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Puc. 1. bubnuomerpruyeckuii aHaIu3 NepUOANIECKON

JUTEPATypPhI TI0 METOAAM IMOJyYCHHUS U TIPUMEHEHUS
0

HAHOKOMIIO3UTOB MEJIY U MEKTHHA B OMOMEIULIMHE Huaual7%

Poccusal %'

TaitBaHB2% crXFamanl0%

ABcTpanuaA2%

B nepuoa ¢ 2012 o 2016 roas! uuciio Vcmamm%—

myOIuKaIuii HaydHbIX cTarei u3 Poccun
o Teme padbothl coctaniseT 1%.

Puc. 2. Yncio n @M A#T 110 MCII0IB30BaAHHUIO

HaHOKOMITO3UTOB M€Y M XUTO3aHA B OMOMEIUIINHE
B pa3auy4HbIX cTpaHax B nepuof ¢ 2012 no 2016 rr.




OBOCHOBAHME BbIBOPA TEMbI

v/ Hepocratkm  cymecTtByromuyx  METOAOB  CHHTE3a —  CJIOXKHOCTH
MacIITaOMPOBAHUS TEXHOJIOTUH MTOJTYYCHUS KOMIIO3UTOB IS
OMOMEIUUUMHCKOI0 TMPUMMEHEHUS W  HKCIOJb30BAHUE  IOJIMMEPOB
Pa3JIMYHOIO reHe3uca.

v/ OnTumusanys METOIOB MOJYUYEHUSI HAHOKOMITO3UTOB C BOCITPOU3BOAUMBIMHU
CTPYKTYpOM W CBOMCTBAaMHM C 1I€JIbI0O OTPA0OTKH TEXHOJOTHYECKHUX
PEXMMOB MOJY4eHUsI OMOCOBMECTUMBIX MPENApPaATOB.

v/ Hacrosiiee uccieqoBaHue SIBISETCS YacThbH) KOMILIEKCHOM PadoThI 110
CO3/IaHWI0 0a3bl JAaHHBIX OHOIPENaparoB Ha OCHOBE HAHOKOMIIO3WTOB,

00J1a1aloIMX BBICOKHMM TepamneBTHYeCKUM ToTeHiuanom (FOpumesa, 2013;
3axaposBa, 2014).



LEJb JIACCEPTALIMOHHOM PABOTHI 4

BrisiBnenue ocodennocrei cuaresa Hanodactull Cu’ u Ag’ B monuMepHBIX MaTpHIax ¢
VCTIOJIb30BAHUEM PA3JIMYHBIX BOCCTAHOBUTEIIEH

3AJIAYU TUCCEPTAIIMOHHOM PABOTBI

1. JluteparypHbIii 0030p MEPUOIUUECKOM JIUTEPATYPhI IO METO/IaM CUHTE3a HAHOKOMIIO3UTOB 3a
2012-2016 rr.

2. Bei6op ontumansHOro cnocoba cuntesa Hanoyactui Cu’/Ag’ na Bosayxe BappupoBaHHEM yCIIOBHIA
peaKkiu, IPUPObl BOCCTAHOBUTENS U CTAOMIIN3aTOPA;

3. UccnenoBanue GpU3NKO-XUMUYECKUX CBOMCTB MOJYYEHHBIX OMOHAHOKOMITIO3UTOB IO MOKAa3aTesIM:
(a30BbIif COCTaB U BBIXOJl HAHOYACTHII;

4. CpaBHUTEIIbHBIN aHAU3 cI0co00B cuHTe3a HanouacTur Cu’/Ag’.

METOAbI UCCIIEAOBAHUSA OBPA3LIOB

MeTtoa ucciie10BaHuA Hasnauenue merona ucciaenosanusa | Cneuupuxkauus npudopa Mecro
NPOBEACHUA

Pentrenoda3zoBsiii - hccaeoBaHue (Pa3zoBOMl CTPYKTYpHI Hudpaxromerp Philips X-pert, NIIXP PAH
ananu3 (PDA) - oTpejiesiCHUe pa3Mepa YacTHll Cu-K,
YapTpa3ByKoBas - OIIpEEIICHUE TUAPOAUHAMUYECKOIO VYBTpa3ByKOBOUM CIEKTPOMETP MAN
CIIEKTPOMETPHUS paanyca 4acTHi| Ha DT-1201, Quantachrome
NudpakpacHas - UCCIEOBAaHMS MEXaHU3Ma WNHuppakpacHbIil CHEKTPOMETP NXXT HAH KP
CIIEKTPOCKOIHUS cTaOuIN3aly HAaHOYACTHI] FSM1201
Cnexrpodomerpusi B YO | - onpenenenue ontuueckoi mnotHoctu | Crekrpodoromerp CD-26 «buoxummanny
A BUIUMOM 00J1acTAX




