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OIINAC 3ABEPIIEHOI PO3POBKH

HaiimenyBanHsi po3podku «CTBOpeHHs Teopii Ta CXEMOTEXHIYHHMX PIlICHb HEMiHIMaJIbHO-
da3zoBuX mIaHApHUX QUIBTPIB 31 3MIMIAHUMHU 3B’S3KaMU I 3aCO0IB  TEIEKOMYHIKaI[ii»
“Development of theory and circuit solutions of non-minimum-phase planar filters with mixed
couplings for telecommunications”.

1. Howmep nepxaBHoi peectpariii 0119U100622; Homep peectpariii B yHiBepcuTteTi 2213-0b.
2. HaykoBwuii KepiBHUK
3axapos Omekcanap Biramiiiosuy, a.1.H., ¢.H.c.; Alexander Zakharov, D.Sc. degree.
3. Cytb po3po0OKH, OCHOBHI pe3yibTatu. (YKp., anen.; obcseom ne menwe 1500—2000 3naxis
KOJICHOIO MOBOIO).

OO0'ekToM MOCTIKEHHS € HeMiHIMalbHO-(a30Bl pPagiOXBHIILOBI (GUIBTPU IIaHAPHOT
KOHCTPYKIIi (CMYKKOBI Ta MIKPOCMY)KKOBIi), SIKi MOpSA 3 pe30HATOpaMH BiJOMBHOIO THUITY
MICTSITh PE30HATOPH MPOXITHOTO THILY, i B IKMX BHKOPHUCTOBYIOTHCS 3MillIaHi €JIEKTpOMarHiTHI
3B’S13KM MIXK p€30HATOpaMH.

[Ipenmer nocCmiKEHHST — BIUIMB 3MIIIaHUX KOE(ILI€HTIB 3B'I3KY €NEKTPOMArHiTHOTO
XapakTepy Ha 4YacCTOTHI XapaKTEPUCTUKU OUIbII CKIAJHUX HEMiHIMalbHO-(a30BUX IUIAHAPHHUX
¢inbTpiB, M0 Ma€ IPUBECTH JJO CTBOPEHHS HOBOI TEOPIi.

3a pesynsraTamu H/IP cTBOpeHO Teopito IIaHApHUX HEMiHIMaJIbHO-()a30BUX (LIBTPIB
TPETHOTO Ta YETBEPTOTO MOPSIKY IS 3aCO0IB TEICKOMYHIKAIK 3 PI3HOMaHITHUMH YaCTOTHUMH
xapaktepucTukamu. CTBOPEHO METOAMKH MOOYIOBH 3a3Ha4eHUX QUIBTPIB, sKI He
BUKOPUCTOBYIOTh HHM3bKOYACTOTHI MPOTOTHUIIM, a JO3BOJISIIOTH O€3MocepelHb0 OOYHCIUTH
CXEMHI eJIeMEHTH. 3arporoOHOBAaHO 1 MPOAHAJTI30BaHO HOBI KOHCTPYKIIi TIAHAPHUX CMYTO-
nponyckatouux ¢iabTpiB (CIID) 3 nepexpecHUMH 3B'SI3KaMU, sIKI XapaKTEPU3YIOThCS BEJINKUM
PI3HOMAHITTSIM ~ peaji30BaHUX  YaCTOTHUX  XapakTepucTuk. llopsa 3 MIABUIIEHOIO
OJIHOCTOPOHHBOIO BUOIPKOBICTIO, BOHU MOXKYTh MaTu cuMeTpuuHy AUX 3 motocoM 3aracaHHs,
pO3TaIIOBaHUM IPABOPYY 1 JIIBOPYY BiJ CMYTH NpornyckaHHs. OCHOBY (Q1IbTPIB CKJIAJAI0Th apH
ONM3bKO PO3TAIIOBAHMX OJUH BiJ OJHOTO CXimyacTo-iMmemaHcHux pe3oHatopiB (SIR),
€JIEKTPOMArHiTHUN 3B'SI30K MDK SKHUMHM HOCUTh 3MIIIAHUN XapakTep, SK €MHICHHH, Tak 1
IHAYKTUBHUM. OTpUMaHi eKCIepUMEHTaNlbHI 3pa3ki HOBHMX IUIaHAPHUX HEMiHIMallbHO-(a30BUX
GUIBTPIB TPETHOTO Ta YETBEPTOTrO MOPSAIKY Ji 3acO0iB TEIEKOMYHIKalllid, Ta pe3yJabTaTH iX
€KCHEPUMEHTAIbHOIO JOCHIDKEHHS, SKI MIATBEPAKYIOTh TEOPETHUYHI MOJOXKEHHS CTBOPEHOI
Teopii.

