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I[IporpaMmMHoOe ¥ anmapaTHoe MOJAeJTMPOBAHUE
pPaanoIoKalMOHHbIX curuajos PJIC

BEPTHKAJBHOI0 3I0HAUPOBAHHUSA

E.H. I'apun?, B.H. Parymnsak?,

A.B. Tnaasimes?, JI.U. CMupHoB®

“Cubupckuii pedepanvHulil yHUepcumem
Poccuiickas @edepayus, Kpacuosapck
SHayuonanbhslil uccaedo6amenbCKutl yHuGepcumen
«Mockoeckuil uHcmumym 21eKmpOHHOU MeXHUKU»
Poccuiickasa ®eodepayus, Mocksa

Annomayus. B crarbe pacCMOTpEHBI OCHOBHBIE TPEOOBaHMSI K CTPYKTYpE PaJIMOIOKAI[MOHHBIX
curnaioB (PJIC), ocobenHocTn uX (OPMHUPOBAaHUS M NIpPOrpaMMHO-armnapaTHbli komruiekc PJIC
BEPTHKAIBHOIO 30HIUpOBaHUs atMocdepsl. [IpuBenensl anmaparnas peanusauust PJIC Ha 06ase
moxayied PXI mpoumsBoncrsa National Instruments u Keysight 1 nporpamMmuas mozpens LabVIEW,
OCyILECTBIISIIOIME (POPMHUPOBAHUE M T€HEPALUIO PaJNOJIOKAIMOHHBIX UMIIYJIbCOB C Pa3iMYHBIMH
BUJaMH (a30BOH, aMIUTUTYIHO-(Da30BOH MOIYJISILINY, @ TAK)KE X CIIEKTPAJIbHBINA aHaJIU3.

Karwuegvie crnosa: paauonoKallMOHHAsl CTaHLIHSA BEPTUKAJIBHOIO 30HAMPOBAHHSA, JOIUIEPOBCKHN
panap, PJICB3, BeTpoBoii mpodpunomMeTp, aTMocepHbIe HEOTHOPOTHOCTH, MaJIOpa3MepHasi aHTeHHAS
penieTka.

Hurtuposanue: I'apun, E.H. [IporpamMmmHoe 1 annapaTHoe MOJIEIMPOBAHUE PAHOIOKAIMOHHBIX curHainoB PJIC BepTHKabHOTO
sonaupoBanus / E.H. Tapun, B.H. Parymmnsk, A.b. I'naneimes, .M. CmupnoB / Xypua. Cub. denep. yH-ta. TexHuka u
texHonoruu, 2020. 13(3). C. 370-378. DOI: 10.17516/1999-494X-0229

