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B pa60Te 6LIJI npeWIO)l(eH MeTO.ll HCCJIe.llOBaHlUl MHKpOMexaHHKH BnpyCOB ITpH nOMoIllH 

CHnoBlllX KpHBhIX aTOMHO-CHJIOBOrO MHKpOcKona(ACM), npH 3TOM BeJDf'lBHR MO.nymI IOHm 

8poTIlBBPyca COCTaBHJIa E=l,O xl08 ± 0,3 xl0 Da. BbIJIH no.rryqeHbl KapThI pacnpe.lleneHWI ynpyrux 


xaprucrepHCTIlK H a,nre3HH 30Ma K nOBepXHOCTH 06pa:m.a WIJI cn:yqaJI POTIlBnpYCOB, .. 


a.nCOp6HPOBaHRh1X Ha CJOO.ny. B pa60Te 6bIJIH onaCaHhl Oco6eHHOCTIl npHMeHeHHJI rrO,llnO)l(eK. 


06na.u;8IOIIlHX 6HoXllMH'lecKoH cneUHcpH'lllOCThJO B ACM BUPyCOB Da npHMepe a.neHOBHpyca H 


pemeHa 3a.u;aqa q,HKCaIlHH om.eKTa Ha noBepXHoCTH nO,llnO>KKH .rtnJI DpoBe.lleBHJI HCCJIe.llOBaHIDI 


MerO.llOM ACM. DpeWIolKeHHLIe no}{Xo,llbI n03BOmIIOT pacllIHpHTb Ha60p xapaKTepHCTHK, 


onHCblBWOIllHX BHpyCHyIO qacnmy. 


NEW SCANNING PROBE MICROSCOPY ASSISTED APPROACHES TO THE STUDY OF 


VIRUSES 


Go1V LA, Nasikan N.S .• Ignatuk T.A. 


Present paper demonstrates application of an atomic force microscope (AFM) to the study of 

individual virus particles. AFM force curves were used to study micromechanics of rotaviruses, at 

this young's modulus of an individual virus particle was detennined (£=1,0 xul ± 0,3 xJ(1 PaY. 

Distributions of mechanical and adhesive properties over the sample surface were plotted. 

Application of substrates, modified with corresponding antibodies allow to increase analysis self-

descriptiveness. Present paper describes application of such substrates in the AFM of adenoviruses. 

The proposed approaches allow to extend set ofcharacteristics which describe virus particle. 

Pac. 6, CIIHCOK mIT. - 20 HaRM. 

<0 HHCTHTYT reopeTWIecKoH H 3KcnepHMelITaJIbHOH CPH3HKH, 2003 



BBe~eOBe 

ACM [1] n03BOIDIeT HCCIle,l{OBaTh pa3~e o6'beKTLI C pa3pemeHHeM nopJl)l,ICa oeCKOm.KHX 

HaHOMeTpOB, C'l'pO'HTh TOnorpaq)Hqecme Kaprhl nOBepXBOCTH, OueHBBaTb pacnpe,l{eIIeOHe CHJl 

TpeHIDI Me~ 06pa3UOM B 30H)J;OM, HCCJIe,l{OBaTb JlOK8JIloHble B.5I3KO ynpyrHe xapax:repBCTHKH 

nosepxHoCTB. Eom.moe KOmI'lecTBO pa60T, nODHBmHXCH 3a nOCJIemme UecKOJll,KO JIeT 

,QeMoHcTpHpYIOT BO:JMOiKHOCTH ACM .ltJUI H3yqeHIDI pa3.JIH:qHbJX 6HOJIOI1fl:leCKHX 06DeKTOB, npH 

3TOM oco6oe MecTO 3aHBMaeT sonpoc HCCJIe,QOBaHIDI BHPYCHbIX qacrnu. Tax, B pa60Tax MaJIKHoa H 

.npyrnx [2] lOyqa.JICIt POCT KpHCT8JIIlOB CaTeJIJI1lT8. Bupyca Ta6al!Hoit M03IDIKH c nOMOlUblO ACM. 

Pe3YJ'ILTaTbI HCCJIe,nOBaHU BHpyca Ta6al!HOH M038.HKH npH nOMOmU CK8.HUpyromero TYHHe.ThHOrO 

MHKpOCKona OnHCaHhl B pa60Tax MaHTOHH B .np. [3]. JlIo61.feHKO H ,np. B3yqrum ABOHHYIO cnHpanb 

PHI( peoBHpyca C nOMOIULlO ACM [4]. IIpB nOMOmB ACM, pa6oTaromero B peXGIMe nocro.sIHHoro 

KOHTaKT8. 6blJIB HCC][e,!\oB8.Hhl ynpyrHe xapmcrepBCTBKH BUPYca Ta6a'IHoii M03aHIOI [5] B X BHpyca 

