
OT3hl8 

ocpwuwanbHoro onnoHeHTa B.M. neswHa Ha .uwccepTaUHOHH)'lO pa6oTy 

He.uocnacosa 11nhH AneKcaH.nposw-ra "Oco6eHHOCTH pacnpocTpaHeHHH o6paTHbiX H 

np51MblX aKyCTWieCKHX BOJIH B H30T{)OllHblX H aHH30T{)OllHblX ITJiaCTHHaX H 

CTpyKTypax Ha HX OCHOBe", npe.UCTaBJieHHYIO K 3aiUHTe Ha COHCKaHHe )"IeHOH 

CTeneHH KaH.UH.UaTa cpH3HKO-MaTeMaTH'-!eCKHX HayK ITO ClleUHaJibHOCTH 01.04.07 -

«<l>H3HKa KOH.UeHCHpOBaHHOrO COCT051HH51» 

,UwccepTauHoHHCUI pa6oTa 11.A. He.uocnacosa nocsHrueHa pa3BHTHIO pH.na aKTYaJibHhiX 

HanpasJieHHH COBpeMeHHOH aKyCTHKH TBep.noro TeJia, TaK HJIH HHa'-le CB513aHHbiX C HaJIHqHeM B 

cneKTpe ynpyrHX B036y)l(.lJ:eHHH 06JiaCTeH C npOTHBOllOJIO)I(HblMH HanpaBJieHHHMH rpynnOBbiX H 

cpa30Bbi X CKOpOCTeH- T.H. o6paTHbiX BOJIH. 

B nocne.nHHe .uecHTHJieTHH npHCTaJihHbrH HHTepec Hccne.uosaTeneH: Bhl3hiBaiOT BOJIHOBhre 

51BJieHIUI, CB513aHHbie C pa3JIWIHeM Hanp asneHHH cpa30BOH H rpynnOBOH CKOpOCTH .ll:Jl51 ynpymx 

B036y)l(.lJ:eHHH B TBep.UbiX TeJiax. B aKyCTHKe TBep.noro TeJia 3TOT HHTepec nepBOHaqaJibHO 6biJI 

CBH3aH C OC06eHHOCT51MH pacnpOCTPaHeHH51 ynpymx KOJie6aHHH B KpHCTaJIJIH'-!eCKOH cpe.ne, 

n p e)l(.ne BCero, C 51BJieHH51MH T.H. cpOHOHHOH cpoKyCHpOBKH npeHMyiUeCTBeHHOrO 

pacnpOCTpaHeHH51 3HeprHH ynpyrHX B03MymeHHH B.ll:OJlb onpe.neJieHHbiX KpHCTaJIJIOrpacpHqeCKHX 

HanpasJieHHH. ,UpyrHM 06'beKTOM HHTepeca OKa3aJIHCb ynpyrHe cpe.Ubl C aHOMaJibHOH .ll:HCnepcHeif, 

.[{JI51 KOTOpbiX B YJih'rpaJBYKOBOM cneKTpe B03HHKaiOT qacTOTHhie .[{Halla30Hbl, B KOTOpbiX 

HanpasJieHH51 cpa30BOH H rpynn OBOH CKOpOCTeH ynpymx B036y)l(.lJ:eHHH OKa3b!BaiOTC51 

npOTHBOllOJIO)I(HbfMH - T.H. o6paTHbie BOJIHbl. C cyrueCTBOBaHHeM o6paTHblX BOJIH CB513aH UeJibiH 

KJiaCC cpY.3HqecKHX 51BJieHHH - OTpHUaTeJibHOe npeJIOMJieHHe H T . .lJ:.; npe.UCTaBJUUOIUHX, llOMHMO 

<l>YH.UaMeHTaJibHOro, 3HaqHTeJibHbiH npaKTHqeCKHH HHTepec. 

06paTHbie BOJIHbi B aKyCTHKe 06hl'-IHO CB513biBaiOTC51 C pacnpocrpaHeHHeM ynpymx 

B036y)l(.lJ:eHHH B KOMTI03HTHbiX cpe.nax C nepHO.ll:HqecKOH rrp OCTPaHCTBeHHOH C'fPYKTYPOH. B TaKHX 

c p e.nax npoHcxo.n:HT Kap.nHHaJihHCUI rrep ecTPOHKa yJibTpaJBYKOBbiX crreKrpos - B03HHKaeT JOHHCUI 

CTpyKTypa, B crreKTPax IT051BJI51IOTC51 )RiaCTKH C lla.ll:aiOIUeH 3aBHCHMOCTbiO '-!aCTOTbl OT BOJIHOBOrO 

BeKTOpa, KOTOpbie H COOTBeTCTBYIOT o6JiaCT51M cyruecTBOBaHH51 o6paTHblX BOJIH. B TO )l(e speM51 

cyruecTByeT Knacc ynpyrHx soJ6y)l(.lJ:eHHH, KOTOpbre He Tp e6yroT COJ.UaHH.H oco6brx cpe.n .ll:JI51 

Ha6JIIO.n:eHH51 o6paTHbiX BOJIH. Peqb H.[leT o BOJIHOBO.ll:HhiX Mo.nax pa3JIH'-!Horo THrra. Y)l(e .UJIH 

JI3M60BCKHX BOJIH B H30TpOllHblX ITJiaCTHHax cyrueCTB)'lOT MO.ll:bl C rra.UaiOIUHMH y qacTKaMH B 

qacTOTHOM cneKrpe. 3Ha'-!HTeJibHO 60JibUlee pa3H006pa3He o6paTHblX BOJIHOBblX B036y)l(.lJ:eHHH 

B03HHKaeT .ll:Jl51 MO.ll: B aHH30TpOITHblX ITJiaCTHHaX, B .ll:PYrHX BOJIHOBO.ll:HbiX CHCTeMaX. B HaCTOHIUee 

