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oqnn.:t:HaJihHoro orrrroHeHTa A.H. Kopo6oBa Ha .n.HccepTau;noHH)'lO 

pa6oTy AcacpoeBa HnKHThi OrreroBwm «Hccrre.n.oBaHHe cpH3HKO

XHMWieCKHX CBOMCTB MaTepHaJIOB, B TOM qncrre, IIpH BhiCOKHX 

.n.aBrreHH51X n TeMrrepaTypax, c rroMOW:hiO CBll aKycTo3rreKTpOHHhiX 

CeHCOpOB Ha aJIMa3HhiX IIO.I1,JIO)l(KaX», rrpe.I1,CTaBJieHH)'lO K 3aW:HTe Ha 

COHCKaHHe yqeHOM CTerreHH KaH.I1,H.I1,aTa cpH3HKO-MaTeMaTHqecKHX HayK 

ITO CIIel(HaJihHOCTH 1.3. 8 - «<l>H3HKa KOH.I1,eHCHpOBaHHOrO COCT051HH51» 

,II,nccepTau;noHHa51 pa6oTa H.O. AcacpoeBa rrocB51W:eH(l co3.n.aHHIO HOBDIX 

MeTO.I1,0B HCCJie.I1,0BaHH51 cpH3HKO-XHMHqecKHX CBOMCTB M,aTepHaJIOB, HCIIOJih3Y51 

CeHCOpbi Ha OCHOBe KOMII03HTHhiX pe30HaTOpOB Ha 06oeMHhiX aKyCTHqecKHX BOJIHaX 

(QAB-pe30HaTOpOB) C aJIMa3HhiMH IIO.I1,JIO)l(KaMH, a TaK)l(e rrpoBe.I1,eHHIO TaKHX 

HCCJie.I1,0BaHHM Ha IIpHMepe MeTaJIJIHqeCKHX IIJieHOK H o6oeMHhiX MOHOKpHCTaJIJIOB, 

B TOM qncrre rrpn BhiCOKHX .n.aBrreHH51X H TeMrrepaTypax. ,lJ,HccepTaU:H51 coqeTaeT 

3KCIIepHMeHTaJihHble HCCJie.I1,0BaHH51 C TeopeTnqecKHM aHaJIH30M 3aBHCHMOCTeif, 

Ha6rriO.n.aeMDIX rrpH rrpoHHKHOBeHHH CBll aKycTHqecKoro H3rryqeHH51 B o6oeM 

H3yqaeMoro o6oeKTa. 

K HaCT051IIJ:eMy BpeMeHH pacTymee qncrro pa6oT rrocB51IIJ:eHo H3yqeHHIO 

cpH3HKO-XHMHqecKHX H aKyCTHqeCKHX CBOMCTB MaTepHaJIOB C pacnmpeHHeM 

.n.narraJOHOB BHernHHX Bo3.n.eifcTBHif n orrepau;noHHDIX qacTOT. B CB513H c 3THM 

Tpe6yK>TC51 HOBble MeTO.I1,hl HCCJie.I1,0BaHHM Ha OCHOBe MHKpOaKyCTHqeCKHX 

ycTpOHCTB, II03BOJI5110IIJ:HX HCCJie.I1,0BaTb CBOMCTBa MaJIOpa3MepHDIX o6pa3l(OB, 

BKJIJOqa51 B03.I1,eMCTBHe BhiCOKHX .I1,aBJieHHM (B,lJ,) H TeMrrepaTypoi. C rrpaKTHqecKOM 

TOqKH 3peHH51, pacTeT HHTepec K IIpHMeHeHHIO CeHCOpOB Ha pa3HDIX cpH3HKO

XHMHqecKHX rrpnHu;nrrax. MyrroTHcrroifHDie · rroe303JieKTpnqecKHe cTpyKTypoi (MTIC) 

Ha IIO.I1,JIO)l(KaX 113 MaTepHaJIOB C HH3KHMH aKyCTHqecKHMH IIOTep51MH 51BJI5110TC51 

aKTYaJihHhiMH o6oeKTaMH nccrre.n.oBaHH51. KoMII03HTHhiM OAB-pe3oHaTop 

paCCMaTpHBaeTC51 KaK 6a30BOe ycTpOHCTBO .I1,JI51 pa3pa60TKH CeHCOpOB pa3JIJ1qHoro 

Ha3HaqeHH51. Bo160p B KaqecTBe IIO.I1,JIO)l(Kll MOHOKpHCTaJIJia aJIMa3a, o6rra.n.aiOIIJ:ero 

