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V13y"leHa B03MO>KHOCTb IItCn0I1b30BaHVlR cKaHHpYIO~ei:1 TYHHenbHoi:1 lit aTOMHO­
clitnOBOVi MlltKpOCKOnlltlit AJ1~ C03AaHlltR MeTOAa 06Hapy>t<eHlltR. IItAeHTVlepHKa~IItlit lit 
KonH4eCTBeHHoro Y4eTa naToreHHblX alitpyCOB 4enOBeKa B BOAHblX 06beKTaX 
OKpy>KalOl.l.Iei:1 cpeAbl. PaccMorpeHbl OC06eHHOCTH nplltMeHeHlltR MeTOAOB CKaHHpylOl.4eM 
30HAoBoi:1 MMKpOCKOnlltM AJ1~. M3Y4eHIIt~ CTpYKTYpbl lit nOKanbHblX caoHcTB nOBepXHOCTlit 
6HonorM4eCKlltX 06beKTOB. Pa3pa6oTaHbi pe>KlltMbl Ha61llOAeHlltR lit nonY4eHbl 
IIt306pa>KeHMR B CKaHlltpYlOuteM TyHHenbHOM H aTOMHO-ClitnOBOM MlltKpOCKOne 
MOAenbHoro BlitPyca (BHpyC nonlitOMHe.nlltTa Tlltna 1 BaK~IItHHOrO WTaMMa C36MHa). 
OnpeAeneHbl OCHOBHble 3Tanbl npo~eAypbl aHallM3a nMTbeBoi:1 BOAb' Ha cOAep>KaHMe 
onpeAeneHHblx BlitpycoB "IenOBeKa, o~eHeHbl 4yBcTBMTellbHocTb, 3¢¢eKTMBHOCTb M 
AnHTeI1bHOCTb MeTOAa. CepopMynlltpoBaHbI OCHOBHble 3aAa4M AanbHei1wlltx 
..,ccneAoBaHIIt'" lit nyrllt IItX peanM3a,-,MIIt. BblAeneHbI AOnOIlHlltTenbHble nepCneKTIo1BHble 
HanpaBI1eHMR pa3811tTIIt~ pa60T AJ1~ aHanllt3a APyrlltx 611tOnOn1"1eCKlltX 06beKTOB 8 BOAe, a 
TalOKe B >KMAKlltX cpeAax opraHM3Ma 4eJlOBeKa. 

SCANNING PROBE MICROSCOPY OF BIOLOGICAL OBJECTS IN AQUEOUS 
ENVIRONMENT. (PROPOUNDING AND DEVELOPMENT OF INVESTIGATIONS IN 
SSC RF ITEP) 
A.L.Suvorov, T.E.lgnatyuk 

The possibility of use of scanning tunneling microscopy and atomic force,microscopy 
to develop methods of human nosogenic viruses detection, identification and quantitative 
calculation in aqueous environment are studied. The special features of use of scanning 
probe microscopy methods for the investigation of biological objects structure and 
surface local properties are reviewed. The regimes of observation by scanning tunneling 
microscope and by atomic force micr9Scope were developed and the images of model 
viruses (poliovirus'type 1 vaccine Sebin's stamm) were'received. The main stages of the 
procedure of the analysis of drinking water for certain human viruses were estimated. 
The sensibility, the effectiveness and the duration of method were valued. Definitions are 
given of the problems of further investigations and the ways of their realization. The 
additional perspective directions of the investigations for the analysis of another 
biological objects in water and also in aqueous medium of human organism are 
analysed. 
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1. BaeAeHMe 

CKaH~PYIOLL.tas:l 30HAOBafi M~KpocKOnlt1f1, npeAcTaBIlfilOLL.ta51 co60(;; 

cOBpeMeHHble MeTOAbl lt1ccneAOSaHlIIs:l CBO~CTB nOBepxHocH1, nOIlY4lt1Ila 

CBoe pa3BlIITlt1e KaK HOBoe HaY4Hoe HanpaBIleH~e C MOMeHTa C03AaHlt1s:l B 

1982 r. 6111HH~rOM VI PopepoM cKaH~pytoLL.teroTYHHenbHoro Mlt1KpOCKOna [1]. 

3a npoweAw~e rOAbl np~MeHeH~e 30HAoBO(;; M~KpOCKOnllllt1 B 6Li10IlOrLillll 

n03BOIllt1IlO AOCT~4b YHlIIKaIlbHbix HaY4Hbix pe3YIlbTaToB. B YaCTHOCTlII, 

np~MeHlIITenbHo K LilccneAoBaHLilfiM HYKIlelt1HOBbIX Klt1CI10T 6blIllll AocTlIIrHYTbl 

TaK~e pe3YIlbTaTbi KaK BLil3yaIl~3a'-'Lilfi oTAeIlbHblx MoneKyn AHK [2], 

lt1ccneAoBaHLile LilX KOHepopMa1.41110HHOrO COCTOflHlt1s:l B >KII\QKlt1X cpeAax, 

np51Moe 1II3MepeHlt1e Clt1Il B3alllMoAeHCTBlt1R KOMnneMeHTapHblx HYKfleoTlIIAoB 

[3], B1II3yaIl~3a4lt1f1 npOl.4eCCOB B3alt1MOAe(;;cTBLilR AHK C 6enKaMlt1 (4]. 

B TO >Ke BpeM51 CKaHlt1pytOLL.tas:l 30HAOBas:l MlIIKpOCKOnlt1f1 6~onOr~YeCKlIIX 

06beKTOB lt1 CTpyKTyp OCTaeTCR 60nee CIlO>KHO~ 3aAa4eH B cpaSHeHLilLiI C 

lt1CCIleAOSaHLiteM nOBepXHOCTe(;; TBepAblX TeIl. 3TO CBs:l3aHO C TaKLitM~ 

oco6eHHOCTfiMLiI 61110IlOrlt1yeCKlt1X 06beKTOB, KaK H~3KaR npOBOAlt1MOCTb Lit 

HeBblCOKafi MeXaHlt14eCKafl >KeCTKOCTb. KpOMe Toro, 06beKTbi AOIl>KHbl 6blTb 

3aeplllKClIIpOBaHbi Ha nosepXHOCTRX TBepAblX nOAfl0>KeK. 8 HaCTOSlLL.tee 

SpeMs:I npLilMeHfltoTCR KaK ep1ll3lt14eCKLite, TaK ~XLitM1II4eCKlt1e MeTOAbl 

lt1MM06111Illt13a4lt1111 61110nOrlt14eCKklX 96"beKTOB. Anfl peWeHlIIs:I 3TO(;; 3a,qa4lt1 

4aCTO lt1CnOnb3yeTcs:I MOALilepLilKa4Li1s:1 CBO(;;CTB nOAIl0>KKlII nyTeM 

KOHTpoIllllpyeMoro oCa~eH~f1 Ha ee noeepxHocTlII TOHK~X opraHLil4ecKHx 

nIleHOK c aaAaHHblMLiI CBo(;;cTBaMLiI. YHLilBepcaflbHblx MeTO,QHK 

npLilroToBneHlIIR 06pa31.40B AIlfi peUJeHlt1f1 3aAa4 .cKaHLilpytoLL.te~ 30HAoBOH 

MlIIKpOCKOnlt1lt1 nOKa He CYL1\eCTByeT. n03TOMY B Ka>K,L\OM KOHKpeTHOM CIlY4ae 
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cne4Hep~Ka 3aAa4~ Tpe6yeT 3Kcnep~MeHTanbHOrO onpeAeneH~~ aAeK­

BaTHo'" npo4eAypbl II1MMo6V1IlVl3al\VIVI Hcc.neAyeMblx CTPYKTYP Ha 110AIlO>KKe. 

MoneKyna AHK 6btna nepBOIf1 cpeAH MHO>KeCTBa 6~0J10rL14eCKHX 

06beKTOB, KOTopble L1CCneAOBaIlVIcb MeToAaMVI CKaHL1pytOLLleVi 30HAOBO~ 

MVlKpocKonVlVl. B HaCTo~lllee BpeM~ C 110MOlllbtO cKaH~PYtO~elf1 TYHHeI1bHO~ 

M~KpocKonVlH VI aToMHO-CVlnOBOIf1 MVlKpOCKOn~L1 nonyyeHbl V1306pa>KeHL1~ 

OT,lJ.enbHblx 6enKoB [5], 6enoK-MeM6paHHblx KOMnneKCOB [6], 

nVinOnOI1V1CaXapVlAoB [7], pel\enTOpHblX KneTOK [8], HeKoTopblX BVipyCOB [9], 

6aKTepVllf1 [10] H APyrlo1x 06beKTOB. 

HeCKOIlbKO neT Ha3aA rpynna Cnel\V1aIlVICTOB rHLt P<f> II1HcTVlTYTa 

TeopeTw·teCKOIf1 VI 3KcnepVlMeHTaJ1bH0If1 ¢Vl3V1KVI, VlMelOll.\lo1X 60IlbWO~ onblT B 

L1CnOIlb30BaH""1 coapeMeHHblX ynbTpaMVlKpOCIlOnVlyeCKVlX MeTO,lJ.OB 

'(06ecne4V1BalOl..4V1X aTOMapHoe pa3peweHVle aTOMHO-30~OB0If1 

aBTOVlOHHO~, CKaHHpYlOlJ.\elf1 TYHHeI1bHO~ VI aTOMHO-Clo1I10B0If1 MHKpOCKon",~) 

.AIlR HccneAOSaHVls:1 pa3Hoo6pa3HbiX paAVla4L10HHbIX 3epepeKTOB B TsepAblX 

Tenax, npeAIl0>KVlIla pacnpOCTpaHVlTb CKaHL1pytoLLlYto TYHHeIlbHYIO VI 

aTOMHo-cHnoBylO MI.1KpOCKOnL11O Ha aHaIlVl3 HaIlL4YL1s:J B BOAe 6L40IlOrVl4eCKVlX 

06beKTOe: naToreHHblX SL1pycoa VI 6aKTepL1VJ. V13BeCTHO, 4TO 60nbwaR 

rpynna BHpyCHblX 3a6oneBaHL1Ji1 4enoaeKa Bb13b1BaeTCs:J areHTaML1, KOTopble 

L1MeIOT <peKanbHO-OpaI1bHbll7l nyTb nepeAa4L1. K TaKL1M areHTaM OTHOC~TCR 

BL1PYCbl pa3I1L14HbIX CeMelf1CTB, npL14eM 60nbwa~ L1X ",aCTb OTHOCHTCR K 

ceMeJi1cTBy Picomaviridae. POAY Enterovirus. BL1PYCbl 3TOVI rpynnbl MOryr 

Bbl3blBaTb TaKVle 3a6oJleSaHVlR, KaK nOnVlOML1eIlL1T, racTp03HTepl-1T, renaTL1T 

A VI AP. YBenVl4eHL1e X03R~CTBeHHo-6b'ToBoro 3arp~3HeHVls:1 L1 CHL1>KeHL1e 

3<P¢eKTL1BHOCTL1 npOL~eccoB caM004Hll.\eHL4s:1 B npL1poAe npVlBoAflT K 

3arpR3HeHVlIO eCTeCTBeHHblX V1CTO\.fHVlKOB I1V1Tbeaoro BOAocHa6>t<eHVlR, 

HapacTaHVlIO AecPl.-14V1Ta Ka4ecTBeHHoI7I nViTbeBo~ BOAb!. CYl.l.\eCTBYIOll.\L1e 
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MrAKpo6rA0110nil"leCKrAe MeTOAbl KOHTp011R KayeCTBa nrATbeBO~ BOAbl He 

scerAa rapaHTlllpytOT ee SrApYCOllOrrA4ect<y1O 6e30naCHOCTb. KOHTpOllb 

Ka"leCTSa SOAbl C nOMOll.\btO TpaAlI1l\rAOHHbIX BrApYCOllorlll"leCK~X MeTOAOB 

AOCTaTO"lHO C110>KeH III AllrATe11eH [11). B CBR3111 C 3TrAM B03Hlt1KaeT 

Heo6xoArAMOCTb B pa3pa6oTKe HOBblX, coBpeMeHHblx, BbICOKO­

"IYBcTBlt1TeflbHbIX \II 6blCTPblX MeTOAOB BlllpyconOrrA4eCKOro KOHTp011R SOAbl. 

VlH\IIl...lrAanlBa rHU P<l> V1T3<l> 6bl11a nOAAep>KaHa npaBrATenbCTBoM 

MOCKBbl, KOTopoe nOC11e npoeeAeHHR (4epe3 MOCKOBCKHl1 KOMHTeT no 

HayKe \II TexHonorVlRM) TLLtaTellbHo~ 3KcnepTH3bl nOArOTOB11eHHoro VtT3¢> 

npoeKTa OTKpblno ero epIf1HaHCHpoBaHHe. reHepa11bHblM 3aKa3Y\IIKOM pa60T 

CTano 06beAIIIHeHrAe «MOcBoAoKaHan». K pa60TaM 6blJlH npHBne4eHbl: 

AccOL\\.iIal\rAR «Y11bTpaM\IIKpOCKOnVlR B HayKe If1 TeXH0110rHIf1»; pa3pa6oT'1.fHK H 

npoH3BoAHTe11b MIf1KpOCKOnoB AKUrAOHepHOe 06LllecTBo «Kn,Q»; rpynna 

HccneAoBaTenel1 epH3HyeCKOrO epaKynbTeTa MOCKoscKoro 

rOCYAapcTseHHoro YHIt1SepCIIITeTa 111M. M.B.JloMoHocoBa; na6opaTopHSl 

HiltV1 3K0I10rIl'lVl "IeIlOSeKa VI rll1rll1eHbl oKpy>t<alOll.\ev; cpeAbl HM. A.H.CblcIt1Ha 

PAMH; na60paTOpll'lR iltHcTHTYTa nOnll'lOMll'leI1V1Ta VI BIIIPYCHblX 3HI...leepallVlTOB 

111M. M.n.4YMaKosa PAMH. OCHOBHblMH yyaCTHVlKaMLII pa60T, nOMVlMO 

aSTopoB HaCTOH~ero npenpll1HTa, Ha pa311LilYHbIX 3Tanax 51BIlRIOTCR BeA. 

Hay"l. COTp., AOKTOP eplit3.-MaT. HayK Vl.B. flMHHCK&ill1, 3ae. 11a6., KaHA. MeA. 

HayK O.E.V1eaHoBa, CT. HayY. COTp., KaHA. 6rAOn. HayK T.n.EpeMeeBa, 3aB. 

na6., KaHA- MeA. HayK A.E.HeAaYII1H, CT. Hay"l. COTp., KaHA. cPrA3-MaT. HayK 

H.E.na3apeB, ArAP. AO «Kn,a» 5.A.JlorLilHoB , acnHpaHT O.H.MaKeeB, 

aCnrApaHT M.A. K030AaeB. BceM rAM aBTopbl npHHOC.s:IT rACKpeHHlOfO 

6narOAapHOCTb. 

UenblO HaCT05UlteV; pa60Tbi f1Snj:leTCR 3HaKOMCTBO C nonyyeHHblMII'I 

pe3ynbTaTaM&iI LiI CO C110>KLilBWeVlC51 CLiiTYaI...lLilet:1 Ha cerOAHflWHLilV; AeHb. 
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2. BMpyCbl B BOAe 

MHor~e 3a6olleBaHlilfI l.IeI10BeKa Lt1MeIOT BL4PYCHYK> npll1poAY (Ta61l. 1). 

Blilpyc npeACTaBI1~eT c06o~ MIiIKpoopraH~3M, OCHOBHO~ OTI1Lt14Ii1TenbHO~ 

"fepTO~ KOToporo flBI1f1eTCS1 110nHa~ 3aBIiICIiIMOCTb ero penpoAyKLtlil1il OT 61i10­

.nor1il4eCKIilX CTPYKTYP iii cPYHK~IiI~ KIleTKIiI-X035U1Ha. feHoM Bli1pyCOB npeA­

CTaBJ1eH HYl<I1eIilHOBO~ KlilcnoTo~ - Ae30KClilpLt160HYKIleIilHoBoVl KIiICI10TO~ 

(.QHK) IiIIlIiI pIiI6oHYKJleIilHOBO~ KIiICJ10TO~ (PHK). 3Ta KII1CJ10Ta penpo­

AY41i1pyeTcfI B >KII1BbIX KJleTKaX iii, IiICn0J1b3YfI IiIX c1iIHTeT1iI4ecKIiI~ annapaT, 

3aCTaBI1~eT KIleTKIA CIiIHTe31i1pOBaTb CneUlilaI11i131i1pOBaHHbie 4aCTIiILlbI, 1iI1l1i1 

BlilPIiIOHbl , COAep>Ka~liIe reHOM BL4pyca lit cnoco6Hbie nepeAaBaTb ero B 

APyrlile KIleTKIiI [12]. 

SHe >KIiIBOIt1 KJ1eTKLt1 BIiIPYC CYlJ..(eCTByeT B ¢opMe BlilpIiIOHa. SII1PIiIOH, KaK 

npaBlilno, ~BllfJeTCfl nOJ1HOCTbto CcPOpMVlpOBaHHO~ BlilpyCHOVt 4aCn1L",e~, 

COCTOs:t~e~ 1i13 HYKIlelo1HOBOVt KliIcnOTbl 1iI1l1i1 reHOMa, 6eJ1KOB0It1 060n04KIiI 1iIJ1"1 

KanCLifAa iii, Ailfl HeKOTopblX BVlpyCOB, BHeWHe~ 060I104K~. 0601l04Ka 

3a1.4Lt11.4aeT reHOM OT nOBpe}f(AeH~1t1 iii 06ecne4V1BaeT Hal.lallbHble 3Tanbl 

B3al1MOAeVtCTBl1~ BlI1pyca C BocnpIiIIiIM4LilBO~ KJleTKOIt1. B~PIiIOH onlilCblBaeTC~ 

no . PRAY nplil3HaKOB, rllaBHblMIiI 1i13 KOTOpblX ~BllfftOTCH pa3Mep, cPopMa, 

cTa61i1J1bHOCTb no OTHOWeHLt1to K cPLil31i14eCKLt1M Lt1 X~MIiI4eCKLt1M B03AeHCTBIiI~M, 

CTpyKTypa Lt1 XVI MII14eCKIiIVt COCTaB KOMnOHeHTOB, cnoc06 YKIlaAKII'I 

CTpyKTypHblX cy6beALt1HLt1L1 V1I11i1 TLiln CVlMMeTpLt1Lt1 KanC"1Aa. XapaKTepll1CTIiIKa 

BVlP\.llOHOB OCHOBHblX Blo1pyCOB 4enOBeKa, pacnpOCTpaH~eMblX BOAHblM 

nYTeM, npeACTaBneHa B Ta5J1. 2. 