Brenenue

AHann3 cocTosHUS aTMOc(epsl ABISIETCs BayKHEN el 3aiaueii B obsactu meteoponoruu. Mudop-
Malus O CKOPOCTU U HAIpaBJICHUH BETPa HA PAa3HbIX BBICOTAX, BEJIMYMHE TypOYJIEHTHOCTH M aTMOC-
(epHOM NpHUIIMBE HEOOXOIMMA [T 0OecTIeueHN s O€30I1aCHOCTH MOJIETOB ABHALINH, a TaKXKe Oe3aBapuii-
HOTO JBI)KEHUS HA3eMHBIX U MOPCKHX TPAaHCIOPTHBIX CPEACTB. B HacTosmee BpeMst AJis MOTy4eHus
HHpOpPMALINHU O TMHAMUKE aTMOC(EPHBIX IBI)KCHUH HCIONIB3YIOT CETh METEOPOJIIOIMUECKUX CTaHIINH,
KOTOpBIE OINpPENeNIoT CTaHAAPTHBIE METEOpPOJOTMYEeCKHe IMOKA3aTead y MOBEpXHOCTH 3emud. s
00BEKTOB 0C000I BaXKHOCTH (a3POIOPTHI, MOPCKHE TIOPTHI, HAy4YHbIE KOHCEPBATOPHH) U OCOOBIX 30H
9KOJIOTMYECKOT0 MOHUTOPHHTA, T HEOOXOAMMBI KOMIUIEKCHBIE UCCIIEOBAaHUS ITapaMeTPOB HEUTpaIhb-
HOU aTMocdeps! 10 BeicoT 100 KM, BKIIFOYash TPEXMEPHBIH BEKTOP CKOPOCTH TypOYJIEHTHOCTEH, Me-
3ocepHbIe «cepeOpucThiey 00J1aKa, a TAK)KE AIEKTPOHHYIO KOHLIEHTPALUIO HOHOC(HEPBI, HEOOXOIMMO
HCIIOB30BaTh PAJHOJIOKAIIOHHBIE CTAaHIIMH BEPTUKAIBHOTO 30HAMPOBaHUA (Me3ocdepa-cTparocde-
pa-Tporocdepa-paaap), ocHoBaHHble Ha DpeHeneBckoM U BparroBckoM paccessHUK OT Ty pOYJICHTHBIX
00pa30BaHUH, M OTPa’KeHUs IEKTPOMArHUTHBIX BOJH B PAa3IMYHBIX CJIOSIX arMocdepsl. BpemeHnHoe
MOJIOXKEHHME OTPAKEHHOI'0 CHUTHAJIA M CABHT 10 YacToTe, 00ycioBieHHbIN 3ddexrom [omuepa, nar0T
TOYHYIO HH(POPMAIIHIO O BBICOTE U CKOPOCTH NEpeMEIIeHH s aTMOC(EPHBIX HEeOTHOpoRHOCTEH. BmecTe
C 9TUM IIPH pa3paboTKe paIUoNIOKAIIMOHHONW CTAaHIIMK BepTuKanbHoro 3oHauposanus (PJICB3) armoc-

(l)epLI BO3HHUKACT KOMIIJICKCHAsA 3aaayda BBI60pa IIEICTOTHO—KOI[OBOI\/’I CTPYKTYPbI paAUOJOKAIITUOHHBIX
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CHTHAJIOB, IIOCTPOEHUS B IIEJIOM CTPYKTYpHl U aHTeHHO# cucteMbl PJICB3. IlepcrieKTHBHBIM MOAXO-
JIOM B 00pabOTKE CHT'HAJIOB ¢ HU3KUM OTHOIIEHHEM CHTHAJI/IIYM B IPHIJIOKEHUH K PaHOIOKAIIHOHHOM
CTaHLUU BEPTUKAJIbHOIO 30HAUPOBAHUS SABJISIETCS IPUMEHEHUE CIELMAJIBHBIX 30HAUPYIOLUIUX CUTHA-
JIOB M CIIOXKHBIX [ITyMOIIOIOOHBIX CUTHAJIOB (KoAb! bapkepa, M-mociieoBaTenbHOCTH), @ TAK)KE «CMBIU-
KW CUTHAJIOB C Pa3IMYHBIMH 3aKOHAMH MOAYJISILIUH JUIsl KOMIIEHCAlluU OOKOBBIX JIEIECTKOB aBTOKOP-

PENSIIIMOHHOM (PYHKITHH IIPU UX MOCIeqyomeit oopadorke [1-3].

