
MEdTIOEPHAYKI,I P O C CI4I4

CAHKT.IIE TH,PF}/PTCKIIIfi rO CYAAPCTBEHNTTTZ

3 JIEK Tp o TEXHI[Ern c rcurT ]rHI{BEp curE T
<Jtr3TI4>> I4M. E.Id" yJIb,fiHOBA (IEIII4HA)

Vreepx4a

pa6ore

flannos B. H.

2016 r.

PAEOI{Afl IIPOI-PAMM,{

A14CI{r4lrnI4Hbr

(OCHOBbIHEIII4HPT TOIZAKYCTI/HECKOIZAlIAf HOCTI4iVI>>

AJUr rroAfoToBKlr acfir{parrToB

rio HarrpaBJrerrl4}o

03.06.0 1 - <@usuKa H aerpoHoMrr.tr)>

rro Hanp aBrreHrrocrra <ArycurKa >)

Carircr-l{erepdypr

2016



cTPyKTyPA Ar{crlr4frJrtrHbr

JS: y'uediloro rrrana:

O 6 e c r r e qz sa:r* r tw-t"h {r aryrrrre,r :

{}tlcc lre "t yt BaR} ifiafl ra{_,elfpa :

O'dqax rpyjroeMmoc.'rr (3ET)

K,ypc

fJel+ec'rp

Flxa;iut sarusrEdffi

..i Iexqll i< (ana;1err,r. uacon)

13 c r,: 6 
-',,-;1 

p1 T op rJ r,i -^ {xo urax'uu e) s an' ux (aNagelr. u acoe)

L I an,r cl c ron.reJ rE Ha.r p a6 ora (ar<a4eu. vacop)

Fn l-' er-r-r {ar<a4evl. .iacr;e)

4903060

4903 100

5903030

5903060

5903 100

6903060

6903 1 00

OI,,IBC

3vr

5903033

OI4BC

3vr

aJ

1

2

3

1

2

36

36

72

108

2

2

106

108

&3na71 nt61onre?Ky.F$E{F{ofi arrec:narIHrr

{ u,'.}'.1: ep e H il 14 t} o B iiti u orii s a.{ e r ( c erra e c rp)

Pa6oo{a-q ilporpaMMa paccMorpeHa Lr o4oSpena Ha 3aeeilaHuLr r<aoe4prr 3yT
2I"06.20 I 5" riiroroxo_ry X"s9"

Fa'dei'{a'q ilBorPaMMa paccMorpeHa z o4odpeua yve6uo-MeroAr4.{ecKofi rouzcczefr
gaxy"nnle-ra fuIBC 3 1 "09.2016, nporoxon IIb 9.



AHH 0 TArXrIff Ar4crlr4rrJrr{Hbr
( O C H OB },I FTE JII4I{E IUICII AKY C TI,li{E CK fi NNATHO C TI4KI4>

fzcquuril4na 3HaKoMi4T acIrI4paHToB c ocHoBHbrMr{ rrpzHrlr4rr aMr4 14 MeroAaMkr npr4-

MeHeHut MeroAoB Heriznefrnoft arcycrzKl4 AJUI 14 ccrleAoB al:utfr csoficre rBepAbrx ren vL Anfl
I{clroJlb3oBa[krfr ge:runefisr,lx s$SexroB B HoBbrx rexHr{r{ecKr4x ycrpoficrsax.

SUMMAR.Y

dLD.IDAMENTAL S OF TFIE NONLINEAR. AC OI]S TIC DIAGNOSTIC S>

The discipiine acquaints graduate students with the basic principles and methods of
application of methods of nonlinear acoustics to study the properties of solids and the non-
linear effects in the new technical devices.



tIE J[I,H I4 SAAAqI{ AI4C III4IIJII,IHbI
l ' Zsy'leirue ocHoBHEIX rou-srufi o rzuefinux 14 HeJrr4uefiuux Szsuuecrcr4x I4 Tex-

HI4I{ECKI4X CI4CTCMAX.

2' (EopnaapoBaHae npeAoraB.neurfi o rrpxdqi4Hax ra $z:vqecKr,rx MexaHr43M ax) rrph-
BOA'SUII4X K OTKJiOHeITI4IO CI4CToM Or mzHefrHocrr4 r4 K frofBneHrrro HenzHefiHux essemoe
B TBepAErx cpetrax.

3. lloriy'1eHi4e zwawvrit o HeJil{Hefiurrx MeroAax aKycrurrecrcofr Ar4arHocrr4Kr4.

