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OT3bIB

oQuqlanruoro orrnoHeHTa Ha Axccepraunrc Becrsra B.na4Ilmupa Anarofl sesuqa

",{nyuepnue Hecraqlonapubre BoJrHbr B gJrenTpoMarH[Toynpyr[x reJrax c

rrJrocKtlvrH rrJrH cQepH.recKr{MH fpaHr{rlaMHtt, trP€AcraBJreHHofi Ha coI|cKaHHe

yqeHofi cre[eHrr AoKTopa Qusu rco-MareMaruqecKnx HayI( no cfleuuaJrbHocrrr

01.02.04 - ttMexaHrrKa 4eQopnrupyeMoro rBepAoro reJrarf

B coBpeMeHHofi TexHHKe B rrocneAHr4e foAbl llu4poKoe rIpaKTHrIecKoe

npr4MeHeHue HuxoA,aT gJreMenrbr xoncrpyrcrlrafi, $ynxqraouvpyou{u e na s(f$exre

cBr3auHocrlr MexaHLIqecKLIx lt gJIeKTpoMarHI4THhrx nonei. Pa6otu, nocmul€uuue

no4o6uoi TeMarI,IKe paccMarpuBaJu4cb B ocHoBHoM B tlocraHoBKax orAeJlrHoro

ssal4l\4oAeicrslls MexaHI4qecKI4x nolefi c greKTpI4rIecKI4MIt, MaTH THIIMI{ utrn

TeMneparypHrrv,u. V ecJII{ no greKTpoyflpyrocrr4 ulrv repMoyflpyrocrll I'I Aaxe

gJreKTpOTepMOy[pyrocTlI B JII,ITepaType BcrpeqaloTct 3aKoHqeHHbIe pe3yJIbTaTBI, To I1o

TeMarr4Ke HeycraHoBltBlxeroct B3al4Mo4eficrnur SJIeKTpoMarHI4THEIx I,I ynpyrux nolei

raxue ny6nuKaqr4ll MoxHo Bcrperl4T6 B eAIlHI4rtHLIx pa6orax. C.ne4oaatenruo,

uccreAoBaHr4s e o6racru uecraquouapnofi gJleKTpoMarul4Toy[pyrocrlt Ha

cero4u.ruruufi AeHb HecoMHeHHo tBJltnrct aKTyuuIbHEIMI4.

B rrepBofr rJraBe aBTopoM npoBoAurcfl. o6:op ro reMarrlKe Aucceprar]:ala. B

O6rOpe ynOMI4HaIOTCt OcHoBHHe MoHorpaqu 14 n XypHaJIbHbIe CTaTLI4, I4MeIOqI4e

OTHOrleHrie K TeMe AI,ICCepTatIr4r4 3a nOcJIeAHI4e AectTxiIeTI4t. flpe4Crarnexa O6rqar

rrOCTaHoBKa 3aAaq CBf,3aHnOfi :repuosleKTpOMarHLITOylpyrOCTI,I, nnneapZOOrannOi

OTHocr4TeJIbHo HeKOToporO HaqaJIbHoFO COCTotHIlf,, z: rcorOpOfi BIIBoAI,ITCI 3aMKHyTErt

cr4cTeMa Anfl, kr3oTepMr4qecKr4x llpoqeccoB B lr3oTpofIHbIX IIpoBoAH
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ocyqecrBJrrercr 3a cqeT cnJrhr JlopeHqa 14 o6o6qeHHoro 3aKoHa Orr,ra. Ha ocHoBarruu

grofo [pr{BeAeHbr cucreMu ypaaHeHni coorBercrByrorqv x AByMepHhrx 3aAaq B

AeKaproBofi u csepuqecKoit cncreMax KoopAt4Har.

