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Oregl s 22 07
odMLMAaIEHOTO OTINOHEHTA Ha JiccepTanuio I'openosa Auekcest BsiueciaBosuya
«Pacuer HANpPsizKeHHO-1e(POPMHPOBAHHOTO0, NPEICJLHOI0 COCTOSIHH 1
AeMnGUPYIOMAX XapaKTePUCTHK TeMEHTOB KOMIO3HTHBIX KOHCTPY KM
HecymIeii CHCTeMBbI BEPTOIETaY, PEICTABICHHYIO HA CONCKAHNE yUeHOMH
CTerNeHH KaHAHAaTa TeXHHYeckux Hayk no crerpansaocta 05.07.03 — [Ipounocts
¥ TEIJIOBbIE PEXKHMBI JIeTaTeIbHBIX annaparoB.

AKTYaJIbHOCTL  TeMbl  Auccepraumd. B mpouecce  cosjpanus
NepcrieKTHBHBIX BEPTONETOB CYUIECTBYET TEHACHIHsA IIHPOKOrO HCIOJIb30BAHMA
KOMITO3UTHBIX ~ MATEPHANOB ISl  M3TOTOBJEHMS  PA3JIM4YHBIX  3JIEMEHTOB
KOHCTPYKLHil, a Tak)kKe Ha OCHOBE OSTHX MaTepHANOB BHEJAPEHHE HOBBIX
KOHCTPYKTOPCKHX pelleHHH.

Hecymuii BHHT BepTOJIETa SBJISETCs BaKHEHIIEH 4acThiO BEPTOJIETA. Ot ero
KOHCTPYKIIMH ¥ paboTel BO MHOrOM 3aBHCHMT GeszomacHocth mosera. Ilpu sToMm
BO3HMKaeT mpobiema obecrevyeHHsi MNPOYHOCTH M HAJAGKHOCTH IJIEMEHTOB
KOHCTPYKIIMH HECYIIEro BUHTA BO BpeMs paGoTsl. Bee BospacTaiontue Tpebosanms
K 9THM T10KA3aTesAM TMPHBOAAT K HEOOXOJAMMOCTH CO3/IaH|sl HOBBIX a/I'OPHTMOB H
METOIMK OLEHKH TPOYHOCTH W JAeMI(UPYIOUMX XapakTepHCTHK 3JIEMEHTOB
KOHCTPYKLMI HECYIIeH CUCTEMbI BEPTOJIETA.

[TostoMy ompefelneHne HaNpsKeHHO-1e(GOPMUPOBAHHOIO, TNPE/ICbHOIO
COCTOSHMSI H JHHAMHYECKOrO MOBEJSHNMs BO3AYLIHBIX BHHTOB SBISETCS BAKHOH U
aKTyanbHOIl 3ajayeil W TNpe/CTaBIAET 3HAYUTEIbHBIH HAYYHO-TPaKTHYECKHH
MHTEepec.

B muccepraioHHoM Hecaenosanuu ['openosa A.B. paccMOTpeHbI BOMPOCHI,
CBSI3aHHBIE C OLIEGHKOH TPOYHOCTH KOMIO3HUTHOM JIONACTH M TOPCHOHA HECYILEero
sunTa Bepronera «AHCAT», a Takke BOMPOCH JieMI(pUPOBaHMs KosiebaHuit
TOPCHOHA.

Ileabio paboThkl siBIsieTcs pa3paboTKa airopuTMOB M MX HHCICHHAs
peanusaius s pacdeTa HaNpPsSHKEHHO-AC(POPMHPOBAHHOTO, TNPEACNbHOTO
COCTOSHUS M JeMNQUPYIOMMX XAPaKTEPHCTUK 3JIEMEHTOB KOMMO3UTHBIX
KOHCTPYKIMI HeCyllleH CHCTeMBbl BEpPTOJIeTa.

Jlns gocTHKeHUs 3TOH LejH PEeLIeHbl ClelylonHe 3a/1a4n:

— paspaboTaHbl M peajii30BaHbl B BHIE fporpamMM METOJIMKH pacyera
HaNpsHKeHHO-1e(pOPMHUPOBAHHOIO M OLEHKH MpeAeibHOro COCTOSAHMI
KOMMO3UTHOII JjonacT Hecylero sunTa sepronéra «<AHCAT» meroaom
BapHALUK YIIPYTHX MOCTOSHHBIX;

— Ha OCHOBE KOHEYHO-2JIEMEHTHOI 0 aHanusa HATIPSYKEHHO-
nedopmuposanroro cocrosuus  (HJC) KOMIOSHTHOrO — TOPCHOHA
Hecyuiero unTa Bepronéra «AHCAT» nmpeanoxena ero MoauduKaus
U151 yMEHBILIEHHs YPOBHS HaNpsyKeHUH B PE3HHOBBIX CIOSX]

— pazpaboTaHa METOAMKA ONpeje]eHns AeMI(QUPYIOUHX XapaKTepHCTHK
Topcuona Hecyuiero Bunta Bepronéra «AHCAT» u ero mMoaupUKaIHid,

KOTOpAsi peasiu30BaHa B BHJIE KOMIBIOTEPHOH IPOrpaMMbl.



