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Ak GioungHa pomiwka Ans kopabenbHux ¢apb, npusHavyeHux Ons oTpUMaHHs HeobpocTaroumx
3aXUCHUX NOKPUTTIB NiABOAHNX METanNeBnx KOHCTPYKLIN.
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[MaTeHT Ha BMHaxig HanexXuTb OO 3aranbHOl OpraHidHOl Ta MONiIMEepHOl XiMil i CToCyeTbCs
rinpodobHoro kaTioHHoro Giounay dopmynu

ak GiounaHoi gomiwku ons kopabenbHux ¢apb, npusaHayeHnx Ana OTPUMaHHS HeoBpOoCTaruMX
3aXMCHUX NOKPUTTIB NiABOAHNX METaneBUX KOHCTPYKLLR.

BioobpocTaHHs MeTaneBuX KOHCTPYKLIN i oBnagHaHHA, sKi eKCnnyaTylTbCs Y PidkoBi abo
MOPCbKil BOAi, CTBOPIOE 3HAYHI E€KOHOMIYHI Ta ekonoridyHi npobnemu [1]. 3okpema, obpocTaHHs
NiABOAHOT YacCTWHW CydeH LWiNbHUM LWapoM BOAHMX MaKpOOPraHiaMiB CNpUYUHAE 3MEHLUEHHS
LWIBKAKOCTI iX mepecyBaHHs i gogaTkoBux BuTpaTt nanuea (Ha 40-50 %) [2]. MexaHiyHe ounLLEeHHS
OHUW, | KOpnyciB CygeH B CyxXuMx [oKax BMMarae BenuMKMX 3atpat 4vacy i kowTiB. Kpim Toro,
HaKOMWYEHHS Ha 3BanuLlax BigXo4iB MepTBUX MOSIIOCKIB Ma€E BKpa HEraTuMBHI eKonorivyHi Hacnigkn. Y
NpIiCHiN BoAi YTBOPEHHSA MiKpOOHMX GionniBoK i pO3BMTOK KOJTOHIA MOJSOCKa APENCEHM Ha MOBEPXHI
Tpy6 0BOpPOTHMX (LUPKYNALUIMHUX) CUCTEM OXONOMKEHHHA TEXHOMOrYHUX anapatiB npu3BOAUTb 4O
3HAYHOrO 3HWXEHHS edeKTUBHOCTI iX poboTH Yepes noripweHHs YyMOB Tennonepeaadi i 3MeHLeHHs
BUTPAT OXONogxKyro4oi Boam [3].

EdektvBHMM MeTOAOM 3axuCTy nigBOAHMX MeTaneBuX KOHCTPYKUin Big 6ioobpocTaHHA €
MOKPUTTA X NOBEPXHi HeobGpocTarunmmn kopabenbHumm hapbamu, aki MicTATb GiounaHI SOMILKK Ha
OCHOBI cnonyk onosa i migi [1]. Bucoka CTinKiCTb Takux NOKpuTTiB A0 0BpocTaHHsA 3abesnevyeTbes
BUOINEHHSAM TOKCUMYHMX iOHIB BaXKKMX MeTaniB 3 iX MOBEPXHi y BOAHE cepenoBulle, WO 3anobirae
NPUKPINSIEHHIO BOOHMX MIKpO- i MakpoopraHiamis. OfHak TpuBane 3acTOCyBaHHA Ofl0BO- Ta
MigbBMiCHUX BiouunaiB y cknagi Mopcbkux dapb Hece 3HaYHy 3arpo3y BOOHUM €KOCUCTEMAM Yepes iX
HaKOMUYEHHS1 B XXMBUX OpraHiamax i TOKCUMHUIA BNAIMB Ha PO3BUMTOK MOPCbKMX BakTepii, BOOOPOCTEN,
MOnOCKiB i pub [4-7]. B 3B'A3Ky 3 UMM BUKOPUCTaHHS CMOJTYK OfloBa B HEOOPOCTaUYMX MOPCHKMX
¢apbax 3abopoHeHo MixHapoaHOK MOpCbKOH opraHisadieto 3 2008 poky, a BUKOPUCTaHHS CMOMyK
Mifi K aHTUPOYNSAHTIB OOMILLOK HEBMMHHO CKOPOYYETLHCHA. B gaHuM yac koMepuiHe 3acToCyBaHHSA
MatloTb MOPCbKi hapbu, siki MICTATbL KOMBIHOBaHI aHTUOYNAHTU Ha OcHOBI okenay Migi (1) i AgonomixXHi
opraHiyHi  Giounam (NIPUTIOH LMHKY, XnopoTanoHin, AauxnodnyaHia, 1-(3,4-guxnopdeHin)-1,1-
ANMeTUncedoBumHa,  4,5-Anxnop-2-H-okTun-4-i3oTia3oniH-3-0H,  2-mMeTunTio-4-TpeT-6yTnn-amiHo-6-
uuknonponinamiHo-s-tpuasuH) [8]. OaHak 3aranbHUA MeXaHi3aM HeoBbpOoCTalyoi aKTUBHOCTI CyYaCHMX
3aXUCHUX MOKPUTTIB 3anuaeTbCs HE3MIHHUM i NONsrae y NOCTiIMHOMY BUAINEHHI BiounaHMX OOMILLIOK
3 ix MoBepxHi y BogHe cepepoBuule. PesynbTatv Oaratbox [OCMiAXKEHb TakoX cBigvaTb Mpo
WKiONMBMIA BNIIMB OOMOMiDKHMX GiounaiB Ha pisHi BMAM BOAHMX POCIUH | TBApWH, a TakoX IX
HaKOMUYEHHS B XXMBUX opraHiamax [9].

