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OINPEJEJIEHUE KOMIIVIEKCHOI'O KO®OUIIUEHTA OTPAXKEHUA
BJIEKTPOMATHUTHOM BOJIHBI C TIOMOIIBIO 30H10BbIX N3MEPEHUI

W3MepeHns: KOMIUIEKCHOTO Ko3((HIneHTa OTPaXKeHHs IIMPOKO NPUMEHSIOTCS IS KOHTPOJS Pa3iIM4HbIX
rapaMeTpoB MaTepuaioB. l{enblo JaHHOM CTaThH SBISETCS Pa3pabOTKa METO/a H3MEPEHUST KOMILUIEKCHOTO KO-
(uiMeHTa OTpaXKEHUs! C UCIIOJIb30BAHUEM BJIEKTPHYECKUX 30HA0B. [lIs cilydast Tpex 30H/O0B, yCTAaHOBJICHHBIX Ha
TIPOU3BOJILHOM PACCTOSIHUM JPYyr OT Jpyra, HOIydeHO OMKBAaJpaTHOE YpaBHCHHE, CBS3BIBAIONIEC MOMYIb KOM-
IUIGKCHOTO KO3((UIMEHTa OTpaXKeHUs C TOKAMH IOJIYIPOBOAHHUKOBBIX JETEKTOPOB, COCAMHEHHBIX C 30HAAMH.
IToka3aHo, YTO B CHIIy TOTO, YTO MOAYNIH KOd((HIHMEHTa OTpaKeHHs HE NPEBBINIAET SIHHHIY, OH OJHO3HAYHO
OIpE/IeIIAETCS U3 3TOr0 YPaBHEHHUs KaK €ro MEHbIINH MOJI0KUTEIbHBIN KopeHb. Pa3a KOMILIEKCHOTO K03 ¢puuu-
€HTa OTPaKCHHs OIpeeNsieTcs U3 ABYX KBaJpaTypHBIX CHTHAJIOB, KOTOPBIE JIETKO HAXOMASATCS U3 TOKOB MOIYIPO-
BOJHHMKOBBIX JICTEKTOPOB IIPU M3BECTHOM MOJyJe KO3 dULHeHTa OTpaxkeHHs. s NpoBeeHUs U3MEPEHUH KOM-
IUIEKCHOTO KOd((UIUEHTa OTpaXKeHHsI B AUANa30HE YaCTOT MEX30HIOBOE PACCTOSHUE yIOOHO BEIOPATh PaBHBIM
OJIHOM BOCBMOIl JUIMHBI BOJIHBI 2JIEKTPOMArHUTHOIO U3IIy4€HHs B BOJHOBOJE IPU MAaKCUMAJIbHOM 4YacTOTe.
IIpemio)xeHHbIH METO/ MO3BOJSCT MCKIIOUUTh AMIUIUTYAY HANpPsHKEHHOCTH DIEKTPHUYECKOTO IIOJS Iamaromeit
3JIEKTPOMArHUTHOH BOJIHBI, 4TO JA€T BO3MOJKHOCTb 3HAYUTENIBHO CMATYUTh TPEOOBAHHUS K CTAOMIIBHOCTH BBIXOJI-
HOH MOIIHOCTH TeHeparopa. OTIMYHTENEHOH OCOOSHHOCTBIO NPEATIOKEHHOTO METOJa SIBISIETCS MPOCTOTA €ro
anmapaTHON peaM3allii, YTO OTKPHIBACT ITyTh K pa3pabOTKe HOBOIO KJIacca M3MEPHUTENIeH KOMIUIEKCHOTO K03(-
(uIIeHTa OTpaXKEHHU.

