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1. YoockoHasleHHs1 TEXHOJIOTii BUPOOHMIITBA i METOJIMKY BUIIPOOYBaHb BUCOKOMIITHMX KPiNUIbHUX BUPOOIB 3

BYIVIELEBUX Td HU3bKOJIETOBAHUX CTaJieu.

2. Improvement of production technology and testing methods of high strength fasteners made of carbon and low-
alloy steels

Pedepar:

1. O6'eKT BOCIiIKEHHS - IpoLecu (POPMYBaHHS CTPYKTYPU Ta BIACTUBOCTEN HU3bKOBYTJIELIEBOI HEJIETOBAHOI CTali
Ipu KOMOiHOBAaHOMY BIUIMBI aKTUBHOI Ta UIMKJIIYHOIL AedopMallii, Ta BIVIUB CTPYKTYPHOTO CTaHy Ha BIIACTUBOCTI
MEeTaJIOBUPOOIB i3 KOHIIEHTpATOpPaMU HaNPy>KeHHs. MeToI0 nrucepTalniiiHoi po60Ty € HAayKOBE OOIPYHTYBaHHS Ta
nepeBipKka HOBOI TEXHOJIOTiI BUTOTOBJIEHHS] BUCOKOMIIIHMX 60JITIB i3 HEJleroBaHOi HU3bKOBYTJIEL€BOI CTali
3aCHOBAHO]I Ha crocobi fedpopMaliliHOro 3MilJHEHHS 3aroTiBJli 3 IOCiLyIOYUM AOJATKOBAM 3MilJTHEHHSM OOJITiB
IIPYU XOJIOJHOMY 00'€MHOMY IITaMIyBaHHi. OHOYaCHO PO3IJIsifanach 3a7a4a BAOCKOHAIEHHS CIIOCO0IB 3/1aBaJIbHUX

BUIIPOOYBaHb FOTOBUX OOJITIB B IIOPIiBHSHHI i3 iCHYI0OYMMU, OCKIiJIBKY BJIACTMBOCTI FTOTOBUX BUPOOIB Hapsiay 3i



CTPYKTYPHUM CTaHOM BH3HAYAIOTLCS TAKOXK reOMeTpielo BUpoOy. BupilleHHs 3afadi yAI0CKOHAIEHHSI TeOMETpii
OOJITIB 3 METOIO MiJBUIEHHS ONIOPY KPUXKOMY PYMHYBaHHIO. Me€TOIM AOCiIKEHHS: MAaTEMAaTU4YHA CTaTUCTUKA;
CBITJIOBa MIKPOCKOIIisl; pEHTT€HOCTPYKTYPHUI aHali3; CTaTU4HI ME€XaHiuHi BUIPOOYBaHHS; CKaHyBaJIbHA
€JIEKTPOHHA MIKPOCKOIIid. TeopeTuyHi i NpaKTUYHi pe3yJIbTaTy: 3alIpOIIOHOBAHI TEXHOJIOTIYHI [TapaMeTpu y
NOPIiBHSIHHI 3] CTaHAAPTHUMU TEXHOJIOTIYHMMU NTapaMeTpaMu OTPUMaHHS X0JI0JHOAe(POPMOBAHUX METATIOBUPOOIB
MacoBOTO NPU3HAYEHHS [TPU OAHOMY PiBHi OJ€P>KyBaHUX CIIY>KOOBUX XapaKTEPUCTHUK JO3BOJIITE OTPUMATU
eKoHOMiIo B 40 - 50% Ha 3aroTiBJii B pe3yJibTaTi 3aMiHM JIEFOBAHOI CTasli Ha 3BUYaliHy Byrjenesy. [Ipu npomy,
IIPOIIOHOBAaHI TEXHOJIOTIUHI NApaMEeTPH NPOLEeCY OTPUMAHHS X0JI04HOLe(OPMOBAaHUX BUPOOIB B IIOPiBHSIHHI 3
YUHHUMU 3apa3 TEXHOJIOTISIMU MiIBULIYIOTh 3HAUEHHS CIIY>XK00BUX XapakTeprucTuk Ha 20-40%, 1110 10IaTKOBO
30isbl1yEe €(PEKTHUBHICTb 3alIpPOIIOHOBAHMX TEXHOJIOTIYHUX PillleHb IIPU OJHOYACHOMY 3HWXEHHI ix co6iBapTOCTi
3a3HaveHi Bume. Iy crasi 20K 3aporoHOBaHO HOBI peSKMMU aKTUBHOI Ta LMKIIYHOI Aedopmaliii, 1o
D03BOJISIOTh 32 PaXyHOK 3aKpillJIeHHS AUCJIOKalill BAKAHCISIMU OTPUMATU CYOCTPYKTYPY, 1O MiiBAIyEe BTOMHY
MIlHICTb KPIUJIBHUX BUPOOIB Ta OTPUMATH iMYHITeT 110 nedopMaliiiHoro crapiHHs. HaykoBa HOBU3HA: Haby/IU
[IO/IQ/IBLIIOTO PO3BUTKY MPUHLUNY (POPMYBaHHS CTPYKTYPY HU3bKOBYIJIELIEBOI HEJIETOBAHOI CTaJli, 0 JO3BOJIUIIO
BIIEpIIE OOIPYHTYBATH TEXHOJIOTiI0 OTPMMAHHS BUCOKOMIIIHMX KPIlIUJIbHUX BUPOOIB MIJIIXOM IO€JHAHHS XOJIOAHOI
aKTUBHOI Ta LMKJIiYHOI Aedopmalii i3 TepMiyHUMU BIIJIMBAaMU Ha OCHOBI (OPMYBaHHS crieludiyHOTO CTPYKTYPHOTO
CTaHy Ha Pi3HUX CTPYKTYPHMX PiBHSX; BIIEPILE [I0KA3aHO, 1[0 XapaKTep BILIMBY CUCTEMU HAJPi3iB HA BIACTUBOCTI
METaJIeBUX BUPOOIB 3aJI€XKUTb Bif], PiBHA iX 3MillHEHHSI Ta 3aIIPOIIOHOBAHO HalliBEMIIipUYHE PiBHSHHS, K€ ONUCYE
3aKOHOMIPHICTb TaKOTO BIIJIMBY CUCTEMU HAJPi3iB; BIepLIe 3alPOIIOHOBAHi 17151 60JITiB 3aKOHOMIPHOCTI BILIUBY iX
MaCHUBHOCTI Ha OIlip KPUXKOMY PYHMHYBAaHHIO i IPOTUJIESKHUI BIIJIMB MAaCUBHOCTI Ha OIIip B'SI3KOMY PYHHYBaHHIO;
BIIEplIE 3aIIPOIIOHOBAHO Ta OOIPYHTOBAHO XapaKTEPUCTUKU OIOPY B'SI3KOMY PyMHYBaHHIO HA OCHOBiI BUKOPUCTaHHS
YMOB MakpoJioKaisalii niacTuyHoi nedopmaliii B HaBaHTa)keHOMY 00'ekTi. CTyIiHb YIIPOBaJI)KeHHS: pe3yabTaTh
IycepTauifiHoOi po6OTH BIIPOBAIKEHO Y HaBUaIbHUI MTpolec Kadenpu TepmivHoi 06pobku MeTasniB HanioHaipHO]
MeTaJyprifHoi akagemii Ykpainu npu BukiaganHi pucuumlinyg «CTpyKTypa i BJIaCTUBOCTI» Ta y HisybHICTb [TAT
“IHinpoMeTn3s” NpY BUPOOHULTBI KPINUIbHUX BUPOOiB. CPepa BUKOPUCTAHHS: BUTOTOBJIEHHS] BUCOKOMIIIHUAX
KPiNUIbHUX BUPOOiB 3 HU3bKOBYIJIELEBOI HEJIErOBAHOI CTali [1711 MAIIMHOOY1iBHOTO IIPU3HAYEHHS], IPOBEJE€HHS