BpeMH HHTepec K H3y'-leHHIO o6paTHblX BOJIH B llJiaCTHHaX H .UpyrHX BOJIHOBO.lJ:HhiX CHCTeMax 



B03pacTaeT. I1CCJie.[()'IOTC~ YCJIOBH~ B03HHKHOBeHH~ aHOMaJihHOH .[(HCnepCHH ,[(Jl~ BOJIHOBO.[(HhiX 

MO.[( B H30TpOnHhiX H aHH30TpOnHhiX nJiaCTHHaX. ,lJ,JI~ aHH30TpOnHhiX nJiaCTHH HCCJie,[(yeTC~ 

BOnpOC 06 OnTHMaJihHOH ¢opMe nosepXHOCTH Me.[(JieHHOCTH H Bhi6ope OpHeHTaUH11 Cpe3a .[(Jl~ 

Ha6mo.n:eHH~ o6paTHhiX BOJIH. Oco6o8 npo6neMOH OKa3hiBaeTc~ B036y)f(.n:eHHe H, rnasHoe, npHeM 

o6paTHhiX BOJIH H HX 3KCnepHMeHTaJihHOe HCCJie,[(OBaHHe H HCnOJih30BaHHe. 0.n:HaKO, HeCMOTp.sl Ha 

3Ha"'HTeJibHbiH nporpecc B H3y"'eHHH o6paTHblX BOJIH B BOJIHOBO.[(HhiX CHCTeMax OCTaiOTC~ 

HeHCCJie.[(OBaHHblMH MHOrHe Ba)I{Hhle ,[(eTaJIH B03HHKHOBeHH~ TaKHX MO.[(, OC06eHHOCTeH HX 

pacnpocTpaHeHH~ H 3¢¢eKTOB, B03HHKaiOIUHX c yqacTHeM TaKHX BOJIH. PerneHHlO qacTH 3THX 

npo6neM H nocs~meHa .n:HccepTauHOHHM pa6oTa .I1.A. He.n:ocnacosa. 

_nHccepTaUH~ COCTOHT H3 BBe.[(eHH~, Tpex rnaB OCHOBHOfO TeKCTa, KpaTKOfO 3aKJilO"'eHH.sl C 

OCHOBHhlMH pe3yJihTaTaMH 11 BhiBO,[(aMH, CnHCKa pa60T aBTOpa no TeMe .[(HCCepTaUHH, COCTO~ruero 

H3 15-TH HaHMeHOBaHHH, H CnHCKa UHTHpOBaHHOH JIHTepaTyphi, BKJIIO"'aiOIUero 113 

HaHMeHOBaHJ.IH. 

Bse,llenue co.n:ep)f(HT ¢opMynHposKy npo6neM, pernaeMhiX B paMKax .n:HccepTaUHOHHOH 

pa60Thl H 0630p JIHTepaTypbl no pe3yJihTaTaM TeopeTH"'eCKHX HCCJie,[(OBaHHH B 06JiaCTH 

aHOMaJihHOH ,[(HCnepCHH yrrpyrHX BOJIH B BOJIHOBO,[(HhiX CHCTeMaX, TeOpeTH"'eCKHX 11 

3KCnepHMeHTaJibHhlX HCCJie.[(OBaHHH OC06eHHOCTeH pacnpOCTpaHeHH~ o6paTHhiX BOJIH B TaKHX 

o6beKTax. Bse.n:eHHe TaK)Ke BKJIIO"'aeT cTaH.n:apTHbie nYHKThi, xapaKTepH3YJOIUHe uenh 11 3a,[(a"'H 

pa60Tbl, ee Hay"'HYlO HOBH3H y, HayYH)'IO H npaKTH"'eCKYlO 3Ha'IHMOCTb pa60Tbl, CnHCOK OCHOBHhiX 

nOJIO)f(eHHH, BhiHOCHMhiX Ha 3aiUHTy, ,[(aHHbie 06 anpo6aUHH ,[(HCCepTaUHH H ny6JIHKaUH.slX. 

BKpaTue .n:aeTc~ CTPYKTypa .n:HccepTaUHH 11 co.n:ep)f(aHHe oT.n:enhHhiX rnaB. 

1-aH rJiaBa .[(HCCepTaUHH nOCB.slllleHa TeOpeTHqeCKOMY H 3KCnepHMeHTaJibHOMy 

HCCJie,[(OBaHHIO OC06eHHOCTeH pacnpocTpaHeHH.sl BOJIHOBO.[(HbiX MO.[( B aHH30TpOnHOH 

nbe30nJiaCTHHe . .I1CCJie,[(OBaHH~ npOBO,[(HJIHCh ,[(JI.sl nhe30aKTHBHhiX Jl3M60BCKHX BOJIH B nJiaCTHHe 

YX cpe3a HHo6aTa JIHTH.sl. I1he3o3¢¢eKT Hcnonb3osanc~ aBTopoM .n:rr~ B036y)f(.[(eHH.sl BOJIHOBO.D:HhiX 

MO.[( C npHMeHeHHeM BCTpe'IHO-lllThipeBhlX npeo6pa30BaTeJieH (BlliiT). 113 'IHCJieHHO 

paCC'IHTaHHhlX ,[(HCnepCHOHHhlX 3aBHCHMOCTeH nOKa3aHO, 'ITO ,[(JI.sl O.[(HOH H3 llhe30aKTHBHhlX 

JI3M60BCKHX MO.[( 1-ro nop.sl.D:Ka cymecTByeT ,[(Halla30H 'laCTOT, COOTBeTCTB)'IOIUHX o6paTHbiM 

BOJIHaM. Ha OCHOBe pe3yJihTaTOB pacqeTa 6hlJIO npoBe,[(eHO 3KCnepHMeHTaJihHOe HCCJie.[(OBaHHe 

B036y)f(.[(eHH~ Kone6amt8 3TOH MO.LJ:hi Ha BWIT c pa3JIH'IHhiM npocTpaHCTBeHHhiM nepHO.D:OM 11 

nOKa3aHO HaJIH'IHe 06JiaCTeH aHOMaJihHOH .[(HCnepCHH B cneKTpe 3TOH MO.[(bl. 

