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PAZPABOTKA NOACUCTEMbI IPUEMA CUT'HAJIA HEKOTEPEHTHOI'O PACCESIHUSL, EI'O
3ATIMCH U OBPABOTKH HA ITPOMEKYTOYHOU YACTOTE

Pa3zpabotana 1 BHeApEHAa MOJCHCTEMa MpHEMa, 3alHMCH Ha MPOMEKYTOUHOH 4acToTe M 00pabOTKM CHIHAJa, KOTOpas peajn3yeT IPeIOKCHHBIH
Crocod KOPPEILHOHHON 00pabOTKH CHUrHAlla HEKOI€PEHTHOrO PAaCCEsHHS M I103BOJACT M30aBUTHCS OT HEJOCTATKOB, NPHUCYIIMX CHCTEMaM C
(DMKCHPOBAHHBIM aIrOPUTMOM 00pabOTKHU. [l AMCKPETH3al[MM CHUTHANA MCHOJb3YIOTCS MMITYJbChl ONMPOCA C IEPHOAOM CICHOBAHHSA, PABHBIM
YeTBEPTH IEPHOJA CUTHAA CHHXPOHHOrO T'CTEPOAMHA, 4YacTOTa KOTOPOrO paBHA MPOMEXKYTOYHOH HacTOTE NPUEMHHKA C TOYHOCTBIO J10
JIOTUICPOBCKOTO CABHIA CIIEKTpa CUTHANIA PACCESHUs, BHI3BAHHOTO JIBH)KCHHEM HOHOC(hEpHOH riasmel. Takum 00pa3oM, COCEHHE OTCUETHI CUTHAIA
HaxXOMATCA B KBaJApAaTypHOH 3aBUCHMOCTH. DTO MO3BOJACT ONPEACNIATh OPAMHATBI KBAJPATYPHBIX COCTABIIOIMX KOPPEIALHOHHOH (yHKIMH
HPUHATOrO CHTHAla C BPEMEHHBIMH CIABUTaMH (apryMEHTaMH), KPAaTHbIMH IEPHOAY CHIHAJa MPOMEXKYTOYHOH YacTOTBl M ONTUMAIBHBIMH IS
KOHKPETHBIX yCJIOBHH. IIpe/iokeHO MCIOMb30BaTh AT KaXA0ro AUCKPETHOrO apryMeHTa KOPPEIALMOHHONW (YHKIHH OJJHY OpAHHATY B KayecTBe
KOCHHYCHOH M [IB€ OpAMHATHI, CHMMETPHYHO C/ABHHYTbIC OTHOCHTEIBHO HEE HA OJAMH IEPHOJ MMIIYJIbCOB OIPOCAa, B KAa4eCTBE CHHYCHBIX
COCTABIIAIOIIMX. DTO MO3BONIACT HCKIIFOUYUTh CMEIICHHE B OMPEIEICHNH CKOPOCTH JBH/KCHUS TIJIa3Mbl M TIOBBICHTh TOYHOCTb OIIPEACIICHUS Orubaromiei
KOPPEILIMOHHON (DyHKIMH, 110 KOTOPOH OLIEHHBAIOTCS MapaMeTpsl HOHocdepbl. PaccMOTpeHbI armapaTypHO-METOAMYECKHE OCOOCHHOCTH
HOJCHCTEMBI M 00paboTku curHana. OCHOBHBIMH 3JIEMCHTAMM IOJCHCTEMBbI SBIIIOTCS YCHJIMTEIb HPOMEKYTOYHOH YAaCTOTBI C BO3MOXKHOCTBIO
OJaHKHPOBAHHS MPUHUMAEMOrO CHI'HAJa BO BPEMs 30HAMPOBAHUS, OBICTPOACHCTBYIOIIMIT aHaToro-1udpoBoii npeodpasosarens Ha 6ase Moy L-
card E20-10, mepcoHanbHBIIl KOMIBIOTED M YCTPOUCTBO (OPMHUPOBAHHS OMPOCHBIX MMITYJIBCOB aHAIOro-unudpoBoro npeodpasosares. Ilpenaoxex
OpHTHHABHBII C110C00 (hOPMHUPOBAHHS UMITYJILCOB OMPOCA, OCHOBAHHBII Ha BBIICICHUH 4-ii TapMOHMKH CHUTHAJIa U3 MOCJIE0BATEIbHOCTH UMITYJIbCOB
C ONTHMANbHOH CKBa)KHOCTbIO. IIpuBeneHa NPUHIMINATBHAS CXeMa pa3pabOTaHHOTO YCTPOWCTBAa (OPMUPOBAHUS OHPOCHBIX HMMITYJIbCOB.
IlpencraBiieHbl 3KCIIEPUMEHTAbHBIC PE3yJIbTaThl, MOATBEPKAAOIME 3(PPEKTUBHOCTh IPEIIOKEHHOr0 Crocoba KOPPEALHOHHON 00paboTKH 1
pa3paboraHHON noacucTeMbl. OCHOBHBIC MPEHMYIIECTBA Pa3pabOTKH: HCKIIOUYEHHE aHAIOTOBbIX Lienei s popMHUpOBaHUs KBaAPATyPHBIX CUTHAIIOB
MO3BOJIET M30eKaTh BOSMOXKHOIO BIMSHMS psifla anmapaTypHbIX (AaKTOPOB Ha TOYHOCTb ONPEACICHUS KBaAPATYPHBIX COCTaBISIONIMX
KOPPEILIMOHHON (DYHKIMM CHTHAJIa; aJalTalMs IIara BPEMEHHOrO CABHIAa M KOJMYECTBA OPJAMHAT M3MEPSEMON KOPPEIALMOHHONH (YHKUHH K
HEKOTEPEHTHO PACCESHHOMY CHUTHAIy IPH PA3IMYHOM COCTOSIHMH HOHOC(Epbl MMO3BONSET YMEHBLIMTh IOIPEIIHOCTH OLEHKH KOPPEIALMOHHON
(DYHKLIHHM MOJIE3HOTO CHIHAJIA U, CJICA0BATEIBHO, HAPAMETPOB HOHOC(HEPBI; 3aMKCh OOJBIION0 KOJNYECTBA OTCUETOB CHTHANA C MAJIbIMH HHTEPBATaMH
MEKIy HUMH TO3BOJSCT JOMOJHUTEIPHO K KOPPEIALHOHHOMY aHAIM3y HCIIOIb30BaTh CHEKTPasbHyl0 00paboTKy, a Takke anpoOupoBaTh H
UCIIOJIB30BaTh PA3JIMYHBIC AJNTOPUTMbI 00paboTKM, Hambosiee NpHEMIIEMBbIC Ui KOHKPETHBIX YCJIOBHIl M3MEPCHMid; MOSABISETCS BO3MOXHOCTH
UCKJIIOYEHHS [TOMEX Ha PaHHEH cTafnuu oOpabOTKH, aHATH3UPYs HEOCPEICTBEHHO OTCYEThI CUIHAJIA.

KiroueBble €J10Ba: pafap HEKOrePEHTHOrO PACCEsHUs, HEKOIePEHTHO PACCEsSHHBIN CHIHAJ, cUCTeMa 00pabOTKM HaHHBIX, KOPPEISALHOHHAS
00paboTKa, mapamerpsl HOHOC(HEPbL.
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PO3POBKA NIACUCTEMHA HPMFIOMYUCPIF HAJIY HEKOTEPEHTHOTI'O PO3CISIHHSA, HOTI'O
3AIIMCY U OBPOBKH HA TPOMI’KHIN YACTOTI

