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AHHOmauyusi — lNMpuBogATca pesynbTaThl UCCNEAOBaHUA U
pa3paboTok HOBbLIX NPUHUMUMOB (PYHKLIMOHMPOBAHMS 1 NOCTpPOe-
HUSI MUKPOBOJSTHOBbIX OATYMKOB PasfuyHbIX (hU3UYECKMX BENu-
UMH ONS KOHTpPONs marepuanoB, cpeg v obbekToB. Llenbio
pa3paboTok SBMAANOCH yny4lleHNne MeTPONOrMYecKMX XapakTe-
PUCTMK 0ATYMKOB B HAMPaBEHMMN MOBbLILUEHUS] UX YYBCTBUTESb-
HOCTM, FOKanbHOCTW, pacLUMpEeHUs AuanasoHa KOHTpomnupye-
MbIX 3HAYEHWIN N MHOrONapameTPOBOCTU KOHTPOIS.

|. BBepgeHue

PasButne pagvoBOMHOBBLIX, aKyCTO3MEKTPOHHbIX,
yNbTPa3BYKOBbIX W PafgMoakyCTUHeCKUX MeTOAOB KOH-
Tpons maTtepuanos, cpef 1 0OGbEeKTOB onpeaenuno cra-
HOBMEHME HOBOTO HampaBeHns TEXHUYECKOW AuarHo-
CTUKM — MUKPOBOSHOBOW OnnXHENnoneBson CEHCOPWKM.
3HaunTenbHoe MecTo B HeM 3aHumaeT CBY, umnegaHc-
Has N aKycToaneKkTpoHHas ceHcopuka [1, 2]. MNpu atom
CYLLIECTBEHHO pacluvpuniace o6nacte NPUMEHEHNS 3TUX
MeTOAOB U CpeAcTB, YTO NoTpeboBano co3gaHns HOBOro
MOKOMEeHNs AaTYMKOB, B TOM 4YMCMEe, OPUEHTUPOBAHHbIX
Ha MCNONb30BaHWE B BbICOKO WMHTENNeKTyanbHbIX CUC-
Temax. COOTBETCTBEHHO, BO3HUKIN TaKkKe MWKPO3eK-
TPOHHbIE TexHomorum wux npoussoacTea. [loTpebosa-
nacb nepecTpoika NPMHUMNOB (OYHKLMOHNPOBaHWA AaT-
YMKOB, OPUEHTUPOBAHHAs Ha BO3MOXHOCTb MWKPO3MEK-
TPOHHbIX TEXHOMOIMNNA.

B poknape npusogATcs pesynbtaTtbl pa3paboTku HoO-
BbIX MPUHLMMOB PYHKLMOHMPOBAHWSA U NPOEKTUPOBaHWSA
GnXKHENonNeBbIX MWKPOBOMHOBLIX OATYMKOB, TEXHOMO-
rMs NpoM3BOACTBA W Pa3HOBMOHOCTM M3MEpPUTENbHbIX
CMCTEM Ha MX OCHOBe.

Il. OcHoBHasA yacTb

B obnactm CBY ceHcopukM OCOBEHHO aKTyarbHbIM
cTano cosgaHue KOHTPOSIbHO-U3MepPUTESbHbIX CPeacTB
Ons BNaroMeTpuv manopasMepHbiX Mpob, nonynpoBoA-
HWKOBOrO MaTepuanoBedeHust U TEXHOMNOIMW, TOMLLMHO-
MeTPUM TOHKUX NOKPbITWIA 1 T.N. Ocobbln uHTepec ycTa-
HOBWMCH K CKaHWMPYIOLLE MUKPOBOSTHOBOW MMKPOCKOMMUK,
Kak ogHOMY 13 3O(PEKTUBHBIX MHCTPYMEHTOB (PU3N4eCKnX
uccneaoBaHUin HaHOMaTepuanoB U HaHoTexHonoru [3].

CyllecTBeHHO BO3pocnu Takke TpeboBaHusA K fo-
KanbHOCTU M MHOronapameTpOBOCTU KOHTPOSS, pacluu-
peHuo AnanasoHa 3HaYeHUN KOHTPONUPYEMbIX BEMUYWH
¥ NOBBILLEHNIO YYBCTBUTENBHOCTY.

B kayecTBe npumepa [ocTaTtoyHo npuBecTn Ges-
3MEKTPOAHYI ANarHOCTMKY MOMynpoOBOAHUKOBLIX Nna-
CTUH W 3nuTakcmanbHbIX NNeHoK. Ha coBpemMeHHOM aTa-
ne TpebyeTcs KOHTPONb TOMLWMHbLI U pacnpeaeneHns no
Nowaamn yaenbHoro ConpoTUBMIEHNS, BPEMEHM XU3HW 1
NOABWXHOCTN HOCUTenew 3apsiaa, CKOpoCTU UX MOBEpX-
HOCTHOW pekoMbuHaummn 1 ap.

