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AnHomauyus — lNMpuBeaeHbl pesynbTaTbl YUCIIEHHOTO, YKC-
NEeHHO-aHaNUTUYECKOro Y 3KCMEPUMEHTANbHOIO UCCefoBaHUst
CMrHanoobpa3oBaHNs B CKaHMPYOLLEN MUKPOBOITHOBOW MUKPO-
ckonun (CMM). YucneHHoe moaenupoBaHue anekTpoauHamu-
YECKMX XapaKTepUCTVK B3aMMOAEWCTBUS KOaKCUaribHOro peso-
HaTOPHOIO MUKPO30HAA C ANANEKTPUYECKUMW U NMONYNPOBOAHN-
KOBbIMM 0ObEeKTamy NO3BOMNWIO YCTaHOBUTbL 3aBUCUMOCTMU CUr-
HarnoB NepBUYHOrO Npeobpas3oBaHUsi MHOPMaLMKU OT reomeT-
pun anepTypbl 30HAA W 3NEKTPOdU3NYECKMX NapameTpoB 06b-
ekTa. YucneHHo-aHanuTU4YeCKMe W IKCNepUMeHTanbHble WC-
crefioBaHusl MocrefeTekTOpHOro npeobpa3oBaHns CUrHanoBs
onpegenunu obLiye TeopeTuyeckne acnekTbl PasnmnyHbIX Cro-
coboB aTOM yacTu curHanoobpasoBaHusi. B uenom cosgaHbl
npegnockinku opmmnpoBaHns obeit Teopun CMM.

|. BBegeHue

CkaHupyoLas MMKpoBosiHoBasi Mukpockonusa (CMM)
no ¢uanyeckomy npuHUMny obpasoBaHus curHana ot
3NeMeHTa CKaHUpOBaHNsi 06 bEKTa OTHOCMTCS, TaKKe Kak
n ACM, CTM, ECM, k 6nuxkHenonesoi [1] Mukpockonuu.

BakHbIMW OTNUYUTENBHBIMM OCOBEHHOCTSIMU MUKPO-
ckonum CMM, onpegensowumMmn nepcrnekTvBbl ee pas-
BUTUS, ABNSAOTCA: MPUMEHSIEMOCTb AMSs LWMPOKOro Krac-
ca obbekToB (ouanekTpuku, nonynposogHuku, BTCI,
Ouocpeabl 1 Np.), BO3MOXHOCTb Nony4aTb n3obpaxeHne
KapTWHbl MPOCTPaHCTBEHHOrO pacnpeneneHus pasnuuy-
HbIX pM3nYeckux CBOWCTB OOBLEKTOB B OTAENBHOCTH;
TEeXHuKo-annapaTtHoe 06a3npoBaHNe Ha COBPEMEHHbIX
CTaHAapTHbIX y3nax u cuctemax. OgHako, peanusaums
3TUX MEpPCMneKTUB COEPXUBAETCA OTCYTCTBMEM OOLLEN
Teopun CMM.

B poknage obcyxpatoTca cnegylolime OCHOBHbIE
acnekTbl TakowW Teopuu: Teopus HOPMUPOBaHUS nep-
BUYHON W3MEPUTENBHOW WHOpMauun; Teopus OMTu-
manbHoro BbligeneHna CBY curHanoB v3mepuTenbHON
UHOpMaLMK; Teopusi NocneaeTekTopHOro npeobpaso-
BaHWs U 06paboTkM curHamnos; TEOpUsS MHorornapameT-
pPOBOV MUKPOAWArHOCTUKM OOBHLEKTOB M MOAABNEHUS Me-
watowmux dakTopos.

Il. OcHoBHaA YacTb

Mcxoga ns npuopuMTETHOCTM UCMOSb30BaHWSA B Kade-
CTBe nepauYHOro npeobpasosartens MHdopmaumm peso-
HaTOpPHbIX 30HOOB C KOAKCWanbHON W3MEepUTENbHON
anepTypon [2], nyTem YicneHHbIX uccrnenoBaHuii (Metoq
KOHEYHbIX 3fIEMEHTOB NpW pelueHun ypasHeHu Mak-
CBenna) COOTBETCTBYHOLUMX INEKTPOAMHAMUYECKUX CUC-
TEM YCTaHOBIEHbl (pU3nyeckme B3aVMOCBA3M YyBCTBU-
TENbHOCTM N MPOCTPaAHCTBEHHOW pa3peLuaroLlen crnocob-
HocT CMM c reomeTpurein anepTypbl ykazaHHbIX 30HA0B.
MpuBOAATCA TaKKe KONMMYECTBEHHble COOTHOLLEHWS, OT-
paxatolume 3T B3aMMOCBS3M W xapakTepusylolme ava-
nasoHHble ocobeHHocT CMM ans pas3nuyHbIX 06LEKTOB.

