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OIIPEJEJIEHUE BEPOATHOCTH OTKA3A MEXAHUYECKON KOHCTPYKIIUU C
YYETOM PACCEAHUA ITIPOYHOCTHbBIX XAPAKTEPUCTHUK EE MATEPHAJIA
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OmnpeneneHa BepOSITHOCTb BbIX0a M3 CTPOSI MeXaHMYECKOi CHCTeMbl Hecymlell KOHCTPYKIUM TJIaBHOW 0ajaku
MeTAJIyPru4ecKoro MocToBOro KpaHa. BeposiTHOCTH paccUMTBHIBAaeTcsl € Y4eTOM PpacCesiHusl MPOYHOCTHBIX
XapaKTEePUCTHK MAaTepuaja KOHCTPYKIMH HA OCHOBEe TeOpuH «BbIOpocoB». CoBpeMeHHble KOHCTPYKIUH
HAXOAATCS MO/ BO3elCTBHEM CTAMOHAPHBIX CIYyYaHBIX CHJI 00/1bIIOH HHTEHCUBHOCTH. «BBIOPOCHI» HATPYy30K
Npu 3TOM MOIYT MNpPHBECTH, B TOM 4YHCIe, K OTKa3dy cucTeMbl. B KkaudecTBe BBLIXOAHOIO MNapaMeTpa
paccMaTpuBaeTcsli Harpy3ka, [JeiiCTBYIOIIasi HAa PaccCMAaTPpUBAEeMYI0 MeXaHMYeCKyI0 CHCTeMy — HeCcylUIylo
KOHCTPYKIHMI0O — TJIABHYI0 0aJIKy MeTa/LUIypruyeckoro MocroBoro kpaHa. IlpenenbHblii ypoBeHb HArpy3Ku
ompeaesieTcs pe;KHMOM HArpPyKeHUsl M OTKJIOHEHUSIMH MPOYHOCTHBIX XapaKTEPHCTHK MaTepuaja 3J1eMeHTOB
KOHCTPYKIMHA cucreMbl. CiaydaiiHblii cTallMOHAPHBIA Mpolecc MPUHUMAETCS pacnpeieJleHHbBIM HOPMAJILHO.
Jloist obecnieyeHUsl BBICOKOI HATeKHOCTH 3J1eMEHTOB MeXaHU4YeCKOii cucTeMbl He00X0ANMO, YTOObLI BEPOSITHOCTH
OTKa3a J000ro u3 HUX ObLIa Majoi BeauunHoi. IlpuBeneHBI 3aBHCUMOCTH [JIsI HAXOXKIEHHUS] BEePOSITHOCTH
BbIX0/Ia M3 CTPOSI pacCMATPUBAaeMOll MeXaHH4YeCKOil cucTeMbl. BpipaskeHue /Jisl 3amaca MPOYHOCTH COMEPKUT
napaMeTpbl, XapaKkTepu3ylolue ciay4aiiHbIi BXOAHOM mpouecc & ¥ BBIXO/IHBIE TAPAMETPBI ITOr0 Mmpouecca Q;P,

a Tak)Ke mapaMeTpbl padovyero COCTOSIHMSI CHCTEMBI 4epe3 |UEJ{D]| U NoKa3arejib pa3dpoca MPOYHOCTHBIX
XapaKTepUCTHK MaTepuaia e . Pacuersl NPUBOAMINMCH /ISl PealbHbIX PEeKHMOB  HarpysKeHHs

METATYPIru4€CKOro MOCToBOIro KpaHa, HCXo/s U3 €ro 3KCimjayarTaluu U NIPOYHOCTHBIX XapaKTECPUCTUK.
Honyqe}maﬂ BEPOATHOCTDH BbIX0/Aa U3 CTPOHA CUCTEMBI MO3BOJAECT nepeiflTn K OIICHKC¢ KOHCTPYKIIMOHHOI'0 pUCKa
KaK JIOKAJbHOI0, 00bEKTOBOT0, TAK W MECTHOIO, PErHOHAJBHOIO, a TaKKe NPeayCMOTPETb Mepbl MO €ro
CHHMKCHHUIO HA BCEX ITANAX KU3HCHHOI'0 MUKJIA PAaCCMAaTPUBAECMbIX MEXaHUYCCKHX CHCTEM.