Hay4Hasi HOBH3HA 3aK/II04a€TCs B TOM, 4TO!

— paspaboTaHa MeTOJMKA U aJFOPHTM pacyera MapamMeTpoB MPEHeibHOro
COCTOSIHHMS JIONACTH HeCcyllero BHHTa BeprojieTa U MpeUloKeHa
MTepallMOHHAs ~ METOJMKA ONpe/eNeHHs TPaHUlbl  JO0NYCKaeMOil
Harpy3Kv Ha KOMIIO3UTHYIO JIONACTh B KOMJICBOM CEUCHHH;

— NpeaIoKeHa KOHCTPYKTHBHAS MOAN(HKALNS TOPCHOHA HECYIIEro BUHTA
seprosieta «AHCAT», no3sonuBlias CHU3UTL yPOBEHb HANpPAKEHHOTO
COCTOSIHHS B PE3MHOBBIX CJI0AX TOPCHOHA 3@ CYET IUIABHOIO H3MECHEHHA
JKECTKOCTH B MecTax Mepexoja KOMJIeBOW M KOHILEBO# uacrteif Ha
ynpyro-gedopmupyemyio  pabodyio 9acTh TNpH  HE3HAYUTEIHHOM
yBEJIHYEHUH JKECTKOCTH TOPCHOHA.

— pa3paboTaHbl  MTEPALMOHHBIH  AITOPMTM  pEIIeHHs  YPABHEHHH
MaTeMaTU4YecKOi MOJeNH AMHAMUYECKOro IOBEeJAeHHs TOPCHOHA MpH
IUKJIHYECKOM CHMJIOBOM HArpyKeHHHM €ro KOHLEBOHW 4acTH C MOMOLILBIO
KOHEYHO-3JIEMEHTHOro  rporpaMMHoro  komriaekca «ANSYS» u
MeTO/MKa pacyera JAeMN(UPYIOMHUX XapaKTepHCTHK KOMIO3UTHOI'O
TOpPCHOHA HECYIIEro BUHTA BEepTOJeTa.

JloCcTOBEPHOCTL OCHOBHBIX HAY4YHBIX pe3ylbTaToB 00ecreunBaeTes
KOPPEKTHOCTBIO ~TPHMEHEHHs CTPOrMX MAaTeMaTHYecKuX METOJO0B i
[MOCTPOEHHS OCHOBHBIX COOTHOUICHWH, XOpPOWIO anpoGHpOBaHHLIX MOJeINe
MexaHHK# AeOpMHPYEMBIX TBEpAbIX Tej, HCMONL30BAHHEM AlPOOHPOBAHHBIX
KOMMEPYECKHX NporpaMMHBIX KOMILIEKCOB KOHEYHO-3JIEMEHTHOTO
MOJIENHPOBAHHS, COrJaCOBAHHOCTBIO [IOJIYYEHHBIX pe3ylbTaTOB YHCICHHBIX
pacueToB C pe3ynbTaTaMH 3KCMEPUMEHTANbHBIX [AHHBIX ¥ H3BECTHBLIMHU
pe3yJibTaTaMu, MOJIlydYeHHBIMH APYTHMH aBTOPaMy.

IpakTHuecKasi UEHHOCTH JMCCEPTalMK 3aKiniodaeTcs B paspaboTke
peanu3zauuu Ha [I9BM:

— QArOpHTMA, [MO3BOJAIONIEr0  MPOBOJAMTL  Pacy€rThl  CTATHHUECKOH

MPOYHOCTH KOMIIO3UTHOM JIONACTH HECYIIEro BUHTA BEPTONETA;

— aJIrOpUTMA, MO3BOJISIIOLIETO OIpe/ieauTh XapaKTepUCTHKH
AeMI(pUPYIOMHX CBOHCTB KOMIIO3MTHOTO TOPCHOHA HECYLIEro BHHTA
BEpTOJIETA.

