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3. CyTb po3poOKH, OCHOBHI pe3yIbTaTH

(yxp.)

OTpumMaHO CIIBBIJHOUIEHHS JJIsI PO3paxyHKY pEe30HAaHCHHUX YacTOT 1 J0OpOTHOCTI
YaCTOTHOCEJICKTHUBHUX TNPHUCTPOIB HA OCHOBI TOHKHUX IieNEKTPUYHMX pe3oHaropiB. IloxuOka
po3paxyHky He mnepeBuirye 1...2% mnpu po3paxyHKy dYactoT 1 5...7% mnpu po3paxyHKy
JTOOPOTHOCTI PE30HAHCHOT CUCTEMH, 110 JI03BOJISIE AaBTOMATU3YBAaTH PO3POOKY TaKUX MPUCTPOIB.

[Toka3zaHo, 1110 HA OCHOBI TOHKUX IiENEKTPUYHUX PE30HATOPIB MOXKYTh OyTH CTBOPEHI (iIbTpH
HBY Ta keposani (azoobepraui HBY 3 xapakTepucTukamMyu NPURHATHUMHU A7 TPAKTHYHOTO
3aCTOCYBaHHSI.

JloBeZieHO, IO HAMIBIPOBITHUKOBI CTPYKTYpH, Taki SK p-i-n giogw, BusBisiiore HBY
TeNeKTPUYHI BIACTHBOCTI Ta MOXYTh OyTH BHKOPHCTaHI B MIJTIMETPOBOMY Jiama3oHi JOBXKHH
XBHJIb SIK PE30HAHCHI €JIEMEHTH.

OCHOBHOI0 TEPEeBarol0 BUKOPUCTAHHSA HAMIBIPOBIIHUKOBUX PE30HAHCHUX CTPYKTYp €
MOJIMBICTh peaii3allii eIeKTPOHHOTO KEpyBaHHS pE30HAHCHOI0 YacTOTOI0, IO 3HAYHO
3011bIIyE X (YHKIIOHATBHI MOKITUBOCTI.

3anpornoHOBaHO KOHCTPYKIiI0O KEpOBAaHOI HAJBHUCOKOYACTOTHOI CHCTEMHM HA OCHOBI TOHKOTO
TeNEeKTPUYHOTO PE30HATOPa, KA MICTUTh PE30HAHCHUI €JIEMEHT, PO3TAIIOBAaHHM Y BIIpPI3KY
XBHJICBOJly, Ta KEPyBaJIbHUI €JIEMEHT 1 BIAPIZHAIOTHCSA BiJl BIIOMHX aHAJOTIB THM, IIO 5K
PE30HAHCHUN €JIEMEHT BUKOPUCTAaHO TOHKHUH ICNEKTPUYHHIA pE30HATOp, a SK KepyBaJbHHM
€JIEMEHT — KPOKOBHUH JIBUT'YH, KEpOBaHHUH MIKPOKOHTPOJEPOM. 3asiBJICHE TEXHIUYHE PIIICHHS
HiABUIIUTh TOYHICTh KEpyBaHHsS, 3MEHIIUTh KEpyBaJbHY HANpyry Ta YCyHE Mpodiiemy
ricrepesncy, BIacTUBY I1"€30KEPOBAHUM CUCTEMAaM.

3anpornoHoBaHO KOHCTPYKIil ¢iabTpy Ta (asoobeprada MiIIMETPOBOrO Jiama3oHy JAOBXKHH
XBWJIb 3 €JIGKTPOHHUM KEpPYBAaHHSM Ha OCHOBI HAIMiBIPOBIIHUKOBOI P-i-N-CTPYKTYpPH, SIKA €
PE30HAHCHHUM eJIeMeHTOM. EnexTpodi3uuHi BIaCTUBOCTI P-i-N-CTPYKTYPHU 3ajeKaTh BiJl IPSIMOTO
CTpyMy, IO TPOMYCKAEThCA Kpi3b Hei. 3amponmoHOBaHA KOHCTPYKIiSI JO3BOJSE BUPIIIUTH
npobiaeMy 3MEHIIEHHS KEepyBaJbHUX Hampyr 1 MiJBUIICHHS IIBUIKOCTI MNEPECTPOIOBAHHSA
PE30HAHCHOI YaCTOTH 32 PaXyHOK BiZICYTHOCTI IHEPIIMHUX PYXOMHUX YaCTHH.

