Bs

ATE T

YTOMYR ST

ZH




MIHICTEPCTBO OCBITU I HAYKHU YKPAIHU
’KUTOMHUPCBKUN JEPXXABHHUYU TEXHOJOITUHUN VHIBEPCUTET

BICHUK
KuromMupcbkoro
JA€P>KaBHOTO TEXHOJOT1YHOTO
YHIBEPCUTETY

HAYVKOBUN KYPHA
3ACHOBAHUWU Y KBITHI 1994 P.
BUXOIUTH UOTUPU PA3U HA PIK

TexniuHi HayKH

JIpyKyeThea 3a pilleHHAM

Buenoi paau KutomMupcbkoro AepxaBHOIO
TEXHO.IOTiHHOro YHiIBEpPCHTETY

(nporokon Ne 2 Big 08. 09. 2008 p.)

JKuromup
2008



Bicuuk KATY. Cepist: Texuiuni HayKH
roctamosamy TTpesnii BAK VYxpainna
Bij 22 TpaBHA 1997 p. Ne ta/5; 10 nucrornaia 1999 p. Ne 3-05 /11
ra 10 rpyans 2003 p. Ne 1-05/10 3aTBEPIKEHNAN K HAYKOBC BUIAHHSA,
B SIKOMY MOXKYTb OyTH ony6aixoBaHi OCHOBHi pe3yJIbTaTH

nuceprauiﬁuux po6iT Ha 3100yTTS HAYKOBHX crymenis AOKTOp2 i kapaupara HayK

BICHUK
YKUTOMMPCHKOTO
AEePIKABHOTO TEXHOJIOT1YHOTO
yHiBEpCHTETY

No 3 (46) — 2008

ISSN 1728-4260

YKypnan BaIaHO penaxuiifmo-aﬂnaaﬁmuw sizainom XKATY

PenaxToph J1.B. Fonuapyk
T.B. KyabMeHKO

11.C. Tlekapesa
B.B. KoHjipaTeHKo
P.B. Jlucorop

Kowmn'woTepuit Habip T2 BepCTKa
MakeTyBaHHS

CsigolTBO PO JEPHKasiy peecTpalLlifo KB Ne 8079 Bin 30.10.2003 p.
Tligmucato A0 APYKY 25.09,2008. Mopmat 60x84 1/g. Hanip ode.
TapHiTypa TleTepGypr. ¥YM. ApyX. apK. 23,72. O6n1.-BH/. APK. 23,24, Haxsran 300 npuM. 3am. Ne 38
Buaaselpb | BUTOTIBHUK ~ penaxuiﬁno-sunaaﬂmuﬁ pianin
YKUTOMAPCBHKOTO IepKaBHOTO TeXHOMOTIMHOTO YHIBEPCHTETY

Anpeca: BYA. YepHIXOBCHKOIO, 103, m. AutomHp, 10005.

© JKHTOMUpPCHKAH fepiKaBiHi TexHOAOT M YILBEPeHTeT, 2008




BICHHK XATY Ne 3 (46) Texniuni nayxu

YK 670.191.33
10.1. Munpyc, k.t1.1., Aou.
.0. Mapymak, k.T.H., oW
P.T. Bimak, acuip.
O.I1. fAcuiit, acucr.

Tepuoniavcoxuil depxasnuti mexniunui ynisepcumem imeni leana Iynws

OIIHKA PO3NOALIY KIH IO ®POHTY NOBEPXHEBOI HAIMMBEJINTHYHOI
TPIIIIMHHU ¥ TOBCTOCTIHHOMY HUJIH/IPI

Memodom cxinuennux enemenmis pospaxosano KII esdoex ¢ppoumy wanicenrinmuunoi
mpiugunu 30 HAGANMAXYGAHNS moGcmocminnozo yunindpa (poauxa MBJI3) pisnomipnun
POINOOINCHUM NOGEDXUCCUM 3YCUNNIAM.