KaPTo$eIDI [6]. HaH60JlbillHH: HUTepec C T01.fKH 3peHU npoBe,QeHIDI HCCIle,l{OBaHWI MeTO,l{OM ACM, 

llpe,Qct'aBJlB1OT ua Ham B3rJIg,l{ naTOreOHbIe, onacHble ,l{.IDI qeJIOBeKa BBpyCloI KOTOpwe co.nepnTCH B 

nHTheBOH BO,!\e, nOCKOJILKY nonyqeHHruJ BH$OPMaIlIDI MOiKeT 6mlo HCn0Jlb30BaHa ,l{JUI ;:tHarnOCTHKH, 

a T8.IOKe B BHpyCOJIOI"HH H $apMaKOJIOrHII. B HaCTosmee BpeMH 06HapyiKeHO 60JIee 100 naToreUHLIX 

BHpyCOB, UHpXYJIHPyromHX B BO)\HloIX 06l>eKT8.X, H3 HHX 37 Bhl,l\eJIeHbl H3 nHTbeBOH BO,llbI [7]. 3m 

BHpyCLI Pa3JIHllHLIX CeMeHCTB, 60JILwrut "I8.CTJ:, KOTOPLIX OTHOCHTCB K ceMeitCTBaM Picomaviridae, 

Rotaviridae II Adenoviridae. B03MOiKHOCTb HCn0JU.30B8.HB$I ACM )\.IDI BHpYCOJIOI1fl:lecKOro KOHTpOIDI 

6L1JIa npo,!\eMoHcTpupoBaHa Ha npHMepe BUPYCOB nOJIHOMBeJIHTa [8], pOTaBupYCOB U 3,lleHOBupYCOB 

[9J. B 3THX pa6oTax, B pelKHMe CHBTH$I Torrorpa$lfC!ecKHX K8.pT rroBepXHOCTH 6loma B3YQeH8. 

MOPq,O.JIOI'B$l BBpyCHhlX "I8.CTHU:, 3,llCOp6UpOBaHHloIX ua HeCneI{Hq,lNecme nO,l\JIOiKKB. Ha60p 

XapaKTepHCTHK, KOTopLm onUCblBaeT BBpyCH}'IO qacruuy, MOiKeT 6hlTL paCWBpeB 3a C1.feT 

HCIIOnb30BaHH$I peiKHMa CIDITH$I CHJlOBLIX KpHBLIX ACM H npKMeHeHHll nO,l\JIOJKeK 06na.n;aJOm;Hx 

6UOXHMH1.fecKOii cneI{Hq,~ocTMO K aHa.JIH3HpyeMOMY o6'beKTy. Pe)l(HM CWITBlI CHJlOBLIX KpUBloIX 

ACM n03BOIDleT Hccne,!\OBan He TOJIbKO Mop$onormo 06DeKTa, HO H ero BDKo-ynpyrHe CBOHCTBa 
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[10-13]. a npoBe.lleHHe aHaJ1ll3a MeTO.llOM ACM Ba a4J.>4J.>HHBLIX IIO)lJlO)f(l(W{, rroKpbl"lldX aBTHTeJIaMH H 

06ecne'I!HBaIOlIUfX CneI{H4J.>H"tJecK}'lO a,nCop6I{HlO BH}JyCOB, MOJKeT cymeCTBeHHO rrOBbICHTb 

BHq,opMaTHBHOCTb aH8JIIiI3a. KpoMe Toro, HCnOJIb30BaHHe cnenutP1ftlecKHX nO)lJlO)KeK n03BOJIHT 

peIIlHTf.. 3a,naq:y 4J.>m<.camm BDpyca Ha noBepXHOCTH ,llJIJI npoBe.lleHIDI ACM HCCJle.llOB3.HWI B )IQfJUCoit 

cpe.lle. B HacTO.HlII.eit pa60Te MeTO.llOM ACM, 6hIJla HCCJle.llOBaHa MHICpOMeXaHllKa "tJacTHl{ 

poTaBHpyca H IIpOBe.lleH aH8JIII3 a,neHOBBpYCOB, a,zI,COp6HPOBaHLIX Ha cnellHqnAecme IIO)lJlOiKKB. 

CUOBL.e iCpBBwe ACM 

B ACM rrOBepXHOCTb 06p83lla CKaHHPYeTC.H OCTPbIM 30MOM (pB,llHYC KpHBH3HLI <20 HM), 

3aKpeIIJleHHbIM Ha KOHlle KaHTHJIeBepa, KOTOpblit rrpeJlCTaB.lJJleT co60it. ynpyrylO 63.JII(y (,Il.IIHHa 6aJIKH 

COCTaBJIJleT 100-200 MKM). Bo BpeMJI CKaHHpOBaHmI CDJIa Me>K,r\y 30H,llOM H 06p83lloM onpe,lleJUleTCll 

HCXOJl.ll H3 3aKOHa ryxa, F=kX, f.lle k-)KecTKOCTb KaHTHJIesepa, a X - H3m66aJIKB [1]. CHlIOB8.H 

KpHBaJI ACM npe.n:CTaB1D1eT co60it 3aBHCHMOCTL H3rn6a 6a1IKH X OT paccTO.IIHWI Me:>K.llY 

KaHTHJIeBepOM H nOBepXHOCTblo 06P8311a, nOCTpOeHHOH ,llJIJI 3aJ.{aHHOH TOq}(}{ noBepXHOCTH (pac.l). 