IIporpamMmmHuas peajm3anus pagnoJIoKalHOHHBIX curHanaos PJICB3

Pa3paboTka KOMMAKTHBIX PaJHOJIOKAI[MOHHBIX CTAHIIMA BEPTHUKAIBHOTO 30HAMPOBAHUSA C (a-
3UPOBAHHON MaJIO3JIEMEHTHO PEIIeTKOMH 00YCIOBICHA UX HU3KOW CTOMMOCTbIO, SHEPronoTpedIeH -
€M, BBICOKOW MOOHMIJIBHOCTBIO U TpeOyeT pelIeHUs Cepbe3HbIX IPO0IeM, CBI3aHHBIX, IIPEXK/IE BCEro,
C YMEHBIICHHUEM YHEPreTUYECKOro MOTEHIIMANA U3-32 OOIIEro CHUKEHUSI OTHOIICHUSI CUTHAI/IIYM
Ha BXOA€ MPUEMHHKA, 3a CUET YMCHBIICHUS allCPTYPbl aHTCHHBI U YMCHBIICHU A YHUCJIa IEPCAAOINX
MozyJel. YkazaHHOE 00CTOSITEILCTBO HE MO3BOJISET IPUMEHSITh CTAHAAPTHBIC aJITOPUTMBI MTO/IaBIIe-
HHUA OTpa)KeHI/Iﬁ OT MECTHBIX IPEAMETOB 1 BBIACJICHHU A HAa UX (I)OHC MOJIE3HBIX CUTHAJIOB. B HOI[O6HI)IX
YCIOBHSX HanbOJIee NEPCIEKTUBHBIMI METOIAMHU CYUTAIOT AJANITUBHYIO KOMIICHCAIMIO MEIIAOIIAX
CHTHAJIOB C UCIIOJIb30BAHUEM YEPECTIEPHOIHBIX ABTOKOMIIEHCATOPOB MJIH, C YYETOM JOCTATOYHO HH3-
KO MUHAMHMKHU MPUHUMAEMbIX 30HJAUPYIOLIMX CHTHAJIOB, COCTABICHHE «KAPThl MECTHBIX MpEIMe-
ToB» [4, 5].

OnHuM U3 HauboJee MePCIEKTHUBHBIX MOIXO0/I0B K BOIPOCY YIYUIICHUS pa3pelaroliei crocoo-
HOCTH pa}IHOHOKaHHOHHOﬁ CTaHIUX BEPTHUKAJIBHOTO 30HAWPOBAHUA MPU YMEHBUICHUH pPasMEpoOB
AHTCHHOW PEIIETKH SBISETCS MCIOJIb30BaHHE MHOTOYACTOTHBIX CHTHANIOB. B 3TOM cilyvae curHani
C MEHBIIIEH YaCTOTOW CIIYXUT IIJIsl yCTPAaHEHHS ITOOOYHBIX HHTEP(HEPEHIIMOHHBIX MAKCUMYMOB JTHa-
rpaMMBbl HAINPABJIEHHOCTH M pa3pelieHust (pa30Boil HEOJHO3HAYHOCTH CHTHAJa Ha 0O0Jee BBICOKOMN
yacTore. OCHOBHBIC MMPOOJIEMBI, BOSHUKAIOIIKNE IIPH Peain3alliy Moao0HOro moaxoaa, — ooecmnede-
HHUE KOTEPEHTHOCTH CUTHAJIOB U UCHTUYHOCTH BBICOKOUACTOTHOIO TPAKTA HA PA3JIMYHBIX YaCTOTAX.
KorepeHTHOCTh CHTHAJIOB MOXHO 00ecneunTh (OPMHUPOBAHUEM MHOTOYACTOTHBIX CHTHAJIOB IPH
UCIIOJIb30BAaHUK CTaHAapPTa YaCTOTHI U BPEMEHH B KAueCTBE OMOPHOro reHeparopa. UIeHTUYHOCTh
BBICOKOYACTOTHOI'O TPaKTa Ha Pa3HBIX 4acTOTaxX OOECIeYMBAETCSA MPHMEHEHHEM CIEIHMAIbHO Pas-
paboranubix CBU-371eMEHTOB € yJIyYIICHHBIMH XapaKTePUCTUKAMK — (DA304aCTOTHOMU, IPYIIIIOBOIO
BPEMEHHM 3ala3bIBaHus, & TAK)KE BEICOKOTOUHOU KalnOpOBKOM TpakTa. TakuM 00pa3oM, mpuMeHe-
HHE ITHX MOAXOAOB IMO3BOJIHUT PEaln30BaTh rHOKOE yIpaBlIeHHE IUATPAMMOIl HAMPABICHHOCTH U
paboTarh Kak B PEXKUME MPOCTPAHCTBEHHO-PA3HECEHHBIX AHTEHH, TAK M B PEKUME JOILIEPOBCKOIO
Ka4aromuerocs Jyya.

