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buopasnaraempie moJUMEpPHI HALLIM IUPOKOE MPUMEHEHUE B KAUECTBE MaTEpPHUAJIOB
JUIST W3enui  MenuuuHckoro HasHauenust [1l]. Haumbonee pacmpocTtpaHeHHBIMU
MaTepuallaMd  IMMOJOOHOTO  poja  SIBIISIIOTCSA — TOJMMOJIOYHAsh — Kuciora [2],
MTOJINTJIMKOJIEBass KUCOTa [3], MOJMKAnpojakToH [4], a Takke WX COIOJIMMEDPHI.
OpnHako, MMEHHO MOJIMMOJIOYHAsl KACIOTA MOJIy4YHJIa HauOoJIblIee paclpoCTPaHEHUE
B CWJIYy BO3MOXHOCTH IOJYYEHHS MOJMMEpPA C 3aJaHHBIMU CBOWCTBAMHU, BapbUPYs
COOTHOIIICHHE ONTHYECKMX HM30MEpOB B 1enu mnoiumepa [5]. HemamoBaxHbIM
ABJISIETCS. U TOT ()aKT, YTO MPU JACTPAJANHNH MOJTMMOJIOYHON KUCIOTHI B OpTraHU3ME
YeJoBeKa MOJIMMEpP THUAPOJM3YEeTCS A0 MOJIOYHOM KHCIOThI, €CTECTBEHHOIO
MeTabonuTa [6].

OnHako Tpu BCEX MEPEUUCICHHBIX MNPEUMYIIECTBAaX MOJMMOJIOYHAS KHUCIOTa B
KayeCcTBE Marepuana il M3AIUA MEIUIMHCKOTO HAa3HAYECHUS HUMEET W Psil



HCAOCTATKOB, I'NTABHBIM M3 HHUX ABJIBICTCA OTCYTCTBHC peaKL[I/IOHHOCHOCO6HbIX rpymil
Ha IMMOBCPXHOCTH IMOJIUMEPA.

Hox n ero coeTMHEHUS JTaBHO U3BECTHBI CBOMMHU aHTHOAKTEPUATBHBIMU CBOMCTBAMH.
JInst MeTUITMHCKUX Lieield HanOoJiee 4acTo MCIOJb3YIOTCS MOJICKYIISIpHBIA MO [7] U
KOMILJICKC TOJIMBUHIIITUPpOIHIoHa ¢ uojgoM [8]. IlomMmumo 3TOro, WMOQ W €ro
COCJIMHEHUS YacTO MCIOJB3YIOTCS B KAUeCTBE PEHTTCHOKOHTPACTHBIX areHToB [9], B
pamuotepanuu [10].

Takum  oOpa3zoM, pa3paboTka HOJICOJEpKAIIUX MaTepuaJoB Ha  OCHOBE
OuopasnaraeMoro TMojJuMepa SBISETCA aKTyalbHOM 3ajlayei, perieHue KOTOpOou
MOXET OBbITh MPUMEHEHO KaK B MEIUIIMHE, TaK U B JPYTrUX OTPACisAX >KU3HU
YeJIOBEKa.

Lenpto naHHOM paOOTHI SIBISETCS pa3pabOTKa HOACOJAEpKAIIUX MATepUajoB Ha
OCHOBE BBICOKOMOJIEKYJISIPHOW MOJIMMOJIOYHOW KHUCIIOTHI U U3YYEHHUE U3 CBOKCTB.

OOBEKTOM HCCIICIOBAaHUS SIBIISIOTCS OMoOpasiiaraeMble HOJICOJSpKaIue MaTepHaIbI
Ha OCHOBE MOJUMOJIOYHOU KHUCIIOTHI.



1. O630p auTEpaATYpPHI
1.1 buopa3aaraemble MaTepHaJbl MeTUIIUHCKOT0 HA3HAYEHUSA

B mocnennee Bpemsi TpeOoBaHWMS K MarepuaniaMm, MPUMEHSEMBIM B MEAWIIMHE,
CTaHOBSTCS Bce Oojiee BhICOKMMH. OHM JOJDKHBI COBMEIIATh B ce0e TaKue CBOMCTBA,
KaK OMOCOBMECTHUMOCTh, OMOJIETPauPyEeMOCTh, a TAaK)KE MPUEMIIEMbIE MEXaHUYECKHE
CBOMCTBA. DTUM TPeOOBAHMSIM COOTBETCTBYIOT CHHTETUUECKHE OHOJETpaaupyeMbic
MOJIUMEPHI, HanOoJiee PacpOCTPAHEHHBIMHU TPEICTABUTEISIMUA KOTOPBIX SBIISIOTCS
MOJIMKANPOJIAKTOH [4], MOJUTIMKOJEBas KUCIoTa [3], moJuMoJiouHasi Kuciora [2].
Hawnbosiee mEpCeKTUBHBIM  MaTepUajOM CpPEId  TMEPEYUCICHHBIX  SBIISCTCS
MOJIMMOJIOYHAS KHUCJIOTA. OJTO OHONETpaIupPyeMbId TOJIUMEp, IOIy4aeMbIi U3
PaCTUTENILHOTO CBIPbS, KOTOPBIM THAPOJIU3YETCS B OpraHu3Me 4YejoBeKa JI0
MOJIOYHOM KHCJIOTBI, €CTECTBEHHOTO METa0O0JuTa, CIIOCOOHOrO0 B JalbHEHIIEM
y4acTBOBAaTh B IIMKJIE TPUKAPOOHOBBIX KHCJIOT [6]. Elle ogHuUM BBIIAIOIIUMCS
CBOMCTBOM MOJIUMOJIOYHOM KHUCIIOTHI SIBIISETCS BO3MOXKHOCTD MOJTYUYEHUS MTOJTUMEPA C
3aJITaHHBIMA MEXaHUYECKHMH XapaKTEPUCTUKAMHU 3a CUET BapbUpoBaHUs a0 D- m
L- u3omepoB B Mmarepuane [5]. Kpome Toro, moimmosodHass KHUCJIOTa MOAAACTCS
OOJIBIIIMHCTBY TEXHOJOTHYCCKUX MPOIIECCOB, TAKUX KaK SKCTPY3Hs M IiaBicHue [11].
HecMoTps Ha nipesicTaBieHHbIE PEUMYIIECTBA, MOJIMMOJIOUHASI KMCJIOTa 00J1a/1aeT U
pPSAZIOM  CYIECTBEHHBIX HEJOCTATKOB, CpPEIU KOTOPBIX CTOUT TEPEUUCIHUTD
ruipohoOHOCTh, MPEMATCTBYIONIYIO are3ur KJIETOK Ha MOBEPXHOCTH MOJUMEpa, a
TaKk K€ OTCYTCTBHE€ OHMOJOTMYECKONW aKTUBHOCTH, CBA3aHHOE C HEJOCTATKOM
PEaKIIMOHHO AaKTHUBHBIX TPYINT HAa TOBEPXHOCTH TojuMepa (MOCIeaHEe MOYKHO
CUHMTATh HEIOCTATKOM JIMIIIb B HEKOTOPBIX CITy4asx).

1.2 IMMoauMoJI0UYHAS KUCJI0TA

[TonuMonouHasi KUCIOTA SIBASETCS CUHTETHYECCKUM aJ'II/I(I)aTI/I‘-ICCKI/IM HOJ'H/IB(bI/IpOM,
MOHOMCPOM KOTOPOI'O ABJIACTCA MOJIOYHAA KUCJIOTA:

o
O\H/C\ A
CHs |

Pucynok 1. CTpykTypa HOJMMOJIOYHOW KUCIIOTHI.
Morsnekyna MOJOYHOM KHCJIOTBI MUMEET XHUPAIbHBIA LEHTP, MO3TOMY OHA MOXET
CYILLIECTBOBATh B BHUJE JIBYX OINTHUYECKHX H30MepoB, D- m L- mosouHON KHCIOT.
CootHomienue D- u L- u3oMepoB B mojiuMepe BIUSIET HAa TaKWe CYIIECTBEHHBIC
XapaKTEPUCTHUKHU, KaK CKOPOCTb JETPajallii, TBEPAOCTh, XPYIKOCTh, PACTBOPUMOCTb
M BS3KOCTh pacTBopa. TakuMmM 00pa3oM, BO3MOXHOCTb HW3MEHEHHS CBOWCTB



IMOJIYYCHHOI'O II0JIMMCPA BapbHPOBAHUCM COOTHOHICHHA OITHYCCKUX H30MCPOB
MOJIOYHOM KHMCJIOTHI B LCTIN ITOJUMEPA ITO3BOJIACT IMMOJIYUUTh MaTCpHal C 3aJaHHBIMU
(I)I/IBI/I‘IGCKI/IMI/I CBOMCTBAMM.

1.3 Hoacoaep:xaniue noJauMepHbie MATePUAIbI

Hox u ero coemMHEHHs JaBHO U3BECTHBI CBOMMH aHTHOAKTEpUATbHBIMKM CBONCTBAMU
[7,8]. Kpome TOro, Moa U €ro COEAUHEHUSI UCIIONB3YIOTCA B KAUECTBE KOHTPACTHBIX
areHTOB B METOJaX HCCIEAOBaHUS, OCHOBAHHBIX HA NMPUMEHEHUU PEHTTEHOBCKHUX
aydeit [9] m B pagmotepanuu [10]. PaccMOTpUM OCHOBHBIE METOMBI MOJY4YCHUS
MOJICOJIEPIKAIIUX MMOTUMEPHBIX MATEPHUATIOB, a TAKKE X MPUMEHEHUS.

1.3.1 KoBajienTHOe MoauuUIUpPOBaHUE IOJMMEPOB HOAOM U €ro
coelMHEHUSIMH

B nurepaType BCTpeuaeTcsi HECKOJIBKO METOJOB, IO3BOJIAIONIUX IOJYYUTh
MOJIMMOJIOYHYIO KHUCJIOTY W €€ COIOJHMMEPHI, COJAEpXkaIlhe KOBAJEHTHYIO CBS3b
MEXy aTOMaMu yriepoja 1 uoja.

B pabote [12] comonmmep MOIMMOJOYHOW KHUCIOTHI M TOJMITUICHOKCHIA ObLI
MIOMEUYEH pPaJUOAKTUBHBIM HM30TONOM HOAA C IEJbI0 H3YUYCHHUS pPacHpeaesICHUs
Marepualia UMIJIAaHTOB B OPTaHU3Me KpbIC. [[J1 3TOro cononumep pactBopsiiu B 1,4-
JMOKCaHe, 3aTeM K MOJYyYEHHOMY pacTBOPY M00ABISIIM HOIU 112>, HNonuposanue
MPOBOJIMIIN Jo0aBiieHneM pactBopa xyopamuda T B gocdarHom Oydepe ¢ pH=7.4.
MMILIAHTBI, U3TOTOBJICHHBIE U3 TIOJIYYEHHOTO TIOJIMMEPA, BXKUBJISIIA B TAOOPATOPHBIX
KpbIC. [lampHENNI aHaNM3 TKAHEW MOJIONBITHBIX XWBOTHBIX IMO3BOJWJI CYAUTH O
pacnpeesieHud CONOJUMEpPaA IO OPTaHU3MY KUBOTHOTO.

['pynmoii Beuille et al. Obi1 mpencraBiieH MeTON HOAMPOBAHUS TOJIMMOJIOYHOM
KHUCJIOTHI C NpuMeHeHneM N-HOICYKIMHUMHAA C LEJbI0 YBEIUYECHHS PEeaKMOHHOM
aktuBHOCTH moiumepa [13]. MonupoBaHue MpoBOIMINA B KUIALIEM OeH3zole (Tpu
t=80 °C), B npucytcTBuu noiuiaktuaa, N-uoacykimuuMuga u nepekucu 0eH3ousa
(B cootnomennu 1:1:0.02). Cxema 1 MEXaHU3M pEaKIMK MPUBEICHBI HA PUCYHKE 2!
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PI/ICYHOK 2. CxeMa ¥ MEXaHHU3M KOBAJICHTHOT'O raJIOrCHUpPOBAHUA MOJIMMOJIOYHOM
KHCJIOTBI B IPUCYTCTBHUU N-F&J’IOFCHCYKHI/IHI/IMI/II[OB.

