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oqnn.J;MaJihHoro orrrroHeHTa B.M. JleBMHa Ha .LJ:MCcepTaU:MOHHYIO pa6oTy Aca<PheBa HMKMThi 

Oneroswm «I1ccne.n:osaHMe <l>M3MKO-XMMW-IecKMX csoiicTB MaTepMarros, B TOM IJMCJie, rrpM 

BhiCOKMX .n:asneHMSIX M TeMrrepaTypax, c rroMOIIJ;hiO CBLJ aKyCT03JieKTpOHHhiX ceHcopoB Ha 

aJIMa3HhiX IIO.LJ:JIO:>KKaX», rrpe.LJ:CTaBJieHHYIO K 3aiiJ;MTe Ha COMCKaHMe yqeHOH CTerreHM KaH.LJ:M.LJ:aTa 

<l>M3MKO-MaTeMaTM'leCKMX HayK ITO CIIeiJ;MaJihHOCTM 1.3.8- « <l>M3MKa KOH.LJ:eHCMpOBaHHOfO 

COCTOSIHMSI» 

,Zl,MccepTau;MoHHaSI pa6oTa H.O. Aca<Phesa rrocBSIIIJ;eHa co3.n:aHMIO HOBhiX MeTo.n:os 

MCCJie.LJ:OBaHMSI <l>M3MKO-XMMM'leCKMX CBOHCTB MaTepMaJIOB C MCIIOJih30BaHMeM aKyCTM'leCKMX 

CeHCOpOB Ha OCHOBe fMrrep3BYKOBhiX KOMI103MTHhiX pe30HaTOpOB Ha 06neMHhiX aKyCTM'leCKMX 

BOJIHaX C aJIMa3HhiMM IlO.LJ:JIO:>KKaMM, a TaK:>Ke I1pOBe.LJ:eHMIO TaKMX MCCJie.LJ:OBaHMH B MeTaJIJIM'leCKMX 

IIJieHKaX M 06neMHhiX MOHOKpMCTaJIJiaX, B TOM 'IMCJie IIpM BhiCOKMX .LJ:aBJieHMSIX M TeMrrepaTypaX. 

,ZJ,MCCepTaiJ;MSI CO'leTaeT 3KCrrepH:MeHTaJihHhie MCCJie.LJ:OBaHMSI C TeopeTM'leCKMM aHaJIM30M 

3aBMCMMOCTeii, Ha6niO.n:aeMhiX rrpM rrpoHMKHOBeHMM CBLJ aKyCTMIJecKoro M3Jiy'leHMSI B o6neM 

M3yiJaeMoro o6neKTa. AKyCT03JieKTpOHHhie ceHcophr rro3BOJISIIOT H:ccne.n:osaTh <l>M3MIJeCKMe 

CBOHCTBa MaTepH:aJIOB M MX M3MeHeHMSI I1pM pa3JIM'IHhiX yCJIOBM5IX, 6y.LJ:h TO arpeCCMBHaSI cpe.n:a, 

BhiCOKMe .LJ:aBJieHMSI MJIM TeMrrepaTyphi. JtbyiJeHH:e <l>M3MKO-XMMM'leCKMX CBOHCTB MaTepMaJIOB M MX 

TpaHc<PopMau;Mii, MCIIOJih3YSI CBLJ aKyCTMIJeCKMe MeTO.LJ:hi - aKTyarrhHaSI 3a.n:aqa <l>M3MKM TBep.n:oro 

Ten a. 

I1crroJih30BaHMe KOMII03MTHhiX OAB-pe3oHaTopos c aJIMa3Hoii rro.n:no:>KKOii B KaiJeCTBe 

OCHOBhi .LJ:JI5I CeHCOpa, MO:>KHO B pe30HaHCHOM pe:>KH:Me .LJ:OCTM'lh BhiCOKMX orrepaiJ;MOHHhiX IJaCTOT 

BIIJIOTh .no BhiCOKoro rMrrep3BYKOBoro .LJ:Marra3oHa. HM3Koe aKycTM'lecKoe 3aTyxaHMe B aJIMa3HOH 

IIO.LJ:JIO:>KKe, CBSI3aHHOe C HaJIM'IMeM rrepexo.n:a K 3aTyXaHMIO ITO MeXaHM3MY JlaH.n:ay-PyMepa B 

rMrarepu;osoM .LJ:Marra3oHe, rro3BOJISieT rronyiJMTh BhiCOKMH rrapaMeTp KaiJeCTBa pe3oHaTopa. B TaKMX 

pe3oHaTopax B03HMKaiOT MHome coTHM M ThiCSI'IM rapMOHMK (o6epTOHOB) c qacToTaMM CBLJ 

.LJ:Malla30Ha. illMpOKaSI IIOJIOCa pe30HaHCHhiX IJaCTOT I103BOJISieT IIOJiy'laTh .LJ:aHHhie 0 .LJ:MCIIepCMM 

xapaKTepMCTMK MaTepH:aJIOB B He.LJ:OCTYIIHOM paHee 'laCTOTHOM .LJ:Malla30He. 

