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ie­
30JIb -rEJih CIIHTE3 KEPAMIIKII HA OCHOBE <l>OC<I>ATA KAJIbIJ,ll51 ) B, 

MH 
© H.H .XIIM II ~I , H.)J..3 JIJIep , E.H.XUMuq, ,lJ,.M.)J.aHlIJIOBUq, 

~e­

E.B.r OJIIIKOBa 

rOB I1HCTliTy T XI1M YlI1 CYlnl1KaTOB 11M . I1 .B .r p c 6 c HlI U1KOBa PAH , Caaxr- Il erepfiypr 
)OC CaHK1'- Ilerepfiyprcxa ii rocyziapcrsenusni 1'CXHOn0rl14CCKYlH HHCT J.11y 1' 

'OB, 
OocTynl1JIO B PeJlaKUl110 19 OKT5I6p51 2009 r . ')].0­

f!cC7e()06GHa 603MO.J/cH ocmb cuumesa sone-eene u emooou pnoa 06p G3l106 mpuxam.uuiupoctbama. 113Y'le­
no enusnue oucnepcuocmu nOflY'leHlIOZO uamepuana ua cP1l3uKo-MeXaHU'IeCKUe xapaxmepucmuxu cneueu­

HOU U3 nezo «epauuxu. 

!Holt Paspafiorxa H CHHTC3 HOBblX Ma1'CpYlanOB .uJUI 3aMCHbl 
C. 

nospexctenm.rx HnH O1'CyTCT By IOW.Y1X rppar-aetrros 
OK06 

csenera, nanpannennoii pereuepaun a KOCTIIOH 1'Ka HI1, 

aTam e li3r 01'OBn CImc M aTp HU .un51 TKaHeBOH HH)!{CHC­
op. II 

pitH lI Bn 5l101'C5I Knl0 4CBbl M H Ha n p a Bn CHH5IM H COBpC­
.\0. 

MeHHor o 6 HOMC.uHUHHCKo r o MaTc p HanOBc.uCHH5I [1] .13.N!! no Mep e n 0 5lBn e HH5I MaTcpHanoB C ynY4wcHHblMH 

6HOXHMli4 CCKHMH Ii 6Y10MCXaHH4ccKHMYI CBOI1CTl3aMIi op. II 
ilonH HCKy CC1'BCHHbl X 3aMCCTH1'CnCI1 KOC1'HOH TKaHYI natanu» 
pblHKe opronennvecsnx YI 4emOCTHO-nI1UCBbIX I1M­

,uOKJl. 
n:TaHTa1'OB 6y.uC1' HCy KJ10 HH O Yl3en H4I1BaTbC5I. OCHOB­18-22 
Ha" npofineva Cl1HTC3HPYCMbI X cr pyxr yp 3aKJ1104aCTC5I 

BHeo6x o.uHMOCTI1 CO' ICTaHI151 HX 6 110COBMCC1'l1MOCTl1 C II op. 
i\OCTH)I(CII He M onpenenea uu x npOl lHOC1'Hbl X xapaxre­»rrpa­

16 c. pHCTllK, rpefiyeusrx .un51 yc neuraoro cPyHKUHo HHpOBa­

HHH KOC1'HblX MaTepHanOB B ycnosnax pean suu x MC­CHJl H­

CCCP, xaHH4eCKHX uarpysox. P a3JIH4 a lOT .uBa OCHOBHbIX nozi­
xona K KOHCTp y HpoBaH I110 Ta KHX HMnJIaHTaTOB. Il ep­

)8 ne­ BblH IlKJ110 tJaeT CHHTC3 6 HOHHCpTllbiX XHMH4eCKl1 

a pen. CTOHKI1X Ke paMl1tJe CKHX MaTCp HaJ1 0 B na OCHOBC OKCH­

. 75 c. nOB SiOz, Zr02, A 120 3, Ti0 2, npaKTH 4 CCKH He cnocofi­
al and HblX K IfIITc r paUHH C )!{I1BOI1 T Ka HblO opratr m v a [2 , 3]. 

a. Phil- BTOpOH OCHOBaH aa 6 bTCTp OH 6 Ho .uer p a.uaUHl1 Ma1'e­

pHaqa 11 3aM CHe ero KOCTH OI1 TKa Hb IO, TaK naauaae­
!I op. II MblH «pereuepauaoun sui » nonxon, on1'HMaJlbHblH C 

T04KH 3pCHI151 0l10Xl1MHH :ll<l1BOH KJICTKI1. TaK KaK KO­

r H.!lp a­ enure TKaHH opraua saa COCT05IT n p e I1Myw.CCT BeHHO 

In. M .: 113 rnnpoxcunanarnra , I1Cn On b3y eM a 51 13 JlaC T0 5l 11~ee 

BpeM ~ 6HOaKTHBHa51 KCpaMI1Ka nony-raer cs , Ka K npa­
N!!6. C. BHi10, CnCKaHI1CM nopourxos cPOCcPaTOB KanbUI151 pas­

