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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AkTyaabHicTh Temu. Hansrucokouactoruuit (HBY) ta kpaliBucoko4acTOTHUM
(KBY) gianazoHu TpaauIiiHO BUKOPUCTOBYIOThCA 1J1s1 popMyBaHHA 1HPOpMALIITHUX
KaHAJIIB B KOCMIYHIM TEXHIlLl, KOMII IOTEPHUX MeEpekax 1 Mepexax MOOUIBHOro
3B’s3Ky. OpHOi 3 0araThOX BUMOI NpH KOHCTPYIOBaHHI MpUIMAayiB CTaHLIA €
JOCSTHEHHSI BHMCOKOTO piBHS BHOIPKOBOCTI, TOOTO 3AaTHOCTI pajionpuiimMaya
BUJIUISITH 3 YCIX PI3HUX 3@ YACTOTOI HAAXOJSIYMX CUTHAIIB, TUIbKU Ti, HA YaCTOTY
AKUX BIH HajamToBaHWM. OCKUIBKM YHCIO TNEpelaBaIbHUX paJlOCTAHIIM, SKi
BILUIMBAIOTh HAa AaHTEHY INpuiiMaya BEJMKE, BIH MOBUHEH MaTH 3/1aTHICTb y OaraTto
pa3iB mocnabIIoBaTH MPUMOM CUTHAIIB THUX 3aBAXKAIOUUX CTaHIlIN, K1 HABITh TPOXHU
BIJIPI3HSIOTHCA MO YAacTOT1 BiJl MPUHHATOI, TOMY XapaKTEPUCTUKU CTAHIII 3HAYHO
3aJIeXxaTh BlJ €JIEKTPUYHUX MapaMeTpiB 0araToOJIaHKOBUX CMYTOBHX (UIBTPIB, ILIO
BCTAHOBJIIOIOTHCS B MpHiiMadax nux cranuiil. Cepen BiIOMUX (PUIbTPIB KOHCTPYKIIL
Ha OCHOBI YaCTKOBO 3allOBHEHHUX XBUJIEBOJHO-AIENEKTPUUHUX pe3oHaTopiB (X/P) 3
BUKOPUCTaHHAM Jeikocangupa ado KBaplly, 3aiiMaiOTh 0COOJIMBE MICLE BHACIIAOK
BHCOKHMX MOKA3HMKIB IKOCTI, SIK HAaIPUKJIaJl, BUCOKA BIacHa JOOPOTHICTh, PIAKICHHIA
CHEKTP Mapa3uTHUX CMYT, BUCOKUN PIBEHb MOTY>KHOCTI, 1110 IEPEIAETHCA.

YacTtkoBe 3amoBHeHHS B H-miommuHiI XBWIEBOLY J03BOJIAE peani3yBaTu
KOJMBaHHA KBa3i-Hjp;, Taki KOHCTpyKuii QLIBTPIB JO3BOJSIOTH MAaKCUMAaJIbHO
BIITAIUTH Mapa3suTHYIO0 CMYTY (uIbTpa: 10 MOJBOEHOK POOOYOi YACTOTH 1 BHUIIE.
YacTtkoBe 3anoBHEHHS B E- TUIONIMHI XBUJIEBOAY /103BOJISIE€ peani3yBaTu KOJMBAHHS
LMo, n0OpOTHICTH Takux (UIBTPIB B MHIBTOpa — JIBa pa3ud BULIE JTOOPOTHOCTI
(1IBTPIB 3 YACTKOBHUM 3allOBHEHHSAM B H-miomuHi, 0HAK, Mapa3uTHAs cMyra y LHX
KOHCTPYKUIN Onmx4de 10 poOovoi, HiX y HUX. Po3poOLi MeToy IHTENEKTyalbHOro
CUHTE3y Ta onTuMizamii Big3HaueHux HBY-(inbTpiB 1 mpucBsueHa aucepraliiiHa
pobora.

Tpaguuiiino  3aBnaHHd ~ napamerpuyHoro  cuHtesy — HBU-dinbrpis
BUpILIyBaNacs MLUISXOM 3aCTOCYBaHHA MapaMeTpiB MNPOTOTHUIHOI CXEMHU Teopii
JAHIIOTIB B $KOCTI BUXIAHMX [UJIs MPOLEIYpH ONTHUMI3alli 3 BHKOPUCTAHHAM
iTepauiiinux MeroxniB. Takuil miaxia 1 mporpamHe 3a0e3leueHHs Ha HOro OCHOBI
Maju HU3bKY €(EeKTHUBHICTh MOLIYKY TJ00ATBHOIO €KCTPEMYyMYy LUIbOBOI (DYHKIIII,
10 MPHU3BEJIO 10 HEOOX1AHOCTI BUKOPUCTAHHA HOBUX METOJIB IITYYHOI'O 1HTEJIEKTY.
CyvacHuil cucTeMu aBTOMAaTH30BaHOro mpoekTyBaHHs HBY-mpuctpoiB, Taki sk
AWR Microwave Office, CST Microwave Studio, AnSoft High Frequency System
Simulator, Sonnet Suites um pWave Wizard, 118 BupllIeHHS 3aBIaHHSA
apaMeTPUYHOIO CUHTE3Y BUKOPUCTOBYIOTh HITYYHI HEHPOHHI MEpeXi 1 €eBPUCTHYHI
QITOPUTMHM, TaKl SIK: TEHETUYHl, MypallhHl, COPHAKOBUE Ta iHIII. J(aHi mMeTonu €
YHIBEpCaJIbHUMHU, aji€é HE BPAaXOBYIOTh CHEUU(]PIKY MPOEKTOBAHUX MPHUCTPOIB, 11O B
CBOIO Yepry MPU3BOJUTH A0 TAKUX HACHIJKIB, SIK PI3KE 3POCTAaHHSA «IIPOLECOPHOIO
yacy» 1 HEMOXJIMBICTh OTPHUMAHHS ONTUMAJIBHOIO PIIIEHHS B MNPUHHATHOMY
4acoBOMY 1HTepBadi. B 1minoMy ciijl po3yMmiTH, OO0 HHU3bKA MPOAYKTHBHICTH IUX
METO/IB OOYMOBJIEHa THM, LI0 NEepeBa)kHa OLIBIIICTh Bapialiil (K, HaNpUKIa,
OTpUMaHHS HOBOI MOMYJISIIIi B TEHETUYHUX alTOpUTMax), a00 BUMAJKOBE 3MIHEHHS
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rapaMeTpiB ONTUMI3allll B IPAAIEHTHUX METOJIaX € HEOOIPYHTOBAHUMU 3 TOUKHU 30y
€JIEKTPOJAMHAMIKHY IPOLECIB.

Tomy  akryanpHOO ~ CcTae  po3poOKa  albTEPHATUBHOTO  METOIY
IHTEJEKTYyaJIbHOTO CUHTE3Y, KU CIUpaeThcsl Ha opMasizoBaHi 3HaHHS IPOBIAHOIO
eKkcrepra B JaHid o0JacTi Ta CTPOri €JNEeKTPOAMHAMIYHI MOJENl MPUCTPOiB, WIO
onTuUMi3ytoThes. JlaHi 3HaHHA € ocHOBOWO ekcriepTHoi cuctemu (EC), kiatouoBa iges
AKOI TOJIATa€ B aHalI3l aMIUIITyJIHO-4acTOTHOI Xxapaktepuctuku (AYX), sxa
pPO3pPaxOBYEThCS HAa OCHOBI PpIlIEHHS €IEeKTPOJMHAMIYHOI 3ajayl pPO3CirOBaHHS
eJeKTpoMarHiTHOi xBuil Hjy Ha OaraTronaHuioroBiil pe30HAHCHIA CTPYKTypi, IO
YTBOPEHA JIAHIIO’KKOM 3B’ SI3aHUX PE30HATOPIB.

38’5130k po0OTHM 3 HAYKOBHMH NpOrpamMaMu, IUIaHAMHU, TeMamMH. Tema
aucepTaliiHoi poOoTu Oe3nmocepeHhO TMOB’s3aHa 3 OCHOBHUMHU HamlpsiMKaMu
PO3BUTKY TEJIEKOMYHIKalId YKpaiHu, BU3HaueHUMU B 3akoHax VYkpainu «Ilpo
OcHOBHI 3acagu pO3BHUTKY I1H(OpMALIKHOIO cycnuibcTBa B YKpaiH», «IIpo
Konuenuiro HamionaneHoi mnporpamu  iHpopMmartuzaiii», «IIpo Hamionansny
nporpamy iHdopmartuzailii», nocraHoBoro BepxoBHoi Pagu Ykpainu «IIpo ocHOBHI
3aBJAaHHS BIPOBAKEHHS 1HPOPMALIIITHUX TEXHOJIOT 1.

Hucepramiitna po6Gota BukoHaHa Ha kadeapi «Cucremu 1HQopMaLii»
¢pakynabTeTty «KoMm’rorepHux Ta 1H(QOpMaUIHHUX TexXHodorii» HaroHnanbHOro
TEXHIYHOTO YHIBEPCUTETY «XapKIBCbKHI MOJITEXHIYHUN IHCTUTYT». PesynbTaTn
poOOTH BUKOpHUCTaHI mpu po3podil BucokouyTiuBoi HBY-amapatypu B pamkax
HayKOBO-JIOCHIAHOT ~ pobotn  «Po3poOka,  BUTOTOBJIEHHA 1  IOCTa4aHHS
panioactpoHoMmiuHoi npuiiManbHOi cucteMu (PIIC) nns ocHaleHHS aHTEH MalluX
paaioreneckomniBy, mupp «Ksazap-M-Carypn», Homep aepkaBHOI peecTparii
01120007540 Bix 22.11. 2012 p., B sKii AHCEpTaHT OYB BUKOHABLIEM.

