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BJIMAHUE ITPOJOJIBHOI'O MAI'HUTHOI'O ITIOJISA HA
SHEPIOEMKOCTbH ITPOILIECCA JIYTOBOM HAILJIABKH

M.B. Azeesa, doyenm, JI.U. 3anecnwiii, mazucmp,
B.B. Hamanenxo, cmyoenm, J{II'MA, 2. Kpamamopck

I'maBHO! 3amaueil TEXHOIOTMYECKOro MpoIiecca BOCCTAHOBIIEHUS XO-
nmoBeix MHJI3 ¢ moMoIpro HartutaBku pabodero ciios sBisiercs obOecriede-
HHUE ero XapaKTEePHUCTHK, OTBEYAIONIMX YCIOBUSIM JKCIUTyaTallud U CHHXKe-
HHUE JHEProeMKOCTU Ipolecca. Bo3neiicTBueM NpOROIBHOTO MarHUTHOIO
nonst (ITPMIT) Bo3mMoxkHO moBbIIeHHE 3((EKTUBHOCTH JyrOBOW HAIUIaBKU
1oz IIIOCOM 3a CYET YBEIWYEHUs KO PHUIMEHTa PacIIaBJIeHUs] IPOBOJIO-
K{ ¥ yMEHBIIEHHUS Pa3MEPOB 30HbI ITPOILIABIICHUSI OCHOBHOI'O METAJLIA.

YcrpotictBo miast coznanust [IPMIT npecrasisier co0oid coneHou ¢
KpYIibM (eppocepiedHKoM ¢ OOMOTKOW M3 MEIHOW NPOBOJIOKH Jana-
MeTpoM 2,0 MM. YCTpONCTBO KpENWIU K TOJIOBKE CBApOYHOI'O aBTOMAaTa
AJ1C-1002. MarauTtHoe nose reHepupoBaIu MPOIYyCKaHHEM ITOCTOSHHOTO
Toka B 0OMoTKe yctpoiictBa BBoja [IPMII or Bempsimurenss BCXK-303.
Wnpyxkuuto [TPMIT m3Mepsanu muwmurecaamerpoM tuna OM-4305 ¢ par-
yukoM Xoita ¢ 6azoi 1x1 mm.

HamnaBku BoimonHsin aBToMatoM AJIC-1002 mocTOSSHHBIM TOKOM
oOpatHOW ToNsIpHOCTH OT BBIMpsiMutenss B/{Y-1202. B wuccnemoBaHusx
ucrnionb3oBanack npoosoka SK 742N-SK u ¢uroc Rekord SK auamerpom
3,6 mMm. Ilapamerpsl pexumoB HammaBku: [, = 500...520 A; U,=
30...32 B; V,; = 36 M/u. OntumaiibHOE 3HaYeHHE aMIiepBUTKOB — 2880.
DKcneprMeHTaNbHbIE YCTaHOBJIEHO, YTO ONTHUMAaJbHBIH YPOBEHb HWHIYK-
nuu cocranister 20...30 MTo.

JlaHHBIE TIOKa3aJM, YTO NPU JOYyrOBOW HAaIlIaBKe IPOBOJIOKON
SK 742N-SK ¢ BozneiictBuem IIPMII mmpuHa Banvka HE3HAUUTENIBHO
yBeIMYMIach, NIyOMHA MPOIUIABICHUS] YMEHBIIAETCS IOYTH B 2 pasa,
IUIOIAAb HAIJIaBIEHHOTO MeTayla yBenuduBaercs B 1,4 pasza, muomanb
MIpOIJIaBJIeHUs. yMeHblIaercss B 1,5...2 pa3a, noms ydacTus OCHOBHOIO
MeTaJlJla yMEHbIIaeTcs B 2 pasa.

Takxum o0OpaszoM, Bozaeiicteue [IPMII mo3BONSET YBEIUYUTD POU3-
BOJIMTENBHOCTD Tporiecca HarutaBku Ha 40...42 %. [IPMII nenecoobpasHo
NPUMEHATh Npu HamaBke npoBosnokod SK 742N-SK ponukoB Mammx
HETPEPHIBHOT OJIUTHS 3ar0TOBOK.

IIpouecc nyromoit HarmaBku ¢ BozaeiictBuem [IPMIT sBnsercs
SHeprocOeperaromm.
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CIIOCOB CTABMJIN3AIIMU NYTU ITPU CBAPKE
C UCITIOJIb30BAHUEM UHBEPTOPHBIX UCTOYHUKOB

B.B. bypnaka, doxmopaum, ooyenm, C.B. I'ynaxos, npogeccop, 'BY3 «I1I'TV»

VHBepTOpHBIE MCTOYHUKHU MUTAHMS JUIS CBAPKU 110 CPAaBHEHHIO C Tpa-
JUIMOHHBIMYA HHU3KOYAaCTOTHBIMU 00JIaal0T PSIOM MPEHMYIIECTB: Maast
Macca, HeOoblIHe rabapuThl, MEHBIINH TOTPEOIIIEMBI OT CETH TOK M3-3a
3HAYNTEIHHOIO YMEHBIIIEHHUS PEAKTUBHON MOIITHOCTH.

OpHaKo NP CBapKe 3JIEKTPOJaMH ITOCTOSHHOI'O TOKA BO3HUKAIOT CIie-
nuduueckre NpodIeMbl C 3a)KUTaHUEM U yAEpXKaHWEeM JIyTH IpH PYydHOH
nyroBo#t cBapke (P/1C), o0bscHsAIONMECS HU3KUM HANPSHKEHHEM XO0JIOCTOrO
xona (U,x) MHBEPTOPHBIX MCTOYHHUKOB. Tak, JUIS MCTOYHHWKOB, BBIMOJHEH-
HBIX 110 MocToBoM cxeme, U,, coctaBisger 60 — 65 B, a 11 HCTOYHUKOB Ha
OCHOBE MPSIMOXO0/I0BOTO TipeodpasoBatens Uy, cocrarisier 50 — 60 B. Tem
He MeHee, MMODKUT JIyT'H MpH paboTe ¢ MPSIMOXO0J0BBIM UCTOUHHKOM JIETYe,
MIOCKOJIBbKY ero HanpspkeHne Uy, TpecTaBisieT co00i NMITYIIbCHl aMITIHTY-
noit nopsinka 100 B u ckBaxkHocthioO 0,5.

[Tpn ncronp30BaHUM 3JIEKTPOIOB NEPEMEHHOI'O TOKa MPOOJIEM C IOA-
KUT'OM ¥ yAep’KaHWeM Jyrd He BO3HHKAEeT, IIOCKOJIbKY B MX OOMaske co-
JiepyKaTcs MPUCAIKH, oOJIeryaronye U NposIeBaroNe HOHU3AIMIO TYTOBO-
T'O IPOMEXKYTKA.

