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BeeneHue

C pOCTOM 4acTOThbl aHaNM3 CrexkTpa 1 aHanM3 BEKTOPHbIX NMapameTpOB CUMHAmOB,
HanpuMep, TPeBYOLMX AEMOAYSISLMN, CTAHOBUTCS BCe TPYAHEe, npudem Hambonee
npobnemMaTn4HbIM SBASETCS MUNNIMMETPOBbIN AManas3oH 1 6051ee BbICOKUE HacToThbl.
B 371X pekoMeHgaumsix no npuMeHeHnto 06Cy X aaeTcs BbIOOp N3MepUTENbHbIX
NpPVBOPOB 1 ONCLIBAKOTCA METO/bI, KOTOPbIE MOMOryT BaM C MUHUMaSIbHbIMA
3aTparamu BbIMOHATb TOYHbIE M3MEPEHVIS B PadHbIX Paboux YCIOBUSIX.

CB4Y?
MunnnMeTpOoBbIN ananasoH?
TeparepLypl?

OnpeneneHnsa MoryT OTn4aTbCsl, HO 60MBLUMHCTBO HOPMATUBHbBIX JOKYMEHTOB
CXOOUTCS Ha TOM, YTO AManasoH CBEPXBbICOKMX YacToT (CBY) oxBaTbiBaeT HacToThI
ot 3 no 30 I'TL, Toraa kKak MUANMMETPOBbIN AManas3oH, U KpamHe BbICOKME
YacTtoTbl (KBY), 3aHumaroT ydactok cnekTpa ot 30 go 300 [Tu. HacToTbl Bbille
300 [T, YacTo HasbiBatoT runepsbiCokMu (MBY).
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Bbibop MecTa yCTaHOBKW NMEPBOro CMECUTENS

B aHannzatopax curHanoB OAHUM 13 BXOAHbLIX JIEMEHTOB CUMHAMIbHOMO TpakTa
SBNSIETCA CMECUTENb, KOTOPbIV MCMONb3YETCA ANs Mpeobpas3oBaHnsa YacToTsl. [py aHanmnse
CBY-curHanos 1 curHanoBs MUMMIMMETPOBOMO AManas3oHa BXOAHOW CMeCUTENb ABNSAETCSA
MepBbIM 13 HECKOJIbKIMX 3TanOB NPeobpas3oBaHns curHana oo 4acToTbl, Ha KOTOPOW ero
MO>XHO M3MEPSTb, Kak NMpaBuso, A0 KOHEYHOW NPOMEXYTOHYHOW YacToThl (M4). OToT
CMEeCUTENb PAa3MELLAIOT B HEMOCPEACTBEHHOM BM30CTY OT BXOAHOIO pa3bemMa, MOCKOSbKY
MoTEPU B CUrHANBHOM TPakTe BbICTPO PACTYT C YBENMHEHNEM HaCTOThI, 1 [OOUTLCS
ONTUMAasIbHOM HYyBCTBUTENBHOCTI YAAETCS LB B TOM Cly4dae, eCnm npeobpasoBaTtesb
4aCTOTbl CTOUT Kak MOXXHO B6IXKe K BXOAy. STOT «NepBbIi CMECUTENb>» HE 06513aTeNIbHO
[OJ/KeH pacnonararbCst BHYyTPU aHanuaartopa. 4ns ontuMusaumm MeTPOAOrMHECKNX
XapaKTePUCTUK, CHKEHWS 3aTpaT 1 NOBbILLEHNS yaobcTBa paboTbl MOXXHO PACCMOTPETb
anbTepHaTVBHbIE BapMaHTbl B CBETE MOCNEAHNX OOCTUXKEHNA B 06acTh paspaboTkm
aHaM3aToOpPOB CUrHaN0B, CMECUTENEN U TEXHOOMMIA CBEPXLLMPOKONOIOCHOM
OUMPOBKN CUrHANOB.
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Bbi6op Tna cmecutens

BonbLIMHCTBO BapraHTOB Bblibopa, CBS3aHHbIX C MoAaqein curHana 1 BKIK4YEHEM
CMECUTENS, MOXXHO CBECTU K TPEM KaTeropusiM: BCTPOEHHbIN CMECUTENb, BHELLIHWI
cMecuTens U «6e3 cmecuTens». Kabkapi 13 3TVX BapyaHTOB CTOUT pacCMOTRETb NOapobHee.

BcTpoeHHbIn cmecuTernb

MpencTaBnseT cobol Hanbonee PacnPOCTPaHEHHBIV BapuaHT, ocobeHHo s CBY-
N3MEPEHUI (B OTAMHME OT MUTMMETPOBOIO AMana3oHa). [1epBbii CMecuTeb HaXoauTCs
BHYTPW aHanM3atopa B HEMoCPenCcTBEHHOM 6nM30CTV OT BXOAHOrO pasbema. Nepes Him
4aCcTO YCTaHaB/IMBAETCS aTTEHIOAToOP U MHOMAA NPERyCUNNTENb. TakoM MHTEMPUPOBaHHDIN
noaxof mpegnonaraeT OaHy COeAVHUTENBHYIO JIMHNKO C UCTIbITYEMbIM YCTPONCTBOM,
B KQ4YECTBE KOTOPOWM 0ObIHHO MCMOMb3YETCS KoakcuabHbIM kabenb. Bce onepavmn,
BKJtOYas Npeobpas3oBaHne YacToTbl, OLUMAPOBKY, aHaM3 1 OTOBPaXKEHNE, BbINOAHSET
cam aHanmaatop. Ana CBY n MunanmMeTpoBoro anana3oHa UCnonb3yeTcs BCTPOEHHbIN
B aHa/M3aTop CMECUTESb Ha MAPMOHNKAX, 1 BO MHOMX CiTyHasiX MPUMEHSAETCS MOIOCOBOM
DUNBTP — MPECENEKTOP (BHYTPW aHA/TM3aTopa), HACTPOEHHDBIN Ha HaCTOTy UCCEAYEMOro
CcUrHana, BO U3bexkaHme reHepaumin N 0ToBPadKEHNST MOBO4YHBIX MPOAYKTOB CMECUTENS.

BHewHmnin cmecuTtenb

B a1OM Cryyae BO3MOXHO [ABa BapyaHTa — aBTOHOMHbIA BHELLHWIA CMECUTESTb W OTAENBHBINA
y3en Ons Npeobpa3oBaHns HacToTbl. Kak 1 cnedyeT U3 ero HassBaHvis, NepBbii CMECUTENb
SABNSETCSA BHELLUHVIM MO OTHOLLIEHNIO K @HANM3aTopy 1 0ObIMHO HE COOEPXKUT aTTeHioaTopa,
npeaycunnMTeNs U1 NpecenexkTopa (BCTPe4atoTCa HEKOTOPbIE BHELLHE CMECUTENN

C MpecenexKTopoM). AHanmsaTop NoaaéT Ha BHeLLHWUI cMecuTenb curHan CBY-retepoamHa
(LO) 1 nonyyaeT OT CMeCUTENs CUMHaN MPOMEXKYTOYHOM YacToTbl (M4). SToT curHan M4
Mosny4aeTcst B pe3ynbrare CMeLLEHWS UCCNeAyeMOro CUrHana ¢ rapMoH1KaMmn curHana
reTepoauHa. BHeLHN CMecuTenb HacTo MOAKIIKHAETCS HEMOCPEOCTBEHHO K CTOYHUKY
NCCNEeQyemMoro curHasna ¢ noMOLLbO BOTHOBOOHOIO UMM KOAKCHANbHOMO COEQUHEHNS.
AHanusaTop AoNoAHNTENbHO obpabaTbiBaeT curHan M4, BbINoNHAS unsTpauumio,
OUMdPOBKY, aHaIM3 1 OTOBParkeHre aHaNorM4YHO TOMY, Kak STO AeNaeTcsd B Ciyyae
BCTPOEHHOIr0 CMEeCUTENS.

bes cmecutensd

MosiBneHne ocumnnorpadoB C aHaNOroBOW NMOOCOM NPOoMyckaHus, oxeaTbiBatoLLen CBY
N MASTIMMETPOBbIA AVana3oH, PacLLUMPIO BbIGOP AOCTYMHbIX peLLleHuin. B coOBOKYMHOCTM
C nporpaMmHbiM obecrieqeHrem (MO) A1 aHanm3a curHanos (kax nmpaeuio, MO BEKTOPHOIO
aHanm3a curHanioB VSA) Takre ocumniorpaddbl MOMyT BbINMOHSATE TRAAVLIMOHHBIE (YHKLMN
aHanm3a CUrHaUIoB, TakMe Kak aHaIM3 CNeKTpa, aHaM3 BO BPEMEHHOM 06M1acTy 1 aHam3
napameTpoB AeMoaynsLmn nam mogynsaummn. B ocumnnorpadax CBY 1 MunimmeTpoBoro
JvanasoHa oumdpoBbIBAETCS HEMOCPEACTBEHHO UCCAEAYEMbIA CUMHAS, MPUHEM
oumdpoBaHHbIV CUrHaN NPEACTaBNSET BECb YACTOTHbI AMANa30H, a He Y3KyHo Moaocy
4acTOT BOMM3M MHTEPECYHOLLIErO curHasia. XOTst TakoW Moaxod, MOXXHO OXapakTepr3oBaTh,
Kak cxemMy 6e3 CMecuTens, Mpu BbIMOMHEHUM BOMBLUMHCTBA N3MEPEHWNA MO-MPEXKHEMY
NMPUMEHSAETCS METO[, CENEKTMBHOIO aHanm3a B HaCTOTHOM 061acTu, NPy STOM
npeobpasoBaHne YacToTbl (CMeLLEHIE), (DUNsTpaLmio 1 06paboTKy AaHHbIX

BbINOSHAET HE aHanoroBoe obopyaoBaHue, a 0 VSA.
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PucyHok 1. BHeLLHWUI cMecuTenb, NoKadaHHbIN 34ech ¢ aHann3aTopom curHanos Keysight PXA, ocyLiecTBnseT nepsoe npeobpasoBaHne
(MOHWXXEHWE) YacTOTbI 3a NpeaenamMu aHanmaaropa. [1py 3ToM Ha BHELLHWUI cMecuTeNb NOJAaETCs HacTpanBaeMbli CUrHaN reTepoamnHa,
a co cmecuTeng noctynaet curHan M4, JansHenwas o6paboTka curHana BbIMOMHAETCS Tak XXe, Kak 1 B CXeMax C BCTPOEHHbIM CMECUTENEM.
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HOTGHLLI/IaﬂbeIe noermyLlecTBa BHeELLHEero CMecuTesA

LieHa

Kak mpaBunsio, C POCTOM AManasoHa HacToT PacTET M LieHa aHam3aTopa, Npy 3TOM OxBaT
1 CBY, n MMAIMMETPOBOIO AManas3oHa MOXET MOHaA0OUTLCA ML B PEOKMX CIyqasiX.
COOTBETCTBYIOLLMI BHELLHWIA CMECUTENb MO3BOMSAET UCMOB30BaTh aHaIM3aTop,
paboTaroLmi Ha BY nnn B HWxHen vyactn CBY-ananasoHa onga aHannsa curHanos
Nobol YacToThbl.

YnobcTBO 1 YYyBCTBUTENIbHOCTb

HekoTopble CUrHasbl MOOAI0TCHA Yepes BOIHOBOAbI, KOTOPble 061aaatoT CPaBHUTENBHO
MasTbIMU MOTEPSIMIA, HO UMEHOT XECTKYHO KOHCTPRYKLIMIO U CIOXKHBIE CMOCODbI MPUCOSANHEHIS.
BHeLLHMIA cMecUTENb MOXKET 3aKPEmIATLCS HEMOCPEACTBEHHO HA BONTHOBOLE, NMepefatoLLEM
nccnegyembli CUrHar, a 3aTeM NOAKIIIOHaTbCH K aHanM3aTopy rmoK1UM, HEAOPOTrM

1 (CPaBHUTENBHO) HN3KOYACTOTHLIM KabeleM ¢ MasbiMU MOTEPSIMUA.

[nana3oH pabo4mx 4acToT

HekoTopble AnanasoHbl YacToT yAaéTCsl OXBATUTb TOSIbKO BHELLHMMN CMECUTENSAMM.
HekoTopble CUrHasbl HEBO3MOXXHO MoAaTh Ha OAHOMPUOOPHbBIE PeLLEHNS

13-3a OrpaHnYeHni Mo PaccToOAHMIO, HECOBMECTUMOCTI (DU3NYECKOMN
KOHCTPYKLMI 1 60MbLLIMX NOTEPL Ha Nepeaaqy.

XapakTePUCTVKN

HeI'IOCpe,D,CTBeHHOG NoAK/KOHeHe CMeCUTeNA K NIMHKN Nepenaqn nccneoyemoro curHana
MOXXET CHU3UTb KOSMNMPULIMEHT LLyMa USMEPUTENBHON CUCTEMBI U MOBBICUTL TOYHOCTb.
Tak>ke MOXET NMOHU3UTLCA 1 Ha30BbIN LWyM Bnaroaaps 6osee BbICOKOM YacToTe
rerepoayrHa CoBpeMeHHbIX aHaIn3aTopoB, I'IO3BOJ'IﬂPOLLJ,el7I MCnosib3oBaTh A4 BHELLHero
CMeLLEHNA TapPMOHNKN MEHbLLIEro rnopsaaka. B HEKOTOPLIX CrlyHaAX Mpw NCroJib30BaHN
BHELLUHErO CMECUTENS MOXXHO JOOUTLCS CYLECTBEHHO MEHbLLEMO (Da30BOoro Lyma
Mo CPAaBHEHUIO C OAHOMPUOOPHBIMU PELLEHVISIMUA.

