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extraction and movement of boulders; - installation and dismantling of vertical elements (racks, pillars),
horizontal long elements (curb, paving slabs, pipeline elements,...). Also the study of the stress state of the most
responsible elements of the working equipment was carried out in the software environment "SolidWorks"
within the existing loads and the accepted material for their manufacture. The number of load cycles before the
loss of these elements of long-term resistance beyond the yield strength of the material was determined.

The conducted researches allowed to establish:

- when modeling the stress state of the element of working equipment (clamping frame) in the
environment "SolidWorks" at static load within 710 kN, the clamping frame material and its design withstand
working loads according to all criteria of the program "SolidWorks": fatiguing destruction, loss of stability,
margin of strength, deformation and displacement that occur under load. The load acting on this element in the
process of work was determined using the formed calculation schemes and standard methods;

- the design of the clamping frame made of steel 10HSND withstands without signs of destruction of
about 1,000,000 load cycles. A further increase in the number of load cycles leads to the destruction of this
structural element;

- for the manufacture of elements of working equipment, it is advisable to use steel I0HSND. More
durable grades of steel are inexpedient from an economic point of view, and steels with a yield strength of less
than 390 H/mm2 do not have a sufficient margin of safety.
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[Iporno3yBaHHs 1 yIpaBJiHHS HAAIHHICTIO B YMOBaxX
3aCTOCYBaHHSI 3aM001KHUX MPUCTPOIB 3
JAETepMIHOBAaHUM HAaBAaHTAKEHHSM CIIPallbOBYBaHHSI

BuknaseHo OCHOBHI TEOPETUYHI IMOJOKCHHS METOJOJIOTIl MPOTrHO3YBAaHHS MEXaHIYHOI HaIidHOCTI B
yMOBax 0aratopa3oBOrO BIUIMBY BHIIAIKOBHX EKCTPEMAlbHUX HaBaHTaKEHb. PO3MIAOAIOThCA CIIOCOOH
MPOTHO3YBaHHS Ta YIPaBJIiHHS HAAIHHICTIO B YMOBaX BUKOPHCTaHHs 3ar00KHUX npucTpoiB. HaBeneHi moxeni
HATIHHOCTI €JIEMEHTIB 1 CHCTEeM, SIKi 3aXHINAIOTh Bill 0araTopa3oBOTO BIUIMBY IMEPEBAHTAKEHH 32 TOIIOMOTOI0
311, y AKOT0 HaBaHTAXKCHHS CIPAI[bOBYBAHHS MPAKTUYHO MMOCTIHHA.

HaJllfHiCTh, 3aM00i’HI NPUCTPOI, panToBa BiAMOBAa, eKCTPeMAaJbHi HABAHTAMXKEHHS

IoctanoBKka mpoOJjeMu. B 6araTboX KOHCTPYKIISIX MAaIIMH Ta arperariB B CHITY
06araTooOpa3HOCTI PEXHUMIB BHUKOPHUCTaHHA, YMOB eKcIUTyaTauii Ta (YHKIIOHAJIBHUX
0COOJIMBOCTEH €JIEMEHTIB, a TAKOXX HECOOX1THOCTI 3aI0BOJBHITH BaroBi, €KOHOMIUHI Ta 1HIII
KpHUTEpii, MOXKIMBOCTI YHPABIiHHA HAIIHHICTIO 32 PaXyHOK BEJIMYMHH KOE(]IiLI€HTIB 3amacy
OyBaioTh oOMexeHi. ToMmy, IUpOKe 3aCTOCYBaHHS B MalllMHAX OTPUMaB CIOCIO 3amoliraHHs
panToBUX BIJMOB IIISXOM BKJIIOYEHHS B KOHCTPYKIIIO CHEIIaJbHUX €JNEMEHTIB —
3ano0ikHUX npucTtpoiB (3II), ronoBHe Npu3HAYEHHS SKUX IOJIATAa€ B PETyJIOBaHHI Ta
OOMEXEHHI BEJIMYMHU HABAaHTAXEHb, SKI JIIOTh B EKCTPEMaJbHHX YMOBaxX Ha OCHOBHI
(obepiraemi) eTEeMEHTH.

