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Peghepam. Cpeou oemaneii pabouux opeanog cpyHmopaspadamuléarouux opyoull OnpeoesieHHoe
MeCmo  3aHUMAIOM — KOHCONbHO — —  3AKPENJeHHble — KOHCMPYKMUGHbIE — JJIeMEHmbl,  KOMOopbie
IKCHILYamupylOmcsi 8 YCI06Usi abpa3u6HO20 UHAUUBAHUS GbICOKOU uHmeHncusHocmu. HMzeecmuvie
meopemuuecKue UCCLe008AHUs He NO3GOJAIOM  NPOSHOZUPOBAMb PeCYypPC KOHCOIbHO 3AKPENIeHHbIX
demadeii ¢ yuemom paxmopa usHawU8anus u 0eh)opmMayuoHHolU cnocooHocmu mamepuaida. B pabome
meopemuyecku pewanu 08e 3a0auu Nno onpedeieHulo pecypca 0emanu 00 moeo MomeHma, kozoa: 1 -
UBHAUUBAEMbLU YHACTNOK HACMONILKO UCHOHYUMCSL, YMO 001acmb nepexodd Om UHOUEHHOU YaCmu K He
U3HOWEeHHOU cmaHem 6ojiee ONAcHOU npu uzeube, uyem 001ACMb KOHCONbHO20 3aKpenienus, 2 -
npousodem paspyuenue 6 30He nepexood Onm HeUHOUWEHHO20 YUACmKA K UsHouenHoMy. Pewenue 3adau
nposoounocy C npumenenuem memooos kypca «Conpomuenenus Mamepuanosy. 3a pacuemmyio cxemy
ObLIA NPUHAMA KOHCONbHO — 3AKPENeHHAs: OAIKA NEPEMEHH020 CedeHuUs. Yuumuleanu, umo OCHOGHbIM
napamempom, XapaKxmepusylowum npoYHOCmb U3eubaemol 6aiKy, 6I8emcs 6eludUHa pacmacueaouux
Odepopmayuii, 8O3HUKAIOWUX HA ee BLINYKIOU cmopoHe. TeopemuuecKumu UCCIe008aHUAMU Onpedeietbl
VCI0BUST 8O3HUKHOBEHUSL ONACHOCIU DA3PYUWEHUs U HENOCPEOCMBEHHO CAMO20 DA3PYUEHUS 8 CeYeHUul
demanu, 20e umeem Mecmo nepexoo0 Oom U3HOUIEHHOU Yacmu K He UsHOuweHHOU. mozom pewenus 08yx
3a0ay AGUICS 8bLEOO (POPMYTI, NO KOMOPHIM MONCHO CHPOSHOZUPOBANTb PECYPC Oemau npu ee JOKALbHOM
usnawueanuy. Ilonyueno mamemamuueckoe GblpadceHue, NO360NAOUEE  PACCUUMAMb  8PEMsL
IKCHIyamayuy  JIOKAIbHO - USHAUUBACMOU KOHCOIbHO — 3AKPENJeHHOU Oemanu, Ko20d UWUpuHa
HONepeuHo20 ceveHuss O00NACMU USHOCA YMEHbULAEMCs HACMONbKO, YMO YYACMOK Nepexood K
HEU3HOUWEHHOT Yacmu CMAHOGUMCsi Oolee  ONACHbLIM, YeM KOHCOAbHoe Kpenienue. ITlonyueno
mMamemamuyeckoe Gblpadicenue, No360as0uee ONpedeunb pPecypc KOHCMPYKMUBHO20 dIeMeHma OJis
cayuas, Koeda e20 paspyuwienue npousotoem 8 mecme nepexooa om UHOWEHHOU obaacmu K
Heu3HOWeHHO.