Bo eropofi HraBe rrpr4BeAeHa nocranoBKa 3aAaqlt o6 enexrpouarnuroynpyrofi

norynJrocKocrl.r, HaxoArureicq noA AeficrsueN4 HecrarluoHapubrx rroBepxHocru;rx

Hafpy3oK. Ona uccne4yercr c ncnorb3oBaHueM npeo6pasonanuir Jlatr,aca rro BpeMeHu

u (Dyple no npocrpaHcrseHHoft KoopAl,rnare. Ocnosnar npo6leua 3aK;rrcqaercr a

Haxox(AeHur4 opr4rr4HzuroB. fur ee perueHr.n aBTopy yAaJrocb rrpr4Becrr,r [cxoAHy]o

KpaeByro 3aAaqy K cr4cTeMe peKyppeHTHLrx 3aAaq c noMorrlbro pa3JroxeHr,rr LlcKoMbrx

Qynrquft B crerreHHbre prAhr rro M€uroMy napaMerpy cBr3Lr gJreKTprrqecKoro t,t

MexaHr4qecKoro norefi. Pelrer'vfl 3a1aLt 3arrncErBarorcr B [HTerpaJrrnoft (fopue c

s41paMr4, rBnrrorqraMr,rcr $yurqrarvra fpuna, AJrr Koroprrx orAeJrlHo peruarorcr 3a4aqLr

Nrfl enerrpouanrutnoft ra ynpyroi qacreft. Opuruna.lr lfynxqr,rlr lpzua

erempouaruzrHofi cocraBJrrroqefi naxo4urcr roqHo. hu uocrpoexlu

[oBepxuocrHbrx n o6l€unrrx Qyur<qufi fpuna ynpyrofi qacTu 3aqaqu npr,rrr,rerleu

cnequalruuft a[rop[TM HaxoxAenr4r opl4rr4Huura, ocHosaHHrrfi Ha Lrx aHurvrrr,rqecKoM

npeAcraBreH[u. 3ro noggoJuer HaxoAr.rrb rorrHbre peureHr4r Hosofi scnoNlora'relrsofi

arra o6qefi cersaHHofi npo6leuu 3a.4aqn o AB[xeHuI,r ynpyrofi [oJIyIrJIocKocrI{ rroA

Aeicrgnev o6leusofi cr4Jrbr. B 3aKrK)qeHI4I,I HIaBhI rrplrBoAf,Tct no4po6uue

aJlropr.rrMbr peureHr4r o6u1r,rx cBr3aHHbrx 3aAaq o pacnpocrpaneHllll AByI\{epHEIx

HecrarlrloHapHblx rroBepxHocrHhrx Kr4HeMarlqecKl4x LtrLI 3reKTp[tlecrnx nosuyu{ealfi

B gJreKTpoMafHn'r'oynpyrofi [oJrynJrocKocrr4, r4cnoJrb3yrcrrlr4e yx(e nai4ennrre panee

$yurqr,ua fpuua.

Pesyllraru fiasr 2 rrpeAcraBJurorct HoBhIMn. Anropy yAEUIocE clpaBl4Tbcs c

AocraroqHo rpouos4xofi ananz:uaroi u noryql4Tb p.rA ToitHEIx peruenufi, B qacrHocrll

3aAaq o HecraIII4oHapHoM ABI4xeHur,r ynpyrofi noJIy[JIocKocrI4 IroA Aefictsuev

o6leuuux cr4Jl I,I o HtxoxAeHl4x 3reKTpoMarHI4THoro IroJIt n AsulKylqeics no

3aAaHHOMy 3aKOHy IOnyIUIOCKOCTIi.
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B rperbefi HraBe craBu tcs. cBfl3annat ga4arta o paclpocrp ar-er.uu

HecraquoHapHbrx rroBepxHocrHbrx aosnayulenr.rfi B gneKTpoMamnroynpyroi

ToJlcrocreHHofi cQepe. Mero4 perxeHur ocHoBaH Ha pa3JroxeHr.rr,r B prArr no

co6c:rseHHrrr4 Qyuxqnxrra oneparopa rasefinofi reop[u ynpyrocrrr c [ocJreAyrorqr4M

npeAcraBJreHuervr rcoeQlpraqueuToB nocJreAHr4x B Br,rAe crerrenHbrx prAoB rro MrrJroMy

nap€rMeTpy, qro rro3BoJHeT cBecTr xcxoAHylo KpaeBylo 3aAaqy K peKyppeHTHorr

locJreAoBareJrbHocrr4 3aAaq, KaxAar r,r3 Koropbrx r4ccJleAyerct He3aBrlclrMo. /J,lrfl \x
perrreHrzr AorroJrHr4TeJrlHo norpe6oralocr paccMorperb raKve HoBEre