BuMiproBaHHSsI KOMIUIEKCHOTO KoeillieHTa BiIOUTTS IIMPOKO BUKOPUCTOBYIOTBCS Ul KOHTPOIIIO pi3HOMA-
HITHHUX TapaMeTpiB MarepianiB. MeToro i€l cTaTTi € po3pobKa METOAy BUMIPIOBAHHS KOMILICKCHOTO KOedili€eH-
Ta BIOWTTS 3 BUKOPHUCTAHHAM CICKTPHYHHX 30HAIB. J[sl BUIIAJKy TPhOX 30HAIB, PO3TALIOBAHMX HAa JOBIIBHIN
BiJICTaHi OJIMH Bil OMHOTO, OAEP)KaHO OiKBagpaTHE PIBHSAHHS, IO MOB’3y€ MOIYIb KOMIUIEKCHOrO KoedirieHta
BIIOHMTTS 31 CTpyMaMH HaIiBIIPOBITHHKOBHX IETEKTOPIiB, 3’€AHAHUX i3 30HmaMu. IToka3aHo, o B CHiy TOTO, IO
MOJyJ1b KOMILUIEKCHOTO Koe(ilieHTa BiIOUTTS HE MEPEeBUINYE OJMHHII, BiH OMHO3HAYHO BU3HAYAETHCS 3 LBOTO
PIBHSHHS SIK HOro MeHIHil mogaTHUH Kopinb. daza KOMIUIEKCHOrO KoedilieHTa BiTOUTTSI BU3HAYAETHCS 3 JBOX
KBaJPATYPHUX CHUTHAJIB, SIKi JIETKO 3HAXOMATHCS 31 CTPYMIB HAITIBIPOBIAHUKOBHX IETEKTOPIB MPH BiJOMOMY
Moy KoedinieHta BigOUTTA. JIJisi MPOBEACHHS BHUMIpPIOBaHb KOMIUIEKCHOTO KoedilieHTa BiIOUTTS B Jiama3oHi
Y4aCcTOT MIXK30HAOBY Bi[CTaHb 3PYYHO OOpaTH PiBHOIO O/HIii BOCHEMIiH MOBXHHH XBHII €ICKTPOMATHITHOTO BH-
MPOMIHIOBAHHS B XBHJICBOJI IIPH MaKCHMAJIbHIH 4acToTi. 3alpOoIOHOBAaHMH METOJ JO3BOJISIE BUKIFOYUTH aMILTi-
TYJly HaIpy>KCHOCTI eJIEKTPUYHOrO MO [1a1al040i eICKTPOMArHiTHOI XBHIII, 110 Ja€ 3MOTY 3HAYHO I1OM SIKIIUTH
BHMOTH II[OZI0 CTAaOLIBHOCTI BUXiIHOI MOTYXKHOCTI TeHepaTopa. BiIMiTHOIO 0COOIHMBICTIO 3aIIPOIIOHOBAHOTO Me-
TOZIa € MPOCTOTA MO0 amapaTHOI peasi3allii, [0 BIAKPHUBAE HUBIX A0 PO3POOKH HOBOTO Kiacy BUMIPIOBAdYiB KOM-
IUIEKCHOTO Koe(ilieHTa BifOUTTS.

Complex reflection coefficient measurements are widely used in materials characterization. The aim of this
paper is to develop a method for complex reflection coefficient measurement using electrical probes. For the case
of three probes placed an arbitrary distance apart, a biquadratic equation that relates the complex reflection coef-
ficient magnitude to the currents of the semiconductor detectors connected to the probes is derived. Due to the
fact that the complex reflection coefficient magnitude is no greater than unity, it is unambiguously determined
from that equation as its smaller positive root. The complex reflection coefficient phase is determined from two
quadrature signals, which are easy to find from the semiconductor detector currents once the complex reflection
coefficient magnitude is known. To measure the complex reflection coefficient over a frequency range, it is con-
venient that the interprobe distance be equal to one eighth of the guided operating wavelength at the maximum
frequency. The proposed method allows one to eliminate the incident wave electric field amplitude, this making it
possible to greatly alleviate the requirements for oscillator output power stability. A distinctive feature of the
proposed method is the simplicity of its hardware implementation, which opens up the way to the development of
a new class of vector reflectometers.

Knwouesvie cnosa: xomniexcHulli Kodghpuyuenm ompadgicenus, sieKmpuye-
CKUL 30HO, NOJYNPOBOOHUKOBbLL OEMeKmop, 8bIXOOHAS. MOWHOCHb 2eHepamopd,
MEINC30HO080€ pACCMOsAHUE.