YHHKaJihHhiM coqeTaHHeM aKyCTHqecKnx cBoifcTB - peKop.n.HoiX cKopocTeif 3ByKa H 



Manoro CBq 3aTyxamui, Be,n;eT K rroBniiiieHHIO ,n;Harra3oHa qacTOT 

aKycT03JieKTpOHHniX ycTpoikTB BIIJIOTn .n;o KBq ,n;Harra3oHa, 6naro.n;ap51 qeMy MO:>KHO 

rronyqHTn paHee He,n;ocTyiiHh!e ,n;aHHnie o MexaHH3Max aKycTHqecKoro 3aTyxaHH51 KaK 

B IIJieHOqHbiX, TaK H o6neMHhiX MaTepHaJiaX. 11CCJie,Il;OBaHHe <l>H3HKO-XHMHqecKHX 

CBOlfcTB MaTepHaJIOB, BKJIIOqa51 <l>a30Bnie rrepeXO,Il;hi, B TOM qHCJie, IIpH BhiCOKHX 

,n;aBJieHH51X H TeMrrepaTypax H B IIIHpOKOH o6JiaCTH qacTOT, C IIOMOIIJ.biO Ha3BaHHhiX 

CeHCOpOB aKTYaJinHO C TOqKH 3peHH51 <i_)H3HKH TBep,n;oro TeJia. 

B ,n;HccepTa~HH H.O. Aca<PneBa rrpe.n;naraeTc51 HOBbie MeTO.II:ni H3yqeHH51 

<i_)H3HKO-XHMHqecKHX H aKyCTHqeCKHX CBOHCTB TOHKOIIJieHoqHbiX MaTepHaJIOB H 

o6neMHnix o6pa3~oB. 

,lJ,HCCepTa~mi COCTOHT H3 BBe,n;eHH51, qeTnipex rJiaB OCHOBHOrO TeKCTa, 

KpaTKOrO 3aKJIIOqeHH51 CO CIIHCKOM OCHOBHbiX pe3yJinTaTOB H BhiBO,Il;aMH, H CIIHCKa 

~HTHpOBaHHOH JIHTepaTypni, BKJIIOqaiOIIJ.ero 168 HaHMeHOBaHHH. 

Bo BBe,n;eHHH KpaTKO orrHCniBaeTc51 pa3BHTHe H coBpeMeHHOe cocT051HHe 

MeTo,n;oB CBq MHKpoaKyCTHKH, H 3a,n;aqH, peiiiaeMnie c HCIIOJin30BaHHeM 

ynnTpa3BYKOBoro H3JiyqeHH51. BBe,n;eHHe TaK:>Ke BKJIIOqaeT cTaH,n;apTHI>Ie rryHKTni, 

xapaKTepH3yiOIIJ.He ~eJin pa60Thi, IIOCTaBJieHHnie 3a,n;aqH, HayqHyiO H rrpaKTHqecKyiO 

3HaqHMOCTb IIOJiyqeHHhiX pe3yJinTaTOB, CIIHCOK OCHOBHbiX IIOJIO:>KeHHH, BhiHOCHMbiX 

Ha 3aiiJ.HTY. 

l-51 rJiaBa ,Il;HCCepTa~HH co,n;ep:>KHT 0630p OCHOBHOH JIHTepaTypni ITO TeMe 

pa6oTni. OrrHcaHni pa3JIHqHnie aKyCTHqecKHe MeTo,n;ni B Hccne,n;oBaHH51X <l_)H3HqecKHX 

CBOHCTB TBep,n;niX TeJI. TaK:>Ke IIpHBO,Il;51TC51 CBe,n;eHH51 0 HaH6onee BOCTpe6oBaHHbiX 

MaTepHaJiaX ,Il;JI51 aKyCT03JieKTpOHHKH H o6cy:>K,n;aiOTC51 KpHTepHH HX Bni6opa. 

PaccMoTpeHni THIIni aKycTHqecKHX BOJIH, rrpHMeH51eMniX B KaqecTBe orrepa~HOHHniX 

MO,Il; B aKyCT03JieKTpOHHhiX CeHCOpax, TaKHe KaK o6neMHbie aKyCTHqeCKHe BOJIHhi 

(QAB); IIOBepXHOCTHnie aKyCTHqecKHe BOJIHhi (IJAB) pa3JIHqHhiX THIIOB - P3Jie51, 

lYJI51eBa-nJIIOCTeHHa, IIOBepXHOCTHO-IIOIIepeqHnie; BOJIHhi B CJIOHCThiX cpe,n;ax H 

rrnacTHHax- .llima, JbM6a. 06cy:>K,n;aiOTC51 MeTo,n;ni HX B036y:>K,n;eHH51. YKa3aHo, qTo B 

KaqecTBe OCHOBHOH xapaKTepHCTHKH qyBCTBHTeJinHOCTH aKyCT03JieKTpOHHbiX 

pe30HaHCHbiX CeHCOpOB HCIIOJin3yeTC51 C,Il;BHr qacTOThi, llpOHCXO,I1;51IIJ.HH B pe3yJinTaTe 



aHCUHI3MpyeMOrO <lJM3MKO-XMMWieCKOrO MJIM MHOrO B03.[J;eHCTBM.H (.n;aBJieHM.H, 

TeMrrepaTypoi, rrpMCOe.[J;MHeHHOH MaCChi, COCTaBa ra30B, B.H3KOCTM )I(M,ll;KOCTeH M .n;p.). 

