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Abstract. The paper deals with analyzing the methods for improving the durability of parts and service
life of tillage machines operating in extremely severe conditions (tillage).

The features of described in literature methods for hardening separate parts of agricultural machinery,
used mainly in industrial production, are considered.

Methods for repairing working elements of tillage machines are listed. As a rule they are characterized
by a high complexity of technological process, the need for expensive equipment, high cost of repaired
parts and they have not yet found a wide use in agricultural repair production. Some aspects of increasing
the durability of working elements of tillage machines, particularly hoes, are shown.

The principle of more effective method for parts repair, using vibrations of processing tool for developing
and applying technological process of hardening the working elements of tillage machines, is considered.

The necessity of theoretical and practical research for determining the operating parameters of vibra-
tion hardening of hoes surface is shown.

Keywords: hardening method, vibration treatment, technological process, service life, durability.
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3anponoHoBaHo asnzopumm po3paxyHky 0oBeoBidHocmi 6asoyHuUX cmepxcHeBux ese-
meHmiB, nid BnauBom KopogsiliHozo 3Hocy. Ha Biominy Bid Bixce icHyrodux, danud as-
eopumm nepedbayae BuzHayeHHs muny akmuBHuxX obmedxceHs, BuszHayaroyux 00B2o-
BiuHicms enemeHmiB, 0o BupiweHHs 3adayqi, BuxkopucmoBytoyu anpiopHy iHEPOPMayio
0 eeomempuyHux BaacmuBocmsax nepemuHy, BeauduHu HaBaHMaxceHHs | napamempiB
aepecuBHoi cepedu. AnpiopHi 3Ha4YeHHS gopmanizyomecs y Bueasadi HelpoHHOI mepeci
¢ duckpemHor @yHkyieto akmuBayii’ BuxioHo20 enemeHmy.
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dosz0BeyHocme 31emeHmoB, 0o peweHus 3a0a4u, UCNoAb3ys ANPUOPHYIO UHGHOPMAYUIO
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1. BBenenne

[Tpm pernrenuu 3amau pacyera JJOJITOBEYHOCTH KOPPO-
JIMPYIOIINX KOHCTPYKITUI HEPEJIKO BCTPEYAIOTCST CUTYa-
IIUU, KOT/Ia BO3MOKHBI HECKOJIbKO PA3JIMYHBIX BADUAHTOB
McyepraHms Hecylieil ciocOOHOCTH TOTO MJIM UHOTO KOH-
CTPYKIIMOHHOTO 3JieMeHTa. B 4acTHOCTH, B 3aBUCMOCTH
OT KOHKPETHBIX Pa3MEPOB 2JIEMEHTA, BEJTMUNHBI HAPY3KH
U TapaMeTpoOB arpecCUBHOW CpeJibl, pa3pyllieHre M3Tru-
GaeMoil GaIK1 MOKET OIPEIEIThCS OTPAHNYEHISIMU 10
MIPOYHOCTH WJIU CIJIONIHOCTH CEYEHUs, CKATOTO CTEPIK-
HS — OTPAHUYEHUSIMH TIO0 YCTOHUMBOCTH, TTPOYHOCTH
WM CIUTONIHOCTH cevyeHust. [1oMo0HbIe cydand JocTa-
TOYHO MOAPOOHO paccMOTpeHbl, Harpumep, B [1, 2]. Tlpu
JTOM BUJI aKTUBHOTO OTPAHUYEHUS 3apaHee He U3BECTEH
1 OTIpeziesIeTcs B IIPoIiecce PelieHust 3a1a4u, 4TO TIPUBO-
JIAT K YCJIOKHEHUTO aJITOPUTMA PEeH s U CHUKEHHIO €r0
a(hheKTUBHOCTH W HAZIEKHOCTU TIPOTPAMMHBIX CPEICTB
peanuzanuu. ITpobiema ompeneneHnss BUAa aKTUBHO-
rO OTPAHUYEHUS CTAHOBUTCS JIOCTATOYHO AKTYaJbHOW
P PEIeHUH 33j1a4 ONTUMAJIBLHOTO MPOEKTUPOBAHUS
KOPPOAMPYIONNX KOHCTPYKIWH. B aTom cirydae BBI-
yucaenre (GyHKIWM OTpaHUYEHWH MPe/IoaraeT, KaKk
IPABUJIO, OTIPE/IEJIEHIE JI0JTOBEYHOCTH OIITUMU3UPYEMOT
KoHcTpykiuu [3—5]. B mamuoil cratbe mpessaraercs
OTIPEIEIIATh BUJI aKTUBHOTO OTPAHUYECHUS /10 PEIICHUS
3a/lauM pacyera JIOJTOBEYHOCTH, OCHOBBIBASICh Ha YiKe
nMetorelicst THHOPMAIUK O 3aBUCUMOCTH BHJA Pa3py-
IIeHUs 9JIEMEHTA OT BBIIIENIEPEUNCIEHHBIX (DAKTOPOB, TO
€CTb, UCIIOJIb3Ys allPUOPHbIe 3HAHMS, (POPMATIU30BAHHbIE
B BHJIe MCKYCCTBEHHBIX HEHPOHHBIX CETeH.

