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TEXHOJIOI'TA SMINHEHHA IITAMIIIB ITIPEC®OPM JJI1 BUT'OTOBJIEHHSA
BOTHETPUBKHX I BYIIBEJIbHUX BUPORBIB LIJISAXOM IIEMEHTALIIT

Axmyanvnicms memu docnioxcenns. Benuxoro miporo sxicmo i cobisapmicms cunikamuoi yeeiu ma 602HEmMpPUGKUX GU-
Ppo6ig 3anedcums 8i0 008208iyHOCMI Ui HAOTliHOCMI wmamnie npecghopm. Tomy 6ubip ONMUMATLHUX MaAMePIanié 0na 8u2omos-
JIeHHA WMamnis, cnocoobis ix sMiyHeHHs, a 8 pe3ynomam i 30i1buleH s MePMIHY € AKMYATbHUM 3A80AHHAM.

Ilocmanoska npoénemu. Huni cmpox cuyscou wmamnie npecgpopm ona npecy8anis cunikamuoi yezinu ma 602HempusKux
8UP0OIE cMano8umMb 8i0 0eKiIbKOX 200Ut 00 15 0ib. Omoice, 8axcaUBUM € PO3POOKA, OOCTIONHCEHHS Ma OOTPYHINYB8AHHA OCHOBHUX
Kpumepiie eubopy mamepianie wmamnis, cnocobie ma mexHoao2iil ix 3MiyHeHH .

Amnaniz ocmannix oocniocens i nyonikayiii. Ilpogedeno nopiHATLHUL AHALI3 MOMCIUBUX CYHACHUX 8APIAHMIE USOMO-
GIIEHHA WMAMNIB i3 PI3HUX cmanell ma ix mepmiyHoi i Ximiko-mepmiunoi 0opooKu.

Buoinenna nedocnioxcenux wacmun 3azanvhoi npoonemu. Ha cbo200mni Hedocmamuvo iHghopmayii npo 30amuicms 00
Camo3miyHeHHs 8 npoyeci 3HOULY8ANHS | 3HOCOCMINKICIb NOBEPXHI Mepms. YeMeHMOBAHUX WMAMNIG I3 HUZbKONE208AHUX CINA-
netl pepumo-nepaimno2o K1acy 8 pisHux CmpyKmypHux Cmanax npu pisHomy emMicmy gyieyio.

Ilocmanoexa 3ae0annsa. Memoio pob6omu 6yn0 6ubip mamepianie 0 8U20MOGIEHHA HOBUX WIMAMNIE, CMPYKIYPU po6O-
40i NOBEPXHI MA KPOMOK WMAMNIB, MEXHON02TT X XIMIKO-MepMiuHOT 00POOKU 3AN1eHCHO 8I0 YMO8 poOOmMU.

Buknao ocnosnozo mamepiany. [locniosxceno ymosu pobomu wimamnis npecgpopm, mexanizm i xapaxmep ix 3HOULYBAHHA.
Pozenanymo 0ea npunyunoso pishux nioxoou 0o npoyecié 3miyHeHHs wmamnie npec@opm iz Hu3bKOIe208aHUX CIaell Muny
20X. Ilepwuil — ye 3a2a16HONPUITHAMA MEXHON02IA YeMeHmayii npu nopieHsaHo Hesucoxkux memnepamypax — 860...940 °C
i eapmyeanus Ha nepesadtcHo MapmeHcumny cmpykmypy. Jpyeuil — ye nacuvenus nogepxmi oemaini gyeneyem npu GUCOKUX
memnepamypax — 1030...1080 °C i capmysanusa na cmpyxmypy 3 eenuxoro xinokicmio (80...95 %) sucoxogyzneyesozo memac-
MmaobinbHo20 aycmeHimy.

Bucnoeku 6ionogiono 0o cmammi. Hailbinow nputinamuumu mamepianamu Oiis 6U20MOGIEHHA WmMamMnie npecghopm €
cmani pepumo-nepaimuozo xiacy muny 20X i smiynenus ix winaxom yemenmayii i capmyeants. Bubip oonozo i3 3anponono-
BAHUX BAPIAHMIB YeMeHMAayii 3anexrcumy i0 Mmoo, AKA i3 8UMO2 00 WMAMNIE € 2006HOI — ONIPHICIb WLAPICYBAHHIO AOpa-
3UB0M POOOUOI NOBEPXHI YU ONIPHICMb 3HOULYBAHHIO POOOUOT KDOMKU.

Knrwuoei cnosa: wmamn; npecpopma; 6yoisenvHi upobu; 602HempusKi 6upoou, yemeHmayisi.

Puc.: 7. bion.: 16.

AKTyaJIbHiCTh TeMH AocaizkeHHs1. HeoOXiqHICTh po3BUTKY Oy/iBeNbHOI, METalypriii-
HO1, MalIMHOOY/IIBHOT Ta 1HIIMUX rajy3ei, 00yMoBI0€ NOTpeOy 301IbIIeHHs BUILYCKY Oy/iBe-
JBbHUX MaTepiaiiB (30KpeMa CUIIIKaTHOI LIETJIN) Ta BOTHETPUBKUX BUPOOIB, MiIBULICHHS SKOCTI
1i€1 MPOYKIii, 3HUKEHHS 11 COO1BapTOCTI.

OCHOBHOIO BUMOTOIO JI0 BOTHETPUBKUX Ta CHJIIKATHUX BUPOOIB € TOUHICTh T€OMETPUYHUX
po3MipiB, GopMH, BIACYTHICT TPIIITUH 1 33UPOK. SIKICTh BUPOOIB OCTAaHHIM YaCOM IiBUIIYIOTh
[IUIIXOM 30UTBIIICHHSI 3yCUJTb IPECYBaHHS Ta MIITHOCTI i MIKpOTBEp0CTI abpasuBHUX 3epeH. Le
NPU3BOJUTH J0 3HAYHOTO IIJIBUILEHHS IHTEHCHBHOCTI 3HOIIYBaHHS JeTajeil mpecoBoi ocHa-
IIEeHHsI, 0cO0IMBO IITamIiB. ToMy BUOip MaTepiasiB [/ BUTOTOBIICHHS IITAMIIIB, CTPYKTYPHOTO
CTaHy poOOUYHX TOBEPXOHb, CIOCOOIB 3MILIHEHHS Ta YIPABIIHHS CTPYKTYPOIO JUIS MiIBUIIEHHS
3HOCOCTIHKOCTI Ta 301IbILIEHHS TEPMiHY €KCIUTyaTallii € akTyaJbHUM 3aBJaHHSM.

