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ANNOTATION

The topic of the final qualifying work is: Device for determining the parame-
ters of periodic signals in the presence of interference.

Year of defense: 2026

The final qualifying work was completed by the student: Ostapov V.R.

The scientific supervisor of the final qualifying work is: Dontsov V.M.

The final qualifying work consists of 105 pages, including 4 figures, 2 tables,
2 appendix, and 22 references. The work includes 3 sections.

The analytical section contains the definition of signals and interference, cri-
teria and approaches to measuring signals, analysis of existing methods for measur-
ing signals, and a patent search for existing solutions.

The research section includes the formulation of the task for developing a de-
vice, justification of the chosen method for implementing the device.

The practical section consists of developing a block diagram of the device,
selecting the component base, calculating the power consumption of the device, and
experimentally testing the device, followed by analysis of the results obtained.

As aresult of the work, software was developed for which a certificate of state
registration of a computer program was received.

Keywords: periodic signals, measurements, noise immunity, digital signal

processing.
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BEJEHUE

AKTyallbHOCTh TE€MBl HCCJIEeIOBaHUS OOYCIIOBI€HA HEOOXOJUMOCTHIO
U3MEPEHUS] TapaMeTpOB IMEPUOJUYECKUX JIIEKTPUUYECKUX CHUTHAJIOB B COCTaBe
COBPEMEHHBIX PaJIMOAIEKTPOHHBIX YCTPOUCTB U UCTIBITATENIbHBIX KOMILIEKCOB. [Ipu
IPOBEJCHUM MCCIEAOBAHUNA U HCIBITAHUN 3JIEKTPOHHBIX KOMIIOHEHTOB YacTO
TpeOyeTcss aBTOMATU3MPOBAHHOE OIPEICIICHUE XapaKTEPUCTHK CUTHAJIOB 0Oe3
ydacTusi omeparopa U 0€3 HCIOJb30BaHMS JOPOTOCTOSIIEro J1abopaTOPHOro
obopynoBanus. Ilpu 3TOM HU3MEpeHMs] JTOJKHBI BBIIOJIHATHCS C JOCTATOYHOM
TOYHOCTBIO B YCIIOBHUSX BO3JCHCTBHS PA3TUYHBIX TIOMEX U IIIYMOB.

OcoOyr0 aKTyaJbHOCTh JlaHHAs 3ajJada NOpHOOpeTaeT Mpu pa3paboTKe
CHELMATU3UPOBAHHBIX UCIIBITATEIbHBIX CTEHOB, IPEIHA3HAYCHHBIX JJIs1 KOHTPOJIS
napaMeTpoB AJIEKTPOHHBIX YCTPOMCTB Ha ATanax pa3padOTKU W HUcCHbITaHuil. B
TaKHUX CUCTEMaxX TpeOyeTcsl HE TOJIbKO MOJIyYeHNE 3HAUEHU N aMILTUTY/Ibl ¥ YaCTOTBI
CUTHaja, HO ¥ BO3MOXHOCTb ONEPaTUBHOIO U3MEHEHUS aJIFTOPUTMOB 00pabOTKH B
cllydae U3MEHEHHUs TpeOOBaHHM K M3MEPSIEMBIM MTapaMeTPaM.

OOBEKTOM HCCIIEOBAHUS  SABISAIOTCS MEPUOJUYECKHE IJIEKTPUUYECKUE
CUTHAJIBI B yCTIOBHSIX BO3/ICHCTBUS TIOMEX.

[Ipenmer uccienoBaHus — MPOrpaMMHO-ANIapaTHbIE METO/bl U3MEPEHUs
apaMeTpoB MEPUOIUUECKUX CUTHAJIOB.

Lenpto paboOTHl SBISETCA CO3JAHUE YCTPOWCTBA M3MEPEHHsI MapaMeTpoOB
NEPUOANYECKUX CUTHAJIOB, 00ECTIEYMBAIOLIETO 3aJaHHYI0 TOUHOCTh OINpEACSICHUS
aAMIUTATY 1Bl U YaCTOTHI B YCIIOBUSX BO3JICHCTBHUS TOMEX.

JI7is OCTHKEHMSI IOCTABJICHHOM 11eTTN ObLTM PELICHBI CICTYIOIINE 3aJauH:

— MPOBEJIEH aHAJIM3 MEPUOJUYECKUX CUTHAJIOB, UX OCHOBHBIX MapaMeTpoOB U
(GakTOpOB, BIUSIOMIUX HA TOYHOCTh H3MEPEHUH;

— BBIMOJHEH 0030p CYLIECTBYIOIMIMX METOJIOB H3MEPEHHsS MapaMeTpoB
NEPUOANYECKUX CUTHAJIOB, a TAK)KE aHAJIN3 UX JOCTOUHCTB U HEIOCTATKOB;

— TIPOBENIEH MAaTEHTHBIA MOWUCK M aHAIM3 CYMIECTBYIOMIMX TEXHUYECKHUX

pELICHUN;
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— cpopmMupoBaHbl TpeOOBaHUS K pa3padaThIBAEMOMY YCTPOICTBY;

— BBITIOJTHEH BBIOOP METOa M3MEPEHUS MapaMeTpOB CUTHAJIA U aJITOPUTMOB
00pabOTKH JTaHHBIX;

— pa3palboTaHbl CTPYKTypHasi MU SJCKTPUUECKas MPUHIUNHAIbHAS CXEMBI
YCTPOMCTBA;

— BBITIOJIHEH BBIOOP 3JIEMEHTHOM 0a3bl ¥ MPOBEEHA OLICHKA YHEPTETUYECKUX
XapaKTEpUCTHUK YCTPOUCTBA;

— pa3paboTaHo MPOrpaMMHOE oOecTieueHue i1 coopa U 00pabOTKHU TaHHBIX;

— U3TOTOBJIEH U UCCIIEIOBAaH MaKETHBIA 00pa3ell yCTPOMCTBa;

— TIPOBEJIEHAa  OKCIEPUMEHTAIbHAasi  MpOBEpKa  pabOTOCIOCOOHOCTHU
pa3pabOTaHHOTO PEIICHUS U BHIMOJHEH aHAIN3 TTOJYYeHHBIX Pe3yIbTaTOB.

JUist pemieHusi MOCTaBIEHHBIX 3a/ad MPUMEHSJIMCh METOAbl LU(POBOIA
0o0OpaOOTKM CUTHAJIOB, METOJbl CTaTUCTUYECKOM OOpabOTKM  pe3ysIbTaToB
U3MEPEHUN, METOJbl CXEMOTEXHHMYECKOTO MPOEKTUPOBAHUSI AHAJIOTOBBIX U
HU(POBBIX YCTPOMCTB, a TAaKXKE 3SKCHEPUMEHTAIbHBIE METOJbl HCCIIECIOBAHUS
JIEKTPOHHBIX CPEACTB.

[Ton moMexamu B paMKax JaHHON paOOThl MOHUMAIOTCS AUTUBHBINA O€IbIi
IIYM U UHIYCTPHUAIbHBIE JIEKTPOMArHUTHBIE IIOMEXU MPOMBIIIUIEHHOUN 4acToThl 50
I'n 1 ee rapMOHUK.

Hayunast HOBu3Ha pabOThl 3aKIIOYAETCs B MPUMEHEHUU KOMIUIEKCHOTO
NOJIX0/1a K U3MEPEHHIO MMApaMETPOB MEPUOJAMYECKUX CUTHAJIOB, OCHOBAHHOI'O Ha
COBMECTHOM HCIOJIb30BAaHUU aNMapaTHON (puiibTpanuu, tu@poBoi GuibTpauuu u
MOCJIEYIOUIEH CTATUCTUYECKON 00pabOTKU PE3yIbTATOB U3MEPEHHUIA.

[IpakTHyeckass LEHHOCTb pPAabOTBHI COCTOUT B pa3pabOTKe YCTPONCTBA,
MO3BOJISIIOLETO BBIMOJIHATH AaBTOMATU3UPOBAHHOE HW3MEPEHHE aMIUIMTYIbl |
YaCTOThl MEPUOJANYECKUX CHUTHAJIIOB B COCTABE MCHBITATENIBHBIX KOMILJIEKCOB U
CHEeLMATU3UPOBAHHBIX U3MEPUTEIBHBIX CUCTEM 0€3 IPUMEHEHUS JOPOTOCTOSIIETO

71a00paTOPHOTO 000PYIOBAHUS.
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1 AHAJIN3 COCTOAHUSA NPOBJIEMbI

['maBa mocedmeHa o030py TEOpPHUM W NPAKTUKH H3MEPEHHs IapaMeTpoOB
NEPUOJIMYECKUX CUTHAJIOB B YCIOBUAX IOMEX. PaccMaTpuBarloTCsi OCHOBHBIE
ONpEICJICHUs] U CBOWCTBA MEPUOANMYECKUX CUTHAJIOB [6], UX pOJIb B Pa3IMUHBIX
NPUKIAAHBIX 005acTAX (CBSI3U, PATUOJIOKALMM, MEAMWIMHE, MPOMBIIUICHHON
aBTOMAaTHU3allUU U TIp.) U OCHOBHBIEC BHJIbI MOMEX (TEIJIOBBIE IIIyMbl, UMITYJIbCHBIC
nomexu, OMMU, ¢a30BbId IIyM, JUKATTEP M Ap.) C HUX BIMSHUEM Ha OIEHKY
aMIUTUTYJbI U YaCTOTHI.

B rmaBe paccMOTpeHBI METONIbI M3MEPEHHsI NapamMeTpOB MEPUOANYECKUX
CUTHAJIOB — OT IIPOCTHIX aHAJIOTOBBIX PEIIEHUI HA KOMIIApaTopax U 4aCTOTOMEpPax
70 LIU(PPOBBIX METO/I0B, OCHOBAHHBIX Ha OUU(POBKE CUTHANA U TOCIEIYIOIIEH
00paboTKe TaHHBIX.

JUis KaK7o0ro Mmojaxoja MPUBEIEHO KpaTKOE ONMUCAHHE MPUHLIMIA PadoThl,
PacCMOTPEHBI €T0 IMTPEUMYILECTBA U HEOCTATKH, OLIEHEHBI CII0)KHOCTD peaIN3allH,
CTOMMOCTb, YCTOMYHMBOCTh K MOMEXaM M BO3MOXHOCTb M3MEHEHHS aJrOpUTMOB
00paboTKH.

Tak>ke BBITOJIHEH 0030 CYIIECTBYIOIIMX TEXHUUYECKUX PEILICHUH U TATEHTOB,
CBS3aHHBIX C U3MEPEHHUEM NApaAMETPOB MEPUOAUYECKUX CUTHAIOB. PaccMOTpeHbI
MaTeHTbl HA U3MEPEHHUE YACTOThl U CIIEKTPAJIbHBIN aHAJIN3 CUTHAJIOB, B TOM YHCIIE
RU2183839C1 u RU2229139C1. Ilpu »TOM CHEIMAIN3UPOBAHHBIE CEPUMHBIC
npuOOpkl JUIsl PelIeHUs] TaHHOM 3a/ayM MPaKkTUYEeCKH OTCYTCTBYIOT, a Haubosiee
pacrpoCTpaHEHHBIM CPEACTBOM M3MEPEHUS OCTarOTCs ocuuiorpadst [7].

ITo pe3ynbraTam 0030pa BEIOpAHBI KPUTEPUU CPABHEHUSI METOJIOB U3MEPEHUS
U COCTaBJICHbl CpaBHUTENbHbIE Tabiuibl. Kpome Toro, ompeneneHsl crnocoObl

DKCIIEPUMEHTAIIBHON IPOBEPKU IIPEIIaracMblX PELICHUH.

1.1 Ilepuoanyeckue CUTHAJIBI: OIIPe/ieIeHUE U 3HAYCHHUE

HepI/IOI[I/I‘-IeCKI/IM Ha3bIBACTCA CHUI'HAJI, 3HAYCHHA KOTOPOI'O IIOBTOPAIOTCA
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yepe3 OJMHAKOBBIE MPOMEKYTKM BpeMEHU. MaremMaTU4eCcKu 3TO YCIOBUE MOKHO
3aIrcaTh CIEAYIOIUM 00pa3oM:

x(t) =x(t+T), (1.1)

rae T - nepuop curnana [8].

Haubonee mnpocThiM NOpUMEPOM MEPUOJUYECKOrO CHUTHAJA  SBISICTCS
CUHYyCOUJaNbHOE KoJiebaHue ¢ ammintyaon A u yacroroit f= 1/T. bonee crnoxubie
CUTHAJIBI MOTYT OBITh MPEACTAaBICHbl KaK CyMMa HECKOJbKHMX T'apMOHUYECKUX
COCTAaBISIIONIMX C PAa3JIMYHBIMM YACTOTAMH M aMIumMtyaamMu. K Takum curnainam
OTHOCSITCSI MEaH/IP, TPEYTOJIbHBIN CUTHAI U JPyTHUE MEePHOANYEcKre (HOPMBI.

CornacHo Teopeme Dypre 1000M NEPUOAMUECKUNA CUTHAT MOXKET OBITh
IPEJICTaBJICH B BUJE CYMMbI CHHYCOUAAJIBHBIX KOJIEOaHHUM ¢ 4acTOTaMU, KPaTHBIMU
OCHOBHOM yacToTe curdaia [9]. baarogaps 3 ToMy nepuoandecKue CUrHaibl yA00HO
aHaJIM3UPOBATh KaK BO BPEMEHHOM, TaKk U B YaCTOTHOM 00J1acTH.

3naunmocrtb: Ilepuoanueckue cUrHadbl SBISAIOTCS  (PYHIAMEHTaJIbHOM
OCHOBOM NMPAKTUYECKH BCEX IEKTPOTEXHUUECKUX CUCTEM. OHM CITyKaT HECYIIUMU
JUIs Tiepeayu MHPOpMaluu, ONMOPHBIMU CUTHAJIAMU CUHXPOHHU3AIUHU, TECTOBBIMU
CUTHAJIaMH Uil KanuOpoBKH mTpuOopoB u T.A. Hampumep, B paavocBs3u U
TEJIEeKOMMYHHUKALMAX  pacHpOCTPaHEHbl CHHYCOMWJAlbHbIE  Hecymue (s
MOMIYJISIIIUN JTAHHBIX) U TPSIMOYTOJbHBIE TaKTOBBIC CUTHAJIBI; B PAIUOJIOKAIIMHN —
NepuoANYECKre UMIYJIbChl Uiu YM/DM-MoayTMpOBaHHbBIC TOCHUIKH; B MEAUITUHE
— nepuogudeckue Oomonornueckue curHaibl (DK, D0I') Hecyr undopmanmio o
COCTOSIHUM OpPTaHOB; B TPOMBIIUIEHHOM 3JIEKTPOHMKE — OINOPHBIE YaCTOTHI
TaKTOBbIX  TeHepaTopoB, [HIMM-curnansl  ymnpaBieHUS  JIBUTATENSIMU U
UCTOYHUKAMU TMUTaHUS; B MPUOOpax KOHTPOJIS — STAJOHHBIE (OPMBI CUTHAJIOB
(cuHycouaanbHbIe, MUJIbI, KOMILJIEKCH TAPMOHHUK) JUIsl KATMOPOBKU U TECTUPOBAHUS
JaTYNKOB U cxeM. TakuM o00pa3oM, BO3MOXHOCTH HAJEKHOTO H3MEPEHUs
aAMIUTUTY/Ibl, YACTOTHI U (POPMBI IEPUOJUUECKUX CUTHAJIOB KPUTUYECKU BaXKHBI JJIs
CUCTEM CBS3U, pAAUOJIOKAllMHA, W3MEPUTEIBHOW TEXHUKH, MEIULMHCKON
anmapatypbl U TPOMBIIIUICHHOTO 00opynoBanusa. Hampumep, B cucremax 5G/6G

TpeOYIOTCS CBEPXYHUCThIE (HU3KO IIIYMOBBIC) HECYIIME CHUTHAJIBI C BBICOKOU
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CTa0MILHOCTHIO U TOYHOCTHIO [10], a B m3mMepuTensHoi TexHuke (ociniorpadax,
aHaJIM3aToOpax CHEKTpa) — 3TAJOHHBIE CUTHAIM3ATOPHI JIJIsl IPOBEPKU almaparypsbl.
O¢ddexTBHOE OmpeeIeHUE MapaMeTPOB NEPUOAMUYECKUX CUTHAJIOB IO3BOJISET
JMarHOCTHPOBATh HEUCIPABHOCTH (aHAIM3 TapMOHHUK, (a3oBoro Imyma u
UMITYJIbCHBIX HCKa)KEHH YKa3bIBa€T Ha MPOOJIEMBI allllapaTypbl), ONTUMHU3HPOBATH
paboTy cucTeM CBs3U (YCTOMUUBOCTD K TIOMEXaM OIPEIeNISIeTCsl XapaKTepUCTUKAMU
HECYIINX) U 00ECTIeYUTh TOUHOCTh YIPaBICHUS (MPABUIIbHBINA TAaKT CUHXPOHHBIX

CXEM).

1.2 O6aacTu NMPUMEHECHUA U NMTPAKTHYECCKAaA 3SHAYNMOCTD

B TenexommyHMKanuu, npu nepeaade MA(POBBIX M aHAJOTOBBIX JTaHHBIX
OCHOBHYIO POJIb UTPAIOT NMEPUOANUECKUE KOJICOaHUsI — CHHYCOUJAIbHbIE HECYIITUE
(PY u onrtuueckue) ¢ TOUHOW 4acCTOTOM M aMIUIUTYJ0H. MeaHap (TakTOBbIE WIH
CHHXPOCHTHAJIbI) — IPSMOYTOJIbHBIC BOJIHBI — «cepie» nuppoBsix kaHaiaos [10].
W3mepurtenu mnapaMeTpoB TaKUX CHUTHAJIOB NPUMEHSIOTCS B PajJd0 U ONTHUKE
(mpoBepka KadecTBa HECyIIeH, YpPOBHS MOMAYJSIUM, TOMEXOYCTOMYMBOCTHU
KaHaJIOB).

B obnactu pagnonokanuu U paguoHaBUralluK 30Haupyroe curnaisl PJIC
OOBIYHO MPECTABISAIOT COO0M KOPOTKUE UMITYIHCHI Wi YM/DM-1TOCHUTKH C TOYHO
3aJJaHHOW TOBTOPSAIOLIEUCS CTPYKTypoul. M3MepeHrne ux aMIummMTyabl U IEeproaa
BAXHO U1 OLEHKH JAIbHOCTM M CKOpPOCTH Lielie. B cucremax momiepoBCKOi
00paboTKKN U3MEHEHUE YaCTOThI HECYIIeH JaéT MHPOPMAIIUIO O IBKCHUH 00bEKTa
[11]. HanmexHas oreHKa 4YacTOThI/(pa3bl CHUTHAJIOB OOECHEYHMBACT BBICOKYIO
TOYHOCTb TTO3UITMOHUPOBAHKS B HABUTAITUH.

B Menuiune uzMepeHue napaMmeTpoB CUTHAIIOB HEOOXO0IUMO MPHU Pa3TMUHbIX
uccienoBanusx: anekrpokapauorpamma (OKI), sanexkrposnnedanorpamma (3317) n
Ipyrue. BHUOANIEeKTpUYecKHue CUTHAJIBI UMEIOT TMEePUOAMYECKUN XapakTep WIn
coJiepKaT MEPUOJANYECKHE KOMIIOHEHTHI (HAlpuUMeEp, CEpPJICUHBIE COKpAICHUs).

YcerpoiictBa Uit cOopa M aHalIM3a TaKUX CUTHAJIOB HMCHOJIb3YIOT H3MEPUTENN
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YaCTOThI M aMIIUTYyAbl (aHamu3 nmukoB QRS, cuHXpoHU3alMs HA KapAUOTOK) st
nuarHoctuku. IlynbcokcumeTpsl, ammapaTtsl Y3 M Ap. Takke TeHEpUPYIOT U
aHAM3UPYIOT KOJIeOaHUS.

B NpOMBINIIEHHOCTH HW3MEPUTENIBHBIE YCTPOMCTBA HYXKHBI B CHCTEMax
yIOpaBJICHUS ABUTATENIMU U dJiekTponuTanueM. [lupoko mpumensitores UM u
JpYrUe MEepUOANYECKUE CUTHAIBI JUIsl PEryJupoBaHUs MOIIHOCTH. W3mepurenu
apaMeTpOB CHUTHAJIOB MOMOTAIOT KaMMOpPOBaTh MATYMKH TOKAa/HANPSDKEHUS U
KOHTPOJMPOBATh KauecTBO ceTeil. [IpoMblIIIeHHbIE TECTOBbIE CTEH bl (HApUMED,
UCIIBITATENIbHBIE CTEHJbl MUKPOCXEM) AHAJIM3UPYIOT CUTHAJIBI OT HCIBITYEMbIX
MHUKPOCXEM.

B KOHTpOJIbHO-U3MEPUTENBHOM 000PYJOBAaHUH, TAKOM KaK: OCHIILIOTpadBbl,
aHAJIM3aTOpPbl CHEKTPa, YaCTOTOMEPHI CaMU BBICTYNMAIOT B POJM HU3MEpUTENEH
napameTpoB cUrHajioB. OHM ONEPUPYIOT PEaJbHBIMU NEPUOJNIECKUMH CUTHATIaMHU
U IIOMEXAMHM M MPOBEPSAIOT MX InapameTpbl. OTCYTCTBHE CHENMATU3UPOBAHHBIX
npuOOpoB (KpOoMe€ YHUBEpCaldbHBIX ociuuiorpagos, Hampumep, Tektronix
TDS7404B [12]) nemaer akTyajdbHOH pa3pabOTKy KOMIAKTHBIX IH(POBBIX

WU3MEPUTENIEN TapaMeTPOB CUTHAA.

1.3 Buabl momMex ¥ UX BJIMSIHUE HA U3MEPEHUSA

I[Ipy mpoBeneHMH UW3MEpPEHUM MapaMeTpbl HMCCIEIYEMOrO  CHUTHaja
MPaKTUYECKU HUKOT/Ia He HAaOII01at0TCsl B UMcTOM Bujie. Ha pesynbrat usmepeHus
OKa3bIBAIOT BJIMSHUE KAaK BHYTPEHHHUE LIYMbI U3MEPUTEIBHON ammnaparypsl, Tak U
BHEIIHHUE BO3JICMCTBUS, BO3HHMKAIOIIUE B OKpyXxawuien cpeae. laxe B ciydae
WCIIOJIB30BaHUsl KAY€CTBEHHOW JJIEMEHTHOW 0a3bl MOJHOCThIO H30aBUTHCS OT
IIYMOB HEBO3MOXHO, TI03TOMY TIpH pa3pabOTKe H3MEPUTETBHBIX YCTPONCTB
0OJIbIIIOE BHUMAHHE YJENSICTCS OLIGHKE IMOMEXOYCTOMYMBOCTH MPUMEHSIEMbBIX
METOJI0B 00pabOTKH.

Haunbonee pacrnpocTpaHeHHBIM HWCTOYHUKOM — CIYYaHBIX HCKKCHHM

ABJACTCSA TEIUIOBOM IIyM, TAakKe W3BECTHbIM Kak ImyM JlxoHcoHa. Ero
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BO3HMKHOBEHHE CBS3aHO C XAOTHUYECKUM JBM)KCHHEM HOCHUTENCH 3apsna B
MIPOBOJHUKAX U TOJYMPOBOJIHUKOBBIX CTPYKTypax. OCOOEHHOCTh JaHHOTO BHIA
IIyMa 3aKJII04aeTcss B TOM, YTO OH MPUCYTCTBYET B JIIOOOHN AIEKTPUUECKON Ienu
HE3aBUCUMO OT pexuMa ee pabdoThl. DaKTUYECKH TEIUJIOBOM IIyM SBISIETCS
byHIaMEHTAIbHBIM (U3HUUECKUM OTPAaHUYECHUEM, OTPEICISIONUM MpPeaeIbHYIO
YYBCTBUTEJIBHOCTD 3JIEKTPOHHBIX YCTPOUCTB.

CHexTp TEIIoBOTO IIyMa B IMMPOKOM JHANa30HE YacTOT MOKHO CUHTATh
pPaBHOMEPHBIM, MOATOMY €ro 4acTO OTHOCAT K Kareropuu Oenoro myma. [lpu
HAJI0)KEHUHU Ha TIOJIC3HBIA CUTHAJI OH YBEIIMYMBAET Pa30poc U3MEPSIEMBIX 3HAUCHUN
W CHIDKACT OTHOIIEHWE CUTHAI/IIyM. Ha mpakThKe 3TO MPUBOIUT K TOSBICHHUIO
CJIy4ailHOM TOTPENIHOCTA MPU MU3MEPEHUU AMIUIUTYAbl CUTHAJAa U YBEJIMYCHUIO
pa3dbpoca pe3ynbTaTOB TMpH OMNpENelIeHHH TMepruoga M dYacToTbl. OcoOeHHO
3aMETHBIM BJIMSIHUE TETUIOBOTO IIyMa CTAHOBUTCS MPHU paboTe ¢ CUTHATaMHU Majlon
aMIUTUTY/IbI, KOTJIa YPOBEHb MOJE3HOTO CUTHAJIA OKa3bIBAETCSI CPABHUM C YPOBHEM
IIyMOBOM COCTaBJISIOLIEH.

[ToMuMO W3MEHEHUN aMILTUTYIbl CYIIECTBEHHOE BIUSHUE HA PE3YyJIbTaThI
W3MEPCHUI OKa3bIBAlOT BPEMEHHBIC HECTAOWJIBHOCTH CHUTHala. Takue SBICHUS
OOBIYHO OOBEAUHSIOT TEPMUHOM «(pa30BbIH IIyM». B OTIMYHE OT TEIIOBOTO IIyMa,
MPOSIBJISIFONIETOCS TJIaBHBIM 00pa3oM KakK ClydyalHOe W3MEHEHHE MTHOBEHHOTO
3HAUCHUS CHTHajda, (a3oBBIA IIyM TPUBOAUT K HEOOJBITUM CIydalHBIM
OTKJIOHEHUSIM MOMEHTA TOsIBJIeHUs (PpOHTOB 1 u3MeHeHuto (a3bl konedanuii [13].

Hcrounnkamu Ga3oBOTO ITymMa MOTYT OBITH T€HEPATOPBI TAKTOBOW YaCTOTHI,
YCWJIMTENbHBIE KacKaabl, CUCTEMBbI (Pa30BOH aBTOMOJCTPOMKH YAaCTOTHI M JIaXKe
MPOIIECChl KBAHTOBAHUS B aHAIOTO-IIM(PPOBHIX MpeoOpazoBarensix [13]. Ha ciektpe
CUTHAJIa HaImdre (a30BOT0 IIyMa IPOSBIISIETCS B BUJIE PACITUPEHUS CIIEKTPATbHOMN
JUHUU BOKPYT OCHOBHOM dYacTOThl. Bo BpemeHHO#l oOmactu 3TOoT 3ddexT
HAOJIOMAeTCs KaK JUKUTTEP — CIIyYalHbIA pa30opoc mosaokeHrs GpoHTOB CUTHAJIA
OTHOCHUTEIBHO HX HACATBHOTO IOJOXKEHUsA. JIJII CHCTeM H3MEpPEHHUS YacTOTHI
no/1I00HbIE OTKJIIOHEHHMSI MMEIOT 0c000€ 3HaueHue, MOCKOJbKY HENOCPEACTBEHHO

BJIIMAIOT HA TOYHOCTb OINPCACIICHUA IICPpHUOAA. Jla>1<e Ipr BBICOKOH CTAOMIBHOCTH



14
CpPEIHEW YacTOThl HAJIUYME HKUTTEPA MPUBOJIUT K MOSBICHHUIO JTONOJHUTEILHOU
IIOTPEIIHOCTH U3MEPEHNN.

OTaenpHyI0 TpYIy COCTABJISIOT HMITYJIbCHBIE MOMEXH, BO3HUKAIOILIUE
BCJICJICTBUE KOMMYTAIIMOHHBIX TMPOIECCOB, PabOThl CHJIOBOTO 00OpYyIOBaHUS,
AIEKTPOCTATUYECKUX PA3psIIoB WM atMocepHbix sBienuit [14]. B ornuume ot
TEIJIOBOTO U (ha30BOro IIyMa, KOTOPbIE 00OBIYHO UMEIOT CPABHUTEIHLHO HEOOJIBIITYIO
aMIUTUTYy U IPOSBIISIIOTCA HENPEPHIBHO, HMITYJILCHBIE TOMEXH XapaKTEPU3YIOTCS
KPaTKOBPEMEHHBIM, HO 3HAUUTEIBHBIM MO BETUYMHE BO3/ICHCTBUEM.

[Tomo6HbIE BHIOPOCH! CIOCOOHBI HA KOPOTKOE BPEMS MOJHOCTHIO MCKAa3UTh
U3MEpAEMblid CUTHAJL. B 3aBUCMMOCTH OT HCIOJIB3YEMOTO aJrOpUTMa 00pabOTKHU
pe3yiabTaTOM MOXKET CTaTb JIOKHOE OIPEIEICHUE IE€pUONa, IOSBICHHE
JOTIOJTHUTENBHBIX (POHTOB JMOO OmMOOYHAs OIEHKa aMIuUTyabl. OcoOeHHO
YyBCTBUTEJIBHBIMA K MMITYJIbCHBIM IIOMEXaM OKa3bIBAIOTCS METOJIbI, OCHOBAHHBIE
Ha aHaJIM3€ MOPOrOBbIX MepeceueHul. Jlaxe o JUHOUHBINA BHIOPOC MOXKET MPUBECTU
K (POpPMHUPOBAHUIO JIOKHOTO COOBITHSA W Mocienyromei omudke uaMmepenus. I[lo
3TOW NPUYMHE BO MHOTMX MU3MEPUTENBHBIX CUCTEMAX IPUMEHSIOTCS CIIELIMAJIBHBIE
METO/bl TOJIaBJICHUSI UMITYJIbCHBIX IOMEX, BKJIKOYas OTPaHUYECHHE AMILIATY/bI,
U poBYIO GUIBTPAINIO U CTATUCTUYECKYIO 00paOb0TKY PE3yIbTaTOB.

[ToMuMO caydamHbBIX WIYMOB Ha pPE3YyJbTaTbl U3MEPEHUM YacTO BIMSIOT
peryisipHble  DJIEKTPOMAarHUTHbIE TIOMEXH, CO3/aBAaEMbI€  PACIOJI0KEHHBIM
mo0M30cTH 000pyI0BaHUEM. VICTOUHMKAMHM TaKHWX MOMEX MOTYT OBITh CHJIOBBIC
CETH DJIEKTPOIUTAHUSA, HUMIYJIbCHbIE HCTOYHUKH MUTAHUS, DJEKTPOABUTATEIH,
paguonepeaarone yCTpoucTBa U pa3ndHbie U(PpoBbie cUcTeMbl. B oTiauyue ot
CIIy4allHOTO HIyMa 3JEKTPOMAarHUTHbIE MOMEXH 4YacTo 00JaJaloT BBIPAKEHHOM
CHEKTPaIbHOW CTPYKTYpOM H MOTYT TMpPOSBIATHCA B BUIE OTACIBHBIX
TFapMOHUYECKUX COCTABIIIOIIMX.