Beryn. Binomo, mo kopotki fnioepxeBi HanmiBeninTHumi TPIiHHM B LM HAPUMHOMY Ti/11 HaNGi b
TOMHO onucyioTh dakTHuAi excruryaraniiini nedextr. Lin i Smith [1] goserm, mo koxen nedexr, swuii
Mae JIOBUIbHY novatkoBy dopMy, Habysae nij €ac nowmperssa ¢opMi HamBETITHYNOT TpituHu. [cAyC
PAA IIXO/iB MONENOBAHHS HANpPYXKeHO-AehopMOBaHOTO cTany B wimiljpax, 3okpema Raju i Newman
[IpOAHANI3YRAJM HANPYXKEHO-AehopMOBaHH cTaH TPIMH B TWMIIHAPAX, BHKOPHCTABILM TPUBHMipHe
cKinyenno-exemenThe Mojemosannd |2]. Bigomi npuxnaam owimku HIAC  wmninspis 3 TPILLMIAMH
METOJIOM TpanuyHoi inTepriosiuii [3]. ¥ sxasamux npauwsx goseacko, mo KIH ans sosuiwmix Tpinpm
Mae Haibiibie 3uadents B sairanbmii Touwi dponty a6o KyTOBWX TO4Kax (PPOHTY TPININHM, 3AJCHKIO
Bi/l reoMCTpil Ta cXeMW HaBaHTAXKeHHA Tiga. BiioMa Besuka KinbkicTs PO3B'A3KIB IS WHIHAPHIHUX TiJ,
HABAHTAXKEHMX 3a CXeMoio wucToro 3rumy (puc. 1, @) mpoTe 3WauHa KiABKICTL Til HABAHTAXKYETLCS
posnioftitenymM Hapantaxcuism (pue. 1, 6), ans axkux BifcytHi poss'sakn ouinkx KIH. [das
abesiievenust Todrocti susHauenns KIH neo6XigHo BpaxoByBaTH LIPOCTODOBMIl PUSIOMIN HAUDPYKEHB |
nedropMaliiu.

Bukaanenns ocmosnoro marepiaay. B uiit npani susnaueno KIH » tosctoctimmomy umminapi is
MOBCPXHEBOIO MiBEJINTHYHOI TPILIMHOIO, MABAHTAXKEHOMY 30BHILIHIM pPIBHOMIDHO pO3TOALIEHHM
HaBaHTXeHHAM. Posriaxyra sagava Mae 3HaUHe TPHKAALHE 3HAMEHHS, OCKIJIbKH 32 TAKOKD CXEMOK
HABAHTAXCYBAHHS TIPALIOIOTE BAXIUBI AeTadi MertanyprilHOro o6JafHaHHA — pOJAMKNM MAallul
GesnepepBrOrO IMTTA 3aroTOBOK. 32 PO3NOJiieHHii 110 IOBEPXHI PONNK HABAHTAXKEHHS BHCTYIIAE Bara
casiboBoi 3arotosxu [4]. llporHosyBanmst 3aJWIIKOBOTO pecypey LMX KOHCTPYKHifl i3 TPilHHOIO
piMarae xopexTHoi oniuky KIH, i3 Haii6iibm noBHHM ypaxyBaHHAM peabHOl CXeMH HABAHTAXKCHHS.

B po6ori posrasianM TOBCTOCTIHHMHA MyCTOTIMMN (MAIHAP, 3 NOBCPXHEBOK HAMIBCAINTHYHOW
TPUMHOIO B TICHTPaJIbHIH YacTuHi KoHeTpykuii (puc. 1, 2), gKa BURMKAe B Micwi Ai] MAKCHMAJbHOTO
3TMHATLHOTO MOMEHTY.
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Puc. 1. Cxemu nasanmaxyeanns Puc. 2. T'eomempia mpiwgunu

TMOBCIMOCMINHOZ0 YUAIHOPA 3 MPIUUNHOIO:
a) — uucmuti 32un;
6) — pisuomipno posnodinene
HAGAHMANKCHHA

