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OBIIAA XAPAKTEPUCTUKA PABOTDI

AKTyanbHOCTh paboThl. Pa3paboTka HOBBIX METOJOB OYHCTKH BOJBI, OCOOCHHO OT
MUKpPOOHMOJIOIMUECKUX 3arpsi3HEHNN, CTAHOBUTCS Bce 00Jiee akTyallbHOM MpoOIeMoil B CBS3U
C BO3paCTAIOUINM 3arps3HEHHWEM MPHUPOIHBIX BoA. OJHUM W3 MEPCIEKTUBHBIX METOJIOB
OYUCTKH  BOJBI  SIBIISIETCSl  HCIIOJIb30BaHHE  BHICOKOO(P(PEKTUBHBIX  alICOPOCHTOB ¢
MOJIOKUTEIFHBIM 3apsiIoM TOBEPXHOCTH. B mocnemnne roasl OBLIM CO3MAaHBI COPOCHTHI C
MCIIOJIb30BAHNEM HAHOYACTHUI] C CHJIBHO Pa3BUTOW YAEIHHOW IMOBEPXHOCTHIO M BBICOKUMHU
COpOLMOHHBIMH CBO¥cTBaMU. OTHUM W3 TaKHX MaTEPHAJIOB SBIISIETCS COPOCHT Ha OCHOBE
HAaHOYACTHUI[ OKCOTHIPOKCHIA AaTIOMUHHS, O0O0pa3yloomerocss NpH OKUCICHUH BOJOU
AIIEKTPOB3PHIBHBIX HAHOTIOPOIIKOB AITFOMUHUSI.

[Ipy “MMOOWIM3AalMK HAHOYACTHI[ OKCOTHIPOKCHIA AIIOMUHUS Ha IOBEPXHOCTH
MHUKPOBOJIOKOH TOJYYalOT COpPOCHTHI, COYETAIOUINE BBHICOKHE COpPOLIMOHHBIE CBOWCTBA M
HU3KOE THIPOJMHAMUYECKOE COMPOTUBIICHUE MOTOKY JKUIAKOCTH. OIHAKO CHCTEMATHYECKOTO
W3yUYeHHs BIUSHHUS WUMMOOWIM3AIMK Ha (DU3MKO-XMMHUYECKHE CBOWMCTBA OKCOTHAPOKCHIA
ATIOMUHUS JI0 CUX TOP HE MPoBOAMIIOCk. OnHcaHHas B JIUTEpaType MOJENb paboThl GUiIbTpa
MMEEeT KAa4YeCTBEHHBI XapaKTep: OCHOBHOE IIOJIOKEHHUE OSTOW MOJIENM COCTOUT B
MPEINOJIOKEHUH, YTO OYHCTKa BOABI OT BHUPYCOB M OakTepuil TPOUCXOIUT 3a CUET
AIIEKTPOCTATUYECKOTO TPUTSDKEHHS] OTPHUIATENBHO 3apsDKEHHBIX TPUMECHBIX YaCcTHIl K
MOJIOKUTEIFHO 3apsHKEHHON TMOBEPXHOCTH ajcopOeHTa. B TO e Bpems oTMedaercs
OTCYTCTBHE KOPPEISINH MEXIy BEIHMUYMHOW MOTECHIMAIa MOBEPXHOCTH M aJICOPOIMOHHOMN
CIIOCOOHOCTBIO BOJIOKHHCTOTO (UIBTpa, HE omnpeaeséH OajaHC 3apsaoB, HE OMPEIEICHBI
SHEPruM Pa3JInYHbIX TUIIOB B3aUMOAEUCTBUS aficopOaT — aiIcOpOEHT.

Henb u 3amaun pabotbl. Llenpro paboThl sBisieTCs U3y4EHUE CTPYKTYpbl U

COp6III/IOHHBIX CBOMWCTB HAaHOYaCTHUI OKCOTrMAPOKCHIA aJTFOMUHMNA, AMMOOHIN30BAHHBIX Ha
aIleTUIIIIEIUTIONO3HBIX MHUKPOBOJIOKHAX, OIpPEIEIEHUe MEXaHM3MOB OYMCTKH WMH BOJBI OT
puUMecel pa3iIuyHOW MpUpoAbl (MOHHBIX, MOJIEKYJISAPHBIX, HAaHO- M MHKPOYacTHIl) U
paszpaboTka punbTpa Ajig OMOJIOTHIECKON OYMCTKU BOJIBI.

JIist  mOCTWMXKEHUs TIOCTaBJIEHHOW IeIM HEOOXOAUMMO OBUIO PEIINTh CIICTYIOIINE
3aJlauu:

1) ompenenuTh TEKCTYypy, (a3oBbIii cocTaB, A3€Ta-MOTEHIMAT OKCOTHAPOKCHIA

QJIIFOMUHUS 1 MOP(OJIOTHIO BOJJOKHUCTOIO COPOEHTA HA €r0 OCHOBE;



2) u3yuuTh COpPOIMOHHBIE CBOWCTBA COPOCHTA MO OTHOIICHUIO K Pa3TUYHBIM
aacopbaTaM — HEOPraHMYEeCKHMM HOHAM, KPYHHBIM OPTraHWYECKUM MOJIEKyJlaM, HaHO- U
MHUKpPOYACTULAM B CTATUYECKUX U JUHAMHYECKUX YCIOBHSIX;

3) BBISIBUTH 3aKOHOMEPHOCTU aJcOpOLUU B 3aBUCUMOCTH OT MPHUPOABI ajcopbara u
yCIIOBUI cOpOIY;

4) pazpaboTaTh GUIBTP IJII MUKPOOUOJOTUYECKON OYMCTKU BOJIBI U OTPEIEITUTH €T0
TEXHOJIOTUYECKHE XapaKTEPUCTHKHU.

Havyunasg HoBU3HA.

1. BnepBble moka3zaHo, YTO MPOJIYKT OKHCIEHUS U THAPOJIU3a AJIEKTPOB3PHIBHOTO
HaHonopouika A/AIN npexacraBiser co60i OKCOrUAPOKCU ATIOMUHUS CPOPMUPOBAHHBIN B
BH/JIE arJIOMEPUPOBAHHBIX JUCTOB TOJIIMHON MeHee 8 HM U pazmepoM 10 200 um. [lociennue
CTaOMIN3UPYIOTCS IPU UMMOOWIN3ALMK Ha alleTUILEITI0I03HOM BOJIOKHE.

2. TlomydyeHbl HOBBIE OKCIIEPUMEHTAJbHBIE JaHHbIE [0 M3MEHEHUIO 3apsia
noBepxHoctu HaHosnuctoBoro AlOOH mpu aacop6iuu BupycoB MS2. VYcraHoBieHO, 4TO
MEPETOIOCOBKAa MPOUCXOAUT MPH KOHLEHTPALUU, COOTBETCTBYIOLIEH IPOCKOKY IpHU
(GUIBTPOBAHUH, YTO CBUJETENILCTBYET O 3HAUUTEIHHOU POJIH 3apsIOB B 3TOM IPOIIECCE.

3. Ilpennoxena mojnenb pabOTHl BOJOKHUCTOIO COPOEHTA, YUUTHIBAIOLIAS MPUPOAY
aacopOeHTa U ajacopbara, uxX 3apsaibl U OTHOCUTEIbHBIE pa3Mepbl, a Takke GopMy 4acTUIl U
noBepxHocTel. BriepBble mokazaHa pemiaromiasi posib 3JI€KTPOCTATUUECKOrO MPUTSHKEHUS B
JMHAMHKE a/1copOLuU BUPYCOB Ha MOBEpXHOCTH HaHoJMcToBOro AIOOH.

