HamionanpHu#t TeXHIYHUN YHIBEPCUTET Y KpaiHU
KuiBchkuit nomiTexHiyHui iHCTUTYT iMeH1 [ropst Cikopcbkoro
MiHicTepcTBO OCBITH 1 HAYKH Y KpaiHu
HamionanpHuit TeXHIYHUN YHIBEPCUTET Y KpaiHH
KuiBchkuit nomiTexHiyHuil iHCTUTYT iMeH1 [ropst Cikopcbkoro

MiHicTepCcTBO OCBITH 1 HAYKH YKpaiHu

KBamidikariiina HaykoBa  Tparls

Ha IIpaBaxX PyKOMHUCY

Mensauk Anjnpiit CepriiioBud

VK [549.623.9:544.526.2-049.65]:615.014(043.3)

HAHOKOMIIO3UTHU HA OCHOBI TAJIYASUTHUX HAHOTPYBOK /UIA
POTO3AXUCTY TA TIPOJTOHI'OBAHOI'O BUBIVIBHEHHA AKTUBHHUX
PAPMAINEBTUYHUX IHI'PEAICHTIB

161 XiMIyH1 TEXHOJIOTII Ta THXKEHEPIsS

16 XimiuHa Ta O6101HXKEHepis

[Tomaetbest Ha 3100y TTSI HAYKOBOTO CTyNEHs JoKTopa (utocodii

Jucepraltisi MICTUTh pe3yJbTaTH BJIACHUX JOCHIKeHb. BukopucrtanHs ixaew,

PE3yNbTATIB 1 TEKCTIB 1HIIUX aBTOPIB MAIOTh MOCUJIAHHS HA BIATOBIAHE JHKEPEIIO

A. C. MenbHUK

HayxoBuii kepiBauk Yurupunens Onena EnyapnaisHa,

1.T.H, ipodecop

Kuis — 2024



AHOTALIIA

Mensauk A. C. HaHOKOMIIO3WTH Ha OCHOBI Talya3uTHUX HAHOTPYOOK s
dboTO3axMCTy Ta MPOJIOHTOBAHOIO BUBUIBHEHHS aKTUBHHUX  (apMalleBTUUHUX
iHrpeaieHTiB. — KpamidikaliiifHa npars Ha IpaBax PyKOIHUCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTymeHs jJokTopa ¢umocodii 3a
crieriayibHICTIO 161 XiMiuHI TeXHOJIOTIl Ta 1HXeHepisd. — HalloHanbHHM TeXHIYHUN
yHiBepcuTeT YKpainu « KUiBCbKUI MOMTEXHIYHUHN IHCTUTYT IMeHI [ropst CikopchbKOroy,
MOH VYkpainu, Kuis, 2024.

JluceprariiitHa poOoTa MpUCBsSYEHA PO3pOOIIl IHHOBAIIIMHUX HAHOKOMIIO3UTIB Ha
OCHOBI ranmyasuTHux HaHoTpyOok (I'HT) nnma 3axucty ¢GOTOUYTIMBUX aKTHUBHUX
dapmaneBTuuHuX 1HrpeAieHTiB (ADI) Ta CTBOpEeHHS CHCTEM MPOJOHTOBAHOTO
BUBLIbHEHHS. Bka3zana npobiema € 0co0IMBO aKTyalbHOIO TS (hapMalleBTUYHOT ramy3si,
ockuibku Oarato edextuBHUX ADI, Takux sk o-;minoeBa kuciaora (AJIK) Ta
MokcudiokcanuH rigpoxiopus (M®P), MaroTh HU3bKY CTaOUIBHICTH TP BIUTMBI CBITJIA,
TeMIlepaTypd Ta I1HIIMX  arpecuBHUX  (aKToOpiB  AOBKULISA. BukopucraHHs
HAHOKOMIIO3UTIB Ha OCHOBI 1HKancyinboBaHux B ['HT axTuBHHX (dapManeBTUUHUX
iurpenientiB (T'HT/A®I) sik HAaHOHOCITB BIAKpUBA€E HOBI MOXJIMBOCTI JJist 3axucty AdI,
N1JBUILIEHHS iXHBOT CTAOIBHOCTI Ta CTBOPEHHS TaOJETKOBHUX (DOPM 13 KOHTPOIHOBAHUM
BUBUIHHCHHSIM.

VY pamkax poOOTHU BHPIIIEHO HU3KY 3aBAaHb, BKJIIOYAIOUU PO3POOKY METOAMKHU
inkancyssuii A®I y 'HT, nocnikenns ctabiiabHOCTI 1HKancyiboBanux APl B ymoBax
TepMoecTpykIlli Ta (oroaerpagamii 3a BumMBY yibTpadioneToBoro Y D/BUAMMOTO
CBITJIa, pO3pOOKY TabJIeTKOBOI ()OpMHU HA OCHOBI JOCJIIPKYBaHMX HAHOKOMIIO3UTIB Ta
aHalli3 KIHETUKU BUBLIbHEHHS A®DI 3 HAHOKOMITO3UTIB, B TOMY YHCII Yy CKJaJIl
TabseroBaHuX (HOpM, y MOJIETIbHUX CepeoBuIIax 13 pisHUM pH.

Meronuka inkancynsnii A®l y I'HT peanizoBana depe3 BakyyMHHM cIocio
3aBaHTAKCHHS, SIKUW JIO3BOJISE€ 3allOBHUTU BHYTPINIHI KaHAIM HAHOTPYOOK PO3YMHOM
A®I. Ileit mnpomec 3abesnedye pPIBHOMIPHUM pO3MOJLT aKTUBHOI PEYOBUHU B

HAHOTPYOKax Ta popMyBaHHS CTa0IILHOTO HAHOKOMMO3UTY. [linTBepIKEHHS HASTBHOCTI



A®I B HaHOTpyOKax rajgya3uTy 3AIMCHEHO TPAHCMICIMHOW  MIKPOCKOIIIEIO
HaHOKOMTIO3UTY. [ mpoBenenHs KomIuiekcHoro nociimkenas AJIK ta M® ta rotoBux
JiKapchKkuX TabeToBaHUX (DOPM Ha X OCHOBI 3aCTOCOBAHO HU3KY CY4aCHUX METO/IB, K1
3a0€311euyI0Th BUCOKHUM PIBEHh TOYHOCTI Ta BIATBOPIOBAHOCTI OTPUMAHHMX PE3YJIbTaTIB.
OcnoBauM miaxonom st igeHTHdikanii AJIK ta M® ta KOHTpomO KOHIEHTpamii 1
KOHIICHTPAIIHHUX 3MiH OYyJI0 BUKOPUCTAaHO BUCOKOEC(PEKTUBHY PIAMHHY XpoMaTorpadito
(BEPX), MeroauuHi MIIXOAM SIKOi BKJIIOYAIM Mia0ip edekTuBHOro (GinpTpy Ta
MOJICIBHUX PO3YHMHIB XpoMartorpadiunoro anamizy. lleii MeTron mM03BOJWMB BU3HAYATH
KUIBKICHI TIOKa3HMKW KoHIleHTpalii A®dI 3 BHCOKMM pIBHEM JIOCTOBIPHOCTI s
MOAANBIIOT0 aHai3y (PI3MKO-XIMIYHUX BJIACTUBOCTEN 1 CTaOUIBHOCTI JOCIHIIKYBAHUX
PEYOBHUH MiJ BIUIMBOM ONpPOMiHEHHsS B Y@ / BUIAMMOMY Jianma3oHax Ta IMiJBHUIICHOI
TEeMIIepaTypHu.

Cra0unpHicTh A®I nocmimkyBanacss B yMOBax BIUIMBY BHUIIPOMIHIOBaHHS B
Y®/BunuMomMy AianazoHax Ta TEMIIEpATypHOTo cTpecy. TecTyBaHHA (POTOCTabUIBHOCTI
MPOBOJUIIOCS JIBOMA HUISIXaMH — OMPOMIHEHHSM B Y @D IPOMEHSX Ta OMPOMIHEHHIM
IpU TMOETAIHOMY BIUIMBI TIpoMeHIB B Y®- Ta BHUAMMOMY diama3zoHax. [aeHTHYHO
ONMPOMIHIOBAIM SIK BOJHI CyCHEH3li I1HKalcylbOBaHMX B ramyasuti A®I , tak 1
tabneroBani popmu Ha ocHOBI ' HT /A®DI y cranmaptuzoBanux ymoBax. lLle mo3Bommio
BU3HAYNUTU CTYMiHb 1X CTIMKOCTI JIO CBITJOBOTO BILUIMBY BIJIMOBIJIHO JO MIXXHapPOJIHHUX
cTaHgapTiB. TepMOCTaOUIbHICTh OIliHIOBAjacs IIJISXOM BUTPUMYBAHHS 3pa3KiB 3a
nigsuieHoi Temmneparypu (60°C) mpotsrom 24 roawH, MmO JO3BOJMIO BCTAaHOBUTH
piBeb TepmoaecTpykuii A®PI 1 iXHIO 371aTHICTH 30epiraTd CBOIO €(PEKTUBHY
KOHIICHTPAIIII0 Y HECTIPUSITIIMBUX yMOBaX.

st cTBOpeHHsT Kommo3ullii TabnetoBaHoi ¢dopmu Oyino BH3HAYEHO (i3HKO-
MEXaHIYHl MapamMeTpu IUIMHHOCTI Tallya3uTy y MOPIBHSAHHI 3 MIKPOKPHUCTAIIYHOIO
I[EJTI0JI03010, SIK OCHOBHHUM KOMIIOHEHTOM, III0 BHKOPHUCTOBYETHCS TpHU (HOpMYBaHHI
tabneToBaHux ¢Gopm JikiB. byno mpoBeneHO BUMIpIOBaHHS KyTa MPUPOIHOTO CKOCY,
T'YCTUHU MICHS yCaAKU Ta 00’ €MHOI I'YCTUHU MOPOILIKIB rajgya3uTy Ta MiKpOKPUCTAIIYHOT
IIETI0JI03HU, 10 BUKOPHCTOBYBANUCS il (hopmMyBaHHS TaOieTOK. BcTaHOBIEHO, IO

rajyasuT He MOCTYIMAEThCS MIKPOKPUCTATIYHIN IIEJIF0JI031 3a mapaMeTpaMu TUIMHHOCTI.



[le cBiAUMTH MPO NPUAATHICTH Tallya3uTy WIOJ0 BUKOPUCTAHHA Y KOMIIO3UIIISAX
TabyeToBaHUX (HOPM JIKIiB.

3 ypaxyBaHHSM BUMOT /10 TabseToBaHuX (opM y papMarieBTUUHII MPOMHICIOBOCTI
PO3p00IIEHO KOMITO3UITIHHMM cKitaa TabneTok Ha ocHoBl 'HT/A®I. Jlo ckiamny TaGiaeToK
Bxoauiu HaHoKoMITo3uT ' HT /ADI (45%), mikpokpucraniyaa remronosa (50%), creapat
MmarHito (2%), kpockapmenos3a (2%) Ta xonoigHuit kpemuezem (1%). [ns ouiHku
Mopdosorii BHYTpilIHbOI CTpykTypu HaHokommo3uTiB ['HT/A®I y cknami tabierok
3aCTOCOBYBAJIM METOJ CKaHYBAJIBbHOI elleKTpoHHOI1 Mikpockomii (CEM). BceranosneHo,
mo ['HT 3 inkancynsoBanumu A®DI piBHOMIpHO pO3MOALICHI MO 00’€My Ta HE €
3pyHHOBAHUMHU Ticiisg POopMyBaHHS TaOJETOK 32 pO3POOIECHOIO TEXHOJIOTIELO.

@D13UKO-MEXaHIYHl BJIAaCTUBOCTI pO3pO0OJEHOro CKiaay TaOJETOK, CTBOPEHUX Ha
OCHOBI HaHOKOMIIO3UTIB Tajlya3uTy, BUBYAJIU 3a JONOMOIOIO cepii TecTiB. BuzHauanu
CXWJIBHICTh Ta0JETOK JI0 pO3Majay, iXHI MINHICTh, KPUXKICTh 1 CTUPAHHICTh, IO €
KPUTUYHO BKJIMBUMU MapaMeTpaMu JJis 3a0€3MeueHHs BiIMOBITHOCTI papMaKonetHIM
cTaHaapTaM. BCTaHOBJIEHO MOBHY BIAMNOBIAHICTH (PI3UKO-MEXAHIYHUX BIIACTUBOCTEH
PO3pOO0TIEHUX KOMIIO3UTHUX TAOJIETOK BUMOraM (papMalieBTHUHOT IPOMHUCIOBOCTI.

Kinetuka BuBuUIbHEHHS/po3unHeHHS A®I 3 TabneTok AOCTiKyBagacs y pi3HUX
MOJICTIBHUX CEPeOBHINAX, 110 IMITYIOTh pH pO3UMHIB HUTYHKOBO-KHIIKOBOTO TPAKTy
moauuu. Llei miaxia 103BOJMB BU3HAUUTU IMIBUAKICTH 1 CTYMiHb BUBLIbHEHHS ADI B
3aJIeHOCTI BiJl pH po34MHIB UTYHKOBO-KHUIIIKOBOTO TPAKTY.

JocnipkeHHs mokasand, mo iHkancyiasoBadl y [HT A®I geMmoHCTpyIOTh 3HAYHO
BUILY (POTOCTAOIIBHICT, TOPIBHIHO 3 HATUBHUM CTAaHOM IIMX DPEYOBHUH. 30KpeMma,
BCTAHOBJICHO, IO MijJ BIUMBOM Y d-onpoMiHeHHs iHKancynboBaHi AJIK ta M®
30epiratoTh 0nu3bko 84—98% cBoO€i eeKTUBHOI KOHIEHTpAIlil, TO/l SIK Y HATUBHOMY
CTaHl Tichs Aerpajaliii ix 3amuiikoBa KoHieHTpaiis aocsarae 70—-80%. Mexanizm
30utblieHHsT  (ortocrtiiikocTi A®I  noB's3aHuil 13 Oap'epHUMM  BIACTHBOCTSIMU
HAHOTPYOOK raiyasuTy, skl 3a0€3MeUyloTh 3aXUCT BiJ BIUIMBY cBiTiIa B Y ®/BUauMomy
mlama3soHax.

OnaHuM 13 KJIFOYOBUX PE3YyJbTaTiB pOOOTH € po3poOKa Oe3nocepeHbO CHUCTEM

nposionroBanoro BuBiibHeHHs A®I. Hanoxommosutu 3abe3meuyroTh KOHTPOJIbOBAHE



BuBUIbHEHHsT A®dI, mo go03BosslE MIATPUMYBATH TEPANEBTUUYHY KOHIIEHTPALIIIO
YOPOJOBXK TpuBajoro 4acy. Jmsa inkancynroBanoi AJIK ta M® BcTaHOBiIEHO, 1m0 X
BUBUIHLHEHHS 3 HAHOKOMITIO3UTY Y CKJIaJ1 TabaeToBaHoi hopmu gocsrae 6au3bko 60—80%
yIpoaAOBXK 24 TOAUH, TOAl K Y HATUBHOMY (HEIHKAaICyJh0BaHOMY) CTaHI IIei mpoiiec
3aBepiryeTrbes 3a 30—60 xBuiuH. Takuii edekT nocsaraeTbes 3aBASKA TaIbMYBaHHIO
nporiecy nudysii mosekyn ADI 3a paxynok kaniaspaux cuia [HT.

JlocipKeHHSIMU BCTaHOBJICHO, 110 31 30inbmieHHsM pH cepenoBuia, piBeHb
BUBLIbHEHHS 000X ADI 3 HAHOKOMIIO3UTY Y CKadl TabeToBaHOi (hOpMHU 301IBIIYETHCS,
10 MOSICHIOETHCS KPAILIOI0 PO3YMHHICTIO iX Y BIAMOBIIHUX CEPEIOBUILAX.

JlociKeHHSIM TePMOCTA0LTLHOCTI BCTAHOBJICHO, 10 1HKAIICYJILOBAHI Y Talya3UT
A®I, npakTUYHO HE JErpajyroTh, TO1 sk 0e3 iHkancyssiii AJIK 36epirae 6im3bKO
65,7% nouaTkoBoi Macu, a M® — 85,8%.

TakuM 4YMHOM Ha OCHOBI OTPUMAaHHMX pE3YyJbTaTIB JOCTIIHKEHb PO3POOJICHO
peuentypy TaOJEeTOK Ha OCHOBI CHHTE30BaHMX HaHOKoMIo3uTiB [HT/A®I Ta
MIKpOKPHCTAIIYHOI IIENIONIO3U, CTeapaTy MarHilo, KpPOCKapMeno3W Ta KOJOiTHOTO
KpEeMHe3eMy, siKa BIAMOBiIae BuUMoram €Bpormeiicbkoi Papmakonei moa0 (izuko-
MEXaHIYHUX XapaKTEPUCTHK, AEMOHCTPYIOUM HEOOXIIHHMH pIBEHb (Pi3MKO-MEXaHIYHHX
BJIACTUBOCTEH, Ta 3a0e3neuye KOHTPOJIhOBaHE BUBUIbHEHHS gociimkyBaHux AJIK Ta
M® 3 mniiBUIIEHMM piBHEM TepMO- Ta (HOTOCTAOUILHOCTI IIOAO OMPOMIHEHHS B
Y ®/BugumMoMy AianazoHax.

Haykosea Hosusna pobomu Tmonsrae B HACTymHOMY. Bnepuie po3poOieHO
IHHOBAIIMHWNA HAHOKOMITO3UT Ha OCHOBI Tanya3uTHUX HaHOTpyOok ['HT/A®I, mio
MICTUTH 1HKancyaboBaHi cBiTIOuyT/INBl ADI — AJIK Ta MO, sxuit 1eMOHCTpY€E 3aXUCT
BiJl IECTPYKTUBHOTO BIUTUBY T1JBUIIEHUX TEMIIEPATYP Ta OMPOMIHEHHS Y BUTUMOMY Ta
Y® pianazoHax 31 30epexeHHSM TMICIs MPOBEIEHHS CTaHAAPTHU30BAaHUX TECTYBaHb
edexktrBHOI KoHIeHTpalii ADI Ha piBHI He MeHme HiX 98%; e6nepuie Ha OCHOBI
Hanokomno3uTie [HT/AJIK a6o THT/M®, wmikpornenoio3u, creapary MarHiio,
KOJIOITHOTO KpEMHE3eMy Ta KpOCKapMelo3d pO3pO0JICHO CKIaJd TallIeToBaHOI
dbopmymsanii, sxka 3a (I3UKO-MEXaHIYHUMH TIOKAa3HWKAMU BIJMOBIIa€ BHUMOTaM

€pporneiicbkoi  Papmakoriei, a  rajiya3uTHHM  HAHOKOMIIO3UT  3a0e3nedye



(bapMakOKiHETUKY KOHTpoJiboBaHOTO BUBLIbHEHHA AJIK ta M®; ¢cmanoséneno, 1o
inkancymsinis AJIK ta M® B T'HT 3a paxyHok kamimgpHux cui 3a0esneuye
IIPOJIOHTOBaHE BUBLIbHEHHS Ha piBHI 10 80% A®I 3 TabneToBanoi opmu mpotsirom 24
rOJIUH, TOPIBHSAHO 3 HEIHKAICYJIhOBaHMM CTaHOM, jA¢ BUBUIbHEHHA 90-100% ADI
BinOyBaeThes 3a 15-30 XBUIMH; nokazaro, o miaBuieHHs pH MoaenpHOT0 cepenoBuIa
cripusie 30UIbIICHHIO PiBHA BUBLIbHEHHS 000X A®I 13 I'HT 3apasku miaBUIIEHIN
PO3YHMHHOCTI 1HTPEJIIEHTIB Y BIAMOBIIHUX JOCTIKYBaHUX Oy(epHUX po3unHaX.

Ipaxmuuna 3nauumicms TIATBEPIKYETbCS HACTYMHUM. PO3pO0IEHO METOIMKHU
xpomatorpadiunoro BuzHaueHHs AJIK ta M® B BoJHHUX pO3uMHAX METOJIOM PiTUHHOT
xpomatorpadii. Crioci6 BurotoBieHHs Tabsnetok Ha ocHoBl ['HT/AJIK 1 THT/M® Tta
MIKPOKPHCTATIYHOI MEJTF0JI03U 3 TOMOMDKHIUMH KOMITOHEHTAMH € TEPCIICKTUBHUM TPH
BUTOTOBIICHHI ~ I1HHOBAI[iMHUX  ¢apmaleBTUYHUX  mpenapaTriB.  Bukopucranus
HaHokomnio3uty ['HT/A®I Ha 0CHOBI CBITJIOUYTIUMBHUX (PapMalleBTUYHHUX 1HIPEIIEHTIB €
MOTEHI[IITHO HOBUM IIJIXOJIOM JI0 BUKOpUCTaHHs TabieToBaHux ¢opm 3 AJIK ta MO.
Pe3ynbraT OCHIIKEHb BOPOBAIKEHI TMPHU BUKJIAJAHHI AUCHUIUIIHU «[HHOBaIiiTHI
XIMIYHI TE€XHOJIOT1i opraHiyHux MarepianiB. Yactuna 1. OyHKUIOHATIBHI MaTepiaiu Ta
HAHOCUCTEMU» [JIsl CTYJEHTIB MaricTpiB OCBITHbO-TIpo(eciitHoi mporpamu «XiMiuH1
TEXHOJIOT1i CUHTE3Y Ta (PI3UKO-XIMIYHI BJACTUBOCTI OPraHIYHUX MaTepiaiiBy.

Knrwouosi crnosa: HaHoCUCTEMU, TaIya3uT, O-JIIIOEBA KUCIOTA, MOKCHU(DIOKCAIIUH
TAPOXJIOpUJI, HAHOKOMIIO3UT, I1HKAICYJSIMis, (OTOCTaOlIbHICTh, TEPMOCTAOUIBHICTD,

KOHTPOJIbOBaHE BUBUIbHEHHS, (OTOAErpajalisl, HAHOTPYOKH, HAHOYACTUHKH.
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ABSTRACT

Melnyk A. S. Nanocomposites based on halloysite nanotubes for photoprotection
and prolonged release of active pharmaceutical ingredients. — Qualification work in the
form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 161 Chemical
Technologies and Engineering. — National Technical University of Ukraine "Igor
Sikorsky Kyiv Polytechnic Institute," Ministry of Education and Science of Ukraine,
Kyiv, 2024.

The dissertation is devoted to the development of innovative nanocomposites based
on halloysite nanotubes (HNT) for the protection of photosensitive active pharmaceutical
ingredients (API) and the creation of prolonged-release systems. This problem is
particularly relevant to the pharmaceutical industry, as many effective APIs, such as a-
lipoic acid (ALA) and moxifloxacin hydrochloride (MF), exhibit low stability when
exposed to light, temperature, and other aggressive environmental factors. The use of
nanocomposites based on HNT-encapsulated APIs (HNT/API) as nanocarriers opens new
opportunities for protecting APIs, enhancing their stability, and developing tablet forms
with controlled release.

Several tasks were addressed within the framework of this work, including the
development of a method for encapsulating APIs in HNTs, the investigation of the
stability of encapsulated APIs under conditions of thermal destruction and
photodegradation under ultraviolet (UV)/visible light exposure, the development of tablet
forms based on the studied nanocomposites, and the analysis of API release kinetics from
nanocomposites, including in tablet formulations, in model media with varying pH.

The API encapsulation method in HNTs was implemented via a vacuum loading
technique, which allows the internal channels of the nanotubes to be filled with an API
solution. This process ensures uniform distribution of the active substance in the
nanotubes and the formation of a stable nanocomposite. The presence of APIs in the

halloysite nanotubes was confirmed by transmission electron microscopy of the



nanocomposite. For comprehensive research on ALA and MF and the resulting
pharmaceutical tablet forms, several modern methods were applied, ensuring a high level
of accuracy and reproducibility of the obtained results. High-performance liquid
chromatography (HPLC) was the primary approach used for API identification and
monitoring of concentration changes, employing optimized filters and model
chromatographic analysis solutions. This method allowed for the accurate determination
of API concentration for subsequent analysis of the physical-chemical properties and
stability of the studied substances under UV/visible radiation and elevated temperatures.

The stability of APIs was studied under UV/visible light exposure and thermal
stress conditions. Photostability testing was conducted via two approaches: UV
irradiation and staged irradiation under UV and visible light. Both aqueous suspensions
of APIs encapsulated in halloysite and tablet forms based on HNT/APIs were irradiated
under standardized conditions. This allowed for the determination of their resistance to
light exposure according to international standards. Thermal stability was evaluated by
maintaining the samples at an elevated temperature (60°C) for 24 hours, which
established the level of API thermal degradation and their ability to retain effective
concentrations under adverse conditions.

For the creation of tablet compositions, the physical-mechanical flow properties of
halloysite were compared with those of microcrystalline cellulose, the main component
used in forming pharmaceutical tablet forms. Measurements included the angle of repose,
tapped density, and bulk density of halloysite and microcrystalline cellulose powders used
for tablet formulation. It was established that halloysite does not lag behind
microcrystalline cellulose in terms of flowability parameters, indicating its suitability for
use in tablet compositions.

Considering the requirements for tablet forms in the pharmaceutical industry, a
composite tablet composition based on HNT/APIs was developed. The tablet composition
included the HNT/API nanocomposite (45%), microcrystalline cellulose (50%),
magnesium stearate (2%), croscarmellose (2%), and colloidal silicon dioxide (1%).
Scanning electron microscopy (SEM) was used to assess the morphology of the internal

structure of HNT/API nanocomposites within the tablets. It was found that the HNTs with



encapsulated APIs were uniformly distributed and remained intact after tablet formation
using the developed technology.

The physical-mechanical properties of the developed tablet composition, created
based on halloysite nanocomposites, were studied using a series of tests. Tablet
disintegration, hardness, friability, and abrasion resistance were evaluated, as these are
critical parameters for compliance with pharmacopeial standards. The physical-
mechanical properties of the developed composite tablets fully complied with
pharmaceutical industry requirements.

The API release/dissolution kinetics from the tablets were studied in different
model media simulating the pH of the human gastrointestinal tract. This approach allowed
for the determination of the release rate and extent of APIs depending on the pH of
gastrointestinal solutions.

The studies showed that APIs encapsulated in HNTs demonstrated significantly
higher photostability compared to their native state. In particular, it was found that under
UV irradiation, encapsulated ALA and MF retained about 84-98% of their effective
concentration, whereas in their native state, the residual concentration after degradation
reached 70-80%. The mechanism of increased API photostability is associated with the
barrier properties of halloysite nanotubes, which provide protection against UV/visible
light exposure.

One of the key results of the work is the development of systems for prolonged API
release. Nanocomposites ensure controlled API release, allowing for the maintenance of
therapeutic concentrations over extended periods. For encapsulated ALA and MF, it was
established that their release from the nanocomposite in tablet form reached
approximately 60—-80% over 24 hours, whereas in the native (non-encapsulated) state, this
process was completed within 30—60 minutes. This effect is achieved by slowing the
diffusion process of API molecules due to the capillary forces of HNTs.

The studies demonstrated that with an increase in the pH of the medium, the release
rate of both APIs from the nanocomposite in tablet form increased, explained by their

better solubility in the corresponding media.



Thermal stability studies established that APIs encapsulated in halloysite practically do
not degrade, whereas without encapsulation, ALA retained about 65.7% of its initial
mass, and MF — 85.8%.

Thus, based on the obtained research results, a tablet formulation was developed
based on synthesized HNT/API nanocomposites, microcrystalline cellulose, magnesium
stearate, croscarmellose, and colloidal silicon dioxide. The formulation meets the
requirements of the FEuropean Pharmacopeia regarding physical-mechanical
characteristics, demonstrates the necessary level of physical-mechanical properties, and
ensures controlled release of the studied ALA and MF with increased thermal and
photostability under UV/visible light exposure.

The scientific novelty of this work lies in the development of an innovative
nanocomposite based on HNT/API, which contains encapsulated photosensitive APl —
ALA and MF. This nanocomposite provides protection against the destructive effects of
elevated temperatures and exposure to visible and UV radiation, maintaining an effective
API concentration of no less than 98% after standardized testing. Additionally, a tablet
formulation has been created using HNT/ALA or HNT/MF nanocomposites,
microcrystalline cellulose, magnesium stearate, colloidal silica, and croscarmellose. This
formulation meets the physical and mechanical standards of the European
Pharmacopoeia, with the halloysite nanocomposite enabling controlled-release
pharmacokinetics for ALA and MF. The study further demonstrates that encapsulation of
ALA and MF within HNT through capillary forces results in prolonged release, achieving
up to 80% of the APIs over 24 hours, compared to non-encapsulated API, which are
released at 90-100% within 15-30 minutes. Moreover, it was found that increasing the pH
of the model medium enhances the release of both API from HNT due to improved
solubility in the respective buffer solutions.

The practical significance is confirmed by the following. Chromatographic
methods for determining ALA and MF in aqueous solutions using liquid chromatography
have been developed. The method for manufacturing tablets based on HNT/ALA and
HNT/MF and microcrystalline cellulose with auxiliary components is promising for

producing innovative pharmaceutical preparations. The use of HNT/API nanocomposites



based on photosensitive pharmaceutical ingredients represents a potentially novel
approach to utilizing tablet forms with ALA and MF. The research results have been
implemented in teaching the discipline “Innovative Chemical Technologies of Organic
Materials. Part 1. Functional Materials and Nanosystems” for master's students of the
educational-professional program “Chemical Technologies of Synthesis and Physical-
Chemical Properties of Organic Materials.”

Keywords: nanosystems, halloysite, a-lipoic acid, moxifloxacin hydrochloride,
nanocomposite, encapsulation, photostability, thermal stability, controlled release,

photodegradation, nanotubes, nanoparticles.
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BCTYII

OO0rpyHTyBaHHSI BUOOPY TEMHM 10CJIiIKCHHS

[asya3ut € mpupoAHUM MIHEPAIOM 3 YHIKAJIbHUMH BIIACTUBOCTSIMH, SKUH MOXKE
Oyt BuUKOpuUCTaHUN 5K edexTuBHUU Hocik mig dotouyrnuBux ADI. Po3pobka
HAHOKOMITO3UTIB Ha HOTO OCHOBI JT03BOJIIE CTBOPIOBATH MaTepiald HOBOTO MOKOJIHHS,
IO BiAKPHUBAE MIMPOKI MOMJIMBOCTI JAJsl 1HHOBALId y XiIMIuHIA Ta (hapMaleBTHUHIN
rany3sax. BukopucTaHHs HAaHOKOMIIO3UTIB rajgya3uTy JI03BOJISE€ CTBOPIOBATH CUCTEMU
JIOCTABKU JIIKIB 3 KOHTPOJIbOBAHUM BUBUIBHEHHSIM, III0 OCOOJMBO aKTyaJIbHO JJIf
JIKyBaHHS XPOHIYHUX 3aXBOPIOBaHb, JI€ BAXIMWBO MIATPUMYBATU CTaOUIbHY
KOHIIEHTpAIIO JIIKIB B OpraHi3Mi MPOTSATOM TPUBAJIOTO Yacy.

[IpobGiema ¢GoTO3axXUCTy JIKAPCHKUX 3aCO0IB € aKTyaldbHOIO, OCKUIbKH OaraTo
npenapariB € GOTOYYTIMBUMU 1 MOXYTh IIBHJIKO JIETpalyBaTH IiJ BILTMBOM CBITJIA.
Hanpuknazn, AJIK ta M® e takumu potouytiuBumu A®I, mo notpeOyroTh 3aXUCTY Bl
cBiTia. J{ns 3a0e3nedeHHs iX cTaOlIbHOCTI BUKOPUCTOBYIOTHCS Pi3HI MIAXOIH, TaKl K
MaKyBaHHS B HEMPO30pl KOHTeWHepu abo nomaBaHHs cTabimizatopiB. OmHak, OUIbII
€(heKTUBHUM METOJIOM € 1HKAIMCYJAILiS [UX PEUYOBUH Y HAHOKOMIIO3UTH, IO J03BOJISIE
3HAYHO ITIBUIITUTH iXHIO (POTOCTINKICTb.

[akancymsis A®I y Hanokomnosutu rainyasuty (I'HT/A®I) no3Bosie 3axuctutu
aKTUBHI PEYOBMHHU BiJ] JAerpajallii mijJ BIUIMBOM 30BHINIHIX ()aKTOPIB, 30KpeMa CBITJIA.
3aBAsSKA CBOIM YHIKaJIbHUM BJIACTHUBOCTSIM, HAHOKOMIIO3UTU Talya3uTy MOXYTh OyTH
Mou(DIKOBaH1 sl MPOJIOHTOBAHOTO BUBIIBLHEHHS JIKIB, 110 3a0e3neuye CTaOUIbHY
TEepamneBTUYHY KOHIIEHTpAIlil0 MpemnapaTy B opraHizmi. Ile ocoOmmBO BakIMBO ISt
dboTouyTnuBuX pedoBuH, Takux sk AJIK ta M.

OTxe, BUKOPUCTAHHS TaTya3uTy JiJIsi CTBOPEHHS HAHOKOMITO3HTIB 3 (DOTO3aXHCTOM
BIJIKpUBA€E HOBI MepcneKkTuBy y dhapmarieBtuiri. Lle 103Bos€ miaABUIUTH €(PEKTUBHICTh
Ta OE3MEeYHICTh JIIKAapChbKUX 3aco0iB, 3a0e3medyroud IiXHIO CTaOUIBHICTH Ta

KOHTPOJIbOBAHE BUBUILHEHHS.
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3B’A30K po00TH 3 HAYKOBUMH NPOrpaMaMu, IVIAHAMM, TEMaMH

PoGoTa BUKOHAHA 3riAHO 3 HAMPSIMKOM HAayKOBUX JOCTIIKEHBb Kadenpu PpizudHoi
ximii Ta iHimiaTUBHOI Temu [JlepkaBHuii peectpamiitauii Homep: 0124U001965 «Dizuko-

XIMisS HAHOKOMIIO3UTHHX Ta AUCIICPCHUX CUCTCM (b}’HKHiOHaJ'II)HOI‘O IMPU3HAYCHH).

Merta i 3aBIaHHA JOCTIKeHHA

Merta pochimkeHb — JOBECTH €(GEKTUBHICTh BHUKOPHCTaHHS Talya3uTy sK
HAHOHOCIS IS QAPECHOI JIOCTaBKU JIIKIB 3 TPOJOHTOBAaHUM BUBUIBHEHHSM

dborouytnuBux AJIK ta MO.

JIist  TOCSTHEHHST TIOCTABJICHOI METH HEOOXiTHO OyJiI0 BHPIIIMTH HACTYIHI

3aBJaHHA:

* Po3pobutn mMeTonuky xpomartorpadiqyHoro BU3HaueHHs KoHueHTpauii AJIK Tta
M®O.

* BiagmpairoBatu METOIMKY 3aBaHTakeHHs nociimkyBanux A®I B 'HT.

* BusHauuTu piBeHb TEPMOCTIMKOCTI Ta (OTOCTAOIILHOCTI JO OMPOMIHEHHS Y
BuauMomy Ta Y d-miama3oni 11 iHKancynpoBaHux B ranyasut AJIK ta MO.

+  Po3poOutu cknaja TabJETOK HAa OCHOBI 1HKancyiaboBaHUX B ramxyasuti A®I ta
BIJIIIPAIIOBATH TEXHOJIOT1YHY CXEeMY iX (POpMYBaHHS.

* BusHauuTt (i3uKo-MexaHiuH1 BIACTUBOCTI Ta MOKa3HUKU TECTYBaHHS TaOJETOK,
OTPUMaHUX HAa OCHOBI FaJlya3uTy, 100 BiAMOBITHOCTI BUMOTaM (papMarieBTUIHO1
ramysi.

e Jlocnigutu kiHeTuky BuBiibHeHHST AJIK Ta M® nipu pizanx pH, 1o MmoaentomTh
CepeI0BUILA IITYHKOBO-KUIIKOBOTO TPAKTY JIFOIUHHU.

O0’€eKTH TOCTIKEHh — HAHOKOMITO3UTH JIJIsl JJOCTABKH JIIKIB 3 KOHTPOJIHLOBAHUM
BUBUIbHEHHSIM Ha OCHOBI rajgyasuta Ta cBiTiouyTauBux A®I AJIK ta M.

[Ipenmer nocnimkenb — ¢otoctidikicte AJIK ta M® B HatuBHOoMy 1 B
IHKaNCcyJIbOBaHOMY CTaHI B Tajya3uTl Ta Yy CKJIaJl KOMIO3UTHUX TaOJIETOK

(dbapManeBTUYHOrO MPU3HAYCHHS.
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MeToau TOCTiZKeHHSA

Jlna mpoBeaeHHs KoMIuieKcHOTo nocuimxeHass ADI Ta roroBux mikapchkux Gopm
OyJI0 3aCTOCOBAHO HM3KY METOMIB 1 0ONagHaHHS, K1 3a0e3MeuyroTh BUCOKHI pIBEHb
TOYHOCTI Ta BIATBOPIOBAHOCTI pe3ynbraTiB. KoHTponb 3Minu koHueHTpamii ADI Ta
inentudikamito AJIK ta MO 3paificHIOBad METOJOM PIIMHHOI Xpomarorpadii,
BUKOPHUCTOBYIOUH pianHHUN XpoMartorpad Agilent 1290 Infinity 11 3 mynbTrcammepom,
kioBeToro Agilent Max-Light, nmerekropom DAD 1 nHacocom Flexible Pump. Ile
JTI03BOJISUIO OTPUMYBATH TOYHI KUIBKICHI MIOKA3HUKH JIJIS1 TIOJIAJIBIIIOTO aHAIII3Y.

TectyBanHs Ha Y® cTaOUIbHICTh TPOBOAWIN IIJISIXOM ONPOMIHIOBAHHS PO3YMHIB
A®I 3a nonomororo ynbTpadioneroBoi mammnu Fisher Scientific Long Wave (365 um, 8
BT), 1110 703BOJIMIIO BU3HAYUTH CTYIIHb IXHBOI CTIHKOCTI A0 Y @-BUnpoMiHIOBaHHS. [[1s
OUIBIIl JETATILHOTO JOCTIIKEHHS (POTOCTAOULIBHOCTI BUKOPUCTOBYBaIM Tpwian Atlas
SUNTEST CPS+, 1o 3a0e3neuye cTaH1apTU30BaHl YMOBH OMPOMIHIOBAHHS Ta JJ03BOJISIE
OI[IHUTU CTIWKICTh PEYOBUH JIO CBITJIIOBOIO BIUIMBY BIAMOBIAHO J0 MIXKHAPOJIHOTO
npotokoiy Stability testing: photostability testing of new drug substances and products
QI1B.

TecTyBaHHS TEpPMOCTAOUIBHOCTI 3pa3KiB MPOBOAWIOCS B YMOBaxX TEPMOCTPECY.
Jlst iporo BukopuctoByBasiu Tepmoriadgy UNB200 Memmert, e 3pa3ku BUTpUMYBaJIA
npu temneparypi 60 °C, 1m0 A03BOJSUIO OLIHUTH iXHIO CTaOUIBHICTD MPHU MIJBUILEHUX
TEeMIIepaTypHUX YMOBaX.

Jist neHTpudyryBaHHs 3pa3KiB 3 METOI0 BU3HAYCHHS OCAJKOBUX XapaKTEPUCTHUK
3actocoByBaiu HeHTpudyry Multifuge X1 Pro General Use Thermo Scientific.

Mopdonoriuauii aHami3 3pa3KiB 3AIMCHIOBATU 3a JIOMOMOTOI E€JIEKTPOHHOI
MIKPOCKOIIIi, sSika JO3BOJIIE OTPUMATH BUCOKOSKICHI 300pakeHHsI Ta 1H(opMallito mpo
po3Mipu W CTPYKTYpy 4YacTHMHOK. BHKOPHCTOBYBaiM TpaHCMICIHHUI CKaHYIOUUH
enektponHuid Mikpockon Themis (Thermo Scientific) y pexxumax STEM ta TEM, a
TaKOX CKaHyBaJIbHUI enexkTpoHHuid Mikpockon Hitachi S-4800 3 poGoyoro Hanpyroto 3,0

KkB.
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[Ipoiiec BUTOTOBIEHHSI TaOJETOK MPOBOAMBCA 32 JOIMOMOIOI0 ABTOMATUYHOIO
HacTipHOTO TIpecy KORSCH, 1o 3a6e3neuyBaB piBHOMIpHY (popMy Ta Macy TabJIETOK
TUTS TIOJABIIHX (DI3UKO-XIMIYHUX BUIPOOYBaHb.

D13uK0-MexXaH1YH1 BIIaCTUBOCTI TA0JIETOK OIIHIOBAJIN HU3KOIO TecTiB: Pharma Test
PTZ 100 nmns Bu3HaueHHsS CXWIBHOCTI A0 posmamy; Pharma Test PTF 300 mns
BU3HAYECHHS KpUXKOCTI Ta ctupaHHocTi; Pharma Test PTG-NIR ans BumiproBaHHs KyTa
npupoHoro ckocy; Pharma Test PT-TD300 nys Bu3Ha4YeHHS TYCTUHHM IICIS YCAIKH;
Pharma Test PT-SV 100 a1 Bu3HaueHHs 06'eMHO1 TyCTUHU. J{7151 BU3SHAUEHHS MEXaHIYHO1
MIIIHOCTI TabeToK 3acTocoByBaiu Pharma Test WHT 4, 110 103B015B BUMIpIOBATH Bary,
T€OMETPUYHI TapaMETPU Ta MILHICTh HAa PO3PHUB.

BunpoOyBaHHs Ha pO3YMHEHHS TA0JIETOK 3/11MCHIOBAJIM 3a JI0IIOMOT 010 LIU(PPOBOTO
tecrepa pozunHeHHss ERWEKA DT 950, ae njst KOHTpOIIIO BIIOBIIHOCTI MapaMeTpiB
3aCTOCOBYBAaBCSI  IHTENEKTyalbHUNH moMIYHUK TestAssist. [liaroroBka XIMi4HHMX
peareHTiB JJisi TECTIB Ha PO3YMHEHHS BKIIOYalia BUKOPHCTAHHS OYMILIEHOI BOJU 3
yctanoBku Milli Q, nro 3abe3nedye BUCOKY sIKICTh BoAuW. Jis jerasaiiii cepenoBHIna
PO3YMHCHHS, SKE 3aCTOCOBYBAJOCS B TeCTaX Ha PO3YMHEHHS, BHKOPHUCTOBYBAJHU
MediPrep 821, 110 703BOJISIIO YHUKHYTH BIUTMBY Ta3iB Ha pe3yJbTaTH BUPOOYBaHb.

3aBASKA KOMIUIEKCHOMY IMAXOAY B JOCHIIKCHHSX, M0 BKIIOYAB PiIUHHY
xpomatorpadiro, ONpPOMIHEHHS CBiTJIoM B VY®- 1 BUIUMOMY Jiama3oHi Ta
TEPMOCTAOUTBHICTD, EIEKTPOHHY MIKPOCKOIIIIO, a TAKOXK YMCIEHH] (PI3UKO-MEeXaHIuHI Ta
XIMIYHI TECTyBaHHs, Oyno 3a0e3neueHOo O0'€KTUBHY OILIIHKY SIKOCTI, CTaOUIbHOCTI,
PO3YMHHOCTI Ta CTPYKTYPHUX XapaKTEPUCTUK JOCTIIKYBaHHMX 3pa3kiB. Lle mo3Bommio
3MIMCHUTH TTIMOOKHI aHaIi3 Ta 3a0€3MeYUTH IOCTOBIPHICTh OTPUMAHKX PE3YJIbTATIB IS

aKTUBHUX (papMalleBTUUHUX THTPEIEHTIB 1 TOTOBUX JIKAPCHKUX (HOpM.