® 10.1. Muraye, [1.0. Mapywak, P.T. Bimak, O.11. Hcuiid, 2008 33
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Hanpsm postpicKyBaHHS NpUHMAAH HOPMAJBHUM /O 10B340BXHBOI oci posuka. [eomerpiln
KPYTJA0To UEeHTPAJBHOro Iepepisy 3 HaliBeJiNTHYHOIO TPIlIMHOI [IOJAHO Ia pHC. 2. B potori
OPIKHIOBAIH Pe3yJ/IbTATH OUIHKY HJ/IC ToBeToCTiHHOrO (MAINAPa i3 HAMIBEJINTHYION TPIUMHOL
HABAHTANKEHOIO «YMCTHM» 3UIIOM, i3 CXEMOK) HABAHTAXKEHNs PIBHOMIPHO PO3MOALTEHUM 3YCHILISAM Ha
OCHOBi MPHBEICHHA iX N0 OJHAKOBUX HAIpYXeHb Ha KpUMTHYHIH AinsHIi (puc. 1). Ue nossoanno
OIINHMTH Ta CIIBCTABWTH OJ€pKaHi pe3y/bTaTH, i3 JAaHUMM BiJlOMHX METOMIB obuncaenns KIH [5].

Cratuquuii poO3paxyHoK BWKOHYBAIW Yy [PYXKHIiH reoMcTpuyHO-AiHiHIA MocTaHoBUI 3a YMOB
[OCKOTO 3IHHY T4 TNOTE3H IJIOCKHX Mepepiais. 3 METOI 3HAXO/PKEHHA Mianasomy Hanpyu#CHb,
AOYHX B KOHCTPYKIMT, PO3PAXYHOK CHJI TA MOMCNTIB IIPOBEIEHO 32 ABOMA CXEMAMH, JMIPUBEACHUMH Ha
pUCYHKY 3.

CunoBa cxema Hapautaxysanus waaimapa. KIH nanisemimrudnol noBepxHeBol TPIWHYU B
TOBCTOCTIHHOMY — LMJIFJIPI, HABAHTAXCHOMY —PO3LOALTEHHM  3yCH/LIAM - BU3HAMAILA, HA  OCIOBI
NpHBEACHHS HOTO JI0 EKBiBANEHTHOI CXCMW <HHCTOrO» 3Tty (puc. 16). CraTHuHWH PO3IPaAXYUOK
BHKOHAHO Y JIPYXHill TeoMeTpUuHO-TilrifiHi} MOCTAHOBUI 3@ YMOB [JIOCKOTO 3rHILY Ta rinoTesi
naockux nepepisin. JInst 3HAXOMKEHHs! AIAMA30HY HANpyXeHb, JIYMX B LHUIIJIPI, 3YCHILLA Ta
MOMEHTH PO3PAXOBYRATH 34 JABOMA [IPUBEACHHMH NepepisaMu (Puc.2).

Jlossinny uunisapa npuiivams 1,9 m (puc. 3, a) Poanoainexe Hasautaxenus g = 365 KH, wo
BiAMOBifae eKcIUTyaTauiilitoMy HABAHTAXKEHHIC HA POJIHK MBJI3 mig wac YCTAJCIIOLO JMTTH.
PoarisiHyTo sanadi  mpo  cTifikiers  Ganku MOCTIfIOro  lepepisy HABAHTAXEHOT PO3NO/IICHUM
HABAHTANCHHAM Ta cxemow «iacroro» oruny (pme. 3, 6). O6uasi cxemu upHBCAeHi A0
eKBIBAJICHTHOTO MAKCHMAJbHOTO 3CHHAJIBHOTO MOMEHTY Ta CKBIBAJICHTHHX HanpycHb, MO JIOTE B
kpurtuaomy nepepisi. Takuit TWAXiK fae aMory BHARAYHTH o06M/BI CcXeMu HABANTWKENHA HK
eknipasentui. Ilo6y/oRaHO ENIOPH CUJI Ta MOMEHTIB NS socepeKeHol CHJIM Ta eKBIBAAeNTInX
momentis (puc. 3).
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Puc. 3. CxeMa HAGANMAXYCAHHS MA eNIOPU CUA 1 MOMEHMIG HABAHMAXEHOZO YUNIHOPA:
a) — pieHOMIPHO POINOBIAEHUM SYCULNAM; 6) — uucmum 32UHOM