JH14HOrO COCTaBa (runpoxcananar ur 11 TpHKanbUI1H­

IlleCKa H ~oc~aT) . Pa3JIHllalO1' TBCp.u0cPa3Hbl H 11 paCTBOpHblC 

Hay xa, MeTOAbl CHHTC3a I1CXO.uHbIX n o p OW KOB OpTOcPOCcPa1'OB 

Ka·IbUH5I . TBCp.nOcPa3 J1 bll1 Cl1HTe3 n03130n5le1' nony-rars 

scxoro. xpynuoxpacr annav ecxuti (arncneparst no 30 MKM) 

rarepnan 3a.uaH HoH CTCXHOMCTpI1H, HO r p e o y er npo­

.uomKHTcnbHoro orxcnra n p a Bbl COKI1X r esrneparypax 
( ~1300 °C) 13 arvocrhepe sonsucro n ap a (150-250 MM 

p1'.CT.) [4,5]. 

Il noxas cnexaevocrs n OpOWKOI3 ranposcan anar ar a 
npnsonar K Hl13K0l1 np04HocTH rtony-raeraoii KCpaMI1­

KH [4-6] , n031'oMY na npaKTHKC npeofinanaior MeTo.ubl 

CHHTe3a ranpoxcnna narnra 13 BO.uHOM pacrso pe, K01'O­

psre MO)!{HO nonpasnemrn, na 'rpn OCHOBHblC rpynnu 
[4-8]. 

1. O Ca)K)J,e HHe 13 pacr aopax n OC1'0 5lHHOr O I1nl1 nepe­
MCHlloro COCTaBa. Il pa oca)J(.n CHHH r11.up OKCHn a n aTI1Ta 

113 Il\Cn 0 4 HbIX BO.uHbIX p aCT Bo p OB nony-raior I\lCJIKO­

Kp HCTanJl li 4 eCKI1C ocanxn runpoxcan arrarnra. KaK 

n paBI1J10, 0 6 pa30Ba HHlO rnnpoxcananar ura npCj~W C CT­

syer I3bIna.ueHI1C axtoprpnoro rpocrpar a KaJl b UI1}1 [ 9- 13]. 

Crenens KpHCTanJJ Hl IHOCTI1 rnnpoxcanananrr a, norry­
lJCHHOr O OCa)I(,UCHI1CM, YI3CJHf 4 I1BaeTc5I C p OCTOM TeM­

neparypsi 11 BpeMeHI1 COCTapHBaHI151 ocanxa [7, 9]. 
H c cTex HOM e1'p l151 ( OTKJ10 HCHHC OTHOW CJlH5I Ca/P 01' 

I.67) OC3)\<)J.CHHoro rnnpoxcananarar a pacr er C y MCHb­

weHHeM p H , 'rer-mepa'rypst H Bp e McHIi CliHTC3a [14]. 

2. Faztporepvansuua CHHTe3. Fuzrpor epxram.nu e Me­

1'O.uHKH n03BOn5l10T nony-ian, .uOCTaTO' IHO cose purcu­
Hbll1 Kpl1CTannH4CCKl111 MaTCp l1an C OTIIOW CHI1CM Ca/P, 
6nl13K l1M K CTCX I10 MCTPH4CCKOMY ( OTl-IOW eIlHc C alP= 

= 1.67) [4, 5, 15]. n p l1 I3blCO KI1X revneparypax 06bl4HO 

nony-iaior Hr0J1b4aTb1C xpa cr annsr runpoxcanananrr a 
C pa3MCpaMI1 01' HCCKonbKHX nauoverpoe no :\1 l1nnl1­

MCTpOB [5, 15]. 

3 . TPCTI1H MeTO.u non Y 4 c HH5I r a n p o x c nnananrra aa­

KJ1104aCTC5I B rl1.uPOJlI1 3C n n o x o paCTBOpl1 MbIX op­

TOcPoccPaTOI3 Kanbl(l1 51 Ca H P 0 4, C aH P 0 4·2 I-h O , a , ~­

Ca3(P 04) 2, Ca8CH P04h(P04k5 J-1z0 , C a4(P 0 4h O. Oc­

HOBHblMI1 n ap au erpa v a . on pcnenmoura a u nporexa­
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1966 

Hl1e npou ec ca runponuaa, HBn5l10TC51 r eu rteparypa 
CHIITe3a, p H cpen u Ii CKOpOCT b nepe MCl1H1BaHI151. 

