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CYYACHI IITAXOAN OHIHKHU AKOCTI XAPAKTEPUCTHUK CKJIAJHUX
EJIEKTPUYHUX KIJI

Apomenko B. b., Tapac B. C.
KuiBcbkuii HaIllOHATBHUIN YHIBEPCUTET TEXHOJIOTIH Ta THU3aiiHy

Mema. BoockonaneHus MemoOi8 auanizy napamempie eiemMeHmié CKIAOHUX
eNeKMPUYHUX KIl OPYKOBAHUX NAam, SAKi RIOBUWYIOMb NPOOVKMUBHICHb GUMIDIOBAILHUX
cucmem i Cymmego cnpowyroms nposeoeHHs mako20 aHauizy.

Memoouka. Teopemuunuii ananiz 3 npooaemu OOCHIONCEHHS, NONONCEHHS Meopil
CeKMPUYHUX Kill, MameMamuyHi Memoou auanizy pe3yivmamis eKCnepuUMeHmAalbHUxX
00CNi0MHCEHD.

Pesynomamu. [lpoananizoéani Kuouosi Cnocoou SUMIPIOBAHH XAPAKMEPUCMUK
CKIAOHUX eleKMPUYHUX KLl I NOKA3AHT WIAXU IX NOKPAWEHH.

Haykosea noeuszna. Ha ocrnosi meopemuyHux ma eKcnepumeHmanibHux O00CHi0dNCceHb
3anpPonoOHOBaHi NiOX00U ONMUMIZAYIT BUMIPIOBAHL NAPAMEMPIE CKIAOHUX eNeKMPUUHUX KIL.

Ilpakmuuna 3nauumicms. Pezyromamu 0ocniodcenb mModcymv Oymu NOKIAOeHi 6
OCHOB8Y MemOoOUKU BUMIPIOBAHbL NAPAMEMPIE CKAAOHUX eNeKMPUYHUX Kil 1 iX eremeHnmis 3
OinbULOI0 edheKmusHIiCMIO.

Kntrouoei cnosa: 6azamononocuux, enekmpuyte xono, R, L, C-napamempu, moodens,
8UNpo0OYBANLHUL CUSHAT

CydacHe >KHTTA XapaKTepPH3YeThCsS BEIMKOI HACHUYEHICTIO E€NePOHHUX BHPOOIB K
moOyTOBOTO, TaK 1 MPOMUCIOBOTO MTpU3HaYeHH. Pa3oM 3 pocTOM BHUITYCKY 3pOCTatOTh BUMOTH
JI0 SIKOCT1 Cy4acHO1 eJIeKTPOHIKU. KOHTPOJIb SKOCTI €JIEKTPOHHOI MPOAYKIIIT BUMAarae mBHIKOT
Ta BYACHOT JIIarHOCTUKH Ha BCIX eTamax BUPOOHUIITBA. B cBOIO uepry mporeaypa AiarHOCTUKU
€JIEKTPOHHUX BUPOOIB 3BOJUTHCS 10 BUMIPIOBAHHS Ta KOHTPOJS MapaMeTpiB €IeMEHTIB, 110
3B’s13aH1 B CKJIQJHI €JIEKTPUYHI KoJia Ha JAPYKOBAaHMX Tuiatax. He 3Bakaroum Ha CKIIQJIHICTh
nmomiOHOI  mpomeAypH, OCHOBHA 3ajada TOJsiTa€ 'y KOHTPOJI Ta BHMIPIOBaHHI
R, L, C-mapameTpiB OKpeMHUX YACTHH €NEKTPHUYHOT CXEMH, a CaMe — JBOTIOJIIOCHUKA.

OCHOBHMMH HENIOJNIKaMHU KIACUYHUX MeTOoJiB BuMiproBaHHs R, L, C-mapamerpiB €
BTPy4YaHHsI B CXEMY, JIOJJaTKOBA amaparypa Ta 3HauYHWW Yac mporenypu. Halikpamumu ms
3aCTOCYBaHHS BHIMIPIOBAHHS Ta KOHTPOJIIO € METOAH, IO HE IMOIIKOKYIOTh €JIEMEHTH
JIPYKOBaHUX IJIAT 1 He MOTPeOYIOTh JOJATKOBUX amapaTHUxX 3aco0iB. JIo TakuX BIAHOCATHCS
METOIM Ha 0a3i MepexiHUX MPOIECiB, sKi, KPIM TOro, MO3BOJSIFOTH 3HAYHO 301TBIINTH
IPOAYKTHBHICTh CHCTEM BHUMIPIOBAHHS Ta KOHTPOJIO. AJie pe3yiabTaT aHajiily TaKUMHU

