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1. Y po60Ti pO3IyISIHYTO JOCHiIKEHHS BIJIMBY JIETYBAJIbHUX €JIEMEHTIB: XPOMY, aJlIOMiHil0, Byr-JjeLto, TuTany Ta P3M
Ha KOMIUIEKC JINBAPHUX, MEXaHIYHYX Ta CIIE€LiaJIbHUX BJIACTUBOCTEN i CTPYKTY-PY ’KaPOCTINKUX CTajleN i BU3HAYEHO
ONTUMAaJIbHUI BMICT B HUX LIMX €JIEMEHTIB, 1110 3abe3Ieuye Hal-Kpalile 0eJHaHHs TeXHOJIOTTYHUX i
eKCIUlyaTalilHuX XapaKTepPUCTUK. [lJis1 BUTOTOBJIEHHSI )KaPOCTIMKUX JIMTUX AeTasel, 10 NpaloloTh B yMOBaX
BHCOKMX TEMIIEPA-TYP Ta arPECUBHUX CEPENOBUIL, CTBOPEHO CTaJIM TAKOT'O XiMIYHOro cKiany, % mac.: C =
0,25...0,35; Cr = 25...32; A1 =1,2...3,5; Ti = 0,25...0,50; Si <1,0; Mn <0,8; P <0,025; S <0,025. YcTaHOBJIEHO, 1110 JIJIs
IOCSITHEHHS BUCOKUMX TEXHOJIOTIYHUX BJIACTUBOCTEN, TPMUBAJIO] Ta Ha-AAilHOI eKcIlyaTallii BUpo6iB B
€KCTPEMaJIbHMX YMOBAX Y CIIJIaBaX HEOOXiIHO BUTPUMYyBa-TU BifHomeHHs [%Cr] / [%Al] = 6...10, TO6TO, 32 BMiCTy B
crajii 25% XpoMy KilbKiCTb aJlfoMiHilo Mae cknazatu 3,5...4,5%, a ning crani 3 30% xpomy - 2,0...3,0% amomiHiro.
BmicT Byriewto B ycix criaBax mae 36epiratucs B mexax 0,25...0,35%, a tutany - 0,25...0,50%.



