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OBIIASA XAPAKTEPUCTHKA PABOTEI

AKTyaIbHOCTh_padoThl. PazBuTHE 3KOJIOTHYECKU 6€30MacHBIX TEXHOJIOTHIA

BO MHOTHX 00JaCTAX HAYKH M TEXHHKH TECHO CBSI3aHO C UCIIONB30BAHHEM BO30OHOB-
JISIEMBIX NIPUPOIHBIX PECYPCOB, CPeH KOTOPLIX GONBIIOE 3HAUEHHE HMEIOT IIOIIHCa-
xapunsl. Hapsiny ¢ AUHAMHYHO Pa3BHBAIOIIUMCA OHOMEIHLMHCKUM HAIpaBICHUEM,
B NOCIIEAHEE BPEMs OTPOMHBIH MHTEPEC BBI3BIBAET MOIYYEHHE HAHOKOMIIO3UTHBIX
MaTepHaIOB Ha OCHOBE IIONHCAXapHJOB U PElleHHs MPHKIaIHBIX DKOJIOIHYECKHX
3aj1a4, CUHTE32 HAHOYACTHI METAIOB H OKCHAOB METAIUIOB [T COPOIMHA M KaTald-
3a. He MeHee nepcrieKTHBHBIM ABIIAETCA NPHMEHEHHE [IPHPOAHBIX IOJIUMEPOB B Ka-
YeCTBE AMBTEPHATHBE CHHTETHUECKHM H JaXXe HEOPraHMYECKHM MaTepHaiaM B OI-
THKE, B TOM YHCJE, B ONTHYECKHX NETEKTOPaX XUMHHYECKHX BEIIECTB pa3IM4HOH
MIPUpPOJIBI, KaK B ra3oBOH cpejie, TaK U B PAaCTBOpax.

B otnyyMe OT MHOTHX CHHTETHHECKHX MOJIHMEPOB, IPUMEHEHHE KOTOPBIX 4Ya-
CTO CONpPSDKEHO C HCIOJIB30BAaHHEM OPraHHYECKHX PAacCTBOPHTENEH, NPHPOAHEIE
reHKoo0pasyrolHe nonucaxapuisl SB/IIOTCA BOAOPAaCTBOPHMMBIMH, YTO CyLIE-
CTBEHHO YIPOIIAET Imporecc MX 06paboTKH M I103BONAET PeaIM30BaTh POCTHIE KO-
JIOTHYECKH YHUCTHIE TEXHOJOTHHM H3TrOTOBJICHHSA ONTHYECKHX CEHCOPOB C XEMOYYB-
CTBHUTENBHBIM [1OJIHMEPHBIM ci1oeM. Cpell MHOXKECTBAa H3BECTHBIX Ha CErOAHAMHUH
JIeHb THIIOB CEHCOPOB JUIS AETEKTHPOBAHH TOKCHYHBIX ra30B, ONITHYECKHE CEHCOPHI,
obalatouiMe TakKUMH IIPEUMYIECTBaMH, KaKk OBICTpOe BpeMs pearHpoBaHHsA, XOPo-
11ast BOCIPOU3BOIMMOCTD, BBICOKAs! IOMEXO0YCTOHYHBOCTD K 2J1€KTPOMArHUTHLIM I10-
JISIM, SIBJIFOTCS] OZTHUMH U3 HanboJiee nepcieKTUBHEIX.

OO6LMii IPUHIUI JIEHCTBUS CEHCOPOB C MOJIHMEPHBIM TyBCTBHTENBHBIM CJIOEM
OCHOBaH Ha U3MEHEHHMH OIITHYECKUX CBOHCTB IIOKPHITHS, HAHECEHHOrO Ha HOBEPX-
HOCTb ONITHYECKOH MaTpHIBI, B 3aBUCHMOCTH OT YCJIOBHH Cpenbl (BJIAXHOCTH, TEM-
MEepaTypsl) WIH MPUCYTCTBHSA MOJIEKYJ ONPEeIeMOro BEIIECTBA, B3aUMOJICHCTBY-
FOLIEro ¢ IOJIMMEPOM WJIM ONTHYECKH aKTHBHBIM KOMIIOHEHTOM, BHEJPEHHBIM B I10-
MuMepHEI cnoif. JlocTibkeHHe TpeOyeMBIX XapaKTepHCTHK CEHCOPOB — MaJloro Bpe-
MEHH OTKJIMKA M PEaKCaliy, BEICOKOI YyBCTBUTEIBHOCTH U BOCIIPOM3BOAUMOCTH, B
3HAYNTEIHHON CTEeNeHH 3aBHCHT HE TOJBKO OT IPaBHJIBHOIO BHIOOpA MOTHMMEPHOH
MAaTpHLEbI, HO U OT HaH4us 3)eKTHBHBIX METOAO0B KOHTPOI TONMIMHEL OpMHpYe-
MOT0 MOJTUMEPHOTO COS U KOIUIECTBA JOMUPYIOMNX NOGaBOK, B POIIM KOTOPEIX MO-
ryT BBICTYyNaTh pH-HMHAMKATOpBl, HAHOYACTHIEl METAIUIOB U APYTHE ONTHYECKH aK-

THBHBIC MaTCpHAJIbL.



Bricokast akTyansHOCTh HCCIEOBAHUA CBOHCTB XMTO3aHa KaK MOIMMEpPA AJIs
CO3JaHHUs ONITHYCCKUX BOJHOBOJOB H XE€MOUYBCTBHUTENBHBIX CEHCOPHBIX IOKPBITHI
ONpeENAeTCs, BO-NEPBBIX, €r0 IMHPOKOI JOCTYITHOCTBIO H OTIHYHBIMH ILIEHKOOOpa-
3YIOIIUMH CBOHCTBAMH, BO-BTOPBIX, BBICOKOH COpOIIMOHHON €MKOCTBLIO IO OTHOIIIE-
HUIO KO MHOTHM KDAacHTENM H HOHaM METAJUIOB, 4TO MO3BoJseT 3G ¢PEKTHBHO KOH-
TPOJIMPOBATh YPOBEHb AONUPOBAHUA MOKPHITHH XHTO3aHA H MONYYATh ONTHYECKHUE
MaTepHalbl pa3INyHOr0 Ha3HAYEHH.

[Tesib paboThI 3aKiM0Yanach B pa3paboTke cnocoboB GopMHPOBAHUS H HCCIIE-
JOBaHNH ONTHYECKUX CBOHCTB XHUTO3aH-COAEPXKALIUX MOKPLITHIL, B TOM YHCIE, J0-
MUpOBaHHBIX PH-MHIMKAaTOpaMH M HaHOYACTHLAMH OJIaropoAHBIX METANIOB, JUIL
IIPHMEHEHHS B Ka4€CTBE YyBCTBUTEJBHBIX CIOEB ONTHYECKHX CEHCOPOB BIAXKHOCTH U
MOHUTOPHHTA COAEPkKaHM N1apOB KHCIOT M AMMHAaKa B BO3IyXe.

Ji1s1 HOCTIKEHHS OCTABJICHHON LENH PeIlaTHCh CISAYIONIMe HAYHHbIe 3aMa-

- HCCIIEIOBaHIE PEOTOTHYECKUX CBOMCTB PACTBOPOB PAa3IMUYHBIX CONEBEIX
($hopM XUTO3aHa M ONTHMH3ALHS YCIOBHI1 HAHCCEHHS TOHKOILIEHOYHEIX MMOKPLITHI Ha
TOJIJIOXNKH U3 CTEKJa, KBapla U (Topuia MarHHMs A pealau3allid B HUX PeXHMa
BOJIHOBOJHOT'O paclipoCTpaHeHUs ONITHYECKOTr0 H3yUeHHS

- ¢dopMHpOBaHHE ONTHYECKHX BONHOBOJAOB Ha OCHOBE XHUTO33aHa B pas-
JHYHBIX COJIEBBIX (POpMax M JOKA3aTEIbCTBO HX NPUMEHHMOCTH B KAYECTBE BHICOKO-
3¢ eKTHBHEIX CEHCOPOB I OETEKTHPOBAHUS YPOBHS OTHOCHTEIBHOH BIAXXHOCTH
BO31yXa;

— pa3paboTka crnocoba MOMy4YEeHHs W MCCIIENOBAaHHE ONTHYCCKHX CBOWHCTB
KOMITO3HTHBIX IUIEHOYHBIX [MOKPBITHH XWUTO3aH/MeTayuindeckie (GUMeTaTHIecKue)
HaHOYACTHIIBI ¥ ONITHYECKHX BOJTHOBOOB Ha HX OCHOBE;

- pa3spaboTka cniocoba MONyYeHHS U UCCIIEAOBAHHE ONTHYECKUX CBOWCTB
XMTO3aH-COAEPXKAIUX XEMOUYYBCTBUTEILHBIX MYJBTHCIOHHBIX MOKPBITHIA, JOMHPO-
BaHHBIX pH-HHAMKaTOpaMu, JUIs NEeTeKTHPOBAHHS MAPOB KUCIOT U OCHOBAHHI.

Hayunas HoBM3HA

BriepBrle NpoBeneHB CHCTEMAaTHYECKHe HCCIEAOBaHUS (HOPMHPOBAHHSA IIO-
KPBITHH H3 YKCYCHOKHCIIBIX U JNHMOHHOKHCITBIX pPacTBOPOB XMTO3aHA METOJOM IEH-
TpUYTHPOBAHMS, ONTHMH3HPOBAHEl YCIIOBUS MONYUYEHHS ONTHYECKHX BONHOBOJIOB
Ha OCHOBE XMTO3aHa, YCTAHOBJIEH AUANA30H OTHOCHTENBHOH BIAXHOCTH, B KOTOPOM
JIaHHEIE BOJTHOBOABI MOTYT OBITh HCIIONB30BAHb! B KQUECTBE ONTHYECKHX JTETEKTOPOB

BIIQXXHOCTH.



Paspabotan cnoco6 «in situ» nonyueHus HAHOKOMIO3UTHBIX TIOKPBITHII XHTO-
3aHa, COEPXAIIMX HAHOYACTULIL Ag, Au H GHMeTa/UINUecKie HaHOYaCTHIEI Ag/Au
pasmepoM MeHee 10 HM; ycTaHOBJIEHa 3aBHCUMOCTH JUIMHBI BOJIHBI MaKCHMyMa
IJIa3MOHHOTO PE30HAHCa OT COCTaBa OUMETAINIHYECKHX YaCTHIIL.