METOJJaMH MOXXE€ MaTH CKIAJAHY CTPYKTYpPY 1 MPOBOAUTH HOTO OIHKY TpaJulliiHUMU

criocobamu Moske OyTH AOCUTH CKiaaaHo [1].
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BpaxoBytoun Bumie3zazHaueHe, BAOCKOHAICHHS METO/IIB aHaJIi3y apaMeTpiB eJIEMEHTIB
CKJIQJIHUX EJIEKTPUYHHX KUT JPYKOBAaHUX IJIaT, $KI MiABUILYIOTH MPOJYKTUBHICTb
BHUMIPIOBAJIbHUX CUCTEM 1 CYTTEBO CIPOIIYIOTH TPOBEICHHS TAKOTO aHANI3y € aKTyallbHOIO.

Ilocmanoeka 3a60anns

[Iporpama gociiakeHs BKIIto4yana B ceode:

1) amami3 cremiaai3oBaHUX HayKOBO-TEXHIYHHUX JDKEPEIT 3 JOCIIIKYBAHOI TEMATHKH;
2) TEOPCTUYHMIA aHaJIi3 PEe3yJIbTaTiB €KCIIEPUMEHTAIbHUX JAOCITIHKECHb.
Peasnizartis mporpaMu JOCIKEHb BUSBHIIA HACTYITHI 3aBIaHHS:
1) po3poOka NUISIXiB 3MEHIICHHS TOXUOKH BUMIPIOBAHHS,
2) BUSBHTH IUIIXH ONTHMI3aIlil iHGOpMalifHO-BUMIPIOBAJIBHOTO KaHAITY.

Pe3ynomamu docnioxcens

[Ipyn KOHTPOJI XapaKTEPUCTHK CKIAAHUX EJEKTPUYHUX KiJI, 0COONMBO TpU 3HAYHIN
KUTBKOCTI BHMIpPIOBaHb, HEOOXiJHA 3HA4YHA MPOAYKTUBHICTh BHUMIPIOBAIBHUX CHCTEM.
TexHomorii, 1Mo J03BOJIAIOTH BHUPIIIUTU BKa3aHy MHpoOjeMy i3 3aCTOCYBaHHSM 3BUYANMHUX
MPOMHUCIIOBUX 3acO0iB  BHUMIPIOBaHHs, O€3CYMHIBHO, MarOTh TMepeBary, oOcoOJMBO 3
MIEPCIICKTUBOIO JIIATHOCTHKY BUXO/Y 3 JIaly a00 3HAYHOTO MOTIPIICHHS XapaKTEPUCTUK OKPEMIX
KOMITOHEHTIB [2].

Jlo OocHOBHHMX cHocOOIB BUMIPIOBAHHS XapaKTEPUCTUK CKIAJHUX EJIEKTPUYHHUX Ki,
MO>KHA BiJTHECTH TaKi:

® [UISIXOM 3ICTaBIEHHS 3HAYEHb XApPAKTEPUCTHUK JOCITIIKYBAaHOTO 0araTomoiOCHOTO
EJIEKTPUYIHOTO KOJja 31 3HAYCHHSIMH XapaKTePUCTUK HOTo MO,

® [UISIXOM IOEIEMEHTHOTO PO3WICHYBAHHS 0araTomoJIOCHOTO EJIEKTPUYHOTO Koja B
JBOTIONIOCHI 3  TOJAJBIIAM  BHUMIPIOBAaHHSAM  XapaKTEPHCTUK  JIBOTIOJIIOCHUX
eJIeKTPUYHUX K1JI;

® [UISIXOM BUMIPIOBaHHS JICIKUX 3araIbHAX XapaKTEPUCTUK ICKTPHIHOTO KOJIa.

