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PosrnsayTi cydacHi OE€3KOHTAaKTHI METOJM BHIMIPIOBaHHS T€OMETPUYHHX ITapaMeTpiB OO0'€KTiB B
mporieci ix nmedopmarrii. [IpencrarneHnii HOBUH MeTOJ BHU3HAYCHHS TMOMIB JedopMarliii B MOMEPSUHOMY
nepepizi o0'ekty. HoBuii meron rpyHTOBaHmii Ha 00poOui cepii (oTo3HIMKIB 3po0ieHMX B mpoleci
nedopmarii 06'ekty. Po3risHyTi OCHOBH METO/IiB O€3KOHTAKTHOTO BUMIPY TIONUHHOCTI.

Karouori cjoBa: o00poOka MeTaigiB THCKOM, moje naedopMalliii, IUIONMHHICTE, IU(PPOBE
300paKeHHsI, TOUYHICTh BUMIPIOBaHb.

The modern non-contact methods of objects’ geometrical parameters measurement in the process of
their deformation are considered. A new method for strain fields determining in the cross section of the
object is presented. This method is based on processing a series of photos made in the course of object
deformation. The fundamentals of methods of flatness contactless measurement are considered.
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K BOITPOCY ONITUMM3AIIMA HAHECEHUSI U3HOCOCTOUKHUX
HNOKPBITUIA IJIS1 YAYUIIEHUA SKCILJIYATAIIMOHHBIX
CBOWVCTB BBIPYBHbBIX IIITAMIIOB.

B Matepuane cTaThM MPENCTABICHBI PE3yIbTATHI UCCICIOBAHUN MO ONTUMH3AIMH TEXHOJOTUH HAHECCHUS
M3HOCOCTOWKHX TIOKPBITUH Ha OCHOBE DJIEKTPOUCKPOBOTO JIEIUPOBAHUS TIOBEPXHOCTH BBIPYOHBIX IITAMIIOB
JUIS  ONEpallii JIMCTOBOHM INTAaMMOBKH. M CrMONb30BaHHWE TMOJYYCHHBIX PE3yJbTaTOB IO ONPEICICHUIO
ONTHUMAJIBHBIX PSKUMOB YIIPOYHECHHUS JAHHBIM METOJOM IPH BHEAPCHHH MO3BOJIMIM TMOBBICHTH CTOMKOCTH
OCHACTKU JIJISl Pa3/ICNIUTEIBHBIX OMEPAIiii JINCTOBOH MTAaMIIOBKH B 3-5 pas.

KiroueBble cjioBa: TEXHOJIOTHS, IITAMIIOBKA, JIUCT, JKUIKOCTh, 3JacTUYHAs cpena, (HOPMOBKa,
BO3MOYKHOCTH.

BBeﬂeHI/Ie. DKOHOMUYECKasI HCJIGCOO6p33HOCTB IIPUMCHCHUS XOJIO,Z[HOﬁ
JIMCTOBOM IITAMIIOBKM TE€CHO CBSI3aHA CO CTOMMOCTBHIO IITAMIOB M HMX CTOMKOCTBIO.
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[ToBblllIEHHE CTOMKOCTH IITAMIOBOM OCHACTKH, OCOOCHHO [Jisi pa3AeiHUTENIbHBIX
ornepanuid — OJHO M3 OCHOBHBIX YCJIOBUH TOBBIIIEHUS PEHTAO0EIBHOCTH pPabOThHI
ITAaMIIOBOIO TPOU3BOJCTBA MAIIMHOCTPOUTENBHBIX MPEANPUATHI. DTO, B CBOIO
ouepe/ib, 00ECNEeYNBACT CHUKEHUE CE0ECTOMMOCTH M3TOTaBIMBAEMbIX H3IIEIHMA, TaK
KaK B CPEJHEM 3aTpaThbl HA M3TOTOBJIEHUE ITAMIIOBOM OCHACTKH COCTABJISIOT OKOJIO
10-15 % ot oOmielt ceOeCTOMMOCTH H3TrOTaBIMBAEMON MPOIYKIMU B Pa3IMYHBIX
OTpAaCIIAX MAIIUHOCTPOEHUSI.

