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PaccMmoTpenbl pesyabTaThl U3YUYEHUS TBEPJOCTU, TPEIMHOCTOMKOCTA U TeMIIe-
paTypHO 3aBUCUMOCTH MUKPOTBEPAOCTH KOMIIO3UTOB HA OCHOBE HAHOIIOPOIIIKOB
ajMasa meToHaruoHHoro cuaTesa (YIA) 1 KapOuaoB TYromIaBKUX METAJLJIOB B
CPaBHEHNU C IIOJIUKPUCTAJIAMY Ha OCHOBE aJIMa3HOTO IIOPOIIKA CTATHYECKOTO
cuHTesa. [lokazano, uro kommosut Y IA—WC umeer Hanboee BBICOKUN 13 pac-
CMOTPEHHBIX MaTEPUAJIOB YPOBEHDb (QUBUKO-MeXaHNYECKUX XapPaKTEPUCTUK.

PosriiaayTo pesysibTaTi BUBYEHHS TBEPAOCTHU, TPIMIIMHOCTIMKOCTY i TeMmeparTy-
PHOI 3aJIE}KHOCTU MiKPOTBEPAOCTY KOMIIOSUTIB Ha OCHOBI HAHOIIOPOIIKIB AiAMa-
HTY AeToHaIiftHol cuHTe3u (Y A) i Kap6iiB TAKKOTOIIKUX METAJIIB ¥ IIOPiBHAH-
Hi 3 mOJiKpucTajaMy HA OCHOBi MiIMAaHTOBOTO IOPOIIKY CTATUYHOI CHUHTE3MU.
IToxazano, 110 kommosut ¥ JA—WC mae HaliGiabII BUCOKUIL 3 POSTJISHYTUX Ma-
TepifAIiB piBeHb (hiBUKO-MeXaHIYHNX XapaKTepPUCTUK.

Results of the study of hardness, crack resistance, and temperature dependence
of microhardness of composites based on diamond nanopowders fabricated un-
der the detonation synthesis (UDD) and carbides of refractory metals in compar-
ison with those of polycrystals synthesized from diamond nanopowder by means
of the static synthesis are considered. As shown, the UDD-WC composite has
the highest level of physical-mechanical properties.

KaroueBsle c1oBa: aIMasHble HAHOKOMIIO3UTHI, TBEPAOCTh, BLICOKAS TEMIEPaTy-
pa, nedopmarus, HHIEHTOP.

(ITonyueno 18 oxmasabps 2010 2.)

1. BBEAEHHUE

IloryueHne HAHOCTPYKTYPHBIX ITOJUKPUCTAJJIOB UJIW KOMIIO3UTOB U3
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aJIMa3HBIX HAHOIIOPOIIKOB KAK AeTOHAIIMOHHOTO, TaK M CTATHUUYECKOI'O
CUHTE3a I03BOJIAET U3TOTOBJATHh HA UX OCHOBE JIESBBUNHBIN MHCTPYMEHT
IJA YKMCTOBOM 00pPabOTKM IMMPOKOTO KJjacca MarepuayioB. IlosTomy
yaydinenue 5(P@EeKTUBHOCTH MPOIlecca CIEKAHUA AJIMa3HBLIX HAHOIIO-
POIIKOB ABJIIETCS aKTyaJbHOM 3aJadeid.

