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AnHoTanusi. llenpto paboTel sABIsIETCSI BBIOOP METOJAa CHHTE3a ILIMPOKOIOJIOCHOM cornacyromeil Iemn,
oOecrieuynBamoNed MaKCUMaJIbHYIO Iepeadyy MOIIMHOCTH OT WCTOYHHMKA CHTHala B Harpys3Ky IpH HalHYUU
U3MEHSIOIIErocs UMIEJaHca Harpy3KU PaJMOTEXHUUECKOT0 YCTpoicTBa. [ JOCTHKEHHS [TOCTAaBICHHOH 1IeIH
OBUT OCYIIECTBJICH aHAIM3 OCHOBHBIX HAIPaBJICHUI NMPOEKTUPOBAHUS IIHPOKOIIOJIOCHBIX COTJIACYIOUIMX Henen
(aHayUTHYECKUE, YUCICHHBIE, Tpad)oaHATUTHIECKHE METObl cUHTe3a). [lo pesynbraTaM CpaBHEHHs METOZIOB
cuHTe3a OBUIM yKa3aHbl MX OCOOCHHOCTH (JIOCTOMHCTBA M HENOCTAaTKH). DBBII BBHINONHEH aHalIW3 METOJOB
CHHTE3a IIMPOKOMIOJIOCHBIX coracylomux neneid. Jlns aHamm3a ObUTM BBIOpaHBI OOOOIIEHHBIH METOX
JlapiMHITOHA, METOX BEIIECTBEHHBIX YacTOT, CTPYKTYPHO-TIApaMETPHUYECKUII METOJ CHHTEe3a Ha OCHOBE
anmapara T-marpuipl, rpadoaHaIUTHUECKUH METO Ha OCHOBE AuarpaMmsl Bombnepra — Cvutra. C moMonipo
JAHHBIX METOJOB CHHTE3a OBUIM IIOMYYEHBl LIMPOKOIIOJIOCHBIE COTJIACYIOIIME LEeNH NPHMEHHTEIHHO
K Pa3IMYHBIM THIIAM Harpy3okK. COIOCTaBJIEHHE IONyYEHHBIX PE3yJIbTaTOB OCYIIECTBILUIOCH IO HECKOIBKUM
MIOKa3aTelsIM: YPOBHIO K03(HIMEHTa epeladi MOITHOCTH B pabodyeM Anamna3oHe 4acTOT, TyBCTBUTEIBHOCTH
ko3 duIMenTa Iepesayd MO MOIMHOCTH K H3MEHEHHIO HOMHHAIOB 3JIEMEHTOB COIVIACyIOUIeH Ienu |
UMIIEJIAHCY HArpy3Kd IIpH YCJIOBMH, YTO KOJIMYECTBO JJIEMEHTOB COIJIAcylolleil Ienu He Oojee IIEeCTH.
Ha ocHOBaHUM IIPOBEJEHHOIO CPaBHEHMS M aHAJIN3a METOJOB CHHTE3a ObUIO YCTAHOBJICHO, YTO JUIS PEIICHHS
MIOCTAaBJICHHON 3a/aud HamOoJyiee MPEIIOYTHTENLHBIM SIBISIETCSl METOJ  BELIECTBEHHBIX 4YacToT. Ero
JIOCTOMHCTBOM SIBJISIETCS] MCIIOIb30BaHNE KOMOMHAIMOHHOTO 1TOIX0/1a (UTEPaTUBHOTO HAXOXK/ICHHS MTapaMeTPOB
(YHKIIMM CONPOTHBJICHUS C aHAIMTHYECKUM NpenctaBieHneM ¢(yHkuun nepenaun). Cornacyromye LemH,
MIOJy4YEHHbIE C ITOMOIIbIO JaHHOTO METOAA CHHTE3a, OOecneywiav HauOoNbImmii ypoBeHb KoddduimeHra
repeiaun 10 MOIIHOCTH, a TaK)Ke HanMEHbIlIee 3HaYeHNE YYBCTBUTEIFHOCTH B 33/IaHHOM ITOJIOCE YacTOT IS
paccMaTpruBaeMbIX THIIOB HAarpy30K.