Hannuune takux BO3A€WCTBHIM IPUBOJNUT K HATOKEHUIO HA TIOJIE3HBIM CUTHAI
JOTIOJTHUTENbHBIX KoseOanuil. B pesynbrate wusMmensercs Qopma curhHaia,
NOSIBJISIFOTCS MTapa3UTHBIE TADMOHUKH, a Ha CIIEKTPE BO3HUKAIOT JOIOJHHUTEIIbHbBIE

muku. HawmbOonee H3BECTHHIM MMpUMCPOM  ABJIACTCA IPOMBIINIJICHHAA IIOMEXa
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gactoro 50 I'm, koTopas crmocoOHa CyIIECTBEHHO BIMATh Ha HW3MEPCHUE
HU3KOYACTOTHBIX CUTHajoB. [Ipu paboTe ¢ BBICOKOYACTOTHBIMH YCTPOHCTBAMU
aHAJIOTUYHYI0 TPOOJEeMy CO3JAl0T CUTHAJBI PaJMOINEPEIaTUNKOB U IHU(PPOBBIX
CUCTEM CBSA3HU.

CyniecTByIOT U Jpyrue pasHOBUAHOCTU IIIyMOB, HAPUMEP JPOOOBOM IIyM,
BO3ZHMKAIOIIUI BCIEICTBUE JUCKPETHOM MPUPOIBI DIEKTPUUECKOTO 3aps/ia, a TAaKKe
bauKKep-1yM, dYacTo Ha3biBaeMblii mymoMm Tuma 1/f. B OGonbpmmHCTBE
MPAKTUYECKUX 3a7a4 UX BIUSHUE OKA3bIBAETCS MEHEE 3aMETHBIM MO CPaBHEHUIO C
TEIUIOBBIM IIYMOM HWJIM 3JIEKTPOMAarHUTHBIMH momexamu. OpHako mpu pabote ¢
MaJbIMH YPOBHSAMH CUTHAJIOB JIMOO B 00JIaCTH HU3KUX YaCTOT IaHHBIE BUIbI IIIYMOB
MOTYT CTAHOBUTBCS CYILIECTBEHHBIM HCTOYHUKOM IOTPEIIHOCTEN U3MEPEHUSI.

Cnenyer OTMETHUTh, YTO BO3JEHCTBHUE PA3JIMYHBIX BHUAOB IOMEX PEIKO
IPOSIBISIETCS. IO OTAEIBHOCTU. B peabHBIX YCIOBUAX HW3MEPHUTENIbHASI CUCTEMA
OJTHOBPEMEHHO ITIOJBEPracTcs BO3IAECHCTBUIO HECKOJIBKHX HCTOYHUKOB IIYMOB,
KQKJbI U3 KOTOPBIX BHOCUT CBOM BKJIAJ] B UTOTOBYIO IMOIPEIIHOCTh. B pe3ynbrare
CHIJKAETCSl TOUHOCTh OIPENETICHUS] aMIUIUTY/Ibl, YBEIUUYUBAETCS pa30poc OLEHOK
NEepPHOJIa U YXYIIIAETCS BOCIPOU3BOAUMOCTD PE3YJIbTATOB H3MEPEHUM.

JUis KOJMMYECTBEHHOW OLIGHKM BIIMSHUSA IIYMOB OOBIYHO MCHOJIb3YIOT
otHomeHnue curHain/mym (SNR), a Takke CTaTUCTUYECKHE XapaKTEPUCTUKH
omnOOK u3MepeHus. YeM HUKe YpOBEHb IIYMOB OTHOCHTEIBHO IOJIE3HOTO
CUTHAJIa, TEM BBIIIE JOCTOBEPHOCTh IOJyYaeMbIX pe3ysbraroB. lloaromy npu
IPOCKTUPOBAHUH COBPEMEHHBIX U3MEPHUTENIBHBIX CUCTEM Ba)KHYIO POJIb UTPAET HE
TOJIbKO BbIOOp 3JIEMEHTHOM 0a3bl, HO M NPHUMEHEHHE AJITOPUTMOB OOPaOOTKH,
CHOCOOHBIX COXPAHATh YCTONYUBOCTh U3MEPEHUN aKe MPU 3HAYUTEILHOM YPOBHE

ITOMEX.

1.4 Kputepuu ¥ METPUKHU CPABHEHUS METO10B

Jlist BeIOOpa HamboJiee PaMOHAIBLHOTO CIOC00a TOCTPOSHUSI YCTPOUCTBA

OTpeNIeSICHUs] TapaMEeTPOB TMEPUOJUYECKUX CUTHAJIOB HEOOXOJMMO BBITIOJHUTH
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CPABHUTENbHBIA aHAJIU3 CYIIECTBYIOIIUX NMOAX010B. IIpoBeneHne Takoro aHanusza
MO3BOJISIET HE TOJIBKO ONPENETUTh TEXHUUECKHUE BO3MOKHOCTH KaXKJI0I0 pelIeHUS,
HO M OLEHHUTHh 3aTpaThl HAa €ro peaju3aluio, IEpPCIEeKTUBbl JabHENIIEH
MOJICpPHU3AIMHU U IPUTOTHOCTH JJI paOOThI B YCIOBUSAX BO3ACHCTBUS ITOMEX.

[Ipu BBIOOpEe crnocoba H3MEpPEeHUs HEIOCTATOYHO YYHUTHIBATH TOJIBKO
TOYHOCTb TOJTydyaeMbIX pe3ynbTaroB. Ha mpakTuke Oosee TOYHBIA METOJ MOKET
NOTPEOOBATh CIIOKHOM CXEMBbI, JOPOIMX KOMIIOHEHTOB WJIM 3HAYUTEIBHBIX 3aTpaT
Ha pa3paboTky. B To e Bpemsi mpocThie pelIeHUsl 4acTO YyCTYIAIOT 10 TOYHOCTH
a100 TO3BOJIAIOT U3MEPSTh TOJBKO OrpaHUYCHHBIH HabOp mapameTpoB. [loaTomy
CpPaBHEHUE METOJOB LEIeCO00pPa3HO MPOBOJUTH IO HECKOJIBKUM KPHUTEPUAM
OJTHOBPEMEHHO.

[Ipu popMHpOBaHUN KPUTEPUEB YUUTHIBATUCH OCOOEHHOCTH MOCTABIECHHOM
3ajaun: paboTa ¢ NEPUOIUYECKUMHU CUTHAIIAMU B YCJIOBMSIX TIOMEX, BOBMOXKHOCTb
U3MEHEHHUSI aJlfOPUTMOB 00paboTku 06e3 JopadOTKH ammapaTHOM 4YacTu W
UCIIOJIb30BAaHUE YCTPOMCTBA B COCTaBE€ ABTOMATHU3MPOBAHHBIX H3MEPUTEIBHBIX
CUCTEM.

OngHuM U3 OCHOBHBIX KPUTEPUEB SIBISETCS CIOXKHOCTH pa3zpadotku. Ilof
CJIIOKHOCTBKO INOHUMAIOTCA 3aTpaTbl BPEMEHM Ha IMPOEKTUPOBAHUE YCTPOMCTBA,
pa3paboTKy MpOrpaMMHOIro OOecreyeHus, HaCTPOMKY U MPOBEACHUE UCIIBITAHUM.
Takxke yuuTbhiBaeTcs TpeOyeMblii ypOBEHb MOATOTOBKH pa3pabOTyuKa U
HEOOXOJMMOCTh NPHUMEHEHUS CHEeLMANbHBIX 3HAHUM B 00JIACTH CXEMOTEXHHKH,
BCTPOCHHBIX CHCTEM M LUPpOBON 00pabOTKM curHaiaoB. [laHHBIIN KpuTepuid
OKa3bIBA€T HEMOCPEJICTBEHHOE BIMSHUE Ha CPOKUM CO3JaHUSl YCTpOMCTBA H
TPYAOEMKOCTH IPOEKTA.

Croumocth KOMNOHEHTOB. Kpurtepuit oTpaxaeT OpPHUEHTUPOBOYHYIO
CTOMMOCTh  JJIEMEHTHOM  0a3pl  ycTpoiicTBa. B pacuer  BKIIOYArOTCS
MUKPOKOHTPOJUIEPHI, CUTHAJIBHBIE MPOLECCOPBI, MPOrPaMMHUPYEMBbIE JIOTUYECKUE
UHTErpalibHbIE  CXEMbl, aHaJoro-uudpoBbie  MpeoOpa3oBareii U  HUHbBIC
(GYHKIIMOHAJIBHO 3HAYMMbI€ KOMITIOHEHTHI. [laccuBHBIE 371EMEHTBI, IeYaTHBIE TUIATHI

H IIpoYMuc ACTaJIk C HE3HAYUTEJIILHOM CTOMMOCTBIO B pacdeT HEC INPHUHHUMAIOTCA.
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OueHka MPOU3BOAMUTCS IO PBHIHOYHBIM 1I€HAM KOMIIOHEHTOB, JOCTYIHBIX IS
mpUOOpPETEHUST HA MOMEHT pa3pabO0TKH. 3HAYUMOCTh KPUTEPHS OMPEEISIeTCS
HEO0OXOMMOCTBIO CO3/ITaHUS PEIICHHUS], TPUTOAHOTO IS IPAKTUYECKOT0 BHEIPEHUS
0€3 Ype3MEpPHBIX IKOHOMUUYECKUX 3aTpar.

Bo3moxkHoctu ~ oOpabotku  curHanoB.  Kputepuii — xapakTtepusyeT
(GyHKIHOHATBHBIE BO3MOKHOCTH CUCTEMbI U THOKOCTb MTPUMEHSEMBIX aJITOPUTMOB.
B pamkax OLIEHKM pacCMAaTpUBAETCS MEPEUYCHb U3MEPIEMBIX ApaMETPOB CUTHAJIA
(amruMTyga, yactoTa, nepuojl, (a3oBbId CABUT, KOI(PPUIMEHT TapMOHUYECKUX
UCKaXEHUW, CIEKTpPaJIbHBI COCTAaB M JIPyTHE€ XApaKTEPUCTUKH), a TaKkKe
BO3MOXXHOCTh ~TOCJEAYIONMIe MoAuUKAIMU aJITOPUTMOB 0€3 HM3MEHEHUS
anmapaTHON 4acTh yCTpoicTBa. J[aHHBINA KpUTEpHid SBIAETCS OAHUM U3 Haubosee
3HAQYMMBIX, TIOCKOJBKY OMpEACNsieT MOTCHIHANIbHYI0 00JIaCTh MPUMEHEHUS
pa3pabaThiBaEMOM CUCTEMBI U TIEPCIIEKTUBHI €€ NaTbHEUIIIETO Pa3BUTHS.

TouHocTh M pa3zpemiaronias CrnocoOHOCTh B yclioBuUsX Imyma. Kpurepuit
MOKA3bIBAET CIMOCOOHOCTh METOJla COXPAHATh JOCTOBEPHOCTh PE3YJIHTATOB
M3MEPEHUN NIPU HAIMYUK BHEITHUX U BHYTPEHHHUX Nomex. OIeHKa MPOU3BOAUTCS
[0 BEJIMYMHE MOTPEHIHOCTH OMPEAECICHUS] MapaMeTPOB CUTHAIA MPHU Pa3IMYHBIX
otHomeHusiXx curHai/mym (SNR), a Takke MO MHUHUMaIbHBIM H3MEHEHUSIM
napamMeTpoB, KOTOPBhIE YCTPONCTBO CIOCOOHO HAJIEKHO 3apEeTUCTPUPOBATH.
Bricokasi 3HAUMMOCTh JAHHOTO KpUTEpUs OOYCIOBJIEHA TEM, YTO HMMEHHO
YCTOMYHUBOCTh K LIYMaM SIBJISIETCA OJHOM M3 OCHOBHBIX 33Ja4 pacCMaTpUBaeMOU
paboTHI.

BpeMsa peakuum cucTtembl ONpeAenseT 3aA€pXKy MEKIY TMOSIBICHUEM
CUTHAJIA U TTIOJIyYCHUEM PEe3yJIbTaTOB U3MepeHus. Ha 3HaueHue nanHoro napamerpa
BIIMSIOT JIJTMTEHOCTh HAKOILJICHUSI JJAHHBIX U BpeMsi X o0paboTku. YeM meHblie
3aJiepKKa, TeM OBICTpEE CHCTeMa MOXKET pearupoBaTh Ha U3MEHEHHUE MapaMeTpPOB
CUTHAJIA.

[IpuBen€HHBIE KPUTEPUM MO3BOJISIIOT CPABHUTH PA3JIUYHBIC METO/IbI
U3MEpPEeHUsT W BBIOpATh pelleHue, Hanbojee MOAXOMSIIee MJisi TMOCTaBICHHON

3aa4H.
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1.5 CymecTByromue moaxobl K M3MEePeHUI0 NAapaMeTPOB CUTHAJIOB

H3mepenue mnapaMeTpoB MEPUOJUYECKUX CUTHAJIOB SIBIISICTCS OJHOM U3
0a30BbIX 3a7a4 PaAHOAICKTPOHUKU M U3MEPUTEIbHON TeXHHUKH. [l ee perieHus
UCIIONB3YIOTCS KaK MPOCTbIE aHAJIOTOBBIE CXEMbI, TaK W LU(PPOBBIE METOMIbI
00paboTKK JaHHBIX. BBIOOP KOHKPETHOTO MOAXOJA 3aBUCUT OT TpeOOBaHUU K
TOYHOCTH, CKOPOCTU PabOThI, CTOMMOCTH yYCTPOWCTBA M YCIOBHM AKCILTyaTaIllH.
OmHu METONbl TO3BOJSIIOT MOJYYUTh TOJBKO YacTOTy CHUTHAla, Jpyrue
JOTIOTHUTEIILHO OIPEEIIAIOT aMILTUTYAY, a3y WK CIEKTPaIbHBIA COCTaB.

3a BpeMs pa3BUTHS U3MEPHUTEIHLHON TEXHUKHU ObLIO pa3paboTaHO OOJIBIIOE
KOJIMYECTBO CIIOCOOOB PEIICHUS JaHHOW 3aa4u.

Haubomee npocTbiM criocoO0M onpeeneHns napaMeTpoB CUTHAJIA SBIISETCS
UCIIOJIb30BaHUE CIICMATN3UPOBAHHBIX AHAJIOTOBBIX CXEM. Takue yCTpOWCTBa, KaK
IPaBUJIO, PEIIAIOT OJHY KOHKPETHYIO 3ajJady U O0JaJaloT OrpaHUYEHHBIMU
BO3MOXKHOCTSIMU MoJiepHM3alu. M3MeHeHue anroputMa oOpabOTKH OOBIYHO
TpeOyeT H3MEHEHHs] DJIEKTPUYECKOW CXEMbl WM 3aMEHBbl OTACIBHBIX Y3JIOB
YCTPOMCTBA WM «IOJIKPYUYMBAHUE» MEPEMEHHBIX PE3UCTOPOB/KOHIEHCATOPOB.

OpanM w3 Hambosee pacnpOCTPAHEHHBIX AHAJIOTOBBIX METOAOB SIBIISETCS
UCIIOJIb30BaHUE KOMITApaTOPOB W TMOPOTrOBBIX JeTeKTOopoB. IlpuHumm padoTb
N0JIOOHBIX YCTPOMCTB 3aKIHOYAETCS B CPAaBHEHUHU BXOJHOI'O CUTHAJA C 33JaHHBIM
MOpPOTOBBIM ypoBHeM. llpu mpeBbIIeHMH MOpora Ha BBIXOAE KOMIaparopa
dbopmupyercss mHGPOBON CUTHAJ, CcOACpXKaIMi HWHPOpMAIIMIO O MOMEHTax
NepeceyeHrs BXOJHBIM CHUTHAJIOM YCTaHOBIEHHOro ypoBHS. Ha ocHoBe
MOJyYEHHBIX WMITYJbCOB MOTYT BBITIOJHATHCS W3MEPEHHs MEPUOJa U YaCTOTHI
curHana. [15]

OCHOBHBIM TMPEUMYIIECTBOM JaHHOTO TMOAXO0Ja SIBISETCS TPOCTOTA
peanuzanuu. s TOCTPOEGHUS YCTPOICTBA 3a4acTyl0 JOCTATOYHO OIHOTO
KOMIIapaTopa M HECKOJbKHUX BCIOMOTATENbHBIX JJIEMEHTOB. Takue CXeMbl
CIIOCOOHBI paboOTaTh B PEKUME PEANbHOIO BPEMEHU WM HE TPEOYIOT MPUMEHEHUS

aHaoro-nu(poBEIX Mpeodpa3oBaTENIeH WM BRIUUCIUTEIHHBIX YCTPOUCTB. BMecTe
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C TEM TOYHOCTh HM3MEPEHUH CYIIECTBEHHO 3aBUCUT OT YpPOBHS IIYMOB U
CTaOMIILHOCTH MOPOTOBOTO HAMpPsDKeHU. [Ipyu HaTn4Inu moMeX BOSHUKAIOT JIOKHBIC
cpa0aThIBaHUsA, MPUBOJAIIME K JIONOJHUTEIBHBIM (poHTAM U  OIIUOKaM
onpejeneHus nepuoaa curuana. I[1o 3Toil npuynHe NoJ00HBIE CXEMBI Yallle BCETo
UCIIOJIB3YIOTCSL B TPOCTBIX YAaCTOTOMEpaX M YCTPONCTBAX KOHTPOJS HATUYUS
CUTHAJIA.

Pa3BuTteM waenm TOpPOTOBOTO JIETEKTHPOBAHUS SBISIOTCS ITU(POBBIC
4acTOTOMEpPHI MpsiMOTo cyeTa. [lpuHnmn ux paboOThl 3aKiIO4aeTcss B MOJCYETE
KOJMYECTBA IMEPHOJIOB HKCCICIyeMOTO CHUTHajda 3a (MKCHUPOBAHHBIA HHTEPBAI
BpeMeHu. Eciu 3a Bpemsi u3MepeHust 3aperucTpupoBaHo N NepHOJ0B CUTHaja, TO
4acTOTa OMPEIEISAECTCS O BBIPAKEHUIO

f=r (1.2)

rae Teq — uHTEepBai u3mMepenus. [15]

Merox mpsMoro cyera OOECIEYMBAET BBICOKYID TOYHOCTh  IIPH
UCIIOJIb30BAaHUU CTAaOMIIBHOTO OTOPHOTO TE€HepaTopa W JOCTATOYHO OOJIBIIOTO
BpEMEHU U3MepeHus. Peanuzanus Takoro Merona He TpeOdyeT CIOXKHOMN
CXEMOTEXHHUKH, MOFTOMY OH IIUPOKO MPUMEHSETCA B IU(POBBIX YaCTOTOMEpax U
Pa3TUYHBIX U3MEPUTEIHHBIX TPHOOpaAX.

OCHOBHBIM  HEIOCTATKOM  SIBJSIETCSI  OFPAaHUYEHHOCTh  TOJIy4aeMou
uHpopmanuu. [1o pesynapTaTaMm U3MepeHus ONpeAeIsieTcsl TOJIbKO YaCcTOTa CUTHAIA,
TOTIa KaK €ero amIuiuTyaa, ¢GopMa U CHEKTpPajJbHBIM COCTaB OCTAIOTCS
Heu3BeCTHhIMU. KpoMe TOro, MeTo 4yBCTBUTENECH K JIOKHBIM CpaOaThIBAaHUSIM Ha
noMexax. llosiBleHHe NOMOTHUTEIBLHOIO HMMIYJbCA WM MPOIYCK OYEpPETHOTO
nepuoja HEMOCPEACTBEHHO MPUBOJIUT K OLTMOKE NU3MEPEHUS.

Jlns ompedeneHusT 4acTOThI TakKe HCIOJIB3YIOTCS CHUCTEMbI (pa3oBoi
aBTonoicTpoiiku 4acToThl (DAITY). PaboTa Takux cucteM OCHOBaHA Ha CPaBHEHUH
(da3bl BXOJHOTO cUrHajia ¢ (pa3oif BHyTpeHHEro reneparopa. Bo3Hukarommii curaan
OIMMOKA WCTONB3YETCS [JISl YMPABIICHUS TEHEPATOPOM TaKUM O0pa3oM, YTOOBI

00eCIeYnTh ero CUHXPOHU3aNI0 C UCCIICAYCMBIM CUT'HAJIOM.
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OAIIY xopomio paboTaeT MpH HATUYUUA IIYMOB U TO3BOJSET MOIYYHUThH
YCTOMYHBYIO OLIEHKY 4YacTOThl Jaxe B YCIOBUAX nomex. [lo srtor mnpuunne
M0I00HBIE CXEMbI IIIMPOKO MPUMEHSIOTCSI B PUEMHOM armapaTrype, CHHTe3aTopax
YaCTOTHI U Pa3JIMYHBIX CUCTEMAX CBS3H.

Bwmecte ¢ Tem ucnosb3zoBanue @AIIY cBs3aHO ¢ YCIOKHEHUEM anmnapaTHON
yacTu ycrpoiicta. s pabotel TpeOyroTcs: pa3oBblil geTekTop, GUILTP NETIU U
yhIpasisieMbld reHeparop. K ToMy ke, Takou MoJAX01 OPUEHTUPOBAH MPEK]IE BCETO
Ha ompeneieHue 4acToTbl U (a3pl curHana. s u3MepeHus: aMIUTUTYyIbl WM
aHanm3a (popMbl CUTHAIa HEOOXOAUMBI TOTIOJTHUTEIBHBIE Y3JIbI 00paOOTKH.

HecMoTpss Ha mMpoKoe pacnpoCTpaHEHHWE AaHAJIOrOBBIX METOJOB, B
HOCJIeAHUE ToJibl HaOJIoAaeTcss YCTOMUYMBBIM mepexo] K HudpoBbIM criocobam
o0paboTku curHasioB. [IpuunMHONW ATOTO SBISIETCS 3HAYMTENBHBIM  pPOCT
IIPOU3BOJMTEIIBHOCTH  MHUKPOKOHTPOJUIEPOB M CHWIXKEHUE  CTOMMOCTH
OBICTPOACHUCTBYIONINX aHANOro-IU(pPoOBbIX MpeodOpa3oBareneil. B  nudposbix
CUCTEMaX MCCIEQYyEeMblid CUTHAJI CHayana MmpeoOpasyercs B IMOCIEN0BATEIbHOCTh
OTCUYETOB, MOCJIC YEer0 HEOOXOIUMBIE MapaMeTpbl OMPEAEISIOTCS MPOrpaMMHBIMU
METOIAMH.

Haubonee  yHuBepcaibHBIM  BapUAHTOM  SIBIIIETCSI  HMCIOJB30BAHHE
BbICOKOCKOpOocTHOrO ~ AIIIl  cCOBMECTHO C  MHUKPOKOHTPOJUIEPOM  WJIU
MuKponpoueccopoM. Ilocie ouuppoBKM CUTHANa CTAaHOBSTCS  JIOCTYIHBI
pasnuYHbIe aNTOpPUTMbI HUQPPOBOK 00pPabOTKH, BBIOOP KOTOPHIX 3aBUCHUT OT
MOCTaBJICHHOM 3a7auu. [§]

Opnnum 13 HanboJiee N3BECTHBIX METOAOB SIBJISIETCS CIIEKTPAIbHBIN aHATIU3 HA
OCHOBE ObICTpOTO TIpeodpazoBanus Oypbe. MeToa Mo3BoOJsSET MPEICTABUTH CUTHAT
B BUJE COBOKYMHOCTH T'apPMOHMYECKUX COCTABIISIIOLIIMX U ONPEIETUTh YacTOTHI,
IPUCYTCTBYIOILIKE B UCCIEAYEMOM CIIEKTpe. JJlaHHBII OAX0/1 IUPOKO IPUMEHSIETCS
B M3MEPUTEIILHON TEXHHKE Oarogaps BO3MOXXHOCTH OOHApPYKEHHUSI HECKOJIBKHUX
rapMOHUK OJJHOBPEMEHHO U OLICHKU YPOBHS CIIEKTPAIbHBIX COCTaBISIOMUX. [9]

BwmecTe ¢ Tem mcnonp3oBaHue ObICTpOro mpeodOpazoBanusi Oypre Tpedyer

3HAYUTEIHLHOTO OOBEMa BBIYHMCICHUN H JOCTATOYHOI'0O KOJIHMYCCTBA OTCUYETOB
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curHaia. Kpome TOro, TOYHOCTh CHEKTPAJIbHOTO aHalIM3a 3aBUCUT OT BBIOOpa
OKOHHBIX (YHKIMI U mapaMeTpoB AMCKpeTuzanuu. [lpu HempaBUIBLHOM BBIOOpE
napamMeTpoB MOTYT BO3HHKATh 3(PQEKTbl CIEKTPAIbHOW YTEUKU M CHUKEHUE
TOYHOCTH OIIPEIEIICHUS] YaCTOTHI.

Jpyrum pacnpocTpaHEHHBIM CIIOCOOOM SIBIISIETCS ONpEeIeTICHUE Mepruoa o
MOMEHTAaM NEPECEYEHUSI CUTHAJIOM HYJIEBOTO YPOBHS WM 3aJaHHOro mnopora. B
mudpoBON peanu3allMd  JAHHBII METOJl OCHOBaH Ha TIOUCKE OTCYETOB,
COOTBETCTBYIOIIMX W3MEHEHHUIO 3HAKa CHTHAJIA, W MOCIEAYIOLIEM BBIYMCICHUU
CPEIHETO MEpUOJa MEXKIY COCETHUMU NIEPECCUCHUSIMMU.

[IpenmyiecTBOM MeTOAA SIBJISIETCS BBICOKAs CKOPOCTh BBIYMCICHUN U
npocrora peanm3anuu. OAHAKO 0OpH HAIWYUM LIYMOB IIOJIOKEHHE TOYEK
IIEPECECUCHNs] YPOBHS MOXET 3HAUUTENBHO M3MEHATHCS, YTO MPUBOJINAT K
YBEJIIMYEHUIO TMOTPEMIHOCTH u3MepeHuil. [losToMy Ha mpakTuke M0100HbIE
aJITCOPUTMBI YaCTO UCTIOIb3YIOTCSI COBMECTHO ¢ U(POBOM (UIbTpaneil curHaia.

Ji1st pa®OThI B YCIOBUSX MOBBIIIEHHOTO YPOBHS IIIyMa MPUMEHSIFOTCS. METO/IbI
KOPPEJALMOHHOIO aHainu3a. B 3ToM ciydae ucciaeayemMplil CUTrHal CpaBHUBAETCS C
COOCTBEHHOW KONHWEH, CABUHYTOM BO BpPEMEHH, JHOO C 3apaHee H3BECTHBIM
ATAJIOHHBIM ~CHUTHAJIOM. MakCUMyM KOPPEISLUOHHON (QYHKIMHM MO3BOJISET
OTPEAETUTh NEepUol, Pa30BbIA CABUT U PSII APYTUX MapaMETPOB.

KoppensunoHHable METOIbI TO3BOJIAIOT HAXOAUTH MIEPUOJ CUTHANA JAXe MPU
3aMETHOM YPOBHE IyMa. 3a CYET YCPEAHEHUS M IOMCKA COBMAJCHHUI OHM 4acTO
paboTalT yCTOWYMBEE, YEM METO/bl, OCHOBAHHBIE TOJIBKO HA aHAIN3€ OTIAEIbHBIX
OTCUETOB WJIM INEPEXOA0B 4Yepe3 HOoJb. HeqocTaTok OYeBHAEH - NI BBIYMCIICHUS
KOPPEJSIIMOHHBIX (YHKIMI TpeOyeTcsi 3HAUUTEIbHOE KOJIMYECTBO ONEpauuil u
JOTIOJIHUTENbHAS MTaMATh JUIsl XpaHEHUS ITPOMEKYTOUHBIX PE3YyJIbTATOB.

JIiist naHHO# pabOThI MPEACTABISAET MHTEPEC TUCTOTPAMMHBIN aHau3. Meton
OCHOBaH HE Ha IIOMCKE OTIEIbHBIX IIEPUOJOB CHUTHAJA, & HAa HAKOIUICHUH
CTaTUCTUKHU 10 3HaYEHUsIM O0TcueToB. B mpoiiecce paboThl CTPOUTCA THCTOIpaMma
pacrpeneneHus aMILIMTY, TOKa3bIBAIOIIas, HACKOJIBKO 4YaCTO BCTPEYAETCS TOT WIH

WHON YypOBEHb cHrHajga. MeToj o4YeHb XOpOLIOo paboTaeT ¢ HU3KOPSA3PAIHBIMU
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AIIIl, noToMy YTO LIyMBI PAacCOpPENENSIOTCA HAa TUCTOIPAMME «KYYHEE», TO €CTh
MOTIAIAI0T B OJWH M TOT K€ OTCYET MPU HEOOIBIINX PEAThbHBIX OTKIOHCHUSX
curHasna. OcoOeHHO MeTon Xopomo paboraer, eciau ALl HuU3KOpa3psIHBIM
(TutaHUpyeTCs UCoNb30BaTh 8-Mu OuTHbIN ALIT) 1 cTaTUCTHKY JOCTATOYHO MHOTO
(6omee 10 ThICAY OTCUYETOB).

Ecnu curnan vimeeT BbhIpaXXKEHHBIE XapaKTEpHbIE YPOBHU, HA THCTOIPAMMeE
MOSIBJIIIOTCS. 3aMETHbIE MakKCUMyMbl. [I0 MX TOJIOKEHHIO MOXHO OIPEIEIUTh
aMIUTUTYJIHBIE MapaMeTphl curHana. [Ipu moctaTodyHo 60bII0M 00beME BHIOOPKH
CIIy4alHbIN IITyM OKa3bIBA€T OTPAHUUYCHHOE BIIMSHUE HA PE3YJIbTAT: pacipeeicHue
CTAHOBUTCSI IIUPE, OJHAKO IMOJOKCHUE OCHOBHBIX MAKCHUMYMOB HU3MEHSETCS
HE3HAUUTENbHO [15].

JI1s1 3a1a4, CBSI3aHHBIX ¢ 00paOOTKOM OOIBIINX MOTOKOB JAHHBIX B PEaIbHOM
BPEMEHH, YacTO MPUMEHSAIOTCS LHUQPPOBBIE CHUTHAJIBHBIE TMPOILIECCOPHI U
MpOrpaMMHUPYEMbIE JIOTUYECKUE WHTErpaibHbIE CXEMbl. Takue yCTpoicTBa
MO3BOJIIIOT BBIMOJHATh OOpPa0OTKY HEMOCPEJICTBEHHO BO BpEMs MOCTYIUICHUS
nanHbIX. Ha nx ocHOBE cTposTcs 1udpoBbie ocULIOrpadbl, aHaTU3aTOPhI CIIEKTPA,
SDR-cucTeMsl 1 Apyroe CrenuaaIn3upoBaHHOE 000pYI0BaHHE.

Opnnako ucnons3oBanue DSP u FPGA He Bcerna ompaBnano. Pazpabotka
MOJOOHBIX YCTPOMCTB TPeOYeT MOMOJHUTEIBHBIX 3aTpaT BPEMEHH, a CTOMMOCTH
rOTOBOTO PEIICHUSI OOBIYHO BBINMIE MO CPABHEHUIO C MHUKPOKOHTPOJUICPHBIMU
cucteMaMu. Bo MHOTMX MpakTHYECKUX 3ajadax HE0OXOoAMMasi TOUHOCTh MOXKET
OBITH MOJTy4YeHa 00JIee MPOCTHIMU CPEACTBAMH.

