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Mopaeb pyiiHYBaHHSA TJIAJKUX HMWJIIHAPUYHUX CTPUKHIB P 0araro
HUKJI0BOMY CHMETPUYHOMY KPYy4eHHI

Ko63ap KO.M.
[actutyT Mexaniku im. C.I1. Tumomenko HAH VYkpainu, 03057, Kuis, Ykpaina

3anpononosana modenb 8mMomu, 8 OCHO8Y SKOI NOKNAOEHO 3MEHUIeHHS! HeCYY0i MACU PeYOSUHU @ NePULill YemEepmuHi
YUKty ma 30inbenHs it WitbHocmi @ Opy2ill YemeepmuHti YUKIY KPYYeHHs NPomu 200UHHUKOGOI CIMPIIKU, d MAKOJIC
3MEHUIeHHS HeCyuyoi Macu peyosuHu 6 mpemill 4emeepmuHi Yukiy ma 30inbuienHs i1 winbHocmi 8 uemeepmill
yemeepmuHi YUKy KpY4eHHs 3d 200UHHUKOBOK CHPINKOI0. JJomuyHe HANPYI’CEeHHs Ma Kym 3CY8Y 38 A3aHI JIHIUHOW
sanexcuicmio ITyka. B 3anescnocmi 810 nouamrosux Qisuko-mMexaHiuHux 81acmugocmeli CMpUdiCHs, KOHMPOIOIOMbCs
11020 CMPYKMYPHI 3MiHU, AKI KIILKICHO 8i000pasicaromy 3MIHU MACU, WITbHOCMI, HANPY’CEHb, MOOYJIA 3CY8Y, OOUUCTIeHHS
SAKUX 8I0OYBAEMbCS HA KONCHOMY Yukai. TIputinamo, wo Kpuxie pytuHy8anHst CMpUuicHs 6I00yY8acmucs 6 YUK, 8 SIKOMY
He BUKOHYEMbCA HEPIBHICMb NOYAMKOB0T eHep2ili pYIHY8AHHS Ma NOMEHYIIHOL NPYX*CHOT enepeii 3a NOMNOBAHOI HA YbOMY
yukni. Kpumepiem O0ocsacHeHHs MexCi 6MoMU € He 8UKOHAHHSA HEPIBHOCI  3a Medcelo NpUulHAmoi 6asu eunpo6y8aHs.
Anzopumm mooeni peanizo8yemubcs 8 NPOSPAMHOMY cepedosuuyi KoMn tomepHoi aneedpu.

Kniouogi cnosa: cumempuune kpyuenms; mooenv 8MOMU; MeXHCA SMOMU; eHepemUYHULl Kpumepill pyuHy8auHs npu
8MOMI.

[IporHo3u pyiiHyBaHHS B yMoOBax OaraTto LHMKJIOBOi BTOMH B BHIIQJKy CHUMETPUYHOTO
HaBaHTAXXCHHS, HEBiOMi. B OCHOBHOMY, SfBHIIE BTOMH BHUBYAETHCS 33 YMOB, KOJIM JilOTh
acuMeTpu4Hi HaBaHTakeHHs [1,2]. B maniit po6oTi, 3ampornoHOBaHa MOAENb BTOMH CTPHOXKHS ITiJT
JI€0 CHMETPUYHOTO KpydeHHs. B paMkax Mojeni TOCTiKy€eThCsl KPUXKE pYHHYBAaHHSI MaTepiaiiB,
KOJIM 3MIHIOETHCS] HECYUHid 00’ €M 3pa3ka i He BpaXOBYIOThCS Maii 3MiHM Gopmu. Bu3zHauaroThes Ha
KO>)KHOMY LHUKJI CTPYKTYPHI 3MiHH, SIKi CIPUYHHSIOTH 3MiHU MACH, IUIBHOCTI, HATPY>KEHHSI, MOTYJISI
3cyBy. [IpuiiHsiTO, 110 BTOMHE pyHHYBaHHS CTPW)KHS BiZIOYBAa€ThCS HAa TOMY IIMKJI, HA SIKOMY He
BUKOHYETHCS HEPIBHICTH, sIKa XapakTepusye mpouec. Lls HepiBHICTh OTprMaHa 3 OajlaHCy eHeprii
CTPIDKHSI — 32 TIOMITOBAHOI IPY’KHOT Ta €HEeprii Ky BUKIMKAE JIis 30BHIIIHBOTO HaBaHTaxeHHs. Llei
MiAX1J] € PO3BUTKOM MOJIENI pyHHYBaHHS MpH 06arato MUKIOBOMY CHMETPHYHOMY PO3TS3i - CTHCKOBI
(3, 4].