I1o.n;po6HO paCCMOTPeHbl .n;pyrMe xapaKTepMCTMKM 3<lJcpeKTMBHOCTM 

aKyCT03JieKTpOHHbiX CeHCOpOB M rrpMMepol MX peaJIM3al(MM. IJo.n;po6HO 

paccMaTpMBaiOTC.H .n;ocTOMHCTBa M He.n;ocTaTKM TOM MJIM MHOH ceHcopHoii cxeMbi. 

2-.H rJiaBa rrocB.Hll(eHa pacLieTy M M3roTOBJieHMIO KOMII03MTHbiX OAB

pe3oHaTopoB M CeHCOpOB Ha MX OCHOBe, a TaK)I(e MeTO.[J;aM MCCJie,ll;OBaHMH 

aKyCT03JieKTpOHHbiX ycTpOHCTB, BKJIIOLJa.H CeHCOpbl HaiibiJieHM.H TOHKMX M 

CBepXTOHKMX IIJieHOK B Jia6opaTOpHOM M KOprrycMpOBaHHOM BapMaHTaX M CeHCOpbl 

.n;aBJieHM.H. OrrMcaHbi 3Tarroi M MeTO,ll;bi KOHTpoJI.H rrpoM3Bo.n;ciBa 6a30BbiX ycTpoiicTB 

,ll;JI.H ceHcopoB - KOMII03MTHbiX OAB-pe3oHaTopoB. B KaLieCTBe rro.n;JIO)I(KM TaKMX 

pe3oHaTopoB MCIIOJio3yeTc.H MaTepMaJI c HM3KMM aKyCTMLJeCKMM 3aTyxaHMeM. B 

60JibiiiMHCTBe CJiyLJaeB B XO.[J;e pa60Tbl B KaLJeCTBe IIO,ll;JIO)I(KM MCIIOJib30BaJIMCb 

MOHOKpMCTaJIJIMLJeCKMe IIJIOCKOrrapaJIJieJibHbie IIJiaCTMHbl M3 CMHTeTMLJeCKOrO aJIMa3a. 

AJIMa3Ha.H rro.n;JIO)I(Ka rrpoxo.n;MJia HeCKOJibKO cTa.n;Mii OLIMCTKM. )J,JI.H co3.n;aHM.H 

3a.[J;aHHOH IIJiaHapHOH KOH<lJMrypal(MM MCIIOJib30BaJIMCb 3all(MTHbie MaCKM, C,ll;eJiaHHbie 

c rroMOII(biO <PoTOJIMTorpa<lJMM. B KaLJecTBe rroe3o3JieKTpMLiecKoii rrJieHKM 

MCIIOJib30BaJIC.H HMTPM,ll; aJIIOMMHM.H AlN MJIM HMTPM,ll; aJIIOMMHM.H-CKaH.[J;M.H All-xScxN 

(ASN). 

)J,JI.H M3y~reHM.H TBep.n;Dix TeJI rrpM BbiCOKOM .n;aBJieHMM MeTo.n;oM CBLI 

KOMII03MTHoro OAB-pe3oHaTopa 6om co3.n;aH ceHcop, crroco6HoiH Boi.n;ep)I(MBaTb 

.n;aBJieHM.H ~ e.n;MHMI( M .[J;eC.HTKOB riTa, BCTpOeHHbiH B KaMepy BbiCOKMX .n;aBJieHMH Ha 

aJIMa3HbiX HaKOBaJibH.HX (KB)J,AH). B xo.n;e 3KcrrepMMeHTa CHMMaJiacb A LIX ceHcopa 

Herrocpe,ll;CTBeHHO B IIpOI(eCCe IIOBbiiiieHM.H .[J;aBJieHM.H B KaMepe, LITO II03BOJIMJIO 

rroJiyLiaTb MH<lJopMal(MIO o rrpoMcxo.n;.Hll(MX B KaMepe rrpol(eccax in situ. 

