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Munck, Pecnybnuxa benapyco

HanuonanbHelii  5TalOH €IUMHHALBI IUIOTHOCTH
MOTOKA 3HEPTUU 31IeKTpoMarauTHoro noist HO Pb26-
15 npenHa3HaueH U1 BOCIIPOM3BEACHUS, XPAaHEHUS U
nepefadyd pasMepa €AMHHULBI IUIOTHOCTH IOTOKA
snepruu (nanee I[1113) B cBoOoHOM npocTpaHcTBe. B
OCHOBY paboTa 3TajoHA IOJIOXKEH METOJ ITAIOHHOH
AHTEHHBI, B COOTBETCTBUHU C KOTOPBHIM 3HaueHue [1113
OIpesiesieTCs C HOMOIIBIO0 3TAJIOHHOTO HW3MEPUTENS
[II1D, cocrosimero W3 ATAJOHHOW W3MEPHTEITHHOMN
AHTCHHBI U I3MEPUTEIS MOIITHOCTH [ 1].

HcToyHNKaMU HEHCKJIIOUEHHOI cucTeMaTHuYe-
CKOIi IOrPelHOCTH BOCIIPOU3BEICHUS U NEpefadn
eauHuIbl [TI1D SBISIFOTCS: OTPEIIHOCTh H3MEPEHHUS
MOIITHOCTH Ha BBIXO/I€ 3TAJIOHHOM aHTEHHBI, HOTpeLI-
HOCTb 3((EKTUBHOH IUIOMIAAN STaJOHHOH aHTEHHBI,
HOTPEIIHOCT 3a cuéT paccornacoBanus B CBUY usme-
PUTEIBHOM TPaKTe, MOTPELIHOCTH 3a CUET MepeoTpa-
JKGHUH MEXAYy aHTCHHaMH, IOTPEIIHOCTh U3-3a
HETJIOCKOCTHOCTHU 3JIEKTPOMAarHuTHOT'O MOJIS B MecTe
CIIMYCHHMS AHTEHH, TIOTPEITHOCTH 3aMEIIECHHS ITaJI0H-
HOHM aHTCHHBI HA UCCIIELYEMYIO, TIOTPEIIHOCTh U3-3a
HETIOCTOSIHCTBA 3JICKTPOMAarHUTHOTO TIOJIS 32 BPEMS
U3MEPEHUH, MOTPEIHOCTh H3-32 NEPEOTPAKECHUH
JJIEKTPOMArHUTHBIX TIOJIEH OT CTeH 0e33X0BOoi
KaMepsl [2]. AHanu3 mokasasn npeodiajaHue psiaa co-
CTaBJAIOIIMX MOTPEUIHOCTH, B MEPBYIO OYEpenb:
HOTPENIHOCTH onpeneneHus 3hHeKTHBHON III0MaaAN
STaJIOHHOM aHTEHHBI U MOTPEIIHOCTH U3-3a paccoria-
coBanuii B CBY u3meputenbHoM Tpakte [3].

OneHnBaHNe NOTPEIIHOCTH M3-32 PaccorJiaco-
BaHuil B CBY u3dmepurejbLHOM TPaKkTe

B obmem ciyuae, ' NeHCTBUTENHHOE 3HAYCHUE
MOIITHOCTH Ha BBIXOZE STaJOHHOW aHTEHHBI MOXKHO
oTpeneNuTh 1Mo Gopmyie [4]
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Cpeau CyIEecTBYIOIIMX METOJ0B YMEHBIICHHUS
CHCTEMaTHYECKOW MOTPENTHOCTH H3-3a Paccoriaco-
BaHns B CBY m3MepHuTEIhbHOM TPaKTe HAMH HCITOJb-
30BaH METOJ, OCHOBAaHHBIH Ha HCIIOJIb30BAHUU IIO-
NpaBOYHOro MHOXkwWTens. I[lpuuem anst momydeHus
MaKCHMaJIbHOI TOYHOCTH HaMH OBIIO MPEIIOKEHO
m3MepeHne K03(pQUIINeHTOB OTpasKeHHUS BEKTOPHBIM
aHaIM3aTOPOM LTI U pacdeT MONpPaBOYHOTO MHO-
JKHUTEIIS C YUETOM MOAYJIEH 1 apIyMEHTOB KOMILIEKC-
HBIX KO9((HHUINEHTOB OTPAKECHHS.
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BEITNIOTHUB M3MEpEHUsT KOMIUICKCHBIX K03(du-
[UCHTOB OTPAXKEHUS U BOCIIOJIb30BABIIKCEH BBIPAXKE-
HUsMH (6) — (8), MOKHO HAWTH TOMPABOYHBIA MHO-
XKUTENb [/, HCIOIb30BaTh €ro Uil KOPPEKLHUU

pe3yIbTaTOB M3MEPEHWH MOITHOCTH CHTHaja Ha
BBIXOJIC H3MEPUTEINHHON aHTCHHEI.

