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I[OC.JIII[}KEHHH"TOHOJIOFIi EJEKTPOMATI'HITHOI'O IIOJIA
CHIPAJIEIIOAIBHOI KOTYHIKU AKP-JETEKTOPA BUBYXOBHUX TA
HAPKOTHYHHUX PEYHOBUH

IlepcnekmugHum memodom 0151 8UsI8/1eHHS NePesaicHoi biabwocmi 8U6YX08UX Ma HAPKOMUYHUX PEYOBUH, SIKI Y
c8oeMy ckaadi micmams amomu asomy (14N) abo xaopy (3°Cl, 37Cl), € memod sidepHo20 K8adpyno/bHO20 pe3oHaHcy. B
pobomi HasedeHo pe3ysabmamu 00cAi0JCeHb Mono/ozii HanpyjceHocmi esekmpomazHimHo20 no/si cnipasnenodi6Hoi
KOMYWKU, NpusHa4eHoi 015 8UKOPUCMAHHA Y AKOCMI nepedasaibHO-npuliMaabHoi aHmeHu nopmamugHo20 demekmopa
subyxoHebe3nevHUx npedmemie ma HAPKOMUYHUX pedo8UH, NpuHYyun Oii K020 TpyHMyembvbcs HA peecmpayii cueHanie
izomony 14N memodom s10epH020 K8adPynoNbHO20 pe30HAHCY. 3 Memol 8U3HAYEHHS MON0.102ii e1eKmpoMa2HiMHO20 Nojs
CMBOpPEeHO po3paxyHKkosy 061acmb, Wo A8A51€EMbCS1 Modeanio izuuHoi koHcmpykyii cnipasenodi6Hoi komywku. Memodom
KiHYesux esnemeHmie nposedeHo vucsnose modearoganHs y cepedosuwi COMSOL Multiphysics. ModeatogaHHsi npo8odus10ch
Ha yacmomi 3,4 MI'y, wo Habausxcaemuvcst 00 3HAUEHHs Yacmomu 8usi8/eHHs cuzHa/y cnady 8inbHoi iHAYKyii 8id Himpumy
Hampito 3,41 MI'y. Hatlikpawi pesyabmamu nokadaaa mModenb KOMywWKU 3 N'simbMd 8UMKAMU, 8HymMpiwHiM padiycom
25 mm, 306HiwHiM padiycom 225 mm.

Karouoei cnosa: sdepruli k8adpynoabHUll pe30HaHc, chipasienodibHa Komywka, mono/ozisi e1eKmpomazHimHo2o
no/s, M00en08aHHSI.

OLEKSANDR V. MOISIUK, ANDRIIL P. SAMILA
Yuriy Fedkovych Chernivtsi National University

INVESTIGATION ABOUT ELECTROMAGNETIC FIELD TOPOLOGY OF THE SPIRAL COIL FOR NQR
DETECTOR OF EXPLOSIVE AND NARCOTIC SUBSTANCES

Given the increased likelihood of dangerous situations in Ukraine and abroad related to the intensification and scale of terrorist
acts, it is important not only to quickly locate and eliminate the terrible consequences, but also to prevent, including prevent destabilizing
factors. That is why remote detection of explosives and drugs is relevant and promising in the direction of strengthening the fight against
terrorism and increasing national security.

A promising method for detecting the vast majority of explosives and narcotics that contain nitrogen (1*N) or chlorine atoms (35Cl,
37Cl) is the nuclear quadrupole resonance method. In the presence of a gradient of high-frequency field strength inside the sample in the
process of forming the response signal is "blurring” the vector of the total spin magnetization, which leads to the expansion of the resonant
signal and reduce its amplitude. Increasing the homogeneity of the high-frequency field is especially important for the detection of weak
signals observed in the study of substances with a low natural prevalence of magnetoactive nuclei.

The paper presents the results of research on the topology of the electromagnetic field strength of a helical coil designed for use as
a transmitting and receiving antenna of a portable detector of explosives and drugs, the principle of which is based on the registration of
14N isotope signals by nuclear quadrupole resonance. To determine the topology of the electromagnetic field, a computational domain was
created, which is a model of the physical structure of the spiral coil. The finite element method performed numerical simulations in COMSOL
Multiphysics. The simulation was performed at a frequency of 3.4 MHz, which is close to the value of the detection frequency of the
attenuation signal of free induction from sodium nitrite 3.41 MHz. The best results were shown by the model of the coil with five turns,
internal radius of 25 mm, external radius of 225 mm. The obtained magnetic field diagrams indicate better resistance to radio frequency
interference when working in a real experiment. Based on the data obtained during the simulation, a multilayer (Multislice) model of the
electric field and the isosurface of the electromagnetic field of the studied model were created, which demonstrate the dyn amics and density
of the electromagnetic field around the coil. From the obtained graphical dependences it is possible to draw a conclusion about the
normalized attenuation of the intensity of electric field radiation from the geometric center of the coil, which, in turn, makes it clear exactly
how to place the sample.