Kniouesvie cnosa: pecypc, npocnosuposanue, J10KAIbHOE USHAWUBAHUE, KOHCOIbHOE 3aKpenieHue,
onacHoe ceuenue, paspyulerue.
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Abstract. Among the details of the working bodies of soil-developing tools, cantilever-fixed
structural elements occupy a certain place, which are operated under conditions of high-intensity
abrasive wear. Known theoretical studies do not allow predicting the resource of cantilevered parts,
taking into account the wear factor and the deformation ability of the material. Two tasks were
theoretically solved in the work on determining the resource of a part until the moment when: 1 - the
wear section becomes so thin that the transition area from the worn part to the non-worn part becomes
more dangerous when bending than the cantilever fastening area; 2 - destruction will occur in the
transition zone from the unworn to the worn area. Problem solving was carried out using the methods of
the course "Strength of materials”. The cantilever-fixed beam of variable section is taken as the design
scheme. It was taken into account that the main parameter characterizing the strength of a bent beam is
the magnitude of tensile strains that occur on its convex side. It was taken into account that the main
parameter characterizing the strength of a bent beam is the magnitude of tensile strains that occur on its
convex side. The conditions for the occurrence of the danger of destruction and the destruction itself in
the section of the part, where the transition from the worn part to the non-worn part takes place, are
determined by theoretical studies. The result of solving two problems was the derivation of formulas by
which it is possible to predict the resource of a part in case of its local wear. A mathematical expression
has been obtained that makes it possible to calculate the operating time of a locally worn cantilever-fixed
part, when the width of the cross-section of the wear area decreases so much that the transition area to
the unworn part becomes more dangerous than the cantilever fastening. A mathematical expression has
been obtained that makes it possible to determine the resource of a structural element for the case when
its destruction occurs at the point of transition from a worn area to a non-worn one.

Keywords: resource, forecasting, local wear, cantilever fastening, dangerous section, destruction.
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BBegenne. B mpouecce sKCIulyaTaluyd J€Tald HEKOTOPBIX TEXHUYECKUX CPEACTB MPETEPIEeBAIOT
TeOMETPUYECKHE U3MEHEHUS, HEPEIKO BhIpAXKAIOIIKECs B U3HOCAX OTJENbHBIX y4acTKoB [1, 2, 3]. Takoe
SIBIICHHE HAONIOHAeTCs y psAlda KOHCTPYKTHBHBIX JJIEMEHTOB IOYBOOOpadaThIBarOMMX opynuid [4,5].
TIpumepoM MOTYT CITY>KUTh JIOKAJIEHO U3HOIIIEHHBIE JIeMeXa B OoTBajbl (pucyHku 1 a, 0; 2) [6, 7], a Takxke
3yObsl KOBIIIEH AKCKaBAaTOPOB, OTACIbHBIEC IETAIHN TOPHOAO0OBIBAIOIICH TEXHUKH U TOPOXKHBIX MamuH. X
0011elt 0cOOEHHOCTBIO SABISIETCA KOHCOJIBHOE KPETIJICHHE.

YMeHbIIIeHNE TOTEPEYHOr0 CEYEHHUs BCJICICTBUE HWCTHPAHWS Ha JIOKAJIBHOM YYacTKEe W3AeTus
HEepeAKO TMPUBOIUT K MOSBICHUIO TpemuH (puc. 3 a), n3rudoB (pucyHOK 3 0) U M3IIOMOB (PHCYHOK 3 B)
M3-32 HECMOCOOHOCTH MaTepuana CONPOTHBILIThCS NehOopMamusM, BBHI3BAHHBIMU BHEIIHUMHU CHJIAMH.
Hanpumep, naBieHneM MOYBHI Ha IETallb pabovero opraHa mouyBoo0padaTHIBAIOIIECTO OPY/IHSL.
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a)
Pucynok 1 — JIyueBUAHBIN H3HOC: @) - HOCKA IIETPHOMETALTHYCCKOTO JIEMEXa CO CKBO3HBIM
MPOTHpaHHEM; 0) — COCTABHOTO JieMeXa B 00JI1aCTH, PacIioIoKEHHOI B HEMOCPEICTBEHHON OIM30CTH
KpEIUICHHS 10JI0Ta

Pucynok 3 — JledexThl Kak pe3ysbTaT U3HAIIMBAHMS TUTYXKHBIX JIEMEXOB @) - TPEIIUHBI; 0) - U3ruobI,
CKPY4YHUBaHUs, IPOTHObI; B) - pa3pylleHHs

