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1.Beryn

B cyuacHux ymMoBax pUHKOBOI €KOHOMIKM BHUCOKa KOHKYPEHTOCIIPOMOXHICTH IMPOIYKIIIT
MOke OyTH 3a0e3IedeHa B Meplly Yyepry 3a paxyHOK MOCTIHHOTO MOJIMIIEHHS ii SKOCT1, 3HUKEHHS
BUTpPAT Ha ii BUTOTOBJICHHS 1 BJOCKOHAJICHHs CIOCOOIB i oTpuManHs. JluBapHe BHPOOHHIITBO
HAJICKUTh /10 HAWBAXKJIMBIIIKMX Trany3ed MallnHOOyAyBaHHs, OyAydd OJHOYACHO OJHIEI0 3
HaWOWIBII TPYJOMICTKMX 1 €HEProeMHHUX Traiy3eil mpommucioBocti. Lle oOymoBiieHo, 30Kpema,
BEJIMKOIO CKJIAJHICTIO IMPOILIECIB, BHCOKOIO BapTICTIO MarepiaiiB, oOJaJHaHHA Ta JMBAPHOI
OCHACTKH, 1110 3aCTOCOBYIOTHCSI /1711 BUTOTOBJICHHS BUWIMBKIB. B 3B'I3Ky 3 UM 3HIKEHHS BUTpAT Ha
BUTOTOBJICHHS BUWIMBKIB € aKTYaJIbHOIO 33/1a4€l0.

JIuTTa mig THUCKOM € OJHUM 3 HaWOUIbLI MEPCHEeKTUBHUX CIIOCOOIB OJEp>KaHHS JIMTHX
3aroToBoK. OTpUMaHHS BIJIMBKIB METOJIOM JIUTTS i TUCKOM JIOIUJIBHO B TOMY BHUIIAJIKY, SKIIO X
BUPOOHULITBO HOCUThH KpYyIHOCEpIHHUN Xxapaktep. Lle mos'a3aHo 3 BUCOKOIO COOIBapTICTIO TaHOTO
Buny autTs. Came BHCOKa cOOIBapTICTb BUTOTOBJIEHHS BWJIMBKIB CTPUMYE OUIbII IIHPOKE
3aCTOCYBAaHHS TaKOI'O IPOIPECUBHOTO CIOCO0Y, IKUM € JIUTTS IMiJ] THCKOM.

[Ipec-popmu 3aCTOCOBYIOTH NPU JIUTTI M1 TUCKOM METAIIB 1 OJIMEPHUX MaTepialiiB, JUTTSI
[0 BUIUIABJIIOBAHUX MOJIENSIX, MPECyBaHHI MOJIMEpHUX MartepianiB. Po3pi3HsoTH Oe3nid BHIIB
npec-GopM: pydHi, HalIBABTOMATHYHI 1 aBTOMATUYHI1; 3HIMHI Ta CTaIIOHAPHI; 3 TOPU3OHTAIBHOIO 1
BEPTUKAIBHOIO IJIOLMHAMH PO3'€MY; 3 OJHIEI0 a00 KUIbKOMA IJIOLMHAMH PO3'EMY.