JUii KOHTpOJIL IIapaMEeTpPOB MaTepUalioB, B YAaCTHOCTH IPOLIEHTHOTO COAEp-
JKaHUSI CMecel, MIMPOKO MPUMEHSIOTCS M3MEpPEHUs AUAIEKTPUUECKON MpOHHIIae-
MocTtd. OHUM U3 METOJOB ONPEIECICHUS TUAIEKTPUIECKON MPOHUIIAEMOCTH SB-
JsieTcs. U3MepeHre KOMIUIeKCHOTo Koadduimenra orpaxenus. TpaluiiMmoHHbIH
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METO]T U3MEPEHHSI KOMIUIEKCHOTO KOd(HUIMeHTa OTPaKeHU OCHOBAaH Ha HUCIOJb-
30BaHUM COTJIACOBAHHOW KOHCTPYKIHH IBEHAALATHUIIONIOCHOTO H3MEPUTEIHHOTO
npeobpazosarens [1]. OcHOBHBIC MPOOIEMBI METO/Ia — ONITUMHU3AIIHS CTPYKTYPHI H
XapaKTEePHUCTHK MpeoOpa3oBarelisi, a Takke pa3paboTka CIOCOOOB M CPEICTB €To
kaymOpoBky [2]. KoHCcTaHTEI, HEOOXOMUMBIE IS ONPEeAeSICHNUs KOMIUIEKCHOTO KO-
a¢dumeHTa oTpaKeHUsI, HAXOIATCS O pe3ysbTaTaM TpeABapUTENbHON KammO-
POBKHM M3MEpHUTEIS C NCIIOIb30BAaHIEM HE MEHEe YEeTHIPEX ITATOHOB KOMITJIEKCHO-
ro ko3¢ dunmenTa orpaxkeHus. Kpome Toro, TeXHOIOTHS W3TOTOBJIEHUS COTIACO-
BAaHHBIX W3MEpHUTEJICH, HaIpUMep B BOJHOBOIHOM HcmoiHeHnH [3], cmokHa. Co-
BEPIICHCTBOBAHNE KOMITHIOTEPHON TEXHUKH ITO3BOJIHIIO C(HOPMYIHPOBATH MOAXO/,
COTJIACHO KOTOPOMY HaXOJAT NMPHUMEHEHHE JIBYXIOJIIOCHBIE W YETHIPEXITOIIOCHBIE
STANIOHBI C MapaMeTpaMH, MONyYeHHBIMHA pacdeTHBIM myTeMm. B pabore [4] mpen-
JIO’KCH BEKTOPHBIA pedIeKTOMETP IS M3MEpPEHHUsT KOMITIEKCHOTO KodddumueHTa
OTpaXXEHHS C W3MEPHUTEINHHBIM TpeolOpa3oBaTelieM Ha OCHOBE KpPecTooOpa3HOTro
E-TII0CKOCTHOTO BOJTHOBOJIHOTO AETUTENS, CXeMAaTUIECKU BHA KOTOPOTO TOKa-
3aH Ha puc. 1, rae 1 — kpecTooOpasHblii £-IIIOCKOCTHOM AEIUTEb C IIcYaMu 2, 3,
4, 5; 6 — rerepaTop; 7 — BEeHTHIIb; 8, 15 — HampaBIeHHBIE OTBETBUTENH; 9 — HccIe-
nyemas Harpyska; 10, 11, 14 — nerektopsr; 12, 13 — cornacoBaHHble U3MEPUTENIN
MOIIHOCTH; 16 — M3MEePUTENBHBIN TPeoOpa3oBaTElNb.
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Puc. 1

Oco0eHHOCTBI0 E-TUIOCKOCTHOTO BOJHOBOJHOTO KpecTa SIBISETCS BO3MOXK-
HOCTh pacyeTa MaTpPHUIbl PAaCCESHUS CTPOTUMH 3JICKTPOJUHAMUYECKUMH METO/a-
MU. DJIeMEHTHI MaTPHIIbI PACCESTHUSI UMEIOT BECbMa TUIaBHYIO 3aBUCHMOCTh OT 4a-
CTOTHI BO Beell paboueii nosioce. Kak nmokazano B pabote [5], 00paboTka pe3yiibra-
TOB U3MEPEHHUI Ha OCHOBE MPHHITUITA TOJOrpadu ¢ TPEMsI OTIOPHBIMU CUTHAJIAMHU
[6] mO3BOJISIET 3aMEHHUTDH PELIEHHE CHCTEMBI KBAaJPATHBIX YpaBHEHUN Ha pelIeHne
CHUCTEMBI JJMHEWHBIX YPABHEHUHN C MCIOJIb30BAaHUEM ammapara perylispusauuu Tu-
xoHOBa [7].