O)IHaKO M3BCCTHBIC TCOPETHUCCKUE HUCCICAOBAHUA, MOCBALMICHHBIC M3YUCHUIO BJIMSAHHA BHCUITHUX
CUIIOBBIX (DAKTOPOB HA MOMEPEUYHBIA H3rUO KOHCOJHHO-3aKPCIUICHHBIX JETalel B Cilydae JIOKAJILHOIO
M3HOCA MAJIOYHCIICHHEI [8] M HE Tal0T OTBETa Ha BOIPOC O MIPOTHO3MPOBAHNH HX pecypca.

Leaw caemosanus. llens WCCIEOBAaHMS 3aKIIOYAETCS B pElNIEHWH IBYX 3aj1ad. 3ajgava 1:
OTIpeJIENICHNe pecypca JIeTald (BpEMEHN ee OKCILIyaTalldH) IO TOTO MOMEHTA, KOTJa M3HAIIMBAEMBIN
Y4aCTOK HACTOJNBKO MCTOHYHUTCS, YTO 0OJIACTh MEPEX0/Ia OT TOHKOM (M3HOLIEHHOM) YaCcTH K TOJICTOM (He
H3HOIIEHHOM) cTaHeT Gojiee OMAacHOM MpH M3rube YeM 00JIacTh KOHCOJNBHOTO 3aKperuieHus. 3amaua 2:
OTIpeJIENIEHHs pecypca JIETallK JI0 TOr0 MOMEHTA, KOT/ia IPOU30UJIET e¢ paspyIlleHue B 30He MEPEX0Ia OT
HEU3HOIIEHHOIO y4acTKa K H3HOLIEHHOMY.

Pemenne 3agau. VIcXois U3 BBILIEU3IOKEHHOIO 338 PACUETHYIO CXeMy (C OIpPEAEIEHHBIMU
JOMYIIEHUSIMH) MOXHO HPHMHATH KOHCOJIBHO-3aKPEIIEHHYIO OAIKy C YY4aCTKaAMH Pa3jIMYHON TOJILIMHBI
(pucyHok 4, a, 6). Yuactok |; Gomsieii Tommenst (hy) u yuactok |, menbmieii Tommunoi (h,), KOTOpHIi
PACIIONIOKEH HA IPABOM KOHIIE OaJIKU, HMUTUPYS TEM CaMbIM HAauOOJI€e U3HOILEHHYIO YaCTh JETAJIM.
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Pucynoxk 4 — PacyerHas cxema (a — IpOJ0JIbHOE CeUeHHE; O — ITONEPEIHOE CEUCHHE)
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[lpu pewmienun 3ama4  KMCHOJB30BAIKCH (GOPMYJIBI  KiaccHueckoro kypca «CoNpoTHBIEHHE
MaTepHuaioB» [9].

PaccMoTpuM 3amieMiieHHYI0 Ha CBOEM JIEBOM KOHIE OajKy, MMEIONIYI0 Ha y4yacTKe JUIMHBI [y
TOJIIMHY h; U MOJYJb YOPYroctu Marepuana E;, a Ha yyacTke JUIMHBI [, - TONIMHY h, W MOAYIb
ynpyrocta marepuaia E, . Ilpu stom E; = E,. lllupuna 6amku b mocTossHHa Ha BCEM €€ MPOTSHKEHUHN
(pucynok 1 0, Bux Ganku c Topua). Ha Oanky nelcTByeT HEKOTOpas pacmpeliesieHHas Mo e¢ JUINHE
Harpy3ka q = q(x), (H/m), mpencraBisromasi co0Oi CHITy, OTHECEHHYIO K CIUHHIC UIMHBI OallKu.
Heo0Xxommo O1ieHHTh IPOYHOCTh N3rnOaeMol JaHHOH Harpy3Koii OaJIKu.