HAYYHASI HOBU3HA JJUCCEPTAIIMOHHOM PABOTHI

v/IIpemioxkenbl cnocoObl MOTYYEHUS YCTOMUYMBBIX MOHO(DA3HBIX
naHocucreM Cu’ n Ag’ B XuTO3aHOBOW ¥ NEKTHHOBOM

MaTpullax B cpeae BO3ayXa;

¢/ BbIsIBIICHBI 0COOEHHOCTH CUHTE3A naHouactur; Cu’ u Ag’
BoccraHoBiieHreM Cu”" 1 Ag™ IIoko30li B MaTpuIle XUTO3aHa,
CBSI3aHHBIE co camkenneM Red-Ox MMOTEHI[HAJIA
BOCCTAHOBHUTENS 3a CUET OOpa30BaHUSI KOMILICKCA DIFOKO3a-
XUTO3aH.



OBBEKTbBI UCCJIEJOBAHUASA

IlexTnH — annoHHbIN ( Pec)

Xwuto3aH — kaTuoHHbIN (Chit)
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- BBICOKas KOMIUIEKCOOOpa3yroIias CloCOOHOCTb;

-0oJibIIasi COPOIIMOHHASI EMKOCTB;
OmopasaraeMmai,

- HETOKCHYHBI,
CTPYKTYpa,

ruoKas

- OoJIpIIIME 0OBEMBI U HU3Kasi CTOUMOCTD ChIPbs
- COOCTBEHHBIC (PHU3UOTIOTHYECKHE CBOMCTBA

Pec-niexktiH, Chit-xuro3an

Ag, Cu

- COOCTBEHHBIC (PU3MOJIOTUNYECKHE CBOMCTBA
- pa3Has CroCOOHOCTh BOCCTAHABIMBATHCS 10

MCTAJIJIOB

BOCCTAHOBMUTEJIM: ruapasus,
TUTUAPOKBEPIIETUH, aCKOPOMHOBAS KUCTIOTA,

IJTI0KO3a
HanouacTuumnl IHosumep:
MeTaJuia: - MOBBIIIACT
- 00eCIIeunBaIoOT COpOIIMOHHBIC
Pa3BUTYIO CBOMCTBA KOMIIO3UTA;
IIOBCPXHOCTB - CIOCOOCTBYET
MaTngana cTabHIM3aIuu
- cOOCTBEHHas HAHOYACTHIL:
pusnonorunueckas
- (Qusnonoruyeckas
aKTUBHOCTh
AKTUBHOCTh

[TonmudpyHKIIMOHATBEHBIE KOMITO3UITMOHHBIE
MaTepHabl




GOAKTOPDLIL, BJITUAIOUIUE HA CUHTE3 METAJIJIONNOJIUMEPHbBIX
HAHOKOMIIO3UTOB : 0030p Jiureparypbl

IIpupoaa BoccTaHOBUTEIA

IHopsiaok cMeleHUus KOMIIOHEHTOB

YcnoBus peakiuu Cu(OH),
* pH CuO
* TemIeparypa Cu,0
* CKOpPOCTH HEPEMEIIMBAHUSA Cu’

* cpena (MHepTHasi, Ha BO3AYyXeE)

Oxkpacka pa3auyHbIX

IIpupoaa craduiamnszaropa COCIIMHEHNH MeIH

CooTHOIIICHUE KOMIIOHCHTOB

O4ucTKA NPOAYKTA



CIIMCOK CUHTE3UPOBAHHbBIX OBPA3IIOB

CooTHollIeHHuE BoccranoBurenb,
HanmeHnoBanue odpasia METaJI:TIOJIUMED Red
X:Y,r
xCu-Red-yPec 1:0,01;0,02;0,04; Hyd, Glu, Asc
0,06;0,08

xCu-Red-yPec 1:0,06;0,08:0,2 Glu, Asc
xCu-Red-yChit 1:0,1 Glu, Asc
xCu-Red-yChit 1:0,1 Glu, Asc
xAg-Red-yPec 1:37,5 Qr, Asc-Qr, Glu
xAg-Red-yChit 1:37,5 Qr, Asc, Glu