Binomo, 1m0 kokHe 0araToroiifoCHe €IeKTPUYHE KOJIO MOXKE CTAaTH TPHITOIIOCHHM 32
nonomororo komytamii [1, 2]. I1lo6 mnoeneMeHTHO poO34ieHYBAaTH JIBOIIOJIOCHI KO,
TPHOXIIOIFOCHUK BMHKAIOTh B OCOOJHMBY BHUMIPIOBAIBHY CXEMY, i€ 32 PaXyHOK MpPHUEIHAHHS
OTepaIliiHuX IMMJICHIIOBAYiB 1 BHUMPOOYBAIbHUX CUTHAIIB CTPYMy MOXHa CQOpMyBaTH
CNeKTPUYHUN PEKUM, TpPHU SKOMY PI3HUI TOTEHINATB Ha TOJIIOCaX JTOCIiIKyBaHOTO
JIBOTIOJIFOCHOTO Koyia abo CTpyM B HBOMY BHU3HAYaTUMYTHCS JIMIIE 32 JOMOMOTOK HOTO

napameTpiB. [Tpu TakoMy MiIX0/i 10 TBOMIOIIOCHUKA MOXKYTh OYTH IiJKIIIOUYEH] HE JIMIIE OKPeMi
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MIPOCTI €JIEMEHTH, sIK1 MaIOTh JIBa BUXOJIU, aJI€ M CKJIaIHIIII KOJIa, B pa3i SKIIO ICHYE JOCTYII JIUIIIE
10 1BOX By3iiB. [Ipu 11boMy, OCHOBHI KOPOTKOYACHI BUTpPATH MPUMNAAIOTh HA KOMYTalilo. Y
BUIAJKYy, KOJHM ICHYIOTh BEJIMKI HMPOMDKKH 4acy y JOCII/PKYBaHOMY KOJIi OCHOBHI BHUTpAaTH
MPUIAAAI0Th HAa peaji3allilfo caMOoro BUMIPIOBAILHOTO MEPETBOPEHHS Ta MEPEXiJHI MPOIECH.
UuMm MeHIIa KUIBKICTh MITKIIOYEHUX BY3JIIB THM HPOCTIIIMM CTa€ MPOIEC KOMYyTaIli Ta
BiZI0YBa€THCS 3MEHIICHHS BUTPAT Yacy Ha CIIOCTEPEKEHHS. AJie PU TAKOMY ITiIX0/1i CXeMa CTae
CKJIQIHIIIOK 1 Ha HIl 3 SBISIOTHCS CKJIQJHI TUISHKA CXEMH y BHUIIAAI OaraToeineMeHTHUX
JIBOTIOJIFOCHUKIB. 3arajioM JOCIiDKEHHS MOXYTh 3MEHIIUTUCH JIO OLIHKA N — €JIEMEHTHOTrO
0araToIoIICHUKA, JIe N — JIBa, TpH abo OlIbIIIE.

3a3Ha4MMO, 110 CIPOIICHHS CHOCTEPEKEHb Oyle MOXKIUBE, SIKIIO BiJiloMa HOMIHAJbHA
cXemMa  JOCHi/DKYBaHMX  JIBOIIOJNIOCHHMKIB  (CTPYKTypa  KOMIIOHEHTIB,  KOHiryparis
OaratoelleMEHTHUX JBOMNOJIOCHUKIB, HOMIHaNbHI R,L,C -XapaKTepUCTUKU) AT KOHTPOJIIO
By37iB. TakuM YHHOM CIIOCTEPEXKEHHS MOXYTh OYTH BHMKOHAHI 3TiIHO 3 BH3HAYEHUMHU
3araJIJbHUMHM IapaMeTpaMu, SIKi BIAMOBIAar0Th Moieii. ToOTo, K0 HOMIHAJIBHI 3HAYEHHS, 10
3HaXOJUTHCA B MEXaX JOMYCKY Ta BU3HAUYAIOTHCSA XapaKTEPUCTHKAMU, SIKI € MOAIOHUMU
OTPUMAaHUM 3HAUYEHHSM XapaKTEpPUCTUK, TO B TaKOMy pa3l morpeda 3A1MCHIOBATH OLIHKY
3HAYYIIOCTI OKPEMHUX HOT0 XapakTepucCTUK BIACYyTHS. lle Moke 3HAYHO 3OLTBIIUTH
e(eKTUBHICTb CUCTEMH. | TUIBKU y BUNAAKy BUXOY BIAMOBI/I 32 MEXI IOMYCKY, JUI BUPIILICHHS
npo0ieMu, BUMIpIOrOThCst okpeMi R, L,C -xapaKTepHCTHKH 0araToeIEMEHTHHX JBOIOIFOCHHKIB.
Ile nmocsraeTbcs HUIAXOM BIAOKPEMJICHHS 3 BUXIJHOIO CUTHalTy iHQopMmauii mpo oxkpemi