IIpakTHueckas 1IEHHOCTb.

Pazpaboran mporecc HaHeCEeHHWs Ha  aleTWILEIUTIONO3HBIE  MHUKPOBOJIOKHA,
HAHOYACTUI[ OKCOTHJAPOKCHIA amoMuHUs. OnpeneneHbl KOJUYECTBEHHbIE  (DU3HKO-
XuMudeckue (CTpykrypa, mopdomorus, (a3oBblid COCTaB, COPOIMOHHAS CHOCOOHOCTH) U
MEXaHMYECKUE XapaKTepUCTHKH (pa3pblBHAs [UIMHA, TPOM3BOJUTEIHHOCT, (POHOBOE
BBIMBIBAaHUE YaCTHUI] OKCOTHIPOKCHIA ATOMUHUS) CO3AHHOTO BOJOKHHUCTOTO COpOCHTa U
pa3zpaboTaHbl peKkoMeHJauuu o Haubosnee 3P EeKTUBHBIX O00NACTAX €ro MPUMEHEHHUS.
Pazpaboranst bunpTpyrommue YCTPOMCTBA, MO3BOJISIONINE MIPOU3BOJAUTH
MHUKPOOMOJIOTHYECKYI0 OYHCTKY BOJBI € BBICOKOW 3ddektuBHOCTEIO (99,999%) ¢
IPOM3BONTEIBHOCTEIO 2 J/MHH dwepes 200 cM® (UIBTPYIOmEH MOBEPXHOCTH MpPH

n30bpITouHOM fasiaeHu# 0,5 atM.



HOJ’IO)KGHI/ISI, BBIHOCHMMBIC HA 3allTUTY

1. AIOOH, mnonyuennsri neiictBuem H,O Ha 3IEKTPOB3PHIBHON HAHOTIOPOIIOK
AI/AIN, cocTouT M3 HaHOJIUCTOB OKCOTHUIpOKCcHAa anmomMuuus. Mmmoommmsamus AIOOH nHa
MOBEPXHOCTH aLETHIILIEIUIIOJIO3b B MOMEHT €ro IOJy4eHHsI CIIOCOOCTBYET COXpaHEHHIO
HAHOJIMCTOBOW CTPYKTYPhI U HE U3MEHSAET COPOLIMOHHBIX CBOWCTB.

2. BoyIOKHUCTBIA COpPOEHT OYMILAET BOAY OT Pa3jIMYHbIX MPUMECEH MO CIETYIOLUM
MEXaHHU3MaM: HEOpraHWYeCcKue aHHOHbl W  OpPraHMYeCKUe MOJIEKYJbl, HMEIoIIne
OTpULIATENIbHBIN 3apsii B BOJE, 3a/epKUBatoTcs lieHTpamu ocHoBHOro tuna AIOOH 3a cuer
KHCJIOTHO-OCHOBHOTO M JIOHOPHO-aKIIEITOPHOTO B3aumojeicTBus; katuonsl — AlOOH
MPaKTUYECKU HE aJcopOupyeT, OpraHMdyeckhue KaTHOHBl MOTYT ajcopOMpOBaThCS Ha
MOBEPXHOCTH IOJIMMEpPA 3a CUET BaHH/I€PBAAIbCOBBIX CHIL.

3. AncopOuusi MUKpO- U HaHOYACTHUI[ (JaTEeKCHBIX HaHocdep, Oakrepuodara MS2 u
Oaktepuii E.colli) mpoucxomuT Ha BHEIIHEW IMOBEPXHOCTH arjioMepaToB HAHOJUCTOB
MIEPBOHAYAIBHO 3a CYET MPUTSIKEHUS MPOTUBOIOJIOKHBIX 3apsanoB. bakrepuu, umeromiue
pa3Mepsbl 0KOJIO 1 MKM, MOTYT yJIep>KUBaThCsI BOJIOKHUCTBHIM COPOEHTOM MEXaHUYECKH.

4. @®eHOMEHOJOrHYecKas MOJEIb pPabOThl BOJOKHUCTOIO COPOEHTA, yYUTHIBAIOIAS
npupoay ajncopOeHTa u ajncopbara, UX 3apsiibl 1 OTHOCUTEIbHBIE pa3Mepbl, a Takke Gopmy
YacTUIl U TMOBEPXHOCTEH, B KOTOPOW peliarnas pojb OTBOJUTCS 3JIEKTPOCTATUYECKOMY
MPUTSDKEHUIO B TMHAMUKE a1cOpOLIMU BUPYCOB Ha MOBEpXHOCTU HaHOJuCcTOBOro AIOOH.

AnpoGanus _paborbl. OCHOBHBIE PE3YyNbTAaThl MO TEME JUCCEPTALIMOHHOW pabOThI

obcyxnanuce Ha: Il-oii Bcepoccuiickoii koHdepenunn no Hanomatepuaiam HAHO-2007
coBMecTHO ¢ IV MexnayHapoausiM cemuHapoM «HanoctpykTypHble matepuansr 2007:
benapycp - Poccusi» ( r. HoBocubupck, 13 - 16 mapra 2007 1.), II-nd Russian — German
Conference of the Koch-Metchnikov-Forum (Tomsk, 9-12 September, 2007), na IV-oit
MEXAYHapOAHOW HaydyHOHM KoH(pepeHIMH «XHUMHS, XUMUYECKass TEXHOJOTUS U
ouorexHosnorus Ha pyOexe Teicsueneruid» (T. Tomck: m3p-so TIIY, 2006), na Tperweit
Bceepoccuiickoil koH(pepeHINH (C MEXIyHapOoAHbIM ydacTheMm) "XHUMHSI MOBEPXHOCTH U
nanotexHoJyorus" (IlckoBckas 061., T. Xusono., 24.09.2006 -01.10.2006 r.).

[Iy6aukanuu. [To pe3ynbrataM BBIIIOJHEHHBIX UCCIIEOBaHUH oy0OiarKkoBaHo 9 padoT,
B TOM 4ucJie 3 cTaThU B peeprupyeMbIX KypHajax, MOIy4eHO 2 MaTeHTa.

O6beM pabotbl. PabGora wuznoxkena Ha 113 cTp. MaIIMHONMCHOIO TEKCTa,

wtroctpupyetcs 31 pucynkom u 13 TabnuiiaMu U COCTOUT W3 BBEJICHUS, MIATH IJ1aB, BEIBOJIOB



M CIIMCKA JINTEPATyphl, BKIIOYArONIETO 142 HauMEHOBaHUS MyOIMKallMi OTEUYECTBEHHBIX U

3apyOeKHBIX aBTOPOB.

OCHOBHOE COEP>XAHUE PABOTHI

Bo BBeneHun 000CHOBaHa  aKTyaJlbHOCTb  MpOOJEMbI, OIpeneieHa  Lelb

UCCIIeIOBaHUM, cQopMynMpoBaHa Hay4Has HOBU3HA pPE3YyNlbTAaTOB, OTPaXEHAa HX
MIpaKTUYECKasi 3HAUUMOCTb, IPUBECHBI CBEJCHUS 00 anpoOanuu paboThl.