ITocTanoBKa nmpo0JieMu. BifbIIiCTh BOTHETPUBKUX BUPOOIB Ta CHIIIKATHY LIETJIy BUTOTOB-
JSI0TH IUISIXOM HaMiBCYXOro MpecyBaHHs B pecpopmax Ha riApaBIiYHUX 1 MEXaHIYHUX Tpe-
cax. CTpok ciy0u mramimiB npechopM CTaHOBUTH Bifl AEKUIBKOX TOJUH A0 15 1i6 3anexHo
BiJ] BUy a0pa3uBy, HOro MiKpOTBEPAOCTI, 3yCHJIb TPECYBAHHS Ta IHIIUX ITapaMeTPiB YMOB 3HO-
mryBaHHs. Kpim Toro, y 6araTh0X BHITaJIKaX 3HAYHOIO TTPOOJIEMOTO € MIap>KyBaHHs poO0Yoi 11o-
BepxHi mramniB. Huzpkuii TepMiH ekciutyaranii qetajieil 3yMOBIIEHO X HEIOCTaTHIM OMOPOM
3HOIIYBAHHIO Ta €KCIUTyaTaliiHOl HalIHHOCTI, 1110 TPU3BOAUTH /10 3HWKEHHS POTYKTHUBHOCTI
o0JasiHaHHS, MOTIPIIYE SKICTh TOTOBUX BHUPOOIB Ta 301IbIIYE IXHIO BapTiCTh. Bubip marepia-
JIiB, CTPYKTYPHOTO CTaHy 1 CIOCOOIB 3MIITHEHHS JeTaJIe HacaMIiepe] OOIPYHTOBYETHCSI BUMO-
raMy JI0 iXHIX XapaKTepUCTHK 3arajioM i poOouux MOBEpXOHb 30KkpeMa. OTxe, BaXKIUBUM €
po3poOka Ta OOIpYHTYBaHHS OCHOBHHMX KPUTEpiiB BUOOPY MaTepiajiB IITaMIIiB, coco0iB Ta
TEXHOJIOT1H iX 3MII[HEHHS.
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AHaJti3 ocTaHHIX AocaiKeHb i myOJikaniii. HamiBcyxe npecyBanHs OyaiBeIbHUX Ta BO-
THETPUBKUX BUPOOIB BiOyBa€eThCs 3A€0UIBIIOrO B MpecopMax JBOX THIIB: OAHOCTOPOHHS
JUISI IPeCYBaHHs, IEPEBaXKHO CHITIKATHOI 1eryH (puc. 1, @) 1 IBOCTOPOHHS — BOTHETPUBKUX BH-
po6iB (puc. 1, 6). KOHCTpYKTUBHO OLIbIIICTh MITAMIIIB SBJSIOTH COOOI0 ITACTHHH TOBIIHUHOIO

Bix 10 1o 30 Mmm.

N
|
a o 8
Puc. 1. Cxema npecghopm ons oonocmopounnwvozo (a) [1] ma o6ocmoponnvozo (6) [2]
npecy6anHs, Xapaxkmep 3H0Cy poboyoi KPOMKU WMAMNY (8) Ha PI3HUX cMAdinx

i1 83a€M0O0ii 3 001UYIOBATLHOIO NIACMUHOIO | AOPAZUBOM.:
1 — npecosanuii supio; 2 — wmamn,; 3 — 00IUYIOBATLHA NAACMUHA; 4 — Wmamnompumay, 5 — kopnyc

2

BuxopucTtanas oHOro 3 HalOLIbII €PEKTUBHUX HAMpPSAMIB MiABUILEHHS 3HOCOCTIMKOCTI
Mmarepiany npu poOoTi B yMOBax abpa3MBHOTO 3HOIYBaHHS — 30UIbIIIEHHS B MaTepiaii KUIbKO-
cTl ¢a3, AKi 3MIHIOITH (KapOiaiB Ta 1H.), AJI1 YMOB €KCIUlyaTalii [TamMniB npecopm He €
npuiiHaTHI. e noB’s3aHo0 3 THUM, 110 3a HAIBHOCTI B CTPYKTYpl KPUXKHX (ha30BUX CKIIAJ0BUX
He 3a0e3MeuyeThecsl JOCTaTHIN piBEHb B’SI3KOCTI Ta IUNIACTUYHOCTI, 110 MPU3BOJUTH J0 CKOJIIO-
BaHHs (pparMeHTIB KPOMOK y MpoIeci pOOOTH IITAMIIIB.

[H1mit eexTrBHUI criociO 301UIbIIEHHS 3HOCOCTIMKOCTI, IPY JOCTATHIHM eKcITyaTaliiHii Ha-
JIHHHOCTI, 1€ 3aCTOCYBaHHS CTajIel i3 BUCOKMM BMICTOM MeTacTabiibHOro aycteHiTy (10 90 %),
3/1aTHOTO B IpoIieci Oe3y1apHoro abpa3uBHOIO 3HOIIYBaHHS IEPETBOPIOBATUCS B MAPTEHCHUT Jie-
dopmarii. Lle 3a6e3neuye 3HauHMI piBEeHb CaMO3MIITHEHHS TOBepxHi TepTs (10 12,5 I'Tla) 1 Bix-
MOBIJTHO BUCOKY OIIPHICTh IOBEPXHEBOMY pyHHYBaHHIO. Oco011BO 11€ eeKTUBHO, KOJIU 3HOIITY-
BaHHS BiI0yBaeThCs MiJ Ji€l0 aOpa3suBy MOPIBHSIHO HEBHCOKOI TBEPJOCTI (KBApILOBHHA IMICOK,
[IIaMOT, MarHe3uT Ta 1H.). Takuii miaxix 3aI0BOJILHUB OM BUMOTH, sIKi COPMOBaHI YMOBaMH PO-
00TH KPOMOK IITaMIIiB, O/IHAK IMTOPIBHIHO M sIKa ayCTeHITHa OCHOBA HE 37]aTHA JOCTATHBO e(deK-
TUBHO YMHUTH OIIp HIap>KyBaHHIO MPU MPeCyBaHHI OararboX BU/IB BUPOOIB.