Jlnst pemienust 3a/1a4 BEPTHKAIBHOTO 30HIMPOBAaHUS aTMOCc(epbl U HEMOCPEACTBEHHO (OpMU-
POBaHUS CUTHAJIOB PAIMONIEPENAIOIIUM YCTPOHCTBOM COBMECTHO C MAJIO3JIEMEHTHOH (ha3upoBaHHOMN
AHTEHHOMW PEIIeTKON HEOOXOAUMO PACCMOTPETh CIACAYIONIHE TPeOOBaHMS K (yHKIIHOHAIBHBIM BO3-
moxkHocTsiM PJICB3:

1. ObecnieueHue GopMHUpPOBaHUS CETKH padboumx 4yacToT B auamasone 40-60 MI'm c¢ marom
20 xI'w.

2. OGecnieuenre (OPMHUPOBAHUS HA BEIXOJIE 3aJAIOMIETO T€HEPATOPA PA3IHYHBIX PAJUOUMITY b~

COB C JJIUTENBHOCTHIO OT 1 10 50 MKc, ¢ nepuogoM ciaenoBanus ot 20 Mmke 10 60 Mmc:
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— IPSIMOYTOJIBHBIA OIMHOYHBIN UMILYJIbC;

— OJIMHOYHBIH HMITYJIBC C TAYCCOBCKOM (hopMoii ornbaromei;

— OJIMHOYHBII UMITYJIBC C MOIU(HUIIMPOBAHHON rayCCOBCKOM (popMoii orndaromiei;

— MaKeT UMITYJIBCOB B BH/IE JIOTIOJTHUTEIBHOTO KOJa;

— MaKeT UMIYJIbCOB B BUJE kona bapkepa, ['onpa u ap.

3. Yennutens MOIIHOCTH JIOJDKEH O0ECIeunBaTh HEMCKAXEHHOE YCHIIEHHE PaIHOMMITYIIbCOB,
MOCTYMAIOIINX C BBIX0/1a BO30OYIUTEIS.

4. BeIxoziHasi MOIIHOCTh B UMITyJIbce HE MeHee | kBT, cpenHss MOITHOCTH ompenesieTcs napa-
MeTpaMH pagHoONMITyJIbCOB Ha BXOJIE.

5. KoadppunueHT cTosiaeii BOTHBI HATPy3KH Ha BBIXOAE YCUITUTEN S MOITHOCTH MeHee 2,5.

6. O0ecneyeHre BO3MOKHOCTH (ha30BBIX 3aICPIKEK B KAXKIOM KaHAJIC MAJI03IEMEHTHOMN PEIICTKH
JUTSI SJIEKTPOHHOTO CKaHUPOBAHUS aTMOC(EPHI.

Ha Texkymuit MomMeHT aiisi (OpMHUpPOBAHMS PaAHOJIOKALMOHHBIX CHTHAJIOB C ONpPEAETICHHBIM
BUJIOM MOZYJISIIMY B OCHOBHOM HCIIOJIB3YIOT 3aJIal0INEe BEKTOPHBIE T€HEpaToOphl CUTHAJIOB, JJIS KO-
TOPBIX MOJYJIHUPYIOIIAsi IOCIEI0BATENBHOCTh (POPMHUPYETCS MMyTEM CYMTHIBAHUS U3 MaMSITH WU B
peanbpHOM MacmTabe BpemenH. [Iponecc opMupoBaHHs paaHoIOKAIIMOHHOTO CUTHAJIA 3aKIII09aeTCs
B CO3/1aHMM KBAJPaTyPHBIX COCTABIAIONINX, 3aKOH U3MEHEHHUS BO BPEMEHHU KOTOPBIX COOTBETCTBYET
3aJlaHHOMY BUY MOIYJISILINY.