,ZJ,MCCepTaiJ;MSI COCTOMT M3 BBe.LJ:eHMSI, IJeTbipex fJiaB OCHOBHOfO TeKCTa, 3aKJIIO'leHMSI CO 

CIIMCKOM OCHOBHhiX pe3yJihTaTOB M BhiBO.LJ:aMM, M CIIMCKa rrpOIJ;MTMpOBaHHOH JIMTepaTyphi, 

COCTOSIIIJ;ero M3 168 CChiJIOK. 

Bo BBC,UCHHH KpaTKO OIIMChiBaeTCSI COBpeMeHHOe COCTOSIHMe MeTO.LJ:OB CBLJ 

MMKpOaKyCTMKM, M MCCJie.LJ:OBaTeJihCKMe 3a.LJ:a'IM, pernaeMbie C MCI10Jlh30BaHMeM YJihTpa3BYKOBOfO 

M3Jiy'leHMSI. BBe.LJ:eHMe BKJIJOIJaeT rryHKThi, xapaKTepM3YIOIIJ;He IJ;eJih pa60Thi, IIOCTaBJieHHhie 3a.LJ:a'll1, 

HayiJHYIO HOBM3HY, HayiJHYIO M rrpaKTM'leCKYIO 3Ha'll1MOCTh pa60Thi, CIIHCOK OCHOBHhiX 

IIOJIO:>KeHHH, BhiHOCMMhiX Ha 3aiiJ;HTy, a TaK:>Ke MH<l>opMaiJ;HIO 06 arrpo6aiJ;MM pa60Thi Ha 

KOH<l>epeHIJ;MSIX M B IIe'!aTHhiX pa60TaX. 



fiepBaH r JiaBa .LJ:HCCepTall;IUI CO,n:ep)I(HT 0630p OCHOBHOM JIHTepaTyphi no TeMe pa60Thi. 

,l(aeTC}I OnHCaHHe pa3JIIfqHhiX aKyCTifqecKHX MeTO.LJ:OB B HCCJie,n:OBaHlf}IX cpH3IfqecKHX CBOMCTB 

TBep,n:hiX Terr. IlpHBO.LJ:}ITC}I 06UIHe CBe,n:eHlf}I 0 HaH6orree BOCTpe6oBaHHhiX MaTepHarrax .LJ:JI}I 

aKycTo3rreKTpOHHKH H o6cy )l(,n:aiOTC}I KpHTepHH HX Bhi6opa. PaccMoTpeHhi THnhi aKyCTifqecKHx 

BOJIH, B036y)l(,n:aeMhiX B TBep,n:hiX TeJiaX If npHMeH}IeMhiX B aKy CT03JieKTpOHHhiX CeHCOpaX, a TaK)I(e 

OnHChiBaiOTC}I ycTpOHCTBa .LJ:JI}I HX B036 y )l(,n:eHlf}I . ,l(arree H,n:eT OnHCaHHe xapaKTepHCTHK 

3 cpcpeKTHBHOCTH aKy CT0 3JieKTpOHHhiX CeHCOpOB If MeTO.LJ:HK HCCJie,n:OBaHHM, BKJIIOqM BhiCOKHe 

.n:asrreHH}I. B KaqecTBe ocHOBHOM xapaKTepHCTHKH qyscTBHTerrhHOCTH aKycTo3rreKTpOHHhiX 

pe30HaHCHhiX CeHCOpOB HCnOJih3yeTC}I C.LJ:Bllf qaCTOThi, npOHCXO.LJ:}IUilfM B pe3yJihTaTe 

aHaJIH3HpyeMOfO cpH3HKO- XHMifqecKOfO HJIH HHOfO B03.LJ:eMCTBlf}I (,n:aBJJeHlf}I, TeMnepaTyphi, 

npHcoe,n:HHeHHOM Macchi, cocTasa ra30B, B}I3KOCTH )I(H.LJ:KOCTeii H .n:p). OnHChiBaeTC}I cneKTp 

npHMeHeHHM pa3JIIfqHhiX aKyCT03JieKTpOHHhiX CeHCOpHhiX ycTpOMCTB. 

