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Beenenne

AnpecHass NOCTaBKa JEKapCTBEHHBIX CPEICTB
WA TUATHOCTHYECKUX areHTOB B OPraHM3M dYeJo-
BEeKa — OJTHa W3 MPOOIEeM, PEemIeHne KOTOPOU MO3-
BOJIUT COBPEMECHHOW MEIUIMHE CHENaTh 3HAYH-
TenpHBIN mar Brepen. CyTh apecHOU TOCTABKU B
TOM, YTOOBI 3aKITIOYUTH JIEKAPCTBO B HEKHH KOH-
TeliHep (MHKpOKAICy/y) W HalpaBUTh Npernapat
HEIOCPEeNCTBEHHO B odar Oonesnn. C  apyroit
CTOPOHBI, 30JI0TbIe, MarHUTHBIC U JAPYTHE HAaHO-
YacTHUIIbI, JOCTAaBICHHBIE K OdYary 3a00JeBaHUS,
CIOCOOHBI aKTUBHPOBATHCA IMOJ JICHCTBHEM BHEII-
HETO JJICKTPOMArHuTHOI'O HU3JIYYCHUSA U CO3JaThb
BO3MOJXHOCTb IOIOJIHUTCIIBHOTO YBCIIMYCHUA WU3-
OupatenbHOCTH U A()(GEKTHBHOCTH BO3ICHCTBHS.

B Hacrosimiee BpeMs CYIIECTBYET OOJIBIIOE
KOJIMYECTBO CIIOCOOOB  MHKPOKAIICYJINPOBAHUS,
OCYIIECTBISIEMBIX XMUMUYCCKUMU, (PU3MISCKUMH U
¢usuko-xumudeckuMu Metonamu. OHAKO IaIeKko
HE BCE M3 HUX MOTYT OBITh MPEIIOKEHBI IS
OMOMEUIIMHCKHX TIeIel N3-3a HECOBMECTUMOCTH C
OpPTraHM3MOM ¥ HCIOJB30BAHUS BPEIHBIX IS Op-
raamsMa peareHToB. [loaTomMy mpomecchl 00pa3o-
BaHUS MHUKPOKAIICYN OJDKHBI TIPOTEKATh MpH (PH-
3MOJIOTHUECKIX 3HAUeHUAX pH, HEBBICOKUX TeMIie-
parypax, a Tarke 0e3 HCIIONB30BAaHUS TOKCHYHBIX
opranudeckux pactoputeneil. C 3Toil Touku 3pe-
HUS BEChMa TIEPCIICKTHBHON SIBIICTCS TIPEIIOKCH-
Hasi HECKOJBKO JIET HazaJ MeTomuka (popMupo-
BaHUS TOJMIJIEKTPOIMTHRIX obosouek (layer-by-
layer) Ha KOJUIOMIHBIX YAaCTHIAX PA3JIMYHON MPH-
pomer [1-3]. Ona 3akirodaeTcss B TOM, YTO Ha
MOBEPXHOCTH C(HEPUUECKUX YaCTHI] (TEMIUIAT, WK
a1po) (puc. la), pasmepsl KOTOPBIX BapbUPYIOTCS
OT COTEH HAaHOMETPOB J0 JECATKA MHKPOH, Me-
TOJIOM TIOOYEPEIHON anCOPOIMK MPOTUBOIOIONK-
HO3apsDKEHHBIX MAKPOMOJIEKYJT MOJIHAIEKTPOIUTOB
(dhopMHpyeTCS MHOTOCIIOMHAST 000JI04Ka TOJIIIMHON
HECKOJIbKO HAaHOMETpOB (puc. 10).

B xauecTBe TemIniaTa HCIOIB3YIOTCS JIATEKC-
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HbIe YaCTHIIBI, YacTUITRI Si0;, KapOOHATOB KAaJTBITHS
M Maprasiia, SpHTPOLUTHI W T.J. 3aTeM Sapo
yOQIAETCsI, KaK MpPaBHIO, IyTEM pPaCTBOPEHHUSL.
OTOT METOA NPEAOCTABISIET MIMPOKHE BO3MOXK-
HOCTH TI0 BBIOOPY KaIlCyJIMPYEMBIX COCAMHEHHN U
HCTIOJIb3YEMBIX MTOJHIJICKTPOIIUTOB.

a 0
Puc. 1. Cxemarmueckoe n3o0pakenwe layer-by-layer-
MeToza: SA7Ipo (a), chOpPMHIPOBAHHAS TOJIMAICKTPOIITHAS
00oJ10uKa Ha sizpe (0), sIIpo 1 0007I0YKa C AKTUBHBIMHU
JacTHIAMH (B).

