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Bu3zHaueHHs 3amacy MILIHOCTI JIeTajaei TPy HECTaHIAPTHIN
3MIHI Halpy>KE€Hb

B cywacHoMy mMammHOOYAyBaHHI HIMPOKO BUKOPHUCTOBYIOTH MAIlIMHHU, MEXaHI3MH, BEPCTaTH Ta iHIIE
oONaHaHHA, SKE€ NpAaIIOE MPU 3MIHHMX HaBaHTaXeHHsX. [li 9ac BUKOHAHHS POOOTH Bix il 3MIHHHX
HaBaHTAXCHb B JIETAJSX MAIIMH BiANOBIAHO BHUHMKAIOTH 1 3MiHI HampykeHHS. HeBipHO BU3HaueHMi 3amac
MIIHOCTI JieTajell NpU HeCTaHAapTHIM 3MiHI Hanpy>KeHb NPU3BEJE /O IMOJOMOK Ta pyWHYBaHHS, a TaKOX i
aBapiit ManH. TakuM YMHOM BHHHMKa€e HEOOXIHICTb B OUIBII TOYHOMY BU3HAUYECHHI 3a1acy MIIIHOCTI y AeTasiX,
B SIKUX MaKCUMaJIbHI HAlpY>XEHHsI IUKITY, 3MIHIOIOTHCS 32 CTYIIIHYACTUM 3aKOHOM.

MillHiCTh, HATIPY KeHHS, YN CJI0 HUKJIIB, 3a11ac Mil[HOCTi, py/iHyBaHHS AeTaJli, HABAHTAKeHHS

IloctanoBka mnpodGuaemu. [lpu BHKOHaHHI pPO3paxyHKIB JeTajed, B OLIBIIOCTI
BUMAJKIB, 3amac MIIHOCTI BU3HAYAIOTh MpPH OJHOYACHIM il 3MIHHUX 3a BEIHYHUHOIO
HOPMAJIFHUX Ta TOTUYHHUX HAINPYKEHb, 10 MAIOTh Pi3HI XapaKTEPUCTUKU UKIIIB HAIIPYKCHb.
i po3paxyHKH CIpaBeIIMBI y BUMAJKY, KOJIXM aMIUTITYyId 3MiHU HAIPYK€Hb HE 3MIHIOIOThCA
B 4Yaci, TOOTO IJIi BCTAHOBJEHOTO abo crarioHapHOro pexumy. OIHaK y psal BUMAIKIB
MOYKHA 3yCTPITHUCS 3 TAKMM CTAHOBHILEM, KOJIM aMIUTITYAH LUKJIiB 3MiHU HAIlPYKEHHS y Yaci
HE 3QJIMINAIOTHCS TMOCTIMHUMH, TOOTO TaK 3BaHMMH HECTalllOHAPDHUMHU pexuMaMu. Tomy
BUHUKA€ HEOOXIMHICT, y OUIBII JETalbHOMY JOCHIDKCHI 3amacy MIIHOCTI TpHU
HECTaHJAPTHIHN 3MiHI HAPYKECHb.

