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BIIVYIUB ITAPAMETPIB OKCUHITPYBAHHS HA ®OPMYBAHHASA
CTPYKTYPHO-®A30BOI'O CTAHY IIOBEPXHEBHUX IIIAPIB
TUTAHY

Pestome. Jlocniodceno 6naue napamempie OKCUHIMPY8AHHA HA CMPYKMYPHO-hazoeull  cmau
nosepxuesux wapie mexuiyno yucmozo mumarny BTI-0. Ilokazano, wo 3i 30inbuennam napamempis npoyecy
a30mysants QazoymeopeHHs 3miuyemoca y OIK OKCUHIMPUOOYMBOPEHH:, a4 3i 30iLIbUEeHHAM napamempis
npoyecy MooupiKysanHs Himpuoy mumaHy KUCHeM — OKCUOOYMBOPEHHL.

Knrouosi cnosa: mexuiuno yucmuii muman BT1-0, okcunimpyeéanHs, Himpuo mumany, MoOUQpIKy8anHs
KUCHeM.

O. Tkachuk, V. Trush

INFLUENCE OF OXYNITRIDING PARAMETERS ON FORMATION
OF PHASE-STRUCTURAL STATE OF TITANIUM SURFACE LAYERS

The summary. The influence of oxynitriding parameters on the phase-structural state of surface layers
of c.p. titanium is investigated. It is shown that with the increase of parameters of nitriding the phase formation
is shifted toward oxynitride formation, and with the increase of parameters of modification process of titanium
nitride by oxygen the phase formation is shifted toward oxide formation.

Key words: c.p. titanium, oxynitriding, titanium nitride, modification by oxygen.

Beryn. 3aBasiku BHCOKiIM TUTOMIN MIHOCTI Ta KOPO3iMHIA TPHBKOCTI B PI3HHUX
CEPEIOBUINAX TUTAHOBI CIUIAaBU — OJHI 3 HAWIEPCIIEKTUBHINIUX MaTepialiB JJIS €JIEMEHTIB
KOHCTPYKIIi{, [0 MPAMIOITh B YMOBaX Jii KOHTAKTHUX HABAaHTA)XCHB Ta BIUIUBY KOPO3IMHUX
cepenouill. [IpoTe TUTaHOBI CIUTaBH BOJOJIIOTH HU3BKUM OIOPOM 3HOCY Ta CXUJIBHICTIO 0
cxoruttoBanHsl mpu Tepti [1, 2]. KoMmruiekc periiaMeHTOBaHMX XapaKTepPHCTUK BUPOOIB i3
TUTAHOBHX CILJIABIB 3HAYHOIO MipOI0, BU3HAYAETHCS BJIACTUBOCTSAMHM iX MOBEPXHEBHX IIAPiB.
OxpiM Takux METOMIB 3MIIHEHHs, SK a30TyBaHHSA Ta OKCHIyBaHHS [3—6], AKi MIMPOKO
BUKOPUCTOBYIOTBCSL Yy  MPAaKTUI  XIMIKO-TEpPMI4HOi OOpOOKM THUTAaHOBHX  CILIaBiB,
NEPCIEKTUBHUM HANPSMOM iH)XeHepii moBepXHi € OKCUHITpyBaHHS [6—8]. Lle 3ymoBIeHO THM,
10 OKCHUHITPUIIM TUTAHY BOJIOAIIOTH KOMIUIEKCOM BHUIMUX (PI3UKO-XIMIUHUX BJIACTUBOCTEH Y
NOPIBHSAHHI 3 HITpUAaMHU Ta OKcHIamMu TuTaHy. OAHHM 13 CIOCOOIB OKCHHITPYBaHHS
TUTAHOBHX CIUIaBIB € MOAU(DIKyBaHHS HITPUAY TUTAHY KUCHEM.

MeTta po6oTH — JOCTIIWTH BIUIMB TapaMeTpiB MpPOIECYy a30TyBaHHS Ta IapaMmeTpiB
npouecy MoAuQiKyBaHHS HITPUAY THUTaHy KHCHEM Ha CTPYKTYpHO-(a3oBUH cTaH
MOBEPXHEBUX MIapiB TexHIUHO yrcToro Tutany BT1-0 mpu okcuHiTpyBaHHI.