B yacTtHocTu, npeacTtaBneHHble Ha puc. 1 n 2 rpadu-
K pacnpegeneHus anektpuyeckoro nons CBY koneba-
HWM KOHYCHOro 3oHAa [3] B M3mepuTenbHOW aneptype
CBMAETENbCTBYIOT O TaKMX OCOBEHHOCTAX:
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— NPV COOTHOLIEHUW BHYTPEHHEro W BHELUHEero pa-
ONYCOB  KoaKcuamnbHOro 3oHaa (th/R21)<10 "

(R,/X) <107 nopaensiowasn yvacte aHeprum CBY

ANeKTpu4eckoro nons B anepType cocpefoTtoyeHa B
HOpMarbHON K 06 bEKTY KOMMOHEHTE;

— NpyuaaHve KoHUY 30HAa chepuydeckon unm annun-
companbHon opMbl «3a0CTPSET» MO CPABHEHUIO C MI0-
ckol hopMoW AuarpaMmy HanpaBfi€HHOCTM anepTypbl U
CNocoOCTBYET YBENUYEHMIO MPOCTPAHCTBEHHON pas3pe-
watowent cnocobHocth CMM c MeHbWMMKU NOTEepPsSMU
YYBCTBUTENBHOCTH;

— rnybuHa «nNpoBMCaHNs» Nons B 06LEKT Takke yBe-
nrMyMBaeTCcs C NepexodoM OT Nrockon opMbl kK cdhepu-
YECKOW Unu annunconaanbHON.

E(r), Bim tg5=0,001; =2, z=0
14

— Chepa R1t=50MEM,
h=50mkm

1,2 = = ‘MnockocTe
R1t=50mim

e G2 MEHT RAt=50MKM,

h="10mim

= = TnockocTe

R1t=25mim

Puc. 1. 3asucumocms E (r) om eeomempuu
MUKPO30HOa.

Fig. 1. E (r) dependence vs. different probe shapes
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Fig. 1. E (z) dependence vs. different probe shapes
Pe3ynbTaTbl KONMUYECTBEHHbIX UCCNEAOBAHWUI COOT-
HOLLUEHWSI YyBCTBUTENBHOCTA U MPOCTPAHCTBEHHOW pas-

peluatollei CnocOBHOCTM rMoKas3anu KX MNpakTUYecKu
NMHENHYI0 3aBMCUMOCTb OT napameTpa R1/Ra:.
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OTaenbHbIMK UCCreaoBaHNAMM yCTaHOBIEHbI BKaA
CBY noTepb Ha usnyyeHue B NepBUYHbIE CUTHanbl U3-
MepuTenbHON MHopMaLun 1 ero 3aBMCMMOCTb OT 3a-
30pa Mexay 30HOOM U 06beKTOM. TakkKe U3yYeHbl COoT-
HOLLEHUs, XapakTepusyllime BUSHWE 3MEeKTPUYECKUX
napameTpoB obbekTa Ha pacnpegeneHve nomns B anep-
Type 30HAa.

lMokasaHo, 4YTO Teopusi Bbl4eNeHUsa CUrHanoB n3mMe-
puTENBHON MHAOPMALMK OT drieMeHTa CKaHUPOBAHUS U
nx nocnegytrowero npeobpasoBaHusi K CTaHgapTHOMY
ONns KomnbloTepHon obpaboTkn Buae MoxeT 6a3npo-
BaTbCA Ha peanusaunvM pasnunyHbiX BapuaHToB cre-
AyloLero anroputma:

As(x,y,z) AUY — AU}
AQ. (x,y,z
AG(X, y,z) % AU: —>AU1f
= i =
AU? — AUY
Af (x,y,2) t2 2
At(x,y,2) 7 AU! — AU}
Ap(x,y,z)
1 2 3 4 5
rae 1 — Habop KOHTPONMPYEMbIX MO HEOAHOPOAHOCTH
napameTpoB; 2 — BpeMeHHas nocrnefoBaTensLHOCTb

BO3[eNCTBMA Ha 0ObeKT; 3 — nepBUYHasA U3MepUTENb-
Has MHdOPMauna C arnemeHTa CkaHMpoBaHus; 4 — mno-
crnepoBaTencHoe npeobpas3oBaHuWe curHana; 5 — Bbl-
X0f4Hble napumnanbHble HOPMUPOBaHHbIE CUrHambl U3Me-
puTENBHOM MHOPMaLWK.