Cornacno panasiM [IMP, spdextuBHOCTS TanHOTO MeTona coctaBuia meHee 0.5%.
JlaHHasi peakiusi OKa3alach PETUOCEIEKTHBHOM M HOJUPOBAHUE IMPOXOIUT B (-
MOJIOKEHUE MOJIEKYJIbI TOJIMMEPA.

HepeLIHCJIGHHLIG IIoAXO0AbI ITO3BOJIIIOT 3aMCTHO U3MCHUTD CBOMCTBA MOJUMOJIOYHON
KHCIOTBI M €€ COIIOJIMMCPOB, OIHAKO KOBAJICHTHAA MOI[I/ICI)I/IKaL[I/IH MOXECT
HCTIPCACKA3yCMO CKa3aTbCiAd Ha MCXAHUUYCCKUX CBOMCTBaX moJmnmMmcepa. KpOMC TOrO,
MEPCUNUCIICHHBIC MCTOABI MMOAPA3yMEBAIOT PACTBOPCHUEC ITOJIUMEPA, ITO3TOMY OHHU HEC
MOT'YyT OBITH IMPUMCHCHBI IOJIA HOBerHOCTHOfI MOI[I/I(i)I/IKaLII/II/I I'OTOBBIX H3)Z[CJ'IHI>1.

1.3.2 HekoBajieHTHOe MOIAM(UUHMPOBAHME MOJHUMEPOB HOIOM H €ro
COeUHEHUSIMU

HexoBanentHoe MoauduiuUpoBaHHe TOJMMEpPAa HOAOM W €ro COEIUHECHUSIMU
Mojjpa3yMeBacT UX HAHECEHUE Ha MOBEPXHOCTh, UJIM BHECEHHE B 00bEM MaTepuala.
Haunbonee wacto momobHoe MoaudUIMPOBAHWE MPOBOAAT C IEJBIO TPHUIAHUS
MOJIUMEPY aHTHOAKTEPHAIIBHBIX CBOMCTB, UJIK PEHTT€HOKOHPACTHOCTH.

1.3.2.1 TlosumepHble MaTepUAJbl, COAep:KalIHMe HOA U €ro
coeJUHEHHUS B 00beMe

BoJIbIIMHCTBO METOOB HAHECEHHMS HMOJa M €ro COCAWHEHUW Ha MOBEPXHOCTh
MOJIMMEPHBIX MaTEPHAIOB OCHOBAaHbI Ha 00pa0OTKE MOoJMMEpa MmapamMu Hojaa, WA
pacTBOpaMy MOJIa U MOACOAEPKALIUX COCTUHECHUMU.



B pabote [14] onumcaHo HaHECEHME HMOJa W3 NApOB M PACTBOPOB HA BOJIOKHA
HeinoHa-6. bbun HaliieHsl OT/IMYMS B TOIJIOMIEHUS MOJA U3 Pa3jIM4YHBIX CpE.
ABTOpBI pabOTHI OTMETHIIM, YTO MPH MOTJIOMEHUH MOJa U3 TapoB Ha IMOBEPXHOCTH
HoJMMepa OH HAaXOIUTCS B MOJEKYJSIPHOM BHJIE, TOTJa Kak IMpPH TOTJOMICHUU U3
pPacTBOPOB MOJ MPUHUMAET HOHHYIO (HOpMY (BEPOSITHO, TUTIOMOAUTHBIE CTPYKTYPHI
co cBsizsaMu —O-1), 9To MOXKET MpUBECTH K 00pa30BaHUIO MOIUHOIUA0B (puc. 3).
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Pucynox 3. O6pa3zoBanue MOJMHOIUIIOB MIPH aJCOPOIIMH HOJa HA HEMIIOHE

ITono6HBIM 00pa3om B paboTe [8] noa ObUT HAHECEH Ha TMTOBEPXHOCTH KOJIAr€HOBBIX
MaTpPUKCOB. MaTpPUKCHI, TTOJTYyUYEHHBIEC U3 KOJIJIar€Ha axujjIecoBa CyXO0XKUIUs CBUHBH,
MOrpy’Kajii B BOJHBIA PacTBOp KOMILJIEKCA MOJa M MOJMBUHUINUPpOIUIoHa Ha 30
MMHYT, 3aT€M JABaXJbl MPOMbIBAIM BOJOW. [lomydeHHBIM MaTepual HE BIMSAI Ha
nposudepanno KIeTOK-MPeIIIeCTBEHHUKOB, a TaK K€ CIOCOOCTBOBAJ HayajlbHBIM
CTaJusIM OCTEOreHe3a.

B marente [16] mpeanoskeH cnoco® HaHECEHHsI HOACOACPKAIIMX TMOKPBHITUH Ha
M3JIeNUsl MEIUIIMHCKOTO Ha3HAYEHUs U3 OnopasziaraeMblX MOJUMEPOB (B TOM YHUCIE U
MOJIUMOJIOYHON KHUCHOTHI). OH 3aKitoyaercs B MOTPYKEHUU H3JEIUS B PacTBOP
MoJiMMepa ¢ 100aBKON KPUCTAIIIMYECKOTO MO/a, WIIM HAHECEHUH TaKOro pacTBOpa U3
cipes. CyllecTBEHHbIM HEIOCTAaTKOM JAaHHOTO croco0a SIBIsSETCS MOTPeOHOCTHh B
JOTIOJIHUTEIbHOM OOOpY/IOBaHUM, WM BBEACHHUM JOTMOJHUTEIbHON cTanuu. Kpome
TOT0, MEXaHMYECKHE CBOMCTBA M OMOCOBMECTUMOCTD IOJIMMEPOB, PACTBOP KOTOPHIX
HAaHOCUTCSI Ha H3Jeliue, OTJIMYAIOTCS OT COOTBETCTBYIOLIMX MapaMeTpOB
IIOJIMMOJIOYHON KUCIIOTHI.
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2. O0BbeKT H METOAbI UCCJICI0BAHUA

2.1 O0BeKT uccjie10BaHusd
OOBEKTOM HCCICNOBAHUS SBISIOTCS MaTEpHabl HA OCHOBE BBICOKOMOJIEKYISIPHON
nosu(L-monounoit) kucnotsl PL6S (PURAC, Hupnepnanasi). OcHOBHBIE (U3HKO-
XMMHYECKHE XapaKTePUCTHKH MOJIMMepa MpeAcTaBieHsl B Ta0r. 1 [17].

Tabmuma 1 — OcHOBHBIE GUBHKO-XUMUYECKHUE XapaKTEPUCTUKN ToJH(L-MOI09HOM)
KHCJIOTHI PLG5

IHapameTtp 3HayeHue/onucanue

I'panynel, nBer OT
Buewnuii Bua ’
0eoro 1o 0eXXeBOTro

Cpennsis ~ MonekyisipHas Macca  (JaHHBIE  Tellb-

1646000 r/Mob
xpoMmarorpadun)
X 750
apaKTepI/ICT;/ILIeCKaH BSI3KOCTh  (xJstopodopm, 25°C, 0.692 A&/
¢=0,001 r/cm)
XapakTepHbIN Yroja MOBOPOTA TIOCKOCTH MOJISIPU3ALUN 158.5 ©

ceeta (xjopodopm, 20°C)

Jlnamna3oH TEMIEPATyp IIJIABJICHUS (1aHHBIE
auddepeHnnanbHOl  CKaHHWpymomen kamopumerpuu, | 177,8-189,8 °C
10°C/mun)

Conepxanue BOJIbI (KaIOPUMETPUUECKHUI METO) Make. 0,5%
Conepxxanue o10Ba Make. 50 ppm
ConepxkaHue 0CTaTOYHOTO PACTBOPUTES Make. 0,01%
Conepxkanue 0CTaTOYHOTO MOHOMEpPaA Make. 0,1%
ConepxaHue TSHKEJbIX METaIOB Menee 10 ppm

3agaun:
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Pa3paboTka HOBOro THMa HOACOACPXKAIIMX MaTEPHAIOB Ha OCHOBE MOJIMMOJIOYHOU
KHUCJIOTHI.

N3ydenune CBOMCTB NOJy4EHHBIX MAaTEPUAIIOB.

2.2 MaTtepuaJibl M METObI
2.2.1 Tlojsy4yeHue NJIEHOK U3 MOJTUMOJIOYHON KUCIOTHI

B kauectBe mcciemyemMoro mMarepuaia ObUIM BBIOpAaHBI TUIEHKH W3 TMOJIMMOJIOYHON
KUCHOTHL. JJIsI MOJydeHUsl TJICHOK HCMOJb30BaIM MOJIUMOJIOUHYIO0 Kuciaoty PL6S
(PURAC, Hunepnannbl). HaBecky 13 MOJTUMOJIOYHON KUCIOTHI PACTBOPSIIA B CMECH
CH,CI,:CHCI3=40:60 (06.) (PANREAC, Wcnanus) Juisi TOJy4YCHHs] pacTBOpa
koHueHTparueit 1,7% (Macc.). Bpems romorenusanuu pactBopa — 12 4. [Tocne atoro
18+1 r pactBopa HanuBaiu B cyxyro yaiiky [lerpu nuamerpom 10 cM, 3akpbiBamu u
BBICYIIIMBAJIA B MIApPAaX PACTBOPUTENS B TEUCHHE 72 Y.

2.2.2 TlojsyyeHue MATPUKCOB U3 NMOJMMOJIOYHON KHCJIOTHI

MaTpuKchl U3 MOJIUMOJIOYHONW KUCIOTHI OBLIM TIOJYYE€HBI METOI0OM DJIEKTPOCTMHUHTA
u3 3% pactBopa moimumepa PL 38 (PURAC, Hunepnanapl) B TpHXJIOpMETaHEe
(PANREAC, Hcnanus). Mcnons3oBaHHbIE TTapaMETPbl CUCTEMbBI: CKOPOCTh IMOAA4U
pacTBopa — 2 Mi1/4, HanpsikeHue — 20 kB, Bpems cnuHHuHTra — 40 MUHYT.

2.2.3 Moaudukanusi MIeHOK W3 MOJMMOJOYHON KHMCJIOTHI B Mapax
HojaAa

Jlns mpoBeaeHUss MOAUMHUIIMPOBAHUS CYXYIO IUICHKY W3 IOJUMOJIOYHOM KHCJIOTHI
omyckaiau B 10 mi cmecu CgHsCH3:CoHsOH=3/7 (06.) nau CHCI3:C4Hg0,=1/9 (00.),
BoiZiepkuBaii B TeueHue 10 muH. [locime 3Toro mieHKy OBICTPO MEPEHOCUIU B
HachllleHHbIEe TIapbl noga Ha 30 cexkynn, 1, 3, 5, 7, 10, 20 u 30 munyr. C nensto
yAaJeHusl U3JIUIIKOB HOJIa C MOBEPXHOCTH 0Opasel] MPOMBIBAJIM B 3TUJIOBOM CITUPTE.
3aTeM IUICHKH BBIICPKUBAJIM TOJI BAKYYMOM B TeueHHE 12 4acoB Ml yJaleHUSs
OCTaTKOB PaCTBOPUTENEH.

2.24 Moaudukanusa MJIEHOK W3 MNOJUMOJOYHOH KHCJIOTHI B
pacTBopax noaa

Jlnst mpoBeacHHs MOTU(PHUIIMPOBAHUSA CYXYIO IIEHKY M3 IMOJUMOJOYHON KHCIOTHI
omyckanu B 10 M cmecu CgHsCH3:C,HsOH=3/7 (06.) niau CHCI3:C4Hg0,=1/9 (00.),
BhiepkuBanu B TeueHune 10 muH. [Tocime 3TOro mieHKy OBICTPO TMEPEHOCHIH B
HACBILIEHHBIH BOJHO-cIMpTOBOH pacTBop nona (C;, = 6,5 mr/mu) Ha 1, 6, 12 u 24

gaca. C 1enpi0 yJaJIeHHus] U3JUIIKOB MOJa C MOBEPXHOCTH 0Opas3er] MPOMBIBAIU B
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ATUJIOBOM CHUPTE. 3aTEM IJIEHKHU BBIICPKUBAIH TOJ] BAKYyMOM B TeueHue 12 4acos
JUISL yJIaJIeHUs] OCTaTKOB PaCTBOPHUTENIEH.