B nOCnC,LUHle ronu 3Ha tl1TCnbll blH nrrr epec npnnn e x a­' 
lOT TOHI<O,uHCnepCHble I10 POUI KI1 diocdiaros xansuus C 

xourponapyeraoti CTe n CHb lO n l1CnepCH OCTI1 Ii KOMI10­

3l1T11 ble COCTaBbl n a HX OCHOBe [ 16- 18 1. Xopouieii aru­

Tep llaH IBOH nn51 nOJlYlfe HI151 nonofinu x cr pyxryp 5113­

n5leTC5I sons-r em, MeTO,u CHI-ITC3a opr co ocdiarou xans­

UI151 . 

Ilem, I-1aCT05l 11~c ft pafior sr 3a KJIIO llaJIUCb B CHHTe3 C r u n­

p o x c a n a n ar u r a MCTOJW M son s- r en e TCXlIo n o rH H, I1C­

C. l en OBa HHH CTe n CHH n Hcn c p CHOCTH Cli IlTe3I1p OBa H­

I l blX 06pa3uo13 H HX epa30 n oro COCTana, a Ta IOKe o n pe­

nCJ1Cm m TCXHOn OrH4CCKH X 3UKOHOM c pHocTeH nony-re­

HH5I Ha HX OCHOBC KCp UMHKH C MaKCI1MaJlbHO BblCOKH­

MH II P04HO CT HbI M~1 CBo HCTBa Ml 1. 

3KCnCpUI\ICIITa.abIl3S1 qaCTb 

j 
VtCXO.LlHble M3'repHaJlbl 6 blJl H nOJlY 4C Hbi no MeTOn Hl<e, 

ormcannoti 13 pafiore [1 9] . B xa 4eCTBe r eneo tip asy io ­

ute r o pear e i rr a HCnOJlb30 BaJIH )!{CJlaTHH . Cl1 HTC3 npo­

130,uHJlH n p n lOoC. K 200 MJl 1 M . p acrso p a C a(N 0 3h 
n06aBJl5lJlH 200 MIl KOHU CHTp HpOB UHHoro pacrsopa 

UMMl1aKa Ii 100 ~1Jl p ac r sopa )!{ Cn aTHHa 3anaHHOH KOII ­

ueirrpaua n (2.1 H 14.3 f ·n -
I
) , rtepea eunrsana 5 MHH. 

3 aTc M n o x an ns v n p H6a13nSlJIH 200 MJI 0 .6 M. p acr nopa 

( N H1)2H P04 13 TClfCIHIC 10 I\II1H. )J.aJlcc senu n e p c u e­

IJIHBallHC 13 Te' lCHHC 2 I I 11 OCTa Bn 5lJlH I-Ia 1 CYT J1JJSI CTa ­

pCHl15I. B Cn l1' IHIlY p H pUCT 130 p a 11 0 AlJ,CP)!{ I1BaJlH s snue 

10 .5. l{CpC3 1 CYT p aCT130p OTepl1Jlb TPOl3bll3 aJlI1 u a 130 ­

POIlKC Bioxaepa H CYWHJlI1 13 cyuransirov uncarpy rrp u 

12 0 ° e. 3aTc M nony-re nnsrri ocaziox n O.LlBCp raJJ l1 110MO­

ny 13 nnanerapnoii MCJJbHHUC (COOTHOlllCIl I1C nopourox: 

.urapu>! :6 ) B TCl l CII HC 0.5 4. rrOJIY4 CHHbi C n OpOWKI1 

( 0 6 p U3Ubl N2 1-3) npoxanuaan u npn 9 0 0°C 13 My epcn b­

HOH nC411 C H O Ir 13 TC4 CI H1C 1 4. Kpov e roro, ,Un 51 

cpanHCII H5I HCCJIe)~Ol3aJl H I<OM MCP'lCCKHH nopOWOK TpH­

KaJlbUHH epoccjJaT epl1PMbl «Budenhcirn» (oopaseu N2 4). 

Y I3CCX otipaauos onpc,UCJl5lJIH pasa ep 11 cjJOp My 4aCTI1U 

C n o aoun.ro 3JlCK'rpOIIHOH MHKpo c Ko n HH n a II(m6 0 p c 

3 M - 12 5. 

fIOJ1Y' ICIIl1C KCp a M I1KI1 H3 nopouncos np0130nHJlH no 

KJIUCOl 4CCKOH TCX HOJIOrH li: n p Hr OTOl3n CHH C n p ec c - n o ­

p o unca, cjJopMOBa HI1C H Cn CKaIl I1C 06pa3UOB 13 HII Tc p Ba­

JlC 20-1400°e. Y Cl1I IT C3Hp Ona IlHb[X Kc p aMH4 CCKI1X 

06pa3uo13 onpen ensnu nnOTHOCTb p (r'cM-\ nopnc­

TOCTb Il (%) 11 CP C ;~IIHH p asv e p 3Cp CH (pacrp o nu a 

3J1CKTPOHHb[H MHKp o c Ko n « K BaHKa 2 00») , TI3CPJ(OCTb 

(no B HKKCp Cy ) Hv (Tfl a), n p enen np04HocTH n pn no­

n epe-nr o v 113fH6c a UJ r (M fla), n HHcH HylO ycanxy Y 

3 (}flb - ,' 
X 1W lI" HH U op. 

