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OBPABOTKA PE3YJIbTATOB SKCIIEPUMEHTAJIbHBIX HCCJIIEAJOBAHUU
HUCITIOJb30BAHUSA TEXHOJIOI'M KOMIIJIEKCHOI'O
MUKPOIIJIASMEHHOT'O YITPOUYUHEHUS PABOYUX OPTAHOB
JAETAJIEU CEJbCKOXO3AUCTBEHHBIX MAIIINH
H. P. Anuramos, . X. 'umaaraunos, U. I'. 'aaues, A. B. I'punenko, 0. ®. Kazakos

Pedepar. Ha cerogusimumii 7eHb AJOBOJILHO OCTPO CTOUT NpodiIeMa MoiepKaHust paboTocmo-
COOHOCTH CIIOJKHBIX COBPEMEHHBIX OTEYECTBEHHBIX U 3apyOEXKHBIX CEJIbCKOXO3SHCTBEHHBIX MAIIHH.
PaGoune opraHbl CeTbCKOXO3SMCTBEHHBIX MOYBOOOPAOATHIBAIOIINX MAIIWH paboTaloT B arpecCHBHOM
aOpa3nuBHOM cpeze, YTO MPUBOAUT K MX HHTCHCUBHOMY M3HOCY W, KaK CJIEICTBHUE, K TOTEPE T€OMETpHIC-
CKO#l opMBI. DTO, B CBOIO OYepe/b, BEACT K HAPYIICHUIO arpOTEXHUYECKUX TpeOOBaHMH, UTO CyIie-
CTBEHHO BIIMSICT HA YPOXKAWHOCTE BO3JIENBIBAEMBIX KyIbTyp. CepuifHble pabodre opraHsl MouyBooOpada-
THIBAIOUIMX MAalIWH BBIMOJHAIOT W3 JerupoBaHHbiX cranei tuma CT65IT ¢ pabodeld TBEpHOCTHIO
HRC 55...60. Llens nccnenoBaHuii — NOBBIICHHE H3HOCOCTOWKOCTH Pa00YMX OPraHOB IMOYBOOOPAOATHI-
BaIOIIUX CEIbCKOXO3IHCTBEHHBIX MAIUH, MyTEM UCIIOJIb30BAHHUS TEXHOJOTHH KOMIIJIEKCHOIO MUKpOII-
JIa3MEHHOTO YIIPOYHEHHUs, C Pa3paboTKOM METOUKH ONpPEIeSICHNs PAllMOHANBHBIX PEXUMOB 00paboTKH
pabounx moBepxHocTel. s oneHku 3¢ (GEKTUBHOCTH KOMILIEKCHOTO YIPOYHEHHS J1a00paTOPHBIX 00-
pa3noB OBUTH MPOBEIEHBI HCCIIEIOBAHHS 3JIEMEHTapHOTO COCTaBa YIPOYHEHHOTO ciosl. B kadecTBe na-
00paTOpHBIX 00Pa3IOB UCIIOIB30BANN IIACTUHBI W3 cTanu Mapku CTOST. YnpodneHue oCyIIeCTBISIIH
C WCHOJIb30BAHUEM PA3INYHBIX COYCTAaHWH METANIOKEPAMHUYECKUX MOPOIIKOB M PEKMMOB MHUKPOILIA3-
MeHHOro ymnpouHeHus. OmpeneneHue H3HOCOCTOMKOCTH IMPOBOMWIM Ha MamuHe TpeHus 77 MT-1.
Hawmnydmve pe3yabTaThl OTMEYEHBI 1I0CIE BUOPOAYTOBOTO YIPOYHEHHS C MOCIEIYIOUIMM JIEKTPOUC-
KPOBBIM JIETHPOBAHNUEM U MCIOJB30BAHHEM METAJUIOKEPAMHUECKOTO MOPOIIIKa, cocTosimero Ha 80% u3
Matpuunoro nopoinka [1I'-10H-01 u na 20% u3 xap6una 6opa B4C. Ha ocHoBe noka3areneii pe:KuMOB
YIPOYHEHHS IOCTPOCHBI WHTEPNOJSIINOHHBIE MOIMHOMBI JlarpaHxka, KOTOPbHIE ONHCHIBAIOT 3aBHCH-
MOCTh BEJIMYHMHBI M3HOCA 00paslia OT CHJIbI TOKAa M HaNpsDKEHUs, pa3paboTaH alrOpUTM ONpENesICHUS
palMOHAIBHBIX PEXMMOB YIPOYHEHUS AJSI JOCTHIKCHHS MAaKCHMAJIbHONH M3HOCOCTOMKOCTH HCCIenye-
MBIX 00pa3noB. MHKpPOTBEPAOCTh MOBEPXHOCTH M3AEIHI IPH IEKTPOUCKPOBOM YINPOUHEHHUH MOBBIIIA-
Jlack J10 2 pas, a npu BUOPOIYrOBOM B KOMILIEKCE C JIEKTPOUCKPOBBIM JIETHPOBAHUEM U HCIIOJIb30BAHU-
€M CIeIMANBHBIX MacT ¢ METaJUNIOKepaMHUUECKUMH HOpoIIKamMu — Oosee yeM B 3 pasa. [myOuna ynpou-
HEHHOT'O CJI0A MOBCPXHOCTH IIPU KOMINIEKCHOM YIIPOYHCHUHN COCTABJIACT MMOPAAKA 0,3 MM.