4' OceoeHl4e yMeHI4it u nawtroB acrroJrb oBaHr4fl HeJrrzHefinux sS6er<roe e rpra6o-
pocrpoeHH14.

flepe'reur KoMrlerel{qnfr, e $opnaupoBarrurl Koropbrx yqacrByer ALrarryrnrvrHa,npv-
BeAeH B Marpaue KoMrrerenurafi, ilpaJraraenrofi r OnOn.

Fxacroxlqa-s nporpaMMa cocraBJleHa rra ocHoBe <ltrporpaMMbr KaHrLrAarcKZX oK3a-

MerIoB ilo I4crollhkr IA SranocoSvru:aay:rl:a. I,rHocrparrHoMy,{3brKy vr arrer\r4anbHbrM Aucrlv-
[IJII'IHaM))' yrBepxAesHofr tIpI4Ka3oM Mrnnodpn ayKw Poccau or B or<rs 6px 2007 r. Ns 27 4

(sapernerpklpotsaH Mzurocrov Pocczu 19 orudp s 20A7 r., perr4crpaurroHHhrft N 103 63 ).



MECTO Ar,ICIII4IrIprtrbI ts cTpt/KTypE oorr

fracqznnzua <<ocnoBbl HeJll{uefiHoft aKycrr4qecrcofi Ar{arHocr Kr4>) orHo cr4TcflK Ba-

prlarl4BHoit 'qacru onoil. AacqannlaHa fipenoAaercr Ha ocHoBe snaHufi, rroJryqeHHbrx

npa ocBoellnv rlporpaMMbl c[erll4ankrrera uluttu Marl4crparypbr, Lr flBrrflercx SynIaMeH-
ToM Ant IIoIforoBKr4 K rocyAapcrBeHHofi rarofoeofi arrecrar\uvl4 3auII4Te BhrrrycKHofr uay.r-
Ho-KBarrrr Szr<aqraoHHofr padorrr (4rzccepraqzu).



c C_FAE FH{ AHI4E A{4 C rqff rudn4E{br

Bse4emrze (d ara4enr. vacoe).

cc4ep:xaHlle, qCIrb i4 3HaqeHI4 e ErrcL\w[rrr{Flbi B lTorforoBKe acnkrpaHToB, ee cB-f,3b c

'\iJ\rwttari frptc\Y\nrrrlllaMa u rloAforonr<ofi i(aHAl4Aarcrofr Araccepraqzv. lIoH flTue o Jrr4-

rlefrt';aIx tr4 F{erl4}lcfiul.lx $usu'reere MX 14 TexHuqeeKi4x cr4c-reMax. @ilsu.recxlre MexaHL43MbI

e en r,ir: r:l^uni x : $ $ exr-o,u 
"

'n'en"ta 1" "lEra*seffF{E}{e Ed c{eJ'pt*{efrErbre KoJreda:rennNxb[e crdcreMr,r c cocpeAoroqeH-
t:[ E]ii f/i In i] :'t F! a 1i4 €T' ilji eM Hd. ( 6 axa4ent " 

.raeon),

Jipit:':firilie Ido.redareJrEuEle oncreMbr. x-{pocrofr fapMoHuqecxufi ocr{r4nr-srop. IIz-
r-te#'tice upufilrurxeFltae' Koue6anu s e 3aryxaHi4eM r,r tshrruylrAeHHbre ronebauz-s. orxroHe-
I{14JI Kotrc1'anvti' o'r xallefiHoerr{' Ffon.srae o $asonozi urocrocrz. KogcepBarr4BHbre 14 He-
KoH C e p*e'z*FiEie eI4 JlbI " Anrorole 6 auust. Bnuryx4er{Hbre xonedanzs.

Teivca 2' vxnF5'r,-E{e Bo,TF{6r ts eFrJ{orurHF,EX epeAax {r2 arcagervr. uacon).

)7u;tte'hw''Ie EoJtrt{rJ" vpanueui4q ri4ApoAr4FraMi,rKz. Tepnao aprHaMurrecKr4e ypaBHeHr4rr

coe:''otiF{1'ls e}4o'reil'Iri" F{pelc:rble BoJiHbI Fravana. Cr<opoorn SpoHra y4apuofr eorurr. Me-
cronoJloH(eryMe $p+:ura ygapuoE BoJII{EL o6pa^:onaur4e pa3pbrBa, paccrorHr4e odpa^:ona-
]'IAF" pa:ll-)t'isa-' 5/p:aBHcFxl{e An.s f,Ipoctbix Boilr{. Maccoeas cKopocrb rrzJroobpasHofi BoJIHbr

'Lr []a3[LbtBe' Aru.mruar]/Aa laacccsott cKopocrl{ nunooSpasnofr eonHbr. B paspune. Clercrp
twnrstSrsa:ucfi BCIJlFiF,I. Cuextp x4cxaxeHrrofr cunycor44aJrbHofr norsrr. @opuyra Eeccer.f,-
r$ybwna.

