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CTPYKTYPA TA BJACTUBOCTI MOJU®IKOBAHOI MIJI/IFO KEPAMIKA HA OCHOBI
BIOTEHHOTI'O I'TIPOKCHAINIATUTY MEJAYHOI'O ITPU3ZHAYEHHS

B pobomi oocniosceno ennue mioi (1 mac. %) na cmpykmypy ma énacmueocmi mpbox muni¢ Kepamiku Ha OCHOGI
biozennozo 2iopokcuanamumy: 2iopokcuanamumnoi, CKI0Kepamiku 2iopokcuanamum/SiO,-Na,O ma
ziopoxcuanamum/SiOy—B,0s-Na,O. Bcmanosneno, ujo 66edeHHs moOUGiKyouoi 006asku 3meHuwiye po3mip 3ephHa 6
CmpyKkmypi Kepamiku, a maKoxyc nO3uMmMueHo 6nIU6ae Ha eaacmugocmi in vitro, snudicyiouu pH ma 36invwyrouu 6 2-3,5 pazu
weuokicmo pe3opoyii  3paskie 'y izionoziunomy pozuuni. [locnioyicenns adcopoyinnoi axmueHocmi noOKa3ano
nepcnekmugHicms Mooupikosanoi miodr Kepamiku aK HOCiig 1iKapcbKux 3acooies.

Knrwwuosi crosa: xepamika, eiopoxcuanmum, ckio, Miob, CIMPYKmMypa, ROPUCMICMb, 61ACMUBOCmi in Vitro, aocopoyitina
AKMUBHICMb, IMINIAHMAM
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CTPYKTYPA ¥ CBOMICTBA MOJJU®UIIMPOBAHHOI MEJIbIO KEPAMUKHA HA
OCHOBE BUOT'EHHOT'O TMIPOKCUAITATUTA MEJINLHNHCKOI'O HASHAYEHU S

B pabome uccneoosano énuanue meou (1 mac. %) na cmpykmypy u ceolicmea mpex munoé KepamuKu Ha OCHO8e
Ouo02enn020 2uopoxcuanamuma: 2UOPOKCUARAMUMHOI, CMEKI0KepamuKu zuopokcuanamum/Si0»-Na,O u
2uopokcuanamum/Si0,-B,03-Na,0. Ycmanosneno, umo esedenue moouguyupyrouieii 006a6Ku ymenvuiaen pamep 3epua 6
CIpYKmype Kepamuku, a makice nOI0NCUMENbHO GUAEH HA ceolicmea in vitro, chudcan pH u yeenuuuean ¢ 2-3,5 pasa
cKopocmb pe3opouuu oopasuos 6 ghuzuonocuueckom pacmeope. Hccnedosanue adcopoyuoHHOU aKMUGHOCMU ROKA3AN0
NepCReKMUGHOCM b MOOUDUUUPOBAHHOI MeObIO KEPAMUKU KAK HOCUM ellell JIeKAPCMEEHHbIX CPeOCm .

Kniouesvie cnosa: xepamuka, 2UuOpoKcuanmum, cmekio, medb, CMPYKMypd, HOPUCMOCMb, CE0UCmea in Vitro,
a0copOYUOHHASL AKMUBHOCHIb, UMIIAHMAM
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STRUCTURE AND PROPERTIES OF COPPER MODIFIED CERAMICS BASED ON
BIOGENIC HYDROXYAPATITE FOR MEDICAL APPLICATION

In the present work the effect of copper (1 wt. %) addition on the structure and properties of three types of ceramics
based on biogenic hydroxyapatite was investigated. Samples based on biogenic hydroxyapatite as well as hydroxyapatite and
Si0,-Na,O glass were obtained at 780 °C. Samples with composition hydroxyapatite and SiO,—B,0;—Na,O glass were
obtained by two-stage sintering at 1100 °C and 780 ° C, respectively. It was established that the addition of modified element
to the ceramics allows reducing grain size in the structure of ceramics, and also ambiguously affects the porosity. In addition,
the addition of copper has a positive effect on the in vitro properties of materials, reducing the pH and increasing the rate of
absorption of the samples in saline by 2-3.5 times. According to the studies of the adsorption activity of copper-modified
ceramics samples their potential as drug carriers for accelerating the treatment of bone defects in orthopedics, traumatology
and dentistry has been shown.
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Beryn

