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Pedepat - PaccmoTpens! TpeboBaHus K mapamMeTpaM HU(poBoro ycTpoicTa GpopMupoBanus U 00paboTku curnanos YM-yposHemepa,
aJIalTHBHOT'O K BHENIHUM YCJIOBUSIM PaOOTHI.

B pabGote [1] paccMoTpeHa cxema W ONMUCaH aNroOpuTM paboThl amanTuBHOro UM-ypoBHemepa. B ocHOBY
paboThl TpHOOpa 3aJ0KeH MPHUHIMI OTKa3a OT HEM3MEHHOCTH MOJIYJIMPYIOUIEro HampshkeHHus. MoIynupyroliee
HaINpsDKEHUE CHMMETPUYHON TPeyrojbpHOW (OPMBI LeIecOO0pa3HO M3MEHSITh B COOTBETCTBHU C HM3MEHSIOIIMMHUCS
BHCIIHUMH YCIIOBUSMHU TaKuM 00Opa3oM, YTOOBI COXpaHsJIach MOCTOSHHOW CPEHHss KPYTH3HA U3MEHCHHUS YaCTOTHI
M3Iy4aeMOr0 CHTHaja, ¥ OTCYTCTBOBAIM CKAauyku (pasbl B CHTHAlle Pa3HOCTHOW YacTOTHL [IJi1 3TOro JOCTaTOYHO
VIPaBIATh AMIUIUTYIONH MOJYJIUPYIOIIETO HAMPSHKCHHAS U ONpPEACACHHBIM 00pa3oM BBIOMpaTh MOMEHTHI
MIEPEKITFOYCHUS TPEYTOIBHOTO HAMIPSHKCHHUS C MIPSIMOTO X012 HAa OOPATHBIH.

Ckauku (a3sl OyAyT OTCYTCTBOBATh B CHUTHAJlC OWCHWIA, €CIU IPOWM3BOJWTH TAaKHE ICPEKIIOYCHUS B

MOMEHTHI JTOCTHIKEHHSI CHTHAJIOM Pa3sHOCTHOM dacToThl U p (t) ommoro us ceoux sxcTpeMymoB. Takum oGpazom
HPOUCXOAUT MPOLECC, KOTOPHI MOXHO Has3BaTh ‘“‘cumBamem” ¢aser U » (f) ma rpaEmmax mMoTyTEPHOIOB

moaynupytowero Hanpsokerust U, (1) . UToObl Ipu 5TOM COXPaHsUIACh HEM3MEHHON KPYTH3HA M3MCHCHHS YacTOTL
M3JTy4aeMOr0 CHTHaNa, MEPEKII0UCHNE HEO0OXOAMMO NPOM3BOANTH MOCIE TOTO, KaK 3Ta 4acTOTa JOCTUTHET OIHOH U3

ABYX 3apaHee 3aiaHHbIX 4actoT [ wimm F,. OxHOBpeMEeHHO HEOGXOAMMO IOACPKMBATH MOCTOSHHBIM MHTEpBAI

BPEMCHH, B TeUCHHE KOTOPOTO 4acToTa n3Menutest or £ no F, wm naoGoport.

[Tpu TaxoM ynpaBieHUH MOIYJIHPYIOIIUM HAIlPSHKEHHEM CUTHAJl Pa3HOCTHOM 4acTOTBHI NPE/ICTABIAET cO00i
MIPaKTHYECKH HENpEephIBHYI0 cHHycounmy. Ecmum MonmymsamuonHas xapakrepuctuka (MX) reHeparopa sBiseTcs

JIMHEWHON, TO YacTOT TOM CHUHYCOMIbI IET TIOCTOSIHHOM, NPONOPIIMOHATBLHOMN TOSTHHA bi
eiHO 0 YacToTa DJOTOH CHHYCO Fp oyme OCTOSIHHO OITOPIMOHAIBEHO ACCTOSIHUIO 10

KOHTPOJHPYEeMOH TMOBepXHOCTH. OYEBUIHO, YTO TAKOM CHTHAT MOXXHO (IIIBTPOBATh Y3KOMOJOCHBIM (puiasTpoM. B

ciydae HenuHeHHOH MX pasHocTHas yactora F p VBMEHSETCS B TpeJieNiaX KaKIoro TONyNeprosa MOIyIIAIUI 1

nH(popManus o JaTbHOCTH 3aKII0YaeTCs B €€ CpeTHEM 3HAUCHHH.