[Torpu Te, IO CXeMH MpHBEJIeHi 10 OJHAKOBUX HANPYXKEHDb y KPUTHIHOMY nepepisi, cxemu Aii cuJ
Bi/IPi3HAOTBCA, IO CBUIMMTD MPO HaGMOKeHICTh BUKOPHCTAHUX ILAXOAIB Ta MOKJIMBICTB iX 34CTOCYBaHHS
e IS TIOYATKOBOIO eTaily  aHasisy HAC xoncrpykiii. 3 MeTOW) NOPIBHAHHA 3HAuelb ITIOYKX
HATIPY)KEHb B IHIHAPI PO3PAXOBAHWX METOJAMH OLOPY matepiaais Ta MCE 6yso0 noGyjoato emopy
PO3MO/Ii/IY CTHCKAMbHMX Ta POSTATYIOMMX HATIPYMEHD Ha jioro nosepxusx (puc. 4).

OueBsHO, L0 3HAYCHHS HATPYXKCID 3aJ0BINBIO YITOLKYIOTBCA 3 JIHHMI 06 HCACHHST MCTOAOM
IJIOCKHR Tepepi3iB 3a CXeMOI0, 110/IaH00 Ha pHC. 3, a.

3oBHIEHI TPILIMHA B LMJIiHAPUYHUX KOHCTPYKUiHHUX ejJeMeHTax, 4K IpaBHIo, € TPU3UMIPHUMH.
KoediuieHT CTHCHEHHS topvu nedpexry a/b (puc. 2) npuitvasn pismam 0,25, Bimochy ranbuey
nedbexry IPHIAMATH AK BiHOLIEHHS rawmbun gedexty A fo giametpa wininapa [ (puc. 2).
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Puc. 4. Posnodin nanpyxens a,, ua sepxniii (2) ma wuxniti (1) nosepxuax yurindpa
npu naganmaxenni za cxemoio (puc. 3, a)

Tpimuny y seix Toykax (pporTy BBaaIM GCIICPCPBHOIO i3 YICATIZ0BAHOI0 HALIBCTIIITHINO dopmoro,
Xoya L€ MPHITYUIeHHA HC BHKOHYETbCA B KYTOBMX TOYKAX TPINMMHH, Ae (PPOHT MEPETHHACTLCS BiJBIOK
MOBEPXHEIO T, WO NPUBOATH JI0 Mepeposnonily Hanpyxenb {5, 6]. Jlra kyrosux Todou xapakrepia
CHHTYAPHICTD HAPYXKEHD, 1O He J03BOJBC TOYHO OWIHUTH Rampyseno-AedopmoBanmii ctan. Tlpote neit
cpekr 06MEKYETHCA NMINIC HE3HAYHMM OKOJOM HABKOJO KYTOBHX TO4OK hpoHTY Tpimuum, B siux 11/1C
Moxe 6yTH obuncaedo Habmixeno. [lpu susnadenni posvoginy KIH Bagomxk dpoHTy  TPILLMHY
BUKOPUCTOBYBAM HopMaaizoBaHi koopuunath Xy, (puc. 2) [5].

X =L/ h, 1)
ae & i h = signosiguo 61cyve Ta MaKCHMAaJibHe 3HAYEHHS TOUKHM B 1o oci abeic.