BLilpyCb', Bbl.QeJ1~t01.4V1ecfI C cPeKanlilflM\.II \.1111\.11 MOl.lO~ Y MHorlilX BVlAoB 

>K\.IIBOTHbIX, MOryT 3arp~3Hs:tTb BO.QY. Oc06eHHo Ba>KHbl BLilpyCbl, KOTopble 

nOpa>KatOT >KeJ1YAol.lHo-KLilwel.lHbl~ TpaKT 4e1l0BeKa \.II 3KcKpeTlilpYlOTCfI C 

¢eKaflLilflMVI 60I1bHbIX. 3TIiI 60J1e3HeTBopHbte areHTbl nepe.QaK>TCfI 
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Ta6mu..la 1 
OCHOBHble SIo1PYCbl ~enOBeKa 101 Bbl3b1BaeMble Io1MIo1 ne3HIo1.
 

OcHoBH~e3a60neaaHMH
CeMeM-
CTBO 

TMn 
reHO-
Ma 

OCHoBHble PQAbI 
(noArpynnbl) 

AMaMel'p 
Blo1pMoHa, 
HM 

Orhomy­
xoviridae 

PHK BIo1PYCbI rpMnna A, 
a,e 

115 

Paramy­
xoviridae 

PHK napaMMKCO-
BMpyCbI, 
nHeBMoBMpycbl,. 
Kopesbre BIIIPYCbl 

150 - 300 

Picoma­
viridae 

PHK 3HTepOslllpycbI, 
K8PAMOBIIIPYCbI, 
peHoBlllpycbI, 
aSToslo1pycbl, 
renaToBMpyCbl 

22-30 

Toga­
virtdae 

PHK .Ap6aslllpycbI At 
ap6asMpycbl B, 
Rubivirus, 
Pestivirus 

40-70 

Rhabdo­
viridae 

PHK BMpyC 6eWeHCTBa 80- 200 

Retro­
viridae 

PHK T-nMM<j)OTpOnHble 
SMpyCbl \,fenoseKa , 

80 -100 

Onkoma­
viridae 

PHK 

Adena­
viridae 

AHK 70-90 

Herpes­
viridae 

AHK 100-200 

Pox-
Viridae 

,QHK 240 - 269 x 
150 

Hepadna­
viridae 

AHK 42 

Flavi­
viridae 

PHK cJ)naslIIBlllpYCbI 32-50 

rpMnnA, B, e 

naparplo1nn, pecnMpaTopHo­
CMH~lo1anbH8SI MH4>eKL(MSI,
 
3nlo1AeMIII~ecK""M napo1l1T,
 
KOpb
 
nonMoMlllenMT, ceP03HblM
 
MeH....HIl1T, 3H~e<t>anMT ,
 
3HTeposMpycHaH 3K3aHTeMa,
 
renaTMT A
 

KpaCHy.Xa,ap6aBMpycH~e 

3H4e<t>anMTbI M 
3H~ecPanoMMenMTbl, 

KnellleBOA 3H~MT, 

reMoppam~ecKMe 

flMXOPaAKIII 

beWeHCTBO 

BII14-MH<PeK~SI 

fleMK03b1, capKOMbi 

AQeHoBMpYCHaSi MHcPeK1.U'1S1 

npOCTOM repnec, reHIIITCUlb-
HblM repnec, repnec nnOAa M 
pe6eHKa, l(MTOMeranIllSl, 
Bel'pRHaSI ocn8 
HaTYpanbHaR ocna 

renanrr B 

renanrr C, >KenTaH nM­
xOPaAKa, 3Hl(ecPan....TbI, 

reMOppam"lecKMe 
nMXOpaAKM 
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HaLll60nee 4aCTO OT 4enOBeKa K4eIlOBeKY epeKanbHO-OpaIlbHblM nyTeM. OHIo1
 

TalOKe npHcyTcTBytOT a CT04HbiX BOAax, KOTopble nocne pa3Il1f14HO~ CTeneHIo1
 

Ta6nLII~a 2. 
OCHOBHble B~Pycbl4enoBeKa , pacnpocTpaHHeMble BOAHblM nyTeM. 

4L11cIlo 
cepoTVlnoB 

HaViMeHoBaHVle 

Billpyc renaT~Ta A 

BVlPYCbl
 
nOIlViOMHem1Ta
 

BVlPYCbl KOKcaKVI A 1-22,
 
BVlPYCbl KOKcaKH B
 1-6
 

~-

1-9,
 
29-34
 

BVlPYCbl ECHO 

68-71
 
4eIJOBeKa 68-71
 

AAeHoBMPYCbl 

3HTepoB~PYC 

47
 
4ellOBeKa
 

POTaBVlpycbl 3
 

1
 

3
 

24
 

11~27, 

MOpepollOrLll4eCKaH OC06eHHOCTVI reHOMa: 
xapaKTepMCTLilKa pa3Mep HApa (HM), 
Bl.1pVloHa: pa3Mep TLiln reHOMa 
(HM), epopMa 
27-30, ~Koca3AP, 10-15, 
nOBepxHocTb 6e3 OAHOl.~en04e4HaS1 PHK 
oco6eHHocTeH 
24-28, LIIKoca3,Qp, 10-15, 
nOBepxHocTb 6e3 0AHOl...\en04e4HaSl PHK 
oco6eHHocTe~ 

22-28, V1Koca3AP, 10-15, 
nOBepxHocTb 6e3 0AHOl...\en04e4HaH PHK 
oco6eHHocTeii1 
25-30, VI Koca3AP, 10-15, 
nOBepxHocTb 6e3 0AH04en04e4Has:l PHK 
oco6eHHocTe~ 

22-30, HKoca3AP, 10-15, 
-

nOBepxHoCTb 6e3 0AHOl...\en04e4HaH PHK 
oco6eHHocTe~ 

70-90, MKoca3,Qp, 35-45, 
LIIMeeT OTPOCTK~ 2x10­ AByxl...\en04e4HaSl ,QHK 
15 HM 
70. 1.1 Koca3AP, 50~65, 

ABYXKanciIIAHaSl ABYXl...\en04e4HaH 
cTPYKTYpa, Hapy>KHbl~ qpparMeHTillpoBaHHaSl 
t<anCHA C4eTKHMH PHK 
penbeepHblMIr1 
oco6eHHocTSlMI.1 

o6pa6oTKLII cnycKatOTcR B nOBepxHocTHble SOAbl LIIIlIo1 S 3eMntO. n03TOMY 

3HTepoBLllpycbl MoryT npLIICyTCTBoBaTb B 3arpSl3HeHHbix CT04HbIM1f1 BOAaMLo1 

nOBepxHocTHblX LII rpyHToBblX BOAax, KOTopble IilCn0J1b3ytOTCSl KaK 

IIICTOYHIIIKLII nlilTbeBo~ BOAbl. B1f1pyCbl, KOTopble Moryr 3KCKpeTVlposaTbcSl B 



7
 

OTHOC~TenbHO 60JlbWlilX KOJllil4eCTBax y 60nbHblx, BKnlOyalOT nonlilO­

BlilpyCbl, BlilPYCbl KOKCaK~, B~PYCbl ECHO, H APyrHe 3HTepoBHpycbl, aAeHO­

B~PYCbl, pOTaBlilpycbl, BlilPYCbl renaTlilTa A, HOPBOIlK BIIIPYCbl (KoTopble MO­

ryT Bbl3blBaTb lilHepeKLlliloHHble He6aKTeplllaJlbHbie racTp03HTepIIITbl). 3a 

lilCKnK>4el-lllleM BlI1pyca renan1Ta A, Ka>KAaH rpyl1na COCTOIl1T 1113 HeCKonbKIIIX 

cepOJlOrlllyeCKIIIX nmOB. no MeHbwe~ Mepe 37 pa3JlW"IHbIX BlllpyCOB 

yenOBeKa BbtAeneHbllil3 nlo1TbeBOI.1 BOAbl BO BeeM Mlllpe [13]. 

B yMepeHHoM KIU.,MaTe nll1K 3HTepoBlllpycoB B CTOYHblX BOAax 

OTMeyaeTCs:I B KOHlle neTa H 3aTeM HX ypoBeHb 6blCTPO naAaeT. 

It1CKnK>4eHllleM s:lBns:ltOTcH BIIIPYCbl renaTIIITa A, BII1PYCbl Tlllna HOpBOJlKa 1o1 

pOTaBlllpycbl, nocKonbKY 3a60neBaeMoCTb, 05YCIlOBJleHHaH 3TIIIM~ 

BillpycaMIII , paCTeT B XOJlOAHble MeCHllbl [14]. OAHaKo KOJllIIyeCTBeHHas:l 

IIIHepopMal4l11S1 0 BCTpeyaeMOCTIo1 3TIIIX nocneAHIIIX BlllpyCOB B BOAe III CTOYHblX 

BOAax HeAOCTaTOYHa, nocKoIlbKY onpeAeneHllle npolllcxoAlilT no 

o6U4enplilHsHo~ MeTOAIIIKe Ha KyJlbTYpe KlleTOK. BIIIPYCbl Tlllna HopBOIlKa He 

KYIlbTIIIBIIIPYIOTCH B KynbType KaKlIIx-nlll60 KfleTOK, IIIX MO>KHO onpeAeJlIIITb 

TOJlbKO C nOMOU4bKl lI1MMYHoXIIIM~\.IeCKlllx MeToAoB KaK aHTlo1reH. POTaBlllpYCbl 

III BIIIPYCbl renanna A KYnbTIIIBlllpytOTcs:I B KYnbTYpe KIleToK, HO MeTOAIIIKa 

CnO>KHa III Tpe6yeT IIIcnonb30SaHilts:l iltMMyHoaHanlll3a, TaKoro KaK 

IIIMMYHoepnyopec~eH'-'IIIH, If1IWI IIIMMyHoepepMeHTHoro aHanlll3a AnH 

o6Hapy>KeHIIIH pOCTa Blo1pyca. CPOKIII Bbl)KIIISaHlI1s:1 3HTepoBlllpyCOB B BOAe 

Kone6nlOTCfI OT 20 AHel.1 AO 2 neT. HIII3Kas:l TeMnepaTYpa OKa3blBaeT 

KOHcepBlllpylOl4ee AeI.1CTBllle. 3KcnepIIIMeHTanbHO nOKa3aHO, '-ITO no 

cpaBHeHllltO C KOMHaTHo~ TeMnepaTYpoVt (18-22°C) CpOKIII Bbl>KIIIBaHIIIH nplll 

4-10°C YAIlIIIHS1IOTCS1 B 2-4 pa3a. 3Ha4111TeJlbHOe YAIlHHeHllle CpOKOB 

Bbl>KIIIBaHIIIH 3HTepoBlllpYCOB Ha6ntOAaeTCH npH CHIII>KeHIIIIII 3arpH3HeHIIIS1 

BOAbl B eCTeCTBeHHblX YCIlOBIIIs:lX (rpyHToBaH, POAHIIIKosaS1 sOAa). Ha 
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Bbl>KIf1BaeMOCTb Blf1pyCOB B BOAe BlU1HeT L<1HCOI1H1.4L<1H (ynbTpaepL<10IleTOBaH 

yaCTb cneKTpa). CpeAL<1 XL<1MW·leCK\I1X epaKTOpOB BeAYl..1.-'ee 3Ha4eHIf1e L<1MeIOT 

pH VI 061.L4aH MVlHepaIlIf13a1.4If1R 3HTepOBL<1pycbl YCTOVl4\11Bbi K Ae~cTBVlIO 

~eIlOYHbIX pH (AO 8,0-8,5) [15]. 

nOCKOIlbKY BL<1PYCbl pa3MHO>KaIOTCfl TOIlbKO B >KL<1BbIX BOCnpL<1L<1M4\11BbIX 

KIleTKax, L<1X 4V1CIlO He MO>KeT yseIlVl4\11BaTbCH s CT04HblX BOAax. 06pa60TKa 

CT04HbiX BOA, pa36aBneH\I1e, eCTeCTseHHafl L<1HaKTL<1Sa1.4lt1fl J.1 o6pa6oTKa 

nL<1TbeBO~ BOAbl el..1.-'e 60nee CHL<1>KaIOT 4Lt1CnO BLt1PYCHbIX 4aCTL<1L.4. XOTfl MHoro 

BcnblweK BIf1PYCHblX 3a6oIleBaHlo1~ BOAHoro np0\l1CX0>KAeHLt1H MOryT 

BCTpe4aTbCs:I npLt1 MaCC\I1BHOM 3arps:l3HeH\I1L<1 CTO'-4HbIMIt1 BOAaMLt1 Lt1CT04HIf1KOB 

BOAOCHa6>KeHL<1s:1, nepeAa4a BIf1PYCHOVl \I1HepeKL.4V1lo1 If1 3a6oneBaHL<1H B 

TeXH0J10rL<14eCKJ.1 pa3BL<1Tb1X CTpaHax 3aBL<1CLt1T OT Toro, MOryT IlIf1 

Mlo1Hl1MaIlbHble KOflL<1yeCTBa Bl.1pyCOB Bbl3saTb \11 HepeK1.4L<1JO. nOKa3aHO, 4TO 

\11 HepeK4L<1s:1 Bbl3blBaeTCfl 3KCnepLt1MeHTanbHO 04eHb H113KIf1M '-4L<1cnOM 

BLt1PYCHbIX 4aCTl1Lt· OAHa Bl.1pycHaR eAI.1Hlo1Lta B HeKOTopblX cnY4aflX MO>KeT 

3apa31f1Tb YYBCTBL<1TenbHYJO KIleTKY, XOTH PlACK VlHepeKL.4L<1L<1 B03paCTaeT npL<1 

ysellL<14eHL<1L<1 nornO~eHHOItI A03bl [11, 16]. npeAI10naraeTcs:I, 4TO nepeAa4a 

He6oJ1bWOrO 4L<1Cna B\I1PYCOB 4epe3 BOAOCHa6>KeHlf1e MO>KeT Bbl3saTb 

6ecclo1MnToMHytO L<1HepeKUJ.1JO. Ho nplA nOCIle.QYlOl.L4eVl nepeAa'-4e BLt1PYCOB OT 

BV1PYCoHOCL<1Tene~ K 4YBCTBVlTenbHbiM lo1HA\I1BI.1AYYMaM 4lo1cno Bl1PYCHblX 

4aCT\I1L.4 MO>KeT 3HaYVITeflbHO YBenJ.1411TbcR. 3TO MO>KeT npL<1BeCT\I1 K 

3Ha4L<1TenbHoMY KOfl\l14ecTBY cny4aeB HHepeKL.4 1.1 \11 , nepB0L<1CT04HL<1KOM 

KOTOpblX HBJ1fleTCR nL<1TbeBas:t BOAa. 

npL<1CYTcTB\.1e B BOAe L<1HepeKL.4L<10HHbIX areHTOB 3aBL<1CL<1T OT CaHIt1TapHbix Lt1 

COUL4anbHO-3KOHOML<14eCKVlX ycnoBVI~ pen10Ha. HanpLt1Mep, B MeKCIAKe BO 

BpeMR ce30Ha AO>KAeVi B nlf1TbeBOH BOAe 3HTepoB\I1pYCbl H pOTaB\I1pycbl 

6blIl\l1 o6Hapy>KeHbl B 10 npo6ax \.13 10, a B\I1PYCbl KOKcaKIII B 5 npo6ax L<13 10. 
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80 BpeM~ cyxoro nep~oAa pOTaB~pycbl 6blf1~ 06HapY>KeHbl B 3. a 

3HTepoB~pYCbl B 8 ~3 21 np06bl n~TbeBoH BOAbl [17]. V1ccneAoBaH~s:J np06 

MOpCKOI7I BOAbl ~ BOAbl YCTbs:J peK 40-K~noMeTpoBo~ nonOCbl BAonb 

MPLo1an14ecKoro n06epe>Kbs:J II1Tan~~ nOKa3an~ np~cyrCTB~e 

3HTepoBLo1pycoB B 33% np06 III peoBLo1pycoB B 80% np06 [18). 8 nOCneAHlrte 

rOAbl nOs:lB~ncs:J Ps:JA c006U-4eH~11 0 3arps:J3HeHl-1111 3HTepoB~pycaMl-1 OTKpblTblX 

BOAoeMOB, a TaK>Ke 0 B03MO>KHOCTl-1 npOXO>KAeHl-1~ B""pyCOB Yepe3 3Tanbl 

KOMnI1eKCHO~ 06pa60TKLo1 BOAbl Ha BOAonpoBoAHblX cTaHu.~~x Aa>Ke B 

TeXHOnOrLityeCK\rt pa3BItITbiX cTpaHax. BOAHble 06beKTbl, KOTopble s:JBns:JtOTCs:I 

~CT04HItIKaMLo1 nltlTbe80171 80Abl, BO Bce 803pacTatOll4eH Mepe nOABepralOTcs:J 

aHTponoreHHoMy B03Ael1CT8"" to , B pe3ynbTaTe 4ero npo~CXOALitT 

Lo1HTeHC~8Hoe 3arps:J3HeHltle BOAbl CTOYHbIMV1 BOAaMl-1 ropOA08 ItI 

npOMblWJleHHblX npeAnpl-1s:JTItI~. 