2. IlocranoBka 3amayu

PaccmoTpuM Gajiky ABYTaBPOBOIO MPOQUIIsA, KO-
Topas (PYHKIIMOHUPYET B arpecCUBHON cpejie, BBI3bI-
Balolell KOPPO3UMOHHBIN M3HOC. B KauecTBe Mozenn
HAKOILJIEHUS] TEOMETPUUYECKUX MTOBPEKAEHUI TPUMEM
Mozenb Buga [6, 7]:

dd

%=UO (1+k0),

(D
rae 8 — ry6uHa KOPPO3UOHHOTO TIOPAKEHS; T
CKOPOCTh KOPPO3WM IPH OTCYTCTBUU HAIPSIKEHUI;
6 — abCoJII0THOE 3HAYeHNe HAlPsKeHus;, B — Koa(-
(OUIMENHT, YIUTHIBAIOIINY BJIVSIHUE HATPSIKEHMS Ha
CKOPOCTHh KOPPO3UH; ¢ — BpeM:.

Beipaskenue 7111 MOMEHTA UHEPIUU CEUEHUS C YUe-
TOM M3MeHeHust ero ¢opmpl (puc. 1) B MPOU3BOJIbL-
HBIIT MOMeHT Bpemenwu [1, 2] MOKeT OBITH 3amMKUCaHO
CITEMYTONIM 06pPa3oM:

I(t)= %(BO ~%0=3%, ‘2352 ) x

x((Hy = 28,)" = (Hy =213 +28,)" )+

! (DO —M)(H0 —2,+28,).  (2)
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C yuerom (1), uaMenenue pasmMepoB U (HOPMBbI
CEYEHUsI ¢ TCUCHUEM BPEMEHU MOJKET OBITH OMUCAHO
cucremoii auddepennnarbubix ypaBHenuit (CAY)
BUJIA:

Doy, (1+ko (1))
3)
dd
d_t2= UO (1+k02 (t)),
rae 6; U G, — 3HAUCHUS HANPSIKEHUU Ha HIDKHEN

W BEpPXHEHN IJIOCKOCTSX TIOJIOK.

Y
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=
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Puc. 1. ®opma v pa3mepbl [BYTaBPOBOrO CeUYEHWUs
B MPOW3BOJIbHbIK MOMEHT BpeMeHu (no ocsm X u Y
o6o3HaveHa AauHa)

[IpenenbHoOe cocTosiHMe d/IeMEHTA TIPU YHUCTOM U3TH-
6€e MOKET OIPEAEIATHCH, C OJHONU CTOPOHbI, MOMEHTOM
BpeMeHU [ *, Korja HalpsiKeHue B HamboJjiee Harpy-
SKEHHOM CEYeHWH JOCTUTHET TPEIETbHO JTOTYCTUMOTO
3HaueHus1 R:

Mm'dx
= (4)
W (™)

3necs W(t*) — MOMEHT COLPOTHBIEHHS CeYeHMUs

B MOMEHT paspyuienus; M,,. — HauboJbllee 3HaA-
yeHne M3THOAONETO MOMCEHTA.

