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AHoramnisi: B pobomi docnioxceHo ocobausocmi pyliHyeaHHs ma degopmauii
Memanesux naacmuu 3i cmani mapxku 30XH2MA nicasa 6anicmuuHux eunpo6ysaHs
Ocobnusicmio ekcnepumeHmy 6yn0 me, wo nid uac 6unpoOy8aAHHS HA YACMUHY NJIACMUH
dodamkogo Oyna HaknadeHo eibpayis uacmomamu 10 ma 20 Iy. BuseneHo
nepcnekmugHicme enauey eibpayii Ha oOanicmuuHy cmilikicme naacmud. ITicas
eKxcnepumeHmy 8 CmamuuyHux NaACMuHax HAcKpi3Hi omeopu (ppazmenmauitiHozo ma
neilCcmKo8o20  munié 3 NOOANbWUM  pO3MpicKy8aHHsamM.  PosmpickysaHHs
nowiuprosanocss eznub HedegopmosaHoi niaacmuuu. HaknadeHHs 8ibpauii nokasano
cymmese nokpauwjeHHs oanicmuuHux eaacmusocmeti. Ilpu 3acmocysaHti KOMOiIHOBAHO20
gunpobysarts 0Y70 8UsI8NEHO 3MIHA cynpomuey MmiuieHi. 3okpema 6yna 30invblieHa
naacmuuHa ckaadosa pyliHy8aHHs ma eusiejeHi pazmeHmu Kyai, Wo 3anUUIUC HA
JUULOBIli NosepxHi naacmuHu hicas eunpobysavHs. Ilokasavo, wo nodansiue
3acmocyeaHHs 8ibpauyii € nepcnekMu8HUM HANPSMOM hid8uuleHHs OanicmuyHoi
cmitikocmi mamepianis.

KimwouoBi coroBa: OanicmuuHa cmitikicms, ¢pazmenmauyis, 8ibpayiiina o06pobKa,
MexaHi3m pyliHY8aHHS, MIKpocmpykmypa.

IMocTifiHuit PO3BUTOK CHUCTEM 030pO€Hb, Oe3mepepBHi BiliCbKOBi mii
MIPU3BOASTD 0 HEOOXiTHOCTI ITOCUMIEHOTO 3aXMCTY SIK JIIOZEi, TaK i pi3HMX 00'€KTiB.
[lompu TOCTiliHI pO3pOOKM Ta MAOC/IIKEHHS HOBMX MaTepianiB, OJHUM i3
HaMMOMIMpEeHIlNX MmaTepianiB A1 BUKOPUCTAHHS SK 3aXMCHOTO eJieMeHTa
OpOHEXWIETIB, MAHIIMPHUX YKPITJIEHb TOIIO, € MeTaJIeBi IVIACTMHY Pi3HOI TBEPIOCTI
Ta TOBHIMHMU. OCKIJIbBKM 3axMCHiI MaTepiajiM TOBMHHI MaTuM He TUIbKM BUCOKY
OaiCTUUHY CTilKiCTh, ajie ¥ OyTM JIeTKUMM, HaiiiHUMM, BiIPi3HATUCS TIPOCTOTOIO
BUTOTOBJIEHHSI, BU€Hi IIYKAlOThb MLIJISXM ITiABUINEHHSI 3aXMCHUX XapaKTepPUCTUK
HasIBHMX MaTepiajiB — TMOKpalleHHS CTPYKTYpPHOTO CTaHy MaTepiasy Impu
36epeskeHHi ioro TBepaocTi [1, 2], BuKopucTaHHs repdopoBaHUX TUIACTUH [3, 4],
6araTomapoBux [5, 6] Ta 3BepxXTBepAUX IJIACTUH [7], BUCOKOEHTPOITifHUX CIIJIaBiB