HaykoBa HOBM3HA OTPMMaHHUX Pe3yJIbTATIB

HaykoBa HOBHM3HAa OTpUMaHuUX pE3yJbTaTiB OOIPYHTOBaHA KOMILIEKCOM
JTOCIIKeHb, CIPSIMOBAHUX Ha PO3POOKY 1HHOBAIIIMHOIO HAHOKOMIIO3UTY HA OCHOBI
rajya3uTy Ta AaKTUBHUX (apMaleBTUYHHX IHTPEAIEHTIB 3  BJIACTUBOCTSIMHU

KOHTPOJILOBAHOT'O BUBUIBHEHHS JIIKIB, CTBOPEHHS TaOJeTOBaHOI (OpMH Ha OCHOBI
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['HT/A®I, mo BianmoBinae Bumoram €pporeiicbkoi dapMakornei, Ta BU3HAYEHHS PIBHS
3aXWCTy BiJl JECTPYKTHUBHOTO BIUIMBY ITiIBUIICHUX TEMIIEpaTyp Ta OMPOMIHCHHS Yy

BUIUMOMY/yIIbTpadiosieTOBOMY Jiara3zoHax.

o énepuie PO3pOOJICHO IHHOBAIITHII HAHOKOMITO3UT Ha OCHOBI rajlya3uTHUX
HaHoTpyOok ['HT/A®I, mo MICTUTh IHKaICyJIbOBaHI CBITJIOYYTJIMBI aKTUBHI
dapmanieBtruni iHrpemieaTn — AJIK ta M®, skl AeMOHCTpPYE 3aXWCT Bif
JECTPYKTHBHOTO BIUIMBY ITiIBUIIICHUX TEMIIEPATyp Ta OMPOMIHEHHS Y BUIUMOMY Ta Y D
Jiana3oHax 31 30€peKEHHAM IICIs TMPOBENEHHS CTaHAApTHU30BAaHUX TECTYBaHb
edexkTrBHOI KOHIIeHTpawii ADI Ha piBHI He MeHIIE Hik 98%.

o eénepute Ha ocHOBl HaHokommo3uTiB ['HT/AJIK a6o TI'HT/M®,
MIKpOIIETIONO03U, CTeapary MarHilo, KOJIOITHOTO KpEMHE3eMy Ta KpOCKapMeIo3u
po3po0JieHO ckJian —TabsieTtoBaHOl  Qopmyssiii, sKka 3a  (PI3UKO-MEXaHIYHUMH
MOKa3HUKaMU BIJMOBiae BuMoraM €Bpomneiicbkoi dapmakornei, a ragyasuTHUN
HAaHOKOMIIO3UT 3abe3mneuye (papMaKkoKIHETUKY KOHTpoIboBaHOro BuBlUIbHEHHS AJIK Ta
Mo.

o ecmanosnero, mo iHkancynsiis AJIK ta M® B 'HT 3a paxyHOK KamiJisspHUX
cui 3abesreuye MPOJIOHrOBaHe BUBLIBbHEHHsS Ha piBHI 10 80% ADI 3 TabmeroBaHoi
dbopmu npoTsArom 24 roauH, MOPIBHIHO 3 HEIHKAICYJILOBAaHUM CTaHOM, i€ BUBLJIbHCHHS
90-100% A®I BinOyBaeTbes 3a 15-30 XBUIHH.

o nokazawo, MO0 TMiABHINCHHS pH MOAETBHOTO CcepeloBHINA CIPHUSE
301UIbIICHHIO PiBHS BUBLIbHEHHS 000X A®DI 13 'HT 3aBasku miABUIEHIM PO3UUHHOCTI

IHTPEIIEHTIB Y BIAMOBIAHUX JOCTIKYBaHUX OyPEepHUX pO3UrHAX.
IIpakTHyHe 3HAYEHHS OTPUMAHMX Pe3yJbTATIB

* Po3po6iieno metonuku xpomarorpadiunoro BusHaueHdss AJIK ra M® B Bogamx
pO3YMHAX METOAOM PIAUHHOI XpoMaTorpadii.

* Po3po6isieHO croci0 BUTOTOBJIEHHS Ta KOMIO3WIIMHUN CKJIaJl TaOJIETOK Ha
ocHOBl ' HT/A®I Ta MiKpOKpHCTaIIYHOT IIETOI03U 3 JOTOMIKHUMHA KOMIIOHEHTaMH, 1110

Ma€ MEePCHEeKTUBY IPU BUTOTOBJICHHI IHHOBALIHHUX (PapMaIleBTUUHUX MpENapariB.
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* Bukopucranuss HaHokomno3uty ['HT/A®PI Ha OCHOBI CBITJIOUYTIMBUX
(dbapMalleBTUYHUX 1HTPEIIEHTIB € TOTEHIIMHO HOBUM IIJIXOJAOM J0 BHUKOPHUCTAHHS
tabneroBanux ¢opm 3 AJIK Ta MO.

* PesyapTatt  JOCHIDKEHB  BIPOBAKEHI TPU  BUKIQJAHHI  JAUCIUILUIIHU
«IHHOBaIIHHI XIMIYHI TEXHOJIOTIi opraHiyHux MatepiamiB. Yactuna 1. OyHKITIOHATBHI
MaTepialii Ta HAHOCUCTEMUY JUISI CTYICHTIB MaricTpiB OCBITHRO-IIPO(deciiiHOT mporpamu

«X1MI4HI TEXHOJIOT1i CHHTE3Y Ta (HI3UKO-XIMIYH1 BIIACTUBOCTI OpPraHIYHUX MaTepialiB.

OcolucTuii BHECOK 3100yBava

Bci HaykoBi pe3ynbTaTH, BUCHOBKHU 1 TOJIOKEHHS, IO BUHOCSTHCS Ha 3aXMHCT,
oTpuMaHi 37100yBaueM ocoOucto. B HaykoBux pobOorax, 110 Oyiu OmyOJIiKOBaHI y
CIIBaBTOPCTBI, 3700yBad NpuiiMaB yd4acThb y TIOCTAHOBII 3aBJaHb, IPOBEIICHHI
0e3MocepeIHbO  EKCIEPUMEHTAIIBHUX JIOCHIIKEHb, OOrOBOPEHHI Ta Yy3arajbHEHHI
pe3yabTaTiB, HAMCaHHI Ta 0()OPMIIEHHI TEKCTIB cTaTei. Y myOuliKaiisax, o HalucaHo y
CIIBaBTOPCTBI, BHECOK aBTOpa € OCHOBHUU. Ha HaykoBUX KOH(EpeHIisIX pe3yibTaTH
JTOCHTIDKEHb ~ MPEJCTaBlIeHO  3700yBaueM  0coOMCTO. Pe3ynbratv  JAOCIIIKEHb
O0OTOBOPIOBAIMCH 3 HAYKOBUM KEPIBHUKOM, TIpodecopom kadeapu GpizudHoi Ximii, 1.T.H.

Yurupunens O.E.
Anpo0auisi pe3yJbTaTIiB AUCEPTALIiI:

PesynbraTu nuceprariii npeacTaBisuIuCh Ta OOTOBOPIOBAIKMCH HA 6 MIXKHAPOIHUX

koH(pepenmisx. Hassawmii akt BripoBamkenns (JJOJATOK A).

y6aikamii

3a Temoro nucepTauii onyoiaikoBaHo 10 HayKOBHX Mpallb y TOMY YUCIHi: 4 CTaTTi y
HAyKOBHMX (paXOBUX BHJAHHSAX, (3 HUX 2 HIHUTYIOTHCS HAYKOMETPUYHOIO 0a30i0 JaHHX
SCOPUS, 2 crarti BXoadTh 10 Nepeniky (axoBUX BUJAHb YKpaiHU), a TakoxX 6

JIOTIOB1/Ie Ha MI>KHAPOJIHUX KOH(pEPEHIISX.
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Crpykrypa Ta o0csr aucepranii

Huceprariiiina po6ota BukIageHa Ha 139 cTopiHKax MAalIMHOMHCHOTO TEKCTY,
CKIIQJAEThCS 3 BCTYITY, I'SITH PO3[IIIB, 3aralbHUX BHCHOBKIB, CITUCKY BHUKOPHUCTAaHUX
JUKEpeIl Ta OAHOTO 10AaTKy. OOCsAT OCHOBHOTO TEKCTY aucepTalii ckiaagae 107 cTopiHOK
JIpyKoBaHOTO TeKCTy. Pobota imoctpoBana 7 Tabmumsamu Ta 23 pucyHkamu. CIUCOK

BUKOPHUCTAHUX JKeped MicTuTh 105 HaliMeHyBaHHS.
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PO3/1LI 1
CYUYACHI CUCTEMM AJIPECHOI JOCTABKHU TA ®OTO3AXUCTY JIKIB

1.1 3arajibHi NPUHUMIIA BUKOPUCTAHHS HAHOYACTHHOK B CHCTEMAX J0CTABKHU
JiKIB

B ocTaHHI poKy MU cTally CBiJIKAMU HEOAYEHOTO JI0 IIbOT'0 Yacy IigioMy B 00J1acTi
JOCIIIJIKEHb Ta TMPAKTUYHOIO 3aCTOCYBaHHS HAHOTEXHOJOTIM Ta HaHOHAyKu. [cHye
3pOCTalOUMil OMTHMI3M MO0 MOTEHIlialy HAHOTEXHOJIOTIA y MeAuuHid cdepl, SAKHii
o0lillsie TPOpPUBM Y JIarHOCTUINl Ta JIKyBaHHI PI3HOMAHITHUX 3aXBOPIOBAHb.
[TepcniekTHBY 3aCTOCYBaHHS X TEXHOJIOTIH Y MEIUIIMHI OXOTUTIOIOTH IIUPOKUN CTICKTD,
BKJIFOYAOYM JOCTAaBKYy MEAMKAMEHTIB, AIarHOCTUKY In Vitro Ta in vivo, BUKOPUCTaHHS
HYTPHUILIEBTHUKIB 1 CTBOPEHHS OUTbII O10CYMICHUX MaTepiaiB.

HanowacTunku, 30Kpema, BiIIrpatoTh KJIOYOBY POJIb Y po3po01il HOBUX METUYHUX
3aCTOCYyBaHb, XO4Ya HE BCl HasBHI Hapa3l HAHOYACTHHKHU 3aJI0BOJIBHSIOTH MEIUYHI
CTaHAapTH Ta LIl. BcTaHOBIEHO, 10 PO3MIP HAHOYACTUHOK MOBUHEH cTaHOBUTH 10 100
HM 3a nanuMu KopomiBcbkoro ToBapuctsa Ta KopomiBcebkoi iHXXeHepHOi akaaemii, 2004
pik. [IpuBaOiMBICT HAHOYACTHHOK [IJII MEIUYHOIO 3aCTOCYBaHHS TMOJSTaE B iX
VHIKQJIbHUX XapaKTepUCTHUKaX, TAKUX K BUCOKE CIIBBIJHOIICHHS MOBEPXHI JO MacH 1
KBaHTOBI BJIACTHBOCTI, IO JTO3BOJISIIOTh €(PEKTUBHO afcopOyBaTH Ta TPaHCHIOPTYBATH
iHo  pedyoBuHu.  Lli ocobmuBOCTI  poOJSTE  HAHOYACTHHKU  17€ATbHUMU
"HaHOKOHTEHHEpHU" MJiS BUKOPUCTAHHS B MEAMIMHI, IO CIOHYKAa€ 10 MOJAJbIINX
JOCITIKeHD I iX BIpoBapkeHHs. ChorogHi 11 00JacTh BijjoMa K "HaHOMEIUITMHA",
sIKa BIIKPUBAE HOB1 MOKJIMBOCTI JIJISI BUPIIICHHS CKJIQJIHUX MPOOJIeM y JikyBaHH1 [1].

KirouoBi HanmpsiMKuU TOCiKeHD Y chepl HaHOOI0TEXHOJIOT1M Ta HAHOMEUIIUHH,
10 CTOCYIOTHCSI JOCTABKU MEAMKAMEHTIB, OXOIUTIOIOTh HACTYITHE: BIIOCKOHAJICHE 1 O1IbIII
TOYHE I[IJIeCIPSIMOBaHE JOCTABIICHHS JIIKAPCHKUX 3ac001B; MIHIMI3aLl1sl TOKCUYHOCTI, IPU
IbOMY 30epirarouu JKyBaJIbHY Ji10; MiABUIICHHS O€3MeKn Ta 010CyMICHOCTI; a TaKOX
MIPUCKOPEHHSI MPOIIECY PO3POOKH HOBHX, O€3MeUHNX (papMarieBTHUHUX TIPEnaparis.

HaHouacTMHKM BHUPI3HAIOTBCS CBOEK  PO3TATYXKEHOK  ((YHKI[IOHATIBHOIO)

MOBEPXHEI0, 10 J03BOJIsiE iM e(EeKTUBHO 3B'A3yBaTH, acopOyBaTH Ta TPAHCHIOPTYBATU
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pI3HI CIIOJYKH, BKJIIOYAIOYM JIIKapchki 3acodu (JI3), miarHocTUYHI 30HAM Ta OUIKH.
Opnak, 100 IMOBHOIO MIpOI0 peaji3yBaTH TMOTEHIIal HAHOTEXHOJOTiH, HEOOX1ITHO
MOJIOJIATH HU3KY BHUKIWKIB. Lli BUKIMKM BKIIOYAIOTh PO3YMiHHS maTO(]izionorii
3aXBOPIOBaHb, PO3POOKY OUIBII TOYHUX JTIAarHOCTUYHMX METOJIB 1 TMOKpaIleHHs
JIKyBaJbHUX cTpaTerid. He3pakaioum Ha Te, 10 HAHOYACTHUHKU XapaKTEPU3YIOThCS
po3mipamu MeHmmmu 3a 0,1 mxm a6o 100 HM, ni1s edextuBHOi noctaBku JI3
BUKOPUCTAaHHS HAHOYACTUHOK 3 po3MipoM Osin3bkuM 10 100 HM BUMarae 3aBaHTaKCHHS
nocTaTHROI KinbkocTi JI3 abu 3a0e3meunT TepaneBTUIHNUN e(eKT.

Mopaudikaiiisi MOBEpXHI HAHOYACTHHOK € KJIIOUOBUM €JIEMEHTOM Yy IIpoIleci
po3pobku MetoiB aoctaBku JI3. Lleil mpouec mependauvae JOCHTIIKEHHS 31aTHOCTI
HAaHOYACTHHOK €(DeKTUBHO aJcopOyBaTH a00 IHKAICYJIIOBATH P13H1 JIKYBaJbHI ar€HTH Ha
CBOIH MOBEPXHI UM B MOPOKHUHAX. BaXKTMBUM acrekToM € po3yMiHHS cTabuibHOCTI JI3
y CKJIaJil HAHOYACTHHOK, OCOOJIMBO 3 OMJIsAY Ha (PaKkToOpH, K1 MOXKYTh BIUIMHYTH Ha iX
CTaOUIBbHICTh YCEPEAHHI JIF0JICBKOTO OpraHizmy [2].

[TomiMepHi HAHOYACTUHKH, 3aBIJKH CBOill O10CYyMICHOCTI Ta O10JIOTIYHIN
PO3KJIAIHOCT1, CTAHOBIISATh OCOOJIUBUH 1HTEPEC IS aipecHOi JocTaBku JI3. BurorosiieHi
3 Takux MarepiamiB sk (ochomimian, MOJOYHA KUCIOTa, JEKCTPUH Ta XITO3aH, Il
HAHOYACTHHKH BII3HAUAIOTHCA 3[ATHICTIO JIETKO PO3YUHATHUCS y BOAHHUX PO3YHHAX, IO
IMITYIOTh CEpPEJIOBHIIIE JIFOJICHKOTO TiJa.

3aBAsSKA CBOTH BEJMKINA PO3MIPHIN MacTaOHOCTI TTOPIBHSHO 3 HAHOMETAICBUMU
YaCTUHKAMH, TTOJTIMEPHI HAHOYACTUHKH CITYy)KaTh €(DEKTHBHUMH HAaHOKOHTEHHEpaMH IS
TpancropTyBanHs JI3. Ix cTpyKkTypHa CKIaaHiCTh i HAABHICTH YMCIEHHUX TOBEPXHEBHX
AKTUBHUX MICIIb JIO3BOJISIFOTH 31MCHUTH PI3HOMAaHITHY MOBEPXHEBY MOAMQIKAIIIIO, 1110
BIJIKDUBAE MOKJIMBOCTI JJII TPUILEIUICHHS OpPraHIYHUX MOJIEKYJ HAa BHYTpIIIHI Ta
30BHIIIHI TOBEPXHI moximMepiB. Takuii miaxix J03BOJISIE CTBOPIOBATH HAaHOKOHTEHHEPH,
MPUJIALLITOBAHI 0 OJIHOYACHOTO TPAaHCMOPTYBaHH JI3 y iXHIX BHYTPIIIHIX MOPOKHUHAX
Ta Ha IIOBEPXHI, IO € 1JealbHUM I OJHOYACHOI JOCTaBKHM JNNO(PIILHUX Ta
ripodiILHUX PEYOBUH, 30KpeMa BUKOPUCTOBYIOUH IIUKJIOJEKCTPHUHU Ta JIITOCOMHU.

BukopucraHHs HaHOKOHTEMHEpPIB y MEAWYHIA Tepamii 3HA4YHO MOKpaIlye

CTaOlIBHICTh 1HKancynboBaHUX JI3 a0o Oi10aKTMBHUX PEYOBHMH, L0 € KPUTHUYHUM
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aCmeKTOM Ui MIABUIIEHHS e(EeKTUBHOCTI JIKyBalbHUX MeToAuK. lle mocsiraerbcs
3aBMIAKM 3aXUCTy BMICTY HAHOKOHTEHHEpIB BiJl HETaTUBHOTO BILIMBY 30BHILIIHHOTO
Cepe/IOBHINA, TAaKOTO $K KHCEHb, Bojora, Y® BUIPOMIHIOBaHHS, TEMIIEPATypHI
KOJIMBaHHS Ta 010J10T14H1 piAuHU 3 p13HUM pH. Bigomo, mio 1i pakTopu MOXKYTh COPHUATH
XIMIYHIN Aerpaaaliii opraHiYHUX PEYOBHH, IO B CBOIO YEPry 3HIKYE eeKTUBHICTH JI3.

3acTocyBaHHS MEPEOBUX TEXHOJIOTIH 1HKAMNCYIAIIl Y HAHOKOHTEHHEPH 103BOJISIE
30epiratd aKTHBHI PEYOBUHU, TaKl K aHTHOIOTUKH, 010J0TIYHO aKTHUBHI KOMIIOHEHTH,
aHTHOAaKTepiaNbHI Mpenapatd B CTaOUIbHOMY CTaHi, MIHIMI3yl0oud a0 TOBHICTIO
BUKJIIOYAIOYM pu3WK ix gerpagamii. [le#t daxkt migTBEepmKeHUN YUCICHHUMU
JOCITIKEHHSIMH, BUKOHAHUMU K Ha MOJICIBHUX CHUCTEMaX, TaK 1 B paMKax KJIIHIYHUX
BUNPOOYBaHb 3a YYacTIO JIIOAEH, IO CBIAYMUTH MPO 3HAYHE IMOKPAIIEHHS SKOCTI Ta
oe3mneku JI3 3aBIsKM 3aCTOCYBaHHIO HAHOTEXHOJIOT1H.

[nkancynamis JI3 y HaHOKOHTEWHepH 3a0e3reuye 3HAYHUN Mporpec y KOHTPOJII
HAJ[ TPOIECOM BUBUIBHEHHSI aKTUBHHMX PEUYOBHH, IO € OJHIEI0 3 KIIOYOBHUX IepeBar
TEXHOJIOT1i 1HKaNCyJsuii. 31aTHICTh TOYHO KEPyBaTH MOMEHTOM 1 MICIIEM BUBIJIbHEHHS
JIKYBaJIbHOT PEYOBHHM BIJIIFPAE€ BUPIMIAIBHY POJb B €()EKTUBHOCTI JIKYBaJIbHOIO
npotiecy. Hanpukian, nmoixiMepHi HAHOYACTHHKY MOXKYTh OyTH CIIEliaIbHO PO3pOo0IeH1
TaKUM YHHOM, 100 PO3YMHATHCS a00 CTaTH aKTUBHHUMH B TICBHUX CEPEIOBHUINAX TiJa,
BIJIMOBITHO 10 pH 1mmyHKy a00 KMIIIKIBHUKA, 3a0€3MEeUyI0UH IIJIECIPSIMOBAaHY JOCTABKY
mikiB [3].

Takox CydacHI TEXHOJIOTii JO3BOJIIOTH CTBOPIOBATH HAHOKOHTEHHEPH 3
MO>KJIMBICTIO KOHTPOJIHOBAHOTO BHUBLIbHEHHs JI3 y yaci. 3aBIsKu HOBUM IiIXOJlaM B
XiMIi MOJKJIMBE TMPOEKTYBaHHS HAHOKOHTEWHEPIB 13 3/IaTHICTIO BIAKpUBATH abo
3aKpHUBATH JIOCTYI JI0 aKTUBHUX PEYOBHUH, JIO3BOJISIOUN TOYHO PETYJIIOBATH IIBHJIKICThH
ixHporo BuUBUIbHEHHS. lLle Moke 3a0e3meunTH TpHWBaje MIATPUMAHHS HEOOXIITHOI
KOHIICHTpAIlii JIIKapChKOi PEYOBMHU B OpraHizMi abo >k, 3a moTpeOu, i1 MIBUIKE
30UTBIIICHHS JJIS1 CTBOPEHHS BUCOKOI TEPANeBTUYHOI KOHIICHTPAIT].

i migxomu M03BOJSIOTH JOCSTTH MOCTYNOBOTO BUBUIbHEHHS JI3, M0 BiIOMO SIK
edext "dopre", 3abe3neuyroun cTaOUIBHUN TeparneBTUYHUN €(eKT MPOTAroM J00M Ta

3HIKYIOUM HEOOXIIHICTh B YaCTHUX Npuiiomax nikiB. BomHouac, y cuUTyamisix, KOJH
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noTpiOHE IIBMJIKE BUBUIBHEHHS JIKAPCHKOI PEYOBUHHU, MOXKJIUBO BUKOPUCTAHHS
CHeIiaTi30BaHUX HAHOKOHTEHHEPIB, SKI ONTHMI30BaHI IS I€l METH, MiABUIIYIOUN
HIBUIKICTh BUBIIBHEHHS Ta TUM CAMUM €()EKTUBHICTD JIIKyBaHHSI.

Anpecna noctraBka JI3 BiIkpuBa€e HOBI MEPCIEKTUBUA Yy MEIUIMHI, JTO3BOJISIOUU
MaKCUMaJIbHO 3MEHIITMTH HETATUBHUH BIUTUB TOKCHYHUX JIIKIB HA OPTaHi3M MarlieHTa Ta
30UTBIIMTH €(EKTUBHICTh JiIKyBaHHSA. OJUH 13 MIIXOJIB J0 peaiizallii 1Iboro METOay
MOJIITa€ y BUKOPUCTAHHI MOJIMEPHUX HAHOHOCIIB, SIK1 PO3IUIABIISIIOTHCS T BUBLIBHSIOThH
JI3 mpu temmneparypax Buiie ¢izionoriuno HopManbHOi (Bume 36,6°C). Ile ocobmuBo
eheKTUBHO JUIsl LIJIECHPSIMOBAHOTO JIIKYBaHHS 3amajeHb Ta IMyXJIWH, $KI YacTo
CYMPOBOIKYIOTHCS JIOKATLHUM ITiIBUIICHHSAM TEMITEPATyPH.

[Ile omHMM TEPCHEKTHBHUM METOJIOM aJPECHOI JIOCTAaBKH € BUKOPHUCTAHHS
HAHOHOCIiB, KOH'IOTOBAaHUX 3 MarHiTHUMH YaCTUHKAMHU, TaKUMH SK MarHiTHI OKCHIU
3am3a. lleit miaxia po3Bossie HanparisaTu JI3 Oe3nocepeHbO 10 MOTPIOHOTO MiICls B
OpraHi3mi 3a JIONMOMOTOI0 30BHINIHBOTO MAarHiTHOTO Mojs. Taka TexHika OCOOJMBO
KOpPUCHA y JIIKyBaHHI OHKOJOTIYHUX 3aXBOPIOBaHb, JO3BOJISIIOYM 30CEPEAUTH BUCOKY
KOHLeHTpawito JI3 npsMo B MyXJIMHI, MIHIMI3yIOUH BIUIMB Ha 3J0POBI TKAHUHH.

O6uaBa 11 MIAXOAM 3HAYHO TMIJABUIIYIOTh TOYHICTH Ta €(QEKTUBHICTh
TE€pPaneBTUYHOrO BIUIMBY, BIAKPUBAIOUM HUISAX A0 OUIBII IUIECHPSIMOBAHMX 1 MEHII
mKIIMBUX  GopM JIIKyBaHHS, IO 3a0e3medye 3HA4YHI MepeBardn y OoOpoThdi 3
PI3HOMaHITHUMH 3aXBOPIOBAHHSIMH.

[li1BUILIEHHS PO3YMHHOCTI OPraHiYHMX PEYOBHH, OCOOJMBO THUX, IO MAalOTh
JIKyBaJIbHI BJIACTUBOCTI, € 3HAYHUM BUKIMKOM B (papMaleBTUUHIN iHAycTpli. bararo
noTykHux JI3 mMaTh 00MeX)eHy PO3YMHHICTh Y BOJII, 110 YCKJIAJHIOE iX JIOCTaBKy Ta
abcopO1if0 B OpraHi3Mi JIIOJWHU. BHUKOpPUCTAaHHS HAHOTEXHOJOTIM 1 30Kpema
IHKATCyJsAIii B HAHOKOHTEHHEPH BiJIITpa€ BUPIMIATLHY POJIb y TIOJIOJIAHH] ITIET TPOOIEMHU.

3MEHIIeHHS] PO3MIpy YacTMHOK JO HAHOPO3MIpIB, HaNpukian, y Qopmi
HAHOKPHUCTAIB, CYTTEBO IMIJIBUIYE IX MJIONIY MOBEPXHI BiMHOCHO 00'emy. Ile, y cBoro
4yepry, 301IbIIy€e PO3YMHHICTh, OCKUIBKHM OUIbINA IUIONIA MOBEPXHI YACTUHOK CIIPHUSIE

O11b11 €(eKTUBHIN B3aEMOJIT 3 pO3UMHHUKOM. B pe3ynbTari akTUBHI pEYOBUHU MOXKYTh
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OyTH JOCTaBJIeHI B oOpraHi3aM OuIbIl €(eKTUBHO, 3MEHIIYIOYH TOTPiOHY 103y 1,
BIJIMTOBITHO, 3HWKYIOUH PU3HUK MOTCHIIINHUX MOOTYHNX e(DEeKTiB.

[HKancymsIiss B HAHOKOHTEHHEPU HE TUIBKM MIJBHILYE PO3YMHHICTH, ale U
JI03BOJIsIE OUIBII TOYHO KOHTPOJIIOBATU JIOCTaBKY Ta BUBUIbHEHHS JI3, 3a0e3neuyroun ix
[iJIeCTIPSIMOBaHy JOCTaBKY Ta MIHIMI3yIOuM HeOakaHWW BIUIMB Ha 370POBI TKAaHUHH.
Takuit miaxiJgq BIAKPUBAE HOBI MOXJIMBOCTI JIJII PO3POOKH €(PEKTHUBHUX JIKAPCHKUX

bopmyspiB, 3a0€3neuyroun Kpally JOCTYIHICTh Ta TepaneBTUUHY epeKTUBHICTH JI3 [4].

1.1.1 OcobamBocTi TexHOJIOTiH, 1m0 3a0e3MeYyl0Th MPOJOHIOBaHe

BUBLIILHeHHSA JI3

Tpanuuiiini MeTonu HE 37aTHI 3a0€3MEYUTH BHUCOKHM pPIBEHb €(PEKTUBHOCTI
JIKYBaHHS 3a PaXyHOK BIJCYTHOCTI CHCTEM KOHTpPOJIIO 3a KOoHUeHTparieo ADI, mo
4acTo 32 PaXyHOK TOKCMYHOCTI Ta HEPIBHOMIPHO1 KOHIIeHTpallii JI3 y opranizmi g0 uHu
CIpHUSIE MOSAB1 MOOIYHUX €(PEKTIB.

B KOHTEKCTI LBbOrO BUKJIMKY Yy CBITI PO3BUBAETHCS CTPATErisl KOHTPOJIbOBAHOTO
BUBUIHbHEHHS MEJMYHUX TPEnaparib, sika 0azyeThcs HA QyHAAMEHTATBHUX MPUHIIUATIAX
(bapMakoKiHETUKHA Ta (apMakOAMHAMIKM Ta IPU3HAYEHA MIHIMIZYBaTH PHU3UKH Ta
HEraTHBHI HACII/IKIB B1JI HEKOHTPOJILOBAHOTO MPUHOMY MEJIMKAMEHTIB.

Tomy iHTerpaiiisi cCUCTeM IMOCTYIMOBOTO BUBUIHLHEHHS B CydacHy (papmarieBTUKY
MpeCTaBIIsie COOOI0 3HAUYHUM 1HTEPEC 10 PO3POOKU OLIBII €hEKTUBHUX Ta OE3MEUHUX
MeToiB gocTaBku JI3.

B pamkax (apmakorepaneBTHUHOT IPAKTUKA CUCTEMH ITOCTYIIOBOT'O BUBIILHEHHS
JI3 cnpsiMmoBaH1 Ha ONTHUMI3allll0 TEPANEBTUYHUX KOHIUEHTpAIil aKTUBHUX MOJEKYJ B
oprasi3mi 3 MiHIMI3alli€l0 PU3UKIB miepeno3yBanns. i cuctemu, yepe3 CBOIO 37aTHICTh
peryJoBaTH KIHETUKY BUBUIbHEHHS JI3, BIIKpUBAIOTh HOB1 EPCIIEKTUBHU Y I1JIBUILIEHHI
e(eKTHUBHOCTI Ta OE3MEeKU MEIMKAMEHTO3HOTO JIIKyBaHHS Ta 3a0€3MEeUYeHHsI TT1BUIIEHOT
3pYYHOCTI JIsI TTAIlI€HTIB.

Tpaauiiiini METOAM JOCTaBKH, SIK-OT MEpPOpalibHi, 1H'€KIIHHI Ta TOIIYHI, MOMPHU

CBOIO IIIMPOKY PO3MOBCIOJKEHICTh, CYTTEBO OOMEXEHI uepe3 BapiaOeNbHICTh
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010/10CTYITHOCTI, KOJUBaHHS KOHIeHTpamid JI3 y mma3mi KpoBI Ta MOTEHIIHHY
TOKCUYHICTb.

Ha npotuBary, iHHOBAIiliHI METOAM, BKIIOYAIOYH JIMNOCOMAJIbHY TOCTaBKY,
HAHOYACTUHKHU, MIKPOEMYJbCli Ta TpaHCAEpPMallbHI IJIACTUPI TOMIO, JEMOHCTPYIOTh
3/IaTHICTh TOKPAITyBaTH IIJICCIPSIMOBAHICTh JocTaBku JI3, 3HWKyBaTH HeOaxkaHi
no6i14Hi eexTH Ta 3abe3reuyBaTu OUIbII cTadlibHe BUBUIbHEHHST ADI [5].

CucremMu OCTYIIOBOTO BUBIJILHEHHS MPEACTABISIOTh COO0I0 CydacHUH MiIXif A0
noctaBku JI3, e akTHBHI KOMIIOHEHTH 1HKANCYJIhOBAaHI Y MAaTpHIIl, IKa KOHTPOIIOE X
BUBUIHHEHHS 3a NIEBHUI YacoBUil iHTepBasl. Taki cucteMu MOXKYTh OyTH pealli3oBaHi 3a
JIOTIOMOT'OI0 P13HOMAHITHUX O010CyMICHUX O10pO3KJIaJHUX MOJIMEPIB Ta OPraHIYHUX 1
HEOPraHiYHUX HAaHOYACTHUHOK, IO JT03BOJIAE A03yBaT JI3 3 OMTUMaIbHOO MIBUIKICTIO.

KoHTponboBaHe BUBLIBHEHHS 3a0e3leuye cTa0uIbHy KOHIEeHTpamito JI3 B
OpraHi3Mi, MIHIMI3YIOYHM PHU3UK TEPANEeBTUYHOI HEIOCTAaTHOCTI a00 TOKCHUYHOCTI,
MOB'A3aHOT 3 MEPEBUILICHHSIM ONTUMAJILHOTO TEPANIEBTUYHOTO BIKHA.

PiBHOMIpHE BHMBUJIBHEHHS MIHIMI3y€E TIIKOBI KOHIIEHTpalii, IO 3HUXKYE
UMOBIpHICTH MOOIYHUX €(EKTIB 1 MOKpalllye 3arajibHUi npodias 6e3nexu JI3.

CucreMr  TIOCTYNOBOTO  BHUBUIBHEHHS  3MEHIIYIOTH  YacTOTy  IpHUHOMY
MEIUKAMCHTIB, TOKpAIIyIOYH JAOTPUMaHHS TAaIllEHTaMH JIKyBaJbHOTO PEXKUMY Ta
3arajoM CIPHUSIOYU MOKPAIICHHIO PE3YJIbTATIB JIIKyBaHHS.

3axuCT OpranHi3My BiJl TOKCHUYHUX €(DEeKTIB, CIPUYMHEHUX TIepeno3yBaHHsIM JI3, €
KPUTUYHO BaXKJIMBUM ACTIEKTOM CY4YacHOI (papMaKoJIorii Ta TOKCUKOJIOTII.

CydacHi O10TEXHOJIOTIYHI Ta IHXKEHEPHI MIIXOIU, TakKl SK PO3poOKa cMapT-
J103aTOPIB Ta CUCTEM MEPCOHANTI30BAHOIO MOHITOPUHTY, BIAIrPalOTh KIIOYOBY pPOJb Y
3anobiranHi nepeno3yBaHHo. Ili TexHOOrii J03BOJIAIOTH aanTyBaTU JIKYBaHHS 0
IHAUBIIyAIbHUX TOTpE0 TAaIlieHTIB Ta 3a0e3MeuyroTh KOHTPOJb 3a JOTPUMAHHSIM
TEPaneBTUYHUX PEKUMIB.

Peanizariss Ta BOpoBaJKEHHS TEXHOJIOTIM MOCTYMOBOTO BHBUIBHEHHSI TOTpeOye
PETENBHOTO TUTAHYBAHHS XIMIYHOI TpUpoAHM Hocisd, Tpodimo KoHkpetHoro JI3, 1o

BKJIIOUa€ B ceOe OIIHKY O10J0CTYIHOCTI, TE€pPaneBTHUYHOI MIUPOTH Jii, MOTEHIaTy
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MeTa0OIIYHUX B3a€EMOJIN, a TakoXX (h1310JIOTIYHUX Ta MaTo(]Pi3i0JOTIUHUX CTaHIB, SKI

MOJKYTh BIUIMHYTH Ha MeTabo0ui3M Ta ekckpernito JI3 [6].

1.1.2. IlpyHOMI agpPeCHOI JOCTABKH JIIKiB

Anpecna noctraBka JI3 € oJHMM 13 HaWBXKIIUBIIIKMX HAOpsSMIB Cy4acHOI
dapmaneBTuyHO1 Hayku. OCHOBHa MeTa 1bOro miaxoay — goctaButu A®I Touno no
ypaxeHoi TIJISHKYA OpraHi3My, MiHIMI3yIOUM CHCTEMHI MMOO14H1 €()eKTH 1 MiABUIYI0YH
¢(eKTUBHICTh JIIKyBaHHA. Y MOPIBHSIHHI 3 TPAaaUIIMHUMHU METOJaMU BBEIEHHS JIKIB,
aJpecHa JIOCTaBKa JO3BOJII€ 3HU3UTH HEOOXIAHY 03y IMpenapary, 3a0e3nedyrouu
TPUBaJy 1 KOHTPOJIbOBAHY JIIO.

et miaxia 6a3yeThecsi HA BAKOPUCTAHHI CTICIIaIbHUX HOCIIB, SIK1 37aTHI 3aXUIIATH
aKTUBHY PEYOBMHY BiJ 30BHIIIHIX BIUIMBIB, PETYJIIOBATH 1i BUBUIBHEHHS 1, 32 IOTPEOH,
COpPSAMOBYBaTH y KOHKPETHY JUISHKY Tula. Y TMpPakTUL 3aCTOCOBYIOTHCS KIJIbKa
KJIFOUOBUX CTpATerid, cepea SKUX HAWOUIbII TMOUIMPEHUMH € BUKOPUCTaHHS
HAaHOKOHTEHHEPIB, mojimMepiB, uymmBux 10 pH, 1 Moaudikamis JI3 MarHiTHUMU
yacTUHKamu [7].

OaHuM 13 HAMMOLIMPEHIIKNX METOAIB aJPECHOI JOCTABKU € 3aBaHTaxeHHs JI3 y
HAaHOKOHTeHepH. [0 Takux HOCIIB HaJIekKaTh JIMTOCOMHU, HIOCOMU MIIIENH, HAHOTPYOKH,
MOJIIMEPHI HAHOYACTUHKHU, IUKIOACKCTPUHH, NCHIpPUMEPH Ta 0araTo 1HIIUX BE3UKYII
pi3HOI XiMi4HOI npupoan. KoxkeH 3 TakuX HaAaHOHOCIIB Ma€ CBOi1 BJIACTHBOCTI 3aBASKU
YHIKQJIbHIA XIMIYHIA TPUPOJII, CTPYKTYpi, po3MipaM HAaHOYACTHHKU Ta MOKJIUBOCTSIMU
ix Moaudikariii, siki po3MIHUPIOITH BIACTUBOCTI 70 nepeHocy A®DI 3 pi3HOIO MOISPHICTIO
[8].

Jlinocomu, 3aBAsKH CBOTi O10CYMICHOCTI Ta 3IaTHOCTI BKJIFOYATH SIK T1ApO(iIbHI,
Tak 1 Triapo@oOHI  pEeYOBUHHU, BHUKOPUCTOBYIOTHCA  JJIA  TPAHCIOPTYBAHHS
MPOTUNTYXJIMHHUX mpernapaTiB. OMHUM 13 BU3HAHUX TPUKIAAIB € mpemnapatr Doxil, y
CKJIa1 SIKOTO JITTOCOMHM 3a0€3MeuyIOTh JOCTaBKY JOKCOPYOIITMHY A0 PaKOBUX KIIITHH [9].

Mirnenu, 3aBASKHA CBOiM CTPYKTYPI, € €heKTUBHUMHU HOCISIMU 1714 T11podoOHux JI3.

Bonu yTBOpIOIOTHCS B pe3yibTaTi caMo30upaHHs aM(ipiabHUX MOJEKYJT 1 MaroTh
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rigpodoOHe sApo, 3MaTHE YTPUMYBAaTH HEPO3UYMHHI y BOJI IMpernapaTtv, Taki sK
nakiiTakcen. Takuii mixia 3abe3neuye cTablIbHICTh Mpenapary y BOJHOMY CepeIOBHIII],
HiABUILYE HOro O10JOCTYMHICTH 1 JO3BOJISE JIOCTABJIATH JIKH OE3MOCEpEeaHBO [0
YpaKEHUX TKaHWH. MilleTu aKTUBHO JOCIIJKYIOThCS B OHKOJIOTII, a TaKOX y Tepamii
XPOHIYHUX 3amajlbHUX 3aXBoproBaHb [10].

JlenapumMepu € IHHOBALIMHUMU HAHOCTPYKTYpPaMHU, SIKI HIUPOKO 3aCTOCOBYIOTHCS
JUTsL ajipecHoi focTaBku JI3 3aBasiku iXHINM yHIKaNbHIA TULISACTIA CTPYKTYpl Ta BUCOKIN
byHKIIOHATBEHOCTI. BOHU CKIIamaroThesl 3 MEHTPAIBHOTO SApa, PO3TANTYyKEHUX IIapiB
MOJIIMEPIB, SIKI 3aKIHYYIOThCS 30BHIMIHIMHU (yHKIIOHATRHUMU Tpynamu. Cami 111
OpraHi4yHi Tpynu MOXKYTh OYTH ILIECIPSIMOBAHO MOAM(DIKOBAHI I 3B SI3yBaHHS 3
pizauMu ADI abo 11151 TapreTyBaHHs crieur()IUHUX TKAHUH.

Henapumepu 3abe3nedytoTh epeKTUBHE 1HKarcyaoBaHHs JI3 y iX BHyTpilIHii
CTPYKTYp1 a0o0 k xiMmiuHe 3B’ s13yBaHHs ADI Ha moBepxHi. 3aBSIKU BUCOKIA PO3YUHHOCTI
y BOJI Ta 3JaTHOCTI MPOXOJIUTH Yepe3 O10JIOTiUHI MEeMOpaHu, BOHU € 1JealIbHUMU
HOCISIMU i1l JIOCTaBKM AaHTUOIOTHKIB, NMPOTUPAKOBUX NpENapariB 1 aHTUBIPYCHUX
3aco0iB. Hanpuknana, aenapumepu Ha ocHOBI noiaMiiaminy (PAMAM) nociimkyroThes
JUISL IOCTaBKU aHTUPETPOBIPYCHOIO Mpenapary 3uJJOBYJUHY, 1€ iX BUKOPUCTAHHS CIIPUSIE
3HUKEHHIO TOKCUYHOCTI Ta M1JBUIIICHHIO TEPAIIEBTUYHOTO €(DEKTY.

Ocob6nmBa CTPYKTypa ASHIPUMEPIB TaKOXK J03BOJISI€E BUKOPUCTOBYBATH 1X SIK HOCIT
JUIS TOCTaBKM TeHeTHYHuX MarepianiB, Takux sk JIHK a6o PHK, mo BigkpuBae
NEPCHEeKTUBH y TeHHIi Tepamii. OKpiM 11bOro, X (yHKI10HATI30BaH1 TOBEPXHEBI IPyIU
MO’KHa MOJM(IKYBaTH JJIsl TAPreTOBAHOTO TPAHCIIOPTYBAHHS JIIKIB y MyXJIMHHI TKAHUHU
a00 710 KJIITUH-MIILIEHEN MPH 3anajbHuX 3aXBoproBaHHsX [11].

[HII010 BaXKJIMBOIO CTPATETIEI0 € BUKOPUCTAHHS TMOJIIMEPIB, SKI PO3UYUHSIOTHCS Y
cnenu(iuHUX BiJIIUIaX HUTYHKOBO-KHIIIKOBOTO TpakTy. Lle miaxia 3acHOBaHUM Ha TOMY,
o0 pi3HI MOJIMEpU pearyioTh Ha mneBHI 3HaueHHs pH cepenoBuma. Hampuknan,
MOJIIMEpU Ha OCHOBI MeTakpuiaTiB (Eudragit) po34MHSIOTHCS JIUIIE TIPHU JTOCATHEHH]
MeBHOro 3HadueHHs pH, mo mo3Bonse moctaBisath JI3 10 KOHKPETHUX BIJIJILIIB
kumeunuka. Tak, Eudragit L100 po3uunsieThes npu pH monan 6, 3abesneuyroun

BUBUIbHEHHS Mpenapary B TOHKOMY KUIICYHUKY, ToI1 K Eudragit S100 po3unHs€eThCS
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npu pH monax 7, 3abe3neuyroyd JOCTaBKY B TOBCTHM KHIIEYHUK. Taka TEXHOJOTIS
BUKOPHCTOBYETHCSI, 30KpeMa, y Tperaparax s JIIKyBaHHS BHPA3KOBOTO KOJITy abo
xBopoOu Kpona. OkpiM 1bOro, mOJIMEpH HA OCHOBI aleTaTy UeIoIo3u abo
riapokcunponinmetrwinentonodn (HPMCAS) no3BonisitoTh BUpINIYBaTH 3aBAaHHS
JIOCTaBKHA 0OMEXeHO po3unHHMX JI3, Takux sk iTpakonason [12].

Tpertiit miaxia, mo HaOyBae MOMyJSIpHOCTI — 1e Moaudikaiis JI3 MarHiTHUMH
HaHo4yacTHHKaMU. [l1 4aCTUHKHU JO3BOJISIOTH CIIPSIMOBYBATH JIIKHM J0 TOTPIOHOI TUISTHKA
OpraHi3My i BIUTHBOM 30BHINTHROTO MArHITHOTO TOJIsA. MarHiTHIi HaHOYAaCTUHKH,
Hampukiag, Ha ocHoBl okcuay 3amza (FesO4), MOXyTh OyTM  NEBHUM YHWHOM
(yHKILIOHATI30BaHI 3 METOK B3a€EMOJIIi 3 KOHKPETHUMH KIITUHAMH YM TKaHUHAMH
moauHu. Ile oco0auBO e€(pEeKTHUBHO MpH JIKYBaHHI IYyXJIMH, KOJM MAarHiTHE MOJie
JIO3BOJISIE 30CEPEUTH JIII0 MperapaTy B ypakeHi aiisHil. ['10puani cucteMu, Taki K
MarHiTH1 JIIIOCOMH, BUKOPUCTOBYIOTHCSI TaKOX JJIsi TPAHCIOPTYBaHHS JIIKIB Yepes
remaToeHieanyauii  6ap'ep, 10 BIAKPUBAE HOBI MOXIJIMBOCTI JUIsl JIIKYBaHHS
3aXBOPIOBAHb HEPBOBOI cuctemH [13].

TakuM 4YWHOM, Cy4YacHI TEXHOJIOTII aJapecHOl JOCTaBKHM 0a3yrThCs Ha
KOMOIHYBaHHI 1HHOBAallIMHUX MaTepialiB 1 MEXaHI3MIB TpaHCHOPTyBaHHs. Pe3ynbTaTn
JOCIIIJKEHb y LI cdepl MATBEPAXKYIOTh €(PEKTUBHICTh TaKMX MIIXOJIB Y JIIKYBaHHI
OHKOJIOTIYHHUX, 3allaJIbHUX 1 MeTaboIIdyHUX 3axBOpIoBaHb. IlocTiliHEe BIOCKOHAJICHHS
HOCIIB Ta METOMIB JOCTaBKM J03BOJISIE PO3LIUPIOBATH C(epu 3aCTOCYBAHHS aJPECHOT

noctaBku JI3 1 miBuIyBaTH ii €EeKTUBHICTD.

1.1.3 JocraBka JI3 3a 10n0MOror0 HAHOKOHTEHHEPIiB

JlimocoMu € HANNOIMPEHIITMM HAHOKOHTCHHEPOM ISl JIOCTaBKH AaKTHBHHX
PEUYOBHUH 3aBJSKH CBOIM BJIACTMBOCTSIM, III0 HAraJayrTh MPUPOIH] KIITHHHI MEMOpaHHU.
[{i HaHOKOHTEHEPH € CPepUIHUMU BE3UKYJIAMH, iK1 POPMYIOTHCS TIPH CaMOOpraHizarii
aMm(pipiTPHUX MOJEKYJ JIMiAIB Y BOAHOMY CEpEIOBHINI. 3aBASKA HASBHOCTI
rigpoginbHUX Ta TiAPOPOOHMX CErMEHTIB, JIMOCOMH MOXYTh I1HKAICYJIOBATH SIK

BOJIOPO3UMHHI, TaK 1 KUPOPO3YUHHI JIKAPChKI 3aCO0H, L0 € X 3HAYHOI MEepPEeBarolo.



35

docdominiau, Taki Sk hochaTUAMIXOMIH, € OCHOBHUMU KOMIIOHEHTaMU JIIITOCOM, IO
3a0e3nevyye iXHIO BHCOKY OlOCYMICHICTh 1 MIHIMaJbHY IMYHOAKTHBHICTb, CHPUSIOUU
0e3neyHoMy BUKOPUCTAHHIO y Teparii [14-16].