[Ipemnoxkensl  MoaH(pHUKaUMK  TOPCHOHA, TMO3BOJSIOUHE  CHH3HTH
HaMpsyKeHHss B PE3MHOBBIX CHOSX M YIAY4UIHTH €ro aemndupyromme
XapakTepUCTHKH.

Anpobauusi pa6oTsl. Pe3yibTaThl IUCCEPTALMH 110 MEPE UX MOTYyHEHH
NOKJIAABIBATIMCE HA JBYX BCepocCHCKHX KOHKypcax M JByX Hay4HBIX
KOH(epeHHIX. ;

IMy6nuxanuu. Ilo marepuanam auccepraiiy onyOauMKoBaHbl 3 Hay4HbIe
CTaTby B M3AAHMSIX W3 TepeyuHs peleH3MpyeMblX Hay4HbIX IKYPHAIIOB,
pexomenayembix BAK, a Takxke 2 mybiankannn Te31coB koH(pepeHLnii U | cTaThs,
nenouuposannas 8 BUHUTH.

I'pantel. MccienoBaHus NpOBOAMIHCE 110 CJIE/1yIOLINM rpaHTaM:

— xomnnekcusiii  npoekt OAO  «KasaHckuii  BepTONETHBIH  3aBOI

copmectno ¢ KHUTY-KAM mno cosgaHuio BBICOKOTEXHOJNOTHYHOTO
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[MPOU3BOJACTBA (BBINOJHEHHE TEM COMIACHO KaJCHAapHOMY [LIaHy pabor
pa 2010/2011 rr. mno pacueTy HanpspkeHHO-AeGOpPMHPOBAHHOIO
COCTOSIHHSL ¥ JeMO(UPYIOUMX XapaKTepUCTHK MOAM(HUMPOBAHHOIO
TopcHoHa Hecyuiero BuHTa Bepronera K AHCAT» B pamkax peanusauuu
nocranosiaenus [IpasurenscrBa PO No218);

— aHANMTHMYecKash  BeJOMCTBeHHas  ueneBas mnporpamva  (ABLIII)
«Pa3BUTHE HAyYHOTro noTeHuuana seicieit mkomns» Ha 2011 r. TIpoext
«MaTreMaTHuecKkoe MOJEIMPOBaHUE U YIPABICHHE B 3a/la4aX MeXaHUKH
crutomHEIX cpemy. Ne2.1.1/13290;

— ¢yHaMeHTaNbHbIe TPUKIAJHBIE HCCIEAOBAHMS IO IOC. 3aJaHHIO HA
2012-2013rr.:  Ilpoexkt  "MaremaTtuyeckoe  MOJIeIMPOBaHHE  H
ylpaBieHHe B HeNMHEHHBIX 3aJa4yaX MEXaHUKM CIUIOMHBIX cpen”
Ne1.3100.2011.

Crpykrypa amccepraumu. Pabora COCTOMT M3 BBEJEHHsS, TpeX [IJIaB,
3aKIIIOYeHNs, criicka auTeparyphbl. OObeM aucceprauuu coctasiser 159 crpanuil.
CrucoK NuTepaTyphbl HACUHTHIBACT 112 HAUMEHOBAHMH.

JIureparypHsblii 00630p N0 TeMe AHCCePTALMU BBINOJIHEH rPaMOTHO.

[lepBasi rJaaBa I[OCBSINIEHA OLEHKE NPOYHOCTH KOMIIO3WTHOH JIONAacTH
necymero Bunta Beprosera «AHCAT». IlpeanoxkeHo JBa HTEPALHOHHBIX
aNTOpHTMa, TMO3BOISIOIIMX PACYETHBIM [TyTeM Ha OCHOBE JaHHBIX 110 Harpy3kam, a
TAKKe YNPYrHM M MPOYHOCTHBLIM CBOMCTBAM Marepuana ONMpelensTh HEeCyllylo
CrOCOOHOCTD JIONACTH B €€ MONEePeYHbIX CeHSHHUX.

Jlnss  OLEeHKH Hecylled CrnocoGHOCTH  JIONMACTH B JIMCCEpTallMy
HCIIONB30BAICS METOJl BapHalMM ynpyrux moctosHHbX (BVYII), mpeanoxeHHbl
KatomoBbIM P.A. OH 103BOJISIET € MOMOLIBI HTEPALMOHHOIO M1POIieccd Ha OCHOBE
MONOYKEHHIT TEOPUM TPEeJEbHOTO PaBHOBECHA (IKCTPeMAalbHBIX [PHHLHIOB
A.A. 'Bo3eBa) HaXOANTh KO3 (PUIMEHT 3araca cTaTH4ecKoi NPOYHOCTH.

