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Uccneposanue GUIHYSCKHX CBOIHCTE HAHOAHCMEPCHOTO THAPOKCHAATHTA

HccnenoBakb GpusHueckue CBONCTBA HAHOMMCTIEPCHOTO NOPOUIKA FHAPOKCHANaTHTA, B pesyiabraTe npose-
AEHHBIX HCCNENOBAHHIA MOMYUEHbi PARHOMEPHO TIOPHCTBIE IO 00bEMY KepaMHueckHe MaTepuassl, [Tposemesbl
UCCEOBAHHA HCTIOAB30BABLIMXCA MATEPKANIOR W MOMYYEHHbIX KEPaMUYECKUX oOpa3LoB CAeOyIOMHMH CI0CO-
6aMu: peRTTeHo(asoBLIi aHamu3, TPOCBEUHARIONAR H CKAHAPYIOILAR MHKPOCKOIHA, WIMEPEHHA NOPHCTOCTH,
TAIOKE MIPOBENCHE! HCCHICTOBAHHS 10 M3MEPEHMIO KO PHIIMEHTa razonpPOHHIAeMOCTH,

A.V. Nomoev, D. Zh. Bazarova, M. D. Buyantuev

Research physical properties of nanodisperse hydroxyapatit

Physical properties of hydroxyapatit nanopowder are investigated. As a resuit of the carried out researches
ceramic materials are received in regular intervals porous on volume. Complex physical and chemical researches
of used materials and the received ceramic samples are carried out by the following ways: the X-rays phase
analysis, appearing through and scanning microscopy, measurements of porosity, also are carried out researches
on measurement of factor of gas permeability. ’

B nannoii pabore ucnonb3opanca HaHo-
JMCTIEPCHBI  IOPOWIOK  THAPOKCHANATHTA
(TATD, wnMeronmit XuMmudeckyo (opMyny
Ca(PO4)s(OH),. Botno npopepeHo, AeHCTBH-
TeabHo au nopowtok I'AIl HaHopasmepHbIi,
fns sroro Oweuta caenana dororpadus 3nex-
TPOHHOIO MHKPOCKONA, KAK MOXHO BHASTH,
MOPOUIOK ASHCTBUTENLHO HAHOAMCREPCHEL W
ero YacTUibl UMEHKT PasfiHYHYI0 KPHCTAMNO-
BHAHYIO dopmy (pHc. 1).

Co3nanve MpOUHBIX 3arOTOBOK AJIS NOCHE-
AYIOILETO CNEeKaHnA npefcTaBiieT coboil xo-
BOJILHO CJIOXKHYIO NpobAeMy B ciyyae HaHo-
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Puc. 1. ®otorpapua nopomika FUAPOKCHANATHTA
C NPOCREYRBAKIKER0 EKTPOHHOTO MUKPOCKOTIA.

AHCTIEPCHBIX MOPOIIKOB., DTO BBI3BAHO TEM, o
YTO BCNEACTBUE NOKANM3ALMH AedopMaliii B

fipeccyeMoM Matepuale (popMHPYETCS CTPYK- %

Typa, COCTOSHIAA M3 BBICOKOIUIOTHOTO H BHI- 48
COKONPOYHOTO «Kapkaca», BOCHPUHUMAOLIE-

TO NPAKTHYECKH BCIO BArpy3ky, M 3aK/IOYeH- 2T

HOrO BHYTPH Y€K TAKOTO «KapKaca» U3 He- 16 }

YTIUTOTHEHHOTO BBICOXOTIOPHCTOIO MaTepHana.
HononHurenbHoe YANOTHERME OLIIO BbLI3BAHO
cTynenuaro#t Harpysxoi (puc. 2}, Tak Kax ipu
CHATUM HArPY3KH apku, KoTopeie ofpasoBa-
AUCH B pPe3yNIbTATE fIPECCOBAHUA, MOIYT OHITH
paspytueHsl PH YACTHYHOM BOCCTAHOBICHUM
TIOPOWIKa B pe3y/ibTaTe Heynpyroi asdopma-
LIMH.