C apyroil CTOPOHBI, BO3MOXKHA CHUTyalldsl, KOT-
Ia CToWKa AByTaBpa IMOJHOCTHIO IPOKOPPOAUPYET
B MecCTax coeJnHeHuda C IIoJIKaMHu, TO €CTb, KorzJa

HapyHIUTCA YyCJAOBHE CIIJIONIHOCTU CEeYEHUA:

28,(t*)-n=D,, ()

rre n — HeKoTophii Koadduiment (n < 1), HazHauyae-
MBIl MCXO/IsT U3 KOHCTPYKTUBHBIX, TEXHOJOTUUIECKIX
WJT UHBIX COOOPasKEHMIA,

3. Anroputr™m penieHHs

M3BecTHBIE aTOPUTMBI PEIIEHNS 3a/Ia4i pacueTa
JIOJITOBEYHOCTU TPEIOoJaraj 4ucJeHHOe pelieHne
3agaun Komm s cuctemsl (3) ¢ HayaJbHBIMHU yC-
nosusimu: §,(0)=38,(0)=0. Ha kaxpoii urepanuu
MPOBEPSITIOCH BBITTOIHEHUE yeaoBuit (4) u (5). B ciay-
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yae BBINOJHEHUS KAaKOro-aubo M3 HUX, HalpuMmep,
yCJIOBUSL TIPOYHOCTH (pUC. 2), TPOUCXOIUIIO yTOY-
HeHMe pe3yJsbTaTa ¢ UCIOJIb30BaHNEM JIMHEHHON WJIN
KBaJ[PATUIHON alIIPOKCUMAITNN 3aBUCUMOCTH HATIPSI-
skenue — BpeMms. [lpu atom mcnonb3oBasnch 3Ha-
YyeHUsd TeKyINX 3HAUeHUU HaNpsKeHU B MOMEHTHI
BpemeHu f,_, L,, t,.1. AHQJIOTUYHO, NPU AKTUBHBIX
OTPaHWYEHUSIX 110 CTIIIONTHOCTY CEYEHUST MCTIOIb3YeTCsT
uH(bOpMaLUs O 3HAUEHUIX IyOUHBI KOPPO3UK B 9TH
JKe MOMEHTBI BPEMEHH.

o, MlMa
R

9

t, nem

Puc. 2. Ipadmueckas MANIOCTpaLUs anroputMa pacuyera
LO/IFOBEYHOCTH t(C)

[lo nacrogiiero BpeMeHM BU/I aKTUBHBIX OI'PaHU-
YeHUil ompenesdscs B Ipollecce pelleHus 3a/laduu.
[Tapamerp At mnpu uuciaennom pemennn CHY (3)
MIPUHUMAJICST OJIMHAKOBBIM, HE3aBUCHUMO OT BH/A aK-
TUBHOTO OTPaHUYEHHs. ITO HPUBOAUIO K M30BITOY-
HBIM WTepalMsAM IPU aKTUBHBIX OTPAHUYEHUAX 110
CILJIONTHOCTH CEYEHUs] W He Bcerja obecrnednBaio
TpeOYeMYI0 TOYHOCTD PEIIEHUs TIPU aKTUBHBIX Orpa-
HUYEHUSX TI0 TIPOYHOCTH. /{1 ToBbIeHns ahdexTrB-
HOCTHM BBIYUCIUTEIBLHOTO AJTOPUTMA W YIPOIIECHUS
€ro JIOTHKH TPECTABIISAETCS 1eIecO0OPa3HbIM OIpe-
JeJUTh BUJI AKTUBHOTO OTPAaHWUYEHUS [0 pelieHus
3a/laun pacyeTa JOJTOBEYHOCTH. IJTO IMPEAToJiaraet
(bopmanuzanuio anpuopHbIX 3HAHUI O BJAUSHUU TeO-
METPUYECKUX XAPAKTEPUCTUKAX CEUCHUS, BEJTUIMHBI
HArpy3Kd M 11apaMeTpoB arpecCUBHON Cpe/ibl Ha BUJ
AKTUBHOTO OTPAaHUYEHUS B BUJE UCKYCCTBEHHOW Heli-
POHHOI ceTH ¢ AUCKPEeTHOW (YHKIMEH akTUBAIUN
BBIXOJTHOTO 3jieMeHTa [8, 9].