PaclumpeHHble yHKLUMN CMEeCUTENEN, NCMOSIb3YEMbIX B KA4YECTBE
BbIHOCHOW M3MEPUTENBHOW MONTOBKY

MoaKoHeHEe BHELLHErO CMECUTENS K aHanM3aTopy CreKTpa Wi CUMHasIOB BbIMOHAETCS
CPaBHUTENBHO MPOCTO C MCMOMB30BaHMEM BCErO OOHOIO VAN ABYX OTHOCUTENBHO
HM3KOYaCTOTHbIX Kabener (<10 LY. TouHble M3MEePeHUa TPEOYIOT HACTPOVKW aHanmMaaTopa
Ha HY>KHYIO BbIXOHYHO HacTOTy (HOMep rapMOHVKM CMECUTENS) U y4ETa NoTepb
npeobpasoBaHNs B cMecuTene. [NoTepn Npeobpa3oBaHist B CMECUTESNE OMNCHIBAIOTCS
KpviBbIMM AYX, NOCTaBNSIEMbIMM MPOU3BOAUTENEM CMECUTENS, 1 BBOOATCS B aHaNM3aTop
B BME MOMpaBO4HbIX KOSMMPULMEHTOB. DTY NOMPaBO4HbIE KO3(MULIMEHTLI BBOOAATCS
BPYYHYIO MM 3arpy»katotesd ¢ aucka unmn USB-HakonuTens.

B npoLecce HacTpoKkM aHannaaTopa Ha KOHKPETHbIN CMeCUTENb MOIyT BO3HMKATb
OLWMBKK, HANPUMEP, NPV BBOAE 3HAYEHWN NOTEPb NPeobpas3oBaHns, MPUBA3KE 3TUX
3HAYEHWI K KOHKPETHOMY CMECUTESNIO NN B Pe3ynsTaTe MpobiemM NOOKIIFOHEHNS, Taknx
Kak HeMpaBWIbHbIN YPOBEHb CUrHana retepoayHa Ui HepaBHOMEPHOCTb ero AYX.

Bce 311 npobnemMbl MOXXET PELLMTL MPOCTON LIMGPOBON MHTEPEENC MEXY aHATM3ATOPOM
N UHTENNEKTyalbHbIM CMecuTeneM. Hanpumep, HOBble BOJTHOBOAHbIE CMECUTENN

Ha rapMoHukax Keysight M1970V/W (prcyHOK 2) XpaHAT BO BCTPOEHHOM NamMsATy
N3MepeHHble Ha 3aBOAEe-M3roTOBUTENE 3HA4YEHMS MOTePb NPeobpa3oBaHns, a Takxe
HOMEP MOLENN N CEPUNHBIN HOMEP.

Kpome Toro, 3T CMecUTeNiN UMEHOT LIEMb M3MEPEHS/MOHUTOPWHIA MOLLIHOCTV reTepoavHa,
KOTOpasi MOMOraeT ONMTUM3NPOBATL YPOBEHb METEPOAVHA BO BCEM HYaCTOTHOM AMarna3oHe

1 BbISIBNSIET BCE NPOOneMbl MOAKOHEHNS. Takme nsMepuTeNbHbIE MPUBOPbI, Kak
aHanmasatopbl curHannoB N9O30A cepum PXA, cnocobHblI aBTOMaTUHECKM ONPenensiTh
noaKto4eHHble Yeped USB-kabenb cmecuTenu, 3arpy»katb TabnuvLy 3Ha4eHuin notepb
Ha Npeobpaz3oBaHme, BbINOHATL COOTBETCTBYHOLLIMIE HACTPONKN A1 PabOThl C KOHKPETHBLIM
CMecUTENEM 1 MPOV3BOANTL KOPPEKLVIKO YPOBHS CUrHana retepoayHa ans onTyMmnaaLim
TOYHOCTU U3MEPEHMIA.

B pesynbrate ynyyaroTca XapakTEPUCTUKM, MOBbILIAETCS ya0bCTBO N3MEPEHWN,
CHWXKaETCS BEPOSATHOCTb OLLUMOOK U peanmayeTcs NpocTasi CXema C BbIHOCHOM
N3MEPUTENBHOM MONTIOBKOW, KOTOPYHO MOXHO YCTaHaBNMBaTb B HEMNOCPEACTBEHHOM
ONN30CTN OT TpakTa UCCNeQyemMoro curHana.

[NpermyLLecTBa BHELLHX
cMecuTenen

— Huskasa ueHa

— Yno6CcTBO NpUMEHEHIS

— Bbicokasi 4yBCTBUTENBHOCTb

— [lepeKpbITrE LLUNPOKOro
[OmanasoHa 4acToT

— OnTManbHble XapakKTepUCTUKIM

BonHoaomHes

B¥00 M

S
\ TeTeponun/

M4 (SMA)

PucyHoK 2. VIHTennexkTyanbHbIi BHELLHWIA
CMecuTeNb yNPOLLAET NOAKIIIOHEHNE

N HACTPOWKY, TPebys NLb OQHOrO
MYJETUMNIEKCUPYEMOMO MOAKIOHEHIS
curHana (Bxof retepoamnHa v Bbixod AY)

1 nogkntodeHns no USB ans obHapy»keHus
CMECUTENS aHaNM3aTOPOM, aBTOMAaTNHECKOMN
3arpysKu nHopMaLmmn 0 NoTepsix
npeobpa3oBaHs, MOHUTOPWHIA YPOBHS
reTepoanHa 1 OApyrux onepaumin.



05 | Keysight | iamepeHus napameTpos curHanos CBY 1 MunnmmeTpoBoro avanasoHa — PekoMeHgaumm no npuMeHeHmnio

CpaBHeHme METOOOB peann3auinn nepBoro CMecuTeNA

Kputepuu

BcTpoeHHbI cmecuTenb

BHeluHuit cmecutenb

HenocpepcTBeHHasa guckpeTnsauuns
BXOZHOr0 CuUrHana

[nana3oH paboumx YacToT

OrpaHquH MakC/ManbHbIMU
yactotamu 50-70 Iy,

O1 CBY go 1 Tl 1 Bblwe

110 Iy ¢ 0AHUM HaCTOTHBIM AMana3oHoM

Yno6CTBO U3MEPUTENBHON
CXeMbl

MpocToe oaHonpuBopHoe
PELLEHIE C OHUM
COeaUHEHNEM

Heobxomumo noaknoHeH1e
CMecuTeNs 1 3arpyska MHhopMaLun
0 NOTepsiX Ha NpeobpasoBaHe

(B VHTeNNeKTYyanbHbIX CMeCUTeNax
BbIMOHAETCS aBTOMATIHECKH)

OpHonprbopHoe pelueHVe; AN aHanmsa
CUrHanoB 06b4HO ncnonbayetcs M0 VSA

TMOKOCTb MOAKIOHEHUS:
KoakcuasbHbli Kabesnb

lMpocToe NoaKtoHeHe, OfHaKo
MMeeTCA orpaHn4eHune rno
IMHe kabens

CMecuTenu, Kak npasuio, MMeoT
BOMHOBOAHbIA BXOAHOW COEAVHITEb,
no3ToOMy ANs HKX TPebyeTcs
KOaKCVanbHO-BONMHOBOAHbIN NEPEXOL,

[MpocToe noakto4eHe, 04HaKko UMeeTcs
OorpaHuyeHvie no anvHe Kabens

MBKOCTb MOAKMOYEHUS:
BOSIHOBOL,

lNopKo4eHie MOXeT GbiTb
CNOXHbIM, B 3aBICUMOCTMN OT
KOHurypauum 1Y

HeﬂOCpe,EI,CTBEHHOG, rnékoe
MNOAKNOYEHNE K IMHNN Nepenaqn
nccnenqyemoro curHana

[oAKNI04EHVE MOXET BbITb COXHBIM,
B 3aBVICUMOCTU OT KOHGUrypaumm 1Y

TO4HOCTb, MPOCTOTa
KanmbpoBKK

OpHonpnbopHoe, NONHOCTLIO
CcreunduUMPOBaHHOE peLLeHNE,
KaK MpaBwo, CaMoe TO4HOE

XapaKTepucTUKN 3aBUCAT

OT NapameTpOB aHanm3aropa

11 BHELUHEr0 CMECUTENst; MOryT
6bITb NOAOBHbI XaPaKTEPUCTVKAM
BCTPOEHHOr0 CMecuTens

OpnHonprbopHoe peLLeHiie, XoTs
XapaKTepPUCTUKL MOTYT KOCBEHHO 3aBUCETb
o1 MO VSA. ToyrocTb 3asucyt ot ALITM.

MpeHTndrKaums curHana
(pacnoaHaBaHue curHanos
3epKasbHbIX KaHamnoB,
BO3HUKAIOLLWMX B MPOLecce
npeobpasoBaHmns YacToThl)

Bnarogaps npecenekummn
oToenbHas obpaboTka
He TpebyeTcs

LLinpokononocHble M3MepeHis

(= 600 Mru, vnm 2x [14) moryT
noTpe6oBaTh NPUMEHEHNS PYHHON
UV @BTOMATUHECKON 06paboTKm

Bnarogapst orpaHu4eHmio BXOAHOM Nonoch!
1 umchpoBoit unbtpaumm B M0 VSA,
oTaenbHas obpaboTka He TpebyeTcs

YyBCTBUTENBHOCTD Hanny4ias, 6naropgapst MpemycunuTens HeT, HO KOPOTKOe/ YMepeHHast (B CBS3M C LLIMPOKO NMOM0CON
npegycunuTento, NPSIMOE NOLKNIOHEHVIE K TPaKTY V1 OrPaHN4eHHON Pas3psiAHOCTHIO
ManowymsLLEMy TPaKTy 1 CCNEAYEMOrO CUrHana MOXeT OVCKpETH3aLN)
MasioMy YPOBHIO COOCTBEHHbIX  MOBBLICKTH YYBCTBATENBHOCTh
LLyMOB

LeHa OT yMepeHHOW [10 BbICOKOIA YmepeHHas Camas Bbicokas

lNonoca MrHOBEHHOTO
aHanmsa

160 ML, cO BCTPOEHHbIM
amekpetnaatopom, 900 M

C BHELLHVM [IMICKPETU3aTOPOM
no Beixoay M4

120 ML 1 BbiLLe CO BCTPOEHHbBIM
auckpeTraatopom, 700 MIL 1 Bbie
C BHELLHWM [1CKPETU3ATOPOM

no Bbixoay M4

110 Ty, ¢ guckpeTn3aumen B OgHOM
4aCTOTHOM [manasoHe

Tabnmua 1. CpaBHeHV]e METOLO0B peasmdaunm nepBoro cmecutena
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Bbibop peLLeHrs 4ns WMpOoKONOIOCHOMo aHanmn3a

TpaanLMOHHbIE N3MEPEHWST CMEKTPa TPEBYHOT MakcuManbHOM nonock! N4 aHannsartopa,
KOTOpas AO/MKHA COOTBETCTBOBATL MUH/MATTBHOMY TPEOYEMOMY PA3PELLEHIO MO HacToTe

W NpeBbILLaTh ero. Jpyrie Buabl USMEPEHU, Take Kak aHaiM3 UMMYIbCHbIX CUMHaIOB

NN 4eMoaynsaLms, MOryT NoTpeboBaTh 3HAUUTENBHO BoNee LUMPOKON MONOCH!

1 COOTBETCTBYIOLLIEN BO3MOXKHOCTU ANCKPETU3aUMM CUrHana.

OpHOMPUBOPHbIE PeLLeHNA A5 aHanmn3a CUrHaos

Monoca M4 1 nonoca AMCKPETU3aLMN aHANM3ATOPOB CMEKTPA 1 CUMHANOB PacLLMPSACE
C POCTOM HacTOThbl UISMEPSEMOro curHana. Hambonee 4acTo MCnonb3ykoTCs NOOCH!
25 1 40 MI, a camas Wwmpokas Ha cerogHsaLHuM aeHb nonoca 160 MIy, n 6onee
peanusoBaHa B Takmx aHanmaaropax, kak Keysight PXA. Ouckpetungatops 14,
MNCMOMb3YEeMble B COBPEMEHHbIX aHanM3aTopax CUrHanoB, B COMETaHUM C MOHOCTHIO
UMdpoBot 06paboTKom curHana Ny No3BonsAtoT OXBaTUTb BECh AMANa30H CrieKTpas bHbIX
1 OpYrnx N3MEpPEHNn Kak BHYTPW MOJIOCHI, Tak 1 3a eé npedenamu.

MHOr1e MHTErpupoBaHHblE OQHOMPUOOPHbIE PELLIEHNS, Takue kak aHanm3aTopbl Keysight
cepun X, NOAAEPKNBAIOT LUMPOKIMIA BbIGOP N3MEPUTENBbHBIX MPUIOXKEHNI, HANPUMEP,
ONst I3MepeHns ha3oBoro LyMa 1 MOLLIHOCTY B KaHane, a Takke CreumanarpoBaHHble
MPUNOXEHNS!, KacatoLLIMECS COBPEMEHHbIX KOMMYHUKaLMOHHBIX CTanaapToB. Kpome
TOro, Ha aHanmsatopax cepun X MOXXHO 3anyckatb 1O BEKTOPHOro aHam3a curHasnos
Keysight 89600 VSA, KOTOpOe BbIMOSHAET BCEBO3MOXHbIE BEKTOPHbIE N3MEPEHMS

1N U3MEPEHNS MapaMeTPOB MOAYSALIN, BKIOHAS NOAAEPKKY BHOBb MOSIBNSOLLMXCS
KOMMYHVKALWMOHHbIX CTaH4APTOB.

