PERTOOS § :
'himmcw H& L
ok i T

vvvvvvvvvvv

HauworansHeiin
N - MCCNEN0BATENECKMIA
lllll ToMckmMA Tomcuwii
l I NOJTUTEXHWNECKWHK rOCYQapETEEHHBIA
W vHvBEPCUTET yHMBEpCUTET
TUSUR TOMCKMIA HALMOHANGHbIA
% TM | UNIVERSITY m uccne.qoa%enbcxun
ToMcxwit rocynapeTseHHEN yHUBEDCUTET MEAWLIMHCKWA LIEHTP
cUCTeM ymp W PAANO3AENT POCCMICKON AKABEMUN HAYK

i

MEPCMEKTUBbI P A3BUTUA
PYHAAMEHTAABHbIX HAYK

COOPHMK HAYYHbIX TOYAOB
XVII MeXAYHOPOAHOM KOHJDEPEHLLMM CTYAEHTOB, ACMMPAHTOB
M MOAOAbIX YH4EHbIX

POCCMUY, TOMCK, 21 - 24 anpens 2020 .
ToM 7. IT - TEXHOAOIUU U DAEKTPOHUKA

PROSPECTS OF FUNDAMENTAL
SCIENCES DEVELOPMENT

Abstracts
XVIl International Conference of Students

and Young Scientists

RUSSIA, TOMSK, April 21 — 24, 2020
Volume 7. IT - technologies and Electronics



5 * b
% pr-y v
& dm 2
A SR
. . HauuoHanbHbIN 5 ;_E;E:: (f'
WCCNeAoBaTeNbCKUMA _‘: S >
. ToMckum I il | a
) roCyAapCTBEHHbIN
TOMCKUM Dt ITACY
" 3 HUBepcuUTeT
NONUTEXHUYECKUA s y P TOMCKM FOCY[APCTBEHHBI
YHUBEPCUTET APYUTEKTYPHO-CTPOUTEHel

% W TUSUR TOMCKMI HALIMOHAJTBHBIA
UNIVERSITY m WCCNEQOBATEIb.CKUNA
TOMCKWU# TOCYAaPCTBEHHBIA VHUBEPCUTET MEAWLIMHCKWUIA LIEHTP

CUCTEM VIIPABIEHNA U PAAUOINEKTPOHUKN POCCUNCKON AKALIEMUI HAYK



MINISTRY OF SCIENCE AND EDUCATION OF THE RUSSIAN FEDERATION

PROSPECTS OF FUNDAMENTAL
SCIENCES DEVELOPMENT

Abstracts
XVII International Conference of students, graduate students
and young scientists

April 21-24, 2020

Russia, Tomsk

Volume 7. Information Technologies and Electronics

Tomsk
Tomsk State University Publishing House
control system and radioelectronics
2020



MMWHUCTEPCTBO HAYKM U BbICLLErO OBPA30OBAHMA POCCUNCKOW ®EAEPALMN

NMEPCNEKTUBbI PA3SBUTUA
OYHOAMEHTAJIIbHbIX HAYK

COOpPHUMK Hay4YHbIX TPYA0B
XVII MexayHapogHon KoHpepeHUMn CTYAEHTOB, aCNMPAHTOB
N MOJIOAbIX YYEHbIX

21-24 anpensa 2020r.

Poccua, Tomck

Tom 7. IT-TeXHONONMU U INEKTPOHUKA

TomcK
N3paTenbctBO TOMCKOro rocy4apCTBeHHOro yHMuBepcuTeTa
CUCTEM yrNpaBJ/IeHNA N PASUNOINTEKTPOHMKHN
2020



VIIK 501:004 (063)
BBK 72:32.81:10
27

Peoakyuonnas xonnecus:
U. A. Kyp3uHa, 1okTop (hU3MKO-MaTeMaTUYECKUX HAYyK, JOIICHT;
I'. A. BopoHoBa, kKaHAMAAT XUMUYECKUX HAYK, JOLICHT;