Takum 4MHOM, B CydYacHin iHOycTpii Mopcbkmux ¢hapb iCHye rocTpui MOMUT Ha HOBI EKONOriYHO
Oe3nedHi aHTUGOYNAHTM, sKi  3abe3nedyloTb TpUBaANUA  3axUCT  NIABOOHWMX MOKPUTTIB  BiA
BioobpocTtaHHA. OgHMM i3 piweHb Uiel npobnemun moxe ByTy BBeAeHHA 00 cknaay komepuinHux dap6b
bioumais, AKi He PO3YMHAIOTLCS Y BOi i BiANOBIAHO He BUAINSAKTLCS i3 3aXMCHUX MOKPUTTIB y BOAY. B
niTepatypi onucaHo nNONIMEpPHi KOMMO3UTU | 3aXWUCHi NOKPUTTS, SAKI MICTATb HEPO3YMHHI y BOAi
nonimMepHi KaTioHHi Biounamn i MalTb KOHTAKTHUI MeXaHi3M aHTUMIKpOBHOI akTMBHOCTI. Taki maTepianu
edekTMBHO 3anobiraloTb noyaTkoBi cTagii 6io0BPOCTaHHA - YTBOPEHHIO MIKpOOHUX GionniBoK Ha
cBoin nosepxHi [10-12]. OgHak cnig 3a3HaunTy, WO TakMX BNACTUBOCTEN MOXHAa AOCAITU 3a YMOBMU
[OCTaTHbO BMCOKOrO BMICTY moniMepHux Gioumais y nonimeprin matpuui (30-50 %) [10, 11]. Kpim
TOro, KaTioHHi nonimepHi Giounan He PO3YMHATLCHA B NakodapboBMX PO3YMHHMKAX i, BiAMOBIAHO,
MOXYTb OyTW BBefeHi OO cknady noniMepHUMX NOKpUTTIB nepepobkoto 3 posnnasy [11, 12], abo y
BUrNsAi opibHoaMCnepcHoi reTeporeHHo T AoMillku [13].

3agadelo faHOro BUHAxXO4y € OTPMMaHHsi HoBoro Giouuway ons kopabenbHux dapb, sikui mMae
LUMPOKMI cnekTp BionoriYHOT akTUBHOCTI, MA€ BUCOKY PO34MHHICTb B flakodapboBuX po3YnHHUKaX i He
PO34YMHAETLCA Y BOAI.

MocTaBneHea 3agada BUPILLYETLCS TUM, WO 9K Giouma BUKOPUCTOBYIOTh Migpodo6HY OHIEBY Cinb -
AogeumnnbeHsoncynsdoHaT 1-goaeunnnipuamvHito popmMynm:
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3 MacoBoto YacTkot y ¢apbi 10-20 %.

