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BIUVIMBY HAIUIABJIEHHSA LITAMIIIB 31 SHECTPYM/IEHOIO
IPUCATKORO HA TIOKA3SHUKHW HAIUIABJIEHOT O METAJTY

Barpos BA.', Cuperiio T.O?
1Xap1c13c1>mm HAIOHATHHU aBTOMOﬁiJIbHO-)IOPOHG-]lI/I yHiBepcHuTeT
Xapmncumn MAIIMHOOYi BHUIA KOJICIDK

Anomauis. Pospotnena mexnonoeisi HAWIG&NeHHs, sika 00360T1€ SHUBUIML KOHYEHMpayii dopoaux
TE2VBATLHUX €NEMEHITIS, IMEHUINTL 00CS2 MEXAHIUHOL 1A, MEPMIMHOL 00POOKU. BIOHOGTIEHO20 THCY -
MEHMY, SHUBUIMU BUIMPAMiL 8IOHOCHOI Macu gyirocy I numomi. sumpamu elekmpoerepeii. Ha ocHosi
NpoGeoeHUX OOCTIODKEHb PO3PONEHA MEXHOTIORIS WIMaMIie NOPOUIKOBUMILL OPONIAMIL 3
BUKOPUCIAHHSIM 3HECHDYMICHOT NPUCAOKU.

Kuowosi cnosa: Hannasnenmst, nopowosuii opim, ¢iioc, 1e2y8anHs, Kapoiou, numomi eunpamu

eflelmgvoeHepell
Beryn

Jlocyi/pierHsl, CrpsMOBaHi Ha  3HYDKCHHS
€HEPro- 1 PeCypPCOBUTPAT 32 YMOBH BiJHOBIIFO-
BA/IBHOTO HAIVIABJICHHS] OOPOOHOIO IHCTPYMCH-
Ty ¥ OIHOYACHOrO IMi/IBUILEHHSI HOr0 HAHHOC-
Ti Ta JIOBIOBIYHOCTI, OCTAaHHIM YacOM CTald
OCOQITMIBO AKTYTHHAMI. [pakTrane
O3B’ sBaHHSI 33714l 3MACHIOETECS IITISIXOM PO3-
POOKH HOBUX 1 BJIOCKOHATICHHSI HASIBHUX HarUIa-
BITFOBAIGHAX MATePialiB 3 €KOHOMHOJICTOBAHH-
MU TIOKPUTTSIMHA 1 IIMXTOH), 3aCTOCYBAHHSIM
ONTYIMATIBHOTO CTIOCO0Y IXHBOr0 HAIUTABIICHHS 3
YPaXyBaHHSIM OCOOJIMBOCTEH TIOBE/THKI MaTePI-
anB y peanbHuX ymosax. OcoQmisa ysara y
BJIOCKOHAVICHH] HAIUTABIFOBATIEHIX  MaTepialiB

IPWIUSETECS.  MATCPIATIO3HABYNM  PO3POOKAM
3HOCOCTIMKHX €KOHOMHOJIETOBAHHX CITIABIB.

AHam3 myOuiikanii

[HCTpYMEHT BHPYOHVX LUTAMITB Y TIpOLICC
rapsioi OOpOOKY TIPU3HAYCHUI TS BUKOHAHHS
OCHOBHOI Orieparyi — IUIacTHYHOL Jiehopmari
METaly 33 BUCOKUX Temrieparyp. [t BHCOKO-
TPOIYKTUBHOI  POOOTH  LITAMITyBILHOTO  1H-
CTPYMEHTY BHACITIJIOK BUCOKHX OOTHICKAaHb Ta-
BIOPU MATPHIIb TIOBMHHI MaTH JIOCTATHIO TBEP-
JUCTb, OMIP CIVICKAHHIO, BUTMHY 1 IPOTHCTOSTH
JHAMIMHIM HABAHTKCHHSM, BHCOKHIT OIp
CTUPAHHIO, TEIVIOCTIAKICTD, TapHy 00pOQ/IHoBa-
HICTH TIOBEpXHI poOoumx dacTvH. CTIHKICTH
IIITAMIIOBOTO THCTPYMEHTY BHBHAYAETHCS TEX-
HOJIOTTYHFIMA  YMOBaMM  CKCITTyararlii Ta Ha-

TIPY/KEHO-TEMIIEpaTy PHHMH YMHHUKAMY,
TIOB’S3aHAMU 3 HOTO T€OMETPIERO 1 BIIACTUBOC-
TSIMH OOPOQIIFOBAHOIO METAITY.

