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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTHU

AkTyanbHicTb TemH. [loOynoBa po3BHHYTOro 1H(OPMALIMHOIO CYCHUIbCTBA,
PO3BUTOK  1H(POPMAIIMHO-KOMYHIKAIIIMHUX TEXHOJOTIH, J€ KOMITIOTepHI Mepexi
OXOIUTIOIOTh Maiike BCl chepu JIIOJACHKOI SKUTTEAISUIBHOCTI, — OTOJOLIEHO OJHUM 3
HaMOUIbII TpiopuTeTHUX 3aBaaHb €C Ta CBITY, OTXKE€ OJHHUM 3 TOJOBHHUX MPIOPUTETIB
VYkpainu, Bu3HaueHUX 3akoHamu Ykpainu «l[Ipo OcHoOBHI 3acaau PO3BUTKY
iH(popmarliiiHoro cycniibctBa B YkpaiHi», «lIpo Konneniito HamionansHoi mporpamu
iHGopMaTH3alli», 0 00YMOBIIEHO MParHeHHSM MOOY/IyBaTH OPIEHTOBAHE Ha IHTEPECU
JFOACH 1 BIAKpUTE [Tl BCiX 1H(OpMaIIiiiHe CyCHTbCTBO.

Hansucokouactornuit (HBY) ta kpaitBucokouacrotnuit (KBY) mianmazonu
TPaAUIIAHO BUKOPUCTOBYIOThCS ISl (pOopMyBaHHS 1H(QOpMAIIHHUX KaHAJIB B KOCMIYHIN
TEXHII[l, KOMII'IOTEPHUX Mepexax 1 Mepekax MOOUIbHOro 3B’s13Ky. OaHO1 3 Oaratbox
BUMOT TP KOHCTPYIOBaHHI TpPHIMAadiB CTaHIIl € JOCSITHEHHS BHCOKOTO piBHS
BUOIPKOBOCTI, TOOTO 3JIaTHOCTI pajionpuiiMaya BHAUIITH 3 YCIX PI3HHUX 3a 4YaCTOTOIO
HAJXOJIIUYUX CUTHAJIB, TUIBKM Ti, HA YaCTOTYy SIKMX BIH HaJamToBaHUW. OCKUIBKU YUCIIO
nepeIaBalIbHUX paJiOCTAHIIIM, K1 BIUNIMBAIOTh HA aHTEHY MpUiiMaya BEJIMKE, BIH TOBUHEH
MaTH 3JIaTHICTh y 0arato pas3iB MOCHabIIOBaTH NPUMOM CHUTHATIB THUX 3aBaXKAIOUMX
CTaHI[ll, $IKI HaBiTh TPOXH BIAPI3HAIOTHCA MO YACTOTI BIJl HOPUUHATOI, TOMY
XapaKTEpUCTUKU  CTAHIId  3HAYHO  3aJeXaTb Bl  €JIEKTPUYHUX  MapaMeTpiB
0araToJIaHKOBUX CMYTOBHX (DUIBTPIB, IO BCTAHOBIIOIOTHCSA B MpUMadyax IUX CTAHITIH.
Cepen BigoMux (uUIBTPIB KOHCTPYKIlI HAa OCHOBI YaCTKOBO 3allOBHEHUX XBUJIEBOJIHO-
nienekTpuuHux pesoHatopiB (X/IP) 3 BukopucraHHsMm Jeikocarndupa abo Kpapiy,
3aiiMar0Th 0COOJIMBE MICIIe BHACTIOK BUCOKHMX IMOKA3HUKIB SKOCTI, IK HAITPUKJIAJ, BUCOKA
BJIAaCHA JIOOPOTHICTh, PIAKICHUHN CIIEKTP Mapa3uTHUX CMYT, BUCOKHH PIBEHb MOTY>KHOCTI,
110 TIepeaeThCA.

YacTkoBe 3amoBHEHHS B H-MiomuH1 XBUJIEBOAY J03BOJISE peani3yBaTH KOJTHBAHHS
kBa3i-Hio1, Taki KOHCTPYKINT PLIBTPIB JO3BOJSIIOTH MAKCUMAJIBHO BIITAIUTH TApa3UTHYIO
cMyry (QuIbTpa: 0 IMOJIBOEHOI poO0YO0i yacToTu 1 Buie. YacTkoBe 3amoBHEHHs B E-
IJIOMIMHI XBUJIEBOAY JO3BOJIsiE peanizyBaTH KoiduBaHHS L[Maio1, AOOpPOTHICTH TaKuX
Gb1IBTPIB B MIBTOpA — JIBa pa3u BUIIE TOOPOTHOCTI (IIBTPIB 3 YACTKOBUM 3allOBHEHHSIM B
H-nomuni, ogHak, mapa3uTHas cMyra y IUX KOHCTPYKINA Omkde 10 poOodoi, HIK Y
HuX. Po3po0ii MeToay I1HTENEeKTyaJbHOTO CHUHTE3y Ta onTumizauli Bin3Hauennx HBU-
Gb1IBTPIB 1 MPUCBSYCHA TUCEPTAaIliiiHa poOoTa.

Tpanuiiiino 3aBnaHHs MmapameTpudHoro cuHTesy HBU-dinbTpiB BupimyBaiacs
HUIIXOM 3aCTOCYBAHHSI MapaMeTpiB MPOTOTUIIHOI CXEMH TeOpii JIAHLIOTIB B SIKOCTI
BUXIJTHUX ISl MPOLEYpH ONTUMI3allli 3 BUKOPUCTAHHAM IT€pallifHUX METOJIB. Takui
miXia 1 mporpamMHe 3a0e3MedYeHHs] Ha MOro OCHOBI Majid HU3BKY €(DEKTHBHICTH MOIIYKY
1JI00aJbHOTO  €KCTPEMyMy IUIbOBOI  (YHKINi, 10 TMpuU3BEIO0 J0 HEOOX1JAHOCTI
BUKOPDHCTAHHS  HOBUX  METOAIB  IITy4HOro  iHTenekty. CydacHUH — cHUCTeMH
aBTOMaTH30BaHOTro npoekTyBanHs HBU-npuctpois, Taki sk AWR Microwave Office, CST
Microwave Studio, AnSoft High Frequency System Simulator, Sonnet Suites u uWave
Wizard, nis BupilieHHs 3aBAaHHS HapaMETPUYHOTO CHHTE3Y BHUKOPHCTOBYIOThH IITYYHI
HEHPOHHI MEpeXki 1 eBPUCTHUYHI alTOPUTMHU, TaKi SIK: TEHETHYH1, MypaIllHi, COPHIKOBHE
Ta iHMI. JlaHi METOM € yHIBEpCAIbHUMHU, ajle HE BPaxOBYIOTh CHENU(]IKY MPOSKTOBAHUX
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IPUCTPOIB, L0 B CBOIO YEPry IMPHU3BOJUTH 10 TaKWX HACHIAKIB, SIK PI3KE 3POCTAHHS
«IPOLIECOPHOTO Yacy» 1 HEMOXJIMBICTh OTPUMaHHS ONTHUMAJbHOIO PpIIICHHS B
NPUIHATHOMY YacOBOMY iHTEepBalli. B 1ijoMy ciiff po3yMiTH, 10 HU3bKA TPOAYKTHBHICTh
X METOJIB OOyMOBJIEHAa THM, IO MEpeBa)kHa OUIBIIICTh Bapiallii (SIK HAIPHUKIIAT
OTPUMAaHHSI HOBOI MOMYJAIl B TEHETUUYHUX aJIropuTMax), ab0 BUIQJKOBE 3MIHCHHS
nmapaMeTpiB ONTHMI3aIlii B TPaJIEHTHHX METOAAaX € HEOOTPYHTOBAHHUMH 3 TOYKH 30PYy
CJIEKTPOAMHAMIKH MPOIIECIB.

ToMy akTyalbHOIO CTae po3poOKa aTbTEPHATUBHOTO METOAY IHTEIEKTYalbHOTO
CHUHTE3Y, KM CIHUpaeTbcsi Ha (opMaiizoBaHl 3HAHHS MPOBIAHOTO E€KCIepTa B AaHii
001acTi Ta CTPOT1 ENEKTPOAMHAMIYHI MOJIE1 IPUCTPOIB, IO ONTUMI3YIOThCS. J[aHi 3HAHHS
€ ocHOBOIO ekcriepTHOi cuctemu (EC), kimrouoBa ijiest K01 MoJjsirae B aHaji31 aMILTITYTHO -
yacToTHOI Xapaktepuctuku (AYX), sKa poO3paxoBYeTbCs Ha OCHOBI pIMIEHHS
CIICKTPOAMHAMIYHOI ~ 3a7a4l  pO3CIIOBaHHS  elleKTpoMmar”iTHoi  xBwii  Hio Ha
0araToJIaHILIIOTOBIM PE30HAHCHIM CTPYKTYpi, IIO YTBOpPEHA JIAHIIOKKOM 3B’SI3aHUX
pPE30HATOPIB.

3B’A30Kk po0OTM 3 HAYKOBHUMH MNporpamMamMu, IUIaHAMH, Temamu. Tema
JcepTaliitHoi po6otu Ge3nocepeHbO MOB’sI3aHAa 3 OCHOBHUMH HAampsSMKaMH PO3BUTKY
TeJIeKOMYHIKalid YKpaiHu, BU3HaueHUMU B 3akoHax Ykpainu «IIpo OcHOBHI 3acanu
pO3BUTKY 1H(OpMaIliiiHOrO cycnuibcTBa B YKpainiy, «llpo Konuenmiro HarionansHot
nporpamu  iHMopmaTu3zamiiy, «[Ilpo HamionaneHy mnporpamy iHMOpMaTH3aIi»,
noctaHoBolo BepxoBHoi Pamu VYkpainm «IIpo ocHOBHI 3aBIaHHS BIIPOBAJKEHHSI
1H(GOPMALITITHUX TEXHOJIOT 1.