B CBs:J314 C 3n1M eu..te 6011ee 8a)f{HOe 3H84eHl-1e npl-106peTaeT Bonpoc 

KOHTp011f1 KayeCTSa BOAbl. B HopMan1BHbleAoKYMeHTbi Ha Tpe60BaHl-1s:J K 

Ka4ecTBY n\rtTbesoVl BOAbl 8KntOyeH Ps:JA HOBblX 6LitOnOrl-14eCK~X 

nOKa3aTe11e~, B TOM YltIcne MeTOA 8~pyconorLo14eCKoro KOHTpOns:l BOAbl. 

PaHee 014eHKa COAep)f{aHLo1s:J BLo1PYCHblX yaCn11.4 B BOAe npOBOALo111aCb no 

KocaeHHoMy MeTo,l:\Y onpeAeIleH~s:J COAep>KaHLo1s:J KODltlcPar08. OAHaKO 3TOT 

MeTOA He OTpa>KaeT 3arpfl3HeHLo1e 80Abl BIIIPYC8MLo1 yenOBeKa III He AaeT 

npeAcTaBneHl-1e 0 KayeCTBeHHOM III KOnlo1yeCTBeHHOM COCTaBe naToreHHblX 

8111pyCOB B 06pa3,-,ax BOAbl. TPa.QLitI.4l-10HHblL1 cnoc06 06HapY>KeHlo1s:1 III 

"'AeHT\rtcPlIIKa~l,n1 B~PYCOB no MeToAY KYnbTypbl KneTOK 06naAaeT ps:JAOM 

HeAocTaTKoB, K KOTOpblM OTHOCl-1TCfI oTcyTcTBlIIe cooTBeTCTBytOu.'lIIX nItlH~L1 

K11eTOK Ans:t ps:JAa Ba>KHbIX SlIIpyCOB BOAHoro npOlllCXO>KAeHIIIs:t, 60nbW8s:J 

AnltlTenbHOcTb aHanlll3a (AO 2 HeAenb), npo6neMbi C 06Hapy>KeHLiteM 



10
 

Hli13KOrO 4li1Cna Bli1pyCOB, 4TO f1BIlfleTCfI Tli1nli14HO~ cII1Tya4li1etf1 AIlfi o6pa3~oB 

npLilp0,QHoif1 BOAb!. 

TaKLilM o6pa30M, pa3pa6oTKa HOBoro COBpeMeHHoro MeTO,Qa 

o6Hapy>KeHli1s:1, li1AeHTlAct>li1K8~LilIA li1 KOIlli14eCTBeHHoro Y4eTa C nOMOU(btO 

CKaHli1pYIO~eVt 30HAOBOIiI Mli1KpOCKOnli1li1 Bli1pyCOB Lil 6aKTepli1Vt B BOAHblX 

06beKT8X oKpY>KalO~eVt cpeAbl &/I, B llepBytO 04epe,Q,b, B nLJITbeBOVt BOAe 

npeACTaBIlfieTCR aKTyaIlbHoH 3aAa4e~. 

3. COBpeMeHHble MeTOAbl cKaHII1PYK)LL\eM 30HAOBOM MMKpocKonMM 

Aflst 6Monor",~ecKMx MccneAoBaHMM 

06Ll\eVt 4epT0lf1 Bcex CK8Hli1pytOLl\li1X 30HAOBbiX MVlKpocKonoB f1BIlReTCfI 

HaIlLJIYllte MLJlKpOCKOnLJIyeCKOrO 30HAa, KOTOpbl&71 npLilBOALilTCH B KOHTaKT C 

li1cCneAyeMo~ nOBepXHocTbtO li1 nepeMe~aeTcs:J no HeKoTopoMY 3aAaHHoMy 

y4acTKy nOBepXHOCTli1, oCYLl\eCTBIlRR ero 30HAli1pOBaHli1e 1t1Illi1 CKaH1t1pOaaHVle. 

KOHTaKT 30HAa li1 06pa3L\a nOApa3yMeBaeT li1X B3alAMOAeHCTBli1e. 

V1HQ:>0pMaL\li1R 0 nOBepXHOCTLJI li13BneKaeTCR nyTeM <pLJlKca4LJ1&11 (npLJI nOMO~li1 

o6paTHoVt CBR3&11) V1Illi1 AeTeKT&IIpOBaHLJlR B3aLJIMOAeHCTBlAR 30HAa &II 06pa3L\a. 

8 TYHHeIlbHoM MVlKpocKone 3TO B3ali1MOAeVtCTBLJle npofiBIlfleTcfI B 

npOTeKaH&IIIA nOCTORHHoro TOKa B TyHHeIlbHoM KOHTaKTe. B OCHOBe aTOMHO­

Cli1IlOBOVt Mli1KpOCKOnli1li1 Ile>KLJlT ,QeTeKTli1pOBaHli1e Cli1Il npli1TR>KeHli1f1 li1 

OTTaIlK"'BaHli1R Me>KAY 30HAOM li1 05pa340M. 60J1bWaft 4aCTb 6li10IlOrli14eCKLilX 

&t1ccneAoBaHli1Vt C np1l1MeHeHLJleM CKaH&IIpYIOli.lli1X 30HAOBblX Mli1KpOCKOnOB 

npOBeAeHa Ha I1pli16opax, pa60TatO~LJlX Ha B03Ayxe (He Tpe6ytO~li1x 

BaKYyMa). 06lLllAC1 BIAA TyHHeIlbHoro aTOMHO-C1I1J10BOrO MLJlKpOCKOna, Ha 

KOTOpOM npOBOALilIlli1Cb LJlCCJ1eAOaaHLJlfI 6LJ10IlOrl.-1yeCKLJlX 06beKTOB B rHU Pet> 

lI1T3et>, Vt306pa>KeH Ha PLJIc. 1. 
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3.1. CK8HUPYIOU{UU mYHHenbHblu MUKpocKon 

061..L\1I11.1 npIIIH4111n pa60Tbi cKaHlllpYIO~ero TYHHenbHoro MIIIKpocKona 

OCHOBaH Ha npOXO>K.QeHIIIII1 aneKTpOHOM nOTeHUlllanbHoro 6apbepa, KOTOPbl1.1 

o6pa30BaH pa3pblBoM aneKTpll14eCKOJil uenlll - He6onbWII1M npOMe>KYTKOM 

Me>K.QY 30HAII1PYIOI..4111M MII1KpOOCTpllleM III nOBepxHocTblO o6pa3ua. B OCHOBe 

PIIIC. 1. Pa60TalOl..4~~'Ha B03,1:tyxe cKaHIIIPYtO~l-1~ TYHHenbHbIJII- aTOMHO­

ClllnOBOJil MIIIKpoCKon AJis:i IIIccneAOBaHlIIs:I 6111onorlll4ecKIIIX 06beKTOB 

(o6~IIIVi BillA). 

pa60Tbi npIII60pa ne>KII1T TYHHenbHblJII aepepeKT, Me>K.QY MeTannlll4eCKlilM 

oCTplileM (30HAOM) III nOBepxHocTblO IIIccneAyeMoro npOBOAHII1Ka 

nplIIKnaAblBalOT aneKTplll4eCKoe Hanps:l>KeHllle (OT eAIIIHIIIU MB AO B) III 30HA 
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nplA6nlA>KalOT K 1l0BepXHOCTIA 06pa3L.4a AO nO~BneHIA~ TYHHenbHoro TOKa. 

AIl~ nonY4eHIA~ 1A306pa>KeHIA~ nOBepXHOCTIA MeTann1A4eCKIA~ 30HA 

nepeMel..4alOT Ha,l\ nOBepxHocTbtO 06pa34a, nOMep>KIABa~ nocTo~HHO~ 

BenlA4IAHY TYHHenbHoro TOKa. npL1 3TOM TpaeKTOpL1~ ABIA>KeHL1~ 30HAa 

cOBnaAaeT C npoeplAneM nOBepXHOCTL1,30HA Orlf16aeT B03BblweHHOCTL1 If1 

OTCne>Kl'1BaeT yrny6neHL1R YCTO~4l'1Bble l'1306pa>KeHIA~ MHOrlAX nOBepxHo­

cTe~ MO>KHO nonY4IATb nplA BeTllA4IAHe TYHHeIlbHoro TOKa B 1 HA. npH 3TOM 

30HA OKa3bIBaeTC~ B6nH3H nOBepXHOCTIA Ha paCCTO~HIAIA B AOIlIA HaHO­

MeTpa. An~ i'lCCneAOBaHHfI 6IAOIlOrlA4eCKlAX 06beKTOB IA opraHH4eCKi'lX 

nneHOK L1CllOnb3YIOT 3Ha'-leHL1~ TYHHeIlbHoro TOKa nOPMKa 1-100 nlo1KO­

aMnep, 4T06bl He Bbl3BaTb pa3pyweHi'l~ 3TlAX CTpyKTYp. 

B CKaHlApYlOlJ.leM TYHHenbHOM MIAKpOCKOne B Ka4eCTBe 30HAa 

V1cnoIlb3yeTc~ 3aT04eHHoe OCTpV1e, nplo1rOTOBneHHoe L13 MeTanIlIA4eCKO~ 

npOBOIlOKV1, HanpHMep, BOflb<ppaMOBO~ IAIlL1 H3 cnIlaBa 6naropOAHbiX 

MeTannos (80% pt; 20% Ir). 1I13rOTOBlleHHe 30HAa OCYlJ.leCTBns:llOT MeTOAOM 

3nelrrpOXlAMlA4eCKOro TpaBIleHHfI HIlH npOCTO MexaHH4eCKHM cpe30M. B 

nepBOM c.ny"lae KOH4IAK npOBOnOKIA onycKalOT B paCTBOp l..4ell041A IAIlH npIA 

nponycKaHL1IA nOCTO~HHoro HnIA nepeMeHHoro TOKa ¢OpMHpyIOT 

MHKpOOCTpHe. Bo BTOpOM CIlY4ae·· )i.a>Ke C nOMOLJ.(blO npOCTbfX HO>KHV14 

MO>KHO CAeflaTb cpe3 npOBOllOKl'1 nOA yrIloM 30-60 rpaAycoB. AIl~ 

l'1ctIleAoBaHH~ 6HOIlOrlA4eCKlAX 06beKTOB nplAMeH~IOT 30HAbi He60Ilbworo 

AL1aMeTpa (1-2 MKM) npl'1 3Ha4l'1TenbHO~ AIu1He (10-15 MKM). npL1 H3Y4eHl'1H 

nOBepxHocTV1 B >KIAAKHX cpeAax, B KOTOpblX l'1CKIlI04aeTC~ nOBpe>KP,alOw.ee 

Ae~cTBlAe BblcywIABaHl'1~ Ha 61010nOrLt14eCKLt1e 06beKTbl, Ha nOBepxHoCTb 

Lt1rnbl, 38 HCKTlI04eHLt1eM caMoro KOH4Lt1Ka, HaHoc~T A1013IleKTpW·leCKoe 

nOKpblTLt1e - nIleHKY nOnLt1Mepa Lt1f1Lt1 IAHOrO M8TeplAaIla [19]. 
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Ba>KHOlil AeTa11blO CKaH\I1pYI014erO TYHHe11bHOrO M\I1KpOCKona s:lB11s:1eTCs:I 

MeXaH\I14eCKI1l1l MaH\I1nymnop, KOTOpbllll 06eCnel.f\l1BaeT nepeMeti.\eH\I1e 30HAa 

HaA nOBepXHOCTblO C warOM AO COTblX A011elll HaHOMeTpa. TPaA\I14\110HHO 

MexaHW·leCK\I1l1l MaH\I1nY11SlTOp \I13roTaB11\11 BalOT \113 nbe30KepaM\I14ecKOro 

MaTep\l1a11a. C nOMOll.\blO MaH\I1nY11s:1TOpa, COCTOs:lti.\erO \113 Tpex 

nbe30ABlilraTe11elll (Px, Py \11 PZ), MO>KHO nepeMeti.\aTb 30HA no TpeM 

KOOPA\I1HaTaM (P\l1c. 2). 

,Q1151 yCTpaHeHI1s:l B03MO>KHOCT\I1 Bpe3aH\I1s:1 \I1mbl B noeepxHoCTb 

II1cC11eAyeMoro o6pa3~a \1111\11 ee yxoAa \113 0611aCT!'1 CY14eCTBOBaH\I1f/ 

TpaeKTOpKSl 
nepeMelQeHMSl 

30H,Qa 

\ 

6KonorKlfeCKKH 
o6'heKTTYHHenbHbril~ Hccne,qyeMa$l

TOK nOBepXHocTb
'-----------------_.._------------_.__..... _. 

CKCTeMa 
06paTHOM CBH3K 
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TYHHenbHoro TOKa ~cnonb3Y~T c~cTeMY o6paTHo~ CB~3~. 3Ta C~CTeMa 

nOCTO~HHO perVlcTp~pyeT TYHHenbHbl~ TOK ~ AenaeT TaK~e nonpaBK~ 

BblCOTbl 3aB~CaHL1~ ~rnbl, 4T06bl Ben~4~Ha TYHHenbHoro TOKa, 3aAaHHa~ 

onepaTopoM, OCTaBanaCb nocTo~HHOii; B Ka~o~ T04Ke cKaHVlpoBaH~~. Virna 

np~ 3TOM OCTaeTC~ Ha OAHOM .~ TOM >Ke paCCTO~HVIVI OT nOBepXHOCTL<1, VI 

KOppeKI..lLII~ BblCOTbl LIIrnbl np~MO OTpa>KaeT penbeq, nOBepXHOCT~ o6pa31..4a. 

CKaHLIIPYfOll..tLIIVl TYHHenbHblVi MVlKpOCKon npL<1MeH~~T, KaK npaBL<1nO, .AJl~ 

LIICCneAOBaHIo1~ 3J1eKTpOnpOBOA~LllLIIX nOBepXHOCTe&lt. Vl306pa>KeHLII~, 

KOTopble nonY4a~T C nOMo~btO 3Toro MVlKpOCKona,. AatOT LIIHq,opMa1..4\1ttO 0 

npOCTpaHCTBeHHoM pacnpeAeneHVlVI nnOTHOCTVI 3IleKTpOHHblX COCTOHHLllVI 

S5nVl3L<1 nOBepXHOCTVI. 6L110nOrVl4eCKL<1e 06beKTbl npeACTaBn~tOT C050H S 

OCHOBHOM AVl3neKTpVlK~. nOBepXHOCTb TaKL<1X AVl3IleKTpL<1KOB MO>KHO 

LIICCIleAOBaTb IlL<1Wb nocne HaHeCeHL<1H Ha Hee TOHKOH npoBoA~U4eH nneHKL<1. 

3.2. AmOMHO-CUfl080D MUKpocKon 

8 OTnLll4111e OT CKaHL<1pytOlL\ero TYHHenbHoro MLIIKpOCKona, OCHOSHblM 

L<13Mep~eMbIM napaMeTpoM KOToporo HSfls:leTCH TYHHerrbHblVi TOK Me~y 

LIIrJ10Vl VI o6pa34oM, B aTOMHo-c~nOBOM MIi!KpOCKOne KOHTpOnL<1pyeTcs:I CL<1na 

B3aLIIMoAeVlCTBl'1~ Me}f{Ay 30HAOM L<1 nosepXHoCTbtO o5pa34a. B Ka4eCTse 

30HAa aTOMHO-CLII"J10soro ML<1KpOCKOna L<1CnOnb3ytOT MVlKpOM~HL<1aTlOpHYIO 

ynpyrytO nnacn1HKy - KaHTL<1neSep, Ha cBo6oAHOM KOH4e KOTOPO~ 

pacnonaraeTcH OCTpL1e L<13 TBepAoro MaTepL<1ana (HLIITpIIIAa KpeMH~~, 

KpeMH~H). KaHnmeBep KaK npy>KVlHa npL<1>KL<1MaeT oCTpLlle K nosepxHocTVI. 

npLII nepeMe~eHVlL1 30HAa BAOJ1b nOBepXHOCTL1 perL<1CTplo1pytOT OTKflOHeHL151 

KaHnmesepa C nOMO~btO Ily"la na3epa, KOTOPbl~ OTpa>KaeTC51 Ha 

q,OTOAL40AHOe "IYBcTBVlTenbHoe YCTPO~CTBO. C nOMo~bto 
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cJ)OTOAeTeKTOp 

CMCTeMa 
06paTHOM 

CBR3M 

(A+B)-(C+D) 

06P838l4 

6nOK 

~----------~3neKTpOHMKM 

x, Y, Z­
nbe30ABMraTenb 

CTpyKTYpa 
cbOT03neMeHTa 

PlilC. 3. IlplitH4litnLJIallbHa~ cxeMa aTOMHO-Clit1l0BorO MLJlKpOCKona. 
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nbe30MaH~nyn~Topoa C~CTeMa o6paTHo~ CB~3~ nOAAep~~BaeT 

OTKJlOHeH~e KaHnmeBepa nOCTOs:lHHblM (p~c. 3). 

ATOMHO-CIt1J10BOVI MIt1KpOCKOn n03Bon~eT ~JMepHTb He TonbKO npoep~J1b 

nOBepXHOCT~, HO L.1 J10KanbHble Ct-1nbl TpeHI'I~, BeIlI'I'-l~HY aAre3111111, ynpyr~e ~ 

Bs:l3K~e CBoVlcTBa nOBepXHOCT~ C cy6HaHoMeTpOBbiM npOCTpaHCTBeHHblM 

pa3peweH~eM. W~pOKoe npll1MeHeH~e AJl~ ~cCIleAOBaH~S1 6~ono.n~MepoB, 

KOTopble ~BJ1~IOTCH MaTepll1anaMlr1 C nOH~>KeHHO~ nOBepXHOCTHOIl1 

>KeCTKOCTbtO, HaWJ1~· pa3IlLo14Hbie MOAYIl~Lt~OHHble MeTOAbl. B 3TLo1X 

MeToAax KaHnmeaep np~BO.QS1T B pe30HaHCHbie Kone6aH~~, a 

B3alo1MOAeIf1CTB~e C nOBepXHOCTbK> Bbl3blBaeT Lo13MeHeHlI1S1 aMnn~TYJJ.bl, 

4aCTOTbi Lo1J1lo1 epa3bl pe30HaHCHbiX Kone6aHI'IH. np~ 3TOM YMeHbwaeTCH 

B03,o,elilcTBlI1e Ha nosepXHoCTb o6pa34a, "ITO n03B0J1S1eT Lo13Y4aTb Alo1HaM~KY 

~BneH\I1~ H8 nOBepXHOCTliI C Y"IaCTlr1eM MaKpoMoneKYJ1 [19]. 