[framroByii  THCIDYMEHT Ul TapsHoro

ILITaMITyBaHHs! BUTOTOBIBIETHCS 3 HCTPYMEHTa-
mHuX craen —  S0XHM, 40XSMAC,

35X3BIMAC Ta iH., SKi KIACH(IKYIOTECS 3a
XIMIYHUM CKIIAZIOM, C’IpyKIypOIO Ta BIIACTUBOC-

TIMA. XIMIYHANA CKJIAT 1 TIPM3HAYCHHS CTayiei
JUTST TApSTHoro 1 XOTIONHOrO IepopMyBaHHST per-
navenTyrorecst [ OCT 5950 «Cranb vuHCTpyMe-
HI'cU]B]Haﬂ JIETMPOBAHHASD) 1 TEXHIYHUMH YMOBa-
mu [1].

[HCTpYMEHT  [ITaMITyBATHHOIO - OQTIATHAHHS
TpAIOE B yMOBAX [MKITIMHUX YIIAPHUX HABAH-
TKEHD 1 BUCOKUX TEMIIEPATYP, Y TIPOLIECI POOO-
TH TIOBEPXHST CTUPAETHCS 1 POSTPICKYETHCSL.

OmrM 3 OCHOBHMX YMHHVKIB, 110 BIUIMBAC
Ha JIOBIOBIYHICTb LLTAMIIOBOIO IHCIPYMCHIY, €
Temreparypa. Brums Temreparypu Ha CTifKICTh
IITaMITIB TIOB’sBAHA 3 SIBUIIAMY, 110 BiIOyBa-
FOTBCS B FIOro po0odoMy Iapi:

— 3MiHa TOKa3HHUKIB MEXaHIYHMX BIIACTUBOC-
Teil 33 YMOBH 3POCTaHHS! TEMIICpaTypH;

— BITYCKOM 1 CIPYKTYPHUMH TIEPETBOPCH-
HSIMU TIOQ/IM3Y TIOBEPXHI IPaBEOPH,

— NOAIBOKO JIe(hopMALTii 1 HATTPYIKEHD, BUKI-
KAHUX HEPIBHOMIPHICTIO PO3TIOILTY Temriepa-
Typ. MBKCHMaTBHA TeMIieparypa HarpiBy TioBe-
PXHI TPaBIOp B MICIBIX 3ITKHEHHS 13 3arOTOBKA-
mu craHoButh Bix 500 mo 850 K, a ToBmmHa
[IEPY METATy, Jie 3MIHFOETECS HArpiB 1 OXOJI0-
JDKEHHSI, CTAHOBUTS Bif 3 710 7 MM [2].

KpiM Toro, y pasi ymapHOro KOHTAaKTy B
TIPOIIeCi IIITAMITYBAHHsI TIOBEPXHSI TPaBIOp 3a-
3HAE 3HAYHMX HOPMATHHUX 1 TaHTCHITATHHUX
HABAHTOKEHb, 110 JIeOPMYIOTH TIOBEPXHEBUIA
ITEP [ITAMITOBOTO IHCTPYMEHTY.

Y MiClll KOHTAaKTy METTy Ta IHCTPyMEHTY
BHCOKI TEMIICPATYH CTIDHSOTH PO3BUTKY JIc-
(hopmari¥, MOB’SBAHKX SK 3 HEPIBHOMIPHICTIO
HArpiBy NOBEPXHEBUX 1 [NIMOMHHKX LIADIB, TaK i
3 HAsBHICTIO JIGheKTIB KPHUCTATIYHOI PEIIITKH,
SIKi € CBOrO POJIy KOHIIEHTPATOpaMH HAIPY>KeHb



Bichuk XHALLY, Bun. 91, 2020

Ha MIKpOpIBHI. 32 YMOBU BIUMBY HABAHTKEHb
Ha ILITAMIIOBUI THCTPYMEHT Ha HOro Kpasix PI3KO
3POCTAIOTH HAIIPY)KCHES JIO BETHHHH, L0 JIOCSH
TFOTh TEOPETUYHOL MILIHOCTI MeTaly. 3a Takoro
HAlIPYXCHOIO CTaHy PYHHYBaHHS MOXE I104a-
THCSI, HABITh SIKITID CEPEIIHE HOro 3HAYCHHS Me-
HIIEC 3 BEMIMHY TEOPCTHIHOI MILIHOCTI.

IHIMM YMHHPKOM, SIKVI BIUIMBAE HA BEJM-
YIHY 3HOCY, € OKHICHEHHS METATTY, 110 BUKITHKAE
3pOCTaHHs KOR(ILIEHTa TepTs, & ODKE, CIIPHsE
IHTEHCHBHOCTI 3HOIyBaHHSL. [HTEHCHBHE OKuC-
HCHESI MCTATy B3ZIOBXK C(HOPMOBAHMX TPILLHH
TPU3BOIUT JI0 TXHHOTO TIOTAIBIIONO PO3BUTKY.
Taxok MOKyYTb MaTH MICUE H TPOLIECH PO3BHT-
Ky TPILIWH, SIKI BUMAIITA HA TIOBEPXHIO METATTy,
P acopOyBaB 3 HABKOJIAIIHEOTO CEPETIOBHITR
TIOBEPXHEBO-AKTHIBHI PEUOBHMHN. Bermke 3Ha-
YEHHSI Ma€ TIPABWIIHHE OXOQIIOIDKEHHS POGOHOro
IHCTpyMEHTA i1 Yac [IraMITyBaHHs [2].

