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BBEJIEHUE

PazButne B cucreme obpazoBanus TYCYPa ydeOHO-ipoekTHOM aestenbHocTH (YIIJ) n
rpymnmnoBoro mnpoektHoro oOydenus (I'TIO) mpeamonaraer BoOBIIEYEHHE CTYACHTOB B HAay4HO-
TEXHUYECKHUE HCCIEOBaHUs, MpOBOAMMBbIE Ha 0Oa3ze kadenp By3a. OZHUM U3 NEPCIEKTUBHBIX
HarpaBJieHUH siBisieTcsa pa3padborka ycrpoiicte BU u CBY nuana3oHOB 1Jisi COBPEMEHHBIX CUCTEM
cBs3u. B pamkax corpyaaudectBa kadeapsl TOP ¢ HIIO «Mukpan» 0co6oe BHUMaHHUE YACIACTCS
MOJITOTOBKE CIHEIMAIMCTOB, BIAJCIONIMX HAaBBIKAMH PabOTHI C COBPEMEHHBIMH W3MEPHUTEIbHBIMU
koMIuiekcamu. K Takum mpubopamM OTHOCAT U3MEpPUTENb MapaMeTpoB paccessHus (S-mapameTrpoB)
CBUY 4getbipéxmnontocHUKOB 1 aHanu3aTop crekrpa pupmer ADVANTEST.

B naHHOM MeTOIMYECKOM MOCOOMH HU3JI0KEHBl TEOPETUYECKHE M MPAKTHUYECKHE OCHOBBI
METOJIMK U3MEPEHUS YaCTOTHBIX U TMHaMu4eckux xapakrepuctuk BH u CBY ycTpoiicTB ¢ noMoIIb1o
npuOOpoOB, TMOKa3aHbl BO3MOXKHOCTH  HCIOJB30BAaHUS  TMOJYYCHHBIX  SKCIIEPUMEHTAIBHBIX
PE3yJIbTATOB IIPHU pacuére U MPOEKTUPOBAHUE YCTPOUCTB HA OUIIOJIIPHBIX U MOJIEBBIX TPAH3UCTOPAX.
W3noxeHHbIi MaTepuan MOXKET ObITh MOJIE3EH U CIIEIMATUCTaM, CBSI3aHHBIM C Pa3pabOTKOM HOBBIX
MIOJIYTIPOBOIHUKOBBIX ITPUOOPOB.



1 YactroTtHble xapakTepucTuKH CBY 4eThIpEXNMOII0CHIKOB

Ananmu3 pabotsl CBY-ycTpolicTB onupaeTrcss Ha ABE (YyHIAMEHTAIbHBIC OCHOBBI: TEOPHIO
NIEKTPOMAarHUTHOTO MO M TEOPHUIO JJIEKTPUUYECKUX Lenedl.  Meroabl 3IeKTpOAMHAMUKH,
OCHOBaHHBIE HAa pELIEHWHU YypaBHEHUNW MakcBemia, SBISIOTCS JOCTaTOYHO CJIOXKHBIMU U
MPUMEHSIOTCSI B YCTPOMCTBAx, COJEpXKAaIlMX AHTEHHBI, BOJHOBOABL. Jlis GonpmmHcTBa CBU-
YCTPOMCTB ymoOHEEe HCIOIb30BaTh IMOAXOAbI TEOpUHU Ieneid. B yacTHOCTH, OHM MO3BOJISIIOT
MPEACTaBUTh TAKOE CJIOXHbIE KOMIOHEHTHI, kak CBY TpaH3ucTop, B BHUJI€ SKBUBAJICHTHBIX CXEM,
COCTOSAILLIUX M3 PE3UCTOPOB, €MKOCTEH, MHIAYKTUBHOCTEH M 3aBUCUMBIX HMCTOYHHKOB. OCHOBHOE
Ha3HAYEHHUE TAaKUX TPAH3HCTOPOB, KOTOPHIC JIEKAT B OCHOBE pacuéra, pa3pabOTKH U MCCIIeIOBAHUS
CBUY yctpoiicTB (yCHIUTEIN, CMECUTENIN, MOAYJISTOPHI U T.J.) — PEICTABIICHUS HCYEPITHIBAIOIICH U
y100HOM MHPOPMALIMHU O IOBEJCHUN TaHHBIX TPUOOPOB B YACTOTHOM M JMHAMHYECKOM JHMANa30HaX.

HenocpencrBeHHOE HM3MEpPEHUE YACTOTHBIX U JUHAMUYECKHUX IapaMEeTpOB TPAH3UCTOPOB
SIBJISICTCSL OUEHb CIIOKHOW 3adadeid, CONMpsHDKEHHOM ¢ OOJIBIION MOTPENTHOCTHIO UX OIPEICIICHHS.
[losTOMy HaxoXAeHUs MapaMeTpPoB OHKBUBAJEHTHbIX cxeM CBY TpaH3UCTOPOB HCHOIB3YIOT
KOCBEHHBIE METO/Ibl, OCHOBAHHBIE HA [IPE/ICTABICHHUE B BUJIC YETHIPEXIIOIOCHUKOB.

[[Inpokoe nmpuMeHEeHre MpU Pacu€Te YCUIMTENbHBIX U JUHEHHBIX YCTPOUCTB, B TOM YUCIE U
CBY pamama3zoHa, HaxOIWT TeOopus Kiaccuueckux mnapamerpoB (Z, Y, A u t.a) [1 — 3].
[IpencraBienre akTUBHOTO MpUOOpa B BUAE YETHIPEXIIOMIOCHUKA MO3BOJIAET JOCTATOUYHO MPOCTO,
UCIOJIb3YSl U3BECTHBIE METOJIbl MAaTPUYHOI'O MCUYUCIIEHUS, HaxouTh napameTpsl CBY ycTpoiicTs:
BXOJIHOE (BBIXOJHOE) COMPOTUBICHUE, HOMUHAIbHBIA KOA(POUIUEHT YCUICHHS, WHBAPUAHTHBIN
KO PUIHUEHT yCTOWYMBOCTH. JIOCTOMHCTBOM KIACCHYECKHX MATPHIl SIBJISETCS TO, YTO OHHU
XapaKTEPU3YIOT YETHIPEXIIONOCHUK HE3aBUCUMO OT CONPOTHUBIIEHUS HArpy3KH U reHepaTopa, 4To
MIO3BOJISIET HAXOJUTh JIOCTATOUYHO MPOCTHIE COOTHOIICHHUS.

Opnnako usmepenue B CBY auana3zoHax KJ1acCUYECKUX MapaMeTPOB, KOTOPHIE ONPEAEIISFOTCS
B pPEeXHMMax XOJOCTOrO XOJa M KOPOTKOTO 3aMbIKaHMs, TNPAKTUYECKH HEBO3MOXKHO U3-3a
BO3HUKHOBEHHUS ycioBHM camoBo3OyxneHus. [loaToMy wucnone3yrooTcs AN ONHUCAHUS
YeTHIPEXIIOIIOCHUKOB BOJIHOBBIE ITAPAaMETPhl pacCcestHUs: S-TlapaMeTphl.

1.1 BosiHOBast MATPHIIA pacCesTHUSI YeTHIPEXMOIIOCHMKA M €€ OCHOBHbIE CBOHCTBA

Paznuunbie Tunel CBY ycTpoilcTB, B TOM YHCIIE€ U TPAH3UCTOPHI, MOKHO OMUCATh C ITOMOILIb
MaJarolUX U OTPAKEHHBIX BOJIH, PACIIPOCTPAHAIOIINXCS B MOAKIIOYEHHBIX K HUM JIMHUAX [Iepefadn

(pucynok 1.1).

Z,=p U1inan U onian

Uiotp U 2otp

Pucynok 1.1 — Cxema npencrasnenust CBY yctpoiictBa uepes S-mapameTpsl

ComnpoTHuBIeHHE TE€HEPATOPA U HArPy3KH PaBHO BOJHOBOMY CONPOTHBIICHHUIO MOABOJASIINAX
JIMHUHN, KoTopoe paBHO 50 Om:
Z, =27, =p=500Mm. (1.2
Hanpsoxkenus nmagaronmx 1 OTpaXKEeHHBIX BOJIH IS CXEMBI, H300pakeHHOU Ha pucyHke 1.1,
gepes S-mapaMeTpsl YeThIPEXTIONIOCHUKA CBSI3aHBI COOTHOIIIEHUEM:

Uiore = Sii-Uinaa+ Si2-U 201, (1.2)
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. .. .. (1.3)
Uonag = S21-Umag+ S22-Uzortp,

rre  Su u S» — x03pPUIMEHTH OTpa)keHHsI MO BXOAY M BBIXOAY YETHIPEXIOIIOCHUKA MPU
COTJIaCOBaHHBIX HArpy3Kax;

S12 1 S21— KO’ PUIMEHTH Iepeiaun HAIPSHKSHUS IPU COTTIACOBAaHHBIX Harpy3Kax.
W3 cucremsbr ypaBHenwit (1.2) u (1.3) S-mapameTpbl ompemenstorcs 4yepes3 CIeTyHoIIne
COOTHOIICHUSL:

S11 =U1orp/Uinag mpu U 2otp =0 — koddpummeHT orpaskeHus mo BXOy;
S22 =U2nan/Uzotp ipu Uinag =0 — koddpuLiMeHT oTpaskeHus MO BBIXOY;
S21 =U2nan/Uinagnpu U 2omp =0 — nipsimoit ko3 pummeHT nepenadn ¢ BXo/1a Ha BBIXOJ;

S12 =U10tp/U 201 iput U1rniayn = 0 — 0OpaTHBIi K03 dULKMEHT Mepeiauu ¢ BBIXO0/a Ha BXO/I.
Jnsa nuaerinpix CBY yctpolicTB S-mapamMeTpsl HE 3aBUCAT OT aMIUIUTYIbl MAJAlONINX U
OTpaKEHHBIX BOJIH, a ONPEACIAIOTCA 3JIEMEHTAMH U CTPYKTYypOil camoro ycrpoicrtBa. Cucremy
ypaBHenuii (1.2) u (1.3) MoxHO 3anucaTh B MATPUYHOM BHUJIE:

Usore | [Uimag | | St Si2

X X .. (1.4)
U 2o01p Uonan | | S21 S»
S-napaMeTphl ABJIAIOTCS KOMIUIEKCHBIMH BEJTMYMHAMU M MOTYT OBITh 3aIlMCaHbl B BUJIE:
. fou G e & j-
S11=[S11|-€""™,S12 = S12]-€"" ,S2 = Sa1 | €12, (1.5)
rae |S11|, |S12|, |S21|, |S22| — Momynu S-mapameTpoB, 4acTOTHAsh 3aBUCHMOCTB, KOTOPBIX

MPEJICTABISIET aMIUTUTYIHO-YaCTOTHYIO XapakTepucTuky (AUYX) kod(hUIMEHTOB OTpakeHUS U
K02 (ppuIMEeHTOB nIepenayu;
@11, P12, P, Py — ApryMeHT ((aza) S-mapameTpoB, YaCTOTHAs 3aBUCHMOCTb KOTOPBIX

apigercs ¢azovyactoTHas xapaktepuctuka (OUX) cooTBeTCTBYIOMNX KOIPPHUIIEHTOB.

YeThIpEXTIOIIOCHUKH JIETATCS HA aKTUBHBIE U ITACCUBHBIE. B aKTUBHBIX YETBIPEXIIONIOCHUKAX
MIPOUCXOJUT IPE0Opa30BaHUE IHEPTUH MTOCTOSHHOTO TOKA B SHEPTUIO0 BBICOKOYACTOTHOI'O CUTHAJIA,
OpPUMEPOM  KOTOporo siBisiercs Tpansucrop. Corjacyromue Lend, GWIBTP, OTPE3KU
MUKPOTOJIOCKOBBIX JIMHUM SIBJSIOTCS MACCUBHBIMU YETHIPEXMOIIOCHUKAaMU. J[1s1 maccuBHBIX
YeThIPEXITONIOCHUKOB Ha JIF0OO0N 4acTOTE CIIPAaBEIIMBO HEPABEHCTBO:

. . . .
Su Sp ) S S < 10
. . S* S* 0 1
21 922
Sy S
[TpousBenst mepeMHOKEHHE KOMIUIGKCHOM W KOMIUIEKCHO-CONPSDKEHHOW — S-MaTpwil,
[IOJIy4aeM yCIIOBUE ISl IACCUBHBIX YETHIPEXITOIOCHUKOB:

1-[S[* =[S, 0. (L.7)
1-1S,|° —[Sy,[ 2 0. (1.8)

(1.6)



[TaccuBHBIE YETBHIPEXMOIIOCHUKU MOJAPA3JACsIOTCd Ha B3aWMMHBIE, CUMMETPUYHbBIE U
pEaKTHBHBIE. Y B3aUMHBIX (OOpaTHBIX) YETHIPEXIONIOCHUKOB S, =S, ,KOTOPOE 0003HAYAET, 4TO

ko3 (UIMEeHT mepeaadun B 0OOMX HAMPaBICHUSX DPaBHBL J[JIs CHMMETPUYHOCTH OOPATHMOTO
YETBIPEXIIONIIOCHUKA CIIPABEIMBBI PABEHCTBA: S;; =S,,, S, =S,,. I[acCUBHBIN YETHIPEXITOIIOCHUK

ABJISICTCA PEAKTUBHBIM IIPU OTCYTCTBUM B HEM AaKTHBHBIX IOTE€Pb, IPU ITOM, BBIIOIHIIOTCS
paBeHCTBA!

1Suf* +[Sw|” =1 1 |S,[* +|Sy|" =1. (1.9)
a TaKkKe
S11- Sy + S5 S =0H Sy -S,,+55, S, =0. (1.10)
VYpasuenue (1.10) MoxHO 3amucarh B BUJC:
|511|2 ‘|512|2 :|512|2 '|522|2’ (1.12)
Pt Pp =P+t (1.12)

IIpuBeneHHBIE BBIIIE COOTHOLICHMS JUI IACCUBHBIX YETBIPEXIIOIKOCHUKOB, MO3BOJIIOT
YMEHBUIUTh YHUCIIO M3MEPSEMBIX S-apaMeTpoB (YEThIpe 3HAYCHHS MOAYJNIS W YEThIpE 3HAYCHUS
¢a3el). B 3aBUCMMOCTH OT THIIA YETHIPEXTIOIIOCHUKA JOCTATOUYHO ONPEAEIUTD JBE, TPU WM YEThIpE
BEJINYUHBI, a OCTAIBHBIC PACCUATAT.

JUis aKTUBHBIX YETHIPEXIOIIOCHUKOB HEOOXOAMMO 3HaTh BCE BOCEMb 3HAUYE€HUH S-
[apaMeTpoB, 4TOOBI ONUCaTh B IOJHONW Mepe CBOWCTBAa NEpeJauyd HHEPruu Yepe3 JIaHHBIH
YeThIPEXIIONIOCHUK. BaXKHBIM JTOCTOMHCTBOM HCIOJIb30BAHUSI S-MAaTPUIIbl SBISETCS BO3MOXKHOCTh
n3mepenus e€ napamerpos B B4 u CBY nuanazonax.

1.2 N3mepenune S-mapamMeTpoB

Jis u3MepeHus S-mapaMeTpoB UCTIONB3YIOTCS BEKTOPHBIE BOJIBTMETPBI, KOTOPBIE ITO3BOJISIOT
M3MEPATh MOAYIHU U (a3bl MAJAIONUX U OTPAKEHHBIX BOJIH. BepXHuil quana3zoH u3MepseMbIX 4acTOT
coBpeMeHHBIX TpruOopoB gocturaer 50 [T, OmHako I pemeHuss MHOTHX MPAaKTHYECKUX 3a/1ad
JOCTaTOYHO MPOBOJIUTH U3MEPEHUS S-TlapaMeTpoB A0 HecKobkux I'T'. OHUM 13 Takux mpubopoB
SBIISIETCS paccMaTpuBaeMblii mpu pabore wu3meputens S-mapamerpoB ADVANTEST R3762,
KOTOPBIH MMO3BOJISIET U3MEPATH MApaMeTphl paccesHus YeTbIpExnoaocHUKoB oT 300 k' 1o 3,6 I'Tw.