(%). Mortyru, ynpyrocrn E (Tf la) 06pa3uo13 113MCp 5ln l-1 

PC30HaIICHbi M Ml.'TOJ(OM (n 51 oro r o 3KC n CpHi\1eHTaJlbIl0 

HaXOJ(1IJ111 ,UBC Hl13KHC PC30 HUHCHblC 4UCTOTbi 113rH6H biX 

Konc6 aHHH otip asua C nov outsro H3MC PHTCJl5I PC30 ­

Ha HCHb lX x a p aKTepHCTI1K « 3 B YK-13 0»). O npenenca ue 
K03cjJcjJHUHc HTa TPC UUlllOCTOHKOCTI1 I1ml Kp HTI1'ICCKO­

ro K03CPCP l1UHCIITa I1HTCHCIIBHOCTH Ha n p 5l)!{CHHH K 1 

( M rra' j\t
2
) n p o s onan a MeTO,uOM rIll p aMHJ(bI Bmocepca. 

Cnexanue 3a rOTOBOK o c yru c CT BJI5IJII1 13 B03 n YW HOH 

nC 'lH C Har p CBaTCJI 5I M H 113 Kap 6 11,Ua KpCMHH 5I. B o H36 c­

)!{a HI1C r ep sroy n ap o a 130 Bp CM SI c n c x a u n a ofip aau s i no­

MCU..\aJl H 13 KOPYIIJ(O l3 b l ~i r u r ern, H sacu n an a OTOIK)( CH­

Hb [M rJlH H03C MOi\L PCliTrCIIOrp aMMbl CIIHMaJlH n a 

PCHT f CIIOBCKOM 'u l1epp aKTOMCT p C )J.POH- 3 co CKOpO-
I C aCTblO 4 r p an ' MI1H' C HCn OJIb30BallHCM UK - H3J1Y4C­

Hli 51 C N i-cpH I bT p OM C T0'lHOCTb lO no 0 .0 5 ° . 

Ha puc. 1 n p encraun eu u qloTorpaq JHH 0 6proUOB N2 1-4, 
C,uCJIaHHbIC C n ouo uu.ro MCTOna 3JICK'rpO HHOH MH Kp O­

CKOn I1H. K UK BH,uIlO, KOMMCP' ICCKI1H npOn YKT -- TpH­

KaJJbUI1H epocepaT cjJl1 PM bl «Budenheirn » (ofipasen N2 4) 
BbICOKO,uI ICn CpCc H, HO 4aCTHUbi a rnovepa p o aauu, n p n 

3TOM HMCCT MCCTO ,uI1CnCpCH5I a r p e r ar c a n o paauepa« . 

B TO )KC 13p CMlI Y CHHTC3l1pOBa ll ll bi X 0 6 p a3 l \OB N2 1-3 no pe: 
3CpHO Kp y nllc c H ny-nne 06pa3013 a 1-l0. YhrrCpCc Ho 0'1'­ N2 I -~ 
MeTHTb, 4'1'0 ,u06aBJICIIHC )J(CJlaTHHa Bc,UeT HC K yMCHb­ ansui 
WCtHlIO, Ka K MO)I( IIO 6 bIJ1O Q)KH,uaTb, a, HanpOTH13, K 

pOCTy c p en u er o p aasi ep a l-JaCTHU ( p HC. 1, 2). 3C 

Ilo PC3YJlbTaTa :-'1 TcpMoaHaJ1H3a n o p ouix a rH.LlPOKCHJI­
~ anara r a (ofipase u N2 I ) 13 u rrr e paanc 20-900°C TCp MO­
~ 2(

3cpepCKTOB, CB5I3aHllbIX C KaKHMH-n I160 n p e ep au i e u aa­
<1 

MH. He I3bI5lBJICHO. B TO )!{C Bp CM5I ,UJISI ofipasua N2 4 
xapaxrepuu nBC Cl )'lICHH n c r e p n MaCCbl , CI3S1 3aIlHhIC C 

I3 b l,[~enCHHCM 130 .Llbl (COp6HpoBa HHo i1 H3 oxpyxcaioureii 
cpenu anaru) n p n 100- 2 0 0 °C H pa3JIO)!{ eH HCM neuie­

CTBa BblllJC 1100°C , 0611la 51 

cocraa a n a OKOJI 0 1%. 

