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EBOAIOIIA $PE3H

Kinemaruka hpesepyBanHs nonsrae y o0epTanHi
(hpe3n HaBKOIO CBOET OCi i pyXy momadi o0poOIto-
BaHOi JeTam abo IBOro iHCTpyMeHTy. Pyx momadi,
TOJIOBHUM YMHOM, € IPSAMONiHIHHAM. 3a piBHEM PO-
IOYKTHUBHOCTI (hpe3epyBaHHSI MOCTYHAETHCS TIIBKU
30BHILIHBOMY MPOTATYBaHHIO. [3 3aranbHOrO mapky
METaJI000POOHOT0 O0JIaIHAHHS Y MAITMHOOY/TyBaH-
Hi TMTOMa Bara ()pe3epHUX BEPCTATiB CATa€ MOHA
20 %. dpe3u BUPI3HIIOTHCS BEJIMKOI PI3HOMAHIT-
HICTIO THTIB, (pOPM 1 MPU3HAYECHHSI.

[lomo ictopii ¢pe3u. Lleit MeTanopizanpbHUIA iH-
CTPYMEHT € BiTHOCHO MOJIOIUM: TIepIIi (hpe3n BUHU-
KJTIU 1 OyJIi BUKOPHUCTaH1 y MamuHoOyyBaHHi y 30-x
pokax XIX cr., TOOTO IpH 3aBepIIeHHI IPOMHUCIIOBOT
pesosrorii kinnsg XVIII — mogarky XIX cr.ct.

[lonepenHukoM (Qpe3epHOro BepecTary  Ciif
BBOKATH YHIBEPCAIBHUN  TOKapHO-TBUHTOPI3HUH
Bepctar enpi Momcni 3 MexaHi30BaHUM PYyXOMUM
CYNOPTOM, IO TEPEMIlyBaBcsl y MO3I0BKHBOMY 1
nonepeyHoMy HampsiMax. Cynopt Oylio cTBOPEHO y
1794 p., a 3aBepiieHO poOOTY HaJl KOHCTPYKIIIER TO-
kapHoro Bepctary y 1800 p. Ha 3mami Ha3BaHHX CcTO-
7iTh Oyn0 BHHANAEHO BYIVIELIEBY IHCTPYMEHTAIIBHY
cTab i3 BMicToM Bymiemto 0,6—1,5 %, kpemuito 0,2—
0,4 % 1 mapranmo 0,15-0,35 %. Ilepmri ¢hpe3n Oymu
BHTOTOBJICHI caMe i3 Takoi CTali, o 3a0e3redyBaso
TIpoIIecC pi3aHHs Ha MBUAKOCTIX 6—11 M/XB.

HaiiOinpmr nockoHanuii Ha TOM uac Qpesep-
Huii Bepcrar yuHs . Mopcmi [xeiimca Hecmita
(1830 p.) OyB (hakTH4YHO crieliaTi30BaHUM TOKAPHUM
BEPCTATOM 31 3MIHEHOI0 KiHEMaTHYHOIO CXEMOIO.
BonooxonomxyBana gpesa BcTaBisiacs y narpoH, a
JICTaJb KPIMUIacs Ha OMPABIl 3 IPUCTPOEM TIOBOPO-
Ty Ha 60°.

Crtin 3a3Ha9NATH, M0 y TepIii momoBuHI XIX CT.
3y09acTe KOJIeco 3aBISKH TOCITIHKSHHIM MPOodiTio-
BaHHA 1, y HEpILly 4Yepry, 3a CXEMOIO E€BOJIbBEHTH,
MEXaHi30BaHOMY IOy 3arOTOBKH, a TaKOX CTBO-
PEHHIO CIIeliaizoBaHoro 3yoodpe3epHoro Bepcrara
3 cynoptoM [. Mozcini i BUKOPUCTaHHSIM JTUCKOBHX

Ta TaJBIEBUX MOAYIBHHUX (pe3, HaOyIo MpaKTH-
HO cydacHoro BuUrsiny. dpesepHi BepcTaTH CTalOTh
OCHOBOIO BEPTHKaJIbHO-, TOPU3OHTaIbHO-(pesep-
HUX, BepcTariB uisl (ppesepyBaHHs 3y0uacTux Koic,
HapizaHHA pi3p0Ou PpesepyBanssam i To. Y 1855 p. y
CILIA BpayHoM cITpOeKTOBaHO MEpIIHid (pe3epHuit
BEpCTaT ISl Hapi3aHHs 3y04acTUX KOJIiC OTMHAHHSIM.
VY nonanemiomMy y 1ii gep:kaBi Oylio CTBOPEHO MY
ramy (pe3epHux BepcTariB «JIIHKOIbHY.