OsnaueHi mpucTpoi A00pe Y3rOMKYIOThCA 3 MIKPOCMYXXKOBHUMH JIHISIMH 1 MOXYTb OyTH
BUTOTOBJICHI 3a J00pe BiANPalbOBAHOK IUIAHAPHOK TEXHOJIOTIE0, IO JO3BOJUTH B
MaiOyTHROMY CTBOPIOBATH B €IMHOMY TEXHOJOTIYHOMY ITMKJII HAa OJHIN MiAKIAIII CXEMH, IO
MO€IHYIOTh AKTUBHI KOMIIOHEHTH, PE30HAHCHI MPUCTPOI Ta JiHII nepeaadyi.

(poc.)

[lomyyeHbl  COOTHOLIEHMS s pacyeTa  PEe30HAHCHBIX  YacTOT W JOOPOTHOCTH
YaCTOTHOCEJCKTHBHBIX YCTPOHCTB Ha OCHOBE TOHKHX JHUAJIEKTPUYECKHX PE30HATOPOB.
[TorpemHocTs pacuera He npesblmaeT 1 ... 2% mpu pacuere yactoT U 5 ... 7% mnpu pacdere
TOOPOTHOCTH PE30HAHCHOM CHCTEMBI, YTO IO3BOJISIET AaBTOMATHU3UMPOBATh Pa3pabOTKy TaKuX
YCTPOMCTB.



[TokazaHo, 4TO Ha OCHOBE TOHKHX JUAJICKTPHUYECKHX PE30HATOPOB MOTYT OBITH CO3JaHBI
¢ubTpel CBY u ynpasisiemble ¢azoBpamiarenn CBY ¢ xapakTepucTUKaMy NMPUEMIIEMBIMH 151
MPaKTHYECKOTO MPUMEHEHHUSL.

Jloka3aHo, YTO MOJYIPOBOJHUKOBBIE CTPYKTYpBI, Takue Kak p-i-n nuoasl, Ha CBY mposBisior
JHMAJIEKTPUYECKUE CBOMCTBA M MOTYT OBITh MCIOJIb30BaHbl B MUJUIMMETPOBOM JHANa30He JUINH
BOJIH KaK PE30HAHCHBIC JIEMEHTHI.

OCHOBHBIM TPEUMYIIECTBOM HCIOJIBb30BAaHHS MOJYIPOBOJAHUKOBBIX PE30HAHCHBIX CTPYKTYP
SIBJSICTCS. BOSMOKHOCTh pEajM3aliy 3JICKTPOHHOTO YIPABJICHHS PE30HAHCHOW YaCTOTOHM, YTO
3HAYUTEIHHO YBEIUUUBACT X (PYHKIIMOHATBHBIC BO3MOKHOCTH.

[MpeanoxeHa KOHCTPYKIMS YIIPABISEMOH CBEPXBBICOKOYACTOTHOM CHCTEMbI HA OCHOBE TOHKOT'O
JHMAJIEKTPUYECKOTO PE30HATOPA, KOTOpask COJACPKUT PE30HAHCHBIN JJIEMEHT, PacliOIOKCHHBIN B
OTpe3Ke BOJHOBOJA, a TAKKE YIPABIISIONIMN JJIEMEHT M OTIMYAETCS OT M3BECTHBIX aHAJIOTOB
TEM, YTO KaK PE30HAHCHBIN AJIIEMEHT MCIOJIBb30BaH TOHKUI JHAIEKTPUUYECKUI Pe30HaTOp, a KaK
YIPABISIOIIMIA  3JEMEHT - [IAaroBbI JIBUTATENb, YHPABISEMBII MHKPOKOHTPOJLICPOM.
3asBJICHHOE TEXHUYECKOE PEIICHHE MOBBICUT TOYHOCTH YIPABICHUS, YMECHBIIUT YIPABISIOIICE
HaNpsDKEHHE H  YCTPAaHHT  MpoOJieMy  THCTEpe3uca, CBOMCTBEHHYIO  CHUCTEMaM  C
MbE30YyNPABICHUEM.