W3MepuTh CpeqHIO YacTOTY HEMPEPBIBHOTO OT(MIBTPOBAHHOTO CHUTHANA MOXKHO C JIFOOOH JOCTaTOYHO
BBICOKOI TOYHOCTBIO, 33/1aBasi COOTBETCTBYIOIYIO ATUTEIBHOCTh HHTEPBAJIA H3MEPEHHS.

PaccMoTprM 0COOEHHOCTH CHTHAJIOB TaKOTO YPOBHEMEpPA, €T0 OCHOBHBIX Y3JI0B U TpeOoBaHUS K IU(POBOI
peanM3ali MCXOAs M3 TOro, 4rto (OpMHUPOBaHHE MOIYJIHPYIOIIETO CHTHana W o0paboTka cUrHaja pasHOCTHOM
YaCTOTHI MPOM3BOAATCS B IN(POBOM BHJIE.

1. OOBYHO [UMana30H HM3MEHEHWs] MalbHOCTH 1O NPOAYKTa TaKOi, 4YTO AWHAMUYECKMH [Marla3oH CHUTHala
pa3HOCTHOM uacToTh! focturaet 60 ab.

2. Kpome mone3HOro curHajga Ha BXOJ€ CXEMbl 0OpaOOTKHM NPHCYTCTBYIOT TaK Ha3bIBAeMbIM CHUTHAJ Mapa3wuTHON
ammmtynHoi Moxyisauun (ITAM), Bb3BaHHBIM HecornmacoBaHHOocThio CBU Tpakrta W mpeBblIaonvil B
HEKOTOPBIX CITy4asx Moie3Hblil curHan Ha 20 nb, Memaromiye CUrHalbl, BBI3BAHHBIC OTPAKCHUSIMH OT CTEHOK
OyHKepa 1 3JIEMEHTOB €ro KOHCTPYKIIUH, a TAKXKe (DIIOKTYallMOHHBIE IIyMBI.

3. ®opma curHaima [TAM pgoctatoyHO CclOXKHAs, MEPUOJA IMOBTOPEHHUS COBMAAAET C MEPHOJOM MOIYJSLHH U,

CJICAOBATCIILHO, CIICKTP IIAM COACPIKUT MHOXKECTBO T'apMOHUK, KPATHBIX YaCTOTC MOAYJIALIUN FM .

4. Jlmama3oH YacTOT TOJE3HOTO CHUTHAajda 3aBHCHT OT AeBuanmu dacTorel CBU renepatopa AF u nuanazona
U3MepsAEMOl JaIbHOCTH M B GOJIBIIMHCTBE CIydaeB JICKHT B Ipejenax or  F ., 10 200F .. » T.€. TIEPEKPBIBAECTCS

co cniektpom [TAM.

5. Tounocte “cmmBaHusA” ()a3bl BIMSET Ha IMOTPEIIHOCTH W3MEPEHUS! AATBHOCTH [1] M He NODKHA OBITH XYXKe
HECKOJBKHUX TPaTyCoB.

6. Monymupyromee HanpsbkeHue CBY Monynsa 3aBUCUT OT MCHONB3YEMOTO THIIA BapaKTOpa, U 4allle BCETO MOXKET

HU3MEHSThCA B mpenenax S...20 B.

Cpennsst kpytnzHa MX miist 60IBIIMHCTBA HCITOJIB3YEMBIX BAPAKTOPOB JISKHUT B Tipeaenax (60+100) MI1y/s.