KaioueBble ciioBa: ynpodHeHHe, H3HOCOCTOWKOCTH, 1abopaTopHble 00pa3ubl, TBEPAOCTh, MO-
JIeTIH, TIOTMHOMBI Jlarpanxa, pe>KuMbl 00paboTKH.

Beenenue. Ha ceromusmHMil eHb BeChbMa  arpOTEXHHYECKUX TPEOOBAHHM, YTO CYIIECTBEHHO
aKTyajbHasi NpoOjeMa NpU BOCCTAHOBJICHWH W BIMAET Ha  ypPOXKAHHOCTh  BO3/ENBIBAEMbIX
U3TOTOBJICHUHM pa0OYuX OpraHoB U JeTajei KyabTyp [4, 5].

CeNbCKOXO3SHCTBEHHBIX MAaIIMH — oOOecredeHue OOBIYHO TBEPIOCTH 3aBOJICKUX paboOYMX opra-
3aIaHHBIX  (PU3UKO-MEXaHUYECKUX  CBOWCTB HOB coctaBimsier HRC 55...60 (6,0...8,0 I'Tla).
nx paboumx  MOBEepXHOCTeH, a UMEHHO  [IpW 3TOM H3BECTHO, YTO MOYBHI (B 3aBUCHMOCTH
n3Hococroikoctu [1, 2, 3]. oT Tuma) cojepxar ot 36 mo 78% aOpa3WBHBIX

PaGoune opraHsl CEIbCKOXO3IHCTBEHHBIX  (ppakumii (TMOJNIEBOM MmMaT, TPaHUT, KBApI, POTO-
0YBOOOpa0ATHIBAIOIINX MamMH paboTaloT B Bble 0OMaHKH, CIIOJBI, PYAHBIE MUHEPAIIBI), TBEP-
arpeccUBHON aOpa3WBHOW Cpejie, 9TO MPUBOAMUT K JOCTh KOTOPHIX cocraBisieT 7,2...11,0 I'Tla, gTo
UX WHTEHCHMBHOMY H3HOCY W, KaK CJIEJICTBHE, K  yKa3blBaeT Ha HEJOCTAaTOK TBEPJOCTH MOBEPXHO-

MOTepe reoMeTPUIECKOi GopMBbl. CTH CEPHHHO HM3rOTaBIMBAEMBIX PabOYMX Opra-
3T0, B CBOIO OYepenb, BEAECT K HAPYIICHUIO HOB U IPUBOJUT K UX U3HOCY (puc. 1).
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Puc. 1 — Cnenpr abpa3uBHOTO M3HAMIUBAHUS ((parMeHT paboyeil HOBEpXHOCTH JIAlbl KyYJIbTHBATOPA

(x100))
KOMHJ’ICKCHLIG TCXHOJIOTUU MHUKPOIIJIa3MEH- CXM, npeaycMaTpuBacT HCIIOJIB30BAHHUC
HOT'0 YIPOYHCHUS pa60q1/1x OpraHoB H“ ,Z[CTaJ'ICﬁ BI/I6pOHyl"OBOFO u SJICKTPOUCKPOBOI'O
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YIIPOYHEHUS! B COYETAHWUHM C NPUMEHEHHEM Me-
TAUIOKEPAMUYECKUX  IOPOIIKOB  Pa3IMYHOTO
coctaBa [6, 7, 8]. X Takke MOKHO HCIIOIb30BATh
IIPU BOCCTAaHOBJICHWH W WM3TOTOBJICHUM JAETaICH
TOIUIMBHOM anmnaparypsl, leTaneld razopacrpene-
JUTENIFHOTO MEXaHW3Ma M TypOOKOMIIPECCOpOB
JIM3EJIbHBIX aBuratenei [9, 10, 11].

Lens uccienoBaHWii — MOBBILIEHHE H3HOCO-
CTOWKOCTH pabouuX OpraHoOB MOYBOOOpAOATHIBA-
IOIINX CEJbCKOXO3SIUCTBEHHBIX MAIINH, ITyTEM
UCTIONIB30BAHMS TEXHOJIOTUH KOMIUIEKCHOTO MHK-
POIUIa3MEHHOTO YNPOYHEHHS, C pa3paboTKoH
METOIUKH OIPEICICHNUS PAIHOHANBHBIX PEKH-
MOB 00pab0TKH pabOYIX IIOBEPXHOCTEH.

YcioBusi, MaTepuaabl H MeTOAbI. YIIpOU-
HEHHUE OIBITHBIX 00pa3loB MO paHee pa3paboTaH-
HOH METOJMKE OCYIIECTBIISIIM Ha Kadeape dKc-
IUTyaTaluu ¥ peMoHTa MamuH Kasanckoro I'AY
Ha COOTBETCTBYIOIIEM 000pyJOBaHHU.