Meta i 3aBaaHHs AociaigxkeHHA. MeTo0 TOCHIIKEHHS € POo3poOKa METOIy
IHTEJEKTyaJIbHOIO CHHTE3y Ta ontuMizauli koHcTpykuid HBY-¢dinbeTpiB Ha OCHOBI
Y4acTKOBO 3anmoBHeHUX X/IP, 110 cnupaeThcss HA TEXHOJIOTIT MITYYHOTO 1HTENEKTY, a
caMe eKCIepTHI CHCTEeMM Ta CTpPOrl MaTeMaTH4HI MOJENl MPUCTPOiB, MIO
ONTHUMI3YIOThCS.

JI71st TocsATHEHHS TOCTABJIEHOI METU C(hOPMYJIbOBaHI HACTYIIHI 3aB/IaHHS:

1. AHalni3 mnpeaMeTHoi 007acTi, ICHYHYMX METOMAIB ONTUMI3alii Ta
porpamMHoro 3adesneyeHHs npoekryBanHs HBU-npuctpois.

2. Po3poOka Meroay IHTENEKTyaldbHOro cuHTEe3y OararonankoBux HBY-
¢binpTpiB HAa ocHOBI X/IP 3 wacTtkoBuM 3amoBHeHHsM B H- 1 E- miomuuax, mio
CIIUPAETHCS HA CTPOT1 €IEKTPOIUHAMIYHI MOJIENI.

3. Po3pobka cTtporux mareMaTuuHuxX Mojeied OaratonankoBux HBUY-
¢inpTpiB 3 XJIP vwacTkoBo 3anoBHeHHUMU B H- Ta E- miomiiHax Ha OCHOBI METO/IIB
y3arajlbHeHO1 MaTPHUIll PO3CIIOBaHHS 1 YACTKOBUX 00JIaCTeH, JOCHII>KEHHS 301KHOCTI
PO3pO0JIEHUX MOJIETIEH.

4. Po3pobka POTrPaMHOTO 3a0€e3IeueHHs aBTOMATH30BAaHOTO
npoektyBanHss HBUY-¢dineTpiB Ha 06a31 po3poOieHOi eKCHepTHOI CHUCTEMHU 1
MaTEeMaTUYHUX MOJEIIEH.



5. ExcniepuMeHTanpHe MIATBEPIKEHHS Mpale3JaTHOCTI PO3pOoOIEHOro
METO/AY, BUPILIEHHS MPAaKTUYHUX 3aBlaHb cuHTe3y 1 ontumizauii HBY-dinbTpis,
MOPIBHSAHHS PO3PaXOBAHUX KOHCTPYKIIIH 3 BIJIOMUMHU aHAJIOTaMHU.

O0’€KkTOM JOCITIAKEHHS € MPOLEC aBTOMATU30BaHOTO npoekryBaHHa HBY-
(GUIBTPIB HA OCHOBI XBHJIEBOJHO-IICJICKTPUYHUX PE30HATOPIB 3 YaCTKOBUM
3anoBHeHHAIM B H- 1 E- miommnax.

IIpeameTom AoCHiTKEHHS € METO]T IHTEJIEKTYaIbHOTO CUHTE3Y Ta ONTUMI3AIlil
koHcTpykuUid HBY-1apTpiB Ha OCHOBI 4acTKOBO 3anoBHEHUX X/IP.

Metoau nociaigxeHHsi. 3aBAaHHSA AHUCEpTAIiiHOT poOOTHU BUpilIyBajacs 13
3aCTOCYBaHHSAM 4YHCEIbHO-aHANITUYHUX METOAIB enekTpoauHamiku HBY (Meton
y3arajlbHeHOi MAaTpHUIll PO3CIIOBaHHSA, METOJ YacTKOBUX o0O0JlacTeil), METOIIB
IITY4YHOTO 1HTENEKTY (EKCIEepTHI CHUCTEMH), CYYaCHMX METOMIB 1 TEXHOJIOTiH
nporpamysanus (OOII, C ++/ CLI).

HaykoBa HoBu3Ha po0oTu. BcTaHoBNEH1 B nucepTalii HAyKOBI MOJOKEHHS €
CYTTEBHUM JIOIOBHEHHSIM 3HaHb, HEOOXIJHUX [JJS PO3BUTKY BHUCOKOSKICHOI
€JIEMEHTHOI 0a3M paJloTeIEKOMMYHIKAI[IOHHUX TEXHOJIOTH YKpaiHu Ta CBITY, a caMme
pilIeHHs 3a7a4l aBTOMaTU30BAHOI'O MPOEKTYBAaHHS OaraToJaHLIOrOBUX (DUIBTPIB Ha
OCHOB1 4acTKOBO 3amoBHeHMX X/P. ¥ nuceprtaiiiiHii poOOTI OTpMMaHl HACTYIIHI
pe3yNbTaTH, K1 XapaKTepU3yIThCSA HAYKOBOIO HOBU3HOIO:

1. Brnepie po3po0biieHO METOJT IHTENEKTYaJIbHOTO CUHTE3Y
OararonankoBux HBU-dinbTpiB Ha ocHOB1 X/IP 3 uacTkoBuM 3anoBHeHHsIM B H- 1 E-
IUIOLMHAX, 1110 CIUPAETHCS HA CTPOT1 €JIEKTPOAMHAMIYHI MOJIEN] Ta KU, Ha BIAMIHY
BlJl ICHYIOUMX, HE BHMMAra€ BiJi KOHCTPYKTOpa MPOBEACHHS aHali3y 4YyTJIHMBOCTI
CTPYKTYpH, BKa31BKU JOIYCKIB 1 MapaMeTpiB IO BIUIMBAIOTh HAa LIUJIBOBY (PYHKIIO;
3MiHa MapaMeTpiB  CTPYKTYPH, SIKa ONTUMI3Y€TbCS, BIIOYBA€ThCS Ha I1JICTaBI
€KCIIePTHOI OLIHKH, L0 3BOJUTH 1O MIHIMYMY 4YHCIO (PI3UYHO HEOOIpPYHTOBAHUX
iTepaliil NoIyKy eKCTPEMYMY LLIIbOBOT (yHKIIIT.

2. Bnepmie po3pobiieHO cTpori MareMmMaTH4Hi MOJENl OpUTiHAJIbHUX
6araronankoBux HBY-dinbTpiB 3 yacTkoBO 3anoBHEHUMH X /[P, BIIMIHHICTIO SIKUX €
BUKOPUCTAaHHSA METOJIB y3arajJbHEHOI MaTpPHIIl PO3CIIOBAHHS 1 YACTKOBUX OOnacTei,
0 Ja€ MOXIJIMBICTh BpaxyBaHHS JOBUIbHOI KUIBKOCTI XBWJIb B I103aMEKHOMY
XBUJIEBO/II.

3. Brnepie po3pobieHo cnocid ontumizauii koHcTpykuii HBUY-dinbTpis
Ha OCHOBI 4acTKOBO 3amoBHeHMX X/IP 3a TakumMu mapamerpamu siK: KOe(DIL€HT
NPSMOKYTHOCTI, YacTOTHE TMOJOXKEHHA Tnoitoca 3aracanHd AYX ¢uibTpa,
MaKCUMaJlbHa YaCTOTHA BIJICTaHb A0 Mapa3uTHOIO CMYTH, IKUH COIUPAETHCS HA HOBHUMA
METO/ IHTEJIEKTYaJbHOTO CUHTE3Y 1 J03BOJIE€ 3HAYHO 3MEHILIUTH Yac MPOEKTYBAHHS
WX KOHCTPYKIIIH.

IIpakTnyHe 3HA4YeHHsT OTPUMAHMX  pe3yJbTariB.  Bukopucranus
pPO3pOOJICHOT0 METOJly 1HTEIEKTYaJbHOIO0 CHUHTE3y Ta ONTUMI3allii KOHCTPYKIIIN
HBY-¢ineTpiB 3 uyacTkoBo-3amoBHeHMMH XJIP, 110 oOmMpaeTscs Ha CTPOTI
MaTeMaTU4YHl MOJEN1 JO3BOJISIE TPOEKTYBATH (DUIBTPU 3 BUCOKOIO TOYHICTIO 1 3HAYHO
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3MEHIIUTU Yac NpoekTyBaHHsA. Ha 0a3i 3ampornoHOBaHOr0 METOJY CTBOPEHO
nporpamue 3a0e3nedeHHs Sapphire CAD nns aBTOMaTH30BaHOTO MPOEKTYBaHHS
HBY-¢inpTpiB Ha ocHOB1 X/[P.

Po3po6neni cTpori MaTeMaTu4Hl MOJeNi, SKI CIOHPAIOThCS Ha METOJ
y3arajibHEHOi MaTpHIll PO3CIIOBaHHS, AOTh MOXKJIMUBICTh MPOEKTYBaHHSA (PUIBTPIB 3
BHCOKOIO TOYHICTIO HaBiTh B MUIIMETPOBOMY Jlana3oHi XBWJIb, OCKUIBKHU 111 MOJEN1
J03BOJISIIOTH BPAXOBYBAaTH OyAb-SIKY KIJIbKICTh XBHJIb B I03aAMEKHOMY XBHIIEBO/II.

