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OIIUC 3ABEPHIEHOI PO3POBKH

HajimenyBanHsi po3po0ku «CTBOpeHHS Teopii Ta CXEMOTEXHIUYHUX pilleHb HEMiHIMAJIbHO-
¢da3oBUX MIaHapHUX GUIBTPIB 31 3MIMIAHUMHU 3B’SI3KaMU IS 3aCO0IB  TEJIEKOMYHIKAITiH»
“Development of theory and circuit solutions of non-minimum-phase planar filters with mixed
couplings for telecommunications”.

1. Howmep nepxxaBnoi peectpanii 0119U100622; nomep peectpauii B yHiBepcuteTi 2213-¢.
2. HayxoBuii KepiBHUK
3axapos Osekcanap BiramiiioBuy, a.T.H., ¢.H.c.; Alexander Zakharov, D.Sc. degree.
3. CyTb po3po0OKH, OCHOBHI pe3yabTatu. (VKp., anai.; obcseom ne menwe 1500-2000 3naxis
KOJCHOIO MOBOIO).

OO0'ekTOM IOCHIDKEHHS € HeMiHIManbHO-()a30Bi pagioXBWIBOBI (DUIBTPU IIaHAPHOL
KOHCTPYKIIi (CMYXKOBI Ta MIKpPOCMY>KKOBi), SIKi TOpSJ 3 PE30HATOPAMH BiIOMBHOTO THITY
MICTSITh PE30HATOPU MPOXIAHOTO THIY, 1 B SKMX BUKOPUCTOBYIOTHCS 3MIIIaH] eeKTPOMAarHiTHI
3B’A3KH MIXK PE30HATOPAMH.

[Ipenmer nocCmiKEHHST — BIUIMB 3MIIIaHUX KOE(ILi€HTIB 3B'S3KY €JIEKTPOMArHiTHOTO
XapakTepy Ha YaCTOTHI XapaKTEPUCTUKH OUIBIN CKIAIHUX HEMiHIMAIbHO-(PA30BUX IUIAHAPHUX
(GiTBTPIB, IO MA€ MIPUBECTH JO0 CTBOPEHHS HOBOI TEOPIi.

3a pesynbratamu HJ/IP cTBOpeHO Teopito IUlaHApHUX HEMiHIMalIbHO-(Pa30BUX (iIbTPIB
TPETHOT'O Ta YETBEPTOTO MOPSIKY IS 3aCO0IB TEICKOMYHIKAIIHN 3 PI3HOMaHITHUMH YaCTOTHUMH
xapaktepuctukamu. CTBOpEeHO METOAWKH ToOyJOBH 3a3HaueHUX (IIbTpiB, SAKI HE
BUKOPUCTOBYIOTh HH3BKOYACTOTHI TPOTOTHIIM, a JO3BOJSIFOTH O€3MOocCepeHb0 OO0YMCIUTH
CXEMH1 eJIEMEHTH. 3alpOoNOHOBAHO 1 npoaHame.OBaHo HOB1 KOHCTPYKILII IUIAHAPHUX CMYTO-
nponyckatounx QuibTpiB (CIID) 3 nepexpecHUMHU 3B'A3KaMU, SIKI XapaKTEPU3YIOThCS BETUKUM
PI3HOMAHITTSIM ~ peaji30BaHMX  YacTOTHMX  Xapakrepuctuk. llopsn 3 MiJBHUILEHOIO
OJIHOCTOPOHHBOIO BHOIPKOBICTIO, BOHU MOXYTh MaTu cumeTpuuHy AUX 3 mosocom 3aracaHss,
PO3TalIOBaHUM IIPABOPYY 1 JIBOPYY BiJl CMyTH npomnyckanHs. OCHOBY (iJbTPiB CKIAJat0Th MapH
OJIM3bKO PO3TALIOBAaHMX OJWH B OJHOIO cXiJyacTo-iMmnemaaHcHux pesoHatopiB (SIR),
€JIGKTPOMArHITHUM 3B'I30K MDK SKMMU HOCUThH 3MIllIaHUM XapakTep, SK €MHICHMH, Tak 1
iHAYKTUBHUH. OTpUMaHi eKCIIepUMEHTAIbHI 3pa3ki HOBHX IUTAHAPHUX HEMiHIMalbHO-(a30BUX
(GINbTPIB TPETHOrO Ta YETBEPTOrO MOPSAAKY Ul 3ac00iB TEIEKOMYHIKalil, Ta pe3ylbTaTd ix
€KCIIEPUMEHTAJILHOTO JIOCHIJDKEHHS, K1 MIATBEPIKYIOTh TEOPETUYHI MOJIOKEHHS CTBOPEHOI
Teopii.

