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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Kom6iHOBaHi BUNIPOMIHIOIOUI CTPYKTYPH Ta aHTE€HHI PeLIiTKY 1J1s1 paflioeJIEKTPOHHMX CUCTEM 3BS13KY Ta JIOKalLii

Ha3sBa po6oTH aHIJIilICbKOIO:

Combined radiating structures and antenna arrays for radio electronic communication and radar systems

PedepaT ykpaiHCbKOIO:

O6'eKT gocimkeHH-(Pi3nyHi BUILIA Ta IpoLecy 30y KEHHs1, BUIIPOMiHIOBAHHS Ta (POPMYyBaHHS
€JIEKTPOMATHITHUX I10JIiB 6araToeJeMeHTHMMU, 6araTope3oHaHCHUMU, 6araTo4aCTOTHUMU,
6araToQyHKLiOHAJIbHUMU KOMOIHOBaHUMU CTPYKTYpPaMU 3i IIIMHHUMY, BiOpaTOPHUMU, Bi6PAaTOPHO-1IIMHHUMU (Y
TOMY YMCJI 1 iMIIeJaCHUMH) i MIKPOCMY>KKOBUMU BUITPOMIHIOIOUMMY CTPYKTyPaMU Ta aHTEHHUMU PELIiTKaMH i
aHTEHaMU BUTIYHOI XBUJIi. MeTa po60TH-BUBUEHHS 0COOIUBOCTEN 3 GOPMYBaHHSI €J1eKTPOMATHiTHUX MOJ1iB HOBUMU
KOMOIHOBaHUMU BUIIPOMIHIOIOUMMU CTPYKTYpPaMH, aHTEHAMU Ta aHTEHHUMU PelliTKaMU 3 PO3CiI0I0UNMUI
€JIeMEHTaMU Pi3HOTO TUITY i IOBiJIbHOIO TOIIOJIOTIEIO, IO € CKJIaJOBUMU 6araToeleMEHTHUX BUIIPOMIHIOIOUNX
CTPYKTYP; ONTHUMIi3allisl €JeKTPOAUHAMIYHUX ((PYHKLIOHATBHMX) XapaKTEPUCTHUK i OOI'PYHTYBAHHS MOXKJIMBOCTI iX
yIIpaBJIiHHS; MiHiIMi3allis Maco-rabapUTHUX apaMeTpiB BUIIPOMIHIOIOUUX CTPYKTYP IJIS Palio€JIEKTPOHHUX CUCTEM
(MOGINIPHUX CHCTEM 3B'S3Ky, PaflioJIOKaliiiHUX CUCTeM, CUCTEM pafiioeleKTPOHHOI 60poThOU Ta iH.). [TobymoBaHO
MaTeMaTU4Hi MOZEJi Ta IPOBEIEHO KOMITIOTEPHI PO3PaxXyHKHU i MOJIe/II0BaHHS 6araToeyIeMEHTHUX,
6araToyaCTOTHUX €KBiJMCTAHTHUX Ta HEEKBIIMCTAaHTHUX AaHTEHHUX PEIITOK, 6araToKaHaJIbHUX PELITOK i3
CYMIillleHOIO arepTyporo 3 KOMOIHOBAaHUMMU BUIIPOMIHIOIOUMMU €JIeMEHTaMu, y TOMY YMCJIi ¥ 3 iIMIIeJaHCHUMU
BJIACTMBOCTSIMMU, Ha 6a3i 6araToMoJ0BOr0 MPSIMOKYTHOTO XBUJIeBOLly. Po3po6JiieHo i peanizoBaHo epeKTUBHUI
QJITOPUTM PO3PaxXyHKy BUIIPOMIHIOBAYiB BUTIYHOI XBUJIi, yTBOPEHUX IIJIAHAPHUM [iaJIEKTUYHUM XBUJIEBOLOM i
rpe6iHKOo10. BU3HaU€HO BJIaCHMIA CIEKTP MOJ, TPMBUMIPHOI MOZEJli pealbHOi CIIOBIIbHIOBAILHOI CUCTEMU
KJIMHOTPOHA. PO3p0671€HO MiKPOCMY>KKOBI aHTE€HU i aHTEHHI pelliTKy 3 JIiHiIIHO0 Ta KPYroBOIO N0JIspr3alii€lo
€JIEKTPOMAarHiTHOTO M0JIs 3 060400 YacToTolo 5.8I'T1] Ha OCHOBI BUITPOMIHIOBAUiB y BUTJISAJIi PO3iMKHYTHX Kijlellb
Ta JIIHINHUX €JIEMEHTIB €JIEKTPUYHOrO TUILY, ANANTOBAHUX AJ1s NejieHranii FPV-gpoHiB i nepCcreKTUBHUX 115
zactocyBanHs y BITJIA. Ix 3actocyBaHHs 3a6e31e4yioTh BUCOKY e(DEKTUBHICTb Nepe/iayi Ta MPUHOMY CUTHAJTB i

