HN3mepenne. MoanTopuHr. Yupasaenune. Koarpoan

YAK 621.317.08 DOI10.21685/2307-5538-2018-2-4

M. B. Yepneyos

INPUMEHEHUE ®PAZOYACTOTHDBIX XAPAKTEPHUCTHUK
AANI NAEHTUOUKAITNHU CXEM 3AMEIIIEHU A
ITAPAMETPUYECKUX AATYUKOB

M. V. Chernetsov

THE USE OF PHASE-FREQUENCY CHARACTERISTICS
FORTHE IDENTIFICATION OF EQUIVALENT CIRCUITS
OF PARAMETRIC SENSORS

AHHOTaNnH A Axmyasvnocmv u yeau. OOBEKTOM HCCAGAOBAHHS SIBASIIOTCSI METOABI
HMAEHTHPUKAIIMY CXeM 3aMellleHus MapaMeTPHIeCKHX AATYMKOB B BUAE ABYXIIOAIOCHOM 9AeKTPH-
4eckoi 1ienu. M3pecTHbIe METOABI MACHTH(HUKALIUM, OCHOBAHHbIE HA aHAAU3E CIIEKTPAAbHbIX Xa-
PaKTepUCTHUK, B Ka4eCTBEe IIPOMEXXYTOYHbIX BEAMYHH HCIOAB3YIOT MHT@HCUBHOCTb COCTABASIO-
IIUX BBIXOAHOTO CUTHAAQ, KOTOPBIE 3aBUCAT OT HAIPsDKEHMS, TOKA ¥ APYTUX GpaKTOpPOB, BKAIOYAS
noMexH. boAee BbICOKast TOYHOCTb AOCTUTAETCS ITPU UCIIOAB30BAHUM B Ka4eCTBe IPOMEeXyTOd-
HBIX BEAMYHH YaCTOTHI X $a3bl, KOTOPble HOAee YCTOMYHBBI K BO3AEIHCTBHIO [IOMEX, & TOYHOCTD
3TaaoHa 4acToTh! (BpeMeHH) Ha MOPSAAOK Bbime. I10aTOMy paspaboTka METOAOB MAEHTHHKA-
IIMM CXeM 3aMelljeHHs ITapaMeTPHYecKHUX AATYMKOB IO MX (asHBIM XapaKTepPHCTHKaM, Heco-
MHEHHO, aKTyaAbHa. 1]eAbio pabOTHI sBAsIETCS pa3pabOTKa METOAOB, YCAOBHI, @ TAKOKe BbIIBAE-
HHE XapaKTepHbIX IIPU3HAKOB, YIPOWAIOMUX HACHTHQMKAIMIO CXeM 3aMelleHHs B BHAeE
ABYXIIOAIOCHBIX 3AEKTPHUYECKHUX Ijellefl Ha OCHOBE MCCAEAOBAHHUS ($a30YaCTOTHBIX XapaKTepH-
ctuk. Mamepuaavt u memodvt. ITpeprokeHO TTPU MAEHTUPHKAIIMH ABYXIIOAIOCHBIX IieIIel Hc-
IIOAB30BATh He TOABKO (a3049acTOTHbBIE XapaKTePHCTHUKH, HO U auddepeHnuaspHple ¢$aszo-
9aCTOTHBIE XaPAKTEPHCTHKH, YTO MO3BOASET YTOYHHTb OCOOEHHOCTH TOIIOAOTUH JAEKTpUUe-
CKMX Ileredl M IOBBICUTb AOCTOBEPHOCTb pesyabTaTa. IlokasaHa BO3MOXHOCTb IIOAYYEHHS
HEOAHO3HAYHOTO PeIeHuUs AAS CXeM Ilellei, COAePKAIHX ITaPAAACAbHO COeAUHEHHbIe KOHAEH-
CaTOp U UHAYKTHUBHOCTD, M3TOTOBACHHYIO U3 IIPOBOAQ, MMEIOIero conpoTusAerue. I1pu anaau-
3e UCIIOAb30BAHBI H3BECTHbIE [IOAOKEHMS TEOPHH IAEKTPHUIECKIX Ilellefl 1 IIporpaMMHoe obec-
neuenre MatLab. Pesyssmamor. Pa3paboTaHbl METOAB MACHTHQHKAIIMN CXeM 3aMellleHUs B
BHAE ABYXITOAIOCHBIX 9AeKTPHYECKHUX IjeIlell IapaMeTpUYeCKIX AQTIMKOB, OCHOBAaHHbIE Ha aHa-
An3e $a30v9acTOTHBIX U AU PepeHITHaAbHBIX (a309aCTOTHBIX XapaKTepUCTUK. IIpeasoskeHs! aa-
TOPUTMbI AHAAM3a U IIPOBEAEHO MCCACAOBaHME Ha IpUMepe CXeMbl 3aMellleHHs MHAYKTUBHOTO
AaTduKa. BrlgBAeHBI yCAOBHS, IPH KOTOPHIX BO3MOXHO IPUHATHE HEOAHO3HAYHOTO PeIleHuUs
IpH HAGHTUPHUKALUN CXeMbl 3aMelieHust. Boi600vr. PasBUTHI MOAOKEHIS TeOpUM HAeHTU(HKA-
IIMM CXeM 3aMeIljeHHs IapaMeTPUYeCKUX AATYMKOB, OIMCHIBAEMbIX ABYXIIOAIOCHOM dAEKTpHUde-
CKOHM CXeMOH, IyTeM HCIOAb3OBAHHUS NP NPUHATHM PelleHMs Pe3yAbTaTOB aHaAM3a ¢aso-
JaCTOTHBIX U AP PepeHITHaAbHbIX $a309acTOTHBIX XapaKTepuCTHK. FlccaeAOBaHMS aATOPUTMOB
NPUHATHUA PeIleHHit U MOAyYeHHbIe Pe3YAbTAThl COBIAAAIOT C OCHOBHBIMU IIOAOXKEHHAMHU TeO-
UM 3AEKTPHYECKUX Lereil.