MpuBogdaTca npumepbl NapuuanbHOro BO3AENCTBUA
N Teopun OPMUPOBAHUA MNEPBUYHON WHOpMaLUn
AQ,;/Q, n Af,/f, ee onTumansHoro npeobpasosaHus

f
B cuUrHanbl AU:3 n Ui , W annapaTtHoe unn martemMatu-
YeCcKoe UCKIHYeHNA BInaHna mellarowmnx (baKTOpOB.

lIl. 3akno4yeHmne

B pesynbTate BbINOMHEHHbLIX UCCEAOBaHWIA co3aa-
Hbl NMPEANOCLISIKA hopMMpoBaHus obuen Teopun CMM,
6asvpyloLwencss Ha UCMONb30BaHUN B Ka4yeCcTBE MUKPO-
BOITHOBOro 30HAa OOBEMHbIX PE30HATOPOB C KOAKCW-
anbHON M3MeputenbHoW anepTypou. Npu 3TOM nokasa-
HO, YTO ANs NocneaeTeKTOPHOro npeobpasoBaHust nep-
CNEKTUBHBLIMU SBMSIOTCS MOAYMSLUMOHHBLIA U NPSIMOOTC-
YeTHbIN Ccrnocobbl BblgeneHnss 1 o6paboTkn curHanos,
CBSI3aHHbIX C Mogynauuen JOBPOTHOCTU U pe30HAHCHON
yacToTbl 3oHaa B CBY cucrteme ¢ AMNY nutatowlero re-
HepaTopa no 30HAY.

MHoronpogunsHocte CMM no nsobpaxeHuto Heoa-
HOPOZHOCTW pacnpefeneHnst pasnuyHbiX HU3N4ECKNX
napameTpoB obbekTa MOXET peanun3oBbiBaTbCsl Nogbo-
pOM cneunduYHbIX BO3AENCTBUIN HA OOBEKT U BapuaLm-
el cTeneHn BKIYeHNs ero B nore 3asopa.
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Abstract — The numerical modeling of electrodynamics of
interaction of the coaxial resonator microprobe with dielectric
and semiconductor objects allowed ascertaining some depend-
ence of signal parameters of primary transformation of the in-
formation on the geometry of probe aperture and electrophysi-
cal parameters of an object. Numerical-analytical and experi-
mental research after detector transformation of signals have
determined a general theoretical aspects of various ways of this
stage of signal forming. The preconditions of forming of the
general theory of SMM are created.

|. Introduction

The important distinctive features of SMM, which determine
future trends of its development, are the following: applicability
for a wide class of objects, availability of the image of spatial
distribution of various physical properties of objects separately;
hardware engineering based on modern standard units and
systems. However realization of these future trends is re-
strained by the absence of the general SMM theory.

Il. Main Part

Taking into account the priority of using the resonator
probes with the measuring coaxial aperture as a primary con-
verter of information [2] by numerical research of appropriate
electrodynamic systems, the physical interrelations of sensitivity
and spatial resolving capacity of SMM with the aperture geome-
try of the specified probes (fig. 1, 2) are established. The quan-
titative relations reflecting these interrelations and describing
the frequency range features of SMM for various objects are
also presented.

Individual investigations have allowed ascertaining the role
of microwave radiation losses in forming primary signals of the
measuring information and the dependence vs. a gap between
the probe and an object. Also some relations describing the
influence of electrical parameters of an object on field distribu-
tion in the aperture of a probe are investigated.

The examples of partial influence and theory of forming the

primary information AlQi/Qi and Atfi /f, its optimal transfor-
mation to signals AUiQ and Uf , and hardware or mathematical
exceptions of influence of the interfering factors are presented.

I1l. Conclusion

As a result of the investigations the preconditions of forming
the general theory of SMM based on using the volume resona-
tor with the coaxial measuring aperture as a microwave probe
are created. Thus it is shown that for the after-detector trans-
formation the perspective ways are modulating and directly
reading ways of recovery and processing of signals connected
with modulation of quality and resonant frequency of a probe in
a microwave system with AFC of the generator supplying a
probe.

The versatility of SMM on imaging the heterogeneity of dis-
tribution of various physical parameters of an object can be
realized by selection of specific influences on an object and by
variation of a degree of its inclusion in a field of a gap.
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