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WHHOBAIIMOHHBIE PA3PABOTKH B OBJIACTH 3AIIATHBIX IOKPLITUI

Paccmotpens! nuccnenoBanms MacTuTyTa XMMun cunukaros uM. . B. I'pedenmumkoBa B obmactu
pa3paboTKH 3aIMUTHRIX TOKPEITHI. Hanbomnbiree BHUMaHIE yAEICHO ONICAHNIO HOBOTO TIOXO0-
Jla IpY pa3paboTKe IKOJIOTHIECKH 0€30ITacHBIX IPOTHBOOOpACTATENFHBIX TIOKPBITHIH 151 KOPITY-
COB KOpaOJieil U CyIOB, TO3UITHOHHBIX CTAIIMOHAPHBIX THAPOAKYCTUICCKUX U THAPOMU3NICCKUX
CPEJICTB U IPYTOi MOPCKON MOJIBOTHOM TEXHUKH.
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INNOVATION DEVELOPMENTS IN THE AREA OF PROTECTIVE COATINGS

The paper is dedicated to the researches of the Institute of Silicate Chemistry of Russian Academy
of Sciences in the area of protective coatings. The greatest attention is paid to a new approach in the
development of environmentally friendly antifouling coatings for ships and vessels, positional stationary
hydroacoustic and hydrophysical tools and other underwater sea equipment.
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B Teuenne cBoeii yxe 80-nerneit ucropun MHCcTHTYT XMMun cunmkaroB uMm. M. B. I'peGenmmkoBa
Poccuiickoil akazeMun HayK OCYLIECTBISICT MEXIMCLMIUIMHApHBIE (yHIAMEHTAJIbHBIC HCCIIECNOBAHUS B
KJIFOYEBBIX HAIPABICHUIX: CHHTE3 HOBBIX HEOPTaHWYECKUX BEILIECTB, UCCIEIOBAaHNE CTPYKTYPhI M CBOHCTB
BBICOKOTEMIIEPATYPHBIX OKCHIHBIX COCAMHEHHH, (Da30BbIe PABHOBECHS OKCHIHBIX CHCTEM; M3yYCHHUE IPH-
OBl XUMHYECKOH CBSI3M B HEOPTaHUUECKUX COCAMHEHUSIX; CCIICIOBAHMUS B 001aCTH HAHOYACTHILI, HAHOMA-
TEpHajIoB 1 HAHOKOMIIO3UTOB Ha OCHOBE OKCHAHBIX U I'MIPOKCHIHBIX COCAMHEHUIT; HCCIIEI0BAaHUE CTEKII00-
Opa3HOrO COCTOSHMS BEILECTBA; Pa3padOTKa HOBBIX MPUHLIMIIOB U METOAOB CO3JaHUS HOBBIX MaTepUalioB U
XMMHUYECKHX MPOAYKTOB C YIyUIICHHBIMU CBOMCTBaMH (CTEKJIO U CTEKJIOMaTepHabl, KEPaMHKA, 3aIlUTHbIC
1 (QyHKUMOHAJIBHBIC TTOKPBITHA); XMMHUUYECKasl 3HepreTruka u sxosorus [1]. OaHuM U3 TpaguLHMOHHBIX Ha-
MIPaBJICHUH MHCTHUTYTA SBJIAETCS pa3pabOTKa M HCCICIOBAHUE MOKPBITHH Pa3IMIHOTO (DYHKIHOHAIBHOTO
HasHaueHus1. Ocoboe BHUMAHUE YAEIACTCS 30JIb-TelIb TEXHOJIOTUH, KaK OAHOW M3 HAHOTEXHOJIOT Ui, 03BO-
JISIFOLLIEH CO3AaBaTh KOMIIO3UIIMOHHBIE U OPraHO-HEOPraHUIECKUE MTOKPBITHS PA3IMIHOTO COCTABA, a TAKXKE
poOnemMam aHTHOOJIEICHEHHSI 1 MOPCKOTO 00pacTaHus KOPITyCcOB KopaOiiel U Cy[0B, TO3ULUOHHBIX CTALIMO-
HapHBIX THIPOAKYCTHYECKUX U THAPO(U3NUECKUX CPEACTB U APYTOi MOPCKOW M IOIBOAHON TEXHHUKH.