HeucknroueHHBIE OCTATOK  CHUCTEMaTHYECKOM
HNOTPENIHOCTH  M3-3a paccorinacoBanuid B CBY
U3MEpPUTEIEHOM TpakKTe 5§W [0CJIE BHECEHUS

MOTPABOYHOTO  MHOXKHUTENS  MOXHO  OIICHHUTH,
ncnonb3ys hopmyiny [4]
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AHanm3 1moxasai, 4To UCIIOJIb30BAHHUE MOMPABOI-
HOTO MHOXHTEJS C YI€TOM KOMIUIEKCHBIX KOA( Q-
IIMEHTOB OTPAKEHUS MO3BOJIIET CHU3HUTH B 9—10 pa3.
HeuckitoueHHBI OCTaTOK CUCTEMATHUYECKON IMo-
IPEeIIHOCTH HM3-3a paccoriacoBanus B CBY Tpaxre
IOCJIE  BBEJACHHS IIONPABOYHOIO MHOXHUTENS C
Y4ETOM KOMITIEKCHBIX KO3 (QUIIMEHTOB OTpakeHHs B
4-6 pa3 MeHbIE, YEeM IIOCIE WCIIOIb30BAHUSA
ckaysipHbiX. [Ipm aToM, dYeMm Oosblie 3HAYEHHS
KOX(QQHUIIEHTOB OTPAKCHUS TEPMOIIEKTPHIECKOTO
npeoOpa3oBarens, TeM 3(QQeKTHBHEE NPUMEHEHHE
BEKTOPHBIX U3MEPEHUH.

3HauyeHne norpemiHOCTH 3(PPeKTHUBHON 1JI0-
a4 dTAJOHHOW AHTEHHBI 3aBUCTH OT METO/A €&
OTIpEJIETICHUSI U TOYHOCTHBIX XapaKTEPUCTHK ITpUMe-
HSEMOro mnpu 3ToM o0opynoBaHus. CylIECTBYIOT
pasyiMuHble METOJbl OIpeAeeHus . d(PHEKTUBHOM
IUTOLIaI: METOJ STAJIOHHON aHTEHHBI, METOJl 3Ta-
JIOHHOTO TI0JIs, METO/IbI JIBYX M TpeX anTeHH. [1pu pe-
aNn3alMu MEPBBIX IBYX METOJI0B HEOOXOIMMO HAIIU-
YHe STaJOHHOM aHTCHHBI ¢ U3BECTHBIM K0d(duriyeH-
ToM ycmieHus (3QQPEeKTHBHON IIIomanpio). Takue
N3MEPEHUS MOTYT OBITH BBHIITOJIHEHBI METPOJIOTHYE-
CKHMH CIIy>KOaMH, pacmoiararoniMu 6oJiee BBICOKO-
TOYHBIMU 3TanioHamu, Hanpumep, BHUNUDTPU c uc-
I0JIb30BaHKeM | 0CyJapCTBEHHOTO MEPBUYHOTO 3Ta-
JIOHa JAWHHLBI = IUIOTHOCTH TIOTOKa OJHEPruH
anekrpoMarHuTHOrO Mnojst ['9T 160-2006 (PD). Or-
HOCHUTEJNbHAsI HOTPEIIHOCTh Pe3yabTaTOB H3MEPEHHIA
9 GEKTUBHON TIUIOLIAM C NPUMEHEHHEM MEPBBIX
JIBYX METOJIOB MOKET COCTaBIATH 0T 7 110 12 %.

