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B pabote Gbin NpeIoxeH METOJ HCCIEN0BaHHA MHKPOMEXaHHKH BHPYCOB IpH HOMOI
CHJIOBHIX KDHBBIX aTOMHO-CHIIOBOTO MHKpocKoma(ACM), npu sToM BenmwmHa Mofym O
potasmpyca coctaruna E=1,0 x10° £ 0,3 xlO8 IMa. Briu mosygenss KapThl pacipeieeHus yupyr
XApAKTEDHCTHK M anrTe3dd 30HZA K TOBepXHOoCTH ofpasua s ciydad poOTaBHpYC(
ancopGupOBaRHEIX HA CTIOAY. B paboTe GeUIM OMMCaRbl OCOOEHHOCTH NPHMEHCHHA —HOMIION
oGnaparonmEx GuoxuMugeckol coemuuunoctsio B ACM BHpYcOB Ha TpHMEpe aINCHOBHpYCa
pemena 3afada QuKcanun oOBEKTA Ha NOBEPXHOCTH MOMIONKA [ULA NPOBEACHHA HCCICHOBAN
meromoM ACM. [IlpemnoxeHHEIE WOJXOAEI IIO3BONAIOT PACHIMPHTE HabOp XapakTepHCT!
OMHACHIBAIONMX BAPYCHYIO YaCTHILY.

NEW SCANNING PROBE MICROSCOPY ASSISTED APPROACHES TO THE STUDY (
VIRUSES
Golutvin I.A, Nasikan N.S., Ignatuk T.A.

Present paper demonstrates application of an atomic force microscope (AFM) to the study
individual virus particles. AFM force curves were used to study micromechanics of rotaviruses,
this young’s modulus of an individual virus particle was determined (E=1,0 x! 0 +03xI0°F
Distributions of mechanical and adhesive properties over the sample surface were plott
Application of substrates, modified with corresponding antibodies allow to increase analysis st
descriptiveness. Present paper describes application of such substrates in the AFM of adenovirus
The proposed approaches allow to extend set of characteristics which describe virus particle.

Puc. 6, cmacox mmat. — 20 HauM.
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Bregenne