[Toka3aHa MOXIJIMBICTh TEXHIYHOI peai3yeMOCTI CMYroBUX (UIBTPIB, Ha
OCHOBI dacTkoBo-3amoBHeHMX XJ/I[P B KBY pmiama3oHi, 1o BIANOBIAAIOTH
yabTpacydyacHuMm ctangaptram ECMA-387, WirelessHD, IEEE 802.15.3¢ ta IEEE
802.11ad.

[IpoBeneHO MOPIBHAJIBHUN aHAJI3 TOKA3HUKIB SIKOCTI CIIPOEKTOBAHUX (LIBTPIB
13 (piIbTpaMu Ha 1HUIIN eJIeMEeHTHIH 0a3i.

HaykoBi 1 mpakTU4H1 pe3yNbTaTH AUCEPTALIHHOT pOOOTH BUKOPUCTOBYIOTHCS B
HaBYaJIbHOMY IIpolieci Il CTyJeHTIB HalioHambHOrO TEXHIYHOI'O YHIBEPCUTETY
«XapKiBChKUH MOJITEXHIYHUN THCTUTYT» 3 IUCLIUIUIIH «TexHilyHa
eNeKTpoauHaMikay, «YucenbHi Meronu B 1HQopMatuui» Hanpsmy 6.050101.
Pe3ynbrat OCHIIKEHb BUKOPUCTOBYIOTHCS B JUIUIOMHOMY MPOEKTYBaHHI, IO
MIATBEPAXKYETHCS BIIMOBITHUM aKTOM BIPOBAKEHHS.

Po3pobnene nporpamHe 3a0e3nedeHHs BBEICHO B MPAKTHUKY MPOECKTYBaHHS
HBY-¢ineTpiB Ha [TAT «HBII Carypn», o OiATBEPAXKYETHCS BIAMOBIIHUM aKTOM
BIIPOBA/KEHHS.

JIOCTOBipHiCTh HOBHX HAayKOBHX pE3yJbTaTiB 1 BUCHOBKIB AMCEPTaLIHOI
poOOTH MIATBEPIKYETHCS:

- OOIPYHTOBAHICTIO AK IIPUITYLICHB, NPUHAHATUX npu
eJEKTPOAMHAMIYHOMY  MOJICJIIOBaHHI  3aJlad  pPO3CIIOBaHHS, TaK 1 METO/IIB
MaTeMaTU4YHOI (P13UKU;

- BIJIMOBIJTHICTIO PE3YJIbTaTIB MPOEKTYBaHHS THUM, IIO CIHMPAIOTHCS Ha
1HIII MOJEII;

- 30IroM pe3yibTaTiB EKCIEPUMEHTAIbHUX Ta YHUCEIbHO-aHATITUYHUX
JOCIIKEHb KOHCTPYKIIH (1IbTPIB;

- pe3yibTaTaMy MPAKTUYHOTO BHKOPHUCTAHHS 3alPOIIOHOBAHOTO METOIY
CUHTE3Y Ta ONTHUMI3alli KOHCTPYKUIN (QUIBTPIB.

Oco0uBuil BHecok 3100yBava. JlucepraliifHe TOCHIIKEHHS € CaMOCTIHHO
BUKOHAHOIO poOOTOI0, B SKIH B110OpakeH1 0COOUCTUI aBTOPCHKUM MiAX1] 1 0COOUCTO
OTpUMaHI TEOPETUYHI, €KCIIEPUMEHTAIbHI 1 MPUKIIAHI PE3YJIbTATH, IO BITHOCATHCSA
JI0 TPOEKTYyBaHHS OpUTiHaNIbHUX Oaratonanitorosux HBY-dinsTpiB Ha OCHOBI
4acTKOBO 3anoBHeHUX XJIP. VYV mpaisx, onmyOJgiKOBaHMX y CHIBaBTOPCTBI aBTOPY
HaJICXHUTh pPAJ HAYKOBUX 1 NPaKTUYHUX PE3ydbTaTiB: HAa OCHOBI TEXHOJIOT1H
HITYYHOTO 1HTENeKTy, a came EC, po3po0ieHuii MeTol 1HTEIEKTyalbHOTO CUHTE3Y 1
onTHUMi3alli OpUriHaAIBbHUX KOHCTPYKIiM OaratosankoBux HBY-(}inbTpiB 3 4acTKOBO
3anoBHeHnMu XP [1, 4-5, 12, 14-15], BUKOpHUCTOBYIOUM METOAM Y3araJbHEHOI
MaTpHUIl PO3CIIOBAHHS 1 YACTKOBUX oOOyiacTeil po3po0ieHO MaTeMaTH4Hl MOJENI
HBY-¢inpTpiB 3 yacTkoBuM 3amnoBHeHHsM B H- 1 E- mpmommnax [6-7, 13, 16],



CTBOPEHI Ha iX OCHOBI JUHAMIYHO NpHUEIHYBaH1 010110TeKU. 3anpOnOHOBaHUN METO
peanizoBaHUN y BUTJISA/I MPOTPAMHOTO 3a0€3ME€UEHHS] — CUCTEMHU aBTOMATHU30BAHOIO
npoektyBanHss HBY-dinbTpiB Sapphire CAD [8]. Po3pobiien cmnocid ontumizaiii
opuriHanbHUX KOHCTpyKUiit HBU-dinbTpiB 3 yactkoBo 3anoBuenumu XIP [3, 9, 11],
MPOBEJICHO TMOPIBHSAJIBHUX aHami3 3 BIJOMUMHM aHajoramMu (uUIbTpIB Ha
MIKpPOCMY>KKOBUX pe3oHaropax [2, 10].

Anpobaunia pe3dyabTaTiB aucepramii. OCHOBHI pe3yJbTatd poOOTH Oyiu
JOKJIAJeHI Ha MDKHAPOJAHMX HAyKOBO-TEXHIYHUX KoH(pepeHuisax «lIpobiemu
iHpopMmaTHKK 1 MonemoBaHHsS», M. XapkiB 2010 — 2011, 2013, yHiBepCUTETCHKOI
HayKOBO-NPAaKTUYHOI CTYJIEHTChbKOI KoH(epeHuUii «IHdopmaniiiHi TexHONOrii Ta
IHTEJeKTyallbHa BJACHICTH», M. XapkiB 2013, MIDKHapoJIHOI HayKOBO-IPAKTUYHOI
KoH(pepenuii «I[HpopmaliitHI TEXHONOrIi: HayKa, TEXHIKa, TEXHOJIOris, OCBITa,
310poB’s», M. XapkiB 2014 poky, MIKHApOJHOI HAYKOBO-IIPAKTUYHOI KOH(epeHIii
«MarematyHe Ta TmporpamMHe 3a0e3lEyYeHHs I1HTEJNEKTYaJIbHUX CHCTEM)», M.
Huinpornerposckk 2014 poky, HayKOBO-TEXHIYHOT KOH(EPEH1ii CTyIEHTIB, MaricTpiB
Ta acnipaHTiB «lHpopmaTuka, ynpaBiIiHHS 1 IITYYHUN 1HTEAEKT», M. Xapkis, 2014 —
2015, a Takox yBIMIUIM B 3aMOBHY IUUIEHapHY JOINOBi/b HAYKOBOIO KEpiBHHMKAa Ha
MIKHapo HIi KoH(pepeHnuii: International Conference and Exhibition on Satellite, At
August 17-19, 2015 Houston, Texas, USA (Big3HaueHa IrpaMOTOI0 OPTKOMITETY SIK
TaKa, 10 € 3HAYHUM HAYKOBHM BKJIAJ[OM).

IIyoaikanii. 3a pe3ynbTaTaMy HAyKOBUX AMCEPTALIMHMX JOCHIIKEHb aBTOP
onyOJikyBaB 16 HayKOBHX Mpailb, 3 AKUX 5 CTaTTI — B CIEMiali30BaHUX (PaxOBUX
BUJIAHHAX, 2 y 3apyOikHuUX kypHanax «Wireless Engineering and Technology» 1
«Electrical and Electronic Engineering», 8 myOmikaiii y 301pHUKaxX HAyKOBHUX Mpallb
KoH(pepeHuid, 1 aBTOpchke cBiOOUTBO JlepkaBHOI CIOyKOM IHTEIEKTyalbHOI
BJIACHOCT1 YKpaiHu.

Crpykrypa it oOcar aucepramii. [[ucepramiiiHa poOoTa ckiagaeTbes 3i
BCTyNly, II'ITM PO3JUIIB, BHCHOBKIB, CHUCKY BHUKOPUCTaHUX JIKEpEN, JOJATKIB.
3aranpHuid 00csT aucepTalii ctaHoBUTh 150 cTopiHOK; 3 HUX 40 pUCYHKIB IO TEKCTY;
1 pucynok Ha 1 okpemoi cropiHui; 14 Tabauupe MO TEKCTY; COUCKY BUKOPUCTaHUX
mxepen 31 150 HalimenyBaHb Ha 14 cropiHkax, 4 J0JaTKU Ha 15 cTopiHKax.

OCHOBHMH 3MICT POBOTH

VY Berymi oOrpyHTOBAHO AaKTYalbHICTh Ta JOUUIBHICTH TEMHU AUCEpTallii,
chopMyIbOBaHO i METY 1 3a/1a4i, BU3BHAUYEHO 00’€KT, MPEAMET 1 METOU, BU3HAUECHO
3B’SI30K JUCEpPTaliiiHOi pOOOTHM 3 HAYKOBUMHU MpOrpaMaMu, IJIaHAMHU, TEMaMmH,
c(OpMyJIBLOBAHO METY 1 OCHOBHI 3aBJAAaHHS JAOCTII)KEHb, BA3HAYE€HO HAYKOBY HOBU3HY
1 IpakTUYHE 3HAYEHHS OJIEpPKAaHUX pe3yJbTaTiB, OCOOMCTUH BHECOK 3700yBaya,
HaJaHO BIJOMOCTI Mpo NyOmikamii y (axoBUX BHAAHHIX, HAYKOBHX >XypHajax,
30ipHUKaxX Tpalb KOH(pEpeHLiH, aBTOPChbKI CBIIOLTBA, OKPECIEHO CTPYKTYpy Ta
oOcsr nucepraiiii.