Metoauka pociaimkenn. JlocmikyBanu 3pa3ku po3mipom 10x15x1 MM 13 TeXHIYHO
gucroro Tutany BT1-0, ski monepenuaso nomipysanu (R,=0,4 MKkM), IpoMUBaIH y CIIAPTI Ta
BUCYIIYBAJIH.

OKcuHITpYBaHHS 31IHCHIOBAIN IUIIXOM MOAN(DIKYBaHHS HECTEXiIOMETPUYHOTO HITPHIY
tutany kucHeM (puc. 1). Ilpouec momaudikyBaHHs peani3oByBaliH, MOJAIOYU Y CHCTEMY
KOHTPOJIbOBaHE KHCHEBMICHE CEpEelIOBHINE Ha 3aBepUIaibHIN cTamii a3oTyBaHHS (Ipu
oxonomkenni). Bigrak, Big Temneparypu asoryBamHs g0 500 °C  BimOyBaerbes
KOHTPOJIbOBAaHE OKHCHEHHS C(OPMOBAHOTO HITPHAY THUTaHy (OKCHHITpYBaHHs). Hrpkue
500 °C kamepy BakyyMyBaJIH.
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Pucynok 1. CxemMa OKCHHITPYBaHHS TUTaHY

BukopucToByBaIM TEXHIYHO YHCTUH MOJIEKYJISPHUN a30T, SIKMA TEepeln IMoAadero B
peakifHuN TPOCTIp Medi BHUCYIIYBAaIM Ta 3BUIBHSUIM BiJl KHCHIO, IMPOIYCKAIOYM uepe3
Karcyiay 3 cuiikareaeM i Harpity Ha ~50 °C BHINE TeMIeparypd HACHYEHHS THTAHOBY
CTpYXKy. [ns yCyHeHHs MpPUPOJHUX OKCHUIHUX IUTIBOK Ta YHEMOMJIUBICHHS YTBOPEHHS
HOBMX Ha cTajii HarpiBy 3pasku 1o Temmeparypu aszoryBaHHs T (850 i 950 °C)
HarpiBamm y Bakyymi 107 ITa. [30TepMidHy BUTPHMKY B a30Ti T 3MiHroBanu Bix 1 10 10 rox.
[TapuiansHuM THCK a30TY PNz CKIIAaB 10°1i 10 Ila.

MoaudikyBaHHs HITPHIHOTO IIApy THTAaHY KHUCHEM 3[IHCHIOBAIM 3a TEMIIEpaTyp
noyatky Moaudikysanus Ty 650, 750, 850 i 950 °C. I30TepMiuHy BHUTPUMKY B
KHCHEBMICHOMY CEpEIOBHINI Ty 32 TEMIIEPAaTypH MOYaTKy MOIU(IKyBaHHS 3MIHIOBAJIU Bix
0,5 no 1,5 rox. IlapmianbHU TUCK KUCHIO Py ctaHoBUB 0,0001...1 ITa.

®a3oBuil CKJIa] MOBEPXHEBUX IAPiB BU3HAUAIN PEHTTCHIBCHKUM (pa30BHM aHAII30M Ha
pentreniBcbkomy audpakromerpi JPOH-3.0 y monoxpomatnuyHomy CuK-BUnpomiHIOBaHH1
3 (okycyBanHsM 3a cxemoro bperra-bperano. Hampyra Ha aHOIl peHTreHIBCbKOI TPYOKHU
cranoBmia 30 kB, a crpym uepe3 Hei — 20 MA. BuKOpUCTOBYBaJIM MaKeTH MPOrPaAMHOTO
3abe3neyenns Sietronix 1 FullProf, 3a ngomomororo skux mnpoBogmiu Dyp’e-06poOKy
IuQpakTorpaM,  BHU3HAYaNM  TOJOXEHHA  JUQPAKIIHHUX  MAaKCUMyMiB  BiJOWTTS,
1meHTH()iKOBaHUX 3TigHO 3 1aHuMH KapToTeku JCPDS—ASTM das.

MiKpOpEeHTI€HOCTIEKTPAIbHIA aHajli3 TOBEPXHEBHUX IIAPiB MPOBOIMIN 33 JOIOMOTOO
CKaHyr4oro enektpoHHoro Mmikpockona EVO 40XVP i3 cucremoro wmikpoanamnizy INCA
Energy.