Hucepraiiitna podoTta BukoHaHa Ha Kadeapi «Cuctemu iHDopmarlii» dhakymbTeTy
«Komm’rotepaux Ta  iHGoOpMaliiiHMX  TexHOJOTiH»  HalioHaabHOTO  TEXHIYHOTO
YHIBEPCUTETY «XapKIBCHKHUI MOJITEXHIYHUN IHCTUTYT». Pe3ynbTaTi poOOTH BUKOPUCTaHI
npu po3poOiii BucokouytianBoi HBU-amapaTtypu B pamkax HayKOBO-IOCHITHOI poOOTH
«Po3poOka, BHUTOTOBIEHHS 1 MOCTAa4aHHS PaJl0aCTPOHOMIYHOI MPUHMAIBLHOI CUCTEMU
(PIIC) nnst ocHaileHHS aHTeH Maiux pajioTeneckomniBy, mudpp «Ksazap-M-Catyphy,
HoMep aepskaBHOI peectpanii 0112U007540 Bix 22.11. 2012 p..

Meta i 3aBaaHHs JOCHiAKeHHA. MeETor IOCTIDKEHHS € po3poO0Ka METoy
OTIEPATHUBHOTO CHUHTE3Y Ta onTuMizallii KoHCTpyKiii HBY-inpTpiB Ha OCHOBI YaCTKOBO
3anmoBHeHUX X/{P, 10 ciupaeTbcsi Ha TEXHOJOTIT IITYYHOTO 1HTENIEKTY, a caMe eKCIEepPTHI
CHUCTEMH Ta CTPOT1 €JIEKTPOIMHAMIUHI MOJIEN IPUCTPOIB, 110 OMITUMI3YIOTHCS.

JI71st TOCSITHEHHS TTOCTABJICHOT METH C(hOPMYJITbOBaHI HACTYTIHI 3aBJIaHHS:

1. AnHani3 npeaMeTHoi 001acTi, ICHYIOUUX METO/IIB ONTHUMI3alli Ta MPOrpPaMHOTO
3a0e3neueHHs npoektyBanHs HBY-npuctpois.
2. Po3pobxka onepaTuBHOr0 METOY IHTENEKTYaJIbHOTO CUHTE3Y 0araToJIaHKOBUX

HBY-pinsTpiB Ha ocHoBl X/IP 3 wacTkoBuM 3amoBHeHHsM B H- 1 E- miommnHax, mo
CIIHPAETHCS HA CTPOT1 €NEKTPOJUHAMIUHI MOETII.

3. Po3pobka ctporux mMarematuyHux mojnenei OaratonankoBux HBY-dinbTpis
3 X]JIP gactkoBo 3anoBHeHHUMHU B H- Ta E- mioniinax Ha OCHOBI METOJIB y3arajJbHEHOI
MaTpHIll PO3CIFOBAaHHA 1 YaCTKOBHUX OOJacTed, MOCTIIKEHHS 301KHOCTI PO3pOOICHHX
MOJICIIeH.
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4.  Po3poOka mHporpaMHOro 3a0e3NEYeHHsS aBTOMAaTH30BAaHOI'O IPOEKTYBAaHHS
HBY-}i1bTpiB Ha 0a31 po3po0OaeHOT eKCIIEPTHOT CUCTEMH 1 MAaTEMaTUYHUX MOJEIIEH.
5. ExcniepumeHnTanbHe MIATBEPHKEHHS Mpale3gaTHOCTI po3po0JIeHOr0 METOY,

BUPIIICHHS NPAKTUYHUX 3aBAaHb cUHTe3y 1 ontuMmizamii HBY-¢(iunbTpiB, mopiBHSIHHSA
PO3paxoBaHUX KOHCTPYKIIIM 3 BIIOMUMU aHAJIOTaMHU.

O0’exkTOM JOCTIAKEHHS € TMPOLEC AaBTOMATHU30BaHOro mpoekTyBaHHs HBU-
GbUIBTPIB HA OCHOBI XBUJIEBOJIHO-AICIIEKTPUYHUX PE30HATOPIB 3 YACTKOBUM 3aIIOBHEHHSIM
B H- 1 E- momunax.

IIpeameTomM JOC/iIKEHHSI € METOJ IHTEJIEKTyaJlbHOIrO CHUHTE3y Ta ONTHUMIi3auii
koHCcTpykIiit HBU-}inpTpiB Ha 0OCHOBI YacTKOBO 3amoBHEHHX X ]IP.

Metoau faociaigikeHHsi. 3aBJaHHS JUcCepTaliifHOI poOOTH BUpINTyBajgacs 13
3aCTOCYBAHHSIM YHCEJIbHO-aHAMITUYHUX METOAIB enekTpoaunamiku HBY  (Mmeton
y3araJIbHEHOI MaTpHIll PO3CIIOBaHHS, METOJI YaCTKOBHX OO0JacTeil), METOMIB MITY4YHOTO
IHTEJEKTY (E€KCIEepTHI CUCTEMH), CYYaCHUX METOMAIB 1 TexHousorii nporpamysanss (OOII,
C ++/ CLI).

HaykoBa HoBHM3Ha poOotu. BcraHoBneHi B aucepralii HayKOBI IOJOXKEHHS €
CYTTEBUM JIOTIOBHEHHSIM 3HaHb, HEOOXIAHMX JJIsi PO3BUTKY BHCOKOSIKICHOI €J€MEHTHOI
0a3u paaioTeIeKOMMYHIKAI[IOHHUX TEXHOJOT1M YKpaiHu Ta CBITY, a caMme pillleHHs 3aja4i
aBTOMAaTHU30BAaHOTO MPOEKTYBaHHsS 0aratojlaHUIOroOBUX (UIBTPIB HA OCHOBI YacCTKOBO
samoBHeHnX XJIP. VY nmucepTtamiiiHii poOOTi OTpUMaHI HACTYIHI pPE3yNbTaTH, SKi
XapaKTepU3yIOThCSl HAYKOBOIO HOBU3HOIO:

1. Bnepiie po3poGieHo omnepaTUBHUM METOJl IHTEJIEKTYaJlbHOTO CHHTE3Y
OaratonankoBux HBY-dinbrpiB Ha ocHOBl X]/IP 3 yacTkoBuM 3anoBHeHHsSM B H- 1 E-
IUIOLMHAX, 10 CIUPAETHCS HA CTPOT1 €JIEKTPOJMHAMIYHI MOJIEN] Ta KU, HA BIAMIHY Bij
ICHYIOUMX, HE BHMAarae BiJ KOHCTPYKTOpa IPOBEIEHHS aHaNI3y YYTJIUBOCTI CTPYKTYpH,
BKa31BKH JIOMYCKIB 1 TapaMeTpiB M0 BILUIMBAIOTH HA IUIBOBY (DYHKIIIIO; 3MiHA TapaMeTpiB
CTPYKTYpH, SIKa ONTUMI3Y€ThCSA, BINOYBAa€ThCA HA TMIJACTaBl EKCIEPTHOI OIHKH, IO
3BOJIUTH J0 MIHIMyMY 4YHUCJIO (I3UYHO HEOOTPYHTOBAHHUX ITEpAIliil MOMIYKYy €KCTPEMyMy
ITLOBOT (DYHKIII].

2. Bnepiie po3pobieHo Ha OCHOBI METO/IIB y3araJibHEHOI MAaTPUIll PO3CIFOBaHHS
1 YaCTKOBUX 00JacTed CTpOri MaTeMaTHYH1 MOl OpUTriHaIbHUX OaratojiankoBux HBU-
GUIBTPIB 3 YacCTKOBO 3amoBHEHMMHU XJIP, BUKOPHUCTaHHS SAKUX Ja€ MOXKIIUBICTh
BpaxyBaHHSI IOBUIbHO1 KUTbKOCTI XBUJIb B TO3aMEXHOMY XBUJIEBO/I.

3. Bnepe po3pobieHo cnocid ontumizamii koHcTpykuidi HBUY-(puibTpiB Ha
OCHOBI 4acTKOBO 3amoBHeHMX XJIP 3a Takumu mnapameTpamu sK: KOEQIIIEHT
IPSIMOKYTHOCTI, YAaCTOTHE IOJOKEHHs mojtoca 3aracaHHs AYUYX ¢inbrpa, MakcuMaibHa
YacTOTHA BIICTaHb JI0 APAa3UTHOTO CMYTH.

IIpakTH4He 3HAYEHHS OTPHUMAHHUX pe3yJbTaTiB. Bukopucranus po3pobieHoro
METOAYy IHTECJIEKTYyaJlbHOTO CHUHTE3y Ta omnTtumizaiili koHcTpykiii HBY-¢ineTpiB 3
4yacTKOBO-3anoBHeHUMHU X/IP, 1m0 omMpaeThcs Ha CTPOri €IEeKTPOAMHAMIYHI MOJENI
JI03BOJISIE TPOEKTYBaTH (ITbTPH 3 BUCOKOK TOYHICTIO 1 3HAYHO 3MEHIIMTH 4Yac
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npoekTyBaHHs. Ha 6a3i 3ampomoHOBaHOTO METOJY CTBOPEHO IMporpamMHe 3a0e3NedeHHS
Sapphire CAD g aBromatuzoBaHoro npoexkryBanusg HBU-duibtpiB Ha ocHoBl X/IP.