[8] Ta mutacTuH 3i crienndiuHMM pebedoM MOBepXHi [6, 9]. IcHYIOTh po3pOOKHU, 110
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MOKa3ylTb BaroMuii BIUIMB BigXMUIE€HHS MillleHi BiJ, HOpMaJIbHOT'O MTOJIOKEHHS 1100
TPa€eKTOPii CHapSAa/Kyli Ha pe3yabTaTu OalicTMUHUX BUMPOOyBaHb [10-12]. IIpu
YoMy BiXWJIEHHS Bipa3y IO KiJbKOX OCSIX BUKIMKAE Oinbiinii edexr [13-14]. Kpim
IIbOTO B peaJibHMX YMOBAX Ha IUIACTMHY YacTO BIUIMBAE CIEpIINy BMOYXOBa XBUJIS i
MOTiM BXKe HaCTYIHMUIA yaap ylaMKaMu, TOOTO IJIacTMHA 3a3HA€ OAHOYACHO KiJIbKOX
niii — nedopmaiiito Bif BuOyxoBoi xBuji Ta 6amicTuuHmit ygap [15]. Takum umMHOM
BUBUEHHS TMOBEIiHKM MeTa/ieBOi IUIACTMHM IIpU OaMiCTUUYHMUX BUMIPOOYBAHHSX ITiJ
JOJATKOBMM 3O0BHIIIHIM BIUIMBOM € aKTyaJbHMM Ta MaJIOBMBUEHMM HaMNpPSIMOM
IOCJIiIKEeHb.

30BHINIHIM UMHHMKOM Ha MillleHb 0y/10 06paHo BiOpalliiiHe HaBaHTakeHHs. Ha
ChOTOJIHi Bibpo0OPOOKA BUKOPUCTOBYETHCS HE TiIbKM SIK BIUIMB HA BaHHY PO3ILIABY
IIpM JINTTI Ta 3BapIOBa/IbHUX IIpoliecax [Jis MOApiOHeHHS CTPYKTYpH, 110 TBephHe,
ane i IK eeKTUBHMUII CIOCIO Iepepo3NOomiay Ta 3HSATTS 3aJMIIKOBUX HaAIpPysKeHb
MeTasoBMUpoobiB [16, 17].

B pob6oTti Oysi0 BUMBUEHO ITOBEAiHKY MeTajeBOi IJIACTMHM 3i CTali MapKu
30XH2MA TOBHIMHOIO 6,7 MM IIpM OaiCTUMUHMX BUIIPOOYyBaHHSX. IlnacTuHmu Oyau
JKOPCTKO MPUKPIIUIeH] A0 OCHOBMU. [ CTPUISHMHM BUMKOPUCTOBYBAJIACS TBUHTIBKA
MKM-072. Ctpinstnu 3 Bigcrani 10 M KyasamMu 3i CTaJeBUM OCEPASIM Kalibpy
7,62x39 MM mig kyrom 90° gm0 goQmimKyBaHMX 3paskiB. BumpoOyBaHHS
MpOBOAWINCST SIK 31 3acTOCyBaHHSIM BibOpailii, Tak i 3a ii BigcyTHoCTi. Byio
BUKOpUCTaHo Bibpaiito yvactotamu 10 ta 20 I'i. Ockinbky Bibpalifiuuit BIJIUB OYB
Hepe30HAHCHUI BUKOPUCTAHO MMPOKUit Habip amrutityx (Bim 0,1 mo 4 Mm).

3a pesysbTaTamMu BUIIPOOYBAaHb y BCiX BUIIQJKaX CTATUYHOTO ITOJIOXKEHHS
TIJIaCTUMHM BigOya0csl HacKpi3He MpobutTsi. Ha miciii ymapy 6ynmu yTBopeHi oTBOpHU
pi3HOro BUTJSIMY. 3a OiMBIICTIO BUIMAAKIB pyiHHYBaHHS IUIACTMHM BimOyBasiocs
HnuIsIXoM (¢parmeHTailii, giaMeTp OTBOpY, IO BMHUK, BiMOBimaB po3Mipy KyJIi
(puc. 1, a). B mesgskux BuIIaKax CIIOCTEPirajocs BUMHUKHEHHS IeTI0OCTKOIOIiOHO1
dbopMy 3 BUHMKHEHHSIM TpiliuHu (puc. 1, 6). Ase CyTTE€BUX IPOSBIB IIACTUYHOTO
nebopMyBaHHSI Yy BCiX BUITaJKaX PYHYBAHHS CTATUYHOI IUIACTMHM He BUSIBIEHO.