Jnst onpesiene s palnoOHAIbHBIX PEKUMOB 1
COCTaBOB  METANIOKEPAMHYECKHX  ITOPOIIKOB
ObUTM  HCCNENOBAaHBl AT  YHPOYHEHHBIX

00pa3IoB ¥ OJUH KOHTPOJIbHBIA 00pasell u3 cra-
mu 65 T (puc. 2). PaccmaTtpuBanu cieayrouiue
BHOPOIyTOBOE

BapHUaHThL: YIPOUHEHHE

C TIOCIIEYIOIIUM 3JIEKTPOUCKPOBBIM YIPOYHEHH-
€M; BUOPOAYroBoe yNpOYHEHHE C METaJuIoKepa-
MudeckuM  mopomkom (MKII) TIT'-10H-01;
BHOPOAYroBo€ YHNPOYHEHHE C IOCIEIYIOUINM
3JeKTpoUCKpoBbIM JierupoBanuem U MKII, co-
nepxamm 80% I-10H-01 u 20% B4C (xapoun
6opa); BuOpomyroeoe ympounenue ¢ MKII, co-
nepxkaum 20% IT-10H-01 u 80% B4C; snex-
TPOMCKPOBOE JIETMPOBAaHHUE C MOCIEAYIOLIHM
BUOPO/IYTrOBBIM YIIPOYHEHUEM.

HcnbiTanust NpoBOAWIM COINIACHO ACHCTBYIO-
mei meromuke [12, 13, 14]. [na ompenemeHus
HanboJee M3HOCOCTOWKHUX 00Pa3IoB MCIIOIB30BA-
i MamuHy TpeHus 77MT-1.

OCHOBHBIM  IIOKa3aTejleM OLEHKH Obuia
noTepst Macchl o0Opaslia MpU PaBHBIX YCIOBHUAX
paboTHl MaIIMHBI TPEHHS, TO €CThb BEIWYMHA H3-
HOca — o0paTHast XapaKTepUCTHKA H3HOCOCTOMKO-
CTH TIOKPBITHSL.

B kauecTBe KOHTpTENa TPH HCHBITAHUH
Ha HM3HOCOCTOWKOCTh OBUIM B3ATHI aOpa3WBHBIC
opycku mapku YA3-38-12C1HB, xotopeie kpe-
MNUJIM B HIDKHEN YacTHU CTaKaHa MAallWHBI TpCHUA
[15, 16]. CpaBHeHHME MPOBOAWIA C OOpa3IOM
6e3 ynpouHeHUsI.
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Puc. 2 — O0mmit Bug 00pa3noB B pa3IndHBIX COUYETAHUAX KOMOWHMPOBAHHBIX TEXHOJIOTHH MUKpOII-
JIa3MEHHOTO YIPOYHEHUs: 1 — BHOPOIYroBoe yIpouyHEHHE C MOCIEAYIONINM 3JIEKTPOUCKPOBBIM yIIPOU-
HEHHeM; 2 — BHUOPOIYroBoe YyHpOUYHEHHE ¢ MeTauiokepamudecknM mopomrkoMm (MKII) II'-10H-01;
3 — BHOPOAYTOBOE YIPOYHEHHE C IOCIEAYIOMINM 3JIEKTPOUCKPOBEIM NernpoBanueM u MKII, conepxa-
M 80% IIT-10H-01 u 20% B4C (xapbun 6opa); 4 — Bubpoayrosoe ynpounenue ¢ MKII, comepxa-
M 20% TIT-10H-01 u 80% B4C; 5 — a1eKTpouCKpOBOE JISTHPOBAHUE C MOCIETYIOIUM BHOPOIYTO-

BBIM YIPOYHEHHEM; 6 — HeyITPOUHEHHBII

Mopdonornyeckuii  COCTaB  YIMPOYHSHHBIX
nmabopaTOpHBIX 00pa3noB u3ydanu B «HCTHTYTE
opraHn4eckoil u ¢uzndeckoit xumunm uMm. A. E.
ApOy3oBay. [To pe3ynpTaTam 3THX UCCIICOBAHUMA
Takke OBIJI0O YCTaHOBIEHO, 4YTO TiOyOWHa
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CTPYKTYPHO-U3MEHEHHOTO YIPOYHEHHOTO CIIOS
cocrasseT nopajka 0,3 mm.

O06paboTKy pe3yNbTaTOB J1A0OPATOPHBIX HC-
CIIeZIOBaHUM Ha YIPOYHEHHBIX 0Opa3max ocy-
OIECTBISUIM  C  HWCIOJNB30BaHHMEM  MOJIENEH,
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KOTOpBIE JIAI0T BO3MOXKHOCTH HaOIIOgaTh COOT-
BETCTBHE MEXAY NOKa3aTelsIMU M3HOca Zi U Ba-
pPBUPYEMBIMH BXOJHBIMH IapamMeTpamMu (Cuia
TOKa k W HaNpsDKEHHUE ), KOTOPBIE 3aIal0TCS AM-
MUpUYecKoil  (QyHKOWeH ABYX TMEpPEeMEHHBIX
f (x;y). dna ompeneneHuss BUAa 3TOW (YHKIUU
HCTONB30BaId HMHTEPHOJALNOHHBIE IOJTHMHOMBI
Jlarpanxa.