IlepBasi rnaBa — mnuTepaTypHbIi 0030p, B KOTOPOM JaHO KpaTKOE OIHCAaHUE

AIIEKTPOKMHETUYECKUX SIBJIEHUH U UX POJIM B aAcOpOLUH, IPUBEAECHBI IPUMEPHI aJICOPOSHTOB
C TIOJIOKUTEIBHBIM 3apsAIOM TMOBEPXHOCTH (I3€Ta-MOTEHIIMAJIOM), ClelaH KpaTKuil 0030p
CIIOCOOOB IOJTYYEHUSI U CBOMCTB OKCOTHIPOKCHIIOB ATIOMUHUS U YCIOBHHA (POPMHpPOBAHUS Y
HUX TIOJIO)KHUTEIBHOTO JI3eTa-NoTeHIInaNa. [I[poaHaau3upoBaHbl MIPEHUMYIIIECTBA TIPUMEHEHUS
aJIcCOPOCHTOB C TOJIOKUTEIBHBIM JI3€TA-NIOTCHIUAIOM JJII MUKPOOHOJOTHYSCKOW OYHCTKU
BOJbI I10 CPAaBHCHUIO C U3BCCTHBIMH METOJJaMH.

Bo BTOpoii r11aBe onucaHbl CroCOObI OMy4eHUsI O0BEKTOB MCCIICOBAHUS U METOTUKH

M3YyYEHHS] WX TEKCTYPhl, MOP(HOJOTHH W (PHU3UKO-XUMHUYECKHX CBOUCTB. OKCOTHIPOKCH
QIIOMUHHSL CUHTE3UPOBAIM TUIPOJIM30M M OKHCIEHHMEM B BojJe HaHomopoiika Al/AIN,
MOJIyYUEHHOTO METOJO0M 3JIEKTPUUECKOro B3pbiBa Al-poBojHHMKa B arMmocdepe azoTa.
Peaxnus mna criemyrommm oOpazom:
AIN+ 2H,0 = AIOOH + NH3,
2Al1+ 4H,0 =2AI00H + 3Ha.
CocraB AI/AIN, no manueiM peHtrenodasoBoro ananmmsa, 40 06. % AIN u 60 00. %
Al, mMeeT yaenbHyI0 moBepxHOCTh 20 MY/T M cpeHuii pasmepom gactui 60 — 80 uM. B
KayecTBe IIOJIMMEPHOM OCHOBBI I  HMMMOOWIM3AIMU OKCOTHMAPOKCUAA aJTIOMUHUS
WCIIOJIb30BAJIM HETKAHOE IMOJIOTHO C MOBEPXHOCTHOM TIOTHOCTHIO 30 r/M* 1 TommuHoit 0,15
MM M3 alEeTWILEUIIOJIO3HbIX BOJIOKOH CO CpPEAHMM JAuaMeTrpoM 1,5 MKM, MOJy4eHHOE
MeTo0M aekTpodopmoBanus (punstp IlerpsnoBa mapku PITA-15-2,0). UMmobunuzanmio
MPOBOJMIIM IYyT€M HPONUTKH MOJIUMEpPHON OocHOBBI 1 Mac. % - HOUM BOAHOM cycrneH3uei
AVAIN ¢ nocinemyroolmuM THAPOJIU30M M OKHUCIEHUEM  aJCOpOMpOBABUIMXCS  Ha
ALETHILEIUTIONO3HBIX BOJOKHax uactull AI/AIN Bomoii mpu 60 °C. B pesynbrare ObLI
MOJTYy4YeH BOJIOKHUCTBIA COpOeHT, coaepkamuii oxosio 30 Mmac. % OKCOTHApPOKCHIA

AJIFOMUHUA.



@a30BbI cOCTaB MPOAYKTOB Tuiaponu3a u okucieHus AVAIN usydanu meronom
KOJIMYECTBEHHOIO0 PEHTIe€HO(]a30BOro aHajan3a Ha PEHTreHOBCKOM nudpaktomerpe XRD-
6000 (Shimadzu) na CuK,-u3nydennn c ucronszoBanuem 6a3 manubix PCPDFWIN, a Ttaxoke
nporpaMmsl npo¢uinbHoro ananuza POWDER CELL 2.4.

BenuunHy ynenpHOW TOBEPXHOCTH M CPEAHUMN pa3Mep MNOp OKCOTHUIPOKCHAA
QIIOMHHUS ¥ BOJIOKHHCTOTO COPOEHTa ONpeAessiiii METO/I0M TEIJIOBOM AecopOLuu a3oTa Ha
ycranoBke «CopOTtomerp-M» ¢ pacueTroM MHOTOTOYeYHBIM MeToIoM BOT B aBTOMaTnueckom
peXHUME.

UccnenoBanue pasmepa u HOpMBI 4acTHUIl, OOpa3yOIIHUXCA MPU OKUCICHUH BOJION
AlVAIN, mpoBoImiIM METOAOM IPOCBEUMBAIOLIEH U  CKAHUPYIOLIEH  AJIEKTPOHHOM
MUKPOCKOTIMH € IOMOIIBIO 3JIeKTpoHHOTO Mukpockomna JEM 100 CX II JEOL.

JI3eTa-noTeHMan 4acTUll OKCOTUAPOKCHIA AIFOMUHUS B AUCTUJUIMPOBAHHOW BOJE U
pactBopax KCIl, 6akreprodara MS2 u 9yacTUIl OKCOTHIPOKCHAA AIIOMUHUS C PAa3TUYHBIM
KOJIMYECTBOM aICOPOMpPOBAHHOTO OakTeprodara B AUCTHILIMPOBAHHOMW BOJIE ONPEICIISIIN TI0
AN1eKTPOOPETUYECKON MOJABMKHOCTH YaCTULl METOJI0M JUHAMHUYECKOIO CBETOPACCESHHUS Ha
npudope Zeta Sizer Nano ZS (Malvern).

Jliig n3ydyeHus cOpOLUMOHHBIX CBOMCTB BOJIOKHUCTOTO COpOEHTa OBbLIM HCIOJIb30BaHbI
aacopOaTel C pa3IMUHBIMM pa3MepaMHU M 3HAKOM 3apsja B BOJE, MOJEIUPYIOLIUE
3arpsi3HEHUs, BCTpEYaroIuecs B IPUPOAHON U BOJOIIPOBOIHON BOJE:

- KATHOHBI TSDKEJIBIX METAIIJIOB: Pb2+, Cd2+, Cu2+, Zn2+, Mn2+;
- Heoprannveckue annoHsl: HyAsO4 1 NOs';
- 203uH — aHnoHHBINA Kpacutelnb (C0HeOsBrsK,), obpasyromuii npu nucconmanuu
AHUOH (C20H605BI‘4)2_;
- MeTusieHoBbIH rosyooit (MI') — katuonnslil kpacutens (CicHisCIN3S);
- TanuHoBas kucioTa (C76Hs2O46) (tannic acid, Alfa Aser);
- JaTeKCHbIe c(hephl Ha OCHOBE TOJUCTUPOJA JAUAMETpoM 33 HM MPOU3BOJCTBA
Duke Scientific Corporation, uMeromue oTpuLATENbHbIN 3aps] B BOJE U HCIOJIb3yEMbIE B
Ka4ecTBE UMHTATOPOB BUPYCOB;
- kumevHas nanodka E.coli M-17-02 B-8208 - mamoukoBugHas OGakTepus JIAHON
okoJio 1,5 Mkm u quamerpom 0,5 MKM, UMErOIIasi OTPULATENIbHBIN 3aps]l B BOJIE;
- 6akrepuodar MS2 mram PH-1505: npencrasnsier coboit Bupyc 6akrepuit E. coli,

ero pasmep okoso 30 HM.