2.2.5 MeTtoapl Ka4eCTBEHHOH U KOJIHMYECTBEHHON OLEHKH

[lomyuennbie MaTepuanbl ObUTM H3y4deHBI MeToaamu Y D-cnektpodoTomerpun
(Specord 250 Plus (Analytik Jena AG, I'epmanusi)), peHreHOQIIOOPECIEHTHOTO
ananusza (Pentreno-dumroopectientHoiii  cektpomerp Quan'X) ©W CBETOBOM
MUKpOcKonur (cBeToBoM MuKpockornm Motic DM-111). Mexanuueckue CBOWCTBa
MOJIY4YEeHHBIX 00pa3lioB ObLIM HM3y4deHbl Ha ycrtaHoBke Zwick Roell z2.5 (Zwick
GmbH & Co. KG, T'epmanus). XRD-cnektpsl 00pa3iioB ObUIM MOJTYYEHBI C
nomonipio audpakromerpa Shimadzu XRD 6000. SEM-n300paxeHus MOBEPXHOCTH

MOJIyYEHHBIX 00pa3loB OBLIM MOJy4YeHBI ¢ MOMOIIbI0 MuKpockona ESEM Quanta
400 FEG.

2.2.6 HUccraenoBaHue aHTHOAKTEPUAIbHOW AKTHMBHOCTH IOJYYEHHBIX
MaTepHaI0B

AHTHOAKTEpUaIbHYI0 aKTUBHOCTh MaTepuana nposepsuin coriacHo [SO 22196:2011
«M3MepeHne aHTHOAKTepUaIbHOM aKTUBHOCTH HA MOBEPXHOCTH IUIACTMACC U APYTHX
HEMOPUCTHIX MaTepuaiony [18].

Bce cpenwsl u pactBopbl ObUIM TPUTOTOBIEHBI B cooTBeTcTBUM ¢ [SO 22196:2011
BeipammBaror xujkue KyiabTypbl Escherichia coli. ['otoBar cycnensuio Oaktepuid
koHueHTpamueii 6*10°KOE/mi.

Hapesaror uccneayemMslidi MaTepruall Ha KBaJIpaThbl SXSCM U TOKPOBHBIE TICHKU 4Xx4cM
U3 MOJMATWIEHAa 0e3 100aBok. Bce MieHKM mepen SKCHEpUMEHTOM IMPOTHPAIOT
ATUJIOBBIM CHOUPTOM W BBICYIIMBaKOT. MccienyeMble TUIEHKH MOMEIIAIOT Ha JHO
gamku [lerpu. CBepxy kamator 0,4 Ma GakTepuaibHOM CYCHEH3UHM M HAKPHIBAIOT
TOKPOBHBIMH TLIeHKaMH. MHKYOUpyroT mpu 37°C ImpH MOCTOSHHON BiIaxkHOCTH 90%
24 4aca. Pe3ynbTaThl OLIEHMBAIOT Cpa3y Tociie HaHeceHUs Oaktepuii (0 4acoB) u
yepes 24 Jaca.

CwmbIB ¢ TuieHKH Tipou3BoAsT 10 Mt mutarensHOTO OynboHA. 10-KpaTHBIE pa3BeneHUS
JeNaoT B (PU3MOJOTUYECKOM pacTBOpE. 1M U3 KaXKIOro pa3BelieHUs] MOMENIAOT B
yamky Iletpy wu 3ammBatror 15My1 muTaTENBRHOrO arapa M MEPEMENIMBAIOT.
[lepeBOpauNBaOT Yamikd u HHKYyOHpylorT mpu 37°C B Tedenne 40-48 wgacos.
[ToacYuTHIBAIOT KOJIMYECTBO BBIPOCIIUX KOJIOHUM.

Jns xaxmoro oOpasiia, ONPenemsioT KOJIHMYECTBO >KM3HECTIOCOOHBIX OaKTepwid,
MoACYMTaHHBIX 110 popmyie (1):

13



N= (100*C*D*V)/A (1)

o 2
N — 4KClO XKM3HECTOCOOHBIX OaKTepuid, U3BJICUEHHBIX HAa 1CM” C HCHBITYEMOIO
oOpasna

C — cpenHee KOIMYECTBO KOJOHUH ISl 2 MOBTOPHOCTEH

D — xoadunment pazdasienus

V — 00beM, MII, IUTATEIBHOTO OYJIbOHA T00ABIIEMOro Yy 00pasity
A — momaapr MOBEPXHOCTH IMOJT TOKPOBHOM IIICHKOH, MM.

JUis  kaxporo ooOpasna, ONpEenessloT AHTHMHKPOOHYIO AKTHBHOCTh IUIEHOK B
COOTBETCTBHUH C ypaBHCHHEM (2):

R = (Ut - Up) — (A Ug) = U= A (2)
R — anTubakTepranbHas akTHBHOCTb

U;— cpeanee 3HaueHue Jioraprudma dncia >KM3HeCIIOCOOHBIX 0aKTepuil, N3BICUECHHBIX
13 HeoOpaboTaHHBIX 00pa3oB nociie 24 4 UHOKYJIAINU

Uy - cpeadee 3HadyeHue JorapudMa dYHCIa IKU3HECIIOCOOHBIX OaKTepui,
M3BJICUEHHBIX U3 HEOOPaOOTaHHBIX 00PA3LOB Cpa3zy MOCIIEe HHOKYIISIIIUU

A - cpeaHee 3HaueHUEe Jorapudma UHCIa IKU3HECHOCOOHBIX OakTepwHii,
W3BJICYEHHBIX U3 00pa00TaHHBIX 00PaA3IOB MOCE 24 4 HHOKYJISIITUU
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3. Pacuernl M aHAJIMTHKA

Bri6op u o00ocHOBaHME HaIpaBiCHUSI UCCIEAOBAHUS, BKIIOYAIOIINE METO/bI
pemieHuss 3aJad M HMX CPaBHUTEIBHYIO OIICHKY, OIKMCAaHHWE BBIOpaHHOW 0O0IIen
METOJIMKHU MPOBEICHUS] HAYYHO-UCCIIE0BATEIbCKON pab0Thl, METO/IbI UCCIIEIOBAHUM,
METO/ABI pacdyeTa, 00OCHOBaHHE HEOOXOAMMOCTH MPOBEIACHUS SKCIICPUMEHTATBHBIX
pabot mpuBeneHs B pazaenax 1. O03op mureparypel u 2. OOBEKT W METOIBI
HCCIIeI0BaHUS (CM. BBIIIIE).
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4. Pe3yabTaThl NPOBEAEHHOI0 UCCIEI0BAHMUS
4.1 IloBepxHocTHOe MOAU(PUUMPOBAHUE IJIEHOK M3 TMOJUMOJOYHOM
KHCJIOTBI
4.1.1 BbIOOp cHCTEMBI «PACTBOPUTEb/HEPACTBOPHUTEIbY

JInst TOBEpXHOCTHOW MOJU(HUKAIMK IUIGHK W3 TOJMMOJIOYHOM KHCIOTHI OBLIH
MCIIOJIb30BaHbl JIBE CHUCTEMBI «PAaCTBOPUTENL/HEPACTBOPUTEIbY: TOIyos/3Tanon (3/7
no oObemy), mpemiokeHHas panee [19], m Tpuxiopmeran/stunanerar (1/9 mo
00beMy). [laHHBIE CHCTEMBI COOTBETCTBYIOT CJIEIYIOIIUM YCIOBUSM:

- PactBoputenb SBIsSE€TCA HEMOJSAPHBIM U 00JaJaeT HU3KOM TeMmIiepaTypoil
KHUTICHUS.

- HepacTtBopurens siBIs€TCS MOISPHBIM.
- PactBopuTenb 1 HEPACTBOPUTEIb XOPOIIIO CMEITUBAIOTCS.
4.1.2 Tlondop ycjioBuii mpoBeeHUs1 MOAU(PUIIUPOBAHNS

Kak mokazaHo Hameld rpynmnou, ¢ MCHOJb30BAHHEM ABYX MPEHIJIOKEHHBIX CHCTEM
«PaCTBOPUTEIIH/HEPACTBOPUTEL» BO3MOXKHO HAHECEHHWE MOJla Ha TMOBEPXHOCTH
IJICHOK W3 TOJUMOJIOYHOM KHUCIOTHI U3 MapoB M U3 pacTBopoB. [lombop ycnoBwmii
HAaHECEHUsI OCYIIECTBIISUIM, OCHOBBIBASICh HA MHTEHCUBHOCTH XapaKTEPUCTHUECKUX
MoJIOC TorJiomieHus uoaa Ha Yd-crnekrpax nonxydeHHbIx 00pasinos (290 u 470 uwm).
[lieHkn W3 TOJNMMOJIOYHOM KHCJIOTBI pasMepoM [xX2 cM morpyxaid B CMECH
«pacTBOpUTENIb/HEpACTBOpUTEIL» Ha 10 MuHYT, a 3areM nomMemand B 10 wmi
HACBHIIIIEHHOTO CIMPTOBOrO0 pacTBOpa MOJa, WJIM B HACBIIMIEHHBIC Mapbl Mojaa Ha 10
MHUHYT. 3aTe€M TOJIydeHHbIe OOpasilbl MPOMBIBAIU ITUJIOBBIM CIUPTOM C IEJBIO
yAAJICHUsSI M3JUIIKOB MOJa C TOBEPXHOCTH. Y D-CHEeKTphl MOMYYEHHBIX 0OpasIoB
Mpe/ICTaBJICHbI Ha puc.4 u 5.
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Pucynox 4. Y ®-criekTpbl 00pa3iioB, MOTYUYEHHBIX C UCIIOJIH30BAHUEM CMECH
TotyoJi/3Tanon (3/7 no o0beMy), YepHBIN CIIEKTP — UCXOHAS TUICHKA U3
MOJIMMOJIOYHOM KUCIIOTHI, 3€JICHBIN CIIEKTP — MJIEHKA U3 MOJMMOJIOYHOMN KUCIIOTHI C

HOI0M, HAHECCCHHBIM M3 CIIMPTOBOI'O paCTBOpA, IIJICHKA M3 MMOJIMMOJIOUHOM KHUCJIOTBI C
HOA0M, HAHCCCHHBIM H3 I1aPOB.
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Pucynox 5. Y ®-criektpbl 00pa3iioB, MOTyUYEHHBIX C UCIIOIH30BAHUEM CMECH
TpuxsiopMeTan/dtrnanerar (3/7 mo o0bemMy), YepHBIN CIEKTP — UCXOTHAS TVICHKA U3

MOJIMMOJIOYHOW KHUCJIOTHI, 3€JIEHBIA CIIEKTP — IUICHKA U3 TTOJIUMOJIOYHONU KUCIOTHI C

HOJ0M, HAHCCCHHBIM M3 CIITMPTOBOI'O paCTBOpPA, IVICHKA U3 MOJIMMOJIOUHOM KHUCJIOTBI C

HOA0M, HAHCCCHHBIM M3 I1apOB.
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Ha ocHoBanumn NpCACTABJICHHBIX JAHHBIX MOKHO CACJIaTb BBIBOJ O TOM, YTO
o6pa60TKa IUICHOK M3 MNOJUMOJOYHOM KHUCIOTBI InapaMu noJia mo3BOJIACT HAHCCTHU HaA
HX ITIOBCPXHOCTH OoJIbIIIee KOJIMYCCTBO HnozJa 3a MEHBIIINM IMPOMCIKYTOK BPCMCHHU.