CtpykTypHas cxema npudopa npuseeHa pucynke 1.2.

i}

I'KY

50 Om 50 Om

Bnok
06paboTku n
UHAaMKaLmMm

Pucynok 1.2 — CtpykrypHas cxema uzmepurens S-mapamerpoB ADVANTEST R3762



B cocraB wu3Meputens BXoAsT: reHeparop Kauarwomieiics wyactorel (I'KY), CBY
nepekitouarensb (I1), nampasiaenusie orBetBuTean (HO1, HO2, HO3 u HO4), 610k 00paboTKu u
uHaukanuu. [eneparop kauatomed wactorel (CBUII-reneparop) ¢Gopmupyer rapMOHHYECKHIA
curHaj, yacrora koroporo udMensaTcsa ot 300 kI'n go 3,6 I'Tu. C nomonisto CBY nepekitoyaTens
curHan ot 'KY moouepénno mepenaércs Ha I[IOPT1 m IIOPT2, yTo MmO3BOJNSET MPOW3BOAUTH
u3Mepenuss Bcex S-mapameTpoB (Si1, Si2, S21, S22) He MeHSAS MOJOXKEHHS IEPEKIFOYATEIIS
HCCIIEAYEMOI0 YEThIPEXTIOIIOCHUKA.

Baxneiimumm ycTporicTBoM npudopa sisieTcs HanpasieHHbie orBeTBUuTeNH (HO1...HO4), ¢
MOMOIIbI0 KOTOPBIX MPOM3BOIUTCS OTBOJ NAJAIONIUX M OTPAKEHHBIX BOJIH U3 U3MEPHUTEIHHOTO
MATUACCITUOMHOTO TpakTta. Monaynu u  (a3pl S-mapaMeTpoB ONPEENSIIOTCS  CIEAYIOIUMU
COOTHOIICHUSIMU:

|811| :|U10TP|/‘U1HA)1‘ 1@11 = Piore ~ P inag _2”(|1 _Iz)//1 ’ (1.13)
|522| Z‘UZHAII‘/|U20TP| 1P 22 =P 20tp — P 2man _2”(I3 +|4)//1’ (1.14)
|812| :|U10TP|/|U20TP| 1 P12 = Prote — P 2nian —2”(|2 Jr|4)/;t ) (1.15)
|821| :‘UZHAA‘/‘UmAﬂ‘ 1 @21 =@ 20me ~ P inan —27T(|1 +|3)//1- (1.16)

N3 Beipakenumit (1.13 — 1.16) cuemyer, uto ¢a3bl S-mapaMeTpOB 3aBHCAT OT JIJTHHBI
M3MEPUTENIBHOTO TPAKTA: MATUAECATHOMHBIN Kabeinb U OTPE3KU JAJIMHHBIX JIMHUH, MOAKII0OYaeMbIX K
MU3MEPUTEIBHOMY O00BeKTy. Jls WCKIIOUYEeHWs BIUSHHUS JUIMHBI HM3MEPUTEILHOTO TpakKTa
IIPOBOJIUTHCS KaJIMOpPOBKAa MNpUOOpPa OTHOCHUTENIBHO YETHIPEXIIOMIOCHUKA IpH TPEX peKUMax:
KOPOTKOTO 3aMBIKaHU, XOJIOCTOTO X0/1a U MATUACCATHOMHON Harpy3ke. Kpome Toro, 1ist TOYHOTO
ornpeaeneHust Moy u passl kKoddduimeHToB nepenaun (Sz1 v S12) MPOU3BOIUTHCS KATMOPOBKa HA
MPOXO/, MPH KOTOPOW HM3MEPSIeMBI UYETHIPEXTIOMIOCHUK 3aMEHSIOT OTPE3KOM MSATHAECATHOMHON
muaud. [lopsnok kanuOpoBKM M MpoBeaeHHsT u3MepeHuil ¢ nomorbio npudbopa ADVANTEST
R3762 npuBeneHbl B IPUIIOKEHUH A.

[TorpemHocTs u3MepeHHs  S-apaMEeTpoB  ONpeAeNseTcs He TOJbKO  TOYHOCTBIO
UCTIOJIB3yeMBIX B TprOOpe (ha30MeTPOB U BOIBTMETPOB, HO M TOYHOCTHIO BHITIOJTHEHUS KATMOPOBKH,
KOTOpast 3aBUCUT OT UACATBHOCTH BBIITOJHEHUS PEXUMOB KOPOTKOT'O 3aMbIKAHHSI U XOJIOCTOTO XO/1a.
C pocTtoM YacTOTHl BBITIOJHEHHWE OTHX YCIOBUH 3HAYUTEIBHO YCIOXKHSETCA, YTO TpelyeT
M3TOTOBJICHUSI CIIEHUATBHBIX HU3MEPUTENbHBIX MPHUCIIOCOOIECHUHN JUIsl YMEHBIIEHHS MOIPEIIHOCTH
U3MEPEHUM.

1.3 Cea3b S-mapameTpoB ¢ kjaccuyeckumu napamerpamu Y, Z, Au H

Jnsa ananmza u pacuera CBY ycrpoiictB (ycunurenedd, (uUiIbTpOB, HalpaBiICHHBIX
OTBETBUTENEH U T.1.) HApAAY C S-TTapaMeTpaMy IIMPOKO UCHOJIB3YIOTCS KIIACCHYECKHE MapaMeTphl:
Y, Z, A u H. Mexnay napamerpaMu paccesHus U KJIaCCUYECKUMH UMEETCS] B3aUMOCBSI3b, KOTOPYIO
MOSICHUM Ha TpUMepe OmpeesieHus Y-mapaMeTpoB uepe3 S-mapameTpbl. [[ng sToro BbIpazum
HaIpsDKEHUS W TOKM Ha BXOJI€ M BBIXOJI€ YETHIPEXIONIOCHUKA Yepe3 MaJarolife U OTpaxKEHHbIE
BOJIHBI HanpshKeHus (pucyHok 1.3).

7 = U 1nan U 2niagg
r=pP | |
I ] 2 e
4-x
Er U1 NOMOCHUK U2 ZH =p
- -
Usotp U 2o1p

Pucynok 1.3 — YeTbIpEXITOMOCHUK C ITTMHHBIMY JIMHUSIMH Harpy3Ku
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Hanpsxenus U, u U, (pucyHok 1.3) GyayT paBHBIL:

U; =Uipag +Yiore

U, :UZHAII +Uorp -

COOTBETCTBEHHO BXOIHOU U BBEIXOJHOU TOK:
I, = (UmA):[ _UIOTP)/p ,
P :(UZHALL _UonP)/P-

Toku 1 HalpsHKEHUS YETHIPEXIIONIOCHUKA CBSI3aHbl Yepe3 Y -IlapaMeTpbl COOTHOILICHUSIMU:

=Y, U +Y, Uy,
I, =Y,,U; +Y,,U,.

[Tpu sToM Y-napaMeTpsl ONpeAeNsatoTCs Kak:

Y= |1/U1 |u2:o Yo = |1/U2 |u1:o Yo =1, /Ul |u2:o,Y22 =1, /Uz |u1:0-

(1.17)
(1.18)

(1.19)
(1.20)

(1.21)
(1.22)

(1.21)

Ornpenenum Y mapameTpbl 4epes3 Majjaloinue U OTpaXEHHbIC BOIHBI, HAITPSDKCHUS, UCTIONb3YS

BeIpaskenus (1.17 — 1.20):

Bripa3um uuciuresns v 3HaMEHATelh uepe3 S-mapamMeTpsl Ha ocHoBe ypaBHeHut (1.2) u (1.3),

Y4MTBIBasA, 4To 1pu ycinosuu U, =0 cnenyer U, =-U, o , momydaem:

1
Yii=—
yo,
1
Yo =—
Yo,
1
Yo =—
Yo
1
Yoo =—
o

[ (1-S11)(1+ S5 )+ 51,55 |

-25,,

—-2S,,

(15, )(1+S,,) + S50 |

_(1+ S11)(1+S5 )~ 51255 ] .

[Tono6HBIM 00pa30oM OMPENENAIOTCS U OCTANbHBIE Y -TTapaMeTphl:

(1+811)(1+S5) = S1,5, | .
_(1+ S11)(1+S5)—S12Sx ] .

_(1+ S11)(1+S5 )~ S125x ] .

(1.22)

(1.23)

(1.24)

(1.25)

OcranbHble MapaMeTpbl MOXKHO MOJIYYUTh Yepe3 S-mapaMeTpbl Ha OCHOBE MPHUBEIEHHOIO
BBIIIIE aNTOPUTMA, OMpEAeTssl TOKM W HANPsDKEHUS YETHIPEXTIONIOCHWKA dYepe3 Maialouiue u
OTpaKEHHbBIE BOJIHBI HANpPSDKEHUS WM UCHOJb3YS M3BECTHBIE CBSI3M Y-NApaMETPOB C JIPYTMMHU
KJIACCHUYECKMMH TMapameTrpaMu U BoipakeHusMu (1.22 — 1.25), npuseném 6e3 BeiBoma Z, A u H
napaMeTpsl, BBIpaKEHHbIE uepe3 S-napaMeTpsl Z-apaMeTpsl:

A-mapameTpsl:

Zyy=p-
Zyp=p
Zy=p
Ly=p

[ (1-S5)(1+ S5 )+ S15551 |

2S,,

. _(1_811)(1_822)_812821_ .

2S,,

- (1_ Sll)(l_ 522)_ S12521_ .

(1_ S11)(1"' Sy ) +35,5,

(1_ Sll)(l_ S ) — 51252 | .

| (1-S,1)(1+S5,)— 5,5, ] .

(1.26)

(1.27)

(1.28)

(1.29)



[145, -5, +AS ]
A= _ 25, . (1.30)
rae AS =(Sy;S,, —S,,S1,) — OlpenenuTens Matpuust [S].
[1+5S,,+S,, +AS |
A, = 11T 922 _ (1.31)
| 2S,, |
[1-8,, -5, +AS |
Ay = _ 25, | (1.32)
A, = 1+ Sll+822—AS_ (1.33)
i 2S,, |
H-napametpsi:
(1+Sy,)(1+ szz)+312321}
Hy=p- : 1.34
H |:(1_ 811)(1+ Sz ) +51,5, ( )
2S
Hyp, = 2 : 1.35
. l:(l_sll)(l_'_ S22)"‘512821} ( )
-2S
Hy, = = : 1.36
“ l:(l—Sll)(l+ Szz)"'slzszj ( )
1 (1_ Sll)(l_ S22)_SZI.2821:|
— . . 1.37
2 P |:(1_ S11)(1+ S22)+512821 ( )

14 Onpeneneﬂne BXOJHOI'0 1 BLIXOAHOI'0 COIIPOTUBJICHUA CBY ‘leTpréXHOJIIOCHHKOB

Teopust 4ETBHIPEXIIONIOCHUKOB HAaXOJUT HIMPOKOEe NpuMeHeHue npu pacuére BY u CBY
yCUJINTENIEH Ha OCHOBE OMIOJISPHBIX U MOJEBBIX TpaH3UCTOpPOB [1, 2, 4]. BxonHble (BBIXOIHBIE)
COINIPOTHBIIEHUSI TPAaH3UCTOPOB, KaK IPABUJIO, 3HAYUTENIBHO OTJIMYAIOTCA OT COINPOTUBICHUS
noasoasmero tpakta (50 Om wiu 75 Owm), mOdTOMYy HJisi TTOCTPOSHHUS YCUIIUTENEH Tpedyercs
coryacyouiue nenu. s onpeaenaeHus CTpyKTypbl M pacuéra COrIacyolux 1emnei TpedyeTcs 3HaTh
BEJIMYMHY U XapaKTep BXOJHOTO BBIXOJHOTO COINPOTHUBIEHHUH, KOTOpPblE MMEIOT KOMIUIEKCHbBIE
3HAYEHUS.

BxomHOE conpoTHBIeHNE YETHIPEXTIOMIOCHUKA MOYKHO OIIPEEIIUTh Yepe3 S-rapamMmeTpsl IJIs
CXEMBbI, NPEICTABICHHON Ha pucyHke l.1. BHadanme ompenenuM BXOJHOE CONPOTUBIEHHUE IIpU
YCIIOBMM, 4TO CONPOTUBJIEHHE TeHepatopa Z, W Harpy3ku Z, DaBHbl BOJHOBOMY

.

COIPOTUBIIEHHIO O . B 3TOM ciaydae S;; , koTopblil B cooTBeTcTBUM (1.2) siBIsieTcst KOAQPUIUEHTOM

OTpa’XE€HUA, MOKHO BBIPA3UTh Y€PE3 BXOAHOC COIIPOTUBJICHHUEC U COIIPOTUBJIICHHUE T'CHEPATOPA:

Sll =U10TP/U1nAz[ =(ZF_ZBX)/(ZF +ZBX)=(,0—ZBX)/(p+ZBX). (138)
Bripazum u3 (1.38) BXxogHOE CONMPOTUBIIECHUE:

Z, = p(l+ s'nj/[l—s'n].

Syp = |811|COS Pt j|811|5in P11

YuureiBas, 4TO:

[Tonyuum:

10



1+|Sy|cos @y + j|Sy|sin gy,
1-|S,4|cos @y, — j|Syy|sin @y,

YMHOXHB YHCIHUTENh W 3HAMEHaTenb BhIpakeHus (1.39) Ha KOMIUIEKCHO-COMPSHKEHHOE
3HaYEHHUE 3HAMEHATEJIs, BBIIEINM PEaIbHYI0 U MHUMYIO COCTaBJISIOUIYIO BXOIHOTO COMPOTHBIICHHUS:

(1.39)

BX =

Re(ZBX)Zp 1_|811|2 .
1-2|S,,| cos g, +|Sy[* (1.40)
. 2|S;,[sing

Im(Zy )= | Sulsine,y (1.41)

1-2|Sy;|cos gy, +|Su|”

Bripaxkenue (1.40) u (1.41) cOOTBETCTBYIOT MOCIIEIOBATEILHOMY MPEICTABICHUIO BXOIHOTO
conporuBieHus (pucyHok 1.4).

Re(Zgx ) jlm(Z,)

Pucynox 1.4 — IlocnenoBaTenbHOE MPEACTaBICHUE BXOIHOTO COIPOTHUBIICHUS
YEThIPEXIOJIIOCHUKA

PeasibHast 4acTh BXOAHOTO CONPOTHBIICHHSI PABHSETCS PE3UCTUBHOMY COIPOTHBIICHUIO, a
AJIEMEHTHI MHUMOH COCTABIISIONICH ONPENeNIIOTCs Yepe3 YaCTOTy, Ha KOTOPOU OBLITH OIpe e IeHbl S-
napamMeTpsl:

1 Im(Zy)

== Ly =8
w-Im(Z,) ® (1.42)

BX

EMKOCTb COOTBETCTBYET OTpPULIATEILHOMY 3HAUEHUI0O MHUMOM COCTaBIISIOLIEH BXOIHOTO
COIIPOTHUBIIEHUS, & UHAYKTUBHOCTD TIOJIOKUTEIBHOMY.

[Tpu nmapasmienbHOM MpeICTaBICHUH BXOJHOTO (PUCYHOK 1.5) conmpoTHBIEHHUST HEOOXOIUMO
ONPENEIUTh KOMIUIEKCHYIO NPOBOAMMOCTh Yz, =1/Z, . , mpu 5TOM pealbHas M MHHMMAas

coCTaBJIsoIMe Oy/IyT paBHBI:
1 1-]s,,[
P 1+2|S[cos gy, +[Syf
1 2|Sysin gy, (1.44)
pl+ 2[Sy;|cos gy, +[Sul*

Re(Zgy )

Re(Yyy ) = (1.43)

Im(Ygy ) =

im(Z,,)

Pucynok 1.5 — IlapannensHoe npeacTaBlIeHUE BXOJHOTO COIPOTUBIICHHUS
YETBIPEXIIOIFOCHUKA

Conporunenne Oyzer pasuo: 1/Re(Yzy ), a émxocts C=Im(Yyy )/ @, unayktusrOCTH

L=1/@Im(Yg ). Tlpu 5TOM MNONOKHMTENHHOE 3HAYEHHE MHUMOH COCTABISIONMEH Y,

COOTBCTCTBYIOT éMKOCTI/I, a OTpULATCIIbHOC — HHAYKTUBHOCTH.
11



BoipakeHuss ObLITM TOJMy4Y€HBI IMPH YCIOBHH, YTO CONPOTUBICHHWE HArpPy3KH SIBIISETCS
pEaJIbHBIM U PAaBHBIM BOJHOBOMY COIPOTHBJICHHUIO JUIMHHOM JMHUM. [Ipy mpon3BoIbHON Harpyske

Z,, k03(pOULUEHT OTpaskeHus S;; MPETEPIUT U3MEHEHHUs 3a CUET HAITMYKs OOpPaTHOM CBsI3H, KOTOpas

CBsi3aHa ¢ mapamerpom S,,. B 3ToM ciiyyae Koap@uUUUEHT OTpaxkeHUs HO BXOJY, KOTOPBII

0003HaYMM KaK S,; , OPEAENACTCS CIEAYIOINM COOTHOIIeHHeM [1]:

- S.S,. I
, 129014 g
11 =St A

, (1.45)
1-S, 1,

rne Iy = (Z " ,0) / (Z yt p)— KOA(DPUITMEHT OTpaXKEHUsT HarPy3KH.

