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Kowmmnosur u3 HanoBos1okoH okcuaa amomutus (HBOA) u monndpunnpoBanHbix HaHoaniMa3oB (MHA) B3pbiB-
HOTO CHMHTe3a MOJyYeH CMeIIMBaHWEM BOJIHBIX CYCTIEH3MI KOMITIOHEHTOB ITPU BECOBOM COOTHOIIIEHUHU 5:1
u uHKyOauueit cmecu 15 mun nipu 32 °C. Ilpeamnonaraercs, 4yTo oOpa3oBaHKe KOMIIO3UTa 00eCIIeYrnBaeTCs
pa3HulIeil 13eTa-NOTeHIIMAI0B KOMIIOHEHTOB — oTpunaTeabHoro y MHA u nonoxutensHoro y HBOA. Baky-
YMHOI punbTpalmeil cMecu yepes (pToporaactoBbiii GuisTp (quametp mop 0,6 MKM) chopMUpOBaHBI AUCKHI
nrameTpoMm 40 MM ¢ rocienyolieit ux repmooopadoTkoii mpu 300 °C i npuaaHus KOMIO3UTY CTPYKTYPHOI
CTaOUIBHOCTU. METOJIOM CKaHUPYIOIIEH 2JIEKTPOHHONH MUKPOCKOTUY BBISIBIEHO, YTO MOJTYYEHHbII KOMIO3UT
MMEET CEeTUaTylo CTPYKTYpY, B KoTopoii yactuiitkl MHA pacripesneneHsl o nosepxHoct HBOA. YcraHoBlieHo,
yro MHA B cocTaBe KOMIO3UTa KaTATU3UPYIOT peaklnIo azocoyeTaHus (hbeHon — 4-amuHoaHTunupud — H,0,)
¢ 00pa3oBaHUEM IIBETHOTO MPOAYKTa (XUHOHUMMH). [TpoeMOHCTpUpOBaHa MPUMEHUMOCTh KOMITO3UTA TSI
MHOTOKPaTHOTO oMnpeeseHus (peHoa B BOTHbIX 00pa3iax.
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OnHO M3 aKTUBHO pa3BUBAIOLIMXCS B MUPE B TO-
cjenHee AecATUIeTHe HayYHbIX HallpaBJAeHUI CBSI3aHO
C U3yYEHUEM MPUMEHUMOCTU HaHOMATEepHUaJIOB pa3HOM
(bMBUKO-XUMUYECKOI TTPUPOJBI B pa3pabOTKe HOBBIX
5 (HEKTUBHBIX CPEACTB OMOMEANIIMHCKON aHATUTUKHI
[1—6]. [MepcrieKTUBHBIM MaTepUAIOM JUTS OTUX LieJei
SIBJISIIOTCS. MOAMUIIMpoBaHHbIe HaHOaIMa3bl (MHA)
B3PBIBHOTO CUHTE3a, 00JIajalolie KOJJIOUIHOM cTa-
OMJILHOCTBIO B IMCIIEPCUOHHBIX cpeaax [7]. Xumuuecku
noaumopdHast moBepxHocTh MHA (Hanuuue mmpokoro
CIeKTpa XMMUYECKH aKTUBHBIX TPYIIIT U MUKPOTIpUMeE-
celt MeTasIoB [8]) 1 BOBMOXHOCTU €€ XMMUUECKOM
Mo (UKALUU TTO3BOJISIIOT UCITOJIb30BaTh IaHHbIE Ha-
HOYACTULIBI B CO3JAHUU aHAJIUTUYECKUX CUCTEM OMO-
MEIUIIMHCKOTO Ha3HaueHus. [TponemMoHcTpupoBaHa
npuMmeHuMocTb MHA B KauecTBe KaTajim3aTopa 1 HO-

1 Unemumym 6uogpusuxu Kpacrospckozo nHayuno2o yenmpa
Cubupcroeo omoenenus Poccuiickoii Axademuu Hayk,
Kpacnosapck

2Cubupcikuii pedepanvibtii ynusepcumem, Kpacroapck

3 Hnemumym bucaumensio2o Mooeauposanus
Kpacnospckoeo nayuroeo yenmpa Cubupckoeo omoenenus
Poccuiickoii Akademuu nayk, Kpacrnospck