[NpeaoKeHHBIH HWTEPALMOHHBIH ANTOPUTM JUIsi  ONpe/iesieHus HUKHEH
CTATHYECKH JIOTYCTHMO# MPaHHLBl HATPY3KH OJHOBPEMEHHO MO3BOJISCT HAXOAUTD
| BEPXHIOIO I'PAHHLLy HArpy3KH Ha OCHOBE KMHEMATHYECKOH TEOPEMBI. Jlnst aTOrO B
MepBOii IJaBe JOKa3bIBAETCs, YTO BEKTOP HANMPIKEHWH BO BCEX TOUKAX CeHEHH
JIONACTH YIOBIETBOPSET B MPOSKLHMH HA MPOJONbHYIO OCh JIONACTH ypPaBHEHHIO
paBHOBecHs B HHTerpo-AudQepeHinaIbHoH dopme, a TakkKe YIAOBIETBOpSET
YCIOBMIO TEKy4ecTH [l MarepHajna JomacTH 4epes 4CCOLIMMPOBAHHBINH ¢
yCJIOBHEM TEKYYeCTH 3aKOH.

Hanpsokenus B PasIMUHBIX TOYKAX CEHYEHHA JIONAcTH HAXOMMIHCH 110
nogpoOGHO ONMCaHHO# B paboTe METOIHKE, npeiokeHHoi B paborax
B.W. Casunosa u M.H. Cunoposa (B pamkax yNpyroi Mozeid TOHKOCTEHHOIO
KOMITO3UTHOrO CTEepKHA). 3aja4a Mo ONpe/IeICHUIO TI0s HanpsKeHUH CBOMIIACH
K OTHICKAHMIO JBYX HANpPsUKEHWH — HOPMAIbHOTO M KacaTeIbHOro K CEH4EHHIO. Hm
COOTBETCTBYET INECTUMEPHBI BeKTOp OOOGIIEHHBIX yeunuid. Omnpezenenne
koa(puLIMeHTA 3araca CTATUYECKOM MPOYHOCTH CBOAHTCA K OTLICKAHHMIO BEKTOpa
STHX OOOOIIEHHBIX YCHJIHIi, KOTOPbIH COOTBETCTBYET MpEACILHOMY COCTOSHHIO



Marepuasa JOMacTH U KOTOPbI MMEET TO K€ HalpaBieHUe, YTO H BEKTOP pabounx
(MOJIETHBIX) HATPY30K.

CoriacHO TEeOpUH TIpele/IbHOTO0 pABHOBECHS Ul OLCHKH Hecylei
CMIOCOOHOCTH  KOHCTPYKLUMH  HMCHOJIb30Banach MOJENb  HMICAIBHO  JKECTKO-
[IACTHYECKOro MaTepHana. Bekrop HanpsikeHWid, BO3HUKAIOUIMH B CIOSX
HepaBHONPOYHOr0 MaTepuana, MpeACTABIAETCSs B BHJE CyMMBI JBYX BEKTOPOB,
ONMH M3 KOTOPBIX 3aBHCHT TOJIBKO OT CBOHCTB Marepuana ¥ Onpeienier
CMEIeHHe [eHTPa MOBEPXHOCTH TeKy4eCTH (KpHBOH MPOYHOCTH) B MPOCTPAHCTBE
HANpsDKEHU, a BTOPOi BEKTOP YAOBIETBOPACT npeobpazoBaHHOM MOBEPXHOCTH
TeKy4ecTH B BHJe KBaApaTH4HOH (OPMBI OT KOMIOHEHT BEKTOPA HATNpPSKEHHH ¢
OTCYTCTBHEM JIHHEIHBIX CllaraeMbiX. ITOMY CyMMapHOMY BEKTOPY HanpsSHKeHUH
COOTBETCTBYET CyMMApHbIil 11ecTHMEePHbIi BEKTOp 000OMIEHHBIX yCHITHI, NepBbli
13 KOTOPBIX (CLEHTPUPYIONIMID) BEKTOP) H3BECTEH M ONPEACIISeTCs TAKKE TOILKO
CBOJICTBAMM MaTepHana ¥ reoMeTpHeil MonepeuHoro ce4YeHus, a BTOpOi BbIXOANT
H3 UEHTPHPYIOIEro» ¢ 3aKAHYMBAETCsS HA IMpPeleNbHOH I[OBEPXHOCTH B
npocTpaHcTBe 0600MEHHBIX yeHIHH. [loaToMy s HAXOMKACHHS koaddunmenrta
3amaca CTATMYECKOH MpPOYHOCTH IPH COOTBETCTBYIOIUEH TMONETHOH Harpyske
aBTOPOM TpPEUIOKEH CIIeyIOIMH ABYXITaNHbIH uTepaloHHbIH npouecc. B
Hayane HTepaluoHHbIM MerozoM BVII s eMHMYHOrO BEKTOpa 0060011EeHHBIX
YCHIIHH, MCXOMMIIEr0 M3 «UEHTPHPYIOLIEro» BEKTOpa, ¢ TMOMOIIBIO METOMHKH
B.. Cagusoa u W.H. CujopoBa pacCUMTBHIBAeTCA T0ji€  HAMpPsUKEHWH B
SeMEHTaX CeueHHs JIOMACTH, YJOBIeTBOpsitoniee (YHKIMH MPOYHOCTH C
OJMHAKOBLIM 3HAYEHHWEM [paBOH 4YacTH BO BCEX DIEMEHTaX CeHCHHA H
JabHEHIIAM TIepecueToM eMHHYHOTO BEKTOpa 0006IIEHHBIX YCHIIHH C BBIXOIOM
ero Ha NpeleibHyl0 [OBEPXHOCTh. 3aTem NOJIy9YEeHHBII CYMMAapHBIi BEKTOP
Npoerupyercss Ha HampaBieHHe BeKTOpa pabounx (MOJIETHBIX) HArpy3oK ¢
KOHTpOJIEM CTA0HIM3alMK JUTHHBI 9TOH NPOCKUHH.

