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Tema B3aMMOJICHCTBUIT IACTHKA M TIPUPOHBIX COOOIIECTB K HACTOSILIEMY BPEMEHH aKTyaslbHa KaK HU-
Koraa npesxkze. [locTeneHHoe HaKOIUIEHHE W3/EIMI M3 UCKYCCTBEHHBIX MOJIMMEPOB U UX (PparMEeHTOB
B HIPUPOJIHOIA cpefie JOCTUIVIO TOTO YPOBHs, TP KOTOPOM YXke HEBO3MOKHO HE CUMTATHCSH C BIUSAHU-
€M 3THX MaTepHalloB Ha KHBble OPraHM3MBL. B nepByio ouepeb BO3JCHCTBHIO MOJBEPraloTCcs cooolie-
CTBa MUKPOOPraHMU3MOB, HACEIISIONIMX pa3Hble GHOTOMHI (KaK BOJHBIC, TAK M HA3eMHBIE). DTH CYIIIECTBA
HaXOJATCA Ha MEpPe/IHEM Kpae B3aMMOJCHCTBUSA C IUIACTMKOM, B TOM YHCIIE B MOPCKHUX SKOCHCTEMax.
Tem He MeHee JUI TOHUMAHUSA JaHHBIX MPOLIECCOB HEOOXOAMMO NMPHHUMATh BO BHUMAaHHE HECKOJIBKO
ACMEKTOB TaKUX B3aMMO/ICHCTBHIL: BIMSHNE Pa3HBIX BUJIOB IUIACTHKA HA COOOIIECTBA MUKPOOPraHU3MOB
uepe3 BhIICICHHE B Cpelly MPOAYKTOB MX pa3jiokeHHs, (JopMbl HCIIOIB30BAHUS IUIACTUKA CAMUMHU MHK-
POOpraHM3MaMy, B TOM YHCIIE MEXaHU3MbI KOJIOHM3ALIMU €r0 MOBEPXHOCTH, @ TAKKE BO3MOKHbIE T1PO-
11eCChl OMOIECTPYKIIMH MOJMMEPOB 3a CUET AESTENHHOCTH MUKPOOPraHu3MoB. [Ipu 3ToM pa3Hbie BUIbI
IIACTHKA MOTYT OT/IMYAThCS HE TOJIBKO MEXaHMUECKOM MPOYHOCTHIO, HO M YCTOMYMBOCTHIO K OMOJECTPYK-
LI, BHI3BIBAEMOI MHKPOOPraHU3MaMU. DKCIEPUMEHTHI ¢ KOJIOHU3AIUEil TOBEPXHOCTH BHJIOB IIACTH-
Ka, Pa3HbIX M0 COCTaBYy U MEXAHUUECKOil MPOYHOCTHU, MO3BOJIAIOT MOJYUYUTh MIUPOKUIA CIIEKTP Pe3yiib-
TATOB, aKTYaJIbHBIX HE TOJIBKO /Il OHUMAHUSI COBPEMEHHBIX MPUPOIHBIX MPOLIECCOB C YYaCTUEM ILIa-
CTHKA: T Pe3y/IbTAaThl BAKHbI U JUISl IPUMEHEHHs B HEKOTOPHIX 00MACTSAX PAa3BUTHs TEXHOMOTHIl (Ha-
TNpUMEp, MPH CO3JaHUM KOMIIO3UTHBIX MaTepvalioB). B yacTHOCTH, npejcTaBasAoT OOJBLION HHTEpeC
uccaejoBaHusA (OopM M MEXaHU3MOB YCTOMUMBON KOJIOHM3ALMM 0COO00 MPOYHBLIX MOJMMEPOB BHIAMU
JMATOMOBBIX BOJIOPOCJICH U3 COCTaBa MPUPOIHBIX COOOMLIECTB. 3a CUET 0OpacTaHUsl MOBEPXHOCTH OCO-
60 MPOYHBIX CHHTETHYECKHX MOJIMMEPOB JUATOMESIMU BO3MOXHO (DOPMHPOBAHUE €IMHOTO IHATOMOBO-
TOJMMEPHOTO KOMITO3UTa, OOIIKMe CBOICTBA KOTOPOTO YK€ CYLIECTBEHHO OTIMYAIOTCS OT CBOMCTB TOJIH-
Mepa Kak TakoBoro. Hanpumep, npu oOpactaHiu MoamMepa JUATOMESIME, TUIOTHO YAEPKUBAIOIIMMHUCS
Ha €ro MOBEPXHOCTH 3a CUET (PUBHOJIOTMUECKHX MEXaHH3MOB, 00ECTICUMBAIONINX UM HalEKHYI0 (uKca-
1110, CyMMapHas IUIOIIa b TOBEPXHOCTH KOMIIO3UTA BO3PACTAeT Ha 2—3 Mops/Ka Mo CPaBHEHUIO C TaKO-
BOI T0JI0r0 TonuMepa. Takue KOMIIO3UTHL U UX CBOHCTBA (POPMUPYIOTCS 3a CUET MEXaHM3MOB KOJIOHH-
3Ll CyOCTPATOB, MCIOJIB3yEMbIX JUATOMESIMH M3 €CTECTBEHHBIX MOPCKHX 1IEHO30B, — IIPH MEpeHece-
HUHM 9TUX MEXAHU3MOB Ha HOBBIM, MEPCTICKTUBHBII JUIS 3ace/ICHHs IMATOMESMU MatepHal. Bo3smMoxHo-
CTH TPAKTHYECKOTO MPUMEHEHH s ITHX KOMIIO3HTOB JIEXAaT B cpepe Terio- ¥ 3BYKOM3OJIALUH, a TaKKe

88



OcobeHHocTH (pOPMUPOBAHHS KOJIOHUAIBHBIX TIOCEICHHI MOPCKUX OEHTOCHBIX JUATOMEH. . . 89

B 00/1aCTH CO3/1aHUA MPOTE3UPYIOIIEH TKAHU MPH ONEpalUAX Ha KOCTAX. B HalMX IKcnepuMeHTax oT-
CJIEKEHBI T10C/IeI0BATEIbHOCTH Pa3BUTHA YCTOHYMBOIO KOMIIO3UTA MPH KOJIOHU3ALMU JUATOMESAMH I10-
BEPXHOCTU 00pa3LoB 0co00 MPOYHOr0 CHHTETUUYECKOro MOIMMepa, CToiKoro k kopposuu. [pouece 3a-
cesleHus 00pa3LoB NPOMCXOAMI Ha 6asze cooluIecTB, c(hOPMUPOBAHHBIX B HAKOMUTEIBHBIX KYJbTypax
13 TIPUPOHON MOpCKOi cpefibl. OOpasiibl CBEPXBBHICOKOMOJIEKYIAPHOTO MOIUITHICHa HU3KOTO JaBlie-
Hus (CBMIID) ¢ rnaakoit ¥ MOPKUCTO CTPYKTYpPOil MOBEPXHOCTH (C OTKPBITOi sUeiKoi, 10 80 00bEM-
HBIX % TMOPUCTOCTH) OB MOJBEPTHYTH KOJIOHM3ALIMH JMATOMOBBIMH BOIOpocAMU Karayevia amoena
(Hust.) Bukht., 2006, Halamphora coffeaeformis (C. Agardh) Levkov, 2009 u Halamphora cymbifera
(W. Greg.) Levkov, 2009. JlabopaTopHbIe KCIIEPUMEHTHI IPOJOJIKAIUCH TPH Heslenu. HakonutenbHele
KYJILTYPBl MUKPO(UTOB, Ha 0a3e KOTOPBIX IIPOBOIMIIM SKCIIEPUMEHTHI, ObUIM MOJTyuYeHs! U3 Banruiickoro
Mops (paiioH r. Bantuiicka, Poccust) u Apasuiickoro mops (paiton r. Mym6aun, Muaus). Tumnst u cra-
JUM Pa3BUTUSA KOJIOHHAILHBIX MOCEICHHUI Ha Pa3IMYHBIX 3J€MEHTaX MUKpopesbeda (ppoHTaabHOI 1o-
BEPXHOCTHU U B MOJJIEKALIUX TOJOCTAX U3YUAIU € MIOMOLIBI0 CKAHUPYIOLIETO 31€KTPOHHOTO MHKPOCKO-
na Ha o0Opa3lax, MOJBEPrHyTHIX MOCTaAUITHON TepMuueckoil cymike. OtaenbHble KIETKU K. amoena,
H. coffeaeformis w H. cymbifera, nX LIETIOYKOBUHBIE arperaTel U pacipoCTEPThIE KOJIOHHAIBHBIE TO-
CEJIEHHs 3aHUMAIOT Pa3/IMYHBIE 110 CTENEHN HEOJHOPOAHOCTH 3JIEMEHTHI TIOBEPXHOCTH MUKpOpebeda,
00pa3zys CTPYKTYpPBI MOIIHOCTBIO B 1-2 ¢J10s1 O cpe/iHeii BhICOTO# oceneHus 1—1,3 BBICOTBI e JMHUYHOM
ocobu. Knetku K. amoena niotHo (pUKCHPYIOTCS Ha MOJIMMEPHOM CyOcTpate, MCTOJIb3ysl OPOBBIi arl-
riapat HUKHEH CTBOPKH MaHuups. [Ipy 3ToM HaOMOEHHS C MOMOLIBI0 CKAHUPYIOIIETO IEKTPOHHOIO
MUKPOCKOIA BBIIBUIM OTIEYATKU MAaHLMpell Ha cyOcTpate, ABJAIIMECS MPU3HAKAMY BHEJPEHUS MO-
JIMMEPHO¥ MOIOKKH B apeoJibl THIOTEKH. PaccMOTpeHbl MEXaHU3MBbI PaClipOCTPAHEHUS AMAaTOMEN TPEX
YKa3aHHbIX BUIOB M0 Pa3/IMYHBIM 31eMeHTaM noBepxHoct CBMIID, a Takxke (hopMupoBaHHs XapaKkTep-
HBIX JIEMEHTOB KOJIOHMA/IbHBIX NIOCEJIEHHUI, B TOM uucie ns K. amoena — mocieoBaTebHO B (popme
«TOPIIKOB» U cbep, OCPEACTBOM B3aUMO/EHCTBHSA C IOBEPXHOCTHIO IOJIMMEpPa U €€ pacTAKEHUs 110 Mepe
HapacTaHUs KOJIMYECTBA IIOTHO MPUKPEIUIEHHBIX KJIETOK B KOJIOHHAJILHOM IOCEIEHUH.