0co6o XO'IeTC.sl OTMeTHTh OCHOBHhie OpHrHHaJihHhie pe3yJihTaThl, noJiy'leHHhie .I1.A. 

He.n:ocnacoBhiM, .n:rr~ BhiTeKaiOIUHX o6paTHhiX MO.D: B n nacTHHax, norpy)f(eHHhiX B )f(H.LJ:KOCTh. ,l],JI.sl 

np~MblX BOJIH OC06eHHOCTH pacnpOCTpaHeHH~ BOJIHhl B norpy)KeHHOH n JiaCTHHe XOpOlllO 



H3BeCTHhl. B )I(H.LJ.KOCTH CO CKOpOCThlO 3ByKa MeHhiiieH CKOpOCTH BOJIHOBO.LJ.HOH MO.LJ.hl, 

pacnpOCTpaH51IOIUeeC51 B036y)I(.LJ.eHHe cPOpMHpy eT 3BYKOBYJO BOJIHy, yxO.LJ.51IUYJO OT TIJiaCTHHhl B 

HanpaBJieHHH, 3a.LJ.aBaeMhiM nepHO.LJ.JiqHOCTblO Ha TIOBepXHOCTH TIJiaCTHHhl. 3a cqeT yTeqKH :meprHH 

B03HHKaeT CTieUHqJHqecKoe 3aTyxaHHe BOJIHOBO.LJ.HOH MO.Ll.hl B.LJ.OJih HanpaBneHH51 ee 

pacnpOCTpaHeHH51, a aMTIJIHTy.LJ.a BhiTeKaiOIUeH B )I(H.LJ.KOCTH BOJIHbl HapacTaeT B HanpaBJieHHH OT 

nnaCTHHhl. ,[(n51 o6paTHbiX BOJIH .LJ.HCCepTaHTOM Ha OCHOBe 3HepreTHqecKHX COOTHOIIIeHHH 

TIOKa3aHO, qTO B OTJIJiqHe OT np51MbiX BOJIH, 06paTHbie BOJIHOBO.LJ.Hble MO.LJ.bl 3aTyxaiOT B.LJ.OJib 

TIJiaCTHHhl B HanpaBJieHHH, npOTHBOTIOJIO)I(HOM BOJIHOBOMY BeKTOpy, a aMTIJIHTy.LJ.a BOJIHbl yTeqKH 

yMeHblllaeTC51 C paCCT051HHeM OT n naCTHHbl, a He HapacTaeT KaK B cnyqae np51MOH BOJIHbl. 

Jth TeX )l(e 3HepreTHqeCKHX BblqHcJieHHH .LJ.HCCepTaHTOM nonyqeH .LJ.pyrOH Ba)I(HbiH pe3yJibTaT 

- TIOJIHbiH TIOTOK :mepmH B.LJ.OJib HanpaBJieHH51 pacnpOCTpaHeHH51 BbiTeKaiOIUeH MO.LJ.bl paBeH HYJIIO, 

T.K. nepeHOC 3HeprHH B )I(H.LJ.KOCTH B.Ll.OJlh HanpaBJieHH51 pacnpOCTpaHeHH51 KOMTieHCHpyeT nepeHOC 

B o6paTHOM Hanpaan eHHH B nnaCTHHe 3a cqeT OTpHUaTeJibHOH rpynnOBOH CKOpOCTH BOJIHOBO.LJ.HOH 

MO.Ll.bl. 

Bo 2-ou r Jiase .LJ.HccepTaUHH Hccne.LJ.YJOTC51 oco6eHHOCTH pacnpocTpaHeHH51 C.LJ.BHrOBbiX 

BOJIHOBO.LJ.HbiX MO.LJ. B KpHcTannHqecKHX nbe3on nacTHHax. B KaqecTBe o6beKTa Hccne,n:oBaHH51 

Bbi6paHhl n n aCTHHhl HH06aTa KaJIH51 - poM6HqecKOfO KpHCTaJIJia, .LJ.n51 KOTOpOrO B HanpaBJieHH51X, 

Jie)l{aruHx B XY nnocKOCTH, B03MO)I{HO pacnpocTpaHeHHe C.LJ.BHrOBbiX BOJIH c BeKTopaMH 

non 51pH3aUHH B.LJ.OJih ocH Z. B n nacTHHax, Bhipe3aHHbiX nepneH.LJ.HKYn51PHO oc51M X H Y , 

paCCMOTpeHhl qJiCTO CJJ:BHfOBbie BOJIHOBOJJ:Hbie MOJJ:bl - B.Ll.OJib OCH Y .LJ.JI51 X-cpe3a H B.LJ.OJib OCH X 

,n:n51 Y - cpe3a. BbrBe.LJ.eHbi .LJ.HcnepcHOHHbie ypaBHeHH» H nonyqeHbi ,n:McnepcHOHHhie 3aBHCHMOCTH 

.LJ.n51 3THX MO.LJ., HaH.LJ.eHhl COOTBeTCTBYJOIUHe TIOn51 CMeiUeHHH H 3JieKTpJiqeCKOfO TIOTeHUHaJia .LJ.n51 

YKa3aHHbiX cpe30B H HanpaBJieHHH pacnpOCTpaHeHH51. f10Ka3aHO, qTo qJ1CTO C.LJ.BHfOBbie MO.LJ.bl 