McxoWl H3 )TOH 3aBHCHMOCTH, MO)J{HO YCTaHOBHTh seJIHIIHHY CHJIbl, KOTOpasI He06xo.llHMa .nIDI 

.llecPopMaIlHH o6p83ll3 Ha lMaHHYIO BeJIH'lHH}'. H onpe.l\eJIHTb ynpyme xaparcrepHCTHKH 

rroBepXHOCTH. B c.rryqae 6HOJIOrHIJeCKHX MaTepHaJIOB CHJIOBI:de KpHBhIe 6bIJIH HCnOJIL30B8HhI ,llJIJI 

onpe,lleJIeBmI MeXaHlf'tIeCKBX CBOitCTB KOCTei! [10]. 6aKTepHft [11], 3JIHTe.JmaJIhHbIX KJIeTOK [12], 

MOJIeKyJI JIH30I{HMa [13]. EcJIH nOCTpOHTh CKllOBhIe KpHBble )lIDI ~oit TOIJKH nosepXHoCTH, TO 

MO)KHO nOJIYIDITh KapTY pacnpe.lleJIeHWI MexamrcJecKHX xapa.tcrepHCTHK no uOBepXHOCTH 06p83I{a. 

BXO)lHOH HHcPopMal.lHeU IIpH :.nOM )IBJlSeTC.H MacCD )laHHDIX, B KOTOPOM nOCJIe.l\OBaTeJIbHO 

3aIlHCaHhI CBJIOBhIe KpHBbIe )lIDI p83JlH'lHbIX TOIJeK aH3JlH3BpyeMorO yqaCTKa nooepXHOCTH. 

Pa3pa60TaHHoe aarop3MH nporpaMMHOe 06ecneqeHHe NanoScale Explorer n03BOJI1leT pa60TaTh C 

TaKHMH MaCCBB3MB, rpaq,1ftlecKH mrrepllpeTHpoBan. pe3YJILTaThI H cTpoHTb KapTld pacnpe.l\eJIeHIDl 

P83JIHlfHbIX xapaKTepHCTHK. 

http:HCXOJl.ll
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CoeIlBtB'IeCKlle OOAJIOZKB 

,nJUI C03,1l8mUI nO,llJIO)l(eK, 06JIa).(alOIltHX 6HOXHMIReCKOB cnclUIcPHtlHoCTLlO HCn0llL30BaJIaCl. 

MeTO,llHKa no.nyqeHIDI IUleHOK JleHrMlOpa~BJIo,ll)Ke'IT (ns) KOMlIJIeKCOB 6eJIOK aMqmcjJBJIl.HbIH 

nOJIH3JIeKlpOJIHT (AIl3) [14-17]. 3Ta TeXHOJIOrwl ycnemHo 3apeKOMeH,llOBaJIa ce6JI npB 

cPoPMHpOBaHBB nneHOK B3 rJIIOKOOKCB,Il83L1 [14], MOHOaMBBOOKCB,ll;83bl [15], aHTHTeJI [16], 

THpo3BH831.1 [17]. B cnyqae C03,1l8HHJI DJIeUOK 8HTBTeJI, npBMeHeHBe .n:aHBoro nO.D)C.O,lla n03BOJIJIeT 

cymecTBeHHo nOBblCBTL HX aq,41HHHOCTD, 'ITO B CBOIO oqepe,llL ynyqmaeT Mcop6UHoHHble 

XapaKTepHCTHKH cneIlHtPWlecKoii nO,llJIO)I(KH. Tonorpa41BJI TaKHX DJIeHOK 6wm: HCCJIe,llOBaHLl 

MeTO,llOM CKaHHpytoDleA TYHHeJILHOli MHKpoCKonHH [18], a HX B03MO)J(HOCTH C T01IKH 3pelIHR 

npOBe,lleHBJI aHaJlB3a MeTO,llOM ACM PHKKeTCBit B 6aKTePHii 6hlJIH OllBCaHhl B pa60Te [19]. 

MaTepRaJ1bl H MeTO}Ud 

B K81JeCTBe MO,lleJIl.HOrO BHpyca ,IlJIJI H3YQeHBJI MHKpOMCX8JIHKB BHpYCHOH qaCTBU:&I 

UCIIOJIb30BaJIH 06C3LJIHBii poTaBBpYc SA 11. Hapa60TKa napTHH BUPYca upoBO,l(Hrr8CL B HHCTHTyre 

IIOJIHOMHeJIlITa II BHpyCHhlX 3HIle4laJIHTOB. B KaqeCTBe MO,nCJILHOro BBpyC~ ,IlJIJI cPBKCau;HH Ha 

nOBepXHOCTH cneluuplfllecKoA nOAlIO)KKH HCn0JIb30BaJIH MCHOBHpYC 6 THIIa IIIT3.MMa Tosill. 