OnHako ObUIO OOHAPYKEHO, YTO KOJIMYECTBO HMOJa, HAaHECEHHOTO W3 PacTBOPOB,
MOXHO YBEJIMYUTh 3a CHeT pa30aBieHUs CIOHUPTOBOTO  pacTBOpa HOAa
IUCTUILTUPOBAHHOM BoJoU. [IneHKM M3 MONIMMONOYHON KHUCIOTHI pazMepoM 1x2 cm
ObUIH 00paboTaHbl cMeChl0 TOMyoJ1/3TaHon (3/7 mo o0bemy), a 3aTEM MOTPYKEHBI B
HACBIIIEHHBIE pPacTBOpPHl Mojga B 96% coupre MU B BOJHO-CIIUPTOBBIX CMECSX
(cooTHOmmIeHNe crimpta U Boabl 3/7 u 7/3) Ha 24 daca. Y®-creKTpbl MOITYYESHHBIX
00pa31oB NpeACTaBICHbI HA PUCYHKE 6:

2,04

1,54

1,0 H

Intensity

0,5

0,0

T T T T
200 400 600
Wavelength, nm

Pucynox 6. Y ®-crieKTphl MIICHOK U3 MOJIUMOJIOYHON KHCIIOTHI ¢ MOJ0M, HAHECEHHBIM
13 CIIMPTOBOr'O U BOJHO-CIIMPTOBBIX PACTBOPOB. UEpHBIN CIIEKTP — MO/ HAHECEH U3
CIIMPTOBOT'O PACTBOPA, 3€JICHBIM U KPACHBIN CIIEKTPBI — MOJI HAHECEH U3 BOAHO-
CIIUPTOBBIX PACTBOPOB (COOTHOIIEHUE CIIUPTA U BOABI 7/3 1 3/7 COOTBETCTBEHHO)

Takum 006pa3zom, MOKHO CeiaTh BBIBOJ O TOM, YTO MPU CHIKEHWU KOHIICHTPAIUU
CIUpTa Ha TMOBEPXHOCTh 00Opasia HAHOCUTCS OOJbIIee KOJIMYECTBO HOJa. ITO
SBJICHHE MOXXHO OOBSICHUTh YACTUYHBIM BBIMBIBAHMEM HAHECEHHOTO HOJa B
CIIUPTOBBIX pacTBOpax.

4.1.3 KauecTBeHHasiT W KOJHMYECTBEHHasi OIEHKA Pe3yJbTAaTOB
MOIM(PUKANNH IJIEHOK W3 MOJMMOJI0YHON KHCJIOThI
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4.1.3.1 OnrTuyeckasi MUKPOCKOIHUSI MOJy4eHHBIX 00pa31oB

N306paxeHust HICXOIHOM 1 MOAU(DHUIIMPOBAHHOMN TUICHKH, TTOJTy4YE€HHBIE C TOMOIIIBIO
cBeToBOro Mukpockomna Motic DM-111, npeacraBineHsl Ha pUcyHKe 7.

Hcxonnas mienka,  Ilinenka, oOpaboTaHHAs CMECHIO ITienka ¢ noaom,
yBeanueHue x40 PacTBOPHTEIIL/HEPACTBOPHUTEIIb, HaHECEHHBIM U3
yBeanaeHue x40 MIapOB, YBEIUUYCHHE
x40

Pucynox 7. M300paxeHne moBEpXHOCTH UCXOAHOU U MOAU(PUITUPOBAHHOMN MIJICHOK

[Ipu 00paboTke CMEChI0 «PaCTBOPUTEIL/HEPACTBOPUTEND) OTMEUEHO H3MEHEHUE
Mop(dooruu MOBEPXHOCTH IJICHKH, CBA3aHHOE ¢ HaOyxaHueM mnosmMmepa. [locne
BBIJICP>KMBAHMS IJICHKU B Tapax, UM PacTBOPE MO/a OHA MPUOOpETaeT OYyphIil 1IBET,
YTO BBI3BAHO INOIJIOLIEHUWEM HOJa M3 BHEUIHEH cpeipl. Ha NMOBEpXHOCTH IUICHOK,
MOAU(UIIMPOBAHHBIX B MAapax, MOXKHO HAOIIOIaTh KPUCTAIIIIBI HOIA.

4.1.3.2 MHWccaenoBaHue cTa0MILHOCTH MOJYYEHHOTO CJI0S,
co/Iep Kalero uoja, B pa3JiMuHbIX cpeaax.

C uenbto M3y4eHHUs] CTAOWJIBHOCTH IOJyYEHHOT'O MOKPBITUS 00paslbl IJIEHOK C
MOJIOM, HAHECEHHBIM Ha MOBEPXHOCTh, OBUIM MOMEIIEHBI B MATH Cpela: atMocdepa
BO3/lyXa, BaKyyM, JHCTWUIMPOBAHHAs BOJA, (PU3MOJOTHYECKUNA paCTBOp H
docharubiit O6ydep. BriBoasl 0 CTaOMIBHOCTH HOICOJEPKAIIETO CIIOS TMOJMMepa
OBUIM CIeaHbl TI0 YMEHBIIEHNI0O HHTEHCUBHOCTH XapaKTEPUCTHUECKUX MUKOB MOJa
Ha Y®-cniekTpax 00pasioB. CrnekTpsl 00pa3noB cHumanu uepes 1, 2, 3, 5 u 7 aHei
nocJie Hayaja dKcrepuMeHTa. Pe3ynbrarhl npeacTaBiieHbl Ha pucyHkax 8 u 9.
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CHMXXeHue UHTeHCUBHOCTHU
XapaKkTepucTuyeckoro nuka noaga, %

CHMXXeHue UHTEeHCUBHOCTHU
XapaKTepucTuyeckoro nuka noaga, %

100.00 +
90.00 -
80.00 -
70.00 -
60.00 -
50.00 -
40.00 -
30.00 -
20.00 +
10.00 +

0.00 -
1 2 3 5 7

EBoga ®®ocoatHbin Bychep = dusmonormdeckmii pactsop B ATmocdepa ® Bakyym

PI/IC}’HOK 8. I/ICCJ'ICILOBaHI/Ie CTaOMIBLHOCTH CJIOS nojaa, HAaHCCCHHOI'O U3 paCTBOpa

100.00 -
90.00 -
80.00 -
70.00 -
60.00 -
50.00 -
40.00 -
30.00 -
20.00 -

10.00 -

0.00 -

1 2 3 5 7
EBoga ®EdopdaTtHbin Bydep = dusmonormdeckm pactsop B ATMoccepa = Bakyym

Pucynok 9. UccienoBanue cTaOuiILHOCTH CJI0S M0J1a, HAHECEHHOTO 13 MapoB
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Cornacuao MMOJIYYCHHBIM AAHHBIM, IMOJYYCHHBIC MATCPHAJIbI Hanbosee CTaOUIIBHEI B

¢dbuznonornyeckoM pactBope u (ocdatHom Oydepe, yTO TMO3BOJAET CHACIATH

IMPCAITIOJIOKCHHUC O BO3BMOKHOCTH UX XPAaHCHHA B JdHHBIX CpCHAax.

4.1.3.3 MexaHnuyeckue CBOHCTBA MOJYyYeHHBbIX MaTepPUaJiOB

Bnusuue MNpCIIOKCHHOIO MCTOAAa HAHCCCHHUS HOJa Ha ITOBCPXHOCTH INICHOK U3

MIOJTUMOJIOYHOM KHCIIOTHI HA MEXaHMUYECKHUE CBOMCTBA MOJIMMEpa OBLJIO UCCIIEIOBAHO
Ha ycraHoBke Zwick Roell z2.5 (Zwick GmbH & Co. KG, I'epmanust). Pe3ynbTaTh

HNCCIICAOBAHUA IIPCACTABJICHEI B Ta6J'II/IH€ 2:

Tabnuna 2 — MexaHn4ecKre CBOMCTBA MOJTYyUYEeHHBIX 00pa3IioB

Monyiib
2JIACTUYHOCTH,
Mlla

[TIpounoCTH
Ha pas3phIB,
MIla

OTHOCHUTENBHOE
yJIuHeHue, %

[Inenka n3 [IMK

2382,5

63,11

146,5

[Tnenka u3 I[IMK, o6paboranHas
CMECBIO
«PaCTBOPUTENH/HEPACTBOPUTEIH
COCTaBOM TOIyo0J1/3Tanon (3/7 no
00beMy) B TeueHue 10 MUHYT

1281,8

53,25

164,3

[Tnenka u3 IIMK, oOpaboranHas
CMECBIO
«pPacTBOPHUTEIIL/HEPACTBOPUTEIIB
COCTaBOM TOJIyoJi/3Tanon (3/7 no
00bemy) B TedueHue 10 MUHYT ¢
WO0JIOM, HAHECEHHBIM U3
HACBIIIICHHOT'O BOJIHO-
cnupToBoro pacteopa (Cp, =

6,5 Mr/mJ1) B TeucHHUE 48 4
(KOHLIEHTpalMs M0/1a Ha
noBepxroctr 0.03+0.008 r/cm?)

1554

47,81

136,3

[Tnenka u3 I[IMK, o6pabotannas
CMECBIO
«pacTBOPUTEIIL/HEPACTBOPUTEIH)
COCTaBOM TOJIyoJi/3Tanon (3/7 no
00bemy) B TeueHue 10 MUHYT ¢

2426

40,84

114,3
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MOJ0M, HAHECEHHBIM U3 NTApPOB
M0J1a B T€UYEHUE 7 MUHYT
(KOHIIEHTpalUs Uoja Ha
nosepxHocTu 0.04+0.0083 F/CMZ)

[Ipu 00paboTke moauMepa CMEChI0 «PacTBOPUTEIL/HEPACTBOPUTEILY» BBHIOPAHHOIO
cocTaBa HaOJI0/aeTCad YBEITUYEHUE OTHOCUTEIBHOTO YJUIMHEHUs. Takxe, coriacHo
MOJIYYEHHBIM JIaHHBIM, HAHECEHUE MO U3 PACTBOPOB BEJET K MEHEE 3HAUUTEIbHBIM
M3MEHEHUSM ITPOYHOCTH Ha pa3pbiB U OTHOCUTEIBLHOTO yIJIUHEHUA. B cBOIO ouepenp,
IIpM HAaHECEHWH HOJa W3 IMAapoOB OTMEYEHO HECYHIECTBEHHOE W3MEHEHWE MOIYJIS
AIACTUYHOCTH.

4.1.3.4 HWcciaenoBaHue THHAMUKHA HAHECEHUS MO HA
NMOBEPXHOCTH MJIEHOK M3 MOJMMOJ0YHON KUCJI0THI U3
NapoB M PACTBOPOB

JIns u3yueHus: AMHAMUKUA HAHECEHUs HOJa W3 TapoB W PACTBOPOB IUJICHKH U3
MOJIMMOJIOYHON KHCJIOTHI OB 00paboTaHbl cMechio Tomyon/stanon (3/7 mo
o0beMmy), wiud TpuxjopmeTan/stunanerar (1/9 mo o0bemMy), U TOMEIICHHl B
HACBIIEHHBIA BOJHO-CIIUPTOBOM pacTBop uoaa (Cy, = 6,5 Mr/mi) Ha 6, 12, 24 u 43
yacoB, WM B napel noaa Ha 30 cexyHnaa, 1, 3,5, 7, 10, 20 u 30 munyt. KauectBeHHas
OIICHKa KOJIMYECTBA TOTJIOMIEHHOTO uojaa Oblla mpoBenaeHa wmeTtogom Y d-
crieKTpooToMeTpHH.

Jlnsg  ompeneneHUss KOHUEHTpAMKA HMOJA HA IOBEPXHOCTH  IUIEHOK, €r0
JecopOupoBaiii 2 MJI CIUPTA B T€UEHUE CYTOK, KOHIIEHTPAIUIO MO0/1a B TIOJyYCHHOM
CIIUPTOBOM PACTBOPE BBIYHUCIISLIN MO KaTMOPOBOYHBIM Tpaduxam.