KnroueBsble ciioBa: corilacoBaHue, METO, YyBCTBUTEILHOCTD, HArPy3Ka, IIMPOKOIIOJIOCHBIH.
Kon¢uaukTt unTepecoB. ABTOPHI 3asSBISIFOT 00 OTCYTCTBHH KOH(INKTa HHTEPECOB.
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Abstract. The aim of this work is to select a synthesis method for a broadband matching circuit that provides
maximum power transfer from a signal source to a load in the presence of a changing load impedance of a radio
engineering device. To achieve this goal, an analysis of the main directions of designing broadband matching
circuits (analytical, numerical, graphic-analytical synthesis methods) was carried out. Based on the results
of a comparison of synthesis methods, their features (advantages and disadvantages) were indicated. The
analysis of methods of synthesis of broadband matching circuits was carried out. For the analysis, the
generalized Darlington method, the method of real frequencies, the structural-parametric synthesis method based
on the T-matrix apparatus, and the graphic-analytical method based on the Volpert-Smith diagram were chosen).
Using these synthesis methods, broadband matching circuits were obtained for various types of loads.
Comparison of the results obtained was carried out according to several indicators: the level of the power
transfer coefficient in the operating frequency range, the sensitivity of the power transfer coefficient to
the change in the ratings of the elements of the matching circuit and the load impedance, provided that the
number of elements of the matching circuit is no more than six. Based on the comparison and analysis, it was
found that the most preferable synthesis method for solving the problem posed is the method of real frequencies.
Its advantage is the use of a combination approach (iterative determination of the parameters of the resistance
function with an analytical representation of the transfer function). Matching circuits obtained using this
synthesis method provided the highest level of power transmission coefficient, as well as the lowest sensitivity
value in a given frequency band for the considered types of loads.

Keywords coordination, method, sensitivity, load, broadband.
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BBenenune

CoBpeMeHHBIE paanoTexHu4eckne ycrtpoiictBa (PTY) Onaromaps ¢GyHKIIMOHUPOBAHUIO
B IIMPOKOM JHMAIa30He YaCTOT 00ECIIEYHBAIOT BO3MOXXHOCTh BBICOKOCKOPOCTHOMU Tiepeaadn O0IbIIoro
o0bema uHpopMaiuu. BakHeiM (HakTOpOM IJIsl Ka4eCTBEHHOW PabOThl TaKMX YCTPOMHCTB SIBJISCTCS
nepeaadya MaKCHUMAaJbHOM MOIHOCTH CHUTHAaJIa OT MCTOYHHMKA B HArpy3Ky B IIMPOKOM JHMAra3oHe
gactoT. [y 3Toro HeoOX0aMMO 00ECHeunuTh COTIIACOBAHHME COMPOTHBIEHHS HATPY3KH C BXOIHBIM
TpaktoM PTYVY. Jlns BhImogHEHMs MOCTaBJIeHHOW 3amaud B PTY HCHONB3yHOTCS IIUPOKOIOJIOCHBIE
cornacyromue tenu (IICIL).

B nacrosmee Bpems mupokoe npumMeHeHue Hanuiu metoasl cuntesa ICL, rae B kauecTBe
Harpy3kd pacCcMaTpWBAIOTCS AHTEHHBIC, YCHJINTEIbHBIE M JPYTHe YCTPOWCTBA, IPEICTaBICHHBIC
B BUJIC 3HAUCHHA KOMIUICKCHOT'O COIIPOTHUBJICHUA HAa AUCKPETHOM PAAC YaCTOT. Ho B 1O *Xe€ BpeMA
B Metonax cuaTe3a IICI] He yYyuThIBaeTCSI HETIOCTOSIHCTBO KOMILJIEKCHOTO COMPOTUBIICHUS HATPY3KH
PTY, BbI3BaHHOE M3MEHEHHUSMHU OKPYKAIOIIEH Cpelbl MO0 YCIOBUSAMH SKCIUTyaTanuu. M3meHenue
BEJIMYMHBI KOMIUIEKCHOTO COIPOTHBIICHUSI HArpy3KH NPUBOIUT K paccoriacoBaHuio Tpakra PTY
C Harpy3Kkoi. ITo CIOCOOCTBYET MOSBICHUIO B TPAKTE OTPAKEHHOW BOJIHBI, YTO MPUBOJUT K MOTEPSM
MOIIHOCTH TepenaBaeMoro (IpUHUMAeMoro) curHama. llempro cTaTbu sBIsieTCS BBIOOpP MeETOfa
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CHHTEC3a ]_HCI_[, KOTOpBII\/'I obecreynBaeT MaKCUMAIIbLHBIN YPOBCHL nepeaaun MOITHOCTHU OT UCTOYHUKA
CHUI'HaJIa B HArpy3Ky IIpu HAJIMYHUU U3MCHAIOMICTOCA UMIICAaHCa.

IlocTanoBKka 3agaumn

B ofOmem ciywgae 3amady coryiacoBaHus coOmpoTuBiieHUs Tpakta PTY ¢ KOMIUIEKCHBIM
CONPOTUBJICHUEM HArpy3Kd MOXXHO CBECTM K HaXOXKICHHIO CONPOTHBIICHUS PEAKTHBHOTO
YETBIPEXMONIOCHUKA 7, (s), 00ecneunBaroero paBeHCTBO aKTWBHBIX (1) W KOMIeHcaluio

PCAKTUBHBIX (2) COCTaBJIAIOMIUX COIMPOTUBJICHUSA LEIIU C KOMIIJICKCHBIM COIIPOTUBJICHUECM HArpys3KH.
Re(Zyy (5)) =Re(Z,(s)); (1)

Im(Zy (5)) = = Im(Zy, (5)), @
e Zy(s)=Zy, (s) +Z. (s) — KOMIIJIEKCHO€E COIIPOTHUBIIEHUE LIETIH,

Zq () — KOMIUIEKCHOE COMPOTHBIIEHNE YETHIPEXTIONIOCHUKE;

Z. (s) — KOMIIJIEKCHOE CONIPOTUBJIEHHE T€HEPATOPA;

Z,,(S) — KOMIUIEKCHOE CONPOTHBJIEHUE HAIPY3KH;

S=0+ j(D — KOMIIJICKCHAs 4aCToTa.