JUis mocTpoeHHs MaTeMaTHYeCKUX Mopenen
HCTIONIB30BANIN PE3yIbTAThl Ja00PATOPHBIX UCCIIE-
JOBaHUIl MO ONpPENETCHUIO TI0Ka3aTeNlel BEIUYH-
HBl M3HOCA B 3aBUCHMOCTH OT HAaNpsDKCHHSA ¢ U

CHJIBI TOKA YIPOYHEHUs k, MOJIy4EeHHbIE ITPH IIPO-
BE/ICHUH JIaDOPATOPHBIX MCCIICTOBAHUM.

PesyabTaTsl u obcy:xaenne. Camast 601b-
mass HW3HOCOCTOWKOCTh (Tabi. 1) oTMeuyeHa
y oOpasma, 00paboTaHHOTO BHOPOAYTOBBIM
YIPOYHEHHEM C IOCIEIYIOIINM 3IIEKTPOUCKPO-
BBIM JIETUPOBAHUEM IIOCIIE HAHECEHMs MacThl CO-
nepxkamieit 80% III'-10H-01 u 20% B4C. Ona
Obuta BBIIE, Ye€M Yy KOHTPOJIBHOTO oOpasia,
B 3 pa3a. 1o 00BsCHSAETCS ABOHHBIM YIPOYHEHH-
€M W HaJu4ueM OOJbIIOTO KOJMYECTBa JICTUPYIO-
IIUX 3JIeMeHTOoB [17].

Tabnmma 1 — Pe3yneTaThl HCIBITAaHUS HA H3HOCOCTOHKOCTH

Macca obpasma, T Bemu- C M3HOCOCTOMKOCTD
KOPOCTb
O6pasen HocTe YyHa BHALI- OTHOCHUTEIIBHO
Ao HbeI- HCITBITA- U3HOCA, / KOHTPOJILHOT'O
TaHUHA . ML BaHM, I/ obpasua
HHH

Bubponyrosoe ynpouHeHue ¢

MOCIIEAYIONUM IJIEKTPOUC- 90,153 90,1435 0,0095 0,019 2,427

KPOBBIM VIIPOYHCHUEM

Bubpoxayrosoe ynpodHeHme ¢

MKIT I -10H-01 91,354 91,344 0,01 0,02 2.3

Bubpoayrosoe ynpodHeHue ¢

TOCTIETYFOIITIM SJIEKTPOHUC-

KpPOBBIM JIETUPOBAHUEM U 91,756 91,7485 0,0075 0,015 3,067

MKII conepxameit 80%

II'-10H-01 1 20% B4C

Bubpoxayrosoe ynpodHeHme ¢

MKII conepsxarueit 20% 91,896 91,8875 0,0085 0,017 2,706

IIT"-10H-01 u 80% B4C

DNIEeKTPOUCKPOBOE JIETUPOBA-

HUE C MOCIETYIOIINM 90,7532 90,7425 0,0105 0,021 2,19

BHOPOAYT'OBBIM YIIPOYHESHUEM

Heynpounennsiit 89,345 89,322 0,023 0,046 1

HUccnenoBanne MHTEPIOISALMOHHBIX MOJUHO-
MoB Jlarpamxa JOaeT BO3MOXHOCTb YCTAHOBHTb
KOpEJUIMPOBAHHYIO B3aUMOCBSI3b MEXIy BXOIHBI-
MU (QaKTOpaMH — PEeXHUMBI YIIPOUHEHUS M (PYHK-
IIMM OTKJIMKA — BEJIMYMHA M3HOCA JJabOpaTOPHOTO
obpaszua. [[yist pemenust 3Toil 3a1a4M MPOBOUTCS

MHTEPHONSALUS GYHKIMU IBYX MEPEMEHHBIX (ak-
TOpPOB (X¢...X4) U (yy...ys) (Tabm. 2). Beemem cie-
Jytolie 0003HaueHUst: Zi — 3HAYCHHUE TOYEK I10-
BEPXHOCTEH, XapaKTEPHU3YIOIINX BETHUUHY H3HO-
ca; f (ki) — byHKIMS, XapaKTepu3yolas Harmpsi-
JKEHHUE (;=X; U CHJIY TOKa k;=);.

Tabnuma 2 — OO BUA KOAUPOBAHHBIX 3HAYECHUI BXOIHBIX (aKTOPOB (Xy_X4) U (Vy.)ys) U QYHK-
LUK OTKJIMKA XapaKTepU3yrolias BeIMUuHy u3noca (Zi)

Cua Toka HanpsxeHune
Xo X1 X2 X3 X4
Yo 20.0 Z0.1 20.2 Z0.3 Z0.4
Vi Z1.0 Z11 Z12 Z13 Z14
Y2 22,0 221 222 223 Z24
V3 Z3.0 Z3.1 Z3.2 Z33 Z34
V4 Z4.0 Z4.1 Z42 Z43 Z44
Ys Z50 Zs5.1 Z52 Z53 Z54
Anroput™M 00pabOTKH Pe3yabTaTOB C UCIOJb- YHMHBI HANPSDKEHUS IIPU YIPOUYHEHUU U Vy...Vs —
30BaHUEM WHTEPHOIALIMOHHBIX MOJIMTHOMOB 3HAYCHHUE BEJIMYMHBI CUJIBI TOKA.