[I1e ouH cnocid — 3aCTOCYBaHHS IHCTPYMEHTAIBHUX cTajel Tuiy X 12 31 CTpyKTypolo, sika
BKJTFOYAE BEJIUKY KIJTBKICTh METACTAOUTLHOTO ayCTEHITY B MeTaneBiid Matpuill (10 75 %), a Ta-
KoX 710 15 % kap6iniB (CrFe)7Cs B 3aranbhiil cTpykTypi. CTasi 1boro TUIy B TAKOMY CTPYKTY-
PHOMY CTaH1 JaBHO €(pE€KTUBHO BUKOPHUCTOBYIOTHCS ITPU BUTOTOBJIEHHI OOJUIIOBATILHUX ILIaC-
TuH [2]. OgHak HeolHOpa30Bi BUPOOHMYI BUIPOOYBAaHHS, MPOBEACHI aBTOPAMU CIIUIBHO 31
crieniaicTaMy MiMPUEMCTB, TIOKa3alld, 110 peati3allis TaKoro IMiJIX0ay AJs IITaMIiB, 0Co0-
nuBO HeBenuKoi ToBIIMHHM (10...20 MM), IPaKTUYHO HE MOXKIIMBA Yepe3 MiABUIICHI BUMOTH JI0
piBHS iX B’SI3KOIUIACTUYHHUX BJIACTHBOCTEH y MOPIBHSAHHI 3 IulacTHHaMU. Lle 3ymoBiIeHO pi3-
HUMH CXeMaMH poOOTH i yMOBaMH HaBaHTa)KEHHSI IJTACTUH 1 LITaMIIiB IpecopM.

Sk onuH 13 BapiaHTIB BUPIIMIEHHS TPoOJeMH MOKe OyTH 3aCTOCYBaHHS cTanen Tumy X13
depurtnoro (08X13), pepuro-maprencurnoro (12X13) abo maprercutHoro kiacy (20X13).
OpHaxk 111 cTaji He IIEMEHTYIOThCS 3a TPAIUIIIHOIO TEXHOJIOTIEI0 1 BUMAraloTh 3aCTOCYBaHHS
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CIemiaTbHUX KapOIopr3aTopiB 1 TEXHOJIOT1H HacuueHHs ByrieneM. Huni 111 maTepianu 31e06i-
JBIIOTO 3aCTOCOBYIOTH JUUISl BUTOTOBJICHHS MYJITITOKOPYHIOBHX (BUCOKOTIIMHO3EMHUCTHUX) BO-
THETPHUBIB 13 TOPIBHIHO BUCOKOIO MIKPOTBEPIICTIO 3epeH abpa3uBHOi Macu (10 23 ['Tla).

[Tpu BupoOHUITBI OyAiBENTbHUX Ta BOTHETPUBKUX BHPOOIB METOJIOM HAIiBCYXOTO IMPECy-
BaHHS 3 TaKUX aOpa3WBHUX MaTepiaiiB, SK IIaMOT, TUHAC, MarHE3UT, IITAMIIU MOYJIMBO BUTO-
TOBJISITH 3 HU3BKOJIETOBAHUX CTalieil ¢epurto-nepiitTHoro kinacy tuny 20X, 18XI'T 3 nactyn-
HOIO XIMIKO-TEPMIYHOI0 0OPOOKOIO.

Ha crorozani Bizomo He MeH1e 15...20 ocCHOBHUX CITOCO0IB TEPMIUHOI Ta XIMIKO-T€pPMIYHOT
00poOKu craneil 1 crutagis [3; 4; 5], ki, KMOBIpHO, MOKHA O0yJ10 O BUKOPHCTOBYBATH JIJISl 3Mi-
ITHEHHS [ITaMIIiB IpecOpM 3 METOIO MiIBULIICHHS OTIOPY 3HOIIYBaHHIO poO0U0i KPOMKH M I1a-
PKyBaHHIO POoOOYO0i MOBEPXHI. AJie YHIBEpCaIbHUX CIIOCOOIB HEMAE 1 KOXKHHUH 13 HUX Mae Sk
nepeBary, TaK i HeJOJMIKH MI0JI0 1HIIUX.

[lepcrieKTUBHUM 3 MOTJISAY 00’ €MHOI MILHOCTI 1 TJIACTUYHOCTI MOKe OYTH BUKOPHUCTAHHS
OopoBanux neraneid. TBepaicTh OopoBaHoro mapy moxe gocsrata 20...22 I'Tla [4], a 3a ne-
axumu ganuMu [S] HaBiTe 30 ['Tla, mjo npaktuyHo y 2...2,5 pa3a nepeBuIlye TBEpAICTh MOBE-
PXHI TEpPTS B CTAJSX 13 BEIMKOIO KUTBKICTIO METAaCTa0lIbHOTO aAyCTEHITY, SIKAW Y IPOIIeCi 3HO-
[IYBaHHS MEPETBOPIOETHCS B MapTeHCUT JedopMaltii. Lle JocuTh BUCOKUH MOKAa3HUK 3 TIOTIISIAY
BiJTHOIIIEHHST TBEPIOCTI abpasuBy Ha 1m0 TBepmocti matepiany Hwm, mo oOyMOBIIIOE BUCOKUH
piBEHB 3HOCOCTIMKOCTI. AJe riubruHa eeKTUBHOI YaCTUHU OOPOBAHOTO LIAPY JOPIBHIOE JIUIIIE
30 mxMm [4; 5], mo B 10...30 pa3iB MeHIIEe BEIWYHHU AOMYCTUMOTO 3HOCY pOOOYMX KPOMOK
mrramiy. ToMmy A7 mrammiB npecopM BUKOPUCTaHHS OOPOBaHHS HMHI HE MOXHA BBa)KaTU
NEPCIEKTHBHHM.

I3 1ux ke npuyrH Mano eeKTUBHUM Oyn0 O BUKOPUCTAHHS a30TYBaHHS IITAMIIIB [6].