KiroueBble ciioBa: JuaToMen, AMaTOMOBble Bojopocid, Bacillariophyta, komoHmzaums mnuactuka,
CBMIID, ycroitunBble MaTepUaJbl, INIACTUK B MOPCKOM Cpejie, akBaKyJIbTypa

JlnaTomen MHOTHe JeCATUIETHs NPHUBJIEKAIOT BHUMaHUE IIMPOKOrO Kpyra YU€HbIX M3-3a CBOEH po-
JM B 3KOJIOrMu Ouocdepbl B LIEIOM — KaK MPOU3BOAUTENN NPUMEPHO Y4 38MHOI0 OpraHMYecKoro Be-
IIlecTBa M TOUTH Y3 BCero reHepHpyeMoro Ha IUIaHeTe Kuciopojga. CpaBHHTENBHO HElaBHO B cgepe
MaTepUaloBeIeHHs] HAYaJIoCh U3yUeHHUe MepapXMUecKoii MHOTOYPOBHEBOI OpraHu3aluy, Ha0moaaeMoi
B YCTpOWCTBE MAaHLMpeH AMAaTOMOBBIX BOJOPOCIEH, M, KaK CIeICTBHE, X OMOMEXaHMUECKMX XapaKTe-
puctuk. [ToagpoOGHO paccMOTpeHbl MHOTUE acMeKThl B3aUMOJEHCTBUS KJIETOK C Pa3IMYHbIMU CyOCTpara-
mu [6:;7:14;15;16; 17 ;24], oaHako aileKBaTHOTO OTBETa Ha Psi/l BOIIPOCOB JI0 CUX Nop HeT. Boree riy-
OOKOe MOHMMaHKe YIIOMSAHYThIX aCMEKTOB OKMIAIOT MOMYUUTh OJ1arofaps UCIOJIb30BAHUI0 COBPEMEHHbIX
metoz10B FIB-SEM (focused ion beam scanning electron microscopy, ckaHupylomas 3JeKTpOHHasi MUK-
pockomnus ¢ (POKYCUPOBAHHBIM MOHHBIM ITyukoM) [6 ; 20 ; 25]. [IpuMeHeHre TeXHOIOTHI aKBaKyJIbTYpbl
MOKET PacLIMPUTh UCTIONBb30BaHKE AMATOMEl B KauecTBe YCTOIHUMBOTO pecypca Ju1si GHOTOILIMBA, GHOMH-
HepaJIM3alluy U TIPOU3BO/ICTBA MaTepHasoB. Kak BakHYI0 9KOJIOrMUeCKyIo podeMy paccMaTpUBaloT ceii-
yac U NOTeHIUaIbHYI0 OMOJIer paalivio 3ar pA3HAILMX ruapocdepy NoJIMMepoB ¢ OMOLIBI0 00pacTaHUs
ux quatomesmu [2 ;6 ;22 ;23 ; 26].

CBepXBBICOKOMOJIEKYJIAPHBINA MOJIUITUIIEH HU3KOTO JaBjieHus (Jajiee — CBMIID), kommepLuaInsm-
poBaHHbIil Komnanueii Celanese [9], npeacraBiser co0oii MoIMMep ¢ BLICOKUMH MEXaHUUECKUMU XapaK-
TEPUCTUKAMM, UCIIOJb3YEMbIl B MOPCKOM MPAKTHKE /I U3rOTOBJIEHUA KaHAaToB U mapycoB ¢ 1990-x rIr.
B cuiy GMOMHEPTHOCTH, a Takke MpUeMJIEMBbIX MEXaHMUECKUX CBOWCTB M M3HOCOCTOMKOCTH PacTET ce-
pa npumeHenuss CBMIID B xupyprum — Ipu CO3JaHUM UMIUIAHTOB KOCTEW U CYCTaBOB, a B IIOC/IE/IHEE
BpeMs U B IIpoLieccax PeKOHCTPYKIMH Ha KJIETOYHOM YPOBHE, B KauecTBe cKado10B Ul TKaHEBOW UH-
keHepuu [13]. Byayun KOJIOHM3MPOBAaHHBIMU ME3€HXMMaJIbHBIMU CTPOMAJIbHBIMM KJIeTKaMH, ckaddour-
abl 13 CBMIID ¢ OTKpPBITOH MOPUCTOCTHIO AEMOHCTPUPYIOT BBICOKYIO CIIOCOOHOCTh K OCTEOMHTErpalilu
¥ BacKyJsipusauuu [21].

OcHoBHas Mjesl JaHHOTO MCCIIEJIOBAHMS COCTOMT B CIEAYIOIEM: €CIM OTAENbHble BH/Ibl JUATO-
Meil U3 MPUPOJHBIX MOPCKHX COOOLIECTB CHOCOOHBI KOJIOHW3MPOBATh MOBEPXHOCTh PA3/IMUHBIX BHIOB
wiactuka [4 ; 5 ; 6], B Tom uncne CBMIID, To B psae ciyyaeB 3TOT MPOLECC MOKHO KBaIU(ULIPOBATH
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KaK croco® co3JaHMsi HOBOTO Kjacca OHOKOPPO3MOHHO- M 1e(pOpPMAlMOHHO-YCTOHYMBBIX MaTepu-
aJloB — IMaTOMOBO-TIOJIMMEPHBIX TMOpUIOB. TeopeTHuecku MOKHO pPacCMOTpPeTh P MPOLECCOB,
COIPOBOKIAIONINX KOJIOHU3ALIMIO CHHTETUUECKOTO MOJIMMepa:

A. «IloBepXHOCTHasl OJHOCJIOMHASI KOJIOHU3AIUs» MPONAET Ge3 CyIIeCTBEHHON Mpoiugepalu I1aTo-
Mell B yOuHY cyOcTpara 3a CYET OTCYTCTBHS €ro MOPUCTOCTU. B ciyuae eciu KOJIOHU3MpPOBaHHAS
TIOBEPXHOCTb Oy/IeT pa3pyliaThcs B pe3y/bTate OHOJerpajalliy, ¢ TeUEHUEM BPeMEHH TOT MPOLEece
3aBEpIUUTCS [e3UHTEerpaleli MoJIMMepHbIX U3/IeJIUi Ha (PparMeHTsl pa3IMYHOTO pa3Mepa, UTO MOKET
OBITh UCMOJIB30BAHO KaK TEXHOJIOTHs1 GOpbObI € 3arpsA3HEHUEM CPeJibl MAKPOCKOMYECKUM IJIACTUKOM.

B. B npoTHBOMOJIOKHOCT «[TOBEPXHOCTHOM OIHOC/IOIHO# KOJIOHM3AIUK», Ha TOBEPXHOCTH OUOCTORKHX
TI0JIMMEPOB BO3MOKHO Pa3BUTHE J0OBOJILHO TOJICTOTO, INIOTHOTO U MEXaHMYECKHU IIPOYHOTO MHOTOC/ION-
HOT'O MOKPBITHSA ¢ OapbepHBIMU HJIN APYTUMH CBONCTBAMMU, LIEHHBIMU 115 IPAKTUUECKOTO IIPUMEHEHHUS.

B. «Kononuzauus o6béMa» n3-3a MHTEHCUBHON Nposrdepaly B IyOHHY MOPUCTOTO (SYEUCTOTo) T10-
JIMMepa CO3/1acT, KaK OKUAAeTCs, yCTOHUMBbIA OOBEMHBIN AUATOMOBO-NIOMMEPHbIN KOMIIO3UT C ILIH-
POKHMM CHEKTPOM TeXHMUECKHMX XapaKTePUCTUK, UMEIOIMX OOJblIoe 3HAuUeHHe /IS pellleHUs] KOH-
CTPYKLIMOHHBIX, TPUOOJIOTHUECKHX, (PUIBTPALIMOHHBIX U TEIUIOBBIX 3aJa4, a TaKKe Ul UCIOJIb30Ba-
HuUsA B cpepe BUOPO- U 3ByKOM3OJIALMH. Paclmpenye criekTpa BO3MOXKHBIX TIPUMEHEHHIi 00yclIoBIIe-
HO CYILECTBEHHBIM POCTOM CYMMAapHO# NOBEPXHOCTH KOMIIO3UTa — Ha 2—-3 MOpsJIKa 110 CPaBHEHUIO
C HEKOJIOHW3MPOBAHHOI TIOBEPXHOCTBIO TOJIUMEpA.

IMockonbky CBMITD o6naaeT 3HaUMTEIbHON XUMUUECKOi 1 GHOJIOrNYecKoil YCTOHUMBOCTBIO, OH SIB-
J1MeTCs BaKHBIM KaHIMJATHBIM MaTepHaoM Ul W3YueHHs IpoLecca KOJOHU3ALMHU ero NOBepXHOCTH
1 00bEMa. B 9TOM HccenieoBaHNM MBI 00CY MM MEPBbIE PE3YJIbTaThl [0 CTPYKTYPHBIM aclieKTaM B3auMO/eii-
CTBUSI MOPCKHUX AMATOMOBBIX BOOPOCIIEN U3 IPUPOIHBIX COOOIECTB MUKPO(HUTOOEHTOCA C TIOBEPXHOCTBIO
nopucroro CBMIID.

MATEPHAJI 1 METO/IbI

Jln1s n3yueHus rnpotecca KOJIOHU3ALUHU TIOBEPXHOCTH MCTOIb30Baii 0Opasisl CBMITD 1Byx TMIOB —
rIajgKue ¥ nopucteie. OOpasibl 000UX TUIOB SKCIOHUPOBAIN B HAKOMMUTE/bHBIX KYJbTYpax JMaTOMEH,
BbIJIEJIEHHBIX C MecuaHoit utopaau: I — B p-He r. MymOau (Apasuiickoe mope); II — B p-He . BanTnii-
cka (Kanuuunrpaackuii 3anuB, Bantuiickoe Mope). B 00enx HaKOMUTeIbHBIX KYJIbTYpax AMaTOMEN POCIu
TpU €CTECTBEHHOM PacCesIHHOM CBeTe, B YCJIOBUAX UepeJoBaHHs JHSA M HOUM (Ha MOJIOKOHHHUKE B J1abo-
patopuu MHctutyTta okeanosnorun PAH), B quanasone temnepatyp +5...430 °C (o HauboJee X0I0AHbIX
3UMHHUX MecsilleB K HauOosiee TEMUILIM JIETHUM), MOKPbIBasi CTEHKU |-IMTPOBBIX J1aOOPATOPHBIX COCYI0B
13 noausTUIeHTepedraiara (Jajnee — I[I9TP) u nonusTriaeHa HU3Koro fasieHus (ganee — ITH/L). Pocr
KYJIbTYp IPOUCXO1I1 Oe3 I0TOHUTESIbHOM a9paliiu, B TOM ke 00bEMe BO/Ibl, B KOTOPOM OHH OBLIM 10CTaB-
JIeHBl U3 TIPUPOJIHBIX GroTonoB. CoNEHOCTh MOPCKOI BOJIBI B MIepBOM cocyje cocTapisiia 30 %e, BO BTO-
poM — 5 %o. Bo3pacT Ky/bTyphl I K MOMEHTY HayaJia 9KCIIepUMEHTOB 10 KOJIOHM3ALMK cocTaBmI 21 Me-
cal, KyabTypbl II — 20 mecsiueB. B kyibType I tomunnpoBanu npeacrasutenu poaa Halamphora (Cleve)
Levkov — Halamphora cof feaeformis (C. Agardh) Levkov, 2009 (puc. lc—e) u Halamphora cymbifera
(W. Greg.) Levkov, 2009 (puc. 1f); B kyabtype Il — Karayevia amoena (Hust.) Bukht., 2006 (puc. 1a, b).

BeiGop yciioBuil KyJIbTUBUPOBAHUA — JOCTATOUHO KECTKUX /Il MOPCKMX OEHTHUECKMX AMATOMEN,
B3ATHIX U3 TPUPOJHOI Cpesibl, — ObLI MPOAUKTOBAH HEOOXOAMMOCTBIO MOTyUYEHHS CMELIaHHBIX HAaKo-
TUTENbHBIX KYJIbTYpP U3 HECKOIBKMX BUJOB, MAKCHMAJIbHO MPUCIIOCOONEHHBIX K COBMECTHOMY Pa3BUTHIO
Ha MPOTSKEHUU JUIUTEIbHOTO BPEMEHH TIPH OTCYTCTBUH JOMOIHUTEIbHOM a3pallii U MOJAKOPMKHU OHore-
HaMU U3BHE U TIPU CYIECTBEHHBIX U3MEHEHUAX YCIOBUI OCBEILEHHs U TeMIlepaTypbl cpe/ibl. PakT KoJlo-
HU3ALMK TOBEPXHOCTU CTEHOK COCYJ/IOB Pa3HBIMU BHIAMH JUATOMEN 3aCTyKiI 0cOO0ro BAUMAHUSA U CTall
OCHOBO¥ Il 9KCIIEPUMEHTOB ¢ KosloHu3auuern CBMIID.

