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Pedepar:

1. Incepraliito NpUCBSIYEHO PO3POOL 3MILIHIOIOYUX TEXHOJIOTIH IHCTPYMEHTY [171s1 BUPOOHUIITBA rapsYelpeCOBaHUX i
X0JI0AHOIePOPMOBAHUX KOPO3IMHOCTINKMX TPy6. YMOBU MIpalii 1[bOT0 iHCTPYMEHTY CKJIaAAI0ThCs 3i 3HAKO3MIHHMX
HaBaHTa)X€Hb, BUCOKMX TEMIIEPATYD, iIHTEHCUBHUX AMHAMIYHUX HaBaHTaKEHb, 3HAYHOT'O 3HOCY B YMOBAX TEPTH i
BHCOKOT'O IIMTOMOTO THCKY. JIOLiJIbHICTb MiJBUIEHHS 3HOCOCTIMKOCTI TPyOHOr0 iHCTPYMEHTY OOYyMOBJIEHA
HeOOXigHICTIO MiBUIIEHHS HOT0 €KCIIyaTalliiiHOi CTIMKOCTI i OJIsira€ y BCTAHOBJIEHHI 3aKOHOMIpHOCTEN
(opMyBaHHS CTPYKTYPH i BIACTUBOCTEN JOCTITHOTO METajly 3a paXyHOK BUKOPHCTaHHS PO3PO6IEHNX
pallioHaJIbHUX PesKUMiB TEPMidHOi Ta XiMiKO-TepMiuHOi 06pOOKY; HAHECEHHSI 3HOCOCTIMKUX MOKPUTTIB i TOKPUTTIB
aMop(pHUX CIJIaBiB Ha po604y OBEPXHIO iHCTPyMeHTy. OJHUM i3 OCHOBHUX HaIpPsIMKIiB Cy4aCHOTO
Marepiaso3HaBCTBA Ta TEPMiYHOI OOPOOKM € CTBOPEHHS iIHCTPYMEHTAIbHUX MaTepiasliB 3 6i/Iblll BUCOKUM