Hapa60TKa napmH BBpyca npoBO,llBJI8CL B HHCTHTyTe rpHnna (r. C8JIKT·IIeTcp6ypr). B pa60Te 

BCnOJTh30BaJIB MblIIIHHldC MOHOKJIOHaJILHbleaHTBTerra K reKCar'OHaJIhHOMY aHTBreuy MeHoBBpyca 

CY25. AHTBTe.lIa 6l:JJIB Hapa60TaH:&I B POCCHitCKOM HCcne)l,OBaTeJILCKOM IleuYpC MorreKYJIJIpHoit 

)l.HarHOCTHKB B TePaIIHB.,lVuI cPoPMHPOBaHHJI JI1i nJIeHOK KOMDJIeKCOB 6enoK-AII3 Ha nooepXBOCTB 

pa3Jlena cPa3 BCn0JIb30BaJIH JIeHI"MlOpoBcKyIO B8HBY (HHCTH'I}'T lPII3lI'lCCJCHX npo6JIeM, 3encHorpa.a. 

POCCIDl) [14]. B JCal.JCCTBe AII3 DpBMeBJIJIcJI nOJlH3TIIJleHHMHH p83BeTBJIeHHl.m, 

M.O)l.B41uUBpoBaHHbIH H8 12% neTHJI6poMB,IlOM H Ha 88% 3nm6POMB)l,OM. IIoJIHMep 6bIJl 

CHHTe3HpoB8.H Ha Kaq,e.n:pe BhICOKOMOJIeKYJIJIpHhIX coe)l,HHemm XHMHqecKOro 4laKyJIbTeTa MrY. 

I1pH HaHeCeHHH DJIeHOK KOMnJIeKCOB nOJIHMep-8HTBTeJIo paCTBOP aHTHTeJI (5 MKr/MJI) B lpHc-HCI 

6ytPepe (5 MM, pH 8.0) Ha.:rm:salIH B JI1i BaRBy. Ha nOBepXBOCTb BO,nHOB cy641a3:&I HaaOCBJIH 

pacTBOp AII3 B XJlopo$opMe. nOCJIe qero nneHKY C)JGIMaJIlI ,no nOBepXHOCTHoro )l,aBJIeHIDl 40 MHlM. 
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IIneBKH HaHOCRJIH H8 pa3J1H'1HLIe nO,llJIO>KKB npH nOMOII(B Mero~ roPH30HT8JThHOro ICacaHH5I 

JIeuI'MlOpa-llIe(jJ(jJepa. B KaqecTBe nO,llJIO)l(eJ( UCrrO.lIL30BalIH CTeJCJIO,· 3OJlOTO H HBTpH)l: ICpeMHHJI. 

ilepe.ll HaHeceHHeM rrO,llJIOJKKH OtIHIllaJIH B 96% 3THJJOBOM ClIBpTe U IIpOMLIBaJIH .llHC11IJIJ1lIpOB8HHOIt 

Bo,noii. ilpu HaHeceHHH o(}pa3n:a a.u;eHOBupyea Ha nOBepxnocn. MO.llH(jJHn:HpOBaHHLIX nO,llJIO)l(eK, 

UCXO,nHYit rrpenapaT Jlo6aBJIJIJlH B PBS·T (l0 MM 4>oc(jJaTa, 150 MM NaCl, 0.05% TBHB-20) B 

COOTBomeSHH 1: 10, noc.ne 'fern nO,llJIO>KKa n:eJlHICOM norpYEaJI8CL B nOnyqHBIOH.HC5I 6ytPeP Ha 30 

MHH)'T. ,l{am.ueHmaJI npone.!lYPa BKlD01:fa.J1a JlByICpaTHfIO rrpOMLIBKy B PBS~T. ,l(mI6noKHpoBICH MeCT 

HecneUHfjlUqeCKoro CBlI3:LIBaHH51 HCnOJD,30B8JIH 6LI'IHA CLIBOPOTOtJ1lh1B am..6YMHH (fiCA, Sigma). 

ATOMBQ-CHJlOBaJI MHKpocKOnHlI 6LIJIa ocymecTBneHa C HCn0JIL30BaHHeM KOMMepqeCICOrO 

CKaHHpYIDmero 30H,llOBOro MHKpOCKorra Nanoscope llIa (Digital Instruments, USA, Santa Barbara) 

)VIs CHfiBJI CHJIOBLIX ICpRBLIX H ,r(JIj{ pa60TLI B pe)I(HMe nocrollHHOrO ICOH'I'8KT8. BCnO.lIL30BaJIHCL 

-rpeyrOJILHhIe 30H,llLI Olympus OMCL-TR400PSA-l (p8,/.lHyc KpHBH3Hbl 30H.lUIPYJOmero OCTpH51 

<20 8M,,/.lJlBHa ICaHTBJIeBepa COCTaBJUleT 200 MKM, )l(eCTICOCTh 0,02 HIM). ,l{8HHhIe 06pa6aThIBaJIHCb 

npB nOMOII(B nporp8MMHoro OOecne'feHBJI Digital Instruments H DpOrpaMMLI NanoScale Explorer. 

