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BEKTOPHbDIE AHAJ/IU3ATOPDI

SHOCKLINE -

KOMMNAKTHDbIE, HEAOPOTI VE,

OYHKUWMNOHAJIbHDBIE

| ®.lepxapaec

[ o HepaBHero BpeMeHu nHXeHepam, UCMo/b3yIOWKMM BEKTOPHble
aHanmsaTtopbl Uenen (BALL), 66111 AOCTYNHbI ABA BapuaHTa

3TUX NpUBOPOB — CTaLMOHApPHbIe N NepeHOCHbIe. [epBble —
BbICOKONPOU3BOAUTE/NbHbIE, C LLMPOKUM HA60pOM GYHKLUMN,

HO goporocTtoswue 1 3aHUMmMaroLwme MHOro mecrta. Bropble —
KOMMAaKTHbIe N JOCTYNHbIe NO LeHe, HO C OrpaHNYeHHbIMU
BO3MOXXHOCTSIMU. N0O3TOMY BO3HUK/IA NOTPEOHOCTbL B MPOMEXYTO4YHbIX
MoAensx C 40CTAaTOYHOM GYHKLUMOHANbHOCTbI, KOTOPbIE MOXHO
npuobpecTn N0 CPABHUTE/IbHO HEBbLICOKOM LeHe. B 0TBeT Ha 3anpoc
NnoTeHUMaNbHbIX NO/b30BaTe/Ien KOMNaHUA Anritsu paspaboTana

M BbINYCTMNA CEMENCTBO MOAY/IbHbIX BEKTOPHbIX aHA/IN3AaTOPOB Lenewn

ShockLine.

NMPEMMYLLIECTBA MOAY/IbHOIO ObOPYJOBAHUA

Ha IpoH3BOACTBEHHBIX IIPeAIPHSATHSIX OYeBHIHA
TeH/IeHII s K BHeJPeHHIO METOJJ0B aBTOMAaTHYeCKOI0
TeCTHUPOBAHUS U IIPOBepKU. MOTHUBAIUS B JAHHOM
CTydae - COKpalleHue 3aTpaT. ObIas CTOMMOCTb UCITBI-
TaHUsI QOPMHUPYETCS U3 HECKOJIBKHUX CJIaraeMBbIX: 060-
pyZOBaHUe; 3allaCHbIe YAaCTH; OIJIaTa TPYAaA CIIelHa-
JIUCTOB II0 SKCIUIyaTallMK M 06CIy>KUBAaHUIO 060py-
MOBAHUS; apeH/1a IIOMeIIeHH s ; IIPOCTOM. II0CKOIBKY
OCHOBOH [I/IS1 CPABHEHHS CIY>KHUT CTOMMOCTb HCIIBI-
TaHHUS Ha [IPOU3BeJIeHHYI0 eJUHHIly, He MeHee BaK-
HBIM GaKTOPOM SIBJISIETCSI CKOPOCTh TECTHPOBAHHUSL.
[IOCTaBIIMKH HCIIBITaTeJIBHOIO 060pyJOBaHUS
AJISL pA3TUYHBIX OTPAC/IeH, YYUTHIBAIOIIME 3aIIPOCH
norpebrTeNel OTHOCHTEIBHO CKOPOCTH K OITHMHU-
3aIMH 3aTPaT, pa3pabaThIBAIOT MO Y/IbHbIE IPH6OPBI
C KOMIIBIOTePHBIM yIIpaBIeHHEeM. [IpruMephl MO Y/Ib-
HBIX HHCTPYMEHTOB ~ BeKTOPHbIE ['eHepaTopbl CUTHA-
JIOB, BeKTOPHbBIe aHAJIM3aTOPbl CUIHAIOB U COOTBET-
CTBYIOIIHE UCTOUHHUKHU ITUTAHHUS ITOCTOSIHHOTO TOKA.
OYHKIHMOHAT MOJY/IBHBIX CHCTEM, pa3MeIlaeMBbIX

B KOMIIAKTHBIX CTOMKaX, MOKHO KOHQUIYPHUPOBATh
C IIOMOIIBI0 MPOrpaMMHOro obecriedeHust, yCTaHOB-
JIEHHOTO Ha KomIboTepe. OmHako BAI] B momyiib-
HOM KOMIIOHOBKe [0 HeJaBHero BpeMeHH Obliu
HeJOCTYIIHBI.