O6pasupl rajgkoro CBMIID nosyueHsl MyTéM TePMUUECKON Hape3KU IUIOTHOTO (He MOPUCTOTro) 1u-
JMHApA auaMeTpoM 26 MM Ha «TabJeTKW» BBICOTOM 2-3 MM C BBIIIA)KEHHBIMH 3a CUET OIUIABJICHUS
TIOBEPXHOCTSAMH.
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Puc. 1. Hau6onee maccoBble BUbI JUATOMEH, CHOPMUPOBABILINX 0OpACTaHUS Ha IOBEPXHOCTH 0OPA3LIOB MOPH-
croro CBMII3: a, b— Karayevia amoena (B HakonutensHOM KybType II); c—e — Halamphora coif feaeformis;
f — Halamphora cymbifera (B HakonuTenbHON KyJbType I)

Fig. 1. The most common diatom species that formed fouling on the surface of porous UHMWPE samples:
a, b— Karayevia amoena (in storage culture I1); c—e — Halamphora coif feaeformis; f — Halamphora cymbifera
(in storage culture I)

O6pastpl nopuctoro CBMITD U3roToB/IeHsI B COOTBETCTBUU C METOJIOM, ITpe/ICTaBIeHHbIM B [ 12]. Cme-
mBajm nopomuiok CBMITD (4120 GUR Ticona®) u nueBylo kameHHylo coib (NaCl) ¢ pazmepom yacTuil
nopomka 80-700 MkM. CyXyIo cMech C BECOBBIM COOTHOIIIEHUEM KOMIIOHEHTOB | : 9 ocTopo:kHO mepe-
MeLIMBAJIU C UCMOJIb30BaHUEM IUIaHeTapHOM mapoBoil MenpHuULIb! Fritsch Pulverisette 5 (Fritsch GmbH,
I'epmanus) B aratoBbix Gapadanax (00bEM — 500 MIT), 3al0THEHHBIX APUKAMU KOPYH/IA ¢ AXaMeTpoOM
8 MM. Tepmuueckylo MPeccoBKY OCyLIecTBIIsUM noj Harpy3koit 70 MITa mpu +180 °C. [Janee ynaneHue
COJIM MPOBOJIM/IN C UCTIONIb30BAHHEM JMCTU/UIMPOBAHHO# BOIbI IPU +60 °C ¢ MOMOIIIBIO YJIbTPa3ByKOBOI
MOWKH. [JaHHBIi Tpoliecc MPUBEN K 00pa30BaHHIO MOPHCTBIX CTPYKTYP C OTKPHITHIMH MOPaMH, C 00bEMHOMN
TMIOPUCTOCTBIO 0KOJIO 80 %.

Jl71s1 osTy4yeHus SKCIepuMeHTaIbHOro 06pocTa MOBEpXHOCTH IMajikoro v nopucrtoro CBMIID (c pas-
HBIM MUKpOpesbepoM MOBEPXHOCTH) pa3InuHble ero 00paslibl — 10 TPU MOBTOPHOCTH /1 KakKIO0ro —
ObUIM SKCTIOHMPOBAaHbl B HAKOMUTEJIBHBIX KYJIbTYpaX Ha NMeproj 21 CyTKM IpH MOCTOSSHHOM PacCessHHOM
ocBellleHnn cBetoauoHo# tammnoii LED1106 G2 2.3 W, 18 mA, 35 Im/W. Pa3meps! npsIMOYTOJIbHBIX
o6pasios nopucroro CBMIID coctapismu 40x19x3 MM, auaMeTp maakux odpasiuos — 25 mm. Io aBa
nabopatopHbix cocyaa u3 OecrperHoro [I9T® u I[TH]] émkocTbio | J1 ¢ HAKOMUTETLHBIMU KYJIBTYpaMH
pacrosarajuch Ha pacCTOSHUM 45 CM OT UCTOUHUKA cBeTa. VIHTEeHCHBHOCTb OCBellleHHs cocTaBisiia 135 Jik.

TpéxHeenbHas MPOAOIKUTEIPHOCTb KCIIEPUMEHTa OOBACHSAETCA TEM, UTO K KOHILy 3TOro MepHo-
Jla Ha MOBEpXHOCTH 00pa3uoB nopucrtoro CBMIID copmupoBaiych OOLIMPHBIE POCCHITA OyphbIX Ms-
TeH 00pacTaHus, XOPOLIO Pa3/INuMMble HEBOOPYXKEHHBIM IIa30M. DTO MO3BOJIMIO MEPEHTH K CTaauu
MUKPOCKOIIMPOBAHUS MaTepUaJa.

B cocynax 1 u 2 Ha crenkax (II9T®) pociu KoloHUAIbHBIE TTOCEIEHUS AUaTOMEH U3 HAKOIUTEJIbHOM
KyabTypsl II; B cocyaax 3 u 4 Ha crenkax ([TH/I) — kooHHanbHBIE TOCEIEHHS AMATOMEN U3 HAKOIUTE Tb-
Ho#i Ky/bTypbl 1. B cocyze 1 akcrionnpoBanbl: nopuctbiit CBMIITS, o6pastipl Ne 8 1 9 — 1o Tpu noBTOpHO-
CTH, B /IBa pAAJa, 110 TpU B ps. B cocyze 2 sxcnonnpoansl: nopuctsiit CBMITD, odpasen Ne 10 — tpu no-
BTOPHOCTH, BEPXHUM PSIOM, M «TadneTku» riagkoro CBMIID — Tpu MOBTOPHOCTH, HUAKHUM PSIOM.
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B cocyae 3 9KCHOHMPOBaHBI, 10 aHAJIOrUK ¢ cocyaoM 1, odpasipl nopucroro CBMIIS Ne 1 u 2. B cocy-
Jie 4 SKCTIOHUPOBAHBbI, [0 AHAJIOTHH € cocy1oM 2: odpasell nopuctoro CBMIID Ne 3 B TpéX MOBTOPHOCTAX
1 TpU «TabneTku» ragkoro CBMITD. Obmas cxema sKcriepuMeHTa IpuBejieHa Ha puc. 2.

Puc. 2. O6uias cxema KcrepuMeHTa ¢ 0dpacTaHHeM MOBEPXHOCTH 00pa3LoB MOpUCTOro U riajakoro CBMITD
MOPCKMMH BHJAMM [MATOMEN M3 COCTaBa Pa3/MYHBIX HAKONHUTEIbHBIX MOJMKYJIbTYp. la — cxema 3Kcre-
pPUMEHTa, BUJ CBEpPXY: A — MUHHU-akBapuyMbl (1-mutpoBeie OyThUIKH) U3 [I9T®; B — MuHH-akBapuymbl
(1-nmurpoBele Oythuiku) u3 [TH]]; B — oOpasipl, pacrionokeHHBIE 1O YIJIOM K MCTOYHHMKY OCBEIICHHS;
' — cnoit KOJIOHUAIBHBIX MOCEJNEHUI JUaToMel Ha cTeHKe OyThUIKHU; [| — BEKTOp HanpaBlIEHUS CBETOBOTO
MOTOKA OT UCTOYHMKA. 16 — cXxeMa pacrosioxeHus oOpa3uoB B OyThiikax Ne 1 u 3: E — o0pasip! nopucrto-
ro CBMII3; 3 — rpyHT co jHa Mops; I — mejHas npoBoJioka, (pukcupyiomas odpaszerr CBMIID B Boze,
y cTeHKH OyThUIKH; K — ypoBeHb MOPCKO# BOJIbL. 1B — cXeMa pacrosioxeHus o0pa3iLoB B OyTbuikax Ne 2 u 4:
K — o6pazus! riagkoro CBMITD

Fig. 2. General scheme of the experiment with colonization of the surface of porous and smooth UHMWPE
samples by marine diatoms from various storage polycultures. 1a — scheme of the experiment, top view:
A — PET-mini-aquariums (1-L bottles); B — HDPE-mini-aquariums (1-L bottles); B — samples located
at an angle to light source; I' - layer of diatom colonial settlements on the bottle wall; [T — vector of the direction
of the light flux from the source. 16 — layout of samples in bottles No. 1 and 3: E — porous UHMWPE samples;
3 — sea soil; U — copper wire fixing UHMWPE sample in water, near the bottle wall; K — seawater level.
1B — layout of samples in bottles No. 2 and 4: J)K — smooth UHMWPE samples

B xoze skcnepumenTa o0pasipl CBMITD Oblin MojBellie sl B TOJIE BObl, Ha MPOJEBHBIX METIAX
u3 meaHoil npoBosiok (Glorex, 20 M X 0,4 MM, ¢ aHTUKOPPO3HOHHBIM TOKPHITUEM) Ha PACCTOSIHUU
5-10 MM OT CTEHOK aKBapHyMOB, OKPHITBIX AUATOMOBBIMH OOpacTaHUAMHU, 1o yriom 30-40° k ucrou-
HUKY cBeTa. O6poct Bu0B poaa Halamphora nonyueH Ha oOpasuax Ne 1, 2 u 3 (1o Tpu NoBTOPHOCTU
U1 Kak0ro), Buaa Karayevia amoena — Ha odpasuax Ne 8, 9 u 10 (Takxke B TpEX OBTOPHOCTAX). B X018
9KCNIEPUMEHTOB He MPOM3BOM/IN KOHTPOJIBHBIX M3BJIEYEHHI 00pa3loB Ha NPOTAKEHUH 2] CYTOK KCIO-
3ULIMH, TIO9TOMY He Ipe/ICTaB/IAETCS BO3MOKHBIM OIIPEIEIUTh BPEMS U MECTO MOSABJIEHUS NEPBBIX KJIETOK
JMaTOMeH Ha KOHKPETHBIX 00pas3iax.

[Tpu noaroroBKe 00pa3LIOB 11 MUKPO(POTOCBEMKH € MOMOLIBIO CKAHUPYIOILETO 3J1eKTPOHHOIO MUKPO-
CKOITa IIPUMEHSUIM HOBYIO aBTOPCKYIO METOJMKY TPEXCTAAUIAHOM CYLIKU: SKCIIO3ULUSA B CYLIMIBHOM ILIKa-
¢y npu +50 °C — 8 u; npu +80 °C — 3 u; npu +100 °C — 1 u. IIpeioxeHHass METOMKA, HUTJIE
He onyO/IMKOBaHHAs Tpesk/e, Oblla OCHOBaHA:
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1) Ha pe3yibrartax skcriepumentos . B. CanokHUKOBa 110 CyILIKe JMaTOMOBOTO NepU(PUTOHA HA HUT-
YaThIX BOJOPOCIAX B CYIIMIBHOM LIKady, MpoBeIEHHBIX B 1996 r. Ha BetoMopckoi OMoI0rnuecKoi cTau-
umu MI'Y, 1171610 KOTOPBIX OBLIO CO3/aHKE MOCTOSHHBIX ITPENapaToB U3 BHICYIIEHHBIX MAHLUPEH AMaToMeil
Ha MOBEPXHOCTU HUTYATOK O€3 MOTep! MPOCTPaHCTBEHHON OpraHU3aLuy NepupUTOHa;

2) Ha gaHHBIX 00 M3MeHeHMu cBoiicTB CBMIID npu HarpeBe, MO3BOJISIONIMX OLIEHUTb CTENEHb
TJIOTHOCTH aCCOLMALIMY TTAHLIMPEH ¢ MOBEPXHOCThIO 00pasLia.