4®@edepanvhblii uccaedoeamenvekuii yeHmp
“Kpacnospckuii Hayunwtii yenmp Cubupckoeo omoenenus
Poccuiickoii Akademuu nayk”, Kpacnospck

* E-mail: roniol@mail.ru

cuTessa 6rnomMapkepoB ((PepMEHTHI) IIPU KOHCTPYUPO-
BaHUM MHOTOPA30BbIX MHAWKATOPHBIX U AUATHOCTUYE-
CKMX TeCT-CHCTEM JIJIST MEIUIIMHCKOM 1 9KOJIOTMIEeCKOM
a"Hanutuku [9, 10]. B yactHOCTH, B MCcClIeqOBaHUSIX in
vitro moka3zaHa 3((eKTUBHOCTh UCIIOIb30BaHus MHA
JIJISI MHOTOKPATHOTO BBISIBJICHUS (peHoJia B BOAHBIX
obOpasiiax [10].

Cnenyet ckazaTb, YTO KOHCTPYUpPYeMble Ha OCHOBE
MHA aHanuTU4yecKue CUCTEMbI, B KOTOPBIX CEHCOPHBII
anemeHT (MHA wiu MHA-6uomapkep(bl)) 3apukcu-
pOBaH Ha/B TBEPIOI MaTpulle, OoJiee MPEAITOYTUTEIBHbI
MPpY MTPaAKTUYECKOM MpUMeHeHUU. CTpYKTypHasi yCTOM-
YUBOCTH MAaTPUIILI OTKPBHIBAET BO3MOXKHOCTHU CO3MaHMS
CUCTEM MHAWKAILUU B BUJe MPOYHbIX 2D- 1 3D-KoH-
CTPYKILMM (TIACTUHKM, TUCKU, CTEPXKHMU U T.]1.), KOTO-
pble OoJiee yIOOHBI AJIsl TECTUPOBaHUS 00pa3loB
U YIIPOIIAIOT IMPOILEAYPHI OTMBIBOK CMCTEMBI TIpU €&
MHOTOKpaTHOM MpUMEHEeHUU. B KauecTBe MaTpULIbI
st pukcanuu MHA nHTepec MOryT NpeacTaBisiTh
HaHOBoJIOKHA okcuna amomunus (HBOA), no3Bods-
[ollIME MOoJyYyaTh ceTyaTbhle KOHCTPYKIIMU, KOTOPbIE
00JIagaloT CTPYKTYPHO# CTaOMIIBHOCTBIO B BOJIHBIX
cpenax [11, 12].

Coo06IIeHne MOCBSIIEHO CO3TaHUI0 KOMITO3UTA
Ha ocHoBe MHA 1 HBOA u ucciaeaoBaHUIo €ro npu-
MEHUMOCTH ISl TECTUPOBaHUs (peHoJ1a B BOIHOM cperie.
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Wcnons3oBamn MHA co cpenHuM pa3mepoM Kjiac-
TepoB (dsy) B TMIPO30JISIX 55 HM, KOTOPBIE TIOJTYYEHBI
M3 POCCUICKMX HAHOAJIMa30B B3pbIBHOTrO cuHTe3a (000
“Pean-JI3epxknHCK”) paHee pa3pabOTaHHLIM HaMHU CITO-
coboM [7]. Ouenky pacnpenenenuss MHA no pazmepy
KJIaCTepOB B I'MIPO30JISIX MPOBOAWIM € TIOMOIIIbIO Zeta-
sizer Nano ZS (“Malvern Instruments Ltd.”, Aurnus).
st uccnenoBaHUii THAPO30JM C HEOOXOIMMOM KOH-
neHtpauueir MHA, rotoBuiu 1o6aBieHUEM 1€UOHU-
3oBaHHO#1 (1) Boabl K HaBeCKe MOPOIIKA HAHOYACTHLI.
AW -Boay nonyvanu ¢ momoisto cucteMbl Milli-Q Sys-
tem (“Millipore”, CIIIA).