TakuMm oOpa3om, NIPU CONPOTUBJICHUH HArpy3ku oTIMYHON oT 50 OM ciieyer ompeaeinTh
K03()(HDUIMEHT OTpakeHHsI B COOTBETCTBUU C BhIpakeHHeM (1.47) u 3aTeM ONpeneNuTh BEIUYUHY
BXOJIHOTO COIPOTHUBJICHUsI Ha ocHOBe coorHouneHui (1.42), (1.43) wmu (1.44), (1.45). IlonoOGHBIM
00pa3oM OMNpENeNsIOTCs W BBIXOJHBIC CONPOTUBICHHUS YETHIPEXIIONIOCHUKA, NPU  ITOM,

K03()(DUIIMEHT OTPaKEHUH 10 BXOAY S;; 3aMEHATCS Ha KOA(PPHUIUEHT OTPaKEHHS IO BBIXOAY S, !

Re(Z )= p 1[5y (1.46)
P 2218, ]c0s @y +[Spol* '

2|S,,|cos 5,

Im Z = y
(Zou) p1—2|322|COS(/)22+|822|2 (1.47)
1 1-1s,,
Re(Yy ) == Sz 5 (1.48)
P 1-2[S,,|C0s @4, +|S,,|
1 2|S,,|cos ¢
Im(YBbI ):_J_ | 22| = (1.49)

=
P 1-2|S,,|cos gy, +[S,|
I/I3MepeHI/I$I 822 Inpru NOPOU3BOJIBHOM  COIIPOTHUBJICHUW  I'CHCPATOpA  OHPCACIATCS
COOTHOIIICHHUEM:
812821FF
H
1-S,,7I

rne I'r=(Z;—p)l(Z;+ p) — xoddduiment otpaskeHnus conpoTHBIEHHs renepatopa Z ..

S'2=S5,,+ (1.50)

CnenyeTr oTMeTUTh, uTo Ounossipusie TpaHzuctopel B BU u CBY ycunurensx B OCHOBHOM
BKIIIOUAIOTCA MO cxeme ¢ obmmmM amurtepom (OD) u ¢ obmreit 6a3oii (OB), a monessie ¢ 0OmUM
uctokom (OH). B »s3ToM ciiyyae BXOJHOE CONPOTUBIIEHHE, KaK IPAaBUJIO MPEACTaBISAETCS
IIOCJIE0BATEIBHBIM COEIUHEHUEM, a BBIXOJHOE NapasuleabHbIM. Kak oTMeuanocs paHee, BXOIHBIE U
BBIXOJHBIE XapaKTEPUCTUKU COMPOTHUBIIEHUS B 3HAYUTEIBHOM Mepe MOTYyT OTJIMYaThCsl OT
CONPOTUBIIEHUS MATUJAECATUOMHOIO TpakKTa, IIO3TOMY JJs COIJIACOBaHMS TpaH3UCTOpa C
reHepaTOpoOM M Harpy3Kol HCHONb3ylOT coriacyromue uend. [Ipu pacuére u onTuMuzanuu
COTJIaCYIOUIMX IIenel 3a cuéT HaIn4Ms oOpaTHOM CBSA3M MEXY BXOJOM TpeOyeTcss MHOTOKpaTHOE
M3MEpEHHUE IEMEHTOB COIJIACyIOIIUX LIeTel, U 4YeM OOJIbIlle BIUSHUE CONPOTUBIEHUN HATPY3KH U
reHeparopa, TeM OOJIBIIEro YKCiIa U3MEHeHUH Ipu pacuére (HacTpoiike) HeOOXOJMMO MPOU3BECTH.

12



CI103KHOCTH HACTPONKH COTTIACYIOIIMX LIENEH MOKHO OLIEHUTH C HOMOIIBIO TaK Ha3bIBAEMOTO
ko duumenta Hactpansaemoctn & [3]. KoauuueHT HAaCTpanBaeMOCTH IO BXOAY M BBIXOXY

OIIPEACIIATCA Ha OCHOBE Y-HapaMeTPOBZ

_ oYy /Y| AU (151)
e |dYH 1Yy | |YBbIXYHHYBX (YBbIX +Yy ) _Y12Y21‘ '
5 _ |dYBb1X /YBI)IX| _ |Y12Y21||YF|
BBIX = (1.52)

|dYr / Yr| - |YBleYF| |YBbIX (YBX +Yr ) _Y12Y21| .

OnruManbHbiii K03 duimeHT HacTpauBaemoct O, =0,3, uyem Oombmie O Oymer

opt
OTJIMYAThCA OT AAHHOTO 3HAYECHHUsS, TeM OOJIBLIET0 YHCia UTepalii HEOOXOAUMO MPOU3BECTH MPH
ONTHMHU3AIMU COTJIACYIOIIMX IIeTei, YTO TOBOPUT O CIOXHOCTU HacTpoiiku. Ilpu pacuere
KO3 PHUIMEHTOB HACTPAMBAEMOCTH Ha OCHOBE S-TIapaMeTpoB HEOOXOAUMO BBIPA3UTh Y -TTapaMeTphI
B cooTBeTcTBHH C BhIpaxkenusmu (1.22) — (1.25). PaccMoTpuM B KauecTBE IMpHUMEpPa TPAH3UCTOP
3I1603A-2, mis kortoporo Obuin u3Mepensl Ha wactote f =1 [T mapamerpbl pacceMBaHus C
nomornbio u3mepurenss ADVANTEST R3762:
[Tpumep 1:
Hanel S-nmapamerpsl Ha yactore f =1 I'T'n;
S,,|=0,72; ¢, =—147"; |S,|=0,065; ¢, =—4°;
S50 =2,33; @, =77°; |S,,]|=0,2; ¢,, =—101°.

TpeOyeTcst ompenenuTh BXOAHBIE M BBIXOAHBIC CONPOTHBIICHHS TPAH3HCTOPA, a TaK XKe
OLEHUTb KOX(P(UIMEHT HACTPAaHBAEMOCTH IO BXOAY O, M BBIXOLY O, IHPH YCIOBUH, UTO
TPaH3UCTOP HA JaHHOW yacToTe OyJeT MMETh KOMIUIEKCHO-CONPSIKEHHOE COTIacoBaHHE (TO €CTh

* *

Zp=Zypy 0 Zy=Zyyy).
BxomHOE conpoTHBIeHNE TPAH3UCTOPA MTPEICTABUM B BUIE TIOCIIEIOBATEIIEHOTO COSAMHEHUS

3JIEMEHTOB, & BBIXOJHOE — B BHJI€ NApaJUICIBHOTO COEAMHEHUs. B COOTBETCTBUM C BBIpaKEHHUEM
(1.43) u (1.44) peanbHast ¥ MHHUMasi COCTABJISIONIME BXOHOTO COMTPOTHBIICHUS OYIyT PaBHBI:

1-0,72°
Re(Zgy ) =50 ! =8,83 Owm,
(Zox) 1-2.0,72cos(~147)+0,722 "
IM (Zgy ) =50 2:072:5in(-147) 1) 40y

1-2-0,72-cos(—147)+0,72?
y‘-II/ITBIBafl, 4YTO MHHUMasg COCTaBAOmasas OTpULATCIIbHAsd, BXOJ TpPaH3HUCTOpa MOXKHO
NpeACTaBUTbL B BUAC MOCJICAOBATCIIBHOTO COCAMHCHUA PE3UCTOPA U éMKOCTI/I, BCIMYMHA KOTOpOf/i

OyneT paBHa:
1

T IM(Zgy )00

BeixonHoe compoTuBienue onpenenum mo ¢popmynam (1.48), (1.49):

=111 nd.

1 1-[S,|"
rely _1 =0,019 Cm,
(B“X) 501+2|822|COS¢’22"'|822|2
2[S,,|si
|m(YBle)=_'i | 22|Sm¢)22 =J0,11 Cm.

501+ 2|S5,|cos 05 +|322|2
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Taxum 06pazom, BBIXOJ TPAaH3UCTOPA HA JAHHOM YacTOTE MPEACTaBIAET OO0 nmapaieabHoe

M) 1 g o

COC/IMHEHHE COMPOTHBICHUS Ry, =1/ Re(Yy,, )=52 OM u emroctn Cpy,y =
@

(pucyHok 1.6).

Ren l
Bx 8,830m Reux D Caiix Bhix
Cgx 52 Om 1,8 n®
11 nd®

Pucynox 1.6 — IlpencraBiienne BXOJHOTO M BBIXOAHOTO conpotuBieHus CBY tpans3ucropa
311603A-2 navacrore f =1 ITn

ITo BeIpaxkeHHsAM I pacyéra KodduureHToB HacTpanBaeMoct BHayane (1.22) — (1.25)

ornpeaenuM Y -mapamMeTpsbl:
Y,; =0,0154+ 0,064,

Y, =0,0013— jO,00036,
Y,, =0,114+ j0,0135,
Y,, =0,01+ j0,0135.
COOTBETCTBCHHO:
Yz =0, 02(1— 511)(1+ S,,)=0,031+ j0,051,
Ygpx =0,02(1— 822)(1+ 822) =0,019+ jO,011.

IIpu onpenenenun koddduiieHTa HaCTPaMBaEMOCTU MO BXOAY MPOBOJUMOCTb HArpy3KH
Yy, =0,019+ jO,011, u 114 Sy, MPOBOAUMOCTB FeHepaTopa OyzeT Y, =0,01+ jO,0135. C yuérom

3TOro ko3¢ duimenTa HacTpauBaeMOCTH OyyT paBHBI:

. Yol Vs i

‘YBle +Y o ‘ ‘YBX (YBX +Yr ) + Y12Y21‘

) MYl .
‘YBX +Yax ‘YBbIX (YBX +Yr ) _Y12Y21‘ |

Kak BuaHO K03(pPUIIMEHT HACTPauBaeMOCTH BBHIXOAHOMN IIEMH MOYTH PABEH ONTHUMAIbHOMY
=0,3, YTO TOBOPHUT O JIETKOCTU HACTPOMKU. B TOXke Bpems, Ko3(pUIIMEHT HACTPauBaeMOCTH

5BbLX

o,

opt
BXOJIHOM LIENU B TPU pa3a OTJIMYAETCS OT ONTHUMAJIbHOTO 3HAUYEHUs, YTO TpeOyeT OoJbIIero yucia
UTepalyii, ToXe MPUMEPHO B TPU pa3a 0oJIbILEe 0 BBIXOY, IPH pacy€Te COrIacyoUNX HeneH.

Bonpoc coriacoBaHus TpaH3UCTOPOB CBsI3aH ¢ KOA((UIMEHTOM Mepefadr 1Mo MOIIHOCTH,
KOTOPBIH SIBJISIETCS OAHUM U3 OCHOBHBIX napamerpoB CBY ycunurenpHbIX ycTpolicTB. PaccmoTpum
BO3MOXHOCTE OIIPCACICHUA K03(1)(1)I/IHI/IGHT3 nepeaayu 1o MOMIHOCTH C IIOMOIIBIO IMapaMETpPOB
paccenBaHMsl.

1.5 Koa¢ppuumeHT ycHjieHusi 10 MOIIHOCTH YeTHIPEXMOJIIOCHUKOB

B CBY juana3oHe YCWINTENIbHbIE BO3MOXHOCTH aKTUBHBIX TNPHOOPOB TPHHSTO
XapaKkTepu30BaTh KOXPPUIIMEHTOM TNepeJayd [0 MOIIHOCTH, KOTOpBI, B 0O0IIEeM ciydae,

OIIPCACIIAIOT KaK:
Kp = Pgpix / Poy s (1.53)
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rae Py =|U Bb1X|2 Re(Yy,), Pasy =|U BX|2 Re(Yzy) — MOLIHOCTH, OTZaBaeMbIC COOTBETCTBEHHO

TPaH3UCTOPOM B HArpy3Ky U UCTOUHUKOM CHUTHAJIA.
[Ipu oTCyTCTBHHM COTIACYIOIUX LIENEH Ha BXOJIE M BbIXoJe K03(puUMEHT mepenadu Mo
MOIIHOCTH B IIATUAECCATUOMHOM TPAKTE OIPENEIAETCS IPOCTHIM COOTHOLICHUEM:

Kp =|Sa[". (1.54)

Opnnako maHHBIH KOX(P(GUIMEHT Tepenayd He OTPaKaeT YCHIMTEIbHBICE BO3MOXKHOCTU
TPaH3UCTOPa, KOTOpPBIE MOXKHO pEaJIM30BaTh € IOMOILIBIO corjacyromux ueneid. IloBeimeHue
KO3 HIMEeHTa Mepeiayn 3a CUYET COMVIACYIOUINX LIENeH OLEHMBAETCS HA OCHOBE MAaKCHMAaJIbHOTO

OIHOHAMpaBJIeHHOro Koo durmenta nepenaun Kp .. [1]:
2
K _ |821|
Pmax — 2 2\ " (1.55)
(1-[suf” )(2-5:01")

cuMTaercs, 4To ko3 PuireHT nepeaaun B 0OpaTHOM HaNpPaBICHUU

ITpu onpenenenun K, ..

812 =0. bonee TouHOE 3HaUECHHE MaKCHMaJILHOI'O KOB(l)(I)I/II_II/IeHTa nepeaadu MOXHO OIIPCACIUTDb C

MOMOIIIFI0 TaK HAa3bIBAEMOTO pPEATM3yeMOro Kod(pQHUIMeHTa nepeaadn 1mo MomHocTH K B

P pean >
KOTOPOM YUUTHIBaeTCs BIUSHUE 00paTHOU cBsizu. Pacuér nanHoro kosdduiirenTa npou3BOAUTHCS
Ha ocHOBe Y -mapameTpoB [3]:

K 4|Y,| GG, (L56)
P pean — 2 .
’ ‘(YBX +Y, ) (Yax =Yr )= Y12Y21‘
1
rne Gy=——7"— \/((2 Re (Y )Re(Y,, ) —Re(Y,,)Re (Y21))2 - |Y12Y21|2 ) — TPOBOAUMOCTb
2Re(Ygy)
HarpysKH;
1
G =——— \/((2 Re (Y )Re(Yy, )—Re(Y,)Re (Y21))2 — |Y12Y21|2) — MPOBOJUMOCTS
2Re(Ygyy )
reHepaTopa;
Yorxy = p% — BBIXOJIHAs IPOBOANMOCTD YETBIPEXIIONIOCHHUKA (TPAH3UCTOPA);
22
Yoy =P 175 _ BXOJIHas TIPOBOJMMOCTb YETHIPEXTIOMIOCHUKA.
1+S,;

Hap;my C OTMCUYCHHBIMU BBIIIIC KOB(b(bI/ILII/IeHTaMI/I nepeaadun HCITOJIB3YCTCA

OJJHOHAIIPABJICHHBI KOY(QQHUUMEHT Nepenauyn ¢ HeWTpanmsanued oOpaTHOW CBA3UM Ko, oo

KOTOPBIM SIBISETCS MAaKCUMaJIbHO BO3MOXXHBIM IIPU JIBYXCTOPOHHEM KOMILIEKCHO-COMPSKEHHOM
COIIaCOBaHUM TpaH3UCTOpa. JlaHHBIN K02 (HULIHUEHT CBA3aH C KOYPPUIMEHTOM yCTOHYUBOCTH K,

_ 1+[AS" =Sy [* =[S,
' 2/S1, |82

rae AS =S,,S,, —S,,S,, — onpenenuTens Marpuisl [S].