PosTpickyBaHHS Ta BiAlapyBaHHSI TWIbHOI CTOPOHM IUIUTU HE CIIOCTepiraaocs 3a
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BCiX peXMUMiB OalicTMUHMX BUIIPOOYBaHb. Ile TMOSICHIOETbCS IepIIOUepTOBO

HeBeJIMKOI0 TBepAicTio metary (HB 295).

Pucynoxk 1 - IlepdopoBaHi giASTHKY CTATMYHOI IVIACTUHU: a — TUIACTUYHO-(bparMeHTalliitHa

repdopariis, 6 — rmeaOCTKOBA Mepdoparlist 3 ToAATKOBUM PO3TPiCKyBAaHHIM TUIBHOI CTOPOHM
OpmHak 3acTocyBaHHS BiOpallii CyTT€BO MiABUIIMIO OATICTUUHY CTiliKiCTh Ha
IJIACTMHAX HaBiTh TaKOi HEBMCOKOi TBepIOCTi. 3acTOCyBaHHSI BiOpaillii yacTOTOO
10 T'm rmokasajao IIOKpallleHHS XapakKTepucTuk (6 3pas3kiB 3 9 He Oyan
nepdopoBaHi — pUCyHOK 2, a). Y 3paskax, sKi He IpOMIIM BUIIPOOYBaHHS 6YyJI0
IOMITHO OibIINI piBe€Hb IIACTUYHOI CKIAMOBOi (OMYKIICTh MiCISI BUXOOY KYJIi).
[Tpu LIbOMY PO3TpPiCKyBaHHS He MO PIOBAJIOCS mati OITyKJIO1

YyacTUMHU MeTaty (puc. 2, 6).

a 6
PucyHOK 2 — 3pa3Kku INIACTUHY Tic/is 6aliCTMYHOTO BUITPOGOBYBAHHS 3 BiOpaliitHuM
HaBaHTakeHHSIM 10 I'11: a — 3pa3oK, 10 BUTPUMAaB BUIIPOOYBaHHS, 6 — TVIACTUYHO-TIETIOCTKOBA
repdopallis 3 JOJAATKOBUM PO3TPiCKYBaHHSIM OITYK/I01 CTOPOHM
3actocyBaHHs Bibpairii 20 'ty mokasajo Gisbll cTabiIbHMIT pe3yabTaT. 3a IIUM
pesxkumMoM He BUSIB/IeHO IlepdopoBaHMX 3pas3kiB. B pesynbTari OamicTUUHUX
BUIIPOOYBaHb BUHUKIIM SIMKM Ha (POHTOBIN YacTMHiI MeTaeBoi IjacTuHM (puc. 3).

CnocTepiranach TeHIEHIliSI 30iJbIIeHHS BUCOTHU OITYKJIOCTeN 3i 30iJbIIeHHIM

3HAUeHHS aMIUTITyIM BiOpaliiiiHoi 06po6Kku. B messkux crioctepirasocst 3apoakKeHHS

ISSN 1991-7848 131



International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2024

PYIiHYBaHHS 3a CyTO (pparMeHTaIiifHUM TUIIOM, TOOTO YaCTKA TVIACTUHU YCYBAETHCS
Ha KIITAJT KOpKa (puc. 3, a). [lesski aBTOpU MOB’SI3YIOTh TaKui TUIT PYHYBaHHS 3
dopmoro Kysii, a came 3 TynMM HOCOM. TakMM UYMHOM T 4Yac ymapy MOpu
BiOpalliifHOMy HaBaHTaXeHHi KyJsg e(eKTMBHO BTpaTwia 4YaCcTUHY BUXiZHOI

KiHeTMYHOi eHeprii. 3aBAsgKM BiOpallii Kyl BiICKOUM/Ia HABKOIIUTb.

PucyHOK 3 — 30BHIIIHI} BUTJISA 3pa3KiB mic/isg 6alicTUYHNX BUITPOOYBaHb, BiopailliiiHe
HaBaHTaxkeHHs 20 I'1]: a — 3pa3oK 3 MOYaTKOM (GparMeHTalifiHOro pyifHyBaHHs, 6 — 3pa30K 3
ONYKJTICTIO

Mertanorpadiunuit aHami3 BUIBUB ¢GparMeHTH MOBepXHEeBOi 000JOHKM KyJli Ha

3pa3Kax IIaCTVMHMU Iic/Is1 BUITPOOYBAHHS i3 3aCTOCYBaHHSIM Bibpairii wactoror 20 I'

(puc. 4).