B kauecTBe MaTpUIIbI B 9KCIIEPUMEHTAX UCITOIb30-
Basin HBOA mapku Nafen™ (“ANF Technology”, Bc-
TOHUS), UMerolne nuamerp 10—15 HM U JJIMHY 10 He-
ckoabkux cMm [13]. Cycnensuio HBOA rorosunu
B AN -Bone u3noxeHHBIM paHee criocooom [11]. K Ha-
BecKe MaTrepuaja Nafen™ noGasmsm AW -Bony
W AUCTIEprUpOBaIM HAHOBOJIOKHA MepeMellInBaHUEM
CYCIIEH3UM Ha MarHUTHOU Melliajike B TeueHue 30 MUH.
ITocae aToro cycreHsuto oopadaThiBain YIBTPa3ByKOM
(Sonics & Materials VC-505, 22 kHz, CILIA) B TeueHue
15 mun png npuganusg HBOA Gonblieil KoJJIouaHoOM
ctabuiabHOCTU. B pesynbraTe yabTpa3ByKoBOK 0Opa-
OOTKM MCXOIHAas JUIMHA HAHOBOJIOKOH YMEHbBIIAIACh
JI0 HECKOJIBKHX MKM.

KoMImo3uTHbIi MaTepuai nojayJyaau cMelliMBaHueM
npuroroBneHHbIX cycneH3niit HBOA u MHA nipu Be-
COBOM COOTHOIIIEHUU KOMITOHEHTOB 5:1 1 mocieny-
IOlIel MHKyOalMel MoJIy4YeHHO cMecH B TedeHue 15
MuH 1pu 32 °C npu MOCTOSIHHOM MHTEHCUBHOM Tepe-
MEILIMBAaHUM HA MarHUTHOI Metanke. [Tocie 3Toro
MPOBOAWIN BaKYYMHYIO (DUIBTPALIUIO IPOUHKYOUPO-
BaHHOI cMecH Yepe3 (PTOPOIIaCTOBBIN (PUIILTP (aua-
meTp rnop 0,6 MKM), Ha TOBEPXHOCTH KOTOPOT'O U3 TTO-
JIy4eHHOT'0 KOMIO3:UTa (hOPMUPOBAJICST KPYTJIBIA JUCK
auametrpoM 40 mm [11]. Hanuuue B ¢punsrpate MHA,
He cBa3aBmuxcsa ¢ HBOA, onieHuBanu cneKTpajibHBIM
meToaoM (criekrpodotomerp UV-1800, “Shimadzu”,
AnoHus) Mo BeTMYUHE ONTUYECKOM MIOTHOCTU, PEry-
cTpupyeMoii nipu ajnuHe BojHbI 400 HMm. g cpaBHU-
TEJIbHBIX UCCIIETOBAHUIA B KAUeCTBE KOHTPOJISI UCIIOJb-
30BaJIM JUCKU, MOJYYEHHbIC aHAJTOTUYHBIM 00pa3oM
n3 HBOA.

Bce copmupoBaHHbIE IMCKU MTOABEPTaavd TEPMOO-
opadotke mpu 300 °C mis mpuaaHus UCXOIHOM MaTpulie
1 KOMITO3UTY CTPYKTYPHO# CTaOUJIBbHOCTU B BOJIHBIX
pacTtBopax. M3yueHne CTpyKTypbl IUCKOB, TTOJYYEHHBIX
n3 HBOA 1 xomno3suta HBOA—MHA, npoBoanin
C MOMOIbIO CKAHUPYIOILIEH 3JIEKTPOHHON MUKpPO-
ckoruu (COM), ucrnonbdys mukpockorn TM-1000 (“Hi-
tachi”, InoHus).

Kartanurnyeckyio aktuBHocthb MHA B KomMno3ute
OLICHMBAJIM peaKliuell OKUCIUTEIbHOrO a30CoueTaHusI
(cookucnenue peHosa ¢ 4-aMMHOAHTUITUPUHOM (4-
AAII) B mpucyTCTBUHU MEPOKCHUIA BOAOPOAA), B X0/
KOTOpOM 00pa3yeTcst IBETHOM MPOIYKT (XMHOHUMMUH)
[14]. B akcnepumeHTax ucrnoJib3oBanu 4-AATl
(1-pennn-2,3-gumeTnn-4-aMUHOIIMPA30JI0H) KBaJK-
ukamum 9.g.a. (“Peaxum”, Poccus), penon (“Fluka”,
Tepmanust) u 3%-HbIil pacTBOpP MEPEKUCH BOIOPOAA
(Taneno CDapMTM, Poccust). Paboune pacTBophI peareH-
TOB ToTOBMJIN in situ B JIM-Boxe.