KOMIIJIEKCOM BJIACTMBOCTEN Ta pO3p00OKa HOBUX 3MiLIHIOBAJIbHUX IIOKPUTTIB /17151 ePeKTUBHOTO 3aCTOCYBaHHS iX JIs1



BUTOTOBJIEHHS IHCTPYMEHTY. B po60Ti po3po6JieHi cnoco6u NpoBeeHHs 3MiLJHIOI0UMX TEXHOJIOTi 06'€éMHOTO
3arapTyBaHH$ 3 6araToOpa3oBUM BiillyCKOM i a30TyBaHHSIM iHCTPYMEHTY Ta HAHECEHHSIM 6araTolmapoOBUX BaKyyMHO-
nyrosux okputrtiB TiN, TiZrN, NbN, TiZrN/NbN, TiN /CrN Ha azoToBaHni mramnosi ctani 4X5M®P1C, 5X3B3MPC
1711 BATOTOBJIEHHSI MAaTPUYHUX Kijlellb, TOJIOK-OIPAaBOK TPyOOIPOPibHUX NPECIB, @ TAKOXK POJIMKIB, ONOPHUX
IJIAHOK i onpaBok cTaHiB XIITP npu cyTTeBOMy CKOPOYEHHI 4acy OTpUMaHHS Iidy3iiHMX mapiB p06040i TOBLUIMHMU.
Lli HOBi METOJMKM 3aMiCTb iCHYIOYMX JO3BOJISITh CYTTEBO MiJBULIUTY MIilIHiCTh, 3HOCOCTINKICTb, BATPUBAJIICTb, OIIip
KPUXKOMY PyHHYBaHHIO, [IOBEPXHEBY TBEPZiCTb iHCTPYMEHTY. HaykoBe 3HaY€HHS pOOOTH I10JIIra€e TakoX B
OTPUMaHHi HOBUX PE€3YJIbTATIB, SIKi PO3LIMPIOIOTh YSIBJIEHHS IIPO XapaKTep CTPYKTyPOYTBOPEHHS B Marepiai
MOBEPXHEBUX IIAPiB HAITiBTEIJIOCTINKNX BTOPUHHOTBEPAiI0UMX mTamMIioBux crajueit 4X5M®P1C ta 5X3B3MOC. B
POOOTi 3apoIIOHOBaHE iOHHE a30TYBaHHS 3arapTOBAHOrO Ta [Bivi BiAIlylI€HOIO MeTaly TPyOHOTO iHCTPYMEHTY B
ra3osiil Iy1a3mi JyroBoro po3psay. B nosepxuneBomy mapi OpMyeTbCs CTPYKTYypa TBEPLOTO PO3YMHY, B SIKi
3HaxonaTbes HiTpupu Fe2-3N (o-¢dasa), Fe4N ta aycreHnit, HacnueHu a3oToM. Lle 103BosIsle MigHATU PiBEHD
3MillHeHHs 1oBepxHi iHcTpyMeHTy 1o Hu=8000 -12000 MIla Ta ekcnnyaTauiiiHoi cTifikocTi 'y 1,5 - 2 pasu. Taka
KoMOiHOBaHa 06p0O0OKa MPOBOAUTLCS BIIEPILE [J1s1 TPYOHOTrO iHCTPYMEHTY i 3axuieHa nateHTom N2 151611 «Crioci6
TepMiqYHOi 06POOKHM BUPOOIB 3 JIETOBAaHMX iHCTPYMEHTAJILHUX CTajiel». B po6OTi 3arIpONIOHOBAaHO HAaHECEHHS
OJIHOLIAPOBUX i 6araTomapoBux BakyyMHO-Iyrosux rnokputTiB TiN, TiZrN, NbN, TiZrN/NbN, TiN/CrN Ha serosaHi
LITAMIIOBi CTaJli 3 BUKOPUCTAHHAM BaKyyMHO-IyTOBOTO PO3PSAY HU3LKOIO TUCKY B €MHOMY TEXHOJIOTIYHOMY
IIPOLIECi, [0 3HAYHO MiABUILY€E MEXaHiuHi BJTaCTUBOCTI, TBEPAiCTb IOBEPXHi TPYOHOr'O iHCTPYMEHTY 3POCTAE 10
23000 : 25000 MTIla, 1m0 103BoJIsI€ 361MBIUTYU pecypc ioro po6oTu B 1,5 - 2,5 pasu. B nuceprauiiiHiit po6oTi
3aIPOIIOHOBAHO NIPOBEIEHHS J1s1 TPYOOIIpeCOBOro iHCTPYMEHTY KapOoHiTpallii, KoJiu B IOBEPXHEBOMY LIapi
YTBOPIOIOTbCS KapOOHITPUAHI (asy, 6ibll JIaCTUYHI i MEHII KPUXKI, HiX pu a3oTyBaHHi. [Ipouiec mae
Oe33anepeyHi nepesary B IOPiBHSHHI 3 iHIIMMHU IPOLLECaMU 3MilJTHEHHS MTOBepxHi. [lepeBaroo gaHoi TEXHOJIOTI] €
BHCOKA MBUJKICTb A1(y3ii, piBHOMIpHICTh HArpiBy i HACUYEHHS B PO3ILJIaBi COJIell, O MPU3BOLUTD A0 36i/IbLIEHHS
3HOCOCTIMKOCTI i KOPO3ifiHOI CTIMKOCTi IOBEPXHi, 3HI>KEeHHS KoeillieHTy TepTs B 1,5 — 5 pasiB, NifBUILyEeTbCS
IIpaue3faTHICTb iHCTPYMEHTY, 10 Mpaloe 3 [UKJIiYHUMU HaBaHTAXEHHSIMHY, 32 PaXyHOK CTBOPEHHS CTUCKAIO4NX
HaIpYyT Ha TIOBEPXHI; MicJIsi KApOOHITpallii Ha OBEPXHi iIHCTPYMEHTY (POPMYEThCS 3MIlHEHU 11ap, 10 CKIAA€ThCs
3 JIeKiJIbKOX 30H (BEpXHill Iap sIBJIsle COOOI0 TBEPAUM PO3YMH 3 BKIIIOUEHHSIMU O - Kap6oHiTpuny tuny Fe3 (NC), mif,
SIKMM PO3TallloByeThCs 30Ha 00- (azu tuny Fe4(NC), mig, sikoro 3HaxoauTbes AudysiiiHa 30Ha (reTepodasHuii map),
SKa CKJIAJIA€THCS 3 TBEPJOrO PO3YMHY BYTJIELO i a30Ty B 3aJ1i3i 3 BKJIIIOUEHHSIMU KapOOHITpUAHUX (a3, TBEPiCThb
SIKOi 3HAYHO BUIA TBEPAOCTI cepleBuHU. Taka 06pobKa TpyOOIIpeCcoBOro iHCTPYMEHTY IIPOBOIUTHCS BIleplIe i
3axuileHa nareHTom N2 146692 «Cnocib ximiko-TepmiuyHOi 06pO6KH TPYyOOIIPECOBOTO iHCTPYMEHTY 3
iHCcTpyMeHTasbHOI cTasi». Ha nifcTasi eKCIepMMEHTaNIbHUX JOCIIXEHb B POOOTi OBEIEHO AOLIIbHICTD
HaHEeCEHHS MOPOIIKY aMOpP(HOro CIJIaBy Ha OCHOBI 3ai1i3a, HiKeJsIo, KPeMHilo Ta 60Py, 10 AO3BOJIMIIO 3a0€3MeYUTH
BHCOKY TBEPJiCTb i BHOCOCTINKICTh IIOBEPXHI MAaTPUYHUX Kijlelb, POJIMKIB, OIIOPHUX I1JIaHOK. Taka o6pobka
TPYOHOTO iHCTPYMEHTY IIPOBOJUTLCS BIIEPIIE i 3axuileHa nareHToM N2 148695 «Cnoci6 3miliHEHHS

TPYOOIIPECOBOrO iHCTPYMEHTY 3 iHCTPYMEHTAJILHOI CTali».

