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Kusumo Ceprer Bopnconuqa "3eolrcqut [poAonbHblx ynpyrllx BoJIH B

Mr{KpoHeoAHopoAHbrx cpeAax c cr4JrbHofi arycruvecxofi nerunefiHocrblo",
rrpeAcraBreuHofi Ha coucKanne yueHofi crelreHu KaHArIAara Qu:zro-

MareMarr{qecKrlx HayK rlo crrequilllbHocrl,l 01.04.06 - aKycruKa.

[nccepraqr,rlr nocBrrrleHa oAnofi ns Hau6oree aKTyzuIbHhIx rerr,r 6ypno pa3BlaBaloueficr s

Hacrorrqee BpeMr uelHnefinoft arycrnKlr - Bolpocy o HeKJlaccnqecKl4x rIpotBJIeHI,Itx

MlrKpocrpyKTypHo o6ycronnessofi Heruneftnocru y[pytnx cpel kr eBonloquu

rrpoAoJrbHbrx ynpyrt4x BoJrH B TaKrrx cpeAax. Hernnefiurre BoJIHoBbIe upoqecchl,

corrpoBolKAaroruue pacnpocTpaHeEnr r,rHTeHcLtBHbIx aKycTl{qecKltx BoJIH B

MuKpoHeoAHopoAHbrx rBepAbrx reJrax o6cyxgarorcr B nocJleAHee BpeMt B Haytuofi

Jrr,rreparype AocraroqHo aKTr,rBno. 3ro cBr3aHo c rxrrpoKofi pacnpocrpaHeHHocrblo raKvx

cpeA B npr,rpoAe r{ TexHr,rKe r,r rrx orHocr{TeJrbHo sucorofi aKycrl,Iqecrofi selnuefisocrrro.

.{eftcrnzreJrbHo, MHorI,re ropHble nopoAbr, MerzuIJIbI, 6eronu, KepaMrIKI4 vt r.A. I{MeIor

Me3oMacum6nyro crpyKTypy, coAepx(auyo pirnuqHhre Ml4Kpo4eQerru (nolocru,

TperqrrHbr, Ar,rcJroKaur,rv, 3epHa u r.A.), qro no3BoJrrer paccMarpl{Barb noAo6nue

MaTepr4anbr B cooTBeTcTByrouIeM qacToTHoM Ar,ra[a3oHe, KaK MI,IKpoHeOAHOpOAHbIe

(uesocrounuecrne) cpeAbl. Crpyrrypnue csoftcrsa raKl{x cPel npI'IBoAtr K



'edwnruttey edreweuY ro t4rcoxYl,tx s 4uuercaeY oJox€rs u oroudrrlrlilrex orqJcol lucuse€

goHKeHLrrreH 4oHHersorc,(go 'orsrcon4eHr,rrreH 4oxcer'nrcr(xe (gorr(du,(eu v 4or,(dur(

4ounoufiecxered) goHqruJ reeYergo eYedc ye>rel- orh 'oHetBxoII 'BI,IHroJcoc euHeHsed,(

ore osen(rfolt Lt orsrcoytrux 4o>I€rs elsHHeHfforr?€ oHhr'rrceh'IqdrrIfI,Iue)I euxcenudYlrurnlt

orelnexdevoc 'ettr.uder;etn oJoHgoYouoYos ororczdou qreVow enexorYedg

'n?s?ffJ emrqs wrqHHellcl4nederr

orr prnrsHsoHco rcuwulnorrrgr 'rsrursrr{eed erElnorr(Yerc :IUaJoI^IJo re.(trerc

xrsdoroy uvedc 'sowrqr,(eed xnrruheH€ r{ xrrsoH Vrd 4rsrielt uen{rou wodoray

'orqJcoHgeHzreH 4oucueedeJcr,rJ c xedorenosed u xeYedc xlqHhl,IHefueeg a 4nneln,(wtoa