xapakrepuctuku R, L,,C, IBONOMOCHUKIB Oyab-IKMM METOAOM. IHIIMI MiAXiJ BUPIIIEHHS

npoOJeMyu — TMOAANBIIAKA TOMIT CXEMHW Ha 30HW, BHUKOPHUCTOBYIOUH IMIJIKIIOYECHHS IO
JOTIOMDDKHUX BY3JiB 3 JIOCTYIOM [0 CTaHJapTHUX KOMIIOHEHTIB 1 BH3HA4YeHHS IX
XapaKTEPUCTHK B MOAAJTIBIIOMY.

Haii6inpmoro mpo0i1eMor0 BBaXKAETHCSI BCTAHOBJIGHHS JIEAKOi JIOBLIBHOI Mojeni
JIBOTIOJIFOCHUKA, sIKa MOB'A3aHa 3 HOro peskuMoM 1 3 00uKciIeHHsIMU. B jaHomMy Bunasiky 3HauHa
e(peKTUBHICTp HE MOTpiOHa, ane, BaKJIMBOIO € MPaBUIBHICTH BHUMIpiB. Po3B’s3koM Ii€i
npoOJIeMH MOXKYTh CTaTH JI0JJaTKOBI BUMIPIOBAHHS 1 B TAKOMY pasi iZIeHTH]IKallis MOJIENI MOXKe
3MIHIOBAaTHUCh.

UYacoBi BUTpaTH Ha MPOTIKAHHS YCiX MPOIIECIB B KaHAJ1 MEPETBOPEHHS 00YMOBIIOIOTHCS
e(EeKTUBHICTIO KOHKPETHUX TEXHOJOTiH BHUMIPIOBAHUX XaPAKTEPUCTHK, a CaMi CXEMHU MOXYTb

OyTu pizHUMH 3a ckianHicTio. Hapasi, mpu BUKOpHUCTaHHI CHHYCOiJaIbHUX BUIPOOYBATBHUX
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CUTHAJIIB HAWHOUIBIIMM HEIOJIKOM € Te, IO JaHHI MOXYTh OyTH OTpHUMaHi JIMIIE PO JIBA
napameTpu. JlJis oTpuMaHHS J@aHUX MPO BCl HapaMeTpu A HANCKIQJHIMUX MOJEICH
HEOoOX1/IHO BUKOHYBATH JI0/IaTKOBI BUMIpH, ajie B TAKOMY BHIIJKy BOHA MalOTh BUMipIOBaTHCh
Ha PI3HUX YAaCTOTAaX 1 JIUIIE TICIs 3aBEPUICHHS BCIX MEPEXiAHUX MPOIIECIB.

[Ipoananizyemo BHOIpKOBI 3MiHM Ha OCHOBI IEPEXITHUX MpOIECiB 0e3 CHHTE3y
0c00JIBOI (hOpMU BHUIIPOOYBAIBHOTO CHTHATy. 3arajibHa CTPYKTYpHa CXeMa IepETBOPEHHS
XapaKTEePUCTHK OaraToeIeMEHTHUX JBOIOIIOCHUKIB €IEKTPHYHOTO KoJia (puc. 1) MiCTHTB:

® CICKTPUYHUUN TeHepaTop BUMPOOYBAIBHOIO CUTHATY;

® BUMIpIOBAJIbHY (AOCHIIKYBaHy) CXeMy, A0 SKOI MiAKIIOYEHO OararoelieMeHTHUI
0araToIoJIIOCHHK;

e mpwmiag oOpoOJICHHS BIAMOBIAI, SIKWM HaJae AaHi PO MapaMeTpu 0araToeIeMEHTHHX

JIBOTIOJTFOCHUKIB €JICKTPHYHOTO KOJIa.