C. A. TTopo6oBa

IlepcnekTHBBI pa3BUTHS (PYHIAMEHTAIbHBIX HAYK : COOPHUK HayYHBIX
[127 Ttpynos XVII Mexaynapoanoii koHGEpEHIIMU CTYACHTOB, aCHUPAHTOB U MO-

noaeiX yueHslx, 21-24 amnpens 2020 r., Poccus, Tomck. B 7 1. T. 7. IT-
TexHoJioruu U nekTponuka / Harm. uccnen. Tom. monurexH. yH-T, Harl. wuc-
cnen. Tom. roc. yH-T, TOM. roc. apXuTEKTYpHO-CTPOUT. YH-T, TOMCK. rOC. yH-T
CUCTEM YyIIP. U PAOUOIIEKTPOHUKH, ToM. Hal. uccnen. Men. ueHtp PAH ; mox
pea. M.A. Kypsunoii, I'.A. BoponoBoii. — Tomck : MU3a-Bo ToMmck. roc. yH-ta
CHUCTEM YyIIp. U paguosnekTponuku, 2020. — 143, [3] c.

ISBN 978-5-86889-871-6 (T.7)

ISBN 978-5-86889-864-8

CO0opHUK cofepKUT TpyAbl ydacTHUKOB X VII MexyHapoJHON KOH(pEpEeHIIUH CTYIeH-
TOB, aCIUPAHTOB U MOJIOABIX Y4YEHBIX «llepcnexTuBbl pa3BuTHs (QyHIaMEHTAJIBHBIX HAYK»,
IIPEJICTaBICHHBIE HA CeKIMU «IT-TEXHOIIOTHN U 3IIEKTPOHUKAY.

s cTyAeHTOB, aCIUPAHTOB, MOJIOABIX YUYEHBIX M IIPENOJABaTeled, CIIELUAIU3UPYIO-
IKUXCSE B OOJIACTH MHTEIIEKTYalIbHBIX CHUCTEM YIPABJICHUS, aBTOMATH3HMPOBAHHBIX CUCTEM
00paboTky MHPOPMALIMU U YIpPaBICHUs, HHPOPMAIMOHHONW 0E€30MaCHOCTH, HAHOAJIEKTPOHH-
K{, TMOJyYeHHs] U HCCIIEOBAaHUS HAHOMATEpUAJIOB, ONTO3JIEKTPOHUKH M HAHO(MOTOHMKH,
IUIA3MEHHOW SMUCCHUOHHOM JIEKTPOHMKH, UHTEIUIEKTYaJIbHOW CUJIOBOW 31eKTpoHukH, CBY-
JNEKTPOHUKHU, CUCTEM DPATUOJIOKALUH, TEICBUACHUSA, PAJUOCBSI3U, PAOUOMETPUHM U PACIPO-
CTpPaHEHUs BOJIH PaJMOYaCTOTHOIO M aKyCTUYECKOIO AMAINa30HOB, a TAK)KE HUMITYJIbCHBIX U
Paaro4acTOTHBIX U3MEPEHHUSAX.

VK 501:004 (063)
bbK 72:32.8110

Hayunoe uznanue
IEPCIIEKTUBbBI PA3BUTHA ®YHIAMEHTAJIBHBIX HAYK
COopuuk HayuHbIX TpyA0oB XVII MexnyHapoaHo# KoH(pepeHIUH
CTYJEHTOB, ACIIUPAHTOB M MOJIOJBIX YUYEHBIX

[Moamucano B medats 15.06.20. ®opmar 60x84/8.
VYen. meu. 1. 16,97. Tupax 100. 3aka3 129.

Tomckuii rocyJapcTBEHHBIN YHUBEPCUTET CHCTEM YIPABJICHHUS U PAANO3TEKTPOHHUKH.
634050, r. Tomck, np. Jleanna, 40. Ten. (3822) 533018.