[ToBbiieHre pabOTOCIOCOOHOCTH  IITAMIOBOM  OCHACTKM  3aBUCUT  OT
MPOYHOCTH U U3HOCOCTOMKOCTU MOBEPXHOCTH PA0OUUX 3JIEMEHTOB IITAMIIOB, a 3TO, B
CBOIO Ouepe[lb, OMpPEAEISACTCS MCXOJHBIMU CBOMCTBAMHM MOBEPXHOCTHBIX CIIOEB
MyaHCOHAa W MaTpullbl. M3BECTHBI pa3IMuHbIE METOJbI CO3/IaHUSI YIPOUHSIOIIUX U
M3HOCOCTOMKHUX TMOKPBHITUM Ha MOBEPXHOCTH WHCTPYMEHTAJBHBIX IIITAMIIOB, TaKWE
KaK: TepMUYECKasi, XUMHUKO-TEPMHUECKas, AJICKTPOUCKPOBAs, Ja3epHas U APyrue
meToel [1 — 3].

3HAYUTENbHBI HHTEpPEC ISl METOJOB JIMCTOBOM INTAMIIOBKM 3JIACTUYHOMU
Cpellol WM KHUAKOCTBIO, TJEe /I OMNepaluii TOHKOJIMCTOBON MPOOMBKH-BBIPYOKH
UCIIOJIB3YIOTCSl TUIOCKKE IIa0JIOHbI [4], MpeAacTaBiIsieT METOJA AJIEKTPOHUCKPOBOTO
nerupoBanusa (OUJI), kak yHUBEpCaJIbHBIA CHOCOO TOJYYCHHS KayeCTBEHHBIX
JETUPOBAHHBIX CJIOEB. OCHOBHOE MPEUMYIIECTBO 3TOrO0 METOJA — B BO3MOKHOCTHU
CO3[IJaHUSI YIPOUYHEHHOTO MOKPBITUSI C BBICOKOW IMPOYHOCTHIO 3aLICIUICHHUS €T0 C
OCHOBOM JIeTaIu.

OpHako HEJOCTATOYHO CYIIECTBYET NaHHbIX 1O (hakTopaMm BiusHus DUJI Ha
CTOMKOCTb PEXYIIMX KPOMOK TOHKHX 3JIEMEHTOB IITaMIOB (BbIpYOHOH I1abJIOH),
KOTOpasi CBs3aHa B OCHOBHOM CO CJIOKHOCTBIO BBHIOOpa PEXXUMOB U MapaMETPOB HUX
YIPOUHECHMUS.

Heab ucciaenoBanmus. OnpenenuTs HauOosiee palMoOHaNIbHbIE pekuMbl DNJI
JUISL TIOJTYYEHUSI U3HOCOCTOMKHUX TOKPBITHHM C YJIYYIIEHHBIMU SKCIUTyaTallMOHHBIMU
CBOMCTBaMU [IJIsl OMEpallMi MPOOUBKU-BBIPYOKH TOHKOJKMCTOBBIX MaTEPHAIIOB
MOABUKHBIMU CpeJlaMHU (3J1aCTUYHAs CPelia U AKUIKOCTb).

OcHoBHoO#i matepuasn. CTOHKOCTH HMHCTPYMEHTAa, ynpoyHeHHoro OWUJI, B
3HAYUTENIBHON CTENEHW 3aBUCUT OT pexuma npoiecca DUJI — sHepreTnyeckux u
YaCTOTHBIX MTapaMeTPOB IMpoIlecca.

[Ipu uccnenoBaHuu ynpoyHEHUs BBIPYOHBIX IIa0JOHOB M3 OBICTPOPEKYIIEH
cranu P6MS5 tBEpnbiM crutaom BK8 Ha ycranoBke DPU mpoBeneHa ONTHUMHU3ALMS
PEXKUMOB TMpoliecca JISTUPOBAHUSI C UCIIOJIb30BAHUEM SHEPIeTUUYECKUX U YaCTOTHBIX
rmapaMeTpoB Iporiecca: cuiibl Toka | , Emkoctu 3apsiga C, 4acToThl UMITYJIBCOB T.

[locne  mpoBedeHUs  MPEIBAPUTEIIBHBIX  AKCIEPUMEHTOB  TOJTYYEHBI
3aBUCHUMOCTH IIEPOXOBATOCTU /Ra/ MOKPHITHS OT ClEAYIOMMX TapaMeTpoB Mpoliecca
YIPOYHEHHUS:

ot cuibl Toka Ra =1,331 + 0,02471;

oT emkoctd Ra =0,56677 + 1,586 C;

OT yacToThl uMIyascoB Ra =1,533 + 0,0023 T.
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HauGomnbiee BIMsHEE Ha MIEPOXOBATOCTh MOBEPXHOCTH OKA3bIBACT: EMKOCTh
(ko durnment npu C=1,585), MmeHbllee — cwiIa TOKa M YacTOTa HMITYJbCOB
(koaddurments 0,0247 1 0,0023), COOTBETCTBEHHO.