Peanuszanusi BToporo u TpeTbero MeToja OCHO-
BaHa Ha popMyJie nepesad B CBOOOIHOM MPOCTPaH-
CTBE, B COOTBETCTBUHM C KOTOPBIM JUISl CHCTEMBI C
JIByMsI aHTeHHaMH (M3JIy4aroliei 1 mpueMHoOM), pac-
TIOJIO)KEHHBIX Ha HEKOTOPOM PAacCTOSHUU Py OT
JIpyTa, MOIIHOCTh, IPUHUMaeMast Ha COTJIacCOBaHHOM
Harpyske, HOAKIIOUYEHHOW K NPHEMHON aHTEHHe
oTpeersieTCsl Kak
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UM U PACCTOSIHHE MEXIYy aHTCHHAMHU TaKOBO, YTO
peoOIaaloT YCIOBHSI JAIBHETO OIS,

®dopmyra nepenaud B CBOOOTHOM IPOCTPAHCTBE
MOJKET OBITh 3alKMCaHa B JOrapUPMHUCCKON Popme
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Mero/ IByX aHTEHH MPE/IIONIaraeT, 4To JBe aH-
TEHHBI UJICHTHYHBI, TOTJA W UX KOA(PPHUIIMCHTHI YCH-
JICHUS PABHBI
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0 MOIIHOCTH aHTeHH CBOIHTCS K M3Mepenuo R, A,
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Ecnu antennsl A u B He sBIAIOTCS UIEHTHY-
HBIMH, TO TPEOYETCsl TPEThsl aHTEHHA JUIS OIpeJielie-
HUsE KOO (QUINEHTOB yCUIICHHS.

Ui MeToma Tpex AaHTEHH BBINOIHIETCS TPHU
Habopa M3MepeHuit ¢ NCTOIh30BaHUEM BCEX KOMOH-
Haluil TpeX aHTeHH. Pe3ybTaToM sBIII€TCS CUCTEMA
13 TPEX COBMECTHBIX YPaBHEHHUH, U3 KOTOPHIX OBITH
ompenerneH Kodpduiment ycmieHus (3ppeKTHBHASL
miomane) [5]:
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Peanmuzanust Merona Tpex aHTEHH 3acily)KHMBaeT
oTaenbpHOro Oojiee neTaibHOro paccmorpeHus. OT-
HOCHTEJbHAs! IOTPEIIHOCTh PE3yIbTaTOB N3MEPEHHUH
(G QEeKTUBHON IUIOMAIU C MPUMEHEHHEM MEeTOJa
TpeX aHTE€HH MOXKeT nocturath 1 - 3 %. [Ipeumymie-
CTBO METOJIa B TOM, YTO OH II03BOJIIET BHITIOIHUTD H3-
MEpEeHUs C BBICOKOH TOYHOCTBIO M HE TpeOyeT Hali-
YU JTAJOHHBIX aHTeHH. HemocTtaTtkom sBisercs
CJIO’KHAS TIPOIeIypa M3MEPEHUH W HeOOXOIMMOCTh
HAJIMYHASA TPEeX KOHCTPYKTUBHO WACHTUYHBIX aHTEHH.
B nacrosmee Bpems B benl UM BenyTcs paboThl o
onpeneneHnto 3G (GEeKTUBHONW IUIOMAAN 3TATOHHBIX
@HTEHH METOJIOM TPeX aHTEHH.