51Bn51IOTC51 np51Mb1MH MO.LJ.aMH B n naCTHHKax Y OpHeHTaUHH H o6paTHbiMH MO.LJ.aMH B TIJiaCTHHKaX 

X-cpe3a. Ba)I(HbiM pe3ynbTaToM 51Bn51eTc51 BbrnBJieHHasr CB513b Me)I(.LJ.y xapaKTepoM 

pacnpOCTpaHeHH51 BOJIHOBO.LJ.HbiX MO.Ll. H TOTIOJIOrHeH TIOBepXHOCTH Me.nneHHOCTH .LJ.n51 C.LJ.BHfOBhlX 

BOJIH B MaTepHane nnaCTHH. f10Ka3aHO, q To cyiUeCTBOBaHHe o6paTHbiX BOJIH TeCHO CB513aHO C 

HaJIHqHeM yqaCTKOB OTpHUaTeJibHOH KpHBH3Hbl (BOrHyTOCTH) Ha 3TOH TIOBepXHOCTH. f10Ka3aHO, 

qTo npH HaJIJfqHH yqacTKOB BOfHYTOCTH cPa30Bhie H rpynnOBhie CKOpOCTH C.LJ.BHfOBbiX 

napUHaJibHblX BOJIH, o6pa3YJOIUHX BOJIHOBO.LJ.HYlO MO.LJ.y, MOfYT 6biTh pa3HOHanpaaneHHbiMH TIO 

OTHOIIIeHHIO K HanpaaneHHIO pacnpOCTpaHeHH51 CaMOH BOJIHOBO.LJ.HOH MO.Ll.bl H o6ycnaBJIHBaTb ee 

o6paTHbiH xapaKTep. 

B maBe paCCMaTpHBaeTC51 BOnpoc 0 TIOBe,n:eHHH HMTIYJibCOB C.LJ.BHfOBOH BOJIHOBO.LJ.HOH M O.Ll.bl, 

cPOpMHpyeMbiX B qaCTOTHOM HHTepBane, r .ne o6pamaeTC51 B HYJib rpynnOBaSl CKOpOCTb 

BOJIHOBO.LJ.HOH MO.LJ.bl H npOHCXO.LJ.HT nepeXO.LJ. OT o6paTHOH MO.LJ.bl K np51MOH. TaKOH HMTIYJibC 



OKa3hiBaeTCH 3axsaqeHHhiM, ero 3BOJIIOUHH onpeneJUieTcH 3<P<PeKnlMH pacnJihiBaHHH. 

f1pe,UJiaraeTCH HCTIOJib30BaTb BOJIHOBO.llHble MO.llbl C TaKHMH napaMeTpaMH ,llJIH C03,llaHHH 

ynhTpa3BYKOBhiX pe3oHaTopos c BllliT B036y)I(JleHHeM. 

11HTepecHbiM npencTaBJIHeTcH nonyq:eHHhiH M.A. HenocnacoshiM pe3yJihTaT o 3aBHCHMOCTH 

aHOMaJibHOH JlHCnepCHH B CTieKTpax C.llBHfOBbiX MO.ll OT MeTaJIJIH3al.{HH H TIOBepXHOCTHOH 

npOBO.UHMOCTH. 11M TIOKa3aHO, qTo 3TH <t>aKTOpbl CHJibHO BJIHHJOT Ha xapaKTep .llHCTiepCHOHHbiX 

3aBHCHMOCTeH .llllil TeX MO.ll, .llJIH KOTOpbiX xapaKTepHO HaJIHqJ.Ie yqacTKOB C OTpHQaTeJibHOH 

rpynnOBOH CKOpOCTbfO. B qaCTHOCTH, TIOKa3aHO, qTO .UJIH 3JieKTpHqeCKH 3aKopoqeHHOH TIJiaCTHHbi 

BOJIHOBO,llHbie MO,llbl MOfYT TepHTb yq:aCTKH CTieKTpa C OTpHUaTeJibHOH CKOpOCTbfO H 

TpaHC¢0pMHpOBaTbCH B npHM)'IO BOJIHy. 

rJiaBa 3 TIOCBHIUeHa H3yqeHHIO ,llOCTaTOqHO HOBOfO THTia ynpyrHX B036y)l(,UeHHH, T.H. 

KJIHHOBbiX BOJIH, npe,UCTaBmllOIUHX C060H BOJIHOBO,llHbie MO,llbl, pacnpOCTpaHHIOIUHeCH B.llOJib 

onHoMepHbiX npoTH)l(eHHbiX cTpyKTYP KJIHHbes, KpOMOK, pe6ep. B .UHcceprauHH 

paCCMaTpHBaiOTCH O.llHOMepHbie BOJIHOBO.llHbie MO.llbl B HeHCCJie,UOBaHHbiX paHee KOH¢HrypaUHHX -

B.llOJib pe6ep COCTaBHbiX KJIHHbeB, B T.q. B.llOJib KpOMKH COCTaBHOfO TIOJIYTipOCTpaHCTBa, H B.llOJib 

CB060.UHOfO KpaH yceqeHHOfO COCTaBHOfO KJIHHa. 

3anaqa 0 pacnpOCTpaHeHHH KJIHHOBbiX MO.ll pernaeTCH qHCJieHHbiM o6pa30M B 2-yx 

TIOCTaHOBKaX B BH,lle 3a,Uaql1 0 C06CTBeHHbiX O,llHOMepHbiX MO,llaX B nepeqHCJieHHbiX 

KOH<PHrypaUHHX H B BH.lle 3a,UaqJ.I 0 B036y)I(JleHHH TaKHX MO.ll rapMOH~eCKHM pacnpe,UeJieHHbiM 

HCTOqHHKOM. ,[(JUI perneHIDl TIOCTaBJieHHbiX 3a,Uaq HCTIOJib3yeTCH BapHaUHOHHbiH TIO.UXO.ll. 