, (1.57)

OO0s3aTenbHBIM YCIOBHEM ISl 00€CIIeUeHHs] KOMIUIEKCO-CONPSKEHHOTO COIIACOBAaHUS 110
BXOJly ¥ BBIXOAY ABJsA€TCA KOI(DOHUIUEHT yCTOMUYMBOCTH, Oonbimuii eauauiesl (K, >1). IIpu sTom

K OyneT paBeH:

P max max
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Sa

S
KPmaxmax = S = S (158)
2K, S—Zl —2Re| =&
12 12

Bemnmunaa K CBsA3aHa C OIIPCACICHUEM MaKCHMaJIbHOM YaCTOTHI réeacpannun f

P max max max !
KOTOpasa SABJISACTCA HpC,D;GJILHOfI YacTOTOM HCIIOJb30BaHUA TPAH3UCTOpPa B PAAUOTCXHUYCCKUX

yCTpoicTBax U OyfeT paccMOTpeHa B cienyromuM pasjene. Cnexyer orMeTuTs, uro npu K, <1

HEBO3MOXKHO 00€CIeUUTh JBYXCTOPOHHEE COTJIACOBAHKE, & TOJIBKO CO CTOPOHBI BXOJa WU BHIXO/A.
IIpu »TOM, [UIsI MaIOMIYMSIIMX YCWINTEIEH HCHOJB3YETCSl COIVIACOBAaHUE II0 BXOHy, a MJs
YCUJIUTENEeH MOIIHOCTH — MO BbixoAy. Pacuer xoadduimenta nepenauu 1mo MOUIHOCTH B TaKOM
cllydae TpOBOAMTCSA MO BbIpakeHUto (1.56), roe y4dWThIBAaIOTCS peali30BaHHBIC MPOBOIMMOCTH
Harpy3ku u reHeparopa. Kosddumnment mnepemaun mo MOIIHOCTH MPHHITO OINpPENEisITh B
nenubenax (nb):
K (05)=101g(Kp). (1.59)

B kauectBe mpumepa onpenenuM KodPPUIUEHTH epeiayn 10 MOIIHOCTH JUIsl TPAH3HCTOpa
311603 A-2, mapaMeTpbl KOTOPOTO MPUBEACHBI B IpuMepe 1.

[Tpumep 2:

B nauvane onpeaenum k03P PUIMEHT Mepeiadu 10 MOLUTHOCTH B MSATHAECATUOMHOM TPAKTE:

Kp =101g]S,,|* = 7,35 1.

MakcuManbHO ~ JOCTUTaeMblii  OJHOHANpPABICHHbIM  KO3(DUIMEHT  ycuieHus B
MSTHICCATHOMHOM TPAKTE B COOTBETCTBUH C BhipaxkeHueM (1.58):

pmax =109 52
T (s (2 [s2f)

Peanusyemblit K09pOUIHEHT ycuneHns: ¢ y4éToM 00paTHOM CBS3H 3a CUET mapameTphl Y,

K =10,87 nb.

npu ycnosun, 4to Y,, =Y, =1/50. 1o BeIpaxenuto (1.59):

5 =

‘(YBX +Yr )(YB -Yr ) _Y12Y21‘
TakuMm oOpa3om, 3a cueT HaJIu4usl 0OpaTHOU CBA3M KO3(DPUIMEHT nepeadyn Mo MOIIHOCTH

cumkaercs Ha ganHoii yacrore ( f =1 I'Tu) na 1,1 ab. Tpexae uem Haiitu K OIIPENEIINM

K =10

P pean

P max max >
K03(GGUIUEHT ycToiunBocTH Ky, !

_ 1+[AS[" =[Su|” =S|
' 2[Sy5]|S2|

[Tockonpky KOI(PPUIMEHT YCTOWYMBOCTH OOJBINE €AUHUIBI, HA JAHHOW YacTOTE€ MOXKHO
JTOOUTHCS KOMIUIEKCHO-COTIPSKEHHOT'O COTJIACOBAHMSI TIO0 BXOAY W BBIXOAY, mpu 3ToM K

=1,386.

P max max
OyzIeTt paBeH:
2
Sa _
S
Kp maxmax = S T =15,5 nb
2K, [ =2 -2Re| =2
S12 12
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2 Onpenesienne napaMeTpoB IKBUBaIeHTHOH Moaeaun CBY Tpan3ucropos

Ha ocHOBe Teopuu YETHIPEXMOJIOCHUKOB MOXHO MPOU3BOAUTH pacdeéT auHerHbix CBY
YCTPOMCTB, HE BHHMKAas BO BHYTPEHHIO CTpyKTypy. OJHaKo 3HaHuUE MoJeled Kak
YeTHIPEXIMIOMIOCHUKOB Ha OJHOW yacToTe He NaéT MHpopmanuio 00 MX TMOBEIECHUM HA JIPYTUX
gacTtorax. UToObI ydecTh YacTOTHbIE M3MEHEHUS MapaMeTPOB YETHIPEXIIONIOCHUKOB, HEOOXOIUMO
BBIMIOJTHUTH OOJIBIIIOE YHCIO U3MEPEHHH S-mapameTpoB Ha pas3HbIX uactorax. llpu sToM
MOTPEUIHOCTh U3MEPEHHUH C POCTOM YaCTOThI 3HAYUTEIHHO BO3PACTAET, UTO TPEOyeT YCIOKHEHUS U
YAOPOXKAHUS U3MEPUTEIbHBIX KOMIUIEKCOB, [TO3TOMY MEPCIEKTUBHBIM SIBJISIETCS BOIPOC CO3/aHUS
MoOJIeNIell TPaH3UCTOPOB € YYETOM (DM3MYECKHX NPUHIMIIOB, 3aJ0KEHHBIX B UX padore. s
YTOYHEHHS MOJIeJIel TPaH3UCTOPOB TpeOyeTcs TakKe MPOBEACHHUE SKCIIEPUMEHTAILHBIX U3MEPEHUN
S-mapamerpoB. Bompocy ompenenenus xapaktepucTuk u mnapamerpoB CBY TtpaH3uCcTOpoB C
MOMOIIBIO0 U3MEPEHHSI S-T1apaMeTpPOB MOCBAIICHA JJaHHAs TJIaBa METOANYECKOTr0 TOCOOHUS.

2.1 Onpenesienne 4acTOTHBIX XapakTepucTuK CBY OUIOJISIPHBIX H NOJ1€BBIX TPAH3UCTOPOB

YacToTHbIE NOTEHIMAIbHBIE BO3MOXHOCTH NpuMeHeHus: CBY TpaH3UCTOPOB OLIEHUBAIOTCA
IPaHUYHOM 4YacTOTOM f; W MakCUMaJbHOW 4acToTOM reHepauuu fy,,, . I'panuunas gacrora f;

olpesieNsieTcsl KaKk 4acToTa, Ha KOTOpoW Moaysb KoddduuueHta nepenadyu mno TOKY |h21| paBeH
equHulle. MakcumanbHas 4acToTa resepauuu fy,,, onpeznensercs Kak HauOoJbIIas, Ha KOTOPOM
CII0OCOOEH IeHepUpoBaTh TPAH3UCTOP B cxeMe aBToreHeparopa. Ilpu stom f,,,, HaxoauTcs us3

YCIJIOBUSI pPAaBEHCTBA BXO/JHOM U BBIXOJHOW MOUIHOCTH TPAH3UCTOPA U OOBIYHO MPEBBIIIAET YACTOTY
fr . Jna onpenenenns f; u fy,,, MCHONB3YIOT cXeMy ¢ 00muM SMUTTEPOM (OD) 1711 GUIONAPHBIX

TPaH3UCTOPOB U ¢ o6mmM ncrokom (OM) mms monessix. Koapduuuent nepenaun mo toxy |hy,|

OTpesieNIsieTCs KaK MapaMeTphl YETHIPEXITIOIIOCHUKOB (PUCYHOK 2.1)

I I

a) 0)
Pucynok 2.1 — Cxema npecraBieHus OUIONIAPHOro TpaH3ucTopa no cxeme OO (a) U MOJIEBOro
Tpau3uctopa Ha cxeme ¢ OU (0)

HarmpsikeHnue u TOKU CBA3aHbl COOTHOILICHUSIMH:
Uy =hyly +hU, ’1
I, =hyli+hyU, @)
Kosddunuent nepenaun no Toxy h,,,paBHbIi OTHOIIEHUIO BEIXOAHOTO TOKA |, K BXOJHOMY
|, , ompexaenseTcs npu yCIOBUU KOPOTKOTO 3aMbIKaHus Ha Beixone (U, =0):
h21: |2/|1|1<3HA BBIX * (2.2)
YacTtoTHas 3aBUCUMOCTH ‘hz1‘ g cxem ¢ OO0 u OM umeer BuI, NPEACTABICHHBIM Ha

pucyHke 2.2.

17



A |ha

0,707 | ha1wo]

PucyHok 2.2 — YacToTHas 3aBUCHMOCTB |h,,

JUIs1 TpaH3uCcTOpoB no cxeme OO0 u OU

B Hu3kouacTOTHOW 007acTH ONpENENsAIoTCs IpeaensHas dvacrora f,,,, Ha KoTopoi
ko duuuent h,, ymenpmaercs 10 yposrs 0,707 (-3 gb) ot Benmunnsl |h,,o| Ha mocTosHHOM TOKe.
IIpenensHass wacrota f,, IS OWIOISAPHBIX TPAaH3UCTOPOB OOO3Hadaercst Kak f 5> TaK Kak
KO3 (QUIUEHT YCUJIEHHs Ha IOCTOSHHOM TOKe A cxembl ¢ OO S =1,,/1,, (oTHOmEHHE TOKA
KOJUIEKTOpA K TOKY 0a3bl) Ha yactore f,,, Taxke ymeHblnaercs Ha 31ab.

IIpenensnas yacrora f,,, 0OBIYHO UCIIONB3YETCA IIPH pacy€Tax HU3KOYACTOTHBIX cxem. CBUY
TPAaH3UCTOPBI Yallle XapaKTepu3yroT yactoToil f;, Ha kotopoii |hy,| paBen exunue.

DKCIepUMEHTaNbHOE  ONpEJeIeHHe HemocpeacTBenno |, | mis CBY  tpansucTopos
IIPAKTUYECKH HEBO3MOYKHO, TaK KaK PEKUM KOPOTKOI'O 3aMbIKaHMs AENAeT UX MHOTEHIUAIbHO
HEYCTOMYMBBIMHM M MPUBOIUT K reHepauuu. I[Tostomy st onpenesneHuss 4aCTOTHOW 3aBUCUMOCTHU
|h,;| Bconb3ytoT KOCBeHHBIH MeTOL Yepes [S]-mapamMeTpbl, KOTOPbIE H3MEPSIIOT B HAPYKESHHOM 110
BXOJ1y ¥ BBIXOJy TpakTe (pucyHok 1.1), mpu 3Tom ko3 durpent |h21| OIpEeNENAETCS B COOTBETCTBUU
¢ Beipaskeruem (1.40):

gy | = ‘_821 / [(1_ S11)(1+S5)+ 812521]‘ - (2.3)

Takum 00pa3zoM, MPOU3BOAS M3MEPEHMs S-TIapaMeTpOB TPAH3UCTOpAa B LIMPOKOU MOJOCe

4acTOT Ha OCHOBE COOTHOINEHHMs (2.3) MOMKHO IIOCTPOMTH YACTOTHYIO 3aBHCHMOCTE |hy| C HEJbIo

ompenenenus f,, u f;. OmHako ciemyer oTMeTHTH, Y4TO HAa BBICOKHX YacTOTaX BO3pAcTaeT

MOrpeIIHOCTL U3MEPCHUA S-napaMeTpOB, MO3TOMY IJIA OIMPEACIICHUA fT )51 fMAX OrpaHUYIMBAIOTCA

U3MEpPEHUSIMU S-TIapaMeTpoB J0 HeCcKOJIbkux [T,
M3BecTHO, YTO HaYMHAs C YACTOTHI, NpEBbIIAONIEH B HeCKONIBKO (3 — 5) pa3s 4actory f .,

YMEHBIIAETCS CO CKOPOCTHIO B 6 b Ha OKTaBY (OKTaBa COOTBETCTBYET COOTHOIIICHHIO YaCTOT JIBYM),
YTO IMO3BOJISIET ONPEIEIUTh €€ METOAOM JKCcTpamoisuuud. Ha ocHOBe 3TOro, mpakTHUecKoe
onpee’eHue rPaHUYHON YaCTOThl CBOAUTCS K OINpPEACIICHUIO |h21| Ha 4acToThl Beiie 5 f,,, u oHa

paccuuThIBaeTCs Mo popmyie:
fr =|h21|' frsn - (2.4)
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MaxkcumansHasi YacToTa réeHepanuun fMAX CBsA3aHa C HaAX0XICHHECM MaKCHMaJIbHOI'O

OJTHOHAINpPABJICHHOTO Kod(¢uumeHTa ycuwieHus mno momHoctd K (cm. pazgen 1.4). Ha

P max max
MaKCUMaJILHOHW 4acTOTE TCHCpaluu fMAX KOB(b(i)I/ILII/IeHT KPmax max PaBE€H CAMHUIIC. I/ISBCCTHO, qToO

Ha yactoTe Bbiue 0,1f; koadduuuent K TaK)K€ YMEHBILAETCS CO CKOpOCThIo B 6 nb Ha

P max max
OKTaBy, IIO3TOMY MJIA HaXOXIACHUSA MaKCHMaJIbHOM YaCTOTBI reacpannun fMAX J0CTAaTO4YHO

onpeaenuTs Benuunny K Ha OJIHOM JacToTe, KoTopas Beime 0,1f; . IIpu sTom yacrora fy,,y

P max max
OMpeaAcCIACTCA IPOCTBIM COOTHOICHUCM:

1:max = |KPmax| fI43M . (25)
Takum o6pazom, onpezaeneHus: 4acTOTHBIX napamerpoB CBY TpaH3UCTOPOB MPOU3BOAUTHCA
B CJIEJIYIOIIEM ITOPSAJIKE:
1. U3mepsitorcss S-mapameTpbl OUMOISPHOTO TpaH3ucTopa mo cxeme ¢ OO, moseBoro mo
cxeme OWM B HM3KOYACTOTHOW o0OJiacTh (OT €IUHMIIBI JO HECKOJBKHUX COTEH Merarepi).

PaccuutsiBaercst o Qopmyne (2.3) |h21| U CTpPOUTCA TpauK €ro 3aBUCUMOCTH OT YaCTOTHI.

Orpezensiercst peeibHas 4acToTa f,,, , COOTBeTCTBYOMmas 3HaYCHHUIO |h,, |, paBHOro 0,707 0T |h, (|

h21>
— HU3KOYaCTOTHOT0 3HaueHus (Ha yactore 1-10 MI'm).
2. Ilocne onpenenenus 4acTtoTsl f,,; U3MEPSIOTCS S-IapaMeTpbl TPAH3UCTOPOB HA 4acToOTe,

npesplaromen  5f,,;, M paccuMTBIBA€TCA TIpaHUYHas dacrora f; B COOTBETCTBUM C

BeIpakeHuem (2.4).

3.C yueroM HaliieHHOro 3HaueHus f; TIPOU3BOAUTBCA M3MEPEHHE S-IapaMeTpoB
TPaH3UCTOPOB Ha 4YacToTe, paBHoWM 0,1f,, Ha KoTOpoii ompenenseTcs MaKCHUMaJbHbIH
OZIHOHANpPAaBJIECHHbIA Kod(duiment ycunenus no Momuoctd Ky .o - . ITo dopmynam (1.60) u
(1.61) 1 MO €ro 3HaYEHWIO HAXOAUTCS MaKCHMalbHass 4acTOTa reHepauuu f,,,, Ha OCHOBaHUH

BeIpakeHus (2.5).