Ha choromHimHii aeHb aJis iHKeHepii KICTKOBOI TKAaHMHU 3HAXOSTh 3aCTOCYBAaHHS PI3HOMAaHITHI
BUAM MaTepialiB, Taki K MMOJiMEpH, METaJH 1 iX cIjIaBH, KepaMika, 010CKJIO Ta pi3HOMaHITHI KOMIIO3UTH
Ha iX ocHOBi. lllono Oiokepamiku, TO HAHOINBLI aKTHBHO BHKOPUCTOBYIOTH TigpokcuamaTutr (I'A) sk
CHUHTETHYHOTO, TaK 1 OloreHHoro noxospkeHHs. Llupoke 3acTOCyBaHHS TiJPOKCHANIATHTY TOSCHIOETHCS
HOro XiMIYHOKO CIOPIJHEHICTIO i3 KICTKOI Ta BIIMIHHMMH OiOCYMiCHUMH BJIACTHBOCTSIMH. BioCKIo, B
CBOIO yepry, 3a0e3nedye Kpaili MexaHiuHi BIacTHBOCTI Olokepamiku [1-7].

OpraHi3M JIFOAUHA MICTUTh BEJIWYE3HY KIJIBKICTh XIMIYHUX €JIeMEHTIB, cepen skux Ca, P, O,
C, H, P, S, Na, Mg, S, B, Cl, K, V, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cr, Si, I, F, Se. Biibiicts
XIMIYHHX €JIEMEHTIB MICTATbCS B KICTKOBIH TKaHMHI Ta y KpoBi. MIKpOeneMEeHTH € >KUTTEBO
HEOOXiHUMH, OCKUIBKM NpH iX BIiICYTHOCTI ab0 HecTadi MOPYIIYETbCS HOpPMajbHAa KHUTTE3NATHICTH
opranizmy. Ile B 70-X pokax MHUHYJIOTO CTOJIITTS OYJI0 BCTAHOBJIEHO, 110 Mepedir 010XIMIYHHMX MPOIIECIB,
SKHH B1IOYyBa€eThCS B KICTKOBiHM TKaHWHI B yMOBax (pi3i0J10Ti4HOI UM penapaTuBHOI pereHeparii, a TaKox
MaTaJOTiYHUX CTaHaX KICTKH, KaTalli3yeTbCs (AKTHBYETHCS) BEJIMKOIO KIUIBKICTIO KAaTiOHIB —
MIKPOEJIEMEHTIB, Cepell AKUX BEINKE 3HAYEHHS MAalOTh MIKPOEIEMEHTH 3i 3MiHHOO BanleHTHICTIO [8-10].
[Ipu iboMy y 3BUUATHIX YMOBaX (i3107I0TIIHOI perenepartii KiCTKA MIKpOESIIEMEHTH BiJlirPalOTh BAXKJIHBY
POJb HE JUIIE B MpoIlecax BiTHOBJICHHS KPUCTAIIYHOT PEIIITKY TiIPOKCHANIATUTY, aje i TiCHO MOB’s3aHi
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O0OMIHOM OpraHiYHMX KOMIIOHCHTIB KICTKH 3a PAaxXyHOK TPSIMOTO BIUIMBY Ha OCTCOTCHHI KIIITHHHI
€JIEMEHTH, CTIPUSAIOYN TUM CAaMHUM HIATPUMIIL piBHSA iX nudepentiamii [9].