Po3pobneni cTpori MmaTeMaTH4HI MOJEII, SKI CIIHPAIOTHCS Ha METOJ| y3arajibHEHOI
MaTpHIll PO3CIFOBaHHS, JAIOTh MOXKJIMBICTh MPOCKTYBaHHS (PUIHTPIB 3 BUCOKOI TOYHICTIO
HaBITh B MUIIMETPOBOMY Jl1alla30H1 XBUJIb, OCKUIBKH 11 MO J03BOJIAIOTh BPaxOByBaTH
OyIb-sIKY KUTBKICTh XBHJIb B MI03aMEKHOMY XBUJICBO/II.

[ToxazaHa MOJIUBICTh TEXHIYHOI peaizyeMOCTI CMYroBux (GUIbTPiB, HA OCHOBI
yacTkoBo-3anoBHeHnX XJIP B KBY niama3oni, mo BiANOBIIAIOTH YJIbTPACydYaCHUM
crangaptaM ECMA-387, WirelessHD, IEEE 802.15.3¢c Ta IEEE 802.11ad.

[IpoBeneHO MOPIBHSUIBHUIM aHaNi3 MOKA3HUKIB SAKOCTI CIPOEKTOBAaHMX (UIBTPIB 13
GbiTpTpaMu Ha 1HIIIIN eJIeMEHTHIH 0asi.

HaykoBi 1 mpakTuyHl pe3yJabTaTH IUcepTaliiiHOi POOOTH BHUKOPUCTOBYIOTHCS B
HABYAIHLHOMY TpOIECl Ui CTyAeHTiB HaioHaabHOTO TEXHIYHOTO YHIBEPCUTETY
«XapKIBCbKUH MOJITEXHIYHUN THCTUTYT» 3 AUCHUINIIH «TexHIYHa eIeKTpOIUHAMIKA,
«YucenbHi wmeronu B iHQopmaruui» HampsaMmy 6.050101. Pesynbraté gociigxkeHb
BUKOPHUCTOBYIOTHCS B IUTJIOMHOMY IIPOEKTYBaHHI.

Po3pobnene mporpamHe 3a0e3neueHHs] BOPOBAKEHO B IMPAKTHUKY MPOEKTYBAaHHS
HBY-dinsTpiB Ha [TAT «HBII Catypn».

JIOCTOBipHiCTh HOBUX HAayKOBUX pE€3YJIbTaTiB 1 BUCHOBKIB JUCEPTALIIHOI pPOOOTH
HATBEPIKYETHCS:

- OOTPYHTOBAHICTIO $IK TPUMIYILIEHb, MPUUHATUX TPHU EJICKTPOAUHAMIYHOMY
MOJICJIFOBaHHI 3a/1a4 PO3CIFOBaHHS, TaK 1 METO/IIB MaTeMaTUYHOT (P13UKH;

- BIJIMOBIHICTIO PE3YJIbTaTIB MPOCKTYBAaHHA THM, IO CHUPAIOTHCA HA 1HII
MOJIENI;

- 30iroM pe3ynbTaTiB  EKCIePUMEHTAIBHUX Ta YHCEIbHO-aHATITHUYHUX
JOCHIIKEHb KOHCTPYKIIN (IIbTPIB;

- pe3ynbTaTaMu TMPaKTUYHOTO  BUKOPHUCTAHHS 3alpOMOHOBAHOTO METOIY
CUHTE3y Ta ONTUMI3AIlli KOHCTPYKIH (QIIbTPIB.

Oco0suBuii BHecok 3100yBava. JluceprauiiiHe JOCHIPKEHHS € CaMOCTIIHO
BUKOHAHOI0 POOOTOIO, B SIKil BiIOOpa)K€HlI OCOOMCTHI aBTOPCHKMMA MiAXiT 1 0COOMCTO
OTpHUMaH1 TECOPETUYHI, EKCIIEPUMEHTAJIbHI 1 TPUKJIATHI PEe3yIbTaTH, 110 BIAHOCITHCS 0
IPOEKTYBAHHS OpUTiHAJIbHUX Oaratosanuoropux HBU- (planplB Ha OCHOBI YacCTKOBO
3amoBHeHNX XJIP. ABTOpY HaJCXHTh psAI HAYKOBUX 1 MPAKTHYHUX PE3yJbTATIB:
BUKOPUCTOBYIOUM METOJIM Yy3araJbHEHOI MaTpHlll PO3CIIOBaHHS 1 YAaCTKOBHUX oOOJacTei
po3pobneno mMaremaruuHi mozeni HBY-dunbTpiB 3 yactkoBuMm 3amoBHeHHsM B H- 1 E-
IUIOLIMHAX, CTBOPEHI HAa IX OCHOBI JMHAMIYHO NOpHenHyBaHl Oi0mioreku. Ha ocHOBI
TEXHOJIOTIA MITYYHOTO 1HTENeKTy, a came EC, po3pobneHuii MeTon 1HTEIEKTYyaJbHOTO
CHUHTE3Yy 1 ONTHUMI3allli OpHUTiHAIBHUX KOHCTPYKIlA OaratosankoBux HBUY-¢pinbTpiB 3
YacTKOBO 3amoBHeHMMH X/IP, 110 crnupaerbcs Ha CTPOrl €JEKTPOJAMHAMIYHI MOJENI.
Jlanuii MeTon peani3oBaHWM Yy BUTJIAAI TMPOTPaAMHOTO 3a0€3MEUYeHHS — CHCTEeMU
aBTomaTu3oBaHoro npoekryBanHs HBUY-¢dinetpiB Sapphire CAD. IlpoaemoncTpoBaHo
€()EeKTUBHICTh PO3POOJIECHOTO METOYy, PO3POOJICHI METOJUKH ONMTHUMI3AIlli OpPUTTHATIBLHUX
koHCTpykit HBY-dineTpiB 3 uacTtkoBo 3amoBHeHMMH X/[P, ekcmepumeHTaIbHO
MIATBEPKEHI PE3yJNbTaTh MAIIMHHOTO TPOEKTYBaHHS, OINTHUMI30BaHI KOHCTPYKIIIT



CMYTrOBHX (GUIBTPIB JUISI CUCTEM Paio3B’sI3Ky MUIIMETPOBOTO [iama3oHy: (QuIbTp I
0araroyacToTHOT  PaJl0aCTPOHOMIYHOI TMpUUMAaJIbHI CHUCTEMH OCHAILCGHHS aHTEeH
pamioreneckoniB st yactoTd 31,0 [T, a Takoxk GUIbTpH sl CydacHUX pagioperneiiHux
cTaHiid ansg dactor 73,5 1 83,5 I'Tm, mpoBeneHo TMOPIBHSUIBHUX aHal3 3 BIJOMHUMH
aHajnoramu QUIbTPIB HA MIKPOCMYKKOBHUX PE30HATOPAX.

Anpobania pesyabraTiB aucepranii. OcCHOBHI pe3ylnbTaTd poOOTH Oynu
JOKJIAJIeHI Ha  MDKHApOAHMX  HAYKOBO-TEXHIUYHUX  KoHPepeHmisx  «lIpobGremu
iHbpopMaTHKK 1 MojentoBaHHsS», M. XapkiB 2010 — 2011, 2013, yHiIBEpCUTETCHKOI
HAYKOBO-TIPAaKTUYHOI  CTYyAEHTChKOi KOoHGepeHnuii «lHpopmariitai TexHomorii Ta
IHTEJIEKTyallbHa BIIACHICTH», M. XapkiB 2013, MIDKHapOJHOI HAyKOBO-TIPAKTUYHOL
koHpepen1i «IHpopmalliiHi TeXHOIOTIi: HayKa, TeXHIKA, TEXHOJOT1s, OCBITa, 3JI0POB’ 5,
M. XapkiB 2014 poky, Mi>KHaApOJHOT HAYKOBO-TIPAKTHUYHO1 KOH(epeHLii «MarematuuHe Ta
nporpamMHe 3a0e3MeueHHs 1HTEeNeKTyadbHUX cuctem», M. JHimponetpoBchbk 2014 poky,
HAyKOBO-TE€XHIYHOT KOH(EpeHIi CTyACeHTIB, MaricTpiB Ta acmipaHTiB «lHdopmaTuka,
YIOPaBIIHHS 1 IITYYHUH 1HTENEKT, M. XapkiB, 2014 — 2015, a Takox yBIMIUIA B 3aMOBHY
IUICHApHY JOMOBIIh HAYKOBOTO KEpIBHMKA Ha MDKHApOAHIN KoH(epeHmii: International
Conference and Exhibition on Satellite, At August 17-19, 2015 Houston, Texas, USA
(BiA3HAYEHA rPaMOTOI0 OPTKOMITETY K TaKa, [0 € 3HAYHUM HAyKOBUM BKJIAJIOM).

IIyOaikanii. 3a pe3ynbTaraMd HAayKOBHX JUCEPTALIMHHMX JOCIIIKEHb aBTOP
omyOJikyBaB 16 HAyKOBHX TMpallb, 3 SKMX 5 CTAaTTi — B CIHEMiali30BaHUX (PaxoBUX
BUJIAaHHAX, 2 Yy 3apyObKHuMX >KypHamax «Wireless Engineering and Technology» 1
«Electrical and Electronic Engineering», 8 myOmikaiiii y 30ipHUKaX HAyKOBUX Ipallb
KoH(pepeHIiid, 1 aBTopchke CBiTONTBO JlepkaBHOI Cay:KOM IHTEICKTyaJIbHOI BIIACHOCTI
Yxkpainu.