Oco0MBICTIO JIIMOCOM € iX 3JaTHICTh JI0 IUTHOBOI JocTaBku JI3 3a paxyHOK
(TOJIIETHIICHTJIIKOJIb) MIABUIIYE Yac MUPKYJIALIT JIMOCOM Y KPOBI, 3MEHIITYIOUH BIUIMB
iMmyHHoi cuctemu. Taka IIEl'imizamis, a TakoX MOXXIJIMBICTh NPHUEAHAHHS aHTUTLI 10
MOBEPXHI JIIIOCOM, JO3BOJISIE aApecyBaTd iX 0 TEBHHUX KIITHH, IiJBUILYIOYN
edekTuBHICTh MocTaBku. KoHTponboBaHe BuBUIbHEHHS A®DI, 1m0 iHKancyliboBaHI B
Jinocomax, 3abesneuye mpoJioHroBany Jio JI3. Kpim Toro, 3aXucT iHKancCyJbOBaHUX
pEe4oBHH B1J] (D€PMEHTATUBHOI Ta OKCHIATUBHOI Jerpajaallii miABUILY€e 01040CTYIHICTh
JI3 1 3HauHO 3HMKYE 1TOO1YH1 epexTu [17-19].

Cepen minigHUX HAHOHOCIIB BaroMe MICLE MOCIJAI0Th KyOOCOMH, —SIKi
MPEACTABISAIOTh COOOI0 HAHOPO3MIPHI CTPYKTYpH, IO 0a3yroThCi Ha JIIOTPOIHUX
plAKOKpUCTANIYHUX KyOluHux (azax. BoHu ¢opmMmyroTbes mpu goaaBaHHI 10 BOJU
JIOTPONMHUX JIMIJAIB, TAaKUX SK TJIIIEPOIMOHOCTEapaT, SKI YTBOPIOIOTh CTaOUIbHY
TPUBUMIPHY CTPYKTYpPY 3 BHYTPIIIHIMH BOJHUMHU KaHajmamu. L[s ocoOmmBICTH Takok
J03BOJIsIE KyOOCOMAaM 1HKAICYJI0BaTH TiApoduUIbHI Ta riapodoOH1 peyoBUHH, 10 POOUTH
iX yHiBepcaJIbHUMH HaHOHOCIsiMu [20-23].

Ky6ocomu 3aBnsiku cTalIIbHOCTI iXHBOI CTPYKTYpU Ta O10CYMICHOCTI MOXYTh
OyTH BHKOPHUCTaHI JUIs LUIHOBOI JOCTaBKU JI3 10 MyXJIMHHUX KIITHH a00 IHIIHUX
cnerugiuanx TKaHuH. OJHAK CKJIQJHICTHh BUPOOHUIITBA KyOOCOM Ta HEOOXITHICTH
TOYHOTO KOHTPOJIO YMOB CHHTE3y 3aJUINAIOTHCS BAXIJIMBUMHU  TEXHIYHUMU
OOMEKEHHSAMH JIJIS1 X IIMPOKOTO BUKOPUCTAHHS Y MEIMYHIN nIpakTulll [24-26].

OmHuM 13 PO3MOBCIOIKEHUX HAHOHOCIIB 010JIOTTYHO aKTUBHUX pedoBHH Ta JI3 €
neHapuMepu. lle BUCOKOOpraHizoBaHi MaKpOMOJIEKYJIHW 3 YITKO BH3HAYEHOIO
MOJICKYJIIPHOIO apXITEKTYpOI0, IO CKIAAAIOThCA 3 IIEHTPAIBHOTO siApa, TeHeparliil
(wapis) Ta (yHKIiOHANLHMX Tpyn Ha mnepudepii. IXxHa yHikanbHa aepeBonojioHa
CTPYKTypa JI03BOJISI€E BKJIIOYATH BEJMKY KUIBKICTh AKTUBHUX TpPYI, IO CIPUSE

0araTo(pyHKI10HAIBHOCTI ACHIPUMEPIB, 30KpeMa B TEPANEBTUYHHUX CUCTEMaX. 3aBIsSKU
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nepeadOadyBaHidi MOJIEKYJISIpHIM Ba3l Ta KOHTPOJbOBaHiIN (opMi, JIEeHIpUMEpHU
JEMOHCTPYIOTh CTaOUIBHICTh Yy (i310JIOTIYHUX CEPEeNOBUINAX Ta 3JaTHICTh JI0
cnerugivyHOT B3aeMOIii 3 KiniTuHamu [27-29].

JlenapruMepu MIMPOKO BUKOPUCTOBYIOTHCS JJISl IOCTAaBKM aHTUOIOTHKIB, TEHIB, a
TAKO BaKIMH. IXHsS MOBEpXHs MoKe OyTH (DYHKLIOHATI30BaHA PISHUMH IPYHNAMH, 110
JI03BOJISIE HAJIAIITOBYBATH 1X BJIACTUBOCTI JUIsl KOHKPETHUX IIUJIEH, 30KpeMa ISt
Moj0JIaHHs Oap'epiB MPOHUKHEHHS Y KJIITHHU OpraHi3My JroauHu. He3Bakarouum Ha Il
nepeBaru, TOKCUYHICTh JEHAPUMEPIB € aKTyalIbHOIO MPOOIEMOI0, OCKIIBKH 3aJ1€KHO Bijl
iXHBOTO PO3MIPY 1 (PYHKIIOHATBHUX TPYI BOHU MOXKYTh B3a€EMOJISITH 3 KIITUHHUMU
MeMOpaHaMH, TOPYUIYIOYM iXHIO LUIICHICTb. TOMy JjIi MEIMYHOTO 3aCTOCYBaHHS
noTpiOHa Mmojaiblia XiMiYHa MOaU(dIKall JEHAPUMEPIB, CIPIMOBAHA HA IT1IBUILECHHS
iXHbOI O10cyMicHOCTI Ta 6e3meunocTi [30-32].

[II1poko po3NOBCIOMKEHUMHU Ta 010JJOCTYITHUM CEpe/l HAHOHOCIIB JJIsl aipECHOI
JIOCTaBKU € IUKJIOJEKCTPUHU. [IUKIONEKCTpUHN € HMUKIIYHUMH OJlirocaxapuiamu, Iio
MICTSTE BiJ 6 70 8 TJIIOKO3HMX 3aJIMINKIB, 3'€THAHUX 0-1,4-TIIIKO3UJIHUMHA 3B'S3KaMH.
IxHs cTpykTypa Mae KoHiuHY (opMmy 3 Tiapo(iIbHOI 30BHIIIHLOIO TOBEPXHEIO Ta
riipod0OHOI0 BHYTPIMIHHOIO MOPOKHUHOIO, IO J03BOJIAE€ TM YTBOPIOBATH KOMIUIEKCH
BKJIFOUEHHS JIMILIE 3 T1ApoPoOHUMH MoJieKynamu. L 31aTtHICTh cripusie MmiIBUILIEHHIO
po3urHHOCTI JI3, siKi BAXKKO PO3YMHSIOTHCS Y BOJI1, @ TAKOXK 3a0e3Meuye IXHii 3aXUCT BiJl
30BHIIIHIX (haKTOpPiB, 30KpemMa, B poromectpykitii [33-35].

BBeneHHsT UMKIONEKCTPUHIB y CKiIaa ¢dapMaleBTUYHUX (POPMYJT  CHpUsie
MOKPAIICHHIO O10/IOCTYIMHOCTI aKTUBHUX KOMIIOHEHTIB, OCKUIBKH JO3BOJISE TMOAO0JIATH
Oap'epy PpO3UMHHOCTI Ta MNPOHUKHOCTI. [ukinomexkcTpunu 3 MOJAU(PIKOBAHOIO
CTPYKTYpOIO, HAIpHUKIIaJ, METHIhOBaHI a00 TiIPOKCUNPONIILOBAHI, JAEMOHCTPYIOThH
MOKpAIIeH] BJIACTUBOCTI JUIsl 1HKAICYJSIT pi3HUX pedoBUH. [Ipyu 1IbOMYy BaKIIUBO
BPaxOBYBATH IXHIO OOMEXEHY PO3UMHHICTh Ta MOTEHI[IHHY TOKCHYHICTh IPU BUCOKUX
KOHIICHTpAIISX, [0 00OMEXKYE 1X 3aCTOCYBAHHS Y NESIKUX (papMarleBTUIHUX MPOTYKTAX
[36-38].

Cepen HaHOHOCIIB, WO MOXYTh OYyTH BUKOPUCTAHUMHU JUIsl JTOCTaBKH

PI3HOMAHITHUX O10JIOTIYHO AKTUBHUX PEUYOBHH Ta (DapMalleBTUUHUX 1HTPEIIEHTIB,
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BIJIOMI 1 1HIIII HAHOCTPYKTYPH, CEpea SKUX TBEPJIl JIMiTHI HAHOYACTUHKH, HIOCOMHU,
HaHOoCEepr HAa OCHOBI ME30MOPHUCTOTO KpPEeMHE3eMy, HAHOYACTUHKU  OJaropogHUX
MeTalliB Ta OKcuIiB [39].

He3Baxaroun Ha BUAATHI BIACTUBOCTI 3a3HAYEHUX HAHOKOHTEMHEPIB, IyKe Majlo
BITIOMOCTEH TPO X €PEeKTUBHICTD I 3aXUCTy Bif (HOTOAECCTPYKIIII, sIKa 3aJIMIIAETHCS
aKTyaJIbHOIO JJisi 0aratboX OpraHiyHuX crnoiyk. Brume Y® Ta BuAMMOro caitjia
MPU3BOJUTH 10 PYHHYBaHHS MOJIEKYJISIPHOI CTPYKTYpH 0araTboX 010JI0T1YHO aKTUBHUX
pPEUOBMH Ta JIIKyBaJbHUX CYOCTaHIIiM, 110 OOMEXye IXHE BHKOPHUCTAHHS Ta 3HIKYE
edeKTUBHICTh JIIKYBaHHS. Y 0aratbox BHIIaJIKaX came (DOTONECTPYKIli € OCHOBHOIO
MPUYUHOIO AecTabimizaiii JI3, mo BuMarae po3poOku crieliaibHUX 3aXUCHUX CUCTEM, SIKi
0 Morau 3ano0irty ubomy sBumry [40].

Ha BigmiHy BiJl HAHOHOCIIB, TaKUX SIK JIIIOCOMH, [TUKIOACKCTPUHH, JESHIPUMEPH
TOIIO, ICHYIOTh HAHOMOPHUCTI Mareplald MPUPOJHOrO MoXo/mkeHHs. Cepex HHUX
BU/JIIISIETHCS TATYa3UT, SIKUH Ma€ MPUHIIUIIOBI BIIMIHHOCTI.

[lo-nepiue, 1ie NpUPOIHUIA MaTepiall, SIKU YTBOPIOETHCA B MPUPOIHUX YMOBaxX 0e3
JOAATKOBUX XIMIYHMX Mojaudikaiiii, mo poOUTh HOTO EKOJIOr14HO Oe3MeYHUM 1
JOCTYITHUM JUIsl MACIITAaOHOTO BUKOPUCTAHHS.

[To-mpyre, #ioro CTPYKTypa Ma€ YHIKallbHI BIACTHBOCTI: Tallya3uT CKIIAAEThCS 3
HAHOTPYOOK 3 MOPOKHUHOIO BCEPEINHI, IKa MOKE OyTH BUKOPHUCTAHA JIJIsl IHKATICYJISIIIT
pizHoMaHiTHUX ADI, 3a6e3meuyroun iX 3aXUCT 1 KOHTPOIHLOBAHE BUBLIHLHEHHSI.

[lo-Tpere, uel marepian JEMOHCTPYE BHCOKY XIMIYHY CTIAKICTh, TEIUJIOBY
CTaOIBHICTh 1 CYMICHICTh 3 OaraTbma Ol0JIOTIYHUMH CHCTEMaMu, 110 poOUThH ioro
NEPCIEKTUBHUM JUIs 3aCTOCYBAaHHS B (papMalleBTHUIIl, KOCMETOJIOT1i, a TAKOX Y CTBOPEHHI

HaHOKOMITO3UTIB [41-43].

1.2 'anya3uT sIK HAHOHOCIH VISl TPAHCIIOPTYBAHHS OPraHiYHUX PEYOBHH Ta

MeToau Mmoaudikauii ioro noBepxHi

[anyasur, rizpaToBaHUil aJTIOMOCHUJIIKAT 13 TPYOUYACTOK CTPYKTYpPOIO, BUSBUBCSA

NEPCIIEKTUBHUM MAaTepiajloM y pOJi HAHOHOCIS [JIsl TPAHCIOPTYBAaHHS OPraHIdYHUX
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peUYOBHH. 3aBISKU CBOIM YHIKAIHbHUM (DI3UKO-XIMIYHUM BJIACTUBOCTSM, BIH 3aJIydae
yBary JOCHIIHHWKIB Yy Pi3HUX OOJACTAX, BiJ MEIUIMHHU JI0 CUIBCHKOTOCIOIAPCHKHUX
TexHoJoTiH. Oco0/iMBa CTPYKTypa Tallya3uTy J03BOJIsi€ €dEKTHBHO aacopOyBaTH 1
necopOyBaTH OpraHiuHI MOJIEKYJIH, [0 POOUTH HOTr0 KaHAMIATOM ISl BAKOPUCTAHHS Y
CHCTEMax KOHTPOJIbOBAHOTO BUBLIbHEHHSI.

Mopaudikaliis MOBEpXHI Talya3uTy BIIIrpae KIOUYOBY POJb Yy MiABUILECHHI HOTO
e(heKTUBHOCTI K HaHOHOCIS. MeToau Moaudikalii BKIIOYaOTh XiMidHe rpadiTyBaHHs,
iloHHe OOMIHHE HAaCH4YEHHS, TEpPMIuHy OOpoOKy Ta HaHeceHHS (YHKI[IOHATbHUX
nokputTiB. L{i mpouecu cnpusitoTh BBEACHHIO (DYHKIIOHAJIBHUX TPYIl Ha IOBEPXHIO
rajayasuTy, MOKpAIlyoUd HOTO CEJIEKTUBHICTb, aJCOPOIIAHY 3JaTHICTh 1 CYMICHICTD 3
OpraHIYHUMH peyoBUHaMU [44].

3azanvna xapakmepucmuxa eanyazuma. I'aya3ut € OgHUM 13 BUJIB TJIMHUCTUX
MIHEpaIiB, 1110 HAJIEKUTH A0 MIJKATEropii mapyBaTux cuiikaris. OgHa 3 HOro HaiOUIbII
PO3MOBCIOIKEHUX (OPM - 11€ HAHOPO3MIpHI TpyduacTi cTpykTypH, Bigomi sik [HT. Ll
TpyOKH (OpMYIOThCS Yepe3 crielr(iuHe 3ropTaHHs apiB raiayasuTy, Kl CKIaIaloThCs
3 OJIHOTO WIapy KPEMHEKHCHEBUX TETpaelpiB 1 OJHOTO IMIapy aJtOMOTIAPOKCUIBHUX
OKTae/IpiB, yTBOPIOIOYH JIBOIIAPOBY CTPYKTYPY SIK HaBeJIeHO HA pUCyHKY 1.1. 30BHIIIHII
JlaMeTp IUX HAaHOTPYOOK BapitoeThes Bi 40 1o 70 HM, BHYTpIIHIN aiametp - Big 10 10
20 M, a ix momxkuHa Moxke nocsratu Bim 500 mo 1500 mm. Ilpomec dopmyBaHHS
TpyO4acCTUX CTPYKTYp BiIOYBa€ThCsA 3a TEBHUX TEOJIOTIYHUX YMOB 1 € PE3yJIbTaToOM
cnenupIYHOTO CKIIAIaHHA TTIMHUCTUX [apiB y mpornopiii 1:1. XiMiyHO raya3ut cX0oxXHii
HAa KaOJIHIT, TPOTE BIAPI3HAETHCS HASBHICTIO MOHOIIAPY MOJIEKYJI BOJIU MIXK
OJIMHUYHUMHU  LIapamMH, Marwouu CcTpykTypHy Gopmyny  Alx(OH)4S1,0s5nH,0.
I'igpaToBaHa Bepcisi rajyasuTy, 3BaHa ranyasur-(10 A), MicTuTh oauH map Monekysn
BOJIM MiK IapaMK MiHepaily, B TOM yac sK Horo 3HeBojHeHa (opma, ramyasut-(7A),
MOXe OyTH copMoOBaHa 3a JOMOMOIOI0 OOEpEekKHOro HarpiBaHHsS abo0 B yMOBax
3HIKEHOTO THUCKY 4Yepe3 BTpaTy MIKIIApOBUX MOJIEKYJT Boau. Benuki mnokiaau
rajiya3uty OyJv BUSIBJICH] y TaKUX KpaiHax, sik ABctpais, CIIIA, Kurait, HoBa 3enanmis,

Mexkcuka Ta bpaswmis [45].
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Pucynox 1.1 BynoBa ramyasuTHux HaHOTPYOOK [46]

YTIpoaoBK OCTaHHBOTO JACCSITUIITTS, 3aI[iKaBIEHICTh Y Talya3uTi 3HOBY 3pocia,
OCKIJIbKU JIOCIIJDKEHHS Ta MaTeHTyBaHHs, MOB'S13aH1 3 IUM MiHEpajIoM, HaOyJIu HOBOIO
po3Maxy. Xoda WOro HaHOPO3MIpPHI BJIIACTUBOCTI Oy BIAKpuUTI e y 1950-x pokax 3a
JIOTIOMOTOI0  METO/IIB CTIEKTPOCKOIIl, Cy4aCHUW BIJIHOBJICHUN IHTEpPEC 10 Talya3uTy
MO>KHA TIOSICHUTH CTPIMKHM TPOTpPecoM y cdepi HAHOTEXHOJIOTIM MPOTATOM OCTaHHIX
JIBOX JCCATUIITh. [le MPUCKOPEHHS TEXHOJOTIYHOTO PO3BUTKY CHPUSIIO 301IBIIECHHIO
yBaru Jio NpUPOJHUX HAaHOMATEPialiB.

["anya3uT BUPI3HAETHCS CBOEIO JOCTYITHICTIO 3 TPUOIM3HOIO IIHOIO B 4 J1071apH 32
K1JIOrpaM, X0o4a BapTiCTh MOKe 3pOCTH yepe3 nmpoiecu ounnieHHs. Ll{opiunnii BugodyTok
OO0 MaTepialy JI0Csra€ TUCSY TOHH, IIO0 BKa3zye Ha MOXJIMBICTH HOrO0 MacoBOTO
MPOMUCIIOBOTO BUKOPUCTAHHS, HA BIJIMIHY BiJl KApOOHOBUX HAHOTPYOOK, SIKI KOIITYIOTh
osm3bko 500 momapiB 3a kiorpam. OTHaK €eKOHOMIYHA BUTO/IA - II€ JIUIIIEC OJMH 3 aCIIeKTIB
[47].

[anya3ut mae yHIKaIbHY OJHOBUMIPHY TPyOUacTy CTPYKTYpy 3 Me30- (2—50 HM)
Ta Makpornopamu (Ounbine 50 HM), IO Hajgae MOoMy TepeBard MOPIBHSHO 3 OaraTbma
CUHTETUYHUMH TMOPUCTUMHU MaTepiajamu. Taka CTpyKTypa pO3IIMPIOE MOTEHIal Horo
BUKOPHUCTAHHS, BKJIIOYAIOYM IMMOOLTI3AIII0 BETUKUX MOJIEKYJ, TaKUX SK (epMEHTH 1

A®I. BaxnuBo TakoX Te, MO Tadya3uT JEMOHCTPYE PI3HY pEakiiifHy 3JaTHICTh Ha
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30BHIIIHINA, BHYTPIIIHIA Ta MIKIIAPOBUX MOBEPXHSX, 110 BIAKPUBAE NIISAXH JJIA HOTO
rHy4yKoi xiMmiyHOi Moaudikamii. Kpim Ttoro, #oro Bucoka O10CyMICHICTH 1 HHU3bKa
IIUTOTOKCUYHICTh POOJIATH HOTO OE3MEYHUM JTsI 3ACTOCYBAHHS Y PI3HUX 00JIACTSIX.

3a ocTaHHI JBa JIECATUIITTS CIOCTEpIrajiach 3Ha4Ha aKTUBHICTD Y JIOCIIKEHHSIX
rajlya3uTy, TPUBEPHYBIINW YyBary M0 MWOT0 HOBHUX BJIACTHBOCTEH Ta MOTEHILIATY
3actocyBaHHA. OJHUM 13 NEPCHEKTUBHUX HAINPSMIB € BUKOPUCTAHHS Talya3HTy SIK
HAHOKOHTEHHEpa JJI 1HKANCYIAIIi Ta KOHTPOJbOBaHOTO BUBLIbHEHHS ADI, 30kpema,
JI3. I1s ocoOmuBICTh pOOUTH TAlya3uT MPHUBAOIMUBHUM 11 MeIUIHOT (papmakosorii Ta
1HImMX cdep, e NoTpiOHE 1030BaHE TOCTABICHHS aKTUBHUX KOMITOHEHTIB.

Jl01aTKOBO, ralya3uT 3HAHIIOB CBOE 3aCTOCYBAHHS B AKOCTI HAHOHAIOBHIOBAYa B
TJIMHOTIOJIIMEPHUX HAHOKOMITIO3UTAX, MOKPAIIYIO4YH iX BJIACTUBOCTI, TaKl K MIIHICTb,
TEpMOCTAOUTBbHICTh Ta Oap'epHi XapaKTepucTUkH. Takoxk Oyno po3poOIeHO METOAMKU
NEPETBOPEHHA  IUIACTUHYACTOrO  KaoJIHYy Ha rajaya3uTONoAIOHI HAHOTPYOKH,
PO3LIUPIOIOYN MOXKJIMBOCTI OTPUMAHHS I1i€1 (POPMU TaTyas3uTy.

KitouoBi (yHIaMeHTanbHI BJIACTUBOCTI Tallya3uTy, Takl K HOro CTPyKTypHa
CTaOUIBHICTh Y PI3HUX YMOBAX, 30KpeMa Mpu HarpiBaHHi a00 B KUCJIOTHUX YU JTYKHUX
pO3YMHAX, a TAKOX MOT0 JOCTYIHICTh JI0 MOBEPXHEBOI Moaudikalli, Oyiau mpeaMeTom
rnOoKoro BUBYEHHS. LI TOCHIIKEHHS MiAKPECIIOITh YHIBEPCAJIbHICTh raiaya3uTy 1
BIJIKpUBAIOTh HOBI MEPCIEKTUBH JJIsI HOTO BUKOPUCTAHHS B HAYKOBUX Ta MPOMHCIOBUX
3acTOCyBaHHsX [48].

Bracmusocmi eanyazumy. Tpy6Ouacra MIKPOCTPYKTypa TaJlya3suTy
XapaKTEPHU3y€EThCSI BACOKUM CIIBBIIHOIIEHHSIM CTOPIH, 110 BiI0Opakae 3HaYHY Pi3HUITIO
MDK JIOBKMHOIO Ta TOBIIMHOK HaHOTpyOOK. Ile mae I'HT mepeBaru, 30kpema, BEIUKY
NUTOMY TOBEPXHIO. 3a TaHUMHU BUMIpIOBaHb, MOy b ipyxkHOCTI ['HT nocsrae 140 I'Tla,
10 € BUCOKHUM TIOKa3HUKOM, X04Ya ¥ HUKYIUM BiJ] TEOPETUIHO MOKIMBUX 3HaYeHBb 230—
340 T'Tla ans nesxux iHIMMX HaHomaTepianiB. Boguuii po3und ['HT, mo mictute 5%
Macu HaHOTPYOOK, Ma€ CepeHi po3Mip YaCTMHOK NpuOIu3HO 143 HM, 13 3araibHUM
BapitoBaHHsAM po3MipiB Bix 50 1o 400 HM.

I'HT maroTh yHIKaJIbHY TpyOUacTy MIKPOCTPYKTYPY, AKa pOOUTH iX MpUIATHUMU

utst iHKancyssmii ADI. 3aBaHTakeHHS TUX PEYOBHH MOKE B1IOYBATHUCS i BAKyyMOM
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a00 MUIAXOM IMepcii B crerianaizoBaHi po3unHu. JI3, Taki SK TETpaIMKIiH, XOJIH Ta
HIKOTHHAMIIaIeHIHIUHYKIeoTHl, Oynu edekTuBHO iHKarncynpoBani B ['HT,
BUKOPHCTOBYIOUHM METO/MKY, SIKa MOJIATa€ B HACHYCHOMY PO3YMHI M1 BaKyyMoMm [49].

[Ipouiec BuBuibHeHHs JI3 3 THT moxe TpuBaTu 3Hauno aosiie — B 30—100 pa3is
JIOBILIC, TIOPIBHSIHO 3 TPATUIINHUMH METOJAaMHU JOCTaBKH abo iHmMMH Hocismu. Lle
poouts I'HT o0co0amBO HIHHUMM ISl 3aCTOCYBaHb, Jie MOTPiOHE KOHTPOJIhOBAHE 1
TpuBane BuBUIbHEHHA A®dI. KpiM TOro, 3acTtocyBaHHs MOJIMEPHOTO IMOKPUTTSA Ha
MOBEPXHI JiKapchKo-3aBaHTaxkeHnX ['HT Moke moAaTKOBO yMOBUIHPHUTH BUBLIHBHCHHS
A®I, 3abe3neuyroun 1ie OUIBITY KOHTPOJIHOBAHICTh Ta TPUBAIICTH TEPANIEBTUYHOTO
edekTty. Taki XapakTepuCTUKH BIAKPUBaOTh MHUPOKI nepcnektuBy 11t [HT y meanuHiit
dbapmariii Ta gocrasii JI3.

I'HT, 3aBasiku CBOiM yHIKaJIbHIM TpyOuyacTii CTPYKTypl Ta 3JaTHOCTI
1HKAICYJIIOBATH PI3HOMAHITHI PEUOBUHU, MOXKYTh OyTH BUKOPUCTaH1 K HAHOPO3MIpHI
peakTopH, IO JI03BOJISIE€ MPOBOJAUTH XIMIYHI peakKilii Ha MOJIEKYJISIPHOMY PiBHI 3 BUCOKUM
CTYIIEHEM KOHTPOJII0. 3aBaHTakeHHs peareHTiB B ' HT 1 cTuMymtoBaHHS B HUX XIMIUHUX
peaxiiii BIIKPUBA€E HOBI MOXJIMBOCTI JJIi CUHTE3Yy CKJIQJHHMX OPraHIYHHMX CIOJYK,
HaHOMATEPIaIiB 1 JUIsl MPOBEJCHHS KaTaTITUYHHUX MPOIIECIB 3 BUCOKOIO €()EeKTUBHICTIO Ta
cnenupIvHICTIO.

3actrocyBanns ['HT sk mnopokHUCTHX (HEpMEHTATUBHUX HAHOPEAKTOPIB €
0COOJIMBO OOHANIMIMBUM HanpsiMKoM. DEpMEHTH, 3aBaHTaXEHI B Takli HAHOTPYOKH,
MOXYTh OyTH 3aXUIIEHI BiJl J€CTPYKTUBHOT'O 30BHIIIHBOIO CEPEOBUIIA, MPU I[LOMY iX
KaTaiTHIHA aKTUBHICTH 30epiraerbes. Lle mo3Boiise mpoBoauTH O10XIMIYHI peakilii B
yMOBax, J€¢ 3BU4YaiiHI (epMeHTH MOriM O IIBHAKO BTPATUTH CBOK aAKTUBHICTD,
HaIpUKJIaJ, IpU BUCOKIM TeMIiepaTypl, B MPUCYTHOCTI PO3UMHHUKIB a00 MpPH KpanHIX
pH. Takwuii migxix MoOKe BIAKPUTH HOBI HUIAXU JAJIs1 O10TEXHOJIOTIYHUX 3aCTOCYBaHb,
BKJTIOUYar04M BUpOoOHUIITBO JI3, GlokaTami3 1 ountieHHs Boau [S0].

[anmya3uTHi  HAaHOTPYOKM  BUSIBISIOTH NEBHY  TiApo¢doOHICTh,  3aBISKU
cnerugiuHoMy po3TanryBanaio anmominatiB (Al-OH rpymn) BcepenuHi CTpyKTypH, TOI1
SK Ha 30BHIIIHIA MOBEPXHI MEPEBaAXXHO 3HAXOIATHCS cuilokcaHoBi (Si—O—Si) rpynu, 3

JESKUMU CHJIAHOJIAMH/QTFOMIHOJIAMH, SIK1 3'IBIITIOTHCS Ha Kpasix. L{e BIiAMIHHO Biapi3HsIE
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iX BiJ] IHIIMX HAHOQITIOMOCHJIIKATIB, SIKI MAlOTh OUTBIIUMA BMICT T1POKCHUIBLHUX TPy Ha
CBOIil MOBEPXHI Ta, BIAMOBIAHO, OUTBII T1ApOodiIbHI BIaCTUBOCTI.

Buxopucrannas momapoBoi 30ipKH, SK METOIy Oprasizaiii HaHOTpyOOK Ta
noiedipiMifiB, € MPUKIAIOM TEXHIKH, IO JO3BOJISIE MaKCUMaJIbHO BUKOPHUCTATH IO
BiacTuBicTh. Yepe3 HeratuBHuM 3apsia [HT moxkHa epeKTUBHO MPUTATYBATH KaTIOHHI
MoJliMepu, TUM CaMHM CTBOPIOIOUM IIUIBHI W OJHOPIIHI IIapH IOJIMEpy HaBKOJO
HaHOTpYOOK. Lle cripusie popMyBaHHIO BUCOKOOPTaHI30BaHMX 1 (PYHKITIOHAJILHO OaraTux
CTPYKTYp, IO MOXYTh 3HAYHO IOKPAIIUTH BJIACTUBOCTI HAHOKOMIIO3WTIB, TaKi SIK
MeXaHI4Ha MIIHICTh, TePMIUHA CTA0IBHICTh Ta €JIEKTPUYHA TTPOBIIHICTD.

Mexani3zm (opmyBaHHSI TpyOUacTOi CTPYKTYypH Tallya3uTy, A€ YSABIECHHS IPO
CKJIQJHICTh NPHUPOJHHUX IPOIECIB HA aTOMHOMY piBHI. Lleil mporec moymHaeThcs 3
aTOMHOTO  HaNpyXEHHS,  BHUKJIMKAHOTO  HEBIAMOBIAHICTIO  PO3MIpIB MK
KPEMHEKUCIOTHUMHU ~ TeTpaeApaMud Ta  alOMOTIIPOKCHIBHUMHU  OKTaeApaMu B
OJIMHUYHOMY IIapi ramya3uty. Po3mipu 1IUX CTpyKTYpHUX KOMITOHEHTIB BIIPI3HSIOTHCA,
10 BEJI€ 10 BAHUKHEHHS HAIIPyTH, 0COOJMBO B 00J1aCTi 3B'A3KIB MK aTOMaMU aJIFOMIHIIO
Ta KUCHIO.

[H1yKOBaHE TAKMM YMHOM HANpPYKEHHS, sIKe HE MOXKE OYTH TTOBHICTIO 3HSTE Uepe3
B3a€EMOJIIi 3 MDKIIIAPOBUMH MOJIEKYJaMU BOAM, OCOOJMBO B 00JIACTI amiKajgbHOIO
OKCUTEHY, BeJIe JI0 MIKPOCKOIIYHUX 3MIH B CTPYKTypi. KpeMHIWKUCHEBI TeTpaeapu B
OJIMHUYHOMY IIIap1 pearyroTh Ha 1€ HANPY>KEHHS HEBEIMKUM 00EpTaHHSIM, 1110, 3pEITOI0,
MPU3BOJUTH 0 3aKpYUyBaHHs 1apy Ta GopMyBaHHs TpyOUyacToi cTpyktypu [51].

Lle# i mporiec UTIOCTPYE, SK BIACTHBOCTI MarepiajiiB Ha MIKPOCKOMIYHOMY piBHI,
BKJIIOYAIOYM 1X KPHUCTAIIYHY CTPYKTYpy Ta MIDKATOMHI B3a€MOJIi, BHU3HAYAIOTh iX
MaKpOCKOIIYHY MOpPQOJIOTit0 Ta (QPYHKIIOHAIBHICTh. Y BHIAJKYy Tallya3ury, Taka
TpyOudacTa CTpyKTypa 3abe3ledye yHIKalbHI BIACTUBOCTI, IO POOUTH HOr0 KOPUCHUM y
HIMPOKOMY CHEKTpl 3aCTOCYBaHb, BiJ MOJIMEPHUX KOMIIO3UTIB JI0 KaTaji3aTopiB Ta
HOCIiB JIJIT KOHTPOJHOBAHOTO BUBLIbHEHHS JI3.

JleranpHe po3yMiHHS Tnpoiecy (HOpMyBaHHS MPUPOAHOIO radya3uTy CHOHYKaJo
BUCHHX JI0 PO3POOKH METOIB, SIKI IMITYIOTh IIi IPUPOJIHI MPOLIECH I MEPETBOPEHHS

KaoNiHITy, IO Ma€ IulacTuH4yacty cTpykrypy, Ha ['HT. Ii cuntermuni I'HT
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BIJIPI3HSAIOTBCS BHCOKOIO SKICTIO Ta OJHOPIAHOK Mopdosorieto, 1Mo poOuth ix
MPUBAOIMBUMHU JIJISI IPOMUCIIOBOTO 3aCTOCYBaHHS.

Cunrte3 'HT 3 kaomiHITy BKJIIOYAE KUIbKA KJIFOYOBHUX €TAriB, SIKI BIATBOPIOIOTH
YMOBH, HEOOXIJHI JUIsl TIEPETBOPEHHS IUIACTUHYACTOI CTPYKTypH Ha TpyoOuacty. Llei
IPOIIEC MOKE BKJIIOUATH XIMIUHY 200 TepMiuHy 00pOOKY, TiApOTepMaIbHUIl CHHTE3, YU
KOMOIHAIlII0 IIMX METOIB, 00 CIPUYMHUTU 3rOPTaHHS KAOJIHITOBUX IJIACTUHOK Y
TpyOUacTi CTPYKTYPH, CXOK1 Ha IPUPOTHUN raayas3urT.

Po3poOka edexTuBHUX Ta BapTicHO edekTuBHMX MeToniB cuHTesy ['HT mae
BEJIMKE 3HAYCHHS JJIA 1X OUIbII MIMPOKOTO BUKOPUCTAHHS B MPOMHUCIOBOCTI, OCKUIBKH
BOHH TPOTIOHYIOTH PSJT TIEPEBAr MOPIBHSHO 3 TPUPOJTHUM TaTya3uTOM, 30KpeMa BUCOKY
YUCTOTY, OJHOPITHICTH 1 BIATBOPIOBaHICTh BiacTUBOCTEe. Lle BinkpuBae nopory o
HOBUX 3aCTOCYBaHb y MOJIMEPHUX KOMIIO3UTaX, KaTami3i, (hapMaleBTHIll Ta I1HIIUX
ramys3sax [52].

Qyukyionanizayia eanyazumuux Hanompyoox. Ontumizaiiis posnoainy 'HT Ta
nepeiavya HaBaHTAKEHb B MOJTIMEPHUX HAHOKOMITO3UTAX BIJIICPA€ BUPIIIAIbHY POJIb JJIs
NIJBUIIEHHS MEXAaHIYHUX Ta TEPMIYHUX XapaKTEPUCTUK (PIHATBHOTO MPOIYKTY.
KitouoBuM acniekToM y 1ipomy mpotieci € pyukimionanizaris ['HT, skxa 3HagyHO okpariye
B3aEMOJIII0 MK HAHOTPYOKaMHu Ta MOJIMEPHOI OCHOBOIO, 3a0e3neuyroun €GeKTUBHE
NepeHECeHHSI HAaBaHTAXEHb 1 3aM00ITar0Yl KOB3aHHIO MK Pi3HUMU (ha3amu.

ITpornec ounmennst 'HT Bkitodae BUIanIeHHs TOMIIIOK, TAKUX SK KBapIl, KAOJIIHIT,
UTIT, TOJKLOBUN IIMAT, MEPJIT, Ta METaJeBl 10HU, SIKI MPUCYTHI yepe3 Oe3nocepenHe
BUJIOOYTOK 3 IPUPOAHUX Kepesl. OCHOBHUN METO]T OUUIIIEHHS 0a3yEThCs Ha MPOIEAYPl
JUCHepryBaHHs, LeHTpudyryBanHs Ta cymiHHsS. Cnodatky rotyiote 10% BoaHy
CYCIEH3110, TOCTYMOBO JOJAI0YM IMOPOIIOK Talya3uTy JI0 JE€10HI30BaHOiI BOJU 3
MOJAJIBIIUM TIepeMilTyBaHHsAM. [l 30UIbIIEHHS JUCIIEPCHOCTI YaCTUHOK, CYMIII
HarpiBatoTh 70 60°C Ha mpoTta3i 12 roauH 3 nocTiiHUM nepeminryBanHsIM. [loTimM, 1o
CyMIIlI HEHTPUDPYTYIOTh, TPHUI MPOMUBAIOTH JUCTHIIHOBAHOIO BOJIOKO 1 CYIIAaTh HA TIOBITPI
npu 60°C npotsirom 12 roaun, orpumytouun 3HeBogHeHy dopmy I'HT, Bimomy sik THT-
7A. Jlns BumaneHHS YTBOPEHUX arperatiB 1 MIJABUINECHHS CTaOUIBHOCTI B BOJHOMY

CEpeNlOBUIIl, CyXi HAHOTPYOKM MPOCIBAIOTH 1 JO CyCMeH3ii Moxke OyTH JoIaHui
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rekcametadocdar Harpiro. LlikaBum daktom € Te, mo B mrari FOta, CIIA, icHyroTh
Maike YMCTl POJOBHILA TaIya3uTy, 10 HE MOTPEOYIOTh JOJATKOBOTO OUHUIIICHHS Tepe/
3aCTOCYBaHHAM [53].

KoBanentHa dyHKIloHam3alisi BUKOPUCTOBYE TIJIPOKCWIBbHI TIpynd  Ha
BHYTPIIIHIX Ta 30BHIMHIX ToBepxHsaX ['HT mna XiMmiuyHOro 3'€AHAHHA 3 1HIIMMH
MOJIEKYJIaMU, TIOKPAIIlYIOYH iX BIACTUBOCTI Ta B3aeMojit0 3 marepianamu. el nponec
MOKE TPHU3BECTH JIO TaKUX 3MIH: 3HUKEHHS MOJIIPHOCTI MOBEPXHI HAHOTPYOOK,
eKpaHyBaHHS TiIPOKCWJIBHUX TPyl Ha TOBEpPXHI, Moau(ikaiii XiIMIYHOTO CKIaay
MOBEPXHI 3a PaxyHOK JOJIaBaHHsS BYIJIEBOJHEBUX JIAHIIOTIB, Ta CTBOPEHHS HOBUX
(yHKUIOHATBHUX Tpylnl Ha mnoBepxHl. Taki Moaudikamii MOKpPALIYIOTh AUCIEPCIO
HAaHOTPYOOK Yy PpO3YMHHUKAX 1 TMOJiMepax, MiABUIIYIOYM I1XHIO CYMICHICTh 1
3a0e3neuyoun Kpamry MixkdasHy aaresiro.

Cwia"HoBe 3B'A3yBaHHs  TMPEJACTaBIsg€ COOOK  PO3MOBCIOKEHUN  METOJ
koBasieHTHOT Moaudikamii ['HT, skuii monsirae y KoHaeHcalli MK TipoJii30BaHUMU
CUJIAaHAMHM Ta MOBEPXHEBUMHU TinpokcuiabHuMu rpynamu Ha ['HT. Leit nmpouec oco0auBo
aKTyaJIbHUM U1 aJIFOMIHOJIBHUX TPYI, IO PO3TAIIOBAaHI HAa BHYTPILIHIX MOBEPXHSIX
TpyOOK, a TAKOX JJIsi AIFOMIHOJIbHUX Ta CUJIAHOJIBHUX TPYII, PO3MIIIEHUX Ha Kpasx abo
nedekTax 30BHINIHBOI NOBEpxHI. Taka MoAudIKallisl BHyTPIIIHBOT IOBEPXHI HAHOTPYOOK
MOK€ BUKOPHCTOBYBATHCS g IMMOOUTI3AIll Ta IijecnpsiMmoBaHoi goctaBku JI3 abo
010JI0T1YHO aKTUBHHUX PEYOBHH, 3a0€3MeUyI0YH KOHTPOJIHLOBAHE BUBUIHLHEHHS, B TOM Yac
SK 3MIHM 30BHIIIHBOI MMOBEPXHI Ta KpaiB MarOTh 3HAYEHHs IS 3aCTOCYBaHb y cepi
HaHOKOMIIO3UTIB [54].

He3Baxatoun Ha Te, mo cuiiokcanoBa noBepxHs ['HT TpanuuiiiHO BBajkaeTbes
MaJIOpeaKIiitHOO, JOCIPKEHHS BKa3YIOTh Ha MOXJIUBICTh MOAM(IKAIIT T1IPOKCUIIBHUX
rpyn, 0cobauBO B MicIsix nedexTiB. Peakilii npueqHanHs CUIaHIB MOKYTh TPOBOIUTHUCS
y CEpEeIOBUII TOIYOIy a00 BOJHO-CIHUPTOBIHM cyMinri. [[1s BUTOTOBICHHS MOJIMEPHUX
kKoMrio3uTiB Ha ocHoBli ['HT MmoxnuBe mpuinereHHs pi3HOMAHITHUX CHUJIAHIB, IO
PO3IIUPIOE CIIEKTP iX BJACTUBOCTEH Ta MOTEHIIIMHUX 3aCTOCYBaHb.

JNocmiauuku BusBwid, 1o wmoaudikamis ['HT 3a momomoror mnpuegHaHHS

opranocuiany APTES (3-amiHonpomninTpieTOKCUCHIIaH) BKIIIOYAE CKIAAHUN MEXaHI3M,
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KWW TEpEeBUIIyE MPOCTe 3'€AHAHHS 3 MOBEPXHEBUMU TIJPOKCHIBHUMH TpyHaMu, siK
HaBeZeHO Ha pucyHky 1.2. lleil mporec TakoX OXOIUIIOE OJIrOMepu3aliio, e
rigponizoBanuii APTES konzeHCyeThcsi HE TUIBKM cam 13 coboro, aje il 3 yxke
npuennanuM APTES, mo npuzBoauts 10 (opmyBaHHs 3muTOi CTpykTypu. Llei
MEXaHi3M CIIpHsiE€ CTBOPEHHIO MIIHOI 1 CTIHKOI 10 BoAu Mepeski Ha moBepxHi ['HT, ska
MOX€ 3HAYHO MOKpAIMUTH (HI3UKO-XIMIYHI BJIACTUBOCTI MaTepianay, BKIIOYAKOYU HOTO
aJre3iiH1 BJACTUBOCTI, CTAaOUIBHICTD 1 (PYHKIIIOHAJBHICTh B MOJIMEPHUX KOMIO3UTaX Ta

IHIITMX 3aCTOCYBaHHsIX [55].
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Pucynox 1.2 B3aemonist THT 3 opranocunanom APTES [56]

Metoau CUIaHOBOI PEIITKH BIAITPalOTh BAXJIMBY POJb HE TIIBKU y CTBOPEHHI
['HT-noysiMepHUX HAHOKOMIIO3UTIB, ajie¢ M sIK eTal MOoMNepeaHboi O0O0pOOKH mepen
NOJAJIBIIMMHU MOAU(IKALISIMU TOBEPXHI HAHOTPYOOK. OAMH 13 TAKUX MIJXO0/IIB BKIIOYAE
kpokoBy monudikamiro ['HT nns mpuennanns cnenudiyaux QyHKIIOHATBHUX TPYII, K1
HEe MoOXHa Oyno O mnpueaHatu OesmocepenaHbo. Hampukman, s  BBEACHHS
kapOokcuibHUX Tpyn (—COOH) Ha mOBEepXHIO HAHOTPYOOK CIOYATKy BHUKOHYIOTH
Mo (IKaIIIO aMIHOTpyTIaMH, BUKOPHUCTOBYIOUYHU APTES (3-
aMIHOTIPOIJITPIETOKCUCHUIIAH).

Ile#r nportec mounHaeThest 3 npueaHanis APTES no moBepxHi HaHOTPYOOK, 1€

aminorpynu (-NHz) APTES kxoopauHyIOThCS 3 T1IIPOKCUILHUMH TpyliaMy Ha TTOBEPXHI
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rajgyasuTy uepes mpolec cuianizarmii. Ilicas ycmimHoro mpuegHaHHS aMIHOTPYI 10
nosepxHi ['HT, 11 aminorpynu nojanbiine Moau(}ikyoTh 10 KapOoKcuiibHUX Tpy1. e
nepexig Moxke OyTH 3A1MCHEHHI Yepe3 pi3HOMaHITHI XIMIYHI peakilii, 30KkpemMa depes
OKHMCHEHHS aMiHoTpym [56].

Taxuit miaxin qo3Bosise BukopuctoByBatu ' HT B mupiiomy criekTpi 3aCTOCyBaHb,
BKJIIOUYAIOYH KaTaji3, 010MeIMYHI MaTepiaik, CCHCOPH Ta 1HII TeXHOJOT14H1 00J1acTi, Jie
cnenudiyHl (QyHKIIOHAIBHI TPYNMH Ha TIOBEPXHI Marepialy MOXYTh BiJirpaBaTu
KJIFOYOBY poJib [57].