Jis obnerdenust MopKMra ¥ cTabWIIM3auy AYTH IpH paboTe ¢ dJIeK-
TpOJaMH TIOCTOSTHHOTO TOKA M ITUTaHHEM OT MHBEPTOPHOTO MCTOYHHKA aB-
TOpaMu pa3paboTaHO M U3TOTOBJIIEHO YCTPOWCTBO, oOecriedynBaloliee 3Ha-
YUTEIIbHOE MOBBIIIEHUE HanpspkeHusi U, MCTOYHMKAa B MOMEHT IOJDKHTa
nyrd. B cBapouHyio 1enb (ITOCIEDOBATENbHO C 3JIEKTPOJOM) BKIIOUECH
JIpOCCeNb, BHIMOIHEHHBIH HA MAarHUTOIIPOBO/IE C BO3AYIIHBIM 3a30pOM JIJIS
JIMHEapu3alny BeOep-aMIepHON XapaKTEpPUCTHKH U CTaOMIM3alUA UHIYK-
TUBHOCTH. DTOT JPOCCENh UMEET BTOPYIO OOMOTKY, IMOJKITIOUEHHYIO uepe3
KOHJICHCATOp K BBIXOJY ITOJYMOCTOBOTO NMpeoOpa3oBaTes, yIpaBisieMoro
onHOKpucTanbHbIM MuKpokoHTpoiiepoM (MK). Iporpamma MK obGecne-
YMBaeT «HAKAa4YKy» ITOCIEIOBATENbHOIO KOHTYpa, 00pa30BaHHOTO BTOPOH
00MOTKOH JApoccens U KOHJEHCATOPOM, Ha YacTOTe HECKOJIbKO BHIIIE Pe30-
HaHCHOH. JTO HEOOXOAMMO, BO-NIEPBBIX, UISl YIIPABJICHUS TOKOM HAaKayKH,
BO-BTOPBIX, IJIs1 0OecTIieueH s MSATKOTO BKIIFOUEHHS CUIIOBBIX TPAH3HUCTOPOB.
DJIC, HaBojMMasi B OCHOBHOW OOMOTKE, BKJIFOUCHHOM IOCIIEIOBATEIHLHO C
AJIEKTPOIOM, B dKCIEPUMEHTAILHOM oOpasie mocturaer 300 B Ha gacrore
nopsiaka 52 kl'm, uro obecneunBaer yerkuii momxur ayru. [Ipu ropennun
Jyru paboTa 1mojaymMocTa OJIOKUPYeTCsL.
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PA3PABOKA MOJIEJ/IXM OIITUMU3AIIMU PEXKUMOB
IJIASMEHHOM OBPABOTKHA THCTPYMEHTA U3 TBEPI0I'O
CILIJTABA

E.B. Kyounosa, accucmenm, ['BY3 «[II' TV»

Peanmuzanyst TOro WM WHOrO BapuaHTa IUIA3MEHHOTO YIPOYHEHHS
TBEpJBIX CIUIABOB OCYLIECTBIISIETCS BBIOOPOM COOTBETCTBYIOLIETO OIITH-
MaJIBHOTO peXHMa IJIa3MEHHOrO HarpeBa, ONpEAeNsIeMOro pacyeTHBIM ITy-
TEM C TOCIEAYIONmeH 00s3aTeNbHON MpPaKTHIEeCKOi 00paboTkoit. OCHOB-
HBIMH PETYIIMPYEMBIMHU NapaMeTpaMu PEKUMa SIBISTIOTCS MOIIHOCTH ILIa3-
menHolt ctpyn O=I-U (rae [ — Tok ma3mMenHoit crpyu, U - HanpspbkeHue) u
CKOpOCTH 00paboTKH

BeIOOp onTHManpHBIX PEXMMOB IUTa3MEHHOW 00pabOTKH TBEpAO-
CIJIABHOTO MHCTPYMEHTA BBIIIOJIHEH C UCITOJIb30BAHUEM PAcUETHOH MOJIEH

z; Vi
2q e .
Veey Jdm-a-t \J4m-a-(t, +1)

ITpu sTOM, B 3aBHCHMOCTH OT TpeOyeMoi TemIepaTypbl Harpesa (00-
paboTKa ¢ OIUTABIICHUEM KapOWIIOB U CBS3KH WM 0€3), B YpaBHEHHS HEOO-
XOIMMO BBOJUTH TEIUIO(PU3NYECKUE XapaKTEPUCTHKH KapOWJOB WM KO-
6aJpTOBOM (ha3bl.

e da-(t,+1)

T(V0, 20, 1) =

Tab6muma 1 — XuMUYecKuil COCTaB M TBEPAOCTh UCCIIEAOBAHHBIX CILIA-
BOB B HCXOJITHOM U YIIPOYHEHHOM COCTOSTHUSIX

Cocras, Teepmocts HV mocie mna3menHol oopa- é =

% 60TKH = 5
Ucxonnas) @ = 5] 2 8 =] § & =g |EE

Mapka SOE|2E3E] BE o o0 |43
CIuIaBa ) TBEPAOCTH o 2 2| Z 3| 283 i s &
WATidCo| HV Egéﬁgﬁ* §§§ %: = >
52258 2=2=| &z |g¢&

S=22log | F8 =2 |38

BK4 96| - | 4 |1420-1470(1530-1675]1570-1590| 1680-1725 | 1420-1470 | 1,21
BK6 94| - | 6 |1380-1445[1515-1635|1550-1565] 1645-1695 | 1380-1445 | 1,23
BK8 92| - | 8 |1405-1450(1515-1670]1520-1545| 1590-1620 | 1405-1450 | 1,15
BK15 [85] - |15]1290-1320[1530-1640[1400-1440] 1535-1575 | 1290-1320 | 1,22
TS5K10 |85] 5 |10]{1420-1475[1600-1685]1580-1610| 1660-1700 | 1420-1475 | 1,19
T15K6 |79] 15] 6 |1455-1500{1600-1685]1600-1625| 1705-1725 | 1455-1500 | 1,18

HccnenoBaHusiMu yCTaHOBJIEHO, YTO NPH M3MEHEHWH 3(deKkTHBHON

o 2
TEIUIOBOM MOIIHOCTH TUIa3MEHHOTO HarpeBa B mpenenax 20...150 xBr/cm
(B 3aBHCHMOCTH OT cocTaBa, ()OPMBI U Pa3MEpOB YIIPOYHIEMOI'O TBEPO-
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CIJIAaBHOTO W3/ENHUs) BO3MOXKHA 00pabOTKa PeXyIMX KPOMOK IUIACTHH C
MOJTHBIM TIOBEPXHOCTHBIM PACIUIABICHHEM KOMIO3HIIUH, YaCTHYHBIM Pac-
IUTaBJICHUEM (TOJBKO CBSI3yIONICH (ha3bl), O€3 pacIUIaBlICHUS C IPEBpaIe-
HHEM B KapOuaax W CBS3Ke WM MPEBPAIICHUSIMH TOJBKO B cBske. [lomy-
YEHHBIC 3HAUCHHUS TBEPIOCTH TPH PA3IHYHBIX TEXHOIOTHYECKHX BapHAHTAX
TUIa3MEHHOT0 YIIPOYHEHHUS MPUBE/ICHBI B TAOITHIIE.

TNoBbIlICHHE TBEPJOCTH CMIEYCHHBIX TBEP/BIX CIUIABOB MPHU ILIA3MEHHOM
00paboTKe Ha ONTHMANBHBIX PEXKHMaxX OOYCIIOBJICHO JIEHCTBHEM TBEpIOpac-
TBOPHOTO W JWCIEPCHOHHOIO MEXaHHW3MOB YIPOUHEHHs CBA3Yrolled (hasbl,
TOBBIIICHHEM CTENCHH JWCIEPCHOCTH KapOWAHOW (ha3bl W, Kak CIEJCTBHE,
3EpHOTPAHMYHOrO YIIPOYHEHHS KOMITO3HIMK MPH YBEJIMYCHHH Y/CIbHOM MO-
BEPXHOCTH MeXK(a3HbIX TPAHUIL «KapOUI-KapOHm» 1 «KapOHI-CBS3Ka».

