OT3bIB

O(QHUMANBEHOTO ONIMOHEHTA Ha JAMCCEPTaLHMIO I'openosa Anekces BsueciiaBosu4a
«PACYET  HAIPSDKEHHO-JJE©@OPMHUPOBAHHOI'O,  IMPEJIEJILHOTO
COCTOSIHUS U JIEMITOUPYIOLIMX XAPAKTEPUCTHK DJIEMEHTOB
KOMIIO3UTHBIX KOHCTPYKLIMIA HECYILEA CUCTEMBI BEPTOJIETA»,
[Ipe/ICTABICHHYIO HA COMCKaHWE YUEHOH CTEeneHH KaH/[H/aTa TeXHHHECKHX Hayk
no cneumanbroct 05.07.03 — IlpouHOCTh M TEIIOBBIE PEXHMbI JIETATEIBHBIX
anmnaparos.

AKTYVAJBLHOCTH TeMbl. Ha cerofHsuHui 1eHb Ul CO31aHNs COBPEMEHHBIX

leTaTeNBHBIX  AMNaparoB, ¢ LEbl0 TOBBIEHHS  YHENbHOH MPOYHOCTH,
HANGKHOCTH W JIOJATOBEYHOCTH OJIEMEHTOB KOHCTPYKUMH, MPHMEHAIOTCS
pas/MuHble KOMIO3HIMOHHbIE MaTepuaibl. [Ipi 5TOM KOHCTPYKTOPY MPHXOAUTCA
CTAJIKMBATBCA C PAJIOM TPYAHO peliaeMbiX 3ajad4 o onpeieseHuio HarnpsXeHHO-
n1eOPMHPOBAHHOIO, MMPEIETBHOrO COCTOAHHSA H aeMnpUpyIOIIUX XapakTepUCTHK
KOHCTPYKIIUHM, CBA3aHHBIX C aHH30TPOINHEN CBOHCTB KOMITO3UTHBIX MAaTepHAIIOB, 4
TaKKe CO CIOKHOCTBIO camoif KOoHCTpyKuuu. Hecyuyi BHHT COBPEMEHHOIO
BeprojieTa, ~ ONpPEAENsOUMA  ero  OCHOBHbIE  JIETHO-TEXHHHECKHE M
IKCILTYATALHOHHbIE XAPAKTEPUCTHKHM, SBJIAETCS MMEHHO TaKOH KOHCTPYKIHEH.

[To>ToMy MNOCTPOEHHE HOBBIX M YTOUHEHHE YK€ CYILIECTBYIOLIMX
AJTOPUTMOB pacdeTa HalpsHKeHHO-1e(pOPMUPOBAHHOTO, MPEACILHOr0 COCTONHMA
U IMHAMMYECKHX XApAKTEPUCTHK KOMIO3UTHBIX KOHCTPYKLHH HECYIleH CHCTeMbl
BEpTOJIETa [IPE/CTABISET 3HAYNTENBHBIN HAY4YHO-TTPAKTHYECKHI HHTEpec H
ABISETCS AKTYaJIbHOMW 3a/1aueid.

Jlnccepraums [openosa A.B. nocssiiieHa pelleHHIO STHX BONPOCOB KakK C
NpHBJIEYEHHEM KOHEYHO-2JIEMEHTHOIO NMPOrpaMMHOr0 KOMILICKCa «ANSYS», Tak
W C MCHONB30BAHMEM COOCTBEHHBIX AJITOPHTMOB U MTPOrpamMM, a TaAKKe TEOPETHKO-
IKCMEPUMEHTANIBHOIO METO/IA.

Llesn paboTel — pazpaboTka ajirOPHTMOB M HX YHCIICHHAS peann3alus Ui
pacueTa  HANpsHKEHHO-A(POPMUPOBAHHOrO,  MPEAENBHOrO  COCTOAHMA M

JeMIUPYIOWAX  XapPaKTEPUCTHK — JIEMEHTOB  KOMIO3HTHBIX KOHCTPYKIHH

o § TafgepanaHce rOCYREPITEERHGE SiogmeThvoe ohpastnaTeNeee i
Hecyll.leH CUCTEMBI BepTO.ﬂETa. YUDEMITHI EHICSETD NPODECTHONATAHETD 05pa30saRdH
«Ka3aHOKAI HAUKOHANBHER MCCAEROBATENBEAMA

raxXHUHECKMA yriBepCuTET nM. AH. Tynonesa-KAsi»
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Jlnst nocTHXEHUs LeNH pelieHbl CIeAYIOLMEe 3a1aH:

1. Paspabotanbl ¥ peanu3oBaHbl B BHJE MNPOrpamM ajlrOpUTMbl pactera
HanpsDKeHHO-e(GOPMHPOBAHHOIO (0 npee/bHOro COCTOSIHUS
KOMITO3MTHOI nonacTu Hecyuiero Buuta Bepronéra «<AHCAT» meroom
BapHaLlMK YIPYTHX MOCTOSHHBIX]

2. PaccuuTal METONOM KOHE4HbIX dnemeHtoB M nposenen ananus HJIC
KOMITO3UTHOrO TOPCHOHA HECYIEro BHHTa BepTonéra «AHCAT» wu
Mpe/UIoXKeHa ero MoaAMQHKalks Ui yMEHBLICHHS MOJIs HANPKEHUH B
Pe3MHOBBIX CIIOAX;

3. Paspaboras M peajn30BaH B BH/E MPOrpaMMbl aIrOPUTM ONpPEACTCHHU
AeMn(pUPYIOMHAX XapaKTEPUCTHK TOPCHOHA HECYLUEro BHHTA Bepronéra
«AHCAT» u ero MmoupHKanmi.

lpakTu4ecKas UEHHOCTH — Pa3paboTKa 1 peanusauus Ha [TDOBM:

|. AiropuT™Ma,  MO3BOJISIONIEr0  TMPOBOAMTH  PacuEThi CTaTHYeCKOM
MPOYHOCTH KOMITO3HTHOI JIONACTH HECYILEro BUHTA BEPTOICTA;

2. AnroputMa MO3BOJSIOLIENO onpeaelnThb XapaKTepUCTUKH
neMnQUPYIOUHX CBOHCTB KOMIIO3HTHOrO TOPCHOHA HECYIIEro BHHTA
BEPTOJIETA;

3.Ilpennoxensl  MoOAMdUKAUMM  TOPCHOHA,  MO3BOJSIOMME  CHU3HTH
HanNpsHKEHHs. B PE3MHOBBIX CIOSIX W YJIy4lIMTH €ro jgemindupylomme
XapaKTepUCTHKH.

Hayunasi HOBH3HA:

1. PaspaGoraH ajropuT™M pacuera napameTpoB TNPe/e/IbHOr0 COCTOAHHA
JIOMACTH HECYIEro BHHTA BEpTOJieTa W MpEeUIoKeHa WTEepalHOHHAsA
METO/IMKA  OTpeesieHHusi  TPaHMllbl  JONYCKAeMOHW  HArpy3kh  Ha
KOMITO3UTHYIO JIONACTh B KOMJIEBOM CEYEHHH;

2. TpeanioxkeHa KOHCTPYKTHBHAS MOAM(HUKALNS TOPCHOHA HECYIIEro BUHTA
seproniera «KAHCAT», 1103B0/1MBLIAsE CHH3UTH HANPSOKEHHS B PE3UHOBBIX

CIOAX TOpPCHOHA 3a CHET [JIABHOI'O M3MEHEHHS JKECTKOCTH B MeECTax
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rmepexosia  KOMIICBOH, KOHLEBOH HacTeid Ha ynpyro-aedopmMupyemyio
pabouyio 4acTh MPH HE3HAYMTENILHOM YBEIHYCHUH JKECTKOCTH TOPCHOHA;

3. Paspaboranbl ~ MTEPaLMOHHBIN  ANrOPUTM  PCLICHHS ypaBHEHHUH

MaTEMATHUYECKOH MOJENM JHHAMHYECKOro MOBEACHHS TOPCHOHA TIpH
LMKIMYECKOM CHIIOBOM HArpy)XEHHH €ro KOHLEBOH 4YacTH C MOMOLIBIO
KOHEYHO-3JIEMEHTHOro nporpammuoro komrekca ANSYS 1 meroauka
pacuera XapakTepHCTHK JeMI(UPYIOLMX CBOHCTB  KOMIO3HTHOIO
TOPCHOHA HECYILEro BUHTA BEPTOJIETA.

JIoCTOBEPHOCTb  OCHOBHBIX — HAYWYHBIX  PE3yJibTATOB obecneunBaeTcs
KOPPEKTHOCTHIO TIPUMEHEHHS CTPOTMX MATEMATHYECKUX METOLOB Ul MOCTPOCHHS
OCHOBHBIX COOTHOLICHHMH, XOpOIIO anpoOMPOBAHHBIX 3aKOHOB M MoOJEeH
MeXaHUKH 1eQOPMUPOBAHMS TBEPJBIX Tel, HCIONb30BaHHEM anpoOUpoBaHHBIX
KOMMEpUYECKHX MpOrpaMMHBIX KOMILIEKCOB KOHEYHO-2TIEMEHTHOTO
MOJIC/THPOBAHMUS, COTJIACOBAHHOCTBIO MMOJYYEHHBIX PE3YNbTATOB  THCICHHBIX
pacueToB C pe3y/ibTaTaMH OKCIEePUMEHTANbHBIX JaHHBIX M W3BECTHBIMH
pesyJibTaTaMu, MOJy4eHHBIMH IpYrHMH aBTOPaMH.