Kax mokasano B [1], mpu cmeKanuy aJIMasHOTO HAHOIIOPOIIIKA IETO-
HaAIlMOHHOTO CcHHTe3a 0e3 mo0aBOoK m 0Oe3 meraszamuu mpu 1 >1200°C
HAuMHAeTCA MHTEHCUBHAA ero Irpa@uTU3aIUsA 34 CUeT B3aMMOIeCTBU
aJIMasa ¢ KMCJIOPOACOAEPKAIINMI COeIUHEHUIMM, KOTOPEIEe HAXOAATCS
B IIOpax HOJUKPUCTAJIIA, U PYHKIIMOHAJBHBIMU I'PYIIIIaMU Ha II0BEPX-
HOCTH aJIMAa3HBIX HAHOUYACTHII. BakyymMHas Jerasaiius JaeT BO3MOMK-
HOCTh IMOBBLICUTEL TeMIepaTypy cruexkauus o 1600°C, ogHaKo maabHe-
IITee MOBLIMIIEHNE TEMIEePATyPhl BEI3EIBaeT rpadpurusanuio. Kpome Toro,
IPU CIEKAHUM AJMAa3HBIX MUKPO- M HAHOIOPOIIKOB He HAO0JII0JaeTcs
CYMMMPOBAHNE BHEIIHEro M KalWJIAPHOIO AABJIEHUI, B pe3yjabTaTe
Yyero nmpy OJMHAKOBBIX ITapaMeTpaxX CIeKaHMHA IIJIOTHOCTHh CII€EYE€HHBIX
HOJUKPHUCTAJJIOB CHIUKAETCA ¢ YMEHbBIIIEHEeM pasMepa CIIeKaeMbIX Ua-
crut, [2]. Beuro mokasamo [3], uTo mobaBieHre K aJIMas3sHOMY HAHOIIO-
POILIKY AEeTOHAIIMOHHOTO CHUHTe3a CYOMHKPOIIOPOIIKAa KapOuaa BOJb-
dpama mau KapObupga BaHAAUSA CIOCOOCTBYET CIEKAHUIO AJIMAa3HOI CO-
CTaBJIAIOINIEN HAHOKOMIIO3UTA IIPU TeMuepaTtypax Boeirie 1600°C.

B macrosdireii pabore mpuBegeHbI Pe3yIbTATHI M3YUEHUS TeMIlepa-
TYPHOM 34BHCHUMOCTH TBEPAOCTH KOMIIO3UTOB Ha OCHOBE AJIMAa3HOIO
HaHomopoInka ¥ /A u KapOuI0B IIepexXoAHbIX METAJJIOB, a TaKKe, I
CpaBHEHNs, IMOJNKPUCTAJIA, CIEYeHHOTO U3 aJIMa3HOro HaHOIOPOIIIKA
CTaTUUYECKOI'0 CUHTEe34a.

2. METOOJUKA UCCJIEJOBAHUA

st cmekaumsa 00pasIioB ObLIM MCIIOJIb30BaAHEL AJIMA3HBIN HAHOIOPOIIIOK
cratuueckoro cumHresa ACMb 0,1/0 ¢ pasmepom uactuim 50-100 mm
npousBogacTBa OnbeiTHOro 3aBoga MCM, a Takike aJIMasHBIN HaHOIOPO-
IITIOK IeTOHAIIMOHHOTO CUHTEe3a — yJbTpanucuepcHsbii aamas (YIA) [4],
IramasoH pasMepoB UYaCTHUIT KOToporo cocrtaBiaser 2—20 um [5]. Hasa
OUYMCTKH OT Pa3JIMYHOIO POjJia IPUMeCceH BbIIOJHEHAa XUMUKO-TEpMUUe-
cKas 00paboTKa IOPOIIKOB.

Breinmosnenune mecopOiuu rasoB, (pU3HUYECKU aACOPOMPOBAHHBIX IIO-
BepxHOCTHIO mopormkoB ACMb5 0,1/0 u YA, ocylecTBASI0CHL TyTeM
TepMooOpaboTKu B BakyyMe mpu Temieparype 500°C go naBiaenus ocra-
TouHBIX ra3oB 107°IIa KOMIAKTOB, CIPECCOBAHHBIX M3 YKA3aHHBIX IIO-
potikoB. B coorBeTcTBUU ¢ [6] TpU TaKo# TeMIlepaType ¢ ITOBEePXHOCTH
HAHOMCIIEPCHBIX aJIMAa3HBIX IIOPOIITKOB IIPAKTUYECKU IIOJHOCTBIO yIa-
JaTed usnuecKu agcopouposanunie Boga u CO,,.

IKCIIepUMEHThI ITPU BBICOKOM MaBJIEHWM ObLIM BBIMOJHEHBI B ABJI
THUIIa «TOPOUI» C AUAMETPOM IleHTpajabHoro yrayomenus 20 mm [7].
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T'epmeTusanus pabouero ooema ABJI ocyIiecTBasIach MEXaHUYECKHU.