BTopaH rJiasa .n:aeT HHcpopMa!IHIO o pa3pa6oTKe, npo!Iecce H3roTosrreHH}I H MeTO,n:ax 

xapaKTepii3a!IHH aKyCT03JieKTpOHHhiX ycTpOHCTB Ha aJIMa3HhiX no,n:JIO)I(KaX, C03,n:asaeMhiX B 

paMKaX ,n:aHHOM pa60Thi. KpaTKO ,n:aeTC}I OnHCaHHe nporpaMM, HCnOJih3yeMhiX npH 

npoeKTHposaHHH MYJihTHCJIOMHhiX nhe3o3rreKTpHqecKHX CTPYKTYP .LJ:JI}I pacqeTa HX reoMeTpHH H 

TonorrorHH HanhiJI}JeMhiX crroes. Pe3yrrhTaThi pacqeTOB B ,n:arrhHeiirneM Hcnorrh30BarrHCh asTopoM 

.LJ:JI}I c03,n:aHH}I MYJihTHcrroMHhiX CTPYKTYP c Bhi6paHHOM cpyH,n:aMeHTarrhHOM qacToToii 

nhe3onpeo6pa30BaTeJI}J H 3a,n:aHHhiMH napaMeTpaMH 06neMHOf0 pe30HaTopa. IlpHBO.LJ:HTC}I 

OnHCaHHe npOI!eCCOB no,n:rOTOBKH no,n:JIO)I(eK C nocrre.n:yiOUieM B3phiBHOM cpOTOJIHTOrpacpHeM H 

HaHeceHHe nrreHoK MTIC MeTo,n:oM MarHeTpOHHoro HanhmeHH}I. OnHChiBaeTC}I npHMeHeHHe 

MeTO.LJ:OB peHTfeHOBCKOH .LJ:HcppaKTOMeTpHH If paCTpOBOM 3JieKTpOHHOH MHKpOCKOnHH .LJ:JI}I OI!eHKH 

KaqecTsa norryqaeMhiX nhe3onrreHOK Ali -xScxN. OnHChiBaiOTC}I MeTO.LJ:hi 3JieKTpHqecKHX 

H3MepeHHH, HCnOJih30BaHHhiX B mnep3BYKOBhiX MHOf006epTOHHhiX pe30HaTOpax Ha o6neMHhiX 

aKyCTifqecKHX BOJIHaX. 

0co6oro BHHMaHlf}I 3aCJIY)I(HBaeT nHOHepCKM pa3pa60TKa HHTerpHpOBaHHOH 

H3MepHTeJihHOH CHCTeMhi, cosMeiiiaiOIIIeif o6neMHhiH aKycTHqecKHH CB"ll pe3oHaTop c arrMa3HOM 

HaKOBaJihHeH .LJ:JI}I HCCJie,n:oBaHH}I npOI!eCCOB, H.LJ:YIIIHX B HCCJie,n:yeMhiX MaTepHarrax B ycJIOBlf}IX 

BhiCOKHX .n:asrreHHM. Marrhie pa3Mephi aKyCTHqecKoro pe3oHaTopa no3BOJIHJIH pa3MeCTHTh ero Ha 

aJIMa3HOH HaKOBaJihHe, HCnOJih3yeMOH B KaqeCTBe nO.LJ:JIO)I(Klf B COCTaBe pe30HaTopa. 

06cy)l(,n:aiOTC}I B03MO)I(Hhie H3Mep}IeMhie napaMeTphi aKycTHqecKoro pe3oHaTopa - c,n:sHr 

pe30HaHCHOH qaCTOThi, H3MeHeHHe ,n:o6pOTHOCTH lf3Mep}IeMhiX o6epTOHOB, BeJIIfqlfHa 

K03cpcpHI!HeHTa OTpa)l(eHlf}I 3JieKTpH':IeCKOf0 CHrHarra, xapaKTepH3YIOIIIHe npOI!eCChi B o6pa3I!e no,n: 

,n:eHCTBHeM ,n:asJieHlf}I .LJ:O 30 fna. 



TpeTbH r Jiasa rroCB51W:eHa 11ccne,n:oBamno co3,n:aHHhiX 6a30BhiX ycTpoH:cTB 

MHOf006epTOHHbiX KOMII0311THbiX 06beMHbiX aKyCTI1qeCKI1X pe30HaTOpOB Ha MMa3HbiX 

IIO,Uno:>KKaX ,Umi pa3nl1qHbiX ,U11aiia30HOB fi1IIep3BYKOBbiX qaCTOT. 060CHOBbiBaeTC51 Bbi60p 

MaTep11MOB MeTann l1qeCK11X 3n eKTpO,UOB, H11Tp11,Ua MIOMI1H1151-CKaH,UI151 B KaqeCTBe 