B pabGore [8] npennoxeH u3MepuTelnh KOMIUIEKCHOTO Kod(hduiMeHTa oTpa-
JKEHUs1, TIOCTPOCHHBIN Ha OCHOBE JIByXKAaHAJIBHOTO JIBYXJCTEKTOPHOTO BOJIHOBO/I-
HO-IIIENIEBOTO MpeoOpazoBaTelid, CXeMaTHUECKUN BHJl KOTOPOTO NPHUBEAEH Ha
puc.2, Tt1ae 1— CBepXBBICOKOYACTOTHBI T€HEpaTop; 2 — JIBYHAIIPaBIICH-
HbIi  OTBETBUTENb, 3, 4 — COIJIACOBaHHBbIC HArpy3Kku; 5, 6 — IEeTEKTOpHbBIE
TOJIOBKH; 7, 8§ — OTPE3KH BOJHOBO/IA MPSIMOYTOJILHOTO CEYEHUs; 9 — MCClieyeMBblit
oOpazern. [IpenMymiecTBOM MpenaraeMoro W3MEpHUTENs, M0 CPaBHEHHWIO C pac-
CMOTpPEHHBIM BBIIIE U3MEPUTENIEM Ha OCHOBE KPecTOOOpa3HOro E-TNIOCKOCTHOTO
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BOJTHOBOJIHOTO JICJIUTEIIS, SIBIISICTCS MEHbIIIEEe KOJIMYECTBO JETEKTOPOB — BCETO JBa,
OJTHAKO, KaK BUIHO M3 PHC. 2, €r0 KOHCTPYKIHS OCTAeTCS JOBOJIBHO CIIOKHOW H
Uit onpeaeicHUs (a3bl KOMILICKCHOTO KO3(PQHUIMEHTa OTpa)KeHHsI TpeOyeTrcs
MIPOBOJIMTH U3MEPEHHUS Ha JBYX OJU3KUX YaCTOTaX.

Puc. 2

C nmpyroii CTOpOHBI, 3a/1a4a omnpeneneHns KodpQuireHTa oTpakeHus: BO3HU-
KaeT TaKKe MPH W3MEPEHHH OTHOCUTEIBHOTO IepeMeIleHnsi 00beKTa nHTepde-
PEHIIMOHHBIM METOJIOM C HCIIOJIB30BAaHHEM 3JIEKTPUIECKUX 30HI0B. Tak, B pabore
[9] mpennoxkeHa MeTOAMKA MU3MEPEHUS OTHOCUTEIFHOTO IepeMeIeHIs] 00beKTa C
HIOMOIIBIO 30HIOB, YCTAaHOBJICHHBIX B BOJTHOBOJIHOM CEKIIMU HA PACCTOSTHUU OJJHOM
BOCBMOM JUIMHBI BOJIHBI 30HIUPYIOIIETO 3JIEKTPOMArHUTHOTO M3IY4EHHS APYT OT
apyra. B oToit MeTonuke mepemenieHue OmpeaenseTcs MO IBYM KBaJIpaTypPHBIM
CHTHAJaM, KOTOpPBIE HAaXOIATCS M3 TOKOB IMOJYIPOBOJHUKOBBIX JETEKTOPOB, CO-
€IMHEHHBIX C 30HAaMH. B BBIpa)XeHUs, CBS3BIBAIOLINE KBAIPATYpPHBIE CHT'HAIBI C
TOKaMH TIOJIyIIPOBOJHUKOBBIX JETEKTOPOB, BXOAUT MOMYJIb HEU3BECTHOTO KOM-
TUIEKCHOTO KO3 (HUITMEHTa OTpaXeHHsI 00bEKTa, KOTOPBIA TAK)KE ONPENeISeTCs 110
TOKaM TIOJTyITPOBOJHUKOBBIX JIETEKTOPOB. [IpH M3BECTHOM pACCTOSHHM MEXKIY
00BEKTOM M 30H/IaMH W3 KB3/IPaTYpPHBIX CUTHAJIOB MOXKET JIETKO OBITh HaliieHa M
(a3za KOMIUIEKCHOTO KO3 (HIMEHTa OTpaXeHHs O0BEKTa. AmMapaTrHas pean3a-
U TI0/IX0/12, JIEXKAIIEr0 B OCHOBE 30HIOBOM METOJUKH, 3HAYUTEIHHO MPOLIE arl-
HapaTHOM peajn3ali METOJIOB H3MEPEHUS KOMIUIEKCHOTO ko3¢ punmenTa
OTpaXeHHs Ha OCHOBE KpPecTooOpa3sHOro E-TIIOCKOCTHOTO BOJHOBOJIHOTO Jie-
JUTENS] ¥ HAa OCHOBE JIByXKaHAIBHOTO JIBYXJICTEKTOPHOTO BOJIHOBOIHO-IIEIEBOTO
npeoOpazoBaress. OJHAKO 3Ta METOJMKA ITO3BOJISIET IPOBOIUTH U3MEPEHUS TOJIb-
KO Ha OJJHOH YacToTe, a UMEHHO Ha TOMH, NPH KOTOPOH MEX30H/I0BOE PACCTOSHUE
PaBHO OJTHOM BOCBMOW JUTMHBI BOJHBI 30HIUPYIOIIETO 3JIEKTPOMAarHUTHOTO U3ITY-
4eHust B BOJIHOBOZE. [lodTomMy mns obecriedyeHHs BOSMOXKHOCTH HM3MEpEHHs dYa-
CTOTHOW 3aBHCHMOCTH KOMIUIEKCHOTO KOI((HIMEHTa OTpaXEHHsS B JHara3oHe
YacTOT JIeKAIIMH B OCHOBE ITOH METOJMKH TOAXOJ JOJDKEH OBITH 0000IIeH Ha
Clly4ail MpOU3BOJILHOTO MEX30HIOBOTO PACCTOSHUSL.

