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K BOEHHbIM PafiM03NEeKTPOHHbIM cpefacTBaM (PIC) OTHOCAT WMPOKYHO HOMEH-
KnaTypy obopynoBaHus: pagunoctarumnm OBY/YBY puanasoHa, cBs3Hyto anna-
paTypy AnanasoHa CBY v pasnuuHbie pagnoTexHuyeckue cpeacTea — pafmo-
NoKaTopbl, CNYTHUKOBOE U HaBUraLMoHHOe 06opynoBaHue. Bce oHu MoryT
MOHTWMPOBATLCS CTALMOHAPHO, @ TAKXKE HAa HA3EeMHbIX TPAHCMOPTHbIX CPef-
CTBaX, MOPCKMX, PEYHbIX 1 BO3AYLUIHBIX CyAaX.

Bo BCeX 3TUX NPUIOKEHNSAX YXYLLIEHNE XapaKTEPUCTUK U LaXe 0TKa3bl CUC-
TEM MOXHO NPOC/IEKMBATL A0 YPOBHS HEMCMPABHbLIX KOMMNOHEHTOB: NPUEMO-
nepefatwLnx Mogynen, kabenei, BONTHOBOLOB, aHTEHH, GUNBLTPOB UK yCU-
nutenen. 06ecneyeHune X ONTUMaNbHbIX XapaKTEPUCTUK B 6ONbLLIOW CTENEHN
3aBUCMUT OT BO3MOXKHOCTM TECTUPOBAHMA CUCTEM U KOMMOHEHTOB B NONEBbIX
YCNOBUSIX.

PaHblue Bce He06X04MMble M3MEPEHNS BbINOJTHANIUCH HACTObHLIMU NPY-
6opaMu B CTaLMOHAPHO UM NepeaBUXKHOM MacTepcKomn unu nabopatopuu.
CeropHs pyuHon aHanu3saTtop Keysight FieldFox no3BonsieT TexHUKaM U nHxe-
HepaM-3KCnyaTauMoHHNKaM BbINMONHATb U3MEPEHNS CTEHA0BOr0 YPOBHS B M0-
NeBbIX YCNOBUSX, YTO 06ecneynBaeT fBa BaXHbIX NpenmMyLiecTsa. [lepeoe - 310
YBEPEHHOCTb B NMOJyYEHHbIX pe3yfbTaTax, CPaBHUMbIX N0 KAYeCTBY C U3MEPEHNSMMU, BbINOSIHEHHbLIMU BbICOKO-
KNacCHbIMW HAaCcTOMbHbIMK NpMbBopamMu. BTopoe — 3To CHMXKEHME 3KCNyaTaLuMOHHbIX PACXOA0B, MOCKOJIbKY 3TOT
COOTBETCTBYIOLLNI BOEHHBIM CTaHAAPTAM NPOYHOCTY U 3aLLULLEHHOCTW aHann3aTop BecoM Bcero 3 Kr obbeau-
HSIeT BO3MOXHOCTU BECATU U3MEPUTENbHBIX NPUGOPOB M 061afaeT BCTPOEHHOM CaMOKanbpoBKOM.

[laHHbIN QOKYMEHT paccKa3bliBaeT 0 TOM, KaK C NOMOLLbH 3 DEKTUBHOrO TECTUPOBAHUS 06ecneyYnTb oNTu-
MaJibHble XapaKTepuCcTUKM BoeHHbIX PIC. Bo3MOXHOCTU aHanu3aTopa 6yayT noKasaHbl Ha ABYX NPUMepax:
TECTMPOBAHWUM M aTTeCTaLUN PAAMNOSIOKALMOHHbIX CUCTEM U TECTUPOBAHNUM paguocTaHumin OBY/YBY guana-
30Ha.

KpaTkoe onuncaHume npobnem

BbINOMHATL BOEHHbIE OMEpaLMy HEBO3MOXKHO 683 UCNO0JIb30BaHNA MHOFOUYUCIEHHbIX PAANOTEXHUYECKNX
cpeacTs, paboTatowmx B amanasoHe ot BY go CBY. K HuM oTHocsiTcs, HanpuMep, PJIC, ncnonb3yeMble ons Ha-
BUraLnm, 06HapyXeHns n otcnexusanus uenen. OHn pabotatot B ananasoHax L (1,4-1,7 ), S (1,9-2,7 u),
X (7,25-8,4 ['Ty) n BbIwwe.

Ba)kHbIM 3/1eMEHTOM CUCTEMbI CBSA3M ABNAOTCA pagnocTaHumm 0BY/YBY gunanasoHa, coeguHsiowme wrabbl
C nepefoBbIMK NoapasaeneHnamMu. Takue pagnocTaHLmum 06bI4HO UMEKT AanbHOCTb 16 — 50 KM 1 MoryT pa-
6oTaTb Ha YacToTax fo 1 [Ty. Ha HapéxHocTb cBS3u B AnanasoHe 0BY/YBY 6onblioe BNusHMEe OKasbiBaloT
XapaKTEPUCTUKU aHTEHH.

[Lpyrum npumMepomM sBASETCS CUCTEMA U3 HA3EMHbIX CTAHLMUIN CMYTHUKOBOMN CBA3W U PagMOPENEAHbIX IMHWU.
HazeMHble cTaHUMUM 00bI4HO pacnonaratTcs HefaleKo 0T KOMaHAHOro NyHKTa M paboTatT C 04eHb BbICOKOW
BbIXOZHOW MOLLHOCTbI0. PaguopesneiHblie MMHUM OTINYAKOTCS BbICOKOM HAAEXKHOCTBIO W, Kak npaBuno, paboTta-
0T Ha yacToTax Huxe 26 'y,

BonbWKHCTBO 3THX DELLIEHMVI PacCyYUTaHO Ha yaoBieTBOpPeHNe cnelunanbHbIX Tpeﬁoaan?l, d YHUKa/lbHble CUC-
TeMbl Tpe6yr0T YHUKanbHbIX METOL0B TECTUPOBAHUA. Ho I'Ip06HEMbI NX TEXHNUYEeCKoro 06CJ'Iy)KI/IBaHI/IFI n gnar-
HOCTWUKWM YaCTO O4YEHb CXOXMWU. HaanMep, B KaXK40M U3 3TUX CUCTEM HY>XHO TeCTUpoBaTb Kabenu, aHTeHHbI,
dHTEHHble Pa3BeTBUTEIN N KOMMYTaTOpPbl, P€30HAaTOPHbIe d)VIJ'IprbI, Manowymsalmne yCUunuTenu, atteHnaTopsbl
N ycunuTenn MOWHOCTH. ,D,HFI 3TOro MoryT I'IOTpe6OBaTbCFI MHOro4ucneHHole BY U3MepeHuna:

- U3MepeHus noTepb B Kabene 1 paccTostHus [0 HeogHopoaHocTu (DTF)
— BeKTOpHbIN aHann3 uenen 41 TeCTMPOBaHMA KOMNOHEHTOB

AHanus cnekTpa 48 OLEHKM KayecTBa CUrHana

N3MepeHns MOLLHOCTH

AHanus cnexTpa Ans 06HapyXeHNs HeXenaTeNbHbIX CUTHaNoB

PelleHune 3TuX 3a[1a4 YCNOXKHAETCS B 9KCTPEMasibHbIX ycoBUsX. K pakTopam aneKTpoMarHuTHol 06CTaHoBKH
OTHOCMTCS MPUCYTCTBUE 3NIEKTPOMArHUTHbIX MOMEX, B TOM YMcie MoLWHbIx BY curianos. K knumaTuyeckum
(baKTopaM OTHOCSATCS TeMNepaTypa, BNaXKHOCTb, 3aMbIIEHHOCTb M aTMOCHEPHbIE 0CAZKK, @ TAKKE NOTEHLM-
anbHO B3pbIBOONACHbIE Cpefbl (HanpuMep, copepKalume napbl Tonauea). OQHOM 13 OCHOBHbLIX NPo6ieM ABNS-
eTcst 06ecneyeHme TOYHOCTY U BOCNPOU3BOAMMOCTU U3MEPEHMIA NPU IKCTPEMATbHbIX TEMNepaTypax.



03 | Keysight | 3¢ dekTnsHoe 06cnyUBaHMe M AMArHOCTUKA BOEHHbIX PAN03NEKTPOHHBIX CPEACTB — PEKOMEHAALMM N0 NPUMEHEHMIO

OnucaHue peleHus

AnanusaTopbl Keysight FieldFox paccunTaHbl Ha paboTy B caMbix
WKECTKMX ycnoBuax. [1ns yCKOpeHUs TeXHUYECKOro 06Cnyxu-
BaHMA U AMArHOCTMKM UccienyeMoro 060pyAoBaHUsA, Kaxabli
pexum paboTbl UMeeT MHTepdeiic Nonb30BaTeNs, COOTBETCTBY-
IOLL M LLeNIN KOHKPETHbIX U3MEPEHUN, YTO IKOHOMUT BPeEMS B
noJsieBbIX YCNI0BUAX. AHAIM3aTOPbl PACCYMTAHbI HA BbINOJIHEHWE
060N 3aAa4mn — 0T NOBCEAHEBHbLIX U3MEPEHUI [0 Yriy6neHHoN
LMNArHOCTUKM NpU PEMOHTE.

HocTynHble kKoHdurypauum FieldFox MoryT 06beanHaTb pyHKUNM
L0 fecsT npubopoB B O/HOM NMOPTATUBHOM Koprnyce: Kabenb-
HOrO U @aHTEHHOT0 aHaNM3aTopa; NOJIHOPYHKLMOHANbHOrO ABYX-
MOPTOBOro BEKTOPHOro aHann3aTopa uenen (VNA) ¢ dyHKUnaMu
aHanu3a BO BpEMEHHOM 061acTu; aHanM3aTopa CnekTpa co
CnefAWMM reHepaToOpoM; U3MEPUTENS MOLLHOCTY; aHanu3aTopa
MoMeX; BEKTOPHOr0 BOJILTMETPa; 4aCTOTOMepa; HE3aBUCHUMOr0
reHepaTopa CMrHaNoB; PErYMPYEMOr0 UCTOYHMKA NOCTOSIHHOTO
TOKa M aMnepMeTpa; BCTPOEHHOro npuémHuka GPS. bnaronaps
3TOMY Bbl MOJly4aeTe CPaBHUTENIbHO HELOPOroe PeLlerHne, 1 BaM
NPUAETCS U3Y4nUTb, 0TKANUBPOBATHL U HOCUTL C COBOM BCEro NNLLb
oauH npubop (puc. 1).

MpouHbI 1 HapéxHbIN FieldFox paccumTaH Ha paboTy B Hebnaro-
MPUATHBIX MONEBLIX YCAOBMAX, YTO NPUAETCA MO BKYCY CaMbiM
TpeboBaTeNbHbIM NONb30BaTeNAM. OH 0TBEYAET 0YEHb KECTKUM
TeXHUYeCKUM TpeboBaHMAM:

Puc. 1. FieldFox yno6eH B MCNONb30BaHWM M NEPEHOCKE, @ €r0 CMEHHas baTapes obecneynsaeT
paboTy B TeYeHMe YeTbIpEX YacoB.

- MIL-PRF-28800F knacc 2: BO3MOXHOCTb paboTbl B HEGIAaronpuaTHLIX YCIOBUSAX, BKOYAS NPUMEHe-
HWE Ha OTKPbLITOM BO3[YXE B HEYNPABSAEMbIX KIMMAaTUYECKUX YCIOBUSAX.

- MIL-STD-801G, meTon ncnbitauuni 511.5, npoueaypa 1: paboTa Bo B3pbiBOONAcHON aTMocdepe.

- IEC/EN 60529: cTeneHb 3alnTbl 0T NonagaHuns TBepabIX NOCTOPOHHUX NpeaMeTos 1 Bogbl IP53 (nbiie-
¥ BNAro3alnLeHHOCTb).

CneumnanbHble Bo3MoxHocTH FieldFox obecneynBaoT TOYHOCTb ¥ BOCMPOU3BOAMMOCTL M3MEPEHWI B MO-
nesbix ycnoeusx. Hanpumep, opyHkumm CalReady v QuickCal ynyuliatoT usmepeHue kabenewn, aHTEHH U
3NEKTPUYECKUX Lieneil.