B OKpeMyx MICLIX TpaBtop B TpoLiect podo-
TH MOYKE BIJIOYBATHCS CXOIUTFOBAHHS | 12 porty.

Y po0oT! ILITamMITyBABHOIO HCTPYMEHLY, SIK
1 B 3ara/lbHOMY BHIIAJIKy poOOTH JeTaliei Ma-
IIMH, MO)XHA BWIUIMTU TPU OCHOBHI TIEPIOTA
3HOITICHHSL.

Y niepumii niepioz1 poOOTH TPaBIOPH IHCTPY-
MEHTY LUTaMITIB TIOYMHAKOTH TIPUTPALFOBAHHS,
MIKPOHEPIBHOCTI Ha TOBEPXHI 3IJIAIDKYFOTECS B
TIPOLIEC] TIACTUYHOL JiehopMaltii.

Y Ipyriii niepiox podoTH yTBOPFOFOTECS HOBI
HEPIBHOCTI, SIKI TAKOXK 3TJIAIDKYFOTECS, TIOCTY-
TIOBO  BCTAHOBIIOETECS  peibe)  TIOBEPXHI,
TIOB’$I3aHUH $IK 3 YMOBAMH POOOTH IHCTPYMEHTY
(THCK, IIBHIIKICTb, TEMIIEpATypa Ta iH.), TaK 1
MIKPOCTPYKTYPHHMH  TISPETBOPEHHSMI  METATTY
ILITAMITOBOrO HCTPYMEHTY.

Tperiii mepion — Mepioz] TIOCKIICHOrO 3HO-
IIEHHS — HACTA€ BHACTIJIOK 3MIH YMOB POOOTH
TIOBEPXOHD TEPTSL

JUyist 30UTHITIRHHST TEPMIHY CITY2KOW TIITaMIIo-
BOrO IHCTPYMEHTY HEOOXI/IHO 33 MOMIMBICTIO
CKOPOTHMTH TIEPIOZ NPHTIPAITFOBAHHS, MAKCHMA-
JIHO 30UTHIIMTH TIEPIO]] YCTAICHOrO 3HOITIGHHST
1 1IOTIepEIATI HACTYTI TIOCKIIEHOTO.

V' BiZHOBIIGHHI 3HOIICHHX JICTATICH HAIUIAB-
JIEHI TIRPH 32 CKIIAJIOM 1 CBOIMH BJIACTHBOCTSIMU
37MeOUTHIIION0  BIIPIBHSIOTECST  Bi  Marepiainy
OCHOBU. JleryBary HariaBeHni MeTart MOXKHA
PISHHME CTIOCOOAMH — LIVBIXOM OOMIHHHX PCaK-
Il Mi>K METAIOM 1 OKCHJIAMH, ITI0 MICTSITECS B
crial Quiocy, depes rasoBy Qasy, yBEICHHSM
JETYBUTPHUX €JIEMEHTIB Yepe3  eJIeKTPOIHHIA
0o TprcaHuiA Marepiam [3, 4].

'V TIporieci HarvIaBIICHHS! eJICKTPOIAMH JIeTy-
BaHHs! [POBOIMTECS YEPE3 CTPYDKEHD 200 TIOK-
PUTTS €JIeKTpoJia a0 Bif CITIGHONO BIUIMBY.

OImHaK 111 YaC JIETYBaHHS Yepe3 TIOKPUTTS Koe-
(hirtieHT NEpexoty €/IEMERTIB 3 BHCOKOKO CTIO-
pmHechno 1o xuchro (Ti, C, Mh, Si Tomp)
HE3HAYHMIA. JIeryBaHHs depe3 CTPIDKEHb JI03BO-
JI€ OTPUMATU BUCOKI KOSQILIEHTH TEPEXOty
TIETYBATGHKX €JIEMEHTIB. ATle TTiBUILEHA Bap-
TICTh JICTOBAHMX CTPWDKHIB OOMEXKYE IIHPOKE
3aCTOCYBaHHSI 11HOTO CIIOCO0Y HATUIABJICHHSL.