Crucok 00pasioB, BOCCTAHOBUTEIEH M COOTHOILICHHUS MCXOIHBIX

peareHTOB

Pec-nextun, Chit-xuto3an, Red — Boccranosurens, Hyd-runpasun, Glu-rokosa, Asc-ackopOuHoBas

KHCJ’IOT&,QI’-KBGPHCTHH
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HOJYUYEHHUE KOMITIO3UTA B CPEJE ITTIOKO3bI 0

Bapbupyembie nmapamerpsbl:

HOpﬂI[OK CMCIICHUA KOMIIOHCHTOB: BOCCTAHOBJICHUEC CBA3aHHBIX U CB06OI[HLIX Cu

Ounctka npenaparta (yaajieHue 6amIacTHBIX BEIIECTB)
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Puc. 3. JluppakrorpamMmmel 06pa3iioB KOMIIO3UTOB, MOJYYEHHBIX B Cpee TIOK03bI (IPOH-UM-2, Cu(K, ), 1°/mun)

1

Pec-Cu-Glu Glu-Cu-Pec (Glu)-Cu-
Pec

(Glu)-Cu

Puc. 4. Conepxanue Cu’ u Cu,O B 0bpasuax

ECu0, %
mCu20, %

20

B obpasmnax 6e3 nocnenyromiero ormbiBanus Glu
conepsxanue Cu’ Bbime.

[Ipu BbIBeACHUS IIIOKO3bI M3 CPEIbl PEaKIMH
JTUCTWUIMPOBAHHOM BOJOW HAHOYACTHIIbI Cu’
OKHUCJISIFOTCS  J10 CuZO KUCJIOPOZOM BO31yXa H
HeJIera3upOBaHHON BOJIBI.

OntuManbHbIM ~ uis  BoccraHoBienust  Cu’
SBJISICTCS. METOJ, TPU KOTOPOM CYCIICH3HIO HE
MIPOMBIBAIOT OT BOCCTAHOBUTEIIS.

Pec-niexktun, Glu-rmroko3a



PacripeienieHie yacTHIL IO pa3Mepam, V.c.

T'IPOIUHAMUYECKUI PASMEP HAHOUYACTMII, 10
BOCCTAHOBJEHHBIX B CPEJE IIOKO3bI
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Puc. 5. YnbrpasBykoBasi cieKTpoMeTpus 00pa3iioB
(DT-1201, Dispersion Technology)

I'mnpoguHamMuyeckui pasmep HaHOYACTHI]

U3MEHSETCS IIPU: Obpazen Pa3mep wacTu
1) BBenenuu Pec B cpeny peaxiuu, MpUBOJSIIEE (V3C), um

K YBEJIMYCHHIO pa3Mepa 4YacTUIl BCIEICTBUE

HaOyxaHnus Pec; Pec-Cu-Glu 546,7

2) nopsiaka Beenenust Pec/Glu B cpeny peakuuu;

3) npucyTCTBUSI BOCCTAHOBUTEIIS. Cu-Gtu 171,2

Cu-Glu-Pec 290,1

[Tonyuennsie metogom ¥Y3C pe3ynbraThl IO pa3MeEpPaM YaCTHUIl KOPPEIUPYIOT ¢ JaHHbIMHA PDA.

Pec-niextuH, Glu-rimoko3a



Y® U BUINMBIE CHEKTPbI HAHOYACTMHII,
BOCCTAHOBJIEHHBIX B CPEJE IJTIOKO3bI

0.71D
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Puc. 6. OnTrueckast IOTHOCTh CYCIEH3HMH 00pa310B MOITYYEeHHBIX
HaHOKOMIIO3UTOB

Pec-niextun, Glu-rirokosa

Puc. 17. Cycnensust o6pa3ios
1. Cu-Glu-Pec0,1
2. Cu-Glu-Pec0,2
3. Cu-Glu-Pec0,4
4. Cu-Glu-Pec0,8

Hannume  mma3MoHHOrO  pe3oHaHca B
obmact 700 HM yKa3bIBaeT Ha HAJIMYUC
nanouactur; Cu’ B cycnensuu (Pileni, 1993;
Eropoga, 2001).

