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CUHTE3MPOBAHBI B XOJ€ MAaCCOBOI KpMCTAJUIM3allMM B BOIHBIX pacTBOpax C JOOaBIEHUEM IIMIIEpUHA, a
TaKXXe CMECH MOJUATUICHITIMKOIS, TToJincopbara 1 kietouHoit cpensl. Hanowactuups CaCOj : Si : Fe pas-
MepoM 65 £ 15 HM IToTy4e HBI METOAOM TEMILIATHOTO CMHTE3A B IIOPAX YaCTUIL KpeMHe3eMa. 3ydeHb Kpu-
CTaJJINYECKas CTPYKTypa U IMOJUMOPGU3M ITOJydeHHBIX YACTULL, ONPEAEIEHO BIMIHUE pa3Mepa U CTPyK-
TypBI YacTUIl Ha 3¢ GEKTUBHOCTD MX 3aTPY3KH ITPOTUBOPAKOBLIM COENMHEHNEM, a TAKIKE €TI0 BEICBOOOXKIE -

HHNE B MOACJTIBHbBIX YCIIOBUAX ITPU Pa3HbIX pH.
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BBEAEHWE

IMonoxuTtenbHbIE pe3yJibTaTbl TEPAUU IIUPOKO-
ro criekTpa 3abojieBaHUIl B 3HAUYUTEIBLHON CTENEHU
3aBUCSAT OT BO3MOXHOCTU OCYIIECTBJSITh TOCTaBKY
MpernapaTroB B 1IeJIEBOM OpraH, TKaHb WM KJIETKY.
HecmoTpst Ha niiuTesibHbIE MCClIeIOBaHUSI B 00J1aCTU
aJipecHOl JOCTaBKM JIEKapCTB, B HACTOSIIEE BpeMs
0OblIIasl YacTh JJIEKApCTBEHHbBIX MpenapaToB He 00-
JlalaeT aJpeCHOCTbIO W pachpenessieTcss mo Bcemy
OpraHusMy, Iorajasi NPpeuMyllleCTBEHHO B KJIETKHU
MakpodaroB re4yeHU U cejie3eHKU. Pa3Butue mo-
00uHBIX 3 (PEeKTOB U CHMXKEHHE 3(P(PHEKTUBHOCTHU
yIeJbHOW J03bl Mperapara OCOOEHHO KPUTUYHBI
MMpU JOCTaBKe XMMUOTEPaINleBTUUECCKUX ITpernapaToB
C BbIPaXXeHHBIMU TOKCUYECKUMU CBOMcTBaMu. st
YCTpaHEHUSI HEJIOCTATKOB TPAAUIIMOHHON Tepanuu
YW YMEHbIIIEHUSI TOOOYHBIX 3(P(HEKTOB 0COOYIO MPU-
BJIEKATEJIbHOCTb MpuoOpesa uaesi, OCHoOBaHHasl Ha
WMCIIOJIb30BAaHUM COCYAUCTBIX aHOMAaJIUM OIyxojeid
IJIsl obecriedeHusl AOCTyIa K HUM JIeKapCTBEHHBIX
MpernaparoB ¢ u3dexxaHrueM TPOHUKHOBEHUSI B HOP-
MayibHBIe TKaHM [1]. OCOOEHHOCTH COCYIOB OITYyXO-
JIU, B YACTHOCTHU TIOBBILLIEHHAs] MTPOHULIAEMOCTb U
BO3MOXHOCTb yJI€p>KUBaTh BBEIEHHbIE MpenapaTbl U
yacTulbl, nojyuynan HaszBanue EPR-sddexra [2].
C MomMmeHTa OTKphITUSI U 10 cux nop EPR-addexkr
cuMTaeTcs HanboJiee BaxXXHOI KOHILEHIMEH Ipy pas3-
paboTKe cucTeM JOCTaBKM TPOTUBOOITYXOJIEBBIX

npenapatos [1, 3—5]. OmHako MmegneHHast 1udy3us
JIEKapCTBEHHBIX MpPeIapaToB B OMyXOJEBYIO TKaHb B
HacTosIllee BpeMs IIPU3HAHA OTPAaHNYMBAIOIIAM
¢aKTOpOM, Cepbe3HO CHILKAIOIINM JIEKAPCTBEHHYIO
3(PEeKTUBHOCTD B KJIeTKax-MUIIeHIX. [loMumo 3T0-
ro, 0COOEHHOCTH IOP B KPOBEHOCHBIX KaIMJIISIpax
OIIYyXOJIM MOTYT CMJIBHO BapbUPOBATHCS B 3aBUCHUMO-
CTH OT IIPUPOALI OITYXOJIeii, CTaIuK Pa3BUTHUS, MECTa
MOJIOXKEHUS U IpyTux (pakTopoB, a MOCIENHUE UC-
cJIeqoBaHUS B 9TOM 00JIacTH MOKa3bIBaoT, YTo EPR-
3¢ deKT ropasno criabHee BEIpaXKeH Yy TPhI3yHOB, YEM
y moneit [6—9]. dist 6oJiee CyIIeCTBEHHOTO YBeIU4Ye-
HUS 3(Q@EKTUBHOCTH Tepanuyd TNePCIeKTUBHOMN
CcTpaTeTueil MpeAacTaBIIsIETCS HCIOIb30BaHUE OCO-
OEHHOCTE MUKPOOKPYKEHUSI OMYyXOJIU B JIOTIOJIHE-
Hue K EPR-a¢ddekTy, B yacTHOCTH cl1abOKMCIOTO
pH 1, 4, 10]. 910 nenaet nepcrneKTUBHBIM pa3padoT-
Ky pH—‘{YBCTBI/ITCHbeIX CUCTEM JOCTaBKMH, KOTOPHLIC
BBICBOOOXIAIOT WHKAIICYJIMPOBAHHOE COAEPKUMOE
npu nnoHmxeHuu pH cpenbl. Cpeay 4yBCTBUTEIBHBIX
K pH BBICOKO TTOPUCTHIX YaCTHUIL O1arogapsi Xopolei
OMOCOBMECTUMOCTH U HU3KOM TOKCUYHOCTHU BbIIC-
Jsoted yactuupl CaCO; [11—15]. Onna u3 noau-
MopdHbIx Moaudukanuit CaCO;, BaTepuT, XxapakTe-
pu3yeTcsl 3HAYUTEIbHOM COPOIMOHHON €MKOCTHIO,
YTO MO3BOJISIET COPOMPOBATH Pa3IUIHBIC BEIIECTBA C
addekruBHOCTBIO 10 10—15% OT Macchl camMux 4a-
crutl [16]. B HacTos1Iee BpeMsI T TOCTABKY in Vitro
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B OCHOBHOM MCIOJIB3YIOT YaCTUIIBI BATEPUTA CPEIHE-
ro nuametpa 2—>5 Mkm [17, 18]. Hactuusl CaCO; nua-
METpPOM MeHee 1 MKM He TaK paclpocTpaHeHbI 13-3a
CJIOXXHOCTHU Ux cuHTe3a [ 19]. U3BecTHO, UTO YacTUIIbI
BaTepuTa OBICTPO BBICBOOOXKIAIOT 3arpy>kKeHHBIC B
HUX TIpOTMBOpPAKOBBIE BelllecTBa (KaMIITOTELMH,
JTOKCOPYOUIIUH U TOKCUIUKIMH) TIipu pH oT 4 no 6
(m0 90%), B TO Bpemst Kak nipu pH = 7.4 BbICBOOOXK-
JIeHWe HUYTOXHO Majo [12, 13, 17, 20, 21].

