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JlocaiKeHHs 3a71eKHOCT1 MIKpOTBEPI0CTI
MOIM(IKOBAHUX MOBEPXOHb TUTAHOBUX CILJIABIB Bif
TIMOMHYA HACHYEHHS a30TOM IIPU BaKyyMHOMY 10HHOMY
MJ1a3MOBOMY a30TyBaHHI B TEPMOLIMKIIYHOMY PEKHUMI

[TpoBeneHoO MOCHIIKEHHSI TATAHOBHUX CIUIABIB 31 3MIIJHEHHM a30TOBaHUM IIAPOM METOJIOM BAaKyyMHOI'O
IOHHOTO IUIa3MOBOIO a30TYBaHHS B TEPMOLMKIIYHOMY pPEXHMI JUIl BH3HAYEHHS 3aKOHOMIPHOCTI BIUIMBY
napaMeTpiB AuQy3iHHOr0O HAaCHYCHHS HA MIKPOTBEpPAICTb. BCTaHOBIEHO, IO BEIMYHMHA MIKPOTBEPIOCTI
3aJeXUTh Bif (asoBoro ckiany nosepxHi. Ha nosepxHi crutaBy BT1-0 micns a30TyBaHHSI yTBOPIOIOTHCS TPU
¢a3u TiN, Ti,N i Tiy(N). TBepaicTs MoBepXHEBOTo HIApy a30TOBAHOI'O TUTAHY 3aJIEXKHTh BiJ| CIIIBBIJHOILICHHS
mux ¢a3 1 TuM BuIa, YuM Oinblia KinbkicTh ¢asu TiN. 3a paXxyHOK 3MiHM NapaMeTpiB IpoLEecy BaKyyMHOTO
10HHOTO a30TyBaHHS B iMIYJbCHOMY PEXHMI (TeMIepaTypHu, TUCKY, CKJIaAy HACHIYIOUOTO CEpeOBHINA 1 dacy
a30TyBaHHS) MOYKHA 3MIiHIOBAaTH (Di3UKO-MEXaHITHI XapaKTepUCTHKH (TTuOuHy nudys3iiHoro mapy a0 300 MM,
MIKpOTBepaicTh 10 9600 MIla, pi3HHI TpaJieHT TBEPAOCTI MO MIHOWHI, Pa30BUIl CKIIa]l a30TOBAHUX TIOBEPXOHb 1
T.7.), OTPUMYBAaTH IMOBEPXHEBI Mapy 3 pi3HUM (Ha30BHM CKIaIoM (0, y' Ta € - Ga3u) i3 HITPUIHOIO 30HOIO 1 Oe3
Hel, 3aJIeKHO BiJl TeMIIEpaTypH, THCKY, CKIIaJly CEpEIOBHUINA, [II0 HACHYYE, Ta PO3MIPY TEMIEPATypHHUX LHKIIIB,
10 JTO3BOJISIE€ ONITUMI3YBaTH BIACTHUBOCTI MTOBEPXHEBOTO MIAPY B KOHKPETHUX YMOBAX eKCIDTyaTarlii. 301 bmeHHs
4yacy a30TyBaHHS THTAaHOBHMX CIUIaBIB CIIpusi€ 301JbLICHHIO TOBIIMHM a30ToBaHoro mapy ao 300 Mkwm.
JlonaBaHHS B HACHYYIOYE CEPCIOBHIIC IHSPTHHX ra3iB TEJiI0 1 aproHy chpwuse 30UIBIICHHIO IUIACTUYHOCTI Ta
TOBIIMHH a30TOBAHOTO IIapy.
THTAHOBI CIJIaBH, MOAN(IKOBAHA NOBEPXHS, A30TYBAHHS, MiKPOTBepIAicTh