Jlarpamka a1t onpesesneHUss MUHMMaJIBHOHM Be-
JIMYMHBI U3HOCA TIPU PA3IMYHBIX PEeXUMax oOpa-
OOTKM 3aKIJII0YaeTCsi B MHTEPHOISIUHA (QYHKIIUU
Zn = gn(x) npu (UKCUPOBAHHOM yn Ha OTpEe3Ke
Xg...xX4 (cM. Tabm. 2). B pe3ynpTaTe MOIyIUM TO-
muHoM Jlarpamxka criemyromero Buga: {P (x)},
rJie N — HOMEp YPOBHSI paccedeHHsi HCCIieyeMon
noBepxHocTH oT 0 110 5, Xy...X, — 3HAUCHHE BEIU-
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st ypoBHS nepBoi (pUKcanuy npu GUKCUPO-
BAHHOM 3HA4Y€HUH ) [MOJIMHOM 6y,ueT BBITVIAACTD
CIeyoM 00pa3oM:
(=) - x)(x—x ) —x,) .
(% =203 = 1), = ) (x, —x,)
(mx ) m)emm)amz)
" (g, =)~ )5~ 2 -x)
(3= 5)x
* (= 20) = 85 =) =)
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(x=x (=) (x-x)x-x,) .
" =) =)~ ) )
G-mlrn)e-n)-x)
" (g —xl — ) - ) -x)

P(x)=1,
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o

x)x-x)
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Jlst nepBOro ypoBHs IPpH (PUKCHPOBAHHOM Y :

(-n)r-x)-x)a-y) 5, Grpl-n)e-ge-x) |
) g —x) Gy )~ -
o g)le-w)r-x) L (rog)r-gfr-x)r-x)
()0 -0~ ) —x) O -0 ) —n)0n -5
(=)o) —x )(e-x)
=)~ ) ) — )

P(x) = Z,

2

4y

J1st BTOpOoro ypoBHS pH (PUKCUPOBAHHOM Ys:

L o ) e B o e L
\)( S G )0 - ) )
(x= 1 )(x =3 )x-x, Nx-x,) T

: (=)l =205 =) —x)

!
(=3l

3

Jnst Tpetbero ypoBHs NpH (PUKCHPOBAHHOM

G G |
TS e s oy e P o e e
i (r=x - )(x-x)(x-x.) 7 (=)= x M(x-x Mx-x) :
Sy s ey e o o
()-5)r-n)e-3)
(

= (v, =3, =), — ) (3, — )

“

J1y1s yeTBepTOrO YpOBHS NP (PUKCHPOBAHHOM
Ya:

o = 7, SRR el
(5 =30, =) (5, — )5 - 1) (=) )5 - %)y - %)
G B L e L VI
vawwvmvm vaww\mwm
(=)= x)-x Y- )
(=), =)~ -

DEnenEn) |,

Jn1st ATOTO0 YPOBHS NPH (PUKCHPOBAHHOM Ys:

7, R %

(= —x ) (x—x)(x-x, )

Ps) = Z oNr— ENEY RN - -
(=)0 =)0 =)0 =5) 7 (%~ — )5~ x5 %)
Z, (=335 )(x-x,) vz, (-3 )0 x) (-3 )x-x) +
Tyl =)y —x)n—x) T (g )y — )y =05 - x) (6)
Z. (=) —)r—x)x-x)
i (=)0, ~ 1)~ 3,)(%, —x)
Pe3ynbTaThl MHTEPIIONMPOBAHUA  (DYHKIHM

JBYX MEPEMEHHBIX Z=f{X;y) O OJHOW NepeMeH-
HOM — Xx TMOKa3aHsl B T abmne 3.

Ta6m/1ua 3 — 3aBHCHMOCTH HCCIICAYCMbIX IoKasaTejieii m3Hoca IIpU PA3JIAYHBbIX HAIIPSKCHUNW U

CHJIBI TOKA
Vi Yo Yi Y2 Y3 Y4 Ys
Z; 0 1 2 3 4 5
pt pt p* p* p* p*t

Ilpu pacceyeHun uccnexyeMoil MOBEPXHOCTU
10 33/JlaHHBIM YPOBHSIM B MECTE IepeceueHHs
CeKyIIel IUIOCKOCTH M HCCIIeyeMOW IOBEPXHO-
CTH NIpH (PUKCHUPOBAHHOM 3Ha4YCHUH X 00pasyroT-
csl KpUBBIC, XapaKTepU3YIOLIHE 3aBUCHMOCTD H3-
HOca oOpasma (Z;) ot cuisl ToKa (y;) Ipu QuKcH-
POBAaHHOM 3HaYEHUM HampspkeHus (x;) (puc. 3).