KitoueBrble cioBa: Hecymmas KOHCTPYKIHS METaJUTyprHYECKOTO MOCTOBOTO KpaHa, BEPOATHOCTH BBIXONA M3 CTPOS,
TEOpHUsI BBHIOPOCOB, MEXaHWYECKAs CHCTEMa, KOHCTPYKIHMOHHBIH PHCK, paccesHHe NPOYHOCTHBIX XapaKTePHCTHK,
JIEACTBYIOIIAs HArpy3Ka.

DETERMINING THE PROBABILITY OF FAILURE OF MECHANICA L DESIGN,
TAKING INTO ACCOUNT THE SCATTERING OF THE STRENGTH
CHARACTERISTICS OF ITS MATERIAL
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The probability of failure of mechanical system ofthe bearing design of the main beam of the metallgical
bridge crane is defined. The probability calculategaking into account dispersion of strength charadaristics of
material of a design on the basis of the theory dfemissions". Modern designs are under the influenceof
stationary casual forces of big intensity. "Emissins” of loadings thus can bring, including, to refusal of system.
As output parameter loading, the considered mechaoal system operating on — the bearing design - thmain
beam of the metallurgical bridge crane is consideck The limit of loading is defined by the mode ofdading and
rejections of strength characteristics of materialof elements of designs of system. Casual stationapyocess is
accepted distributed normally. It is necessary foensuring high reliability of elements of mechanicabystem that
the probability of refusal of any of them was smalkize. Dependences for finding of probability of fdure of the
considered mechanical system are given. Expressifor margin of safety contains the parameters charaerizing
casual entrance process _ by Qi output parameters of this process of Qi*cp, and also parameters of a
working condition of system through |U _ (Q_d) (0} and an indicator of dispersion of strength charateristics of
material ¢ _ (Q_oB). Calculations were given for the real modes of &mling of the metallurgical bridge crane,
proceeding from its operation and strength charactastics. The received probability of failure of sysem allows
to pass to an assessment of constructional risk kxal, object, and local, regional, and also to prade measures
for its decrease at all stages of life cycle of trensidered mechanical systems.

Keywords: the bearing design of the metallurgicatdee crane, probability of failure, the theory emissions,
mechanical system, constructional risk, dispersiostrength characteristics, the operating loading.



HccnenoBanust mo mpobieMaM aHain3a, HOPMHUPOBAHMS M CHUXKEHUS KOHCTPYKLIMOHHBIX
PUCKOB Ha MPOMBILIUICHHBIX MPEANPUATHSIX Pa3IHYHbIX YpOBHEH, HauMHas OT PETMOHAIBLHOTO U
Janpliie J0 HAIUMOHAIBHOTO M MEXIYyHAapOJHOTO CTAHOBATCS Bce 0Oojiee aKTyaJbHBIMH H
nepcnekTUBHBIME. Oco0oe MecTo 37ech 3aHMMaeT TaK Ha3blBaeMash TEOpUsl <«BBHIOPOCOB».
CoBpeMeHHbIE KOHCTPYKIMM HaXOAATCSA TIOJ] BO3JCHCTBHEM CTAI[MOHAPHBIX CIyYalHBIX CHII
0OJIBIION MHTEHCHUBHOCTH. <«BBIOPOCHI» HArpy30K MPU 3TOM MOTYT NPUBECTH, B TOM 4YHUCIE, K
oTkazy cucrembl. IlpencraBisiercs BaXHBIM BONPOC OMNPENENICHUS BEPOSITHOCTH OTKasa
MEXaHUYECKUX CHUCTEM MPOMBIIUICHHOTO 3HAYEHHUS C YYETOM IPOYHOCTHBIX XapaKTEPHCTUK
MaTepHala UCCIeyeMbIX KOHCTPYKIIHH.