OpraHo-HeopraHNUECKUE MTOKPHITHUSL, TTOy4aeMble IO 30JIb-T'eJIb TEXHOJIOTUH, KaK IPaBHJIIO, UCTIOJb3Y-
0T AJIs1 3AILUTHI OT KOPPO3UH, CTATUUECKOTO AIEKTPUUECTBA, HOBBILIEHHOTO palHalliOHHOTO ()OHA, BO3EH-
CTBUS BJIary U IUIECEHU U psiia APYTUX (PakTopoB. i1 3THX 1iesield yCIeHO HCTI0b3YI0TCSI TOHKOCIOWHBIE
HNOKPBITUS (~ 6—50 MKM), KOTOpble HAHOCST U3 30J€H M 30JIb-Tellb KOMIIO3HLUH, MOTy4aeMbIX CMEIIH-
BaHHEM OPraHO-HEOPTaHMYECKUX 30JIeH C BBHICOKOANCIEPCHBIMU HAMIOTHUTENSAMH (IOPOILIKAMH OKCHIOB
METaJUIOB, MUHEpalaMu U Ap.) [2—4]. IlokpbITHs, OTydaeMble 30J1b-T€Ib METOAOM, MOT'YT BBIIIOJIHSTH
(byHKIIMH OMOAKTUBHBIX, OMOCTOMKIX TOKPHITUH [5, 6].

TeHneHIMel HACTOSIIETO BPEMEHH SIBISIETCS MCIONB30BAaHUE BMECTO JKECTKUX OMOLMAOB TaK Ha3bl-
BAaeMBIX «MSTKUX» OMonuaoB [5—9]. B kauecTBe «MIrkux» OMOLMAOB MOTYT HUCIIOIb30BATHCS PA3IMYHbIE
(hOTOCEHCHOMTM3UPYIOILHIE BEIIECTBA KaK IPUPOAHOTO, TAK M CHHTETUYECKOTO IIPOUCXOKACHHS, PA3INUHbIE

72



HNunoBanuoHHbIe pa3padoTKH...

KpHUCTaJITHuecKue MoAU(UKAILIMK TUOKCUIA TUTaHa, IPEX/Ie BCETO aHaTas3, a TAKKe HaHOoalIMa3 JeTOHAIH-
OHHOTO ITPOUCXOXKIEHUS KOTOPBIE OKa3bIBAIOT HAUMEHBIIYIO Harpy3Ky Ha OKPYKaIoIIyIo Cpeny.

OTKa3 OT )KECTKUX OMOLMAOB YPE3BBHIUANHO aKTyaleH W IpU pa3paboTKe aHTHOOpacTaTeNbHBIX T0-
KpBITUH 711 YKa3aHHOW BBIIIE MOpCKoW moaBoaHol TexHuku [10—12]. Paunkun A. W. npennoxun Ho-
BBI ITOJIXO/I CTIOJIb30BAHUS B KAUECTBE HATIOJIHUTEICH W OMOLMIAHBIX A00ABOK JAJIS KPACOK XUMHUYECKHX
COCAMHEHHH psijia IePEXOJHBIX METAIJIOB, IPETATCTBYIOIINX MPUKPEIICHHIO 00pacTaTeneil, Ho He BBI3bI-
Baronux ux rudenu [12]. Takue coeiMHEHUS MOXKHO BBOJUTD B JJAKOKPACOUHBIC KOMITO3UIIUH, B TOM YUCIIC
C TIOMOIIBIO TPUEMOB 30J1b-T€JIb TeXHOMOoTHH [13].

Hecmotpst Ha pa3paboTKy HOBBIX TUIOB HMOKPBITHH (OCTaTOYHO JOPOTOCTOSIINX KPEMHHHOPTraHU-
YEeCKHX, PTOPCOAEPKAIINX ), HO-TIPEKHEMY BOCTPEOOBaHBI CPABHUTENBHO JCIEBBIE TTOKPBITHS, U3TOTAB-
JIUBaeMble MO TPAAULIMOHHOMN JTAKOKPACOYHOW TEXHOJIOTUM HAa OCHOBE BUHUIJIOBBIX COIMOJIMMEPOB U 3IOK-
cUIHBIX cMoll. Jlo mocieqHero BpeMeHHU AJsl MPOTUBOACHUCTBHSI OM00OpacTaHHIO B KPacKH BHOCHIINCH
BBICOKOTOKCHYHBIE COETUHEHHUSI MEIH M OJIOBA, KOTOPbIE CIIOCOOHBI HAKAIIMBATHCS B MOPCKOH BOZE, B
JOHHBIX 0Ca/IKaX, MEPEHOCHUTHCS TI0 LEMsSIM MUTaHUs, BBI3BIBATH HEOOpAaTUMBbIE ATOJIOTUYECKHE U3MEHE-
HUS B MOPCKUX OpPraHU3Max, CHUKATh YCTOMYMBOCTH U )KU3HECTIOCOOHOCTH LIEIBIX COOOIIECTB.