B pabore wuTepalMOHHBI MPOLECC BBIXOAA EAMHWUYHOrO BEKTOpA Ha
[OBEpPXHOCTh TEKYy4eCTH Ha3BaH aJIrOpUTMOM MPEJEILHOr0 BEKTOpa (ATIB).
HeoOxoaumMo OTMETHTh, 4To s cxoaumoctn ATIB aBTOpy NPHXOAMIOCH
MpUMEHATH el psil MPUEMOB, CBA3aHHBIX CO cneuudGukol azanTanun METOUKH
B.W. Casunosa u M.H. Cunoposa k metony BYIL A uMeHHO!

|. BeeeHne HOPMHUPOBAHHOM JAeopMalii | napamMeTpa HOpMUPOBAHHA.

2. [lpescTaBieHHe  BEKTOpa  HanmpsiKeHWH B - BHAC  CyMMBl  JABYX
COCTABJAIONIMX, YTO IO3BOJWIO H30€XKaTh BBIYHCICHHS CHHIYJAPHBIX
HHTErpasoB B OONACTAX CEYEHHsl C HYNEBBIMH 3HAYCHMAMH C/BHTOBBIX
nedopmaruii.

K pesy/sTaram nepBoil raBbl MOKHO OTHECTH CIeylolee:

1. PazpaGoTaHa MeTOMKa, MO3BOJIAIOLIAs ONPEACIATE K03 PULIMEHT 3araca
cratiyeckoil npouroctH. Jlng YMCIEHHOH ee peanusalHy paspaboTaHbl
AJITOPUTM M Harucana nporpamma st [IBM.

.ITpoBenena BepuUKaLMs TPEUIOKEHHBIX METOMHUKH 1 MPOrpPaMMmBbl
MyTeM CpaBHeHMs pe3yJbTaTOB — TECTOBBIX  PacHeTOB Kpyrioro
TOHKOCTEHHOIO CTEpKHA C pe3yiabraTaMH aHaJIHTHYECKOro PELICH,
KOTOpbIE MOKa3aai XOPOLIYIO UX COracoBaHHOCT,
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3. BriepBble NOJy4eHbl pe3ynbTaThl pacdera Kos(puumenTta 3anaca
CTATHYECKOH MPOYHOCTH JUISi KOMJIEBOTO CEYEHHS JIONACTH HEeCyIIero
sunTa Beproiera «KAHCAT» Ha pasnM4HBIX CKOPOCTAX FOPH30OHTAIBLHOIO
roJieTa U pekruMa BUCEHMS;

4. [Tokazana HeoOXOAMMOCTH  OLEHKM  MPOYHOCTH  JIOMAcTH  Kak
KOMIO3HTHOH KOHCTPYKLIHH IO JOIyCKaeMOH Harpyske.

IIpeanoskeHHbie MeTOIUKH 001aJal0T Hay4HOH HOBH3HOH M COBMECTHO C

HAIMMCAHHONM MpPOrpaMMoil  1MO3BONSIOT  3(Q(EKTHBHO OLEHMBATH  HECYIIYIO
cr1ocoOHOCTH JIONACTH O J0IyCKaeMoi Harpyske.