Po3po0ieHo Ta BIPOBAXKEHO MiJCHCTEMY NpPUIOMY, 3alMCy Ha NPOMIXHIA 4acToTi i 0OpoOKM curHaiy, sika peajizye 3alpONOHOBaHMM crocio
KOpeJsiLiiiHol 00poOKM CUrHajly HEKOI'epEHTHOI'O PO3CISHHS 1 JJ03BOJIsE MO30yTHCS HEJOJIKIB, BIACTHBUX CHCTeMaM 3 (DIKCOBAaHUM ajrOpUTMOM
00poOku. Jlust AucKpeTu3auii CUrHaly BUKOPUCTOBYIOTHCS IMITYJIbCH ONUTYBAaHHS 3 IEPIOJOM CIIiJlyBaHHS, PIBHUM YBEPTi NEpiojy CHUrHaiIy
CHHXPOHHOI'O TETEpPOJIMHA, YacTOTa SIKOro JOPIBHIOE INMPOMDKHIM 4acToTi mpuiiMadya 3 TOYHICTIO JIO JOMJIEPIBCBKOrO 3CYBY CIEKTPY CHTHAlly
PO3CISIHHS, 110 BUKIMKAaHUH pyXxoM ioHOocdepHoi ruiasmu. TakuM YMHOM, CYCiIHI BIZUIIKM CHUTHAJLy 3HaXOISTHCS y KBaJApaTypHid 3anexHocrti. Lle
JI03BOJIIE BU3HAYATH OPAMHATH KBAaAPaTYypPHHUX CKJIAJZOBHX KOpesuiiiHoi (yHKUii NMPUIHATOr0 CHrHaly 3 4YacOBUMH 3CyBaMH (apryMeHTaMH),
KpaTHUMH MEpiojy CUTHANly NPOMDKHOI YacTOTH i ONTHMAaJbHHMH I KOHKPETHHX YMOB. 3allpONOHOBAHO BHKOPHCTOBYBATH JUI KOXHOIO
JIHCKPETHOr'0 apPryMEeHTy KOpeNLiiiHoi QyHKUIl OfHYy OpAMHATY 5K KOCHHYCHY 1 JBI OpIHHATH, CHMETPUYHO 3CYHYTI BITHOCHO Hel Ha OJHH mepiofn
IMITyJIbCIB ONUTYBAHHS, 1K CHHYCHUX CKJIaJ0BUX. Lle 103BOJIsi€ BUKIIIOUNTH 3MIIEHHS Y BU3HAUCHHI IIBUJKOCTI PyXy IUIa3MHU i HiBUIMTH TOYHICTh
BU3HAYCHHs OOBIZHOI KopesswiiHol (yHKIIl, 3a SIKOIO OLIHIOIOTHCSA mapaMeTpu ioHochepu. Po3rimsHyTo amapaTypHO-METOIMYHI OCOGIMBOCTI
nijicucTeMu Ta 00poOku curnay. OCHOBHUMHU €1€MEHTaMH IIJICHCTEMH € IiICHIII0BAY IPOMDKHOI YaCTOTH 3 MOXJIMBICTIO OJIAHKYBAaHHS CUTHAITY I1i]]
yac 30HAYBaHHs], LIBMAKOAIOUUII aHanoro-uudpoBuil nepersopropay Ha 06a3i moxmyns L-card E20-10, mepconanbHuii komm'totep 1 HpHCTpiit
(hopMyBaHHS ONUTYBAIBHUX IMIIyJbCIB aHANIOro-uu(poBOro IepeTBOpIOBada. 3alpONOHOBAHO OPUTIHANBHMII croci6 (opMyBaHHS IMIYJIbCIB
ONUTYBAHHS, 3AaCHOBAaHMN Ha BUIUICHHI 4-if TapMOHIKM CHI'HaJy 3 MOCITiZOBHOCTI IMITyJIbCIB 3 ONTHMAJIbHOI CKBAXHICTIO. HaBeneHO NMpUHLUIIOBY
CcXeMy pO3poOJICHOro mNpucTpolo (OPMYBaHHS ONUTYBAJNbHUX IMIIYNbCiB. IIpeacTaBieHi eKCHEPUMEHTaJIbHI pe3y/lbTaTH MiATBEPIKYIOTh
eeKTUBHICTH 3aIIPONMOHOBAHOTO CIOCO0Y KOpEIsLiiHOI 00poOku i po3pobieHoi migcucremu. OCHOBHI mepeBard po3poOKH € Taki: BHKIIOUCHHS
QHAJIOrOBHUX JIAHIIOTIB /I ()OPMYBaHHS KBaJPAaTypPHUX CUTHANIB J03BOJISE YHUKHYTH MOXJIHBOTO BIUIMBY PSy amapaTypHHX (JakTopiB Ha TOYHICTbH
BU3HAYCHHs KBAaAPATYPHUX CKJIAJOBUX KOpesliiHOl (yHKUil CHUrHamy, agamTaiis KPOKY 4YacOBOrO 3CYBY 1 KUTBKOCTI OpAMHAT BHMIpIOBAaHOI
KopersiLiitHol (yHKIIT 10 CHTHAy HEKOTepPEHTHOrO PO3CISHHS MPH PI3HOMY cTaHi i0HOC(hepH I03BONISE 3MEHIINTH MOXUOKH OLHKH KOPESLiiHOT
(yHKIIT KOPHCHOrO CHrHAINY i, OT)Ke, TapaMeTpiB ioHOC(hepH; 3alKC BEIMKOI KUTBKOCTI BiUTIKIB CHIHAILY 3 MAJIMMH IHTEpBalIaMi MK HUMHU 103BOJISIE
JIOZIATKOBO JI0 KOPEJSALIHHOr0 aHai3y BUKOPHUCTOBYBATU CIIEKTPaJIbHY 00pOOKY, a TaK0X anpoOyBaTH i BUKOPUCTOBYBATH Pi3HI allrOPUTMH 00pOOKH,
10 HAMOLIBII NPUHHATHI A8 KOHKPETHMX YMOB BHMMIDIOBaHb; 3'ABJISETHCS MOXIIMBICTH BMKIIOYEHHS IEPEIIKOJ Ha paHHiM craxuii oOpoOkw,
aHaJi3yrouH 0e3M0CcepeIHbO BIUIIKM CUTHAITY.

Karo4oBi ciioBa: pajap HEKOE€pEHTHOrO PO3CIsIHHS, HEKOIEPEHTHO PO3CISHMI CHMTHAN, cucTemMa OOpOOKM JaHMX, KopensliiiHa oOpoOka,
napameTpu ionocdepu.
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L. YA. EMELYANOV, A. E. MIROSHNIKOV, V. V. KOLODIAZHNYI

DEVELOPMENT OF SUBSYSTEM FOR RECEPTION OF INCOHERENT SCATTER SIGNAL, ITS
RECORDING AND PROCESSING AT THE INTERMEDIATE FREQUENCY

The subsystem of signal reception, recording at intermediate frequency and processing, which implements the proposed method of the incoherent
scatter signal correlation processing and eliminates the shortcomings of systems with a fixed processing algorithm, has been developed and
implemented. For sampling the signal, reading pulses are used with a repetition period equal to a quarter of the period of the synchronous heterodyne
signal, whose frequency is equal to the intermediate frequency of the receiver up to the Doppler shift of the spectrum of the scattered signal caused by
the movement of the ionospheric plasma. Thus, the adjacent signal samples are in quadrature dependence. This allows us to determine the ordinates of
the quadrature components of the correlation function of a received signal with time shifts (arguments), multiple to the period of the intermediate
frequency signal and optimal for specific conditions. For each discrete argument of the correlation function, we proposed to use one ordinate as a
cosine and two ordinates, symmetrically shifted relative to it by one period of the reading pulses, as sine components. This allows us to eliminate the
bias in estimating the plasma velocity and improve the accuracy of determining the correlation function envelope that is used to estimate the
parameters of the ionosphere. The hardware and methodical features of the subsystem and signal processing are considered. The main elements of the
subsystem are the intermediate frequency amplifier with the possibility of blanking the received signal during sounding, a high-speed analog-to-digital
converter based on the L-card E20-10 module, a personal computer, and unit for shaping analog-to-digital converter reading pulses. An original
method for generating reading pulses based on extracting the 4th harmonic of a signal from a sequence of pulses with an optimal relative pulse
duration is proposed. A schematic diagram of the developed unit for shaping reading pulses is given. Experimental results confirming the effectiveness
of the proposed correlation processing method and developed subsystem are presented. The main advantages of the development: exclusion of analog
circuits for shaping quadrature signals allows us to avoid the possible influence of a number of instrumental factors on the accuracy in determination of
the quadrature components of the signal correlation function; adapting the time shift step and the number of ordinates of the measured correlation
function to the incoherently scattered signal at different states of the ionosphere reduces errors of estimation of the useful signal correlation functions
and, therefore, the parameters of the ionosphere; recording a large number of signal samples with small intervals between them make it possible, in
addition to correlation analysis, to use spectral processing, as well as test and use various processing algorithms that are most appropriate for specific
measurement conditions; it is possible to eliminate interference at early stage of processing by analyzing the signal samples directly.
Keywords: incoherent scatter radar, incoherent scatter signal, data processing system, correlation processing, ionospheric parameters.

Beenenue.  [Ina  omnpeneneHus — napamMeTpoB
noHochepsl METoJoM HekorepeHTHoro paccesausi (HP)
WCTIONB3YIOTCS aHTEHHbl C OONbIIMMH TabapuTamu,
MOUIHBIE  paJUONEpEesalollie ¥  YyBCTBUTEIbHBIC
paguonpueMHele  ycrpoiictBa  [1,2].  [lanmpHeiiiee

¢dopMHpOBaHMA ~ TaKHMX  HMITYJIBCOB, a  TaKxe
YCWJIUTENBHOIO Tpakra 14, I103BOJISIFOILIETO
OCYIIECTBIIATH YAaCTOTHYIO (MIBTPAlMIO CHTHajla M|
YCHJIUBATh €0 10 YPOBHSA, AoctatoyHoro aist AL
Heablo naHHON paboThl siBIsieTcs  pa3paboTka

yIIydIIeHHe [IapaMeTpoB 3TUX CUCTEM 3aTPYAHHUTEIBHO U
JKOHOMHYECKH He Bcerza oOocHoBaHO. PasButue
KOMIIBIOTEPHON TEXHUKH IO3BOJIIET B HACTOSIIEE BpEeMs
HNPUMEHATH BBICOKONIPOU3BOIUTEIbHBIC KOMIBIOTEPHI C
0onapIIMM  00BEMOM HaMATH W, Kak CJIEACTBUE,
3HAYUTEJIBHO PacCIIMPUTh BO3MOXHOCTM panapa HP u
MOBBICUTH ~ TOYHOCTB U3MEpAEMbIX  IapaMeTpoB
HoHOchepbl  MyTeM  HUCIoib3oBaHHs  3((EKTUBHBIX
anroputMoB o0padorku HP curnaa.