Anpobaunsi paborel. OCHOBHBIE Pe3y/IbTaThl AMCCEPTAlMOHHOKH paboTsl
NOKJIAIBIBATUCH HA JIBYX KOHKYPCAX M JIBYX KOH(epeHHsX.

My6aukanun. [To marepuanam juccepraly OnyOIHKOBaHbI 3 HayuHble
cTaTh B M3JlaHHSAX M3 [epevHsl pPeLEeH3MpYeMbIX Hay4yHbIX KYypHaJIOB
pexomenjtyemsix BAK, a Tawoke 2 nybnaukauum Te31coB koH(pepeHUHUi U | craThs
nenonuposannas 8 BUHUTH.

I'pantsl. McceoBanus NpOBOMIKCE [10 ClIETYIOUIMM IPaHTaM:

|. KoMrieKCHbIE ~ MPOEKT MO CO3/IaHHi0  BBICOKOTEXHOJIOMHYHOTIO

npouspoactBa ¢ OAO «KasaHckuil BepTOJIETHbIH 3aBOI» COBMECTHO C
KHUTY-KAU (BbiroNHEHHE TeM COMJIACHO KalleHJapHOMY IUiaHy pabot
wa 2010/2011 rr. no pacuery HanpsHKeHHO-Ae(GOPMUPOBAHHOIO
COCTOSHHSI W JeMI(UPYIOLUIMX XapaKTEPUCTHK MOAH(UIHPOBAHHOIO
TOPCHOHA HECYLIEro BUHTA BepToJieTa «AHCAT» B pamkax peajiu3auvu

nocranosinenus [IpaButensctba PP Ne218);
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7 AmanuTHueckas BeJoMCTBeHHas Lenesas nporpamma (ABLITT) «Pa3sutue
HAY4YHOro [MOTEHIlMana  BBICIICH  IIKOJB  HA 2011 r. Tlpoekr
«MaremaTH4Yeckoe MOJIENIHpPOBaHME W ylpaBieHHe B 3a/a4ax MEeXaHWKH

crutowHbIX cpeny. Ne2.1.1/13290;

3. @dyHaMeHTaNbHbIe TPHKJIAJIHbIE HCCNIE/I0BAHUS 10 TOC. 3a/1aHHI0 Ha

2012-2013rr.: Ipoekt "MaremMaTH4ecKOe MOJICIMPOBAHHE U yIpaBICHUE
B HeNHHEHHbBIX 33/1a49aX MexaHHKH crutotHbix cpea” Nel.3100.2011.

Jluccepralsi  COCTOMT M3 BBEJIGHMA, TpeX [UaB, 3aKIoHueHHs,
HubIMOrpadUUecKoro CrMcKa U CoiepuT 159 cTpaHuil MAaIMHOMHCHOTO TCKCTA.
bubnuorpadus skmodaer 112 HaMMeHOBaHHH.

Jluteparyptbiii 0630p BBIMOJIHEH JOCTATOYHO MOJIHO H KBaTHPHULMPOBAHHO.

B nepBoii riaBe NPEUIOKEHO JIBa HMTEPALMOHHBIX alropuTMa M
HanucaHHas HA OCHOBE HHUX MpOrpaMma, KOTopas MO3BOJISAET [MPOBOAWTL pacdeT
koaduumenTa 3amaca CTATHYECKOH MNPOYHOCTH B CEHCHHAX KOMITO3UTHOM
nonactu Hecyuiero sunta Bepronera «AHCAT». Tlposenena oleHka npoiHOCTH
JONACTH MO  JIONYCKaeMOW Harpys3ke, [Mpe/ICTaBleHbl pe3yJibTaThl pacHeTa
koaduiMenTa 3anaca CTaTHYECKOH MPOYHOCTH ISl KOMJICBOIO CEYCHMS JIONACTH
(na paguyce BuHTa 1725 MM).

B pabore mis Haxoxaenus HJIC B Toukax ceueHus JIONACTH HCMONBL3YETCH
meroj, mnpeniokenHsii B paborax B.M. CaBunosa u M.H. Cuzoposa. Om
npocraroyHo noapobuo omucan. lpy BHINONHEHHH pacyeToOB peajbHas JonacTh
3aMEHSeTCsl HAa AHANOr, COCTOSIIMA W3 JIBYX 3aMKHYTBIX TOHKOCTEHHBIX
KOMIO3HTHBIX KOHTypoB. Ofa koHTypa pasOMBaluCh HAa YYACTKH, KOTOPbIM
HA3HAYAIIMCh CTPYKTYpa MaKeTa CJIOeB U XapaKTepHCTHKH MaTepHalloB.

