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The basic directions of optimization resonator microprobe for bioobject's microwave
scanning microscopy are analysed by means of methods of direct numerical modelling.
In work the obvious kind of function, invariant concerning size of a backlash between an
end face of the aperture and the sample is found. Introduction of the given function will allow to
minimize the error of measurement.

BeegeHune

Ycnex npumeHeHuss CBY MeTOA0B AMArHOCTUKM 06yCNOBNMBAETCH 6ECKOHTAKTHOCTbLIO U
HepaspyllaeMoCTbi0 TeCTUPYeMoro obpasua npu nposegeHunn uccnegosanus [1,2]. Boicokas
UyBCTBUTE/IbHOCTb GIVXKHENONEBbIX 4ATYNKOB K U3MEHEHUIO 3/1eKTPO(N3NYECKUX NapaMeTpoB
o6pasLa AaeT BOSMOXHOCTb NPUMEHATL UX 415 ONpeAeNeHns BNarocoepxaHna B 6MoobbekTax.

Lnsa ueneil n3yyeHns XU3HeAeATeNbHOCTN OpraHn3mMa 0KasblBaeTCA BaXHbIM
nccnefoBaHue cogepXxaHns cBO60AHONM BOAbI B €ro TKAHAX M XUAKOCTHbIX cpegax [3]. MeTogbl
nccnefoBaHNsa 4aHHOMO NoKasaTens 40 HACTOALEro BPEMEHN HeA0CTaTOYHO pa3BuThl. B aToit
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CBA3N 60NbLWION UHTEpeC NPeAcTaBNAOT MINbKOMETPUYECKME METOAbl UCCNef0BaHMUA
61M006BEKTOB C MCNONB30BAHWMEM NPEUMYLLECTB CKAHUPYOLL el MUKPOBONHOBOW MUKPOCKONUN.
B obnactn gucnepcmm BoAbl OCHOBHOW BKNaj B MHUMYIO 4aCTb KOMMIEKCHON ANa-
NeKTPMYecKoi npoHnLaemocTn 6noobpasua BHOCUT cBob6oAHas Boga [3]. Ans onpefeneHns xa-
pakTepucTMk 6M006BLEKTOB NCMNOML3YIOTCA CNeaytoLLme aNeKTpoPu3nyeckme napameTpbl: OTHO-
cuTenbHas AU3neKTpuyeckas NPOHMLLAeMOCTb € , TAHFeHC yrna An3neKTpuyeckux notTepb reg.
Bnarogaps wupokomy pa6oyemy 4aCTOTHOMY AManasoHy, BOSMOXHOCTU NI0KanbHOMN

KOHLEHTpaLnn nons Ha yyacTke obpasya, Hambonbllee pacnpocTpaHeHne NONy4nIn
4eTBEPTbBO/IHOBbIE KOAKCMaNbHble Pe30HAaTOPHbIE N3MepUTenbHble npeobpasosatenn (KPUM)
[5]. BBeaeHue BcriomoraTesibHOM KoakCcManbHO anepTypbl M03BoNseT yBENNUYUTL
paspeLualoLlyo cnoco6HOCTbL Pe30HATOPHOr0 U3MepuTenbHOro npeo6pasosartens (PUM) B
LleIoM 1 COCPeAoTOUNTb 3NeKTPUYECKOe Mnose Ha TpebyeMOoM y4yacTKe cKaHupyemoro o6pasua.

CyuiecTByeT 60bll0e KOANYECTBO PaboT IKCMEPUMEHTANBHOIO N TEOPETUYECKOTO
XapakTepa, NOCBALEHHbIX NCCNEe[0BAHNIO MPUMEHEHUA Pe30HATOPHbLIX N3MEPUTENbHbIX
npeo6pasoBaTeneii 4na ckaHUpoBaHns 6Mo06beKTOB [3]. OaHakKo, B aTUX paboTax He
npoBoAMAacL ONTUMMN3ALNA YYBCTBUTENbHOCTU AaTyuKa AN BbIMONHEHUS
MHOronapameTpuyecknx nccnefosaHunii. B ceoto oyepefb, TeopeTnyeckme paboTsl 6asmpytoTcs
Ha YNpoOLEHHbIX MOAENAX Pe30HaTOPHbIX NpeobpasoBaTeneil, NO3BONAOLWNX YUNTbIBATH TONbKO
Koneb6atenbHble NOTEPU B Pe30HATOPHON cMCTeMe. M3nyyeHne aHeprum 3a npegensl o6pasua,
aKTUBHbIE NOTEpK B peasbHOM MeTasnsie CTEHOK pe3oHaTopa CyL|eCTBEHHO BIUAIOT Ha
MH(pOPMaLMOHHbIE NapaMeTpbl (O6POTHOCTL U YacToTy) PUT.