CTIiMKICTb PaiiO€JIEKTPOHHOI CUCTEMU 10 BILJIMBY CTOPOHHIX €JIEKTPOMArHiTHUX 3aBaf,.

Pedepar aHIJIiHCBKOIO:

The object of research is the physical phenomena and processes of excitation, radiation, and formation of
electromagnetic fields by multi-element, multi-resonant, multi-frequency, multifunctional combined structures
with slot, vibrator, vibrator-slot (including impedance), and microstrip radiating structures, as well as antenna
arrays and leaky-wave antennas. The aim of the work is to study the features of electromagnetic field formation by
new combined radiating structures, antennas, and antenna arrays with scattering elements of various types and
arbitrary topology that form components of multi-element radiating systems; to optimize their electrodynamic
(functional) characteristics and justify the possibility of controlling them; and to minimize the weight and size
parameters of radiating structures for radio electronic systems (mobile communication systems, radar systems,
electronic warfare systems, etc.). Mathematical models were developed, and computer calculations and
simulations were carried out for multi-element, multi-frequency equidistant and non-equidistant antenna arrays,
as well as multichannel arrays with a combined aperture and combined radiating elements, including those with
impedance properties, based on a multimode rectangular waveguide. An efficient algorithm was developed and
implemented for calculating leaky-wave radiators formed by a planar dielectric waveguide and a comb structure.
The eigenmode spectrum of a three-dimensional model of a real clinotron slowing-wave system was determined.
Microstrip antennas and antenna arrays with linear and circular polarization at an operating frequency of 5.8 GHz
were developed based on radiators in the form of open rings and linear electric-type elements, adapted for



direction finding of FPV drones and promising for UAV applications. Their use ensures high efficiency of signal
transmission and reception and strong resistance of radio electronic systems to external electromagnetic
interference.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszga HTII yKpaiHCBKOIO: MatemaTn4Hi MOZIEJ, METOIM PO3PAXYHKY i1 €IEKTPOAMHAMIYHI TapaMeTpu
€JIEKTPOMATHITHUX OJIiB BUIPOMIHIOIOYMX MIPUIMAaJIbHO-TIEPENABATIbHUX CTPYKTYP [l PaiiO€IEKTPOHHUX

CHUCTEM.

Hassa HTII aHr/1ificbKO¥0: Mathematical models, calculation methods and electrodynamic parameters of

electromagnetic fields of radiating receiving-transmitting structures for radioelectronic systems.
HTII, sixky nepen6ayasiocsi CTBOPHUTH: CTBOPEHO

IIpuunHnu, yepe3s saki HTII He 6ysi0 cTBOpeHO:

OTpumaHi peayJsIbTaTH: [IpucTpoi (Bupobu TexHiuHi), MeToau, Teopii, rinoresn

l'asy3s 3acTOCyBaHHS: [IpuanoGyLyBaHHs; TEXHOJIOTI CTBOPDEHHSI CUCTEM, CTPYKTYD, TIPUCTPOIB i €JIeMeHTiB
MiJIIMETPOBOrO Ta CyOMiiMETPOBOTO (TeparepLoBoOro) Jiara3oHiB, €JIeKTPOHIKA, 3B'S30K, paiosoKaliis,
indopmaniitai cucremu, pagioactpoHomis, Hagiraniss, HBY texnosorii, 6iomenuiinya Tomo. PesynpraTu po60oTu
TaKOX OyAyTb BUKOPHCTAHI B HAaBYaJIbHOMY IIPOLIECi [1Jis MiATOTOBKU CTYAEHTIB (PpaKysbTeTy paniodisuky,
6ioMeIMYHO] eJIeKTPOHIKM Ta KOMITIOTEPHUX CUCTEM (KypcU «Teopist BUIPOMIHIOBAaHHS i aHTeHU», «Teopis
XBUJIEBUX TIPOLECIB», «UUCII0BI METOAY NIPUKIIALHOI €JIEKTPOAMHAMIKIY, «Teopist BUIIPOMIHIOBAHHS

€JIEKTPOMATHITHUX NOJIiB» «KOMITIOTEPHE MOJEJII0BaHHS BUTIPOMiHIOBAYiB»).
PeecTpaiifiHuil HOMep KapTKH Te€XHOJIOT1ii:

Onuc HTII: [To6ynosano edextrsHi (HisnuHO KOPEKTHI MATEMATUYHI MOJIEJ, PO3POGIEHO METOMHU Ta AJITOPUTMU
PO3paxyHKy 1 ONTHMi3allii eJIeKTpOAMHAMIYHUX XapaKTEPUCTUK €JIEKTPOMArHiTHUX 10J1iB 6araToe1eMEHTHUX,
6araTope3oHaHCHUX, 6araToO4YaCTOTHUX KOMOIHOBAaHUX LIIJIMHHUX, BIOPATOPHUX, IIIIMHHO-BIOPAaTOPHUX
BUIIPOMIHIOIOUMX CTPYKTYP, QHTEH i aHTEHHUX PEIIITOK, Y TOMY YMCJIi 3 iIMIIEJaHCHUMU BJIACTUBOCTSIMU CKJIATOBUX
€JIEMEHTIB, €KBiJICTAHTHUX Ta HEEKBiIUCTAaHTHUX aHTEHHUX PELIiTOK, 6araToKaHaJIbHUX PEIIITOK i3 CyMillleHOIO
anepTypolo Ha 6araTOMOIOBUX XBUJIEBOAax. [IpoBejeHO KOMITIOTEPHI PO3PaxyHKOBI JOCIKEHHS 3 MOJeJII0BaHHS,
PO3pOOKU Ta ONTHUMI3allil XapaKTEepPUCTUK TaKUX BUIIPOMIHIOIOUMX CTPYKTYP. BU3Ha4eHO BlIaCHUI CIIEKTP MO
TPUBUMIPHOI MOJI€Jli peaslbHOi CIIOBiI/IbHIOBAJIBHOI CUCTEMU KJIMHOTPOHA. PO3p0671€HO MiKPDOCMY>KKOBi aHTEHH i
AaHTEHHI PEIIiTKY JIiHIIHOI Ta KpyroBoi [oJigpu3alii Ha OCHOBI PO3iIMKHYTHUX Kijlelb Ta JIIHIMHUX €JIEMEHTIB
€JIEKTPUYHOTO TUITy 3 po6040I0 yacToTow 5.81TL, ananToBaHUX IJ1s1 aHAJIOTOBOI epeadi BileoCUrHasiB pisHUX
tuniB FPV-1poHiB.

ComniannbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI nmpoaykuii (Matepiasis,
TEXHOJIOTI! TOMIO) AJ1s1 3a0e3MeYeHHs eKCIIOPTHOTrO MOTEHIialy Ta 3aMillleHHIO iIMIIOpTY, 3a6€e31e4eHHs

IIPOMHUCJIOBOCTI Y1 HACEJIEHHSI HOBUM BUZIOM iH(pOpMaliliHO-KOMYHIKaliiHAX IOCJIYT
Brnyius HTII Ha moBKiJjs:
BrnposaaykenHss HTII: Bnposamxeno
ITpakTuyHa peasnizanis HTII
IToyaTok eramy:
3aKiHYeHHs eTamy:

Crnio>kuBavi MpoAYyKIii: IPE im. O.5. Yeukosa HAH Vkpainu, PI HAH Vkpainu, XHYPE, HAY im. H. €.
JKykoscbkoro «XAl», HIII PagioBumiptoBans, JI1 «IIpoton», 1T «Kb «IliBmeHue» im. M.K. Surensa», [JI1 XKBM imeHi
0.0. Mopososa, TOB «HBO «Kontyp», TOB «HBII XapkiBcbka aHT€HHa KOMIIaHis», MiANPUEMCTBA 3 PO3POOKHU i

cTBOpeHHs cy4acHux PJIC, pamioTeXHIiYHMX KOMILIEKCIB Ta iH.

I'[epcneK'rnBHi PHHKH: PUHOK PaJlioeJIEKTPOHHOTO, PaflioIOKaLifHOTO, PaZliOTEXHIYHOrO 06J1aiHAHHS B



Ykpaini, CIIA, kpain 3axigHoi €Bponu.
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiGHMIT 0GCAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HafAIOThCS iHBECTOPY MiCJIsA 3aBEPIIEHHS POOOTH:
HasaBHicTb 0i3Hec-1JIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHS:
IToTeH1iaIbHUH 0OCAT IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JopaTtkoBa iHdpopmamnist:

IX. Bi6siorpadivyHuii onuc

Radiation Output of the 330 GHz Continuous-Wave Clinotron Oscillator With Modified Cavity /S. Vlasenko, Yu.
Kovshov, S. Ponomarenko, S. Kishko, A. Zabrodskiy, Yu. Arkusha, A. Kirilenko, S. Steshenko, E. Khutoryan, A.
Kuleshov/ IEEE Transactions on Electron Devices. Vol. 71, N. 6, June 2024. P. 3940-3944. (Q2).
https://doi.org /10.1109 /TED.2024.3394796

Scattering of Electromagnetic Waves by a Multi-Element System of Pass-through Resonators in a Rectangular
Waveguide / Mikhail V. Nesterenko, Viktor A. Katrich, Svetlana V. Pshenichnaya, Victor 1. Kijko / Progress In
Electromagnetics Research C, PIER C.- Vol. 131, 2023. P. 135-143. (Q3). https:/ /doi.org /10.2528 /PIERC23020903

Multiparameter Control of Energy Characteristics of Waveguide-Cavity Resonator-slot Radiators / Mikhail V.
Nesterenko, Victor A. Katrich, Natalya K. Blinova/ East european journal of physics. 2023. No3. 451-456. (Q4)
https://doi.org/10.26565 /2312-4334-2023-3-50

Electrodynamic characteristics of fields of two orthogonal pairs of in-phase excited impedance dipoles located
parallel to square screen /N. P. Yeliseyeva, S. L. Berdnik and M.M. Gorobets// Radioelectronics and
Communications Systems (Q4). 2023, Vol. 66, No. 10 (2023), 515-530. https://doi.org /10.3103 /S0735272723080034

Multiband Asymmetric Biconical Dipole Antenna with Distributed Surface Impedance and Arbitrary Excitation /
Mikhail V. Nesterenko, Victor A. Katrich, Svetlana V. Pshenichnaya / East European Journal of Physics. 2024. No2.
P. 450-455. (Q3). https:/ /doi.org/10.26565 /2312-4334-2024-2-59

Radiation of Electromagnetic Waves by Regular and Biconical Dipoles with Variable Distributed Surface Impedance
and Arbitrary Excitation / Mikhail V. Nesterenko, Victor A. Katrich, Yurii V. Arkusha, Vladimir V. Katrich / East
European Journal of Physics. 2024. No3. P. 465-473. (Q3). https://doi.org /10.26565 /2312-4334-2024-3-56

Influence of electrophysical parameters of magnetodielectric layer on a PCP on its electrodynamic characteristics
/ M. V. Nesterenko, V. A. Katrich, O. M. Dumin, N. K. Blinova // East European Journal of Physics. 2024, No 4. P.
405-412. (Q3). https:/ /doi.org/10.26565/2312-4334-2024-4-47