Y nepmiomy po3aiili  BUKJIAJEHI OCHOBHI TOJIOKEHHS  MAIIMHHOTO
npoektyBanHss HBY-npucTpoiB, omnucaHli KIIOYOBI €Tand KOHCTPYIOBaHHS 13
3aCTOCYBaHHSAM KOMITIOTEpa, a caMme: MOJEIOBaHHS, aHami3 1 ONTUMI3alis.
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PosrnsaaroTees BiZOMiI METOIM ONTUMI3alli Ta cydacHe HporpamHe 3a0e3MedeHHs
npoektyBanHsa HBY-nipucrtpois.

['070BHMM HEJOJIIKOM ICHYIOYMX METOJIB ONTHMI3alli € HEOOrpyHTOBAaHICTh
NepeBaXHO1 OUIBIIOCTI Bapialii MmapaMeTpiB 3 TOYKH 30pY €JIEKTPOAMHAMIKU
npoueciB. CydacHe nporpamHe 3a0e3nedeHHs npoektyBaHHa HBY-nmpuctpoiB Take
sk AWR Microwave Office, Microwave Studio Biig xomnanii CST, HFSS, Sonnet
Suites, pWave Wizard, He BpaxoBye cnenu(iky 00’€KTiB, 110 KOHCTPYIOIOTHCA,
gyepe3 10 ONTUMI3ALlisl IPUCTPOIO CTAE HEMOXKIIMBOIO, KOPUCTYBAUYEBl IPOMOHYETHCS
CaMOCTIITHO MPOBECTH aHaJ3 YYTIMBOCTI MPUCTPOIO, BKA3aTU CHUCTEMI MapaMmeTpu 1
JOIMYCKH, 110 BIUIMBAIOTh Ha IIbOBY (PyHKUit0. Lli mporpaMHi KOMIUIEKCH MarOTh
BHUCOKY BapTICTh, BAMAaratoTh BUCOKY KBali(iKaIll0 KOHCTPYKTOPa, BAKOPHUCTOBYIOTh
MOBUIBHI yHIBEpCaJbHI METOAM ONTUMI3alli, B SAKUX MPOEKTYEMUU MPUCTPIi
PO3IIIAIAEThCA K YOPHUM SIIMK; anpiOpHI BIACTUBOCTI 1 XapaKTepHI OCOOIMBOCTI
TEXHIYHOTO 3aBJAaHHS HE BPaxOBYIOTbCS, a KIHUEBHUHM pe3yJbTaT HE Ma€ OLIHKHU
MOXUOKHU MPOEKTYBAHHS.

[IpoBouThCA MOCTAaHOBKA 3adadl cuHTe3y Ta ontuMizamii HBY-¢ineTpiB Ha
OCHOBI 4acTKoBO 3anoBHeHUX XJ[P (puc. 1).

E — naowunrui H - naowunruii
napaaeaenined napaaeaenined
Koausanna Hioi Koaueanns LMo

a §)

Puc 1. Konctpykmii opuriHanbHIX cMyroBux QuibTpiB Ha X]/IP 3 4aCTKOBUM 3allOBHCHHSM
B H- mmomuni: konuBanus Hg; (a), E- mmomuni: konuaras LM, (0)

B KkiHOl po3auly MiABOIUTHCA MIJICYMOK CTaHy MpoOieMu, (pOopMyITHOIOThCS
11 Ta 3aBAAHHSA JOCIIIKEHHS.

VY napyromy po3aiii Ha OCHOBI TEXHOJOTIM IITYYHOTO I1HTEIEKTY, a came
EKCIEPTHUX CHUCTEM, PO3pOOJIEHO METOJ| CHUHTE3y Ta ONTHUMI3allii OpUTTHAIBHUX
KOHCTpYKUiH 6araronaniorosux HBY-dinbrpis 3 yactkoBo 3anoBHennmu X/IP B H-
1 E- mnommuax. Onucano cnocid urepaiiiiHoi onTumizalli 3a TaKUMH [apaMeTpamMmu
AK: KOeQIIIEHT TPSMOKYTHOCTI, YaCTOTHE TMOJOKEHHs Mojitoca 3aracanHs AUX
¢1IpTpa, MaKCMMallbHa YAaCTOTHA BIJICTaHb J0 Napa3uTHOro cmyru. HaBeneHo eranu
ctBopeHHst EC 1 mpouec mnpoexktyBaHHs HBY-¢QinbTpiB Ha OCHOBI 4YacTKOBO
3anmoBHeHUX X/IP.
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OcHoBHOWO iaeer0o EC € MopemoBaHHS NpoLeCy pO3yMIHHA MNOTOYHOI
aMIUTITYTHO-4aCTOTHOI XapaKTEpPUCTUKU (PUIbTpa €KCIEepTOM. 3HAHHS €eKcIepTa
MOBUHHI OyTH OCTaTHI AJiA TOTO, 00 3pO3yMITH K MNOTPIOHO 3MIHUTU T€OMETPIIO
¢uapTpa, MO0 HOro XapakTEepUCTHKA MPU KOXKHIM 3MiHI OJHOrO 3 MapaMeTpiB
HaOIMKanacs BiJl MOTOYHOTO CTaHy A0 3agaHoro. Otxke, QUIbTPH, Kl HiJIATal0Th
ONTHMI3aIii, SBISIOTH COOOI0 JAHIIOKOK YacTKOBO-3amoBHeHHMX XJIP Ha
M03aMEKHOMY XBWJIEBOJI. OJHONIAHKOBUN (UIBTP, SKIM BKIIOYAETHCA B OCHOBHMIA
TpakT (peryJsipHUN XBUJIEBI), IOKa3aHUN Ha pUC. 2.

OcnoBHa wMmoga H;y perynspHoro XxBujeBOAY HpH TNaJiHHI Ha LIO
HEOJHOPIAHICTh BIJIOMBAEThCA HA BCIX YacTOTaX, KpiM THX, IO BIAMNOBIIAIOTH
pe30HaHCcaM J1eJIEKTPUYHOTO BKJIagHUKA. Ha yacToTax nux pe3oHaHCIB, O JOBXKHUHI
pe30HaTOpa YKIAaIaeThCs n- HamiBXBWIb. Ha puc. 3 moka3zaHo po3moais eleKTpUYHOT
KOMIIOHEHTH OCHOBHUX KOJUBaHb: cuH(pazHoro Hjg, 1 mpoTiBodaznoro Hg,.

d

<

v l

Puc. 2. OnnonankoBuii cmyroBuii ¢inbTp (BHI 3Bepxy): L — momkuHa peszonaropa; d —
JIOBKMHA BX1THOT IUISHKH [T03aMEXHOT0 XBIJICBOY; € — A1CIEKTPUYHA TPOHUKHICTh PE30HATOPA
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Puc. 3. Po3nozin enekTpruyHOi KOMIOHEHTH TOJs CHH(pa3HOTO 1 TPOTiBO(Ga3HOTO KOJIMBAaHb

JI1s1 OCHOBHOTO KOJIUBaHHSA OyJle CIIpaBeJIMBUM HAaOJIUKEHE CIiBBITHOIICHHS,
OTpUMaHE 13 BHU3HAYEHHS YAaCTOTH 3a YMOBH, IO [0 JIOBXKHUHI pe30HaTOpa
BKJIQJA€THCS MPUOIU3HO MOJOBUHA TOBKUHU XBWJI1 KOJTMBAaHHS

1
H

2/ au.

3BiJICM MU BUBOJMMO JIOT1YHE MPABWIO — YUM OLIbIIE JIOBXKMHA PE30HATOPA,
TUM MEHIII€ YacTOTa 1, HABMaKU. AHAJIOT1UHI 3aJIeKHOCT1 YaCTOTH BiJ J1E€IEKTPUUHOI
MPOHUKHOCTI  (MPOMOPIIIAHI ~ KOPEHI0  4acToTh). Po3paxyHKOBI  3Ha4YeHHs
NIATBEPAKYIOTh 3p00JIeH] BUCHOBKH (pHcC. 4, puc. 5).

I3 3anexHocti wactotu XJP Bl [I€NEKTPUYHOI MPOHUKHOCTI, POOHUMO
BUCHOBOK — fKIIO € PO3PAXOBAaHUU BaplaHT KOHCTPYKLIi (uIbTpa 13 JESKUM



3HAUEHHSAM €, TO B pa3i Mepexoy A0 PO3PAXYHKY 13 OUIBIIMM HOro 3Ha4€HHSIM, HaM
HEOOX1HO IIyKAaTH JIOBXKUHY pPE30HAaTOpa 3a yYMOBHU, II0 BOHA Oyje MEHIIE, HIXK B
MONEPEIHbOMY BUIAJKY 1, HABMAKH.

Ockisibky, uist pOpMyBaHHSI CMYTH IPOIMYyCKaHHS (DUIbTPAa BUKOPUCTOBYIOTHCS
JEKUIbKa PE30HATOPIB, TO PO3IISTHEMO JIMHAMIKY 4acToT 3B’s13Ky nBoX X/P (puc. 6,
puc. 7).