VY pobotax [7; 8; 9] 3a3HaueHo, 110 AJI 3MIIHEHHS IeTajel Ta MiJBUILEHHS IXHbOI 3HOCO-
CTIMKOCTI OJHMM i3 MOIIUPEHUX CIOCOOIB € HacM4eHHs poOouoi moBepxHi Byrienem. Ilpu
[[bOMY TTIMOWHA €()EeKTUBHOTO IIEMEHTOBAHOTO MIApy MOKE MEPEBUIITYBATH BEIUUYHHY JOITYC-
TUMOTI'0 3HOCY poO0UYO0i KPOMKH IITaMIMiB. 3aJIe)KHO Bijl TUIY CTaji, peKHUMIB LIEMEHTAIll Ta
rapTyBaHHS, CTPYKTypa 1 BIACTHBOCTI IIEMEHTOBAHOTO IIapy MOXYTh 3MIHIOBAaTHCH y TyXKe
mupokux mexax [10].

SIKICTh IEMEHTOBAHOTO HIAPY PErJIaMEHTYEThCS TAKUMH TTOKAa3HUKAMH: TBEPIICTh TIOBEP-
XHI ¥ ceplieBHHU, TOBIIMHA IIApy, XapakTep pO3MOJUTy KOHLEHTpallii BYIJIeI0 Mo MNIMOHHI
m1apy, MiKpOCTPYKTypa IIeMEeHTOBaHOTO mapy. Tomy /i 3a0e31edeH s ONTHMaIbHUX eKCILTY-
aTallifHUX BJAacTUBOCTEH MITaMIliB mpechopM HEOoOXiJHE OTPUMaHHS ONTUMAIBHOTO MOE-
HaHHS NEPEePaxOBaHUX MOKA3HUKIB, 0 TOTPEOYye MOAATBIINX JOCITIKESHb.

Buainenns HegoCHiIKeHUX YACTHH 3arajbHol mpodJjemu. Ha choronHi HeqocTaTHRO 1H-
dopmatii mpo 3AaTHICTH 0 CAMO3MIITHEHHS B MPOLIECi 3HOLTYBAaHHS Ta 3HOCOCTIHKICTh MOBEP-
XHI TEPTS [IEMEHTOBAHUX INITAMITIB 13 HU3HKOJIETOBAHUX CTaJIeH (PepUTO-TIEPIITHOTO KiIacy B
PI3HUX CTPYKTYPHHUX CTaHax MPH PI3HOMY BMICTY BYTJIELIO.

IocTanoBka 3aBaanb. MeToro poOOTH Oys10 GOPMYITIOBAaHHS BUMOT JI0 OCHOBHOTO METATY
HOBHX IITAMIIIB 1 IO CTPYKTYpPH Ta BJIaCTUBOCTEH IEMEHTOBAHOTO Iapy MaTepiany. Bubip ma-
TepiasliB JUIsi BUTOTOBJEHHS HOBUX IITaMIiB, CTPYKTYpH poOOuYOi MOBEPXHI Ta KPOMOK

BukJian ocHoBHOro Mmatepiany. Y mrammax mpechopM JUisi BATOTOBIICHHS BOTHETPHBKUX
Ta OyAiBeNIbHUX BUPOOIB MOXKHA BUIIJTUTH JIBA OCHOBHUX €JIEMEHTH: POOOUY MOBEPXHIO Ta PO-
004y kpoMKy. PoO09a moBepXHs mTamiry siBiisie cOO00 TpaHb, sSIKa TepeIae 3yCHUIIIs, 0 CTBO-
pIO€ TIpec, Ha CTOBI abpa3uBHOI MacH; (OpMye HUKHIO Ta BEPXHIO CTOPOHU BUPOOY; BITHOCHO
OOJIHMITIOBATIbHUX TUIACTUH, SIK MPABUJIO, pO3TAlIOBaHa MEPHEHAUKYISpHO (puc. 2, a). Llg nose-
PXHSI 3a3BUYAl € TUIOCKOIO, IHKOJIM Ma€ OiIbIN CKIaJHY KOH(ITypallito.
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a o

Puc. 2. Cxema munosoeo wmamny npecopmu 015 npecy8ants 02HEMPUBKUX
abo oyoigenvHux 8upoobie (a) ma xapaxmep 3HOCY 1i020 pobo4UX KPOMOK (6)

PoGoua noBepxHs 1 60KOBa CTOpOHA LITaMIy, fKa il NepHeHANKYJIApHA, HAa MIEPETUH] yT-
BOPIOIOTH PeOpo, sIKe pa3oM i3 OOKOBOIO CTOPOHOIO 32 3aralibHONPHIHSATOI0 TEPMIiHOJIOTIE0
HA3UBaIOTh pOOOYOI0 KPOMKOIO (pHC. 2, ).

3HonIyBaHHA pOO0Y0i NOBEPXHI MPAKTUYHO HE BiIOYBAETHCS, OCKUIBKU B3JIOBXK Hel BiJICY-
THE NEepeMillleHHs] a0pa3MBHUX YAaCTMHOK. BojgHowac koiau TBepHicTh abpa3uBy IEpEeBUILYE
TBEPJICTh METAJTY, HE MEHIII CKJIaJHOIO MPOOIIEMOI0, Hi)K 3HOIITYBAaHHSI, € IAPKyBaHHS IIi€i 10~
BEPXHi MTaMITy a0pa3uBHUMHU YaCTHHKAMHU MAacH, sIKa MPECYEThCSA, Ta iX HAJTUITAHHS Y BUTIISII
Kipku (puc. 3), o NpU3BOAUTH 0 Opaky BupoOy. Tak, Harpukiaa, Ipu BUPOOHUIITBI MYJITO-
KOPYH/JOBUX BOTHETPUBIB, JJISl 3aUUIIIEHHS IOBEPXHI IITAaMITy HEOOX1THO IepepruBaTu podoTy
npecy uepe3 KoxHi 6...10 xois.

Puc. 3. LlImamn onsa npecy8anusa WamMoOmHux eupoois i3 uapico8anor0 no8epxHeio

PoGoui KpoMKH HITamMITy B IPOLIECi PECyBaHHA MEPEMIIIYIOThCS B3I0BK OOIHUIIOBATBHUX
TUTACTHH NPecGOPMH 1, TPH IIbOMY, IHTEHCUBHO 3HOILIYIOTHCS K YHACIIZOK CYXOT'0 TEPTS METaly
[0 MeTally Ha IOYaTKOBIH cTajii poOoTH npechopmMHu, TaK 1 3a3BUYall y pe3ysbTari il abpa3us-
HHX YaCTHHOK, SIKI HEMUHYYE MOTPAILISIOTH Y 3a30p MK KPOMKOIO i ruactiHoo (puc. 1, 6) [1].
3HOIITYBaHHA KPOMOK 10 iX BHCOTI HEpiBHOMIpHE (pHcC. 2, 6). [lonycTrMa BeJTMYMHA 3HOCY 3alie-
KHO BiJl BUMOT JIO SIKOCT1 BUpOOiB 3HaX0oAUThCs B Mexax 0,3...1,0 mm [11].