Migp B JIOACEKOMY Oprasi3mi Oepe ydyacThb Yy Mpolecax KpOBOTBOPEHHS, BIUIMBaE Ha CTaH
KICTKOBOi, CITONYYHOI TKaHWHH Ta CIMiTelNilo, HOpMallizye poOOTy €HAOKPHHHOW CHCTEMH, YKPIILTIOE
CTIHKHM CY/WH, MiJIBUIIYE IMYHITET 1 HEUTpalizye BIJIbHI pamuKaiy, 3ade3nedye oOMiH 3ami3a Ta pa3oM 3
3amizoM i BitamiHoM C Oepe y4acTh B YTBOPEHHI reMoriobiHy, MOKpaIlye TpaBIeHHA, Oepe ydacTh y
noOy/0Bi psixy GepMeHTIB 1 OiKiB, miABUIIYE ePEeKTUBHICTD JIIKAPCHKUX MPENapaTiB, B TOMY YUCIHU Ji10
aHTHOIOTHKIB, Ma€ MPOTH3AMaIbHYy 1 MPOTHMIKpoOHY miro Hectada Mmini B opraHi3aMi NPU3BOAHUTH JIO
JECTPYKIIil KPOBOHOCHUX CYJHUH, MATOJOTIYHOTO POCTY KICTOK, NIe(eKTiB y CIIONydHUX TKaHWHaX. Kpim
TOT0, BBaXKalOTh, IO NeIUT MiAi CIYXKUTh OJHIEI0 3 NPUYMH PAKOBHX 3aXBOPIOBaHb. Y JESIKHX
BUMAJIKAaX YPaKEHHS JIET€Hb PAKOM, Y JIOJIeH MOXHUIIOTO BiKY, JiKapi MOB'A3YIOTH i3 BIKOBUM 3HHKCHHSIM
BMiCTy Mizi B oprasi3mi. OJHaK, HaUIUIIOK MiJli B OPTraHi3Mi MPU3BOAUTH A0 TOPYIICHHS TMCUXIKH 1
napajgiuy JesKuX opraHiB (xBopobOa BinbcoHa). TOKCHUHOIO JIsi OpraHi3My BBaXKA€ThCA J103a Mifi
>250 mr. ¥V HEBENUKHUX 033X Millb BUKOPUCTOBYIOTh B MEAMIMHI AJIsl 3aTPUMKH POCTY Ta PO3MHOKECHHS
Oakrepiit: sk mpukian, CuSO4 3aCTOCOBYETHCS TPU JTIKYBaHHI KOH'IOKTHBITY y BHUIJISIII OYHHAX Kpareib
(25%-i1 po3umH), a TaKOXK IUIS NPHUITIKAHHS [PU TPAXoMi y BUTJISLII OYHUX OJiBLIB. IIpu omikax ImKipu
(dhochopoM npoBoaATS Ti psicHe 3MouyBaHHS 5%-HuM po3urnHOM CuSQy.

BBenmennss wminmi g0 ckimamgy OiokepaMikk Ta OloCKiia O3BOJSIE TOKPAIIUTH AaHTIOTEHe3, i
pereHepairisi KICTOK y TIOPiBHSHHI 3 HEJIETOBaHUMH MaTepialaMH IMPH X IMIUIaHTAIlil, @ TAKOX CYTTEBO
MOKPAIMTH aHTHOAKTEpiadbHi BIacTHBOCTI iMmtanTatie. Kpim Toro, Beesenns Cu®* y Burmaai CuO y
kimekocTi 0,5-3,0 Mac. % 10 CKiTaay MOpUCTOro 6iocKia He MPU3BOIUTD 10 TOKCHYHOCTI [7, 11-14].

TakuM 9rHOM, Mifb JEMOHCTPYE BEIMKHUI MOTEHIIAN K 0araTropyHKIIIOHAIEHUN TepaneBTHYHHMA
3aci0 U1 MpodiIaKTHKH 3aXBOPIOBaHb, MOB'I3aHUX 3 IHQEKIISAMH, Ta Ul CTUMYJISLIT pereHepaiii KicTok
3aBJISKM CBOIH aHTUCENTHYHIN Ta OaKTePUITUIHIN Mii.

Tomy meroro manoi poOoTH OyN0 JOCTIAUTH BIWB Mifi K MOAN(DiKyt040i JOOABKH HA CTPYKTYPY
Ta BJIACTUBOCTI KepaMiK{ Ha OCHOBI 0i0T€HHOTO T1IPOKCHAIIATUTY, OTPUMaHO] K 0€3, TaK i 3 101aBaHHAM
PiAKOro HATPIHCHITIKATHOTO Ta HATPIHOOPOCHITIKATHOTO CKIIA.