KoHTpOJibHbiM MeTo.n;oM M3MepeHM.H .n;aBJieHM.H 6oma <lJMKCal(M.H cMell(eHM.H JIMHMM 

KOM6MHal(MOHHOrO pacce.HHM.H CBeTa (KPC) B aJIMa3e. )J,aeTC.H OIIMCaHMe 

3KCIIepMMeHTaJibHbiX ycTaHOBOK M TeCTOBbiX ycTpOHCTB. 3aTparMBaeTC.H BOIIpOC 

3JieKTpOHHOH M 30H,ll;OBOH KaJIM6pOBOK. 



B 3-H: rnaBe npe~cTaBJieHo H3y~eHHe KOMTI03HTHoro OAB-pe3oHaTopa KaK 

6a30BOro ycTpOHCTBa ceHCOpOB pa3JIH~HhiX <l>H3HKO-XHMH~eCKHX B03~eHCTBHH. 

OnHcaHa pa3pa6oTKa H onTHMH3au;IDI KOHCTPYKU:HH KOMTI03HTHoro OAB

pe3oHaTopa. AHaJIH3 3KcnepHMeHTaJihHhiX ~aHHhiX HeCKOJihKHX cepHH: pe3oHaTopoB 

Ha aJIMa3HhiX TIO~JIO)I(KaX TIOKa3aJI, ~TO OTITHMaJihHhie pe3yJihTaThl C TO~KH 3peHmi 

CO~eTaHH~ aKyCTH~eCKHX napaMerpOB 6hlJIH ~OCTHrHyThl npH anepTypax 5000 -

1 0000 MKM
2

. OnHChiBaeTC~ B036y)l(~eHHe Ha KBLI c~o 40 rru:) KOMTI03HTHOro OAB

pe30HaTopa Ha aJIMa3HOH TIO~JIO)I(Ke H oco6eHHOCTH ero npHMeHeHH~ KaK CeHCOpa. 

Bo36y)l(~eHHe pe3oHaTopoB c pa3HOH anepTypoH: B TaKoM nnipoKoM npoMe)l(yTKe 

~aCTOT TI03BOJIHJIO Bhi~BHTh OTITHMaJihHhie anepTypni ~AA pa60Thl Ha pa3JIH~HhiX 

~aCTOTaX. 

B 4-H: rnaBe paccMaTpHBaeTc~ npHMeHeHHe KOMTI03HTHhiX OAB-pe3oHaTopoB 

Ha aJIMa3HhiX TIO~JIO)I(KaX B Ka~eCTBe CeHCOpOB <l>H3HKO-XHMH~eCKHX B03~eHCTBHH, a 

TaK)I(e ~JI~ H3MepeHHH <l>H3H~eCKHX H aKyCTH~eCKHX CBOHCTB TOHKHX TIJieHOK H 

06beMHhiX MOHOKpHCTaJIJIOB. J1CCJie~OBaHa TeMnepaTypHa~ CTa6HJihHOCTh 

MaTepHaJIOB, HCTIOJih3yeMhiX ~JI~ H3rOTOBJieHH~ BhiCOKOTeMnepaTypHhiX CeHCOpOB 

Ha ocHoBe KOMTI03HTHhiX OAB-pe3oHaTopoB Ha aJIMa3HOH no~JIO)I(Ke. I1oKa3aHo, 

~To pe3oHaTop Ha ocHoBe cTpyKTYPhi "All ASN/Mo/(1 00) aJIMa3" coxpaH~eT CBOH 

<l>YHKIJ;HOHaJihHhie aKyCTH~eCKHe H 3JieKTpOMeXaHH~eCKHe CBOHCTBa ~a)l(e npH 

600 °C. ITpe~cTaBJieHhi pe3yJihTaThi ~eTaJihHoro H3y~eHH~ B03MO)I(HOCTei1: 

KOMTI03HTHoro OAB-pe3oHaTopa Ha aJIMa3HOH no~JIO)I(Ke co crpyKTypoH: 

All AlN/Mo/(1 00) aJIMa3 ~JI~ H3~eHH~ cBoi1:cTB TOHKHx H ynnTpaTOHKHX cnoeB 

MeTaJIJIOB. B pe3yJihTaTe oca)l(~eHH~ nneHKH Mo Ha6mo~anach TOJihKO JIHHei1:Ho 

nponopiJ;HOHaJihHa~ 3aBHCHMOCTh OTHOCHTeJihHOrO C~BHra ~aCTOThl OT TOJII.I(HHhl 

nneHKH. B pe3yJihTaTe oca)l(~eHH~ nneHKH Pt Ha6mo~anc~ c~BHr ~acTOThi 

o6epTOHOB ~a)l(e npH 3<P<PeKTHBHOH TOJII.U;HHe nneHKH Pt B 3 A, npH 3TOM c~BHr 

CJie~OBaJI HMeiOI.I(HMC~ TpeH~aM. 3aBHCHMOCTh ~o6pOTHOCTH Q H C~BHra ~aCTOThl f1j 