IIbe303neKTp11Ka 11 MMa3a B KaqeCTBe IIO,Uno:>KK11 . J1pOBO,U11TC51 pacqeT 3<):><):>eKT11BHOCTI1 reHepaU:1111 

mrrep3BYKOBOfO rrpe,n:naraeM biMI1 MynhTI1Cn OHHbiMI1 IIbe303neKTp11qeCKI1MI1 

cTpyKTypaM11 11 orrpe,n:emiOTC51 orrT11MMhHhie rron ochi qacToT .um pa6oThi aKycTI1qecKoro ceHcopa 

Ha o6oeMHhiX BonHax. I1poBO.U11TC51 aHanl13 aKycTI1qecKoro cornacoBaHI151 cnoeB. I1oKa3aHa 

BbiCOKa51 3 <):><):>eKTI1BHOCTb rrp11MeHeHI151 H11Tp11,Ua MIOMI1HI151-CKaH,U1151 B KaqecTBe IIbe303neKTp11Ka 

,Un51 reHepaU:1111 3ByKa BIInOTb ,[(0 BbiCOKI1X fi1IIep3BYKOBbiX qaCTOT. J10Ka3aHO,- qTQ y rrpe,n:naraeMbiX 

pe30HaTOpOB COXpaH51eTC51 BbiCOKa51 ( ~ 1 0
4
) ,U06pOTHOCTb B qacTOTHOM ,U11aiia30He BIInOTb ,[(0 20 

ffu:. B pa6oTe ,UOCTI1fHYTbl peKOp,UHbie IIOKa3aTenl1 - KOMII0311THbie pe30HaTOpbi 3<):><):>eKTI1BHO 

B036y)I(,UM11Cb Ha qacTOTe 40 ffU: C ,n:o6pOTHOCTbiO 10
4 

,Un51 pe30HaTopa pa3MepOM ~ 30 fl.M . 

qeTBepTaH rnaBa IIOCB51W:eHa IIp11MeHeHI1IO KOMII0311THbiX 06beMHbiX pe30HaTOpOB ,Un51 

113MepeHI1H <):>11311qeCKI1X 11 aKyCTI1qeCKI1X CBOHCTB TOHKI1X rrneHOK 11 B KaqecTBe CeHCOpOB <):>11311KO

XI1MI1qecK11X B03,n:eiicTBI1it Hccne,n:oBanoch Bni151HI1e TeMrrepaTyphi Ha pa6oTy o6oeMHhiX 

rl1rrep3BYKOBhiX pe3oHaTopoB. I1oKa3aHo, qTo rrp11 crreu:11anbHOM Bbi6ope MaTep11ana ,n:n51 

3neKTpO,UOB (aniOMI1H11H) CeHCOpbi COXpaH51IOT pa60TOCIIOC06HOCTb BIInOTb ,[(0 BbiCOKI1X 

TeMrrepaTyp (- 600°C). Ba)I(HOe rrp11Kna,n:Hoe 3HaqeHI1e 11MeeT rrp11MeHeHI1e aKycTI1qecKI1X 

ceHcopoB B KaqecTBe rrpeU:I13110HHhiX BecoB. B ,U11ccepTaU:1111 rrOKa3aHo, qTo rrp11 

rpaBI1MeTp11qeCKOM 11CIIOnb30BaHI111 KOMII0311THbiX fi1IIep3BYKOBbiX pe30HaTOpOB Ha 06beMHbiX 

BOnHaX 3aBI1CI1MOCTb C,UB11ra qaCTOTbl pe30HaTopa OT TOnW:11Hbl HaiibineHHOH rrneHKI1 HOCI1T 

CnO)I(HbiH xapaKTep, o6ycnoBneHHbiH B03MO)I(HOCTbiO rrepeOTpa)l(eHI1H pe30H11pyiOru:ei1: BOnHbl B 

CaMOH rrneHKe. TeM He MeHee, IIOKa3aHO, qTQ MI1HI1MMbHa51 qyBCTBI1TenbHOCTb TaKOfO CeHCOpa ITO 

TOnW:11He cpaBHI1Ma C aTOMHbiMI1 pa3MepaMI1. ,lWyr11M 11HTepeCHbiM IIp11MeHeHI1eM KOMII0311THbiX 

fi1IIep3BYKOBbiX pe30HaTOpOB Ha 06beMHbiX BOnHaX 51Bn51eTC51 113MepeHI1e aKyCTI1qecKOfO 

3aTyxaHI151 B MaTep11anax Ha rl1rrep3BYKOBbiX qaCTOTax. B pa6oTe 113yqanocb aKyCTI1qecKoe cBq 

3aTyxaHI1e B rrneHKax Mo, HaHeceHHbiX Ha BHelllHIOIO IIOBepXHOCTb MMa3HOH rro,n:nO)I(K11, 11 B 