AHani3 mnomepeaHix aocaigkeHb. JlocTi/KeHHIO 3amacy MIIHOCTI MPUCBSYEHO
Oarato poOIT BITUM3HSHHUX 1 3apyOikHUX HaykoBmiB. B pob6orax B.C. IlaBnoma [1, 2, 3]
BUBEICHO (POPMYJIH Ul BU3HAYCHHS KOoedillieHTa 3amacy Ta IpaHU4YHOr0 3HAYCHHS KPUTEPIIo
HaWO1IBIIOr0 JTOTUYHOTO HAMPYKEHHS, a TAaKOXX 3alpOIOHOBAHO BH3HAYATH KOEPIIIEHT
3aracy IUISIXOM MOPIBHAHHS KPUTEpiiB MIIIHOCTI, IO BiAMOBIAIOTH MOMIOHUM IPAHUYHOMY 1
pobouomy HampykeHuM ctanaMm. B pob6otax F0.A. HeBnaxw, [4, 5] nocmikeHO po3paxyHOK
MIITHOCTI 3aTATHYTOTO Pi3bOOBOTO 3’€qHAHHS, IO MPAIIOE€ MPU 3MIHHUX HABaHTAKCHHSX,
KOHKPETH30BAaHO 1 JOTMOBHEHO 3arajibHi BIJJOMOCTI 3a OCHOBHHMH BHUJaMHU PYWHYBaHHS
3yOuactux komic. B mparsix JI.M. Bepesina [6, 7] npuBeeHO CUCTEMATH3AIIIO TPATUIIHHIX
METOMIB PO3paxyHKy JeTajied Ha MIIHICTh, JOBTOBIYHICTh Ta HAAINHICTB, 3aIPOIOHOBAHO
CTpaTerito BUOOpY MeETOoAy MOAUTYy JeTalieil Ha MEeBHI TpymH, L0 CHpusie 3a0e3NeYeHHIo
3aJIaHOTO PIBHs HaAIMHOCTI Ta MiHIMI3amii Macu aeraneid. Y mpargix @.M. bypuekina [8, 9]
y3arajlbHEHO OCHOBHI TPHUHIIUIIKA METOJIB TMPOCKTYBAHHS JOMYCTUMOTO HANpYyXKCHHS Ta
TPAHUYHOTO CTaHy, a TAKOX MOSICHIOETHCS CIOCIO BIUTUBY Pi3HUX PIBHIB HEBU3HAYCHOCTI, K1
BPAaXOBYIOThCS IIUIIXOM BHKOPUCTAHHS YAaCTKOBHUX KOe(illieHTIB O€3MeKH MpH MPOEKTyBaHHI
TPaHUYHOTO CTaHy Ta PO3IJISHYTO 3arajlbHUM BIUIMB JAMHAMIYHOTO HAaBaHTa)KCHHS Ha
KOHCTpYKLIi geraneid. Pe3ynbTariB JOCHIKEHHS 1O BHU3HAUEHHIO MIIIHOCTI TpHU
HECTaHAAPTHUX HANPYKEHHSX Yy JITepaTypHUX JDKepeiaX He BUSBIICHO.
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IMocTanoBka 3aBaaHHs. MeTOIO € OCIIHKCHHS MPOIIECIB HECTAHAAPTHOTO PEKUMY
3MIHU HaIlpy’>KEHb, sIKI 3MIHIOIOTHCS 3a CTYIMIHYATUM 3aKOHOM Ta OTPMMAHHS YHCJIa IUKIIB,
MiCHsl SIKUX BiOyBaeThbCs PYWHYBaHHS JAeTaii. 3aBIaHHs IMOJSTae B JOCITIIKEHI BEIMYUHU
€KBIBaJICHTHOTO HAIPY’>KCHHs, 3a TapaMeTpaMH SIKOTO BH3HAYAETHCS KOE(DIIIEHT 3amacy
MIITHOCTI.

Pe3ynbTaT BHpilIeHHs] OCHOBHHUX 3aBJIaHb NPO0/IeMH.

Haii0inpir 3aranbHUil BUMAJOK HECTAHAAPTHOTO PEXHMY 3MIHM HOPMAaJbHOTO
HaNpy>KEHHS HaBeJIEHO Ha puc. 1. Y pexumi, 0 po3TIsIIAEThCs, MAKCUMAJIbHI HAIIPYKCHHS
IIUKITY 3MIHIOIOTBCS 38 CTYMIHYaCTUM 3aKOHOM, IPUYOMY KOXKHINA BEIMYHHI MAaKCUMAaJIbHOTO
HaIpY>KCHHS BI/AMOBi/a€ TEBHA KUIBKICTh ITUKJIIB Horo mii. Tak, HalpuKIaj, YUCIO ITUKIIIB

N | BiAmoBizae Aii MaKCUMaJIbHOTO HAMpy>XeHHA O, , N , BiAmoBigae O, , 1 TaK aaii.

max

OxpeMi 3HAYeHHS MAaKCHUMAJIbHOTO HAINPYXEHHS MOXYTb OyTH BHIIMMH 33 MEXY
BUTPUBAJIOCTI. BBaskaeMo suiiie, 1110 BOHU 3aBIM MEHIII 32 MEXY IJTHHHOCTI.

qac

PucyHok 1- 3aranbpHuil BUnaJIok HecTalioHapHOTO PEXKUMY 3MIHHU HaIpyKeHb
Loicepeno: pospobaene asmopamu