Hexaii Ha i30TponHuil cTpmkeHb 3 koediumienrom Ilyacona p, Mexer MIIHOCTI G, 1
MOYAaTKOBHMU — MOAYJIEM 3CyBy G,, Macolo m, , IUIBHICTIO P, , JOBXKHHOIO [, IJIOIIEI0 NEPETHHY

F,, nle cUMETpUYHMH NEpIOJUYHMHA CKPY4dylOuMd MOMEHT M,, 3 aMIUNTYJAHUM 3HAYEHHSAM
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M, =const. IloyaTkoBl AOTHYHI HANPYKEHHA T, =

HukniuHi JOTUYHI HAPY>KEHHS
(i) =1,(i)sinQt (1)

ne t,(0)=M, /W,(@); W,(i)- ammniTyiHe 3HaYEHHS NOJSPHOTO MOMEHTY ONOPY TOMNEPEYHOTO

IIEPETHHY CTPYIKHS, 110 BUHUKAIOTh B CTPUKHI 3 IOYATKOBUM 00’ €MOM ¥, =m, /p, BHUKIUKAIOTh HA
KO>KHOMY - TOMY LIMKJII CTHCK B nepuniii j =1, Tpetii j =3 Ta po3Tar B Apyriil j =2, yeTBepTii
YBEPTIX.

[TowyaTkoBa npy»KHa EHEPris, 0 HAKOIUIYETHCS B CTEPIKHI 3 aMIUTITYJOI0 B OIHMHUII 00’ €My
wo=r, / 2G, npu KpydeHHi Oyne
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PosrnsiHeMo pekypeHTHUH MpoIeC HAKOTMYECHHS BTOMU Ha JOBIILHOMY I - TOMY ITUKJi. B
nepuriii yBepti j =1 MUKy IPU CTUCKOBI MPOTH FOJUHHUKOBOI CTPIJIKU MPUHHATO, 110 AOBXKHHA L

Ta miinsHicTh P, (i—1)=p,(7) He 3MiHIOeThCA. CTaH CTPYOKHSA B LM YBEPTI LUKy I Ta YETBEPTii
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ne m,(i)- Hecy4a Maca CTpXKHs; R, (7)- foro panuiyc.
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. - . 2
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ne m,(i)- HeBinoMa Maca. bananc eHepriii 1i€i uBepTi UKy j =1 JaHOrO i LMKy Ma€ BUIJIAA
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Maca (7), nanpyxenns (9) ta momynb 3cyBy (12), 3HaiifeHi B IIiil YBepTI LMKy, CTalOTh
MOYaTKOBUMH JTAHUMHU JUI HACTYITHOI YBEPTi IBOTO IUKITY.

B ngpyriit j =2 uBepTi UMKy NPH KPY4YEHHI MPOTHU TOJMHHHUKOBOI CTPUIKU NMPHUHHATO, IO
CTEp)KEHb PO3TATYETHCS HOTO Maca, JOBKMHA Ta MOJIYJb 3CYBY HE 3MiHIOIOTBCS, ajie 3MIHIOIOTHCS
HIIBHICTD Ta 00°eM. CTaH CTpMKHA Ha LiH YBEPTI UKIY 3B’SI3YIOTh PIBHOCTI aHajoriuHi (6), 3 ix
JIOTIOMOT'OF0 3HaXOIUTHCS 3aJICKHICTh MIXK IIUIBHOCTSAMH Ta paalycamu

p, () _ (R1(i))2
p, (D) (Rz(i))z ’

ne p, (i) - HeBigoma minbHICTb. [licns cepii o6uncnens ananoridaux (7), (9), (10), (13) 3naxoaaTscs

(14)