B HacTosimee BpeMs yKECTOUMIHMCH TPEOOBAaHHS K JKOJOTMYHOCTH MCIIONB3YEMbIX MarepHajioB.
Haunnas ¢ 2008 r., 00s3aTensHBIM TpeOOBaHUEM K TIOKPBITHSAM SIBIISIETCSI UX HU3Kasi TOKCHYHOCTb.

Buonornyeckoe oOpacTaHue MOXKHO pacCMaTpPUBATh KaK 0COOBIN Cilydail KOJIOHH3AIMH TBEPAOH IO-
BEPXHOCTH B BOAHOM cpene. KoJoHM3aMOHHBIE POLIECCH B COBOKYITHOCTH 0Opa3ylOT CIEAYIOMNI KO-
JIOHU3ALHOHHBIN LUK ...68bIX00 paccenumensHulx popm 6 NiaHKmoH — mMpaHCnopm medyeHuem <> oce-
oanue <> adze3us <> 6peMeHHoe NpuKpenienue — NOCMoAHHOe NPUKpenienue — pasgumiue — pocm —
DPA3MHOJICEHUE.....

Ha ocHoBe pa3BuTHS MpEACTaBICHUH O KOJOHM3AIUOHHBIX MPOIeccax W MUKIaX cHOopMyIHMpoBaHa
KOHIIETIIUS MMPOTUBOATC3NOHHON 3aIUTHI OT MOpckoro obpactanus [12]. CormacHO 3TOH KOHIEHIIUH,
KJIFOUEBBIMH pOIleccCaMu JJIs OJaBlIeHUs] 00pacTaHus SABIAIOTCS aJre3us U BpeMEHHOE MPUKPEIICHHE.
[Tyrem ux ONOKHpOBaHHSA, B YACTHOCTH, C HCIIOJIb30BAHHEM HEOMOLMAHBIX CPEICTB BO3MOXKHO CO3/IaHHE
MIPOTHUBOAIIC3MOHHON IKOJIOTUYCCKU OE30MaCHOMN 3aIlUThI.

TakuM 006pa3om, abTePHATHBHBIM pElIEHHEM MPOOIEeMEI SIBISICTCS BBEACHUE B KPACKHU MTPOTUBOATe-
3MOHHBIX HETOKCHYHBIX (MJIM HU3KOTOKCHYHBIX) COCAMHEHHI, HE OTPABIISIFOIINX oOpactareneit (M Ipyrux
oburtareneil Mops), a JHIIb MPEMATCTBYIONNX UX MPUKPEIUICHUIO K 3allMIIaeMoll TIOBEpXHOCTH. Panee
MIPOBEZICHHbIE MCCIENOBaHMsI TIOKa3alu, YTO COCIUHEHHS psla MEepeXOJHBIX METAJIOB B HETOKCHYHBIX
KOHIIEHTpALMAX MOJABNIAIOT MpUKperuieHue odpacrareneil. He mo koHIa perieHHoi octaercsa mpodiema
3aKperieHrns OMOJIOTHYECKH aKTHUBHBIX KOMIIOHEHTOB B JIAKOKPACOYHON MaTpulle U obecriedeHus JoIro-
BPEMEHHOCTH UX JeHCTBUS. [[s ee perieHns HaMu IPEeAIoKEHO UCTI0Ib30BaTh METOBI M TIOAXO/IbI, TPH-
HSITBIC B 30JIb-T€JIb TeXHOJOTHH [13].