CinenyeT OTMETHUTb, YTO MCIIOJb30BaHHE CTAL[MO-
HapHBIX BAI B BHICOKOIIPOX3BOAMTE/IbHBIX [IPOH3BO-
CTBEHHBIX CHCTEMAX C KOMIIBIOTEPHBIM yIIPaB/IEHHEM
He JIMIIIeHO HeIOCTaTKOB:

* 3aTpathl, BK/IIOYAIOUIMe He TOJbKO OOo/lbIIMe pac-
XO[bl Ha NpHobpeTeHHe, HO U CTOMMOCTb 06C1y-
SKUBAaHM S U 3KCIIIyaTallMK YCTAPEBIIMX CUCTEM.

e MopanbpHBEIM HU3HOC. IIpeArionaraeTcsi, 4To JOPO-
TOCTOSIIIUKM HMHCTPYMeHT OyZeT 3KCIIIyaTHPO-
BaThCsl B TeUEHME MHOT'UX JieT. Ho B cJiy4ae BeIXOa
M3 CTpPosl KOMIIOHEHTa B CTapoMm mpubope, ero
PEMOHT MM 3aMeHa MOTYT OKa3aThCs 3aTPYyAHU-
TeJIbHBIMHU U 3aTPATHBIMH.

« HepmoctaTo4uHasi rHU6KOCTh HEKOTOPHIX KPYIIHBIX
CHCTeM TeCTHPOBAHHS, KOTOphIe IIpeaHAa3Ha-
YeHBl /IS PellleHHs Y3KOro CIIeKTpa 3adad KIH
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B HEKOTOPBIX C/1ydasiX — [JIs1 UCIIBITAHU S KOHKPeT-
HOM eJUHHUILIBI 000PyJOBaHHUS.

+ TabapHTHI CTALIMOHAPHOTO MHCTPYMEHTa, KOTOPHIH
Ipe/iCTaBsIeT CO60 JOCTATOUHO KPYIIHBIH O/I0K.
Mopynsusle BALL cemerictBa ShockLine kommanumu

Anritsu (prc.1) oNTUMHK3KUPOBAHBI [J151 9KCII/IyaTalluK

B IIPOM3BOACTBEHHEIX cpefax. Kpome Toro, mprubopsl

MOTYT HCIIOJIb30BAThCSI B IIPOEKTHBIX J1abopaTopUsix

Y HCC/IefoBaTeIbCKUX MHCTUTYTaX. BALL ShockLine

obecrieynBaIOT IIPOM3BOAMTEIBHOCTD HAa YPOBHE CTa-

LIUOHAPHOTO aHAJIM3aTopa, HO IPU 3TOM IOAJEP-

SKUBAIOT TOJBKO CaMble HeobXomHMble GYHKIIHH.

3a CcyeT ONTUMH3AIUU GYHKIIMOHAJIA IIPUOOPHI CeMet-

crBa ShockLine mocTymHBI o 3Ha4uMuTeNbHO bosee

HHU3KON IleHe, HeXKelIU CTallMOHapHble BapHAHTHI

YCTPOMCTBA.