[IpuHIMT reHepaliy 30HIUPYIOIIUX CUTHAJIOB 3aktouaetcs B ciaenytomieM. [1IJIMC Beipabathi-
BaeT nudpoBoii kox cuH(pa3HOH /(?) U KBagpaTypHOI O(f) COCTABIAIONINX 30HIUPYIOIIETO CUTHAA,
3TOT KOJ POPMHUPYETCS MO AJITOPUTMY, 3aJJAHHOMY B CIICI[HAJIbHOM IPOrpaMMHOM Moayie (subvi)
LabVIEW mnm Matlab, uto obecrieunBacT MakKCHMaIbHYI0 THOKOCTH TeHEPAIINH 3aJaHHBIX CHTHAJIOB
npu nporpaMMmupoBanuu. Lludpooii ko chopMHUPOBAHHOIO CHTHANA MEPEBOAUTCS B aHAJIOTOBBIH
curnai nudpoananorossm npeodpasosarenem (LIAIT). Cunda3zHas u KBagpaTypHas COCTaBIISIONINC
aHasioroBoro curtaia c¢ Beixona L{AIT ¢punsrpytores ¢punsrpom Huzkoit yactorsl (PHY) u mocrymna-
10T Ha BXOJ] F€HepaTopa CUTHAJIOB IIPOU3BOIBHON (OPMBI. B BEKTOpHOM IreHepaTope CHUTHAJIOB HC-
II0JIB3YETCs IIPSAMOM NIEPEHOC CUTHAJIOB U3 OCHOBHOM I0JIOCH B PaAM0O4YacTOTHBIM auana3oH. Ha ero
BXOJIBI ITOCTYNAIOT CHH(a3Has ¥ KBaJApaTypHasi COCTABIISIIONINE MOIYINPYIOIIEH MocIe0BaTeIbHO-
CTH MMIIYJIbCHOI'O CUTHAJIa U HenpepblBHbIM BU-curnan Ha Hecylleld 4acToTe ¢ BICOKOYAaCTOTHOIO
reHeparopa, 1 Jlajiee ¢ BEIxoaa chOpMHUPOBAHHEIN MMITYJIbCHBINH BU-curHan njer Ha ycuiIuTe b MOII-
HOCTH.

OcHoBO#l (hopMHUpOBaHMS IUPPOBOTrO KOJa MOAYJIHPYIOLIEH IOCIEIOBATEIBHOCTH SIBISETCS
[IJINC. Ucnonp3oBanue CORDIC-miporieccopa, KOTOPBIH 10 allllapaTHBIM pecypcaM HICHTHYEH KOH-
BeliepHOMY IpoLecCOpy U paboTaeT B peXXKMME BPAILCHHSI, B TO )K€ BpEMsI IO3BOJISET ITOJTYUUTh Cpa3y
KBaJpaTypHBIE COCTABIAIOMINE MCEBAOCITYYailHON MOCIeI0BaTeIbHOCTH HABUTAIMOHHOTO CHTHaja
19w 0() [61.

CORDIC-mporieccop padboTaeT B COOTBETCTBUH C BEIPAKCHHEM

KD — () _diy(i)z—i,
y(i+1) — y(i) +dix(i)2_i, 1)

20D = z0 —d, tan' 27,
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rae x = cos(z); y = sin(z); z — nenesoit yrox; de {1, 1}.

Cy1iecTByeT HECKOJIbKO OCHOBHBIX apxuTekTyp [IJIMC, kaxkaast u3 KOTOPBIX UMEET MPEUMYyLe-
CTBO JIU0O 1O CKOPOCTH PadOTHI, IUOO MO MPOCTOTE peaausannu. [Ipu pa3padoTke BHIYUCIUTEIBHBIX
apXUTEKTYp, paboTaromux Ha yactoTax 100-200 MI', HeoOxonnMa KOHBelepru3amus BEIYACICHUN.
HecmoTps Ha TO 4TO KOHBeilepHas apxUTEKTypa uMeeT OOJIbIINe HaKIaAHbIE PACcXO/Ibl HA BEIPABHU-
BaHWE 3aJICPKCK BEIYHCIUTEIBHBIX OJIOKOB, €€ MCIIOIb30BaHHE OMPaBIaHHO MpH 00paboTke U mpeod-
Pa30BaHUM CHTHAJIOB MIPH PEIICHUH PaJHONIOKAIMOHHBIX 3a1ad. J{J1g yCKOpeHus BBIUMCICHUN yTiia
BpAlllEHUs BEKTOpA CUTHAJIA IPEABAPUTEIBHO PACCYMTHIBAIOT IPOMEKYTOUHBIE 3HaueHus tan™'27 u
COXPaHSIOT B peructpax. Ha ka0t ntepauu npoBepsAeTcs 3HaK IPOMEXYTOYHOT O 3HAYCHHS yIUIa,
Jajiee BEIOMpaeTCs IMpUpalleHre yIiia Ha CleqyIomei utepanun koaseiepa. KonseiepHas peannsa-
LIMs1 TIO3BOJISIET BBIYUCIATD 3HaYeHus [(f) u O(f) 3a OMH TaKT U CIocoOHa paboTaTh Ha YacToTe OoJiee
100 MI'n.