Bropasi riasa nocssitiena paspaboTke criocoda IOBBILIEHHUS MPOUHOCTH
TopcHoHa Hecyuero BunTa Bepronera « AHCAT», marepnan KOTOPOro rnojBepikeH
PACCIOEHHIO MOl BO3AEHCTBHEM JUTHTENBHON LUKIHICCKOH HArpy3KH. OcHoBHOE
BHHUMaHWe yJejeHo MpobieMe CHHKEHUS HANPSIKEHHH B PE3HHOBBIX CIOAX,
KOTOpBIE BXOIAT B KOHCTpyKIMIo Toperona. Ananus HJIC nposouics MeToioM
KOHeYHBIX 271eMeHTOB B ANSYS.

Bosblioe BHUMaHWe YJAEJNEHO KOJIMYECTBEHHOH OLEHKE Ka4ecTBa CEeTKH
KOHEYHBIX 3JIEMEHTOB 110 KPHUTEpPHSM, NPHUBEJECHHBIM B JKypHane, H3/aBacMoM
paspaborurkom ANSYS. 3a kpuTepHil OLEHKH Ka4yecTBa CETKH IPHHHMAnack
OTHOCHMTEbHAs pa3sHOCTh B MPOLEHTAX pe3yibTaToB BBIBOJA HA SKpaH
HANPSKEHHH B TOYKAX MHTEIPUPOBAHMS HJIEMEHTOB M C YCPEIHEHUEM M0 y3JIaM.
JTH KPHUTEPUH MPOBEPSINCH JUIS BCEX IIECTH KOMIOHEHT HanpsuKeHWH, JUis
9KBUBAJIEHTHOTO MO Mu3secy HaNpsUKeHHs, a TakKe OTHACNBHO sl CI0EB C
pa3IHYHBIMH MaTepHaiaMu,

Heo6x0auMo OTMETHTb, 9TO B KOHCTPYKLIHM MMEIOTCS MecTa, I/le CeTKa He
y/IOBJIETBOPSET KPUTEPHIM KauecTsa JUisi HEKOTOPBIX THIIOB HANpsHKeHHU, HO 3TH
MeCTa B LIEJIOM He BJIUAIOT Ha OLEHKY NPOYHOCTH PE3HHOBBIX CIIOEB.

[Toka3aHo, YTO MECTO BO3HUKHOBEHMSI PACCIIOEHUs MPH HCIBITAHUHA XOPOIIO
corjacyercsi C pesyJbTaTaMd YHCICHHBIX pacueTosB. [TpoBenena Takxke
BepH(bHKAIUsS KOHEYHO-3IEMEHTHOH MOJIEIH M0 SKCHePUMEHTaIBHBIM JaHHBIM 1
ypcIeHHbIM pesyiabratam pabotsl B.A. Illysanosa.

Jlisi CHWKEHHSi YPOBHS HanpsyKeHWH B pPE3HHOBBIX CIIOAX MCXOIHOH
KOHCTPYKLMH TOPCHOHA TPEUIOKEHa MOAHPHKALMSA C KIMHOBH/IHBIM H3MEHEHUEM
STHX CJOeB IO JUIMHE, KOTOpas COIVIACHO TMOJIy4YeHHBIM  pe3ylibTaram
CpaBHHTEJIBHBIX PACUETOB ACHCTBUTENHHO MO3BOJIAET CHU3UTH HAINPOKEHHA B
Pe3HHOBBIX CIIOAX.

B mMou(HIEPOBAHHOM TOPCHOHE HAOMIOAaeTCs CHHKEHNE MaKCHMAIbHBIX
[10JIOKHTENbHBIX HOPMAJbHBIX HANPsHKEHHI B PE3HMHOBBIX CJIOSX, BIMSIOUINX Ha
uX OTClioeHHe, Ha BemuumHy ~ 23,4 % u Gonee Ha (oHE HE3HAYMTENHLHOTO
yBesinueHus ~ 6 % Kacare/ibHbIX HANpPs/KEHUH O,. B 9TUX CIIOAX JIMILL JUIA Cayqas
HarpykeHus Ha asumyte 330° B JMHEHHOM PEIUICHHH. Habmonaercsi CHUKEHHE
MAKCHMAIBHBIX SKBHBAIEHTHBIX M0 Mu3ecy HanpspKeHHH B Pe3HHOBBIX CJIOAX Ha
BenuduHy 10 ~ 53 %.

