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Begyrqei opraHv3arlr4r4 Ha ar.rcceprar{rlro Kpyrnora Kupr.rrra UlropeBr.rqa

''MOreru.IPOBAHI4E TETIO<DA3I{TIECKI4X IIPOTECCOB B BbICOKOTIACTOTHOM

HOHHOM pLITATEIE",

npeAcraBneHHofi Ha concKaHr4e yqeHofi crerreHr4 KaHAHAara rexHr4qecKnx HayK

no cnequaulbHocrl4 05.07.05 - <Tenronrre, 3JlelopopaKerHbre ABr4rarenz u 3HeproycraHoBKr4

JIeTareJIbHbx annaparoB)'

Pa.apa6orr<a BbrcoKoqacrorHbx r r.roHHr,rx 4nnrareaefi (Btil4D - HoBoe HanpaBJreHr4e B

pa3Br4Tltr,r rexHoroft4[ 3neK'rpuqecKr{x paKerHbrx grvrarelefi (3P{) n Poccufrcxofi @e4epaqr.rlr.

Texnonorvq 3P,{, pa-:nrzrue roropofi HaqaJrocb B KoHrIe 50-x rogon fipornJroro BeKa B

vuclryre arounofi gHeprurr4 (r nacro-erqee rperr.rr HI{I-! <Kypvarorcrufi zncrrary"r>),

oKa3aJlacb vpesnr'uafino nlo4ornopuofi. B ee pasnurue 6onrnofi BKJTaA BHeoJII{ coBsTcKve

yqeHbre r{ r.rHxeHepbt. B nacroxrqee BpeMr 3neKTpopaKerHbre .4Br,rrareJrbHbre ycraHoBru (3p[v)
na 6a.ge crauuoHapHL'rx nJra3MeuH6rx ABr4farenefi (cn{) rxlrpoKo npr.rMerurrorcr Anr peureHr4t

3aAarl KoppeKlll{lr op6zrrt orevecrBeHHbx oKoJIo3eMHbrx KocMr4qecKrrx a[naparoB (KA). Ees ru
r4crroJlb3oBaHl4 t 6rrAO 6u HeBo3MOXHO IIOAAep)I{aHr4e KocMI4qecKI4X CI4CTeM CBL3A,

o6pa:onaHHsrx reocraqr.roHapHbrltr KA. TesaeH\r4v pagBwrur xocr"lraqecxofi TexHlrKH rpe6y,ror

pa,spa6orxu u [pr{MeHeHr.rr Anrrarelefi c 6olee BbrcoxlrM yAcJrbHbrM uMrryJILcoM TtrI4, .{eM y

coBpeMeHHbrx cfl!, gnr o6ecneqeHuq Anr4TeJrbHr,rx cpoKoB ar(IvBHoro cyulecrnonanza KA.

3ru rpe6onanna onpeAeiurror flepcreKr]rBbr npr4MeHeHkr aoHHbrx 4eurarerefi (lI{), n

pa:pa6orre Koropblx [pI,IHI4Masr yqacrne co]4cKareJrb. Pa6orrr no co3AaHr.rrc Bq]IA na,{arr-rcr s

Poccnftcrofi @e4epaquu s r*pl IIM3 MAI4 orgocri:reJrbHo HeAaBHo - n 2010 n cpa3v

oxBarHJrr4 pa3pa6orry gelrrareaefi rraorqnocTr,ro or HecKoJrbKrrx coren Ba.rr,4o 15-20 xBr
Ha 4aHnolr erane paspa6orxa BrIH{ 6onruoe 3HaqeHue r4Megr MoAe-rrr4poBaHr4e.

cos4anue Ha,qe)(Hr,rx tfusuro-lrareuarnqecxfix 14 pacqernbrx uo4erefi, onr4cbrBaK)r]Irrx

pa3Jrr4qH6re npoqeccbr no BLIZA, wx anpo6a4ua u npr4MeHeHr.re Ha craAurt npoeKrr4poBaHrd

IO3BOJI'ET CHI,I3IITb PI,ICKI4 NPI,I PA3PA6OTKC KOHCIPYKIII,II4, CAKOHOMLITL.PP9UT.]4 CPCACTBA HAFffffi1iffi*,g:r;4 r



pa3pa6orKy. ,{rEccepraqna nocBrrrleHa paspa6orxe a anpo6aqura MeroAHKlt pacqqra

renrto$rEsr.rvecrrlx npoqeccoB ro B\IHA - @3AaHr4ro renrtosofi rraoaenrl B1II,IA pa,:luvuofi

pa3MepHocrr4. B cngre LI3JIoxeHHoro, pemaeMa:r B Ar4cceprarlux sa4aua .rpesnrruafino

aKryilJrbHa.

