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OOTKH. 3HAUNTEILHOE OTIHUHE - K BOCEMHISCATON
MHHYTE B CHCTEMAX ¢ MHOTOATOMHEIM CITHPTOM.
HecMmoTps Ha CBHOETENBCTEBA Ta30XPOMATOTPA-
(bHUECKOTO HCCIeOORAHMA 00 OTCYTCTBHH B2anMO-
IelicTBHA M30HTKA THMMOHHON KHCTOTHL ¢ IPOMEXY-
TOYHBIMH TIPOIYKTAMH CHHTE3a, 8é TIPHCYTCTBHE CTI0-
COOCTBYET VBETHMUISHMIO BI3KOCTH CHCTEMEL G H2OBIT-
KOM JIHMOHHOHN KHCIOTHL H HATHYHEM HTHISHITTHKO-
JIST, TOT/IA KAK BSI3KOCThH CHCTEMEI CO CTEXHOMETPHUE-
CKMM COOTHOIIEHWEM PEATeHTOB COMOCTABMMA CO
HAYEHUSIMH BSIZKOCTH PACTBOPOB, HE COJIEPIKAIITHX
STUICHITHEONL, K MOMEHTY HM3pacXOOBAHHS MOTH-
MEPH3YIOMIET0 AreHTa X0/ KPHBBIX M3MEHEHHS BI3KO-
CTH 3HAYWTEILHO MEHSIETCS H HTIIEHITIHKOIL B CHC-
TeME CO CTEXMOMETPHUYECKMM KOJNWYECTBOM JIMMOH-
HOM KHCHOTH CHITBHO YCKOPSIET PEAKIIMIO TIONMMEPH-
3AIMH, TOIJA KaK M30BITOK TMMOHHON KHCIOTHI TIpe-
MSITCTRYET Tele00pA3ORAHMI) H CHIDKAET BI3KOCTH .
[TpakTuueckne WCCIEAOBAHMS TIOKA3ANN, 4YTO
BpEMsI CO3PERAHMSI Tellsl BIHSIET HA MOPhOIOTHIO KO-
HEUHOTO MpoAyKTa. J{Isi uceneoBaHmst 5ToH 3aBUCH-
MOCTH M3YUall Mpolece reneobpazoBaHmd, Mapam-
TEMBHO TPOBOATIIN AHATH3 MOBEPXHOCTH OTOMKEHO-
1o ofpazua. [lomydueHHEIE Pe3yTBETATH CBHASTENBCT-
BYIOT O niyutieit ¢hOPMHMPORAHHOCTH YACTHI] B TOM
cryuae, Korja ofpaGoTKy TpeKypcopa MPOBOAWIH B
JIeHb JIOCTHIKEHMSI TOUKH TeneolpasoBanust. B renom,

HabmogaeTcsd TEHAEHINN K YMEHBIIGHHIIO pazMepa
TacTHII ¢ YBEIHUCHHIEM BPEMEHH CTAPEeHIA TSIl

ITomaroras Tepyrieckas oopadorka u UK cnex-
TPOCKHMIIMIECKOe  HMCCIeNOBaHHe  IIPOMEIKYTOTHEIX
TIPONYKTOR CHHTE3a TO3BONMIH 3aKIKOUHTE, UTO IIPH
HIM3KHX TeMIlepaTypaxX IIPOMCXOANT yOaleHWe pac-
TBOpHUTENI I3 00beMa o0pasiia, a TaKke pa3lokeHHe
HHTPaTOB ¢ BHICICHHEM KHCIOPOAa M THOKCHIA a20-
Ta, Ha ITO YKazhBaeT MOSBIEHHE MTOIOC MTOTIOMIEHIT
B MK criekrpax npu 1385, 1744, 8§29 cm . cooTReTCT-
BYIOIIMX HHUTPAT-HOHY, KOTOpble HMcuesaoT K 273 °C
W CHMKEHWE MHTEHCHBHOCTH TI0n0c Tpu 3600-3100 1
1360 CM’I, MPUHAIESKAINY  aacopdUpoBaHHONR 1
KPHCTANTH3aIMOHHOH BOJIE.