JIJ1 IoNMMeEpHBIX SA7ep CYIIECTBYET MpodieMa
yIaJeHUs MPOAYKTOB pacrlaja Mocjie UX JECTPYK-
uu. [lepBble MOIMAICKTPOIUTHBIC KATCYIIbl OBLITH
HM3TOTOBJICHBI C HCIIOJB30BAHHEM MeIaMHH(OPM-
aJbJAETUAHBIX JaTeKCHBIX YACTHI] B KAUeCTBE TEM-
wriata [2, 3]. B nocaenyromux pabortax ObIIO TO-
Ka3aHo, YTO ITOJIHOTO PACTBOPCHHS TAaKHX sep HE
MIPOUCXOJIUT — BHYTPH KarCyJl OCTaeTCs HEKOTOPOE
KOJIMYECTBO OJIMTOMEpPA, MPOIYKTa Pas3lIOKCHHS
MeJaMUHGOPMAaITbICTHAHBIX MOJIeKy [4]. Jlns mo-
JTUCTUPOJIBHBIX SAEp OTa 3ajlavya pelieHa IyTeM
BbIOOpa TeTparuapodypaHa B KadyeCcTBE pPacTBO-
putens [5], s TPUKIATHBIX IIEJeH HCIOJB30-
BaHHE OPTaHMYECCKHUX PACTBOPHUTENCH HEXKEIaTelb-
HO. B cnydae HeopraHWYecKHX KOJUTOMIHBIX Yac-
turl (Hanpumep, CaCOs, KOTOPHI, KpOME TOTO, U
JISIIIEB) MOKHO HE OTIacaThCsl TOKCHUECKOTO JIEHCT-
BHs MPONYKTOB pacnaja pacteopurenii. [lpu pas-
noxxeHnn MuHepansHoro sjpa CaCQOj; KuHeTH-
YeCKUe TPETHITCTBHS MPOTEKAHUIO PEaKIUU, UHITY-
[IPYEeMON KOMILIEKCOOOPa3yIOIMM areHTOM THIIA
OTA, tarxe SIBIAIOTCS MEHee TPYAHOW Mpoo-
JEeMOW, YeM B ciydae THojauMepoB. OJHAKO Tex-
HOJIOTHH TIOJTYUCHHUS] HEOPTaHWIECKUX YaCTHIL OIHHA-



KOBOTO pa3Mepa B MHUKPOHHOM JIMalia3oHe HeJoC-
TATOYHO XOPOIIO PAa3BHUTHl JJsI OOJNBIIMHCTBA
MOTEHIMAIFHO TPUTOMHBIX MaTepuanoB. Takum
0o0pa3oM, TIpeanoYTeHHE HEOPTAHWICCKAM HITH
MOJIMMEPHBIM SIIpaM OTIAETCS B 3aBHCHUMOCTH OT
TpeOOBaHUA, MPEIBABIIEMBIX TOCICAYIONIM TIPH-
MEHEHUEM TOJIHAICKTPOIUTHBIX KaICYIL.

[locne ymanmeHust TemruiaTa OCTaeTCsl YCTOM-
9uBas MOJAasi MUKPOKAICYJa, MPOHUIIAEMOCTh KO-
TOpOM MOKHO BapbHpOBAaTh KaK Ha CTaIWH IIO-
mydeHus: (Matepuan M TOJNIIMHA CTEHOK, NMPHPOAa
TeMIUIaTa), TaK M Mociie (OPMHUPOBAHUS KATICYJIbI
(m3menenne pH wim coneBoro cocraBa cyOdassl,
nobaBiieHHEe OPraHWYEeCKUX pacTBOpUTEIEH, Harpe-
BaHue). Takue Kamcyllbl MOXHO HCIOJIb30BaTh B
Ka4eCTBE MUKPOKOHTCHHEPOB, a TaKkKe MHKPO-
peaktopos [6-8].

[MpenmymiecTBaMu TONUAICKTPOIUTHBIX MUK-
POKAICyN Tepe APYTUMH MOJOOHBIMU CHCTEMaMHU
SIBISIFOTCS. WX MOHOAMCIEPCHOCTh TPU IIHPOKOM
JTIara3oHe 3a1aBacMbIX Pa3MepoB; MPOCTOTA PETy-
JMUPOBAHUS HX MPOHHUIIAEMOCTH; JIETKOCTh M3MEHE-
HUSI ¥ BO3MOXKHOCTH IIMPOKOTO BBHIOOpa MaTepH-
ama cteHOK. O00JOYKH TaKUX MHUKPOKATICYJT MOJXK-
HO MOAWU(UIMPOBATH, BKIFOUYAs Pa3IMYHBIC TUIIBI
HMOHOB, (PYHKIIMOHAJHHBIX MOJICKYJI, HAHOYACTHII.