Cnoxnocr, cro.aqefi nepeA cor.rcxareneM 3aAarrr.r, o6yclonaena neo6xo4lrrvrocrrro r
pruKax TennoBofi lro4enu co3AaHur HaAexlrrrx pacrleTHbrx rrrogenei renlo$asrzvecrzx

npoqeccoB no BWIA: [Jra3MeHH6rx, o6ycroBreHHbrx raoxusaqrEefi pa6overo reJra B

caMocrotreJlbHoM I.IHAyKIIHoHHoM pa3ptAe, TenJroBbrAeJreHur npn nsarauogefrcrBr,rn nJriBM[,r c

sreMeHTaMli KoHcrpyKqr4r.i, Ir, co6crBeHuo, TeruroBbrx c yqeroM pa3HopoAHoro xapaKrepa

r4cnonb3yeMr,rx B KoHcrpyKr1rru Br{2.{ lrarepuaaon. Yxe 3To noAqepxrrBaer HoBr.r3Hy

npoBeAeHHofo uccJIeAoBaHr4rr.

,{uccepraurorr.l coBeprxeHHo o6ocnoeaHo yrBepx4aercr, qro noaoxanelugrrft

p$yJrbTaT B perxeHr{l.t yKa3aHHbx npoolerrl Moxer 6Hrr AocTr4fHyr Ha ocHoBe

3Kcnepr.rMeHTilJrbHo-pacqerHoro uccneAoBaHrlr, BKJrroqarculero paspa6orxy noAelefi

TenJroBblAeJreHHr B 3JreMeHTax KoHcrpyKuHH BLIHA ssanr\ao4eficrsyouax c nlasnofi, x
o6o6rqennoft ruoqenu rennotf H3r{qecKlrx flpoueccoB B KoHcrpyKrlr.rrx BTIZA pasnnvnofi

pa3MepHocrlr, a raKr(e paspa6orry MeroAuK 3Kcnepr.rMeHTitJrbHoro olpeAeJreHru

TeM[eparypHbrx pacnpe,qenenufi n o6pasqax BqaA. B AHcceprarl]rll 3Tor noAXoA K perrreHr4ro

yKiL3aHHbIx npo6lena peanl43oBaH. Amop o6ocHoral ocnonnofi noAxoA K onpeAeneHriro floror(a

MorrlHocrH Ha creHKr.r rasopa.sp.rguofi rauepu (f?K) u snerrpoAH BgH,{ vepes sa4anaeuufi na

3Tane npoeKrr4poBaHlE t ABlrrareJrr Ir HaAe)rGo uslrepaeuufi npr4 r4cnbtraHr.{rx fiapalMerp -
r.ronnrrfi ToK rD IKa, 14, KaK CJTeACTBI,Ie, IJTOTHOCTb uOHHOTO TOKa, BblnaAarcIqero Ha fpaHr.rllbl

nJra3MeHHOrO O6reua. 3aganue npE pacqerax BToporo Bzrx(Horo napaMerpa, 3aAauorlero

yAeJrbHbre noroKri Mor{r{ocru, 3.[eKrpoHHofi rerr.rneparypbr, MeHee o6ocHoBaHo, TaK KaK He

oll4pagrct na rarlre-nr.r6o Ir3MepeHHt H 3Aecb flprrxoAurcr ocHoBbBarbcs Ha rl4TeparypHbrx

IAI{HbIX.

cnerygr orMerurb npH 3ToM, rITo renJroBrur MoAeJrb ABr4rare;It co3Aaercr, KaK npaBuJro,

Ha STane pa3pa6orKr.r 3cKr4Horo flpoema, B cBr3r.t c qeM 3Kcnep[MeHTalJrbHajr npoBepKa n

AoKa3areJrbcrBo etprf exrr.rnHocru r4 AocroBepHosrr4 MoAeJrr4 uoxsr 6rrft. npoBeAeHa ronbKo

nocJre peanrj3auul{ ABr,IrareJIr (B x(ejre3e)). ,{r.rccepranry yAaurocb raKyro npoBepKy

ocyudecrBnrr, Ha AByx BrII4! pasnofi pa3MepHocrt4 I{ rroKa3arb AocroBepHocrb noJTvqaeMbrx

nprr qHcJreHHoM MOAenEpOBaHr.tI4 p$yJIbTaTOB.