Ho mpy 3TOM He3HAYMTE/IbHO yBEIHYHBACTCA JKECTKOCTH KOHCTPYKILHH. B

MO (HUIMPOBAHHOM TOPCHOHE HAOIIONACTCS CHIKCHUE M0JATIHBOCTH KOHLEBOI
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4acTH TOPCHOHA: TIPH M3rHOe B MUIOCKOCTH BpalUeHHs HA BelM4HHY He Donee 4 %;
npu u3ruGe B IJIOCKOCTH B3Maxa Ha BelMYMHY He Oolnee 5 %; npu KpyueHHH
OTHOCHTETHEHO OCH TOPCHOHA Ha BeluuuHy ~ 9 %.

Pacuers! ObUIM MpOBEjEHbl, KaK B JMHEHHOH, TaK MU B I'C€OMETPHYECKH
HEeJIMHeHHOMH 1M0CTaHOBKAaX.

I[To BTOpOIi IJIaBe MOJKHO OTMETHTB, YTO MPOBEJEHA CI0XKHAs HHKEHEpHAs
paGoTa ¥ MOCTPOEHA aJeKBATHAS KOHEUHO-AJIEMEHTHAs MOJEib KOMIO3UTHOTO
Topcrona, nossonsiomas onennsars HIC KoHCTpYKIMH.

Tperssi rjaBa NOCBSIIEHA pacyeTy AeMI(UPYIOLIHMX XapaKTepUCTHK
topcuona uecyuero suHTa Beprosera «AHCAT». Ilpemnoxen wmeron, ¢
MOMOIIBI0  KOTOPOrO  MOJKHO  NPOBOJUTH  pacueTbl  XapaKTepHCTHK
neMI(UpPYIOUMX CBOHCTB KOMIIO3MUTHOIO TOPCHOHA, YYHTHIBAIOIIMH €ro
KOHCTPYKTHBHbIE 0cOOeHHOCTH. MeTo/l OCHOBaH: Ha HTEPALIMOHHOM ajNTOpHTME
pellleHUs. ypaBHEHMil MaTeMaTH4eCKO# MOJEH IHHAMHYECKOTO [OBEACHH
TOPCHOHA MPH LMKIMYECKOM CHJIOBOM HATPYXKEHHH €ro KOHLEBOH HacTH ¢
rmomolbio Komruiekca «ANSYS» ¢ ydeToM BSI3KOYNPYTHX CBOMCTB pe3HHOBBIX
cmoes pabouell 4acTH; HCMONL30BAHHM  SKCICPUMEHTANBHBIX  HNaHHBIX
mapamMeTpoB CABUTOBOH (YHKIHMH MOJ3Y4eCTH MaTephaia Pe3HHOBBIX CIIOCE;
onpejeNeHiH JIOrapu(GMUYecKuX JEKPEMEHTOB 3aTyXaHusi KOHUEBOH HacTH
TOPCHOHA B IUIOCKOCTAX BpAIIEHMs M B3Maxa M0 (asoBoMy CABHrY €€
KOMIIOHEHT BEKTOpa MepeMelleHHi MO OTHOLIEHHWIO K COOTBETCTBYIOLIAM
KOMITOHEHTaM BEKTOpa CHJIOBOrO HarpyxeHus. IIpe/uiokeHbl KOHCTPYKTHBHBIC
MoaudUKALMK TOPCHOHA, MO3BOJASIOLME YIY4IINTh €ro nemndupylonme
cBoiicTBa. PesynsTaTel pacyeToB Ui TOPCHOHA COrNacyioTes ¢ JAaHHBIMH
IKCIEPHMEHTA.

IpenosKeHHbIH TeOPeTHKO-IKCHEPUMEHTAIBHbIH METOX obnazaer Hay4YHOM
HOBH3HOM M TIO3BOJISIET TNPH HM3BECTHBIX KOHCTAHTAX (YHKUHH IMON3Y4eCTH M
MIHOBEHHOM  MOAyJle  CIBHTa  PE3WHbI  ONpeNelsaTh  JAeMidupyloume
XapaKTePUCTHKH PA3THIHBIX KOMIO3UTHBIX KOHCTPYKIMHL.

O6mas XxapaKTepHCTHRA AHCCEPTAHOHHOro Hecaeposannsi. Matepuan
B JyAcCepTallid M aBTopedepare H3JIOKEH = M0CIeN0BATE/IBHO, obnapaer
BHYTPEHHHM eJMHCTBOM. Bce BBIBOJbI JIOTHYHBI H obocHoBaubl. OdopmieHue
COOTBETCTBYET YCTAHOBICHHBIM TPEOOBAHHSIM.

CTpyKTypa W COfiepkaHHe aBTope(epara OTPAKAeT OCHOBHEIC TOJIOKEHHA
JMCCepTALH MPABUIIBHO U TIOJTHOCTHIO.