CalReady - aTo nonHas aByxnopToBas KannbpoBKa, BbINOJIHSIEMAs B 3aBOACKMX YCJIOBUSIX BO BPEMS U3-
roTOBJIEHUSA Kaxaoro npubopa. bnarofaps e Bbl MOXeTe NPOCTO BKJKYUTL NPUBOP, NOAKSIIOYNUTL K HEMY
TecTupyemoe yctpoicTeo (TY) v cpasy e BbINOAHUTL LOCTAaTOYHO TOYHbIE ABYXMNOPTOBbIE BEKTOPHbIE
n3meperus. CalReady obecneynBaeT BbICOKYH TOYHOCTb NPY HENOCPELCTBEHHOM MOAKNHYEHUN TY K 13-
MEepUTESIbHbIM NOPTaM.

QuickCal no3BonseT BLIHOCUTL 3TANOHHY NOCKOCTb B KOHEL, Kabenen nnu aganTtepos, yCTPaHAS TeM
CaMbIM WX BUSIHUE HA U3MEPEHUS — 6€3 BHELUHUX KafMBpPOBOYHbIX KOMMIEKTOB. ITO NO3BOSET BbINOJI-
HSATb TOYHble U3MEPEeHMs S-napaMeTpoB, UCMONb3Ys BCTPOEHHbIe Bo3MoxHocTu QuickCal gns ycTpaHeHus
CUCTEMATUYECKNX OLIMBOK, CBA3aHHBIX C KabensMu 1 aganTepaMu, NOAKIIYEHHBIMU K U3MEPUTETIBHOMY
nopTty. Mockonbky QuickCal paGoTaeT ¢ no6bIMU TUNAMKU Pa3bEMOB, TO BaM He NpuAeETca 6paTh ¢ coboit
L5 NONEBbIX U3MEPEHMIA pa3Hble aganTepsl.

®yHkums InstAlign ncnonb3yetcs ons aHanusa cnekTpa v n3mMepeHns mowHocTu. OHa aBTOMaTMYECKM
KOPPEKTUPYET aMNAUTYAY NPU U3MEHEHWUM KTIMMATUYECKUX ycnoBuid. TouHocTb amnanTyabl +0,5 ab ra-
paHTMpyeTcs 6e3 nporpesa nocse BKAYEHWUS NUTAHMS aHaM3aTopa.
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TecTnpoBaHune Kabenen 1 aHTEHH

[ns TeCTMPOBAHWS U NPOBEPKM NapaMeTpoB Kabeslel 1 aHTEeHH, SBNSIOLLMUXCS BAXKHENLLNMMN INIEMEHTaMU
060 pafnoCMCTEMbI, UCMONb3YETCS MHOXECTBO U3MepUTeNbHbIX GYHKUMI. Ha 6a30BOM YpOBHE rnas-
HOM 3apayelt SBNSeTCS NPoBepKa LLeNOCTHOCTY IMHUI Nepefadu CUrHana, BKIKYas aHTeHHBI.

Jlio6oe coepnHeHmne, AedeKT UM aHTEHHA 0TPAXAKT HEKOTOPYIO YaCTb CUrHana 06paTHO B UCTOYHUK. [Na-
paMeTpbl 0TPaXKeHWs ONpeaensaioTCs OTHOLWEHWEM aMIIUTYL U Pa3HOCTbI0 Ga3 Mexay NagakLen 1 oT-
PaXKEHHOW BONHOW. NS OLEHKM OTPaXKeHNs NPUMEHSEeTCS OAUH U3 ABYX NOKa3aTenen: obpaTHblie noTepu
nnm KoadduumeHT ctosiven BonHbl (KCB). 06e 3TH BeNMUYMHBI NOKA3bIBAIT YPOBEHb OTPAXKEHNS B HEKOTO-
PO TOUKE IMHUM Nepeaayn: B Kabene, pasbeMe uin ycTpoicTee (Hanpumep, B aHTeHHe). B cywwHoCcTy, 3Tn
noKa3aTenu CBs3aHbl Mexay co6oi 06paTHOM 3aBUCUMOCTbIO: YeM 6osblue 06paTHLIE MOTEPU, TEM NYYLLE;
ueM MeHble KCB, Tem nydwe (s ngeane, 6nnskue k 1,0).

YnpolieHne n3mMepeHun

®ynkunm CalReady v QuickCal ynpoliatoT nameperune kabenen n antenH. CalReady npeansHo nogxonmt
LN U3MEPEHUS OTPAXKEHUI B Kabensax v aHTeHHaX, NOAK/YEHHbIX NPAMO K aHanu3atopy FieldFox. Kpo-
Me TOr0, OHa NOJIe3Ha ANS U3MEPEHUS MPOMYCKaHWS U OTPAXKEHUS B KOAKCUANbHbIX Kabensax, NoAKIYeH-
HbIX MEXAY 3MepUTenbHbIMU nopTamMu 1 m 2,

Ons ucnonb3oBanus dyHkumm QuickCal c ogHonopToBbiMK TY TpebyeTcs BCEro OAMH LIAr: BbINOHSAET-

CSl CBUNUPOBAHME PA30MKHYTOro Kabens unu agantepa; ANs yayylWweHns paccornacoBaHns UCTOYHKUKA
MOXXeT MCNO/Ib30BaTbCS BONONHUTENbHAA HAarpy3Ka. [1ns n3MepeHns aBYXNOPTOBbIX YCTPONCTB NOHAA0-
6MTCS ABa Wara: MU3MepeHne Pa3oMKHYTbIX UCMbITaTeNbHbIX Kabenen; u CBUNUPOBAHWE NPU ABYX NOAKIIO-
YEHHbIX KOHUax kabens. Mo 3aBepLieHnn Noboro npoLecca aTaNOHHAsA NIOCKOCTb CABUTAETCA K KOHLY
Kabens unu aganTtepa, NOCJie Yero MOXHO U3MEPSITb PeasibHbI OTKJIMK TECTUPYEMOTrO0 YCTPOMUCTBA.

Onpe,u,eneHme pacCToAHMA 0O HEOAHOPOAHOCTH

Pacyér paccTosiHMs A0 HEOLHOPOAHOCTY OMMpPaeTCs Ha M3Mepe-
Hue obpaTHbix noTepb. [Ans atoro FieldFox npepanaraet aBa pe- L (B Fri, 07 Feb 2003 1:55:35 80
XMMa paboTbl: pexuM nonocosoro punbTpa u pexkum OHY.