Keywords: nuclear quadrupole resonance, spiral coil, topology of the spiral coil, simulation.

ITocranoBKka 3ama4i 40C/TiIKeHHA

B ymoBax miiBuIieHoi WMOBIPHOCTI BMHHMKHEHHS HEOE3IEUHMX CHTyalii B YKpaiHi Ta 3a 11 Mexamw,
ITOB’SI3aHUX 3 aKTUBI3AIII€I0 Ta PO3MAXOM TSPOPUCTHYHUX aKTIB, BAXKIIMBIM € HE JIMIIIC IIBH/IKA JIOKATI3AIlis Ta JTiKBLIAITis
YKaXJIMBHUX HACTIJIKIB, ajie 1 3armo0iraHHs, 30KpeMa IorepepKeHHs iecTadinizyounx GpakTopi. Came ToMy, aKTyalIlbHHUM 1
MepCHEeKTUBHAM Y HanpsiMi TOCWJICHHS OOpOTHOM 3 TEpOpHM3MOM Ta IMIiJBHINEHHS HAaliOHAIBGHOI Oe3NeKH €
JICTaHIIiHE BUSIBJICHHS BHOYXOHEOE3NeYHHX IPEAMETIB Ta HAPKOTUYHHUX PEUOBHH.

Hes3Baxatoun Ha IHTEHCHUBHUI PO3BUTOK HAayKH 1 TEXHIKH, HA JAHUH 9ac OCHOBHUMH MPUCTPOSIMH IS
BUSIBJICHHSI BHOYXOHEOE3NEeUHNX ITPEJMETIB BCE IIE € EeJIEKTPOMArHiTHI METaJOUIyKadi, MepuI MPOTOTUIH SIKHX
BHKOPHCTOBYBAJIMCH I Tijx 9ac Jpyroi cBiToBoOi BiiHH. MeTasonrykadi JaHOTO TUITY MarOTh Psif HEJOIMiKiB. Yepes
Te, MIO EJIEKTPOMArHITHUH CHUTHAN BIIOWTHH BiJl MPOTUMIXOTHOI MiHM HabaraTo cllabmmii, omepaTrop NMOBHHEH
ITiIBUIIYBATH YyTIUBICTH JeTekTopa. OMHAK, MPH OLTBII BUCOKIH YyTIMBOCTI Ha0AraTo OUIBIIC 1HIIMX METAICBUX
00’€KTIiB, TaKUX SIK IBSIXH Ta YJaMKH KOPIYCiB, CTBOPIOIOTH TEPEHIKOAW sl Jetektopa. Oneparop 3MylleHHiH
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MPAIfOBaTH TIPH Ty»Ee BHUCOKIH YyTIMBOCTI Ta MO3HAYaTH OyIb-AKYy TPUBOTY, SK MOTEHIiHHY MiHy. Ha »aib,
HACTYNHHUI KPOK € HAMCKJIAJHIINAM — MOTPIOHO BiJOKPEMHUTH Ha3eMHI MiHM Bifl “NOMHJIKOBUX TpuBor’. B manuii
Yac [¢ BU3HAYCHHS ‘‘TTOMHIIKOBHX TPUBOT” BCE I POOMTHCS 3a JOMOMOIOK MEXaHIuHOro 30H1yBaHHs. Camep
BUKOHY€E Jy)Ke€ JeJKaTHE BUIYYCHHs i3 3arOCTPEHOI0 MAJIMYKO0 JUIsl Kiachdikaiii JpKepena BiIOUTOrO CUTHAIY:
HazeMHa MiHa, (anbcudikailisi ado MPoCTo ip>KaBUH IBsAX. Y IBOMY CCHCI MOIIYK MiH JOCTAaTHBO JITKHUH, OJTHAK,
BIIOKPEMJICHHS iX BiJl IHIIMX MPEIMETIB € BAKKUM 1 HaI3BUYaliHO HeOe3neyHuM [1]. [HIIUM CyTTEBHM HEIOIIKOM
€JIEKTPOMATHITHUX METAJIONIyKayiB € HEMOXKJIMBICTh BUSBICHHS BUOYXOHEOE3NEUHUX MPEAMETIB Y HEMETAJIeBUX
KOHTeiHepax (py4Hi MOKJIaxi, KOHBEPTH, IUTACTHKOBI KOHTEHHEepH Ta iHIe) [2].