[NpeceneKTopbl aHanMM3aTopoB curHanos CBY 1 MUNIMMETPOBOMO ananadoHa HaCTPOEeHbI
Ha OTChnexXBaHne ueHTpaanoM HacTOTbl ANiA TPaanUNOHHBIX msmepeHmM CMneKTpa,
a 1X Nosioca MpoMyCKaHNs MPeBbILLIaeT MYHUMaTbHOE paspeLleHme No YactoTe. OaHako
LS aHaNM3a CreKTpa LLMPOKOMOMOCHBIX CUMHAOB MOXET OKa3aTbCs BXKHBIM UCKITHOYUTL
NPEeceneKkTop N3 CUrHanbHOro TpakTa. STO BbINOHAETCH C MOMOLLLIO (DYHKLMK
«0bxofa npecenekTopa» (Kak MpaBuIo, ONUMOHANBHON), KOTOPas akTUBUPYETCA

C NepenHen NaHenn N ANCTaHLMOHHO.

Bnaropapsi codeTaHnio yaobCTBa, BbICOKOrO Pas3peLleHnst U Hanu4ms NporpamMmHbIX
PELIEHNI, LUIMPOKOMOSIOCHBIE AVCKPETU3ATOPBI COBPEMEHHbIX aHaNIM3aToOPOB CUrHAIIOB
HaCTO SBASKOTCS HAWY LM BbIBOPOM A1 IK0O0ro aHan3a LMPOKOMOSIOCHbIX CUMHAOB.
Ho ecnv nonocel aHanmM3aTopa CUrHanoB OKasblBaeTCs HEAOCTATOHHO, TO HacTo
paccMaTpPUBaKOTCS anbTepHATVIBHBIE BApUaHTbl, HEKOTOPbIE U3 KOTOPbIX OMCaHbI HAXKE.

AHann3aTopbl CUrHANOB B POV LLMPOKOMOMOCHBIX MOH/XKAKOLLIMX
npeobpasoBaresnien HacToThbl

HekoTopble aHanM3aTopbl CNEKTPa 1 CUrHanoB, Takne kak Keysight PXA, moryT
CMOJb30BATLCS B KAYECTBE HACTPaMBaEMbIX MOHVKAKOLLIX MPeobpasoBaTenel YacToTb!
wwnn getexktopoB CBY 1 MMnInMMeTpoBoro avanasoHa. AHanmaaTtop PXA UMeeT BbIxOadp!
M4 n BUOgOCHMHaNOB, BKITtOHas ObICTPOAEVCTBYHOLLIIA BUAEOBBLIXOL, C NOrapndMNHECKM
OETEKTUPOBAHMEM ornbaroLen (ONTENbHOCTL PPOoHTa OT 14 HC) ANA aHanm3a
BPEMEHHbIX MapamMeTPOB MMMYMbCOB, Hanpumep, nMnynecoB PI1C n cuctem POB.
Bnarogaps nonoce M4 cBbiwe 1 ML (4TO 3HAYUTENBHO LUMPE MaKCUMaIbHOW MOMOCHI
avckpeTudaunv), PXA MOXXHO MCNOMB30BaTh C LUMPOKOMONOCHBIMM OUCKPETU3ATOPaMM
0115 Npeobpa3oBaHnst HacTOThl, Kak MoKadaHo Ha puc. 3. AHaNM3 CUrHanoB MOXET
BbIMNONHATLCH ANCKPETUINPYIOLLIMM NPUBOPOM, Takum Kak ocuunnorpad Keysight
Infiniium, ¢ momoLbto MO Keysight 89600 VSA.

Ocumnnorpadsbl 1 Apyrie LMPOKOMOMOCHbIE AUCKPETN3ATOPbI 0ObIYHO 3HAYUTENBHO
OT/IMHAKOTCA MO XapaKTEPUCTVIKaM (OHAMUYECKUIA AMana3oH, IMHENHOCTb, SKBMBASIEHTHAS
pPa3psSAHOCTL) OT BCTRPOEHHbIX OVCKPETN3ATOPOB aHaIM3aTOPOB CUMHAMNO0B. YPOBEHb
VCKaKEHNIN MOXET cocTaBnsaTb 40-45 ob B otnnyme ot 75-80 ob, CBOMCTBEHHbIX
BCTPOEHHbIM AMCKPETM3aTOpamM. STO AENaET BHELLHNE OAMCKPETU3ATOPbI
NPeanoYTUTENBHLIMI NSt BHYTPUMONOCHBIX M3MEPEHNI, TAKNX KaK aHanM3 kadecTea
MOOYNALUMM N USMEPEHUST UMIMYTBCHBIX XapaKTEPUCTUK LLNPOKOMOSIOCHbBIX CUrHasOB.
3aTeM MOXXHO BbINMOSIHATL BHEMOSIOCHbBIE U3MEPEHWS C MOMOLLbIO 0ObIHHBIX YHKLM
aHanmsa CrnekTpa aHanv3aropa CUrHasaos.
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PucyHok 3. AHanmgatop curHanos Keysight PXA ncnonb3yetcst B ka4eCTBe LUMPOKONOAOCHOIO
MOHVPKAKOLLIEro NMpeobpasoBatenist YacToTbl. [1na anckpeTuaaumm wipokononocHor M4 (oo 900 MIwy)
1CNONb3yeTCst BHELLHWI Nprbop, Hanpumvep, ocumnnorpad. ObpaboTka curHana ang aHanmsa
CMNeKTpa, AeMOOYSUMN 1 BEKTOPHBIX 3MEPEHMI BbINMOSIHAETCS C MOMOLLbIO 10 BEKTOPHOro
aHannaa curHanoB Keysight 89600 VSA, paboTatolem Ha ocumnnorpade unm Ha MK,

CnelpanbHble NpeobpasoBaTtenu,
MOBbILLAIOLLIME W MOHMKAIOLLME HYaCcTOTy

HekoTopble CBEPXLLUMPOKOMNONOCHBIE CUrHaSbI (0BbIMHO B MUIMMETPOBOM AMana3oHe)
TPEOYIOT COHYETaHNS MONOCHI MPOMYCKaHNS, YyBCTBUTENBHOCTU 1 Paboden 4acToThl,
HELOCTYMHOro B aHanM3aropax CUrHasioB, HEMOCPEACTBEHHO BbIMOMHAOLLMX aHan3
1AM padoTaoLLMX B Ka4eCTBE NOHMXKAIOLLMX Npeobpasosarenei YacToTsl. MNonoca
MOZYAALMM TaKMX CUrHANOB MOXET AocTuraTe 2 [T 1 6onee, CyLLEeCTBEHHO Cy>kas
OvanasoH peLLeHui.

[nsa pelueHns nogobHbIX n3MepUTenbHbIX 3af4a4 koMnaHusa Keysight npepgnaraet
crneupanbHble MNOBbILLAIOLLME 1 MOHVKAKOLLME NpeobpasoBaTeny 4acToT, JOCTYMHble
Mo crieLmanbHOMY 3aKady. ST PELLEHNS U3roTaBIMBAIOTCA Ha 3aKa3 C YHETOM HEOOXOOUMBIX
XapaKTePUCTUK U He MPeafaraloTCa B Ka4eCTBE CEPUNHO BblIMyCKaeMbIX U3LAENNI.
Takvie cneLvianmanpoBaHHble Npeobpasosareni 06naaakoT BbICOKOM HyBCTBUTENEHOCTHIO
(ManbiMy noTepsMM NpeobpadoBaHns) U MPUMEHSAIOTCS B MPUIOXKEHWSAX, B KOTOPbIX
OTCYTCTBYET BHELLHUIA Pa3béM U1, CefoBaTebHO, CUrHaN MOJAETCH YEPe3 aHTEHHY.
Bbicokas 4yBCTBUTENBHOCTb AOMOHAETCS O4EHb LLMPOKOM MONOCOM, HEOBXOAMMOW
015 USMEPEHNS MapamMeTPOB CBEPXLLMPOKOMOIOCHbIX CUrHASIOB.

CneupanbHble NoOHMXaroLWmMe NpeobpasoBaTeny UMELOT LEblid PAL, OrpaHuyeHni,
B TOM 4MChIe MO AmanasoHy 4acToT. 3aTO OHW TOYHO HACTPOEHbI Ha ONPeaeneHHyo
pabo4yto HaCTOTY KOHKPETHOrO NpUAoXKeHns. OHM He UMELOT MpecenexkTopa

W, cnepoBaTebHO, HEOMTUMaUIbHbI ON1A BHEMOIOCHbIX I/ISMepeHI/II7I, TaKVX KaK N3MepeHns
napasuTHbIX U3My4eHnn. DTN NOHWXaKoLMe NpeobpadoBaTen MUIIMMETPOBOIO
[vanasoHa He SBASOTCSA UHTErPUPOBAaHHBIMU PELLEHNSMU U TPEOYHOT NPUMEHEHNS
OTAEeNbHbIX FETEPOAVHOB.

BbIXOOHOM CUrHaUT Takx MOHKaOLLIMX MpeobpasoBarenei MUIIMMETPOBOMO Aviana3oHa
oUMPOBbLIBAETCS LLMPOKOMOMOCHbBIM ANCKPETU3ATOPOM, B POSIN KOTOPOrO BbICTYMNaeT
0BbI4HO ocumnorpad. VIsMepeHrst mapamMeTpoB CnekTpa 1 AeMOOYNALMS BbIMOAHAKOTCS

cneumaneHbiMm MO, Taknum Kak Keysight 89600 VSA.

MprMep Takoro CreLmanvavpoBaHHOIO NMOHMKAIOLLIEro NnpeotpasoBaTesst nokasaH
Ha pucyHKe 4. [JaHHbIl NOHWXaoLLMA NpeobpasoBaTesib 4acToT MUSIIMMETPOBOMO
[manasoHa UMeeT BONHOBOLHbIA BXOA, U, Kak BUAHO Ha PUCYHKe, 000pYaoBaH PyropHOW
AHTEHHOMN A9 aHaNM3a CUrHAIOB B/IVPKHErO MoJIs, HEOOCTYMHbLIX MPW UCMONb30BaHNM
BOJTHOBOHbIX WM KOAKCUASBHBIX COSANHUTENEN.

PrcyHok 4. CBepXLIMPOKONOOCHbI
NOHVPKaKoLLMI NpeocbpasoBaTesb
MUAMMETPOBOIO Aranas3oHa KoMnaHum
KeysightTechnologies. B npasown BepxHeit
4YacTu BUOEH BOJIHOBOLHbIN BXOL,

C PYMOPHOM aHTEHHOW. DTOT NOHMKa-
oL NpeobpasosaTesb NCMoAb3yeT
curHan BHewwHero CBY-retepoanHa,

a ero BbIXOAHOW cuUrHan nofaércs

Ha BHELLHWA OMCKPEeTU3aTop,
Hanpumep, Ha ocumnnorpad.
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CpaBHEHME KOaKCUaTbHBbIX 1 BOTHOBOOHbIX COEONHEHN

OBbI4HO aHaNM3aTOPbI CNEKTPA 1 CUHANOB OCHALLIEHbI KOaKCUabHbIMM COEONHATENSMM,
1 3TV COEOVHATENM BbIOUPAKOTCSt B COOTBETCTBIM C MaKCUMaUTbHOM HacTOTON aHa/msaTopa.
LLInpokas oOCTYNMHOCTb KOaKCUasibHO-BOTHOBOAHbIX MEPEXOAOB Y BO3MOXHOCTb
MPVMEHEHNS BHELLIHNX CcMecuTenemn (06bIMHO C BOTHOBOAHLIMM BXO4AMM) O3HAYAET,
4TO MOJb30BaTeNb MOXET CcaM BbibMpaTh Ccrnocobd nogadv curHana.

BonHoBopg 06bMHO NMPEACTaBAAET COBOM XKECTKYIO MyCTOTENYHO METaNINYECKYO
KOHCTRYKLIMIO C MPSIMOYrOfibHbIM MOMEPeYHbIM CeHEHNEM, VMEIOLLIMM npornopLmn 2:1.
Pabo4as 4acToTa BONHOBOAA OXBATbIBAET MPUMEPHO OOHY OKTaBY, MPUYEM C POCTOM
4aCTOThbl PasMepbl BONTHOBOAA YMEHbLLAKTCS. BOMHOBOL, MCMONb3YET OOMH PEXIM
pacrnpoCTpaHeHus. 4acToTon cpesa Ha3bIBAETC MVHMMASIbHAS HYacToTa HYKHOMO
peX1Ma PacrpoCTPaHeHUs, 1 BOIHOBOL, BeAET cebs, Kak LT BEPXHKX YacToT

C 3TOW YacToToW cpesa. Bbille HOMWUHaNbHOro pabo4ero YacTOTHOrO AvanasoHa
BO3MOXHO HECKOJIBKO PEXMMOB PaCnpOCTPaHEHVIS, KaXK bl U3 KOTOPbIX 0bagaeT
PasHbIMM MepeaaToHHbIMN XapakTePUCTIKAMU.

/1 koakcuanbHble, 1 BOSIHOBOAHbIE JIMHUN UMEIOT CBOU JOCTOMHCTBA U HeJOCTaTKW.