B xauecTBe KOMIIOHEHTOB (aKTHBHBIX YaCTHII)
(puc. 1B) 000MOYEK MOXKHO HCIIONB30BATh HAHO-
yacTuiel MeTaiwioB [9], okcumoB MertamwioB [10]
WIM OpTaHWYecKHe KpacUTeNH, IOTIONIA0IINe
HK-, CBY- nu Y®-u3nyuyenue. B atom ciyuyae 06-
JMydeHHUe KarcCyibl Ja3epoM MOXKET MPUBECTU K ee
nedopmarmu win paspymennto [11]. Takoi criocod
JIICTAaHIIMOHHOTO ~ BBICBOOOXKICHWSI W3  KaIlCyIH-
POBAaHHOTO MaTepualia MOXKHO MPUMEHSTH LIS
00eCTIeYeHUST HATIPABJICHHOTO JICHCTBUS JIeKapCcTBa
B OINpPEICIICHHOM MECTE OpraHW3Ma, HalpuMep, B
PaKoOBBIX KJETKaxX. [Ipy 3TOM CTCHKH KarCyibl
3alIMIIAIOT €€ COACPKUMOE OT OKpYyKaromen
cpeopl TpU JOCTaBKE JIEKApCTBA H  COICPIKAT
MHUIAATOPBI  MPOIECCa €ro  BBICBOOOXKIICHHMS.
B ommmune ot CBY-wu3iydeHuss BO3ACHCTBHE
mazepa W YOD-U3IydeHHE HOCAT JIOKAJIbHBIHN
XapakTep, YTO OYEHb BAXHO I MEIUIIMHCKOTO
npuMeHeHus. B Hacrosmeid pabore paccmaTpu-
BaeTCS BO3MOKHOCTH BKITIOUCHHSI HAaHOpa3Mep-
HOTO JMOKCHJA THUTaHA B TIOJUDJICKTPOIUTHYIO
000JIOYKY KarCyl BBHIY €r0 YHHUKAaJIbHBIX (OTO-
KAaTATUTHICCKUX, OaKTEPUIMIHBIX W AHTUBUPYC-
HbIX CBOMCTB. Tak, Hampumep, IpOIEMOHCTPHUPO-
BaHO MOJABJICHHUE POCTA 3JIOKAYECTBEHHBIX OITyXO-
Jiel Ha KyJabType KIIETOK, 00pa0OTaHHBIX B CHEIH-
aNbHOW cpefe pa30aBICHHBIM KOJUIOUIHBIM pacT-
BOPOM JIMOKCHJIA TUTaHA U Jajee IMOJBEPrHYTHIX
00yueHuo. [IpuyeM YHCIIO BBIKHBIIMX KICTOK
nocnie 30-MHHYTHOTO OOJIydeHHUsS] PE3KO COKpa-
mraeTcst ¢ poctoM Kourentparmu Ti0; [12].

Ileap paboThl — pa3paboTKa 3KCICPUMECH-
TaJbHBIX OCHOB, IIONyYCHHE W XapaKTepHU3aIlus
MOJIMAIEKTPOIUTHEIX MHKPOKAIICYJI C HCIOIB30-
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BaHHMCM B Ka4CCTBC AKTHBHOT'O arcHTa HaHOpa3-
MEPHOT'O JUOKCHUA TUTAHA.

3KC]’IepHMeHTaJI]>Haﬂ qacTb

B pabote wncronp3oBamM CleoyIOIINE HCXOM-
HBIE BEIIECTBA: IOJUCTHPOJICYIL(POHAT HATPUS
(ITCC), momspuast macca 70000 (pumc. 2a); momm-
muamumauMeTuiaaMmonuit xaopun  (IIJAIAMA),
MoursipHas Macca 70000 (puc. 20); XJIOpUI HATPHS;
XJIOPUA KaJbLUst; KapOOHAT HATPHs (BCE PEaKTHBEI
npousBozacTBa «Aldrichy, ['epmanus).

+

/N\
HsC™ CH,
80, Na' c
a 6

Puc. 2. CtpykrypHble (GOpMYIIBI HCXOIHBIX
pearenToB: nosmctupoicyabdonar Harpus (IICC)
(), mOMMONATUTAIIANMETHIIAMMOHHHN XJIOPHT

(ITAAZIMA) (6).

Ji1 mpoBeneHusT SKCICPUMEHTOB BOAY OYH-
magd ¢ HChojb3oBaHueM cuctembl «Milli-Q
Plus185» (Millipore, CIIIA).

HanopasMepHBIli JUOKCHI THUTAaHA TIOydald
cyabdaTHbEIM MeToZoM [13]: komMepueckue oOpas-
el ¢ HaHo-TiO,: Aeroxide Degussa (Evonik) P25
(dazossrii cocTaB ~ 85% anataza u ~ 15% pyrtuna)
— TMPOJU30M TeTpaxjiopuna TuTaHa, Hombikat
UV-100 Sachleben Chemie GmbH n Hombifine N
- MUPOJTU30M CyIb(aTa TUTAaHHIIA.

Oranel Tporecca IMOMYYeHHS MOAM(DUIHPO-
BaHHBIX TTOJUDJICKTPOJNIUTHBIX KAaIlCyJl IIPENCTaB-
JIEHBI Ha puc. 3.

1) Ionyuenue (useomoenenue) soep CaCOs

Muxkpocheponutet CaCO; mnosydanu  mpu
CMEIIMBAaHUK PAaCTBOPOB XJIOPHCTOTO KalbLHs U
KapOOHaTa HaTPUS MO PEaKIINK:

CaCl, + Na2C03 =CaCO3 + 2NacCl.