EnexTponBuryH, sik 0CHOBa IIPUBO/TY, HA MOYATKY
80-x pokiB XIX cT. cTaB 3aMiHIOBATH ITapOBY Mallld-
HY, SIKa TIOMiHyBaja y MalIMHOOYIyBaHHI SIK TTPUBIL
MeTajopizanbHuX BeperaTiB moHax 100 pokis. V 1ieit
e 9ac MOoYaJIoCh YAOCKOHAJECHHS Iepeaadi eHeprii
Bix nBUTYHa 70 poboyoi mammaw. [lle y kiHIi cTo-
JITTSI MOXKHA OyI10 OaYUTH y 1IeXy LUEHTpaJIbHUN [TpHU-
BIJTHUI BaJI 1 CUCTEMY MMacOBHX Iepesad BiJ| OCTaH-
HBOTO J0 BEPCTaTy Y KOKHOMY MEXaHIYHOMY BiJi-
JICHHI UM LEXy Y LiIOMY.

[ToTiM Ha TPOMHUCIIOBUX MiINPUEMCTBAX OYyII0
BBEJICHO TI'PYINOBUN €JIEKTPOIPUBOJ, SIKMM Iepen-
0adaB po30cepe/KEHHsI eHeprii 0JJHOTO TIOTY>KHOTO
eJIEKTPO/IBUTYHA Ha KiJTbKa MEHII TOTY)KHUX 1 PO3-
MIIIIEHHST OCTaHHIX Oe3mocepenHpo y mexy. [lpum
bOMY KO)KHA 13 TPYI BEpCTaTiB Malsia CBill MPHBIi
1 OLTBIT TOYHE Ta THY4YKe yrpasiiHHs. OHaK, JHIIe
BIIPOBADKCHHS 1HAMBIAYaJIbHOIO €JIEKTPOIPUBOLY
3a CXEMOIO «OIMH €JIEKTPOIBUTYH — OJUH BEpPCTaT»
CIPOCTHIIO KOHCTPYKIII0 OCTaHHBOTO 1 JIO3BOJIUIIO
ITOBHICTIO BIJIMOBUTHUCH BiJl TPOMIi3JIKUX ACOBUX TIE-
penad.

BusnauHa poiib y po3BUTKY (pesH i rporiecy hpe-
3epyBaHHS HaJIGKUTh XapKIBCBKOMY BYEHOMY 1 BH-
knanadeBi B.C. Kna66e (9.02.1849-2.08.1914 pp.)
VY 1892 p. Bin BuAaB hyHIaMeHTaIbHY MOHOTpadito
«®Ppe3a u es1 poiab B COBPEMEHHOM MaIIMHOCTPOE-
HHW», [¢ y3araJbHUB JOCBII KITBKOX JCCATKIB TIEpe-
JOBUX €BPONEHUCHKUX MiANPUEMCTB 13 HOBOI Ha TOM
4yac TEXHOJIOTIl (pe3epyBaHHs, a TAKOXK BHU3HAUMB
HanpsIMKH PO3BUTKY L€l TEXHOJIOT1I 1 BiIacHe pe3u.
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Benuka 3aciayra B.C. Kna66e monsrae B Tomy, 1110
BiH yIiepllie BUBYMB 1 y3arajibHUB BEUUE3HUN Ma-
Tepiall o0 BUKOPHCTaHHS Gpe3u y BUPOOHHIITBI.