Eigen-Oscillations of Planar-Chiral Bilayer Objects Give Rise to Artificial Optical Activity / Kirilenko, A., Steshenko,
S., Ostryzhnyi, Y., & Derkach, V. / Radio physics and radio astronomy. 2024. Mol. 29, no. 1, pp. 15-25. (Q3)
http:/ /dx.doi.org/10.15407 /rpra29.01.015

Reducing influence of hardware of communication station on characteristics of asymmetric biconical dipole using
magneto-dielectric substrate on finite-size metal screen / M. V. Nesterenko, V. A. Katrich, S. V. Pshenichnaya, S. A.
Pogarsky // East European Journal of Physics. No2. 2025. P. 424-430. (Q3). https://doi.org /10.26565 /2312-4334-
2025-2-52



Input Characteristics of Electrically thin Dipole with Variable Radius Along Antenna Length / Mikhail V.
Nesterenko, Oleksandr M. Dumin, Yurii V. Arkusha// East European Journal of Physics. No4. 2025. P. 590-600.
(Q3). https:/ /doi.org /10.26565 /2312-4334-2025-4-62

Electrodynamic Characteristics of Combined Slot Radiators as Elements of Antenna Arrays // Natalya Blinova,
Mikhail Nesterenko, Victor Katrich and Svetlana Pshenichnaya / Proc. the 2023 IEEE XXVIII-th International
Seminar /Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED-2023).
September 11-13, Thilisi (Georgia). 2023. P. 51-54. https: / /doi.org/10.1109 /DIPED59408.2023.10269466

Approximate Solution of the Field Equations for Magnetodielectric Layer with Inhomogeneous Perme-ability on
Perfectly Conducting Plane / Mikhail Nesterenko, Victor Katrich, Oleksandr Dumin, Sergey Berdnik // Proc. the
2023 IEEE XXVIII-th International Seminar /Workshop on Direct and Inverse Problems of Electromagnetic and
Acoustic Wave Theory (DIPED-2023). September 11-13, Thbilisi (Georgia). 2023. P. 150-154.
https://doi.org/10.1109 /DIPED59408.2023.10269472

Energy Transformation of Transient Radiation of Plane Source with Step-Like Excitation// Dmytro Havrylenko,
Oleksandr Dumin, Vadym Plakhtii, Victor Katrich / Proc. the 2023 IEEE XXVIII-th International

Seminar /Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED-2023).
September 11-13, Thilisi (Georgia). 2023. P. 20-23.https:/ /doi.org/10.1109 /DIPED59408.2023.10269461

Research of a Microstrip Antenna Array Excited by a Planar Waveguide with a quasi-TEM Mode // Yevhenii
Antonenko, Yuliia Antonenko, Dmytro Shtoda, Victor Katrich, Alexandr Gribovsky, Sergey Berdnik / Proc. the 2023
IEEE XXVIII-th International Seminar /Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic
Wave Theory (DIPED-2023). September 11-13, Thbilisi (Georgia). 2023. P. 90-94.

https://doi.org/10.1109 /DIPED59408.2023.10269460

Combined Dipole-Slot Radiating Structures with Parasitic Impedance Dipoles as Functional Elements of Antennas
and Antenna Arrays / Serhii Berdnyk, Victor Katrich, Yevhenii Antonenko, Svetlana Pshenichnaya, Volodymyr
Katrych, Kostiantyn Garmash, Dmutro Havrylenko // 2024 IEEE 29th International Seminar /Workshop on Direct
and Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED-2024). Tbilisi (Georgia). 2024. P. 128-
132. https:/ /doi.org/10.1109 /DIPED63529.2024.10706196

Electrodynamic Characteristics of Biconical Dipole With Complex Distributed Surface Impedance and Asymmetric
Excitation / M. Nesterenko, V. Katrich, O. Dumin, Yu. Arkusha // 2024 IEEE 29th International

Seminar /Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED-2024).
Thilisi (Georgia). 2024. P. 201-204. https:/ /doi.org /10.1109 /DIPED63529.2024.10706147