BcnoMorarerbHble 3a,qaql4 KaK HaxoxAeHue 3JIeKTpoMarHr4THofo rroJu B 4rlrxyrqefcr

no 3aAaHHoMy 3aKoHy c$epe u o HecraqrroHapHoM ABI{}KeHI,rz yupyrofi c(peprr no4

Aeficrsraera 3aAauHbrx o6l€usrrx cr,rJl, rrro caMo rro ce6e qsrrercs oTAeJILHLTM BaxHhIM

pe3yJr6TaroM.

flpra peruexnr{ 9Tr{x 3aAaq, [oMr,rMo cloxnocreft, cBr3aHHhrx c o6paqeruev

npeo6pasoaauur Jlaruraca, Bo3Hr4Kaer Ao[onHr4TeJIbH{uI npo6nerua HaxoxAenl4t

(pyurqrar.r fpr.rHa ererrpovaruuruofi qacrlr saqav'v. flpe4noxeno BMepro

necraqronapnofi Qynxqun fpuna ucrarl e€ xea3llcrarv qecxufi aHaIJIor. lp

HaxoxAeur,rr oplrruHzr.JroB rAep yflpyroit \acru 3aAar&r [peAJIoxeH cueqzalrnrti

aJrropl4TM, ocHosaHHHfi Ha npeAcraBJreHr4n r4cKoMblx tpyuxqufi qepe3 gneMeHTapHLIe c

[ocJreAyroulr4M pa3JroxeHr4eM B prA I1o 3KcrroHeHTaM, qTo n 4affineftureM [o3BoJILtJIo

nafiru roqno r4x oprrrr4HEUIbI c floMoxlbto craHAaprHhIX TeopeM T@KII. B aarepruenuu

rJraBbf npuBoArrcr anfoplrrMbr peueHr.lt o6qefi careansofi oceczulr,terpuvuoft 3a4a.rn

n e€ .racrHoro cJryqar - gafta.c,r o paAuurnbHbrx rore6anuxx roJlcrocreHHoi cQepu no4

4eicuuenr HecraIIlIoHapHbIx noBepxHocruhlx Bo3Myrqexr,rfi. flpnro4rrcr cpaBHeHr{t

ToqHoro pe[reHr4r c aHEUIofIrqHoir za1a,reia, rge tpanc<popMulHThl tAep o6paqanucl

TII4CJIEHHO.

flounuo perudnnofi csggaHHofi 3a7aqv rrtaea 3 [peAcraBJlter us ce6s'

uHrepecuni pe3yJl6Tar B qacrl4 HaxoxAeHl4t roqHbrx perueNui, B ToM qI'IcJIe HoBblx

HecTar{rloHapHhtx CBt3aHHbIx 3aAarr e 4oynaepnofi [oCTaHOBKe 4lx 
'rOlCrocrennOi

cSepu.
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B vern€profi ruaBe rrocraBJreHa 3aAaqa o Hecrarrr4oHapurrx rone6anurx

eJreKTpoMarHr4Toylpyroro fipocrpaHcrBa co cSepuuecrof noroctrro nog geftcruueu

rroBepxHocrHbrx Bo3Myrrleur4i. 3a1aqa peuaerct aH€IJIorI{qHbIMI,I HIaBe 3 ueto4auu, c

rofi pa*ruqef, qro B orJruque or roJlcrocreusofi cQepu a cl4ry ofpanr4rreHnocrl4 tAep

r,rHrerpaJrbHhrx npe4c:rannenlri xoe$Qr.rquenror ptAoB I,Ix BBIpoKeHIit qepe3

gJreMeHTapuhre (pymqnn He coAepxar gKc[oHeHT B 3HaMeHareJIe, .ITo yllpoqaer

aJlfopr4TM o6parqenra-a. [onolnurenrHo perreHbl neo6xo4zurre Arfl r4rorosofi

csqgaHHoi npo6nerr,trr Bc[oMorareJl],Hme ga4aqu o HExo)KAeHI4Ii gJIeKTpoMarHLrrHoro

rroJrr B ABl4xyrrleMcr [pocrpaHcrBe co cQepuvecxofi nonoctlrc It 3aAaqa o

HecraquoHapHoM ABr4x{eHr4r4 ynpyroFo npocrpaHcrBa co cQepuvecxofi nolocrrro no.q

.qefi crsr4er\4 o6lev rtrx craa.