B onHoIi 13 mepBbIX pabOT MO U3YYEHUIO BIUSIHUS
HezarpyxxeHHbIx yactull CaCO; pazmepom 30—200 HM
Ha POCT OMYXOJIM y TPHI3YHOB OBLJIO IMOKAa3aHO, YTO
yactulibl CaCO; u3buparesbHO HaKaIrJMBaloTCs BO
BHEKJIETOUHOM 00JIacTU omnyxoJieil, moBbIlIasi U Mo-
nepxuBasg pH omyxonm Ha ypoBHe ~7.4 Oimaromaps
BBICOKOIT OydepHoit crmocooHoctn [22]. B [23]
MMPOJIEMOHCTPUPOBAHO, UTO HEMpPepbIBHAS MHDPY3US
100 = 9 um yactui CaCO; crtocodbHa MHTMOUPOBATh
MEeTacTa3MpOBaHUE OIMYXOJIU B MOIENM arpeCCUBHO
METaCcTa3upymrIIero OPTOTONMMYECKOTO paka MOJIOU-
HOI XeJie3bl. B [24] BbISIBIIEHO, UTO IPU COBMECTHOM
KYJIbTUBUPOBAHUU KJIETOK paKa MOJIOYHOM KeJIe3bl 1
¢ubpobnacroB nobapieHue HaHoudacTul CaCO;
(120 = 30 HM) IpuBeIO K U30MpPaTeIbHOMY UHTUOM-
POBaHMIO POCTA M 3aMEMJICHUIO MUTPAIIMU PaKOBBIX
KJIETOK 0e3 BIUsIHUS Ha GUOpoOaacThl. DTOT a(pdheKT
CBSI3BIBAIOT C TEM, YTO pacTBopeHue yactul CaCO;
B CJ1aOOKMCIION cpelie, XapaKTepHO TS OKPY>KeHUS
PaKOBBIX KJIETOK, 0OecreunBaeT Xopolyo Oydepu-
3amio pH B npenenax HopMmaabHOTO (hr3UOIOTHYE-
CKOTO IMAITa30Ha, YTO IPUBOIUT K META0OJTMIECKOMY
repenporpaMMUPOBaHUIO PAKOBBIX KIETOK U MOXKET
YMEHBIIUTb UX arpeCCUBHOCTb, HE BJIUSISI HA POCT U
TTOBeeHNE OKPYKAIOIINX HOPMAJTBHBIX KJIETOK.

CreneHb HAKOTIJIEHUS] YAaCTU1L B OTTyXOJIEBOI TKa-
HU OTpeleisieTcs 1uaMeTpoM 4YacTull, ux hopmoi,
3apsIIoM M IpUpOoaoi moBepxHocTH [4, 9]. biiaromaps
BO3MOXHOCTH noay4yaTh yacTuilel CaCO; ¢ Tpedye-
MBIMM XapaKTepUCTUKAMHU C MOMOIIbIO BapbUPOBa-
HUS YCIIOBUIA X CUHTE3a, KOTopasi Oblla U3yyeHa pa-
Hee [19, 25, 26], B HacTosIIIel paboTe CHHTE3UPOBa-
Ha cepus yactull CaCO; B 1Mana3oHe pa3MepoB OT
50 no 500 HM. MI3yueHO BIAMSIHUE pa3Mepa U CTPYK-
Typbl yactul CaCO; Ha 3dDdEeKTUBHOCTh UX 3a-
IPy3KU JOKCOPYOUIIMHOM, a TAKXKE €ro BhICBOOOX -
JIEHUE B MOJICIbHBIX YCJIOBUSIX IPU HEUTPaATbHOM U
kucioMm pH.