Pacqsrrr npoBeAeHbr ilBTopoM AJrr rpex 4nr,rarenefi pasnofi uoulnocrr: 4o 0,3 rBr, 3

xBr ra 20 rBr. Pacqgrnrre MoaeJIIt ABl4rarenefi paccvuranrr Ha r4cnoJrBoBaHLIu nporpaMMHoro

xoumerca ANSYS, roroprrfi xoporro 3apeKoMeHroBaJr ce6r flpu peIIreHr4t4 noAo6Hbrx 3aAarr.



Cle4yer floaqepKH]'rb oco6oe Mecro B ar.rcceprarlrru gKcnepr{MeHTaJrbHoro

r{ccJreAoBaHnr reMleparypHbx nolefi n KorKperHbx o6pa:qax BIIH,{. IlporeaeHr4e srrrx

uccre,qonaar.rfi norpe6onaro pa3pa6orKr.r MeroALrKu r,BMepeHr4r reMneparypnr,rx nolefi c

r{cnoJrb3oBaHr,reM TenJroBrropa. C ognofi cropoHbr, 6nlo Heo6xoA[Mo onpeAeJrr4Tb

pa.ar{arlHoHHbre napaMeTpbr npHMerureMbrx B KoHcTpyKqur,r BIII,I! rraarepuaaoB, no KoTopbrM B

mareparype na6nroAaercr 3Haqr4Temnufi pas6pog a c 4pyrofi - ycnoBrlr [peAeJrbHrrx pexrrMoB

pa6orlr B!II4,{ no reM[eparypHoMy Harpyxenuro Kpr4Tr4qecKr4x 3JreMeHToB KoHcrpyKrrr,rr4,

I4cxoA{ I,I3 peanrnoft TexHoJIOrI4I4 I43foToBireHqrr qnrararelefi. Kporrae roro, npr4 r8MepeHr.rrrx

Ter\fneparyp B ycJroBr4rx ucnrnanrafi B BaKlTMe 6tuo neo6xoglrMo perrr4T6 TexHr4qecKu e

3a4av' , no3BoJrr.rBrur.re npoBoAr,rrb x3MepeHwr n un(ppaxpacxoM Arrana3oHe cnercry)a.

Tularenrnocrr rulerogn.recrofi npopa6orrr.r usuepeHr,rfi noAqepKuBasr, Hanpr,rMep, ror (farr,
rrTo aBTop I,IccJIeAoBirn gKclepLIMeHTilJrbHo H noKa3aJr, qro ItH,qtrKarpr4ca TellnoBoro 

'./ary.qjel{v'',
BbrxoAsrrlero c [oBepxHocrH reparr.ravecrofi rasopasp-r4uofi KaMepbr, c 6ollllrofi ToqHocrbro

AonycKaer oIrHcaHI4e KocxHycol4AirJlbnofi ganr,tcurr,rocTbro. Pacqernue u 3Kcnepr.rMeHTaJlbHbre

p$yJr6TaTbr HaxoMTcr B xoporreM corJracnx.

Hecorraneuno, A cceprawt r.rlraegr 6onrlroe flpaKrraqecl<oe 3HaqeHue. B nei cogepxarc.r

pe3yJrbrarbr He roJrBKo MeroAr.rqecKoro xapaKrepa, Ho r4 peKoMeHAaqura no nrr6opy npeaenbHbrx

pexfl{MoB pa6orbl BqI4A paslnqsofi pa3MepHocrl,I c yqeroM TexHoJroruu r,rx usroroeler*rl. Tar,

npl4 I4CnOJI[,3OBaHHI4 ClnaBOB TI4TaHa B KaqeCIBe MaTepIlZUIa 3IeKTpOAOB, MaKCT4MaJIbHZUT

Aonycrr{Miur reMneparypa 3nercrpoAoB (n nepnyro oqepeab, srvflrccuonnoro) y3Jra rroHHo-

onrurqecrofi crrcreMbr He AoJDfiHa npeBbrurarb 400-450 oc. Ha ocnose npoBeAeHHoro aBTopoM

EccreAoBaHl'ru n paspa6aruraeMblx ABLIfareJUrx nJloruocrb uoHHofo roKa B HoBbrx nDoe(Tix

orpaHu.rfiBaercr serrav[Hoft 65 -7 0 N u2 .

flonyrennrre aBTopoM B Ar.rcceprarlr4r4 p*yJrbrarbr Harn.r .r npr,rMeHenue n pxge oKp u
rrpr.BHaHlr pa3pa6or.{ura[{r,r Br{I4A B npoMlrruneHubx opraHr.Barlr4rx.