CymecTByloT W  CHEHUAIU3UPOBAHHBIE  HU3MEPUTENbHBIE  MPUOOPHI,
MpeAHAa3HAYCHHbIE U1 OLEHKUA OTAEIbHBIX XapaKTepUCTHUK CUTHaoOB. K HuMm
OTHOCSITCSL aHalM3aTopbl (Ha30BOTO IIyma, JUKUTTEpA U BPEMEHHBIX MHTEPBAJIOB.
Takue ycTtpoiicTBa 00€CIEeYMBAIOT BBICOKYIO TOYHOCTh M3MEPEHHH, HO OOBIYHO
UCIIOJB3YIOTCSL JJISI PELICHUS] Y3KUX 3aJad U HMMEIOT CPaBHUTEIBHO BBICOKYIO
CTOUMOCT.

[IpoBeneHHbINE 0030p TOKA3bIBAET, UYTO IMPOCTHIE AHAJIOTOBHIE CXEMBI

BBIMI'PBIBAIOT IO CTOMMOCTH M CJIOXXHOCTHU pCain3alurn, OAHAKO BO3SMOKHOCTH HUX
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nanpHeimero pasButus orpanuueHbl. [{udpomas oOGpaboTka TpedOyer Ooiee
CJIO)KHOH armapaTHOW YacTH, HO TIO3BOJISIET H3MEHAThH aJITOPUTMBI 0€3 TepeIeiIKu
cxeMmbl ycTpoiictBa. C ydeToM TpeOOBaHUI paccMaTpuBaeMoi pabOThl Haubosee
MOJIXOJAIIMM BBITJSIIAT BapUaHT C ONM(PPOBKON CHUTHAIA W TOCIEAYIOMEH

porpaMMHOM 00pabOTKOM TaHHBIX.

1.6 CpaBHUTEJIBHBIN aHAJIN3 CYHIECTBYIOIIUX METOI0B ONpPeAeIeHUs

mapaMmeTpoB NEPUOANICCKUX CUT'HAJIOB

PaccMmoTpenHbie paHee cocOObl U3MEPEHMS OTIMYAIOTCS KaK MPUHIIMIIOM
paboThI, Tak U TpeOOBaHUSAMHU K armapaTHOW dacTh. OIHM METOIbI TO3BOJISIOT
MOJIYYNTh PE3yJbTaT MPH MHHHUMAIBHOM KOJIMYECTBE KOMIIOHCHTOB, IPYTHE
TpeOytoT 0ojiee CIIOKHOM CXeMbl, HO OOECIEYUBAIOT JOMOJHUTEIbHBIC
BO3MOXKHOCTH 00pa®oTku curHama. [loaTomy mpu BRIOOpPE KOHKPETHOTO PEIICHUS
HEOOXOJMMO YYUTHIBATh HE TOJBKO TOYHOCTh HU3MEPEHUN, HO U CTOMMOCTh
YCTPOMCTBA, TPYAOEMKOCTh pPa3pabOTKM U  BO3MOXKHOCTh  JaJIbHEHIIeH
MOJICPHHU3AIIH.

B pamkax manHoW paOoThl TpeOyeTCsl ONpeAessiTh HECKOJIBKO MapaMeTpoB
MEPUONYECKOTO CHTHajla B TIPUCYTCTBHHM TOMeX. IIpw 3TOM KemarenbHO
COXpaHUTh BO3MOXKHOCTh M3MEHEHHsI aJTOPUTMOB 00pabOTKH Oe3 mepepaboTKu
cxembl  ycTpoiicTtBa. Takoe  TpeOOBaHME  CBSI3aHO C  NPUMEHEHHEM
pa3pabaThiBa€MOr0 YCTPOMCTBA B COCTaBE HCIBITATEILHOTO OOOpPYAOBaHUS, T/IE
COCTaB M3MEPSEMbIX MApaMETPOB U METOJIMKH HCIBITAHUM MOTYT W3MEHSTHCS B
IpolLIecce IKCILTyaTaluu.

J1st ymoOCcTBa aHaIM3a OCHOBHBIE XapaKTEPUCTUKHA paCCMOTPEHHBIX METOIOB

CBeJIeHBI B Tabmuy 1.1.
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Tabnuna 1.1 — CpaBHUTENbHBIE XapAKTEPUCTUKHA METOJIOB.

Cl0KHOCTH CronMoCTh Bo3mokHOCTH | YCTOHYMBOCTDH K

Meron
pa3padoTKH | KOMIIOHEHTOB 00pabdoTku IyMy

I'mdxocTh aN1rOpuTMOB

Komnaparoper u
paTop YacroTa, Hamuuue

IIOPOTOBLIE Huskas Huskas Huskas OtcyTcTBYET
CUTHana
JIETEKTOPBI
Yacrorome
p Huzkas Huskas Yacrora Cpennsis OTtcyTcTByeT
IIPSIMOTO CYETa
DAIY Cpennss Cpenuss Yacrora, (aza Bricokas Huskas
Yacrora, CHEKT
FFT ma MCU Cpennsis Cpennsis ’ P, Cpennsis Bricokas
TapMOHUKHU
Merto HYJIEBBIX
A 4 Huzkasn Cpennsis Yacrora Huzkas Bricokas
nepecedeHn
KoppensaiuonHslit Yacrora, nepuo
PPEIIALL Bricokas Cpennsist » TICPHOL, Bricokas Bricokas
aHaIu3 daza
Ammnuty[a,
I'ncrorpammHblii 4acToTa
p Cpennsist Cpennsist ’ Bricokas Bricokas
aHamu3 CTaTUCTHYECKUE
HapaMeTpsl
OueHp IIpaktuueckun He
DSP / FPGA Bricokas Bricokas OueHb BBICOKAA
BBICOKast OTPAHUYEHBI

W3 nmpuBeIeHHBIX JaHHBIX BHJIHO, YTO HamOoJee MPOCTHIMU B peau3aliu
SBIIAIIOTCS CXEMbI Ha KOMIIApaTOpax U Kiaccuueckue upoBbie yacToTromepsl. s
UX MOCTPOCHHMS TPeOyeTCs] MUHUMAJIbHOE KOJIMYECTBO KOMIIOHEHTOB, @ aJITOPUTMBbI
00pabOTKM MOTYT OBITh pEalM30BaHbl JIaX€ HA IMPOCThIX MUKPOKOHTPOJUIEpaX.
OnHaKko Takue METOJbl 00JIaJal0T CYIECTBEHHBIM HEJOCTATKOM: OHU IMO3BOJISIFOT
ONpENENNUTh JIMIIb OrPAHUYECHHBIH HAOOp MapaMeTpoB CHUTHala M 001anaroT
CPAaBHUTEIIBHO HU3KOM YCTOMUYMUBOCTBIO K BO3JIEVCTBUIO LIIYMOB.

Hcnons3oBanne cucrteM (ha30BOM aBTOMOACTPOMKH YacCTOThl MO3BOJSIET
MOBBICUTh YCTOWYMBOCTh M3MEPEHUN M TMOIYYUTh Oo0jiee CTAOMIbHYIO OIIEHKY
yacToThl curHaia. Bmecre ¢ Tem npumenenne OGAITY npuBOAUT K YCIOKHEHUIO
anmnapaTHOW YacTH yCTPOMCTBA U MPAKTHUYECKH HE MPEAOCTaBIseT MHPOPMALIMH O
(dopMe cUrHazia U ero aMIUIUTYAHbIX XapaKTePUCTHKAX.

Hcnonp3oBanne ObicTporo mpeodpazoBanus Dypre MO3BOJISAET MEPEUTH OT
aHaJKM3a CUTHaAJIa BO BPEMEHHOM 00JIaCTH K aHaM3y €ro crekTpa. Takod moaxon
JIa€T BO3MOKHOCTb HE TOJIBKO ONPENEIIATh OCHOBHYIO YacTOTY, HO M MCCIEN0BATh
rapMOHUYECKUN COCTaB cUrHaia. [lnaroit 3a 3TO CTaHOBUTCS yBelMueHUE o0beMa

BBIYUCJIEHUN, OCOOEHHO MpU 00pabOoTKe OOJIBIITUX BHIOOPOK MK pabOTe B peXUME
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peaNbHOTO BPEMEHH.

KoppensimonHaeie MeTOABl XOpPOIIO pabdOTAalOT MPU HAJUYHH IIYMOB H
MO3BOJISIOT OOHAPYKUBATh MEPUOIUUYECKYIO COCTABJISIONIYIO JIaXKe B TeX CIydasx,
KOT/Ia OHA TI0X0 pasnuyuMa Ha ¢oHe momex. OgHako 00beM BEIYHCICHUNH OBICTPO
pacTeT BMECTE€ C pa3MepoM aHaJU3upyeMou BbIOOpKHU. JlJi1 MalOMOIIHBIX
MUKPOKOHTPOJIIIEPOB ATO MOXKET CTaTh CYIIECTBEHHBIM OTPaHUYCHHUEM.

OTnenbHO CTOMT OTMETUTh THUCTOIPAMMHBIN aHanu3. B 3ToM ciyuae
uH(pOpMaIUsl O CUTHAJIE U3BJICKAETCS U3 paclpeiesieHus 3HaYeHU OTCUETOB, a He
U3 aHaM3a OTHACIHHBIX IEPHUOJOB WA MOMEHTOB II€PECEUCHUS IMOPOTOBBIX
ypoBHeW. Takol MOIX0J OKa3bIBAE€TCS MEHEE UYYBCTBUTEIBHBIM K CITyYalHBIM
BbIOpocaM M 1mrymaMm. Ha mpaktuke, naxe MpU 3aMETHOM HCKa)KEHHHM CUTHAJA,
OCHOBHBIC MAaKCHUMYMBI paclpenelieHuss OOBIYHO COXPAHSIIOTCSA, W IO3TOMY
napamMeTpbl CUTHAJIOB YJAETCsA OINPEeACIUTh JAaKe IpPU HAIWYUU TIOMEX, Ka
UMITYJIbCHBIX, TaK ¥ MPU HAJTUYUH TOCTOSTHHOTO O€JI0To IIyMa.

OTnenpHyI0 KaTErOpUIO COCTABJISIIOT pelleHuss Ha 0aze 1u@pOBBIX
CUTHAJIBHBIX MPOIIECCOPOB U MPOTPAMMHUPYEMBIX JIOTHUECKUX HHTETPATbHBIX CXEM.
[TomoGHBIE cCUCTEMBI 00JIAAAIOT MPAKTHYESCKH HEOTPAHUICHHBIMHA BO3MOXXHOCTSIMHU
00pabOTKH CUTHAJIOB U CIHOCOOHBI BBIMIOJHSTH CIOKHBIC BBIYUCICHUS B PEXKHUME
peanbHOrO0 BpeMeHU. OJHAKO BBICOKAs CTOMMOCTH Pa3pabOTKH, 3HAYUTEIbHBIC
TpyJ03aTpaThl W TOBBILIEHHbIE TpeOOBaHUS K KBadu(UKAIMU pPa3pabOTUMKOB
JIeat0T IPUMEHEHNE TAKUX PEIICHUI HE BCEr/1a ONPaBIaHHbBIM.

Cnenyer Takke OTMETHUTh, UYTO CEPUHHO BBIyCKaeMbIe MPHOOPHI,
MpeIHAa3HAYCHHBIC 1T W3MEPCHHs IMapaMeTPOB IMEPUOIUYECCKUX CHUTHAJIOB, B
OONBIIMHCTBE CIy4yaeB TMPEJICTaBICHbl IUMPOBBIMH  ocHmiorpadbaMu |
CIEIUAIN3UPOBAaHHBIMM  aHAJU3aTOpaMH  CIEKTpa.  TakWe  ycTpoucTBa
00eCIeunBalOT BBICOKYIO TOYHOCTh HM3MEPEHUN W MIHMPOKUA HAOOp (PYHKIUH,
OJTHaKO O0OJaJaloT CYIIECTBEHHOW CTOMMOCTBIO M  3a4acTyl0  SBJISIFOTCS
M30BITOYHBIMU IS PEIICHUS Y3KOCHEIMAIN3UPOBaHHBIX 3amad. Kpome Toro,
OONBIIMHCTBO KOMMEPUYECKMX TMPUOOPOB HE MPEIOCTABISET BO3MOXKHOCTH

MOAM(PUKALMH AITOPUTMOB 00PAOOTKHU CUTHAJIOB TMOJIb30BATEIIEM.
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IIpoBeneHHBIN aHAIN3 TOKA3BIBAET, YTO I PELIEHU IOCTABICHHOMN 3a1a4H
HauOoJiee pPALMOHAJIbHO HCIOJIb30BATh OLM(PPOBKY CHUTHaJAa C MOCIEAYHOIIEH
nporpaMMHOM 00paboTkoil. Takoll MOAXOA MO3BOJIAET HM3MEHATh AJITOPUTMBI
u3MepeHus: 0e3 MOopaOOTKH ammapaTHOM YacTH YCTPOWCTBa U OOECHEYMBAET
JOCTATOYHYIO YCTOWYMBOCTD K ITIOMEXAaM IIPU CPABHUTEIBHO HEBBICOKOU CII0KHOCTH
CXEMBI.

[lomy4yeHHbple OTCYETHI MNPU HEOOXOJUMOCTH MOTYT N€pelaBaThCs Ha
NIEPCOHAIIBHBIN KOMIIBIOTEp I JaJbHEHIIET0 aHaluu3a. JTO JAaeT BO3MOYKHOCTh
UCIIONIb30BaTh 00JI€e CIOXKHBIE aIrOPUTMBI 00pAaOOTKM JaHHBIX O€3 yBEIUYCHUS

Harpy3kKu Ha MUKPOKOHTPOJLIEP.

1.7 IlaTeHTHBINA MOUCK U 0030P AHAJOTHYHBIX PelIeHuil

Ilepen pa3paboTkoil ycTpoiicTBa ObLI BBHIMIOJHEH MATEHTHBIA MOUCK IO
TEMAaTUKE W3MEPEHUS IMAapaMeTPOB NEPUOAMYECKUX CHUTHANIOB. llenbro mowcka
ABJSUIOCh M3YYEHUE CYHIECTBYIOIIMX TEXHUYECKUX PENICHUM, NTPUMEHSIEMBIX
METO/JOB  OOpaOOTKM CHTHAjJOB M  OLIEHKAa CTENEHU MpPOpadOTAHHOCTU
paccmaTtpuBaeMor 3agaud. lloilydeHHbIE pe3ynbTaThl MO3BOJUIU ONPEACIINUTD
OCHOBHBIE HAIPABJICHUS] PA3BUTHUS TTOJOOHBIX U3MEPUTEIBHBIX CUCTEM U CPABHUTh
UX C IPEIJIara€MbIM PEIICHUEM.

ITorck BBIMOJIHSIICS MO KIIFOUEBBIM CIIOBAM «U3MEPEHUE YACTOThI CUTHAJIA»,
«U3MEpPEHUE TMapaMeTpPOB MEPUOJUYECKUX CHUTHAIOB», «aHAJINU3 CUTHAJIOBY,
«00paboTKa CHUTHAJIIOB B YCIOBUSX TOMEX», «H3MepeHue (a3pl CcUTHaIAY,
«CTIEKTPAJIbHBIM aHANIM3 CUTHAJIOB» M JAPYIMM OJM3KHM 3ampocaM. AHalu3
npoBoawics 1o wmarepuanam DenepambHOr0 MHCTUTYTA IPOMBILLICHHOW
cooctBerHoctu (OUIIC), natentHbiM 6a3am Poccuiickoii deaepannu 1 OTKPHITHIM
MyOJIMKALUSIM, TTOCBAIICHHBIM U3MepUTENbHON TexHuke [11][16].

B pesynpraTe momcka OBUIO YCTAHOBJIEHO, YTO 3HAYUTENBbHAS YacTh
HaWJICHHBIX TATEHTOB TIOCBAIIEHA PEIICHUI0 OTICIbHBIX 3a1ad 00paboTKu

CUI'HAJIOB, TAKHUX KaK OIMPCACICHHUEC YaCTOTbI, ©3BMCPCHUC (baSOBBIX XapaKTCPUCTHUK,
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CHEKTPAJIbHBIM aHAIU3 WM TEeHepalus TeCTOBbIX cHUrHaioB. llpu sTom
KOMILUIEKCHBIE PEILICHHS, TMpPEJHA3HAYEHHbIE [IJI1 ONPENENCHUS] HECKOJIbKUX
napaMeTpoB TEPUOAUYECKOrO0 CHTHAJIa B YCJIOBUSX BO3JACHCTBHUS IITYMOB,
BCTPEUAIOTCS 3HAUUTEIBHO PEXKE.

OnuuM n3 HanOosee OM3KuX 1Mo reMatuke asisieTcss nateHT RU2183839C1
«Crioco6 wu3MepeHHs] 4YacTOThl CHHYCOWJANbHBIX cuTHaioB» [11]. B manHOM
pElIEHNH TPEJIaracTcsi OMpPEAesaTh YacTOTy BXOJHOTO CHUTHajda Ha OCHOBE
peKkyppeHTHOM 00paboTku (a3oBoii uHGOPMAIMK. YCTPOWCTBO MCHOJIB3YET
YMHOXHTENH, (QUWIBTPHI HIKHUX YacTOT MW  BBIYHCIWTEIbHBIC  OJIOKH,
o0ecrieunBalONIME HEMPEPHIBHOE OMNPEEICHUE 4YacTOThl CUTHAla B PEXHUME
peaibHOTO BpeMeHU. OCHOBHBIM MPEUMYILIECTBOM JaHHOTO MOAXOJa SABISETCS
BBICOKAsi CKOPOCTh TIOJYYEHHS pe3yJbTarta W BO3MOXKHOCTh HENPEPHIBHOTO
OTCJICKMBAHUSI M3MEHEHUN 4acTOThl. BMmecTe ¢ TeM paccMaTpuBacMoE pEIICHUE
OPUEHTUPOBAHO MPEUMYIIECTBEHHO HAa H3MEPEHUE YacCTOThl CHUHYCOWJIAJIbHBIX
CUTHAJIOB M HE MPEIHA3HAYEHO MJI1 OMPEACIICHUS aMIUTUTYAHBIX XapaKTePUCTUK
WU aHajau3a GOpMbI CUTHAJIA.

Jpyrum wuHTEpecHbIM pemeHneMm sBisieTcss mareHT RU2229139C1,
MOCBSIIEHHBIN CIIEKTPAIBHOMY aHAIU3Y CIOKHBIX NEPUOIUYECKUX CUTHAJIOB [16].
[IpensioxxeHHBI METOJ OCHOBAaH Ha IEPEMHOXEHUM HCCIEAYEMOI'0 CUTHajla ¢
OMHApHBIM OMOPHBIM CHUTHAJIOM U TOCIEAYIOUIEM HAaKOIUJIEHUU Pe3yJbTaToOB 3a
MepUO/]T aHAJIN3a. 3a CUET ITOr0 JIOCTUTAETCSA COKPAIIEHUE BBIUUCIUTEIBHBIX 3aTpaT
M0 CPaBHEHUIO C KJIACCUYECKUMHM METOJaMU CHEKTPAJIbHOrO aHaiu3a. Takow
MOAXO/] TO3BOJIIET OMPENEsATh YACTOThl OTJACIbHBIX TAPMOHUK M OLICHUBATh HUX
aMIuiuTyabpl.  OJIHAKO  yCTPOMCTBO OPUEHTUPOBAHO HA pEHICHHME  3ajay
CIIEKTPAJILHOTO aHalM3a U TpeOyeT 3apaHee OMNpEeNeNeHHOW CTPYKTYphI
UCCIIEyEeMOTO CUTHAJA.

B xome moucka Obur Takke oOHapyxkeH mnateHT CCCP SU1709262
«KanmubpaTop mnepuoauyeckux CUTHaJIOB». HecmoTps Ha TO, YTO JaHHOE
YCTPOMCTBO HE OTHOCHUTCSI HEMOCPEJACTBEHHO K CpEICTBAM H3MEpPEHHs, OHO

MPEACTABIIET HHTEPEC KaK NpPUMEp CHEUUAJIM3UPOBAHHOM amnmapaTrypbl JUis
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dbopMHpOBaHUS TIEPUOAUYECKUX U  IIYMOIMOJOOHBIX cHUTHaNOB. [logoOHBIE
YCTPOMCTBA YACTO MCHOJB3YIOTCS MPHU HCIBITAHUSAX W3MEPHUTEIBHBIX TPAKTOB H
MPOBEPKE YCTOMYUBOCTH aJITOPUTMOB 00PAOOTKH K BO3/IEHCTBUIO TTIOMEX.

Cpenu HaliJeHHBIX MAaTE€pUajoB BCTPEYAIOTCS PEUICHUS, PEIHA3HAUCHHbIC
JUIS. 'BMEPEHUS CPETHEN YacTOThI IEPUOJUYECKUX CUTHANOB. K TakuM pelieHusmM
oTHOcuTCsA, Hanmpumep, nateHT RU2365924. OcHoBHOE BHHMMaHHE B TMOJOOHBIX
pa3paboTKax yAeNseTcs TMOBBIIICHUIO TOYHOCTH HW3MEpPEHUs YacTOThl U
YMEHBIIECHUIO BIMSHUS TOTPEIIHOCTE BpeMmeHHoW Oa3bl. [lpu sTOoM 3amauu
OTIpe/IeNICHUs] aMIUITUTYAbl CUTHAlda WIM aHaiu3a ero (Qopmbl B OOJIBIIMHCTBE
CJIy4aeB HE pacCMaTpUBAIOTCA.

Bomnpocam (a3oBbIX M3MepeHHid MOCBAILIEH Psii OTAEIBHBIX pa3padoTok. B
KauecTBE IpuMepa MoOXHO npusectn mnareHT RU2740790, B koTopom
paccMaTpuBalOTCS METOJbl OLIEHKH (Da30BbIX XapaKTEPUCTUK MHOTOYAaCTOTHBIX
CUTHAJIOB. B onmcannu oTMevaercs BIMSHHUE IIYMOB Ha pe3yJbTaT U3MEPEHHUU U
HEOOXOIMMOCTh MX y4eTa MpU pa3pabOTKE H3MEPUTENbHOW ammaparypsl. Jlis
paccMaTpuBaeMoil paboThl TOT BONPOC TAKXKE SBISETCS BAXKHBIM, IOCKOJIBKY
OJTHOM W3 TMOCTaBJIEHHBIX 3a/Jay SBJSETCS OOECHEYeHHE YCTOMYMBON pabOThI
YCTPOMCTBA B YCIOBUAX MIOMEX.

BoNbIIMHCTBO COBPEMEHHBIX HW3MEPUTENIBHBIX MPUOOPOB MPENCTABISIOT
co00#1 yHuBepcalbHbIe CUCTEMBI 00111er0 Ha3HaueHus1. K HuMm oTHocsaTCs uudpoBble
ocumsuiorpadpl, aHaJIM3aTOPhl CHEKTpa U Jpyrue NpuOOpbl, MO3BOJSIOLINE
BBITIOJTHSATH IIUPOKUHN HAOOp u3MepeHuid. Takue yCTpoicTBa pacCuuTaHbl HA padoTy
oriepaTopa 1 CoJIepKatT pa3BUThIE CPEACTBA OTOOpakeHUsI HHGOPMAIMU, HACTPOUKHU
PEXXHUMOB pabOTHI U BU3yaJbHOTO aHAJIN3a CUTHAJIOB.

B otnuune ot ocuusuiorpados, pa3padaTeiBa€MOe B paMKax JaHHON paOOThI
YCTPOMCTBO MNPEAHA3HAYEHO Il WMHTErPAllMM B COCTaB JPYIMX TEXHHYECKHX
cucteM. B aToM ciiyuae HeoOxoauMocTh B Tpaduaeckom uHTepdeiice OTCyTCTBYET,
a OCHOBHO€ 3HayeHUE MPUOOPETAIOT KOMMIAKTHOCTh, HHU3Kasg CTOMMOCTD,
BO3MOXKHOCTh aBTOMAaTH4eCKOW 00pabOTKU pe3yJbTaTOB M3MEPEHUH U MPOCTOTa

MHTETrPalliU B CYIIECTBYIOIIEE 000pYA0BAHKE.
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[IpoBencHHBIN MATEHTHBI TIOMCK TIOKAa3bIBAET, YTO OOJBIITMHCTBO
HaWJICHHBIX PEUICHUHA OPUEHTUPOBAHO HA U3MEPEHUE OJHOT0 KOHKPETHOTO
napamMeTpa CUrHajlla JM0O0 Ha TMPUMEHEHHE CIElUaTU3UPOBAHHBIX METOJIOB
oopadotku [11][16]. VYHuBepcambHbie npUOOPBI, TakHe Kak IUPPOBLIC
ocumuiorpadbl M aHAIM3aTOPHI CIEKTpa, OOECHEeYMBAIOT 3HAYUTEIBHO OoJiee
HIUPOKUM HaOOp (YHKIMIA, OJHAKO XapaKTEPHU3YIOTCS BBICOKOW CTOMMOCTBIO U
M30BITOYHOCTBIO JUTSI MHOTUX MPUKIIATHBIX 33/1a4.

Takum 00pa3oM, MOXKHO CHENaTh BBIBOJ, YTO CYIIECTBYET MOTPEOHOCTH B
OTHOCHUTEIBHO TIPOCTBIX M HEIOPOTHUX YCTPOMCTBAX, CIOCOOHBIX BBIMOJIHATH
OMPENICJICHUE OCHOBHBIX TMapamMeTpoB TMEPUOAUYECKUX CHUTHAIIOB B YCJIOBHUAX
BO3JIeHCTBUS ITyMOB U MoMeX. OcOOEHHO BOCTPEOOBAaHHBIMHU SIBIISIFOTCS PEIICHUS,
JOMyCKAaIOIIUe MOIU(PUKAIUIO aITOPUTMOB 00pabOTKK O€3 U3MEHEHUSI alllapaTHON
4acTM M OO0ECHEYHMBAIONIME BO3MOXHOCTh IEpe/ladyd HMCXOJHBIX JaHHBIX IS

MMOCJICAYIOMICTO aHalIn3a Ha IICPCOHAJIBHOM KOMIIBIOTCPC.
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2 ITIPEJJIAT'AEMBIE CIIOCOBbBI PEINEHUSA ITPOBJIEMBI

2.1 [locTanoBKa 3a7a4M pa3padoTKH yCTPOCTBA

Pe3ynbTaThl aHanu3a, BBIIIOJIHEHHOI'O B IEPBOM TJaBE, MOKAa3bIBAOT, YTO
3aa4a U3MEPEHUs NapaMeTpOB NEPUOAMYECKHX CUTHAJIOB B YCIOBHUAX IOMEX
OCTAaETCsl aKTyaJIbHOW ISl IIMPOKOTO Kpyra TeXHUYecKux cucreM. HecMmorps Ha
Hajau4ue OOJIBIIOrO KOJWYECTBA M3MEPUTEIBHBIX MPUOOPOB OOIIEr0 Ha3HAYCHMUS,
TaKUX Kak nudpoBbie ocrmyuiorpadbl, aHaIN3aTOPBI CIIEKTPa U 4aCTOTOMEPHI, HX
pUMEHEHHUE He BCEra sIBJsIeTCs 1esiecoo0pa3HbiM. Bo MHOTHX citydasix TpeOyeTcs
HE YHMBEPCAJIbHBIA HW3MEPUTENIBHBIM KOMIUIEKC, @ KOMIIAKTHOE YCTPOMCTBO,
CIIOCOOHOE aBTOMAaTHYECKH OMNPENENISATh OCHOBHBIE IapaMeTpbl CHUTHalIa M
IIepeIaBaTh Pe3yJIbTaThl B COCTAB BBIIIECTOSIIEH CUCTEMBI YIIPABIICHHUS.

OcobeHHO akTyallbHa moA00OHas 3agaya JyUisi  aBTOMATU3UPOBAHHBIX
UCIIBITATENIbHBIX CTEH/IOB, BCTPOCHHBIX JUArHOCTUYECKHUX CUCTEM,
TE€XHOJIOTMYECKOr0 O00OpYAOBaHHUS M CIELUATU3UPOBAHHBIX H3MEPUTENbHBIX
KOMILJIEKCOB. B Takux cucTeMax OTCYTCTBYET HEOOXOJAMMOCTh BHU3YaJIbHOIO
HaOmoaeHusT (OpMBI CHUTHAJIa OMNEPATOpPOM, OJHAKO TpeOyeTcs MoJyuyeHue
JIOCTOBEpHON HMH(pOPMALIMM O €ro MnapaMeTrpax € MHUHUMAJIbHBIM YYacTHEM
YeJI0BEKA.

B pamkax HacTosmeill paboThl paccMaTpuBaeTcs 3ajaya OINpeAeSICHUs
[IapaMeTpPOB MEPUOAUYECKUX CUTHAIOB B auanazoHe 4dactor oT 30 mo 300 kl'm.
YKa3aHHBIM [HANA30H XapakTEepeH Il Pa3JIMYHbIX JJIEKTPOHHBIX YCTPOMCTB,
npeoOpa3oBaresieil SHEprur, reHepaToOpoB, CUCTEM YIPABJICHUS M KOHTPOJBHO-
M3MEPUTENBHOM anmaparypsl. [Ipu 3Tom npeanonaraercs, 4To U3MepsIEMblid CUTHAI
MOXET COJEepKaTb IOMEXM pa3IMYHOM TPHUPOABI, BO3HHUKAKOIIHE KakK B
ucciaenyeMoM oObeKTe, TaK U B CAMOM U3MEPUTEIILHOM TPaKTE.

OCHOBHBIMM IapaMeTpamMH, NOMJIEKAIIUMH ONPEAEICHUIO, SBIISIFOTCS
4acTOTa CHUTHAJIA U €ro aMIumTynaa. JlaHHble mapaMeTpbl MO3BOJISIOT OLEHUBATH

paboTOCIOCOOHOCTh HMCCIEAYEMBIX YCTPOMCTB U KOHTPOJIMPOBATH COOJIOJICHHE
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3aJJaHHBIX PEKUMOB paboThl. OnpeseneHne NOCTOSHHONW COCTABIIAIOIIECH CHUTHANIA
HE SIBIISIETCS 00s13aTeNIbHBIM TPeOOBaHUEM, TIOCKOJIbKY B PACCMATPUBAEMBIX 3a/1a4ax
OHa HE HECeT MO0JIE3HON TUarHOCTUYECKOW NHPOPMALIUU U MOKET ObITh HCKITIOUEHA
eIle Ha dTare aHAJIOrOBOW 00pabOTKM BXOIHOTO CUTHAA.

OpHuM U3 BaXHEHWIIMX TpeOOBaHMN K pa3padaThiBAEMOMY YCTPOUCTBY
SBJIIETCS YCTOMYMBOCTh K BO3J€HCTBUIO moMmex. Kak ObLIO MOKa3aHo B NEpBOU
TJIaBe, peajbHble CHUTHAJBl PEIKO HAONIONAIOTCS B WACANBHBIX YycioBusax. Ha
pe3ysibTaThl MU3MEPEHUH OKAa3bIBAIOT BIMSHHUE TEIUIOBBIE ILIYMBI AJIEKTPOHHBIX
KOMIIOHEHTOB, JJIEKTPOMAarHWTHBIE HABOJKH, HECTAOMJIBHOCTh T'€HEPAaTOpPOB, a
TaK)K€ HMITYJIbCHBIE TIOMEXHU pPa3jMYHOTO MPOUCXOXKACHHUA. B CcBs3u ¢ 3TuUM
BbIOpaHHBI METOJ| U3MEPEHHUs JODKEH 00ecreyrBaTh BO3MOXHOCTh HMOJYUYEHUS
JIOCTOBEPHBIX PE3yJIbTATOB JIaXe MPU 3HAUUTEIHLHOM YPOBHE IIIyMOB.