Marepiajiu Ta MeTOAU AOCTiTKEHHA

Jis mipoBeneHHsI TOCHiKeHb OyJI0 OTPHMAaHO IIICTh THITIB 3pa3KiB CKJIOKEpaMiKd Ha OCHOBI
OiorenHoro riapokcuanatuty (BI'A) cknmam sxkux HaBeaeHo B TaOmuimi 1. Bci 3pasku orpumyBanu
METOJIOM OJIHOCTOPOHHBOTO MpecyBanHs npu TUCKY 100 MIla 3 moganpIiM CiKaHHSM MPH TEMIIEPaTypi
780 °C (T). Jlerytouy nobaBky y kijbpkocti 1 Mac. % mis 3paskiB Tuny BI'’A+Cu ta OK 015+Cu BBoxuIH
no cknany BI'A (abo cymimii BI'A Ta ckita) B CyXOMy BUTIISII Ta MPOBOIMIIN 3MIIIyBaHHS Ha POJIBTaHTY
npoTsiroM 4 TOAMH 3 TOJANBIIMM MPECYBaHHSAM Ta CHikaHHAM 3pas3kiB. s kommosutie OKG6
3aCTOCOBYBAJIM JBOCTAIHE CITIKAHHSA — CyMiIl ckiomuXTtH Ta bI'’A y HEoOXimgHOMY CITiBBiIHOIICHH]
cnikanmu npu temnepatypi 1100 °C (T;), motiMm moapiOHIOBanu 10 po3Mipy 4dacTHHOK < 160 MM,
Jo7aBany Jieryiouy no6aeky (y Bumaaky orpuMmanss ckianxy OK 6+Cu, 3mimyBanum Ha pOJIbIaHTy
npotsiroM 4 roauH, popMyBaiH 3pa3ku Ta crikanu npu tremmepatypi 780 °C (T).

CTpyKTypy OIepXaHMX 3pa3KiB IOCTIIKYBaIN METOAOM CKaHYIOUOi €JIeKTPOHHOI MIKpOCKOMii 3
BukopuctanHsaM MikpockoriB JEOL Superprobe 733 (SAmonist), Hitachi S-3500N (Hitachi, Smonis) ta
Zeiss Ultra Plus (Carl Zeiss Meditec AG, Himeuunna).

Tabnuys 1
CxJ1aa 3pa3kiB CKJIOKepaMiKH, pesKMMH iX TepMO0OPOOKH Ta MOPHUCTICTH Mic/sl CHiKaHHSA
Hazra Cknan, mac. % TeMnepaT};p a 3aram')Ha
warepiany Tun ckna crikanHs, °C IIOPUCTICTB,
BI'A | ckio Cu T, T +1%

BI'A 100 — — — — 780 43
BI'A+Cu 99 — 1 — — 780 44
OK 015 85 15 — SiO0,—Na,0 — 780 49
OK 015+Cu 85 14 1 SiO0,-Na,0 — 780 44
OK 6 50 50 — SiO,—B,0;— Na,0 1100 | 780 21
OK 6+Cu 50 49 1 SiO,—B,0;— Na,0 1100 | 780 24

Jns mporHO3yBaHHS TOBEAIHKM Martepialy y OioJIOTiYHOMY cepeldoBHUIl Oylno BHKOPHCTaHO
eKCIIepUMEHTH N Vitro. SIk MomenbHe cepenoBuiie Oysio BHKOpUCTaHO ¢izionoriuauii po3uun 0,9%
NaCl, sxuii € 130TOHIYHIM PO3YWHOM PiIMHAM JKHBOT'O OPraHi3My. 3pa3Ku MOMEPEAHHO BUCYITYBAIH B
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cymmiibHIA madi npu temmeparypi 100 °C mpoTsrom 2 roauH, 3BaKyBajJd Ha aHAIITHYHHUX Barax
“OHAUS Pioneer PA214C” (“OHAUS Corporation”, Kurait) 3 Tounictio 0,0001 r Ta momimanu y
po3umH, BUTpuMyBainu 48 roauH 3a TemmepaTypu 36-37 °C B Tepmocrtati. [loTiM 3pa3ku Buiimanu 3
PiAMHYU, TPOMUBANK TUCTWIHOBAHOIO BOAOIO Ta cymuiau npu temnepatypi 100 °C mpotsirom 2 roauH Ta
3BaKYBaJIM Ha THX ke Barax. [IIBUAKICTh pO3UMHEHHS MaTepiady BU3HAYAIN 332 BTPATOI0 MACH IPOTATOM
gacy ekcrnepuMeHTy. KpiMm Toro, mpoBoaniIN KOHTPOIb 3MiHH pH mpu 3aHypeHHi 3pa3kiB y ¢i3ionoriaHuit
po3uuH 3 gonomMoroto nopratusaoro pH-metpy “Checker HI 981277 (“Hanna Instruments”, CLLLA).