AncopOLui0  BOJIOKHUCTBIM  COPOCHTOM TAaHWHOBOW  KHCJIOTHI, D0O3WHAa H
METHJIEHOBOTO roJly0OTO M3 UX BOJHBIX PAacCTBOPOB M3YYaJd B CTATHUYECKUX YCJIOBHSX MpU
BPEMEHH KOHTaKTa 4 CYyTOK U COOTHOIIEHUU afcopoeHT / pactBop 0,5 r / 80 M, Temmneparype
18 °C B nuanasoHe HavalbHBIX KOHIEHTPAIMI 10°-107° M. PaBHOBECHYIO KOHILIEHTpALUIO
agcopbaToB B  pacTBOpE HAXOAWIU  (POTOKOJIOPUMETPUUECKH IO  IPEIBAPUTEIIHHO
MMOCTPOCHHBIM T'PaJAYHPOBOYHBIM rpadukaM ¢ moMoIisio crekrpodoromerpa Specol 1300 B
MakcuMyMmax mnorjiouieHust ajacopOatoB (315 HM ans TaHMHOBOM KucioTel, 490 HM s
703uHa, 597 HM IJIT METHJIEHOBOTO T0JIy0O0TO).

AncopOuuio B JMHAMUYECKUX YCIOBUAX HCCIEAOBANU MpuU  (QUIBTPOBAHUU
MOJIENIBHBIX PaCTBOPOB Yepe3 CJIOW BOJOKHHUCTOTO cOpOEHTAa TOJIIIMHON 2 MM MpU CKOPOCTH
notoka 0,15 cm/c Tpu HaYaJIBHBIX KOHIIEHTPAITUIX Pb2+, Cd2+, Cu2+, Zn2+, Mn*" 107 - 107 M,
H>AsO4 1 NO;3™ - 10* M, s03uHa 1 TaHnHOBO#T KucnoTe 107 — 10 M, naTekcHbIX chep 10"
— 10" yactuw/em’, Gakrepuii E. coli 10* — 10’ KOE/em®, Bupycos Gakreprodara MS2 10° —
10° BOE/cwm®. (KOE, BOE — KosoHue- i GIISIIKO0Opa3yIolie eInHAL5).

KoHueHTpauuo HeopraHM4ecKUX KaTMOHOB M aHHOHOB B pacTBOpax OIPENEIIsIn
METO/IOM MHBEPCHOHHOW BosibTaMiiepoMeTpuu ¢ nomoinbto CTA-ananuzatopa, B siuelike ¢
30J10TOTpaUTOBBIM PadOUYUM 3JIEKTPOJOM M XJIOPCEPEOPSHBIM AJIEKTPOJIOM CpaBHEHUS, C
ucnosb3oBanueM 0,1M  pactBopa Tpunona-b B kauectBe (HOHOBOrO 3JIEKTPOIUTA.
KoHuenTpauuio n1aTekcHbIX chep onpeaensiain MeTo10M HedeloMeTpUH N0 KaInOpOBOYHOMY
rpabuky B koopmumatax C (wactmw/cm’) — emmmmmsl MyTHOCTH (EM) ¢ moMomipio
Hedemomerpa ¢upmer Hanna Instruments - HI 93703. Konnentpamuio 6akrepuit E. coli u
BUpYycOoB Oaktepuodara MS2 B pacTBOpe ONpeAeisiii MUKPOOHOJIOTMYECKUM METOJ0M
aHaJiu3a IyTeM IoceBa NpoO pacTBOPOB Ha MHUTATEIbHBIE CPeabl M IOJCYeTa KOJOHUM
(6bmsamek), oOpazoBaBmuxcst uepe3 24 wyaca (1 KOE wmm BOE cootBerctByer 1
KHU3HECTIOCOOHOMY MUKPOOPTAaHU3MY).

Tperbsi rnaBa MOCBALIEHA H3YYEHHUIO MOP(QOJIOTHUH, TEKCTYPHBIX XapaKTEPUCTHK
(ynenpHOM MOBEPXHOCTH, MOPUCTOM CTPYKTYPhl) OKCOTUIPOKCUA aIFOMUHHUS, [TOJy4EHHOTO
IIpU THAPOJU3€ U OKHUCIEHUU BOJOW 3JIEKTPOB3PHIBHOTO HAHOMOPOIIKA ATIOMOHUTPUIHON
KOMITO3UIIMU B BOJIHOM CYCIIEH3UH U HAa MOBEPXHOCTHU Al€THIILIEIUIIONIO3HBIX MUKPOBOJIOKOH.

Mopgonocus  okcoeuopokcuoa — anomunus. MeTogoM  TPOCBEUYHMBAIOIICH WU
AJIEKTPOHHOW MUKPOCKOIIUU YCTAaHOBJIEHO, YTO B 00OUX CIy4yasix OKCOTHJIPOKCH]I alFOMUHUS

MPEACTABISIET OO0 mopucThie araoMmepatsl pazmepoM 0,5 — 5,0 mxm (puc. 1-2), cocrosmme



U3 4acTull B (hopMe M30THYTHIX IUIACTHHOK WJIM JIMCTOB TOJIIMHONW MEHee 8 HM W pa3Mepom

100 — 200 mm (prc. 3 — 4).

100

L 1 rauma

Puc. 2. Ilopucroe NokpsITHE U3 HAHOYACTHIL
OKCOTHJPOKCHUA aJJFOMUHUS Ha
MTOBEPXHOCTH MOJMMEPHOT0 BOJIOKHA.

Puc. 1. [IDM-u3o0pakenue arimomepara
HAHOJIMCTOB OKCOTHIPOKCH/IA aTFOMHIHUS.

Ha anerunuenitono3HoOM MHKPOBOJIOKHE OKCOTUAPOKCUI (OpPMUPYETCS Kak B BHJE
AQHAJIOTMYHBIX arjloMepaToB, PacIOJIOKEHHbIX 000COOJEHHO Jpyr OT Jpyra, Tak U B BHJE

YYaCTKOB CIUIONIHOTO MOPHUCTOTO ciost TomuHou 0,1 — 0,2 mxm (puc. 2, 6).

10 HMm

1) Bwm

‘.F"‘-
P

Puc.3 H3M-H306paeHI/Ie (dbparmenTa kpas

Puc.4 [I9M-u300paxkenne HaHOIHUCTA
arjoMepara HaHOJIMCTOB

OKCOTUAPOKCHA AJIIOMUHUA

Crnenyer OTMETHUTb, YTO IPU CTAPEHUU OKCOTUIPOKCUIA AITIOMUHHS B PEaKIIMOHHOM

cpelie MepBOHAYaIbHO 00pa30BaBIINECS arjioMepaThl HAHOJUCTOB arperupyroTcsl B YaCTULIBI

pazmepoM 2 — 7 MKM, YaIlle BCETO KIMHOBUAHBIE, CO CTYIEHYAThIMHU KpasiMu (pucC. 5), 4ero He

MIPOMCXOAUT Ha AIlEeTHIIIIECIUTIONO3HBIX BOJOKHAX (pHC. 2, 6).



1 MM

Puc.5. [I19M-u3o0paxenne KINHOBUIHOTO Puc. 6. ArmomepaTsl HAHOYACTHI]
arjioMepara U3 HaHOJUCTOB OKCOTHJIPOKCHIA ATFOMUHHUS Ha TIOBEPXHOCTH
MTOJIMMEPHOTO BOJIOKHA.

Yoenvnaa noeepxnocms u nopucmocms. N3otrepma ans obOpasua OKCOTHAPOKCHUAA
QTIOMUHHUS, TOJTYYCHHAsT METOJIOM TEIUIOBOM jaecopOmuu asota oOTHOcUTCA K IV Tumy.
OKCOTHUIPOKCH QTIOMUHHS WMEET ME30MOPHUCTYI0 CTPYKTYPy C XapaKTepHOW TeTiIeH
TUCTEpe3rca B 00JIACTH KANMMJIIAPHON KOHJACHCALIMHM MPU OTHOCUTEIHLHOM jaaBiieHuu >0,38.
[letnss KamWUIIPHO-KOHJIEHCAIMOHHOTO THUCTEpe3nca COOTBETCTBYeT Tumy H3 1o
knaccupukanuun MIOITAK. MakcumyMm pacnpeneneHus Me30Iop 1o pa3Mepam MPUXOAUTCA
Ha 4uMm (puc. 7-8).