3.3. CpaeHeHue C MemoooM 3neKmpoHHOu MUKpocKonuu 

MeToAbl cKaH\I1pYK>~eVl 30HAOBOVI MLo1KpocKon1illll 3aH~MaK>T Bce 60nee 

Ba>KHOe MeCTO a PS1.Qy TpaA\I1l...l\l10HHbIX It1ccneAOaaTeIlbcKlI1x no,o,xoAoB K 

V13yYeH~1O 6111oo6beKTOB. 30HJJ.oBaS1 MVlKpOCKOn\l1H no o6ll.1e~ cxeMe 

3KcneplllMeHTa 6n\l13Ka K 3neKTpOHH0ll1 M~KpocKonLo1V1 Lo1 AJ1~ MHOrll1X 06beKTOB 

n03BOIlHeT AocT~raTb pa3peWeHlI1~, 6J1V13KOrO K pa3peweH~1O 3neKTpOHHOro 

MI'IKpOCKona. B TO >Ke BpeMs:1 B p~Ae cIlyyaeB npLo1MeHeH~e cKaHVlpytouteiii 

30HJJ.OBol7I MlI1KpOCKOm11i1 n03Bon~el pewaTb cnel...l~epH'-IeCK\I1e 3a.o.a4~, 

CJ10>KHble AnA 3J16KTpOHH0Il1 MLo1KpOCKOm1\11. Hanp~Mep, no YBen~4eH~1O 

BblCOTbl J10KaIlbHoro Y4aCTKa ~306pa)f(6H~S1 MoneKynbl ,QHK MO>KHO 

onpeAeJ1~Tb MeCTOn0J10>KeHHe Tp~nJ1eKCa B COCTaBe M0J1eKYJ1bl [20]. MeToA 

3neKTpoHHoVi M~KpOCKOn\l1\11 He AaeT BbICOKO~ T04HOCT\I1 B onpeJJ.eneHIoU1 

BblCOT 06beKTOB. 
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06ute~ ~epTo~ MeToAoB cKaH\I1pytOLl(e~ aOHAoBolit M~KpOCKOn\l1\11 101 

3IleKTpOHHolit MLilKpocKonLil~ s:lBIls:leTCs:I Io1cnOflbaOBaHlo1e nOAIlO>KKLil. 

nOCKOIlbKY npLil60pbl cKaHLilPYIOLl(e~ aOHAoBo~ M\I1KpOCKOmU'1 

npeAHa3Ha~eHbl AIls:l \I1ay~eH\I1s:1 CBO~CTB nOBepXHOCT\I1. np\l1 LilCCIleAOBaHlI1101 

61010o6beKTOB II1CnOJlbaytoT AocTaTo~Ho POBHYIO nOAIlO>KKY. Ha KOTopyto 

aAcop6111PYIOT V13y~aeMble CTPYKTYPbl. Ha~6oflee pacllpocTpaHeHHble B 

cKaHLilpytoutelit aOHAoBo~ M\I1KpOCKOnlt1\11 nOAflO>KKLil - aToMapHo rJlaAKlI1e 

CKonbl cnlOAbl, BblCOKO Op\l1eHTLilpOBaHHoro nLilpOJl~T~~eCKoro rpa¢LilTa, 

ALilCYIlbepll1Aa MOIlLil6AeHa. 

OCHoBHble OTn"'~Lils:l 111 npelt1MYLUecTBa cKaH",pYlOute~ aOHAOBOYl MLilKPO­

CKonLil~ B cpaBHeHLilLil C 3neKTpOHHolit MII1KpOCKonLilelit - BOaMO>KHOCTb 

npOBeAeH\I1s:1 LilccneAoBaHLilI7l B paaJlIo1~HbiX cpeAaX,B TOM 4\11cne Ha BoaAyxe 

111 B )f(Liljl,KOCTLil; OTCyTcTBVle Heo6xOA~MOCT\I1 KaKOrO-nll160 AOnOI1HLilTeflbHOrO 

KOHTpaCTVlpOBaHLils:l LilccfleAyeMblx CTpyKTyp; 60rJbWas:l paapeWalOutas:t cno­

C06HOCTb; HepaapywatoutLilVl XapaKTep LilCCIleAOBaH\I1s:1. np01.4eAypa npLilrO­

TOBIleHII1s:1 06paaL.(OB AIls:l CKaHLilPYKJLUe~ aOHAoBolit M\I1KpOCKOn\l1V1 npoll.te VI 

LilccneAOBaHVls:I MO>KHO npOBOALilTb B YCJ10B\I1s:1X, 6n\l1aK~X K HaTLilBHbIM. 

TeM He MeHee, B np01.4ecce VlccneAOBaH~s:I 6\11oo6beKTOB CIleAyeT 

YAens:lTb 60nbwoe BHII1MaHlo1e B03MO>KHbIM MeX8H",,3M8M B03HLilKHOBeHLils:l 

apTe¢aKTOB. AOCTaTO~HO o~eBLilAHbIM epaKTOM s:lBns:leTCs:I Heo6xOA~MOCTb 

y~\I1TbIBaTb KOHe4HOCTb pa3MepOB pa,q"'yca KPIl1B\I13Hbl 30HAa, np\l1BOAs:lutYIO 

K aaSblweHLilIO naTepanbHblX pa3MepOB \I1ccneAyeMblx CTpyKryP. a TalOKe 

3epepeKT 3aHVI>KeHlIIs:I BbJCOT, CBs:l3aHHbllit C KOHTaKTHblMLil AecpopMaLWIs:lM\I1 

HeAOcTaTO~HO >KeCTKVlX 6V1Q'o6beKTOB. np~ VlCCne,lJ,OBaH~1I1 MHoro-

KOMnOHeHTHblX o5paaUOB (HanpVlMep, KOMnneKca aHTlI1reH-aHTLilTeno) 

Heo6xOALilMO npOBOAVlTb AonOrJHVlTenbHblVl aHan1-1a Ka>KAolit lI1a KOMnOHeHT C 

L.(enblO o~eHKVI V1X napULilaJlbHOrO Bn~s:lHLils:l Ha peaYIlbTaT LilccneAOBaHVls:I. 
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3TO n03Bon~eT ~36e>KaTb oWH6oK B IflAeHTHcPHKaL\HH KOMnneKCOB, 

nonY4eHHbix B pe3YflbTaTe B3aHMoAeLllcTBH~~CXOAHbIX 06beKTOB [21]. 

4. CTPYKTypHO-XMMM'IeCKMe aHanM3bl 6MOnOfM'IeCKMX 06beKTOB B 

cKaHMpYIO~eM TyHHenbHoM M aTOMHO-CMnOBOM MMKpocKone 

nepBblM 6Hoflon"4ecKIflM 06beKTOM, K HccneAoBaHHIO KOToporo 6blfllo1 

np~MeHeHbl MeToAbl 30HAOBOLII M~KpOCKOnHII1, 6bt.na MOIleKyna AHK. 

ABTOpbl pa60Tbi [22] npeACTaBHnH CTM-H306pa>KeHlI1ft MoneKyn AHK, 

aAcop6HpoBaHHblx Ha nOAflO>KKY 1113 BblCOKOOpHeHTHpOBaHHOrO 

nHpOnll1THyeCKOrO rpacP~Ta. Ha6f1IOAaIlIflCb npOT~)KeHHble L4en04KlI1, 

o6naAalOI..1.III1e npOAOIlbHOVI nepHOAH4HOCTbK> (nepHOA OKono 2-3 HM), Ha 

OCHOBaHLIWI yero aSTopbl CAe11am1 BblBOA 0 BIfl3yaflH3aWHII1 BIflTKOB ABOVlHOVl 

Cnll1panH. OAHaKo n03AHee CXOAHble «AHK-noAo6Hble» CTPYKTYPbl 

Ha6moAanV1 nplfl IflCCnep,OBaHHH MeTOAOM cKaHHpytoLll,eVl TYHHeflbHoVl 

MHKpocKonHIfl 1.f101CTOLII CBe>KeCKOIlOTO~ nOBepxHocTH nHporpaeplllTa [23]. B 

1992 rOAY 6bt.n101 ony6nlo1KoBaHbi nepBble cTa610111bHbie 111 BOCnp01l13BOAII1Mbie 

pe3ynbTaTbi II1CCfleAOBaHII1~ AHK MeTOAOM aToMHo-CHflOBOVI MlIIKpOCKom1111 

[24]. 6blflH BnepBble npoAeMoHcTplllpoBaHbl YHlIIKa11bHble B03MO>KHOCTII1 

nplf1MeHeHH~ MeTOAOB 30HAOBOH MII1KpOCKOm1111 K Io1CCIleAOBaHlfl1O 

61110110rll1yeCKII1X 06beKTOB npll1 ycnOBII1H lI1Cn011b30BaHH~ aAeKBaTHoVl 

MeToAIflKIfl II1MM06Hfllf13aLlIl1I11 IflccneAyeMb/x CTPYKTYP Ha nOA110>KKe. 06pa3Llbi 

AHK HaHOClI1f1lo1 1113 KannH 6YcPepHoro 11111111 BOAHo-cnHpToBoro paCTBopa Ha 

nosepxHocTb CfltOAbl, MOAIf1epIl1Llll1pOBaHHOVI 1I10HaMIfl MeTaIlflOB Mg 2+, Zn2
+, 

Co2 
+, La2 

+. 3TH 1I10Hbi c11y>KaT CBfl3Y toLl.l1l1M 111 MOCTII1KaM111 Me>KAY 

oTpHLtaTenbHO aapfl>KeHHOVl CIltOAOLII 1I1 OTplo1L\aTenbHO 3apft>KeHHblMVI 

¢occPaTHblMII1 rpynnaMlII MoneKy11 AHK. B AaflbHelftWeM 6blflO nOKa3aHO, 

\.fTO TOflbKO npll1 IflCnOIlb30BaHII11f1 CBfl3YJOLLllo1X 1I10HOB MeTan110B VI 
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npeAwecTaYIO~eLII cKaH~pOBaHL-1tO npoMblBK~ o6pa31..\OB MOIleKYIlbl IlHK 

aAcop6HPYIOTC~ Ha nOBepXHOCTb nOAnO~KL-1 B paCnpaBIleHHOM COCTO~H~H 

[25], a TalOKe 6blIlO nOKa3aHO, \.lTO aAcop61..\L-1~ MOIleKYfl AHK Ha 

nOBepXHOCTb n0AI10>KK~ ~ Bef1~4HHa C~Ilbl aAre3V1V1 cy~ecTBeHHo 3a8~C~T 

OT KOHl4eHTpa~~VI CB~3YK)Il.tVlX VlOHOB VI nOKa3aTeflst pH cpeAbl [26]. 

B HaCTORutee BpeM~ xopowo pa3pa6oTaHbi MeTOAVlKVI npVlroToBfleHVlR 

o6pa314oB HYl<JleVlHOBblX KVlCIlOT AIlR cKaHVlPYlOute\l; 30HAOBOH MVlKpocKon~VI. 

WVlPOKO Hcnoflb3yeTCs:I MeTOAVlKa X~MVI\.leCKolit MOAVI¢VlKa1.4V1VI CIlIOAbl 

(cVlI1aHVl3aI4V1V1) AJ1~ cTa6V1flL-13a~LJI~ Ha ee nOBepXHOCT~ MOIleKyIl 

HYKI1eHHOBbIX KHCIlOT [27]. MOALJlepVl~VlpoBaHHafi CIltoAa VlcnoIlb3yeTCs:I AIlR 

VlccIleAoBaHVlIiI KaK Ha B03Ayxe, TaK VI B BOAHOH cpeAe, I1pVl4eM B 

nOCIleAHeM BapVlaHTe pa3peWalOlltas:l cnoco6HoCTb YBeIlLJI4V1BaeTC5I 3a C4eT 

VlCKJlI04eHVI~ HeraTVlBHoro BIlVls:lHVI~ KanVlflIls:lpHblX CVlIl. AaHHbie CVlnbl 

B03HVlKalOT ~3-3a epOpMVlpoBaHVlst BOASIHoro MeHVlCKa Me>KAY 30HAOM LJI 

o6pa3~oM 3a C4eT TOHKolit BO,QflHOlit nfleHKVI, nOKpblSalOLltelii nosepxHocTb 

npVl npOBeAeHVI VI VlCCIleAosaHHlit Ha B03Ayxe. Kanlo1IlIlRpHbie C~Ilbl 

yaeIlVl4V1Ba1OT CVlIlOBoe B03Ae!71cTBVle 30H,Qa Ha o6pa3e~. 3TO Bbl3blsaeT 

AecPopMa~HtO MaKpoMoneKYIlbl H ee HeCTa6V1I1bHOCTb B npol.4ecce 

cKaHVlpoBaHVI~ VI npVlBoAVlT K YMeHbweHVlto pa3peWatollteLl; cnoco6HoCTVI 

[19]. AIl51 YBeIlVl4eHH~ pa3peWeHVls:I np~MeHRtoT pe~VlM npepblBVlcToro 

KOHTaKTa. AIlR pa3Bopa4V1BaHVlst MoneKYIl .QHK Ha nOAIl0>KKe npVlMeH5ItoT 

ypaHVlIla~eTaT, XflOPVlA 6eH3V1IlAVlMeTVlIlaIlK~naMMoHVlR, xnoPVlA 

~enmnVlpVlAVlHVls:!VI APyr~e nOBepxHocTHO aKTlo1BHbie BellteCTsa. 

5naroAap51 pa3BVlTVlIO MeTOAOB npVlroToBIleHVI~ o6pa3~oB HYKIleVlHoBblX 

KVlCIlOT AIls:! cKaHVlPYlOlltero 30HAoBoro MVlKpocKona OKa3anOCb B03MO>KHbIM 

~ccIleAoBaTb Ha MOIleKYIl5lpHOM ypoBHe pSiA CBOIACTB 3TVlX CIlO>KHbIX 

MaKpoMoIleKyn: KOHcPopMa~HoHHble CBolilcTBa AHK B 4V1CTOM Blo1Ae VI B 
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KOMnIleKce C 6enKaMlo1 VI nOBepxHocTHO aKTHBHblMlo1 Be~eCTBaMlo1, 

KOHepopMa4&ilOHHble npeBpa~eHlo1~ MOneKYn AHK B paanlo14Hbix cpeAax, 

MOAenlJlpylO1.,U&ilX sHyTpeHH1010 '"IaCTb n~nlo1AHoro 6lo1cnOs:l 6&ilonOrW-feCKVlX 

MeM6paH [28]. MeToA aToMHo-c~noBo~ Mlo1KpOCKOnHlJI noaBonReT pewaTb 

3aAa4101 KapT101pOBaHlJIR AHK. Cnel\lJIepw-leCKlJIe Yl.laCTKlJI MaKpoMoneKYnbl AHK 

nOMe4alOTCR MapKepaMVI, aHan1013 MeCTOnOJlO>KeHlJIR KOTOpblX Ha ACM­

lJI306pa>KeHlJIRX n03BonReT COCTaBJl~Tb KapTbl OTHOClJITenbHOro pacno­

IlO>KeH~R onpeAeJleHHblX y'"lacTKoB HYKJleOTVlAHO\.1 nocneAosaTenbHOCTVI 

[29, 30]. 

npVl lJIccneAOsaHlo1V1 lJI30JlVlpOBaHHbix 6enKoB TalOKe B03HlJIKl1a npo6neMa 

aAeKBaTHO\.1 nOArOTOBKH npenapaToB, nOCKOJlbKY B eCTeCTBeHHblX ycnOB&itfiX 

60JlbWlJIHCTBO 6eJlKOB oKpy>KeHbl BOAO\.1 lJI pacTBopaMVI cone\.1, a npVl 

BblcywlJIBaHVI~ o6pa3l\oB 1r13MeHReTC~ HaTIr1BHaR KOHepVlrypa41r1R 6enKoBbix 

MOIJeKYIl. Paapa60TaHbi cnel.-'VlanbHble MeTOAbl Ir1MM06V1I1lo13al.-'VlVI MaKpo­

MOI1eKYI1 6enKoB Ha nO,QJlO>KKe: npVlMeHs:lIOT KOBaI1eHTHYIO nplo1w101BKY f1V160 

3aKIlt04atOT 6eI1KOBble MOJleKYI1bl B COCTaB I1eHrMlOpoBcKVlX nneHOK. Pa60Ta 

B>KIr1AKO\.1 cpeAe, ..nOM~MO YMeHbWeHlr1s:1 B03Aet71cTB101s:1 Ha 05beKT co 

CTOpOHbl aOHAa lr1 YI1YLfweHIr1s:1 Kal.leCTBa lo1ao6pa>KeH~f1, n03B0I1lJ1I1a 

Ha6mo.o.aTb HeKoTopble 61r10I10rlo1'"1eCKHe npo4eccbl in vitro Henoc­

peAcTseHHo Ha n0AJ10>KKe aTOMHO-CIr1I10BOro Mlo1KpocKona. YAaIloCb 

Ha6nlOAaTb in vitro caMoc6opKY eplJlnaMeHOB 1r13 MOHoMepoB aKTVlHa Ha 

nOAll0>KKe lJIa cnlOAbl [31]. CaMoc6opKa aKTlJIHOBblX eplr1naMeHOB in vivo 

npoVlcxoAVlT B npVlcyTcTBVlIr1 3ap~>KeHHbIX MeM6paH. IlnoTHocTb 

nOBepxHocTHoro aapffAa Ha CIlIOAe OKaaanaCb CpaBHL'lMa C nOBepxHOCTHO\.1 

nnOTHOCTblO oTpVl4aTenbHoro aapHAa J1lr1m1.o.Hblx MeM6paH. 