3aBUCUMOCTh IIEPOXOBATOCTH TMOBEPXHOCTU OT CHJBI TOKa, €MKOCTH U
gactotel umnyiabcoB Ra=f(l, C, T) xopomio amnmpoKCUMHUPYETCS JIHHCHHBIMU
ypaBHEHUSMH,  CJIEIOBAaTEIbHO, MOXHO  TOCTPOUTH  JIMHEHHYIO  MOJIEb,
onuceiBaromlyto 3asucumocth Ra=f(J, C, f) u HaliTH ONTHUMAJIbHBIA PEXUM C TOYKH
3peHUs MOTYYCHHS] MUHUMAaJIbHON IIEPOXOBATOCTH MTOBEPXHOCTH.

C »TOi 1enbl0 ObLI MOCTaBJIEH 3KCHEPUMEHT, YUMUTHIBAIOIIUNA BIMSHUE
cleayromux GakTopos (cM. TadI1.)

Ta6J'II/H_[a. 3aBUCUMOCTD MEePoOX0OBATOCTHU MMOBCPXHOCTH OT CHJIBI TOKA, CMKOCTH U
qaCTOThI UMITYJILCOB

KomoBoe YpoBHHU (haKkTOPOB

Paxrops! 0003HaueHHE +1 : g) : -1
V — ckopocTh
TIIBIDKEHUSA X1 1,00 0,60 0,20
AJIEKTPOJIa, MM/C
N _ yycno npoxoos X, 6,00 4,00 2,00
T — pmurensiocTs X 20,00 12,30 5,00
[HUKJIA, MKC
C — ékoctp, MKD X4 1,00 0,61 0,22
| — cuima Toka, A X5 16,00 9,60 3,20

Ra=144-0,1123X, +0,10795X, +0,2.X, + 0,186 X +00128.X X, —00623X, X, +
+0,0519.X,.X, —00079.X X, +00713X,X, —00529.X,X, +00118.X, X, —
—0049.X,X, ++00918.X,.X, —003775.X, X,.

[locne OUEHKH CTAaTUCTUYECKOM 3HAYUMOCTH KO3(P(UIHMEHTOB ypaBHEHHE

IIPUHUMAET CJICTYFOLIUI BU:
Ra=144-0,1123 X, +0,10795X, +0,2.X, +0,186.X, +00918.X, X, .
3HauuMOCTh  KOA(G(GULIHMEHTOB TNpU TApHOM  B3auUMOJEUCTBHH  X3Xs
CBUJIETENBCTBYET O HEAJEKBATHOCTU YACTHOW Mojenu. M3 momydeHHOro ypaBHEHUS
BUJIHO, YTO M3MEHEHUE MJIMTEIbHOCTH HWMITYJIbCOB HE OKA3bIBAaCT BIMSHHUS Ha
IIEpPOXOBATOCTh MOBEPXHOCTU. Hanbosiee CUIbHO BAMSIET U3MEHEHHE EMKOCTH, 3aTEM
CWJIbI TOKA M YKCJIO MPOXOOB.

C TOYKHM 3peHus MOJYyYeHUS MUHUMAJIBHOM IIEPOXOBATOCTH IMOBEPXHOCTU
HEOOXOJMMO TIOJb30BAaThCS MHMHHUMAJIbHBIMU 3HEPIeTUYECKUMH IapaMeTpamu
pexuma HanbuteHU: C=0,22 Mx®, 1=3,2A, N=2 — 4uCII0 MPOXOI0B U MaKCUMaJILHON
CKOPOCTBIO TIEPEMEIICHUS CTOJIa, MO3BOJISIONICH MOJTydyaTh MOKPBITHS HEOOXOIUMON
IJIOTHOCTH M POYHOCTHU CUEIUIEHHS C OCHOBOIA.