IlocranoBka mnpoOjemMu. TUTAaHOBI CIUIaBHM MAarOTh YHIKaJdbHI BJIACTUBOCTI, CEpel
AKX BHMCOKa IHMTOMAa MIIHICTh, KOpPO3ifiHa CTIMKICTh 1 JOCHTH BHCOKa TeMIleparypa
miaBiaeHHs. OJHak, 3aCTOCYBaHHS JaHUX MaTepiaiB OOMEXye iX HEBHUCOKA TBEPHICTh,
HAA3BUYAMHO HH3bKAa 3HOCOCTIHKICTh, BHCOKAa CXWIBHICTH [0 HAJHIAHHS, BEJIMKHI
KOe(IIIEHT TEPTS B Mapi MPAKTHYHO 3 yCIMa MarepiajaMi, BHCOKa XiMiYHA aKTHUBHICTH i
yac HarpiBanHsa Buuie 500°C Ta 4yTIMBICTH 0 KOHIEHTPATOPiB HampyXeHb. JaHi HeZOmiKH
MOXXHA YCYHYTH IUISXOM HAHECCHHS MOKPHUTTIB a00 3a paxyHOK 3MiHHM CTPYKTYPHOTO CTaHy
MOBEPXHEBUX LIApiB MaTepiajly 3a A0MOMOroo ix Moaudikaiii piz3HuMH TexHosorismu [ 1-4].

AHai3 oCTaHHIX A0CJiIXKeHb i myOaikaniid. AKTyaaTbHUM € MoaudiKallis MOBEpXHI
CIUIaBIB THUTAHY LUISXOM BHKOPUCTaHHS METONIB 3 MiHIMaJIbHUM a00 HU3BKHUM TEPMIYHUM
BIUTMBOM, 30KpeMa, METOJIOM BaKYyMHOTO 10HHOTO a30TYBaHHS B IMITYJIbCHOMY pexxumi. [Tpu
[IbOMY BHKOPHCTaHHS €(pEKTy aHOMAaJbHOI'O MAacCOIIEPEHOCY a30Ty B IMOBEPXHi JAeTai, ILI0
00pOoOIIA€THCSI, TUISIXOM CTBOPEHHS TOJII TEPMIYHUX HANPYKCHb B MOBEPXHEBOMY Iapi 3a
PaxyHOK IIUKJIIYHOTO BKJIFOUEHHS Ta BUKIIOUEHHS TIII0YOT0 pO3pALy Ta HUKIIYHOI 3MiHA
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TEMIEepaTypyu JO3BOJISIE CKOPOTUTH B 3...5 pa3iB MNOTpPiOHY MOTYXHICTh JKEpen
€JICKTPUYHOTO >KMBJICHHS. Taka mMomudikaiiss MOBEpXHI IMJABUIINTH JOBTOBIYHICTh, MEXY
BUTPUBAJOCTI Ta 3HOCOCTIMKICTP THUTAHOBHUX CIUIaBiB. 3O0UIbLICHHS dYacy a30TyBaHHSA
TUTAHOBHX CIUIAaBIB CIIpHsi€ 30UIBIICHHIO TOBUIMHU a30TOBAHOIO IIAPY IO MEBHUX MEX IO
napabomiyHiil 3anexHocTi. [loaBaHHA B HAacHU4YylOYe CEPEOBHUIIE IHEPTHUX ra3iB Teliio i
aproHy crpuse 30UTBIIEHHIO TUIACTUYHOCTI Ta TOBIIMHU a30TOBaHOTO Imapy [5-9]. Tomy
JOCIIJKCHHSI BIUTMBY TJIMOMHU HAaCHYEHHS a30TOM HA MIKPOTBEPIICTh MOBEPXHI TUTAHOBUX
CIUIaBIB Ta MOXJIMBOCTI YIpaBIiHHA mporecoM ¢GOpMyBaHHS TMpH JaHIA TEXHOJIOTIT
MoudiKaIil € aKTyalbHOIO 33/1a4€10.