PucyHoK 4 — CTpyKTypa sSIMKM 3pa3ka 3 GparMeHTOM ITOBEPXHEBOT0 MaTepiaay KyJIi micys
OanmicTUUHMX BUIIPO6YBaHb, Biopairis 20 I'u, x 100
ILle cBimumTh Tpo medopmaliito Ta pyitHyBaHHS Tijlia KyJIi IiJ yac 6amicTUUHUX
BUITPOOYBaHb.
Ha l'[i,E[CTaBi npeaCcTaBJI€HOro KOMIIJIEKCY €KCIIEpMMEHTaJIbHUX YMOB, IO
BUKOPUCTOBYIOThCSI TIPU OaTiCTUUHMX BUITPOOYBAHHSIX METaJeBMX IUIACTUH 3i CTasTi

Mapku 30XH2MA TOBIIMHOIO 6,7 MM, MOsKHA 3pOOMTY HACTYITHI BUCHOBK.
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CrisibHe 3aCTOCYBaHHS 6GajiCTUMUHOIO yJaapy Ta BiOpalliiiHOTO HaBaHTasKeHHS
CYTTEBO BIUIMHYJIO Ha CHOPUMHSATAMBICTD MillleHI A0 yAapy, 3MiHYy XapakTepy
pYViHYBaHHS Ta MpU3Bes0 A0 3MiHM HopMu KyJIi Ta ii YaCTKOBOTO pyIiTHYBaHHSI.

OTpumaHi  pe3yJbTaTM  MOKA3ylOThb  IEPCHEKTUBHICTb  IOTEHIiAHOTO
3aCTOCYBaHHS BiOpaliifHOi 0OpOOKM Mif Yac MPOEKTYBAaHHSI OpPOHE3aXMCHUX

marepiasis.

JITEPATYPA / REFERENCE

1. Jo M., Kim S., Suh D., Kim. H., Kim Y., Sohn S., Su L. Enhancement of ballistic
performance enabled by transformation-induced plasticity in high-strength bainitic steel.
Journal of Materials Science & Technology. — 2021. N2 84. DOI: 10.1016/j.jmst.2020.12.059
2. Pai A., Rodriguez M., Marcos B., Masuhiro V.-M., Borja S. Experimental techniques for
performance evaluation of shielding materials and configurations subjected to Blast and
Ballistic impacts: A State-of-the-Art Review. Thin-Walled Structures. — 2023. N2 191. C.
111067. DOI: 10.1016/j.tws.2023.111067

3. Puica C., Trana E., Pupaza C., Turtoi, C., Rotariu A., Pana I.-F. Experimental and
Numerical Study on Perforated Plate Mitigation Capacity to Near-Field Blasts. Materials. —
2023. N2 16. C. 4255. DOI: 10.3390/ma16124255

4. Acar D., Canpolat B., Cora O. N. Ballistic performances of Ramor 500, Armox Advance and
Hardox 450 steels under monolithic, double-layered, and perforated conditions. Engineering
Science and Technology, an International Journal. - 2024. N2 51. C. 101653. DOI:
10.1016/j.jestch.2024.101653

5. Bekci M., Canpolat B., Usta E., Giiler M., Cora O. N. Ballistic performances of Ramor 500
and Ramor 550 armor steels at mono and bilayered plate configurations. Engineering
Science and Technology, an International Journal. - 2021. N2 24. DOI:
10.1016/j.jestch.2021.01.001

6. Jinnapat A., Doungkom C., Somton K., Dateraksa K. Ballistic performance of composite
armor impacted by 7.62 mm armor projectile. Journal of Metals, Materials and Minerals. —
2023. N2 33. C.120-127. DOI: 10.55713/jmmm.v33i2.1698

7. Ryan S., Li H., Edgerton M., Gallardy D., Cimpoeru S. J. The ballistic performance of an
ultra-high hardness armour steel: An experimental investigation. International Journal of
Impact Engineering. — 2016. N2 94. DOI: 10.1016/j.ijimpeng.2016.03.011