© O.I. Andropos, O.C. I'puauenko, 2021
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AHaIu3 NocJaeaHUX UccjaenoBanuii u myoaukanuid. [Tommpennmu mexaniayanmu 311
€ 3anobOikHi MydTu [1], kmamanu, oOMexyBaui nedopmariii TpyKHUX €JIEMEHTIB Ta 1HII
npuctpoi [2], AKi OOMEXYIOTh BEIMYMHY EKCTPEMaJIbHUX HABAHTA)XEHb 1 CIPUIMAaeMUX
3anobiratounmMu  enemeHTamu. [Ipuumnoro 3acrtocyBanHs 3I1 Moxe OyTu 1 HEOOXIIHICTH
NOTIEPE/DKEHHST PAlTOBUX BiJIMOB y THUX €JIEMEHTIB CIIJIbHO HABAHTAXYEMOI CHUCTEMH, SIKI
MOXXYTb CIIPUYMHUTH 32 COOOI0 BIIMOBY peITH a00 MaTH 1HIII TSHKKI HACIIKH.

[Ipu mocmiKEHHI CUCTEMH MEXaHIYHOi HaIIHHOCTi, y CcKiIami skux BxomuTh 311,
KJIFOUOBUM TMHUTAHHSM € BCTAHOBJICHHS KUTBKICHHMX 3aJIe)KHOCTEH Mk mapamerpamu 311, ski
BHU3HAYAIOTh BEIIMYMHN MAKCHUMAaJbHOTO HABAaHTAXKEHHS, IIIOYMX HA OCHOBHI €IIEMEHTH Ta
HMOBIpHICTH 0€3BIAMOBHOI pOOOTH 3aXUIIAEMOTO 00'€kTa. BCTAaHOBIIIOIOYM TaKi 3aJIe)KHOCTI,
SIKI HEOOXimHI Ay €QEeKTUBHOTO YMPaBIIHHS HAMIMHICTIO, CIIiJ BpPaXxOBYBaTH, IO IS
OumpmIocTi peanbHux MexaHiuyHuX 31, sk mpaBUIO, XapakTepHa HAsSBHICTh BUITaJIKOBOTO
po3citoBaHHA piBHS, SKHH 0OOMeXye MakCHUMajbHE HaBaHTaKEHHS ("HaBaHTa)KEHHS
crpamnroByBanHsa" 311), mepegaBaeme Ha 3amo0irardi eJIeMEHTH.

AmHaui3 BiIOMUX KOHCTpYKILii 3 MexaHiunumu 311 mokasye, 10 Xapakrep MiHIMBOCTI
BEIIMYMHU MaKCHUMaJbHOTO HaBaHTAXEHHs, MPH sKii cupampoBye 311, 3amodirarous 0OCHOBHI
esieMeHTH, OyBae nBox BuAiB. [t koHcTpykuiit 3 311 nepuioro tuny (Mydtu 3 pyiiHytoUnMu
P TIepeBaHTaXeH1 mTudTamu, oOMexyBadi aedopmariiii, 3amo0KHI KJIamaHu) XapakTepHa
NOCTIHICTh y 4Yaci HaBaHTAXCHb CIPAIbOBYBaHHSA Ta BIJACYTHICTb ii 3aJeXHOCTI BiX
BEJIMYMHU YW YHMCEIIBHOCTI BIATBOPCHUX EKCTPEMallbHUX HABAaHTAXEHb, a TAKOX BiJ yCiX
iHmmx QaxtopiB. ToMmy, HaBaHTaXeHHS cHpanboByBaHHS Takux 3I[1 MoxkHa BBaxatu
(IKCOBaHOIO y 4Yacli BHITAJIKOBOI BEJIMYMHOIO, CTYIIHb IMOYATKOBOTO PO3CIIOBaHHS SKOI
BU3HAYAETHCSI, HANPUKIAA, PO3CIIOBAaHHAM MilHOCTI MTUPTIB MydpT abo KOPCTKOCTI
KJIAaaHHUX TPYKHUH.

Hpyruit Tun koHctpykuii 3 311 (Pppukuiiiai, KyJaukoBi abo mapuKkoBi MyQpTH), B IKUX
HaBaHTa)XKCHHS CIPAlbOBYBAHHS BU3HAYAETHCS BEJIMYMHOIO CHJI 3UETICHHS (K MPaBUIIO, CUJ
TEPTS) MK eJIeMEHTaMH Ta MOXE 3aJeKaTh BiJl IUHAMIKM TPOIECY HABaHTAKCHHS,
XapaKTEePU3YEThCSA THM, IO TyT HABAaHTAXKCHHS Ha CIPAllbOBYBAaHHS B dYaci HECTaOUIbHE 1
MOYKE BHUIIaJKOBHM CIIOCOOOM 3MiHIOBAaTHCS MPH KOXHOMY €KCTpEeMaJIbHOMY HAaBaHTAXKCHHI.
[Ipu moOynoBi Mozeel HaIIHHOCTI I 0COOIMBOCTI pealbHUX KOHCTPYKITi# 3 311 HeoOXimHo
BpaxoByBaTH [3-9].