IlocTanoBka 3aBaaHHs. [IpoBecTH MOCHTIHKEHHS TUTAHOBOTO CIUIABY 31 3MIITHCHUM
a30TOBAaHMM IIApOM JUIsI OTPUMAHHS EKCIEPUMEHTAIbHUX PE3yJbTaTiB 100 BHU3HAYCHHS
3aKOHOMIPHOCTI BIUIMBY TapaMmeTpiB AuQy31HHOTO HACHUYEHHS Ha MIKPOTBEPIICTb.
Bu3zHaunuTH XapakTEepUCTHKH TOBEPXHEBOIO IAapy, BU3HAUYUTH 3aKOHOMIPHOCTI  iX
dbopMyBaHHS JIJ1s1 BCTAHOBJICHHS! MOKJIMBOCTI K€PYBaHHS HUMHU BHACIIZOK 3MIHU TIapaMeTpiB
TEXHOJIOTTYHOT'O IIPOIIECY.

Bukaax ocHoBHOro marepiaiay. JloChoi/DKeHHS MIKPOTBEPAOCTI  3MIITHEHUX
NOBEPXHEBUX INApiB NPOBOJMIMCA Ha MeTamorpadiyHux nworidax 3a  JOMOMOToi0
mikpotBepaomipa [IMT-3M, KyT Mi IPOTHICKHAMH IPaHAMH anMasHoi mipamigkn — 136°,
HaBaHTaxeHHS — 0,98 H, yac BuTpuMmyBaHHs 11171 HaBaHTaKEHHIM — 20 ¢, KPOK BUMipIOBaHHS
no ToBuiMHI 3paska — 30...40 mxMm. BusHawyanm cepeaHe 3HAUYE€HHS MIKPOTBEpAOCTI 3a
pe3yapTaTaMu I’SITH BUMIpIOBaHb. B Tporieci MOCHiKeHbh BIACTUBOCTEH MOBEPXHI THUTaHY
BT1-0 micna pi3HUX peXHMMIB a30TyBaHHS KOHTPOJIOBAIMCH TOBIIMHHU HITPUIHOTO APy 3
BUKOPHUCTAHHSIM MIKPOCTPYKTYpHOTO aHamizy Ha Mikpockomi MIM-10 i da3oBuii ckian
NOBEpXHEBOro 1apy Ha ycranosui JIPOH-3M.

B tabnumi 1 HaBenmeHi pe3ynbTaTH JOCTIIKEHb MIKPOTBEPAOCTI MOBEPXHI THUTaHY
BT1-0 micng a3oTyBaHHS 3a pPI3HUMH peXUMaMH. 3 TaOMUIl BHUIHO, L0 B pe3yJbTari
a30TyBaHHS MIKpOTBEPAICTh MOBEPXHi 301mbImmIach Big 1998 Mlla no 7390 Mlla (pexum 1).
I[Ipy ©poMy B 3aJ€KHOCTI BiJl 3HAUEHb TEXHOJOTIYHUX MapaMeTpiB MIKPOTBEPIICThH
MMOBEPXHEBOTO Mmapy 3MiHIOBasiack Bim 5126 Mlla (pexum 8) mo 7390 Mlla (pexum 1).
HeazoroBannii BT1-0 mae BuxigHy MIKpOTBEpHAICTh MOBEpXHi micis mnuripysanHs ~ 2000
MlI]a.

Tabmums 1 — XapakTepuCcTUKH a30TOBAHOTO IIapy TUTaHOBOTO criaBy BT1-0 micims
13HUX PEKUMIB BAKyyMHOT'O 10HHOTO a30TYBaHHSI B IMITYJIbCHOMY PEXHMI

[TapameTpu Mikpo- ToBmuHa, ®dazoBuil cknag
Ne A30TYBaHHS TBEPIICTh MKM NOBEPXHi, 00’ €MHHX %o
pexumy | T,° p, Bwmict | moBepxHi | Asor. | Hirpuanoi