ISBN 978-5-86889-871-6 (. 7)
ISBN 978-5-86889-864-8



«IIEPCIIEKTUBBI PASBUTUA ®YHJIAMEHTAJIbHBIX HAVYK»

COJAEPKAHUE

ANALYSIS AND DIAGNOSIS OF CYSTIC FIBROSIS OF THE LUNGS WITH IMPROVED DEEP
LEARNING TECHNIQUES
N.J. Francis, N.S. Francis, M. Saqib

BRONCHOPULMONARY SEGMENTATION OF THE LUNGS BY USING TERNARY NET WEIGHTS
IN MASK-R NEURAL NETWORK
N.S. Francis, N.J. Francis, M. Saqib

JABYXITNAITABOHHAA AHTEHHA JUITOJIBHOI'O TUITA C KOHIIEBLIM IIMTAHUEM
C.A. AekceiineB

COMPARISON OF QUASISTATIC AND ELECTRODYNAMIC ESTIMATIONS OF THE RADIATED
EMISSION FROM TWO COUPLED WIRES OVER A GROUND PLANE
Alhaj hasan Adnan

HNCCIEJOBAHUE 2JIEKTPUYECKUX XAPAKTEPUCTUK FLIP-CHIP CBETOAMOJJOB
H.K. AdanacbeB, A.A. TomameBu4

OIITUMUNBALINA ITAPAMETPOB HEYHETKOI'O KIIACCU®UKATOPA KOMBI/IHAL[I/IEﬁ
AJITOPUTMOB I'PABUTAIIMOHHOT O TTOUCKA U IIPBITAIOINX JIATYIIEK
M.B. bapaamosa

[IPOCTPAHCTBEHHOE PACIPEJIEJIEHUE UBSMEHEHUI [TOKA3SATEJIS IIPEJIOMJIEHU S,
WHAYLHUNUPOBAHHBIX ITP ®OPMHWPOBAHNN KAHAJIbHBIX BOJIHOBO/1OB

B IIOBEPXHOCTHO JIETMPOBAHHOM KPUCTAJIJIE HUOBATA JINTUA

AJ. Be3naabrii

PACIIO3BHABAHUME ABTOMOBUNJIbHBIX HOMEPOB METOZOM BUOJIBI-JI)KOHCA
C.U. BeasieB

IIMPOKOAIEPTYPHBIN YCKOPUTEJIb JIEKTPOHOB HA OCHOBE MOHHO-3JIEKTPOHHOM
OMUCCHUHN C BBIBOJIOM ITYUYKA B ATMOC®OEPY
C.IO. lopomikeBn4

MEXAHHM3MBbI 3AILUTHI OT YI'PO3 B KOMIIBIOTEPHOI CETU
A.C. IsixoBa, /1.FO. ITonoBa, A.K. HoBoxpecToB

[IPEOBPA3OBAHUE HC JIABEPHOI'O M3JIYUYEHUS B ITOPOILKAX HEJIMHEMHBIX
KPUCTAJIJIOB CKAH/IOBOPATOB
AL Kamyc, I.M. ExoB, A.A. I'opesiBueBa

UCIIOJIb30OBAHUE N-HOPM JIUISI AHAJIM3A YCTPOMCTBA C OJJHOKPATHBIM MOJJAJIbHBIM
PE3EPBUPOBAHUEM
A.B. Keuena, E.C. Keuen

[TAPAMETPBI [TYYKOBOM ITJIA3BMBI, CO3JIABAEMOI ITPU TPAHCIIOPTUPOBKE
HEIPEPBIBHOI'O ITYUKA DJIEKTPOHOB B JIJMAIIA30HE JABJIEHUI CPEJJHET'O BAKYYMA
A.A. 3enun, E.M. Copoknna

AHAJIMTUYECKAS MOJEJIb JIS1 ONEHKU SPOEKTUBHOCTHU SKPAHMPOBAHNS
MHOI'OCJIOUHBIX KOMITO3UILIMOHHBIX MATEPHUAJIOB
A.A. UBaHoB, A.B. /lemakoB

OLIEHKA BJIMSIHUSI HEUJIEAJIbBHOCTH ITAPAMETPOB BBICOKOYACTOTHBIX Y3JIOB
BXOJIHOI'O BJIOKA MU3MEPUTEJIS KODDOULIMEHTA OTPAXKEHUS HA TOYUHOCTh
W3MEPEHUI

M.A. Kanuna

CBOP TAHHbBIX B CUCTEME I'JIOBAJIBHOT'O TTO3NTTMOHNPOBAHU S C MCITOJIb3OBAHUEM
I[TPOTPAMMHO OIIPEJEJIIEMOM PAJTMOCUCTEMBI