OCOBEHHOCTHU IMPOLECCA I'OPEHUA IYT'U
ITPU HAIIJIABKE JIEHTOYHBIM 2JIEKTPOIOM

AU Kynabuna, acnuparwm, IBY3 «III'TY»

JlyroBas HamIaBKa JICHTOYHBIM 3JICKTPOJIOM HAILIa MTUPOKOE IMPUME-
HEHHE JUTsI BOCCTAHOBJICHUS M YINPOYHEHHS paOO4YMX MOBEPXHOCTEH Jera-
JIe MallMH ¥ WHCTPYMEHTA B TSDKEJIOM, SHEPTeTUYECKOM MAITHHOCTPOE-
HUM, METAUTYPTHH U APYrUX OTPACISIX MPOMBIINUICHHOTO MPOU3BOJICTBA
Oyaronmapsi BRICOKOW MPOU3BOAUTEILHOCTH MIPOIECCa, MAJIOH JOMU Y4aCTHs
OCHOBHOT'O METaJlJIa B HAIUIABJIICHHOM, ITPOCTOTOMN pean3alliyl U Psijia HHBIX
JIOCTOMHCTB.

OpHaKO, STOT TMPOIECC XAPAKTEPU3YECTCA M PSIOM CHelu(pUIecKux
0COOEHHOCTEH, BIUSIOIIUX HA KAYECTBO HATUIABIICHHOTO CIos [1].

OpnauM 13 (HaKTOPOB, OMPEIEISIONINX OCOOCHHOCTH MPOTEKAHUS MPO-
Iecca HaIIaBKH, SBJSCTCS XapaKTep IMEePEMEIICHUS TyTH IO TOPIY dJICK-
Tpoaa.

B psine pab6or [2, 3] mokazaHo, 4Tto Aayra (WIM Jyrd), HOCTENEHHO
OILIABJISISL TOPEIl JICKTPO/IA, C OONBIION CKOPOCTHIO MEPEMEIIAI0TCS BIOTb
HETO, 33JICPXKUBASICh HA KPasX JCHTHI.

Takoii xapakTep mepeMenIeHus TyTH MaJIOBEPOSTCH C SHEPTEeTHYCCKIX
mo3unuii. [lepemMenieHre aKTUBHBIX IIATEH JYTU C PACIUIABICHHBIX ydacT-
KOB TOpIia JICHTHl H OCHOBHOTO METajlla Ha XOJOJHBIC HEIEIecoo0pas3Ho,
T.K. Jyr€ SHEPreTHYCCKU BBITOJHEE YIIMHSATHCS, OIUIABISAS AJIEKTPOA IO
BBICOTE, a HE TICPEMENIaThCs Ha XOIOIHBIC YIACTKH.

HccnenoBanust mokasalu, 94To MPOIECC MePEMEIICHUS TyTH 0 TOPILY
AJIEKTPO/Ia TPOUCXOUT 32 CUET €ro MEPUOIMIECKUX KOPOTKUX 3aMBIKAaHUN
Ha u3zaenue (puc. 1). [Ipu 3TOM JOMKHEBI OBITH CO3/IaHBI YCIIOBHS JUIs CTa-
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OMIBHOTO BO3OYXK/AEHHS JYyTHM B MECTE€ KOPOTKOro 3ambIkaHus. OcoOeHHO
CJIOXHBIMHU YCIIOBHSIMH TaKOT'0 BO30YXKIIEHHUS SIBJISIOTCS MOMEHTBI KOPOTKO-
TO 3aMbIKaHUS B yJacTKax TOpLia JIEHTHI, TJie paHee oOpa3oBanach Karuis
MeTaliia iekTpoaa (puc. 2).

PI/IcyHOK 1 —Hpouecc KOPOTKOI'O 3aMbIKaHHWA TOpLA JICHTOYHOI'O
QJICKTPO/Jia Ha U3CJIUC

Pucynok 2 — Kamm Ha TopIie JIEHTOUHOT'O 3JIeKTpo/ia, 00pa30BaHHbIE
IIPU €ro IIaBJICHUU

OcyiecTBUTh CTaOMIIBHOE NMPOTEKAaHHUE TPOIiecca TUIaBIECHHS JIEHTOY-
HOT'0 3JIeKTpoJa IpU AYTOBOW HAIUIABKE MOXKHO, MCIOJIb3YS «PacCIIElIeH-
HBI» TOKOIOABOJ K BBUIETY 3JIEKTPOJa, MHUTAHUE DJIEMEHTOB KOTOPOIO
MIPOU3BOUTCS. OT OTAEIBHBIX HCTOYHHKOB C BBICOKOUACTOTHBIM Ipeolpa-
30BaHHUEM DHEPTUM U crienuanbHeiMu BAX.

Jluteparypa

1. 'ymako C.B. HamnaBka moji (UIFOCOM JIGHTOYHBIM 3JICKTPOIOM /
C.B. I'ynakos, B.H. Matsuenxo, b.J. Hocockuit.— Mapuynons : III'TY,
2006.— 136 c.

2. KpasuoB T.I'. DnexrpoayroBasi HalulaBKa 3JIEKTPOJIHON JEHTOH /
T.I'. KpaBuos. — M. : Mammnoctpoenue, 1978.— 168 c.

3. PasmbmiuisieB A.Jl. ABTOMaTuueckas SJIEKTpOIYyroBasl HariaBKa JIEH-
TOYHBIM 3JIEKTPOAOM 11071 irrocom. — Mapuymons : [IT'TY, 2013.— 180 c.
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MATEMATHYECKAS MOJAEJIb ®OPMUPOBAHUSA KAIIEJIb
SJIEKTPOJIHOT'O METAJUJIA ITPU HAIIJIABKE 11O ] ®JIFOCOM
JIEHTOYHBIM JJIEKTPOJIOM C MEXAHNYECKUM
IHNEPEHOCOM 3JIEKTPOJHOI'O METAJJIA

E.B. Jlasposa, ooyenm, ' BY3 «[II' TV »

B Hacrosiee Bpemst miepei IPENPUSITHIMA U OPTaHU3AIUSIMH, 3aHU-
MAIOIIMMHUCS BOIIPOCAMH CBAPOYHOTO MPOM3BOJICTBA, CTOUT MpodieMa Io-
BBIIIICHUS TIPOM3BOMUTEIBHOCTH TPYyJa, YAYUIICHUS KadecTBa BHIMyCKae-
MOW MPOAYKIUH, pa3pabOTKH IHEProcOEPETaromuX SKOJIOTHISCKH YUCTHIX
MIPOIIECCOB ¥ KOHKYPEHTHO CIIOCOOHBIX M3JICITUH.

OHUM U3 CIOCOOOB PEIICHUS TAHHOHW MPOOIEMBI SIBIISICTCS COBEPITICH-
CTBOBaHHE B HATPABJICHUH CHWKCHUS UX TPYIOSMKOCTH U MAaTEPHAIOSMKO-
CTH, a TAKXKE YIYYIICHUS UX CAHUTAPHBIX M YKOJIOTUUCCKHUX MMOKA3aTEICH.

YhupaBieHHe TEPEHOCOM 3JICKTPOIHOTO JKUAKOrO METalla TpHu
HAIUIaBKe 1MO0J] ()IFOCOM JICHTOYHBIM 3JIEKTPOIOM SIBJISICTCS OJTHON M3 BaX-
HBIX TPO0OJIEM, OKA3bIBAIOIIUX BIIMSHUEC HA KAYECTBO HAIUIABICHHOTO ITBA.

Jlnst onpeneneHuss HEOOXOUMBIX YCIOBUM JIIS TIONYUCHHUS OXKHIac-
Moro 3¢ ¢eKTa, a IMEHHO TapaMETPOB TUIABJICHUS JJICKTPOIHOTO MeTalla,
BPEMCHH O00pa30BaHMs KAIUIM SJICKTPOJHOTO METaJla C ONTHMAIbHBIMU
XapaKTEePUCTHKAMH 1eJIecO00pa3Hel MOMYYUTh STH YCIOBHUS B YHUCICHHOM
BHJIC HA OCHOBC aHAJTUTUICCKUX 3aBUCUMOCTEH.