OmnipHICTh 3HOUTYBAHHIO 1 MIAPKYBAHHIO 3aJIC)KUTh BiJl YOTHPHOX OCHOBHMX IapameTpiB
eKcruryaTarii getanei [1]:

1) MikpoTBep0CTI 3epeH abpa3uBHOI MacH, 3 IK0i (hopMyeThCs BUPIO;

2) ¢popmu i po3MipiB 3epeH;
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3) TeMIiepaTypu MOBEPXHi;

4) TUCKY Ha ITOBEPXHIO, KA 3HOLIYETHCS.

MikpoTBepaiCTh a0pa3UBHUX YACTUHOK 3aJIEKHO BiJl BUJLy MacH, 3 IKOT IPECYIOThCS BU-
poOu (KBapIOBUH MICOK, IIAMOT, MAarHE3UT, EJIEKTPOKOPYHI, KapOOPYH/ Ta iH.), 3HAXOUTHCS
B Mexkax 10...30 I'Tla [12]. ®opma 3epeH KBapioBoro micky (puc. 4, a) 6Jm3bKa 10 KYJsACTO1,
TOMY HMOBIPHICTb IIAp)KyBaHHS MMOBEPXHI IITAMITy IIPU MPECYBaHHI CHIIIKaTHUX BUPOOIB Ha-
Oarato HWX4Ya, HDK IMPH 1i B3aEMOJIT 13 3epHaMH IIAMOTY, €ICKTPOKOpyHAY (puc. 4, 6, 8) Ta
IHIIMX MOMIOHKUX a0pa3uBiB, SIKI BUKOPUCTOBYIOTHCS MIPH MIPECYBaHHI BOTHETPUBKUX BUPOOIB.

a o 8

Puc. 4. Abpazusni 3epna, sKi 6x005mb 00 CK1A0Y MAC 015 NPEeCYBAHHS CUNIKAMHOL ye2u
i 0esaKux 8Udi8 602HEMPUBKUX 8UP0DI8, X0:
a — Keapyosutl nicox; O — wamom, 8 — eleKmpoKopyHO

HIBuAKiCTh KOB3aHHS MPAKTUYHO HE BIUTMBAE HA IHTEHCUBHICTh 3HOIIYBAHHS JIETAJICH Ipe-
COBOT OCHAIIIEHHS, SIKIIIO BOHA HE MPU3BOJUTH J0 MOMITHOTO (PPUKIIHHOI0 HarpiBy MOBEPXOHb
tepts (150...200° C). B ymoBax pobotu npechopM Takuil piBeHb TEMIEPATYPU IPAKTHUYHO HE
MOXJIUBUH [1].

[IpecyBaHHsS BOTHETPUBKHUX BHUPOOIB 3IMCHIOETbCA MpH cepeiHix Tuckax Big 150 mo
600 MIIa 3anexxHO Bija 3yCHIIIs, SIKE PO3BHBAE MPeEC, KUIBKOCTI Ta IUIOLII MONEPEYHOro nepe-
TUHY BUPOOIB, sIKI IPECYIOThCS BogHOYAC. [Ipy BUTOTOBIEHHI CHTIKATHOT HETJIH 1€l TOKa3HUK
pEeXKUMY IpecyBaHHs B 2...3 pa3u HUXKYE.

Sxuii 3aranbHUM TUCK BUHUKAE MpH 11 a0pa3uBy Ha poOouy KPOMKY B 3a30p1 Mi>k OOKOBOIO
MOBEPXHEIO MTaMNy H OOJIMIIOBAILHOIO TUIACTUHOIO, @ TAKOX B OJUHMYHOMY KOHTAKTI i1 3
aOpa3suBHUM 3€PHOM BH3HAYUTH CKIaqHO. OHAK, 3B)KAIOUM HA XapaKTep 3HOIIYBaHOI ITOBEP-
XHI — KaHaBKH (MOJPANMHH) 3 HAaBAJIaMU BUTUCHEHOTO METAITy MOPST 3 HUMH, MOXKHA BBa)KaTH,
II0 THUCK € JJOCTaTHIM /IS BAHUKHEHHS HallPY)KeHb y MICIIi KOHTaKTY OJMHUYHOTO 3epHa 3 I10-
BEPXHEIO 1, SIK MIHIMYM, BUILE MEXI1 IUVTMHHOCTI METaTy LIEMEHTOBAHOTI'O 1 3arapTOBAHOTO IIAPY
cram 20X (tBepaicth 55...63 HRC) [1].

3riHO 3 aHATI30M YMOB pOOOTH IITaMITiB MO>KHa c(hOPMYJTIOBATH B 3arajlbHOMY BUIJISI OC-
HOBH1 BUMOTH, 5IK1 CTaBJISITHCA 10 MaTepiajiB, IPU3HAYEHUX Il BUTOTOBJIEHHS HOBUX IIITAMIIIB:

- MOBMHHA 3a0e3MevuyBaTHCh JIOCTaTHHO BHUCOKA 3HOCOCTIHKICTH POO0OYOT KPOMKHU U omip
ap>KyBaHHIO a0pa3uBOM poOOUYO0T TOBEPXHI IITAMITIB,;

- Tpeba 3a0e3MeunTH MiABUILIEHUN piBEHb B’SI3KOCTI Ta IUIACTUYHOCTI MaTepialy IITaMIIiB
y TIOPIBHSIHHI 3 OOJIMIFOBAILHUMH TIJIACTHHAMU TIpechopM;

- IOBUHEH 3a0e3MeuyBaTHCh JOCTaTHINA PIBEHb OMIPHOCTI KPUXKOMY pPyHHYBAaHHIO Ta IUIa-
cTUYHIN nedopmarii (3MUHAHHIO) poOOUYO0T KPOMKH TIPH i1 B3a€MOIT 3 0OJIMIIFOBATIBLHOIO TIJIac-
THUHOIO TpechOpMHU.
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BunpoOyBaHHs Ha omip aOpa3uBHOMY 3HOIIIYBAHHIO MMPOBOJIWIIN Ha Ja00OPAaTOPHOMY CTEH/I1
[13], po3poGiienomy B HartionanpHOMY yHIBEpCHUTETI «3aropi3bKa MONiTEXHIKa», SKUH J03BO-
asie Gi3MYHO MOJENIOBATH YMOBH 3HOIIYBAaHHS JIETallei MPECOBOI OCHAIIECHHS. 3HONTYBaHHS
IPOBOJIMIIN 3 BUKOPHCTAHHIM IaMOTY. JloCiKyBamucs 3pa3ku 3MiI[HEHI JBOMa OCHOBHHUMH
croco0aMu XiMIKO-TepMIdHOT 0OPOOKH.