4. Onucanue HeWPOHHOIT ceTH

[lst otipesiesienust Bujia aKTUBHOTO OTPAHMYEHUST
B 3aBUCHUMOCTH OT MapaMeTPOB arpecCUBHON CPEJDI,
pa3MepoB CeYeHUs W BEJUYMH HAYAJIbHOTO W TIpe-
MEeJBHO JOMYCTUMOTO HANPSKEHUNH MOKET ObITh
MCIIOJIb30BaHa HelpoHHad ceThb (puc. 3) ¢ TOpOro-
BOI (DyHKITMEI aKTUBAIMU BBIXO/HOTO aJeMeHTa [8].
BXOoAHBIMI TTapaMeTpaMiu CEeTH SIBJISAIOTCS: 00001IeH-
HBI mapameTp N, ompenensionmiuii TUn (JABYyTaBp,
HIBEJIJIEP) M TUIOPA3MeEP CeYyeHUsI M NPUHUMAIO-
wuil AuckperHsle 3Havenus na untepsaie [0;1]; o
U G, — HOPMHUPOBAHHbIE 3HAYEHUS] CKOPOCTH KOP-
pPO3UU U HAYAJIBHOTO HANPSIKEHWS B OMACHON TOYKe
ceuennsi. DYHKIUS aKTUBAIUU CKPBITOTO CJOS —
JIOTUCTUYECKASI.

lTeomeTpuueckue pasmepbl ceYeHUU MOTYT TIpHU-
HUMATh TOJBKO CTPOTO 33/laHHbIe 3HAUYEHWSI, KOTOPbIE
MOTYT OBITH OTIpe/iesieHnbl Yeped mapameTp N cienyio-
muM o6pasoM:

x(i) = M(n,1), (6)

rae x(i) — d2JIeMEHT BEKTOpa TeOMETPUYECKUX pas-
MepoB ceuenust ¥ =[H,, By, Dy, T;|; M — marpuna
pasMepoB ceueHus; 7 — HOMEp CTPOKH, OIIpejeisie-
mbtii napamerpom N (n=int(10-N)).

S @nam1)

Puc. 3. ApxuTekTypa HeMpOHHOM ceTu

OO6yuenne HEMPOHHON CETH MPOU3BOLUIOCH C KC-
MOJTb30BAHUEM BEMECTBEHHOTO TEHETHUECKOTO aJro-
putMma [10]. CornacHo pekoOMeH/aIMsSIM, TPUBE/IEHHBIM
B [8], KommyecTBO 0OYyUaOIUX 00Pa3I0B IPUHIMAIOCH
paBubiM 2500, KOJTMYECTBO TECTOBBIX OGPA3IOB —

1 n
1000. IIpu 3TOM HOTPEIIHOCTH CETH 82;2|Si -yl
He mpesbimana 0,008. -

5. Yucaennas WIIOCTPpanuAa

[l gucieHHOW WMILTIOCTPAIINU TPEIJIOKEHHOTO
AJITOPUTMa PellleHnsl 3a/laun C UCIOJIb30BaHNEM Hell-
POHHOHM ceTH paccMaTpuBajiach Oajka CTaHAAPTHOTO
nByTtaBpoBoro mpoduiag Ne 10 ¢ pasmepamu ceue-
nust: Hy=10,0 cm; By =5,5 em; Dy, =0,45 cm; T, =
= 0,72 cm. 3agaua Kommu permranach MeTomoM Jiirepa
¢ marom At = 0,025 rozga it orpaHUYEHMS 110 TIPOY-
noctu, u At =0,1 rosa i orpaHUYeHus 1O CILJIOII-
HOCTU CEYCHMUS.

Ha puc. 4 mokasanbl KpuBbIE pOCTa BO BPEMEHM
HaIpPsDKEHUH Ha IMOJKaX JByTaBpa JJIsl Pa3JUYHBIX
3HAUEHWH BeJMYMHBI M3rudarounero MomeHnra. Ipa-
(bUKN TOCTPOEHDI /I CJAEAYIOINX 3HAUYEHUWSIX Ta-
paMeTpoB arpeccMBHON cpenbl: v, = 0,125 cm/Toxm;
k=0,003 MIIa—1. [loaroBe4HoCTb GANKK OLpELeJIs-
eTcsl OTPAaHWYEHUSIMU KaK 10 TpoyHoctu (mias M =
= 40000 u 50000 kr - cM), TaK M IO CILUIONIHOCTH
cedenuss (M =20000 u 30000 kr - cm).