A b s tra ct. Background. Object of research are methods for the identification of equiva-
lent circuits of parametric sensors in the form of a bipolar electric circuit. Known methods of
identification based on the analysis of the spectral characteristics, as use of intermediate values
of the intensity components of the output signal, which depend on voltage, current and other
factors, including noise. Higher accuracy is achieved by using intermediate values of frequency
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and phase, which are more resistant to interference, and the accuracy of the frequency standard
(time) is much higher. Therefore, the development of methods for the identification of equiva-
lent circuits of parametric sensors for their phase characteristics, of course, relevant. The aim of
this work is to develop methods, conditions, and identifying the characteristic features that fa-
cilitate the identification of equivalent circuits in the form of a bipolar electric chains on the ba-
sis of the study of the phase-frequency characteristics. Materials and methods. Proposed in the
identification of bipolar circuits to use not only the phase-frequency characteristics, but also
differential phase frequency characteristics, which allows to clarify the features of topology of
electrical circuits and increase the reliability of the result. It is possible to obtain ambiguous so-
lutions for circuits containing parallel connected condenser and inductance, is made of wire
having a resistance. The analysis uses known principles of the theory of electrical circuits and
MatLab software. Results. Developed methods of identifying circuits in the form of a bipolar
electric circuits parametric sensors based on the analysis of the phase-frequency and differential
phase-frequency characteristics. The proposed algorithms and conducted a study on the exam-
ple of the equivalent circuit of the inductive sensor. The conditions under which the adoption
of controversial decisions in the identification of the equivalent circuit. Conclusions. Developed
the theory of identification of equivalent circuits of parametric sensors, the described two-pole
electrical circuit, by the use of in deciding the results of the analysis of the phase-frequency and
differential phase-frequency characteristics. The study of decision algorithms and the obtained
results are consistent with the basic provisions of the theory of electrical circuits.

KAawueBnie cAOB a: UAeHTUPUKAIMA ABYXIIOAIOCHBIX JAEKTPUYECKHUX LeIlei, KOM-
IIAGKCHOE COINIPOTHBAeHHe, (Pa30YaCTOTHbIE XapaKTepPUCTUKH, AHdPepeHIMarbHbIe ¢$as3o-
YaCTOTHbIE XapaKTePUCTUKH, TapaMeTPUIeCKHI AATIMK, CXeMa 3aMel]eHMs.

Key words:identification bipolar electrical circuits, impedance, phase-frequency char-
acteristics differential phase frequency characteristics, parametric transducer, equivalent circuit.