NEPEAOBAS KOHCTPYKLIUA NPUBOPOB
HecMoTps Ha OTHOCHMTEIBHO HHU3KYIO CTOMMOCTb, BALL
ShockLine o061amafoT XOpOMIMMHU TeXHHYECKHMU
XapaKkTepuUCTUKaMHU (Tabi.l). I[Ipubopsl NMEIOT Psf
KOHCTPYKTHUBHBIX 0COOEHHOCTEH:

 IlatenToBaHHas apxurekTypa ShockLine VNA-on-
a-chip (BALl-Ha-MIMC) - cobcTBeHHas pa3paborka
Anritsu - sSIB/ISIeTCSI OCHOBOM [/151 CO3IaHUSI 9KOHO-
MUUHBIX IpH60POB, paboTaromux B CBY 1 MU~
MeTPOBOM JIMalla30HaX.

+ IIMpOKHe BO3MOXKHOCTH U3MePeHUH, HeCMOTps
Ha COKpalleHHHN pyHKuKoHa1. BALl ShockLine
BBIIIOJIHSIIOT M3MepeHHsl S-IlapaMeTpOB B OU-
HOYHOM (HECHMMMeTPHYHOM) U B CMeLIaHHOM

Puc.1. CeMencTBO ABYX- U YETbIPEXMOPTOBbLIX NPMBOPOB
Anritsu ShockLine

ITpubopel cemericTBa ShockLine 3ak/i04eHBI B KOM-
MaKTHBIM Kopryc 2U 6e3 AuCIIIess U KJIaBHATYPHI,
61aromaps ueMy UX JIeTKO HHTeIPUPOBATD B CTOEY-
Hble TeCTOBBbIe CUCTEMBI.

O6muii 1715 BceX TpUOOPOB MHTYUTHBHO IOHSTHBIN
rpaduuecKUi HHTepderic monp3oBaTes (pruc.2) obe-
CIleyrBaeT BO3MOXKHOCTb COKpallleHH s 3aTpaT, CBS-
3aHHBIX C 3aMeHOM Mofie/1d npubopa.
ONTHMM3ALMU PaCXOJOB CIIOCOOCTBYEeT KU BO3-

MOKHOCTh BbI6Opa Mogmenu: Economy ShockLine -

pekuMax. nByxmoproBoe ycTporcTBo, Value ShockLine
Tabnunua 1. OCHOBHbIE TeXHMYECKME XapaKTepUCTUKM MOAYAbHLIX BALL cemencTsa ShockLine
fPaHnubl Ananasoxa MoLLHOCTb CKopoCTb CKoppeKTu-
Konn- 4acToT AvHamunye-
- vcnblTatesnb- pas- poBaHHas
Mopent HecTso crm HOro curHasa BEPTKU HanpasJieH-
nopToB HwkHAs, | BepxHasd, | nyanasow, ob ' pricu, P
ML Iy nbm MKC/TYK HOCTb, Ab
4 >105
8 >115
14 >110
MS46322A 1 -3/-2 22
S463 20 100 3/-20 0
2 30 >100
40 >100 >42
4,5 >115 -30...15
MS46522A 0, 050 ' 70
5465 , 05 8,5 >110 -30...12
4,5 -30...15
MS46524A 4 0, 050 ' 115 77
8.5 ” -30..12
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Puc.2. PaznnyHbie moaenu ShockLine c eanHbiM rpadmnyecknm nHTepdencom nonbL3oBaTens

IIpeljajaraeTcs B ABYX BapHaHTaX — ABYXIIOPTOBOM,
Y YeTBIPeXIIOPTOBOM.

JByxmopToBble BAL] paboTaioT B AHaIIa30He 4acTOT
oT 1 MT1 o 40 I'Tr (Mozmenb MS46322A) nubo ot 50 KI'11
1o 8,5TT11 (Momens MS46522A). YeThIpeXIIopToBBIe BALL
MS46524A 1103BOIAIOT IIPOBOAUT UCIIBITAHM S B AHATIA-
30He oT 50 KI['11 1o 8,5 I'T11. Bece momenu ShockLine mmoz-
IEep>KUBAIOT PyHKIIMIO aHA/IH3a BO BpeMeHHOM obia-
CTH. JIJ1s1 3TOr0 IIPUMEHSIeTCA Ta Ke IIporpaMMa, 4To
U B CTALIMOHAPHOM BBICOKOIIPOM3BOOUTEIbHOM BAL]
Anritsu VectorStar.