Hcxons w3 MOCTaBICHHOW 3aJadd, HEOOXOAMMO OCYIIECTBUTH 0030p M aHAIM3 METOJOB
cunresa ILICLI, mo pe3yaprataM KOTOPBIX BRIOpaTh HanOoJIee MPEANOYTHTEIBHBIN METO/I CUHTE3a IS
pemreHus 3anaun agantauu PTY k m3MeHsromemMycst UMIteancy Harpy3ku. s cpaBHEHHS METOJIOB
TIpeIaracTcs NCIOIb30BaTh CICAYIONTHE TIOKa3aTe Il KauecTBa:

1. YpoBenb koadduuuenta nepenaun momHoctu (KIIM) (Beipaxenue (3)) (obecrieueHue
MakcuMmasibHOoro ypoBHS KIIM B 3amaHHOM T10J0C€ 4YacTOT SBJSETCS OCHOBHOM 3ajaueid
coriacoBanus). Orenka ypoBHS KIIM ocCymiecTBIsSeTCS OTHOCHTEIHFHO MAaKCHMAaJIHHOTO 3HAYCHUS
KIIM (K(f) = 1) B paboueii mojoce 4acror:

1 /s
AK =———— [[1-K(f)Idf, (3)
fB - fH Fu
4ReZy (f)ReZy (f)

(ReZy () +ReZ, (1)) +(ImZyy () +1mZ, (£))
niepeiauy 1o MOLIHOCTH;
Sy fy — BEpXHAs (HUKHSAA) 4aCTOTA pabOYEro AMana3oHa 4acTor.

byaknus  kodddunreHrta

rae K(f)=

2. KonnyecTBo 37€MEHTOB cOryiacyromei nenu Noy.

3. UyBCTBHTENBHOCT,  (QYHKIMK KOA(POUIHMEHTa TMepeAadyd MOIMHOCTH K HM3MEHEHHIO
KOMILJIEKCHOTO COTPOTHBIICHHUS HArpy3ku (BeIpakeHue (4)) (moa 4yBCTBHTENBHOCTHIO MOHHUMAETCS
Mepa usMmeHeHus Qynkuun KIIM, kortopas mpowm3onuia B pe3ylibTaTe HEKOTOPOTO OTKIIOHCHHS
KOMITJIEKCHOTO COTIPOTHBIICHUS WMIienanca Harpy3ku [1]). Uem MeHbIIe 3HaYeHHE TMapamMmerpa,
TE€M MEHBIIIE BIUSHUE U3MEHEHUI NMITEJJaHCa HArpy3KH Ha ypoBeHb KIIM.

Ul aK(f,(x.) .
SEV = L, 4
S e K(fa) @

rae o, —2neMeHT Harpysku (C, L, R);
K ( f, ai) — ¢ynkuust KIIM ot wactotsl u mapametpos CLI;

1 — KOJIMYECTBO AJIEMEHTOB B Harpys3Ke.
Haubonmee mnpenmoururensubiM Oymer TOT Mmeton cuHTe3a IIICIl, KOTOpBIii TO3BOJISET
CHHTE3UpOBaTh LEMH, oOeclevrBarone MakcuManbHbIH ypoBeHb KIIM (3) u MUHHMaIbHYIO
YyBCTBUTENBHOCTH (4) B pabodyeM quama3oHe 4acToT.
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06301) METOAOB HIUPOKOIOJOCHOI'O COrJIaCOBaHUA

Ha nanHbIii MOMEHT MOKHO BBIIEIUTH HECKOJIBKO rpymil MeTonoB cunTe3a LICLI:

— ananutudeckue Meroas! (bone, ®ano, FOme1, JlapnuHrToHa, METOA BHOCUMBIX TIOTEPH U JIp.);

— YHUCJICHHBIE METOIBI (TTapaMeTpUIECKUe, CTPYKTYPHO-TIapaMETPUICCKHUE);

— rpad)0aHATUTUIECKUEC METOIBI.