JIJ1s1 5KCIIEpMMEHTOB U3 IMCKOB KOMIIO3UTa BEIpe-
3aI1 PparMeHTHI pa3sMePOM 5 X 6 MM, KOTOpBIE ITOME-
IIaJIM B peaKIMOHHYIO CMeCh 00BEMOM 1 MII, comepxka-
myio 5,96 MM denona, 0,49 MM 4-AAIl u 8,8 MM
H,0,. Peakuuto nposoaunu npu 25 °C B TeyeHne
10 muH. ITocne 3Toro ¢pparMeHThl AUCKOB U3BJIEKAJIU
u crnekrpodoromerpuuecku (UV-1800) oueHuBaan
KOJIMYECTBO 00pa30BaBIIETOCS B peaKIIMOHHOM CMecH
L[BETHOT'O MPOAYKTA 110 BEJIMYMHE ONTUIECKOI IIOT-
HOCTH IIpU JJIrHE BOJAHBI 506 HM. B mapauiebHbIX
9KCIEPUMEHTaX peaKkihio a30CoUueTaHUs POBOAUIN
C UCIIOJIb30BaHNEM (pparMeHTOB KOHTPOJbHBIX TUCKOB
JUTSI OLIEHKM 00pa30BaHMsl LIBETHOTO MPOIYKTA MO AeH -
ctBueMm HBOA.

I1pu uccaemoBaHMSIX IPUMEHUMOCTH KOMITO3UTA
HBOA-MHA 111 MHOTOKpaTHOI'O TeCTUPOBaHU (e-
HOJIa B BOJHBIX 00pa3liax MCIOIb30BaId IPOOLI peak-
LIMOHHOW CMECH ¢ OAMHAKOBOW KOHLIEHTpallMel aHa-
quta. dparMeHT KOMITIO3UTHOTO AUCKA TTOMeIIaln
B TECTUPYEMYIO MPOOY U MPOBOIUIU PEeaKLIIO a30CO-
yeTaHusI, KaK 1310xeHo Boiire. [Tocie atoro hparmeHT
JIMCKa U3BJIEKaIN U3 peaKIIMOHHOM CMeCH 1 OLIGHUBAIN
B HEil KOJIMYECTBO 00pa3oBaBIlierocs rmpoaykra. ®par-
MEHT AucKa npombiBayiv I -Bomoi 17151 OTMBIBKM KOM-
MO3UTa OT OCTATKOB KOMIIOHEHTOB U MPOAYKTA PEAKIIMU.
OTMBITBIF KOMITO3UT ITOMELIAIA B HOBYIO ITPOOY peak-
LUOHHOI CMECH Y BHOBb IIPOBOAMIN PEAKIINIO.

B pesynbrare npoBeAEHHbBIX UCCAEI0BAHUN HAMU
OBLI ITOJIy4YeH KOMMIO3ULIMOHHBbII MaTepuan HBOA-
MHA, u3 cycnieH31uu KOTOpOro Mpu Mociaeayooleit Ba-
KYYMHOI (puibTpaumny 06U C(DOPMUPOBAHbBI KPYTJIbIE
nucku guamerpom 40 mMm (puc. 1).