PexuM nonocosoro punbTpa noneseH ANs U3MepeHUsi CUCTEM,
MMelLMX orpaHuyeHHyto nonocy. OH TpebyeT BBOAA NATKU Napa-
METPOB: Ha4YaslbHOro U KOHEYHOr0 PAacCTOAHMS, HaYaNbHOM U KO-
HEYHOW YacToThl M TUNA Kabens. KpoMe Toro, npubop ucnonb3yet
CrneuuanbHbIi anropuT™ As NoLaBEHNS TOXKHbBIX MUKOB, KOTO- - : : : i : : : ; :

pble MOryT NOABAATHCA NPU UCMNONb30BAHWMM 3TOFO MeToAa. Start 200 Mz alternate Sweep: 06 St 600 GHz

Pexum ®HY noneseH ans n3MepeHns LWMPOKOMNONOCHbBIX CUCTEM
UK ycTponcTs (Hanpumep, kabenen). B 3ToM pexnme nonb3osa-
Teslb BBOAWT TPW NapaMeTpa: HayallbHOe U KOHEYHOE PacCTosiHWe ey
1 TUN Kabens.

CAT  RafD0cE Distance To Faul

B nio6om pexume FieldFox oTobparkaeT pe3ynbrathl B BUAE 3a- 10.0
BMCMMOCTW aMNIMTYAbl B Aeunbenax oT pacCcTosHUSA B METpaXx, &f
MPVUYEM NMUKOBbLIE 3HAYEHNS YKA3bIBAKOT HA NOBPEXAEHNUS NUHUM - - - -

Cal  startooft Frequency: Lowpass Stop 150.0 f
nepenaun (puc. 2). Puanyeckoe paspelueHne 3aBUCHT OT Bbi- oM |pors &0 St Pawer: HIGH Svm 140 m
6paHHoit nonockl 0630pa: YeM LKpe nosoca 0630pa, TeM Bbille

Distance Fatrn Loss DTF

du3MYecKoe paspeLleHne NP U3MepPEHNM PacCTOSHUS. To Fast P =T )

Puc. 2. CnekTpanbHoe npefcTaBieHue 06paTHbIX NoTepb ¢ nomolubio BM® (BepxHuit pucyHok)
No3B0JISIET HANTU PACCTOSHIME [0 MECTA MOBPEXAeHMUs (HUKHNIA PUCYHOK), KOTOpOe NpeAcTaB-
nseT cobon Te e 06paTHbIE NOTEPM, HO NPEACTABNIEHHbIE BO BPEMEHHOM 061acTu.
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M3mepeHue notepb B Kabensx

[ns n3MepeHus noTepb LUMPOKO MCMONb3YIOTCS ABa METOLA: OfHO-
nopTOBOE M3MEpeHWe NoTepb B Kabesie 1 ABYXNOPTOBOE U3MepeHue
BHOCMMbIX NoTepb. OfHONOPTOBLIN METOL 00bIYHO NPUMEHSIETCS NS
U3MepeHUs AIMHHbBIX KOaKCUanbHbiX kKabenen. ns [OCTUKEHNUS TOY-
HbIX PE3Y/bTaTOB 3TOT MeToA Ucnonb3yeT dpyHKuUuto CalReady v 06bIy- ab :z
HO obecrneynBaeT LOCTAaTOYHO TOYHOE U3MepeHue. Ecnu TecTupyeMbin
Kabenb NnoakoyaeTcs K Npubopy yepes kabenb-nepexofHuK, To ¢
nomouybto QuickCal MOXKHO NepeHecTN 3TaNIOHHY NAOCKOCTb HA KO-
Hel 3Toro Kabens-nepexofHuKa.

- Z-HOPTOBOE n3MepeHne BHOCUMbIX NOTEPb
1-|'|0pTOBOE n3MepeHne BHOCUMbIX NOTEPb

[lByxnopToBbIe N3MEPEHUSI BHOCUMbIX MOTEPb MCMOMb3YTCS, KOFAa
Nerko pocTynHbl 06a KoHLa Kabens unu oba nopTta ycTpoicTtea. 3T0T
MeToq TpebyeT ABYXNOPTOBOM MEXaHWYeCKOW KannbpoBKy, KoTopasi,
Kak npaBusio, genaet ero 6osiee TOYHLIM MO CPABHEHWIO C OQHOMNOPTO-

BbIM METOLLOM. @ 1007 2007 300F  4M0Z 500

Ha puc. 3 cpaBHMBatOTCA OAHOMNOPTOBINA U ABYXMNOPTOBLIA METOAbI.
Ho, HecMoTps Ha 04eBUAHbIN MPOUTPLILL B TOYHOCTU, OAHOMOPTOBLI Yacrota

METO/, MCNOMb3YeTCA ropa3fo Yalle, NOCKOAbKY B peasbHON KOMMY-
HWKaUMOHHOM cucTeme 06bI4HO He YARAETCA NONY4YNUTb BOCTYN K o6ounm Puc. 3. XoTs 4BYXNOPTOBbIA METOS (CUHSS IMHWA) 3HAYNTESIbHO TOYHEe, 0L4HOMOPTO-
KOHL,aM Kabens. Bblil METO/ MCMONb3YeTCA Yalle.

BeKTopHbIM aHanu3 uenen

B ananusartope FieldFox ncnonb3yetcs apxutekTypa ¢ YeTbipbMs MPUEMHUKAMM, MOKA3aHHas Ha puc. 4.
OHa no3B0oNSeT BbINOSHATh WUMPOKMIA ANaNa30H N3MEPEHUI U NOALEPKMBAET NepesoBble MeTOAbl Kannb-
POBKM, KOTOpble 06ecneynBatoT NPeBOCXOAHbIe pe3ynbTaThl. BoinonHATCS n3MepeHns S-napameTpos
(amMnnuTygbl v dasbl); rpynnoBoil 3afepiKKK, 3NeKTPOMarHUTHOM HepLuu, amarpamMmbl CMUTa, nonspHoi
LUarpaMmMsl U UMNeAaHca, B TOM YMCe C BBIHOCOM TECTOBOMO NOpTa.

BY nctoyHmk

Puc. 4. Peanunsaums apXxuTeKTypbl C YeTbIpbMs NPUEMHUKAMM B NOPTAaTUBHOM Npubope No3BoNSET BbINOAHATL PACLUNPEHHbIN BEKTOP-
HbI @Hanu3 uenen (puc. cnpasa) B NONEBbIX YCIOBUAX.