Hccnenosatsl 0cOGEHHOCTH IOMTHPOBAHHS HAHECEHHBIX HA IIAHAPHBINA BOITHO-
BOJ, MyJbTHCIOHHBIX NMOKPHITHI XHTO3aH/A-KappariHaH aHHOHHBIMH M aM(OTEpHEI-
M pH-uHaUKaTOpaMH, yCTaHOBJICHO ONTHMAJILHOE KOJIMYECTBO OHCIOEB A MONY-
YeHHsl XEMOYYBCTBUTEIBHOTO CJIOS, 00eCHeUnBalOILEr0 BO3MOXHOCTH OIITHYECKOTO
JETEKTHPOBAaHMI aMMMAKa U COJTHON KHCIOTH ¢ NpefenoM o0HapyKeHHs MeHee 1

IIpakTuyeckast 3HAYHMOCTh

Pazpabotannslii criocod GopMHpOBaHHS ONTHYECKUX BOMHOBOAOB HA OCHOBE
XHMTO3aHA SBIAETCA OCHOBOMH JUIL CO3JJaHHS ONTHYECKUX CECHCOPOB IS ONpPEICHEHUS
YPOBHS OTHOCHTENBHOM BIAXXHOCTH BO3yXa B AHamazone 15-95%.

C noMolLIBI0 METO/Ia IEKTPOCTATHIECKOH caMOCGOPKH MPOTHBOMONOKHO 3a-
PAKEHHBIX HOIHINEKTPOIHTOB HA MTOBEPXHOCTH KOMMEPYECKH JOCTYITHBIX BOJIHOBO-
JIOB pellleHa 3aaya BOCIPOH3BOAUMOIO H3TOTOBJIEHHS MOIMMEPHOrO CEHCOPHOIO
CI10s ¢ KOHTPOJHPYEMOH TOILIHHOM 1 cogepaxanveM pH-unaukartopa. IToxaszano, uro
ONTHYECKHH XMMMYECKHMI CEHCOp Ha aMMMAaK HAa OCHOBE TaKHX IMOKPHITHH HMeeT
npejen oOHapyxeHHs MeHee | ppm U BpeMst OTKIMKA MeHee 1 ¢, 9TO Mo3BONAET Hc-
[I0Jb30BaTh €M0 B CUCTEMAX MOHHTOPHMHra COIEp’KaHHs aMMMaka B BO3AYXEe Hace-
JIEHHBIX MECT U pabO4HX 30H B PEXKUME PEATbHOTO BPEMEHH.

CoorTBeTCcTBHE JHCCEPTAINH NACIOPTY HAVIHOMH CHneunajabHOCTH

Juccepranusa COOTBETCTBYET HacnoprTy crertuansoctd 02.00.04 — dusuue-
CKasg XMMHA B nyHKTax: m.3 «OmnpenesieHHE TEPMOAHHAMHYECKHX XaPaKTEPHCTHK
IIPOLIECCOB Ha MMOBEPXHOCTH, YCTAHOBIEHHE 3aKOHOMEPHOCTEH aacopOiun Ha rpaHH-
e paszena ¢a3 u GopMHPOBaHMS AKTHBHEIX LIEHTPOB HA TAKUX ITOBEPXHOCTAX», II. 4
«Teopus pacTBOPOB, MEXMOJIEKY/IAPHBIE H MEXKYAaCTHYHBIE B3aHMMOIACHCTBUAY; 11, 5.
«H3yyenne (GHU3MKO-XMMHUYECKUX CBOHCTB CHCTEM NPH BO3AEHCTBHM BHEIIHHX IIO-
Jiel, a TAKXKe B IKCTPEMAIFHBIX YCIOBIAX BBICOKHX TEMIIEPATyp U JaBIECHUM».

J0CTOBEPHOCTL MOJYYEHHBIX pe3yabTATOB O0ecrneyeHa INPpUMCHCHHEM CO-

BOKYNHOCTH B3aMMOJONOJHAIOMHUX (QU3NKO-XUMHYECKHX METOJIOB HCCIEA0BAHHS
(3nMIICcOMETpHSI, CKaHUPYIOIas 3MEKTPOHHAS MHKPOCKOIHA, MpPOCBEYHBAOLIAL

3NEKTPOHHAA MUKPOCKONHA, Y D-BHAHMAs CNIEKTPOCKONHUS, M-CIIEKTPOCKOIMHA), XO-



poleil MOBTOPAEMOCTLIO PE3YIBTATOB, HCIIONb30BAHUEM CTATHCTHYECKAX METOMOB
00paboTKH S3KCHEPUMEHTANBHBIX JaHHBIX.

Ha 3amuTy BEIHOCATCH:

- crnoco0 MonydeHHs OJNHOPOJHBIX MOKPHITHH XWTO3aHa, oOecleuHBaro-
[IMX PEKUM BOJHOBOIHOTO PaclpOCTpaHEHUS H3Iy1ECHU;

- JIOKa3aTeNILCTBO BOBMOXKHOCTH HCIOJIB30BaHNS BOJIHOBOAHBIX IIOKPHITHIA
XHUTO32aHa B HeHTpanpHOH H coneBoil (opMe B KaueCTBE CEHCOPOB OTHOCUTEIBLHOH
BIIQXKHOCTH;

- crocolb «in situy MONYYSHUS MOKPBITHH XMTO3aHA, COJEPIKAIIMX HaHO-
gacTHIBE Ag, Au 1 GUMeTaTMYECKHe HaHouacTHIEI Ag/Au pazmMepoM MeHee 10 HM
U Pe3yIbTaThl MCCIEIOBAHUSA ONTHYECKHX CBOHCTB IONYyYEHHHBIX KOMIIO3HTHBIX Ma-
TEpHAIOB;

- croco0 NoMyYyeHHs XEMOYYBCTBUTEIBHBIX MYJIBTHCIONHBIX TMOKDBITHH
XHUTO3aH/A-KappardHaH, ROMUPOBAHHBIX HHIAMKATOPaMH OpOMTHMOJIOBBIM CHHHMM U
KOHro KpacHeIM, U JI0K23aTeTECTBO BO3MOXKHOCTH HX HCIIOJIb30BAaHHUSA AJA JETEKTHU-
poBaunus napos NH; u HCL

Anpobanusi pa6oTbl

OCHOBHEIE TMONOXKEHHs M PE3yJIbTaThl JUCCEPTAHMOHHOH paboTHl OBUIH 10JI0-
sxensl Ha 10th International Symposium on Advanced Organic Photonics (ISAOP—
10) & I1st International Symposium on Super—hybrid Materials (ISSM-1) (Tokuo —
Cenpaii, Sinonus, 2010); «SPIE Optics + Photonics» international conference (Can
Huero, CIIIA, 2011); Bcepoccuiickoii koHdepeHunH «POTOHHKA OPraHMYECKHX H
ruGpraHbIX HaHocTpyKTypy» (YepHoronoska, 2011); 5-oM MeXIyHapOAHOM CHMIIO-
suyme «XuMus 1 XUMHYeckoe obpasoBaHne» (Brmamgusoctok, 2011); Asian school-
conference on physics and technology of nanostructured materials (BnagnBocTok,
2011); «Eupoc2011 — Biobased Polymers and Related Biomaterials» (Iapnsano,
Wranus, 2011); V HayuHO-TexHHUYeCKOH KOH(EpeHIIMH MONOAbIX yueHbIX «Hayuno-
[paKTHYECKHE MPOGIEMBI B 00JIaCTH XHMHH H XHMHYECKHX TEXHONOTHID (ANATHTEHL,
2011); «10th International Conference of the European Chitin Society» (Advances in
Chitin Science) (Cankt-Iletep6ypr, 2011); VII MexxnyHaponHoi koHGEpEeHIUH MO-
JOOBIX Y4YeHBIX M chenuamicToB «Ontuka — 2011» (Cankr-Iletep6ypr, 2011);
Omunnannaroit MexnyuaponHoii Kondepenuru "CoBpeMeHHbIE IEPCIEKTUBEL B HC-
CIIeIOBAHMH XUTHHA M XuTo3ana" (Mypwmanck, 2012); 9th International Symposium
on Polyelectrolytes ISP 2012 (JIosanna, IlIBefinapus, 2012); MexayHapoanoii kon-
depermu  «®yHnamenTanbble npobaemsl ontukd — 2012» (Cankt-IlerepOypr,
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2012); 20th International Symposium «Nanostructures: Physics and Technology»
(Huxnnit Hosropon, 2012); 11th International Conference of the European Chitin
Society (Tlopry, [opryranus, 2013).

IIyb6ankanun no TeMe ANCCepTANHH

Mo Teme guccepranuu omybnukoBaHo 18 meuatHbIx paboT u3 HUX S crareil B
H3aHUIX, pekoMeHaoBaHHEIX BAK.

JIu4HeIil BRJIANA ABTOPA 3aKIIFOYAIICS B aHaH3e JINTEPATYPHBIX JAHHBIX, ITO-

Jy4eHHd U 00paGoTKE OCHOBHOM YacTH 3KCIEPHMEHTANBHBIX JAHHBIX, YJaCTHH B 00-
CY)XKIEHHH MOJNIyYeHHBIX Pe3YJIbTATOB M IOArOTOBKE NMyOMUKaLuii M JOKIAA0B Ha
KOH(EPEHIIUAX, B TOM YHCIIe MEXAYHapoaHbIX. HicciienoBaHnsa BOJTHOBOAHBIX H CEH-
COPHEBIX CBOMCTB MOKPLITHII HA OCHOBE XHTO3aHA M CEHCOPHOIO OTKIHKA IMOIy4YeH-
HEIX B pafoTe ONTHYECKUX CeHCOpOB ObLTH mpoBeneHs! CepreeBeM A.A. Mon pyKo-
BoACTBOM X.(p.-M.H. Bozaecenckoro C.C. ABTop BEIpakaeT OIaroapHoOCTh I.¢.-M.H.
Bosuecernckomy C.C., Cepreesy A.A. 3a IIOJOTBOPHOE COTPYAHHUYECTBO.

O0BbeM H CTPYKTYPA paboThl

Pa6oTa COCTOHT 3 BBEICHH, [ISTH IJIaB, BEHIBOZOB H CIIHCKA JATEpaTypHl U3
194 naumenosaunmii. Pa6ota n3noxena Ha 120 ctpaHunax, cogepkut 41 pucyHok 1 7
Tabmu,.

CBa3b patoThl ¢ HAYWHLIMH ITPOrpaMMAMH

PabGorta npoBoawiach npu nomnepxke rpaHros: Ipesunuyma JIBO PAH Ne
10-1II-B-04-065, Ne 12-1II-B-04-050; rpanta PPDPHU Ne 11-02-98512-
pP_BOCTOK_a, rpanToB 1o mporpamme IIpesuwauyma PAH «PynnaMeHTanpHbIE OCHO-
BBl TEXHOJIOTHI{ HAHOCTPYKTYp U HaHoMmartepuayioB» (Ne 09-I-T127-12, Ne 12-1-0-
02-011).

COAEPKXAHUE PABOTDBI

Bo Beegennn 060CHOBaHA aKTYaJIbHOCTh TEMBI JHUCCEPTALMOHHOI paboTEL,
chopMyITHPOBaHEI ¢ [eaH U 3amayd. OTpaxxeHbl HayuHas HOBU3HA M NPaKTHYECKAas
3HAYNMOCTD MOJIY4E€HHBIX PE3yAbTaTOB, H3NOKEHBl OCHOBHBIEC MOIOKEHHS, BEIHOCH-
MBI€ Ha 3aIIUTY.