OT TOJII.U;HHhi nneHKH Pt HMeeT CJIO)I(HhiH xapaKTep. 113MepeHo CBLI aKycTH~ecKoe 

3aTyxaHHe B TOHKHX nneHKax Mo. 11cnoJih30Banc~ OAB-ceHcop co cTpyKTypoH: 

All Alo,73Sco,27N/Mo/(1 00) aJIMa31Mo. I1JieHKH Mo HanhiAAJIH Ha cBo6o~HYIO 



IIOBepXHOCTb aJIMa3a, IIOCJie lfero 113Mep.SIJII1 C.[(BI1r lfaCTOTbi 11 ,no6pOTHOCTb 

pe30HaTOpa. lh 3TI1X .[(aHHbiX paCC1fi1TbiBaJIOCb o6m;ee 3aTyxaHI1e B CI1CTeMe. 

nony-qeHHbie 3aBI1C11MOCTI1 6JII13KI1 K a~ f 2 rrp11 HaiibiJieHI111 rrneHKI1 Mo, B TO BpeM.SI 

KaK B cny-qae CB060.[(HOM IIOBepXHOCTI1 aJIMa3a :na 3aBI1CI1MOCTb 6JII13Ka K Jli1HeMHOM. 

TaKa.SI 3aBI1CI1MOCTb CB.SI3aHa c 3aKOHOM 3aTyxaHI1.SI Ax11e3epa. I1ccne.zwBaHo CBll 

aKyCTI11fecKoe 3aTyxaHI1e B MOHOKp11CTaJIJie Ca3 TaGa3Sh014 (CTGS). B KalfeCTBe 

o6pa3U:OB 6biJII1 Bbi6paHbi pa3JII11fHbie cpe3bi ,naHHoro Kp11cTanna. Eb!JII1 

113rOTOBJieHbi KOMII0311THbie OAB-pe3oHaTopbi co CTPYKTypoii 

Al!Al0,69Sc0,31N/Mo/(hkl) CTGS. nony-qi1BII111ec.SI pe3oHaTopbi -Bo36y)l(,naJII1Cb .no 6 

rru: BKJII01fi1TeJibHO. l13Mep.SIJII1Cb lfaCTOTbi 11 ,no6pOTHOCT11 o6epTOHOB. nony-qeHHbie 

3HalfeHH.SI a Ha lfaCTOTe 1 rru: IIOKa3biBaiOT, lfTO 3aTyXaHI1e 3ByKa B Kp11CTaJIJiaX 

CTGS rrp116JII1311TeJibHO paBHO 11n11 MeHbllie rrornom;eHI1.SI 3BYKOBbiX BOJIH B 

MOHOKp11CTaJIJiaX JiaHraCI1Ta 11 KBapu:a. MI1HI1MaJibHOe 3aTyxaHI1e 6biJIO IIOJIYlfeHO 

.[(JI.SI o6pa3U:a Z-cpe3a. KoMII0311THbiM OAB-pe3oHaTop rrp11MeH.SIJIC.SI B 11ccne.noBaHI111 

CBOMCTB MaTep11aJIOB rrp11 .neifcTBI111 BbiCOKI1X ,naBJieHI1M. Ebml1 11ccne,noBaHbi 

rrnacTI1Hbi 113 pa3JII11fHbiX MeTaJIJIOB W, Zr, Mo. B W 6bmo 3aqmKc11poBaHo Halfano 

penaKCaU:1111 IIJiaCTI11feCKOM ,ne<}:>opMaU:1111 IIp11 .[(aBJieHI111 4,5 rna, a TaK)I(e 

IIpOXO)I(,[(eHI1e aKyCTI11feCKOM BOJIHbi BO BTOpYJO HaKOBaJibHIO 11 o6paTHO IIp11 

.naBJieHI1.SIX 6onee 5,5 rna. B Zr 6biJI 3a<}:>I1KC11pOBaH <}:>a30BbiM rrepexo.n a ~ a+co. B 

Mo 6bma 11CCJie,noBaHa penaKCaU:11.SI rrp11 BbiCOKI1X ,naBJieHH.SIX (12 rna) 11 

3a<}:>I1KC11poBaH rrpoxo.n aKyCTI11feCKOM BOJIHbi BO BTOPYJO HaKOBaJibHIO 11 o6paTHO 

IIp11 .[(aBJieHH.SIX ~ 3 rna. 

B 3aKJII01feHI111 rrp11Be,neHbi OCHOBHbie BbiBO.[(bi 11 pe3yJibTaTbi 

.[(11CCepTaU:110HHOM pa60Tbi. 