'Fe'saa 3;" 
-"Vrlp3'npde 

BoJrEsHlF B epeAax e 3aryxaE{E{eru (I2 arcageu. uacon).
[]cs'qea* a D,[lecvtrarivrv slf,eprl4lz s rHueftHOM r4 ts rreJrr4Hefinoru crryqa-sx, vpanne-

irrne Eici:i'epea' orH+cNreJIilI{oe BJIId-fiHpie uenrasefiuocra x4 zaryxaHz.q. pe,,,eHr4-fl ypaBHe-
l;l'iL Erup|e{}ca - fieFBoe pcrueni4e, ITo-r{BJreHae e:ropofi rapMoHrrKu. Bropoe crarlr4oHapHoe
csiiieli'?de" lipt.''rr-'e pe$ronlce, uranoo6pa3r{af{ KpuBa.x c nrraBHErM @ponrorvr. Cee4eHze
)/IiatsHeHi.r Hrc'prepea 1( ypaBrieui,Iro TerrnoltBoBoAr{ocrl4" Cpaeueuue rrofJlolqeHr' rrr4Jlo-
odpaerl.t'rx I'{ cI2'I{ycozIAaJIbHI{x BoJtrH. }-pa4yapotsKa AarirmKoB AaBJr eHLrrr.Mero4rr rpatryu-
p o Bi{r1 Ear.r{?ilioe AaBri eFlr{-q, MerCILnI ra:rv dpoexu.



unrptqccxr'4?' Ln yJlbrpa3tsyKotshie MeroAbi t43MepeHr4fi" Bsazh,{o4efrcreze 3ByKoBbrx
E O r{ H . ITe p arra e.i-ij {4q e oK 14 e r43 nyq aTelr4 

"

Tepsn li- tienpxxxeftrcnle Exap.aMerplr KprdaraJrJrrdu{ecrcFdx cpeA (12 arcagera. uacoe).
Ccsoei+ite i{ol{sr}{t{ o KptioraJrJrr4qeoxofi clpyKT),,pe TBeprhrx rer. Curbr cB-f,3' B

FiDl4sTanJlax' C'rpyKTypa KpldoralIna.iecKopf peruerrr4" feouerpzqecKr4e sJreMeHTbr KDr,-
{-rTarJra." Odpali-rax p€urerxa.

Llerunr:iir+ate ceofrcrBa KpHeraJIJIoB" fapnrouaKr4 rrpoAoJrbHbrx BoJrH n r<y6zuecKr4x
a rc?-iJelloHaJtF'I-lI;IX rdpllcrannax. Vpan*eHwfl ABI&ffeHr4-s [JrocKzx ylpyrl4x BoJrH. Bonurr
BAOJU' oci{oE}Iltrix HailpatsI'euuit e ny6avecKoM Kpl{olaJrne. V-ulrpa^:nyxonofi [apaMeTp He-
;rrairetZuoczu.

?'el:*tfi 5' hlie"rcPti{effi ncass aruye:rxd'{ecmafi Ar.sarF[oetrarca ( 1 2 aKaAeM. uacon).
ndc:{r{:i;ei-it{e*rbi- senznefinocr{z cpeAbr. Mero4on arufl onperene Hr4fl HerrvnrefrHrrx

Ila-paMerpoB E iieAuooHilarI4lluorX cpe4e 6eg saryxaHl4.s. V.{et 3aryxaHr4,s. Ce-f,sr Aucrrep-
c14n c He.nI-nliefruoerE"Ifi. F{ex uefrI{ble aKycrr4qeeKl4e nyrrrT. ,,F{erlacc[.{ecKze,, 

Ma.reDrra_

"]li]{"

h4eroE;r iTerl'irTeftHoft axycrvKr4 rfis oi{eHKr^ ceoficre rBepAbrx ren. Ar<ycroyrrpy-
rmzi nreroa " lvzte'ron F;oi{eqr{hrx aMrrnr4Ty4. Fesouauennrfr Meron.