B riaee 1 «OnTHyeckne XMMHYECKHE CEHCOPBI» PACCMOTPEHBI OCHOBHBIE TH-
Bl ONTHIECKAX CEHCOPOB HA OCHOBE MHTETrPalbHONH M BOJIOKOHHOI ONTHKH, OIHCa-
HBI IIPUHIMIE pabOTH CEHCOPOB ¢ MOJHMEPHBIM YYBCTBHTENIBHBIM ciioeM. [Ipn pac-
CMOTPEHHH IE€TEKTOPOB aMMHaKa W BIAXHOCTH IIPOBEJCHO CpPaBHEHHE Pa3NMUHBIX
METOJIOB JIETEKTUPOBAHMS, IMOKA3aHBI IIPEHMYIINECTBA BOJHOBOIHBIX ONTHYECKHX
CEHCOPOB Meped APYTHMH THIIAMH CEHCOPHHIX ycTpoicTs. IIpoBeacH KpHTHYECKHi
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aHaJU3 Pa3IMYHbIX METOJ0B ()OPMHUPOBAHHS TOHKOIUIEHOYHBIX MOJTHMEPHBIX TIOKPHI-
THH — KJIIOYEBOTO 3JIEMEHTA ONTHUYECKHX CEHCOPHBIX CUCTEM — U MOTU(DHKALUH KX
ONTHYECKHX CBOMCTB IIyTeM AONHPOBAHUS OPraHUYECKUMH M HEOPraHHYECKUMHM CO-
€IMHEHUAMH.

B riaBe 2 «OOBEKTHI U METOBI MCCIIEIOBAHUSD NIPUBEICHBI XapaKTePUCTHKA
HCIIOJIB30BAHHBIX IIOJIMMEPOB, MATEPHATIOB U peareHToB. OMHCaHbl CIIOCOOBI TIPUTO-
TOBJIEHUS] PACTBOPOB M ()OPMUPOBAHUS MOKPBITHH, a TAKKe UCIONB30BaHHBIE (DU3H-
KO-XUMHUYECKHE METO/IbI HCCIIETOBAHHH.

B ruase 3 «@opMupoBaHUE U HCCIIEIOBaHUE ONTUYECKUX CBOMCTB BOJHOBOJI-
HBIX IIOKPBITHH XMTO3aHa» OINMCAHO IOJyYE€HHUE PAaBHOMEPHBIX CTPYKTYPHOOZHOPOI-
HBIX TOKPBITHHA XMTO3aHA KOHTPOJIUPYEMOH TOJIIMHBI HA ONTUYECKUX MAaTpPHUIIaX [is
CO37aHUS BOJIHOBEIYIIUX KOHCTPYKIMH, IPUMEHHMBIX B ONTHYECKOH CEHCOPHUKE IS
JIETEKTHPOBAHHS BIAXKHOCTH BO3/yXa.

Ba30BBIM 2/1€MEHTOM MHTETPaIbHON ONTHUKU SBISETCS IJIAHAPHBIH BOJHOBOJ,
KOTOPBIN MPEJICTABISIET COOON MTPO3PAUHYIO JUINEKTPUYECKYIO [JIEHKY, HAHECEHHYIO
Ha [IPO3PAaYHYI0 AUAIEKTPUUECKYIO HOATI0KKY C MEHBLINM, YEM Y IJICHKH, II0Ka3aTe-
JeM IpeaoMIIeHMs. 3ajada IOMyYeHHUs IUIAHAPHBIX BOJIHOBOJOB 3aKJIIOYAaeTCs B
HAHECEHUH TOHKHUX IICHOK C KOHTPOJIMPYEMBIMH IIapaMETPaMHU, TAKUMU KaK TOJIIIH-
Ha, II0Ka3aTelb IPEJOMIICHHS WM YPOBEHb JIONHPOBAHUS ONTHYECKH AKTHBHBIM
KOMITOHEHTOM.

B janHoil paGoTe, AS MONyYEHWS TaKUX TIOKPHITMH HCIIOIB30BATH METO
LHEeHTPU(DYTUPOBAHHSA YKCYCHOKUCIBIX U JIMMOHHOKHCIIBIX PAacTBOpoB HH3KO- (HM)
(Mounexymnsapuas macca (MM) = 100-200 x/la, crenens neanernnupoBanus (CII) =

1500+
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2 g —0 s
= 39 C 014 2% —0 O O O C
5004 &
2% o ]\’W/Dh[]il]*\] f—=
‘0
o“’a\@“;‘—é—e
b . . . , 0,01 ; ;
1000 2000 3000 4000 5000 1 10 100
a) ®, 06/MUH 6) v, ¢’

Pucynok 1 - 3asucumocmo monwgunsi(h) nokpeimus om cxopocmu yeHmpugyeuposanus
(w) pacmeopos ayemama CM xumo3zana paznuunslx KOHYeHmpayuil (a) u 3a6uUcumocms
8A3K0CmU (1) makux pacmeopos om ckopocmu cosuza (y) npu 25° C (6)
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70-80%), cpeate- (CM) (MM = 400-600 x/la, CJ] = 75-85%) 1 BBICOKOMOJIEKYIAP-
Horo (BM) (MM = 1000 k/la, CJI = 70-80%) xuTo3ana. BappupoBaHue TONIIMHbBI
MOKPBITHI JOCTUTAJIOCh M3MEHEHHEM KOHLIEHTPAIWH XMTO3aHa B JiMana3oHe oT 1 1o
4% W CKOPOCTH BpallleHHs MOI0XKKH B auarasone ot 1000 o 5000 o6/mun (Pucy-
HOK 1a). TTOCKOJIBKY [ULsl ITOJTy4EHHS PABHOMEPHOTO MO TOJIIMHE MOKPLITHS Ha BCEH
TUIOMIAH TTOIOKKH HE0OX0uMO obecredeHre pekMMa HbIOTOHOBCKOTO TEUEHHS]
pacTBOpa MoJMMeEpa, BaXKHO ObUIO ONPEIEeIUTh 00JacTh CABHIOBLIX HANPSIKEHUH M
COOTBETCTBYIOIIUX UM CKOPOCTEH BpaIleHuUsl TTOUI0KKH, TIPH KOTOPIX PaCTBOPBI XHU-
TO3aHa COXPAHSIOT CBOICTBA, OJIN3KHE K HEIOTOHOBCKUM xuKocTsM. Ha Pucynke 16
IPECTaBICHB! KPHBBIC TEYEHHSI PACTBOPOB alleTaTa XMTO3aHa ¢ KOHIGHTpaLue ot |
110 4%, 13 KOTOPBIX BHIHO, YTO BSI3KOCTh PACTBOPOB MAJI0 U3MEHSETCs B JIMaNa3oHe
C/IBHTOBBIX Hanpsvkenuii o 10 10 50 ¢!, 4To COOTBETCTBYET CKOPOCTH BpalIeHHs
TMOJUTOKKH TIpH 1ieHTpupyrupoBanuu 10 5000 06/MHUH (U151 TOUIOKEK C THHEHHBIMU
pasmepamu 10 30 cm)'.

[Ipu anmnpoKCHMAaLNK dKCTIEPUMEHTAIBHBIX JaHHBIX, TIPUBEJICHHBIX HA PHCyH-
ke la, mo dpopmyie

h=k,w*’ 1)
rae h — ToJumHa HOKPBITHS, (O — CKOPOCTh BPALEHHS TTOUIONKKH,

JUIs KaKIOro pactBopa 0Ll paccuntad kodduument k;, 3aBucAIMA OT psjga mapa-
METPOB, CPE/I KOTOPBIX HAaHOOJIBIIKMI BKJIaZ BHOCUT BA3KOCTH IJIEHKOOOPa3yrOLIEro
pacTBopa.

B kavecTBe OCHOBHOH XapakTe-
PHCTHKH pacTBOpa XHMTO3aHA, OINTH-
MH3HPYEMOH MpPH MOIYyYEeHUH MOKPhI-
THS 3a/JaHHOH TOJIHHBI, ITPEJICTABJIs-
eTcsl 1e7eco00pasHbIM HCIOIb30BaTh
MMEHHO BS3KOCTh, @ HE KOHIIEHTpa-

A0 TMOJUMEPHOro pacreopa, II0-

CKOJIBKY Ha pPEOJIOTUYECKHE CBOMCTBA

pacTBOpPOB XHUTO3aHa OIHOM KOHIEH-

n, Na-c

alMU B TOM WJIM MHOW CTEIEeHH OKa-
PR - Pucynox 2 - 3asucumocms koa¢hpuyuenma k;

3bIBAIOT BiMsAHUE Oosee ABYX JECAT- (gopmyna 1) om esaskocmu (1) pacmeopoe

KOB pa3jIMYHbIX [1apaMeTpoB, B Tom XW/Mo3dnad

. Burgess S.L., Wilson S.D. Phys. Fluid. 1996. Vol. 8, Ne 9. P. 2291.
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YHCIIe, CTENEHb JealleTHIMPOBAHHsA, MOJIEKYJISIpHAs Macca U XapaKTep MOJIEKYIIPHO-
MAaCcCOBOTO PaCIpe/ieNieHus], TPOUCXOXKIEHUE U CIOCcO0 MOJIyYeH sl XUTO3aHa, Coep-
Janue npumeceii’. Tak, Ha IPUMEPe YKCYCHOKHCIBIX H JIHMOHHOKHCIIBIX PACTBOPOB
HM, CM u BM xuro3aHoB Hamu ObUIO TIOKa3aHO, YTO 3HauYeHHE Kod(pduumenta k;
(popmyna 1) HAXOAMUTCS B THHEHHOW 3aBHCHMOCTH OT CPEIHEr0 3HAYEHHS BA3KOCTH
B JIManasone ckopocTH casura ot 10 g0 50 ¢! (PucyHok 2).

VuuteiBas nomydeHHylo 3aBucumoctsb ki=kom, dopmymny mnsa pacuera tonum-
HBI XUTO3aHOBOTO TIOKPBITHS, OIy4aeMOr0 METOIOM LEHTPU(DYTHPOBAHUS YKCYCHO-
1 TMMOHHOKHCIIBIX PACTBOPOB, MOYKHO 3aIMCaTh B CIEIYIOIIEM BHIE:

h=kono ™’ )
rae h — ToumHa NOKPBITHS, ® — CKOPOCTh BPAILEHHs! TIOJUIOKKH, 1 — BI3KOCTSH, Kj —
KOHCTaHTA.