Ho, Tak kak C yMEHBUIEHMEM SHEPreTHYECKHX [apaMeTpOB IMaJaeT
MacCONEPEHOC NIEKTPOAA U YMEHBIIAETCS TOJIIMHA HAHOCUMOI'O MOKPBITHSA, TO TS
MOJTy4YeHHUs! KayeCTBEHHOM IOBEPXHOCTH Ha JETalId HHCTPYMEHTa HEO0OXOIHUMO
yCTaHaBJIMBaTh 3HaueHHe €MKocTh 3apsiaa He Oonee 0,45 Mk®, yBenuuuBas npu
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sToM cuiny Toka 10 14,4-16,0 A u wucnonp3ys MaKCUMaJbHYI0 YacTOTy U
JUTUTEIFHOCTh UMITYJILCOB, TIPU CKOPOCTH miepemeltieHus iekrpoaa 0,6-0,8 m/c.
BbIBOIlbI. HpOBCIIGHHLIe HCCIICA0BaHUA I103BOJINJIN OIIPCACIINTD
OIITUMAJIBHBIC PCKHMbI IIpOoHcCCa YIIPOUYHCHUA pa60qHX 3JIEMCHTOB BBIPY6HBIX
mramnoB MetogoMm DUJI. CTolkocTh BBIpYOHBIX 11A0JIOHOB MOBBICHUIIACH B CPETHEM
B 5 pa3 mpu cTaTuyeckoMm JeGpopMHpOBaHMUM W B 3 pa3a IpUH JUHAMHUYECCKOM.
IToBbIIEHUST HM3HOCOCTOMKOCTH PCXKYIIUX KPOMOK HMHCTPYMCHTA OOCTUTHYTO B
pe3yabpTare yJIydlieHUus MeXaHHn4eCKuX U (U3UYECKUX CBOMCTB MaTepuala, YCIOBUN
TPCHUA 110 KOHTAKTHBIM IMOBCPXHOCTM, )KECTKOCTH IMOBCPXHOCTHU U YCJIOBI/Iﬁ CMa3KHu
3a CYET UCIMOJIb30BAaHMUS Pa3pabOTaHHBIX HAMH PEXUMOB MIPOIECCa YIPOUHECHHUS.
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Y marepiani cTaTTi IpeACTaBIeHI Pe3yNbTaTH JAOCTIKEHb 3 ONTHMI3allil TEXHOJOTii HaHECEHHS
3HOCOCTIMKUX TOKPHUTTIB Ha OCHOBI €JIEKTPOICKPOBOTO JIEAipOBaHisl TOBEPXHI BUPYOHHX INTAMIIB IS
orepallii JIMCTOBOTO IITAMITyBaHHS. BHKOPHCTaHHS OTPUMAaHHMX Pe3yJIbTATIB 3 BH3HAYCHHS ONTHMATbHUX
PEeKHUMIB 3MIIHEHHS JJAHUM METOJIOM IIPH BIIPOBAPKEHHI O3BOJMIIN ITiABUIINTH CTIHKICTh OCHAIIEHHS IS
PO3AUTOBHX OIEpPalliii JIUCTOBOT'O IITAMITyBaHHS B 3-5 pa3is..

Kiro4oRi cioBa: TeXHOIOTIS, ITAMITYBaHHS, JIUCT, PiZMHA, CIIACTHYHE CePEeIOBHINE, (OPMOBKA,
MOYJIMBOCTI.

The article presents the results of research articles on optimization technology wear-resistant
coatings on the basis of electro-ledirovaniya surface cutting dies for sheet metal forming operations. The use
of the results to determine the optimum conditions for strengthening the implementation of this method have
improved resistance equipment f or the separation of operations stamping of 3-5.

Keywords: technology, stamping, liquid, elastic medium, forming , opportunities .
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MOJEJIOBAHHSA YIIIVIBHEHHSA 3AI'OTOBKH 3 KOHIYHOIO
3AITIAJIMHOIO B BAKPUTOMY ) KOPCTKOMY HITAMIII
PosrisHyTO BIUIMB KOHIYHOT 3amaviHU Y MIJIIHAPWYHIA 3ar0TOBIN HA TYCTHHY JETallli IPW MOJICIIOBaHHI

VIIUTBHEHHS Y MATIHAPHYHIHN jkopcTkid MaTpuii. [lokazaHo, 1m0 3a paxyHOK iHTEHCHBHOI Jedopmarii 3cyBy
IpY YIIUTBHEHHI MOXKHA O4iKyBaTH O1IbII BUCOKOI TycTUHHM AeTtaini. 300p.: 4, bidmiorp.: 2 Ha3B.
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