8. TpebOyemast TOUHOCTh M3MEPEHMsS NAJBHOCTH 3aBHCUT OT TEXHHYECKHX TpeOOBaHMH K YpPOBHEMEPY M MOXKET
U3MEHSTBCS OT HECKOJBKHX CAaHTUMETPOB 10 HECKOJBbKMX MHUIMMETPOB, T.C. JOIYCTHMas OTHOCHTENIbHas
TIOrPENIHOCTh MOXET JOCTHTaTh 3HadeHmit 10, Takas TOYHOCTH MOXET OBITH JOCTHTHYTA MPH OTHOLICHHH
curHan/mrym He menee 60 nb.

9. U3mepsiemas BenWYMHA HW3MEHSETCS BO BPEMEHH CPAaBHHUTENBFHO MEIJICHHO, YTO ITO3BOJISET HCIOJIH30BATh
HEBBICOKHE YaCTOTHI MO TYJISIINH.

~
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OTMe4YeHHBIH BBIIIE THHAMHYCCKUN TUAra3oH MOJIe3HOTO curHaia B 60 1b 1 ero cOOTHOIIEHHE C CUTHAIOM
ITAM -20 nb, mo3BOJISIOT yTBEPKIATh, UYTO JUIA JOCTATOYHO BEPHOTO MPEICTABJICHUS OTCUETOB CMECH CHUTHAJA C
IIOMEXO0H M IIyMOM HEOOXOAMMO HCITOJIb30BaTh mecTHamnaTupaspsaaasii AL IIpu aToM nmaxke Ha MakCUMAaTbHOM
JATBHOCTH TS U(POBOTO MPEICTABICHNUS TTOJIE3HOTO CUTHANIA OCTAETCS 6 pa3psAAOB IIOIHOW Pa3pSAHON CETKH.

TpeGyemoe KOJIMYECTBO pa3psgoB Uil (OPMHUPOBAHMS MOIYIHPYIOMIETO MIIOOPAa3HOTO HAMPSKCHUS
oTIpeNieNsieTCsT UCXOsl M3 3aJaHHOM TOYHOCTH M3MEpPEHHs pacCTOSHHA. PaccTosiHMe BBIUMCIACTCSA IO CIICAYIOIIESH

¢bopmye:
cf,

8K,

rae: C- CKOpPOCTb PACIpPOCTPpaHCHUA paJUOBOJH B pa60qel71 cpeae, fp - UBMCPCHHAsA 4aCTOTa Pa3HOCTHOI'O0 CHUT'HAJIa,

Kf - KpyTU3Ha U3MCHCHUS YaCTOThI U3JTy4acMOI'0 CUT'HaJIa.

Orciofa SCHO, YTO HEOOXOAMMO C TpeOyeMol TOYHOCTBIO HOAepkuBath K ¢~ B cBasu ¢ Tem, 4TO

F,.-F
K ~(F, w) , rae T, - uHTepBan BpeMeHHM, B TEUCHHE KOTOPOrO 4acTota m3meures ot F, poF,,
6H

HCO6XOHI/IMO C IpeGyeMoﬁ TOYHOCTBIO TMOAACPIKUBATL HUHTCPBAJ BPEMCHU Tm—t' Ecnmn cuurtaTth He3aBUCHMBIMHU

HU3MCHCHUSA YaCTOTHI U UHTCPBaAJia T

4 » MOJKHO OTHOCHTEIBHYIO CTAOMIBHOCTD 3THX BEIMYHMH 33/1aBaTh OJUHAKOBOM 1
L o1n—4

pasnoit 107" . B paccmarpusaemom mipu6ope [1] ynpasieHie OTMEUEHHBIM HHTEPBAIOM BPEMEHH MPOM3BOIHUTCS C

nomompro m3menennss U, (f) . TlostoMy HEOGXOAMMO HMETh BO3MOXKHOCTb C TAKHM MHHHMAIBHBIM LIArOM

msmensite U, (f) . TpeOyemoe KONMYECTBO YPOBHEH KBAHTOBAHWS HANPSDKCHHS MPH  LH(pPO-aHATIOrOBOM

HpeO6pa30BaHI/II/I JOJI2KHO OBITH HE MCHEC, UCM:

— UM
= A—UM ,
rne: AU, =2U | F, At - tpeGyemblii AUCKPET U3MECHEHNUS! HANPSIKCHHSL,
At=T, 107 .

