpaKeJioB. I1oKa3aHo, qTo 

BpeMH 
11
)1(If3HH

11 
cpaKeJia B )l(If,llKOCTH MeHbllle, qeM BpeM51 )KH3HH B B03,llyxe. 06Hapy)KeHO 

H3MeHeHHe XHMifqecKoro COCTaBa ITOBepXHOCTHOro CJI051 HCCJie,llyeMbIX MHllleHeii B pe3yJibTaTe 

Jia3epHoro B03,lleHCTBH51. 

fJiaBa 4 ITOCB51IUeHa HCCJie,llOBaHHIO BJIH51HH51 ,llJIHTeJibHOCTH Jia3epHoro HMITYJibCa Ha 

BeJIIfqifHY K03cpcpHUHeHTa 3KCTHHKUHH KOJIJIOH,llHblX pacrnopoB HaHoqacTHU MeTaJIJIOB H 

ITOJIYITPOBO,llHHKOB. BeJIIfqifHa K03cpcpHUHeHTa 3KCTHHKUHH IT03BOJI51eT, KaK H3BeCTHO, cy,llHTb 0 

KOHUeHTpaUHH HaHoqacTHU B KOJIJIOH,lle. 06Hapy)KeHO H3MeHeHHe KOHUeHTpaUHH HaHoqacTHU 

ITPH BapHaUHH ,llJIHTeJibHOCTH B03;::r,eiicTBH51. HecKOJibKO MeHHIOTCH TaK)Ke pa3Mepb1 HaHoqacTMU 

H cpopMa MHKpOCTPYKTYP Ha ITOBepXHOCTH MHllleHH. OITbITbl BbIIIOJIHeHbl c HCITOJib30BaHHeM 

ITapbl cymecTBeHHO OTJIHqaIOIUHXC51 )l(If,llKOCTeii. 3To BO,lla H H30ITpOITHJIOBbIH CITHpT. I1oKa3aHO, 

qTo ITOJiyqeHHbie 3aBHCHMOCTH K03cpcpHUHeHTa 3KCTHHKUHH OT ,llJIHTeJibHOCTH Jia3epHoro 

HMITYJibCa HaXO,ll51TC51 B KoppeJ151UHH c KpHTifqecKHMif 3HaqeHH51MH MOIUHOCTeii 

caMocpoKycHpoBKH B ,lleHOHH3HpoBaHHOH Bo;::r,e (2 MBT) H H30ITpOITHJIOBOM CITHpTe (0.7 MBT). 

ITpH 3HaqeHHHX Jia3epHoii MOJUHOCTH Bbillle KpHTifqecKHX ,llAA caMocpoKycHpoBKH 

Ha6JIIO,llaIOTC51 ITOTepH 3HeprnH Jia3epHoro If3JiyqeHH51 If ITOHif)KaeTC51 3cpcpeKTHBHOCTb a6AAUHH 

ITO KOHUeHTpaUHH Hapa6oTaHHbIX HaHoqacTHU. ITpH yBeJIHqeHHH ,llJIHTeJibHOCTH HMITYJibca 

ITHKOBaH MOIUHOCTb CTaHOBHTC51 HH)Ke KpHTHqecKOH, If Ha6JIIO,llaeTC51 yBeJIIfqeHHe BbIXO,lla 

HaHoqacTHU, o6ycJIOBJieHHOe CHif)KeHHeM BKJia,lla caMocpoKycHpOBKif If cpHJiaMeHTaUHH B 



rrpouecc pacrrpocTpaHemrn: ml3epHoro mny11emu1 OT Bxo;::i:a B :>1ur;::i:KOCTh H ;::i:o mITHa o6nY1:feHH51 

Ha MHilleHH. 

B f naBe 5 rro;::i:po6Ho rrpoaHaJIH3HpoBaH rrpouecc Hapa6oTKH HaH011acTHU ceneHa rrpH 

o6JIY1:feHHH ceneHOBhIX MmneHeH:. A<l>M MeTo;::i:oM H ;::i:pyrHMH orrpe;::i:eneHhI rrpoqrnnH KpaTepoB 

rrocne uerrOl'.fKH H3 IIOBTOp5110IIIHXC51 Jia3epHbIX B03;::i:eH:CTBHH B OLJ:HO H TO :>Ke Il51THO 06ny11eHH5I 

Ha MHilleHH. ITo rny6HHe rrpoqrnJI51 KpaTepa Bhll'.fHCJieH BhIXOLJ: HaHOl'.faCTHU (cyMMapHM Macca). 