C IMMa | Ar,% | Hioo, MIla | mrapy 30HU TiN | TioN | Tio(N)
1 680 | 400 70 7390 320 4,0 15,0 | 18,2 | 66,8
2 680 | 240 70 7350 290 3,0 6,9 | 259 | 67,2
3 640 | 400 70 5390 180 1,0 1,0 | 23,5 | 75,5
4 640 | 240 70 5863 200 5,0 9,7 | 182 | 72,1
5 660 | 320 70 6330 260 9,0 10,6 | 21,5 | 67,9
6 680 | 320 95 6615 240 8,0 10,9 | 21,2 | 67,9
7 680 | 320 45 6420 220 4,5 6,1 | 204 | 73,5
8 640 | 320 95 5126 260 0,8 - |1 24,0 | 76,0
9 640 | 320 45 5390 175 4,3 7,9 | 262 | 659
10 660 | 320 70 6355 250 9,0 10,8 | 21,6 | 67,6
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[Tponosxenus Tadaui 1

11 660 | 400 95 6803 230 4,0 14,1 | 16,5 | 694
12 660 | 400 45 6307 350 8,5 7,1 1212 ] 71,4
13 660 | 240 95 7182 360 3,5 10,5 | 20,9 | 69,5
14 660 | 240 45 5673 200 10,0 6,5 | 17,1 | 76,5
15 660 | 320 70 6307 250 9,0 10,4 | 20,8 | 68,8
Omr. 666 | 240 45 6760 280 9,5 11,3 | 22,1 | 66,6

Lrcepeno: pospobaeno amopamu

Bennunna MIiKpOTBEpAOCTi 3aleXHTh Bix (a3oBOro ckiaay HOBEpXHi. SIK BHIHO 3
Tabnuili 2, Ha nmoBepxHi crutay BT1-0 micis azotyBanHs yTBOprotoThes Tpu asu TiN, TipN 1
Tig(N). TBepaicTh MOBEPXHEBOTO IIAPY a30TOBAHOTO TUTAHY 3aJICXKHTH BiJ| CITIBBITHOLICHHS
mux ¢a3 i TMM BUIA, YuM Outbina KutbkicTh ¢a3u TiN. HaiiBumry tBepaicte Mae ¢aza TiN,
menmy — TipN. Tsepaicte 30HM BHYTpimmHBOTO a30TyBaHHS (Tiy(N)) 3MiHIOETBCS B
3aJIeKHOCTI BiJl KOHIIEHTpalii B Hilf a30Ty.

BakyymHe ioHHE TuUTa3MOBE a30TyBaHHS B TEPMOIMKIIYHOMY DPEXHMI 3a0e3reuye
BUCOKY TBEpPICTh TUTAHOBHUX CIUIaBiB. TOBIIMHA TBEPAOro HITPUAHOTO MIAPy MPH a30TyBaHHI
TUTAHOBUX CIUIaBIB cKiagae He Oinpme 15+20 MM, Mg SKHM 3HaXOJHWTLCS 30HA
BHYTPIIIHHOTO a30TYBaHHS MEHIIOI TBEPIOCTI, SIKA MOCTYIOBO 3MEHIIYETHCS IO TBEPIOCTI
OCHOBH.

BakyymHe i10HHE a30TyBaHHA B TEPMOIMKIIYHOMY pPEXKHMI THTAHOBHUX CILJIaBiB
JI03BOJISIE 3MIHIOBAaTH B IIHPOKHUX MeEXax (I3MKO-MEXaHIYHI XapaKTepUCTUKU (TTUOUHY
nudysiitHOro mapy mo 500 Mxm, mikporBepaicth 10 9600 Mlla, da3zoBuii ckiag a30TOBaHUX
MOBEPXOHb 1 T.1I.), OTPUMYBATH MOBEPXHEBI MIapH 3 pi3HUM (a30BUM ckiagoM (o, y' Ta € -
¢dasu) 13 HITPUAHOIO 30HOIO 1 O3 Hel, 3aJIeKHO BiJl TEMIIEpaTypH, TUCKY, CKIIay CepeIOBHIIA,
mo Hacuuye (Tabum. 2, Tabn. 3), Ta po3Mipy TemnepaTypHux mukiiB (puc. 1). [Ipu a3oryBanHi
B TJIIIOUOMY PO3Ps/Il TOCATAETHCS BUCOKA TBEP/IICTh MOBEPXHI TUTAHOBUX CIuTaBiB — 10 10000
Mlla, ane mpu IIbOMY pi3KO 3MEHIIYETHCS IUIACTUYHICTh a30ToBaHMX ImapiB 1 Ha 30 %
3MEHIIYETHCS TPAHMIIS MIIHOCTI TIPH pO3TsA31 MaTepiany (Tadi. 2).