Crpykrypa i obcar aucepramii. luceprariiiina podota cKiIaga€eTbCcs 31 BCTYILY,
I’SITU PO3JILTIB, BUCHOBKIB, CITMCKY BHKOPHUCTaHUX JDKEpeN, JOAaTKIB. 3araibHUil oocsar
muceprailii ctaHOBUTH 150 cTOpiHOK; 3 HUX 29 pHUCYHKIB MO TeKcTy; | pucyHok Ha 1
OKpeMoi cTopiHli; 14 Tabmuib MO TEKCTy; CIHMCKY BHUKOPUCTAHUX JKepen 31 145
HaliMeHyBaHb Ha 14 cTopiHKax, 5 10JaTKiB Ha 36 CTOpPIHKAX.

OCHOBHMI 3MICT POBOTH

Y Berynmi  OOrpyHTOBAaHO aKTYyalbHICTH Ta JOMUIBHICTH TEMH JAUCEpTaIllii,
chopMynbOBaHO 1i METy 1 3a/adi, BU3HAYEHO OO0 €KT, MPEeIMET 1 METOJH, BHU3HAYCHO
3B’SI30K  JUCEpTaIliiiHOiI poOOTH 3 HAYKOBUMHU TNpOrpaMamMu, IUIaHAMH, TEMaMH,
chopMyJIbOBAaHO METY 1 OCHOBHI 3aBAaHHS JOCHIIK€Hb, BU3HAYEHO HAYKOBY HOBHU3HY 1
NpaKTHYHE 3HAYCHHS OJEP)KaHMX pe3yibTaTiB, OCOOMCTHI BHECOK 3700yBaua, HAJAaHO
BIZIOMOCTI TIpo TyOmikarii y (axoBUX BUJAHHIX, HAYKOBHX JKypHaiax, 30ipHHUKaX IMpaib
KOH(epeHI[iid, aBTOPChK1 CBIJIOIITBA, OKPECICHO CTPYKTYPY Ta OOCAT JUcCepTaIllii.
Y nepumomy p0311i.11i BUKJIQJICHI OCHOBHI MOJIOXXEHHSI MAalIMHHOTO MpoekTyBaHHs HBY-
MPUCTPOIB, ONMMCAHI KIIOYOB1 €Tay KOHCTPYIOBAHHS 13 3aCTOCYBAHHIM KOMIT

I0Tepa, a came: MOJCNIOBaHHA, aHali3 1 onTumizamis. Po3risigarThes BiaoMi
METOJIM ONTHUMI3allll Ta CcydacHe ImporpamHe 3a0e3neuyeHHsi mpoekTyBanHs HBY-
IIPUCTPOIB.
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['oOOBHUM HEJOJIKOM ICHYIOUYHMX METOJIB ONTUMI3allli € HeoOrpyHTOBAHICTh
nepeBaXKHOi OUIBIIOCTI Bapialiidl mapameTpiB 3 TOUKU 30pYy €IEKTPOJUMHAMIKH MPOLECIB.
Cyuacne mporpamHe 3abe3nedeHHs mnpoektyBanHsa HBU-mpuctpoiB Take sk AWR
Microwave Office, Microwave Studio Bix kommanii CST, HFSS, Sonnet Suites, pWave
Wizard, He BpaxoBye crernudiky 00’€KTiB, 0 KOHCTPYIOIOTHCS, Yepe3 M0 ONTHMI3allis
IPUCTPOI0 CTA€E HEMOXKJIMBOIO, KOPUCTYBAdeBl MPOMOHYETHCA CAMOCTIMHO MPOBECTH
aHaJIi3 YyTJIMBOCTI MPUCTPOIO, BKA3ATH CUCTEMI MapaMeTpH 1 JOMYCKH, IO BIUIMBAIOTH Ha
0By QyHkIit0. Lli mporpamMHi KOMILJIEKCH MalOTh BUCOKY BapTiCTh, BUMAaraloTh BUCOKY
KBaNmi(iKalilo KOHCTPYKTOpPA, BHUKOPHUCTOBYIOTh TOBUIbHI  yHIBEpCajdbHI METOIU
ONTUMI3aIlli, B AKUX MPOCKTYEMUU TPUCTPIA PO3TIATAETHCS K YOPHUM SAIIMK; arpiopHi
BJIACTUBOCTI 1 XapakTepHi OCOOJMBOCTI TEXHIYHOTO 3aBjJaHHS HE BPaxOBYIOTHCS, a
KIHLIEBUI pe3yJIbTaT HE MA€ OLIHKY NOXUOKH MPOEKTYBAHHS.

[TpoBoauThCS MOCTaHOBKA 3a/a4i cuHTe3y Ta ontumizaiii HBU-¢hineTpiB Ha 0CHOBI
yacTKoBO 3anoBHeHux X/IP (puc. 1).

E — naougunnuii H - naowunnui
napanenenined napanenenined
KkoausarHa Hioi Kkoausarns LMo

a §)

Puc 1. Koncrpykiii opuriHaabHuX cMyroBux ¢inetpiB Ha X/IP 3 yacTKOBUM 3amoBHEHHSM B H-
riontuHi: konuBaHHS Hio: (), E- mmomuai: konuBanas LMo (0)

B KiHIN po3ainy MiIBOJUTHCS MIJCYMOK CTaHy MpoOiaemMu, GOPMYITIOIOTECS LI Ta
3aBIaHHS JOCIIHKEHHS.

Y apyromy po3aiji Ha OCHOBI TEXHOJOTIH IITY4HOTO IHTEIEKTY, a came
EKCIIEPTHUX CHCTEM, pO3pOOJICHO METOJ CHHTE3y Ta OITHUMI3allii OpHUTiHAJLHUX
KOHCTpYKIIii OaratonaniroroBux HBU-¢inetpiB 3 yactkoBo 3anoBHeHuMu XJIP B H- 1 E-
wiomuHax. OnucaHo crocid MTepaliiHOi ONnTUMI3alli 3a TaKUMHU HapamMeTpaMu SK:
Koe(iIieHT TPAMOKYTHOCTI, YaCTOTHE IIOJIOKEHHs Mojroca 3aracaHHs AUX ¢inbTpa,
MaKCHMaJlbHa YacTOTHA B1JICTaHb JI0 apa3uTHoro cMyru. Haseneno eranu ctBopenns: EC
1 npouec npoektyBanHss HBU-(inbTpiB HA OCHOBI YaCTKOBO 3anmoBHEHUX X/[P.

OcnoBHoto i7eer0 EC € MozentoBaHHs Mpoliecy po3yMiHHs MOTOYHOT aMILTITyIHO-
YaCTOTHOT XapaKTePUCTUKH (PLIbTpa eKCIepTOM. 3HAHHS eKCIlepTa MOBUHHI OyTH JOCTaTHI
JUIsL TOro, 00 3pO3yMITH SK MOTPIOHO 3MIHUTH TreoMeTpito (uibTpa, OO0 HOro
XapaKTEpPUCTHKA MPHU KOXKHIA 3MIHI OJHOrO 3 MapameTpiB HaOIMXayiacs Bl MOTOYHOIO
cTany no 3amaHoro. Omxke, QUIBTpU, SKI MUISTAIOTh ONTHMI3AIi, SBISIOTH COOOIO


http://www.mician.com/content/products/wave_wizard
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JAHII)KOK 4acTKOBO-3an0BHEHUX X/IP Ha mozamexHoMy xBuiieBoAl. OJHOJAHKOBUN
GUIBTP, AKINA BKIIOYAETHCS B OCHOBHUW TPAKT (pEryJsipHUi XBUJIEBI), IOKa3aHUI Ha pHUC.

2.

Puc. 2. OqnonankoBuii cmyroBuii ¢inbTp (BuI 3Bepxy): L — mokuHa pe3oHaropa; d — J1oBKHHA
BX1/IHOT IT03aMEKHOCTI; € — JIENeKTPUYHA MPOHUKHICTH pe30HATOpa

OcHoBHa Mojna Hio perynspHoro XBWJIeBOAY IpH MajiHHI Ha 1[I0 HEOJHOPITHICTh
BiTOMBAETHCS HA BCIX YACTOTaX, KPIM THX, 11O BIIMIOBIIal0Th PE30HAHCAM JTICIEKTPUIHOTO
BKJIafHUKa. Ha wyacToTax mux pe3oHaHCiB, MO JIOBXKUHI PE30HATOpA YKIAIA€ThCA nN-
HamiBXBUIb. Ha pucyHKy 3 TIMOKa3aHO PO3MOJIT E€ICKTPUYHOI KOMIOHCHTH OCHOBHHX
KoiuBaHb: cuH(pazHoro Hior 1 mpoTiBodazHoro Hioez.

cundgy
npom E )
AV — E_r )

/#Z

Puc. 3. Po3nosin enexTprudHOi KOMITOHEHTH TOJIsI CHH(A3HOTO 1 TPOTiBO(a3HOTO KOJTMBAHb

ve

a4

I[J'DI OCHOBHOI'O KOJIMBaHH 6}’,[[6 CIIPpaBCJINBUM HaOJIMKEHE CHiBBi,ZIHOIHeHHH,
OTPUMAHC 13 BU3HAYCHHS YacTOTH 3a YMOBH, OI0 IIO I[OB)KI/IHi pE30HaTOpa BKIIAAA€THCA
HpI/I6J'II/I3HO ITOJIOBHHA JOBXXHWHH XBUWJI1 KOJIMBAHHS

H,
101 yy

2/ em'

3BIJICM MU BUBOAMMO JIOTTYHE MPABWIJIO — YUM OUIbIIE TOBXKWHA PE30HATOpPA, TUM
MEHIIIE 4YacToTa 1, HaBMakKW. AHAJOTIUHI 3aJIe)KHOCTI YacTOTH B JTEICKTPUIHOT
MPOHUKHOCTI (MTPOMOPIIIHI KOPEHI0 4acTOTH). PO3paxyHKOBI 3HAYEHHS MIATBEPHKYIOThH
3po0sieHi BUCHOBKH (puc. 4, puc. 5).