J1s mostydeHHs HCCIEeIyeMOH MOBEPXHOCTU
npouHTepnoaupyem GyHkuuio Z = g(y) Ha oTpes-

KE y(]...yj.
Pi(xv) = P(%) (v= Wy =y Ny — vy —v v —3)
(g =2 vy — 2 vy — 35 Mg — 2 W — )
P(x) O =30 =)0 =2 My — v v —vs) +P(x)
O =2000 =200 = 2000 — 2,00 = 35)
(= 2y — iy — Wy — 2y — vs) +
(v = X yy = 2 — ¥y — v vy —35)
Py ) N
O = 2)(s =)0 — 30— 1) — s
PG 15 C i 0 Gl 0 S 91 s S

(g =y M,
=Xy —
s = mHvs —

=y = 1 My — v v, — ws)
L6 R Y (G Y, G i Y N
MY = W vs = 35 — i)

Takas mocnenoBaTebHOCTh  (hopMaIH3aiK
mpolecca HMHTEPIIOJUPOBAHMS, JAeT BO3MOXK-
HOCTh HCCJICAOBATh AHATUTUICCKHUE CBSI3H MEKIY
MOKA3aTesIMA PE)KMMOB YIIPOYHCHUS M BEIIUYH-
HBI HM3HOCA. B manpHeWIeM, uccieays MOIy4eH-
HYIO TOBEPXHOCTh METOJIOM PACcCEUCHUS, MOXKHO
OTIpE/ICTNT, MUHUMAJBHBIC IOKa3aTeln H3HOca
IIPH Pa3TUYHBIX PEKUMaX yIPOYHEHUS 00pa3IoB.

B pesynbTaTe MaTeMaTH4eCKOTO MOJICIHPOBa-
HUSl PEXKUMOB YIPOUHEHUS U IOKa3aTeslell U3HO-
ca 7abopaTOpHBIX O00pasloB OBUIM TOJyUYEHBI
YpaBHCHHS IMOBEPXHOCTH, HCCICIOBAHHE KOTO-
PBIX TO3BOJSIET PEKOMEHAOBATh PAllMOHAIBHBIC
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PEXKHUMBI TEXHOJOTHYECKOrO Tpoliecca BUOPO-
IU1a3MeHHoro yrnpousneHus [18, 19].

B cBs13u ¢ U3/I0KEHHBIM pa3paboTaHa METOIH-
Ka TEOPETHYECKHUX HCCIEAOBAHUI yIPOUHSIOMINX
TEXHOJIOTHH, HA OCHOBAaHHU KOTOPOH ITONyYEHBI
AQHAJTUTHYECKHE 3aBHCHMOCTH H3HOCOCTOMKOCTH
HOKPBITUI U PEKUMOB YIpouHeHus. IlonmHoM
Buaa Z=P(x;y) B TPEeXMEpHOM MPOCTPAHCTBE
(puc. 3) 3amaeT MOBEPXHOCTh, KOTOpPasi B SBHOM
BHUJIE TIOKA3bIBAET 3aBHCHMOCTb BEJUUUHBI M3HO-
ca OT U3MEHEHUsI HalpsDKeHUs U critbl Toka. Mc-
CJIE/IOBAHUE TIOBEPXHOCTEH IPOBOIMTCS C WC-
MOJIb30BaHNEM (YHKIMHM HECKOJIBKHUX IEepEeMeH-
HBIX MeTOJIOM T depeHnnanIbHbIX HCUUCICHHUH.

Jnst aToro mpu (UKCUPOBAHHOM 3HAYECHHU
OJTHOTO M3 MapamMeTPOB MTPOBOMUTCS IIOCKOCTh ();
(puc. 3). B pesynbprare mepecedeHus] MOBEPXHO-
ctu Z=P(x;y) ¢ ceKymiel mIoCKOCTEI0 (i 00pa3y-
ercst KpuBas Buma Z=f(y). Hcmoms3ys MeTombl
mudhepeHnInanIbsHOTO HCUNCIICHHNS, ONPE/IeIIIeTC s
MUHHMaNbHOE (min) 3HaueHue QyHKOuA Z=f(y)
B 00J7aCTH M3MEHEHUS MapaMmerpa y (Cuiia TokKa).
Jonyctum, 4to y; ectb min 1o ¢pyHkuuu. Cre-
JIOBaTEJIbHO, B TOYKE C KOOPJHMHATAMH X;;); KpH-
Bas Z=f(y), nex amas Ha MOBEPXHOCT U Z=P(X,y),
JIOCTUTaeT CBOEr0 MHUHMMAJBbHOTO 3Ha4deHus. Ha
HCCIeyeMOi MOBEPXHOCTH MNPU €€ paccedeHHH
TOYKA MUHHMAJILHOTO M3HOCA OY/AET UMETh KOOp-
JMHATBI X;V;;z;. VI3MEHHB X; B 3aJaHHBIX IIpeje-
Jax, MOXKHO OIpEAEIUTh Min IPYrux rokaszare-
JIel Ha HMccaeayeMol IOBEpXHOCTH. B ciencteun
9TOTr0 Ka)KAOMY 3HAYCHHUIO X;'V; HA TOBEPXHOCTH
Z=P(x;y) Oyzmer COOTBETCTBOBaTh CBOSI TOYKa
MHUHUMAJIBHOTO 3HAYEHUS Z,;.
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Z

y

Puc. 3 — 3aBucuMOCTB HCCJIEAYEMOTI0 IMOKa3aTeJIM U3HOCA OT CUJIbI TOKa U HAIPSIYKCHU !
Z— HCCHCI[yeMI:Iﬁ mokKasarTeJjib U3HOCa, X — mokazaTelnb HalpsHKECHUS Y — nmokasaTelb CHIIBI TOKa