JlaHHOE COOTHOLIEHHE MEXKAY BS3KOCTBIO PAacTBOPAa XHMTO3aHA, CKOPOCTHIO
BpAILEHUS TOUTOKKH M TOJIIMHOM M0JIydaeMbIX MOKPHITHI IMO3BOJISET pAacCYMTATh
BCE MapaMeTphl Tpolecca JUisl MOIyYeHHUs IOKPHITHI TpeOyeMOoii TOIIHHBI.

B paGote ucrnonb3oBaHue MeToa LEHTPH(YTHPOBAHUS TTO3BOJIMIIO BOCIIPOU3-
BOJAMMO TOJTy4aTh OJIHOPOJIHBIE MOKPHITHsI XUTO3aHa TouHOK oT 30 10 5000 HM C
OTHOCHTEIBHOM MOrPEeIHOCTBIO He Gonee 5%.

Bbicokasi OZHOPOAHOCTH IOJYYEHHBIX IMOKPBITHH, OTCYTCTBHE JIe(eKTOB W
TPEIIMH TOATBEPIKAAETCS pe3ylbTaTaMH MCCIIEI0BaHHsA HOBEPXHOCTH METOJaMH
ACM u COM (Pucynok 3). IToka3zarens npeioMiIeHHs TUIEHOK XUTO3aHa, W3MEpeH-
HBIH METOJIOM JJUIMIICOMETPHH B CYXOM COCTOSIHMH, paBeH 1.53, 4To mo3BosjseT uc-
N0JIb30BaTh MX JUIS TIOJy4eHHs BOJHOBEIYIIHX CTPYKTYP Ha psile ONTHYECKHX MaT-
pul, — (ropuze MarHus (n—l .38), kBapue (n=1.46), HaTPHUIi-CHIMKATHOM CTeKIIe
(n=1.51), m1st KOTOPBIX BBHIMTOIHSIETCS
YCJIOBHE BOJIHOBOJHOTO PacrpocTpa-
HEHUSA U3ITYUCHHS Nyyenen=Nnomnonxn

HccnenoBanue  BOJIHOBOIHBIX

CBOICTB HOKprTP[FI XHUTO3aHa TOJIIIH-

1 Mag = 2051 KX
2 EH’T 20,00 kv

=200 e i Ho# ot 0.5 10 2.5 MKM Ha MOIOKKaX

Pucynok 3 - ”30517‘79'08"101 noGepXHOCMU Y3 HATPUI—CUIMKATHOTO CTEKIa I10-
naenxu ayemama CM xumozana monyunou 1

MKM, nonydennvie, memooamu CIOM (a) u
ACM (nnowade ckanuposanus 2x2 mkm) (6) IIMHBl TOJMMEpPHOW IUIEHKH B HHUX

Kas3ajlo, 4TO B 3aBUCHMOCTH OT TOJI-

2 Wang W. et al. Int. J. Bio. Macromol. 1991. Vol. 13, Ne 5. P. 281-285.
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MOXET OBITh pean3oBaH Kak OﬂHOMOHOBbIﬁ, TaK U MHOFOMO)IOBLIﬁ PEXUM pacrpo-

crpaneHus uzinyuenus (PucyHok 4).

Pucynox 4 - ®@omoepaguu eonnosoda (a) u m—cnekmpa G0IHOB0008 HA OCHOBE
ayemama CM xumo3sana: 6) 00HOMOO08bLI PECUM, 8) MHO2OMOOOBYLI PEHCUM

B memsax yirydimeHHs] KauecTBa MOIy4aeMbIX MOKPHITHH HCXOAHBIE PacTBOPBI
XHUTO3aHA OBLIM TOJBEPTHYTHI JIOMOJIHUTENbHOW 00paboTke. PacTBOpHI mocienoBa-
TENBHO JEra3upoBaNM, EHTPUPYTHPOBAIH U (GUIBTPOBAIM UYepe3 MEJUII0JIO3HbIE
¢uneTpel ¢ nuamerpoM mop ot 0.45 no 1.2 mxm. IIpoBeneHHbIN aHanu3 BENUYUH 3a-
TyXaHUsl U3Iy4eHHsl B TOJyYeHHBIX BOJIHOBOJax roxaszan (Tabmuua 1), uro npensa-
puTenIbHas! TOAr0TOBKA PACTBOPOB XUTO3aHA SIBISIETCS Ba)KHBLIM MHCTPYMEHTOM CHU-
JKEHUSI ONTUYECKUX MOTEPh B MOJYUYCHHBIX BOJHOBOAAX 34 CUET YMEHBIICHHUS KOJIU-
YecTBa MUKPOHEOJHOPOJHOCTEH B MOJMMEPHBIX OKPBITHSX.

Tabnuya 1 - Kospgpuyuenmol 3amyxanus nianaphvlx 601HOB0008 HA OCHOGE YUM-

pama u ayemama Xumo3aud, noay4eHHbIX YEeHmPUQy2Uupoeanuem pacmeopos nocie
Gunemposanus uepes GuIbMpsL ¢ PATUUHLIM OUAMEMPOM NOP

Pasmep nop 1.5 pm 1.2 pm 0.45 pm
Auerar 8.63 nb/cm | 5.28 nb/em | 5.10 gb/cm
[utpat 6.24 nb/cm | 1.12 nb/cm | 0.83 nb/cm

CornacHo JUTEPATYPHLIM HaHHLIMB, JUIST AHTEIPAJIbHO-ONTUICCKHUX BOJIHOBO-

JIOB TIPUEMIIEMBLIMH CUMTAIOTCSl TTOTEpU Topsiaka 5 nb/cM u ovyeHb HuU3KMMH — <I
nb/cM, 9TO TO3BOJISIET OTHECTH XUTO3aH K IEPCIEKTUBHBIM MaTepHaiaM, MpUMEHH-
MBIM B YCTPOUCTBAX MHTETPAIILHON ONTHUKH.

Tak kak B MOJYYEHHBIX MMOKPBHITHSIX XUTO3aH HAXOJIUTCS B (hOpME COJiel, OHU
SIBJIAIOTCST BOZAOPACTBOPUMBIMHU ¥ TIPH XPAHEHHUH MOTYT OBITh TTO{BEPKEHBI JIEHCTBUIO
aTtMochepHoil Bnaxxnoctd. Kpome Toro, mocnesnyolee JOMUPOBAHUE TAKUX ITOKPHI-

THU ONTUYECKH aKTHBHBIMU KOMIIOHEHTAMU B BOJHBIX pacTBOpax OCIOKHACTCA HE-

® Tamup T. Unrerpansuas omntaka. M: Mup, 1978.
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rpajanied MoJMMEpHOro CIIOs BCIEICTBHE pacTBOPEeHUs. [[Jis MOBBIMICHUS CTAOUITb-
HOCTHU MOKPBITHH aneraT U HUTPAT XHTO3aHa OBUIH mepeBeeHsl B GopMy cBOGOAHO-
IO OCHOBAaHHUS ITyTeM 00pa0OTKM pa30aBlIEHHBIM pPAcTBOPOM ammuaka. [Ipua sToM
TOJIIIMHA MTOKPBITUS alleTaTa XUTo3aHa CHIDKaiach B cpeiHeM Ha 10%, nuTpaTta — Ha
60%, HO IPH YCIOBHH 0OECIICUSHHUS TONIIMHEI MOPsAKa | MKM BOJHOBOJHBIE CBOM-
CTBa O0PA3LOB COXPaHSIUCh. 3HAUUTEILHOE YMEHBIICHUE TONIINHEI IOKPBITHS B TI0-
CJIEZIHEM Cllydae OOBSICHSAETCS TEM, YTO JUMOHHAsS KHCIO0TA, B OTJIHYKE OT YKCYCHOIA,
SBJISETCS KPUCTAIUIMYECKUM HEJIETYyIMM BEIIECTBOM U TIPU UCTIAPEHHN PACTBOPUTEIIS
B Ipolecce LEeHTpU(YrupoBaHHs OCTACTCS B IUICHKE, BHOCS BKJIaJ B CYMMAapHYIO
TOJIIIUHY NOKPBITHS.

HesaBucumo ot popMBI HAXOXKACHUS XUTO3aHA HAJMYUE B €r0 MOJEKYIISPHOU
CTPYKType OOJBIIOrO KOJIWYECTBA MOJSIPHBIX THAPOKCH- M aMHHOTPYIIT 00YCIIaBIHU-
BaeT ero ruApouIbHbBIE CBOMCTBA M, KaK CIENCTBHE, CIOCOOHOCTh HaOyxaTb IpH
MOBBIIIICHHH YPOBHSI OTHOCHUTENILHOM BIAXKHOCTH OKpYy)Karomieil cperpl. DTOT (akT
MIPEAIONAraeT BO3MOYKHOCTb HCITOJIb30BAHUS BOJTHOBO/IHBIX ITOKPBITHI XUTO3aHA JJIsI
CO3/laHMsl ONTHYECKUX CEHCOPOB ISl ONPENENICHHs BIaXKHOCTH Bo3ayxa. Mcmonb3o-
BaHHe rHAPO(HILHEIX IIOTUMEPOB B CEHCOPAX TAKOTO THIIA M3BECTHO', HO B HHX IIO-
JIUMEPHBIH CIIOH, KaK HpaBuiIo, GOpMHUpPYET 000I0UKY KBAPLEBOrO ONTOBOJIOKHA. B
Cllydae, KOTJa BOJIHOBOIHBIH CJIOH SIBJISIE€TCS OJHOBPEMEHHO CEHCOPHBIM, YYBCTBH-

5
TEJIBHOCTh OITHYECKOIro ACTEKTOPa MOXET PE3KO BO3pacTarh . Peanuzanuss uMeHHO

100] 1,541
" 1,52
80+ ® Auetar
A Ltpar 1,501
il 1,48
2 °0 @ Auetar
X & 1,46+ A |ypar
s 404 ]
2 1,44
1,42
201 43,
1,40
0 T T r T T 1,38 T r r —A
0 20 40 60 80 100 0 20 40 60 80 100
a) RH, % 6) RH, %

Pucynox 5 - Hzomepmur copbyuu napos 600wl nnenkamu ayemama u yumpama CM xu-
mo3ana (AM — yeenuuenue maccol naenku) (a) u nokasamenv npenomnerus (n) xumosa-
HOBbIX NIEHOK NPU PA3IUYHOM YPOGHE OMHOCUMENbHOL BNAJICHOCHU OKpyicaoujell cpe-

06t (RH) ons A=6331m (6)