Metonnka MOIydIeHUs] MOHOIVCIIEPCHEBIX cde-
pudeckux koJjutounHeix yactul CaCOj; mpesncras-
neHa B [14, 15]. K uHTeHCHBHO mepeMelIvBa-
eMomy Ha marautHOM Memainke 0.33 M BomHOMY
pactBopy CaCl, 6bIcTpo 106aBISUIM PaBHBIN 00bEM
0.33 M Bomnoro pactBopa Na,COsz. AmopdHbIii
ocasiok CaCQOs, 0Opa3yromuiicst mpu ObBICTPOM CMe-
mennu pactBopoB CaCl, u NayCOs, B pesynbrate
KOJJIOMIHOW arperanyy NepexoquT B yIOPSIOYCH-
HBIE C(hEepOTUTEI MUKPOHHOTO pa3Mepa. YacTHIb ¢
JIMaMETPOM 3 MKM TIOJTy4ald TIPU TepeMEIInBaHUU
PEaKIMOHHOW cMecH co cKopocThio 500 00/MuH B
teuenue 30 c. Ilocie aToro oGpa3oBaBIIytOCA CyC-
MEH3UIO BbIAEpKUBaIN B TedeHue 10—15 muH mpu
KOMHAaTHOH Temmeparype 0e3 mepeMenInBaHus.
Bappupys KOHICHTpALlMIO pPEarcHTOB, TeMIepa-
TypY, HHTEHCUBHOCTb U IIPOAOJDKUTEIFHOCTH IIepe-
MEIINBaHUS PEAKIIMOHHOW CMECH, MOXKHO IIONY-
9aTh MUKPOC(EPONUTHI CO CPETHUM IUAMETPOM OT
2 10 15 MKM ¢ TOCTaTOYHO y3KHM pacIpeneIeHIeM
o pa3Mepy.
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Ilocne 3aBepuieHust mporecca (pOpMUPOBAHUSL
nosrydyeHHble yacTuibl CaCOj TIIaTEIbHO OTMBI-
Bamu or moHoB Na' m Cl JuCTHIIMpOBaHHOI
BOJOM W BEHICYIIMBAIM B CYIIWIGHOM IIKady B
teuenue | 1 mpu 60°C. TmaTenpHast TPOMBIBKA 1
CYIIKa UMEIOT MPUHININAIHHOE 3HAUCHUE, TaK KaK

BO BJQXXHOM COCTOSHHU C(EPONUTHI MOCTECIICHHO
MIEPEXOMAT B KIACCUIECKUE POMOODIPUIECKHUE TTO-
JMMKPUCTAIIIEI, TpudeM B mpucytctBuu NaCl mpo-
[lecc 3aMeTHO ycKopsieTcs. B cyxom cocTosHun
mukpocdepoautel CaCOz MOTYT XpaHHUTBhCS He-
OTPaHMYCHHO JIOJTO.

1) ITonyuenne anep

3) T10,

(cynbatusiit MmeTom)

8) BricroboneHme
JICKAPCTBEHHBIX CPEICTE

(paspyureHne 060I09KH
PA3MHIHEIMA CITIOCO0AMI)

2) IlocnoiiHoe HAHECEHHE
HOJTHAIEKTPOINTOR
(hopmupoBanime
00010UKH)

000TI0UKH

4) Moagubmniupopanue

HAHOPA3MEPHEIM
THOKCHIOM THTAHA

7) Buenpenmne
JIEKaPCTBEHHEIX CPENICTE B

MEKPOKAICYITy

5) IlocnmoitHoe HAHECEHNE
MOJIHINEKTPOIIHTOB

L-----s]  6) PacTBOpenue auep

Puc. 3. Cxema nonydeHnst MOAUGHUIINPOBAHHBIX TTOJUAICKTPOIUTHBIX MUKPOKACITYIT
HaHOpa3MEpHBIM TUOKCHIOM TUTaHA.

2) Ilocnoiinoe HaneceHue NOAUINEKMPOIUMOS
(popmuposanue  06010uKU, NOTYUEHUE  NOJU-
INEKMPOTUMHBIX KANCYIL)

Jis co3naHusi NONUAIIEKTPOIUTHON 000JI0UKH
Ha CaCOgz-spax HCHOJB30BAd METOAMKY, OIHU-
cannyto B [1]. K 0.015 r auep noGapmsimm 2 mi pac-
tBopa [IJIAJIMA (konuentparms 3 mr/min) B 0.5 M
pactBope NaCl. CycnieH3uro epeMenuBalii B Teue-
HHe 15 MMH C TIOMOIIBIO MUHWIICHKEpa, 3aTeM
LEHTPU(PYTHPOBATIN 3 MHH €O cKopocThio 2000 06/MuH,
mocyie 4ero oTOmpanu cyOocTpar, a YaCTHII TPeX-
KpaTHO TIPOMBIBAJH BOJOHM (OCaKICHHE LCHTPH-
(yrupoBanmeM co ckopocteio 2000 o6/muH, 3
MuH). 3aTeM TaKyli0 K€ TPOLEIypy HpPOBOIMIH,
ucnoib3yst pactBop [ICC ¢ xoHneHTparmei 3 Mr/mit B
0.5 M pactBope NaCl. Takoe moodepenHoe Hacla-
MBaHHE MPOTUBOIIOJOXHO 3aPSDKCHHBIX MaKpOMO-
JCKYNT TOJHMAJICKTPOIUTOB HAa KOJUIOMIHBIC dYac-
TUIBI TIPOBOWIIM & U 16 pas, momydas 00OJIOUYKY
TOJIIIMHON X, paBHOM 4 M 8 OHCIIOEB COOT-
BeTcTBeHHO (BepxHuil cmoit — IICC). [lna mpen-
OTBpAIIICHUS arperany YacTUI[ MPH HAHCCCHUU
MEPBBIX JBYX-TPEX CIIOEB CYCIEH3UIO MepeMellu-
BaJIM C UCIOJIb30BAHUEM YIbTpa3ByKa (IpOOUPKHU C
cycnensueil Ha 10 ¢ momemany B yabTpa3ByKOBYIO
BaHHy, 35 kl'm). ®opmupoBaHHE O000JIOUKH C
YHCIIOM TOJHAJIEKTPOIUTHBIX CIIOEB, MCHBIIINM Ye-
ThIpeX, WK ¢ BepxHUM cioeM u3 [IJA/IMA mnpu-
BOJIWT K arperamyy 4acTHUIl B IPOLecCce XPaHCHHS.