xrsHcsrfullrv v Hros xuycerruYoudeu eunesedrcoduced rcreeafidrewcced eserJ 4esredr

g'orqrcoHgeHr{rreH 4onsrfvolroneed c xeYedc xulnor,(dr,rcvered v xlqHsl,IwruccuY

s Htros x[xcehr4rc,,(ye ensesedrcoduced rcra,(Verccr4 es?rJ 4odora og 'evedc Kover

a rsrxeQQe efiycehr,rrcfxe erqH4eHvres rcroilVetrccrr u orsrcovYux gov€rs xIlIHHeHIroIret

oHht4rceh sodrrruuux r(lrercuc oJelfle>I(deYoc'etteuder;ew oJoHgoYouoYos otorcudou

rr,rHroJcoc erEHeHsed,( ouen(ror es?lil 4oadeu g 'aoxu,(cud gg rehollfis 'ttYtnuedn g7y

woweqgo wnlngo 'Kt4Hehorrorer u serJ xedt 'ruseVosa tu rllorcoc rulterdeccufii

'rrrcoH4eHrrrreH or.&rcnsedercvJ

vt orr(nstrr(vonrossed '(or,(HanrennccuY v or,(ualrrxeed) orrftrsolEltecvered rexdeYoc

vr urNvvlt>+rfS ulrllxcehr4rr,rreHeeH rcror?srqcuuo xrsdorov rvHroJcoc ruHeHged,( 'xgrer

xrsHtrodoHYoeuodxwr s soccettodl xrssoHros xrqH4eHvreH lr Hros xnrr{dur( xrsHsroYodu

tavfioilrose evsen(eu zzlterdeccuV Eeosc orsren ruswc dorge laEK*J KoJ€ g

'tredc xrsn goVou rrodruov orelnorem,{dseden

aovoraw xrrHsr,rryeucdeu nxrogedeud rrY oHxes 'otslcou4eHilIreH 4oxcenurcfxe

goHqruc xutnoruYergo 'xeYedc xrsHYodoHVoesodxnru s aorxeQQe xlEvcenurc,(ve

xrqH4eHu[eH euHesovarccu lawecoduoa uwl,t>tcehllredoer orcl,Ih c .(vrde11

'rer xrsYdasr xrsnVodonYo yuHeaoduwdoQer

vvmecvtfo BlrY 4owuneltudn 'urcor.(du,( rEndoer goHJHercHox (-urras[' utlt) vtlyu.

..goycehr4cc?rrx,, xeylwd s enrlreesrqcntlo en 'nrueQQe ersn4eHlrreH orcew rolewu xeYedc

xrsHvodoHYoesodyuw s woJe udu 'soccelrodu xrrsoHffos x[rHEaHI,IreH gercoHdaltouovee

wrr,rhr,rrro wrlHs[err4h?Hg y 'oHHesrcJesJooc 'vr vtlnvorcoc qI{HeHaedK xu orueedgooneed



flolyrenu BoJrHoBbre ypaBHeHr4fl Ailfl Avrccr4rrutr4BHblx vt penaKcllpylouux cPeA c

prpHoMoAynrHofi uelznefiHocrbro vt trx roqHble peureHvt l.Irfl caMonoAo6sux

LrMrryJrbcHbrx r.r nepr{oAr4qecKr,rx BoJrH. llora"saHo, qro B pa3HoMoAylrnofi cpeAe c rssKofi

Iuccuta\uefi v B Mr,rKpoHeo.qnopo4nofi pa3HoMoAynrnofi cpeAe, xapaKreplasytoueftcs

4ncnepcuefi uelnsefiHocrr,r, npoQunu caMorloAo6sux BoJIH He coAepx(ar

HeoAHo3Hauuocrefi, B To BpeMr KaK B cpeAe c 6esHHepuIEoHuofi selusefluocrbto v

pelarcaquefi paclpocrpaHeHr4e BoJrH (Aocrarouno BbIcoKI4x uacror) Moxer

conpoBo)r(A arbc fl o6pasonaHz eM He oAHo3HaqHocru rax npoQzlx.