[lpu unmeHTHUKAIME CXEM 3aMENIeHHs MapaMeTPUYeCKHX OOBEKTOB HCCIIECNOBaHUS, TMpPe-
cTaBisieMbIx cxemoit 3amenienus (C3) B BuAe ABYXIOMIOCHON anekTpudeckoi nemnu (ADL]), mupo-
KO€ NPUMEHEHHE MOTYyYMIIM METOJbl, OCHOBAHHBIC HAa aHAIM3E CIEKTPAJIBHBIX XapaKTEPUCTUK BbI-
XOZHOTO CHT'HaJa, T.e. 0o crekrpa Dypre, M0 criekTpainbHOi ioTHOCTH. [Ipr 3TOM B KadecTBe
MIPOMEKYTOUHON M3MEpseMON BETTMYNHBI HCITONIb3YETCS] MHTEHCUBHOCTh CUTHAJIOB, KOTOPAsi 3aBHUCHT
OT HaNPSDKEHUS, TOKA, HAMTPSDKEHHOCTH MarHUTHOTO TIOJIS M PYTHX ITapaMeTpPOB, BKIIIOYAs TIOMEXH U
HaBonku [1]. [loBpIlIeHNE AOCTOBEPHOCTH pe3yibTaTa MACHTU(PHUKAIUN MOXHO IOCTHYb IIPH HC-
MOJIb30BaHUM B Ka4eCTBE MPOMEKYTOUHBIX BEIMYUH YaCTOTHI M (ha3bl, MapaMeTpbl KOTOPBIX OoJee
YCTOMYHMBHI K BO3JICUCTBUIO IOMEX U HABOJAOK,  TOYHOCTh 3TAJJOHHOM MEpPHI YaCTOTHI (BpEMEHU) Ha
MOPSAAOK BbIIe [2]. B cBA3M ¢ M3M0KEHHBIM Pa3BUTHE MOJOXEHUH MCIOIB30BaHUS (Ha304acTOTHBIX
MetonoB aranmza JD1] musa neneit nnentudukanmm C3 mapaMeTprHIecKuX 00BEKTOB, U B YACTHOCTH
napameTpudeckux aatuukos (I111), mpemcraBisercs, HECOMHCHHO, aKTyaTbHON 3aadei.

[Ipu wccnenoBaHUSIX OTPAaHHMYUMCS PACCMOTPEHHEM CTPYKTYpHBEIX cxem JIOLI, mpencrasieH-
HBIX Ha puc. 1. [Ipu aToM yurem, uro peaktuBHble 3aeMeHTH L u C JIOL npeacrasmsior coboii pe-
aNbHBIC OOBEKTHI, @ UMEHHO: KaTyIIKy WHAYKTHUBHOCTH, UMEIONIYIO MocienoBarenbayo C3 u3 uH-
JOyKTHBHOCTH L M CONPOTHUBJIEHHs HOTepPb R,, U KOHIEHCATOp, UMEIOIUH mapamiensHyro C3 u3

eMkocTd C M CONPOTHUBIIEHHS YT€YKH R, IO CYTH, aHAJOI'M MHAYKTUBHOIO M eMkoctHoro IIJ] c

JIBYX3JIEMEHTHOU CXEMOH 3aMeICHUSI.
CrnenoBarebHO, KOMIUIEKCHOE COIPOTHBIICHHWE KAaTYIIKH WHIYKTHBHOCTH (MHAYKTHBHOTO
[11) 6ynet paBHO

Z, (W)=R, + joL, (1)
a koHaeHcaropa (emMkoctHoro I1]1)

R

Z(®)=—"——.
(@) 1+ joR,.C

2)
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Puc. 1. Uccnenyemsie cxemsr JIOL]

Nnentudukanuto OyieM MPOBOIUTH 10 KOMILICKCHOMY comnpoTuBieHuto JD1l B pexxume 3a-
JAHHOTO TOKa. YpaBHEHHS KOMIUIEKCHOTO CONPOTHBJICHHS paccMmarpuBaembix JIDI] 3amuinem B
yI0OHOM JIJIsl aHAJTN3a BHJIE

Zixey (@ =R+Z, (0)+Z. () (puc. La); )

RZ,(®)

R+7, () (puc. 1,0); 4)

Z iy (w)=Z.(0)+
Z(0)Z, ()

2o, (@) =R+
! Z(0)+Z, (o)

(puc. 1,8); ®)]
EACAC)
Z(0)+Z, (o)
ZRch (w)=
AT
Z(0)+Z, (o)

(puc. 1,2), (6)

rae s (serial) u p (parallel) B mHIEKCaX KOMIUIEKCHBIX COMPOTHBIICHUN 0003HAYalOT COCO0 coemu-
HeHHs A1eMeHToB B J[O11.