CoBpeMeHHble NPsMble YACNEHHbIE METO/bl MO3BONAIOT CYLLECTBEHHO YTOUHUTL MOJENb
pe30oHaTOPHOro U3MepPUTENbHOTO Npeobpa3oBaTens ¢ KOaKCManbHON N3MEpPUTENbHON anepTypoii
(PN KNA), T.e. yyecTb reoMeTpuio anepTypbl, pacnonoXeHune, pasMmepbl 1 gpyrue
XapaKTePUCTUKN CKaHUPYeMoro o6bekTa.

Lienbto paboTbl ABNAETCA BblAe/NeHNe U aHann3 hakTopoB, BAUAIOLLUX Ha
YyBCTBUTENbHOCTL PUTT KNA, npumeHaeMblX ANa onpeaeneHns BNarocojiepXXaHus B
61006beKTax, NpoBefeHNe TeopeTuyeckoit kanmbposkn PUTM KWMA Ha OCHOBe YNCNEHHON
MOJeNu, BbiiBeHNe BENNUYNH, MHBAPUAHTHbIX K BEIMUYMHE 3a30pa MeXAY AaTYMKOM U
ncenefyeMbiM 06bEKTOM.

Pe3synbTaTtbl 1 06CyXaeHne

O6wwii Bug PUM KWA npueeféH Ha puc.l.

[lna npoBefeHNs NPakTUYECKUX U3MEPEHNIA BaXKHO 4TOObI aNeKTpodusnyeckmne
napameTpbl 06pasLa OKasbiBann Kak MOXHO 60/bluee BAMAHME Ha HarpyXXeHHY [06pPOTHOCTb
PUM. Mpun 3TOM Harpy>xeHHy0 A06pPOTHOCTb He A0/MKHA 6bITh MeHbwe 100. N3 Teopun
KoaKcuanbHbIX NMHWI nepefay [4] N3BECTHO, UTO MUHMMaNbHbIN KO3MAULMEHT 3aTyxaHnsa B
KOaKCUaNbHOW NUHWW JOCTUTAETCA NPWU OTHOWEHMK paguycos: K /M2=0,28 .OueBngHo,
MakCuMMmanbHas JO6POTHOCTb YeTBEPTLBOMHOBOTO pe3oHaTopa 6yfeT Takxe JOCTUraTbCa Npu
[laHHOM OTHOLUEHWN.

Puc.1. Mogens PUT KNA
MakcumyMm gucnepcun Ans Bofbl NPUXOAUTCA Ha YacToTy okono 10 'y [4]. Beugy atoro,
paboyas gnuHa BonHbl PUT gomxHa coctaBnaTe J1=3 cMm. O4HOMOAOBbLIV pPeXUM
KOaKCManbHOW NMHWM coxpaHaeTcs B Ananas3oHe vactoT [4]: / <c/(X-i) +7i[)), rpe ¢ -
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CKOpOCTb CBeTa; /72 - pafnyc LeHTpanbHOM Xunbl; V2 - BHyTPeHHWIA paguyc KoakcnanbHOro
BOoNHOBOAa (N0 puc.l).

Pe3oHaHCcHas YacToTa MAeanbHOro YeTBEPTHBOIHOBOMO Pe3oHaToOpa HaXo0AMTCA U3
BblpaXeHua: / =c(2H- 1)/(4H ). Ncxoas n3 [4] 6binm BbibGpaHbl CAefytolie reoMmeTpuyeckmne
pasmepbl mogenu: ///11 =1,25; /?72/2 =0,17; k/H =5,6-KI'3; r =co (4eTBepPTbBONHOBbI
pe3oHaTop Harpy>eH Ha cBO60AHOEe NPOCTPAHCTBO); NPOBOANMOCTb CTEHOK pe3oHaTopa
npuHsATa pasHoi er=>5,8-106.