ACM [1] nossosseT HCCNEROBATH PA3IIHEIE 0GBEKTHL ¢ paspemeHHEM HOPSIKA HECKOM
HAaHOMETPOB, CTPOHMTh TOmOTpadHyecKHe KapThl NMOBEPXHOCTH, OLEHABATH pacIpelelCHHE
TPeHHA MEXAY o6pa3siioM M 30HIOM, HCCICAOBATH JOKAIBHBIC BA3KO YNpPYTHE XapaKTEPHCI
NOBEPXHOCTH. bBompmoe KommdecTBO paboT, HOSBMBIUMXCS 3a HOCTENHHE HECKOIbKO
JIEMOHCTPHPYIOT BO3MOXHOCTH ACM IA M3ydeHHA pasiM9HBIX GHOJIOTHYECKHX OGBEKTOB,
9TOM 0c060€ MECTO 3aHMUMAeT BOIPOC ACCICNOBAHHS BUPYCHBIX gacTuu. Tak, B paborax Mamxi
Apyrux [2] usywaincs pocT KPHCTAUIOB CATeIUIMTa BEPYCa TabauHOM MO3AMKH C TOMOIIBIO Al
PesynbraThl necnenosanus BEpyca TabayHoN MO3AMKM HPH IIOMOINM CKAHMPYIOIIETO TYHHEb
MUKPOCKOIa ONHCans! B pabotax Martonu u ap. [3]. Jhobuerko u p. H3ydamu HBOHHYIO CIIH)
PHK peoswupyca ¢ nomompio ACM [4]. ITpu momon ACM, paBoTAalOmEro B peXAMe NOCTOSHE
KOHTaKTa GbiIA MCCHIE/IOBAHE! YIIPYTHE XapaKTepHCTHKH BHpyca Tabauno# Mo3auku [5] u X BHj
Kaprodens [6]. HanGonbinnii HETepeC ¢ TOUKH 3pEHHs MPOBEACHHS HCC/ICAOBAHAS METOIOM Al
npennanmbr Ha Halll B3TJI/| IATOTEHHbIE, ONACHBIE IS YENOBEKA BHPYCHI KOTOPHIE CONEPXKAT
OUTHEBOH BOJIE, TOCKOJILKY TOTyJeHAas HHGOPMAIHAL MOXKET OBITH HCIONB30BAHA IS AUATHOCT]
a TaKoke B BEPYCONOTHH H dapmakonorrs. B wacrosimee Bpems o6rHapyxeno Gonee 100 matoren
BHPYCOB, IAPKYNHPYIOIIHX B BOAHBIX 00beKTax, U3 HHX 37 BBLAENCHH! U3 MUTHEBOH Boxs! [7].
BHPYCEl Pa3/IMYHBIX CEMEHCTB, GONBIIAL JaCTh KOTOPHIX OTHOCHTCS K ceMeitcTBaM Picornaviri
Rotaviridae u Adenoviridae. BosmoxuocTs Henonssosanus ACM i BEPYCOTOTHYECKOIo KOHT]
OBUIa IPOAEMORCTPHPOBaNA HA IPHMEPE BUPYCOB NOMHOMEEIHTa [8], POTaBHPYCOB M aJIEHOBUP)
[9]. B atux paGoTax, B pexwMe CHSTHS TOMOTrpadHuecKHx KapT NOBEPXHOCTH Oblla m3yt
MOp(ONOruA BEPYCHBIX HACTHE, aiCOPGHPOBAHHEIX HA HecHenubuyeckue momoxid. Ha
XapakTEepPUCTHK, KOTODhI ONMCHIBACT BHPYCHYIO WHACTHILY, MOXET OWITh pPACIIHDEH 3a (
HCIONB30BAHUA PEXMMA CHATHUS CHIOBBIX KPHBEIX ACM M mpuMeHenws noanoxexk obrazaior
OHOXHMHIECKOH CHEMMBHIHOCTHIO K AHATHSHPYEMOMY OGBEeKTy. PeicM CHATHS CHIIOBBIX KpH

ACM no3BoMs€T HCCIEIORATE HE TOTEKO MOPHOTIOr IO 06BEKTa, HO H ero BSA3KO-YIpPYTHE CBOM(
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[10-13], a npoBenenue anamA3a MeTomoM ACM u;a a(GHHABIX MOUIOXKAX, IOKPHITHX aHTHTEIAMH
obecneunBalomux  coenaduuecKylo ancopOIMI0  BHPYCOB, MOXET CYIIECTBEHHO OBBICH
an)opmaTuaﬂoc’rs'aﬂaJ'r'}féé: i(jﬁoMé' TOTO, KCIONB3OBAHHE cnelmtpmecxﬁx ‘nozmomex O3B0
PEIATE 327a9y qimcéémm BApYyca Ha TIOBEPXHOCTH I8 npopeZieHua ACM HccnenoBanns B XHIKC
cpege. B 'Hac'rbzmei‘l V}Saﬁore meronoM ACM, Obina HccneoBaHa MMKPOMEXaHHKA 4YacTk

POTAaBHpYca K NPOBECH aHANH3 ANleHOBAPYCOB, acopOHPOBAHKIX Ha CHEMHIIECKAE HOLTONKHA.