[ToBepxHeBa TpaHCIUIAaHTOBaHA IMOJIMEpHU3aLlis MpeicTaBisie co000 e(heKTUBHUN
METOJ1 IJIsl MPUUIEIUICHHS TIOJIIMEPHUX JIaHItoriB 10 noBepxHi 'HT, po3mmproroun ixHi
MOTEHIIMHI 3acTocyBaHHs. OauH 3 TMPUKIAAIB Takoi Moaudikaiii BKIIOYAE
MPUIIEIUICHHS JIaHIIOTIB noni(OyTuien-aaumnary) (PBA) no rigpokcuibHHX Tpyrn Ha
noBepxHi ['HT depe3 nBoetanHuii mpouec K 3a3Ha4€HO Ha PUCYHKY 1.3.

Ha mnepmiomy erami, rigpokcuibHi rpynu Ha mnoBepxHi ['HT pearyiors 3
TUMETHIAUIIATOM Yepe3 peakilifo KOHACHcAllli, BUKOPUCTOBYIOUH II0 PEAKIII0 s
CTBOPEHHsI "SIKOPHMX TOYOK" Ha MOBEpXHI HaHOTpPYOok. [lami, 10 cuctemMu H0JAI0Th
JONATKOBUM auMmeTwiagunar 1 1,4-OyTaHiion, 00 MNPU3BOAUTH JI0 YTBOPEHHS
MOJIIMEPHUX a00 OJIITOMEPHUX €(IpHUX JAHIIOTIB, SKI KOOPAUHYIOTHCA 3 IUMHU
SKOPHUMU TOYKaMHU, TUM CaMHUM (POPMYIOYM MPUIIEIUICH] MOJIMEpPHI CTPYKTypHU Ha

noBepxHi ['HT [58].
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Pucynox 1.3 Momudikamis 'HT 3 monaBaHHsSIM MOBEpXHEBUX KapOOKCUIIBHUX

rpynu [59]
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Taka Mmomudikaliis Mae KilbKa BaKJIMBHUX NepeBar. 30kpema, AojaaBanHs PBA no
['HT moke 3Ha4HO MOKpAIIUTH MibK(a3Hy aAre3iro Mi>k HAHOTPYOKaMu Ta MOJIIMEPHUMHU
MaTpULIIMU, B SIKI BOHU BKJIOYeHI. lle mokpamieHHs anaresii MoXe CIpUSTH OLIbIll
edeKTUBHIN mepenayl HaBaHTAXKEHHSI MK MaTPUIICI0 Ta HAMOBHIOBAYEM, 1110, Y CBOIO
4yepry, TMOKpaIlye MEXaHIYHI BIACTHBOCTI HAHOKOMIIO3UTY. TaKOX, 3aJIeKHO Bif
MPUILEIUIEHOTO TOJIMEpPY, MOXJIMBE TOKpPAIICHHS IHIIUX BIACTHUBOCTEH, TaKUX SIK
TEepMiUHA CTA0IBHICTh, T1APO(POOHICTh MOBEPXHI Ta CYMICHICTb 3 PI3HUMH MTOJTIMEPHUMHU
MaTPHUIIMH.

ATtomHO-TpaHc(hepHa paJuKaIbHa MOJIMEpPHU3allis MOXKE CIYT'yBaTH METOIOM JJIs
momudikamii moBepxHi ['HT abo g Ge3nocepenHbOro CTBOPEHHS Tallya3UTHO-
nojimMepHux HaHokoMmmo3uTiB. Hanpuknan, 1o I'HT Oyno nomano nomictupoi (I1C) ta
nomakpwioHiTpuin (ITAH), yrBoproroun HaHokomno3uTHi TpyOku. Taki ['HT,
MOAM(IKOBaHI NOJIMEpaMHU, MOXKYTh OyTH neperBopeHi Ha Byrielb-I HT uepes nponec
kapOonizamii. [1ig yac ma3MoBoi moximMepu3allli BUKOPUCTOBYIOTh IJIa3MOBI JpKepesa
JUIsSL TEHepallii Ta30BOro po3psay, 0 3ade3nedye eHeprito Jyisi akTuBaili abo
PO3LICTUICHHS Ta30MOJIOHMX YW PIAKUX MOHOMEpPIB, YaCTO 3 BIHUIOBUMHU TIPYIaMH,
3ammycKardM modiMepusarito. 1 TexHika 3actocoBHa i Moaudikamii BIacTUBOCTEH
noBepxHi 'HT. JlocnigHukn BUKOPUCTAIN MIPOJT 1 TIOPEH SIK MOHOMEPH ISl T1a3MOBO1
nomimMepuzailii Ha ['HT, pobnsum ix Ouibmn TigpodoOHUMH Ta MEHII MOJSPHUMHU
MOPIBHSHO 3 HeMOAU(PIKOBAaHUMH HAHOTpYOKamu [60].

KoBasientHe mnpuenHanHs (HochOHOBOI KUCIOTU € €(PEKTUBHUM METOJOM s
po3puBaHHS Ta BHECeHHs MikmapoBux wmoaudikamiii B8 ['HT. BukopuctoByroun
dbenundochonoBy kuciory (ODK), MOXKINBO AOCITTH €KCHAHCIi Ta 1HTEPKAJALIT HUX
HAHOTPYOOK 3a paxyHOK peakiii Aeriiparaiii MK T1JIpOKCUIBHUMHU TpylaMH Ha
MOBEPXHI HaHOTPYOOK Ta (ochonatHumMu rpynamu ODK. [{s 06pobka mpu3BOAUTH 110
30inblIeHHs OazanbHMX Bigcraneit 3 7,2 A nmo 15,1 A, mo 3miHoe mopdororiio
HaHOTPYOOK. 3aBnsku BukopuctanHio ODOK mokpamryersbest poscitoBands ['HT ta ixui
MexaHiuHl BiactuBocTi. Kpim Ttoro, BHyTpimHi mnopoxkuuHu ['HT moxyTts OyTH

MOJU(DIKOBaHI 3 BHKOPHUCTAaHHAM OKTanenua()oc(POHOBOI KHUCIOTH, PO3MIMPIOIOYN



48

nmoTeHIian iX 3actocyBaHHsA. Taki MomudikoBani 'HT craroTh kopucHuUMU AJis
OYHIIICHHS BOJM, a TAKOXK JJISI IMMOO1LTi3aIliil Ta KOHTPOJIHOBAHOTO BUBLIbHEHHS JI3.

HekoBanentna QyHkuioHamizaisi, sika 0a3yeTbcsl Ha TEPEHOCI EJIEKTPOHIB,
BUSIBIISIETHCST O0COOJIMBO KopucHOW it moaudikarii ['HT, BpaxoByroun oOMexeHy
KUTBKICTh TIAPOKCHJIBHUX TpPYN Ha iX TMOBEpPXHI, IO 3BYXKYE MOXIUBOCTI st
KOBAJIGHTHOTO 3B's3yBaHHA. Ll cTpareris BkItodae aacopOIil0 MeTaliB, TaKUX K
aIOMIHIN, 3aj1130, Ta I1HIIUX MEPEeXIJIHUX METAJB 3 JOCTYITHUMH €JIICKTPOHHUMU
opOiTalsiMi, Ha TOBEPXHIO HAHOTPYOOK. Taki MeTanum CHpUSIOTH EICKTPOHHUM
B32€EMO/IISIM, SIK1 HE BUMAraloTh yTBOPEHHS CTa01JIbHUX KOBAJICHTHUX 3B'SI3KIB, aJIe BCE K
JIO3BOJISIIOTH 3MIHIOBAaTH XIMIYHI Ta (PI3WYHI BJIACTHBOCTI HAHOTPYyOOK. Lleit meron
BIJIKpUBA€ HOBI MOXJIMBOCTI JJIl TOKPAILEHHS KAaTAITUYHUX BJIACTUBOCTEH,
CJICKTPOIIPOBIHOCTI, Ta 3aCTOCYBaHHS HAHOTPYOOK B CEHCOPHHMX TEXHOJIOTISIX, HE
3aBJAI0YM LIKOJIM iX CTPYKTYPHIH HiIicHOCTI [61].

HekoBanentna ¢Qynkiionamzamis ['HT 3a momomoror0 BOAHEBOTO 3B'SI3KY
npeacTaBisge cobo ePeKTUBHMM MiaxiA 10 Moau@ikamii iXHIX BJIACTUBOCTEH, HE
3MIHIOIOUM TPU IBOMY iXHBOI CTPYKTypH. OpraHiyHi CHOJIYKH, SIKI MalOTh 3JaTHICTh
dbopmyBaT BOAHEBI 3B'SI3KM, MOXYTh B3aemojisith 3 mosepxHeto ['HT, yrBoproroumn
cTabuibHl acouiatu. lle B3aeMopisiHHA MoOXke OyTH BUKOPUCTaHE Jisi CTBOPEHHS
BHCOKOOPTaHI30BaHUX CTPYKTYp BCEpPEIWHI TMOJIMEPHUX MATPHIL Yepe3 MpoIleC
camMooprasizaiii, 10, B CBOI 4Yepry, MNPU3BOAWTH JO TOKPAIIEHHS MEXaHIYHUX
XapaKTEPUCTHK MOJIMEPHUX KOMIIO3UTIB. BBenenHns opraniynux mojekyn ta ['HT y
MOJIIMEPHI MaTpHIll crpusie GOPMYyBaHHIO HAMIOBHEHOI MEPEXi, M0 3HAYHO ITiJIBUIILYE
MOJyJIb MPYXHOCTI Ta 1HIIN Ba)KJIMBI MEXaHIYHI MOKAa3HUKU HAHOKOMIO3MUTIB. Takuii
MIIX1J] BIAKPUBAE HOBI MOMJIMBOCTI IS PO3POOKM TOJIMEPHUX MaTepiaidiB 3
MOKPAIICHUMH BIACTUBOCTSIMH JIJISI ITUPOKOTO CIIEKTPY 3aCTOCYBaHb.

HexoBanentHa ¢yHKIIIOHATI3AIS Yyepe3 eJIEKTPOCTATUYHI B3a€EMOJIII BIAKPHUBAE
MO>KJIMBOCTI JIJII KOHTPOJIO BUBLIbHEHHs JI3 13 HaHOKOMMO3WTIB. BukopucTtanHs
KaTIOHHUX TOJIMEpiB, SK-OT xiTo3aH, mis nokputts ['HT, mo3Bomsie cTBOpUTH
KOMIIO3UTHI MaTepiajiu, B SKHX MOJIMEPHU 3B'A3YIOThCS 3 HETaTUBHO 3apsIKEHOIO

MOBEPXHEI0 TPYOOK dYepe3 eNeKTPOCTATUYHE MPUTATaHHS. Taka B3aeMOis HE JUIIIE
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cripusie cTabimi3aiii KOMIO3UTY, aje W J03BOJISIE€ PEryJIIOBaHHS IMPOIECY BUBLUIbLHEHHS
A®I, 3poOuBIIHM #HOTO OLIBIT TOCTYIIOBUM [62].

Ie ocobGarBO BaxIMBO B (hapMaieBTUUHIN 1HAYCTPIii Ta METUYHUX JOCIIIKEHHSX,
Jie KOHTPOJIbOBaHE BUBLIbHEHHS JI3 MOXke 3HaYHO MiJIBUIIUTH €(PEKTUBHICTH JIIKYBaHHS,
MiHIMI3YI0ud TOOIYHI eeKTH Ta 3a0e3neuyloyd TpuBalmy Mif0. Taki HaHOKOMIIO3UTHU
MOKYTb 3HAHUTH 3aCTOCYBaHHS HE JIMIIE B MEIUIIMHI, ajieé i B KOCMETOJIOT11, CLIbChKOMY
rOCIOJIapCTBi, 1 HABITh Y CTBOPEHHI €KOJIOTIYHO YHMCTHX MaKyBaJIbHUX MaTepiaiiB, Kl
3[IaTHI pO3KJIaAaTUCS B IPUPOJAHUX YMOBAX, BUBUIBHSAIOUN KOPUCHI PEYOBUHH.

[arepkansiis [HT consiMu Ta OpraHiuyHUMH CHOJTYKaMHU BIAKPUBAE MOXKIJIMBOCTI
JUISl TIOKpAIIEHHS! BJIACTUBOCTEH MOJIIMEPHUX KOMMO3UTIB. Ha BiIMIHY B1J] 1HIIIMX THUIIIB
rH, ['HT He BUMararoTs 000B'13K0BO1 MONEPEIHBOT IHTEPKAJIALIT AJIs1 IX BUKOPUCTAHHS
B MOJIIMepaXx, 3aBJISAKH iXHIA YHIKaIbHINH TpyO4acTiii MIKPOCTPYKTYpI Ta 3/1aTHOCTI JI0
edextuBHOi aucnepcii. Ile podbuTh iX 0COOJMBO NPUBAOIMBUMM JJII CTBOPEHHS
KOMITO3UTHHUX MaTepiaiiB 3 MOKPAIICHUMH MEXaHIYHUMHU BIIACTUBOCTAMH [63].

3o0kpeMa, MexaHoxiMiuHa iHTepkaisiis cedoBuHu B I'HT nemoncTpye 3HauHumii
NOTEHIIaN JJi1 3MILHEHHS MOJIMEpHUX MaTpullb. Lleil mpoiiec He TUIBKHU IT1JIBHUILYE
B3a€EMOJIII0 MK TMOJIMEPOM Ta HAMOBHIOBAYeM, ajie i MOKE MPHU3BECTH 10 3MIH Yy
CTPYKTYp1 Ta BIACTUBOCTSIX KIHLIEBOI'O KOMIIO3UTHOTO MaTepialy, 3a0e3Mneuyoun Kpamil
MEXaHIYH1 XapaKTepUCTUKH MOPIBHAHO 3 HeMoaudikoBanumu ['HT.

[Ipu TepMmiuHiii 00poOIIl TATya3uTy CIOCTEPITaAIOTHCS CTPYKTYPHO-MOP(HOIOTiUHI
3MiHHM, CXO0XI1 Ha Ti, 10 BiAOYBAaIOThCSA B KAOIIHITI, Yepe3 iX CTPYKTYpHY Ta XIMIYHY
noaiOHicTh. [Iporiec mounHaETHCS 3 ACT1IPOKCUITIOBAHHS, SIKE BiIOYBA€ETHCS B /Tiama3oH1
temmepatyp Mixk 600°C 1 850°C, mijg yac SIKOro BUIAISETHCS OLIBIIICTD T1IPOKCHUIBHUX
rpyn. lle aerizpokcuitoBaHHS NPU3BOAMTH 10 (yHAAMEHTAIbHUX 3MIH y TEPBUHHIN
CTPYKTYp1 MiHEpay.

[Ipu nopansiioMy mijBuILeHHI TeMiepaTypu 10 1400°C yTBOPIOIOTHCS MYJIT Ta
KPUCTOOAIIIT SIK KIHIIEBI PIBHOBaXKHI MPOAYKTH. MyJIT (aTIOMOCUIIIKAT ANTIOMIHIIO) 1
KpUCTOOAIIT (07HA 3 KpUCTATIYHUX (OPM JIOKCUAY KPEMHIIO) € BAKIUBUMHU (ha3amu JJIs
KepaMi4HO1 TPOMHCIIOBOCTI, 3a0€3Meuyoun MaTepiajgaM BUCOKY TEPMIUHY CTaO1IbHICTh

Ta MEXaHIYHY MILHICTb.
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[li mepeTBOpeHHS BIAIrparOTh POJb Yy MpoIlecax BUPOOHUIITBA BOTHETPUBKOI
KepaMiKd, KepaMiYHUX TMOKPUTTIB Ta 1HIIMX MaTepiaiiB, e MOTPiOHA BUCOKA CTIHKICTD
70 TeMmImepaTyp Ta MEXaHIYHUX BIUIMBIB. Po3yMmMiHHA 1HMX 3MIH JomoMarae y
BJIOCKOHAQJICHHI MaTepiajiiB Ta TEXHOJIOT1H X 00poOKH.

JlocmikeHHsT MOPQOJOTIYHUX, TEKCTYPHUX XapaKTePUCTHK 1 peakIiitHoi
3JIaTHOCTI TMOBEPXHI KaJbLIIMHOBAHOIO Tajya3uTy BIJKPUBAE HOBI TMEPCHEKTHBHU IS
PO3po0KH MaTepiajiB 13 yHIKaJbHUMHU BIACTUBOCTSMU. 3HAYHI 3MIHM B TTOPUCTOCTI MiJT
Yac mpoxaproBaHHs, 0COOJIMBO BiI3HAUEHI Y TPyOUacTOMY railya3uTi, BIIPI3HAIOTHCS Bif
MOBEIHKHA KAOJIHITY, IO Ma€ IUIACTUHOMNO/IIOHY HETOPUCTY CTPYKTYpPY. 30epeKeHHs
rpy0o0i Tpy6uacToi Mop(oorii Ta ME30MOPUCTOCTI TATya3uTy Mpu Temneparypax a0 900
°C, a Tak0X 30UIBIICHHS TUTOMOI IO Ta 00’ €My mop npu npoxaproBanHi 10 900 °C
CBITYaTh MPO BUCOKY TEPMIUHY CTIMKICTh IIbOI'O MaTepiaiy.

{1 pe3ynbTaTh HAA3BUYANHO BAXKIUBI Ui PO3POOKH HOBHX KEpaMIYHUX Ta
HAaHOKOMITO3UTHUX MarepialliB, J€ Talya3uT MOXE CIyryBaTH OCHOBOIO abo
MOCWJIIOBAJIbHUM €JIEMEHTOM. TaKoX 11€ BIIKPUBAE MOKIUBOCTI Juisl 1HKancyssiuii ADI
BCEpeIMHY HAHOTPYOOK Talmya3uTy JJis MOJANIBIIOT0 KOHTPOJIEOBAHOTO BUBIIILHEHHS, 110
MOKe OyTH KOPHUCHUM Y (papMarieBTHIll, arpOKyJIbTypl Ta 1HIIMX oOnactsx. Burun ta
3aKpUTTS KIHIIB HAaHOTPYOOK mpu Temmnepatypi 6iu3pko 1100 °C MOXyTh ciiyryBaTh
MEXaHI3MOM JUTsl 3aXUCTY BKJIAQJIEHUX MAaTepialiiB BiJi 30BHIIIHBOTO CEPEIOBHINA, TUM
CaMUM PO3IIUPIOIYH (PYHKI[IOHATBHICTh Talya3uTy K HOCIS [64].

Obnacmi  eukopucmaHnusa eanyazumuux Harnompyook. e miaxin, sSKkui
BUKOPHCTOBYIOTh HAYKOBIIl, JeMOHCTpYe Benukuil motrenmian ['HT sik HaHoKoHTelHEPiB
Ui 30epiraHHs, JOCTaBKM Ta KOHTPOJHOBAHOTO BUBUIRHEHHS MaKpPOMOJIEKYJ, IO
pOOUTH X MPUIATHUMH JIJISl IIMPOKOTO CIEKTpa 3aCTOCYBaHb, 30KpeMa B MEIUIINHI,
arpoximii Ta Marepiaio3HaBcTBi. 3anoBHeHHs1 [ HT nHacuueHumMu po3unHaMu akKTHBHUX
pEYOBHH, TakuX sik aHTHO10TUKH, [IHK, O151K1M un pepmMenTH, 1 moJanblie iX IPOMUBAHHS
Ta CYIIIHHS J03BOJISIE CTBOPIOBATH CTAa0LIbHI B 4Yacli CHCTEMH 3 KOHTPOJIHOBAHUM
BU/IIJICHHSIM BMICTY.

JonaBanus "mpoOok", ski (I3UYHO 3aKpPUBAIOTH OTBOPU HAHOTPYOOK, MOXKE

3HaYHO TPOJOBXKHUTHU Yac BUIUICHHA BMICTY, 3a0e3Medyloud OuIbllly THYYKICTh Y
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KEepyBaHHI MPOIECaMU JIOCTABKH Ta BUJILJICHHS MaKpOMOJEKyJl. MeTOIMKH CTBOPEHHS
TaKUX MPOOOK, BKIIFOYHO 31 3aHYPEHHSIM Y PO3IUIABICHU MOTIMEDP, HAHECEHHSIM TOHKUX
mapiB noJjiiMepy abo dhopmyBaHHSIM Audy3iHHEX Oap'epiB 3 MOIKATIOHIB/TIOMIAHIOHIB,
BIIKPUBAIOTh JIOJIATKOBI MOKJIMBOCTI JIJIsI ONITHMI3allii MpOIIeCiB BUJIIJICHHS.

3acrocyBanHs I'HT He o0OMexyeThcs mumie OiOMETWIMHOI. IX MOKHA
BUKOPHUCTOBYBATHU I PO3POOKH AaHTHUKOPO3IMHMX 1 BOTHE3aXMCHUX MaTepiaiiB, Jie
MOBUIbHE 1 KOHTPOJIbOBAHE BUBIJIBHEHHS 3aXMCHUX PEYOBUH MOXE 3HAYHO MOKPAITUTH
JIOBTOBIYHICTh 1 HA[IHHICTh 3aXHUCTY.

BusiBneHHst HU3bKO1 TOKCHYHOCTI TaJlya3uTy Ta HOoro 0e3neKy HaBiTh IPU BUCOKHUX
KOHLIEHTpaLsX y KJIITUHHUX KyJbTypax Ta €KCHEPUMEHTaxX in vIivo Ha HeMaToJax
BIJIIFPA€ KJIKOYOBY POJIb Y PO3pOOIl HOBUX MEAMYHUX Ta (hapMaleBTUYHUX 3aCTOCYBaHb
pOro Mmatepiary. blocyMiCHICTH ramyasuTy, sika J03BOJIsIE HOMYy O€3MeYHO
KOHTaKTYBATH 3 JKMBOIO TKAHWHOIO, PO3IIUPIOE MOXIMBOCTI KOT0 BUKOpUCTAaHHS y JI3
JUTSI IEPOPAIBHOTO 3aCTOCYBAHHS, JIIKYBaHH1 PaH, 3aXBOPIOBAHHSX IIKIPH, CTOMATOJIOT11
Ta 1HIITUX MEIUYHUX JTOMEHIB [65].

Oco0smBO MEPCIEKTUBHUM € BUKOPUCTAHHS I'HT, 3alI0BHEHUX
aHTUOAKTEplabHUMH  PEUYOBMHAMHU, JUIsI CTBOPEHHS  KICTKOBHX  IMIUIAHTATIB,
3a0e3Mneuylour TpUBaje BUBUIBHEHHS MpenapariB, 110 MOXKE CHPUITH 3ar00IraHHIO
iH}ekIiaM y Tocronepaiiiauil nepioa. Takuil Miaxig MoKe 3HAYHO ITIBUIIUTH
YCHIIIHICTh IMITJIAHTAI[IN Ta CKOPOTUTHU MOTPEOY B MOBTOPHUX MEIUYHUX BTPYUAHHSIX.

Onnak, xouya Trajya3uT 1 JEMOHCTpyE OOHAIIAIMBI pe3yJbTaTH B OaraThoX
MEIUYHUX 3aCTOCYBAHHSX, JOCTIIHUKUA TOMEPEHKAIOTh MPO HOTO HEO10pO3KIAAHICTH,
o0 oOMexye HOoro BHKOPHCTAHHS [0 3aCTOCYBaHb, /¢ HaHOTPYOKH HE MOTpPeOYIOTh
BHUBCJICHHS 3 OPraHi3My d4epe3 KpOBOTIK, TaKWX SK BHYTPIIIHBOBCHHE BBEICHHS. Lls
0COOJIUBICTE POOUTH BAXJIMBUM pETEIbHUM BUOIp 3acTOCyBaHb Tallya3uTy, LI00
rapaHtyBaTu Horo Oe3mneky Ta e(EeKTUBHICTb MPU BUKOPUCTAHHI B MEIWYHUX Ta
dbapmareBTUYHUX MPOAYKTAX.

Buxopucranast 'HT sax HOCIiB KaTami3aTOpiB BIAKPUBAE MOMJIMBOCTI IS
KaTaTITHYHOI X1Mii, 0COOJIMBO Y BEIMKOMACIITAOHUX TTPOMHUCIIOBUX MpoIlecax, TAKUX SK

nepepoOka HapTH. LlikaBUM € miJIXi/ 10 CTBOPEHHS KaTAIITHYHUX CUCTEM 32 JIOIOMOT OO
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['HT, sikuit 103BOJIsSIE BUKOPUCTOBYBATHU JIBa BapiaHTU PO3MIIICHHS KaTaai3aTopiB: abo
iMMOO1Ti3alliss HAHOYACTUHOK KaTajizaropa Ha 30BHimHIN noBepxui ['HT, abo cunres
KaTajizaTopiB y popmi HAHOCTPUIKHIB O€3MOCEPEHBO BCEPEINHI HAHOTPYOOK.

I[Is THYYKiCTP B  PO3MIIIEHHI  KaTami3aTopiB  JO3BOJISE  CTBOPIOBATU
JIBOKOMITOHEHTH]1 KaTaJIITHYHI CUCTEMH, J¢ OJWH THI KaTaji3aTopa po3TaIllloBaHW Ha
noBepxHi, a 1HmuA — Bcepeauni ['HT. Takwuit migxig Moxke 3HAYHO MOKPAIIUTH
e()EeKTUBHICTh KaTATITUYHUX TMPOLECIB, JO3BOJSIOUM OJHOYACHO TPOBOJUTU PI3HI
peaxiiii y B3a€EMOIOB'I3aHUX MICIISIX KaTami3y.

[TepeBara 'HT Takox mossrae y iX JOCTYIMHOCTI Ta HU3bKii BapTOCTI, IO POOUTH
iX MpUBaOJIMBUMH JJI 3aCTOCYBAHHS B IPOMUCIIOBOCTI, 30Kpema B HadTorepepoOili, e
noTpiOH1 Beauki 00'eMu katamizatopiB. ['HT MOXyTh CyKUTH SIK BUCOKOE(DEKTUBHI, TAK
1 EKOHOMIYHO BHT1JIHI HOCI1 KaTaji3aTopis.

Oxkpim HadTOmEepepoOHOI MPOMMCIOBOCTI, MOTEHIIHHI 3acTtocyBaHHs ['HT sk
HOCI1B KaTai3aTOPiB MOKYTh BKJIFOYATH €KOJIOTTYHO YMCTI TEXHOJIOTI, Taki Ik 00poOKa
CTIYHMX BOJ, BHJAJCHHS 3a0pyAHIOBAuiB 3 TMOBITPS Ta BHUPOOHUITBO YHUCTUX
€HEProHOCIiB.

I'HT BupizHSIOTHCS YHIKAJIBbHOIO KOMOiHAIE€0 TpyO4acToi (hopMH, BHCOKOTO
ACIEKTHOIO BIJTHOIICHHS, MPUPOJIHOI JTOCTYMHOCTI, pO3MAiTOCTI (PYHKIIH, BIAMIHHOI
010CyMICHOCTI Ta 4yI0BOi MEXaHI4HOI CTIMKOCTI. Takuii Habip BIacTUBOCTEM 3a0e3mneuye
iM MexaHIYHl, TepMajibHI Ta O10JOTIYHI XapaKTEPUCTUKH 3a JIOCTYIHOKO I[IHOK B
MOJIIMEPHUX HAHOKOMITO3MTAX Ha OCHOBI ranyasuty. B pesynbrari, [ HT npencraBistoTs
3HAYHUN 1HTEpEC K HAHOYACTUHKH JJIsi CTBOPEHHS BUCOKOIMPOIYKTUBHHUX MOJIMEPHUX
KOMITO3UTIB Ta MYJIbTU(YHKIIIOHAIbHUX HAHOKOMIIO3UTIB [66].

Oxkpim npupoanux xapakrtepuctuk ['HT, posmoxain yacToxk y cepedoBUIN Ta
B3a€MO/IIT HA MeX1 (pa3 CTAaHOBJIATH JBA KIIOYOBI aCTMEKTH, 10 (POPMYIOTH BIACTUBOCTI
MOJIIMEPHUX HAHOKOMITO3UTIB. BaxuBiCcTh PyHKIIOHANI3a1[1i TOBEPXHI HAHOTPYOOK JIJIst
ix 1HTerpamii Ta BHUKOPWUCTAHHS 3 METOIO TMOJIMIICHHS MEXaHIYHUX, TEPMIUYHUX 1
O10JIOTIYHUX XapaKTEPUCTUK KOMITO3UTIB HE MOXKHA HEIOOIiHIOBaTU. Pi3HI MeTtoau
dbyHKIIOHATI3aIll1, IK KOBAJEHTHI, TaK 1 HEKOBAJIEHTHI, MalOTh CBOI IepeBaru, i BUOIp

crioco0y 3aJIeXUTh BiJ TUIYy MOJIMEPHOI OCHOBM Ta eKoHomiuHocTi mpouecy. ['HT
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MOKHa €()eKTUBHO KOMOIHYBaTH 3 OararbMma MoJiMeEpaMH 3a JI0MOMOTOK CTaHJAPTHUX
METO/IIB Ta TeXHIK. MeTroau OOpOoOKM MONIMEPHUX HAHOKOMIIO3HUTIB 3 Tallya3suTOM
BKJIFOYAIOTh TEXHIKHM 3MIITyBAaHHA B PO3YMHAX, OOPOOKY pPO3IUIABOM, IOJIMEPHU3aIlio
0e31mocepe/lHbO B CEPE/IOBUII, BUTATYBaHHS 3 PO3IUIABY Ta MOCIHIJIOBHE HAHECEHHS
mapiB. OCHOBHa MeTa 0OpOOKH TOJIATAE Y TOCATHEHHI SKICHOTO PO3IMOALTY HAHOTPYOOK
1 e(DeKTUBHUX B3a€EMO/IIM Ha Mexk1 (a3 MIXK TalyasuToOM 1 IoJIiMepaMu.

Hanoxomnosutu, 1o 6a3yroTbest Ha komOiHatii [ HT 3 momimepamu, BUPI3HIIOTHCS
3HAYHUM TIOJINIICHHSIM MEXaHIYHUX, TEPMAIbHHX 1 BOTHECTIHKHX XapaKTEPHUCTHK.
JlonatkoBo, Taki MarepiajJd MPOSBISAIOTH OCOOJMBI  BJIACTUBOCTI Y  MPOIEC]
KpucTanizauii. BluinB Ha 3MIITHEHHS TOJIIMEPY MArOTh Takl (PaKTOPH, SIK KOHUEHTpALis
HANoOBHIOBaYa, CTaH MOr0 JUCIEpryBaHHS Ta anare3iss Mk dazamu. J[Jisi JOCSTHEHHS
MaKCUMaJIbHOTO e(eKTy Bl apMyBaHHs HEOOX1AHO alanTyBaTu Mikda3He CIOIyICHHS
110 yHIKasbHHUX Xapakrepuctuk [HT.

Hanoxomnosutu Ha ocHoBl ['HT Ta mosiMepiB BUSBIISIIOTh BUCOKY O10CYMICHICTD
Ta 3JaTHICTh J0 TPUBAJIOro BHUBLIbHEHHS A®I, mo poOuTh iX MOTEHIIHHO HOBUMHU
KaHAuAaTaMu JUIs 3aCTOCYBaHHS B 00JIacTi TKAHUHHOI 1HXKEHEpIi Ta SK JIKapChKi
npenaparu MpoJIOHTOBAHOTO BUBIJILHEHHS [67].

Buxopucmanns eanyasumy ona gpomozaxucmy. dotonerpaaailisi € cepio3HOO
npobieMor0 y ¢apMaleBTHUIll, OCKIIbKHM BOHA CIPUYMHSE PO3KIAJAHHS aKTHBHHUX
dbapmaneBTUYHUX 1HTPENIIEHTIB M7 BiimBoM Y@ Ta Buaumoro cBitia. Llel mporec
CYIPOBO/IKYETBCS BTPATOID TEPANEBTHYHOI €()EKTUBHOCTI, YTBOPCHHSM TOKCHYHHUX
MOOIYHUX TPOMYKTIB 1 CKOPOYCHHSIM TEPMIHY MPHUAATHOCTI mpemnapatiB. Hampukian,
HECTaOUIbHI AHTUOIOTUKH, AHTUOKCUIAHTH, BITAMIHM Ta TOPMOHAJIbHI MpernapaTu
0COOJIMBO CXWJIbHI 0 (oTojerpaaarlii, 1m0 3HAYHO YCKJIAJHIOE iX 30epiraHHs Ta
BUKOPHCTAHHSI.

VY  (dapmaneBTruniii mpomucioBocTi g 3axucty A®I Big BIIMBY CBITIA
3aCTOCOBYIOTHCS Pi3HI TexHOJIOT. OMHUM 13 TMOMUPEHUX METOAIB € BUKOPHCTAHHS
yibTpadioneToBux abcopOepiB, MO0 BKIOYAE TOAABAHHS J0O MPEMapaTiB CIEHiaIbHUX

CIOJIYK, 3JaTHUX €(PEKTUBHO MOTrJIMHATH YD BUIIPOMIHIOBAHHS.
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TakoX IIUPOKO 3aCTOCOBYIOTHCS CBITJIOCTAOLII3aTOpU — 1HTIOITOPH, SIKI
NEPEIIKO/KAIOTh 1HIIIIOBAHHIO JIECTPYKTUBHUX MPOIECIB MmiJ BIUIMBOM cBiTna. Lli
pedoBUHU 3a0e3meuytoTh cTa0uIbHICTh ADI 1 3HNKYIOTh PU3UK IXHBOTO PyHHYBaHHSI.

3HauHy poJib BIAIrpa€ BUKOPUCTAHHS 3aXHCHUX yMakoBOK. [l 1poro
dapmareBTUUHI 3ac00M 30€pIiraloTh y CBITIIOHEIPOHUKHUX MaTepialiax, 0 CTBOPIOIOTH
bi3uynuii 6ap’ep 1 3axuinaroTb ADI Big mpsIMOro KOHTAKTY 31 CBITJIOM.

[Ile ogHMM 1HHOBAIIMHUM ITIIXOJOM € IHKAIICYJIAIs, sKa nepeadoadae (pizuuny
130JIS11110 aKTUBHHX 1HTPEIIEHTIB Y HAHOYACTUHKAX, JINOCOMAaX, IIMKJIOACKCTPUHAX ab0
iHmux matpuipix. et meton He numie 3axumae A®I Big cBiTia, ajge ¥ MOXKe CIPHUATH
KOHTPOJIbOBAHOMY BHUBUIBHEHHIO JIIIOYMX PEYOBHUH, WIO IMIJBHILYE €(PEKTUBHICTh
npenaparis [68].

HesBaxkarouu Ha €()eKTUBHICTD ITUX METO/I1B, BOHU MalOTh IIEBHI OOMEKEHHS, TaKi
K BHUCOKa BapTICTh, CKJIAJHICTh MaclITaOyBaHHs, BIUIMB Ha OiogocTynHicTh ADI Ta
HEJIOCTAaTHIM pIBEHb 3aXHUCTy y BHUIAJKaX KOMOIHOBAaHMX BIUIMBIB CBITJIA, KUCHIO U
TeMriepaTypu. Y ILbOMY KOHTEKCTI 3aCTOCYBaHHS HOBUX HAaHOMAaTeplajiiB, 30Kpema
rajgyasury, € IepCIeKTUBHUM HAMIPSIMOM, 1110 IOE€JIHYE B COO1 EKOHOMIYHY €(DEKTUBHICTb,
IPOCTOTY 3aCTOCYBaHHS Ta BUCOKUN PIBEHb 3aXUCTY.

OpHiero 3 KIIOYOBUX MEpPEBAr rajyasuTy € 3AaTHICTh 10 IHKAINCYJIALii Moaekyn JI3
y BHYTpINIHIX TOPOXXKHUHAX HOro HaHOTpyOok. lleil mporec CTBOpro€ 3axUCHUM
MIKpOCEpEIOBHIIHUN O0ap’ep, SKUH 130J110€ aKTUBHI PeUOBUHU Bif Y @ BUTIPOMIHIOBAHHS,
KHCHIO Ta BoJiord. KpiMm TOTO, ramya3ut BOJIO/II€ BUCOKOIO CTIMKICTIO 10 Y@ MpOMEHIB,
PO3CIIOIOUH X 1 3MEHIIYIOUH IHTEHCUBHICTh BILUTUBY Ha 1HKAICYJIbOBaHI PEUOBUHHU.

BaxxnuBo 3a3HaunTH, 110 LEH MaTepial BIAPIZHIAETHCS XIMIYHOK 1HEPTHICTIO, IO
JI03BOJIsSIE BUKOPUCTOBYBATH HOTO Y (hapMalleBTUYHUX CUCTeMax 0e3 pU3NKy HeOaKaHUX
XIMIYHUX B3a€EMOJIIN 13 JIKAPCHKUMU KOMIOHEHTaMH. Takok Horo 0G10CYyMICHICTH Ta
eKOJIOTIuyHA OE3MEeUHICTh € JOJaTKOBUMH TiepeBaraMu ISl IHUPOKOTO BIIPOBAKEHHS Y
dbapmareBTUYHE BUPOOHHUIITBO [69].

[Tonpu HasIBHICTH TOCIIKEHB 11010 3aranbHoi iHKancymsiii ADI 3a qomomororo

rajyasuTy, HOro MOTeHIIal JJIs 3aXUCTY BiJ (DOTOerpaiallii 3aJuIIaeThCsl HEI0CTaTHBO
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BUBYEHUM. 30KpeMa, MEXaH13MHU BIUIMBY Trajlya3uTy Ha KIHETUKY (POTOXIMIYHUX peaKIlii
B KOMIUIEKCHHUX (hapMalleBTUUHUX CHCTEMaX MOTPEOYIOTh MOAABIION0 aHAMTi3Y.

Oco065mBOi yBaru 3aciyroByIOTh CBITJIOUYTIUBI Ccrioiayku, Taki sk AJIK ta M®.
M®, sgx aHTHUOIOTMK IIUPOKOTO CIHEKTpa MAii, JEMOHCTPYE BHUCOKY TEpaneBTUYHY
e(EKTUBHICTh, MPOTE CXUIBHICTh 10 POTOAECTPYKIIIi 3HAUHO 3HIKYE HOTO CTaOIbHICTD
Ta eekTuBHICTh. BogHouac AJIK, BimomMuii aHTHOKCUAAHT, aKTUBHO BUKOPUCTOBYETHCS
B MEJIMYHIN MPAKTHUIIl 3aBASKA CBOIM PEryJSTOPHUM BJIACTHUBOCTSIM B OKHCIIOBAJILHUX
mporecax, Mmpore il HEeCTIMKICTh A0 [ii CBITJIAa 3HAYHO OOMEXye (apmaleBTHUHI
MO>KJIUBOCTI.

TakuM 4MHOM, 3aCTOCYBaHHS ralya3HuTy K 3aXMCHOI'O MaTepiany BiIKPUBA€E HOBI
MEPCIIEKTUBU ISl TIJIBUIIECHHSI CTAOUIBLHOCTI CBITJIOUYTJIMBUX MpenapartiB. OIHaK s
MOBHOIIIHHOI peati3allii Horo MmoTeHIiany HeoOX1HI MOJabll HAYKOBI JTOCIIHKEHHS,
COpsIMOBaHI Ha BHBYEHHS MEXaHI3MIB (OTO3aXHUCTy Ta KIHETUKHU JAerpajaliiiHux
MPOILIECIB Y MIPUCYTHOCTI TaIya3uTy.

BaxnuBum acniektom € 3axuct JI3 Bim dotomectpykiiii. doToaecTpyKIlisas — 1€
MPOIIEC PO3KIIaly a00 pyHHYBaHHS MOJICKYJI aKTUBHUX PEYOBUH IT1/1 BILTUBOM CBITIIOBOTO
BUNIPOMIiHIOBaHHS, 30kpemMa Y®. Bona mnpuszBoauTh 10 BTpPaTH TEPaANEBTHYHOI
aKTUBHOCTI, YTBOPEHHS TOKCUYHUX MPOAYKTIB 1 3HUKEHHSI CTa0IIILHOCTI MperapaTiB.

Jiist 3anobiranHs poToaecTpyKIlli 3aCTOCOBYIOTh Pi3HI MiJIXO/IU, CEPET AKUX:

e BHUKOPHUCTAHHS 3aXHMCHUX YIIAKOBOK 3 MarepianiB, 0o OJokyioTh Y-

BUIIPOMIHIOBaHHS;

e BBEJCHHS JIO CKJIQy MpemnapaTiB cTadimi3aTopiB a00 aHTHOKCUIAHTIB;
o IHKAICYJIALIS aKTUBHUX PEUYOBHH y HaHOMATEplasd, sIKI €KPaHYIOTh CBITJIO abo
3a0e3MeYyI0Th KOHTPOJIHOBAHE BUBIILHECHHH.

Cepen Takux HaHOMATEpialiB TEPCICKTUBHUM € Talya3uT. 3aBIsIKW CBOIU
VHIKQJIbHIM HAHOTPYOKOBIM CTPYKTYypl, BIH 3JaTHUM €(EKTHUBHO 3aXUIIATH aKTUBHI
PEYOBHMHHM BiJl BIUIUBY CBITJIa, TeMIEparypu Ta OokucHeHHs. OmHaK, HE3BaKalOYM Ha
OUYEBH/JIHI MTEPEBAry, rajgya3uT 3aJIUIIAE€ThCS HEIOCTATHRO BUBYEHUM HaHOHOCIEM [70].

Tomy poGoTa, cnpsiMOBaHa Ha JOCJIPKCHHS HOTro BJIACTUBOCTEH, MEXaHI3MiB

B3a€MO/II] 3 aKTUBHUMH PEUYOBHHAMH Ta ONTHUMI3AIII0 METOJIB MOr0 BUKOPUCTAHHS, €
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aKTyaJIbHOIO Ta BIJIKPUBA€E HOB1 MEPCIIEKTUBHU JIJI1 CTBOPECHHS 1HHOBAI[IHHUX JIIKAPChKUX

dbopm.

1.3 ®orToaecTpyKuia JiKapCbKHUX CYOCTAHWIiA Ta NUIAXH IX 3aXHMCTYy BiJ

doronerpaaamii

doToIeCTPYKIIIS JTIKAPCHKUX CYOCTaHIIN € cepilo3HO0 TPOOIEeMOI0, 1110 BILJIUBAE
Ha TXHIO €(EeKTUBHICTh, O€3MEeYHICTh 1 TepMiH 30epiranHs. barato A®I ming BIiIMBOM
CBITJIa 3a3HAIOTh XIMIYHMX 3MiH, SIKI 3HHUXYIOTh TEpanmeBTUYHY AaKTHUBHICTh a0o
IPU3BOJATH 10 YTBOPEHHS TOKCHMYHUX MPOIYKTIB po3maay. Lls mpobiema ctocyerbest
IIMPOKOrO CIIEKTpa MpenapaTiB, BKIYHO 3 aHTUOIOTHKAaMH, BITaMiHAMHU Ta 1HIIMMH
010JI0T1YHO AKTUBHUMHU CIIOJTYKaMH, 1 TOTpeOye IHHOBAIIMHUX PIIICHb JIsl 3a0€3MeUeHHS
iXHBOI CTaOLIBHOCTI.

DOTOAECTPYKIIS € HACHIJAKOM BPAa3JIMBOCTI 0ararbOX OpPraHiYHUX PEYOBHH IO
BIUIMBY CBITJA, IO 3HUXKYE iXHIO CTAaOUIBHICTH 1 CKOpouye TepMiH 30epiranHsa. Lle
NUTaHHS € KpUTUYHUM He jauiue s JI3, ane i nis moniMepiB, OapBHUKIB Ta IHIIUX
MarepiamiB. JlocmipKeHHS MeXaHi3MiB (orojerpamamii € KIo4YeM 0 PO3YMIHHS
OCHOBHHMX XIMIYHHUX MPOILIECIB 1 pO3p00OKH €(heKTUBHUX TEXHOJIOTH 3axucty [71].

doToAECTPYKIIiS — I1€ 3/aTHICTh XIMIYHUX CIHOJIYK JO PO3KJIaay Iij BILTUBOM
cBiTina, ocobmuBo Y® BumpomintoBaHHs. MexaHi3M (Qoroaerpagaiii BKIOYAE
MOTJIMHAHHS (DOTOHIB MOJIEKYJIOHO, 1110 TIEPEBOJUTS ii Y 30yKEHU CTaH.

DOoTOAECTPYKIIISI OpraHIYHUX PEUYOBUH € OaraTOCTYIEHEBUM IMPOIECOM, SIKUN
3aITyCKA€EThCS i1 BIUIMBOM CBITJIOBOTO BHIIPOMiHIOBaHHS. Lleit mporiec € BaKIIMBHM SIK
y IPUPOJHUX, TaK 1 B TEXHOT€HHUX CUCTEMaX, aJI>K€ BiH BU3HAYAE MTOBEIHKY OPTaHIuHUX
MOJIEKYJT TiJ BIUIMBOM CBITJIa Ta HACIIAKK iXHBOI Aerpanaiiii. OCHOBHUI MeXaHi3M
dboToaecTpyKIli MOKHA YMOBHO PO3JIJIUTH Ha KIJbKa KJIOYOBHUX €TamiB: aOcopOIilis
CBITJIa, YTBOPEHHS 30y DKEHUX CTaHIB MOJIEKYJ, XIMIUHI MTEPETBOPECHHS Yy 30yI>KEHOMY
CTaHl Ta YTBOPEHHS KIHIIEBUX MPOAYKTIB aerpajaairii [72].