C momompo rpadpuueckoro MHTepderica IMOIb30-
BaTess (puc.3) mpubopamu ShockLine MoskHO ympas-
JIATh KaK JIOKaJIbHO (IIOAKIIOUHMB MOHHUTOP, KJIaBHa-
Typy ¥ MBIIIb Yepe3 opTsl HDMI u USB), Tak u ¢ yaa-
JIEHHOT0 KOMITbIOTepa. IIporpaMmMmHoe obecrieyeHue,

1Fle 2Main 3Trace 4 Calibration 5Measurement 6 Application 7 Utiities 8 Help
Tl

RETL e 10.0000 dB|

rans LogM RefLvl: 1.5 dB Res: 0.5 dB/Div

s LogM RefLvl: 0 dB Res: 0.5 dB/Div

e

[1[TR [start 10MHz stop 40 GHz TFBW1 ke Avg OFF

paspaboraHHoe A Apyrux BALL Anritsu, MOAXOOUT
m1s ucnonbs3oBaHus B BALL ShockLine u He Tpebyet
NOHACTPOHKH.

[Ipepmonaraercs, 4YTo B OOJBIIMHCTBE CIydaeB
ynpasieHHe BAIL ShockLine 6yeT BBIIIOTHATBCS ya-
neHHo. IIpH UCII0Nb30BaHUU UHTepdericoB LAN unu
USB 3.0 mocTym K Iprbopy peanusyeTcs oCpecTBOM
KoMaH/[, SCPI. IIpu paboTe B cpeme Windows 7 MOKHO
IIPOBOJIMTE M3MePEeHM S C UCII0/Ib30BAHHEM IIPHJIONKEe-
HUI, HalIUCAaHHBIX Ha C/C++, Perl, Python, B MATLAB,
LabView u GNU Octave. B 3ToM c/1y4ae I10/1b30BaTeJIIO
JOCTYIHBI KOMaHAbI SCPI B 0bxo CTAaHJApTHOTO I'pa-
duueckoro uHTepderica, To eCTh Ha yPOBHe, O/IHM3KOM
K allIiapaTHOMY IIPOrpaMMHMPOBAHHUIO.

Kpome 3T0ro, 11o/1b30BaTe/Iio0 IIPeAoCTAB/ISIETCS BO3-
MO>KHOCTb HaCTPOMKH KIHeHT-CepBepHOM KOHQHUTYpa-
LMH. ITO 03HAYaeT, 4To B IIpubope
3aI1yCKaeTCs CepBepHOe IIPUJIOKe-
HHe, K KOTOPOMY OpraHM30BaH
yOa/leHHBIN JOCTYII. IIpuMeHeHHe
TaK Ha3bIBaeMBbIX " ParBEPOB [
npubopos” (instrument drivers)
[103BOJISIeT I10/Ib30BATE/II0 YBeJIU-
YUTb CKOPOCTh pa3paboTKU MpHU-
JIOKeHUH [JIs1 yIaJleHHOTO H3Me-
peHHusl. DTH JpaiBepsl obecrie-
YUBAIOT yOOOHBIM UHTepderic
IpOTPaMMUHPOBAHUS IIPHJIONKE-
Hun (application programming
interface, API) MU TeM CaMBIM
obneryaror opmMaTHpOBaHHE
CTPOK C momoibpo KomaHz SCPIL.