ITo pesynbraram pobGotu omyOiikoBaHo 11 crareit B xypHanax IEEE, sxi HanexaTts 10
nepuroro kBaptuwisg QI, 2 cTarTi B )KypHalax, sKi HajlexaTh 10 apyroro kBaptuis Q2. Beboro
ory6mikoBaHo 18 crareld, siki MPoOiHIEKCOBaHI B HAyKOMETpUYHii 6a3i Scopus. OmyOikoBaHo 7
NoKNaaiB B Marepianax MikHaponHux IEEE koHdepeHiii, 1o BXOAITh 10 HAyKOMETPHYHOI
0a3u Scopus. 3a pesyasraramu HJIP nammcano pos3min xuuru: “Planar bandpass filters with
mixed couplings”. Lecture Notes in Networks and Systems, 2021, 1110 BUKOPHCTOBYBAaTHMEThCS
JUTSL TIIATOTOBKYU acipaHTiB 3a cnerianbHicTio 172 TenexkomyHikaiii Ta panioTexHika. B po6ori
Opann ydacTh JBa 37100yBaya HaykoBoro crymeHss PhD 1 kaHaupara TeXHIYHUX HayK, 4l
JIucepTartii OJIM3bKI 10 3aBEpIICHHS.

3a yac BuxkoHaHHs HJ/IP cymaphwuii iHnexc I'ipiia BUKOHABIIB NMPOEKTY 301IBIIUBCS 3
h=13 no h=30, mo cnpuse nokpamenHio nokazHukiB KIII im. Iropst Cikopchkoro y cBIiTOBUX
peUTHHTax YHIBEpCUTETIB.



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. HasBHICTH OXOPOHHHUX JIOKYMEHTIB Ha 00’ €KTHU IIpaBa IHTEJIEKTYaJIbHOI BIACHOCTI (3as6Ka Ha
namenm, namenm, cel0oYymeo Ha A6MOPCbKe NPAeo).

Opepxano 3 nareHTa YKpaiHu:
ITaTeHT Ha KOpHCHY Mozenb «CMyro-npomnyckawuuii peuriTyactuii GiabTpy, Ne 146716
Bix 10.03.2021, bron. Ne 10. Asropu O.B. 3axapos, C.O. Pozenko, C.M. Jlitinues, JI.C.
[TiHgyk.

[TaTtenT Ha KopucHy Mozenb «CMmyro-npornyckatounil rpedingactuil GiabTp», Ne 145151
Bix 26.11.2020, 6ron. Ne 22. Asropu O.B. 3axapos, C.O. Pozenko, C.M. Jlirinues, JI.C.
[TiHgyk.

[TatenT Ha KOpuCHY MoJenb «MIKpOCMYXKOBHH CMYTronpomyckaiouuii ¢iasTpy, Ne
135153, omy6mn. 25.06.2019 6rom. Ne 12. Atopu 3axapoB O.B., Inpuenko M.YO., JliTBiHIIEB
C.M., Iinuyk JI.C.

5. TlopiBHSHHS 31 CBITOBUMH aHAJIOTAMH.

[Ipu3nauenHs GIbTPIB y paaioanaparypi pi3SHOMaHITHE: BOHU MOXKYTh 3aCTOCOBYBAaTHCS
y AyIUIeKCepax Ta MYJbTHIUIEKCOPAX ISl PO3AUIEHHS a00 CKIIAJaHHs CUTHAIIB PI3HUX YacCTOT,
JUTsE OOMEXKEHHSI CTIIEKTpa MOTY>KHOTO BUXIJHOTO CUTHAIY, SIK JIiHII 3aTPUMKH CUTHAITY 32 YaCOM.
Taxki ¢ineTpu mpairorTh B mupokomy aiamazoni yactot (0,1 + 30 I'T1), MaroTh pi3sHOMaHITHI
YaCTOTHI XapaKTepUCTUKU Ta 3aCTOCOBYIOThCS B 0ararbox CHUCTEMaxX, B SKHX NPUHAOM YU
nepeaaya iHGopmarlii 3A1HCHIOETbCS 110 PaliOKaHAIAM.

VY momepenHi pOKH CBITOBE CyCHUIBCTBO AOKIAAAN0 3HAYHHUX 3yCHIIb HA BUPIMICHHS
npoOJeMu MiHIATIOpU3aIlli CMyTO-TIPOIyCKarouux (GUIBTPIB I 3ac00iB  TEIEKOMYHIKAIIIH,



0COOJMBO CTUTBHUKOBOI TenedoHii. TeXHONoris CMYXKOBHX CMYTO-TPOINyCKarouux (iibTpiB
IpyY BUKOPUCTaHHI KepaMiyHUX MartepianiB 3 BenukuM 3HaueHHsIM g = 80...100 no3Boise
3MIMCHUTH TIONAJbINY MiHIaTIOpu3amito. L1 TexHosoriss mo3Bojsie  BUPOOIATH  (DUIBTPH
toBuHO0 0,5 MM 1 MeHmIe. B naniit po6oTi Oyno CTBOPEHO TEOPil0 MiHIATIOPHUX IUIAHAPHUX
GiTbTpiB, SKI MarOTh OAHOYACHO 1 IOJINIICHI YacTOTHI XapaKTepucTuku. Llg Teopis nae
MOYJIMBICTh MOJANBIIOI MiHiaTIOpu3anii (QiIeTpiB s 3ac00iB TeslekoMyHikamiii. B mpomy i
noJsirae ii BeJaMKe 3Ha4YeHHs 1 CBITOBOI'O CyCIiIbCTBA.