Ha ocHoBe aHaJwr3a pe3yJrbraroB gKcneprlMeHT{rJlbHblx uccreAoeaHlafi eQQerron

aMrrJrr{TyAHo-3aBr4cr{Moro BHyrpeHHero rpeHl{t [peAJIo)I(eHbI naoAraozqupoBaHHble

rlrcrepe3r4cHbre ypaBHeHr,rr cocrorHut, y.uurr:r;rBaloune HacbIIIIeHrre HelIaneftHblx norepb B

rroJlr,IKpr,rcrzurJrltqecKr,rx rBepAbrx reJrux. lloryreurr rorlHble pe[reHIrJI, oIIIacbIBaIouryIe

paclpocrpaHeHr{e oAHonoJrrpHbrx r4MrrynbcHbrx Bo3Myluer'uit u nepuoAl{qecKlrx BonH B TaKKx

cpeAax.

,{uccepra\vfl. flBrflercr reoperuuecroft, r43no)KeHl4e Marepvit[a B IIenoM tcHoe I'I

KoMnaKTHoe. Teu He MeHee, cJleAyer cAeJlarb ptA 3aMerrasnfi.

O6uee 3aMeqaHr{e orHoclrrcfr K vr3IrvurHefi KparKocrl{ onucaHvfl Qopuyll,tpyeMblx

uoAeleft. llpn aHaJrr43e pe3yJrbraroB Ar,rcceprarlr{I4 gro nopo)KAaer onpeAeJIeHHbIe

TpyAHocrrl B rroHrlMaHvrr4 cyrvr rrroAerefi rr, DraBHoe, B oIIeHKax I4x [pI4MeHI,IMocrLt.

Tar, Harrpr{Mep, B nepnofi rJraBe paccMarpl{Baerct MoAeJIb nopucroro

BoAorroAo6uoro MarepriirJra, coAep)Karrlero roHKI4e \vrr rr4ptl.recKlle KarII,IJIJItpbI,

rracrrarlHo 3arroJrHeHHbre Bt3Kofi xraArocrblo I,I fa3oM, AJIq Koropofi 6unu HanI4caHbI

seluuefiurre ypaBHeHr,rr B Hu3KorracrorHoM upn6ruxesuz. OcsoBHoe BHI4MaHI4e 6ulo

cocpeAoToqeHo Ha )n{eTe Br3KocTpr vt Ar{HaMr4Krr cMaqI,IBaHI4JI )KI4AKOCTbIO TOHKI4X

Ka[r4JrJrrpoB, oAHaKo He 6uro cAeJraHo oIIeHoK 3HaqlrMocru ApyrI,IX MexaHLI3MoB,

rroreHlll4iurbHo tBJltroIrll.rxct ucrorrHuKaMu Heruuefiuocru v Avtccvrra\vr4 B cpeAe.

Ocnony raKlax MexaHI,I3MoB MoryT cocraBr{Tb geruseftuocrll u peJIaKcauI4rI, cBt3aHHbIe c

c)Itl{MaeMocrblo la3a, a raKxe c rerroo6MeHoM Mex,qy ra3oM, )I(I4AKocrbro, creHKaMI4

Karrr{JlJlflpa v rpyrurMr4 Karrr,rJlnrflpauv, Koropble B HI,I3KoqacrorHoM npIa6lllNeHl{t4 MoryT

e$Qernaeno fracrBoBarb B penaKcarlnn 3a cqer reuroo6lleua (usorepuuqecKll-



' xedeHr4 r{ ec ri xn4rrHedeQnox xrsHh,(eH xr,rvc lr,rccod xrrHq Ireru aerc Vedu

uH sczresrsYerxoY vt xerend.(x xrsHh,(eH xrsr{e,(dusselred xrsHrerudorse

vt,vceY s rrH?soxzrgrfuo 'unflerdeccuV eaoHco s evrne)Kerr 'rqlelqrfted ersnaoncg