I3 3anexnocTi yactorn XJIP Bij mieneKTpUYHOT MPOHUKHOCTI, pOOMMO BHUCHOBOK —
SKIIO € PO3PaxOBaHMK BapiaHT KOHCTPYKIli (iIbTpa 13 ACSIKUM 3HAYEHHSIM €, TO B pasi
nepexo1y 0 PO3PaxXyHKy 13 OUIHIIMM MOr0 3HAYEHHSIM, HAM HEOOX1THO IIyKaTH JOBXKUHY
pe3oHaTopa 3a YMOBH, 1110 BOHA OyJie MEHIIIE, HiXK B TTOTIEPETHHOMY BUTIAJKY 1, HABIAKHU.

Ha pucynky 6 mpuBejieHa THUIIOBa pPO3paxyHKOBa 3aJI€KHICTh PE30HAHCHOT YAaCTOTH
XJIP Bix JOBKHMHM BX1IHUH [103aMEKHOCTI d.
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F(l), MI'y
8500

8250 .

8000

7750

7500
\

7250
m—e—_]

—e

7000
434 484 534 584 634 684 734 784 834 884 934 Irexu, mm

Puc. 4. Tunosa 3anexHicts pe3onancHoi yacroru X/IP Bix noBxuHu pesonaropa |

F(z), MI'n
8600

b
8100 ~—

7600

7100 —~—
""!-_.___-__-‘.

6600
28 3 32 34 36 38 4 42 44 46 48 ¢

Puc. 5. TumoBa 3ajeXHICTh pe3oHaHCHOI dYacToTh XJIP Bim BeawuywHU mieIEKTPUIHOT
HNPOHUKHOCTI €

51

50

48

47

46

Yacrora, I'T'n

44

43
0 03 0.5 0.6 0.7 0.8 0.9 1.1 1.5

d, MM

Puc. 6. Tumnosa 3anexHicTh pe3oHaHcHOT yactot X /IP Bix BETWYMHM BXiTHOT 103aMeXHOCTI d

Sx BuAHO 3 pucyHka 6, Moxemo (opmaiizyBaTH JIOT1YHE MPABUIO: YUM MEHIIE
JIOBKMHA BXIJHHUIA 3aTPAaHUYHOCTI, TAM MEHIIIE yacToTa. [[pH4nHOI0 € BIJTUB PO3MIUPEHHS
XBUJICBOIY Ha OJVOKHI TOJIST pe3oHaTopa. Y MOPOKHBOMY IMO3aMEKHOMY XBHJICBO/II TOJIC
CJIEKTPOMAarHiTHE HOCHUTh 3aTyXal0Uni XapakTep 1 HOro aMIUIITy1a MPOTOPITiHHA BETUINHI
A(x) e”?, ne KoedlIlieHT 3aracaHHs KOJIMBaHb €

TakuM 4YWHOM, 3pO3yMLIO, YMM MEHILIE BXiJHA [03aMEXHICTb, TUM MEHIIE
3aracaHHs ONMXHIX TOJIB, Ta OUIbIIE BIUIUB PEryJISIpHOro (IIMPOKOTO) XBUJIEBOAY 1
HUXK4Ye pe3oHaHcHa yactora XJIP. 3Bigcu maemo soriydi npasuia: (1) qoBkuHa KpaiHiX
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PE30HATOPIB 3aBXKJIM MEHINE, aHDK IEHTPAIBHOTO 1 (2) YMM MEHIE JIOBXKHWHA BXITHUN
M03aMEXHOCTI, TUM MEHILE JOBXHHA KPailHIX pE30HATOPIB.
Ockinbku, s GOpMyBaHHS CMYTH TPOMYCKaHHA (iIbTpa BUKOPUCTOBYIOTHCS

JIEKIJIbKa PE30HATOPIB, TO PO3MIISTHEMO TUHAMIKY 4acToT 3B’si3Ky nBoX X/IP (puc. 7, puc.
8).

F(L), MI'u

r J e Cundpaznmii
8600 T 1 1 1 T t T t 1 . - + 1 e TIporadasmmii

8400 T 1 T

8200

w
»
. &
. &
. 4

8000 + 4 3 4 4 v

7800

7600

7400 T T t t T T 1 t t + t t - . |
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. 7. Tumnosa 3anexnictb yactor 38’ a13ky X/IP Bix Bigcrani L Mix HUMUA
y

Enpum cungh ynpom cungh
CUH
Ec.widi v E & E E ¥ A v ErPom E
¥ \ AY Y A
o ;
e 5»‘0‘$:%i~ > Z
S ) sainec! N » 7 /] | 3
et ek / /
it . St
LTty b ety
i o G S
petel Hetels St
Infatetetel! tetelitentell L
1"
w—/ \_Y_J \_Y_} ] < I

Puc. 8. Cxemarnyna OynoBa eNeKTPUYHOI KOMIIOHEHTH TIOJIS MPHU PI3HUX 3HAYEHHSAX MPOMIKKY
3B’s13ky L: mpu L = 0 (a), mpu cepennix 3HaueHHAX L (6), mpu Benukux 3HaueHHIX L (B)

Sk BUIHO 3 pucyHKa 8 npu L piBHOMY HYJIIO YaCTOTH 13 CUH(pA3HUM 1 TPOTU()a3HUM
3B’SI3KOM TEPEXOJITh B YAaCTOTH 3 CHMH(A3ZHOTO 1 MPOTIBO(A3HOTO KOJIMBAHb PE30HATOPA
MOJIBOEHOT JOBXKHWHHM, BIJAMOBIIHO, a MPU CepeIHIX 3HAYEHHSAX L BiJIMIHHICTH B 4acCTOTax
3B’SI3KYy 3HA4HA, a MPU BEJIMKUX 3HAYEHHSIX L, BHACHIIOK 3aTyXarouoro XapaxkTepy Mo,
YaCTOTH 3B’SI3Ky KOJIMBaHb 301ratoThCsl 3 YACTOTOK OJMHOYHOIO PE30HATOPA.

[3 ananizy quHAMIKM 4acTOT 3B’SI3Ky MOKHA C(hOpMyIIOBAaTH TakKi JIOT14HI TIPaBUIIA:

YUM MEHIIE BIJICTAaHb MDK pPE30HATOpaMH, TUM OLIbIIE iX B3a€EMHHM 3B 530K, a TaKOXK
BIIMIHHICTh B YAaCTOTaX 3B’S3KY 1 LIKPIIE CMyra NpONyCKaHHA (PuUIbTpa 1, HABMNAKH.
Takum 94uHOM, TYT TTOKA3aHO SK Ha MIACTaBl €IEKTPOAMHAMIYHOTO aHATI3y OJUHOYHOTO i
noB’si3aHux X/IP gopmynoroTecs ocHOBHI npaBuiia 6a3u 3Hanb EC, 1m0 Moentoe mporec
pO3yMiHHSL eKkcrepTa. [CTMHHICTH JIOTIYHMX YMOBHMBOJIIB B KIHIIEBOMY paxyHKY,
NEPEBIPSETHCS 3AATHICTIO IHTENEKTYaIbHOI CUCTEMH JI0 CUHTE3Y KOHCTPYKLIM (UIBTPIB 13
3amanoro Gopmoro AUX.

baza 3Hanp po3pobienoi EC micTuth 0a3y mpaBWil y BUTJISAI IMPOIYKINH 1 6a3y
¢akriB. [IpaBuiia BUpaxarTbCsl Y BUTJISAA1 TBEPJKEHDb TUITY:
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IF: <ymoBa 1>, <ymoBa 2>, ..., <ymoBa N>,

THEN: <BucHOBOK 1>, <BHCHOBOK 2>, ..., <BUCHOBOK N>

Huxue ©HaBemeni neski ¢parMeHTH 0a3u TpaBWi, CTBOPEHOI B IMpoIIeci
KOHIIeTyaji3allii i ¢opmasrizairii.

[IpaBuiio 1.

[F: mpoBoauThca omnTUMI3alig OJHOJAHKOBOrO GimbTpa, mik AYX mmpokwuii
(mupuHa cmyru 3a piBHeM 3 1b > 1% Bijg poOoU40i 4acTOTH);

THEN: 3011bIIUTH JOBKUHY BX1THUX JUISTHOK [M03aMEKHOTO XBHJICBOY.

[IpaBuiio 2.

IF: mpoBoauThCA onTHUMI3aIlisl OJHOJIAHKOBOTO (GUIHTPA, MOTOYHA YACTOTA MEHBIIIE
3a7]aHOI;

THEN: 3MeHIINTH NOBXKUHY LICHTPAILHOTO pe30HaTOpa

[IpaBuiio 3.

IF: mpoBoaMThCS OoNTUMI3AIlisS OJHOJIAHKOBOTO (iIbTpa, MOTOYHA YaCcTOTa OLIbIIe
3a/1aHol;

THEN: 3011pmmTH JOBXKMHY LIEHTPATBHOTO PE30HATOPA.

[IpaBuiio 4.