VY pasl aBTOMATUYHOTO  EJEKTPOIYTOBOrO
HAIUTABIICHHS JITYBAHHSI METATY TPOBOIMUTHCS
IIBIXOM BUKOPHUCTAHHSI OIHOTO 3 HYOTHPHOX
TIOEIHAHB TIPHCAZIKH Ta UIEOCY:

1 - nerosani CYL[U]LHI/]I/I EIIEKTPOIHUIA JIPIT
a0 CTpIvKa 1 TUIABJIEHHH (UTOC;

2 - QIeKTpOTHUM TIOPOIIKOBUM IpIT alo
CIPIMKA 3 JICTYBAIBHIMY /ICMCHTAMH B VXTI
Ta IUIABJICHHH (VIOC;

3 - CyUUILHUHA HEJICTOBAHUH €JIEKTPOIHUI
JIpIT 00 CTpItKa i JeTyBabHII (UTFOC;

4 - cyLTBHI HETIeroBaHH JIpIT a00 CTPivKa i
JIETOBaHI TIPUCA/IKA y BUIVISI TIPYTKA, [POTY,
CTPIYKH, TIOPOILIKY, [TACTH, HAHECCHI Ha TOBEPX-
HIO, 1110 HATUIAB/ISETECS

Hi,u Yac JieryBanss 3a 1 1 2-M criocobamu Bi-
JOYBAFOTECS OKHCTFOBAVIGHO-BIIHOBHI TIPOLICCH
y BHCOKOTEMITEpaTypHiii oQracti. Y BUMAIKy
HATUTABIICHHS [T/ JICTyBaTTbHIM (TFOCOM 200 110
IBPY JIETYBAIGHOI TPUCATKKA  30UTBLIYETHCS
KOCQILIEHT TIePEXOLy JIETYBATHHUX E/ICMEHTIB,
TpOTe IXHE IIMPOKE 3aCTOCYBAHHS TIOB S3AHO 3
OOMEKEHICTIO JIOIYCTUMHX PSKAMIB  HAITIAB-
JICHHSL.

ENIeKTpOLIIakoBe  HAIUIABIICHHS  JI03BOJBIE
OTpUMATA MPAKTUYHO Oyb-SIKM  XIMIYHUNA
CKJIa/I HAIUTABTICHOTO MeTany. Auie IIPOKe 3a-
CTOCYBaHHI 11HOTO CTI0cO0y OOMEKeHe TeoMeT-
pi€l0 BUpOOIB 1 po3MipamMd  BiTHOBJTFOBAHHX
POOOYHX TIOBEPXOHb.

Y mporieci BiZHOBMIEHOTO HATUIABIICHHS 3HO-
IIEHUX TIOBEPXOHb MPArHyTh 32 YMOBU MiHIMa-
JIBHOI TJIMOMHM TIPOIUIABIIEHHST OCHOBHOIO Me-
TTy OTPYMATU HEOOXITHMI XIMIYHUHA CKIaT 3
MEHILIOIO KUTBKICTIO HAaHeceHUX apiB. Bricoky
TPOIYKTUBHICTH 1 HEBEJTMIKY TJIHOVHY TPOIUIAB-
JIEHHS! 320€3TIE9YHOTh GAraToeIeKTPO/IHA HAIU1A-
BKA | HAIUIABKA CJICKIPOJHOKO CIPIUKOKO [5, 6].

,ZLH;I POBLMPEHHS MOXJTMBOCTEN  METATYp-
MHOI Ta TEIvIOBOI OOpOOKU HAIUIABJICHOTO
MeTally, [Ara3oHy CKIly 33 YMOBU BHKODHC-
TaHHI SIK CEPIHO BUTOTOBIICHNX VI LIKX LIS
MaTepiaiiB, TaK 1 HOBUX, Il T IBUITCHHST TPO-
JIYKTUBHOCTI POOIT 1 3HVDKCHHSI YacTKW Y4acTi
OCHOBHOT'O METa/Ty B HATUIABIICHOMY, TIPOBEJICHO
aHAT3 HAHOUTHIIT IMPOKO 3aCTOCOBYBAHMX Me-
TOMIB BI/THORITFOBAHHSL YHACHIJIOK MPOBEICHOTO
aHaTi3y BCTAHOBJIGHO, IO 3aCTOCYBaHHS aBTO-



Bichuk XHALLY, Bun. 91, 2020

MaTUYHOI HAIUIABKY 13 3aCTOCYBAHHSM 3HECT-
PYMIICHOI TIPUCATIKH (ETIEKTPOI 1 3HECTPYMIICHA
TPHICaIKa — TIOPOIIKOBI JPOTH 3 JICTOBAHOKO
IIMXTOK0) 3HIDKYE YaCTKy YYacTi OCHOBHOIO
METAly B HAIUIABJICHOMY Ta ITIJIBULLYE POIyK-
TUBHICTb TIPOLIECY.

Merta i 10CTAHOBKA 32BIAHHSA

Meroro 11i€i poboTH € po3poOKa TEXHOIOTTT
HAIUIABIICHHS], SIKA JIO3BOIISIE 3HH3UTU KOHLICHT-
PaLifo JOpOrX JICryBIbHNX CIEMCHTIB, 3MCH-
IIMTY O0CST MEXAHIYHOL Ta TEPMIYHOL o6p061<1/1
BIZHOBJICHOTO 1HCTPYMCHTY, 3HH3HTH BHIpATH
BIZIHOCHOI MacH (TFOCY i IATOMI BATPATH EJIeK-
TPOCHEPI 1.