Tocie npeccopanus Al 6611 noaBeprHyT
npoueccy cnekauma. Obpaszen Gbin crieyueH no
cxeme H30OpakeHHOH Ha pHc. 3.

6 2 3 5 & 6 9 10 btme min
Puc. 2. CeMa npeccoBanus.

Tako#i pexum Temnepatypsl oBycnosieH
cagaytolmmM; pugepxxa npu 800eC Heobxo-
OMMOCTBLIO YIaNUTh W3 oOpa3la OCTaTKK Bia-
rn, Buibop t = 800eC npousBeaeH B coOTBET-
CTBHH C JaHHBIMH NPOHIBOAWTENS O NOPOLIKE.
Betaepixka ripu t = 11006C npencrasnena sa-
payed cAenaTh KEpaMHKy Kak MOxcHo Oonee
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npounoil. Hago sbiaenuts, uto obpasel nony-
ypiacs ¢ ronyOoBaTbiM OTTEHKOM, Haubonee
NPOYHbIM H ¢ MAaKCHManhHOH ycaakoH. Hanee
ObIIO CAEAHO TPEANONOKEHHE, YTO IpH
remMnepatype cpbitte 1400°C 6yaner Gonbas
ycajika M fpo4HOCTH. boin caenan obpasey ¢
TeMnepaTypot crekanus 1500°C, ofpasen
NOAYYHUNCHE TEMHO-CHHETO UBETA W OHUEHL
xpynkum. HecmoTps Ha oTAvYHe B LBETE
peHTreHOda30BEIil aHAAU3 MOKA3aNd, Y10 3TO
NO-MpeKHEMY MMAPOKCOANATHT.

™
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Puc. 3. Cxema TeMAEPATYPHOTO PEXHMA CIEKANHA
obpazia ¢ HalMeHbHIeH TOPUHCTOCTRIO.

Jina nonyyerng Gonee nopucTeix obpasuos
NIPUMERSAOCH [IBA METOA2 WX [ONy4YeHus:
nepBbiil Meron — obpaszell He BBIACPKMBAETCH
B MMEYH SO MaKCUManeHolH ycaaku (obpasent 1).
2rot Metoa Obin npexnoxen Bysakosoit C.IL
E1o Ob110 YCTAHOBACHO, HTO OCHOBHASA YCajlka
00pa3luoB NPOMCXOAUT HA CTaAUMU HAarpesa, TO
€CTh NMNOTHOCTh KEPAMHKH TIPYU BBLACPIKKE 7
4acoOB NO3BONUNA YBEAHYNThL TUIOTHOCTH Ke-
pamHkn He Gonee uem Ha 5-7%. Bropoil me-
TOM — 3TO METOA, B KOTOPOM B COCTaB Chpec-
coBaHHOTO 00pasLa BXOAUT HHOPOAHOC Belle-
cTBO  (paciUIaBNCHHHIH  MOJWBMHUAQOBBIN
CTMPT), MCMAPAIOLIEEca NpH cnekaHuu (obpa-
e 2). brno npeanoxeHo 3aneys ofpasey no
cXeMe, yKasaHHO# Ha puc. 4.

Takoil pexxHM TeMnepatypsl OOYCHIOBACH:

BBIIEPKKA NPH 800'C HeoGXOMMMOCTHIO yha-
auTH K3 obpasila ocTaTky BAar, sHdOp t =

800" C IPOH3BEAEH B COOTBETCTBHH C JaHHSEI-
MH TIPOH3BOAMTENA O Nopoluke, Beiaepxkka na
MaKCUMaNnbHOM 3HAYEHUH OTCYTCTBYET.