ITo pesynbratam pobGotu omydaikoBaHo 11 crateit B xxypHanax IEEE, axi Hanexats 10
nepuoro kBaptuis Q1, 2 cTaTTi B )XKypHanax, skl HajlexaTb /10 apyroro kBaptuis Q2. Beworo
onyOiikoBaHo 18 cTareil, siKi MPOIHJEKCOBaHI B HayKOMeTpU4Hii 6a3i Scopus. Omy6uikoBaHo 7
noknaniB B Mmatepianax MikHapogHux |EEE kxoHgepeHwid, mo BXOASATH 10 HAyKOMETPUYHOT
6a3u Scopus. 3a pesyiabraramu HJIP nHanumcano po3min xuuru: “Planar bandpass filters with
mixed couplings”. Lecture Notes in Networks and Systems, 2021, 1110 BUKOPHCTOBYBAaTHMETHCS
JUI TATOTOBKH acHipaHTIB 3a crenianbHicTio 172 TenekomyHikarii Ta pagiorextika. B po6ori
Opanu ywacTh JABa 3700yBaua HaykoBoro ctymneHs PhD 1 kanaunata TeXHIYHUX HayK, YUl
JqucepTarlii OJIM3bKi 0 3aBEPIICHHS.

3a yac BukoHaHHs HJIP cymaphuii inaexc ['ipiia BUKOHABIIB HPOEKTY 30UIBLIMBCS 3
h=13 no h=30, mo cnpuse nokpamienHto nokazHukis KIII im. Iropss CikopcbKoro y cBiTOBUX
pelTHHrax yHIBEpPCUTETIB.



The object of the study is non-minimal-phase radio-wave filters of planar design (stripline
and microstrip), which, in addition to reflection-type resonators, contain through-type resonators,
and which use mixed electromagnetic couplings between resonators.

The subject of research is the influence of mixed electromagnetic coupling on the frequency
characteristics of more complex non-minimal-phase planar filters, which should lead to the
creation of a new theory.

According to the results of research, the theory of planar non-minimal-phase filters of the
third and fourth order for telecommunications with different frequency responses was created.
Techniques for constructing these filters have been developed, which do not use low-frequency
prototypes, but allow direct calculation of circuit elements. New designs of planar band-pass
filters (BPF) with cross-couplings, which are characterized by a wide variety of implemented
frequency responses, are proposed and analyzed. Along with increased one-sided selectivity,
they may have a symmetric frequency response with attenuation pole located to the right and left
of the bandwidth. The basis of the filters are pairs of closely spaced step-impedance resonators
(SIR), the electromagnetic connection between which is mixed, both capacitive and inductive.
Experimental samples of new planar non-minimal-phase filters of the third and fourth order for
telecommunications are obtained, and the results of their experimental research, which confirm
the theoretical provisions of the theory.

As a result of the work, 11 articles were published in IEEE journals belonging to the first
quartile of Q1, 2 articles in journals belonging to the second quartile of Q2. A total of 18 articles
have been published, which are indexed in the Scopus database. 8 papers have been published in
the materials of international IEEE conferences, which are part of the Scopus database.
According to the results of the research, Book Chapter was written: “Planar bandpass filters with
mixed couplings”. Lecture Notes in Networks and Systems, 2021, which will be used to prepare
graduate students in 172 Telecommunications and Radio Engineering. The work was attended by
two PhD graduates and a candidate of technical sciences, whose dissertations are close to
completion.