IMorpemnocTs u3-3a NMepeoTPaskeHUl OT CTEH
0€39X0B0ii kKamepbl 00YCIIOBJIEHA TEM, UYTO YHEPTHS
B IIPUEMHYIO aHTEHHY IOMa/IaeT HE TOJIBKO MPSIMBIM
JIy4OM, HO U TI0 OoJiee CI0XKHBIM CXeMaM, OTPakasich
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OT 10J1a ¥ cTeH 0e39x0Bo# Kamepsl. [Tpu sTOM 3HaUe-
HHE NOTPEIIHOCTU U3-3a TepeoTpaxeHni onpeaens-
ercs koddummentom 6e3dxoBocTu Kamepbl. Cytie-
CTBYIOT Pa3JIM4HBIE CIIOCOOBI onpeeneHns Kodphu-
nueHTa 6e33xoBoctr kamepsl: Meton KCBH, meton
HaJIOXKEHUS AUAarpaMM HaNpaBICHHOCTH, METOJ] ABYX
MIPUEMHBIX aHTeHH U Ap. [6]. Hamu ObL1 Hcmions30Ban
METO/I, OCHOBAHHBIN Ha NMEPEMEILEHUH U3Tydaromei
M30TPOITHON aHTEHHBI B 00beMe KaMephl, Opesiere-
Hun KCBH xameps! B cootBetctBrn ¢ 'OCT CISPR
16-1-4-2016 ¢ mocIeIyrONUM IEPECYCTOM MOTYUCH-
HBIX Pe3yJIbTaTOB B KO3((HULIMEHT 6E39X0BOCTH Ka-
Mepsl. [1 3TUX Lenel UCIoNb3yeTcs CIelUalbHbIN
KOMIUIEKT M30TPOIHBIX aHTEHH M MO3ULHOHep. U3-
MepeHHOe 3HaueHne K03 dunenTa 6e33X0BOCTH CO-
craBmio — (20...30) b, 4To ABISAETCS AOCTATOYHBIM
JUISL IPOBEZICHUSI I3MEPEHHH € MOTPEITHOCTBIO U3-3a
repeoTpakeHui B 6e39X0B0i kamepe nmopsiaka 1-2%.
IMorpemrHocTh H3-32 HEMJIOCKOCTHOCTH JJIEK-
TPOMATHUTHOTO TOJIsI B MecTe CIHYEHHUS] AaHTeHH
BO3HHMKAET IMpPU CPaBHEHHH JABYX AaHTEHH C pa3Jify-
HBIMH XapaKTEePUCTUKAMH B HEIUIOCKOM IoJie U 00y-
CIIOBJICHA PA3NWYHONW peakIMedl STHX AaHTeHH Ha
Heriockoe nose. Ilpu mpaBuIsHOM BRIOOpE paccTos-
HUS Y CITMYEHHUH JBYX HEUJICHTHYHBIX aHTeHH, 3 dek-
TUBHAS IUIONIAb KOTOPBIX OTJIMYAETCs He boliee yeM
Ha 20 %, NOrpenIHOCTh U3-3a HEMJIOCKOCTHOCTH JJIEK-
TPOMarHWTHOTO II0JIs1 OOBIYHO He TpeBbiIacT 2 %.
[t Tosry4eHust MeHBIIEH MTOTPeNTHOCTH HE0OX0IMMO
YBEJINYMBATH PACCTOSHUE MEXILy aHTEHHAMHU.
IorpemrHocTh H3MepeHUsSI MOIHOCTH H3MepPH-
TeJIeM MOLIHOCTH OIIPEAEIIeTCS ero METPOJIOrHYe-
CKUMH XapaKTepHCcTHKaMu. B cocraBe sTanoHa npu-
MEHEH H3MEepHUTENb MOIIHOCTH PM2 ¢ KOMILIEKTOM
TEPMODJIEKTPHUUECKUX peoOpa3oBaTeniel, OTrpagyu-
POBaHHBIX HEMOCPEICTBEHHO Ha MCXOIHOM 3TaJIOHE
€IMHUIIBI MOIITHOCTH 3JIEKTPOMArHUTHBIX KOJIeOaHu
D PB 19-10. OTtHOCHUTENBHAS MOTPEIIHOCTh H3ME-

peHuss  MOILIHOCTH  H3MEPUTENEM ~ MOIIHOCTH
cocTaBmiia OkoJo 2 %.
Horpemnocrs 3aMeleHust 3TAJTOHHOI

AHTEHHBbI Ha HCCJIETYEMYI0 OMPEICISCTCS MOrPell-
HOCTBHIO M3MEPCHHUS PACCTOSHUS MEKIYy aHTCHHAMHU,
BBICOTHI pa3MeIleHHs U MOTPEITHOCTHIO HABEJCHUS Ha
MakcUMyM Tipuema. J[Jist MasioHanpaBIeHHBIX aHTEHH
TPU YCJIOBUH, YTO TOBOPOTHOE YCTPOMCTBO YCTpOM-
CTBa OCYIIIECTBIISIIOT IOBOPOT aHTEHHBI C TIOTPEIITHO-
CTBIO YCTAaHOBKM HE XyXe 1°, cyMMapHas TOTperI-
HOCTB 3aMeleHus 00bIIHO He mpeBbimaet 1,5 %.
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3aksawouenne. PaboThI 1Mo UCCIeTOBAHUAM Xapak-
TEPUCTHUK 3TATIOHA EMHUIIBI TUIOTHOCTH TTOTOKA dHEP-
THH 3JEKTPOMArHUTHOTO TIOJII BEAYTCS IOCTOSIHHO.
[IpumeHeHre MOMPABOYHOTO MHOXKHUTEIS C YYETOM
KOMILJICKCHBIX KO3(D(HUIIEHTOB OTpakeHHs B COCTAB
STaJIOHA TIO3BOJIMIIO CHU3UTh MOTPEUIHOCTD U3-3a Pac-
cornacoBanus B CBY tpakre stanona eqununsl 11119
B 8-9 pa3, a HEHCKIIOYEHHYI0 CHCTEMaTHYECKYIO
MOTPEITHOCTD 3TasioHa exuHuIE! [111D B nemom B aua-
mazone gactoT ot 0,3 mo 6,0 I'T'y u ot 37,5 no 39,65
ITo — B 1,5 -2,0 paza. CymmapHass HEUCKIIIOUEHHAas!
CHCTeMaTH4YeCKasi COCTABILIONIAs TIOTPEIITHOCTH 3Ta-
JIOHA Ha JaHHOM 3Tarne coctaBisieT 11-12 %. Ouepen-
HBIM 3TallOM CTaHET 3aBepIlIeHIe paboT 0 onpeierte-
HUIO AS(GQPEKTUBHON IUIOMAAKM 3TAJOHHBIX AHTCHH
METOAOM Tpex AHTCHH, YTO IIO3BOJIUT emé yﬂy‘lIlII/ITI)
€r0 TOYHOCTHBIC XapaKTCPUCTUKH.

