
OT3biB 
oqnnJJHUibHoro onnoHeHTa Ha .r:rHccepTa~Jno BopoHoBoif HanUihH BnaLJ:HMHpOBHbi 

«AKyCTJillieCKJile CBOHCTBa TOHKHX Tibe303JieKTpHqecKHX TIJiaCTJiiH npH 

B03LJ:eHCTBJiiJil B513KHX Jii 3JieKTPOTipOBOLJ:51~JiiX )I(JiiLJ:KOCTeH», npeLJ:CTaBJieHH)'IO Ha 

COJiiCKaHHe yqeHOH CTeTieHH KaHLJ:HLJ:aTa <}JH3JiiKO-MaTeMaTJilqecKHX HayK TIO 

CTie~JilaJibHOCTJii 01.04.07 - «<DH3JiiKa KOHLJ:eHCHpOBaHHOrO COCT051HH51» 

TeopeTJilqecKHe H 3KcnepHMeHTaJibHbie HCCJieLJ:OBaHH.H oco6eHHOCTeif 

pacnpocTpaHeHH51 ynpyrHx BOJIH B KpHCTaJIJiax H CJIOHCTbiX cTpyKTypax HMeiOT 

Ba)I(HOe 3HaqeHHe He TOJibKO LJ:JI51 <}JyHLJ:aMeHTaJibHOH HayKH, HO Jii BHOCHT 

cy~eCTBeHHbiH BKJiaLJ: B pa3BJiiTHe TeXHJiiKJil. Ha OCHOBe JiiCCJieLJ:OBaHHH, 

TipOBeLJ:eHHbiX B TeqeHHe MHOrHX JieT BO MHOrHX Jia6opaTOpH51X MHpa, pa3pa6oTaH 

~eJibiH KJiaCC aKyCT03JieKTPOHHbiX ycTpOHCTB, TaKHX KaK pe30HaTOpbi, 

reHepaTOpbi, <}JHJibTpbi, LJ:eTeKTOpbi TeMnepaTypbi, KOH~eHTpa~JiiJil ra30B Jii T.TI. 

ITporpecc B C03LJ:aHHH ycTpoifcTB aKycT03JieKTpOHHKH noJIHOCTbiO 6a3HpyeTc51 KaK 

Ha C03LJ:aHHJil HOBbiX MaTepHaJIOB, TaK Jii Ha OTKpbiTJiiJil HOBbiX <}JH3JilqecKHX CBOHCTB 

Jii 3cp<}JeKTOB, B03HHKaiO~JiiX npH pacnpocTpaHeHHJil aKyCTJilqeCKJiiX BOJIH B 

CJIOJiiCTbiX ITo3TOMY 

oco6eHHOCTeH pacnpocTpaHeHH51 MOLl: ynpyroif BOJIHbi B Tibe303JieKTpHqeCKOH 

CJIOHCTOH TIJiaCTHHe npeLJ:CTaBJI51eT OC06biH npaKTJilqeCKHH JiiHTepec LJ:JI51 

HCTIOJib30BaHH51 JiiX CBOHCTB npH C03LJ:aHHJil CeHCOpOB pa3JIJilqHOrO Ha3HaqeHH51. 

3TO 06CT051TeJibCTBO TI03BOJI51eT cqJiiTaTb, qTo ~eJib LJ:HCCepTa~JiiOHHOH pa60Tbl 

51BJI51eTC51 aKTYaJibHOH. 

,[I,HCCepTa~H51 COCTOHT Jil3 BBeLJ:eHH51, qeTbipex rJiaB, 3aKJIIOqeHH51 Jii CTIJiiCKa 

JIHTepaTypbi. 06oeM LJ:HCCepTa~HJil COCTaBJI51eT 164 CTpaHH~bi, B TOM qHCJie 93 

pHCYHKa, 19 Ta6JIH~. 