Jameqanusi MO AHCCEPTALHM:

1. B paGore meroja BapHalWu YHPYIHX apaMeTpoB  HMCIOJb3yercs B
BapuaHTe, B KOTOPOM B KauecTBe CTaTHYECKHX XapaKTEepHCTHK MIPUHHMAIOTCH
HIecTh 060OMEHHBIX YCHIINI, @ He IBE KOMIOHEHTHI HaNpsHKEHNH. TO NPUBETO K
ycrokKHeHHIo anropuTma. HescHo, 1eM BbI3BaH TaKoi BLIOOP.

2. B pabore He 000CHOBAHO NPUMEHEHHE HAC/IeICTBEHHO-YNIPYroil MOJIeTH
MaTepuana Juls ONUCaHus NAeMNQUPYIOIIMX ero XapakTephuCTHK. O6piuno Ui
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3TOr0 MCIIONB3YIOT MOJIENH ¢ HeoOpaTuMbiMK AedopMalHiaMy (HapuMep, MOJIeiH
tuna Kenssuna-@oiixta, TEOPUH MHKPOTIIACTHYHOCTH).

3akmouenne. OTvMedeHHBIE 3aMEUaHHs He SBISIOTCS MPHHUMIHAIBHBIMH.
Jluccepranuonnas pabora I'openosa A. B. B nenom obiaaer Hay HOH HOBU3HOM,
HAIMCAHA ABTOPOM CAMOCTOSITENILHO M BBINOJHEHA Ha aKkTyalubHyo Temy. Ona
ABNSETCS. HAYYHO-KBUITM(DHUKALUMOHHONH paboToi, B KOTOPOH Npe/uiaraloTcs HOBbIE
METOMKM 1 aJIFOPUTMBI OLIEHKH MPEJIe/IbHOTO COCTOSIHIS M OLEHKM HalpPsiKeHHO-
neGOpPMHPOBAHHOTO ~ COCTOAHMA KOMIIO3WTHOM JIONACTH  HECYLIero  BHHTA
BePTOJIeTa; HOBBIE METOJMKA M AITOPMTM pacuera JeMI(HUpylOLHX CBOHCTB
KOMIMO3UTHOIO TOPCHOHA HECYIEro BHHTA BEpTOJETa, MPEIOKEHbl TaKKe
Mopubukaiau Topcrona. [lomydenHble pe3yIbTaThl, paspaboTaHHble METOJANKH K
ANTOPUTMBI HMEIOT TEOPETHYECKOE U NPAKTHYECKOE 3HAUCHHE.

Jluccepraimonnass  pabora  T'openoBa  Anekces  BsdecnaBopuua
ynosnersopser TpeboBaHusM myHKTOB 9 —14 «llonoxkenns o NpUCYKACHNH
yueHsix crenereit» BAK, npexbABIseMbIM K KaHIMAATCKAM UCCEPTALMAM, a eé
ABTOp 3aC/IY)KHBAET MPHCYIKJEHHS eMy y4eHOH CTENeHH KaHAuJ1aTa TeXHHYECKHX
nmayk mno cneuuansHoct 05.07.03 — TIpodHOCTH M TEIUIOBBIE PEKHUMBI
JieTaTeIbHBIX annapaTos.

3aseayronii kadeapoii ConpoTuBieHHs
MaTepHaIoB U OCHOB TEOPHH YIPYTOCTH

®dI'BOY BIIO «Kaszanckuit
rocylapCTBEHHbII apXUTEKTYPHO-CTPOUTEIbHbIH
YHHBEPCHTETY,
noKTop (hU3MKO-MaTEMATHYECKHX HAYK,
npogecco ; ;y P.A. KaiomoB
iR S A
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Konrakraas nH(popMars:

aapec opranmsauun: 420043, r. Kasaub,

yn. 3enenas, 1. 1,

Ten.: Mo6. 917-260-55-31, pa6. (843) 510-47-23
e-mail: kayumov(@rambler.ru

_(}l_uwrl;_{‘pj'l ViD) n'[u,.?g:' / /

YEOGTOBEDH
HaY. 1A ASNONPOREEDHC TED
Kaganokoro 100 Yaapn THEHKOTT
KA TERTYDHO-GTROMTRIWHO!
YHUBRDCWTETR




	Отзыв оппонента Каюмова Р.А.
	Отзыв оппонента Каюмова Р.А.2
	Отзыв оппонента Каюмова Р.А.3
	Отзыв оппонента Каюмова Р.А.4
	Отзыв оппонента Каюмова Р.А.5
	Отзыв оппонента Каюмова Р.А.6
	Отзыв оппонента Каюмова Р.А.7