Temnepatypa +80 °C — toT npejien, 3a KotopbiM CBMITD HaumHaeT pa3msruarbesi, IpuodpeTasi CBOii-
CTBa rycTo cMouibl. OTHAKO MeJIKHe AuaToMeH, Takue Kak K. amoena (AauHO#M 10 15 MKM), IIpU 9TOM
HE MOTYT MOTPYKaThCs B TOJIIY [JaHHOTO TOJMMepa 3a CUET COOCTBEHHOTO Beca, MOCKOJIbKY MX Macca
CIIMILIKOM MaJia, yJe/IbHasl OBEPXHOCTh INMPOKKX OBAJIOU/IOB BpallleHHs, KAKOBBIMM I€OMETPUYECKH AB-
JII0TCA X MaHIMPH, JOBOJIBHO BeJIMKa, a MATKOCTb CaMOro cyOcTpata juisd 3Toro HeJocratouHa. JJokasa-
TEJIbCTBOM CITyKHUT U TOT (DaKT, uTO G0JIee KPYIMHOKIETOUHbIE BUIbI JMATOMOBBIX, UCIIOJIb30BAHHbIE B 9KC-
nepuMenTax (Halamphora coffeaeformis u H. cymbifera, umeroimiue 1auHy meHee 30 1 50 MKM COOTBET-
CTBEHHO U FeOMETPUYECKYI0 (JOpMY HIMPOKOTO OBAlIOW/a BpalleH!s) He TOrpyKaluch B TOJIILY MOJIMMe-
pa npu Harpese cBbiitle +80 °C. JJob6aBum, uro npu +90 °C Ha obpasuax CBMIID HaunHaeT cKa3blBaTh-
cs 3¢pdekT namaTh GopMel (pacxoxkee MaTepUaIoBeIYecKoe 0003HaUEHHE ITOTO MPOLEecca — «LUINHIP
CyXkaeTcsl ¥ BHITATUBAETCS»), 32 CUET Uero MesIKHUe MpeMeThl, MOTPY3UBIINECs B HETO TOJl COOCTBEHHOI
TSKECTDIO, BHITAIKMBAIOTCS Hapy:Ky. Takum 0Opa3oM, rocie (pUHAIBHOTO Tara CyIIKH Ha TPOTSKEHUHU O/1-
Horo yaca npy +100 °C He cnefoBano oxkuaath 3¢heKTa CHOHTAHHOTO BIUIAB/IEHUS MaHIMpei AuaTomeit
B IIOBEPXHOCTB 3TOTO nosumepa. Ckopee, MpU HEIJIOTHOM aCCOLMALIMK € TIOIMMEPOM OHH Obl OT/IEIINChH
OT MOBEPXHOCTH 32 CUET BbITAJIKUBAIOLIETO (ppeKTa namMmaTu (popMbl.

OO0pas3ipl, 9KCIOHMPOBABIIIMECS B HAKOIUTEJIBHOM KyJIbType I, mocie nepBUYHOI CyIIKM ObUIM CHIIb-
HO TIOKPBITBI COJIbIO, TI03TOMY HMX JOMOJHUTEILHO OTMBIBAIU MOCPEICTBOM JBYXCYTOUHOI 3KCIIO3ULIMU
B IUCTHLIATE, a 3aTeM CHOBa cyiuuiu 4 u npu +60 °C.

MHUKpO(pOTOCHEMKY IMaTOMOBOrO 00OpOCTa MPOBOIWIN MpHU yBenuueHuH oT X500 1o X700 ¢ nomoripio
TPEX CKaHUPYIOLIMX 1eKTpoHHbIX MuKpockomnos: Hitachi TM 1000, Tescan LYRA u Tescan MAIA3.

[Moacuér maHuupeil Ha noBepxHocTH 0Opas3uoB CBMIID npoBoawiu BpyuHYIO 10 MHKpOQOTOrpa-
(busaM, momeyass yuTEHHbBIE K3EMIUIAPHl B COCTaBe KaK LIEMOYEK, TaK U «IUIALIEBUIHBIX» IOCEIEHHUIA.
ITpu BbIEIEHMH IUCKPETHBIX MATEH MCIONb30Bal MapKephl pa3HbIX 1BETOB. KolMuecTBo MHTEpBAIoB
TIPY BBIJEIEHUH Pa3MEPHBIX KJIACCOB MATEH PUMEPHO MOACYUTBIBAIIN 110 (POpMYJIe:

h=2(IQ)n /3,

rae h — aimHa uHTepBana;
(IQ) — pa3Huua Mexay BepXHUM U HUKHUM KBapTuieM (no popmyie Ppuamana — [luakonuca [8]).

PE3VJIbTATDBI 1 OBCYKJEHUE

Kononusaiuu nosepxHoctd o0pa3uos raaakoro CBMITD He nmpou3onuio HU B OHON U3 HAKOMHU-
TeJIbHBIX KYJIBTYP AMATOMOBbIX Bojopocieil. [TomyueHHslii pe3yibTaT BakeH B CUIIy €ro MOTeHLHAIbHO-
ro MpUMeHeHHs TpU KOHCTPYUPOBAHMU MOPCKUX HEOOPACTAIOIIMX MO/ABO/IHBIX KOHCTpyKImii u3 CBMIID
C IIaIKOM MTOBEPXHOCTBIO.

DKCHepUMEHTHI ¢ KOJIOHU3alMel MoBepXHOCTH 00pa31oB nopuctoro CBMIIS nokas3anu psj BaKHBIX
0COOEHHOCTEN TOro Mpolecca, B TOM UKc/e OOLIMX, Y pa3IMyHbIX BUAOB AuaToMeil. Tak, B HAKONUTEIb-
HBIX KyJIbTYpax, I/l Ha MleCYaHoM cyOcTpaTe pa3BUBAIMCh MHOTHE BU/IbI IMATOMEN, a Ha CTEHKaX SKCIepH-
MEHTaJIbHBIX COCY/I0B MOCEJISIMCh TOJIbKO HECKOJILKO BUIOB € Ipeod1aJaHieM Ha3BaHHBIX BbILlIE, IepelUId
Ha oOpasipl CBMIID smiiib OT/Ae/IbHbIE TAKCOHBI.

Tak, HakomutenbHass KyabTypa II HacumteiBaza 10 BuAOB OeHTMueckux auatomeill. W3 HuX
Karayevia amoena 06pa30BbIBaJl MHOTOUHMCJIEHHBIE U TUIOTHBIE KOJIOHHAJIbHBIE MIOCE/IEHHs Ha CTEHKAaX CO-
cyoB u3 [I9T® u paspexeHHbIe NOCE/ICHUsI — Ha IEeCUMHKAX Ha JHe EMKOCTH, Melosira nummuloides
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C. Agardh — HeMHOrOUKCIIEHHbIE KOPOTKHE LIEIOUYKH, a OCTaJIbHbIE BUBI U3 pooB Amphora Ehr. ex Kiitz.,
Diploneis (Ehr.) Cleve, Nitzschia Hassall u Fallacia Stickle et D. G. Mann yacTo BCTpeuasuch Ha recke
¥ U3pejIka — Ha CTeHKax cocyja. M3 HakonmuTeabHO#M KyibTypsl 11 nepemuiy k oOMTaHUIO Ha HOBOM CyO-
cTpate (IOPUCTOM IOJIMITUIIEHE) TOJIBKO JIBA NIEPBBIX YIIOMSHYTHIX Bua — K. amoena u M. nummuloides.

VccneioBaHus ¢ MOMOLIBIO CKaHUPYIOIETO JIEKTPOHHOTO MUKPOCKOIIA He BBISIBUJIM Pa3BUTUS Ha 00-
pasuax CBMIID GaktepualibHbIX KOJIOHUIA. B cBoo ouepenp, K. amoena chopmupoBaia Ha MOBEPXHOCTH
pazmuuHbIx 00pa3uoB CBMIID konoHuabHbIE OCENEHUS pa3HbIX THIIOB.

B cocraBe HakonuTeabHOM KyJIbTYphl I oTMeueHsl Tpu Buja us pojga Halamphora, nBa — Karayevia
Round et Bukhtiyarova ex Round, n1Ba — Nitzschia, onun — Navicula Bory. Bce GeHTUUeCcKHe JUaToOMen
KUK He TOJIbKO B NIECKEe Ha JHe COCy/a, HO U Ha CTEHKax, 00pa3ys Ha HMX IUIOTHbIE MATHA KOJIOHHAIIb-
HBIX MTOCEJIEHUI], B COCTaBe KOTOPBIX JOMUHUpoBasa H. cof feaeformis. Ha o6pasuax nopucroro CBMITD
TNIOCEJIWINCE TONBKO H. cymbifera, H. coffeaeformis u K. amoena. Tpetuii Bua B KyJbType I umen Mmopgo-
JIOTUUECKHE OTIMUMS OT TAKOBOIO B KyJbType Il u BeTpevacs peko, OTAeIbHBIMH KJIETKAMH, B TO BpeMs
KaK MepBble /1Ba BHjla 00pa30BaIi KOJIOHHAbHBIE NIOCEJIEHNS Pa3INUHbIX THUIIOB. JJOMUHUPYIOIMM BUIOM,
(popmupoBaBiIM Hanbosee OOMIMpPHBIE KOJIOHHUAIbHBIE Moce/leHus: Ha opuctoM CBMIID, 31ech Takxke
spisinach H. cof feaeformis. Ha nosepxHoctu o0pa3uos CBMIID u B JaHHOM 9KcIiepUMeHTe He ObLIO 3a-
(puKCcHpOBaHO GaKTepHaIbHBIX KOJIOHHIA, HO BCTPEYAINCh OT/e/IbHbIE KJIETKH TaJOYKOBU/IHBIX OaKTepHid.

Bce Tpu Buia, Mokaszasilve aKTUBHBIA pocT Ha nopuctoM CBMIID (K. amoena, H. coffeaeformis
u H. cymbifera), ABAA10TCS OEHTUUECKUMH M BeJlyT B IPUPO/Ie NPUKPEILIEHHDI 00pa3 KU3HHU, KOJIOHU3H-
py# pa3auuHble cyOCTpaThl (MOBEPXHOCTh MUHEPAIbHBIX IECUMHOK U PACTUTE/IbHBIX OCTATKOB, XUTHHOBBIE
NaHLMPU OTMepLINX Oecro3BOHOUHBIX). [Tpy 3TOM 10 Makpo- 1 MUKpOMOP(OJIOruM MaHLMPs, CIOCOOHO-
CTH K aKTMBHOMY JIBUKEHMIO U CTIocoOy 3aKperuieHus Ha cyOcTpaTe npejcTaBuTen poja Karayevia cy-
ILIECTBEHHO OT/IMYAIOTCS OT TaKOBbIX Halamphora [3 ; 10 ; 11 ; 19]. Kpaiine manonopasuxHas K. amoena
NPUKPEIUIseTCs K OBEPXHOCTHU CyOCcTpaTa BechMa IUIOTHO, U BCe NepeMellieHns e€ KJIeTOK CBOAATCS K To-
My, UTO BepXHSs JOUepHsis KJIeTKa I10cJie IeIeHUs OTIO/3aeT OT HUKHEN Ha PacCTOsIHUE, He TPeBbIILalo-
1iee, KaK [paBuIo, e€ JUIMHBIL. [Jo HaCTOAIIEro BpeMeH! He COO0LaIoch O CAMOCTOSATEIbHOM IepeMelleHIN
K. amoena Ha pacCTOSIHMSA 3HAUMTEILHO OOJIbLIIE [TMHBI €€ MaHLups. [TepeHoc KJIETOK 3TOro Bujia Ha HOBbIe
MecTa OOMTaHMs, CYLIECTBEHHO YAIEHHbIE OT MPEKHUX, POMCXOANT UCKIIOUUTENIBHO 3a CUET JeHCTBUA
BHEIIHUX (PaKTOPOB IIPH JABUKEHUH BO/Ibl WM ITPH NepeMelleHHH YacTHLL yKe 3aceI€HHOro UMH cydcTpa-
Ta. B yacTHOCTH, MBI paccMaTpuBaeM BO3MOXKHOCTD MepeHoca KJIETOK Ha nosepxHocts CBMIID (u3 co-
CTaBa KOJIOHUAJIbHBIX ITOCEJIEHUI HA CTEHKaX COCYJIOB M C MOBEPXHOCTHU IECYAHOrO IPYHTa) € TIOMOILBIO
Iy3bIPbKOB BbIJIEJIABIIETOCS MUKPO(UTAMH KMCJIOPOJIA, TAK KaK CTEHKU TUX ITy3bIPbKOB, OTAEIABIIMXCS
0T 00pOCTa, YacTo UMeu OypoBaThlii 11BeT. HanpoTus, kneTku H. cof feaeformis v H. cymbifera BeayT npu-
KPEIUIEHHBI 00pa3 KU3HU U MaJONOJBHAKHBI, OJJHAKO BCE e CIOCOOHBI NepeMellaTbCsl Ha PacCTOSHNUA,
BO MHOTO a3 NPEeBBIIIAOLINE JUIMHY MX NAHUUPS, YTO MOXKET OTpakaTbCs Ha XapakTepe (popMHPYEMbIX
UMM TnocesieHui [ 18].