O0paborka HP curHana Ha mpoMeKyTOuHOM 4acTore
(Im9) TO3BOJIAET HCIIONIb30BaTh aJITOPUTMBEI,
aJanTUpyeMble K HCCIEIyeMOMY JHala3oHy BBICOT H
COCTOSHHMIO HOHOC(EpBl, a TakKe BBIIONHATE Kak
KOPPEISILIMOHHYI0, TaK M CIEKTpasibHyto 00paborky HP
CHUT'HaJIa, BBIABIIAS M OLIGHHMBAsi aCHMMETPHIO €ro CIIeKTpa
(B 4acTHOCTH, TIPH BO3MYIICHHIX B MOHOC]EpPE), a TaKKe
MIOBBICUTb TOYHOCTb M3MepeHus napamerpoB HP curnana
(4, COOTBETCTBEHHO, HMOHOC(EPHI), HCKIIOYAs BIHSHHE
psina anmapaTypHbIX (paKTOPOB U YBEIHYHBAsk KOJTUYECTBO
JIUCKPETHBIX OTCYETOB 00paldaThIBAEMOro CHrHajia Mpu
ero 1 poBoi odpadotke [3].

3anmce JUCKPETHBIX OTCYETOB CHT'Hana
ocymectiusiercas ¢ mnomompio ALl mo mpuxony
UMITYJIbCOB ompoca. Jlist undpoBoii 00paboTKH cUTHaIa,
BBIJICJIEHHOI'O PAaAMONPUEMHBIM ycTpolictBom Ha [IY,
UMITYJIECHI ONPOCA JOJDKHBI OBITH JKECTKO INPUBS3aHBI K
IT4. Taxxe nomxHa OBITH OOeclieyeHa BO3MOXHOCTB
HOJTyYeHHs KBaJAPaTyPHBIX COCTaBJISIOLIHX
koppersiionHor gynkumn HP curnana B mporiecce ero
uudpoBoii  00paboTku. B cBs3u ¢ 3TUM BO3HHKIA
HEOOXOAUMOCTh B pa3paboTKe W BHEIAPEHUHU YCTPOWUCTBA

MOZICHCTEMBI, KOTOpast I03BOJIsIET 00pabaThIBaTh CUTHAJIBI
C HCIOJNB30BAaHUEM 3amuceil OUU(POBAaHHBIX 3HAYCHHI
CHTHaja Ha TPOMEXYTOYHOW YacTroTe, ¥ aJIrOPUTMOB
00paboTKH, aIanTUPOBaHHBIX K mapamerpam HP curnana,
3aBUCAIIUX OT COCTOSHUS HOHOC(HEPHI.

AnnapaTypHoO-MeTOANYecKast peanu3anus
U3MepeHust napamMeTpoB HP CUTHAIa Ha
NPOMEKYTOYH O yacrtore. Has [IOJIYYEHUS

KAQueCTBEHHBIX JaHHBIX O IIapaMeTpax HOHOC(EPHl ¢
nomomielo  pagapa HP  UHctuTyra  moHocheps
UCTIONB3yeTCs BBICOKOUYBCTBUTEIBHBIN PaHONPUEMHUK
C TPOMHBIM NPeoOpa3OBaHUEM YacTOTHI M BBIIIOIHAETCA
KOppeISIIMOHHAs 00paboTKa CUTHAJIOB, BBIIEISIEMbIX
KBaJIpaTypHbIMH KaHaJIaMU pPaJHONPHEMHHUKA C TTOMOIIBIO
CHHXPOHHOT'O JIETEKTHPOBaHUs M (PHIIbTpaliuK cUrHana [2].
CrpykTypHasi cXeMa CyIIECTBYIOLIEH CHCTEMBI
npuemMa u o0pabotku curHaira HP Ha Bunmeouacrote
npencrasieHa Ha puc. . B Ttpakre BU ocymecrtBusercs
OJaHKMpOBAaHWE  IIPOCAYMBAIOIIETOCS  OT  AHTEHHO-
¢bunepHoro yCTpoOHcTBa (ADY) HMITyJTbCa
paznuonepeaTiuka ¢ IEeJIbl0 €ro MOAABIECHHS BO BPEMs
3onaupoBanus. B Tpakte IIY cnexrp HP curnana
MepeHOCUTCsl ¢ Hecylell 4actotel fo= 158 MI'n na IT4

Jop= 972,4 xI'nt. Kaxxnslit u3 IByX KBaJpaTypHBIX KaHAIOB

COJIEPXKUT CHHXPOHHBIN netektop ¢ ®HY u ycunurenem u
AUTI. Curnansl reTepoJMHOB C YacTOTaMH fri, fi2 U for
(OpMHUPYIOTCSI TAKUM 00pa30M, YTO IIEHTpaJIbHAS YacTOTa
cnexrpa HP curnana na Beixozge tpakra IIY4 B orcyrcrBue
JOIUIEPOBCKOTO  CABUTA,  BBI3BAHHOTO  JIBIDKEHHEM
HoHocdepHOl MmIasMel, (fy,) paBHA 4aCTOTE CHHXPOHHOTO
rerepoauHa fo.. [us  ¢dopMupoBaHUsS KBagpaTypHBIX
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CHTHQJIOB  WCIOJB3YIOTCS ~ CHUTHAIBl  CHHXPOHHOTO
reTepoiMHa ¢ Pa3HOCTHIO (a3 =90°.
K naHHOH cHcTeMe NPEObSABISAIOTCS  JKECTKHE

TpeOOBaHuUs IO 00ECIICYSHUIO UICHTUYHOCTH MTapaMeTPOB
brnangnpyiomuit ummyase  CHIHAIBL reTepoanHa

Pam I0MPHEMHOC P bazospamarens

KBaJApAaTypHBIX KaHAJOB, TOYHOCTH M CTaOWJIBHOCTH
(bopMHUpOBaHHA KBaAPATypHBIX CHI'HAJIOB A1 U3MEPEHUSA
CKOPOCTH JIBIKEHUS HOHOC(HEPHON IIIa3MBL

i er e T CHIHAIEN CHHXPOHHOTO TETEPOIHHA
CTPOICTBO J vp=96° | C I I
Jn | J2 1 : P
- Ipaxt HY Cucrema 00padOTKKN
5 4 ¥ W S [y CHHXPOHHBIH JIeTeKTop N
Cursan or ADY | ¢ MHY n yewnurenesm
j. »  Tpami BY > Tpas M Kopennsitop
9 Ly Cunxponnnii acresrop Lyl A |

[

Y

OHY u yeumarenem

Puc. 1. CrpykrypHas cxema CUCTEMbI IIpreMa 1 00pabOTKH CUTHAJIa Ha BUIIEOYACTOTE

Beu1  mpemiokeH HOBBIH  CIIOCOO
HPUEMHO-PETUCTPUPYIOIIEeH CHCTEMBI,
npegycMaTpuBaeT  00pabOTKy — MPHUHSTOrO
HENIOCPEICTBEHHO  Ha  NPOMEXYTOYHOH  4acToTe
paguonpueMHoro  ycrpoictea [3,4]. Ilpm sTom
KBaJpaTypHble KOMIIOHEHTBHI KOPPEIALHUOHHON (YHKLUH
(K®) npunsToro curaana onpeaesstoTcsl HCKIYUTEIEHO
MPOrpaMMHBIM ~ CIIOCOOOM, YTO TIO3BOJISIET HM30EeXaTh
ommOOK, BBI3BAHHBIX BO3MOXKHOH HEHACHTHYHOCTHIO
IBYX KaHAJOB aHAJIOTOBOTO TpakTa IPUEMHHKA U JABYX
AUIT  cucrembl  oOpaboTkm  curHanoB.  Takxke
UCKJIIOYaeTcsl HeOOXOAUMOCTh KOHTPOJIS M HOAJEPHKAHMS
pasHoctd a3 90° CHUrHAJIIOB CHHXPOHHOI'O I'€TEpPOJIHHA,
(opMHUpyeMBIX c HIOMOILBIO aHaJIOrOBOTO
(azoBpamarerns.

Kpome 3T0oro, nosiBiseTCst BO3MOXKHOCTH 3HAYUTEIIBHO
YBEIMYUTh YaCTOTy 3alUCH JAUCKPETHBIX  OTCYETOB
00pabaThIBaEMOro CUTHaJIa U1 IIOBBICHUS TOYHOCTH
mMepenns mnapamerpoB HP curmama. CoBpemeHHBIE
BbICOKONpon3BoautenbHble 11K mo3BomisioT 3anuceiBath U

MIOCTPOCHHS
KOTOpast
CHT'HaJIa

XpaHUTh OONBLION MACCHB OTCYCTOB CHUTHaJa Ha
OPOMEXKYTOYHOH  4YacTore, a TaKKe HCIIOIb30BATh
uudpoByro 00paboTKy c OIITHMU3MPOBAHHBIMHU

IropuTMaMu (Crenu(UYHBIMKE Ul Pa3HBIX IHAIa30HOB
BBICOTBI M COCTOSIHUS HOHOC(EpHI [5]).