[Monyvusinascs CTpyKTYpa WMEET BBICOKO-
MOPUCTYIO CTPYKTYPY ¢ PABHOMEPHOH no obs-
eMy MOPHCTOCTbIO. OZHAKO CYLIECTBYIOT AC-
dektri. Cpoitersa Obpa3ua 2 3ameTHO OT/IM-
4alOTCA OT MePBOTO.

M3mepenus 2azonponuyaemocmu. Ixcne-
pHMEHTanBHOe onpeaenekne KoddduumeHTa
razonpoHuLAemMocTH Kr mpoBoaunoch no Me-
TOAWKE, IpeAnoxKeHHoH b [8, 9).

YeTpolictso Ang NpoBEAeHHS OMBITOB MNO-
Ka3aHO Ha pUC. 5. KOHCTPYKTHBHO OHO Bbi-
MOAHEHO CAEAYOWUM 06pa3oM: BaKyyMHas
NOJOCTh, NONOCTE MoJauy aTMochepl, po-
CIIOMKA W3 BAKYYMHOMH pe3MHBl ans repMerH-
3aLlHY 3a30pa 1 KpeTuteHns obpasua.

OnbiTel npoBoauIKes No Bapuanty 11 [2],
KoTaa NojocThk ¢ Aaenendem Pl coenunrsanace
¢ atMochepoll, 8 B HAKOMUTEALHOH NOAOCTH
ofpemoM V gaBnenMe nepeoHauasnbHO ObLIO
pasHo P2 = 0,3 bap. Yepes wryuep B BXOAHOHN
KPBILWKE W3 OBOWX MONoCTel OTKaYMBasIcH
BO3AYX A0 paspexkenna P = 0,3 Gap. [ocne
3aNYyCKA U3MEPUTENBHOrO KOMMNEKCa Pe3Ko
OTKpbiBancA A0CTYN armocdepHoro Bo3ayxa B
nonoeTs Pl (¢ wrynepa cpbiBanca WaHr oT
BAKYYMHOIO Hacoca), BO3AYX Yepe3 LUTYHEp
nocrynan 8 noaocts Pl, nanee yepes nccne-
OYEMBIH MOPUCTHIH Y4acTOK Hacalkd B HAKO-
MHTEALHYIO TIOROCTL P2 obbemom V.
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Puc. 4. CxeMa TeMIiepaTypHOro pesnma CEKAHHA
[OpHCTHIX 06pa3LoB

Pre. 5, YoraHoBka IR U3MEpEHHA razo-
NPOHWLAEMOCTH; | —~ BaKYYMHaA NOAOCTL; 2 —
BaKyyMHad pe3HHa ¢ oTBepctHeMm; 3 — o0pa-
3el; 4 — NoN0CTL NoAAUH aTMOCEphl

Bpems napactauns JaBieHWA ! B HAKOMH-
TeAbHOM mojocTH A0 atMmocdepHoro P2 = i
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Gap vnu U3MeHeHHe niepenaia fasnenns A Pro

W6 = p1-P2no BpeMcuy OyAeT 3aBUCETH OT rasc-

nMpoHuLaeMocTy obpasna.
JAa yBeAueHHA TOYHOCTH H3MEpEHHA fie-

penaa aaeBneHns APy, uamepanca audpepen-
UHARBHBIM JAaTYHKOM gaBredus. lpuHuutin-
anbHAg CXEM2 ONBITA fOKA3aHA Ha puc. 6,

5

Puc. 6. CxeMa YCTaHOBKM HWIMEPEHHA ra30NPOHULAEMOCTH: | — BAKYYMHAst NONOCTD; 2 — JATHHKH; 3 ~

nacoc; 4 — KAMAK; 5 - OBM; 6 — mecTa saxuM

Memod, pacuem xosgpgruyenma zazonponu-
yaemocmu. 3axod Japcu cea3biBaeT pacxol rasa
My AKHAKOCTH ¢ MOTEpeH HANOpa 1o TOJIUHHE
MaTepHaia MHeHHON 3aBHCHMOCTDBIO NPH MAJIOH
CKOPOCTH [BMXEHUA 4epes NMOPUCThie MarTepua-
Jipl, KOTA2 BEJIHKO BAHAHHE BAZKOCTH Cpeabl.