HaBegeHun Buwe nonimepHui Giouna Ha BigmiHy Big npotoTuny (okema miai (1)) po3ynHseTbes y
nakogapboBMx poO3UYMHHMKAX (eTaHoni, eTunaueTaTi, aueToHi, TOonyoni, pPO3YMHHUKY P-4) i,
BignoBigHoO, Moxe ByTn BBeaeHUn 6e3nocepeaHbo OO0 CKnaay KOMepLUinHUX nakis i papb 3 HaCTynHUM
OTPUMAHHAM FOMOFEHHUX 3aXMCHUX NOKPUTTIB (AMB. Npuknaam 2, 3).

KatioHHun Gioung 1-gogeuvnnipyauHing gogeunnbeH3oncynboHaT BUKOPUCTOBYETbCS  SK
bioumgHa powmiwka onsa kopabenbHux apb, NpuaHayeHux ANs OTPMMaHHS €KOMOoriYHO B6e3neyHmnx
3aXMCHMX MOKPUTTIB MiABOAHNX MeTaneBmX KOHCTPYKL 3 BUCOKOH CTIlKICTHO A0 BioobpocTaHHs.

Hwx4e HaBegeHO Npuknaan peanisadii BUHaxoay.

Mpuknag 1. CuHTe3 1-gogeuunnipuamnHito gogeunndensoncynbgoHaty (PyrCi-[BC)

lMapodobHui kaTioHHWI Gioung PyrCi-OBC cnHTe3yloTb 3a HAacTyNHMM METOA0M.

Cywmiw 10 r (0,12 monb) nipuguHy i 30 r (0,15 monb) 1-xnopogogekaHy HarpisatoTe Ao 140 °C i
nepemiwyoTb BNpodosx 24 roa. lMicna oXonoaxeHHs peakuiiHoi CyMilli 40 KiMHaTHOI TemnepaTtypu
TBEPAMM NPOAYKT OYULLYIOTb MepekpucTanisaudieto i3 cymiwi etunaudetat-rekcaH (1:3). OTpumytoTb
npoaykT 6inoro konbopy — 1-gogeunnnipmamnnin xnopug (PyrCi2-Cl) 3 TemnepaTypoto TonneHHsa 92-
94 °C.

HOo posunHy PyrCi-Cl (20 r, 0,07 wmonb) B 300 m™Mn BOAM [JoJaldTb  PO3YUMH
pofeumnnbensoncynedoHaTy HaTpito (24,2 r, 0,07 monbk) B 300 M1 Boau i nepemiwytoTe cymiw 1 roa.
npu KiMHaTHIN TemnepaTtypi. YTBoOpeHwWi nactonodibHuii ocag ekcTparyloTb MEeTUIEeHXITopUMAOoM
(2x150 mn), po3uMH cywaTtb Hag cynbdaTtoM HaTtpito. MeTuneHxnopua BiAraHsitoTb, 3anuLLKK
pPO34YMHHUKA BMAanslTb Yy BakyyMi. OTpumyloTb MacnonogibHuin npoAaykT CBITNO-KOPUYHEBOIO
Konbopy - l-gopgeuunnipnauvHin gogeunnbensoncynbgoHat (PyrCi-[BC). Cnonyka po34mHAETbLCS Y
nakocapboBoMy pPO34MHHWMKY P-4, a TakoX B MOMSPHUX i HEMOMNAPHUX OPraHiYHUX PO3YMHHMKAX
(eTaHoni, aueToHi, eTunaueTarTi, TONyoni, KCUIori, rekcati).

Cxema cuHTesy kaTtioHHoro biounagy PyrCi2-[BC:

| 140°¢ (PyrC,,-Cl)

+ CHysCl ———

(0]
(PyrC,,-Cl) +C12H254©7802Na . (PyrC,,-0BC
- - NaCl CiHys

BynooBy cuHTE30BaHMX CMONyK AOCHimkeHo meTtogom cnektpockonii AMP Ha npunagi Varian
Gemini-2000 NMR.

1-nopeumnnipngunHin xnopua (PyrCi2-Cl)

H NMR (400 MHz, CDCls): 6 = 0,75 (t, J=6,8 Hz, 3H, CHzs), 1,14-1,41 (m, 18H, CH3(CHz)9), 1,91
(p, J=7,4 Hz, 2H, NCH2CH>), 4,87 (t, J=7,4 Hz, 2H, NCHy), 8,06 (t, J=6,9 Hz, 2H, Cs-H, Cs-H), 8,39 (t,
J=7,8 Hz, 1H, C4-H), 9,56 (d, J=5,9 Hz, 2H, C2-H, Cs-H).