Tabnuns 2 — BrumB TemnepaTypu BaKyyMHOTO 10HHOTO a30TyBaHHS B IMITYJIbCHOMY
peXHMMI Ha MEXaHIYHI BIACTHBOCTI THTAHOBHX CIIABIB

0 OB | 00,2 o | 4 hy, mkm
Cnnas ty, C T %
500 1340 1025 8 13,0 80
550 1340 1035 9 16,0 95
600 1330 1030 9 16,5 115
BTI-0 700 1010 890 4 6
900 1050 990 3,5 5,9
rapTyBaHHS + CTapiHHS 1335 1030 10 22
500 1355 1050 9 16 90
550 1360 1060 10 17 105
BTI - 600 1355 1050 10 17 130
00 700 1060 930 5 8
900 1085 950 4 7
rapTyBaHHS + CTapiHHSA 1355 1060 12 25

Iicepeno: pospobaeno amopamu
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JlocnipKeHHs T0Ka3ajo, M0 Py TePMOLUKIIYHII 00poOI 3011bIIy€eThCS IIBUIKICTD
nudy3ii 3a paXyHOK IMITYJILCHOTO BIUIMBY Ha TOBEPXHIO 10HAMHU CyMilI poOOYUX Tas3iB.
[IpoBonumacs oOpoOka 3pa3kiB pisHUMHU pexumamu Tepmormkiais (0, 20, 50, 100)°C,
pe3yabpTaTH ToKaszaHi Ha puc. 1.
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['mubuna nudy3i1iHOTO Mapy, MKM
1 — i3oTepmiunamid peskuM; 2 — ki + 20°C; 3 — kot + 50°C; 4—mukn £ 100°C

Pucynok 1 — Brtus TpuBasiocTi UKIIiB HAa THOUHY AuQy3iitHOTO mapy
Licepeno: pospobreno agmopamu

JlocmimKeHHSIMH BCTAHOBJICHO, IO TBEPAICTh MOAM(IKOBAHOTO IHapy JIOCSTaE
BHUCOKHMX 3HAauY€Hb 3a MIMOWHOIO MPU 00poOIli METO0M HOHHOIUIA3MOBOTO TEPMOIUKIIYHOTO
a30TyBaHHA B pexuMi mukiyBanHs £ 50°C. MiniManbHI 3HaY€HHS TBEPAOCTI Malld 3pa3KH,
ompainpoBaHi B i3oTepMmigyHOMy pexumi (uukn  gopiBHioe 0°C).JIpu  mocmimkeHH]
MIKPOTBEPJIOCTI 3pa3KiB, 3MIIIHEHUX METOJOM BAaKyyMHOI'O I0HHOTO a30TyBaHHS B IMITYJIbCHOMY
pexuMi, 6yno BusiBiieHo ii 36inbmenHs 10 10000 MITa i noctynose 3menmienns 10 3500 MIla
Ha rbuHi 10 300 MM (puc. 1).

Otpumani 3HaueHHS MikpoTBepaocTi B 2,5..3,0 pasu Oinblne, HDK Yy MPOCTO
tepmooOpobaenux (3arapryBanHs npu 870..890°C y wmacm, Bianyck mpu 510...570°C)
3paskiB (puc. 2).

