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RESEARCH AND DEVELOPMENT OF THE RECOVERY OF WORN-OUT PARTS OF
AGRICULTURAL MACHINERY THROUGH RESOURCE-SAVING TECHNOLOGIES
TO INCREASE THEIR RELIABILITY

UCCJIEJJOBAHUE U PABPABOTKA PECYPCOCBEPET AIOIIINX TEXHOJIOT Vi1 BOCCTAHOBJIEHU A
M3HOIIEHHbBIX JETAJIEM CEJIbCKOXO3MCTBEHHOM TEXHUKY JJ151 [TIOBBIIIEHUS
HAJIEXHOCTHU

AxaneMuK akajgeMuH c¢/x Hayk [ py3un, TOKTOp TeXHHYECKUX HayK, HOJHbIH npodeccop Kauuranze B,
I'py3unckuii arpapHslii yausepcuret, I pysus, Tounucu, Amnest Jlasuaa Armamenedenu 13-p1if ku.

Abstract: On the basis of theoretical and experimental studies with the application of the similarity and dimensional theory and planning of
multifactorial experiments typical similarity criteria, criterion equations and regression mathematical models of reduction processes are
obtained, verification of their adequacy and optimization by means of a steep ascent method is conducted.

The physico-mechanical properties (adhesion strength, hardness, wear resistance) of the obtained metal coatings are investigated and
resource-saving technological processes are developed for recovery of worn-out parts of agricultural machinery via iron-plating,
electroplating and electric-spark alloying in order to increase their reliability.

As aresult of researches the original compositions of electrolytes, accessories and recovery modes are worked out, the novelty of which is

justified by appropriate patents and author’s certificate for invention.
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[loBbIlIeHNE HAIEKHOCTU CEMBCKOXO3SUCTBEHHONM TEXHUKHU
BeCbMa BakHas IpolieMa MUPOBOTO 3HAYCHHUS PEIICHHE KOTOPOi
naet Oosnblioit skoHOMuueckuit dddexr. OcoOeHHO aKTyalbHBIM

ABIAETCS BOCCTAHOBJIECHHE W3HOLIEHHBIX JeTaleldl  HOBBIMHU
MaTepuaJaMH W HHOBAIMOHHBIMH  pecypcocOeperaromnmMu
TE€XHOJOTMYECKUMH  IPOLECCAMU  ,IO3BOJISIOIUMH  COKPaTUTh

pacxon AeGUIMTHBIX 3allaCHBIX YacTe M IOBBICHTh HX CPOK
CITyXKOBI. IMpobGmema  ocoOeHHO aKTyaqbHAa B YCIOBHSX
HBIHEITHOTO SKOHOMMYECKOTO KpH3HCa, KOrja (bepmepsl u
YaCTHbIE MNPEINPHHUMATENN IOCTOSHHO HINYT HOBBIE DPE3EPBBI
noxonoB.Tak,HampumMep, BO MHOTHX 93KOHOMHYECKH Pa3BHUTHIX
crpanax(Snonus, Kanama,®PI,ppanmus wm,ocobenno, CIILA)
TaKOW MOAXO0J| HAa3bIBAIOT ,,[IBeTyIIMMY OU3HECOM.
Boccranosnenne W3HOIICHHBIX JieTaJled BBITOJHO BCIIEACTBHE
TOTO,YTO B 3TO BPEMS OHH SUISIOTCS MCXOJHBIMH MaTepHalaMH
(3aroToBKOI) Ha W3TOTOBJIEHHME KOTOPHIX (pyda, BBIIUIABKA,
OTJIMBKA,MEXaHUYECKas, TEPMHUYECKass U  XUMHKO-TEPMHUECKas
00paboTKNM) pacxXomyloTcs OOJBIINE MaTepHAIbHBIE M TPYIOBBIC
3aTparTsl.

CrnenyeT OTMETUTH,YTO, K COXKAJIICHHIO, MHOTHE YUYEHBIE H
CIIEIMAINCTHI IIPOH3BOJICTBA MPSMO 3asBIIIOT, YTO HACTaJO BPEMS
OTKa3aThCs OT MOBTOPHOTO UCIIOIb30BAaHHs OTPAOOTAHHBIX AeTanei
W BMECTO HHX HcHosib30BaTh HOBbIe[1].  Cumraem,4To TaKoi
MOJXOJ HEBEPHBIN,IOCKONBKY ,,Bropas Xu3Hp “MalluH IyTeM
UCIIOb30BaHNUS HOBEHIINX TEXHOJOTHH,MaTepHUaioB U YCTAHOBOK
BOCCTAaHOBJICHHSI WX H3HOLICHHBIX JeTallell sBIsieTcs HamOolee
paloOHANbHBIM HANPaBJICHHEM MaKCUMAaIbHOH OTAa4n TEXHUKH .