PentrenorpaiyHMMU Ta MiKpOXiMiYHMMU JOCJIIPKEHHSIMU OKCUIHOI IJ1iBKY, SIKQ YTBOPIOETb-CSI Ha IOBEPXHI
BHPOOIB B IIpo1ieci iX eKcITyaTalii B yMOBax BUCOKUX TEMIIEPATYp Ta arpeCUBHUX Ce-PelOBULI, YCTaHOBJIEHO, 110
BOHA CKJIQLAETHCS 3 OKCUJIIB XPOMY, aJIFOMiHIiI0, THTAHY Ta HE3HAYHOI Ki-JIbKOCTi OKCHIB 3asi3a. OKCHIHA IJ1iBKa
YTBOPIOETLCS HA MOBEPXHI BUPOOY MPOTArOM JEKiJILKOX Je-CATKiB XBUJIMH HA IIOYATKy MOr0 eKCITyaTallii i B
[I0/IA/IbIIOMY HaJliiHO 3aXMIIa€ BUPIO Miff Yac po60-TU B €KCTPEeMaJIbHUX YMOBAX BHACJIJIOK 3pOCTaHHS B Hill
KiJIBKOCTi OKCHIy asoMiHio. Taka IliBKa Mae HalBUIIi 3aXVCHi BJIACTUBOCTI I IPAaKTUYHO BU3HA4Ya€ TEPMiH
eKcIulyaTauii Bupo6y. JJoCaiI)KeHHSIMN MeXaHiYHUX BJIACTUBOCTEN 32 BUCOKUX TEMIIEPATYP i TEPMOCTIIIKOCTi CTBO-
PEHUX CTaJleil yCTAaHOBJIEHO, 1[0 BUOIp MAPKU CTali /1711 BUTOTOBJIEHHSI )KaPOCTIKAX BUPOOiB HEOO-XiIHO
3[1iICHIOBAJIM, IIEPII 3a BCe, CIMPAIOYXCh Ha KOHirypariio Bupoby, TOBIIUHY CTiHKM JIUTOI Ie-TaJi, ii rabaputHi
PO3MipH Ta BpaXxOBYBAaTH JIMBAPHI BJIACTUBOCTI CTBOPEHUX CTajlel. YCTAHOBJIEHO, 110 32 TEMIIEPATYP €KCIUTyaTallii
noHag, 1100 °C cepeHbOBYIJIELIEBI XPOMO-aJIIOMiHi€Bi cTasli (epUTHOrO KJ1acy MaloTh HAbaraTo BUILi
OKaJIMHOCTIMKICTb i POCTOCTIMKICTb, Hi’)K XDOMOHIKEJIEBi CTaJli ayCTEHITHOIO KJIacy, X04a MIIHICTb i IJIaCTUYHICTb
OCTaHHIX [I€I0 BUIIi B IOPi-BHSAHHI 3 XPOMOAIOMiHIEBUMU CTaJISIMU. Lle MinTBepAKye AOLINBbHICTh 3aMiHU TOPOTUX
XPOMOHiKeJie-BUX CTaJIel eeBUMU XPOMOAJIIOMiHIEBUMU [1J11 BUTOTOBJIEHHSI JIMTUX JeTajel, sKi IpaljioloTh B
YMOBaX BUCOKHUX TEMIIEPATYP Ta arPECUBHUX CEPENOBUIL 6€3 30BHIIIHIX HaBaHTa)KeHb. BU3HaUeHO
MEPCIEKTUBHICTh PO3MMPEHHS MEXX BUKOPUCTAHHS PEKOMEHIOBAHUX CTaJIEN BUTO-TOBJIEHHSM >KapOCTIMKOi
IIPOAYKIii 3 BUKOPHUCTaHHIM TEPMOMEXaHIYHOI 06POOKHY JIMTUX 3arOTOBOK IIPECYBAHHSIM i KyBaHHSM. [I7151 po6oTHU B
YMOBaX iHTEHCUBHOT'O 3HOCY CTBOPEHO HOBUI O€3HiKeI€BUI BUCOKO3HOCOCTIN-KNAI XPOMOMApPraHILeBUI YaByH 3
BYCOKMMM €KCILJIyaTaLiTHUMU Ta 33J0BIIBHUMU JIMBAPHUMU BJIAaC-TUBOCTSIMM XiMIYHOTO ckiany, % mac.: 2,8...3,2 C;
18,0...20,0 Cr; 3,5...4,5 Mn; 0,6...0,8 Si; P < 0,05; S < 0,05. 17151 nifgBUlieHHS 3HOCOCTIMKOCTI 4aByHy Ha 20...25% 1ioro
IOLiNIbHO MiKpoJieryBaTy TuTa-HOM y Mexax 0,1...0,5%, BaHagiem - 0,5...0,8% a6o cypmoto - 0,1...0,2% i1
monudixkysatu 60pom y meskax 0,005...0,020% a6o P3M - 0,1...0,25% (3a npucangkoro). 171 JOCSITHEeHHS
MaKCHMaJIbHOI TBEPIOCTi METaly Ta 3HOCOCTIMKOCTI BUPOOIB i3 peKOMEHJ0BAaHMX XPOMOMAaPTraHI€BUX YaBYHIB ix
He-00XiJHO rapTyBaTy Ha NoBiTpi 3 Temneparyp 900...950 °C. CTBopeHO 6aHK JaHUX 100 BILJIUBY XPOMY,
aJoMiHilo, Byryewo, TuTany 1 P3M Ha TeXHOJI0-Ti4Hi Ta eKCIUTyaTaliliHi BJIaCTMBOCTI 3alIPpOIIOHOBAHMX CILJIABiB.
Po3pobeHo 1 anpo6oBaHO porpam-He 3a6e3reyeHHs] pO3paxOByBaHHS IKXTHU [J1s1 BUIJIABJISIHHS CIJIABiB 3
BHCOKVM BMiCTOM XpOMY 1 IPOTHO3yBaHH4 SIKOCTi PO3ILJIaBy, 10 3HaXOAUTHCS B IUVIABUJIBHOMY arperari, 3a
pe3yJbTaTaMu eP-LIOro XiMiYHOTO aHajIi3y Ta TeMIepaTypaMy MOro eperpiBaHHS B IIJIaBUJIbHOMY arperari i
3a7IMBaHHA B TMBapHi popmu. Po3pobiieHO TeXHOJIOTIUHI IPOLIeCH BUIJIABJSHHS 3alIPOTIOHOBAHUX KAPOCTIMKUX i
3HOCOCTI/I-KUX CIVIaBiB B IHAYKLUINHUX i [yroBux revyax 3 pisHMU PyTepOBKaMU 11 BUTOTOBJIEHHS Opi6HUX i Be-
JIMKOrabapyUTHUX TOHKOCTIHHMX BUJIMBKIB i3 LIUX CIJIaBiB JIMTTSIM Y Pa30Bi 00’eMHi IilljaHO-TIMHSCTI GOPMU Ta
CIieljiaTbHUMU CIIOCOO0aMU JIMTTS: B OO0JIOHKOBI Ta MeTasneBi popmMU, 3a MOTEJISIMY, 11J0 BU-TOILIIOIOTECS 260
ra3udikyrTbCs U BillIeHTPOBUM JIMTTSIM. [3 CIJIaBiB MOKHA BUTOTOBJISITY BUJIMBKM MAcCOIO Bif, IEeKiIbKOX TECITKIB
rpaMiB JI0 JEKiIbKOX COTEHb KiJIorpaMiB Pi3HOi reOMeTpii ! 3 pi3HUMU TOBLUIMHAMU CTiHOK. [I715 31iliCHEHHS

IIPOLIECIB IJIaBJIEHHSI PO3POOJIEHO Bif[IOBiAHI TEXHOJIOTIUHI iH-CTPYKIi.