Clelygr orMerl4Tb, rorurqHocrb rrpeAcraBneHHoro aBTopoM B Ar4cceprarlr4lr MarepnaJra.

Ana"nzs, npone4enurrfi r fnaee 1, nosnonu rrerro nocraBr b 3aAa.{y [ccJreAoBanr4q. ltarla 2,

npeAcraBJrrer co6ofi o6ocnon aHr4e Arrr. paspa6orru remonofi MoAeJrr4 Ha ocHoBe ,ueranbHoro

paccMorpeHr4.{ renro$asa.recrax npoqeccoB B caMocrocreJbHoM r4HAyKqr,roHnona Bg pa3prAe.

Lrcxogx us oco6exnosrefi r(oHcrpyKrlr4n B.II,I.(, o6ocHonbrBarorcr Aoflycrr.rMbre ynpor{enr4r.

B rnane 3 aanrr nparrratrec*He pe3ynbrarrt anpo6aquu reruroBbrx uoqeneft B Ko'KperHbrx

PACqETHbTX I,ICCJIEAOBAFIUrX. ,{ErrArOrCr Ba)(HbIE BbIBOAbI IIO NPEAENbHO AONYCTI,IMbIM PCXI4MAM

pa60rrr 4nunarerefi, npar avecrpr peaJrr,r3oBaHHwx n LfuLr rIMS MAa no 3aAaHr,rrM

npoMbruneHHbrx opranlrsaqrzft. 3rcnepzrraenranbna.fi faaBa 4 co4epxur BiD(Hyro unooprraaqarc

o Meroar'rqecKfx ocHoB:rx rsuepennfi TeM[eparypHbrx noirefi B ycJroBHJrX pa60rur 4w rarereri r



BaKyyMe c ucnoJlblloBaHneM TelJIoBI43opa, AeMoHoTprrpygr xopouee coBnaaeHr4e pacrreTHbrx u

SKCnepr4MeHTaJrbHbrx pe3ynbTaToB.

,{uccepraqr.rr laarfircana xopouuM r3brKoM, no3BoJrrgr nemo opr4eHTzpoBarLct

cnerlr4aJrr4cry B peuraeMbrx aBTopoM npo6neuax. Arrope$epar noJrHocrbro orpoKaer

coAepx€Hne AI,Icc epr aIIIdI.I.

Anpo6aqua pa6oru npoxo,quna na poccuitcKnx u Me)(AyHapoAnbrx xou$epenqr.rrx.

Pesynr,rarrr pa6orrr ony6nuxonanbt B AByx HayrrHbrx crarbrx B peqerrr4pyeMr,rx v3Aalaurtx.

B 4raccepraqrau cireAyer orMerr4Tb cJreAyroqfie HeAocrarKu:

- B nlaBe 2 ne Aocraro'{Ho apryMeHTI,IpoBaHHo yKa3aHo> oqHoBHBar{cb Ha KaKux LtccneAoBaHlrjtx

r.rJrr4 npeAfloJloxeHrurx, npr4Hrrro 3HatreHHe s 15 oA ot Bg uorqnocru AJUI MorqHocrl nyqr4crofo

[oToKa I,I3 [na3Mbr;

- na crp.33 yra3aHo, rrro u3 3Kcnepr4MeHToB u3BecrHo 3HaqeHr4e roKa B uenu V3, paraoe 2-3 o/o

or roKa r4oHoB n) rxa, oaHaKo ccbrJrKa Ha KaK[e-rz6o ny6nExarrun orcyrcrByer;

- Ha crp. 39 4rra ifoprraynlr (1.21) nponyrueHo ontrcaHrie AJrr oAHoro rr3 cJraraeMLrx,

- Ha crp. 60 n Qoprvryne Q.29) rcx troHoB nepesap flAr.u u3 o6lacru neiirpanusaqlru

onpeAeJU{eTcr paBHbrM 1 o/o or rora }roHoB [y.rKa, oAHaxo He onucaHo, no xarofi npnqr4He 3To

3HaqeHI,Ie OTJIIIqaeTCt OT SKCnepr,IMeHTiUrbHbrx aaHHbrx, npeacTaBJreHHblx Bbrrue.