Hcxons n3 BBIIEH3I0KEHHOTO,UCCIIE0BAaHUE U pa3paboTKa
HOBBIX ~MaTE€pUAIOB M  pecypcocOeperalmolx  TEeXHOJIOTHH
BOCCTAHOBJICHUsI M3HOIUEHHBIX JETajlell CEeJIbCKOX03HCTBEHHON
TEXHHKH SABISIETCS BaKHON TEXHHKO-?KOHOMUYECKOH POoOIeMoit 1
€e pCILCHHE BIIOJHE COOTBETCTBYCT COBPEMCHHBIM TPEOOBaHMSIM
HayKH U IIPOU3BOJICTBA.

JInst BOCCTaHOBJIEHMSI W3HOILEHHBIX AeTanel C.X. TEXHUKH BO
MHOTHX CTpaHaX INPHUMEHSIOTCS TPaAUIMOHHBIE CIOCOOBI-pPyYHAs
ra3oBas ¥ 3JIEKTPOIYroBas CBapka M HaIUIaBKa,aBTOMAaTHYecKas
HarulaBKa moj (GJrocoM,BUOPOAYroBasi HallulaBKa,HAIUIaBKa B Cpejie
YTJICKHCIIOTO Ta3a ¥ BOASHOTO Mapa,IIa3MeHHasl HAIIaBKa,METO/bI
IUIACTUYECKOM

U 3JIEKTPO-MEXAHUYECKON
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nedopmaruii,ranbBaHMYeCKHe Coco0bl U Ap.,KOTOPbIE TO3BOJISIOT
BOCCTaHABJIBIBATh pa3Mepsl
M3HOIICHHBIX Aetaneil. CleayeT OTMETHTh,4TO OONBIIMHCTBO 3THX

HavaJbHbIe(HOMHHAIIHEIE)

CIoco00B,yCTAHOBOK M TEXHOJIOTUH yCTapeso W He JaeT HYXXHOTO
sddekra, MOCKOIBKY
SIBJISIIOTCS  PecypcocOeperaoliiMi U He II03BOJSIIOT MOJIydYaTh
METAJUIOTIOKPBITHS €

BOCCTAHOBHUTEJIbHBIE TEXHOJOTHH HE
BBICOKUMH  (PU3UKO-MEXaHUUECKIMHU
CBOMCTBaMHU(IIPOYHOCTH CLEILICHUS, TBEPIOCTh, H3HOCOCTOHKOCTB).
Ha
arpapHOro yHHBEPCHTETa MPOBOMATCS KOMIUICKCHBIE Hay4YHO-

HHKCHEPHO-TEXHOJIOTHIECKOM  (akyibTeTe [ py3mHCKOro
HCCIIEOBATENbCKIE M IPOSKTHO-TEXHOJIOTHYECKHE paboTHl MO
pa3paboTKe HOBBIX MaTEepPHaIOB,pECypcoCcOEPEraloNIiX TEXHOTOTHH

pecypca
CeNbXO3TeXHUKU. Ha OCHOBE 3THX HCCIEIOBaHMI OMyOIMKOBaHO

44 YCTaHOBOK JIIsA ITOBBILIICHHA HAJCKHOCTH )51

MHOTO Hay4HBIX CTaTed M MOIy4eHO 12 aBTOPCKUX CBUAETENLCTB
Ha u300perenue u nareHtos [2,3,4,5 ]. HccremoBaHusi BeayTcsi 10O
TpeM HaIlpaBICHUIM:

-PazpaboTka  HayYHO-METOTUYESCKHX

OCHOB TIOBBIIICHUA

HaJIC)KHOCTHU MallvH,TIIaHUPOBAHU OKCTPEMAIbHBIX

OKCHEPUMEHTOB U ONITUMHU3ALIUU BOCCTAHOBUTEIIBHBIX ITPOLIECCOB.

-PazpaboTka u wuccemoOBaHHWE —MPOIECCA  DIEKTPOHUCKPOBOTO
neruposanus (OUJI) neraneit.
-PazpaboTka  HOBBIX  OJJIEKTPONUTOB Ul IOJIYYCHHS

H3HOCOCTOMKHUX QJIEKTPOJIUTUYICCKUX CIUIaBOB ,UCCIIEAOBAHHUE HUX

(GHU3MKO-MEXaHMYECKHX  CBOMCTB,ONTHUMHU3AaLMs  mpolecca |
pa3paboTka pecypcocOeperaromell TEeXHOJIOTHH BOCCTAaHOBICHHS
M3HOUICHHBIX JeTajlel CeIbXO3TEXHUKH.