Jl.rur HCCJle)l.OBaHHK MexaHlfIlecKHX CBOliCTB poTaBHpYCOB, BHpycHwe ~'l'HI{I>I HaHOCHJlH Ha 

nOBepXHOCTh cmo~ nocne qero npoBO,/.lHJlH HCCne,AOBaHHe MeTO.llOM ACM. ilPH 3TOM BH81:fa.J1e 

rronyqanu H300pruKeHHe Y'facTJCa nOBepXHOCTH CJIlOJlbl C a.u;cop6HpOBaHB.bIMB. BupyCaMH B peilCBMe 

nOCTOJlHHoro Komarr8, a rrOTOM CHHM8JlH CHJlOBble ICpHBhIe JlJUI pa3JlH'lHLIX TOqeX BLI6paHHOro 

~ nOBepXHocm. flpH nOCTpoemm CBJIOBbIX ICpHBbIX nOJIYqaJ()T 3aBHCHMOCTb H3m6a 

K8HTHJleBepa !:t.Zc OT nOJlO)KeHHK 06pa311a no OTHOmeOHlO K 30B.1lY ~Zp (puc. 1). Jl.rur aH8JIH3a 

MexaHH'IeCKHX Xap8KTepHCTHK 60nee Y.l106HO nepeiim K 38BHCHMOCm ~Zc OT BeJIWDlHbl D=~Zp-

~Zc (puc. 3). B lTOM cJlY'fae D 6Y.lleT onucLIBan. .llefjlopManmo 06p8311a no,r( B03.llelicTBHeM ,30H,lla, . . 

npH :noM MhI npe,IUlOJl8raeM, llTO MarepUaJI 06pa3l\8 ropa3.llo MJIrIIe,. qeM MaTepUM 30H,Ila. 

http:ilepe.ll
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HeT KOHTalCT8 

T04t(a KOHTarra flon0*8MMe K8MTMJ'teaepa (14M) 

PHC. I XaprucrepHbIH BHLl CHJIOBhlX KpHBhlX ACM LlJUI JKCCTKOro H Mn'KOrO 06pa3~OB B 

Koop,llllHaTax t::.Zc(l.I.Zp), rro.n:yqeHHbIX npu no,nBO,ll,e 30H,J1;a K nOBepxnoCTH. 

IInorQa,l],D no,ll, :noH KpHBOH npeLlCTaB.JUJ.eT co6oD pa6oT}' A, KOropYIO cOBepmaeT CHCTeMa npH 

,!l;e4>oPM8IUIH o6pa3l.{a. Ha pHC. 2B npHBe.n;eHo Kaprn pacnpe.n;eneHIDI BeJIJftlHHLl A no BLl6paHHoMY 

y"tJacTKy nOBepxHOCTH, a pHC. 3 ,ll,eMoHcTPHpyeT xapaKTepHLlA BHLl CHJIOBLIX KpHBhlX CHJIThIX H8 

nosepXHOCTH CJ11O,ll,b1 H na rrouepxHOCTH BUPYCHOH "tJ8CTHUhI. .[{mI nocTpOeHHSl KaPTLl 6bIJI 

HCn0JIb30BaH MacCHB, COCTOSUll.HH H3 64 X 64 CBJlOBLlX KpHBLlX, C1IJlTLlX Ha nnOlll8JlH 250 x 250 HM2. 

ECJIH C'mTaTb, 'ITO llecpopM8IlIDI BHPYCHOl '1aCTHIlLl npH 38,llaHHOH eRne ,naBneHWI JlBIDIeTCJI 

ynpyroH. TO MO)KHO HCnOnb30BaTh Mo.n;em. repO;8 [13,20J, KOTOPaJI OnHCbIB8eT MeXaHB'lecKFdt 

KOHTaKT .zmyx TBep,ll.bIX ron, AJUI HaxO)l(,lleHIDI 3H8"tJeHIDI MO.n;yJUI IOHra BHPYCHOH 'l8.CTH1l;M. 