,z::(aHHa.SI pa60Ta II03BOJII1Jla paCII111p11Tb MeTO.[(OJIOri1IO 113ylfeHI1.SI <}:>11311KO-

XI1M111fecKI1X 11 aKycTI11fecKI1X cBoifcTB TBep,nbiX Ten HOBbiM RHcTpyMeHTOM - CBll 

ceHcopoM Ha ocHoBe KOMII0311THoro OAB-pe3oHaTopa Ha aJIMa3Hoif rro,nJIO)I(Ke. 

TaKI1e pe3oHaTopbi c rrhe303JieKTp11KaMI1 AlN 11n11 ASN 11MeiOT BbiCOKI1e 

OIIepaU:110HHbie lfaCTOTbi 11 MoryT IIp11MeH.SITbC.SI B KalfeCTBe MI1HI1aTIOpHbiX cp11311KO

XI1MI11feCKI1X CeHCOpOB, CTOMKI1X K )l(eCTKI1M ycJIOBI1.SIM OKpy)l(aiOm;eif cpe.[(bi, TaKI1M 



KaK BbiCOKHe TeMrrepaTypoi, .[(aBJieHHe, a6pa3HBHbie H pa.[(Ha~HOHHbie B03.[(eHCTBH.5I. 

f10Ka3aHO, "Y:TO IIbe303JieKTpH"Y:eCKa.5I IIJieHKa HHTpH.[(a aJIIOMHHH.5I-CKaH.[(H.5I HMeeT 

BbiCOKHH 3cpcpeKTHBHbiH K03cpcpH~HeHT 3JieKTpOMeXaHH"Y:eCKOH CB.5I3H, 

rrpeBoiiiiaiOill,HH aHanorH"Y:Hoe 3Ha"Y:eHHe B AlN B HeCKOJihKO pa3, c coxpaHeHHeM 

IIhe30aKTHBHOCTH, no Kpa:H:He:H: Mepe, .[(0 40 rr~. B OTJIH"Y:He OT M3MC H H3MC 

ycTpOHCTB, rrpe.[(JIO)KeHHbie CeHCOpoi COXpaH.5IIOT pa60TOCIIOC06HOCTb IIpH 

MHoroKpaTHOM HCIIOJih30BaHHH. KoMII03HTHhie OAB-pe3oHaTopoi rrpe.[(Ha3Ha"Y:eHoi 

.[(JI.5I H3MepeHH.5I rrapaMeTpOB IIJieHOK BIIJIOTb .[(0 cy6HaHOMeTPOBOH TOJIIll,HHbi. 

Pa3pa6oTaHHa.5I HHTerpHpOBaHHa.5I H3MepHTeJibHa.5I CHCTeMa "'KaMepa BbiCOKOf'O 

.n:aBJieHH.5I Ha aJIMa3HhiX HaKOBaJihH.5IX c KOMII03HTHhiM OAB-pe3oHaTopoM" 

II03BOJI.5IeT HCCJie.[(OBaTb IIIHpOKHH Kpyr MaTepHaJIOB B ycJIOBH.5IX .[(eHCTBH.5I BbiCOKOf'O 

.[(aBJieHH.5I Ha orrepa~HOHHDIX "Y:aCTOTaX CBq .[(Haiia30Ha. 

O~eHHBa.5I pa6oTy B ~eJioM, MO)KHO CKa3aTo, "Y:TO aBTop IIOKa3aJI ce6.5I KaK 

BbiCOKOKBaJIHcpH~HpOBaHHbiH CIIe~HaJIHCT B o6JiaCTH cpH3HKH KOH.[(eHCHpOBaHHOf'O 

cocT0.5IHH.5I H aKycTH"Y:eCKHX MeTO.[(OB Hccne.n:oBaHH.5I TBep.n:oiX Ten. H.O. AcacpoeB 

IIOJIY"Y:HJI Ba)KHble H IIO.[(TBep)K.[(eHHbie .n:pyrHMH MeTO.[(aMH 3KCIIepHMeHTaJibHbie 

pe3yJioTaToi no cpH3HKO-XHMH"Y:eCKHM H aKycTH"Y:eCKHM CBOHCTBaM Mo, Al, W, Zr, Si, 

Pt, Sc H ASN, BKJIIO"Y:a.5I B03.[(e:H:cTBHe BhiCOKHX TeMrrepaTyp H .n:aBJieHHH. 