B nporiecce miaBiieHus JICHTOYHOTO 3JICKTPO/IA KAl MepeMenacTcs
BMECTE C JYrod W HaKAIUIMBAET TCIUIOBYIO DHEPTHUIO, IEPEHOCS €¢ B CBa-
POYHYIO BaHHY B MOMEHT KOPOTKOT'O 3aMBIKAHUSI.

Ecnu snekTpoaHbIil )KUIKUE MeTaT NEPEXOAUT CTpyel, TO Karuis J10-
CTHTaeT THa CBAPOYHOI BAaHHBI M MHTCHCUBHO TMEPENACT TEIUIOBYIO YHEPTHIO
B 3TOM MecTe. Eciu Karmis mpu yjape o0 MOBEPXHOCTh BAHHBI PACTEKAETCS 110
[IMPUHE BaHHBI, TO TEIUIOBAS SHEPTHUS pacpeIeisaeTcs 0oIee paBHOMEPHO.

JI71st McKITFOUeHUsT yKa3aHHBIX HEJOCTATKOB B JTAHHOM paboTte mpeia-
raercsi, U30THYTh JICHTOUHBIN AJIEKTPOJ U C TOMOIIBIO MPHUBOIHBIX POJIH-
KOB, BPAIIAIOIIUXCSA C MOCTOSHHON CKOPOCTBIO, U TIOJAIOIIEr0 YCTPOHCTBA
OJIaBaTh B 30HY HAILIABKU.

Takum 00pa3oM, IS TOCTHKEHUST PABHOMEPHOTO PACTIPEICIICHUSI TEIIO-
BOM DHEPIUU MO IMPUHE HAIUIABJICHHOTO BAJIMKA MPH HAIDIABKE MO (IFOCOM
JICHTOYHBIM 3JICKTPOJIOM C YIPABIISEMBIM MEXaHUUCSCKUM TIEPEHOCOM JKHITKOTO
MeTayuia, HeoOXOAMMO OINpPEACNUTh YacTOTy KOJEOAaHW TOpIa JICHTOYHOrO
ANIEKTPOJIa TS 3a/IAHHBIX Pa3MEpPOB KaIUTH. B pe3ynbTaTe 4ero 3HaYHMTeIbHO
CHIDKAETCSI BEPOSTHOCTh 00Pa30BaHus 1e(eKTOB (IIOp, HECTUIABIICHUH U T.1T.), a
3HAYUT MTOBBIIACTCS KAUYSCTBO HAIIABICHHBIX H3/ICITHH.
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HOKPAIIIEHHSA ®I3UKO-MEXAHIYHUX XAPAKTEPUCTUK
CTAJII CT.3 EJIEKTPOICKPOBUM JIEI' YBAHHAM
HIKEJIEM TA XPOMOM

I'.I". Jlobauoea, acucmenm, €.B. Isawenxo, doyenm, HA. [llanosanosa,
nposionuil inicenep, T.B. Iioeipnuil, cmyoenm, HTYY «KIIIy»

Jlis moninmeHHs CTPOKY CIy)KOW neTajell MamuH, pi3ajibHOrO Ta
IITaMIIOBOTO IHCTPYMEHTY, SIKi MpAIfOI0Th B YMOBax TePTs, ITiJBHIICHHX
TEMIIEpaTyp 1 arpeCUBHUX CEPEIOBHIII, HIMPOKO 3aCTOCOBYIOTH IOKPHUTTSI.

Enextpoickpose nerysanns (EIJI) — ne nmepcnekTuBHUIA Ta epeKTHUB-
HUHA MeTox 0OpoOKM MeTaneBuX MOBEPXOHb, 10 3abe3neuye (OpMyBaHHS
3MIITHEHOT'O TTOKPUTTSl TIPU BUKOPUCTAHHI EJIEKTPOJIB 3 Oyqb-SKHUX elleK-
TPOTIPOBIIHUX MaTepialliB; € eKOJOTiYHO YHUCTUM, €HEpro- Ta pPecypcos-
OepirarouynM IMponecoM. 3a YMOB BHCOKHX TEMIEpaTypHHX Ta KOHIIEHTpa-
LWIHUX TPaJi€HTIB i Ai€l0 IMITYJbCHUX iICKPOBHX PO3PSIiB BigOyBaIOTHCSA
CKJIaJIHI 3MIHHM XiMIYHOTO Ta ()a30BOr0 CKJIaIy JOKAIBbHHUX JUISTHOK ITOBEPX-
HI MarepiaJly Karogy, IO BHU3HA4Ya€ INMUPOKUH KOMIUIEKC (i3UKO-
MEXaHIYHHX BJIACTHBOCTEH [1, 2].

Tpaguuiiino mig vac EIJI BHKOPUCTOBYIOTH JIETYBAJBHI €IEKTPOJIH,
BUTOTOBJIEHI 3 TBEPJOCIUIABHUX CHONYK. Haxkainp, Taki aHOIU € CTIKMMU
JI0 epo3ii 32 HU3bKOBOJIFTHUX PO3PsIiB Mpoliecy 0OpoOKy.

B naHiit po0oTi, SIK anbTepHATUBY KOMIIAKTOBAHUM €JIEKTPOaM, HaMH
3aIpONOHOBAHO MOCTIIOBHE HAHECEHHS YMCTUX METaNiB (HIKEIIO Ta Xpo-
MY), €pO03is SIKHX 3HA4HO MEPEBUIYE epOo3il0 TBEPAOCIUIABIB, IO 301IbIIYE
eeKkTUBHICTh (DOPMYBaHHS MOKPUTTS. BpaxoBytoun B3aeMHY pO3UMHHICT
HIKEJII0 Ta XpOMY HIpH B3aeMoiii MiXK co0OI0 Ta 3 MaTepiajJloM OCHOBH
(crammo  C1.3), crae MOXJIMBHM CTBOPEHHsS 0araTOKOMITOHCHTHUX
(YHKI[IOHAJBHUX IOKPHUTTIB, IO Hajxae iM MOKpameHux Qi3uKo-
MEXaHIYHHUX BIaCTHBOCTEH.

B pobori 6y nposeneni nponecu nociigosHoro ELI crani Cr.3 3a cxe-
mamu: Cr-Ni, Ni-Cr, Cr-Ni-Cr-Ni, Ni-Cr-Ni-Cr, Cr-Ni-Cr-Ni-Cr-Ni, Ni-Cr-
Ni-Cr-Ni-Cr.

EnextpomHi mapu (KaTo — aHOM) Ta JISTYBAJTbHI aHOIH T IOMPAaITUCS 3 ypa-
XyBaHHSIM iX HeoOMexkeHol BzaeMHoi po3urHHOCTI (Fe-Cr, Fe-Ni, Cr-Ni), o min
yac EIJI 3a0e3nieuye BUCOKY a/Ire3ir0 HaHECEHNX OKPUTTIB 3 OCHOBOIO.

OO0pobOKy mpoBOAMIKM Ha ycTaHOBLI «EmutpoH - 26A» mpu cuiti ctpymy
po3psmy 1,5 A, Hanpysi 60-70 B Ta TpuBajoCTi JeryBaHHS Ha KOXKHIH CTaii
nporecy 3 xB.

JlocmipkeHo BIDIMB KUTBKOCTI cTafii (2, 4, 6) Ta mocmigoBHOCTI (Cr-Ni,
Ni-Cr) craniii HaneceHHs Xpomy Ta Hikemto B npoueci EIJI Ha kineruky ¢op-
MYBaHHS, TOBIIMHY, MiKPOTBEPICTh Ta CTIHKICTb TOKPUTTIB JI0 3HOIIYBAaHHSI.
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Kinernky ¢opMyBaHHS HOKPUTTIB BU3HAYAIU I'PaBIMETPUYHUM METO-
JIOM — 3a 3MIHOI0 MacH KaToJy Ta aHomy micis kokHoi xBuwiauHM EIJL. 3a
JITAHAMH TPaBIMETPUYHOrO aHaji3y BHSBIEHO edekTBHE (hOpMyBaHHS Jie-
roBaHux mapis micis Beix mpouecis ELVL. Lle MoXHA MOSICHUTH YTBOPEHHAM
TBEpJUX PO3YMHIB HEOOMEXKEHOI PO3YMHHOCTI MaTepialliB eNeKTPOJIB Ta
ocuosu (Ni, Cr, Fe).