M.M. Kanyx

IMOTEHIIUAJ U30JIMPOBAHHOM MUILIEHU, OBJTYYAEMOM SJIEKTPOHHBIM ITYYKOM

B CPEJJHEM BAKYVYME, ITP1 HAJIMYWU JOITOJIHUTEJIbBHOT'O 3JIEKTPOJA BBJIM3U1
MUIIEHU

K.!. Kapnos, /1.b. 3oj0TyXuH

XVII MEXIYHAPOJJHAA KOH®EPEHIIMA CTYIEHTOB, ACIIMPAHTOB 11 MOJIOABIX YUEHbBIX

11

14

17

20

23

26

29

32

35

38

41

44

47

50

53

56

Poccus, Tomck, 21-24 anpens 2020 r. Tom 7. IT-TexHOJIOTHH U 3JEKTPOHUKA



XVII MEXIYHAPOJJHAA KOH®EPEHIIMA CTYIEHTOB, ACIIMPAHTOB 11 MOJIOABIX YUEHbBIX
«IIEPCIIEKTUBEI PASBUTUA ®YHJIAMEHTAJIbHBIX HAVK»

KITACTEPU3ALUA XKAJIOb MAHUEHTOB U3 JOKYMEHTA «OCMOTP JIEHAILIUM BPAUOM)»
E.B. KameeBa 59

HNCCIEJOBAHUE PA3JIMYHBIX APXUTEKTYP IJIs1 CUCTEMBI OITPEJEJIEHIN S
TIOJIB3OBATEJIA 10 EI'O ITOAITMCIU
A.A. Konosauos, B.C. JlononoBa, SI.A. YcoJbleB 62

PA3PABOTKA TEXHOJIOTUH U TIPOT'PAMMHOM CUCTEMBI 17151 TPEXMEPHOI
PEKOHCTPYKIMU ®OPMBbI CTOITbI YEJIOBEKA T10 BUJJEOITOTOKY
A.B. Kyprykosa, JI.C. IllusoB, A.M. ®enoToBa 65

PA3PABOTKA I[TPOI'PAMMHOM CUCTEMBI U151 AHAJIM3A TOHAJIBHOCTU OT3bIBOB
MMOJIL3OBATEJIEN
H.C. MameeB 68

UCIIOJIb30BAHUE ECLIPSE THEIA JIJ151 CO3JIAHUS UHTETPUPOBAHHOM CPE/IbI
PA3PABOTKU JJIA A3BIKA REFLEX
K.B. Mapuenko 71

BJIMAHUE TOJIHWHBI Al,O;-Ti KOMIIO3UTA HA BO3MOXHOCTD CIIEKAHUA ET'O
SJIEKTPOHHO-JIYYEBBIM METO/IOM B ®OPBAKYYME
I'.®. Mapuyk, B.T. Yan 74

AHAJIN3 3AJEPXXEK UMITYJILCOB PA3JIOXEHHWA B CUCTEME KABEJIb — ITJIATA
C MOAAJIbHBIM PESEPBUPOBAHUWEM
A.B. MeaBeneB 78

ABTOMATU3ALIMS CO3AAHUS OTUETOB I10 5OPEKTUBHOCTHU PABOTHI PEKJIAMHBIX
KAMITAHUN
M.TI'. MockaJjieB 81

KOPIIOPATHUBHBIM 11JIF03 HA BASE OTEYECTBEHHOI'O CEPBEPHOI'O I[IPOTPAMMHOI'O
OBECIIEUEHU A
J.A. OBUMHHUKOB 84

UCCJEIOBAHUE OIITUYECKUX CIIEKTPOB U3JIYUYEHUS IVIASMBI, TEHEPPYEMOM .
UMITYJIbCHBIM 3JIEKTPOHHBIM [TYYKOM B ®OPBAKYYMHOM JINAITA3OHE JABJIEHUN
A.B. KazakosB, A.B. MenoBuuk, H.A. Ilanuyenko 87