B pe>KVlMe npepblBHcToro KOHTaKTa B >KVlAKO\.1 cpeAe CTana B03MO>KH0\.1 

He TOllbKO Blr13yanlJlaa41r1~ a.o.cop61r1pOBaHHbiX Ha cnlOAe MOIleKYn I1\.130l\L1Ma, 
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HO '" np~MOe Ha6IltOAeHHe ero cPepMeHTaTHBHO~ aKT~BHOCTL!t - nLll3"'C 

MeM6paH 6aKTepLllanbHbiX KfleTOK [32]. 

nOM"'MO II1HALIIBLIIAyaIlbHblx "'30nll1pOe8HHblx 6eIlKoe MeTo,tlOM aTOMHO­

ClI1nOBO~ M£.1KpOCKOnLIILII YAanocb Ha6ntOAaTb TalOKe 6enKlI1, exoA~Ll(LIIe B 

COCTae MeM6paH. OAHO~ L113 nepBblx pa60T B 3TO~ o6nacTH CTano 

Ha6IllOAeHLlle HaTII1BHblX nypnypHblx MeM6paH Habacterium halobium [33]. 

np", pa60Te B >t<HAKO~ cpeAe 6blfla onpeAeneHa TonLLtLIIHa nypnypHoH 

MeM6paHbi £.1 ee 3aSLllCLIIMOCTb OT pH oKpy>t<alOL4ero pacTBop8. IlPLII 

yny'-lweHLllLII pa3peweHLllfi MHKpOCKona AO 0,7 HM YAanocb Ha6ntOAaTb 

cTpyKTypy epoTopeaKULlloHHO~ eALIIHLII4bl, pa3IlLII'-lafi COCTaSHble '-IaCT"', 

OTCTOSU1.tLlle APyr OT APyra H8 paccToflHIIILII 1,45 HM [34]. 

ATOMHo-clllnoBo~ M\IIKpOCKOn Hawen nplllMeHeH",e TalOKe Allfl \113Y4eH\IIfI 

6e.nKoB B KpLIICTanll\114eCKOM BLIIAe. Y,qanocb Ha6moAaTb A8>Ke npo~ecc 

pOCTa KpLllcTalllloB 11111304\11Ma [35], KaHaBanlllHa [36] LII TaYM8TLIIHa [37). 

ATOMHO-cllllloBafi MIi1KpOCKOnli1f1 n03BOIl~eT He TO.nbKO Ao6111TbCfI BblCOKOro 

pa3peweHlllfI, "ITO B03MO>KHO \II B 3IleKTpOHHO~ M\IIKpOCKOn\lllll, HO TalOKe 

B\IIAeTb caM npOLteCC pOCTa HenocpeACTBeHHO in situ: epOpMlJIpOBaHlJIe 

KplJlCTaIlna, o6pa30BaHlo1e AeepeKTOB, CKOpOCTb pocTa lJI ee 3aBlJIClJIMOCTb OT 

HanpaSlleHlJIfI Ha ypoBHe OTAel1bHblX MOl1eKyIl. 

nOMlJIMO npflMo~ B\II3yal1111384lo1L11 6L110IlOrH4ecKlJIx CTpyKTyp, 8TOMHO­

CLllllOBafl MLIIKpOCKOnlJl~ AaeT B03MO)KHOCTb HenocpeAcTseHHo L113Mep\llTb 

CLIIIlY 8Are3L11L11 Me>KAY I1\11raHAaMLII III peLtenTOpOM, B 48CTHOCTLII, Me>KAY 

6L110TlJIHOM LII cTpenTaS\IIAlJIHOM nYTeM perLIICTp8LtLIIlJl 3aBlI1ClJIMOCTLII 

OTKIlOHeHlJIfi KaHTlo111esepa OT paCCTOflHlJI~ AO noeepxHocTLII [38]. 

AHanOrlo1'-1HbiM 06pa30M MO)KHO lJICnOnb30aaTb aHTlJITenO S Ka'-leCTBe 

ceHcopa Ha aHTLllreH LII per\llCTp\llpOSaTb Y3HaeaHLlle aHTLllreHa 8HTLIITenOM 

[39]. HenocpeAcTseHHafi Blo13yanLll3a4\11f1 KOMnneKCOB aHTlJIreH/aHTLIITeno c 
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nOMO~btO cKaH~PYK)~ero TYHHeIlbHoro ~IlIA aTOMHO-CLI1nOBOrO MLitKpOCKOna 

AaeT B03MO)l(HOCTb KOHCTaTLitpOBaTb CBfl3blSaH&I1e aHTl-nena C aHTlilreHOM 

6e3 npliIMeHeHlilfi MeTOK KaK B e:pIlyopec4eHTHOH M~KpOCKOnLl1Lit. TaK npLl1 

cneULl1epLit"'leCKOM CBfl3bIBaHLiI~ LilMMyHorIl06YIILilHa G C LitMM061i1I1Li130BaHHbIM 

Ha nOAJl0>KKe 6bl"'lbLilM CbIBOPOTO"'lHbIM aIlb6yMLilHoM Tonorpae:plilfl 

nOBepxHocTIiI cYll.teCTSeHHo OTIlIiI"'laeTCfI OT CIly"'lafi HeCne4Li1e:pIil"feCKIiIX 

aHT~TeIl LitIlIiI "fLitCTOrO 6bl"'lberO CbIBOpOTO"'lHOrO anb6yMIiIHa [40]. B03MO)l(HO, 

"fTO perlilCTpa41r1f1 aKTa CBfl3blBaHLitfl aHTLitTen C aHTLitreHOM B pflAe cny"'laes 

3aMeHIiIT WLitpOKO pacnpOCTpaHeHHbl~ B 6 Liton0 rlilLit Lit MeALit4L11He 

IiIMMyHoepepMeHTHblH aHaIlLit3. 

ATOMHO-CLitnOsafi MLitKpOCKOnlilfl 6~I1a IiICnOIlb30BaHa Ta~e· ADR 

LitCCIleAOBaHLitfl oc06eHHocTeH CTPYKTYPbl nosepXHOCTLit 6aKTepLitH 

pa3IlLitYHbiX TaKCOHOMW-leCKLitX rpynn. OCHOBHblMLit npelilMyllteCTBaMLit 

MeTOAa aTOMHO-CLitnOBO~ MIiIKpOCKOnlilLit AIls:! Lit3y"'leHLitfi TOHKLitX CTPYKTYP 

6aKTeplt1aIlbHOH KIleTKLiI nepeA TpaALit4LitOHHblMIiI cnoc06aMIiI - pacTpoBo~ iii 

3neKTpOHHO~ MIiIKpOCKOnLiteH, f1BIlfitOTCfI: B03MO>KHOCTb Lit3yyeHLitfi peaIlbHo~ 

nOBepxHocTIiI KIleTKLit 6e3 npliIMeHeHLitfl Cne4LitaIlbHbix MeTOAOB nOAroToBKLiI 

06pa34a (HanbtneHLile MeTaIlnaMIr1, nplilroTOBIIeHLI1e penIlLitK), B03MO>KHOCTb 

IiICCIleAOBaHlilfi >KLitBbIX 6aKTepLiI~ Ha B03Ayxe Lit B pa3I1L11"'1HbIX >KLitAKLilX 

cpeAax, SblCOKoe npocTpaHcTBeHHoe pa3peweHlile (Aonlr1 HaHoMeTpa B 

nIlOCKOCTLit o6pa34a Lit COTbie AonLit HaHoMeTpa no HOpMaIlLit K o6pa34Y), 

oAHospeMeHHoe Ir1CCIleAOBaHlile I10KaIlbHbIX CBOHCTB KIleTo4Ho~ CTeHKLit, B 

TOM "fLilCIle, >KeCTKOCTLiI, nIlacn14HOCTIiI iii aAre31r1BHOCTLit [19]. 

Halr160Ilee WLitpOKO 1i13Y\.leHbi WTaMMbl Escherichia coli, KIiIWe"'lHOVi 

naIl04KJ..1, KOTopafl s:!snfleTCfI TLitnlil"'lHbIM npeAcTaslilTeneM HopMaIlbHoH 

MIiIKpoe:pnopbl KIiIWe\.lHIiIKa MneKom1TatOlltlilX iii KIlaCCIiI"'IeCKIiIM 05beKTOM 

MIiIKpo61i10IlOrlil"'leCKIiIX Ir1 MOIleKyIlflpHo-reHeTIiI"feCKLitX IiICCIleAOBaHLitH. C 
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nOMO~blO aTOMHO-ClllnOBorO MIIIKpOCKOna 3aperv\CTplllpOBaHO 1113MeHeHllle 

CTPYKl)'pbl nlllnOnOll~CaXapV\AOB KIleTOYHOIll CTeHKIII 6aKTepH~ E. coli, 

HacneAYfOU\lIIx reHeTv\4eCKYK> AeTepMIt1HaHTy CIt1HTe3a nepSIIIYHblX 60KOBblX 

l.lene~ AIII3eHTepV\~HbIX 6aKTeplt1~ [41]. HenocpeAcTBeHHoe Ha6J1tOAeHIt1e 

o6pa30BaHIt1H MLilKponop B 6aKTepltlanbHo'1 CTeHKe nplti B03Ael7lcTBIllIt1 L10HOB 

Ca nplllBeAeHO B pa60Te [42]. Pa3Mep Ha6moAaeMbix nap 30 HM. 

BLil3yanIll3a~lII~ pa3m1YHbiX MyTaHToB WTaMMa E. coli K12 n03Bonvtna 

nonY4L1Tb AonOnHIIITeJlbHbie CBeAeHIIIH 0 CTPYKl)'pe 6aKTeplf1anbHOIll 

nosepxHocTIII. ~llH WTaMMa E. coli K12 J62 xapaKTepHO Hanlf1Yllle Ha 

nOBepXHOCTIf1 6aKTeplllaJlbHotlt KIleTKIt1 AflL1HHblX OTpOCTKOB - >KryTIIIKOB. 

>Kryn1K cny>KIIIT AflH nepeMe~eHIIIH 6aKTepllllll s npocTpaHCTBe V\ 

npeAcTasns:teT co6o~ OTHOC~TenbHO >KeCTKYIO cnlllpanb, COCTOR14YK> TonbKO 

1113 6enKa - ¢marennIllHa. Ha nOBepXHOCTlil 6aKTepllllll E. coli JM109 

Ha6nlOAalOTcs:J OTPOCTKIII APyroro SHAa - peCHIII4KL1 IIIJlIII nlll.nlf1. OHlil 

npeACTaBnHIOT co60~ npHMol1l11HelllHble 6ellKOBble OTPOCTKIII Kpyrnoro 

nOnepeYHOrO CeyeHLIIR. AIls:t WTaMMa 6aKTeplo111l E. coli HB101 xapaKTepHO 

nOJlHOe OTCYTcTBllle peCHIII4eK [43]. 

Pa3pa6oTaHHbie npocTble MeTOAbl HaHeceHv\s:J 6aKTepllllll Ha nOAI10>KKY 

1l03BOnllll1111 Ha6moAaTb Ha Cl1lOAe MOHOCI10.,Hble OCTpOSKOBble CTpyKTypbl, 

o6pa3yeMbie 3HTepo6aKTeplIIs:tMIlL MO>KHO 6bll10 Ha6JllOAaTb pa3nlllYHOe 

cTpoeHllle TaKIllX MOHOCl10eB, nOCTpoeHHbiX 1113 pa3HbiX Slo1AOB 6aKTepLIIIll. 

ABTOPbl no.naraIOT, 4TO nOAo6Hbie MOHocno'1Hbie nneHKIt1 6aKTeplt1111 

o6pa3YlOT Ha nOBepXHOCTIt1 KIIIWe\.lHOrO 3nlt1Tenllls:l B eCTeCTBeHHblX ycnoBIt1Rx 

[43]. 

MeTOA aTOMHO-Clt1nOBO~ MillKPOCKOm1III 6bln nplilMeHeH TaK>Ke B 

reHeTIII4eCKIIIX lIICCneAOBaHIltRX pa3111114Hb1X BIIIAoB 6aKTeplII~. B HaCTORLUee 

BpeMfl C nOM0LLtblO MeTOAoB reHeTIII\.leCKOrO 06MeHa B03MO>KHO 
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KOHCTPY\l1poB8H\I1e 38AaHHbiX no xapaKTep\I1CT\I1Ke nap WTaMMOB 6aKTep~lI;, 

pa3n\l1"1alO~\I1Xcs:t no cTpYKTYpe 6\110nOn\l1MepOB, KOTopble BXOART B COCTaB 

lUleT04HbIX. CTeHOK. npoBeAeHbl \I1CCneAOB8H~s:I KneT04HOII; nOBepxHocT~ 

Vlcxop,Horo pOp,L-nenbCKoro WTaMMa E. coli K12 J62 his- Ra-xeMoT\I1na VI 

TpaHCAYKT8HTa E. coli K12 J62 his+, npVl06peTwero cnoco6HoCTb 

c~HTe3V1poBaTb nepB~4Hble S-CneLtVlepVl4ecKVle 60KoBbie LtenVl 

nVlnononVlcaxap\I1p,a O-aHT~reHa Shigella fJexneri. CpaBH\I1TenbHbl1l; aHan~3 

V1306pa>KeH\I111; reHeTVlyeCKVI cBs:t3aHHo~napbl WTaMMOB E. coli K12 J62 

Bbl~BVln cYlJ.4eCTBeHHble pa3n\l14V1~ B· Tonorpaep\l1V1 nOBepxHoCTHblX CTPYKTYP 

CpaBH\I1BaeMblx 6aKTep\l1anbHbix KneTOK. An~ MOA~ep\l1~VlpOBaHHoro WTaMMa 

xapaKTepHa BbICOK8s:1 CTPYKTYPVlpoBaHHoCTb nOBepXHOCT\I1 C o6pa30BaHVleM 

naMe.nHl7l B ¢opMe npo,o.onroBaTblx nnaCT\I1HOK. OTAenbHble naMel1V1 \I1MenVl 

,anHHY 200-500 HM npVl UJVlpVlHe 30-40 HM. naMenVl Ha nOBepxHocTVI 

WTaMMa nnOTHO ynaKoBaHbl VI o6pa3YIOT eAVlHYIO nOBepxHoCTb 

6aKTepVlanbHot:1 meTK\I1. Anfl VlcxoAHoro WTaMMa Ha ACM-\I1306pa>KeHVlSlX 

xapaKTepHO npaKTVl4ecKVI nonHoe OTCYTCTB\I1e naMens:tpHOII; nOBepXHOCTVI 

t<.neT04HolI; CTeHK\I1 [41]. 

1113 Bcell; rpynnbl MHoro4\11CneHHbiX B\I1PYCOB MeToAaMVI CKaHVlpYfO~e~ 

30HAoBOl7l M\I1KpOCKOnVlVl HaVl60nee nonHO Vl3Y4eH BVlPYC Ta6a4HoII; M03a\l1KVI. 

3TO nepBbll7l BVIPYC, OTKPblTbl1l; A.It1.It1BaHOBCK\I1M, KOTOPbl~ \11 MeeT 

xapaKTepHYfO MopeponOr\l1lO: nan04K\I1 pa3MepOM 3000x15 AHrCTpeM. OH 

Y8CTO CIlY>KVlT MOAenbtO AIls:l VlCClleAOBaH\I1s:1 pa3n\l14HbiX CBO~CTB 3TVlX 

60Ile3HeTBopHbiX areHTOB, nOCKOllbt<y 6e30naceH AJ1~ 4eIlOBeKa. 

B3aVlMOAeVicTBVle PHK B~Pyca Ta6a4Ho~ M03aVlK\I1 VI 6e11Ka BVlPYCHOl7l 

060Il04KVI \I1rpaeT Ba>KHYfO ponb B pa3MHO>KeH\I1H B\I1pyca B KneTKaX 

opraHVl3Ma-X03RVlHa. B pa60Te [44] 6blfl0 Vlccne,qOBaHO nocneAOBaTenbHoe 

oCBo6o>KJ\eHVle PHK OT 6enKoBoVi 060nOYK~ nOA Ae~CTB\I1eM 
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AViMeTlltncynbepOKCVlAa, M04eBVlHbi VI a BOAHblX paCTBopax C lJ.len04HbiM 

3Ha4eHVleM pH. VlccneAoBaHHe MeTOAoM aToMHO-CVlI10BOM MVlKpOCKOnVlIr1 

npoMe>KyT04HbiX cTaAIt1~ pa3pyweHVlfI BVlPYCHblX ",acnu.t nOKa3a.n0, 4TO 

np0 4ecc BblcB060>KAeH~f1 npoTeKaeT oAMHaKoBo nOA Ae~cTBVleM Bcex 

areHToa. BVlpycHbie 4aCTVl4bl It1MenVi pa3HylO AI1V1HY 3a C'-IeT arpera~VlL1. PHK 

BblXOAVlT 1113 Top4a OAVlH04HOlf; BYfPYCHOM 4aCTM~bl. Ha 3aKJ1104~TeI1bHot1 

CTaAlt1V1 npOLtecca Ha6nlOAanOCb nonHoe OCB060>KAeHYle OT 6enKOBO~ 

060nOYKVI MoneKyn PHK. 

8 pa60Te [45 ] aTOMHO-CVlnOBas:l MVlKpocKonlllfi 6blna ~cnOllb30BaHaAJ'ls:l 

aHanL13a p~KKeTCIr1~ VI BVIPYCOB. nonY4eHbi ACM-Vl306pa>t<eHVlfI K11eTOK 

Coxiela burnetii, pOTaBVIpyca VI BVipyca BeHecy3I1bCKOrO 3HueepanlllTa 

nowaAel71, YfMMYHOCop6V1poBaHHbix Ha nom.1Mep-aHTIIITenbHYto nneHKY. B 

Ka4eCTBe nOAflo>KK1t1 6bln Vlcnorlb30BaH BbicoKoOpVleHTlt1pOBaHHblt1 

nVlponVlTVl4ecKVlVl rpaeplt1T, Ha KOTOpbl17l aHTVlTenbHas:l nneHKa nepeHoc~llacb 

MeTOAOM JleHrMlOpa-Weepepa. V1AeHntepVlKa4Y1Sl BVlpyCOB npOBOAlt1naCb no 

CneLtVlanbHO pa3pa6oTaHHo~ nporpaMMe aHanVl3a V1306pa)f(eHII1~. 