[Tpumep 3:

Omnpenenum yactotHbie mapamerpbl CBU oumonsipaoro tpansuctopa NE856 u moneBoro
tpansucTopa 311603, umeromux Ha yactore f =250 MI'1 ciemyromiye 3HaUEHUs S-TIaPaMETPOB:

1) NE856 (mpu U,., =10B u 1, =30 MA):
S| =0,63; ¢, =—66°; |S;,|=0,022; ¢,, =20°,
|821| =9,3; ¢, =105° ;|822| =0,37; ¢,, =-27°.
Ha ocHoBanun BeIpaxenuii (2.2) — (2.6) ompezensiem, 4To Ha JaHHOU yactote |hy|=9,74
npu stoM fp Oyner paBna 2,45 I'Tu. Pacyer koddduuueHTa yCTOHYNBOCTH MOKAXKET 3HAUCHHE
K, =1,05, 9410 rOBOpHT O MOTECHINAIBHON HCYCTONYNBOCTH TPAH3UCTOPA, TaK KaK ero BeJIMYNHA

Onu3Ka K mpeAebHOMY 3HaYeHHIO, paBHOMY euHuIle. [l09TOMy MakcHMallbHas 4acTOTa TeHepaIuu
fpax B COOTBETCTBHU C BBIpaKeHUEM (2.5) momydaeTcs oueHb BBICOKOM 1 paBHsaeTca 43 I'T'h, To ecTh

Ha MOPSIOK BBIIIE TPEAeIbHON 9acToThl f .
2) Ilonesoii tpansucrop 311603A2 npu pemennsax U, =7 B u I, =100 MA Ha yacTore
f =250 MI'u umeet cnenyromnme S-napamerpsl:
|S;1|=0,86; ¢, =—52°; |S;,|=0,035; ¢, =58°,
S,1|=4,6; ¢, =143°;]S,,|=0,38; p,, =-32°.
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Bemmunna |hy,o| Ha mammoit wactote mpumepHo paBHsieTcst |hy,|=18, uTo cooTBeTCTBYyET
npezenbHoi yacrore fr =4,5TTw. Koapduument yeroituusocru npu srom K =1,37, 4to rosopur

0 BO3MOXXHOCTH KOMIUIEKCHO-COTIPSDKEHHOTO COTJIACOBAHUS JIAHHOTO TPaH3MCTOpa IO BXOIY H
BeIxony. Ilpu 3ToM MakcumanbHas yacrora reuepauun f . =14,8 I'T'w.

[IpuBeneHHbIe MpUMEPHI pacyéra NPEAETbHBIX YAaCTOTHBIX XapaKTEPUCTUK TPAH3UCTOPOB
MOKa3bIBAIOT, YTO TpU KOI(P(UIMEHTAX YCTOMYMBOCTH ONM3KMX K €IWHUIC BEIUYHHA
MaKCHMAJIPHOH YacTOThl TEHEpaluu IIOJy4YaeTcsl CYMIECTBEHHO 3aBBIIICHHOH, W I03TOMY
HEOOXOMMO OTIPENENHTD [S|-apameTph! Ha YacToTax, rae K, Gyner Oosblue eaMHuULBI.

2.2 OnpeneJsieHne 3JIEMEHTOB YKBUBAJIEHTHOM CXeMbl OUIOJISIPHBIX TPAH3HCTOPOB

OKBUBAJICHTHBIE MOJICIIA TPAH3UCTOPOB HAXOAT IMUPOKOE MpuMeHeHue npu pacuére CBY
yCUWJIMTENeH W TpeoOpa3oBaTeNIbHBIX YCTpOMCTB. [Ipu 3TOM Ui MHOTHX THIIOB TPaH3HCTOPOB
OTCYTCTBYIOT CIIPAaBOYHBIC JAHHBIC 3JIEMCHTOB YKBUBAJICHTHBIX CXEM WJIH TPUBOISTCS B HEIIOJTHON
Mmepe. Kpome toro, B psizie ciiydaeB, yUuThIBas pa3dopoc mapaMeTpoB, TpeOyeTcsl YTOUHEHHUE MOJICITH
JUISS KOHKPETHBIX TPAH3UCTOPOB. B OCHOBE MOJENHM JISKHT SKBHBAJICHTHAS CXeMa KpHCTaslIa
TpaH3ucTOpa, kotopas coctouT u3 R,C-anemMeHnToB (pucyHok 2.3).

RE E : RK
E

3
Pucynok 2.3 — DxBUBaJIeHTHAs cXeMa KpUCTallila OUITOJIIPHOTO TpaH3ucTopa 1o cxeme O

Ha pucynke 2.3 ykasaHbl CJIEYIOIIME DIEMEHTBl SKBMBAJIEHTHOM CXeMBL: R,
ComnpoTHBIeHHE 0asbl; , — auddepeHInanbHOe CONPOTUBIEHUE DMUTTEPA; R, — KOHTaKTHOE
conpoTuBiieHHEe OSMuUTTEpa; C, — EMKOCTh Iepexoja KOJIeKTop-0a3za; R, — KOHTakTHOE
CONpPOTHUBJIEHHE KOMIEKTOPa; C, . — EMKOCTh KOIJIEKTOP-IMUTTED; o — KOI(QOHUIUEHT yCUIIEHUS T10

TOKY B cxeMme ¢ 0011eit 6a30i.
Jnst cxeMbl, TpUBEACHHOW Ha PUCYHKE 2.2, MONyYEHBI BBIPAKEHUS U OTpEACTCHUS S-
[IapaMeTPOB  4YE€pe3 DJIEMEHTHl JKBHUBAJCHTHOW CXEMbl, HOPMHUPOBAHHBIX OTHOCHUTEIBHO

conpoTuBIeHHsT Z,;, KOTOPOE COOTBETCTBYET CONMPOTHBICHUIO M3MEPUTENHHOr0 TpakTa (50 wimm
75 Owm) [4]:
Siu=(Zpx —Zo)(Zpx +Zo)- (2.6)
1
rae Z,e =R+— :
BX jwC
R=R,+R,+r, ;

C=[e (R9+r9)]71;
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Sy = (ZBle _ZO)/(ZBMX +Zo) -

R
e Zp g, =——20—:
M e T ORC,
Ry, = ! :
@, Cy

Co=Cir +Cx /(1+m-a).

Sl = 2Z,(Ry+1,) 1+ R,
12| —

(R+Z5)(R+Z)\1+(0T,)* |

@, =arctg(wT,).
rae T, :i+C3r3.
0
Sy =—2L0%r
w(R+Z,)
9, =90—arctg(-1/ wC(R+Z,)).

rac @r —HpeaciibHasg 4aCToTa AJIs1 CXEM C 09,

®,, —IpeJenbHas 9acTora it cxeM ¢ Ob.

(2.7)

(2.8)

(2.9)

(2.8)
(2.9)

Pasperras cucremy ypauenuit (2.6) — (2.11) OTHOCHTENBHO 3JEMEHTOB 3KBHBAJCHTHOM

CXeMBbI ObUTH TIOJTyYEHBI X 3HAYCHUS Yepe3 S-mmapaMeTphl:
2
_ 1-2(S,,[c0s 94, +|Sy, |
K Zo(1-[S5|) cor

R, +r, =1/ @/C,.

, a
K e
R, = 22,0 — Zy0|Sy| :
a)|821|
C, 1

i o(Ry +Zo)t9((P21 _90> .
Z (1_|511|) 1

5

Ry =mRy,
rne m=0,35...0,5.
C,=1w,(R,+r,).

1 1 (1+5;)(1-S,)+S,5,

Crn=—=Im| =

" 1-2|S,,[cos oy + |5 @hCo

| Zo (1+Sy)(1+S5)—SSy |
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JuddepennnanbHoe CONPOTUBICHUE OMPEAEISIETCS U3BECTHBIM COOTHOILICHHEM Yepe3 TOK
amutrepa | ,:
r=¢,/15. (2.16)
rae ¢, =26 MB — reMnepaTypHbIi IOTEHLUAIL.
Koadduuument ycunenus no Toky ajst cxemsl ¢ Ob onpenensercs uepes |h21| :
a = [y 1 (1+]hyy ). (2.17)
rae |h21| omnpeeNsieTcs uepe3 S-mapaMeTpbl B COOTBETCTBUU C BhIpakeHHeM (2.3). HacToTsl w; U

@, OIIPCACIIAOTCI Ha OCHOBAHHUH ITyHKTa 2.1.

VYduThIBasl, YTO AJIEMEHTHl SKBUBAICHTHOW CXEMbI KPUCTAJIa COCTOST M3 PE3HCTOPOB U
EMKOCTeH, UX ONpeesieHne 11eIeco00pa3Ho MPOU3BECTH B OTHOCUTEIHHO HU3KOYACTOTHON 00J1acTH
(50 — 100 MTI'm), Tak KaKk B 3TOM CiIydae MMCIOLIMECS B PEajbHOM TPAH3MCTOPE Mapa3HTHbHIC
MHYKTUBHOCTH BBIBOJIOB HMEIOT Masioe conporusienue (ol <1/ wC). Usmepenne S-napameTpos
B 0oJiee HM3KOM YaCTOTHOM JIMANa30He MPUBOIUT K OOJBIIUM MOTPEHIHOCTSM, BO-TIEPBBIX, M3-3a
BIMSHUS LeNed MUTaHUuS W Ppa3feiIMTEeNbHBIX KOHAEHCATOPOB, BO-BTOPBIX, BO3pacTacT
OTHOCHTEJIbHAsI TOTPEITHOCTD ()a30BBIX XapaKTECPUCTHUK.

PaccmMoTpum mpumep omnpeneneHusi 3JIEMEHTOB SKBHBAJICHTHOW CXEMbl OHWIIOISIPHOTO
TPaH3UCTOPA Ha OCHOBAHUH NMPHUBEIACHHBIX BBIIIC BBIPAKCHUI.

[Tpumep 4:

Tpamsucrop NE856 npu pexume: U, ., =10 Bu |, =30 MA na gacrote f =60 MI'u umeer
CIIETYIOIIHE TIapaMETPBL:

S| =0,618 ; @, = —66°;S,,| = 0,016 ; ¢, =79°,

821 =16,3; @5y =149°; [S,,[=0,79; g, = -27°

Jlns  pacuéra DIEMEHTOB UCIOJIb3yeM TIONyYEHHbIE paHee B MpUMep 3 3HAYCHUS
f; =2,45 ITun f, =3,8 I'Tn. Ucnone3ys coorHomenns (2.12) — (2.19), momydaem crnenyromue

3HAUYCHUSI AIEMEHTOB YKBHBAJIICHTHOM CXeMbI (PUCYHOK 2.2):
Cy =163 1d; R, =14,6 Om; 1, =0,86 Om; R, =8,3 Om;

Ci, =5,71D; C, =9,5 1®; R, =5,1 Om; a =0,965.

2.3 OnpeneJienne 31€eMEHTOB IKBHBAJIEHTHOI cXeMbI MOJIEBbIX TPAH3UCTOPOB

B CBUY auana3oHe B OCHOBHOM HMCHOJIb3YIOTCS IIOJIEBbIE TPaH3UCTOPHI ¢ OapbepoM LlloTTku
(TITL). DxBuBanentHas cxema kpuctawia [ITII cocTouT U3 ciaeayronmx AeMEeHTOB (PUCYHOK 2.4)

n n

Pucynok 2.4 — DxBuBanentHas cxema [1TII
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Ha nanHoil cxeme 0TOOpa)keHBI CIEAYIOIIME 3JIEMEHTHI, COOTBETCTBYIOIIUE (HU3NIECKON
MOJIENIM TpaH3ucTopa: Ry, R., R, — KOHTaKTHBIC COIIPOTHBIICHHUS 3aTBOpA, CTOKA M MCTOKA; R;, —

conporusiienue Kanana IITIHI; C,, — €MKOCTb 3aTBOP-UCTOK SABJIAETCA MEPOH M3MEPEHUS 3apsaa K
NPUJIOKEHHOMY HAIPSIKEHMHM Ha 3aTBOPE;, S,— KPyTU3HA 3aBUCHMMOIO MCTOYHMKA, 7 — BpEMs

nponéTa 3apsa10B 4€pPE3 3aTBOP;, RO_ BBIXOOHOEC COIIPOTHUBJICHUC, CCI/I_ mapasuTHas €MKOCTh CTOK-

e JI1s1 5KBUBAJICHTHOU CXEMBbI (PUCYHOK 2.3) ObLIN MOTYy4YeHBI Y -11apaMeTpsl [4]:
Yy = @°Cyy (Ryy + R, + Ry ) A% + jeo(AC,, +Cye ) - (2.18)
re  A=1/[1+R, (S, +Gy)];
G, =1/R,.
Y, =—jwCye. (2.19)
Yy =SoA— jo{Csc +SoA 7+ ACs (R +R,,) |} (2.20)
rne  7=Cy,/S,.
Y,, = AGy + joo(AC,, +Cyc ). (2.21)

Pasperras cucremy ypaBuenuid (2.18) — (2.21) 0THOCHTEIBHO 3JIEMEHTOB 3KBHBAJCHTHOMN
CXEMBI, OBLTH TIOTYUYCHBI CIICTYIOIINE BRIPAKEHUS JIJIs OTIpeAelieHus yepe3 Y -TlapaMeTphl:

S, = \/(Re(vﬂ —Y3,)) (1M (Y —Yi2)) (2.22)
Gy = Re(Yy,)-So /Re(Yy) . (2.23)
Coe =—Im(Yy)/ . (2.24)
Conr =(IM(Y,,)+Im(Yy,))/ @. (2.25)
_ (Im(Yy;)+Im(Y,,)) (2.26)
33U ACO '
_ Sy—Re(Yy)
R = 5 (Re(Yar) + Re (V) (2.27)
[Im(Yyy)+0(Cye +7Sy))|
Rau = 25.C.y : (2.28)

IIpensapurenbHble pacd€Thl MOKA3aJld, YTO KOHTAKTHBIE CONPOTHBICHMS R, u R,

BBIPAXKCHHBIC 4YCPE3 Y-napaMeprl, UMCIOT 3aBBIINICHHBIC 3HAYCHNA. HOSTOMy JaHHBIC 3JICMCHTHI

OIMPECACIIAIOTCA 110 CICAYIOIIHUM BBIPAKCHUAM:

1
Re ZE(1+SORH)|1_SZZ|_ZO |1+822|_RH' (2.29)

sz Ry, —4 fl\iAX Rsu |

412, +87f 2 FIRR,|

5 =

(2.30)
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3 IluHaMH4YecKHe XapaKTePUCTHKH PaJHOTEeXHHYECKHUX YCTPOICTB

PannorexHuueckue  ycTpoOMCTBa, COJEpXKAIME  IOJYHNPOBOJHHMKOBBIE  KOMIIOHEHTBHI,
SIBJISIFOTCS. HETMHEWHBIMU U X IMapaMeTPhl 3aBUCAT OT YPOBHS BXOJHOTO Bo3aehcTBusl. [IposiBnenue
HEJIMHENHBIX CBOMCTB IPOSBIISIETCS, B IEPBYIO OYEpPE]b, B BOSHUKHOBEHUHU B CIIEKTPE BBIXOAHOTO
CUTHAQJIa HOBBIX CHEKTPAIbHBIX COCTABJISIIOUIMX, KOTOpPHIE MPUBOJAT K HCKAKEHUIO NpuéMa u
nepenaun uHpopmanuu. Kputepuem nposiBICHHUS HEIMHEWHBIX CBOMCTB [Js YCHJIMTENEH Hu
CMECHUTENIEN SBIAECTCS JUHAMUYECKHM JHAana3OH, KOTOPBIA ONpPENENIeTCS KaK OTHOUIEHUE
MAaKCUMaJbHOM BXOJHOM MOIIHOCTH MPUEMHOTO TpakTa K MHUHUMalbHOW. OrnpezneneHue
JMHAMUYECKOTO JIMANa30Ha HaIlpsAMYK CBA3aHO C HW3MEPEHUSIMU HEIUHEHWHBIX HCKAKEHUN
PAaOUOTEXHUUYECKUX YCTPOMCTB, M3 KOTOPBIX CTPOUTCA NPUEMHBIA TPAKT. DKCIEPUMEHTAIBHOE
ONpPEACIICHUE HEJIMHENHBIX WCKaKEHUW MPOU3BOAUTHCS C IOMOLIBIO aHAaM3aTopa CIEKTpa
ADVANTEST R3273. JlanHblii aHanu3aTop CHEKTpa IO3BOJISIET MPOU3BOAUTH H3MEPECHUS
HenuHeHHbIX uckaxeHud oT 100 I'm mo 26 I'Tu B mmpokoM nuHaMHYECKOM auana3zoHe (Oosee
100 nb). OcHOBHBIE XapaKTEPUCTHUKUW M HMHCTPYKIHS IO JKCIUTyaTallud NpuOopa MpHUBEICHBI B
npuioxenuu b.