OKCITEPUMEHTAJIbBHAA YACTDb

Mamepuanwt u peakmuesst. B xone paboThl UCTIOb-
3oBain xyopua Kaiaeius (CaCl,,2H,O u CaCly
‘6H,0), xapbonar Hatpus (Na,CO;), ruapokapboHaT
Harpus (NaHCO;), kap6oHat ammonusi ((NHy), CO»),
ruapokeun kanust (KOH), xiopun xenesa (I11) (FeCly),
dochatHO-coneBoii Oydep (PBS), ximopun maraus
(MgCl,), muuepuH, TBuH 20 ¥ TtMAPOXJIOPUI JOKCO-
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pyounmHa 1pomusBoacTBa Sigma-Aldrich (I'epma-
HuUs), omaTwieHukoab (I8 2000 Hda) mpous-
Boncta Carl Roth (I'epmanust), DMEM (Dulbecco’s
modified Eagle medium) npousBonctBa GIBCO Life
Technologies (CIIA). JIna mpoBeneHUsT 3KCIIEpU-
MEHTOB BOY OUMIIAJIA C ITOMOIIIbIO cucTeMbl Milli-Q
Plus.

Iloayuenue uwacmuy CaCO; Cdepuueckue cyo-
MUKpOHHBIE YacTulbl CaCO; ObUIM MOJYYEHBI MO
MeToauKe, onvucaHHoit B [19]. st aToro K nepeme-
1IMBaeMOIi HAa MAarHUTHOM MelllajIKe CMeCH DIULIEpU-
Ha ¢ 0.33 M BogHoro pactBopa CaCl, 6picTpo 100aB-
JISLTU paBHBI 00bEM CMeCH TIMLEepUHA C S9KBUMO-
JIIpHbIM BOAHBIM pactBopoM Na,CO;. Peakuuio
MPOBOJIMJIM B CMECHU IIMLIEPUH : BOJA MIPU COAepXKa-
Huu ruuepuHa 80%. PeakliMOHHYIO CMeCh epeMe-
IIMBaJIU cO CKOpocThio 500 006./MUH B TEUEHHUE TPEX
4acoB, 3aTeM CyCNeH3UI0 NoydyeHHbIX yacTuil CaCO;

TPYKIBI poMbIiBain ot noHoB Nat u Cl— guctusum-
poBaHHOM Bomoii. J1s1 mpemoTBpalieHusT arperaium
YaCTUIL CYCIIEH3UIO NepUOAUYECKU MOABEPraau yib-
Tpa3ByKOBOMY BO3eiicTBMIO. Bce 00pa3iibl BEICYIITN -
BaJIM, YaCTUILIbI KapOOoHaTa KajblUs XpaHWIN B BUIE
MOpOIIIKa.

Yactuiupl CaCO; nosyyaiu Takxke METOIOM CO-
ocaxaeHud [25]. s aToro moxn neiicTBUEM yiIbTpa-
3ByKa K 1 MJI BogHOTO pacTBopa, coaepxkaiiero 0.10 M
NaHCO;, 0.1 mr/min I13TI, 0.1% 06. Teun 20 u
DMEM, no6asnsumm 100 MKJI BOTHOTO pacTBOpa, CO-
nepxariero 0.1 M CaCl, u MgCl,, 0.1% 06. DMEM.
Yactuiiel oTAeasIIU HeHTprudyrupoBanuem (10 MuH,
13.400 00./MMH) U XpaHWIN B IUCTWLIMPOBAHHON
BOZE.

Cunre3 HaHoyactul] coctaBa CaCO;: Si: Fe
MPOBOJIWJIY C TIOMOIbIO TEMILIATHOTO METOIa, OIH-
caHHOTrO B [26]. 171 3TOro MCnoab30BajIl MOHOIUC-
NnepcHble cdepuyeckue 4YacTullbl KpeMHe3ema
(mSi0,) ¢ BHewHUM auameTpom 200 HM, coaepxka-
ue LUWIMHAPUYECKHWe HaHOKaHaIbl JIUaMETpOM
3um [27]. dng 1TOATOTOBKM ME30MOPUCTHIX YACTHIL
mSiO, K CUMHTE3Y OCYILIECTBIISUIM UMX KalWJUISPHYIO
nponutKy 1 M BogHbeiM pactBopoM CaCl, B TeueHue
24 4. 3aTteM YacTUlbl BeicyiiuBaiu mnpu 60°C, noay-
YEeHHBIN MTOPOIIOK BEIIESPKUBaAIN B 2 M BOTHOM pac-
tBOpe (NH,),CO;. [Tocne 3Toro yacTulibl peaucnep-
TUPOBAIN B IEMOHN30BAHHOM BOjie, HIEHTPUDYTUpO-
Bald U BbICYLIMBaIM Ha Bosayxe. OMNMUCaHHYIO
npouenypy cunresa CaCO; noropsinu 6 pa3. Janee
MpoOBOAMIM  TpaBjeHWe MaTepuaja TemIuiaTa
(amopdHoro SiO,) ¢ ucnonbzoBaHueM 3 M BOTHOTO
pactBopa KOH B TeyeHue 5 4 mpu TemIieparype
70°C. 3aTeM yacTUlbl HEHTPU(MYTUPOBAIU U pEIUC-
MEePrupoBaJiv B I€MOHU30BaHHOM Boe. s rosyue-
HUSI arperaTMBHO YCTOMYMBOTO T'MAPO30Js K BOTHOM
CcycrieH3uu HaHouacTull nodasisuii 0.1 M pactBop
FeCl;. I[TonyyeHHYIO CyCIIEH3UIO BhIIEPXKUBAIU B Te-
yeHue cyTok, mociie yero yactuibl CaCO;: Si: Fe
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MHOTOKPAaTHO HEeHTPpUGYTUPOBAIN 1 IIPOMBIBAIIM JIE-
MOHHN30BaHHOU BOIOIA.