C 1enbio MOCTpOCHUsI KATMOPOBOYHBIX TpadMKOB OBLIN MPUTOTOBIEHBI CIIUPTOBBIC
pactBopbl moga ¢ kouueHtpamued 0,00008 r/mu, 0,00006 r/mum, 0,00005 v/Mn u
0,00003 r/min. MHTEHCHBHOCTh XapaKTEPUCTHUCKHX ITMKOB TIOTJIOIMICHUS HOJa Ha
Y®-cnekTpax NPUTOTOBJICHHBIX PACTBOPOB M €€ 3aBUCHMOCTH OT KOHIICHTPAIIUU
npecTaBiaeHbl Ha pucyHke 10.

JivHa JliviHa
KoHueHTpanus BOJIHBI BOJIHbI 360 JAnviHa
290 HM HM BOJIHBI

440 HM
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3E-05 0.7453 0.4373 0.2173
5E-05 1.0191 0.5873 0.2979
6E-05 1.1458 0.6376 0.3347
8E-05 1.3534 0.7716 0.4156
1.6
1.4 y = 12182x + 0.3959
1.2
1
y = 6622.3x + 0.2442
0.8
0.6 =3866:8x+0:1031
0.4
0.2
0 . . . . . .
0 0.00002  0.00004  0.00006  0.00008  0.0001  0.00012

Pucynok 10. UHTEHCUBHOCTb MOTJIOMICHUS KAIMOPOBOYHBIX PACTBOPOB HOJA U €€
3aBUCUMOCTh OT KOHIICHTPaluK1

dakT mONMHOM JecopOuMM HOAa C TOBEPXHOCTH oOpas3na mojie 24 YacoB
BBIZICP)KUBAHMS B CIUPTE OBLT MOATBEPKIAEH MeTO10M PDIA:
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Spectrum Acquired: Friday, November 14, 2014 14:53:59
50 kv Cursor  =0.13 keV Sample: SIG9
1.00 mA {Auto}) Counts =0
Filter:  Cu Thick

B s
B se11

I ! 1 ' | ! 1 T T T T T
0.00 ket 5.12 ke 10.24 kv 1536 ke 20.48 ke 25.60 ke 3072 ke¥ 35.84 keV 4096 ke

Counts 120635 Live Time (s) 100 Dead Time 1% Scale = 2K
Counts Limit 0 Live Time Limit 100

Pucynoxk 11. POnA-cnieKTpsl MOTy4EeHHBIX 00pa3IoB:

KpaCHBIfI CIICKTP — UCXOJHAas IVICHKA U3 MOJIMMOJIOYHOM KHCJIOTHI, I-IepHI)II\/'I CIICKTpP —
IUICHKA U3 TIOJIMMOJIOYHOM KMCIOTHI C HOJ0M, HAHCCCHHBIM U3 I1apOB, 3€JICHBIN
CIICKTP — CIICKTpP ILICHKH, O6pa60TaHHOﬁ B IIapax noaa I10CJIC BBIICPKUBAHHUA B

9TaHOJIC B TCUCHUC CYTOK

Ha momydeHHbIX criekTpax HaOMIOMAIOTCS TPU TMHKA, COOTBETCTBYIOLIUME aTOMaM
nonaa, Ha 3, 27,1 u 32 x3B. Ilocne Beimep:xkuBanusg oOpasiia B 3THJIOBOM CIUPTE B
TeueHne 24 YacoB OKpacka IUICHOK, CBUJETEILCTBYIOIIAsS O HAJIMYUM HOJa B
MMOBEPXHOCTHOM CJIO€, MPOMNAJaeT U CHOBA CTAHOBATCS MPO3PAYHBIMU, a Ha CIIEKTPax
P®nA nukoB moga He HAOJIIOAACTCS, YTO CBUACTEIBCTBYET O TMOJHON IecopOiuu
roja u3 oopasia.

3aBUCUMOCTH KOJIMYECTBA MOJAA, HAHECEHHOIO Ha o0pasel C HCIO0JIb30BAHUEM
KaKJI0M U3 CUCTEM pACTBOPUTENEH, MPOIEMOHCTPUPOBAHBI HA pUCYHKaxX 12-15:
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Konuuectso nopaa, r/cm?

0.01
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0.5 1 3 5 7 10 20 30

Bpemsa, muH

Pucynok 12. 3aBUCUMOCTB KOJMYECTBA HO/Ia, HAHECEHHOTO HA TOBEPXHOCThL 00pasia
U3 MapOB, C UCTIOJIB30BAHUEM CUCTEMBI TOJIy0JI/3Tano (3/7 no o0beMy), OT BpeMEHU
HaHECEHUS

0.04

o
o
@

.D
o
[y

Konnuectso nopa, r/cm?
o
o
N

0 T T T 1
1 6 12 24 48

Bpems, u

Pucynoxk 13. 3aBUCUMOCTB KOJUYECTBA MOJ1a, HAHECEHHOTO HA TOBEPXHOCThL 00pasia
3 HAaCHIIIEHHOTO BOJHO-CIMPTOBOro pactsopa (Cj, = 6,5 Mr/mi), ¢

MCIIOJIb30BAHUEM CHUCTEMBI TOIY01/3TaHod (3/7 mo 00beMy), OT BpEMEHHU HAHECEHUS
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Pucynok 14. 3aBUCUMOCTb KOJMYECTBA MOJIa, HAHECEHHOTO HA TOBEPXHOCTH 00pasia
U3 [apoB, C UCTIOJIB30BAHUEM CUCTEMBI TpUXJIopMeTaH/atunanetat (1/9 mo oobemy),
OT BPEMEHHU HAHECECHUS

0.035

0.03

o
o
)
(&)

y = 0.0044x + 0.0028

0.02

0.015

0.01

Konuuectso noaa, r/cm?

0.005

0 T T T 1
1 6 12 24 48

Bpemsa, u

Pucynoxk 15. 3aBUCUMOCTB KOJUYECTBA MO/1a, HAHECEHHOTO Ha TOBEPXHOCThL 00pasia
3 HAaChIIICHHOTO BOJHO-CIUPTOBOro pactsopa (Cj, = 6,5 Mr/mi), ¢

MCIIOJIb30BAaHUEM CHUCTEMBI TpuxyiopMeTan/dTunamnerar (1/9 mo o6semy), oT BpeMeHH
HaHECEHUS

Takum o00pazoM, C TOMOIIBIO MOJOOPAHHBIX PEKUMOB BO3MOXKHO HAHECCHHE
npumepHo a0 0,04 r© wWoma Ha CaHTUMETpP TMOBEPXHOCTH oOpas3na. OmHako
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WCIIOJIb30BAHUE CUCTEMBI TONyoJ/3TaHol (3/7 mo 06beMy) TO3BOJISIET NTOCTUYDL ITOU
KOHIICHTPAIH 32 MEHBIIIUH MPOMEKYTOK BpEMEHH.

4.1.3.5 AmHTHOaKTepHaJbHbIE CBOCTBA NMOJYyYeHHBIX MATEPHAJIOB

[lo pesynbraTaM KOJMYECTBEHHOTO aHalIM3a, HaWOOJBIIEE KOJMYECTBO HMOAa Ha
MOBEPXHOCTh IUICHOK M3 MOJUMOJIOYHOM KHCIOTHI ObLIO HaHECEHO MpH 00paboTke
MoJIMMepa CMEChIO TOJYyOJIa M JTaHOJIA B COOTHOLIEHHMH 3 K 7 € MOCIEeAYIOIIUM
BBIJICP)KMBAHKMEM B Mapax MoJla B TedyeHUue 7 MUHYT. Tak KaKk MMEHHO HMOJ| SIBJISETCS
areHToM, MpPOSIBJISAIONIMM  aHTUOAKTepualdbHblE CBOWCTBA, OblIa IpOBEpEHa
aHTHOaKTEepHaIbHas aKTUBHOCTh MaTepuaa, CoAepKallero HanooJpliee KOJIU4eCTBO
MO0Jla Ha TOBEPXHOCTH. Pe3ynbTaThl M3MEpeHHs aHTHOAKTePHUAIbHON aKTUBHOCTH
MOJIy4Y€HHOTO MaTepuasa npeIcTaBlIeHbl B Ta0I. 1:

Tabmuma 3 - UYwmcno xu3HECHOCOOHBIX OakTepuil mocie 24 4 HWHKyOarmuu Ha
MOJIMMEPHBIX MJICHKAX ¢ aHTUMUKPOOHBIMU JOOaBKaMu

Ne | O6pazen Ywuco )KU3HECTTOCOOHBIX

n/m 6aktepuii (N), U3BIE€UEHHBIX Ha |
cm?, KOE/em?

0 gacoB 24 gacoB
1 IImenka U3 MOJIMMOJIOYHOMN 2,0%10° 3,5%10°
KHUCIIOTHI (KOHTPOJIB)
2 [Tnenka M3 MOIMMOJIOYHON 2,0%10° 5

KHUCJIOTHI, 00paboTaHHas
CMeChI0 Toyos/aTanon (3/7
0 00BEMY) C HOJIOM,
HAHECEHHBIM Ha
MTOBEPXHOCTH U3 MTApOB B
TEYECHHUE 7 MUHYT
(KOHILIEHTpaIMs M0/1a Ha
noBepxHocTH 0.04+0.0083
r/cm?)

B cootBercTBUUM ¢ dopmynoit (2) paccuutaiii aHTHUOAKTEPUATBLHYIO AKTUBHOCTH
MOJIy4YeHHOTO MaTepuara:
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R= (Ut - Uo) - (At' Uo) = Ut— At:3,85

Cormnacuao IMOJIYYCHHBIM JaHHBIM, ITOJIYYCHHBIC MaTCpHraJibl Ha OCHOBC
MOJUMOJIOYHOMN KHCJIOTHI IIPOABJIAIOT aHTI/I6aKTepI/IaJ'IBHy10 AKTUBHOCTB.

4.2 HaneceHue HO/1a HA MOBEPXHOCTh MATPUKCOB U3 MOJTUMOJIOYHOI
KHCJIOThI

Crnenytrommm ATaroM paboThI CTaJIo anpooupoBaHue MeToJa
«PacTBOPUTENIb/HEPACTBOPUTEILY), PEATU30BAHHOTO JUIsi TOHKUX IUIGHOK U3
MIOJIMMOJIOYHOM KUCIIOTHI, HA TPEXMEPHBIX CTPYKTYpax, a MMEHHO — Ha MaTPHUKCaX,
MOJYYEHHBIX METOAOM 3JICKTPOCTIMHHUHTA.

[lepBpiM 3TamoM paboOTHI CTal MOAOOP CMECH PACTBOPHUTENCH, HE BIMSIONICH Ha
MOP(}OJIOTHIO M KPUCTAIITMYECKYIO CTPYKTYPY MaTpUKCA.