[Tpu ompenenenun HU ycunuTenbHbIX U mpeoOpa3oBaTeNbHBIX YCTPOWCTB B KadecTBE
TECTUPYEMOTr'0 CUTHAJIA B OCHOBHOM MCIIOJIB3YETCSI OJHO- U IByXYaCTOTHBI TAPMOHUYECKHN CUTHAJL.
Cnenyer OTMETUTh, UTO PACUET W AHAIU3 HEJIMHEMHBIX YCTPOMCTB SIBIISIETCS CIOKHOM 3ajauen,
KOTOpasi BO MHOTUX CIIy4asiX PelIaeTcs ¢ MOMOUIBI0 CIeIHAIM3UPOBAHHBIX TTporpamm. OaHUM U3
Takux naketoB sBisercs Microwave Office (MWO). B manbHeiiniem npu ycranoBke B TYCYPe
JUIEH3MOHHOro mnakera mnporpamm MWO, mnpeanasHaueHHoro muig mnpoektupoBaHus CBY
YCTPOMCTB, OyAeT MPOU3BOAUTHCS PACUET TUHAMHUECKUX XapaKTEPUCTUK HETUHEHHBIX YCTPOUCTB,
JKCIIEPUMEHTAIIBHOE ONPEJECICHUE KOTOPBIX U3JI0KEHO HUXKE.

3.1 IluHaMnYecKue XapaKTePUCTHKHU NPH OJHOYACTHOM BXOJHOM CHTHaJIe

B o0mem ciydae mepemarodHas (QYHKIHS HEJIWHEHHOTO YCTPOWCTBA, CBS3BIBAOINAS
BBIXOJHOE HAMPSIKEHHE C BXOJHBIM, MOXXET OBITh aNMpPOKCUMHPOBAHA CTENEHHBIM MOITUHOMOM
CJIEIYIOIUM 00pa3oMm:

U gy (1) =aU 5y (1) +aU 5, (1) +aU5y (1) +...= D aUgy (1). (3.1)
=1
Ecin Bxonnoii curnan Uz, (t) SBJISIETCS TAPMOHUYECKUM CHTHAJIOM:
Ugy (t)=Ucos(2zft), (3.2)

rae U — ammuturyna;
f —wacroTa.

TO OOBIYHO UMEETCS BBUAY OJTHOUACTOTHBIN CUTHAJL.
[Toncrapnsas Beipaxkenue (3.2) B ypaBHeHue (3.1) moiydaem, YTO B BBIXOJHOM CHUTHale

TOABJIAETCS. TAPMOHUKH BXOHOTO curHana ¢ yacroramu f, =nf rme n=1,2,3,...

ypOBHI/I 9THUX T'APMOHUK 3aBUCAT OT KO3(I)(I)I/II_II/IeHTOB an " OT aMIIJIUTYJAbl BXOIHOT'O CUTHAJIa

MOYHO IPEJICTaBUTh B CIEAyIOIIeM Bue (pucyHok 3.1).
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Pucynox 3.1 — CriekTp BXOJHOTO CHTHAJIA () MPU 0JJHOYACTOTHOM BO3JICUCTBHH M BBIXOAHOTO (0)

f

ITo MEpPE poOCTa YPOBHA BXOAHOT'O CUT'HAJIa BO3paCTarOT U TapMOHUKH, ITIO3TOMY JIA OLCHKHU
AOIYCTUMOI'0 YpPOBHS T'apMOHHUK HCO6XOI[I/IMO MMPOU3BCCTH U3MCPCHHUEC 3aBUCHUMOCTU BBIXOJHOI'O
CUraajia OT U3MCPCHHUA MOIIHOCTH BXOJHOI'O BOSﬂCﬁCTBHH C MMOMOIIbIO aHAJIN3aTopa CIICKTpa II0

crenymoliei 0J0k-cxeme (pUCyHOK 3.2)
N
TCCH{®HY—Ap— N [— [ > M — AC |

PI/ICYHOK 3.2 - Cxema HU3MCPCHUA ,Z[I/IHaMPI‘IeCKOﬁ 3aBHUCUMOCTHU BBIXOAHOT'O CIICKTpPA IIPpH
O0JHO4YaCTOTHOM CUTHAJIC

Ha pucynke 3.2: I' — reneparop crannaptabix curtanon; ®HY — punpTp HUKHUX yacToT; A-
p — nepemenHsblii arreHtoarop; Ili, Il2 — nepeximouarenn; HY — HenuneitHoe yctpoiictBo; AC —
aHanM3aTop cnekrpa; B — BarTmeTp.

®HY ucnonp3yercst a1 MUHUMHU3ALHAUM TapMOHMYECKHMX COCTaBIAIOIUX reHeparopa. C
MIOMOUIBIO0 MEPEMEHHOI0 aTTEHI0aTOpa MPOU3BOAMTCA IJIaBHAs PETYJIUPOBKA YPOBHS BXOJHOTO
CUTHAaJIa, €CJIM B UCII0JIb3YEMOM I€HEPATOPE OHA OTCYTCTBYET.

Cnenyer ormetuth, uto a1 BYU u CBY ycTpoilcTB B OCHOBHOM CTPOMTCSI 3aBUCUMOCTH
BXOJHOM MOIIHOCTH OT BXOJHOW B JorapudmuyeckoM wmacmrade, NpH 3TOM MOIIHOCTh
omnpenensaercs B genubenmuminnsarrax (abmBT):

P(abmBT) =10log P(MBT). (3.3)

HoctonncrBom ananuzatopa cuektpa ADVANTEST R3273 sBnsiercs TO, 94TO OH TO3BOJISIET
BBIBOJMTH  CIEKTPAJIbHBIE COCTABISIONIME HemocpeAcTBeHHO B (aAbmBT), He mpoBons
JIOTIOJIHUTENBHBIX TepecuéToB. [Ipu mpoBeneHUM SKCIEpUMEHTANbHBIX HCCIEAOBAHUN ClIETyeT
00513aTeNIbHO CIIEUTh 32 YPOBHEM (MOIIIHOCTBIO) CUTHAJIA HA BXOJIE€ aHAJIM3aTOpa CIIEKTpa, KOTOPBIH
HE JobkKeH mpeBblmiath 27 abmBt, uyto coorBerctByer 500 MBT. Ecnim MOmHOCTH cHrHaiia
(oxkumaeMasi) MOXKET MPEBBIIATh JAaHHYIO MOIIHOCTb, HO Ha BXOJ€ aHalu3aTopa CIEKTpa
He00X0IMMO BKJIIOUUTh JOTIOTHUTEIHHO (PMKCHPOBAHHBIN aTTeHI0aTOp (0cIabuTesb), yYUTHIBAs €ro
JONTYCTUMYIO PACCEMBAEMYIO MOIIIHOCTb.

Jlunamuueckass 3aBUCHMOCTb BBIXOJAHOW MOIIHOCTH OT BXOJHOW MpH OJIHOYACTOTHOM
CHTHAJIe UMEET CIIeAYIOMmui Bu (pucyHok 3.3).
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Pucynok 3.3 — 3aBUCHMOCTB BBIXOJJHOM MOIIHOCTH HETMHEWHOTO YCTPOHCTBA (YCHIIUTEINS) IPU
OJIHOYAaCTOTHOM CHUTHAJIE

[To mpuBeneHHOMY BbILIE IpadUKy OUYEHBb JIETKO ONpPENEeIUTh KO3(PPUIMEHT rapMOHHUK
K,,K; u T.1. B nermbenax kak pasHHILY MEXIy IEpBOi (OCHOBHOW) rapMOHUKOH M OCTaJIbHBIMH.
Kak mpaBwiio, MakcMMaJlbHOE€ 3HAYCHHE WMEET BTOpas TapMOHWKA, Ha KOTOPYIO OOBIYHO ISt
YCUIIUTEJIEN YKa3bIBaIOT JOIYCTUMYIO BEIUUYUHY.

Opnako ciefgyer OTMETUTh, YTo Kputepuil HU mo omnpeneneHnto rapMOHUK HMCIIONb3YeTCs
TOJBKO B HIMPOKOIOJOCHBIX YCWINTENAX, I0JIOCAa KOTOPBIX IpeBbllIaeT okTaBy. s Oonee
Y3KOMOJIOCHBIX YCHJIUTENICH TI0/JaBJICHHE TapMOHUK MPOU3BOIUTHCS C MOMOINBIO (DHUIBTPOB.
ITosTomy OGonee pacrpocTpaHéHHBIM KpuTepueM HW npu ogHOYACTOTHOM CHUTHaie SBISETCA
orpeniesieHue CKaTusi (YMEHBIICHHUs) KOX(pQUIMEHTa IepeJadyd IO MOIIHOCTH Ui OCHOBHOM
yacToThl. IIpu 3TOM ycunuTenb cuuTaeTcs JUHEWHBIM, €clIM cxkaTtue Kod(pQUIMEeHTa Nepesadu
paBHsiercss | n1b (pucyHok 3.3) 1o CpaBHEHHIO ¢ MaJOCUTHAJIbHBIM KOX(PQOUIMEHTOM MeperadH.
BbIxo/1Hast MOIIIHOCTB, COOTBETCTBYIONIAS CKAaTHIO KO3 uLimeHTa nepeauu o MomHocty Ha 1 1b,

o6o3naercs kak P, nb.

DKcnepuMeHTanbHoe onpeaenenne P ab Takke NpoM3BOIUTHCS MO CXEMe, MPEICTaBICHHON

Ha pucyHke 3.2. B Hauane Ha BXOJ| YCWJINTEINs MOJAETCA Malblii YpOBEHb BXOIHON MOIIHOCTH
(nopsinok -30 nbMmBT), U onpenensieTcss MadoCUrHAJIBHBIN KO3()PUIMEHT nepeadn M0 MOIIHOCTH.
Koaddpuument nepenaun K ompenensercs HENOCPEICTBEHHO I10 aHAIU3ATOPY CIEKTpa Kak

Pa3HOCTh MEK/1y BXOAHON M BBIXOIHOW MOIIHOCTBIO:
K, (1B) = Py (1BMBT) — Py (1BMBT) . (3.4)
3arem, IUTABHO YBEJIWYHMBAsI BXOJTHYIO MOITHOCTD, (PUKCUPYIOT 3HaUeHHE Pppix, MPH KOTOPOM
K03 pUIMEHT nepesaun ymeHbiaercs Ha 1 1b.
ITo 3nadennto P 1B ompenesnsercs AMHAMHYECKHMI IHANA30H YCHIUTEIBHBIX YCTPOKCTB
/[, nb npu 0HOYAaCTOTHOM BXOJHOM Bo3JeicTBHU. HIDKHSS rpaHnIia TMHAMHYECKOTO JHala3oHa
OIIpeIeNIIeTCs] MUHUMAJIbHOM MOIIHOCTBIO CUTHANA, OOHApy>KUBAaeMOro Ha (oHe mryma. MoOIHOCTb
IIyMa Ha BBIXOJIE YCHJIUTENS onpeeisieTcss kodduuuentom mryma Fp; , momocoii npomyckanus u
ko> durmentom yeunenus no momuoctu K [5, 6].
P, =KTAf -K,F,,, (3.5)
_23 ﬂDfC
rie K- mocrosauas Bonbivmana, pasua 1,38-10 ;
2pao
T — remnieparypa, onpezenstomasics B keabBuHax (K);
Ipu T =300 K kT =4-10 Br-c.
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JIMHAMUYECKHUIT TMana3oH npu 9TOM ornpejensiercs kak orHourenne P (1b) x Py, :
J, (1) = P,(nB) / kKTAf K ) Fuu. (3.6)
[pu pacuére auHamuyeckoro auanazona 1o ¢opmyne (3.6) mo wmommuoctn P(ab)
HeoOXOIMMO  BbIp@XaTh B  Barrax, a 3arem 1epesectu  /J,(nb) B  neuunbGens

(4,(nb)=101g Z,(pa3)) . Yaob6HO pacCYUTLIBATH AMHAMUYECKHN JUANA30H HETMOCPEACTBEHHO B
nenubenax, nepeses Mojaocy NPOIyCKaHus B ACHUOEbl OTHOCHTENBHO 1 [
Af (aB)=101g(Af (I'y)). (3.7)

Kospounment myma Fu, kak npaBuio, NPUBOJUTHCS B CIPABOYHBIX JAHHBIX JIJISI
MaJOMIYMALIUX YCUITUTENEH WM U3MEPSIETCS C MOMOIIBI0 U3MEPUTENLHOr0 Kod(dduiirenTa myma.
[Monoca mpomyckanuss Af Moxer ObITH OmpeseneHa ¢ MOMOMIBIO U3MEPUTENS S-MapaMeTpoB 10

YpOBHIO -31b OTHOCUTEIBPHO MaKCHUMAJIBHOI'O 3HAUYECHUS |821|. B kauectBe mpumepa ompenenum
JTUHAMUYECKUI JUAIa30H MPU OJJHOYACTOTHOM CUTHAJIE TUITMYHOTO YCHUJIUTENS MAJIOM MOLTHOCTH.
[Tpumep 5:
CBY ycunutenb Ha OUMOJSIPHBIX TPAH3UCTOpPaX B JICLMMETPOBOM JHANa30HE HUMEET
CJIe1YIOLIME TapaMeTpBbl:

Koo dunment ycunenus no mommoctd K, =20; kospdunment myma F, = 31b; monoca

u

npomnyckanust Af =200 MI'u; BXogHas MOIIHOCTB MO CKaThio KoddduimenTa mnepenaun Ha 11b
P, (nb) = 20MBT1(130bMBT) . TpeGyercs onpenenuts nunamuueckuit quanazon /[, (1b) . Iepeseném

nonocy nponyckanus Af B coorserctuu ¢ (3.7) B mermbens: Af =101g200-10°. JTunamuueckuii
JMarna3oH 1o BeIpakeHuto (3.7) OyneT paBeH:
J,(nb) =174+13-20-83-3 =81 ab.

Onnako onpenenenue HU mpu o1HO9acTOTHOM BXO/THOM BO3JIEUCTBHH HE OTPaKaeT MHOTHE
3¢ (deKThl, BO3HUKAIOIINE B HEIWHEHHBIX YCTPOMCTBAxX, MOITOMY Ooiiee TOUHBIM siBisitoTcss HU,
OIICHMBAEMBbIE TIPH JIBYX4aCTOTHOM CHUTHAJIE.

3.2 luHaMHYecKHe XapaKTePHUCTHKHU NPH ABYX4YACTOTHOM CHTHAJIe

[Ipr NBYXYaCTOTHOM BXOJHOM CHTHaJleé K BXOJy YCTPONCTBa IPHKIAIBIBACTCS CUTHAI,
COCTOSIIMK M3 JIBYX TaPMOHMYECKMX CHTHAIOB. B 5TOM Cilydae BXOHOM CHMIHA BBIPAKAETCS
bopmyroii:

_ 3.8
U gy =U, cos(agt)+U, cos(a,t), (3:8)
rIe @, =2rf;

w,=2rf,.

[Toncraensas Beipaxenue (3.8) B ypaBHenue (3.1) U packpbiBasi €ro ¢ MOMOIIbIO (HopMys
KpaTHBIX YT, MOJy4yaeM CIEKTpP BBIXOJHOTO CHTHaja HpPU JBYXUAaCTOTHOM BXOJHOM CHUTHAJe
(Tabmuma 3.1).