MeXaHIYHUX BUNIPOOYBaHb METaJI0BUPOOHIB.

2. The object of research - the processes of formation of the structure and properties of low-carbon non-alloy
steel under the combined influence of active and cyclic deformation, and the influence of the structural state on
the properties of metal products with stress concentrators. The purpose of the dissertation is to scientifically
substantiate and test a new technology for the manufacture of high-strength bolts from non-alloy low-carbon
steel based on the method of deformation reinforcement of the workpiece, followed by additional strengthening of
bolts during cold volume stamping. At the same time, the problem of improving the methods of passing tests of
finished bolts in comparison with existing ones was considered, since the properties of finished products along
with the structural state are also determined by the geometry of the product. Solving the problem of improving the
geometry of the bolts in order to increase the resistance to brittle fracture. Research methods: mathematical
statistics; light microscopy; X-ray diffraction analysis; static mechanical tests; scanning electron microscopy.
Theoretical and practical results: the proposed technological parameters in comparison with the standard
technological parameters of cold-formed metal products at one level of the obtained performance characteristics
will save 40 - 50% on the workpiece by replacing alloy steel with ordinary carbon. In this case, the proposed
technological parameters of the process of obtaining cold-deformed products in comparison with current
technologies increase the value of performance by 20-40%, which further increases the efficiency of the proposed
technological solutions while reducing their cost above. For 20kp steel, new modes of active and cyclic
deformation are proposed, which allow to obtain a substructure due to the consolidation of dislocations by
vacancies, which increases the fatigue strength of fasteners and to obtain immunity to deformation aging.
Scientific novelty: the principles of forming the structure of low-carbon non-alloy steel were further developed,
which allowed to substantiate for the first time the technology of obtaining high-strength fasteners by combining
cold active and cyclic deformation with thermal effects based on the formation of specific structural state at



different structural levels; for the first time it is shown that the nature of the influence of the notching system on
the properties of metal products depends on the level of their strengthening and a semi-empirical equation is
proposed, which describes the regularity of such influence of the notching system,; for the first time the
regularities of the influence of their mass on the resistance to brittle fracture and the opposite influence of mass
on the resistance to viscous fracture are proposed for bolts; for the first time the characteristics of resistance to
viscous fracture based on the use of conditions of macrolocalization of plastic deformation in a loaded object are
proposed and substantiated. Degree of implementation: the results of the dissertation are introduced into the
educational process of the Department of Heat Treatment of Metals of the National Metallurgical Academy of
Ukraine in teaching the discipline "Structure and Properties" and in the activities of PJSC "Dniprometyz" in the
production of fasteners. Scope: production of high-strength fasteners from low-carbon non-alloy steel for
machine-building purposes, carrying out mechanical tests of metal products.
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