<Da30 BbIH COCTa B I1CXOn llb l X 

MCTO,UOM PCII T f c Ho cjJ a30Bor o 

epl1nbHbl C llHK H 113Y'IaCMbIX 

f10TCp51 MaCCbl ofipasua 

P IIC 
nOpOJll KOI3 HCCJICll,OBaJlll 

aHaJJH3a . Ilonuonpo­
nopo uncoa epoccjJaToB 

KaJlbUI1S1 n p HBCJl ClIbI u a PI1C. 3. 

Oopaauu N2 1-3 n pCnCTaBJICHbl x o p owo OKPI1CTaJlJlH­

30Ballllbi MII cjJa3aMH, lITO I3H,uHO n o Y30CTIi nI1KOB. 

04CBH,U1I0 , 31'0 51 13J1 51CTC5I c n C,UCT BHCM npOKaJJHl3aHHR 

narn u.r x 110pOW KOB nOCJl C CHHTC3a . PC H1T CHo r p aMM3 

oopasua N2 4 npc,UCT3 13J1e lla c n n s uo YUl HPCHH blMU Il H· 

Ka MH, lITO rOBo p HT 0 Bb lCOKOM p as fi p o c e napaver pos 

ane sse u 'r ap tt o ri 51 l [CHKIl COCTa I3JI5IIOU..\HX MaTC p l1aJl cjJa3. 

BH,U HM O, 3TO I3bl3Ba l10 npoxOJ(5IIllCH 13 MaTCp l1aJlC m ,U· 

parainre ii H nOCTCnCHl1bl M cpa30 Bbi M npesp auieuaes 

I1CXOn llblX c o c n HHc HHH n O,H ,UCHCTBHCM CCTCCTI3CIlHblX 

epaKTopoB. 
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PI1C. I. 3 JleKTpOHHO-MIl KpOCKOnH'-1 eCKl1e tpororparpu« 06pa3UOB NQ 1-4 (a- ? cOOTBeTCTBemm) .
 

nopesynsraran a HaJtl13U diasoeoro COCTa Ba 0 6pa3UOB 

K~ 1-3 cneayer , qTO 0 11 11 npenCTaB1l5l10T C060H 'rpu­
K3Jl bUHH¢ o c<jlaT (Ca3( P 04)2. K OM Me p q e CKI1H nopOW OK 

• I 

"' 2 
* 3 
+4 

0.4 0.8 d 

PHC. 2. Pacnpezienenue lIaCTI1U no paavepav d (MKM) . 

LJUrjJP bl KpUf3bIX - HOMepa 06pa3UOB. 
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10 15 20 25 30 e 
PIIC. 3. Peur renorpaaua 11CXOll.llbIX no pouixon otipasuo a 

NQ1-4 (1- 4 coor uer crsen ao). 
8 - yron Epsrra ( r pan ) ; TO )I{e ll.II5I pac . 4. 

T p I1KaJt bUI1H<jlo c <jlaTa ( 0 6Pa3 C1l NQ4) O'ICBI1.uHO COCTO­

HT H3 CMeCI1 nponyxron rH.!lpOJIH3a TpHKa 'l b l \I1H<jloc­

diara C npeofinanaauca HaHM e HCC p aCTBOpHMOH diop­
Mbl - rHnpOKC HJlanaTiiTa. 

PeHTrcHo <jla30 Bb1H ananas I1CX OnHOro ofipasu a NQ4 11 

ofipasua nocne TCP M I1QCCKOl1 o 6 pa6o T Kl1 npn J4 0 0 ° C 

( 4 a) npencr asnca na p HC. 4 . JJ.n 51 ofipas ua N~ 4 a MQ)K­

HO Bl1neT b perpnexcu , OTHOC5ILUHeC5I K Pa3J1114 HbI M 

<jlOp M ar-.J runpoxcnnanarara. 

B PC3YJ1 hTaTe n p o BCnCH H5I n HJ1aTO MCT pHLjCCKOr O HC­

CJlenOBaHI151 cneKaCMOCTH HCXOnHhlX nopouncos 6 blJlH 

nOJlYQCH bl xpuasre ycanxn B I1HTepBaJte 20-1 400°C 

(puc. 5). AKTliBHa51 ycanxa ofipasuos N~ 1- 3 Ha QHHa­

eTCH nocne 9 00° C , B I1I1TCp Ba 'l C reu neparyp 900­

5 10 IS 20 25 30 e 

PI1C. 4. ,lJ,aHHble peurr enotp aaos oro aHaJTI13a I1CXOll.HOrO 

ofipasua NQ4 11 ofipasua NQ4a, cne-reaaoro nf!l1 1400°C. 
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HbIX oopaauon NQ 1-4 (1-4 cooruercrseaao). t;l- ycanxa (%), 

T - TeMnepaTypa (0C) . 