3aepyska wacmuy, CaCO; doxcopyouyurnom. Jns 3a-
rpy3ku yactuil CaCO; u CaCOj; : Si : Fe nokcopybu-
LIMHOM TTPOBOAWJIM aaCcOpOIIUIO U3 PacTBOpa JOKCO-
pyOuliMHA Ha MOpeaBapuTeSbHO C(HOPMUPOBAHHBIE
HaHO- U CyOMUKpodacTULHI. /111 3TOro HaBecKu Ja-
CTUII OIpeNeJICHHON MacChl MoMellaad B pPacTBOpP
nokcopyounmHa (0.15 Mr/mir) m MHKyOMpoBaau Ha
1iefikepe B TEUEHUE IBYX YACOB, 3aT€M LIEHTPUDYTH-
poBaJii U MpOMBIBaJIM | pa3 1eMOHU30BaHHOM BOIOM.
s onpeneneHus KOHLUEHTpalMU JTOKCOPYOUIIMHA
CylepHaTaHThl UCCIEN0BaIN CIEKTPODOTOMETPUYE-
CKM Ha JJIMHE BOJIHBI MOIIOIIEHUST JOKCOPYOUIIMHA
(480 HM).

Boviceoboacoenue doxcopybuyuna npu pazauumsix pH.
BricBoOOXIEeHNE TOKCOPYOULIMHA U3 YaCTUIL U3yYa-
1 B OydepHBIX pacTtBopax ¢ pasanyHbiM pH. s
3TOro 6 MI YacTHII pecycrieHnupoBaiu B 1.5 Mt doc-
¢atHoro 6ydepa c pH = 4 wiau 7 1 HeNpepbIBHO Te-
peMeliMBaJiu Ha Ielikepe. Yepe3 ornpeneseHHbIe
npoMexXyTKu Bpemenu (15, 30 muH, 1, 2, 6, 24 4) 06-
pasubl UeHTPpUDYTUPOBaAIU, U CylIepHATAHT J00aB-
! K 1.5 M1 ecBeskero 0ydepHOro pacTBopa ¢ COOT-
BeTcTBytomuM pH. CynepHaTaHT aHanIM3UpPOBAIU
CHeKTpo(OTOMETPUYECKH TIPU IJIMHE BOJTHBI 480 HM
IUTSI oTIpefieJieHUsI KOHLIEHTPAallMU JOKCOPYyOUIIMHA.

Dusuko-xumuueckue memoovl UccAe00earnus. AHa-
JIu3 pasMepa, GopMbl, MOPGOJIOTUU OBEPXHOCTU U
CTPYKTYPBl 4YacCTHUL, NPOBOIMJIM Ha CKaHUPYIOIIEM
3JIEKTPOHHOM MUKpockorie Jeol 7401F npu Harnpsi-
xeHuu 5 xB.

HMccnenoBaHust yacTull METOAOM IPOCBEUYNBalO-
1Ieii 3J1eKTpoHHOM MUKpocKoruu (ITDM) BbITOIHSI-
Ju Ha mukpockone Tecnai Osiris (FEI, CIIA) ¢
yckopstonm HanpsikeHrem 200 kB, mmpokoyrio-
BBIM AeTeKTOpoM TeMHoro mojist u EDX-cmekTpo-
MmeTpoMm Bruker SuperX, a Takzke Ha MUKpOCKoIie Jeol
JEM-2100F (JEOL, CIIIA), o6opynoBanHoM EDX-
cunexkrtpomerpoM INCA (Oxford Instruments, Benu-
KOOpUTaHUsI).

TuapoaMHaMUYECKHIA pa3Mep YacTHIl U {-TIOTeH-
II1aJI UX TIOBEPXHOCTH B BOTHOM CYCTIEH3UH OITpeie-
JISIIX C TIOMOIIbI0 aBTOMAaTUYECKOTO aHajM3aTopa
Zetasizer Nano-ZS (Malvern, BenukoopuraHust).

ITopoliKkoBble peHTTeHOBCKUE UG PAKTOrPaMMBbl
CyOMUKPOHHBIX YaCTUI] CHUMAJIM Ha J1abopaTOPHbBIX
mudpakromeTpax Rigaku Miniflex 600 u D2 Phaser
(Bruker, I'epMaHus) ¢ UCOIb30BaHUEM MCTOYHUKA
CuK, (A= 1.5406 A, 40 kB, 15 MA) B pexXXiIMe ChbeMKHI
¢ mrarom 0.02° 1 co cKopocThio 1 11ar/c B UHTepBaJje
yrioB 20 18°—75°. OnpeneneHue (pa3oBOro cocTaBa u
pacyeT cpemHero pasmepa 00JacTu KOTrepeHTHOTIO
paccesaus (OKP) nmpoBonunu metogoM PurBenboa
rpu TToMolu nporpammsl FullProf.

OddexkTuBHOCTL 3arpy3ku vactun, CaCO; u
CaCO; : Si : Fe nokcopyOUILIMHOM OlLIEHMBAIU CHEK-

TPO(OTOMETPUIECKN C IIOMOIIBIO IBYXJIYYEBOTO
ckaHupymliero crnekrpoporomerpa Lambda-C650
(Perkin Elmer, CIIA) ¢ nuama3oHOM JIMH BOJIH
190—900 M. OnITUYeCcKyIO INIOTHOCTh pacTBOpa pe-
TUCTPUPOBAIN Ha JJIMHEe BOJHBI 480 HM, COOTBET-
CTBYIOIIE MaKCUMYMY ITOIJIOIICHUST JOKCOPYOUII-
Ha. KonunyecTBo BelllecTBa, MHKOPIIOPUPOBAHHOTO B
yactulbl CaCO; u CaCO;: Si: Fe, onpenensinu c
TMOMOIIIBIO TIPEABAPUTEIBLHO TMTOCTPOSHHBIX KAJIMOPO-
BOYHBIX IIPSIMBIX MO pa3HUIIC KOHIIEHTpalMUd pac-
TBOpa BeIlIeCTBA I10CJIE aACOPOLIMHU MO OTHOIIEHUIO K
WCXOTHOMY pacTBOpy. D(PphHEeKTUBHOCTh KAIICYJIUPO-
BaHus (DK) onpenensuiu mo popmyiie