3anHCbiBaeTCH narpaH)l(HaH CHCTeMbl C yqeTOM rpaHHqHbiX YCJIOBHH; npH 3TOM, YCJIOBHH Ha 

6ecKOHeqHoCTH 3aMeHHIOTCH KOHTaKTOM c H.UeaJibHO cornacosaHHbiMH cnoHMH. BapbHpoaaHHe 

narpaH)l(HaHa naeT cHcTeMy JIHHeHHbiX ypaaHeHHH; ee perneHHe onpe.ueJUieT o6nacTb 

CyiUeCTBOBaHHH KJIHHOBbiX MO.ll, HX CKOpOCTb pacnpOCTpaHeHHH H pacnpe,UeJieHHe TIOJieH 

CMeiUeHHH .llllil KJIHHOBbiX MO.ll B 06oeMe H3yq:aeMOH KOH¢11rypaUHH. Ba)I(H)'IO pOJib Jlllil ¢H3HKH 

KJIHHOBbiX BOJIH HrpaeT OnpenerreHHe o6JiaCTeH 3HaqeHHH reoMeTpHqeCKHX H MeXaHHqeCKHX 

napaMeTpoB CTPYKTYPbi, .llllil KOTOpbiX 3TH BOJIHbi cymecTBYIOT. )]:HccepTaHTOM TaKHe o6n acTH 

CyiUeCTBOBaHHH HCCJie,llOBaHbl .llllil paCCMaTpHBaeMbiX HM COCTaBHbiX BOJIHOBO.llOB CJIO)l(HOH 

¢opMbl. )]:JIH COTipH)l(eHHH B norrynpocTpaHCTBe HJIH KJIHHe H30TpOTIHbiX Cpen OTipe,UeJieHbl 

06JiaCTH CyiUeCTBOBaHIDl KJIHHOBbiX MO.ll B 3aBHCHMOCTH OT BeJIHqHHbl OTHOliieHHH TIJIOTHOCTeH H 

ynpyrHx napaMeTpos cpen, o6pa3)'IOIUHX KJIHH HJIH nonynpoCTpaHCTBo. IToKaJaHo, qTo pa3Mep, 

3aHHMaeMblH TaKOH 06JiaCTbfO, 3aBHCHT OT yrJIOB pacKpbiTHH B COCTaBHOM KJIHHe HJIH OT yrJia 

COTipH)l(eHHH Cpe.u B TIOJIYTipOCTpaHCTBe. C pOCTOM y rJIOB 06JiaCTb CyiUeCTBOBaHHH KJIHHOBbiX MO.ll 

ccy)l(aeTcH, ocTaBaHCb BHYTPH o6nacTei1: .llllil MeHbliiHX yrnos conpH)l(eHHH. PacqeroM onpe.ueneHhi 



CKOpOCTH pacnpOCTpaHeHH}I B peaJibHhiX O.[(HOMepHbiX BOJIHOBO.[(aX - O.[(HOpO.[(HhiX H COCTaBHhiX 

KJIHHb}IX, B 3aBHCHMOCTH oT yma pacKphiTH}I KJIHHa H YTJIOB coqneHeHH}I B HeM. 

PactJeTbi noKaJhmaiOT, tJTO KJIHHOBbie MO.Uhi MoryT 6hiTh BhiTeKaiOIUHMH. TaKoH cn yqaii 

paCCMOTpeH B .[(HCCepnW:HH .[(Jl}l COCTaBHOrO KJIHHa 113 aKyCTHtJeCKH KOHTpaCTHhiX MaTepHaJIOB; 

110Ka3bmaeTC}I CHJihHM 3aBHCHMOCTb, KaK CKOpOCTH pacrrpOCTpaHeHH}I, TaK H BeJIHtJHHbl 

Bb!TeKaHH}I B 3aBHCHMOCTH OT yrJIOB pacKpbiTH}I COCTaBJUliOIUHX KJIHHbeB. 0c06biH HHTepec 

npe.[(CTaBJI}IeT HCCJie,[(OBaHHe BOJIHOBO.[(HbiX MOL( B yceY:eHHOM KJIHHe, COCTaBJieHHOM H3 2-yx 

ocTpoyroJibHbiX KJIHHbeB H cpenHHHoro rrapannenerrHrrena. B 3TOM cnyqae ITO}IBJUleTc}l 

reoMeTpHY:eCKHH rrapaMeTp C pa3MepHOCTbiO .[(JIHHbl - TOJIIUHHa Cpe.[(HHHOrO rrapaJIJieJieiTHITe.[(a; H, 

cooTBeTCTBeHHO, B03HHKaeT nHcrrepcH}I cpa30BOH cKopocTH. B pa6oTe, rro-BH.UHMOMy, snepBbie 

paCCY:HTbiBaiOTC}I .[(HCnepCHOHHbie KpHBbie .[(JUl O.[(HOMepHbiX BOJlHOBO.[(HbiX MOL( B.[(OJlb cpe3a 

KJIHHa, H HCCJie.zryeTC}I CTpyKTypa BOJIHOBbiX ITOJleH .[(JUl TaKHX MOL( C yqeTOM }IBJleHH}I yTeLJ:KH 

BOJIHbl B 06'beM cpe.[(HHHOfO CJ10}1. 

HaKOHeU, B 110Clle.[(HeM pa3.[(elle 3TOH rllaBbi COBCeM KpaTKO paCCMaTpHBaiOTC}I 11pHMepbl 

B03HHKHOBeHH}I OTpHUaTeJlbHbiX rpyrrnOBbiX CKOpOCTeH y O.[(HOMepHbiX BOJlHOBO.[(HbiX MOL(. 