Tabauna 3.1 — CnekTp BBIXOJIHOTO CUTHAJIA IPH JBYXYaCTOTHOM CUTHAJIE

ITocTossHHAS cOCTaBISIOMIAs 0,5a,U,U,
OcHoBHbIe(TIEpBbIE) TAPMOHUKH aU, cos(ayt)
a,U, cos(a,t)
BTopbie rapMOHUKH 0,5a,U,% cos 2ayt
0,5a,U,° cos 2m,t
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IIpooonscenue mabauyot 3.1

WNHTepMOayIsIIMOHHBIE COCTABIIAIOIINE 2-0T0 a,UU, cos(a, —a,)t
fopaKa a,U,U, cos(a, + o)t
TpeTbu rapMOHHUKH 0,25a,U,° cos 3emy¢t
0,25a,U,° cos3m,t
HHTepMOyIsLIMOHHbBIE COCTABIISIIOILUE 3-€T0 0, 75a,U,°U, cos(2a, + @, )t
ropiKa 0, 75a,U,%U, cOS(20, + , )t
0,75a,U,°U, cos(2w, — @, )t
0,75a,U,°U, cos(2w, — @, )t

Kax BHUJIHO U3 Ta6J'II/II_U>I 3.1 IIpru ABYXYAaCTOTHOM CHUTHAJIC KPOME TAapMOHHUK B CIICKTPC
BBIXOJHOI'O CUTHAJIa BOSHHUKAIOT MHTCPMOAYIAIUOHHBIC COCTABJIAIONINEC 2-oro u 3-ero IMMOPAAKOB.

I[Tpu opunakoBeix ammuutynax U; u U, criekTp MOkHO H300pa3uTh Ha 0CH 4acToT (prCyHOK 3.4)

UBbI)(

T TTT T

0 Trfa 55, f1 £ 266, 2f, fr+f, 26 2f,+f, 3f 3F, 2+h

Pucynok 3.4 — CriekTp BBIXO/IHOTO CUTHAJIA HEJIMHEMHOTO YCTPONCTBA MPH IBYX4YaCTOTHOM
CHUTHaJIe

N3 MHOT000pa3usi CHEKTPaIbHBIX COCTaBISIIOIINX, BO3HUKAIONIMX B HEJIMHEWHBIX IETISX,
Hauboee onacHbIM BUoM HU siBrsitoTcst nuHTepMO Ty IsiiioHHbIe nckaxeHnus (MMU) 3-ero nopsiika
cuacrotamu 2f, — f, m 2f, — f,, KoTOpBIE MOMANAIOT B CIIEKTP MEPBBIX rapMOHKUK. OT JaHHOTO BUA

HU Henb3st OTCTPOMTCS € TOMOIIBIO W30MpATENbHBIX Lened ((QuiIbTpoB), MOITOMY OLEHKa
JMHAMHYECKOT'0 IMara3oHa MPUEMHO-YCUIIUTENbHbBIX yeTpoicTB o kputeputo MMU 3-ero nopsinka
ABJISIETCSA CaMOM BaKHOM XapaKTEpUCTHKON, OCOOCHHO B CUCTEMAX CBS3H.

Hns ouenkn ypoBHs MMUM m nuHaMU4ecKoro auarna3zoHa IMIUPOKO HCIOJIb3YETCS TaK
Ha3piBaeMass Touka IP3 [6, 7], koTopas ompeznensercs NyTEM SKCTPANOJSALUN 3aBUCHUMOCTEH
BBIXOJHON MOIIHOCTH OCHOBHOM (TepBOM) rapMOHUKM U KOMOWHAIIMOHHOM COCTaBIISIIOIIECH C
yactorot 2f, — f, u 2f, — f; (pucyHnok 3.5).
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Pucynok 3.5 — Onpenenenue Touku npeceueHus 1P3

B norapudmuueckoMm macimrtade 10 onpeaenéHHOro YpOBHsI BXOJHOTO CHTHAIa OCHOBHBIE
vacrotel ( f; u f,) BeIxomHOro curnana msmensorcs co ckopoctbio 1 b Ha 115 BXOmHOrO

BozeicTBus, a MU 3-ero mopsiaka co ckopocThio 31b, 4To Mo3BOIISIET IKCTPANIOIUPOBATH JAHHYIO
3aBUCUMOCTb. [Ipu CyIIeCTBEHHO HEIIMHEMHBIX peKUMaxX pabOThI JaHHBIC 3aBUCUMOCTH MEPEXOIAT
B HACBHIIICHNUE U OTKJIOHSIOTCS OT JIMHEWHBIX XapakTepucTuk. [loaToMy nannas Touka IP3 siBisiercs
YCJIIOBHOM, COOTBETCTBYIOIIEH pPABEHCTBY MOIIHOCTH HMHTEPMOAYJISIIUOHHBIX HCKAXKEHUH C
MOIIHOCTBIO NEPBOI TApMOHHKH, TO €CTh IPAKTUUECKH 3Ta TOUKA B PEAIbHBIX YCTPOUCTBAX HUKOT/IA
HE JJOCTUTAETCHI.

Opnaxo |P3 mo3BossieT CpaBHUTEIBHO MPOCTO OlleHUBaTh Kodpduiment MMMU 3-ero nopsinka

K,_;, ompenesisTs IMHAMUYCCKHI AMANa30H IO JAHHOMY KPHTEPHIO BIUIOTH O Hadajia PeXHMa
HACBHIIEHUS (OTPaHUYCHNs), KOTOPBIN B CBSI3HBIX MPUEMHHUKAX HE JTOMTyCKAETCSI.
Kosdpdummenr UMU moxHO onpenenuts yepes IP3 cienyrommmMu BeipaxkeHusMu [5):
K, (aB) =21P, (nbMBt) - 2P, (1B)+3, (3.9)

rae Py, — MOIIHOCTE OCHOBHOM YaCTOTHI.

I[pu pacuyére TMHAMHYECKOTO qHana3oHa mo kpurepuro UMW J{,, ., HIWKHAS TrpaHUna mo-

MMPpEKHEMY OIpPCACTIICTCA MOIIHOCTBIO IITYMOB, TO €CTbhb IIPOU3BCIACHUIO KT Af KP’ a BCPXHAA

YPOBHEM UHTCPMOAYIIIMUOHHBIX COCTABJIIAIONIUX, paABHOMY YPOBHIO IIYMOB, B 3TOM CJIy4dac rZZMMI/[

Oyner paBeH:
2
o = 5(lp3 (nBMBT)+174 - Af (1B) - K, (1B) — F, (1B)). (3.10)
Mexny Toukoil mnepeceyeHus: IP3 u BBIXOZHONW MOIIHOCTBIO IO KPUTEPHUIO CHKATUA
KodpduurenTa nepeaauu Ha 1 1b npu 0JJHOYACTOTHOM CUTHAJIE UMEETCSl B3aUMOCBSI3b:
P, (ubmBT) = IP,(1bMBT) —10,6 . (3.11)

OpnHako crnpaBeaauBOCTh BhlpakeHHs (3.11) mumeeT MecTO mpHU OTCYTCTBUU B JIMHEHHBIX
nernsx (pa3oBBIX MCKXEHHH, 94TO HEe Bceraa coomoaaetcs ocooenno B CBY nuamaszonax. [TosTomy

sKcrepuMeHTanbHo TouKy |P; HeoOxoaumo onpeensTs mpu AByXYaCTOTHOM BXOJHOM CHTHAJE, a

dopmyny (3.11) ucnonb3oBath IJisi OPUEHTUPOBAHHOTO pacuéra AMHAMUYECKOTo auarnazoHa. Ho
Jlajee OPUEHTHUPOBAHHBIN pPacdy€T AMHAMHYECKOTro auamna3oHa mo kpureputro MMM moxkasbeiBaer
CYLIECTBEHHYIO Pa3HUIy MEXJy AWHAMHUYECKUMHU JUANa30HaMHU IPU OJHO U JABYXYaCTOTHOM
BO3JIEHICTBUM.

[Tpumep 6:

OnpenenuM IUHAMUYECKUW Iuamna3zoH 1o kpurepuro UMW mns ycunutens, mapaMeTpbl
KOTOpOro npuseeHsl B npumepe 5. Touka nepecedenus P, onpenensercs no Beipaxkenuro (3.11)
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IP,(abmBT) = P, (sbMBT) +10,6 =13+10,6 = 23,6 1bMmBrT .

Hpu stom [, (1B) Gyner pasen B coorserctauu ¢ (3.10):
ﬂHMH = %(23,64‘174—83— 20—3) =63.

Kak BUAHO W3 MOJY4EeHHOTO 3HAYEHUA, JUHAMHYECKUN auama3oH no kputeputo UMU nHa
20 1B menbine, yem JJ;(nb), onpenenéHHbI MpU OIHOYACTOTHOM BO3JIEHCTBUH, MOITOMY JUIS
YCTPOWCTB, TNI€ TPEIBIBISIFOTCS XECTKHME TpeboBaHus K ypoBHIO HI, HEoOX0IMMO OIICHHBATH
JTMHAMUYECKUE XapAKTEPUCTUKHU MPU JBYXYaCTOTHOM BXOJHOM BO3/ICHCTBHM.

DKCHEepUMEHTAIBHOE ONpeielieHne ToUKH nepecedenust |P; ocHoBano Ha nsmepennn MU

3-r0 TopsAKa TMPU JBYXYaCTOTHOM BXOJHOM BO3JeHCTBUH. CTPYKTypHas CXema HU3MEpPEHHS
MpuBe/IcHa HA PUCYHKE 3.6.

B!

HY
CT chHqH/MZ:H n — | >— N — AC

Pucynok 3.6 — CTpykTypHas cxemMa U3MepEeHHS HHTEPMOTYJISIINOHHBIX HCKOKEHUH TIpH
JBYX4aCTOTHOM BXOJHOM CUTHaJjIe

P

Ha pucynke 3.6: I', I'2 — reneparopsl cranpaptaeix curHainoB; CT — coriacoBaHHBIN
tpoitnnk; ®HY — ¢uiabTp HWKHUX YacToT, A-p — mepeMmeHHbId artrtentoarop; Ili, Il —
nepexmoyareny; HY — nenuneitnoe ycrpoiictso; AC — aHanu3zaTop crnekrpa; B — Barmerp.

IIpu npoBenennn uzmepenuss UMM BHawane ycTaHaBIMBAECTCS OJMHAKOBBIE AMIUIUTYIbI
IEHEPATOPOB TapMOHUYECKUX CUTHAIOB I'1 m I2. Pa3HOCTh 4acTOoT MEXQy TIeHepaToOpaMu
ycraHaBinuBaercss B mpeaenax 1 — 5 MI'. YpoBeHb cHrHajioOB I'€HEPaTOPOB BBIBOJUTHCS Ha
MaKCUMaJIbHYI0 aMILIUTYAY, 3aT€EM C [IOMOLIBIO [IEPEMEHHOI0 aTTEHI0ATOPA aMILIUTY 1Y YMEHBIIAIOT
J10 3HAY€HUs, KOTJa Ha dKPAaHE aHAIIM3aTOpa B CIIEKTPE BBIXOJHOIO CUTHAJIA HAYMHAIOT NOSIBIATHCSA
NUMMU 3-ero nopsaxka. OHM OTCTalOT OT OCHOBHBIX YacTOT Ha PA3HOCTHYIO YacTOTy MEXAY
reHepaTopaMH. YBEJIWYWBas BXOAHOE BozjaehicTBue vepes 5 — 10 nbmBt, ¢ momormrsio
nepekitoyaresneil pUuKcupyeTcst 3Ha4eHUsT BXOJAHOM MOLTHOCTH U BBIXOJHOW C OJTHUM W3 3HAYEHUH
UMW 3-uro nopsaka u ocHosHor wactotel (f; w 2f —f,, wm 2f,—f). Tlo nomyuyennsm

3HAYCHUSIM CTPOUTCS TpaduK 3aBHCHUMOCTH, OJOOHBIN PUCYHKY 3.5, 1 METOAOM AIKCTPATIOJISIIIHN
onpexensiercst Touka |1P;.

Touxka IP SIBIISIETCST KAYEeCTBEHHBLIM IIOKa3aTeliIeM HEJIMHEHHEIX PaInOTEXHUYICCKUX
yerpoiicts (ycuiaureneil, cMecureneii), yem Ooubine 3Hauenwe |P,, Tem Bbime nmHeHHOCTH

YCTpOﬁCTBa 1 COOTBETCTBEHHO BBIIIE JOCTUTaEMBIM JUHAMUYECKUM AUaNa30H.
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NPUJIOXEHUE A
(cpaBoOYHOE)
ADVANTEST NETWORK ANALYZER R3672

[ToaroToBka k padote (U3MEPEHUE S — MapaMeTPOB).
1. Bxtounts kHOmKo# Power (ON).
2. BeicTaBUTh 4acTOTHI, HA KOTOPBIX OYZIET MPOUCXOAUTH U3MEPEHHE.

Source

1 ] [
mfml

MENU AART {STOP

YacroTa ycTaHaBIuBaeTcs mpu nomoiy nanenu seoga ENTRY

ENTRY

000 O [
OO0 O ]

OO 0O O

0000 ()|
OO 0O O

L{ugpposas naHernb t MHoxumenu

LuckpemHasi
peaynuposka

3. Ipu nomomm kHonku MENU na mnanenu SOURCE ycranaBimBaeM ypoBeHb
M3MEPHUTEBHOTO CUTHANA, TIOaBaeMOT0 B TPAKT.

MENU (na skpane) => OUTPUT LEVEL (kxHonkwu cripaBa oT 3KpaHa «(pyHKIIMOHAIBHBIEN).
VYpoBeHb curHana yctanaBivuBaeMm pu nomoru nanenu BBoga ENTRY mro6siM y1o6HbIM criOCOOOM
(mIaBHO, TUCKPETHO, BBOJI C KJIABUATYPBI).

4. KanubpoBka.

a. Haxxaruem kaHonku CAL na manenn MENUS, na skpane BeiOupaem nynkt CAL MENUS.

MENUS
I e N s

leac] [ | [ |

[Tpumeuanue: eciu KaTMOPOBKA HE B MIEPBLIH pa3 B TeueHUE PabOThI, MPOBEPUTH BHIKIIOYECH
au nyHkt “CORRECT” ON/OFF, mocraButh B monoxenue “OFF” mpu momorms KHOMKH 5
(BBIKJTIOYUTH KOPPEKTUPOBKY).

32



CAL
MENUS

CORRECT
ON/OFF

7

6. Ilocie naxarus “CAL MENUS” mosButcst okHo. Ecnu kanmmOpoBka MpoXoguT HE B
nepBbIi pa3 B TeueHue padoTsl, Haxkath “CLEAR CAL DATA” (ourcTuTh KQIIMOPOBOYHBIE TAHHBIC)
MIPY IOMOIIM KJIABHATYPHI HAa IPABOI CTOPOHE dKpaHa.

B. Kanu6poBka 1o ogqHoMy nopty (Ha oTpakenue) BbiopaTh nopt kHonkamu CH1 wnu CH2
na manemu ACTIVE CHANNEL:

- Haxath Ha npaBoi yactu 3kpana 1 PORT FULL CAL;

- 00ecreunTh PEKUM XO0JIOCTOT0 X012, HaxkaTh Ha KHonKy OPEN Ha npaBoii yacTu skpana;

- o0ecrneunTs PeKUM KOPOTKOTO 3aMblKaHMs, HaxkaTh Ha kHONKy SHOT nHa mpaBoit yactu
JKpaHa;

- o0ecrneunuTs PeXUM TOJHOTO COTJIACOBAaHMSI, MOAKIIOYMB Harpy3ky 50 Om, HaxaTh Ha
kHonky LOAD Ha npaBoii 4acTH SKpaHa;

- Haxkath Ha DONE 1 PORT B HMHElH npaBoi 4acTH SKpaHa;

- MO>KHO TIepenucaTh NOMpaBKu ¢ 1-ro mopra Ha 2-oii, HaxxatueM kaonku CAL COPY CH1
=> CH2 na skpane, OHaKO JeNaTh 3TO CIAEAYET TOJIBKO B Cllydae MOJTHOW UASHTHYHOCTH KabeneH,
MOJIKJTIOYEHHBIX K pa3HbIM MIOPTaM, HHAYE CIIEYeT JIeNaTh KATHOPOBKY IO 000MM MTOpTaM;

- coxpaHseM KaluOpoBOYHbIE JaHHblE, HaxkaTheM kHonku SAVE REG B mpaBoit wactu
9KpaHa, BEIOMpaeM JIF000H 13 MPEICTaBICHHBIX PETHCTPOB ISl COXpaHEHUs (HE BaKHO, KaKOH);

r. KanuOpoBka o AByM nopram (Ha Mpoxox).

