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0(MIHMATILHOIO ONIOHEHTa Ha AMCCEPTAIMOHHYIO paboTy
Kpanuenbix Enensl BiragumupoBHbl
«Hcnonp3oBaHKe CUCTEMHOTO MOIX0a PU MPOSKTHPOBAHNUH M CO3/IaHUU arperaron
perynupoBanus XXPJI 6onbiux Tr», NpecTaBIeHHYIO Ha COMCKaHWE YYEHOM CTEeNeH
KaHJu1aTa TEXHUYECKUX HayK 1o criequanbHocTh 05.07.05— «Temnossle,

SJICKTPOPAKETHBIC IBHUI'aTCJIM U SHEPIrOYCTAaHOBKH JIETATCJIBHBIX allllapaToOB)

Huccepranuonnas pab6ora Kpanusubix Enensl BiaguMupoBHEI IOCBsIIEHA
PELICHUIO 3aJa4 IPOEKTUPOBAHUS U CO3JaHHMSl OJIHOCTYIEHYATHIX 30JOTHUKOBBIX
crabunuzaropos nasneHust (CJ]) ¢ moMOLIBbI0 CHCTEMHOTO MOAXOAA Ul IMOJY4eHHs
Ooiee MOJNHOrO M LEIOCTHOTO TMpeACTaBleHHe 00 O5TOM arperate Kak o
CaMOCTOSITEJIbHOM 3JIEMEHTE, M KaK 00 COCTaBHOM YacTH CHUCTEMBI (IBUrarelis) B
COBOKYITHOCTH B3aUMOJEHCTBYIOIINX O0OBEKTOB.

B Hacrosiee BpeMs OJHOH M3 BaXHEHIINX HAYYHO-TEXHHUYECKHMX IPOOJIEM
ABIISETCA  ODOecreueHHe HaAeXHOM paborel wmommbeix JKPJl npu  pacumpenun
JMara3oHoOB DPEXUMOB pabOTBl M YCIOBUM OSKCIUTyaTallM, 9YTO OOYCIOBIUBAET
HEOOXOAMMOCTh COBEpIIEHCTBOBAHHS METOAWK MPOEKTUPOBAHUS U KOHCTPYHUPOBAHUS
arperatoB peryJIMpoOBaHus, a TaKXe pa3pabOTKH MNPOrpaMMHO-MaTEMaTHYECKOIO
obecrnieyeHus 110 UX PacdeTy Ha OCHOBE CHCTEMHOIO Moaxona. Mcronp3oBaHue Takoro
MOJIX0/1a B COBOKYITHOCTH C CO3JaHHBIM PAacYeTHBIM KOMILJIEKCOM ITO3BOJISIET YIIPOCTHTH
CO3/IaHH€ HOBBIX W MOJEPHHU3ALUI0 UMEIOIINUXCS KOHCTPYKIUK 30M0THUKOBBIX CJI, a
TakKe OyZeT CrocoOCTBOBATH COKPAIICHHIO CPOKOB HMX pa3spabOTKH, YMEHBILEHUIO
CBS3aHHBIX C OCBOEHHWEM IIPOU3BOJACTBA TpPYyJA03aTpaT, IOBBIIMIEHHIO KadyecTBa U
HaJEKHOCTH U3IEIIUH.

B cBs3u ¢ stum nucceprauus E.B. KpanmuBHbIX TpencTaBisier HaydHbBIH U
IIPaKTHYECKUH UHTEpEC, a TeMa SIBIISeTCS aKTyalbHOMA.

Huccepranmonnas pabora Kpanusaeix E.B. Beimonnena na 154 crpanunax
TeKCTa C PUCYHKaMM M TaOJMIIAMH, COCTOMT W3 BBEJEHUSI, TPEX IJiaB, 3aKIKOUYEHMUS,

CIIUCKA JIUTEPATYPhl, BKIIIOYAIOIIEr0 74 HauMEHOBaHUs paboT, ¥ MPUII0KEHHS.
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Bo 66edenuu npusenena obuias xapakTepUCTHKa IUCCEPTALIMOHHON paboTH,
chopmynupoBaHa 1elb M 3aJa4d HUCCICJOBAHHS, BBIIEIEHbI OOBEKT M IPEAMET
ucciaenoBaHus, chopMyIMpoOBaHAa Hay4yHasi HOBHU3HA, TEOPETHUYECKAss U MPAaKTUYecKas
3HAYUUMOCTh JUCCEPTAIUH.