B yacTHOCTW, BOMHOBOA, OObIYHO BbIGMPAIOT B TEX ChyYasix, koraa Heobxoanma onbLuast
MOLLIHOCTb CUrHana unv Marsble notepu. B BepxHel YacTv MUNIMMETPOBOIO Avana3oHa
1 B 'BY-OmanasoHe BOnHOBOO, MOXET OKa3aTbCsl EAMHCTBEHHBIM MPUEMMTEMbIM PELLIEHNEM.
MperMyLLECTBA 1 HEAOCTaTKM 3TVX METOAOB NMOAaqM curHana nepedmcnerbl B Tabnumue 2.

Kputepuu KoakcuanbHblii kabenb BonHoBop

MpenmyliecTa [MBKOCTb, MPOCTOTa UBMEHEHNS CXEMbI Manble noTtepu curHana
coeanHeHun
LLInpoknin anana3oH 4acToT Bo3MoOXXHOCTb paboThl ¢ 60bLLION MOLLIHOCTHLIO
Manas macca MexaHu4yeckasi MPOYHOCTb

Bo3MoXxXHOCTb nepenaqn noCToAHHOIro —
HanpsaXXeHna onga nntaHna Mnn ynpasiieHnA

MeHbLuas cToMMOCTb —

MpurogHOCTb A5 UCMONb30BaHWS C MPOOHMKOM — —
VN AN USMEepPeHnst NapameTpoB KOMMNOHEHTOB

HepocTatku Bonblure noTepw, yBenn4MBaroLLMECA C POCTOM  XKECTKOCTb
4acTOoTbl
TpebyeT akKypaTHOro OTHOLLIEHNS MoxeT NoTpeboBaTbCst N3roTOBJIEHME Ha 3aKka3
(M3-3a Manbix FrEOMETPUHECKNX Pa3MEpPOB (BEOET K MOBLILLEHNIO CTOUMOCTW)

BbICOKOYaCTOTHbIX Kabenew n coeguHuTenel)

— Bonbline BpeMeHHble 3aTpaThbl Ha U3rOTOBIEHME
N U3MeHeHne KoHUrypaLmm

— [rana3oH 4acToT < 1 oKTaBbl

— [ns nogknioYeHnsa K aHanmusaTopam 1 opyrmm
["Ipl/IGOpaM C KOaKChalJibHbIM BXOOOM HYy>XeH
nepexon

Tabnuua 2. CpaBHeHWe KoakcuaibHbIX Y BOMHOBOAHbIX COeAVHEHWI
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BbI60p 1 npumMeHeHne Kabenen 1 coequHUTENeN

Kabenu, coeauHnTenu n nepexobl

TOYHOCTb 1 COrNacoBaHHOCTb U3MEPEHNIA 3aBUCUT OT NPaBUILHOIO Bbibopa kabenei
1 MEPExXOAOB, PacCHMTaHHbIX Ha YacToTy U3MepsieMoro curHana. Vx matepuarnsl

1N KOHCTPYKLMA cheumanbHO paccymTaHbl Ha ONpeaen&HHbIA YaCTOTHBIN AMana3oH
0ns obecneveHns cornacoBaHns MMNeaaHca n CHUXXEHS: MOTeEPb B 3TOM AMana3oHe.
/lcnonb3oBaHne Kabenen 1 aNEMEHTOB COEOMHEHMS MIOXOrO Ka4eCTBa B OPOrOCTOALLEN
N3MEPUTESNBHOM CUCTEME MOXKET MPUBECTUN K 3HAYUTENBEHOMY YXYALLIEHMIO €8 XapaKTEpUCTVIK.

[MockobKy BOMNBLUMHCTBO aHaIM3aToOPOB CreKkTpa MUANTMMETPOBOIO AManasoHa
NPUMEHSIETCS 05 OTAaaKM 060pYA0BaHNS, UCMOb3YIOLLErO TakxKe 1 6o51ee H3Kne
4aCTOTbl, MOXET BO3HMKHYTb COBMa3H MCMOb30BaTb OCHACTKY, PACCHUTaHHYIO Ha 3T
HN3KMe YacToTbl. OgHAKO MeHbLLAs AfHA BOMHbI TPEBYET NPUMEHEHUST MEHBLLINX

no pasmepy kabenemn 1 coeguHuTenen. Ytobbl n3bexxartb SBNEHNUS, NONyYMBLLENO
HasBaHVe «BO3HNKHOBEHME BbICLLIMX MOL» (MOSIBNEHME MEPBOI BbICLLEN MOfb! NS KPYITIOro
BOJSTHOBOZA B KOAKCUASTbHOM CTRYKTYPE), ONAMETP KOakCUaribHbIX COeanHUTENEN 1 Kabenel
OOMKEH ObITb 3HAYNTENBHO MEHbLLIE ANNHbBI BOSIHbI CUrHana. 4ns namepeHuin

B MUNNIMMETPOBOM AMana3oHe 3TO O3HAYaeT HEAOMYCTUMOCTb MPUMEHEHWS LLMPOKO
pacnpoCTPaHEHHbIX N3MEPUTENBHBIX MPUHAONEXXHOCTEN C COEONHUTENAMM TUMOB
SMA 1 NpeumanoHHbIx 3,5 MM. Ha puc. 5 BbIMONHEHO CpaBHEHNE BHOCUMbIX MOTEPb
coeavHuTenen Tuna SMA 1 coeguHuTene agnaMmeTpom 2,4 MM B Anana3oHe 4acToT
ot 30 po 50 I,

VIHTEPECHO OTMETUTb, YTO, Kak NMokKasaHO Ha PUCYHKE 5, BHOCUMbIE MOTEPW KabebHOM
cHbopKM ¢ coeamHUTeNnaMn SMA NodTK Be3e HEMHOMO MeHbLLIE MOTepPb COOPKM

C coeanHUTeNsIMM 2,4 MM, HO 3aTO WX 3aBUCKYMOCTb 3HAYUTENBHO MeHee paBHOMEpPHA.
Ha vacTtoTe 4y Tb Hke 36 ['TL BHOCKMbIE NMOTEPU NMEIOT XOPOLLIO 3aMETHbBIV O4EHb
Y3KOMOSIOCHbBIV MWK, aMAANTyAa, YacToTa 1 hada KOTOPOro MOMYT MEHATLCS
HenpeackalyemMbiM 06pa3omM. ITO co3aaéT Npobnemy ans Ndoro N3MepPeHnst B 3TOM
4aCTOTHOM AnanasoHe. Hanpumep, HeCTabUbHOCTb aMMNTYApl U dasdbl STOro nnka
MOTYT UCKa3WTb NoO0N MOAYNNPOBaHHbBIV CUrHasl, CoOBNadatoLLMiA C HAM MO YacToTe.
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Puc.5. MNpaBunbHbIn BeIGOp Kabenen n coeanHuTener nMmeeT 605bLIoe 3HaveHve. [JaHHble
pesynstaThl U3MepeHUn Nofly4YeHbl B nofioce YacTtoT oT 30 o 50 ML, 1 nokasbiBakoT OTANHUS
kabenen 1 NepexofoB ¢ coeguHuTensamm SMA ot aHanoros ¢ coeguHuTensamn 2,4 mm. Obpatute
BHUMaHNE Ha MHOXECTBEHHbIE MPOBaJIbl aMANTYAbl HA HYXKHEN KPUBOW MPUMEPHO Ha 4acToTe
36 'L v BbilLe. DTO ABNEHWE NopoXKaaeT 60/bLUME NOMPELLUHOCT N3MEPEHNS CUrHana

1 MapamMeTpOoB Lienu.
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B Tabnuue 3 nepedmcneHbl LMPOKO pacnpocTpaHéHHble coeanHmnTenm CBY
1N MUAIMMETPOBOMO AMana3oHOB, yKasaHbl NX YaCTOTHbIE AMana3oHbl
1 B3anMHasi COBMECTUMOCTb.

Bbl MOXXETE PACCMOTPETE BOSMOXXHOCTb MPUMEHEHNS COEAnHUTENEN TUna 2,92 MM
Ha YacToTax oo 40 ML, 1 BbIroAHO BOCMONb30BaTbCA TEM PaKTOM, YTO COeaNHUTENN
2,92-MM COBMECTUMbI C coeanHuTensmMmn Tunos SMA 1 3,5-MM Npu BbINOHEHUN
N3MepPEeHUn Ha Bonee HM3KNX YacToTax. OaHaKO 418 OOCTVPKEHUS NHLLINX XapaKTepUCTUK
1 MOBTOPSIEMOCTY Ha HacToTax Ao 50 ML, pekoMeHOyeTCsa MPUMEHSTb MPUHAOIEXKHOCTI
C coeguHuTenamMmn 2,4 Mm.

Ecnn TpebyeTcs mpoBOAUTb MBMEPEHNS HA Pa3NYHBIX y4aCTKax YaCTOTHOMO AnanasoHa,
TO CTOUT PACCMOTPETb MCMOb30BaHNE NMPUHAANEXHOCTEN C COEANHUTENAMN TUNa
2,4 MM 1 pa3nn4HbIX NepexonoB Ans obecneverHrs nogknoyeHns kK NY. 1 xots atn
NPUHAONEXHOCTM UMEKOT HECKOJIbKO 60/1bLUME BHOCUMbIE MOTEPW MO CPABHEHNIO

¢ coegnHuTensammn Tuna SMA 1 3,5 MM (B 0CHOBHOM, Bbille 30 L), MpUHaANEXHOCTU
C coeguHUTENaMK 2,4 MM MOTYT UCMOJIb30BaThCA A8 OXBATa BCEX HUXKHMX HacTOT
1 obecneuvmBatoT NPEBOCXOAHYHO BOCMPON3BOONMOCTb N3MEPEHWIA.

OC0BEeHHO BaXXHO Y4MTbIBaTL MOTEPU, BHOCUMbIE KabensMmn 1 nepexoaamu,

B MUIIMMETPOBOM AManasoHe. Kak ByaeT onncaHo HKe, OAMHOYHbIN Nepexop,
MOXET MMETb BHOCUMbIe noTepu oT 0,5 go 1 ob Ha YacToTax 6:amskmx k 50 1L,
[ns 60nee TOYHbIX U3MEPEHNIA 3TU MOTEPU HY>KHO YYUTBIBATHL W MO BO3MOXKHOCTU
KOMMEHCNPOBATh, MOCKOJIbKY XapPaKTEPUCTUKN aHaIM3aTopoB HOPMUPYHOTCS

B MJIOCKOCTW COEAVHUTENS N3MEPUTENBbHOIO nopTa 6e3 yveTa Nepexonos.

Tun coepuHutens Anana3soH yactot CoBmecTUM C He pekomeHpyeTcs
coBmelaTh ¢

SMA Bapbupyetcs, 18-24 ML, 3,5 MM, 2,92 Mm 2,4 MM

3,5 MM (APC 3,5) 34Ty SMA, 2,92 Mm 2,4 MM

2,92 MM nm “K” no 4011y SMA, 3,5 Mm 2,4 MM

2,4 MM 0o 50 My, TONBbKO 1,85 MM SMA, 2,92 mm, 3,5 Mm

1,85 Mm 65-70 'y, TONBKO 2,4 MM —

1 MM 110 My, — —

Tabnuua 3. Tunel CBY-coegnHnTenen

I'Ipmmeanme: coeguHuTenn tuna SMA LLINPOKO pacnpocTpaHeHbl 1 HeJoporu, HoO HegocTaTo4Has
TOYHOCTb X N3rOTOBNEHNA BJIMAET HA KA4eCTBO 1 XapaKTepPUCTUKKN COedNHEHUA. OTO MOXET BbI3BaTb
MOBbILLEHHbIV N3HOC npuv NoOKtHYeH K opyrum npeumn3noHHbIM COeVHUTENAM. CoegmHutenn SMA
A0nNyCKakoT JWb O4eHb OrpaHn4eHHOoe YCo LUMKIIOB NepenoaKitoHeHnAa 1 OOJTKHbI o6cneuosarbc;1
nepen KaxxgbiM npuMeHeHneMm.
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Knaccbl 1 KOHCTPYKTUBHbIE OCOBEHHOCTU
Kabenem 1 coeguHUTENen

CoeaunHuteny n npuHagnexHoct CBY 1 MunavmMeTpoBoro ananasoHa
N3roTaBNMBAOTCS U3 PA3/INYHbIX MaTEPMANOB C O4EHb MasbIMM AOMYCKaMMU.
MaTtepuarnb! 1 KOHCTPYKLIMS 3TUX Kabener 1 nepexodoB crielyvianbHO pacCcHUTaHbI
Ha BbICOKME YaCTOTbl. TOYHOCTb M3rOTOBMIEHNSA COOTBETCTBYET Manon ANHE
BOJHbI MepeaaBaeMbIX CUrHAJIOB, 3a CHET Yero obecrnevmBaeTcs onTUManbHoe
COrflacoBaHve MMMneaaHca 1 CHKaOTCS ONyKTyaumm BHOCUMbIX MOTEPb.