OUOPOBAA JIOTHCTUKA B YIIPABJIEHWU HEITAAMU [TIOCTABOK: ITPOBJIEMBI 1
HEPCIIEKTUBbI

1O.B. ITappentnen 90
YETBIPEXJIYUEBASA ®AP C U3JIYUATEJSIMU KOHITEBOI'O TUITA
IO.H. Mapuun 93

NHO®OPMAIIMOHHAS CUCTEMA OTAEJIA KAZIPOB YHUBEPCUTETA ITATTUMYPbI, AMBOH -
MHJOHE3N A
B.J. IlarTrupagnxaBane 96

CUCTEMA IHEPCOHAJIM3ALMU SJIEKTPOHHOI'O ITOPT®OJIMO HA OCHOBE 3AI'PYXXEHHBIX
MATEPUAJIOB
®@. /1. [InpaxoB 99

BJIMAHUE CKOPOCTU HATPEBA Al,03-Ti KOMITIO3UTA HA OAHOPOJHOCTD EI'O CITEKAHU A
C UCTIOJIbB3OBAHUEM ®OPBAKYYMHOTI'O ITNTASMEHHOI'O JIEKTPOHHOI'O NICTOYHUKA
A.A. Tlopnyonos, A.E. Ilerpos, B.T. Uaun 102

PA3PABOTKA ITPOIPAMMHOM CUCTEMBI JUISI KJIACTEPU3ALIMY IIOTPEBUTEJIEN
10 UX OTHOIIEHUIO K ACTIEKTAM IMTPOJAYKTA
K.1O. ITonoBa 105

ABTOMATU3ALNA TTPOLECCA YCTAHOBKH ITPOI'PAMMHOI'O OBECIIEYEHUA HA PABOYEM
MECTE B KOPTIOPOTMBHOMU CETHU
B.1. IlycThIHHUKOB 108

NCCJIENOBAHHME TAPAMETPOB KOHTPAI'MPOBAHHOI'O IYTOBOI'O PA3PAIA
B ®OPBAKYYMHOM JMAITA30HE JABJIEHW

A.B. Ka3zakos, C.E. Pazymos, H.A. Ilan4yenko 111

Poccus, Tomck, 21-24 anpens 2020 r. Tom 7. IT-TexHOJIOTHH U 3JEKTPOHUKA



XVII MEXIYHAPOJJHAA KOH®EPEHIIMA CTYIEHTOB, ACIIMPAHTOB 11 MOJIOABIX YUEHbBIX
«IIEPCIIEKTUBBI PASBUTUA ®YHJIAMEHTAJIbHBIX HAVYK»

UCCJEIOBAHUE KOMIIEHCALIMU JUOPAKLIMOHHON PACXOIUMOCTHU JIABEPHBIX

ITYYKOB B CETHETOQJIEKTPUYECKOM KPUCTAJUJIE HUOBATA JINTWS ITPU USMEHEHUU
TEMIIEPATYPBI

J.K. Pomanenko, M.H. 'annaposa, A.B. Cok0/1bHHKOB 114

MOJIEJIMPOBAHME BPEMEHHOI'O OTKJIMKA HA BO3IEMCTBHE CBEPXKOPOTKOI'O

HUMITYJIbCA JIBYX ITIOCJIEJOBATEJIbBHO COEJVMHEHHBIX MOIAJIbHBIX ®MJIbTPOB

C ITACCHBHBIM ITPOBOIHUKOM B BBIPE3E OITOPHOM IIJIOCKOCTH

M.A. Camoiiinuenko, A.M. 3ab6oioukuii 117

TPAHCJIILMA COELIUOUKALIMI C ECTECTBEHHOI'O S13bIKA B CEMAHTUYECKUIM
MNPEAMETHO-OPUEHTHUPOBAHHDBIN SA3bIK DOSL
J.P. Cepon 120

M3MEHEHUWE MOJEJI YT'PO3 B 'OCYIAPCTBEHHBIX UTHO®OPMAIIMOHHBIX CUCTEMAX,
CBA3AHHBIE C UIBMEHEHUAMMU 17 ITPUKA3A ©®CT3K

M.B. CosionkoB 123
CPABHUTEJIbHBIN AHAJIN3 TEXHUYECKUX CPEJICTB KOHTPOJIS JIOIIACTHBIX U3EJIUIA
K.A. Xaun, M.A. Ka:xkmarauoerosa 126