Cunossle kpassie ACM

B ACM NIOBEPXHOCTh 00pa3ua CKaHUpYeTcs OCTPHIM 30HIOM (Pafmuyc KpWBA3HE <20 HM
3aKPEILICHAKIM Ha KOHIE KAHTHIEBepa, KOTOPHIH IpecTasieT cobolt ynpyryio 6anky (mnaa 6am
cocrapmier 100-200 mxm). Bo Bpems CKAHWPOBAHMS CHIIA MEXTY 30H/IOM H o6pasnom onpenenseT
HCXONA H3 :mcoﬁa T'yxa, F=kX, rne k-xecrkocts xamrmieBepa, a X - w3ruG 6amw [1]. Cunos:
xpuBai ACM nmpenacraBnser coboif 3aBHCHMOCTE M3rm6a OGankm X OT pacCTOAHHI MeX;
KaHTHJIEBEPOM H uonepxﬁowsm obpasiia, NoCTpOCHHOH U1 3aJaHHOH TOYKH NOBEPXHOCTH (PHC. ]
Ucxona w3 3TOH 3aBHCHMOCTH, MOXHO YCTAaHOBHTH BEJHMIMHY CHJbI, KOTOpas HeobxomuMa It
medopmanum ofpasna Ha 3ajaHHYIO BEIMYMHY, M ONpPEICIHTh YIPYIrHE XapaKTepUCTHI
HDOBEPXHOCTH. B ciydyac GHONOTHYECKMX MATEPHANTOB CHIIOBEIC KPHBBIE OBUIM HCHOJB30BAHRI JI
OTIpe/ieTIeHls MEXaHHYeCKHX CBOHCTB kocte# [10], Gaxrepmit [11], smureimancreix kietok [1:
Moxekyn mazonuma [13]. Ecimi HOCTPOHTS CHIIOBBIE KPHBHIE JUTH KAXKAOM TOUKH MOBEPXHOCTH,
MOXHO HIONYYHTE KapTy paclpelelieHHs MeXaHHYeCKHX XapaKTEePHCTHK IO MOBEPXHOCTH 06pasn
Bxonmro#t nmbopmauheﬁ OpH 3TOM SBJETCS MacCHB NAHHBIX, B KOTOpOM IOC/ICHOBaTeNbl
3a0MCAHE! CHJIOBBIC KDHBHIC JULi PAsIMYHBIX TOYCK aHANM3HPYEMOTO YYacTKa MOBEPXHOCT
PaspaGotanBoe apTOpamm nporpaMMmHoe obecriegenue NanoScale Explorer nossonser pa6orars
TAKHMH MacCHBaMH, rpaHueCKH HHTEPIPETHPOBATH PE3YNLTATEI M CTPOUTH KAPTH PacIpeneneH

PAa3sIMYHBIX XapaKTEPHCTHK.
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Crenapazeckne DOAI0KKA

Jins co3naHHA NOMIOXKEK, 00NaNaloHX OHOXHMAIECKOH COCHA(HIHOCTEIO HCIOB30Ba.
MeTOAHKa modydeHnms mneHok Jlemrmiopa-Bnomxerr (JIB) xommnexkcoB Genoxk — ambudums
nomaanekTpomut (AIID) [14-17]. Dra TexHONMOr¥s YCHEWHO 3apeKOMeHjoBana cebd
(OpMHpOBAaHHH INIEHOK W3 IVIOKOOKCHIasH [14], MoHoamuHOoOKCHZaswl [15], amrturen |
THpo3KHaskl [17]. B ciyyae co3janus mICHOK aHTHTEN, MPEMEHEHNE NAHHOTO MOIXOAA TO3BO.
CYIIECTBEHHO MNOBBICHTH HX a((QUHHOCTH, YTO B CBOIO OdYepeNh YIydmaeT ancopbuuoRn
XapaxkTepacTHKH cuenmduueckoil mommoxky. Tonorpadus Takux IWICHOK OBUIM WCCIENOB
METOJIOM CKAHHMPYIOmEH TyHHENBEHOHW MHKpockonmuH [18], a MX BO3MOXHOCTH C TOUKH 3p¢

TpoBeneHus aHanusa MerogoM ACM prxxercuit u 6akrepuit 66um ommcans! B paGore [19].