PesysabTaTn gociiikeHb Ta iX 00roBopeHHsl. 3a OKCUHITPYBaHHS TUTaHY LUIIXOM
Mo U(iIKyBaHHS HITPUAHUX IIAPIB KHCHEM CTPYKTYpPHO-(a30BHI CTaH IMOBEPXHEBHX IIApiB
BU3HAUAETHCS SK IapamMeTpaMd MpOIEeCy a30TyBaHHS (TeMIIepaTyporo a3oTyBaHHS Ta,
TPUBAIICTIO a30TYBaHHS Ta, MapIiaIbHUM THCKOM a30TY Pnz), TaK 1 MapaMeTpaMu MPOIECY
MonM(DiKyBaHHS HITPUAY TUTAaHy KHUCHEM (TeMIlepaTryporo mouyaTky MoaudikyBaHHS Ty,
130TEpMIYHOI0 BUTPUMKOIO B KHCHEBMICHOMY CEPENOBHILII Ty 32 TEMIIEPATypH IMOYATKY
Mo ii(DiKyBaHHS, TAPIIATLHAM THCKOM KHCHIO P(3).

JlocikeHHsT BIUIMBY MapaMeTpiB MPOILECY a30TyBaHHS HAa OKCHUHITPYBAHHS TUTaHY
HUIIXOM MOAM(IKyBaHHS HITPUAHUX MIApiB KHCHEM HpoBoamin 3a pop=0,001 ITa, Ty=Ta,
TM=Toxon. BIZL Ta 10 500 °C.

Temneparypa azoryBanHsi Ta. 3rigHO 3 pe3yibTaTaMH PEHTICHIBCHKOTO (Pa3oBOTO
aHanizy Moau(diKyBaHHS KUCHEM (OKMCHEHHS) HITPUAY TUTaHy, c(hOPMOBAHOTO HA MOBEPXHI
TUTaHy, BiZIOyBa€TbCs IHTCHCHBHIIIE 3a HWXK4YOi Temmeparypu as3oryBaHHs Tx. Ha
mudpakTorpami, 3HITOI 3 MOBEPXHI TUTAHYy MiCIs OKCHUHITPYBaHHS, 130T€pMidHA BUTPUMKA
AKOTO B a30Ti BijOyBanacs 3a Ta=850 °C, okpim pediiekciB oKCHHITPHIHOT (a3u, MPUCYTHI
miHii okeuny TtHTany TiO; y moaudikauii pytuny (puc. 2a), Tolai sSK Ha AudpaKTOrpami,
3HATOI 3 MOBEPXHI TUTAHY IICIsI OKCUHITPYBAaHHS, HACHYEHHS SIKOTO B a30Ti BigOyBaJlocs 3a
TAa=950 °C, peduekcis oxkcuaHoi (asu He CIOCTEPIraeThes, a OKCUHITpHAHA (a3a
Ipe/CTaBIeHa MUPOKUM CIIEKTPOM AU(PPaKIiHHIX MAKCUMYMIB (pHcC. 20).
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Pucynok 2. ludpaxkrorpamu, 3H4Ti 3 MOBEPXHi TEXHIYHO yncTOro TuTany BT1-0
miciis okcuHiTpyBanHs 3a Ta = 850 (@)1 950 °C (6) (1o = 5 rox; pyo= 10’ I1a)

TpuBajicTb a30TyBaHHS Ta. Y AU(QPaKIiiiHOMY CIIEKTpi MOBEPXHI OKCHHITPOBAHOTO
THTaHy, 130TEPMiuHy BUTPUMKY To IKOro B a30Ti 3a Tx=850 °C 3mintoBamu Big 1 m0 10 rox,
OKpIM CIEeKTpy JiHii okcuHiTpuny TuTany TiNxO,y, HITpUIY THUTaHY HMXKYOi BaJIEHTHOCTI
Ti,N Ta TBEepmoro po3unMHy a3oTy B o-TUTaHi, (ikcyroTbes pediexcu okcuay TiO, B
Monuikamii pyTuiay pi3HOI BIJHOCHOI IHTEHCHUBHOCTI. 3 aHamizy AudpakTorpaMm MOXKHA
3poOUTH BUCHOBOK, IIIO 31 30UJIBIIEHHSM Ta Ha CTaJlii a30TyBaHHS KUIBKICTh OKCHIHOI (a3u y
MOBEPXHEBUX MOJM(DIKOBAHMX MIapax 3MEHIIYETHCS. 30KpeMa, BiJIHOCHA IHTEHCHBHICTh
peduekcy (111) okcuny tutany TiO, 3menryerbes Big 109 1o 94 B.o. 31 3MiHOIO T BiJ 5 10
10 rox.