Resolution

10 dB/Di

| [ivema [imcvet [ von B wzew

Puc.3. 'paduyeckmnin nHtepdenc nonbsosatens BALL ShockLine

IpanBepsr IVI (Interchangeable
Virtual Instrumentation - B3a-
HMoO3aMeHsieMble BHPTYaJIbHBIE
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Tabnuua 2. TUNoBbIe 3HAYEHMS NMnoporoB namMepeHunsa Ass NacCMBHbIX KOMMOHEHTOB pa3HOro Tmna

TunoBble 3Ha4YyeHUs, ab
TN UCNbITLIBAEMOr0 YCTPOMCTBA
ObpaTHble noTepu | BHOCKMMble mOTepU Pa3Bsa3ka

MwnKpoKoaKkcmasibHble paanod4acToTHbIe CORANHUTENN 14-18 H/n H/n
AHTEHHbI 8-18 H/n >30°
Kabenu n coeguHuTenm 14-30 0,2-3 >20
PafMo4acTOTHbLIN KOMMYTaTOp 18-26 0,5-0,75 >30"
®uneLTp / gynnekcep / aunnexkcep 18-20 0,5-2 >307"

Harnpumep, pa3Ba3Ka MeX Ay 31eMeHTaMu KpOCCNonsipM30BaHHON aHTEHHDbI

HanprmMep, pa3Ba3ka MeXay LeHTPanbHbIMU XXMAAMKW Pa3InyHbIX Kabenen

“% HanpuMep, MeXXnopToBas pa3Bs3Ka B pene

“* HanpuMep, pexxeKL s 3a npeaenamMm nosochl NponyckaHus

npubopsl), ucrons3ytoniye VISA (Virtual Instrument
Software Architecture - mporpaMMHast apXHTeKTypa
BHUPTYa/JIbHBIX IIPUOOPOB) B KaUeCTBe CJIOS allIapat-
HBIX a6CTpPaKIUI, TI03BOJISIOT pa3pabaThIBaTh allla-
PaTHO-He3aBUCHMBbIe IIPHUIOKEHHU .

IIpumeHeHUe pApanBepalVI-C Ha CcTOpoHe KJIH-
eHTa ayust MATLAB, LabWindows unu LabView ympo-
IaeT Ipolecc pa3paboTky MporpaMMHOro obecre-
YeHHs, TeM CaMbIM HH>XeHep-HCIbITaTelb MOXKeT
3HA4HMTe/IbHO IIOBBICUTE IIPOM3BOJUTEIBHOCTD TPy1a
Opu mporpaMMupoBaHuu. Kpome Ttoro, IVI momy-
CKaeT MoOJe/NHPOBaHHE XapaKTepUCTHK Ipubopa
[I0CPe[,CTBOM 3aIlycKa IIPorpaMMblI 6e3 oA K/TI0UeH S
camoro nipubopa. [laHHas yHKIHS CHHUKAeT [10Tped-
HOCTb B allIlapaTHBIX pecypcax, KOTOPhIX HHOTJA
OpIBaeT HeJOCTATOYHO, U YIPOLIAeT TeCTUPOBaHHUE
IPOrpaMMHBIX IPHJIOKEHHU U /151 U3MEPEeHHUH.

BAPUAHTbI MPUMEHEHNUA MOAY/IbHOIO BAL
Hamubornee ynoTpebrTenbHBIM BapHAHTOM IIpHMe-
HeHUs BAIl mpencTaBiaseTcsl HUCIIBITAHHWE IIAaCCHUB-
HBIX YCTPOMCTB, HaIlpuMep Kabenell WU COeJHHU-
Tejlell, KOMIIOHEHTOB JJIsi IOBEPXHOCTHOIO MOH-
Ta’ka, KOMIIOHEHTOB C pa3beMaMH, CBU-Mopyneu
U IOJICHCTEM.