1-popeunnnipmamnHin gogeumndensoncynbgoHaT (PyrCi2-OBC)

H NMR (400 MHz, CDCls): 6=0,68-0,91 (m, 9H, CHz); 0,96-1,34 (m, 32H, CH>); 1,39-1,69 (m,
4H, CH); 1,89 (p, J=7,2 Hz, 2H, NCH2CHy); 4,76 (t, J=7,4 Hz, 2H, NCHy); 7,08-7,12 (m, 2H, Cs-Ar-H,
Cs-Ar-H); 7,77 (dd, J=8,3, 1,9 Hz, 2H, C2-Ar-H, Ce-Ar-H, ); 8,0 (dd, J=7,8; 6,4 Hz, 2H, Cs-H, Cs-H);
8,36 (t, J=7,8 Hz, 1H, Cs-H); 9,08-9,16 (m, 2H, C2-H, Cs-H).

Mpuknag 2. OTpMMaHHA 3aXMCHOMO MOKPUTTHA Ha OCHOBI ankigHoi emani, mogudikosaHoi PyrCia-
OBC

o komepuiniHoi ankigHoi emani MN®-115 (TOB "Copbi", YkpaiHa) gogaoTs 10 MacoBux BigcoTkKiB
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GiounaHoi gomiwkn - PyrCi>-ABC. Cymill romoreHisyloTb 3a gonomoroi 3miwysadva Dispermat®
(HimeuwunHa) snpogoex 30 xB. ®apba HaHOCMTLCA Ha NMACTMHU 3 HepXa.iloyoi cTani po3mipamu
80x20x%0,2 mm. [Micns BUCUXaHHA NOKPUTTSA Yepes3 48 roa HaHOCATbL Apyrvin Wwap. 3aranbHa TOBLYMHA
nokpuTTa ctaHoBUTL 300£10 MKM. KOHTPOMbHI NOKPUTTS OTPUMYIOTb HAHECEHHAM YKCTOI chapbu Md-
115 y aBa wapw.

Mpuknag 3. JocnigpkeHHs (i3nko-XiMiYHMX BNAaCTUBOCTEN 3aXMCHUX MNOKPUTTIB

[MoBepxHeBi BMAcTMBOCTI MOMNIMEPHUX MOKPUTTIB OOCHIAXKYIOTb BU3HAYEHHSIM KOHTAKTHOrO KyTa
3Mo4yBaHHs (Bw) Ha npunagi Drop Shape Analyzer DSA25E (Kriss, HimeyunHa) 3 BUKOpPUCTaHHAM
nporpamHoro 3abesnevyeHHss CAM. PesynbTatm BMMIpOBaHb MNPeACTaBrsioTb $SK  CepeaHe
apudmMeTuyHe ang 5 3HayeHb, OTPUMAHMX Ha Pi3HMX AiNSHKaxX MOKPUTTS.

3D-noBepxHeBy Tonorpadito NOKPUTTIB JAOCHISKYHOTb 32 JOMOMOrOK KOH(pOKanbHOr0o ONTUYHOTrO
npodgpinomeTpa S-NEOX (Sensofar-Tech S. L., IcnaHist). MNMoBepxHto i3 nnoweto 340x284 Mkm2
3HiMatoTb 3a gonomorot 06'ektuBy 50 X DI Nikon. OTpumaHi pe3ynbTaTu aHanisyoTb 3a 4ONOMOroH
nporpamHoro 3abesneyeHHs Gwyddion (Bepcisa 2.60).

Tennoci3nyHi gocnigxeHHs 3paskiB NOMiMEepPHNX NMOKPUTTIB NPOBOAATbL METOA0OM AudepeHLiiHOI
CkaHyBanbHoI kanopumeTpii Ha npunagi Q2000 TA Instrument B iHTepBani TemnepaTyp -90-150 °C 3a
weuakocTi HarpiBaHHs 10 °C/xB.