I1oKa3aHO, qrn 3<l><l>eKTHBHOCTh a6JI51UHH ceJieHa no Macce MO:>KeT 6hITh ;::i:oBe;::i:eHa ;::i:o ypoBH51 

nop51;::i:Ka Mr/ c . TaKoH: TeMrr Hapa6oTKH rro3BOJI51eT roBopHTh o <Pa6pHKaUHH HaHoqacTHU ceneHa 

B rrpoMhIIIlJieHHhIX Maclllrn6ax ;::i:m o6IllHpHoro Kpyra rrpHMeHeHHH:. HaH011acTHUhI (npo;::i:yKThI 

a6JI51UHH) ceJieHa ;::i:eTaJihHO HCCJie;::i:oBaHhl p51LJ:OM MeTOLJ:OB BhICOKOH TOl'.fHOCTH. B 

LJ:HCCepTaIIHOHHOH pa6oTe 11pHHhl HHKOJiaeBHhl OIIHCaHO c03;::i:aHHe "qepHHJ1
11

' B BH;::i:e KOJIJIOH;::i:a 

HaHoqacTHII ceJieHa. 3TH 11epHHJia npHMeH5IIOTC51 eIO LJ:JI51 <t>opMHpOBaHH51 IIOKpbITHH TOJIIIIHHOH 

B ;::i:ec51TKH HaHOMeTpOB B ceHcopH1>1x ycTpoH:crnax. TaKHe ycTPoH:crna ocHoBaHhI Ha 51BJieHHH 

mraHTCKOfO HH<l>paKpacHoro rrornomeHH51 CBeTa. 3<l>c):>eKT OTpa6oTaH Ha rrpHMepe pOLJ:aMHHa 

6)1{. 

B 3aKJII01'.feHHH rrpHBe;::i:eHhI OCHOBHhie pe3yn1>TaT1>1 pa6oThI. 

TeMa ;::i:HccepTaUHH aKTyan1>Ha, H nony11eHH1>1e B pa6oTe pe3yn1>TaT1>I 51BJI5IIOTC51 HOBhIMH 

H opHrHHaJihHhIMH. 11x LJ:OCTOBepHOCTh rro;::i:rnep:>K;::i:eHa <t>aKTOM HCIIOJih30BaHH51 

cepTH<l>HUHpOBaHHOro o6opy;::i:oBaHH51, HX xopollieH: BOCilpOH3BOLJ:HMOCThlO H anpo6au;HeH: Ha 

p5I;::i:e Me:>K;::i:yHapo;::i:HhIX H BCepoCCHHCKHX KOH<l>epeHUHH. Pe3yJihTaThl pa60Thl orry6JIHKOBaHhl B 5 

Hayl'.fHhIX CTaTh5IX B peu;eH3HpyeMbIX Hayl'.fHhIX :>KypHanax, HH;::i:eKCHpyeMhIX B 6a3aX ;::i:aHHhIX 

Web of Science H Scopus. 

Pe3yn1>TaThI, rrOJIY1:feHH1>1e B pa6oTe CapaeBoH: 11. H. , MoryT 61>ITh peKoMeH;::i:oBaHhI ;::i:n51 

HCilOJih30BaHH51 B HCCJie;::i:oBaHH51X <l>l1AH, 110<l>AH, 11TMO, Ml1<1>11 H p51;::i:a ;::i:pymx Hayl'.fHhIX 

Yl:fpe:>K;::i:eHHH. 

0TMeTHM He;::i:ocTaTKH, HMeIOIUHeC51 B LJ:HCCepTaUHOHHOH pa6oTe: 

1. B f JiaBe 3 HeT rro;::i:po6HOCTett OIIHCaHH51 1'.fHCJieHHO-TeopeTHqeCKOro MO;::i:eJIHpOBaHH51 

B03;::i:eH:cTBH51 yn1>TpaKopoTKHX HMnyn1>coB Ha 30JIOTO. A HMeHHO, HeT onHCaHH51 Ko;::i:a, He 

rrpe;::i:cTaBJieHhI 3HaqeHH51 HCIIOJih30BaHHhIX napaMeTpOB. 

2. I1paKTH11ecKy10 3Hal'.fHMOCTh IIOJIYl:feHHhIX pe3yJihTaTOB cne;::i:yeT rrpe;::i:cTaBHTh 6onee 

IIOJIHO. ABTOp LJ:HCCepTaUHH HallleJI Te rrapaMeTphI, KOTOpbie 51BJI5IIOTC51 KJIIOl'.feBhIMH LJ:JI51 

ynpaBJieHH51 rrpoueccoM a6JI51UHH. Xopollio 61>rno 61>1 orrHcaTh, B KaKHX o6nacrnx npHMeHeHHH: 

Pa3YMHO HCIIOJih30BaTh TaKOro po;::i:a OIITHMH3aUHIO. 

3. 3amHmaeMoe IIOJIO:>KeHHe 3 co;::i:ep:>KHT <l>pa3y: « ... BhIXOLJ: HaHoqaCTHII pa3JIH1'.fHhIX 

<l>paKUHH B 3aBHCHMOCTH OT LJ:JIHTeJihHOCTH HMIIYJihCa B <t>eMTOI IIHKOCeKYHLJ:HOM ;::i:HaIIa30He 

H3MeH51eTC51 pa3HOHarrpaBJieHHO» . <l>opMynHpOBKa «pa3HOHarrpaBJieHHO» HeTOl'.fHa H He ;::i:aeT 

rrpe;::i:CTaBJieHH51 0 KOHKpeTHOH LJ:HHaMHKe, onpe;::i:eJI5IIOIUeH: rrpouecc Jia3epHOH a6JI5IUHH. 