Hwum mokasaHi moyaTkoBi XHOHI TEHACHITIT Y PO3-
BHUTKY (Dpe3H K pi3aIbHOTO 1HCTPYMEHTY, sIKi TI0-
Jsirajid 'y HaJaHHI il MakcHMajJbHO MOXKJIMBOTO 3a
CKJIaHICTIO MPO(IIO i BEeNMUKOi KITBKOCTI ApiOHUX
«HOXOBOUHMX» 3yOuiB. [lepiie npusBoanio 1o go-
pokHeui (pe3 Ta HU3BKOI TEXHOJIOTIYHOCTI iX BH-
TOTOBJICHHS, @ Jpyre — /A0 3HMKCHHS MPOAYKTHB-
HOCTi (pe3epyBaHHsI, OCKUIBKH MpOLEC MOTPiOHO
Oy/io 4acTo 3yNHMHSTH AJS OYHCTKH MiX3yOOBOTO
MIPOCTOPY Bij 3allaKeTOBAHOI CTPYKKH, & TAKOXK IO
npoOJieM 3 TIepeTOYKaMHK 3aTYIUICHOTO IHCTPYMEHTY.
Buenum mikpecieHo, mo ycmix ¢pesu (mrapomkn)
y BHPOOHHIITBI 3aJ€KUTh BiJl HEOIMIHHOTO 3aCTO-
CYBaHHS KPYITHHUX 3YOIIiB, sIKI MEHIIIC 3a0MBAIOTHCS
CTPY’KKOIO TIOPIBHSHO 3 APIOHWUMU; BiJ BHHAHICH-
HS CTIOCOOy 3aTovyBaTy 3aryruieHi ¢pesu i Big 37e-
LIEBJICHHS] BUIOTOBJICHHS caMuXx ¢pe3. Baxiaueum
pesynbsrarom jociikeHb B.C. Knab6e € HaykoBo
o0rpyHTOBaHE BU3HAYCHHS Ti€l 0011acTi 00poOKH Ma-
TepiaiB pi3aHHsAM, JIe 3aCTOCYBaHHS (hpe3epyBaHHS
€ HAWOLIbII BUTIAHUM. 3 MO3UIIHA 3arajibHUX MPHUH-
LUIIB 00POOKH JIeTalIeH, 1110 BUMAraiu KOIIFOBaHHS,
B.C. Knab0e HaykoBO OOIpyHTyBaB repeBaru (pe-
3epyBaHHs Mepel IHIIMMH TEXHOJIOTIYHUMH OTiepa-
uisMu 00pobku MetaniB. HuM 3poGrieHo BHCHOBOK
PO JOIIBHICTh 3aKIaIaHHs B TIPOSKTH HOBUX Ma-
IIHOOYMIBHUX 3aBOJIB caMe (ppe3epHUX BEepCTaTiB
JUTSL 3HWDKEHHSI co0iBapTOCTi mpoayKiii. Y 3aximaHii
€pporri kHura crana BimoMoro y 1893 p. 3aBmsaxu
aBTOPCHKOMY IEPEKIIaay HiIMEIBKOIO MOBOIO 1 OTpH-
MaJla CXBaJIbHI BIII'YKH aBTOPUTETHUX HAYKOBLIB Ta
IHKEHEPIB.

Y me oxpHid cBoiii kHH3I «COBpEeMEHHbBIC
MAaIIUHOCTPOUTETIbHBIC 3aBOJBl U IMPHUMEHSIEMbIC
UMM HOBBIC CIIOCOOBI XOJIOAHON 00paOOTKU MeTa-
JUTOBY» aBTOP JETAIBHO JOCIIIKYE iCTOPIIO CTBOPCH-
HS MIBUAKOPI3aJIbHOI CTadi, TOYMHAIOYM 3 BUHAM-
neHHs y 1861 p. camorapriBaoi crami P. Mymera,
sIKa TIEPIIOI0 3 IHCTPYMEHTAIFHUX CTalieil Oymna Jie-
roBaHa BOIb(PAMOM, KiJBKICTh SKOTO JOXOAWIA J0
5,5 %. Hocninn 3 Bonb(paMBMILIYIOUOIO CTaIIO,
o Oynu nposeneni y 1900 p. Y CLIA y 3aBoacbkux
YMOBax, MOKa3aju mepeBaru crani Teinopa-Yaiita
HaJa cTauiio Mymiera Mo CTiHKOCTI IHCTPYMEHTY B
11-30 paziB. Y mnpani B.C. Kuab6e po3kpuro cyth
nareHty Teinopa, sika mojsirac B 0COOIMBOCTI CIO-
co0y HarpiBaHHsI 1 rapTyBaHHS, IO NPH3BEIO JIO
MIePEBOPOTY y CIPaBi TEPMOOOPOOKH CTAIBHUX iH-
cTpyMeHTIiB. KoMIETeHTHE MOCHTIMKEHHS 1CTOpii
CTBOpPEHHS MIBUAKOPI3AILHOI cTaii, sike Oyno BH-