Kpome Toro, FieldFox nogaepxuBaeT pasHblie MeToabl kanubposku: CalReady u QuickCal, onHonopToBas,
LBYXNOPTOBas, CKBO3Has, 6bICTpas KanMbpoBKa METOAOM KOPOTKO3aMKHYTON Harpy3Ku Co CMeLLeHneM
(QSOLT), BonHoBOAHaA, «NepeMbluKa-oTpaxeHne-nnHua» (TRL), OTKAMK U pacLUMpPeHHbIN OTKIMK, @ TaKKe
nonb30BaTesbCKas.

[pocTenwmnn noaxon 3aknoyaetcs B npumeHeHnn metonoB CalReady, QuickCal c nocnepytowen Hopma-
nusaument. Mpy 3TOM HUKAKMX KaIMBPOBOYHbIX KOMMNJIEKTOB He TpebyeTcs. ITO yMEHbLUAET COCTAB KOM-
naeKTa noaesoro 060pyA0BaHNs U COKPaLLaeT BpeMs U3MEepPEeHHs.

Ecnu HyxHa 6onee BbiCOKasi TO4HOCTb, TO FieldFox nogaepxvBaeT paclumpeHHble MeToAbl KanmbpoBKy,
TpebyioLme NPUMEHEHNS KaiMbpoBOYHOrO KOMMNJIEKTA: OLHOMOPTOBYH KaNnUBpPOBKY C MCMOJIb30BaHNEM
KanubpoBoyHbIx Mep XX, K3, Harpy3ka (OSL), nonHyto aByxnopToByto KannBposKy 1 Kannbposky SOLR,
KoTopble TpebyioT npumeHerus mep XX, K3, Harpyska u Mepembiuka (SOLT). 3To BHOCUT AONOSHUTENbHbIE
TPYAHOCTM: BbICOKOKAYECTBEHHbIE KaNMBPOBOYHbIE KOMMJIEKTbI COLEPXKAT KOAKCManbHble U BOHOBOAHbIE
N3MepuUTesbHbIE MEPbI, KOTOPbIE TPEBYIOT NEPUOANYECKON YNCTKM U LOSIXKHbI BbITh 3aLUMLLEHBI OT NO-
BPEXAEHNN.
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AHanu3 curHanos

Kak oTmevanocs Bbiwwe, FieldFox MOXHO CKOHPUIypupoBaTh TaK, 4ToGbI OH COAEPIKan aHanm3aTop
CMNeKTpa, M3MepUTEsib MOLWHOCTH, aHaM3aTtop nomex (C 0To6paXeHneM CneKTPorpaMMmbl) U UMEPUTESb
nMnynbcoB. ONuMM BKIIKOYAKOT NOHOAMANA30HHbIN NPeayCUInTeNb, CTPObUpyeMble N3MEepPeHUs Cnek-
Tpa, NOHOAMANA30HHbIA UCTOYHUK CUTHANOB M NOHOLMANA30HHbI CNeAsLLMUIA reHepaTop. YNoMsaHyTas
paHee ¢yHKums InstAlign o6ecneynBaeT HOMUHANbHYO TOYHOCTb CMEKTPASIbHOrO aHaNN3a U U3MepeHuit
MOLLHOCTM CPa3y Xe Nocse BKIYEHNUS MUTaHUS.

AHanus cnekTpa

TunuyHble 3apaun BKIOYaOT 06HapyKeHWe cnabbix CUFHANOB B NPUCYTCTBUM MOLLHbBIX UM NOUCK CUFHA-
0B B6IM3M OT MOLLHOW HecyLien. PeXxuM aHannsaTopa CnekTpa o0TnYaeTcs 04YeHb WMPOKUM AUHAMUYeC-
KWUM AMana3oHoM, cBO6OAHBIM OT Napa3uTHbIX cocTaBnsowmnx — 6onee 105 ab, a TakKe KpanHe HU3KUM
ypoBHeM $a30Boro WyMa, KoTopsii cocTaBnsieT Bcero —111 obH/My npu otcTpoiike 10 kI,

[ns uaMepeHns HanpsXKEHHOCTW ANEKTPUYECKOTO U MarHUTHOTO MOMEN HYXKHO YYUTLIBATb YCUIIEHNE
aHTEHHbI U noTepu B kKabene. KoadbduULMEHTBI yeUIeHUS aHTEHHbI U NOTepU B KaBenle MOXHO 3arpy3untb
B FieldFox c nomolwbto opraHoB ynpaBneHus Ha nepegHen naHenu unu yepes nporpammy Keysight Data
Link.

Bo Bpems aHan13a noMex CNeKTporpamMma v BoAonagHas AMarpamMma noMoratT 06HapyXuBaTb KpaTKo-
BPEMEHHbIE CUrHaJbl B KOPOTKNX U AJIMHHBIX MHTEpBanax BpeMeHu. CUrHabl MOXHO 3annCbiBaTb BO
BCTPOEHHY0 NaMATb MU Ha BHELUHWE GN3LI-HaKONWUTENW, a NOTOM BOCNPON3BOAUTL AN 06paboTkM

¥ aHanu3a B pexume odnanH.

N3MepeHne MoWwHoOCTH

BcTpoeHHbIN M3MepuTeb MOLLHOCTY [OCTATOYHO FMBOK 415 BbINOJHEHUS 3alaBaeMblX N0Jb30BaTeNIEM
MN3MEpPeHUI MOLLHOCTM B KaHane ¢ TodHocTbio 0,5 ab. B wupokoi nonoce kaHana FieldFox MoxeT umMnuTu-
pPOBaTb U3MEPEHNS CPELHEN MOLLHOCTHU.

N3mepeHne nmnynbLcos

JTa onumoHanbHas dyHKumMs paboTaeT ¢ USB-paTunkamMm nnkoBon MoLHOCTK, obecneymBatowmmm ad-
beKTUBHbIE U3MEPEHUS NapaMeTpoB UMNYNbCHbIX BY curHanos. ismepsiioTcs NMKoBasi MOLWHOCTb, OT-
HOLLEHME NUKOBOM MOLHOCTU K cpefHer (PAR) 1 Takue napaMeTpbl UMMYNbCOB, KaK BPEMS HapacTaHUs
¥ Cnapa, a TakXKe 4acToTa c/iefloBaHuUs.