Gz_p*S*_I_@.*_aﬁ‘ (1)
M Ox

Pacuer xoadduupeHTa ra3oNMpOHULIAEMOCTH
K, npoeoauTcs no dopmyne Jledbensona, noiry-
YeHHOR H3 3akoHA JlapcH MpH YCNOBHU NOCTO-
AHHOTO TPAAMEHTa JABNEHUS MO TOMIIMHE NoO-
pucroro obpasua [1],

dp AP Pl-P2
9 eonst==2T1C 2
g CORETTE T @
%
Ko Vw tt'h 3)
t S*AP

B npuHatodi MeToAMKe S3KCNEpUMEHTa pac-
XOf rasa ofpeaesgeTcs 110 U3BECTHOMY 00BbeMy
HakomMTeAbHO# mosoctH V. B Takom criydae
pacyer ko>bdunuenta razonponnnaemoct Ko
NPoROAHTCA TG POPMYTIE:

Ke=

_Vruth (B +Bu)*(B-B) @

H *S* A (HH] - Pznl) * (PL * Pz;)
rae:

V = 0,00237 M* ~ 06beM HAKONHTENLHOMN NO-
NOCTH;

p = 0,0000182 [la*c — avHaMnueckaa Ba3-
KkocTh Bo3ayxa npu 20 rpan.C, 101.3 «ITa;

S = M’ ~ unowams nonepeuHOro ceveHus o6-
pa3sla, nOpHCTON NOBEPXHOCTH,

h = M - TOMMKHHA NOpHCTOro Marepuyana.

Kosdpuuuenr  razonponniaemoctn K,
UMEIOWMH  pasMeprocTs  NNoMaau, ABIICTCA
CTPYKTYpHOH XapaktepucTHkoit Matepnana (me-
poif NiowWaan NPOXOAHOIo CEUSHUS HOPBI) H He
33BHCUT OT napameTpos rasa [[]. B noaseMHoH
ra3o-HedTAHONW TMAPOIHHAMHKE NPHHATA CMe-
IDaHHAS CHCTEMa e€auHML, TAE KOIDPHUIMESHT
nporHLaeMocT m3Mepaerca Ke B [mapen], caasb
MEXY NPOHHIIAEMOCTBIO B CMEIIAHHON CHCTEME
CH onpepenserca coorHoweHnem: |[aapeu] =
1/0.981 *107® [em ) [10).

Sxcnepusenm, pacwem u obcyocoente pe-
syavmamos. Tapupoexa. JInsd TApHPOBKY B YCTa-
HOBKe (PHC. §) BMECTO BAKYYMHOM pE3HHBI C
oTeepcTHeM  Obin0 mocTaBAtHa | 3ArAYilika
(CTIOWHON KYCOK sakyyMmHOH pesusbs). Hasse-
HME B BaKyyMHOH MOMOCTH W3MEpsIOoch € NO-
MOLULK> BAKYOMETPA ¥ BBOAWNOCH B MPOrpaMmy
Complex, koTopas cormocTag/TIa JHAYCHNA, MO-
MEPEHHEIE NPOrpaMMoii cO 3HAUEHHAMH BaKyo-
metpa. [locne uero 6uu1o NPOBEEHO U3MEPEHHE
BO BpEMCHH JaBNeHus B notocty, JanHoe w3-
MEpEHHE NPUHMMANOCH 34 «HOJIB» B pacuere
xo3ddULMEHTa Ta30NPOHHLACMOCTH, TaK Kax
OHO MpejcTasAgeT coboi CKOPOCTh NaJSHHA
pasHULGI AaBIeHUi B pesyabtaTe Teued 8 00be-
Me V (BaKyyMuas nonocts).