4.2.1 Tloabop cucTeMbl «PACTBOPUTEL/HEPACTBOPHUTEIIbLY»
4.2.1.3 Biusinue 06padoTKU CMeChI0
«pPACTBOPUTEJIH/HEPACTBOPUTEBL» HA MOP(}0JI0THI0 MATPUKCOB
U3 MOJMMOJIOYHOM KMCJIOTHI

s OLICHKH BIIMSIHUS 00paboTKu MaTpPUKCOB CMECBIO
«pacTBOPUTEIIb/HEPACTBOPUTENIbY HA UX MOPQOJOTUI0, MPUMEHSUIN  METOJ
CKaHMUPYIOIIEH 37eKTpoHHOM Mukpockonuu (SEM). Jlyist aToro, 06pasiisl MIoMaabo
2x2 cm obpabotanu B TeueHrne 10 MUHYT cMECSIMH TOJIyOJIa M 3TaHOJA B Pa3IMUHBIX
cootnomenmsx (0,5/9,5; 0,6/9,4; 0,7/9,3; 0,8/9,2; 0,9/9,1 u 1/9 mo o06Bemy).
Pe3ynbTaThl HccnenoBaHus MpUBENECHBI HA PUCYHKE 16.
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Pucynok 16. SEM u3o0paxenus moyrydeHHbIX 00pa3IoB:

A — UCXOIHBIA MaTPUKC U3 TIOJTUMOJIOYHOM KUCIIOTHI, B — MaTpukc u3
MOJIMMOJIOYHOM KUCJIOTHI, 00pa00TaHHBIA CMECHIO TOJYO0J1/3TaHOJ B COOTHOIICHUH
0,5/9,5;C - maTpukc U3 MOJUMOJIOYHOM KUCIIOTHI, 00pabOTaHHBIN CMECHIO
TOJTy0J1/3Tanon B cooTHotmennu 0,6/9,4; D - MaTpukc U3 MOTUMOJIOYHON KHCIIOTHI,
00paboTaHHBIN CMEChIO TOJTYO0J1/3TaHoa B cooTHouenuu 0,7/9,3; E - Mmatpukc u3
ITOJTMMOJIOYHOMN KHCIIOTHI, 00pa0O0TaHHBIN CMEChIO TOJIYOJI/3TaHOJI B COOTHOIIICHUH
0,8/9,2; F - MaTpHKC U3 MOJIMMOIOYHOM KHCIOTHI, 00pabOTaHHBIA CMECKIO
Toyos/3Tanon B cootHomenun 0,9/9,1; G - MaTpuKC 13 NOJIUMOJIOYHOM KUCIOTHI,
00paboTaHHBIN CMECHIO TOJYO0JI/3TaHOJ B COOTHOIIEHUH 1/9)

[Io pesynapTaTaM CKaHUPYIOIIEH SJICKTPOHHOW MHUKPOCKONUH, IOITYYCHHBIC
MaTPUKCBl JIEMOHCTPUPYIOT OJIHOMOJAJIBHOE paCHpEleICHUE CpPEIHEro auameTpa
BOJIOKOH. CyIIIeCTBEHHBIX U3MEHEHUN B CTPYKTYPE BOJIOKOH (CKJIEEK, NN Pa3phIBOB)
He oOHapyxeHo. Takum o00pazoM, Il MOCIEIYIONIEro MOAUGUIIMPOBAaHUS ObLIa
BbIOpaHa CMECh «PAaCTBOPUTEIIH/HEPACTBOPUTENLY) COCTaBa TOJyo0s/3TaHon=1/9 (1o
00beMy), TaK KaK OHa COICPKHUT OOJIbIlIee KOJIMYECTBO PACTBOPUTEINS, a 3HAUUT
0oJiee aKTUBHBIN KEITATHHU3UPOBAHHBIN CIION MOIMMEpA.

Brnusinue 00paboTKu CMECBHIO «PaCTBOPUTEIIH/HEPACTBOPUTEIH Ha
KPUCTAJUTMYECKYIO CTPYKTYPY MaTPUKCOB U3 IMOJTMMOJIOYHON KHCIIOTHI

C uenpl0 H3y4YEHUS KPUCTALIMYECKON CTPYKTYpbl MOJYYEHHBIX MaTepHaoOB
npuMeHsuin  Meton  audpakuuu  peHtreHoBckux Jsydeit (XRD). XRD-cnektper
00pa3IoB MpUBEICHBI HA pUCYHKE 17.
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Pucynok 17. XRD-cnekTpsl mosy4eHHbIX 00pa31oB:

A — UCXOHBIA MAaTPUKC U3 TIOJIUMOJIOYHON KUCTIOTHI; B — MaTpukc u3
MOJIMMOJIOYHOM KUCIIOTHI, 00pabOTaHHBIN CMECHIO TOJIYOJI/3TaHOJI B COOTHOUIEHUHU

0,5/9,5;C - maTpukc U3 MOJIUMOJIOUYHON KHUCIIOTHI, 00pabOTaHHBIN CMECHIO

Toyo/3Tanon B cootHomenun 0,6/9,4; D - MaTpukc 13 MOJIMMOIOYHOM KUCTIOTHI,
00paboTaHHBIN CMEChIO TOTYO01/3Tanon B cootHomenuu 0,7/9,3; E - marpukc u3
MOJIMMOJIOYHOM KUCIIOTHI, 00pa00TaHHBIN CMECHIO TOJYOJI/3TAaHOJ B COOTHOIIEHUHU
0,8/9,2; F - MaTpHKC U3 MOJIMMOJIOYHONW KHCIOTHI, 00pa0OTaHHBIA CMECHIO
ToJTyoJi/3Tanon B cooTHomenuu 0,9/9,1; G - MaTpuKkc U3 MOJUMOJIOYHON KHCIIOTHI,
00pabOTaHHBIN CMECHIO TOJTYOJI/3TAHOJ B COOTHOLIIEHUU 1/9)

Ha XRD-cnekTpax MOJy4E€HHBIX MaTepUAJIOB HE HAOIIOAACTCS TOSBICHUSI HOBBIX

pedIeKcoB, YTO TMO3BOJISIET CYAWTH O TOM, YTO KPUCTANIMYHOCTh MaTepuaia
ocTajlach NpekHEeW W o0pa3oBaHusi HOBBIX (a3 He mnpowmsouwo. [lo ypaBHeHUIO

Hebas-Ileppepa (3) ObutM MOCYUTAHBI CPEIHUE Pa3MEpPbl KPHUCTAIJIOB IMOJIUMEPA.

PesynbTaThl pacueTa npeacTaBieHbl B Ta0IUIE 3.

] kA 3)
c =
cos0./B?* — B2
A — nnuHA BONHBI, [ — IMMpUHA MHKAa Ha TONYBBICOTE, [y — YyIIMpPEHHE MHKa

ammaparom, 0 — yron audpaxiuu, k=0,9.
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Tabnuna 4 — CpenHue pa3Mepbl KPUCTAIIIOB OJIMMOJIOYHOM KUCIOTHI

Cpennuii pa3mep KpucTasia,
HM

O6paszen

21,61+0,38

21,05+0,32

21,05+0,31

21,24+0.55

m QO O @ >

21,61+0,33

Tn

20,69+0,53

G 21,07+0,83

, T1e A — ICXOJIHBIN MaTPUKC U3 MOJIUMOJIOUYHON KUCIOTHI; B — MaTpuke u3
MOJIMMOJIOYHOM KHUCIIOTHI, 00pabO0TaHHBIM CMECHIO TOJYOJI/3TaHO B COOTHOIIICHUH
0,5/9,5;C - maTpukc U3 MOJUMOJIOYHOMN KUCIIOTHI, 00paOOTaHHBIN CMECHIO
TOJTy0Js1/3Tanon B cootHoienuu 0,6/9,4; D - maTpukce U3 MOJIUMOIIOYHON KUCIOTHI,
00paboTaHHBIN CMEChIO TOJTYO0J1/3TaHoa B cooTHouenuu 0,7/9,3; E - Mmatpukc u3
MOJIMMOJIOYHOM KUCIIOTHI, 00pa00TaHHBIM CMECHIO TOJYOJI/3TaHOJ B COOTHOIIEHUHU
0,8/9,2; F - MaTpHKC U3 MOJIMMOIOYHON KHCIOTHI, 00pabOTaHHBIA CMECKIO
Toyon/sTanon B cootHomenun 0,9/9,1; G - MaTpuKC 13 MOJIUMOJIOYHOM KUCIOTHI,
00paboTaHHBIN CMECHIO TOJYO0JI/3TaHOJ B COOTHOIIEHUH 1/9)

Takum o6pazom, pu 00pabOTKE MATPUKCOB U3 MOJUMOJIOYHOW KHUCIOTHI CMECSIMU
TOJIyoJIa W TOJIyoJia B BBIOPAHHBIX COOTHOIICHUSIX KPUCTAJUIMYECKas CTPYKTypa
nonmuMepa He u3MeHsercsa. [lo pesymbraraM aHamm3a, C UENbIO JalbHEHIIEro
Mou(DUITIPOBaHUS TaK ke OblJia BHIOpaHa CUCTeMa TOJyoJ/3Tanon=1/9 (mo o0bemy).

HccnenoBane AWHAMHUKM HAHECEHUsS MOJAa HAa IOBEPXHOCTb MATPUKCOB U3
MTOJIMMOJIOYHOM KHCIJIOTHI U3 MTapOB U PACTBOPOB

C uenpro M3y4eHUs JUHAMUKM HAHECEHUs HMOJa Ha IOBEPXHOCTh MAaTPUKCOB M3
MOJIMMOJIOYHOM KUCJIOTHI 00pa3iibl Marepuaia pazmepom 2x2 cm u maccou 0,0123 r,
MpeBapuTeNIbHO  00paboTaHHBIE CMEChIO  Tosyos/ATaHon=1/9 (mo oOBeMy)
noMemany B napsl nojga Ha 0,5; 1; 3; 7 u 10 MUHYT WM B HACBIIIEHHBIA BOJIHO-
cnupToBOM pacteop moma (Cp, = 6,5 mr/ma) ma 1; 6; 24 u 48 4yacos npu
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temriepatype 40 °C, npomMbIBaJIM 3THJIOBBIM CIIUPTOM I yJaJ€HUS U3JIMILKOB MO/
B T€UEHUE 5 CEKyHJ U PACTBOPSUIM B 2 MJI AUXJIOPMETAHA.

KonnuectBo nojga B MaTpukce omnpenensiin meroaoM Y D-cnektpodoromerpun. C
ATON 1eNbl0 ObLIM CHATHI Y®-CHEKTphl M TOCTPOCH KaJuOPOBOYHBIA Ipaduk
pacTBOpoB mona B auxjopmerade kKoHreHTpauusimu 0,0005%, 0,001%, 0,002%,
0,003% u 0,004% (puc. 18):
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Pucynox 18. Y®-ciekTpsl 1 KaMOpOBOYHBIN rpaduK JJ1s paCTBOPOB HOJIA B
TUXJIOpMETaHe (MAaKCUMYM MOTJIONIEHUs Ha JuTMHE BOJHBI 500 HM)

Opnako, mpu 100aBIEHWU B KaJIMOPOBOUHBIE PACTBOPHI OOPA3IOB MAaTPUKCOB
HAOIOIAJICSI TUTICOXPOMHBIM CIBUT M MAaKCHUMyM TMOTJIONICHHUS TEPEMECTHIICS Ha

mny BoHBI 360 HM (puc. 19):

—— 0.0005%
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Intensity, a.u.