CyrueCTBOBaHHe o6paTHbiX BOJIH Tpe6yeT CHJibHOH .[(HCI1epCHH, KOTOpM B03HHKaeT TOJibKO npH 

HaJIHLJ:HH y paCCMaTpHBaeMbiX BOJlHOBO.[(OB reOMeTpHY:eCKOrO rrapaMeTpa C pa3MepHOCTbiO .[(JlHHbi. 

TaKOH napaMeTp B03HHKaeT B CTpYKTypax, COCTaBJieHHbiX H3 60KOBbiX KJlHHbeB HJlH Y:eTBepTb

npOCTpaHCTB C 3a)l(aTbiM Me)l(,lly HHMH npoMe)l(yTOtJHbiM CJlOeM, B BH,[(e TOJliUHHbl 3TOrO CJIO}I. B 

.[(HCCepTaUHH TeopeTHtJeCKH 110Ka3hmaeTC}I cyrueCTBOBaHHe o6paTHbiX MOL(, pacrrpOCTpaH}IlOJUHXC}I 

B.UOJib TOpUa aKyCTHY:eCKH M}lrKOrO rrpOMe)l(yTOtJHOrO CJ10}1, 3a)l(aTOrO Me)l(.[(y 2 - M}I )l(eCTKHMH 

Y:eTBepTh-rrpocTpaHCTBaMH. ITpHBO.[(}ITC}I paccY:HTaHHbie .UHcrrepcHoHHbie KpHBbie, 

,[(eMOHCTpHpyiOIUHe HaJIHY:He ITa,[(aiOIUHX yqaCTKOB B 3aBHCHMOCTH MO.[(OBOH Y:aCTOTbl OT ee 

BOJlHOBOrO BeKTOpa .[(JUl O.[(HOMepHbiX BOJlHOBO.[(HbiX MOL( Ha TOpUe CJ10}1 Me)l(,lly )l(eCTKHMH 

11p}IMOyroJ1bHbiMH KJlHHh}IMH. 

B uenoM, .UHccepTaUH}I 11.A. Henocrracosa BKJIIOY:aeT opHrHHaJibHbie pe3yllbTaTbi aHaJIH3a 

OC06eHHOCTeH BOJlHOBO.[(HOrO pacrrpOCTpaHeHH}I yrrpyrHX KOJie6aHHH B ITJlaCTHHaX H O.[(HOMepHbiX 

BOJlHOBO,[(aX. J1CCJ1e,[(OBaHHbie OC06eHHOCTH CB}I3aHbl CO CJIO)I(HOH reOMeTpHeH BOJlHOBO.[(a, C 

B03MO)I(HOCTblO rrepeH3JIYY:eHH}I BOJIHOBO,li,HbiX MO,ll, B OKpy)l(alOIUyiO Cpe.uy B BH.[(e BOJlH yTeY:KH H C 

B03M0)1(H0CTbiO B03HHKHOBeHH}I 3a CY:eT CHJlbHOH rrpOCTpaHCTBeHHO- BpeMeHHOH .[(HCrrepCHH 

o6paTHbiX BOJlHOBO.llHbiX MOL( C OTpHUaTeJlbHOH rpyrrnOBOH CKOpOCTbiO H npOTHBOITOJIO)I(HhiMH 

HanpasneHH}IMH rrepeHoca cpa3bi H 3HeprnH BOJlHhi. C11enyeT rro.zry:epKHYTh, Y:TO MaTeMaTHY:ecKHe 

CJIO)I(HOCTH, B03HHKaiOlUHe npH 011HCaHHH 3THX }IBJleHHH, H3HaY:aJibHO Tpe6yiOT rrpHMeHeHH}I 

LJ:HcJieHHbiX MeTonos. B CB}I3H c 3THM .[(HccepTaHT nponeMOHCTpHpOBaJI He TOJlbKO BHPTY03Hoe 



Bfla.D.eHHe pa3flH'llibiMH MeTO.UaMH t.IHCfleHHbiX pact.IeTOB, HO H BbiCOKOKBanH<PHUHpOBaHHOe 

)'MeHHe HHTeprrpeTaUHH pe3yflbTaTOB 3THX pact.IeTOB, OCHOBaHHOe Ha rny60KOM IIOHHMaHHH 

.UHCCepTaHTOM <l>H3Ht.IeCKOH CYLUHOCTH aHMH3HpyeMbiX 5:!BfleHHH. 

EonbWHHCTBO oco6eHHOCTei1 sonHOBO.UHoro pacrrpocTpaHeHH5:! yrrpyrHx Kone6aHHH, 

HCCfle,UOBaHHbiX B .UHCCepTaUHH, orrpe.neJUieT <l>H3Ht.IeCKHe 5:!BfleHH5:!, rrpe.UCTaBJUIIOLUHe HHTepec He 

TOflbKO .[{115:1 pa3BHTH5:! <l>YH.UaMeHTMbHbiX rrpe.UCTaBneHHH B o6naCTH <l>H3HKH YflbTPa3ByKa, HO H 

.Ufl5:! rrpaKTHt.IeCKOfO rrpHMeHeHH5:! IIpH C03.UaHHH H rrpHMeHeHHH YflbTPa3BYKOBbiX pe30HaTOpOB H 

BOflHOBO.UOB. 

BbiCOKO oueHHBM pa6oTy B uenoM, II03Bomo c.uenaTb HeCKOnbKO KpHTHt.IeCKHX 3aMet.IaHHH. 