Ilo mepBoMy HampaBIICHHIO HaMM pa3pabOTaHBl HaydIHBIE
OCHOBBI pacdeTa ¥ MOBBIIICHUS HAJEKHOCTH CENbXO3TEXHHKH
[2,3], kOTOpBIE YYHUTHIBAIOT CHELU(UKY KOHCTPYKIUH M PabOTHI
cenpxo3MannH.Pa3paboTanel Takke OpUTHHAIBHBIE o0Ommue u

YaCTHBIC MCTOAUKH JIIsA TUTAaHUPOBAHUA OKCTPEMAJIbHBIX

IKCIIEPUMEHTOB,MATEMAaTHICCKOTO MOJICTTUPOBAHUS
BOCCTaHOBHTEJILHBIX TMPOIIECCOB JETaliell C MPUMEHEHHUEM TEOPUH
nomobuss M pa3MepHOCTeH € MOCNIeNYIOIeH ONTUMHU3ALUH. IJTH
METOAUKH anpoOHPOBaHbl U HCIIOIH30BaHBl BO MHOTHX HAYYHBIX

uccnenosanusx| 2,3,4,5 ].
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Becema uHTEpecHOH, 10 HalmleMy MHEHHMIO,SABIACTCS HOBas
pecypcocOeperaromas TEXHOJIOTHSI BOCCTaHOBICHUs netaneit DUJL.
Hamu cmpoexTupoBaHa M HM3rOTOBJICHA OpPUTMHAJIbHAS yCTaHOBKA

SUJI(puc.1)

Puc.1 YcranoBka aist 31eKTpOUCKPOBOTO JIETUPOBAHUS AeTalel

TeopeTnuecKuMH U 3KCIEPUMEHTAIBHBIMU UCCICI0BAHUAMI HAMU
MOJTyYeHBl XapaKTepHbIE KPUTEPUH ION00Ms U pa3paboTaHbI
ontumanbHele yenosus OUJT :
-Cuita KopoTkoro 3aMbikanusi 1=18A
-Hanpsicnue na xonoencamope V=60 6.
-Bpems soccmanoenenus T=4mun.

Ha puc.2 nokasaua MUKPOCMPYKMypa
65T ,60ccmanosnennoi. DUJI ¢ npumenenuem meepooco cnuaga
T15K6.

cmanu

i T ; 2 oY ' 3
Puc.2  Muxpocmpyxmypa cmanu 651 ,60ccmanognennoti

OUJI ¢ npumenenuem meepoozo cnnasa T15K6.

Hccnedosanus nokasauiu,4mo nepexodnaﬂ 30Ha cocmoum u3

ynpounenHo2o — m.H.”’0enozoy  cnoa  0bpazosanue  KOmMopo2o
npoucxooum Npu GbICOKUX OAGIEHUAX U MeMnepamypax,imo
obycnasnusaem nonyueHue  HeyCMOUYUBbLIX — CMPYKMYp

Heu201b4amo20 MapmeHcuma.
Ha puc.3 npeocmasnenv oemanu, 6occmarnognennvie SUJI .
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Puc.3 Jleranu,BoccraHoBieHHbie DJI

Pa3paborannas Hamm pecypcocOeperaromast TexHosorus OWJI
[03BOJISIET MOBBICUTH CPOK Ciyx0bI aeranei B 1,5...2,0 pasa.
BecbMa HHTEpeCHBIMH SBIAIOTCS TAKKe HOBBIE MaTepuaibl U

TEXHOJIOTUH BOCCTaHOBJICHUA ,HeTaJ'Ieﬁ TraJIbBAHWYCCKUMHA
TNIOKPBITUAMH, B YaCTHOCTH JKCEJIE3HCHUEM. Hamu Ha YPOBHE
aBTOPCKOI'o CBHJICTCIIBCTBA Ha H306peTeHI/Ie TOJIY4YCH
TNPUHIUIIHAIIBHO HOBBII JKeJIe30-HUKEJICBBII

3NIEKTPOIIUT,TO3BOMSIOIUN  TTOMy4aTh KaueCTBEHHBIE MOKPBITUS
BBICOKOH y/apHO# n3Hococroiikoctu[4 ].