r JiaBa 1 COLJ:ep)I(HT 0630p OCHOBHbiX THTIOB aKyCTJilqecKHX KOJie6aHHH 

( o6oeMHbiX, TIOBepXHOCTHbiX p3JieeBCKHX, ryn51eBa-nJIIOCTeHHa, ryn51eBa

ITJieCCKOrO, yTeKaiO~Hx, KJIHHOBbiX), a TaK)I(e aKycT03JieKTpOHHbiX LJ:aTqJiiKOB Ha 

OCHOBe KBap~eBOrO MHKpo6aJiaHCa, JIHHHH 3aLJ:ep)I(KJil, pe30HaTOpOB Ha 

TIOBepXHOCTHbiX BOJIHaX, COCTaBHbiX pe30HaTOpOB Ha 06oeMHbiX BOJIHaX Jii 

pe3oHaTop c LJ:HCTaH~HOHHbiM coeMoM HH<}lopMa~HH. Oco6oe BHHMaHHe yLJ:eJieHo 



aKycT03JieKTpOHHhiM .uaPmKaM, onpe.uemnow.11M <IJI1311Y.ecKMe csowcTBa 

)l(l1.lJ.KOCTeM. 

B rJJaBe 2 113JIO)I(eHhi ocHOBHhie Y.l1cneHHhie 11 3Kcnep11MeHTaJibHbie 

MeTO.lJ.l1K11, KOTOpbJe l1CI10Jib3yeTC~ B .lJ.I1CCepTaiJ,I10HHOM pa6oTe. Tip11Be.LI.eH 

no.upo6HhiM anrop11TM pa6oThi c nporpaMMOM (McGill University), KOTopa~ 

II03BO~eT paCCY.HTaTb xapaKTep11CTI1Kl1 yrrpyr11X BOJIH B ITbe303JieKrp~eCKHX 

TIJiaCTI1HaX H CJIOI1CTblX CTpyKTypax. J13JIO)I(eHa MeTO.lJ.HKa 3KCrrep11MeHTOB Ha 2-X 

C03.LI.aHHbiX ycTaHOBKax, pa6oTaJOw;Hx s 11MnynhCHOM 11 HenpepbiBHOM pe)I(HMax, 

KOTOpbie I103BOJI5HOT TipOBeCTH H3MepeHI1H CBOHCTB 

IIbe303JieKTpHY.eCKI1X ITJTaCTI1H TIO.ll. .LI.eikTBI1eM pa31IHYHhiX BHeWHI1X B03.lJ.eMCTBHH 

B TOM Y.HCJie )1(11.lJ.KOCTeM. TipliBe.LI.eH nepeY.eHb )l(l1.lJ.KOCTHhlX paCTBOpOB, 

II03BO~J0lll.HX rrpOBO.lJ.I1Tb KaJIH6pOBKy aKyCTI1Y.eCKHX .LI.aTY.I1KOB OT.LI.eJibHO Ha 

.[(eHCTBHe B~3KOCHt 11 3JieKTp11Y.eCKOH npOBO.ll.HMOCTI1 )KJ.1.D,KHX sew.eCTB. 

B rJJase 3 rrp11se.ueHhi oco6eHHOCTI1 so36y)J(.[(eHH~ 11 pacrrpocTpaHeHH~ 

HOpMaJihHhiX aKyCTHY.eCKI1X BOJIH B KpHCTaJIJIWieCKHX ITJiaCTI1HaX 11 CJIOHCTbiX 

CTpyKrypax CO CB060.D,HbiMl1 H MeTaJIJIH3HpOBaHHhiMH TIOBepXHOCT~MH. 

3KcnepHMeHTaJibHO ycTaHOBJieHO, YTO C pOCTOM TOJIW.J.1Hbl ITJiaCT11Hhl MO.ll.bl 

HI13Kl1X TIOpH.D,KOB ITO.lJ.THfHBaJOTC~ K ITOBepXHOCTH C 3JieKTpOMeXaHHY.eCKI1MJ.1 

npeo6pa30BaTeJTHMH, MO.JJ:hl BhiCOKMX IIOpH.JJ:KOB KOHIJ,eHTpHpyiOTCH B IJ,eHTpe 

ITJiaCTI1Hhl, MO.JJ:bl 6JIM3KHX HOMepOB lifHTep<IJep11pyiOT ,n:pyr C .n,pyroM, a rapMOHHKH 