3aBUCUMOCTD JIOJITOBEYHOCTH OAJIKU OT BEJUUU-
HbI U3THOAOIIEr0 MOMEHTA JIJIST PA3INYHbIX 3HAUCHMI
mapaMerpa v, ToKaszaHa Ha puc. 5. Touka m3zIoMa
rpaUKOB COOTBETCTBYeT 3HAueHUI0 MoMeHTa M *,
KOIjia akTUBHBI 00a orpannyenus. [Ipu M < M * poiro-
BEYHOCTH KOHCTPYKITUH OTIPE/IETSETCS OTPAHTYCHISIMU
10 CIIONTHOCTH cevyeHus; npu M >M * — orpanu-
YeHUSIMU [0 TIPOYHOCTU. 3HaueHue KoapdunmenTa
B opmyre (5) npunumanoch n=0,95.
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Puc. 4. NameHeHne HanpsbkeHur Ha noskax asytaspa f(o)

O.Mlla|
PeSyJIbTaTbI penieHrda 3aa4yu MPaKTUYECKU I10JI-

200 o rrem / HOCTBIO COBIIAJAIOT C Pe3yJbTaTaMu, IIPUBEAEHHBIMU
160 ] B [1, 7], uTo moaTBep:KJAAET IIPABUJIBHOCTb BbIBO-
na HeHpoHHOU cetu. Bcee ommbku BBIBOAA CeTH
Jie)KaT B OKPECTHOCTSIX TOYEK U3JioMa TIpad)uKOB.
80 B sToM ciyuyae pesysbrarT OmMUOKU OIIpepeseHus
| BU/Ia aKTUBHOTO OTPAHUYEHUSI UMEET TOT K€ I0-
PSZIOK, YTO W IOIPENIHOCTb YHUCJIEHHOTO pelleHnst
03 0 e MeTo/I0M Jiljepa.

N

w
N

N
=
S

40

6. BoiBoanl

t,aer I
B v,= 0,1 cm/ron

L5 0,125 Wcnonmb3oBanne HEWPOHHOW CeTH B aJIropuTMe

015 \ pacuera J[0JTOBEYHOCTH KOPPOAUPYIONIUX HATOK TI0-
= 3BOJIIET 3HAYMTEJIBHO YITPOCTUTD JIOTUKY aJITOPUTMA
1 136exKath OMUOGOK PACUYeTOB, CBSI3aHHBIX C HEBEP-
HBIM OIIpe/ieJIecHUeM BUJIa AaKTUBHOTO OTPAHWMYECHUS.
B To xe BpeMms, yBesmyeHue liara MHTErpupoBa-
HUS TIPU AKTUBHBIX OTPAHUYEHUSAX 10 CIJIONIHO-
CTHU CeYeHUs TO3BOJISIET MOBBICUTD 3(PPEKTUBHOCTD
aJrOpUTMA.

I/

1 2 3 M-10,kr-cm

Puc. 5. 3aBrMcuMoOCTb AOAroBeyHOCTH Hanku
OT Be/IMuMHbl M3rubatowero MomeHTta f(vp)

9.
10.
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Abstract. The algorithm for calculating the durability of beam rod elements, subjected to corrosive wear,
/s proposed. It is assumed that the type of constraint, that determines the limit state of the element, is
unknown beforehand. Previously the type of active constraint was defined in the process of problem-solving,
which significantly complicated the computational algorithm and reduced its effectiveness. The paper proposes
to determine the type of active constraint before the problem-solving, using the information on geometric
features of cross-section, load intensity and corrosive medium parameters. This implies formalizing a priori
knowledge in the form of an artificial neural network with discrete function of the output element activation.

The corroding I-beam is considered in the paper as the object of research. During the simulation of
corrosion process it is taken into account that mechanical stresses cause its substantial acceleration. In this
case, the limit state of the beam element can be defined under the constraints of strength and continuity
of the cross-section. The neural network with a threshold activation function was used for determining
the type of active constraints. Training the neural network was carried out using a genetic algorithm.

Keywords: corroding structures, durability, neural networks, genetic algorithms.
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