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UPPOBUI METO/ BUMIPIOBAHHSI TAPAMETPIB
AMILIITY JHO-MOAYJbOBAHUX CUTHAJIIB

VY cTaTTi HaBeIEGHO aHali3 METOLY BHUMIpIOBaHHS Koe(illieHTa MOAYJSALI aMIUITYIHO-MOIYJIbOBAaHUX
(AM) curnaiis, peaynizoBaHoOro B HU(POBUX IpUiiagax, a TaKOX Po3poOKa HU(PPOBOro aMILIITYIHOrO
MOJIyJIOMETpa 3 ITiIBUICHAMHI METPOJIOTTYHIMHU XapaKTEPHCTHKAMK | BUCOKOIO PO3/ILIBEHOI 3JaTHICTIO.
OO6rpyHTOBaHO 1 PO3pOOIEHO METOJ BUMIPIOBAHHS aMILLTYIHO-MOAYIbOBAHUX CHTHAIIB Ha OCHOBI
JIMCKPETHOI BUOIPKH MUTTEBUX 3HAYCHb.

Kuro4oBi cj10Ba: aMIUTTyIHa MORYJIALIS, CUTHAI, HU(POBUHA MOLYIOMETP, MUTTEBI 3HAYCHHS,
nudposa 06podKa, aHaIOroBO-III(POBHIA IIEPETBOPIOBAY, METPOJIOTIUHE 3a0€3EUEHHSI.

ITocranoBka mnpodsemMu. Y 3B’SI3Ky 3 IIMPOKUM PO3MOBCIOJDKEHHAM
MOJY/IbOBaHMX CHTHANIB BHHHKAa€E TOTpeda IOCHi/DKEHHS IX mapaMeTpiB Ta
po3poOKkH MeTomiB 1 3aco0iB BHUMIPIOBAHHS XapakTEPUCTHUK AMILTITYIHO-
MoaynsoBaHuX (AM) curnaimi. Lle ToOB’s3aHO 3 HEOOXIAHICTIO METPOJIOTIYHOTO
3a0e3MmevyeHHs] pO3pOOKH, BHTOTOBICHHS Ta EKCIUTyaTalii paioeneKTpOHHHX
NpUCTPOIB Ta cucteM 3 AM iHdopMaTuBHNME curHamamMu. besyMoBHO, niepoM B
IIbOMY HAaIIPSIMKY BHCTYHAalOTh IM(POBI BUMiproBajbHI mpminaaud. Ha mei wac
BigcyTHI KomOiHOBaHi (yHiikoBaHi) BHMIproBadi MOAYJALii, NMpU3HAYCHI IS
BHUMIpIOBaHHS BKa3aHMX XxapakTepucTuk AM cursHamiB. Jlo TOro X BigoMi
MIPOMUCIIOBI BHMIpIOBa4i MOIYJAII] HE B TMOBHIM Mipi 33J0BOJIGHSIOTH Cy9acHi
BHUMOTH JI0 IX METPOJIOTIYHHUX XapaKTEPUCTUK Ta aBTOMATH3allil BUMiPIOBaHb.

Anani3 Jgireparypu. Ha meil yac BumipioBaui Momynsmii, aHaloroBi Ta
mudpoBi, 6a3yloTeCsI Ha METOAl OBOKpaTHOro aerekryBaHHs [1—4]. Lleit meron
NPU3BOIUTH JI0 CYTTEBOIO OOMEXEHHA (YHKIIOHAJIBHUX  MOXIIMBOCTEH
BUMIpIOBayYa, MOJAIBIIONO IiJBHIICHHS HOr0 METPOJOTIYHMX XapaKTEPUCTHK,
3MEHIICHHS YacTOTH HECy4oi, aBTOMaTH3alii BHMIPIOBaHb, BHKOPHUCTaHHS
CyJacHOi IHTETPaJbHOI MIKPOCXEMOTEXHIKH, 30KpeMa MiKporporecopiB. Tomy
MOJANbIlle MPHHIMIIOBO SKICHE YIOCKOHAIICHHS IM(POBUX BUMIipIOBaUiB
MOIYJISAMii MOXIIMBE TUTBKH Ha OCHOBI HU(PPOBOI BUMIPIOBANBEHOI TEXHIKH,
30KpeMa Ha MU(PPOBUX METO/IAaX BAMIPIOBAHHS CUTHAIIB.

Merta cTaTTi — JOCHIIDKEHHS Ta pPo3po0Ka IUPPOBOTO aMIUTITYJHOTO
MOIyJIOMeTpa 3 MiABUIICHUMH METPOJIOTIYHUMH XapaKTEPUCTUKAMH 1 BHCOKHM
piBHEM BHMIpIOBaHb Ha OCHOBI MeETOAy BHMipioBaHHI AM cuTHamiB 3a
BHOIPKOBUMH MHUTTEBUMHY 3HAUYCHHIMH.