HHTEeHCMBHOCTh TOMIIONIEHUS B 00JacTu
pe30HaHCa KOPPEIUpPYeT C YBEINYCHHEM
conepxanus Pec. YBenuuenue D ykasbpiBaer
Ha yBeaudenune Bbixomga Cu’,




BOCCTAHOBJIEHUE Ag’ B IEKTUHE 12

AgNO, AgNO,
. IlepememmBanue IlepememmBanue
Pec Red
BapbupoBaHue napamerposB: ,
- IIpupona BoccranoBuTens l
- [Topsimok BBeEeHNST KOMITIOHCHTOB Red Pec
[lepememnBanue — |  Ilepememmpanue
Komnosutr Ag-Pec-Red Kommnosutr Ag-Red-Pec
™ " Lye  Ag-Pec-Qr-Asc wo . Ag-Glu-Pec
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Puc. 7 ludpakrorpaMMbl KOMITIO3UTOB

HemnomHoe BoccTaHOBIIEHHE: Hemnomnoe IlommHo€e BoccTaHOBIIEHUE
IIpucyrtcTBytoT BOCCTAHOBJICHUE
HEUJICHTU(UIIMPOBAHHBIC MMHUKHU.

o nanubiM PDA HauboJiee 3pdexTuBHOEC BOCCTAHOBJIEHHE AZ+ MPOUCXOIUT B Cpejie IVIIKO3bI.

Pec—nem;m, Ql'—I\'BGPLleTI/IH. ASC-HCI\'OPGHHOBHH KHCJIOTa, Glu-mroko3a



AgNO3 BOCCTAHOBJIEHUE Ag’ B XUTO3AHE 13

IlepememmBanue
Red I Bapbupyercs:
Chit MepememmBare - BoccranoButens Red

|
Komnosur Ag-Red-Chit

KBepiietna
1200
I, ye.
1000 - Ag-Qr-Chit
800 -
| d=10 nm
600 Ag’
400 - .
A
g 0 AgO
200 - Ag 20Q
AgO
0 T T T T T T 1
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IlomHOE BOCCTAHOBIIEHHUE

AckopOuHoBas kuciora, 45 °C

1200 [, ye.
1004 Ag-Asc-Chit
800
d=13 um
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Puc.8 IudpakrorpaMMbl KOMIIO3UTOB

Hemomuoe
BOCCTAHOBJICHHE

[ 1roK03a
12004 | o
1000- Ag-Glu-Chit
800 -
d=6 Hm
600 -
Ag’ Ag'
400 - Ago
Ag° Ag°
200 - —
2Q
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HenomHnoe BoccTanoBieHUE.
IIpucyrcTByroT
HEeHUJICHTH(UIIMPOBAHHBIC ITHKU

ITo nanubiM PDA HanboJ1ee BLICOKMI BbIX0 HAHOYACTHUIl M 00pa30BaHue
MOHO(}a3HOM CHUCTEeMbI HAOIIOAAETCH B CJIy4ae BOCCTAHOBJICHUS KBEPLUETHHOM.

Chit-xuto3an, Qr-kBepieTus, Asc-ackopouHonas kuciora, Glu-roko3a




MEXAHW3M CTABUJIM3ALIMM Ag’ B CPEJIE XUTO3AHA 14

Chit * Yeunenne nonocst mpu 1599 em™ (NH, " - rpymima)
* Yeunenwue nonocs npu 1322 cm™! (OH - rpynna

s hit+Ag
\ ‘ Crabumuszanus Ag’ xutozaHoMm 00ycloBIeHa

00pa3oBaHHUEM XENIATHBIX KOMIUIEKCOB IIOJIUMEP-
gactuna» 3a cuer NH, - u OH™ -rpynm.

€ 3+

. VAVAAAA \,\n.-’/
P o e e o ot o
QLU a0 == NWWEek D
N DS co‘s LW W SIN=ND © W
9 NN NO e W QR0 KC D W
(=1 S N0 U= 0 QODRD OO

Puc.9 UK-cniektp 06pasos
Chitu Ag-Chit

Puc.26 BepositHas cxema crabunuzaunn HY meramia Xuto3zanom
(Li et al. Biomacromolecules 2007, 8(2) 464-468)

Chit-xuro3an, M-Merain



OLHEHKA DQOOEKTUBHOCTHU CUHTE3A 110 BOCCTAHOBUTEJIAM 15

350 7007

Ag, Pec/Chit
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Qr Qr-(Asc) Glu
Puc.10 UaterncuBHocTh mukoB POA mno 1=100% HaHOKOMMIO3UTOB YMeHbLIATCA CBONCTBA ATOMA
JUIS1 Pa3HBIX CUCTEM OTAaBaTh e- (OKUCMASATHCS)
HO CH,OH
i Ho O
HO : o) OH
— OH OH
HO OH OH
Asc Glu
Eh, B -0.066 -0.27 YBenuunsatoTcs CBOMCTBa MOHA
i i NPUCOEANHATDL e- (BOCCTaHaBMMNBATLCS)
DNEKTPOXUMUYICCKUAN PSIJT
(Kanatt et al. Chitosan glucose complex. Food Chemistry, 2008, 106 (2): 521-528) o
HAaIIpsAKCHUN MCTAJIJIOB