Ha puc. 2 npencraBieHa cTpykTypHas cxemMa HOBOM
MOJICHCTEMBI TIpueMa U o00paborkm curHama Ha [IY,

KOTOpasi MCMOJIb3YET TOJBKO ONUH OBICTPOACHCTBYIOLIHIA
AT Ha Oaze MOJYJIst L-card E20-10
(http://www.lcard.ru/ldocs/e20-10). IToncucrema
JIONONHAET JACHCTBYIOUIYI0 PAaJUONPHEMHYIO CHUCTEMY.
Ona Bkitouaer B ceOst OJIOK ycwieHHs W (QUIbTPaLUU
curHana [IY (cocrofmmif w3 JBYX yCUIHTENeH U
nonocoBoro ¢unsTpa), AL, nepcoHabHBII KOMITBIOTED
(IIK) wu  ycrpoiictBo  (OPMUPOBaHHS  OHPOCHBIX
HAMITYJIbCOB. JlJIsl JKECTKOM MPUBSA3KU MMILYJIbCOB OIpoOca
AIIl x IIY B kayecTBe BXOAHOIO CHTHajla JUIs
ycTpoiicTBa  (OPMHUPOBAHMS  ONPOCHBIX  MMILYJIbCOB
UCTIONB3yeTCs CUTHAll CHHXPOHHOI'O TETepoJuHa C
9acToToN fo= frp=972,4 K[ (TIpu 3ToM obecreunBaeTcs
KOrepeHTHass paboTa TeTepOoJMHOB palHONpUEMHHKA H
CUTHAJIa 3aJal0MIel CUCTeMBI sl paauonepenarynka). Ha
BBIXOJI€ YCTPOMCTBA (POPMUPYIOTCS UMITYJIbChI C YACTOTOU
ClIeOBaHUs, paBHOU 4-fy;, T.€. C IEPHOAOM CIICIOBaHUS,
paBHBIM UYETBEPTH IE€PUOJA CHUTHAJIA CHHXPOHHOTO
rerepoauHa. TakuMm oOpa3oM, COCETHHE OTCUETHl CUTHAIA
HaXOJATCS B KBaAPATypPHOH 3aBUCHMOCTH. JTO MO3BOJISIET
OIIPEJIEIATh OpPAMHATHl KBAIPaTYPHBIX COCTABIISIOLINX
K® R(t) ¢ BpeMEeHHBIMH CIBUTaMU (apryMeHTaMH) T,
KpatHpiMM nepuony IIY wu  onrumManbHeIMM A
KOHKPETHBIX YCIIOBHH.

B xauectBe curHasa oOO3HauYeHUs Hayajga KakIOH
PasUOIOKALIMOHHON Pa3BEPTKU UCIIOIb3YOTCS UMITYIIbChI
3amycka nepenatyuka pagapa HP.

~ Verpoiietro (popMHpoBaHus
Curnan ot TpakTa [T4 CTpOfCTBO opMiy 7
pPaTHONPHEMHOTO VETPOICTBA OTIPOCHBIX HMITYILCOB {\J
3 4
ﬁm bnox veunenua u rinmmpmum curaama 114 Jm-1 _fcr 4
» Vormrens [ 1OMOCOBOM |l vy myreny, How AT == IIK
¢pinsTp
Y \
e
i TJ— v USB

Brauxupyronguii symyiibe

Idi\l]!_\'!lbﬂ.‘ SAIVCRA NepeaTinka

Puc. 2. CrpykrypHas cxema OACUCTEMbI IIpUeMa 1 00pabOTKH CUTHAJIa Ha TIPOMEXKYTOUHON YacToTe
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bnok ycunenus u uaompayuu cuenanaIl4. B
pa3paboTaHHOM W  M3TOTOBJICHHOM  HaMH  OJIOKe
OCYIIECTBIISICTCS YCWJIEHHE CUTHala IpPUEMHHKA [0
YPOBHSI, HEOOXOJIMMOTO JIJIsl HopMasbHOU padoTel ALITL, u
ero ¢unbTpanusa. lllupuHa TOIOCH  NPOIyCKaHMSA
tpakTa [IY moxmcucremsl mo yposHoo 0,7 cocraBiser

38 x['m. Illupumna momororo y4yactka aMIUIUTYAHO-
YacCTOTHOW XapakTepuCTHKH paBHa 18kl mpu ee
HepaBHOoMepHocTH 0,086 1b. DT XapaxkTepUCTHUKU

OIPEIeTISIOTCA TTOJIOCOBBIM (DHIBTPOM, BBHIIIOIHEHHBIM Ha
Tpex cBsa3aHHBIX LC KOHTypax, W IIpHeMIIeMBbl JUls
¢unbTpanmu 0e3 uckaxeHus curHana HP ¢ nauGonee
LUIUPOKHM OXKUIAEMBIM CIEKTPOM, XapaKTEpHbIM IS
CHT'HaJla, PACCEsHHOTO Ha BBICOTaX BHEIIHEH HOHOChepH!
NpYU HAJIMYMK B HEW Jierkux woHoB. Jlnsi oOecriedeHus
OTHOIIEHHSI CHTHAN/IIYM, OJHM3KOr0O K MaKCHMaJbHO
BO3MOXXHOMY JUI1 KOHKPETHBIX BBICOT MOHOC(EpHl U ee
COCTOSHMSA, NpeAHa3HayeHa MOINONHHUTENbHAS LHU(pOBasdt
KBa3HOIITUMaNIbHasi (puibTpalys B Ipoiecce o0paboTKu
curHana B [IK. B mepBom ycunurene mnperycMOTPEeHO
OJaHKMpOBAaHME Ui  JOMOJHHUTENIBHOTO  IOJABJIECHUSA
CUTHaJla IIepefjaTyuKa BO BpeMs 30HAUpPOBaHusA. Bropoii
YCUIIUTENb, I[IOMHMO OCHOBHOM (YHKLIMHM YCHIICHHS,
ocyuiecTBisier conpsbkeHue ¢uiabrpa ¢ Bxomom AT
O0a ycunurens BoimonHeHbl Ha MOII-TpaH3ucTOpax
KII307K. B xadecTBe ONaHKHPYIOLIETO »3JIE€MEHTa B
IIEPBOM yCHJIUTENIE HCHONB3YyIoTcs Kiroun Ha MOII-
TpaH3ucTopax B coctaBe Mukpocxemsl K547KII1b. Ha
BBIXOIE BTOPOro YCUITUTENA HCTIOJIB3YETCS
OIlepallMOHHBIN ycunuTelb Ha 0a3e Mukpocxembl AD826.

Yempoiicmeo dopmuposanua ONPOCHBIX
umnyavcos AIL[Il. K ¢dopmupoBarento  ONpOCHBIX
nmnynbcoB AIIT npenbsBisirorcs ocoOble TpeOOBaHUS K
CTaOMJIBHOCTH  (TeMIlepaTypHOH W BPEMEHHOH) H
TOYHOCTH  YMHOXKEHHMS  9acTOTbl. OTO  BBI3BAHO
MPELM3UOHHOCTBI0 BBIOOPKM CHUTHANA Ul OOecIieueHHs
KBaJpaTypHOCTH €ro OTCUETOB, MHCIOJIB3YEMBIX IS
JanpHeiero pacdyera napamerpos HP curnana wu
noHochepsl. i GopMUpOBaHKS UMITYIBCHOI'O CUTHAJIA C
yuerBepeHHo#l [TH Obutn MpoaHaIM3UPOBaHbl HECKOJIBKO
BapHaHTOB YMHOXHTeNEH 4acToThl. B wactHocTH, ObLIM
paccMOTpPEeHbl BapHaHT Ha JABYX YABOHTENSX YacTOTHI U
BapHaHT Ha KacKaJe C OTCEYKON TOKa W BhIAeNeHHEeM 4-i
TapMOHHUKH. Hanbonee  mpuemiemMbM oKazascs
NPENJIOKEHHBIM  HAMM  BapUaHT, OCHOBaHHBIM Ha
BBIJICNICHUN 4-i TapMOHUKH M3 IIOCIEA0BATEIbHOCTH
UMITYJbCOB C ONTHMAJIBHBIM COOTHOIIEHHEM Iepuoja
CJIEIOBAHUSI U JUINTENBHOCTH. DTO BUAHO U3 CIEIYIOIINX
CO00pakEeHHH.

Bapuanm YMHOHCUMENSL uacmomol c
ucnonv3oganuem cueHanra c omceuxou. Ecin BXomHOH
curHan u(t)=U,,cos2mft OTpaHUYUTH TO YPOBHIO Uy,
aMIUTUTYZa 1-Ol TApMOHMKH, KaK U3BECTHO, paBHA

a,=U,v.(0).