C‘II/ITaH, 4To TgH = %F , [MOJIy4YuM N:104, YTO C 3almacoM O00eCIeuHBAECTCS mecTHaaAuaTupa3psAaAHbIM
M

LAIL

OrneHka MHUHAMAQJIBHOTO O0BEMa IMaMATH WJIM HEOOXOAWMOTO BPEMEHH H3MEPEHHUS Pa3sHOCTHON YacTOTHI
MOXET OBITh IMONYyYCHA HCXOAS W3 TpeOyeMOoil TOYHOCTH W3MEPEHHS W YacTOTHl JUCKPETH3AlUU Pa3HOCTHOTO
CHUTHaa.

-4

Jlns JOCTHKEHHMst MOTpeInHOCTH u3Mepenus nopsaka 107 mpaxkTudeckd BO3MOMKHO OT(GMIBTPOBATH
nosesHsiil curnan or [TAM HaumHas ¢ 4acToT He MeHee JF, , M AMCKpeTHas OmKOKA IPU CYCTHOM H3MEPCHUH
YacTOTHI CHIIbHEE BCETO CKa3bIBACTCS MIPU MUHUMAIIBHON TATBHOCTH, TO HEOOXOIUMO BpEeMs H3MEPEHH

_ 3
Ty =2-10°/F,, .
BosMoxHo usmepenue F p C TIOMOIIIBIO UQppoBoii 00pabOTKU CUTHAJIA HA OCHOBE CIICKTPAIBHBIX METOJIOB.

B 5TOM Cﬂy'lae JJIsL XpaHeHI/Iﬂ 06pa6aTLIBaeMLIX OTCUCTOB HCO6XOHI/IMO HNMECTH YHUCJIIO AYCCK IIaMATHU
“FT
M=~

7

rne: T, =1/4-200F,, - nepuon auckpeTHsaiuu pasHOCTHOIO CHTHANA C KOIDQUIMEHTOM 3ariaca, paBHBIM 4

(mosyuyeH mo pesysibTataM MoJIeNupoBaHus 00paboTku Ha DBM). B pesyinpraTe moiyyaeMm 00beM IaMsTH, paBHBIN
1,6 x6aiir.

TpeboBaHuss K TOYHOCTH ‘‘clIMBaHus (as3bl 3aJal0T TOYHOCTH OINPEAENCHHs DKCTpeMyMma pPa3HOCTHOTO
CHTHala M, CJEeIOBaTeJIbHO MPUBOAAT K YBEJIMYCHHIO YaCTOTHI JUCKpeTH3auuu. [Ipu peann3aiud 3aJaHHOiN

-4
norpemnoctd 107 ommbka “cumsanus” pasbl He mMpeBOcXomuT 4...5 Tpamycos [1] M uyacToTa JMCKpETH3alUH
Bospactaet jo 3HaueHuii 70...90 F), . Takue 3Ha4eHHs YACTOTHI AMCKPETHU3ALNN HETPHEMIICMBI H3-3a Y)KECTOYCHHS

TpeOoBaHMIT K OBICTPOAEHCTBHIO MpOIECCOpa, MOITOMY IieJecooOpa3Hee HCIOIb30BaTh WHBIE METOJBI TOWCKA
JKCTpEeMyMa.

Hannume curnana ITAM npuBoauT K HEOOXOIMMOCTH U(POBOH (HUIBTPAMK €0 TAPMOHUK (UTO CAENATh
Ype3BBIUANRHO CIIOXKHO M3-3a IEPEeKPhITHS cIieKTpoB [TAM M pa3HOCTHOTO CUTHAJA) WX ITUPPOBON KOMITICHCAITHH.