[Ipec-popma cknanaeTbest 3 HEPYXOMOT YACTUHU (MATPHILL), 1 pyXOMOT YaCTHUHH (IIyaHCOHA),
dbopMyrodi TMOPOKHUHU SIKHX € 3BOPOTHUM (HEraTMBHUM) BIJOUTKOM 30BHILIHBOI MOBEPXHI
3arotoBku. B oaHiil mpec-popmi Moke ogHOUYacHO (opMyBaTHCs Kijibka jaeraneil (6araTomicHi
dopmmu). IligBenenus matepiany 10 (GopMyr0odoi MOPONKHWUHU 3IIMCHIOETHCS 4Yepe3 JMBHUKOBY
CUCTEMY: LEHTpPaJbHUM, PO3BOJSAIIMI 1 BOYCKHI1 JIMTHUKH, a 3HIMaHHS TOTOBOIO BHUpPOOY - 3a
JI0TIOMOT'O}0 CUCTEMHM BHUIITOBXYBaHHS. 3aJ€KHO Bl MaTepialy 1 BUMOT JI0 OJIEP>KYyBaHOI 3arOTOBKHU
y ¢hopMi NIATPUMYIOTh IEBHUN TeMIiepaTypHuii O6anaHc. i perynioBaHHs TeMieparypu GopMu B
OCHOBHOMY BHKOPHCTOBYIOTh BOJIy, ITPOIYCKAIOYH ii 4epe3 KaHadu OXOJIO/HKEHHS. Yepes BiTHOCHO
CKJIaIHOTO IPOLIECY BUT'OTOBJIEHHS 1 BUCOKY BapTICTh npec-(popmM, iX BUKOPUCTAHHS B OCHOBHOMY
XapaKTepHO JUIsl cepiitHOro 1 MacoBOro BUpoOHUITBA [1].

[Ipec-popma TUTTS MiJ TUCKOM MpAIlO€ B YMOBaX XKOPCTKUX LUKIIYHUX TEMIEpaTypHO-
CHJIOBUX BIUIMBIB Ta IHTEHCHMBHOIO JMHAMIYHOTO (DI3MKO-XIMIYHOT B3a€EMOAIl 3 altOMIHIEBUM
po3miuaBoM. Y 3B'SI3KYy 3 IHM, JI0 CTajleld, 3 SKUX BUTOTOBISAIOTHCS HAWOUIBII BiAMOBITATBHI
(bopmoyTBOPIOIOUI TA SIKI KOHTAKTYIOTh 3 PLAKAM PO3ILUIABOM) AETalll mpec-hopM, IPea sBIsIIOThCS

BHCOKI BUMOTH T10 TEIJIOCTIHKOCTI, TEPMOCTIHKOCTI Ta KOPO31i1HOT CTIKOCTI.
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2. AHaJi3 JiTepaTypHHX JaHUX Ta MOCTAHOBKA NMP0o0JieMu

Bci dbopmoTBopui nmeranmi mpec-dhopMm mpu poOOTI MIANAIOTHCS CKIAJHOMY CHIOBOMY,
TEIUIOBOMY 1 XIMIYHOMY BIUIUBY pO3IUIaBy, MAacTHJIBHHUX 1 OXOJIOJKYBaJbHUX Marepialis.
Marepianun (QoOpMOTBOpUMX JeTaledl He IOBUHHI BCTYNAaTH y (I3UKO-XIMIYHY B3a€EMOJII0 3
PO3IUIaBOM, IMOBUHHI BOJIOJITH BHUCOKHMM OIOPOM TEPMOIMKIIYHUM HAaBAHTAXXEHHSM, BHCOKOIO
TBEPAICTIO, MIIHICTIO 1 MIIIHICTIO NIPU HarpiBaHHi, MMM KOE(DIIEHTOM TEPMIYHOTO PO3LIMPEHHS,
nobpe oOpoOmisTucs, mano aedopMyBaTUCS MPU TEpMIdHIA 00poOIi. TakMMU BIACTHBOCTSIMU
BOJIOJIIOTH CHelianbHi crani, Hanpukiaa, 3X2B8®, 4X5SMO®C Tta iH., JeroBaHi BOJb(ppamMoM,
XpOMOM, HIKeJeM, MOJi0/IeHOM, BaHaaieM. Takl cTajdi BHKOPHUCTOBYIOTH JJIi BHUTOTOBJICHHS
dbopmoTBOpUMX JaeTanei mpec-GopM I JUTTS ATIOMIHIEBHX, MarHi€BUX, MITHUX, TMHKOBUX
cruaBiB. T1 3k JeTail Mpu JIMTTI CTall 1 TUTAaHY BUTOTOBIISIOTH 3 MOJIO/AEHY Ta HOro CIUIaBiB, a
TaKOXX 1X CHOemiaTbHUX HEeMeTaleBUX MarepianiB. Jlius momaHHS HEOOXITHUX CIYXKOOBHX
BJIACTUBOCTEN (OPMOTBOPUI JAeTail npec - GopM MiJal0Th TEPMIUHIN 1 XIMIKO-TEpMIYHIi 00poOLi
— HU3BKOTEMIIEpAaTypHOMY LilaHyBaHHIO Ha rinbuny 0,05-0,2 mM. Ilicns rapTyBaHHS 1 BIAIYCKY
BOHU MOBHHHI MaTH TBepIicTh Ha nmoBepxHi HRC 58-62.