Mbl HaOmoaanM TPU OCHOBHBIX BHJIa KOJIOHHAIbHBIX MOCEIEHHUM, MEKIYy KOTOPBIMH CYILIECTBOBAIN
nepexojHble (pOpMbL. ITO MO3BOJIAET MPEAINOJIOKUTh, UTO 3acesieHue nopucroro CBMIID K. amoena
IIPOUCXOJUT B TPH IOCJIEI0BATENbHBIX cTaanyu. CHavasla KJIETKH JaHHOW JMaTOMEM PaclpoCTPaHSAITCA
no cyocrpaty, (opMHUpys LENOUYKM NEepPBUYHOIN KOJIOHM3aluu (puc. 3). [I1s 3TOro OHM HCMOJIB3YIOT
BEPXYLIKU (rpeOHM) WM ke KpaeBble 00JACTH CKJIAJOK M XJIONMbeBUIHBIX (PParMEeHTOB MOBEPXHOCTH.
Llenouky 3TOro TUNa XapakTepu3yloTCs TePMUHAIBHBIM (BEPXYILIEUHBIM) POCTOM: OHH 00pa3yloTcsl BCieI-
CTBUE JIe/IeHHs KJIETOK U JajJbHEHIlIero nepeMelieHns Kaxkaoi BepXHeil JovyepHeil KJIeTKU OT HUKHEM
Ha HeOOJIbILIOE PACCTOSIHKE TIO MOBEPXHOCTH HanboJ/1ee BHICOKO BBHICTYNAIOIIMX 3JIEMEHTOB MUKpopebeda
obOpasua. HTepkajsgpHoe yIBOEHHE KJIETOK B TAKOM LIEMOYKE MPOMCXOMUT JIOKAIbHO U TOJIBKO B MECTax
«BETBJIEHUS» MHUKpopesbeda: K OCHOBHOMY HAlpaBIeHMI0 pocTa J00aB/IATCA OOKOBbIE OTPOCTKH,
TaKke yUIMHAIIMEC] TepMUHAIbHO. MOKHO IPeanoNoKUTh, YTO (POPMUPOBAHUE JAHHBIX LIENIOYEK —
5TO He TOJIbKO NEepPBUYHAsA KOJOHHM3alUA MOBEPXHOCTH, HO M IPOLIECC TOMCKA YYacTKOB, Ha KOTOPbIX
BO3MOKHO 00pa3oBaHue 0oJiee KOMIAKTHBIX KOJIOHHAIbHBIX TOCEIEHUIA.
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ITpu 1oCTHAEHMN TAKMMH LIETIOUKAMH YYaCTKOB pe-
abeda, XapaKTepusyIOIMXCs MO0 BBICOKON IUIOTHO-
CTBIO PAaCONOKEHHs CKJIAIOK (B OCOOEHHOCTH Ha XOJI-
MOBH/IHBIX TIOJHATHSAX), 1100, HAOOOPOT, OTHOCUTEIb-
HOW IJIAIKOCTBIO TIOBEPXHOCTH (BKJIIOUas JHO HEeOOJIb-
KX JIAKyH), HaUMHaeTcs oOpa3oBaHUE LETNOYeK BTO-
PUYHON KOJIOHU3ALMU. DTU CTPYKTYPBI (POPMUPYIOTCA
3a CUET YABOEHHUS YK€ HE TOJILKO TePMUHAIbHOM KJIeT-
KM B LIETIOYKe, HO M BCEX OCTA/bHBIX €€ KIJIETOK, JIO-
CTUTILIMX TaKoro yuactka. B pesysbrate oGpasyiorcs
TIPOJ0JITOBAThIE U3BU/IUCTBIE WM BETBALLMECS CTPYKTY-
PBl M3 KJIETOK, PacIOJIOKEHHbIX B J1Ba psjla «I10 MPUH-
Uy €10uku» (mapkeT «&nouka») (puc. 4). Eciu ne-
TOYKa NePBUYHON KOJIOHHU3ALMU MeIa CYLIECTBEHHbIE
(nmHOM x0T OBI B 1-1,5 KJIeTKM) MHTepBabl (pa3pbl-
Bbl), TO U3 He€ MOIyT 00pa30BaTbCsl HECKOJIBKO LIETIO-
YeK BTOPUYHOI KoJoHu3aluu. [1py KBa3noaHOpoJHOM
Xapakrepe MUKpopelbeda 1enoYKky NepBUYHOiA, a 3a-
TeM U BTOPUUHON KOJIOHU3ALMH CIIOCOOHBI TOK PBITH 10~
BEPXHOCTb CyOCTpaTa J0BOJILHO TYCTOH CeThio (pHC. 4).

Llenoykyu BTOPUYHOI KOJIOHM3ALMK [Jal0T Haya-
JI0 «sA7ipaM», WIKM HauOoJjiee TUIOTHBIM, MHULMAIbHBIM
IpyIIaM KJIETOK, IIPU pa3pacTaHuy KOJOHUAIbHBIX I10-
cenenuid. IIpozoikas yacTo ygBauBaThes B COCTaBe Lie-
TIOUeK BTOPUUYHOH KOJIOHW3aLMHU, KJIETKU K. amoena
3((PEKTUBHO PaCHpPOCTPAHAIOTCA II0 YYacTKy C Bbl-
COKOHM IUIOTHOCTBIO CKJIAJOK (4acTo IO «XOJIMY»)
WJIM K€ 10 OPAHUYEHHOMY YUacTKy OTHOCUTEJIHO POB-
HOI1 ITOBEPXHOCTH, 3aIOJIHASA BCIO JOCTYIIHYIO €ro IIo-
mazap. Tak (popMupyerca TpeTbs CTaus KOJIOHU3ALMH,
WIH «IUIalIeBUHOE» TocelieHue (puc. 5).

Ob7acTh, MOKpbIBaeMasi TAKUM IOCEJIeHUEM, 3aBU-
CUT OT MaciTaba MPOCTPAHCTBA 3JI€MEHTOB MUKpO-
peabeda, odecrieunBaloIIero ero pasputie. OTMeTHM,
YTO 3TH OOIIMpHBIE MOCeIeHHs, 00pa3oBaHHbIE 3aya-
CTYIO M3 COTEH U ThICAY KJIETOK, COCTOAT U3 OoJiee Mell-
KHUX (DparMeHTOB MO3aUKH, WM «IIAT€H» CXOJHOi KOH-
(uryparuu [1]. «IIsTHA» OBIBAIOT XOPOIIO PA3IMYUMBbI
10 y3KUM M3BH/IMCTBIM 3a30paM Mexk/y HUMHU, a Tak-
’Ke T10 HAIpaBJIeHUIO OCeil KJIETOK, U3 KOTOPBIX COCTO-
AT. DTU «IATHa», KaK MPaBUIO, BBIIVIAAAT Oyropkamu
B COCTaBe IOCEJIEHUs], PACIIOJIaraloTCcsl M0 OTHOLLIEHUIO
ApYr K JpYry IOJ pa3sHbIMU YIIAMH U COOTBETCTBY-
I0T ouaraM MHTEHCHUBHOIO jiejieHusi Kietok. IIpu pas-
BUTHUHM OCOOEHHO I'yCTOTO «IUIAIIEBUTHOI0» IOCEIeHUS
OHU OTOOpaKalT OCOOEHHOCTH MOBEPXHOCTU MUKPO-
penbeda, Ha KOTOPOil IPOMCXOJUT UX (POPMHUPOBAHME.
Ha o6pasuax CBMIID pa3inuHOil MOPUCTOCTH TaKHe

Mopckoit 6uosnornueckuii xypHan 2020 Tom 5 Ne 2

Puc. 3. llenouku nepBUYHON KOJOHM3ALUU
nopuctoro CBMIID  knetkamu  Karayevia
amoena. Ha niepeiHeM IJIaHe LENOYKU NPOXOAT
10 rpeOHsAM CKJIAJI0K cyOcTparta (2p)

Fig. 3. Primary colonization chains of porous
UHMWPE by Karayevia amoena  cells.
In the foreground, the chains pass along
the crests of substrate folds (zp)

Puc. 4. llenoyku BTOPHYHON KOJIOHU3ALIUU
(yn2) nopucroro CBMII3 nuaromeeit K. amoena.
CTpyKTyphl M3 KJETOK, PacHoOJIOKEHHBIX B [Ba
pAzia «I10 MPUHLIUITY €JI0UKK» (MTAPKET «EJI0UKa»).
CyOcTpaT npejicTaBIeH MEIKUMH XJIOMbEBH/IHbI-
MU (pparMeHTaMU (x.2n) OTHOCHUTENIBHO POBHOIA
MIOBEPXHOCTH

Fig. 4. Secondary colonization chains
(yn2) of porous UHMWPE by diatom K. amoena.
Cell structures arranged in two rows according
to “herringbone principle” (“herringbone”
parquet). The substrate is represented by small
flocculent fragments (xan) of a relatively flat
surface



®. B. Canoxnukos, A. M. Caiumon, A. M. KopcyHckui,

96 O. I0. Kanununa, ®. C. Cenaros, E. C. CratHuk, 1O. IIBeTuHOBUY

«IIATHa» pa3IMyaloTcst oouineM Kietok. [Tpu goctuike-
HUH TIpefie/IbHOM TUIOTHOCTH YIIAKOBKH, KOT/1a KJIETKU
TnocesIeH!s1 y:Ke MOKPBIBAIOT cyocTpat B 1-1,3 MIOTHBIX
CJI0S1 ¥ HAYMHAIOT MPUIIOJHUMATHCA HA HUM B BHUJE
Oyrpa, OHM NepecTaloT MacCoBO JEIUThCA, KaK OTMeue-
HO B COCTaBe OOIIMPHBIX PAaCIPOCTEPTHIX «ILIAILEBUI-
HBIX» M0CEeJIEHUI. 3a(pPUKCUPOBAHO TaKke, UTO MEPUO-
JIMUECKH, B YCIOBHMAX MaJIOi IUIOIAAM AOCTYITHOM OT-
HOCHUTEJIbHO POBHOM IOBEPXHOCTH, KJIETKU MPOIOJIKA-
10T YJBOEHHE ¥ HAUMHAIOT aKTHBHO MPeoOpa30BbIBATh
cyOcTpar, Kak 310 OyJeT OMMCaHO HUKeE.