BB crioco0y HAIIAB/IEHHSI HA TIOKA3HUKA
HAILIABJICHOTO METTY

B pesyrnbrari sitepatypHOro oty mpuii-
HSTO HAIUTABJICHHST TIiJT M TIOPOIIKOBUMHU
JIETOBAHUMH JTPOTaMH 3 TIOJAYEIO 3HECTPyMITe-
HOI [IPUCAZIKU Y 3BAPIOBAIGHY BaHHY.

Harmasnensst BUKOHYBaA M TC-
17M 1 aBTOMaTMuHOKO TOIOBKOIO A-1416 Ha
wiactiar posmipoM 200x150x25 MM 31 crarm
20, 500x300x40 mm 31 crami 45 1 400x50x40 31
cram SXHM. 3axucHuM (UIFocoM [yisl Haruias-
JISHHSI TIOPOIIKOBUMH JIDOTaMHU 13 CHCTeMaMU
neryBantst Cr-Mn-Ti ta Gr-Mn-Mo-Ti Ha ocHo-
Bi 3aimi3a OyB mpuiiHsTvi duroc AH-22. Buxi -
HAa OCHOBHICTD AH-22 — B = 1,4668,
XiMIUHa aKTUBHICTH — A¢, = 0,1819.

KpiM HAITTABJICHHSI TIOPOLLIKOBMMH JIPOTAMH,
3MVCHIOBAT TAKOXK HAIVIABIICHHS 11T KEpaMid-
HaM (urocom Ha ocHoBl CaF, 3 1eHTHYHOKO
CHCTEMOIO JieryBanhst jipotom CB-08A maver-

poM 2 MM 1 TIOTOHHOKO  CHEpri€rO
%15 20 kIhx/om.

OuiHroBa BIDIMB  Koe(pillieHTa BBEZICHHS

3HECTPYMIICHOI IpUCaKA B = m,,./m,, (1€

Myp-, M. —Maca POIUIABIICHNX l'[pPICElII,KOBOFO 1
EIEKTPOTHOIO JIPOTIB BI/IOBIIHO) HA TEXHIKO-
€KOHOMIYHI TOKA3HUKH TUIABIIEHHS — KoeiLlie-
HIY HAIUIABJIEHHS Of, Op, KOSDILIEHTH 3aCBOECH-
sl JITYBAIGHAX EIEMEHTIB Kjj, Koe(ilteHTH
BI/IHOCHOI MacH Laky K, eHeprequl Xapak-

TEPUCTUKH — TTIATOMI BATPATH CHEPT i1 Ta TeIwio-
oro KKJI mporiecy. XiMIYHMIT CKIIa/( 3HECTPY-
MJICHOT'O TOPOILIKOBOIO JIpOTy OyB 1ICHTHYHHIA
XIMIYHOMY CKII3JTy €JICKTPOIHOrO TIOPOLLKOBOrO
pory. IIroMy eHeprito, BUIpaucHy Ha yTBO-
PCHHSI 111Ba HYDKYE ¥ BUILE 32 YMOBHY TPAHHLIEO
CIUIABJICHHSI, OITIHIOBAIIH 32 (DOPMYJIOO

Ai=nceTeUyo(V, *E) ", @

1e | . U, —TIoBHa TeIwioBa NOTYKHICTH yry, Br;
V, — IIBUIKICTS HAIvABlIeHss, MM / ¢, H — Bi-
noBijHO, F, 1 F,, TOOTO IUI0IMR MporuiaBieHHs
OCHOBHOTO METay 1 TUIOIR HAIUTABJICHOTO Me-
Tay, MM’

TermoBuii KKJI mporiecy mporviaBieHsst 1
HAIUIABJICHHS] BU3HAYAH 32 (POPMYJIOH0

Ny = Srm .Ai_l ' (2)

1e Ai — BUIIOBIHO, A, 1 A, — TIMTOMI BUTpaTy
CHeprii HA YTBOPSHHS ITBA HIDKYE 1 BUILE 33
YMOBHY TPaHULFO CIUIABJICHH, I[)KMM Su —
TEIUIOEMHICTh MeTaily 1183, i My

Hariapnennst 31 3H60’Ipy1\/lJIeHOIO TIprcat-
KOIO y BHIVBYI IIOPOIIKOBOIO JPOTY (€JIeKT-
PO — MOPOLIKOBHIA JIPIT TAKOTO CAMOrO CKIIaJly
abo 1Hmoro) i quIrocoM repenidadac momady
IPUCAZIKK B TOJIOBHY YaCTUHY 3BAPIOBAILHOL
BaHHU. Y 1I5OMY BUITA/IKY CKOPOYYETHCS €Tall, y
SKOMY BIJIOYBAalOTECSL MAcCOOOMIH: Kparuis —
IIIAK, KParuist — JyrOBUH TIPOMDKOK, Kparuis —
1rakoBa BaxHa. Ha 1mx cramsix MIHY
BIZIOYBAFOTHCST HAMOUTHIIT aKTUBHI TIPOLIECH OKFH-
CHEHHS! JIETYBTHHHX €/IEMEHTIB.