[Mpeanoxensl KOHCTpYKIHMK (WiIbTpa ¥ (a3oBpariatesss MHUIMMETPOBOTO JAMAIia3oHa JUINH
BOJIH C DJICKTPOHHBIM YIPABICHUEM Ha OCHOBE MOJYIPOBOJHUKOBOH P-i-N-CTPYKTYpHI, KOTOpAst
SIBJSICTCSl PE30HAHCHBIM 3JIEMEHTOM. DJIEKTPOPH3MYECKUE CBOMCTBA P-i-N-CTPYKTYPHI 3aBHCAT
OT MPSIMOTO TOKA, IPOITyCKaeMoro 4yepe3 Hee. [IpeioskeHHass KOHCTPYKIUS TIO3BOJISICT PEIINTh
npo0iieMy yMEHBIIECHHS rabapuUTHBIX Pa3MEpPOB, YMCHBUICHUS YIPABISIONIMX HANPSDKCHUH U
MOBBIIICHUS] CKOPOCTH TIEPECTPOMKH PE30HAHCHOM YacTOTHI 332 CUET OTCYTCTBHSI WHEPIIMOHHBIX
JBHKYILIUXCS YaCTEN.

VYka3aHHBIE YCTPOWCTBA XOPOILIO COTJIACYIOTCS ¢ MUKPOIOJIOCKOBBIMH JIMHUSIMH U MOTYT OBITh
M3rOTOBJICHBI TI0 XOPOIIO OTPaOOTaHHOH ITAHAPHOW TEXHOJIOTHH, YTO MO3BOJIUT B OYIyIIeM
CO371aBaTh B CIMHOM TEXHOJOTMYECKOM IIMKJIEC Ha OJHOM MOJJIOKKE CXEMBbI, COYETAIOIIUE
aKTHBHBIC KOMIIOHEHTBI, PE30HAHCHBIC YCTPOMCTBA M JIMHUH NIEPEIayu.

(anra.)

Equations for the of the resonant frequency and Q-factor calculation for frequency-selective
devices based on thin dielectric resonators are found. Calculation error is less than 1 ... 2% for
frequency and 5 ... 7% for Q-factor These equations can be the base for automatisation of
calculations during the design of the devices on the base of thin dielectric resonators.

It is shown that on the basis of thin dielectric resonator can be created filters and controlled
microwave phase shifters of UHF range with the characteristics suitable for practical use. It is
proved that the semiconductor structures, such as p-i-n diodes, exhibit Microwave dielectric
properties and can be used as resonant elements in the millimeter wavelength range.

The main advantage of such semiconductor resonance structures is the ability to implement the
resonance frequency electronic control, which considerably increases their functionality.

The design of controlled microwave systems based on the thin dielectric resonator is proposed.
This design comprises a resonant element disposed in the waveguide, and the control element.
As resonant element is used thin dielectric resonator, and as control element is used stepper
motor controlled by the microcontroller. The claimed technical solution will increase the control
accuracy, will reduce the driving voltage and will eliminate hysteresis inherent to piezoelectric
systems.

The constructions of the millimeter waveband filter and phase shifter based on a semiconductor
p-i-n-structures are proposed. In These constructions p-i-n-structure in the same time play two
roles: firstly it is a resonator and secondly it is a control device. An electrical properties of such-
structure depend on direct current which pass through it. The proposed design solves the problem
of reducing the overall size, reducing the control voltage and improving the control of the
resonance frequency adjustment rate due to lack of inertia of moving parts.

These devices are well consistent with the microstrip lines and may be made by well-established
planar process. This fact in the future can help to combine in a single process cycle on a single
substrate the active components,the resonant devices and the transmission lines.
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