Anammtrdeckrie Metonpl cuHTe3a LICL] mpemmonararoT CHHTE3 YETHIPEXTIONFOCHHUKA, TOIHOE
COMNPOTHBIICHUE KOTOPOTO MOXET OBITh MPEACTABIICHO B BUJC aHATMTUYCCKOTO BBIPKEHHUS, TOJYUYCHHOTO
B XOJIC ammpOKCHMAIUU TpeOyeMoW XapaKTEPUCTUKU KO3(PQPUIIMEHTA OTPAXKEHHUS OO0 (YHKIMH
KIIM. Harpy3ku B aHaJUTHYECKHX METOJAX NPEICTABISAIOTCS B BHAE SKBUBAJCHTHOM Iemu
C TIOJTHBIM COTPOTHBJICHHEM Z,(S), TaK KaKk HEOOXOAMMO 3HATh HAIMYHE M PACIOJIOKEHHE HYyJIeit

Tepeaayn.

[o pesynbpratam 0030pa aHamuTHUECKUX MeTonoB bone, ®@ano, 0wt [2], Baii Kait Yens [3],
NpeiCTaBlIeHHBIX B pabotax I. A. ®uimmmosmua [4], Bomsxosmua JLM.!, Camymnosa A.A%
YCTAaHOBJICHO YTO AaHAJUTHUYCCKUE PEIICHUS TO3BOJSIOT MCCICAOBaTh BIUSHUEC (DHU3MUECKUX
MapaMeTpoB, HAYAIILHBIX U TPAHUYHBIX YCIOBHI Ha XapaKTep pelieHus. Pe3ynbTaThl aHaATUTHYSCKUX
penreHuit criocoOCTBYIOT pa3paboTKe aIeKBaTHBIX MAaTEMATHYECKUX MOJIEIIeH HCCIeTyeMbIX SIBICHUH.
Onu 6onee MHOOPMATUBHBI, BEIYHUCIICHUE PEIICHUS MPH JIFOOOM KOHKPETHOM 3HAYEHWH apryMEHTa
MOXKHO BBITIOJIHUTh KaK YTrOJHO TOYHO. Bcerma cymecTByeT BO3MOXKHOCTH OTIPEICICHUS 3HAUCHIS
HMCKOMOTO TIapaMeTpa B JIF000# TOUYKe, a He TOJNBKO B y3JIaX CETKH HHTEPIIOILUHU, U TONTyIaeMbIi
pe3ynbTaT BCErnaa SIBIACTCS YCTOWYHMBBIM. B TO Ke Bpems TJIaBHBIM HEIOCTATKOM aHAIMTHYECKHX
pEIIeHNH SBISIETCS UX OTPaHHMYEHHBIC BO3MOXKHOCTU B PEIICHUM Psia CIOXKHBIX 3a/1a4 COTJIACOBAHUS.
Hns cunresa HICL] tpeOyercs mpencrapieHue (WM MpeABapUTEIbHAS aNMPOKCUMAIIKS) HMIIEAaHCca
Harpy3ku B Buie OJkBuBaneHTa, a ¢yHkuus KIIM mgomknHa OBITH 3afaHa C  ITOMOIIBIO
annpokcumupymomiet  ¢pynkuuu (Ad). Ilpomenypa cuHTe3a, Kak NpPABWIO, SBISETCS CIIOKHOU
Y MPUBOJAUT K HEONTUMAIILHBIM pelIeHUsIM (Haauyue TpaHcopMaropa B COIVIACYIOIICH IICTIN).
Peanm3zanust cornacyronmx memneu mo 3aJaHHOMY KPHUTEPHIO COOTBETCTBHS X WICATLHBIM YaCTOTHBIM
1 (a30BbIM XapaKTEPHCTHUKAM HCKIIOYMTENbHO TPYyIOHA W3-3a2 CJIOXHOCTH pPacdeToB. 3aaada
COTJIACOBAHMS MJISi HArpy30K C HYJSIMA TIepelaud Ha (DUKCHPOBAHHBIX YacTOTaX HE SBISCTCS
TPUBHAJIBHOM BBULy OTCYTCTBHS nmoaxoaiammx Ad.

UncrieHHBIE METOABI CHHTE3a MPEATONaraloT CHHTE3 YETHIPEXIIONIOCHIKA, CTPYKTypa KOTOPOTO
OTIpEeJICNICHa Ha HAdaJbHOM JTane Wid (GOPMHUPYETCS B TPOIECCE CHHTE3a HCXONIS U3 IIEICBOM
¢yskir. OCHOBHBIM OTJIMYUEM YHUCICHHBIX METOJIOB OT AHAJIUTHYECKUX SIBISCTCS OTCYTCTBUC
HEOOXOMMOCTH TIPEJICTABICHUS HArPY3KH TOJBKO B BUJIE SKBUBAJICHTA.