KoncrpyktuBHi  nerani  npec-¢popMm  (MIUTH, OOOWMHM Ta 1H.) BHUIOTOBJISIOTH 3
KOHCTpyKIiHHUX ctaneit 35, 40, 40X, 45. Bonu migmaroThCs MOJIMIIYBAIBbHIN TepM0ooOpoOIIl, a
TBEpAICTD ix MIOBEPXHI OBUHHA CTaHOBUTHU HRC 30-34.
Jletani, 1m0 MpamiolTh B YMOBaxX 3HOCY (BHUIITOBXYBayl, 3aMKHU IIOB3YyHIB, HAalpsMHI BTYJIKH 1
KOJIOHKH TOIIIO) BUTOTOBIIAIOTH 31 cTanet Y8A 1 Y10A 3 tBepaictio HRC 48-52 [2].

XiMiIKO-TepMiyHa 00poOKa, MpH AKIA 3AICHIOETHCS 3MIIHEHHSI IOBEPXHI JETalel, €
HalOUThII €()EKTUBHUM Ta PO3MOBCIOHKEHUM METOJOM MIIBHINCHHS CTIMKOCTI JeTayleu, Kl
MPaLoOTh B CKJIQJHUX yMOBaX BHUIPOOYBaHHS HaWBMIIMX HANpyKE€Hb Bl 30BHIIIHIX CHJI, IO
BIJIMOBIIAIOTH 32 3apOJHKEHHS 1 PO3BUTOK BTOMHOTO Ta KOPO31MHOTO PYHHYBaHHS 1 3HOCY.

OcTaHHIM YacoM Bce OuIbllie yBard HAJA€TbCs TOMY, SIK CaMe€ MapaMmeTpy XIMIKO-TEPMIYHOL
0o0OpoOKM Ta CKJaJ HAacH4yBajbHOTO CEpENOBUIIA BIUIMBAIOTh Ha (OpPMYBAaHHA 1 BIACTHUBOCTI
nugys3iiHoro mapy cruiaBiB. Lle moB’s3aHO 3 HEOOXIAHICTIO PO3POOKM HOBHUX, OUIbII BUTLIHUX 3
€KOHOMIYHO1 TOUKH 30y CIIOCOOIB 3MIHM BJIACTUBOCTEN MOBEPXHEBUX IIAPIB AeTasieil. Takum yuHOM,
cepel] HOBUX MpolieciB AUPy31iiHOr0 HacCUYyBaHHs Bce OuTblIe 3HaUYeHHsI Mae OopyBaHHs [3—6].

[Ipouec 60pyBaHHS 3JIHCHIOETHCS 3 MOPOILIKIB, PO3ILIABIB COJIEH 1 ra30BOI0 CEPEOBHILA
3aJIEKHO Bi (OpMHU, PO3MIPIB 1 KUIBKOCTI ACTaJleH, M0 MIAMAI0ThCA OOpYBaHHIO, a TaKOX BiJ
HasIBHOCTI HEOOXITHOTO ycTarkyBaHHA. KokeH 3 Ha3BaHMX TEXHOJIOTIYHHUX IPOLECIB OOPYBAHHS
Mae CBOI IepeBaru B TUX a00 IHIIMX YMOBAaX 3aCTOCYBaHHs, a TOMy HE MOXHa BIIJIaTH IepeBary

SAKOMY-HEeOy1b OJHOMY criocoOy HacuueHHs [ 7-9].