B pesynbTaTe YUNCNEHHOTO pelleHns ypaBHeHM MakcBenna ¢ y4eTomM noTepb Ha
M3nyYeHne N aKTUBHbIX MOTePb B CTEHKAX pe3oHaTopa, W pelleHns ypaBHeHni FenbMronbLa
(y4éT TONbKO aKTUBHbIX NOTEPb B CTEHKaX pe3oHaTopa) NonyuYeHbl 3aBUCMMOCTU A06POTHOCTYN 1
pe3oHaHCHOM YacToTbl PV OT BENMUMHbBI KOaKcUanbHOi anepTypbl (puc.2).

a) 6)
Puc.2. 3aBMcMOCTb a) AOBGPOTHOCTM U 6) 4ACTOThI OT BEIMUMHBI anepTypbl

Kak BUAHO 13 rpaMKoB, yMeHbLUEHWe pa3Mmepa anepTypbl MUHUMWU3UPYET BAUAHUE
noTepb Ha U3ny4yeHune B CBO60AHOE NPOCTPAHCTBO. Heo6X0AMMOCTb YUETa U3nyyaTenbHblX
notepb Hanbonee ABHO JEMOHCTPUPYETCA Ha 3aBUCMMOCTU AO6POTHOCTU OT BEUYUHBI
anepTypbl (puc.2, 6). faxe npu Manom pasmepe anepTypbl LOGPOTHOCTY NpU YUYETE N3NYyYEHUA
1 6e3 yyéTa oTAMYAOTCA NOYTK B 2 pa3a. B TO e BpemsA, Hann4yme N3ny4YeHUs NPakTUYECKN He
B/IUAOT Ha PE30HAHCHYIO YacToTy.

PykoBoACTBYsACb (PU3NYECKMMMN COOBPaXKEHNAMUN PEXUMOB (PYHKLNOHUPOBAHNSA
KOaKCuanbHON anepTypsbl, Lenecoob6pasHo nccnefoBaTb YyBCTBUTEIbHOCTb PE30OHATOPHOIO
MUKPO30Ha K U3MEeHeHUNI0 napameTpos obpasya. Ha puc.3 npusegeHbl 3aBUCMMOCTU
[O6GPOTHOCTW M OTHOCMTENLHOTO U3MEHEHUSA 4OOGPOTHOCTM OT A/MHbLI KOAKCManbHO anepTypsl
A.TpahMkn nonyyeHbl B pesynbTaTe YACNEHHOTO pelleHns ypaBHeHMit Makceenna, Ans
mogenu ¢ napametpamun: H/H =1,25; K2/4=0,17; 4 /K2=10,28; r=0; AR1=0; AR/2 =0,14;
er=5,8-106; r2=3; M## =0.01; /1=3 cMm. OTHOCUTENbHOE N3MEHEHWNE A0OPOTHOCTM
paccuMTbIBaNnoCb UCX0AA U3 LOGPOTHOCTM CUCTEMbI NPU Harpy3ke Ha CBOGOAHOe NPOCTPAHCTBO
M LOBPOTHOCTU NpPK Harpy3ke Ha o6pasel, ¢ napameTpamu e2=3; tgS2=0,01.

N

a) 6)
Puc.3. 3aBucumoctb a) ;6) A~N/NOT napaMeTpoB anepTypbl

Kak BugHo u3 rpadumka (puc.3, a) fo6potHocTb PV npu ckaHupoBaHum obpasya ¢
napametpamn e2=3; tgS2=0,01 ocTaéTca 4OBO/LHO BbICOKOI AaxKe MPW pacKpbiBax anepTypsbl

A, /K2>0,3.0TYéTNMBO BMAEH MaKCUMYM YYBCTBUTENbHOCTM JaTuMKa NPU BbICOTE anepTypbl
IrI=0,5 (puc.3, 6). NaHHbIl (akKT cornacyercs ¢ QU3MyecKMMM NPeAnochbiKamu un
cBuUAeTenbCTBYeT 06 afeKBaTHOCTM YMCNEHHON Mofenun. BmecTe ¢ Tem, U3 puc.3, 6 BUAHO, 4TO
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faxe Npy ONTUManbHOW BbICOTe KoakcuanbHo anepTypbl hi 2 =0,5, uyBcTBUTENLHOCTL PV B 2
pa3a MeHbLle, YeM npu BbicoTe h-» 0. 3T0T hakT 06ycnoBNMBaeTCA 3Ha4UMTENbHLIM NPOBUCAHNEM
nons u3 anepTypbl. M3 rpaduka Ha puc.3, 6 cnefyert BecbMa BaXKHbI BbIBOA: MakcUManbHas
YyBCTBUTENbHOCTb faTuyuKa obecneymBaeTcs Npu BbicoTe anepTypbl h!H <0,05 .

BnarocogepxaHue B 6M006beKTax XxapakTepusyerca AnanasoHom nameHeHus e ot 3 go 10
n tgS ot 0,01 go 0,4. Takum 06pa3om, YUNCNIEHHbIE UCCNef0BaHNA Lienecoobpa3Ho NPOBOANTL B
aHHOM fnana3oHe U3MeHeHNs 31eKTPodN3NYeCKMX NapaMeTpoB TeCcTUpyemMoro obpasua.