8. Muskeri S., Jannotti C., Schuster B., Lloyd J., Mukherjee S. Ballistic Impact Response of
Complex Concentrated Alloys. International Journal of Impact Engineering. — 2021. N2 161.
C. 104091. DOI: 10.1016/j.ijimpeng.2021.104091

9. Khalaf W., Hamzah M. Experimental and numerical studies of ballistic resistance of hybrid
sandwich composite body armor. Open Engineering. — 2024. N2 14. DOI: 10.1515/eng-2022-
0543

10. Gupta C., Igbal M. A., Mohammad Z., Baqgi A., Gupta N. K. Energy absorption in thin
metallic targets subjected to oblique projectile impact: A numerical study. Thin-Walled
Structures. — 2017. N2 126. DOI: 10.1016/j.tws.2017.08.005

ISSN 1991-7848 133



International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2024

11. Ryan S., Berk J., Weiss A., Yatom N., Vardy M., Rana S., Greenhill S., Venkatesh S. (2022).
Adaptive Experimental Optimisation for Sample-Efficient Armour Design. — 2022. DOI:
10.12783/ballistics22/36177

12. Bekci, M. L., Canpolat B. H., Usta E., Giiler M. S., Cora O. N. Ballistic performances of
Ramor 500 and Ramor 550 armor steels at mono and bilayered plate configurations.
Engineering Science and Technology, an International Journal. — 2021. N2 24(4). C. 990-995.
DOI: 10.1016/j.jestch.2021.01.001

13. Wei H., Zhang X., Liu C., Liu J., Li C. A three-dimensional penetration trajectory model
for ogive-nosed projectile into metal targets. International Journal of Impact Engineering. -
2021. N2 157. C. 103998. DOI: 10.1016/j.ijimpeng.2021.103998

14. Fras T. On the effect of pitch and yaw angles in oblique impacts of small-caliber
projectiles. Defence Technology. — 2024. N2 31. C. 73-94. DOI: 10.1016/j.dt.2023.06.004

15. Li L., Zhang Q. C., Lu, T. J. Ballistic penetration of deforming metallic plates:
Experimental and numerical investigation. International Journal of Impact Engineering. —
2022. N2 170 C. 104359. DOI: 10.1016/j.ijimpeng.2022.104359

16. Fayrushin A. M., Chernyatyeva R. R., Yakovleva D. N. The effects of vibration treatment
in the process of welding on the structure of metal of seam weld. In IOP Conference Series.
Earth and Environmental Science. — 2020. N2 6. C. 459. DOI: 10.1088/1755-1315/459/6/062110
17. Naidu M. C., Padal K. T., Eshete G. Influence of Heat-Treated and Vibratory-Assisted
Weld Joints on the Mechanical Properties of 304L SS Material. Journal of Nanomaterials.
2022. N2 4. C. 1-9. DOI: 10.1155/2022/1000859

INFLUENCE FACTORS ON THE FORMATION OF MECHANICAL PROPERTIES
AND STRUCTURE OF STEEL FOR MANUFACTURE OF RAILWAY AXES
Sviridov Semen, Balakin Valeriy, Balakhanova Tetiana, Havryliak Vladyslav

Abstract. The article investigated the features of the destruction and deformation of
metal plates made of 30CrNi2ZMo steel after ballistic tests. The peculiarity of the
experiment was that during the test, the plates was additionally subjected to vibration at
frequencies of 10 and 20 Hz. The perspective of the impact of vibration on the ballistic
stability of plates has been revealed. After the experiment, through-holes of
fragmentation and petal types with subsequent cracking were found in the static plates.
Cracking propagates deep into the undeformed plate. The application of vibration
showed a significant improvement in ballistic properties. When applying the combined
test, a change in the resistance of the target was detected. Namely, the plastic component
of the metal around the hole was increased and bullet fragments were found that
remained on the surface of the plate after the test. It is shown that the further application
of vibration is a promising direction for increasing the ballistic resistance of materials.
Keywords: ballistic resistance, fragmentation, vibration processing, destruction
mechanism, microstructure
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