T
600
Wavelength, nm

Pucynok 19. Y®-criekTpsl pacTBOPOB MOJIMMOIOYHOM KUCI0Thl PL 38 B
JIUXJIOPMETAHE C PA3IMYHBIMU KOHIIEHTPALIUSAMH UOJA

[Tpu Gosiee BBICOKUX KOHIIEHTpALUIX 0Jia ToA0OHbIN 3 dekT He Habmoaancs (puc.
20)
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Pucynok 20. Y ®-criekTpbl pacTBOPOB MOJIMMOIOYHOM KHCiIoThl PL 38 B
JTUXJIOPMETAHE C PA3IMYHBIMU KOHICHTPALIUSAMH NOJA

Hcxons w3 MONYyYCHHBIX JaHHBIX, OBLJIO IMOCTPOCHO JBa KAIMOPOBOYHBIX T'paduka
JUTSI PaCTBOPOB MOJ1a U TMOJTMMOJIOYHON KUCIIOTHI B AUXJIOPMETAHE, MOTJIONIAOIINX Ha
pasHbIX JUIMHAX BOJIH (puc. 21 u 22).
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Pucynok 21. KanubpoBouHslii rpaduk sl paCTBOPOB HOJA U MOJIUMOJIOTHON
KHCJIOTHI, MOTJIOMIAIOIIMX Ha JJUHE BOJHBI 360 HM
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Pucynok 22. KanubpoBouHbIi rpaduk 1uisi paCTBOPOB MOJA M OJUMOJIOYHOM
KHCJIOTHI, MOTJIOMAIOMKX Ha mirHe BOaHEI 500 HM
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I'paduiky 3aBHCHMOCTH KOJNHMYECTBA MOJa, HAHECEHHOTO W3 TApOB W PacTBOPOB,
MpeJICTaBIEHbI HAa pUC. 23 u 24:
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/ \ __—
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0.01 x/

0 T T T T 1
0.5 1 3 5 7 10
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CopaeprkaHue nopa B matpukce, %

Pucynox 23. 3aBUCHMOCTB KOJTMUECTBA MO/, HAHECEHHOTO U3 MapoB Ha
MMOBEPXHOCTh MAaTPUKCA U3 MOJMMOJIOYHOM KUCIIOThI, OT BPEMEHU HAHECCHUS

0.03

0.025
0.02

0.015 \

0.01 \\

0.005

CoaeprkaHue nopa B matpukce, %

0 T 1
1 6 24
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Pucynox 24. 3aBUCHMOCTB KOTHYECTBA HOJa, HAHECEHHOTO M3 BOJIHO-CITUPTOBOTO
pactBopa noxa (C;, = 6,5 MI/mi1) Ha TIOBEPXHOCTh MATPHKCA U3 MOJUMOJIOYHOM

KHUCJIOTBI, OT BPCMCHHU HAHCCCHUA

Takum oOpa3oM, IpU HAHECEHWU HMOJa HAa MOBEPXHOCTh MaTpUKCa W3 IMApOB IPHU
temneparype 40°C makcumanbHas KOHIIEHTpalus HOJa B MATPUKCE COCTABJISIET
0.07% wu nocturaercst 3a Tpu MUHYTHI 00padoTku. [Ipn HaHeceHnn xe U3 pacTBOPOB
Ha0JII0/IaeTCs Crajl KOHIIEHTPAIMU HO/ia B MAaTPHUKCE C MEPBOro yaca 00pabOoTKH.

4.2.2 AnTHOaKTepHAJbHbIE CBOICTBA MOJY4YeHHbIX MAaTEePHUAJIOB
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Jlis mpoBepKH aHTHOAKTEpUATbHONM AaKTMBHOCTH OBLIM BBIOpAaHBI MAaTPUKCHI W3
MOJIMMOJIOYHON KHUCIOTHI C MOJOM, HAHECEHHbIM U3 mapoB. Kak ObUIO MOKa3aHO
Bbie, npu Temneparype 40 °C HauOousblllas KOHILIEHTpAlUs HOJAa B MAaTpHUKCE
JOCTUTAETCS MPU TPEX MUHYTaxX 00padoTku nmapamu noxaa. [losromy Obliia mpoBeeHa
MpOBEpPKa aHTUOAKTEpUATHLHOW aKTHMBHOCTH OOpa3llOB MAaTPHUKCOB, 00pabOTaHHBIX

napamu voja B TedeHue 30 cekyH], a Tak ke 1 u 3 MHUHYT (KOHIEHTpalHUH HOAA
0,02%, 0,05% 1 0,07% COOTBETCTBEHHO).

JInst mpoBepKM aHTUOAKTEPHATLHOW AaKTHBHOCTH TOTOBHJIM cycrieHsuto E. coli
koHrentpamueii 5%10° KOE/mi. O6pasew MaTeprana pasMepoM 1x1 cM morpysmiu B
1 mn npurortoBieHHOM cycnen3uu. Cnycts 24 uvaca KyapTtuBHpoBaHus, 0,1 miu
BbIIEP)KAHHON OaKTepUaJIbHON CYCHEH3UM MOMeCTWIM B vamku lletpm Ha Mmsco-
nenToHHbl arap. Coycrs 24 4yaca KyJIbTHUBHUPOBAaHUS MPOU3BOAMIM TOJCYET
BBIPOCIINX KOJIOHUM. Pe3ynbTaThl 3KCriepuMeHTa peACcTaBIeHbl Ha pUc. 25:
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250 -~
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Pucynoxk 25. KosnuecTBO KOJIOHUM, BHIPOCIINX B MPUCYTCTBUE MAaTEPUAJIOB C
PAa3IMYHBIM COJIEP)KAHUEM MO

[lo mpencTaBieHHBIM [aHHBIM BHJIHO, YTO TIOJYYCHHBIH MaTepuan TMPOSBISICT
AHTHOAKTEPUAIBHYIO aKTHBHOCTH 1o oTHOomeHuio K E. coli. Ctour ormeTuth, uTO
AHTUMUKPOOHBIC CBOWMCTBA TPOSIBISUI M KOHTPOJBHBIM oOpasen (MaTpukc U3
MOJIMMOJIOYHOM KHUCTIOTHI 6€3 HAaHECEHHOI0 MOa), OAHAKO 3TO BO3MOXHO OOBSICHUTD
HECOOJII0/ICHUEM YCIIOBUI XpaHEeHUs 00pa3IloB, a UMEHHO — KOHTPOJIbHBIN 00pasell u
00pasIibl ¢ HAHECEHHBIM HOJOM XPaHUJINCh BMECTE.
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[IpennoxkeH cnoco® NOMydYEeHUs HOACOAEpXKAIIMX MaTEpUaioB Ha OCHOBE
[OJUMOJIOYHOM  KHUCIIOTBI, = OCHOBAaHHBII  Ha  NPUMEHEHUM  CMECHU
«pacTBOpuTENb/HepacTBopuTenb».  [logana  3asBka Ha  mareHT  (Ne
2015154344). Pa3paboTaHHBII METOA MOXKET OBITh MPHUMEHEH KaK K TUICHKAM,
TaKk M K CIOXHBIM TPEXMEPHBIM CTPYKTypaM, TaKUM KaK MAaTpPUKCHI,
MOJIy4YE€HHBIE METOJIOM JIEKTPOCIIMHHUHTA.

W3ydeHbl Takue CBOMCTBa pa3paOOTaHHBIX MaTEpPHANOB, KaK CTAOMIBHOCTH
MOJICOJIEPKALLIETO CJIOS B PA3IMYHBIX CpElax, a TaKXKEe MEXaHUYECKUe
CBOMCTBa B 3aBUCHUMOCTM OT CHOCOOa HaHECEHHs HOJa Ha IOBEPXHOCTb
HoJIuMeEpA.

[IponemMoHCTpHpOBaHBl ~ aHTHOAKTEpUAJIbHBIE  CBOMCTBA  TOJYYEHHBIX
MaTEepUasoB.

[lokazana 3¢ (}EeKTUBHOCT, METOAA C MO3HMLMI (MHAHCOBOM U PECYpPCHOM
3 PeKTUBHOCTH.

[IpoBeneH aHanM3 BpPEOHBIX U ONACHBIX (AKTOPOB, BO3HUKAIOIIUX IPHU
BBIMOJIHEHUH pabOT, a Takxke pa3padoTaH KOMIUIEKC MEpOINpUSTHUH,
HampaBJIE€HHBIX HA MUHUMU3ALUIO UX MOCJIEICTBUH.
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1. Results of the conducted research
1.1 Surface modification of thin films made of poly(lactic) acid
1.1.1 Selection of the solvent/non-solvent system

Two solvent/non-solvent mixtures were used for the surface modification of
poly(lactic) acid (PLA) films: toluene and ethanol (3/7, v/v), the system that was
reported earlier, and trichloromethane/ethyl acetate (1/9, v/v). Listed mixtures meet
the following requirements:

- The solvent is nonpolar and has low boiling point;
- The non-solvent is polar;

- Solvent and non-solvent are miscible.

1.1.2 Selection of the modification parameters

As it was demonstrated by our group, using “solvent/non-solvent” systems, it is
possible to apply iodine on the surface of poly(lactic) acid films from the solution or
vapors. Modification conditions were selected with respect to the intensity of
characteristic absorption peaks of iodine on UV-spectra of the obtained samples (290
and 470 nm). PLA films with size of 1x2 cm were treated with “solvent/non-solvent”
mixture for 10 minutes and then were exposed to the saturated ethanol solution of
iodine or iodine vapors for 10 minutes. Obtained samples were washed with ethanol
to remove excessive iodine. UV-spectra of the obtained samples are presented in
Fig.4 and 5:
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Figure 4. UV-spectra of the samples, obtained using toluene/ethanol mixture (3/7,
v/v), black spectrum — PLA film, green spectrum — PLA film with iodine, adsorbed
from ethanol solution, red spectrum — PLA film with iodine, adsorbed from vapors.
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Figure 5. UV-spectra of the samples, obtained using trichloromethane/ethyl acetate
mixture (1/9, v/v), black spectrum — PLA film, green spectrum — PLA film with
iodine, adsorbed from ethanol solution, red spectrum — PLA film with iodine,
adsorbed from vapors.

According to the obtained data, exposure of the PLA films, treated with “solvent/non-
solvent” mixture to iodine vapor allows applying more iodine in short period of time.

However, it was observed that the amount of iodine, applied from the solution, may
be increased by dilution of the solution with distilled water. PLA films with size of
1x2 cm were treated with toluene/ethanol (3/7, v/v) mixture for 10 minutes and then
exposed to the solutions of iodine in ethanol and water-ethanol mixtures (3/7 and 7/3,
vIv) for 24 hours. UV-spectra of the obtained samples are shown in the figure 6:
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Figure 6. UV-spectra of PLA films with iodine, absorbed from ethanol and water-
ethanol solutions of iodine. Black spectrum — iodine was absorbed from ethanol
solution, green and red spectra — iodine was absorbed for water-ethanol solutions (7/3
and 3/7, viv, respectively)

47



Thus, it may be concluded, that an amount of iodine, absorbed from the solution
increases with decrease of ethanol concentration. That fact may be explained by
partitive desorption of iodine with ethanol from the films surfaces.

1.1.3 Quantitive and qualitative analysis of the PLA films modification
1.1.3.1 Optical microscopy of the obtained samples

Images of the original and modified films, obtained using Motic DM-111 light
microscope, are shown in the fig. 7:
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Figure 7. Images of the original and modified PLA films

Changes of the surface morphology as a result of the polymer swelling were found
for the films, treated with “solvent/non-solvent” mixture. After the exposure of the
film to iodine vapors colorless film turned brown due to iodine absorption. On the
surface of the films, modified in iodine vapors, iodine crystals formation was
observed.

1.1.3.2 Stability studies of the iodine-containing layer in different media

For the stability studies of the produced materials, samples of thin films with iodine
absorbed on the surface were exposed to five media: atmosphere, vacuum, distilled
water, physiological fluid and phosphate buffer. lodine-containing layer stability was
analyzed relying on the intensity of the characteristic absorption peaks of iodine on
UV-spectra of the obtained samples (290 and 470 nm). UV-spectra of the samples
were recorded after 1, 2, 3, 5 and 7 days of the experiment. The results are shown in
the fig. 8 and 9:
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Figure 8. Stability of iodine-containing with iodine, absorbed from the solution
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Figure 9. Stability of iodine-containing with iodine, absorbed from the vapors
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According to the presented data, obtained materials are more stable in physiological
fluid and phosphate buffer. Thus, it is possible to store such materials in this media.

1.1.3.3 Mechanical properties of the obtained materials

The influence of suggested method of iodine application on the surface of PLA films
on the mechanical properties of the polymer was investigated using Zwick Roell z2.5
(Zwick GmbH & Co. KG, Germany) equipment. The results are presented in Table 2:

Table 2. Mechanical properties of the obtained materials

Elasticity modulus, Tensile Elongation,

MPa strength, MPa %
146,5

PLA film 2382,5 63,11

PLA film, treated with
“solvent/non-solvent”
mixture 1281,8
(toluene/ethanol, 3/7,
v/v) for 10 minutes
PLA film, treated with
“solvent/non-solvent”
mixture for 10 minutes
with iodine, applied
from the solution 1554 47 81 136,3
(Ci, = 6,5 mr/mn) for
48 h (iodine
concentration on the
surface 0.03+0.008
g/cm?)

PLA film, treated with
“solvent/non-solvent”
mixture with iodine,
absorbed from the
vapors for 7 (iodine
concentration on the
surface 0.04+0.0083
glcm?)