3neck U, — aMIuUTya BXOIHOTIO cUrHaina, v,(0) —
koa¢h¢unment bepra aist n-oi rapMOHUKH:

Y, = l(9 —sinfcosh) ,
T

2 sinnBcosO — ncosnBsind
Y (9) = ( 2 >
T n\n —1)

rae 0 — yron orceuk, O=arcos(Usrp /Uy).

OnTuManpHBIM IS BBIOCIACHUS HONE3HOH 4-0if
TapMOHHUKH SIBIISIETCSl YIOJM OTCe4kH 0=7/2, HO TpH 3TOM
BEJIMKa COCTABIIAIONIAs MelIaromieit 2-0if TapMOHUKH, A7
KOTOpOH 3TO 3HaYeHUe O TakKe ONTUMAIIBHO.

Bapuanm ymmnooicumens uacmomsl ¢ uMnyibCHbIM
cueHarom. Mpbl  TPEIOKUIN BapHaHT  YMHOXEHHS
YacTOThl, OCHOBaHHBIH Ha TPEOOPa30BaHUU BXOIHOTO
TFapMOHMYECKOI'0 CHUTHAJIA B CEPUI0 MMIYIILCOB C TaKHUM
ke IeprosioM ciiennoBanus T.=1/f;. U JUINTENBHOCTHIO T, C
nocneayoomeid ¢unbtpanmeit. Ilpu paznoxeHud B psia
@yppe TAaKOr0 HMIIYJbCHOTO CUTHAJa aMIUIMTyda N-i
rapMOHHKHU paBHa

cr

rne A — aMIUIMTyZIa WMITyabcoB. llpupaBHsB da,/dt,
HYJIO, TIOIYYUM OINTHMajbHble 3HaYeHus t/1T,=1/(2n) wnu
3/(2n) nnsa n-i rapMoHuKU. Pacuersl mokaszanu, 4To UIs

BbleNieHUs]  4-ii  TapMOHMKH, W  MaKCUMaJlbHOTO
nojaBieHus Onwkaimeidt 3- rapMOHUKM Hauboiee
npueMiIeMbIM  sBisieTcss  cooTHomeHue  1/7,,=0,333,
omuskoe k 3/(2-4).

Tabnuna 1, B KOTOpOU MpecTaBlIeHbl BHIYUCICHHBIE
C MHCIONB30BAHUEM BBIIIE IPUBEICHHBIX BBIPAXKECHHUN
OTHOIIEHMS  aMIUIUTYZ  MEIIAoIMX TapMOHUK K
amruutyne 4-i rapmonuku (a,/as, O oNepanyu
GUIbTpaUuKM CHUTHANA), WILIIOCTPUPYET HPEUMYIIECTBO
MPE/ITIOKEHHOTO CII0co0a.

Tabnuua 1 — OTHOIICHNE aMIUIMTYA TaPMOHUK K aMIUIUTYE
4-0if TapMOHUKHU

BapuanT ¢
n OTCCUKOU BapI/IaHT C UMITYJIbCHBIM CUT'HAJIOM
CUrHalia
0=n/2 /Ty =0,125 umm 0,375 | 1/ T, =0,333
1 11,8 1,5 4,0
2 5,0 1,4 2,0
3 1,810 1,2 1,2:10°
Ilepen  paspaborkoil  ycTpoiicTBa BapuaHT C
UMITYyIbCHBIM ~ CHT'HAIOM OBUI  alpoOMpOBaH  IIyTeM
MOJICTTMPOBAHHUS C TOMOIIBIO IPOrpaMMbl Multisim.
Ha ©puc.3 npencraBieHa CTpyKTypHas cXxema
pa3pabOTaHHOrO  YCTPOWCTBAa.  OHIOPHI  CHUTHAJIOB

MOSICHSAIOT €ro padory.
BydepHble ycHiuTenH, BHIIOIHEHHBIC HA IOJNEBBIX

TPaH3UCTOPAX, o0ecrne4nBaroT pa3Bs3Ky
panuorexHuueckux ueneid. I[IpeoOpa3oBaHue CHUTHAJIOB
CHHYCOHMJAIIbHON (opmbI B MIPSAMOYTOJIbHYIO
OCYIIECTBIIAETCS c MIOMOIIIBIO KOMIIapaTopoB,
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BBITIOJIHEHHBIX Ha 6a3e OBICTPOAEHCTBYIOIIMX MHUKPOCXEM
Analog Device AD8561.

4‘ ®. it T 1/t
baviep 1 T
KOMIAPATI
I @
Chmomniparop I I I I
= Er/3
N ©),
Honocoroit — I_l t
i
1 @ [ -
Evdep AAAAAAA A
KOAIIITOp
O I nne
L IRGRIL Ty h_f_ Felid
] ® r

Jna YCTpaHEeHUs BO3MOXHBIX JIOKHBIX
cpabaTblBaHMII KOMIapaTropa OT IIOMEXH HpPHMEHEHa
KOH(QUT'Yypamust CXeMbl ¢ TuCTepe3ncoM. [lepBbiii
OoHOBUOpAaTOp  IpedHa3HayeH I (OPMHPOBAHHA
UMITYJIBCOB ¢ ONTHUMAIBHON (IJIs1 BBIAETEHHS MOJIOCOBBIM
¢uabTpoM 4-H  TapMOHMKHM CHTHala CHHXPOHHOI'O
reTepojiMHa) JUTUTEIBHOCThIO, KOTOpas paBHa 1/3 wim 2/3
OT MepHofa BXOAHOro curHaiua. [lomocoBoit ¢uubTp,
COCTOAIIMM M3 IBYX CBA3aHHBIX KOHTYPOB, IIOAABIIACT
OCTaJbHbIE TAPMOHUKH CHI'HaJIa, a BTOPOH KOMIIApaTop M
OHOBHOpATOp (QOPMHUPYIOT HeoOxoaumyro Qopmy s
OIPOCHBIX MUMITYNIbCOB. O0a OJHOBHOpPATOpa BBHIIOIHEHBI
Ha Mmukpocxeme Philips 74HC4538. 3anuce nadpopmanyu
B AIIl ocymecrBusercs 1o nepenHeMy (pPOHTY
c(OpMHUpPOBAHHBIX HMITYJIbCOB oOmpoca. PaspemeHue Ha
3alMCh JHUCKPETHBIX OTCUETOB CHTHAJa OCYILECTBIAETCS
TIOJ YIPaBJICHUEM CHCTEMBbl CHHXPOHH3AIMH pagapa.

Ha puc. 4 npencraBineHa NpHHLMIHMAIBHAS CXeMa

Puc. 3. CrpykTypHast cxema ycTpoiicTBa (OpMUPOBAHHUS pa3pa60TaHHoro " H3TOTOBJICHHOI'O YyCTpoiicTBa
onpocHbIX uMITysbcoB AL 1 BpeMeHHbIe JuarpaMMsl (bopMupoBanust orpocHbIX uMIysscoB AL
HaHpﬂ)KCHI/Iﬁ CHUTHAJIOB B €10 LCIIAX
= .58
eg LC5 Let6 97
14,35 Tij‘nF Iﬂ‘ﬂ,ﬂ
2 R6 - R1Z
%ah T o Lo 5 o
o Iﬂanaa.a
£} R3 > | e ouT
b—t—a 3.5 W
100nF ot . R10 Rt —
o Lo | [T T
i 15k 5 1
1 Al VL [
WL ]
oo —10 AD GNO——
- | AD8SET i
—THST
[ii7 5]
T4HC4 538
RiE G R0 +58
T Low s 0 [ Lew LIewsr
[“33nF Imﬂ,a Ij‘j‘nF Tuw.a
f—fﬁj—.—. 58
vr3 120 ecat o
KN305H )| T}j‘nf Iﬁﬂ_ﬂ
4.3k Gk
R13 - J & R1g R21
47k I — — TL:
A I 330F 115k 30k X Ut ——o
17 15 Buixod
25K T 29 R17 R18 > A 3 [nrx. dlite— L
s H 470 +IN T 9 |
‘ 15k [ 1
= AL l At
003 _T i) [
ADASET —
—¢aer
“TpEr
TLHCL538
Puc. 4. [IpuHnunuanbHas cxema ycTpoiicTBa (POpMUPOBAHHUS OPOCHBIX NMITYJIbCOB
BXOAHBIM  CHTHAIOM  CIY)XKUT TapMOHMYECKHH  ONpPOCHBIX  WMIyJAbcoB. Ha  BbIXxome  ycTpoiicTBa

CUTHAJI CHHXPOHHOI'O I'€T€pOANHA C HAIIPSHKECHUEM 0,7 B.
H3Menenue HampsHDKEHUST BXOAHOI'0 CUrHaJla B HIMPOKUX

BbIpa0aThIBaeTCs Ccepus HMIYIbcoB ¢ ypoHeM TTJI
sorukd. C MOMOIIBIO TOJACTPOCUHBIX pe3ucTopoB R10 u

mpefenax He BausgeT Ha pabory ¢QopmupoBatens R24  ycraHaBiuBaeTcs  ONTHMallbHas  JIMTEIBHOCTH
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UMITyIbCOB Ha BBIXOJE IIEPBOIO OAHOBHOpaTropa H
TpeOyemas CKBa)KHOCTb CHMTHajla Ha BBIXOAE YCTpOICTBa
COOTBETCTBEHHO.