3aNeXHICTh 3MIHM TJIMOMHM a30TOBAHOTO Iapy BiI TeMIEpaTypyd a30TyBaHHS
TUTAHOBHX CIUIaBIB HABEJICHO HA PUC. 3.
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1 — BaKyyMHe i0HHE a30TyBaHHSI B IMITYJIbCHOMY PE&KIMI; 2 — TapTyBaHHS;, 3 — HITPOTapTyBaHHS

Pucynox 2 — Po3noain MiKpoTBep0CTi Bijt HOBEpXHi 1Mo ITMOMHI THTaHOBHX ciuiaBiB BT1-0 (a) i BT1-00 (0)
Lowcepeno: pospobaeno agmopamu
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Pucynox 3 — 3anexHicTh NIMOWHY a30TOBAHOTO IIAPY BiJl TEMIEPATYPH HACHUYCHHS
TUTAHOBHX CILIAaBIB TPUBAJIICTIO 8 TOANH
Lrcepeno: pospobaeno agmopamu

JlocnmipKeHHSI TUTAaHOBOTO CIUIABY 31 3MIIHEHHM Aa30TOBAaHMM IIIApOM O3BOJIHMIIN
OTPHMATH EKCIICPUMEHTANbHI PE3yJIbTaTH IIOJ0 BH3HAYCHHS 3aKOHOMIPHOCTI BIUTUBY
napamerpiB AU y3ifHOr0 HACUYEHHS Ha MIKPOTBEPAICTb.

3a paxyHOK 3MIHM MapaMeTpiB TPOIECYy BaKyyMHOTO 10HHOTO a30TYBaHHS B
IMIOYJIBCHOMY peXHMi (TeMIepaTypH, THUCKY, CKJIaJy HAcCHUyIOUOro CEpeJoBHINA 1 yacy
a30TyBaHHs) MOXHa 3MIHIOBAaTH (PI3MKO-MEXaHIUHI XapaKTEPUCTHKU, CTPYKTYPY, TOBIIUHY,
¢a3oBmii 1 XiMiYHI CKJIaJd MOBEPXHEBOTO a30TOBAHOTO IIAPy B 3HAYHUX MEXaX, a caMe:
MikpoTBepaicTh moBepxHi A0 10000 MIla; ToBmmHYy a3oroBaHoro mapy no 500 MKw;
TOBIIUHY HITpUAHOTO mmapy no 25 mxM; pizHe cmiBBimHomeHHS (a3 TiN, TipN, Tig(N);
pI3HUN Tpami€eHT TBEPAOCTI MO TJIMOWHI, IO JO3BOJISIE ONTHUMI3yBaTH BJIACTUBOCTI
MIOBEPXHEBOTO LIapy B KOHKPETHUX YMOBAX €KCIUTyaTallii.

BucHoBku:

1. BenmuunHa MiKpOTBEpIOCTI 3aJICKUTH BiJl (ha30BOro cKiaay nosepxHi. Ha moBepxHi
criaBy BT1-0 micnst azotyBanHst yrBOoprotoThesi Tpu da3u TiN, TipN 1 Tig(N). Tepaicts
MOBEPXHEBOTO IIAPy a30TOBAHOTO THTAaHY 3aJCKHUTh BiJ] CIIBBIIHOMICHHS HHUX a3 1 TUM
BUIIA, YUM Ounbira KinbKicTh (asu TiN. HaiiBumy TBepaicts mae ¢aza TiN, menmry — TipN.
TBepaicte 30HM BHYTpimHBbOTO a30TyBaHHSI (Tig(N)) 3MIHIOETBCS B 3aJEKHOCTI BIJ
KOHIIEHTpAIlii B HI/ a30Ty.

2. 3a paxyHOK 3MIHH TapaMeTpiB MPOIECy BaKyyMHOTO 10HHOTO a30TyBaHHsS B
IMIYJIBCHOMY peXHMi (TeMIepaTypH, THUCKY, CKIaJy HACHUyIOUOro CEepeJoBUINA 1 yacy
a30TyBaHHs) MOXKHA 3MiHIOBAaTH (Pi3MKO-MEXaHIYHI XapaKTEPUCTUKH (TIHOUHY mudy31itHOTO
mapy 10 300 mxm, MikpoTBepaicte 10 9600 Mlla, pi3Huil rpamieHT TBEpIOCTI MO TIHOUHI,
¢da3oBuil CKIaJ a30TOBAaHWX IMOBEPXOHb 1 T.1.), OTPUMYBATH MOBEPXHEBI MIApH 3 PI3HUM
dazoBuM ckiamgom (o, Y Ta € - ¢asu) 13 HITPUIHOK 30HOK 1 0e3 Hel, 3alleKHO Bif
TEMIIepaTypH, TUCKY, CKJIQJy CEpeOBUINa, III0 HACUYIYE, Ta PO3MIPY TEMIEPATYPHUX ITUKJIIB,
IO JIO3BOJISIE ONTHUMI3YBaTH BJIACTUBOCTI IOBEPXHEBOI'O INAPY B KOHKPETHUX YMOBax
eKCIuTyaTaIti.