AIbTepHAaTUBHUM METOJIOM BHUSBIICHHS BHOYXOBHX PEYOBHH € 3aCTOCYBAHHS BHCOKOUYTJIMBHX MapOBUX
nerekropiB. IIpore, BUMapoByBaHHSA BHOYXOBHX PEYOBHH, IO BHKOPHCTOBYIOTHCS y HAa3eMHHX MiHaX JOCHUThH
Hu3bKke. Takox cydacHi MiHM BUTOTOBJISIFOTH 3 TEPMETHYHO 3alleyaTaHOK BUOYXOBOIO PEYOBHHOKO B MOJIMEPHOMY
kopnyci. [lapu i yacTuHKM BHOYXOBHX PEYOBHMH JIOCHTH JIMIIKI, TOMY IPOCOYYBaHHS BHOYXOBOI PEYOBHHHU 4epe3
KOpITYC a TIOTIM 4epe3 3eMJII0 BiI0YBa€ThCs MOBUIBHO 1 HeedekTHBHO. [IpoBeieHi TOCIiPKEHHS CBIAYATh MPO Te, LI0
B [TOJILOBUX YMOBAaX HaBiTh BUCOKOYYTJIMBI MAPOBI IETEKTOPYU MOXKYTh HE BUSIBUTH LUICH( BUMIAPOBYBAaHHS BijJ MiH
[3]

[lepcrieKTHBHUM METOZOM I BUSIBJICHHS MEPEBAXKHOI OLIBIIOCTI BUOYXOBUX Ta HAPKOTHYHUX PEUOBHH,
AKi y cBoeMy ckiagi mictate atomu asoty ('“N) abo xmopy (¥°Cl, *’Cl), € MeTon saepHOro KBaApyHOILHOIO
pesonancy (SIKP) [2, 4]. Ha ocHOBI npoBe/IeHOT0 aHalli3y Ta 3 BpaXyBaHHSM SIBHHUX TepeBar MeTojly (HepyWHIBHUI
BILJIMB, MOXJIMBICTD JIOCIIJDKEHHS HEOJHOPITHUX CYMIIIeH, eKcrpec-aHaii3 0e3 monepeHbol MiJrOTOBKU 3pa3KiB)
BCTaHOBIICHO, 10 PO3POOJICHHS arapaTHO-IPOTPAaMHUX 3aC00IB BUSIBIICHHSI HeOe3eyHnX pedoBrH Ha ocHOBI SIKP €
OLIBII JIOIITEHUM TTOPIBHSHO 3 IHIIMMU METOJIaMHU.

Mertoro naHoi poOOTH € po3poOJieHHs MOeNi npuiManbHO-TiepeaaBanbHol aHTeHn SKP-nerexropa s
BUSIBJICHHSI MPOTHUIIXOTHUX 1 NMPOTHABTOMOOUTBHUX MiH B YMOBax pO3MIHYBaHHs Ta JOCHI/PKSHHS TOMOJOTI
€JIEKTPOMATHITHOTO TOJIs B 1i poOOUYiii 30HI.

Mopaeus cnipanenoaionoi korymku B cepegoBuii Comsol Multiphysics

Antena SIKP-nerekropa mpeacraBisie coOOK CHIpalibHY pajiouacTOTHY KOTYIIKY, sSKa TpAIloe B
OommkHbOMY TOJ1 [5]. 3 Meroro amanTaiii 10 (YHKIIIOHAJBHUX BUMOT PO3MIHYBaHHS, PO3MIp KOTYIIKA BUOpPaHO
MPOMOPIIHHUM PO3MIPY MPOTUABTOMOOIIBHUX MiH, 3 YOTO CHIJY€E, 10 JiaMETP KOTYIIKA CTAHOBUTH MPUOIU3HO
400 mm. KpiM TOro, KOTYIIKY MPOMOHY€EThCS BHUTOTOBUTH 3 JIOCTYMHOI MiJHOI TPYOKH 13 30BHIIIHIM J[iaMETPOM
8 MM Ta TOBIIMHOIO 2 MM, III0 3a0e3Medye Mally Bary Ta HU3bKY BapTiCTh, a TAKOXK CIIPOIIYE MPOLIEC BUTOTOBICHHS
KOTYLIKH.