Ona peanusauum Takmx TpeboBaHWA B pasnuUyHbIX
obnacTax NpUMEHeHUsi, Kak nokasanu uccrnefoBaHus w
psg aTanoB pa3paboTok, Lienecoobpa3Ho NpPOeKTMpoBaTh
AaTyMK1 NO yHUBEpPCanbHOMY MPUHUMMY, NpeacTasneHne
0 KOTOpPOM AaeT hpyHKUMOHanbLHasa cxema puc. 1.
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Puc. 1. ®yHKyUOHanbHasi cxema ckaHupyrowel
MUKPOBOJTHOU MUKPOCKOMUU.

Fig. 1. The scanning microwave microscopy functional
diagram

B ocHoBe ee MOCTpPOeHWs NeXuT KChnonb3oBaHue
B6rvxKHenoneBoro pe3oHaToOpHOro NepBUYHOrO Npeobpa-
3oBatena (PIM) ¢ anepTypHbIM B3auMogeNCcTBMEM €ro
CBM nonsa n obbekta [4].

Cnctema no3vUMOHMPOBaHMSA MO3BONSAET BblibMpaTh
obnacTtb KOHTpons, BNAOTb A0 NOLUAroBOro CKaHWpoBa-
HUS N U3MEHATb CTEMNEHb BKMOYEHWs obbekTa B none
PN gna perynupoBaHus 4yBCTBUTENBHOCTU. BMmecTe ¢
HemnokasaHHbIMW Ha CXeMe YCTPOWCTBaMW pPasfMyHOro
BO34ENCTBMA Ha OOBEKT (M3nyyYeHue, anekTpuyeckne un
MarHuTHbIe Mons, Temnepartypa u Ap.) CTeneHb BKMYe-
HMS B MONe Takke co3daeT Npeanochifiky MHoronapa-
METPOBOCTW KOHTPOIS.

YkazaHHbin Pl npoekTupyeTca Toxe MNo yHUBEpP-
canbHOMY MpUHUMNY 3a CYEeT Bapuauuu anepTypHOro
y3na. B 3aBucumocTtu o1 Tpebyemoit nokanbHoCTH, YyB-
CTBUTENBLHOCTU U AMANA30HHOCTU 3HAYEHWI KOHTPONU-
pyeMon BenuuMHbl TeoOMeTpust anepTypbl MOXeT ObITb
pasnuyHoMN.

YHuBepcanbHOCTb (PYHKLMOHMPOBaHWUSA M MHoronapa-
METPOBOCTb KOHTPONsi 6asnpyeTcst Ha pasnuyHbIX Croco-
6ax hOpMUPOBaHKS CUrHANOB M3MEPUTENBHON MHAOPMa-
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umm u3 dyHoameHTanbHbIX napameTtpos PIl1, cBsidaHHbIX
C €ro pe30oHaHCHOW 4acToTol M [obpoTHOCTH. B cBoto
ouvepeb, 3TV napameTpbl CBA3aHbl C PyHAaMEHTanbHbIMU
CBOWCTBAMU OOBEKTOB, KOTOPbIE OMUCHLIBAIOTCHA Yepes3 KOM-

MNeKcHble 3HauYeHUs AnanekTpudecko & = ¢'(1- jtgd, ) U
MarHUTHOM [ = M'(l _ jtg5u) MPOHMLIaEMOCTel.

YnpasneHve vyscTButenbHocT PI1I BO3MOXHO no-
OnanasoHHO nyTeM Bblbopa TEXHUYEecKMx CpeacTB no-
criefeTekTopHOn ob6paboTkM CMrHamoB M3MepUTENbHON
nHopMaLmK.

Mo Takomy mpuHUMNy paspaboTaHbl NpUBOpHbIE ps-
Obl U3sMepuTenemn coaepxaHus BoAbl B pasnmyHbIX 06b-
eKTax, TOMLMHOMEPOB, n3mMepuTenen yaensHoro conpo-
TUBMNEHUS NOMYNPOBOAHWUKOBLIX MaTepuanos, BpeMeHu
XU3HW HOCMTEenen 3apsiga, UX NOABWKHOCTU U CKOPOCTH
NOBEPXHOCTHOW pekombuHaumm [5].

B ocHOBY (pyHKLMOHMPOBaHWSA BrinXHenoneBbIX aky-
CTO3NEKTPOHHBIX AATYMKOB HOBOMO MOKOSEHUS MOoXe-
Hbl COBpEMEHHble uaen BO3BYXAeHWA W AeTeKTuposa-
Hus [AB, no3BonuBLUME CYLLECTBEHHO YMyYlWUTb MeT-
ponoruyeckve nokasarenu aTinkos U3N4ecKux Benu-
YWH AN TEXHUYECKUX NPUMEHEHWIA.