-2-
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Takum oOpa3oMm, I TNPAKTHYECKOW peanum3anmuu IUMpoBoro amantuBHoro UM-ypoBHemepa ¢

MOTPEIIHOCTBI0 M3MEPEHUS 107 HeoOxoanmbl miectHanuarupaspsaasie AL, AIIl m npoueccop, umeromuii
BBICOKOE OBICTPOJECHCTBHE, 3aBHUCSIIEE OT TPeOyeMOro BPEMEHHU BBIAAYH pe3yiabTaTa naMepenus. [Ipu s3tom anroputm
uudpoBoil 00pabOTKM CHrHaNa pasHOCTHOM YacTOTHI HPENCTABISIET COOOH CEPHIO JOCTATOYHO CIIOXKHBIX MPOLEIYP,
TpeOYIOLIMX 3HAUUTENIBHBIX BPEMEHHBIX M BBIYMCIUTEIIBLHBIX 3aTparT.

Crucok nuTepaTypsl:
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yposHemep // VI MHTK “Paguonokarus, HaBuranus, cBsizb”, Boponex, 2000.
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The Abstract - is considered requirements to parameters of digital device of shaping and processing the signals FM level-meter adaptive
to external environment of work.

In work [1] is considered scheme and is described algorithm of work adaptive FM level-meter. Switching
triangular modulating voltages with direct move on inverse is produced at moments of achievement by signal of

beatings U p () of one of the their own extremums. In total are absent the jumps of phase of signal of beatings. For

conservation of unchangeable steepness of change the frequency of radiated signal, switching necessary to produce

after this frequency will reach one of the two beforehand given frequencies F, or £, . Simultaneously necessary to

support the constant time lag, during which frequency will change from F,, before F, or on the contrary.

At, signal of beatings presents itself practically unceasing harmonic. Measure its frequency possible with
any enough pinpoint accuracy, assigning corresponding to duration of interval of measurement.

The Particularities of signals such level-meter and its main nodes:

1. The Dynamic range of signal of beatings reaches 60 dB.

2. Except useful signal at the input schemes of processing is present the signal to LFSAM exceeding in some
cases useful signal on 20 dB, disturbing signals from walls of bunker, as well as noises.

3. The form of signal to LEFSAM enough complex and its spectrum contains the ensemble of harmonicas,

multiple frequency to inflexions F, .

4. The range of frequencies of useful signal in most cases lies within from F, before 200F, i.e. it is

overlayed with spectrum to LFSAM.

5. Accuracy phases link-ups influences upon inaccuracy of measurement to range [1] and must not be worse
several degree.

6. Modulating voltage CBY module depends on used type BapaxTopa, and most often can change within
5..20 v.

7. The average steepness modulation feature (60...100) MHZ/v

8. Required relative accuracy of measurement to range can reach values 10™.

Noted above dynamic range of useful signal in 60 db and its correlation with signal to LFSAM -20 db bring
about need to use 16-bit ADC required amount of cathegories for shaping modulating voltage is defined minimum at a
walk with which necessary to change modulating voltage. Required amount of levels of slicing of voltage at numeral-
analog transformation must be not less, than:

U M

- AUJ1 "
where: AU, =2U  F, At - required change the voltage, At =T, 107" .

Considering that T, = % F will get N=10" that with spare is provided the 16-bit DAC.
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For achievement of inaccuracy of measurement of order practically possible to filter useful signal from
LFSAM as from frequencies not less 5F,, , and discrete mistake under counting measurement of frequency strong
whole tells under minimum range, that necessary time of measurement

_ 3
Ty =2-10°/F,, .
Measurement F P by means of digital processing the signal on base of spectral methods requires a number of

cells of memory for keeping of processed counting out

1
F,T,

where: T, =1/4-200F,, - period of sampling the signal of beatings with factor of spare, equal 4 (is received on

s

7

results of modeling of processing on computer). As a result we get the volume of memory, equal 1,6 kbytes.
Requirements to accuracy phases link-ups increase sampling frequency before values 70...90 F,. Such

values of frequency sampling unacceptable because of tightening the requirements to speed of processor, so expedient
to use other methods of searching for of extremum.

Presence of signal to LFSAM brings about need of digital filtration of its harmonicas (that do exceedingly in
a complicated way because of overlapping of spectrums to LFSAM and the signal of beatings) or digital
compensation.
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