3. 30inblIeHHs Yacy a30TyBaHHS TUTAHOBUX CIUIABIB CHpUsi€ 30UIBIICHHIO TOBIIMHU
azoroBaHoro mapy 1m0 300 mxm. JlogaBaHHS B HACHUYYIOYE CEPEIOBHINE IHEPTHHUX Ta3iB TEIII0
1 aprony crpusie 301IbIIEHHIO MJIACTUYHOCTI Ta TOBIIMHHU a30TOBAHOTO 1IApYy.
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Research on the Dependence of the Microhardness of Modified Surfaces of Titanium
Alloys on the Depth of Nitrogen Saturation During Vacuum Ion Plasma Nitriding in the

Thermocyclic Mode

A study of titanium alloys with a strengthened nitrided layer by the method of vacuum ion plasma
nitriding in thermocyclic mode was carried out to determine the regularity of the effect of diffusion saturation
parameters on microhardness. At the same time, the effect of anomalous mass transfer of nitrogen in the surface
of the part being processed was used, by creating a field of thermal stresses in the surface layer due to the cyclic
inclusion and exclusion of the glow discharge and cyclic temperature changes.

Microhardness studies of strengthened surface layers were carried out on metallographic slides using a
PMT-3M microhardness meter, the thickness of the nitride layer was controlled using microstructural analysis
using a MIM-10 microscope, and the phase composition of the surface layer was monitored using a DRON-3M
device.

Vacuum ionic nitriding in the thermocyclic regime of titanium alloys allows changing the physical and
mechanical characteristics within wide limits (diffusion layer depth up to 500 pm, microhardness up to 9600
MPa, phase composition of nitrided surfaces, etc.), obtaining surface layers with different phase composition (o ,
y' and € - phases) with and without the nitride zone, depending on the temperature, pressure, composition of the
saturating medium, and the size of the temperature cycles. Nitriding in a glow discharge achieves a high
hardness of the surface of titanium alloys — up to 10,000 MPa, but at the same time the plasticity of the nitrided
layers is sharply reduced and the tensile strength of the material is reduced by 30%.

Conclusions. 1. The amount of microhardness depends on the phase composition of the surface. Three
phases TiN, Ti2N and Tio(N) are formed on the surface of the VT1-0 alloy after nitriding. The hardness of the
surface layer of nitrided titanium depends on the ratio of these phases and is higher, the greater the amount of the
TiN phase. The TiN phase has the highest hardness, the Ti2N phase has the lowest hardness. The hardness of the
internal nitriding zone (Tio(N)) varies depending on the concentration of nitrogen in it.

2. By changing the parameters of the vacuum ion nitriding process in the pulse mode (temperature,
pressure, composition of the saturating medium and nitriding time), it is possible to change the physical and
mechanical characteristics (diffusion layer depth up to 300 pm, microhardness up to 9600 MPa, different
hardness gradient along the depth , phase composition of nitrided surfaces, etc.), obtain surface layers with
different phase composition (o, y' and € - phases) with and without a nitride zone, depending on temperature,
pressure, composition of the saturating medium, and size temperature cycles, which allows to optimize the
properties of the surface layer in specific operating conditions.

3. Increasing the nitriding time of titanium alloys contributes to increasing the thickness of the nitrided
layer to 300 microns. Addition of inert helium and argon gases to the saturating medium helps to increase the
plasticity and thickness of the nitrided layer.
titanium alloys, modified surface, nitriding, microhardness
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