HHTepecHoiM rrpe.n:cTaBJI.5IeTC5I pe3yJioTaT .n:ocTH)KeHH.5I .[(Harra3oHa KBq (Kpa:H:He 

BhiCOKHX -qacToT) rryTeM Bo36y)K.[(eHH.5I KOMII03HTHoro OAB-pe3oHaTopa co 

CTPYKTypo:H: "All Alo,69Sco,3IN/Mo/(1 00) aJIMa3" Ha "Y:aCTOTe 40 rr~. I1pH HaiioiJieHHH 

IIJieHKH Pt, HCIIOJII>3Y5I cTpyKTYPY "All Alo,ssSco,12N/Mo/(1 00) aJIMa3/Pt", .n:ocTHrHyTa 

TOJIIll,HHHa5I "Y:YBCTBHTeJioHOCTh 0,5 HM. H3y-qeHo aKycTH"Y:ecKoe 3aTyxaHHe B 

IIIHpoKoM .[(Harra3oHe -qacToT rHrarep~oBoro .[(Harra3oHa B TOHKo:H: rrneHKe Mo H B 

o6neMHhiX o6pa3~ax CTGS. Pa3pa6oTaHa HHTerpHpoBaHHa5I H3MepHTeJII>Ha5I 

CHCTeMa "MHoroo6epTOHHhiH CBq OAB-pe3oHaTop + KaMepa BhiCOKoro .n:aBJieHH5I 

Ha aJIMa3HbiX HaKOBaJibH.5IX
11

, HMeiOill,a5I p5I.[( Ba)KHbiX HOBIIIeCTB: (1) rrpHMeHeHHe 

orrepa~HOHHDIX -y:acToT CBq .[(Harra.JoHa; (2) B03MO)KHOCTh H3MepeHH5I H3MeHeHHH 

aKyCTH"Y:eCKHX CBOHCTB o6pa3~0B ITO.[( .[(aBJieHHeM, KOTOpoie CB5I3aHbi C BHyTpeHHHM 

TpeHHeM HJIH HaJIH"Y:HeM cpa30BbiX rrepeXO.[(OB B MaTepHanax, OC06eHHOCTeH 



rrepexo.n:a H3 yrrpyroii B rrnacTH~ecKyiO o6nacTb .n:e<i_JopMau;Hii B MeTannax, 

peJiaKCal(HH .n:e<i_JopMal(HH B HHX; (3) ~YBCTBHTeJibHOCTb K H3MeHeHHIO .[(aBJieHH.SI 

Bhiiiie, ~eM y MeTo.n:a KPC; ( 4) MHHHaTIOpHbie pa3Mepbi ceHcopHoro 3JieMeHTa. TeM 

CaMbiM C.[(eJiaH cyi.U;eCTBeHHbiH BKJia.[( B pa3BHTHe HOBOH MeTO.[(HKH CBq 

aKyCTH~eCKHX H3MepeHHH <l:>H3HKO-XHM~eCKHX If aKyCTH~eCKHX CBOHCTB TBep.[(biX 

Ten. 

B pa6oTe HCITOJih3yeTc5I coBpeMeHHoe 11: BbiCOKOTO~Hoe 3KcrrepHMeHTaJibHoe 

o6opy.[(OBaHHe, HCCJie.[(yeMbie MO.[(eJIH <l:>H3H~eCKH If MaTeMaTH~eCKH o60CHOBaHHbi, 

HMeeTC51 .[(OCTaTO~HO XOpOIIIee COrJiaCHe pe3yJibTaTOB MO.[(eJIHpOBaHH5I C 

3KcrrepHMeHTaJibHbiMH .n:aHHbiMH. Pe3yJihTaTbi pa6oTbi ai<TyanhHhi, HMeiOT KaK 

MeTO.[(H~eCKOe, TaK If rrpaKTH~eCKOe 3Ha~eHHe B 06JiaCTH <i_JH3H~eCKOH aKyCTHKH, 

<jJH3H~eCKOrO MaTepHaJIOBe.[(eHH5I If <jJH3HKH TBep.n:oro TeJia. 

O.n:HaKo peu;eH3HpyeMa51 pa6oTa He JIHIIIeHa HeKOTOpbiX He.n:ocTaTKOB: 

1) He.n:ocTaTO~Ho ocBei.U;eHbi JIHTepaTypHbie .n:aHHbie no Tpa.n:HU:HOHHbiM 

aKyCTH~eCKHM MeTO.[(aM HCCJie.[(OBaHHH TBep.[(biX TeJI. 

2) B pa6oTe rrpHcyTcTByeT <jlaKTH~ecKoe rroBTopeHHe .n:aHHbiX Ha pHc. 2.1 11: 

pHC. 3.2. 