Lenpto 1aHHOHM CTAaThU sBJISIETCS pa3paboTKa METO/a M3MEPEHHUS! KOMILIEKC-
HOT0 K03(h(hUIIEeHTa OTPAXKEHUSI C UCIIOIb30BAHUEM JIEKTPHUECKHUX 30HI0B.

Paccmotpum Tpu 30Hm1a 1, 2, 3, coeAMHEHHBIX C MOIYNPOBOJHUKOBBIMHU J€-
TEKTOpPaMHU C KBaJAPaTUYHOHN BOJBT-aMIIEPHOM XapaKTepHUCTUKOW. 30HABI PacHoio-
JKEHbI B BOJIHOBOJHOM CEKLIMH MEXAy reHepaTopoM 3JIEKTPOMAarHUTHOTO M3JIyde-
HUS 1 00pa3uoM, KO3QQUINEHT OTpaskeHHsI KOTOPOT'O U3MEPSIETCs, Ha PaCCTOSHUM
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| mpyr ot apyra, mpuueM Gimke K 0Opasiy pacmoioxkeH 3081 3. CxeMa u3MepeHus
npuBeneHa Ha puc. 3. Kak BuaHO U3 cpaBHEHUs ¢ puc. | U puc. 2, ¢ TOYKH 3pCHUS
anmapaTHOW peanu3alliid 30HJOBBIC H3MEPCHUS KOMIUIEKCHOTO KO3 QHIIHCHTA
OTPaKEHHS 3HAYUTEIHHO IPOIIE METOIOB, MIPEIIOKEHHBIX B padorax [4] u [8].

Wuprymrop BO/HOBOAHAS CEKIMA  BomopoHAR CeKIIIA
€ MOTTOMEAKO T e it € TOHIAMIT ¢ 0BpMILIOM
HarpyIKoit L L ;
Teneparop JoHa 1 "Imu 2 fmu \ s Odpazen s
! l Corjacoransan
I I HATPYIRA
v
Jl 7 "1
Puc. 3

Tokn nerextopoB J,, J,, J, ClELyIOUIMM 00pa30M BBIPAXKAIOTCSA YepPe3 MO-
oynbs ' u $azy ¢ KOMIDIEKCHOTO KO3 HUIMeHTa OTpakeHUsT o0pasiia

J, = klElfaH(l +r2 4 2rcosw), (1)
J, =koEZ, [1+12 +2r cos(y —a)] = kB4 [1+1% + 2

+ 2r cosy cosa + 2r sinysin o ’
J3=ksEZ, [1+12 +2r cos(y —B)] = keEZs [1+7 2 + @)

+ 2r cosy cosB+ 2r sinysin ] ,
w=ﬂ+¢, o= B=8—n|, 4)

}\'QV }\'9 }\'9

rae Enau — MOZ[yJ_H) aMHHI/ITyILBI HaHpﬂ)KeHHOCTI/I 3HeKTpI/IquKOFO II0JI1 nmagaro-

IIeH AIeKTpOMarHuTHOM BONHEL, K , K, , Ky — K03 dHIeHT TponopunoHaIbHOCTH

MCXKAY KBaJApaTOM MOAYJISI aMIUIUTYAblI HAIIPAKCHHOCTH 3JICKTPUYCCKOIO MOJIA U
TOKOM JCTCKTOpPA I JETCKTOPOB 1, 2, 3 COOTBECTCTBCHHO, L - PacCTOAHUC MCKAY
06pa3u0M n 30HAOM 1; )\'QV — AJIMHA BOJIHBI 30HAWPYIOHICTO 3JICKTPOMATHUTHOI'O

W3Ty4EHUs B BOTHOBOJIE.
3agaua 3aKiII0YaeTcs B TOM, YTOObI HAWTH MOIYJb I' U Qa3y ¢ KOMIUIEKCHOTO

K03(UIKEHTa OTPAKESHUS 110 U3MEPEHHBIM TOKaM JIETEKTOPOB.
CoorHomrenust (1) — (3) MOXKHO paccMaTpUBaTh Kak CHCTEMY TPeX YpaBHEHUH