JIis HAXOX/ICHHS TIPE/IEIBHOrO COCTOSIHMS! JIONACTH, TO €CTh JUIs OUEHKH &
Hecyleil crocoBHOCTH, WCMONB30BAICS METOJl BapHalldi yNpyrdX MOCTOAHHBIX
(BYTI), npemnoxentsiii B paborax P.A. Kaiomosa. DTOT METOJI OCHOBaH Ha
JKCTpeMallbHbIX npuHuMnax A.A.['Bo3jeBa M MO3BOJNSET MNPOBOAMTEL OLECHKY

Hecyllelf CrnocoGHOCTH OJHOBPEMEHHO CHH3Y M CBEpXYy, TO €CTh HaXOIHTh



CTATHYECKH JOMYCTHMOE MoJie HaNpsHKeHHH W KMHEMATHUECKH JI0MyCTHMOE roJie
HATPSDKEHHH.

Jlnst Toro uToOBI BOCIMOJIB30BATHECS METO/IOM BVII aBropy IpHIILIOCH
ananTuposath Metoauky B.U. CaButosa u MU.H. Cunoposa K 3TOMY METOAY.

B pacuerax MCHOJB30BAIHCH JAHHBIC MO HArpy3kam, COOTBETCTBYIOLLME
peKUMY BUCEHHS BEPTOJIETA H PEKMMAM FOPH3OHTAIIBHOTO NOJIETA.

JUisi TMpOBEPKH MPEANOKEHHON MporpaMmMbl M AJIIFOPHTMOB B pabote
NpOBEJCHbl YMCICHHOE W AHAIMTHYECKOE PpelleHHs JUIT  TOHKOCTEHHOrO
KOMITO3UTHOIO CTEPIKHSI KPYTJIOro CeYeHHsi, HarpyKeHHOro MPOJONILHOH CHIIOH H
KpyTAIIMM MOMEHTOM. A Taike MpOBEICHA MPOBEPKA [yTeM  CPaBHEHHA
pe3y/bTaTOB pacyeTa KOHTYpa CEYCHMs JIONAcTH, COCTOALICro U3 56 yuyacTkoB H
112 yuacTkos. Pe3ybTaTsl 3THX pellieH!iH MoKa3alH XOpoIIyio COrjiacoBaHHOCTS.

Co3jaHHOe AaBTOPOM [porpamMMHoe obecneveHHe TMO03BOJIKIO  BIIEPBLIC
pacyeTHBIM CIIOCOOOM OLEHMTh MPOYHOCTH JIONACTH HA PasiMdHBIX PEKMMAx
[oJIeTa 1o AOMyCKaeMO# HarpysKe.

Bo Bropoii raase uccrnenyercs HJIC KOMIO3HTHOTO TOPCHOHA HECYILETO
unTa Beproiiera «AHCAT» u mnpemnaraercsi KOHCTPYKTHBHAA mMoauduKams,
KOTOpas MO3BOJISIET CHHU3UTh HANPSOKEHHS B PE3WHOBBIX CIIOAX M TEM CamMbiM
[OBBICHTB €0 COMPOTHBIICHUE NEHCTBHIO MOBTOPHO-NIEPEMEHHBIX HanpsHKeHUH.

Monudukauus 3aKIiO4aeTcss B KIXHOBHIHOM — W3MEHCHHH  JUTHHEI
PE3MHOBBIX CJIOEB B KOMIJICBOH H KOHLIEBOM 4acTsX py4beB TOPCHOHA MO HX
tommuuHe. KIWHOBUIHOE H3MEHEHHE JUIMHBI PE3HHOBBIX CJIOCB MO3BOIHIO
u36eKaTh Pe3KOro W3MEHEHHMs JKECTKOCTH B MecTax nepexoaa KOMJIEBOW,
KOHLIEBOM uacTeii Ha ynpyro-gedopmupyemyio pabodyio 4HacTb M CHHM3HUTH
HarpsHKeHHs..

Jlns  pacuera HJIC npuMeHsieTcs WIMPOKO WM3BECTHBIH W XOpOLIO
3apeKOMEH/IOBABILINH Cebsi KOHEYHO-3JIEMEHTHBIH KOMILIEKC ANSYS. Asropom
MOCTPOEHa MOJIe/Ib FeOMEeTPHH YacTH TOPCHOHA (pyKasa) B CAITP SolidWorks, a
Ha OCHOBE Heé koHeuHo-memenTHas mozneins B ANSYS. Ha BHyTpeHHEM sA3bIKE

nporpammupoBarns ANSYS (APDL) nanucana mnporpamma, Mo3BOIAIONas



repe/aBaTh FTeOMETPHYECKYI0 MOJIENb M3 SolidWorks B ANSYS, noctpouts K3
MOJIeNlb, 3aKPENnuTh M 3a/aBaTh HArpy3kd B BH/E COCPEAOTOUCHHBIX CHIl H
MOMEHTOB Ha KOHIIE TOPCHOHA, @ TAKXe yria yCTaHOBKH JIONacTH.