PacueTbl npounssogunnck Ans Mmogenu ¢ napametpamu: H 11 =1,25; R21X=0,17 ;

A, A =0.28; r=0; ii2/2=0,14; N///=0.01; cr=5.8106. 2=3 cm. RO/R1=0.29 .. 1

Bo3fyLWHbI 3a30p MeXAy anepTypoil u cKaHupyemblM 06pasL,oM n3MeHseT
MHGOopMaLnoHHbIe napameTpbl PUM KA. B pesynbTaTe YNCNEHHOTO peLleHns ypaBHeHNi
MakcBenna 19 ONMCaHHO Bbllle FreoMeTpUn MoAenu, 6blan NoNyyYeHbl 3aBUCUMOCTH
[06pOTHOCTM U YacToTbl PV OT BenUUMHbLI 3a30pa T .

Ha puc.4 npusegeHa 3asucumoctn O u / PWI 0T BeANYMHBI 3a30pa U NapameTpoB
o6pasua. Puc.4, a 4eMOHCTPUPYET, YTO JOOGPOTHOCTL B 60NbLUE Mepe onpeaensieTcs TaHFeHCOM
yrna oTHOCMTENbHbIX AU3EKTPUYECKUX MOTEPb, YTO CBUAETENLCTBYET 0 60MbLIOM NPOBUCAHUN
3M1EKTPOMarHUTHOIO NONA U3 anepTypbl, a Pe30HaHCHas YacToTa Onpefensercs, B OCHOBHOM,
OTHOCUTE/IbHON [N3NEeKTPUYECKON NPOHMLLaeMOCTbI0 06pasLia.

pahukn Ha puc.4 KOppenupyoT Mexay cob0li. 3TO 3HAYMT, YTO CYLLEeCTBYET HEKOTopas
(hyHKUMSA, 3aBUCALLaA OT JO6POTHOCTU U PE30HAHCHOM YacTOoTbl, MHBapUaHTHas OTHOCUTENbHO

1
BE/IMYMHbBI 3a30pa I . IMnupumyeckn 6bIN0 HailgeHo cnepytouiee BoipaxeHue: N(Q,f) =
3aBUCMMOCTb aHHOI PYHKLUKU OT BENMYMHBI 3a30pa 1 napameTpoB o6pasLa npuBefeHa Ha
puc. 5.
CpaBHuBas rpamku Ha puc.4, 5, BuaHo, 4to pyHkumns N(Q,f) npakTuyecku MHBapuMaHTHa,
OTHOCUTE/IbHO BENNYNHbBI 3a30pa (M3MeHeHUs Manbl). 3HaueHne PyHKLMMU onpegenseTca

MCK/OUMTENbHO NapameTpamu o6pasuya.
3 -00!

a) 0)
Puc.4. 3aBucumoctb a)Q 1 6) / 0T BenMUMHBLI 3a30pa 1 NapameTpoB obpasua

a) 6)
Puc.5. 3aBucumoctb yHKuun N(Q,f) oT BenmumHbl 3a3opa u napameTpoBs obpasya
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BbiBOAbI

MpoBeaeHHble UCCNeA0BaHNSA CBUAETENLCTBYIOT O HEOOXOAMMOCTY YUETa N3NyYaTeNbHbIX
noTepb B YNCNEHHbIX MOAENAX Pe30HATOPHbIX N3MEPUTENbHbIX Npeobpa3oBaTensx ¢ KoakcuanbHoM
M3MepuTeNbHOI anepTypoii.

B pa6oTe ycTaHOBNEH ABHbIV BUA hYHKLUW, NHBAPUAHTHOW OTHOCUTENbHO BENMUMNHBI 3a30pa
MeXxay TOpLOM anepTypbl 1 06pasLoM. BBefeHne faHHOW YHKLUM NO3BONUT MUHUMU3NPOBATH
NOrpeLHOCTb N3MEPEHMNS, CBA3AHHYIO C 3a30pOM MeX Ay 06pasLoM 1 faTUNKOM.

MonyyeHHble 3aBUCUMOCTU UH(OPMaLMOHHbIX NnapameTpoB PUT KWA nossonsioT
0/,HO3HAYHO CONOCTaBUTb NEKTPOU3NYECKMNEe NapaMmeTpbl 6MO06HLEKTOB C X BNArocofepXxaHmem.
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