Matepraibl H METOXbI

B xayecTBe MOZENBHOTO BHpYCa IS H3y9eHWS MHKPOMEXAHMKM BHPYCHOM 49acT
Hcnonbs3oBand obespanmil poraBapyc SA 11. HapaGoTka mapTum BUpYyca IIPOBOAMIACE B MHCTH'
TOMMOMHENIATA ¥ BHPYCHBIX SHIedatuToB. B KauecTBe MOJEIHHOrO BUpyca, juisi (HKCAUHY
TIOBEPXHOCTH CTICHU(HYECKOH TOMIONKKH HCHONL30BATM afeHOBHPYC 6 Tuma mramma Tc
Hapa6otka maprum supyca mposonmnack B uHcTHTyTe rpuuna (r. Camxr-IletepGypr). B pat
MCITO/IE30BAIH MBIIIMHLIC MOROKIIOHAIBHBIE AHTHTENA K I'€KCarOHAIPHOMY aHTHTEHY aIeHOBH)
CY25. Antutena 6sUmE HapaGOTaHBI B POCCHHCKOM HCCIIEAOBATENBCKOM LEHTPE MOJCKYILAL
IMarsocTuKy ¥ Tepamun. J[ns dopmuposarns JIb mieHok koMinexcos Genox—AllD na mosepxu(
paszena $a3 HCIONE30BATH JICHTMIOPOBCKYIO BaHHY (MHCTHTYT (usmaeckux npobuem, 3eneHor
Poccuss) [14]. B  kauectee AIID 'nplmemmcx NONAITHICHAMHE  Pa3BETBIICHE
momuuLmpoBaHHEE Ha 12% nerwnrOpoMuzoM u Ha 88% osrunGpomumom. [lomamep -
CHHTE3HPOBaH na xadesipe BEICOKOMOJIEKY/IAPHBIX COeOHHEHHH XuMmudeckoro daxyinsrera M
Ilps naHeceHWH IUIEHOK KOMIUIEKCOB IONMMEP-aHTATENO PACTBOP aHTHTEN (5 MKI/MI) B TpHC-
6ydepe (5 MM, pH 8.0) namsamu B JIB Bamxy. Ha nmoBepxHOCTH BommoO# cyGdassl Hamoc

pactBop AII3 B xnopodopme, mocie 4ero mIeHKY CKEMAIH /{0 HOBEPXHOCTHOTO JaBneHns 40 Ml



4

TIneHKH HAHOCHIA Ha DA3NTHEC TOMIOKKHM IPW MOMOIW METOJA TOPH3OHTAILHOTO KacaHk
Jlenrmopa-llleddepa. B xadecTse NOMIOKEK HCIONHIOBAIM CTEKIO, 30JI0TO M HUTPH KPEMHH
Ilepen HAHECCHHEM TOUIONKH OHINATH B 96% 3THIOBOM CHHEPTE ¥ IPOMBIBAIH JHCTHILTAPOBAHHC
Bostoi. Ilpw naﬁeceﬂﬁn o6pasna aJicHOBHpYCA HA HOBEPXHOCTH MOJIAGHIMPOBAHHEIX MOLIONKE
HcxonHEL mpemapar no6asnsma B PBS-T (10 MM docdara, 150 MM NaCl, 0.05% tBEH-20)
cooTHOMMER A 1:10, IOCTe Jero MOMIONKKA NENHKOM MOrpyXkaiach B IOTydumuiics Oydep na :
MunyT. Jamsaeiinas mponeypa BKIOYAIA ABYKpaTHYi0 npoMbieKy B PBS-T. Jiiia GoxknpoBKa Me:
Hecnenu(uYecKoro CRA3HBAHHS HCTONE30BAY 65IMHi CHBOpOTOUHENT amsGymut (BCA, Sigma).

ATOMHO-CHIIOBAS MHKPOCKONWs ObUIa OCYIIECTBIEHA ¢ MCHONB3OBAHHEM KOMMEPUECKO!
CKAHHPYIOIETo 30B0BOro MuKpockona Nanoscope 1lla (Digital Instruments, USA, Santa Barbar
JIng CHATHA CHJIOBHIX KPHBBIX W JIS paboTEI B PEKHME MOCTOSHHOTO KOHTAKTa HCIIOJB30BANH
Tpeyrompasie 3061 Olympus OMCL-TR400PSA-1 (Pamuyc KpuBH3HBEI 30HAHPYIOLIETO OCTP!
<20 BM, JulAHA KaHTHIEBepa cocTaBaeT 200 MM, xectkocTs 0,02 H/M). Jlannsre obpabarsisany
[pH NOMOIIH NporpaMmHoro obecnedenns Digital Instruments u mporpammer NanoScale Explorer.