[na BMBYEHHS CTIMKOCTI Bioumay OO BUMMBAHHS i3 3aXMCHOro MOKPUTTS MAacTuHy (no 3 3pasku
AN KOXHOro nokputTa) nomiwaiTs B 1 n guctunboBaHoi Boam abo 3,5 % po3uvH xnopuay HaTpito
(ananor mopcbkoi Boam). MNepiognyHo BigbvpatoTb Npobu (3 M) i NPoOBOASATb 3aNUC €NEKTPOHHUX
CMEeKTPIB NOrMMHaHHA Ha cnekTpodoToMeTpi Jenway 6850 (BenukobpuTanis). KanibpyBanbHi rpadiku
OTPMMYIOTb ONsi BOAHMX po3yuHiB  1-gogeuunnipugnHito  (PyrCi2-Cl) B ob6rnacTi  KOHUeHTpauin
1-105-1-10* monb/n Ha poBxuHi xBuni 260 HM [14]. CTyniHb BuMAineHHst Gioumay i3 nonimepHoro
NOKPUTTA  BM3HA4alOTb  BiOHOWEHHAM  KiNIbKOCTI  CMNOMYKM Yy PO34MHI,  3apeecTpOBaHOI
CcnekTpooTOMETPMYHO, A0 i 3aranbHOI KifTbKOCTi Y BUXiAHOMY 3pasky.

BenvunHa KOHTaKTHOro KyTa 3mMo4YyBaHHS NOBEPXHi (Bw) KOHTPONBHOrO MOKPUTTHA HA OCHOBI emani
M®-115 craHoButb 100°, WO CBIAYUTL MPO WOro BUCOKY rapodobHicTb. [ns 3paskiB NOKPUTTIB Ha
ocHoBi emani M®-115, aki mictate 5 i 10 macosux BigcoTkiB Gioungy PyrCi2-OBC, BenuunHa By
ctaHoBuTb 71° i 60°, BiANOBIAHO. TakMM YMHOM, BBEAEHHS OO0 CKMNady 3axUCHUX MOKPUTTIB GioumaHoi
AOMILLKWM 3HAYHO NOCUNIOE iX rigpodinbHi BNacTneocTi. 3rigHo 3 nitepaTypHUMY AaHUMM, 306iMbLUEHHS
riApodinbHOCTI NOBEPXHi 3aXMCHMX MOKPUTTIB 3HAYHO NMOCUITIOE X CTilKiCTb A0 GioobpocTaHHs [15].

Bioomo, Wo WOopCTKICTb MOBEpPXHi TBepAMX cybcTpaTiB 3HAYHOK MIpOK CMpPUSiE NPUKPIMNMEHHIO
BOAHMX OpraHiamiB 3aBOsKW YTBOPEHHIO YMCMEHHUX LEHTpiB Gioagresii [16]. TakMm 4YuMHOM, rragki
NMoBEPXHi BBaXalTbCA 3HAYHO CTikKilWMMKM Oo 6GioobpoctaHHa [2, 16]. CepegHbokBagpaTUyHa
LIOPCTKICTb Sq, BU3HA4YeHa Ha 0aHaKoBOMY po3Mipi noBepxHi (340%284 Mkm?), ctaHOBUTL 142 HM Ans
KOHTPOMbHOro MOKPUTTS Ha ocHoBi emani MN®-115, 103 Hm ans nokputTs MP-115/PyrCi-ABC (5 %) i
101 Hm anga nokputta MN®-115/PyrCi2-OBC (10 %). TakMm 4nHOM, MOAMMIKOBaAHI MOKPUTTS MaloTb
BUCOKY rMafKiCTb, 6111M3bKy 40 KOMEPLIHUX CUITIKOHOBUX MOPCBKUX MOKPUTTIB [16].

3rigHo 3 pesynbTataMmy TennogisanyHMX JOCHiMKEeHb 3paskiB 3axncHUX nokputtie metogom [OCK,
Temnepatypa cknyBaHHs (Tg) KOHTPOMLHOIMO MOKPUTTA Ha OCHOBI ankigHoi emani MN®-115 craHoBUTL
3 °C. 3pasku NokpuTTiB, OTPMMaHMX Ha OCHOBI MoAMiKOBaHOI ankigHoi emani i3 BMictoM GioungHoi
pgomiwkn 5 i 10 %, maoTb BenuuuHy Tg-10 °C i -17 °C, BignoBigHO. 3HWXEHHs TemnepaTtypu
CKIyBaHHSA ankigHoi cmonu nig  BnAuBoM  KaTioHHoro OGioumay PyrCi2-IBC  cBiguMTe npo
nnactTugikauinHn ecpekt GiounaHOT 4OMILIKM Ha noniMepHe 3B'A3ytoye apbu, a MPUCYTHICTbL OAHOMO
nepexofy ckrnyBaHHA Ha kpusux OCK moaudikoBaHUX NOKPUTTIB - NPO iX FOMOrEHHICTb.