53,25 164,3

2426 40,84 114,3
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Increase of the material elongation was observed after the “solvent/non-solvent”
treatment. Also, absorption of iodine from the solution leads to less changes of
elongation and tensile strength. On the other hand, elasticity modulus was
insignificantly changed with absorption of iodine from vapor.

1.1.3.4 Studies of the iodine absorption dynamics on the surface of PLA films
from the solution and vapors

In order to investigate absorption dynamics of iodine, PLA films were treated with
“solvent/non-solvent” mixtures with compositions of toluene/ethanol (3/7, v/v) or
trichloromethane/ethyl acetate (1/9, v/v) and exposed to the saturated solution of
iodine in water-ethanol mixture (C;, = 6,5 mr/mx) for 6, 12, 24 and 48 hours, or to
iodine vapors for 0.5, 1, 3, 5, 7, 10, 20 and 30 minutes. Amount of absorbed iodine
was assessed by means of UV-spectroscopy.

Absorbed iodine was desorbed from the samples with size of 1x1 cm with 2 ml of
ethanol during 24 hours. Concentration of iodine in obtained solutions was calculated
using calibration lines.

Calibration lines were plotted according to the intensity of characteristic absorption
peaks of iodine. Absorption intensity and its dependence from the concentration of
the solution are shown in fig. 10:

Concentration Wavelength | Wavelength | Wavelength
290 nm 360 nm 440 uM

3E-05 0.7453 0.4373 0.2173

5E-05 1.0191 0.5873 0.2979

6E-05 1.1458 0.6376 0.3347

8E-05 1.3534 0.7716 0.4156
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Figure 10. Absorption intensities of the calibration solutions
and its dependence on iodine concentration

Total desorption of iodine was confirmed by X-ray fluorescence analysis (XRF):

Spectrum Acquired: Friday, November 14, 2014 14:53:59
50 kv Cursor  =0.13keV Sample: SIG-9
1.00 mA {Aute) Counts =0
Filter:  Cu Thick

B sc-10
B sc11

o —

T I ! 1 T I T 1 T T T T T
0.00 kev 512 ke 10.24 lev 1536 keW 20.48 kev 2560 keV 30.72 keV 3584 keV 40.96 keV

Counts 120635 Live Time (s} 100 Dead Time 1% Scale = 2K
Counts Limit 0 Live Time Limit 100

Figure 11. XRF spectra of the following samples:

red spectrum — original PLA film; black spectrum — PLA film with iodine on the
surface; green spectrum — PLA film with iodine after 24 hours in ethanol

XRF spectrum of iodine-containing sample is presented by three peaks on 3, 27.1 and
32 keV. After the treatment with ethanol for 24 hours, PLA film with iodine-
containing layer loses its brown color and becomes colorless. Peaks of iodine were
not observed on XRF spectra of the samples, treated with ethanol. Changes of the
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amount of absorbed iodine with time for both “solvent/non-solvent” are presented in
fig. 12-15:
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Figure 12. Changes of the amount of iodine absorbed from vapor with time for PLA
films, treated with toluene/ethanol (3/7, v/v) system
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Figure 13. Changes of the amount of iodine absorbed from saturated water-ethanol
solution (C,, = 6.5 mg/ml) with time for PLA films, treated with toluene/ethanol
(3/7, vIv) system
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Figure 14. Changes of the amount of iodine absorbed from vapor with time for PLA
films, treated with tricloromethane/ethyl acetate (1/9, v/v) system
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Figure 15. Changes of the amount of iodine absorbed from saturated water-ethanol
solution (C,, = 6.5 mg/ml) with time for PLA films, treated with
tricloromethane/ethyl acetate (3/7, v/v) system

Thus, using both “solvent/non-solvent” systems it is possible to achieve concentration
of iodine near 0.04 g per square centimeter of the PLLA film during the absorption
from vapor. But this concentration may be applied in less period of time using
mixture of toluene and ethanol (3/7, v/v). During adsorption from solution, iodine
concentration increases in 48 hours of exposure.

1.1.3.5 Antibacterial properties of the obtained materials
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According to the quantitive analysis of iodine concentration in the obtained materials,
maximum concentration of iodine was achieved by using of toluene and ethanol
mixture (3/7, v/v) and exposure in iodine vapors for 7 minutes. As iodine is an
antibacterial agent, antibacterial properties of the material with maximum
concentration of iodine on the surface were investigated. The results of antibacterial
activity measurements are presented in table 3:

Table 3 — The amount of viable bacterial cells before and after 24 hours of incubation
on polymer films with antibacterial additives

Sample The amount of viable bacterial
cells (N), extracted from 1 cm?,
CFU/cm?
0 hours 24 hours
PLA film (control) 2,0%10° 3,56%10°
PLA film, treated with 2,0%10° 5
toluene/ethanol (3/7, v/v) mixture,
exposed to iodine vapors for 7
minutes (iodine concentration on
the surface 0.04:0.0083 g/cm?)

Antibacterial activity of the material was calculated according formula (2):
R = (U; - Up) — (A Ug) = U~ A=3,85

According to this calculation, obtained PLA-based materials demonstrate
antibacterial activity.

1.2 Adsorption of iodine on the surface of PLA scaffolds
1.2.1 Selection of the “solvent/non-solvent” system

1.2.1.1 Influence of the “solvent/non-solvent” treatment on the morphology of PLA
scaffolds

In order to investigate the influence of the “solvent/non-Solvent” treatment on the
structure of PLA scaffolds, scanning electron microscopy (SEM) was used. Samples
with size of 2x2 cm were treated with mixtures of toluene and ethanol in different
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proportions (0.5/9.5, 0.6/9.4, 0.7/9.3, 0.8/9.2, 0.9/9.1, 1/9, vlv, respectively) for 10
minutes. The results are shown in figure 16:

Figure 16. SEM images of the obtained samples:

A — original PLA scaffold; B — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.5/9.5; C — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.6/9.4; D — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.7/9.3; E — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.8/9.2; F — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.9/9.1; G — PLA scaffold, treated with toluene and ethanol

mixture in proportions of 1/9

Obtained scaffolds demonstrate unimodal distribution of mean fibers diameter.
Crucial changes in scaffolds morphology (such as cutting or gluing of the fibers)
were not observed. Thus, “solvent/non-solvent” system with composition of toluene

and ethanol (1/9, v/v) was chosen as it contains more solvent for pre-swelling of the
polymer.

1.2.1.2 Influence of the “solvent/non-solvent” treatment on the crystal structure of
PLA scaffolds
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X-ray diffraction analysis (XRD) was used for investigations of the crystal structure
of the materials. XRD patterns of the obtained samples are shown in the figure 17:

(200/110) .
A d
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Figure 17. XRD patterns of the obtained samples: A — original PLA scaffold; B —
PLA scaffold, treated with toluene and ethanol mixture in proportions of 0.5/9.5; C —
PLA scaffold, treated with toluene and ethanol mixture in proportions of 0.6/9.4; D —
PLA scaffold, treated with toluene and ethanol mixture in proportions of 0.7/9.3; E —
PLA scaffold, treated with toluene and ethanol mixture in proportions of 0.8/9.2; F —
PLA scaffold, treated with toluene and ethanol mixture in proportions of 0.9/9.1; G —

PLA scaffold, treated with toluene and ethanol mixture in proportions of 1/9

New reflexes were not appeared on the XRD patterns of the obtained samples. Thus,
crystallinity of the material was not changed and new phases were not formed.
Average sizes of the polymer crystallites were calculated according to Scherrer’s
equation (3):

kA

l. =
cosB./B? — B?

(3)

, Where: A — wavelength, nm; B — peak width at a half-high, B, — peak broadening, 6 —
diffraction angle, k=0,9.

Table 3 — Average sizes of PLA crystallites

Sample Average size, nm
21,61+0,38
21,05+0,32
21,05+0,31
21,24+0,55
21,61+0,33
20,69+0,53

mm|OjO|m|>
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| G | 21,07+0,83 |

A — original PLA scaffold; B — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.5/9.5; C — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.6/9.4; D — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.7/9.3; E — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.8/9.2; F — PLA scaffold, treated with toluene and ethanol
mixture in proportions of 0.9/9.1; G — PLA scaffold, treated with toluene and ethanol

mixture in proportions of 1/9

Thus, “solvent/non-solvent” treatment of the PLA scaffolds with listed mixtures had
no effect on crystal structure of the material. Solvents mixture containing toluene and
ethanol in proportions of 1/9 (v/v) was also selected.

1.2.2 Studies of the iodine absorption dynamics on the surface of PLA
scaffolds from the solution and vapors

For the investigation of the dynamics of iodine absorption on the surface of PLA
scaffolds samples with size of 2x2 cm and mass of 0.123 g were treated with mixture
of toluene and ethanol (1/9, v/v) and then exposed to the iodine vapors for 0.5, 1, 3, 5,
7 and 10 minutes or to iodine solution in water-ethanol mixture for 1, 6, 24 and 48
hours at a temperature of 40 °C. Than excessive iodine was removed by washing the
samples with ethanol for 5 seconds. The obtained samples were dissolved in 2 ml of
dichloromethane.

lodine concentration in the prepared solutions was determined by means of UV-
spectroscopy. For that purpose, UV-spectra of calibration solutions of iodine in
dichloromethane (0.0005%, 0.001%, 0.002%, 0.003% wu 0.004%) were recorded and
calibration line was plotted (figure 18):
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Figure 18. UV-spectra of iodine solutions in dichloromethane and calibration line
(adsorption maximum at 500 nm)

However, after the addition of PLA scaffolds to the calibration solutions
hypsochromic shift was observed and adsorption maximum moved to 360 nm (fig.

19):
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Figure 19. UV-spectra of the solutions of iodine with PLA in dichloromethane

For the solutions with higher concentrations of iodine such effect was not observed
(fig. 20):

——0,01%
3,01 ——0,015%
0,02%
——0,03%
251 ——0,005%
5
i 2,0
<
S
g 154
o
%)
o]
< 104
0'5 i //,, — \
400 600

Wavelength, nm

Figure 20. UV-spectra of the solutions of iodine with PLA in dichloromethane

Thus, two calibration graphs for the solutions of iodine and PLA in dichloromethane
with absorption maximums at different wavelengths were plotted (figure 21 and 22):
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Figure 21. Calibration line for the solutions of iodine and PLA in dichloromethane
with adsorption maximum at 360 nm
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Figure 22. Calibration line for the solutions of iodine and PLA in dichloromethane
with adsorption maximum at 500 nm

Dependency if the amount of absorbed iodine from time is plotted in fig. 23 and 24:
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Figure 23. Dependency of the amount of iodine absorbed from vapors from time of
treatment
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It was observed, that during iodine absorption from vapors maximum concentration
of iodine (0.07%) was achieved after 3 minutes of treatment. During absorption from
the solution here was a decrease of iodine concentration from the first hour of
treatment.

1.2.3 Antibacterial properties of the obtained materials

Antibacterial properties of the PLA scaffolds with iodine absorbed from vapors were
tested. As it was shown before, at a temperature of 40 °C maximum concentration of
lodine was achieved after 3 minutes of treatment in iodine vapors. Thus, PLA
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scaffolds, treated with iodine vapors for 0.5, 1 and 3 minutes (with concentrations of
iodine of (0.02%, 0.05% and 0.07%, respectively) were tested.

For the determination of antibacterial activity suspension of E. coli with
concentration of 5x10° CFU/ml was prepared. Samples with size of 1x1 cm were
placed in 1 ml of the prepared suspension. After 24 hours of incubation, 0.1 ml of
each suspension was placed on beef-extract agar in Petri dish. After 24 hours
cultivation grown colonies were counted. The results of the experiment are shown in
the fig. 25:
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Figure 25. Counts of the colonies grown in presence of materials with different
concentrations of iodine

The obtained data show, that produced materials demonstrate antimicrobial activity
against E. coli. Noteworthy, control sample (PLA scaffold without iodine) also
demonstrated antimicrobial activity. However, that fact may be explained by
incompliance of the materials storage (control samples were stored with samples with
absorbed iodine).
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