MHEKpOMeXaHHKa BAPYCHBIX YACTHI

Jlist HccneoBanmMs MEXaHWIECKHX CBOMCTB POTABHPYCOB, BHPYCHBIE YACTHI(BI HAHOCKIIM |
HOBEPXHOCTh CJIOJBI, IIOCTE YEero NMpOBOMMIH HccnepoBaude MertogoM ACM. Ilpm stoMm BHaya
[OTy9as u300pakeHHE YIacTKa NOBEPXHOCTH CIHO/(LI € a/ICOPOHPOBAHHEIMA BUPYCAMH B PEXHI
MOCTOAHHOIO KOHTAKTa, a IIOTOM CHHMA/IH CHJIOBBIC KPHBBIE JUIS PasIHIHBEIX TOYEK BHIOpaHHO

yqac'ma HNOBEPXHOCTH. l'[pn MOCTPOCHHH CHIOBHIX KPHBEBIX IIOJY4YalOT 3aBHCHMOCTH M3IH

KaHTrIeBepa AZC OT NoJioxeHus o0pasia o OTHOLICHHIO K 30HHY AZp (puc. 1). Jina anam
MeXaHHJEeCKHX XapakTepucTHK Goiee ynoOHO mepeiiTH K 3aBUCAMOCTH AZc OT BelmdIuHb D=AZ]

AZc (puc. 3). B stom ciydae D Gyner ommceBath AedopMaiiio o6pasna 1oz BO3ASHCTBACM 30H]

[IPX 5TOM MBI IPEATIONIATaeM, ITO MaTepran obpasna ropasjo Mirde, 9eM MaTepHan 30H7a.
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Xectrua obpasey

Her xonTaxra

OTKNOHOHNME KAHTUNEBEPaE (HM)

}

- >
Touka KOHTAKTA  onowerne xaHTUNEBEPa (HM)

uc. | XapakTepHelf BHI CHI0BbIX KpuBEIX ACM /1% JKECTKOTO M MSTKOTO ofpaznos B

oopiHHATaX AZc(AZp), NOMYYEHHBIX P NOABOJE 30HAA K OBEPXHOCTH.

liomans nox sToéi Kpueoil mpencraBnser coGoi paboty A, KOTODYIO COBEpHIAET CHCTEMa IpH
edopmaran obpasia. Ha puc. 2B npaBesieo XapTa pacipefeNeH s BEIHUHEEL A 110 BEIOpaHHOMY
9acTKy TMOBEPXHOCTH, & PHC. 3 JIEMOHCTPHDYET XApAKTCPHBIA BHI CHIOBHIX KPHBBIX CHATBHIX HA
OBEPXHOCTH CINIOABI M HA NOBEPXHOCTH BHPYCHOH dacTuubl. JUIS HOCTPOGHHMA KapThl GbuT
CIIONB30BaH MAaCCHB, COCTOSIIMH B3 64 X 64 CHIOBEIX KPHBBIX, CHATHIX Ha wiomam 250 x 250 5.
CI CYMTaTh, YTO HeQOpMAlMs BHPYCHOH YacTHINH LpPH 3aJAHHOM CHIE [ABJCHHS SBISETCS
IPYro# TO MOXHO HCHONB30BaTh Mofems I'epma [13,20], xoTopas ONMHCHIBAET MeXaHHUECKHH
JHTaKT ABYX TBEPABIX TeN, ML HAXOXNEHHS 3HAveHHA Moxyins IOHra BHpycHOH YacTHUEL
OFJIACHO 3TO# MoZeTH: .
F=B.D*? 1)

e F=kAZc - cuna naBnenus Ha obpasen, a

1

3f1-0,2)[1 1
—_ __+__
4\ E JVR, R,

B=
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T moayns HOmra BHpYCHOH YacTHUbl, R, ~ PaiMyc KPHBH3HbI 30HAA, R~ pamMyC KPHBHSHBI
cHOM wacThusl, o, - kodbguument Ilyaccona sApycHOH 4acTausL Takum ofpazom, eciu