B nepeout znase o6ocHoBaHa HEOOXOIUMOCTD PELICHUS 3a/1a49H IPOEKTUPOBAHHMS
U co3naHus arperaroB perynupoBaHusi JKPJl GonplIux TAT C MOMOIIBIO CHCTEMHOIO
noaxona (Ha npumepe CJI). PaccmoTpens!l Buabl W npuHnmmnsl pabotsr CJI, npoBeneH
aHanutryeckuid o63op CJI, npumeHsembix B oTpaciu. [IpeicraBieH aHaIUTUYECKUM
0030p MaTeHTHO-UH(DOPMAIIMOHHBIX MaTEPHATIOB IO MPOEKTUPOBAHMIO, UCIIBLITAHUIO U
sKcIulyaTauuu arperatoB perynupoBanust JKPJ[. W3nokeHbl o0O0l@e MOJI0KEHUS,
NPUHIUIBI U ocoOeHHOocTH KoHCeTpykuuu CJI, HeoOXoauMble Uil MNOHUMAaHHS
nporeccoB HX paborel. [lpuBeneHsl mnpuMepbl, MO3BOJAIONIME YTBEPKIATH O
BO3MOXXHOCTH HCITOJIb30BaHUS OJHUX U TeX K€ METOJUK IPU MPOCKTUPOBAHHH HX
KOHCTPYKTHMBHBIX 3JIEMEHTOB pa3IMYHbIX arperaTtoB peryiaupoBaHus. CoucKareib
000CHOBaHHO OOpalllaeT BHUMaHWE Ha OTPaHUYCHHOCTh MHGOPMAIIUK IO pa3paboTKe
CH nns JKPJ] GonbIInX THT.

Tem He MeHee B KayecTBe 3aMeyaHHsT MOXXHO OTMETHTh HEIOCTATOYHOE
BHUMaHWe K OoratoMy OIbITY pa3paboTku arperatoB perynuposanus JKPJ[ Kb
XHUMUYecKoro MamuHocTpoeHus uM. A.M. Hcaea, a Takke Halddue B CIIHMCKE
JUTEPATYPHBIX MCTOYHUKOB HU3JaHUKM 60-X roJoB, XOTs K HACTOSIIEMY BpEMEHHU
NocJie/IHUE Mepen31aBalluCh.

Bo BTOopoli riaBe JeTanbHO MpeicTaBieHbl  pa3paboTaHHbIE  ABTOPOM
METOAMYECKHE pEKOMEHJAalluM, MEeTOAMKa, a Takxke mnporpamma pacuera CJI,
MO3BOJISIOIIME IIPOBOAUTH CTaTUYECKHWE pacyeThl W pacyueTbl JUHAMHUYECKHX
NEPEXOHBIX IPOLECCOB € YYETOM AKYyCTMYECKMX BOJH B MarucTpaisiX, YYUThIBATh
ocobeHHocTH KOHCTpykuuu CJI, BiMsIHME TUAPOJMHAMHYECKHX XapaKTEePUCTHK
NOJBOJASAIINX W OTBOASIIMX MarucTpaieil B CUCTEME TUAPONUTAHUS PYJIEBBIX PUBOIOB
JBUTATENld U YTEYKH 4epe3 padouue MOBEpXHOCTH 30J0THHUKOBOM mapwl CJ] Ha ero

paboune XxapaKTepUCTUKH.




[IpoBeneHsl pacueTsl TPYXKHUH B COCTaBE arperaroB peryjlMpoOBaHUsl C
NOAPOOHBIM OMUCAHUEM MCXOJHBIX JAHHBIX; yTe4YeK 4Yepe3 3a30p B 30JIOTHUKOBOM Mape
cTabunm3aTopa JaBlieHHs; THIPABINYECKUX COIPOTUBIIEHUN U NIOTEPh B MOABOAAIINX H
OTBOJSAILIMX MarucTpayisax; MNOoTpeOHOW 3(@eKTUBHON IUIOWAAX YyBCTBUTEIBHBIX
5JIEMEHTOB, YTO IO3BOJIMJIO CO3[aTh pPacueTHbIE CXEMbl, MAaTEMAaTHYECKYI0 MOJEIb U
IpOrpaMMy pacdera XapaKTepUCTHK crabunusaropa aaieHus JKPJl 6onbmux Tsr.