ITocyie cuekaHusa mosydeHHbIe 00Pa3Ibl OBLIN XUMHUUYECKH OUUIIEHbI
OT OCTAaTKOB MaTepuaJja KoHTelHepa. [Jid MOATOTOBKY ITOBEPXHOCTEH K
n3MepeHnAM IIPOou3BeJeHa MeXaHnuecKas oopaboTka oopasioB. MeTo-
IOM T'HAPOCTATHYECKOrO B3BEIIMBAHWUS B BOJe OIpeAesieHa MX ILIOT-
HOCTL [8]. IloBepuTenbHBLINI MHTEPBaJ ONpeJeeHUsd IIJIOTHOCTU HPHU
Hage:xuocTH 0,95 cocrasnan 0,01 r/cm®.

TeMmmepaTypHyi0 3aBUCHMOCTL MUKPOTBEPAOCTH M3TOTOBJIEHHBIX
KOMIIO3UTOB OIIPEeANN ¢ moMoIbio ycranoBku BUT-2 [9]. B paboueit
KaMepe YCTAaHOBKH pasMellleHbl HarpeBaTeJbHOEe YCTPOMCTBO ¢ pydarr-
KOIl OXJIasKIeHUsA, y3eJ IepeMellennsa obpasiia ¢ MPUBOAOM U PhIUAK-
HOe YCTPOMCTBO C MHAEHTOPOM, I'PY30M, KOHTAKTHBIM YCTPOMCTBOM.
JlaBjieHe OCTATOUYHBIX Ta30B B BaKYyMHOM KaMepe He TIPEeBBIIIAJO
2,6-107% ITa. Harpe o6pasia u WHIEHTOPA — DPaAWAIlMOHHBIH, yIpPaB-
JIeHMe TeMIIePATypPOll OCYIIEeCTBJISAJI0Ch IIPOrPAMMHEBIM PEryJIATOPOM
remuepatypbl PTII-S8M, obecreunBaoiuM guanas3os remoepatyp 100—
1600°C c Tounoctbio £0,5°C. IaMepeHmne TeMIIepPaTypPhl OCYIIECTBIIAIN C
IIOMOIIIbI0 BOJb(paM-peHueBoii Tepmomnapsl BP-5/20. Ilpu durcupo-
BaHHOU TeMIlepaType HHAeHTOpPOM BuKKepca mpu Harpyske 5 H ma 006-
paselr HAHOCHUJIU II0 TPHU OTIIeYaTKa. PasMep AuaroHaJ Iy OTIIEYATKOB II0-
cJie U3BJICUEeHU 00pasiia u3 KaMephbl U3MePsJIN C IOMOIIBI0 OITHYECKO-
ro mukpockomna «Heogors. BeanunHy TBepAOCTH BLIUUCIAJUA KaK OT-
HOIII€HME HaArpysKH K ILJIOIIaAN IIOBEPXHOCTH IIOJYYEHHOI'O IIMpaMMH-
IaJILHOT'O OoTIedaTKa. J[oBepUTEeNIbHBIN NHTEPBAJI OIPeaeIeHU TBePIO-
ctu ipu HagexxuHocTu 0,95 He ipessima 6 I'lla.

TpelnHOCTORKOCTS oIpeAeasaan mo IlarmMxBueTy npu Harpyske 50 H
[10].

3. PESYJIBTATDBI 1 OBCYRIEHUE

B rabauie 1 mpemcTaByieHBI YCIOBUA MOJNYyUYEeHUA IIOJUKPUCTAJIOB U
KOMIIO3UTOB Ha OCHOBE aJIMasHBLIX HAHOIIOPOIIIKOB CTATHYECKOTO U Je-
TOHAIITMOHHOT'O CHMHTE3a: COCTAB CMECH IJd CIeKaHud, MCIIOJIb30BaHUe
(+) unu orcyTcTBUE (—) BAKYYMHOH Jerasamuu, mapamMeTphl CIeKaHUA B
AB]l (remmeparypa T, U IPOJOIKUTEILHOCTL f), a TaKyKe (QPUIUKO-
MeXaHNUYecKle CBOIMCTBA IIOJYUEHHBIX 00pasioB — TBepAaocTs HVH
(marpyska na uagesTop 50 H), muxkporsepgocts H, (Harpyska Ha WH-
mentop 5 H), TpemuuocToiikocTh K., ompeaeeHHbIe TPU KOMHATHOM
TeMIepaType.