PI1C. 5. L(I1JJaToMeTpl1ljeCKl1e xpnasre cnexaaus cnpeccosaa­

4 

1120°C npOI1CXOJJ.I1T nnanuoe CnCKaHI1C, npa JJ.OCTH­

)\(CHHI1 TCMncpaTypbl T ~ I 120°C ofipasust BbIXOJJ.}lT 

«ua nOJlKY c nCKaHHSI » . I1 PI1 JJ.aJl bHCHWCM 1l0BblWCHI1H 

'rev nepa'rypu CnCKal-lHSI ua JJ.HJlaTOMCTpWICCKOH xpu­
BOH qm KcHpy cTc5I paCWl1pCHHC cnexaesrsrx ofipaauos 
(0.3% Jl.Jl51 ofipasua NQ 1, 2.3% - NQ 2, 1% - NQ 3), pe Be 
CB5I3aHHOC, BH,llHMO, C nepexoziov P-[Ca3(P04h]-­ pe, nl 
--Ct-[Ca3(P04hJ. )J,JI 5I o ripasua NQ1 3TOT nepexon npo­

3YJ'bT~ 
HCXOJJ.HT B HHTCpBaJlC 1 120-1 140°C, NQ 2 - 1130­

KUIIHC 
12 50 °C, N~ 3 - 113 0-1 170°C. TIPH OXJIa)!(JJ.CHHH cne­

rypn
4CHHblX ofipasuos o fi par uoro nepexona Ct--P HC aa ­

KaK n
6J110JlaCTc5I. 

):(Jl51 o fi pasua NQ4 nauano yca.LJ.KH Ha6J11oJJ.acTC5I npn HHSI . 
r ev n eparype OKOJlO 600°C. Caa a ycarnca, CY,ll,51 no ,ll,H­

H a11 ~JlaTOMCTpH4ec KoH KpHBOH, npOXO,ll,HT B ,ll,BC CTaJJ.l1H: 

nepsas no T ~975° C H nro pa s BblWC 3TOH r ev rrepary­ cnCK 3 

paTY~pu. O KOH4aTCJ1 bHOC cn CKaHHC naanoro MaTCp l1aJla 
nep)K npOHCXOJ~HT npa TCMn epaTypax, 6JlH3KI1X K 1400°C, 

nOKa3blBa 51 MaKCHMaJlbHYIO ycanxy CPC,ll,11 HCCJ1C,ll,OBaH­ MaTel 

HblX nopOWKOB. H a CTa,ll,I1H OXJIa)I(JJ.CHHSI c n C4CHHblC 

ofipasuu TPI1KaJlbUI1H<pOC<paTa, TaK )\(C KaK H rrpensr­
.LJ.YUUi C MaTcpHaJ l bl , nOKaJ blBaIOT 113MCHCHI1C JII1HCH­

Hl>IX paavepo s HCKJII0 411TCJl bll0 sa C4CT K TP. 

110 PC3YJlbTaTaM ,ll,HJ1aTOMCTpH4CCKI1X I1CCJlC,ll,OBaHI1H 

6 blJl Bbl6paH p5l,ll, PC)\(I1MOB CnCKaHI151, YKa3aHHblX B 

Ta6J1I1l..(c. T aM )\(C npnuen eu u xapaKTCpl1CTI1KH <pH311­

KO-MCXaHI14CCKI1X CBOHCTB CI1HTC311poBaHHbix 06pa3­
061>CIITHB: lOOx 

UOB. 

MI1KpOCTpYKTypy 06pa3IWB xapaxrep uayror pHC. 6-8. 
Mn xpocr py icr ypa 06pa3uOB NQ 1-3 , Cn CYCHHbl X n pa 

r evneparypc 1 110°C JJ.OCTaTOYHO onnopozma. Ha pHC. 

6, a B KaYCCTBC npuvepa n pen cr asn eaa MHKpOCTpyK­

'rypa ofipasua NQ 3. IlOBblWCHI1C TCMncpaTyp bl ,ll,0 

I 160°C n p HBO,ll,I1T K HCKOHTpOJll1pyCMOMy pocry sepaa I1pH CnCKaHl111 ofipasua NQ 4 npn Bblw cYKa3aHH&1 

H n05lBJlCHHlO HCOJJ. HOpO,ll,HOCTH (pHC. 6 , 6-2). PC:>KI1Max 06pa30BbiBaJIHCb B3JJ.YTH5I, CB5I3aHHblC CKe 

3 lKy 

6 Orrsexnra. LOOx 

PI1C. 6. MI1KpOcTpyKTypa ofipasua NQ 3 npn TeMnepaTyp 
I110 0 e M 1130TepMMljeCKOH Bblnep)KKe 40 MI1H (a ), a TaK;';; 
MI1KpOCTPyKTypa Ii pacnpeneneune sepea no pasv epaa enc 
ljeHHblX 06pa3l..(OB NQ I (6), 2 (6), 3 (z) npu TeMnepaTYf 