VYaenbHas MOBEPXHOCTh OKCOTHUIPOKCHAA ATIOMUHMS, ompeneneHHas merogaom bOT,

2
cocrasmia 300 m7/r.
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Puc. 8. U3oTepma agcopbumm azota
Puc. 7. Pactipenenenue nop mo pazmepam



Das3zoswiti cocmas okcocuopoxcuoa anomunus. 11o gfaHHbIM peTreHo(}a3oBoro aHaamMsa
MPOJYKTHI TUAPOIN3a U oKuciaeHus: BoJo AI/AIN cocTosT U3 MI0X0 OKPUCTAJUIM30BAHHOTO
nceBnobemuta (96 %). B mpoaykTax onpeaensercss OCTaTOYHBIA METAIITUYSCKUN aTFOMUHUAN

(4 %), npuyem 06JaCTh KOTEPEHTHOT'O PACCESHUS COCTABIIAET OKOJIO 8§ HM (puc.9).

I{counis)

0 B A

10 20 30 40 50 60 70
2iheta (deg)

o - MCeE ol e s
o-Al

Puc. 9. ludppakrorpaMma OKCOTHIPOKCHIA ATFOMUHUS, TTOTYICHHOTO M3 3JIEKTPOB3PHIBHOTO
nopoiuka Al/AIN.

B dyerBeproif rmaBe paccMoTpeHa ajcOpOIMOHHAs CHOCOOHOCTh BOJIOKHHUCTOTO

cOpOEHTa MO OTHOILEHHIO K pa3IU4HbIM ajzcopbaraM U pojb 3apsIOBbIX B3aHMMOJEHCTBUI
IIpH aJICOPOIIMU BUPYCOB BOJIOKHUCTHIM COPOEHTOM.

Aocopbyuonnvie ceoticmea. 1lokazaHo, YTO BOJOKHUCTBIM COpPOEHT MPAKTUYECKH HE
copOHpyeT B IMHAMHYECKAX yCIOBHsX KaTHoHbI Pb*", Cd*", Cu*", Zn®*, Mn®>" u3 pactBopoB
UX COJIEW. B Toke Bpemsi aHMOHBI H,AsO; u NO; a7copOupYIOTCS 3HAYUTENIBHO JIy4lle U
COpOIIMOHHAs €MKOCTh BOJIOKHMCTOTO COpOEHTa 3a BPEMS 3alIUTHOIO JEHUCTBUS COCTABIISIET
0,47 wmr/r (3,3 MKMOIbB/T) nms H2As04_ nu 0,16 mr/r (2,6 MKMOIB/T) ISt NO3_ ,
cooTBeTCTBEHHO (puc. 10).

[Ipu ancopOuuu KpynmHBIX MOJIEKYJI OPraHUYECKHX COEIMHEHUHN Takxke HalOiromaercs
MPEUMYIIECTBEHHAs aJCOpOIMsl AHUOHHBIX COEAUHEHMM. [l KaTHOHHOIrO KpacuTelns
MeTtwieHoBoro rosiyooro (MI') mHaGmomaercs amcopOuust Ha  aleTHIIIEIUIIONO3HBIX
MHKPOBOJIOKHAX CO Cia0bIM B3auMoeiicTBUEeM ajncopoent-aacopOat (puc. 11). CHmwkeHue
COpOIIMOHHON €eMKOCTH TpH ancopOuru MI' BOJOKHUCTBIM COPOCHTOM BBI3BAHO MEIIAIOITUM

BJIMAHHUEM OKCOTHAPOKCHU A aIlOMUHHSA, 3aKPCIVICHHOI'O Ha allCTUINCIINIIOJIO3HBIX BOJIOKHAX.
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Puc. 10. Ancopbiust NO5 - (1) u HAsO4 - Puc. 11. Uzotepmbr agcopommm MIT
(2) BOJIOKHUCTBIM COPOEHTOM B JUHAMUYECKUX BOJIOKHUCTBIM COpOEHTOM (2) 1 ero
YCIIOBUSX. nosmmepHoi ocHoBoi (PITA-15-2,0) (1).

AHUOHHBI KpacUTeNIb DS03WH M TAaHWHOBAs KHCJIOTa aacopoOupyroTcs ¢ Oosee

CHJIbHBIM B3aMMOJIEHCTBHEM ajicopOart — aicopOeHT, UTo claeaAyeT U3 Buaa usorepm (puc. 12 —

13).
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Puc. 12. U3otepma ancopOiium 3031HA Puc.13. M3otepma amcopOuny TaHHHOBOM
KHUCJIOTHI.

N3oTepmbl Takoro Tuna HabIIOAAIOTCS B TEX Clydasx, Korjaa ajacopOuus o0ycioBieHa
00pazoBaHUEM XUMHYECKUX COCTUHEHUM, THO0 HOHHBIM 0OMEHOM.
Bocxonmdmuii  HayanpHBIA  Yy4acCTOK Ha H30TEPME COOTBETCTBYET, BEPOSITHO,

3aIMOJIHCHUIO CUJIBHBIX aKTUBHBIX HEHTPOB HAa IMOBECPXHOCTHU OKCOTUAPOKCHUAA aIFOMUHUA, UTO



coryiacyeTrcss C JUTepaTypHbIMU JaHHBIMH O CIIOCOOHOCTH AP* 00pa3oBBIBaTh JAOHOPHO
aKUENTOpPHBbIE CBS3M C NOJU(EHOJbHBIMH MoJieKyaamu. Ha stom ywactke 1 rpamMmom
BOJIOKHHCTOTO copOeHTa yaepxuBaercs okojio 16 mr (24,8 mxmoib) s03uHa wiu 80 mr (47,1
MKMOJIb) TAHUHOBOM KHCIOTBI, NpPUYEM, HUCXOAS U3 CTPOCHHUSI MOJIEKYJ, MOXHO
MIPENIOJIOKUTh, YTO aJCOPOLIMS TAHUHOBOM KHUCIOTHI MOKET MPOUCXOIUTH 3a CUET JIOHOPHO-
aKUENTOPHBIX B3aUMOJIEHCTBUM, a 203MHA, KpOME TOro — 3a cueT 0Opa3oBaHUS HOHHO-
KOBAJIEHTHBIX CBSI3€i IIPU HOHHOM OOMEHE.

CunbpHOE B3aUMOIEHCTBHE 303MHA U TAHUHOBOM KUCIIOTHI C acOopOaToOM MO3BOJISET, B
OTJIMYME OT METWIEHOBOIO TI0Jy0OTo, ONpelenuTh COPOLMOHHYI0 €MKOCTh 3a Bpems

3alUTHOTO JIEHCTBUS N0 KUHETUYECKUM KPHUBBIM ajcopOuuu (puc. 14 — 15).
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Puc. 14. lunamuueckue KpuBble a1copOLuu Puc. 15. lunamuueckue KpuBble a1copOLuu
so3uHa (1) — Co=138,1 mxmonw/n (100 mr/m),  TanmHOBOM KUCIOTHI (1) — Cp=58,8 MKMOIB/1T
(2) -Cp=69,1 mxmoms/1 (50 mr/m), (3) — (100 mr/m), (2) —Cp=29,4 mxmomnw/a (50 mr/n),
Co=34,5 MxMonb/1 (25 Mr/m). (3) — Co=14,7 mxmons/n (25 mr/m).