Mu cTBOpHIIM ManorabapuTHi MmiaaHapHi QiIbTpH 31 cMyroro mpomyckanHs Bin 400 o
500 MI'm, siKi MpaIioTh Ha MiABUIIEHUX PIBHIX MOTY>KHOCTI 1 MAlOTh ITIBUIIIEHY BUOIPKOBICTh
1 cumerpuuny AYX. 3ayBakumo, 0 MayorabapuTHI (PiTbTpU Ha MOBEPXHEBHX AKyCTUYHHUX
xBuisix (ITAX) 1 Ha 30cepe/KEeHUX eIEMEHTaxX He MOXKYTh OyTH BUKOPHUCTAH1 IS IIUX IT1JICH.

PesynbraTi nOCHi/KEeHb BIANOBIZAIOTH CBITOBOMY pIiBHIO, a B JIEAKHX BHIIAJKax
MEepPEBEPILYIOTH HOTO.

6. ExonomiuHa mpuBabIMBICTH IJIs MPOCYBAHHS HA PUHOK (8apmicme peanizayii npoexkmy,
MEPMIHU BNPOBAOICEHHSL MA OKYNHOCHI, NOKAZHUKUL).

7. Tlorenuiitai kopucTyBaui (eanysi, Minicmepcmea, 8I00MCmMed, NIONPUEMCMEA, OP2AHIZAYIL).
HoBi TeopeTnyHi MON0OKEHHS 1 TEXHIUHI PillIeHHs, CTBOPEHI B paMKax JTaHOTO MPOEKTY,

CIIpSIMOBaHI Ha CTBOPEHHS HOBOTO IIOKOJIHHS MIKPOXBWJIBOBUX (IIBTPIB JUIsA 3ac00iB

TEJIEKOMYHIKaIlii, PO3BUTOK BJIACHOI €JIEMEHTHOI 0a3u YKpaiHu B raimysi pagioeneKTpOHIKH, SKa

He Oyjae mocTymaTHcsl CBITOBUM JijiepaMm. PesynbTatu poOOTH MOXKYTh OyTH BUKOPHUCTaH1

HiANPHEMCTBAMH PaliOTEXHIYHOTO podimo YKpaiHu.

8. CraH roToBHOCTI po3po0KkH (1abopamopruii abo NPOMUCIOBULL 3PA30K, MEXHIYHA
OOKYyMeHmayisi, Oi3Hec-niaH, 20mosa 00 6NPOBAONCEHHI MO0 I3 3A3HAUEHHIM
mexnono2iuno2o pisms comosnocmi (TRL)).

JlabopaTopHuii 3pa3ox.

9. IcHyroui pe3yJIbTaTH BIPOBAIKCHHS.

10. HasBa nigpo3niny, Tenedon, e-mail.

H/I renexomyHikamiif [HCTUTYTy TeleKOMYHIKaLIHHUX CHCTEM
067-231-8204, e-mail azakharov@its.kpi.ua; azakharov217@gmail.com

11. ®oto (060B’si3k0BO) ab0 KinbKa claiiiiB mpe3eHTarii 3 ¢GoTo PO3POOKH B EIEKTPOHHOMY
BUTTIAAL (pPeKJIaMHOro Xxapakrtepy). SIkimo ¢oro HagaeTbcsi okpeMuM (aiiiaom, OaxaHo
BukopucroByBatu JPEG ¢opmar.

MikpocMyKKOBa KOHCTPYKITISI CMyTO-IIPOITYCKaro4doro GpiabTpa
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12. Tlepenik myOmikaIiiii 3a MaTepiagaMu JOCITIHKEHb 3a TIepioj] BUKOHAHHS (6azomi:
Mono2paghii, niopyuHuKku, ROCIOHUKU, HAYKOSL cmammi, oucepmayii, inuii 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. Il, 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 KJIFOYOBI CJIOBA JI0 pO3POOKH

Cmyro-niponyckarouuii (hUIBTp, YaCTOTHI XapaKTEPUCTUKH, HYJb Mepenaadi, MOJC 3racaHHs,
JiHiHA ¢a3a, mIaHapHi KOHCTPYKIIIT

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

Bama po3pooOka Oyne po3miliena B 0a3i 3aBepiieHUX po3po0oK Ha CaMTi
Hayka ta innoBatuka KIII im. Irops Cikopcbkoro http://science.kpi.ua/ .

Opranizauiiino-anajaituunuii Biggin HAY,
e-mail: 0.savitch@kpi.ua
K. 138-1. Teu. 204-92-00.
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