CrnenyrouM BayKHBIM TPeOOBAaHUEM SIBIISIETCSI BOBMOKHOCTh MOAM(PUKAIIUH
alropuTMoB 00paboTku curHana. Ha srtame skcmilyaranuud yCTpOHCTBA MOTYT
BO3HHMKATh HOBBIE TpeOOBaHUS K 00pabOTKe H3MEPUTENBbHON HH(OpManuuy,
HOSIBJIATBCS HOBBIE THIBI CHUTHAJIOB WJIM M3MEHATHCA KPUTEPUU OLCHKU
pe3ynbTaToB. VCronb30BaHne KECTKO CIEIUATH3UPOBAHHBIX aHAIOTOBBIX CXEM B
TaKUX YCJIOBUSX MPHUBOJUT K HEOOXOJUMOCTH IMepepabOTKH ammapaTHOM dacTu
ycrpoiictBa. Ilo3TOMy NpennouTUTENbHBIM SIBISETCS MOAXOJ, MPU KOTOPOM
OCHOBHAsl JIOTUKAa U3MEPEHUN peann3yeTcs MPOrpaMMHBIMH CPEICTBAMU U MOXKET
OBbITh N3MEHEHa 0€3 BHECEHUSI U3MEHEHUH B 3JIEKTPUUECKYIO CXEMY.

[Ipu BbIOOpE cmocoba peanu3alui HEOOXOIMMO YYHUTHIBATH U CTOMMOCTD
ycTpoiicTBa. B paMkax nanHo# pabOTHI HE CTAaBUTCS 3a/1a4a JOCTHKEHHS] TOYHOCTH,
XapaKTepHOW ISl JIOpOrocToslero jadopatopHoro obopynoBanus. TpeOyemas
MOTPEIIHOCTh M3MEPEHUN COCTaBIsIET 2 %, MOITOMY MPEANOYTEHHE OTHAETCS
pelIeHusIM, O0O0ECIECYHBAIONIMUM HEOOXOJAUMYI0 TOYHOCTH 0€3 CYIIECTBEHHOTO
YCIIO’KHEHHUS CXeMbl U IPUMEHEHHS JJOPOTOCTOSIINX KOMIOHEHTOB. Takoil moaxon
MI03BOJIET UCTIOIB30BATh YCTPOMCTBO KaK B COCTaBE MCTBITATENILHBIX CTEHIOB, TaK
U B IPYTUX U3MEPUTENIbHBIX KOMIUIEKCAX.

PazpabaTeiBaeMOe yCTpPOMCTBO JOJDKHO HMMETh BO3MOXKHOCTH PabOThHI
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COBMECTHO C BHENIHMMH MPOTPAMMHBIMH cpeacTBamu. [lomydeHHbIe pe3ynbTaThl
U3MEPEHHI TOJKHBI TIEPEaBaThCs B YIpaBISIOUIee MPOTrpaMMHOE oOecrieueHne
JUIsL Tocleayromei o0paboTku M XpaHeHus. Takke >KenaTelbHO COXPaHUTh
BO3MOKHOCTh TIOJIYYCHHS MacCHhBa OIM(PPOBAHHBIX JAHHBIX, IOCKOJBKY 3TO
MO3BOJISICT BBIMOJHATh JOTOJHUTEIBHBIA aHAM3 CHUTHajla Ha MEePCOHAIBHOM
KOMIIbIOTEpPE 0€3 HW3MEHEHUS BCTPOCHHOTO MPOrpaMMHOr0O  oOecredyeHHs
YCTPOMCTBA.

[TockonbKy MOCTOSIHHAS COCTABJISIONIAsl BXOJIHOTO CUTHAJIa HE OTHOCUTCS K
U3MEpSEMBIM TIapaMeTpaM, €€ BIHMSHHE IIeJIeCOO0Pa3sHO YMEHBUIUTH €IIe B
aHajoroBo vactu cxembl. [lo ToH ke nOpUYMHE HEOOXOAUMO OCIIA0IATh
HU3KOYAaCTOTHBIE TTOMEXHU, BO3HUKAIOIINE M3-32 HABOJOK MPOMBIIIJICHHON CETH U
npyroro obopynoBanus. [IpensapurensHas GuapTpanys MO3BOISET UCTIOIB30BAThH
JUHAMUYECKUA  JMama3oH  aHajoro-mudpoBoro  mpeobdpaszoBarens  Ooliee
7 ()EKTUBHO M YMEHBIIAET BIMSIHUE MOCTOPOHHMX CHTHAJIOB Ha PE3yJIbTaThl
WU3MEPEHUN.

Takum o0Opa3om, K pa3pabaTblBAEMOMY YCTPOMCTBY MPEAbSIBISIOTCS
CJIEYIOIIE OCHOBHBIE TPEOOBAHMUS:

- OIIpeieNIeHne aMITUTY/ bl IEPUOANYECKOTO CUTHANIA;

- OTMpe/ICJICHNE YacTOThl cUTrHaia B auanaszone ot 30 g0 300 kI';

- paboTa B YCJIOBHUSAX BO3/ACUCTBUS ITYMOB U TIOMEX;

- BO3MOXKHOCTh HW3MEHEHHS aJIrOpUTMOB O0OpabOTKM 03 Hu3MEHEHUSs
arrmapaTHOM 4acTu;

- yMEpEeHHasi CTOMMOCTh KOMITOHEHTOB;

- BO3MOKHOCTh UHTETPAllUM B aBTOMATU3UPOBAHHBIE CUCTEMBI,

- BO3MOYKHOCTh Tepeaavun Pe3yJIbTaTOB U3MEPCHUIM U MCXOMIHBIX JTaHHBIX BO
BHEIITHWE TTPOTPAMMHBIE CPEJCTBA,;

- TIOJIaBJIEHNE TOCTOSIHHOM COCTAaBIIAIONICH M HU3KOYACTOTHBIX HABOJOK Ha
BXO/I€ YCTPOMCTBA.

Ha ocnoBanuu chopmynupoBaHHBIX TpeOOBaHMII B JalibHEWIEM Oynuer

BBITIOJTHEH aHAJIN3 BO3MOXHBIX CIIOCOOOB peasiM3allui YCTPOUCTBA U MPOU3BEICH
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BbIOOp MeToga o0pabOTKM CHUTHajla, HaumOojee TMOJHO YAOBJIETBOPSIOLIETO

MOCTAaBJIEHHOU 3a/Jaye.

2.2 Peasiu3anusi yCTPOMCTBA HA OCHOBE AHAJIOTOBOM INPeABAPUTEIbHOM

00padoTKM curHaja

OnHuM U3 BO3MOXKHBIX CIIOCOOOB pELICHUsI MOCTABIICHHOM 3a/1aud SIBJISIETCS
UCIIOJIb30BAHUE CICIMAIIM3UPOBAHHON AHAJIOIOBOM CXEMbl IpEIBAPUTEIbHON
00paboTku curHana. B ornuune oT METOJ0B, OCHOBAaHHBIX HA MOJHON OIU(POBKE
U3MEPSEMOro CUTHaNA, JAHHBIM MMOX0] MPE/0JIaraeT BbIIeIEHUE HHTEPECYIOIINX
MapaMeTpOB HEMOCPEACTBEHHO allllapaTHBIMU CPEICTBAMU C MOCIEAYIOIEH
nepesaveil pe3yabTaToB B MUKPOKOHTPOJLIED.

OcHOBHasl uJesl TaKoro pEIIeHUs 3aKIIOYaeTCs B Ppa3/eleHUM 3a/laud
MU3MEPEHHS aMIUTUTY/IbI ¥ YaCTOTHI HA HECKOJIBKO HE3aBHCUMBIX allapaTHBIX y3JI0B.
[Ipy 3TOM MHUKpPOKOHTPOJUIEP BBINOJHSIET MPEUMYIIECTBEHHO (QYHKIMH cOopa
pe3yJIbTaTOB M3MEPEHUl M HX IepeJaud BO BHEIIHIOO CUCTEMY, @ OCHOBHAs
00paboTKa OCYIIECTBIISACTCS aHAJIOTOBBIMU CXEMaMHU.

JIJisi u3MepeHus 4acTOThl CUTHAJIa MOKET MCIOJB30BAThCS KOMITAPATOP C
rucrepesucoM. [15] Uccnenyemblid curaan mocTynaeT Ha BXOJ KOMIIapaTopa, Ie
npeoOpaszyeTcsi B IMOCJIEI0BAaTENbHOCTh MPSAMOYTOJIbHBIX UMIYJIbcoB. Hammuwue
rucTepe3uca IMO3BOJIIET YMEHBIIMTHh BIMSHME IIYyMOB BOJM3M  Topora
NEPEKITIOUEHUST M TPEAOTBPATUTh MHOTOKPATHBIE JIOKHBIE cpabaThIBaHUS TPU
MPOXOXKJIECHNUU CUTHAJIA YEPE3 YPOBEHDb CpaBHEHUS. [ 18]

[Tocne npeoOpazoBaHusi curHajiza B LUPPOBYIO POpMY H3MEPEHHE YACTOTHI
MOJKET BBITIOJIHATHCSA almapaTHBIMHU CPEICTBAMU MHUKPOKOHTposuiepa. s 3Toro
OJIMH W3 TalMEpOB TMEPEBOJUTCS B PEKUM CUETUYMKA BHEUIHUX HMITYJIHCOB.
KonmuecTBO 3aperucTpupOBaHHBIX UMITYJIHCOB 3a M3BECTHBIA WHTEPBAJ BPEMEHU
MO3BOJISIET  OMPEACIUTh YacTOTy BXOJHOTO CHTHAJAa C MHHUMAJIbHBIMU
BBIYHMCIIUTEILHBIMU 3aTpaTaMHu.

HSMCpCHI/Ie AMILIIUTYAbI MOXET OBITH pPCaIn30BaHO OTACJIbHBIMH
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aHAJIOroBbIMM KaHanamMu. OUH U3 BapUAHTOB MPEIII0IAraeT UCIIOIb30BAaHUE BYX
HE3aBUCHUMBIX CXEM BBIJICJICHUS YKCTPEMAJIbHBIX 3HAUCHUN CUTHAJIA. [IepBhIil KaHa
MpEeAHA3HAuYEH Ui ONMPEAECICHUS MAKCUMAIBHOTO 3HAUYCHUS HAIPSYKEHUSI, BTOPOU
— JUIA ONIPEAEIEHUS MUHUMAIIBHOTO.

Kaxnaplii M3 KaHaJoOB MOXET COAEpKaTh KOMIIAPATOP U HMHTETPUPYIOLIUI
AJIIEMEHT, 00eCcneunBarOMil HAKOTUIEHHE MH(OpPMAIMKU O JOCTUTHYTBIX YPOBHSX
curHaia. [lomydeHHble 3HAUEHUS TOCTYMAIOT Ha BXOJbl AHAIOTO-IU(GPOBOTO
npeoOpazoBareiasi MUKPOKOHTPOJIEPA, TOCIE Yero MporpaMMHOE oOecreueHue
BBIUHCISIET AMIUIMTYAY KaK PAa3HOCTh MEXKJIY BEPXHUM W HHXHUM YPOBHSIMH
CUTHAaJa.

[TooOHBIN MOIX0/ MO3BOJISET CYIIECTBEHHO CHU3UTh O0OBbEM BBIYMCIICHUH,
BBITOJIHSIEMBIX MUKPOKOHTPOILIEPOM. DaKTHUECKH MPOrpaMMHas 4aCTh CBOJAUTCA K
3allyCKy TauWMepa, IEPpUOJUYECKOMY UTEHUIO HECKOJBKUX KaHaJIOB aHaJioro-
nudpoBOoro mpeoOpazoBaresis M BHIIOJHEHHUIO MPOCTHIX apUMETUYECKUX
onepauuid. [lo cpaBHEHHIO ¢ METOAAMH, OCHOBAaHHBIMU Ha aHaIM3€ OOJBIIOTO
MacCHBa OTCUETOB, TPEOOBAHMS K TPOU3BOUTEILHOCTH BHIYMCIUTENEHON CUCTEMbI
OKa3bIBAIOTCS 3HAUYNTEIILHO HUKE.

B xome pa3paboTku Takke paccMaTpuBajCs BapHaHT HCIOIb30BAHUS
BcTpoeHHbIX  [IAIl  mukpokonTpoiuiepa s (QopMupoBaHUsT  ypOBHEH
cpalbaTbiBaHUs KOMMapaTtopoB. B »Tom ciiyyae moporu Morid Obl M3MEHSThCS
IporpaMMHO B Ipolecce padoThl ycTpoicTBa. Takoe pelieHue MO3BOJSIO Obl
KOMITEHCHPOBATh pa30poc mapaMeTpoB KOMIIOHEHTOB U BBITTOIHITH KATMOPOBKY 0€3
VU3MEHEHHUS CXEMBI.

HecMoTps Ha mpocTyro MporpaMMHYIO 4acThb, aHAJIOTOBBIA MU3MEPUTENIbHBIN
TpPakT MpPEAbSBISIET BBICOKME TpeOoBaHUS K cxeMoTexHuke. Ha pesynbrar
W3MEPEHUN OKa3bIBAIOT BJIMSIHUE TOYHOCTH PE3MCTOPOB, TEMIIEPATypPHBIN Apeid
KOMITOHEHTOB, [IapaMeTPbl KOMIIAPATOPOB M ONEPALUOHHBIX YCUIIUTENEH, a TAKKE
napa3uTHble TnapameTpbl nedatHoll miaTtel. [lo 3Tol mpuumHe paszpaboTka u
HACTPOWKa MOJOOHON CXeMbI TPEOYeT 3HAUNTEIBHBIX TPY03aTpar.

I'maBHBIM HCOAOCTATKOM IIOAXOJa SABJIACTCA ITOTCPA I/IH(i)OpMaI_II/II/I 0O caMOM
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curHane. [locne aHamoroBoit 0OpaOOTKM B PaCHOPSHKEHUHM MHUKPOKOHTPOJUIEpA
OCTAlOTCsI TOJBKO HM3MEPEHHBIE 3HAYEHUSA napaMeTpoB. Ilpm 3TOM HEBO3MOXKHO
OIIPEJENNTh, BBI3BAHO JIM N3MEHEHNUE aMIUIUTYIbl PEAIbHBIM H3MEHEHUEM CHUTHAla
WIM BO3JECUCTBUEM BHEIIHEW MOMEXH. AHaJlOru4yHas MnpodjieMa BO3HHUKAET IPHU
HAJIMYUU KPATKOBPEMEHHBIX BBIOPOCOB M HABOJOK.

ITo coBokynHOCTH (PaKTOPOB aHAJIOTOBasi 00pabOTKa CUrHajia OblIa MpU3HAHA
HEJOCTAaTOYHO TMOKMM pemeHueM. HecMoTpss Ha CpaBHUTENBHO MPOCTYIO
IPOrpaMMHYI0 4YacTh M BBICOKYIO CKOPOCTb padOThl, JalibHEHIEee pa3BUTHE
aJITOPUTMOB B TAKOM YCTPOMCTBE OKa3bIBACTCS CBSA3AHO C TOPAOOTKOW anmapaTHOM

qacCTH.

2.3 Peasqm3anus yCTPOCTBA HA OCHOBE MOJIHOM OU()POBKH CUTHAJIA

PaccMoTpeHHBIM paHEE AHAJIOTOBBIM MOAXOA  IO3BOJISIET  IOJIYYUTh
TpeOyemble mapaMeTpbl CUrHaJla C MUHUMaJIbHON BBIYMCIUTEIBHON HArpy3Kkou Ha
MUKPOKOHTpoJuiep. OIHAKO €ro CyLIECTBEHHBIM HEJOCTATKOM SBIISIETCS HU3Kas
ruOKOCTh. I3MeHeHue anroputMa u3MepeHust Win 100aBiIeHEe HOBBIX (YHKLIUNA B
OOJIBILIMHCTBE ClIy4yaeB TpeOyeT U3MEHEHUS CXEMbl YCTPOUCTBA.

[Io »Toil mpuuMHE OBUT PACCMOTPEH JPYrol BapUAHT MOCTPOCHHUS
U3MEPUTENIbHOTO TpakTa — TOJHAas Ouu(pOBKAa CHUTHAjJa C MOCIEoYomen
mporpaMmMHON 00paboTKoil. B 3TOM cilydyae MHUKpPOKOHTpOJUIEp MOIy4YaeT He
rOTOBBIE U3MEPEHHBIE 3HAYEHUS, & MACCUB OTCUYETOB CUTHAJIA, HA KOTOPOM MOTYT
BBIIIOJIHATHCS Pa3JIMYHbIEC AITOPUTMBI aHaIu3a. Takoi MoAX01 O3BOJISIET UBMEHSTh
MeTo/1bl 00paboTKH 0€3 nepepadOoTKH anmnapaTHOM YacTH YCTPOUCTBA.

Ha osrtane nmnpenBapuTenbHOr0  MPOEKTHPOBAHUS — paccMaTpHUBajach
BO3MOXKHOCTh CO3/1aHHs OoJiee YHUBEPCAJBHOTO HM3MEPUTEIBHOIO TPaKTa,
OCHOBAHHOT'O Ha TOJIHOM OIU(POBKE BXOJHOTO CHUTHAJNA C TOCIEAYIOIEeH
porpaMmMHON 00paboTKoM. B oTiuyme oT aHaIoroBBIX METOJIOB, TAHHBIN MOXO]]
IpenoJiaraeT COXpaHeHUE UCXOAHON HH(OPMALIUK O CUTHAJIE U TIEPEHOC OCHOBHOM

YacTH BBIYMCIIEHUI B IPOrpaMMHOE 0OecrieueHue.
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Takoe perieHue MO3BOJIIET HM3MEHSTh METOAbI O0pabOTKHM 0€3 BHECEHHS
WU3MEHEHHU B DJIEKTPUUYECKYIO CXEMY YCTPOUCTBA. PAKTUUECKH aIlllapaTHAs 4acTh B
ATOM CJy4yae OTBEYaeT TOJIbKO 3a MOJy4eHHUE HMU(PPOBBIX OTCYETOB CUTHANA, a BCE
aJITOPUTMBI AaHAJIN3a PEATU3YIOTCS IPOTPAMHO U MOTYT OBITh U3MEHEHBI B ITPOIIECCE
HKCILTyaTalHH.

Heobxoaumocth obOecrieueHHsi BBICOKOM THOKOCTH ajrOpPUTMOB ObLia
oOyciioBiieHa OCOOCHHOCTSIMU HWCXOJHOW 3amadyu, UId pEHieHus KOTOPOU
pa3pabaThiBaIOCh YCTpONCTBO. Ha HadanmbHBIX 3Tanax MpoeKTa Mpenoliaraioch
CO3/IJaHUE  U3MEPUTEJIBHOTO  KOMIUIEKCAa  JJIi  KOHTPOJsA  IapaMeTpoB
CHEUIUAIM3UPOBAHHBIX ~ MHTETPaJIbHBIX MHUKpocxeMm. Ilpu »9SToM mepedeHb
KOHTPOJIMPYEMBIX TAPAMETPOB HEOAHOKPATHO U3MEHSJICS B IIPOLIECCE BHITIOJIHEHUS
pabor.

JIoTIOTHUTENBHOW OCOOCHHOCTBIO MPOEKTa SABJISUIOCH TO, YTO pa3zpaboTka
UCIIBITATEIbHOTO O000PY/IOBaHMS BeEJach MapauIeNIbHO C pa3paboTKON camMoit
MUKpocxeMmbl. Ha MOMEHT Haudasa pabOT OTCYTCTBOBAJIM OIBITHBIE OOpa3ilbl
U3JIeTUsl, a 4acTh TPEOOBaHUI CYIECTBOBAJIA TOJBKO B BHUIE MPEIBAPUTEIHHBIX
TexHuueckux yciopui. I[lo Mepe pa3BuTHUS TPOEKTa YTOYHSJIUCH COCTaB
(GyHKIMOHATBHBIX 0JIOKOB MUKPOCXEMBI, METO/IbI TPOBEICHHMSI UCTIBITAHUH, a TAKXKe
NepeyYeHb U3MEPSEMbIX TAPaMETPOB.

BriObop panHOrO mojxona OBLT CBSI3aH HE TOJBKO C TEXHUYECKUMU
npeuMyIecTBamMu 1dpoBoir 06paboTku. B mporiecce BBIMOJHEHHUS TPOEKTa
TpeOOBaHUSI K HCIBITATEIbHOMY OOOpPYJOBAaHUIO HEOJHOKPATHO W3MEHSIIUCH.
N3meHsicst cOCTaB MCCIAEAYEeMbIX OJIOKOB MHUKPOCXEMbI, YTOYHSIIMCh METOJbI
M3MEPEHUN U TOPSJAOK NPOBEACHUS HCHbITaHUM. [Ipu 3TOM YacTe peuieHuu
MPUXOIUIIOCH IPUHUMATH €IIIE J0 MOSBJICHUS OMBITHBIX 00Pa31[0B U3ACIIHS.

JIOTIOTHUTENBHBIC CIIOKHOCTH OBUTH CBSI3aHBI C OTCYTCTBHUEM TOJHOIICHHOM
MOJeNY IU(PPOBON YACTH MUKPOCXEMBI /I aBTOHOMHOTO TecTupoBaHus. [1o aToit
NPUYMHE 3apaHee OINpPEAEeNUTh MOJIHbIA HA0Op HEOOXOAMMBIX M3MEpPEHUU ObLIO
3aTpyIHUTENbHO. BO3HMKIA HEOOXOIUMOCTh 3aJI0KUTh BO3MOXKHOCTh M3MEHEHUS

AJITOPUTMOB YKE ITOCJIC N3TOTOBJICHUA YCTpOﬁCTBa.
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B 1momo0HbBIX yCIOBUSAX HCIONIB30BAaHUE CIIEHUATH3UPOBAHHBIX aHAIOTOBBIX
CXEM Ui pElICHUs KaKIOW OTIEIbHOW 3aJauyM BBITIIAEIO HEIeIeco00pa3HbIM.
Jroboe u3MEHEeHHEe METOAMKU HCIBITaHUI MOTJI0 MOTpeOoBaTh NepepadOTKU
CXEMbI, M3TOTOBJICHUS HOBOM II€YAaTHOM IUIATBI M IIOBTOPHOM HACTPOMKH
anmapatrypsl. HanpoTuB, npu Haauuuu MaccuBa OIMGPOBAHHBIX JIaHHBIX
OOJBIIMHCTBO U3MEHEHUN MOKHO PEaTM30BaTh IPOrPaMMHO.

JIOTIOJIHUTENBHBIM ~ TPEUMYIIECTBOM  TAaKOTO  pEHICHUS  SBIACTCA
YHUBEPCAIBHOCTh H3MEPUTENHLHOTO TpakTa. [locie omudpoBKHM CHUTHAT MOMKET
UCIIOJIb30BAThCSl HE TOJBKO ISl OMPEICNICHUs aMIUIUTYAbl U YacTOThI, HO U JJIs
WCCIICIOBAaHMS TIEPEXOAHBIX IPOIIECCOB, aHanu3a (OPMBI CHTHajIa U OTIAIKU
aNropuT™MOB 00paboTku. IIpum HEOOXOIUMOCTH YCTPOWCTBO MOXKET OBITh
aIaliTHPOBAHO JUIS PEIICHUS HOBBIX 3a/1a4y 0€3 M3MEHEHHsS] CXEMOTEXHUKH, YTO
0COOEHHO Ba)KHO JJIs1 SKCIIEPUMEHTAJIBHBIX U UCCIIEOBATEIBCKUX PaOOT.

[To »To¥ mpuynHE OBUIO MPHUHSATO PEIICHUE paccMaTpUBATh aApPXUTEKTYPY,
OCHOBAHHYI0O Ha COXPAaHEHHM MaKCHUMAJIbHO MOJIHOTO 00beMa HH(pOpMaluu 00
uccienyeMoM curHane. Hamuume waccuBa HUQPOBBIX OTCYETOB MO3BOJIAET
pealM30BbIBATh  PA3NMMYHBIE  QITOPUTMBI  OOpabOTKH  MCKIIOUUTEIHHO
IporpaMMHBIMU cpeacTBamMu. [Ipr HE0OXOAMMOCTH MOTYT OBITh U3MEHEHBI METO/IbI
OTIpEJICICHHUS] aMIUIMTYbI, YacTOThl, (a3bl, (OPMBI CHUTHAJIa WM BBEJCHBI
JIOTIOTHUTEIbHBIC BBIYMCIIAEMBbIE TapaMeTphl 0€3 BHECEHWs W3MEHEHH B
aIrmapaTHyo 4acTh YCTPOMCTBA.

JIOTIOJTHUTETHHBIM TPEUMYIIIECTBOM TIOJTHOW OIM(POBKH CUTHAJIA SBISETCS
BO3MOXKHOCTh COXPaHEHHSI M3MEPEHHBIX JaHHBIX U WX TOCIEAYIONIETO aHajIn3a Ha
NEPCOHAIIBHOM KOMIIbIOTEpE. B oTiHMune OT aHaIOrOBBIX METOOB, /i€ AOCTYITHBI
TOJIBKO KOHEYHBIE pe3yNbTaThl HM3MEPEHUH, MUPPOBON MOAXOA TMO3BOJIAET
WCCJIEIOBATh HCXOAHBIC JAHHBIC TTOBTOPHO M IPUMEHSITH K HUM HOBBIC aJITOPUTMBI
00paboTku 0e3 MpoBeIeHUS TOBTOPHOTO AKCIIEPUMEHTA.

Bwmecte ¢ TeM peanm3aliysi TaKOTO MOIX0Aa MPEIBABISET 3HAUUTEIBHO OoJiee
BbICOKHE TpeOoBaHUS K TmojacucTteMe cOopa JaHHbIX. JlJIs  KOPPEKTHOTO

OTpeNeJICHUs]  TapaMeTpOB  CHUTHajla  HEOOXOJMMO  O0EClNEeUUTh  YacTOTy
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JUCKPETU3allMi, CYIIECTBEHHO IPEBBILIANNIIYI0 MAaKCUMAJIbHYI)  YacTOTY
UCCJIENyEMOT0 IIpoLecca.

Ha panHux sramax mpoekTa MnpeArnoiarajioch, 4To AUana3oH HU3MepseMbIX
YacTOT MOYKET JOCTUraTh HECKOJbKHX Merarepi. CoriacHO NpeaBapUTEIbHBIM
TpeOOBaHMIM, BEPXHsIS IPaHUIIA U3MEPEHUN HAXOAWJIach B Auana3zoHe oT 2 10 3
MI'u. Ilpu TakMx YacToTaX HCIHOJb30BAaHME BCTPOCHHBIX aHANOTO-IU(POBBIX
npeobpaszoBareneit OOJBIIMHCTBA MUKPOKOHTPOJUIEPOB CTaHOBUTCS
3aTpyaHuTenbHbIM. [Imannpyemsiii MukpokoHnTpoiuiep cepun STM32F40x moxer
o0ecrneunTh 2.7 Mera BBIOOPKU B CEKYHAY B peKUME OITU(PPOBKH OJTHUM aHAJIOTOBO-
nU(POBBIM TPEOOpPA30OBATENEM, YEr0 KPUTHUECKHM HEAOCTaTO4YHO. B  pexume
«triple-ADCy MakcumaibHasi CKOpOCTh OIU(GPOBKU — 7.2 Mera BBIOOPKH, YETO
TO€ HEIOCTATOYHO JJIs1 aHAJIN3a CUTHAJIA YaCTOTOM B 2 Merarepua v Boiie. [17]. K
TOMY K€, M3-3a ATOIO0 HE OCTAaHETCS CBOOOJHBIX OJIOKOB aHAJIOrOBO-LU(POBBIX
npeoOpazoBareseil U JabHeIee paciuupeHue GyHKIMOHAIBHBIX BO3MOKHOCTEH
yCTpOMCTBa OyET 3aTPyAHEHO.

Jaxxe ecnu ¢GopManbHO BBHITIOJNHSAETCA YCJIOBHE TeopeMbl KoTernbHUKOBA,
COrJJacHO KOTOpPOM YacToTa AUCKPETU3aLMM JOHKHA KaK MUHUMYM B JIBa pas3a
MPEBBINIATh MAaKCUMAJIBHYIO YacTOTy CHUTHAJA, JUIsl MPAKTUYECKOTO H3MEpPEHUs
napamMeTpoB ATOT0 HEA0CTaTo4YHO. [Ipy Mamom KOJWYECTBE OTCUETOB HA TIEPHO]T
PE3KO CHIKAETCSI TOUHOCTD OIPE/ICICHUS aMITUTYAbl U CTAHOBUTCS HEBO3MOKHBIM
BBITIOJIHEHHUE CTAaTUCTUYECKON 00pabOTKM CUTHAIA.

Hanpumep, nipu yacrore curnana 3 MI' u yactore auckperusanuu 6 MI 1
Ha OJIMH MEpPUOJ MPUXOJIUTCA BCETro JBa OTcueTa. Takas CUTyalus TEOPETHUYECKU
MO3BOJISIET BOCCTAHOBUTH CUTHAJI, OJHAKO TPAKTUYECKH HE  OCTaBIsET
BO3MOYKHOCTEH 1JIs UBMEPEHHUSI €ro MapaMeTpoB U aHanu3a nomex. st moxyyeHus
JIOCTOBEPHBIX PE3yIbTAaTOB >KEJaTeIbHO HMMETh JECITKA OTCUYETOB Ha TMEPUO]
CUTHAJIA.

[To »TOil mpUYMHE UCIOIB30BAHUE BCTPOSCHHOI'O AHAJIOTO-IIU(POBOIO
npeoOpa3oBareisi MHUKPOKOHTPOJIJIEpa OBLJIO TPU3HAHO HEAOCTATOYHBIM. J[7st

peanu3aluyyd KOHIEMIMU TOJHOW OuU(pOBKH NOTPEeOOBANIOCh paccMaTpUBAThH
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MPUMEHEHUE BHEIIHETO OBICTPOICHCTBYIOIIETO aHaJIOrO-IIU(PPOBOTO
npeobpazoBaresi, ClIOCOOHOr0 00ECTIEYUTh YaCTOTY JUCKPETH3AIUH, 3HAUUTEIHHO
MPEBBIMIAIONIYI0 BEPXHIOK T'PAHUILY JUANa30HA U3MEPSIEMBIX YacTOT, HalpUMEp
cTapblii aHajaoroBo HU(MPOBOI mMpeoOpaszoBarenb «u3 TeneBu3opa» ot Analog
Devices. [19]

[lepBuuHBIii  aHaU3  BO3MOXHOCTEM  MHUKPOKOHTPOJUIEPOB  CEPUH
STM32F40x moka3aj, 4T0 MHUKPOKOHTPOJUIEP CHOCOOEH MPUHUMATh JTOBOJBHO
IUIOTHBIM TOTOK JAaHHBIX Hcnoiibdyds DMA (u Bo3moxHo, DCMI koHTpoOsiep,
W3HAYaJIbHO TPETHA3HAYCHHBIN A MOJKIIOYeHUs IUPOBBIX Kamep), a s
YCKOPEHUS BBIYUCIIEHUI BBIYMCIHUTENBbHOE /1p0 conepxkuT 010k FPU (kak u nro6oi
JPyroi MUKpOKOHTpoJuIep Ha 0a3e sapa Cortex-M4) [20].