1. f1pH aHMH3e C.UBHfOBblX BOflHOBO,UHbiX MO.U B IIbe30IInaCTHHKaX (§ 1 rnaBbi 2) 

paCCMaTPHBaeTC5:! Cfl)lllaH, KOf.[la rpyrriiOBM CKOpOCTb TaKHX MO.U HMeeT MHHHM)'M (CTP55-56 

.U11CCepTaUHH). ABTOp yTBep»<.uaeT, t.ITO, IIOCKOflbKY 2-M rrpOH3BO.UHM 82w/82k2 
o6pamaeTC5:! B 

HYflb, TO BOflHOBOH rraKeT C HecymeH: t.IaCTOTOH, COOTBeTCTBYIOUleH 3TOMY MHHI1MYMY, 6y.neT 

pacnpocTpaH5:!TbC5:! 6e3 pacrrnbiBaHH5:!. O.uHaKO, H3 PHC. 2 .3 BH.UHO, t.ITO rrpOH3BO.UHM 82w/ 82 k2 

HMeeT, no KpaH:HeH: Mepe, .nn5:! rrepBbiX MO.U A 1 H S 1, ot.IeHb KPYTOH HaKJIOH. Ka3anocb, OH H 

.uon:>KeH orrpe.ueiDITb xapaKTep H3MeHeHH5:! <PopMbi sonHosoro rraKeTa. ¥l3-3a 6onbliiOH KPYTH3Hbi 

HaKJIOHa 3TO H3MeHeHHe <PopMbl MO:>KeT 6 biTb 3aMeTHbiM y:>Ke IIpH cpaBHHTeflbHO He60flblliHX 

cMemeHH5:!X rraKeTa. 

2 . Pe3ynbTaTbi, npHBO.UHMbie .UHccepTaHTOM B rn.3 rrpH aHanH3e O.UHOMepHbiX sonHOBO.UHbiX MO.U 

OCHOBbffiaiOTC5:! HCKJllOt.IHTenbHO Ha t.IHCflOBbiX pact.IeTax H He HMeiOT rrpOCTOH <l>H3Ht.IeCKOH 

HHTeprrpeTaUHH. B 3TOH CHTyaUHH sa:>KHO rrpocToe H 5:!CHoe H3no:>KeHHe cxeMbi pact.IeTa. B 

.n11ccepTaUHH 3Ta cxeMa rrpHBO.UHTC5:! B pact.IeTe Ha crreuHanHcTa, pa6oTaiOmero B o6naCTH 

MaTeMaTHt.IecKoro Mo.uenHposaHH5:! sonHOBbiX rrpoueccos. B pe3ynbTaTe orrymeHHbiMH 

OKa3biBaiOTC5:! MHOrHe ,UeTanH, He06XO.UHMbie .[{Jl5:! IIOHHMaHH5:! CXeMbl yqeHbiMH, ,UaneKI1MI1 OT 

Mo.uenbHbiX pact.IeTOB. B qacTHOCTH 3TO Kacaerc5:! 11 CaMI1X rrpHHUHIIOB pact.IeTa (§ 1 rnaBbi 3). Omr 

BbffiOflH5:!fli1Cb, Ot.IeBH.[lHO, B paMKaX BapHaUHOHHOfO IIO.UXO.Ua, O.UHaKO HCIIOflb30BaHHe 

BapHaUHOHHbiX IIpHHUHIIOB IIpH OIIHCaHHH rrpoue.uypbl pact.IeTa ,Ua:>Ke He YIIOMHHaeTC5:!. 

3. CrrYTaHa HyMepaUH5:! nHTepaTypHbiX ccbrnOK Ha CTP.l 03. TaM co.uep:>KaTC5:! CCbinKH Ha cTaTbH 

[Ill] - [113] H HecymecTBYJOLUHH IIYHKT [114] c o63opoM. ITo KpaH:HeH: Mepe, ccbinKH [112] 11 

( 11 3) He HMeiOT HHKaKOfO OTHOIIIeHH5:! K rrpo6neMaM, 06Cy:>KJJ;aeMbiM Ha 3TOH CTpaHHUe. 

4. K CO:>KaneHHIO, KpaHHe He6pe)I(HO HaiiHCaH 4 -biH, nocne.UHHH, rraparpa<P fnaBbl 3 "06paTHbie 

aKYCTHt.IeCKHe BOflHbl Ha KpaiO nnaCTHHbl H B CHCTeMe 113 3 -ex H30TPOIIHbiX Ten". 0cTaeTC5:! 

HeiiOH5:!THbiM, rroqeMy Ha IIO.UIIHC5:!X K pHCYHKaM 3.12 - 3 -1 4, Ha KOTOpbiX 5:!BHO OT06pa:>KeHbl 

.UHCnepC110HHbi e 3aBI1CHMOCTH <l>a30BOH CKOpOCTH ( P11c. 3 .12) H C06CTBeHHOH t.IaCTOTbl (PHC. 3 - 13, 



3-14) OT o6e3pa3MepeHHOf0 BOJIHOBOfO BeKTOpa kd (d - TOJIII.(HHa rrpoMe)f()'TOtiHOfO CJIOSl), 

fiHIIleTCSl "0 semltiHHe KBa,npaTa BeKTOpa CMell(eHHSl y fiOBepXHOCTH cpe~hl 3 ... ". )TO )f(e 

3aMetiaHHe OTHOCHTCSl H K npe~IIleCTB)'lOIUHM pHCYHKaM 3 .9 H 3.10 C ~HCrrepCHOHHhiMH KpHBbiMH 

~JI}l BOJIHOBO~HhiX MO~ B ycetieHHOM KJIHHe. 