[Mepmuii — 1ie TpaAMIiiHMIA, IIMPOKO BioMuii crioci6 [8; 14; 15], 3a sKuM HaCUYCHHS BYT-
neneM BinoyBaeThes pu Temneparypax (860...920 °C) na rmubuny Big 1,0 1o 2,0 mm. apTy-
BaHH: IPOBOIWIIOCH 3 LIEMEHTAIITHOT'O HATPiBY BiJ IMX e caMux Temreparyp. Konmenrtparis
ByTJIEII0 Oe3nocepeqHbo Ha nmoBepxHi Moxe csaratu 1,0 % (puc. 5, kpusa 1). ITo mipi Bigna-
JICHHS BiJl TOBEPXHi, HOTO BMICT IJIABHO 3MEHIIYETHCS /10 BUX1THOTO PiBHS B CEPLIEBUHI ICTAII.
Ha puc. 5 3amrpuxoBaHa o0JIacTh BINIOBiNA€ IHTEPBaTy BEIUYUHHU JIOIYCTHMOTO 3HOCY
mramiis (puc. 2, 6).

Puc. 5. 3mina konyenmpayii' gyeneyro ma memnepamypu noYamKy MapmeHCcumHo20 nepemeo-
penns (My) 3a enubunoro yemenmosanoz2o wapy:
1 — 3uina konyenmpayii gyeneyro nicis yemenmayii npu memnepamypi 860...920 °C [2];
2 — 3miHa KOHYyenmpayii gyeneyio nicis yemenmayii npu memnepamypi 1030...1080 °C [2];
3 — 3mina M, nicas yemenmayii npu memnepamypi t, = 860...940 °C;
4 — 3mina M, nicns yemenmayii npu memnepamypi 1030...1080 °C

Po3paxyHkoBa TemIieparypa MOYaTKy MapTEHCHUTHOTO MEPETBOPCHHS MPH OXOJIOHKCHHI
M 11 XIMIYHOTO CKJIa/ly IEMEHTOBaHOro mapy Ha riauobuni 0,2 mm cranoButs 150 °C.

VY wmipy BigmaneHHs Bix moBepxHi Ha mmbuni 2,0 MM My 3poctae 1o 320 °C. B iaTepBaiti
3HaueHb gonyctuMoro 3Hocy (0,3...1,0 mm) M, 3minrroetbest Bin 150 mo 200 °C. A ne o3Hagae,
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1110 TIpU TapTyBaHHI B1Jl TEMIIEPATyp LIEMEHTallli B Iapi epeBakaTuMe CTPYKTypa, 110 BKIO-
vae 710 15...20 % 1eMeHTuTy, kUil nepedyBae B IepeBakKHO MapTEHCHUTHII OCHOBI (puc. 6, a).
3aranpHa TBEPIICTh MOBEPXHI cTaHOBUTH 55...63 HRC. HasBHICTH IEMEHTUTY B CTPYKTYpI
MoXe OyTH He TUIbKM HEKOPUCHOIO, a i MaTH HETaTUBHUM BIUIMB Ha 3HOCOCTIHKICTh. Lle
IIOB’513aHO, MO-TIEpIIE, 3 TUM, 1110 TBEPAICTh LIEMEHTHUTY PAKTHYHO HE BUINA 3a TBEPAICTh BU-
COKOBYTJIELIeBOr0 MapreHcHuty. [lo-apyre, KpucTtanidyHa penriTka HEMEHTHTY HEKOTE€PEHTHO
CIHOJIY4€HA 3 PEIiTKOI MapTeHCUTY. TOMy MapTeHCUT HE MOXKE CIIYKMTU HaJ1HHOIO MeTaje-
BOIO MaTpPHULEIO, sIKA YTPUMY€ IIEMEHTHUT Yy CTPYKTYypl Ipu 3HouryBaHHi. Lli kapOign MOXyTh
BUKPHILYBATUCH, 3AIMIIAI0YM B MAPTEHCUTHIA OCHOBI MIKpO3arjiuOJeHHs], THM CAMUM 3MEH-
HIYIOYH ii OIip 3HOIIYBaHHIO a0pa3uBOM.

Jpyruii BapiaHT XiMiKO-TepMidHOT 00p0oOKH po3pobiieHnit y HamionaibHOMY yHIBEpCHUTETI
«3amopi3bpKa noJiTexHikay [2]. 3a nuM cnocoOOM 1eMeHTallis IPOBOAUTHCS TPU BUCOKHX Te-
mreparypax — 1030...1080 °C 3 rapryBaHHsSM Oe3nocepeHbO BiJ nux Temmepatyp. Hacu-
YeHHs ByTJeneM nooim3y noBepxHi gocsrae 1,45 % (puc. 5, kpusa 2) i IUIaBHO 3MEHITYETHCS
1o 1,3 % nHa BizncTaHi Bii HOBEpXHi PiBHIN rPpaHUYHO AOMycTUMOMY 3HOCY. Lle 1ocuTh BUCcOKuit
piBEHB BMICTY BYIJICIIO 3 TOYKH 30PY 3AaTHOCTI MIOBEPXHI TEPTS O CaMO3MIIIHEHHS B ITPOIIECi
3HONIYBaHHS CTaJleH 13 MeTacTablIbHUM aycTeHITOM. PaHillle HallMMu JOCHIKEHHSIMH CIIelli-
IBHO BUIUIABJICHUX MOJENbHUX cTaneil cucremu Fe-C-Cr Oyiio BCTaHOBJICHO, IO TIPU OJIHA-
KOBHUX PIBHSAX KIJIBKOCTI METacCTab1lIbHOTO ayCTEHITY B CTPYKTYPI1 NpH 301IbIIEHH] BMICTY BYT-
nemro 3 0,5 mo 1,5 % wmikporBepaicTh moBepxHi TepTs 3poctae 3 9 I'Tla mo 12 ITla, a
3HOCOCTIHKICTB B 5 pasiB [16].