Uwncnennsie Metomsl cuHTe3a IICI[ pasmemsiior Ha mMmapamMeTpHdecKHe W CTPYKTYpHO-
napamerpuueckue. OCHOBHBIMU — MPEJCTABUTEISIMU  CTPYKTYPHO-TIAPAMETPUYECKOTO  MOJIXO7a
SIBIITIOTCS. METOJIBI CHHTE32 HAa OCHOBE TEHETHYECKOTO ATOPUTMA, a TaKKe KacKaJHbIE METOJbI
(Ha ocHoBe ammapata T-maTpunbl [5], KaHOHHYECKUX Mojeied W ap.). Mcmonmp30BaHHWE MaHHBIX
METOJ/IOB TIO3BOJIAET CHHTE3UPOBAaTh MHOXKECTBO BapuaHToOB IIICII, mpuBsI3bIBasCh JUIIL K MOPSIAKY
HCKOMOU TienieBoi QyHKIuu. OJHAKO TPU UCHOIB30BAHUU CTPYKTYPHO-TIAPAMETPUUYECKOTO METOa
OTCYTCTBYET TIONHBIH KOHTPONb CTPyKTypsl u mapamerpoB LICIl, 49to M™MoXkeT mpHuBECTH
K MPaKTUYECKH HEPEATU3YEMbIM PEIICHUSIM.

OfHMM U3 OCHOBHBIX MPEJICTABHUTEIICH MapaMeTpUIECKOr0 METO/a SIBJISICTCS METOJ PEabHBIX
(BemecTBeHHBIX) 4YacToT [6]. OH MMeeT MHOXecTBO Momudukanmid [7] ¥ OCHOBaH Ha COYETaHHU
AHAJIMTUYECKOTO ¥ YWCIIEHHOTO TOAXOJOB K 3aaade cuHTe3a. OCHOBHOE TMPEHMYIIECTBO JaHHOTO
METO/Ia M0 OTHOIICHHIO K aHAJIUTHUECKUM COCTOMT B TOM, YTO OH HE TPeOyeT NPEACTaBICHHS HArPYy3KH
B Buze dKkBuUBaNeHTHOUW 1mern. @yHkiwst KIIM mpu 3TOM mpesicTaBiseTcss B BHIAE aHAIUTHYECKOTO
BBIPA)KEHHUSI, a COTIIACYIOMIas [eb CHHTE3UPYETCS C TOMOIIBIO HTEPATHBHBIX TTOAX0I0B.

! Bombxoswma JI.U. Curmies wupoKononocHsix coznacyrouux yCmpoucme ¢ 3a0arHbIMU (PA308bLMU XAPAKMEPUCTIUKAMIL
ouc. ... kauno. mexn. Hayk: 05.12.07. HoBocubupck; 2018:11-20.

2 Camywniios A.A. A6momamusuposanioe npoeKmupoeanie WupoKonoI0CHbIX CONACYIOWUX U KOPPEKMUPYIOUUX
yeneu CBY ycmpoticme Ha 0CHO8e UHMEPAKIMUBHO20 «BU3YATbHO20» N00X00A: OUC. ... KAHO. mexH. Hayk: 05.12.07.
Tomck; 2014: 255 1.
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I'padoananuTuyeckuii METOJ CHUHTE3a MOJApa3yMeBaeT TrpauuecKkoe MpeCTaBICHUS
XapaKTEePUCTUK JTMHHUHU TIEPeIavd B BHJIE KPYroBol auarpaMMbl. CyTh METO/Ia COCTOUT BO BKITFOUSHHH
B IIETTb MEXAY COMPOTHRBICHHEM T'€HEPAaTOpa W HATPy3KH Pa3IUYHBIX PEAKTHBHBIX 3JIEMEHTOB, UTO
M3MEHSET BEJIMYMHY COMPOTHUBIICHHS IIENH, KOTOpas KOHTPOJIHPYETCS Mo auarpamme Bombmepra —
Cwmuta [7]. OCHOBHBIM NPEUMYIIECTBOM JAHHOTO METOJAa IO OTHOLICHUIO K AHAIUTHYECKUM U
YHICICHHBIM METOJaM CHHTE3a SIBISAETCS WILTIOCTPATUBHOCT OTY4YeHHS MPOCTHIX |- nin L-00pa3HbIx
coriacyroIux neneil. JIaHHbI METOJ] CHHTE3a SBISICTCA TPYIOSMKHM, HE 00ECIICYMBACT MPOCTOIO
MEXaHU3Ma OIpPEICICHUS ONITUMAIBLHON CTPYKTYPhI COTNIACYIONIEH 1IEeTH.