During the research period, the total h-index performers of the project increased from h = 13
to h = 30, which contributes to the improvement of Igor Sikorsky Kyiv Polytechnic Institute in
the world rankings of universities.

4. HasBHICTb OXOPOHHHX JIOKYMEHTIB Ha 00’ €KTH MpaBa IHTEIEKTyallbHOI BIACHOCTI (3aA6Ka Ha
namenm, namenm, cei0OYMeo Ha A8MOPCbKe NPAeo).

Opepxano 3 nareHTa YKpaiHu:
[TaTteHT Ha KOpUCHY Mozenb «CMmyro-npornyckatouuil peurityactuil GiabTp», Ne 146716
Bix 10.03.2021, brom. Ne 10. Asropm O.B. 3axapos, C.O. Pozenko, C.M. JlitBinues, JI.C.

[TiHuyk.

[TaTeHT Ha KOpUCHY Mozenb «CMmyro-nponyckarouuii rpedinyactuil piabTpy, Ne 145151
Bix 26.11.2020, 6ron. Ne 22. Asropu O.B. 3axapos, C.O. Pozenko, C.M. Jlirinues, JI.C.
[TiHgyk.

[TarenT Ha KoOpucHY Monenb «MIKPOCMYKKOBUH CMyTOIpOIycKarouui (uibTpy», Ne
135153, omy6a. 25.06.2019 Oron. Ne 12. ABropu 3axapos O.B., Imbuenko M.IO., JliTBiHIEB
C.M., ITinuyk JI.C.

5. TlopiBHSHHS 31 CBITOBUMH aHAJIOTaMHU.

[TpuzHauenHs QinpTpiB y pajioanaparypi pi3HOMaHITHE: BOHH MOXYTh 3aCTOCOBYBAaTHUCS
y AyIJeKcepax Ta MYJbTHIUIEKCOPAX JUIsl pO3AUICHHS a00 CKIIAJaHHS CUTHAIIB Pi3HHX 4YacToT,
JUTsl OOMEKEHHSI CIEKTpa MOTYKHOTO BUXIJHOTO CUTHAIY, SIK JIIHI{ 3aTPUMKHU CUTHAITy 32 YaCOM.
Taxki ¢ineTpu mpairorTh B mupokomy aiamazoni yactot (0,1 + 30 I'T1), MaroTh pi3sHOMaHITHI
YaCTOTHI XapaKTEPUCTUKHA Ta 3aCTOCOBYIOTHCS B 0araThOX CHUCTEMax, B SKUX NPUHAOM YH
nepenava inpopmaiii 3A1ICHIOETBCS TI0 paJioKaHalaM.

VY momnepenHi pOKH CBITOBE CYCIUIBCTBO JIOKJIAAl0 3HAYHUX 3yCHJIb HAa BHUPIIMICHHS
npobiaeMu MiHIaTIOpU3allii CMYro-IpoIycKaldux (uIbTpiB A 3ac0o0iB TEJIeKOMYHIKaIlii,



0COOJIMBO CTUTHHUKOBOI TenedoHii. TeXHOIOTisI CMYXKOBHX CMYTO-NIPONYyCKalounux (UIBTPIB
IpyY BUKOPUCTaHHI KepaMiyHUX MartepianiB 3 BenukuM 3HaueHHsIM g = 80...100 no3Boise
3MIHCHUTH TOJaNbIly MiHiaTIopu3anito. Ll TexHomoris A03Boisie BUPOOIATH  (UIBTPH
toBiMHOIO 0,5 MM 1 MeHmie. B ganiit poGoTi Oys10 CTBOPEHO TEOPir0 MIHIATIOPHHUX IUIAHAPHUX
GinpTpiB, SKi MAIOTh OJHOYACHO 1 TOJIMIICHI YacTOTHI XapakKTepucTHKU. Ll Teopis nae
MO>KJIMBICTh TOJAIBINOI MiHIaTIOpU3allli ¢GiabTpiB I 3aco0iB TeleKoMyHiKamii. B 1mpomy i
noJisirae ii BeMUKe 3HAYCHHS JIJISl CBITOBOTO CYCITIILCTBA.