ComacHo 3TOH Mo,neJIB: 

F=B·Dl/2 (1) 

r.n;e F=k.1Zc - cuna ASBJIeUHJI H8 o6p83eu, a 

http:COCTOSUll.HH
http:npeLlCTaB.JUJ.eT
http:t::.Zc(l.I.Zp
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r)),e E- MO)),YJIb IOHfa BHPYCHOH qaCTHUhI, R3 - Pa.rlHyc KpHBH3RbI 30R)),a, Ro p8..AHYC KpHBH3RhI 

BHpYCHOH qaCTHUbI, (Ie - K03q,4?HUHeHT ilyaccoHa BHPYCHOfi qaCTHI.(LI. TaKHM 06PaJOM, eCJIH 

npOH3BeCTH annpoKcHMauHIO CHnOBOH KPHBOH CWlTOH B TOtfKe, KOTOPruI COOTBeTCTByeT UeHTpY 

BHPYCHOH qaCTHUhI, 3aBHCHMOCThlO BHAa (1), H MeTo]tOM HaHMeHhIDHX KBaJ),paTOB onpe))'eJIHTh 

3HaqeHHe K03<P<PHUHeHTa Blk, TO MO)l{HO BhllJHCJlHTb BeJIHIJHHY MOlIYJIa IOHra J),Jl9 BHpYCHOH 

qaCTHUbl. YcpeJUf:lUI 3HaqeHHe ::nora K03c1>4?HUHeHTa no HeCKO.IILKHM KPHBhIM, H C'tIHTaa, 'tITO 

J),HaMeTp poTaBHpyca COCT8BJIaeT 70 HM, pa.n;HYC KpHBH3Hbl 30Il,lW. - 10 HM, a :>.KeCTKOCTh 6aJIKH 

8
KaHTHJIeBepa paBHa 0,02 HIM, nOJIYC-lHM Mo)),ynb lOHra BHPYCHOH qaCTHUbl E=l,O x10

8 ± 0,3 x10 na. 

,l{mI cpaBHeHIDJ 3Haqemle MO)lYJI9 ynpyrocTH )lJUI BHpyca Ta6at{f£OH M03aHKH COCTaBHJIO 4 xl0
9 

ITa 

[5], a tVla X BHpyca KapTo¢eJUJ 7 xl 0
8 

ITa [6]. 

PHc.2 ITocTpoeHHe MHoroMepHoro o6pa1a BHPYCHOH: qaCTHllbI Ha OCHOBe )laHHbIX, nOJIyqeHHhIX B 

PaJJIHqHJ:.IX pe)l(HM8X pa60TLI npH60pa. A TOnorpa¢HSI nOBepxHoCTH, nOJIyqeHHruI B pe>KHMe 

nOCTOllHHOfO KOHTaKTa, E - Tonorpa¢Iul nOBepxHoCTH, nonY~IeHHaa B peJl<H.Me CH1lTHll· CHJIOBbIX 

KpHBbIX ACM, B KapTa pacnpelIerreHH.lI pa6oThI, cosepmaeMoH cHcTeMoH lIpH )),e¢opMaUHH 

OfiPaJI.(8, r - K8pT8 pacnpe)lerremul CHnhI a.ure3HH 30H)),a ACM K nOBepxHocTH o6pa3uil. 

http:pacnpelIerreHH.lI
http:peJl<H.Me
http:PaJJIHqHJ:.IX
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PRC. 3 CHJIOBble KpHBbJe ACM B ICoop,1:\HHaTax .6.20(D) CHXTbles TOqKaX I H 2 pHcYHKa 28, 

COOTBeTCTBYlOmHe nOBepXHOCTI1 BHPYCl-IOH qaCTHUbI H nOBepXHOCTH CJUO.l1;bI. KPHBruI, CH}lTrul B 

TOl-IKe 1 annpOKCHMHpoBaHa 3aBHCHMOCTb:!O BH.l1;a (1). KpHBble nOJIyqeHbl IlpH IlO.llBo.ue 

KaHTHJ1eBepa I< IlosepXHOCTH o6proua. 

Cne.nYeT OTMeTHTb, qrO .nmI ycneuIHoro npHMeHeHHsr Mo,neJIH repua Heo6xo,uHMO HCKJllOqHTb H3 

paCCMOTPeHHsr CHJ10Bble KpHBble, nOJIyqeHHhIe B TOqKaX Ha rpaHHuax BHpYCHO"A qaCTHUbI, 

nOCKonbKY B :nOM CJIyqaeM B03HHKaIOT HCKa)KeHH$I, cBsr3aHHble C cPOPMOH 30H,na H oco6eHHOCT»MH 

JlroepHoH CHCTeMbI CJIe>KeHHsr [1 J. 

B TO speMK K8K CRJIOBbIe KpHBble ACM nOJIyqeUHMe npH nO.llBo,ne KaHTHJICSepa K 

nOBepXHOCTH .ualOT B03MOiKHOCTb onpe,QemlTb ynpyrne xapaKTePHCTHKR 06beKTa, CHJIOSbIe KpRBLIe 

ACM, nOJIyqeHHhle npH OTBo.ne 01' nOBepXHOCTH n03BOJUflOT H3MepHTb CHJIY aure3HH 30H,Ua l( 

nOBepXHOCTH. 3Ta CHJIa COOTBeTcTByeT MaKCHMaJIbHOMY OTpHl,(8TenbHOMY H3rH6y K8HTHneBepa Ha 

CHJIOBOA KpHBOA (PRC. 4). KapTa pacnpe.ueJIeHHsr CRn a.ure3RH .uM cnyq8sr pOTaBHpycoB npHBe.ueH8 

)( 

x 

http:IlO.llBo.ue
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Ha pHC. 2f. BeJ11I'lHHa CHlIbJ a,nre3HH B ncH1'pe BHPYCHOH 'IacTHllLI COCT8BlliJeT 0,3 HH. aHa Kp8JIX

1 RH. lITO o61>sCWleTCJI yoeJIH'IeBHCM IIJIOIIUUlH KOHT8.KTa B Ip81UI'IBbIX TO'IKaX, KOTopoe B03HKKaeT 

B CBJr3H C q,OPMOH 30Hlla ACM. 