06beMHOM o6pa3U:e MOHOKp11CTanna KaTaHraCI1Ta Ca3TaGa3Si2014, KOTOpbiH 6hm 11CIIOnb30BaH B 

KaqecTBe rro,n:no)I(K11 B cocTaBHOM pe3oHaTope BMecTo MMa3a. Ko3<):><):>11U:11eHT 3aTyxaHI151 B Mo 

113MepeH ,Un51 rronoCbl qacTOT 3 - 19 rru:, B KaTaHraCI1Te - ,Un51 qacTOT 0.3-6 rru:. Orrpe.uemnach 

qacTOTHM 3aBI1CI1MOCTh aKycTI1qecKoro 3aTyxaH115I; B o6o11x cnyqMx Ha6niO,n:anach Knaccl1qecKa51 

KBa,n:paTI1qHa5J: 3aBI1C11MOCTh, CBOHCTBeHHM ,n:n51 MexaHI13Ma 3aTyxaHI151 Ax11e3epa. 

Oco6biH 11HTepec B rn.4 rrpe,n:cTaBn51IOT pe3ynhTaTbi 11crronh30BaH1151 KOMII0311THoro 

pe30HaTopa Ha 06beMHbiX BOnHaX, 11HTerp11pOBaHHOf0 B KaMepy BbiCOKOfO ,UaBneHI151 Ha MMa3HbiX 



HaKOBaJihH51X. T OHKOITJieHOqHhiH IThe30ITpeo6pa30BaTeJih HaiThllliiJIC51 Ha BHeiiiHIOIO ITOBepXHOCTh 

BepxHeif HaKOBaJihHH, HCITOJih3yeMOH B KaqeCTBe ITO)l,JIO)I(KH 06'heMHOrO aKyCTHqeCKOrO 

ITpeo6pa3oBaTemi. B xo)l,e yBerrHqeHH51 Jl,aBrreHH51 Me)I(Jl,y HaKOBMhH51MH H3Mep51JIHCh aMITJIHTYJl,HO

qacTOTHhie xapaKTepHCTHKH pe30HaHCHhiX o6epTOHOB ITpH <l>HKCHpOBaHHOH BeJIHqHHe )l,aBJieHH51. 

lf3 ITOJiyqeHHhiX )l,aHHhiX ITOrryqaJIC51 C)l,BHr pe30HaHCHhiX qaCTOT o6epTOHOB H BapHaiJ,HH HX 

)l,o6poTHocTeif B 3aBHCHMOCTH oT ITpHKJia)l,hiBaeMoro )l,aBrreHH51. Mccrre)l,oBaJIHCh ITpoiJ,ecchi 

cTpyKTypHoif perraKcaiJ,HH 3THX H3MeHeHHH ITPH ITOCT051HHoif Harpy3Ke. 3THMH MeTO)l,aMH in situ 

H3yqeHo BJIH51HHe )l,aBrreHH51 Ha CTPYKTYPY H <l>H3HqecKHe CBOHCTBa pa3rrHqHhiX MaTepHMOB -

MeTaJIJIHqecKHX o6pa3ll,OB W, Zr, Mo H ITopoiiiKa KpeMHH51 Si. IloKa3aHo, qTo MeTO)l,hi IT03BOJI51IOT 

<l>HKCHpOBaTh ITepeXO)l, K ITJiaCTHqecKOH )l,e<PopMaiJ,HH B MeTaJIJiaX H Bhl51BJI51Th <l>a30Bhie ITepeXO)l,hl 

B ITpoiJ,ecce B03pacTaHH51 ITpHrraraeMoro )l,aBrreHH51. IloKa3aHo, qTo ITO H3MeHeHHIO ITapaMeTpoB 

aKyCTHqecKOrO pe30HaTopa B03HHKaeT B03M0)1(H0CTh )l,OCTaTOqHO TOqHO OITpe)l,eJI51Th BeJIHqHHY 

)l,aBJieHH51, pa3BHBaeMOrO Me)I(J],y HaKOBaJihH51MH ITpH ITpHJIO)I(eHHH Harpy3KH. IlpoBe)l,eHO 

cpaBHeHHe pe3yJihTaTOB TaKOH xapaKTepH3aiJ,HH C pe3yJihTaTaMH H3MepeHH51 pa3BHBaeMOrO 

Jl,aBJieHH51 ITO py6HHOBOH H aJIMa3HOH IIIKaJie. 

B 3aKJIIOqeHHH ITpHBe)l,eHhl OCHOBHhie BhiBO)l,hl H pe3yJihTaThl )l,HCCepTaiJ,HOHHOH pa60Thi. 