B nakokpacouHyo KOMIIO3UIIHIO J00aBIISIICS KPEMHE30Tb, JIETHPOBAHHBI HEOPraHUYECKIUMU COEIU-
HEHUSIMH TepEXOAHBIX METAJIOB, HO HE MEJIH, U He 0JIoBa. B KauecTBe mpeKypcopa KpeMHE30J151 UCTIONb-
syercss TOOC Si(OEt),, KoTOpbIi MOABEPraoT ruAPOIM3Y B KUCIIOH cpese. B momydeHHble KpeMHE30/M
JO0aBIISUTH COMM TIEPEXOIHBIX HITH PEIKO3EMENTbHBIX METAIJIOB B KOHIIEHTPALIUSIX, HETOKCHYHBIX JIJIsl MOP-
CKUX OpTraHu3MoB. JlernpoBaHHbIE TAKUM 00pa30M KPEMHE30JIM BBOJSTCS B JIAKOKPACOUHBIE KOMITO3ULIUU
Ha OCHOBE BHHMJIOBBIX COIMOJIMMEPOB U SMOKCUAHON cMOJbl. B pe3ynbrare, B JaKOKpacouHOM CTPYKType
JOTIOJTHUTENBFHO (POPMUPYETCS MOJIMCUIIOKCAHOBAsI CETKa MM €€ ()parMeHThI, B IETIISIX KOTOPOH paBHO-
MEpHO B BHJI€ HaHOBKIIIOUEHUH pacIipelessioTcs Jerupyomue coennaenus. Kpacka npurorasiubaercs
10 CTaH/IAPTHOM METO/IMKE: BBIIIIEONUCAaHHAs KOMIIO3HUIIMS CMEIINBAETCS C BHICOKOAMCTIEPCHBIM HAIOIHU-
TEeJeM — OKCHJIOM INEPEXOIHOT0 MU PEIKO3EMEIBLHOI0 MeTaa, Kak MpaBuiIo, TOro e MeTajula, 4yTo U
KaThoH conu. Kpacka HaHOCHTCS Ha 3alUIllaeMble IOBEPXHOCTH Ha MpeIBapUTEIHLHO HAaHECEHHBIN clIon
rpyHTOBKU. HanocuTcs ot 2 10 3 akTUBHBIX CIIOEB.

[lomy4eHHble pe3ynbTaTsl MPOBEAEHHBIX MCCIEOBAaHUN CHCTEMaTH3MPOBAHBI U MPOAHAIN3UPOBAHBI.
HanGonee HamIAOHBIMU SIBISIIOTCS PE3YJbTaThl MOPCKHX MCIBITAHWH, KOTOpBIE 00OOIIEHBI U CBEICHHI B
tabi. 1. Bonee nmoapoOHast Tabnuma U1 HOKPBITUS C COSAMHEHUSIMH JIaHTaHa, MOKa3aBIIUMU XOPOILUE pe-
3yNbTaThl, IpUBeeHa Hike (Tadn. 2). Kak BuaHO U3 TaOmuLl, NMOKPHITUS, TOMYYEeHHBIE U3 JTaKOKPACOUHBIX
KOMIIO3HIIMI Ha OCHOBE BUHHUJIOBBIX COITOJIMMEPOB, CBOOOTHBIX OT METU U 0J10Ba, HO C HAIIOIHUTEIISIMU B BUJIE
JMCIIEPCHBIX OKCHUAOB TIEPEXOAHBIX METAJIIOB U C J00aBKaMU KpEeMHE30J1eH, IETHPOBAaHHBIX MEPEXOTHBIMU
aNeMEHTaMK, 0OHAPY>KUJIM BIIOJIHE YAOBJICTBOPUTEIHHYIO aKTUBHOCTD IIPOTHB MOPCKOTO 0OpacTaHMUs.

Tak, MEPCHEKTUBHBIMU SIBISIOTCS MPOTHBOOOpACTATENbHBIE TOKPBITUS, CONEpKAIINe COCTMHEHUS
ko0asbTa M JIAaHTaHa B KOHIICHTPAIIMIX, HETOKCUYHBIX JiJIsi oOpacTareneil. OHM yMEHbBIIAIOT 00pacTaHue
MTOKPBITHH MUAMSAMH, XHaTeJlIaMH, TeTepoHoMusiMU Ha 50—60 %.
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Tabnuya 1
Pe3ynbTaThl HCIIBITAHHI JIAKOKPACOYHBIX MOKPBLITHIl HA 0CHOBE BHHHJIOBBIX COMOJIUMEPOB
HA MPOTHBOEHCTBHE MOPCKOMY 00pPacTAHUIO

CocTaB JIaKOKPACOYHOH KOMITO3UIINU [NonaBnenue obpacranus™ cie-
Harnonuurens JloGaBKa JIYIOIIMMH BUIaMH o0pacTaTesei:
MUJIUH, XUaTeIUTbl, TeTEPOHOMUH, Yo
Oxcun naHTaHa Her 30
Kpemuesons 40
KpeMHe30mb, 1€erupoBaHHbI COEANHEHUSMH JaHTaHA 50
Oxcup xeesa Her 40
Kpemuesonn 30
KpemHesomnb, 1erupoBaHHBIN COeTUHEHUIMU JKelle3a 40
Oxcup kobanbTa Her 50
Kpemuesons 40
KpeMHe3onb, 1erupoBaHHbIi cCO€AMHEHUIMU 60
KoOasbTa

Kontpons 0

*/Tlocne 2-mecsaunoil evioepacku 6 berom mope ¢ uionsi no cenmsops, niacmunst 10.0 % 5.0 x 2.0 cm’.