TaKIt1M o6pa30M, MeTOAbl cKaHVlpYIO~e~ TyHHenbHo~ MVlKpOCKOnVlYl III 

aTOMHO-CYlllOBO~ MII1KpOCKOnlllVl n03BOllfilOT pewaTb PfiA 6V1onorVl4ecKVlx 

3aAa4 Ha cy6MoneKynHpHoM VI MOJ1eKynflpHoM ypoBHe, npVl4eM, 

YHII1KanbHblM AOCTOVlHCTBOM 111 npeVlMYl1.\eCTBOM MeTOAoa 30HAOBOlii 

MMKpocKonVlIII nepeA TPa.QVl1.4Y10HHbIMVI MeTOAaMII1 flBIls:leTCs:I B03MO>KHOCTb 

Ha6nlOAaTb 61110I10rl1yeCKlIIe 06beKTbI B YCI10BVlRX, 6nlll3KlIIx K HaTlIIBHblM C 

MillHiliManbHOIf1 XIl1MIII4eCKO~ o6pa6oTKolii (xapaKTepHO~ Aflfl 3neKTpOHHO~ 

MVlKpOCKOnll1V1) VI 6e3 BBeAeHlIIs:I MeTKVI (KaK B epnyopecueHTHolii 

MlI1KpOCKOnlllL1). 
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5. nepsble onblTbl co cl(aHMpylOU-'MM TyHHenbHblM M aTOMHO­


CMnOBblM MMKpOCKonaMM; HepeweHHble npo6neMbi
 

.Qnfl,peweHlo1S1 3aAa~iIl pa3pa6oTKlo1 MeTOAa 3Kcnpecc-aHan1013a n14TbeeO~ 

BOAbl HaHanW-Ilo1e BiIlpyCOB C 14CnOIlb30BaHlo1eM cKaHlo1PYK)~ero TYHHenbHoro 

~ aTOMHO-CiIlnOBoro Mlo1KpOCKona Ha nepSOM 3Tane Heo6xOA14MO 6blno 

nonY4101Tb 111306pa>KeHlo1S1 B~PYCOB ~enOBeKa BOAHoro npO~CXO)f(p.eHlo1H III 

HaY~II1TbcH lo1AeHTlo1cPlo114lo1pO'SaTb Blo1PYCbl. B Kal.feCTBe MOAeJlbHOrO BlI1pyca 

6bln Bbl6paH nonlo1oBlllpyC Tlo1na 1 BaKUlo1HHoro UJTaMMa C36111Ha Lse2ab, 

04l11l14eHHbl~ ,OT KfleT04HbiX 06JlOMKOB. Pa3Mep Billpyca 25-30 HM. 

BblAeneHlI1e lo1 04lo1CTKy BiIlPYCHblX 4aCTlo1~ npOBOp,Y1Jllo1 MeTOAOM 

BblCOKOCKOpOCTHoro OCa>lq:\eHlo1S1 (100000 g) l.fepe3 caxapo3HYto «noAYwKy». 

KOH4eHTpaUillfl Blo1pyca B npenapaTe COCTaBnSlna 108
- 109 ~aCTlo1u1Mn. 

04V1l14eHHbl~ npenapaT Blo1pyca npeAOCTaBI1eH iIlHCT~TYTOM nOJlVlOMlo1enlo1Ta 1o1 

BII1PYCHblX 3Hue¢anlllTOBL1M. M.n.4YMaKoBa. 

8 Ka4eCTBe nOAIlO>KKlo1 lo1cnonb30eanlo1 nlo1porpacPL-1T, Cee>KeCKonoTYIO 

ClllO,Qy, nneHKVI.. 30nOTa, CnJlaBOB, 30nOTa III nanJlaAlllfl, HVlKenSl, 

MO,Qlo1cPVl4L-1pOBaHHYtO opraHVl4eCKlo1Mlo1 paCTBopVlTenS1MIit CJ1IOAY, oKlt1Cb 

TII1TaHa. Ha nOBepxHocTb nO,QJlO>KKIit HaHOCiIlnL-1 KanntO 5YcPepHoro pacTBopa 

npenapaTa Blitpyca o6beMoM 2 MKIl. COCTaB 6YcPepa: 10 MM TPlo1C-HCI, 100 

MM NaCI, 1 MM AII1HaTpl.1eBaSl conb 3TL-1JleH,Qlo1aML-1HTeTpayKcycHoVi Klo1CnOTbl. 

Ha6J1tOAeH""e 06pa31.4a npOBOAlo1IlYl cpa3Y >Ke nocne BblCblxaHVlSl KanI1V1 Ha 

B03Ayxe - 4epe3 3-5 Mlo1H. nOCJle HaHeCeH1I1$1. CKaHVlpytoLLtytO l)'HHeIlbHytO 

MII1KpOCKOnlo1lO npQBOA~IlIII C nOMOl14btO MynbTVI-MIIIKpocKona CMT (3AO 

«Kn.Q»,,3eneHorpaA). An}! aTOMHO-CiI1nOBO~ Mlo1KpocKonlo1V1 V1cnonb30BanVi 

HaHocKon ill cPVlPMbl «Digital Instruments» (CaHTa-5ap6apa, CWA), 

pa6oTaBwVl~ B KOHTaKTHOM pe>KVlMe H8 B03Ayxe. npVlMeH~eMble JlVlBepa 

V1MeIllo1 >KeCTKOCTb 0.06H/M. 06pa6oTKa ACM- 111306pa>KeHVlVI npoBeAeHa Ha 
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cneUVlaIwl3~poBaHHoM nporpaMMHoM o6ecne4eH~V1 «<1>eMToCKaH-001 ». 

~ccneAoBaHVI~ Ha aTOMHo-c~nOBOM M~KpocKone npoBoA~nVlcb B paMKax 

COBMecTHoC1 Ae~TenbHocT~ Ha <p~3~4ecKoM epaKYnbTeTe MOCKOBcKoro 

rOCYAapcTBeHHoro YH~BepcVlTeTa ~M. M.B.fioMoHocoBa. 

Ha6nlOAeHVl5I npoBoA~n~ B CepeAt.1He ~ Ha KpalO mrrHa, 

06pa30BaBUJerOC5I nocne BblCblXaH~s:I Kann~. BblcblxaHVle Kann~ 

npo~cxoA~T C KpaeB. Conb (B OCHOBHOM NaCI) Bblna.qaeT 

npeVlMy~ecTBeHHo B cepeA~He ns:lTHa, TaK KaK npt.1 BblCblxaHVf~ Kann~ 

KOH~eHTpaU~H con~ YBen~4~BaeTcs:I ~ np~ HeKoTopoM 3Ha4eH~~ '-
KOHueHTpau~~ pacTBop CTaHOB~TCs:I nepeHacblLlleHHblM, 4TO npt.1BOAVIT K 

BblnaAeH~1O Kp~cTannoB con~. BblnaAeH~e >Ke B~PYCHbIX 4acT~~ 

npoVlcxoA~no BO BceC1 o6nacTVI KOHTaKTa pacTBopa C nOAnO>KKoH. 

Kon~4ecTBo T04eK B nonY4eHHbix ~306pa>KeH~s:lX - 512x512. CKOpOCTb 

cKaH~poBaH~H - OKono 6 n.",. 

M&o1KPOKp&o1CTannbl conVi Ha6nIOAaIOTC5I B B&o1Ae HpKO Bblpa>KeHHoi:1 

CTpYKTYPbl C xapaKTepHblM&o1 opToroHanbHo op~eHTVlpoBaHHbIMVI HanpaB­

neH~HMVI. Ha Bcex 06pa3~ax, KpoMe nOBepXHOCTIt1 OKCVlAa T~TaHa, BVlPYC B 

60nbweC1 KOHl.-leHTpaqVlVl pacnonarancH Ha nOBepxHocT~ Kp~cTannoB con VI, 

yeM HenocpeAcTBeHHo Ha no,q.nO>KKe.. Ha rpa<:f:)VlTe aAcop6~VI~ 

Ha6moAanacb npe~MYLllecTBeHHo Ha nOBepxHocTHblX AeepeKTaX (pVfc',.4). 

AAre3V1fl 4aCT~~ 6blJ1a HeBblcoKoi:1, BcneACTB~e 4ero np~ AonrOM 

cKaHVlpoBaH~VI OAHoro VI Toro >Ke Y4acTKa nOBepxHocTVI aAcop6~poBaHHble 

BVipycHble 4aCTVlllbi nepeMe~anVicb no nOBepxHocTVI rpae.pVlTa nOA 

Aei:1C"rSVIeM cKaHVlPYlOll.leC1 Vlrnbl. Ha rpaepVlTe 6btnVl 06HapY>KeHbl nnOTHO 

Yl1aKOBaHHble He60nbwVle CKOnneHVls:I BViPYCHblX 4aCT~l.-l (5~30) (pVlC. 5). Ha 

nOBepxHocTVI OKCVlAa TVlTaHa Ha none pa3MepoM 500x500 HM 

3aper&o1CTpVlpOBaHo 60JlbWOeKOJl~4eCTBo 4aCTVlll (oKono 100), 0AVlH04HYIO 
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P""C. 4. 4acT""~bl Blt1PYca nOlllt10M~ell~Ta Ha nOBepxHocT~ n~pOIl~T~\.feCKOrO 

rp8cP~Ta. Pa3Mep nOllR 1,1 x1 J 1 MKM2 (aToMHo-C~IlOBO~ 

M~KpocKon). 

\.faCT~~Y Ha 3TO~ nOAJlO>KKe YBVI,qeTb He y,qallOCb (p~c. 6). Ha p~c. 7 ~ 8 

nOM~MO BL-1pYCHbIX 4aCTVI~ xopowo B~Hbl KPVlcTallllbl COI1~ B B~Ae 

AeHAP""ToB. B~PycHble 4aCT~~bl paCIlOnO>KeHbl KaK HenocpeAcTBeHHo Ha 

nOAllO>KKe, T8K ~ Ha Kp~CTallllaX COIl~. Ha p""c. 9 B 6011bWOM MacwTa6e 

nOK83aHbi B~PycHble 4aCT~~bl, pacnOllO>l<eHHble Ha KpHCTallllax COil"" H8 

nOBepXHOCTH CIltoAbl. 

Ha pLo1C. 8a ~ 86 npeACTaBIleHbl ~306pa>KeH~R OAHoro VI Toro me Y4acTKa 

nOBepxHocT~ o6p83~a, HO np~ nocTpoeHHH ~306pa>KeH~R Ha p~c. 86 

np~MeHeHa 6oKoBaR nOACBeTKa AJlR OTTeHeH~s:I MellK~X pellbeepHblx 
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P~c. 5. nnOTHa51 ynaKoBKa B~PYCHbIX ~aCT~Lt, aAcop6~poBaHHblx Ha 

nOBepxHocT~ n~porpacP~Ta. Pa3Mep noIU'! 1,1x1,1 MKM 2 

(aToMHo-c~noBoLil M~KpocKon). 

AeTanelll. Ha ~3MeHeHHOM ~306pa)l(eH~~ ny~we BIIlAHbl AeTan~ 

nOBepxHocT~, HO ~HorAa 3aTpYAH~eTc~ IIlHTepnpeTa~lIl~ TonorpacPlI1l1l 

nOBepxHocTIIl. Ha plllC. 8a XopOWO BIIlAHbl AeHAPIIlTbl C01lIII, a Ha pIIlC. 86 ­

BlllpycHble 4aCTIIlLtbi. B~A~MbILil pa3Mep 4aCTIIlLt COCTaBn~eT 70 HM, 

BepTIIlKanbHbl1il pa3Mep 4aCTIIlLtbi OKono 6 HM. 

C nOMOL1.lblO cKaHIIlPYIOL1.Iei71 TYHHenbHoLil M~KpOCKOn~1Il nonyyeHbl 

~306pa>KeH~51 B~PYCHb'X ~aCT1I14 Ha nO,D,IlO>KKe ~3 KBaPLta, wnlo1cP0BaHHoliI AO 

cpeAHeKBaApan14Hoi71 wepoxOBaTOCTII1 B 0,5 HM (Pll1c. 10). nocne 

BbICbIXaHIo151 Kannll1 B~PYCHOro 06pa3l..\a nOAIl0>KKa 6blna nOMeL1.leHa B 

cnel..\lIlanbHO pa3pa6oTaHHYlO yCTaHoBKy HanblneHII151 ~ nOKpblTa cnnowHoliI 

nneHKolII BonbcPpaMa TOnL1.l~HOIiI OKono 2 HM. np~ 3TOM He Ha61lIOAanOCb 
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P~C. 6. CKonneHlo1e BIo1PYCHblX 4aCTIo14 Ha nOBepxHocTIIl OKCIo1Aa TIIlTaHa. 

Pa3Mep non~ - 1, 1x1,1 MKM2 (aToMHo-clo1noBo~ MIIlKpocKon). 

YWlo1peHIIl~ Blo1pyca, AlIlaMeTp KOToporo Ha 101306pa>KeHIo1Io1 COCTaBflfm 24 HM, 

HecMOTp~ Ha ABa cno~ nneHKIo1 Ton~Io1HolI\ 2,0 HM no 6oKaM. 

YYBcTBIo1TenbHoCTb MeTOAa aToMHo-clo1noBolI\ MIo1KpocKonlo1101 no 

KOH~eHTpalllo1l1l BlilpYCHblX 4acTIo14 B npo6e 6bllla OlleHeHa no cneAYIOU\eMY .. 
pac4eTY· PeanbHble pa3Mepbl \.faCTIil4 OKono 30 HM, HO 1013-3a KOHe4Horo 

pa3Mepa 101 KOHycoo6pa3Ho~ ¢OPMbl CKaHlIlpYIO~ero 30HAa BIIlAIo1Mbl1l\ 

pa3Mep YBellIll4Io1BaeTC~ AO 70 HM. nplo1 TaKIIlX ycnoBIIl~x 0AIilH04HYIO 

4aCTIo14Y MO>KHO Ha61llOAaTb nplll pa3Mepe KaApa 10x10 MKM2
. 3TO 

cooTBeTcTByeT nOBepxHocTHolI\ KOHlIeHTpaL\1Il101 - 106 4aCTIo1t.VCM 2. nplll 

oea>KAeHIIlIo1 BIilPYCHblX \.faCTIo14 1113 KonOHHbl BblCOTOII\ 1 eM, Heo6xOAIIlMa~ 
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P~C. 7.	 B~PYCbl nOIl~OM~em'1Ta Ha nOBepxHoCT~ CIlIOAbl. Pa3Mep nom~ ­

5,8x5.8 MKM2 (aToMHO-C~I10BOili M~KpocKon). 

OObeMHa51 KOH4eHTpa41r1H yaCTIr14 - 106 4aCTIr14!MII. 3Ta Bem141i1Ha He 

HBllHeTCH npeAeIlbHoili 4YBCTBliITeIlbHOCTbIO MeTOAa. a COOTBeTCTByeT TOMy 

cIIYL.fa10, KorAa nplr1 paBHOMepHOM OCa>KAeH~1r1 BIr1PYCHblX 4aCT~4 Ha 

nosepXHOCTb nOAIJ0>KKIr1 MeTOA CKaHlr1pYlOll.Ielil 30HAOBOH MIr1KpOCKOnlr11r1 AaeT 

Io1H¢OPMa41r11O 0 HanlllYlo11r1 BIr1PYCHblX 4aCWI4 B TeyeHliIe 1-2 MliIHYT. nplil 

YBeIllr1yeH1r1101 BpeMeHIr1 cKaHlo1poBaHIr1H B03MO>KHO nOBblweHlile 

YYBcTBIr1TeIlbHocTliI MeTOAa Ha 2-3 nOp$lAKa. 

B np0l..(ecce pa60Tbi HaA npOeKTOM BbIHB\r1I1CH PHA HepeweHHblx np06I1eM. 

I. nplr1 HaHeCeHlr1101 KanIllil COIleBoro pacTBopa .slilPYCHbIX 4aCT\r11..( 

HenocpeAcTBeHHo Ha nOAIJO>KKy Hee03MO>KHO' nOIlYYIr1Tb KapTliIHy 

paBHoMepHoro pacnpeAeIleHliI$l Blr1pyCOB, 4TO HBIIHeTCH Heo6xoA~MblM 

YCIIoBliIeM AIlS'! nOACyeTa liIX KOH4eHTpa4~1r1 B Ir1CXOAHOili npoCe. 
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P~c.8a. He~3MeHeHHOe 

~306pa>KeH~e B~PYCHbIX 

4aCn1L~ Ha nOBepXHOCT~ 

CnnaBa 30nOTa ~ nan­

naA~R B~AHb' KP~C­

Tannbl con~ B B~Ae 

AeHApHTOB. Pa3Mep 

nonS! - 1,9x1,9 MKM2 

(aToMHO-C~IlOBO~ M~K­

pocKon). 

P~c. 86. TOT >Ke Y4aCTOK 

nOBepXHOCT~ cnnaBa 

30noTa ~ nannaA~Sl, 4TO .. 
~ Ha p~c. 8a, HO C o6pa­

60TK0&.1 ~306pa>KeH\IIR 

6oKOBOVI nOACBeTKOVI 

(KOHTpaCTHoe BblAene­

H~e MeIlK~X CTpyKTYP­

HblX AeTaneVi penbeepa) 
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PIIIC. 9. BIilPycHbie 4acTIIIllbi Ha KplllcTanIle NaC!. nOAIlo>KKa - CIlIO,Qa. 

Pa3Mep nom~ - 1,6x1,6 MKM2 (aToMHo-CIilIlOBOt/1 MIIIKpocKon). 