JList uccnenoBaHui MpeyIaraeTcsl UCIOIb30BaTh (Pa3zodacToTHbIe XapakTepucTuku (PUX), a
TaKke mepBbie pon3BoaHble 0T DUX (Ha30BeM ee AuddhepeHITMaNbHON (Pa309acTOTHONW XapaKTepH-
ctukoir — JI®UX), mpuueM BHINMONHSAETCS CpPaBHEHHE CO CHOCO0aMHU aHAM3a IO aMIUIATYIIHO-
YaCcTOTHBIM XapakTepuctukaM (AUYX) B Hanbonee WHPOPMATHBHOM 00JacTH 4acTOT OJIU3KOM K pe-
3oHaHcHOH. Berancnenne ®UX u IOYX Oynet mpoBouThCs 10 GopMyiam

O(w)=arg(Z(w)); (6)

®,(0) =%cb(w). )

Hanee 11 ynoOcTBa aHaIM3a U COKPALCHUS IPOMEKYTOUHBIX BBIYUCIEHUH PU HOCTPOCHUH
rpaduuecKuX MPeJCTaBICHUN HecneayeMbIX (PyHKIMN HCTIONB3YIOTCA BO3MOXKHOCTH, IIPEAIaracMble
cpencrBamu MatLab [3, 4].

[Mpu noctpoenun rpadpukos mwis cxem ADL (puc. 1) mpursro R=1000 Om, L=0,001 In,

C—10_7 (D, COIIPOTHUBJICHUC IMOTCPh KaTYIKU HHAYKTUBHOCTH paBHO R, =10 OM, a COIMPOTUBJICHUC
L
YTCYKU KOHACHCATOpa PpaBHO RC = 106 Om.

CooTBeTCTBYIOLIME PACCMATPUBAEMBIM KOMIUIEKCHBIM CONPOTUBICHUSIM YacTOTHBIE XapaKTe-
PUCTHKH IIPUBEIEHBI HA pUC. 2.

.
............... e O
.
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Puc. 2. 3aBucuMocTi Moayel KOMIDIEKCHBIX conmpoTuBieHnid JJO1] oT 9acToThI

W3 ananuza rpaduKoB CleAyeT, YTO 3aBUCUMOCTH, MIPEACTaBICHHbIC HA PUC. 2,a U O, a TaKxKe
Ha pUC. 2,6 U 2, IPAKTUYCCKU UACHTUYHBI, 1 ujaeHTHuKamnus cxem J[I1] He MOxeT ObITh BBITIOJIHEHA
OJTHO3HAYHO.
Opmnako mpu aranuze OUX u JOYUX, npeAcTaBICHHBIX HA pUC. 3 U 4, BRISIBILIIOTCS OTIHMYHS,
KOTOpPBIE MPEIOCTABIISAIOT BO3MOKHOCTH 00JIee YETKOTO CTPYKTYPUPOBAHHS TOTIOJIOTHH PACCMOTPEH-

HbIx JIOL1.
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Puc. 3. ®UX ma AD1 (cm. puc. 1)

Takum obpazom, Omarogaps ucnonb3oBannio OUX u JJOUX mosBISIOTCS MTOMOJHATEIHHBIC
BO3MOKHOCTH IJIA YTOUHCHUS PE3YJILTATOB I/IILCHTI/I(I)I/IKaHI/II/I.

OnHako Tpy MpoBeNeHUHN HiaeHTH(PHUKAUK 10 $a309acTOTHEIM XapakTepuctukam JID1] B He-
KOTOPBIX CIy4asX HEBO3MOXKHO MPHUHITH OJHO3HA4HOE perieHre. [I0scHIUM 3Ty cHTyanuio Ha IpH-

ge]
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Mepe pelienus 3anaun uaeHrudukanuu 1311 (cM. puc. 1,8), koTopasi, 10 CyTH, IPEJACTABIIAET COOOM
MHorosnemMeHTHyo C3 unaykrusHoro I1JI (puc. 5), rae L MHOYKTUBHOCTb, R, — COIPOTHUBIIEHHE