OLIEHKA BJINSIHU S MATHUTHOM ITPOHUITAEMOCTH HOJIJIOXKKU HA YACTOTHBIE
XAPAKTEPUCTHUKH MUKPOITOJIOCKOBOI'O MOJAJIBHOI'O ®UJIBTPA

E.b. YepauxoBa, A.A. KBacHuKOB 129
UCCJIEJOBAHME TEMIIEPATYPHOM CTABUJIBHOCTU BAPLEPHBIX KOHTAKTOB

K APCEHUY TI"'AJUJINA

A.H. lllanes, O.H. Munun 132

ITOBBIITEHUE CTABUJIBHOCTU PABOTHI NICTOYHUKA 3JIEKTPOHOB C ITNTASMEHHBIM
KATO/JIOM ITYTEM OTKJIOHEHUMA ITYUKA BEAYIIUM MATHUTHBIM ITOJIEM

B.W. llumn, I1.B. MockBun, C.1O. IopomikeBuny 135
METOIWKA OITPEJEJIEHNA YTPO3 MTHO®OPMAILIMN U EE HOCUTEJISIM

C.JA. HITpipenko 138
OLIEHKA PABOTBI [IPOTPAMMHOI'O KOMITJIEKCA T10 PACTIO3BHABAHUWIO HOT

AJO. AAxumyk 141

Poccus, Tomck, 21-24 anpens 2020 r. Tom 7. IT-TexHOJIOTHH U 3JEKTPOHUKA



XVII MEXAYHAPOIHAA KOH®EPEHIIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX

«TEPCIIEKTUBbI PA3BUTUA ®YHAAMEHTAJIbHBIX HAVK»

COMPARISON OF QUASISTATIC AND ELECTRODYNAMIC ESTIMATIONS
OF THE RADIATED EMISSION FROM TWO COUPLED WIRES OVER A GROUND PLANE
Alhaj hasan Adnan

Scientific supervisor: Prof., Doctor of Science in Engineering T.R. Gazizov
Tomsk State University of Control Systems and Radioelectronics, Russia, Tomsk, Lenin ave., 40, 634050

E-mail: alhaj.hasan.adnan@tu.tusur.ru

CPABHEHHUE KBABUCTATUYECKOM U DJIEKTPOJUHAMUYECKOM OLIEHOK
U3JYYAEMOM SMUCCHH OT JIBYX CBSAABAHHBIX ITPOBO/J0B HAJI IIJIOCKOCTHIO 3EMJIN

Anxajpk xacad AJgHaH

Hay4nerit pykoBoauTenb: npodeccop, a.1.H. T.P. ['azuzon
Towmcknit rocynapcTBEHHBIH YHHBEPCUTET CHCTEM YIIPABICHUS U PAIHOICKTPOHHUKH,

Poccus, r. Tomck, nip. Jleanna, 40, 634050
E-mail: alhaj.hasan.adnan@tu.tusur.ru

Annomauyus. IIpednodicen ancopumm OyeHKU U3TYYAeMOU IMUCCUU OM Yeneli ¢ MOOANbHbIM Pe3ePEUPOBAHUEM,
KOMOpbIll NOKA34]l NpuemieMoe CcO8nadeHue 6 pacnpedeieHuy moxka U ouazpamme HANpasieHHocmu
08YXNPOBOOHOU MeCcmogol cmpykmypbl. Jannas paboma Hanpasiena Ha anpobayuio 0aHH020 Aleopumma Ha
boJiee CONCHOLU CMPYKMYpe U3 08YX CEA3AHHBIX NPOBOO08 HAO NIOCKOCMbIO 3eMAU C YHEeMOM ee annpoKCuMayuu
npu  mooenupoganuy. Ilpumenenue >3mozo anrcopumma O0ai0 OOCMAMOYHO OAU3KUE NO CPAGHEHUI0 C
INEKMPOOUHAMUYECKUM AHATUZOM De3YTbmamvl 6 OUAZPAMMAX HANPAGIEHHOCMU U PACHpedesieHuu MmoKa 6

AKMu6HOM npoeode, HO CUTILHO OMAUYAIOMCSL OJISL NACCUBHO20 npoeoz)a.