OcumiorpaMMbl  CUTHAJIOB Ha BXOAE M BBIXOJE
YCTpOMICTBa IPUBEIEHBI HAa pUC. 5.

Puc. 5. BxoaHol 1 BEIXOJHOW CUTHAJIbI YCTPOICTBA
(bopMupoBaHus onpocHbIX UMIyabcoB AL
Ha 3KpaHe ocriorpada

BBIXOJHOI'O CHTHaJa MpPUEMHHKa U HMX XpaHCHUE B
JIBOMYHBIX (hailiaX, KaXkIblii U3 KOTOPBIX COOTBETCTBYET,
KaK IpaBWIO, OJHOMMHYTHOMY Ce€aHCy H3MepeHui. B
9THX  (aiimax  CONEpXKHTCS  TaKKe  CIy)KeOHas
uHpopmanus [6].
Ha puc. 6,a
MOTY4EHHBIX

NIPUBEAECH [pUMEpP ONHOM U3
9KCTIIEPUMEHTAIBHO  PaJMONOKAIMOHHBIX
pa3BepTOK, TIJe IOKa3aHbl W3MEPEHHBIC UCKPETHBIE
orcuersl curHana IIY Ha BBIXOAE paIUONPUEMHOIO
yCcTpoiicTBa (B TeueHHE KaKIOro ceaHca H3MEepeHHul
JUINTENBHOCTRI0 | MUH uMeeTca 1464 pasBepTok, a
KaXKaas U3 pa3BepTok comepxut 85552 orcuera). Ilo ocu
abcuuce NpeCTaBIeHbl 3HAYSHHS BBICOTHI B KHJIOMETPaXx,
a MO OCH OpJMHAT — 3HAYEHMs HANpPSDKCHUS CUrHAjla B
YCIOBHBIX enuHHIax. OTCUeT BBICOThI HAYMHAETCSA C
CepeIMHbl 30HIUPYIOIIEro UMIYJIbca (CM. B JIEBOH YacTH
PUCYHKa, I'ie BUJEH IIPOCAYMBAIOIIMICS YE€PE3 aHTCHHBII
KOMMyTaTop (HUIEpHOro Tpakra | OJIAHKUPYIOLIHE

JMIEMEHThl TpUEMHHMKAa WMITyJAbC Tepenatdnka). Ha
OOpaborka  curHajga Ha  OPOMEKYTOUHOM  yyacTkax pasBepTKM cieBa BujeH HP curHan Ha (oHe
qacrTorte. Bo BpEMsL HU3MEPCHUSA I/IOHOC(bepHLIX KOCMHYECKOI'0 M aIlliapaTypHOro mryma.
MapamMeTpoB OCYIIECTBISIETCSl 3amuCh  OIMU(POBAHHBIX
MTHOBEHHBIX  3HAUY€HHH  (AMCKPETHBIX  OTCUETOB)
= Froemy Ta ®
™ Toal sgarm 1464 Tl narmpies B%E81
Fog mlu date POE JO1E e 17 d% AR - L — - N _
[ Coald 1

W

e O3 10 1408

it of sty e e k. 201D

a

"
E
ik
B

'] oo

o L) L2 plos) Loy 1409

itrtaty o mnsupbe e orgos. SO0

o

BRO3

Pl by dess JOEJOLE teem §F AL AW

j3o

1800 Pyl og

'MWHM-W e s

18

=gl

mooa 1oe &30 fileg esn 103 [

Puc. 6. DxcriepuMeHTalbHbIC JaHHBIE, OYEHHbIE BO BpeMsl U3MEPEHHUs1 HOHOCHEPHBIX TapaMeTpoB: MpeoOpa3oBaHHBbI B IIU(POBOIL
BUJI ¥ 3anMcaHHbli curHan T4 Ha BbIX0zie paJMOIPUEMHOr0 YCTPOHCTBA Ha NPOTSDKEHUU OJHOM PaIoIOKallMOHHOM pa3BepTKy (a) U
BBICOTHBII TPO(HIIb MOITHOCTH 3TOr0 CUTHAJIA, HAKOIUICHHBIH B TEUEHHUE CeaHca M3MEPEHUIT JUTUTEIBHOCTBIO 1 MUH (6)
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Ha puc. 6, 6 npencraBieHa BBICOTHasl 3aBHCHMOCTh
MOIIHOCTH CUTHaja (B YCIOBHBIX €IMHMIAX) Ha BBIXOJE
pagvoNpPHEMHOrO YCTPOMCTBA, HAKOIUICHHAas B TEYCHHUE
ceaHca u3MepeHMd B cocrtaBe panapa HP mnapamerpos
HOHOC(EPHL

O0paboTka mpunsToro curnana Ha 1Y Bkirouaer B
ce0sl Takue JKe CTajuM, 4To W 00paboTKa CHrHaNa Ha
HU3KOM uacToTe, omucaHHass B [7, 8]: OIleHKa OpIuHAT
K®, nmpocMoTp JaHHBIX M yHajeHUe IOMEX, YCpeAHEHHUe
1o BpeMeHH (00bIYHO 15 MHH), HCKITIOYEHHE IIyMa, Y4eT

XapaKTePUCTUKH BOCCTaHOBJICHHS AHTEHHOIO
KOMMYTaTopa, OIEHKa [apaMeTpoB  HOHOC(HEPHOM
I1a3MBl.

OcCoOeHHOCTH  TIPEUIOKEHHOr0 HaMH  crocoba

KOppeJsioHHON 00paboTku Ha [TY jerko npencraBuTh ¢
noMotisio puc. 7, rae wunoctpupyroress KO HP curnana
Ha IIY mpu oTCyTCTBUM JOIUIEPOBCKOrO CABUIA CIEKTpa
(CIUIOIIHBIE JNHHUM) W TPU €ro HaIuyuu (IyHKTHP),
BBI3BAHHOM OOLIMM JBI)KEHHMEM IUIa3Mbl BIOJb JIy4a
paznapa. ToukamMu  mOKa3aHbI opauHatel KO,
YYaCTBYIOILIME B KOPPEIALMOHHON o00paborke. R,(T) —
orubaromas K.

R(1)
0 NAARTA u"‘u‘ VAR A R
T T
R(1) 4 T=Tu/4
VR -
’ \‘ ac
I’ \\ Y \\ // \\
0f---; X\ 3 y N —
: v y Tk / N T
,[ \‘ , ‘ Ns

Puc. 7. Koppensiunonnsie pynkuuu HP curnana Ha
MPOMEXKYTOYHOM 4acTOTE B OTCYTCTBHE JIOIIEPOBCKOIO C/IBUIa
CreKTpa (CIUIOIIHbIE JIMHUM) U NIPU €ro HaJIM4YUH (IIyHKTHPHbIC

JIMHHH), BBI3BAHHOM JIBH)KCHUEM IUIa3Mbl BIOJb JIyda pajapa

[pu cobmopennn coorHomenus: 7=T,,/4, opIUHATHI
cuHycHoi  coctaBistomelt  K®, coorBercTByromue
opauHatam  usMmepenHoit K® ¢ ¢dukcupoBaHHBIM
BpeMeHHBIM ciBUTOM (T—1) mwnu (t,+7), paBHBI HYJIIO B
cllydae OTCYTCTBMS IBIDKCHHS IUIa3Mbl (JOIJIEPOBCKHM
cnsur criektpa HP curnana f; =0) u omm4aroTcs ot HyIs
nipu fy #0, a KocuHycHas coctasisitomas R(t)=R(t;) paBHa
orubaronieii KO Ry(t;) B mepBoM u Onm3Kka K Heil BO
BTOpOM citydae. Mcnonb3oBanue AByX OpAMHAT CUHYCHOM
COCTaBISIIOIICH Uit Kaxaoro k-ro aprymenta Ko
MO3BOJISIET  MCKIIIOUUTH CMCELICHHE B  ONpEAEICHUU
CKOPOCTH JIBIKEHUS HOHOC(HEPHON IIIa3MBL

Koppensiuponnass o0paborka curHana nHa [14
BKJIIOYAET B ce0sl clieyroniee.

O1eHNBaIOTCS OPAMHATHI KOCMHYCHON M CHHYCHOM
cocrapstomux K@ mpuHATOrOo CcurHajma g Kaxaou
JIUCKPETHOU PaauOIOKALIMOHHOM 3a1EPKKU t,

COOTBETCTBYIOMIEH BBICOTE h=ct;/2 IIEHTpa

pacceMBaiOIeT0  y4yacTka  HMOHOC(EpHOH  IUIa3Mbl
HPOTSHKEHHOCTBIO  Ah=CT,/2, 1  (UKCUPOBAHHBIX
BPEMEHHBIX CABUTOB (aprymeHToB K@) 14.