ITepexon k mosHOM OnM(POBKE CUTHAJIA MO3BOJISI OTKA3aThCS OT JKECTKOM
MPUBS3KK aITOPUTMOB H3MEPEHHS] K aHaJloroBol uactu ycrpoiictBa. Ilocie
MOJIYYeHUs] MacChBa OTCUETOB JajbHEHIIas o0paboTka MOTJIa BBIMOIHATHCS
IPOTrPaMMHO, YTO 3HAYUTEJIBHO YIPOIIATIO T0paOOTKY U pa3BUTUE CUCTEMBI.

Takoil moaxon coxpaHseT HHPoOpMaLMIO O (opMe CHUTHalIa U JaeT
BO3MOXXHOCTh UCTIOJIb30BATh PA3IUYHbIE METO b 00pabOTKHU 0€3 U3MEHEHUS CXEMBbI
ycrpoiictBa. [Ipm HEOOXOAMMOCTH MOXHO H3MEHSATHh aJrOpPUTMbI H3MEPEHUs
YacCTOThI M aMIUIUTYbI, JOOABIATH (PUIBTPAINIO, CTATUCTUYECKYIO 00pabOTKY WIH
peanu30BbIBaTh HOBBIE METOAbI aHanu3a. KpoMe TOro, M3MepHUTENbHBIA TpakT
MOXET HMCIOJIb30BAThCS HE TOJIBKO JIsi PEHIEHUsT UCXOMHOW 3aJaud, HO W s
UCCJIEIOBAHMS JIPYTUX MPOLECCOB, YKJIAJbIBAIOIIUXCS B TOJOCY MPOIYyCKaHUS
aHaJIOTOBOW YaCTH U 4acToTy nuckpermsanuu ALLL

OCHOBHBIM ~ HEIOCTATKOM  SIBISIETCSI  HEOOXOAMMOCTb  NPUMEHEHMS
OBICTPOJEHCTBYIONIETO aHaJOTO-IIU(PpPOBOro mpeodpazoBaTesisi U YBEIUYCHHbIC
TpeOOBaHUS K MUKPOKOHTpoiepy. TeM He MeHee JUIsl paccMaTpUBaeMOM 3a1auu
IPEUMYIIECTBA TAaKOTO pEIICHUs OKa3ajluch OoJjiee 3HAUYUMBIMH, MOCKOJIBKY
W3MEHEHUs] TpeOOBaHUN K HCHBITATEIbBHOMY OOOpPYJAOBaHUIO MOXKHO OBLIO
peasin30BbIBaTh IyTEM U3MEHEHMsI TPOrpaMMHOT0 obecrieueHus: 0e3 nepepadboTku

armnapaTHOM 4YacTH YCTPOWCTBA.



40

2.4 Boi0op metoaa 00padoTku oupPOBAHHOIO CUTHAJIA

[Tocne BeIOOpa BapuwaHTa ¢ MOJHOW OIMGPOBKON CUTHANIA MOTPeOOBAIOCH
ONPENEIUTh COco00 00pabOTKM MOJTy4YeHHBbIX JaHHbIX. Cam 1o cebe MaccuB
OTCUETOB HE COACPKUT MHPOPMAIMHA O YACTOTE M aMIUIUTYJIC CUTHAja, TI03TOMY
HE0OXOAUMO BBIOpaTh aJTOPUTMBI, KOTOPBIE OYIyT BBIUUCIATH 3TH apaMeTPhI 10
pesyabraram pabots ALIL.

Ha »rame mnpoekTHpoBaHHUS pacCMaTPUBAIOCH HECKOJIBKO BapUaHTOB
00paboTku naHHbIX. [Ipy BEIOOpE YUUTHIBAIKCH HE TOJIBKO TOYHOCTh U3MEPEHUH,
HO ¥ 00bEM BBIUMCICHUH, TPeOyeMbIii 00bEM MaMITH U BO3MOXKHOCTh PeasTh3aIluu
aJrOpUTMa Ha UCTOJIb3yeMOi anmnapaTHol miaTdopme.

OnHuM W3 TEpBBIX PAacCMaTpPUBANICS CIEKTPaJIbHBI aHAIU3 HAa OCHOBE
obicTporo mnpeoOpazoBanusi Dypre. MeToa XOpOIIO HU3BECTEH U  IIUPOKO
MIPUMEHSIETCS B UBMEPUTEIBHOMN TeXHUKE. [10 cIEKTpy CHUTHAIa MOYKHO OIPEIETUTh
OCHOBHYK) YacTOTY, YBHAETb TapMOHUKHM M TOJYYUTh JONOJHUTEIbHYIO
uH(popMauio o GopMe CUrHaia.

OnHako 715 pemaemMoi 3aJJa4u TaKOW MOJX0/1 0Ka3aJICsl HE CAMBIM yIa4YHbBIM.
OCHOBHOM MHTEpEC MPEACTABIAIOT TOJIBKO YAaCTOTa U aMIUIMTYJla CUTHaia, TOorJa
KaK TMOJHBIA CIEKTPAIIbHBINA aHANIN3 JaeT 3HAUYUTEIBLHO OOJbIe HH(OpMAIUHU, YeM
Tpebyercss Ha mpaktuke. Kpome toro, BII®D TpeOyeT HakoIieHUs HOCTAaTOYHO
OOJIbIIION BBIOOPKM U BBIMOJHEHUS] OOJIBIIIOTO KOJIMUECTBA BBIUMUCICHUH. B
pe3yabpTare 3HAYMTEIbHAsl YacTh BBIYMCIUTEIBHBIX PECYPCOB pacXOAYETCsl Ha
00paboTKy JaHHBIX, KOTOPHIE B JaTbHEUIIIEM HUKAK HE UCTIOIb3YIOTCSI.

®daktuyecku npumeHeHne bIID B maHHOM MpoekTe 03HAYaI0 Obl pelieHue
OoJiee CIOXKHOM 3a7add, 4yeM TpeOyeTcs M0 TeXHHUEeCKOMY 3anaHuro. [lo sroit
npuyuHe OBLJIO TIPUHATO PEIICHHE paccMaTpuBaTh Oojiee MPOCThIE METOJbI
00paboOTKH, OPHUEHTHPOBAHHBIC HEMOCPEJICTBEHHO HAa W3MEPEHHWE YacTOThl H
aMILTUTYAbl CUTHAJIA.

JlpyruM  pacmpoCTpaHEHHBIM  TOJAXOJOM  SBJSIETCA  MPUMEHEHHUE

KOPPETSAIUOHHBIX ~ METOJIOB.  ABTOKOpPPEJSIIIMOHHAST ~ (DYHKIHS — TO3BOJISET
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OIPEIENIATh MEePHOJ CUTHAJIA aXKe NPU 3HAYUTEIHLHOM YpOBHE IIyMOB. JlaHHBIN
METOJ 00JaZaeT BBICOKOM MOMEXOYCTOMYMBOCTBIO U CMOCOOEH paboTaTh C
CHTHAJIAMU CIIOXKHOH (HOPMBI.

OnHako WCHOJB30BaHHE KOPPEIALMOHHOTO aHalu3a TpeOyeT XpaHeHHS
OOJIBIIIOTO MACCHBA OTCYCTOB U BHITIOJTHEHHSI 3HAYUTEIHHOTO KOJIHYECTBA OTIEPAITid
YMHOXECHHS U CyMMHpPOBaHUsL. [Ipy yBeTMYCHNU TMHBI aHATU3UPYEMOW BEIOOPKH
00’beM BBIUMCIICHUI BO3pACTaeT MPOMOPIIMOHATILHO KBaAPaTy YUCIIa OTCYETOB. J{iIs
BBICOKOCKOPOCTHBIX TOTOKOB JIaHHBIX TAKOW MOJXO]I CTAHOBUTCSI PECYPCOSMKUM H
NPEIbSBISECT  TOBBINICHHBIE  TpPeOOBaHHMSA KaK K  MPOU3BOAUTEIHHOCTH
MHUKPOKOHTPOJUIEPA, TaK ¥ K 00EMY OIEPaTUBHOM MaMSITH.

Bonee mpocTeiM CcHOCOOOM OMpeNeNeHus YacTOThl SBISAETCS aHAJIM3
MOMEHTOB TE€PeCceueHrs CHTHAJIOM 3aJaHHOTO YpoBHS. B mpocreiimem ciydae
UCTIONB3YEeTCsl TEPEeceYeHrue HYJIEBOTO YPOBHSA, IO KOTOPOMY OTpeAemsieTcs
JUTMTENILHOCTD Meproja curHana. JlanHuelid Meto TpedyeT MUHUMAIBHOTO 00bheMa
BBIYUCIICHUI ¥ MOET OBITh pPeajr30BaH HEMOCPEJICTBEHHO BO BpeMsi 00pabOTKH
MaccHBa OTCYETOB.

HemoctatkoM Merona SIBJISIETCS €0 YyBCTBUTEIBHOCTH K mrymam. [lpwu
HAJIMYMMA TIOMEX BOJHM3U YPOBHS TMEPEKIIOYEHHST MOTYT BO3HUKATh JIOKHBIC
cpabaThiBaHUs, NPUBOAAIIME K OIMUOOYHOMY OIpeneieHuto mnepuoxaa. s
TIOBBIIICHUSI YCTOWYUBOCTH OOBIYHO TIPUMEHSIETCS THUCTEPE3UC, TPU KOTOPOM
Nepexo/] CHTHaJla CYMTAETCS COCTOSIBIIUMCS TOJBKO TOCJIE MPOXOXKIACHUS JBYX
Pa3INYHBIX TOPOTOBBIX YPOBHEH.

JInst  ompenesieHusl aMIUTUTYAbl CUTHajla pPacCMaTPUBAINCh Pa3JInYHBIC
CIIOCOOBI aHaJM3a MaccuBa 0TCYeTOB. Hanboiee 04eBUIHBIM pelICHHEM SIBISIETCS
MIOMCK MHUHUMAJIBHOTO ¥ MaKCHUMAaJIbHOTO 3HAYCHHI B BHIOOPKE C MOCIIEAYIOIINM
BBIYUCIIEHUEM PA3HOCTH MKy HUMH. OJIHAKO TaKOH MOXO0/1 OKa3bIBACTCS KpaiiHe
YYBCTBUTEIBHBIM K CIy4YallHBIM BBIOpOCAM W HWMIYJIbCHBIM ToMexam. Jlaxe
CIMHUYHBIA IIIyMOBOW OTCYET CIIOCOOCH CYIIECTBEHHO WCKAa3UTh pPE3YJIbTaT
U3MEpPEHUsI.

AIIBTepHaTI/IBHBIM BApUAHTOM (ABJIICTCSA HCIIOJIB30BAHUC THCTOIPaMMHOIO
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ananmm3a. CyTh MeETOJa 3aKIIOYaeTCs B  HAKOIUICHHH CTaTUCTHYECKOTO
pacnpeneneHus OTCYETOB M0 YPOBHSIM aMIUTUTYAbI. J[J1s TepruoInYeCcKrX CUTHAIOB
XapaKTEpHO HEpPaBHOMEPHOE paclpelelicHue 3HAYeHUW, B pe3yJibTaTe 4Yero
HanOoJiee  BEpPOSATHBIE YPOBHH  (POPMUPYIOT  BBIPAKECHHBIE  MaKCHMYMBI
TUCTOrpaMMBI. [15]

OcoOblii MHTEpeC MPEACTaBISET MOBEJCHUE TUCTOTpaMMbl NMpPHU HAIUYUU
mymoB. Eciam aMmuTyga momMex CyIIeCTBEHHO MEHBINE aMIUTUTYIBI MOJIC3HOTO
CUTHAJIa, IIyM MPUBOJUT JHUIIb K PACHIMPEHUI0 OCHOBHBIX MAaKCUMYMOB
pacnpenenenus. Ilpy 3TOM TOJNIOKEHHE MAKCHMYMOB OCTAae€TCS TPAKTUUYCCKU
HEM3MCHHBIM, YTO ITO3BOJISIET OMNPEACNITh AMIUIUTYAY CHUTHAJIA 3HAYATEIIHHO
HaJIe)KHEE 110 CPAaBHEHHUIO C HEMOCPEJICTBEHHBIM IOMCKOM HKCTPEMabHBIX
3HAYEHUN BBIOOPKH.

JIOTIOTHUTENBHBIM ~ NPEUMYIIECTBOM METO/Ia SIBJISIETCS €ro IMpOCTOTa.
[TocTpoenue rucrorpaMMbl TpeOyeT TOJBKO TMOJICYETa KOJWYECTBA IOMAJaHUMN
OTCUETOB B 3aJlaHHBIC JWAIa30Hbl 3HAYCHWH W HE WCIOIB3YET CIOKHBIX
MaTEeMaTUYECKUX OTMepaluii. ITO JejaeT aJrOPUTM XOPOIIO MPHUTOAHBIM IS
peann3anyy Ha MEKPOKOHTpPOJUIEpax OOIIeTo Ha3HAUYCHUSI.

AHanu3 TpeOoBaHMII K pa3padaThiBAEMOMY YCTPOMCTBY IOKa3aj, 4YTO
WCIIOJIb30BAHUE  CJIOKHBIX METOJIOB LU(PpOBON 00pabOTKM HE  SIBISETCS
HeoOxoauMbIM. COTJIaCHO TEXHUYECKUM YCIIOBUSM, JOMyCKaemasi MOTPEIIHOCTh
U3MEPEHU coCTaBlAeT 5%, UTO CyIIECTBEHHO CHUXAET TPeOOBaHUS K TOYHOCTU
QITOPUTMOB O0pabOTKM U TIO3BOJIIET COCPEIOTOYUTHCS Ha TIOBBIMICHHH WX
HAJISKHOCTH U TIPOCTOTHI PeaTH3aIliH.

[lo pesynbraram CpaBHEHUS PACCMOTPEHHBIX METOJOB OBLIO MPHUHSTO
pelieHre UCnoyib30BaTh KOMOMHUPOBAHHBIN alroputM 00padoTku. OmnpeneneHue
aMIUTUTY/Ibl CUTHAJIa BBITIOJTHSAETCS Ha OCHOBE THCTOIPAMMHOTO aHallM3a MAacCHBA
OTCUETOB. AMIUTUTYIa BBIYUCIISIETCS TI0 TTOJIOKEHUI0 MAKCHMYMOB pacpe/ieICHus,
COOTBETCTBYIOIIUX BEPXHEMY U HIKHEMY YPOBHSIM HCCICAYEMOI'O CUTHAA.

JJist onipeieniennst 9acTOThI HCTIONIB3YETCSl aHAIIN3 TIEPEXO0/I0B CUTHAJIA Yepe3

IEHTPaJbHbIA YpOBEeHb. UTOOBI IIIyM HE BBI3BIBAI JIOKHBIC MEPEKIIOUCHUS,
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BBOJIUTCS TUCTEPE3NC, PABHBIN ITOJIOBUHE N3MEPEHHOM aMIUIATY/bl CUTHAJIA.

Tako# anroput™m 3ameTHo npouie bII® wim koppensuuonHoro ananusza. OH
HE TpeOyeT CIIOXKHBIX BBIUUCICHUM U MOXET BBINOJIHATHCS HEMOCPEACTBEHHO Ha
MHUKPOKOHTPOJUIEPE MOCIIE 3aBepIIeHUs OLU(POBKU CUTHAIA.

B utore ObLI0 MPUHATO PELIEHUE MCIOJIB30BATh JIBA MPOCTHIX AITOPUTMA!
OIIPEJEICHUE AMIUIUTYABI IO TUCTOTPAaMME OTCUETOB U ONPEIECICHUE YaCTOTHI 110
IepexozaM CUTHAJIa 4epe3 LEHTPAIbHBIA YpOBEHb. /[ IIOCTABICHHOU 3aJadu
3TOT0 0KAa3aJ0Ch JAOCTATOYHO, a YCIOXHEHUE AJITOPUTMOB HE JABAJIO 3aMETHOIO

BbIMI'PbIIIA 110 TOYHOCTHU I/ISMepeHI/Iﬁ.

2.4 Bri6op aaropurmMoB ur¢ppoBoii 00padOTKU CHTHAIA

[lepexon k moaHOM OIMGPOBKE CUTHANIA PEIIAET TOJIBKO 3a]ady MOJyUeHHUs
UCXOAHBIX MaHHBIX. [locne 3aBepiieHus onMU(PPOBKH HEOOXOAUMO OIPEACTUTH
aMIUTUTYJly M 4acToTy curHaia mo MmaccuBy orcyetoB ALIIl. MmenHo BbIOOD
QITOPUTMOB 00PaOOTKHU B 3HAYUTEIHHOM CTEIIEHU OMPEIEISET UTOTOBYIO TOYHOCTD
U3MEPEHUN, YCTOMYUBOCTD K IOMEXaM U TPeOOBAHUS K BBIUUCIUTEIbHBIM peCypcaM
MHKPOKOHTPOJLIEPA.

[Tpu BEIOOpE aNTOPUTMOB PaCCMATPUBAIMCH KAK PACIPOCTPAaHEHHBIE METOIbI
1idpoBoit 00pabOTKHU CUTHAJIOB, TaK M 00JIee MPOCTHIE CIIOCOOBI aHAIN3a JTAHHBIX,
He TpeOyrolre 3HAUYUTENbHBIX BBIYMCIUTENBbHBIX 3aTpaT. OCHOBHOE BHUMAaHUE
YVACSUIOCh BO3MOKHOCTH TMOJYyYECHHUS TpeOyeMONW TOYHOCTH H3MEPEHUH Mpu
MHUHUMAJIBHOM CIIOKHOCTH MPOTrPaMMHOM pean3aliu.

A eme, HEOOXOAMMO YUYUTHIBaTh crelU(UKYy pemaeMol 3anauu. B pamkax
MpPOEKTa TPEOOBAJIOCh U3MEPSITh MapamMeTpbl MEPUOJUYECKUX CHUTHAJIOB B
JIAANA30HE YaCTOT OT HECKOJIBKUX JAECATKOB KMJIOrepL A0 eauHull Merarepiu. [Ipu
5TOM (opMa CUTHajga MOTja HU3MEHSThCA B 3aBUCUMOCTH OT PEXKHUMa pPadOThHI
UCCIIEMYEeMOTO YCTpOoWcTBa. JOMONHUTENHHBIM (DAKTOPOM SBISIIOCH HAIMYHE
IIyMOB U3MEPUTEIIBHOTO TPAKTa U TOMEX, BOZHUKAIOIINX KaK BHYTPHU HCCIIETYEMOM

arraparypsl, Tak ¥ BO BHEILLIHEN Cpele.
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Haubonee oueBUIHBIM CIIOCOOOM OIpPEAETICHUS YaCTOTHI MOCe OUU(POBKU
CUTHAJIA SIBJISIETCS CIIEKTPAJIBHBIN aHanu3. B 3TOM ciydae W3MepsieMblii CHTHAI
MPEACTABISIETCS B BUAE CYMMBl TFapMOHUYECKHX COCTABJISIOMINX, IOCIE YEro
ONPEAEIAETCS YACTOTa MAKCUMAJIBHOM CIIEKTPATIbHON KOMIIOHEHTHI.

CrexTpalibHbIN aHaNMMU3 00JalaeT PSAOM CYIIECTBEHHBIX MmpenumyiiecTB. OH
MO3BOJIAET  OJHOBPEMEHHO  OMNPEAENSATh  YacTOTy  CUTHajla, OLEHHUBAaTh
CIEKTPaTbHBIA COCTaB, OOHAPYKUBATh Mapa3UTHBIC TAPMOHHUKHU U KOHTPOJIUPOBATH
HaJM4yue MOCTOPOHHUX CUTHANIOB. KpoMme TOro, cnekTpajabHbIE METOJbI XOPOIIO
MOAXOJAT JJISl UCCIAEAOBAHUS CIIOKHBIX MEPUOUYECKUX MPOIECCOB.

OnHako MpUMEHEHUE CHEKTPAIIbHOTO aHaJM3a B pacCMaTpUBaeMoOil 3ajaye
UMEET PsAJl HEAOCTAaTKOB. [[1s1 moJiydeHus: mpueMIeMO YaCTOTHOM pa3peliaroien
CrOCOOHOCTH TpeOyeTcs HaKOIJICHUE 3HAYUTEIBHOIO0 KOJIMYECTBA OTCYETOB.
OOpaboTka TakMX MAacCHBOB JaHHBIX TpeOyeT BBIYUCICHHUS OBICTPOTO
npeoOpa3zoBanus @Dypbe, UYTO MPEABSIBISICT TMOBBIINICHHBIE TpeOOBaHUS K
MPOU3BOJAUTEIIBHOCTA  BBIUMCIUTENIBHOW  cuctembl.  [lmanupyembii s
ucnoiap3oBanuss MUKpokoHTpouiep STM32F40x wumeer DSP-mponeccop co
BCTPOCHHOW TMOJJIEPKKOU BBIYUCIIEHUS ObICcTporo mpeoOpazoBanus Pypoee [20].
OpnHako, Mpyu U3MEPEHUH OJIHOM YaCTOThI UCIIOJIb30BAHUE TTOJIHOTO CIIEKTPAIBHOTO
aHaM3a SBISETCA U30BITOUHBIM.

JpyruM paciupoCTpaHEHHBIM MOAXOJ0M SIBJISIETCS MCIOJb30BAaHUE METOJIOB
KOPPEISAUOHHON 00paboTku. YacToTa CUTHANA ONIPENeNseTCs IyTEM BBIYUCICHUS
aBTOKOPPEISIMOHHON (PYHKIIMH U TTOMCKAa MAKCUMYyMa KOPPEJISILIUU JIJIs1 pa3TuIHbIX
BPEMEHHBIX CJIBUTOB.

Koppensinonapie MeToApl 00J1a1af0T BBICOKOHW IMTOMEXOYCTOMUYHMBOCTBIO U
MO3BOJISIIOT OOHAPYKUBATh MEPUOJIUYHOCTD JIa)KE B YCIOBUSIX HU3KOTO OTHOIICHUS
curHan-myM. OJIHaKo 00BEM BBIYUCIICHUHN TIPHU MCTIOIB30BAHUH KOPPEISIIUOHHOTO
aHaJM3a CYIIECTBEHHO BBIIIE IO CPAaBHEHUIO C 00JIee IPOCTHIMU aaTopuTMaMu. J{7s
KOMIMAKTHOTO M3MEPUTEJIBHOTO YCTPOMCTBA MOJOOHBIM TOAXOJ] OKa3bIBAETCS
HEOIPAaBJIaHHO CIIOKHBIM. [21]

B xauectBe AJIbTCPHATHBBI MOTYT HCIIOJb30BATLCA MCETOABLI OIPCACICHUS
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MEPUOJIa IO MOMEHTAM MEPECECUCHHSI CUTHAJIA C HEKOTOPBIM MOPOTOBBIM YPOBHEM.
[Tocne omudpoBku curHama (HUKCUPYIOTCS TOYKH TEpEXo/ia 4epe3 3aJlaHHbBIN
YPOBEHb, a 3aTE€M OMNPEACISIETCS CPENHUN MEPUOJ MEXAY IOCIEAOBATEIbHBIMU
MEPECCUCHUSMMU.

Takol moaxo/ OTAMYaeTcs BHICOKOW CKOPOCThIO pabOThl 1 MUHUMAJIbHBIMU
BBIYMCIIUTENbHBIMU 3aTparamMu. OJHAKO B MPOCTEHIIEM BapuaHTe OH 00Jiajzaer
CYIIECTBEHHBIM HEJOCTATKOM: MIPU HAIMYUU I[IYMOB IIOJOXEHUE TOYKH
MIEPECECUCHUs] TOPOra MOXKET H3MEHATHCS, YTO MPUBOJIUT K JOMOJHUTEIBHOU
MOTPENTHOCTHA U3MEPEHUS.

JInsi TIOBBIIEHUST YCTOMYMBOCTA K IIyMaM BO3MOXXHO HCIIOJIb30BAHUE
ructepesuca. B aTom ciiydae nepexoj; GuKCUpyeTcs: HE 10 OJJHOMY YPOBHIO, a TIO
JIBYM pa3iuyHbIM noporaM. [1o100HbIN MOAX0/ MO3BOJISIET CYIIECTBEHHO CHU3UTH
BIIUSIHUE CITy4YalHbIX (DIyKTyalluii CUTHAIa Ha Pe3yJIbTaT U3MEPEHHUS.

Jlns ompeneneHuss aMIUIMTYAbl CHUTHala TakKXKe CYIIECTBYET HECKOJIBKO
BO3MOXXHBIX MeTOJI0B. Hanbosnee oueBUAHBIM SIBISETCS MOMCK MUHUMAJIBLHOTO U
MaKCUMaJIbHOTO OTCU€Ta BHYTPH BBIOOpKH. Takod croco0 MpoCT B pean3alui,
OJIHAKO YYBCTBUTEJICH K UMITYJILCHBIM MTIOMEXaM 1 OJMHOYHBIM BBIOpOCAM.

JpyruM BapuaHTOM SIBISETCS YCPEAHEHHE HECKOJBKHUX 3KCTPEMAaJIbHbBIX
3HaueHUU. JIaHHBIN MOAXO0/] yMEHBIACT BIUSHUE CIYYalHBIX BBHIOPOCOB, HO TPHU
ATOM TpPeOYyeT JAOMOJHUTEIIbHBIX BBIUMCICHUM U HE BCEr/a IMO3BOJISIET KOPPEKTHO
paboTath pu U3MEHEHUU (POPMBI CUTHAJIA.

Jl1s1 onipeiesieHus aMILTMTYAbl CUTHAsIa ObUT BIOpaH rMCTOrPaMMHBINA METOI.
[Ipu ero MCMoOAL30BaHUU MJII HAKOIJIGHHOW BBIOOPKH CTPOUTCS paclpeieicHue
snauenuid ALIIl, mocne yero aHanmu3MPyrOTCS HAMOOJEE YaCTO BCTPEYAIOIIUECS
YpOBHU curHaia. Takoil moxo1 Xopouio paboTaeT faxke MNPy HATUIUHU CIIy4alHOTO
IIyMa, TIOCKOJIbKY OT/AEJbHBIE BBIOPOCHI OKa3bIBAIOT 3HAYUTEIHHO MEHBIIEE
BIIUSIHUE HA PE3yJIbTAT U3MEPEHUSI, UEM IIPU ITOMCKE MTHOBEHHBIX MAKCUMYMOB U
MHHUMYMOB.

[IpakTka mMoOKa3bpIBa€T, YTO JJISI pPACCMAaTpPUBAEMOM 3a/laud MPUMEHEHUE

CIIOKHBIX QJITOPUTMOB He TpeOyercs. JlomycTumasi MOTPEnIHOCTh H3MEPEHUH
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COCTaBJISIET OKOJIO 2 %, mo3TOMy Hcnoib3oBanue bIID wim koppeasuuoHHOro
aHallM3a He JAaeT CYIIECTBEHHOI'O BBIMTPHINIA, HO 3aMETHO YBEJIMYMBAET 00BEM
BBIUHCIICHUN.

[To 301 mpuuuHE OBLTO MPUHITO PEUICHUE UCIIOJIB30BATh IBA OTHOCUTENIBHO
IPOCTBIX AIrOpUTMa. AMIUIMTYAA ONpeAenseTcs 1no rucrorpamme orcueroB AL,
a yacToTa — I10 IIEpeX0/jaM CUTHaJIa Yepe3 LIEHTPAIbHBIA YPOBEHb C TUCTEPE3UCOM.
Taxoit moaxoa obecneunBaeT TpeOyeMyt0 TOUHOCTh U3MEPEHUH U TIPHU 3TOM JIETKO
peanusyercs Ha BBIOpaHHOM anmapaTHOM Iu1aTdopMme.

[Tocne BbIOOpa aITOPUTMOB OOpPaOOTKH MOXHO TEPEXOAUTHh K BBHIOOPY

AIIEMEHTHOU 0a3bl M MPOEKTUPOBAHUIO AMIAPATHON YaCcTH yCTPOMCTBA.

2.5 BbI0Op CTPYKTYPHI H3MEPUTEIbHOI0 TPAKTA

[locne aHanm3a CYHIECTBYIOIIMX METOJOB H3MEPEHHUS IapaMeTpoB
MEPUOANYECKUX CUTHAJIOB U PACCMOTPEHUS PA3JIUYHBIX BAPUAHTOB peaIU3alluu
U3MEPUTETLHOTO YCTPOICTBA Oblla BRIOpaHa apXUTEKTypa, OCHOBAHHAs HA TOJIHON
olM(pOBKE HCCIEAYEMOr0 CHUTHaja C Mocleayromed nudppoBod o0pabOTKOM
MOJIYYEHHOTO MacCUBa JIaHHBIX.

Br160op maHHoro mojxona oOyclIOBJIEH HECKOJIbKMMU npuunHamu. [Ipexne
BCET0, B ITPOIIECCE BHITTOJIHEHUSI TPOEKTA HEOJTHOKPATHO MU3MEHSIIUCH TPEOOBAHUS K
U3MEPSIEMbIM TapaMeTpaM HCCIEAYEeMbIX YCTPOWCTB. B MOAOOHBIX yCIOBUAX
MPUMEHECHHUE CIEIUAIM3UPOBAHHBIX AHAJIOTOBBIX CXE€M OOpabOTKHM CTAaHOBUTCS
HEXEJaTeNbHbIM, TTOCKOJIbKY JII000€ M3MEHEHHE aJrOpuTMa H3MEpeHus: Tpedyer
nepepabOTKU MPUHITUITUATIBHONW CXE€MbI, U3rOTOBJICHUSI HOBOW NMEYaTHOM IJIAThl U
IIPOBEJEHNUS IOBTOPHOM HACTPOMKH YCTPOMCTBA.

Ucnions3oBanue mudpoBoii 00pabOTKH MO3BOJISIET 3HAYUTEIBHO YIPOCTHUTH
BHECEHUE U3MEHEHUH B aJITOPUTMBI U3MEPEHUS. B OOJBIIMHCTBE CiTyyaeB JJIsl 3TOTO
JIOCTATOYHO MOJAMGHUKAIMA MpOorpaMMHOro obecrieueHus 0e3 H3MECHCHUS
arrmapaTHOM 4acTH yCTpOMCTBAa. TakoW MOAXO0J CYIIECTBEHHO COKpPAILIAaeT CPOKHU

aganrtainyun MHU3MEPUTCIIBHOIO KOMILICKCA K HOBBIM TpC6OBaHI/I$IM H IIO3BOJIACT
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MIPOBOJIUTH AKCIIEPUMEHTHI C PA3IMYHBIMU METOJIaMi 00pa0OTKU CUTHAIA.

JIOTIOTHUTENBHBIM ~ TPEUMYIIIECTBOM ~ TIOJTHOW  OUU(DPOBKU  SBIISAETCS
BO3MOXKHOCTh COXpPaHEHHUsSI HCXOJHOTO MaccuBa wu3MepeHuil. B oTiumuume ot
aHAJIOTOBBIX HW3MEPUTEJEH, KOTOPhI€ BBIAAIOT TOJBKO KOHEYHBIN pPe3yibTaT
u3MepeHus, udpoBasi cucTeMa MO3BOJSET COXPAHUTH BCIO MOCJIEA0BATEILHOCTh
OTCUETOB M BBIMOJHUTH MOBTOPHBIN aHAW3 JIaHHBIX C HCIOJB30BAHUEM JPYTUX
QITOPUTMOB. ITO 0COOCHHO Ba)KHO Ha dTanax pa3paOd0TKH U OTIAIKN UCCIIETyEMBbIX
YCTPOMCTB, KOrjJa TpeOOBaHUSI K METOJUKE HCIBITAHUNH MOTYT YTOYHSTHCS B
npoiiecce padoThl.