ITocnenoBaTenbHO MPOBOIS pacCceYeHHE HC-
cllelyeMoi TIOBEpXHOCTH MO YKa3aHHOW METO[IH-
K€ Ha MOBEPXHOCTH Z=P(X,y), MOXHO INOIYy4UTh
CHUCTEMY TOYEK {Z;}, COeIMHCHHE KOTOPBIX 00pa-
3yeT Ha MOBEPXHOCTH KpHUBYIO Z=P(X,y) mpu min
HCCIIelyeMOro TexHonorudeckoro ¢axropa. Op-
TOTOHAJILHO CIIPOEKTHPOBAaB 3Ty KPHBYIO Ha
IUIOCKOCTh, MOKHO MOJYYUTh TpadHyecKyro 3a-
BHUCHMOCTH CHJIBI TOKa K OT HaNpsDKEHUS (.

W3nosxeHHOMY METOly MOXHO JaTh aHAJIHTH-
YEeCKYyI0 MHTEPIPETALUIO U Ha €€ OCHOBaHMH I10-
JY4UTHh YpaBHEHHE, XapaKTEPHU3YIOIee TEeXHOJIO-
TMYECKUil TIpolecc YNpOYyHEeHUs pabodmx opra-
HOB CEJIbCKOXO03SHCTBEHHBIX MAIIIMH.

Js 3TOro mpoBeAeM aHATUTHYECKOE OIpese-
JICHWE 3aBUCHMOCTH MEXIy CHIOH Toka K
HanpspKeHWeM ¢, TP KOTOPOW HcCieayeMble
rapaMeTpbl BEJIMYMHBI H3HOCA JOCTUTAIOT CBOETO
MHUHHMAJILHOTO 3HAYECHUSI.

O000uIeHHOE ypaBHEHHE TIOBEPXHOCTH OyAeT
HMMETb CJIECLYIOIIUN BUL;

J
P=tx y)‘l_l J§ @y ®)
BBIHO.HHI/IB yCHOBI/Ie X=X HOHyIH/IM:
P=(x;) = Z Z a; v/
X= 0 i=l j= R ©)

B pesynbrate mnpeoOpa3oBaHMs YpaBHEHHS
(9), mosryauTCst BEIpaXKeHHUE:

Z = =S by
rie % a.. xi
J =1 U0
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3aBucumocts (10) onuceiBaeT kKpuByro Z=f(y)

(puc. 3).
Mpomuddepenmuposas dpyakmmoo (10) mo y
MO>KHO MOJTYYUTh YPaBHCHHUE BHIA:

Z~ﬂw—2ﬁy11
&

(In

Ecny BBHINONHUTE PacceYeHUE HCCIIEAyeMOn
MOBEPXHOCTH (pHC. 3) MHOTOKPAaTHO, MOXKHO TIO-
JYYUTH Sl KPUBBIX B MECTAX IEPECEUCHNUS CEKy-
el IUIOCKOCTH M HCCIETyeMOH IOBEpXHOCTH.
ITpoBenst ucciieoBaHue 3THX KPUBBIX MO SKCTPE-
MaJIbHbIM (MUHMMAJIBHBIM) TOYKaM, MOYKHO OIIpe-
JIEINTh 3aBUCHUMOCTh, KOTOpas XapakTepU3yeT
B3aUMOCBSI3b BXOJHBIX (DaKTOPOB CHJIA TOKa
K v HanpspK eHust ¢ MIPU YCIIOBHM MHUHUMAJIBHOTO
3HAYCHHMS HCCIIEyeMOTO nmapamerpa  Z
BEJINYMHA U3HOCA.

OyHKIMSA 3a7aHUS HCCIeTyeMOH IHOBEpXHO-
CTH MIMEEeT cnez[yloumﬁ BUJ:

Z a.
i=1j=1

Z = P(x; y)— xt y (12)

y

IMPpUHAB X=X,
MOCTB:

NOJIYYrM CJICAYIOMIYIO 3aBUCHU-

Z=P(x;y)|, _ Dy = 1) (13)

i

—Z(Za
J=

0

[MponuddepeHnupoBaB  3aBUCUMOCTH
MO>KHO MOJYYHUTh CIEAYIOLIEEe BhIpAKEHUE:

(13),

21 0= =8 a0 o

_l_
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Ecnu yo ecth pemieHue ypaBHeHUS f () =0
TO BBIpQXKEHUE

&z e

Jélzélay o =0 (15)
o6pa1uaeTcs1 B TOXICCTBO, CIICI0BATCIBHO

% ﬁ a..xijyj_l =0

j=li=1 Y (16)

VYpaBuenue (16) 3amaet B HESIBHOM BHIIE 3aBU-
CHMOCTh CTAIJHOHAPHBIX TOUYEK OT X. IlockombKy
HE BCE CTal[MOHApHBIE TOUKHU B CEKYLIEH KPUBOU
HaXOJSTCSl B CBOEM MUHMMAJIbHOM 3HAYCHUH IIPH
PELICHUH 3TOr0 ypaBHEHUS HEOOXOAMMO BBIIEP-
KUBATh CIIAYIOIIEe YCIOBUE:

m n i Jj2
> Zla,jx JG-Dy’ >0 (17)