BcranosieHo, 1o 3i 301UIBIIEHHSM KiJTBKOCTI CTaJiil JIeTyBaHHS TOB-
IIMHA JIETOBAHOTO MIapy 30UIbIIyeThCs: micis aBocTaniitanx npormecis ELT
Yy PI3HHX IIOCIIIOBHOCTSIX HAaHECEHHS XPOMY Ta HIKeIro ckiagae 15—
20 MKM, TICII YOTUPHOXCTAMINHUX — 25 — 30 MKM, MICIIS MIECTUCTA I HHIX
— 55 -60 MxM.

BcraHoBi€HO, 110 3pOCTaHHS MOBEPXHEBOI MiKpoTBepocTi ctaii Ct.3
BimOyBaeThCs mmicis ycix mposeneHux npoueciB: 3,5—4TTla (nBocraniiiHe
El); 5,3 — 6 I'Tla (worupucraniiine EUT); 6,3 — 7,5 I'Tla (tuectucraniiine ELT).

BunpoOyBanHsT Ha cCTifikicTh [0 3HOIIYBaHHA BigOyBamacsi Ha
OpHTiHAJBHINA MalIWHI TEPTS B YMOBAaX CYXOr'O TEPTSI-KOB3aHHS 32 CXEMOIO
«IIIOIIMHA IO TUTOLIMHI ITiJ] HABAHTAXXEHHSIM 4 KT MPOTATOM TPHOX T'OJIMH.
[HTeHCHBHICTh 3HOIIYBaHHS BU3HAYallacs TPaBIMETPUYHHUM METOIOM SIK
CHiBBI/IHOIIEHHSI BTpaTH Macu 3paska udepe3 KoHI 20 XBWIMH BHIIPOOY-
BaHHS JIO IUIONII TepTs. BeTaHOBICHO, IO 3pa3ku 3 MOKPUTTAMU micis E1JI
(4 Ta 6 craniit) MarOTh 3HOCOCTIHKICTh y 4 — 5 pa3iB OiblIy, HK BHXiJHA
noBepxHs cram Cr.3.

Bcranosieno mo mociigoBicte EIJT xpomom Ta Hikenem craini Ct.3
HE 3MIHCHIOE CYTTEBOTO BIUIMBY Ha TOBIIMHY, MIKPOTBEpPIICTh Ta 3HOCO-
CTIHKICTh TOKPHTTIB.

Jlitepatypa

1. BepxorypoB A.Jl. TexHONIOrUsl BJIEKTPOMCKPOBOIO JIETMPOBAHUS
MeTaumdeckux nosepxHocteit / A.Jl. Bepxorypos, U.M Myxa. — K. : Tex-
Hika, 1982. — 181 c.

2. DIEKTPOHBIE MAaTepUANbI IS JIEKTPOUCKPOBOIO JICTUPOBAHHS /
[A.. Bepxorypos, U.A. Ilomuepusiea, JI.®. Ilpsnko, ®.dD. Eropos]. —
M. : Hayka, 1988. —224 c.
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HIIBUILIIEHHA ® YHKIIOHAJIbHUX BJIACTUBOCTEM
CTAJII CT.3 EJIEKTPOICKPOBHUM JIEI'YBAHHAM AJIIOMIHIEM
TA TPA®ITOM

I'.I". Jlobauoea, acucmenm, €.B. Isawenxo, doyenm, HA. [llanosanosa,
nposionuil inicenep, FO.M. Cixopcoxuii, cmyoenm, HTYY « KTy

CydJacHe MaImMHOOYIYBaHHS MOTPeOYye HAMIMHOCTI Ta JOBTOBIYHOCTI
JleTaeil MalH Ta MEXaHi3MiB, sIKi O 3a/JI0BOJIBHSIM IIUPOKOMY CHEKTPY
eKCIUTyaTallifHIX XapaKTePUCTHK. 3HAYHO CKOPOTUTH BHTPATH BUCOKO-
BapTICHUX MaTepialliB IPU BUTOTOBJEHHI HOBHUX JeTaJeil MOXKHA IIISIXOM
3MIIIHEHHS T4 BiJHOBJICHHS X poOOYMX MOBEpXOHb. Taka 3amada Moxe 0y-
TH BHpIllIEHA IUIIXOM PO3pOOKM Ta BIPOBAHKEHHS HOBITHIX TEXHOJOTiH
3MIIIHEHHS METAJICBUX BUPOOIB.

OmHUM 3 €Hepro- Ta pecypco30epiraloumx METOMIiB OOpOOKU €
enextpoickpoe sneryBanns (EIJI), ske 3a0e3neuye GopMyBaHHS JTOKAJIHLHO-
T'O TIOKPUTTS 3 BUCOKOIO aJre3i€r0 JI0 OCHOBHU TPH BUKOPUCTaHHI OYyab-sIKHX
CTPYMONPOBIIHUX MaTepiaiB.

Hapaszi EIJI mmpoko 3acTocoByeThCs IS MiZIBUILIEHHS TBEP/IOCTI, 3HO-
CO-, Xapo- Ta KOPO3iHHOI CTIHKOCTi, a TaKOXX BiJHOBJIEHHS PO3MIpiB iH-
CTPYMEHTIB, sIKi paHilie nepedyBaiy B eKcIuryaTtarii. 3okpema, Jist 3a0e3-
TIEYeHHS! BHCOKOI 3HOCOCTIMKOCTI Jeranedl HeoOXimHO mo0 iX MoBepxHs
OJHOYAaCHO 3 BHCOKOIO TBEPJICTIO Masla IUIaCTUYHICTh Ta HHU3BKHH
koediieHT tepts. L{poro MoxkHa mocsrt GopMyBaHHSM y TIOBEPXHEBOMY
mapi JeKiabKoX (a3 3 pi3SHUMH XapaKTepUCTHKaMHU — BUCOKOIO TBEPIICTIO,
TUTACTUYHICTIO Ta BJIACTHBOCTSIMU TBEPJOTr0 MacTHIIA.

B niteparypuux mkepenax [1, 2] 3ycTpiuaroTbesi BiIOMOCTI IPO Te,
mo mig gac EUJI rpadiTtoBuM aHOmMOM edeKT 3MIIHCHHS Ta ITiJBHIICHHS
3HOCOCTIMKOCTI 00YMOBJIEHHH TEPMIYHUM BILTMBOM IMITYJIBCHOI'O PO3PAAY i
YTBOpEHHsIM Yy c(hOpMOBaHOMY ImIapi KapOimiB 3a paxyHOK nudysii Ta
B3aemoii rpadity 3 piakoi ¢aszoro MaTepiany karoaa. 3BaXkarouu Ha e, IS
ITiIBUIIEHHS] 3HOCOCTIMKOCTI OIIEHO Oyii0 O BUKOPHCTOBYBATH Ipadit sk
3MinHIYY (asy (kap0iam), Tak i sk TBepjae MacTwio (y BIJIbHOMY CTaHi).
OpHak, 3a eKCTpeMalbHUX YMOB OOpOOKHM YTBOPIOIOTHCS JIMIIE KapOiay, a
BIJILHOIO TpadiTy B MOBEPXHEBHX Iapax 0OpOOIIOBaHUX 3pa3KiB HE CIIO-
crepiraetses [3]. [losBa BinbHOTO rpadity y mokpurti nix yac EIJT moxiu-
Ba MOJM(IKyBaHHSIM PO3UYHMHY 3aJ1i30BYIVICHIEBUX CIUIABIB IrpadiTH3YIOUMMHU
eneMenTamu [3]. BoHM 371aTHI yTBOPIOBATH 3 BYIJICIIEM CIIONYKH, IO € IICH-
TpaMu Kpucramizauii rpadiry, mepenkomKaoyl YTBOpEeHHI0 KapOiiB abo
CHPHSIOTH MOJPiOHEHHIO HAsIBHUX TPpaiTOBUX BKIIOYEHB.
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Mera naHoi pobOTH ToNATae y AOCIiKEHHI Oy/I0BU Ta BIaCTUBOCTEN
(MIKpOTBEpICTb, CTIMKICTh /70 3HOIIYBaHHS) moBepxHi cranmi Cr.3 micis
6araTocTaiifHOro eJIeKTPOICKPOBOTO JIETYBaHHS aJIOMiHIEM Ta TpadiTom.