Npe/CTaBleHa B OCHOBHOM OTHOCHMTE/IBHO IIIaJKUMU
xjonbsaMu mupuHoit 20(30)-80 MKM, M30pBaHHBIMU
0 KpasiM, pa3Mep LieroveKk NMepBUUHON KOJOHU3ALUU
Konebascst oT 2 1o 12 kiIeTok (B cpeaHeM — 1o 3),

C

1IeNIoYeK BTOPMYHOI KOJIOHM3allUM Ha CTaJuU OOWJIb-
HOro (popMHUPOBaHUS «EIOUYEK» U TOKPHITUS cyOCcTpa-
Ta TYCTOH CEeTbl0 BapbUpOBal 37ech OT 3 10 23 Kile-
TOK (B cpeHeM — 9,94), ¢ nmpeobiaaHueM 1ernovexk
no 6-11 kneTok (Ha MX JOJIO TMPUXOAMIOCH CyMMap-
HO 48,75 %) (puc. 6). B cBolo ouepesp, pazmep «Iisi-
TeH» Kojebaiacs oT 9 10 73 KIeTok (B cpeHeM —

Ha yuactkax noBepxHocTu obpasiua Ne 8, kotopas

npeobnaganueM Lenouek 1o 3—4 kietku. Pasmep

31,01); nanbonee KpynHble U3 HUX UMM BETBUCTHIE ;
OuepTaHHS. Puc. 5. BHemHuit BUJ YUYacTKOB «IUIALIIEBH]I-

HUil npeobaagamy (cyMmapHo 65 %) «msiTHa» paszme-

HBIX» ToceNeHuit K. amoena Ha TOBEPXHOCTH
Mexk1y TeM B CTPYKType «ILIAIEBUIHBIX>» T1OCEJIe- nopucroro CBMII3 (ripu pa3HoM yBeIMUEHUH)

Fig. 5. View of “cloak-like” areas of K. amoena

pom 19-35 kietok (puc. 6). Beero 6bu10 yuTeHo pacrio-  settlements on the surface of porous UHMWPE

noxkenue 12 404 nanuypeii B cocrabe 400 «isTeH». (at different magnification)
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Puc. 6. PacripefeneHue 4acToT pa3MEpHBIX KJIACCOB «IISTEH» B COCTABE «ILIALLEBUIHBIX» KOJOHHAJILHBIX
HocesIeHUi Ha MOBEepXHOCTH oOpa3ia Ne 8

Fig. 6. Frequency distribution of size classes of “spots” in “cloak-like” colonial settlements on the surface
of sample No. 8
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Ha nosepxHoctn obpasua Ne 10 ckiaaguatocTs ObUla cyllecTBeHHO Bbille. Tak, MUKpopenbed ObL1
M3BUJIMCTBIM M MEJIKOCKJIAYaThIM, COCTOST U3 TPEXMEPHO BETBAIIUXCSA CTPYKTYP, MOKPHITBIX MO3aHKON
MeJIKUX TUIOCKHX Y4acTKoB (40—-60 MKM 1o HauGosbIleil OCH), pacroNoKeHHbIX B Pa3HBIX IUIOCKOCTSIX
M pa3/leJI€HHBIX TOHKUMHM HEBBICOKMMHM CKJIaJlouKaMH-Oapbepamu. Llenouku nepBUYHON KOJIOHM3ALUU
MMeJIU 37Iech JUIMHY 2—8 KJIeTOK (B cpeiHeM — 3—4 KJIeTKH); IeNOUKH BTOPUYHO# KOJIOHM3ALIMK COCTOSLIN
13 3—15 Kietok (B cpeHeM — 5-8 KiieTok; 60 % npuUXoauIoch Ha LIETIOUKH TaKoi pa3MepHOCTH) (puc. 7).
«[TatHa» cocTostmm U3 5-26 Ki1eTok (B cpeiHeM — 17), HO mpeo6iaany cpeid HUX CTPYKTYpPhI ABYX TH-
1noB — cpopmMupoBaHHble U3 14—-16 1 u3 19-21 KkieTku, B 3aBUCUMOCTH OT OCOOEHHOCTEl MUK popebeda
nosepxHocTH (puc. 7). Ha ganHOM 0oOpastie Ob110 yuTeHo 9 520 nanuupeii B coctaBe 560 «aTen».
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% otuncna "narten” B "nnawesngHom"

Puc. 7. PacripefienieHre 4acToT pa3MEpHBIX KJIACCOB «IISITEH» B COCTaBE «ILIALIEBUIHBIX» KOJIOHHAILHBIX
THOCeJIeHUI Ha oBepXHOCTH oOpasua Ne 10

Fig. 7. Frequency distribution of size classes of “spots” in “cloak-like” colonial settlements on the surface
of sample No. 10

BaxHO OTMETUTb yCTAHOBJIEHHYI0 HAMU CHOCOOHOCTb K. amoena K MOAW(UKALMU MUKpopeibeda
CBMII3: ¢ 01HO# CTOPOHBI — 3a CUET OUeHb IIOTHOTO NPUKPEILIEHUS KJIETOK K OBEPXHOCTH 00paslia,
C Ipyroit — 3a CUET UX CHHXPOHHOTO JiejleHus1 B pafax. [Ipu paccMoTpeHnt (pparMeHTOB pa3BUTOro 00po-
cTa Ha yBearueHu X3000 3a(puKCHpOBaHbI CJIEAYOIIME TUIIBI AepopMalii [IOBEPXHOCTH TOJIUATHIIEHA
KJIETKaMH IMaTOMEN.

TlepBbiil TUN Npe/CTaBIsAN OO0 rpedHH MPOTSKEHHOCTbIO 20—-30 MKM, BblIaBJIeHHblE MAHLIMPSIMU
JuaToOMeil BCIeCTBHE YIUIOTHEHUS 00pocTa ¢ 00erX CTOPOH OT CKJIaaku. IlocieoBartesbHOe yaABOEHUE
PANOB KJIETOK, IUIOTHO MPUKPEIUIEHHBIX K CyOcTpaty, Mo oOe CTOPOHBI OT HEBBICOKOW, HO LIMPOKON
CKJIQJIKH CO BCTPaMBaHHEM Mek/ly HUMU HOBOOOPA3yIOIUXCs PSAJOB MPUBOANIIO K PACTATMBAHUIO CAMOTO
cyOcTpara: CKJIaJiKa BBITATMBAJIAcCh B y3Kuii rpedeHb. Ha Takux rpeGHsAX pocio 1Mo HeCKOJIbKO KJIETOK, Ha-
XOZIMBILMXCA B cyOCTpaTte B JIyHKaX, KOTOpble 0TOOpakaiu ouepTaHus naHuups (puc. 8). JIyHku mMormu
cpopMHpoBaTLCS 3a CUET 00KATHA ITUX KJIETOK, MPOJOIKAMINX IUIOTHO YAEPKHMBAThCS HA CBOMX Me-
CTax, NMpH MOJHATUU KPa€B BEPXYLIKU IpeOHS 3a CUET ero pacTAKEeHUs: B BHICOTY, COIPOBOKAAIOIIETOCs
BbIKMMaHHeM OPOBKHU B BAJIUK.

Bropoii Tun 00pa3oBbIBaIM OTXKaThle M MCTOHUMBILIMECS KpaeBble OONACTH IUIOCKMX YYacTKOB
TMIOBEPXHOCTH, 110 KpasM KOTOPBIX HAXOAWIKCh AUATOMEH B JIyHKaxX 110 (popme naHuups (puc. 8).

Oba Tumna 3J1eMeHTOB KPYIHOIA (M0 OTHOLIEHUIO K MaHIMPAM) AeopMaliy 00pa30BbIBAIUCH BCIIE/I-
CTBUE Pa3pacTaHUS LIETOUeK KJIETOK B IMMPUHY (YABOEHHMS), a TaKKe M3-3a TOTO, UTO MAHLMPH ObLIU
IUIOTHO MPUKPEIUIeHbl K NMOBEPXHOCTH, a HOBOOOPA30BaHHbIE PSA/bl KJIETOK BCTPAMBAIMCh MEKIY YikKe
TNPUKPEIUIEHHBIMH PAZAMH, IIPU 9TOM pacTAruBas cyocTpar.

Mopckoit 6uosnornueckuii xypHan 2020 Tom 5 Ne 2
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Puc. 8. Jlepopmaninu noepxHoct CBMIID knetkamu K. amoe-
na 1pu (OPMUPOBAHUM «IUIAIIEBUIHOTO» ToceneHus. Kietku
Ha OpoBKe IpebHs (k6zp), BBIIABICHHOTO M3 HIMPOKOW CKJIAJKH
cyOcTpara IUIOTHBIMH pAJaMU KJIETOK (kép), CUIAT B JIyHKax, 00-
Pa30BaBIIMXCS PU BbIJABIMBAaHUU OPOBKHU B Bujie Baymka. CieBa
BHJ/IHA KJIETKA B JIYHKE (K.Kpa) Ha OTKATOM y4yacTKe KpaeBoii 00-
JIacTH (BBIKATBIN BaJIMK 0OpaMIseT KIIETKY CleBa)

Fig. 8. UHMWPE surface deformations by K. amoena cells during
the formation of a “cloak-like” settlement. Cells on the edge
of the crest (kozp), squeezed from a wide fold of the substrate
in dense cell rows (kep), sit in the wells formed by extruding
the brow in the form of a fold. The cell in the well (kaxpa) is visible
on the left in the wrung-out part of the marginal area (the squeezed
fold frames the cell on the left)

CoBepi1IeHHO 0cO0Oble BTOPHUHbIE CTPYKTYPbI, (hopmupyemsle K. amoena us CBMITD, oTmeueHsb! Ha I10-
BepxHocTH oOpasiia Ne 8 (puc. 9). Ilpu JocTHAEHUM MaKCUMAaJIbHO# IVIOTHOCTH 3acesIeHHsl POBHOTO yJacT-
Ka, OTHOCHTEJIbHO HeOOJIbLIOrO MO IUIOIAAH, KJIETKM HAYMHAIN TPaHC(OPMALMIO ero MOBEPXHOCTH, MC-
10/1b3y5 IVIOTHOE NMPUKPEIUIEHHE K CyOCTpaTy U yBeIMUYEHHE YNCIa COCEICTBYIOIMX PSAJOB M PacTAruBast
TeM CaMbIM TOJIMMEpHBIi cyOcTpar.

Cnauana (popMupoBaICs KOJIBbLEBOM PsJl, PaCloNOKEHHBIN M0 Kpar y4yacTKa (puc. 9a), 1 HAUMHAIOCH
€ro y/IBoeHHe B 00e CTOPOHbI C TOCTENIEHHbIM BbI1aBJIMBaHHEM IIOBEPXHOCTH CYOCTpaTa B HEBBICOKHIA KOJIb-
1IeBO# BaJIMK. 3aTeM, OTWIEHSS B IpoLiecce JieJIeHnii BCE HOBbIE Ps/ibl B 00€ CTOPOHbl — BHYTPb U Hapy-
Ky OT KOJIBLIEBOTO psia, JMaTOMEeH BbIKMMAIM BAJIMK yXke B KOJbLEBYIO CTeHKY (puc. 9b). Paael BHyTpH
TAKOIO CTPOSAIIETOCcs «KOJIO/La» MOIyUald 3aBeIOMO MeHbIlIe CBeTa U OUOTEHOB, YeM ps/ibl CHAPYKH, TI0-
CKOJIbKY (pOpMHPOBAJIOCh M0JIy3aMKHYTOE IIPOCTPAHCTBO. B pe3ysbTate KOIMYECTBO PALOB CHAPYXKH POC-
710 OBICTpEe, B TOM UHCIIE 32 CUET UX MHTEPKAISPHOTO YIBOSHUs BBEPX M BHU3 I10 BCEHi BBICOTE «KOJIOLA».
CTeHKHU «KOJIOALa» OT 3TOr0 BBITMOAIMCH HAPYKY, (POPMHUPYS «TOPIIOK» (pUC. 9¢).