MO.ll. HH3KHX nop~.JJ:KOB MHTepcpepMpylOT C MO.LI.aMH BbiCOKHX IIOpH.JJ:KOB Ha HX 

ocHOBHOM qacrore. B 3TOM )J(e rnase .LI.OKaJaHa B03MO)J(HOCTh cyw.ecTsosarme 

HOpMaJihHhiX BOJIH KBa311I1pO.JJ:OJibHOrO THITa He TOJibKO B HanpaBJieHH~X 11 

KpMCTaJIJiaX BbiCOKOH CHMMeTpHH, KaK 6biJ10 TIOKa3allO paHee, HO 11 B 6onee 

HH3KOCI1MMeTpHYHhiX cpe.uax, a TaK)J(e s cnoHCThiX cTpyKTypax B BH,n:e nnacTHH, 

ITOKpbiTbiX CJIOHMH MaTepMaJIOB HllbiX MaTepHaJIOB pa3HOM TOJIII.I,HHhl. )J.JI~ 

cnoHCThiX cTpyKTYP snepBbie BhiiiOJIHeH aHaJIH3 rrpocpwnei1 ynpyrwx cMew.eHHM J.1 

npo,n:eMOHCTp11pOBaHO, Y.TO I1pOcPJ.1Jll1 BCeX MO.JJ: Be HBJIHJOTC5l CTpOrO 

CHMMeTpHY.HbiMH HJIH aHTHCI1MMeTpHY.HbJMH OTHOCHTeJibHO U,eHTpaJibiiOH 

ITJIOCKOCTH, paBHOY.LI.aJieHHOM OT o60I1X nosepXHOCTeM CTpYKTyphi. He CHMMeTpH~ 

-



rrpO~HlleM ITOKa3aHa H rrpH O~HOCTOpOHHeM MeTallllH3aQHH ITbe303lleKTPwqecKHX 

ITllaCTHH. 

r JiaBa 4 ITOCB51Il(eHa HCClle~OBaHHIO CeHCOpHbiX CBOMCTB HOpMallbHbiX 

aKycTwqecKHX BOllH B rrhe3o3neKTpwqecKHX rrnacTHHax H cnowcTbiX cTpyKTypax. 

YbllO:>KeHbi pe3yllhTaTbi 3KCrrepHMeHTallbHbiX HCClle~OBaHHM qyBCTBHTellbHOCTH 

XapaKTepHCTHK MO~ yrrpyroM BOllHbi B 3aBHCHMOCTH OT TeMrrepaTypbi, B513KOCTH 

HllH 3lleKTpHqecKOM rrpOBO~HMOCTH Harpy:>KeHHOrO :>KH~KOCTHOrO paCTBOpa. 

I10Ka3aHO, qTO qyBCTBHTellbHOCTb 3THX MO~ 3aBHCHT OT HOMepa MO~bi, TOllll(HHbl 

ITllaCTHHbl H ~llHHbi BOllHbi. ba3Hpy51Cb Ha 3THX 3aBHCHMOCT51X, rrpe~llO:>KeHbi 

KOHCTPYKQHH ~Byx rrpoTOTHITOB aKycTo3neKTpOHHhiX ceHcopoB - o~Horo, 

IT03BOll51IOil(ero O~HOBpeMeHHO H3Mep51Tb 3 rrapaMeTpa :>KH~KOrO paCTBOpa, H 

~pyroro - o6ecrreqHBaiOil(ero H~eHTHqmKaQHIO :>KH~KOCTeM ITO COBOKYITHOCTH 

cpH3HqecKHX rrapaMeTpOB :>KH~KHX cpe~. 

Co~ep:>KaHHe ~wccepTaQHH cooTBeTCTByeT crreQHanbHOCTH 0 .1. 04.07 

«<DH3HKa KOH~eHCHpOBaHHOrO COCT051HH51». 