Ax BugHO 3 puc. 7 mpu L piBHOMY HYJIO YacTOTH 13 CHUH(}A3HUM 1
npoTudazHuM 3B’S3KOM NEPEXOASATh B YacTOTU 3 CHUH(pA3HOro 1 MpOTiBO(A3HOro
KOJIMBaHb PE30HATOpa MOJBOEHOI JOBXKMHHU, BIAMOBIIHO, a IPU CEPEIHIX 3HAUCHHSIX
L BIAMIHHICTH B YacTOTax 3B’S3Ky 3HAa4yHA, a MPU BEJIUKHUX 3HAUYCHHAX L, BHACH1I0K
3aTyXar4yoro Xapakrepy IOoJis, YaCTOTH 3B’SI3KY KOJMBaHb 30Iral0ThCsl 3 YaCTOTOIO
OJIMHOYHOTI'0 pE30HATOpAa.

F(l), MI'u
8500
8250 —*
8000 \'\
7750 S Sy
7500 .
\‘\\L
7250 -
7000 [~

434 484 534 584 634 6,84 734 784 834 884 934 lrexu, Mm
Puc. 4. Tunosa 3anexxHicTh pe30HaHCHOT yacToTu X/IP Bij noBkUHE pe3oHaTopa |

F(g), MI'g
8600 Ny

8100 ~—
7600

7100 ——
\‘_\\.

6600
28 3 32 34 36 38 4 42 44 46 48 ¢

Puc. 5. TumoBa 3ayiexHICTh pe30HAHCHOI 4dacToTh XJI[P Bii BeMWMYWMHU Ti€ICKTPUYHOL
MIPOHHUKHOCTI €

F(L), MI'n
'Y —— Cunpasmmii
8600 \ | = Uporpasmii
8400
8200 1 ~
"\ﬂk_‘
— |
8000 4 T
W"‘"—A
//4
7800 7

7600 / :
s/ ’

0,0 20 40 60 80 10,0 12,0 14,0 16,0 18,0 20,0 22,0 24,0 26,0 28,0 30,0 32,0 34,0 36,0 38,0 40,0 L, mm
Puc. 6. Tunosa 3anexHicts yactoT 38’ s13ky X/IP Bix Binctani L mMixk HUMHK

7400
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Puc. 7. CxemarnyHa OyJoBa €JIEKTPHUYHOI KOMIIOHEHTH MOJS TNPH PI3HUX 3HAYCHHAX
npoMikKy 3B’s13ky L: ipu L = 0 (a), mpu cepennix 3HaueHHsx L (0), mpu Benukux 3HaUYeHHAX L (B)

I3 anamizy AMHAMIKM 4YacTOT 3B’S3Ky MOXXHa C(OPMYJIOBaTH TakKi JOTIYHI
npaBuja: YMM MEHIIE BIACTAaHb MDK pPE30HATOpaMH, TUM OLIbIIE iX B3a€EMHHM
3B’SI30K, @ TAaKOX BIAMIHHICTh B 4YacTOTaxX 3B’SI3Ky 1 LIMpILIE CMyra MpOIyCKaHHS
($1IbTpA 1, HABMAKHU.

Takum 4MHOM, TYT MOKAa3aHO K Ha MIJACTaBl €JIEKTPOJMHAMIYHOIO aHAIi3y
OJIMHOYHOTO 1 noB’s3aHuXx XJP dopmynoroTecsa ocHOBHI npaBuia 6a3u 3HaHb EC,
[0 MOJIETIOE TPOIIEC PO3YMIHHSI €KcrepTa. ICTUHHICTH JIOTIYHUX YMOBHUBOJIB B
KIHIIEBOMY pPaxyHKYy, MEpeBIPAETbCA 3JATHICTIO I1HTENEKTyaJbHOI CHUCTEMHU [0
CUHTE3Y KOHCTPYKIIH QLIbTPiB 13 3a1aH010 Gopmoro AUX.

ba3za 3nanb po3po6nenoi EC mictuth 6a3y npaBuil y BUTIISIAL TPOAYKILH 1 6a3y
¢akriB. [IpaBuiia BUpaxarThCs Y BUIIISIAL TBEPIKEHD TUITY:

IF: <ymoBa 1>, <ymoBa 2>, ..., <ymoBa N>,

THEN: <BuCHOBOK 1>, <BUCHOBOK 2>, ..., <BUCHOBOK N>

Huxue nHaBeneHi pAeski (parMeHTH O0a3u MpaBuil, CTBOPEHOI B MPOLEC]
KOHIlenTyaui3aiiii 1 popmanizarii.

IIpaBuiio 1.

IF: mpoBoauThcsl onTUMi3alis OJHOJAHKOBOro ¢uibTpa, mik AYUYX mupokuit
(mmpuHa cmyru 3a piBHeM 3 1b > 1% Bix poOo40i yacToTH);

THEN: 3011p1IMTH TOBXKUHY BX1IHUX JUISTHOK M03aMEXHOTO XBHJIEBOY.

[IpaBuiio 2.

IF: mpoBoauTbcsl onTUMi3alis OJHOJAHKOBOro (HuIbTpa, MOTOYHA YaACTOTA
MEHBIIIE 3a7aHOI;

THEN: 3MeHIINTH NOBXUHY LIEHTPAIBLHOIO pe30HaTOpa

[IpaBuiio 3.

IF: mpoBoauTbcsl omTUMI3alis OJHOJAHKOBOro (HuIbTpa, MOTOYHA YACTOTA
OLIBIIIE 3a4aHOT;

THEN: 3011p1IMTH 10BKUHY LIEHTPAIBLHOTO PE30HATOPA.

Po3pobnena ekcnepTHa CUCTEMA € CTATUYHOIO, OCKUIBKHM 3aBJAaHHS, SIKE BOHA
BUpilIye, a came npoekryBaHHs HBY-(]inbTpiB Ha OCHOBI YacTKOBO 3allOBHEHUX
X/JP, He mepenOauyae BpaxyBaHHsS 3MIH HaBKOJIMIIHBOIO cepeaoBuia. OO0nacTb
3acToCyBaHHA Li€i cucteMu — npoekryBanHs HBY-npuctpoiB. Ertanu ontumizamii
OJIHOJIAHKOBOTO (DUIbTpa HABEACHO Ha pHUC. §, €Tamu ONTUMI3allll N-JTAHKOBUX
(G1IBTPIB HA NPUKIIAJII TPUIIAHKOBOI KOHCTPYKIIII MpEACTaBIEH] Ha puc. 9.
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Fp Fp

Brparu, 1b
Brparu, n1b
Brparu, n1b

Yacrora, 'y Yacrora, I'T'n Yacrora, I'Tu

a §) B

Puc. 8. Etanmu onrtumizamii oJHOJIAHKOBOTO (uIbTpa: po3paxyHoOK mepBicHoi AUX (a),
¢dopmysanns miky AUX (6), HacTpoiika ¢inbTpa Ha 3a/1aHe 3HAYSHHS POOOYOi YaCTOTH (B)

Fp Fp

!
1
\
4 :
) 1
! \
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. .
: h
' -]
7]
= ' :5 h
E : E '
] ' a '
a ' B H
g | o :
'
. '
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. '
, '
\
: '
, '
! '
' !
Yacrora, I'T
Yacrora, I'Tu St
Fp
!
:
!
I
\
\
!
H
-] -]
= 2 ‘
E g :
< =} '
= (=% '
= = '
=) =) '
'
'
'
'
'
'
'
Yacrora, I'Ty Yacrora, Ty
B r

Puc. 9. Eranu onrtumizanii n-maHkoBUX (igbTPiB HAa MPUKIAAI TPHIAHKOBOI KOHCTPYKIIII:
po3paxyHok nepBicHoi AUX - BHUsIBIEHHI mpoBaj JiBOpyd (a), KOPUTYBaHHS PiBHs mposaiiB (0),
HacTpolika ¢inbTpa Ha 3aJaHe 3Ha4eHHs poOodoi yactoTu (B), HACTpoiika (impTpa Ha 3amaHe
3HAYEHHS IHUPUHU CMYTH IIPOITyCKaHHS (T)

B kiHII po3auTy TPOAEMOHCTPOBAaHA €(PEKTHBHICTH PO3pPOOJIEHOTO METOY,
MOKa3aHo, 10 3MiHA MapaMeTpiB BiIOYBA€ThCS BUKIIOYHO OOTPYHTOBAHO 3 TOYKHU
30py €NEKTPOJMHAMIKH MPOIIECIB, CUCTEMa HEe BUPOOIIsie HEMOTPIOHUX Bapialliid, TUM
CaMHUM MOXHa CYJUTH CTOCOBHO ampiopHOi €(PEKTHUBHOCTI METOJY 3 TOYKU 30pYy
BUTPAYAEMOI0 MAIIMHHOTO Yacy.
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Y Tperbomy po3aiii mnpencraBieHi cTpori maremarnuni mognent HBY-
¢binpTpiB 13 yacTKoBUM 3anoBHeHHsM B H- 1 E- mmommnuax (puc. 10). i moxemni
noOyJJ0oBaHI Ha OCHOBI pPO3B’sI3aHHS 3aJayl PO3CIIOBaHHA METOJAMM y3arajibHEHOI
MaTpHI 1 YaCTKOBUX 00JIaCTEN.