T~KHM o6pa30M, )l,aHHa51 pa6oTa IT03BOJI51eT Jl,OITOJIHHTh MeTo)l,orrorHIO H3yqeHH51 <l>H3HKO

XHMHqecKHX H aKyCTHqecKHX CBOHCTB TBep)l,hiX TeJI HOBhiM H 3<P<PeKTHBHhiM HHCTpyMeHTOM -

CBq CeHCOpOM Ha OCHOBe KOMIT03HTHOrO rHITep3BYKOBOrO 06'heMHOrO pe30HaTopa Ha aJIMa3HOH 

ITO)l,JIO)I(Ke. TaKHe pe3oHaTophi c IThe3o3rreKTpHKaMH AIN HJIH AlSeN B KaqecTBe HCToqHHKa 

rHITep3ByKa HMeiOT BhiCOKHe OITepall,HOHHhie qaCTOThl H MOryT ITpHMeH51ThC51 B KaqeCTBe 

MHHHaTIOpHhiX <l>H3HKO-XHMHqeCKHX CeHCOpOB, CTOHKHX K )l(eCTKHM ycrrOBH51M OKpy)l(aiOIIIeH 

cpe)l,hl, TaKHM KaK BhiCOKHe TeMITepaTyphi, )l,aBJieHHe, a6pa3HBHhie H pa)l,HaiJ,HOHHhie B03)l,eHCTBH51. 

KoMIT03HTHhie OAB-ceHcophi MoryT HCITOJih30BaThC51 )l,JI51 H3MepeHH51 ITapaMeTpoB ITJieHoK BITJIOTh 

)1,0 cy6HaHOMeTpOBOH TOJIIIIHHhl. 

0IJ,eHHBa51 pa6oTy B IJ,eJIOM, MO)I(HO CKa3aTh, qTO aBTOp ITOKa3aJI ce651 KaK 

BhiCOKOKBMH<l>Hll,HpOBaHHhiH CITeiJ,HaJIHCT B o6rraCTH <l>H3HKH KOH)l,eHCHpOBaHHOrO COCT051HH51 H 

aKyCTHqecKHx MeTO)l,OB Hccrre)l,oBaHH51 TBep)l,hiX · Terr. H .O. Aca<PheBhiM pa3pa6oTaHhi H 

peariH30BaHhi 3TaiThi H3rOTOBJieHH51 KOMIT03HTHhiX aKyCT03JieKTpOHHhiX ycTpOHCTB Ha aJIMa3HhiX 

ITO)l,JIO)I(KaX, B T,q, MHOroo6epTOHOBhiX aKyCTHqecKHX pe30HaTOpOB Ha 06'heMHhiX BOJIHaX 

BhiCOKoro rHrarepiJ,oBoro )l,HaiTa30Ha. KaK oco6oe )l,OCTH)I(eHHe crre)l,yeT OTMeTHTh co3)l,aHHe 

pe30HaTopa, pa60TaiOIIIero Ha qaCTOTe 40 [[I.J, ITpH KOMHaTHOH TeMITepaType C BhiCOKHM ypOBHeM 

)l,06pOTHOCTH (Q ~ 10 000). liM pa3pa60TaHhi H OITp060BaHhi MeTO)l,HKH ITpHMeHeHH51 

MHOr006epTOHOBhiX CBq aKyCTHqeCKHX pe30HaTOpOB B KaqeCTBe CeHCOpOB )l,J151 H3MepeHH51 H 

xapaKTepH3aiJ,HH <l>H3HKO-XHMHqecKHX CBOHCTB MaTepHMOB, B T.q, B ycJIOBH51X BhiCOKHX )l,aBJieHHH 



H TeMITepaTyp. Pa3pa6oTaHhi H oiTpo6osaHhi aKycTHqecKHe MeTO)J,HKH JnyqeHH51 )J,HHaMHKH 

CTPYKTYPHhiX ITpou;eccos B MaTepHa.rrax ITPH BhiCOKHX )J,aBJieHH5IX, ocHoBaHHhie Ha HCITOJih30BaHHH 

Ma.rropa3MepHoro KOMIT03HTHoro CBq pe3oHaTopa Ha o6neMHhiX BOJIHax, HHTerpHposaHHoro B 

KaMepy BhiCOKoro )J,asneHH51 Ha a.JIMa3HhiX HaKOBa.JihH5IX. HM ITonyqeHhi Ba)I{Hhie 

3KCITepHMeHTa.JILHbie pe3yJinTaThl ITO ¢H3HKO-XHMHqeCKHM H aKyCTHqeCKHM CBOifcTBaM p51Ll,a 

MaTepHa.JIOB, B T.q. )J,aHHbie ITO BeJIH~He H qaCTOTHOH 3aBHCHMOCTH aKyCTHqecKOrO ITOrJIO.I.IJ;eHH51 B 

rHrarepu;osoM )J,HaiTa30He. TeM caMhiM, c)J,eJiaH cy.r.u;ecTBeHHhlli BKJia)J, B pa3BHTHe MeTO)J,HK CBq 

aKyCTHqeCKHX H3MepeHHH ¢H3HKO-XHMHqecKHX H aKyCTHqecKHX CBOHCTB TBepLl,biX TeJI. 