3. MeTa pocaixkeHHs1

Meroro pobGoTu € po3poOka MPOCTOI UIsi BUKOPUCTAHHSA Ta EHEPreTUYHO OIUIHHOT
HAHOTEXHOJIOT1i OOpyBaHHA JeTajeil 3 JeroBaHol cCTalli, sIKa CIPSMOBAaHAa Ha CKOPOYEHHS
TPUBAIOCTI XIMIKO-TEPMIYHOI OOpOOKM Mpu OJiepKaHHI BHUCOKOSKICHUX OOpHUIHUX IIapiB, IO

3a0e3neuyroTh HE0O0X1JH1 eKCIUTyaTallliiH1 BIaCTUBOCTI pec-pOpM JIUTTS il TUCKOM.
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4. ExcriepuMeHTAaJIbHI JaHi Ta iX 00podka

Marepianom pocmipkeHHst € JeroBaHa cranb 4XSMOC. Jlng OopyBaHHS B MmacTax
3aCcTOCOBYBajacsi CyMilll Ha OCHOBI HaHoAWCIepcHHX OopBMmicHuUX peuoBuH [10]. HarpiBanus
3/1IMCHIOBAIIM B KaMEpHii neui TpuBaiicTio Big 15 1o 120 xBuiiuH.

3a eKCHepuMEHTaIbHUM JIaHUMU OTPUMAHO 3aJISKHICTh TOBIIMHMU OOpPUIIB BiJ TPUBAJIOCTI
o6opyBanHst s ctani 4XSM®C (puc. 1). 3 puCyHKY BHAHO, IO TOBIIMHA OOPHIHOTO IIApy

30UTBIITYETHCS 3 TPUBAIIICTIO MIPOIIECY.

70 ATPOKCHUMAITIEFO eKCTIEPUMEHTATHHUX JAHIX
60 4 | METOJIOM HAMMEHIINX KBAIPATIB OTPUMAHO PIBHSHHSI
= 50 4 3 TIEPEBIPKOIO aJIGKBATHOCTI OTPUMAHOI MOJIENI 3a
E 40 - kputepiem imiepa, sKe J03BOJISIE TPOTHO3YBATH
%j 30 4 TOBIIMHY OOpoBaHOrO MmIapy misi cran 4XSMOC B
g 20 | Jjara3oHi TpusaiocTi Bix 15 1o 120 xs.:
g 10 1 y=0,00237* + 0,16531 + 6,0059,
a 0 . . . . . . . ne y — TOBIIMHA OOpPOBAHOTO APy, T —

0 15 30 45 60 75 90 105 120 TPHUBAIICTh OOPYBaHHS.

TpHBATICTS GOPYBaHEA XB TBepmicTs  TIOBEPXHEBOrO IIaPy TaKOX

Puc. 1- 3anexxHicTh TOBIIMHU OOPHUIB Bil

X ) 3UIOKUTh BII CKIagy CTall, ajie B 3HAYHO
TpuBanocTi 0opyBaHHs ctani 4XSMOC

MeHIIoMy cryneHi (puc. 2). lle 1 3po3ymiio,
OCKUIbKU TBepAicTh camux OopuniB (FeB, Fe;B), ski € ocHoBHUMM (a3amu GOpHIHUX ILApIB Bil BMICTY
BYIVIELIO 1 JIETYBAJILHUX EIEMEHTIB Maibke He 3aJeXUThb. MIKPOTBEPAICTh MIITBEPPKYE HASBHICTH JBOX
6opuniB, a came FeB 3 tBepmictio 22,5 I'Tla 1 Fe;B — 18 T'Tla. Bucoka mirHicTh OOpPHITY TOSICHIOETHCS
CKJIaJTHUM THIIOM 3B'SI3KY B LIUX 3'€AHaHHSIX. HasgBHICTH €1MHOrO 2p-3eKTpOHA Ha 30BHILIHIIN OpOITi aToMa
0opy HE TUIbKHM 30UIbLIyE MIIHICTH 3B'I3Ky MDK aroMamy Oopy 1 MeTaly, aje 1 3yMOBIIIOE HasBHICTb

KOBAJIEHTHOTO 3B's13Ky MK atomamu 0opy. Atomu Gopy 3B's13aHI MK COO0FO B JIaHITIOKKH FeB.