s MonemoBaHHS Ta OOPOOKH Pe3yiIbTaTiB YMCIOBOI MOZENTI OyiIM 3aCTOCOBaHI KOMI FOTEPHI TPOTPaMH,
SIKI TIpaIfoloTh Ha METOAaX CKIHYeHHHX ejeMeHTiB [6]. Llmpoke 3acTocyBaHHS MPOCTOPOBOTO MOJCTIOBAHHS
3YMOBJIEHE CKJIQIHICTIO (HOPMYJIOBAHHS 3ajJadi Ta BiJICYTHICTIO TEOPETHYHOTO OOIPYHTYBaHHS pO3pPaxyHKy
€JIEKTPUYHOTO Ta MAarHiTHOTO TIOJNIB, OCOOJIMBO B BHIIAJKaX, KOJIM 3aJadi BHXOIATh 32 PAMKH KJIACHYIHOI Teopii
eNIEKTPOMArHITHOTO MoJisi. B mepiny yepry 1e crocyeThcs MOCTAaHOBKU 3a1a4 PO3PAaXYHKY €JICKTPOMATHITHOTO TTOJIS
070 BEKTOPHWX MATHITHUX Ta CKALIPHUX EIEKTPUYHUX TMoTeHiamiB [7]. Tomomoris eneKTpHYHOTO TIOJIS
cripanenoaioHoi KoTymku Oyia mpoaHaiizoBaHa B cepenoBunyi COMSOL Multiphysics, sike MmporoHye IIHpPOKi
MO>KIIMBOCTI B TAITy31 MOJICTFOBAHHS €IEKTPOMATHITHOT0, TEITIOBOTO, MEXaHIYHOTO, aKyCTUYHOTO Ta 1HIIMX TOITIB [ §].

3anpornoHoOBaHa TEOMETPHUYHA MOJENb CIipaiernoniOHoi KOTymkH 300paxkeHa Ha puc. 1. Ha Toprpax
KOTYIIKA 3’€HAHA 3 TPSIMOKYTHUMH TTOBEPXHIMH, SKi SBJSIOTH COOOI0 KOHTAKTHI KJeMH. [IBa MpsIMOKYTHUKH, SKi
BCTYIIAlOTh B POJIi 3aTHUCKAdiB IMPEACTABIIOTh MapalelbHy KOH(]Iirypamiro mopty 30y/UKEHHS Ta KOHAEHcaTtopa
MapaebHOr0 KOJMUBAIBHOTO KOHTYpY BXimHOTO Koia SIKP-metextopa (puc. l,a). Korymka reomeTpudHO SBISIE
c00010 CITipaih i3 3aJaHUMH BHYTPIITHIM 1 30BHIMIHIM pajiycamy, 3 HYJIbOBHM OCBOBHM KPOKOM Ta I SIThMa
BHUTKaMH. TakoX reoMeTpist KOTYIIKN MOKe OyTH Ipe/icTaBieHa KpHBoio besbe 3 BiHOCHNM orryckom 1E-S5.

3 MeToro iMiTamii igeaspHMX YMOB MOTJIMHAHHS EHEpTil eJIeKTPOMArHiTHOTO BHIIPOMIHIOBAHHS Ta
YHEMOJKIIUBIICHHSI TTOMHMJIKOBUX BiOMTTIB, TEOMETPUYHA MOJIENb KOTYIIKH IHKAICYJIbOBaHA IOBITPSIHOIO KYJICIO
paniycom 1000 MM i mepepizom mapy 100 MM, BU3HaYEHOIO SIK ieaabHO y3romkennit map (PML) (puc. 1,0).

JUisi 9ucenbHOTO MOJIENIOBaHHS BHKOPHCTAHO BHCOKOYACTOTHHH MOYNb MPOTPAMHOTO CEpeIOBHINA.
30kpeMa, Uil OOUYHMCICHHS peakmii MOJemi, sKa IiAJA€ThCs TapMOHIYHOMY 30Yy/DKEHHIO, BHKOPUCTOBYETHCS
JIOCITIJPKEHHST YacTOTHOI 00JNacTi Ta aJanTHBHA YaCTOTHA PO3ropTKa ISl OUTBII TOYHOI PO3AIIBHOI 37aTHOCTI 3a
4acTOTO0. XBHJIbOBE PIBHAHHS (1) onmcye obmacTh moBiTpsaHoi cepu PML Ta 061acTh TOBIIMHM MiTHOT TPyOKH.
JloMeHOM TOPOKHHUCTOI TPYOKHM, sIka HAacHpaBai MICTUTH IOBITPS, MOKHA 3HEXTYyBaTH, OCKUIBKM BiH Bimirpae
MiHIMaJbHE 3HAYEeHHS MPU PO3PaxXyHKy PO3IOJILUTY €IEKTPOMArHiTHOTO MOJIsS 32 MEKaMH 30HHM BHSBJICHHS. Takum
YMHOM, BUMOTH JI0 OOYNCITIOBAIEHUX PECYPCIB CYTTEBO 3MEHIITYIOTBCSL.