B pesynerate skcnepumenta Oninu nonyve-
HBL TPH 38BHCHMOCTH pa3sHOCTH JaBACHW Ha
o0pasuax B yeTaHOBKe, H300paKeHHOH Ha PHC. 5
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{(puc. 7). B pesyarraTte uero BLIACHUNOCH, YTO
Obpazen 1 uMeeT HaMOOMBUIVIO raz0MPOHULIAC
mocTe. O6paszen 2 nporyckaeT uepes cefs ras
3HauMTenbHo Xyxke. Cambiil mepsblii obpazell,
CHeNaHHbIA AHAIOrMYHBIM 00PA30M, KaK 3TO Ae-
nany HHAMHcKHE yyerwle {1], BooGwe He mpo-
myckaia 4epes cebs BO3AYX, WIH eclii nporyc-
Kan, 70 Ha AaHHOH YCTAHOBKE 3TO MPOBEPUTH
GBUTO HEBOIMOKHO, TAK KAK M3MEPEHHA TIOBTO-
PANH TAPHPOBOUHELE,
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Puc. 7. 3aBncrumocty pasHOCTH narneHMl
Ha obpasuax
Jumepamypa
1. The effect of powder processing on
densification, microstructure and  mechanical
properties of hydroxyapatite.  Nithiyanantham

Thangamani, kandasamy Chinnakali, F.D. Gnanam

2. Mexannka MPOLECCOB NPECCOBAHNUA MOPOILKO-
BBIX H KOMMO3KLMOHHEIX MaTepHanos / B.H AHum-
depos, B.E Ilepensman. — 2001,

3." Nanotechnology in Mechanical Engineering.
S.P.Bardakhanov, Yeungnam University, 2002.

4. Hosue MemGpanst TRUMEM 1 RUSMEM,

OCHOBAHHRIE Ha rudkoii kepamuke. J1. U. Tpycoe.

5. POpMHUPOBAHHE CTPYKTYDbI OPUCTOTO Kepa-
MHYECKOFO  KApKAaca H3  HAHOKPHCTANAWIECKHX
noponikos / C.T1. Byaxosa.

6. DKCTIepUMEHTANbLHOE HECTIEI0BaHHE TI0 CO3/a-
HHIO 3KOJIOMHYECKH YMCTOMN TeXHONOrWH NONYYeHHA
KepaMuKH W3 HaHomHcnepcHbix rnopewxos / C. TL
bapuaxaros, A.B. Kum, B.A. Juenxo, ULJL, Pycra-
MoB, FO.JO. Tanaues, A.H. Hlmaxos.

7. Banaune aHHOHOB MCXoAHBIX coneli (NO5', CL”
. CH;COOH)Y u repMmo oOpaboTki Ha mopdonorimo
riapokcuanaraTa. [lecnekTHssl NPHMEHEHHS B UM-
IaHYaHTax,

8. MeToanueckde pekoMeHAaUNY Mo pazpadoTke
MOKYMEHTOB, PErNaMEHTHPYIOUMX NOPAZOK ORpefe-
JEHHA  FA3ONPOHHUUASMOCTH  YLAEPOR-YTNEpPOIHbIX
KOMNO3HLHOHABIX Matepuanos {(YYKM) / Hodde
E.., Henenaee B.A,, Kag U.P., Ulnanuu A.K., To-
Holerxo AH.

9. Yrounenue T3 Ha nposenenue pabotel “He-
caenoBanue dMepretnyeckolt dbpexTHBHOCTH conna
© ra3joNpoHHLAEMBIM pacTpybOM B 3aBUCHMOCTH OT
cTeéneHH ¢ro razonpoHuuacmoct” / Hogde E.H.,
Kau K.P., Topowenko A.H.

10. Yapuuil K1.A. [ToazeMHan rnaporazoauHaMu-
ka. — M., locynapcreeHoe HayMHO-TeXHHYECKOE H3-
HATeNbCTBO He(TAHON W ropHO-TOMYHBHOH NHTEpa-
Typet, 1963,
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