Pec-nextuH, Qr-kBeplieTH,Asc-ackopOuHoBas kuciaora, Glu-rimroko3a



OLHEHKA DQOOEKTUBHOCTHU CUHTE3A 110 CTABUJIN3ATOPAM

100 16

Ag, Glu

— (@) o0
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UHTeHCcUBHOCTE, %

o
(a)
1

0 -
Puc. 11 UurencuBnocTh nukoB POA 1o [=100% HaHOKOMIIO3UTOB, ITOJy4YECHHBIX B
Cpele pa3INYHbIX MTOJINMEPOB

CH,OH | cuon
0 OH
0 OH
\
_In  nH,
Xenarnsie Tpynmsl: -OH, -COOH Xenarnple rpynmst: -OH, -NH, "
AEMe-coo= 149 x/lx/moab* AEMe-NH,;= 237 Kk/lK/MOb

Pec-niextun, Chit-xuro3an *T'ypBud. «OHeprus pa3pblBa XUMUYECKUX cBA3ei. [I0TeHIa bl HOHU3AUU U CPOAICTBO K JIEKTPOHY»



CBOAHAA TABJIMIIA OHUEHKHN METOJ0OB CUHTE3A 17

OueHka (pakToOpoB, BIMSIOIIMX Ha YCIOBUS CUHTE3a HAHOKOMIIO3UTOB METAJIJIOB

IMomumep | Ag' Cu?* Ipumeuanne
Pec Glu Asc
Glu TpeOyercs ynaneHue 0aUIaCTHBIX BEIIECTB
Chit Qr Asc
Glu TpeOyeTtcs ynaaeHue 0aIaCTHBIX BEIIECTB

Pec-nexTuH, Chit-XHTO'SllH., Ql‘-I\'BCpLICTI/IH, ASC-HCI\'ODGHHOBHH kuciiora, Glu-riroko3a
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®OTOI'PAOUM IIJIEHOK

YcioBus nMoJIy4YeHUs IJIEHOK B CYIUWJIBHOM IIKaQdy:
v/Bpems# - 24 yaca, temneparypa - 60 °C

XWTO3aH BBITOIHSAET (QYHKIIMIO BHYTPEHHETO TUTacTU(PUKATOPa, BCTPAUBAsICh B CTPYKTYPY U oOserdas
MOJIBUXKHOCTh CETMEHTOB KOMITO3UTA.




BBIBO/IbI 19

1.IIpoBefeHHBII IUTEpaTypHBIHA 0030p MO METOAAM CHHTE3a OMOHAHOKOMNO3uTOB Ha ocHoBe Ag’u Cu’ B
cpelie XuTo3aHa U MEKTHHA 1o pedeparnBHOM Oaze gaHHBIX www.sciencedirect.com 3a mepuopa ¢ 2012 1o
2016 r.r. yka3bIBaeT Ha BO3PACTAIOIIUN UHTEPEC K TAHHBIM OOBEKTaM.

2.Iloka3aHo, YTO NPU BAPbUPOBAHUM MOPSIAKA BBelAeHHS KOMIIOHEHTOB 00pa3oBaHHE MOHO(A3bl U
Haubonee BhICOKUH BbIX0A HaHoYacTUIAZ 1 Cu’ MpoMCXOMUT NPy MpeABAPUTEILHOM BOCCTAHOBJICHHH
HMOHOB METAJIJIA U TIOCJICAYIONIEeH cTabMIN3alii 00pa3yoIUXCsl HAHOYACTHUIL MTOJTMMEPOM.

3.HOKa3aHO, 4TO IIPHU CUHTC3C HAHOYACTHI] MCTAJIJIOB BOCCTAHOBJICHUCM Asc Tp€6yeTCH OYMCTKA KOHCYHBIX
IIPOAYKTOB OT IMOOOYHBIX KOMITIOHCHTOB, BKJIFOHAKOIINX HC BOCCTAHOBJICHHBIC MOHBI MCTAJIJIOB.