MpoBoja KaTymku HHAYKTUBHOCTH [1/], C — MEXBUTKOBAst EMKOCTh U €MKOCTh MEX/y COEAMHUTENb-
HBIMH TIpOBOJaMH, noAkrouatontumu 1)1 k m3meputensroii nenu (ML) n uMeronmx obimee comnpo-
tusieHue R. B nannoii C3 He yureHO compoTuBieHue R. (cM. puc. 1,6), Tak Kak NPUHATO OECKO-

HCYHO 60J'II>H.II/IM, MIOTOMY 4YTO, O CYTH, XapaKTCPU3YyCT CONPOTHUBJIICHUC U30AANUU MCKAY
COCIUHUTCIIbHBIMA NIPOBOAAMU HI[ U BXOIHOC COIIPOTHUBJICHHUC HAI'PY3KH I/H_[, UTO COOTBETCTBYCT

peanbHbIM YCIOBUSAM dKcruryaTaruu [1/].
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Puc. 5. Cxema 3amemmienust uHAyKTuBHOTO I1J]

Kommnekcnoe conpotusnenue [1/] (cMm. puc. 5) onuceiBaeTcs ypaBHEHUEM

R, + joL - jo(w’ [’C) - joR;C

Z (0)) =R+ , ()
(1-0’LC) + o’ REC?
a cootBercTBytomas ®YX B Buue
o(L-R;C-w'L’C)
® () =arctg Q)

R, +R[(1—w2LC)2 +m2R§C2}

I'padukn 3aBECUMOCTH MOyl KOMITIEKCHOTO conpoTuBieHns 1 @UX ot wactoTsl (puc. 6 u 7)
MOTYYEHBl TPH CIEAYIOUMX BIOJHE pEaJbHBIX 3HaueHHsX sjieMeHToB C3 wuuayktuBHoro I1J1:
L=10"[T'u],C=10"°[®], R, =10 [Om], R =20 [Om].
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Puc. 7. ®UX ungykrusHoro IT]]

Jns moctpoenus rpaduka 3apucumoctu JDOUX, nmpencTaBieHHOT0 HA pHC. 8, HCIIOIH30BaHbI
Bo3MOkHOCcTH MatLab. Ha rpaduke Oosiee 4eTKko BBIIENSETCS Pe30HAHCHASI YacTOTa B CPABHEHUU C
rpadMKOM 3aBUCUMOCTH KOMIUIEKCHOTO CONPOTHBIICHHUS OT YaCTOTHI.
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Puc. 8. A®YX mns uagykTrBHOTO I1]]

Takum oOpa3zom, uMes SKcnepuMeHTanbHble AanHble Mo OUX mnu JDUYX nerko u3MepuTh
TOYHOE 3HaYEHHE PE30HAHCHON YacTOTHI.

Jli1s BBISIBIIEHUS B3aUMOCBSI3U SKCIEPUMEHTAIBHBIX NaHHBIX U MICHTU(UKAIMOHHBIX IIPU3HA-
KOB OIpPEIENIMM 3HaUE€HHE PE30HAHCHOW YacTOThI U3 YCIOBHS paBEHCTBA HYyNO ypaBHeHHS (9), onu-
ceiBatomiero @YX, koTopoe MOKET OBITh IIEPENICaHO B BUIE

L-R;C-w.’C =0. (10)
B pesyasTare u3 (10) mosryaaeM peanbHOE 3HAUYECHHE YaCTOTHI PE30HAHCA
L-R;C
= a

Ha mpakTtuke y napamMeTpUdecKUX IaTYMKOB HMHAYKTHBHOTO THIIA MEXBHUTKOBAas €MKOCTb
06brun0 He mpesbimaer 10 [®]. B sTom ciyuae, Kak MOKa3ald PacyeThl, 3HAMEHATE/Ib yPABHEHHS
(9) m3mensiercsa HezHauuTENbHO (He Oonee 20 %) mpu U3MEHEHUH YacTOTHI B IIpeaenax A0 Pe30HaHC-
HOH. DTO 1aeT BO3MOXKHOCTh PACCUUTATh MPUOIMKEHHOE 3HaUE€HHE YaCTOThl O, , IpH KoTopoi PUYX
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JIOCTUTHET MaKCHUMaJIbHOTO 3HAYEHUS, U3 yCIOBHS PaBEHCTBA HYJIIO NMEPBOW MPOU3BOIHON OT BBIpa-
JKeHHUs B uucnutesne Gopmyisl (9), KOTOpoe OMUCHIBAETCA ypaBHEHUEM