Hamu  npoBeneHbl  KOMIUIEKCHBIE — HCCIENOBaHHSA  (DU3UKO-
MEXaHMYECKUX CBOHCTB XKeIe30-HUKEJIEBBIX HOKPHITHH(IIPOYHOCTH
CLIETUICHUS, TBEPI0CTh, HI3HOCOCTOHKOCTH). Huxe IpuUBeIeHa
MIOCJICIOBATENFHOCTh HCCIIEOBAHNS UX TBEPJOCTH C IPUMEHEHUEM
Teopuii  momoOuMst W pa3MepHOCTEH U
MHOTO(aKTOPHBIX IKCIIEPUMEHTOB.

IMapamerp  onTUMM3AanMH(TBEPAOCTH IIOKPBHITHII)  3aBUCHUT OT
MHOXeCTBa (haKTOPOB, y4eCTh OJTHOBPEMEHHOE BJIMSIHHE KOTOPHIX B
OOBITHBIX JKCIIEpUMEHTaX HE TIPECTABIISETCS
BO3MOHBIM.I109TOMy,TONBITAIICE  UCTIONB30BATh  KOMILJIEKCHO
METO/Ibl TEOPHH MONOOUS ,pa3MepHOCTEH ¥  IUIaHMPOBAHUS
9KCTPEMATBHBIX YKCIIepUMEHTOB[6,7,8,9]. Takoit moaxox K BOIpPOCY
MO3BOJISIET YYECTh OJHOBPEMEHHOE BJIMSHUE OOJIBIIOrO KOJINYETBA
(hakTOpOoB Ha TapaMeTp ONTHUMHU3ALUM,IONYINTh HAJSKHBIE U
000CHOBaHHBIE pe3ynIbTaThI B BHUJIE PETPECCHOHHBIX
YPaBHEHUH,IPOBECTH ONTHUMU3ALUIO TEXHOJIOTHYECKOTO IMpoliecca
u 0000mHUTh pe3yabTaThl  HCCIENOBAaHWH. l3ydanu BIHsIHUE
TEXHOJIOTMYECKUX KPHUTEPUEB MOJ00MS Ha TBEPAOCTb JKEIe30-
HUKENIEBBIX MOKPHITHH. 3a7ady CTaBIIIM TaK-TIOIYYUTh (YHKIIHIO

TUTAaHUPOBaHUSA

OTKJIMKAa  TBEPAOCTH B  3aBUCUMOCTH  OT  KpHUTEpHEB
mono6wus|6,7,8,9,10]:
Y = f(T[l, 7T2, 7'[3) (1)
Y-TBepIOCTh MOKPBITHH, Mna
EDy ¢
T =— =- 3 = pH
17 gy 2t 3=P
v ke.A
E-anexmpoxumuueckusi  sxueanenm ,——

CeK
A
D - kamoouas nnommnocme moxa,—~
M
K-omnowenue konyenmpayuii X10pucmozo U CEPHOKUCIO20
JKelesa
°c

t-memnepamypa mepmoobpabomxu, oC,

t-memnepamypa snexmponuma,
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V-c;copocmb yeenudeHnusi KAmoOHOU NA0OMHOCMU moka, ,——
mcex

[InannpoBanne  SKCIIEpUMEHTOB ¥ 00pabOTKy

npom3BOAWIM 1o IuaHy bokca-benkuna[6 | u  Meroauke,
paszpaborannoil Hamu[10].IIpn HeGoIBIIEM YHCIIE SKCIIEPUMEHTOB-

JaHHBIX

N=15 nanHplli TUIaH ynOOEH BCIECACTBHE TOTO,4TO KPUTEPHU

mojo0usl M3MEHSIOTCST Ha TPeX YPOBHIX M o0JIaaeT XOpOIIMMH

CTaTHCTHYECKHMH XapaKTepUCTHKaMu. MaremaTndeckas MOJEINb

UMeeT BUJ:

Y = b0+ 21-3:1 bi ; +Zi3<j bi}'ﬂfiﬂ'}' + 2?21 biﬂfiz .
bo

bi M bjj -ko3dpUIMEHTBI PErPECCHOHHOrO YPaBHEHHS.

Brina cocraBieHa MaTpuna MIaHUPOBAHUS IKCIEPUMEHTOB (Tab.1)

.(2)

-TIOCTOSTHHBIA KO3 PUIHMEHT.