'elrHeh?Ht eoxcehurxedu u ver

'eogn(eu xex rorewu rsrersrr{eed 4uneaoYerccri eYox s ersHHah,(rou e 'rrr,uqHsruHl,Irzdo

rcrortrusr rsYorew unlterdeccuV s ersruswd 'xeVedc xnHVodoHYoasodvuru s soccelrodu

xrraoHrros xrrH4eHvreH gr4HesoYerccu xrlrHHerfcr,rh vr xrucenuredoet'g'Jovmrl4;>1

xrsHHeVesodl uyselto Utoyocrrs 4etrtgo Jor€)K4HO es 'ox?HYo 'I4xrercoVen etsHHehel IJO

voHstrfvowoused drewedeu

'eserJ 4odora os vrcoHgeHr4rreH

L er{Heh?Hrooo a rcruredsedu IsserJ uoadeu

tu gri f 6socDT,: L drenredeu 4rrndelteudeeg e)n?J 'I,rJcoxtrs rueznzQQeox exr( ore

eaprrJ 4odora os e 'vvuexrreH oJoHrcoHxdasou ureunzQQ€ov rcJeer lr,rHorr eseuJ 4oadeu

s lr woHr,utder Vou 'dewudueg 'zzfierdecclrY xereYsed xnHwd s 'eYsedlr 'nnHeheHsogo

ex xer u xunYo orlrHesorqfforrcr4 v edorae ort,tVosudu 4odou rr{wdoQ esrcehlruov

oJomirffog evrhr4treH r rer c ercewg 'eemodox worell s uzfierdeccuY euserlrdoQg

'Vedc

xrqH4eHu[eH xr4xcehr{ccelDreH xrrsoH rrY aorersrfeed xrsHHehrftrorr lrrcoHHesrcweedu

vt geJmcew srusercVadu eeHcr oYeedor rsg ofr4rosro[ rEweYedc uwrqHfeHzreH

oHhzredvesy l,twrqHhrrgo c euHe[s?JcorroJ 'r{r,rHexo,rrrgrEdu woseh,,(rovsf s Isg

y:ox 'yr4lc'emed arsHHeh.,ftrou eH aovh,(u xrrvcehr,rrcxye nrcolrrEYoxced lf,;r4lF'Ifivftg, nxuerlo

qJer^u4 rrg qcoferoy 'edenr EoHrorr s rcre,ter4reed evracs eH evzrxedu en 4rsdorox

'eenr{rc wosdewosYo a rsHeHrorrrrs orqrcoH4eHurreH 4oucueedercr,rJ r,r 4ourrr{Vowosged

c xevedc s Htros x[vcehr,rJcfxe rusesedrcoduced rrY rzsemed ersHcederHri qHeho

' ul'lrre dwfiurr?v c rsYadc uon ooVouoVos uoHVodosVoesodvzlt

yuuexwtgndrs, oJoHHeJorroJ xevwed a o-"ri*uou '(sz'| oruHeHsed.(

,{r{oHsrerehHoyo y e)rder BcrrcoHro rr.rH?hewee ersnYox3 'lG){lOxulnexdeYoc

'(ZZ'D s xrrweeJerro xrqHHoulecyered uulrecutr?H s rr,rHerhoHt?d rcrorelru ,{lroreou

v yvlre>Kvr:rgr,rdu vol'rdon seeex,( es '(4)" yuY (17') ruHeHsed,( eu 4nnetn,{lteoa

woYorew (")4 yttY (ZZ') MHeHsed,( Vosrss HeYrseho necsoc eH 'eere['

' (rrYedc 4ouYodonVo esodvu w rrV yuuexcutt gudl

eu)rcehrrregevYe -oxutegeuYe 'er4ycehuwgeuVe-u>tcenulrderoeu 'er4vcehr4r{derogz
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