Ha mnepmiomy erami MOJEKYJIM OpraHidHMX PEYOBUH MOTJIMHAIOTH (OTOHU

BunuMoro abo Y@ citna. Enepris cBiTina moctaTHs st 30yKEHHS EJIEKTPOHIB
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MOJIEKYJIM, 10 MPU3BOJUTH JI0 MEPEXOY MOJIEKYJIH 3 OCHOBHOTO y 30Y>KEHHI CTaH.
[Tportec abcopO1ii CBITIA € MOKIMBUM 3aBASKH HABHOCTI XpoMO(OpiB — crerudpiaHux
(GYHKI[IOHATBPHUX TPYM, SIKI 3[aTHI MOTJIMHATH CBITIO y BuAuMii yn Y® uvactunax
criekTpy. XpoModopH 3a3BHYai BKIIOYAIOTh apOMATHYHI KIJIbIIS, TTOABIMHI 3B'S3KH a00
1HIII CTPYKTYPHI €JIEMEHTH, SIKI MOXKYTh €()EKTUBHO MOTJIMHATH €HEPTiIO CBITIA.

VY 30ymKkeHOMY CTaHI MOJIEKyJla CTa€ 3HA4YHO peakiiiHo 3natHimor. [le
3YMOBIJICHO THM, 110 €JIEKTPOHU IepeOyBarOTh Ha BUILIUX CHEPTreTUYHUX PIBHX, a XIMIUHI
3B'SI3KM B MOJIGKYJl CTalOTh ClIa0muMy. Y 1bOMY CTaHI MOXJIMBI PI3HOMAaHITHI
(bOTOXIMIUHI MPOIECH, 30KpEMA PO3PUB XIMIYHHX 3B'SI3KIB, IEPEHECEHHS CJIEKTPOHIB Ta
YTBOPEHHSI BUIBHMX paJuKamiB. 30YyIKEHI MOJEKYJIM MOXKYThb B3aEMOMISATH 3
MOJIEKYJIAMUA OTOYYIOUOI0 CEPEIOBHUILA, TAKUMU K KUCEHb, BOJIa a00 1HILI PeareHTy, 10
JIOJIATKOBO KaTaJli3ye Mpolec Aerpaaaiii. ¥ MpUCYTHOCTI KHUCHIO YacTO BiJIOYyBA€ThCS
YTBOPEHHS aKTUBHUX (OpPM KHCHIO, TaKMX SK CYNEPOKCUIHUN aHIOH-paJuKal,
TIPOKCUITBHUN pajiuKai a00 CUHTIIETHUN KUCEHb, K1 € MOTY>KHUMU OKUCHUKAMH.

Oco0smBe 3HaYeHHsI B MeXaH13M1 (POTOAECTPYKIIIL Ma€e PO3PHUB XIMIYHUX 3B’ A3KIB
y moJiekyni. Bucoka enepriss Y@ cBitiia 103BOJIsI€ iHILII0OBaTH po3puB 3B’ s13K1B C—C, C—
H, C-O uu iHmmx, 1m0 npu3BOAUTH 10 YTBOPEHHS BUIBHUX PauKaliiB a00 10H-pagrKaIiB.
[{1 yacTUHKH, y CBOIO Yepry, MOXKYTh I1HII[IFOBaTH JAHIIOTOBI peakilii, B KX OepyTh
y4acTh 1HIII MOJIEKYJIH, CIIPUYHHSIIOUN TIOJIaJIbINy Aerpanaitito [73].

YTBOpeHi BUIBHI paguKald € OJHHM 13 KIIFOYOBUX €JIEMEHTIB (HOTOXIMIYHOL
nerpaaamnii. Hampukinana, y MojeKyax 3 apOMaTHYHOIO CTPYKTYPOIO pYHHYBaHHS OJTHOTO
3 MOJBIMHUX 3B'I3KIB MOXKE TIPU3BECTU JI0 TIEPETBOPEHHS aPOMATHYHOTO KUTBIISI B MEHIIT
cTabimpHy CTpyKTypy. Lleil mpormec cympoBOMKYETbCS OKHUCICHHSIM 1 YTBOPEHHSIM
KapOOHUIbHUX 200 KapOOKCHIIBbHUX TPYH. Y CKIAIHUX OpPraHIYHUX MOJIEKYJIaX, TAKUX K
MoJTIMEpH, IIel MEXaHi3M MOJKE NMPU3BECTH JIO 3HAYHOTO 3HMKCHHS IXHBOI MIITHOCTI,
CTIMKOCTI /10 30BHIIIHIX BIUIUBIB a00 10 3MiHU KOJIbOPY.

[Iponyktu ¢doTomecTpykilii 3a3Buyail € MEHII CTaOUTbHUMH, HIK BHUXIJIHA
pPEYOBHHA, 1 YaCTO MAIOTh MOTIpIIIeH] BiacTuBocTi. Hanpuknan, y papmaneBTuyHiii chepi
(bOTOACCTPYKIliSE MOXKE MPU3BECTH JI0 YTBOPEHHSI TOKCUYHHUX MOOIYHUX MPOAYKTIB, SK1

CYTTEBO BIUIMBAIOTh HA O€3MeKy mpemapaTy. Y eKoJsorii (OTOAECTPYKIlis OpraHIvHUX
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3a0pyIHIOBaYiB MOXKe OyTH SIK TO3UTUBHUM, TaK 1 HETATUBHUM SIBULIEM: 3 OAHOTO OOKY,
1€ CIpUs€ PO3KIaTy HEOE3MEUYHNX PEUOBUH, @ 3 IHIIOTO — YTBOPEHI MOO1UH1 MPOYKTH
MOXYTbh OYTH I11e OUTBIIT TOKCHIHUMU.

Ha ¢oTonectpykiiito BIUIMBaIOTh YKCICHH] (haKTOPH, Cepe]l IKUX IHTCHCUBHICTH 1
JIOBKMHA XBUJI1 CBITJA, HASIBHICTh KUCHIO, TEMIIEPATypa, BOJOTICTh 1 HABITH JOMIIIKU B
cuctemi. Tak, Hampukiajg, KOpoTKoxBuiboBe YdD-sunpomidioBanHs (UV-C) € Ouibin
CHEPrOEMHHUM 1 MOXE CHPUYMHATH PYHHYBaHHS HaBITh CTaOUIBHUX MOJIEKYJ, TOMl SIK
TOBroxBuUaLoBe BUNpoMiHioBaHHS (UV-A) 3a3Bu4Yail BIUIMBA€E JIMIIE HA MOJICKYJIH 3
BHCOKOIO (POTOUYTIHUBICTIO [74].

Y pochiypkeHHSX — (QOTOAECTPYKIII  OpraHidyHMX  CHOJYK  LIMPOKO
BUKOPUCTOBYIOTBCS METOJIU XpomaTorpadii, CieKTpo(oTOMETpIi Ta Mac-CIIEKTPOMETPil
JUTst 11eHTrdiKaIli TPOMDKHUX 1 KIHIIEBUX MPOAYKTiB. Lle 103BoIsie He ulie AeTalbHO
BUBYMTHU MEXaHI13M (POTOAECTpyKLIi, a il po3po0asiTH ePeKTUBHI METOIU (POTO3AXUCTY,
Taki SK BHUKOPHUCTAHHS aHTUOKCHIAHTIB, HaHOMarepiajgiB abo MoaudiKaIlis
MOJIEKYJISIPHOT CTPYKTYPH PEYOBHH.

Takum 4YHMHOM, (QOTOAECTPYKISI OpPraHiYHUX CIOJNYK € OararoakTopHUM
TIPOIECOM, IO OXOILTIOE IMMPOKHiA cHekTp (OTOXiMIiUHMX peakiiiif. Ii posyminHs Mae
KPUTUYHE 3HAYCHHS y (papmalieBTUIl, XIMIYHIH TPOMHCIOBOCTI, €KOJIOT1i Ta CYMI)KHUX
rajy3sx, OCKIJBKH JIO3BOJISIE TPOTHO3YBAaTH TMOBEIIHKY OpPTaHIYHUX PEUOBUH T
BILJTMBOM CBITJIa Ta pO3pOOJISATH METOIH iX 3axucty [75-77].

AKTYaJIbHICTh J1aHOT MPOOJIEMH TIITBEPIKYE HASIBHICTh PEAILHOTO 1HTEPECY, 1110
BiIOOpaKeHUH y UYMCICHHMX HAyKOBHMX myOmikamisx. Tak, 3a JaHMMU HayKoBUX 0a3
nomyk crared 3a 10 pokiB (2008-2018) 3a kmouoBuMu cioBamu «photostability and
drugs» BusiBuB 1303 pesynbrat, a 3a cioBamu «photodegradation of drugs» BusBiIeHO
3392 pe3ynbTatu [78].

JIist 3aXMCTy OpraHiyHMX PEYOBUMH Bl (oroaerpajaailii 3acTOCOBYIOTh Pi3HI
nigxoar. OgHUM 13 HaWOUIBII €(EKTUBHUX METOMIB € BHKOPHUCTAHHS (DOTO3AXHCHHUX
areHTiB a00 HAHOYACTHHOK, K1 3/JTaTHI €KpaHyBaTH MOJIEKYJIH Bijl Y D-BUNIPOMIHIOBAHHS

a00 ctabui3yBaT ixX y 30y 1>)KEHOMY CTaHi.
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Cepen cyyacHMX MIAXOAIB 10 (POTO3aXHCTy OpraHIYHUX PEYOBUH IIUPOKO
BUKOPHCTOBYIOTHCS PsIJT HAHOCHCTEM Ta HAHOHOCIIB, SIKi BUKOHYIOTh POJIh KOHTEHHEPIB,
110 3aXHINAITh MOJICKYJIH BiJ CBITJIA, 3amooiraroun ixHi dotomaerpanaiii. Hampukian,
JIIIOCOMU  CTBOPIOIOTH Oap'ep MK OpPraHidHOK PEYOBHHOIO 1 HABKOJHUIIHIM
CEpEIOBHUIIEM, 3MCHITYIOYH BIUTHB Y O-BUTIPOMIHIOBAHHS.

[Tokpamenass (GoTocTabUIBHOCTI PETHUHONY, SIK 3a3HauyeHO aBTopamu [79],
JOCSITHYTO ~ LUISIXOM  IHKAICYJALIl Yy JINOCOMalibHI HAaHOKOHTEWHEpHU. 3aBISKU
MOJIBIMHUM JIIMITHUM IIapaM, MOJIeKyJia OyJia Ha/liiiHO 130Jb0BaHa Ta 3axuIlieHa Bij Y O-
BUIPOMIHIOBaHHS, IO IIJIBHUINIIO il CTAOUIBHICTh Y KOCMETUYHHUX 1 (hapMalleBTUIHUX
mpernaparax.

3rigHo 3 [80], 1HKamcyssIisg makiiTakceay B Minein Ha ocHoBl Pluronic F127
J03BOJIMIIa 3HM3UTH (oTOoAecTpyKiito mpenapary Ha 75%. Ili HaHOCTpPYKTYpHu
dbopmyBanu 3aXUCHE SAPO s T1APOoHOOHUX MOJEKYJ, MIABUILYI0YH (POTOCTAOUIbHICTh
0e3 BTpaTH (papMaKoJIOT14YHOI aKTUBHOCTI.

HocnipxenHst aBTopiB [81] mpoaeMOHCTpyBajao yCHiliHy po3poOKy TiOpuaHUX
(GyHKLIOHATBPHUX HaHoOMaTepiamiB Ha ocHOBI mpotonopdipuny-1X (PpIX) 1 'HT. V¥V
naHii po6oti monekynu PplX ancopOyBamucs na moepxHi ['HT 3 pizHuUM cTyneHem
arperyBaHHs. ABTOpH 3alpOIOHYBaJId MOXJIMBE MOSICHEHHS MeXaHi3My ajcopoirii PpIX
Ha noBepxH1 'HT. PesynpTaTu qociimkeHHsT TaKoXK MoKaszanu, mo aacopoiis PplX Ha
['HT, a takoxx cTymiHb arperyBaHHs MOJEKYJ, MOXXe OyTH KOHTPOJIbOBaHA 3MIHOIO
crniBBigHOIIEHHs KoHIeHTpalii PpIX i THT.

IlixaBo, 1o ¢oTomerpagamiiHi €KCIepUMEHTH BHSIBWIW: IICIIS Jerpagarii
130JIbOBAaHMX MOHOMEpPIB CHEKTpU (DOTOIIOMIHECIICHINT Ta KpuBl (QoToaerpamarii
CBIIYaTh MpO ICHYBaHHS CIIBBIJHOIICHHS MIXK 3aJMIIKOBUMH MOHOMEpPaMH Ta
nuMepamu, 3a sikoro ¢otoaerpanaiiis PpIX/T'HT cyTreBo 3HMKY€ETHCSA, 10 MTPU3BOIUTH
10 (popmyBanHs Outbil (poTOCTabUIBHOI cucTemMu. TakuM unHOM, cuctemu PpIX/THT
MOXXYTh CIPHUATA PO3POOIl OiIbIl ePEeKTUBHUX MPUCTPOIB 1 MPOIECIB HA OCHOBI
nopdipuHiB, a TaKOX JOMOMOXYTh Kpalle 3pO3yMITH MPOILECH arperyBaHHs Ta

dhopMyBaHHS CyNPaMOJICKYJIIPHUX CTPYKTYpP HOp(ipuHIiB.
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[Tomimepuni  HanouwactTuHkd  PLGA  (MOMi-MaKTUA-KO-TJIKOJI)  IIUPOKO
BUKOPHUCTOBYIOTBCS ISl 1HKANCYJSIIIT YYTIAMBUX CHONYK, 3aBASKH iX O10CYMICHOCTI,
010pO3KIaIHOCTI Ta 3/aTHOCTI 3aXMILATH aKTUBHI PEYOBHMHU BiJl 30BHIIIHIX (PaKTOPIB.
Hanpuknazn, aBropu po6oTu [82] MpoieMOHCTPYBaIU, IO 1HKAMCYJALIS KYpKyMiHY B
PLGA nHaHOYacTHHKH O3BOJIMJIA 301LIBIIUTH Horo (oTOCTaObLIBHICTS HA 75%, 3HAYHO
3MEHIIUBIIN Jerpajaniro mija BmummBoMm Y ®-punpomiHoBanHs. lle 3abe3meunsio
30epeKeHHS] AHTUOKCUJAHTHUX BJIACTUBOCTEH KYpPKyMIHY Ta [MOKpalIWIoO HOro
CTaOLIBHICTB MiJ Yac 30epiraHHs.

Hanomarepian, Takuil Sk MIOKCHJ TUTaHy, J0Ope 3apeKOMEHIyBaB cele sK
(h0OTO3axXMCHUI areHT. Moro 3maTHicTsh BimOMBaTH i MOrIMHATH Y ®-BUnpomMiHIOBaHHS
3HA4YHO 3HUXKYE PoToaecTpyKiito [83].

[asya3ut € mepcrneKTUBHUM MateplajoM i (OTO3aXUCTy, X04a JOCTIIKEHb Y
mid ramy3i Hebarato. OOHUM 13 HampsSMKIB € Moaudikaiis HOro HaHOTPYOOK s
IHKAnCyJsilii  OpraHiuHUX MOJIEKYJ, IO 3HIKYE I1XHIO YyTIuBICTH 10 YO-
BUINPOMiHIOBaHHS. TOMy MoanbiIl JOCHIIKEHHS CI1J] CHPSIMOBYBATH Ha OUTbII TIIMOOK]
JOCIIIKEHHSI MeXaHi13My (OTO3aXUCTy 3a Jonomororo iHkancyssuii B THT.

[anyasut, npupogHuii HaHOMaTepiaad 3 YHIKAJIbHOI TPyOUacTOI CTPYKTYpOIO,
NpUBEpPTAE YyBary JOCHIJHUKIB sK e(exkTuBHMM 3aci0 18 3axucty Big YO
BUIIPOMIHIOBaHHS Ta 3amoOiraHHs (oToaerpasatii. Moro 3marHicTh 1HKAICYyJIFOBATH
PI3HOMaHITHI CIOJYKH POOUTH HOTO0 MEpPCIEeKTHUBHUM JUIsl 3aCTOCYBAHHS B PI3HUX
ramys3sx.

VY nocnimkenni [84] Oyno MpoaeMOHCTPOBAHO, IO TANTYa3UT MOXKE €PEKTUBHO
IHKANCYJIIOBaTH KepaTWH, 3a0e3Neuyroyd MOoro CTaOUIbHICTH Ta TpHUBANLY [II0 B
KOCMEeTHYHMX 3acobax. Ile mo3Boiisie 3MCHINMTH HETaTUBHUM BIMB Y O-
BUIPOMIHIOBaHHSI Ha MIKIPY Ta MiJBUIIUTA €(PEKTUBHICTh COHIIE3aXMCHHUX IMPOIYKTIB
[85].

[ame mocmimkenHs [86] mokasano, 1o raaya3uT 3JaTHUN 3aXUIaTi POTOTYTINBI
JKapChKi 3ac00M Bij Aerpaaarii mij] BIUTMBOM CBITJIA. [HKANCymsIlist aKTUBHUX MOJICKYJT
y HAHOTPYOKH Tajlya3uTy 3MEHIINJIa iXHI0 (GoToAerpaallito, 30epiratoun TepaneBTHUHY

e(peKTUBHICTb MpenapaTis.
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Kpim  Toro, [87] JOCITIAVITH CUHTE3 riOpUAHUX HaHOTPYOOK
Halloysite@polyaniline (HA@PANI) msxoMm XiMidyHOT moJiMepu3aiii aHUTiHY
6e3nocepennbo Ha moBepxHi ['HT. ¥V mporieci cuHTe3y peryaoBaHHs TaKUX MapaMeTpiB,
SK KUCTIOTa-10MaHT, pH Ta ciiiBBiqHOIIEHHS Macu aHUTiHY (ANI) 1 ranyasuTy, 103BOJIAIIO
orpumatu nomiaHiTiH (PANI) 13 KOHTpOJbOBaHMMH CTaHaMU OKHCIEHHS, pPIBHEM
JOTTYBAHHS Ta BMICTOM, SIK1 BOY/IOBYIOTBCS Y CTPYKTYPY HAHOTPYOOK rajlyasury.

KucnoTtHicTh peakiiiHOi CUCTEMHU PETYNIOBAIM JIOAaBaHHSAM PI3HUX KHUCIOT-
nomanTiB, Takux sik HCl, H,SO4, HNOs3, Ta H3PO4. ExcniepumenTu 3 aacopO1iii mokaszanm,
mo cuHrte3oBaHi TiOpuaHi HaHOTPpyOKkM HA@PANI edextuBHo ancopOyrors Cr(VI)
OKCHUAHIOHM, a 3JaTHICTh JI0 aJCcOpOLIii 3aJeKUTh BiJi BUKOPUCTAHOI KUCIOTU-IOMAHTY,
pH cepenosuma ta cniBBigHomeHHss ANI no 'HT. 3okpema, naliBuily aacopOuiiHy
3natHICTh Oy1o 3adikcoBano niust HA@PANI, cuntezoBanoro 3 Bukopuctanasm HCI sk
nonanty 3a pH 0,5 ta cniBBigHomenHsM Mac ANI 1 I'HT y 204% (HP/0.5/204%-HCI).

Kpim aacopOmiiHuX BIAaCTHBOCTEH, JOCHIIPKEHHS BHUSBWIM, 110 TiOpHIHI
HaHOTpYOKn HA@PANI moxyTh 3a0e3meuyBaTi 3aXUCT Bij (poToaerpaaaiii yyTIuBUX
0 cBiTIa pedoBuH. 3o0kpema, cTpykrypa HA@PANI cnpusie crabimizaiii MOJeKy
NUIIXOM 1X e(EeKTUBHOTO 3aKpIIUIEHHS Ha TMOBEPXHI HAHOTPYOOK 1 OJHOYACHOTO
ekpanyBaHHs1 Y @-BurnpominioBaHHs. Lleit egekT 0coOMMBO BaXKIUBUM 1151 30€pEeKEHHS
CTabUIBHOCTI OPTraHIYHUX CIONYK, K1 MOXKYTh PO3KIAAATHCS i €0 CBITIA.

[ToBropue pomyBanus HA@PANI xucmoramu HNOs;, H,SO4, abo H;PO,
JIEMOHCTPY€E 3MIHY aJICOPOIIAHOI Ta 3aXUCHO1 3IaTHOCTI, 110 MIJKPECIIOE MOXIIUBICTh
TOHKOT'O HAJIAIITYBaHHS MaTepiay ajs KoHKpeTHuX norped. Hanpuknan, HP/0.5/204%-
HC 3a6e3mneuye HaliBuIlly cTaOUIbHICTD 7151 (POTOUYTIMBHUX MOJIEKYJI, aICOPOOBAHUX Ha
Horo noBepxHi, Ta ePEKTUBHO 3HUKYE (HOTOAECTPYKITIIO.

Ananiz FT-IR ta XPS micna axcop6mii Cr(VI) miaTBepauB, 0 OCHOBHUMU
aacopOLiitHuMu 1leHTpaMu € amid/iMiHOB1 rpynu (—NH'/=N*-), ski TakoX MOXYyThb
B3a€MOAIATH 3 (OTOUYTIIMBUMH PEYOBMHAMH, 3aM00Iraloud iX po3maay IUISXOM
CJIEKTPOCTATUYHOTO TMPUTATYBAHHS Ta 3aXUCTY BiJ OKHCIeHHs. LI pe3ynbpTaTu cBimuaTh

npo 3Haunuii noteHmian HA@PANI s BUKOpUCTaHHS HE JIMIIE Y BOJAOOYHIIEHHI, ajie
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i st crabimizanii poTonadbiIbHUX PEYOBUH Y (DapMalieBTUUHIN, KOCMETHYHIHN 1 Xap4uOBiii
IPOMUCIIOBOCTI.

BucnoBkmu 10 po3aiay 1

CyuacHi cucrtemu jaoctaBku JI3 crpsiMoBaHI Ha MiABUILNECHHS €(PEKTUBHOCTI Ta
Oe3neKu TepamneBTHYHUX 3ac0o0iB. BoHM 3a0e3nedyioTh KOHTPOJIbOBAHE BHUBLIBHEHHS
JIIOYMX PEUYOBHMH, MOKPAIIYIOTh iX O10J0CTYIHICTh Ta MIHIMI3YIOTh MOOIYHI €(hEeKTH.
OCHOBHUMHM UUISIMA TaKUX CHCTEM € JIOCSTHEHHS IIJIbOBUX KIITHH, IOJOJIAHHSA
O1ooriuHux Oap'epiB Ta 3HUKEHHS 103U JI3, 1110 3MEHIIIye PU3UK TOKCUYHOCTI.

[anya3ut € oHUM 13 MEPCHEKTUBHUX HAHOHOCIIB JJIA JIOCTAaBKH JIIKIB. 3aBIsKU
CBOIM VYHIKAJIBHUM (PI3UKO-XIMIYHUM BJIACTHUBOCTSIM, TaKUM SIK BeJIMKa MUTOMa
MOBEPXHs, MOPUCTICTh Ta 34aTHICTh 10 (yHkioHam3amii, 'HT mMoxyTs edhexkTuBHO
BMIIIyBaTH Ta BUBUIBHATA pI3HOMAHITHI TepamneBTUYHI areHtu. lle poOuth ix
17IealbHUMM I 3aCTOCYBaHHSI B HAHOMEIUIIMHI, OCOOJMBO IS JIIKYBaHHS
3aXBOPIOBaHb, K1 MOTPEOYIOTH TPUBAJIOTO Ta KOHTPOJILOBAHOTO BUBLIbHEHHS JI3.

Opnak, QoroHecTabUIbHI PEYOBUMHHU, SKI PYHHYIOTbCS MiA €0  CBITIA,
NOTPEOYIOTh CIEI1aTbHOTO 3aXUCTY JJIsl 3a0€3MeUeHHS 1X CTa01IbHOCTI Ta €)eKTUBHOCTI.
B upomy konrtekcti, HT MOXyTh BHKOHYBaTH pOJIb 3aXHCHOTO KOHTEHHEpa, KU
3ano0birae gerpaaaiii GOTOUYTIUBUX MOJIEKYI.

Tomy HanpsAMOK AOCTIHKEHHS MOXIIMBOCTI 3aXUCTy (POTOHECTAOITbHUX PEUOBUH

3a qonomororo 3aBaHTaxeHHs B ' HT € akryanbHuM.

Pe3zynomamu ananizy naykoeoi nimepamypu, npogeoerHo2o npu nid2omosyi 0aHo2o
PO30iNy, HABEOEHO 8 HACMYNHUX NYONIKAYIAX.
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PO3/1T 2
METOJIMKH JTOCJIJUKEHD

2.1 O0’exTH HOCaITKEHD

2.1.1-AxkTtuBHI papmManeBTHYHI IHTPeXi€HTH

AJIK € BaXJIMBOIO OPraHiuyHOIO CIIOJIYKOI, IO BIAITPAa€ KPUTUYHY pOJIb Y
MITOXOHJIpIaJIbHOMY METa0o0Ji3Mi €HEprii 1 CIYKUTh MOTYKHUM AHTUOKCHUIAHTOM. 3
XIMI4YHOT TOUKH 30py, BOHa Ma€ MoJiekyJsipHy hopmyiny CsHi40,S, 1 MonekynsipHy macy
206,33 r/monb. CTpyKTYpHO 1I€ OpraHiyHa CIIOJyKa CIPKH, 10 MICTUTh JUCYJIb(1IHUMA
3B'SI30K, SIKMA MOXE BIJIHOBIIOBAaTHCS OO0 JBOX cyhbdrigpunbaux (-SH) rpym,
YTBOPIOIOYHU JUTIAPOIINOeBy KUcaoTy. Ile poouts AJIK yHiKanbHOIO, OCKITBKH BOHA
MO>K€E JISITH K Y BOJHOMY CEpEOBHUII, TaK 1 B JIIMIAHUX MEMOpaHax, [0 pO3LIUPIOE ii
GyHKI10HATBHI MOYKJIMBOCTI B KJIITHHI.

VY mpuponi AJIK icuye y nBox crepeoizomepHux (opmax: R- ta S-i3omepu sik
3a3HaueHO Ha pUCYHKY 2.1. R-130Mep € npupoaHoto hopMoro, sika 010J0TIUHO aKTHUBHA
Ta BUKOHYE KOEH3MMHI (DYHKIIT B JEKIIBKOX EH3MMHHUX KOMILIEKCaX. Y XIMIYHHUX
CHUHTE3aX 4acTo oTpuMyroTh panemat AJIK, 1o MiCTUThH piBHI YaCTKH 000X 130MeEpiB,
OJIHAaK JIJIsl TEPareBTUYHOIO 3aCTOCYBaHHS 3a3BUYail mepeBary HaJlaloTh R-130mepy uepes

1oro 611bIry 010aKTHBHICTb.

Pucynox 2.1 CtpykrypHa popmyia 0-TimoeBoi KUCIOTH y 1BOX GopMmax : a — R

dopma , B — S — popma.
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Dizuxo-ximiuni enacmusocmi AJIK € BaXIUBUMU IS PO3YMIHHS 11 TOBEIIHKHU B
PI3HUX CepelOBUIIAX:
o Touxa nnaenenns: 60-62°C
o Kucnomuicmo (pKa): bnuzpko 4,7 mjisi THOJABHOI TPymH, IO BKasye Ha ii
CXUJIBHICTH A0 YTBOPEHHS CyNb(riapuabHoi GopMU B CTA00KHCIOMY CEPEIOBHUIIII.
o Pozuunnicms: AJIK moMipHO pO3UMHSIETHCSA Y BOI (3aJICKHO B1JI TEMIIEpaTypH Ta
pH cepenosuina), npote kpaiiie pO3UMHIETHCS B OPTraHIYHUX POZUMHHHUKAX, TAKUX

SK €TaHOJI, alleTOH, Ta METaHOJL.

o Cmabinvuicmy: Crionyka € BITHOCHO CTaOUIBHOIO 32 HOPMAJIbHUX YMOB, OJHAK

MO3K€ MIJAaBaTUCS JIerpaiaiii i BIUIMBOM BUCOKUX TEMIIEpATyp Ta NPy KOHTAKTI

3 KUCJIOTaMHU a0o0 JIyraMH.

Opni€ero 3 BaxIMBUX XiMiyHUX peakiid, sky AJIK Moxke BUKOHYBaTH, €
BIJIHOBJIEHHSI JUCYIb(QIIHUX 3B’S3KIB, IO JO03BOJISAE€ il BHUCTyNaTH SIK NOTYXHUUI
aHTHOKCUJAHT. BoHa Moke HeWTpani3yBaTH BUIbHI paJUKald Ta OKHCIIOBAJIbHI
PEUYOBHMHHM, TaKi SIK IEPOKCHUJ BOJHIO, T CIOPUITH pEreHepallii 1HIUX aHTUOKCUAAHTIB,
Takux sk BiTaMiH C Ta BitamiH E.

3 Touku 30py Oioximii, AJIK mie sk KOeH3UM y MpoIecax, Mo 3aTy4aroThCs J10
OKHUCJIEHHSI alb(a-KETOKUCIOT, 30KpeMa, y MipyBaTAEriAPOreHa3HOMY KOMIUIEKCI Ta
anb(a-KeTorayTaparaeriiporeHaznomy komriekci. Ll ¢gepmentatuBHi cucremu €
BOKJIMBUMH JIs TIEPETBOPEHHS TIIFOKO3M Ta 1HIIMX JKEepes BYTJICIIO B eHepTiio Y hopmi
anenosuHTpudochary (ATD).

o crocyerscst mpakTuunoi Ximii, AJIK Mae BaxIMBe 3HaUEHHS y CHHTETHYHIN
XiMii J11 OTpMMaHHs Pi3HMX OPTaHiYHUX CHOIYK CIpKH. [i 31aTHICTh 10 BiIHOBJIEHHS Ta
OKHUCJIEHHS MOXe€ OyTH BUKOpPUCTaHa B pEaKLisIX I CTBOPEHHA (GYHKIIOHAIBHUX
CyIb(TIIPIIBHIX TPYI, 10 € KOPUCHUM Y O100pTaHIYHIN XiMii.

AJIK Oyno mnpungbano y mnocrayanbHuka EP Reference Standards. Llei
MOCTaYaIbHUK TapaHTye€ BUCOKY SKICTh Ta BIAMOBIIHICTH CTaHIAapTaM €BPOIEHCHKOI
dapmakonei, 10 € BaXKIUBUM ISl IPOBEACHHS HAYKOBHX JTOCIIIPKEHb Ta €eKCIIEPUMEHTIB

y dapMalieBTUYHIN Ta 010XIMIUHIN ramy3sx.
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Bu6ip AJIK sx 06’€kTa 10CIiKeHh 00YMOBJIEHUH 11 YHIKaJTbHUMH O10JI0TTYHUMU
BJIACTHBOCTSIMH, 30KpeMa TOTYKHOIO AaHTHOKCHUIAHTHOIO akTuBHICTIO. [Ipote ii
¢doToHeCcTabIIBHICTH 00MEXKYE 3aCTOCYBaHHS y 6araTbox cepax, o poOUTh BUPIIICHHS
i€l mpoOjieMr HaJ3BUYANWHO aKTyaJlbHUM. JlOCTiPKEHHS CHpSMOBaHI Ha PO3POOKY
metofiB ctabimizamii AJIK, 30kpemMa HUISXOM CTBOPEHHS HAHOKOMIIO3MTIB, 3/aTHUX
3aXMCTHUTH ii BiJl pyHHIBHOTO BIUIMBY CBITJIa Ta 3a0€3MEeUUTH €(EeKTUBHE BUBUILHEHHS Y
IJTHOBUX CHCTEMaX.

M® — ue cuHTeTHMYHA CHONyKa, sIKa HAJEeKUTh J0 Kiacy (QTOPXiHOIOHIB
YEeTBEPTOro MOKOIIHHSA. BoHa BijjoMa CBOIMHM aHTHOAKTEpPialbHUMU BJIACTUBOCTSMH 1 €
BOKJIMBUM AareHTOM Yy JIIKyBaHHI 1H(EKIi, CHPUYMHEHUX UIUPOKHUM CHEKTPOM
MIKPOOPTraHi3MiB. 3 XIMIYHOI TOUKHU 30py, M@ mae ieHTpagbHUN XIHOJIOHOBHH KICTSIK 13
3aMIIICHHIMH, SIK1 3a0€3Me4yI0Th YHIKAIbHI BIACTUBOCTI I1€1 MOJIEKYJIH.

Monekyna M® Mae XIMIYHY CTPYKTYypY, ILIO BKJIIOYA€ KUIbKa BaXJIHBUX
GyHKIIOHATBHUX TPYII K 3a3HAYEHO Ha puc. 2.2:

o @mop B nonoxeHHi C-6 XIHOJIOHOBOTO fjipa 30UIbLIYE MPOHUKHICTh CHOJIYKU
yepe3 OakTepialibHI KIITUHHI MeMOpaHu, IO MiJICUIIIOE 1i €(PeKTUBHICTh MPOTH
OakTepiil.

o Memoxcuepyna B nonoxenHi C-8 nagae M® ctaOuibHICTh NPOTH JAETpajaallii Ta
3MEHIIIY€ MOKJIUBICTh PO3BUTKY PE3UCTEHTHOCTI Y MIKPOOPTaHI3MiB.

o Hiokcuminenosa epyna B mnonoxeHHi C-7 B3aeMoJi€ 3 aKTUBHHMHU LEHTpaMu
OakTepianbHuX (epmentiB, Takux gk JHK-ripaza 1 Tomoizomepaza 1V, mo e

BOKJIMBUM JIs1 1HT1I0yBaHHS 1X aKTUBHOCTI.

~
s
S
.

Pucynok 2.2 Ctpykrypna popmyna MO
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Ximiyni ma  ¢isuxo-ximiyni enracmusocmi MO € KIOUYOBUMHU i1 HOTO
(bapmMaKoIOTiYHOI AKTUBHOCTI:

o  Monexynapua gpopmyna: Co1HaaFN3O4-HCI.

o Monexkynapua maca: 437,9 r/monsb (riapoxsiopuaHa Gopma).

o Cmpykmypna ¢opmyna: llenTpanbHe XIHOJOHOBE sAIpo 3 (ropom,
METOKCUTPYIIOIO 1 JIIOKCUMIHCHOBOIO TPYIIOI0 Ha CHEHUBIUHUX TO3UINIAX
3a0€3MeUyl0Th BUCOKHH PIBEHb IMPOHUKHOCTI B KIITHHU OakTepid 1 MiI[HE
3B'sI3yBaHHS 3 MIIICHAMH (DEPMEHTIB.

o Touxa nnaenenns: 255-260°C (st T1ApOXIOPUAHOL popmu).

o Pozuunnicme: M® € nobpe po34YMHHUM Y BO/I1, IO IO3BOJISE 3aCTOCOBYBATH MOTO
B pi3HUX (apmakonoriyaux ¢opmax. Takoxk BiH [100pe pPO3UUHSETHCA B
OpraHIYHUX PO3YMHHHUKAX, TAKUX SIK €TAHOJI 1 METaHOJL.

o Jlinoghinonicms: Bucokuil koe@ilieHT PO3MOALTY MDK BOJHOI Ta JIMiJHOIO
dazamu crpusie MUPOKOMY PO3MOJLITY B OpraHi3Mi, 3a0e3Nneuyloyd BHCOKY
edexkTuBHICT M@ y TKaHMHAX.

Mexanizm aii M® noB’s3aHuil 13 0JI0OKYBaHHSAM (DYHKI[IOHYBaHHS OakTepiaabHUX
dbepmenTiB JIHK-ripas3u ta ronoizomepaszu V. 1i pepmenTH € KIIt040BUMH JJ1 TIPOLIECIB
perutikauii, Tpanckpuniii 1 penapauii JJHK y 6akrepiii. IIpu iHridyBanHi uux pepMeHTiB
M® npuzBoauTs a0 nopymieHHs ¢pynkuionyBanus JJHK, mo, B cBoto uepry, cnpuuunnse
rudenb OaKTepin.

bionoriuna akTuBHICTh M@ TIpyHTYEThCA Ha WOro BHUCOKIA 3JaTHOCTI MO
IPOHMKHEHHS B KIITUHH i B3aeMOJil 3 GakTepiatbHUMH MimeHsMu. Foro eekTHBHICTD
POTH TPAMIIO3UTHBHUX, TPAMHETAaTHMBHHX Ta ATUINOBHX TATOTEHIB 3a0e3meuyeThes
3aBJISIKA XIMIYHIN OyAOBi, SIKa MIJACHIIIOE CEIEKTUBHICTH 1 3MEHUIY€E IIAHCU PO3BUTKY
PE3UCTEHTHOCTI Y OaKTepii.

M® 6yB npun6anuii y EP Reference Standards, 1o rapanTye BiAnoBiiHICTh HOTO
SKOCT1 MDDKHApOJHUM (hapMaKOIEHHUM CTaHapTaM, 10 € BAXKIMBUM JIJI1 BUKOPUCTAHHS
y HAYKOBHUX JOCIIIKEHHSX.

M® OyB oOpaHuii B SKOCTI O0’€KTa JOCIHI)K€Hb, OCKUIBKH BIH IIIHMPOKO

BUKOPHCTOBYETHCA Y MEINYHIM MPAKTHIIL K €(pEKTUBHUIN aHTUOAKTEpI1abHUMN IIpenapar.
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[IpoTe cyTTeBa BTpaTa MOr0 aKTMBHOCTI IiJ] BIUIMBOM (OTOOMPOMIHEHHS CTBOPIOE
notpedy y MOIIyKy METOAIB crabimizarmii. JloCHimKeHHS CIpsSMOBaHI Ha PO3POOKY
3aXUCHHUX CHUCTEM, SIK1 MiHIMi3yI0Th (hoTonerpaaarito M®, 30kpema uepe3 BUKOPUCTAHHS
HAHOKOMIIO3HUTIB, 3/IaTHUX 3a0€3MEYUTH WOro CTaOIbHICTh Ta €(PEKTUBHICTh y PI3HUX

YMOBAX.

2.1.2 l'anya3uTHi HAHOTPYOKH

I'HT € yHiKanbHUM KJIacCOM HaHOMAaTEepiajiB Ha OCHOBI MPUPOJHOIO MiHEpaly
rajgyasuty — aJIOMOCWIIKATHOTO MiHEpaldly 3 MIKPONOPUCTOK CTPYKTYpOIO, IO
HANIEXKHUTh 0 Ipynu dinocuiikari. Moro ximiuxa dopmyna — AlSi,Os(OH),. Lleit
MIHEpaJl Ma€ IPUPOAHI By3bKl KaHAIHU a00 TPYOKH Ha MOJIEKYJIIPHOMY P1BHI, 110 pOOUTH
Horo mpuBabJIMBUM JIJISl IIMPOKOTO CIIEKTPa 3aCTOCYBaHb y cepl HAHOTEXHOJIOT1H.

Tanyasut npuabanuii y mocrayansanka Sigma-Aldrich (kox 685445-100G). Moro
MOJIEKYJIsipHA Maca cTaHOBUTH 294,19 r/monb, ryctuna — 2,53 r/cm?®, a 00'eM mop —

1,26—1,34 mn/t.
2.2 Meroauka 3aBaHTaKeHb GOTOUYTIMBHUX PEYOBHH B rajlyasur

Hnst 3aBantaxkendss B THT AJIK ta M® y nmocnimkeHHI BUKOPHUCTOBYBABCS
BakyyMHUI MeTo. Criouatky OyJia yTBOpEHa r'ycTa racrta 3 CyMillli PO34UHYy Ipenapary
Ta rajyasury y crhiBBigHomeHH1 2:1. IToTim g0 1i€i cycnensii nmogaBaBcs BaKkyyM, IO
CHPUSAIIO BUAAJCHHIO MOBITPS 3 MOBEPXHI rajlyasuTy Ta HaHOTpyOok. Ilicns mosiBu Ha
MOBEPXHI CycneH3ii Oyap0aIiok, Kl CBIAYMIIN MPO MOBHE BUJAICHHS MOBITPS, IPOCTIP
BCEpEeANHI HAHOTPYOOK 3aMIIyBaBCA PO3UMHOM JIOCHIIKYBaHUX peyoBuH. Llel nmponec
MOBTOPIOBABCSA KIJIbKa pa3iB, 100 MOBHICTIO 3aIIOBHUTH TPYOKH ralya3uTy MpernapaTamu.
[Ticnst 3aBepiieHHs] BaKyyMHOTO UKy CYMIIl IIEHTpUQYTyBalach, JeKaHTyBalach Ta
CYLIMJIaCh IMiJi BaKyyMOM. TakuM YWHOM, BaKyyMHHUI METOJ J03BOJHUB €()EKTHUBHO

3aBaHTAKUTH ralya3uToOBl HAHOTPYOKHU AOCIIIKYBaHUM npenaparom [88-95].
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2.3 Pinunna xpomarorpadisi, sik Mmerox BusHaueHHss AJIK ta M®P

2.3.1 Tun xpomarTorpagyBanHs

Jna nocnipkeHb oOpaHa obOepHeHo-(basHa Xxpomarorpadis, Mig dYac sSIKOI
rigpo@oOHI pPEUYOBHHM, PO3UYMHEHI B TOJSIPHOMY PO3UYMHHHUKY, B3a€EMOIIIOTH 3
HepyxoMoro (a3oro. Pinka ¢aza ckinagaeTbest 3 BOgHOTo Oydepa, o MICTUTh OpTraHi YHHiMA
Mou(DIKaTOp, POZYMHEHHUH Y BOI, 1 el MoaudiKaTOp YTBOPIOE PIAKY MOBEPXHIO MiXK
nBoMa (hazamu, pyxoMma € MOJIIPHOIO, a HepyXoMa — T1JIpopoOHOIO.

CopbOent mns inentudikamii AJIK ta M® B xpomatorpadii cKiagaerbcs 3
OCHOBHOI MaTpHIIi, /IO SIKOT «IPUIITUTI» OpraHivHl JITaHIH, sIKI MPEACTABISIIOTH COO0I0
aJIKUJIOBAaH1 BYTJIEBOIHEBI JIAHIIIOTH.

JlinoginbHe cepenoBUIIE CTAI[IOHAPHOT YACTHHH XPOMATOrpa(iuHOi CHUCTEMHU
N10Mpaiy TAKUM YHHOM, 100 MPUTITYBATH MOJIEKYJIM OPraHivHOTO MoudikaTopa 10
YTBOPEHHA  piakoi ajcopOumitHoi ¢asu. B sgKkocTi  MaTpUYHUX  TMOKPUTTIB
BUKOPUCTOBYBAJIHM OKTAICIIMIIbHI Ta (DEHOIBHI TPYIIH.

s inentudikamii AJIK ta M® Bukopuctano piaiuHHUM xpomarorpad Agilent
1290 Infinity II. Mynstucammmep 1290 Infinity II. Kroera Agilent Max-Light 3
TOoBXHHOIO onTuyHOro nuaxy 60 mm. DAD nerextop, Hacoc 1290 Infinity I Flexible

Pump.

2.3.2 Metoauka Bu3HA4YeHHs KOHHeHTpauii AJIK

SIK  pO3YMHHHMK BHUKOPUCTAIM CYMIII OYHUIIEHOI BOJM 3 METAaHOJIOM Y
cuniBBigHomeHH1 1:1. JIns mpurotryBanHs po3uumHy mnopiBHsHHsS 15 mr AJIK (EP
Reference Standards) po3uunsiim y 5 M1 METaHOIY Ta JOBOIMIA PO3ZYMHHUKOM JI0 00'eMy
50,0 mut. 1151 1OCTiIKyBaHUX PO3YMHIB BiAOMpain anikBOTY 5,0 MJI 3pa3Ky Ta JOBOIUIN
po3unHHUKOM A0 00'eMy 20,0 My, nmotiM 2,0 MJI OTPUMAHOTO PO3YMHY JTOBOAMIIU O
00'emy 20,0 MJT pO3UNHHUKOM.

XpomarorpadgyBaHHsT ~ IPOBOAWJIIM  HA  pIAMHHOMY  xpomatorpadi 3

JTIOTHOMATPUYHUM CHEKTPO(YOTOMETPUUHUM JeTeKTopoM. Inentudikamiro miky AJIK
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IIPOBOJIMJIM 32 I0IIOMOT 00 XpomartorpagiuHoi kojaoHku Zorbax C-18. B sikocti pyxomoi
¢dazu Bukopuctanu aneronitpui ta 0,2 M po3unn kamiiit gurinpodocdary. IBuakicts
NoTOKY pyxomoi (paszu ckmangana 1,7 mu/xB. TemnepaTtypa xpoMaTorpagpiqHoi KOJIOHKH —
30 °C. OnTtuyna ryctuHa nornuHadHs 220 M. O6’em mpoOu, mo BBOAuBCS 10 MKII.
Konnentparito AJIK Buznauanu 3a Biarykom (mAU—milli Absorbance Unit) gerektopa

xpomMarorpada.

2.3.3 MeToauka BU3HAYEHHS KOHUeHTpanii M®

JUiss mpurotyBaHHsT po3uMHHUKa BuKopuctaaud 0,50 r TerpaOdyTUIaMOHIIO
rigpocynsdary 1 1,0 r xamito guriapodocdary ta pozunnwin B 500 mu Bomau. Jlo
OJIep>KaHoro po3uuHy goaanu 2 mia ¢ocdopHoi kuciotu 1 0,050 r Hatpio cynbdiTy
0e3BoHOrO 1 10BeU Boaoro 10 1000 mit.

st mpurotyBanHsi po3uuny mnopiBHsHHA 17 mr M® (EP Reference Standards)
po3unHsd y 50 MJI pO3UMHHUKA Ta JOBOAWIA PO3YUHHUKOM 110 00'emy 100,0 mut. s
JOCITIIKYBaHUX PO3UMHIB BITOMPaK amikBoTy 2,0 MJI 3pa3Ky Ta JOBOIUIN POIUYHHHUKOM
10 o0'emy 100,0 mi.