Kax BugHO 13 IpuBeJeHHBIX JaHHBLIX, CAMBIN BBICOKUH YPOBEHb (DU-
3UKO-MeXaHUYECKNX CBOMCTB JOCTUTAETCS IIPU MCIOJIb30BAHUM B Kaue-
cTBe mobaBku K YA cyOMHUKPOHHOTIO IIOPOIINKAa KapOuaa Boiabhpama,
IIPYU 5TOM U II0 MUKPOTBEPAOCTH, U IO TPEITNHOCTONKOCTH IIOJyUeHHbIe
KOMIIO3UTHI ITPEBLIMIAIOT Jaske MOJUKPUCTAJILI HAa OCHOBE aJIMa3HOTO
HAHOIIOPOIITKA cTaTUYecKoro cuHresa. HecMoTpsa Ha To, UTO IO Xapak-
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TABJINAIIA 1. YciaoBus noaydyeHuss 1 GU3NKO-MeXaHNUYeCKHe CBOCTBA MOJIU-
KPHCTAJLJIOB M KOMIIO3UTOB, CII€UEHHBIX M3 A IMAa3HLIX HAHOIIOPOIIIKOB.

Cocras cmecu [lapameTpe
Ne BaxyymHasa CHeKaHuda | HV5, H, K.,
006.| arMasHbIH merasamnus TTla I'lla | MIIa-m/?
nobaBKU T..,°Clt,c
IIOPOIIIOK
ACM5
1 0,1/0 - 1500 20 20,5 21,7 2,3-3,0
2 VIA WwC + 1500 20 26,1 32,7 6,5
3 VIA WC, Co + 1500 20 18,6 24,6 He OIIp.
4 VIA VC + 1450 15 20,0 25,4 4,4
H.Ma
N
35
30
9]
25} 5
20}
151 4
10} 1
1 'l 1 SA

0 100 200 300 400 S00 BOOT °C

Puc. 1. 3aBucuMOCTh MUKPOTBEPLOCTH IOJUKPUCTAJIIOB 1 KOMIIO3UTOB HA OC-
HOBe aJIMa3HbIX HAHOMOPOIIKOB OT TeMIlepaTyphl (udpamMu yKasaHbBI HOMepa
00pas1oB B Taba. 1).

Tepy YIJIOTHEeHUA KOMIIO3UTa Jo0aBKa IIOPOIIKA KapOuaa BaHAAUA aHa-
JoruuHa npob6aBKe Kapbuma BoJsbdpama [3], ypoBeHb TOCTUTHYTBIX
cBoiicTB KommoauTta ¥ IJJA—VC Heckombko HUKe ueM Y JA-WC. B otiu-
yue oT HaHoKommo3uTa Ha ocHoBe ACM5 0,1/0 u xob6asbra [12], mobaB-
kKa Co B cmecsr YIIA-WC cyliecTBEHHO CHUKAeT He TOJBKO ILJIOTHOCTD
[3], HO 1 BeIMUYMHBI TBEPAOCTH ¥ MUKPOTBEPAOCTH II0JYISHHOT'0 KOMIIO-
31Ta KaK IPM KOMHATHOM TeMepaTtype (cMm. Tadia. 1), Tak u Ipu Harpese
(puc. 1). IIpruem oco6eHHO pe3Koe CHUKeHIe Ha0/IogaeTcsa IPU TeMIIe-
patype 600°C.

TemiepaTypHas 3aBUCHUMOCTh TBEPAOCTH aJiMasa OIIpelesisieTcsa Me-
XaHU3MOM €ro TeUeHHUs MOJ AefiCTBMeM BBICOKOTO JIOKAJIbHOrO HAIPS-
JKeHUs, co3JaBaeMoro mHiaeHTopom. HecmMoTps Ha TO, UTO ajiMas SIBJISA-
eTCsl CaMbIM TBEPABLIM M OUEHb XPYIKUM BeI[eCTBOM, CUMTAETCH, UTO
obpasoBaHMe OTIIeYaTKa 10 HHISHTOPOM IIPpX KOMHATHOI TeMIlepaType
IIPOMCXOMUT 3a CUET ero IactTudeckoi medopmariuu [13]. ABTOpEHI pa-
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Puc. 2. TemneparypHas 3aBUCHMOCTh MUKDPOTBEDPJOCTU IPUPOJHOTO ajMasa
(rpans (001)) B koopaurarax InH,—1/T (sKcnepuMeHTaIbHbIE 3HAUEHUA B3dA-
ThI 13 paborsl [14]).