Buxnan ocHoBHOro marepiajiay. PO3rissHUMO MpOCTIIIMI BapiaHT KOHCTPYKTHBHOT
CXEMH, SIKa CKIQJa€TbCs 3 OCHOBHOTO €JIEMEHTY, 3aXHMIICHOTO BiJl NepeHaBaHTAXECHHS
imeamizoBanuM  3[1 3 TOCTIHOIO  JETEPMIHOBAHOK  BEJIMYMHOK  HAaBAHTAKCHHS
cnpainpoByBaHHs D = const. Lle BiamoBimae BUIAAKy, KOJM PO3CIIOBAaHHSIM HaBaHTAXXECHb
crparnroByBanHsa 3I1 mepmoro Tumy mokHa HextyBaTu. Take 3I1 meperBoproe Oynb-ske
Oe3nepepBHE PO3MOIUICHHS €KCTpEMabHUX HaBaHTaXeHb 3 (QyHKuUiero po3nominy F(Py) B
KyCHeBo-Oe3nepepBHe [6, 10], dyHKIIisI pO3MOILTY SKOTO Ma€ BUJI

~ M, npu P, < D;
F(p,)=1 F(D) (1
1 npu P, = D.

Tomi, saxmo g(Py) u G(P,;) — miAbHICT 1 (QYHKIS pO3MOAUTY HECydoi 3MaTHOCTI
OCHOBHOT'O €JIeMEeHTa, TO 13 3acTocyBaHHsAM 3I1 fioro iiMoBipHiCTH 0€3BIIMOBHOI POOOTH TpU
BUITaJIKOBOMY M-KPaTHOMY €KCTpEMaJIbHOMY HaBaHTa)KCHHi OyJie BU3HAYATHCS BUPA30M:

[F"(P)g(P)dP

R (D)= { [Fp)|" g(P)ap = FrpyHIGO) @)
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[Tepexoastun 10 OAMHUYHUX PO3IOALTIB MOXKHA TIepenucaTH (2) y BUTIIAAL

G(D

J%(G)]'“dG

R, (D)= D) +1-G(D). (3)

3 orsy Ha Te, 110 MEepIINi 101aHOK B (3) mpu m —> o0 MparHe 10 HyJisl, UMOBIPHICTb
0e3BimMOBHOI poOotu enementa 3 311 oOMexkeHa 3HWU3Y 3HAYCHHIM R (D):I—G(D), SIKE
3a0e3neuyeTbes Mpu Oylib-KOMY YHCIi €KCTPEMaTbHUX HABAHTAXXEHb 1 Oylb-SKOMY 3aKOH1
PO3MOJIITY eKCTPEMAIbHUX HABAHTAXKCHb.

SIKIIo ekcTpeMallbHe HaBaHTAXXCHHS 1 HeCyda 3/aTHICTh €JIEMEHTa MalOTh OJHAKOBI
KoeilieHTH Bapiaii i po3moaiieHi 3a 3akoHoM BeiiOyiia, To

F(P,)=1-exp —(QJ

S .

G(P,)=1-exp —(P"j . 4

Toni 3 (3) BUNIUBAE, 10
p D P » N P b-1 P b
—J. I—exp| —| — — | exp|—-| —| |dP
an 0 aH an an D b
R, (D)= ~ +exp —[ j . %)
b
I-exp| —| —
aH

B okpemomy Bumaaxky npu m =1 micns iHTerpyBaHHA 3 (5) OTpUMYyeMO BHUpa3 JUIs
HMOBIpHOCTI 0€3B1IMOBHOI pOOOTH MpH MEPIIOMY HaBAHTa)KEHHI1 eJeMeHTa, 3axuieHoro 311

b b b

a, D D
—— | l—expy—[| — | +| —
a, +a, a, a,

R/(D)= - . (6)
D
1 —exp| — (J
aH

BBenemo BigHOCHMI mapameTp, sikuil xapakrepusye HacTpoiiky 311 i BU3Ha4yaeThCs
CHIBBIAHOIIEHHSM MOro HaBaHTAXCHHS CHpAIbOBYBAaHHS [0 CEPEIHBOTO 3HAYCHHS
30BHIIIHBOTO0 €KCTPEMAJIbHOTO HABAHTA)KEHHS, sIKa Jlisiaa O Ha eneMeHT npH BigcyTHocTi 311:

M = % . [Ipu mpomy Bupa3s (6) HaOyBae BUTISAIY:

RJ1—exp —Mb]“b(l+%%
1

explm (i U

R(M)= (7
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ne R, =E%Eb +1) - WMOBIpHICTH 0e3BiAMOBHOI pobotu enementa 6e3 3I1 mpu

HepIIoMy HaBaHTAXEHHI;

= P a .
K = f“ =—* - koe(ilLieHT 3anacy y eneMeHTa 6e3 Bukopuctanus 3I1.
a
H H

V 3aranbHOMY BHINAAKy 0araropa3oBOro HAaBaHTAXKEHHs eJeMeHTa, 3axuineHoro 311,
HMOBIpHICTh 0€3BIIMOBHOI POOOTH 3pYy4YHO BH3HAYATH Ha OCHOBI (3), BHKOPUCTOBYIOUHU
YrceJIbHE IHTETPyBaHHS, 32 JJOIIOMOTOIO BUPa3y

GT{)[I—(I—G)HF‘ZG M”F”(l+%)

0 . T TEXP| | (8)
l—expl—Mbe(1+%)J} K

Mbl“b(1+%)

I?b

m

(M)Z{

ne G(M)=1-exp| —

3 (8) BumuBae, 110 NpHu OyAb-IKOMY 3aKOHI PO3MOALTY eKCTPEeMaTIbHIX HAaBAaHTAKCHb
Ta (DYHKIIT pO3MOAUTY HECYUYOl 3IaTHOCTI BUILY (4) HIKHS MeXa WMOBIPHOCTI O€3BIIMOBHOI
poOOTH TIpH M —> 00 BU3HAYAETHCS (HOPMYIIOIO
mrreis y)
b
b

R (M)=exp ———=———| 9)
K
3a gomomoroo (9) Jerko oTpuMaTH BHpa3 JJis pO3paxyHKy BEJIMYMHM IapaMerpa
HacTpoiiku 3II, mo rapaHtye 3ajaHy WMOBIPHICTh 0€3BIIMOBHOI POOOTH y IpU OyAb-IKOMY
YHCIIi eKCTPEMaJIbHUX HABAHTAXKEHb
NN
K| In /
Y

. .
Fil+%i

Po3paxynku HMOBIpHOCTI 0€3BiIMOBHOI pOoOOTH, TIPOBENECHI 3a JOIMOMOTOI0 BUPA3iB
(7) Ta (8), moKa3yTh, 10 31 3MEHIIEHHSIM BEJIMYUHHU TIapaMeTpa HaCTPOMKU M 301bIIy€eThCS
HMOBIpHICTh 0€3BIIMOBHOI poboTH eneMmeHTa, 3axumieHoro 3I1. B sxocti imtoctpartii mporo
Ha puc.]l HaBeneHi rpadiku (cyuinpHi diHii 1, 2 1 3) 3MiHN HMOBIpHOCTI 0€3BIIMOBHOI poOOTH
enementa 3 3I1 B 3aJIe)KHOCTI BiJl YMCJIa HaBaHTa)XCHb, SIKI BIATIOBIAAIOTH 3MEHITYHOUUMCS
3HaueHHSM napamerpa Hactpouku M: 1,1; 1,01 0,9.

M (10)

I'padiku moGymoBaHi /I BUNAAKY, KOau KoediuienT 3anacy K =1,3, a koedimientn
Bapiamii HaBaHTaXXeHHs 1 Hecydoi 3matHocTi Vy=V;=0,1, mo BIANOBIZaE€ 3HAYEHHIO
napametpa ¢opmu b = 12,15. llITpuxoBoro miHiero Ha puc.] mokazanuil rpadik 3MeHITyBaHHS
HMOBIpHOCTI 6€3B1IMOBHOI POOOTH Yy €JIeMeHTa, KU He 3axuieHnit 311.