25

XapakTep KpuBHUX (puc. 2) mnpu
TpuBanocti OopyBanHs 30 Ta 60 xB.
OJIHAaKOBUM,  aje  TOBIIMHA  Oopuay
30UIBIIYETHCS. [Ipu MOAATIBIIOMY
MIJBUIIECHH] TPUBAJIOCTI 00poOKH,

XapaKkTep KPUBHUX 3MIHIOETHCS, 3’ IBISETHCA

Mikporeeppicrs, [Tla
=

JOIaTKOBA TOPU30OHTaJIbHA JUISHKA Ha

A

piBHI 18 I'T1a. Le MOSICHIOETHCS

[] rtrrrrrrrrrrrrrTrrrrrrTrT T T T T T T T TT T T T T TTT (bOpMyBaHHgM HpomapKy I[pyl"or‘o 60pI/IHy
0 10 20 30 40 30 60 70 80 90 100 . .
TormuEHA 0OpOBRAHOTO MADY, MEM - FGQB. Yum OuIbIIa TPUBAJIICTb

| =—30xe —0-60x8 —+—00xe —0-120xs | oopyBanHs crami 4X5SM®C, tum Ourbina

Puc. 2 — Po3noaun MikpoTBep0CTi B U y31HHUX ToBIMHA OopoBatoro mapy. osepxresa

mapax IHCTPYMEHTAIBHOT ITAMITIOBOT CTaIl TBEPAICTE TpH  30LIBLICHHI TPUBANOCTI
4X5SMOC micnst 00pyBaHHS MPOTATOM Pi3HOT IIPOLIECY HE 3MIiHIOETBCSL.

TPUBAIOCTI 00pOOKHU T GEHOM, NI CHpOmE
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TEXHOJIOTTYHOTO TIPOLIECY TPOTIOHYETHCSI TOEMHATH OOpyBaHHS 3 TapTyBaHHsM misi crami 4XSMOC.
TpuBaiicts 60pyBaHHS OOMPAETHCS BIAMIOBIAHO 3 BUMOTaMU JIO JIETAJICH.

Pentrenoctpykrypuuii ¢dazosuii anamiz craial 4XSM®C mniaTBepAWB HASBHICTH JIBOX
6opunisFeB i1 Fe,B.

Koediuient nudysii 6opy B 3arajibHOMY BUTJIAI1I MOKHA 3anucatu [4]:

D =D exp| —-2
B o €XP RT > (D)
Ie R —razosa nocriiina, J[x/Monn K,
.. . . . 2
D, — xoediuieHT qudy3ii npu HECKIHYEHHO BEJIUKIN TeMIeparypi, cM /c,
Q — eHepris, fSKy HeoOX1IHO 3aTpadyBaTH B Impoueci AUPy3ii 3 OJHOrO MOJIOKEHHS

pIBHOBAaru B KpUCTaJIIyHIN I'paTLi B 1HILIE, KaJl/T*aTOM.

TemmeparypHna 3anmexHicTh KoedimieHta nudysii 60opy B o- 1 y-3ali31 ONHCYETHCS
HACTYITHUMHU BUpa3amu [5]:

. _ 6715
Di =(7,9+2,3)-10 SGXP(—T] , eM’/c )

_ 23+4
D§=(5,7i1,8)'1036Xp(_ RT ]’CM% *

ToBmyHa 60pOBaHOrO 1Iapy BU3HAYAETHCS MO HOPMYIIi:
h=\2-Dg-1  mxm 4)
3 ¢dopmynu 4, 3HarOUM €KClIEpUMEHTANIBbHI JJaH1 TOBIIMHU LIapy 1 BapilOl04M Yac HarpiBy mnpu

MIYHOMY HarpiBaHH1, MOXHa 3HalTH KoediieHT qudy3ii 0opy st 6opyBanHs craii 4XSMOC:

hZ
322"[. (5)

Pesynbratn pospaxyHkiB 3miHu KoedimieHTa audy3ii 6opy mpencrtaBieHi Ha puc. 3. 3

OTPUMAaHUX JTaHUX BHUIHO, IO 31 30UIBIIEHHSAM TPHUBAIOCTI yacy OopyBanHs Bim 15 mo 120 xB.