L-30}’C-R;C=0. (12)
CoOTBETCTBEHHO, MOITy4aeM
L-R;C
0, =, ——. 13
! 3’C (13)

B ypasnenusx (11) u (13) npucyrcTsyer coctapisiomas R, C , KOTOpasi HCKakKaeT pe3yybTar

UACHTU(UKALNY, TaK KaK BOCIIPUHUMAETCS KaK WHAYKTUBHOCTH. JTa COCTABIIAIONIAS /IS TIOJABIIS-
fomero OonpiHCTBAa MHAYKTHBHBIX [1]] He mpessimaer 0,1 % or 3HadeHus L U B OOJBIIMHCTBE

[ 1
CIIy4aeB €10 MOXHO MpeHeOpedb. B oToM cilydae MOXKHO NPHHATH, YTO ©, = Ic’ YTO COOTBET-

[ 1
CTBYET KJIaCCUYECKOMY ypaBHeHU!O [5], a u3 (13) cienyer, uto 0, = 3C’ HITH ), = O, / V3.

Takum oOpazom, 1o pesynbratam 3kcnepumenTta it GUX = 0 gerko HailTH TOUHOE 3HAUYCHUE
PE30HAHCHOM YacTOTBHl WM YacTOTHI, Ipu KoTopo DPUX mocTuraer MakCHMMajbHOTO 3HAa4eHHS B
nuana3one 4actot ot 0 10 pe3oHaHcHOM. Jlajee mpou3BoaUTCs BHIOOP 3HaueHUi sneMenToB L u C,
UCIIONIB3YS OJJHO M3 paHee noiy4eHHbIX ypaBHeHu# ((11) wim (13)), yTo ynporaeT HaeHTUPHUKALNIO
C3 ms I1J1. Ognako npu periennn 3amad uacHTHGUKannu C3 mapaMeTpudecKux 00BEKTOB HCCIIe-
JOBaHUsI, UIMEIOIINX MapauIeIbHO COSANHEHHBIE €MKOCTh U MHAYKTUBHOCTD C COIPOTUBIIEHUEM I10-
Tepb, OyIeT UMETh MECTO HETOYHOCTh MACHTH(UKALUK, 00yCIOBICHHAS HAINYUEM COCTABIISIOLICH

R;C , x0oTOpasi HEOTIMYMMA OT MHAYKTUBHOCTH. B pesynbTare GyseT MAeHTHDHUIMPOBAHA HHIYK-

TUBHOCTS, paBHas L'=L+R;C .

Bwmecre ¢ TeM ciieyeT OTMETUTh, YTO UCIOIb30BaHNUEe (Pa309aCTOTHBIX XapaKTePUCTUK T03BO-
JISIET He TOJNBKO OoJiee 4eTKO (PMKCHPOBATh PE30HAHC, HO M BBISBIISTH TOMOJOTHYECKHE OCOOCHHOCTH
C3 B Buze /DIl mis mapamerpudeckux oOBbekTOB wmccnenoBanus (Brirodas [1]]) [6]. Kpome Toro,
OJyrarofapsi UCTIOIH30BAHHUIO BHICOKOTOYHBIX M MPOCTHIX B MPUMEHEHUH MEp YacTOThI, H3MepeHus (a-
3Bl MOTYT OBITh BBIIIOJIHEHKI ¢ 00Jiee BRICOKOHM TOYHOCTEIO [7, 8]. [loaToMy mpenioxkeHHass MeTOInKa
uaentupukanuu C3 o0bekToB uccienoBanus B Buae JOI] mo (a304acTOTHRIM XapaKTepUCTHKAM
obOecnieunBaeT 0oJiee BBICOKYIO IOCTOBEPHOCTh Pe3yJibTara, YeM IPH HCIOJIb30BAHUU METOJOB aHa-
JM3a, OCHOBAHHBIX Ha aHAJIM3€ CIIEKTPAIBHBIX XapaKTEPUCTUK BBIXOAHOTO curHana WII, mampumep
criektpa Oyphe, CeKTPaTbHON TNIOTHOCTH WIIH aMIUTHTY THO-4YaCTOTHBIX XapaKTEPHUCTHUK.
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