Sk BunHo 3 puc.l Buxopucranss 311 npu M= 0,9+1,0 B taHOMy BHUIIagKy H03BOJISE
PI3KO MiABUIIMTH WMOBIPHICTh O€3BIIMOBHOI POOOTH €JIeMEHTa B TOPIBHSIHHI 3 BapiaHTOM,
KOJIM 3aXHUCT BiJ] IEPEBAHTaKEHb BIJICYTHIN. XapaKTepHO TAKOX, LIO IMICISA AESKOTO YHCIa
(m~=20) excTpeMalbHUX HaBaHTAKECHb pPIBEHb HMOBIPHOCTI 0€3BIAMOBHOI poOOTH
BCTAHOBIIIOETHCS HA 3HAUCHHI, SKE MPAKTHYHO 30iraerbcs 3 11 HWKHBOIO MEXEH 1
BHU3HAYAETHCS BUpa3oM (9).
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Pucynox 1 — I'padixu 3anexHOCTI HIMOBIPHOCTI O€3BiAMOBHOI POOOTH Bij YHCIIAa €KCTPEMAaTbHAX
HaBaHTAXKEHD: mmmee | — enemenT ¢ 311, mpu M = 1,1; 2 — enement 3 311, mpu M = 1,0;
3 — enement ¢ 311, mpu M = 0,9; 3' — mocitoBHa crucTeMa
33l mpun=3; M=0,9; = — — — — enement 6e3 3I1.

Licepeno: pospobneno asmopom

[Tpu Buxopucrtanui 311 ciij BpaxoByBaTH, 1110 MOXJIMBOCTI MiABUIIICHHS HMOBIPHOCTI
0e3B1IMOBHOI pOOOTH TITBKM 3a PaXyHOK 3MEHIICHHS HABAHTAXKCHHs crpamboByBaHHS 311
(mapameTpa HacTpoiiku M) Ha mpaktuii OyBaroTh oOMexeHi [6]. Lle BinOyBaeThcs dyepes Te,
0 TpPH HOPMAIBHOMY po0O0OYOMY pEXKHMI HABAaHTAKEHHS e€JIeMEHTa WMOBIPHICTH
cnpanpoByBaHHs 311 moBuHHA OyTH JOCUTH Moo, 1100 HE MOPYIIYBABCS TEXHOJIOTIYHHUN
Mpoliec, SIKM BUKOHYETHCS MAIIWHOIO. TOMYy, parlioHaJIbHUA PiBEHb MapaMmeTpa HaCTPOUKH

MIpU IPOCKTYBaHHI MOXHa BUOpaTH, Kepyro4yu ABoma BenuuuHamu: M 1 K . Sk BumuBae 3
(10), BimHOMIICHHS % 3aNIe)KHUTh TUIBKHU BiJ 3a7]aHOi IMOBIpHOCTI 6€3BIIMOBHOI pOOOTH .

OTxe, MOXHa CIIOYaTKy BU3HAUYUTH MIHIMAJIbHUNA piBEHb NapameTrpa HACTPOHUKU Mpmin,
BUXOASYU 3 JONMYCTUMOI WMOBIpHOCTI crpamnboByBanHs 31 B pobodomy pexumi

HABAHTAKEHHs €JIEMEHTa, a MOTIM PO3paxyBaTH BEIMYMHY KoediuieHTa 3anacy K , sSKui

3a0e3mneuye 3aJaHy HMOBIPHICTh O€3BiAMOBHOI POOOTH )y MPH EKCTPEMaTIbHOMY HAaBaHTAKEHHI

[6]:
_ MminF(l+%)

K, = v
()
Y
Tak, Hampukian, SKmO opauHaTta P, eproguyHOro CTalioHAPHOTO BHIIAJKOBOTO
IpoIeCy HABAHTAXXCHHS €JIEMEHTa B pOO0UOMY PEKUMI pO3MOiIeHa B Oy Ib-IKOMY TEpPETHHI
npoiiecy 3a 3akoHoM BeliOyia 3 pyHKITi€r0 po3noairy
b,
P
F(P,)=1-exp| -| ==
a

o

(11)

TO WMOBIPHICTh TEPEBUIIECHHS POOOYMM HABAHTAXKEHHSAM JCIKOTO0 MIHIMAJIBHOTO PIBHS
HaBaHTAKCHHS CIIPALbOBYBAHHS Dp,in BU3HAYAETHCSI BUPA30M
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Dminf(l + %j

Bep([)o>Dmin):exp - }—) 9

o

ac ]30 — CCpCAHA BCIIMUYNHA pOGO‘-IOFO HaBaHTaXCHHA Ha CJIICMCHT.