D

koedimieHT audy3ii 60py 30UIBIIYETHCS, 10 TPUBOJAUTH 10 IHTEHCUBHOTO 3POCTaHHS O0OPOBAHOTO
1iapy Ha CTali.

14 ATnpoKcUMaIlIEl0 eKCIEPUMEHTATBHUX
2121 8 JaHUX  TOJIHOMOM  TPETbOTO  CTYIEHS
Ef; 1 OTPUMAHO  DIBHSHHA 3  JIOCTOBIPHICTIO
EDB . anpokcuMarii  R°=1, sKke  J03BOIsi€
%Dﬁ T IIPOTHO3YBaT! Koe(IIieHT mdysii
20,4 . 6opoBaHoro miapy misi craiui 4XSMOC B
3 0.2 A mianazoHi TpuBaiocTi Bin 30 1o 120 xB.:

0 ! . . D =0,01397° +0,02381” - 0,02737 +

¥ ‘srimmmaop_mm e 1 0,0483.

Puc. 3 — 3mina xoedirienta qudysii 6opy npu
niYHOMY HarpiBaHHi ctaii 4X5SMOC
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Kocmuk K. O. «3miiHeHHs nipec-(opM JIUTTS il TUCKOM IO HAHOTEXHOJIOT1i.

3anponoHOBaHAa HOBA IpPOCTa JJIsi BUKOPUCTAHHS Ta E€HEPreTUYHO JOLLUIbHA TEXHOJOTIS
O0opyBaHHsl BUpPOOIB 3 jieroBaHoi craii 4XSM®C, ska crnpsMoBaHa Ha CKOPOYEHHS TPUBAJIOCTI
XIMIKO-TepMI4HOI 0OpOOKH IpHU OJEep’KaHHI BUCOKOSIKICHUX OOPUAHMX ILApiB, SIKI 3a0€3MeUyloTh
HEeoOX1/1H1 eKcIUTyaTaliiHi BIaCTUBOCTI IIpec-(hopM JIUTTS MiJ] THCKOM.

Kniwowuoei cnosa: mnpec-popma, OopyBaHHS, JieroBaHa CTaib, au(dy3iliHI Mmapw,

MIKPOTBEPIICTb.
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Kocmuk E.A. «YnpouHeHue npecc-GpopM JIUThs N0 AABJICHUEM IO HAHOTEXHOJOTUI.

[IpennoxxeHa HOBasg mpocTass B HCHOJB30BAHUM M HSHEPreTHUECKH ILenecoo0pasHas
TeXHoJorusi OopupoBaHUsS u3JeNUA u3 JerupoBaHHoM cramu 4XSMOC, HampaBieHHas Ha
COKpalleHue JUIUTEIbHOCTH XUMHKO-TEPMUYECKOI 00paboTku npu MOJIy4YE€HUU
BBICOKOKAQUE€CTBEHHBIX ~ OOpPUpPOBAHHBIX  CJOEB, KOTOphlE  OOECHneuYuBalOT  HEOOXOAUMBbIE
AKCIUTyaTal[MOHHbIE CBOMCTBA Mpecc-(hopM JIUTHS MO]] 1aBJICHUEM.

Knrouegwie cnoea: nipecc-dpopma, 60pupoBaHue, JETUPOBaHAs CTaNb, TU(M(Y3UOHHBIE CIIOH,

MUKPOTBEPOCTb.

Kostyk K.O. “Hardening of pressure diecasting press-formson nanotechnologies”.

A new easy-to-use and energy-appropriate boriding technology of products of alloy steel
4X5MOC, aimed at reducing the duration of chemical-thermal processing upon receipt of high-
quality boriding layers that provide the necessary operational properties of pressure die casting
press-formson.

Key words: press-form, boriding, alloy steel, diffusion layers, microhardness.
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