I1600 e Ii li 30TepMI-l4eCKOH aunepzcxe 60 MI1H. 
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<l>Vl3VlKo - M eXaHI14 CCKVle CBOnCTBa crre-ieunsrx M UTCpYlaJI OB 

N2 
ofi paaua 

PC)I(I1M 

cnexauua 
p, 

r'CM-3 
n , % 

(MI1Kp.) 
6 m, % Y , % 

(J 1t3n 

Mna 
E, 

r n a 
Hv, 
r na 

K 1, 

M n a'M' /2 

I 

2 

3 

4 

I 160°C, 60 Ml1H 

I 160°C, 60 MIIH 

I 110°C, 40 MHH 

1160°C, 60 ~I I1 H 

I llOoc, 40 MI1H 

1400°c, 60 MHH 

1350°c, 40 MI1 H 

1300°c, 40 Ml1 J1 

2. 82 

2.84 

3.07 

2.84 

3.09 

2.70 

2.64 

2.60 

5 

4 

2 

4 

1 

15 

16 

18 

3.2 

2.3 

2.4 

2.8 

2. 8 

6.6 

8.9 

4.4 

6.7 

6.3 

8.3 

6.4 

8.8 

8.8 

9.3 

9.0 

49 

73 

119 

43 

134 

-

39 

37 

110 

81 

110 

69 

112 

-

-

52 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.3 

0.6 

0.6 

0.7 

0.7 

0.8 

0.6 

0.7 

0.6 

pee scero C p a3JlO/{(eHHCM MaTCp VlaJl a I1pVl TCM n cpaTy­

pe, npeasnuarouie ii 1000° C. 4 TO c OrJIacyeTC51 C pe­
3)',1bTaTaMH repa orpaaa a erpnuecxoro auannaa . Cue­
KaHHe ofipasua N~ 4 rpefiyer 6 0 JlcC BblCOKHX 'rev nepa ­
ryp no cpa BIICHl110 C 06p a3 uaM Vl N~ 1-3 . Il pn 3TOM, 

KaK nOKa3a HO a a pHC. 7, M HK POc T p Y KTYp a ofipasuoe B 

MeHbw eH CTCl1e HlI 3a BHCHT OT TCM n c paTyp bl cn exa­

HHH. 

Hall60Jlee OI1T HM aJl b Hb l M 113 0 l1p 060Ba HH bl X pe:>KHMOB 

CnCKaHI1 11 0 6pa3 UOB N~ 1-3 5lBJl51eTC51 p C:>KHM C Te M I1C­

paT)'po H cneKa HH 51 1 1 10°C 11 H30 Te p M H4 c cKOH Bbl­

JepiKKOH 4 0 MHH . C ne -ren usre 11 0 .D.a HHo My pC:>KHMy 

\raTCpl1a.>1bl 0 6J1a.D.a IOT HaH60JlbWCH npouuocr t.io, HaH­

neparype 
, a TaK)I( C 

:paM c n e ­

neparype 
IH. 

1400° C 0 6bC "-,IfB: 20x 

MCll b W I1M H 110PVlCTOCTbl0 H Cp CJl ll l1M H p a3M c p a MH 1ep ­

ua (1 - 2 MKM) , 3H a 4 e IlH51 M H MOllYJI}! IOHr a aa ypoaae 
MaKCHMaJlbllblX 311 a4 CIIH lJ yxaaannux B rurr epar yp uu x 
HCTOlIHHKax . Il pn 3TO M p C:>KHMC CI1CKaHH51 Ta lOKC lJPO­

HCXO.D.HT li aCTI141lbl H <pa30Bb1 H nepexon TpHKaJlbUHH­

<po c <paTa . 0 6pa3YloUlHHC51 u- [ C a ) ( P 0 4hl !\ICH e e CTOCK 

K .D.e HCT BHlo KHCJlOT, H npn T p aBJICHHl1 M aT e p HaJl a paa­
6aBJlCHHbl MH KHCJI OTUMI1 MO:>KHO 6blJlO O)l( H.D.aTb p 33 ­

Jllf4 H 51 B M HKp open bc<pe 06p 33UOB B 3a BHCHMOCTH 01' 

COOTH OIlJ CHIUI B IlHX u- H ~- <pa3. 113 p HC . 6-8 BH.D.HO, 

41'0 CCJll1 .D.n51 0 6pa3UOB N~ 1-3 npn Tp a Bn CHI1H HX pas­
6 a BJlCHHb l M H M HHCp UJl bHblM H KHCJlOTa MH r panausi 
sepna npa xra -recx n He I1PO}!BJl51IOT C51, TO W Ill 06p 33 u a 

N~ 4 CTp Y KTYpa OTLICTJlHBO BH.D.Ha . 3 1'0 CB1I3aHO C TCM, 

6 

1350°C Ofrseicn ra : 20x 

a3aH H b IX Pl1C. 7. M n xp ocrpy krypa ofipasua N24, CnC1.JCHHOro npn pa3J1H1.JHbIX pe)/(HMax. 
Ible CKO - PC)I(HM CneKaHl1 51 : a - 1400 °c, 60 Ml1H; 6 - 1350°c, 40 MHH. 