JlaH1 Mojienl 103BOJSAIOTh MIJABUILUTU TOYHICTh NpoekTyBaHHs HBY-dinbTpis,
OCKIJIbKH JI03BOJISIIOTH BPAaXOBYBAaTH HE TIAbKM XBHJI, 110 MOIIMPIOIOTHCA, aje 1
3aryxaroyi, 00 € OCOOJIMBO BAXKJIUMBUM NpPH KOHCTPYIOBAaHHI MPUCTPOIB B
MUJIIMETPOBOMY J1alla30HI.

PimmeHHs 3agadi poO3CIIOBAHHS 3BOJUTHCA JI0 BHM3HAUEHHS 3B’SI3KYy MIXK
aMIUTITYJaMd MUHYJIUX 1 TaJal0YUX XBWIb: 4+, g+ 1 4, p'. J[1s 1boro HeoOX1aHO
po3paxyBatu HaOiru (a3 pi3HMX THUMIIB XBWIb Ha AUISHII OJHOPIJHOTO IOJOTO
XBUJIEBOY.

X X
cl/2 c/2

I 1 I I

a/2 - - - al2

Ao idijo-—

-al/2 1 -a/2

~Y

-c/2 -cl/2

a 0
Puc. 10. T'eometpii 3amaui: (a) — yacTkoBe 3amoBHEHHs mo mupuHi (H-xBumi), (6) —
YacTKOBE 3amoBHEHHA 1o BucoTi (LM-xBwii) XBWIIEBOAIB, A€ Ha PHCYHKY: | — perynspHuit
XBWJIEBIiJ, | — MO3aMeXHUI XBUIIEBI, 2 - YACTKOBO 3aIIOBHEHUH J1IeJICKTPUKOM

Matpuii BigoOpaxeHHs 1 MPOXOHKEHHS! CTPYKTYPH 3 YaCTKOBO 3allOBHEHUMU
XJIP B H-mmomuH1 BU3HAYar0ThCs (hopMynamu:

e (e e T e
L=zl e e e e ) L) o o)
(7. ]+[z-[ £ J)[er J+[on])+
(7, & ]+ [ & ]-[1)([er. ]+ o, ])

) (7. ]+ [z ))([on J+[on, )+ i
[R]—Z[I ][+([7]2:|[E2]"‘[ng:I[EgJ)([QIIZJ"'[Q]D])][I ][[],
[T]: Z[I”MJ(([EZ_])([QIHJJF[Q]21])+([Q]12]+[lez:l))[lm”]'

Bnacue enementn R;; 1 T;; Bu3HavatioTh Koe(dilieHT BigoOpa)keHHS 1
MPOXO/IP)KEHHS OCHOBHOT XBHJII IIMPOKOTO XBUIIEBOAY. TyT QIrypyroTh Taki MaTpUIIL:

o Lor,] [o1,]
Lor]=[0] [[Q121] Lo, ] ]

(][]

[R]-[T]=2[ 1nm] [Imn]-[1].
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[fnm] =1 .[Imn] =1,
[E; |=exp(-iy,,1,)8,,.
[7,]=70,8, n=12,N, m=12,..M

max

broku matpuul nepegadi CTpyKTypH 3 4acTKoBO 3amoBHeHMMH XJIP B E-
IJIOMMHI  MOXYTh OyTH OOYHMCIeHI uepe3 OJIOKM MaTpulll pO3CIIOBaHHS 3a
dopmynamu
1

S(2,2)

2

T — g2 _ gD [Sm) ]

1

02 — gt [Sm)}‘ ,
T = _[Sm) T g2

T2 _ [S(z,l) T .
Martpulii po3citoBaHHS B [IbOMY BUIAJIKY OOUYHCITIOIOTHCSA 3a GOpMYJIaMu:
ASPY =1-XTX,
AS®Y =2XT,
S(1,2) —IXA = S(2,1)T.
S(l,l) _ S(I,Z)XT -1,
ne
X =W ""MW,”,
A=1+X"X,
M={M,, }ji’:f: | — MaTpPHIA MOMEHTIB.
a2 b2
M, =4 ax [[Ix) | -2dv, k=12,..N,, n=12,..N,.
0 0

Takox MpoBeNEeHO MOCHIIKEHHSI 301KHOCTI PO3pOOJEHUX MOJieNield 3 METOI0
BCTAHOBJICHHSI HEOOXIAHOI KIIBKOCTI XBWJIb, $IKI BPaXOBYIOTHCS B IO3aMEKHOMY
XxBUJIeBOI1. BcTaHoBneHo, 110 Aist (UIbTpa 3 YACTKOBUM 3allOBHEHHSIM B H- mmomniuH1
J0CTaTHS TOYHICTh (moxuoOka menie 0,2%) po3paxyHKy 3a0e3neuyeTbesi Ipu 00JIIKY
[IECTH XBWJIb, a 715 GIbTPa 3 YACTKOBUM 3allOBHEHHSM B E- MmiomuHi cemu XBUIIb.

YerBepTHil po3aia NpHCBIYEHUN MNPOrpaMHOI peasizallii 3alpornoHOBaHOTO
METO/AY IHTEJNEKTyaJlbHOro cuHTe3y Ta ontumizaumii HBY-¢dinbeTpiB Ha OCHOBI
yacTkoBO 3amoBHeHUx XJIP, a came po3poOili cHUCTEeMH aBTOMaTU30BaHOTO
npoektyBaHHs (CAIIP) HBY-¢pinbrpiB — Sapphire CAD. IlpoBeneno anamniz BUMOr
PO3pO0IEHOI CUCTEMH, IPEACTABICHUN 1 OMMCAaHUI KOPUCTYBAIBHUIIBKUN 1HTEpPEiic
po3pobiieHoi cuctemu (puc. 11).

Bu3HaueHO METOAONOTII0 Ta MOBY NpOTpaMyBaHHs, a camMe OOBEKTHO-
OpieHTOBaHE mporpamyBaHHs Ta MoBa C++, oOpaHO cepeloBHUILE 1HTETPOBAHOT
po3pobku (JlileH3is Ha mporpaMHe 3a0EClEUeHHs: CEepeOBHUIIE IHTETPOBAHOI
po3pobku Microsoft Visual Studio 2012, onepaniiiny cuctremy Microsoft Windows 7,
oTpuMaHa 3rigHo mignucku Microsoft DreamSpark nns BukiagadiB, acmipaHTIB 1
cryaeHTiB HTY «XIII» na 2014/2015 1 2015/2016 naBuanbhi poku). [Iporpamuo
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peamizoBani maremaruuHi mojgeni HBUY-¢insTpiB Ha ocHoBi X/IP 3 uYacTKOBUM
3anoBHeHHsM B H- 1 E- mjommHax 1 mpeAcTaBieHI Yy BUIUISAL JAUHAMIYHO
NpUENHYBAHUX 010J110TEK.

[IpoBeneHO TecTyBaHHA 1 BIPOBAIKEHHS PO3POOJIEHOIO MPOTrPaMHOTO
3a0e3nedeHHs. BuaineHo MiHIMaiabHI BUMOTHM POOOTH CHUCTEMH 1 c(OpMyJibOBaHI
MOAAJIBIII HUIXU PO3BUTKY.

VY mAToMy po3aiji IpoBeIEHO €KCIEPUMEHTAIbHE JOCIIIKEHHS PEe3yJbTaTiB
npoekTyBaHHs cuctemu Sapphire CAD, a came MNOpIBHAHHS pPO3paxOBaHUX
KOHCTPYKUINA (PUIBTPIB 3 €KCHEPUMEHTAIbHUMH 3pa3kaMmu. ExcriepuMeHT Mokazas,
10 PO30OLKHICTh MIXK PO3paXOBaHUMHU 1 BUMIPIOBAHMMHU YacTOTaMH HE IEPEBUILYE
2% 1 MIATBEPIKYE NPaLE3TaTHICTh PO3POOJIEHOr0 METOAY IHTEIEKTYyalbHOTrOo
cuntedy 1 ontumizauii HBUY-dinstpie Ha XJIP 1 cTBOpeHOro Ha #Oro OCHOBI
nporpamHoro 3abe3neuenHsa Sapphire CAD. [IpoBeaeHo NMOpiBHAHHS pO3paxoBaHUX
cuctemoro Sapphire CAD HBY-}inbTpiB Ha OCHOBI yacTKoBO 3amoBHeHHX BJIP 13
B1JIOMUMH Cy4YaCHHUMH aHAJIOTAMH Ha MIKPOCMYXKOBHX pe3oHaTopax (puc. 12).

ncy 36 |GHz | Bandwidth [4.0 | % | Tiers number 5 ~ | Optimization

Frequency response (@) Rangelimit [lower ] [025 =]

Frequency. GHz —_— 11

Parameters [ Vaves | Unts
3192 3B 33BN IR B/R
0

Dielectric pemativity (E) 11.600
Regular w 7.

20

LLA
4

100

caooutput i A S

p,
>_

Mar:ual filter adjusting m:‘de.
Puc. 11. KopucryBansuunpkuii intepgpeiic CAITP CBY-dineTpiB Ha ocHoBi X/IP Sapphire
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Puc. 12. TlopiBasmeHi AUX ¢ineTpiB Ha ocHOBi XJ/IP Ta BHCOKOTEMIIEPaTYpPHOTO
HAAMPOBITHOTO MIKPOIOJIOCKOBOro (pinbTpa st yactoru 23 I'T' (a), MasorabapuTHOTO CMYTOBOTO
¢inpTpy mns yactot 70 [T (6)

3a J0MOMOror po3po0JICHOTO MPOTPaMHOIO 3a0e3Me4YeHHsT — CHUCTEMU
aBTOMATU30BAaHOI'O MPOEKTYBaHHS OpUTiHANBHUX OararonaHiorosux HBY-dineTpis
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Sapphire CAD po3paxoBaHuii cMyroBudt QuibTp it  0araTo4acTOTHOM
PaIioacTPOHOMIYHOI MPUUMABLHOT CUCTEMHU OCHAIIEHHS aHTEH PaJiOTENIECKOIIB s
gactotu 31,0 ITn, a Takox unbTpu AN cydacHUX paAlopeleiiHuX CTaHLii
MUJIMETPOBOTO Jl1ala30Hy XBWIb Ajs yactot 73,5 ta 83,5 ['Tw.