I'ubkass mporpammuast apxutekrypa LabVIEW maer BO3MOXHOCTH 3amporpamMMHpPOBaTh B
I[JINC HeoOX0MuMBIi BUI M MOTYIISIIHIO paanookanuoHHbx curaaioB (BPSK, QPSK, QAM u apy-
U MOIYJISIIMH) M Jajee MPOM3BECTH aBTOMATHYECKYI0 KoMmuisiuioo koxa vi LabVIEW B VHDL
qutst peanuzanuu goruku [TJINC (puc. 1, 2).

BwMmecre ¢ 3THM IaHHas MporpaMMHas apXUTEKTypa MMO3BOJISIET U3MEHATH BCE MapaMeTphl IeHe-
PUPYEMBIX PaAUOIOKAMOHHBIX CUTHAJIOB: JIUTEIBHOCTh UMITYJIbCA, YACTOTY, IEPUOA TIOBTOPEHUS,

BUJI MOIYJISIIUM, 0a3y curHana (puc. 3, 4).

AnnaparHas peajau3anusi paJuoJoKanuoHHbIX curuajos PJICB3

JI1st cokpamieHus BpeMeHH M CTOMMOCTH Pa3padOTKM anmapaTHOW peaju3aluy nenecoodpas-
HO MCIIOJIB30BaTh PsiJi CYIIECTBYIOLIMX MOIYJBHBIX 3JIEMEHTOB 000pynoBanus. Hanpumep, Moxymnu

PXI mpousBozactBa National Instruments, Keysight, Takue kak BeKTOpHEIE T€HEPATOPHI, aHATH3ATO-

bl

7 L |

"]

Puc. 1. LabVIEW VI 610k-nuarpamma gpopmupoBanus paguonokanuornsoro cursana PJICB3
Fig. 1. LabVIEW VI block diagram formation of radar signal of the vertical sensing radar
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Fig. 2. LabVIEW VI front panel signal management of the vertical sensing radar

Puc. 2. LabVIEW VI ¢ponTt-nanens ynpasnenus curnanom PJICB3

Puc. 3. [lepuonnyeckas nocie10BaTeIbHOCTh PaJUOUMITYJIbCOB U UX criekTp PIICB3

Fig. 3. The periodic sequence of radio pulses and their spectrum of the vertical sensing radar

po1, nporpammupyembie [TJIMC, LIAIT u AIII, koTOpbie MOJHOCTBIO YIOBIETBOPSIIOT TPEOOBAHHUS
110 CO3JaHMIO PAJMOJIOKAIIMOHHBIX CHUTHAJIOB, 3a/laHHON CTPYKTYpbI, MX T€HEepalu B cpely pac-
HIPOCTPAHEHMS U TO3BOJISIIOT THOKO YNPaBiIATh MapaMeTPaMH CUTHAJOB U B IEJIOM OOecledeHneM

30HIUPOBaHUSI PAa3IMYHEIX cI0eB aTMochepsl. ['eHeparop, BeImoMHEHHBIH Ha Monyisax PXI National
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Puc. 4. Cnextp u Hecymas 7-pa3psaaaoro ®KM curnana PJICB3

Fig. 4. Spectrum and carrier of the 7-bit phase-code modulated signal of the vertical sensing radar

Instruments, copepxxut ITJIMC NI PXIe-7976R (Xilinx K710T), BekTopHBIii renepaTop curuanos NI
PXIe-5672, xoutponnep Berunciauteabubiii NI PXIe-8880 (puc. 5).