55 
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PHC. 4 CHJlOBble KpHBhIe ACMnonyqCHHhIe npH OTBo.ne Krurrn.rrcBepa OT nOBepXHOCTH 06p83ua B 

TOtfKax, KOTOpbIe COOTBeTCTB}'lOT TOtfKaM 1,2,3 Ha pRC. 2f. A,nre3H.JI 30H.na K IIoBepXHoCTH B TO'IKax 

COOTBeTCTBYIOIIlHX rpaHHl\aM BHpYCBOH 'IaC1'HI(bl (TO'IKa 3) 60JIbme 'IeM B r(empe BHpyca (TOtfKa 1). 

http:A,nre3H.JI
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ACM BUpYCOB Ha cne.....JICleCKHX nO)lJlOlKKaX 

B npouecce pa60ThI 6hlJ10 npoBe,neHO HCCJle,nOBaHHe 06pa3UOB a,neHOBBpYca, 

HMM06HJD13oB8.HHoro Ha Hecneun4f!lAecme H cncUH4f!lAecmc nOJUlOlKKH MeTO,nOM ACM. Cn:yqaii 

HecneUHtPHqecKHX nOJUlO')ICeK paccMaTpHB8J1Ca JVUI a,neKBamoro OTO')I(,QeCTBJleHBJI Otn.eICTOO 

Ha6mo,naeMLIX Ha Jffi lUIeHKax aHTBTeJl. Ha6mo,naeMh11i ,llHaMerp a,neHOBBpyca no Jt8HHhIM ACM 

COCT8.BJDleT B Cpe.lIHeM 120 lIM, a Ha6mo,naeMruI BIdCOTa - 75 8M [9]. Ha CJIC,nYlOlUCM :rranc pa60ThI 

6bLTIa HCCJIe,nOBana Tonorpaq)H}I c«pOpMHpoBaHHbIXllJIeHOK Ha Tpex P83JIBqJtLIX CTa,JlIDIX: nJIeHI<H 

aHTHTen, uepeHeceHHhle Ha nOBepXHOCTb 30JlOTa ,no ,n06ao.neHIDI BCA, Te ')ICe UJleHKH, HO Y:>Ke uocJle 

6J10KBpOBKH MeCT Hecneun4f!lf'leCKOrO CBa3LIBaHIDI 38 C1{eT ,n06ao.neHIDI BeA H JIB nneHKH 

KOMnJIeKCOB IIocne ,n06ao.neHIDI B CHCTeMY 06pasua a,neHOBBpyca. Cpe,nIDUI TOJlIllHHa m; nneHKH 

KOMIIneKCa aHTHTeJ10-AJI3 Ha nOBCpXHOCTH 3OnOTa COCTaBJI}IeT 12 lIM. TIocne,nyIOlUee ,n06aBJIeHHe 

6hNberO CLIBopoToqJtoro am.6YMHHa se,neT K BbIp3BHHBaHHlO JlE IIneHKH. ,n:068BJ1eHHe 06pasua 

a,neHOBHpyca B CHCTeMY npHBO.nHT K YBeJ1HqeHHlO TOJIJIJ;HHhl JIB nneHKH. 

,l1;nR: orrpe,neneHHX TOJIlI{HHEd IllIeHm HCn0Jl.b30B8J1ach cneJlYlOIUU MeTO,nHKa: Y1.J:acTOK 

uOBepmOCTH 06p83ua (1,5 MKM x 1,5 MKM) CKaHBpOB8J1C}I C 6oJIhIDoli CBJIoa B3aHM0,neaCTBIDI30H,n

06p83en, 'IlTQ npHBo,nllJlo K "C.rmpaHHlO" nneHKB Ha :nOM MeCTe II n03BOJIJlJIO BH3yanH3HpOB8Th 

noBepXHOCTh nO.ltJlO)Kl(B. nOJI)"!emn.m nepena,n BLICOT OTO:>KJ{eCTBJI}IJ1CJf C TOJIIUHHOH JIB nneHKII 

aHTHTeJI, IIOCJIe ,n06aBJ1eHIDI aumreHa 31'a BeJIHq]lBa BapbHpOO8J1aCb OT 12 .no 14 11M B 