VY poMy BUMAIKy pO3paxyHKOBA TEMIIEPATypa MOYaTKy MAaPTEHCUTHOTO MEPETBOPEHHS My
JUI XIMIYHOTO CKJIa/ly Ha OYaTKy lileMeHToBaHoro mapy 0iusbka g0 0° C. Tomy B cTpyKTypi
Ha TIOYaTKy MIapy KUIBKICTh BHCOKOBYIJIELIEBOTO METACTAOUIBHOIO ayCTEHITY CKIIAJa€e
80...90 % (puc. 6, 6) 1 6;mu3bko 50 % Ha rIUOMHI HACUYEHOTO HIAPY, KA JOPIBHIOE BETMUNHI
TPaHUYHO JOMTYCTUMOTO 3HOCY KPOMKH IITAMITY.

a o

Puc. 6. Cmpyxmypa nosepxnesozo wapy cmani 20X npu memnepamypax yemenmayii
860...920 °C (a) ma 1030...1080 °C (6) [2]

MexaHi3M 3HOLTYBaHHS OL[IHIOBAJIM 32 XapaKTEPOM IPOIYKTiB IIOBEPXHEBOI'O pyHHYBaHHS.

J11g B1TOKpEeMJIEHHS 3 BIAIPallbOBaHOTO a0pa3uBy MeTaleBUX MPOIYKTIB 3HOIIYBAHHS BU-
KOPUCTOBYBAJIOCH CIIElialbHE NMPUCTOCYBaHHA (pHcC. 7, a). IIpuHuumm il Takuii: HeOUHIEeHUH
abpa3uB 13 MPOAYKTaMH 3HOIIYBAaHHS 3 BEPXHHOTO OyHKepa 4, y pe3yabTaTi Aii BiOpaTopa 5,
TOHKHMM ILIAPOM TIOJJA€THCS HA MOXWITY CKIISIHY IUIACTHHY 2, TiJ SIKOI0 pO3TalllOBaHUMN MOCTIH-
Hui MarHIT 3. [lepekodyrouunck 1Mo TIaCTHHI, HEMarHiTHI 3epHa abpa3uBy MOTPAIUISIIOTh Y HU-
xHiit OyHkep 1, a MeTasneBi IpoAyKTH 3HOUIYBAaHHS 3JIMIIAI0THCA Ha ckii. [Iporec moBTopro-
€TbCS TPU-YOTUPH a3y, IOKU Ha CKJI1 HE 3AJIUIIAETHCS XKOJHOI HEMETAJIEBOI YaCTKH.
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Byno BcTaHOBIEHO, 110 cepe MPOAYKTIB 3HOITYBAHHS MTEPEBAKAIOTH JIYCKOTIOII0H] YacTH-
HKU. [Ipo 1e cBiguaTh NPOIYKTH 3HOIIYBAHHS y BUIJISIII MIKPOJYCOK, SIKi XapaKTepHi JUIs I10-
BEPXHEBOI'0 BTOMHOTO pyHHYBaHHs. MexaHi3M 3HOLTYBAaHHS B TAKMX BUIIAKaX HOCUTh MaJIO-
UKJIOBUH moutigeopManiiHui xapakrep.

Cepen poAyKTIB 3HOITYBaHHS € TaKOX JYyromoiOHI abo cripaiaenoiOHI MIKPOCTPYKKH
(puc. 7, 6). Lle Bka3ye Ha Te, 110 OJTHOYACHO 3 MAJIOIMKJIOBUM IOJTiIehOpMalliiHUM pyHHYBaH-
HSIM ITOBEPXHI TePTsI IPOTIKa€e OTHOAKTHE MIKPOPI3aHHSI — MPOIIEC 3HAYHO IHTEHCUBHUH, HIXK BTO-
MHE pyiHyBaHHs. Lle TakoX CBITYHUTH TPO Te, IO HANPYKEHHS B MiCIli KOHTAaKTy aOpa3MBHOTO
3epHa 31 3HOIIYBaHOIO TIOBEPXHEIO MOXKYTh TIEPEBHUIIYBATH MEXKY MIITHOCTI METAy.

[Tpu 3HOIIYBaHHI PIYKOBHM KBapIIOBUM ITICKOM, SIKMW 0OYyBaioTh B p. JHINpo mobmu3y
M. 3amopixoKs, MIKPOCTPY>KKH IPAKTUYHO HE BUSBIICHO.

a o

Puc. 7. Cxema npucmocyeanus 0nsa 8i00KpemieHHs NPOOYKMi6 3HOULYBAHHS 3 8I0NPAYbOBA-
HOo20 abpa3usy (a) i xapaxmepHui 8U0 NPOOYKMie 3HOULy8aHHus (0), AKI YMEOPIOWMbCsL
8 pe3yibmami 0OHOAKMHUX NPOYeCi8 MIKPOPI3AHHS

VY Tux BUNaaKax, KOJIM OCHOBHOIO BUMOIOIO € OMIPHICTh HIapKyBaHHIO poOOUO0i OBEPXHI,
XIMIKO-TEpMIYHY 00pOOKY IITaMIIiB BApTO MPOBOJIUTH 3a MEPIIUM CIIOCOOOM. SIKIIO Xk IITamu
3aCTOCOBYIOTBHCS JUIs [IPECYBAHHSI MACH, SIKA HE CXMJIbHA J0 IITap>KyBaHHs IIOBEPXHI, TO 1X XIMIKO-
TEpMIYHY 00pOOKY HE0OX1/THO BUKOHYBATH 3a APYTUM BapiaHTOM. J[OCIiPKEHHS, IPOBEICHHI B
71a00paTOPHUX YMOBAX, a TAKOK BUPOOHUYI BUIIPOOYBAHHSI IIITAMIIIB IIPY BUTOTOBJIEHH] CHITIKa-
THOI IIETJIM Ta BOTHETPUBKHUX BUPOOIB MOKa3ay, 110 IpU 00poO1Ii 3pa3KiB 1 AeTalei 3a Jpyrum
BapiaHTOM, B MOPIBHIHHI 3 NMEPILIMM CIIOCOOOM, 3HOCOCTIHKICTh POOOUMX KPOMOK Y/BIUl BHILA,
npu OLIBII BUCOKIH CTIMKOCTI 10 CKOFOBaHHA (hparMeHTiB KPOMOK Yy mpotieci poOoTH. Ae Ha-
BITh ITPU MOBHiH peaiizaliii MOXKIIMBOCTEN [IEMEHTOBAHUX CTaJel, TEPMiH CIyKOH IITaMIIIB yce
K HEZIOCTaTHIN. 3aumIaeTbes mpodiieMa CKOJIFOBaHHS poOOYMX KPOMOK IIACTHH InTamIliB. Tomy
JUTSI TIOJANTBITUX JTIOCIIJIKEHB 3aJTMIIAETHCS aKTYAIBHOIO 3a/1a4a PO3POOKH 1 BIOCKOHAICHHS Te-
XHOJIOT'1{ BITHOBJIEHHS 1XHIX pOOOYMX KPOMOK HAIlJIaBJICHHSIM.