3) 0TCYTCTByeT cpaBHeHHe CBOHCTB H3BeCTHbiX ITbe303JieKTpH~eCKHX 

MaTepHaJIOB C HCITOJib30BaHHbiMH B pa6oTe HHTpH.[(OM aJIIOMHHH51 If 

HHTPH.D:OM aniOMHHH5I-cKaH.n:H51. 

4) He paccMorpeHa 3KBHBaJieHTHa51 3JieKTpoMexaHH~ecKa51 cxeMa 

3aMei.U;eHH5I KOMIT03HTHoro OAB-pe3oHaTopa. 

YKa3aHHhie Bbiiiie 3aMe~aHH51 He CHH)I(aJOT o6I.U;ero 6narorrpH51THoro 

Brre~aTneHH5I OT pa6oTbi. ,l(HccepTaQHOHHa5I pa6oTa H.O. Aca<i_JbeBa BbiiTOJIHeHa Ha 

BbiCOKOM Hay~HOM ypoBHe If rrpe.[(CTaBJI51eT C060H 3aBepiiieHHOe Hay~HOe 

HCCJie,[(OBaHHe. Pe3yJibTaTbi pa60Tbi BHOC51T cyi.U;eCTBeHHbiH BKJia.[( B pa3BHTHe 

MeTo.n:oB CBq aKycTH~ecKHX MeTo.n:oB B rrpHJIO)I(eHHH K Hccne.n:oBaHH5IM o6neMHbiX 

If ITJieHO~HbiX MaTepHaJIOB. 06neM If Ha~Ha5I HOBH3Ha rrpe.[(CTaBJieHHbiX 

pe3yJihTaToB y.n:oBJieTBOp51IOT Tpe6oBaHH51M, rrpe.n:n5IBJI5IeMbiM K KaH.[(H.[(aTCKHM 

.[(HCCepTal(H51M. 



OcHOBHnie pe3yJinTaThi, non~eHHhie B ,n;MccepTaiJ;I'IIf, orry6nMKOBaHni B 13-Tif 

Ha~HbiX pa6oTaX, B TOM qlfCJie B 1 0-Tif ny6JIIfKai..UUIX B )l(ypHanax, BXO)l;}II.I.l;lfX B 

cnMCOK BAK. Pe3ynnTaTni TaK)I(e npe.n;cTaBJI}IJIIfCh Ha MHoroqlfcJieHHDIX Ha~HhiX 

BCepOCCifHCKifX If Me)l(.n;yHapO)l;HhiX KOHQJepeHQif}IX. ABTOpe<lJepaT nOJIHOCTbiO If 

npaBMJihHO OTPa)l(aeT co.n;ep)l(aHife ,n;MccepTaQMOHHOH pa6oTni. Co.n;ep)l(aHMe 

)l;lfCCepTaQiflf COOTBeTCTByeT nacnopTy Ha~HOH cneQifaJibHOCTif 1.3.8. (01.04.07)

«<l>lf31fKa KOH)l;eHCiipOBaHHOrO COCTO}!Hif}l». 

Pa6oTa H.O. Aca<lJneBa npe.n;cTaBJI}IeT co6o:H: 3aKoHqeHHoe Ha~Hoe 

lfCCJie)l;OBaHife If no 06neMJ pe3yJinTaTOB, )l;OCTOBepHOCTif, Ha~HOH If npaKTifqeCKOH 

3HaqlfMOCTif BbiBO)l;OB y,n;OBJieTBOp}leT Tpe6oBallli}IM, npe)l;b}IBJI}IeMbiM K 

KaH)l;lf)l;aTCKifM )l;lfCCepTaQif}IM (n. 9 «llOJIO)I(eHif}l 0 npMCY)I()l;eHiflf ~eHDIX 

CTeneHeH», yTsep)l(.n;eHHoro IIocTaHOBJieHMeM npaBMTeJinCTBa P<l> NQ 842 OT 

24.09.2013). Ee asTop Aca<PneB H.O. 3acJiy)l(lfBaeT npMcy)l(.n;eHif}l eMY lfCKOMOH 

~eHOH CTeneHif KaH)l;lf)l;aTa QJif31fKO-MaTeMaT1fqecKMX HayK no cneQifaJibHOCTif 1.3.8 

- «<l>lf31fKa KOH)l;eHCifpOBaHHOrO COCTO}!Hif}l». 

0QJifQifaJihHbiH onnoHeHT, 

npo<lJeccop Ka<lJe.n;pni aKyCTifKif 

QJif31fqecKoro <PaKynnTeTa 

YHMBepcMTeTa MM. M.B. JloMoHocosa, 1 ( 
MocKOBCKoro rocy.n;apcTBeHHoro j 
.n;oKTop QJif31fKO-MaTeMaT1fqecKifX HayK, npo<lJeccop / ~ A.M. Kopo6os 
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