Mapuianbuuii THCK a30Ty Ppnz. llicns OKcuHITpYBaHHS 31 3MEHIIEHHSM PN
IHTEeHCU(IKYEThCS OKCHUIOYTBOpeHHs. Ha 1e BKazyloThb pe3yjibTaTH PpPEHTTEHIBCHKOTO
¢dazoBoro anamizy, 3rilHO 3 SIKUMU 32 PN2 = 10° Tla okcuaHa ¢aza BIACYTHS, B TOM 4ac sK 3a
pn2 = 10 Ia dikcyeTbes okcua TUTaHy B MOIUGIKaIl pyTHITY.

JlochimkeHHs BIUTMBY MapaMeTpiB mporecy MoAu(iKyBaHHS HITPUIY TUTAHY KUCHEM Ha
OKCHHITPYBaHHSI THTaHy NUIAXOM MOAW(DIKYBaHHS HITPHIHUX IIApiB KHCHEM MPOBOIWIN 3a
prn2=10° ITa, TA=850 T2 950 °C, t4=1 Ta 5 rox.

IapuianbHuii THCK KMCHIO Poz. JlOCHiIKEHHS TTOKa3ajy, 10 NMPU OKCUHITPYBaHHI 31
301IBIIEHHSIM TAPLIATBHOTO TUCKY KHCHIO por Big 0,0001 mo 11Ila 3a temmepartypu
asoryBaHHs Tx=950 °C 3a0apBiicHHsS MMOBEPXHi 3pa3KiB TMTAHOBHUX CILIABIB 3MIiHIOETHCS Bij
0y3KOBO-CIpOro 70 cipo-royooro. by3koBo-cipe 3a0apBiieHHsI TOBEPXHI TUTAHOBUX CIUIABIB
3a po2=0,0001...0,01 I1a omocepeaxoBaHO CBITYUTH PO GOPMYBaHHS OKCUHITPUAIB TUTAHY,
a cipo-roiry0oe — OKCH/IIB TUTaHY.

BizyanpHi cnocTepeskeHHsI KOPENOITh 13 pe3yibTaTaMU PEHTTEHIBCHKOTO (ha30BOTO
anamizy. Tak, ppp=0,0001...0,001 [Ila mnpomec yTBOPEHHS OKCHHITPUIIB THTAaHY €
MPEBATIOIYUM Tepe]l OKCUAOYTBOPEHHAM. [Ipo 1e cBiIYUTh MPUCYTHICTh MOBHOTO CIEKTPY
TUQpakIiiHIX MaKCUMyMIB OKCHHITpUIHOI ¢a3su Ha audpaxTorpamax 3a BiICYTHOCTI
peduekciB okcuaHux ¢a3 (puc. 3a, 6). OkpiM IBOTO, MIPUCYTHIN MMUPOKUNA CTIEKTP pedIeKciB
HIDKYOTO HiTpuay tutany Ti,N Ha ¢oHi JiHIH o-THTaHy 31 30UIPIIEHUMH MIKIUTOIIMHHIMHA
BIZICTaHSIMH, 110 CBIAYUTH PO (HOPMYBAHHS NEPEXiTHOTO MIAPY TBEPAOTO PO3YMHY €IEMEHTIB
BTUICHHS B O-T1, AKUH BiTOKPEMIIIOE TTIOKPUTTS BiJl MATPHIL.
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[Tpu 36impmenHi pop A0 0,01 Ila OKCHHITPHIOYTBOPEHHS CHOBUIBHIOETHCS, MPO MIO
CBITUUTH 3MEHILIEHHS IHTEHCHUBHOCTI Ta KIJIBKOCTI IU(PaKUIHHUX MAKCUMYMIB OKCHUHITPUIY
tutany TiNxO;y. B Toil ke uyac IHTEHCHBHICTh OKCHIOYTBOpPEHHs 3pocTae. Ha moBepxHi
TUTAHY 3apOJKYEThCS OKCHIHA (Da3a, Mpo IO CBIMYMTH MOsiBa pe(IeKCiB OKCUIY THTaHY
TiO; (puc. 3s).