YuncneHHOE 3HAYCHHUE JUHAMUYECKOH COPOIIMOHHON EMKOCTH BOJIOKHUCTOTO COpPOCHTa
JUTsl 203WHA cocTaBwio 3,5 Mr/r (4,8 MKMOJB/T), st TAHUHOBOU KUCHOTHI - 20,9 mr/r (12,3
MKMOJIB/T).

CopOumonHasi €MKOCTb BOJIOKHMCTOTO COpOEHTa B JUHAMUYECKHX YCIOBHSIX
oKazayiach B 4,5 pa3 MeHbIIIe COPOIMOHHON EMKOCTH B CTATHYECKUX YCIOBHUSX, YTO CBS3aHO C
YMEHbBIIIEHUEM BPEMEHM KOHTaKTa ajicopldaTa ¢ MOBEPXHOCThIO ajicopOenTa. [leficTBuTENbHO,
CJIOM pacTBOpa ajacopbara IBMIKETCA dYepe3 BOJIOKHUCTBIM COPOCHT TOIIIUHOW 2 MM C
nuHeitHoW ckopocteio 0,03 cm/c, Torma BpeMsl KOHTakTa ajcopOar-acopOeHT B
JMHAMUYECKHAX YCIOBHSIX OKOJIO 6 CeKyHA NMpoTHB 40 MUHYT NP aACOPOIMH B CTATHUYECKUX

YCIIOBUSIX.



JlaHHble 110 aCOPOLMU OTPULIATENHHO 3aPSKEHHBIX HAHOYACTHUI (JIATEKCHBIX cdep) u
BUpYycoB (Oaktepuodara MS2) u3 JUCTWUIMPOBAHHOW BOJbI BOJIOKHHUCTBIM COPOEHTOM B
JUHAMHYECKUX YCJIOBHSX, MO3BOJIMIM ONPENEIUTh COPOIMOHHYI0 €MKOCTbh BOJIOKHHCTOI'O
copOeHTa 3a BpeMsi MOJNHOrO mormomeHms. OHa COCTaBHIA Uisi JaTeKcHbIX cdep 10

qactuw/r, mist MS2 — 10° BOE/r (10’ BOE/r u3 BoxomnpoBoaHoii Bosl) (puc. 16-17).
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Puc. 16. [lunamuyeckue kpuBble aacopouuu Puc. 17. lunamuyeckue KpuBble aacopOLun
natexcusix cdep (1) — Co=10"2 vactum/em’; 6axkrepuodara MS2, u3z BogonpoBoHoii (1) u
(2) — Co=10"" wactum/cm’. JMCTHITAPOBaHHO# (2) BosL. (Co=10
BOE/cm).

Bonee Hu3kas BenuuMHA COPOIMOHHONW EMKOCTH BOJIOKHHCTOTO COpOCHTa IO
OTHOIIEHUIO K MS2 1o cpaBHEHHIO C JIaTeKCHBIMH cpepamMu 00yCIOBJIeHA, BEPOSITHO, OoJiee
BBICOKOH 4yBCTBHTEIHHOCTHIO MUKPOOHOIIOTHUYECKOTO aHAIN34, TO3BOJISIONIETO OOHAPYKHUTh
€/IMHHUIIBI BUPYCOB B | CM® pacTBOpa, B TO BPeMsi KaK HIKHHIT IIpe/ies 0OHAPYKEHHS JaCTHI]
He(eITOMETPHYECKIM MeToI0M cocraBisier 10° wactury/cm’.

[Ipu wusydyenun axncopOumu Oaktepuii E. coli B OuHaAMUYECKMX YCIOBHUSX W3
JMCTHILTMPOBAHHON BOJBI OBLIO YCTAHOBIJICHO, YTO TOSBICHHUS OakTepuil B (HUIbTpaTe HE
HaOIIOaeTCsl MPU Harpyske 10" KOE Ha | r BOJOKHHCTOTO copOeHTa TOJIIUHOW 2 MM.
Opnako mpu aacopOnum OakTepuii M3 BOJOIPOBOIHON BOJBI IMOSIBICHUE MX B (DUIIBTparte

HaurHaercs nocne Harpysku 10° KOE/r (puc. 18).
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Puc.16. [lunamudeckue KpUBbIC aacOPOIHH Puc. 17. Bakrepuu E. coli
0aktepuii E. coli, u3 BomonposoaHoi# (1) 1 aJIcopOMpOBaHHbBIC HA TIOBEPXHOCTH
JUCTHILIAPOBAHHOH (2) BombL. (Co=10’ BOJIOKHHCTOTO COPOCHTA
KOE/cm).

[TommmmepHast 0OCHOBA TOM K€ TUIOTHOCTH ¥ TOJIIMHBI, YTO M HCIIBITAHHBIE 00pa3Iibl,
npaktudeckn He copouposana E. coli (3ddexTuBHOCTS agcopbunn meHee 1 %), 9TO TOBOPUT
B IOJIB3Y aJCOPOITMOHHOTO MEXaHW3Ma YACPKUBAHHS OaKTEpHil. YBEIHMUYCHUE COPOIIMOHHON
€MKOCTH Ha 2 TIOpsiiKa IO CpaBHEHHI0 ¢ Oakrteprodarom MS2 cBsi3aHO, BO3MOXHO, C
OoabpmM pazmepoM E. coli 1, ciemoBaTenbHO, ¢ OOJIBIICH BEPOSTHOCTHIO KOHTAKTa OAKTEPUHU
C TIOBEPXHOCTHIO aJICOPOEHTA.

Jzema-nomenyuan oxcocuopokcuda u eupyca. Jnas onpeneneHus BIMSHUS
MOBEPXHOCTHOTO 3apsijia OKCOTHUAPOKCHIA aTIOMHHHS HA €r0 COPOIMOHHBIE CBOHCTBA OBLI
M3MEPEeH €ro J3eTa-MOTEHIMAal, a TaKKe I3eTa-MOoTeHIran Bupyca Oakrepuodara MS2 u
OKCOTHJIPOKCH/Ia AIFOMUHUS C PA3JIMYHBIM KOJUYECTBOM aJICOPOMPOBAHHOTO OakTeprodara;
W3MEpEHUs TIPOBOIMIIN B IUCTUILUTMPOBAHHOM BOJie M B pacTBopax coim KCI (Tabmuma 1).

I[To wmepe yBenmuueHuss kKonmdecTBa Oakrepuodara MS2 Ha TOBEPXHOCTH
arJoMepaToB HAHOJHUCTOB J3€Ta-TIOTeHHWan oOpa3la  yMEHBIIAETCS OT BEJIWYHHBI,
XapaKTEePHOU I okcoruapokcuaa amomuaus (+39,4 MB), 10 BenmnuuHbl, OJU3KOH K 3apsiay

Bupyca (-41,0 mB).



Tabnuua 1. J[3eTa-noTeHunana HaHOYaCTULl OKCOTUAPOKCUIA aTFOMUHUS B BOJIE, BOJHBIX

pactBopax KCl u ¢ ancopOupoBaHHBIMU BUPYCAMH.

Ob6pazen {, MB

AIOOH +39.4

MS2 41,0

25 mr AIOOH + 10° MS2 26,2

25 mr AIOOH + 10° MS2 -18,3

25 mr AIOOH + 10" MS2 +24.6

25 mr AIOOH + 10° MS2 +36,5

AlOOH B 0,01 1 pactBope KC1 | +30,9

AlOOH B 0,02 1 pactBope KC1 | +22.4
AlOOH B 0,05 1 pactBope KCl 0

[lepe3apsiika TOBEPXHOCTU OKCOTUIPOKCHUIA QIIOMHUHHUS MPOUCXOTUT IpU
azcopOuun Gomee 6x10° BupycoB B mepecdere Ha 1 r BoNOKHHCTOro copbenrta. Ciemayer
OTMETHUTh, YTO HOCIE aJCOPOLUU TAKOTO KOJMYECTBA BUPYCOB BOJOKHUCTHIM COPOCHTOM U3
JUCTUJUIMPOBAHHOW BOAbl B JUHAMHYECKHX YCJIOBUSX HAYMHAETCA IMOSBICHHE WX B
¢bunbTpare.