B nqrofi HlaBe paccMarpuBaerct eJleKrpoMurrnllroynpyruft ruap rtoA

AeftcrsueN,r HecrarllroHapHrrx rroBepxHocrHErx Bo3Myrqegrafi. flo auauloruu c rnaeaMl4 3

u 4 crpor4Tcfl a[ropI,ITM peIIreHI4t o6qeft csqsaHuofi sa4avl4

gJreKTpoMarHr4Toylpyrocrrr AJII uapa. flapauenruo peu€n pa4 BcloMofareJlb*rt*,'no

B Toxe BpeMr HoBbIx saAaq. B qacrHocrlt t4ccJIeAoBaHbI Hecrall[oHapHoe ABI4xeHue

ynpyroro rrrapa uoA AeficreueN,I o6lerr.trrx ctrlnr gneKTpoMarHI,ITHoe rloJre B

ABr4XyxIeMcr no 3aAaHHoMy 3aKoHy uape.

B rlenoM crrr4Taro, r{To rrpeAno)KeHHbrfi vt peELIIIa3oBaHHbIfi B pa6ore rIoAXoA

rBJrrercr HoBbrM gayqHLIM AocruxenxeM s o6racrz HecrallrloHapuofi cssganHoi

3reKTpoMarHr.rroynpyrocrll. B ouu.{ue olrpaAuquoHHhlx MeroAoB B [ocrpoeH[]r

cBJ'3lr Me)KAy yIlpyrI4MI4 Lr 9neKTpOMarHI4THblMl4 nOJI'MI4 B 3aAaqax Nn

nbe3oMaTepuEutoB HecTaHAapTHbIM tBJrteTCt XapaKTepHoe I4MeHHo AJI' IIpOBOAHI,IKOB

nggTpoeHue sgazMHOfi Cg.flgu noaefi C ngMorqbrc Culrt JlOpenqa, o6o6uldnnOrg 3aKoHa

Orr4a u BBeAeH[t 6erpa:ruepnOrg napaMeTpa, CBt3bIB€lIoqerO XapaKTepI,ICTraKI4

gJreKTpOMarHlITHorO I{ MexaH[qeCKOrO nolefi. llapa.nlelrno peru€U tl ptA HOBLIX

yKa3aHHbrx Bbtrrre 3aAaq MexaHHKu Ae$opMl4pyeMoro rBepAoro reJla.

Pesyamaru pa6oru rraory'r 6urt r4c[oJrb3oBaHbl IIpI4 floc'rpoeH]rl4 HoBbIX

peruenrafi AJrr reJl ranonluecrofi reoMerpr4r,r, Tarux KaK 6ecrone.rnhli TorcrocreHuLlt

u cnlouuoft qr,I,II,IHApbI, 6ecxoneqnui clofi t't r.4. Orn'revy crpeMJleHue aBTopa K
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Haxo)KAeHr4ro I1IMeHHo roqHbrx pelxeHr4fi Art coorBercrBylou{I4x JII,IHeiHLlx

nocrauoBoK 6eg ucnonrgoBanns ^tpaAuL\I4oHHbIx B TaKoro poAa 3aAaqax q[cJIeHHbIx

MeTOAOB, a TaK )Ke XOpO[ee BJraAeHI,Ie MaTeMaTUqecKI,IM a[[apaToM TeopI4I4

o6o6rqenusrx Qyurqufi 14 MeroAaMI,t T@KII npI4MeHI,ITeJIbno r upo6neuaM MexaHI'IKl4

4e$opnu4pyeMoro rBepAoro reJla.