- KaJIMOPOBKY MO OJTHOMY MOPTY HE BBIMOIHATH!;

- HaxxaTh kHomKy 2 PORT FULL CAL B npaBoii yacTu 3kpaHa;

- B nosiBuBIIeMcs okHe BeiOpatb REFLECTN;

- BBITOJIHUTH 110 MIEPBOMY MOPTY KATUOPOBKY aHAIOTUYHO MYHKTY (B);

- BBIIIOJIHUTH 110 BTOPOMY HOPTY KaJTUOPOBKY aHAJIOTUYHO MYHKTY (B);

- Haxxath DONE REFLECT N B HMkHel npaBoii 4acTH SKpaHa;

- B nogBuBIIEMcs okHe Haxats | RANSMISSION;

- o0ecrnieunTh nepeayvy ¢ IepBoro MopTa Ha BTOPOH MOCPEACTBOM COETUHEHHUs Kabeneii;

- HOXaTh MOAPS KHOIIKU:

FWD TRNS THRU
FWD MATCH THRU
REV TRNS THRU
REV MATCH THRU

- gaxxatb DONE — BeiiiTi 13 nogmenro TRNS;

- B nosBuBIIeMcs okHe HaxkaTh ISOLATION;

- HOKaTh!

OMIT ISOLATION
DONE ISOLATION

- Haxxath DONE B HuxHe yacTu skpaHa,

- B nosiBuBImIeMcs okHe Haxkath SAVE REG (coxpanuth kaquOpoBKY) M BBIOpaTh 1000
peructp ms 3anucu SAVE REG 1-4;
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- Haxxatb RETURN;

KanuGpoBka 3aBepieHa.

WNupukaropel, HaxoIsAIIMEcs HAA TMOpPTaMU  TMOAKIIOYCHHS  KaOeneid,  OJDKHBI
IIePEMUTUBATHCSL.

5. U3mepenue.

[Tocne BeInONHEHNS KaTMOPOBKU HEJIb351 MEHATh JMAIa30H YacTOT, B KOTOPOM IIPOU3BOAATCS
M3MEpeHus, HHaue TOYHOCTh M3MEpEeHUus: pe3ko ymazaeT. Ilpu HeoOXOAMMOCTH CMEHHUTH JWana3oH
M3MEPEHUs1 HEOOXOIMMO BBIIIOJHUTH 3aHOBO MPOLENYPY KAINOPOBKH.

a. [Tpu nomomu kaonku MEAS na nanenrn RESPONSE BriOupaem HyxHbI rpaduk (S11,
S12, S21, S22).

RESPONSE

MEAS FORMAT

6. Ilpu momomm xHomku FORMAT Ha 3T0if ke maHenu BeIOMpaeM 4To OyAeM H3MepsiTh
(rpanycsl, 1b): LOG MAG, PHASE, ... (1a 5kpaHe KHOIIKY BbIOOpa CIIpaBOi CTOPOHBI).

B. MI3MepeHne B MHTEpecyromel Touke rpaduka mporu3BOAUTCS PU MTOMOIIM MapKepa, IUJIs
storo Haxath Ha KHOKYy MKRA MKR na manenn MENUS.

MENUS

MKR A

L1 1 [
L1 1 [

VYnpaiasaTh MapKepoM MOXHO MpH nomonu nanenu BBoga ENTRY kHonkamu BBepxX M BHU3,
a Tak)Ke IJIaBHO.

Ecnu B 1aHHOM JTMana3oHe HaJ0 MPOBOAUTH U3MEPEHUS Ha JIBYX WM 0ojiee TOUKax, MOXKHO
BKJIFOUUTH HECKOJIbKO MapkepoB mpu nomotnu knonku MARKER NUMBER (#a skpane cripaBa).

VYnpaBieHne Kax/JpIM MapKepoM OCYIIECTBIsETCs MpU oMolnu nanenu Beoga ENTRY.

Otxrouenne MapkepoB mpousBoautcs kuonkoir MARKER OFF na skpawne.

Beriitu 13 MeHo MapkepoB MokHO kHonkoi RETURN.

6. Eciiu mocne Havana usmMepeHui, rpadrk BBIXOIUT 32 MPEeIibl 3KpaHa, TO HaXKaTh KHOIKY
SCALE na manenn RESPONSE.

RESPONSE

MEAS FORMAT SCALE DISPLAY

B mpaBoii wactm okpana BbeiOpate myHKT AUTO SCALE nams aBTOmMarmdeckoro
MaciTaOupoBaHUs SKpaHa.

7. Ha sxpaHe MOXHO 0TOOpakaTh JBa pa3HbIX rpaduka, Hanpumep, S11 u S21:

- pa3ouTk 3kpan npu nomoinu kHonku DISPLAY nanenn RESPONSE;

- B mosiBuBIIeMcst okHe HaxkaTh MORE 1/3 (BHU3Y 2kpana);

- Hakath SPLIT ON/OFF — Bkirounts pazouenue (ON);

- MOHO OTKIIOYUTh ceTkH KHomnkoil GRATICULE ON/OFF;

- noctaBuTh MeTky LABEL (B nosiBuBmIeMcst okHe ¢ OykBaMu HaOpaTh TpedyeMoe CI0BO Mpu
nomoun nanenmu ENTRY);

- Haxxars Ha kHonnku MORE 2/3, MORE 3/3;
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- naxkatb DUAL CH ON/OFF (ON) — BKJTIOYHTBH BTOPO# rpaduk.
8. IlepexmroueHue mo rpadukaM MPOU3BOIUTCS MpH moMoniy kiaBuin Ha manenn ACTIVE
CHANNEL.

ACTIVE CHANNEL

@] @]
CH1 CH2

BriOop HpOBOOMMBIX B KaXIOM OKHE H3MEPEHUN IPOU3BOJAMTCA B COOTBETCTBHM C
nyHkTom (5).
UToObI BEIKITIOUNTH BTOPOH KaHai, HaxaTh kinasuimm DISPLAY
DUAL CH ON/OFF (OFF)
MORE 1/3
SPLIT ON/OFF (OFF)
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NPUJIOKEHUE b
(cmpaBouHOE)
ADVANTEST SPECTRUM ANALYZER R3273

[TonroroBka k pabote.

1. Burounts npubop. [lepen npoeneHneM KaTMOPOBKH PEKOMEHIYETCS TIPOTPETh MPUOOP
B TeueHuu 10 — 15 MuHyT, TOT/1a YXO/1 MapaMeTpOB IOCIIe KATUOPOBKH OYAET CYIIECTBEHHO MEHbIIIE,
4geM eci Obl KaTMOpoBKa OblIa TIPOBEACHA XOJIOTHOTO IprUdopa.

2. [Ipubop mMO3BOJSET MNPOBOIUTH KaIHMOPOBKM pA3JIMYHBIX MapaMeTpoB (TakuX Kak
HepaBHOMepHOCTh AUX, ypoBHM Tiepenadd aTTeHIATOpa) MO OTAEIBHOCTH, YTO IO3BOJISIET
UCKITIOYUTHh HEHYXXHbIE NEHCTBUS CUCTEMbl aBTOKAJIMOPOBKU U YMEHbIIAET BPEMs MPOBEICHUS €€
BEITIONTHEHUS. OJTHAKO TP ATOM HAJI0 TOYHO 3HATh, Kakue PYHKIMH HE OYyT UCTIOIH30BAHBI, BBUIY
4Yero peKOMEeHAYeTCs POBOIUTH MOTHYIO aBTOKaTUOpOBKY. [opsa1ok mpoBeeHNs YKa3aH HUXKe:

a) CoetMHUATH KabeeM ¢ cooTBeTcTBYIomMME pazbemamu coequautTesn INPUT u CAL OUT
Ha TiepeHel manenu npudopa.

6) Haxarp kaonku SHIFT u 7 (CAL). Ha skpan BbIBeAeTCS KQIMOPOBOYHOE MEHIO, KaK
MokasaHo Ha pucyHke b.1.

REF 0.0 dBm
10 dB/ *A_Write Norm  B_Blank Norm

CAL

Cal All

z
Total Gain

3 N
Cal

Each Item

4
Cal Corr

o

S
Cal Sig

Level

H | H H i : [7_\\
CENTER 4.000 6Hz SPAN B8.00 6Hz nore 1/2
RBYW 3 MHz VBY 3 MHz SWP 120 ms  ATT 10 dB

Pucynok b.1 — MeHto kanuOpoBku

CamoxanuOpoBKa BBINOJIHAETCS JOBOJIBHO MPOJOJDKUTEIbHOE BpeMs, Mopsaka 6 MUHYT.
[Tocne 3aBepieHus MpoLEeTYyPhl KATMOPOBKH MTPHUOOP TOTOB K UCIIOIH30BAHUIO.

ITpoBenenmne npocTeNIMX KypCOpHbIX U3MEPEHUI Ha CIIEKTPOTPAMME.

[lepen npoBeaeHNEM U3MEPEHUI YCTAaHOBUTH TpeOyeMbIil Tuana3zoH 4YacTOT U pa3pelleHue, a
Takke KOX(QQUIMEHT MepeJadyd aTTeHIoaTopa C Lebl0 MCKIIOYEHHUs IMeperpy3ku mnpubopa u
JNOCTHKEHHSI MAaKCHMAJIBHOTO JUHAMUYECKOTO JUANa30Ha.
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Y cTaHOBKY JMana3oHa 4acToT CJIeAyeT MPOBOAUTH TAKMM 00pa30M, YTOOBI TOMECTUIICS BECh
MHTEPECYIOIIMNH crieKTp curnaia mnoc 3anac B 20...30 % ¢ kax10i1 CTOPOHBI. Y CTAHOBKY JMaria3oHa
9aCTOT MOKHO BBITIOJTHHUTH IBYMS IIyTSAMH: YKa3aB [ICHTPAJIBHYIO YAaCTOTY H JHAINa30H NEPECTPOUKH,
au00 yKa3aB HayallbHYI0 M KOHEYHYI 4YacTOThl Juamna3oHa. J[jas OGonpIIMHCTBa 3amau ynoOHee
MIEPBBIH CII0CO0:

a) Haxarp xHonky FREQ, 3arem HaOpaTh Ha nudpoBol maHenn HYXHYIO HEHTPaIbHYIO
qyacToTy (B TpeOyeMbIX eIMHMIAX HabupaeMoe 3HAYeHHE OTOOpa)KaeTcs B JIEBOM BEPXHEM YTy
9KpaHa), 3aTeM HaXkaThb KHOIKY, COOTBETCTBYIONIYIO eannuie namepenus (Hz, kHz, MHz, GHz).

0) YcraHOBUTH IIMPUHY IOJIOCH! YacToT. He cremyer ycTaHaBIMBaTh MOJIOCY YacTOT BJIOBE
0o0Jbllle LIEHTPAIBHOM YacTOThI, MOCKOJBKY 3TO MpHUBENET K OmHOKamM B (PYHKIMOHUPOBAHUU
npubopa. YcraHoBKy npousBecTd HaxkatheM kHonku SPAN u nanee BBecTu Tpebyemoe 3HaYCHHE
MIOJIOCHI MEPECTPOUKHU MpU MoMolu U(GPOBON KIaBUATYphl, 3aT€M YKa3aTh €IUHUILY U3MEPEHUS.
PexkoMeHnyeTcst ycTaHaBIMBATH 1MOJI0CY 0030pa B 1,5...2 pa3a O0JbIIIe 0KUTaeMOM IIUPUHBI CIICKTPa
CUTHaJa.

B) Eciin ypoBeHs BxoHOTO curaana npesbimaet 10 1bM, pekoMeHayeTcst yMEHBIIUTD €T0 10
ypoBHs MeHblie 10 nbm, 4TOOBl M30€XaTh BIUSHUS HEIMHEHMHOCTH BXOJHOTO CMECHTENS
(onTUMaNIbHBIN YPOBEHb CUTHAJIA JJIsl TPOBEACHUS U3MEPEeHHI HaxoAauTcs B mpenenax -10...0 nbm).
Jnsa ycraHoBkM TpeOyemMOW BeIMUYMHBI Ocla0lieHuss curHaiga HaxaTh kHomku ATT, ATT
AUTO/MNL (BbiOpate MNL) u mpu momomu 1udpoBoii maHean BBECTH TpeOyeMblil YpOBEHb
ocitabiieHus, 3aTeM yKa3aTh eIUHMIlYy H3MepeHus nb Haxaruem kuonku GHz(dB).

) YCTaHOBHUTH OIOPHBI ypOBEHb CHUTHAJIA TaK, YTOOBI OBUIO YIOOHO TMPOW3BOJHUTH
BU3yaJbHbIE M3MEPEHHUs IO IIKaJle Ha JKpaHe Mpudopa, U CIEKTporpaMma HE BBIXOJWJIA IO
aMILTUTY/IE 32 MPEelTbl SKpaHa, s 4yero HaxkaTh kHonky LEVEL, 3arem npu momomnu mudposoi
MaHEeJIU BBECTU OIMOPHBIN ypoBeHb B 1bM, BBOJ 3aBEpUINTh HaXKaTHEM KHOIMKH, COOTBETCTBYIOLIECH
MCIOJIb30BAHHOW €IUHMIIE TPEACTaBICHHUs MaHHBIX — HakaTh kHomky MHz (-dBm). IIpu6op
MO3BOJISIET OTOOpaXkaTh CIIEKTPOrpaMMbl B JIOTapU(PMHUUYECKOM M JIMHEHMHOM MaciuTtabe ¢
Pa3NUYHBIMHU €IMHUIIAMH TIPEJICTABICHUS JAHHBIX (HANpsHKEHHWE, MOITHOCTH, JIorapudMudeckue
BEJIMYMHBI), OJHAKO JUIS LieJeld O3HAKOMJIEHHS ¢ MPUOOPOM JIOCTaTOYHO HAydUTCs paboTaTh CO
IIKAJIOH 10 YMOJYaHHIO — B JICHIMOCIMUITMBATTAX, COKpaiieHHo 1bm (dBm).

[Tocne Toro, kak yCTaHOBJEHbI OCHOBHBIE IMapaMeTphl MpHOOpa, MOXKHO HPUCTYHaTh K
MIPOBE/ICHUIO KYPCOPHBIX M3MEpeHH. BbI3BaTh MapKep MOKHO M3 MEHIO MapKepOB WIIM Ha)KaTHEM
Ha kHonKky SRCH, nocine gero Oyner oToOpakeH MpocToil MapKep B BUI€ TOUKH Ha CIIEKTPOrpamMMe,
B JIEBOM BEpXHEM yriy 3kpana nossurca Haanuck MARKER, non koTopoii yka3siBaeTcs oI0KeHHEe
Mapkepa Ha OCHM 4acToT. 3Ha4eHHE MapKepa M0 BEpTHKAIBHOM OCH OTOOpakaeTcsl Haj IIKalIon
rpaduKa BHH3Y ClIpaBa ¢ yKa3aHHEM €IWHUIIBI H3MEPEHHSL.

VYnpaBieHue MOJOKEHHEM Mapkepa HpOM3BOIUTCS Npu nomomu naHenn DISPLAY
CONTROL (pucynok b.2).

((_DisPLAY CONTROL |

I~ =]

Pucynok b.2 — I1anenb ynpaBieHus: JucCIieeM
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[TonoskeHne Mapkepa MOXHO H3MEHSATh IPU TOMOINM KHOMOK | Tpybo ¢ 1miarom,
COOTBETCTBYIOIIMM TOpPU3OHTAIBHOMY JieleHuto ceTku rpaduka (10 xnerok). IlnaBHoe
IepeMeIIEHIE MapKepa IPOU3BOAUTCS IIPU TOMOLIM Bpaujatomieics pyuky 2. Takxke MOXKHO BBECTU
MOJIOXKEHHE MapKepa IMpH MOMOIIM IU(PPOBOIl KIIaBUATYphl, YKa3aB HHTEPECYIONIYIO YacTOTY, BBOJ
CJIEyeT 3aBEPILINTh YKa3aHUEM €AUHUIIBI U3MEPEHMUS.
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