Harnpumep, ocmoTpeB coeauHuTenb SMA, MOXXHO 3aMETUTb, YTO B HEM MPUMEHSIETCS
OV3NEKTPUK 13 nonuTteTpadTopaTuneHa (MTP3), Toraa kak B MPeumn3noHHbIX
COeaNHUTENSAX TUMOB 3,5 N 2,4 MM MPUMEHSETCA BO3YLLHBIA ANSNEKTPUIK, Kak
npaBuso, C Mano3aMeTHbIMY LLanbamu, MOALEPKMBAIOLLNMU LIeHTPasbHbIV
NPOBOAHVK. OOHaKO Bbl HE CMOXKETE OLIEHNTL 60J16e€ TOYHbIE OOMYCKN rabapUTHBIX
Pa3MEPOB STUX MPUHALSIEXHOCTEN. Takke CIOXKHO 3aMETUTb OT/INHNSE B KOHCTRYKLMN
KOHTaKT-[AeTanen, BTY/IOK 1 X KOHYCOB 1 BYPTUKOB 13-3a 04eHb Masioro pasmepa.

NMOCKOCTH KOHTAKTE | [UIOCKOCTE KOHTaKTA
BHELUHEMD NPOBOAHIKA SMA BHELWHEND NPOBOOHMKA
BHELLHVE BHELHMI .

_‘_I'U'IOCKDG'TE KOHTaKTa
BHEWHETD NPOBOaHWKA

NPELU3NOHHBIA 3,5 MM

Cpasxesme coegumuTencii SMA W npeumM3InoHHonD 3,5 MM

[MpisaneHHLE YS[ITENM NONEPEHLE CEHSHIE HAMMAMHO NSMOHCTPRDIOT DA MEKY COBMMHWTENAMM TUNDE SMA
1 NPELaN0HHBIM 3,5 M. OcoBO CTONT OTMETHT, YTO B KOHCTDYKLIM cOBOuHMTENEH SMA B Ka4eCTBE QUANEKTDHKA
MCNONBIYETCA MNACTH, & B COBMMHTENE TWNa 3,5 MM - BOZAYX.

Kpome Toro, CyLLEeCTBYIOT OTINHUA MEXAY COEANHUTENAMN 06LLEro Ha3Ha4eHus,
r|p|/16opHoro M METPOJIOMMHYECKOro KiacCcoB, HO OHK BbIXOOAT 3a PaMKW DaCCMOTPEHNA
HacCTo4dLLero JoKymMeHTa.

To4HOCTb 1 Masble FaGapMTbI NPUHALANEXXHOCTEN MUIMMETPOBOIO

avanasoHa HEM3BEXHO CHKAKOT UX MeEXaHN4YeCKYHO NPO4YHOCTb 1 AenaroT X
3Ha4MTENbHO Honee OOPOrMMn No CpaBHEHUKO C HN3KOYaCTOTHbIMK BEPCUAMN.
[l BBICOKOHYACTOTHbBIX U3MEPEHUIN OHYEHb BaXXHO HE YXYALLAaTb XapakTepUCTUKN
OOPOrnx KOHTPObHO-N3MEPUTESIbHbBIX CUCTEM, NCMOJIb3YA HN3KOKa4YeCTBEHHbIE
N Henogxoasiume kabenu un npnHagIe>XXHOCTn.
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MOMEHT CUSbl Mpwu 3aTtsa>xKke coeanHUTENA

[MpuMeHeHne cneumansbHOro AMHAMOMETPUHECKOMO KitoHa 0becneydmBaeT 3aTskKy
COEOVHUTENS C HY>XXHbBIM YCUIMEM, YNy4Llias BOCMPOM3BOAMMOCTb U3MEPEHUIA 1 Npoa/ieBast
CPOK CNY>X0Obl COeaNHUTENS. XOTS METaNIM4ecKne Kopryca CoeauHUTeNemn 1 NepexoaoB
BbIMNSAAT AOBOJIbHO MPO4YHBIMK, OHW TEM HE MeHee 0bnafatoT HEKOTOPOWM MMOKOCThIO.
Manas gnvHa BoJSiHbl CUrHaNI0OB MUIMIMMETPOBOIO Anana3oHa AeNaeT UX O4YeHb
YyBCTBUTENBHBIMU K TakuM 1drubam. [na obecneverHns NMoBTOPSIEMOCTN U3MEPEHNI
HY>XHO MCMOJIb30BaTh OAMHAKOBbIE MOMEHTbI 3aTSHKKM OT USMEPEHWS K U3MEPEHNIO
1 05t BCEX OQHOTUMHbLIX coeanHUTENen B U3MepuTenbHOn cxeme. Kpome Toro,
OVHaMOMETPUHECKNIA KMo MpeaoTBpaLLaeT NoBPeXXAeHWs, CBSA3aHHbIE C Ype3MepHOM
3aTSHKKOW, He CoKpaLLasi HOMUHaIBHOIO CpoKa Cy>kObl coeauHUTENe. Manble pasMepsb!
BbICOKO4YaCTOTHbIX COEAVMHUTESNEN 03HAYAtOT, HYTO OHW He 0bnafatoT OOSbLLIOM MEXaHNHECKOM
MNPOYHOCTLIO U MOTYT AeOPMMPOBATLCS U arXke MOBPEXAATbCA

NPV YPE3MEPHON 3aTSAKKE.

Lns namepeHnin Ha Yactotax Hxe 70 'L WMPOKO NPUMEHAIOTCS ABa MOMEHTa
3arskku: 90 H-cm ong coegunmtenent 2,4 mm, 1,85 MM 1 Npeumn3noHHbIX 3,5 MM,
56 H-cm gns coeamnuTenen SMA. BeinyckatoTcs cneupasbHble ANHAMOMETPUYECKNE
KJIKO4N, HACTPOEHHbIE Ha 3TU 3HAYEHWSI.

Brnarogaps cBoel COBMECTUMOCTI, coeamHuTen SMA 4acTo MCMOMb3YKOTCS B COHETaHMN
C coeguHUTENaMK 3,5 MM U/mnn 2,92 MM. B 3ToM criydae COOTBETCTBYHOLLMIA MOMEHT
3aTHKKN TaKNX CMELLIaHHbIX KOHCTRYKLIMIA 3aBUCUT OT Tna BUIKK. JVHaMOMETPUHECKIIA
KJTKOM C yCUneM 3aTsbkki 56 H-cM cnegyeT NMpUMEHSTb NPy MOOKITKOYEHN COSOVHUTENS
Trna SMA "Bunka" K "poseTke" ogHoro 13 Tmnos 3,5 mm nnu 2,92 mm (K) nnn gpyron
«p0o3eTke» TMna SMA, a AMHAMOMETPUYECKMI KIMKOY C yeunmem 3aTskkn 90 H-cm —
NPV NOOKKOHEHU coeaMHMTENEN TUNOB 3,5 MM 1 2,92 MM "BUNKA" K COOTBETCTBYHOLLIM
poseTkam, Bkodas SMA.

MpriMeYaHue: BbINOHSIS COeMHEHWe, BPaLLanTe TOMbKO raiiky 1 HUKOrda He BpallainTe kopryca
CoeAVHUTENE, KOraa NX KOHTaKTHbIE MOBEPXHOCTY conpukacaioTcst. Bo nsbexxaHuve BpallgHns
YOEPXKNBANTE BTOPOV COEANHUTEN APYTUM KITIOHOM.

BbIMrpbILL OT COOTBETCTBYIOLLIEN 3aTHKKM MOXET OblTb MeHee b Ha 0QHO coeanHeHVe,
HO MOrpPEeLUHOCTY NN NMOTEPU Ha HECKOJTBKNX COEAVHEHUSX MOMYT COXNTLCH 1 CTaTb
3HaYUTENBHBIMM Ha (DOHE BbICOKOW TOYHOCTU COBPEMEHHbIX aHaNM3aTOPOB 1 METOOOB
n3mMepeHnin. JOCTVKEHNE BbICOKON TOHHOCTM B MUTIIMMETPOBOM Avana3oHe BeCbMa
NPOBAEMATNHHO, 1 COOTBETCTBYIOLLIIA MOMEHT 3aTSDKKN YCTPAHAET OAMH U3 UCTOYHUKOB
OOMONHUTENBHOW MOrPELLHOCTY.
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CornacoBaHHOCTb COeaNHEHUI

[na nony4eHnst cTabunbHbIX U MOBTOPSIEMbIX PE3YNLTATOB N3MEPEHU, Be3ae, rae
BO3MOXXHO, MCMOb3YTE OAMHAKOBbIE COEANHUTENN, Kabenn 1 Crnocobbl X MPOKIaAKN.
[avke ny4ime kabenm 1 coeguHTEN 0bNaaatoT 3aMETHbIMM BHOCUMBIMA 1 BO3BPATHLIMM
notepamn. MNpry4ém atn adpeKTbl, Kak npasuio, PacTyT C YacToTon. Marsible pa3mepsbl
kabenen 1 060pyaoBaHNSA MUIIMMETPOBOIO Anana3oHa NpeaoTBPaLLAOT CHIDKEHNE
amMnanTyabl U3-3a «BOSHUKHOBEHUS BbICLLMX MOL», HO MPUBOOST K YBEMMYEHUIO MOTEPb
curHana. Ha vactote 40 [T noTepu B KoakcnansHOM kabene MoryT npesbillats 3 ob
Ha MeTp (6e3 y4éta coeagmHuTenen) n 6onee 0,5 b Ha nepexon N pasbEMHOE
coeguHeHve. [Jaxke B Tex cUTyaumnsx, rae MCNonb3ytoTCsA COeaNHUTENBHBIE NIMHMN
CPaBHUMOW ANINHBI, MPUMEHEHWE Pa3HbIX KOMOUHaUMIA kabenen 1 coeguHUTenemn
MOXXET NOPOXAaTh Pa3NnNyMs BO BHOCUMbIX MOTEPSIX 1 MOTEPSIX HA OTPaXKEHME.

AHanorM4Has CUTyaLyst BO3HMKaET NPy UCMOMb30BaHMM PadHbix TVMOB MM MapoK kabenel
W Ledke My CPaBHEHIN XOPOLLIMX Kabene C 3HOLLEHHBIMM U NOBPEXAEHHbIMA. V1316,
CKpyYMBaHYIe 1 PacTshKeHne Kabeneit Toxe MOryT NOBAVSITb Ha PesyNTaTbl — B HEKOTOPbIX
Chy4asx MOXHO YBMAETb PasHuLy B peasibHOM BPEMEHM, M30rHYB Kabeb B MpoLiecce
N3MepPeHWiA. [OCKOMBbKY BO MHOMMX M3MEPEHNSIX BOCMPOM3BOANMOCTb HE MEHEE BaXKHA,
YeM abCcoMOTHasA MOrPELLHOCTL (0COBEHHO Tam, rae A5 NMOBbILLEHNS TOYHOCTN MOXKET
MCMOMB30BATECH PA3HOro POAA KOMMEHCALWS), HY>KHO CTapaTbCst MCMONb30BaTh BO BCEX
N3MEPEHMsIX OMHAKOBbIE Kabenu 1 COefMHUTENN B OOHOW U TOW »Ke KOH(UrypaLmm.
HeyanBuTensHO, HTO MPMMEHEHIME MOMY)KECTKOMO KOAKCHaTBHOMO Kabenst MOXET YyHLLUIMTb
MHOIE U3MEPEHNS, CHIKASA PUCK CIyHalHbIX NepemeLLeHnin n obecnedmsas bonee
CTabunbHOEe CoeanHEHME.

[ns nogkntodeHrs aHanmusatopa K VY curHanbHble TpakThl AOMKHbI BbITb Kak MOXHO
KOpO4e, C MYHUMYMOM COEAMHEHUI N NEPEXOAOB. YeM kopoYe kabenm n MeHbLLe
COedVNHEHNI 1 NEPEX0[0B, TEM MeHbLLE BEPOATHOCTb BOSHUKHOBEHWS MPO6IeM

13-3a HeMaeanbHOCTU NX XapakTePUCTVK. Bnipoyewm, kabenu He fOMKHbI ObITb TakMm
KOPOTKUMM, HTOObI CKPYHMBATBECS UM U3MMBATECHA C PaaMyCOM, MEHBLLIMM, YEM PEKOMEHYET
npounssoguTenb. 3rvbel nog OCTPbIMK yriiaMy MOTYT cO34aBaTb (hU3nyeckmne
HEeoAHOPOAHOCTYU, KOTOPbIE CMNOCOBHbI MPUBECTU K JIOKaNbHBIM MepenaiamM MneaaHca,
NMOBPEXAEHWIO Kabenst Mnn HapyLLEHNIO KOHTaKTa B 061acTv CoeauHUTeNnei

kabenbHOM COOPKN.

Ecnv npu BbINOMHEHUW M3MEPEHNIN MPOM3BOAMTCS HECKOSBKO MOAKOHEHWA, OCOBEHHO
MpW OTHOCUTESNBbHbBIX U3MEPEHMSIX, BAXKHO YHUTbIBATb KOHLIEMLIMIO ONOPHOM NIOCKOCTA
n3MepeHnin. ns aToro HEO6XOAMMO 3HaTb, B KaKOW YacTu N3MEPUTENBbHON CXEMbI
NPONCXOASAT UBMEHEHMS OT USMEPEHNS K U3MEPEHWIHO.
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Puck ANNIEKTPUNHECKNX N MEXAHNHECKINX I'IOBDG)K,EI,GHI/IIZ

DNeKTpUHecKmne NoBPEXAeHNS

SnekTpurYeckre NOBPeXAeHNS 0COBeHHO onacHb! AN BXOAOB aHaM3aTopoB.