2. CIIO>KHOCTb BlllpyCOB BOAHoro 

npOIIICXO>K,QeHlIlfl 3aKIl104aeTCfl B TOM, YTO MHorlile 1Il3 HIIIX IIIMelOT CXO>Kllle 

MOpepOIlOrllll.leCKllle xapaKTeplilCTIIIKIII. BIIIPIIlOHbl Bcex 3HTepoBlllpyCOB 

VlMelOT epOPMY IIIKoca3Apa pa3MepoM 22-30 HM, nplll4eM IIIX 060IlOI.IK8 He 

IIIMeeT BblcTynoB III OTpOCTKOB. TOIlbKO pOTaBlllpycbl cYllleCTBeHHo 

OTIlll1l.lalOTCfl OT 3HTepoBlllpycoB no pa3MepaM BlllpllloHa (70 HM). 

3Ha4111TeIlbHo OTIIIII4aIOTCs:l no MOpepoIlOrllll.leCKIIIM nplll3HaK8M 

aAeHoBlllpycbl, IIIMelOllIllle pa3Mep 70-90 HM, 8 TalOKe 12 OTpOCTKOB 

BepWIIIHHblX K8ncoMepoB pa3MepoM 10-15x2 HM. 3aAa4a 

IIIAeHTlIIeplllKa1l1ll1ll OCIIO>KHs:leTCs:l ellle 111 TeM, I.ITO nOI.lTIII Ka>K,Qbllii BIIIA 

BlllpyCOB IIIMeer MHO>KeCTBO cepoTlllnoB: nOIlllloBIIIPYC - 3 , KOKcaKIII A - 23, 

KOKcaKIII B - 6, ECHO - 30, aAeHOBlIIpYCbl - 47, pOTaBlIIpycbl - 3 cepoTlllna. 
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6) 
a) 

B) 
P~C. 10. BII1PYCbl nOm10MlI1eIl~Ta B cKaH~PYlOllleM TYHHeIlbHoM 

MII1KpOCKOne Ha KBap4eBo~ nOAIlO>KKe nOCIle HaHeceH~Sl 

BOIlb¢>paMoBo~ nIleHKH TOnlllIl1HO~ -0,2 HM. Pa3Mep B~Pyca ­

24 HM. 

a) pa3Mep noIlSl - 1,3x1 ,3 MKM2
, pa3Max BblCOT - 109 HM; 

6) pa3Mep nOIlSl - 660x660 HM2
• pa3Max BblCOT - 33 HM; 

B) pa3Mep nOIlSl - 160x160 HM2, pa3Max BblCOT • 28 HM. 
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3.	 KOH~eHTpa1.4lr1s:t Blr1pyCOB, BbI3bIBalOu.\Ir1X 3a6oIleBaHIr1s:t 4eIlOBeKa, B 

nlr1TbeBO~ BOAe Ir1 B BOAe, Ir1cnollb3yeMoC1 AIls:! nOJ1Y4eHIr1s:! nlr1TbeBO~ 

SOAbl, Kpa~He HIr13Ka. nlr1TbeBaS1 BOAa C41r1TaeTCfl 4Ir1CTO~, ecnlr1 

KOH1.4eHTpa1.4lr1fl Blr1pycoB B He~ COCTaBlls:teT 0.1-10 4aCTIr1LVIl. AIlfl 

nOllY4eHIr1f1 np06bJ AIlS1 MIr1KpOCKOnlr1pOBaHIr1f1, B KOTOPO~ KOHl.-'eHTpa~lr1s:1 

Blr1pyCOB COCTaBllfieT 106 4aCTYlLVMll, Heo6xOAIr1MO cKoH~eHTplr1pOBaTb 

100 II BOAbl Ha 4 nopfiAKa, TO eCTb yBelllr141r1-rb KOH~eHTpa~1r11O BIr1PYCHblX 

4aCTIr1~ B 10000 pa3. 

6. CeroAHSlwHee BMAeHMe peweHHSI npo6neMbi 

6.1. MemOaUKa fleHzMJOpa-bflOa>Kemm 

3aAa4a Ir1AeHTlr1epIr1Ka1.41r11r1 OAHOpOAHblX no MopepoIlOrYlIr1 Blr1pyCOB 

4enOBeKa BOAHoro np0Ir1CXO>KAeHIr1S1 MO>KeT 6blTb peweHa 3a C4eT 

Ir1MMyHHoro CBfl3blBaHYlfI IIIX nneHKoC1 cne4Liteplr14eCKIr1X aHTIIITen Henoc­

peAcTBeHHo Ha nOAJl0>KKe MIr1KpOCKOna_ HaHeceHllle MOHOCnOI/1HOrll nneHKIr1 

Ha nOAllO>KKY no TeXHOnOrlr11r1 JleHrMlOpa-6noA>KeTT [46] 6blJ10 IIIcnonb30BaHO 

B cKaHlllpYIO~el/1 TYHHellbHOIf1 Ir1 aTOMHO-CIr1IlOBOI/1 MIr1KpOCKOnlll1r1 AllSl 

nOIlY4eHIIIS1 111306pa>KeHIIIs:t Illr1nlr1AHblX III 6enKOBbiX CTpyKTyp [21, 47]. 

neHrMlOpoBcKafl nIleHKa npeAcTaBIlfieT co6ol/1 ynops:lAo4eHHblrll 

HepacTBoplllMblLII MOHoMoIleKyns:tpHbllf1 cIloC1 BeLltec-rBa, CepOPMvlpoBaHHbl~ 

Ha rpaHlr1ue ¢a3 >KIIIAKOCTb-ra3. 06pa3YIOl4ee nIleHKY Be~eCTBO AOIl>KHO 

6blTb aMeplr1eplr1JlbHblM, TO eCTb COCTOH~IIIM 1r13 nOllS1pHOC1 rOIlOBKYI 

(rIr1APO¢Ir1IlbHOC1) VI rlr1APO¢o6Horo epparMeHTa (AIlIIIHHoro aIlKIr1IlbHOro 

paAIr1Kalla). np04ecC epOpMlr1pOBaHIr1f1 neHrMlOpOBCKOC1 nneHKIr1 

3aKIl104aeTCfl B cIleAytO~eM. BHa4aIle nplr1 HaHeCeHlIIlr1 Ha nOBepXHOCTb 

pa3Aena epa3 nIleHKoo6pa3YlOLlterO BeuteCTBa B nOAXOA~Hl~eM 

paCTBOplr1TeIle nIl0LJ..taAb nOBepXHOCTIr1 nneHKIII coxpaHs:teTCs:I AOCTaT04HO 
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6 OIlbWOLJI, \.IT06blnOcne lIICnapeHlIIs:J paCTBOplt1TeJ1s:J C nOBepXHOCT~ 

>KHAKOCT~ o6pa30Banacb AByMepHas:J ra3006pa3Has:J nJleHKa. nplll 

cOKpaLUeHlt1lt1 nnOLUaAlt1, 3aH~MaeMo~ nneHKo~, C nOMOLLlbfO nOABlt1>KHOrO 

6apbepa npo~cxoA~T Oplt1eHTa~lt1s:J ~ ynops:JAo~~BaH~eMoneKyn B nneHKe ~ 

OHa nocneAOBaTenbHO npOXOAHT pa3Jllt1~Hble AByMepHble epa30Bbie 

COCTOs:JHlIIR OT ra3006pa3Horo AO TBepAoro [48]. nepeHoc nJ1eHK~ Ha 

TBepAYIO nOBepXHOCTb no MeToAY IleHrMlOpa-onOA>Ken OCYU4eCTBns:JIOT, 

nponycKas:J nOAJ10>KKy ~epe3 CepOpMlt1pOBaHHbll:1. MOHOc.nOl:1 BepTlt1KanbHO 

(lt1J1Lt1 rop1ll30HTanbHo) nplll norpY>KeH~~, J1lt160 nplt1 lt13BJ1e~eH~1II, nplll4eM 

AaBJleHLt1e B nIleHKe nOAAep>KlIIBalOT nOCTOs:JHHbIM nyTeM COKpaL4eHlIIs:J 

nno~aAlII nJ1eHK~ Ha nOBepXHOCTIt1 >KIIlAKOCT~ nOAB~>KHbIM 6apbepoM B 

npoL(eCce nepeHoca MOHocnos:J (plllC. 11). Cne~It1aJ1bHO pa3pa60TaHHas:J 

KaMepa AIls:J HaHeceH~s:J Ha nOAIl0>KKlII nJleHOK cneUlt1eplt1~eCKlt1X 6enKoB 

1II306pa>t<eHa Ha Plt1c. 12. 

TeXHOJlOrlt1s:J IleHrMlOpa-6noA>Ken n03Bons:JeT KOHTponlllpoBaTb TOJlll.(lIIHY 

nJleHKlII·BO BpeMs:J BbIAeneHIt1s:J (KOJWI~eCTBo HaHOCHMblX cnoeB). CBo~cTBa 

nneHOK 3aBIt1Cs:JT OT crpYKTYpbl nons:JpHo~ ronOBKlII aMepllleplt111bHO~ 

MoneKynbl, OT COCTaBa MOHocnOR (AByX lt1 MHorOKOMnOHeHTHble CMeClII 

MoneKyn), OT ycnoBlIILJI BblAeneHlIIs:J (coCTaBa cy6epa3bl lt1 nOBepxHoCTHoro 

AaBneH~s:J). nplt1 nony'"leHlt1lt1 nneHOK 6eJlKOB, KOTopble He s:JBJls:JtoTCs:J 

aMct>~eplt1nbHbIMIII COe.Q,~HeH~s:JM~, B03MO>KHO HcnOflb30BaHlt1e CMeCIt1 6eJlKOB 

C nOAxOAs:Jll.(lIIMIt1 aMeplt1eplt1JlbHbIMlt1 BeU4eCTBaMLt1 [45]. 

6.2. (1)uKcupoaaHue aupycoB 

AJls:J l1onY4eHIt1s:J nneHOK aHTHTeJl K BHpycaM, lIIMetOll.(lt1M HeCKonbKO 

cepoTlIInoB, Mbl npeAnonaraeM Hcnonb30saTb TaK Ha3blsaeMble 

«nOJlHBaplllaHTHble» aHTHTena. B 3aBIt1C~MOCTH OT KOHKpeTHoVl 3aAa'"lH 

aHanlll3a nneHK~ MOryT BKJlt04aTb aHTIt1Tella K OAHOMy lt1nlll HeCKOIlbKHM 
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PHC. 11. CxeMa HaHeCeHl.1~ TOHKf.IIX nneHOK 6enKoB Ha nosepXHOCTb 

TBepAo~ nOAflO>KKl.1 MeTOAOM neHrMlOpa-6noA>Kerr; 1 - nOAJlo)K-

Ka, 2 - cy6cPa3a (Ael.10HlJI30BaHHa~ BOAa Lo1IllJl OpraHlJI­

4eCKHVI pacTBopLo1Tenb), 3 - 6apbep, 4 cne~Lo1cP1II4ecKHt.:1 

6enoK, 5 - AaTYlJIK AaBneH~fI; a - HaHeCeHlJIe lJICXOAHOl1 Kannlll 

cne~HcPL-14eCKOro 6enKa, 6 - epOpMlJIpOBaHLo1e MOHOCIlOfl, B 

HaHeceHlIIe MOHOCIlO~ Ha nOAl1o>KKY. 
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Pl'IC. 12. KaMepa Ami HaHeceHIil~ Ha nOAIl0>KKIil TOHKl'IX nneHOK 

CneL.tl'leplil4eCKl'IX 6enKoB MeToAoM JleHr~1I0pa-6noA)KeTT. 

TlilnaM BlilpYCOB. ,Qn~ ¢lIilKclilpoBaH"'~ BlilpYCOB Ha nOAnO>KKe C nneHKo~ 

aHTl'ITen AocTaT04Ho HaHecn1 cKoH~eHTplilpoBaHHYIO npo6y BIilPYCHblX 

4aCTIIlL.t Ha nOAnO>KKY III BblAep>KaTb npenapaT nplll 37° C B Te4eHIile 

HeKoToporo BpeMeHIIl (oKono 1 I.laca), IIlCKnlOl.la~ BblCblxaHlile, AIl~ 

oCYll.leCT8neHIII~peaKL.tlll1il aHTlilreH-aHTIilTeno. 3aTeM npenapaT He06xoAIilMO 

npoMblTb AIl~ CMbIBaHl'I~ HeCBSl3aBWIllXC~l.laCTIIlL.t. 

V1MMyHHoe CB~3bIBaHllle BIilPYCHblX l.laCTIIlL.t 1Il3 np06bl BOAbl C 

cooTBeTcTBYIOll.lIllMIII aHTIilTenaMIIl, 3aKpenneHHblMIII B BIIIAe MOHocno~ Ha 

nOAIl0>KKe MIIIKpocKona, n03BOfUo1T He TonbKO IIIAeHTIII¢lIllL.tlllpOBaTb Tliln 

Blilpyca l.lenOBeKa, HO TaK>Ke n03BOfUo1T IIlCKnIOI.l"'Tb 1113 paCCMOTpeHIII~ APyrl'le 

l.laCTIIlL.tbl (B03MO>KHO BIIlPYCbl paCTeHIIl~ Iilnlll 6aKTepliloeparlil), CXO>KlIle no 
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BHeWH~M Mopepoflor~4ecK~M np~3HaKaM (npe>KAe Bcero no pa3Mepy) c 

B~pycaM~ 4eIlOBeKa, TaK KaK OH~ 6YAyT YAaIleHbl C l1oBepxHocT~ np~ 

npoMbIBK~. BcneAcTB~e paBHoMepHoro pacnpeAeIleH~s:I aHTHTeIl B nfleHKe 

111 60nee BbICOKO~ KOHLleHTpaLl~~ aHHHeIl no OTHoweH~tO K B~PYCHbIM 

4aCT~4aM 6YAeT ~CKI1t04eHa arperaLlIl1s:1 BlI1pyCOB, 4TO n03BOIlll1T npOBOAII1Tb 

~x KOIlll1yeCTBeHHblVl aHaIlll13 B np06e. 

6.3. AHanu3bl e amOMHO-CUI10eOM U cKaHupylOU4eM myHHenbHoM 

MUKpocKone 

OnTII1MaflbHblM pe>KII1MOM nOArOTOBKII1 HaHeceHHblX Ha nOAflO>KKY 

B~PyccoAep>KaL!-'II1X npel1apaTOB Afls:l Ha6IltOAeH~s:I s:lBIls:leTCs:I nOKpblT~e 

npenapaToB TOHKO~ (2-5 HM) nneHKO~ rpa¢~Ta (II1IlIl1 APyroro 

aIleKTpOl1pOBOAflL!-'erO MaTep~afla), npIl1AatOL!-'e~ nOBepXHOCT14 npenapaToB 

>KeCTKOCTb 111 3neKTpOllpOBOAHOCTb. )KecTKocTb He06xoA&ilMa Alls:1 

peaIl143a4~1I1 Ilt060ro H3 pe>KII1MOB MHKpocKona (cKaHlI1pytOL!-'ero TYHHeflbHoro 

Vlflll1 aTOM HO-CII1IlOBOrO), npOBOAII1MOCTb TOIlbKO Afls:l pe>KII1Ma 

CKaHlI1pYtOlltero TyHHeIlbHoro MHKpOCKona, ~MetOL!-'erO xopowee 

pa3peweHII1e (1 HM) npll1 Ha6fltOAeH~H Mop¢OIlOrll1l11 B~PYCOB. 

nOCKOllbKy II1AeHTlI1ep~KaL.lll1f1 BlI1pyCOB npO~3BOA~TCfI 3a C4eT II1MMyHHoro 

CBs:l3bIBaH~s:I ~x nIleHKOl1 cneW~¢~4ecK~x aHTII1TeIl, TO AonycKaeTcfI 

pa3peweH~e MII1KpOCKOna Ha ypoBHe 1 HM, TorAa KaK nporpaMMa 

~AeHT~cP~KaL~1I1111 B~PYCOB AOfl>KHa npo~3BoA~Tb OTceB .n~Wb C&ilflbHO 

OTn~4atOL!-'VlXCfl no MopcPoflor~~ 06Hapy>KeHHblX Ha nOAflO>KKe 4aCT1I14. 

6.4. KOHu,eHmpupoeaHue eupycoe e npo6ax eoobl 

OTAeflbHo~ np06neM0l1, peweH~e KOTOpOl1 He06xoA~MO Allf1 

peaIl~3a4~1I1 4eJle~ npoBoA~MOC1 pa60Tbl, s:lBI1s:1eTCfI nOAroToBKa 
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BV1pyccoAep>Ka~eroo6pa3ua V13 npo5 BOAbl. An~ m1TbeBoH BOAbl LII APyrLllx 

OTHOClltTenbHO He3arp~3HeHHblX BOA, rAe cOAep>KaHllte BlltpyCOB KpaHHe 

HV13Koe, Tpe6yeTc~ KOHueHTplltpOBaTb Aec~TKV1 LII COTHLII n~1TpoB, '-Ho6bl 

yeenV14l1tTb BepoflTHoCTb o6Hapy>KeHV1f1 Bli1pyCOB. 