bynem paccmarpuBaTh B KayecTBE BBIXOJHOTO MapaMerpa Harpy3Ky, JIEHCTBYIOIIYIO Ha
paccMaTprUBaEeMyr0 MEXaHUYECKyIo cuctemy [2, 3 - 15] —HecyIyro KOHCTPYKIIMIO — TJIaBHYIO OaIKy
METaJUTypruueckoro MOCTOBOro KpaHa. [IpenenbHblii ypoBEeHb HArpy3KH OIPENENsIeTCs] PeKUMOM
HArpy>KEHUsI ¥ OTKIIOHCHUSIMH MTPOYHOCTHBIX XapaKTEPUCTUK MaTepHalia 3JIEMEHTOB KOHCTPYKIIHA
cucremsl [2]. TlprMeM ciay4aiHbIi CTAIMOHAPHBIA MPOLECC PacCHpeeICHHBIM HOpMaibHO. Jliis
oOecrieyeHHsT BBICOKOM HAJIEKHOCTH 3JIEMEHTOB MEXaHWYECKOM CHUCTeMbl HEOOXOAMMO, YTOOBI
BEPOSATHOCTh OTKa3a J000ro M3 HuX Obula Majod BenuuuHoil. Takum o00pas3oM, BbIpazuM

BEPOATHOCTH BBIXOJIA U3 CTPOSI pacCMaTpUBAEMOM MEXaHUYECKON CUCTEMBI KaK:
N
P Pin, (1)
i=1
rae N — 4MCO PasHOTUIHBIX SJIEMEHTOB CHCTEMbI, P{ — BEpOSTHOCTh OTKa3a i-0ro
Pa3HOTUIIHOIO 3JIEMEHTA, T1; —YUCIIO OJHOTHUIIHBIX 3JIEMEHTOB.
3anuieM ycjaoBHE pa3pyLICHUs JIUMUTUPYIOLIETO 3JIEMEHTA:
Q—0QF = Q= <0, (2]
IPUHAMAsT 3aKOH PACIPEACICHUs @71 @;° HOPMAIbHBIM.
@7 — ACCTBYIOMAs pacTpeie/ieHHast Harpy3ka Ha Oalky MOCTa,
Q3" —CpenHsisl ICHCTBYIOLIAs pacIpe/ielieHHasi Harpyska Ha Gallky MOCTa;
Q. —BEINYMHA HAIPY3KH, COOTBETCTBYIOIICH MpeAeTy IPOYHOCTH OaIKH MOCTA.

Coo0TBeTCTBEHHO, pacnpesesieHue {,, Toxxe OyAeT HOPMaJbHBIM C INIOTHOCTBIO BEPOSITHOCTH

ptqsgj = ;I.Eexp [—w)' (3

Qe ™ 26{) 5
rae m(Q,.) — MaTeMaTHUeCKOe OXKHUIAaHUE PACIPEEICHHON HArpy3KM Ipeeia MPOYHOCTH

OayIKy;



Cr@cra_ CPCAHCKBAAPATHYCCKOC OTKIIOHCHUC.

Hcnone3ys miotHOCTH (3), BEpOSITHOCTh BBIXO/Ia U3 CTPOs uepe3 GpyHKiuro Jlammaca:

1 m(Q,.)
P'“‘:——F[—“]. (4)
2 Ty
OB
Ha ocHoBanuu [2] Q) dopmyne npuHUMaeM Kak:
Qe
m
M = ky(nﬁ — 1)) (5:
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k, — xo3hdUIMEHT HArpy>KEHHOCTH, 3aBHCAIINN OT CpeIHEeH BEIWYMHBI PacHpeieTIeHHON
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Bennunna 3amaca IMIPOYHOCTHU DJJIEMCHTOB Ha OCHOBAaHWH aHaJIM3a CJ'Iy‘I&fIHOFO mponecca

HArpy>KEHUA:
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BeIpaxxenue mis 3amaca NPOYHOCTU COAEPXKHUT IapaMeTphbl, XapaKTEPU3YIOLIUE CIIy4alHbIN