B 1x BXOAHbBIX LIENSX MCMOMb3YIOTCS BbICOKOYACTOTHbIE KOMMOHEHTbI, KOTOPbIE
NMEIOT Masble U3NHECKNE Pa3Mepbl 1 He MOy T paccemBaTb 60sbLLYI0 MOLLHOCTb
NN BbIOEP>KMBATL BbICOKME HaMPsbkeHns. STa npobaema CTaHOBUTCS eLLE OcTpee
B MUIIMMETPOBOM AMana3oHe, MOCKOSBKY Ha 3TVX YacToTax 0ObIHHO HE MCMOMb3YHoTCs
Takue 3aLLMTHbIE MepPbI, Kak BIOKMPOBKa NMOCTOSIHHON COCTaBMSHOLLIEN, 13-3a X BINSHS
Ha xapaKTepVCTUKN aHanmaartopa. Ecnn ccnepyemblii cUrHan CopepXKUT MOCTOSIHHYHO
COCTaB/SAOLLYIO, TO MOSb30BaTENb JOMMKEH CaM 06ecreHmnTb ee BNOKMPOBKY, BO3MOXHO,
B BME OMMCAaHHOIO HXKe 3aLLUMTHOMO Nepexoaa.

ONeKTPOCTaTUHECKUIA Pa3pPsa CO3OaeT CePbe3Hble MPOBIEMbI Ha BbICOKMX YacToTax,
MOCKOSBKY MaUble pasMepbl KOMMoHeHTOB CBY 1 MUnaMMeTpOBOro AnanasoHoB AenaroT
nx 6onee ya3BUMbIMU. TUMMHHbIE MEPbI 3aLLMTbI OT SEKTPOCTAaTUHECKOro paspsia
BKJIIOHAIOT HACTOSIbHbIE aHTUCTaTUHECKNE KOBPVIKM, aHTUCTaTUYeCKne BpacneThbl

1 3alUTHOE 3a3eMIleHVe aHamsaTopa.

HeKOTOpre NCTOYHMKN CUITHANOB, HECMOTPA Ha Manyto HOMUHa IbHYHO MOLLHOCTb, MOTYT
npencTaBNATb ONACHOCTb 3-3a 3HA4YMTESNIbHbIX MepenagoB ypOBHeI7I npwv BKIKOHYEHWN.
Ecnn I/lCﬂOﬂb?:yeMbIIZ NCTOYHNK CUrHas 0B o6na,uaeT Tako 0COHBEHHOCTHLO, MOXHO
YBEJINHUNTb ocnabneHune no BXO4Yy aHanmaatopa BO BpemMsda KOMMyTaLn NCTOYHKMKA.

[MaBHas HEMPUSTHOCTb 3NEKTPUNHECKOIO NOBPEXAEHNS 3aKTHOHaAETCS B TOM, YTO
PE3YNLTUPYIOLLEE YXYALLEHVNE XapPaKTEPUCTUK MOXET BblTh HEZHAYMTENBHbLIM

1 OBHAPYXXUTCA He cpady. HekoTopble MOBPEXAEHWSt MOMYT CYLLIECTBEHHO YXYALLIUTb
XapaKTEPUCTUKN aHanmn3aTopa, Ho Tak, YTo 3To OyAeT HEOHEBUAHO.

MexaHu4eckune noBpexXaeHnA

Manble pa3mepbl 1 BblcOoKasi TOYHOCTb n3roToBneHns CBY-coeamHutenen nenaet
NX YA3BUMBIMU K MEXaHUHECKMM MOBPEXAEHNAM. K COXaneHuto, HekoTopas CTeneHb
MOBPEXAEHNST 1 OMPEAENEHHbIN USHOC HEU3OEXHBI MOCIE MHOMX LIMKIIOB MOOKITHOHEHWIA.
OnHO 13 NPaKTUYECKNX PELLIEHWI 3aKIOYAETCA B 3aLUNTE COEONHUTENEN NepeaHen
naHenn aHanmaaropa 3a CHET MPUMEHEHNS BHELLIHErO COeAMHEHMS Yepe3 cneLmanbHbIn
nepexof, Ha3bIBaeMblil 3alMTHBIM MepexoaoM. Kak npasBmio, B Ka4eCTBE 3aLMTHOrO
nepexofa Ha Takmx 4acToTax MCMNOSb3YeTCs NEPEXOL C COEAMHUTENSIMM TUna 2,4 MM
(po3eTKka-poseTka). BoT modeMy Ha nepegHer naHenn aHanM3aTopoB CrekTpa
MUTIMMETPOBOMO AManasoHa 4acTo YCTaHaBMBaKOTCA COEQUHUTENN TUMa "BUIKa'.
Kpome Toro, coegnHuTenb Tuna "Bunka" 6onee NpoYeH 1N MeHblLe NOOBEPXKEH
NOBPEXAEHMSM MPU MNOAKIKOHEHNN HECOBMECTUMbIX COEONHUTENEN APYroro Tmna
NN NOBPEXOEHHBIX COEQNHUTENEN.

3awmTHbIN Nepexom, 06bIMHO OCTaBMSKOT MOAKIIKOHEHHBIM K MEPEAHEN NaHeN aHaIM3aTopa,
1 BCe NOOKNIOHYEHA BbINOSIHAKOT Yeped Hero, a He Hanpsamyro K LUTatTHOMY COedNHNTENO
aHanmnaaTopa. ITO CyLLECTBEHHO YMEHbLLAET YMCO NOAKIIOHEHNA HEMOCPEOCTBEHHO
K COEOVHUTENO aHanmM3aTopa U NoMoraeT n3bexxaTb CPaBHUTENbHO AOPOron 3ameHbl
3TOro CoeauHNTENS (M MOCNEeAytoLLEN KanMBPOBKHX). HekoTopble MPUMEpPbLI MePEXOAOB,
NPUMEHSEMbIX B KAQYECTBE 3aLLUMTHbIX, MOKa3aHbl Ha PUCYHKE 6.

B cxemax, roe ncnons3sykoTes pagdHble TUnbl coeguHUTeneit, Hanpumvep 2,4 M (i 1,85 Mv)
1 SMA, BO3HMKAET ONacHOCTb MOBPEXOEHNS MPU MOMbITKE COYNEHEHNST COEANHUTENEN
pasHbix TUNoB. CoeannHuTens SMA MexaHN4eckn NofgobeH CoeanHNTENAM

2,4 MM nm 1,85 MM, 1 noakntodeHne BuUnk SMA npegoTepalLasTcs NnLlb TeM,

41O ranka SMA cnmwkom mana ons peadbobl 60nee BbICOKOHYACTOTHOrO COEANHUTENS.
3awmTa, obecnedrBaeMas Takom Pa3HNULIEN PasMepOoB, MepecTaéT AeiCTBOBATD,
€Cnn ravika coeamHuTens SMA H/14eM He (DUKCUPYETCH 1 MOXKET COCKOYUTD C COEOVHTENS.
3Ta onacHOCTb HarNsAHO UNMKOCTPUPYETCS HA PUCYHKE 7.

Bunka SMA Ha 3TuX pUCyHKax MMEET CbEMHYIO raliKy, YTO NO3BONSET BCTABNATb
€€ B MEHbLLYIO Mb3y CoequHUTENs 2,4 MM "po3eTKa", Bbi3blBasd NOBPEXAEHME.
370 cnpaBenmMBo 1 Ans coeamHuTenen 1,85 mm. ObpaTtnTe BHUMaAHMUE Ha OTANYNE
wara pesbbbl 1 AMHBI TOPLIEBOMO Cpe3a Ha KOHLAaxX nepexonos 2,4 Mm 1 3,5 Mm.

PucyHok 6. MNpwu paboTte ¢ curHanamm
MUAIMMETPOBOMO AnanasoHa 4acTo
NPUMEHSAIOTCS 3aLLMTHbIE MEPEXoabl

C COEOVHUTENSIMM «PO3ETKa-PO3ETKa». 30ECH
nokasaHbl nepexop! 414 NOAKOYEHNUS
aHa/mMsarTopa C BXOAHbIMN COEANHUTENAMN
2,4 MM K NMPUHaONEKHOCTAM, UMEOLLM
coeauHuTenn Tunos N v 2,4 Mm.

PucyHok 7. Ha pucyHke 7a nokasaH
nepexop ¢ 2,4 MM Ha 3,5 MM, MPUYEM
coefuHUTENb 2,4 MM pacrofioXKeH
cnpasa. CnpaBa OT Hero nokasaHa Buka
SMA. Bunka SMA Ha pucyHke 76 nmeet
CBHEMHYHO rarky 1 CMELLIEHHbIN MO Ocn
(CNVILLKOM OIMHHBIN) U Clerka U3orHyTbiin
LieHTpasbHbI BbIBOA, BEPOSTHO,

1N3-3a NOLKIIHEHNS K COEOVHUTENIO
MONy>XeCTKOro Kabens.
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[loBbILLEHNE KAYeCcTBa U3MEPEHNN C MOMOLLIbIO
BCTPOEHHbIX PYHKLMIA aHanmsaropa
N BO3MOXHOCTEW Mo 06paboTke curHana

CoBpeMeHHble aHanM3aTopbl CNeKTPa 1 CUrHAN0B UMEKOT MHOXECTBO (OyHKLINIA,
KOMMIEKTaLMI 1 PETYIIMPOBOK, KOTOPbIE MO3BOSISOT ONTUMU3NPOBATE XapaKTePUCTUKA
aHanm3aTopa 4719 pasHbix 3a4a4. HekoTopble 13 HUX, Takie Kak aBTomMaTnieckas
HaCTPOVIKa, YHMBEPCalbHbI 1 UCMONb3YIOTCS BO BCEX U3MepeHUsix. [pyrie ssnstoTcs
onumoHasbHbIMK, BbibUpaembIMM Nosb3oBaTenem MyHKLUAMU UK 3anycKaeMbIMn
nonb3oBaTenemM npouenypamun. 34ecb Mbl 06CYAMM HEKOTOPbIE Hanbonee
XapakTepHble MPUMEPBI.

Korga cnegyet npuMeHsTb NpesyCuimnTesb,
aTTeHoaTop 1 oba 3T yCTporcTBa

MakcrmanbHasa HyBCTBUTENBHOCTb aHaIM3aTopa CUrHaIOB JOCTUMRAETCH NPU YCTaHOBKE
ocnabneHvst BxogHoro atteHtoatopa Ha 0 ob. [JononHUTENsHO YyBCTBUTENBHOCTb MOXHO
MOBbICUTb C MOMOLLIbIO BCTPOEHHOIO UM BHELLHEro NpedyCUnnTens, NoCKOSbKY
npegycunnTenb ¢ 60MbLLMM KOS MDULMEHTOM YCUEHMS 1 MafibiM KO3 PULNEHTOM
LyMa MOXET CYLLECTBEHHO YAYULLINTb 3MPEKTUBHYO HYYBCTBUTENBHOCTb UM CHU3UTb
KOSMPIULIMEHT LWyMa aHannaatopa. BCTpoeHHble npeayCunmten BO MHOMMX Clydasix
SABNSKOTCS HE CaMbIM ONTUMaSIbHBIM PELLEHVEM, HO OHW YAOOHbI, Y UX XapakTepPUCTUKN
YUUTBIBAIOTCH NPY KaNMbpOoBKe UK perynpoBKe aHanmaaropa.

XoTsa npedyCunTen 0bbiMHO 0BECTIEYMBAIOT HAUTYULLIYHO YYBCTBUTENBHOCTL MPW YCTAHOBKE
BXOHOro aTTeHtoaTopa aHannsaTopa Ha 0 b, coveTaHne BXoOHOMO aTTeHaTopa

C npepgBapuTesibHbIM yCuneHnem go HeKOTOpOVI CTeneHn CHNXXaeT TOYHOCTb

1N 4yBCTBUTENbHOCTb U MOPOXKAAET UCKaXKeHUs. Hanpumep, ecnm aTTeHoaTop
ycTaHoBneH Ha 0 ob, nccnemyemblin curHan NocTyrnaeT HeNOCPEACTBEHHO Ha NepBbIi
cMecuTeNb aHanmusaTopa. BxogHoe conpoTuBEHNe CMECUTENS HE CTOMb TOYHO
cootBeTcTBYeT 50 OM, Kak CONPOTUBIIEHWE aTTEHIOATOPA, MO3TOMY MPY OTKITFOHYEHHOM
aTTeHoaTope KOSIMMPULIMEHT OTPaKEHMA aHanMaaTopa OyaeT Bbille. Tako NOBbILLEHHbI
KO3 DULIMEHT OTPAKEHNS MOTEHLMATIBHO MOXET MPUBECTY K BOSBLLIEMY PacCOoracoBaHUo
NPV N3MEPEHUSIX C MaKCUMarbHOM YyBCTBUTENIbHOCTHIO.

MpuyMeHeHVe BXOOHOro aTTeHtoaTopa yny4llaeT corfacoBaHme no BXOAY aHanmMsaTopa,
MPUYEM COrNacoBaHME yy4yLLAeTCs (@ MOrPeLLHOCTb PACCOracoOBaHNs CHUXKAETCS)

C POCTOM ocnabneHus atTeHoaTopa. besycnoBHO, HeOOCTAaTKOM MPUMEHEHUS
aTTeHaTopa ABNSAETCS NoTeps YyBCTBUTENbHOCTU. [pn yBENMYEeHMN BXOOHOMO
3aTyxaHnst Ha 1 OB Ha 9TO »e 3Ha4YeHNe CHXKaeTCst HyBCTBUTENbHOCTb.