1 2 3
I'eneparop Jlocrimkysana [punag
BUIIPOOYBAJILHOTO :> =>- 00po0ICHHS
CUTHAITY cxemMa BIIIOBIOl

Puc. 1. CTpykTypHa cxema J0C/IilzKeHHs IapaMeTPiB IBONOJIOCHUKA

OCHOBHOIO METOIO € Te, 00 s peakiii Z(p, @) AOCTHKYBaHUX 0araToeIeMeHTHIX
JIBOTIOJIFOCHUKIB €JIEKTPHUYHOT0 Kojia 3 (QyHKIiero imiTanca H(p,a) CTBOPUTH CHUTHAIH
CHEI[iaIbHOTO THUIy, sKi O BIAMOBiAIM 3HAYCHHSIM XapaKTePUCTHK JUISI OKPEMHUX
JBOTIOJIIOCHUKIB 1 TUM CaMHUM peai30BYBali IEPETBOPEHHS

Z(p,a) = H(p, a) * So(p),

ne Sy(p) — ekcrepuMeHTaIbHUN CUTHAT;

a ={ay,a,, ...,a,} — n-MipHHii BEKTOP [IYKAHUX XAPAKTCPUCTHK.
Buxonduu 3 1b0oro, OTpuMy€eMo:

Uy, = FiZ(p,@)},j = Tn

¢ Fj,j = 1,n — omepatop, 3a JONOMOIOK SKOTO MOXJIHMBO BUJIbHO OTPMMATH IaHHI HPO
XapaKTEPUCTUKU BUMIPIOBATHHUX BEITHYUH.

JUisi OTpUMaHHS YHCIOBUX OLIHOK XapaKTEPHCTUK {aj}'JL1 Ta IIEPETBOPEHHS [0

3pYYHOTO BUTJISITY HEOOX1IHO:
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e 3poOuTH BUOip BUIPOOYBATLHOI'O CUTHAITY Ta HOTO (OopMH;
e jiociiguTH onepatop F; ta Bubparu ioro Gopmy.

3 UBOro BHUILIMBAE, MO I IOJIETIIEHHS MEPETBOPEHHS omepaTopa F; HeoOXimHO
MO€HATH BUMPOOYBaIbHI CUTHAIN CHELiaIbHOT (POPMH.

TakuM 4YMHOM MOSICHIOETHCS MiAXiM, A€ BUMPOOYBAIbHUI CUTHAI OOUPAETHCS TPOCTO
0e3 ypaxyBaHHS Mojeil OaraToeJIeMEHTHHX JIBOTIOJIOCHUKIB  €JIEKTPUYHOTO  KOJIa.
BumnpoOyBanpHuil curHanm Moke OyTu Oynab-gkoi BiATBOpIOBaHOT (OpPMHU, HAIPUKIIAL
CTYMIHYACTHI BUMPOOYBAILHUIA CUTHAJ Y BUTJISI iHAUBIAyanbHOT QyHKii [3].

3 ypaxyBaHHAM Moju(iKarii 6araroeieMEHTHUX JBOIOJIFOCHHUKIB JIJIS IBOTO CUTHAITY
BUKOHYETbCS CHHTE3 CTPYKTYpH MPHUCTPOK OOpoOKHM, skuii 3abe3rnedye BUOOpUE
nepeTBopeHHs. Ha Buxomax npuiany oOpoOKH OTpUMYIOTh CTBOPIOBaHI CHEI[ialbHI CUTHAIN

K1 € KBa31MOCTIHHUMU HAaIIpyTaMH Ta MPOIOPIIAHI 3Ha4eHHAM mokasHukis R, , L, ,C, .

Bucnoeku

3pobieHuil Oriis] OCHOBHUX IUISAXIB Ta CIIOCOOIB aHaJII3y €IEKTPUYHHX €JIEMEHTIB, SIK1
NOB’s13aHI B CKJIQJHI €JEeKTpUuHI Kosa. J[0 HUX BIJHOCSATHCS. 3ICTABJICHHS XapaKTEPHUCTUK
€JIEKTPUYHOIO KOJIa Ta HOro MOJIeNi, pO3wIEHYBaHHs 0AaraTOMOJIIOCHUKA Ha JIBOTIOJIIOCHUKH,
BUMIPIOBaHHS 3arajIbHAX XapaKTEPUCTUK ENIEKTPUYHOTO KOJIa.