Iporiecu EIJI 3mificHIOBaNIM 3a HOBHMH TEXHOJOTIYHHMH CXEMaMU
MTOCTTIIOBHOTO HaHeceHHs amoMiHito (Al) Ta rpagity (C) y mocigoBHOCTI:
Al-C-Al-C; C-Al-C-Al; Al-C-Al-C-Al; C-Al-C-Al-C; Al-C-Al-C-Al-C; C-
Al-C-Al-C-Al. O6pobky nmpoBoawIn Ha J1aOOPATOPHIA YCTaHOBII «JIHT-
poH-26A» 3a cTpymy pospsay 2 A, Hanpyru 60 —70 B, amrmutityam Koiu-
BaHb anofy 5013 I'u. 3aranbHa TpHBanicTh 0OpOOKH Ha KOXKHIHM cTazii mpo-
necy ckiiajiana 3 XB./cm’.

BusiBrieHo, 1mo MakcuMmalibHa MIKPOTBEpAICTh ITOBEPXHEBHX IMIApiB
ManoByrienieBoi cram CT.3 3ajexuTh BiJ Marepianry aHofy, KUl BUKOPH-
croByBaBcs Ha octanHii cranii EIJI. [Tokpurrs micist oOpoOku 3 ocTaHHB-
OI0 CTajlielo HaHeceHHs rpadiTy MawoTh Oibmry MikporBepaicts (8,7 —

11 I'Tla), HiX MOKPHUTTA TIichst 0OPOOKH 3 OCTAaHHBOIO CTa/Ii€l0 HAHECEHHS
amromiHiro (6,7 — 8,8 I'Tla).

BcraHoBI€HO, 1110 3HOCOCTIHKICTD 3pa3KiB 3 MOKPUTTSIMH 3pOCTaE y 8 —

11 pa3iB mopiBHSHO 3 BUXiJHOIO HeoOpoOieHowo mnoBepxHero craimi Cr.3,
110 MOYKHA TIOSICHUTH HasIBHICTIO B TIOKPUTTI TpadiTy y He3B s13aHOMY CTaHi,
SKMH BiAIrpa€e poib TBEPAOro MacTWiia MiJ Yac BUIPOOYBaHb Ha 3HOCO-
CTIHKICTh TPOTATOM TPHOX TOMMH 338 CXEMOIO CYXOro TepTs-KOB3aHHS
«ILTOIIMHA T10 TUTOIIMHI.

Jlitrepatypa

1. IIpeBpaleHre B MOBEPXHOCTHBIX CIIOSX CIUIABOB JKeJie3a MPH dJIeK-
TPOUCKPOBOM JierupoBanuu rpadurom / A. Y. Muxaiiniok, A. E. ['utineBuy,
A. U. Usanos, E. 1. ®opmuuesa, I'. Y. lumutpoBa, A. 1. I'punaueBcbKuil.
// DnexTpoHHas 00paboTka MatepuanoB. — 1996. — Nel. — C.23 — 27.

2. BepxorypoB A. /. BnusiHue pexumMoB 3JIEKTPOUCKPOBOTO JIETHPO-
BaHMS U 3JIEKTPOIHBIX MaTepuasioB Ha CTPYKTYPY M W3HOCOCTOHKOCTH MO-
kpoithii / A. 1. Bepxorypos, 1O. . Mynus, E. C. Acranosa, B. A. Arans-
toB, M. U. Uletunun, A. B. Ko3beips, B. B. ConoBbeB // DnekTpoHHas 00-
pabotka marepuanoB. — 2004, — Ne 3. — C.17 - 21.

3. Mynun 1O. U. Ocobennocty ¢GopMHUpoOBaHMS M CBOWCTBA MOKPHI-
TH, HAHECEHHBIX METO/IOM AJIEKTPOUCKPOBOTO JIETUPOBaHUs Ha cTaib / 0.
N. Mynun // ®uXOM. — 2006. — Ne4. — C. 60 — 66.
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MOBBIIIEHUE SGHEPI'O3®®EKTUBHOCTH
UCTOYHHUKOB IMUTAHUS MAIIIMH KOHTAKTHOM CBAPKH

C.K. [loonebennas, dokmopanm, doyenm, B.B. Bypnaxa, dokmopanm, doyenm,
C.B. I'ynaxos, npogheccop, [BY3 «[II'TY »

K nambonee wacro BcTpewarommmcs (axkropam, HETaTHBHO BIUSIO-
MM HAa TPOIECC KOHTaKTHOM CBAapKH, OTHOCAT KOJEOAaHWS MUTAIOMIErO
HaINpPsDKEHUS] 1 U3MEHEHHE CONPOTHUBIICHUS! BTOPUYHOTO KOHTYpa MalIlHBI
koHTakTHOW cBapku (MKC) 3a cuer BHeceHHs B Hero (heppoMarHMTHBIX
Macc. Konebanusi HanpspkeHHs, TOCTUTAIONIME B YCIOBHAX pabOTaromiero
npousBoAcTBa * 20 %, MOTyT IPUBOIUTH K CHHXKEHUIO IPOYHOCTU CBAPHO-
IO COEAMHEHHMs, BIUIOTH IO HEMPOBApOB, BBIIUIECKOB XHJKOrO MeTalia,
npoxxoroB [1]. Takum 00pazom, pa3paObOTKa METOMOB CHIDKCHUS BIMSHUS
9THX ()aKTOPOB Ha CBAPOYHBIH MPOIECC SIBISETCS aKTyaIbHOM.

CyIecTByIOMIME METO/ABI CHIKEHUS! BIMSHUS BO3MYIIAIOMINX (aKTo-
POB Ha CBapOYHBIN MIPOLECC B OCHOBHOM HAIIPABJIEHB! HA COBEPILIEHCTBOBA-
HHUE TUPUCTOPHBIX MCTOYHUKOB nuTaHust MKC, 3¢ (heKTHBHOCTh KOTOPBIX C
TOUKH 3pEHHs BIMSHUS Ha MUTAIOIIYIO CeTh HeBbICcOKa. IIpencraBisier uH-
Tepec MCIONIb30BaHME B KadecTBe McrouHMka nutanus MKC Hemocpen-
CTBEHHOro TIpeoOpaszoBarens Tpex(da3HOro HampspkeHHs B oaHodaszHoe
MaTpPUYHOIO THUIA.