Mu ctBOpriIM MajiorabapuTHI IutaHapHi GinbTpu 31 cMmyrorw mpomyckanus Big 400 mo
500 MI'n, siKi mpaIfol0Th Ha MiJBUIIEHUX PIBHIX HOTYXHOCTI 1 MalOTh MiJBUILEHY BUOIPKOBICTh
1 cumetpuuny AUYX. 3ayBaxkumo, mo MajorabapuTHi (UIBTpH HA MOBEPXHEBHX AKYCTHYHHUX
xBusixX (ITAX) i Ha 30cepeKeHUX elleMEHTaX HE MOXYTh OyTH BUKOPHUCTaHI JJIs ITUX LILJICH.

Pesynbrati mociimpkeHb BIANOBIAAIOTH CBITOBOMY PIBHIO, a B JIEIKHX BHUIAJIKaX
IIEPEBEPILYIOTH HOTO.

6. ExoHomiuHa mpuBaOIUBICTH I IPOCYBAHHS HA PUHOK (8apmicmb peanizayii npoekmy,
MEPMIHU BNPOBAOICEHHS. MA OKYRHOCMI, NOKAZHUKUL).

7. TloTeHuiiini KopuctyBadi (eauysi, Minicmepcmea, 8i00MCmMEa, NIONPUEMCMEA, OPeAHI3aAYiL).
HoBi TeopeTnuHi MONOXKEHHS 1 TEXHIUHI PIllIEHHS, CTBOPEHI B paMKaxX JIaHOTO MPOEKTY,

CIpsSMOBaHI Ha CTBOPEHHS HOBOTO IIOKOJIHHS MIKPOXBHJIBOBUX (UIBTPIB 1JIsl 3aco0iB

TeJeKOMYHIKalliii, pO3BUTOK BJIACHOI €JIEMEHTHOI 0a3u YKpaiHu B ramysi pagioeIeKTPOHIKH, sKa

He OyJe mocTymaTHCs CBITOBHM Jiifiepam. Pesymbraté poOOTH MOXYTh OyTH BHKOpPHCTaHi

HiAIPUEMCTBAMH PaiOTEXHIYHOTO NMpodiao YKpaiHu.

8. CraH rOTOBHOCTI pO3pOOKH (1abopamopruii abo npomMucio8uil 3pasok, MexHiuHa
O00KYMeHmayis, 6i3Hec-naaH, 20moea 00 8NPOBAONCEHHS MOUWO i3 3A3HAUEHHAM
mexnono2iuno2o pisms 2comosrocmi (TRL)).

JIaGopatopHuii 3pazox.

9. IcHytoui pe3yabTaTH BIPOBAHKEHHS.

10. Hassa migposminy, Tenedon, e-mail.

H/AI tenexomyHikamuiit [HCTUTYTY TeleKOMYHIKallIHHUX CUCTEM
067-231-8204, e-mail azakharov@its.kpi.ua; azakharov217@gmail.com

11. ®oro (060B’a3K0BO) abO KiNbKa ClaiIiB mpe3eHTallii 3 (OTO PO3POOKH B EICKTPOHHOMY
BUTTISII (PeKJIaMHOro xapakrtepy). Skmo ¢GoTto HamaeTbcs OKpeMuM (daitsiom, OakaHo
BukopuctoByBatu JPEG ¢opmar.
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12. Tlepenik myOsTiKariii 3a MaTepialaMu TOCTIKEHb 3a Mepiojl BUKOHAHHS (8acomi:
MOHO2paQii, niopyunuKu, NOCIGHUKY, HAYKOSL cmammi, oucepmayii, inwi nyonikayii).