IF: mpoBoAMTHCS onTUMI3aIlisl n-TaHKOBOTO (uibTpa, Ha AUX BHUSBICHUI MpoBal
MDK [EHTPAJIbHUM 1 IEPIINM CIUIECKOM 3J11Ba;

THEN: 3011611 TH TOBXKUHY KpaliHIX pe30HATOPIB.

[TpaBuiio 5.

IF: mpoBoAMTHCS onTUMI3allisl N-TaHKOBOTrO (puibTpa, Ha AUX BHUsBIEHUI MpoBal
MK IIEHTPAJTBLHUM 1 TIEPIINM CILIECKOM CIIPaBa;

THEN: 3MeHIIUTH TOBXXUHY KpalHIX Pe30HATOPIB.

Po3poOiiena ekcrmepTHa cucTeMa € CTaTUYHOIO, OCKUTBKHM 3aBIaHHS, SKE BOHA
Bupimye, a came npoektyBanass HBU-(inbTpiB Ha ocHOBI yacTkoBO 3anoBHeHUX X/IP, He
nependavyae BpaxyBaHHS 3MIH HaBKOJHUIIHHOTO cepenoBuina. O01acTh 3aCTOCYBaHHS ITiET
cucremu — npoekryBaHHs HBY-nipuctpois.

ETanu ontuMiszanii 0qHOJAHKOBOIO (hiIbTpa HaBEIEHO Ha pUc. 9, eTanu onTUMI3aLil
N-JaHKOBUX (PUIHTPIB HA MPUKIIAJI TPUJIAHKOBOT KOHCTPYKIIii npeacTaBieHi Ha puc. 10.

Fp

Brparn, ab
Brparn, ab
Brparn, ab

I P, N =

Yacrora, ['Tu Yacrora, I'Ty Yacrora, I'Tu
a 0 B

Puc. 9. Eranm ontumizanii oxHomaHkoBoro ¢uibTpa: po3paxyHok mnepBicHoi AUX (a),
dopmysanns miky AUX (0), HacTpoiika GuIbTpa HA 3a/laHe 3HAYCHHS POO0UYO0T 4acTOTH (B)
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Fp

Brparu, ob
Brparu, nb

Yacrora, I'Tn Yacrora, [Ty

a 0

Fp

Brparn, nb
Brparu, ab

Yacrora, [Ty Yacrora, I'Ty

B Tr
Puc. 10. Eranu ontumizanii n-maHkoBuX (UIBTPIB HA MPUKIAAI TPUIAHKOBOI KOHCTPYKIIIi:
po3paxyHok mnepBicHOi AUX - BusiBneHuil npoan JiBOpyY (@), KOpUIyBaHHsA piBHS mpoaiis (0),
HacTpoiika (UIbTpa Ha 3ajaHe 3HaueHHs poOovoi yacToTH (B), HACTpOMKa (ibTpa Ha 3aJaHe 3HAUCHHS
IMIMPUHU CMYTHU IIPONTyCKaHHS (T)

B kiHImi po3auty mpoaeMoHCTpoBaHa €(EKTHBHICTH PO3POOICHOTO0 METOIY,
MOKa3aHo, 110 3MiHA MapaMeTpiB BiIOYBAETHCS BHUKJIIOUYHO OOTPYHTOBAHO 3 TOYKH 30pY
eJIEKTPOJAMHAMIKH MPOLECIB, cUcTeMa He BUPOOJsie HEeMmOTpiOHMX Bapialiid, THM CaMHM
MO>KHA CYJUTH CTOCOBHO ampiopHOi €(hEeKTUBHOCTI METOAY 3 TOYKH 30py BUTPAUYaEMOTO
MAaIIMHHOTO Yacy.

Y Tperbomy po3aiji npeacTaBieHi cTpori MmateMatuuHi mojeni HBY-dinbsTpiB 13
YaCTKOBHUM 3aroBHEHHIM B H- i E- murommnuax (puc. 11). i Mmogeni noOynoBaHi Ha OCHOBI
pO3B’si3aHHS  3a7a4l PO3CIIOBAHHA METOJAMH y3arajdbHEHOI MATpHUIll 1 YaCTKOBUX
oOnacTei.

Jlani Mozeni A03BOJIAIOTH MIJIBUILIMTUA TOYHICTH mnpoekTyBaHHa HBY-¢inbTpis,
OCKUTHKM JIO3BOJISIOTH BPaxOBYBAaTH HE TUIBKA XBWJI, IO TOMUPIOIOTHCS, aie 1
3aTyxarui, 10 € 0COOJIMBO BAXKJIUBUM IPH KOHCTPYIOBAHHI MPUCTPOIB B MUIIMETPOBOMY
miarna3oHl.

PimenHs 3a7a4i po3citOBaHHS 3BOAUTHCSA 0 BUSHAYEHHS 3B’ SI3KYy MK aMIUTITyAaMu
MUHYJIUX 1 MaJar0uux XBHIb: AV, B¥* 1 A, B.. JIJIs IIbOro HEOOXITHO pO3paxyBaTH
HaO0iru (a3 pi3HUX TUITIB XBWJIb HA IUISHII OJHOPIIHOTO MOJIOTO XBUIIEBOY.
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c/2 c/2

I I I I

a/2 - - - .a/2

cpeiio

~al2 k 1 -a.“'l‘

~t
Nt

-cl2 -e/2

a 0
Puc. 11. T'eomerpii 3amaui: (a) — yacTkoBe 3amoBHeHHs mo mmpuHi (H-xBumi), (6) — gactkoBe
3amoBHEHHs1 MO BHCcOTi (LM-XBuii) XBHMJIEBOJIB, JI€¢ Ha PUCYHKY. | — perymsapHmii xBuieBim, 1 —

M03aMEXHUU XBUJIEBI, 2 - YACTKOBO 3aIIOBHCHH JII€TIEKTPUKOM

Martpuisi nepenadyi B JaHOMY BHIIQJKYy JlaroHajbHa 1 MICTUTh AHAIITUYHO
BUMIpIOBaHI €KCHOHEHTH. Jlpyra maTpuns BiAmoBigae Iudpakiii XBWII Ha IUISHII
YaCTKOBO 3allOBHEHOTO JIICNIEKTPUKOM XBHJIEBOJY. 3B 30K aMIUTTYJ Ha BXO/Il
M03aMEXHOT0 XBHJIEBOJY 1 HOT'O BUXO/11 BU3BHAYAIOTHCS (POPMYJIOIO:

Al AEM+1
— =L LT, . L, T, Ly, —B>M+1 '

BE
e o o_ I:Ai 0 MaTpUIll JUISHKA I103aMEKHOTO  XBHJIEBOAY JOBXHHOWO |, |
i | 0 L. '
Bi
) . —jr_ L jiv I
=123 .,M+1 , a warpumi ([ ) —e Vm|5 1 ([ ) ze”/ml(; -
Ai’mm’ mm’ Bi ‘mm’ mm'’

JlaroHanbH1 KBaJapaTHI MaTPHIIL.

®dopmyiia BU3HAYA€E MaTPUIIEO Hepej:[arn M03aMEXXHOTO XBUJIEBOY, 00 €HABIIH 11 3
MaTpULSIMU TIepeiadl CTUKIB Ha BXOA1 1 BUXO/Il, MU BU3HAYUMO MOBHY MATPHIIIO Nepeadi
BCI€i CTPYKTypH B IUJIOMYy, a MOTIM 1 KOe(IilUi€eHTH BIIOOpaKeHHS 1 MPOXOHKEHHS
HEOOX1JHUX XBUJIb PETYIISIPHOTO XBUJIEBOLY.

Takox mNpoBeACHO AOCTIKEHHS 30DKHOCTI PO3POOJSIEHUX MOJENed 3 METOI0
BCTAHOBJICHHS HEOOXIAHOi KUIBKOCTI XBWJb, SKI BpPaxOBYIOTbCS B I03aMEKHOMY
XBWIEBOAl. BcranoBneHo, mo s ¢inbTpa 3 4acTKOBMM 3amoBHEHHSM B H- mmommHi
noctatHa TOYHICTh (MeHbII 0,2%) po3paxyHKy 3a0e3nedyeTbes NpH OOMIKY IIECTH XBUIIb,
a 175 QIIBTpa 3 YaCTKOBUM 3alIOBHEHHSIM B E- MIIOMINMHI CeMH XBUITb.

YeTBepTHil PO3iJ1 NPUCBSIYSHUI MPOTPaMHOT peastizailii 3alpornoHOBaHOTO METOLY
IHTEJIEKTyaqbHOTO cuHTe3y Ta ontumizamii HBY-QuibTpiB Ha OCHOBI YacTKOBO
3amoBHeHnX X/IP, a came po3poOiii cuctemu aBromatuzoBanoro npoekryBanHs (CAIIP)
HBUY-¢pinetpie — Sapphire CAD. IlpoBeaeHo aHamiz BUMOT pPO3pOOJICHOI CHUCTEMH,
MPEACTABICHUN 1 ONMCAHUI KOPUCTYBAJbHULIBKUI 1HTEPPENC PO3po0IIeHOI cucTeMHu (puc.
12).