31 30umbmeHHsSIM  po; Ao 0,1...1I1Ia okxcumoyTBOopeHHs akTuBi3yeTbca. Ha
nudpakTorpaMax IMPHCYTHS 3HA4YHA KUIbKICTh peduiekciB okcuanoi ¢asum TiO, BHCOKOI
BITHOCHOI 1HTEHCUBHOCTI (pHC. 32, 0). OKpiM LBOTO, CHOCTEPIraloThcs cladki pedrexcu
okcuHITpUIHOI (azu TiN,O| 1 MUPOKKUH CHEKTp JiHI HWXKYOro HiTpuAy TUTaHy TiN
HEBHCOKOI IHTCHCUBHOCTI Ha ()OHI TUTAHOBOI MATPHIIi.
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Pucynok 3. ludpakrorpamu, 3H4Ti 3 MOBEPXHi TEXHIYHO yncTOro TuTany BT1-0
TICIIsI OKCUHITPYBaHHS 3aJI€)KHO BiJ] MAPIialIbHOTO TUCKY KHCHIO:
0,0001 (@), 0,001 (6), 0,01 (6), 0,1 (2), 1 ITa (9) (TA=950 °C, T5 =5 rox, px2 = 10° ITa)

Temneparypa nouarky mMoaudikyBanusi Ty. 31 3HIDKEHHSIM TeMmIepaTrypu MOYaTKy
monudikyBanus Ty, 3rigHO 3 pe3yiabTaTaMH PEHTIeHIBCHKOTO (ha30BOro  aHalizy,
(a30yTBOpPEHHSI Ha TMOBEPXHI TUTAHY 3MIIIYEThCS y OIK OKCHHITPUAOYTBOpEHHS. SIKIIO Ha
mudpakTorpami, 3HATIM 3 MOBEpXHI OKCHHITPOBAHOIO TEXHIYHO uucToro turany BT1-0 npu
Tym = 950 °C y noBepxHeBOMY CIIEKTpi NpHCyTHs ciabointeHcuBHa Jinist (110) okcuay
tutany TiO, (pyruin), To mpu Ty = 650; 750 i 850 °°C pediiekciB okcuanux (a3 He BUSIBIEHO.
3 mudpakrorpam 4iTKO 6auumo, 1m0 pedrekcu OKCHHITPUAHOI (a3u, cPopMoBaHOI MpU
Moaudikysanui HiTpuaHoi miiBku 3a Ty = 650 °C, HalliHTeHCUBHILI.

Pesynbpratu peHTreHiBcbkoro ¢a3zoBOro aHamizy Y3TOMKYIOTBCS 3 pe3ylbTaTaMu
MIKPOPEHTT€HOCIIEKTPAILHOTO aHaji3y MOBEPXHi 3paskKiB. 31 3HMWKEHHAM Ty KOHIICHTpais
KHCHIO Ha MOJM(DIKOBaHIM MOBEPXHI 3MEHIIYETHCS, a a30Ty 30uIblIyeThest (puc. 4). Okpim
uporo, 3a Ty = 950 °C a30T Ha MOBEPXHI BiACYTHIN, a KOHLEHTpAIis KMCHIO BiIIOBigae
OKCHUJY TUTaHY.
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Pucynoxk 4. KoHneHTpaliist KUCHIO Ta a30Ty Ha MOBEPXHI OKCUHITPOBAHHX 3Pa3KiB
TexHiuHO yucToro tutany BT1-0 3amexHo Bif remriepatypu MoaudikyBaHss Ty
(TA=950 °C, 15 = 1 rox, pxz = 10’ Ia, p,=0,001 ITa)