Vxu (VXE)-k2| E,-L— |E=0. 1
(VxE)=ks | B2 (1
Jas mpeicTaBIeHHS KOHTaKTHHX KJIeM KOTYIIKM JOJNAlOTBCS METAJIeBi NMPOBINHUKH O3 BTPaT, IO
3’€HYIOTh TIOPT 30yKEHHS 3 TOPIEBHMH KJIEMaMH KOTYIIKH, BUKOPHCTOBYIOUM I'PAaHUYHY yMOBY (2) ieasbHOTO

estektpruHoro nposinauka (PEC)
nxE=0. )
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a) 0)
Puc. 1. T'eomeTpuuna Moje b cHipaaenoioHoi KOTYIIKH: a) 3araJibHUI BHIVISL 3 TOPHEBMMH KJIeMaMH, IOPTOM 30Y/:KeHHsI Ta
BiIIOBITHUM KOH/IEHCATOPOM; §) KOTYIIKA iHKAINCYJIHLOBAHA NOBITPsSIHOIO KY.1er0 pajgiycom 1000 mm i PML mapom 100 mm

Juist rapMOHIHOTO 30y DKEHHS KOTYIIKH, Ha TiepeTHHi MetaneBux kieM korymiok (PEC) i3 xapakrepHum
imenancom 50 OM BU3HAuUaeThCsl PIBHOMIPHHMN TMOPT 13 30Cepe/pKeHMMH mapamerpamu. Jliis 3ocepelnkeHoro
eJIeMEeHTa Ta MOpTa BBOAUMO PiBHAHHS 3akoHY OMma (3)

Z= 4 . (3)
11

Just rapmoHiiiHOoro 30y/mKkeHHst koTymikd Lumped Port posminnyeTbcss MK KiIeMaMd KOTYIIOK 3
XapaKTepucTHIHIM oropom 50 Om. Moro kiemu ciyryioTs ist GopMyBaHHS JiHii TlepeaBaHHs MOJLY/THOBAHOTO
laycoBoro immynbcy pi3HOi yactotd. lleHTpajbHa YacToTa Ha SIKIM MPOBOJMIMCH MOJICIIOBAHHS CTAHOBUTH
3,4 MI'u, 1m0 HaOMMKAETHCS IO 3HAYECHHSI 4acTOTH BUsBIEHHs HIiTpuTy Hatpito 3,41 MI'u. Hesnauna pisauis
gactoT 0,01 MI'11 He CTaHOBHUTH MPOOIEM UIS aHAJ3y pe3yNbTaTiB MOJCIIOBAHHS, OCKUTBKH € HE 3HAYHOIO IIOI0
XapaKTEePUCTHK BHUIIPOMIHIOBAHHS IPH TMOPIBHSIGHOMY OI[IHIOBAaHHI KOTYIIOK 3 pi3HOIO reoMmeTpiero. OTxe, mist
TOTO, MO0 AOCTiaUTH imMmenanc Ha dacToti 3,4 MI'm emuicamit Lumped Element momaetbes mapanensao Lumped
Port na mepetuni mex Perfect Electric Conductor.