ITo3naunmo yepe3 N, 3arajipHe 4YMCIO LUKIIB Jii HanpyeHb (G, ... ), a yepe3 N, —

max i
YHUCJIO LUKJIB, L0 BIANOBIJAE PyHHYBaHHIO JETajl MpH Al TOrO CaMOro MaKCHUMalbHOTO
HaTpy>XeHHs (G

max i )

B nporeci po3paxyHKy MiK HIUMH BeTMUMHAMU Oyjia MPUHHATA HACTYITHA 3aJI€KHICTh:

D=1 (1)

JIe M — YUCJIO PI3HMX 32 BEIMYMHOI0 MAKCHMAIBHUX HAIIPYKEHb, IO XapaKTePH3YIOTh
HaBaHTAXEHHs, 3a OJMH Nepiozl.

BeeneMo ekBiBasieHTHe HampykeHHs O, , TOOTO Take MaKCUMaJbHE HAINpPY>KCHHS
CUMETPUYHOTO LUKITY TPU CTAI[lOHAPHIN 3MiHI HaIllPy>KEHb, 110 Ja€ Ty K MIIHICTh AT, 110
i nirode HampyKeHHs TPH HecTaliOHapHOMY pexuMi 3Minn. Yucino mukiie NV, , Bigmosinae

HaTNpyXeHio O, , 1 € 6a30BUM YUCIIOM IIMKIIB.

€K8 2
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CKOpHCTaBIIKCH PIBHAHHAM KPUBOI BUTPUBAJIOCTI

o, N.=const,

imax” "1

e N, - 3arajbHa KUIBKICTh LMKIIB Al MaKCUMalbHOIO HANpYyXeHHS G, . , SKE
BUTPHUMYE 3pa30K;
1 - IOKa3HUK CTYTEHs, [0 XapaKTepH3y€e HAXUJI JIiBOi T'JIKH KPUBOi BTOMH.
MoskHa 3amucaTy Taky piBHICTB (pHcC. 2):
n _ n _
GeK6N6 - (Gmax)i Ni = const . (2)

IToMHO>XHMBIIM YHCENBHUK 1 3HAMEHHHUK J1iBOi YacTuHH piBHAHHA (1) Ha (0, )] 1
BPaxoOBYIOYH PIBHICTH (2) OTpUMAEMO:

(6,..)" N,

i max /i ':1.

n
i=1 Geke 'N6

3BI1JICH MOYKHA 3HAWUTHU BEJIMYHHY €KBIBAJICHTHOTO HAIPY>KCHHS:

1 m
Geks =n (Gmax);lNi

Tonmi xkoediieHT 3amacy MIITHOCTI MO)Xe OyTH BH3HAYCHUW 3a TapaMeTpaMu
€KBIBAJICHTHOTO IIMKJIy HABAHTAKEHHS SK BIJHOIICHHS MEX1 BHTPUBAIOCTI o{l 1o

eKBiBaHeHTHOF O HAIIPY>KCHHA O oxg TO6TO
po S G, ;
Geke 1 L n - ( )
Z (Gmax )i Nz'

N5 i=1

OCKIbKM €KBIBAaJIEHTHHI CTAI[lOHAPHUN PEXUM 3MIHU Halpy>KeHHs 3a0e3nedye TOH
Ke 3amac MIIHOCTI, 10 1 HECTAIllIOHAPHUM PEKUM, 110 PO3MIISIAAETHCS, TO I 3a popmytoro (3)
MAa€EMO MOXJIMBICTh BU3HAUUTH 3arac MIIHOCTI 1 AJS OCTaHHbOTO pexumy. I[lokazHuk

cTyneHs n 1 0a30oBe 4MCIO LMKIIB N, BU3HAYAIOThCS KPUBOK BHUTPUBAIOCTI. SIK yxe

BKazyBajocs, (hopmyna (3) crpaBeyiiBa JUIsl TOTO BUMAAKY, KOJIH MaKCUMaJIbHI HaNpy>KCHHS
HE TIEPEBUIITYIOTh MEXi TeKY4OCTi.
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o\
max
ctga.=h
——
| |
| |
- I I |
S 5 | I h |
B | | |
| | |
| | | —
Ni N Ns IgN