Radiation Fields of Open Ring Microstrip Antenna / M. Nesterenko, S. Pogarsky, V. Katrich, S. Pshenichnaya //
2024 IEEE 29th International Seminar /Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic
Wave Theory (DIPED-2024). Tbilisi (Georgia). 2024. P. 99-102. https:/ /doi.org/10.1109 /DIPED63529.2024.10706137

Operational Characteristics of the 330 GHz Continuous-Wave Clinotron with Modified Cavity / Vlasenko Sergey,
Kovshov Yurii, Likhachev Aleksandr, Arkusha Yuri, Khutoryan Eduard, Steshenko Sergey, Kishko Sergey,
Ponomarenko Sergiy, Kuleshov Alexei // Proc. 2024 Joint IEEE International Vacuum Electronics Conference and
International Vacuum Electron Sources Conference ( IVEC + IVESC). 23-25 April, Monterey, CA, USA. 2024. P. 1-2.
https://doi.org/10.1109 /IVECIVESC60838.2024.10694969

Comparison of Radiation Characteristics of a Dipole with a Square Screen depending on their Distance /
Yeliseyeva Nadezhda, Gorobets Nikolay, Horobets Oleksii, Berdnyk Serhii // Proc. 2024 IEEE 29th International
Seminar /Workshop on Direct and Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED-2024).
Thilisi (Georgia). 2024. P. 205-209. https:/ /doi.org/10.1109 /DIPED63529.2024.10706180

Output Performance of the 330 GHz CW Clinotron with a Modified Cavity / O. Kuleshov, S. Ponomarenko, S.
Vlasenko, Y. Kovshov, O. Likhachev, S. Steshenko, A. Kyrylenko, E. Khutoryanl, S. Kishko, // 2025 IEEE Pulsed
Power & Plasma Science (PPPS), June 15-20, 2025, Berlin, Germany. pp. 1-2..



https://doi.org,/10.1109 /PPPS56198.2025.11248647

Investigation of a Microstrip Circularly Polarized Antenna Array / Yevhenii Antonenko; Dmytro Shtoda; Sergii
Berdnyk; Alexandr Gribovsky; Yuliia Antonenko; Victor Katrich/ 2025 IEEE 30th International Seminar /Workshop
on Direct and Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED-2025), Thilisi, Georgia,
2025, pp. 216-219. https:/ /doi.org /10.1109 /DIPED66951.2025.11194480

Radiation Characteristics of a Clavin-Type Radiator with a Transverse Slot in a Rectangular Waveguide / S.
Berdnyk, V. Katrich, V. Zozulia, D. Havrylenko //2025 IEEE 30th International Seminar /Workshop on Direct and
Inverse Problems of Electromagnetic and Acoustic Wave Theory (DIPED-2025), Thbilisi, Georgia, 2025, pp. 254-258.
https://doi.org/10.1109 /DIPED66951.2025.11194547

A Reconfigurable Metasurface in the Form of a Fabry-Pérot Resonator, Involving Semi-Transparent Mirrors and a
Nonlinear Dielectric Insert / Ye.O. Antonenko, Yu.V. Antonenko, A.V. Gribovsky, V.A. Katrich. //Radio Physics
Radio Astronomy. Vol. 29, N2. 2024. P. 98-104. https://doi.org /10.15407 /rpra29.02.098

Dipole Antennas with a sector-shaped radiation pattern / M.M. Gorobets, N.P. Yeliseyeva, S. L. Berdnyk, O. M.
Horobets // Radio physics and radio astronomy. Vol. 29, N 4. 2024. P. 255-270.
https://doi.org/10.15407 /rpra29.04.255

Development of Compact Cherenkov Devices with Sheet Electron Beams in Sub-THz and THz Frequency Ranges
(Review) /Vlasenko S., Likhachev O., Kovshov Y., Kishko S., Ponomarenko S., Zabrodskiy O., Kuleshov O., Khutoryan
E., Steshenko S., Kirilenko A., Arkusha Y., Lukin K., Tani M., Tatematsu Y. //Radioelectronics and Communications
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