Ornre'{exurre HeAocrarKr,r He cHr.DKatror Bbrcor<ofi oqexrr 4 cceprarlnr4.

B xaqecrse pa3B..r*'^ uccle4orannfi no reMe Aricceprarlnrr MoxHo BbrcKa3arb

NOXEJIAHI'IE B TIPOBEAEHI,IU KOMNJIEKCHOTO SKCNEPI4MEHTA C HE3ABI,ICI4MbIMII CPEACTBAMI4

rBMepeHrut reMneparypbr 3JrercrpoAoB voc u olpeAeneHwr flapaMerpoB nrasrt{rr n6rr.tsr4

rpanrrr{ pa3prluofi nrtas rH e fPK.

,{raccepraqraonnaa pa6ora Kpyrnora K.H. <Mo4e:rr.rpouanze rennorf asr,uecxr.rx

npoqeccoB B BbIcoKOqaCTOTHOM LIOHHOM ,qBr.rraTeJle) COOTBeTCTByST nacnopTy clreqllilJlbHocTx

05.07.05 - <<Tennorrte, SnelcpopaKe'rHble ABl4rareJru 14 3HeproycraHoB(r4 JrsrareJrbHbrx

annapaToB> IIo TeXHUqeCKr.rM HayKaM.

B qelorrl, orleHr4Bajr AHccepTarIrrc Kpyrlona K.H., rr.rOxno cAeJraTb BbrBoA o ToM, rrTo

BbInoJrHeHHiur pa6ora nueer BuA 3aKoH.reHHOrO UCC.treAOBaHuJr Ha aroyaJrr,Hyro reMy, coAepxar
HoBbre Ha) IHbIe pe3ynbrarbl, HMeer B&)Iffioe npI'rKJraAHoe 3HaqeHrre, ee pe3yJrbrarbl

Ilcllonb3yrorcr B HoBbrx [poeKrHbx paspa60rrax BgH[. ,{uccepraqru fioJrHocrbro

coorBercrByer rpe60nanualr, floroxenrE.r o lplrcyx,4eHr.rr4 rreHBrx creneHei, yrnepxgennoro
rrocraHoBrreHr.leM flparrzreJlt,crea PQ or 24.0g.2013 N! g42, a ee aBTop Kpymon K.H.

3acJryxr,rBaer npr,rcBoeHr.rr r4cKoMofi yrenofi creneHr4.

,{vccepraqu.e Kpyrnona K.I4. gonoxena u o6cyxgena 05.r2.20r7 na ceuunape or4era
nyrrKoBbrx r'r r4MnyJrlcHbrx rexnororlrfi orrereHNq rrJra3MeHHbrx rexnororufi Kvpqaroscroro



Kolr,rnnerca tf r,rsr,mo-xuuravecrlrx rexHoJrorufi "flplrxaa4Hue 3a,qaqu tpzsnxr.r r,r xrarrar.ra rrJlr3Mbr

r.r Borrpoc;I corrfrcrByroqux rexno-norr,rfi". OcnosHrre noJroxenr{r r.r BbrBoAbr orsrma ogo6penrr

n xo4e o6cyxgerur.

A4ec I{I,I{ <Kypvarorcrufi uHcrrryD: 123182 Poccu4 Mocrna, nn. Ara4ervr_uxa

Kyprarora, s. 1., Tere(boN: +7 (499\ 1969539, Oarc: *7 (499) 1961704,3nerrpoxxaa novra:

nrcki@nrcki.ru

Orarrn coqrasr4a:

Haqanrrnzr na6oparopr.rr.r Marrr,rrHo -
r.rrvmyrrbcHlx rexnononafi OIII,IT Om KKOXT

FIItr{ <Kypvaroncrnfi uncrrryrn,

r.6.- rr.r.n.

Haqalrnnr Orqena nyrrorrx u r,rMrryJrbcHbrx

rexnolorrfi OIIT KK@XT FII{I{ <Kypvaroncru!

npo{., 4.$.- rvr.n.
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