OCHOBHBIM NapaMeTPOM, XapaKTePH3YIOIUM IPOYHOCTh M3rHOaeMOil OajKH, SIBISETCS BEIMYMHA
pacTsaruBaromux aedopmanuii, BOSHUKAIOIMX Ha BBIMYKION (HMKHEW) ctopoHe Oanku [9]. dust Gankwu,
MOMEPEYHOE CEUYCHHE KOTOPOH SBISIETCS MPSAMOYTOJLHUKOM C IIMPUHOM b U BHICOTOW h, 3Ta medopmarius
HAXOIUTCs TI0 (hopMyJie:

M 6M
e(x) =72 =20 - S0 (g <x <) 1)

rae M(x) — u3rubarouii MOMEHT B CCUCHHH OAJIKH,

E — Momynb ynpyroctu MaTepuana 0ajky,

bh? ..
W= - MOMEHT CONPOTHUBIICHHSI ceYeHUs Oalku 1pu e€ u3rude, | — nnuna Oanku. Takum

obpazom, pacTaruBaromue neopmany Ha HIKHUX MOBEPXHOCTSIX COOTBETCTBYIOIINX YYaCTKOB JIAHHOM
COCTaBHOM OaJIKM UMEIOT BU/:

e =Fr O<x<D e@=52 GL<x<h+l) @

MakcumanbHEIMU, a CJIeJIOBaTeNbHO, M Haubojee ONMAacHBIMHU JUISl IPOYHOCTH OajKH SIBISIOTCS
3Ha4eHHs 3TuX Aedopmarmii mpu x =0 u x = Iy

£(0) = 9. () =) 3)

Ebh? '’ Ebh%
OnpenenuB 3Ty JeOPMALNK U CPABHUB UX MEXTY cO00H, MOKHO ONPEAETUTh CeUeHNe, Hanboee
OTIACHOE JIJISl IPOYHOCTH OaJIKH.
OrpaHu4uMcsi pacCCMOTPEHHEM HanOoJee MPOCTOTO CITydast:
q(x) =qo=const (0<x<l +1,) (4)
Haiinem wsrubarommii Mmoment M (Xx), co3aaBaeMblif 3TOM Harpy3kod B CEYEHHH X. DTO MOMEHT,

CO3/1aBacMbIil Harpy3KOM, IEHCTBYIONIEH Ha OalKy cIpaBa OT 3TOro ceveHus. Mimeem:
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M@) = [t —x) - q(t) - dt = qo- [T —x) - dt =
+lp 2 x 2
z%z(llzl)'(l_ ) ®)

1+l

C yuerom Beipakenus (5), popmyisr (3) npumyT BUL:

e(0) =32 (52 e = 32 () v
po = 5 (HAD); "

®opmyisl (6) AT 3HAYCHUS PACTATUBAIOIINX Ae(opMaIiiif, BOSHUKAIOUINX B TOYKE 3aIEMIICHUS
0alKky M B TOYKE CTHIKOBKH €€ gacTell cooTBeTCTBeHHO. CpaBHHMBAS MX MEXIy COOOW W yUHTHIBAsI, YTO
IUTS Pa3HBIX COPTOB cTand E, ~ E;, I CTanbHOM COCTaBHON OAJKH ITOTyIHM:

=66 Q

U3 paBenctsa (8) cnenyer, uro eciu A > 1, T. e. eciu

I, hy
L1+l > hy' )

TO HauboJee OIAaCHBIM CeYECHHUEM apu n3rude COCTaBHOM YacTH OalKu npu paBHOMCpHOﬁ Harpyske
Ha He€ SABISETCS €€ CEUEHUE CTBIKOBKH X = l1.

l h
= 2 (10)
1+, hq
TO HanboJiee OMACHBIM ceueHHEM OyIeT MECTO 3allleMJICHUsT OaIKH.
TommuHa h, MEHSETCS CO BPEMEHEM I10 3aKOHY
hz = th —ct (11)