JIOCII/DKeHHST BIUIMBY KUIBKOCTI  BBE/ICHHS
3HECTPYMJICHOI [IPHCA/IKM HA TEPMIYHI LMK/ B
TIPOILIECi HAIUIABRJICHHS TIOPIBHSHO 3 HAIUIABJICH-
HSIM OJIHHM €JIEKTPOZIOM TIOKA3a/IH, 1110 3ATIEXKHO
Bi/I KUIGKOCTI BBEJICHHS 3HECTPYMIICHOI TIpHCa-
JIKA 3MIHFOETHCS XapaKTep HarpiBy W OXQyio-
JDKEHHsI TOUOK, PO3TALLIOBAHMX HIDKYE 32 Tpa-
HUITO CITIABTICHHS, 10 TIOSICHIOETHCS 3MIHOKO
TeIUIOBOro Garancy. Y pesysbTari 30UTbIIyeTh-
cs1 yac TiepeOyBaHHS B IHTEPBAT TeMIIEpaTyp
700-1000 K. Taxy 3viHy Xapakrepy TEpMIYHUX
IMKJTIB M1 Yac HAIUIABJICHHS 31 3HECTPYMIICHOO
TPHCATIKOI0 MOYKHA TIOSICHUTH KOHIICHTPAITIEFO
TeIUIa B 30HI HAIUIABICHOTO METATY Ta 3MEH-
ITEHHSIM TUTONT TETUIOBIZBETICHHS B OCHOBHHIA
METaIT 31 30UIBLUICHHSM YBEJICHHS 3HECTpYMIIC-
HOI TIPUCA/IKU. 3MEHIIEHHS IIBHIKOCTI OXOJIO-
JDKEHHSI TIPM3BOITH JI0 3MEHIICHHS TapTiBHIX
SIBUIY, 1110 TIIJIBUILYE OMIPHICTH XOJIOTHUM Tpi-
IHAM.

Bi3HaueHHs BIUIMBY YacTKM y4acTi 3HECT-
PYMIICHOI TIpUCATIKA 3y HAIUIABIICHOMY MCT/li

Ha K IHI€HI'I/I BIIIHOCHOI MaCll ITIaKY BHUKO-
HAHO 32 TaKUMH (pOpMyIIaMHU:

Kml = Mm y Mp..wﬁl ' (3)

sz = Mm ¢ Ma.n.71 ! (4)

KmS = Mm .Mnl71 ' (5)
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e K., K., K, — BUIIOBIIHO BIIHOIIEHHS
MacH 1riaky (M,,) 1o Macu po3IUIaBIICHOrO Me-
Tany (M,,,), 10 MacH PO3IVIABIICHHX EJIEKTPOZ-
HOro Ta TpUCAIHOroO ApotiB (M,,.), 0 Macu
PO3ILIABIICHOrO TIPUCAITHOTO SOty (M,.).

Maca po3IuiaBlieHOro Metany (OCHOBHOIO,
EJIEKTPOIHOTO 1 TIPUCATHOTO JIPOTIB) BU3HAYCHA
3a (hopMYIIOHO

Mp.M. :(F0+FH).L.Y' (6)

JlocImipKeHHsT BITIMBY KOGIITiEHTa BBSICHHS
3HECTPYMIICHOI MPUCAIKA HA TIOKA3HUKU IUIAB-
JICHHSI @JIEKTPOIHOrO 1 TPHCAHOTO METay
(koedbittieHTH PO3IUIABIICHHS], KOC(ILIIEHTH Ha-
TUIABJICHHS1 €JIEKTPOHOTO JIPOTY 1 3HECTpyMIIe-
HOi TIPHCAIIKH, YaCTKy OCHOBHOTO METaly B
METal 11Ba, BIHOCHY Macy IITIAKY) TOKa3aId
TaKi pe3yJIBTaT.

3i 30UIBLIEHHSM KOSIIIEHTA BBETICHHS 3HE-
CTPYMIICHOI TIPUCATIKM T IBUIIYIOTECS (pUcC. 1,
2) KoeIIIEHTH HAITIABIICHHST, 3HVKYETECS Yac-
TKa y4acTi OCHOBHOTO METaly B METI IIBa,
3HIDKYETHCS BIJIHOCHA Maca qUIFOCY.