BusnaueHo METO0JI0TiI0 Ta MOBY MPOTrpaMyBaHHSA, a caMe€ OObEKTHO-OPICHTOBAHE
nporpaMmyBaHHs Ta MoBa C++, 00paHO cepeoBHIle iHTerpoBaHoi po3pooku (JlineH3is Ha
nporpaMHe 3a0ecTedeHHs: cepeoBuIle iHTerpoBanoi po3pooku Microsoft Visual Studio
2012, omnepaniiiny cucremy Microsoft Windows 7, otpumana 3rigao mignucku Microsoft
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DreamSpark mns BukiamauiB, acmipadTiB 1 cryleHTiB HTY «XIIl» wa 2014/2015 1
2015/2016 HaBuanbHI POKH), MPEACTABICHA JiarpaMa KJIaciB MpoeKkTy cucteMu Sapphire
CAD. Ilporpamno peanizoBani maremarnudni moxaeni HBUY-¢insTpiB Ha ocHoBi X/IP 3
JacTKOBMM 3aroBHeHHsM B H- 1 E- mommnax 1 mpeacTaBieHl y BUIVISAL JUHAMIYHO
NpUEIHYBAHUX 01010TEK.

[IpoBemeHo TecTyBaHHS 1  BOPOBAKEHHS  PO3POOJICHOTO  MPOTPaMHOTO
3a0e3neueHHs. BuineHo MiHIMaIbHI BUMOTH POOOTH CUCTEMH 1 CGHOPMYIbOBaHI
TOJTAJIBIIII IIIJITXU PO3BUTKY.

File Help
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Puc. 12. KopucryBansuunpkuit intepperic CAIIP CBU-¢inbtpiB Ha ocHoBi X 1P Sapphire CAD

Manual filter adjusting mode.

Y nATOoOMy po3aiji NpoBeNeHO eKCIepUMEHTalbHE JOCTIIKEHHS pPEe3yJIbTaTiB
npoektyBaHHs cuctemu Sapphire CAD, a came MOpiBHAHHSA PO3paxOBaHUX KOHCTPYKIIIH
GbUIBTPIB 3 €KCIIEPUMEHTATBFHUMU 3pa3kamMu. ExcriepuMeHT 1mokasas, 1o po301KHICTh MIXK
pO3paxoBaHUMM 1 BUMIPIOBaHUMHU dYacToTamu He mnepeBuirye 0,2% 1 migTBepaKye
Mpane3aaTHICTh PO3pOOIICHOr0 METOly 1HTEJIEKTYyalbHOTO CHUHTe3y 1 ontumizaiii HBY-
bipTpiB Ha XJIP 1 cTBOpeHOro Ha HWOTO OCHOBI TMporpamHOro 3abe3medeHHst Sapphire
CAD. IlpoBeaeHo nopiBHsHHS po3paxoBaHux cucteMoro Sapphire CAD HBY-dinbTpiB Ha
OCHOBI 4acTKOBO 3amoBHeHMX BJIP 13 BizoMuMu CcydacHUMHM aHaJoramu Ha
MIKPOCMY>KKOBHX pe3oHaropax (puc. 13).

1
Tpraankosnii libTp

Tpaaankosmii GiisTp | i Ha X]IP

ma X,

70 [T masoragapurani
emyrosuit diintp

M'aTeaankoBwi GiasTp

Ha XTP

BrcokoTremneparypunii
HAANPOBLIHOH
Mikponoaockosuil GiabTp

BuyTpimni sTpatn, 1b
Buyrpimui grpaTn, 156

Cemunanxoenii Gpiasrp
Ha XJIP

Yacrora, [Tu

Yacrtota, [T

a §)

Puc. 13. IopiBusnpHI AUX ¢dinbTpiB Ha ocHOB1 X/IP Ta BUCOKOTeMIepaTypHOro HaANpPOBIAHOIO
MIKpOMOI0cKoBOro ¢inbrpa ans yactotu 23 [T (a), MagorabapuTHOr0 CMYroBOro GuIbTpy sl 4aCTOTH
70 I'T (6)
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3a  J0NOMOIOI  PO3pOOJIEHOr0  HPOrpaMHOro  3a0€3MEYeHHsT — CHUCTEMH
aBTOMATU30BAaHOTO MPOEKTYBaHHA OpHUIiHaJbHUX Oaratosnanutoropux HBY-¢puisTpiB
Sapphire = CAD  po3paxoBanuii  cMmyroBuii  GuIbTp Uil 06araTo4acTOTHOM
pasioacCTpOHOMIYHOI MNpPUHMaIbHOI CHCTEMHU OCHAILEHHS aHTEH pPaalOTeNeCKONIB JUIs
yactotu 31,0 ITu, a takox GuibTpu Uil CyYaCHHUX paJiopeleiiHuX CTaHUIN
MUTIMETPOBOIO Jiana3zoHy XBHIb i 9acToT 73,5 Ta 83,5 I'T'w.

VY nonaTky HaBe/leH1 BUBEJICHHS JUCIICPCINHUX PIBHSIHbB, TUCTHHTUA KOJY OCHOBHUX
KJlaciB mpoekTy cuctemu npoektyBaHHs HBY-dinetpis Sapphire CAD, cBigourBo mpo
peecTpariro aBTOPCHKOTO TpaBa Ha KOMIT IOTEPHY NPOTpamMH, aKTH BIPOBAIPKEHHS 1
BUKOPHUCTaHHS.

BUCHOBKH

1. Ha oCHOBI TEXHOJOTIH MITy4YHOTO IHTENEKTy, a CaM€ EKCIEePTHUX CHUCTEM,
pO3pO0JIeHUI  OMEepaTUBHOTO METOJ  IHTEJIEKTyalbHOrO CHUHTE3y Ta ONTHMI3alil
koHcTpykiiii HBY-¢pineTpiB 3 yacTkoBo-3anmoBHenumMu XJIP B H- 1 E- miommuHax, mo
CIIUPAEThCA Ha 1X CTPOrl €JNeKTpoJAuHaMiyHl Mojeni. OmnucaHo eTanud CTBOPEHHS
EKCIIEPTHOI CHCTEMH 1 MPOIEC €BOIOIIAHOTO MPOEKTyBaHHS Oararonaniroropux HBY-
¢bubTpiB. OOGIPYHTOBAHO E€JNEKTPOJMHAMIYHY OCHOBY Oa3u 3HaHb. Ha BigMmiHy BiJ
YHIBEpCAIBHUX METOJIB ONTUMI3allli, Kl HE BpPaXOBYIOTh CHEUU(PIKY MPOECKTOBAHUX
MPUCTPOIB, a 3MiHA TApaMETPIB 3MIUCHIOETHCSA Ha METOJI MPOoO 1 MOMUJIOK, B PE3yIbTaTi
4oro OUIBIIICTH  Bapialif  BUSABJISIIOTBCS ~ MAapHHUMH, 3alpONOHOBAHMM  METOJ
IHTEJIEKTYaJIbHOTO CHUHTE3y 1 ontumizauii koHCTpykuii HBY-¢inbTpiB cnupaeTbcs Ha
0a3y 3HaHb, sfKa (hopMalizoBaHa y B3a€MO/I1 13 MPOBITHUM (paxiBIeM 1 sBIIsL€ cOO0I0 HAOIp
KBaTi(IKOBAaHMX JIOTTYHMX MpaBWia. TakuM YHHOM 3MiHA IapaMeTpiB CTPYKTYpH
BIIOYBA€THCS Ha IMIJICTaBl €KCHEPTHOI OLIIHKHU, a 4YUCI0 (PI3MYHO HE OOIPYHTOBAHUX
iTepalliif MOIyKy eKCTpeMyMy IUIbOBOT (DyHKIIIT 3BOANTHCA 10 MiHIMyMy. Ha Binminy Bif
BioMHUX cucTeM mnpoekTtyBanHa HBU-mpucTtpoiB po3pobiieHa cuctema He NOTpedye
MPOBEJICHHS aHaNI3y YYTJIMBOCTI, alpiOPHOrO BHU3HAYEHHS IMapaMeTpiB 1 JOIMYCKIB, IO
BIUIMBAIOTh HAa LUILOBY (PYHKI[I}O, OCKUIbKM 3MIHA HapameTpiB B1AOYBA€TbCA 3T1IHO 3
0a3010 3HaHb, a KIHIICBUH PE3YJIbTAT MA€ OIIHKY MOXUOKHU PO3PaXyHKIB.

2. Po3po0iieHO CTpori mMaTeMaTH4yHI MOJEJI OpPHUTIHAIBHUX OaraToJIAHIFOTOBUX
HBY-dinbTpiB 13 4aCTKOBO-3alIOBHEHUMU XBUJICBOJIHO-IIECICKTPUYHUMHI PE30HATOpPaMU
HAa OCHOBI METOJIIB y3arajJbHEHOI MaTpPHIIl PO3CIFOBaHHS 1 YacTKOBHX oOmacteld. [laHi
MOZEN J03BOJISIOTh IMIJBUIUTH TOYHICTh MPOCKTYBaHHS (UIBTPIB, OCKLJIBKH BOHH
JI03BOJISIIOTH BPaXxOBYBAaTH HE TIIbKUA XBWJIH, IO MOIIMPIOIOTHCS, ajle i 3aTyXawoul Tex. 3
METOI0 BCTAaHOBJICHHSI HEOOX1JHOI KUIBKOCTI XBWJIb, SIKI BPAXOBYIOTHCS B IMO3aMEXKHOMY
XBUJIEBOJI1 TPOBEACHO IOCIHIKEHHSI 30DKHOCTI YHMCEIbHHUX PE3yJbTaTiB pPO3pOOICHUX
MOJIEJIEN.