XpomatorpayBaHHsi ~ NPOBOAMJIM  Ha  pIIMHHOMY  Xpomartorpadi 31
CHEKTPOPOTOMETPUYHUM JeTEeKTOpoM. [nmentudikamiro miky MO mnpoBoawnu 3a
nornoMororo xpomatorpagiyHoi kosioHku Inertsil Phenyl. B sxocti pyxomoi ¢daszu
BUKOPUCTAIM METaHOJN Ta po3uuH, Imo wmictute 0,5 1/m1 TerpaOyTuiamMoHio
rigpocynedary, 1,0 rv/n kamro gurigpodocdary 1 3,4 r/nm dochopHOi KHCIOTH.
[IBuakicTh MOTOKY pyxomoi (a3u ckinanana 1,5 mu/xs. Temneparypa xpomarorpadiunoi
KoJIoHKU — 45 °C. OnTtuuHa ryctuHa noriauHanas 293 am. O6’em npobwu, 1110 BBOJUBCS
10 mxn. Konnentpariito M® BuzHauanu 3a Biarykom (y mAU-milli Absorbance Unit)

neTekTopa xpomatorpada.

2.3.4 MeToauka BU3HA4YeHHS CyMiCHOCTI QLIbTPY Ta npodun

[Ipu BuKOHaHHI XpomaTorpadiyHOTO aHalli3y HEOOXIAHUM eTamoM € Mmiadip

G1IbTPIB, OCKUIBKM BOHHM 3a0€3Me4yloTh YHCTOTY MpoOM, BHUAANSIOUM HeOakaHi
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YaCTUHKU a00 MIKPOOPTaHi3MH, $KI MOXYTh CIIOTBOPUTH PE3yIbTaTH aHaJi3y.
[TpaBunbpHUit BUOIp ¢iabTpa Ma€ BUpIMAIbHE 3HAYEHHS IS 3a0€3IMEUYCeHHS CYMICHOCTI
Matepiany (irbTpa 3 mpoOOor0, abu YHUKHYTH HEOaKaHUX B3a€EMOJIN, IO MOXKYTh
npuzBectu 10 BTpat ADI a6o yTBOpeHHS MOOIYHUX PEYOBHH.

Bubip ¢ineTpa BimOyBaBcs HACTYNMHUM YHWHOM: PO3YMH MPOMYCKAId depes
obpanuii  pineTp, 30Mparoun  GUIBTpAT, SAKUM MOTIM  MiJAJaBaBCsA  aHaJI3Yy.
Bukopucrosyroun BEPX, nnpoBoguBcs aetanbHui aHati3 GuibTpaTy I 11eHTH(IKAIT
Ta KUIbKICHOI OLIIHKM KOMIIOHEHTIB po3uuHy. [lopiBHSHHS XpomaTorpaMm A0 1 Micis
GbinpTpartlii 703BOJSUIIO BUSBUTH OY/Ib-sIKi MOTEHIIIMHI 3MIHU B PO34YUHI, 30KpeMa BTpaTH
A®I abo nosBy HOBHX PEYOBHH, SIKI MOTJIM YTBOPUTHUCS Yepe3 KOHTAKT 3 (PUIBTPYIOUUM
MaTepiajioM.

OcranHiM eranoMm OyJia OLIHKa OTPUMAHHUX XpPOMarorpam 3 METOIO BHUSBIICHHS
OyIb-SKHX 3MIH y TKaX, 0 MOIJIO CBIAYUTH MPO HEOaKaHy B3a€MOJII0 MK PO3YMHOM
1 pUIBTpyIOUMM MaTepiaioM. TakuM YUHOM, 1€l MpoIec miadopy M03BOJsSE€ BUZBHAYUTH
NPUAATHICTh BUKOPUCTAHHS KOHKPETHOTO (IbTpa ISl OYMILEHHS (hapMalueBTUYHUX
PO3YMHIB, 110 € BAXKIMBUM Uil 3a0€3Me4YeHHs TOYHOCTI Ta HAAIMHOCTI PEe3yNbTaTiB

xpoMartorpadiuHoro aHamizy.

2.4 MikpoCKOMiYHi 10C/III>KEHHA

CyvacHi MeTou Bi3yaui3allli, BKIIOYAIOYM CKaHYIOUYy €JIEKTPOHHY MiKPOCKOTIIIO
(CEM) ta TpaHcMmiciiiHy enekTpoHHy Mikpockomito (TEM), BimirpatoTs KIIOUOBY POJIb Y
nociipkeHHi iHTepakiii Mk A®I ta 'HT. Bukopuctanuss CEM ta TEM no3Bosisie He
TITBKH TMIATBEPAUTH 3aBaHTaxeHHs A®DI y HaHOTpYOKW, aje ¥ OIHIOE PO3MOALI,
KOHLIEHTpPAIiI0 Ta CTAOUTbHICTh AKTUBHUX PEYOBHH B HUX. 3aBJASIKA BUCOKIN PO3AUIbHIN
3natHocti, CEM ta TEM 3a0e3neuyioTh JeTajbHE BHBYEHHS MOP(OJOTIYHUX Ta
CTPYKTYPHUX 3MIH y HAHOTPYOKaX, IO3BOJISIIOYM Bi3yasli3yBaTH iX BHYTPILIIHIO Ta

30BHIIIHIO CTPYKTYPY, a TaKOXk olliHioBaTu ctan A®DI BcepenuHi.
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B naniit poO0Ti BUKOPUCTAHO:

o TpancMmiciiinuii ckanyrounid enekTpoHHuit Mikpockon (C/TEM) Themis,
kommanist FEI (Thermo Scientific). Enextponna rapmara 3 KaToaoM i3 MOJIHOBOIO
emiciero Ilotku. I'panndna poszainbHa 3aaTHicTs: 0,7A y pesxumax TEM/CTEM npu
3aCTOCYBaHHI KOPEKTOpa 300paskeHHs Ta 30H/a. [liama3oH HApyTH, 10 TPUCKOPIOE, Bij
60 mo 300 xB. HAADF-gerektop. PosramoBani Ha oci MOTpiiHI JeTEKTOpU
DF1/DF2/BF. Kamepa Ceta 16M. Kamepu Gatan US1000/US4000. Cepist eHepreTHUHUX
¢inpTpiB Gatan. Super-X: BucokouyTiamBa Oe3BikoHHa cuctema EDX-merextopis
(3amarenToBaHa TexHodjoris). Jlerexkrop EDS 0,13 srad TinecHuit Kyt

o CkanyBanbHHil enekTpoHHud Mikpockon Hitachi S-4800field, poGoua

Hampyra 3.0 kV.
2.5 MeToaoJ10risi OTpMMaHHA TA0JI€TOK HA OCHOBI rajiyasury
2.5.1 Ilonepeanst 00poOKa MOPOUIKY

OCHOBHMUMH KOMIIOHEHTaMHM TaOJIETOK € BHUXIJHI TMOPOIIKH, SKI Tepen
VIIUTBHEHHSIM MaloTh TPOUTH eTam momnepenHnpoi oopooOku. lleit mporec BkiIro4YaB
CYILIHHS TaTya3uTy Y BaKyyMi IpoTIroM 24 roavH Ta IHIIUX JOMOMIKHUX KOMIIOHEHTIB
y cymuibHiM madi . Taka o6poOka HeoOXiIHA SISl BUJATICHHS BOJIOTH 3 MOPOIIKY, 110
MO>K€ 3HAYHO BIUIMHYTH Ha AKICTh YIIIJIbHEHHS Ta OTHOPIAHICTh MacH TabyeTok. Bosora
€ OJIHUM 13 TOJIOBHUX (DaKTOPIB, 110 BILUIMBAIOTH Ha aJre3110 MOPOIIKY, a TAKOXK Ha HOro
PEOJIOTI4HI BIACTUBOCTI, 1110, B CBOIO YEPTry, BIUIMBAE Ha MPOLEC YIIIJILHEHHS Ta SKICTh

FOTOBHUX TAOJIETOK.

2.5.2 Ckiaax KOMINO3ULIHHUX TA0JIETOK

[Topomiku mpecyBaiu 3 METOIO OTpUMaHHS TaOJETOK AlaMeTpoM 6 MM 1 Baroro
omu3bpko 100 mr. Taki napameTpu Oyn0 00OpaHO 3 ypaxyBaHHSIM CTaHAAPTHUX BUMOT JI0
JO3yBaHHS Ta 3py4yHOCTI npuiiomy Tabnerok. Ilicias aHamizy HayKOBO-TEXHIYHOI

JITEpaTypy, OCHOBHUX CKJIQJOBUX, IO BHUKOPUCTOBYIOThCS Yy (papMaleBTUYHIN
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MIPOMUCJIOBOCTI, a TaKOX BJIACTUBOCTEM 1 BUMOI 110 TabseroBaHux ¢opm, OyIio
PO3pO0ICHO ONTUMATBHUHN CKJIa JJIs1 KOMITO3UIIIMHUX TaOJIETOK.

Le#t cxman Brirovae 45 mr ramyasuty 3 ADI, 50 Mr MikpoKpHCTaIigHOT LETI0I03H
TS cTabLi3allli CTPYKTYpH, 2 MT HATP1I0 KPOCKAPMEIIO3H JJIsI TOJIIIIIICHHS PO3YUHHOCTI,
2 MT cTeapaTy Martiro K MacTHJIa JIsl IpecyBaHHs 1 1 MI KOJIOTIHOTO TIOKCUAY KPEMHIIO
JUUISL TIOCUJICHHST CTa0lIbHOCTI. Y ¢l KOMIIOHEHTH PETeNIbHO MiIi0paHi s 3a0e3neueHHs
HaJIIHHOI MEXaHIYHOI MIIHOCTI, CTa0lILHOCTI Ta €peKTUBHOIO BUBLIbHEHHS ADI, 110
BiZIMTOBIIa€ hapMaIeBTUIHUM CTaHAapTaM sl TabJIeToOBaHUX (POopM.

Bubip cxianoBux TabneTok 00yMoBiieHUH iX (DYHKIIIOHATLHUMHU BJIACTUBOCTSIMH,
HEOOXITHUMU JJis1 3a0€3MEeUeHHS BIAMOBIIHUX XapakTepucTuk JI3 Ta edeKTUBHOro
BUBLIbHEHHS ADI.

[Ipu3HaueHHs KOKHOTO 3 KOMIIOHEHTIB HACTYIIHI:

o [lanyaszsum 3 A®DI (45 Mr) BUCTyIae B poOJIl HOCIS JIIF0YOI PEYOBUHU, CIPUSIOUH
MOCTYIIOBOMY BUBUIBHEHHIO TMperapaTy, [0 BaXKIWBO [JIsi TPHUBAJIOrO
TEpareBTUYHOTO (DEKTY.

o  Mixkpoxkpucmaniuna yenonosza (50 Mr) 3abesneuye MeXaHI4YHy CTIMKICTh TaOJIETKH,
HaJIal04M 1i JIOCTATHIO IIIIBHICTh 1 KOMIIAKTHICTB. Llemromo3a Takox Mmokparrye
MIPOIIEC TPECYBAHHSI, YTBOPIOIOYHU CTA0LIbHY CTPYKTYPY TaOJIETKHU.

o Hampit xpockapmenosa (2 Mr) € Ie3IHTETpaTOpOM, IO CHPHUSIE IIBUIAKOMY
pO3MaaHHI0 TAOJIETKU MPU MOTPAIUISTHHI Y PIIMHY, TUM CaMUM 3a0e3Medyroun
IIBUJKE BUBUILHEHHS A1I0Y01 pEYOBUHU B OpraHi3Mi.

o Cmeapam machito (2 MT') BAKOHY€ POJIb KOB3aJIbHOTO areHTa, 3MEHIITYIOUU TePTS
MDK YaCTMHKaMU TMpU TMPECyBaHHI Ta TMOJIETHIYIOYM Mporec (OpMyBaHHS
Ta0JEeTKH.

o Konoionuii dioxcuo xpemmuito (1 Mr) BUKOPHCTOBYETBHCS SIK aHTH(PPUKIIAHUAN
areHT, 10 MEePelIKO/KA€ 3JIMIAHHI0 YacTMHOK 1 3a0e3leuye piBHOMIPHICTb

PO3MOiTy KOMIOHEHTIB B CyMIIII.
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2.5.3 IIpouec ymijibHeHHS TA0JIETOK

VY1iinpHEHHS TTOPOIIKY Yy MATPHUIll 3A1HCHIOBAIOCS MUISXOM MPUKIATAHHS THCKY
npotsarom 30 cexyna. s 1OCHiIKEeHHS BIUIMBY CHJIM YIIUIbHEHHS Ha AKICTh TaOJIETOK
Oy710 BUKOPHCTAHO MIICTh Pi3HUX piBHIB THCKY: 60, 120, 180, 240, 300 1 360 MIla. Bubip
TAaKoro jiama3oHy CWJI YUIUIbHEHHS [I03BOJUB OIIHUTA ONTHUMAJbHI YMOBU JUJIS
dbopMyBaHHS MIIIHUX Ta OJHOPIAHUX TaOJETOK, a TaKOX 3a0e3MedyuTH HEOoOXimaH1
pEoJIOTIuHI  BIACTHBOCTI TabnmeTok. BwuroToBmenns TabmeToxk 3aiiicCHIOBAIMA 3
BUKOPUCTAHHSAM aBTOMAaTHUYHOTO OJIHOMTYaHCOHHOTO HacTibHOTO ipecy KORSCH.

B momansmmx MOCTiKEHHAX ISl OTPUMAaHHS TaOJETOK BHKOPUCTOBYBAIM THCK
180 Mlla, sk HalO1IbII ONTUMAJILHUNA HA OCHOBI PE3yJIbTaTIB MOMEPEAHIX AOCTIIKEHb,
K1 TIOKa3aJiy, 110 caMe 11ed piBeHb THCKY 3a0e31euye HalKpallli peosIoriyHi BIaCTUBOCTI

Ta0JIETOK, iXHIO MILHICTh Ta OJHOPIHICTb.

2.5.4 Penakcanist Ta0JIeTOK

[Ticnst mporntecy yuiiibHEeHHST TabMeTKU Oy BUTPUMAaHI MpOTATOM 12 TOauH aiis
penakcanii. Lleil etan € BaxxJMBUM Uil 3a0€3Me4eHHs CTabIBbHOCTI (JOPMHU Ta PO3MIpPIB
Ta0JIETOK, a TAKOX ISl MiHIMI3aI[ll BHYTPIITHIX HAMPYKEHb, [0 MOKYTb CIPUYMHHUTH iX

pO3TpicKyBaHHA a00 nedopmarriro.

2.5.5 BuzHaueHHs napaMeTpiB Ta0J1eTOK

3aBepiaJbHUM €TaloM METOJUKU OYyJI0 BUMIPIOBAHHS Barv Ta po3mipiB TabJIETOK
nicist penakcarii. [i BUMip# 103BOJIMIIHN OIIHUTH OJTHOPIAHICTH CPOPMOBAHUX TAOJIETOK
Ta BIJANOBIJHICTh KIHLEBHX MPOAYKTIB BCTAHOBJIEHUM creuuikamiaMm. TOYHICTH 1
BiJITBOPIOBAHICTH MapaMeTPiB, TAKUX SK Maca Ta pO3MIpU, € KPUTUIHO BAXKIUBUMU JIJIS

3a0e3nedeHHs CTabUTLHOCTI, €PEKTUBHOCTI Ta OE3IMEKH JIIKAPChKUX 3aCO01B.
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VY miacymKky, neTanbHUM aHalli3 KOKHOTO €Taly METOJIMKH OTPpUMAaHHS TabJIeTOK
JI03BOJISIE BU3HAYUTH ONITHUMAJIbHI YMOBH JJISI BUPOOHUIITBA BUCOKOSKICHUX JTIKAPCHKHUX

Ipernaparis, 1O BiAMOBIAAIOTH BCIM HEOOX1THUM (papMaIleBTUYHUM CTaHIapTaM.

2.6 TecryBaHHS MOPOIIKOBUX IHIPEI€HTIB JJ BUTOTOBJEHHS TA0JeTKHU

2.6.1 BuzHauyeHHs KYTa IPUPOAHOIO0 CKOCY

OpHi€lo 3 KIIOYOBUX BIACTUBOCTEH, IO BHU3HAYA€ TMOBEAIHKY IMOPOIIKIB Yy
PI3HOMAHITHUX MpoIllecax BUPOOHMIITBA Ta OOpPOOKH, € KYT MPUPOJHOIO cKocy. BiH
B1JI00Opakae KOre31iHI Ta aAare3iiHi B3aeMo/I1i MK YACTUHKAMU MOPOILKY Ta BIJIUBAE HA
iX 37IaTHICTH JI0 YIIUJIbHEHHSI, PO3CUIIaHHA Ta MOTOKY.

B po0oTi BuUKOpUCTaHO MeTOA OJMKHBOTO 1H(PPAYEPBOHOTO BUIIPOMIHIOBAHHS
(bal4) B Pharma Test PTG-NIR , mo BiIKpyBae MOXJIMBOCTI MJii JETaJbHOIO
JTOCITIJIKEHHST BIACTUBOCTEHN MOPOIIKY, B TOMY YHCI1 KyTa MPUPOIHOTO C

KOCYy.

[Ipomiec BuUMIiprOBaHHS KyTa CKOCY MpOXOAMB y Kiuibka etamiB. Crodatky
MPOBOAWIM PETENIbHY MIATOTOBKY 3pa3KiB, [0 3a0e3neuyye Horo OJHOPIAHICTh Ta
BIIMOBIAHICTD 3aJlaHUM MMapaMeTpaMm sl TecTyBaHHs. Jlaii, MOpoiiok mnomimianu y
crieriajgbHO O00JIafHAaHUKM BIJACIK TpWIaLy, J€ BIAOYBaJOCS BJIAaCHE BUMIPIOBaHHS.
[Tpoxoasuu kpi3b 3pa3ok ball B3zaemojie 3 Marepianiom, JA03BOJISIOUA BU3HAYUTH KYT

ckocy. TecTyBaHHS BUKOHAHO BiAMOBIAHO 10 BUMor EP <2.9.36>.

2.6.2 BuzHayeHHs I'yYCTHHHU TAa0JIETKH MICJIs YCAAKH

['ycTuHa micnst ycaku € BU3HAYaJIbHOKO XapaKTEPUCTUKOIO ISl OLIHKHU SIKOCTI
TabJieToBaHMUX JiKapchkuX (popm. BoHa iHdopMye HAcC PO CTyMHiHb yCalKu MaTepiairy
micist Horo KoMripecii B TabJIETKY, 1110, B CBOIO Yepry, MOKE BIUTMHYTH Ha TaKl BaXKJIUBI
napamMeTpu, SK PO3YMHHICTh, IMIBUAKICTH poO3Maay, 1, B KIHIEBOMY MIJICYMKY,

01070CTYyHICTh aKTUBHUX PEYOBHH.
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[Ticyist mAroTOBKM 3pa3Ky, BUMIPIOBAHHS Macu Ta 00'eMy, BBEICHHS HEOOX1THUX
JaHUX, 3pa30K MOMIIIAIN Y BIJICIK A7 TecTyBaHHs Ha mpuiaai Pharma Test PT-TD300.
[Tpunag aBTOMaTUYHO BUMIPIOBAB I'YCTHHY MICIIA YCAKW, BAKOPUCTOBYIOUH 3a3/JaJIET b
3a]aHi TapaMeTpu TECTyBaHHsA. TeCTyBaHHS BHKOHAHO BiAMOBigHO 10 BuUMOr EP

<2.9.34>.

2.6.3 BumipioBaHHsi 00 €MHOI T'YCTHHHU Ta0JIeTKH

Meton BuMipioBaHHS 00'€eMHOI TYCTMHM € KIIOYOBUM IPOIIECOM B
(dbapManeBTUYHINA TPOMUCIOBOCTI, OCKIJIBKU JO3BOJISIE TOYHO BU3HAUNUTH MACy OPOIIKY
abo rpanyI, sika 3aiimMae eBHUMN 00'eM.

O0'emHa T'ycTHHA BIUIMBA€E Ha MOBEIHKY MOPOIIKIB MPH iX 00poOIli Ta KoMITpecii
B Ta0JIeTKH. 3HAHHS 00'€MHOI I'YCTUHHU JA0NIOMArae y BU3Ha4Y€HH1 ONTUMAaJIbHUX YMOB JIJIs
MIKCYBaHHSI, TpaHyJIOBaHHsS Ta TaOJeTyBaHHs, 3a0e3Meuyroyd OJHOPIIHICTh Ta
e(heKTUBHICTH JiKapchbkoi hopmu. HagMipHo 1IiibHI @00 3aHATO PO3CUMYACTI TAOJIETKH
MO>KYTbh MaTH 3MIHEHY IIBHUJIKICTb pO3Mady Ta abcopO1ii, 0 BIUIMBAE HA TEPANIEBTUYHUI
eheKT.

[Ticnst miArOTOBKM 3pa3ka, BAKOHYETHCSI BUMIPIOBAHHSA 00'€MHOI T'YCTUHHU. 3pa3oK
aKypaTHO MOMIIIAIN y MIpHUN MUJIIHAP a00 1HIIHI BiMOBITHUN KOHTEHHEP 00J1aIHaHHS
Pharma Test PT-SV100. BaxxnuBum Oyno 3a0e3reueHHsT PIBHOMIPHOTO 3arlOBHEHHS
KOHTelHepa 0e3 yThuCcKaHHs a00 HaIMIPHOTO YUIUIbHEHHS MOPOILKY, 1110 MOXE BIUIMHYTH
Ha pe3yibTaTu TECTY.

[licnst 3amOBHEHHSI KOHTEWHEpa 3pa3KoM, BUKOHYBAJM BUPIBHIOBAHHS MOBEPXHI
NOPOIIKY Juisi 3a0e3MedeHHs TOYHOro o0'emy. Maca 3amoBHEHOro KOHTEHHepa
BH3HAuanacs 3a JOMNOMOIOI0 TOYHMX EJEKTPOHHHMX Bar, IO J03BOJISIE pO3paxyBaTH
00'eMHY I'yCTUHY K BIJTHOIIIEHHSI MacH MOPOIIKY 70 HOro 00'eMy.

TectyBaHHS BUKOHAHO BiMOBIAHO 10 BuMor EP <2.9.34>.
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2.6.4 Busnauenns ingexcy Kappa

Innekc Kappa abo 1HAEKC CTHCIMBOCTI TMOPOIIKY BHKOPUCTOBYIOTH Y
dbapManieBTUYHIA 1HAYCTpil MJi1 BU3HAYEHHS CTYICHIO YIIIJIBHEHHS ITOPOIIKOBHUX
MaTtepiaimiB Tpu BHPOOHHWITBI Tabmerok. lledt iHAeKkc pomomMarae OIIHUTH PHU3UK
HENPAaBWIILHOTO J03YBaHHSA ab0 MpoOJIeMH 3 OJHOPIAHICTIO MOPOINKY, BIUTMBAIOYN Ha
AKICTh 1 €(EKTHBHICTh KIHIICBOTO TpOoAyKTy. BusznauenHs inuekcy Kappa mosBossie
miai0paTv ONTUMaIbHI YMOBH MpecyBaHHA. Po3paxoByeThes 3a HACTYITHOI (POPMYIIOLO:

Pt — PB

C=100 x ————
Pr

e pp — 00’ €MHA TyCTHHA MOPOILKY, I/CM°, pr - HACHITHA I'yCTHHA IIOPOIIKY ITiCIIs

ycaaku, r/cm® [105].

2.6.5 BusHaueHHs CHIBBIAHOLIEHHS XaycHepa

CriBBIJIHOIIEHHS] XayCHEpa — 1€ TOKA3HUK, IKUH BUKOPUCTOBYETHCS ISl OLIIHKU
CTYTEHs YIaKOBKH MOPOIIKIB Ta iX 3/[aTHOCTI JI0 IJIMHHOCTI /1711 BAPOOHUYUX MPOIIECIB,
TaKuX SIK TaOJEeTyBaHHS, KAarCYJIIOBaHHS Ta 3allOBHEHHS IOPOIIKOBHX CyMIIIEH.
3Ha4YeHHA 1bOT0 KOoe(DilieHTa JO3BOJISE OI[IHUTU IUNIMHHICTD MOPOIIIKIB: HIXK4Y1 3HAYEHHSI
BKa3ylOTh Ha Kpally IUIMHHICTh 1 MEHIIY CXWJIBHICTH JIO arjomeparlii, Toal SK BHIII
3HAUEHHA CBIYaTh MPO MOTraHy IJIMHHICTH 1 BUILY HMOBIPHICTh YTBOPEHHS 3TYCTKIB.

Po3paxyHok criBBiAHOIIEHHST XaycHepa 3/iiicHIoBaIu 3a popmysioro [105]:

_Pr
PB

H
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2.7 Metoau BUNIPOOYBaHb Ta0JI€TOK

2.7.1 Tect no po3naay TadJieToK

[le#i TecT KPUTHUYHO BAXIMBUM MJIs OIIHKMA IIBUIKOCTI, 3 SIKOIO TablieTKa
PO3MATAEThCS Y IEBHUX CEPEAOBUINAX (HANPHUKIAM], Y HUTYHKOBO-KUIIKOBOMY TPAKTI),
0 BIUIMBAE HA IIBUIKICTh BUBUIBHCHHS aKTHBHUX I1HTPEIIEHTIB 1, OTXKe, Ha
e(hEeKTUBHICTH JIIKAPChKOro 3aco0y. BumiproBaHHs CXMJIBHOCTI J0 po3Maay JI0IoMarae
BU3HAYUTH ONTUMAJIbHI (GOPMYJIAIIi Ta yMOBU BUPOOHUIITBA.

JJ1st mpoBeEHHS TECTY BUKOPHUCTAIIM CIEL1ai30BaHe 00JIaJHAHHS, a caMe anapar
Juisi BuMiptoBaHHs po3naay Pharma Test PTZ 100, sxuii imMiTye yMOBH HUTYHKOBO-
KHUIIIKOBOT'O TPaKkTy. TaOJIeTKH MOMIIIAIOTECS Y KOIIUKH, SIK1 3aHYPIOIOTHCSl B PIIUHY Ta
3IACHIOIOTh PYXM BBEpPX-BHU3, IMITYIOUM MEPUCTAIBTHKY KUIIKIBHUKA. TecTyBaHHS

BHUKOHAHO BIAIIOBIAHO 40 BuMoro EP <2.9.1>.

2.7.2 TecT Ha KPUXKICTH Ta CTHPAHHICTH

TecT Ha KPUXKICTh T4 CTUPAHHICTh € BAXJIMBUMU MapaMeTpaMu y KOHTPOJI SIKOCTI
dbapmaneBTUYHUX TaOJIETOK, SKiI JOMOMAararoTh OLIHUTH iX (I3WYHY CTIHKICTh TPH
TpaHCHOPTYBaHHI, 30epiraHHi Ta BukopucTaHHl. Amapatr Pharma Test PTF 300 €
MPWIAZIOM, SIKAW TTPU3HAYEHUH 11l POBEACHHS ITUX TECTIB.

TecT Ha cTUpaHHICTP BHU3HAYA€ KUIBKICTH TOBEPXHEBOTO Marepiainy, SKUN
CTUPAEThCA 3 TaOJETKH I Yac MEeXaHIYHOro TepTs. TabyieTKu NOMIMIAlOThCS B
cnemiaabHuil  OapabaH, sSKuil 00epTaeThcs HaA 3a7aHy KuUIbKiCTh 00epTiB. Ilicas
TECTYyBaHHS, CTUPAHHS BUMIPIOETHCS SIK BIJICOTOK BTPATHU Baru TaOJETKH, 110 J03BOJISIE
OIIIHUTU 11 MOBEPXHEBY CTIHKICTh 0 3HOCY. TecTyBaHHS BMKOHAHO BIJMOBIAHO 10

sumoro EP <2.9.7>.
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2.7.3 BuMipoBaHHsI TBEPAOCTI/MIHOCTI HA PO3PHB TA0JIETOK Ta IHAEKCY

KPHMXKOI'0 pyiiHyBaHHS

[lepen BUMiprOBaHHAM TBEPAOCTI KOXKHA TaOJETKa 3BAXKYETHCS, a 1l T€OMETPUYHI
napameTpH, Taki sIK JiaMeTp Ta TOBIIWHA, PETEILHO BUMIPIOIOTHCS. L1 mani HEoOXimHI
I 3a0e3MeyeHHs] TOYHOCTI TECTYBaHHS Ta JJII MOXJIMBOCTI KOpemsiii (hi3uYHHX
XapaKTepUCTUK 3 MIIHICTIO Ha po3puB. BuMiproBaHHS TBEpPAOCTI Ta BCIX 1HIIMX
napaMeTpiB MpoBoAUTHCA 3a Aoromororo Pharma Test WHT 4. Leit nmpucTpiii 3acTocoBye
KOHTPOJIbOBAaHUN TUCK 1O TaOJETKH /10 MOMEHTY Ii PO3pUBY, (PIKCYIOUH MHpPU LBOMY
MaKCHUMaJbHY CUITY, SIKYy Ta0JeTKa MOXKE BUTPUMATH.

AHani3 OTpMMaHHMX JaHUX [Ja€ 3MOrY BHM3HAYUTH BIANOBIIHICTh TaOJIETOK
BCTAHOBJICHUM CTaHAapTaM TBepaocTi. Hampukian, HaaTto TBepAl TaOIETKH MOXKYTh
MaTh MPOOJEMHU 3 PO3UMHHICTIO Ta a0COPOIli€l0, TOMI SK HAATO M'SIKI MOXYTh JIETKO
po3cunarucsa. TakuM 4MHOM, I1€ JOCIIIKEHHS JI03BOJISI€ HE TIIBKUA TapaHTyBaTH SIKICTh
NPOAYKUIi, aie W ONTHMI3yBaTW NpoOLECH ii BUPOOHULTBA Ta MOKPAIIUTH (HOPMYIH
JIKapChKUX 3aco01B. TecTyBaHHS BUKOHAHO BIAMOBIIHO 10 BUMoro EP <2.9.8>.

BumiproBanHs JiaMeTpaibHOI TBEPAOCTI TaOJETOK JO3BOJHIO PO3paxyBaTH

MIIIHICTh Ha PO3PUB (0):

B 2P
O-_T[Dt

ne P - e MitHicTh TabJeTKu Ha possiaMm, H, D - niameTp TabaeTku, M; ¢ - TOBIIIMHA
tabnetku, M [103].

Jist po3paxyHKy 1HIEKCY KpPUXKOro pyiHyBaHHs (BFI) Oyno BUKOPUCTaHO
MoaudikoBaHui Hallp MmyaHCOHIB Ta MaTpulb. Lleil HaOip ckiiagaBcs 3 BEpXHbBOI Ta
HUKHBOT CTOPIH, KOKHA 3 SIKUX Maja OTBIp Ta MTUQT, PO3TANIOBAHUMA TIO IIEHTPY. 3a
JIOTIOMOT0I0 1IbOTO0 Habopy Oyl CTBOPEHI KOMIIAKTH 3 LIEHTPAJIbHO PO3TAIIOBAHUM
oTBOpoM aiamerpom mpubau3Ho 1,0 mm. Lleit oTBip ciyryBaB AeeKTOM KOHIIEHTpALlii

HaIpy>KeHb MiJl yac BUIMPOOyBaHHA Ha po3TAr. [lotim Bu3Hauanu 3HaueHHs BFI s
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Ta0JETOK, AKI OyJM CHpecoBaHl JJIsi JOCSATHEHHS OJIHAKOBOI MIIIHOCTI Ha PO3PHUB 1

NOpUCTOCTL. PO3paxyHOK 1HAEKCY KPUXKOTO pyHHYBaHHS 3[1HCHEHO 3a (POpMyII0I0:
T
BFI =05 X(=——-1)
To

VY po3paxyHKax BUKOPHCTOBYETHLCS MEKa MIITHOCTI Ha pO3PUB Ta0JIETKH 3 OTBOPOM

(T, ITa) 1 mexxa MIHOCTI Ha po3puB 111101 Tabsnetku (To, 1a) [103].
2.8 JlocaigkeHHs KiHeTUKU BUBLUIbHeHHsI ADI

JlocmipkeHHl KiHeTUKW BHBLUIbHEHHS A®d] maroTh BuUpimIaabHE 3HAYEHHS IS
po3poOku  edeKTUBHUX JIKapCchbkuxX ¢opM. [loHsATTS KiHeTMKHU BUBLIbHEHHS ADI
OXOIUTIOE BUBUYCHHS IIBHAKOCTI Ta MexXaHI3My, 3a sSkuMu A®I BIIIUIAIOTHCS BIJ
JiKapcbkoi (OpMH Ta CTalOTh JOCTYIMHUMH il aOCOpOIlii B OI10JIOTIYHY CHUCTEMY.
BaxnuBiCTh 1BOr0 AacmekTy IMOJsra€e y MOXIHMBOCTI KOHTPOJIIOBAaTH MpoQiib

BUBLIbHEHHS JI3, 1110 103BOJISIE TOCITTA ONITUMAJIBHOT TEPANIEBTUYHOIT 1.
2.8.1 Tect Ha BuBLIbHEeHHS Ta po3unHeHHss ADI 3 THT

Mertonuka BumnpoOyBaHb, 110 Oyja BUKOPHUCTAHA Yy HAIIOMY JOCIIJKEHHI,
po3pobiieHa 3 ypaxyBaHHAM BuMor EP <2.9.3>. Ile mepenbavano mpoBeacHHS cepii
EKCIIEPUMEHTIB, METOIO SIKMX Oyso ouiHuTU piBeHb BUBUIbHEHHS ADI AJIK ta MO 3
['HT.

Jy1st 1bOoro OYJI0 BUKOPHUCTAHO CIIEIIalli30BAHMMN TECTEpP 3 00EPTOBUMHU JIOTIATIMH,
akui 31 mBuakicTio 100 00epTiB Ha XBWIMHY 3a0e3MeuyBaB OJHOPIIHE 3MINTYBaHHS
oydepnoro po3unny 3 JI3. O6'eM cepeoBuIIa s TOCHTIKEHHS piBHS BUBUTbHEHHS A DI
ckaagaB 900 mu, Temneparypa miarpumyBanacs Ha piBai 37,0 £ 0,5°C, mo € 61M3bKUM
10 (p1310JI0TTYHUX YMOB JIFOACBKOTO OpraHi3My.

TectyBanns Ha BuBiIbHeHHS A®DI 3 TabmeToxk mpoBoaMIOCS Ha IUGPOBOMY

tectepi pozunHeHHs ERWEKA DT 950, oGnagHaHoMy aBTOMAaTHMYHOK CHCTEMOIO
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BBEJICHHS TaOJETOK Ta aBTOMATUYHOIO CTaHIl€ 300py mpod ASS-9. MoHiTopuHT Y
PEXMMI pealbHOTO Yacy 3/1MCHIOBABCSA 3a JOMOMOTOI0 MPOTPAMHOTO 3a0e3MeyYeHHS
TestAssist.

OcCHOBY €KCIIEpUMEHTAJILHOTO CepeIOBUIIA CKIIaIu OypepHi po3unHH pizHoro pH:
1,2 (0,1M HCI), 4,5 (aneratamii Oydep) ta 6,8 (hocdharuuii 6ydep). Lle qo3B0MIO HAM
MOJICJIIOBATH YMOBH PI3HUX JUISTHOK TPABHOTO TPAKTY JIFOACHKOIO OpraHi3My.

[TpoTsirom mociiaKeHHs] aBTOMATHYHO BiOMpaIM MpoOu Ha aHaji3 uepes 4, 8, 12,
16, 20 Ta 24 roguHM micis MOYaTKy TecTyBaHHs. L{e 1ano MOXKIIMBICTh OLIHUTH KIHETHKY
PO3YMHEHHS ITpenapariB y AUHAMIILIL.

JIns miArOTOBKM XIMIYHUX PEAreHTIB Ta CEPENOBUIN JJII PO3UYMHEHHS OyIo
BUKOPUCTAHO BOJly HaWBHILOIO CTYINEHsS OYMILEHHs, oTpuMmaHy 3 ycraHoBku Milli Q.
Jlerazaiiis po34nHiB BUKOHYBaJIacs 3a JOIMOMOTOI0 CUCTEMH IMIJATOTOBKY CEPEIOBUINA Ta
nerazarii PT-DDS4 Big Pharma Test nuisixom HarpiBanss g0 404+2°C, ¢insTpanii mia
BaKyyMOM Ta TMEpEMIIIyBaHHS TiJi BaKyyMOM, IO € KPUTUYHO BaXXJIMBUM JIJIS
3ano0iraHHs BIUIMBY PO3YMHEHUX I'a3iB HA Pe3yJIbTaTh BUMIPIOBAHb.

Busznauenns Bmicty A®I y npobax npoBoauiocs 3a gonomororo BEPX B YO-
00J1acTi, 0 JO3BOJIMIO 3 BUCOKOIO TOYHICTIO OI[IHUTH iX KOHIICHTPAIlIIO B CEPEIOBHIIT
PO3UMHEHHS.

AHaJl3 OTpUMaHMX JaHUX BKJIFOYAB OIIHKY BI1JCOTKa BiJi HOMIHAJBLHOT'O BMICTY
PEYOBHH Yy BUNPOOYBATbHUX 3pa3kax. KIrO4YOBMM acmeKkToM aHaji3y CTaB PO3paxyHOK
dakTopy moaioHoCT (f), SKMU MO3BOJUB OLIHUTH KIHETUYHY MOJIOHICTH TPOQiiiB
pO34YMHEHHS. 3aBASKA I[HOMY MM MOTJIM 3pOOWTH BUCHOBKH IIOJO SIKOCTI Ta
e(EeKTUBHOCTI JIOCII)KyBaHUX MPEMapaTiB.

dakTop MOAIOHOCTI BU3HAYAIH 32 (POPMYIIOIO:

£ =50 % log{[l + (1/n):=1(R(t) - T(t))z]—o.s % 100}

Je: n - KUIbKICTh TOYOK KOHTpPONIIO; Ry - cepeaHe 3HAYeHHsA KUIbKICHOTO

Bu3HaueHHs A®DI, sxe mepeinuio B po3uMH B KOXKHIM BKazaHiM Touli Binoopy; Ty -
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cepeqHE 3HAYEHHs KUIbKICHOTO BU3HaueHHS A®DI, sike mepeuinio B po3uyuH B KOXKHIN
BKa3aHIM TodImi BiAOOPY, TpHW MTOCHTIDKEHHI TaOJEeTKH 3 Talya3uTOM B TeECTi

doToctabimpHOCTI [104].

2.9 ®Pizuko-xXiMiyHi JOCTIIKEHHsS] CTIHKOCTI iHKaNCyJl1bOBaHUX B TaJya3uT

A®@I mig xiero remneparypu

B pamkax eKCIepUMEHTAIbHOTO JOCHIIPKeHHS OyJlI0 TPOBEICHO OILIHKY
tepmocTabutbHOCTI  1BOX  A®Il:  mopomkonoaionoi  AJIK, Bigomoi  cBOiMHU
AHTHOKCUJAHTHUMH BJIACTUBOCTSIMH Ta IIMPOKUM 3aCTOCYBaHHSM Y JIIKyBaHHI Ta
IpO(UIAKTUI PI3HOMAHITHUX CTaHiB, Ta M®, epeKkTUBHOro aHTHOIOTHMKA IIMPOKOTO
cniekTpa Jii. JIjs mokpaileHHsT TepMidHO1 CTaOlIbHOCTI WX IHTPEAIEHTIB Ta 3 METOIO
BHUBYEHHSI MOIJIMBOCTI IXHBOI'O JOBFOTPHUBAJIOrO 30€piraHHs 0€3 BTPATH JIIKAPCHKUX
BJIACTUBOCTEN BHUKOPHCTOBYBABCS Tallya3UT — HATypallbHUW MiHEpas, IO MPOSBISLE
BJIACTUBOCTI HOCIs Ta cTabui3aTopa.

TectyBanHs npoBoauioch y tepmomadgpi Memmert UNB 200 3a temmnepatypu
60°C npotsiroM 24 ToauH, siIKa CyTTEBO TEPEBUIIY€E 3BHYaiiHi yMOBHU 30epiranns JI3.
Bubip Takoi BHCOKOi TeMmiiepaTypu OOYMOBJIEHUN HEOOXIJHICTIO BUKOHATH CTpec-
TECTYBAaHHS IHTPEIIEHTIB JUIA 1AeHTU(IKAIII TOTCHIIHHUX JerpajaliiHuX NUISXIB Ta
OIIIHKM MEX iXHBOI CTAOUIHHOCTI. 3a peKoMeHaIisMu MiKHApOAHOI KOH(EpeHIil 3
rapMoHizaiii TexHiuyHux BuMor a0 peectpauii JI3 gns moxpeit (ICH) npuckopeni
BUNPOOYBaHHS Ha CTAOUTbHICTH 3a3BHWYail MpOBOASATHCS mpu Temmeparypi 40°C Ta
BiIHOCHI# BoJiorocti 75% RH. Oxnak, a1t mpoBeIeHHS J0IaTKOBOI'O CTPEC-TECTYBaHHS,
10 J03BOJISIE OLIHUTH CTIMKICTh 0 €KCTpPEMaJbHUX YMOB, MOXke OyTH 3aCTOCOBaHA
temneparypa 60°C. TectyBanu sk okpemo HaHokomMno3ut ' HT/A®I, tak 1 THT/A®I y

ckJiazl TabneToBaHoi popMu.
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2.10 ®Dizuko-xXiMiYHi JOCJIIKeHHS IHKANCYJbOBAHMX B rajayasur A®I Ha

CTilKicTD mix gicio Y@

[Ipomiec TecTyBaHHS BKJIIOYaB BUKOPUCTAHHS CTAaHJAPTU30BAaHUX  YMOB
OTIPOMIHEHHS, K1 epen0adaloTh eKCIO3MIIII0 3pa3KiB i mxepenom YO csitia Fisher
Scientific Long Wave (365 nm, 8 Bt) mpotsirom 24 roauH. BusHaueHHS CTyIeHS
nerpanamii A®I micns ¢oToekcno3uilii mpoBoawiiock 3a gomnomororo BEPX, 1o
JI03BOJISIE 1IEHTU(IKYBATH 3MIHH y XIMIYHOMY CKJIaJi PO3YHMHIB, a TAaKOX KUIbKICHO
OILIIHUTH BTpaty edeKkTuBHOI KOHIIeHTpaii ADI.

[lopanpun  nocmimkeHHd €QEeKTUBHOI KOHUEHTpalli BiAOyBaduCs MUISIXOM
€KCTparyBaHHs B PO3YMH (METOJAMKA 3TiAHO 3 M. 2.3 cranmapTHoi mpouenypu). Ilicus
eKCTparyBaHHs 3pa3Ku MiJJaBajUCAd XpomarorpadiyHOMY aHajizy JUisl BU3HAUYEHHS
KoHIeHTparlii 3anumkoBux A®dI. Ile m03BONMMIO KUIBKICHO OIIIHUTH 3aJUIIKOBY

edextuBHICTh ADI micns BrummBy Y @-BUNPOMIHIOBAHHS.

2.11 ®i3uko-ximMivyHi JOCHIAKeHHs CTiKOCTI Ha (POTOCTAOIIBLHICTD

iHKancy1b0BaHMX B rajgyasut A®I

Merononorisa BunpoOyBaHb Ha (GOTOCTA0UIHHICTH Oa3yBaiacs Ha PeKOMEHIAIIISNX
MixHapoaHoi KoH(eEpeHIlii 3 TapMOHi3allii TeXHIYHUX BUMOT A0 peectparii JI3 mis
monen, 3okpema, Ha HacTtaHoBl ICH QIB "®oTocTabuIBHICTD JIKAPCHKUX 3aCO0IB Ta
npoaykTiB". 3riTHO 3 UMU PEKOMEHJAIlisIMH, CcycrneH3ii abo TabieroBani Gopmu Ha
ocHoBl 'HT/A®I 6ynu miggaHi BIUIMBY BUAUMOTO Ta YD BUIPOMIHIOBAHHS 3 METOIO
OLIIHKK PiBHS CTIMKOCTI LIMX PEYOBUH J0 BILUIUBY CBITJIA.

@Di3uK0-X1MIYHI JOCTIHKEHHS CTIMKOCTI ADI, iHKANCy/IbOBaHKUX y Talyas3uT, ]l
J€r0 BUMPOOYBaHHS Ha (POTOCTAOUIBHICTh € BaXKJIIMBUM €TallOM Y JOCIHIJIKEHHI HOBUX
JI3. Taki gocmimKeHHsT CIIPSMOBaHI Ha BUBUYEHHS BIUIMBY BUAMMOTO Ta Y@ cBiTia Ha
CTaOUIBHICTh 1 JETpajallil0 aKTUBHUX KOMIIOHEHTIB, IO OCOOJHMBO aKTyaJdbHO IS
PEUYOBHH, Kl MOXKYTh 3MIHIOBaTH CBOi BJIACTUBOCTI IIiJl BILIMBOM CBITJIOBUX (haKTOPIB.

CTIHKICTD 0 CBITJIa € KpUTHYHUM aCIIEKTOM sl 0aratboX (papMaleBTUIHUX MPOAYKTIB,
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OCKUIbKU BIUIUB Y D Ta BUAMMOTO CBITIIa MOXKE MPU3BOAUTHU JI0 JAeTpajallii, 1110, B CBOIO
4yepry, BIUIMBAE Ha €PEKTUBHICTH Ta OE3MEKy Mpernapary.