B 4ocronepnocrrl pe3yJrbraroB Ar4ccepralll4lt Her coMHeHLIt, nocKoJlbKy flpu

HaxoxAeHuu pe3yJrbTaToB ucnoJrb3oBaHbr KJracct,tqecKl{e MeToAbI oflepaltrI4oHHoro

r4crtr4cre:r'vr., Teoplr[ o6o6rqennrrx $ynxqrafi, o6HrnoseHgrlx AnQ$epenqzzulbHblx'

ypannenr.ri 14 'rpaAr4IIIrtoHHHe qI4cJIeHHbIe MeroAEI I{HTerpupoBaHI,u. Kpoue sroro,

pe3yJrbrarbt ruas 4 u 5 c nouorurrc [peAeJrEHLrx nepexo,4oB rlocrotuuo cpaBHLIBaJII4cr'

c paHee [oryqeHHrrMri perrreHrlrMr.r B rJraBe 3. B rrtaee 3 ro.rHoe pelreHl4e o4norvrepnofi

3AAAI{II CpaBHUBaUIOCL CO CIIequEUlbHO [OryqeHHbIM qVCJIeHHbTM pellreH]reM AJI'

aH€LnoruqHoro MaTepI4EUra.

Aerop e Q epar rroJr Hocrbro orp Dxaer c oAep)I(aH He AI4 c c ep r a\vIV.

Cye" ro crlrcKy nnreparypbr B Arrccepra\hvr u aBTope$epare ocHoBHbIe ee

pe3yJrbrarbr ony6nlrxonanrr s 54 pa6orax, 13 r.ra roroprtx - B xypHaJrax lr3 cnl4cKa,

peKoMeHAoBannoro BAK P<D. O$t'rqlaarbuo 3aperurcrpl,IpoBaHa I rorr'rurrotepua,r

rpofpaMMa.

IIo pa6ore IrMeK)Tcfl cJleAyrcqle 3aMeqaHlrfl.

I . Yqer s o6qei cltcreMe ypaanenrli reMlleparypbl, 6eayclonno,

[peACTaBJIteTct nOJIe3HbIM, oAHaKo Als o$rqrax qenefi pa6otrr rBJIseTct JILIIIIHI,IM.

2. B pa6ore orcyrcrByer oqeHKa roqHocrr4 ucloJrb3yeMoro KBa3u crarl,rtlecKoro

perreHr4t SJreKTpoAI{HaMNqecxoi qacru.

3. B rercre I,IMelorcfl oreqarKu: nepe4 Qopuynoft (1.2.18) BMecro crloBa

'onveer" AorIXHo 6utl croso "utrletol"; nepe4 Sopvymuu (2.1.13) u (3.1.12)

rporyqeH rpeAJrof "]?.i3"; repeA $oprrnynofi (5.4.8) ABa pa3a Harrl'1lcaHo "B cr4[ry".



'a'

Hecvor:pa Ha yKa:raHHhre 3aMerraHlrr cqr4Talo, qro AtccepraqltouHtul pa6ora

yAoBJrerBoprer BceM rpe6oranlrau BAK P@, rrpeAbrBnteMhlM K AoI(TopcKr4M

Ar4cceprarlrrrM no cfleqr,rzurbHocla 01.02.04 <<Mexauraxa 4e(f oprvrupyervroro rn€pgoro

TeJrD), a e€ anrop, Becur B.A., eacnyxr,rBaer npr,rcyxAenr{r eMy yrenoft crerreHr4

AoKTopa Qusuro-uateuarldqecKr.rx HayK no yxa.sauuofi cfl eq[aJrbnocrr.r.

OQ kt rlzaJrbHbrfi oilrloHeHT,

AoKTop suUaro-NlaTeMaTHrrecKr4x HayK, rposeccop,
aKaAeMr4K PAH, 3aBeAyroilIufi rcaSe4pofi
((MareMaruqecKoe MoAenupoBaHue)) OfBOy BO
<Ky 6 an c Kr4h rocyAapcrBe H H bri4 y HUB epc nrer))

I f -
& Ea6eu*oBra Ar4Mr4pAH4peeBr4rr

350040 r. KpacHoAap, yn. CraBporonbcKa.r, I49

TeneSoH: 7(988) 247 1943

E-mail : babeshk o4I @mail.ru

floAnzcr Ba6errrKo BraAuru upa An4pee BlaLra
3aBepflIo
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