Moaemosauna MCE. TosctocTinunii MOPOXHUHHMI LWAIHAD MOAEMIOBATH 3 YPaxXyBamisM yMOB
cumetpii y nsonmuax X-Y rta Y-Z. Takum wunoM, aas pospaxynkis MCE BukopucToBYBaaM Amiic
ygepre wistinapa (puc. 5). Ha miowmny ucpepisy Y-Z Hakiaganm oGMEXCHHS TIO liepeMinienio vy
Hanpamky oci X, a wa nuowmny pocry rtpiuanu X-Y — y wanpsamxy oci Z. 3osminiuo nsommsy X-Y
(ropeup uuninzpa) obMexyBaan 110 NepeMilleHHIO Y HANpAMKY oci Y, WO MOAENIoE NIapHipHy omopy
Topus uuiHApa. Hloumty, aka mMoaeaoe Geper TPUNUMHK N0 TIepeMillleHIisiX, He 06MeXyBaTH.

3onuilmHii giamerp umninapa npuitvann pipanm D = 0,32 M, sayTpinmiit d = 0,08 M, monoBuHy
nosxuuy wuainapa [ = 1 M. Jlna asromarusosaHol po3busku o6'eMHOT MoZeni Ha CKiHUYCHIN CJAEMEHTH
suopucroBysasy enement SOLID186 (ANSYS inc., v.11), sxuit nanivye 20 Byatis, Moxe MaTy
6ynb-fiKy 1pOCTOPOBY OPIiEHTAUil0 i NPHIATHHI I MOJE/IOBAHHS HEPETYJISPHMX TeoMeTpiil.
Marepian unainapa ssaxcanu isotpornum Ta upyxuum (E = 2,051405 MIla), koeinicat 1lyaccona
v=0,3.

MCE o6uucmosamn sHavenns KIH aas 5 Towox Bagopx ¢dpoury Tpimmn &= 0,05..0,20 sk
(byHKUi® nepeMiuiernb Geperis Tpimmun [6]:

L

2G [(2m\2 :
K.r.n.m = m(T) (yxz)? )
3-v/(1-v)

upn K =.{ -4 /1 1LA0CKOIO HANPYIXKEHoro craHy Tta lJockoi gedopmanil sijmosigio; G —
-4y

MOAY /b MPYXKHOCTI IPYTOTO POAY; U, U, U, — nepemiuenus 6eperiB Tpiwunu B nanpsmxy oci X,Y i
Z sianosiano (puc. 5).
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Puc. 5. Crxinuenno-eaemenmua 31> moders moscmocminnozo yurindpa
3 HaniGeATNMUUHOIO MPIUUHOIO

CkinueHHoO-eleMCHTHY CITKY Y BicTpi Tpilupnu arymynann. Bianaap Mixk na#baxyuMu Bys1aMil
ciTkM y BicTpi TpiuMHM B HaupaMKy ii nowupenis pisna 125 MKM, MO CTaHOBMTb TPUGIH3HO
1IIOJIOBUHY ycepeiHeHOTO po3Mipy 3epHa crtaii 25X1MIM, ska 1paguuiiiHo BMKOPUCTORYETbCH A/d
BUIOTOBJIEHHS! POJIMKIB.

Haseneno aani ouinku KIH y 6espoamipumx koopamnarax (K/o,,vra - a/D) pis Tpingban
piaHoi rambunn (puc. 6).

Klo,vra K/o.vaa
1,07 a &
____oﬁﬂ_.—=°+_=—-"—'——7:°
0.8 A A e ==
' P i B i A s~
paks e —a—n i, g s “‘*-\_‘;
061 ’ = 0,57
& ——7
0,47 —*-1 —
5 —te ) -7
—0—3 e ]
0,27 —d— 4 —h— 4
A 5
0 T ——g T T Y T T T u T 0 T | T .
0 0,2 04 06 08 0,05 0,10 0,15 0,20 0,2
a/D
a) 6)

Puc. 6. 3arexuicms nopmanrizosanux KIH moscmocminnozo yurindpa 3 nogepruesomn
HanigeainMuuKo0 mpiwunow 6id napamempa X, — a,
de 1—-a,/D = 0,05; 2=a/D = 0,1; 3—a/D = 0,15; 4-2—a/D = 0,20) ma aid gionocnoi zaubunu
mpiwgunu —6, 1-X, = 0,05; 2-Xp = 0,20; 3-Xp = 0,60; 4-X, = 0,93
»
PeaynbTaTi NpoBeJeHHX PO3PAXYHKiB MOPIBHIOBANHCS 3 BiJOMUMHM DO3B'A3KAMM IS CYIUJIBHWX
(6e3 NOpOXHMHY) UMAIHAPIB, HABAHTAKEHHX YHCTHM 3CMHOM 3 HANIBeNINTHYHMUMH JedpeKTaMi.