K

-K
9K = %XIOO%,

pi g

rie K, — KoaudecTBO BellecTBa (KOHLIEHTpaLUs),
n006aBJIEeHHOrO K YactuuaM, K., — KOJMYECTBO Be-
IIeCTBAa B CyIIepHATAHTE TTOCIIe aAcopOonnn. 3arpy3Ky
YacTUI] TOKCOPYOMIIMHOM B MAacCCOBBIX MpPOLIEHTaX
(Mac. %) pacCUMTBIBAIA KaK OTHOIIEHHE MacChl
BKJIFOUEHHOTIO BelllecTBa K Macce yacTuil. st nusyde-
HUSI BBICBOOOXIEHMSI MOKCOPYOMIIMHA M3 YaCTHUIL
OoIpeleNsuIn colepKaHUE BelllecTBa B CyllepHaTaH-
Ttax. JlaHHBIe, TIpeacTaBJIeHHBIe Ha TpaduKax, IBJIsI-
I0TCSI YCPENHEHHBIMU 3HAYCHUSIMU CEPUU DKCITePU-
MeHTOB (3—5), IpoBellIeHHBIX B OMMHAKOBEIX YCJIOBU -
SIX, M CPEIHEKBAAPAaTUIHBIMU OTKJIOHEHUSIMU CEPUU
U3MEPEHUN.

PE3VYJIBTATBI U UX OBCYXIEHHUE

YacTuiisl KapOoHaTa KaJabIIys, MOJIydeHHBIC B pe-
3yJbTaTe CMEIIMBAHUSI BOAHBIX PAacCTBOPOB COJICH,
MpPEACTABISIIOT COOOI He arpernpoBaHHbIE chepude-
CKM€ YaCTHUIIbl C Pa3BUTOM MOBEPXHOCTHIO (puc. 1).
Ilpu BBIOpAaHHOM cOCTaBe KpUCTALIM3ALIMOHHOMN
CMecu MOJy4YeHBl CyOMMKpOUYacTUIBI KapOoHaTa
KaJIbLM$, CpeaAHU THAPOAUHAMUYECKU pa3Mep KO-
topbix coctapisger 500 = 90 um (CaCO;—500) u
172 £ 75 um (CaCO3—200) (puc. la, 16). [unponuna-
muueckuit auametp HaHouactui, CaCO;: Si: Fe,
CUHTE3UPOBAHHBIX B ITOPAxX YaCTULl KpeMHe3eMa, CO-
crasisieT 65 + 15 um (CaCOj; : Si : Fe—50). Pacnipene-
JieHust no pasmepam yactul, CaCO; u CaCOs;: Si: Fe
B BOJHOI CYyCIIECH3MHU MIPUBEACHBI HAa BCTaBKaxX puc. 1.

Ha puc. 2 npencraBlieHbl SHEPTrOAVCIIEPCUOHHEIE
PEHTITEHOBCKME CITIEKTPHI IJIsl TpeX 00pa3lioB YaCTUIL
N pacnpeacjacHusd XMMHNYCCKUX DJICMEHTOB IJIsI OT-
JIEeJbHBIX YaCTUIl B 3TUX 0Opa3uax. DHEProaucrep-
croHHBIN aHanu3 yactul CaCO;—500 mokaseiBaeT
3HAUYUTEJbHOE TpeobafaHue Kalblus, yriaepoaa u
KHCJIOpoAa, KOTOphIE pacHpeae/icHbl PaBHOMEPHO.
Hns yactuiy CaCO;—200 naeHTUDULIMPYIOTCS Mar-
HUU 1 Pocdop, KOJIOKaIU30BaHHBIE C KaJbIIUEM,
MOCKOJIbKY YaCTULIBI CMHTE3UPOBAIN B MUTATEIHLHOM
KJIETOYHOI cpede, OOratoil STUMU 3JIEeMEHTaMM.
B o6pasue Hanouactui CaCO; : Si: Fe—50 onpene-
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Puc. 1. [I9M-uzo6paxenus gactuy CaCO3;—500 (a), CaCO3—200 (6) u CaCO; : Si: Fe—50 (B). Ha BcTaBkax — pe3yabTaThl

JUHaAMWYCCKOIo CBETOpAaCCCAHUS Cy'Cl'[CH3I/H71 YacTHIl B BOJIE.
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Puc. 2. DHepromucnepCMOHHbIE PEHTTEHOBCKME CIIEKTPBI M KapThl PAaCIpeaeIeHUS XUMUIECKUX 3JIEMEHTOB IJIs YaCTHIL
CaCO3—500 (cungas munus), CaCO3—200 (3enenas iunusa) u CaCO; : Si: Fe—50 (kpacHas 1uHus).

JISTIOTCSI OCTAaTOYHBIN KpeMHUI (ITocjie pacTBOPEHUS
YacTUll KpeMHe3eMa) U KeJie30, KOTOpbIe MPUMEHSI -
Ju sl ctabunm3anuu HaHovactull. Ha kapre pac-
MpeNEeJICHU DJIEMEHTOB BUIHO, YTO XKEJIE30 KOJIOKa-
JIU3YETCS HE TOJILKO OMHOBPEMEHHO C KaJIbIIMEM, HO
U B CBOOOJTHOM BUIIE, YTO TOBOPUT O €TI0 N30BITOYHOM
coliepXXaHUU IJIs1 YIy4llIeHUsI CTAaOMJIIbHOCTU HaHO-
YaCTHUII.