OcHoBHEIT MaTepiaa. Moaymnsiis 3AiiCHIOETHCS IIUITXOM CXEMHOTO BILUTUBY
MOIYJTIOI0YOro curHaimy (oOBigHOI) Ha oawH 3 iH(pOpMaUidHWX TapameTpiB
Hecy4oro curHaiy. Haifdacrime y BUMipIOBaJbHIM TEXHilli B SKOCTI HECY4OTrO

3aCTOCOBYETHCS TAPMOHITHUHN CHTHAI
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i(t) = A sin(ot+o),

ne A, o, ¢ — aMIUTITY1a, KpyroBa 4acToTa Ta (a30BHii 3CyB BiIIOBiTHO.

udposi  ammmiTygHi  MOAYJIOMETpH  3acHOBaHI Ha  BUMIpIOBaHHI
MakCUMaNBHOTO Uy, 1 MiHIMambHOTO U,y 3HAYEHB MOAYIIBOBAHOTO CHUTHANY i
00YHCIICHHS 3a IUMH 3HAYCHHAMH KOe(ili€HTa aMILTITyJHOT MOIYJIAIIIT.

MaxkcumainbHe # MiHiManbHe 3HaueHH AM curHaimy MOXyTh OyTH BHMIipsHI
3a «BHOIPKOBUMW» MHUTTEBUMH 3HAYCHHSIMH Ta METOIOM CKaHyBaHHA [5]. Bimbim
JIOCKOHAJIUM € METOJ] BUMipIOBaHHS napaMmeTpiB AM cCHTrHAJIB 3a JOIOMOTOIO X
CKaHyBaHH;M. Posrisiiaroun Mero]] BUMIpIOBaHHS napamerpiB AM curnaiis 3a
BHOIPKOBUMHM MHTTEBMMH 3HAYECHHSMH, MOXKHA CKa3aTH, IO IPH BUKOPHUCTaHHI
Bucokotoynnx ALl Ta nudpoBoro kommapatopa aMIUITYIHHA IHUGPOBUA
MOJIYJIOMETp JI03BOJISIE 320€3MEUNTH BUCOKI METPOJIOTi YHI XapaKTEePHCTHKH.

MurTeBi 3HaueHHS! AM curHany u(t) BUMIpIOIOTh Y TOYKax JTUCKPETH3ALil

to=[2q-1)2](ww), (g=1, 2, 3, ..., 2n),

b n=(w/Q)>1.

Lindposi koau CyciHIX MUTTEBHX 3HaueHb Ny Ta Ng+1) TOYEProBO MOPIBHIOIOTHCA
OJIVH 3 OJJHUM, JOKH He Oy/IyTh BUSBJICHI MakcUMaJbHE Ta MiHIMaJIbHE 3HAYCHHS

Makc

N =MaKC|Nq| =K, U e 1+p~sin(§+61j ;

NMiH =MiH|Nq|=kUUHeC.MaKC 1_“'Sin(§+62j s

ne 0; Ta O, — (a30Bi MOXMOKU BHW3HAUCHHS MOMCHTIB, IO BiIIIOBiTaIOTH
MaKCHMaJIEHOMY Ta MiHIMaJIbHOMY 3HAQU€HHSIM HAIpyryd 00BiIHOI.
IMincymoByrouu Ta BigHimMaroun N, Ta N . , 3HAXOAUMO
N+ = NMaKC + NMiH = 2kuUHeC.MaKC(1 + 6N+) ; (1)
N* = NMaKC - NMiH = 2ku uUHeC.MaKC (1 + 6N7) * (2)

V Bupazax (1) ta (2) 6N, ta ON_ - BiqHOCHI METOUYHI TOXHOKM BU3HAYCHHS
koxiB N; ta N_ , mpuaomy
1 57 83|
|8N+|=—u|cos81 —00562|Eu—; 3)
2 4
2 2
8 +3; @)
4
3a3Buuail n — BeIMYMHA JOCUTH Beluka (n>>1), Tomy [N; [<<I Ta |[N_|<<I.
3aBIIKM [IbOMY METOAWYHMUMHM IMOXHOKaMH B BuW3HaueHHI kofiB N, Ta N_ MoxHa
3HexTyBatH (auB. (1) Ta (2)).
Awmmutityna  Hecywoi  (0e3  mopmymsamii) Ta  KoeQillieHT — MOmyssmii
00YHMCITIOIOTECS 32 BU3HAYeHNMH Kojamu N ta N_:
UHCCAMaKC = N+/2ku 5 (5)

|5N,| =1 —%(coséﬁ1 +c0sd,) =
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. p=N/N;. (6)
IxHi BiZHOCHI METOAUYHI IOXUOKHU

U =8N, ; (7)
S <|SN_|+[3N.|. (8)

B ocHOBy moOynoBu amIUIiTyZHOrO LH(POBOrO MOIYIOMETpa IOKIIAACHI
cnisBinHomenHs (3)—(8). Moro ctpykrypHa cxema HaBeJleHa Ha puc. 1.