HOBH3Ha ~wccepTaQHH 3aKnJOqaeTC51 B TOM, 

pacrrpOCTpaHeHHe H ceHCOpHbie CBOMCTBa MO~ yrrpyroM BOllHbi BrrepBbie 

HCClle~OBaHbi ~ll51 BOllH pa3HOrO THITa, pa3HbiX, B TOM qwcne, BbiCIIlHX ITOp51~KOB, B 

cpe~ax C 60llbllleM H MeHbllleM CHMMeTpHeM, a TaK:>Ke B HOBbiX CTpyKTypax, 

o6pa30BaHHbiX rrnaCTHHaMH H ITlleHKaMH pa3HbiX MaTepHallOB. 

flpaKTH1.feCKaH 3Ha1.fHMOCTh ~HCCepTaQHH 3aKnJOqaeTC51 B pa3pa60TKe 

HOBbiX 3KCrrepHMeHTallbHbiX MeTO~OB aKyCTHqecKOM xapaKTepH3aQHH :>KH~KHX 

Bell(eCTB, KOTOpbie ITO~KperrneHbl C03~aHHeM COOTBeTCTBYIOil(HX rrpOTOTHITOB H 

rronyqeHHeM 2-x rraTeHTOB. 

060CHOBaHHOCTb H ~OCTOBepHOCTb rronyqeHHbiX 

ITO~TBep:>K~aeTC51 HCITOllb30BaHHeM Ha~e:>KHbiX pacqeTHbiX H 3KCrrepHMeHTallbHbiX 

MeTO~HK, XOpOII10 rrpoBepeHHbiX MaTepHallbHbiX KOHCTaHT, COBITa~eHHeM 

TeopeTHqeCKHX H 3KCrrepHMeHTallbHbiX ~aHHbiX, rry6llHKaQHeM pe3yllbTaTOB B 

cepbe3HbiX HayqHbiX :>KypHanax H QHTHpOBaHHeM HeKOTOpbiX pe3yllbTaTOB 

~HCCepTaQHH ~pyrHMH aBTOpaMH. 



I1y6JIMKal(MM H.B.BopoHoBoii yKa3aHbi B Ka)I(.[(OM rraparpa<}Je .n;MccepTal(MM 

M OTPa)l(aiOT ee co.n;ep)l(aHMe. 

B KaiJeCTBe 3aMeiJauuii: K ,lJ,HccepTau,uouuoii: pa6oTe cJle,lJ,yeT OTMeTHTh 

CJle.LI.yiDI:Qne: 

1. 0TCYTCTBMe cpaBHMTeJibHOrO aHaJIM3a qyBCTBMTeJibHOCTM 

pa3pa6oTaHHbiX aBTOpOM MaKeTOB C aHaJIOrMqHbiMM y)l(e cyrn:eCTBYIOIJJ:MMM 

aKyCT03JieKTpOHHbiMM ycTpORCTBaMM. 

2. He rro.n;KperrneH pacqeTaMM 3KcrrepMMeHTaJibHO o6Hapy)l(eHHhiii <}laKT 

«IIO.[(T5JTMBaHM51» HOpMaJibHbiX MO.[( HM3KMX IIOp51.[(KOB K IIOBepXHOCTM «TOJICTbiX» 

IIJiaCTMH, KOTOpa51 CO.[(ep)I(MT M3JiyqaTeJib M IIpMeMHMK. 

3. He .n;aHo o6o51CHeHMe, rroqeMy o6paTHa51 TpaHc<}lopMal(MM 

KBa3MIIpO.[(OJibHOR BOJIHbl B BOJIHY JbM6a B TeTpa6opaTe JIMTM51 IIpOMCXO.[(MT He B 

Mo.n;y c 3-M51 corrocTaBMMbiMM KOMIIOHeHTaMM cMern:eHM51, a B BOJIHy, SH 

KOMIIOHeHTa KOTOpoif .[(OMMHMpyeT Ha.[( 2-M51 .n;pyrMMM (pMC.3 .11 ,B). 