knazneno B.C. Kna60e Brepie, cynpoBOIKYyBajloCh
TaKO)K IMTHOOKAM aHaJli30M TPHYMH, SIKi MEepeIko-
JOKaJH IIUPOKOMY BIPOBAHKEHHIO ITi€l CTalll y BH-
pobHuiTBO. IlIBHIKOpi3aNbHA CTANB, SIK BiJIOMO, 1 Ha
CHOT'OZIHI € OCHOBHUM MarepiajioM [UIsi BUT'OTOBJICH-
HA dpes.

Mamepianu ons ghpes. SIx BigzHa9am0Ch BHIIIE, Ta-
KHMH MaTepiasiaMu OyJIH CII0YaTKy iHCTPpyMEHTaIbHI
€BTEKTOI/IHI Ta 3a€BTEKTOIHI CTal, SIKi Ha IMOYaTKy
XX cr. 3aminmn craib Teinopa—Yaiita (cydacHe
mapkyBaHHg P18). [otim i1 3aminuna crane P6MS
(3 METOI0 3MEHIIECHHSI YaCTKH Je(ilIUTHOTO BOJIb-
¢dpamy). Crane POMS mae HacTymHi MexaHi4Hi Biac-
TUBOCTI: TBepaicTh 63—64 HRC; rpanuis MirtHOCTI
Ha 3ruHaHHA 2900-3400 Mlla, ymapra B’S3KicTh
2,7-4,8 IIx/M> 1 Temnocridikicte  600-620 °C.
HaiiGinpmre 3acTocyBaHHsS cepen KoOaTbTOBHX Ta
BaHAIEBUX IMBUIKOPI3aIbHUX cTaei ms hpes mMa-
10Tk Mapku: POMSKS i POMS®3, ski BiTHOCATH 10
cTasel miIBHIIeHo1 Teto- 1 3HococTilkocTi. [Ipote,
TOpSi/T 3 BHCOKOIO 3HOCOCTIHKICTIO, BaHA/II€BI CTai
MaroTh NOTraHy HUTiIQyeMICTh Yepe3 HasBHICTh B HUX
kapOiniB Banazio (VC), TBepIicTh SIKUX HE MOCTY-
NAEThCS TBEPIOCTI 3€peH enekTpokopynay (ALO,).
Beenennst kobansTy 10 ckiangy craini POMSKS cyr-
TEBO MiJBUILYE TBEPICTH 10 (66—68 HRC) i Temnoc-
TifikicTh 70 (640—650 °C). Kpim TOro, miBUIIYETh-
Cs1 TeTIONPOBITHICT CTalli, OCKUTEKH KOOAIBT MPH-
BOIUTH JI0 Takoro edekty. Lle mae MOXKITUBICTH BU-
KopucToByBatu ctainb POMSKS mns dpesepyBanHs
BaXKOOOPOOITFOBAHNX KAPOMIITHHX 1 HEIpKaBIFOUMX
cTalell i CIUIaBiB, a TaKOXK KOHCTPYKIIHHUX CTaleit
i BUILIEHOT MIITHOCTI. Y WX BUTIAJIKaX MEePIOf CTii-
KocTi ¢pe3 y 3-5 pasiB BULIMH, HIXK IPH BUKOPHC-
TaHHi cTaneil Mmapok P18 ta POMS.

[Ipote, cinix Big3HAYUTH, 1110 BUPOOHUIITBO CTAITi
P6MS Bix ycporo oOcCsry BHITYCKY HIBHIKOPi3aib-
HUX cTayieli B Ykpaini csarae 80 %.