4) Brxuwouenue 8 000I0UKY KANcyn dacmuy
HAHOPA3MeEPHO20 OUOKCUOA MUMAaHa

HanopasMepHBIH IHOKCHI TUTaHA B KOJH-
gecTBE 2 MT aJCOpOHMPOBAU Ha TOBEPXHOCTH IO-
JVAIEKTPOIMTHON OOONIOYKM Karcynl 3a  CYeT
ANEKTPOCTATHIECKOTO B3AMMOJICHCTBHSI C MPOTHUBO-
MOJIOXKHO ~ 3apSDKEHHBIMHA ~ MOJIEKYJIaMH  TIOJIH-
snexrpormnra (ITJAJIMA™). Tlocne ancopbuuu Ha

75

noBepxHocTh sfep CaCO; cemMu u MATHAALATH
CJIOEB, (IMMTJAAMA/TICC)sITIAAMA 1
(IMMOAAMA/TICC);ITAAIMA,  COOTBETCTBEHHO,
9TH YacTUIBl 15 MUH MEepeMEIIuBAIU C TTIOMOIILIO
MUHHIICHKEpa. 3aTeM HEeHTPU(YTHPOBAIIH, IIPOMBI-
BaIM BOJAOH W IO METOAMKE (POPMUPOBAHUS
TOJIMAJICKTPOJIUTHBIX CJIOCB HAHOCWIHM ele 1 cioit
IIJAIMA/IICC.

PeHTreHOBCKYIO CBHEMKY 00OpasloB C Bpallle-
HueM nposoawiad Ha audpaxromerpe HZG-4 (Ni-
¢puneTp): CuKo Ha mudparupoBaHHOM IIYUKE B
[IOIIarOBOM peXHMMe (BpeMs Habopa uMmyiascoB 10
¢, senmmunHa mara 0.0260). KauecTBeHHBIH (ha30BbIH
aHajau3 00pa3lOB BBITOJHAIM C HCIOJIL30BAHUEM
6a3el  ganueix JCPDSPDF-2 w  opuruHaabHBIX
pabor. IIpu pacuere pasmepoB oOiacTeil Kore-
pentHoro paccessuus (OKP) mpumensiun hopMyny
Illeppepa (ymmpenne UPPAKIAOHHEIX ITHKOB
OOYCIOBIIEHO TOJIBKO pasMeEpPHBIM dP(DEKTOM):
D,A = K\Bcosh, roe A — aamHa BoMHSL 0 ~ 25°, B
— HUHTErpajbHas IIMPUHA IHKA 1 H3ydaeMoii
dazer, K 0.9. CrannapTHoe OTKIOHEHHE
BenuuuHel D + 5%.

J1st u3ydeHuss MHKPOCTPYKTYpBI 00pasloB ¢
JJICMEHTHBIM aHAIM30M HX OTIACIBHBIX YaCTHII
MPUMEHSIIH CKAaHUPYIONUH SJICKTPOHHBIA MHKPO-
CKOIT BBICOKOI'O pa3pellieHus ¢ aBTOIMHCCHOHHBIM
katoaoM 7500F ¢upmer JEOL (SImonwmst), sHepro-
JUCIIEPCUOHHBIN  PEHTIE€HOBCKHH  MUKPOAaHAJIM-
3atop INCAPentaFETX 3 ¢upmer OXFORD (Be-
nukoOputanus). OO6pasibl HAHOCUIM HA IIPOBOLS-
[[UH YIIIEpOAHBIA CKOTY M 3arpy’Kajd B BBICOKO-
BaKyyMHYIO Kamepy (2.6><10’8 Pa) smekTpoHHOTO
Mukpockona. Ilomyuanmu COM-uzo0pakeHue OT-
JIETIbHBIX YaCTHI[ B PEXUME HU3KOIHEPTETUUECKUX
BTOPHMYHBIX 3JIEKTPOHOB (YCKOPSIOIIEE HampshKe-
Hue cocraBimsuio 20 kB). 3areM MeToIOM pPEHT-
reHOCHeKTpajbHOTO MukpoaHanusa (PCMA), uc-



MOJIE3YS]  DHEPrOAUCIIEPCHOHHBIA PEHTTEHOBCKHIMA
MHUKPOAHAIN3aTOp, YCTAHOBJIICHHBIH B TOH Ke
BBICOKOBaKYYMHOW KaMepe MHKPOCKOIA, OIpeje-
JSUTA  XUMHYECKAN KayeCTBEHHBIH W KOJHYECT-
BEHHBIN COCTaB.