07 | Keysight | 3¢ pekTnBHOE 06CNYXKMBAHME U ANATHOCTUKA BOGHHBIX PAANO3NEKTPOHHBIX CPEACTB — PEKOMEHAALMM N0 NPUMEHEHUIO

MpuMepbl U3MEpPEHUI

Ka[fas eqnMHuLa NoneBoro KOMNieKTa 060pyA0BaHMA [OMKHA UCNOSIb30BATHCS C MaKCU-
ManbHomn addekTuBHocTbio. U 3peck FieldFox He nmeeT cebe paBHbix. KpaTkuin aHanns gByx
npumepoB — uamepeHui napametpos PJIC v pagnoctanumin OBY/YBY gmuanasoHa — nomoxeT
NPOAEMOHCTPUPOBATh LLeHHOCTb aHanu3atopa FieldFox B 0TBETCTBEHHbIX NPUIOXKEHUSX.

TecTnpoBaHue u attectauus PJIC

B PJIC nMeeTcs psag KOMMOHEHTOB, 0Ka3blBAOLWMX BAUSHME Ha 06LLME XapaKTepUCTUKM
CUCTEMbI: @HTEHHbI, KOaKcHanbHble Kabenun, BOSIHOBOAbI, aHTEHHbIE Pa3BETBUTENIN U KOM-
MyTaTopbl, ycunutenu mowHoctun, MLLY, reHepaTopbl UMNYNIbCOB U CTabUM3NPOBaHHbIE
retepoauHbl (STALO). CnucoK nonesHbIX TECTOB 0XBATbIBAET WWPOKMNIA A1ana3oH N3MepeHui
(cM. BCTaBKy cnpaga).

py TeCTMPOBaHUM M aTTECTaLMOHHbIX UCNbITaHNsAX PJIC 0co6EHHO BaXKHbI UMMNYbCHbIE 13-
mepeHus. OCHOBHbIM NOKa3aTesieM SBNSETCS NPodUSib UMNYIbCOB, ANS OLEHKM KOTOPOro
HY>KHO NPOBEPUTb TOYHOCTb CUHXPOHU3ALUN U MOAAEPXKAHNSA YPOBHS MOLLHOCTW B UMMY/bC-
HbIX MOC/efoBaTeNbHOCTAX. K M3MepseMbIM BENIMYMHAM OTHOCAT NUKOBYH U CPELHIO0 MOLL-
HOCTb, OTHOLLUEHWE NUKOBOW MOLLHOCTM K CPEeLHEeN, LUMPUHY UMNYNbCa, BPEMS HapacTaHus

1 cnafa, YacToTy CNef0BaHNs U Nepuos NoBTOPEHNUS UMNY/bCOB.

B KayecTBe anbTepHaTMBLI, 3TM U3MEPEHNS MOXKHO BLIMOHATH B PEXXMME aHaNM3aTopa chek-
TPa WM C MOMOLLbIO ONLMUM CTPOBMPOBAHUS MO BPEMEHW. 3TO NO3BOJISIET BbIMONHSATL OAHO-
BPEMEHHbIV aHaNM3 BO BPEMEHHOW M YacTOTHOM 06/1aCTsX, a LWMPUHY CTpoBa MOXKHO 3a4aTb
TaKoW, 4ToObl NOABepraTb aHann3y oanH uMnynbc. Kpome TpaguLumMoHHbIX 6a30BbiX GYHKLUN
3anycKa, paclUMpeHHble BO3MOXHOCTY BKJIOYAIOT 3aMyCK N0 NaKeTy, 3alePXKKy 3anycka v
3anycK C ONepeXXeHMeM, YTo NO3BOSISET HALENKHO 3aXBaTbiBaTh GPOHTHI KOHKPETHBIX UMMYJ1b-
CcoB.

TecTupoBaHue n atTecTaumsa pagmocmuctem 0BY/YBY gnanasoxa

[TepeHoCHble UM aBTOMOOMNbHbIE pagnocTaHumn 0BY/YBY gnanasoHa obecneynBatoT MecT-
HY0 CBSI3b Ha «nocniefHen Mune». IM CBONCTBEHHbI NPepbiBaHNS pafMoKaHana u3-3a noMex
nnn 0bpbiBa GUAEPHBIX IMHWIA, NPUYEM CUNTbHOE BIUSIHUE HA HALEXHOCTb CBA3M OKa3blBalOT
XapaKTEPUCTUKM aHTEHHbI.

BaxHble U3MepeHua npu TeCtTupoBa-
HUU N UCNbITAHUAX PAANOJIOKALLUOH-
HbIX CUCTEM

— TecT kabesiei M aHTEHH
- MIMnynbcHble n3Mepenus
- W3MepeHus Ga3mpoBaHHbIX aHTEHHbIX
peLeToK
- WN3mepeHue amnanutyabl U dasbl Sy ¢
nomouybio VNA
- W3mepeHus A/B c nomoLLblo BEKTOPHOrO
BosibTmMeTpa (VVM)
- HacTpowka kaHana B cucteme reHepaumm
TECTOBOW Lenu
- W3MepeHue amnanTyabl u dpasbl ¢ no-
Moubto VNA unn VVM
- ATTecTauus aHTEHHOro KOMMyTaTopa
- HacTponka da3sbl curiana STALO ¢ nomo-
wbto VNA nnn VVM
- Hactpoika dasbl aHTeHHOro nopTa (curma
¥ penbta)
- W3mepeHus A/B c nomoLLblo BEKTOPHOrO
BosibTmMeTpa (VVM)
- W3aMepeHus aTTeH0aTopa
- WU3mepeHue Syq nnm Sq1q ¢ nomoubio VNA
- TecTupoBaHue BOSIHOBOLA0B

MoppepkaHue BbICOKOro KayecTBa BY kaHana saBAseTCcs KpUTUYECKN BaXHOW 3afa4en, KOTopas BKIIt0-
yaeT NpoBepKy 060pyLOBAHUA U MPOXOXKAEHUS PaAMOCUTHANOB. YNpoLEHHas 610K-CXxeMa NoKasaHa Ha
puc. 5. Y pagmocTaHuMmn U3MepsIoTCs XapaKTepuUCcTUKN GUNBTPOB U yCUAUTENEN, KoaKCManbHOro kKabens,
aHTEHHbI, @ TaKXe MOLLHOCTb nepefayn. OcHoBHbIe NPO6aeMbl MPOXOXKAEHWNS PaANOCUTHaNa CBA3aHbI

C ero Ka4ecTsoM 1 nomexamu.