C YEeTHIPbMs HEW3BECTHBIMHU: I . Sin\y, COSy, Efaﬂ. s Toro yToOBI YMCIO

ypaBHeHI/Iﬁ COOTBCTCTBOBAJIO YUCITY HCU3BCCTHBIX, OTY CUCTCMY CICAYCT HOIIOJI-
HUTHb OCHOBHBIM TPUTOHOMETPHUYCCKUM TOXKICCTBOM

siny +cos y =1. (5)
Brauane monyuuM ypaBHeHue Ui onipenenenus I . Pazgenus (2) u (3) Ha (1),

MoJIy4yumM

142



1+r? +2rcosycosa +2rsinysina _ k;J,

2 - =a,
1+ r? +2rcosy kpJdy
1+ r? +2rcosy cosp + 2r sin ysin B _kds _ b
1+r2 +2rcosy kgd,
OTKyz1a
_ 2
cosy(cosa — a) + sin ysin o = %“—r), (6)
r
_ 2
cosy(cosp — b) + sin ysin p = b 121 ) )
r

CootHorrenust (6) u (7) MOKHO paccMaTpUBaTh Kak CHCTEMY JIBYX ypaBHEHUI
C IBYMsI HEM3BECTHBIMH SiN y ¥ COS\ . PerieHne 3TOi CHCTEMbI HMEET BUJT

(1+r2)(b-1)cosa —a)—(a—1)cosp—b) (L+r?)A

sy =" (cosa—a)sinp—(cosp—b)sina  2r ®)
cosy L+r?) (a- 1)si.n B —(b—1)sin o _ (L+r2) 8. ()
2r (cosa—a)sinp—(cosp—b)sina  2r
IHoncrasus (8) u (9) B (5), momyunm
ar® = [L+2r% + r* A% + B2). (10)

U3 (10) caenyer, 4To KBaApaT MOAYJS KOMILIEKCHOTO KOA(pHUIUCHTa OTpa-

xenns t = r? YIOBJICTBOPSIET CICOYIOMIEMY KBaApaTHOMY YPaBHECHHUIO
Cil2-—2 li1-0 (11)
A? + B2 '

Tak kak CBOOOAHBIM WIEH 3TOr0 ypaBHEHUS IOJIOXKUTENCH, a KOAPPHUIUEHT

npu t oTpunaTencH (MOCIEAHEe CISAYeT M3 MONOKHTeNpHOCTH t U t2 +1), To
KOPHHU 9TOTO ypaBHEHHUS TONOKUTENbHEL. Tak kak ko3hduuuent mpu t? u cBobox-
HBIN YJICH PaBHBI CIUHMIIE, TO OJMH KOPEHb 3TOTO YPABHEHUS OOJIbIIIE SAMHUIIBI, a
JIPyroii — MeHbIIe. DTO MO3BOJISIET OJJHO3HAYHO OIPENCIUTh U3 3TOTO YpaBHEHUS

2 o
KBaJgpaT MOAYJISA KOMIIJICKCHOT'O KOS(i)(bPII.[PIeHTa OTpaXCHHUA '™ KaK MCHBIIMU KO-

2
PEHB 3TOTO YpaBHEHHMS, TaK KaK [ , a CIeIOBATENbHO, H I~ HEe MOXET ObITh 0O0JIb-
1€ eIUHHIIBL.

Takum obpazom, u3 (11) umeem

2
2 2
r=—=_-1-|J| —%—-1| -1.
A% + B? (A2+BZ j

[Ipu u3BecTHOM MozyIe KodhPHUIKMEHTa OTpaKeHUsI ' coaepskaine nHpop-
Manuio o ¢asze kodppunreHTa oTpaxkeHus SNy u CoSy Haxoxusatcs u3 (8) u (9).
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. . 4l
ITpn u3BeCTHBIX SiN Y M COS\Y apryMeHT 3TuX QYHKIHH Y = I + ¢ MOXHO
g
HaTH creayromuM oopa3oM

Y =@+271n,

arctg ﬂ, siny >0, cosy >0,
cosy

¢ = jarctg siny +m, cosy <0 ,
cosy
arctg sy, 2w, siny <0, cosy > 0,
cosy

rJe ¢ — Hepa3BepHyTas (as3a; N — Leloe Yucio.
Otcroga modydaeTcst cleayrollee BBIpAKEHHE Ul UCKOMOM ¢a3bl ¢ KOM-
TUIEKCHOTO KO3(ppHIIMeHTa OTpaKeHUs

¢=(p—%+2nn. (12)
¢}

Bxomsmee B (12) memoe urncno N BeIOMpaeTcs U3 YCIOBUS, YTOOBI (aza ¢
Jie)asa B HHTepBaje OT HyJIs 10 27 .