BCTpoeHHbIn npeaycunmMTeNb aHanmnsaTopa (eCnm TakoBO UMEETCS) MOXKET

MOMOYb MOBbLICUTL YYBCTBUTESBHOCTb M CHU3WUTb MOMPELLIHOCTb PacCornacoBaHus.
Ecnu npegycunntenb ¢ UKCUPOBaHHbIM YCUNEHUEM BKITFOYEH MOCe aTTeHtoaTopa,
ocnabneHne aTTeHoaTopa MOXXHO YBEINHMTL [0 3HA4YEHUS!, 06eCneqnBatoLLIEro
aeKBaTHYIO YyBCTBUTENIbHOCTb, OHOBPEMEHHO CHIKAsH KOIMMULIMEHT OTPaXKEHWS.
MpV 9TOM YMEHbLLIAETCA MOrPEeLIHOCTb U3MEPEHUIn aMNanTyabl, Bbi3BaHHas
paccoriiacoBaHNEM.
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[MpVMeHeHNne ansTepHaTUBHBbIX BXOAHbIX TPAKTOB
N8 ONTUMN3aLIMN 3aBUCYMOCTU HyBCTBUTENBHOCTY
OT UCKaXXEHWIA 1 ApYriX napameTpoB

HekoTopble 0bLLME ynyHLLIEHMS (YHKLMOHABHOCTY M HAAEKHOCTW aHanm3aTopa CrnexkTpa
MOIYT HEMHOMO CHN3UTb KOS(MULIMEHT LyMa UM CREOHUA YPOoBEHb COOCTBEHHbIX LLIYMOB.
B kaydecTBe NpumMepa MOXXHO NMPUBECTN KOMMYTaLMOHHbIE 1 BHOCUMbIE NOTEpPU

npv NoAKMtoYeH BCTpoeHHoro CBY-npegycnnmtens, npy NEPEKIFOHEHNN B HXKHIOK
4acTb pabo4vero ananasoHa 4YacToT (HEFraPMOHUHYECKOE CMELLIEHVE) N BKITHOHEHE
npenycunuTens HM3KO4acTOTHOW YacTu avanasoHa. [Jpyrum npuMepoM (Hampumep,
B Keysight PXA) sBnsieTca nepexo Ha NoaynpoBOAHMKOBbIE BXOAHbIE KOMMYTaTOpPbI
015 MOBbILLEHUS HAOEXHOCTU U BOCTPON3BOAMMOCTY Pe3yLTaToB U3MEPEHWIA.
MonynpoBOOHVKOBbBIE KOMMYTaTOPbl 0ObIYHO UMEKOT HEMHOMO BOMbLIME BHOCUMbIE
notepy B CBY-ananasoHe no CpaBHEHMIO C MEXAHMYECKMM KOMMYTaTopamu. Notepu
Ha KOMMYTaLMIO Y BHOCUMbIE MOTEPU YBENMYMBAIOTCH C POCTOM HaCTOThl, Y XOTS A5t
MOBbILLIEHNSI TOYHOCTU X MOXHO U3MEPUTb 1 KOMMEHCMPOBATb, OHW BCE-TaKN BAUSKOT
Ha ypOBEHb LLIYMOB aHannaaropa 1, cieqoBaTtenbHO, Ha TOYHOCTb U3MEPEHUI
HN3KOYPOBHEBbLIX CUMHASOB.

MpenycnanTenin MoryT KOMMNEHCUPOBaTb STV MOTEPU W yy4LaTb OTHOLLEHNE CUMHAUT/LLIYM
015 MarbIX CUrHaNoB, 0bbIHHO 0bnaaas MeHbLIMM YPOBHEM COBCTBEHHbIX LLYMOB
1 koappuLmeHToMm Lwyma B CBY n munanmeTpoBoM aranasoHe. Ho 06bIMHO OHM MOTyT
MPUMEHSATLECS TONBKO MW OTCYTCTBM CUrHaoB 60SbLLIONO YPOBHS Ha BXOE aHanmMa3aTopa.
CvirHarbl 60MbLIOMO YPOBHS MOMYT NMOPOXAATb HEMHENHBIE UCKaKEHWSI B MPEAYCUUTENSIX,
co30aBast MapasnTHble CUrHaIbI, KOTOPbIE OLLMOOYHO MOXHO MPVHATL 3a CCAEAyEMbIl
curHan. Takme MOLLHbIE CUrHaUsTbl MOMYT CO30aTh UCKaXKEHWST, Aadke Bydy4n 3a npeaenamm
BbIOpaHHOWM Noaockl 0630pa.

B aHanusatopax curHanos cepun PXA aTa npobnemMa pelleHa 3a CHET ONUMOHaIbHOMO
MaoLYyMSLLIEr0 TpaKTa, KOTOPbI MCMOMb3YeT annapaTHblin KOMMyTaTop Ans obxona
31EMEHTOB BXOAHbIX Lienen, BHOCALLMX noTepu. B pesynsraTte yaaetcsa 4OCTUYb
MaKCHMasIbHOW YyBCTBUTENBHOCTY Be3 MPEeayCUnUTeNs U NONY4nTb KOH(UIypaumio,
MPUFOAHYIO A1 PaboThl C curHanamm 60bLLOO YPOBHA. ManoLwwyMaALWwmMi TpaxkT
paboTaeT Ha BbICOKMX YacToTax (3,6 L), NpUMep CHUXXEHUA COBCTBEHHbIX LLYMOB
rnokasaH Ha pucyHke 8.

Bbl4mTaHne coOOCTBEHHbIX LLIYMOB aHanmM3atopa

B HEKOTOPbIX N3MEPEHMISX OMPaHNYMBAROLLIM (HaKTOPOM SIBMISIETCS YPOBEHb COOCTBEHHBIX
LLIYMOB aHa/msaTopa, a NoTepy Ha Npeobpas3oBaHe CMECUTENSE Ha raPMOHNKaX MPUBOASAT
K TOMY, YTO 3TV COBCTBEHHbIE LLIYMbI PACTYT C POCTOM HacToThl. LLIyM MogHMMAaET HYDKHIOO
rPaHnLYy AVMHAMUHECKOrO AvanasoHa U CHYKAET TOYHOCTb U3MEPEHNI CabbiX CUMHAIOB.
B npucyTcTBUM crHanos 60MbLIOIO YPOBHS MPUXOOUTCS yBENMYMBATL OcnadbneHne
Mo BXOAY aHanM3aTopa, YToObl YMEHBLUNTb NCKaXKEHWS!, BbI3BaHHbIE Neperpy3Ko,
HO 3TO NPUBAMXKAET Masble CUMHANMbI K YPOBHIO CODCTBEHHBIX LLYMOB aHanMsaTopa.
Takm 06pa3oMm, ypoBeHb COBCTBEHHBIX LLIYMOB aHaM3atopa OrpaHnYnMBacT JOMyCTMMOe
ocnabneHre curHana. Kpome Toro, LyM MOXKET CEPLESHO BINATL Ha CKOPOCTb USMEPEHII,
noTeHumansHO Tpebyst 60nee BbICOKOO PaspeLLeHns MO YacToTe 151 TakMX USMEPEHUI,
Kak MomncK MapasmTHbIX COCTaBASAIOLLMX CMEKTPA CuUrHana, MoCKOMNbKY B 9TOM Cryqae
HeobxoAMMma MeHbLLasi CKOPOCTb CKaHWPOBaHWS YaCcTOTbl 13-3a OO0SbLLEro BPEMEHU
ycTaHoBneHnsa unstpa M4.

B pesynrarte CH/KeHWsT BKITafa aHanmsaTopa B O6LLMIA YPOBEHb LLIYMOB MOXHO MOBbICUTH
Ka4eCTBO UMEPEHUIN Kak MastblX, Tak 1 BOMbLLIMX CUMHAMO0B. K TOMY >Xe 3TO Mo3BOSIseT
BbIMNOMHATb M3MEPEHMS HU3KNX YPOBHEN 6€3 AOMOMHUTENBHbIX 3aTPaT 1 MOTEHUMANBHbIX
WNCKa>KeHUI, CBSA3aHHbIX C NMPUMEHEHVEM NpeayCcunnTens.

CTraHoapTHOM GhyHKUMEN aHamM3aTopoB cepun PXA SBrseTcs (OyHKLMSE CHYDKEHMS YPOBHST
cobcTBeHHbIX WyMoB (NFE). OTa dhyHKLMSA aBTOMaTUHECKMN BbINOMHAET CKaNspHOE
BblYMTaHME MOLLHOCTY LyMa aHanM3aropa n3 pesynsraToB M3MEPEeHWin napaMmeTpoB
cnekTpa. PXA codeTtaeT 06paboTKy pe3ynsraToB USMEPEHNA B PEXXMME PeasibHOMro
BPEMEHN CO BCTPOEHHON MOAENBIO LLIYMOB aHanma3aTtopa A1 BCex M3MepUTeSbHbIX
KOHUrypauuin. 3To No3BONSET EMY BblHMTaTb B60MBLUYIO HaCTb COBCTBEHHBIX LLYMOB
6e3 HeoBXOAVMOCTU X OTAENBHOMO U3MEPEHNS. Takoe BbMUTaHME HE BIIMSIET HA CKOPOCTb

MSMepeHMIZ, a BbIMIPbILL AOCTUraeTCA Ha BCeX YaCToTax, OXBaTbIBAEMbIX aHAMM3aTOPOM.

MprMep yyyLLEHMA NP BbIHUTAHUN COBCTBEHHBIX LLYMOB U MPUMEHEHM MASOLLYMSILLIEFO
TpakTa nokasaH Ha pucyHke 9.

PucyHok 8. [aHHbin pesynstaT N3MepeHuin,
BbINOSIHEHHbIX B Anana3oHe oT 3,6 o

50 I'TL, npw vyBcTBUTENBHOCTM 5 AB/AEn.
OEMOHCTPUPYET CHUXKEHNE COBCTBEHHbIX
LLIYMOB MpW BbIOOpE ManoLLyMsLLEro
TpakTa PXA.

Rl 4500 clim

PucyHok 9. KadecTBo namepeHnia
napameTpoB HU3KOYPOBHEBOIO cuUrHana
Ha vacToTe 49 [TL, 3Ha4UTENBHO Yy4LLEHO
3a CYET MPUMEHEHNS MaIOLLYMSLLErO
CUrHaNIbHOrO TPaKTa 1 OYHKLMN CHKEHNS
COBCTBEHHbIX LLIYMOB aHanmMsatopa
Keysight PXA. BepxHss Tpacca
COOTBETCTBYET OObIHHOMY U3MEPEHWIO,
CpeaHasa Tpacca nosy4eHa ¢ MasioLLyMSALLIAM
CUrHasbHbIM TPAKTOM, a HIKHSASA Tpacca
OEMOHCTPUPYET a(PdEKT BKAKOHEHNS
DYHKLMN CHUKEHNSA COBCTBEHHBIX LLYMOB.
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Obxopn npecenekTopa

Kak y>ke roBopuiocCk, HEKOTopble aHannaaTopbl CBY 1 MMnanmeTpoBoro ayanasoHa
obopynoBaHbl hyHKUMen obxona CBY-npecenekTopa. Takoin 06xof UCKovaeT
HacTpavBaeMbIi (PUNLTP NPeceneKkTopa U3 N3MepUTENBHOMO TPakTa, YTO OYeHb
Ba>KHO A1 LUMPOKOMOSIOCHbBIX N3MEPEHWIA.

Bbimrpbilw B AHaMU4eCKOM ApuanasoHe 1 LieHa 06xo[a NpecenexkTopa 3aBmcAT

OT CNELUMUKA KOHKPETHBIX M3MEPEHNI. XOTH 0OX0a, MPEeCeneKkTopa yCTPaHSET CBA3aHHbIE
C ero UCnonb30BaHNEM BHOCUMbIE NOTEPU, OH YaCTUYHO yXydLUaeT 1 (UsTpauLmio
LLIMPOKOMOSIOCHOTO LWyma. ECnm 0CHOBHOE BHUMaHME yOeNseTcs LWymam, TO BAVsSHNE
obxofa npecenekTopa Ha KOs ULIMEHT LyMa aHanmM3aTopa Hago OLeHMBaTbL OTAENBHO
B KaXK[IOM KOHKPETHOM ciyyae. Kpome Toro, B pedynsrate 0b6xoga npecenektopa

B curHane MY MoryT MposiBUTBCS CUMHaUTbI 3ePKaSTIbHOMO KaHana CMecuTens n gpyrne
napasuTHble COCTaBNstOLLMe CrekTpa. Ecnm Bbl CTONKHETECH C Npobnemamm
naeHTUUKaUmMM curHana, nonpobynTe HACTPOUTECS HA HY>XXHbIN CUrHA C BKITKOYEHHbIM
NPECENEKTOPOM, a MOTOM OTKIKOYNTb MPECENEKTOP A1 OKOHYaTENBHOMO U3MEPEHVS.

ABTOKOPPEKUMS AN ONTMMU3ALIMM XapaKTEPUCTUK aHanmM3aTopa

Meproanyeckas aBTOHACTPOVKA SBNSETCSA BaXKHbIM (DaKTOPOM, YyHLLIAIOLLM
XapaKTePUCTUKN aHanmM3aTopoB curHanos CBY 1 MunanmeTpoBoro avanasoHa. Takas
KOPPEKLMS BbIMONHSETCA aBTOMATUHECKM MO BPEMEHWN U MPW U3MEHEHN TeMMNepaTypsbl,
KOTOpast KOHTPOSIMPYETCS CamMnM NPUOOPOM. B HEKOTOPBIX CUTyaLMsX NOb30BaTENb
MOXKET 3anpPETUTb aBTOHACTPONKY, YTOObI HE OONYCTUTL MNPEPbIBaHMSA N3MepeHnin. B Takmx
CnyYasix Monb30BaTesb CaM HECET OTBETCTBEHHOCTb 3a aKTVBaLMIO aBTOHACTPOEK, Koraa
3TO CTaHeT BO3MOXHbIM. B 06LeM cnyyae Nyydumx pesynstaTtoB N3MepeHuii yaaércs
OOCTWYb, KOrda TeMnepaTypa aHanmnsaropa cTabunmanposanach, U HeNoCpeacTBEHHO
rnepeq N3mMepeHnemM BbiNoSIHEHA KanMOpOBKa MW PeryvpoBKa.

