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1HaunoHaAbHbIA MEANLIMHCKMIA MCCAEAOBATEAbCKMI LIEHTP TPABMAaTOAO MM U OPTONEAMMU MMEHU aKapeMUKa

I A. anszapoBa, KypraH, Poccusi

Pe3rome. Llenbto AQHHOTO MCCAEAOBAHUA ABASETCS ONTUMM3ALMA PEXUMOB TOUEHMS CNAaBoB cuctemMbl Ti-Nb-Zr
AN MUHMMM3AUMK LLIEPOXOBATOCTH NMOBEPXHOCTU. OOBEKTOM MCCAEAOBAHUSI CAYXUAM 3aroTOBKWU U3 ABYX YABTPAMEA-
KO3EPHUCTbIX TUTAHOBbIX CNAAGBOB C HOMepamu nNAaBok 92 1 94 cuctemsl Ti-Nb-Zr. AAs NOBbILLEHUA MEXaHUYECKUX
CBOWMCTB 3a cyeT noAyyeHns YM3-CTPYKTypbl B 3arotoBKax MCMOAb30Bancst MeTop ABC-npeccoBaHUsi C MOCAEAYHOLLEN
pyybeBOW NpoKaTkow. MAaHUPOBaHME 3KCNepUMEHTa BbIAO MPOBEAEHO C UCTMOAb3OBaAHWEM METOAA OPTOTOHAAbHbIX
mMatpuy, I. Taryuu, 4to NO3BOAMAO PaHXMPOBATb NapamMeTpbl TEXHOAOTMYECKOrO MPOoLEecca TOYEHUS MO CTENEHU MX
BAUSIHWUSI Ha BbIXOAHYIO XapaKTepUCTUKy npouecca. B xope akcneprmMeHTa onpeaeneHbl ONTUMaAbHbIE 3HAYEHUSA pe-
XWMOB TOYEHMUSA AASI AOCTMXKEHWS MUHMMAAbHOW BEAMUYMHbI LLEPOXOBATOCTM MOBEPXHOCTU YABTPAMEAKO3EPHMCTbIX
TUTAHOBbIX CNAABOB. YCTAHOBAEHO, YTO HAUMEHbLLEE 3HAYEHUE LIEPOXOBATOCTU MOBEPXHOCTU AOCTUIAETCA MPU CKO-
pocti pe3aHusa 60 M/MUH K nopade 0,07 MMm/06 AAA cnianaBa 94, coaepXallleM B KauecTBe AETMPYHOLLIMX SIAEMEHTOB
OAOBO U TaHTaA, a TakXe CKopocTu pe3aHusa 30 M/MuH 1 nopade 0,07 mm/06 ara cninaBa 92 6e3 copepxaHua OAOBa
W TaHTaAa, NPU 3TOM MaKCMMaAbHOE BAUSIHWE Ha LLEPOX0BaTOCTb OKa3biBAET CKOPOCTb pe3aHus. Ans 06pa3uoB ¢ Hau-
MEHbLLEN LLIEPOXOBATOCTbIO MOBEPXHOCTU ONPEAEAEHbI 3HAYEHUST MUKPOTBEPAOCTM MOBEPXHOCTHOIO CAOS: AASl CMIAG-
Ba 92 - cpepHee 3HavyeHne MUKPOTBEPAOCTU HVq o5 cocTaBuao 321 HV, aaa cnnaBa 94 - 252 HV. MUKPOTBEPAOCTb
crnAaBa 92, He copepXXallero OAoBa U TaHTaAa, yBeAnumaach Ha 14,6% B cpaBHEHUM C NePBOHAYaAbHbIM 3HaYEHUEM
280 HV. Takum o0bpa3om, coueTaHuss PEXMMOB TOUEHUS, YCTAHOBAEHHbIE B XOA€ MCCAEAOBAHMWSA, MOXHO Ha3BaTb Or-
TUMaAbHbIMW AAST AOCTUXXEHWST MMHUMAAbHOW LLIEPOXOBATOCTU NOBEPXHOCTU cnAaBoB 92 1 94 cuctemsl Ti-Nb-Zr. OnTu-
MaAbHbl€ PEXUMbI TOUEHWUS TPUMEHEHbI NPU U3FOTOBAEHUW UMMAGHTOB AAS OCTEOUHTErPALIMOHHOIO NPOTE3UPOBAHUSA.
B 6yayLiem naaHUpyeTcs NpoBeAEHUE UCCAEAOBAHMUSA MO ONPEAENEHNIO ONTUMAAbHOM KOMOWHALMN TEXHOAOTUYECKMUX
napamMeTpoB npolecca pe3bboHapesaHus npu U3roToBAEHUN BUOMEAULIMHCKUX MMMAQHTATOB U3 CMAABOB CUCTEMBI
Ti-Nb-Zr.