Y poaaTKy HaBelEeHI JIMCTHUHIM KOJY OCHOBHHUX KJIACIB IPOEKTY CHUCTEMHU
npoektyBanHss HBUY-¢unstpiB  Sapphire CAD, cBizoutBo mpo peecTpauiro
aBTOPCHKOTO IpaBa Ha KOMIT'IOTEPHY MpOrpamMu, aKTH BIPOBADKEHHS 1
BUKOPUCTAHHS.

BUCHOBKMU

B pesynpTaTi aucepTamiiHUX JOCHII)KEHb BHUPIIIEHA AaKTyallbHa HAYyKOBO-
MpUKIAJHA 3ajada: po3poOKa HOBOTO METOJY IHTENEKTYyaJlbHOTO CHHTE3y 1
ontumizauii koHcTpykuidi HBU-(pinbTpiB Ha 0CHOBI YacTKOBO 3anmoBHeHUX X/P, 1o
CIUPAETHCS HA TEXHOJIOTI] IITYYHOTO IHTENIEKTY, a caMeé EKCHEPTHI CUCTEMHU Ta
CTpOrl MaTeMaTU4yHl MOJENi, 1 CTBOPEHHI Ha Horo 0asi mporpaMHOro 3a0e3rneuyeHHs
aBTOMATU30BAaHOI'0 MMPOEKTYBAHHS LUX MPUCTPOIB.

1. Ha OCHOBI TE€XHOJOT1 HITYYHOTO IHTEJIEKTY, @ CaM€ E€KCHEPTHHUX CHUCTEM,
PO3pOOIEHUI METOJT IHTEIEKTYyaIbHOTO CUHTE3y Ta onTuMiszalii koHcTpykuiin HBY-
¢b1npTpiB 3 yacTkoBO-3anmoBHeHUMU X /[P B H- 1 E- mnomuHax, mio cnupaerhest Ha iX
CTpPOr1 €IeKTpOoAUHAMIUHI Mojeli. OnucaHo eTanu CTBOPEHHS €KCIEPTHOI CUCTEMH 1
MpoIeC  E€BOJIOLINHOTO  MpoekTyBaHHs  OaratonadiforoBux  HBY-dinsTpis.
OOrpyHTOBaHO €JIEKTPOJMHAMIYHY OCHOBY ©Oa3u 3HaHb. Ha BiIMIHY Bij
YHIBEpCaJIbHUX METOJIB ONTUMI3allll, sIKI HE BPaXOBYIOTh CHEIU(IKY MPOEKTOBAHUX
MPUCTPOIB, a 3MiHA MapaMeTpiB 3IIMCHIOETHCA HA METOoJlI NpoO 1 MOMUIIOK, B
pe3ynbTaTi 4oro OUIBLIICTh Baplaliii BUSABIAIOTHCA MapHUMH, 3alpONOHOBaHUI
METOJI 1HTEJNEKTYyaJIbHOIO0 CHHTe3y 1 onTtuMizamii koHcTtpykuii HBY-dinbTpis
criMpaeThes Ha 0a3y 3HaHb, sika opMalizoBaHa y B3a€MO/I1i 13 TPOBITHUM (PaxiBILIEM 1
aBisie co00r0 Hallp KBaii(IKOBAaHUX JIOTIYHMX MpaBwiI. TakuM YHUHOM 3MiHA
napameTpiB CTPYKTYpH BIJOYBA€ThCS Ha MIJACTaBI EKCHEPTHOI OLIHKH, a YHUCIO
¢13M4HO He OOIPYHTOBAHMX ITepaliid MOLIYKY EKCTPEMyMYy LUJIbOBOI (PYHKIIT
3BOJIUTHCA 10 MiHIMyMy. Ha BigMiHy BiJ BimoMux cucteM mnpoekTyBaHHs HBU-
MPUCTPOIB PO3p00JIeHa cUCTeMa He NOoTpedye MPOBEJAEHHS aHali3y YyTJIMBOCTI,
anpiOpHOTO BHM3HAYEHHS IMapaMeTpiB 1 JOMYCKIB, IO BIUIMBAIOTh HA I[LIbOBY
(YHKLII0, OCKUIBKA 3MIHA IMapaMeTpiB BiAOyBaeTbcs 3riAHO 3 0a30l0 3HaHb, a
KIHIIEBUI Pe3yJIbTaT MA€ OL[IHKY NOXUOKH pPO3pPaxyHKIB.

2. Po3po6eHo cTpori MaTreMaTU4yH1 MOJIeJi OPUTTHAIBHUX 0araToJIaHIFOTOBUX
HBY-pinsTpiB 13 YaCTKOBO-3aII0BHEHUMU XBUJIEBOTHO-A1€EKTPUUHUMU
pe30HaTOpaMH Ha OCHOBI METO/IIB y3arajJbHEHOI MaTPUIll PO3CIFOBAHHS 1 YaCTKOBUX
oOnacteil. Jlani Mojeni JO3BOJISIIOTh MIABUIIUTH TOYHICTh MPOEKTYBaHHS (PUIbTPIB,
OCKIJIbKH BOHH JI03BOJISIFOTh BPAXOBYBAaTH HE TUIBKU XBHJIM, IO MOLIUPIOIOTHCS, alie 1
3aTyxarodl TeX. 3 METOK BCTAaHOBJICHHS HEOOXIAHOI KUIBKOCTI XBHJIb, SIKi
BPaxOBYIOThCSl B I103aMEXKHOMY XBHUJIEBOJAl MPOBEACHO MOCTIKEHHS 301KHOCTI
YUCEJIbHUX PE3YNbTATIB PO3POOIICHUX MOIETEH.
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3. Onumcano mponec po3poOku mporpamHoro 3abesneueHHs Sapphire CAD —
inTenektyanbHoi CAITP HBY-¢inpTpiB Ha 0cHOBI yacTkoBO 3anoBHeHux X/[P B H- 1
E- mnommnax. 3po6iieHO aHami3 BUMOT PO3POOJEHOI CHUCTEMH, Ha OCHOBI SIKOTO
ckjazeHa crneuu@ikamis BUMOI HporpaMHoro 3abesneueHHs Sapphire CAD.
ApryMeHTOBaHO BHOIp MOJENI 1 METOJ0JIOT1] pO3pOOKH, MPEACTABICHUI 1 ONIMCAHUIMA
KOPUCTYBAJIBHUIIbKUHN 1HTEp(eic po3podiieHoi cuctemu. BuzHaueHo MeTO0IOrIA 1
MOBY  IporpaMmyBaHHs,  OOpaHO  CEpelOBULIE  IHTETPOBAHOI  PO3POOKH.
3anporpamoBani MareMatuyHi moaeni HBY-¢pueTpiB Ha ocHoBi X/IP 3 yacTkoBHM
3anoBHEeHHsIM B H- 1 E- mjommHax 1 mpeAcTaBieHi Yy BUIUISAL JAUHAMIYHO
npuenHyBaHux Oi0miorek. IIpoBeneHo TecTyBaHHS 1 BIPOBAKEHHS PO3POOIEHOTrO
MPOTPAMHOTO 3a0e3MEeUeHHs, a TaKOX BHU3HAYEHI MIHIMAJIbHI BHUMOTH POOOTH
CUCTEMH.

4. TlpoBeneHO eKCHEpUMEHTAIbHE OCHIKEHHS PE3yJbTaTiB MPOECKTYBaHHS
cuctemu Sapphire CAD. ExkcnepuMeHT 1OKa3zaB, M0 pO30DKHICTh  MIX
pO3paxOBaHUMH 1 BHUMIPIOBAHMMH 4YacTOTaMU HE TMEPEBUIIYE OJHOTO BiJCOTKA
(moxuOKu BUMIPIOBAaHb), 1 MIATBEPIXKYE Mpale3AaTHICTh PO3pOOJEHOr0 METOIy
1HTeNneKTyalbHOro cuHTe3y 1 ontumizauii HBY-¢piuneTpiB Ha X/IP 1 cTBOpeHOro Ha
1oro ocHOBI nporpamHoro 3abesneuenns Sapphire CAD.

5. TlpoBeneHo mnopiBHSAHHA po3paxoBaHux cucrtemoro Sapphire CAD HBY
G1IBTPIB HA OCHOBI YaCTKOBO 3amoBHEHUX XJIP 3 BioMUMHU Cy4yacCHUMH aHAJIOTaMU
Ha MIKPOCMYXKOBUX pe3oHaTopax. IlopiBHSHHSA moka3ano, wmo QUIBTPH, SKi
3acHoBaHl Ha XJ/IP, ICTOTHO mepeBepUIyIOTh MIKPOMOJIOCKOBUX IO CEIEKTUBHHUM
BJIACTUBOCTSM, aJI€ MOCTYNAIOThCA 3a LIIHOBUM 1 radapUTHOMY KPUTEPISM.