B xozne ananu3za TpeOoBaHMi ObUIO YCTAHOBIJIEHO, YTO U3MEPSIEMbIE CUTHAJIBI
pacronaratorcsi B JHANa30HE€ YacTOT OT JIECSITKOB KHWIIOTEPI A0 HECKOJIbKHUX
Merarepil. J[Ji1 KOppEeKTHOTO U3MEPEHUs MapaMeTPOB TAKUX CUTHAJIOB 4YacTOTa
JUCKPETU3AlMN  JOJDKHA  3HAUYUTENBHO  MPEBBINIATH  BEPXHIOK  T'PaHHUILY
HCCIIEyEMOTO JUaria3oHa.

TeopeTueckd MHMHUMAJIbLHO JIOMYCTUMash 4YacToTa  JUCKPETH3AIUHU
onpenensaercs teopeMod KoTenbHUMKOBa M NOKHA KaK MUHMMYM B JBa pasa
MPEBBIIATh MaKCUMaJIbHYI0 4YacTOTy curHajga. OJHaKo TpU MPaKTHYECKOM
U3MEPEHUN TMApaMETPOB MEPUOAUYECKUX CHTHAJIOB TaKOW 3arac OKa3bIBaeTCs
HEJI0CTaTOYHBIM. {7151 0OecrieueHnst ycTOHYMBOM pabOThI aITOPUTMOB OTIPEICICHUS
YaCcTOThl M aMIUIMTYJbl HEOOXOAUMO TMOJydaTh HECKOJbKO OTCUETOB Ha
MPOTSHKEHUHU KaXKJA0T0 MOJyIepruoa CUTHAJIA.

Kpome Toro, npuMeHsieMble METO/Ibl aHAJIN3a OCHOBAaHbI HA CTATUCTUYECKON
00paboTke MaccuBa n3mepeHuid. Yem OoJbiiee KOJIMYECTBO OTCUETOB MPUXOIUTCS
Ha OJIMH NEPUOJ] CUTHAJIA, TEM BbIII€ TOUHOCTh ONIPEACIICHUS €r0 MapaMeTPOB U TEM
s PexTrBHEE MOJABIACTCS BIUSHUE CIIyYalHbBIX IITYMOB.

[Io »TOM TpUYMHE WCMOIH30BAHUE BCTPOCHHBIX aHAIOTO-IIU(POBBIX
npeobpaszoBareieli MUKPOKOHTPOJIICPOB OOIIEro Ha3HA4YCHUS HE 0O0eCIeunBacT
HeoOxoauMoro OwicTpoaeiicTBus. HecMmotps Ha Hammuue BcTpoenHoro ALIII, ero
MPOU3BOJIUTEIIBHOCTH HEIOCTATOYHO /JI1 YBEPEHHOI0 aHaJIN3a CUTHAJIOB BEpXHEN

YacTH HCCIEIYyeMOI0 Juana3oHa IIpU COXPaHEHUH TpeOyeMoil TOYHOCTH
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U3MEPEHUN.

Jlnsa pemieHusi JaHHOM 3a7adyd ObLI BBIOPAH BHEUIHUI BBICOKOCKOPOCTHOM
aHayoro-dpoBoi  npeodpazosaresib AD9057BRSZ-40 mpoussoactBa Analog
Devices. Jlannblil mpeoOpa3oBareiab 00ecrneynBaeT 4acToTy TucKpeTu3anuu 10 40
MUJUTMOHOB BBIOOPOK B CEKYHAY M (POPMHUPYET MapaieTbHbII BOCBMUPA3PSIIHBIN
1 poBOH KOJI.

Bribop UMEHHO BOCHBMUPA3PSAIHOTO Mpeodpa3zoBaTens  00YCIOBIEH
0COOEHHOCTSIMU MOCTaBJIEHHOM 3aAauu. Llenbio ycTpoiicTBa ABIsIeTCs OnpeiesieHne
aMIUTUTYABl U YaCTOThI IEPUOJUYECKOTO0 CUTHAJIA C ITOTPEIIHOCTHIO MOPSIKA JBYX
NpoLEHTOB. Jlns pemeHus Takol 3agadyd He TpeOyeTcs BBICOKAs TOYHOCTh
BOCCTAHOBJICHMSI MI'HOBEHHOTO 3HA4Y€HHUsl HaNpsDKEHUs. 3HAuMTENbHO OoJiee
BAKHBIM SIBJISIETCA MOJY4YEHUE OOJBIIOr0 KOJIMYECTBA OTCYETOB 33 KOPOTKUU
IIPOMEKYTOK BPEMEHMU.

[Ipu nuanazone mnpeoOpa3oBaHusi B 256 ypoOBHEW KBAHTOBAHHS Jaxe
OTHOCUTEIBHO T'pyOO€ MPEICTABICHUE CUTHAJIA TIO3BOJISIET YBEPEHHO BBINOJIHATH
CTaTUCTUYECKUI aHAJIU3 U ONPEIEIATH ITOJIOKEHUE XapaKTEPHBIX YPOBHEW CUTHAJIA.
Takum o0pa3zoM, yBennueHue paspsaaHoctd ALl He TpUBOAUT K CYyHIECTBEHHOMY
pPOCTY TOUHOCTH KOHEUHOTO PE3YNbTAaTa, HO 3HAYUTENBHO YCIOKHSET alapaTHYIO
pean3alnio yCTPOMCTBA.

HeobGxonumo oTMeTuTh, YTO BBIOpAaHHBIM MpeoOpa3zoBaTesb paboOTaeT B
OTPaHMYCHHOM JHarna3oHe BXOJHBIX HAMpsXKeHU U Tpedyer (HOpMUpPOBAHUS
ITOCTOSTHHOTO CMEUIEHUSI OTHOCUTEIIBHO HYJIEBOIO YPOBHSI U3MEPSIEMOTO CHTHAJIA.
[Tosromy mepen ALl mpegycmarpuBaeTcsi CHEUAIbHBIA AHAJIOTOBBIA TPAKT,
BBITIOJIHSIOIINHN (PUIBTPALIAIO M COTJIACOBAHUE CUTHAJIA.

OnHOM W3 3aa4 BXOJHOTO TPAKTA SBJISETCS MOAABICHUE MOCTOSHHOMN
coCTaBJstoNIe curHana. B GonpIIMHCTBE paccMaTpUBAEMbIX PEXUMOB PaOOTHI
abCOJIIOTHOE 3HAYEHHE MOCTOSHHOTO CMEUICHHsS HE IMPEeACTaBisieT MHTepeca JIs
n3MepeHuil. OCHOBHBIMU KOHTPOJIMUPYEMBIMH MapaMeTpamMu SIBJISIIOTCS aMILIUTY1a
M YacToTa IEPUOJNYECKON COCTaBIAtomEen. [loaToMy Halmvuue MOCTOSTHHOTO

HalpsDKEHUsT Ha  BXOJIE MOKET MPUBOJUTH JUMIIb K HedDPEeKTUBHOMY
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UCITOJIb30BAHUIO JUHAMUYECKOTO JUana3oHa aHasoro-uu@poBoro
npeodpazoBaTes.

JIONIOJIHUTENBHO BXOJHOM TpPaKT JOJDKEH oOecreunBaTh OcialleHne
HU3KOYACTOTHBIX MIOMEX, BO3HUKAIOIINX BCJIEACTBUE 3JIEKTPOMArHUTHBIX HaBOJOK
npoMbllIeHHON ceTh. Hanbosee pacripocTpaHEHHOM SIBISETCS IIOMEXa 4acTOTOM
50 T'u, KoTOopass MOKET MPUCYTCTBOBATh NMPAKTUYECKU B JIFOOOW M3MEPHUTEIBHOM
cucreMe. HecMOTps Ha 3HauWTENbHOE OTIMYME €€ YacTOThl OT JHala3oHa
UCCIIEYEMbIX CHUTHAJIOB, HAJIWYUE TAKOM COCTAaBJISIIOIIEH CIIOCOOHO BIIMATH Ha
pe3ynbTaTbl  CTaTUCTUYECKOM OOpaObOTKM M NPUBOAUTH K  IOSBICHUIO
JOTIOJTHUTEIBHOM MOTPEITHOCTH.

BbicOKOUaCTOTHBIE MOMEXU MpPENIOIaraeTcs MOoAABIATh MPEUMYIIECTBEHHO
1M(POBBIMU METOAAMU 00paOOTKH NOCIIE 3aBEpLIECHUsI OLIU(PPOBKHU cUrHazia. Takon
MOJIXO/] TIO3BOJISIET COXPAHUTh THOKOCTh CUCTEMBI U ITPH HEOOXOIUMOCTH U3MEHSATh
napaMmeTpsl (pUIBTPALUK IPOTPAMMHBIMU CPEJICTBAMU 0€3 BHECEHUSI U3MEHEHUN B
anmnapaTHylo 4acTh yCTPOMCTBA.

C y4yeToM NpOBEACHHOIO aHajiu3a Obula cpopMUpPOBaHA O0IAs CTPYKTypa

MU3MEPUTEIBHOTO TPAKTA, MPEICTABICHHAS HAa pUCYHKe 2.1.
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ViccnegyeMbilii curHasn

BxoaHoli dounkTp

A

CxeMa COr/lacoBaHus 1
CMeLEHNs YPOBHS

Y

BoicokockopocTHoli AL

Bythep usmepeHuit

\

OnpefeneHue nepuoaa
curHana

-

Pesyn bTaTbl U3MePEHNA

FMcTOrpaMMHBI aHasIn3

Pucynok 2.1 — CTpyKTypa H3MEpUTEIBHOIO TPAKTa

[IpemyioxkeHHass CTpykTypa oOecleuyuBaeT HEOOXOAUMYI0 THOKOCTH
porpaMMHON 00paOOTKH, MO3BOJSET H3MEHSATh AITOPUTMBI HU3MEpeHUs 0e3
MOAM(UKALIMKA aNMapaTHOM YacTH YCTPOWCTBA M OOECHEYMBAET TMOJIyYECHHE
JIOCTaTOYHOTO O0BbEMa JaHHBIX I YCTOWYMBOTO OIpEAETeHUs] MapaMeTpoB

NEPUOANICCKNX CUTHAJIOB B YCIIOBUAX BOBHCﬁCTBHH IIOMCEX.
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3 ITPOBEPKA U INIOATBEPKJIEHUE PE3YJIbBTATOB
NCCIEAOBAHUA

3.1 Pa3pabGoTka cTPYKTYPHOIi cXeMbl YCTPOMCTBA

B pesynbrare aHanu3za METOAOB HM3MEPEHHS IMMAPAMETPOB MEPUOAMYECKHUX
CUTHAJIOB, MPOBEJECHHOTO BO BTOPOH I1aBe, ObLI BHIOpaH MOAXO0M, OCHOBAHHBINA Ha
NOJIHOM  OIU(POBKE HCCIEAYEeMOro CHTHajlla ¢ mocienyromeid nudpoBoi
00paboOTKON MaccWBa TOJYYCHHBIX OTCUeTOB. J[aHHBIA MOAXOA OOecrednBaeT
BBICOKYIO THOKOCTh aJTOPUTMOB H3MEPEHHUS W TO3BOJIIET H3MEHSTh METOJbI
00paboTku 0e3 Moau(UKaIUMKY almapaTHON YaCTHU YCTPOMCTBA.

OCHOBHBIM MPEUMYIIECTBOM BBIOPAHHOTO PEIICHUS SIBISICTCSI BO3MOKHOCTb
COXpaHEHUs MoJHOM nHpopmanuu o ¢popMe curHana. B orauune oT aHaIOroBBIX
u3MepuTeneH, GopMHUPYIOMNX TOIHKO KOHEYHBIN PE3yNIbTaT U3MEPEHUs, UPpOBas
CUCTEMa IMPENOCTaBIAeT JOCTyH KO BCEM OTCYETaM aHaJIoro-uuppoBoro
npeoOpaszoBarenis. JTO IMO3BOJSET NMPUMEHSTHh pa3jIMyHble METOJbl 00pabOTKU
JAaHHBIX, U3MEHSTH aJITOPUTMbI U3MEPEHUHN U BBITIOJIHATD JOTOJHUTEIBHBIN aHAN3
paHee 3aliCaHHbIX CUTHAJIOB.

B kauecTBe OCHOBBI HM3MEPUTENBHOIO TpakTa ObUI BbIOpAH BHEIIHMIA
BBICOKOCKOPOCTHOM  aHanoro-nudpoBoit  mpeodpazoBarens AD9057BRSZ-40
npowusBojcTBa komnanuu Analog Devices. HecMoTpst Ha cpaBHUTEITBHO HEBBICOKYTO
paspsaHocTh (8 OuWT), HOaHHBIM mpeoOpa3oBaresb o0OecHeYrBaeT 4YacTOTy
auckpernzanuu 10 40 MHUJUIMOHOB BBIOOPOK B CEKYHAY IPU OTHOCHUTEIHHO
HEBBICOKOM CTOMMOCTH U IPOCTOM HHTepPeiice noakitoueHus. [[ns nocraBieHHON
3aJja4i U3MEPEHHS aMIUTUTYAbl U YaCTOThI CUTHAJIOB TaKasl pa3psAHOCTh SBIISETCS
JIOCTaTOYHOM, IMOCKOJIbKY HCIOJIb3YyE€MbIE aNTOPUTMBI OOpaOOTKM OCHOBaHBI Ha
CTATUCTUYECKOM aHaJIn3€e OOJBIIOr0 KOJUYECTBA OTCUETOB U HE TPEOYIOT BBICOKOM
TOYHOCTH BOCCTAaHOBJICHHUS] MTHOBEHHOT'O 3HAYEHUS HATIPSKECHHUSL.

Oco0eHHOCThIO BBIOPAHHOTO MpeoOpa3oBaTelis SBISETCS HCIOJIb30BAaHUE

BHYTPCHHCTO OIIOPHOI0 HAIPAXKCHUA, OTHOCHUTCIBHO KOTOPOIO ITPOU3BOAUTCA
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npeobpazoBaHue BXOAHOro curHaia. [lo 3Toll mpuumHE HU3MEpPUTENbHBIN TPaKT
JOJDKEH 00ecTeunBaTh HE TOJIBKO (PHIIBTPAIIMIO CUTHAJIA, HO M €T0 COTJIACOBAHUE C
JMana3oHoM BXOJHBIX HanpspkeHuil ALIIL. DTo HakimaabiBaeT JOMOJHUTEIbHBIC
TpeOOBaHUS Ha AHAJOTOBYIO YaCTh YCTPOWCTBA U OMpEeNsieT HE0OXOIUMOCTb
IPUMEHEHHUS CIEIUATBHBIX IETICH COTJIACOBAHMSI YPOBHHI.

Ha ocHoBanum cdopmyaupoBaHHBIX TpeOoOBaHUM OblIa pa3zpaboTaHa

CTPYKTypHasi CXeMa yCTpOUCTBa, IPEACTaBICHHAs Ha pucyHke 3.1.

BxogHble yenu

l

AHanoroBslit Bydep

Monocoeoit hnnsTp

l

Llenb cornacosaHws ypoBHA

h 4

AD9057BRSZ-40

l

MWKpOKOHTponnep
STM32F407

h 4

ANroputmbl 06paboTkn

l

PeaynsTarhl M3MepeHus
PucyHnok 3.1 - ctpykTypHas cxéMa YCTpPOMCTBA

BxonHble nienu npeaHa3HaueHbl AJ1s1 OJKIIOYCHHSI UCCIIeyeMOTro CUTHAA U
3alIUThl U3BMEPUTEIBLHOTO TPaKTa OT BO3MOKHBIX MEPETPY30K.

[Tocne BXOAHBIX LIETIeH CUTHAI MTOCTYIAET Ha aHAJIOTOBbINA Oy(dep. OCHOBHOM
3agadeii Oy(depHOro Kackaaa sBISETCS UCKIIOUEHUE BIUSHUS TOCTISIYIONINX Y3JI0B
CXEMbl Ha UCTOYHMK CUTHaja. Vcrnonb3oBanue OypepHOro yCHINTENS MO3BOJSET
00eCrieunTh BBICOKOE BXOJHOE COMPOTHBIICHHWE YCTPOWCTBA M COXPAHUTH (HOPMY

HU3MCPACMOI'0 CMI'HaJia IIpH IMOAKIIOYCHHUHA Pa3/INYHbIX HCTOYHUKOB.
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Crnenyrouim 3J€MEHTOM CTPYKTYPHOM CXeMBbI SIBISIETCSI TOJIOCOBOM (QUIIBTP.
Ero mpumenenue 00yciaoBI€HO HEOOXOAUMOCTBIO MPEABAPUTENLHOTO MOIaBICHUS
HU3KOYACTOTHBIX M BBICOKOYACTOTHBIX TOMEX JI0 BHIMOJHEHHU S aHAIOTO-IIU(PPOBOTO
npeoOpazoBanus. HwkHss TpaHHIAa TOJOCHI MPOMYCKAaHUS BbIOpaHA TaKUM
o0pa3oM, 4YTOOBI HCKJIIOYUTH BIMSHUE TIOCTOSTHHOM  COCTaBJSIOWIEH |
WHYCTPUATBHBIX [OMEX TMPOMBIIUICHHON ceTH. BepxHssi TpaHUIa TMOJIOCHI
ONpENENSCTCS MUana3oHOM HW3MEpSAEMBbIX CHUTHAJOB U XapaKTePUCTHKAMHU
UCITI0JIb3yEeMOT0 aHAJIOTO-IIU(POBOTO MPeoOpa3oBaTENS.

[locne QuupTpanmuu cUrHaid MOCTYMaeT B LEMb COIVIACOBAHUS YPOBHS.
Janublii  y3en o0ecneyuBaeT MPUBENCHHE aAMIUIUTYJbI WU MOCTOSHHOU
COCTABJISIFOIICH CUTHANA K JUana30Hy BXOJHBIX HAIPSKEHUN aHAIOTO-1IM(POBOTO
npeoOpazoBarens. HeoOXonUMMOCTh MPUMEHEHUsT JAHHOTO Kackada o0ycClIOBIEHA
ocobeHHOCTsIMU paboThl BeIOpaHHOro AlIIl, koTophIii TpeOyeT dhopmupoBaHUSs
OIIPE/IEICHHOIO YPOBHS CMEUICHHMSI OTHOCUTEIIbHO BHYTPEHHErO OIOPHOTO
HaIPSHKCHUS.

OnudpoBka curHanga BITOIHAETCS aHAIOTO-IIU(POBBIM MpeoOpa3zoBaTeIeM
AD9057BRSZ-40. IlomydenHble  1udpoBBIE  OTCUETHI  MEpEHaroTCs B
MukpokoHTposuiep STM32F407RGT6, KOTOphI OCYIIECTBISIET HAKOIUJICHUE
MacCHBa JaHHBIX M BBITIOJIHEHUE aITOPUTMOB IU(PPOBOK 0OpabOTKH.

B MukpokxoHTpoIiepe peaau3yroTcs alTOPUTMBI ONIPEACTICHIS aMILTUTY/IbI U
4acTOThl CUTHana. JIsi OIIEHKM aMIUTUTYIbl HCIOJIB3YEeTCs] CTaTUCTHUYECKas
00paboTka MaccuBa OTCYETOB, OCHOBAaHHAsl HA aHAJIM3E paCIpeAesICHUs] 3HAaUCHHM
curHaia. Yactora ompenensercs IMyTeM aHaIW3a NEPUOAMYHOCTA H3MEHEHHS
CUTHajga BO BpeMeHH. lcmonb3oBaHHe NpOrpaMMHON OOpaOOTKH TO3BOJISET
U3MEHATH AITOPUTMBI U3MEpEHUsT 0€3 BHECEHUS W3MEHEHUH B amlmapaTHYIO 4acTh
ycTpoiictBa. B 1mensix wuccienoBaHusi, €CTb TakK € BO3MOXKHOCTH IE€peAaTh
3aMMCaHHBIA MACCHB PE3YJIbTATOB OU(PPOBKH HA KOMITBIOTEP 6€3 00paboTKu. ITO
HEO0OXOIMMO JJIsl OIIEHKH TOYHOCTH U3MEPEHUN U OTJIaJIKU aJIrOpUTMa 00pabOTKU
0e3 HeOOXOIMMOCTH UMETh (PH3UUECKUI CTEHI.

PC3YJ'IBT3TOM pa6OTBI CUCTECMBI  ABJIAIOTCA  3HAYCHUSA  HU3MCPCHHBIX
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NapaMeTpoB CUTHAJIA, KOTOPbIE MOTYT HCIOJb30BaThCS KAaK HEMOCPEICTBEHHO B
COCTaBE€ HCHBITATEILHOTO OOOpPYAOBaHUSA, TaK M TEpPeAaBaThbCsl BO BHEIIHUE
HH(pOPMAITMOHHBIE CUCTEMBI JJIsI TaJIbHEHIIIETo aHa13a.

Takum o0pa3om, pa3paboTaHHasi CTPYKTypHass cxema oOecledrnBacT
pazaeneHue GyHKIUH MEXAY aHaJOrOBOM M HM(POBOM YaCTIMHU YCTPOHCTBA.
AHajioroBass 4acTh OTBEYAaeT 3a IIOJIOTOBKY CHTHAJIa K IpeoOpa3oBaHHUIO, a
1udpoBasi 4acTh BBITOIHICT 00paOOTKY MOTYyYEHHBIX JAaHHBIX M (OPMUpPOBAHUE
pe3yabTatoB u3MepeHusa. I[logoOHOE TMOCTpoeHHWE M3MEPUTEIIBHOTO TpaKTa
oOecrieunBaeT TpeOyeMyl0 THOKOCTh CHCTEMBI W TIO3BOJISICT aIalTHPOBAThH
QITOPUTMBl M3MEPEHHUS K M3MEHSIOMMMCS TpeOoBaHUsAM 0e3 Moaudukanuu

arrmapaTHOM YaCTHU YCTPOUCTBA.

3.2 Bb10op 3;1eMeHTHOM 0a3bI

[locne pa3paboOTKM CTPYKTYpHOM CXEMBI YCTPOWCTBA HEOOXOAMMO
BBITIOJIHUTH BBIOOP d3JIEMEHTHOM 0a3bl, 00ECIEeUMBAIONICH peanu3aluio BCeX
(GYHKIIMOHATBHBIX Y3JI0B H3MEpPUTEIbHOTO TpakTa. [Ipu BeIOOpE KOMITOHEHTOB
YUUTHIBAJIUCH HE TOJIBKO TEXHUYECKUE XapPaKTEPUCTUKU OTAEIbHBIX 3JIEMEHTOB, HO
U BO3MOXKHOCTh UX COBMECTHOI'O HCMOJIb30BAHUSI B COCTABE €IMHOM almapaTHo-
MPOrPaMMHOM CUCTEMBI.

Cnenyer OTMETUTh, YTO CTPYKTypa YCTPOWMCTBA, pacCMOTpEHHash B
npeabiaymeM paszgene, (GopMHpPOBaIacCh C YYETOM OCOOEHHOCTEH IOCTYMHOU
ayieMeHTHoM 6a3bl. B wacTHOCTH, TpeOOBaHUS K aHAJIOTOBOMY TPAKTY OIPEACIISITUCH
XapakTepUCTUKaMH BBIOpAHHOTO  aHaANIOro-Iu@poBOro mnpeodOpa3zoBarels, a
BO3MOXXHOCTH  1IMPPOBON  00pabOTKM —  apXUTEKTYpOHl  HCIOJIb3yeMOTO
MUKpPOKOHTpoJuiepa. Takum o0pa3om, BBIOOpP KOMIOHEHTOB M pa3paboTKa
CTPYKTYpPbl YCTPOMCTBA BBINOJHUIMCH MapajlIeIbHO W OKa3bIBAJId B3aMMHOE

BJIMSTHUC JIPYT HA Apyra.

3.2.1 Boi0op aHasoro-uu(poBoro npeodpazoBaresis

OmHUM U3 KITIOYEBBIX JIEMEHTOB Pa3padaThiBA€MOr0 YCTPOMCTBA SIBISETCSA
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aHanoro-nudpoBoit  mpeobpazoBatenb. MMeHHO ATOT  y3enm  ompenenser
MaKCUMAaJIbHO JTOCTHKMMYIO YaCTOTY JUCKPETU3ALUU U, KaK CJIEICTBUE, BEPXHIOIO
IpaHUIly U3MEPSEMOro Juana3oHa 4acTor.

Ha sTane pa3paboTku paccMaTpuBaIOCh HECKOJIBKO BAPUAHTOB pEaIU3aALNU
U3MEpUTENLHOTO  TpakTa. Haumbonee  OYEBHAHBIM  PEIICHHEM  SBJISJIOCH
HCIIOJIb30BAaHUE BCTPOCHHOTO aHaJIoro-nu(poBOro npeoOpazoBaTes
MukpokoHTposuiepa STM32F407. OgHako aHalu3 TEXHUYECKUX XapAKTEPHCTHK
MoKaszaJl, 4YTO MPOU3BOAUTENLHOCTH BcTpoeHHoro ALl Hemocrarouno st
penIeHns MOCTABICHHOM 3a1a4u.

[lepBoHAaYaJIbHO TEXHUYECKOE 3aJaHHe MPEayCMaTpPUBAIO BO3MOXKHOCTb
WU3MEPEHHUsI CUTHAJIOB C YaCTOTOM J0 HECKOJbKMX Merarepl. IIpu Takux yactorax
KOJIMYECTBO OTCYETOB HA IMEPUOJ CHUTHAIA, IOJydaemoe BCTpoeHHbIM AlLlll
MUKPOKOHTPOJUIEpPA, OKAa3bIBAE€TCS HEJOCTATOYHBIM JUIsl YCTOWYMBOM pPabOTHI
QITOPUTMOB ONPEEIEHHUS YaCTOThI M aMIUIMTY 1bl. KpoMe Toro, Hainu4uue 3amaca 1o
YacTOTE€ JUCKPETH3alMU IMOBBIIIAET YCTOMYMBOCTb HM3MEPEHUH B YCIOBHUAX
BO3/ICICTBUS LIYMOB M MO3BOJIIET MCIIOJIB30BaTh OOJEE CIOXKHBIE AITOPUTMBbI
ur(ppoBoil 0OpadOTKH.

B xonme pabGoumx coBemaHuil ObLJIO MNPUHATO PEIHICHHE HCIOJIb30BATh
BHEIIHUH BBICOKOCKOPOCTHOM aHajoro-mudpoBoi npeodpa3oBaTesb
AD9057BRSZ-40 npousBozctea kommnannu Analog Devices.

Bribop nmanHoro mpeoOpasoBarenisi ObUl  OOYCIOBJIEH HECKOJIBKUMH
bakTopamu.

Bo-nepsrix, AD9057BRSZ-40 obecnieunBaet 4acToTy AuckpeTusamnuu a0 40
MUJUJIMOHOB BBIOOPOK B CEKYHJZly, UTO CYIIECTBEHHO IPEBBIIIAET TPeOOBaHUS
MIPOEKTa M CO3/1a€T HEOOXOAUMBIN 3amac MPOU3BOAUTEILHOCTH JJIs JalbHEHIIEero
pa3BUTUSL AIrOpuTMOB 00paboTku. CTOUT OTMETUTh, UYTO MaKCHUMaJlbHas
npousBoAuTeNbHOCTh 3TOoro AIIIl n30bITOYHA (MHUKPOKOHTPOJUIED HE CMOXKET
npUHATH OoJibliie 21 Mera BHIOOPKH M3-3a anmapaTHbIX OrPaHUYEHUN), OJTHAKO 3TO
HE MelllaeT eMy padoTaTh U Ha 0oJjiee HU3KUX 4aCTOTaXx.

Bo-BTOpbIX, mpeoOpa3zoBarenb 00J1alaeT OTHOCUTEIBHO MPOCTON CXEMOM
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BKUTFOUEHMS. J1J1s1 ero paboThl TpeOyeTCs TOIBKO UCTOYHUK TAKTOBOW YaCTOTHI, TN
(GbopMUPOBaHUSA OMOPHOTO HANPSIKEHWS] M COTJIACOBAHMSI BXOAHOTO CHUTHAJA.
OTCyTCTBHE CIIOXKHBIX BBICOKOCKOPOCTHBIX TOCIEAOBATEbHBIX WHTEpPEiicoB
3HAYUTEIBHO YNPOUIAET MPOEKTUPOBAHME NEYATHOW IUIATBI MU IPOrPAMMHOIO
oOecrieueHusl.

B-TpeThux, BaxkHbIM (PAKTOpPOM CTajia CTOUMOCTh KOMIoHeHTa. Ha MoMeHT
pa3pabotku croumocts AD9057BRSZ-40 cocramisuia nopsiaka 700 py6Gueid, uto
3HAUUTEIBHO HW)XXE CTOUMOCTH COBPEMEHHBIX BBICOKOCKOPOCTHBIX aHAJIOro-
1 pOBBIX MPeodpa3oBaTeseii COMOCTaBUMOro Kiiacca.

OTtaenbHOTO BHUMaHHUS 3aCITy>)KHBAET croco0 MOAKITIOYEHUS
npeoOpa3oBareisi K MHKPOKOHTpOJUIEpY. B oTimume OT mnporpaMMHpyeMBbIX
JIOTUYECKUX HHTErPAIBHBIX CXEM, MHKPOKOHTpOJUIEp OOJadaeT OrpaHUYE€HHBIM
HA0OpOM  ammapaTHbIX  UHTEphEHCcOB s TOJKIIOYEHHUS]  BHEIIHHUX
BBICOKOCKOPOCTHBIX YCTPOMCTB.

B coctae STM32F407 umerorcsa cnenuanuupoBaHHbie uaTepPericel QSPI
(SDIO), FSMC u DCMI, npemHa3Hau€HHbIE COOTBETCTBEHHO [JIsi pPabOThI C
BHEIIIHEH MMaMsThI0, CTATUYECKUMU 3aIIOMUHAIOITUMU YCTPONUCTBAMU U IU(POBBIMU
BusIeoKamMepaMu. OJIHAKO DJIEKTPUUYECKUE XAPAKTEPUCTUKU M TTPOTOKOJBI PabOTHI
yKa3aHHBIX HMHTEP(PEHCOB HE TMO3BOJSIOT HAMPSAMYI MCIOJIb30BaTh WX IS
MOAKJIFOUEHUS] BHIOPAHHOTO aHAJIOTO-1IU(PPOBOro mpeodpa3oBaTes.

[Io oToif mpuuMHE OBUIO MPUHATO PEIICHWE WCIOJIb30BaTh MPSIMOE
NOJAKIIOYEHHEe BOChMUpa3psaHoi mmHbl JaHHbIX ALl k BbeIBomam oOmiero
Ha3HAUYEHUSI  MUKPOKOHTpoJuiepa. CyuThIBaHME JIaHHBIX  OCYIIECTBISETCA
CpelcTBaMH  KOHTposuiepa  mpsimoro  jgoctyma k  namatu  (DMA),
CUHXPOHU3UPOBAHHOTO C allapaTHbIM TaliMEPOM.

AHanu3 apXUTEKTypbl MUKPOKOHTPOJIIEPA TTOKA3all, YTO UCTIOJIb3yeMast IITHA
nepudepun  00ecTeuynBaeT JOCTATOYHYIO MPOMYCKHYIO CIOCOOHOCTh  JIIA
peanuzaiuu 1nojgooHoro nojaxoaa. B pesynbrare Oblia BeIOpaHa pabouasi 4acToTa
nuckperusanuu 18,6 MI'm, obecrieunBaroniasi HaJeKHOE TOTYyUYCHUE JTaHHBIX 0e3

neperpy3kd BHYTPEHHUX IIMH MUKPOKOHTposuiepa M 0e3 HapylleHHs padoThl
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OCTaJIbHBIX MEePUPEPUNHBIX YCTPOUCTB.