Puc. 9. I'nydokas pedopmanus noepxHoctd noprcroro CBMIID pacTylinM KOJOHHATBHBIM TOCEIEHUEM
K. amoena: a — o0Opa3oBaHHE KOJIBLIEBOTO BAJIMKA; b — CTajus BbIABIMBAHUSA BaINKa B KOJIBLEBYIO CTEHKY;
¢ — cTajius «ropuika»; d — opMupoBaHue pparmMeHTa «IUIaeBUJHOT0» MoceseHus B (hopme 1mapa, BHyTpH
00pocTa — BBIJABJICHHBII TVIOTHHIME PSIAMH KJIETOK B (popMe «ropiika» pparmeHT noBepxHoctd CBMIID;
€ — PacHoJI0KEHHE BBICTYNAIOIMX (PPArMEHTOB «IUIAILEBUIHOIO» MOCEICHHS B (JOpPME «TOPLIKOB» U LIapOB
Ha (PpOHTANILHO# NoBepXxHOCTH ropuctoro CBMITD

Fig. 9. Deep deformation of the surface of porous UHMWPE by the growing K. amoena colonial settlement:
a — formation of an annular fold; b — stage of fold extrusion in the annular wall; ¢ — stage of the “pot™;
d — formation of a fragment of a “cloak-like” settlement in the form of a sphere, inside the fouling there
is a fragment of UHMWPE surface extruded by dense cell rows in the form of a “pot”; e — location
of the protruding fragments of the “cloak-like” settlement in the form of “pots” and balls on frontal surface
of porous UHMWPE

Mopckoit 6uonoruueckuii xxypHan 2020 Tom 5 Ne 2
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Ha nosguux cragmsax (popMUpoBaHHMs TaKOW CTPYKTYpbl CBET M OMOTeHbl NPAKTUUYECKHU IepecTaBa-
JIM TIOCTYNaTh B €€ BHYTpEHHee IPOCTPAHCTBO Yepe3 Y3Koe ropso. B 3ToT mepuon pocT umcia Kie-
TOK TPOJOJIKAJICA TOJIBKO CHAPYXH, — U JUaTOMEU B pAgax (pOpMHUPOBAIN YKe KOPOTKHE I0CI/IeJ0Ba-
TEJIBHOCTH U3 3—4 KIIETOK, 00pa3ysl «(pHHa/IbHble MATHA» 000J04KU. Takue «(UHaIbHBIE MATHA» pac-
M0JIAraJINCh 1107l Pa3HBIMU YIVIaMH JpYTr K Apyry. B KoHeuHoii cragum popmupoBajoch nogodue Iua-
pa (puc. 9d): TepMHUHAILHOE OTBEPCTHE Pa3/lyBLIErOCs «TOPIIKa» 3aKPhIBAIO «IATHO» U3 AUATOMEl Ha-
PYKHOi# 000J0uKM. [luamMeTp TUX BbIAABIEHHBIX CTPYKTYp COCTaBIsI ~ 60 MKM Ha CTajuu BajuKa
u ~ 80 MKM Ha CTaJ{H «TOpILIKa»; 00bEM B C(OPMUPOBAHHOM Bujle — ~ 270-290 mMkm>. PaccrosiHue
Me:KIy «TOpIIKaMK» Ha (PPOHTAJIBbHONM MOBEPXHOCTH 00pa3La AOCTUTAJIO TIPU PEIKOM HX PacrojIoKeHNH
300(400)-600(700) MKM, a IpH YACTOM pacHoIokeHHH, BKIovas napHoe, — 10(40)-700 mkm (puc. 9e).

Kononusaiuss noepxHocTd nopucroro CBMIID B Tommuyy obpasia Npoucxoauia Ha IiyOMHY
o 150-200 MKM — Kak B BHJE LIETIOUEK NEepPBUYHON KOJOHM3ALMU T10 JHY KaBepH, TaK M 3a CUET LIU-
POKHX «ILIALIEBU/HBIX» MOCEIEHHI Ha y4acTKaxX NIyOOKO# CK/IaquaToCTH (PPOHTAILHON MOBEPXHOCTH.

IMocnenoBarenbHOE (POPMUPOBAHUE TEX K€ TPEX CTaui KosoHu3auuu nopucroro CBMIID ormeueHo
v 114 H. coffeaeformis, HO cO CBOUMU OCOOEHHOCTAMU. Bo-nepBbIX, IENOUKH NEPBUYHOI KOJIOHU3ALIUU
y 9TOTo BiJa ObUIH CYIIIECTBEHHO OoJlee pa3pekeHHBIMH (3a CUET TepeMelleHHs J0UePHHX KJIETOK Ha 60.Ib-
ILIMe PacCTOSAHMA Mocie eieHns). Bo-BTophIX, B UX cOCTaBe yallle HaO/oaau MHTEPKaIApHOe JeJIeHne
KJIETOK, ¥ 3TO He BCerja COMpOBOKIANOCh OTPACTAHUEM OOKOBBIX «BETBEH» 10 MOAXOAAIMM yJacTKaM
MHKpopebeda. B-TpeTbrx, nepBuUHas KOJIOHU3ALMs IIPOMCXOAUIIA HE TOJIBKO 10 BBICTYIAIOIIUM, MHO-
rocKJIaa4yaThiM yuacTkam (Ha oOpasuax Ne | u 2), HO U 110 BOTHYTBIM 2/IeMEHTaM pelbepa — Kak Ha I10-
BepxHocTH oOpasua Ne 3 (puc. 10). 3aech mMpoKye, TULIEHHbBIE JOOJIHUTEIbHON CK/IaI4aTOCTH U IUIaB-
HO m3rudamnmecs «aonacti» (mmpuHoi 200—400 MKM) 4acTo nepeMekaanuch ¢ IMPOKUMU KaBepHAMU
(200-700 MxM o HauboJIbLIEH OCH), ITyOUHA KOTOpBIX cocTaBsia 200-500 MkM. B cBoto ouepeib, camu
Jonacty, G1arogaps cBouM nsrudam, mormm gocturath 300-700 MM 1o BeicoTe. Tem He MeHee (popmu-
pOBaHKe LIENOYEK BTOPUUHON KOJIOHU3ALMH ITPOMCXOIUIO N0 «KpsKaM» U KpasM KaBepH BO (DPOHTalIb-
Ho# noBepxHocTd CBMIID no ToMy ke MPUHLIUNY «ITapKeTYaToro» YABOEHUS PSIOB, Kak y K. amoena,
WM TTyTEM YBEIMUYEHHS UMC/Ia KJIETOK B LIENIOUKE B BUJIE ITyUKOB. B-ueTBEPTHIX, pa3sBUTHE 0COOO KPYITHBIX
«TUTAILEBUIHBIX » NIocesieHuii H. cof feaeformis dallie Bcero oTMeuasy o KpasiM KpyIHbIX KaBepH (puc. 11),
a Oosiee MeJIKMX — 10 BEPXHUM KpasM «jonacTeil» (Ha odpaste Ne 3) wim e 1o «xoiaMam» (Ha oOpas-
nax Ne 1 u 2) (puc. 12). BBuagy pa3pekeHHOCTH LieNIOUeK MepBUYHOI U BTOPUYHON KOJIOHM3ALMH, a TaK-
K€ CEeTYaToro XapakTepa «IIATeH» JOCTOBEPHO BBIIEIUTb UX THIIMYHBIE pasMepsl Ui H. coffeaeformis
He MPEe/ICTaBIAETCA BO3MOKHbIM.

Haxonen, H. cymbifera BoBce He (popMHpOBaja LEMOYEK NEPBUYHON KOJOHM3ALUK Ul TTOMCKA TO-
T0JIOTMYECKH MOAXOAAIMX YYaCTKOB NOBEPXHOCTH. KpyIHbIe KJIETKH 9TOT0 BUjA MO0 000CHOBBIBAINCH
Ha IPUTEHEHHBIX YUacTKax MUKpopebeda v JaBaayd TaM Hayajlo OYeHb IUIOTHBIM, KOMITAKTHBIM KOJIOHH-
aJIbHBIM TocesieHusIM (Ha oOpasue Ne 3) (puc. 13), 1100 nocensIuch OAMHOYHO MO KpasM KaBepH, cpeu
TYCTBIX nocenieHuit H. cof feaeformis (Ha odpasuax Ne 1 u 2) (puc. 12).

Q

Q

Puc. 10. Lenouku nepBuyHON
(ynl) wm BTOpUYHOU (yn2)
KOJIOHM3allMM  TOBEPXHOCTU
nopuctoro CBMII3 knetkamu
Halamphora coffeaeformis

Fig. 10. Primary (ynl) and
secondary (yn2) colonization
chains of surface of porous
UHMWPE by Halamphora
cof feaeformis cells
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100 mkm

Puc. 11. KpynHoe «mnameBuaHoe» nocenenue Halamphora coffeaeformis mo Kpawo KpYMHOW KaBEpPHBI
Ha (poHTaIbHON MoBepxHocTy mopuctoro CBMIID. B neHtpe cHuMKa — oOT/e/NbHAas KpynmHasi KJETKa
H. cymbifera (H.c.)

Fig. 11. Large “cloak-like” settlement of Halamphora coffeaeformis along the edge of a large cavern
on the frontal surface of porous UHMWPE. In the center of the image there is a separate large cell
of H. coffeaeformis (H.c.)

Puc. 12. Hebosblume «mateBuHse» nocenenus Halamphora cof feaeformis 1o BepiIMHAM XOJIMOBUIHBIX
HOJHATHUH (xn) IyCTOCKJIaAuaToil noBepxHoctu nopucroro CBMIID

Fig. 12. Small “cloak-like” Halamphora coffeaeformis settlements along the tops of hill-shaped uplifts (xn)
of the densely folded surface of porous UHMWPE

Puc. 13. TInotHoe M KOMIIAKTHOE KOJIOHMalbHOE moceneHue Halamphora cymbifera Ha TpUTEHEHHOM
(«retmepucToM») yuacTke (ny) Mukpopeibeda nopucroro CBMITD

Fig. 13. Dense and compact Halamphora cymbifera colonial settlement in the shaded (“cavernous”) area (ny)
of porous UHMWPE microrelief
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Pa3mMepbl KOMITAKTHBIX NocenieHuit H. cymbifera BapbupoBaiu ot 6 10 32 KiieTok (B cpeiHeM — 17,08).
[TpeobGnagany rpynmst no 1418 kietok (B o01eii cnoxHocTH — 32 %).