B pa6oTe HCITOJin3yeTC51 cospeMeHHoe H BhiCOKOToqHoe 3KCITepHMeHTa.JihHoe 

o6opyLl,OBaHHe, HCCJie)J,yeMbie MO)J,eJIH ¢H3HqeCKH H MaTeMaTHqeCKH 060CHOBaHHhl, HMeeTC51 

)J,OCTaTOqHO XOpOIIIee COrJiaCHe pe3yJinTaTOB MO)J,eJIHpOBaHH51 C 3KCITepHMeHTa.JihHhiMH )J,aHHhiMH. 

Pe3yJinTaThi pa6oTni aKTya.rrnHhi, HMeiOT KaK MeTO)J,HqecKoe, TaK H ITpaKTHqecKoe 3HaqeHHe B 

06JiaCTH ¢H3HqeCKOH aKyCTHKH, ¢H3HqeCKOrO MaTepHa.JIOBe)J,eHH51 H ¢H3HKH TBepLl,OrO TeJia. 

BniCOKO ou;eHHBM pa6oTy B u;enoM, TeM He MeHee Heo6xo)J,HMO OTMeTHTh H PM 

He)J,OCTaTKOB B ITpe)J,CTaBJieHHOM MaTepHa.rre. 

1. ITpaKTHqecKH He o6cy)I{)J,aeTC51 3KBHBa.JieHTHM 3JieKTpHqecKM cxeMa BKJIIOqeHH51 

pa3pa6aThiBaeMhiX MHoroo6epTOHHhiX pe3oHaTopos. HeT ou;eHKH 3¢¢eKTHBHOCTH pe3oHaTopa KaK 

3JieMeHTa 3JieKTpHqeCKOH u;eiTH, COOTBeTCTBeHHO, He o60CHOBaH Bhi60p ITJiaHapHbiX 

reOMeTpHqeCKHX pa3MepOB H3JiyqaiO.I.IJ;HX 3JieMeHTOB. 

2. 0cTaeTC51 He060CHOBaHHOH 3K30THqeCKa51 ¢opMa aKyCTHqecKHX H3nyqaTeJieH B ¢opMe 

IT5ITHyrOJihHHKOB. 

3. Ba)I{HYIO ponn B pa6oTe pe3oHaTopos HrpaeT paciTpocTpaHeHHe B036y)I{)J,eHHoro ITyqKa B 

ITO)J,JIO)I{Ke. ITo)J,JIO)I{KH B pa6oTe BhiiiOJIH5IJIHCh H3 a.JIMa3a HJIH KaTaHracHTa, o6Jia)J,aiO.r.u;Hx 

3aMeTHOH yiTpyroH. aHH30TpOITHeii. B pa6oTe oTcyTcTsyeT o6cy)I{)J,eHHe BJIH51HH51 3¢¢eKTOB 

aHH30TpOITHH Ha xapaKTep paciTpocTpaHeHH51 orpaHHqeHHoro ITyqKa B ITO)J,JIO)I{Ke. Peqh H)J,eT, 

ITpe)I{)J,e scero, o pacxo)J,HMOCTH TaKoro ITyqKa 3a cqeT pa3JIHqH51 B HaiTpasneHH51X rpyiTITOBOH H 

¢a30BOH CKOpOCTeH )),1151 yrnOBhiX KOMITOHeHT ITyqKa (3¢¢eKTOB ¢oHOHHOH )J,e¢oKycHpOBKH). 

4. B )J,HCCepTaiJ;HOHHOH pa6oTe HCITOJih3YIOTC51 TepMHHhl, KOTOpbie He 51BJI5IIOTC51 

o6.r.u;eyiTOTpe6HTeJibHhiMH (HaiTpHMep, HHrapMOHHKH), JIH60 IIIHpOKO HCITOJih3YIOTC51 B HHOM 

CMhiCJie (HaiTpHMep, K3MC - Ko3¢¢Hu;HeHT 3JieKTpoMexaHHqecKOH CB513H. 06bJqHOe ero 

YITOTpe6JieHHe- B CMhiCJie KOHCTaHTa 3JieKTpOMeXaHHqeCKOH CB513H ITbe303JieKTpHKa). 