3BECTH ANNPOKCHMALMIO CHNOBOW KPHBOH CHATOH B TOYKE, KOTOpad COOTBETCTBYET LEHTPY
CHOM YACTHIBI, 3aBHCHMOCTBIO BuAa (1), W METONOM HAMMEHBUINX KBAJpaTOB OMPEIETUTH
eHMe KodhHuMenTa B/k, TO MOXKHO BBHIMHCIHTh BEMHYMHY MORyns lOHra mid BHpYCHOH
aupl. YCpenHss 3HAYEHHe 3TOro Kod(hGHIMEHTa 1O HECKOJBKHM KPHBEIM, W CUMTAd, YTO
[eTp potaBupyca cocTasiseT 70 HM, PaiMyC KPHBH3HBI 30HAa —~ 10 HM, a KECTKOCTb Ganku
unesepa pasna 0,02 H/m, nonyanm mMoayns FOHra BupycHoii gactrus: E=1,0 x10% £ 0,3 x10°ITa.
CPABHCHHS 3HAHCHHE MOTYNsS YIPYrOCTH /IS BHpYCa TaGauHON MO3aMKH COCTaBUIO 4 x10° Ia

v X Bupyca kaprodens 7 x108 ITa [6].

50 1
Pu——

2 Tlocrpoerue MHOTOMEPHOTO 06pa3a BUPYCHOM YAaCTHIEI HA OCHOBE JaHHBIX, MOTYHMEHHBIX B
HYHBIX pekMMax pabotsl npubopa. A — romnorpadus MOREPXHOCTH, MONYYEHHAs B PeXHME
OSHHOrO KOHTAaKTa, b - Tomorpadus MOBEPXHOCTH, NMOJYYEHHAs B PEXHME CHATUS CHIIOBBIX
wix ACM, B — xapra pacnpenencuus paGOThI, coBepliaeMoil CHCTeMOW 1px jedopMalimn

3n0a, I — kapTa pacnpeneneHus cuibl agresun 3onqa ACM x nosepxrocTy o6pasna.
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nc. 3 Cunosble kpussie ACM B koopaunatax AZc(D) custele B Toukax | u 2 pucyHka 2B,

DOTBETCTBYIOIIHE MOBEPXHOCTH BHPYCHOW 4aCTHL(B! M TOBepXHOCTH cinonsl. Kpusas, cuaras B
ouke | ammpoxcumupoBaHa 3aBucuMocthro Buga (1). KprBble nomyuensi mpu nopsoze

AHTHNEBEPa K NOBEPXHOCTH 00pasLa.

‘NENYET OTMETHTh, YTO JUIA YCNEUIHOTO MpuMeHeHus Mozeny ['eplia HEOOXOIMMO HCKIIIOYMTL H3
AaCCMOTPCHHS CUJIOBBIE KPHBBIC, IMONYYEHHBIE B TOYKaX HA TIPAaHHIAX BHUPYCHOW 4YacTHIBL,
OCKOJIbKY B 9TOM CJTy9aeM BO3HUKAIOT HCKaKEHHH, CBA3aHHBIE ¢ GOPMOH 30HIa H 0COOEHHOCTSIMHU
asepHo# cucTemMsl ceskerus [1].

B To Bpema Kak cuioBbie KpuBble ACM monydeHHble NpH MOABOJE KaHTHIEBEpa K
OBEPXHOCTH Jal0T BO3MOXHOCTb ONPENENHTE YNPYTHE XapakTepUCTHKH OOLEKTa, CHIIOBbIE KPUBLIE
CM, monmyyeHHble NpY OTBOJE OT NOBEPXHOCTH TO3BOSIOT M3MEDHTE CHIY 8Are3uH 30HIA K
oBepxHocTH. OTa CHJla COOTBETCTBYET MAaKCHMANBLHOMY OTPHLATEIbHOMY M3rH0y KaHTHIeBepa Ha

4noBo# xpuso# (puc. 4). Kapra pacnpenencHus cun agresuy A0 ciydas poTaBHpPYCOB NPHBEIEHA
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uc. 2I". BemynHa CHIIEI are3sdy B LERTPE BHPYCHOM JaCTHLH! COCTABNIAET 0,3 5H, a Ha kpasx —
[, ¥TO O6BACHAETCS YBENHUEHHEM MIOMANR KOHTAKTA B IPAHAYHEIX TOGKAX, KOTOpOE BO3HHKAET

3u ¢ hopmoit 30812 ACM.