3. OmmcaHo mporec po3poOku mporpamHoro 3adesmeueHHs Sapphire CAD —
iaTenekryanbHoi CAIIP HBY-dineTpiB Ha ocHOBI yacTkoBo 3amoBHeHux XJ/IP B H- 1 E-
IoHMHaX. 3po0JIeHO aHalli3 BUMOT PO3pOOJIEHOI CHUCTEMH, Ha OCHOBI SKOTO CKJIajeHa
cnenugikalliss BUMOT nporpaMHoro 3abesnedennst Sapphire CAD. AprymeHToBaHO BUOIp
MoJieni 1 MeTOJOJIOTii po3poOKH, MpeACTaBICHUN 1 OMUCAHUN KOPHCTYBAJIbHULIbKHIM
iHTEpdeiic po3pobieHoi cuctemu. Bu3HaueHO METOMOJIOTISI 1 MOBY MpOrpaMyBaHHS,
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o0paHO Cepe/IOBUINE IHTETPOBAHOI PO3pPOOKH. 3amporpaMoBaHi MaTeMaTU4YHI MOJE1
HBY-dinbTpiB Ha ocHoBl XJIP 3 uyacTkoBuM 3amoBHeHHsM B H- 1 E- miommnax 1
MPEICTaBIICHI Y BUTJISAI TUHAMIYHO TIpUENHYBaHUX Oi0miorek. [IpoBeneHo TecTtyBaHHS i
BIIPOBA/KEHHSI  PO3POOJICHOrO0 MporpaMHOro 3a0e3ledeHHs, a TaKoXXK BH3HAuUCHI
MIHIMaJIbHI BUMOTH POOOTH CHUCTEMHU.

4. TlpoBeneHO eKCIIEPUMEHTAJIbHE JOCTIKEHHS pe3yJbTaTiB MPOEKTYBaHHS
cuctemu Sapphire CAD. ExcriepuMeHT mokasaB, 10 po30DKHICTh MK pO3paXxOBaHUMHU 1
BUMIPIOBAHUMHU YacCTOTAMHM HE TEPEBUILYE OJHOIO BiACOTKAa (MOXMOKM BUMIPIOBaHb), 1
MIATBEPKYE Tpane3gaTHICTh PO3POOJIECHOTO0 METOJY I1HTENEKTYyallbHOTO CHHTE3Y 1
ornrtumizaiii HBUY-¢inptpiB Ha XJIP 1 cTBOpeHOro Ha WOTrO OCHOBI MPOTPAMHOIO
3abe3rneuenns Sapphire CAD.

5. IlpoBeneno nmopiBHsAHHA po3paxoBaHux cucremoro Sapphire CAD HBY ¢inbtpis
HA OCHOBI YacTKOBO 3amoBHeHMX XJIP 3 BiJOMHMH Cy4acHUMH aHAJIOTaMH Ha
MIKPOCMY>KKOBUX pe3oHatopax. [lopiBHSHHS ToKa3zano, mo (GuIbTPH, SKI 3aCHOBaHI Ha
XJIP, iICTOTHO TEPEeBEPIIYIOTh MIKPOIMOJIOCKOBUX IO CEJIEKTUBHUM BJIACTHUBOCTSM, alie
MIOCTYTAIOTHCS 32 IIIHOBUM 1 Ta0APUTHOMY KPUTEPIsSIM.

6. 3a momomorow po3pobieHoro mporpamHoro 3abesneueHHs — CAIIP HBU-
¢bubTpiB  Sapphire CAD po3paxoBaHuil cMyroBuid QuibTp sl 06arato4acToTHOT
pPaJloaCTPOHOMIYHOI MNPUHOMHOI CHUCTEMH OCHAILEHHS aHTEeH pPaaloTeNeCcKOMmiB s
gactoru 31,0 ITn, a Ttakox GuUIbTpu Ui Cy4acHHX PpaJiOpelieiHUX CTaHIIIH
MLJTIMETPOBOTIO Jllana3ony A yactot 73,51 83,5 I'T.
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AHOTANIA
MawmenoB /. b. InTenexkryanbHuii CHHTe3 Ta onTUMi3anisa KoHcTpykuiiin HBY-
GiabTpiB  Ha  OCHOBI YacTKOBO 3aNOBHEHMX  XBHWJIEBOJAHO-ieJIEKTPUYHHX
pe3oHaTopiB. — Pykonmuc.
Huceprariiss Ha 3100yTTS CTYNEHS KaHauAaTa Hayk 3a crnemiaibHicTio 05.12.07 —
aHTEHU Ta MPUCTPOi MIKPOXBUIBOBOI TEXHIKU. — XapKIBChKUN HAI[IOHAIbHUN YHIBEPCUTET
pamioenekTpoHiku, Xapkis, 2016.

HMucepraliisi nOpuUCBAYEHA PO3pOOIl OMNEPATUBHOTO METOJIa I1HTEJNEKTYalbHOIO
CUHTE3y Ta omnrtumizaiii KoHCTpykiiii HBY-]inbTpiB Ha OCHOBI YaCTKOBO 3allOBHEHHX
XBUJIEBOJIHO-/11€JIEKTPUYHUX PE30HATOPIB.

Ha ocHOBiI eKcHepTHOi CHUCTeMH PO3pOOJEHO METOJ CHHTE3y Ta OINTHUMI3alil
koHCTpyKIiii HBU-(inbTpiB 3 4acTKOBO-3aMIOBHEHUMU JI€IEKTPUYHUMHU PE30HATOPAMU B
H- 1 E- mnommnax. Po3paxoBani matematuaHi Mmojeni ctpyktyp HBU-diabTpiB Ha ocHOBI
y3araJlbHeHoi MaTpuill poscitoBaHHs. OmnucaHo mpouec po3poOKH MPOrpPaMHOro
3abe3nedyenns Sapphire CAD — iHTenekTyaibHOl cuctemu npoektyBanHs HBY-¢dineTpiB
Ha XJ[P. IIpoBegeHo TecTyBaHHS CHUCTEMU 1 EKCIIEPUMEHTAJIbHE MIATBEPKEHHS
OTpUMaHuX pe3ynbTariB. [lopiBHEHO Moka3zHMKU gKocTi GuUIbTpiB Ha XJP 3 Bimomumu
aHaJIoTaMy Ha MIKPOCMY>KKOBHX PE30HATOpax.

KuarouoBi ciaoBa: HBU-GinbTpu, METOT IHTENIEKTYAILHOTO CHHTE3Y Ta OMTUMI3AIII],
XBUJICBOJIHO-/IIEJIEKTPUYHI PE30HATOPH, EKCIePTHI CUCTEMH, MaTeMaTU4yHl MOJEII,
IpoeKTyBaHHs npuctpois HBY.

AHHOTALIUA
Mamenos /I.b. HUHTe/NIeKTYaJIbHBIA CHHTE3 W ONTHUMHU3ALUMA KOHCTPYKUMH
CBY-pujabTpoB HAa OCHOBE YACTUYHO 3aII0JHEHHBIX BOJIHOBOJAHO-AUIJICKTPHUYECKUX
pe3oHaTopoB. — Pykonuce.
HuccepTranus Ha COMCKAHME CTENEHW KaHAWAaTa HaykK 1o crnenuainbHocty 05.12.07
— AHTEHHbl U YCTPOMCTBA MHUKPOBOJHOBOM TEXHUKH. — XapbKOBCKMM HAIIMOHAIbHBIN
YHUBEPCUTET PaJIMOAIEKTPOHUKH, XapbKoB, 2016.

Jucceprauust mnocBsinieHa pa3paboTKe MeToja HWHTEIUIEKTYaJbHOTO CHHTE3a H
ontumm3aruu  KOHCTpykimii CBY-QuibTpoB Ha OCHOBE YaCTUYHO 3alOTHEHHBIX
BOJTHOBOJIHO-JIUAJIEKTPUUECKUX PE30OHATOPOB.

Ha ocHoBe »KcmepTHOM cHCTEMBI pa3paboTaH METOJ CHUHTE3a U ONTHMM3ALUU
koHCTpykiuii ~ CBY-QuibTpoB ¢ YacTUYHO  3alOJIHEHHBIMH  BOJHOBOJHO-
JBJIEKTpUYECKUMH pe3oHatopamu B H- u E- mmockoctax. Paccunransl maTematuyeckue
mMozenu ctpykTtyp CBY-dunbTpoB Ha ocHOBe 000011IeHHON MaTpullbl paccesHus. Onucan
npoiiecc pa3paboTku nporpammuoro obdecrieuenus Sapphire CAD - uHTeNIeKTyaabHOU
cuctembl npoektupoBanusi CBU-punstpoB Ha BJIP. [IpoBeneHno TecTrpoBaHne CHCTEMBI
Y DKCIEPUMEHTAIBHOE MTOATBEPKICHUE MTOTYUYECHHBIX PE3YIbTaTOB. [IpoBeIeHO CpaBHEHME
nokazarened kadectBa (GuibTpoB Ha BJIP ¢ wu3BeCTHBIMHM  aHajoramMu  Ha
MHKPOIIOJIOCKOBBIX PE30HATOPAX.
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KitoueBbie cnoBa: CBY-(GunbTpbl, UHTEIJIEKTYalbHbI CHUHTE3 W ONTHMHU3AIMS,
BOJIHOBOJIHO-JIURJICKTPUUECKUE PE30HATOPBI, HKCHEPTHBIC CHUCTEMbI, MATEMATHYECKUE
MOJEJH, MpoeKTUpoBaHue yctpoiicts CBY.

ABSTRACT
Mamedov D. B. Intellectual synthesis and optimization of microwave filters
designs based on the partially filled waveguide-dielectric resonators. — The

manuscript.
PhD thesis by the speciality 05.12.07 — Antennas and microwave devices
engineering. — Kharkiv National University of Radioelectronics, Kharkiv, 2016.

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 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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