00ThI [14] Ha MOYyUYEeHHON UMY 3aBUCUMOCTY MUKDOTBEPAOCTH ajiMasa
OT TeMIepaTyphl BBIAEJIIOT JBA YUaCTKa: JUHEMHYI0 3aBUCUMOCTh IIPU
HUBKUX TEMIIEPATYPAaX U SKCIIOHEHIINAJIBHYI0 — ITPU BEICOKUX.

Onmako ecnu mpejcTaBUTh yKasaHHYI0 3aBucumocTb H (T) B Koop-
sunatax InH —1/T, rne T — Temneparypa B K (puc. 2), To MOXHO
YTBEPKIATh, UYTO dTa 3aBUCUMOCTH XapaKTepU3yeTcA TPeMs ydacTKa-
MU, KOTODBIE OMUCHIBAIOTCA 9KCIIOHEHITUATbHOMN HYHKITUEH

E
Hy = H, exp| —= |,
KT o OXP| B

rae H, — KoHcTaHTa; R — yHuUBepcaJabHadA ra3oBasd IIOCTOSHHAS.

OTMeueHHBIE YUACTKHU Pa3jndaioTcsa sHepruein aktuBanuu E, (Tabu.
2), 1, COOTBETCTBEHHO, XOJ KPHUBON HA Ka'KIOM M3 HUX OIIPEIesIsaeTcCs
PasIMYHBEIM MEeXaHU3MOM TeUeHUus ajaMasa o nHaeHTopom. Ha yuact-
Ke III MmexaHM3M TeueHHUS ajIMasa o UHACHTOPOM AOCTATOUYHO M3yUeH
U B COOTBETCTBUU ¢ paboToii [14] cBaA3aH ¢ AUCIOKAIMOHHBIM MeXaHU3-
MOM ILIACTHUUYECKOIl medpopMaliuu, rae ABUKEHNe UCIOKAIUI paccMaT-
pUBaeTCsa KaK pe3yJbTaT TepMUYeCKU aKTUBUDPYEeMOTO o0pasoBaHUA U
mepeMeIleHus IBOUWHBIX IIeperuboB C ydYeTOoM IIPAMBIX M O0paTHBIX
CKAYKOB AUCJIOKAIUi. B To jKe BpeMaA MeXaHu3M TeueHU s Ha yyacTKax I
u Il Hy:®1aeTcs B yTOUHEHUU.

Ecau mpencTaBuUTh TEeMIIEPATYPHYIO 3aBUCHUMOCTb MUKPOTBEPAOCTHU
MOJUKPUCTATIINUECKUX MAaTepPHAaJIOB, ITOKAa3aHHYI0 Ha puc. 1, B Koop-
nunHatax InH,—1/T (puc. 3), TO MOXXHO 3aMeTUTh, UTO 11O HAKJIOHY JIH-
HUli, T.e. IO BeJIMUNHEe 9HEePrUU aKTUBAIIUU, OHU OJMBKU K 3aBUCUMO-
ctam Ha yuactkax I u II giia mpupoaHoro ajamasa.

9TO 03HAYAET, UTO TeMIEPaTypHO3aBUCUMbBIE COCTABJSIONINE MeXa-
HU3Ma TeUueHUs HOoJ WHAEHTOPOM B MOHOKPUCTAJIJIe ajMas3a U B IOJIU-
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TABJINIIA 2. SHeprusa aKkTUBAIINH, XapaKTEPU3UPYIOIAA MeXaHN3M TeUeHU
ajMasa o MHAEeHTOPOM (Ha OCHOBE 3aBUCHUMOCTH, IIOJyUeHHOI B pabore [14]).

TemmnepaTypHEIit yIacTok Huanason remuneparyp, K| E,, kl:x/(moas-K)

(puc. 2)
I 77-610 0,2940,02
IT 610-1310 11,6+0,9
III1 1310-2000 59+5
In h’ll
50} I
450 n ND
40}
35} ‘/"JJ_‘J/”I
30t 2
25| i
2,0} 3 (m, K"10°

0% 10 15 20 25 30 35

Puc. 3. TemmeparypHasa 3aBUCUMOCTh MUKPOTBEPJOCTA MOHOKDUCTAJIA IIPHU-
poauoro anmasa (ND) 1 MOJUKPUCTALINIECKUX aJIMa3HbIX MaTePUaioB B KO-
opaunarax InH —1/T (uudpamu yrkasaunbl HoMepa 00pasmos B Tad. 1).