]:1[:

Takum oOpa3om, pa3paboTaHa METOJHKA TEO-
PETHUYECKUX U JKCIEPHUMEHTAIbHBIX HCCIEN0BA-
HUIl BUOPOIIIa3MEHHOM TEXHOJIOTHH yNIPOYHEHUS

BUOPO/YTrOBBIM YIPOYHEHUEM C MOCIEAYIOLUINM
AJIEKTPOUCKPOBBIM JIETHPOBAHUEM IIOCIIE HaHece-
HUS TacTel, coxepxamei 80% III-10H-01 wu
20% B4C. Ona 6pbu1a BbIIIE, Y€M Y KOHTPOJIBHOTO
obpasma, B 3 paza. OTo OOBSICHSACTCS IBOIHBIM
YIPOYHCHHEM M HAJIWYHeM OOIBIIOrO KOJHYe-
CTBa JICTUPYIOLIUX 3JIEMEHTOB. [nyOuHa ympou-
HEHHOT'O CJIOSI IIOBEPXHOCTH TIPH 3TOM COCTaBJIsI-
et nopsiaka 0,3 MM.

B pesynbTaTe MaTeMaTn4ecKoro MOAEINpoBa-
HUSI PEXHMMOB YIIPOYHECHUS M MOKa3aTelel M3HO-
ca 5abopaTopHBIX 00pa3IoB OBUIM MOJYYCHEI
YpaBHEHHs ITOBEPXHOCTH, HCCIIEIOBAHHE KOTO-
PBIX IO3BOJIIET PEKOMEHIOBATh palMOHAIIbHBIC
PEKMMBI TEXHOJIOTMYECKOTO TIpoliecca BHOpO-
TUIa3MEHHOTO YIIPOYHEHHSI.

Pa3paboTana MeTonuKa pacceueHus: HCCleny-
€MOI TMOBEPXHOCTH, KOTOpas IO3BOJIAET MOIY-
YUTh PSA KPUBBIX B MECTax IIEPECEUCHHS CEKYy-
Imed IUIOCKOCTH M HCCIEIyeMOH IOBEPXHOCTH,
MpEe/ACTaBICHHON B TpadudeckoMm Buze. [Ipose-
JICHHOE HCCIJICIOBAHUE CEKYIINX KPHUBBIX IO JKC-
TpeMaJbHbIM (MHHMMANbHBIM) TOYKaM, MO3BOJIH-
JIO ONPENIeNIUTh 3aBUCHMOCTb, XapaKTEPHU3YIOILYIO

pabounx opranos CXM. BIIMSHUE BXOJAHBIX (hakTopoB cwia Toka (Y) u
BoiBoabl. Camas Oonbmnas H3HOCOCTOW- — HampspkeHHe (X) NpH MHHHMAJIBHOM 3HAYCHUU
KOCTh OTMeUeHa Yy o0pasma, o0paOOTaHHOTO  BETMYMHBI U3HOCA (Z).
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PROCESSING THE RESULTS OF EXPERIMENTAL STUDIES OF THE USE
OF TECHNOLOGIES OF INTEGRATED MICROPLASMA HARDENING
OF WORKING UNITS AND PARTS OF AGRICULTURAL MACHINES
N. R. Adigamoyv, I. Kh. Gimaltdinov, 1. G. Galiev, A. V. Gritsenko, Yu. F. Kazakov

Abstract. Today, the problem of maintaining the efficiency of complex modern domestic and foreign agricultur-
al machines is quite acute. The working units of agricultural tillage machines operate in an aggressive abrasive environ-
ment, which leads to their intensive wear and, as a result, to the loss of geometric shape. This, in turn, leads to a violation
of agrotechnical requirements, which significantly affects the yield of cultivated crops. Serial working units of soil-
cultivating machines are made of alloy steels of the ST65G type with a working hardness of HRC 55 ... 60. The purpose of
the research is to increase the wear resistance of the working bodies of tillage agricultural machines by using the technolo-
gy of complex microplasma hardening, with the development of a methodology for determining rational modes of pro-
cessing working surfaces. To evaluate the effectiveness of complex hardening of laboratory samples, studies of the ele-
mental composition of the hardened layer were carried out. Plates made of ST65G steel were used as laboratory samples.
Hardening was carried out using various combinations of cermet powders and microplasma hardening modes. Determina-
tion of wear resistance was carried out on a friction machine 77 MT-1. The best results were noted after vibro-arc harden-
ing followed by electrospark alloying and the use of a cermet powder consisting of 80% PG-10N-01 matrix powder and
20% BA4C boron carbide. Based on the indicators of hardening regimes, Lagrange interpolation polynomials were con-
structed, which describe the dependence of the amount of sample wear on the current and voltage, an algorithm was devel-
oped for determining rational hardening regimes to achieve maximum wear resistance of the studied samples. The micro-
hardness of the surface of products during electrospark hardening increased up to 2 times, and with vibroarc in combina-
tion with electrospark alloying and the use of special pastes with cermet powders - more than 3 times. The depth of the
hardened surface layer with complex hardening is about 0.3 mm.

Key words: hardening, wear resistance, laboratory samples, hardness, models, Lagrange polynomials,
processing modes.
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