2. In this thesis work the influence of alloying elements: chromium, aluminum, carbon, titanium and REM on the
complex of foundry, mechanical and special properties and the structure of heat-resistant steels has been
examined and the optimal content of these elements has been determined, pro-viding the best combination of
technological and operational characteristics. For the manufacture of heat-resistant cast parts, which operate in
the conditions of high tem-peratures and aggressive environments, steels with the following chemical
composition,% by weight: C = 0,25...0,35; Cr = 25...32; Al = 1,2...3,5; Ti = 0,25...0,50; Si <1,0; Mn <0,8; P <0,025; S
<0,025 have been developed. It has been established that in order to achieve high technological properties, long
and efficient operation of products under extreme conditions in alloys the ratio [% Cr] / [% Al] = 6 ... 10 must be
kept, that is, with chromium content of 25% in steel aluminum should be 3.5 ... 4.5%, and for steel with 30% of
chromium - 2,0 ... 3,0% of aluminum. The carbon content of all alloys should be kept within the limits of 0,25 ...
0,35%, and the titanium - 0,25 ... 0,50%. X-ray studies and microchemical tests of an oxide film which is formed on
the surfaces of products during their operation in the conditions of high temperatures and aggressive

environments have found that it consists of oxides of aluminum, chromium and titanium and small quantity of



ferrous oxide. The oxide film is formed on the surface of a product for several tens of minutes at the beginning of
its operation and in future protects the product under extreme conditions due to the in-crease the amount of
aluminum oxide in it. Such film has the highest protective properties and practi-cally determines the product
lifetime. The research of mechanical properties at high temperatures and the thermal stability of created steels has
established that the choice of the steel grade for the production of heat-resistant products should be based mostly
on the configuration of a product, the thickness of the wall of a cast part, its overall dimensions and the foundry
properties of the recommended steels should be taken into account. It has been established that for temperatures
above 1100 ° C, medium carbon chromium-aluminum steels of the ferrite class have much higher oxidation
resistance and resistance to growth than chromium nickel steels of austenitic class, although the strength and
plasticity of the latter are somewhat higher if compare with chromium-aluminum steels. This confirms the
expediency of replac-ing expensive chromium-nickel steels with cheap chrome-aluminum for the production of
cast parts, which work in high temperature and aggressive environments without external loads. The prospect of
expanding the limits of the use of recommended steels for the production of heat-resistant products with the use
of thermo-mechanical treatment of cast sections by pressing and forging has been determined. To operate in
conditions of intense wear, a new nickel-free high abrasion-resistant chromium-manganese cast iron with high
operational and satisfactory foundry properties of chemical composi-tion,% mass: 2,8...3,2 C; 18,0...20,0 Cr; 3,5...4,5
Mn; 0,6...0,8 S; P <0,05; S <0,05 has been developed. To increase wear resistance of cast iron up to 20...25% it is
advisable to microalloy it with titanium within the limits of 0,1...0,5%, vanadium - 0,5...0,8% or antimony -
0,1...0,2% and modify with boron in the range of 0,005...0,020% or REM - 0,1...0,25% (by additive). In order to
achieve the maximum hardness of metal and wear resistance of products from the recommended chromium-
manganese cast irons, they must be quenched in the air at temperatures of 900...950 °C. A data bank has been
created on the influence of chromium, aluminum, carbon, titanium and REM on the technological and operational
properties of the proposed alloys. The program has been developed and tested for calculation of charge for
melting of alloys with high chromium content and the prediction of the quality of the melt in the melting unit,
based on the results of the first chemical analysis and the temperatures of its overheating in the melting unit and
pouring into molds. The technological processes of melting of the proposed heat-resistant and wear-resistant
alloys in induction and arc furnaces with various lining and manufacturing of small and large-sized thin-walled
castings from these alloys by casting in one-time three-D sandy-clay forms and special methods of casting: in shell
and metal forms, for models that are hot or gasified and centrifugal casting. Cast-ings can be made from alloys
from a few tens of grams to several hundreds of kilograms of different geometry and with different wall
thicknesses. For implementation of melting processes, the corre-sponding technological instructions have been
developed.
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