CtpykTypy U (pa30BBIM cOCTaB CyOMUKPO- U Ha-
Houactull CaCO; uzyyaayd METONOM ITOPOIIKOBOIA
peHTreHOoBcKOoM nudpakuuu. s aHanu3a ¢pazoBoro
COCTaBa YacCTUI[ UCITOIb30BAIM MOJIENb CTPYKTYPBI

KPUCTAJIJIOTPA®USI Ne 2
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Bareputa u3 [28, 29| (np. rp. P6;/mmc, mapaMeTpsl
reKCcaroHaIbHO stueiiku a = b = 4.131, ¢ = 8.492 A).
OTMeTHM, YTO CTPYKTypa MNOJIUKPUCTAIINYECCKOTO
BaTepuTa 10 CUX IMOP 0OCYKIAETCS U HET EAMHOM MO-
JIeJIv, KOTopasl oMrchiBajia Obl Bce pedIeKChl HA TU-
dpakTorpaMmax He3aBUCHUMO OT CITOCO0a ITOTydeHUS
yactull. CTpyKTypa KaJbliUTa, onpeacacHHasa B 1914 .
[30], O6b11a OMHOI 13 IEPBHIX CTPYKTYP, U3YYEHHBIX C
IMOMOIIIbIO PEHTTEeHOBCKUX JIyueil. XapakTepucTuue-
CKMe MWKM Ha MNOJIYYeHHBIX AudpakTorpammax
(puc. 3a) npu yrnax 20, paBhHbix 20.77°, 24.70°,
26.90°, 32.60°, 38.65°, 43.65°, 48.75°, 49.70°, 55.50°,
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Puc. 3. INopo1ikoBble peHTreHoBcKMe AudpakTorpammsl st yactul, CaCO5;—500 u CaCOs5 : Si: Fe—50 (a), [I9M-u3obpa-
xeHue otaenbHoi yacTuubl CaCO3—200, ee yBeMYeHHOE M300paXkEHNE M COOTBETCTBYIOLIAsA KapTUHA 3JIEKTPOHHON In-

bpaxkimm (0).

COOTBETCTBYIOT KpPHUCTAJIOrpapUIEeCKUM TIOCKO-
ctam Bateputa (004), (110), (112), (114), (211), (300),
(304), (118) u (224). Iuku npu yraax 26, paBHbIX
23.03°, 29.34°, 32.16°, 35.98°, 39.38°, 43.11°, 47.51°,
48.52° 1 57.30°, COOTBETCTBYIOT KpUcTajorpaduye-
ckuM TmockocTsaMm Kainbiura (012), (104), (006),
(110), (113), (103), (202), (016), (018) u (122).

Bce oOHapyxeHHble nuku mjist obpasia CaCO;—
500 oTHOCATCS K NBYM (pa3aM BaTepuTa 1 KajlblIUTa,
TOJTHOITPOMMIBHBIM aHAJIM3 METOonoM PutBenbpna
noarsepani, 4yto Kpuctauibl CaCO;—500 cocrost
Ha 99.4% wu3 dasnl Batepura ¢ 0.6% BKIIIOYEHUEM
Kanpuuta. Ha nngpakinmnonHoii KpuBoii 00pa3ia Ha-
Houactull CaCOs : Si: Fe—50 (puc. 2a) HaGiogaeT-
cs1 Habop pedeKcoB, COOTBETCTBYIOIINX KAIbLIUTY,
MPUMECHBIX KPUCTAJUTNUECKUX (Pa3 He 0OHAPYKEHO.
Paccuurannsiii MetonoM PutBenbaa cpemHuii pas-
mep OKP nng nanouactuu CaCOs;: Si: Fe—50 co-
craBuil ~45 HM. JlocTaTouHO OOJBIIOE 3HAYCHUE
OKP MoxeT OBITh CBSI3aHO C TeM, 9YTO 0Opasell Ipe-
BapUTEIbHO CyIIWIM Tipu TeMmeparype 60°C, dro
CHOCOOCTBYeT TMEPEKPUCTAUIN3ALUU HAHOYACTHUIL
KapOoHaTa KaJIbLMs B CyOMUKPOHHBIE YaCTULIEI [26].

Kak 0bu10 ompeneneHo paHee, ST CyOMMKPOHHBIX
nonukpuctaiioB CaCO;—500 OKP Moxet npuHu-
MaTh (OpMY JUIMIICOUIA C JUIMHOM IJIaBHBIX OCeMl
~120 u 50 um [31].

Ha puc. 36 npencraBieHbl [1DM-u3zobpaxeHue
otaenbHol yactuubl CaCO;—200 1 KapTMHa 3JeK-
TPOHHOM AUMPaAKIIMU, MOJYyYEeHHAs] C 3TOUN YaCTUIIBI.
OTCyTCTBME YETKUX ITMKOB MHTEHCUBHOCTH CBUIE-
TEJIbCTBYET O TOM, 4TO YacTullbl CaCO;—200 nmeror
amMopdHYI0 CTPYKTYpYy. JI1st cpaBHEHUsI 3arpy304HbBIX
€MKOCTEeM TOJydeHHbIX YacTUll, UMEIOIINX pa3Hble
CpemHMe pa3Mephbl U KPUCTAIMYECKYIO CTPYKTYpY,
OIMHAKOBbIE HABECKU YaCTUILl MHKYOHUPOBAJIU B pac-
TBOPE JOKCOPYOMIIMHA ITPU OJUHAKOBBIX YCIOBUSIX.

Jnasg pacdyeTa KOHILEHTpAIlMM HOKCOPYOMIIMHA B
pacTtBOopax ObllIa MOCTpOCHA KaauOpOBOYHAs TIpsi-
mas (puc. 4a), ¢ UCTIOJIb30BAaHUEM KOTOPOI paccum-
TaHa 3arpy3ka yactul, CaCO; npenapatom. Iloka-
3aHO, 4TO 3arpy3ka cocraBuia 4 mac. % JJ1s1 4aCTHII
CaCoO ;: Si: Fe—50, 4.8 mac. % minsa yactuir CaCO5—
200 u 6.5 mac. % nns gactun CaCO;—500, uTo cooT-
BercTByeT 27, 32 u 44% 3¢ deKTUBHOCTA MHKATICY-
Ne 2 2023
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Puc. 4. KanubpoBoyHast mpsimasi UIsi JOKcopyouimHa (a), BbICBOOOXIEeHUE NokcopyouimHa u3 yactul CaCO5;—500 u
CaCOs; : Si: Fe—50 B pocdarnsrit 6ydep npu pasnmunbix pH (6).