BucnoBku BianosiaHo o crarri. llITamnu npechopm A1t BUTOTOBIEHHS! BOTHETPUBKHUX
BHPOOIB 1 OyIIBEIBHOI CHJIIKATHOI 1IETJW MOBUHHI BIAMOBIIATA HACTYITHUM BHUMOTaM: iXHS
poOoya MoBepxHs MOBUHHA MAaTH JOCTaTHHO BUCOKHMH OMip MIapKyBaHHIO aOpa3MBHOIO Ma-
co10, a po0oyYa KpOMKa — SIKOMOTa O1IbIII BUCOKY 3HOCOCTIHKICTb IPH JIOCTAaTHIN €KCIlTyaTa-
iWHIA HAIHHOCTI.

BukopucTtanHs 17151 BATOTOBJIEHHS IITaMIIiB BUCOKOBYTJICHIEBUX IHCTPYMEHTAIBHUX CTaIel
tuny X12 nyxe yCKIaJHEHO yepe3 HeOCTAaTHIO eKCIUTyaTaliiiHy HaJiiiHICTh, 0COOINBO MpU
HE3HAYHIN X TOBIIHAHI.

Huni Haitbu1b11 NpUHHATHUMEU MaTepiajaMU Il BUTOTOBJIEHHS IITaMIIIB € cTajl (GepuTo-
nepiaiTHoro kiacy tumy 20X Ta iX 3MIIHEHHS IUISIXOM LEMEHTAIll Ta rapTyBaHHs 3a ABOMa
OCHOBHUMU BapiaHTaMH:

1) meMenTalis 3a MOPiBHIHO HEBUCOKUMH Temieparypamu 860...940 °C i rapTyBaHHS Bif
X K€ CAMUX TEMIIEpaTyp Ha MEePEeBa)KHO MAPTEHCUTHY CTPYKTYPY LEMEHTOBAHOTO ILIapy
TBepaicTio 55...63 HRC;
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2) HaCHYCHHS BYIJIELIEM IIPH HETPAIUI[ifHO BHCOKHX TeMIEpaTypax B iHTepBasi
1030...1080 °C i rapTyBaHHS BiJ IUX K€ TEMIEPATyp HA CTPYKTYPy IIEMEHTOBAHOTO IIapy 3
MepPEeBaXHO METACTAaOUTLHUM ayCTEHITOM Ta TBEpAiCcTIO oBepxHi 36...42 HRC.

SIKII0 MepeBaXKHOIO EKCILTyaTaliifHO0 BUMOTOIO JI0 IITAMIIIB € omip IXHBOi poO040i moBe-
PXHI IAap)KyBaHHIO, TO XIMIKO-TepMiuHY 00pOOKY HEOOX1THO MPOBOAMTH 3a NEPIIUM BapiaH-
TOM. SIKIIO MIapKyBaHHS HE € KPUTHIHOIO IPOOIIEMOI0, TO 00pOoOKY TpeOa MpOBOIUTH 32 JIPY-
ruM criocooom. Ilpu mpoMmy, B MOPIBHAHHI 3 MEPIIUM CIIOCOOOM, 3HOCOCTIHKICTH POOOYMX
KPOMOK Y/IBiUl BUIIA.
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HARDENING TECHNOLOGY OF STAMPS MOLDS FOR THE MANUFACTURE
OF REFRACTORY AND BUILDING PRODUCTS BY CEMENTATION

Urgency of the research. To a large extent, the quality and cost of silicate bricks and refractory products depend on the
durability and reliability of the mold dies. Therefore, the choice of optimal materials for the manufacture of dies, methods of
hardening and increase service life is an urgent task.

Target setting. Currently, the life of mold dies for pressing silicate brick and refractory products ranges from several
hours to 15 days. Therefore, it is important to develop, study and substantiate the main criteria for selecting stamp materials,
methods and technologies for their strengthening.

Actual scientific researches and issues analysis. A comparative analysis of possible modern options for the manufacture
of dies from different steels, their thermal and chemical-thermal treatment.

Uninvestigated parts of general matters defining. At present, there is insufficient information about the ability to self-
harden during friction and wear resistance of the friction surface of cemented dies made of low-alloy steels of ferrite-pearlite
class in various structural states with different carbon contents.

The research objective. The aim of the work was the selection of materials for the manufacture of new dies, the structure of the
working surface and the edges of the dies, the technology of their chemical-thermal treatment, depending on the working conditions.

The statement of basic materials. The working conditions of the mold dies, the mechanism and the nature of their wear
are investigated. Two fundamentally different approaches to the hardening processes of mold dies from low alloy steels of type
20X are considered. The first is the generally accepted technology of cementation at relatively low temperatures - 860...940°
C and hardening on a predominantly martensitic structure. The second is the saturation of the surface of the part with carbon
at high temperatures - 1030...1080° C and hardening on the structure with a large amount (80...95 %) of high-carbon meta-
stable austenite.

Conclusions. Currently, the most suitable materials for the manufacture of mold dies are steel ferrite-pearlite class type
20X and their hardening by cementation and hardening. The choice of one of the proposed cementation options depends on
which of the requirements for dies is the main one - the stability of the abrasive to grind the work surface or the resistance to
wear of the working edge.

Keywords: stamp; pres form; construction products; refractory products; cementation.
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