BunpoOyBanHs HoTOCTaOUIBHOCTI IPYHTYETHCS HA PEKOMEHIAIiAX MiXKHApOIHOT
KOH(epeHIlli 3 rapMoHi3allii TEXHIYHUX BUMOT JIO peecTpallii JiKapChKUX 3ac001B IS
mroAe, a came Ha mnonoxeHHsx kepiBHuutBa ICH Q1B  «BumpoGyBanus
($hoTOCTabIILHOCTI HOBUX PEYOBHMH Ta JIKAapChKUX 3aco0iB». Ile KepiBHUIITBO
periiaMeHTy€e YMOBU Ta BHUMOTH JI0 MPOBEJACHHS €KCIIEPUMEHTIB, 110 IMITYIOTh BIUIMB
IPUPOTHOTO COHSIYHOTO OCBITJIGHHS Ha 3pa3ku. JlocmipkeHHs ¢oTocTadiIbHOCTI
OXOIUTIOE BIUIMB K BUJIUMOTO CBiTJIa, Tak 1 Y®D-BUIPOMIHIOBAHHS, IO 37aTHE
CIOPUYMHUTHU PO3MaJ] MOJIEKYJ AKTUBHUX 1HIPEIEHTIB.

CeiTno, 30kpema Y@ Horo yacTthHa, BIJIOME CBO€HO 3JaTHICTIO BUKIHMKATU
dboTOXIMIUHI peakilii, fKi MOXYTb 3HAYHO 3MIHIOBATU CTPYKTYpYy Ta BIJIACTHBOCTI
¢dapmaneBTHUHUX pedoBHH. Lle 0COONMMBO CTOCYETHCS CKIAAHHX MOJIEKYJ, TaKUX SIK
AJIK ta MO, mo MoxyTh 3a3HaBatu (hoToaerpaaailito, izomepusaiiro Toiro [99,100].

Jlns mpoBenieHHs BUNpoOyBaHb (hOTOCTa01IbHOCTI Oyi10 oOpano 181 mozeni ADI:
AJIK ta M®. OOuzmBa IHTPEAIEHTH IHKAICYJIIOBAHO Yy Tallya3UT — MPUPOJIHUN
HAHOTPYOUaCTUI MaTepial, 10 Ma€ MOTEHITIAJ 3aXUIIAaTH AaKTUBHI MOJIEKYJIH BiJl BIUTUBY
30BHIIIHIX ()aKTOpIB, BKJIIOYHO 31 CBITJOBUM BHUIIPOMIHIOBaHHSM. ['amyasuT, 3aBISKU
CBOiM CTPYKTYPi, MOXKE BUCTYIIaTH HE JIIIE Oap’€poM JJIs CBITJIa, ajie i MaTH J0JIaTKOBI
ajcopOIiiiHi  BJIACTUBOCTI, 10 MOXYTh  BIUIUBaTU Ha  (HOTOCTAOUIBHICTH
1HKaICyJIbOBAaHUX PEUOBHH.

3pazku AJIK ta M® Oynu mijiaHi BIUIMBY CBITJIA, 10 MAaKCUMAaJIbHO HAOJIIMKEHE
JIO TIPUPOJTHOTO COHSIMHOTO OCBITJICHHSI, 3 BAKOPUCTAHHSIM CIICI1aIlI30BaHOI KaMepH ISt
dbortoctabinbHoCcTi Atlas Suntest CPS+. Ileit mnpwnax no3Bosisie  3a0e3MeYuTH
PIBHOMIpHUH BIUTUB CBITJIA HAa BCIO IUIONIY 3pa3KiB, IO € KPUTUIHUM JJISI OTPUMAHHS
HaJIMHUX Ta BIATBOPIOBAHUX pe3yibTaTiB. [lapamerpu BmimBYy Oynu 0OpaHi 3rigHO 3
BuMoramu ICH Q1B: 3pa3ku nignaBanucs BUAUMOMY CBITIIY 3 OCBITJICHICTIO HE MEHIIIE
1.2 MinbiiOHa JIFOKC-TOJIMH Ta yJIbTPadioleTOBOMY BUIIPOMIHIOBAHHIO 3 THTEHCUBHICTIO

He MeHue 200 BaT-roguH Ha KBaApaTHUM METP.
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Jl1s1 BU3HaUeHHS 3M1HU €(heKTUBHOI KOoHIIeHTparlii 3pa3kiB ADI ta THT/A®I nicns
OMpPOMIHEHHA OyJ0 TPOBEACHO JOCHIKEHHS  IUIIXOM  eKCTparyBaHHS  Ta
xpoMarorpadigHoro Bu3Ha4YeHHS KoHIeHTpamiii ADI B po3uuni. [y BU3HAYCHHS

koHieHTpartlii ADI BukopucroByBanu meto s BEPX BiamoBigHo 10 MyHKTY 2.3.
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NOOAaHHs me3.

9. Meabuuk A.C., Yurupuneup O.E. JlocnmimkeHHS KIHETMKM BUBUIBHCHHS
IHKATCyJIh0BAHOTO MOKCHU(IOKCAIMH TiIPOXJIOPUAY 3 HAaHOTPYOOK ramyasuty. Cman i
NepCneKmusy po3sumKy XiMiuHoi, xapuoeoi ma napgymepHo-KocmMemuyHoi eanysell
npomucnosocmi: Marepianu VI BceykpaiHChbKOi HayKOBO-TIPAKTUYHOI KOH(PEPEHIIi. —
XmenbHutibkuit, XHTY, 2024. — 214 c. Ocobucmuii enecox 3000y8aua — npoeeodeHH sl
eKCNnepUMeHmanbHux 00CIi0JNCeHb, 00POOKA 00epAHCAHUX pe3YNbmamis, HANUCAHHSA |

NOOAHHA me3.



89

PO3/11 3
TEPMO- TA ®OTOCTABLIBHICTDH AJIK TA M®

3.1 MikpocCKONiYHi JOCiKeHHS

Ha pucynky 3.1 mpencraBieHi MIKpOCKOMIYHI 300pakeHHS Talya3uTy, OTpUMaH1
3a ponomororo TEM (a) ta CEM (6). Bugno, 1o cTpykTypa rainya3uty Mae Tpyodacty
MOPGOJIOTIIO 3 XapaKTEPHOIO JOBXHHOIO TPYOOK Yy Mekax Bif 1 10 2 MKM Ta 30BHIIIHIM
niametpom Bia 50 1o 200 uM, o miareepxyeTbes CEM ta TEM-300paxenHsamu. Jlana
MOPGOJIOTIS Talya3uTy 1JI€aJIbHO MIIXOUTh IS 1HKancy i ADI 3aBaskyu HasIBHOCTI
MOPOKHUCTOTO KaHajly, IO J03BOJIA€ 30epiraTd Ta KOHTPOJIIOBATH BHUBLIbHEHHS
npenaparis.

Ha pucynky 3.2 nokazani TEM-300paxennss AJIK ta MO, iHKancyiab,0BaHUX y
TpyOUacTy CTPYKTYypy rajtya3suty. ¥ 300paxkeHHi (a) qoOpe BuHO 3aBaHTakeHHs AJIK y
BHYTPIIIHIM KaHal Tallya3uTy, M0 3a0e3reuye cTaOuUIbHE BKJIIOYEHHS Mpernapary B
HaHOTPYOKkHU. 300paxeHHs (0) nemoHcTpye M®D, piBHOMIPHO pO3MOALICHUNA y TpyOKax
rajiyasury, IO BKa3dye Ha €()EKTHUBHE 3aBAHTAXKCHHS Ta MOXIJIUBICTH KOHTPOIIO HOTO
BHUBIJILHCHHS.

JIist OTpUMaHHS BUCOKOSIKICHMX PE3yJbTaTiB BUKOPHUCTAHO METOJ BaKyyMHOTO
3aBaHTaXCHHS, IO JI03BOJISIE MAaKCHUMAJIbHO TNMPOHUKHYTH AKTHBHUM pPEYOBHUHAM Y
BHYTPIIIHIO TTOPOKHUHY TPYOOK Tallya3uTy, 3a0e3Meuyoun piBHOMIPHE 3allOBHEHHS 110
BCill JIOBXHMHI HAHOTPYOOK. Takuil MmiaXi A03BOJISI€E YHHKHYTH arperaiii MoJIeKYJl
mpernapary Ha TOBEpPXHI Ta copusie piBHOMIpHOMY posnoniny AdI Bcepenuni
HaHOMAaTEpially, 10 € BaXJIUBUAM IS JOCIIIKEHHS IMOJAIBIIOTO KOHTPOJIHOBAHOTO

BUBILJIbHECHHS.
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a 0
Pucynok 3.2 Mikpockomniuni 300paxenns TEM: a — THT/AJIK, 6 —- THT/M®

3.2 InenTudikanis API

[Tin0ip onTUMaILHUX MapaMeTpiB XpoMaTorpadyBaHHS BIIITPAE KIOUYOBY POJIb Y
ananizi A®I AJIK ta M®. [IBuAKICTh MOTOKY BIUIMBA€ Ha Yac aHaMI3y 1 PO3AUIbHY

31aTHICTh. 3aHAATO BHCOKA MIBUAKICTH MOXE 3MEHIIMTH PO3JALIbHY 3/aTHICTh, TOML K
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3aHaATO HU3bKA MIBUAKICTH 30UIbIIYE Yac aHami3y. Ckiaa pyxomoi gasu, a came OydepHa
CHCTEeMa 3 PI3HUMHU KOMOIHAIIISIMH OpPTaHIYHUX PO3YMHHUKIB (HAPUKIIAI, alleTOHITPHUII,
METaHOJ) B pPI3HUX CIIBBIAHOMICHHAX JJIs JOCATHEHHS Kpalloro pPO3JIICHHS.
XpoMmarorpadiuyHi KOJOHKH 3 MEHIIUM PO3MIPOM YaCTHHOK 3a0€3MeuyloTh Kparly
PO3AUTBHY 3[IaTHICTB, ajle MOTPEOYIOTh BUIIOTO TUCKY. BuOip po3mipy mop 3ajexuTh Bif
MOJIEKYJIIPHOTO PO3MIpy aHaji30BaHUX cronyk. Kopotmn xpomaTtorpadiydi KOJOHKU
3a0€31euyIoTh MBUIIIUN aHaIi3, ajJe MOXYTh 3MEHIIUTH PO3AUIbHY 37aTHICTh. Bubip
BHYTPIIIHBOTO JllaMeTpa BIUTUBAE HA YYTIUBICTh 1 TUCK Y CHCTEMI.

VY xoa1 gocnipKeHHs: XpoMaTorpadiudi yMOBH 7151 €PEKTUBHOTO PO3JILIEHHS 000X
JTOCITIKEHUX KOMIIOHEHTIB Oy onTuMi30BaHi. JlocmiaHuUIbK] il OyJir BUKOPHUCTaHI
st inentudikaiii AJIK. BEPX 3 Y® nerekTyBaHHSIM € METOJIOM, SIKUM BUKOPUCTAHO B
JAHOMY JOCIIIJIPKESHHI.

Xpomatorpama 3 AJIK mnpencraBieHa Ha pucyHKy 3.3, a yac BUXOAY IIKY
cTaHOBUTh mpubau3Ho 2,7 xB. IlpupaTHicTs XpomaTorpadiyHOl CHUCTEMH OO0
XapaKTEPUCTUKU 1AEHTU(PIKOBAHOrO MIKy BiamoBinae BuMmoram EP 11.3, pesynbratu
MpeCTaBJIeHl B Ta0auIll 3.1, 110 CBITYUTH MPO TE, 10 PO3p00JICHAa HAMU METOJIUKA MOKE
JaBaTH KOPEKTHI Ta BipHI 3HAYCHHSI.

DADIT A, Sig=220 4 Ref=oll

T&h

273 5 hpold ook

mALl

Tirme [min]

Pucynox 3.3 Xpomarorpama inentudikaiii o-TimoeBoi KUCIOTH
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KHUCJI0Ta

Yac Teopernuni
Koedimient
Ha3pa 3paska | yrpumyBanns | Ilnoma nmiky | Bwucora miky Tapiiaku (3a
cUMeTpii
(xB) EP)
O-JTIIoEBa
2.738 718.83 270.829 1.0 25769

Inentudikamito M® npoBezeHO 3a TOMOMOTOI0 BUCOKOES()EKTHBHOI PiIUHHOI

xpomarorpadii 3 YO nerekryBaHHsM. Xpomarorpama M® Ta xapakTepUCTUKH 11 MKy

IIPE/ICTaBIICHA HAa PUCYHKY 3.4 Ta B Tabiuul 3.2, 4yac BUXOAY MKy CTAHOBUThH NPHUOJIU3HO

7,4 xB. [IpuaatHicTe XpomMaTorpaiyHoi CUCTEMHU BIANOBIAAE BUMOTAM
XapaKkTepucTuk ientudikoBanoro miky. Lle miarBeppkye Toi dakT, 1o

po0OTI MeToIMKa 3a0e31euye KOPEKTHI Ta JIOCTOBIPHI pe3yIbTaTH.

DADT A, Sig=293,4 Ref=off - — —
&

mAL

Tirne [mmin]

Pucynok 3.4 Xpomarorpama inentudikamii M®D

Tabnuug 3.2 - XapaktepucTuku miky MO

EP 11.3 momo

po3po0bJiicHa B

Teopernuni
Yac o TapiIKy (3a
) ) Koedimient
Ha3ssa 3pa3ka yrpumyBaHHs | Ilmoma miky | Bucora miky €BpoONENCHKOI0
cumeTpii
(xB) dapmakoneeto,
EP)
MOKCU(IIOKCALUH 7.468 1296.55 115.810 1.0 10402
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Bignosigno no Bumor EP 11.3, BinHOCHE BinxuieHHs 4acy yrpuMmanHs miky (ART)
y TPhOX MOCIIJOBHUX 1HXKEKIISIX TOBUHHO OyTH He Ounbiie 2%, a cTaHJapTHE BiTHOCHE
BimxwieHHs 1iom mky (RSD) — ne mepesumnyBatu 0,67%. Iloka3Huku cepearHboro
3HadeHHs xpomaTtorpam AJIK Ta M® 3Ha4HO HIDKYI IIUX MEX Ta HaBeaeHi y Tabmuti 3.3

Ta 3.4 BIAIIOBIIHO.

Tabmuus 3.3 - Xapakrepuctuku mikiB AJIK mpu 3 mocmiToBHAX 1HXEKITISIX

Koedimiert TeopeTudHi TapiaKu
ART (min), % RSD, % e (3a €BporencpKoI0
CUMETPIi
dapmaxkoneeto, EP)
0,01 0,14 1.0 25574

Tabmuns 3.4 - Xapakrepuctuku mikiB M® nipu 3 moCIiI0BHUX 1HXKEKIIISIX

Koediient TeopeTrnuHi TapiIKu
ART (min), % RSD, % CI/IMCL”II“ i (3a €BporeichKOI0
P dapmaxkoneeto, EP)

0,01 0,03 1.0 10402

Bianosinnicts kputepism EP 11.3 momo mnpuagatHOCTI XpomatorpadiqHoi
CUCTEMHU JJi KibKicHOTO aHamizy A®I miaTBepaxyeThCst KOe(ILIEHTOM CUMETPIi, IKUI
Mae Oytu B Mexax 0,8—1,5, pesynbratu HaBeaeHi y tabsuimi 3.3 Ta 3.4. IlokasHuk
«TEOPETHYHI TapUIKW», SK HaBeneHo y Tabmumi 3.3 Ta 3.4, 3a0e3neuye edeKTHUBHE
PO3/17IEHHS] KOMIIOHEHTY B1J] pO3YMHHUKA Ta IPOYKTIB Jerpajalii B XxpoMmaTorpadiuHii
KOJIOHIII, 1 TOBUHEH cTaHOBUTH moHaimene 1000. Y HamomMy BUMAIKY 11eH MOKa3HUK
nepeBuIye HeoOXigHuil MiHiIMyM y 10 pa3iB, 10 CBIAYHTH MPO BUCOKY TOYHICTH
BU3HAYCHHS TMIKY.

OTtxe, oOpana xpoMmarorpadidyna cuctema moBHICTIO BianoBigae Bumoram EP 11.3,
a METOJMKAa J03BOJISIE OTPUMYBATH JIOCTOBIpHI pe3yJibTaTh 3MiH KoHIeHTpaiii ADI.
Takmit migxig 3a0e3nedye BU3HAUCHHS KOHIIGHTpAIlli HE3MIHHOTO IHTPEMi€HTa TCHs

IMPOBCACHHSA TCCTYBAHD.
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3.3 ITix0ip memOpanHuX QLIbLTPIB

Jlnsa 3a0e3nedeHHss eeKTUBHOTO OYMIIECHHS 3pa3KiB Ta MiJBUIICHHS TOYHOCTI
anamizy A®I y nanomy mociipKeHHI BUKOHAHO TeCTyBaHHS 3 BimokpemieHHs AJIK Ta
M® Bixg ramyasury 3a Jonomoror0 MemOpanHux OGuibTpiB Agilent. JIBomraposi
MeMOpaHH1 (Q1IBTPU BUKOPUCTOBYIOTHCS JISl OUMIIICHHS PO3UMHY 3pa3Ky. Takuii GuibTp
CKJIAJIA€EThCS 3 JBOX YACTUH — IMOMEPEaHIN rpyOuid GuIbTp 31 CKIOBOJIOKHA Ta, BIACHE,
MeMOpanuuit ¢uibTp. IlpedinbTp ckimamaeTbes 3 OOPCUITIKATHUX CKIOBOJIOKOH. BiH
XIMIYHO 1HEpTHUH Ta CTIUKUNA A0 OUIBIIOCTI PO3UYMHHUKIB. HasBHICTH y KOHCTPYKIIil
npedUIbTPY 3 BEIHMKOIO IUIOMICIO ITOBEPXHI 3a0e3rnedye MOoro BEIMKY €MHICTh Ta
MO>KJIUBICTh 6araTopa3oBOro BUKOPUCTAHHS.

Hane gocmimpkeHds Oy10 HEOOXITHUM JJIS TOTO, 00 BCTAHOBHUTH SIKWW 3 THUIIIB
b1npTpiB HaMiKpaile miaxoauTh it BigokpemieHHs AJIK ta M® Bix ramyasuty. B xomi
nabopaTopHUX AocimpkeHs B3aTo: 1 - PVDF 0.45 mkm, 2 - PTFE 0.45 mkm, 3 - Nylon
0.45 mkm, 4 - PES 0.1 mkm. Byno Buznaueno, mo memOpanuuit ¢pinstp Agilent PES 0.1
mkm Haikpamie MAXOAWB I BHKOHAHHS IIOCTaBICHUX 3a7ad. KOpeKTHiCTh

pe3yJbTaTiB CTaHOBWIIA TOHAM 99,74%.

98,5 99.9
89
| I

1 2 3 4

MemOpaHHHIT QUIETP
1 - PVDF, 2 - PTFE, 3 - Nylon, 4 - PES.

—
I =)} o0 o
(=] (=] (=] (=]

CyMicHICTB GUIBTPIB, %
[
[w=]

Pucynok 3.5 Tect Ha BimokpemieHHs AJIK ta M® Bix ranyasuty
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3.4 BunpooyBanus AJIK ta M® Ha cTtadijibHICTh 10 Y@ cBiTJIa

VY nocnimxenni anamizyBanacsa crabiuibHICTh AJIK Ta M@ sik HaBeieHO Ha pUCYHKY
3.6 ta 3.7 BiAnOBiAHO MiA BIIUBOM Y@ cBiTiIa NpoTIroM 24 roauH, SK y BUIBHOMY
po3unHi (MeToauKa 3TiIHO 3 M. 2.3.2), TaK 1 y CKJaJl HAHOKOMIIO3UTY 3 Tallya3uTOM.
Pesynbratu mokasyiots, mo koHmeHtpaiis AJIK B HaTUBHOMY CTaHi B pO3YHHI MiCIA
no0u onpoMiHEeHHs 3HU3MWIaca Ha 54,2%, npu 11boMy OUIbINE MOJOBHHM Ii€1 BTpaTH
B110yocs npoTsrom rnepmux 12 roaud. Oanak, koiau AJIK Oyna BkirodeHa 10 CKiIamgy
rajgyasury, ii CTaOUIbHICTh 3HaYHO MOKpaIluiacs, 31 30epexxeHHsaM 84,4% Bij Mo4aTKOBOL
KOHIIEHTpAIli micias 24 TOJUH ONPOMiIHEHHS.

[Tapanensno M® onpoMiHEHHH y BIIBHOMY CTaHi B pO34MHI (METOAMKA 3T1JIHO 3
n. 2.3.3), AeMOHCTpYyBaB 3HUXEHHS KOHIEHTpauii Ha 15,3% 3a m00y, 3 OCHOBHOIO
BTpaToro Oubie HiXK Ha 11% mpoTtarom nepiux 12 roguH. Y KOMIIO3UTI 3 Talya3uToM,
1 BTpaTa OyJjia 3HAYHO MEHIIOI0, 31 30epexkeHHsIM 98,1% BiJ MOYaTKOBOI KOHIIEHTpAIlii
nicist 24 TOJUH ONPOMIHEHHS.

TakuMm yuHOM, BKIIIOYCHHS 7O CKJIAIy Tallya3uTy CYTTEBO 3MEHIIYE IIBUIKICThH
nerpajanii 000X peuoBUH Mij BIJIMBOM Y D cBiTia, 30€pirarouu 3Ha4HO OUTbITY YACTHHY

iX MOYaTKOBOI KOHIIEHTpAIli.
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Pucynoxk 3.6 lerpanamis AJIK mig BriutuBoM Y @-BUNIPOMIHIOBAHHS
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Pucynok 3.7 lerpanamis M® mij BrumBom Y O-BUNPOMIHIOBAHHS

3.5 BunpoOyBanus AJIK Ta M® Ha TecTyBaHHA ()OTOCTAOIILHOCTI

Tect Ha porocTabubHICTh poTsiroM no6u s AJIK ta M®, 3aBaHTakeHUX 10
['HT, nokasas, 1o raiaya3uT € epeKTUBHUM 3aXMCHUM MaTepiajaoM BiJ (OTONECTPYKIIi,
3abe3neuyroun 3axuct Ha piBHI 98,5% nmna AJIK ta 99,9% nmna MO®. Ilporte,
BUNMPOOYBAaHHS LMX PEYOBHMH y HATUBHOMY CTaHl 0Oe€3 IHKamncCyJslii B HAaHOTPYOKH
CBIYaTh Mpo iX Aerpajanito: 3anumkoBuil BMicT AJIK B cycrnensii micist BUnmpoOyBaHb
ctaHoBUTh 82,0%, Toxi sk st M® 1ieit moka3zuuk ctaHoBUTH 89,0%. PesynbTaTtin 060x

TECTIB MIPEACTaBIICHI Ha Jiarpami, puc. 3.8.
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Pucynox 3.9 BunpoOyBanus M® Ha TecTyBaHHs (POTOCTAOLTHHOCTI

3.6 BunpooyBanus AJIK ta M® Ha TepMOCTa0iJILHICTD

[TignaBmu nopokonoaioni macu AJIK ta M® TemmneparypHOMy cTpecy IpH
temmnepatypi 60 °C mpotsirom 1, 12, Ta 24 roaus, Oyi0 OTpUMaHO HACTYITHI PE3YyJIbTATH.
VY nezaBanTaxkeHomy B ramyasut ctaHi AJIK mBuako nerpagysana, 3 3aJUIIKOBUM

BMicTOM 65,7% micig po6u, Toal sk M® maB 3amumkoBuii BmicT 85,8%. OnHak,
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3aBaHTaXeHHs I1ux pedoBuH y ['HT 3amo6Girano ix paerpajgariii, JEMOHCTPYIOUH

NPAKTUYHO HE3MIHHY KOHIEHTPAIiI0 TMIClsi BUIPOOYBaHb, IO CBIAYUTH MPO BUCOKY

edextuBHICTh [ HT sk 3aXMCHOTO areHTy Bij TEMIIEPATYPHOTO CTPECY AJi 000X CIOIYK.

KoHmeHTparrisi, Mr/mi
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Pucynok 3.10 Jlerpanariss AJIK 1 BIUTMBOM TEMIIEpAaTypPHOTO CTPECY
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Pucynox 3.11 Jlerpanamiss M® i BILTMBOM TEMITEPATypPHOTO CTPECY
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BucHoBku 10 po3ainy 3
OTpuMaHi pe3ynbTaTd JOCTIIKEHb TO3BOIWIN C(HOPMYIIIOBATH HACTYIIHI
BHCHOBKH.

1.  Mikpockoniune oocniodcenns: 3a JOTIOMOTOI0 TPAHCMICIITHOT MIKpOCKOIIi
noseneno, mo A®PI AJIK ta M® ycmimuo inkancynsoBani B 'HT. Bukopucranus
BaKyyMHOTO METOJy 3a0e3neuye cTabuIbHICTh 1 piBHOMIpHUI po3noain ADI Bcepeauni
HaHOTPYOOK.

2. loenmugpixayins ADI: Po3pobreHO Ta MIATBEPIKEHO XpoMaTorpadivi
Meronu BuzHaueHHs KoHueHtpamii AJIK ta M®. 3a xpomartorpadiyHUMU
XapaKkTepUCTUKAMM, 4YaCc BHUXOJy Ta IHII TOKAa3HUKU 3a0€3Me4yroTh TOYHICTH Ta
MOBTOPIOBAHICTh PE3YJIbTATIB.

3. Bubip ¢inompis: BcraHoBieHo, 1mo MeMmMOpaHHMi ~ QuUIBTp 3
nomiedipcynbpony (PES) posmipom 0,1 Mxm edextuBHo posaiisie AJIK ta M® Bia
rajiyasury, 3a0€e3Mneuyroyu YucToTy nonaju 99,74%.

4. Cmabinvuicms 00 yivmpagionemogoeo ceimna: byno BUSBIEHO, 110 MIiCs
24 ronun Y@ omnpominenHss AJIK B ckmani HaHokoMmmo3uty 30epirae 84,4% cBoei
KoHueHrpariii, a M® — 98,1%. V BiibHOMY cTaH1 30epiraeTbcsi 3HAYHO MEHIIIE.

5. @omocmabinvuicmy: Ilicna 24 rogun AJIK B ckiagl HaHOKOMIIO3UTY
30eperna 98,5% crabiapbHOCTI, TOMI K y BUIbHOMY cTaHi — jumie 82%. s MO
CTaOUIBbHICTh Y CKJIa1 Talya3uTy nocsaria 99,9%, nopiBusHO 3 89% y BUTLHOMY CTaHi.

6. Tepmocmabinvricms: Ilicns 24 roagun npu 60°C AJIK y BUTbHOMY cTaHI
BTpaTmia O0mu3bko 34,3% cBO€l KOHIEHTpaAIlii, TOAI SK y CKJIaal HAHOKOMIIO3UTY 3
rajlyasuToM 3ajldIIdiacsd waixke B TMOBHOMY o00csa3l. M@ 36epir 85,8% cBoei

KOHIICHTpAIlii y BIILHOMY CTaHi Ta 0Ju3bko 98% y ckmaai ['HT.

Pesynomamu excnepumenmanvuux 00cniodxcenb 0ano2o po30iny npeocmasieHo 8
HACMYNHUX NyOiKayisx.
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1HKaICyJIbOBaHUX B Tallya3uTi O-JTIIMO€EBOI KUCIOTH Ta MOKcU(IoKcauny. Bicnukx XHTY
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OCBITH 1 Hayku YKpainu ; HalioHanbHUM YHIBEPCUTET XapuOBUX TeXHOJOT1H. — KuiB :
HVYXT, 2022. — 344 c. Ocobucmuii 8necok 3000y8aua — npo8eoeHHst eKCnepUMeHMalbHUxX
00Ci0dHCeHb, 00POOKA 00EPHCAHUX PE3VTbIMAMI8, HANUCAHHSA | NOOAHHS Me3.

5. Meabnuk A.C., UYwurupuneur O.E. 3acTtocyBaHHsA rajiyasury sK

HAaHOKOHTEHHepa ia (apMalleBTUUHUX NpenapariB. Hayka 6 xowmexkcmi 2106anvHoi
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mpancopmayii  cycninbcmea. Matepiaau HayKOBO-TIPaKTUYHOI KOHMepeHIii (M.
[TonTaBa, 26-27 cepnnst 2022 p.). — Oneca: BunaBuuuro «Momoauii BueHui», 2022. —
140 c. Ocobucmuii enecox 3000y8aua — NPOBEOEHHST eKCNePUMEHMANbHUX OOCTIONCEHD,

00pOo6Ka 00epaHcanux pe3ynbmamis, HANUCaHHs i NOOAHHs me3.
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PO3JILI 4
TEXHOJIOTISA ®OPMYBAHHS TABJIETOK

4.1 IloTik i KoMIpeciiiHi BJACTUBOCTI rajya3surty

Xopormr TMOKa3HUKW TUTMHHOCTI TOPOIIKOBHX JOMOMDKHUX KOMIIOHEHTIB

TabneroBaHuX (opM CIHpHUsie CTaOLIBHOCTI TPOIECY TMpPEeCyBaHHA TaOJNETOK Ta
3MEHIIEHHIO Bapialliil Macu. A BUCOKa KOMIIpECiiiHA 3/1aTHICTh MOPOLIKOBUX PEYOBHUH
3armobira€ yTBOPEHHIO TPIMIMH 1 PO3IMIAPYBAHHIO TaOJIETOK, 3a0e3Meuyrodn ix
OJIHOPI/IHICTH 3 NOCTIMHUMU MOKa3HUKaMU TBEPAOCTI, KPUXKOCTI Ta pO3YUHHOCTI.

B poGoTi AochipkeHO IIMHHICT, Ta KOMIIPECIHY 3/1aTHICTh Talya3uTy B
NOPIBHSAHHI 3  MIKPOKPHUCTAJIIYHOIO  IIEJIIOJIO30F0,  SIK  HAWOUIBII  IIMPOKO
BUKOPUCTOBYBAaHUM JOMIOMI)KHUM KOMIIOHEHTOM Y (papMarieBTHII

Pe3ynbratu excriepuMEHTAIbHUX CTaHIaPTU30BaHUX JOCIIKEHb IUIMHHOCTI Ta

CTUCJIMBOCTI ralya3uTy Ta MIKPOKPUCTAIIYHOI LETI0JI03U IpeacTaBiieHl B Tadaumi 4.1.

Taomung 4.1 - BiractTiBOCTI INITMHHOCTI OCHOBHMX KOMIIOHEHTIB Ta0JIETKOBOI
dbopmysi

JocmimxyBaHa Kyt mpupoanoro Cuiseinnomenns | [naexc Kappa, % [ToTik
pedoBHHA CKOCY, TPaaycCiB XaycHepa

T'HT 38 1.22 18 OCTaTHIN
MKI] 36 1.19 16 JIOCTaTHIM

KyT nprpoaHOro cKocy € MOKa3HUKOM BHYTPIIIHBOTO TEPTSI, HTIILHOCTI Ta KOTe3ii
YaCTUHOK - CHJI, 1110 MEePEIIKO/HKAIOTh X PO3'€IHAHHIO NMPU KOHTAaKTI. Y (papMaineBTHIN
el mapaMeTp XapaKTepu3ye BIACTUBOCTI TBEPAMX IMOPOIIKIB ab0 TpaHyJIbOBaHHUX
MmatepianiB. Kyt mpupogHoro ckocy mMenmie 25° CBiIYUTH MPO BIAMIHHY TUIMHHICTH, a
noHana 40° - npo He3zanoBUIbHY [101]. Jani BumiptoBanb kyTiB juist [HT Ta MKII, sk
HaBeqleHo y Tabnwuii 4.1, BignmoBigaroTh (papmaneBTHYHUM BuMoram EP <2.9.36> nmo

MOPOIIKOBUX MaTepiaiB.
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CniBBigHOIIEHHST XaycHepa BHU3HA4Ya€ CTYMiHb CTHUCHEHHS TOPONIKIB abo
rpaHyJbOBAaHUX MaTepiaiiB y (apMalleBTUYHUX J0AATKaX, OLIHIOIOYH iX 3JaTHICTh [0
npecyBaHHS TiA 4dac ¢GopMyBaHHS TaOJETOK, a TAKOXX BIUIMB Ha CTa0UIBHICTH Ta
PO3YHMHHICTh TOTOBUX BUPOOIB. BUCOKe 3HaUCHHS CITIBBIHOIIIEHHS XayCcHEpa BKa3ye Ha
MOTaHy IUIMHHICTG 1 CTHCIMBICTh, IO MOXE TPHU3BECTH IO arjiomeparii Ta
HEPIBHOMIPHOTO HANOBHEHHS TabJIeTOK. 3HAYEHHS IIbOTO MOKa3HUKa B Tabmuii 4.1 B
Mexax 1,19—1,25 cBiIunTh Mpo XOPOITy IJIMHHICTE MaTepiany [102].

Innexc Kappa (iH1€KC CTHCHEHHS MOPOIIKY ), AKUI HaBeAeHO y Tabmuili 4.1 omiHioe
CTUCJIMBICTh 1 KOMIAKTHICTh (hapMaleBTUYHUX IOPOIIKIB, BKa3ylOUd Ha SKICTh iX
KOMIIpecii mij yac (popMyBaHHs TaOIeTOK. BUCOKI 3HaY€HHS 1HAEKCY CUTHAII3YIOTh PO
CKJIQJHICTh MPOLIECY CTUCHEHHS, TOJ1 K HU3bKI - PO Kpally CTUCIHUBICTh, OaKaHy JJIs
dbapmaneBTHYHOrO BUpOoOHUIITBA. [liana3on 3HaueHb 16-20% CBITYUTH PO 33I0BUILHY
ctuciuBicTh [103].

OTxe, OTpUMaHiI EKCIEPUMEHTAJIbHI 3HA4YEHHs, MpeacTaBieHl B Tadmuii 4.1,
CBIIYaTh MPO MEPCIEKTUBHICTh BUKOPUCTAHHS Talya3UTy SK JOMOMIXKHOIO MaTepiaiy
JUJISl IPECYBaHHS, SIK CAMOCTIHHO, TaK 1 B KOMOIHAIII1 3 IHITUMU HAITIOBHIOBAYaMU, TAKUMHU

sk MKI1I.

4.2 TexHoJOTIYHA cXeMAa IJIT BUTOTOBJICHHSA Ta0J1eTOK HA ocHOBI HT

3aBantaxxeHHss A®I y ckiman 'HT 3mificHeHO 3a METOAWMKOIO 3rigHO mM.2.2 Ta

CXEMAaTUYHO IPEJICTABICHO HA PUCYHKY 4.1.
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OeKaHTaLlif

BaKyyMHa cyLUKa

THT/AJIK

N

Pucynok 4.1 I'padiune 300paxeHnHs cxemu 3aBaHTaxeHHs ADI

Otpumanuii Hanokommno3ut ['HT/A®I Bukopuctano y ckiaai TabIeTOBaHOI

bopmysii.

B po6oti npoBeneHo eKcrepuMeHTaIbHuM MiA01p ONTUMATbHUX CITiBBIIHOIICHD
KOMITOHEHTIB JIJIsl BUTOTOBJIEHH TabsieTok. KoHIeHTpalii 10noMi>KHUX pe4OBUH 00paHO
BIJIMOBIHO 70 3araJbHOMPHHHSATHX CTAHIAPTIB 1 MOMEPETHBOIO EKCIIEPUMEHTAIBLHOTO
MOJICTIOBaHHS TOBEAIHKM TaOJETOBAaHOI KOMIIO3HIII B yMOBaX in vitro, SSkumMu OyJio
MIITBEP/PKEHO OallaHC MDK CTaOlIBHICTIO CHOPMOBAHUX TaOJIETOK Ta IIBUIKICTIO
pyiiHyBaHHs Ta BUBUIbHEHHS ADI y MOJeIbHUX pO3UMHAX.

OnTuManbHOK BCTAaHOBJIEHO HACTYMHUMN CKJIaJl Ta0JE€TOBAHOI KOMIO3HIIII:

o 45 Mr rajiya3ury 3 akTUBHUM (hapMalleBTUYHUM THIPEIIEHTOM;
o 50 mr MKI] niis 3a06e3nedueHHsT MEXaHIYHOI CTIMKOCTI;

e 2 MI HaTPiIO KPOCKAPMEIIO3H SIK JIe31HTErpaTop;

e 2 MT cTeapaTy MarHiro JJisi 3SMEHIICHHS TePTS;

e 1 Mr KOJIOITHOTO AIOKCHUTY KPEMHIIO JIJIsl 3ar00IraHHs 3JTUTIAHHIO YaCTHHOK.
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biiok cxema BUTOTOBJICHHS Ta0JIETOK MPEACTABICHO HA PUCYHKY 4.2.

OTpMMaHHA HAHOKOMMNO3UTY
THT/ADI

[MiAroToBKa NOPOLLUKOBUX
KOMMNOHEHTIB

dopmMyBaHHA cymiwi Ta
3MiLWIYyBaHHA KOMMOHEHTIB

MpecyBaHHA

Penakcauin

KOHTpOAb AKOCTI

Pucynox 4.2 TexHosoriyHa cxema oTpuMaHHs TabseTok Ha ocHoBi [HT

Cxema BKJIIOYA€ HACTYITHI €Talu:

1. Ompumanns nopowky nanoxomnosumy: Bkitodae KibKkapa3oBe BaKyyMyBaHHS
cycnensii po3unny A®I ta 'HT, uentpudyryBanss, JeKaHTAallll0 Ta BAKYyMHE CYIIIHHS
IpOTAroM 24 TOOuH.

2. I[Tiocomoska cknaoosux nopouikosoi xkomnoszuyii mabremox: T'HT mnepen
3MIIIYBaHHAM MiJIJJaBaJId BaKyyMHOMY CyIIiHHIO Tipu Temmnepatypi 40 °C npotsarom 24
TOJIMH, 10 3a0e3Me4mnsio iXHI0 CTaOUIbHICTh T4 YHUKHEHHs arperatii. [HII mopoIkoBi

KOMITIOHEHTH CYIIWJIM B CYIIMJIbHIN madi npu temmepatypi 105 °C no 3amumikoBoi
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BoJiorocTi He OibIne 1%. Takuii miaxia J03BOJIUB ONTUMI3YBaTH aJIre3110 Ta yIIUIbHEHHS
MaTepialiB MpH MPECyBaHHI.

3. Qopmysanns cymiwmi ma 3miuly8anHs KomnoHenmige: Bcl TMOPOIIKOBI
KOMITOHEHTH KOMITO3UIIIi PETEIbHO 3MIIIYIOTHCS Ta OPMYIOTHCS Y TAOJIETKH.

4. Ilpecysannsa: YmineHeHHs cyminm mig TuckoM 180 MIla mpotsrom 30 cexyHn
3a JOMOMOT'0I0 aBTOMaTUYHOIO MIPECY.

5. Penaxcayisi: Butpumka roToBux TabjaeTOK IpoTsaroM 12 roaud s ctadimizamii
dbopmu Ta po3mipiB.

6. Koumponw axocmi: [lepeBipka napameTpiB TabJIETOK, TAKUX SK Bara, po3mip, Ta
1HII (P13UKO-XIMIYHI TOKa3HUKHU.

Jlana cxema OTpuUMaHHS TaOJETOK Ma€ psAl OCOOJMBOCTEM, $KI BHUTIIHI
BIJIPI3HSIOTH ii B/l TPAAUIIIITHUX TEXHOJIOTTUHHUX CXEM.

Etan BakyyMHOro CyuIHHS Trajaya3uTy HOpOTAroM 24 TOIWH € BaKJIUBUM
YIOCKOHAJIEHHSIM NPOLECY, OCKUIbKH J103BOJIsIE €()EKTUBHO BUIAIUTH 3aJMILKOBY
BOJIOTY 3 MaTepialy, MIHIMI3YyIOUM pU3MKA TepMiuHOi nerpanamii. Lle cyTTeBo
BIJIPI3HSETHCS BIJl TPAAMILIIHOIO CYIIIHHS MPU MiJIBUILIEHUX TEMIIEpaTypax, sIke MOXKe
HECMPUATIMBO BIUIMBATH HA CTA0IBHICTD SIK HOCISI, TaK 1 aKTUBHOI PEUOBUHU.

OTrpumaHa KOMIO3MUILIA CyMIilIl KOMIIOHEHTIB, LI0 po3po0ieHa Ha OCHOBI
EKCIIEPUMEHTAJIbHUX JIOCHIKEeHb, 3a0e3rnedye OajaHC MiXK MEXaHIYHOIO MIIHICTIO,
GI13UKO-XIMIYHUMH ~ XapaKTEPUCTHKAMU Ta OlodapMalleBTUYHUMHU  BJIACTUBOCTSMHU
Tabnetok. TpaauiiiiHi cxeMu 3a3BUYail He BPaXOBYIOTh CHHEPIiYHI BIACTUBOCTI TaKUX
KOMITOHEHTIB Y TIO€THAHHI 3 HAHOCTPYKTYPHUMHU HOCISIMHU.

Eran npecyBanns cymimii mij Tickom 180 MlIla npoTsirom 30 cexyH I € 1€ OJHI€I0
BIJIMIHHOIO OCOOJIMBICTIO 3alpoOnoHOBaHOi cxemu. OOpaHuil piBeHb TUCKY 3a0e3Ieuye
ONTUMAaJbHY IIUIBHICTh 1 MEXaHIYHY MIIHICTh TabJETOK, IO MEPEBUILY€E MOKA3HUKH,
JOCSITHYTI TPU BUKOPWCTAHHI HIDKYUX THCKIB Y TpaAMIIMHUX Mpolecax. 3a3Buyai
piBeHb THUCKY TIpH (OPMYBaHHI TaOJIETOK Y TPAAMIIIMHUX Tpoiiecax ckiangae Big 50 mo
150 MI]a.

Takum 4MHOM, 3aIPONOHOBAHA TEXHOJIOTIYHA CXE€Ma BUTOTOBJICHHS TaOJIETOK 13

raJlya3uTOM MOEIHY€E THHOBAIlIMHI MIXOU 10 MiJATOTOBKH MaTepianaiB, KOMIIOHEHTHOTO
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CKJIaJly KOMITO3UIIi1 Ta mapaMeTpiB TEXHOJIOTIYHOTO mpoiiecy. Lle 103Bosse mokpammru
CTaOlIBHICTh,  MEXaHIYHI  XapaKTePUCTHUKKM  (AapMaKOKIHETHYHI  BIIACTHUBOCTI
dbapmareBTUYHUX 1HTPETIEHTIB.

Pesynbrat TecTiB TabIETOK, OTPUMAHUX 3a BUIIE OMHCAHOIO TEXHOJOTIYHOIO

CXEMOI0, peICTaBIIeH] y Tao. 4.2.

Tabmuis 4.2 - Pe3ynbpraTu cTaHIapTU30BaHUX TECTIB TabaeToK Ha ocHOBI HT

Yac TBepaicTh MinHicTs Ha Kpuxxkicts Ta MirHicTs Ha BFI
po3magaHHs TaOJEeTKH, po3JaMyBaHHS, aOpa3WBHICTb,  PO3TATYBAHHSA,
Ta0JICTKH, H H % MlIla
XB
Tabnerkn  1540.5 90 120 He §in1,1me 2 0,130,05
HDK

3mimryBands ranyasutry 3 MKI[ Ta iHmMMMH JOMOMDKHUMH pPEUYOBHHAMU
3a0e31nedye BUCOKY MILHICTh TA0JETOK, HE MOTIPIIYE MIMHHICTH MOPOIIKY Ta CIpUsIE
PIBHOMIPHOMY PO3MOJILTY 1HTpeieHTIB. [loka3HMKH, Taki Sk 4Yac po3nagaHHs, TBEPIICTb,
KPUXKICTh, aOpa3uBHICTh Ta MIIHICTh Ha PO3pUB TaOJETOK, BIAMOBIIAIOTH
dbapmareBTUYHUM CTaHAapTaM JIsl BAPOOHUIITBA TAOJIETOK.

Yac posmamaHHg TaOJETOK € TMOKa3HUKOM, SKUW XapaKTepusye, SIK IIBUIKO
TabJeTKa PO3MaJa€ThCsl y CTAaHAAPTHUX YMOBaxX (HAmpUKIaA, Yy M[UTYHKOBOMY
cepenoBuiili). 3rigHo 3 Bumoramu EP <2.9.1>, nns 3BuuaiiHux TaOJNETOK IeH mapaMeTp
HE MOBUHEH NnepeBullyBaTy 30 XBUIKH. Y 1IbOMY JOCHIKEHH1 Yac po3naaaHHs TabJeTOK
ckyaB 15 £+ 0,5 xB, 1110 YITKO BIJITIOB1/Ia€ BCTAHOBJICHUM CTaHIapTaM.

TBepaicte TabneTok BHU3HAYae IX 3JaTHICTh BUTPUMYBATH  MEXaHIuHI
HABAHTAKEHHA NIPU TPAHCTIOPTYBaHHI1 Ta 30epiranHi. 3a papmakoneitHuMu BuMoramu EP
<2.9.8>, TBepaicTh TabIeTOK O0€3 000JIOHKH ITOBHHHA 3HAaXoauTHCS B Mexkax 40—100 H.
Tabnerku B 1bOMY JOCHIKEHHI MpoAeMOHCTpyBay TBepaicTh 90 H, mo €
ONTUMAJILHUM 3HAYeHHAM I 3a0e3ledeHHs iX MeXaHIYHol craOuibHOcTl. Take
3HAUCHHS J03BOJISIE YHUKHYTH PYWHYBaHHsI TaOJETOK T Yac TPaHCIOPTYBaHHS Ta

MMoAaJIbIIOr0O BUKOPHUCTAHHA.
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MiuHicTh Ha po3namMyBaHHS TaOJNETOK BHU3HA4Ya€ iX 3AAaTHICTh MPOTUCTOSATU
MEXaHIYHIM HAaBaHTA)XCHHSM Tl 4ac TPAHCIOPTYBaHHsI, MaKyBaHHS Ta 30epiraHHs.
BigmoBimHo 1m0 dapmakoneiinux BuMor EP <2.9.8>, wmiHiManpHa MINHICTH Ha
po3namyBaHHs TaOJETOK AiameTpoM 6 MM noBuHHA cTaHoBUTU He MeHIne 30 H. V xoxi
IBOTO JIOCIHIKEHHs TaOJIETKH MPOJAEMOHCTPYBAIN MIIHICTh Ha po3namyBaHHs 120 H,
10 3HAYHO NIEPEBUIILY€E BCTAHOBJICHUN MIHIMYM.