CopOLHMOHHYI0 €MKOCTh O0Opa3loB IO a30Ty
npu —196°C wm3Mepsuti 0OBEMHBIM CTATHYCCKUM
merogoMm (ASAP 2020, Micromeritics) u mpen-
CTaBJISUTH B BUJE M30TEPM COPOLMH (aacopOumu 1
necopOImu). YIembHYI0 MOBEPXHOCTh 00pasIoB
ompenensum MeTojioM bpyHayspa-Ommerra-Tenne-
pa (BOT) u cpaBauTenbHbIM MeTOIOM (CM), Spor
U Scyy ananoruygHo [16]. CpemHuid pa3Mep HacTHIl
Ncom, a Takxke 00beM HAHOIIOP U YIbTPAaHAHOIIOP,
COOTBETCTBEHHO V,,, ¥ V,,,, PACCUMTHIBAIHM, KaK B
pabote [17].

Busyanuzanuo MHKpPOYACTHIl TPOBOAMIH C
TTOMOIIIBIO CBETOBOTO ONTHYECKOTO MUKPOCKOIIA OT
koHpokanbHO# cuctembl «LeicaTCSSPy» (Jletika,
I'epmanus), crHaOxeHHoro 100X HUMMEPCHOHHBIM
00BEKTUBOM, UMEIOIINM ITU(POBYIO anepTypy 1.4.

Hccnenopanue Bo3neicteusa Y O-usnydeHus Ha
MHUKPOKAICYIbl OCYIIECTBISUIA C MOMOIIbI0 Y ®D-
namnbl Gupmel «Spectroline» BIB-150P/F (CILA)
¢ ;umHOH BostHEI 365 HM (0.8 A, 230 B, 50 I'm).

Pe3yabTaThl M NX 00Cy:KAeHHe

SAnapa CaCOs (puc. 4) mpeacTaBisioT coOoM
MHUKPOC(EPOIUTHI NP MPAKTHICCKU ITOJIHOM OT-
CYTCTBHU KaKHX-THOO HWHBIX MOP(OIOTHUECKIX
GbopM B CPaBHUTEIHHO Y3KOM paclpeciiCHUU
MHUKpoyacTull 1o pasmepy (3.5£0.5 Mxm).

Puc. 4. C3M (bOTOFpad)I/I}I o6pa3ua CaC03
¢ paspewienrem %3000.

Pesynpratet PDOA (puc. 5) moxkasamu, 4YTO
Hombifine N (puc. 5 , x), Hombikat U 100 (puc. 5 3)
W HanOoJiee MpeJCTaBUTEIbHBIC 00pa3Ibl (pHC. Sa-
B) cojepikat aHara3, Degussa P 25 (puc. 5¢) — cmech
aHaTasa W pyTwia, a B oOpasel, TudpakTorpamMma
KOTOpOTO TpEICTAaBUICHA HAa PHC. ST, BKIIOYAET
HaHopasMepHyro Moaubukauuo n-TiO, ¢ xapak-
TePHBIMHU OTpaxkeHussMH 20 ~ 5 u 33°, yacTh ux
KOTOpBIX (20 ~ 25 1 48°) coBmanaer ¢ aHaTta3om.
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Puc. 5. Pe3ynbraThl pEHTIEHOBCKON nU(pPaKIuU
HaHOpa3MePHBIX 00pas3oB: anaras 1 (a), anaras 2 (0),
anaras 3 (B), n-TiO, (1), pyrui (), Degussa P 25 (e),

Hombifine N (>x), Hombikat U 100 (3).

Hombikat U 100 (puc. 53) otanuaercs ot Hom-
bifine N (puc. 5x) nammumem ruaposussHoro TiO,
coctaBa TiO,.,(OH)xyH,O (26 ~ 12°). Xapak-
TEPUCTHKH 00pa3I0B MPUBEICHbI B TAOIHUIIE.

Pesynpratet COM, mpencTaBiCHHBIE paHee B
pabote [17] (B 4acTHOCTH, aHAaTa3), IMOKA3LIBAIOT
arJoMepainyi  MEPBUYHBIX ~ HAHOYACTHII  BO
BTOPUYHBIC MUKPOYACTHUIIBI.

[Ipu MogubHUIMPOBAHUH OOOJIOYEK  IIOJIH-
SJIEKTPOJIMTHBIX KAaICyJl HOPOIIKaMu ¢ HaHo-TiO,
MPOUCXOANUT JECTPYKIUS KalCyidbl B CIydae
obomouex (ITAAMA/MTICC)s. B ciyuwae ke
obonouexk (IIJAIMA/IICC)g (puc. 6) mpu wuc-
[0JIb30BaHUU 00pa3loB aHaTa3 1, aHaTa3 2, aHaTa3s
3 u n-TiO,; mnpoHMCXOAUT arperanusi Kamcys, 4To
JieJTaeT HEBO3MOXKHBIM HMX JaJbHEHIIIee HCIT0JIb30-
BaHHE.