FieLlr.rNe#n -irfr uepa3pyfiraroryzft rompont 
"

'{'er*tli: fs" 3H<arre[08{MeF{Ta,ubE{EIe a*yer'dErec*Iae MercAbr rrccJleAoBa','flruHefr-
rxtr>Fx E{ vHe,'rprwefarcnrx emoffiar'ts TtsepAE}rx cpeA (72 auagera. uacoe).

3mcirepanaoHTairbrible ycrpofrcrBa. Mero4nr AerercTr4poBaHr4q B HeJrzHefinofr arcy-
crlnKe TEep'4llLK To"[" F{ennrlefilrnre MeroAEI ilonyqeuu-fl aKycrrTrrecKzx z:o6paNeunfi.
--y'n;v"Jiilg*izre peBlieHc'prfl e rloMoiu'ro Bbl'urr{x raprv{ounx. xTapaMe.rp'rrecKa-s Bu3y arrvr3a-
iir{s a}(ycrr4""{ec ff zix ue;runer?Hocrefi 

"

T-enqa 7' Ffleex'aqpIGHepE{b{e ruporyec€ril p rrarueffinE}rx Ed uenrnHefiHbrx cpeA ax (r2
at<a4e&j" uacan)"

l/np-vras E Fle]/upyra.q ilon3yqoerb. ce-q:n rTonsyrrec rw c .nerrLnrefinrruz ceoficrea^az
'rBep'Iilllx re'r' ITpnr{uF{r'I il3MeFleIJp{iI ilapaMerpoB KprderaJrJ{oB a [onr4KpzcraJrJioB Bo Bpe-
i'/ieHa. 4)euotvrcaonol-I4.lecrcax Teopl4_q ECIJi3yEieorrd. SHa.{ei{ze @euonaeuoJlofl4rlecKoro 3a_
(cHa Lr3Mf;tif;Fi?Is EapaN{erpo* Bo npevleHar arrfl Mr{KpoAr4arHocrrd*r4 nonr4Kpr4craJrJroB. (Drz-



3firlecKl'ie 1\4exaiit'I3NfEl" FeJTaKCaLiI4otiHbre lTpoqecebI. F{oH-flTI4e o BpeMeHH penaKcau nur kr

oG 3Hopr{4ld aKTIeBa-I{t{{4 llpoi{eeoo*, orBercrBeHHEIX 3a penaKcarlr4oHHhre rrpoqeccbr.
cn e*prr Jlper,4er{ p CInaKe ai{r{r.^ rT clrc*Tpbr 3Heprzfi arritnarlu'.

3xcnepziil4eHTa.Jlb*EIe a*ycrur{ecK,e MeroAEr Mr{KpCIAr{arHocTr4Kr4 nonr4Kp ucra'urv-
qo0Kl4x cFjen,.

'{eirqa 8" Amyc'rr,r*ee*'de reEae*iciq (10 ai<a4eni. vaeoe)"

ulcssl*e o rer{eiJl{I4 x{I4AKOcrI4 B arycrr4r{ecKoM rroJre. Kanzr[spHbre rBJreHr4fl.

V'tlrpa:riJzit*not1 Hanl4JI.[qpneili s$$exr, I{naccra$raraqr4s MeroAoB KarraJrn pHoro KoH-

rporl-5{" filtxxeHiae }K.{4AKoc'leff n ilopl4cr6rx cpeAax no4 4eftcrnr4eM ynbrpa3Byxa. Mo4e-
JI fi ]]G J]AiJLIS a,tr}f TII TE CK}ZX tr-{OT'OKOB METOAOM KOHEqHbIX sIIEMEHTOB.

Ter-"ua 1);" 3-{narcHaipotseu[de sHelrepHMcF{T-& {rf}pr arcycrEaqecrcux r{3MepeHu nx (lZ
qacilEJ"

t-jci;osable i{o1{grl4.s{ TeopfiLi

Kr lacc.uar$I,{i(ai (r4fi a vsm\ aw, ocHOtsEi

i{e{tzrfl , A{4c ff evJe 14n" liaenpeAenei{fi e

+lrlr,t5oru.