3akirouenue. Pe3yibTaThl 5KCIEPUMEHTOB 110 U3YUeHHI0 00pacTaHus JUaToMesMH 00pasLioB CBEpPX-
BbICOKOMOJIEKYJISIPHOT'O MOJIMSTU/IEHa HUKOTO IaBJIEHUSA C Pa3HO# CTPYKTYpOil MUKpope/beda MoBepXHO-
CTH TO3BOJIWJIY BBISIBUTD P/l OOIIMX XapaKTePUCTHK npoliecca. ObpacTaHus NoBepXHOCTH r1agkoro CBM-
[13 e npousomnuio. O6pasisl noprctoro CBMITD KoI0HU3MPOBAIN KJIETKH C pa3IMuHOI Mopdoioruei —
axHaHTouwl (Karayevia amoena) u ampopousisl (Halamphora spp.), o01aaoliye HeOJMHAKOBBIMU MeXa-
HU3MaMH aJre3uy K MOBEPXHOCTH CyOCTpaTa, HO MPOsBUBLINE OOLME CTPaTeruy MPH OCBOEHUH OT/INYA-
IOIMXCS 10 MUKpopesbedy oOpasios. [{nsa BuioB 01M3Kux pasmepoB (K. amoena u H. coffeaeformis,
pa3MepHblil K1acc ~ 10-18 MKM) BbIfIBIeHbl TpH OOLIMe MOC/IeJOBaTe/lbHble CTaauu (POPMHUPOBAHUSA
KOJIOHMAJIbHBIX TIOCEJIEHUM: 1) 1IeNOYKM MEepBUYHON KOJIOHM3ALMK, C MOMOLIbI0 KOTOPBIX KJIETKU pac-
ceNsIUCh Mo cyOcTpary; 2) LeMouKd BTOPUYHOM, WIM IUIOCKOCTHOM, KOJIOHU3ALMU; 3) pacrpocTépThie,
WU «IUIALIEBUIHBIEY, TTOCEIeHH S, C(POPMUPOBAHHBIE U3 «IIATEH».

IlepBas 1 BTOpas cTauK KOJOHU3ALUK PacIIPOCTPAHSIIMCh TPEUMYIIECTBEHHO 110 BBICTYIAIOIMM 3J1e-
MeHTaM MHKpopejbeda, a TpeTbd — Ha y4acTKaX OTHOCHTENIbHO POBHBIX MJIM ke MCIIELIPEHHBIX Mellb-
YalIlIMMH, TYCTO PacroOKEHHBIMU CKJIaJKaMHM, IJle KakJas KJIeTKa MPUCOeIMHAIACh cpa3y K JBYM-
TpéM cKJazkaM. Ha yyacTkax ¢ MakCMMaJIbHO IUIOTHOM CKJIaIYaTOCTBIO WM C OTHOCHTENIBHO IJIaJIKOM
MOBEPXHOCTBIO 00a BHIA (POPMUPOBAIN OOLIMPHBIE «IUIALIEBUIHBIE» IOCENeHUs, Haubojee OOUIbHbIE
Ha MPUIOJAHUMAIOIIMXCA HaJ OOIIMM ypPOBHEM (PPOHTaJIbHON TMOBEPXHOCTH «XOJIMaxX» U «JIOMACTAX».
Ha Bcex o0Opasuax, rje MUHUMaJIbHBII TOBTOPAIOLIMICS Y4aCTOK CKJIa4aToi IIOBEPXHOCTH ObLI CONOCTa-
BHM 10 IUIOIIAIM ¢ pa3MepaMu KJ1eTok (0T ~ 10 : 1 go ~ (50...100) : 1), ormeueHo popMHUpOBaHHE «IIs-
TeH» 3 GoJliee-MeHee ONpe/IeIEHHOTO YiC/Ia KIETOK, CBOUM PacroyiokeHHeM MOBTOPSIOIIMX 0COOEHHOCTH
MUKpopesibepa 1 00pasyolyX «IIaleBUIHbIe» OCeIeHHUS.

[ns K. amoena BnepBble OTMeUeHa CMIOCOOHOCTb K Moudukaiuu noepxHoct CBMIID — 3a cuér
KpaiiHe TUIOTHOTO NMPUKPEIUIEHNs KJIETOK K cyOcTpaTy U, Kak C/e[CTBUE, PACTATUBAHUSA 3TOM MOBEPXHO-
CTH IIpH YBEJIMUYEHHUH UUClIa PANOB KJIETOK. B oHMX ciayvasx mMoauguKalus Bepakaaach B TOUEUHOM
pacTArMBaHUM KPAeBbIX 30H MeJIbUaiIlIMX POBHBIX YUAaCTKOB, IPUTOJHBIX Ul pa3pacTaHUsl pacIpoCTEp-
ThIX NOCeNIeHniA. B apyrux ciayvasnx tpaHcgopMalya 3aK/ovanach B BBZKUMaHUM MIOBEPXHOCTH yUacTKa
B (popMe KoJIblia U B JajIbHedIeM (JOPMUPOBAHUU «TOPLIKA» C BBITYK/IBIMU CTEHKAMM.

Ha nosepxHocTH 00pasiia ¢ MUHMMAaJIbHOM CKJIaguatocTeio H. coffeaeformis (pa3mepHblii Kiacc
~ 10-18 MKM) MCII0JIb30Ba/IM U1 KPYITHBIX KOMIIAKTHBIX IOCE/IEHUI IPUTEHEHHBIE YYACTKH — I10 Kpasm
KaBepH, BO BMATHUHAX I10 U3rMdaM «JIonacTei» M Ha y3KHX Mepelleiikax Mexk 1y kaBepHamu. B aToMm ciryuae
ILIOMIA/Ib MUHUMAJIbHOTO OTHOCUTEJIBHO OJJHOPO/IHOIO YUacTKa 3HAUMTEIbHO IIPEBOCXO/IMIIA ILIOIIA/Ib Kile-
TOK JJAHHOTO Pa3MEPHOTo KJlacca; OHM MPEANOUMTAIN YYaCTKH, 3alMIIEHHbIE OT ABUAKEHHS BOJIBI U IIps-
Moro ocBellleHUs. bonee KpynHble K1eTku H. cymbifera (pa3MmepHslii Kiacce ~ 30-35 MKM) Ip1 MUHAMAJIb-
HOM CKJIAJTYaTOCTH TaKKe YXOIU/IHU B «T€Hb», HO UCTIO/Ib30BaIM G0Jiee CONOCTaBUMBIE ¢ OO0 10 MIoMmaan
YUaCTKH Ha JIHE HerMyOOKMX KaBepH.

Takum 00pa30oM, BBISIBJIEHO, UTO MPU KOJOHU3AIMK Pa3IMUHbIX 00pa3ios nopuctoro CBMIID nuato-
MOBbIE BOJIOPOC/IH 00pa3yl0T YCTOMUMBbIE, TIJIOTHO aCCOLMMPOBAHHBIE C MTOBEPXHOCTBIO MOCEJIEHH S, MOp-
(bororus KOTOPBIX TECHO CBA3aHa C 0COOEHHOCTAMU MUK popeibeda oBepXHOCTH. ITpu cooTBeTCTBYI0IIIEH
00paboTKe MOJTyUYeHHBIX KOMIIO3UTOB, MO3BOJIAIIIEH N30aBIATHCA OT OPraHUYECKOTO COAEPKUMOTO Kile-
TOK IMaTOMeEH U OUMIIATh MX MAaHIMPU, CTAHOBUTCSI BO3MOKHBIM ToryueHue odpasuo CBMIID ¢ ycroii-
UMBO OMOMHMHEPAIM30BAHHON MOBEPXHOCTBIO, CyMMapHas IUIOIIA/b KOTOPOW Ha HECKOJIbKO TOPSIKOB
OosblLIe TUIONA/IU NIepPBOHAYAIbHON MTOBEPXHOCTH.

Paboma evinoanena npu Uacmu4yHoll ¢MHaHC080L7 VIO()()(:‘[JDICK(:‘ Zparnmoes Jlonoonckozo KoponescKkozo o6u¢ecm@a
(Ne IEC/R2/170223) u Poccuiickozo ¢ponoa pynoamenmanvHelx uccaedosaruti (Ne 19-55-80004).
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FEATURES OF FORMATION OF COLONIAL SETTLEMENTS
OF MARINE BENTHIC DIATOMS
ON THE SURFACE OF SYNTHETIC POLYMER
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The topic of interactions between plastic and natural communities is now more relevant than ever before.
Gradual accumulation of artificial polymer products and their fragments in the natural environment has
reached a level at which it is already impossible to ignore the affect of these materials on living organisms.
First and foremost, microorganism colonies inhabiting different biotopes, both aquatic and terrestrial,
have been affected. These species are at the front-end of interaction with plastic, including those present
in marine ecosystems. Nevertheless, in order to understand these processes, it is necessary to take into ac-
count several aspects of such interactions: the impact of different types of plastic on microbial community
through the release of their decomposed products into the environment, the forms of plastic usage by mi-
croorganisms themselves, including mechanisms for surface colonization, as well as possible biodegrada-
tion processes of polymers due to the actions of microorganisms. At the same time, types of plastic may dif-
fer not only in mechanical strength, but also in their resistance to biodegradation caused by microorganisms.
Experiments with surface colonization of types of plastic, which are different in composition and mechan-
ical strength, provide a wide range of results that are not just relevant for understanding modern natural
processes involving plastic: these results are also important for application in certain areas of technology
development (for example, when creating composite materials). In particular, researches into the forms
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and mechanisms of sustainable colonization of particularly strong polymers by diatoms from natural com-
munities are of great interest. Due to the fouling of surface of particularly strong synthetic polymers by di-
atoms, it is possible to form a single diatom-polymeric composite with general properties being already
substantially different from those of the polymer itself. For example, when a polymer is fouled with di-
atoms that are firmly held on its surface due to physiological mechanisms that ensure their reliable fixation,
total surface area of the composite increases by 2—3 orders of magnitude compared with this of bare poly-
mer. Such composites and their properties are formed due to mechanisms of substrate colonization used
by diatoms from natural marine cenoses — during the transfer of these mechanisms to a new material
being prospective for diatom settlement. The practical applications of these composites lie in the sphere
of heat and sound insulation, as well as in the field of creating prosthetic tissues for bone operations.
In our experiments, we tracked the sequence of development of a stable composite when diatoms colo-
nized the surface of samples of a particularly strong synthetic polymer being resistant to corrosion. In this
case, the sample population process took place on the basis of colonies formed in accumulative cultures
from the natural marine environment. Samples of ultra-high molecular weight polyethylene (UHMWPE)
with a smooth and porous surface structure (with an open cell, bulk porosity up to 80 %) were colonized
by diatoms Karayevia amoena (Hust.) Bukht., 2006, Halamphora coffeaeformis (C. Agardh) Levkov,
2009, and Halamphora cymbifera (W. Greg.) Levkov, 2009. These laboratory experiments lasted for three
weeks. Accumulative microphyte cultures, on the basis of which the experiments were conducted, were
obtained from the Baltic Sea (Baltiysk area, Russia) and the Arabian Sea (Mumbai area, India). The types
and stages of development of colonial settlements on various elements of the frontal surface microrelief
and in the underlying caverns were studied using a scanning electron microscope on samples subjected
to stepwise thermal drying. Individual cells of K. amoena, H. coffeaeformis, and H. cymbifera, their chain-
like aggregates, and outstretched colonial settlements occupied varying in degree non-homogeneous mi-
crorelief surface elements, forming structures with a thickness of 1-2 layers with an average settlement
height of 1-1.3 single specimen height. K. amoena cells were tightly fixed to the polymer substrate using
the pore apparatus of the flap of the frustule. Observations using scanning electron microscope revealed
shell imprints on the substrate, which were signs of a polymer substrate introduction into hypotheca are-
oles. The spread mechanisms of diatoms of three mentioned species on various elements of UHMWPE
surface were explored, as well as the formation of the characteristic elements of colonial settlements, in-
cluding for K. amoena — consecutively in the form of “pots” and spheres, by means of interaction with
pol_\,l'mer surface and its extension with the increase in the number of tightly attached cells in the colonial
settlement.

Keywords: diatoms, diatom algae, Bacillariophyta, plastic colonization, UHMWPE, sustainable materials,
plastic in the marine environment, aquaculture
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