*Yeo T., Sun T., Grattan K. Sens. Actuat. A. 2008. Vol. 144, Ne 2. P. 280-295.
5 Lambeck P. V. Meas. Sci. Tech. 2006. Vol. 17, Ne 8. P. R93-R116.
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TaKOTO TUIIA CEHCOPa BO3MOXHA C UC-
MOJIb30BaHUEM BOJHOBOJHBIX TOKPBI- 7
@ A
- oy Py
TUH XHUTO3aHa. ONTHYECKHUHA OTKIMK B =6 —A— Heitrpanshas gopma A
= s /
g 54 —O— Auetar P
JaHHOM Ciydae OINpeeNseTcs HU3Me- S P
i| N
o
HEHHUEM [0Ka3aTesl MPeIOMICHUS Z 3] A/ i
5] X el
T N 00
MTOKPBITHS BCIEJICTBHE COPOLIMHU BOIBI. § 21 A Pl -
@ 14 Piie o©
Jist ycraHOBIIGHHs JnariazoHa §0 b5 00000
go] s
OTHOCHTEJILHOM BIIAXXHOCTH, B KOTO- 0 20 40 60 80 100
0,
POM MOXHO OKHIATh PE3KOe H3MEHe- RH, %

HUE ONTHYECKUX CBOWCTB TIOKPBITHSI, Pucynor 6 - 3asucumocmu mownocmu. 6vi-
anHOZO Usnyvenus B0JIHOBOO08 HA OCHOGE

XUMO3aHA —~ OM  YPOGHS — OMHOCUMENLHOT
W30TEPMBI COPOLMK BOIbI, MOJY4EH- 6IAdCHOCTHU OKpydcatoueli cpedbt (RH)

OBUTH COBMECTHO TMIpOoaHaJIN3UPOBAHBI

Hble Ha CBOOOJHBIX IUIEHKAX XHUTO3aHA, U 3aBHCUMOCTH IOKAa3aTessl MPETOMIICHHS
IOKPBLITHH XUTO3aHA OT OTHOCHTENIbHOW BJIXHOCTU BO3AyXa IPH [UIMHE BOJHBI
A=633 HM, Ha KOTOPOH MCCIEIOBAINUCH BOIIHOBOHBIE XaPAKTEPUCTUKHU IJICHOK (Pu-
CYHOK 5). BumHO, uTO JUIS MCCIIENOBAHHBIX THIIOB IJIEHOK XHMTO3aHA XapaKTEPHO
YMEHBILIEHUE TI0Ka3aTeNs MPEeJOMIICHUs] IPU MOBBIIICHHUM OTHOCHTEIBHOH BIIAXKHO-
CTH, KOTOPOE XOPOIIO COIJIAaCyeTCs C M3MEHEHHEM MacChl IUIEHKU BCIIEICTBUE COPO-
Uy 1apoBs BoAbl. [Ipy 9TOM Npu JOCTHIKEHUH YPOBHSA BIIaKHOCTU Bo3ayxa 80% st
anerara ¥ 70% Juis nuMTparta, IoKa3aTeslb IIPeIOMICHHS TOKPBITHH XHUTO3aHa CTAHO-
BHTCsI MEHBIIIE TIOKa3aTels NPeIOMIISHHUS ITOAT0KKH U3 HATPUH—CHIIMKAaTHOTO CTEKIIa
(n=1.51), uTo BezeT K HAPYIIEHHIO YCIOBUH BOIHOBOJHOTO PACTIPOCTPAHEHHUS OIITH-

YECKOI'0 U3JTYYCHHUA B TAKUX IMOKPBITUAX.

Jns peanuzaniy BOJIHOBOAHOTO 100
pacrnpocTpaHeHus U3Iy4€HHUsI BO BCEM o L
)
JMara3oHe 3HaY€HUH OTHOCHUTEIbHOU g
= 60
" Ey o
BJIAYKHOCTU OKpY)XarolleH cpeasl B 2 e
5 & —-140 I
KauecTBe IOJJIOXKEK Uil MOKPBITUH £ 4
[0}
(=%
" o - 20
XHTO3aHa HCIOJB30BATH IOJUPOBAH g e
e MgF, (n=1.38, A=633 um). 3aBu- = . , § ; Lo
0 200 400 600 800 1000
CHMOCTh MHTEHCHBHOCTH HW3ITy4EHHS, Bpewmsi, cek
MPOLIENIEr0 Yepe3 TaKHe BOJIHOBO- Pucynox 7 - Omxnux onmuueckozo cencopa

Ha OCHO6e XUMO3aHA 6 HeUmpanvHol (op-
Me — uepHas Kpueas, OMKIUK euepomempa
Bozayxa (PucyHok 6) roBoput 0 BO3- Testo 635— kpacnas kpusast

AbI, OT OTHOCHUTEIBLHOH BIAXXHOCTH
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MOXXHOCTH HX HCIIONB30BAHUS B Ka4eCTBE ONTUYECKUX CEHCOPOB B JUANa30He OTHO-
CHUTEIBHON BIQXHOCTH OT 15 10 95%. VccnenoBanne ONTHYECKOTO OTKIMKA ITOILY-
4eHHOro ceHcopa (PucyHok 7) mOATBEpAHIIO, YTO CEHCOP 0OeCIeYnBaeT cTabuIbHOE
W3MEHEHHE CHTHaJla BO BCEM HCCJIEOBAaHHOM [JHAlla30HE U3MEHEHHs] OTHOCHTEIBHON
BJIQXKHOCTH, & BPeMs ero OTKJIHKa U pesnakcanuu Ha 20 ceKyH] IPEeBOCXOIMT Iapa-
METpBl KOMMEpYECKH J0CTynHoro rurpomerpa Testo 635 (Nel7740-12 B T'ocymap-
CTBEHHOM peecTpe CpecTB u3MepeHuii PD).

B rnase 4 «KoMITO3UTHBIE TOKPBITHS XUTO3aH/HAHOYACTULIEI METAIIOB C KOH-
TPOJHPYEMBIMH ONTHYSCKHMH CBOMCTBaMI» OINUCAHO IONYyYEHHE KOMIIO3UTHBIX I10-
KPBITHH XUTO3aHA U BOJIHOBOOB, AOMHPOBAHHBIX HAHOYACTULIAMHU 30J10Ta, cepedpa u
OMMETAIIMYECKUMHU HaHOYACTHIAMH Au/Ag, METOJJOM BOCCTaHOBJICHHUS HOHOB Me-
TAIIOB-IIPEKYPCOPOB «in Sifu» B MPEIBAPUTEIHHO CHOPMUPOBAHHOM ITOKPBITHH TpE-
OyeMo#l TONMIUHEL VHTepec K TAKAM TOKPBITHSAM B ONTHKE O0YCIIOBIEH BO3MOYKHO-
CTBIO M3MEHEHHUS TOKas3aTess MPeJOMJICHHsS BOJHOBOJHOTO IOJMMEPHOIO CJIOA,
obecrieueHUEM IIOTJIOLIEHHS 3JIEKTPOMArHUTHOIO M3IYYEHHS B OIpPENETICHHBIX
y4acTKax CIEKTPAJIbHOTO JHAla30Ha, YJIy4LIIEHHEM CEHCOPHBIX CBOWCTB 3a CYET
YCHJICHISI JISKTPOMArHUTHOTO IOJII BOJIM3M HAHOYACTUL, METalIOB, MaKCHMYM
TUTA3MOHHOTO TIOTJIOIICHHMS KOTOPBIX MOYKHO BapbUPOBATh, U3MEHsA COCTaB YaCTHLL.

3a cyeT HaIMYMs TNEPBHYHONH aMHUHOTPYIIIBI XMTO3aH IPOSBISIET XOPOILIME
COpOIMOHHBIE CBOMCTBA KaK II0 OTHOLICHHIO K KaTMOHHBIM, TaK M aHHOHHBIM (op-

6
MaM 6HaFOpOJIHLIX METAJIJIOB B 3aBUCUMOCTH OT pH CpeAbl , YTO MO3BOJIAET NOTIHUPO-

BaTh UMHU IIOKPBITHSA XHUTO3aHA, B TOM

1904 YHCIIE BOJHOBOJHEIE, U TOJYyYaTh MO-

80 CJI€ BOCCTAHOBJICHUS «in Sifu» KOMIIO-

[ ]HewttpansHas dopma

60 L_lAuerarxuTosana 3UTHBIE ONTHYECKHUE MaTepuajbl, CO-

@ JCpiKallue HaHOYaCTULIBI METaJIIIOB.

—Ah, %

W3 Pucynka § BUOHO, uYTO B
20

IIHUPOKOM JHaIta30HEe pH MHUHUMAaJIb~

ole=pmm = 7l L0
pH7 pH5 pH4.2 pH3.1 pH21

Hasg MNOTEpss TOJIUMHBI IIOKPBI-THS

BCJICACTBUE YaCTUYHOI'O pac-

Pucynox 8 - Ymenvuiernue monuunst nokpei- TBOPEHUs HaONIOAAaeTCs Ui MOKPbI-
muil (-4h) ayemama u nelimpanenol gopmol
CM xumosana npu 10 murnymnot evloepoicke
npu pasnuunsix suavenusx pH YTO ONpeAelaeT IPEAIOYTUTEILHOCTh

TAH XHUTO3aHa B HEUTpaIbHOU dopme,

® Guibal E. Sep. Purif. Technol. 2004. Vol. 38, Ne 1. P. 43-74.
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Pucynox 9 - 3asucumocme onmuveckoti niomuocmu (D) na onune onnvl makcumyma
no2noujen s NOKPeLMUi Xumo3and, OONUPOBAHHBIX HAHOUACUYAMU 3010MA U cepedpa,
om epemenu KOHMAKma ¢ pacmeopom, cOOepICaujuMm UOHbL Memania—npekypcopa —
0.002M H[AuCl,], 0.005M AgNOj; (a) u konyenmpayuu pacmsopa (6). Hccnedosanue
ONnmMuUYecKux Ceoucme NpoGoOUNOC, NOCHe BOCCNAHOGNIEHU UOHOE MEemannios—
npexypcopoe 0.01% NaBH, ¢ mewenue 30 munym

HX MCIOJIBb30BAHMS ISl TOJYYEHUs] KOMIIO3UTHBIX TOKPLITHH, JONMPOBAHHBIX HAHO-
YaCTULIAMU METaJIIIOB

Jlist yCTaHOBJICHHST 3aBHCUMOCTH YPOBHSI JONMPOBAHUS MOKPBITHHA XUTO3aHA
HAHOYACTHIIAMH OJIarOPOJAHBIX META/UIOB OT YCJIOBMH BBEAEHMsS HOHOB METAJUIOB-
MPEKYPCOPOB M MX MOCIEAYIONIEro BOCCTAHOBIECH s ObIIIM IPOBEJIEHb! CHCTEMATHYE-
CKHE HCCIIE0BaHuUS, pe3yIbTaThl KOTOPBIX NpuBeeHbl Ha Pucynkax 9 u 10. Buano,
YTO YPOBEHB JOMHPOBAHHS MOXKET BapbUPOBATBHCS KaK 33 CUET M3MEHEHHUS] KOHIEH-
Tpalyi HOHA MeTajlIa B PACTBOPE, TaK U 3a CUET BPEMEHH KOHTAKTa IOKPHITUS C pac-
TBOpOM. JIJIsi HACKHIIIEHMS TTIOKPBITHsI XUTO3aHa TOIIMHON 250 HM HOoHamu cepebpa
JIOCTATOYHO 2 MUHYT KOHTAaKTa C PacTBOPOM, TOrha Kak copbuumsi noHoB [AuCly]
[IPOMCXO/TUT 3HAYUTENBHO MEIUICHHEe, U MOJHOE HACHILIEHHE HE JIOCTUIaeTCs B Te-

yenue 20 munyT (PucyHok 9a).