5. fnasa I )J,HCcepTaUHH o6hJqHO ITpeLl,cTaBJI5IeT o63op pa6oT, cy.r.u;ecTBOBaBIIIHX B )J,aHHoii 

06JiaCTH, )),0 Haqa.rra pa60Thl Ha)J, )J,HCCepTaUHeif, ,lJ;HccepTaHT B CBOH 0630p BKJIIOqHJI TaK)I{e 

ITy6JIHKaiJ;HH ITO HCCJie)J,OBaHH5IM, BhiiiOJIHeHHhiM y)l{e B XO)J,e pa60Thl Ha)J, )J,HCCepTaiJ;HeH. 



YKaJaHHbie Bbiiile 3aMeqamHI He CHIDKaiOT o6mero 6rraronpiUITHoro sneqaTrremui oT 

pa6oTI>I. )J)fccepTaU;I-iOHHa51 pa6oTa H.O. Aca<PoeBa BbiiiOJIHeHa Ha BbiCOKOM HayqHOM ypoBHe M 

npe.ncTaBJI51eT co6oH: 3aBepllleHHoe HayqHoe Mccrre.nosaHMe. Pe3yJII>TaThi pa6oTbi BHOC51T 

cyiiJ,eCTBeHHhiM BKJia.IJ: B pa3BMTMe CBq aKyCTMqecKMX MeTO.IJ:OB B npMJIO)KeHMM K MCCJie.IJ:OBaHM51M 

06neMHbiX M nJieHoqHbiX MaTepMaJIOB. 06neM M HayqHM HOBM3Ha npe.IJ:CTaBJieHHhiX pe3yJioTaTOB 

y.nosrreTBop51IOT Tpe6oBaHM51M, npe.IJ:n51BJI51eMbiM K KaH.IJ:M.IJ:aTCKMM .IJ:MCcepTaU:M5IM. 

OcHOBHbie pe3yrroTaTI>I, norryqeHHbie B .IJ:MccepTaU:MM, orry6IIMKOBaHbi B 13-TM HayqHhiX 

pa6oTax, B TOM qMcrre B 1 0-TM ny6rrMKaU:M51X B ~pHarrax, BXO.IJ:51IIJ,MX B cnMCOK BAK. Pe3yJinTaTbi 

TaK)!(e npe.IJ:CTaBJI51JIMCh Ha MHOroqMcJieHHhiX HayqHhiX BCepOCCMMCKMX H Me)K.IJ:YHapO.IJ:HbiX 

KOH<l>epeHU:H51X. ABTOpe<t>epaT nOJIHOCTblO M npaBHJibHO OTpa)l{aeT CO.IJ:ep)l{alme .IJ:MCCepTaU:MOHHOM 

pa6oTbi. Co.nep)l{aHMe .IJ:MccepTaU:MM cooTBeTCTByeT nacnopTy HayqHoif cneu:MarrhHOCTM 1.3.8. 

(01.04.07)- «<l>M3MKa KOH.IJ:eHCMpOBaHHOfO COCT051HM51» . 

Pa6oTa H.O. Aca<PoeBa npe.ncTaBrr51eT co6oH: 3aKoHqeHHoe HayqHoe Mccrre.nosaHMe M no 

06neMy pe3yJioTaTOB, .IJ:OCTOBepHOCTM, HayqHOM M npaKTMqecKOM 3HaqMMOCTM BhiBO.IJ:OB 

y.nosrreTBop51eT Tpe6osaHM51M, npe.IJ:n51BJI51eMbiM K KaH.IJ:M.IJ:aTCKMM .IJ:MccepTaU:M51M (n. 9 «Tiorro)l{eHM51 

o npMCY)K.IJ:eHMM yqeHhiX CTeneHeif», yTsep)K.IJ:eHHoro TiocTaHosrreHMeM npaBMTeJII>CTBa P<l> N2 842 

OT 24.09.2013). Ee aBTOp Aca<PneB H.O. 3acrry)I{MBaeT npMCY)K.IJ:eHM51 eMy MCKOMoH: yqeHoif 

CTeneHM KaH.IJ:M.IJ:aTa <l>M3MKO-MaTeMaTMqeCKMX HayK no cneU:MaJibHOCTM 1.3.8 - «<l>M3MKa 

KOH.IJ:eHCMpOBaHHOfO COCT051HM51». 

O<l>MU:MaJihHoiH: onnoHeHT 

3ase.nyiOIIJ,MM rra6opaTOpMeif aKyCTMqecKOM MMKpOCKOnMM 

I1HCTHTyTa 6MOXMMMqecKoif <l>M3MKM MM. H.M. 3MaHy3JI51 P AH, 

KaH.IJ:M.IJ:aT <l>M3MKO-MaTeMaTMqecKMX HayK 

« 11 » pJ,M> 2024 r. 
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