HeobX0AUMO OTMETHTH, HTO CETKAa KOHEYHBIX DJJIEMEHTOB sBJAIACH
OJIMHAKOBO#, KaK Ui MCXOJHOHW KOHCTPYKLHH, TaK H IS eé moaudurauuu. ITo
no3BoJisieT B GoJbIIeH cTeneHu A0BEepATh pe3yibraTtam pacyera.

[lpy nocTpoeHuH CeTKH, /s Oosiee TOYHOrO ONKCAHHA T[EOMETPHH
KOHCTPYKLMH (KPHBOJIMHEHHBIX KPOMOK), MPHUMEHSIHCE 00beMHbIE KOHEYHbIE
3eMEHTBl CO CTETEeHbIO ANMPOKCHMALMU MepeMeLeH!H He HHKe KBaJIpaTHYHOH.
Mcnonb30BaIUCh IEMEHThI B opme [IeCTHIpaHHUKA U YEThIPEXIpaHHHKA (Tam,
e He yAaBaloCh MOCTPOMTH UIECTHIPAHHBIE OJIEMEHTBI). Jlnst mpUIIOKEHHs
HArPY30K CO3aBAJIMCh BCHOMOraresibHbie Y3/bl W [PUMEHAIUCH banounble
3JIEMEHTBI.

Jlns 3ajaHusi CBOWCTB OPTOTPOMHOrO MaTepHia TOpCHOHA B ANSYS
co3jaBajlach JIOKajibHasi CHCTEMa KOoOpAWHAT, B KOTOPOH 3TH CBOWCTBA
HA3HAYAJIMCH YaCTsIM KOHCTPYKUHH.

ABTOpOM TpoBejieHa BepU(UKALMA KOHEYHO-DJIEMECHTHOH MOJEIH MO0
IKCNEPUMEHTANBHBIM ~ JAHHBIM W YHUCICHHBIM  pesyjbTaTaMm paboThl
B.A. lllyBanoBa. A Takxe, AOCTaTO4HO nojpodHo, onucaHa MeTOAMKa
KOJIMYECTBEHHON OLEHKM KayecTBa CeTKH. PaccMaTpuBaeTcs  KpHTepui
OTHOCHTEIBHOI PA3HOCTH Pe3yJIbTATOB pacyera KaKI0H W3 IECTH KOMIIOHCHT
HANPSOKEHUE B TOYKaX MHTErPUPOBAHMS DIIEMEHTOB M C YCPEJHEHHEM MO y3JlaMm.
Kputepuii nposepsuicsi OTAENLHO JJisi HYacTell KOHCTPYKLUWH COCTOALIMX U3
PA3NMUHBIX MATEPHAIOB M OTJENBHO JUIS YacTeH KOHCTPYKUHH COCTOAIIMX M3
PasIHYHBIX THIIOB KOHEYHBIX JIEMEHTOB (IIECTHIPAHHBIX H YyeThIPEXIPaHHbIX).

[MokazaHo, YTO CETKa KOHEYHBIX JJIEMEHTOB T[O3BOJIAET aJeKBaTHO
OlIeHMBATh IPOYHOCTH PE3UHOBBIX CIIOEB KOHCTPYKIMH.

B pabore i yMEHBIIEHHMs KOJIMYECTBA pacyeToB [MPOBEACH aHATH3
HArpy30K JEHCTBYIOIIHX HA KOHLEBYIO YacTh TOPCHOHA W NMPHHSATO 0b0CHOBaHHOE

pelleHHe TPOBOAMTL pacueThl JUlid JBYX CIy4acB HarpyXKeHus TOPCHOHA,
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COOTBETCTBYIOLIMX €ro a3’uMyTalbHOMY MMOJI0KEHHIO 150° u 330°, TaKk KaK MNpH
ITHX HArpy3Kax MPOMCXOAMT H3MEHEHHe 3HaKa HOPMAIbHBIX W KacaTElbHBIX
HAIPSHKEHUI B KOMIIEBOH M KOHIEBOH 4acTAX TOPCHOHA 33 OJIHH 00OpOT JIONACTH.

Pacuerhl MPOBOJMJIMCH B EOMETPHYECKH JIMHEHHOH [OCTaHOBKE M B
He/TMHelHOH NOCTAHOBKE JUIS ydeTa YBEIMYEeHHs MKEeCTKOCTH TOpCHOHA MO/
jeiicTBreM GOJIBIIOH PACTATHBAIOLICH CHITBL.