I'enepatop, BeimonHeHHBIH Ha Moxyisax PXI Keysight, comepxut reHepaTop OMOpPHOH 4acTOTHI
M9300A PXIe, cunrezarop yactotr M9303A PXle, undposoii BekTopHbIit Moaynsitop M9316A PXle,
MpeIBapUTENbHBIN yernuTenb M9312A, moBrIaromuii mpeoOpa3oBaTenb 9acTOTh curHaima M9314A
(puc. 6).

[MpuHIMN B3anMoxelHCcTBHS MOZyJIeil BEKTOPHOTO reHeparopa curaaioB Keysight mpusenen Ha

6sok-cxeme (puc. 7).

Puc. 5. Buenrnuit Buj 3aaaromiero reaeparopa Ha 6ase monysieit PXI National Instruments
Fig. 5. Appearance of the generator based on the PXIe national Instruments chassis
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Puc. 6. Brenrawmii Buj 3aatomero reueparopa Ha 6a3e moxyneit PXI Keysight

Fig. 6. Appearance of the master generator based on the PXIe Keysight chassis
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Puc. 7. biok-cxema M9383A (ot 1 MI'ty o 44 T'T'i)
Fig. 7. Block diagram M9383A (from 1 MHz to 44 GHz)
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JlaHHbIe TpOrpaMMHO-aIapaTHbIe PELICHUs] HA OCHOBE MOAYJIbHBIX 3JIEMEHTOB 000pYAOBaHHS
PXI ocymecTBisoT popMupoBaHHE 30HANPYIOLINX CUTHAJIOB C TPeOyeMbIMH ITapaMeTpaMHu U TpeOy-

€MBIM Ka4€CTBOM YaCTOThI CIIEKTpPA.

3akJoueHue

Takum oOpa3zoMm, naHHBIE IMporpaMmMmHo-anmaparHele kommuiekcsl PXI National Instruments u
Keysight mo3BonsI0T reHepUpOBaTh PaJUOMMITYJIBCH ¢ Pa3JIMYHOI MORyIsLUel ¢ TpeOyeMbIM Kade-
cTBOM. [ MOKOE ympaBlieHHE MOAYJIBHBIMH 3JEMEHTAMH MTPOIPAMMHO-AMIIAPATHOIO KOMIIJIEKCA JaeT
BO3MOXHOCTb (hOPMHPOBATh 3aJaHHYIO YaCTOTHO-KOJIOBYIO CTPYKTYDY, JUIMTEIBHOCTb, IEPHO], HO-

BTOPECHHS, MOIMHOCTh U YAaCTOTY H3JIYy4Ya€MbIX PaIWOJIOKAIIMOHHBIX CHUI'HAJIOB. Takoe yHupaBJICHUE

— 377 —
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MO3BOJISIET BBHITIOJIHUTH 3aJjaHHble XapakTepucTuku PJICB3 (paspemaroniyo cmiocoOHOCTh MO BBICO-
Te, AaJbHOCTh 30HJAUPOBAHUS, BEPOSTHOCTH OOHAPYIKEHUS, TOYHOCTh H3MEPEHHSI HEOIHOPOIHOCTEH
aTMocdepsl), a anmaparypHas peajin3alus ¢ HU3KUMH MaccoradapuTHBIMH MTOKa3aTelsIMU, JHEPro-
NOTPeOJICHUEM B COYETAHHM C MaJIOBJICMEHTHON aHTEHHOH pelIeTKOM ofiagaeT BHICOKOW MOOHMIIB-
HocThio PJICB3 1 nomoraer KOMIUIEKCHO MCCIIEIOBATh Pa3JInYHble HEOAHOPOAHOCTH aTMOChephl U

HIDKHEH 4acTH TepMOC(I)epH, HCHOJIBb3YA JICKTPOHHOC CKAaHUPOBAHUC.
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