ITpu 3TOM OBLIO YCTAHOBJIEHO, UTO TIPU BEIOPAHHBIX
YCIJIOBUSIX 9KCIIEpUMEHTa (BECOBOE COOTHOIIEHNE KOM-
TMOHEHTOB, BpeMsI U TeMIlepaTypa UHKYOaluu, TTOCTO-
siHHOe nepeMelnuBaHue) MHA MoJIHOCTBIO CBSI3bIBa-
1otcst ¢ HBOA. M1 nipearioiaraeM, 4to 3 GeKTUBHOE
B3aMMOJCHCTBIE N3y4YaeMbIX HAHOMATEPHUAIOB OCYIIIE-
CTBJIsIeTCs Oy1aromapsi pa3Hulie UX A3eTa-MOTEHIAJIOB.
Hamu 6b110 MOKa3aHo, 4TO B BOAHBIX cycreH3ussx MHA
WMEIOT OTPULIATEIbHBIN 13eTa-TIOTEHIMAJ, COCTaBISI-
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Puc. 1. Bueunuii Bun nuckos uz HBOA (a) u komnosuuuonHoro Mmatepuaia HBOA-MHA (6), chopMupoBaHHBIX BAKYyM-

HOM unpTpanuei.

fommit —46,5 MB, B To BpeMmst kak HBOA — mosoxmu-
TeJbHBIN, cocTaBstiomnit 44 mB. Mcxons n3 atoro,
00pa3oBaHNUe KOMIO3UTA, TTO-BUANMOMY, TPOUCXOIUT
32 CYET MOHOOOMEeHHBIX B3aumonericteuit HBOA
1 MHA 1 o6pa3oBaHUsI X MEXKITOBEPXHOCTHBIX XUMU-
YyecKuXx cBsi3eid. Takasi Bepcusi mpencTaBisieTcst MpaBo-
MOYHOI1, MOCKOJIbKY HE MPOTUBOPEUYUT OOLIETTPUHSITHIM
npeacTaBieHrsIM 0 (GOPMUPOBAHUU IBOMHOTO 3JIEKT-
PUYECKOTO CJI0s Ha TTIOBEPXHOCTHU YaCTULL B AMCIIEPCHBIX
cHUCTEeMax.

Br110 mokasaHo, yto TepMooopadorka mpu 300 °C
MOJIy4eHHbIX BAKYYMHOI (PUIbTpalieil 1MCKOB MO3BO-
JISIeT pUaaTh UCXOHOM MaTpuIile U KOMITO3UTY CTPYK-
TYPHYIO CTaOMJIBHOCTD B BOAHBIX cpeaax. CpaBHUTEb-
Hble ucciaenoBanus meronom COM auckos uz HBOA
u komno3uta HBOA-MHA no3Boiuin ycTaHOBUTD,
YTO KOMITO3UT UMEET CeTYATYIO0 CTPYKTYPY, B KOTOPOI
HabII0MaeTCs pacnpeneaeHe HaHOYaCTHUII IO MTOBEePX-
HOCTU HAaHOBOJIOKOH (puc. 2).

B 3Tux nccnenoBaHusIX ObLT OOHAPYKeH MHTEPECHBIN
apdext. Kak ciaemyeT n3 mpeacTaBIeHHBIX JaHHBIX
(puc. 2), ocHOBHOe KoJn4ecTBO arperatoB MHA, BbI-

(a)

siBJIeHHBIX Ha nmoBepxHocT HBOA metomom COM,
uMeeT pa3Mepsl B npeaeiax 20 HM u MeHee. B To ke
BpeMsI B BOAHOI cycnieH3un MHA, ncrnoib30BaHHON
JUIS TIOJTyYEeHMsI KOMIO3UTa, CPEAHUIA pa3Mep K1acTepoB
HaHoyacTuL (ds)) cocTasisul 55 HM (cM. Bblle). Mexa-
HU3M (heHoMeHa ae3arperauuu kKiacrepoB MHA moka
HETOHSITeH U TpeOyeT AalbHeilero usydyeHus. B Ha-
CTOSILLIMI MOMEHT MbI OTPaHUYMBAEMCS TOJBKO CIIeIy-
IOIIMM TMpeArojoXeHrueM. BeposiTHO, pu nmojaydyeHuun
kommo3uta Mexny HBOA 1 MHA Bo3zHukaroT 0oJjiee
MPOYHbIC XUMUYECKUE CBSA3U (HAITpUMep, KOBaJIeHTHbBIS
CIIIMBKM), Y€M MEXIy HaHOYaCTHUIIAMU B KJlacTepax
MHA, 4To conpoBOXIaeTcs UX Ae3arperaiuei.