1. IlpaBuna xpaHeHus U npumeHeHus HanmonaneHOTO
JTAJIOHA COWHWIBI - IUIOTHOCTH IIOTOKa OSHEPrHu
snexrpoMarautHoro ot HO PB 26-15.

2. MenexoB M.E., HBamenko II.A. IloBepka cpencrts
U3MEPEHHH  HANPSLKEHHOCTH  3JIEKTPOMArHUTHOTO
nojs: ~ydeOHoe mocobue. — M.: H3patenbcTBO
CcTaHnaprTos, 1986 r.

3. Bomemen A.C. HanuoHadbHBIA 3TalOH €IMHHIBI
IUIOTHOCTH NOTOKA 3HEPTUH 3JIEKTPOMATHUTHOTO MO
/I Metpomnorus u npubopoctpoenue.- 2016.- Ne2.

4. A.C. Bomsen, A.B. I'ycunckuii, A.M. Koctpukus.
IloBermenne TOYHOCTHBIX XapaKTepPHUCTUK
HaIMOHAJIBHOTO 3TaJIOHA €IWHHIIE! TNIOTHOCTH ITOTOKA
SHEPTUH  JIEKTPOMAarHUTHOTO  HONA 32  CYET
YMEHBIIEHHS MOTPEIIHOCTH U3-32 PACCOIIacOBaHUs B
CBEPXBBICOKOYACTOTHOM H3MEPHUTENBHOM TpakTe //
Mertponorus n npudopoctpoenue.- 2017.- Nel

5. IEEE Std 149™-1979 (R2008) (Revision of IEEE Std
149-1965) |EEE Standard Test Procedures for
Antennas — 129 c.

6. bessxoBeie kamepet CBY / M. 0. Mummaxep,
B. A. Toprosanos, 129 c. ui. 21 cm., M. Paguo u cBs3b
1982.

7. TOCT 8.381-80 locynapcTeennas cucTema
obecriedeHnss €AMHCTBA  M3MEPEHUH.  DTaJOHEL
CrnocoObI BEIPayKeHHUSI OTPEIIHOCTEH.

8. TOCT CISPR 16-1-4-2016 CoBMECTHUMOCTD
TEXHUYECKHX CpencTB JIEKTPOMAarHUTHasl.
TpeboBaHust K  ammapatype Uil H3MEpeHHs
MapaMeTpoB  HHAYCTPUANBHBIX  pagdoloMex U
MMOMEXOYCTOMYMBOCTA U MeTONbl n3MepeHuid. H. 1-4.
Anmaparypa A U3MEpeHHMA  pPaJUONIOMeX U
MOMEXO0YCTOWYNBOCTH. AHTEHHBI U HCIIBITATEIILHBIC
TUTOIIAAKY JUISt I3MEPEHUS U3ITyIaeMbIX TOMEX.

COBPEMEHHBIE ACHIEKTBI UCTIBITAHUM ITPUEOPOB JIUISI U3SMEPEHUSA
BUOIIOTEHIIUAJIOB CEPALIA

Kozak O.T'.
Benopycckuii 2ocyoapcmeennvlil uHcmumym mempoiosuu
Munck, Pecnybnuxa benapyco

B cratbe npoBezieH aHaNH3 COBPEMEHHBIX MTPHO0-
POB, TPUMEHAEMBIX B 3JIEKTpOKapauorpaduu, s
JUAarHOCTHKU OOJIC3HEH W TATOJNIOTHH Cepjua,

pacCMOTpPEHbI METOZbI HCIBITAHUA H  MOBEPKH
npuOOpPOB  JUII  HM3MEPEHUS  OHOAJICKTPUUECKUX
MTOTEHINAJIOB cepaua. [Mposenen 0030p
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