1 Bxb AT H K I_'| AIl I_'| BI |

BK

Pucynok 1 - 3aransHa CTpyKTypHa cxeMa IH(POBOro aMILTITYAHOTO
MOZIYIOMETpA 3a «BHO1pPKOBUMMY» MUTTEBUMH 3HAUCHHSIMHA

VrTouHena cxema III/I(l)pOBOFO aMHJ'IiTy)lHOl"O MOAYJIOMETpa HaBCICHA Ha pI/ICZ

1&) BM » MK » bl

Pucynok 2 - YTouneHa cxema Ou(poBOro MoxyIoMeTpa

MopnyoMeTp Hpalfoe 3a HAaCTYMHUM anroputMoM. AM curnan u(t) yepes
Bximuuid npuctpiit (BII) magxoants 10 Mikpokontponepa (MIIK), skuit Buaiise
MOMEHTH 4acy, 110 BiIIOBIIal0Th MaKCUMaJIbHAM 3Ha4E€HHSAM Harpyra Hecydoi u(t)
Ta 3aIlyCKae B IIi MOMEHTH aHajoro-mudposoro nepersoproBaua (ALIT). Ocrannii
MIEPETBOPIOE MUTTEBI 3HAYCHHSI HANpYrd B IM(PPOBHUH IBIHKOBUI KOJ, IO 4Yepe3
niopt BBoxy/BuBoAy (IIBB) Hagxomuts no MIIK, ne BoHHM 10 4ep3i MOPiBHIOIOTHCS
OJTHE 3 OIHWM [0 BHJUICHHS MaKCHMAJIbHOTO Ta MiHIMaJbHOro 3HaueHHs. ITicis
IILOTO MPOBOAWTHECS MaTeMaTHYHA OOpoOKa OTPHMAaHWX CHrHaJiB. OTpuUMaHHH
pe3ynbTaT BUBOAUTHCS Ha 010K iHaukaropa (BI).

Ipu Bubopi AL HeoOXimHO 3BepHYTH yBary Ha PO3pSIHICTH Ta IIBHAKOZIIIO.
3aIeXHO BiJ] pO3MISIHYTHX BHIIE MOKA3HUKIB Ta TIOCTABJICHHUX Y POOOTI 3aBJaHb MOXKHA
3poOHTH BHUCHOBOK, IO JOLUIGHO Ta €KOHOMIYHO BUTIJHO 0OpaTH MiKpPOKOHTDOJIED,
skuii MatiMe y cBoemy ckmaai ALl TlopiBHIOrOYM psim MIKPOKOHTPONEPIB 3
BOynoBannM ALIII, mu 3ymuamm cBiif BuOip Ha Mikpocxemi MSP430F133.

lonoBHuM 3aBraHHAM ONOKY BimoOpakeHHS iHQoOpMAIii € BHCBITICHHS
pe3ynbTaTiB  BUMIPIOBAaHHS ONEpaTopy. I[HIWKAaTOp TOBMHEH MAaTH JOCTAaTHIO
KUTBKICTh PO3PSAIIB U BUCBITICHHS Pe3yNIbTaTiB, TAKOXK BiH TIOBUHEH BiJIOBIATH
BHMOTaM SICKPaBOTO CBITIHHS Ta HU3BKOI TOTYXHOCTI )KUBJICHHSI.

AnroputM poboTHM TporpaMH MOKHa TOOyIyBaTH 3a JBOMa Maibke
TIPOTHICKHUMU TIPUHIMIIAMH BUMIPIOBaHHS:

1. 3anecennst nmaHmx, orpmmanmx 3 AIIll, 10 KOMIpoK onepaTHBHOTO
3amam’siToBytodoro mpucrtpoto (O3II). Ilicnst mpoenenHs N BUMiproBaHb
MIPOBOIATH MaTEMaTH4YHy 0OpOOKY TaHUX.

ISSN 2079-0023. Bicnux HTY «XIII». 2012. Ne 42 (948)



2. INopiBHsHHA nanux, otpuManux 3 ALl 3 «eTamoHHUMMN» Ta 3aHECEHHS 10
koMipok O3II Tinmbkn THX HaHUX, SIKi npoduum «Bimdipy». Ilicis mpoenenns N
BHMIipIOBaHb POBOJISITH MaTeMaTHIHy 00pOOKY JaHUX.