6. 3a mornomMorow po3pobiieHoro mporpamHoro 3abesneuenns — CAIIP HBU-
¢ineTpiB Sapphire CAD po3paxoBaHuii cMyroBuit QuabTp mjg 0araTo4acTOTHOL
PaIioacCTPOHOMIYHOI MPUHUOMHOI CUCTEMU OCHAIICHHS aHTEH paJl0TEJIECKOIMIB s
gactotu 31,0 ITn, a Takox unbTpu AJd cydacHUX paAlopereiiHuX CTaHLii
MUJIIMETPOBOTO J1ana3ony st yactoT 73,51 83,5 I'T'w.
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Mamenos /I. b. IHTesiekTyaJIbHMH CHMHTE3 Ta ONTHMIi3alisg KOHCTPYKIUii
HBY-¢inbTpiB HA OCHOBI YaCTKOBO 3aII0BHECHUX XBHJIEBOJHO-AieJIeKTPHUYHHUX
pe3oHartopis. — Pykonuc.
Juceprauis Ha 3000yTTs CTyNHeHs KaHAMAaTa HayK 3a cnenianbHicTio 05.12.07
— AHTEHHM Ta MPUCTPOI MIKPOXBUIBOBOI TEXHIKM. — XapKIBCbKMHA HalllOHAJIbHUI
YHIBEPCUTET paJll0ENEKTPOHIKH, XapkiB, 2016.

Jucepraiiss npucBsYeHa pPO3poOIl METOJa IHTEJIEKTYaJbHOIO CHHTE3y Ta
ontumizauii KoHcTpykuii HBY-(dinbTpiB Ha OCHOBI YacTKOBO 3allOBHEHUX
XBUJIEBOTHO-A1EIEKTPUYHUX PE3OHATOPIB.

Ha ocHOBI ekchnepTHOi CHUCTEMH Ta CTPOTiX MaTeMaTUYHUX MoJeiei
pO3p00JIECHO METOJl CHMHTE3y Ta OMNTHUMI3allli KOHCTpYKIii OaratonankoBux HBY-
(G1IBTPIB 3 YACTKOBO-3alIOBHEHMMM JI€IEKTPUYHMMH pe3oHaTopamu B H- 1 E-
wiomuHax. Po3paxoBani maremarnuHi mojeni ctpykryp HBU-dinbTpiB Ha OCHOBI
y3arajibHEHOi MaTpull po3citoBaHHA. OnucaHo Mpolec po3poOKH HPOrpamMHOro
3a0e3neueHHss Sapphire CAD — iHTenekTyanbHOi cucTeMH mpoekTyBaHHs HBU-
¢iuipTpiB Ha XJIP. IlpoBeneHo TecTyBaHHS CHUCTEMHU 1 €KCHEPUMEHTAJIbHE
MIATBEPAKEHHSI OTpPUMaHUX pe3ynbTariB. [[OpiIBHEHO MOKa3HUKHU SIKOCTI (LIBTPIB HA
X/IP 3 BIHOMHMM aHAJIOraMH Ha MIKPOCMY>KKOBHUX PE30HATOPaX.

KiarouoBi caoa: HBY-QinbTpu, MeTOn IHTENEKTYaJbHOTO CHHTE3y Ta
onTHUMi3alii,  XBWJIEBOJHO-JIECIEKTPUYHI  PE30HATOpPU, EKCHEPTHI  CHCTEMH,
MaTeMaTu4yH1 MOJell, TpoeKTyBaHHs npuctpois HBY.

AHHOTAIUA
Mawmenos /I.b. UHTeIEKTYyAJIbHBIN CHHTE3 M ONITUMM3alUA KOHCTPYKIHUI
CBY-¢puabTpoB Ha  OCHOBE  YaCTHYHO  3all0JIHEHHBIX  BOJIHOBOJHO-
AHIJIEKTPUYECKUX Pe30HATOPOB. — Pykonuce.
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Juccepranus nocssieHa pa3padOTKe METOAAa UHTEIUIEKTYaJbHOTO CUHTE3a U
ontuMu3auuu KOHCTpYKuud CBY-(uabTpoB Ha OCHOBE YaCTUYHO 3alOJHEHHBIX
BOJIHOBOJHO-TUDJIEKTPUUECKUX PE3OHATOPOB.

Ha ocHOBE T€XHONOTMH MCKYCCTBEHHOI'O MHTEJUIEKTA, 4 UMEHHO DKCIIEPTHBIX
CUCTEM, pa3paboTaH METOJ CUHTE3a U ONTUMU3AIMU KOHCTpYKIui CBY-QuibTpoB ¢
yactuuyHo-3anonHeHHbiMu  BJ/IP B H- w  E- mockoctsx. B oTnuumm ot
YHUBEPCAIbHBIX METOJIOB ONTHUMM3ALMU, KOTOPHIE HE YUWUTHIBAIOT CHEUUPUKY
IIPOEKTUPYEMBIX YCTPOMCTB, & U3MEHEHHUE NApaMETPOB OCYLIECTBIIAETCS HA METOIE
npo0 W omuboK, B pe3ysibTare 4Yero OOJBUIMHCTBO BapHallil OKa3bIBAIOTCS
Oecroe3HbIMU, TPEAIOKEHHBIA METO UHTEIJIEKTYaIbHOTO CUHTE3a U ONTUMHU3ALNH
koHCTpykuui CBY-dunetpoB onupaercs Ha 0a3y 3HaHMIA, KOTOpas pa3paboTaHa BO
B3aMMOJICUCTBUU C BEAYLIMM CHEIMAIUCTOM U TMpeAcTaBisieT coboi Habop
KBAIM(UUUPOBAHHBIX  mpaBwi. TakuM 00pa3oM, HU3MEHEHHE IapaMeTpoB
ONTUMHU3UPYEMOUN CTPYKTYpbl IPOUCXOJUT HA OCHOBAHUU DKCIEPTHOM OLIEHKH, a
quciao (GU3UYECKH HE OOOCHOBAaHHBIX HUTEpallUi TOMCKA JKCTpEeMyMa IeJIeBOU
(yHKUMH CBOAUTCS K MHUHMUMYMY. B OTIMYMM OT H3BECTHBIX CHUCTEM
npoektupoBanusi CBY-ycTpoilcTB pa3paboTaHHasi cucCTeMa HE HYXIaeTcs B
IIPOBEJICHUN AHAJIM3a YYBCTBUTEIBHOCTH, YKa3aHUU I1APAMETPOB M JOIIYCKOB,
OKa3bIBAIOIIMX BJIMSHUE HA LEJEBYIO (YHKLIHIO, TaK KaK M3MEHEHHE IMapaMeTpOB
MIPOUCXOJUT COTJIACHO 0a3e 3HaHUU.

Pa3pabGotansl matematuueckue moaenu CBY-(unbTpoB ¢ YacTUYHO-
3aII0JIHEHHBIMHU BOJIHOBOJHO-IUANIEKTPUUECKUMU PE3OHATOPAMHA Ha OCHOBE METOJI0B
0000IIEHHON MaTpullbl paccesHHsl W YacCTUYHBIX oOnacted. JlaHHble MozAenu
MO3BOJISIIOT TOBBICUTH TOYHOCTh MPOEKTUPOBAHUS (PUIBTPOB, IOCKOJIBKY OHH
ITO3BOJISIIOT YYUTHIBATh HE TOJIBKO PACIIPOCTPAHSIOIINECS, HO U 3aTyXaIOINE BOJIHBI.

Omnucan npornecc pa3paboTku mporpammHoro oodecrneuenust Sapphire CAD —
untemiektyansHoi CAIIP CBY-puiabTpoB Ha OCHOBE YaCTUYHO 3amojHeHHbIX BJIP
B H- n E- muockocTsax, mpoBeNeHO TECTUPOBAHUE CUCTEMBI M IKCIIEPUMEHTAIBHOE
HCCIIEIOBAHNE PE3YJIbTATOB IPOCKTUPOBAHUS.

[IpousBeneHo cpaBHeHUe paccuuTaHHbix cucteMod Sapphire CAD CBY-
GUILTPOB HAa OCHOBE YACTUYHO 3anojHeHHbIX BJIP ¢ u3BeCTHBIMU COBpEMEHHBIMU
aHaJOTaMHU Ha MUKPOIIOJIOCKOBBIX PE30HATOPAX.

KaroueBbie ciaoBa: CBY-QuiabTpbl, HWHTEINIEKTYalbHBIi CHHTE3 U
ONTUMU3ALMsA, BOJHOBOJHO-AUIEKTPUUECKUE PE3OHATOPBI, IKCIEPTHBIE CUCTEMBI,
MaTeMaTUYECKUE MOJIEINIH, MPOEKTUpOBaHue ycTporcts CBY.

ABSTRACT
Mamedov D. B. Intellectual synthesis and optimization of microwave
filters designs based on the partially filled waveguide-dielectric resonators. —
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The thesis work is devoted to intellectual synthesis and optimization of
microwave filters based on the partially filled waveguide-dielectric resonators
method development.

On the basis of an expert system and strict mathematical models a method of
synthesis and optimization of microwave filter designs with partially filled
waveguide-dielectric resonators in H- and E- planes is developed. Mathematical
models of this structures of microwave filters based on the generalized scattering
matrix method are produced. The process of software Sapphire CAD — intellectual
system of microwave filters based on the WDR design development is described.
Testing of the system and experimental verification of the results are made. A
comparison of the quality parameters of the filters based on the WDR with known
analogues based on the microstrip resonators is performed.

Keywords: microwave filters, intellectual synthesis and optimization,
waveguide-dielectric resonators, expert systems, mathematical models, microwave
devices design.
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