3aBUCUMOCTD JI3€Ta-MOTEHIIMANA OT KOHIICHTpAMi UHAU(PPEPEHTHOTO IIEKTPOTUTA
(KCl) B koHuentpaunoHHoM wuHtepBaie g0 0,05 M anmpokcumupyercss NpsMOHM, dYTO
corjacyercs ¢ ypaBHeHHeM [enbmrosnbua — CMOJIyXOBCKOIO U OOBSCHSET CHIKEHUE
a7cOpOLIMOHHON CIIOCOOHOCTH C YMEHBLIEHHEM J3€Ta-MOoTeHIHMada NpU YBEIUYECHUUHU
MOHHOM CHIIBI (HallpuMep, B BOJIOIIPOBOAHOM BOJIE).

Takum oOpa3om, ObLIO MOIYYEHO 3KCIEPUMEHTAIBHOE MOATBEPKACHUE pellaroneit
POJIK 3apsJIOBBIX B3aUMOJICHCTBUI MPHU aACOPOLMHU 3apsKEHHBIX YaCTHI OKCOTUAPOKCHUIOM
AITFOMUHMUSL.

Teopemuueckoe o060cHO8aHUe DIEKTPOCTATUYECKOTO MEXaHHW3Ma  aacopOuuu
BUPYCOB TMOJYYEHO IYTEM YHCIEHHBIX OLEHOK TEIUIOBOM, KMHETUYECKOW, KYJIOHOBCKOW U
BaHH-JIEP-BAaaJIbCOBOM JHEPTU B3aMMOJCUCTBUS OTPUUATEIBHO 3apsSKEHHOW 4YacTULBI U
MOJIOKUTETHHO 3aPsDKEHHOM MOBEPXHOCTU. i 9acTHIsl pazmMepoM 33 HM, MUIOTHOCTHIO 1,5
r/em’ 1 ¢ (opmoii mapa uim KyOa 3apsi, pacCYHTAHHBIN 10 Teopuu IlITepHa, cocTaBmi 5,5
107 K (340 n36BITOUHBIX SIEKTPOHOB), HA OAHON TPaHM pacmoiokeHo ~200 aToMOB.
[InoTHOCTH 3apsima Ha TOBEPXHOCTH aJCOPOCHTA, MO TOW K€ TEOPHH, 7,42'10'5 Kn/ oM’
(4,6:10'* Hemocrarouyx 31eKTPOHOB/ cM”), HA IUIOMALH OBEPXHOCTH IO BUPYCOM OYLET

-1
5,4 -107"° Ki1 moosKuTepHOro 3apsja.



Kunemuueckas snepeus qactuipl IBYOKYIICHCS co ckopocThio 0,lcm/c mvV?/2 =
2,7-107° JIx.

Tennosas snepeus 0sudicenuss 9actTuibl B 1ienoM ~ kT = 4,2- 107! k.

Kynonosckas snepeust ~= q-qo/(e g r) =4,4-10™° Tk,
€CIM NPHUHATH q; = 5,5 10" K, Q = 5,4 107 K, paccuuTaHHble 10 ypaBHEHMIO ['yn-
Yenmena, € = 80, g = 107, r = 100 um. IIpn ymeHbmenun paccrosnus Ey, Bo3pacraer, Tak
yto npu r = 0,2 HM OHa cocTaBuja ObI 2,2:107"° JIX, a Ipy KOHTAKTE 1Iapa C MIIOCKOCTBIO ~
3107 k.

Bau-oep-Baanvcosa suepeus 63aumooeticmsusi Egg aTOMOB M HEOOJIBIIINX MOJICKYJT
0OBIYHO TIOpSJIKA 10* Jix/momns wn ~ 2107 Jlx/monekyna. Hanouactunia ¢ D=30 uwMm, eciiu
ee IIPECTABUTh B BHAE Kyba ¢ peGpoM 30 HM, comepkuT Ha rpasu ~ 200> = 40000 aToMoB.
Ecnu BanzepBaanbCcoOBO B3aUMOJIEHCTBUE YACTUIIBI C IOBEPXHOCTHIO MIPEJICTABUTh KaK CYMMY
aTOMHBIX, TO TONy4uTcs Epp ~ 810" Ix. B TO Xe Bpems clenyeT ydecTb, 4YTO
mapooOpa3Hasi 4acTUIa KacaeTcs MOBEPXHOCTH IOpa3Zi0 MEHBIINM YUCIOM aTOMOB, TaKk 4YTO
6e3 medopMmaruy 1apa 310 9ucio Oymer BepositHo < 10 u Egg ~2:107° k. Opnnaxo u 31a
BEJIMYMHA BEpHA /I BaHHAEpBaajabcoBa paguyca ~ 0,2 HM, a Ha paccrossHuu 100 HM oHa
6yzner HuuToXKHO Mana (B ~ 10" pas, Tak Kak Bce THIIBI CHIT M&XMOJIEKY/SIPHOTO IIPHTSDKCHHS
MOT'YT GbITh AIMIPOKCHMHUPOBAHBI ypaBHeHHeM Epg = - n/1°) rie n = KOHCTAHTA IPUTSIKEHIS).
BugHo, 4TO KYyJIOHOBCKOE B3aMMOJEHCTBUE HAHOYACTHUIBI C 3aPSIKEHHOM MOBEPXHOCTBHIO
naxxe Ha paccrossann 100 HM (310 ~ 1000 pa3 Gosblie MEKXAaTOMHOTO) 3HAYUTEIIBHO CHIIBHEE,
yeMm Jpyrue cocrasisomue. JlanpHeilee cOnmxeHne YBEIMUMBAET MPUTSHKEHHE 0OpaTHO
MPOMOPLUOHAIBHO PACCTOSHUIO, a YyHaJleHHe J0 | MKM elle OCTaBiseT COOTHOUICHHE
SHEPTHUM TEM Ke.

B nToi#i riaBe onucaHbl XapaKTEpUCTUKU BOJOKHUCTOIO cOpOeHTa M MOKa3aHo, 4To
pa3pbIBHAs JJTMHA BOJIOKHUCTOTO copOenTta (307 M) ompenenseTcss B OCHOBHOM Pa3pbIBHOU
JUTMHOU mosuMepHoi 0ocHOBBI DITA-15-2,0 (439 m).

[IponyckHasi CrMOCOOHOCTH BOJIBI BOJIOKHHCTBIM COPOCHTOM TOJIIMHOW 2 MM
coctasnser 0,2 cm/c mpu u36biTouHoM aAaBiieHud 0,5 aT™, 4TO MO3BOJISIET OTHECTU €r0 K
«CKOPBIM (priTbTpam».

Crioco0 1moJiyyeHusi BOJIOKHHCTOTO COpOEHTa MPUBOAUT K OOpa3oBaHHIO B
MEKBOJIOKOHHOM TPOCTPAHCTBE MOJUMEPHOU MATPHIBl 2 Mac. % HE3aKPETUICHHBIX YaCTHI]
OKCOTUJPOKCHUA aTIOMUHUS, CIIOCOOHBIX MUTPUPOBATH U3 COPOEHTA MOJ AEHCTBUEM IOTOKA

KHUAKOCTH. YCTaHOBJ'ICHO, 4TO MUT'palusd OKCOTHAPOKCHIAA QAJIIOMHHHUA B OYHUIIACMYIO



KHUJIKOCTh UMEET YOBIBAIOIINK XapaKTep W MPEKpaIIaeTcsl MOCie MPOMBIBKH BOJIOKHHCTOTO
copGeHTa BoI0# B KoymuectBe 100 mur/cm’.