4. J-h-3a OTCYTCTBI151 B .[(MCCepTal(MM MHbiX IIpMMepOB CKJia.[(biBaeTC51 

BrreqaTJieHMe, qTO TpaHc<}JopMal(M51 O.[(HOrO TMIIa MO.[( yrrpyroif BOJIHbl B .n;pyroif -

YHMKaJibHOe 51BJieHMe, Tor.n;a KaK 3TO .n;aneKo He TaK. ABTopy cne.n;oBaJIO 6hi 

o6paTMTb Ha 3TO BHMMaHMe B TeKCTe CBOeif pa60Tbl. 

5. HecMoTp51 Ha B l(eJIOM KaqecTBeHHOe o<}JopMJieHMe .n;MccepTal(M51 MMeeTc51 

p51.[( CTMJIMCTMqeCKMX rrorpeiiiHOCTeif. HarrpMMep, OIIMCaHMe pMC.1.6,C B TeKCTe 

OTCYTCTByeT; pMC. 3.13 .n;y6JIMpyiOT pMc.2.16. 

O.n;HaKo, yKa3aHHbie 3aMeqaHM51 HOC51T qacTHhiii xapaKTep M He MoryT 

rroBJIM51Tb Ha o6rn:y10 BbiCOKYIO ol(eHKY .n;MccepTal(MOHHOii pa6oTbi. B l(eJioM 

.n;MccepTal(MOHHa51 pa6oTa BopoHoBoii H.B. rrpe.n;cTaBJI51eT co6oii 3aKoHqeHHoe 

HayqHoe Mccne.n;oBaHMe. ITpe.n;cTaBJieHHbie pe3yJibTaThi, OTJIMqaiOTC51 .n;ocTaToqHoii 

ITOJIHOTOR M BbiCOKMM ypoBHeM MCITOJIHeHM51, CBM.[(eTeJibCTBYIOT 0 BbiCOKOR 

KBaJIM<}JMKal(MM .[(MCCepTaHTa. 

OcuoBHhie pe3yJlhTaThi .n;MccepTal(MOHHOii pa6oThi rroJIHOCTbiO oTpa)l(eHhi 

B .[(OCTaToqHOM KOJIMqecTBe orry6JIMKOBaHHbiX CTaTeif B rrpeCTM)I(HblX 

pel(eH3MpyeMbiX pOCCMRCKMX M 3apy6e)I(HblX HayqHbiX )l(ypHaJiaX, 



peKoMeH.[(OBaHHhiX BAK P<l>, a TaK)I(e JUP1HO aBTopoM .n:ono)l(eHbi Ha 

MHOroqHCJieHHbiX pOCCHHCKHX H Me)l(.[(yHapO.[(HbiX KOHcpepeHQH5IX no TeMe 

.[(HCCepTaQHH. 

Pa6oTa y.n:oBJieTBop.HeT Tpe6oBaHH5IM BAK, npe.n:o.HBJI.HeMbiX K 

.[(HCCepTaQH5IM Ha COHCKaHHe yqeHOH CTeneHH KaH,[(H.[(aTa cpH3HKO-

MaTeMaTHqeCKHX no cneQHaJibHOCTH 01.04.07 cpH3HKa 

KOH.[(eHCHpOBaHHOrO COCT05IHH5I. 

ABTopecpepaT OTPa)l(aeT co.n:ep)l(aHHe .[(HCcepTaU:HH B noJIHOM o6oeMe. 

CqHTaio, qTo BopoHoBa HaTaJih.H Bna.n:HMHpOBHa 3acJiy)I(HBaeT 

npHCY)I(.[(eHH5I eli yqeHOH CTeneHH KaH.[(H.[(aTa cpH3HKO-MaTeMaTHqecKHX HayK. 

ITpocpeccop Kacpe.n:phi «<l>H3HKa TBep.n:oro Tena H HaHoTexHonorHil» 

l1HCTHTYT HH)I(eHepHOH cpH3HKH H pa.[(H03JieKTpOHHKH 

<I>r AOY BO «CH6HpcKHH cpe.n:epanhHhiH yHHBepcHTeT» 

.[(OQeHT, .[(OKTOp cpH3HKO-MaTeMaTHqecKHX HayK- 01.04.03 (pa.[(HOcpH3HKa) 
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