WnenTrdWEKATTHA KOHEUHOTC TIPOAYKTa BHITIONHE-
HA TIPH TOMOMIM PEHTTEHOCTPYKTYPHOTO aHannza.
[Tocne mnpokanueanws mpu 1000 °C npoAykT Ha
100 % coctour 13 MoHOKIHHHOTO CaAl,O4 o uem
CBH/IETENBCTBYIOT TIApaMeTPhl KPHCTANIHYECKOH pe-
nreTkw. JuhpakiMOHALIE KApTHHBL COMEP&KAT YeTKHe
W y3KWe WKW, WMEIONTHE BEHICOKYIO MHTEHCHBHOCTE,
YTO B COBOKYMHOCTH ¢ He3HaUMTeNBHOH momeil
amopdHOH dasrl, CBHIETEILCTEYeT O HOCTATOTHOI
CTETeHH COBEPIICHCTRA KPHCTANINHIECKOH CTPYKTY PHL
LIeTIEBOTO NMPONYKTA.
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JLA. Pacckazosa, H.M. Koporuenko

CPABHEHHE CBOHCTB PA3IHYHBLIX HOH3AMEIIEHHBIX
I'MIPOKCHAIIATHTOB, IIOJYUYEHHLIX IO CBY-TEXHOJIOI'THA

3amaua coznanud OHONOTHYECKH aKTHBHBIX MaTe-
PHAIOE, CHOCOCHEIX 3édMEHHTE KOCTHYIO H 2yOHYIO
TKAHH, BeckMa aKTyalbHe B IIOCHeNHMe TOAEBL UTO
CEA3aHO ¢ MPOTPECcCHPYIOMMM pOCTOM THeNA 3abone-
BaHWUI ONIOPHO-IBMTATENLHOIO allapara M IMpoble-
MaMi croMaronorii. Ha ceropuammmit MoMeHT Hau-
fonee paclpocTpaHeHHEIMH GHoMaTepHanaMi ABNA-
I0TCA pasIuHble GocdaThl Kalnbllid, K [TaBHEIM I3
KOTOPEIX ~ OTHOCATCHA — AllaTHTEL  KambIMA — —

Cayp(704)6X2 (70, — 1-3-xBajNeHTHBIE AHUOHBI PO,
Si0s", SO n ap., X — 1-2-xBaleHTHe aHHOHH F-,
CI, OH, CO;* u ap.) [1] 1 KOMITO3UTEL Ha MX OCHO-
Be [2]. M3pecTHO, 9TO MHMHEpanbHBIE (haswl MIPHPOI-
HOIT KOCTHOH TKAHM, ZHTHHA M 3MATH CONSPIKAT 3HA-
TUTENBHOE KOTHISCTEO OHONOTHIECKH BAKHEIX BII6-
MEHTOB, TaK KaK KATHOHHEIE H AHHOHHEIE 3aMeIeHIs
B rHopokcHanatiTe (['A) OKa3HBAIOT 3HATHTEILHOS
BIMAHIE HA €U0 BlauMONEHCTEHE ¢ IIPOTEHHAMIL,
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Puc. 1. HE crexmpbl obpasyos 2L00ORCUGRIMMM [-5

KJICTKAMH H BHeKJIeT 01 HbIMH XKHIKOCTSIMH OPraHH3Ma
[3]- IIpu cuureze gacru4dHO 3amMeneHHbIX I'A crmeru-
AILHO BEOJUIT B €0 CTPYKIYPY HEKOTOpPble HOHBI C
HeNbio 00 KOMIEHCANHHA 3apsaaa, TH00 Bl peryid-
poeaHHs ¢HIHKO-XHMHYeCKHX CBOHCTE (HampuMep,
pacteopuMocTH). TakHm obpasom, Bompoc 00 H30-
MOpHLIX zaMellleHHSX B THAPOKCHANATHTaX MNpen-
CTARIIETCS BeChMa aKTy A/TbHBIM.