Kpuxkicts Ta abpa3uBHICTH TaOJETOK € MapaMeTPOM, SIKUH OILIHIOE X CTIMKICTH J0
MEXaHIYHOTO PYyHHYBaHHA a00 BTpaTW Macu IpH TpaHcmopryBaHHI. 3rigHo 3 USP
<1216>, BTpat Macu 4Yepe3 KPUXKICTb HE MOBHHHI nepeBuiryBatu 1%. Y nanomy
JOCIIKEHH1 TaOJETKU MOKa3ald KPUXKICTh <1%, 110 BIJAMOBI/Ia€ BUMOTAaM 1 CBIIUUTH
PO iX TOCTaTHIO MEXaHIYHY CTiiKicTh. Llei moka3Huk 3a0e3nedye HITICHICTh Ta0JIETOK
HaBITh 32 YMOB IHTEHCUBHOT'O TPAHCIIOPTYBaHHSI.

MIiLHICTh Ha pPO3TATYBaHHSA € IMOKA3HUKOM 3JaTHOCTI Ta0JIETOK BUTPUMYBATH
pO3TATYBaJIbHI HaBaHTaKCHHS. BiamoBigHO 10 MiKHapoaHuX cranmaptiB USP <1217>,
MiHIMaJbHa MeXa 1bOro MOKa3HUKa sl TA0JIETOK Mae CTaHOBUTU He MeHie 2 MIla. ¥V
X0/l JIOCHIIPKEHHST BCTAHOBJIEHO, IO MIIHICTh TabJeTok mopiBHIOe 2 MIla, 1o
BIJINIOBI/Ia€ HOPMATUBHUM BUMOTaM 1 3a0e3nedye HeoOX1THy MEXaHIuYHYy CTaOlTbHICTb.

BaxnuBuMm mapametrpoMm € iHAeKc kpuxkoro pyitHyBaHHs (BFI), mo nmopiBHIO€
MIIHICTh TAOJETKUA 3 IEHTPAJbHUM OTBOPOM 1 0€3 HBHOr0, BKa3ylOUM Ha 3/IaTHICTH
MaTepiany 3HM)KYBATH HANpPYKEHHS HABKOJIO MOPOXHUH, COPUUYMHEHUX IJIACTUYHOIO
nedopmaitiero. 3a3Buuaii 3naueHHst BFI Bapitorotrsest Big 0 1o 1, e HU3BKI 3HAYCHHS,
ONMM3BKI 70 HyJsl, € OaXKaHUMH, OCKUIBKM CBIg4aTh MPO 3HWIKEHY CXUIBHICTH 10
pyiiHYBaHHSI Ta BUCOKY SIKICTh TabyieTok. BFI TakoX BUKOPUCTOBYETHCS ISl OLIIHKU
3B'SI3yBaJIbHO1 3JaTHOCTI JOMOMDKHHUX PEUYOBHH, BCTAHOBIIIOIOUM B3a€EMO3B'SI30K MIXK
jorapudMoM MIITHOCTI Ha po3puB 1 TUCKOM yiutbHeHHS [104]. Otpumani 3nauenHs BFI
CBIIYaTh MPO TOBHY BIANOBIJIHICT BUMOTraMm Il (papMalieBTUYHOTO BHUPOOHHUIITBA
TabJIETOK.

Takum 9YMHOM 3ampPONOHOBAHA TEXHOJIOTIYHA CXEMa BUTOTOBJICHHS TaOJETOK 13
3aCTOCYBaHHSAM HAaHOKOMITIO3UTY Ha OCHOBI TJlya3uTy IEMOHCTPYE IHHOBAIIMHUHN M1AX1]T

NOPIBHAHO 3 TPATUIIMHUMH METOAAMH, IIO0 OOIPYHTOBYE T1i aKTyaJlbHICTh MJIs
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BUKOPHUCTAaHHA y (hapMalleBTUYHINA ramy3i. Pe3ynmbTaTh cTaHmapTH30BaHUX TECTYBAaHb
OTpUMaHUX TaOJETOK MiATBEPAWIIN BIAMOBIAHICTh MOKA3HHUKIB 3arajJbHO MPUHHATUM
CTaHAapTam.

Buxopucranns y ckiaml TtabneroBanoi (opmu HaHokommnosuty ['HT/ADI
3a0be3nedye HeoOXimHi (i3UKO-MEXaHIYHI MMOKA3HWKH TaOJeTOK, B TOMY YHCII,
CTaHJapTU30BaHUN 4Yac po3nafaHHs TaOJIETKM a, BIAMOBIIHO, 1 CBOEYACHUM JOCTYI

O10JIOTTYHUX PO3YUHIB JI0 TalTya3uTHUX HAHOTPYOOK 3 1HKarCyiboBaHUMU ADI.

4.3 Onuc siapa TtadJeTKu

[Ticas mocmikeHb, SIKI TMOKA3adl CYMICHICTh Tallya3uTy 31 CTaHIapTHUMU
KOMITOHEHTaMHU Ta0JeToBaHUX (QopM, Oysin crpecoBaHl TaOJIETKU 3 CEPEIHBOIO Baroro
100+£5 Mr Ta cepenHbpOIO MIIHICTIO Ha po3puB 120+5H. TaGnaeTkn MiCTHIIN raaya3uT K
HanoBHIOBau B noeaHanHi 3 MKII, sk moka3ano Ha pucysnky 4.3. CEM mniarBepauia
HAsIBHICTh Tallya3uTy B sIAP1 TAOJIETKHU.

HanotpyOku ramya3uTy B TaONeTIIi, SK MOKa3ye GOTO I BHYTPIITHHOTO MPOCTOPY,
PIBHOMIPHO PO3MOJLIEHI B sipl TabMeTKu, micis ii GopMyBaHHS € HE3pYWHOBAaHUMU Ta
0e3 YIIKO/I>)KEeHb, UMOBIPHO Yepe3 iX BUCOKY MEXaHIUHY MILHICTb. AHa3 (POTO CBITUUTH,
mo 'HT TticHo 3uerueni 3 MKII, yrBoproroun J0BOJII OJHOPITHUNA KOMIO3UT. TakoxK
BUJHO OTBOpU TPYOOK, YAcCTKOBO 3allOBHEHI IIEJIIOJO3HUMH BOJIOKHAMHU PO3MIpY

rajiyasury.

Pucynox 4.3 CEM-300pakxeHHs1 HAHOTPYOOK raiaya3uTy, CTUCHYTHX B JIpi

KOMITO3UTHOI TA0JIETKH



110

BucHoBku 10 po3ainy 4

[IpencraBieHO KOMIUIEKCHMHA MiAXiA A0 PO3pOOKK TexHOJOTil (opmyBaHHS
Ta0JIETOK 13 3aCTOCYBaHHSM TaIya3UTy SK IHHOBAIIITHOTO JOMTOMI)KHOTO KOMIIOHECHTA.

OCHOBHI pe3yJbTaTH Ta BUCHOBKHU:

1. llokpawennsa nauHHOCMI Ma KOMHPECIUHUX GAACMUBOCEU 2anya3umy:

[Nanya3ut moka3aB JOCTaTHbO BUCOKY €(PEKTUBHICThH SK JOTOMI)KHA PEYOBUHA Y
TabsieTyBaHHI. 3aBISKM CBOIM XapaKTepUCTHUKaM, Traiaya3uT MOXE€ 3aMiHIOBaTh abo
nonoBHioBatT MKI] y penentypax TabneTok, 3a0€3MeUyrdr XOpOIli TEXHOJIOTIYHI Ta
(b13MKO-XIMI4HI BJIACTUBOCTI TOTOBUX (POPM y CYKYITHOCTI 3 1HIIMMH KOMIIOHEHTAMH.
OnTuManbHl CIIBBIJHOIIEHHS KOMIIOHEHTIB y CyMilll 3a0e3nedyloTh CTaOUIbHICTb
TEXHOJIOTTYHOTO MPOoLECy Ta (PI3UKO-XIMIYHUX XAPAKTEPUCTUK TaOJIETOK.

2. Onmumizayiss. ~ MexXHON02IYHOI  cXeMu  8U2OMOGIEHHA  mabiemoK:

Po3po0eHO TEXHOJOTIYHY CXEMY BUTOTOBJICHHSI TaOJIETOK, IO BKJIIOYAE
IHHOBAIIIHHI €TaIu, 30KpeMa:

o BakyyMHe cymIiHHS Tamya3uTy IS 3MEHIICHHS 3aTUIITKOBOT BOJIOTOCTI.

o [IpecyBanns cymimi mig tackom 180 MIla s 3abe3rneueHHs] BHUCOKOI
MEXaHIYHOI MIITHOCTI.

VY pesynbTari oTpuUMaHO TaOJETKH 3 MOKpaIIeHUMH MOKa3HUKaMU CTaOUIbHOCTI,
MEXaHIYHOI MIIHOCTI Ta (papMaKOKIHETHYHUX BIIACTUBOCTEH. Y PE3ysbTaTi OTPUMAHO
TaOJIETKU 3 1THHOBAIIIMHUMU BJIACTUBOCTIMHU 110J10 (papMaKOKIHETUYHUX BIIACTUBOCTEN
KOHTPOJIbOBAHOTO BUBLIbHEHHS A®I npu moBHOMY 3a0e3medeHHI  BiJMOBIIHOCTI
CTaHJIapPTU30BaHUM ITOKa3HUKAM CTaOlIBHOCTI Ta MEXaHIYHOT MIITHOCTI.

3. Mocnioxcenns enacmusocmeil mabiemox

Tabmerkn, OTpUMaHI 3a  3aMPOMOHOBAHOI0  TEXHOJOTIYHOK  CXEMOIO,

JIEMOHCTPYIOTh TaKi XapaKTePUCTUKH:

o Yac poznaganus — 15 + 0,5 XBuiuH, 1110 BiANOBIa€ BUMOraM (papMaKkoIiei.

o Teepuicts — 90 H, 3a6e3nedyroun CTIMKICTh 10 MEXaHIYHUX BIUIMBIB.

o Minnicts Ha posnamyBanHd — 2 Mlla, mo migTBepIKye iX MeXaHIuHY
CTaOUIbHICTb.

o Kpuxxkictb <1%, 1110 CBIAYUTH PO BUCOKY CTIMKICTh A0 PYWHYBaHHS.
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4. Innosayitinuti  cxna0  ma  CMPYKmMypHi  ocobausocmi  mabniemox
Buxopucrtanus ramya3uTy B TMO€IHAHHI 3 MIKPOKPHCTAJIIYHOIO LIETIOI03010
JTIO3BOJIMJIO CTBOPHUTH OJHOPITHY CTPYKTYPY sfpa TabJIETOK, MiATBEPIKEHY METOJI0OM
CEM. I'HT nipu BBeleHHI B CKJIaJl TaOJIETOK 3aJIMINAIOTHCS HE3PYWHOBAHUMH IIiJ] 4Yac

MpecyBaHHs, 3a0€3Meuy04H e(PeKTUBHY B3a€MO/IIIO0 3 IHIIUMU KOMIIOHEHTaMHU.

Pesynomamu excnepumenmanvuux 00cnioxcenb 0aHo20 po30iny npeocmasieHo 8
HACMYNHUX NYONIKAYIAX.
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PO3/11 5
KIHETUKA BUBLJIbHEHHS THKATICYJIbOBAHUX B TAJTYA3UTI A®I 3
TABJETOK

5.1 BuBinibHenus A®PI 3 TadjeTok

BuBuenHs npodimiB po3urMHEHHS TBEPAMX JIKAPChKUX (HOPM in Vitro 103BOJIsIE
OLIIHATH, HACKUIBKM  KPUTHUYHUM  MOXXe OyTH  3aCTOCYBaHHS  aKTHBHOIO
(dbapManeBTUYHOTO IHIPEIEHTY, SIKH CUHTE3YEThCS PI3HUMHU (PipMamMU-BUPOOHUKAMU.
Ile nocnimkeHHs Na€ 3MOTY BCTAaHOBUTH, SIK IIBHMJIKO 1 HACKUIBKM IOBHO JIIKapChbKa
dbopMa pO3UMHAETBCA B KOHTPOJbOBAaHMX YyMOBaX, IO MOXE BIUIMHYTH Ha 1l
e(deKTUBHICTb Ta O€3MeKy MPHU 3aCTOCYBaHHI.

KineTuka BUBIIbHEHHS! aKTUBHUX (DapMalleBTUYHHX 1HIpei€HTIB, a came AJIK Ta
M® 06e3 1HKanCymsLii Ta B 1HKAICYyJIbOBAaHOMY BHUIJIS/II HaBEeJAEHA Ha pucyHKax 5.1 Ta
5.2 BIAMOBITHO.

O6unBa A®I BUBUIBHSIOTHCA 32 TPAAMIINHOIO CXEMOIO, IO 3aiexkuTh Biag pH
cepenoBuia. st qocnimxeHHs 0yno BUKoprucTano Tpu 3uadeHs pH: 1.2, 4.5 ta 6.8, siki
BIMOBIIAI0OTh pH pO34YMHIB NUTYHKY, MOYAaTKOBUX Ta HIDKHIX BIAJAUIIB TOHKOTO
KHUIIIKIBHUKA.

VY BucokokuciotHomy cepeaonuii (pH 1,2), xapakTepHoMy aJis TUTYHKY, 00H1Ba
A®I nemoncTpyroTh mBuake BuBUIbHEHHS. AJIK pocsrae 70-80% Big MakcuMaibHOI
KOHIIeHTpalli npotsrom mnepmux 30 xBwimH, a M® nocsrae 6muszbko 80-90% Bxe 3a
nepiri 15-20 xBunuH. Lle cBIAUUTH PO BUCOKY PO3YUHHICTH 000X PEYOBHUH Y KHCIOMY
cepenoBuii. Jlami iXHe BHUBIUIBHEHHS YHOBUIBHIOETHCS, 1 JO KIHISI TEPIIOi TOJWHU
obunsa A®DI mocsraroTh TIaTO, MO CBIAYUTH MPO TMOBHE PO3UMHEHHs. Taka quHamika
HiATBEPUKYE, MO 0OMIBa KOMIIOHEHTH € €()eKTUBHUMH JJIsl TIEPOPATBHOTO MPHIOMY,

3a0€e3Meuyour MBUAKUN MOYaTOK Jii B yMOBaX BUCOKOT KUCIOTHOCTI.
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Ta 0e3 inkancymoBanHs B ['HT B cepenoBumiax 3 pizaum pH
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Y cepenoBuiii 3 mnoMipHOw kucioTHicTio (pH 4,5), xapakrepHomy s
MOYaTKOBUX BimauIiB kumeyanka, AJIK ta MO neMOHCTpYIOTh IIe MIBHIIIE
BuBUIbHEHHS. [IpoTsarom nmepmmx 15-30 xBunuH o0uaBl peuoBuHH AocsararoTs 80-100%
B1JI TOBHO1 KOHIEHTpaIlii, mpuaomy M@ nemno mBuaiie cradbinizyersess Ha piBHI 100%.
[le Bka3ye Ha 10OpPY PO3YMHHICTH 000X PEUOBHH Y MOMIPHO-KHCIOMY CEPEIOBHIIII, 1110
JTO3BOJISIE TM JIETKO BCMOKTYBATHUCS Ta CIIPUSIE MBUAKOMY TEPANIEBTUUHOMY €(EKTYy.

VY cepenoBu, 0Onmxkuomy 10 HedTpasbHoro (pH 6,8), ake € TUITOBUM /JI HUKHIX
BIITITIB  TOHKOTO KWIIeyHWKa, obmmBa ADI 1geMOHCTPYIOTh CXOXHHA IMaTepH
BUBUIbHEHHS, X0ua AJIK Tpoxu noBuibHIIIE Aocsrae miato. Y nepiii 15-20 xpuinn MO
ta AJIK pocsratore BianosigHo 80-90% Tta 60-70% makcuManbHOi KOHUEHTpaiii. o
KiHg nepioi roauHu oouaBa A®DI mocsratots piBHS 100%, 1m0 cBiAYUTH TPO iX
edeKTUBHE BCMOKTYBAaHHS HABITh Y OUIbII HEUTPATIBHUX YMOBAX.

Kinetuka BuBUIbHEHHS 3 TabneTok iHkancyiaboBaHux ['HT/AJIK ta 'HT/MO®
MPOJICMOHCTpOBaHAa Ha puCcyHKax 5.1 Ta 5.2 BigmoBigHO. B jgaHoMy mocCiiKeHHI
BctanoBieHo, mo A®DI, 3aBantaxkeni no I'HT B ckimagl TabnETOK, BUBLILHSIOTHCS
MIPOJIOHTOBAHO.

Tabnerku, mo mictuian AJIK ta M®, y MoaenbHUX CEpPEelOBUINAX PO3MAAATUCS
npu 37°C npotsirom 24 roaus. [Ipouiec BUBIJIbHEHHS LIMX PEYOBHH 3 TaOJETOK y CKJIal
['HT B imiToBaHuX cepenoBuiiax posunHeHHs JI3 mMae aesiki 0coOOIUBOCTI.

VY nepri 15 XxBUinH ekcro3uilii TabJEeTOK B MOJICTTBHUX PO3YMHAX CIIOCTEPITAEThCS
MPOIIEC iX pOo3MaJaHHs 3 YTBOPEHHSIM BEJIMKO1 KITBKOCT1 APIOHUX YACTHHOK. 3a IUX YMOB
A®I nocrarapo mBUaKO BUAUIAIOTECS 3 ' HT B po3uun. B 1eit nepioa BUAISIOTHCS 10
PO34YMHY, TOJJOBHUM YMHOM, MosieKysin ADI 3 BIIKpUTUX OTBOPIB HAHOTPYOOK.

O6unB1 ADI noBuUIBHIIIE BUBLILHAIOTHCS 3 MOJIeTbHOTO cepefoBuiia 3 pH 1,2, mo
CBITYUTH TIPO c1adiry po3uuHHICTh X ADI y BUCOKOKHCIOTHUX po3unHax. B po3unHi
3 pH 1,2 3a 24 ronunu 13 'HT BuBuibHA€THCs 05113bK0 60% 3aBanTaxkeHoi AJIK ta 40%
- M®. KineTrka BUBUTLHEHHS B II€H TIEP10]T OMUCYETHCS KIHETUKOIO HYJIHOBOTO TIOPSIKY,
110 CBIYUTH MPO T€, IO YUM OLJIbIlIe Yacy, TUM OUIbllle BUBUIBHAETHCS PEYOBUHHU.

AHaui3 npotecy BuBiibHEeHHsI 000X A®DI B po3uunax 3 pH 4,5 Ta 6,8 cBIIUUTH, 1110

MaKCHUMaJbHa iX KIJIbKICTh BUBUIBHSETHCS 3 TAONETOK y nepiini 8-12 roanH eKCIoHyBaHHS
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B MOJEJbHUX PO3YMHAX, IO CKJIaJae OUIbIYy YAaCTUHY 3aBaHTaXEHOi peyoBUHU. B
MOJ1aJIbIII1 TOAMHH €KCIIOHYBAHHS TaOJIETOK Ha OCHOBI Talya3uTy 13 3aBaHTaxeHnM ADI,
CTIIOCTEPIraeThCsl TaJIbMyBaHHS 3arajbHOTO MPOIECY BUBLIBHEHHS, IO CBIAYUTH IPO
BUBIJILHCHHS MOJIEKYJl PEUYOBHMH, SKI 3HAXOMWJIWCS Yy OUIBII TJIMOOKUX BIIIiIaX
HAHOTPYOOK, a00 B TpyOKax, siki Oyiu 3a0JI0KOBaHI IHITUMHU PEYOBUHAMU TaOJIETKH.

31 30ubmienHssM pH po3uuny Big 4,5 no 6,8 mns AJIK makcumanbHui piBeHb
BUBIJILHCHHS MMPAKTUYHO OJTHAKOBUM 1 HabmKaeThbest 10 80%. Xi1 mpoliecy BUBUIBHEHHS
BiZMOBiIae mapadosiuHii 3anexHocti. [llomo M®, to 3i 30inmpmenasM pH, mpotsrom
00U KUTbKICTh BUBLIIbHEHOT peuoBHHHM ckianae 10 60% mnpu pH 4,5 ta maitke 80% - npu
pH 6,8. Tooto y M® cnocrepiraerbcsi MOCTYNOBE 30UIBIICHHS PO3YMHHOCTI 3i
30ubieHHsIM pH MozensHOro po3unHy. Buj 3amexHOCTI BUBUIBHEHOI PEYOBUHU BiJ
yacy BiJINOBIi/Ia€ TapaOOoIIvHiM.

Otxe, ramya3ut 3abe3neuye nposionroBane BuBuibHeHHS AJIK Ta M® npotsirom
24 romuH, MO € OaXaHUM TEPMIHOM MPU BHUKOPUCTAHHI B MEIMIMHI. MexaHizm
YIHOBUIBHEHHS MPOLECY BUBIILHEHHS MOB'SI3aHMI, NIEPII 32 BCE, 3 CHJIAMU KaIUJIIPHOTO
BIUIMBY Ha yrpuMyBaHHs A®DI B mpocTopax ['HT.

B Toli e yac B ckiamHiil cucTeMl TAOJETKH 3’ SIBIAETHCS MOMATKOBUNA YMHHUK
CTPUMYBaHHSI BUBIJILHEHHS, a CaM€ BIUIUB KOMIIOHEHTIB TaOJIETKH, SIK1 TPU BUCOKOMY
VIIUTBHEHH1, IMOBIPHO, TAKO 3/1aTHI OJIOKYBaTH OTBOPU HAHOTPYOOK.

3 yacoM HIBUJKICTh BUBIJIbHEHHS 3MEHIIYETHCS, 10 MTOKA3y€ JTOJATKOBUN BILJTUB
Ha BUBLIbHEHHS A®DI KOMIIOHEHTIB TaOJIETKHU.

[Toni6Hu mpodink BUBIILHEHHS CIIOCTEPITaBCS B KOMITO3HIlT MIKPOTEIIO IS
MEePOPAIBHOTO ~ 3aCTOCYBaHHS, 1[0 MICTMB Trajya3uT, HAMOBHEHUN OWyayuM
cupoBaTkoBuUM anbOyMiHOM (BSA) [105]. BSA BuUBLIBHSABCS 3 O1IBIIOK HMIBUAKICTIO 3
He3allMaHuX Tallya3UTOBUX HAHOTPYOOK, TOAI fK B MOJAJbIIOMY CIOCTEpirajiocs
MOBUIBHIIIE MIECTU TOJWHHE BHUBIILHEHHS 3 MOJIMEPHOI MIKPOTeJIeBOi CUCTEMH, IO

BKa3y€e Ha BUCOKY BIPOT1HICTh OJIOKYBaHHS KiHIIIB TPYOOK Trajyas3ury.
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5.2 [Jdocaimxkennss ¢orocradisbHocTti ADI, inkancyaboBanux B I'HT y

CKJIAZi TA0JIeTOK

3axuct AJIK Tta M® Big cBiTIa € BKpall HEOOXiTHHUM, OCKUIBKH OOHBI
JOCITIIKYyBaH1 PEUOBUHHU - 1€ CBITIOUYT/IHBI ADI, K1 pO3KIaTat0ThCS i II€I0 CBIT/IA B
3BUYAITHUX YMOBaxX BUKOPUCTAHHS.

[IpoBenmeni mOCHiTKEHHS Ha CTIAKICTh 110 (OTOCTAOIILHOCTI CBIIYaTh, IO
3aBanTaxxeHHs AJIK Ta M® B I'HT B cucremi TabneTku miaBHUILYE iX GOTOCTAOUIBHICTD,

PO IO CBIIYATh PE3yJIbTATH, MIPEACTABIICHI HA pUCYyHKax 5.3 Ta 5.4 BIAMOBIIHO.
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Pucynox 5.3 ®otocrabinsHicTs AJIK, iHkancynsoBanoi y 'HT B ckiasi TabneToxk.
TabneTkn Ha OCHOBI Tallya3uTy OyJIM TOMEPEIHbO ONPOMIHEHI1 CBITIOM B Y@ Ta
BunuMomy niama3onax. Konnenrpariis AJIK mocmimkyBanacs y MoaenbHuX OydepHux

pPO3UYMHAX MICIs 24 TOIUH MPOIECy BUBUIBHEHHS Mpu Temmnepartypi 37°C
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Pucynox 5.4 ®otocrabinpHicth M®, inkancynsoBanoro y I'HT B cknami
TabneTok. TaGneTkn Ha OCHOBI raxya3uTy OyJiv MOTNepeaHbO OMPOMIHEHI CBITIIOM B YD
Ta BuaAuMomy aianazonax. Konnenrpariiis M® gocnipkyBanack y MOAEIbHUX OypepHux

po3unHax miciis 24 roivH Mpoliecy BUBUIbHEHHS Npu TemiepaTypi 37°C

He 6inbmie 5% AJIK ta M® pyiiHyeThes i yac TecTy Ha (POTOCTAOLIbHICTD
TabJeTOoK 13 3aBaHTaxkeHUMU ADI, npo 1110 CBiIUATh pe3yIbTaTU JOCIIIKEHb, IPOBEICHI
y BCIX MOJENbHUX po3unHax 3 pizHuM pH. Ile cBiquuts mpo te, mo 6araromaposi 'HT
JUIOTh SIK XOPOILMHM 3aXUCHUM Oap’ep, 3armobiraroun NOTPAIUIIHHIO LIKIJIUBOTO CBITJIa
Ha MoJiekynu JI3, mpo mo cBiguaTh ¢aktopu moai0HOCTI (f2) KIHETUKH PO3YMHEHHS
mirounx A®I.

ITpoBeneni pocnikeHHs QorocradbuibHocTi AJIK Ta M® mnokasywTh, 10
rajgyasuT JEMOHCTPYE BHCOKMM 3aXxUCHHUM e(eKT JaHuX KOMIIOHEHTIB BiJ
dotomecTpykiiii Ha piBHI 95% Ta 97% BignoBigHO. Lle MIATBEPIKYETHCS BUCOKUM
3HaYeHHsAM (aktopy mnomioHOCTI (f;), SAKUH CBIIUUTH TPO CXOXKICTh KIHETUKH

BUBUIHHEHHS aKTUBHHUX PEUYOBHH B KiHETHUI(l BUBLTbHEHHS ADI.
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PesynbraTu gocnimkeHHs: crabuibHocTi AJIK 3 BUKOpHUCTaHHSM PI3HUX METO/IIB
TECTyBaHb JOBEJI TapHI BIACTUBOCTI TAlTya3uTy, K TOMOMIKHOI PEYOBUHH JJIS 3aXHUCTY
nanoro A®I Big mecTpykitii.

RSD cepennboro 3HaueHHs pe3yibTaTiB BUBUIbHEHHS ckiagae MeHie 10% 1
CBIJUUTH, IO PE3YyIbTATU € AIMCHUMHU. 3 JaHUX Ta0Onuii 5.1 s KOXKHOTO cepeioBHUIIa
posunHeHHs1 (Oydepnuit posunn 3 pH 1,2, 4,5 ta 6,8) po3paxoBaHO 3HAYCHHS
koedimienty nmomioHocTi fr. BiH 3HaxoauThes B Mexax Bif 76,5 1o 86,3, 110 CBIIYUTH
npo MoAiOHICTh KIHETHKU BUBUIBHEHHS 1 Tpo Te, mo 3aBaHTaxkeHi ADI AJIK ta MO

BUTPUMYIOTH BUIIPOOYBaHHS TECTY Ha ()OTOCTAOLITBHICTb.

Tabmuusg 5.1 — ®@akropu noaidnocti AJIK Ta M® npu pizaux pH

Kommonent pH dakrop noxidbuocri (f2), %
1,2 76,5
O-JIiIIO€Ba KUCIO0Ta 4.5 86,0
6,8 85,2
1,2 86,3
MOKCH (TIOKCAINH
. 4,5 83,1
T1APOXIIOpUA
6,8 78,4

AHanoriyHi pe3yibTaTd OTpUMaHi aBTopamu [97] mpu AOCTIIKEHHI KIHETUKH
BuBLIbHEeHHS Hideninuny 3 I'HT y cknanl Tabnetok. Lleit npouec nis Hipeainuny OyB
ONM3BKUM JI0 KIHETHKH HYJBOBOIO MOPSAKY TpoTsroM 20 roawH, TOOTO KUIBKICTb
BUBUILHEHOI PEYOBHMHU Oyia MpsSMO MPONOPUIAHOI Yacy. ABTOpaMH 3a3Hayanocs 1
N1ABUILIEHHS (POTOCTAOUTBHOCTI yTPUMYBAHOTO B HAHOTPYOKax Hi(ealIiny.

Hocnimxenns: BuBuibHeHHs JI3 mpoBogmmum nipu pH 1,2 Ta 6,8, mo mo3Boiauio
IMITYBaTH YMOBH BHBIJIBHEHHS y HUIYHKOBOMY Ta KUIIKOBOMY CepeloBHIIAX. SK 1y
HAIIOMY BUNAAKY, BUBUIbHEHHS Hipeminuny 3 nopomkonoaionux ['HT BinOyBaeThcs y
nBi (a3u: CroyaTKy CIHOCTEpIra€ThCs I1HTEHCHBHE BHBUIBHEHHS, SKE IOCTYIIOBO
NepexXoAnTh y MOBUIbHUNA Ta TPUBAJIUI MPOLIEC BUBUIBHEHHS Y€pe3 MPOCBITU TPYOOK.
IIpu pH 1,2 no 100% mnpemapaTy BHUBUIBHSIETHCS MPOTITOM MEPIIMX IBOX TOJHUH.

BusinbHeHHs Hideauiny 3 raaya3uty npu pH 6,8 Bi1OyBa€eThcsl 3T1IHO 3 TBEPIPKCHHIMU
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aBTOPiB [103] KIHETUKOIO HYJILOBOTO MOPSAKY A0 18 TOJIMH 3 MOAAIBIINM YIIOBUIbBHEHUM
BUBUTHPHEHHSM 10 24 TOJIMH, PIBEHb BUBUILHEHHS 3 Taya3WTy ckianae omm3bko 80%.
3MiHa KIHETUKH BHMBUIbHEHHS MpU JyXHOMY pH moB'si3aHa 31 3MIHOIO PO3YUHHOCTI
Hi(enuIiHy, sika BUSIBUJIACS HABIIAKU BUIIOIO MpHU KUclioMy pH, HIX npu Ty>KHOMY.

VY BIacHUX MOCHIKEHHSIX MTOKa3aHO, M0 KIHETHKA MPOJIOHTOBAHOTO BUBITLHEHHS
A®I AJIK ta M® mae iH111 0c00IMBOCTI KiHETHKY BUBUIbHEHHS 3 ['HT.

Ha Bigminy Big HipeminuHy, SKUN Kpalie po3UUHIEThCA B KUCIOMY CEpPEIOBHIIIL,
OTpMMaHiI HaMH JaHl cBimuaTh, o BuBUTbHEHHS AJIK Ta M® mokparmryerscs 31
soubmenHsM pH Bim 1,2 mo 6,8. ToOTo, MM OUIBII JIy)KHE CEpPEAOBHIIE, THUM

PO3YMHHICTH AOCIKyBaHuX Hamu ADI Buiie.

BucHoBkHM 10 po3aiiay S

TaxuMm 4yMHOM, rajlya3uT MO>K€ BUKOHYBAaTH KOMIUIEKCHY 3a/ady. 3 OAHOTrO OOKY,
BIH BUCTyHa€ SIK €(EKTMBHUN HAHOHOCIM JJI1 MPOJOHrOBaHOrO BHUBUIbHEHHS ADI,
3a0e3Mneuyrour KOHTPOJIbOBAHUH TEMIT pO3YMHEHHS B yMOBax pizHoro pH. 3aBasku cBoii
HAHOCTPYKTYpl Ta MOXJIHUBOCTI yTpumyBaTH A®Il BcepenuHl HAHOTPYOOK, raayasuT
CIpHsIE MOBUILHOMY 1 CTAOUIBHOMY BHUBUIBHEHHIO, IO JO3BOJISIE JOCSIITH OaXaHOTro
TEPaNneBTUYHOrO0 €(QEeKTy MNPOTIroM TpuBajoro uvacy. lle ocobmmBO BaxJIMBO IS
3a0€e3Me4eHHsI MPOJIOHTOBAHOTO BIUTMBY JI3 Ta yHUKHEHHS YaCTUX MPUHOMIB J03YBAHHS.

3 iHmoro OOKy, Tajlya3uT BHKOHY€ 3aXHUCHY (GYHKIIIO, MiABUILYIOUN
dotoctabinpHicTh cBiTHOuyTMBUX ADI, Takux sk AJIK ta M®. I'HT crBOprooTh
Oap’ep, 110 0OMEXKY€E TOCTYN CBITIA A0 MoJieKysl ADI, 3HIKYIOUM IXHIO Jerpaaaliito mija
niero Y@ punpomintoBanHd. Lle mo3Bomsie 30epertu akTUBHICTD 1 cTabutbHICTh AD] y
CBITJIOUYTJIMBUX JIIKAPChKUX (PopMax, M0 OCOOJHUBO BaXJIMBO JJisi 3a0€3MeuUeHHs iX
JIOBrOTPUBAJIOr0 30epiranHs Ta e()eKTUBHOCTI.

Takum 4ynHOM, ranya3uT He TUIBKU MOKpAIy€e€ KOHTPOJb 3a BUBUIbHEHHSIM ADI,
asie i crpusie iX 3aXUCTY BiJl 30BHILIHIX (DAKTOPIB, IO pOOUTH HOro 6AraToo0IAI0Y0I0

JOTIOMID>KHOIO PEYOBHHOIO B pO3pOOII IHHOBAIINHUX (hapMarieBTUIHUX (PopMm.
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Businbaenns AJIK ta M® y HaTUBHOMY (HEIHKAICyJIhbOBAaHOMY) CTaHi 3 TaOJIETOK
MOKA3aJI0 TPAIUIIHHY KIHETHKY B PI3HUX CEpEIOBHIIAX:
1.  Kucne cepedosuwe (pH 1,2): piBenb BuBiLtbHeHHS AJIK mocsrae 70-80%
koHIeHTparlii 3a 30 xBuuH, a M® — 80-90% 3a 15-20 xBunuH. O6uasa ADI qocsaraioTh
m1aTo 3a 60 XBWIWH, 110 CBITYUTH PO BUCOKY PO3UYMHHICTH Y KUCIUX YMOBaX.
2. ITlomipnokucne cepedosuwe (pH 4,5): piBenb BuBiibHeHHS AJIK ta M®
nocsiraroTh 80-100% 3a 15-30 xBunuH. M@ ctabinizyerbes Ha 100%, 1m0 Bka3ye Ha
100py PO3YMHHICTD Y TAKUX YMOBAX.
3.  Heimpanvne cepeoosuwe (pH 6,8): piBenb BuBinbHeHHST M@ nocsirae 80-90%
koHieHTparlii 3a 20 xBunuH, AJIK — 60-70% 3a el sxe nepion. Yepes 60 XxBuiauH o0uBa
A®I gocsararors 100% BUBUILHEHHS.

[akancynboBani  dopmu ADI y ckmagi  TabIETOK  MPOJEMOHCTPYBAIU

MIPOJIOHTOBaHy KIHETUKY BUBIJIbHEHHS:

. Kucne cepedosuwye: 3a 24 ronuau 3 HaHOTPYOOK BUBLIbHSAETHCA 60% AJIK Ta 40%
Mo.
. llomipnokucne ma HeumpaivHe cepedosuuje. MaKCUMajdbHE BUBLUIbHCHHS

BiIOyBaeThes 3a nepii 8-12 roaun; AJIK — o 80%, M® — o 60% npu pH 4,5 ta 1o
80% mpu pH 6,8 3a 24 ronunm.

Tectn Ha oroctabinbHicTh ADI y cknaal TabneroBaHux (GopMm Mokazaiu, 110
HKancymsis 3Hmwkye ¢oromaectpykmito AJIK ta M® no 5%. 3nauenns dakropa
noaioHocTi (f2) ms AJIK ta M® konuBaeThcsi B Mexax 76,5-86,3%, 1110 MIATBEPIKYE
CTIMKICTP 70 (OTONECTPYKLIi Ta CXOXICTb KIHETHMKHM BHUBUIBHEHHS Yy PI3HUX
CepeIOBHIAX.

Pesynomamu excnepumenmanvuux 0ocniodxcenb 0aHo20 po30iny npedcmasieHo 8
HACMYNHUX NyOIKayisx.

Cmammi.

1. MeabHuk A., Yurupunens O. JlocmiKeHHs rajlya3uTy sIK HAHOHOCIS JUIst
dboTo3axuCTy aKTHUBHUX (apMaIeBTUYHUX IHTPETIEHTIB y CKIaal Tabnetok // Bicuux

XmenvHuybkoeo Hayionanvroco yHieepcumemy. Cepis: Texuiuni Hayku. Tom 341 Ne 5

(2024): C.485-489. https://doi.org/10.31891/2307-5732-2024-341-5-70. daxose
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BunanHsa, Ykpaina. ISSN 2307-5732. Ocobucmuii enecox 3000y8aua: nposedeHHs
eKCNEePUMEHMANLHUX OOCTIONHCEHb, 002080PEHH OMPUMAHUX Pe3YIbIMamis, 0)OpMIeHHs

pe3yﬂbmami6 ma HanucamHs cmammi.

Tes3u oonogioeil:

2. Meabnuk A.C., Yurupusnenr O.E. JlocnmipkeHHS KIHETUKH BUBLIBHEHHS
1HKAINCYJIbOBAaHUX O-TIMOEBOI KUCIOTH Ta MOKCH(IIOKCAIMH Tiapoxiopuny. Haykogo-
NPAKMU4Hi  po3poOKU MONOOUX YHeHUX 6 XIMIuHill, Xapyosil ma nap@ymepHo-
KocMemuyHitl  eanysax npomuciogocmi: Matepianu X BceeykpaiHChKOi HayKOBO-
MPaKTUYHOI KOH(EpEeH1i MOJIOANX YUEHUX 1 CTyAeHTIB. — XMenbHuLbkuid, XHTY, 2023.
— 124 ¢. Ocobucmuii 6necok 3000y8aua — npo8edeHH s eKCNePUMEHMAIbHUX 00CTIONHCEHb,
00poOKa 00epacanux pe3yibmamis, HAaNUCAHHS I NOOAHHS Me3.

3. Melnyk A. S., Chyhyrynets O. E. Study of the kinetics of release of the
encapsulated a-lipoic acid. 36ipka me3 donosioeti Mixcnapoona xoughepenyis 3 ximii,
XiMIuHOI mexnonoeii ma exonoeii, npuceayeniti 125-piuuio KIII im. leops Cikopcbko2o
(26-29 Bepecns 2023 p., m. KuiB) — 346 ¢. Ocobucmuti necox 3000y8aua — npoeeoeHHs
EeKCNepUMEeHMAanbHUx O0CIIO0JNCeHb, 00POOKA 00epIHCAHUX pe3YNIbmamis, HANUCAHHSA |
NOOAHHs me3.

4. Meabnuk A.C., Yurupunens O.E. JlocnmipkeHHS KIHETUKM BUBLIHHEHHS
1HKANCyJIb0BaHOTO MOKCU(IIOKCAIIMH TiIPOXJIOPUAY 3 HAHOTPYOOK ramyasuty. Cman i
NepCneKmusy po3euUmKy XiMIuHOI, Xxapuoeoi ma napghymepHo-KkocCMemuyHoi 2anysell
npomucnosocmi: Martepianu VI BceeykpaiHCbkoi HayKOBO-TIPAKTUYHOI KOH(BEpEHITii. —
XmenpHutibkuit, XHTY, 2024. — 214 c. Ocobucmuii enecok 3000y8aua — npoeeodeHH sl
EeKCNepUMEeHMAanbHUX O00CNI0JCEHb, 00POOKA 00epAHCAHUX pe3YNbmamis, HANUCAHHA 1
nOOaHHs mes.

5. Melnyk A.S., Chyhyrynets O.E. Development of the release kinetics of
moxifloxacin hydrochloride from encapsulated halloysite nanotubes. Haykoso-
NPAKMU4Hi  po3poOKU MONOOUX YUeHUX 6 XIMIuHill, Xapyogi ma nap@ymepHo-
Kocmemuynitl eanyzsax npomucirosocmi: Matepianmn X1 BceeykpaiHcbkoi HayKOBO-

MPaKTUIHOI KOH(MEpeHIi MOIoANX YYeHUX 1 3700yBadiB OCBITH. —XMEIbHUIIBKUM,
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XHTYVY, 2024. - 193 ¢. Ocobucmuti 8necox 3000y8aua — npo8eoeHHs: eKCNepuUMeHmanbHux

00CNi0HCEHD, 0OPOOKA 00EPHCAHUX Pe3VIbIMamie, HANUCAHHA I NOOAHHS me3.
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BUCHOBKHA

1. [TpoBeneHi OCHTIKEHHS Y PO3UMHHUKY TTOKa3ad, 1o iHKancysis AJIK
ta M® B I'HT cyTTeBo mijBuIye ix ctadiabHICTh 10 YD cBiTna. Y BUIbHOMY HATUBHOMY
CTaHi B pO3YMHHUKY miciia 24 rogun onpomineHHs AJIK BTpagana 54,2% Bix moyaTkoBoOi
KOHIIEHTpaIlli, TOJAl K y CKJaJl raaya3uTy B HEIETPaJOBaHOMY CTaH1 3aJUIIAIOCS
84,4%. M® y BiTbHOMY CTaH1 JIEMOHCTPYBaB 3HIKEHHS €()eKTUBHOI KOHIICHTpaIlii Ha
15,3%, Toni sik y cknaai [HT 36epermnocs 98,1%.

2. TectyBaHHsT  (OTOCTAOUIHLHOCTI  OMpPOMIHEHHSM B Y ®D/BUIUMOMY
nianazonax AJIK ta M@ niarBepauino epextuBHicTs ['HT sk 3axucHoro marepiany Bij
dboroaectpykiii. Inkancymsmis AJIK 3abesneunmnia 30epexkeHHss 98,5% aKTHUBHOI
PEUYOBHHH IMICIIA 24 TOJMH OCBITIICHHS, TO/II SIK y BUIBbHOMY CTaHI1 I1el IOKa3HUK CKJIaJ1aB
82%. Amanoriuno, craOuibHicTh M® y ckiajal HAaHOKOMIO3UTY Jocsarana 99,9%, Ha
MPOTUBAry B HATHBHIN (HOPMI, KOJIM 3aJIMIITMIOCS HeJerpagoBaHuM juiie 89%.

3. JocumikeHHs TepMOCTAa0LIbHOCTI MOKa3ajlo, L0 MICHS CTpec-TeCTyBaHHS
npu temrnepatypi 60°C npotsrom 24 rogun AJIK y BinbHOMY cTaHi 30eperna 65,7%
noyatkoBoi Mmacu, a M® — 85,8%. ObunBa iHrpedieHTH, IHKANICYJIbOBaH1 y Traayas3ur,
JIEMOHCTPYBaJIM MPAKTUYHO MOBHY CTaOUIBHICTH 13 MOKAa3HUKAMH 30€pPEKEHHS Maiike
100%.

4. BuBdeHHs (i3MKO-MEXaHIYHUX BJIACTUBOCTEW TaOJIETOK IOKA3ayio, IO
Ta0JIETKU 3 rajaya3suToOM BIANOBIAAIOTH (PApMALIEBTUUHUM CTAHIApTaM 13 MOKa3HUKaMU
tBepaocTi g0 90 H, minHocTi Ha po3nam g0 120 H ta BFI na piBni 0,13 £ 0,05. Yac
posmamaHHs TabjmeTok ckiagaB 15 £ 0,5 XBuiuH, MO € TNPUAHATHUM IS
(dbapManeBTUYHOTO 3aCTOCYBAHHSI.

5. BuBuenns kinetuku BuBUIbHEHHS A®DI 3 TabmeTok Ta 3 1HKANCyJIbOBaHUM
A®ITHT BcranoBuno, uio inkamcymsmiss AJIK ta M® B T'HT 3abesneuye
KOHTPOJIbOBaHE BUBILIbHEHHA IX peuoBuH. Ilpu pH cepemoBuma 4,5 piBeHb
BuBlIbHeHHSI M® ckianas Bix 58,2% 10 75,2%, a ms AJIK — Big 75,3% mo 79,8%. 31
30utbmenHsM pH no 6,8 piBens BuBuibHeHHsT AJIK nocsras maitke 80%, Toai sk 1 MO

— 60%.
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6. Hocmimkennss ¢orocradbimbHocti ADGI/THT y TtabneroBanux dopmax
1oKa3ajo, 1[0 MPoIeC 1HKANCYMAil 3HauHO 3MeHInye dotoaectpykiito AJIK ta MO,
obmexytouu ii 10 5%. Po3paxynoxk dakrtopy nmoaionocti (f2) ans AJIK ta M® B mexax
76,5-86,3% CBIiIUUTH TPO TMOKpAIIeHy CTIHKICTh 10 BIUIMBY CBITJa Ta IOJIOHUIMA

XapakTep BUBUILHEHHS PEYOBUH y PI3HUX YMOBaX.
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