Taxolt npeoOpa3oBaTens Mo3BONIsIET (POPMUPOBATH BHIXOAHOE HAMpS-
JKEHUE 3a/JaHHON aMILUIUTY/bl U YacTOThI, B 3aBUCUMOCTH OT TEXHOJIOTHUYe-
CKUX TapaMeTpPOB CBAPKUM M BHEUIHMX BO3MYLIAIOIIUX BO3AEHCTBUI B pe-
KHMME peajbHOI0 BpeMEeHH. B ocHOBe cHucTeMbl yrpaBieHus npeodpa3oBa-
TeNeM JIEXKHUT MPUHIUI MOAJEpKAHNUS 3aJaHHOM SHEpruU B MECTE CBapKU.
KpoMme Toro, umeer cMbICI U3MEHEHUE XapaKTEPUCTUKU UCTOUHUKA MUTa-
HUS Ha Pa3JIMYHBIX 3Talax CBApPKH: AJS IMPOrpeBa UMEET CMBICI MOAAEPKHU-
BaTh MSATKYI0 XapaKTEpPUCTUKY, a HEMOCPEICTBEHHO caMy CBapKy IpPOBO-
JIUTh TIPH JKECTKOM XapaKTEepUCTHKE HUCTOYHMKA. DTO AACT BO3MOXKHOCTh
o0ecreuuTs JyqlInidi KOHTaKT B MECTe CBApKH, W, TaKUM 0Opa3oM, MOBHI-
CHUTb €€ KauecTBO.

IIpu sTOoM pocTHTaeTcs MPaKTHYECKW EIWHWYHBIA Kod(duimeHt
MOIIIHOCTH MCTOYHUKA MUTAHUS, YeM 00ECIIeYMBAETCS €ro JIEKTPOMAarHuT-
Hasi COBMECTUMOCTb C IEKTPUUECKOMN CETHIO.

Jluteparypa
1. KitumoB A.C. OCHOBBI TEXHOJOTMH U IOCTPOCHHUS 00OPYIOBaHUS
JUTSI KOHTAKTHOM cBapku: YueOHoe mocobue / A.C. Kiiumos, 1.B. CMupHOB,
A K. Kynunos, I'.3. Kynunosa. — Tonssrru : TT'Y, 2007. — 260 c.
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METO/JbI YITPOYUHEHUSA TAXKEJIOHATPYKEHHOI'O
OBOPYJIOBAHUA

. A. Paccoxun, maaduiuti Hayurvii compyouux, I BY3 «III'TY»

Ha ceromusmiHuii feHb B Pa3iUYHBIX OTPACISX HPOMBIIIIEHHOCTH
IIMPOKO IPUMEHSIOTCS IOJMMEPHBIE MaTepuallbl, MO3BOJIIONINE PEUINTh
IIMPOKHHA CIIEKTP PEMOHTHBIX 3a7ad. OHOW W3 TaKUX SIBISIETCS BOCCTa-
HOBJIEHHE OIOPHBIX MOBEPXHOCTEH KPYMHOTraOapHUTHBIX JAeTalied TshKeIo-
Harpy>KeHHBIX METaJUTypruueckux MmamwuH. JlaHHasi npoOiema - aKTyab-
Hasl 3a/1a4a, ITOCKOJIbKY 3aMeHa TaKUX JeTajield Ha HOBBIE HE MOXET OBITh
BBINOJHEHA M3-3a BBICOKOW MX cebectomMoctu. [ToaTomy B Merammypruu
MIPHUHSATA TPAKTHKA YCTAHOBKY B TAKMX MAlIMHAX 3aIIATHBIX CMEHHBIX ITIa-
HOK B 00JIaCTh MEXJly ONOPHOW IMOBEPXHOCTBIO M (pyHIaMEeHTOM. B peanb-
HBIX YCJIOBUSIX B 3a30p MEXKAY IUTAaHKAMU W OIOPHOM ITOBEPXHOCTHIO ITOTIa-
JTaeT BOJA, YTO TPH MOBHIIICHHBIX TEMIIEPATypax BHI3bIBACT AaKTHBHEIC KOP-
PO3MOHHBIE TIpollecChl. Pe3ynbTaT Takoro BO3JEWCTBHS — W3HOC OMOPHBIX
mwiomanok. Hanpumep Ha Crane 3000 Takol M3HOC COCTaBISIET OT 2 11O
5 MM 3a 2-3 rona skcruryatanud. JlanHas npoGiiema Habronaercs u B (QyH-
JTAMEHTHBIX TUIMTaX TypOOarperaTtoB TEIUIOBBIX AJIEKTPOCTAHIMN C TaKUM
K€ 10 BEJTMYMHE U3HOCOM.

Hawnbonee pacnpocrpaHeHHBI cOCO0 BOCCTAHOBJIEHHS TaKHUX I10-
BEPXHOCTE — 3TO BHIIONHEHHE HAIUIaBKU. [IprMeHeHne HaIuIaBKU NpU
BOCCTAHOBJICHUHM CTaHHH NPOKATHOTO 00OpYJOBaHMS WM (hyHIAMEHTHBIX
AT TpeOyeT 00pabOTKU OONBIION IIIOMIAH, & TAKXKE CICIHATBHBIX CTaH-
KOB U151 (hpe3epOBAHMSI.

Kadenpoit MO3UM cosmectHO ¢ kadeapoit MuTCII BeimonHstOTCS
UCTIBITAaHNs KOMOMHHUPOBAHHOTO CJIOS C HCIIOJIb30BAaHHEM KOMIIO3HUTHBIX
MaTepuanoB M HaruiaBku. CyTh MCCIEIOBaHMS 3aKIIIOYAETCsl B HCIOJIB30Ba-
HHUM HAIIaBOYHOI'O CJIOSl B Ka4eCTBE apMHUPYIOLIEro Marepuala, a KOMIIO-
3UTHBIN MaTepual — 3TO MPOUHBIN U, TNIaBHOE, TEPMETHUYHBIN CIIOH, pUMe-
HEHHE KOTOpOro He TpedyeT nocneaymonieid oopadorku. C 3Toi TOUkH 3pe-
HUS NPEAJIOKEHHAsT TEXHOJIOTHS UCIIONIb30BAHHUSI COBPEMEHHBIX KOMITO3HT-
HBIX MaTepHaJiOB B KOMIUIEKCE C HCIOIB30BAHUEM CBAPOYHBIX TEXHOJOTHI
siBsiercst () (EKTUBHBIM U SKOHOMHYECKH 11e71eCO00pa3HbIM METO/IOM pe-
LIEHHs IPOOJIEM BOCCTAHOBJIEHUS 000PYAOBaHUSI.
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IIVIASMEHHOE HIOBEPXHOCTHOE A3OTUPOBAHUE
UHCTPYMEHTAJIbHBIX CTAJIEN

B.A. Masyp x.m.n., doy. IBY3 «[II'TY»

TexHomornyeckne TPOLECCHl  TOBBIMICHHUS  OKCILTyaTallHOHHBIX
CBOMCTB MHCTPYMEHTAJIBHBIX M KOHCTPYKIMOHHBIX CTaJIeil 3a Cuer Hachl-
IIEHHs] TTOBEPXHOCTHOT'O CJIOS a30TOM, YriepoioM, OOpOM M IpYrUMHU XH-
MUYECKUMU BJIEMEHTaMU (XUMHKO-TepMudeckas oopadotka XTO) mupoko
pacIpocTpaHeHbl B Pa3IMUHBIX OTPACISX MPOMBIIUIEHHOCTH U Jal0T XOpo-
M€ PE3YNIbTATHI.

I'maBHBIMK OrpaHMuYMBarOIMMU (akropamMu st mpoueccoB XTO
SIBIISIFOTCS: TIOTPEOHOCTH B JIOPOTOCTOSIIIEM 000pYyOBaHHUH, OOJbIIAst IJTH-
TEJIFHOCTh TPOLIECCa HACKIIIEHHSI TOBEPXHOCTH Ha HEOOXOIMMYIO IITyOHHY,
3HAYNTEIbHBIE SHEPT03aTPAaTHI.