I3oTepMiuHa BUTPUMKA B KHCHEBMiCHOMY cepedOBHINI Ty. 3TiHO 3 pe3yibTaTaMu
PEHTTeHIBCHKOTO (Pa3z0oBOro aHaNi3y 130TepMidHa BUTPUMKA B KHCHEBMICHOMY CEPEIOBUIIIL Ty
3a TeMIleparypw IOYaTKy MoaudiKyBaHHS HE BIUIMBAE€ Ha CTPYKTYypHO-(Pa30BHil cTaH
MOBEPXHEBUX MIApiB TUTaHy. 31 30UIBIICHHAM Ty 10 1,5 ToA. Ha AUQPaKUIMHUX CIEKTpax
CIIOCTEPITaeThCsl MEpPepo3MOAiT MAaKCUMyMIB IHTEHCHUBHOCTI OKCHHITpUAHOI ¢a3u, 1o €
CBIIUEHHSIM 3MIiHM CKJIaAy OKCHHITpuAy (3amina N Ha O y HeMeraneBild miarparii) B
HANpSIMKy 30UIbIIEHHS KHCHEBOI KOMIIOHEHTH. llepepo3mojin MakcHMMyMiB 1HTE€HCHBHOCTI
HiTpuay Ti;N miarBeppKye HiBemOBaHHS TeKCTypH y HanpsAMKY (002) 31 301IbIICHHAM Ty.

OTxe, 31 301IbIIEHHSM MTApaMETPiB MPOLECY a30TyBaHHS MPU OKCUHITPYBAHHI TEXHIYHO
yrcroro Tutany BT1-0 ¢a3oyrBopeHHst Ha HOro MOBEpPXHI 3MILIYETHCS BiJl OKCHI0YTBOPEHHS
JI0 OKCHHITPUAOYTBOPEHHS, a 31 301IbIICHHSIM MapaMeTpiB mpolecy MoaudiKyBaHHS HITPULY
TUTAaHy KHCHEM HaBIIaKH — Bl OKCUHITPUIOYTBOPEHHS IO OKCUIOYTBOPEHHS (pHC. 5).

Ta Ta,
A, TA; PN2 >
= |2 = =
z 35 z o
|
Poz, Tm, ™™

Pucynok 5. 3MiHa cTpyKTYpHO-()a30BOT0 CTaHy IOBEPXHEBHX LIAPIB TUTAHY
3aJIe)KHO BiJ IMapaMeTpiB OKCHHITPYBaHHS

Cnucox BUKOPHUCTaHOI JliTepaTypu
IBukkep, Y. Tutan u ero cmwiassl [Teker] / Y. [Bukkep. - M.: Mertamutyprus, 1979. — 512 c.

2. Lutjering Gerd. Titanium / Gerd Lutjering, James C. Williams. - Springer-Verlag Berlin Heidelberg, 2007. —
P. 442.

3. X-ray diffraction measurements of plasma-nitrided Ti-6Al-4V / S.L.R. da Silva, L.O. Kerber, L. Amaral,
C.A. dos Santos // Surface and Coatings Technology. — 1999. — Vol. 116-119. — P. 342-346.

4. Abdolldhi Z. Investigation of titanium oxide layer in thermal-electrochemical anodizing of Ti6Al4V alloy /
Z. Abdolldhi, A. A. Ziace M., and A. Afshar // Proceedings of world academy of science, engineering and
technology. — 2008. — Vol. 34. —P. 523-526.

5. ®enipko, B.M. AsoryBanHs TuTaHy Ta Horo cruiaBiB [Tekct] / B.M. ®enipko, I.M. Ilorpemok. — K.:
HaykoBa nymka, 1995. —221 c.

6. Enhanced sputtering of titanium oxide, nitride and oxynitride thin films by the reactive gas pulsing
technique / N. Martin, R. Sanjines, J. Takadoum, F. Levy // Surface and Coatings Technology. - 2001. —
Vol. 142—-144. - P. 615-620.

—_

39



BICHUK TEPHOIMIJIbCbKOIO HALIOHAJIBHOIO TEXHIYHOIO YHIBEPCUTETY. Ne1 (65) 2012

7.

40

Structural, optical and mechanical properties of coloured TiNyO, thin films / F. Vaz, P. Cerqueira, L.
Rebouta, S.M.C. Nascimento, E. Alves, Ph. Goudeau, J.P. Riviere, K. Pischow and J. de Rijk // Thin Solid
Films. — 2004. — Vol. 447-448. — P. 449-454.

Oxidation of vanadium nitride and titanium nitride coatings / A. Glaser, S. Surnev, F.P. Netzer, N. Fateh,
G.A. Fontalvo, C. Mitterer // Surface Science. - 2007. - Vol. 601. - P. 1153-1159.

Ompumano 21.11.2011