1,04
0,81
0,6
0,4

027"

0,0 T T T T - )
300 400 500 600 700 800 900
a A, HM

Pucynox 10 - Cnekmpbl noznoujenus nokpbimuti xumosana monuunoi 250
HM, OONUPOBAHHBIX PA3NIUYHBIM KONUYECBOM HAaHOYacmuy 3010ma (a) u
TIDM uzobpasicenus: nanowacmuy 3010ma 6 Rokpeimuu (0)

13




T T T T T T T T T
2 Mag = 17.01 K X Signal A = InLens
Hm Mo = 11010 gt il 05 1 15 2 25 3 35 4 45 5
WD = 44 mm Essond= 61v | [ull Scale 340 cts Cursor: 2.411 (23 cts) ke

Pucynox 11 - COM uzobpasicenue KOMRO3UMHO20 NOKPbLMUs Xumo3san/Ag

Pucynox 10a neMOHCTPUPYET, 4TO XapaKTep CIEKTPOB TIOTJIOIICHHUS TMOKPHI-
TUH, JOIMHPOBAHHBIX HAHOYACTHI[AMU 30JI0TA, MaJ0 W3MEHSETCS B 3aBHCHMOCTH OT
YPOBHS JIONHMPOBAHMSA. Y3KHE IUKHU TOTIOMIEHHsT U OTCYTCTBHE IJIMHHOBOJHOBOTO
Iieda CIeKTPa CBHIACTENBCTBYIOT O TOM, YTO arjloMepalui HAHOYACTHUI] HE POUCXO0-
JMT Jaxe IPU BBICOKMX CTEIEHSX HANOJIHEHUS MOJIMMEPHOro MOKphITHs. [Ipu 3TOM
MmeroznoM IIOM oTyeTiuBO MISHTU(PUUUPYIOTCS HAHOYACTHUIIBI CO CPEIHHM pasme-
pom meHee 10 HM (Pucynok 106). AHanorndsasi KapTuHa HAOIIOMASTCS U TIPH JOIH-
POBaHMU ITOKPBITHH XUTO3aHA HAHOYACTHIIAMHU cepebpa.

JII ONTHYECKHX TOKPBITHH, OCOOEHHO NPUMEHSIOUIUXCS B KOMIIO3UTHBIX
BOJIHOBOJIaX, KpaliHe Ba)KHO COXPAaHEHUE CTPYKTYPHI BOJIHOBOJIHOIO CJIOS MOCIE J10-
NUPOBaHMA M NPEeNOTBPAIlEeHHe 3HAUYUTEIIEHBIX ONTHYECKUX IOTEPh 38 CUET HCIIOTb-
30BaHMsA JONMPYIOUIMX HAHOYACTHUI] Majoro pasMmepa. COM-uzobpaxenue Ha PucyH-
ke 11 moATBepXKiaeT, 4TO JIONUPOBAHHE MOKPBITHH XUTO3aHA METOIOM «In Situy
BOCCTaHOBJIEHHS] MOHOB cepeOpa obecrneuuBaeT BBICOKYIO TIJIaJKOCTh WU OIHOPOJ-
HOCTB HOKPBITHSA K€ IIPH BBICOKHUX CTETICHSX 3aIlOJHEHHS.

OnucaHHBIM BBILIE CIIOCOOOM OBLIO MPO-
BEJIEHO NONHMPOBaHWE HAHOYACTHLIAMH cepebpa
IIPEABAPUTENIFHO IIOJyYEHHOTO BOJIHOBOJA HA
OCHOBE XHMTO3aHa. [IOCKOJNBKY MakCUMyM ILia3-
MOHHOI'O pe30HaHCa CepeOpsIHBIX HAHOYACTHIL
coctaBiseT 418 HM, a paboyas AIMHA BOJHBI
HCTONB3yeMoro B 3kcriepuMente HeNe asepa —
632 HM, TOJyYEHHBI KOMIIO3UTHBIH MaTepHa
HE TOIVIOIIAeT H3Iy4YEeHHE M II03BOJISIET €My

pacipocTpaHsaTbCA B TOHKOM IJIEHKE Ha 3HAYHU-

TeJIbHBIE PACCTOSIHUA. AHAIM3 MOIOBOTO CIEK-
Pucynox 12 - m—cnekmp xumo3anogo-

20 6onHo600a ¢ sHedperHbIMu Hanoua- TPa BOIHOBoxa (PucyHok 12) monrsepxmaer
cmuyamu cepebpa

\
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OTCYTCTBUE PACCESHMs U3JIyYCHUs] HA
nHaHovactunax. OpHO M3 TNpeumy-
LIECTB TAKUX KOMIO3UTHBIX BOJHOBO-
JIOB 3aKJIIOYAETCsl B 3aMETHOM H3Me-
HEHMH TI0Ka3aTess IPEelOMIIEHHs I0-
JIMMEPHOW IIEHKK yXe IIPU HU3KOM
YPOBHE [OIHMpOBaHMA. Tak, Hampu-
Mep, B pacCMaTpUBaeMOM CIIydae Io-
Ka3aTeslb MPEIOMIIEHHs BOJIHOBOIJHO-
ro cios ysemuuumics ¢ 1.53 mo 1.58
(Pucynox 13) npu BrioueHn# B 110-

KpeiTHe xuTo3aHa 1.3% cepebpa. Ba-

1,70+ ;
1,661

¢
1,624
1,581 &

1,54 +

1,50 T T T T T —
00 05 1,0 1,5 20 25 3,0

obbemHoe cogepxaHne Ag

Pucynox 13 — 3asucumocms noxazamens
npenomienus (n) HAHOKOMNOZUMHO20 NO-
Kpblmusi Xumosau/Ag om obvemnozo codep-
oicanus cepebpa (A=633 um)

PbUpPOBAaHUE [UIMHBI BOJIHBI MakKCUMyMa IIJIa3MOHHOTO IOTJIOIIEHUS HAaHOYAaCTUIl B

KOMITO3UTHOM ITOKPBITUU MOXKET obecreunBaThes 3a CYET U3MEHEHMsI COCTaBa OMMe-

TaJXTHYCCKUX JaCTHUIl.

HpeﬂHO)ICBHHLIﬁ METON TTOJIy4Y€HHUA HAHOKOMITO3HUTHBIX MaTepuaioB

HETIOCPEACTBEHHO B HOHOOOMEHHOMN MaTpuie MO3BOJIAET JICTKO IIOJy4YaTb H

OUMeTalNIMYeCKHe HaHOYaCTHIBl Au/Ag, TpU  HCIONB30BAHHH IIOJIUMEPOB,

IPOSABIIONIUX XOPOIINUEe KOMHJIEKCOOGpaISyIOIlII/IC CBOICTBA 10 OTHOIIIEHUIO K HOHAM

000uX MeTamIoB-npeKypcopoB. [Ipoiiecc MoMyYeHns: TaKUX KOMIIO3MTOB BKIFOYAET

(bOpMPIpOBaHI/Ie Ha TMEPBOM DJOTall€ IOJHUMEPHOrO0 IOKPBITHA, JONMPOBAHHOIO

1.0

08

00 01 02 03 04 05 06 07
6) maccosas 1o Ag B KOMNOIULUY

Amax511HM

Amax 501HM

Pucynox 14 - Cnexmpur noenowenus (a), 3a6ucumocmos ONUHbL 601HbL MAKCUMYMA NAd-
3MOHHO20 no2liowenus om cocmaea Hanovacmuy (6), IIOM usobpadicenue bGumeman-
nuveckux nanovacmuy Au/Ag ¢ maccoevim omuowenuem Komnonenmosg 1.33u pomozpa-
huu (2) nokpeimuil xXumosana, oNUPOSaAHHBIX OumemaiIuyeckumu vacmuyamu Ag/Au
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HAHOYACTHIIAMH 30J10Ta WK cepebpa, yHaleHHe U3 MOKPBITUSI CBOOOJHBIX HOHOB (B
nepeyro odeperns Cl7), copOmui0 WOHOB BTOPOrO MeTala M IOCIENYIONIee
BOCCTaHOBIICHHE. Bappupysl KOHIIEHTPALMIO HOHOB-METAJLIIOB NIPEKYPCOPOB U BPeMs
KOHTaKTa PacTBOpa C MOKPHITMEM, aHAJTOTMYHO IPOLECCY IIOJIy4eHHS] HaHOYaCTHIL
MHIUBHIYAIBHBIX METAUIOB, BO3MOXKHO TMONydeHHe OMMETaITMIECKUX HaHOYACTHUIL
Pa3IMYHOTO COCTaBa, MAKCUMYM IIIA3MOHHOTO MOTTOMEHUS KOTOPBIX N3MEHSAETCS B
uHTEpBae uH BoJH oT 420 1o 520 uM (Pucynok 14).

B rnase 5 «MynbTHCIONHBIE TIOKPBITHS XUTO3aH/KapparuHaH ¢ BHEIAPEHHBIMH
pH-uHAMKAaTOpaMy JJist ONITHYECKOro aeTekTuposanus mapos NH; u HCl» onmcano
MOJTyYeHHE BOJHOBOIHBIX CEHCOPOB, KOHCTPYKTHUBHO MPEACTABISIONMX COOON CTeK-
JITHHBIM MOHOOOMEHHEIH INIaHAPHBIA BOJIHOBOJ, Ha IIOBEPXHOCTL KOTOPOI'O HaHECEH
XEMOYYBCTBUTEIBHBIH CIIOH.

OnruMalibHas TOIMKHA TTOJTUMEPHOTO MOKPHITUS, HCIIOIB3yeMOr0 B KaueCTBe
4yBCTBUTEIBHOTO CIIOsI, ONpPEAEIieTCs ITyOHHOH MPOHMKHOBEHHS 3BAHECUESHTHOTO
I0JISL ¥ OTPAHMYEHa HECKOJIBKIMH COTHSIMH HaHOMeTpoB. Cpenu MeTO/I0B HaHECEHHS
TOHKHMX TUIEHOK, METOJ TIOCIOWHOMN sIleKTpocTatudeckor camocbopku (Layer-by-
Layer wiu LbL), oTimrgaeTcst IpeiebHON NIPOCTOTOM M BO3MOXKHOCTBIO TIPEIM3UOH-
HOT'O KOHTPOJISL TOJIIMHEI MOMydaeMbIX MOKPBITHH. CyTh METOJ 3aKJIF0YaeTCs B 1O~
CIIeIOBATENBHOM ancopOIIMH Ha MOBEPXHOCTH IIOJUIOKKH IPOTHBOIOJIOXKHO 3aps-
JKEHHBIX TTOJIMAIEKTPOIMTOB, B JAHHOM CIIydae, XUTO3aHa M A-KapparMHaHa, U3 BOJI-
HBIX pacTBOpOB. OIMH CIOH XHUTO3aHa M OJHH CIOH A-KapparuHana (pOpMHpPYIOT
onun 6ucnoit (BC).