o v Ay} w1

Puc. 1. BiomB yBeneHHS 3HECTpYMIICHO! TpH-
camki B=m, +m, ' Ha TOKAHUKA IUIaB-
JICHHST 1 YaCTKy y4acTi OCHOBHOIO MeTaly B
HAITIABJIEHOMY, JIE I, M, — MACH PO3IUIAB-
JIEHUX 3HECTPyMIICHOTO 1 EJIeKTPOHOrO

mporiB, T; A — KoegirienT POSIUIABIICHES
3HECTpyMIIeHoro apoty, o, (A ;0 —
KOC(IIIIEHT  POSIUIARTICHHS  €JICKTPOIHOIO
poty, o, ro(Asr) ;@ — xoediieHT Haruas-
TICHH5! ETIKTPOTIHOrO i TIPHCATHOTO JIPOTIB,
o, r*(Aer);O — yacTka yuacTi OCHOBHOIO
MeTaly B METAT 1184, |1

OOpoOKa  EKCTIEPMMEHTATHHO-PO3PAXYHKO-
BUX JIAHMX TIOKA3a/1a, 10 31 30UIBIIEHHAM KOe-
(biltieHTa BBEZICHHSI 3HECTPYMIICHOI TIDHCATIKA
TIMTOMA CHEPTsl, BUTpajeHa Ha YTBOPCHHS 111Ba

HIDKYE 32 YMOBHY TPAHHIIFO CTUIABIICHHS, 1 TET-
sosrii KKJI miporiecy HarviasyieHHst 30UIbLiy-
€ThCsL. BIUIMB yBE/ICHHS 3HECTPYMIICHOL Tipuica-
JKA Ha TTOMY eHeprito Ta TermoBrii KKJ]
TIPOLIECY HAIUIABJICHHS TIOKA3aHO HA PuC. 3.

Kainld Kpsxtl

Prc. 2. 3anexHicTh KoeIIEHTIB BITHOCHOI
MacH TIaKy K, Bil KoedillieHTa BBEICHHS
3HecTpyMiIeHol Tpucaiki [ @ — BimHO-
IICHHS MACH IIVIAKY IO MACH POSTUIAB/ICHIX
€JIEKTPOITHOIO, IlpI/Ica,Z[KOBOI‘O H OCHOBHOTO
marepianmB, K,;; O — BiIHOIEHHS MacH
UKy JI0 MAacH PO3IUIABJICHHX €Jie *
HOT'O 1 TPHCAJIKOBOrO Matepiams, Kj;
BUHOIEHHA MacH 1Ky IO  MacH
PO3IUIARIICHOrO TIPHCA/THOrO Marepiany, K3

A, X10, Twnet n . X0

-

I 1

& -< i

PI/IC 3 BH.HI/IB YBEIICHHS! 3HECTPYMIICHOI TIpH-
CaZKi HA CHCPICTHYHI  XapaKTCPHUCTHKU
wiaesienns: @, O — mroma enepris, BUTpa-
YeHa BiZINOBITHO HA YTBOPEHHSI 111BA HIDKYE 1
BHILE 32 YMOBHY TPAHHLFO CIUIABIICHHS, i,
T, A, A — BirioBizHO Terognii KK/
TIpOLIeCY TPOIUIARJICHHS 1 HATUTARJICHHS, 1j"
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Po3paxyHKOBO-CKCTICPHMEHTAIEHA  OLUHKA
BIUMBY BBEJICHHS 3HSCTPYMIICHOI TIPHCAIIKH Ha
KoeIITEHTH 3aCBOEHHS JICTYBTGHUX €JICMEHTIB
TIPOBOIIATIACS 32 BUPA30OM

K,=[Ley(E+E)[D , [M, {5, ()

e L — nokiHa HaruiaBlieHOro BAMKA; y —
TyCTHHA HAIUTABTICHOrO Metany; Fo, F,— — IIOIR
Tiepepi3y HAIUIABIICHOTO METATY HIDKUE 1 BUITR
33 YMOBHY I'DAHUIEO CIUIABIEHHS, M, — Maca
POSIUIABIICHHX  TIDUCAHOMO 1 &JICKTPOIHOrO
npotis; /3], [A]— KOHUeHTpaist NeryBab-
HUX E€JIEMEHTIB y METalTl ¥ IIMXTI TIOPOIIKOBOTO
ApOTy. .

Po3paxyHKOBHIA XIMIYHIIA CKIIA]] HAIUIARJIC-
HOIO MeTaily TIOPIBHIOBATH 3 €KCIIEPUMEHTATb-
HAMM JigHAMU. BiHoCHy NOXMOKY ckiiaty Me-
TasTy OLIHIOBATH 32 BUPa30M

AM, =(Mim_Mip)'(Mim)7l' ()
1ie M — KUTBKICTB I-I'0 eIeMEHTa B META 1B

32 eKCHICPUMCHTAIBHIMHU JTAHAMH, M — pospa-
XYHKOBHI BMICT 'O XIMIYHOMO EJIeMCHTa B
METaT L1Ba.

BromB yBenieHHs1 3HECTpYMIICHO! TIPHICA/IKU
Ha KOSILIEHTY 3aCBOEHHS JICTYBAIBHIX €lle-
MEHTIB TIOKA3aHHIA Ha puC. 4.