Introduction. The construction and assembling of circuits with modal reservation considering the level
of radiated emission from them are important to solve the problem of electromagnetic compatibility and it is
highly sensitive and necessary when it comes to the reliability of critical systems [1]. Simulation of the far-zone
field components for the radiation pattern from a structure using the calculated results of the current in
multiconductor transmission lines structure from the quasi-static analysis will reduce the computational costs and
gives more accurate results. Therefore, implementation and testing of new software tools are important.

The studied structure. We have considered a case of two coupled wires above an infinite ground (see
Fig. 1a), assuming short circuit at the input and open circuit at the output with a length (L) of 0.3 m and a radius
(R) of 50 um with the number of segments n = 640 for each wire. Considering that, the surrounding area as air
and the wires are lossless to simplify the test. The distance that separates the wires is equal to 50 um. The wires
are placed at a distance (H) of 50 pm from the ground, which is chosen as minimum as possible to satisfy the
weakest coupling between the wires. The initial data for designing the circuit diagram are the following:
R1=10" Ohm, R2 = R3 = R4 = 10° Ohm and harmonic source £ =1 V as excitation at the input connected to the
active conductor (see Fig. 1b). We chose the matrix of per-unit-length coefficients of electrostatic induction

_ 1 0.509521 -0.178968
-0.178968 0.509521
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after calculating its value for different number of segments at conductors' cross-section boundaries, which has
changed from 20 to 70 segments until convergence. The distance at which we calculated the electric field

intensity in the far zone is about 1.8 m.

RL 71 73 R3
A > o HE=T1= MCTL ]
- 1= (LLC.RG.D —=—{ |
RI12

74 R4

(@) (b)

Fig. 1. The cross section (a) and circuit diagram (b) of the tested structure

The equivalent structure was modeled using the electrodynamic analysis by replacing the infinite ground
with two mirror wires with the same length and the same number of segments and distances. The harmonic
source was replaced with £ =2 V excitation between the active conductor and its mirror (see Fig. 2a).

Simulation results. By performing the simulation in the TALGAT [2] software using the quasi-static
analysis at the frequency of 500 MHz, we can get the frequency response and the current values for each segment.
Using the currents for E-field calculation, we obtained the radiation pattern (Fig. 2b). By performing the simulation

using the electrodynamic analysis at the same frequency, we obtained the radiation pattern shown in Fig. 2c.

IEI, V/m
0.000936

IEI, V/m
)

.000780
ol

Z

(a) (b (c)
Fig. 2. The equivalent presentation of the tested structure (a), the radiation patterns of the tested

structure using the proposed algorithm (b) and the electrodynamic analysis (c)

The simulation shows that using this algorithm gives close enough results in the radiation patterns and the
maximum magnitudes of the total field (0.93 and 0.78 mV/m, respectively). The current magnitude distributions
along all the wires are shown in Fig. 3. They are very close in maximum values for the active wire with the
deviation of + 1%; however, differ considerably for the passive wire with the deviation of + 72%, and this will

be the next issue to work on it.

Poccus, Tomck, 21-24 anpensa 2020 r. Tom 7. IT-TeXHOTOTHH U DJIEKTPOHUKA



XVII MEXAYHAPOIHAA KOH®EPEHIIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX
«TEPCIIEKTUBbI PA3BUTUA ®YHAAMEHTAJIbHBIX HAVK»

144

124 "f aUsing the algorithmsField calculation

104

[Tl

o 500 —— 1 Joo o 1 300 2 o0 2 500

Fig. 3. The current distributions along the wire calculated by the two approaches

Conclusion. The implemented algorithm showed that it gives close enough results even for more
complex structure taking into account the ground effect. Following up on research and implementation of this
algorithm will allow us to design circuits with the modal reservation considering the level of radiated emission
from them.

This study was funded by the Russian Science Foundation (project Ne19-19-00424) in TUSUR.
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