rae h,, — HavaIbHas TOJIIIMHA H3HAITHBACMO YacTH;
C — UHTCHCUBHOCTh M3HAIIIUBAHHSI,
t — BpeMs U3HAILIMBAaHU.
A y4acToK l;3aMeTHOTr0o W3HOCA HE MPETEePIeBACT U, CJACAOBATEIBHO, €r0 TOJIINHA R, HE MEHSCTCS.
B cooTBeTCcTBUU C LENBIO UMEIOT MECTO JBE 3aJa4d. 3ajada MepBas - 4epe3 Kakoe BpeMs t ydacTok L,
HUCTOHYHUTCS HACTOJBKO, YTO TUIOCKOCTh CTHIKOBKH X = [; cTaHeT Oojiee OMacHOW Mpu u3rude Oayku, 4em
IUIOCKOCTh €€ 3amemienns? 3anada BTOpas - 4epe3 Kakoe BPeMs t,, MPOU3OUAET U3JIOM 00JIee TOHKON
0aJKu B MeCTe ee KpeIUICHUs K 0oliee TOJICTOH?
Pewenue nepBoil 3agaun. B MomeHT BpeMeHU t coryiacHO (8) IOJKHO BBIIOJHSTHCS PaBEHCTBO
e(l;) = €(0), TO ecTh TOIKHO BHIMOIHATHCSA PABEHCTBO

L, h, L
2 —Zosph, =k =>
L+l hy 2N L+,
l l
th —ct = h1 " ll:lz =>ct = th - h1 " l1-:lz X
gt (12)
hau hay U1+l
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. ct .
IIpr ManbIX 3HAYEHUSX HAYAIBHOW TOJIIWHBI h,, BETMYWHA 5 ompesensemas thopmymoit (12),
2H

MOXET OKa3aThCsi OTPHLATENBHOH. DTO O3HAYaeT, 4TO Y)Ke€ NPU Ha4yajbHOW ToNIMHE h,, KOHIEBOM
yacTH OaJIku MECTO CTBIKOBKM OaJoK OyzaeT Oosiee OMacHBIM JUIsi NMPOYHOCTH OaikW, 4YeM MECTO ee
3amieMyieHusl. TakoBBIM OHO OCTAaHETCSl U B IOCJEYIOIIME MOMEHTHI BPEMEHH, KOr/a KOHIIEBasl 4acTh
0ayku OyZeT CTAaHOBUTHCS TOHBLIIE.

Perienne Bropoii 3amaun. M3moM B MeCTe CTHIKOBKH 0aJloK Mpou3oiaet, koraa nedopmanus £(1)
KOHIICBOI1 OaJIKH B 3TOM MECTE CTaHET KPUTHUECKOM:

1) = = 3.p°.l%_ —
g(l)_SZKp_> F h_g_EZKp_>
3 Dpo
> Ry — Cty = Iy |— - — =>
2H CKp 2 o E
)
e (13)

3nech t, — BpeMs, Yepe3 KOTOPOE PaBHOMEPHO ¢ MHTEHCHBHOCTHIO M3HAINMBAIOMIAsAcs ¢ Oajka ¢
MEHBIINM CEUSHHEM JIOITHET B MECTE €€ CThIKa ¢ 0alIkoi OOJIbILIEr0 CCYSHUS.

BriBoabI

1. Tlomy4eHO MaTeMaTH4eCKOE BBIPKCHHE, ITO3BOJIIONIEE PACCUUTATh BPEMs SKCIUTyaTaI[HH
(pecypc) JTOKaIbHO - M3HAIINBAEMOW KOHCOJIBHO — 3aKPEIUICHHOHW AETalH, KOTr/a IIMPHHA ITOTEPEIHOTO
cedeHns: o0NacTH M3HOCAa yMEHBIIAETCS HACTOJIBKO, YTO y4YacTOK IIepexo/a K HEW3HOUIEHHOH dacTh
CTaHOBUTCS O0JIee OITaCHBIM, YEM KOHCOJIPHOE KpETIJIeHHE.

2. Tlomy4yeHO MaTeMaTH4eCKO€ BBIPaKEHHE, MO3BOJISIONIEE OIPEACINTh PEeCypc KOHCTPYKTHBHOTO
3JIEMEHTA IS CiIydasi, KOT/Ia €ro pa3pylieHne IPOU30HAeT B MECTe Nepexoa OT M3HOIIEHHON 001acTH K
HEU3HOIIECHHOM.
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