KnaroueBble cnoBa: yALTPAMENKO3EPHUCTbIE TUTAHOBbLIE CMAABbI, LUEPOXOBATOCTb NMOBEPXHOCTU, MOBEPXHOCTHOE
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alloys using the Taguchi method
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Abstract. This study aimed to optimize turning parameters for Ti-Nb-Zr alloys in order to minimize surface
roughness. Billets of two ultrafine-grained (UFG) titanium alloys, melt batches 92 and 94 of the Ti-Nb-Zr system,
were investigated. To enhance mechanical properties, we produced a UFG structure by abc-pressing of billets fol-
lowed by groove rolling. Experimental design employed the Taguchi method of orthogonal arrays, which enabled
ranking of the technological parameters of the turning process according to their influence on the output character-
istics. The experiment determined the optimal turning parameters for achieving minimal surface roughness in UFG
titanium alloys. The lowest surface roughness was achieved at a feed rate of 0.07 mm/rev. The cutting speed was
60 m/min for alloy 94, which contained tin and tantalum as alloying elements, and 30 m/min for alloy 92, which
contained neither tin nor tantalum. Cutting speed was found to exert the greatest influence on surface roughness.
For the samples with the lowest surface roughness, the microhardness of the surface layer was measured. The
average microhardness HVo s was 321 HV for alloy 92 and 252 HV for alloy 94. The microhardness of alloy 92 in-
creased by 14.6% compared to its initial value of 280 HV. Thus, the turning parameters established in this study can
be considered optimal for achieving minimal surface roughness in alloys 92 and 94 of the Ti-Nb-Zr system. The
optimized turning parameters were applied in the fabrication of implants for osseointegration prosthetics. Future
work will focus on determining the optimal combination of technological parameters for the thread-cutting process

in the manufacture of biomedical implants from Ti-Nb-Zr alloys.
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BBEAEHUE

TutaHoOBbIE CMAaBbl SABAAKOTCA OCHOBHbIM
MaTepuanoM, WCMOAb3YEMbIM MPU U3rOTOB-
AEHUU OUOMEAMLIMHCKUX M3AEAUA AAST UCKYC-
CTBEHHOW 3aMEHbl TBEPAbIX TKAHEW — opTone-
ANYECKUX UBAEAUI, 3YOHBIX UMMNAGHTATOB. B Ha-
CTOSILLEE BPEMS LUMPOKOE pacnpocTpaHeHue
noAyuman Ti-Al-V cnAaBbl, OAHAKO MPU UX AAK-
TEAbHOM MCMOAb30BaHUU HAOBAOAQIOTCA TOKCH-
YeCcKoe BO3AEWCTBME HA OPraHu3M 4YenoBeEKa
N annepruyeckue peakumu [1]. Kpome Toro,
cnAaaBbl Ha ocHoBe Ti-Al-V obrapatoT ropaspo
6onee BbICOKMM MOAYAEM YMPYrocTu, NOpPsiAKa
100...120 IMa, no cpaBHEHUID C KOCTHOM TKa-
Hbto (15...55 [T1a), uTO BbI3bIBAET MO3AHME OC-
AOXHEHWUA B BUMAE OTTOPXEHWUA UMMAAHTA UAK
pe30pbLmr KOCTHOM TKaHu [2].

3HaUUTEAbHbIE YCUAUA NPEANPUHUMAOTCH
AN pa3paboTKM U UCCAEAOBaHUS OBMOMEAU-
LMHCKMUX CMAABOB C HU3KUM Mopayrem HOHra
[3]. AN npepoTBpaLLEHUs IBAEHUA pe3opb-
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LM KOCTHOW TKAHW HEOOXOAUM HUBKUI MOAYAb
HOHra, aKBMBAAEHTHbIN MOAYAIO YNPYroCTU KOp-
TUKAABHOIO CAOSl KOCTU. Peryanpyst KOAMYEeCTBO
B-CTaOUAMBUPYIOLLIMX INEMEHTOB, TaKUX Kak
Nb, Ta, Zr, MOXHO CHW3UTb PUCK OTTOPXEHMUS
UMTMAQHTaTa 3a CHET CHUXKEHUSA MOAYAS YIPYro-
ctm [4-6].

YAbTpamenkosepHuctole  (YM3)  cnaaBbl
cuctembl Ti-Nb-Zr, obrnapan BbICOKMMU Mexa-
HUYECKMMW CBOMCTBAMMW, TaKUMMU KakK MpouY-
HOCTb, NMAQCTUYHOCTb U TBEPAOCTb, BaXHbIMU
AN MEAMLMHCKUX UBAEAUI, OTHOCATCA K TPYA-
HoobpabaTbiBaeMbiM MaTepuanam. B Hayu-
HbIX paboTtax, MOCBSALLUEHHbIX WCCAEAOBAHUIO
06pabaTbiBAEMOCTM TUTAHOBLIX CMAABOB CU-
cteMbl Ti-Nb-Zr, ocoboe BHUMaHUE yaeAsieTcs
N3YYEHUIO AHW30TPOMNUU CBOMCTB TUTAHOBBIX
06pasLoB [7], NOBbILEHWUIO MPOU3BOAUTEABHO-
CTU Npu 06paboTke BUOMEANLIMHCKUX M3AEAUIA
M3 TUTAHOBbIX CMAABOB [8], YAYUYLLEHUID Kaue-
cTBa NoBepxHOCTU [9] n pa3paboTke METOAOB
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