PesynbTaThl pacyera, a HMEHHO, CHIKEHHE YyPOBHHA HAnpsHKeHuH B
Pe3MHOBBIX CIOAX, MOKaszaiH PHeKTHBHOCTL Mpe/UIoKEeHHOH MoaupuKalnu, a
TAK)KE COIMIACOBAHHOCTH C pe3ylbTaTaMH, [OJNyYeHHbIMH [pH YyCTAIOCTHBIX
HCTIbITAHHUSX.

Co3jaHHasi aBTOPOM TIeOMeTpHYecKas M KOHEHHO-JJIEMEHTHas MOJEIb
pyKaBa TOPCHOHA, a TaK)Xe MporpaMma Ha s3bIKe APDL no3Bossitor 2pheKTHBHO
no Bpemeny nposoauTh pacier HJIC KOHCTPYKIMK U OLECHHBATE €ro MPOYHOCTE.

B Tperbeii raase paccMoTpeHa npobiema OonpeseseHus AeMI(pUpYIOLIHX
XapaKTepUCTHK KOMMO3UTHOIO TOPCHOHA HECYIero BUHTA BEPTOJIETA «AHCAT»,
a4 MMEHHO, HAXOMXJICHHS JIOrapu()MHUUECKOro [AEKPEeMEeHTa 3aTyXaHus KojeOaHuH
KOHLIeBOM vacTu TopcHoHa. [IpeioeH UTepallHOHHBIH AITOPUTM H TEOPETHKO-
IKCTIEPUMEHTAIBHbIH METO/1, NO3BOJIAIOAE PH U3BECTHBIX MIHOBEHHOM MOJYJIC
CABHIa pe3WHbl W KOHCTaHTax €€ (QyHKIMH [OJI3y4ecTH  ONPEASATh
feMnQUpyIoLIMe XapaKTEPUCTHKH PA3JIMYHBIX KOMIIO3HTHBIX KOHCTPYKLHH.

OpUrHHAJIBHOCTE ~ MCCJIENOBAHMs, [POBEJICHHOrO B TpeTbel  riase,
3aKI042eTCS B TOM, YTO pacCMaTpPUBAeTCs BAPHAHT HCMOIbL30BaHMS MAKETa
nporpamm ANSYS i peierus 3aa4n OLEHKH CKOPOCTH 3aTyXaHH: KosiebaHuH
pskoynpyrux Tei. [Ipu 9TOM HMCMONB3yeTcs MOJeNb HACIEACTBEHHO-YNPYroro
TeNla ¥ IpUMensieTcst npuHIMn bonbimata — Bonsreppa.

Jlis cos3aanuMs KOHEYHO-3JIEMEHTHOH MOJenH U 3ajiaHus yCIIOBUH
HArPYKEHHs ¥ 3aKPerUIeHUs PUMEHSUICA TOT XK€ MOJXO0J, YTO H BO BTOPOI1 riase.
UucneHnnas  peanusauus,  IPEUIOKEHHOTO  MTEPallHOHHOro  AJIropUT™Ma

OCYIIECTBIISIIACH € MOMOLIBIO HAIMCAHHON B ANSYS na APDL nporpaMmbi.
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B paGoTe nosy4eHbl COOTHOMIEHHUS JUIs HANPSKEHHH B BHJIE KOCHHYCHBIX H
CHHYCHBIX COCTABJISIIOIIUX BEKTOPA HanpsHKeHWH. DT COCTaBJISIONINE BEKTOPA
HANpsHKEHMs ABJISIOTCS B3aMMO3aBHCUMBIMH M BBIPAKAIOTCSH HEPe3 HHTETPAlbl 10
BpeMEHH B BHJE CBEPTOK, KOTOpbl€, B CBOIO O4€pe/b, 3aBHUCAT OT KOHCTAHT
dynkuun nonsyyectd. HeoOxoauMO OTMETHTB, YTO OTHICKAHHE STHX HanpsKeHUH
BO3MOYKHO TOJIBKO € MOMOILBIO OPraHU3alii UTEPallMOHHOrO npouecca.

[MonyueHsl TaKKe yYPaBHEHHS PpAaBHOBECHs Ul DJIEMEHTOB pE3HHBI H
CTEKJIOMIACTHKA, peleHne KoTopbiX B ANSYS COBMECTHO € Y4€TOM rpaHHYHbIX
yCJIOBMH B BHJIE TapMOHMYECKOH CHMJIbl Ha KOHIE TOpCHOHA H HETOABHIKHOM
KOMJICBOI YaCTH, MO3BONSIOT HANTH NepeMelleHHs KOHLEBOH 4acTH TOPCHOHA CO
CIBHTOM 1O paze OTHOCHTENILHO CHII BBI3BIBAIOLIMX TH MEPEMEIICHHA.