OCKiJIbKM B JTAHOMY METOAI HAac LIKaBJIATh TIIbKM JBAa 3HAYEHHS CHUTHAIY:
MaKCHMaJIbHE Ta MiHIMalbHE, a TAaKOX BPaxOBYIOUHW Te, 110 3amanuii 00’em O3]
Bchoro 2 kb, To moOynoBy anropurmy poOOTH mporpamu OyaeMo NPOBOIWUTH 32
npyruM BapiantoM. CriouaTKy Tpeba BUKOHATH iHiLiami3alito MOpTiB BBOLY/BUBOLY
Ta IHIUKATOpa, a TAaKOXX BCTAHOBHTH «ETAJIOHHI» 3HAYCHHS MAaKCUMyMy Ta
MiHiMyMy curHaiy. [Ticns npoBenenHst N BUMipIOBaHb, 3aITyCKAa€THCSI MaTeMaTHIHa
00po0Kka MaHmX, pe3ylbTaTOM SIKOi € 3HadeHHS Koe(illieHTa MOIYISIII CHUTHATY.
Jlys BUBO/y FOTO Ha iHIMKATOp HEOOXIAHO MOIEPEHBO 1€ 3HAUYEHHS PO3IIIUTH Ha
JIeKaIH.

BucHoBok. AHaii3 JuKepen MOXHOOK NMpHiIagy MOKasye, o Ied MeTon Mae
OiNbII BHCOKY TOYHICTH Y IOPIBHSHHI 3 aHAJOTIYHUMHM, a TAKOX OLIBII MpoCTy
amapaTypHy peaiizamio. [lepeBaraMmu JaHOrO METOAY € IIBUAKOIIS, JOCUTH BUCOKA
TOYHICTb, y IIOPIBHAHHI 3 IHIIMMH, HEBHCOKa NOXWOKa BUMIpIOBaHHS, Yy
PO3TIISTHYTOMY ITpWJIaZl MPUCYTHIN Mikponpotiecop i3 BOygoBanum ALIII.

OCKIJIbKM B JAHOMY METOAI HAac LIKaBJIATh TIIbKM JBa 3HAYEHHS CHUTHAIY:
MakCHUMaJbHE Ta MiHIMalbHE, TO TMOOYyAOBa aNrOpuTMy pOOOTH MpOrpaMu
TIPOBOJIUTHCS 32 BApiaHTOM HOPIBHSHHS JaHMX, oTpuManuXx 3 AL 3 «eTanoHHUMI
Ta 3aHeceHHs 10 KoMipok O3] TinbkM THX TaHUX, SKi MPOHIIIN «BigOip».
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Hudposuii MeTox BUMipIOBAHHS MapaMeTPiB aMILIITYIHO-MOAYJIbOBaHUX curuaiis / O. JI.
Xapuenko,K. M. OpuioBa // Bicauk HTY «XI1I». Cepist: ABTOMaTHKa Ta Npuiano0yayBanHs. — X. :
HTY «XIII», 2012. — Ne 42 (948). — C. 00—00. — Bi6umiorp.: 5 Ha3B.
B cratee mpuBeNeH aHanmM3 MeToga HM3MepeHHs Kod(D(QUUMEHTa MOIYISUMHM  AMIUIMTYXHO-
MOJyJINPOBaHHBIX (AM) CHTHAIOB, peann30BaHHOTO B HU(POBBIX MpHOOpax, a Takxke pa3paboTka
[(POBOTrO aMIUTUTYIHOrO MOJYJIOMETPA C MOBBIIICHHBIMH METPOJIOIHYSCKUMI XapaKTePHCTHKAMU 1
BBICOKOW pa3pelrarorieil crioco6HocTe0. OGOCHOBaH M pa3pabOTaH METOX H3MEPeHHs! aMILINTYIHO-
MO/IyIMPOBAaHHBIX CUTHAJIOB HA OCHOBE JMCKPETHON BHIOOPKM MTHOBEHHBIX 3HAYCHHUH.

KiioueBble €/10Ba: aMIUIUTy[HAs MOMYJLLHS, CHTHAN, LH(POBOH MOMYJIOMETP, MIHOBECHHbIC
3Ha4YeHus1, Hudposas 00paboTKa, aHAIOr OBO-LIM (POBOI TPeodpa3oBaTENb.
The article offers an analysis of the method of measuring the coefficient of modulation of amplitude-
modulated (AM) signals, implemented in digital devices, and the development of digital amplitude
modulometr with high metrological characteristics and high resolution. The method for measuring the
amplitude-modulated signals from discrete sampling instant values is proved and developed.

Keywords: amplitude modulation signal, digital modulometr, instantaneous values, digital
processing, analog-to-digital converter
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