4.YCTaHOBJIEHO, YTO KOMILIEKCOOOPA3y0Ilasi CIIOCOOHOCTh XMTO3aHA B OTJIMYHME OT NMEKTHHA WU3MCHSET
Red-Ox morenuuan BoccraHosureneil. Tak, g cucremsl ¢ Ag' oGpasoBanue MOHO(A3bl  (IOJHOE
BOCCTAHOBJICHHE) M HanOOJee BBICOKMM BBIXOJ HAHOYACTHUI] H3MeHseTcs B psagy Asc>Qr>Glu, cpegnuit
pa3Mep HaHOYACTHI] COCTABIAET ~6, ~ 10 u ~ 13 HM COOTBETCTBEHHO.

5.CpaBHutenbHas ouenka akrtuBHocTH Cu?’ m Ag® B Red-OX peakuusx aJsi BceX CHCTEM IOJHOCTBIO
COIVIACYETCH C ICKTPOXMMHUYECKUM PHAAOM AKTHUBHOCTH METAJUIOB, B KOTOPOM METAJUJIbI PACIIONIOKEHBI B
MOPSAJIKE YBEIIMYECHUS UX CTAHAAPTHBIX AIEKTPOXUMUYECKUX NOTEHIHNANIO0B ¢, +0.34 n +0,8 B cOOTBETCTBEHHO



BBIPAKEHUE IPU3BHATEJBHOCTH 20

ABTOp BBIpa)kaeT HCKPEHHIOK 0JIaroapHOCTh:

* COTpPYOHHKaM oOTAena OHOTeXHOJoruu VIHCTUTyTa NOPUKIAJIHOM  OHOXMMHH U
MamuHocTpoeHus: I'opoynoBoit H.B. u 1uuHO HavanpHUKY oTaena, K.T.H. Myparory B.C.,
A100€3HO MPEAOCTAaBUBIIMM 0a3y IS MPOBEACHHUS CHHTE3a M O0ECHEUYMBIINM Hay4YHO-
TEXHUYECKOE COMPOBOXKICHHUE UCCIICIOBAHU;

* 3aB. JJaboparopuei MeTaonoauMepoB MHcTuTyTa npoodnem xumudeckon ¢puzuku PAH 1.x.
H. /DxapaumanueBoi [.HM., okazaBmiei mnomonis B opranu3anuu PDOA aHanuza v CUHTE3a

KOMIIO3UTOB B CPEAE I'Uipa3vuHa.

enorieHTy Kadeapsl 901, k.T.H. FOpuiepoit A.A. 3a yIbTpa3ByKOBBIC UCCAEIOBAHUS 00Pa3IoB.



OO0BCM OITYXOTIH CMS

Pa3Mep OIIYyXO0.JIH, cMm3
o
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COCTOAHHUE BOITPOCA: IPOTUBOOITYXOJIEBAA u AETOKCUIIUPYIOILIASA CIIOCOBHOCTD
KOMIIO3UTOB

YCTaHOBJIIEHO IPOTUBOOITYXOJIEBOE AEUCTBUE
Fe3O 4-Pec B TeCTaX Ha MOJCJIbHBIX IITaMMaX

0HYXOJI€I71 W256, cumxenne pasmepa ormyxomu 10 90 %,
YBEJIMUYEHHUE NPOJOKUTEILHOCTH KU3HU )KUBOTHBIX 110 60%.
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Puc. 1. Kuneruka pocra onyxonu Yokepa W256, nosist
HEKpO03a U OITyXOJIEBBIE KIIETKH, UX allONTO3 MO/
JefiCTBMEM MEKTUHA U HuKiIodochana

Zakharova et al. 2012. Macromol. Symp. 317-318: 175-179.
3axaposa u np. 2014. Becmnux KPCY. 14 (5): 11-14.

CoOepKaHHE KOMIIOHEHTOB

[IponemMoHCTpHUpPOBaHA IETOKCUITAPYIOIIAS
CIIOCOOHOCTh HAHOKOMIIO3HUTOB B
IKCIIEPUMEHTAaX MO COPOITUH TOKCHICCKUX

(maToreHHbIX) KOMIIOHEHTOB JIUM(BbI, cHumkenue
10 50% KOHIIEHTpaIlMi KOMIIOHEHTOB.
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Puc. 2. Camxenue COACPIKAHUA TOKCUICCKUX KOMIIOHCHTOB

mumbl ¢ ucnosp3osanueM Fe, O, /TK u Fe,O,/Pec
(Bemonreno B 3 LIBKT um. A.A. Bunisesckoro)

Zakharova et al. Nanomech. Sci & Techn. Int. J, 2014, 5(1), 73-84.
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