JIMPOBaHUS OT MCXOTHOTO pacTBOPA TOKCOPYOUITH-
Ha. CUHTEe3MpOBaHHbIE IBYMsI METOJAMU YACTHIIBI
CaCO; uMerT pas3IuuHbIA pa3Mmep, KpucTauinye-
CKYIO CTPYKTYPY ¥ 3arpy304HYIO0 eMKOCTbD IIJIST TPOTH-
BOPAaKOBOTO IIpernapara, KOTOpble IPUBEIEHBI B
Tab6. 1. C y4eToM TOTOo, UTO MOTPELIHOCTH IJ1s1 OTIpe-
IeJIeHUsI 3arpy309HOil eMKOCTH YaCTUIl COCTABJISIOT
~1 mac. %, MOXHO CUMTaTh, YTO TPU MOJYYSHHBIX
o6pazua CaCO; uMEIOT CpaBHUMbBbIEC 3arpy304Hble
€MKOCTH TSI HOKCOPYOUITHA.

B xauecTBe MOmEIBbHOM Cpembl AT N3yYEHUS BbI-
CBOOOXIEHNS ITOKCOPYOMIIMHA OBLI BBIOpaH Ha-
Tpuit-pocaTHbii Oydep, MOCKOJIbKY OCMOJSIP-
HOCTb 1 KOHILIEHTPAllM NOHOB B HEM COOTBETCTBYIOT
3HAYCHUSIM B KPOBU, TKAHEBBIX XXUIKOCTSIX U TKAHSIX
opraHusMa uejioBeka. Ha puc. 46 mpencraBieHbl pe-
3yJIbTAaThl BELICBOOOXIEHHUS TOKCOPYOUIIMHA 13 KPU-
crauimyeckux yactui, CaCO; AByX pa3MepoB MPU UX
nHKyoauuu B pocdatHom oydepe ¢ pH 4 u 7. U3
KPUBBIX Ha puc. 40 BUOHO, YTO IJIsI BCeX 00Opa3loB
BBICBOOOXIEHNE TOKCOPYOUIIMHA OCYILIECTBIISIETCS B
IBa 9Tana. HavanbHbI 3Tan XxapakTepusyeTcs pes-
KUM YBeJIMYeHUEeM KOHIIEHTpalluy peliapara B pac-
TBOpPE, 3aTEM IIPOMCXOOUT IIOCTENICHHBIII BBIXOM
OCTaBIILIETOCsI B YacTUIaX JOKcopyoulrHa. JJaHHOe
00CTOSITEJILCTBO YKA3bIBACT HA TO, YTO HA HAYaJIbHOM
aTane HaOMIOOaIM BBIXOI COSIMHEHMS C IIOBEPXHO-
CTH U U3 MOP YACTHIL 3a CUET Mpoliecca AecopOLru, a

TaK>Ke BCJIEACTBUE NEPBUIHOIO PACTBOPEHMS Kap0o-
HATHOI MaTpUILBI B MOBEPXHOCTHBIX CJIOSIX IO CpaB-
HeHU1Io ¢ 00beMoM dacTtullbl. [lociaenyroniee 3amen-
JIEHVe JaHHOTO MpoIecca MOXET ObITh CBSI3aHO C MO~
CTEIIEHHBIM PAacTBOPEHHEM KapOOHATHOU MaTpPUIIbI
IIpU KMCJIOTHBIX 3HaYeHUsIX pH. OOGBIYHO MHTEHCUB-
HBIM BBIXOH XapaKTepU3yeT BHICBOOOXIEHUE MMMO-
OMIM30BaHHBIX BEIECTB M3 BBICOKOIOPMUCTBLIX Ya-
CTULI, KOTOPOE MOXHO 3aMEeIJIUTh C TTOMOIIBIO TTO-
KPBITHS YaCTULI TIOJIMMEPHBIMU 00o10ukamu [32, 33].
IIpu cpaBHeHUM BBICBOOOXIECHMS TOKCOpPYyOMIIMHA
npu HeiitpanbHbIX (pPH = 7) u 6Gojiee KMCIOTHBIX
ycaoBusix (pH = 4) HanboJsiee MTHTEHCUBHOE BBICBOOOXK-
neHue npenapara Habaonaetcst u3 yactuu CaCO;—500
npu pH = 4, 94T0 0OQHO3HAYHO CBSI3aHO C pacTBOpe-
HHEeM KapOOHATHOM MaTpULIbI IIPU KKUCIOTHBIX 3HA-
yeHusx pH. Ilpu yBenuuenun pH HaOmomaeTcst
3aMeVICHUEe BBICBOOOXIEHMSI Mpeliapara, YTo 00b-
SICHSIeTCS OOJIbLIIE CTaOMJIBHOCTBIO KapOoHara
KanbLus IIpy HeliTpajibHoM 3HaYyeHnU pH. JTlokcopy-
ouuuH u3 yactul CaCO;: Si: Fe—50 BpicBOOOX-
JaeTcs MpakKTUYeCKM OMMHAKOBO Mpu pa3HbIX pH,
YTO CBSI3aHO CO CTAOWJIBbHOW KpHUCTAJUIMYECKON
CTPYKTYpOIl HAHOYACTULl, KOTOPhIe IPEACTABIISIOT
co00i1 KaJblIUT, a TAKXE C MIPUCYTCTBUEM B UX CO-
crtaBe Si u Fe, KoTopble MOT'YT BIMSTH Ha CKOPOCTH
pacTBOpEHUSI.