Takum 00pa3zom, HCXOs U3 TpoBeneHHOro 0030pa MetooB cunTe3a LICL, cnexyer:

— WCITOJIb30BaHUE aHATUTHYECKUX METOJIOB ITO3BOJISET HAlTH pemenue 3amaun cuaTe3a HICL]
JUIsI HAarpy30K, HMEIONINX HEBBICOKUN TOPSANOK W TIPEACTABICHHBIX B BHJEC DSKBUBAJICHTA,
OTPaHWYMBASICH IIPH STOM BEIOpaHHOH AD;

— TIapaMeTPUUIECKUEe W CTPYKTYpPHO-TIApaMETPUUISCKAEC METOIBI CHHTE3a BCETa IPUBOMIST
K ONpEJICICHHOMY pPEe3yJIbTaTy, HO OHH 3aBHCAT OT BBIOOpA HAYAIBHOTO MPUOJIMKECHUS U CIIOCO0a
¢opmupoBanus neneBod QyHknuu. CyIIeCTBYIOT MPOOJIEMbI CXOAMMOCTH. B03MOXHO mony4eHue
TOJIBKO JIOKATBHBIX ONITUMYMOB;

— WCIIOJIb30BaHNe TpadoaHAUTUTHYSCKOTO METOAa CHHTE3a IPHUBOIUT K TOIYUEHHIO IMPOCTHIX

I'- unu L-00pa3HbIX COrnacyromux nenel, HarpyKeHHbIX Ha Z,, (s) Mertoauka sBIsieTCsl TPYI0EMKON

nipu pacuete LLICII.

AHaJIu3 MeTOA0B HIMPOKOIIOJOCHOI'O COrjiacoBaHUsA

Jlns aranm3a MetonoB cuHTe3a Obutn cuaTe3upoBanbl 11ICL], obecnieunBaromniie MaKCUMATBLHBII
ypoBeb KIIM B HOpmupoBaHHOM auanasoHe uactoT ( f=0-1Iu). B kadectBe compoTuBIeHUs

réHeparopa HCHOJIb30BAJIOCH AKTUBHOC COIPOTUBIICHUC (Rl_ =1 OM), a B Ka4CCTBC COIPOTUBJICHUA

HArpy3KH [4] — Harpy3KH pa3IdHBIX KIaccoB (Tabu. 1), oTnryaronecs ApyT OT APyra pachoioKeHueM
HyJIeH repeaayu.

Tabauua 1. Knaccel ncnosib3yeMbIX Harpy30k
Table 1. Classes of used loads

Kuacce narpysku DKBHUBaJCHTHAS CXeMa DyYHKIHS COMPOTUBIICHHUS
Load class Equivalent scheme Harpy3Ku
Load resistance function

(R +R,)+RR,Cs
1+R,Cs

(TyHHEJIBHBIE AUOIBL, KBAPIIHL)
Load with class I transmission zeros
(tunnel diodes, quartz)

R Zy (s) =

all

Harpyska ¢ Hymsivu nepenauu I xiacca o——
R,

Rpy =

: o |

Harpy3ka ¢ nymsvu nepenaun 11 xinacca o

(TIpOBOJIOYHBIE aHTEHHBI B JIUAIIa30HaX PabOTHI c
JUIMHHBIX, CPEITHUX 1 KOPOTKHX BOJIH) Bax R 7 (s) _1+CsR
G(s)=——

Load with class II transmission zeros
(wire antennas in the long, medium and short

wave ranges)
Harpyska ¢ Hyssvu nepenaun 111 kiacea
(QHTEHHBI, TPAH3UCTOPHI U 1p.) R (CLs2 + 1)
Load with class III transmission zeros Zy (S ) = CLs> + CRs +1
(antennas, transistors, etc.)
Harpyska ¢ nymsamu nepenayn [V knacea
(OWITOIIPHBII TPaH3UCTOP) R
Load with class IV transmission zeros Ry - | R Z, (S) =
¢ 1+ CsR

(bipolar transistor)

IICIL ObLIM CHHTE3UPOBAHBI C IMOMOIIBI 0000IIEHHOTO MeToAa JlapiIMHITOHA, METOoja
BEILIECTBEHHBIX YacTOT, CTPYKTYpPHO-TIAPaMETPUUECKOr0 METOJIa Ha OCHOBE ammapara T-maTpullbl,
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a TaKxe rpadoaHanuTHYeckoro Metoaa. Pesynbratel cuntesa LLICL npeacrasnens! B Tadm. 2. Ucxons
13 NOJIYYEHHBIX PE3YIbTaTOB, MOKHO yOEIUTHCA B TOM, YTO HCIIOJIb30BaHUE aHAIUTHYECKUX METOJOB
CHHTe3a He 103BouisieT cuHTe3upoBaTh LIICII as1s J1r00BIX THIIOB Harpy3KH B OTIIMYUE OT YHCICHHBIX U
rpagoaHaTUTUYECKUX METOAOB CHHTe3a. JlaHHOe 3aKioYeHrne OCOOCHHO aKTyalbHO JUIS CJIOKHBIX
Harpy3ok coBpeMeHHBIX PTY, mouck KOTOphIX sBIseTcss HempocTou 3amaderd [9]. Takum oOpaszom,
aHanmuTHueckue Meronel ans cuHTe3a IICI[ ¢ ydeToM HM3MEHSIOIErocss HMIENAaHCa Harpys3ku
MIpEAJIaraeTcsl He UCIOJIb30BAaTh.