CozgaHHoe IporpaMMHO-mMaTeMarhieckoe obecredenne mno pacuery CJ]
anpoOUpPOBAHO Ha MPAKTHUKE, MPABUIBHOCTH MPOBEJEHHBIX C €r0 IOMOIIBIO PacYeToB
MOATBEPIKIEHA IKCIEPUMEHTAIBHO — TOJN0XKUTENBHBIMU pPe3yJIbTaTaMH MOJENbHBIX U
OTHEBBIX UCIBITAHUN arperara.

B kauecTBe 3aMe4yaHHWss MOXHO YKazaThb OTCYTCTBHE OLIEHKH IPUHSATHIX
JOMYyIIEHHH U BepUPUKALUM  TPEXMEPHOrO  MOJEIHMPOBAHHMS  ICOMETPHUH
JPOCCENMPYIOLIAX OKOH ¢ rmomolbto mporpammHoro kommiaekca ANSYS CFX. Kpowme
toro, nporpamma pacdyeta CJI He wMeeT yJOOHOro IOJIb30BATENLCKOrO MHTEp(ENca,
4TO 3aTpyAHSET padoTy C HEM.

B Tperbeii riaBe H3JI0XKEHbl pe3yJIbTaThl PACYETHBIX M DKCIEPHUMEHTATbHBIX
UCCIIeZIOBAHUM, TMOATBEpXKAaroiiie Oobliod 00beM paboT, BbINOJHEHHBIX E.B.
KpanuBHbiX. B yacTHOCTH NIPUBEIEHBI:

— 0cobeHHOCTH MoJienbHbIX ucnbiTanui CJI;

— pe3yJbTaThl IKCIIEPUMEHTANbHBIX HCCIENOBAHUN IO ONPENEIIEHHUIO BIUSHUS
TUIPABIMYECKMX XapaKTEPUCTUK MOABOISIINX U OTBOJSAIIMX MarucTpaiel Ha pabodue
xapaktepuctuku C/I;

— pe3y/ibTaThl HKCHEPUMEHTAIbHBIX HCCIEIOBAHUM IO OINPENECTICHUIO BIUSHUS
KOHCTPYKTUBHBIX  [1apaMETPOB  arperaroB  perylMpoBaHUs Ha MX  pabouue
XapaKTepUCTUKU (TUIOIAAM YYBCTBUTEIBHOIO DJJIEMEHTA, CHJIOBOM XapaKTepUCTHUK
MPYKUHBI, TPOGUIIS IPOCCETUPYIOLIUX OKOH);

— pesynbTarhl uenbitTanuii CJI B cocrae nsurateneit P/(191, PJ181;

— pe3yJIbTaThl pacyeTa JMHAMUYECKUX MepexoHbIX npoueccos B C/I;

— pe3yJbTaThl paCYETHOTO UccieaoBaHus nporecca ctabunmuzanuu CJI 15/1285 ¢

IMOMOIIBIO TPEXMEPHOI'O MOJACIUPOBAHMUSI.




B oToli xe rnaBe aBTOpP MNPUBOAUT CpPaBHEHHE pPaCUYETHBIX 3aBHUCHMOCTEH,
HarpuMep, pPux = ApPsx) € pe3ylbTaTaMUd MOJENbHBIX HCIBITAHWM Ha BOJeE,
CBHJIETENIbCTBYIOIIEE 00 MX YJOBIETBOPUTEIHLHOM COTJIACOBAHUH.

OnHako HOHWCCEepPTAaHT He NPUBOJIUT CpaBHeHHE pe3yibTaroB pacuera CJ| Ha
IITATHOM KOMIIOHEHTE TOIUJIMBA C JIEMCTBUTEIbHBIMU 3HAUEHUSIMU JaBJICHUH Ha JTare
OTHEBBIX CTEHJOBBIX HcHbiTaHuW. Kpome Toro, nnsa mnpakTHYecKux Lejel
KOHCTPYMPOBAHUSI TMPEACTABISAIACH [OJIE3HOM pEeKOMEHAALUWU 10 BO3MOXHOMY
ynpoireHuto 3-D MonenupoBaHus U pazpaboTka HHKEHEPHOU METOMKHU pacyera.