Ta0muna 1. XapakTepucTUKM CUHTe3UPOBaHHBIX yacTull CaCO4

O6pa3selr Fﬂﬂpﬂoéﬁ/i?gl;i;mnﬁ I[MommmopdHELl cocTaB 3arpyska H;I;(;(.)[;Z OULMHOM,
CaC0;—-500 500 =90 99.4% Bateputa 6.5
CaC0O5-200 172 £ 75 amMopdHas CTpyKTypa 4.8
CaCO;: Si: Fe—50 65+ 15 100% xanbLuTa 4
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B niponiecce MaccoBoii KpucTa/uM3aluy IIpyu CO-
OCaXIeHUU ¢ JoOaBJICHMEM B PEaKILIMOHHEBIN 00beM
mmiepuHa win cMmecu [19I, Teun 20 u DMEM
CUHTE3UPOBaHbl CyOMUKpOHHbIE yacTulibl CaCOj;,
MMEIOIINE CPpEeIHNEe TUAPOIUHAMMNYECKIE TUaMeT-
pb1 500 = 90 u 172 £ 75 HMm cooTBeTcTBeHHO. C 110-
MOIIBIO TEMILJIATHOTO CHHTE3a B ME30IIOPUCTBIX
JacTUIaX KpeMHe3eMa IIOJy4YeHbl HaHOYaCTHUIIBI
CaCOs : Si : Fe nmameTrpom 65 * 15 um. UccnenoBa-
HUE 0o0pa3loB METOJAMM MOPOIIKOBOI PEHTIEHOB-
CKOI mrupaKIIny 1 31EKTPOHHOM TN PaKIINY ITOKa-
3aJl0, YTO CTPYKTypa 4YacTUll pa3jiMyHa, U HaHO4Ya-
CTULBI, CTAaOMJIM3UPOBAHHBIE MOHAMM XeJjesa,
TIIPENCTABISIOT CO0OI CTAOMIBHYIO MOIN(PUKAIINIO
kanbuura. CyomMukpoHHbie yactuibl CaCO;, nomiy-
YEeHHBIE COOCAXKIEHUEM, UMEIOT CTPYKTYpY BaTepuTa
i amopdHbl. HecMoTpss Ha pasnuyue CTPYKTYp
CHUHTE3UPOBAHHBIX YacTUIl 3P(PEKTUBHOCTH UX 3a-
I'PY3KHU MPOTUBOPAKOBBIM COSIMHEHUEM COIMOCTaBU-
MBI U cOCTaBIISoT 4—6.5 mac. %. [lpu mHKyOarmm
HaHoYacTul KajubLuTa npu pH = 4 u 7 BEICBOOOXKIE -
HUE€ MMMOOWMJIM30BAaHHOTO JOKCOPYOUILIMHA IMPOUC-
XOIUT OOMHAKOBO. CTaOMJIbHOCTh HAHOYACTUII KaJIb-
nuTa B KucjiaoMm pH oOGycnoBiaeHa He TOJbKO Hambo-
Jiee TepMOJIMHAMMYECKU CTAOMIILHOM MTOJTMMOPdHOI
MoaupUKaein, Ho 1 HAIMYNEM B X COCTaBe KpeM-
HUS U XKeyie3a. Hanbosaee MHTEHCUBHOE BBICBOOOXK-
JIeHUe JOKCOPYOULIMHA MTPOUCXOAUT U3 CyOMUKPOH-
HBIX METaCTaOMJIbHBIX YacTUIl BaTepuTa mpu pH = 4,
YTO OOBSICHSIETCSI PACTBOPEHUEM YaCTUIl MPU KUC-
JIOTHBIX 3HaueHUussx pH. 3amemneHue BbICBOOOXE-
HUSI MHKAIMCYJIMPOBAaHHOTIO BEIIECTBA CO BpeMEHEM
CBSI3aHO C TMOCTeNeHHBIM pocToM pH B pesyibTarte
pacTBOpeHHUsI yacTull. TakuM oOpa3oM, YaCTHUIIbI
CaCO; u CaCOs; : Si: Fe MoryT cly>kKUTh KOHTeliHe-
paMu UISI TOKCOPYOUIIMHA C BO3MOXKHOCTBIO BBI-
OpaTh Takue mapamMeTphbl YacTUL], YTOObI BEIIECTBO
100 IJIUTENbHOE BpeMsI HE BHICBOOOXIAIOCH, IUOO0
BBICBOOOXIAJIOCHh B KMCJIOM cpere.

H.A. Eypos u [1.A. KypniokoB BeIpaxKatoT 61aro-
nmapHoctb M.A. fAroskunHoit u [I.A. KupuneHnko 3a
uccinegosanus dactul, CaCO;: Si: Fe meromamu
PEHTIeHOBCKOI audpakiuu 1 [TOM.

PaboTta B yacTu ToOJIydeHUSI U XapaKTepu3alluu
yactull CaCO;—500 BBINOJIHEHA B paMKax rocyaap-
crBeHHoro 3amanusgs @HUMII “Kpucrauiorpadusa u
doronuka” PAH ¢ ucroiab3oBaHreM 060pyIOBaHUS
HKIT ®HHI “Kpucramnorpabus u ¢oTtoHuka”
PAH. Cunte3 HaHouacTul, CaCOs: Si: Fe Boinod-
HEH B paMmKax TrocymapcTtBeHHoro 3amaHus 0040-
2019-0012. Cunres yactuu CaCO;—200 BBINIOTHEH B
paMKax rocyagapctBeHHoro 3amaHuss UXBDOM CO
PAH 121031300042-1. Pa6oTsI 110 3arpy3Ke 1 BBICBO-
OOXIEHUIO JOKCOPYOUIIMHA BBIMOJHEHBI MPU IO~
nepxke Poccuiickoro HayuyHoro dpoHaa (rpaHt Ne 21-
74-10058).
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