Wuctutyt xumun cumukaroB uM. U. B. ['pebenmmkoBa Poccuiickoii akagemMun Hayk 00agaeT 1elTbiM
psizoM pa3pabOTOK B 00JIaCTH HOIYUYEHUs! 3aIMUTHBIX U (DYHKIMOHAIBHBIX TOKPHITHHA. B nocnennee necstu-
JIETUE B MHCTUTYTE B coTpyaHuuecTBe ¢ CaHkT-IleTepOyprckiumM rocyjapcTBeHHBIM YHUBEPCUTETOM BEAYTCS
paboTHI 110 COBEPLICHCTBOBAHUIO CBOOOHBIX OT MM U OJI0BA OKPBITHH, 3aIIUIIAIOLINX OT MOPCKOIO 00-
pacraHusi. YCTaHOBIICHO, YTO BBEACHHE KPEMHE30JI, JIETUPOBAHHOTO COSIMHEHUSMHU IIEPEXOIHBIX METAJIIOB
B HETOKCHYHBIX KOHLIEHTPALMSX, B JAKOKPACOUHYIO OPraHUUECKYI0 KOMITO3HULIUIO C LIETIbI0 (JOPMHUPOBAHUS B
HeH aJbTepHATHBHON HEOPTaHUIECKOM CETKHU, OKa3aJloch BechMa 3 GeKTHBHBIM, U Ha 50—60 % 3amenuino
Mopckoe buoobpacranue. Takum 00pa3oM, HCHOJIB30BAHNUE COSMHEHUH NEPEXOIHBIX METAIIOB, 0COOEHHO
JIaHTaHa U K0OaJIbTa, BMECTE C IPUEMaMH 30JIb-I'€JIb TEXHOJIOTHH, OKA3aJI0 TOJIOKUTEIbHBIN 3 dekT Ha mpo-
THBOJEWCTBHE MOPCKOMY 0OpacTaHuio. Takast TEXHOJIOTHs ABJIAETCS IEPCHEKTUBHON P U3TOTOBJICHHUH Jia-
KOKPACOYHBIX TPOTUBOOOpaCTaTEIbHBIX HOKPBITUH JUIs 311U Tl KOPITYCOB Kopaliiei 1 Cy10B, TO3ULMOHHBIX
CTaILlIOHAPHBIX THAPOAKYCTUUECKUX U TUAPOPU3NIECKUX CPEICTB U APYroil MOPCKOI MOABOIHON TEXHHUKH.

Tabruya 2
JlaHHbBIE 0 YMCJIEHHOCTH PA3JIMYHBIX o0pacTaTesieil 1 NOKPbLITHII pa3HOro cCOCTaBa
¢ 100aBKaMH COeTUHEHUI PeK03eMebHOT0 3JIeMeHTa, IK3./M>
HanomHITeNs PasHble KOHIIEHTpAIIH g CreneHp noz[aBneHI/mv
comu stantana (C) 8 pa3nuyHbIX oOpacrarerneit, %o
TiOZ/TaJIBK/ E Munnu Xuaremnsl TereponoMuH

La 0O, c* 2C 4C é« Bepx/ HU3 BEpX/HU3 BEpX/HU3

+ + - - — -/- -/- 100/-

+ + — — + 20/- -/100 100/100

+ — + - - 30/- -/- 100/100

+ — + — + 40/- -/100 100/100

+ — — + - 60/- -/- 100/100

+ — — + + 40/- -/- 100/100

Tpumeuanue: C — MUHUMAbHASL KOHYEHMPAYUsL CONU Taumana ¢ Kpemuesone, 2C — yeenuuenue KOHYeHmpayuu conl 8 Kpemme-
3one 6 2 pasa, 4C — yeenuyenue KOHYeHMPayuu conu 8 KpemHesone 6 4 pasa, «+» u «—y 6 1egoil uacmu maodnuysbl 0603HaA4AION
Haauuue uny Omcymemeue OaGHHO20 KOMROHEHMA 6 IAKOKPACOYHOU KOMRO3UYUlY; CHenelb nodasienus obpacmameineli KOHmMpo-
JUPOBANACH KAK NO 6EPXHEl, MAK U NO HUJICHEl NOGEPXHOCAM NIAACUH, 8 MAOIUYe 0D03HAYEHO «GePX/HU3», «-» 0003HaAUAem
omcymemaue s¢ppexma.
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