B skcnepumeHTax HaMu ObLJIO YCTAHOBJIEHO, YTO
MHA B cocTaBe KOMITIO3UTHOTO MaTepuasia IpOsIBIISIOT
CBOIO KaTAJIUTUYECKYIO (PYHKIIUIO U 00eCIIeYnBalOT
o0pa3oBaHME LBETHOTO IIPOAYKTA B peaKLIMU OKMCIIH-
TeJILHOrO a3ocoueTaHus (puc. 3).

Hcxons U3 3T0ro, MOXHO IPEAIoIararh, YTO B KOM-
MO3UTe KaTaIUTUYECKHE LICHTPHI Ha IToBepxHocT MHA
JOCTYITHBI JIJIsS1 B3AMMOJIECTBUSI C KOMIIOHEHTAMU pe-
aKIM a30codyeTaHus. PaHee MBI IToKa3ajiv, 4TO KaTa-

L

Puc. 2. M3o6paxkenus ctpykryphsl auckoB 13 HBOA (a) u u3 kommnosuunonHoro Mateprania HBOA-MHA (0), monydyeHHBIe

¢ nomoiipio CHOM.
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Puc. 3. O6pazoBaHue LIBETHOTO TIPOIYKTA TIPU TIPOBEe-
HUU PeakIuy OKUCIUTETHHOTO a30COYeTaHNsI B IPUCYT-
CcTBUM (pparMeHTOB NMCKOB Komno3uta HBOA-MHA
u HBOA.

mutudeckuii appexkr MHA B maHHOII peakuuu odec-
MeYyrBaeTCs MUKPOIIPUMECSIMU MOHOB 3KeJle3a U Meau
Ha noBepxHocTy HaHovactull [10]. I[IpencraBieHHbIe
JaHHbIe (puc. 3) CBUAECTEILCTBYIOT TAKXKE O TOM, UYTO
ucxogHasa Matpuiia u3 HBOA He karanusupyer peak-
1yt azocoueTtaHus. I1o kpaiiHeil Mepe, HaTu4Yue B pe-
AKIIMOHHOM CMECHU LIBETHOTO MPOAYKTa CIeKTpodoTO-
METPUUYECKU HE PETUCTPUPYETCS TMOCe MPOBeASHUS
peakuuu B TeueHue 10 mun npu 25 °C.

B MonmenbHBIX 3KCIIepuMeHTaX HaMy IToKa3aHa IpH-
MeHuMocTb KoMmno3uta HBOA-MHA niist MHOrokpar-
HOTO TecTUpoBaHM (heHOJIa B BOIHOM cpene. Kak BugHO
M3 MpeACTaBICHHBIX JaHHBIX (puc. 4), B IIpobax peak-
LMOHHOW CMECH C OAMHAKOBOW KOHLICHTpAllMEW aHa-
JIMTa HaOI10aeTCsl MPaKTUYECKU OMHAKOBBIN BBIXOJ
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Puc. 4. Beixon nponykra peakiiuu a30codeTaHusl pu
MOCJIeJ0BATEIbHOM MHOTOKPATHOM MCIOJIb30BaHUM KOM-
no3uta HBOA-MHA nna nerekunu (peHOMa B BOTHBIX
o0pasiiax c OIMHAKOBOI KOHIIEHTpaIMel aHaInTa.

LIBETHOTO MPOAYKTA MOCJE MIPOBEACHUSA PEAKIIUU a30-
COYeTaHUsI ¢ UCMOJb30BaHUEM OAHOTO U TOTO Xe
o0pasiia KOMIO3UTAa.