KPHUCTALINYECKNX MATEpHaJaX Ha OCHOBE AJMAa3HBIX HAHOIIOPOIIKOB
KaK JeTOHAI[MOHHOI'0, TAK M CTATUYECKOI'0 CUHTE3a, II0 KpaliHeil Mmepe, B
uaTepBase 290-610K cymiecTBeHHO He OTIMYalOTCa. Pasanmums
HaOJI0Mat0TCsI B abOCOJIOTHBIX 3HAUEHUMSAX MUKpOTBepaoctu. Iake c
yBeJIMUeHNeM TeMIlepaTyphl pasHNUIla B 3HaUeHuAX H, 1Ja ucciaefoBaH-
HBIX 00pasIioB, 3a MCKJIOUeHMeM obpasia 3, He yMeHbIaerca. Temie-
paTypHO-HE3aBUCUMBIMU (PaKTOPaMM, KOTOPBIE BJIMSAIOT Ha oOpasoBa-
HUe OTIIeYaTKa 0] NHAEHTOPOM, SIBJISIOTCS CTEIIeHb YIIJIOTHEHUS B II0-
JMKPUCTAJLJIE M YPOBEHL CBA3M MEMKAY CIeUeHHBIMH dacTuiamu. Ilo
STUM IIOKA3aTeJsAM JYUYIINM M3 HNCCJIESOBAHHBIX B HACTOAIIEH padore
MaTepuaJoB aBiadeTcAa Kommo3ut Y [A-WC.

Peskoe magmenue TBepmocTu ajsa oopasiia 3 Ha yuacTike Il cBumerenn-
CTBYeT, OYE€BHUIHO, O TOM, UTO B3aMMOJEHCTBHE AJIMA3HOM COCTABJISIO-
mreit ¢ kobasbroMm B KoMmmoaure ¥ [JA—WC—Co npu 600°C u BbvIlIe mpu-
BOJUT K HEOOPATHMOI Aerpagamuy MaTepuaa.

4. BbIBO/1bI

1. CaMbIil BBICOKUH YPOBEHD (PU3UKO-MeXaHNUYECKUX CBOMCTB MCCIELO0-
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BaHHBLIX KOMIIO3UTOB Ha ocHOBe ¥ [IA mocTuraercs Ipu UCIOJIb30BAHUNT
B KauecTBe HobaBku K YA cyOMMKPOHHOTO HOPOIITKa KapOuaa BOJL-
¢dpama. I[Io MUKPOTBEPAOCTH M IIO0 TPEIIUHOCTONKOCTH IIOJYUYEHHBIE
KOMITO3UTHI ITPEBLIMIAIOT APYTrHe KOMIIOBUTHI Ha ocHoBe YI[A u mosm-
KPHUCTAJJILI HA OCHOBE aJIMa3HOT'0 HAHOMOPOIITKA CTATUYECKOTO CUHTEe3a
ACM50,1/0.

2. TeMmepaTypHO-3aBUCUMEBIE COCTABJIAIOIINE TeUSHU I IO NHIEHTOPOM
B MOHOKDUCTAJIJE ajiMas3a M B MOJUKPUCTAIINYECKUX MaTepraiax Ha
OCHOBe aJIMAa3HBbIX HAHOIIOPOIIKOB KaK JeTOHAIIMOHHOIO, TAK M CTATH-
yecKoro cuaTesa B nHTepBajie 290—610 K cyijecTBeHHO He OTINYAIOTCA.
3. HobaBka Co B cmech YA—-WC cyIiecTBEeHHO CHUKAET BEJIUYNHBI
TBEPAOCTH M MUKPOTBEPLOCTH MOJYUYEHHOTO KOMIIOBUTA KaK IIPU KOM-
HaATHOU TeMIlepaType, TaK U IIpu HarpeBe. BaammopelicTBue aiMasHOU
cocrasygionieit ¢ kobaabrom B Komnosdure ¥ JA-WC—-Co npu 600°C u
BBIIIIE IPUBOAUT K HEOOPATHMOM Jerpafalliy MaTepuaa.
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