MmMnegaHcomeTpuyeckne Aatyumku Takke pasBuTbl B
HanpaBfieHNM MOBbILEHUSI FOKaNbHOCTU W YyBCTBU-
TENbHOCTM 3@ CYET MCMOMNb30BaHNA HOBbIX KOHCTPYKTU-
BOB 3NIEKTPOAMHAMUYECKMX CUCTEM W WHTemnnekTyanu-
3auUmm U3MepuTENbHbIX NPOLIECCOB.

lll. 3akno4yeHue

B pesynbTate npoBedeHHbIX WCCNeaoBaHuii U pas-
paboToK HAay4HO 0BGOCHOBAHO W TEXHUYECKN peann3osa-
HO PSiA HOBBIX MPUHLMMOB MOCTPOEHUS MUKPOBOJTHOBBIX
AaTUYMKOB PasfNYHbIX (PUSNYECKUX BEIMYMH C METPONO-
TMYECKUMU XapaKTEPUCTUKAMU U MnokasaTensMu, yryd-
LUEHHbIMY B HanpaBfieHW MOBbILLEHWS! NIOKaNbHOCTU U
YYBCTBUTENMBHOCTM, PacLUMPEeHVe [aManas3oHOB KOHTPO-
NMpYeMbIX 3HaYeHWH U MHOroMapaMeTPOBOCTU KOHTPO-
nsa. Co3gaHHble AaTyMKU OTNNYAKTCS OT MpendblayLuero
NOKONEHUA YHUMMKaLMEN reHepaTopoB MUTAHKUSA YyBCT-
BUTENbLHOIO 3NEeMEHTa, ero Mo3ULMOHNPOBAHNUA U CUC-
TEeM nocrneneTekTopHo 06paGoTKM  M3MepUTENbHbIX
curHanos. 3OTO cos3daeT MNPEeAnochIki MaccoBOro UX
NPOU3BOACTBA U LUIMPOKOTO BHEAPEHUS.
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Abstract — The article represents results of investigations
and development of new principles of functioning and construc-
tion concerning microwave sensors of various physical parame-
ters of materials and objects which have carried out for im-
provement its metrological characteristics and increasing the
sensitivity and localization precision, for the range expansion of
controlling parameters and for increasing a number of control-
ling parameters.

|. Introduction

Development of radio-wave, acousto-electronic, ultrasonic
and radio-acoustic methods of controlling of materials, environ-
ments and objects has determined the formation of a new direc-
tion of technical diagnostics - microwave near-field sensor engi-
neering. A microwave, impedance and acousto-electronic sensor
means [1, 2] play an important role in it. Thus, the area of applica-
tion of these methods and means has essentially enlarged, what
forced to create a new generation of sensors, including sensors
which intended for using in high intellectual systems.

Il. Main Part

In the field of microwave sensor engineering, the creation of
control and measuring means for moisture control of low-sized
samples, science and technology of semiconductor materials,
measuring of thin coverings etc, became especially urgent.
Special interest represents a scanning microwave microscopy
as one of effective tools for physical investigations of nanoma-
terials and nanotechnology [3].

Also, the requirements to localization precision and multi-
parametric control, expansion of a range of meanings of con-
trollable parameters and increasing of sensitivity are essentially
increased.

For realization of such requirements in various areas of ap-
plication, as researches and number of stages of development
have shown, it is expedient to project sensors by a universal
principle. The conception about it is shown on the function
chart, see fig. 1. In a basis of its construction lies the primary
near-field resonator converter (RPC) with an aperture mode
interaction between microwave field and an object [4].

In a basis of functioning of acousto-electronic sensors of
the new generation the modern ideas of excitation and detect-
ing are fixed which allowed improving a metrological index of
sensors of physical sizes for technical applications essentially.
Impedance sensors are also advanced in a direction of increas-
ing the localization sensitivity at the expense of using new de-
signs of electrodynamical systems and intellectualization of
measuring processes.

I1l. Conclusion

As a result of performed investigations and developments, it
is scientifically proved and technically realized a number of new
principles of construction of microwave sensors for various
physical parameters with metrological characteristics and pa-
rameters which are improved in a part of a localization sensitiv-
ity, expansion of ranges of controllable parameters and multi-
parameter index of a check-up, are technically realized. The
created sensors are differed from the previous generation by
unification of supplying of a sensitive element, its positioning
accuracy and structure of system of measuring signal process-
ing. It creates the preconditions of their mass manufacture and
wide introduction.
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