Taxkum obpazom, Ha ocHoBe HBOA B kauecTBe Mat-
punbl 1 MHA neToHallMOHHOTIO CMHTE3a B KaUeCTBE
CEHCOPHOTI0 3JIeMeHTa CO3/l1aH KOMIMO3UT, KOTOPbIi
nocJje Tepmooopadorku npu 300 °C obnamaeT CTpyK-
TypHOI CTaOMIBLHOCTBIO B BOAHBIX cpefax. [Ipenmnona-
raetrcd, yto B3aumonaeiictsue HBOA u MHA ocHoBaHO
Ha pa3HUlIe A3eTa-MOTEeHIIMaI0B JaHHbIX HAHOMAaTepU-
aJIoB, YTO MOXKET 00eCHeYUTh UX MIOHOOOMEHHbIE B3aM-
MonelcTBUS 1 00pa30BaHME MEXIIOBEPXHOCTHBIX XM-
mudeckux cBsazeil. C nmomoiipbio COM ycTaHOBIIEHO,
YTO MOJIYYEHHBII KOMITO3UT UMEET CETIATYIO CTPYKTYPY
¢ pacnpeneneHrueM MHA o nosepxnoctu HBOA. Me-
TogoM COM obHapyxkeH 3¢ ¢eKT Ae3arperalum Kiac-
TepoB MHA B KOMITO31TE, MEXaHU3M KOTOPOTO ITOKa
HETOHSITEH U TPeOyeT OTAEIbHOTO NCCIeI0BaHMsI. YeTa-
HoOBJIeHO, YyTo MHA B cocTaBe KOMITO3UTa MPOSIBJISIIOT
CBOIO KaTAJIMTUYECKYIO (PYHKIIMIO B peaKLIMKU OKMCIIHA-
TEJILHOIO a30COYeTaHUs U 00eCceurBalOT 00pa3oBaHUe
LBETHOTO ITPOAYKTa. B MOIeIbHBIX 3KCIIEpUMEHTaX
MPOJAEMOHCTPUPOBAHA MPUMEHUMOCTh KOMITO3UTA
HBOA-MHA 111 MHOTOKpaTHOTO TECTUPOBAaHUS (he-
HoJIa B BOIHOI cpene. B 11e1o0M COBOKYITHOCTB MOJTY-
YEeHHBIX JAaHHBIX OTKPHIBACT IIE€PCIIEKTUBBI CO3MAHUSI
Ha ocHoBe komno3uta HBOA-MHA HoBoro kjiacca
CHUCTEM MHAMKAIIUY MHOTOKPATHOTO AEHCTBUS IJIST KO-
JIOTUYE€CKOrO0 MOHUTOPUHTA 3arpsI3HEHUIA BOIHOM CpeIbl
(beHos0M U ero coenuHeHussMu. Kpome Toro, pesyib-
TaThl TTPOBEAEHHBIX UCCIIEAOBAHUI CO3IAIOT MPEAO-
CBUIKM JJII KOHCTPYUPOBAHMSI HOBBIX MHOTOPA30BhIX
CUCTEM MEIUIIMHCKON JUArHOCTUKU C TTOMOIIBIO UM-
MOOUJIM3alIMK OMOMapKepoB (Mpexe Bcero, (pepmeH-
ToB) Ha komno3utr HBOA-MHA.

BaaromapHocTu. @U3NKO-XUMWUECKUIA aHAIN3 10~
JIydeHHBIX B pabote MaTepuanoB (Matpuua HBOA
n kommio3ut HBOA-MHA) nposenén B LIKIT UL
KHII CO PAH.

NcTouynuk punancupoBanus. McciaenoBaHus BbIIION-
HEeHBI TIpM (pUHAHCOBOM moamep:kke rpanta PODU
18—29—19078 mk.
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A composite based on aluminum oxide nanofibers (AONF) and modified nanodiamonds (MND) synthesized by
explosion technique was made by mixing aqueous suspensions of components at a 5:1 weight ratio and incubating
the mixture for 15 minutes at 32 °C. It is assumed that the formation of a composite is provided by the difference
in the zeta-potentials of the components — negative for MND and positive for AONE Vacuum filtration of the
mixture through a fluoroplastic filter (pore diameter of 0.6 um) formed discs with a diameter of 40 mm with sub-
sequent heat treatment at 300 °C to impart structural stability to the composite. Using scanning electron microscopy
(SEM), it was revealed that the resulting composite has a network structure in which the MND particles are dis-
tributed over the AONF surface. It was established that MND incorporated into the composite catalyze the azo
coupling reaction (phenol — 4-aminoantipyrine — H,0O,) with the formation of a colored product (quinoneimine).
The applicability of the composite for the multiple detection of phenol in aqueous samples is demonstrated.

Keywords: nanodiamonds, aluminum oxide nanofibers, composite, indicator system, phenol.
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