Ominky ancopOuiiHOi aKTHBHOCTI OTPHUMAaHHMX 3pPa3KiB MPOBOIMIM Ha MPHKIAAI JIKapCHKOTO
npemapary nedTpiakcoH, skuil € antuodioTrkoM 11l mokomiHHS 1edaroCcIOpUHIB MIHPOKOTO CIIEKTPY il
IUIsl TIapEeHTEPaIbHOTO BBEACHHS, 10 BHKOPHCTOBYIOTH TNPH JIIKYBaHHI PI3HUX 3aXBOPIOBAHb, B TOMY
gucii iHQeKIii KiCTOK (OCTEOMIENiTY) 1 cyrao0iB, s NpoQiIaKTUKH MicsoNepalifHuX YCKIaJHEHb.
Hacuuenns mpoBoannm po3unHOM IedTpiakcony (Ceftriaxon, «Arteriumy, YkpaiHa) y ¢izionoriagnomy
po3umHi («Arterium», VYkpaina) 3 KoHHeHTpauiero aHTuOioTuky 40 000 Mr/r BigmoBimHO 1O
PEIENTYPHOTO JUCTA Ha mpemnapar. 3pa3ku Macor ~ 0,5 r moMimianu B po3uuH aHTUOIOTHKY 00’ eMOM 5
M Ha pizHi mpomikku dacy (0,5; 1,0; 2,0; 3,0; 4,0 rox.), micis 4oro MpOBOAWIM HEHTPU(YTYBaHHSI
po3unHiB (mentpudyra LJIK-1, Pocis) mporsrom 10 xB. (wacrora 3000 006./xB.) 3 MOAANBIIAM
BU3HAYEHHSIM ONTHYHOI TYCTUHH PO3uMHiB (hoTokanopumerpudaum merogoM (PEK-56M, Pocis).

Ha ocHOBi oTpuMaHMX 3HaueHb ONTHYHOI I'YCTHHH, BUKOPHCTOBYIOUHM 3a3[alieTib NOOYyAOBaHUN
KanmiOpyBanbHUH Tpadik, BU3HAYANH 3aJWIITKOBY MACOBY KOHIICHTpAIi0 He(TPIaKCOHY B OCBITICHOMY
po3umHi. AncopOuiiiHy aKTUBHICTh BU3HAYAIH 32 POPMYJIIOI0, MI/T:

X = (C,-C,-K)-0.025
m
ne C; — MacoBa KOHIIEHTpAITisl BUXITHOTO PO3UUHY e TPUAKCOHY;

C, — MacoBa KOHIICHTpAIIisl PO3YHHY TiCIsl KOHTAKTYBaHHS 3 MOJPiOHEHUM 3pa3koM OioKepaMiKH,
MI/1;

K — koedimieHT po36aBiieHHS PO34YHHY, B3ATOTO JJISl aHANI3Y, MICHII KOHTAKTYBaHHS 3 MOIPiOHEHUM
3pa3kom Oiokepamiku (K=1);

M — Maca HaBaXKH MMOIPiOHEHOTO 3pa3Ky OiOKepaMikH, T;

0,005 — 00’eM po3unHy 1ePTPiaKCOHY, B3ATOTO JUISI OCBITIEHHS, 1.

Pe3ynabTaTu T2 00rOBOpPEHHS

Ha puc. 1 HaBeneHO 30BHINIHIN BUTIISAA JIETOBaHWX MIiJMi0 3pa3kiB Ha ocHOBI BI'A. Pi3nwmii
xapakrtep 3a0apBJIeHHS 3pa3KiB, 0 AKUX OyJIO0 BBEJICHO OJHAKOBY KUIBKICTP JIETYIOUOi I0OABKH CBiIYUTH
Mpo pi3HI MexaHi3MH MOAM(IKyBaHHS KEepaMiKH Ta CKJIOKepaMiku Ha ocHOBI BI'A. YV Bumanky ckiamy
BI'A+Cu crmoctepiraemMo CBITJIIO-KOpUYHEBE 3a0apBJiCHHS 3pa3KiB, 110 MOXe OyTH IIOB’S3aHO 3
yTBOpeHHsIM okcuny Migi CuO (Ui SKOro XapakTepHe came KOpUYHEBE 3a0apBJICHHs) NPU CIIKaHHI
3paskiB. [list OKO15+Cu, 1o ckimany skoro Bxoauth 14 mac. % ckia cucremu SiO,—Na,O, nmpuramasHuii
Olmuii KoMip 3 JIerKMM BiATiHKOM OmakutHOro. 3pasku ckiany OK6+Cu MaioTh sickpaBe OJakuTHE
3a0apBJICHHS, SIKE, HA HAIIY JyMKY, [IOB’s13aHO 3 B3aEMOIIEI0 JIET'YI0UOi J00ABKH 31 CKiIoM cucteMu SiOp—
B,03;—Na,;O. 3 npakTUKu CKIOBapiHHS BiZOMO, II0 B OKHMCHOMY CEpEIOBHINI Minb Yy Kimbkocti 1-2 %
3a0apBIIOE CHITIKATHE CKJIO, IO MICTUTh OKCHJ HATPil0, B OMAKUTHUH KOJIp.