B cEA3H ¢ 3THM LeJbi0 maHHOH padoThl ABLIETCA
CHHTe3 H HCCJIeJIOBAHHe CBOMCTE HOH3aMelleHHBIX
T'A. Bouia pbIOpaHE CJleAy 0LI[He THAPOKCHANATHTDL

— marudizamentennpii (MITA). Maruuii urpaer
BRKHEHIIYI0 PO/ B (JHIHONOrHYMEeCKHX Hpouleccax.
Joxkazato, uto MI'A nposieisieT BLICOKYIO 0CTe0KOH-
AYKTHBHOCTL H PesopbImio (pacTeopenHe) ¢ TedeHH-
eM BpeMeHH [4];

— kapbonarsaMeme bl (KUA). KapGoHar-uoH —
3T0 OAHH H3 HOHOB, COMEPHKAITHXCA B KOCTH B HaH-
Someirem kommdectee (oT 2,3 %0 1o 8§ % B 3aBHCHMO-
CTH OT BO3pPacTa KOCTH). YCTAHOBJEHO, YTO HpH HC-
nombzopanud KA yeenuuueaercss ckopocrs GHope-
30pOUHH H OCTEOHHAYKUHH (CTHMYIHpORaHHS 0Opa-
30BAHHSA HOBOH KOCTH) B opranuszme [5];

— kpemuuiizaMemenunrii (Kpl'A). CHIHKATHBIE
rpynnel B A cyIlecTEeHHO MOBLIIAIT CKOPOCTh
ocTeoreHesa [# vivo NPH HMIUIAHTHPOBAHHH KepaMH-
KH, TIPH 3TOM HYacTH4HOe¢ 3zaMernieHHe docdarnnx
IPYINN CHIHKATHBEIMH YMeHBIDAeT pasMep 3¢pHa H
H3MEHSIET CTPYKTYPY IpaHHn 3epeH [ A-xepaMHKH,
NOBBIIIAET CKOPOCTh €€ PACTEOPEHHA B JKHAKOCTSX
OpPraHH3Ma, YCKOPSSI TeM CaMbIM HPOLECe PeMOIeIH-
POBAHHS MO MeXaHH3IMy ocaKneHHs ['A Hz pHeke-
TOYHBIX KHKOCTeil [6].

CHHTes BCceX obpasmoe TA, MTA, KTA u Kpl'A
NPOBOZHIICS M0 KHAK0dazHOH MeTOIHKE ¢ HCIOMB30-
panHeM CBY-usnydenns npeH pH 11 cornacHo ypas-
Henusam (1-4):

IOCaON_Og)z + 6m H4)2HPO4 +8NH4OH —

Cam(PO4)5(OH)2 + 20NHsNO:+ 6H-0; (1)

(1 O-X)Ca(NC)g)z + 6G\IH4)2HPO4 +
XMg(NOg)g + 8NH,OH—
= Calg_XMgX(PO4)5(OH)2 + 6H20 +
20NH4NOs3, rmex=0,1; (2)

(1 O-X)Ca(NC)g)g o (6-X)(NH4)2HPO4 +
xNaHCO;+ (8-x)NH,OH—

— CayNa,(PO4)s (CO3)(OH), +
(20-3x)NH4NO3 + (6-x)H;0, rze x =0,75; (3)

10Ca(N03)2 i (6-X)(NH4)2HPO4 o+
XSI(CzH 50)4 + (8-2X)NH4OH—>
— Calo(PO4)5_X(SiO4)X(OH)2_X + 4XC2H5OH
+ (6-x)H20, tne x=0,1 @)
u 0,33 (pTopoe 3HadeHHE COOTBETCIBYET MpelelbHO
BO3MOXKHOMY COZIeDZKAHHIO CHNHKar-HoHA B I'A mpH
YCJIOBHH COXPAHEHHS AEKTPOHEATPALHOCTH ).