AHTEHHa

Koakcuanb-
HbIN Kabenb

Papuotpakt
- AHTEHHbI KOMMYTaTOP
- YeunuTenb MowHoOCTH

- QuneTp
- MLy
PSTN
TpakT Mogynupyto-
Liero curHana
-y
- Mopynsitop
KoHconb 1 AeMoaynsTop
- AUN
CeTb
nepefauu Kou'rpomjep/
AaHHbIX nHTepdenc
Puc.5.BcBasu HenpepbIBHbIM YCNI0XXHEHWEM MAaCCUBHbBIX
YnpaBneHue 1 aKTUBHbIX KOMMOHEHTOB COBPEMEHHbIE PAANOCUCTEMbI
CeTbk Tpe6yvo‘r BCE 6onblero yncna 6onee CNOXHbIX NONEBbIX

U3MepeHnin.
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TecTupoBaHue u attectauns paguocuctem O0BY/YBY onanasoHa

(npopomKeHwe)

TecTupoBaHMe U aTTeCTaLMUsA TaKUX CUCTEM B MOJIEBbIX YC/IOBUSAX MOPOXKAAET HECKOJIbKO Me-
Tponoruyeckux npobnem. Hanpumep, aKTMBHbIE KOMMOHEHTbI, TAKUE KaK YCUSTUTENN MOLLHO-
CTW M YCUIIUTENU Ha @HTEHHbIX MayTax, MOTYT reHepUpoBaTh MHTEPMOLYAALMOHHbIE CUTHANbI
MEXAY KaHanaMu Un CUcTeMaMim.

,El,pyraﬂ np06neMa CBA3aHa C NpUCYTCTBUEM LLYMOB M NOMEX, KOTOPbIE BSINAIOT Ha CETeBbIE
coeauHeHud, NponyCcKHY CNOCOBHOCTb CUCTEMBI, KAYECTBO pe4yun n CKOpoCTb nepenayu naH-
HbiX. K noTeHumanbHbiM I'IpOﬁJ'IGMBM OTHOCATCS MOMEXMN COBMELLEHHOTO U COCEAHEero KaHasos,

06Lwwan anarHocTukKa

Bnaropaps o6wnpHOMY Habopy BCTPOEHHbIX
dyHKuun FieldFox nopaepyxueaet obLlyto aguar-
HOCTUKY paguocTtaHuui, PJIC, cuctem P3b u
CMYTHUKOBBIX CUCTEM. BOT TO/IbKO HEKOTOpbIE
BUAbI TECTOB:

- YpoBeHb NPUHMMAEMOrO CUTHaNa

MUHTEpPMOAYNALUNOHHbIE MOMEeXN, NOMeXn B HUCXOAALLEM U BOCXOAALLEM KaHanaXx, BHEWHNe
NnoMexu.

Mi3mepeHuns MowHoCTH

OueHKa NoTepb B CUTHANIBHOM TPaKTe
AHanus nomex

CBMNMpOBaHME aHTEHHbI, BOIHOBOAA

1 kabens

AtTecTauus punsTpa/cymmaTopa
ATTecTaums n HacTpoiKa nepepaTynka/
NpUEMHUKa

Ananusatop FieldFox ¢ Bbico4anLuen To4HOCTbHO
MOXET peLuaTh Ntobble 3aaa4n, 0T eXXEAHEBHOIO
TEXHWUYECKOro 06CNyK1BaHNUS [0 Yray6neHHom
LUarHOCTUKM.

B aHTeHHO-dpuaepHbIX cMCTEMaxX Ype3MepHblie 06paTHbIE MOTePYU B TPAKTE Nepeaym CHUXAKT
OTHOLIEHWe curHana K wymy (C/LL) B BocxoasieM KaHane, a Yype3MepHble 06paTHble NoTepu 1
TpakTe npuéma cHmkawT C/LU B HUCX0AALWEM KaHane. KpoMe Toro, BbICOKME YPOBHM MOLLHOC-
TV B dMAepax M aHTEHHAX MOTYT NOPOXKAATb NACCUMBHYH MHTEPMOLYNALMIO.

Tpu dyHKUMKM ananu3zaTopa FieldFox ynpowatoT v ynyyluatoT npoL,ecc u3MepeHus: 3To roto-
Bble Habopbl HACTPOEK A5 ONpefeeHHbIX CTaHAAPTHbIX BY curHanos, pyHKLMS HACTPOMKY U
NPOCYLINBaHMA, a TaKKe PYHKLMUS 3anMCcu/BOCNPON3BEAEHUS.

B MeHto rotoBbix Habopos HacTpoek FieldFox MOXHO BbIGMpaTb 4acTOTy U Apyrue napaMeTpbl
KaHana, CooTBEeTCTBYiOLME HEKOTOPLIM KOHKPETHbLIM CTaHAapTaM; HaCTPONKW AN APYruxX
CTaHAAPTOB MOXHO UMNOPTUPOBATL B BUAE dannos TekcToBoro dopmata CSV. Mpubop ycTa-
HaBNMBAET HYXHYI0 LLEHTPasIbHYH YacTOTy M BbIGUpaeT nosocy 0630pa, BKOYALLYI0 YacTo-
Thl BOCXOASLLEro U HUCXOASLLEro KaHanos. [101b30BaTeNlb MOXET YNPaBNATh U3MEPEHUAMY,
BbIOMPas KaHas, a He 4acToTy. BcTpoeHHble M3MepuTesbHble GYHKLWUM BKIOYAOT U3MEPEHUS
MOLLHOCTU B KaHase, 3aH1MAeMOM NOJI0Chl YAaCTOT U OTHOCUTENIbHOTO YPOBHS MOLLHOCTU B COCEAHEM Ka-
Hane (ACPR).