L.r'JTa)Kt{E}aIlue sKeIlepI4MeI{TaJrI}I{bIX gaBncwwocrefi, MeroA HaI4MeH6ITIZX KBaAparoB

"ElaittfrHa-t{ pl He'i{teHefrua-ri perpeecn-s. Mero4nr oi{eHrdrT trv;rarr3MepeHr4fi, HeodxoAr4Mofo

4'lls flor{ytTgYi"t4tt pe3yilbllara o rpedyennofi Tounocrbro" CIleHxa lrL4arra z3MepeHzit g,x
otrpeIeJleH?it{ ACIrl)/crI4iMIJX rpaH}TI{" Ctatutc-twtlecKa-fl irpoBepKa rr4rrore3.

oupege;re{{tr4CI EW,n'a SaKoHa aoacrperereur4s :Ha.{enr4fi z:uepxenaoft BeJrzrrr4Hbr.

Aualvealiec*LIe l\'erCIr,b{" [-pa$rz"lec*I4e Mero4nr. corracoBar{ne oMnl4pI4rrecKoro rr reope-
Tri Lr f; e r{ Lrf CI 3 aKO H a il aOil.p e,Ae Jr eIrLIfl EO KpUTe pr4flM C O fr aQld_fl .

x4siltet:vlTeiJbHE"Ie ,vcrpofrcrna. Ccnonubre Snoru rd3Mepl4TeJlbHbrx ycrpoficrB, nepe-
Aa-'roEH5{f; xtt'{JaKTapv'8Tr4Kr4' nuriFraNrkr.|recKi4e ceoficrna I{3Mepr4TeJrbHbIX ycrpoficrts npz
ilepeAa-qe uepi4oEI4tIeCKOfO CIIdfl{aJla }i Henepl4oAlzr{ecKoilo ox4fHaJla"

ilosnTa.-^ o l1nar{P{paB&F{r4M 3KclTepi'{Me}rra npr4 aKycrr4qecKr4x rT3MepeHrrxx. Brrbop
fiapaMf;T]rcB crlrizrvlw.tar\vJwl nrrGop $arcropou, $opnaa,'rw3ar\wfr or6opa Saxropon. @axrop-
sntii a;ra'rria:<" {po6*lrfr Sarct-opi';rrz1 sKcrrepr4MeHr, nnr6op MoAenk, nrrdop z nocrpoeH're
MA"Tpiliqbi irrai-r{4p'Eartr4*. A'ani.rs MOAenr{" lfpmHa'i,re BerueHi.ifl.

rz3Mepeuuft m o6pa5orrcu pe3ynbraroB uzwepeuuir.

Teoprir4 oluu6or. r{acrora, BeporrHocrb, cpeAHee 3Ha_

E ep o,srH o cr eft, Ao B epr4Tenrutrfi r4HTep B an, cJroiKe Hr4e



3ar<nrrl'{er+xae (2

?tp en4ar jrl{bix yf I{ $EI4FX.

CTKIKW.

aKaEeM. .laea)"

l{epenexlvasr

ITporuo:aponaHr4e iroBeAeHn_s Marepr4aJroB B 3Kc_

ITpaMerrcHr4fi HeJr{zHefiHofi aKycrzrrecrcofr AVafHo_
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l{n$opnaaul4oHHble rex}IoJlorirz (onepaur4oHHbre ci4creMbr, [porpaMMHoe o6ecne-
qeHl4e o6ruero kr eile\uaJrI43upoBaHHolo Ha3HarreHLts., a rarcKe znsopnaaqr4oHHbre clpa-
Bor{Hbte cncreurt) n MaTepr4 €LJrb H o -TexHr4qe oKa,ri 6 aza, r4crronb3yeMbre npr4 ocyqecTBJre_

Hprv oopa3oBareJlbHofo npouecca no Ar4orlarrJrr4He, coorBercrByror rpeSonanuau se4e-
paJlbFioro rocyrapcrBeHHoro oSpa:onareJlbHoro craHAapra Bbrcrrrero odpa^:on a;p1Lrfl..

Onucauve rau$opuaqploHHhlx rexnororzfi 14 Marepu€LnbHo-TexHz.recxofi dasrr
rrpr4BeAeHo e YMKI 4racquuJrr4Hbr.

KoHrpernue $opntbl I4 rlpoqeAypbl TeKyu{ero KoHrpoJlf, s:rraluuirr4 rrpoMexyrovnofi
arrecrallun, a raK)Ke MeroAI4qeoKHe yKa3a%i|rfl 4nx o6yuarcrg4xcr rro caMocro-f,re6Hofi
pa6ore npl4 ocBoeErrll4 nLrcr\firurr4urr (co4epr{arrlr4ecs s OIIOII) 4oro4xrcf, Ao cBeAeHr4-f,

o 6yvaroq vrxc fl H a nepno\4 3 aH_{Tkrr4 
"
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