Kpim Toro, poboua vactuHa ¢pe3 y psiji BHIIAI-
KiB BUKOHYETHCSI TBEPAOCIUIABHOIO a00 13 MOJIIKPHC-
TamiyHuX HaaTBepaux marepianis (ITHTM).

TBepmociiaBHi (Gpe3u T03BOJSIOTH ITiABHIIN-
TH IIBUAKOCTI pi3aHHA y 2—4 pa3u, IpoTe 3HAYHO
HIKYa MeKa MIIHOCTI Ha 3THH OOMEXKYE BHKO-
pHUCTaHHS TBEPAMX CIUIaBIB y KOHCTPYKLIl ¢pes.
TuTanoBone(ppamMoBi TBEpAi CIJIaBU 3aCTOCOBYIOTh-
csl y pizanbHiil yacTHHI 1BOro iHCTpyMeHTy. Crias
mapku T5K10 mae gepBoHocTiiikicts 850-900 °C,
MexXy MirHocTi Ha 3ruH 10 1700 MIla i TBepaicTs
87-92 HRA. Lle nae MOXKJIMBICTh 3aCTOCOBYBATH Ta-
KM CIUIaB, a TAKOXK 1HIII CHIOPIJHEH] TBEP/II CIUIABU
mapok T30K4, T15K6, T14KS8, T5K10 mis HOXIB
TOPIIEBUX (pe3.
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®pesu, mo ocuamieni [IHTM, OyBaroth TOpIIC-
BUMH, KIHICBUMH, JUCKOBHMH Ta YEpPB’SIYHHMHU.
Topriei ¢Gpe3u, sSK HAHOUIBII PO3MOBCIOMIKCHUI
BUJI ITLOTO IHCTPYMEHTY, BUITYCKAIOTh 3 MEXaHIYHUM
KPIIJICHHSIM BCTABOK, KPYIIIHX Ta 6ararorpaHHuX pi-
3JIbHAX TUIACTHH; HACAIHI 1 XBOCTOBI; OMHO3YyOI Ta
Oararo3y0i; OMHOPSAHI, CTYIIHYACTI 1 OaraTopsiHi;
(dhpe3n s 0OpOOKHM BiIKPUTHX, HAIMIB3aKPUTHX 1
3aKpUTUX MOBEpPXOHb. HalOiibI po3noBCIOIKEHNU-
MH B TENEpilliHii yac € TopueBi 30ipHI perynboBa-
Hi ¢pe3u 3 mnacturamu i3 [IHTM abo BcraBkamu 3
poro Marepiany. [IpoMHCIOBICTIO BHITYCKaIOThHCS
peryinboBaHi TOpLEBi Haca Hi (OJHOPSAHI Ta CTYIIH-
yacti) ¢pe3u giamerpom 100-800 MM i Heperymbo-
BaHi crymingacti gpesn miamerpom 100-400 mm 3
MeXaHIYHUM KPITUICHHSIM Pi3alibHUX eleMeHTiB. s
00poOKH Ta3iB B JETAAX i3 BaXKKOOOPOOITIOBAHUX
MaTepiajliB 3aCTOCOBYIOTH AUCKOBI (Ppe3H 1 MIUTH, K1
ocramiero [THTM. IIpu oMy MOHOITITHI 200 TBOX-
[IapOBi pi3aNbHI E€IEeMEHTH KPIIUIATHCS METOI0M
MasiHHS 3 HACTYIHMM 3aTO4yBaHHSIM. BumyckaioTh
TaKOXK JUCKOBI (pe3u 3 MEXaHIYHMM KpIIUICHHSAM
3MiHHUX BCTaBOK 13 [THTM st 06poOku mas3iB y je-
TaJsIX 13 3arapTOBaHUX CTaJICH.