[lepcrieKTHBHBIM ~HaNpaBlICHUEM SBISIETCS COYETaHHE XHMHUKO-
TEPMHUUYECKOH 00pabOTKH C MTOBEPXHOCTHBIM YIIPOUYHEHHUEM BBHICOKOKOHIICH-
TPUPOBAHHBIMH MCTOUYHHKAMU HarpeBa, HalpUMEp C IUIa3MEHHOH IOBepX-
HOCTHOUM 00paboTKkoii. [IpuMepoM MOTOOHBIX MPOIECCOB MOXKET BBICTYIIATh
TUIa3MOXMMHUUECKask 00paboTKa - MIa3MEHHOE a30TUPOBaHUE, IIa3MEHHas
HUTPOIIEMEHTAIIUSI.

HccnenoBanne a3oTHpOBaHMS B Ta30BOM TYTOBOM pa3psje HU3KOTO
JlaBJIeHUs (yroBOW pa3psj ¢ HAKaJIMBAEMBIM KaTO/IOM B Ka4eCTBE SMUTTE-
pa 3JIEKTPOHOB) TOKa3aJiv, YTO a30THPOBAHUS TOIOKEK C apMKO-)Kelesa,
XPOMHUCTBIX CTajed U TUTaHa B cMecH Ar - N, a taxxke cranu P6MS B azore
MIPOUCXOJUT B YCIOBUSX MOANEPKaHHUS UX HEOOXOANMON TeMIlepaTypsl U B
«1aBaronieM» (OTpUIATENFHOM) oTeHIrane. OHAKO 110 MPOJOKUTENb-
HOCTH Takasi 00paboTKa MPaKTUUECKH HE OTIMYAETCS OT IEYHOTO T'a30BOr0
a30TUpoBaHMs. Bpemst mmporecca MOXKET JOCTUTaTh HECKOJIBKUX YacoB.

CoueraHue IJIa3MEHHOH yIpouHSsoed 00paboTKH ¢ a30THPOBaHHU-
€M, B OTJIMYME OT BHIIIE OIMCAHHOTO MpoIiecca, Ha JaHHBIH MOMEHT H3y4e-
HO cnabo. OHAKO 3TO HAIIPaBJIEHHE SBIISAETCS MEPCIIEKTUBHBIM, ITOCKOIBKY
TIO3BOJISIET PEaM30BaTh HEKOTOpble OCOOEHHOCTH IIpoliecca HACHIIEHUS
TIOBEPXHOCTHOT'O CJIOSI CTaJIed a30TOM, MPHYEM BpeMsl Ipoliecca COKpalia-
eTCsl 710 HECKOJIBKUX CEKYHJ| WJIM MUHYT (B 3aBHCUMOCTH OT rabapuToB fe-
TaJn):

1. TloBblIeHNE JIETMPOBAHHOCTH TBEPJOrO pacTBopa (pacTBOpeHHe
KapOumHOM (a3pl mpH TUIa3MEHHOM MOIU(UIMPOBAHNH) CIIOCOOCTBYET
YBEJIMYEHUIO PACTBOPUMOCTH a30Ta B o-(ase. [ToBwIieHne pacTBOpUMOCTH
azora B 0-(aze TOpMO3UT 0Opa3oBaHKUE HA ITOBEPXHOCTH CIIOS XPYIMKUX BBI-
COKOA30THCTBIX (a3, TEM CaAMBIM CIIOCOOCTBYET MTOBBIIICHUIO TPOYHOCTH.
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2. TepMOUUMKIMPOBAHUE WHTCHCHU(PHIMPYET MPOIECC PACTBOPCHUS
KapOHUJI0B M 00eCcIeunBaeT BHICOKYIO KOHIIEHTPAIIUIO JIETUPYIOIUX 3JIeMeH-
TOB B NEPEHACHIILIEHHOM 0-TBEPIOM PAaCTBOpE TEPMOOOPAaOOTaHHOM CTalIH.
TepMoOIMKIMpOBaHNE YBETUYMBAET KOJIMYECTBO NE(PEKTOB KpHCTaJIHYe-
CKOH pemrerkd, obnerdaer auQy3nio, aKTUBHU3UPYET MPOIecC a30THPOBa-
HUS ¥ 00€CIICYNBACT YBEIUYCHUE TONIUHBI TU(Qy3noHHOr0 ciiost. Harper
JI0 TEeMIIEpaTyphl OTIYCKa M JUINTENIbHAs BBIIEPXKKA B IPOIECCEe a30THPOBa-
HUSI TO3BOJISIIOT CO3JaTh HEOOXOAMMBIE (PU3UKO-MEXaHHMYECKHE CBOMCTBA
OCHOBHOT'O ME€TaJuIa YIIPOYHSEMOT0 U3/IENusI.

3. IIna3mennHass 0OpabOTKa BBICOKOJIETMPOBAHHBIX MHCTPYMEHTAIIb-
HBIX CTasied ¢ BEICOKUM coziepxkanueM W, Vo, V co3gaer BO3MOKHOCTh IS
MTOJTYYCHUS] TOBEPXHOCTHBIX CIIOEB C BRICOKUM YPOBHEM TBepaocTH (1o 12,5
I'TIa).

BaxHBIM YyCIIOBHEM KaueCTBEHHOTO Aa30TUPOBAHUS SIBIIACTCS Ipa-
BIJIBHOE ITPOBEJCHNE HAYaJbHOW TEPMHUUECKOH O0OpaOOTKM HMHCTPYMEHTa,
HaJUIeXKallel OYUCTKU €ro IIOBEPXHOCTH, OTCYTCTBHE 00€3YTrIIepOyKMBAHUSL.

[pomecchl mIa3MeHHOro a30TUPOBAHUS N3YYaAIIUCh C UCITOIb30BAHH-
eM obpasmos u3 cramu P6M3 (0,80 - 0,88 C; 3,8 - 4,4 Cr; 5,5-6,5W; 1,7 -
2,1 V, 3,0 - 3,5 Mo) nocie cranmapTHOii TepmooOpaborku (HRC 63-65;
MUKpoTBepaocTs 8,5 - 9 I'Tla). ['myOuna asotupoBaHus U (Ha30BbIi cocTaB
OMPENICISTUCh MO U3MEHEHHI0 MUKpoTBepaoctu (mpudop IIMT-3). ITnasz-
MeHHasi 00pa0OoTKa IPOBOAMIIACH C BapbUPOBAaHHEM CONEP)KaHMS a30Ta B
m1a3Moo0pa3syromero rase ot 5 10 40%.

HccnenoBanust MO3BOIMIIN CIIENATh CIIETYIOIINE BHIBOBL:

1. IIna3mennass 00paboOTKa C OAHOBPEMEHHBIM a30THPOBAHHEM IIO-
BEPXHOCTH SIBJIICTCS TIEPCIICKTUBHBIM HAIIPABIICHUEM TTOBBINICHHUS PabOTO-
CHOCOOHOCTH PEeXYLIEro HHCTpYMEHTA. biaromapsi BBICOKOH CTeNeHU
HACBIIIEHHS TBEPJIOT'O PACTBOPA YIJIEPOJIOM M JIETHPYIOIIMMH 3JIEMEHTaMH,
a TakKe M3-3a BHICOKOW IUIOTHOCTH JMCIIOKAIMA, YTO BOSHUKAET IIPHU IUIa3-
MEHHOHN MOIU(UKAIIH ITOBBIIIACTCS CKOPOCTh AU (y3Uu a30Ta B CTaJH.

2. Illupokue TEXHOIOTMYECKHE BO3MOXXKHOCTH ILIa3MEHHOH oOpa-
OOTKM MO3BOJISIIOT ITOJTy4aTh HACBIIIEHHBIE a30TOM CJIOHM IIyOHMHO# copas-
MEpHOH CO CTaHAApPTHON TEXHOJOTHEH ra30BOr0 M YKHUIAKOCTHOTO a30THPO-
BaHUSA
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