4. Ha c. 48 Ha pHCYHKe 3 .15 rrpe;::i:cTaBJieHhl OIITHl'.feCKHe crreKTpbl H3JIY1:feHH51 <t>aKeJIOB 

KpeMHH51 B B03;::i:yxe H B Bo;::i:e . O;::i:HaKo oTcyTCTByeT paclllH<l>poBKa, KaKHM HMeHHO aTOMaM HJIH 

HOHaM rrpHHa;::i:ne:>KaT YKa3aHHhie cneKTpaJihHhie IIHKH. 



I1p1rne.n:eHHhie 3aMeqamrn: He BJUUllOT Ha o6rrzyio BhICOKYJO norrO)l(HTerrhHYJO ou;eHKY 

.ll;HCceprnu;HOHHOH pa60Thl. 

TeMaTHKa .n:Hcceprnu;HOHHOil: pa6oThI coorneTcrnyeT cneu;HarrhHOCTH 01.04.21 -

«Jla3epHasi: cpmHKa». TeKCT asrnpecpeparn npasHrrhHO oTpa)l(aeT co.n:ep)l(aHHe pa6oThI. CnHCOK 

U:HTHpyeMOH rrHTepaTyphI COOTBeTCTByeT co.n:ep)l(aHHIO. 

Bee BhIIIIeCKa3aHHOe .n:aeT ocHoBaHHe cqHTaTh, qrn npe.n:crnsrreHHasi: Capaesoil: HpHHoil: 

HHKorraeBHoil: .n:Hcceprnu;m1 «A6m1u;HoHHoe cpopMHpoBaHHe KOJIJIOH.LJ:HhIX pacrnopoB 

HaHoqacTHU: MeTarrrroB H norryrrpOBO.ll;HHKOB B )l(H.ll;KOCUIX yrrhTpaKOpOTKHMH rra3epHhIMH 

HMnyrrhCaMH 6rrH)l(Hero I1K-.n:Hana3oHa sapbHpyeMoil: .n:rrHTerrhHOCTH» norrHOCThIO 

y.n:osrreTBOpHeT BCeM Tpe6oBaHHHM «Ilorro)l(eHHH 0 npHCy)l(.LJ:eHHH yqeHhIX CTeneHeil:», 

npe.LJ:bHBrrHeMhIM K KaH.LJ:H.LJ:aTCKHM .n:HccepTaU:HHM, yTsep)l(.LJ:eHHoro nocTaHosrreHHeM 

TipaBHTerrhCTBa PoccHil:cKoil: <l>e.n:epau;HH NQ 842 OT 24 ceHrn6pH 2013 r., a ee asrnp Capaesa 

HpHHa HHKorraesHa 3acrry)l(HBaeT npHCY)l(.LJ:eHHH yqeHoil: cTeneHH KaH.n:H.n:arn cpH3HKO

MaTeMaTHqecKHx HaYK no cneu;HaJihHOCTH 01.04.21 - Jla3epHasi: cpH3HKa. 

Lt:oKrra.n: asrnpa no MaTepHarraM .n:Hcceprnu;HH 6brn npe.n:crnsrreH 13 .n:eKa6pH 2019 ro.n:a 

Ha 3ace.n:aHHH YqeHoro COBeTa I1HCTHTYTa TeopeTHqecKOH . cpH3HKH HM. Jl.,n:. JlaH.n:ay 

PoccHil:cKoil: aKa.n:eMHH HaYK (HT<l> HM. Jl.,n:. JlaH.n:ay P AH), CM. o6'hHBrreHHe Ha cail:Te HT<l> 

https://www.itp.ac.ru/ru/seminars/scientific-council/previous/ 

0T3hIB Ha .ll;Hcceprnu;HIO 6hIJI COCTaBrreH se.n:yIUHM HayqHhIM COTPY.LJ:HHKOM CeKTopa 

"I1rra3Mhl H rra3epos", .ll;OKTOpOM cpH3HKO-MaTeMaTHqecKHX HayK, qrreHOM-KoppecnOH.ll;eHTOM 

PAH HaHrreM ArrHMOBHqeM I1HoraMOBhIM H o.n:o6peH Ha 3ace.n:aHHH YqeHoro cosern 13 

.n:eKa6pH 2019 ro.n:a. 

Be.n:yiu:Hil: HayqHhIH COTPY.LJ:HHK ceKTopa "Tirra3MhI H rra3epos" HT<l> HM. Jl.,n:. JlaH.n:ay P AH, 

.n:oKTop cpmHKO-MaTeMaTHqecKHx HayK, qrreH~q.n:eH PAH 
~raMoB HaHrrh ArrHMOBHq 

/_,.._____.__~-----...+.- ~ 

<l>e.n:eparrhHOe rocy.n:apcrneHHoe 610.n:)l(eTHOe yqpe)l(.LJ:eHHe HaYKH 
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