[losHauumo @, — MAONMYCTUMY BEJIMYMHY L€l HMOBIPHOCTI, siKa 30iraerbcs 3
MoBipHIcTIO cripaniboByBaHHS 311 B poGodomy pexumi. Tosi, BIAMOBIAHHMI MiHIMAJIbHUI
piBeHb napamerpa HacTpoiku 311 Bu3HauaeThest HopMyInoro

1
f—)o(lny jﬁo
M, =Dnin Pos _
F )

Ile 3HaueHHA MOXHA MOTIM BHKOPHCTOBYBATH IpH BU3HAYEHHI KoeQillieHTa 3amacy
K, 3a gopmymoro (11).

[Ipu nerepmiHOBaHOMY MiAXOMAl IO MPOEKTYBAaJIHLHOTO PO3PAXYHKY 3aMOOKHUX My(T
B TEXHIYHIH JitepaTypi [1] peKOMEHIYIOTh pErJaMeHTYBATH TiNbKH BEIWYHHY BiIHOCHHU

Dmin o o . 125 .. c
}—) , HpUHUMar04u HOTO0 PIBHUM WD KIIO, HallpuKiIai, KOC(i)lHIGHT Bapianu
o

HAaBaHTAXEHHS B poOouomy pexumi V,=0,15, To mpu 1poMy 3Ha4YEHHI 3a3HAYCHOTO
BIJTHOIIEHHS! HMOBIPHICTH CHpAIbOBYBaHHSI MY()TH B pPOOOYOMY pEXKHMI HaBaHTAXKECHHS
00epiracMoro e€JIeMEeHTYy, BHUXOIAYM 3 HABEICHHUX BHUIIE BHUPA3iB CTAHOBUTHME
ay=0,0269=2,7%. OnHak, mpu TaKOMY OAHOCTOPOHHBOMY MIIXOJi O BHOOpY MapaMeTpiB
311 3amMmIaTuMeThCsi HEBU3HAYCHOIO HOTO e(DeKTUBHICTh Y BUKOHAHHI OCHOBHOTO 3aBJaHHS -
3aXUCTy OXOpPOHSAEMOTro 00'eKTy BiJ MepeBaHTakeHb. Tomy, 3abe3medyroun HaXiHHICTbH
00'ekTa, CIiJ Y3rO/KyBaTH PIBEHb HABAaHTAXXEHHS CIPAIbOBYBAaHHA Dyin 3 KoediieHTomM
3amacy eJeMeHTa, IO pO3paxoByeTbcs 0Oe3 BpaxyBaHHs BIUMBY 3l 3 ekcTpeManbHHUX

HaBAHTAXKEHb: K = / HeoOxigHo BpaxoByBaTH NHpU LbOMY 1 BEIMYUHY KoeillieHTa

Baplaun HCCY‘IOI S,Z[aTHOCTl CJIICMCHTA.

D . .
Tak, Hampukiajn, SKOIO B3ATH ~ min 2 =1,25, T0 B pasi, KOJIM cepedHs BeIMYMHA

o

EKCTpEMaIbHOI0 HaBaHTaxeHHs P =15P,, orpumaemo, mo Mmi,=0,833. Tonxi, ams

rapaHTOBaHOTO 3a0e3redyeHHsT WMOBIpHOCTI 0€3BiIMOBHOI pPOOOTH  €JEeMEHTa, SKHH
obepiraetscs, y = 0,999 3 (11) BumnuBae, mo npu koedimieHTi Bapialii Hecydoi 3AaTHOCTI
enemenTa V; = 0,1 HeoOXiMHO TakoX, MO0 KoedimieHT 3amacy cTaHOBUB He MeHIe 1,41.
SIKmo HaBaHT@XEHHS 1 Hecyda 3JaTHICTh pPO3MOJUIEHI TO  JorapupmidHo
JOTICTHYHOMY 3aKOHY 3 OJHAKOBHMH TapameTpamu (Gopmu i, OTKe, BIAMOBiAHI (yHKIIIT

e )
ST T

TO 3 (2) OTpUMaemMo, 0

&3
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o e s (e) ()
(%) "he(ze) | (7)) l+(%J