~4= LIBHTD BUPYCA, TOUKE 1
a5 = —=—Cruogia, Touka 2
—— panniia snpyca, Touka 3

-15 ! . + : 1 :
0 80 100 120 140 160
Monoxetine kaHTUNOBEPA (HM)

4 Cunosble xpussie ACM monydenHsie OpH OTBOAE KaHTHIIEBEPA OT MOBEPXHOCTH o6pasua B
2X, KOTOpBIE COOTBETCTBYIOT ToUKaM 1,2,3 na puc. 2I'. Aaresns 30H1a kK HOBEPXHOCTH B TOUKAX

3CTCTBYIOMMX I'PaHMIIaM BHPYCHOH J9acTHIIE (Touka 3) 6ombIne 9eM B eHTpe BUpyca (Touka 1).
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ACM BupycoB Ba cienudHIecKHX NOAT0KKAX

B mpomecce pabotel  Gbuio npone,uex.io. ynccnenosamae o6pasuoB  aAcHOBHP
HAMMOGHITH30BAHHOrO Ha HecHeNn(HIECKHe B CrenudHIEcKAe MomIoxku Merosiom ACM. Ciry
HecneUEAYECKUX MOIIOKEK paccMaTpuBaics Hmm aIeKBaTHOTO - OTOXAECTBACHUA O06Ber
Habmonaembix Ha JIB nnenkax amrTen. HabmomaeMeidi nuaMeTp aJcHOBHpYyca IO JAaHHBEIM A
cocTaeiseT B cpenHeM 120 uM, a Habmonaemas Beicota - 75 uM [9]. Ha cnenyromem stame pa6
6nu1a mccnenosana tonorpadus cHOPMHpPOBAHHBIX IUICHOK HA TPEX Pa3IHIHBIX CTafHAX: ILIE
aHTHTEN, IEPeHECEHHBIE Ha ITOBEPXHOCTE 30710Ta 0 Aobasnenns BCA, Te e IICHKH, HO yXe IK
GIOKMpOBKH MeECT HecCnenuuIeckoro CB3LBaHHA 3a cuer jobaenenus BCA u JIb mie
KOMIUIEKCOB TOCHE J00aBIeHHs B cucTeMy ofpasma aneHorupyca. Cpenuss tommmaa JIB mae
xommexca antuTesio-ATID Ha mosepxHOCTH 3050Ta cocTaBmgeTr 12 HM. Tlocnexyromee mobasie
OBIILEr0 CHIBOPOTOYHOro aibOyMmHa BemeT K BoipaBREBaHmo JIB nnenxu. JloGasnenue obp:
aJICHOBHPYCa B CHCTEMY [IPEBOJMUT K yBenuaeHHIo Tommuas! JIb nieHkH.

Jlns oupeneNcHHs TOMIMHB! IUICHKH HCHOJNB30BANach CHCAYIOMAd METOJIMKA: Yyda(
noBepxHoCcTH 06pasna (1,5 MxM X 1,5 MKM) CKaHHPOBAICA ¢ GOIBINOH CHIIOH B3aMMOACHCTBHA 3(
ofpazen, YTO NPHBOAWIO K “CHHpaHHIO” IUICHKA HA 3TOM MECTE H TIO3BOJLUIO BH3YATH3HPO.
TIOBEPXHOCTE TOIONKKHA. [1oMydeHHbII Nepenaj BHICOT OTOXICCTBIIICH ¢ Tommuano# JIb mie
aHTUTENn, Tocne Jo0aBNCHHS aHTATeHA. JTa BeJMIHHA BapbUpoBamTack or 12 1o 14 m
3aBHCAMOCTH OT BHIOPaHHOTO Y4acTKa IOBECPXHOCTH, TO €CTh MOXXHO KOHCTATHPOBATh HEKOT(
yBEeNMYEHWE TONIIMHE] IUIEHKA IO CPAaBHEHHIO C MpemsimymmM ciydaem. Kpome Toro,
MOBEPXHOCTH HAOMOJAIACE YacTHIh  (pHC. '5), KOTOpHlE IO CBOMM MoLd)onox;mec
XapaKTEpUCTHKAM COBHANANM C YaCTHIAMH aJICHOBMpYCA, HAHECCHHBIMHM Ha MOBEPXHOCTh 301