OueHuBas B LIEJIOM COJEp)KaHUE TUCCEePTAlMOHHOM paboThl, CledyeT OTMETHUTh,
4yTo npH ee BbinojHeHUH KpanusHeix E.B. nmposena 6onbiinyio padoTy no o0001IeHuo
UMEIOIIIErocsi y Hee Marepvana B YacTU pacueTa, MPOCKTUPOBAHHUS W HUCMBITAaHUN
arperaToB peryJupoBaHus. Y poBeHb 0000IIeHUs BBICOK.

Q00CHOBAHHOCMb  HAYYHBIX  NOJIOHCEHUH, 6bl60006 U PEKOMEHOAUUI,
chopMyJIMPOBaHHBIX B AMCCEPTALMH, MOATBEPXKAAETCS TE€M, YTO B Ipolecce padoTh
npoBeieHbl BcecTopoHHUEe wuccienoBanust CJ[ u o6oOlieH uccienyemblii maTepual,
BKJIOUast Metoauku pacuera CJ/I, uMmeroiuiicss B HAQy4HO-TEeXHUYECKOW U ClieiMalbHOM
JauTepartype.

Jlocmogepnocmeb noJi0dceHuil, 66160006 U PEKOMEHOAUUI, TIPEICTABICHHBIX B
pabote, MOATBEPKAAETCS:

— TpUMEHEHHeM  aTTeCTOBaHHOro  OOOpyJlIOBaHUSI INpPU  MPOBEIAEHUU
IKCTIIEPUMEHTANBHBIX pPaboT, TMO3BOJISIOUIErO MPOBOAUTH MCIBITAHUS arperara B
YCJIOBUSIX MaKCUMaJIbHO MPUOJMKEHHBIX K YCJIOBHUSIM JKCIUIyaTalluy arperara, IpH
3TOM HCIbITAaHUS TMPOBOJAMIMCH BO BCEM OJKCIUIyaTallMOHHOM JHMalla3oHe [aBJICHUU
pabouero Tesna ¢ 3aMKuChi0 BXOAHBIX U BBIXOJHBIX IAPAMETPOB arperaros;

— XOPOILIEH CXOAUMOCTBIO PACUETHBIX U KCIIEPUMEHTAIBHBIX TaHHBIX;

— TIOJIOXKHUTENIBHBIMU pe3yJibTaTaMu HUCIbITaHui pa3padoranHbix CJ] B cocraBe
motHbIx XKPJI, B TOM unciie v Ha BHOBb pazpaboTaHHoM aBurarene 1571285.

Hayunaa mnoeusna nuccepTalluOHHOW pabOThl 3aKIIOYAETCS B CIEAYIOLIMX
pe3yibTaTax, UMEIOLINX BaXXHOE 3HAYEHUE NI PELICHUs 3a7a4d IPU MPOEKTUPOBAHUU

CI XP/:




— pa3paboTaHbl METOAMKA U MporpaMmma pacuera crabunuzaropa nasieHus JKPJ]
30JIOTHUKOBOI'O THUIAa, OCHOBAHHbIE Ha CUCTEMHOM I10JX0Jie K ero npoektuponaHuto. C
MOMOUIBIO JAHHOW METOAMKM M MpOrpaMMbl MOXXHO TIPOEKTUPOBATh HOBBIE
koHcTpykuuu CJ1 u konctpykuuu CJI, anantupoBaHHble O 3aJaHHble paboune Cpebl
C pa3HbIMU XapaKTepPUCTUKAMHU arpecCMBHOCTH, YPOBHSMHU OaBJIEHWH, 3HAYEHUSIMHU
pacxoJ0B, TEMIEPATYpP MyTEM MOJAEPHU3AIMU UX KOHCTPYKLIHUH;