Komu m =1, to 3 (12) micng iHTerpyBaHHs, MO3HAYUBILU ¢, = (C% ) , OTPUMAEMO
n

BUpA3 Ui IMOBIPHOCTI 0€3BIIMOBHOI pOOOTH TPH MEPIIOMY €KCTPEMaTbHOMY HaBaHTAKCHHI

enemeHra 3 311
D D/ )
L oe2e)] o]
] = mpu q, #1;
_qo
-0.0(2¢ ) a.+(2) (13)
D
(%)
(2 |
VY 3aranpHOMY BUNAAKy TpU m > 1 3py4yHO BU3HAYATH WMOBIPHICTH O€3BiIMOBHOL
pobotu, Buxoas4u 3 (3), 3 BAKOPUCTAHHSIM YHUCEIBHOTO IHTErpyBaHHS (YHKIIT OJMUHUYHOTO

posnoxiny. Ilicis mepexomy A0 BIZHOCHOTO HapamMeTpy HAcTpoWku M BIANOBIIHWN BUpPa3
HaOyBa€ BUTIISAIY

Rl (D)=

npu ¢, =1.

—= T
K+ MY| ——
R (M) vsinT G(fM) G"dG K® (14)
m = vm — m + v?
n 0 [1-6)+k6]" )
M K'+M"

T
MV
_ C vsin%
e K=—", GM)= -
CH
K +Mm| "

vsiny
v

3 (14) BummBae, 1O TpU OyIb-TKOMY 3aKOHI PO3MOAUTY E€KCTpEeMaIbHUX
HABaHTAXCHb, SIKIIO HECyya 3/aTHICTh PO3MOJiIEHA JOrapu(pMi4HO JOTICTUYHO, TO HIDKHS
MeKa HUMOBIPHOCTI 0€3BIIMOBHOI POOOTH BU3HAYAETHCS 3 BUPA3Y:

I?V

R, (M) (15)

v 2

T
vsiny
%
a ¢opMyna Il po3paxyHKy BEJIMYMHU TapameTrpa Hactpouiku 3I1, sxa rapaHTye 3amaHy
HMOBIpHICTb O€3BIIMOBHOI POOOTH ¥, MA€ BUTIISAL

K'+M"
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Kvsin™ _ %
M, = Po(1-1 . (16)
T Y

[TopiBHSUIIBHUE aHAII3 pe3ysbTaTiB PO3PAXyHKIB, MPOBEICHHUX 3a JIOTIOMOTOI0 (OPMYIIT
(9) 1 (15) nmokazas, MO B YMOBax HEBH3HAYCHOCTI IOJO BHAY 3aKOHY PO3IMOILTY HECydoi
3MATHOCTI UIs TOTrO, INOO TapaHTyBaTH MJOCUTh BHCOKY (HIKHIO MEXy) HMOBIPHOCTI
6e3BimMoBHOI poGoTi: R, (M)>0,9 mnpu BHOOpI BeTMUMH HapameTpa HacTpoikum M i

koedinienta 3anacy K ciin BukopucroBysatu supasu (10) 1 (11).

Jlnst 6araThox peasibHUX KOHCTpYKIii 3 311 OyBae HOIITBHO PO3TIAIATH 3aXHUIAEMUI
00'eKT, SK CHCTEMY, IO CKJIANAa€ThCS 3 NEKUTbKOX enemeHTiB. [lpm moOymoBi mogmeneit
Ha/IHHOCTI B LIbOMY BHIIQJKy HEOOXIJHO BPaXxOBYBAaTU CTPYKTYPY CHUCTEMH 1 KUIBKICTH ii
enemeHTiB. HalOiapmn momupeHMMH B MallMHAX € CHUCTEMH 3 TOCHTIJIOBHOIO B CEHCI
HAIIHOCTI CTPYKTYPOIO, KOJIH BiIMOBa OyJb-SIKOTO €JIeMEHTa MPU3BOJUTH 10 BiJIMOBHU BCi€l
cucTeMu. Y pasi CIUIBHO HABAaHTAXKYEMOI TOCIHITOBHOI CHUCTEMH, IO CKJIAJAETHCS 3 7
OJIHAKOBUX pPIBHOHABAHTAKEHUX EJIEMEHTIB 1 3aXWIAEMHUX BiA mepeBaHTaxeHb 3I1 3
MOCTIMHAM HABaHTAXCHHSM CIIPAIlbOBYBAHHS, BUKOPHUCTOBYIOYH OJMHHYHI PO3MOIICHHS,
MOYKHA 3a aHAJIOTi€l0 3 (3) OTpUMAaTH BUpa3 IJisl HMOBIPHOCTI 0€3BIIMOBHOI pOOOTH y BUTJIS I

G(D)

Rcm(D)=F+(m [G-6)"[F@)]"dG+[1-G(D)]". (17)