L
9 y = b ,
BrA+Cu OK 015+Cu OK 6+Cu

; v
Puc. 1. 3oBHimHii BUras1 3pa3kiB kepamiku Ha ocHoBi BI'A

Bci orpumani 3pa3ku € HOPUCTUMH, IPUUOMY BIUIMB JIETYIOUO1 100aBKM Ha TOPUCTICTH 3pa3KiB €
HEOJHO3HAUYHUM. BifOBiAHO O OTpUMaHKUX pe3yJIbTaTiB, HABEACHUX B TaONULi 1, y BUNAAKY AOAaBaHHS
Migi 1o BI'A 3aranbHa MOPUCTICTh MPAKTUYHO HE 3MIHIOETHCS Ta CTaHOBHUTH 43-44 %. Y BHIAAKy X
CKJIOKepPaMIUHHMX 3pa3KiB CIOCTEpIraéMo HAaCTyIHe: HpH 3acTocyBaHHi ckia cucremu SiO,—Na,O Ta
METOAY OJHOCTAIIIfHOTO CIiKaHHS BBEACHHS JIETYI0U01 J0OABKH MPHU3BOAMUTE 0 3MEHIICHHS ITOPUCTOCTI
3pa3kiB Bia 49 1o 44 %, a npu BukopuctanHi ckia cucreMu SiO,—B,03-Na,O Ta MeToay aBoctaaiiiHOro
CHikaHHS JOAaBaHHA Mili 30impmrye mopucticte Bim 21 mo 24 %, mo moxe OyTH TOB’sI3aHO 3
0COOJIMBOCTSAMHU CITIKaHHsI 3pa3KiB B IPUCYTHOCTI CKJIa Pi3HOTO CKJIALy.
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Ha puc. 2 HaBeJeHO MIKpOCTPYKTYpYy Ha TPUKIAI 3JIaMiB OTPUMAaHWX 3pa3KiB. 3 HaBEICHUX
¢doro3HIMKIB BUAHO, 1m0 s cknaniB BI'A ta OK 015 xapakTepHOI0 € pHXJia CTPYKTypa, YTBOpEHa 3
YaCTHMHOK po3Mipamu > 1,2 ta (0,2 MKM, BiJIIOBIIHO, SKi, B CBOIO uepry, (OpMYIOTH arjioMeparH, 3
PO3BUHYTOKO BiJKPUTOI MIKpOMOPUCTICTIO. [l 000X THMIB CKIaAiB BBEJACHHS JICTYIOYOi TOOABKU Y
KimpKocTi 1 Mac. % mpuBOIUTH O 3MEHLICHHS pO3Mipy 3epHa. Y Bumaaky ckiaany BI'A npu nogasanHs
MiJIi CITOCTEepIraeThes TAKOX TpaHchopmallis GOpMH YaCTHHOK 3 TUIACTiBYacToi B okpyriy. KommosnTtu
OK 6 ta OK 6+Cu MoxHa oxapakTepu3yBaTH MaTPUYHOIO CTPYKTYpOIO, B AKiil HaTpilibopocuiikaTHa
ckinodasza yTBOPIOE «KapKac», B SKOMY 3HAXOIATHCS KPUCTANIYHI YACTHHKU TiIPOKCHANATHUTY, IIO0
(dopMy€eThCsl 32 paxyHOK 0coOIHMBOCTEH pifkohazHOro crikaHHA Matepiany. HasBHICTH pi3HUX TOp B
Mmatepiani OK 6 ta OK 6+Cu moB’s13aH0, Ha Hallly TyMKY, 3 Pi3HUM XapaKTepOM MOPOYTBOPECHHS: MOPH 3
po3mipom 100-700 MKM yTBOPIOIOTHCS 32 PaXxyHOK MIXK3EPHOBHX IIYCTOT, a MOPU 3 PO3MIPOM MEHIIIC
100 MKM — 3a paxyHOK BCITIHFOBaHHS CKJIOMACH MPH KiHIIEBOMY CITIKaHHI.