Ha nonepexnpoMy eTani 10 MOJIEIIOBaHHS OCTATOYHOI TEOMETPUYHOI MOJIETi, CTBOPEHHS Ta PO3PaXyHKY
€JIEKTPOMATHITHHUX TapaMeTpiB OYyII0 MPOBEICHO TMOMEpeIHIN aHali3 YyTIMBOCTI CiTKH. [lapaMeTpn CiTKH MOBHHHI
OyTH TakuMH, sKi 0 3a0e3medyBaii KOMIIPOMIC MK 9aCOM MOJICITIOBAHHS Ta TOYHICTIO PE3YIBTATIB. 3 Hi€I0 METOIO
O0yB Bm3HaueHn# rnobanpHuit mapametp citku (hl), sxuit 6u IPoOGOBO PO3MOAIIABCS MO BCIX JOMEHAX Ta MeEKaxX
ctBopeHoi mozeni. Takox mapametp (hl) moBmHEH OyTH CYMICHHM pO3MipaMH OCTaTOYHOI MapaMeTPHU30BaHOT
MOJIETIi: CITipajhbHa KOTYIIKA 3 1I’AThMa BHTKAMH, BHYTPIMHINA paaiyc (tr) 25 mwm, 3oBHImHIN pamiyc (br) 225 MM i
moBiTpsiHAa Kynsa pamiycom 1000 mm i3 mapom PML 100 mm. Takoxx Oyno po3paxoBaHO €MHICTh KOHAEHCATOpa
KOJIMBAaJIBHOTO KOHTYDY, sika ckiamae 394 md. [lns toro, mob omiauti octatodyne 3HadeHHs (hl) Ta oTpuMaHHS
ONTHMANBHUX TTapaMeTpiB CITKH OyJIO0 PO3MOYaTo MapaMeTPUIHE TOCTIHKEHHS YaCTOTHOTO JOMEHY OO PO3Mipy
CerMETIB CITKM, TOYHICTIO Ta YacOM MOJICNIOBAHHS JUIA MMapaMeTPU30BAaHWX 3HAYCHb B [iama3oHi Bim 15 MM 3
po3mipom kpoky 0,1 MM. Bymo BcTaHOBIIEHO, 0 MAKCHMAITBHUMHE 3HAYCHHSIMH, SIKi HE MOTJIM O CyTTEBO MOTIPIIUTH
OTPUMaHI JaHi, €: MAKCUMAIBHUNA po3Mip ememMenTy 200 MM, MiHIMATBHINA pO3Mip eeMeHTy 4 MM, MaKCUMaIbHHUN
KPOK MPHUPOCTy po3Mipy eneMeHTy 1,5 MM, koedinient kpuBusan 0,6 1 po3aiibHa 31aTHICTH By3bKHX oOmacteii 0,5.
HaBeneni 3HaueHHs TMOBWHHI OYyTH TMimiOpaHi OKpeMO IS KOXKHOI TEOMETpHYHOI (OPMH IS IIiIBUIICHHS
e(eKTUBHOCTI MOZETIOBAHHS Ta 3aMI00IraHHs TEPETHHY EJIEMEHTIB CITKH B MICISIX BUKPHBIICHHS T€OMETpii MOJETI.

CkazaHe BHUIIE 0COOMBO aKTyaJlbHE Y BHIAKY IMIOPTY T€OMETPHYHOI MOJIEN 3 IHIIMX IPOTpaMHUX 3acO0iB.
Jst iMopToBaHMX Moyiesieil HalKpaIiM pilleHHsIM Oy/ie 3aCTOCYBaHHSI OyJIEBUX OIeEpalliil TToeAHaHHS Ta Pi3HUIIL.

30BHIIIHINA BUIIISA MApaMETPUYHOI CITKH HaKJIaICHOT HAa TEOMETPI0 CHipaieTogiOHOl KOTYIIKH 300paykKeHo
Ha (puc. 2,a) Ta 301IbIIEHNI BUTIIS CITKH Ha (puc. 2,0).

AHaui3 pe3yabTaTiB

OO0poOiteHHsT pe3yIbTaTiB 3/ilicHeH0 BOymoBaHmMHU 3acobamu COMSOL 3 momomMororo 00’€KTiB 1 OMITii
myHKTy «Results». B 11bOMy TyHKTI aBTOMAaTHYHO CTBOPIOIOTHCS (Dailyin pe3ysbTaTiB MOJETIOBAHHS, SIKI Hamawi
OyIyTh BUKOPHCTaHI, SIK 00 €KTH HEOOXiJgHI Ui rpadivuHOro Ipe/CTAaBIECHHS PE3yJbTATIB ICIsS 3aBEpIICHHS
po3paxyHKy. Y BikHI «Graphics» rpadiuHo BioOpaXaroThCsl TPEJICTaBICH] Pe3yIbTaTH YUCEIBHOTO MOJICTIOBAHHSL.
[MapameTpu BinoOpaskeHHS 3aaI0ThCST OKPEMO JUIsl KOKHOTO TpadivyHOro pe3ysbTaTy, 1 B OCHOBHOMY 3aJIesKaTh Bif
ro0a’kaHb KOPHCTyBaya.