Ko BUMAAKOBI BETWYMHU HABAHTAXEHHS HA CHUCTEMY Ta MIIHOCTI ii €JIEMEHTIB

MaroTh po3noain BeitOyna 3 oqHakoBuME KoedinieHTaMu Bapiaiiii, To 3 (17) BumumBae, mo
G(M)

s S e

- A

Ha puc.] HaBenmeHi pe3ysibTaTH pO3paxyHKy 3a gornomororo (18) iimMoBipHOCTI
0e3BiIMOBHOI poOOTH ToOCHiAOBHOI cucTtemMu (kpuBa 3'), siKa CKIAQHA€ThCI 3 TPHOX

piBHOHaBaHTaXeHUX eneMeHTiB mpu K =13; V,=V,;=0,1 Ta BemuuuHu mnapameTpy

R, (M)= (18)

Hactporiku 3II: M=0,9. Lei rpadik mokazye Ha CKUIBKH 3MEHIIYEThCS HMOBIPHICTBH
0e3BiIMOBHOI poOOTH MOCHiIOBHOI cucTeMu, 3axuineHoi 31, B mopiBHSAHHI 3 IMOBIPHICTIO
0e3B1IMOBHOI poOOTH OIHOTO ii eemenTa (KpuBa 3).

VY pasi, sxmo 3I1 mpusHaueHi A8 3aXMCTy CHIJIBHO HAaBaHTAXY€EMOi CHUCTEMH, sKa
CKJIAJIAETBCS 3 7 PIBHOHABAHTAKCHHUX EJIEMEHTIB 1 MAa€ MapajelibHy CTPYKTYpY, TO MOXKHA
OTpUMAaTH BHPA3 JIsl BA3HAUEHHS WMOBIPHOCTI 0€3B1IMOBHOT POOOTH IIi€] CUCTEMH Y BUTJISIII:

R_ (D) :FmL(mG(ch);"-l(ﬂ(G))m dG+1-G" (D). (19)

Bucnosku. HaBeneni Buiiie Moaesi HagIMHOCTI €JIEMEHTIB 1 CUCTEM, SKI 3aXUILEH] BiJl
0araTopazoBOro BIUIMBY TIE€peBaHTaxeHb 3a nomomoror 3II, y SKOro HaBaHTaXXEHHS
CIPAIbOBYBaHHS TMPAKTUYHO TOCTIHA, MOXYTh CIYI'YBaTH TCOPETHYHOIO OCHOBOIO IIPHU
MPOEKTyBaHHI 1 MOJEpHi3alii eNeMEHTIB MalllMH A1 TOro, MO0 paliOHaTbHUM YHUHOM
YIPaBIATH HATIHHICTIO.
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Reliability prediction of machinery parts being designed is primarily aimed at avoiding mechanical
failures in service, caused by the influence of force mechanical interaction of parts among themselves and with
the environment. Special attention should be given to sudden mechanical failures due to the fact that their
development, unlike gradual failures, as a rule, does not lend itself to individual diagnosis and prevention. In
addition, as practice shows, sudden failures can often occur in the initial operation period of the equipment,
which adversely affects its competitiveness when it is introduced to the market.

Most transport, agricultural, road-building and other mobile machines has operating conditions, use
modes, and, therefore, modes of mechanical loads of elements with a wide range of variation. Most time, a
machine normally operates under normal (nominal) load conditions, whereby long-term performance and
durability should be provided. However, in some relatively rare cases, some parts of machines experience short-
term and repeatedly repeated effects of extreme loads close to breaking or inelastic material deforming material
details.

The book is devoted to a brief review of the fundamentals of one of the many directions of science of
reliability - predicting risks of sudden mechanical failures and associated reliability indicators.

The safety factor is a generalized parameter which in many respects determines the future material
consumption and the cost price of the designed product. Therefore, dependencies linking the safety factors of the
machine parts with the predicted reliability indexes allows, at the design stage, to choose a rational and
economically feasible option to ensure a sufficient level of reliability. The same concerns justification for tusing
safety devices that provide mechanical reliability. Therefore, the use of a set of methods for forecasting and
managing reliability stated in the book should improve the efficiency of work related to the design of
engineering products.

The above reliability models of elements and systems protected from repeated impact of overloads by
means of a safeguard with a nearly constant actuation load can serve as a theoretical basis when being designed
and during modernization of machinery elements to manage reliability rationally.
reliability, safety devices, sudden failure, extreme loads
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