Rcos<c+m)( hj’rk): “(’j) ”(’j +Tk)’
Rsin(mu)( hj,rk +T):uitj i uitj + 1, +TL
Roer | Byt =T)=ullt,) ult, +7, - 7),

rae u(f) — MIHOBEHHBIE 3HAYEHUS CUTHAJIa B MOMEHTBHI
BpPEeMEHH #, ¢ — CKOpPOCTb CBeTa, T;=kAtT, k — HOMep
opmunatel K@, k=0, 1,...,n, n — KOIUYECTBO
UCIIONB3YeMbIX A1 pacuyera HOHOC(HEpHBIX MapaMeTpoB
opaunat K®, At — miar capura (aprymenra Kd), 7=T7,,/4,
T3y — JUTUTENIBHOCTD 30HIAUPYIOLIET0 UMITY/IbCa.

K® HP curnana ompenensroorcs B BUAE Pa3HOCTH
K® cmecu curnan+irym Ha KaskIoM KOHKPETHOM y4acTKe
paauoNOKalMOHHOW — pa3Beptkn u KO  myma,
YCpEIHEHHOH Ha ydacTkax pas3Beprku, rae HP curnan
OTCYTCTBYET:

Rcos( hj,T/r ): Rcos (c+m)( hj,T/r )_ Rcos (m)(Tk ) >

R 7 +T)= Ry om0 £ T) = Ry ) (50 £7),

Rsin( hj’fk): %[Rsm( .t = T)_ Rsm( h,t + T)]
Opaunatel orubaromnieit KO onpenenstores kak

Ro(hj,rk):\/Rczos( hj,rk)+Rszin(hj,rk).
Hopmuposanusie KO
ro(hj,rk):Ro(hj,rk )/Ro(hj,O)

UCTIONB3YIOTCS Il pacdera (C HUCIOJIb30BAaHHEM METOJA
HaUMEHBIIMX  KBaApaToB)  BBICOTHBIX  Npoduiiel
HOHOC(EPHBIX MapaMeTpoB, TAKUX KaK TeMIepaTyphl

HOHOB U DJIGKTPOHOB, MOHHBII cOCTaB, a TaKxke
HOPMHPOBAHHOI'O NPO(QWIA KOHLIEHTPALMH 3JIEKTPOHOB.
BeicoTHBIIT  TpOGWIIb  KOHUEHTPAMH  AJIEKTPOHOB

paccuuThIBaETCA C MPUBJICUCHUEM KPUTUYECKON YacCTOTHI

ciost nonocdepsr F2, koropas u3mepsercss HOHO30HAOM.
CxopocTb  IBIKEHHMS  HOHOC(EpHOH  Imma3Msbl

OIIPEIETIACTCSA B COOTBETCTBUHU C BBIPAKEHUEM

Lil arctg Ry ( hj’Tk)

4rn ST, T,

Vz(hj):_

cos J’

HoBoe mporpammHOoe obOecrieueHue IO3BOJISET
OIlepaTHBHO yYCTaHABJIMBATh LIAr CABUra AT U KOJHYECTBO
HCTONB3yeMBIX U JanbHeimeil oOpaboTku opIauHAT
K®. C ymenpmieHneM AT TOBBIIIAETCS TOYHOCTh
omnpeneneHus IMapaMeTpoB HoHocdepbl. B  mpunimme,
MUHHAMAIIBHBIA CABUT AT MOXET OBITh paBHBIM rnieprony T
cnenoBanus ummynscoB ompoca ATl wan nepuony 7o,
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KoJIe0aHUi CHTrHajla CHHXPOHHOI'O TeTepofuHa (IIepHomy
IM4). OmHako ¢ THpakTU4eCKOW TOUKK 3peHHsi (00beM
HaKalIMBaeMoi HH(OpMaIMU 1 BO3SMOXKHOCTh 00paboTKH
B peaJlbHOM BpEMEHH B IMpolecce H3MEepeHHit) TaKoi
HeoOXxoauMoCcTH HeT. Kak IOKa3bpIBalOT pacyeTsl, HpH
UCIIONB30BAaHUM  3OHAUPYIOIIETO  PAaJUOUMITYIbCHOTO
cUrHajga ¢ Hecymed wacrorod fe=158 MI'u wu
JUTNTENBHOCTRIO  T,,=050 MKC Haubonee mpHEMIIEMbIe
3HauYeHUs AT I CHIDKGHUS CTaTHCTHYECKOH W
CHCTEMaTHYEeCKON MIOTPELIHOCTH onpeJeaeH s
HOHOC(EpHBIX MapaMeTpOB HAXOmATCA B Ipenenax
4T, <At <36T,. Ilpuuem, BBIOOp AT 3aBUCUT OT
[apaMeTpoB  HOHOC(Epbl  (TeMIepaTyp HMOHOB H
3JIEKTPOHOB, HOHHOI'O COCTaBa) Ul Pa3HBIX BHICOT U €e
COCTOSHUSA (CM., HallpuMmep, puc. 8).
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Puc. 8. [Ipumep mnonycrniekTpoB (a) U COOTBETCTBYIOIIUX KM
KoppesiMoHHbIX (yHkimil (6) HP curnana s BeicOT BOIM3M
MaKCUMyMa MOHM3aLMM (CIUIOIIHAS JIMHUS) M BHELIHEH
noHocheps! (IyHKTHP), U3MEPEHHBIX THEM (BEpXHsis MaHENb) U
HOYBIO (HWKHSS IaHelb) ¢ moMompto pagapa HP Mucruryra
noHocdepbl B yCIOBUAX HM3KOM akTMBHOCcTM  ConHua,
XapaKTepU3yeMbIX HAaHOOJbIIMMU MU3MEHCHUAMH MOHOC(EPHBIX
[1apaMeTpoB I10 BBICOTE

Takum obOpazoM, eciu Ucnoiab3oBaTh 18—20 opauHat
K® na untepBane xoppemauuu (Bropoi Hyinb K®d), yrto
JOCTaTOYHO ISl ONpEIeNeHHs] IapaMeTpoB HOHOC(EPHI,
OINITUMAJIbHBIM sIBIIsieTcs mmar oT At=5-10 MKc Ui BBICOT
BHEIIHEH HOHOC(EpHI, Iie MpeodIagaloT HOHbI BOAOPOa,
nu  At=30-40 MKC ais BBICOT BONM3M MakcUMyma
VIOHU3AITMH, TJIE B OCHOBHOM TIPHUCYTCTBYIOT HOHBI O,

IKcnepuMeHTATbHbIE pe3yJIbTaThl npH
o0pa0oTke CcHIHajda Ha NPOMEXKYTOYHOH dYacToTe.
Ilocme  pa3paboTKHM, W3TOTOBIECHUS UM HACTPOMKH
MoJicKcTeMa IpHueMa, 3anucu 1 o0padoTku curHana Ha [TH
OblTa BHEIpPEHa B COCTaB PaAMONPHEMHOrO YCTpPOHCTBa
pamapa HP, mpoBenensr skcmepumentsl. Ha puc. 9-11
NIPE/ACTABJICHbl  JaHHbIE  W3MEpPEHuil, MOJIy4eHHbIE
20 utonst 2018 . mpu 15-munyTHOM HakomieHuu (12:30-
12:45 mecTHOrO BpeMeHH).

Wsmepennas HopmupoBanHas K@ HP curnana,
paccessHHOrO Ha BbIcoTe 280 KM, IpUBeAeHa Ha puc. 9.

B pacuete mannoit K@ ncnoiap3oBaHBl BCe OTCUETHI
CHTHaJa W MHHMMAQJIbHO BO3MOXHBIA IIar cIBHUra
(aprymenta) K& At=T=T,/4=0,257 mxc. Ilpu sToMm
paccuMTaHHas BEJIMYMHA BEPTUKAJIBHOW COCTABJISIOLIEH
CKOPOCTH JIBMXKEHHMS T1a3Mbl V= —62 m/c.

Ha puc. 10 npexacraBieHsl  U3MEpEHHbBIE
kBazaparypHsle coctaBistonie KO HP curnana, mist tpex
BBICOT MOHOC(epsl. V3 pucyHKa BHAHO, YTO HHTEPBa
KOppEJISILIUA YMEHBIIAETCS ¢ YBEIMYEHUEM BbICOTHL. JIJist
HU3KHUX M CPEJHMX BBICOT KoJndecTBo opauHat KO
JIOCTATOYHO JUIS JAJIbHEWIINX BBIYMCICHUH, W BBIOOD
Takoro miara At ompasnaH. st BepxHeil MoHocdeps
yucno opauHaT K@ MoxeT ObITh HENOCTATOUHBIM I
olpesieNiecHNs MapaMeTpoB HOHOC(EPH C NPHUEMIIEMOH
TOYHOCTBIO (OCOOEHHO [UI HOYHOTO BpPEMEHH, KOoria
UHTEPBAJ KOPPEALMH MOXET OBITh Ype3BBIYaHHO
KOPOTKHM).