Pucynok 2 — KpuBa BuTpuBanocTi

Jlicepeno: na niocmasi [10]

Busznauaemo koediuieHT 3amacy IOBroBidHOCTI. I IbOrO MO3HAYMMO YEpe3 V,

BIJIHOCHY TPUBAJIICTh HABAaHTAXKCHHS 3 MAaKCUMaJILHUM HaIPYKECHHSIM ( O TOOTO

maxi )7

ne N, - 3aranbHa KUIbKICTh HUKIIIB 10 pyHHYBaHHS JIeTalll IpU HECTAI[lOHAPHOMY
peXUMI 3MIHU Hanpy»KeHb. Toxmi

m Nz mL_
Zﬁi N.D, &=

i=1 i=1 i

3BiAKHU

N, =— )

3a ¢opmynoro (4) MOXKHa po3paxyBaTH YHWCIO LUKIIB, MICJsA SIKUX BiAOyBa€ThCs
pyHHYBaHHS JeTali TpH HAsSBHOCTI HABAaHTAKCHHS, XapPaKTEPHUX JUIS HECTalliOHApPHUX
pexuMiB. [Ipu npoMy noBuHHi OyTH BinoMi v, 1 N,. Bennunna N, BU3Ha4aeTbcs 10 KPHUBIH
BUTPUBAJIOCTI.

Skmio 13 yMOBHU eKCIUTyaTallii AeTaji BiJOMO, 1[0 BOHa MOBUHHA BUTPUMYBaTH 0e3
pyliHyBaHHS N LHKIIB, TO KOe(Iilli€HT 3amacy 1o J0BrOBIYHOCTI JOPIBHIOE:

n, =~ = . (5)
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®opmynu (3), (4) 1 (5) MOXKYTh OyTH BUKOPHCTaHHI 17151 Oy /b SIKUX HECTAI[lOHAPHUX PEKUMIB
3MIHU HaINPY>KE€Hb, HE3AJICIKHO BiJl XapaKTEPy OCTaHHIX. AHAIOTTYHO MOXKYTh OyTH 3amucaHi i
BIZIMOBIHI (pOpMyIH 17151 JOTUYHUX HAIPY>KEHb.

BucHoBku. B pesynpTaTi TEOPETHUHUX IOCIHIKEHb PO3PAaXyBajldl YHCIIO ITUKIIIB,

micyis SIKUX BiZOyBaeTbCs pyHHYBaHHS JeTall HpW Jii HaBaHTaXeHb, XapaKTEPHUX IS
HECTaIlIOHAPHUX PEKUMIB pPOOOTH Ta BHU3HAYMIM KOE(DIIIEHT 3amacy MIIHOCTI TI0
JTIOBTOBIYHOCTI.
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Determination of the safety margin of parts with non-standard stress changes

In modern mechanical engineering, the search for machines, mechanisms, machine tools and other
equipment that works under variable loads is widely conducted. During work from the actions of variable loads
in machine parts according to the result and changes in stress. Incorrectly defined margin of safety of parts with
non-standard changes will lead to breakdowns and destruction, as well as machine accidents. Thus, a more
precisely defined safety margin is required in parts in which the maximum stress cycles vary according to a step
law. The purpose of the article is to study the processes of a non-standard mode of voltage change, which change
according to a step law and receive the number of cycles after which the destruction of the part occurs. The task
takes place in the investigated values of the equivalent stress, according to the parameters of which the
coefficient of production of the safety margin under the action of non-standard stresses.

When performing the calculations of the parts, ultimately, the margin of safety during simultaneous
action is changed to the value of normal and tangential stresses, which have different characteristics of stress
cycles. These calculations are valid in the case when the amplitude changes do not vary over time, that is, for the
established or stationary mode. However, in a number of reports, one can encounter such a situation when
changes in the amplitude of stress cycles over time do not remain constant, that is, the so-called non-stationary
regimes. Therefore, in a more detailed study, there is a margin of safety for non-standard stress changes.

As a result of theoretical studies, the number of cycles after which parts are destroyed under the action
of a load, characteristic of non-stationary modes of operation, is calculated and the coefficients of the safety
margin of durability are determined.
strength, stress, number of cycles, margin of safety, destruction of the part, load
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