Takum o6paszom, ucnonb3oBanne AD9057BRSZ-40 mo3Bonuio moaydyuTh
BBICOKYIO0 YaCTOTy IHUCKPETH3alUU NPU MHHMMAJIBHON CJIOKHOCTH AamllapaTHON
peanu3anuy 1 IpUeMIIEMON CTOMMOCTH YCTPOMCTBA.

HeoOxomqumMo ~ oTMeTHTh  emle  OAHY  OCOOCHHOCTb  BBIOPAHHOTO
npeobOpasoBarens. B ornuune ot 6oabpmmHcTBa coBpeMeHHbIX ALTL, paboTarommx
OTHOCHUTENBHO 00111ero npoBoja cxembl, AD9057BRSZ-40 ucnonb3yer BHyTpeHHEE
ONOPHOE HAIpPSKEHHE U TpeOyeT CMEIIEHHs BXOJHOTO CHUTHajla OTHOCUTEIIBHO
OIPEJENICHHOIO0 YPOBHSI MOCTOSIHHOIO HampsbKeHUs. BceiencTtBue 3Toro B cocTaB
U3MEPUTEILHOTO TPAKTa ObLIM BKJIIOUEHBI JOMOJHUTEIBHBIE Y3/l COTJIACOBaHUS
aHAJIOrOBOIO  ypPOBHS CUTHA&JIA, pPAacCMOTPEHHBIE Jajieeé MpPH  ONHCAHHUM

AIEKTPUYECKON CXEMBI YCTPOMCTBA.

3.2.2 Bpi0Op OnepanMoOHHBbIX YCHIUTEICH

JIist peanu3anuy aHAJIOrOBOM YaCTH U3MEPUTEIBLHOTO TPAKTa ObLIN BEIOPAHbI
CABOEHHBIE onepaluoHHblie yeunurenu AD823ARZ.

BbiOop omnepauMoHHOr0 yCHIMTENS HANpsAMYKO CBA3aH C pabodyum
JMANla30HOM 4YacTOT ycTpoucTBa. Uepe3 yCHIUTENH MPOXOAST BCE HMCCIELyEMbIE
CUTHAJIbI, TO3TOMY HEJ0CTATOYHASI I0JIOCA TPOITYCKAHMSI TPHUBENa Obl K UCKAKEHUIO
(GbopMbI CUTHANA U AOMOIHUTEIBHON MOrPEeIIHOCTH u3Mepenuil. I1o 3Toil mpuunne
OPUMEHEHWE  YHUBEPCAJIbHBIX  yCHUJMTENed  o0lmero  Ha3HAaueHUs  He
paccMaTpuBaloCh.

Mukpocxema AD823ARZ umeer nojocy equHUYHOrO ycuieHus 16 MI'm,
YTO JOCTATOYHO JJisi paboThl BXOJMHOTO Oydepa, mojaocoBoro GpuiabTpa U Kackaua
corjacoBaHus ypoBHs. Jlake pu 4acToTax CUrHaja, 3HAUUTEIbHO MPEBBIIIAIOIINX
paGoumii  Auama3oH  yCTPOMCTBA,  YCHUJIUTENIb  COXpaHSET  MpHEMJIEMbIE
XapaKTEPUCTUKU U HE BHOCUT 3aMETHBIX UCKAKEHUM.

Eme ognoit npuunnoit Beidopa AD823ARZ crano ncnoib30BaHUE MOJIEBBIX
TPaH3UCTOPOB BO BXOJAHOM Kackajae. biaromaps BBICOKOMY  BXOJHOMY

COIIPOTHUBJICHUIO YCHUIIUTCIIb IMPAKTHYCCKH HC HArpyXacT HNpCAbIAYIIHNE KaCKa/bl
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CXEMbI U HE OKa3bIBAE€T 3aMETHOTO BIMSHUS HA UCCIIEyEeMbIil CUTHAJL.

[Ipu pa3zpaboTke ycTpoiicTBa TakKe YYUTHIBAJIACh HEOOXOAMMOCTh
dbopMHUpOBaHUS PA3NUYHBIX YpPOBHEW HANpsDKEHHs] B aHAJIOTOBOM  TpPAaKTe.
Yceumutens nopmepxuBaeT pexkum Rail-to-Rail, uyTto mo3BosseTr wucmonb3oBaTh
OOJIBIIYIO YaCTh JOCTYIHOTO JMana3oHa BBIXOAHBIX HANPsDKEHHM. DTO ympouiaeT
COrJJacOBaHME CHUTHAJa C BXOJOM aHAJIOro-IU(pPOBOro mpeodpazoBaTens U
YMEHBIIIAET BEPOSTHOCTh TOSBICHUS OTPaHUYEHUN 10 aMIUTUTYJE BHYTpHU
aHAJIOTMYECKOTO TPaKTa.

[TuTanue onepanMOHHBIX YCUIIUTENEH OCYIIECTBISETCS OT CUMMETPHYHOTO
uctouyHuka +15 B. Takoe pelieHne no3BoisieT padoTaTh Kak ¢ MOJIOKUTEIbHON, TAK
U C OTPULIATEIBHON MOJIyBOJIHOM CUrHaNa 0€3 JOMOJIHUTEIbHBIX CXEM CMEILEHUS U

YIPOUIAET peaanu3alii0 aKTUBHBIX (PUIBTPOB.

3.2.3 Bri00Op nacCUBHBIX KOMIIOHEHTOB

[TapameTpsl aHAJIOTOBOrO0 TPaKTa B 3HAYUTEIIBHOW CTENEHHU OIPEICIISIOTCS
TOYHOCTBIO HCIIOJIb3YEMBIX PE3UCTOPOB M KOHAEHCATOPOB. IIOCKOIBKY cxema
COJIEP)KUT aKTUBHbIE (DUIBTPHI U KACKaJlbl COIJIACOBaHUS YpPOBHSA, OTKJIOHEHHE
HOMUHAJIOB KOMIIOHEHTOB HEIOCPEACTBEHHO BIMACT HAa XapaKTEPUCTUKHU
YCTPOMCTBA.

B npoekte uCnonb30Bamuch pPE3UCTOPBI C JOMYCKOM He Xxyxe 1 % ot
HOMMHAJBHOTO  3HaueHus. Takoil BbIOOp oOecnedyMBaeT  JOCTATOUHYIO
MOBTOPAEMOCTh ~ XapaKTEPUCTHK (UIBTPOB M HCKIKOYAET HEOOXOJUMOCTh
WHUBUTyaIbHON HACTPOMKH Ka)J0T0 SK3EMILISIpa YCTPOMCTBA MOCIe COOPKH.

[Ipy MpPOEKTUPOBAHUM CXEMBI TAKXKE YUYUTBHIBAIUCH OCOOEHHOCTH PAOOTHI
BBICOKOOMHBIX 1lenel. [IpakTuka pa3paboTKy aHaIOroBbIX YCTPOMCTB MOKA3bIBAET,
YTO  HUCHOJb30BAaHUE  PE3UCTOPOB  OOJIBIIOTO  HOMHHAJA  TOBBIIIAET
YyBCTBUTEJIIBHOCTh CXEMbl K NApa3UTHbIM TOKAaM YTEUKH, AJIEKTPOMAarHUTHBIM

HABOJKaM U TEXHOJOTHYECKOMY pa30opocy mapaMeTpoB KOMIOHEHTOB.
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3.3 Pa3zpa6oTka 3/1eKTPUYeCKOil NPUHIUIHAJIBHON cXeMbl YCTPOMCTBA

Ha ocHoBaHMHM CTPYKTypHOH CcXeMbl, pa3pabOTaHHOW B MpEAbIIYIIEM
paszene, OblIa BBIMOJIHEHA pa3pabO0TKa AIEKTPUUYECKON MPUHIUIUATBLHOM CXEMbI
yCTpOWCTBA, TOKa3aHHas Ha pucyHke 3.2. Cxema GopMuUpOBaHHS THUTAHUN
npuBegeHa Ha pucyHke 3.3. OcHOBHOM 3amauedl sBJSUIOCH oOecreueHue
KOPPEKTHOTO Tpeo0pa3oBaHUsi BXOAHOIO CHUrHajga B (opMy, MPUTOIHYIO IS
MOCJEAYIOIIEN ounpoBKU BBICOKOCKOPOCTHBIM aHAJIOTO-IIU(PPOBBIM
npeoOpazoBarenem. Ilpu »ToM HeoOXoAMMO OBUIO OOECHEYHUTh MOJABICHUE
IIOCTOSIHHOM  COCTAaBJSIIOIIEN CUTHAQJIA, OIPAHMYEHHUE TIOJIOCHI IPOITYCKAHUs
U3MEPUTEIILHOTO TPaKTa U COIIACOBAHHWE YPOBHEHN HaAINpsDKEHUsS ¢ TPEOOBAHHUSIMU
ucrnoaszyemoro AIIIL.

N3mepsiemplii  cUTHaJ TOCTYMaeT Ha BXOJAHOM OydepHbIl  Kacka,
BBITNIOJIHEHHBIN Ha onepanuoHHoM ycuiureiae DA2.1. cnonbs3zoBanue 0ydepHoro
YCWJINTENS MO3BOJIAET UCKIIOYUTD BIMSHHUE NOCIEAYIOIIMX KACKaI0B HA UICTOYHUK
cCurHajia W OO0ECMEeUUTh BBICOKOE BXOJHOE COMPOTUBIICHUE YCTPOMCTBA.
JIOMOTHUTENBHO BBIXOJ JAHHOTO KacKala MOJAKIIYEH K OTACIBHOMY pa3beMy,
IpeIHa3HAYeHHOMY JUJISl MOAKIIIOYEHUS BHEIIHEro ocipuuiorpada. Takoe pemenue
NO3BOJISIET NPOBOJAUTH OTJIAJKY W KOHTPOJIb MPOXOXKACHUS CUTHAJIA 4Yepe3

U3MEPUTEILHBIN TPAKT O€3 BHECEHUS] N3MEHEHU B CXEMY YCTPOMCTRBA.

0Az1

BIASOUT

e
- GND
—{GND

PucyHok 3.2 - cxema 35IeKTpudecKasi IPUHIUIHAIbHAS U3MEPUTEIBHOTO TPaKTa
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PucyHok 3.3 — cxema 3JeKTpriecKas MPUHIMNIUAIbHAS [ENeH TUTaHUs
YCTPOWCTBA

[Tocne BxomHoro Oydepa cUTHAI TOCTYMAaeT Ha JEIUTENb HANpsHKEHUS,
KOTOpbI 00OecleurBaeT TMPUBEACHUE AaMIUIMTYAbl CHUTHaja K JIMala3oHy,
JOMYCTUMOMY JUIsl  AayibHeWmend o0padoTku. Heo0XoauMocTh NpUMEHEHUs
JenuTeNss O00yCNOBJI€HAa KaK OTPaHUYECHUSIMH TIOCIEAYIONIMX KacKaaoB, Tak U
TpeOOBAHMAMU K MAaKCUMaJIbHOMY BXOJAHOMY HAIPSIKEHUIO aHAJIOro-LU(PPOBOro
npeoOpazoBaTensl.

CnenyromuM  (QYHKIMOHATBHBIM — y3JIOM  SIBJISIETCS  MPEIBAPUTEIbHBIN
Oydepnsiii kackag Ha omneparmoHHoM ycwiutene DAIL.l. Ero HazHadueHue
3aKJII0YAETCsl B Pa3BsA3KEe BXOJAHOIO JEJIUTENSI U aKTUBHOIO IOJIOCOBOTO (pUIIBTpA.
brnaronapst aToMy mapameTpsl (QrIIbTpa ONPEACISIIOTCS TOJBKO HOMHUHAJIAMH €ro
COOCTBEHHBIX JJIEMEHTOB M TMPAKTUYECKU HE 3aBUCAT OT XapPaAKTEPUCTUK
MPEAbIIYIIUX KaCKaIO0B.

OcHOBHYIO 00pabOTKYy CUTHaja BBIMOJHSAET aKTUBHBIN MOJIOCOBOU (UIIBTP,
peann30oBaHHbIN Ha onepalMoHHbIX yeunutenasx DA1.2 u DA4.1. ITpu pa3paboTke
ycTpoiicTBa OBUIO MNPUHATO pEUIEHHE OrPaHUYUTh pPabodyr0 IOJIOCY YacTOT
nuamnazoHoM oT 10 x['m mo 1 MI'. HuxkHss rpaHunia mnojocskl oOecreunBaeT
3¢ (deKTUBHOE TOAABJICHHUE TOCTOSIHHOM COCTAaBJISIIONIE M HHU3KOYACTOTHBIX
WHyCTPUAIbHBIX IOMEX, B TOM YHCJIE€ HABOJOK OT CETH DJIEKTPOIUTAHUS YACTOTOM
50 T'u u ee rapmoHuK. BepxHsis rpaHuIia OJIOCH BIOpaHa UCXO/s U3 TpeOOBaHUI

K MH3MCPACMBIM CHIHAJIaM HW OJHOBPCMCHHO IIO3BOJIICT CHH3UTHL BJIMAHHC



61
BBICOKOYACTOTHBIX MOMEX, HAaXOSAIINXCS 32 peaenaMu pabodero quana3oHa.

Cnenyer OTMETHTh, YTO Ha JTale MNPOEKTHUPOBAHUS MPEAIOJIAaraioch
UCIIOJIb30BAHUE YCTPOWCTBA I MCCIENOBAaHMS CHUTHAJIOB C YacTOTOM [0
HECKOJbKHUX Merarepl. 11o 3Toil mpuuuHe npu BEIOOpE ONEPalMOHHBIX YCHIIUTENEH
0c000€ BHUMaHHUE YAENSAJIOCh UX I0JIOCE MPOIMYCKaHUs U CKOPOCTU HapacTaHUs
BBIXOJHOTO  HampsbkeHus. llpuMeHeHue akTUBHOrO  (QuibTpa MO3BOJIWIIO
peanu3oBaTh TpeOyeMbIE XapaKTEPUCTUKU O€3 HCIOIb30BaHUS HWHIYKTHBHBIX
JIEMEHTOB, YTO CYIIECTBEHHO YIIPOCTWJIO U3TOTOBJICHUE YCTPOKWCTBA U IOBBICHIIO
MOBTOPSAEMOCTb MTapaMETPOB MEKIY IK3EMILIAPAMHU.

[locne mnpoxXoKIEHHs TMOJOCOBOTO (UIBTPA CUTHAN IIOCTYNAET B Y3€l
COIJIaCOBaHMUsl YPOBHEH, BBINOJHEHHBIM Ha onepanvMoHHOM ycuiutene DA4.2.
Heo0xoauMocTh JaHHOTO Yy3Jla ONpEAENsieTcs] OCOOCHHOCTAMH HCIIOJb3yEMOro
aHanoro-uudpoBoro mnpeodpazoparens AD9057BRSZ-40. B omimmuue ot
OonbimimHcTBa coBpeMeHHbIX AILll, pabGoTarommx B [auamna3oHe OT HYyJIS [0
HaIpsHKEHUS MMTaHus, TaHHBII Ipeo0pa3oBaTelb UCI0JIb3YET BHYTPEHHEE ONTIOPHOE
HaIIPSDKEHUE U U3MEPSIET OTKJIIOHEHUE CUTHAJIA OTHOCHUTEIBHO 3aJaHHOTO YPOBHS.
Jns  koppekTHOM  paboTel mpeoOpa3oBarensi BXOAHOW CHUTHAT  JIOJDKEH
pacnoylaraTbCsi BHYTPM OIPAHWYEHHOTO JWana3OHa HANpPsKEHUH UM UMETh
OIPEJEIIEHHOE CMEIIEHNE OTHOCUTEIBHO OITIOPHOIO YPOBHSI.

[Io oTOl mpuuYMHE B CXEME peaau30BaH KacKaJ CMEIICHHS IOCTOSHHOU
COCTaBJISIIOLIEH, KOTOPBIN IEPEHOCUT LIEHTP BXOJAHOIO CUTHaja B pabouyo 00J1acTh
npeoOpazoBareis. B pesynbrare 1axe npu OTCyTCTBUM BXOJHOTO CUTHAJIA HA BXO/I€
AIIIl 1mpucyTCTBYeT TMOCTOSHHBIA YPOBEHb, COOTBETCTBYIOUIMN CEpPEINHE
nuana3zoHa mnpeoOpa3oBaHus. llojokuTenbHbIE M OTpPHUIATENbHBIE OTKJIOHEHUS
U3MEPSEMOro CUTHaJIa MpeoOpa3yroTcs B yBEJIMYEHUE UM YMEHbLIEHUE HU(PPOBOTO
KOJIa OTHOCUTENBHO 3TOT0 LIEHTPAJIBHOTO 3HAYEHUS.

C BbIXOJa KackaJa COIVIACOBAHMS CHUTHAJ MOCTYIAeT HEMOCPEACTBEHHO Ha
BXx0j aHajoro-uudpoBoro mpeodpazoatenass ADI9057BRSZ-40. IlonydeHnHsbie
nudpoBbIe  JTaHHBIE TepenaroTcss B MUKpokoHTpoiuiep STM32F407 mo

BOCBMHUPA3PAIHON nmapaienbHoi muHe. s popmMupoBaHus TaKTOBBIX CUTHAJIOB
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npeoOpazoBareisl HCIOJNB3YETCS BCTPOEHHBIM TaiiMep MHKPOKOHTpoOJuiepa, a
NEPEHOC PE3yNbTaTOB MpeoOpa3oBaHMsl B ONEPATUBHYIO MAMSTh BBITIOIHAETCS
cpeacTBamMu mpsiMmoro joctyna k mamsatd (DMA). Takoit moaxoj MO3BOJISET
OpraHU30BaTh HEMPEPBIBHBIA NOTOK BHIOOPOK B PEATbHOM BPEMEHH M HCKIHOYAET
HEPaBHOMEPHOCTh MEPUOAOB YTCHUS OIM(DPOBAHHBIX JTaHHBIX. B 11€10M, Ha TaKUX
BBICOKMX CKOPOCTSIX M B PEaJbHOM BPEMEHH HE MPEICTABISIETCS BO3MOYKHBIM
NPUMEHUTDH YTeHHE OLIM(PPOBAHHBIX NaHHBIX 6€3 DMA KoHTposuiepa.

Takum oOpa3om, pazpaboTaHHas JIEKTPUUYECKAS CXEMa Peau3yeT MOIHBIN
TPaKT MpeoOpa3oBaHUs M3MEPSIEMOr0 CHUTHalIa: OT BXOJIHOTO OydepupoBaHus U
aHaJIOroBOM (UIBTpALIMK 0 OUM(POBKU U MEPEIAYN JAHHBIX B MUKPOKOHTPOJLIEP.
[IpumeHeHHass CTPYKTypa TMO3BOJIIET COBMECTUTH aMIlapaTHOE I10JIABJICHUE
OCHOBHBIX MOMEX C BO3MOKHOCTHIO JaJIbHEHIIEH MporpaMMHONU 0OpaOOTKH, YTO

COOTBCTCTBYCT TpC6OBaHI/I}IM, C(l)OpMYHHpOBaHHBIM B IIPCABIAYIINX I''ITaBax pa6OTBI.

3.4 Pacuer morped.11eM0ii MOIIHOCTH YCTPOiicTBa

[Ipu pa3paboTKe 3IEKTPOHHBIX YCTPOMCTB BaXKHBIM MapaMETPOM SIBIISIETCS
norpedaseMass MOIHOCTb. OT JAAHHOTO NapaMerpa 3aBUCUT BBIOOp MCTOYHHKA
NUTaHUs, TEMIIEPATypHbIA pEXUM pPabOThl YCTPOMCTBA U HEOOXOJUMOCTh
IIPUMEHEHUS JOIOJHUTEIBHBIX CPEICTB OXJIAXKICHHUS.

Tounoe omnpenenenne mNOTPEOIIEMO MOUIHOCTH BO3MOXKHO — TOJIBKO
DKCHEPUMEHTAJIBHBIM IIyTEM IIOCJIE W3TrOTOBJIEHUS YCTPOMCTBA M NPOBEACHUS
U3MEpPEHU B pa3MuHBIX pexumax pabotel. Ha »sTame mnpoexTupoBaHUs
BBITIOJIHAETCS OLEHOYHBIM pacyeT II0 MAaKCHUMaJbHbIM 3HAYECHHUSIM TOKOB
NOTpeOIeHHs, MPUBEIECHHBIM B TEXHUYECKOM JOKYMEHTAIIMM Ha HMCIOJIb3yEMbIE
KOMIIOHEHTBI. TakoW IOAXOX IIO3BOJIAET IOJYYWTh BEPXHIOK TPaHHUILY
HSHEPronoTpeOsIeHHs] W OLEHUTh TEIUIOBOM PEXKUM YCTPOMCTBA C HEKOTOPHIM
3aI1acoM.

OCHOBHBIMU TOTPEOUTENSIMH SHEPTUU B Ppa3pabOTaHHOM YCTpOMCTBE

SABJISIIOTCS MHKPOKOHTPOJIIIED STM32F407VETS6, aHajaoro-uu@poBon
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npeobpazoBarenr AD9057BRSZ-40, onepaunonusie ycunutenu AD823ARZ, a

TaK>Ke JIMHEHHBIC CTa6I/IJ'II/ISaTOpBI HaIIpsIZKCHUA.

3.4.1 Pacyer MOIIIHOCTH MUKPOKOHTPOJLJIEpa

[Iutanne MHUKpPOKOHTpOJUIEpA OCYLIECTBISIETCS HampspkeHueM 3,3 B ot
JMHEUHOTO CTa0UIIN3aTOPA, MOAKIIOUEHHOTO K mnHe +5 B. CornacHo TeXHUYECKOM
JOKYMEHTAIMU, MaKCUMAJIbHBII NOTpe0IIseMblid TOK cocTaBisieT 150 MA.

MomHocTh, noTpebisieMas oT HCTOYHHMKa +5 B ¢ ydyetrom mnorepp Ha
JMHENHOM CTaOUIIN3aTOPE, ONPENEIIAECTCA BIPAKECHUEM:

Pycy = U * Incu, (3.1)
rue:

- Pmcu - moTpebiisiemast MOIIHOCTD, BT;

- U\n - BXOJIHOE HaIpsbKkeHue ctabuinmnsaropa, B;

- Imcu - TOK TOTpeOIeHUsI MUKPOKOHTpOJLIEpa, A.

[MoncraBnss 3navenus: Pycy = 5 * 0.15 = 0.75 Br.

Takum o0Opa3zoMm, MakcuManbHas MOIIHOCTb, MOTpedigeMas Y3JIOM

MHKPOKOHTpoOJIIEpa, cocrasiser (.75 Br.

3.4.2 PacueTr MOIIHOCTH aHAJIOrO-uM(ppPoBOro npeodpasoBareas

AIIIT AD9057 ucnionb3yeT ABe TUHUN NMUTAHUS: aHAIOTOBYIO M IIU(POBYIO.
MakcuMalbHBIM TOK aHAJOTOBOM YacTH cocTaBiseT 48 MA, udpoBoit yvactu — 6,5
MA. CyMMapHBIN TOK OIIPEAEISIETCS BBIPAKEHUEM:

Ispc = Lavp + Lavop, (3.2)
rje:

- lapc - cymmapssbiit Tok norpedienust AL,

- lavp - TOK aHAJIOTOBOM YacTH;

- lavpp - TOK IMPOBOI HACTH.

[Toacrasnss 3Hauenus: I;p. = 48 + 6.5 = 54.5 MA

MomHocts ALIII:

Papc = Uapc * Iapc (3.3)

rac.
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- Papc - moTpebnsiemas morHocTh AL,

- Uapc - Hampsbkenue nutanus AL

- lapc - CyMMapHBIi TOK NOTPEOICHUS.

[Toacrasmnss 3nauenust: Pyp. = 5 * 0.0545 = 0.273 Br.

CrnenoBaTelnbHO, MaKCHMMalbHasg TOTpedsisieMas MOIIHOCTh —aHajIoro-

udpoBoro npeodpazosatens coctasisaer 0.273 Br.

3.4.3 Pacyer MOIIHOCTH ONEPANMOHHBIX YCHJIUTEJIEH

B yctpoiictBe ucnonb3ytorcsi Tpu Mukpocxembl AD823ARZ, kaxnas u3
KOTOPBIX COAEPKUT JBA ONIEPALIMOHHBIX YCUIUTEIIS.

CoriacHO TEXHUYECKOM JOKYMEHTAlUHU, MAaKCUMaJIbHBI TOK MOTpeOJIeHUs
OJIHOM MHUKPOCXEMBI COCTABIISIET 8 MA.

CyMMapHBIii TOK BCEX YCUIIMTENEH:

Inmp = N * I4pg23, (3.4)

rue:

- lamp - CyMMapHBIi TOK yCUJIUTENECH;

- N - KOJITM4EeCTBO MUKPOCXEM;

- | ADg23 - TOK OJTHOM MUKPOCXEMBI.

IToncraisis 3Hauenus: Iyyp = 3 * 8 = 24 MA

[IOCKONBKY YCHIMTENW IUTAOTCS OT ABYXIOJSIPHOIO HcTouyHMKa +20B,
KOTOpbIe TIpeoOpa3ytorcsa B £15B nuHeitHbiMu cTabunm3aropamu, oO1as pa3HOCTh
NoTeHUHANIOB cocTaBisieT 40B.

MOIIHOCTh YCUIIMTENBHOTO TPAKTA:

Pamp = Uamp * Lamp, (3.5)

rje:

- PAMP - MOILIHOCTB YCUJIUTEIBHOTO TPAKTA,

- Uamp - cyMMapHO€E HanpspKeHHE MATAHNS,

-lamP - CYMMapHBIil TOK YCHUIIMTEIIEH.

[Toncrasinsis 3Hauenus: Pyyp = 40 * 0.024 = 0.96 Bt
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CHeI[OBaTeJIBHO, MaKCHUMaJIbHas1 MOIIIHOCTB, HOTpe6J'I$IeMa$I OIICPaInOHHBIMHU

ycuiuTensiMu, coctasisieT 0.96 BT.

3.4.4 CymmapHas norpedJiseMasi MOIIHOCTb

CyMMapHasi MOIIHOCTh YCTPOMCTBA OMpEJEsieTcs KaK CyMMa MOIIHOCTEH
OTJENbHBIX (DYHKIMOHAIBHBIX y3JI0B:

P = Pycu + Papc + Pamp, (3.6)
rue:

- P - cymmapHast MOIIIHOCTh YCTPONCTBA;

- PMCU - MomHOCTh MUKPOKOHTPOJLIIEPA;

- PADC - momHOCTh aHanoro-uudpoBoro nmpeodpa3zoBaTes;

- PAMP - MOIIHOCTB aHAJIOrOBOI'O TpakTa (ONEPALMOHHBIE YCUITUTEINH ).

[ToacTaBisisi paccuMTaHHbBIE 3HAYCHUS:

P=0.75+0.273 + 0.96 = 1.983Bt

Takum o0pazom, Aake MPU KMCHOJIB30BAHHUM MAaKCHUMAJbHBIX MACHOPTHBIX
3HAYEHHUI TOKOB MOTPEOJIEHUSI CyMMapHasi MOIIHOCTh YCTPOWCTBA HE MPEBBIIIAET
2 Br.

[TosyueHHOE 3HaUY€HUE TIO3BOJIAET CAENATh BBIBOJ O TOM, YTO YCTPONUCTBO HE
TpeOyeT TNpUMEHEHHs AaKTUBHOTO oxjiaxaeHus. OTBoJg Temia  MOXET
OCYIIIECTBISTHCS €CTECTBEHHBIM 00pa30M uepe3 MeYaTHYIO TUIATy U OKPYKAIOUTHiA
BO31yX. [Ipu 3TOM cliefyeT yuyuThIBaTh, UTO B PEATbHBIX YCIOBHUSIX dKCILTyaTalluu
notpedisieMass MOITHOCTh OyAeT HIKE PacyeTHOM, MOCKOJIBKY MCTIOJIb30BaHHBIC B
pacuere 3Ha4eHHsI COOTBETCTBYIOT MAaKCUMAJIbHO JOIMYCTUMBIM PEXUMaM padOThI

KOMIIOHEHTOB U COZEpKAT ONPEIEIICHHBIN 3amac 10 3HePronoTpedICHUIO.

3.5. IkcnepuMeHTAJIbHAS IPOBEPKA YCTPOICTBA

[Tocne 3aBepiieHusi pa3pabOTKW ammapaTHOM dYacTH yCTPONCTBA W
porpaMMHOro oOecrieueHus: Oblla MPOBEACHA SKCIIEPUMEHTAIbHAs IPOBEPKa
paboTOCTIOCOOHOCTH U3MEPHUTENHHOTO TPAKTA U AITOPUTMOB 0OPAOOTKH CUTHAJIOB.

OcHoBHOM Oeabro HUCIBITAHUN  SIBJISIACH OOCHKAa TOYHOCTH OIPCACICHUA
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aMILUTUTYAbI U YaCTOTHI IEPUOJIMYECKUX CUTHAJIOB, a TAK)KE MPOBEPKA COOTBETCTBUS
pa3pabOTaHHOTO YCTpOWCTBa TpeOOBaHUAM, CGHOPMYIMPOBAHHBIM Ha JTare
MPOCKTUPOBAHUS.

JIist  mpoBeAeHUST WCHBITAHWA OBUT  W3TOTOBIIGH MAaKETHBIA —oOpasern
YCTPOMCTBA, BKJIIOYAIOUIMN aHAJOTOBBIM TpakT o0OpabOTKH CHUTHajla, aHajoro-
uuppoBoit  mpeoOpazoBatenb  AD9057BRSZ-40 uw  MUKpPOKOHTpoOJUIEp
STM32F407VET6. IlpoBepka mnpoBoaAWIach B JIAOOPATOPHBIX YCIOBHUSX C
MCITI0JIb30BAaHUEM T'€HEepaTOpa CUTHAJIOB U IU(PPOBOTo ocimuiorpada.

B kauecTtBe TECTOBOTO BO3ACMCTBHS MCHOJIB30BAICA CHHYCOWIAIBHBIN
curHai. Takoil BEIOOp OOYCJIOBJIEH T€M, YTO CHHYCOMJAJIbHBIM CUTHAJ SIBIISACTCS
0a30BBIM BHUJOM IIEPUOJMYECKOTO CHTHajJa M IIMPOKO MPUMEHSETCS TpH
UCIIBITAHUSIX WM3MEPUTEIbHON amnmapaTypbl. Kpome TOro, Njis CHHYCOUAAIbHOTO
CUTHala JIETKO ONPEACINTh 3TAJIOHHBIE 3HAYECHUS aMIUIUTYAbl U YacTOTHI C
MOMOIIBIO CTAH/IAPTHBIX U3MEPUTEIBHBIX TPUOOPOB.

B xoze ucnpiTaHuit UCCIEA0BATIOCH BIUSHUE aMIUIUTYbI U YACTOTHI CUTHAJIA
Ha pe3yJbTaThl u3MepeHui. Jjist 3Toro ObUIM BHIOPAHBI JIBa 3HAYCHUS aMILTUATY bl
BxoaHoro curHaia: 200 mB u 800 mB. HacroTra curnaia u3aMeHsAaach B TAANa30HE
pabounx 4acToT ycTporicTBa U mpuHuMaia 3Hadenus 10 kI, 300 k', 400 k[ u
500 xI'm.