B HacTosiee BpeMsi 0O0IIEPHHATHIM 3HAYCHUEM MEK30HI0BOTO PACCTOSHUS
spnsercs | =4 / 8. Tlpu yBenuyenuu otHomieHus | / A4 mo 1/4 ypasuenue (3) me-

pexoaut B ypaBHenue (1), T. e. konmuuectBo ypaBHeHuil B cucteme (1) — (3), (5)
CTaHOBUTCSI MEHbIIIE KOJIMYECTBa HEU3BECTHBIX. [l03TOMY IpH MpOBENECHUH HU3MeE-
PEHHI KOMILIEKCHOTO K03 (uiinenTa oTpaskeHusl B TMama3oHe 9acTOT MEK30H/I0-
Boe paccrostaue | ymo6HO BBIOpATh paBHBIM OJHON BOCEMON MHUHUMAILHOMN JJTHHEI
BOJIHBI B BOJIHOBOAE Agpmin » T €. PABHBIM OJHOH BOCBMO¥ JUIMHbI BOJIHbI, COOTBET-
CTBYIOIIEH MaKCHUMaJIbHOW YacTOTe, MOCKOJIbKY TPH 3TOM BO BCEM JHMAaIra3oHe ya-
cToT Oyner BhimonHsThCs yeosue /A, < 1/8.

[Ipu npoBeneHNH U3MEPEHUI B MEJUIMMETPOBOM JTUANTa30HE JUTMH BOJH 00ec-
TIEYCHNE MEK30HAOBOTO PACCTOSHUSA, PABHOTO A gmin /8, SIBJIIETCSL JOCTATOYHO
CIOXHOH 3amadeii. OqHAKO TP 3TOM MOKHO MOCTYIIUTH MO-APYyroMy, a UMEHHO, C
MTOMOIIBIO MPEIBAPUTEIBHBIX M3MEPEHUH C UCIOJIB30BAHMEM KOPOTKO3aMBIKAIO-
LIETO TOPIIHS ¢ MUKPOMETPUYECKHM BHHTOM OIPENENUTh (pakTHieckoe MeX30H-
nosoe paccrosHue [10]. ITycts pacctosiaue |, Mexmy 30H1aMu 1 1 2 ycTaHOBIIE-

7\’9 min

HO C HEKOTOpPOH MOTpemHoCTho, T. €. |, = T(l + y). B stom ciydae mpu

MPOBEIEHNH U3MEPEHHUI ¢ KOPOTKO3aMBIKAIOIIMM mopiiHeM (I =1,¢ = n ) ypas-
Henus (1) u (2) npUHUMAIOT BUT

J rell = 2(1 + COS\V)’ (13)
Jreiz = 21 +sin(y — ny/2)), (14)

T7ie BBEACHBI CIEAYIOmue 0003HaUYCHUS
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J4 Jo

rell = =

k,E2 o2 E?

nag nan

(BemMUMHBI B 3HAMEHATENSAX 3TUX (HOPMYJ MPENCTAaBISIOT cO0OM TOKH COOTBET-
CTBYIOIIUX JETEKTOPOB B PEKHUME COIVIACOBAaHHON HArPY3KH).

Dopmyny 1is J ., MOXKHO NEPENUCATh KaK

J etz = 2[1 + sin y cogry/2) — cosysin(ny/2)] ,

OTKyJ1a
. 1+ sin 2)— 2
sin (TEY/Z) _ S \VCOS(TC’Y/ ) ‘]reIZ/ ) (15)
cosy
ITycTh X, U Xpax — HMOJNOXKEHHS KOPOTKO3AMBIKAIOLIETO TOPIIHS, B KOTO-

PBIX TOK ‘]rell AOCTUTaCT MUHUMYMa U MAaKCUMyMa COOTBCTCTBCHHO. O‘lCBI/I):[HO,
YTO B 3THUX MOJIOKCHUAX TOPIITHA

COS\V(Xmin) =-1, COS\V(Xmax) =1, sin \V(Xmin, max) = 0. (16)

U3 (15) ¢ yuetom (16) nmeem

sin (TEY/Z) _ ‘Jrelz(xrznin) -2 1 (17)
sin (TEY/Z) _ 2 - ‘Jrelz(xmax) . (18)