CniscrasieHo pedy.abtati obuucienus dyukuii K, /o, Jma y BepwuuHi TpiluHM 3 JaHEMH A.
Carpinteri ons cxeMH HABAHTAXKEHHS YHCTHM 3THHOM (Taba.).

L]
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Tabauys
Hopienanna pospaxyuxosoi ynxuii K 110, (9r3 m.A £=095). mC(&=0,05)
Hanigeinmuunoi mpiwuny 3 Atmepamyprumu danumu [7 /

i E=a/D ¥

e o 0,05 0,1 0,15 0,2

; A ; 0,81 0,82 0,83

Yucruit arun (8] C ; 0.60 0.61 0.62

MCE (poanoginene A 0,622 0,73 0,746 0,76

HaBAHTAXKCHHA) C 0,549 0,59 0,608 0,53
A - 7

Binnocke siaxusenns, % s . ?'0

C - B 03 90

Busnsieno, nto 3Havenus hyHIii K, /o Nma pns cxemu HaBawraceris UMAIHAPA piBHOMipHO-

POSNOAIICHHM  HABAHTAMNEHHIM BIADISHAIOTLCS Bifl JaHMX [AS cxeMu HABAHTAXKEHHA “YHCTHM
arunom” Ha 0,2...9,0 %. Cxema npukraganns ayeuans o6yMOBITIOE 3MiHY 3nAayeHHs KIH, it nmepexin
BIl OQHICT cXeMH HaBaHTAKYBAHHS [0 €KBIiBAJICHTHOI NOTPe6ye BBeJeHHS NONATKOBHX OOMEXKCHB.
Xoua nns  nopisHsims  swavens KIH CXEMH HABAHTAXCYBAHHA PO3M/SAAAMCHD 32  OAHAKOBHX
HarpyXelib, NpoTe CXCMA HABAHTA)KYBAHHA BiAPI3UAIOTHES (puc. 2). e ouesnmio LIPUBCIO [I0
BIIMIHHOCTe B 3HAYCHRI nepeMinienn Ulyx.) Y BepIIUHI Tpingmim POSTJIAHYTHX UMTIHADIB,

Bucnoskn. MCE ounineno posnogin KIH B3AOBXK (PPOHTY HamiBeminTHYHOI TPilUMKK Ta 3ruuy
TOBCTOCTIHHOrO  mmdinapa  (posuka MBJI3) PiBHOMIDHMM  POSNMOAIICHUM  MOBCPXHERMM
HaBaHTaxkeHHsaM. [Iposegerri NOPIBHAHHSA OTPHMAHHX PE3yIbTATiB 3 JAaHUMHU iHITWX JOCTI/IHUKIB 3a
NOMIBIUMH cXeMaMH MOKAaRa/H, w0 HEBpAXyBaHHs XapaKTepy NPHKAALEHOTO HABAITANKENHS BILTHRAC
Ha BeJIWUMHY normpasoynol Qyrkuii qus KIH,

BusiBreno, wo cxema uasantaxens POSNOAINEHUM  3YCHILISIM [IPHBONTE A0 A3MEHUICHHS

)

HaveHHs nepemimtens U, .., y BCpMAi Tpimumm, a BIZNOBIANO i 10 3HMKeHHs 3navennst KIH sa

ORHAKOBHX 3HAYEHDb 3TMHANBHUX MOMCHTIB, JLIOYHX ¥ anamisoBaHOMY riepepisi.
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