Tomko B cimydae obOpasmoB Degussa P 25,
Hombikat UV-100 u o6pasiia ¢ pyTuaoM arperanyu
Kalcyll W HX [OCICAYIOMIEr0 paspylieHus He
IpOMCXOIMT, IprueM obpaszer; Hombikat UV-100
Ha MOPSAOK JIydllle BKJIOYaeTCs B 00OJIOUKY
KaICyJjibl, HO XyX¢ [0 CPaBHCHHIO C 00Opa3lamw,
conepxanumu MarueTut FezOy (puc. 7).
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XapakTepuCTUKU 00pa3LoB

XapaKTepucTHKa O6pasipe ¢ HaHo-Ti0; 3HaueHune
D, am Hombifine N 8.3(3)*
Hombikat U 100 8.0(3)*
Degussa P 25 25(5)*
Amnaras 1 8.4(3)*
AmnHaras 2 5.2(2)
Amnara3s 3 6.5(2)
Pyrun 66(5)
n-TiO, 3.0(1)
Ncous, HM Hombifine N 12*
Hombikat U 100 12*
Degussa P 25 28*
Amnaraz 1 30*
Sgor M/T/ Hombifine N 313(3)/116*
Scu, MYT Hombikat U 100 314(3)/123*
Degussa P 25 53.1(6)/54.3*
Amnaras 1 36.5(4)/16.5*
Vym, emo/r / Hombifine N 0.083(5)/0.343(9)*
Vi, eM/r Hombikat U 100 0.082(5)/0.344(9)*
Degussa P 25 0.016(2)/0.163(8)*
Amnaras 1 0.013(2)/0.084(6)*

*11o manHbM [17]

Puc. 6. ®ororpadus nosydeHHBIX TOJIH-
anekTpoauTHbIX Karcyn (IIJJAIAMA/TICC)g,
chopmupoBanHbsix Ha CaCO3.

# MarHeTuT - HopMa 2
+ MarHeTuT - HopmMal
54 O Hombikat UV-100
<& Degussa P25
|  Pytun
5 yT
o 4 O
L]
<
2
14 .
0+ =
T T
4 8

X

Puc. 7. CBs3b KOMUECTBA OUCIOEB X C YCIOBHOM
CTETICHbI0 MOAU(DUIIMPOBAHMUS KATICYIT
HaHOpa3MEPHBIM JUOKCHIOM THUTaHA N.

BeposTtao, Hombikat UV-100 myudire Bxiro4a-
eTcs B 000JIOYKY KanCyibl W3-3a OOJBIICH YICIb-
HOM TMOBEPXHOCTH M TMPHCYTCTBHS THAPATHPO-
BaHHOW COCTaBIAIOIIEH B cocraBe oOpasia (puc.
8), uto memaet ero OoJiee MPUBIEKATEIBHBIM IS
WCTIOJTb30BaHMS B JAHHBIX CHCTEMaX.

7

g
() o

~_ () G

~

0

(1)

Puc. 8. CxemaTudeckoe n300paxeHue mporecca
a7IcOpOLIMY MOJIMAIEKTPOJIUTOB HA MOBEPXHOCTH
o6pasma Hombikat U 100.

CoryacHO JUTEPATypHBIM JaHHBIM, MOAU(DHU-
[MPOBaHHEe OOOJIOYKHM HAHOYACTHUIIAMH MarHeTHUTa
MOXET TIPOBOJMUTHCS KaK IMPEJABAPUTEIHHO CHUHTE-
3UpOBAaHHBIMU HaHo4acTHiamMu [18], Tak u in situ
[19, 20], T.. cuHTe3 HAHOYACTHI[ IIPOHCXOIHUT
HETOCPEICTBEHHO Ha 000JI0YKE Kamcyibl (Ha puc.
7 HopMa 1 1 HOpMa 2, COOTBETCTBEHHO). B mepBom
Cly4yae W3-32 B3aUMHOTO OTTAJKMBAHUS 3apsHKEH-
HBIX HAHOYACTHI] UX aJcOpOIUs OrpaHUYCHa, a JUIs
MaHUITYJIMPOBAHUS KalcylaMH C TIOMOIIbIO Mar-
HUTHOTO TOJII UX OOOJIOYKU JOJDKHBI COJEPKATh
JIOCTATOYHO OOJIBIIOE KOJIMIECTBO MATHUTHBIX Yac-
TUI. Bo BTOpOM ke clly4ae HaHOYACTHIIBI, 00pa3o-
BaBIIMeCsT B pacTBOpe, ajacopOMpYIOTCS Ha IIo-
BEPXHOCTh MOJIMAJNIEKTPOJUTHBIX Kallcyl, Tlie Jac-
TUYHO CTAOMITU3UPYIOTCS MOJUMEPAMHU 000TIOUKH.