Ilo meropuke xkuAKOGAIHOTO OCAMAEHHS HCXOH-
HBIe peareHThbl CMeNIHBAIHCE B CTeXHOMETPHYEeCKHX
COOTHOII ¢ HHSTX, nanee  NOMABepPTaimch CBY-
o6paboTke H BLICYIIHBATHCH HA BosAyxe mpu 90 °C
110 MOCTOSHHOH Maccel. TakHM 06pazoM, MOJIyUeH P
obpazioe 1-5 (Tabn 1) noHszaMemeHHbIX A,

Tabnuma 1. V c/10B Hele 0603HAMEHHS CHHTEZHPOBAH-
HBIX 00pasIoR HezaMelleHHOTO
H HOH3aMell[eHHBIX THAPOKCHANATHTOB

O6pazen rugpokcHanaruTa YenoeHOE
obozHATeHHe
Hesamemmennsiit Obpazen 1
MaruuizamMel eHHbIH, x = 0,10 Obpazen 2
Kap0ouarsamen eHubri, x = 0,75 Obpazern 3
KpemuuiizamMemennslii, x = 0,10 Obpazen 4
KpemuuiizaMeniennnlii, x = 0,33 Obpazern 5

WK cnekTpbl NOIIIOMIEHHS OPHTHHANLHLIX 00pas-
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1IOE (6e3 DOMOMHHTENEHOH 06paboTiH) peTHCTPHPO-
Bamn Ha HMK-Dypre cmextpomerpe Nicolet 6700 B
nuanazoHe 4000400 cM™. MophoToTHio MoBepXHO-
CTH 00pa>IoB M AHCTICPCHOCTh OIIPEASIIAIH M0 MIK-
podoTorpadgiay, MONYIeHHEIM HA SHEPTOAHCIRPCH-
oHHOM MEKpoaHammzaTope QUANTEX-70 mpu vee-
miaeHAH B 3000 pa3. PacTROpHMOCTE MOPOIIKOB OTI-
PENENATH MeTOAOM TPHIOHOMETPHIECKOTO THTPORA-
HHS HOHA KaTBIH B MPUCYTCTBHA HHANKATOPA dPHO-
xpoma depHoTo T ¢ aMMiauHEM GydepoM.

B WK crnexrpax Beex obpasmos 1-5 (pue.1) on-
pelieIeHEl TIOMOCH, COOTBETCTRYIONTHE BATEHTHEIM 1,
V3 | vy KoneGanumam GocaTHRIX TPYTINT B HHTEPRAax
BOIHOBEIX YHCelI COOTBETCTBeHHO 955962, 1020
1080 u 520-660 cm'. Tomoce komebammii OH -
rpyIi pn 3440-3570 cM™ COOTBETCTBYIOT afcOpGH-
poBaHHo# Bozie. Takike MMEIOTCS MOTOCH B MHTEPBA-
ne 1300-1650 CM_I, OTHOCSIHECS K KoneDaHWsIM CBsI-
3am C=0 B xapOonartHbx rpynmax. Hamuuwe kapbo-
HATHBIX TPYIII B CTPYKTYpe 0Opasior 1, 2, 4 u 5 cea-
3aHO ¢ aacopOIHeil YTIeKHETIoTo Tasa 13 aTMocdephl
BORIOyXa B Mpoliecce cuHTesa. B MK-cnexTpax obpaz-
1IOB 4 ¥ 5 MMeeTcs IMoNoca, OTHOCAMaAcS K Koneda-
M Si0,-rpymm npn 888 oM, HO ee WHTEHCHB-
HOCTE HM3Ka. BWIHO, WTO TIPW BBEIGHHH CHIMKAT-
WOHA B cTPYKTYpY ['A yBenmHMIMBaeTCs TTHK, COOTRET-
cTByIOMMA konebanmsam O-H, uto moxeT OBITH CBS-
33HO C XOpomeH croco0HOCTRIO CHIMKAT-HOHOB K
THAPATATTHH.