In:YPII ~1 npuxnanuoji XHM HH, ssm . 12,201 0 r . 
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OObeKTl1B: 20x 

PHC. 8. Ofipaaosaa ae r penum H 6J1o'-IHo l1 crpyxr ypsi B cnexeiuu.rx oripasuax NQ I, 2 npn 'rexme par ype cne xaa ns I 160°C II 
H30TepMHy eCKoi1 asurepacxe 60 MHH. 

06beKTl1B: IOOx 

'-ITO conepacaua e a-cPa3L1 B 3TOM ofi pasue 3Ha'-lHTefl bHO 

BLlUJe. 

I1pH 60JICC BbICOKHX 'restneparypax CnCKaHH51 B MaTe­

puane HHTellCHBHO npOHCXOll.HT H3MeHCJlHe 06beMa, 

CB513aIl HOC C cPa30BblM ne peXO,TJ.OM ~- [Ca3 ( P04h]­

- a-[CaJCP0 4)2], lI PHB01UII.LJ.HM K paCWHpeHl-HO yxce 

cnC' ICHIIOrO MaTcpHana (PIl-[Ca;(PO,hJ=3 .07, Pp-[CaJ(PO.hl= 

= 2 .86, t,p~7% ), 4TO npH BOll.HT I< 06pa30BaHHIO uanps­

){(eJlHH H 'rpetu an B xiarepuane. 

Yxynurena e cP ~13 H I< O-XHM H '-I CC KHX napaMcTpoB 061'33­

U.OB N~ 1- 3 111'11 nOBblWCHHH TCMlI cpaTy pbl cnexa una 

n o 1160°C np o ucx ozurr sa c -rer cPa30Boro nepexona 

~- l Ca3( po.l)2] - a - [Ca3( P0 4h]· 

06l.LJ.U5I 1I0p HCTOCTb xtar epuana , nOfl Y4CII Horo Ha oc­

1I0Be 06 pa31\a N~ 4 n pu Bbl6 p3BHblX pCMHMax cnexa­

HUll COCTaBllJla HC MCBee 15% . Ilony-rena e nJIOTHOC­

neu euuoit I<Cpal\ll lKIi Ii3 ll.3HIIOr O nopo unca B ll.anbHeH­

WCi\! .1.l0J1)KIIO cxopee acer o II pOXOtI,HTL B nse CT3ll.JiIi : 

uepuonavan s nu ti o'rxcar nopoiu xa npu BblCOKHX TCM­

neparypax nn s ynaneuas sce x rU3006pU311blX nponyx­

TOB pa3JlOMeHHlI H oxou -rarcnsuoe cnexaane xepa­

MHlU I. 

BbIBOJ(LJ 

1. Onpenene n qJa30BblH COCTaB ofipasuos rnzipo xcn n­

anar ur a N~ 1- 3 H KOI\1 MCP' lcCKOro TpIiKanbl{HHcP0cqm­

T3 N~ 4 . Onpeneneu HIITCpBUJI TeMnepaTyp crrexan ns 

Kepa ~H1 'l cC KHX MaTepliaJlOB M3 naa m,rx nopouncos . 

2, Hccncnosauu cTpyKTy pHble H cP H3JiKO-MCXaIl Hlfc­

CKHe CBOHCTl3a cne-reu ustx MaTepJiaIl OI3, Bbl6paH pe­

)I(HM ClleK3HI1 51, n pHBO.ll.HIUMH K nony-rc u mo MaTepJia­

nos C MaKCHMan bHblMIi cP1i3HKo-Mex a1lHl leCKliMH cBOH­

CTBaMH [P cn~9 9% (r eop .), a ll Jr=120-130 Ml'Ia , E~1 \0 
rna]. Il oxasauo uera'rn an oe B 1H1IHHe ne pexona ~. 

[C a3( P04)2] - a- [Ca3(P0 4h] na C130HCTBa cne-rerm ux 
MaTep lianoB. 

3. n OKa3aHO, -rro xe pasnnca na OCHOBe CHIlTe3Jipo, 

aanu si x 06pa3UOB Tp HKaIlbUHHCpOCcPaTa no ca ons 

CBOHCTB3M He ycrynaer 6HOKepaMHKC ua OCHOBe r H;'l' 

poxcananarirra. 
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