PesynbTati cnekTpodoTOMETPUYHMX OOCNIMKEHb CBigYaTh NPO BiACYTHICTb KaTioHHOro Gioumay
PyrC12-0BC y BOAHMX pO34YMHaX, SKi KOHTAKTyBanu i3 3paskamn mMoaudikoBaHuX nokputTie [Mo-
115/PyrC12-BC Bnpogox 40 #i6. Taknm ymHoM, kaTioHHU Giouma PyrCi2-[IEC Mae BMCOKY CTIilKICTb
00 BUOINEHHS Yy BOAy, WO MOxe 3abe3neynmtn BUCOKY EKOJSOMYHICTb HEeoDpOCTauMxX 3axXUCHUX
MOKPUTTIB.

Mpuknag 4. JocnimpkeHHA CTIMKOCTI 3aXMCHUX MOKPUTTIB A0 6ioobpocTaHHs

Ons pocnigXeHHs HeobpocTakunx BracTUBOCTEN 3aXMCHUX MOKPUTTIB 3pas3kn nodapboBaHmx
cTanbHMX nracTuH (12 3paskiB Ans KOXHOI cepii) 3akpinntoBanu Ha pPamMKOBOMY CTeHZi ApOTOM 3
HEKOPOAYYOro Metany. Ak KOHTPOSb BUKOPUCTOBYBAmM MOKPUTTSA Ha OCHOBI YMcToi chapbm MNP-115.
Ctenau 3aHyptoBanu y Bogy p. OHiNpo Ha rmnbuHy 6nmnsbko 2 meTpiB. Micna BuTpumkm Bnpogosx 140
4i6 3pasku Bunydanu i dikcyBanu 4 %-BMM po3dnHoM doopmaniHy. KinbkicTb i Macy npukpinneHmx
riapoBGioHTIB BU3Ha4Yanu ctaHgapTHUM meTtogom [17].

Micna 140 pi6 BuTpumkn OGiomaca Ha MOBEPXHi KOHTPOmNbHMX 3paskiB [P-115 yTBOpeHa
nepeBakHo Montockamu gpencermn (54 % 3a kinbkicTio i 93 % 3a macoi) i ctaHoBUTbE 58911613 r/m?2.
lMoBepxHA MNacTuH, NokpuTMX MoaudikoBaHow dapboto Md-115/PyrCi2-OBC, aka mictute 10 %
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KaTioHHoro Giounay, MICTUTb KinbkicTb npukpinneHoi Giomacu 43051 r/m2. MofiGHO 40 KOHTPOMbHUX
3paskiB, biomaca Ha noBepxHi MOAMdIKOBAHMX MOKPUTTIB CKNaJaeTbCa MEepPeBaXxHO 3 MOMCKIB
apeviceHn (59 % 3a kinbkicTio i 98 % 3a macoto). Takum YMHOM, BBEAEHHS OO CKnaay ankigHoi emani
M®-115 kationHoro Giounay PyrCi-ABC y «kinbkocTi 10 % cyTTEBO NiABULLYE CTIMKICTb 3aXMCHOMO
NOKpPUTTA 0 6i0OBPOCTaHHS, WO NPOABNAETLCH Y 3MEHLLEHHI KINbKOCTI NpukpinneHoi 6iomacu GinbLue
HiX Ha 90 % Yy NOPIBHAHHI 3 KOHTPONBHUMU MOKPUTTSAMMU.
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®OPMYJIA BUHAXOLOY

lopodobHui kaTioHHWUI Biouna opmynm

Ak GioumagHa pomiwka ans kopabenbHux ¢apb, NpusHayveHUx AN OTPUMaHHS HeobpocTarunx
3aXUCHMX MNOKPUTTIB NiABOAHUX METaneBnx KOHCTPYKLIN.
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