2

IIpu pa3zyMHOM IIPEAIIONIOXKEHUU, YTO |y| <1, T. e. MOTPEUIHOCTh YCTAHOBKH

HE MPEBBIIIACT 33aHHOTO MEK30HIOBOI'0 PACCTOSIHUS, BEJIMYMHA Y OMPEICIISIeTCS
u3 (17) u (18) oxHO3HAYHO.
B xauectBe npumepa Ha puc. 4 MpUBEACHBI paCCYUTaHHbIE 3aBUCUMOCTH HOP-

MHUPOBAHHBIX TOKOB  J g1, J2 OT KOOPAMHATBI X KOPOTKO3AMBIKAIOLIETrO

nopiHs st Ay =3 cM u y =0,2. Pacuer nposoamics no dopmynam (4), (13),

(14) ¢ nobGaBieHHEM MOJACIUPYIONICH IIyM CIIy4aifHOW KOMIIOHEHTBI, PABHOMEPHO
pacnpeneneHHoi Ha npoMexyTke oT —0,25 no 0,25. BepTukaibHble TMHUN X i1 »

Xmin2 COOTBCTCTBYHOT MUHUMYMaM TOKa J a BEpTUKaAJIbHAA JTUHHUA X

rell» maxl

MaKCUMyMY 3TOTO TOKa (KOOPAMHATBHI 3THX 3KCTPEMYMOB ONpPENeNsINCh KaK IO-
JycyMMa KOOPIHMHAT CJIEBa U CIpaBa OT 3KCTPEMYyMa, COOTBETCTBYIOIIMX OAMHA-
KOBOMY 3HA4€HHUIO TOKa J ;). B oTHX TOukax TOK J, MMEET Cleayromue 3Ha-
deHus:  J rel 2(Xmin 1) = 2’60; J rel 2(Xmin 2) = 2176; J rel 2(Xmax1) = 1’56' Cootaer-
CTBYIOIIME UM 3HAUCHHsI SiN (ny/ 2), HaiineHnsle mo popmynam (17) u (18), paBHbl
0,30; 0,38; 0,22. Ux cpeanee 3nauenue pasuo 0,30, B TO BpeMs KaKk ICTUHHOE 3Ha-
4yeHue Sin (Tcy/Z) g ¢ =0,2 paro 0,31.
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J J
b
rell> = rel2 anl max1 min2

Puc. 4

TouHo Tak xe onpenensercs u GakTHueckoe paccTosHue |, MEXITY 30HIAMU
2 u 3. Ilpu u3BecTHBIX paccTosHuAX |y, u |,5 Bxomamue B (2) u (3) yruisl o u 3
JaI0TCsl BHIPAXKEHUSIMH

oAl - an(l,, + |23).
A A

g 9

CHCI[yGT OTMCTUTD, YTO B IMMOJYUCHHBIC BBIIIC BBIPAXKCHUA JII MOAYJIA U (1)3-
3bI KOMIIJICKCHOT'O KOE)(b(bI/IHI/IeHTa OTpaXCHUA HC BXOOUT KBaApaT MOAYJIA aMIlJIN-
TyAbl HAIIPAKEHHOCTU 3JICKTPUUYCCKOI'O IOJIA naz[a}omef/i SHeKTpOMaFHHTHOﬁ BOJI-

2 o
HBI Enazl . CJ'IeI[OBaTeJ'IBHO, IIpu ONpOBCACHHUU U3MCEPCHUHN aMIUTIMTYla HAIPSXKECHHO-

CTH 3JIEKTPUYECKOT0 OIS HaJaroliell 3J1eKTPOMarHUTHOW BOJIHBI HE 0053aTeIbHO
JOJKHA MOJIEPKUBATBCS CTPOTO MOCTOSIHHOM, YTO cMsryaeT TpeOoBaHuUs K T'eHe-
paTropy 30HIMPYIOLIETO 3JEKTPOMArHUTHOTO W3JIYYEHHUs B YacTH CTaOMJIBHOCTH
MOIITHOCTH.

Taxum 00pa3om, IpeAsIoKEH METOI U3MEPEHHUS] KOMIIEKCHOTO KO3 pHIreH-
Ta OTPaXEHUS B JAMANA30HE YACTOT C MCIIOJIB30BAaHMEM TPEX 30H[OB, allapaTHas
peanu3anys KOTOPOro 3HAYMTENBHO IMPOIIE alnapaTHON peanu3allyd M3BECTHBIX
METOAOB, YTO OTKPBIBAET IIyTh K pa3pabOoTKe HOBOTO Kjacca M3MEpHUTENIeH KOM-
IUIEKCHOTO K03 uiimenTa oTpaxxeHusl.
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