OObeMHBIE CHIIBI, BXOJSIIME B yPABHEHHs PAaBHOBECHS M JEHCTBYIOIIME HA
KaOKIbIH KOHEUHBIH IeMEHT pe3uHbl, mMojenuposanuch B ANSYS ¢ nomoiusio
3a/aHysl BEKTOpA JIHHEHHOro YCKOPEHWs JUIsi JTOrO SleMeHTa. JTOT BEKTOp
onpejieNsiics HAa OCHOBE pE3yJIbTaTOB pacHeTa BEKTOPOB nepeMeLLeH i,
MOJIy4eHHBIX Ha NMpeblAyLeH HTepaliH.

O6beMHBIE CHIIbI, JACHCTBYIOUIME HAa OJJIEMEHThl CTEKJIOIUIACTHKA, He
MO/IE/IHPOBAMCEH BBH/Y MX MAJIOCTH M3-3a OTCTPOHKH pabOuMX HacTOT BPAIICHHA
OT pe3oHaHCHbIX. Jlns MOATBEPHICHUS MOCIIEAHEr0 yTBEPKICHHU ObL1 npoBe/ieH
pacueT COOCTBEHHBIX 4aCTOT pyKaBa TOPCHOHA.

B pabore npeioxkeHbl MOAM(MHKALMH KOHCTPYKIMH TOPCHOHA HECYUIEro
puata Beprojieta «AHCAT» wu st HHX [OJNy4eHBl pE3yibTaThl pacdera
norapu()MHUECKOro JIeKpeMEHTa 3aTyXaHusi KOHLEBOH 4HacTH B IUIOCKOCTAX
B3MAxa W BpAlleHHs, KOTOpbIE MO3BOJSIOT C/IE/IaTh BbIBOJ 00 yBEJIHYEHHH STOTO
jekpeMenTa. PesynbTarhl pacyeToB JUIA TOPCHOHA COIVIACYIOTCH € JAHHBIMH
IKCMEPUMEHTA.

@opmysia s pacdeTa JOrapuMHHECKoro JEKpeMeHTa MojytueHa Ha
OCHOBAHWH aHaIM3a CJBAra (a3 pacueTHOro BEKTOpa fepeMeleHHi KOHLEBOH
YacTH PyKaBa TOPCHOHA [0 OTHOLIEHHIO K BEKTOPY €€ CHIIOBOrO HarpyXeHus

yepe3 napameTpsl (YHKLHH NOJI3Y4ecTH MOJaTIHBOCTEH KOHLIEBOH 4acTH.
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[posenena BepuUKaLUa MPELIOKEHHOrO ANTOPUTMA U TIPOrPAMMBI TTyTEM
CpaBHEHHSI pe3y/IbTaTOB TECTOBBIX PACHeTOB KPYIJIOro pe3sHHOBOTO CTEpXKHIA C
pe3ynbTaTaMM  AHAIMTHYECKOTO  pEIeHHs, KOTOpbie [OKa3ald  XOPOUIYIO
COMIAaCOBAHHOCTB.  TaKKe BBINOJIHEHO CPaBHEHHE TMOJYYEHHBIX pPaCcHETHAIX
JAHHBIX JIOrapH(MUYECKOTO JIEKPEMEHTa 3aTyXaHus B TUIOCKOCTH B3Maxa ¢
SKCTIEPUMEHTANBHBIMH JAHHBIMH W T0JTy4eHa XOpOollias CXO/AHMOCTE PesyibTaToB.
Co3naHHas MeETOAMKA oOnpejeleHHs NorapupMUYecKoro JeKpemMeHTa
yHHBEpCAIbHA M MOXKET ObITh HCIONB30BAHA s JIIOOOH KOHCTPYKLHH C yHETOM
TOrO, 4TO MPH THAPOCTATHYECKOM HAIPSHKEHHOM COCTOSIHHH MOZYJb 0ObeMHOI
nedopMaliMy He MEHSET CO BPEMEHEM CBOEIO 3HAYEHHS W W3BECTHBI MIHOBEHHBIH
MO/IyJlb CHBHTa PE3HHBI, A TAKKE KOHCTAHTBI QYHKLHH MON3YHECTH PESHHDI.
OO6uiasi XapaKTepHCTHKA IHCCEPTAUHH
Jliccepralus ¥ agropedepar HanucaHbl B TEXHHYECKH MPAMOTHOM CTHIIC.
Mareprai HM3M0XKeH MocjieoBaTe/ibHo U noruyHo. CTpyKTypa HCC/e/0BaHus,
rposesicHue BepuduKaumii B 060CHOBAHHOCTE BbIBO/IOB HE BBI3BIBAIOT COMHEHML.
OdopmileHHe Ka4eCTBEHHOE U COOTBETCTBYET yCTAHOB/ICHHBIM TpebOoBaHUAM.
Conepkanue apropedepara MOJHO W MPaBUILHO OTPaXkaeT OCHOBHbBIC
MOJIOYKEHUS JIMCCepTaLlMH.
3ameqaHus N0 JHCCePTALMH:
|. B nepBoii rnase Ha cTp. 68 B AuccepTallMu CIOBO «HOPMAJIbHBIC» B KOHTEKCTE
npemioxenus: «M3 puc. 1.15 a u 6 BHAHO, HTO «yNpyrue» HOPMAIBLHBIC
HanpsoKeHUss B CJIOAX C YrilaMH apMHpOBaHUS +45° u —45° BBIXOAAT 34
MpeIebHYIO IOBEPXHOCTEY — HCIONB3YeTCs He KOPPEKTHO, TAK KakK MOJI0KEHHA
TOWEK «YNPYTHX» HAMPSDKEHHH ONpeienseTcs BeAWYMHOM M KacaTelbHbIX H
HOPMAJTBHBIX HAMPSOKEHUH.
2. B nepBoit 1 BTOPOii raBe aBTOP yKa3biBaeT MOJLYJIH yNPYTrocTH [UIs CIOCE +45°,
noyueHnsie mo GopMyaM nepecuera H3 MOJIyJiel ynpyrocTH /s Ciloes 0°, Ho
MpH JTOM He yKasbiBaeT camu (OPMyIibl, @ TOJIBKO CCHUIACTCHA Ha paboty