[TokazaHo, 4TO BOJIOKHUCTBI COpPOEHT CHOCOOEH aacopOUpoBaTh U yIEp:KUBATh HE
Tonpko Oaktepuu E. coli m Bupycelt MS2, HO u npyrue MUKpoopranusmbl (St albus
(cradunokokk), B. pseudoanthracis (JioxHasi CHOMpEs3BEHHAs T1aJlovKa, CoJepKaIias, KpoMme
OakTepuii, criopsl), S. cerevisiae (APOKKHU — OTHOKJIETOUHBIE TPUOKH)), a TaK K€ SHIOTOKCHH,
00pa3yromuiics: IpH JTU3UCE OAKTEPHA, YTO JAETAET ero MePCIEKTUBHBIM MAaTEPUAIOM Kak JUIs
MUKPOOHOJIOTHYECKOW OYHMCTKMA BOJBI, TaK W JUIS TIOJYYCHHUS AalUpOTCHHOW BOJBI B

(hapmareBTHUeCKOM MPOMBIIIIIEHHOCTH.

BbIBO/IbI

1. BrepBble OKa3aHO, YTO OCHOBHBIM MPOJAYKTOM PEAKLMH SIBISIETCS I1CEBIOOEMUT
(96 %) B BuJE M30THYTHIX JIMCTOB WJIM IUIACTUHOK TOJIIMHON MeHee 8 HM u paszmepom 100-
200 HM, arnOMEpHpPOBAaHHBIX B MOPHCTBIE YacTHLbl pazMepom 0,5 — 5,0 MkM ¢ 3apsuom
noBepxHoctd +39 MB. Ha moBepXHOCTH aueTHIILEIUIIONIO3HBIX MUKPOBOJIOKOH YaCTHIIbI
OKCOTHJPOKCUA ATIOMUHUS (POPMUPYIOTCS KaK B BUJE AHAJIOIMYHBIX MOPHUCTBIX YaCTHIL,
PacCIoI0KEHHBIX 000CO0JIEHHO, TaK U B BHJI€ YYaCTKOB MOPUCTOTO ciios TojmmuHou 0,1 — 0,2
MKM. OKCOTHAPOKCHJI aTIOMUHUSI UMEET ME30IOPHUCTYIO CTPYKTYPY CO CPEIHHUM JIUaMETPOM
mop 4 HM ¥ yIeTbHYIO TMOBEPXHOCTH 300 M°/T. VIMMOGWIM3AIMS 9aCTHI OKCOTHAPOKCHAA
ATIOMHUHMS Ha aleTUIILEIUTI0JIO3HBIX MUKPOBOJIOKHAX MPENATCTBYET JalbHEWIel arperauuu
yacTull ¢ OOpa3oBaHMEM KPYIHBIX CTPYKTYp, B OTJIMYME OT IOJYYEHHOTO B BOJHOM
CYCHEH3HUHU.

2. BriepBble MpOBEIEHO CPaBHUTEIBHOE UCCIIEIOBAHUE aCOPOLIMOHHON CLIOCOOHOCTH
BOJIOKHHCTOTO COpOEHTa MO OTHOIIEHHUIO K ajcopdaraM pas3IM4yHOIrO pa3Mepa U 3apsja.
[lokazaHo, 4YTO B JAMHAMHUYECKUX YCIOBHUSAX BOJIOKHHUCTBI cOpOEHT ajcopbupyer
MpeuMyIecTBeHHO aHuoHHbIe ancopOatel (H,AsO4 — 3,3 mxmons/r, NO3” — 2,6 MKMOJIB/T,
703UHAT-UOH — 4,8 MKOJIB/T) U aJicopOaThl, CHOCOOHBIE 00Pa30BBIBATH JOHOPHO-aKIENTOPHBIE
CBs3M (TaHMHOBAs KHcaoTa 12,3 MKMOJIB/T), a TaKXKe OTPULIATENIbHO 3apsLKEHHBIE JaTEKCHbIE
cdepsl quameTpom 33 HM - 10'* wactunyem®. KatnonHsie azcopOaTsl (Pb2+, Cd*, Mn*", Zn*",
Cu®™ , MermieHOBBII Tromy0Oif) Ha OKCOTHAPOKCHAE AMOMHHHS IPAKTHIECKH HE
aacopoupyrorcs. Bmepsrie u3yuena azacopOmuss BupycoB MS2 u Oaktepmit E.coli. Ha

BOJIOKHUCTOM COp6€HTe H IIOKa3aHoO, 4YTO €MKOCTB JI0 TIOSIBIICHUS UX B (bl/IJ'II)TpaTG COCTaBJIACT



10* BOE/em” u 10" KOE/cM®. JlanHble 1m0 a7cCOpOIIMU TIOATBEPKIAIOT MPEUMYIIIECTBEHHO
OCHOBHBI XapaKTep MOBEPXHOCTH OKCOTHIPOKCHU/IA AITFOMUHUSI.

3. BnepBbie usyueHo nsmeHenue a3era-noreHuuana AIOOH npu ancopbuuu Ha HEM
BupycoB MS2. [loka3zano, yto npu agcopouun MS2 npoucxoauT KOMIEHcalus MoTeHIraia
U TIepe3aps/IKa OBEPXHOCTH.

4. BriepBbie MPOBEICHBI MOJEIbHBIE PACYETHI TIOBEPXHOCTHOW IIJIOTHOCTH 3apsOB B
aacopOenTe u ajncopbare, momod6HoM Bupycy MS2; ¢ y4€roMm pasmepoB BHUPYCOB U
reOMETpUYECKUX (OpPM H Pa3MEpPOB BOJIOKOH TIOKAa3aHO, YTO TUHAMHYECKAs aJCOPOIIHS
BHUPYCOB MOXET OBITh OOBSCHEHA ASJIEKTPOCTATHYECKHM B3aMMOJICHWCTBHEM HX 3apsIOB C
3aps/iaMy TIOBEPXHOCTH ajicopOata. B cimydae 6akTepuit 3ToT GakTop MOMOJHIETCS GaKTOPOM
MEXaHMYECKOTO YACPKUBaHUS 3a CUET KPYITHOTO pa3Mepa OakTepui.

5. Pazpaboran BOJIOKHHCTBI COpOEHT W (QWIBTP HA €ro OCHOBE IS
MHUKpPOOHOJIOrHuecKor 0uucTKU BoAbl. [lokazaHno, paspaboTanHblil copOEHT APpPEeKTUBEH NpU
OUYHCTKE BOJIbI OT MHUKPOOPTaHU3MOB pa3IUYHbIX BUAOB: St. albus (craduinokokk), B.
pseudoanthracis (10>xHast cHOMpesI3BEHHas Majl0yKa, CoJiepKalias, KpoMe 0akTepuii, Criopsl);
S. cerevisiae (IpOXOKM — OJHOKJIETOYHBIE TpuOKHM). [lokazaHO Takke, YTO BOJOKHHUCTBIN
copOeHT ajcopOupyeT OaKTepUaTbHBIA SHIOTOKCHH, 0Opa3yIOMUNUCS TPH JIU3UCE OaKTepHi,

YTO MOXKET OBITH HCIIOJIb30BaHO AJIA TOJTYUYCHU A aHHpOFCHHOﬁ BOJBI.
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