BXOJHOMH MPOLECC g1 BHIXOJHBIE NApPaMeTphI 9Toro mpouecca @:F, a Taxke mapamerpsl padouero

COCTOSIHUSI CHCTEMBI 4Yepe3 |U@ [[l]| M TIOKa3arenb pa3dpoca MPOYHOCTHBIX XapaKTEPUCTHK
i3

Marepuana dg_ .
Torna (4) ¢ yuerom (6) mpumer Bu:
pri=2_F {—k”""%@“ (Ln li |Ug, (0 Il]”2 } (7)
2 Qf’ D0 %z
[ToacunTaeM BEpOSATHOCTH BBIXOAA W3 CTPOS CHCTEMBI, mojacTaBuB Beipakenue u3 (7) B (1).

Ilpn paccmarpusaembix @7F =165 MIla u 0, = 65,23 k0dpPuuueHT HArpyKECHHOCTH OyjeT
paBeH k, = 2,54, a BEpOATHOCTb BbIXOJa U3 CTPOSI HECylLIeH KOHCTPYKIIMU — IVIaBHOM OalKku MocTa

MeTtauryprudeckoro kpana P = 0,081.
B pa6orax [1, 2, 4, 5] mokazano, 4ro 0000IIaONIee YCAOBHE aHaIM3a W YIPaBICHUS

0€30I1aCHOCTBIO MOXKHO MPEJICTABUTD B hopMe:

R =Y ROW, 0 <[RO] =20 =m,z). ®

Ng
B Tabmuue 1 [1] npuBeneHbI cpaBHUTEIbHBIC JaHHBIC O BeMYHHAX yiiepooB U, BeposTHOCTEH
P 1 s5xOHOMHYECKHX PUCKOB OT €AMHUYHBIX aBapUil M KaTacTpod pa3IMyHOro KiIacca ONacHOCTH.

Taoaunma 1



XapaKkTepruCTUKU SKOHOMUYECKUX YIIEpOOB U PUCKOB

BepositHOCTB
Macmrad aBapun Puck,
Kaacc WM KATACTPORHI Yurep0, y.e BO3HMKHOBEHHUS y.e./ron
P,1/ron
1 JlokanpHBII 1,0E+03 20| 2,0E+04
2 OOBEKTOBBII 1,0E+05 8| 8,0E+05
3 MecTHBIH 1,0E+07 1,2| 1,2E+07
4 PeruonanpHbiii 1,0E+08 0,3| 3,0E+07
5| HauuonanabHbIH 1,0E+10 0,07| 7,0E+08
6 I'moGanpHbII 1,0E+11 0,03| 3,0E+09
7 [Tnanerapuwiii | 1,0E+12 0,01| 1,0E+10

[Mony4eHHast BEpOSTHOCTh BBIXOJA U3 CTPOS KOHCTPYKIHMH 1M03BoJsieT 1o (8) u Tabnuue 1 nepeiitu
K OLIEHKE pHUCKa 2 KJ1acca ¥ OIPEIEeIUTh MEPhI 110 CHUKEHNUIO KOHCTPYKIIMOHHOTO PUCKa.
OmnpeneneHHass BEpOSATHOCTb OTKa3a KOHCTPYKLIMH CHCTEMBl — HECYyIEeH KOHCTPYKLUHU
IJIABHOW OajJKM METaTypru4eckoro MOCTOBOTO C YYETOM pacCesHusi €€ MEXaHHYeCKUX
XapaKTEpPUCTHUK HAa OCHOBE TEOPUH <«BBIOPOCOB» II03BOJIAET TEPEHTH K OLIGHKE pPHUCKAa Kak
JIOKaJIbHOT0, 00BEKTOBOTO, TAK U MECTHOT'O, PETMOHAJIBHOTO, a TaKXkKe MPEeyCMOTPETh MEPBI IO €ro

CHHMXXCHHIO Ha BCCX dSTallaxX >KU3HCHHOI'O ITHUKIJIA.
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