HOBI pajiiyc, KyT 3CyBY, Halpyra Ta UIUIbHICTb, SKi CTAIOTh [MOYATKOBUMHU JAHUMHU JUIsI HACTYITHOI
YBepTi LMKITy. Maca 3a npuIyleHHsIM He 3MIHIOBaJIach, @ MOJYJIb 3CYBY HE IIepepaxoByBaBCs B Li1H
YBepTi j =2 po3TAry npu KpydeHHi B [ 1ukm. Jlami mepeBipseTbcs HepiBHICTH (5), B pasi ii
BUKOHAHHA, pYyHWHYBaHHA BIJOYJIOCS, PO3PAXYHKH IPUIHUHSIOTHCA, B IMPOTUBHOMY BHIIAAKY
O0YMCIICHHSI MPOJOBXKYIOThCA. Taki XK PEKypeHTHI OOYHMCICHHS MPOBOIATHCS IS KOXKHOI YBEpTI
HaCTYITHUX ITUKJIIIB. Ampo0aIltis MOJIeNl 3HaXOAUThCS B CTali po3po0OKH 1 peami3yeThCsl B IOCTYIHIN
cucTeMi KoMmioTepHoi anredpu. Briepiie 3anpornonoBaHa MoJielb BIIEpILE IPOrHO3Y€E pyHHYBaHHS
BiJl BTOMH, IIPM CUMETPUYHOMY LUKIIUHOMY KPYYEHHI CTPHKHS HE BUKOPHCTOBYIOUH IPHU LIbOMY
JAHUX PEe3yJbTaTiB JIAOOPATOPHUX BUIIPOOOBYBAHb HA BTOMY.
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MODEL OF DESTRUCTION OF SMOOTH CYLINDRICAL RODS AT
MUCH CYCLIC SYMMETRIC TORNING

Kobzar Ju.M.

A fatigue model based on a decrease in the carrier mass of a substance in the first quarter of a cycle and an increase in
its density in the second quarter of a clockwise rotation cycle, as well as a decrease in the carrier mass of a substance in
the third quarter of a cycle and an increase in its density in a fourth quarter cycle arrow. The tangential stress and shear
angle are related by the Hooke linear relationship. Depending on the initial physical and mechanical properties of the
rod, its structural changes are controlled, which quantitatively reflect the changes in mass, density, stresses, shear
modulus, which are calculated on each cycle. It is accepted that the brittle fracture of the rod occurs in a cycle in which
the inequality of the initial fracture energies and the potential elastic energy pumped on this cycle is not fulfilled. The
criterion for achieving the limit of fatigue is the non-fulfillment of inequality outside the accepted test base. The algorithm
of the model is implemented in the software environment of computer algebra.

Keywords: symmetrical torsion; fatigue model; fatigue limit; energy criterion of destruction at fatigue

MOJIEJb PASPYIIEHUS I'JIAJAKUX HUJIAHAPUYECKUX CTEPKHEN
P MHOT'O IUKJIOBOM CUMMETPUYHOM KPYYEHHUU

Ko63aps 10.M.

IIpeonodcennas mooens yCmaiocmu, 6 OCHO8Y KOMOPOU NOJIOACEHO YMEHbLUeHUe HeCyuell MACChl Bewecmsa 6 nepeoll Yemsepmu
YUKILA U y8eudenUs ee NIOMHOCMU 80 8MOPOIL Yem8epmuy YUKIA KpyyeHie NPOMmue 4aco8oll CIMpenKy, a makxce yMeHbuleHue Hecyujet
Maccyl gewjecmea 6 mpembveil uemeepmu YuKid u yeeaudenus ee niomHOCmU 6 Yemeepmoil Yemeepmu Yukia KpyieHue no 4acoeoll
cmpenke. KacamenbHoe HanpsiceHue u y2oi cO8Uuea cesA3ambvl TUHeUHOU 3a8ucumocmoio I'yKka. B 3a8ucumocmu om Ha4aibHbix QusuKko-
MEXAHUYECKUX CBOUCME CMEPIICHs, KOHMPOIUPYIOMCS €20 CMPYKMYPHble USMEHEHUs, KOMOpble KOMUYECHBEHHO OMpAalCcaom
UBMEHEHUs. MACChL, NIONMHOCHU, HANPSICEHUN, MOOYIA CO8U2A, BbIYUCILEHUs KOMOPBIX NPOUCXOOUM HA Kaxcoom yukie. IIpunamo,
YUMo XpYynKoe paspyuleHue CMepICHS NPoUcxooum 6 yukie, 6 KOMOPOM He BblNOJHAEMCA HePABeHCMBO HAYANLHOU dHepeull
paspyuienuss U NOMeHYuanbHol ynpyou SHepeuu 3aKauanot Ha smom yukie. Kpumepuem oocmudicenus npedena ycmanocmu
ABNAEMCS He BbINONHEHUE HEPABEHCNEA 34 YepMOll NPUHAMOU 6A3bl UCHBIMANHUIL. AN2OPUMM MOOeNU Pearusyemcst 8 NPOSPAMMHOT
cpede KoMNvIoOmepHOU aneeopui.

Knrouesvie cnosa: cummempuinoe KpyyeHue, Mooenb YCmanocmi; npeoei YCmanoChi; SHepeemuyecKuti Kpumepuil paspyuienust npu
yemanocmu
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