Sk BimoMo, Ha pereHepaliro KiCTKOBOI TKaHMHU TMpPH iMIUIAaHTALil MaTepialy 3HAYHOIO MipOI0
BIumBae pH cepenoBuiua opranismy. Ha puc. .3 Ta B Tabnuui 2 HaBeJeHO pe3yabTaTH NOCIIIKCHHS
3MiHu pH ¢i3ionoriyHoro po3unHy npu nepedyBaHHI y HbOMY 3pa3KiB CKIOKEPaMiKH, 3 SIKHX BHUILIHBAE,
110 BBEACHHS Mini y Kinbkocti 1 mac. % 10 ckmamy KepaMmidHHX 3pa3KiB MPUBOAWUTH A0 3HMKEHHS pH
MOJIEJIFHOTO CEPEZOBHINA, 110 € TIO3UTUBHUM (PAKTOPOM 3 TOUYKH 30py BIUIUBY OioMaTepialy Ha KIITHHH
xuBoro opranizmy. Kpim toro, mms cximaxy OK 015 ta OK 015+Cu cnocrepiraemo B 2,5 pa3u OunbImi
3HaueHHs A pH po3umny, a Takoxx Buiui abcomoTHi 3HaueHHA pH y nopiBHsaHHI 31 ckmagamu OK 6 Ta
OK 6+Cu, o Moxe 0yTH OB’ s13aHO 3 OIIBIION0 PO3YMHHICTIO cKiIa cucTeMu SiO,—NayO, 1110 BXOIUTH 10
ckaany 3pa3kiB OK 015 ta OK 015+Cu, a Takox ockioBaHicTio 3pa3kiB OK 6 Ta OK 6+Cu.

IIpu mopanemomy mnepeOyBaHHI 3pa3kiB y (i3i0N0oriYHOMY pO34YHMHI MpoTsirom 2 ni6 Oyio
BU3HAYCHO INBUAKICTh Pe30pOIlii KOMIIO3MTIB, MPEACTaBICHY B TaOmuil 2. SIk BUJHO 3 HaBEIACHUX
pe3yJbTaTiB, BBEJCHHS JICTYyIOU0l J0OABKH MiJABHIIYE IMBUIKICTH Pe30pOIlii 000X THIIIB KOMIIO3WTIB, B
TOM yac sIK CKJIOKepaMika, OTpuMaHa Ha ocHOBI BI'A Ta HaTpiHOOPOCHIIIKAaTHOrO CKja, Ma€ BHILI
MOKa3HUKM INBUAKOCTI pe3opOuii y HOpiBHSHHI 31 3pa3kaMu, OTpUMaHMMU Ha ocHOBI BI'A Ta ckia
cucremu SiO,—Na,0.

BrA+Cu
OK 015+Cu

OK 6+Cu

- Wt eme e — € -
- T v

Puc.2. MikpocTpyKTypa 3pa3kiB kepaMiku Ha ocHOBi BI'A
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3.0 1

OK 015

2.5 1

2.0 1

OK 6+Cu

0 20 40 60 80 100 120
Yac, xB.

Puc. 3. 3mina pH ¢iziosioriunoro po3unHy B NpucyTHOCTI 3pa3KiB Kepamiku Ha ocHoBi BI'A

AncopOuiliHy aKTHBHICTh KOMIIO3UTIB Ha MPHUKIaAi HedTpiakcoHy Oyno AOCTiIKEHO Ui CKIAIIB
OK 015+Cu ta OK 6+Cu. Otpumani pe3yabTatu (puc. .4) cCBiUaTh MPO Te, M0 HACHUCHHSI KOMITO3UTIB
AHTHOIOTHKOM 3aJIeXHUTHh BiJl CKJIAAy 3aCTOCOBAHOTO CKJIa, a TaKOX MOPHCTOCTI OTPHUMAaHHUX 3Pa3KiB.
Hespaxkatoun Ha He, mo a8 3paskiB OK 6+Cu xapakTepHi HIKYI 3HA4YEeHHS ITOPHCTOCTi, BOHHU
MPOSIBIISIIOTH BHIII MOKa3HUKH a1COPOLIIHHOT aKTHBHOCTI.