8 HaCTOfll..1.lee BpeMfl V1cnoIlb3YIOT TpLil pa3nJ..14HblX npl.1H~V1na 

KOHueHTpV1pOBaHlltfl BlilPYCOS B npo6ax SOAbl: a6cop6~li1f1 V1 3nIOLlli1~ Ha 

Mli1KpoepV1nbTpax, Koarynfl~V1f1 V1 ocaJKAeHV1e C nOMOLl.lblO coneVI li1 

rli1APOKCV1AOB TpexBaneHTHblx li10HOB, 3KcTpaKllV1s:l V1 AV1aJlli13 C nOMOU(blO 

nOnllt3TIIIneHrnV1KOIlfl. OAHaKo TonbKO nepBbl~ MeTOA nplilMeHs:ltOT Aflfl 

KOHl..\eHTplilpOBaHII1f1 BlilpyCOB li13 60nbWli1X 06beMOB BOAbl. OnpeAeneHHblVi 

o6beM BOAbl nponycKafOT 4epe3 pa3nli14Hble epli1nbTpbl, pa3Mep nop 

KOTOpblX MeHbUJe, 4eM pa3Mep Blt1PYCHbIX 4aCTlt1~. B KayeCTBe MaTepV1ana 

Am=! MII1KPOcPl.JIIlbTPOB li1CnOnb3ytOT OpraHli14eCKV1e BeLl.leCT8a, o6naAaJOIllV1e 

pa3BI.JITOVI nOBepXHoCTbtO, TaKlile KaK H~1TpO~eIlntOno3bl, nOIlli1cynbepoHbl, 

nOlllita Kpll111bl , HaVilloH, 3noKcV1AHoe CTeKllOBonOKHO lit ApYr1l1e. Pa3pa6oTaHbl 

annapaTbl AIls:! KOH~eHTplllpOBaHlI1s:l pa3JlV1YHbIX 6li10IlOrHyeCKli1X >Kli1AKOCTeVi. 

Hanpl.1Mep, B annapaTe Pellicon np01l13BOACTsa epll1PMbl Millipore C 6aTapeeH 

nOIlV1cYIlbepOHOBbIX MeM6paH li1CnOIlb30BaH npli1H~lIIn TaHreHI..\li1aIlbHOro 

nOTOKa. nOCTOflHHoe A8li1>KeHV1e >KII1AKOCTlil napaIlIlenbHo nOBepXHOCTIIt 

•
ynbTpaepli1IlbTpOB npeAOTBpal..1.laeT o6pa30BaHllte nIlOXO npOHli1""aeMOro 

CJlO~ V13 3aAep>KV1BaeMblx l.faCTli11..\ Ha nOBepxHocTV1 cPli1IlbTPOB V1 n03TOUY He 

npOll1CXOAlt1T CYl..4eCTBeHHoro 3aMeAIleHlI1~ CKOpOCTli1 epV1nbTpa~lI1L11 60IlbWli1X 

06beM08 BOAbl (pV1C. 13). 8 annapaTe Virozorb npOIll3BOACTBa eplltPMbl Cuno 

lI1CI10Jlb3ytOTCH 3neKTpOnOIlO>KlIITenbHble aAcop6eHTHbie eplt1IlbTPbl. COCTae 

epV1llbTpOB - CMeCb LleJlIltO.Il03 C MOAIIIepli1~lI1pOBaHHoVi l1oBepxHocTblO III 

MOAlI1epli1l..\li1p08aHHoe CTeKllOBonOKHO. AAcop6""lIIs:l BLilpycoB Ha 3Tli1X 

epV1r1bTpaX C8s:l3aHa C li1X noeepxHoCTHblM 3apfl,QoM. B 3TOM annapaTe 
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P~C. 13. CxeMa KOHlIeHTplilpoBaHIilR BlilpyCOB \113 np06bl BOAbl MeTOAOM 

yJlbTpaepVlJlbTpallVlIII B annapaTe Pellieon q,L4PMbl Millipore: 1­

o6paae1.4 BOAbl, 2 - Haeoc, 3 - 6JlOK eplilllbTpOB, 4 - KOHlIeHTpaT. 

MO>KHO nOIlY4111Tb KOH1.4eHTpVlpOBaHllle Ha TpH nopRAKa. 

nOCIle aACop61.4H\I1 BL4pyeoB Ha MIilKPOq,I1JlbTpaX npoBoART \I1X eop61.4L41O 

6yq,epHblM paCTBopoM e llleIl04HbiM pH. np\l1 lIIeCIleAOBaHlll1il BlIIpyeoB B 
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60IlbWL<1X 06beMax BOAbl CTeneHb KOHl.-'eHTpL<1pOBaHLt1f1 nOCIle oAHoKpaTHo~ 

npo~eAypbl YflbTpa¢>Lt1IlbTpal.-'Lt1Lt1 OKa3blBaeTCfI HeAocTaT04HoVi Af1f1 

AaIlbHeViweVi If1AeHTIf1q;wIKaqL<1lo1 Blf1pyCOB nplo1 mo60M MeToAe 

pacn03HaBaHIf151. An51 AOCTlo1>KeHLt1f1 60IlbweH CTeneHlo1 KOH~eHTplf1pOBaHIf151 

nplf1MeHfleTC5I BTOpa51 cryneHb 06pa60TKLt1. PeKoH~eHTplo1pOBaHlf1e npoBoAfiT 

Illf160 MeToAoM YIlbTpaepVlnbTpa~Lt1Lt1Ha Mlo1KPOeplo1IlbTpax MeHbwe~ nIlOU-laA~ 

(HanpIf1Mep, B MIf1KpOKOH~eHTpaTope Mini-ultrasette) [18], Illo160 MeTOAOM 

OpraHLt14eCKOVi epIlOt<yIlfll.-'lo1~ [49], 111f160 MeTOAOM YJ1bTpa~eHT­

pL<1¢>yrlf1pOBaHlo151 [17]. MeToA opraHlo14ecKo~ 4>IlOKyIl5l~lo1Lt1 C lo1cnOflb­

30BaHlo1eM rlo1APoOKIf1CIf1 aIltOML'tHIf1f1 AaeT 6onbwlo1e oWlo16Klo1 3a C4eT nOTeplf1 

Blo1PYCHblX 4aCTlo1l.-'. MeToA YIlbTpa~eHTplo1epyrLt1pOBaHlo1f1nplo1 lo1cnOIlb30BaHlo1lo1 

COBpeMeHHo~ annapaTypbl MO>KeT o6ecne4lo1Tb KOH~eHTplo1poBaHlo1e Ha 1-2 

nopfiAKa C MIf1Hlo1MaIlbHblMlo1 nOTepflMlo1 aHal1lo13V1pyeMblx 4aCTlo1Lt If1 

nOIlY4eHLt1eM KOHl\eHTpaTa Blo1PYCOB, nplo1rOAHoro AIlSI npoBeAeHlo1f1 peaKU~lo1 

aHTlo1reH-aHTIf1TenO Ha n0.Q110>KKe CKaHLt1pYlOlJ.lero 30HAOBoro Mlo1KpOCKona. 

CIleAyeT OTMeTVlTb, 4TO HecMoTpfl Ha 60IlbUJOe 4lo1CIlO pa60T no 

KOH4eHTpl.1pOBaHlo11O Bl.1pyCOB Lt13 BOAb., 3Ta np06IleMa AaIleKa OT 

OKOH4aTeIlbHoro peWeHI.1f1. 

6.5. npOl.{eaypa aHanU38 e «enOM 

B HaCTOSlll.tee BpeM5I npo~eAypa npoaeAeHlo1f1 aHanlo13a nlo1TbeeOH BOAbl Ha 

cOAep>KaHL<1e onpeAeneHHblx BLt1pyCOB 4enOBeKa BK1lt04aeT cneAytOLlIlo1e 

OCHOBHble 3Tanbl: 

- nOAroToBKy nOAIlO>KeK C nIleHKaMLt1 cne~t-tepVl4ecKlo1x aHTI.1Tefl (3apaHee 

cnel\l.1aIlbHO nOA05paHHbix 1.1 cooTseTcTBylOLlIl.1x pa3Illo14HbiM Tlo1naM 

Blo1pyCOB); 

- oT6op npo6 SOAbl VI KOHl\eHTpVlpoBaHlo1e AO 06"beMa B HeCKOIlbKO MIl; 
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- HaHeCeHL1e KOHLteHTpaTa Ha nO.qnO>KKL1 C pa3HblMVI BVlAaMVI aHTVlTeJl, V1X 

3KCn03I.1UVls:l, OTMblBKa VI cywKa; 

- HaHeCeHVle Ha nOAfl0>KKVI 3IleKTpOnpOBOAfll.4V1X nIleHOK; 

- KOHTpOIlb VI nOAC"'IeT npl.1KpenIleHHblX K nOAIl0>KKaM BVipyCOB C nOM01..L.4blO 

cKaHVlpytO~ero TyHHeIlbHOro/aTOMHO-CI.1IlOBOrO MI.1KpOCKOna; 

o5pa60TKy pe3ynbTaT08 MVlKpOCKOm'1"'1eCKVlX AaHHblX VI BblAa4Y 

3aKfltO'-teHIi1f1 0 HaIlVl'-tVlL1 B npo6e BOAbl TeX L1IlVI I.1HblX BVlpyCOB VI I.1X 

KOHLteHTpauVlVl. 

nOAJlO>KKVI C nneHKaMVI aHTVlTeIl MOryT 6blTb npll1rOTOBIleHbl 3apaHee 111 

XpaHVlTbCfI B xOIlOAVlIlbHI.1Ke (+40 C) .0.0 nOIlyroAa. HaVl60Ilee p,nVlTeIlbHOtlt B 

aHaIlL13e f1BnfleTCfI npoLtep,ypa KOHLteHTpVlpoBaHVlfI, KOTopafl npVl aHaIlVl3e 

200 Il SOAbl Mo>t<eT 3aHVlMaTb .0.0 33 Yac. BpeMfi ocyL.LteCTBIleHVlfI aHaIlVl3a 

npo6bl BOAbl nOCIle npll1rOTOBIleHII1s:l KOHueHTpaTa COCTaBL1T OKono 3,5 

'-tacoB, "'ITO CYll.4eCTBeHHO MeHbwe, yeM speMfi aHaIlll13a C npll1MeHeHVleM 

MeTOAa KyIlbTypbl KJ1eTOK (OKOIlO 2 HeAenb) II1IlL1 I.1MMYHo¢epMeHTHoro 

MeToAa (OKOllO 10 "'IaCoB). nOcne,o.oBaTeIlbHble CTa.qVlVl, BpeMfI npoBeAeHVlfI 

aHaIlVl3a 111 3epe.peKTVlBHoCTb 06Hapy>t<eHVlfI BlI1pyCOB B npo6ax BOAbl pa3HoVi 

CTeneHVI 3arpfl3HeHVlfI VI pa3Hbix o6beMoB npVlBeAeHbl Ha pVlC. 14 a , 6. 

7. nepCneKTHBbl npoBoAHMblX pa60T 

B npoLtecce npOBe,D,eHVls:l V1ccneAoBaHVI~ 6bl/lVl BbU,BlleHbl 

AonOIlHVlTeIlbHble BeCbMa nepCneKTVlBHble HanpaBIleHVlfI pa3BVlTVls:l pa60T. 

AaHHblVi MeTOA AaeT B03MO>KHOCTb l.1p,eHTL1epVlLtVlpOBaTb BVlPYCbJ VI 

onpe,o.eJlL1Tb VlX KOHLteHTpa4V11<) B np06e no aHTlllreHHblM cBoVlcTBaM 

BI.1PYCOB. O.qHaKo B BOAHOVI cpeAe MOryT BCTpe4aTbCs:l HeBl.1pYlleHTHble 

SlI1pycHble aHTVlreHbI, KOTopble npeACTaBlls:ll<)T c060Vl 6enKoBytO 060nOl/KY 

BVlpyca, He COAep>Ka~ytO HYKfleVlHoBoVi KI.1CIlOTbl. 3aAa4a onpeAeneHI.1s:1 
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Io.~"I HaHeeeHHe Ha KBapQeBLle BOlla,llJIll aU8JlB3a (JlRTp"') o ~ DOAJIOXCKB DJJeHOK Nu =NB 0 p83JJrlBbIX aHTHTeJI BKo.rurreCTBo BRpyeoB DB =DB 
lCaMepe JIeBrMlOpa- '" 

KOHneHTp~HJIBapyeoB 6Jio,lgKeTra, xpaBeBBe go 0,5
CB°=nBO/N B BBp/JIHTp roaa lIP. T-pe + 4°e.~ 

•
 

P~c. 14a. nocneAoSaTenbHble CTap,LU1 npOL-leAypbl o6HapY>KeHlJIR BLi1PYCOB 

B npo6ax SOAbl nplJI lJICnOnb30BaHII1~ CKaH~PYIO~ero 

TYHHenbHoro MlJIKpOCKona. 
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1) Q C 0= 1 alJI Q,: 2) o . N;o = 200 JI
 
O=200
 

tt = 1,5 q 

Lt = 35,8 q: 

4) Ups DOBllImeHHH
3) 

UPOH3BOJUlTeAliBOCTB CTM 
sa DOPJl,AOK 

CBO=10 8/11
 

NB
G = 10 JI
 CBO = 1 B/JI 

Dso =100 NBO=10 JI 

DBO = 10Lt =7,3 "I 
Lt = 5 +7 'I 

PIllC. 146. BpeMR aHaIU13a ~ 3e:pepeKTliIBHOCTb o6Hapy*eHIIIs:I BlllpyCOB 

B npo6ax BOAbi pa3Hbix o5beMoBill pa3Ho~ CTeneH~ 3arpR3HeHIllSi. 

Lt =21,3 'I 
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aKTVlBHOCTVI BVlpyca MO>KeT 6blTb B nplI1H4V1ne peaIu130BaHa nYTeM 

Ha6n1OAeHIr1~ npo4ecca npOH1I1KHOBeHIr1s:1 Blr1pyca B KIleTKy. .Qns:l 3Toro 

c.neAyeT HaHeCTVI H8 P~A nOAnO>KeK nneHKY KIleTOK, B KOTOpblX Blo1pyC 

cnoco6eH P83MHO>K8TbC~, A8I1ee H8 HIf1X H8HOCs:lT npo6bl BOAb) Ir1 A8nee 

nocIleAoB8TeIlbHo 4epe3 onpeAeIleHHble npOMe>KyTKlo1 BpeMeHII1 

cTa6V1rJV13I11PYIOT aKTII1BHOCTb Blo1pyca nYTeM HaHeCeHlo1f1 H8 1l0AJ10>KKlo1 TOHKO~ 

3rJeKTpOnpOBoAfI~e~ nIleHKII1. npVl 1f13H848IlbHO~ 8KTV1BHOCTII1 Blo1pyCOB B 

npo6e 6YAYT Ha6IllOA8TbCfI K8pTII1Hbi nocIleAoB8TeIlbHoro npoHVlKHOBeHVls:I 

BlI1pYCOB B KIleTKy. B cnY48e >Ke V13H84anbHo~ Hen8ToreHHOCTIf1 Blf1pyCOB 

npo6bl V1X npOHII1KHOBeHV1e B KJleTKY H86IllOA8TbCfI He 6YAeT. 

P83P868TbiBaeMbie MeTOAV1KVI MOryr 6blTb npVlMeHeHbl Ans:l Ha6I1tOAeHIr1f1 

VI aHaIl1l138 APyrlo1x 61010Ilor1o14eCKII1X 06beKTOB B npo6ax BOAbl - <parOB, 

6aKTepVlH nplo1 nOKPblTVllo1 3TV1X 06beKTOB 3I1eKTpOnpOBOAs:I~eH nI1eHKoH. 

MeTOA MO>KeT 6blTb 1I1Cn0I1b30B8H AJlfl Blr1pYC0I10rv14eCKoro Ir1 

6aKTep1010IlOrVl4eCKoro KOHTpon~ K84eCTB8 BOAbl Ha ropOACKIr1X CTaH!-'II1f1X 

BOAOCHa5>KeHlo1f1, B CaHIr1TapHO-3nVlAeMIr10IlOrIr14eCKIr1X I1a60paTOplr1s:1X, AI1~ 

1I13Y4eHIr1s:1 pacnpOCTpaHeHHOCTIr1 BlI1pyCOB p83HblX TlI1nOB B 03epHOH, 

npYAOBOH, pe4HO~ Ir1 MOPCKO~ BOAe B pa3IlIr1"tHbIX per1010H8X. 

HaKOHe!-" MeTOA H86IlIOAeHlo1f1 Blo1pyCOB B CK8Hlo1pYIO~eM TyHHeIlbHOM 1II 

aTOMHO-Clo1IlOBOM Mlo1KpOCKon8X MO>KeT 6blTb lo1Cn0l1b30B8H Anfl 8HaIWI3a 

HaIlIl14V1s:1 Blo1pyCOB B >KVlAKVlX cpeA8X opraH1013M8 4enoaeKa: B KpOBlo1, CIltOHe, 

M04e VI T. n. nOCKOIlbKY AIlFI aH8Il10138 Tpe6ylOTcfI npo6bl He6oJlbWOrO 

06beM8 (HeCKOIlbKO MKIl), 8 apeMs:I npOBeAeHLo1s:1 aHanLo13a HeBenlr1KO, MeTOA 

Mor 6bl H8~TV' npll1MeHeHLo1e , H8npll1Mep, AJUI o6c.neAoBaHLo1s:1 AOHOpOB Ha 

CTaHl..Ilr1s:1X nepeJlVlB8HlII~ KpOBIr1, nplI1 3nVlAeM1010nOrLo1yeCKLo1X 06CIleAOBaHIr1f1X 

HeKOTopblX rpynn IltOAe~, B xVlpypn14ecKO~ npaKTlIIKe nplo1 npoBeAeHlIl1ll 

3KCTpeHHbiX onepa,-,VI~. 
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B 3aK11104eHVle cIleAyeT oTMeTVlTb, 4TO nOIlY4eHHbie B npouecce 

npoBe,QeHVl5I HacT05lLLleili pa60Tbi pe3YJlbTaTbi VlMelOT Ha AaHHoM 3Tane B 

cYLl.leCTBeHHo 60Ilbwelli cTeneHVI 4V1CTO Hay4Hoe, He>KeJlVl npaKTVl4eCKOe 

3Ha4eHVle. OAHaKo OHVI 51BIl5lIOTC51 6e3YCJlOBHO 06HaAe>KLilBalOLl.lLt1MVI B I1JlaHe 

AOCTVI>KeHVl5I npaKTVl4eCKlIIX ~eIlelli - pa3BVlTVl5I VI peaIlVl3aqVlVl COBpeMeHHblX 

MeTOAOB aHa.nVl3a 6V10IlorVl4eCKIIIX 06beKTOB B >KIIIAKIIIX cpeAax. 
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