M H>XeHepBI-UCIBITATEeIH, OTBeYaloIHe 3a pa3pa-
60TKy IIOOOHBIX YyCTPOHCTB, 3AMHTEPECOBAHEI B HH3-
KOM CTOMMOCTH HUCIBITAHWUM, IHPOKKUX BO3MOKHO-
CTSIX MOAK/IIOYEHUSI U BBICOKOM CKOPOCTH H3Mepe-
HUH, - BCeX TeX [I0Ka3aTesiX, KOTOpble obecriedrBaeT
MOAYAbHEIN BALl ¢ KOMIBPIOTEPHBIM YIIpaBIeHHEM.
KpoMme TOro, HOBBIM NpuOOp HaHJeT IpUMeHeHHe
IIPU UCIBITAHUY IPOAYKIIUHU B JPYTUX 001aCTIX:

« CpencTBa MOOMIBHOM CBS3M (MHKPOKOAKCHATb-

Hble PaJMOYaCTOTHbBIe COeNUHUTeIH [JI1 YaCTOT

0 6 I'T1; aHTeHHBI, KOMMYTATOPHI, pa3BEeTBUTEIH

B ab0HeHTCKOM 000PyJOBAaHUH; AHTEHHBL U [1OJCHU-

cTeMBbI 6a30BBIX CTAHIIMH — CYMMATOPBI, pacmpe-

JenuTeNnbHble 670K U IIpeAyCHUIUTEeNIH).

* VYcTporcTBa MeXXMaIluHHON (M2M) KOMMYHHKA-
nuu (aBTomobunsHble coequHuTenu (FAKRA) niis
4acToT 40 6 I'TH 1 mpoyre pagruodacTOTHBIe coe-
OUHUTEIH).

e O6sacTp obmero HasHayeHUs (KOMIIOHEHTHI,
paboraromue Ha yactoTax mo 40 ITu; Kabemm
tumna N, SMA, 3,5 MM U 2,92 MM; KOMMYTaTOPHI,
ATTEHI0ATOPBl, OTBETBUTENIH, QUIBTPBI, LIUPKY-
JISITOPBL; U3MePeHHU s IapaMeTpPOB AaHTEeHH U MaTe-
pHaJoB).

Bce BhllleyKa3aHHBIe KOMIIOHEHTHI, KaK IIPaBUIIO,
OLIeHMBAIOTCS UCXOMAS M3 3HAUEHUU COIJIACOBAHMUS
UMIIefaHCca U ocnabneHus. s KOPPeKTHOIO U3Me-
peHUs IapaMeTpOB COIVIACOBAHU S UMIlelaHca (MU
06paTHBIX II0TePb) CKOPPeKTHPOBAHHAS HAIIpaBJIeH-
HOCTbH IopTa BALL moy>kHA O6bITE IpHUMepHO Ha 20 1B
MeHbIIe TpebyeMoro mopora u3MepeHHus (Tabm.2).
Ins u3mepeHHus ocinabneHus (BHOCHMBIX IIOTEpSb,
IIOTePb B I10JI0CE IPOIYCKAHU S U 0CIab/eHuUsI BHe
T10JIOCHI ITPOITYCKAHUSI) yPOBeHb COOCTBEHHBIX IYMOB
npubopa noskeH O6bITh IpUMepHO Ha 10 1B MeHbIIe
O’KHMJaeMOr0 MHUHHMMAJIBHOTO pe3yjibTaTa H3Mepe-
HUs. XapakTepuctuku BALL ShockLine ymoBmaeTBo-
PSIIOT 3TUM TpebOoBaHUSIM.

TakuMm o6paszom, npubopsl ShockLine, monoxkus-
IIMe Hayajao pajUuKaAbHBIX H3MeHeHUU B cdepe
[IpOeKTHUPOBaHUS BALl, OTKPBIBAIOT HOBble BO3-
MOKHOCTH JiJ1s1 pa3paboTYUKOB U IIPOU3BOUTEIEH
YyCTPOUCTB, paboTtaromux B CBY U MUIIUMETPOBOM
OUalra3oHax, [I03BOJISS IMOBBIIIATE 3GGEeKTUBHOCTD
W OIITUMH3HUPOBATh 3aTPATHI. {
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