Just Toro, mo0 3HANTH pPEe30HAHCHI PEeXWMH JUIsl PI3HUX TeOMETpid KOTYIIOK JOCHI/DKEHHS YaCTOTHOI
obmacti Oyno posnowaro 3 kpokom | MIm. [lns 3HaleHUX pPEXHMMIB HPOBOAMIIOCH IMOBTOPHE JOCIIHKEHHS
yacToTHOI oOmacti 3 kpokom 0,1 MI'n. Haiikpairy reomeTpito KOTYIIKK Ta OLTBII TOYHI PE30HAHCHI PeKUMHU OYJI0
3HAWJICHO i3 3aCTOCYBaHHSM aJallTUBHUX YaCTOTHHX po3MaxiB 3 kpokom 0,01 MI'm. JlocmimkyBaHi Mozeni Oyiio
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aJlanToOBaHO JI0 YacToTHOI oOnacTi 3,4 MI'11 (1110 € BiANOBITHOIO YaCTOTHOIO 00JIACTIO, IO MPEJICTABISIE IHTEPEC IS
BusiieHHst SIKP) 3a noromororo emuicHoro Lumped Element, po3minieHoro napanensHo moj0 Lumped Port.

i -

a) 0)
Puc. 2. CiTka KiHIeBUX eJleMeHTIB OTPUMAaHA YHACTIIOK TPiaHTy.asLil po3paxyHKoBoi o0.1acTi: a) 3arajbHuiil BUI; 0) JeTaizoBaHe
npeJcTaBIeHHs] pparMeHTy KOTYIKH

3 oTpuMaHUX IiJi Yac MOJICJIIOBAHHSX JaHUX OyJio cTBOpeHo OarartomrapoBy (Multislice) momens
€JIEKTPUYHOTO 10JIs (pUC. 3) Ta 130MMOBEPXHI EIEKTPOMATHITHOTO 10JIst (puc. 4) T0CHiPKYyBaHOI MOei. [301oBepxHi
3a3BUYall BiIOOPAKAIOTHCS 32 JIOTIOMOTOI0 KOMIT IOTEpHOI Tpadiki i BUKOPUCTOBYIOTHCS SIK METOJH Bi3yajizarii
JIAaHUX TIPU OOYMCIIOBANIBHIM AMHAMII PIAMH Ta MOJMIB, IO J03BOJISIE IHXKEHEpaM BHBYATH OCOOJIMBOCTI MOTOKY
MOJISl HABKOJIO O0’€KTIB, TAKMX SIK QHTEHM. [30MOBEpXHi, SIK MPABUIIO, € MOMYJISIPHOIO (OpMOIO Bizyamizamii st
00’eMHHX HAOOpPIB JIAHUX, OCKUIBKH, TX MOXKHA BIJTBOPHTH 3a JIOMIOMOTOIO IPOCTOI MOJITOHAIBLHOT MOJENI, SIKY
MOJKHA JIy’Ke IIBHUJKO Bi0Opa3uTu rpad)idHo Ha eKpaHi.

HaBeneni 300pakeHHsI JEMOHCTPYIOTh JMHAMIKy Ta M[UIBHICTh €JIEKTPOMArHITHOIO MOJIsl HAaBKOJIO
kotymku. [Tygnicts noBkona Lumped port (mopt sxuBieHHs) Ta Lumped elemet (emHicHbH eneMeHT) 3yMOBJIEH] iX
OJIM3BKUM PO3TAIlyBaHHSIM BIJHOCHO OJMH OJHOTO Ta IXHBOIO OJM3KICTIO O KOTYIIKH. B peanbHHX ymoBax
My4YHICTh HEe OyJIe CIIOCTePIraTHCh, BHACIIIOK BiUIAICHOCTI KOTYILKHU BiJl 00UMCIIOBAIBHOTO IPUCTPOIO.

3 yciX JOCHiPKeHHX MOJENeH Halkpamy mapamerpu BHOIPKOBOCTI, Koe(imieHTy HampsmiieHoi aii Ta
Jiarpam HarpsIMJICHOCTI MAa€ TeOMETpis KOTYIIKMA 3 MapameTpaMi BHYTPIIIHBOTO pajiycy 25 MM, 30BHIIIHBOTO
paziycy 225 MM, 30BHIMIHIM JiaMeTpoM TPYOKH 8§ MM 1 BHYTPIIIHIM AiaMeTpoM TpyOKu 6 MM. JIjist mapameTpruyHoro
MOJICITIIOBaHHS KOTYIIKH OyJio MifiOpaHo KoHaeHcaTop eMHicTio 394 nd. Pesynpraté MOIENIOBaHHS YacTOTHOL
3aJIOKHOCTI IMITEIaHCY MOPTY HABEJICH] Ha puc. S.