®yHKLMSA HACTPOWKM M MPOCAYLUMBAHUS, KOTOPYIO MOXHO UCMONb30BaTh AN MAEHTUOUKALUN NOMEX,
0xBaTblBaeT Tpu ananasoHa: AM ¢ nonocon 35 kI, y3kun YM ¢ nonocoit 12 kly u wupokuin YM c nonocown
150 klu. leMoaynMpoBaHHbIe CUrHabl MOXHO NPOCAYLWMBATh YePe3 BCTPOEHHbIN FPOMKOrOBOPUTENb UK
HaywWHWKK (wTekep 3,5 MM). [TOCKOMbKY TIOHEP OTAEMEH OT AUCNIes aHaM3aTopa CneKTpa, TO Nosb30Ba-
TeNlb MOXET NPOC/YLIMBATb OAHY YacToTy, a 0TobpaxaTb APYroi AUanasoH YacToT.

Pexum 3anucu/Bocnpon3sseeHns 0Co6eHHO noneseH Ans 06HapyKeHUst KPaTKOBPEMEHHbIX CUTHANOB.
CneKkTp MAK CUrHaMbl MOXHO 3anucaTthb U 3aTEM BOCMPOMU3BECTM AJ1S AeTaNbHOr0 aHann3a — NpsMo Ha Me-
CTe WM NO3XKe, B 6oslee CNOKONHOM 06CTaHOBKE. [JaHHbIE MOXHO COXPaHATb BO BCTPOEHHOW NaMsATH UK
Ha BHELUHEM YCTPOMCTBE, TaKoM Kak USB-HakonuTens unu SD-kapTa.

3aknwyeHue

BonbwunHcTBO BoeHHbIX PAC paccymTaHo Ha yLOBNETBOPEHME CNelnanbHbiX TPEOOBaHUIA, @ YHUKaNbHbIE
CUCTEMbI TPeBYIOT YHUKANbHbIX METOA0B TECTUPOBaHMSA. Ho npo6neMbl X TEXHUYECKOT0 06CNYXUBAHNS
M OMArHOCTMKM Y4acTo 04eHb cXoxu. HanéxHble aHanu3atopsl FieldFox komnanum Keysight cnocobHbl
pewaTb No6ble 3a43a4M, OT eXXeAHEBHOI0 TEXHUYECKOro 00CyXKMBaHWS [0 YrNy6aeHHON AMarHoCTUKY.
/X TOUHOCTb CPaBHMUMA C TOYHOCTbIO HACTOMbHLIX NPMBOPOB, YTO AAET HObLLYIO YBEPEHHOCTH B AOCTO-
BEPHOCTM NOJIEBbIX U3MEPEHMU.

Halwwa rnaBHas 3afja4ya — NOMoYb BaM IMKBUAUPOBATL BCE «y3KMe MecTa». C yCNoXHEHNEM TeXHOMOrnii
06ecneynBaTh 3KCMIyaTaLMOHHYI0 FOTOBHOCTb PAAMOCUCTEM CTAHOBUTCS BCE TPyZHEe, HO C MPoAyKLUMeN
Keysight Bbl MoxeTe 6bITb yBepeHbl B ycnexe. bnarogaps HaweMy 6oratoMy onbiTy B 061aCT¥ METPOSIOTUN
W UCMBITAHUI Y BAC NosBUTCS GONbLUe BPEMEHU M BO3MOXHOCTEN AN peLleHns cepbE3HbiX NPobeM, Bbl-
NOJSIHEHUS TEKYLLMX 3aAay U Nepexofa K NepcreKkTUBHbIM pelweHusM. [loMoras nognepxuBaTh aKcnaya-
TaLMOHHYI0 FrOTOBHOCTb CUCTEM, KoMNaHus Keysight no3BonsieT BaM cocpeAoTounTbCS Ha MaBHOM.
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HononHutenbHaa nHdopmaums

- PekomeHpaunu no npumeHeHuto: CpasHeHne CBY namepeHnit, BbiMoJHEHHbIX PyYHbIMU U HACTOJIbHLIMU aHAIN3aToPaMy,
nybnvkaums 5991-0422EN http://literature.cdn.keysight.com/litweb/pdf/5991-0422EN.pdf

- PekomeHZauuv no npumeHeHuto: Metognl ToYHOM atTecTaumm xapaktepuctuk PJIC B nonessbix ycnosusix, nybnukaums 5991-4107EN
http://literature.cdn.keysight.com/litweb/pdf/5991-4107EN.pdf

- PekomeHZaunv no npuMeHeHuto: MeToabl TOUYHbIX M3MepeHnii Kabenen n aHTeHH B NoseBbiX ycnosusx, nybnukauns 5991-0419EN
http://literature.cdn.keysight.com/litweb/pdf/5991-0419EN.pdf

- PekomeHzauuv no npumMeHeHuto: MeTogbl TOYHOM KannbpoBKu B NoaeBbIX ycaoBusx, nyonukauns 5991-0421EN
http://literature.cdn.keysight.com/litweb/pdf/5991-0421EN.pdf

- PekomeHZauuv no npumMeHeHuto: MeTogbl TOYHOr0 U3MEPEHUS MOLLYHOCTY B 0J1eBbIX yc0BusxX, nybnukauns 5991-0423EN
http://literature.cdn.keysight.com/litweb/pdf/5991-0423EN.pdf

- PekomeHZaunv no npumMeHeHwuto: MeTogbl TOYHOr0 M3MEPEHUS MOMEX B 0J1eBbIX yC10BMsX, nyonukauus 5991-0418EN
http://literature.cdn.keysight.com/litweb/pdf/5991-0418EN.pdf

- Bpouwtopa: PyyHble aHanun3atopsl Keysight FieldFox, nybnukaunsa 5990-9779EN
http://literature.cdn.keysight.com/litweb/pdf/5990-9779EN.pdf

- TexHunyeckoe onucaHwue: PyyHblie aHanu3atopsl Keysight FieldFox, ny6nukauns 5990-9783EN
http://literature.cdn.keysight.com/litweb/pdf/5990-9783EN.pdf

- TexHun4eckuin 063op: KoMbrHMpoBaHHbIE py4YHble KOMOMHMPOBaHHbIE aHann3atopbl Keysight FieldFox, ny6nukaums 5990-9780EN
http://literature.cdn.keysight.com/litweb/pdf/5990-9780EN.pdf

- TexHunyeckumn 063op: PyyHble aHam3aTtopsl cnekTpa Keysight FieldFox, ny6nunkauns 5990-9782EN
http://literature.cdn.keysight.com/litweb/pdf/5990-9782EN.pdf
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