Ecnu ycinoBHO TPUHATH CTENEHb MOJAH(UIIM-
POBaHUSA MPEBAPUTEIHHO CHUHTE3UPOBAHHBIMH Ha-
HOYACTHIIAMH MarHetmra (HopMa 1) Kak »Keja-
€MBIH, TO MPU CPAaBHEHUU PE3YJHTATOB HOPMBI | 1
HOPMBI 2, MOKHO C/EJIaTh BBIBOJI, YTO JIydIasi CTe-
MeHb MOJIU(MHUIIMPOBAHKUS HAHOYACTHUIIAMM JIOCTH-
raeTcd NpU MOJYyYEeHUH HAaHOYACTHIl HETOCPEACT-
BEHHO Ha 000JIOUKE.

YCTOMYHUBOCTh MONYYEHHBIX cHCTeM K Y-
H3ITyYCHHUIO TIPOBEPSIIM Ha KarcyliaX, MOIU(H-



a 0
Puc. 9. ®ororpadus moxydeHHBIX TOTHU-
3JIEKTPOJIMTHBIX Karcyi1 ¢ DegussaP25:
1o obygenus (a) u mocie (0).
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3akjroueHne

[Nomy4eHbl MOMMAIEKTPOIUTHBIE MHUKPOKATICYJIbI,
cocrosme  u3  CaCOs-siipa M HOMMAUAILIII-
JIMETUIIAMMOHUI-TIONUCTAPONICYIb(OHATHOH  000-
JIOYKH, MOAU(DUIMPOBAHHOW HAHOPa3MEPHBIM  [TH-
OKCHJIOM THTaHa CO CTPYKTYpPOH pyTWiia, a TaKKe
Degussa P 25 u Hombikat UV-100. Ipuaem o6paserr
Hombikat UV-100 Ha mopsmok JIydile BKIIOYaeTCs B
000JIOUKY KarCyJIbl W3-3a OOJIBIIEH YIeIHbHON MOBEPX-
HOCTH ¥ TIPUCYTCTBHSI THIPATHPOBAHHOM COCTaB-
IO B cocraBe oOpasma. IlpoBepeHa ycToii-
yBOCTh K Y®-m3IydeHHWIO Ha KarcynaxX, MOIH-

¢upoBanaeix Degussa P 25. YcraHoBieHo, YTO
MOAU(HUIINPOBAHNE TPOUCXOAUT TONBKO B CIydae
«TOJICTBIX», C KOJMYECTBOM OHCIIOEB X=8, 00O0JIOUEK.
B cmyuae xe obomouek ¢ x=4 Habmonmaercs
JIECTPYKUMSI  TIOJMAJIEKTPOJIMTHOM ~ KallCyllbl  TIPH
Mo mduIpoBanuu. HaiiieHo, 4To ycioBHas cTe-TieHb
MOAUDHUIIPOBAHHS KaICyl HAHOPA3MEPHBIM THOKCH-
JIOM THTaHA 3aBHCHUT OT TOJIIIMHBI 000JI0YKH (BEIUYH-
Ha X), a TAKXKE OT MOBEPXHOCTH 00pas1ioB ¢ HaHO-Ti0,.

nupoBaHHbIX Degussa P 25. Pa3mepsl accornuaroB
MHKpOKArcyi 1o oosyuenus ~30 mkum (puc. 9a).

[Tocne obydeHwus B TEUSHUE 5 MUH IPOU3OIILIO
paspylleHHe acCOLMATOB Ha «OCKOJKH» Pa3MepoM
~2 MM (puc. 96). CnenmoBaTenbHO, MPH HC-
MOJIb30BAaHUM JAaHHOH CHCTEMBI Kak CpeacTBa
JIOCTaBKH pa3pylleHue 000JIOUKH KarCyJibl JIeiaeT
BO3MOYKHBIM JIOKAJIFHOE BBEICBOOOKICHUE JIEKAPCT-
BEHHOT'O CPEJICTBA.
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POLYELECTROLYTE MICROCAPSULES MODIFIED
WITH NANOSCALE TITANIUM DIOXIDE
FOR TARGETED DRUG DELIVERY
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Polyelectrolyte  microcapsules composed of CaCOs-core and shell polydiallyldimethylammonium
polistirolsufonatpolystyrenesulfonate, were obtained by Layer-by-Layer-method. They were modified with
nanoscale titanium dioxide with rutile structure and commercial Degussa P25 and Hombikat UV-100. Besides it
has been shown that the sample Hombikat UV-100 is better included in the capsule shell because of a
largerspecific surface area and the presence of hydrated component in composition of sample. Resistance to UV-
radiation was tested on the capsules modified with Degussa P25. It has been established that the modification
takes place only in the case of "thick" shells with the number of bilayers being x=8. In the case of shells with x=4
there is a destruction of polyelectrolyte capsules during modification. It has been found that the degree of
modification of capsules by nanosizedtitanium dioxide depends on the shell thickness (value x) as well as on the
surface of nanoscale titanium dioxide samples.

Keywords: titania nanoparticles, titanium dioxide, polyelectrolyte microparticles, drug delivery.
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