JIHcTIepcHOCTE CHHTE3HPORAHHEBIX TIOPOIIKOR OT-
pefensiy me MAKpodoTorpaguamM MeTOIOM CeKyTei
npu nomom nporpammbl Adobe Photoshop CS5.
O6pasiel A npepcTapmsnor coboil nopomkoodpas-
HYIO CMECh ATrTIOMEPATOR pasMepom fo 500 MEM, co-
CTOAIMX M3 3epeH pasmMepom okono 0,5-1 mrm. Pac-
Tipefle/leH|e JacTHIT AT Beex o0pasIoR THAPOKCHA-
TAaTHTa SBIAETCA OMHOMOMANBHBEIM, TTHKH JTOKanu30-
BaHBl BO Beex obpasiax B obmactr 0,5-1 mMrm. AHa-
T3 HalIeHHBIX 3HAUEHHH IHCIIEPCHOCTH MOPOIKOR

I'A mozeonser caenaTh BHIBOA O TOM, ITO MoAudu-
LUHPOBAHME eT0 CTPYKTYPH OHONOTHIECKH aKTHEHEI-
MM HOHAMH HE OKA3EBAeT CYINECTBEHHOTO BIMAHNA
Ha JHCIEPCHOCTE BEAGTEHHBIX TIOPOIIKOB.
Paccunranmme snaueria pacteopumoctH (I11P), a
TAKKE CPSIHHME PACCUMTAHHEIG (13 TPEX TApAIelh-
HEIX) 3HageHnd pIIP ¥ DOBEpPHTENbHEIE HHTEPRATH
JUTSL HUX ¢ HaJ[eKHOCTHIO 95 % npuBeaeHbl B Tadi. 2.

Tabnuia 2. 3HaueHus pacTBOPUMOCTH obpasieB 1-5
promepupH 7, T=20°C,I=0,1

Obpazenn 'A 1P plIP
O6pazer;1 | 2,410 | 60,8 +3,5
Obpazenn2 | 2,1-107° | 47,8 + 4.4
O6pazent3 | 4,2:10°° | 57.4+32
O6pazert4 | 3.4:107" [ 50,3+6,1
O6pazen5 | 3,910 | 52,4+53

Bunno, uto MomHpIMIMpoRBaHie THAPOKCHATEATH-
TA PasTHIHEIMKM HOHAMH 3HaunTenIbHO (Ha 3-13 mo-
PAOKOR) YBETUHBAST PACTBOPHMOCTL IIOPOMIKA B
ROJE, 9TO, TIO-BHANMOMY, CBI3AHO ¢ MMKPOHATIPILKE-
HUSMH ¥ JeopMaliiaMi, BOSHHKAIONIAMHA B KpH-
CTANMYECKON perneTke ['A NpW BBEJCHWH HOHA C
SOMBITAM FITH MEHBITHM Py COM.

BBEIBOJBI

TIposesen wuakodaszHelil CHHTE3 HOH-(MATHHI-,
kapGoHaT-, KpeMHHIA-) 3aMeIeHHBIX TTOPOITKOR THI-
POKCHATIATHTA ¢ MCNoNb3oBaHHeM CBYU-m3oyueHH
OnpegeneHE MopdOIOTHA, THCIEPCHOCTh, PACTBO-
PHMOCTE H XapakTep cBazeH B CTPYKTYpe MOPOIIKOB
I'A. Metomom MK-ciekTpockomimi yeTaHOBIEHO, TTO
CHHTE3HPOBAHHbIEe 00Pa3IIbl HMEIOT BCE CBA3M, Xapak-
TepHBIE I8 NPHPOLHOTO THApoKcHanaTura. [lokaza-
HO, UTC BBeNleHHe OHONOTHYECKH AKTHBHEIX HOHOB
3HAUHTENBHO YBEIMIHMBACT PACTBOPHMOCTL TMOPOII-
kxoB B BogZe npi pH 7 n I =0,1, Ho IIpyu 5TOM He OKa-
3HBaeT 0CODOTO BIMAHMA Ha BENIUHHY MX IHCIEpc-
HOCTH.
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