2. The dissertation is devoted to the development of tool strengthening technologies for the production of hot-
pressed and cold-formed corrosion-resistant pipes. The working conditions of this tool consist of variable loads,
high temperatures, intensive dynamic loads, significant wear in conditions of friction and high specific pressure.
The expediency of increasing the wear resistance of the pipe tool is due to the need to increase its operational
stability and consists in establishing the regularities of the formation of the structure and properties of the
experimental metal due to the use of developed rational modes of thermal and chemical-thermal treatment;
application of wear-resistant coatings and amorphous alloys on the working surface of the tool. In the work, the
methods of carrying out strengthening technologies of volumetric hardening with repeated tempering and
nitriding of the tool and application of multilayer vacuum-arc coatings TiN, TiZrN, NbN, TiZrN /NbN, TiN /CrN on
nitrided stamp steels X40CrMoV5-1-1, 30WCrV17-2 for the production of matrix rings, needles are developed -
mandrels of pipe-profile presses, as well as rollers, support bars and mandrels of KPTR machines with a significant
reduction in the time of obtaining diffusion layers of the working thickness. These new methods, instead of the



existing ones, will allow to significantly increase the strength, wear resistance, durability, resistance to brittle
destruction, surface hardness of the tool. The use of modern types of CHT significantly accelerates diffusion
processes, allows you to obtain a diffusion layer of adjustable composition and required structure; it is
characterized by minor deformations of products and a high class of surface cleanliness, has great economy,
increases the coefficient of electricity use, reduces the consumption of saturating gases; meets the requirements
for environmental protection. In the development of effective technologies of CHT of steels, one should take into
account both the need to ensure the given surface properties and the possibility of saving expensive and rare
alloying elements. The scientific value of the work also lies in obtaining new results that expand the understanding
of the nature of structure formation in the material of the surface layers of semi-heat-resistant secondary
hardening stamping steels X40CrMoV5-1-1 and 30WCrV17-2. Due to ionic nitriding of the hardened and twice
tempered metal of the tube tool in the gas plasma of the arc discharge, a solid solution structure is formed in the
surface layer, in which there are nitrides Fe2-3N (o-phase), Fe4N and austenite saturated with nitrogen. This allows
to raise the level of strengthening of the surface of the tool to H=8000 -12000 MPa and operational stability by 1,5
-2 times. Such combined treatment is carried out for the first time for a pipe tool and is protected by patent No.
151611 "Method of heat treatment of products made of alloyed tool steels". The paper also shows that the
application of single-layer and multi-layer vacuum-arc coatings TiN, TiZrN, NbN, TiZrN/NbN, TiN/CrN on alloyed
stamp steels using a low-pressure vacuum-arc discharge in a single technological process significantly increases
the mechanical and tribological properties of the surface pipe tool up to 23000-25000 MPa, which will increase its
service life by 1,5 -2,5 times. The thesis shows the effectiveness of carbonitriding for a pipe press tool, when
carbonitride phases are formed in the surface layer, which are more plastic and less brittle than during nitriding.
The process has indisputable advantages in comparison with other surface strengthening processes. The
advantage of this technology is the high speed of diffusion, uniformity of heating and saturation in molten salts,
which leads to increased wear resistance and corrosion resistance of the surface, a reduction in the coefficient of
friction by 1,5 - 5 times, and increased performance a tool that works with cyclic loads due to the creation of
compressive stresses on the surface; after carbonitriding, a hardened layer consisting of several zones is formed
on the surface of the tool (the upper layer is a solid solution with inclusions of o - carbonitride of the Fe3(NC) type,
under which there is a zone of the phase of the Fe4(NC) type, under which there is a diffusion zone (heterophase
layer), which consists of a solid solution of carbon and nitrogen in iron with inclusions of carbonitride phases, the
hardness of which is much higher than the hardness of the core This treatment of a pipe press tool is carried out
for the first time and is protected by patent No. 146692 "Method of chemical and thermal treatment of a pipe press
tool made of tool steel". This treatment of a pipe tool is carried out for the first time and is protected by patent No.
148695 "Method of strengthening a pipe press tool from tool steel".
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