Tabruys 2
HIBuakicTs pe3opouii Ta pH ¢izionoriunoro po3uuny micas 2 rox.
nepe0yBaHHsl B HbOMY 3pa3KiB KepaMiku Ha ocHOBi BI'A
. [IBuaKicTs pe3opoitii, pH
Hasa matepiany % mac./no0y (hizioJoTiYHOTO PO3UNHY
OK 015 0,09 8,69
OK 015+Cu 0,18 8,55
OK 6 0,13 7,40
OK 6+Cu 0,50 6,63
B OK 015+Cu
400 B OK 6+Cu

ApcopbuinHa akTMBHICTb, Mr/r

0,5 1 2 3 4
Yac, rog.

Puc. 4 AncopOuiiina akTHBHICTB 3pa3KiB kepaMiku Ha ocHOBI BI'A

BucnoBku

BcranoBneHo, 1m0 BBeJICHHS JIETYIOUOI JOOAaBKH CHpUsi€ 3MEHIIEHHIO PO3MIpYy 3€pHa B CTPYKTYpi
KepaMiK{, a TaKO’XK HEOJHO3HAYHO BIUIMBAE HA MOPUCTICTh: y BUIAAKY HOJABAaHHS Miai 10 OIOM€HHOIO
TIAPOKCHANATUTyY TOPUCTICTh 3pa3KiB NPAKTUYHO HE 3MIHIOEThCSH Ta CTaHOBUTH 43-44 %. Jnsa
CKJIOKepaMIUuHHMX 3pa3KiB, OTPUMaHUX 3 3acTocyBaHHsAM ckia cuctemu SiO,—Na,0 T1a wmeromy
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OJTHOCTAQIIITHOTO CITIKAHHS BBEICHHS JIETYIOUOi TOOABKH MPU3BOIUTE JO 3MEHIIICHHS MOPHUCTOCTI Bim 49
no 44 %, a npu BUKOpUCTaHHI ckia cuctemMu SiO,—B,03;—Na,O Ta Meromy ABOCTaAiHOIO CIiKaHHS
301bIIIye TOPUCTICTD Bif 21 10 24 %, Mo Moke OyTH MOB’S3aHO 3 OCOOJMBOCTSAMU CITIKaHHS 3pa3KiB B
MPUCYTHOCTI CKJIa Pi3HOTO CKIIAay.

IToka3aHo, 110 BBEICHHS Mifi MMO3UTHBHO BIUIMBA€ Ha BJIACTHBOCTI IN Vitro, sumkyroun pH Ta
30impmryroun B 2-3,5 pa3su MBHIAKICTH pe3opOrii 3paskiB y izionoriunomy posunHi. Ha ocHOBI
JOCTIDKEHb aJICOPOIIfHOT aKTUBHOCTI MOIU(IKOBAaHMX MIJJI0 3pa3KiB CKJIOKEpaMiKW TOKa3aHa ix
MEPCTIEKTHBHICTh K HOCI{B JIIKApCHKHUX 3acO00iB ISl TPUCKOPEHHS JIKyBaHHSA Ie(eKTiB KiCTKOBOI
TKaHWHU B OPTOTICii, TPAaBMATOJIOTIi Ta CTOMATOJIOTI1.

Aemopu sucnogmoioms wupy nodsaxy Jan Mizeracki (Jlabopamopis nanocmpykmyp Incmumymy
sucoxux muckie Ilonbcovkoi akademii Hayk) 3a nPoBedeHHs CIMPYKMYPHUX 00CTIONCEHb 8 PAMKAX SPAHMY
0151 i3UMIB YKPAIHCObKUX YUeHUux Ha micaynuu mepmin 0o llonvwi 32i0no 3 IIlpomokonom 0o Yz2o00u npo
Haykoge cnigpobimuuymeo misc Ilonvcovkoro akademiero Hayk i Hayionansroro akademiero Hayk Ykpainu.
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