31lBHCHMOcm OT Bhropmmoro yqacTKa nOBepXHocm, TO eCTh MO')I(HO KOHCTaTHpOBaTL HeKOTopoe 

yseJIHqeHHe TOIlIIlHHLI nJIeHKH IIO CpaBHeHHIO C rrpe.zu.myIUHM CJI)"!aeM. KpOMe TOro, Ha 

IIOsePXHOC'"fH Ha6mo,ll8J1HCb qacnn{Ed (PHC. 5), KOTopIde no CBOHM MO~OJlOrnqecKHM 

xapaKTepHCTHK8.M COBna,ll8J1H C qaCTHIl8.MH a,neuoBHpyca, HaHeCeHru.IMH Ha nooepXHOCTh 30nOTa, 

I.fI'O ,llaeT B03MO)KHOCTL OTO:>KJ{eCTBHTL HX C IleJINMH 'llaCTHIlaMH a,neHoBupyca. 

http:qaCTHIl8.MH
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PHc.5 Or.ZJ;enhHld.e 1.JaCTJilI{hl ~eHOBHpyca Ha nOBepXHOCTII JIB WleHKH COOTBeTCTByt01IlHX aamreJI. 

B MecTaX npHCOe.ZJ;HHeHHJI . BHpyCOB K nOBepXHOCTH, nneHKa HMeeT 60nee DJIOTIIyro CTpYKTYPY. 

CKaHHpOB3.Ime 6hIJlo OCYlD;eCTBJIeHO B ,lUICTRJJ.1IHPOBaHHOH BO.ZJ;e C HCnO.lIl>30BaHHeM ')J(H~OCTHOH 

gqeitKH ACM. P83Mep Ka,r(p8. COCTaBJUleT 1,5 X 1,5 ~ ,a nepen8Jl BhlCOT no BepTHKaJIhBOH OCH

808M. 

npeWIO')J(eHHDIH crroc06 HMM06H1IH3allHH BUPYCHhlX 1.JaCTHU Ha noBepXHOCTH nO.D)lOiKKH .llJUl 

ACM .ZJ;aeT B03MOlKHOCTh npOBO.ZJ;HTh Hccne.ZJ;OBaHKII B iKHJlKOH cpeJle, npH 3TOM B3aHMOJleitCTBHe 

Mexmy BHPYCBOit 1.JacTHUd: H nOBepXHOCTblO nO)lJlO)I([(R OlC83hlBaeTCJI JlOCTaTO'lllhlM, .w:uI TOoo 

1.JTo6b1 qaCTHlla 6hJJla Ba,ne:lKHO 3aKpCnneHa Ha nOBepXHoCTH, 1.JTO 11 npo.ZJ;eMoHcTpHpOBaHO Ha pHe. 5. 

RB.IDIJICI. MOUJ,HfdM CpeJlCTBOM aHaJIB3a nOBepXHOCTH, aTOMHO-CHJIOBWI MHKpOCKOnH.$I nOOBO.llHJIa 

.l1C1'8.JaHO Hccne.ZJ;OBaTb TOnorpa$HlO nOBepXHOCTH JIB llJIeHOK KOMllJIeKCOB aHTHTeno-Afl3 Ha 

Pa.3.IJH1ffiL1X CT8JlWIX npoBe.l1eHHJI aHa.JIH3a C IICnO.lIl>30BaHHeM a,neHOBHpyca H COOTBeTCTBy:IOma:x 

aHTHTeJI. 



11 

]aKJllOWieBBe 

B pa60Te 6hTJl npeAJIO>KeH MeTO,lJ; HCCne,lJ;OB8.HHJI MHKpOMexaHHKH BHpYCOB npH nOMOIItH 

CHJIOBhIX KpKBLIX ACM, npH 3TOM BeJIJNHHa MO):{yIDlIOHra pOTaBHPYca COCTaBHJIa E=l,O x108 ± 0,3 

xl0
8 na. B&lJTH nOJIyqeHbl KapThI pacnpe,lJ;eneHBJI ynpymx XaprucrepHCTRX H 8Jl,re3HH 30H,lJ;a K 

nosepXHOCTH 06palna AWl cnyqaJI POTaBHPYCOB, a,D;COp6HPOBaHHhIX Ha CJIJO):{y. bhTJIH OnHcam.I 

oc06eHHOCTH npHMeHeHWl cneu.II!fJHlfecKHX no,nnO)l(eK B ACM BUPyCOB Ha npHMepe a,D;eHOBupyca II 

perneHa 3a,D;aqa cPHKca.:nHH 06'LeKTa Ha nOBepXHOCTH no,nnO>KKH AIDI npOBe,lJ;eHIDI HCC1le.nOBaHHJI 

MeTO,lJ;OM ACM. TIpeAJIO.>KeIfifble noJlXo.llbI n03BOJUllOT pacmHpHTh na60p xapaKTepHCTHX. 

OIIBC.bIBalOIIlHX BBPYCH}'lO 'iacTHllY· 
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