B Tabmn. 3 npencrapneHsl mokazarenu kauecTBa cuHtesupoBaHHbix [ICL (Beipaxkenus (3), (4)).

Tabnauua 2. Pesynsrars! cunresa LLICL]
Table 2. Synthesis results of broadband matching devices

Meroavka cuHTE3a
Synthesis Method
Knace Merox BemecTBeHHbIX | ['padoanamuruyueckuii CTpyKTypHO- OO000LIEHHBIH METOA
HANDY3KE 4acToT METOJ rnapaMeTpUUYECKUil METO Ha JlapauHrrona
Loag};lass Method Real Bonbnepra — Cmutta ocHOBe ammnapara T-MaTpurpl Generalized Darlington
Frequency Grafoanalytic method of | Structural-parametric method Method
Volpert — Smith based on the apparatus of the
T-matrix
I xnace 85® 1,53 Tn
19T 34T 2T L ;
(Ri=020M, | o Y o |
R>=3 Owm, 123Tu3 02 -
C=0,05 D) 0940 | 02260 03 @
I class ° °
Il knace 120 22@ 01380 oy 1o 340
(R=10m, o—| o—] ‘ o—| o
¢ :Hl ’;“4 ¥ e L 0,0075 @ 1,65 T + 035® 0.5Tn
class
o o ° T ° o
III kmace
(Ll =4Tu 528 ® 0,615 'n 0,842 T 2,1 ifo
L>=0,75TH, _
L3;=0,3TH, LI81Tn 1570 0.616 T T2,165 @
C=2Tn) ° o
III class
IV knacc 2,7TH 0,314TH 477 3,64 TH n=2,24 10,04 Tn
E?C =50(’)2 ?’ 0,364 @, wo
= M 18,1 T
0,314 é
IV class 314 @ 3,14 . T . 3 0,04 ®
Tabéauua 3. Pesynerats! orienku cuaTe3npoBanHbX LIICL o pa3mudHBIM KPUTEPHIM
Table 3. Results of the assessment of synthesized broadband matching chains by various criteria
Tun Harpy3ku
Merox curresa CL HepBOro Kiacca BTOPOTO KJiacca TPEThEro Kiacca YeTBEPTOro Kiacca
SC synthesis technique first class second class third class fourth class
AK | N | S5V Ak | N | SKU | AR | N | s | AR | N | s
CTpyKTypHO-
NapaMeTPUUECKUN CUHTE3
Ha OCHOBE arapara
T-marpuip! 0212 | 4 0,77 0,122 5 1,835 0,14 6 0,75 0,328 | 5 0,896
Structural-parametric
method based on the
apparatus of the T-matrix
Merox BEeLECTBEHHBIX
Y4acTOThI 0,132 | 4 0,256 0,075 2 391 0,221 3 0,65 0,22 2 0,678
Method Real Frequency
I'padoananurideckas
METOIUKA
Bounbnepra — Cmura 0,204 | 2 0,342 0,079 2 4,089 0,486 | 3 1.03 0,248 | 2 0,681
Grafoanalytic method of
Volpert — Smith
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Mo pe3ynbTaram aHann3a MOTYYEHHBIX JaHHBIX OBLIO YCTAHOBJICHO:

—HICL, cuHTE3WpOBaHHBIE METOJOM BEIIECTBEHHBIX YACTOT, ITO3BOJISIFOT OOECIICYUTH
HanOomemuit ypoBerb KIIM st Harpy3ok 1-ro (AK = 0,132) u 2-ro xiraccoB (AK = 0,075), a Takxe
MUMEIOT HeOOIIBIIION TOPSIIOK M HaUMEHbIIee 3HaYeHUE 4yBCTBHTENLHOCTH (QyHKIMK KITM k m3MeHeHHIo
napameTpoB Harpysku. s 1-ro (Sf(f"“) =0,22), 3-ro (Sf(f"“) =0,65) u 4-ro (Sf(f"“) =0,678) KIaccos
Harpy3ok cuHTe3upoBaHHble LIICL[ oGnamaioT HauMeHbLIEH YyBCTBUTEIBHOCTHIO MO OTHOIICHHIO
K IpyTMM METOJaM CHHTe3a. OJTO CBS3aHO C WCIIOIB30BaHUEM KOMOWHAIMOHHOTO MOIXOZa
(ucrionb30BaHNE AHAJWTHYECKUX BBIPAXKCHHA W HTEPAIIMOHHONW TIPOUIEAYpPHl ONTHMHU3AINH).
Hcnonp3oBaHue MaHHOTO TMOAXOJA TO3BOJIAET 3a CYET AHAINTHYECKUX BBIPAKEHHM W 3HAHUA
CTPYKTYpBHl ILIETIM YYHTBHIBaTh BIUsHME TmapaMeTpoB Harpy3ku Ha KIIM, 4ro obecneuuBaer
MHUHUMAIIbHOE 3HaUY€HHE JyBCTBHUTEIHHOCTH, a HCIIOJIb30BAaHUE WTEPAIIOHHOW MPOLEAYPHl MOHMCKA
o0ecrnieunBaeT ONTUMaIbHBINA ypoBeHb KIIM;