PerynmpoBska, Unn LeHTpUpoBaHve, npecenekTopa

dunitpbl (MepecTtparBaemble XKU-hUnbTpbl), UCNOMb3YeEMbIE B KA4ECTBE NPecenekTopa
B O0MBbLLUMHCTBE aHaNM3aTopoB crnekTpa CBY 1 MunniMMeTpoBoro avanasoHa, pabotaroT
6e3 0bpaTHOM CBA3M 1, CNefoBaTENbHO, MOABEPKEHBLI HEKOTOPOMY Apendy. MNoaTomy
onepauyvs LIeHTPUPOBaHNS NPecenekTopa O4eHb BaXkHa 1 AO/MKHA BbINOAHATLCS Mpn
Ka>KOOM U3MEHEHNN LIEHTPABHOM YacTOTbl. V1 XOTSA aHann3aTop cam BbIMONHAET
LIEHTPMPOBaHMNe, onepaTop AOJPKEH 3anyCTUTb 3TOT MPOLECC Nepen duHaNbHbIMN
n3mepeHuamn. B xode perynmpoBKM NpecenekTopa aHanm3artop onTUMUsMpyeT
06LLMe NapameTpbl NPecenekTopa Bo BCeM paboyeM avanal3oHe, 1 Takyro PEryiMpoBKy
MOXHO BbIMOSHSATH HE OYEHb YacTo.
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HoBble UccnenoBaHus B 0061acTy y4eTa OLLUMOKIM
paccornacoBaHyst NO3BOISHOT MOBbICUTb TOYHOCTb

OugHKa 1 olTMM3aLVSt TOYHOCTU U3MEPEHIA OCOBEHHO cnoxxkHa B CBY 1 MMIMmMeTpoBomM
InanadoHe. OCHOBHbIE XapaKTEPUCTVIKW, Takue Kak MorpeLLlHOCTb aMMnTyabl Y HacToTbl
(M hazdoBbI LWyM), HepaBHOMEPHOCTbL AYX 1 BOCMPON3BOAMMOCTb U3MEPEHWN,
YXYOLIaOTCHA C POCTOM HaCTOTbl. KOHCTPYKTUBHbIE U3MEHEHNSI BHYTPY aHanM3aTopos,
Takue Kak 1CMnosib30BaHNe rapMoHUK Boee BbICOKOro nopsiaka, 0bbI4HO paclumMpsitoT
MOOCY U3MEPEHNIN N CHKAIOT HyBCTBUTENBHOCTb. Kaben 1 CoeavHTEN BHOCAT BKNaZ,

B ocnabneHue curHana v HepaBHOMEPHOCTb AYX, CBA3aHHbIE C MOMPELLHOCTHIO MMMeaaHca
1 NOTEPSIMM Ha oTpaXkeHre. K 3TUM MCTOYHMKAM MOrpeLlHOCTEN A00aBASOTCA eLle

1 MOMPELLHOCTK, CBSI3aHHbIE C HEVAEeabHOCTLIO UMMeaaHca camoro LY.

MOHATb MPUHMHBI CHYXKEHMSI TOYHOCTI M3MEPEHUiA MOLLHOCTY B CBY 1 MunnnmeTpoBoM
[avana3oHe MOXET ObITb JOBOMBLHO TPYAHO, HO UMEKOTCS aBTOMATUHECKIE KallbKyATOPRb!
MOrpeLlHoCTen, CNocobHble YNPOCTUTL 3Ty 3adady. [podTuTe cTaTbhto «PacyeT
rorpeLUHoOCT MSMepeHMIZ MOLLJHOCTV COriaCHO MeXXAyHapOAHbIM PeKOMeHaaLsM»,
CCblINKa Ha KOTOPYHO MpuBeaeHa B pasaene «[JonoaHuTenbHas nHhopmaums»

B KOHLLE HACTOSALLLEro JOKYMEHTA.

OcobeHHO BaXXHBIM MapamETPOM SIBASIETCS MOMPELUHOCTL PacCoriacoBaHust, KoTopas 4acTo
ABNAETCH JOMUHPYIOLLIMIM (haKTOPOM MpW pacyeTe CyMMapHOW NMOrPELLHOCTY N3MEPEHIN
amnnnTyapl. HegasHo onybnnkoBaHHble nccneaoBaHnsa komnaHum Keysight Technologies
MO3BONSAIOT JlyuLLIE MOHATb BINAHNE NMOMPELLHOCTU 13-3a PaCCOr1aCoBaHNsA Ha TOYHOCTb
n3mepeHn. B npoLunomM a1a morpeLlHOCTb MOAENMPOBaaCh HECKOBKMMI Cnocobamu,
KOTOpPbIE AaBan 3aBbILLEHHYK OLEHKY OLLMOKM, CBA3aHHOWM C PacCorilacoBaHVEM.
OKcnepyMeHTalbHbIE NCCNEOoBaHNS NoKasasi, YTO HOBbIN CTATUCTUYECKUIA METOL,
OCHOBaHHbIN Ha pacnpedeneHn Penes, 0aéT 6onee TOHHYHO OLIEHKY MOrpeLLHOCTH
paccornacoBaHus. 9TOT METOA, CHKAET BK1a4 OLWMOKK paccornacoBaHns

Ha peaynsTaTt OT OAHOW TPETW A0 OAHOW LIECTON OT MNPEXHErO 3HAYEHNS.

OTOT HOBbIV METOL, MOXET MPUMEHATECHA K OObIHHOMY CKaIIPHOMY aHanmM3aTopy,
rae pasa KospmuUMEHTa OTPAXKEHNA HEM3BECTHA, N BENUYMHA KO3 PULMEHTA
OTPaXkeHNst JOMKHA ONPEAENATLCH HA OCHOBE AaHHbIX MPOU3BOANTENS B LLUNPOKOM
JvanasoHe 4acToT.

MonHyto NHOPMAaLIKO 1 CCbISIKY Ha MPOrpaMMy pPacyeTa MOXHO HaiTV B PEKOMEHOALIMSAX
no npumMmeHeHnto Keysight «Pacyet norpeLLuHoCTy u3MepeHni MOLLIHOCTY COr/laCHO
MeX1yHapOAHbIM PEKOMEHAALINSIM>.
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[lononHuTenbHas MHopMaLms

IHopmaLma B MHTEPHETE

AHanusaTtopbl curHano cepumn PXA:
www.keysight.com/find/pxa

VIHTennekTyanbHble CMECUTENW Ha FapPMOHMKaX:
www.keysight.com/find/smartmixers

0630p KoakcHanbHbIX COEANHUTENEI:
www.home.keysight.com/upload/cmc_upload/All/CoaxialConnectorOverview.pdf

YT0 C YeM COEOAMHAETCS, CPaBHUTENbHbIN aHaNn3:
http://na.tm.keysight.com/pna/connectorcare/What_mates_with_what.htm

Knaccbl coegnHuTenen:
http://na.tm.keysight.com/pna/connectorcare/Connector_Grades.htm

CoBmecTumocTs coeauHuTened Turnos SMA, 3,5 mm n 2,92 mm, Microwave Journal
(MpunoxxeHue o kabensix n coeamHuTessix), mapT 2007 roga, AOCTYMNEH MO CCbIKe
wWww.gore.com

KanbkynaTtop nNorpeLHOCTen U3MepeHnii C NMOMOLLbIO 4aTYUKOB CPELHEN MOLLHOCTW:
www.home.keysight.com/upload/cmc_upload/All/Average_Power_Sensor_Uncer-
tainty_calculator_Rev6.xlsx

JlnTepatypa

OcHoBbI n3mepeHns moLyHocTy B BY- n CBY-auanasoHe (acte 3) Pacyet
r1OrpPeLUHOCTY UBMEPEHU MOLLIHOCTY COM/IACHO MEXYHaPOAHbIM PEKOMEHAALIMSIM,
HOMeEp AoKyMeHTa 5988-9215EN

Yxon 3a coeauHuTeIIMU, KpaTKuv CripaBoYHVK, HOMep AokyMmeHTa 08510-90360
OcHoBHbIE ripaBuia yxona 3a COeanHNTEIMM, HOMEP OOKYMeHTa 5954-1566
LLInpOKONOM0CHbIE N3MEPEHMSI: MPUMEHEHWE aHa/m3aTopa curHanos cepum PXA

B Ka4YeCTBE MOHVXKaroLLIero rnpeobpasosartesisi YacToT ¢ ocuumanorpagamm Infiniium
1 10 89600 VSA, pekoMeHpaumm no NPUMEHEHNIO


http://www.agilent.com/find/pxa
http://www.agilent.com/find/smartmixers
http://www.home.agilent.com/upload/cmc_upload/All/CoaxialConnectorOverview.pdf
http://na.tm.agilent.com/pna/connectorcare/What_mates_with_what.htm
http://na.tm.agilent.com/pna/connectorcare/Connector_Grades.htm
http://www.gore.com
http://www.home.agilent.com/upload/cmc_upload/All/Average_Power_Sensor_Uncertainty_calculator_Rev6.xlsx
http://www.home.agilent.com/upload/cmc_upload/All/Average_Power_Sensor_Uncertainty_calculator_Rev6.xlsx
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PazBrBaemcs ¢ 1939 ropga

YHVKanbHOe codeTaHne Halumx NprubopoB, NPorpaMMHOro obecnedeHms, yenyr, 3HaHuin
1 OMbITa HaLLUMX MHXEHEPOB NMOMOXKET BaM BOMOTUTL B »KN3Hb HOBblE 1aen. Mbl OTKpbIBaEM
OBEepv B MMP TeEXHONOrn byayLuero.

OT Hewlett-Packard 1 Agilent k Keysight.

myKeysight

KEYSIGHT SERVICES
Accelerate Technology Adoption.
Lower costs.

ASSURANCE PLANS

myKeysight
www.keysight.com/find/mykeysight
ViHOovBMAayanbHas noadbopka Hanbonee BaXXHON Ans BaC MHOpMaLIA.

http://www.keysight.com/find/emt_product_registration
3aperncTpmpoBas CBOM NPUBOpPbI, Bbl NOTy4UTE JOCTYN K MHOopMaLm
O COCTOSIHUN rapaHTUn 1 yBEOOMIIEHNS O BbIXOL4E HOBbIX MyOnmMKaumin
no npubopam.

Ycnyrun LUCM Keysight

www.keysight.com/find/service

LleHTp cepsuca n metponorum Keysight rotoB npeanoxmnts Bam CBOKO
NMOMOLLb Ha NtOBO CTaaum SKCryaTaLmm CpeacTs N3MEePeHNn —

OT NNaHNPOBaHNA 1N NMPUOBPETEHNSA HOBbLIX MPUOOPOB A0 MOAEPHM3ALMM
ycTapeBLUero obopyaosaHus. LLinpokuin cnektp ycnyr LICM Keysight
BKJIIOH2ET YCAyrv MO NoBepke 1 kanméposke CW, peMOoHTY Nprbopos

1 MOAEPHM3aLMN YCTapeBLLErO 060PYA0BaHNA, PELLEHVS A1 YIpaBieH!s
MapKoM MPUOOPOB, KOHCAITTVHT, 0BY4YeHIe 1 MHOMOE APYroe, YTO MOMOXET
BaM MOBbICWTb Ka4eCTBO BalLMX pa3padboToK 1 CHU3UTL 3aTpaTbl.

MnaHbl TexHM4eckon nogaep>xkn Keysight
www.keysight.com/find/AssurancePlans

LICM Keysight npegnaraeT pa3HoobpadHble nnaHbl TEXHNHECKOM
NOAAEP KK, KOTOPbIE rapaHTUPYHOT, YTO Balle 0bopyaoBaHue byaet
paboTaThb B COOTBETCTBUM C 3aB/IEHHON MPON3BOAMTENEM crieLmdmkaLien,
a Bbl OyaeTe yBepeHbl B TOYHOCTN CBOVIX USMEPEHWI.

Toprosble napTHepbl Keysight
www.keysight.com/find/channelpartners

Mony4nTe Nyyllee U3 ABYX MMPOB: ryOokue NPOdeCcCnoHanbHbIe
3HaHWs B 061acTu U3MEPEHNIA U LLMPOKMIA aCCOPTUMEHT PELLIEHNI
komnaHun Keysight B codeTaHnm ¢ ynobcteamu, NpeocTasnsemMbivMm
TOProBbIMU NapTHEPaMU.

www.keysight.com/find/pxa

KEYSIGHT

TECHNOLOGIES

s nosy4eHnst AOMOSHATENBHBIX CBEAEHW
O NMPOAYKLIN, MPUMOMEHISIX U yCIyrax
Keysight Technologies obpatutech B MecTHoe
NpPeacTaBUTENLCTBO KoMMaHun Keysight.
[NonHbI NepedeHb NPeaCTaBNTENBCTB
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