5. l-h npHBe~eHHhiX Ha PHC. 3-13 ~HCnepCHOHHhiX KpHBhiX SlCHO CJie~eT, tiTO na,naiOIUHH 

yqaCTOK OJ ( k) -3aBHCHMOCTH, COOTBeTCTB)'lOII.(HH o6paTHhiM BOJIHaM, npHXO~HTCSl Ha 06JiaCTh 

He6onhrnHx 3HatieHHH sonHosoro seKTOpa 0.5 ~ kd ~ I; rrpH 6onhrnHx kd (kdc1) B03HHKaeT 

rrepexo~ K fiOJlO)f(HTeJibHOH rpyrrrroBOH CKOpOCTH. B TO )f(e BpeMSl TeKCT rrpSlMO Ha,n pHCYHKOM 

rJiaCHT npSlMO npOTHBOITOJIO)f(HOe: " ... rrpH MaJihiX kd MO~hl HMeiOT fiOJIO)f(HTeJibH)'lO rpyrrnOB)'lO 

CKOpOCTh. C ~pyroH CTOpOHhi, rrpH 60JihiilHX 3HatieHHSlX kd B cneKTpe Ha6JIIO~aiOTCSl MO~bl C 

OTpHUaTeJibHOH CKOpOCThiO rrepeHOCa :meprHH ( PHC. 3-13 )". 

0TMetieHHbie He~OCTaTKH He CHH)f(aJOT o6mero fiOJIO)f(HTeJibHOfO BfletiaTJieHHSl OT pa60Tbl. 

.nHccepTal{HOHHM pa6oTa 11.A. He~ocrracosa HOCHT rny60KHH H fiHOHepCKHH xapaKTep. 0Ha 

BBO~HT B 060pOT HaytiHhiX H npaKTHtieCKHX cpaKTOB HOBbie npe~CTaBJieHHSl 0 xapaKTepe 

BOJIHOBO~HhiX MO~ B ~BYMepHbiX H O~HOMepHbiX BOJIHOBO~HhiX CHCTeMaX. Pe3yJihTaTbl pa60Tbl 

6y~YT, 6e3yCJIOBHO, BOCTpe6oBaHbl npH C03~aHHH H npHMeHeHHH YJibTpa3BYKOBhiX pe30HaTOpOB H 

BOJIHOBO~OB. 

Pa6oTa BblfiOJIHeHa Ha BbiCOKOM HaYtJHOM ypOBHe H npe~CTaBJISleT C060H 3aBeprneHHOe 

HaytiHOe HCCJie~OBaHHe. CymeCTBeHHbiM ~OCTOHHCTBOM ~HCCepTal{HH CJie~yeT OTHeCTH 

COBMell(eHHe TeopeTHtieCKHX H 3KCrrepHMeHTaJihHbiX HCCJie~OBaHHH - ~HCCepTaHT fiO~TBep)f(~aeT 

pe3yJihTaTbl TeopeTHtieCKOfO aHaJIH3a ~OCTaTOtiHO TOHKHMH 3KCrrepHMeHTaMH. ABTOp fiOKa3aJI 

06IIlHpHbie H OCHOBaTeJibHbie 3HaHHSl B 06JiaCTH aKyCTHKH H cpH3HKH YJihTpa3ByKa, CB060~HOe 

BJia~eHHe CJIO)f(HOH TeXHHKOH MaTeMaTHtieCKHX pactieTOB H MO~eJIHpOBaHHSl BOJIHOBhiX rrpouecCOB, 

sa)f(HOe yMeHHe rrpH~asaTh cpH3HtieCK)'lO HHTeprrpeTaUHIO pe3yJihTaTaM p actieTos. XotieTCSl 

OTMeTHTb IIlHpOK)'lO 3py~Hl{HIO aBTOpa, ero CB060~HOe BJia~eHHe COBpeMeHHbiMH 

MaTeMaTHtieCKHMH MeTo~aMH H TexHHKOH ynhTpa3B)'KOBoro 3KcrrepHMeHTa. 

06beM npe~CTaBJieHHhiX pe3yJihTaTOB, 3HatieHHe C~eJiaHHbiX BhiBO~OB, 3py~Hl{HSl aBTOpa 

y~osneTsopSliOT Tpe6osaHHSlM, rrpe~bSlBJISleMbiM K KaH~H~aTCKHM ~HccepTaUHSlM. YKa3aHHhie 

Bbiiile 3aMetiaHHSl HH B KOeH Mepe He CHH)f(aJOT l{eHHOCTH pa60Tbl. 

OcHOBHbie pe3yJibTaT&I, rronyqeHHbie s ~HccepTaUHH, orry6JIHKOBaHbi s 15 HayqHhiX 

ny6J1HKal{HSlX, B TOM qHcJie B BH~e 5-TH rry6JIHKal{HH B )f(ypHanax, BXOMII.(HX B CITHCOK BAK, H 4-

ex rry6nHKaUHH s se~ymHx 3apy6e)f(HbiX HayqH&IX )f(ypHanax. Pe3yJibTaTbi TaK)f(e rrpe~cTaBJI}JJIHCb 

Ha MHOfOtiHCJieHHbiX HaYtJHbiX KOHcpepeHI.{H}JX, pOCCHHCKHX H Me)f(~Hapo~HbiX. 



Pa6oTa 11.A. He.uocnacosa y.uosneTBop.s~eT seeM Tpe6osaHH.SIM, npe.Ub.SIBJI.SieMbiM K 

.D,HCCepTailHOHHbiM pa6oTaM Ha COHCKaHHe yt-~eHOH CTeneHH KaH.D,H.D,aTa <iJH3HKO-MaTeMaTHY.eCKHX 

HayK. Ee asTop, 6e3ycnosHo, 3acny)I(HBaeT npHCY)I(.UeHH.SI eMy HCKOMOH yt.JeHoH cTeneHH 

KaH.D,H.D,aTa <iJH3HKO-MaTeMaTHLJ.eCKHX HayK no CfieUHaJibHOCTH 01.04.07 

KOH.D,eHCHpOBaHHOfO COCTO.SIHH.SI. 

ABTOpe<iJepaT fiOJIHOCTbiO H npaBHJibHO OTpa)l(aeT CO.Uep)l(aHHe .D,HCCepTaUHOHHOH pa60Tbl. 
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