— IICLI, cuHTe3upOBaHHBIE C MOMOIIBIO rpad)0aHATUTHYECKOr0 METO/Ia CHHTE3a, 00IagaroT
HAaUMEHBIIUM TOPSAKOM (N,; = 2) 10 OTHOUICHHWIO K JAPYTUM METOJaM CHHTe3a. DTO CBS3aHO C TeM,
YTO COTJIACOBAHME OCYIIECTBISIETCA Ha IEHTpalbHOW YacToTe. CHHTE3UPOBAaHHBIE JaHHBIM METOIOM
LEenu 00JIaar0T Majiol JOOPOTHOCTBIO, IS KOTOpOH moctarouHo umerh [-, - mimm T-o0paszHyro
CTPYKTYPY COTJIACYIOIIEH IIEeTIH;

— HICL, cuHTe3npOBaHHBIE C TIOMOIIBIO0 CTPYKTYPHO-TIAPAMETPUIECKOTO METOAa CHHTE3a Ha
OCHOBE ammapara T-MaTpHibl MO3BONAIOT 00eceYnTh MaKCUMalIbHbIH ypoBeHb KIIM mns Harpysku
3-ro xinacca (AK =0,14), HO 1O OTHOIICHUIO K APYTUM METOJaM OOJIaJIal0T HAUOOIBIIUM TTOPSIAKOM
HICIL (N = 4-6). [laxxe ucxoas W3 TOTO, 4TO yMeHbIeHus gyBcTBuTenbHOCTH KIIM k m3MeHeHHIo
HMMIIeIaHCca Harpy3KH MOXKHO TOOUTHCS yBeTHUeHHeM nopsaaka (komudectBoM anementos LIICLT) [10],
WCIIOJIb30BaHUE CTPYKTYpPHO-IIAPaMETPUUECKOT0 METOAa CHHTE3a He 00eclednBaeT MUHHMAIbHOTO
3HAYeHHs] TyBCTBUTEIHHOCTH. DTO MPOUCXOIUT M3-3a TOro, 4ro crpykrypa LICIl B crpykrypHO-
MapaMeTpUIeCcKOM METO/Ie CHHTE3a N3BECTHA JIUIIb Ha ITOCIIEIHEM dTare CHHTE3a.

3ak/ouyenne

Hcxonst w3 aHanmu3a MONYYECHHBIX pe3yJIbTaTOB (Ta0i. 3), MOXHO CAENaTh CIEIYHOIINe
BBIBOABL. Vcmomp3oBanme aHamurtwdeckoir Teopuu i cuHTe3a LIICL[ ¢ ydeToM H3MEHSIOMIEToCs
WUMIIeJaHCca Harpy3Ku HemenecooOpa3Ho. [IpuMeHeHHe CTPYKTYypHO-TIApaMETPUIECKUX METOI0B
cuHTe3a no3BoisieT cuHTe3upoBarh LIICI], koTopbie 00eCIEUNBAIOT ONTUMAILHOE 3HAYCHUE [IEICBOM
¢ysakun. Ho, MOCKONBKY CTPYKTypa LEMd M3BECTHA JIMIIh Ha TOCIEIHEM dTale CHHTEe3a, NaHHBbIC
HICL] ve OymyT obecrieynBaTh MHUHUMAJIBHYIO UyBCTBHTEIBHOCTH. TakmM 00Opa3oMm, IS PEIICHHS
3amaun cuHTe3a LICL] ¢ yuyerom BiusiHMS M3MCHEHHUS MMapaMeTPOB HATPY3KH M COTJIACYIOIICH IIemnu
11eJIeCO00pa3HBIM SIBIIIETCS] MCIIOJIE30BaHUE METO/Ia BEMIECTBEHHBIX YacTOT. JlaHHBIN MeToxa moka3a
HaWIydIINe pe3ylbTaThl 10 WCIOJb3yeMBIM IIOKa3aTesiM KadecTBa B CPaBHEHWH C JIPYTHMH
METOAaMHU. ITO OOYCIIOBICHO TEM, YTO B ITAPAMETPUIECKUX METOJIaX CTPYKTYpa COTJIACYIOIICH Lenu
M3BECTHA, a HCIOJb30BAHMEC KOMOWHAIMOHHOTO IOJIXOJa IO3BOJIACT 3a CUET AHAJIMTUYCCKOrO
MpeNCTaBIeHUsT (YHKIMK Tepenadn oOecmedrMBaTh Kak BBICOKME ypoBeHb KIIM, Tak
1 MUHHUMAJIbBHYIO YyBCTBUTCIIBHOCTD.
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