Ha ocHOBI mpoBeiE€HOTO TEOPEeTUYHOI'O aHali3y BHSBJIEHI OCHOBHI I€peBard Ta
npoOiieMyd TpH peanizallii KO)XKHOro 3 MeToiB. [l KOXXHOTO 3 METOIB 3ampONOHOBaHi

MiIX0AW oNTUMi3allii iHhopMaIiiHO-BUMIPIOBATBHOTO KaHATY.

CnHcoK BUKOPHUCTAHMX JKepet

ymkoB IO. C. Cunres
HCIIBITATENbHBIX CHTHAJIOB  Ha
OCHOBE€ AKCIIOHEHIIMAJbHOM CILIaiiH-
anmpPOKCUMAITUN JUTSI U3MEPCHUS W
KOHTPOJIS napameTpoB
anektpuueckux uener / 0. C.
[IymMKoOB // DneKTpOHUKA U CBSA3b. —
2000. — Ne 9 . — C. 59-63.

Hpomenko B. b. Anani3 miaxoaiB 10
BHUMIpIOBaHHS XapaKTePUCTHK
CKJIQJHUX CIIEKTPUYHHUX  KiJl /
MexaTpoHHI CHCTEMH: iHHOBAIlli Ta
IHKUHIpUHT : Te3u gonosigeit III-oi
MixHap. Hayk.-mpakt. koHd. (10
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CospemeHnHble NOOXO00bI OUEHKU KAYECMEA CLONHCHBIX IJIEKMPUUECKUX Uenell

/Jlpomenko B. b., Tapac B. C.

Kuesckuil nayuonanoHwlll yHusepcumem mexHono2utl U Ou3atta

Ilenv. Cosepuiencmeosanue mMemooo8 aHaIu3a NaApamempos dJ1eMeHMO8 CLOHNCHLIX
INeKMPUHECKUX yYenell NedamHvlx Niam, KoOmopvle HO8bIUAIOM NPOU3BOOUMENTbHOCHb
UBMEPUMENbHBIX CUCEM U CYUWECMBEHHO YNPOUWAom nposedeHue mako2o aHaiusd.

Memoouxa. Teopemuyeckuii ananuz npooaemvl UCCIe008AHUSA, NOTONCEHU Meopuu
9NIeKMPUYEeCKUX yenell, mamemamuyeckue Memoobl aHanu3a pe3yIibmamos
IKCNEPUMEHMATLHBIX UCCAE008AHUI.

Pezynomamel. [lpoananuszuposanvl Kirouegvle cnocoObl UsMepeHus Xapakmepucmux
CILOJHCHBIX 2NEKMPUYECKUX Yenell U NOKA3AHbL NYMU UX VIYYULeHUSL.

Hayunasa nosusna. Ha ocnose meopemuueckux u 39KkCnepuMeHmanbHblx Uccie008anull
npeonodxcensvl NOOX00bl ONMUMUSAYUU USMEPEHULI NAPAMEMPO8 CIONCHLIX NIeKMPUUECKUX
yenetl.

IIpakmuueckasn 3nauumocms. Pezyriomamol ucciedosanuii mo2ym Ovims NOJLOHNCEHbL 8
OCHOBY MEeMOOUKU UBMEPEHULL NAPAMEMPOB CJLONHCHBIX INEKMPULECKUX Yenell U UX d/1eMeHmMOo8
¢ bonvuuetl ¢hghexmusrocmoio.

Knroueevie cnosa: mnocononocnux, snrekmpudeckas yens, R, L, C-napamempur,
MOOeb, UCNBIMAMENbHbIL CUCHAL

Modern approaches to assessing the quality of complex electrical circuits

Dromenko V. B., Taras V. S.

Kiev National University of Technology and Design

Purpose. Improvement of methods for analyzing the parameters of elements of complex
electrical circuits of printed circuit boards, which increase the performance of measuring
systems and significantly simplify such analysis.

Methodology. Theoretical analysis on the research problem, the provisions of the
theory of electrical circuits, mathematical methods for analyzing the results of experimental
research.
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Findings. The key methods of measuring the characteristics of complex electrical
circuits are analyzed and ways to improve them are shown.

Originality. On the basis of theoretical and experimental studies, approaches are
proposed for optimizing measurements of parameters of complex electrical circuits.

Practical value. The research results can be used as the basis for the methodology for
measuring the parameters of complex electrical circuits and their elements with greater
efficiency.

Keywords: multipole, electrical circuit, R, L, C-parameters, model, test signal
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