CorjacHO JJaHHBIM  DJUIHAIICO-
METPUYECKHX U3MEpEeHMH, TONIIMHA
MYJIBTUCIIORHBIX TTOKPHITHH (PHCyHOK
15), mocraTo4Has I HPUMEHEHHUS
9THX HOKPBITHH B MHTEIPAJILHBIX OII-
THYECKMX XUMHUYECKUX CEHCOpax, J0-

cruraercs Ipyu HaHeceHMHu oT 4 1o 20

0 2 4 6 8 10 12 14 16 18 BC. Jlns mpupaHus IMIIEHKaM XHUTO-

uucro BC 3aH/A-KapparuHas CEHCOPHBIX
Pucynox 15 - 3asucumocmv monuunvt (h)  cpojicTB MO OTHOLIEHHIO K Ta3000-
MYToMUCIOUHO20 — NOKPLIMUSL  XUMO3AH/A—
KAppazuHaw Om KOMU4ecmea HaHeCeHHbIX
6ucnoes u ACM usobpasicenue nosepxnocmu WX MOXHO pommpoBatk pH uHIu-
noxpeimus 10 5C g

pasHoOMy aMMHaKy U XJIOPOBOJOPOY,
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KaTopaMHu. XuUTO3aH JIETKO B3aWMO-

ﬂeﬁCTByeT C BOOOPACTBOPUMBIMHA i 25_]

aHUOHHBIMU U aM(pOTEePHBIMH Kpacu- B S

0,20
TeNSIMU, OIHAKO 3(PEKTUBHOCTL B3a- /
0,151 ¥

UMOJEHUCTBUS CYIIECTBEHHO 3aBHCUT

o

OT IpUpOABI Kpacuresneh. [ BHeA- 9197 7% A

peHHsI B XEMOYYBCTBUTEIIBHBIH CIIOH 0,05+

OBLIH BBIOpAHBI WH/IKATOPBI 0,00 . . ; ; .
0 20 40 60 80 100

6pomrumosossiii  cunuit  (BTC) u h, HM

Konro xpacupiit (KK) muist getexrupo- Pucynok 16 - 3asucumocmv onmuueckoi
BaHMs [IAPOB aMMHaKa M Xjoposojo- wtomuocmu (D) na Amax=420 wm om mon-
wunet (h) 0 nokpvimuil, OONUPOEAHHBLX
BTC, nonyuennvix memooom s1eKmpocma-
HOBHBIX I1apaMeTpOB, MNOMNEKAIIUX muueckoi camocbopku (A), memooom yen-
mpughyeuposanus (5)

poaga COOTBETCTBEHHO. OI[HI/IM U3 oc-

OIITUMH3aUHU apu HU3TOTOBJICHHUH
CEHCOPHOTO CJIOSI, SIBJIIETCS COAEPKAaHWE KpacuTells. BaXHbIM NPEMMyIIECTBOM
MYJIBTHCIIOWHBIX CTPYKTYP SIBIIIETCS BO3MOXHOCTH TOYHO KOHTPOJIMPOBATH KOJIHYE-
CTBO KPACHTEs, BBOAMMOI'O B IOJTUMEPHBIH CJIOH, PETYIMPYsl TOJIIIUHY TICHKH.

Jl7st cpaBHEHHUsI ONITHYECKHX CBOWCTB MOKPHITHH, CHOPMUPOBAHHBIX METOAMH
5IEKTPOCTATHYECKON caMOCOOPKH U LeHTpU(YTHPOBAHNUS, HaMK Obljla ToIydYeHa ce-
pust OKPBITHI xuTo3aHa Tonumuol 10 100 aM, nonuposannbix BTC, u paccunrtana
OTHOCHTENIBHAS TIOTPEIHOCTD ONITHYECKON IUIOTHOCTU AJIsL KaXKI0ro u3 MeToznos. Pe-
3yIbTaThl CPaBHEHHUs 1MOKa3bpiBaloT (PUCYHOK 16), 4TO METOJ 3JEKTPOCTATUYECKOM
caMOCOOpPKH TPOTUBOTIOJIOKHO 3apSKEHHBIX IOJIHMAJIEKTPOIMTOB sABISAETCS Oosee

BOCIPOU3BOAUMBIM. 33}1&HH06 3HAYEHHE ONTHYECKON IJIOTHOCTH IIpy TOJIHUHE I10-

03 ~— BTC (xuT/Kapp),, , ;. BOAAYX 08, KK (uikapp), ; o Boanyx
1 | —— BTC (wmikapp),y, o, NH, ——— KK (ATIkapp),q , oo HCI (1a3) _
-~ BTC pacrsop pH 5.6 - KK pacrsop pH 5.2 /? i
- - BTC pactsop pH7.6 0,6\ - KK pacrsop pH 3.0 P
021 e e L
# - \ \\ %
a \ /,/ 21N a 041 N /// , 633nm HeNe nazep
o "~ 633nm HeNe nazep \\., N o !
S 0.2 2%
- ’w i w0
o o - el sk
001 — e egenea ey 00 ; ; = :
300 500 600 700 300 400 500 600 700
a) A, nm 6) A, nm

Pucynox 17 - Cnexmpor noznowenus pH-uHOukamopos 6 pacmeopax u 6 Mynbmucnoti-
HbIX MICHKAX XUMO3aH/Kappazunan 6 sasucumocmu om pH cpedvl u npucymcemeus napos
ammuara u conanou kucromol: a) — BTC, 6)— KK
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KpbITHi 10 100 HM AT MyJNBTUCION-
HBIX TIOKPBITUA M MOKPBITHH, IIOJIY-
YEHHBIX METOJOM IEeHTpU(YrupoBa-
HUS, MOXET OBITh TOCTHTHYTO C TOY-
HOCTBIO 1.6% 1 6.4% cooTBeTcTBeH-

HO.

3HauuTeNbHas pasHunia B 110-

Pucynox 18 - @omoepaduu nnenox, moou-
duyuposannvix KK u BTC Ha e030yxe u 6
npucymemeuu HCl u NH; (a), empykmypa wmbl KK 1 BTC Ha mmuHe BostHBel HeNe
UHMESPANbHBIX  ONMuYeckux cencopos (b),
1 — cencopnvtil cnot, 2 — 80IHOB0OHBIU COMU, . .
3 - noonoaicka BBEJICHUU KpacuTesled B MyJIbTUCION-

TJIOIIEHUH KHCIOW M OCHOBHOH (hop-
nazepa (633 HM) coxpaHseTcs MpH

Hy1o mieHKy (PucyHox 17). 3T0 cBOHCTBO HO3BOJISET UCIOIB30BATH TAKHE TOKPBITHS
JUISL M3TOTOBJIEHHUs ONITUYECKHUX Ta30BhIX ceHcopoB. ITox Boszaeiicteuem HCI mommpo-
BanHasg KK nenka GpICTPO MEHSET OKpacKy ¢ KpacHO# Ha CHHIOW. B ciyuae monu-
posanusad BTC u3MeHeHHE IPOUCXOAUT C XKENTOrO HA CHHWH LBET B MPUCYTCTBUM
ammuaka (Pucynok 18).

W3 cnexTpoB MOrIoIEeHUs] MOAU(GHUIMPOBAHHBIX KPACHTESIMH TUICHOK BHIHO
(Pucynox 19a), 9to comepikaHHe KpacHTeIsl yBEIHYUBAETCs ¢ poctoM uncaa BC, oa-
Hako 111 KK 3aBHCHMOCTD SKCIIOHEHIMANbHAs, B TO BpeMsi Kak juis BTC ona Giuska
K nuHeiHou (PucyHok 190).

B omnuune oT MMHEHHO PaCTyLIMX IUIGHOK ISl 9KCIIOHEHIMAIBHO PACTYIHUX
MOKPBITHH XHUTO3aH/A-KapparkHaH IIPH YCIOBHH, YTO KPACUTEIb IPOHUKAET 110 BCEH

KK

0,31 (xuT/kapp),, 5 1,4+ ¢ Bosagyx, ¢ HCI(D)
R / (xm/KaPp)u;_s\j\JH3 12] --&=-HCl (D/h,,,,) 1
\ & BTC
L7
1,04 © Bosgyx, e NH, (D)
--@--NH, (D/h L
08] oy O AN
a 064 Ls O
fr T ?
041 & : _ =
0‘2-«"% 5
5% 0,04— O
"300 400 500 600 700 4 6 8 10 12 14 16 18 20 22
a) A, Nm 6) BEC

Pucynox 19 - Cnexmpwl noznowenus moouguyuposannvix BTC naenox xumosan/i—
Kappazunan Ha eo30yxe U 6 cpede ammuara — (a). 3asucumocms oOnmuYecKol niomHo-
cmu MoOupuyuposannvix Kpacumenamu nienox (D, cniownvie) u npusedennas onmuye-
ckasa nnomuocmu (D/h, 20e h— monwuna nnenku 6 Hm, nynkmupHvie) om konuuecmea 5C
Ha onune eonnwl Amax. Amax=500 nm (KK, Bo3dyx); 625 nm (KK, HCI); 420 nm (BTC,
Bo3zoyx); 610 nm (FTC, NH3) — (6)
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l"J'Iy6PIHe IUICHKH, MOXXHO OXHJIaTh

SKCIOHEHI[HAIBHOH 3aBHCHMOCTH OII- 124 KK

THYECKOH IIIoTHOCTH oT umcia BC, (B o ¥ PR

YTO COOTBETCTBYET JIMHEHHON 3aBH- 08{ © NH, e Bosayx

CHMOCTH OT TOJIUMHBI IUICHKH. M3 | | 061

Pucynxa 20 BumHO, 9TO ONTHUYECKAs 04

wioTHocTh AonupoBaHHbix KK mie- 024 F,ﬂ:’:*ﬁ
HOK B KHCJIOH H OCHOBHOH (opmax, 0.0

0 25 50 75 100 125 150 175 200
TonwwmHa, Hm

JIEWCTBUTEIBHO, HAXOJUTCS B JIMHEH-

HOW 3aBUCHMOCTH OT TOJIL[UHBI, B TO

Pucynox 20 - 3asucumocmo onmuyeckoil nio-
BpeMsl, KaK Ul IJIEHOK, JONMpPOBaH-

N muocmu (D) Odonupogannwix Kpacumensimu
HBIX ETC’ OTKJIOHEHHE OT JMHEWHO- HIIEHOK Om MONUJUHbL HA dﬂuH@ BOJIHBL Amax
CTH, HauuHawomieecss ¢ ToMmMHB 60  Amax=500 um (KK, Bo3oyx); 625 um (KK, HCI);

M (12 BC) cBUIeTeNsCTBYET, 4TO 420 um (BTC, Bo30yx); 610 um (FTC, NH3)

KpacuTelb copOupyeTcs HE BO BCeM 00beME MOKPHITHA. JaHHAsh TEHASHIIUS OTYeT-
JMBO BUIHA Ha Pucynke 196, rue mokasaHo H3MEHEHHE YAEIbHOM ONTUYECKOH MII0T-
HOCTH Ha 1 HM TonuHe! IUleHkH. B To Bpems kak jyisi KK ee 3HaueHHe NIpaKTHYECKH
HE U3MEHSETCs C YyBEIHMYECHHEM TONIIMHBI IUIeHkH, st BTC oHO cHUKaeTcs, Hadu-
Hasi ¢ 12 BC.