YTO JaeT BO3MOXHOCTH OTOXIAECTBHTEH HX C HEJBIMA JaCTUNAMH aJICHOBHpPYCa.
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S OTnensHEIC 9aCTHI(EI aJCHOBApPYCa Ha noBepxHOCTH JIB IUICHKH COOTBETCTIBYIOMIMX AHTHTENL.
SCTaX MNPHCOEUMHEHMS BHPYCOB K IIOBEPXHOCTH, IUICHKAa MMeeT Gonee IIOTHYIO CTPYKIYDY.
mpoBaHAe ObUIO OCYMIECTRACHO B JIWCTHJUIMPOBAHHOH BOJE C HCHONB30BAHMEM XHIKOCTHON
xu ACM. Pasmep kappa cocrasmster 1,5 x 1,5 M 2 nEpenan BHICOT 10 BEPTHKANLHOH OCH —
M.

Ipenoxenusni cnioco® MMMOGIIH3aNUH BUPYCHEIX JaCTHI HA TIOBEPXHOCTH MOMIOKKH JUIS
'f JaeT BO3MOXXHOCTH IPOBOJATH MCCIECAOBAHMA B JKHAKOH Cpeie, IIPH 3TOM B3aMMOACHCTBHE
Ty BHDYCHOH YacTHUEH M MOBEPXHOCTHIO HOJUIOKKA OKA3HIBAETCH [OCTATOYHEIM, IUIA TOTO
Bl 9acTHNA GBUIA HaJEXHO 3aKpelieHa Ha IOBEPXHOCTH, YTO ¥ POJICMOHCTPHPOBAHO Ha PHC. 5.
1ICh  MOLHBIM cpenchsz aHayu3a TOBEPXHOCTH, ATOMHO-CHIOBagS MHKPOCKONHS IO3BOJIMIIA
JNBHO HcCenoBarh Tomorpaduio mosepxHocth JIB micHOK KoMIiekcoB aHTHTeno-AITD Ha
MYHBIX CTAJUSX IIPOBEJECHHA aHANH3A C HCTIONH3OBAHMEM afIcHOBHPYCAa M COOTBETCTBYIOINHX

TEN.
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3akmouenne

B pa6ote Obu1 npenoXen METOX ACCHCHOBAHAS MHKDOMEXAHWKM BHDYCOB NPH TIOMOIIM
ANoBEIX XpUBEX ACM, npu 5ToM BemrumHa Mozyns KOHra porasmpyca cocrasmma E=1,0 x10% + 0,3
10°Ma.  Beum TOJMy4YeHE! KapThl PaclpefielleHua YNPYTHX XapaKTEPHCTHK H aJre3dH aoﬁna K
OBepxHOCTH 00pasua juis CIydYas POTaBHPYCOB, afcOpOMpOBAHHEIX Ha CNIOAY. BEUIE onmEcasbl
>06eHHOCTH UPHMEHEHH: crenubuyeckux noyoxexk 8 ACM BHPYcOB Ha IpHMepe afeHOBHpYCA U
slueHa 3ajava dukcamEs o6BEKTa Ha IOBEPXHOCTH IONUIOXKH I HPOBEACHHS HCCICHOBAHMS
erofoM ACM. [IpeinioXEHARIE HONXOAB! IO3BONSIOT pPaciUMpHTE Habop XapaKTEepHCTHK,

THCHBAIOIMX BEPYCHYIO YaCTHIY.
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