JApyroro asropa.
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JakaoueHHe.

[IpuBe/ieHHbIE 3aMeYaHWs HE CHHIKAIOT MOJIOKHTENbHYIO OUCHKY paboThl.
Jlucceprauus [openosa A. B. SIBJISIETCS 3aKOHYEHHOMH Hay4HO-
kBanuUKALKMOHHOH paboTol, B KOTOPOH MPE/UIOKEHBL: HOBBIH QJITOPUTM U METOJ
onpe/ie/ieHHss  JIOrapHPMHUUECKOro  JIGKPEMEHTa  3aTyXaHWs — KOMMO3UTHBIX
koHcTpykumii ¢ nomouibio ANSYS; HOBbIE KOHCTPYKTHUBHBIC MO M HKALIHY
topcuona Hecymero BuHta Bepronera AHCAT, HOBbie alropuTMbl s
HaxOKIAeHUs KodpduimMeHTa 3anaca CTaTHYECKOH NPOYHOCTH JIONACcTH Ha OCHOBE
merona BYTIL

[peuioykeHHbIE ANTOPHTMbI OLEHKU MPOYHOCTH M AlIFOPUTM OMPE/Ie/ICHUA
feMnUPYIOUIMX  XapaKTEpPUCTHK — 3JIEMEHTOB  KOMIO3UTHAIX KOHCTPYKIIHH
Hecyllleii CHCTEMBI BEPTOJIETa HMEIOT TEOPETHYECKOE H MPAKTHHECKOE 3HAYCHHE.

Takum obOpasoM, CleayeT 3aK/I4HTh, YTO paccMarpuBacMmas pabora
yjosjiersopsier TpeboBanuam nyHktoB 9 — 14 «llonoxenus O MPUCYKACHHH
YUYEHBIX CTEeHEeH» BAK, npeabaBiseMbM K KaHAHJIATCKUM JIMCCEPTALIMAM, A ee
aptop ['openoB Asnekceii BauecnaBoBuy 3acinyXKUBAET MPHCYKICHHSA eMY y4EeHOMH
CTEreHN KaHANIaTa TEXHHYECKHX Hayk 1o cretpansHocTi 05.07.03 — Ipounocts

H TEIJIOBbIE PEXKHUMBI JIETATEIBHBIX anmnaparos.

Ha4anpHUK CeKTOpa MPOYHOCTH

OAO «VYpanbckiii 3aBOJl FPAXKIAAHCKOH aBHaLAH» .

OT/IeN1a TJIABHOTO KOHCTPYKTOpA ‘
(o6ocobennoro noapasaenesus Kb-1) S

KaHAMIAT TEXHUUECKHX HAYK = ®.K. 3akues

KonrakrHas uH(popmaims:

anpec opranusauuu: 420085, r. Kasass,

yi1. Benomopckas, 1. 69 6

ten.: Mob. 917-279-95-66, pab. (843)-51486438

e-mail: fzakiev@mail.ru

BeHHOpY4HY!O roanuce 3akuesa @.K. 3asepsio
\ piii koHctpykTop Kb-1  JKunsiios E.W.

] ﬁ, \;Pf;.Lkb%Jf 19 mas 2014r.
q
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