Ipuniyn [edcTBUs ONTHYECKOTO CEHCOpa COPOLMOHHOTO THIA OCHOBAaH Ha

M3MEHEHUM MOLIHOCTU H3JIy4YeHMs, NPOLIEAIIEro dYepe3 ONTUYECKHUH BOJHOBOJ
BCJIE/ICTBHE B3aUMOJEHCTBHUs C IOMIOLIAIOIICH Cpenod, KOTopas B JaHHOM CIlydae
npejacTaBiaser coboil pH-uHAMKATOp, BHEAPEHHBIH B MyJIbTUCIOHHYIO IUICHKY. J{ist
reaui-HeoHoBoro aszepa (633 HM), HCIOIB30BAHHOTO B KAYECTBE MCTOYHMKA U3ITY-
4eHus1, JoNMpoBaHHble pH-uHIMKAaTOpaMu IJIEHKH 0€3 BO3IEHCTBHUS aHAIMTA SIBJISI-
10TCsl IPO3pauHbIMy, a B npucyrersur NH; (s BTC) wm HCI (aysr KK) morsonga-
0T CBET, YTO NPUBOJUT K CHMKEHHMIO MOLIHOCTH IIE€PEJaBAEMOr0 Yepe3 CEHCOp CHT-
HaJa.

Ha Pucynke 21 BMIHO, YTO NOJIy4€HHBI HAMU CEHCOpP MO3BOJSIET PETUCTPH-
pOBaTh NMPHUCYTCTBUE aMMHAaKa ¢ KOHIeHTpaluel Menee 1 ppm. ONTHYECKHH OTKIHK
BOJIHOBOJIHOTO [aT4MKa Ha OCHOBE IJIEHKH XuTo3aH/A-kapparunan (12.5 BC), nomu-
posannoit BTC, umen muHelHy10 3aBHCHMOCTh 0T KoHIeHTpaiwu NH; 10 300 ppm.

B oTimupe 0T MHOTOYHMCIECHHBIX paboT 10 BOJIHOBOAHBIM ONTHYCCKHM HaTYH-
KaM [J1s 00Hapy»KeH!sl aMMMaKa, MOTIBITKH H3rOTOBUTh CEHCOPBI IS JETEKTHPOBa-
HMs Ta3000pa3HBIX KMCIOT Kpaiine peaxu. Ha ocnose namukaropa KK, BBeieHHOrO B
MyJIbTHCIOHHBIE TIOKPBITHSI AHAJIOTHYHO OIMCAHHBIM CEHCOpPaM aMMUaKa, Hamu Obl-

JIM TIOJIYYCHBI ONTHYCCKHE NATYUKU 11 NE€TCKTUPOBAHUA IAPOB KHCJIOT. Tunuanas
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0 500 1000 1500 2000 0 50 100 150 200
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Pucynox 21 - Omknux cencopos ¢ moougpuyuposauusim 5TC cencopnvim cnoem na napel
ammuara (a) u ¢ moougpuyuposannvim KK cencopnoim croem na napot HCI (6)

KpuBasi OTKIMKa Takoro naruwnka Ha mapsl HCI npencrasnena Ha Pucynke 216. KK,
BBEJICHHBIH B IUIeHKy, pearupyer ¢ napamu HCl memnennee, uem BTC ¢ NHs, yro
MOET OBITh CBA3aHO C BBICOKAM YPOBHEM CIUMBKH IIJIEHKH KPacHTENEM, OJHAKO
BpeMsi OTKJIMKa COXpamseTcs Ha ypoBHe 30 ceKyHA NMpH KOHUEHTpaluu aHamura |
ppm, YTO SIBISIETCS XOPOIIMM PE3yJbTaTOM I ONTHYECKOro jJardyuka. UyBCTBH-
TENBHOCTH MOIYYEHHBIX JaTIHKOB IO3BOSIET OOHAPYKUTH Iaphl KMCIOTHI IIPU KOH-
[EHTpa HAMHOTO HIKe 1 ppm, 0fHAKO, UX CYIECTBEHHBIM HEJIOCTATKOM SBJIAET-
Cs OYeHb MEJIEHHOE BPEMs Pellakcaupi (IO HECKONbKUX YacoB), IPH OTOM BpeMs
BOCCTaHOBIEeHHs ceHcopoB Ha ocHoBe BTC cocTaBisieT MEHbIIE 5 MUHYT B 3aKPBITOK
kamepe (Pucynox 20a), a Ha OTKPHITOM BO3JyX€e PelaKcalys IMPOXOAUT NMPAKTHIECKH
MrHOBeHHO. TakuM 00pa3oM, OommcaHHbIe CeHCOpsl Ha ocHoBe KK MoryT OBITH Hc-
MONB30BaHbl TONBKO B KAUECTBE ONTHYECKUX IEPEeKIroYaTeNled Juisi oOHapyKeHHs

MaJIbIX KOJIMYECTB KUCIIOTEI B aTMocQ)epe.

BbBIBO/JbI

1. PaspaGoTansl cOCOOBI ITONYYEHHS XMTO3aH-COAEPKAMMUX HOKPHITHN 3aMaHHOM
TOJIIMHBI C KOHTPOJIMPYEMBIM YPOBHEM J0NUpOBaHys pH-UHIMKAaTOpaMy ¥ HaHOYa-
CTHIlaMH OJIATOPOIHBIX METAUIOB Ul IPHMEHEHUs B YCTPOMCTBAaX MHTETPAIbHON
OIITHKH.

2. BrmepBble IPOBENEHBI CHCTEMAaTHYECKHE HCCIeJOBaHUA (OPMUPOBAHHS MOKPHI-
THH U3 YKCYCHOKHCIIBIX ¥ JMMOHHOKHCIIBIX PaCTBOPOB XMTO3aHa METOIOM IEHTpH-
¢dyrupoBanus. ONTUMU3HPOBAHB] YCIOBUA IOIYYEHUS OJXHOPOIHBIX ONTHIECKH IPO-
3payYHBIX OKPBITHHA XWTO3aHA Ha HATPUH-CHIMKATHOM CTeKie, KBapie W (ropume
Maraus, 00eCHeurBalOIUMX PEXHUM BOJIHOBOJHOIO PAaCHPOCTPAHEHMs OINTHYECKOro
U3JIYYEHHs C HU3KHMH MOTEPSIMHU. YCTaHOBIIEHO, YTO ONTHYECKHE IOTEPH 3aBUCAT
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Kak OT colleBoil (JopMBI XHTO3aHa, TaK H OT CrIoco6a MpeJBapUTENbHOMH MOATOTOBKH
pacTBopa nonaumepa.

3. VcranoBieHa 3aBHCHMOCTb MEXIY YPOBHEM OTHOCHUTEIBHOM BIAXHOCTH U ONTH-
YeCKUMH CBOMCTBAMM MOKPHITHH XHUTO3aHa. JlokazaHa BO3MOXKHOCTh HCIIOJIB30BAHHUS
NOKPHITHI XHTO3aHa B HeliTpansHo# dopme TOMHHON 1.5 MKM B KaueCTBe BOJIHO-
BOJIHOTO U CEHCOPHOTO COs U ONpeNeIeH s OTHOCKTENbHON BIaKHOCTH B AHalla-
30He oT 15 10 95%, ¢ uyBcTBuTensHOCTEIO He MeHee 0.02 nb Ha 1% oTHOCHTenbHOM
BIIXXHOCTH.

4. TlpemmnoxxeH cIOCOO NMONyYeHHs KOMIIO3WTHBIX IMOKPHITHI XHTO3aHa, COAEpXka-
IHX HAHOYACTHIIE! 30J10Ta, cepelfpa u GuMeTanHyecKue HaHOYACTHIBI AWAg Me-
TOAOM «in Situ» BOCCTAHOBIIEHHS HOHOB METAUIOB—TIPEKYPCOPOB B 00BEME NpesiBa-
PUTENBLHO CHOPMHPOBAHHOTO MOMHMEPHOrO MOKPHITHA. J[Ma MOKpeITHI, comepxa-
mMX GMMETAIHYeCKHE YACTHIBI, YCTAHOBIEHA 3aBHCHMOCTD ITOJIOKEHUA MAKCUMY-
Ma ITa3MOHHOTO pPe30HaHca OT cocTaBa yacTul. ITokasaHo, 4To MeToa obecneuuBacT
KOHTPONHMPYEMBIil YPOBEHE JOMMPOBAHHUS ITOIMMEPHBIX MOKPBITHH HAHOYACTHLAMH
pa3mepoM MeHee 10 HM. YCTaHOBJIEHO, YTO IIPH JONUPOBAHHH XHTO3aHOBOIO IIO-
" KpBITHS HaHOYACTHIAMH cepelpa 10 o6beMHOro coiepxanus 1.3% BO3MOXHO yBe-
NHYEHHE TIOKa3aTell nperoMieHus nokpeitusg Ha 0.04 en. (A=633 um) npu coxpane-
HUM B HEM PEXHMA BOJNHOBOXHOTO PAacCIpOCTPAHEHHs U3MYYEHHA C JUIMHON BOJIHBI
633 aM.

5. Paspaboran cnoco® moiydeHHs Ha KOMMEDPYECKH MOCTYIHBIX ONTHYECKHX BOJI-
HOBOJIaX M3 HATPHH-CHIMKATHOTO CTEKJA JONUPOBaHHBIX pH-HHOMKaTOpamMH XeMo-
YyBCTBUTENBHEIX MYJIBTHCIOMHBIX MOKPBITHH XMTO3aH/A-KapparnHaH, obecrednBa-
roux obHapyxenue mapos NH; u HCI B Bo3ayxe npu coaepxanuy oT 1 ppm. Yera-
HOBJIEHO, YTO ONTHMANbHAS TONIIWHA TOKPBITHS JUIA pealu3alii HHTerPAIbHBIX OI1-
tHueckux aetextopoB NH; 1 HCL B razoBoii cpene cocrapnser 30-70 Hu.
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