Yepr’stuni 3y0opi3Hi (pe3u, sIKi OCHAIIEHO pi-
3anpHUME eieMeHTamu 13 [THTM, mpamiorots 3a

JIBOMa CXEMaMU — KPOMKOBOI Ta MpoQiibHOI. 3a
THUIIOM Pi3aJIbHUX €JIeMEHTIB 4epB’siuHi (pe3n moi-
JISTIOTH Ha (Ppe3u 3 MEXaHIYHUM KPITICHHSIM 3MIHHAX
BCTaBOK a00 masgHuM. KOHCTpYKTHBHO dYepB’sidHi
(hpes3n MOXKYTh CKJIQIaTUCS 3 OMHOT a00 TBOX HAIliB-
(dhpes. Sk mpaBwmIo, pizayibHAa YacTHHA (Pe3u BUTO-
toBisieThes i3 [IHTM Ha ocHOBI HiTpHIy 60DY.

CyuacHi ¢pe3u HaifyacTilie BUITYCKaOTh 31 3HO-
COCTIMKMMH MOKPUTTSIMH.

HaiiGinpmr HagifHUM MOHOIIAPOBUM TMOKPHT-
TSIM € TUTIBKOBE TIOKPUTTA 30JI0TUCTOTO KOJBOPY 13
HiTpuay tutany (TiN). ToBmmMHAa BOTO MOKPUTTS
3HAXOAUThCs y Mexkax 2—10 MKkMm, TOOTO € CriBpo3-
MIPHOO 13 IIOPCTKICTIO OCHOBU (TBEPOrO CILIABY
YW IIBUAKOPI3aJIbHOI cTaii). TBepaicTh MOKPUTTA
csirae 21-36 I'Tla, TOOTO 11€ TIOKPUTTS € HAJA3BHUAK-
HO 3HOCOCTIHKUM. [Ipu mepetouyBanHi ¢pe3, 1Mo 3a-
BKIH 3IHCHIOIOTH T10 TIEPEIHIA TTOBEPXHI, TOKPUTTS
3aITUIIAETHCS HEYIIKOPKEHUM 1 3aXHIae HAHOIIbII
ypas3nuBy 3aHI0 MoBepxHIO 3y0a. Cepen MeTomiB
(hisumunoro ocamkenus nokpurtis (PVD), 3a gomo-
MOTOIO SIKHX OTPHUMYIOTh TIOKPHUTTS 13 HITPUIY THTa-
Hy, Hali0inbIe po3noBcromkeHHs: HaOyB metox KIb
(koHJeHCcalii peuoBHHH 3 I1a3MOBOI (ha3u y BaKyyMmi
3 ioHHUM OoMOapyBaHHsIM). Mexa MirtHocTi TiN Ha
3ruH 240 Mlla, a Temniepatypa ruiasienns 2950 °C.

JI. Tanosuu, 0.m.n., npog.,
Benepaockuii ynusepcumem, Cepous

HCCAEAOBAHHS B OBAACTH
PASBHTHSI HOBOI'O IIOKOAEHMUS
METAAAOOBPABATBIBAIOIIIHX CTAHKOB

MuKpOnpou3BOACTBO MO/IPa3yMeBAET CO3JaHHE
MIPOJIYKTOB C pa3MepamMH OT HECKOJIBKO MHKPOMeE-
TPOB JIO HECKOJIbKIX MUJUTUMETPOB BBEICOKOM TOYHO-
CTH pa3MepoB U3 Pa3TNYHBIX MarepruaioB. B HacTos-
1ee BpeMsi, BO BCEM MUpPE, Kak B HAy9IHO-HCCIIEIOBA-
TENBbCKUX YUPEXKIEHHUSX, TaK M B IPOMBIIIIEHHOCTH

“MeeTcs OOJIBIION HHTEPEC K 00JIaCTH MUKPOIIPOU3-
BOJICTBaA. CGI‘OI[HH MUKPOIIPOU3BOACTBO UHTCHCUBHO
pa3BUBACTCS KaK OTBET Ha IMOBBIIIAIONIUICS CIIPOC
Ha MUHHMATIOPHYO MTPOIYKIIHIO, H3TOTaBIMBAIOIIYIO-
Csl 4aCTO B HEOOJBIINX KOJIIMYECTBAX, MOXET UMETh
CIIOXXHYIO (OpMY C 0COOBIMH TPEOOBAHHSIMH TTO Ka-
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