B mpomeci MomenroBaHHS TakoK Oynam  oTpuMaHi rpadikd  IHTEHCHBHOCTI  BUIIPOMiHIOBaHHS
€JIEKTPOMATHITHOTO TIOJIsl B po00diil 30H1 KOTymIKH Ha BigcTtanax 40 mum (puc. 6) Ta 100 MM (puc. 7).
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Puc. 3. Multislice moesis enexrpuunoro nosass B COMSOL Multiphysics
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3 HaBeseHMX TrpadikiB MOXHAa 3pOOMTH BHCHOBOK IpO HOpMali3oBaHE 3aTyXaHHs IHTEHCHBHOCTI
BUITPOMIHIOBAHHSI €JICKTPUYHOTO TTOJIS Bijl TCOMETPUYHOTO IIEHTPY KOTYIIKH, III0 CBOEIO YEProk0 JA€ 3pO3YMITH, K
came HeoOXiJTHO PO3MICTUTH AOCIIKyBaHuUit 3pa3ok [9].

P e L T

0)
Puc. 4. I30n0BepxXHs eJIEKTPOMATHITHOTO 1MOJIsI 10CTIKYBAHOT MO/IeJIi: a) BUIVISL 3BepXY; 6) BUIJIsA] 300Ky

He 3Bakaroun Ha Te, IO CHPOSKTOBAaHA KOTYIIKA BUKOHYE (YHKILII epesaBaibHO-IIPHHMAaNIbHOI aHTeHH,
IIPY MOJIEITIOBaHHI BOHA HAJIAIITOBYBAJIACh JIMIIE B pexuMi nepepaBanHs. OOrpyHTYBaHHS IIbOTO MiXOIy MOJISATAE
y BHKOPHCTaHHI ‘“Teopemu B3aeMHOCTi”. [IpakTn4HO, BKIaX y OTpPUMAaHUIl CHTHAJ BIATYKY BiJl PEUOBHHH-3pa3Ka
TIPONOPLIHHUN IMITYIbCY 30yIDKEHHS B TAKOMY JK ITOJIOKEHHI, SIK 1 y BHUIIAQAKy pOOOTH JaHOi KOTYIIKH B PEXHUMI
nepenasanas [10].

it Lraphs Lirrsed perf repad o 00 L

a b . e e L e v r
ko mm nm L¥Y na Ty »¥ Lo R
Puc. 5. UacToTHa 3a/1€:KHiCTh iMIIeJaHCY OPTY NPH €MHOCTI KoHAeHcaTopa 394 nd
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Puc. 6. I'padix iHTeHCUBHOCTI BUIIPOMIHIOBAHHS €JI€eKTPHYHOIO 10151 Bi/l HeHTPY KoTymku. Ha Bincrani Bin korymkn 40 Mmm Ta yacrori
3,41 MI'n

Puc. 7. I'padix iHTeHCHBHOCTI BUIIPOMIHIOBAHHS €JIeKTPHYHOIO MO Bil neHTpy KoTymku. Ha Bincrani Big korymku 100 mm ta
qacrorti 3,41 MI'n

BucHoBku

VY nasiii poOOTI TPEACTAaBIEHO KOHIENTYalbHI €Taly EJIEKTPOMArHITHOTO MOJIETIOBAHHS CITipasbHOT
pamioyacToTHOI TepenaBatbHO-TIpHiiManbHOl KoTymku SIKP-netekropa mist BUSBICHHS BHOYyXOHEOE3IEUHHX Ta
HapKOTHYHUX MaTepialib.

Hatikpamii pe3ynpTaTé moka3ana MOJENh KOTYIIKH 3 ' sITbMa BUTKaMU, BHYTPIIIHIM pagiycoM (tr) 25 mm,
30BHIIHIM pagiycom (br) 225 mm. OTpuMani aiarpamMy MarHiTHOTO MOJIS CBiAYaTh MPO Kpamlly CTIHKICTH 10
pafiovacTOTHUX IEPEIIKOJ MPH EKCIUTyaTallii B yMOBaX pEaJlbHOTO EKCHEepHMEHTy. Xoda BHOMH KoedimieHT
HampsiMJICHOI Mii Ha4eOTO BUIJIINAB OW BWUTIAHINIAM I TaKOi KOHCTPYKIlii KOTYIIKH, aje B TOW XKe dac il
CIIPUHHATIUBICTh J0 JDKEpEN MIyMy 3pociia O piBHO3HAYHO, IO IPU3BENIO O O IMOTipIICHHS EKCILTyaTaliiHUX
XapaKTEePUCTUK.

Monens (tr)25(br)225 aeMOHCTpYE Y3TOKCHICTh BITHOCHUX 3aJIC)KHOCTEH 3aTyXaHHS IHTCHCHBHOCTI
BUIIPOMIHIOBAHHS €JIEKTPUIHOTO TI0JISl, OTPUMAaHUX 32 JIOTIOMOTOI0 YHCEITLHOTO MO/ICITIOBAHHSL.
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