— HWCIOJIb30BaHME CHUCTEMHOro mnojaxona npu npoektupoBanun CJI XKPJI
OONBIIUX  TAT  TO3BOJUT  MOBBICUTH A(PPEKTUBHOCTH TMPOBEACHUS  HAYYHO-
UCCIIeIOBATEbCKUX PAa0OT U OMBITHO-KOHCTPYKTOPCKUX PabOT MPU CO3JIaHHWH HOBBIX
obpazuoB CJ| ¥ MonaepHM3aLMM BHEJIPEHHBIX, a TaK)Ke KayeCcTBO pe3yJIbTaTOB
pa3paboToK;

— B pe3yJbTare MCIOJb30BaHUS CUCTEMHOTO MoAxojaa Obll CIPOEKTUPOBAH H
usrorosisied CJ1, npomeniuuii ucnbiTanus B coctaBe apuratens 15/1285. Takoit moaxon
¥ OPUTMHAJIbHOE KOHCTPYKTHBHOE PelIeHUe MO3BOJUIIO CO3/1aTh B KPOTYAHIIIUE CPOKHU U
C MUHMMaJIbHBIMH 3aTpaTaMU arperar, cCoueTaroluii B cede MpoCTOTy KOHCTPYKIHUHU C
MUHUMAaJIbHBIMM TabapuTamMu, U 00JaJa0lUi BBICOKMM YPOBHEM HAle)KHOCTH;

— pe3yabTarsl, nojy4yeHHsle B xone cozaanus CJ1 15/1285, ucnonb3zoBanuch npu
monudukauuu CJ| naBuratens PJI191 wu paspaborke CJI nBurarens PJI181.
Konctpykuuu ykazanHbix CJ[ BHeIpeHbl M YCHEIIHO JKCIUTyaTUPYHOTCS B
coBpemenHbix JKP/I: 1571285, PJ1191, P/[181.

Aemopeghepam nccepTallii COOTBETCTBYET PYKOINUCH AUCCEpPTAllMH, OTpakaeT
€€ COJIep)KaHUe U OCHOBHBIE MOJIOKEHHSI.

Cnenyetr  OTMETUTh, UTO OCHOBHbIE  pe3yJjbTaTbl  JHUCCEPTALIMOHHOTO
UCCJIEIOBaHUsl B HEOOXOJMMOM KoiudecTBe (4 cTaTbM) omyOJIMKOBaHbI B BeAYILHUX
Hay4yHbIX XypHanaX, onoopenHsix BAK, u [noknanpiBaquch Ha BCEPOCCUMCKUX H
OTpacieBbIX HAYYHO-TEXHUUECKUX KOH(DEepeHLIUsIX.

[lo TekcTy auccepranyu B LIEJIOM ClielyeT OTMETUTh ClleAyIollIee.

1. WMmeroTcst omeyatkd, B HEKOTOPBIX paszjernax MNpUBEAEHbI OOIIEeHn3BECTHOE

onucaHue NPUHLHUIOB paboTkl arperatoB perynuposanus KP/I.

2. PasmepHocTH (pu3nMYecKUX BeJIMYMH He Beerja npusesieHsl B cucreme CH.
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[IpuBefieHHBIE 3aMeYaHWsi HE MEHSIOT ITOJIOXKUTEIFHOTO MHEHHs O pabore
Kpanusueix E.B, sBhsiomeics 3aKOHYEHHBIM HAy4YHBIM HCCIEIOBAaHHEM, B KOTOPOM
W3JI0KeHbl Hayd OJHOCTYMEHYATBIX CTAOMIN3aTOpOB JAaBieHus Mmapmesbix JKP/]
GOJNBLIMX TSI, AMEIOIIME CYILIECTBEHHOE 3HaUeHHUe JUTsl pa3BUTUS cTpaHbl. Jluccepramus
nonHocThl0 oTBeuaerT TpeboBaHusM BAK P®, npeabsBiideMbIM K KaHIMIATCKUM
nuccepranusmM, a ee aptop, KpanuBubix Ejena BiaagumMupoBHa, 3acily)KUBaeT
NPHUCY)KJICHUSI YUCHOW CTENeHM KaHIu[ara TEeXHHYECKHUX HayK IO CHEeIHabHOCTH
05.07.05 — «TemoBble, 2IEKTPOPAKETHEIE IBUTATEIN U SHEPTrOyCTaHOBKH JIeTaTeIbHbIX

arnnapaTtoB».
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