1. A. Zakharov “Transmission zeros of trisection and quadruplet bandpass filters
with mixed cross-coupling,” IEEE Trans. Microw. Theory Techn., vol. 69, no.1, Part 1, pp. 89-
100, Jan. 2021. Q1

2. A. Zakharov, M. Ilchenko “Coupling coefficients between resonators in stripline
combline and pseudocombline bandpass filters,” IEEE Trans. Microw. Theory Tech., vol. 68, no.
7, pp. 2679-2690, Jul. 2020. Q1.

3. A. Zakharov, S. Rozenko, L. Pinchuk, and S. Litvintsev “Microstrip quazi-elliptic
bandpass filter with two pairs of anti-parallel mixed-coupled SIRs,” IEEE Microw. Wirel.
Compon. Lett, vol. 31, no. 5, pp. 433-436, May. 2021. Q1.

4. A. Zakharov, S. Rozenko, S. Litvintsev, and M. lichenko " Trisection bandpass filter
with mixed cross-coupling and different paths for signal propagation,” IEEE Microw. Wirel.
Compon. Lett., vol. 30, no. 1, pp. 12-15, Jan. 2020. Q1.

5. A. Zakharov, S. Litvintsev, and M. llchenko "Trisection bandpass filters with all mixed
couplings,” IEEE Microw. Wirel. Compon. Lett., vol. 29, no. 9, pp. 592-594, Sep. 2019. Q1.

6. A. Zakharov, S. Rozenko, S. Litvintsev, and M. llchenko "Hairpin resonators in
varactor-tuned microstrip bandpass filter,” IEEE Trans. Circuits Syst. 11, Exp. Briefs, vol. 67, no.
10, pp. 1874-1878, Oct. 2020. Q1.

7. A. Zakharov, S. Litvintsev, and M. Ilchenko “Transmission line tunable resonators
with intersecting resonance regions”, IEEE Trans. Circuits Syst. II, Exp. Briefs, vol. 67, no. 4,
pp. 660-664, Apr. 2020. Q1


https://ieeexplore.ieee.org/document/9374948/
https://ieeexplore.ieee.org/document/9374948/

8. A. Zakharov, M. lichenko, S. Rozenko, L. Pinchuk, Book Capter: “Planar bandpass
filters with mixed couplings”. Lecture Notes in Networks and Systems. 2021, 152, c. 377-393,
1.381 n/a.

9. A. Zakharov, “Parametric and structural-parametric synthesis of nonuniform
transmission line resonators,” IEEE Transactions on Circuits and Systems I: Regular Papers, vol.
68, no.3, pp.1055-1067, Mar.2021. Scopus, Q1, 1.245 n/a.

10. A. Zakharov, M. Ilchenko, “Circuit function characterizing tunability of resonators,”
IEEE Transactions on Circuits and Systems I: Regular Papers, vol. 67, no. 1, pp. 98-107, Jan.
2020. Scopus, Q1, 0.957 a/a.

11. A. Zakharov, M. llchenko, “Unloaded quality factor of transmission line resonators
with capacitors,” IEEE Transactions on Circuits and Systems I: Regular Papers, vol. 67, no. 7,
pp. 2204-2215, Jul. 2020. Scopus, Q1, 1.149 a/a.

13. Hagatu ki1r040Bi clioBa 710 po3po0KH

CwMmyro-nponyckatounii (iabTp, YaCTOTHI XapaKTEPUCTUKH, HYJIb Nepeiadi, MOJII0C 3racaHHsd,
niHiiHA (a3a, TUTaHapHiI KOHCTPYKITIT

Bandpass filter, frequency responses, transmission zero, attenuation pole, linear phase, planar
design

Bama po3po6xa Oyae po3milena B 6a3i 3aBepuieHnx po3po0oK Ha caiTi
Hayxka Ta innoBaTuka KIII im. Irops Cikopcebkoro http://science.kpi.ua/ .

Opranizaniiino-anamituunnii Bigain HAY,
e-mail: 0.savitch@kpi.ua
K. 138-1. Tea. 204-92-00.
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