K10t O p=0 Wa=025 Up=035 Op=075

Ti Cr Min

Puc. 4. BiomB yBeieHHS 3HeCTPpYMIICHO! TIpHica-
TKA [3 Ha KOS(IITIEHTH 3aCBOEHHSI JICTyBATb-
HUIX €JIEMEHTIB

3arporoHOBAHA. TEXHOVIONIST Ta PO3POQTICH

CTaIi JyTsl Bi/THOBJICHHSI IIITAMITIB TIPOMIIITA BH-
poOHMul BrrpoOyBaHHs Ha AT «XapKiBChKuid
ManwHOOyMiBHUK 3aBonm «CBimio [laxTapspy
(m. XapkiB) Ta ITAT «ApTeMIBCHKHI MaIHO-
OyniBauii 3aB07 "Tlo0ea Tpyma”y.

BucHoBku

3anporoHoBaHa  TEXHOJOTISL  JIO3BOTIATIA
TIJBAIMTA  KOS(IIIEHT HAIUIARIICHHS  JIO
30 I/AT, 3OUIBLIMTH IIMTOMY CHEprito Ha (op-
MyBaHHsI 11Ba 1 TerioBoi KKJI BimmoBimHO Ha
60...70 %1 40...50 %, mmBuIwTHI KoeqnmeHTH
3aCBOEHHS  JICTYBUTBHMX ~ €IEMEHTIB  Ha
70...80 %, 3HMBATH QMO Y4acTi OCHOBHOIO
MeTally B HarwiaBiieHoMy 710 11...14 % nopiBHs-
HO 3 OJTHORJICKTPOIHAM HAITTABIICHHSIM.
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Research of the influence of soldering stamps with
a deep-additional additive on the indicators of
surface metal

Abstract. Problem. Investigations aimed at reducing
energy and resource costs during the restoration of
stamps by surfacing and at the same time increasing
its reliability and durability have recently become
especially relevant. A practical solution to the prob-
lem is carried out by developing new and improving
existing surfacing materials with economically light-
bumed coatings and charge, using the optimal meth-
od of their application. Goal — The aim of this work
is to develop a surfacing technology that allows one
to reduce the concentration of expensive alloying
elements, the mechanical and thermal treatment of
the reconditioned tool, and the consumption of the
relative mass of the flux and the specific consumption
of electricity. Results. When surfacing worn parts,
the deposited layers differ in composition and prop-
erties from the base materials in most cases.
The deposited metal can be alloyed in different
ways — due to exchange reactions between the metal
and the oxides that are part of the flux, through the
ges phase, by introducing alloying elements through
electrode or filler materials. Analysis of existing
alloys and technologies for their deposition showed
that they all have both advantages and disad-
vantages. On the basis of this, a submerged arc sur-
facing with a de-energized additive was adopted,
whichis fed into the head of the weld pool. Originali-
ty. The proposed technology made it possible to in-
crease the deposition rate up to 30 g/Ah, the specific
erergy for weld formation and thermal efficiency by
60...70 % and 40...50 %, respectively, and the as-
similation coefficients of alloying elements by 70...80
9%; to reduce the part of the base metal in the depos-
ited up to 11...14 % in comparison with surfacing
with one electrode. Practical value — The use of the
developed surfacing technology mede it possible to
reduce the concentration of alloying elements and the
relative mass of the flux and power consumption, and
to increase the main technological parameters of
surfacing.

Key words: surfacing, flux-cored wire, flux, alloying,
carbides, power consumption.
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HocreioBanie BMSIHES HAILIABKH IITAMIIOB €
00eCTOYCHHO! TPUCATKOI HA MOKA3ATE/ M HAILIA-
BJICHHOI'0 MeTa1a

Annomayun. Paspabomarna mexronoeus Hanwiaexu,
KOMOpast HO360TSIEN CHUBUINTb KOHYEHMPAUIO O0po-
2UX  TICCUPVIOUUX  VTEMEHINO0B, YMEHLUUUIMD 00bEM
MEXAHUMECKOTL U MEPMULECKOLL OOPADOMKU 80CCIG-
HOGTIEHHO20 UHCIPYMEHING, CHUBUNTb PAcXoobl ONt-
HOCUIETILHOLL MACChl GTIoca U YOeTbHbIE PaCX00bl
anexmposHepeunt. Ha ocrose npogedenHbix uccneoo-
BaHULL PABPADOMAHA MEXHOTIO2UST. HAIIABKU. WM~
1108 NOPOUIKOBLIMIL HPOBOTIOKAMIL C UCHIOTTb306AHUEM
00eCOUYEHHOU HPUCAOKUL

Knrouesvle cnosa: HanaeKa, nopowKosast Hposayio-
Ka, qviroc, eeuposarive, KapOuobl, pacxoo A1eKmpo-
SHEPULL.
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