Riti

T, MR

Puc. 9. K& HP curnana ¢ Beicotsl 280 km
(mrar At=T=T,./4=0,257 mxc)

OTHOIICHHE MOIIHOCTH PAacCeSHHOTO Ha OONBIINX
BBICOTAaX CHT'Hajla K MOIIHOCTH IIyMa (g) C yBeIWYCHUEM
BBICOTBl ~YMEHBLIACTCS, W BBI3BAHHBI O3THM  POCT
CTaTUCTUYECKOM MOTPEIIHOCTH MOXET OBbITh B KaKOH-TO
CTENEeHH KOMIIGHCUPOBAaH YMEHBIIEHHWEM Iara AT W,
CIICIOBATENIbHO, YBEIWYEHHEM KOJIMYECTBOM OpIMHAT
K®, umerommx Qu3M4ecKuii CMBICI M YYacCTBYIOIIUX B
obpaboTke.

J1s wmrocTpanyu BbINIE CKa3aHHOrO Ha puc. 11
NPUBEACHO CpaBHEHHE pE3YyJIbTaTOB KOPPEIALIMOHHON
00paboTKM C HCHOJNIB30BAHUEM QJIAlITUBHOTO PEXUMA
Oonee xoportkoro mara capura K@ (B maHHoMm ciiydae
At=40-T'=10,284 MKC) U pekuMa CO CTaHAAPTHHIM (IO
Hacrosero Bpemenn) marom At=7,=30wmke. 77 u 1, —
MHTEPBAJIbl JUCKPETU3ALUH CUTHATIA.

U3 puc. 11 BuaHO, 4YTO TNpPHU HCIONB30BAHUU
agantuBHOro pexuma (At=10,3 Mmxc) KO curnana,
paccesHHOTO B BepXHEH HOHOc(epe, MOKHO ONPEneiiTh
0oJ1ee TOYHO Jaske ISl THEBHOTO BPEMEHH.

Eme omHuM NpenMymiecTBOM SBISETCA TO, 4TO
Oecrione3nble it 00paboTku opauHaThl B XxBocTe KO (B
JaHHOM CIly4ae IIOKa3aHHbIE HAa 3aTEMHEHHOM Y4YacTKe
puc. l,a mma t>300MKC), HE HCIOIB3YIOTCA B
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JaJbHEHIINX pacyeTax MapaMeTpoB HOHOCHEPBl, TeM
CaMBIM HE BHOCHTCS JONOJHHUTENbHAS MOTPEUIHOCTb,
BBI3BAHHASI CTATHCTHYECKUM Pa30pOCOM 3HAYCHHH 3THX
opauHat, sKoHoMHTCs mamsith 11K u cokpamiaercs Bpems
00paboTKH.

Puc. 10. OueHKH KOCUHYCHBIX M CHHYCHBIX COCTaBJISIOLINX
KoppesioHHol ¢pynkuuu HP curnana uist Tpex BBICOT:
150, 273 u 558 kM (ar At=120-T =~ 30,85 MKc,
¢ — OTHOIIICHUE CUTHAJI/ILIYM).

A —— s T, |
oteemaate g Bk ke
Bl -

O H

Wl
"

Puc. 11. CpaBHeHHUE pe3ylbTaToOB KOPPEIALMOHHON 00paboTKH ¢
HCITIOJIb30BaHIEM aJaliTUBHOIrO (a) U AeiicTByomIero (0)
PEXKHUMOB

PacueTl moKazamM, 4YTO  CpENHEKBAIPATHUECKOE
orwionenne K® mpu cpaBHenun ee c¢ MmopmenbHoil K
YMEHBIIWIOCH ~ NPHONM3HTENSHO B 2pa3a  IpU
HCIIOIB30BaHUH mara At=40-T~10,3 MKC BMECTO

20.06.2018
12:30-12:45

500 4

400 ~

h. KM

300

200

T
50 100

Puc. 12. BeicoTHBII PO HIb BEPTUKATBHON COCTABIISIONICH
CKOPOCTH JIBH)KCHHUS HOHOC(HEPHOI I1a3Mbl

At =80-T = 20,6 Mkc u B 2,5 pa3a — BMecto At = 120-T' =
30,9 mxkc.

Ha pwuc. 12 B xadecTBe mpumepa IMOKa3aH ONWH U3
BBICOTHBIX ~TpOQuIeH BEPTUKAJIBHOW  COCTaBISIOLICH
CKOPOCTH JIBIKEHHSI MOHOC(EPHOH I11a3Mbl, TOJIY4YEHHBIN
C TIOMOIIBIO KOPPEISILIMOHHON 00paboTku curHaina Ha [T4
IIPY BPEMEHHOM HaKOILUIEHUH 15 MuH.

BoiBonbl. Pa3paborana u BHeapeHa MojcucTeMa
IpueMa, 3alicd Ha IPOMEXYTOYHOM 4YacToTe H
00paboTKU CUrHajla, KOTOpasi pean3yeT MpeaioKeHHbIH
cnocod KoppersinuoHHoW o0paborku HP curnana wu
MO3BOJISAET W30AaBUTBCA OT HEIOCTaTKOB, HPHUCYIINX
cucteMaM ¢ (UKCHPOBAHHBIM aJTOPUTMOM 00pabOTKH.
HoBelii cnocob u peanusyromasi ero MojcUcTeMa JAI0T
ClIeyIoLIMEe IPEUMYIIECTBA:

¢ Mckmrouenue aHaJIOT OBBIX Heren IS
¢dopMHUpOBaHHMA KBaJpaTYPHBIX CUTHAJIOB IIO3BOJIIET
n30exaTh BO3MOXKHOTO BIMSHHUS DsAIa amapaTypHBIX
(akTOpoB Ha TOYHOCTH OIpPEACNICHUS KBaAPaTYPHBIX
COCTABIISIFONIMX KOppensuuoHHoi ¢pynkiun HP curnana.

* Ananranus mara BpeMEHHOI'O CIIBUTa U KOJIMYECTBa
OpIMHAT M3MEPSIEMON KOPPEIALUOHHOH (YHKIUH K
HP curnany npu pa3iuyHOM COCTOSHUM HOHOC(EPHI, B
ToM uuciie Kk HP curnany, npuHumMaeMoMy ¢ pasiM4YHBIX
BBICOTHBIX y94aCTKOB.

* BO3MOXHOCTh yBeNUUYEHMs] KOJIMYECTBA OTCYETOB
CHTHajJa Ha PaJUoJIOKAI[MOHHOW pa3BepTKE NAIbHOCTH C
LEIbI0 YMEHBIIEHUS CTAaTUCTUYECKOW IOTPEIIHOCTH
OlLlEHKH KoppensuuonHoi ¢ynkimu HP curnama w,
ClIeOBAaTENILHO, IAPaMETPOB HOHOCHEPHI.

* BO3MOXHOCTh HCIIONB30BaHMS JIOMONHUTENBHO K
KOPPEISILIHOHHOMY aHaJIN3y CHEeKTpajJbHOW 00paboTKu
HP curnana mms  geranmpHoro aHaimmza 3¢ ¢eKkToB B
noHocdepe, 0COOCHHO B €€ BOZMYIIIEHHOM COCTOSTHUH.

* 3amuch OONBLIOTO KOJIMYECTBA OTCUETOB CHUTHAA C
ManbeiMH (okoio 0,26 MKC) HMHTEpBalaMU MEXIy HUMH
MO3BOJISIET AalIPOOUPOBATH M UCIIONIB30BATH B JIHO00E BpEMsI
camble pa3IMYHbIE AITOPUTMBI 00pabOTKH, Haubosee
IIPUEMJIEMBIE JUUIs1 KOHKPETHBIX YCIOBUM U3MEPEHUM.
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* OOpaboTka cHrHaJNia Ha TPOMEKYTOYHOH YaCTOTE
IpUEeMHUKa  JaeT  BO3MOXKHOCTb OCYILIECTBIIATh
3¢ QEKTUBHBIA KOHTPOJIb 30HIUPYIONIMX HMITYJIbCOB
(pactipenenenue aMIUIUTYA U $a3 HA UX TPOTSHKEHUH) BO
BpeMs IIPOBEIEHHMS M3MEpPEeHHH, a TalKe Y4eT HX
XapaKTePUCTUK  IPH  ONpPENENICHWH  IapaMeTpoB
HOHOChEPHI.

* [losBnseTcs BO3MOXXHOCTh HCKIIIOUCHHUS MOMEX Ha
paHHel CTaJIUH 00paboTKy, aHATU3UPYS
HETIOCPECTBEHHO  OTCYeThl CHIHaJAa JUIl  KaXIOH
PaOMOIOKAMOHHOM pa3BepTKH, a HE BHIYMCICHHBIC
CTATUCTUYECKUE MapaMeTphl CUTHaJIa IPH HAKOIUIEHHUH 110
BCEM pa3BepTKaM B TEUCHHE CEaHCa U3MEPEHHUII.
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