Ta6.1 Martpuua maHupoBaHUS SKCIEPUMEHTOB
KonoBoe o6o3naueHue (axktopon BykBennoe
0003Ha4YeH
T ™, ™, ™, e
+1 +1 -1 -1 a
+ 1 1 1 M
+1 +1 +1 -1 ab
+1 -1 +1 -1 b
+1 +1 -1 +1 ac
+1 -1 -1 +1 c
+1 +1 +1 +1 abc
+1 -1 +1 +1 bc

B Tabnuie2 maHbl ypOBHM M MHTEPBAJIbl BapbHPOBAHUS (PaKTOPOB.
Tab6.2 ypoBHH U HHTEpBaJbI BapbHPOBaHUs (HAKTOPOB

Haumenosanue T, T, T,

OcHoOBHOI1 35 60 2,0
YPOBEHB

Wutepsan 15 20 1,0
BapbUPOBAHHS

Bepxuuit 50 80 3,0
YPOBEHb

Hwxaui 20 40 1,0
YPOBEHB

Onpedenenuue  meepoocmy  NOKPLIMULL  NPOBOOUIU  NO

cmanoapmuoil memoouxe[11,12  ],a muxpomeepoocmo 3amepsnu
Ha npudope IIMT-3 ¢ nazpysxou na unoenmope 100m.

B mabnuye 3 npeocmasnenvt pe3ynbmamot IKCnepuUMeHmos.

Ta6. 3 Pe3ymbraThl 9KCIIEPHMEHTOB

Ne
Omneita "o T T2 s Y
1 +1 50 20 1,0 4576
2 +1 20 20 1,0 5282
3 +1 50 80 1,0 4574
4 +1 20 80 1,0 5286
5 +1 50 20 3,0 4933
6 +1 20 20 3,0 4934
7 +1 50 80 3,0 4938
8 +1 20 80 3,0 4932
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IMocne 06pabOTKH SKCIIEPUMEHTATIBHBIX JAHHBIX TOJIyIEHO
aJIeKBaTHOE PErPECCHOHHOE ypaBHEHHE
Y=5270-355 & -339w 12 ,(3)

2

ITyrem onTuMU3anuy ypaBHEHHS IOJIyIeHbl OTUMAIBHEIEC YCIOBUS
HKEJTEe3HEHUs U COCTaB IOKTPOJIHTA:

Xnopuctoe xene3o-  250r/a

XiopucThlif HEKENb- 15 1/n

CepHoxkucioe xene30-200r/in

CepHOKUCIBIH HUKeTb- 10 1/

A
Karoxuas nnotHocts Toka-D=2000—
M

Temmneparypa snexrpomnra-t=62, °C.

pH=3,0

ITo pe3ynbraTaM TEOPETUUECKUX U SKCIIEPHUMEHTAIBHBIX
nccienoBaHuii Hamu ObLIa pa3paboTaHa pecypcocOeperaromas

Bonopoauslit nokaszarenb-

TEXHOJIOTHsI BOCCTAHOBJIEHHSI M3HOLIEHHBIX AeTaneit
CeJIbCKOX03AHCTBEHHON TEXHUKHU.

IIpoBeneHHbIE SKCILTyaTallMOHHbIEC UCIIBITAHUS BOCCTAHOBICHHBIX
AKeJe30-HUKENIEBbIM MTOKPBITHEM A€Taneil MoKa3alu,4To X yJapHas
HM3HOCOCTOMKOCTD yBenyuuBaercs B 1,5..1,8 pasa.

Ha ocHOBe NpoBEICHHBIX UCCIIEIOBAHUM MOXKHO CIEIaTh
CJICAYIOILUE BBIBOJBIL:

-PazpaboTranbl TEOpETHUECKH OCHOBBI U METOANKH TTAHUPOBAHUS
9KCTPEMANbHBIX 3KCIIEPUMEHTOB IIPU BOCCTAHOBIICHUH
H3HOILICHHBIX AETalleH CeIbXO3TEXHUKU UIIOIYYCHBl XapaKTEePHbIC
KPUTEpUU OI00US .

-ITosryyeHsl KpuTepUalbHbIC U PEIPECCUOHHBIC YPABHEHUS IS
HCCIIeI0BaHMs IIPOLIECCOB BoccTaHoBeHUs netaneit DI u
rajgbBaHUYECKHUM XeJIe3HEHHEM,IPOBEIeHA UX ONTUMU3ALUS U
YCTaHOBJIEHBI pallIOHAIBHBIE PEXKUMEL.

-Pa3paboTaHbl HOBbIE YCTAHOBKH,IIPUCTIOCOONCHNS U
pecypcocOeperaroniie TeXHOJIOTHIECKHE TIPOIECCHI
BOCCTaHOBIICHUSI JieTaJiel,KOTOPBIE MO3BOJISIIOT YBEJIMUHUTh UX CPOK
ciryx65l B 1,5...2,0 pasa.
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