Curnan oT reHeparopa nojaBayicsi Ha BXOJ Pa3pabOTaHHOTO YCTPOWCTBA.
OAHOBPEMEHHO KOHTPOJIbHBIA KaHal ocuuuiorpadga MOAKIIOYAICS K BBIXOIY
BBIXOJly F'€HepaTopa CUTHAJNOB. Takoe MOJKIIOUYEHHUE MO3BOJISIIO KOHTPOIMPOBATH
napamMeTpbl CUTHaJla HEMNOCPEACTBEHHO INiepel ero AaibHelmeid o0padoTkoi
aHAJIOTOBBIM TPAKTOM YCTPOWCTBA M HUCIOJIb30BaTh MOKa3aHWs ociwuiorpada B
KaueCTBE ATAJOHHBIX 3HAUEHUH MPHU MOCJIEAYIOIIEM CPAaBHEHUH PE3yJIbTaTOB.

UcnbiTanus Tak Xe MPOBOAWINCH B JABYX BapUaHTax: C HArpy304YHbIM
pesuctopoM u 0e3 Hero. Harpy3ouHblii pe3uUCTOp HMUTHPYET BHYTpPEHHEE
COMPOTHUBJICHUE HUCTOYHMKA curHajsa. K ToMy ke, MpU KaKJAOM HCIBITAHUU
VMCTOYHHMK CUTHAJIA MOAKIOUalcs yepe3 nposoga MI'TD B xkene3HOW OIUIETKE.

JnuHHa npoBoga - 3 Merpa. Takue MCHBITaHHUS MOMOTAKOT MPOAHAIM3UPOBATH
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BJIUSIHAE BBIXOJHOTO CONPOTUBJIEHUS HMCTOYHMKA CHUTHAJA W BIUSHUE 3TOrO
CONPOTHUBJIEHUS HA PE3YyJbTaThl U3MEPEHUSI.

Bo Bpems npoBeieHNs] N3MEPEHUI MUKPOKOHTPOJIIEP BBIMOJIHSI IPOrpaMMy
coopa paHHbIX. llocime BKIIOYEHHMS TUMTaHWA WIM anapaTHoOro copoca
MPOU3BOIMIIACH MHUIMANIHU3AIUS epUuPepuiHbIX YyCTPOMCTB, HEOOXOAUMBIX IS
paboTbl M3MEPUTENHLHOTO TpakTa. 3aTeM 3alycKalics MpOLecC HENpepbIBHON
oundpoBKu CUTHaJIa MOCPEICTBOM BHEILIHETO aHaJIOTO-IIU(PPOBOTO
npeoOpazoBarensi. COOTBETCTBEHHO, CHayalla IOJaBAJIOCh  MUTaHUE U
HACTPaMBajoCh O0OpyIOBaHWE, a Jayblie JUId 3alUCH 3alyCcKajcsi CKPUNT Ha
KOMIIbIOTEpE U HaxknMmanach kHorka RESET Ha nmate ¢ MUKpOKOHTPOILIEPOM.

[Tonmy4yeHHbie BBIOOPKM 3alUCHIBAIMCh B Oydep orepaTUBHON MaMsTH
MUKpPOKOHTpPOJUIEpa CpeAacTBaMu NpsiMoro jgocryna k namstu (DMA). Pasmep
oydepa cocrapist 0x8000 GaliT, YTO COOTBETCTBYET MAKCUMAIBHO JOIYCTUMOMY
o0beMy mepesaud g HCcHojib3yeMoro KoHTposiuiepa DMA Bo Bceil cepuu
MUKpokoHTpoJuiepoB STM32. Ilocne 3aBepiieHus 3amnojiHeHus Oydepa ero
COJIEP)KMMOE TIepelaBalioch 1o mocieaoBarenbHoMy uHTepdeiicy UART nHa
IIEPCOHAIBHBIN KOMIIBIOTED.

Ha cropoHe mepcoHanbHOrO KOMIbiOTEpa OblLla peann3oBaHa Iporpamma
npueMa JaHHbIX. OHa OXujana moydeHus mnojHoro Oydepa pasmepom 0x8000
0aiiT, mocJie Yero coxpassia MoJy4eHHbIe OTCUEThl B OMHAPHBIN (ailn 6e3 Kakou-
7100 JTOTIOJTHUTENbHON 00paboTKU. ITO OBLIO CAIETaHO AJI TOTO, YTOOBI COXPAHUTh
ucxoaHble nanubie ¢ ALl 1 uCKIIOUUTH BIMSIHUE MPOrpaMMHONM 00pabOTKU TpH
JaJIbHENIIIEH TPOBEPKE.

Coxpanennble (Galabl HCIONB30BATUCH I TPOBEPKH  AJITOPUTMOB
U3MEpPEHHUsI MapaMeTpoB curHaina. J{ius kaxxaoro Habopa JaHHBIX PAaCCUUTHIBAIMCH
aMIUTUTYAa U YaCTOTa CUTHAJIA, ITOCJIE YEro MOJTyYeHHbIC 3HAYEHUS CPABHUBAJIUCH C
MOKa3aHUsIMU ocHiorpada u HaCTpOWKaMH TeHepaTopa CUTHAJIOB.

B pesynpraTe ObUT mMONy4eH HAOOp pEATbHBIX JAHHBIX, CHSTBIX MOCIHE
IIPOXOXKJIEHNs CUTHAjJIa 4Yepe3 aHaJIOrOBYK 4YacTh YcTpoiicTBa. I3mepenus

MNPOBOJUIIMCH IIPpKW PA3HBIX 3HAYCHHUAX aMIUIMTYAbl W 49aCTOTbI, 4YTO IIO3BOJIMUIIO
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OpPOBEPUTH pabOTy HM3MEPUTEIBHOTO KOMIUIEKCAa U OLEHUTh TOYHOCTh

peaNn30BaHHBIX aJTOPUTMOB 00PaOOTKH.
3.6 AHa/IM3 IKCIIEPUMEHTAJBbHBIX JAHHbIX

B xonme skcrepuMeHTaIbHOW MPOBEPKH YCTPOWCTBA OBLT TMOJIyYeH HAOOp
OLX(POBaHHBIX CUTHAJIOB Ul PA3IMYHBIX KOMOMHAIMI aMIUIUTYJbl U YacCTOTHI
BXOJHOIO BO3AcHcTBUA. [lonmydeHHBIE NaHHBIE HCIONB30BATUCH JUISI OLICHKH
TOYHOCTH Pa3pabOTaHHOTO AITOPUTMA HM3MEPEHHUS NapaMeTPOB MEPHUOIUYECKUX
CUTHAJIOB.

JUIst KaXKa0ro 3KCIepUMEHTa ObLTM U3BECTHBI 3TAJOHHBIE 3HAYEHHS YaCTOTHI
Y aMIUIMTYJbl CHUTHaja, OINpPEACJICHHbIE C MOMOLIBI0 TE€HEpATopa CUTHAIOB U
KOHTPOJIUPYEMBIE MOBEPEHHBIM LU(ppoBbIM ociuiuiorpagom. Ilocne nomyueHus
MacCHBa OTCYETOB BBINOJHSIACH MX 00pabOTKa pa3paOOTaHHBIM AJIrOPUTMOM, B
pe3yibTaTe Yero ONpeaesiICh U3MEPEHHBIE 3HAYEHUS aMILIUTY bl U YaCTOTBHI.

OneHka TOYHOCTH MNPOBOJMIACH IIYTEM CpaBHEHHS PE3YyJbTaTOB PadOTHI
QIrOpUTMA C JATAIOHHBIMU 3HA4Y€HUSIMHU. JlJI1 KOJNMYECTBEHHOW  OLIEHKH
MCIIOJIb30BAJIMCh a0COJIIOTHASL U OTHOCUTEIbHAS MOTPEUIHOCTH U3MEPEHMUSL.

AGcCoII0THas MOTPEIIHOCTh U3MEPEHUS YaCTOThI ONPEENsIach 1o popMmyiie:

Af = |fref _fmeas|l (3.7)
re:
- A¢ - aOCOTFOTHAS TIOTPEITHOCTh U3MEPEHHMSI YaCTOTHI, KI I1;
- Tref - D TAIOHHOE 3HAYEHHE YACTOTHI, KI 11;
- Tmeas - 3HAYCHHME YACTOTBI, TIOJYYEHHOE aIrOpUTMOM, KI II.
OTHOCHUTENbHAS TOTPENTHOCTh HW3MEPEHUS YacCTOThI ONpeaessaach 110
dbopmye:

Are = (Af/frer) * 100, (3.9)
re:
- Afe - OTHOCUTEIbHAS ITOTPEITHOCTh U3MEPECHHS 9acTOTHI, %0,

- At - aOCOJIIOTHAS MOTPEITHOCTh U3MEPEHUS 4acTOThI, KI 11;
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- fref - DTANIOHHOE 3HAYEHME YaCTOTHI, KI 11;
AHAJIOTHYHO PACCUMTHIBAINCH TIOTPEITHOCTH HW3MEPEHUS aMIUTHTY/IbI
CUTHAaJA.
AOCOIIOTHAS TIOTPEITHOCTh U3MEPEHUS aMILTUTYIbL:
Ay = Aref — Ameas| (3.10)
re:
- Aa - a0COJTIOTHAS IOTPEIIHOCTh U3MEPEHUS aMIUTUTY1bl, MB;
- Aef - DTAJIOHHAS aMIUIATY1a CUTHama, MB;
- Ameas - aMIDIATY1a, ONIPEJICIICHHAsT alTOPUTMOM, MB.
OTHOCHUTEbHAS TOTPEITHOCTh H3MEPEHUS aMILTHTYIbI:
Age = (44/Ares) * 100, (3.11)
re:
- AAc - OTHOCHUTEIbHAS TIOTPEITHOCTD U3MEPEHUS aMILTUTYIbI, %0;
- Aa - aOCOJTFOTHAS TTOTPENTHOCTh U3MEPESHUS aMIUTUTYIbI, MB;
- Aref - TAJIOHHAS aMIUIMTY1a CUTHAIIA, MB;

PesynbraTel u3mMepeHuit cBefieHbl B Ta0MILy 3.1.
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Tabnuna 3.1 — pe3ynpTaThl U3MEPEHUI

MMmuranus fref, KL |Aref, MB  [fneas, KI'IL  |Ameas, MB [Ar, KTt [Age, %0 |Aa, MB  |Ape, %
BHYTPCHHETO

COTIPOTHBIICHUSI

na 10 809 13,75 816,41 3,75 37,5 7,41 0,92
na 300 201 298,83 183,59 1,17 0,39 17,41 [8,66
na 300 802 299,43 746,09 0,57 0,19 55,91 6,97
na 400 201 398,83 175,78 1,17 0,29 25,22 |12,55
na 400 802 398,84 703,12 1,16 0,29 08,88 12,33
na 500 201 498,84 164,06 1,16 0,23 36,94 18,38
na 500 802 498,84 652,34 1,16 0,23 149,66 [18,66
HET 10 809 11,76 832,03 1,76 17,63 23,03 [2,85
HET 300 201 298,84 207,03 1,16 0,39 6,03 3

HET 300 802 299,42 816,41 0,58 0,19 1441 |1,8
HET 400 201 399,97 207,03 0,03 0,01 6,03 3

HET 400 802 399,46 816,41 0,54 0,13 1441 |1,8
HET 500 201 498,82 203,12 1,18 0,24 2,12 1,06
HET 500 802 498,84 800,78 1,16 0,23 1,22 0,15

N3 pesynbraroB B Tabiuue 3.1 MOXKHO cienaTh psll BBIBOJOB. Bo-niepBbIX,
YacTOTHAsl OIIMOKAa NPAKTUYECKM BO Bcex TecTax ykiaabiBaercss B 0.5%, yto
SBJISIETCS. OTJMYHBIM IIOKa3aTejJeM KadecTBa pPadOThl aJropUTMa ONpEIesICHUs
yacToTbl. OJIHaKo, yacToTHas omuoOka B Tecte curHana Ha 10KI'1 cymecrBeHHas,
MOCKOJIBKY aJITOPUTM HE HAaKOIMWJI CTaTUCTUKY M HE CMOI KOPPEKTHO BBIUYMCIUTH
YacTOTY CUTHaja. DTOT HEAOCTATOK MOXKHO YCTPaHUTh, €CIIU JOpadbOTaTh aJrOpUTM
(BMeCTO mojicueTa KOJIMYeCTBA NEPEXOA0B U IeNICHUs Ha BpeMsl OLIU(POBKHU, HYKHO
CMECTUTBh «HA4Yaj0» M3MEPEHHs YacTOThl HA MOMEHT IE€peX0Ja CUTHaJa 4epes3
LEHTPAIBHYI0 TOYKY, U «KOHEI» M3MEPEHUS IOCTaBUTh Ha IIOCIEIHEM TaKOM
nepexozie; TakuM oOpa3oM, OyAeT MOBbIIIEHA TOYHOCTh aJrOpUTMa HAa HU3KUX
4acTOTaX, @ HA BBICOKUX YaCTOTaX 3TO HE OKAXET 3HAUMTEJIbHOTO BIIUSHHUSA).

N3mepenne aMIuTyibl paboTaeT HE Ha CTOJBKO TOYHO, KaK HM3MEPEHHE
yacToTel. BunHo, uTo BO Bcex pe3yinbraTax 0€3 HUMHUTALMM BHYTPEHHETO

COTPOTHUBJICHUSI HICTOYHUKA CUTHAJIA, TIOTPEIIHOCTh cocTaBiisgeT He Oonee 3%, 4To
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ABJIAETCS. AOIYCTUMBIM pPe3ysibTaToM. Ha TOYHOCTh M3MEpEeHUs OTpHULATEIbHBIM
oOpazom Bruset Hu3koe paspemnieaue AL, B TexHruYecKoi TOKYMEHTAIUN YKa3aHO
7.2 6uta 3(pPeKTUBHOCTU B pEeXUME PaOOTHI, aHAJOTMYHOMY B HCMOJIb3yeMOI
cxeme. [lo3TOMy pe3ynbTaT OTY4ACTH 3aBUCUT OT TOTO, B KaKyl CTOPOHY
«okpyrnut» 3Hauenne ALl mpu ouudpoBke curnana. UMeHHO 3TO MPOU30LLIO C
curHaioMm 500KI ' ¢ ammutynoit 802mB. Ilpu aToM, 6€3 UMuUTaIIUK BHYTPEHHETO
CONPOTHUBJIEHUS! UCTOYHHUKA CUTHAJIA, U3MEPEHHE AMILUIUTYAbI pad0TaeT OJMHAKOBO
Ha BCEM JMAIa30He HUCCIEAYEMbIX 4acTOT.

A BOT HCHBITaHUS C HATPY30YHBIM PE3UCTOPOM MOKA3bIBAIOT, YTO C POCTOM
YacTOTHl YBEJIIMYMBAETCS OLIMOKA M3MEpPEHUs aMIUIUTyAbl. [Iponcxoaut 3to u3-3a
BIIMSHUS TIAPa3UTHOM E€MKOCTHM TPOBOJOB MEXKIYy HCTOYHUKOM CHUTHAJIA U
U3MEPUTENBHON wenblo. [lo 3ToM npuuMHE pPEKOMEHAYETCS YCTaHABIMBATH
aHaJIOTOBBIM Oy(dep B TOUKE MpueMa CHUTHala, YTOObI CYIIECTBEHHO CHU3UTH
BIIMSIHUE TTAPA3UTHBIX EMKOCTEN Ha PE3yJIbTaT U3MEPEHUM.

[Tony4yeHHbIe pe3ynbTaThl MOATBEPKIAIOT paboTOCIIOCOOHOCTh
OPEJIOKEHHOTO TOAX0/Ja M TIOKa3bIBalOT, YTO pPa3pabOTaHHOE YCTPOWCTBO
oOecrieunBaeT TpeOyeMyl0 TOYHOCTh HM3MEpPEHHUs NapaMeTpoB MEPUOANYECKUX

CUT'HAJIOB B HCCIICAYCMOM JHAIIa30HEC 94aCTOT.
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3AK/IIOYEHUE

B pamkax BBIMYCKHOW KBaTM(PHUKAIIMOHHON paboThl ObUIO pa3paboTaHO
YCTPOMCTBO ISl U3MEPEHUSI MapaMeTPOB MEPUOJAMUYECKUX CHUTHAJIOB B YCIOBHUAX
BO3JECHUCTBUS TOMEX.

B mepBoii uactu pabGoThl OBLIM PACCMOTPEHBI OCHOBHBIE IMapaMeTphl
NEPUOJIMYECKUX CUTHAJIOB, BUJIBI TIOMEX U UX BIMSHUE HA PE3YyJIbTaThl U3MEPEHUHN.
Taxke OBUTM W3YyYEHBI CYIICCTBYIOIIME METOABI OIpPEACIICHUS TapaMeTpOB
CUTHAJIOB M PAcCCMOTPEHbI BapHaHThl IMOCTPOCHUS MOAOOHBIX H3MEPUTEIIbHBIX
ycTpoiicTB. Ha ocHOBaHMU MPOBEICHHOTO aHau3a ObLIN OIpeeeHbl TpeOOBaHUS
K pa3pabaTbiBAEMOMY YCTPOMCTBY.

[Ipu BbIOOpE cmoco0a wu3MepeHusi ObUI PACCMOTPEH BapHaHT MPSIMOM
o1 (POBKHU BXOJTHOT'O CUTHAJIA C TTOCJIEAYIONICH 00pabOTKOM MOTyUYeHHBIX TaHHBIX.
Jauublii moaxon ObLT BBIOpaH H3-32 BO3MOXKHOCTH HM3MEHEHHSI QJITOPUTMOB
00paboTku 0e3 M3MEHEHHUs alIapaTHON 4YacTu ycTpoicTBa. B pesynbrate Obuin
OMpENICNICHbl OCHOBHBIE aJITOPUTMbI OOpa0OTKM CHUTHalla W pa3paboTaHa
CTPYKTYypHasi cCXeMa U3MEPUTEIILHOTO KOMILJIEKCA.

B mporecce pa3paboTku Oblia co3/laHa AJIEKTpUYECKas MPUHIMIHAIbHAS
cXeMa YCTpOWCTBa, BbIOpAaHbI OCHOBHBIE KOMIIOHEHTHI W BBIMIOJHEHA OIICHKA
notpebisemoit MomrHOCcTH. B kadyectBe AIIIl wumcmonb3oBaHa Mukpocxema
AD9057BRSZ-40, a o00paboTka ympaBIAOINIMX CUTHAJIOB peali30BaHa Ha
mukpokonTpoiuiepe STM32F407VET6. Pa3paGoTaHHOE yCTPOWCTBO BBIMOJIHSET
OM(pPOBKY HWCCIECIyEeMOT0 CHUTHAJIAa W Tepeaaqdy IMONMYyYEHHBIX JaHHBIX B
MPOTPaMMHBIN MOJTYJIb JJIsI alibHEUIIet 00pabOTKH.

Jliist mpoBepku pabOThl YCTPOMCTBA OBLT M3TOTOBJIEH MaKETHBIM oOpaszell u
MIPOBEICHBI U3MEPEHUS Ha CHHYCOUIAIBHBIX CUTHAJIAX C Pa3INYHBIMK 3HAYCHUSIMHU
YacTOTHl M aMIUTUTYIbl. B pesynbrare ucnbITaHu OBUIO YCTAHOBJIEHO, YTO
pEaNTM30BAaHHBIN AJNTOPUTM TO3BOJSET JOCTATOYHO TOYHO OMPENETSATh YaCTOTY
curHana. OmmuOka W3MEPEeHHS aMIUIUTYIbl OKa3ajach BBIIIE, YTO CBS3aHO C

orpaHuyeHHbIM paspsaoM ALIII 1 BIUsIHUEM 371EMEHTOB aHAJIIOTOBOT'O TPAKTA.
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JIOTIOJIHUTENBHO TPU UCHBITAHUSX ObUIO BBISIBICHO BIMSHUE Mapa3uTHBIX
apaMeTpoOB COCTUHUTENBbHBIX IIeTed Ha W3MEpPEHHEe aMIUIMTYAbl NMpU padboTe ¢
Oosee BhICOKMMH uyacToTamu. [lomyueHHBIE pe3ynbTaThl MOKA3ald HampaBICHUS
JabHEHIIero yiIyJIleHns: YCTpoicTBa: 10paboTKa BXOJHOTO aHAJIOTOBOTIO TPaKTa
¥ COBEPIICHCTBOBAHHE AITOPUTMOB 00paOOTKHU TaHHBIX.

[TocraBnennass uenb paboTel — pa3paboTka YCTpOHCTBa H3MEpEHHs
apaMeTpoOB NEPUOANUECKUX CUTHAJIOB € TPEOYEMOM TOUHOCTHIO B YCIIOBUSX ITOMEX
— nocturayTa. Pa3zpaboTaHHOE yCTPOWCTBO MOYKET HCIIOJNIB30BAaTHCS B COCTaBE
U3MEPUTENbHBIX CTEHJOB M  CICHUAIM3UPOBAHHOTO  OOOPYIOBaHHS IS
UCCIICTIOBAaHMSI XapaKTEPUCTHK AJIEKTPOHHBIX YCTPOMCTB.

Pe3ynbrarsl paboThl OKa3aIK, YTO IPUMEHEHHE COBMECTHOM armapaTHON U
nu(ppoBoil 00pabOTKH CHUTHAJIAa MO3BOJSET MOBBICUTH TOYHOCTH H3MEPEHUS
apaMeTpoB MEPUONYECKUX CUTHAJIOB U COXPAHUTh BO3MOXKHOCTH JAJbHEUIIETO

U3MEHEHHS aJITOPUTMOB 00pabOTKH Oe3 repepadoTKU armnapaTHOM YacTH.
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IIpunoxenue 1

Hcxoanbie KoAbl MPOrPAMMHOTO 00ECTICUEHUSI
/*'k

* Mogynb namepeHuit aHanoroebix curdanos (OUT_ADC, V_SENS, I_SENS, TH_ADC, Vrefint).

*ADC1 + DMA2s4 (+ npepbiBaHue DMA) + TIM5oc1 (ADCH1 trigger) = 1000hz ADC ans u3amepeHus NOCTOSHHbBIX HaNpsKeHni

* ADC3 + DMA2s0 (+ npepeisaHne DMA) + TIM4océ4 (ADC3 trigger) = 10khz ADC ans usmepenns nuiun Ucc 1 OUT_ADC Ha
BpeMs TeCTUPOBAHUS BPEMEHM BKITHOYEHMS

* EXTADC: TIM8, DMA

i

#include "main.h"

#ifdef __ cplusplus
extern "C" {
#endif

Il pasmep bychepa ycpeaHeHus
#define ADC1_MAX_BUFFER_SIZE 100

/I konnyecTso kaHanos ADC1
#define ADC1_CHANNELS 6

I/ pasmep bychepa TemnepaTypHOro AaTunka
#define TS_BUFFER_SIZE 500

/l'y ADC3 2 kaHana: VSENS, OUT_ADC

#define ADC3_CHANNELS 2

Il makcumanbHoe Bpems u3MepeHns Ton (Bpems BkMoYeHns) - 50ms. Nrioc BPems BKIKOYEHUS MUTaHUS - Sms
#define ADC3_MAX_MEASURE_TIME_MS (50 + 5)

Il pasmep 6ycbepa nog ADC TyT BbiumcnseTcs kak 50mc * 10ceMnnoB_B_CekyHay

#define ADC3_BUFFER_SIZE (ADC3_MAX_MEASURE_TIME_MS * 10)

/**

* MiHuumanusaums mogyns
¥

void Analoglnitialize();

/****'k'k************************** EXT ADC APl ******************************/

11 64k = 0x10000, words 16k = 0x4000
11 32k = 0x8000, words 16k = 0x2000

/**

* Paswep Oydbepa BHewHero ADC

¥

#define EXT_ADC_BUFFER_SIZE 0x8000

/**

* Bydhep, kyna nonagarT AaHHble BHewHero ADC.
¥

extern uint8_t ExtAdcBuffer[EXT_ADC_BUFFER_SIZE];
/**

* 3anyctutb BHewwHnn ADC

¥

void AnalogExtAdcStart();

/**
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* Oxumaatb OkoHYaHus paboTbl BHelwHero ADC
¥/
void AnalogExtAdcWaitBlocking();

/*'k

* 3anycTuTb BbIYMCTIEHNE NAapaMeTPOB CUTHaMNa C BbICOKOCKOPOCTHOro ALIM

* @return 1, ecn yganocs onpeaenuTb napameTpsl: YacToTa CurHana, aMnanTyaa, nocTosiHHas cocTaBnstoLLas
¥/

char AnalogExtComputeValues();

/**

* [onyyeHne 4acToTy M3MEPEHHOrO CUTHana, HyXHO Bbi3biBaTb TONbKO nocne AnalogExtComputeValues!

* @return yactoTa B repuax

¥/

uint32_t AnalogExtGetFreq();

/**

* MonyunTe aMNAMTYyZy U3MEPEHHOTO CUrHarna, HyXHOo Bbi3biBaThb ToNbKO nocne AnalogExtComputeValues!
* @return HanpskeHne amnnuTyabl B BONbTAX

¥

double AnalogExtGetAmplitude();

/**

* MonyunTb NOCTOSIHHYHO COCTABMSIOLLLYI0 M3MEPEHHOTO CUTHAMa, HYXHO Bbi3biBaTh TONbKO nocne AnalogExtComputeValues!
* @return HanpskeHWe NOCTOSIHHO COCTABNAOLLEN B BONbTAX

i

double AnalogExtGetDc();

#include <cstring>
#include <cmath>
#include "analog.h"
#include "computing.h"

#define ANALOG_ENTER_CRITICAL() NVIC_DisableIRQ(DMA2_Stream0_IRQn)
#define ANALOG_EXIT_CRITICAL() NVIC_EnablelRQ(DMA2_Stream0_IRQn)

uint8_t ExtAdcBuffer[EXT_ADC_BUFFER_SIZE];

I/ 6ychep ans 3anucu 3HadeHuin ucnonbdys DMA
static volatile uint16_t dmaAdcValues]ADC1_CHANNELS];

I/ nepemeHHble A5 paboTbl 6ydhepranpoBaHHbIX U3MEPEHMIA

void Analoglnitialize() {
I/ cbpacbiBaeM AaHHble TeMnepaTypbl
memset((void*)tsBuffer, 0, sizeof(tsBuffer));

Il yctaHaBnuBaem pa3mep bydepa no ymonyanuio (20)
adcBufferSize = 20;

I/ 3anyckaem DMA
HAL_ADC_Start_ DMA(&hadc1, (uint32_t*)dmaAdcValues, ADC1_CHANNELS);

/I HAL ctaBuT cBOM (hnarv npepbiBaHni, YyTb MK HE BCEX...
I/ Tak uTO OTKMIOUMM BCe, kpome transfer complete (3T 6UTbI MOXHO TporaTh koraa EN=1)
hdma_adc1.Instance->CR &= ~(DMA_SxCR_DMEIE | DMA_SxCR_TEIE | DMA_SxCR_HTIE);

Il Hy v 3anycTUM Taitmep
HAL_TIM_OC_Start(&htim5, TIM_CHANNEL_1);

/I v 3a ogHO 3anycTum Tanmep 8, koTopblit Ans BHewwHero ADC
HAL_TIM_Base_Start(&htim8);
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HAL_TIM_PWM_Start(&htim8, TIM_CHANNEL_1);
htim8.State = HAL_TIM_STATE_READY;

I Talimep NSt U3MEPEHUS BDEMEHY BKITHOYEHMUS!
HAL_TIM_OC_Start(&htim4, TIM_CHANNEL_4);
}

void AnalogBufferingSet(char enable) {
ANALOG_ENTER_CRITICAL();
adcBufferEnable = enable;
adcBufferlsFull = false;
adcBufferindex= 0;
ANALOG_EXIT_CRITICAL();

}

void AnalogBufferingSetBufferSize(int size) {
ANALOG_ENTER_CRITICAL();

Il ans Hayana cbpocum faHHble bycdepa, NOTOMY YTO Xep ero 3HaeT kak OHO BbIno
adcBufferlsFull = false;
adcBufferindex= 0;

I/ Tenepb yCTaHOBWM HOBbIN pa3mep Bydepa
adcBufferSize = size;
if (adcBufferSize > ADC1_MAX_BUFFER_SIZE) {
adcBufferSize = ADC1_MAX_BUFFER_SIZE;
} else if (adcBufferSize < 2) {
adcBufferSize = 2;

}

ANALOG_EXIT_CRITICAL();
}

void AnalogBufferingReset() {
if (adcBufferEnable) {
ANALOG_ENTER_CRITICAL();
adcBufferlsFull = false;
adcBufferindex= 0;
ANALOG_EXIT_CRITICAL();
!
!

char AnalogBufferinglsFull() {
return adcBufferlsFull;

}

/**

* MocumTaTh CpeaHee 3Ha4YeHNE HaKOMMEHHbIX M3MepeHui B bydepe

* @param vref napameTp, Kyaa 3anucbiBatb CPEAHEE OMOPHOE HaNpsKeHne
* @param valuelndex nHaekc kaHana, KoTopbIii TpebyeTcs yepeaHUTL

* @param value napameTp, ky4a 3an1cbiBaTb YCPeAHEHHOe 3HaueHne kaHana valuelndex
* @return true, ecnu AaHHble U3BNEYeHb! yCneLlHo, false ecnu HakoNNEeHHbIX AaHHbIX HET

i
static bool bufferGetAverage(uint16_t& vref, int valuelndex, uint16_t& value) {
uint32_t sum_vref = 0, sum_value = 0;

if (valuelndex == ADC1_CH_TS) {
ANALOG_ENTER_CRITICAL();

// MpoCTO CYMTaEM BCe 3HaYEHNS
for (auto i : tsBuffer) {
sum_value +=i;

}
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Il 'ycpenHsTb vref He Bynem, ero yxe ycpegHun ADC
sum_vref = dmaAdcValues|[ADC1_CH_VREF];

ANALOG_EXIT_CRITICAL();

sum_value /= TS_BUFFER_SIZE;
}else {
ANALOG_ENTER_CRITICAL();
// poBepsieM YTO Y HAC CTb YTO KOMWUPOBATbL
if (ladcBufferlsFull && adcBufferindex == 0) {
ANALOG_EXIT_CRITICAL();
return false;

}

const auto real_len = adcBufferlsFull ? adcBufferSize : adcBufferindex;

/I NpocTO CYMTaeM BCe 3HAYEHMS

for (inti=0; i <real_len; i++) {
sum_vref += adcBuffer[ij[ADC1_CH_VREF];
sum_value += adcBuffer[i][valuelndex];

}
ANALOG_EXIT_CRITICAL();

sum_vref /= real_len;
sum_value /=real_len;

}

vref = (uint16_t) sum_vref;
value = (uint16_t) sum_value;
return true;

}

void AnalogExtAdcStart() {
/I HAL_TIM_Base_Start_DMA();

if (htim8.hdma[TIM_DMA_ID_UPDATE]->State |= HAL_DMA_STATE_READY) {
return;

}

Il Set the DMA Period elapsed callbacks
htim8.hdma[TIM_DMA_ID_UPDATE]->XferCpltCallback = nullptr;
htim8.hdma[TIM_DMA_ID_UPDATE]->XferHalfCpltCallback = nullptr;

Il Set the DMA error callback
htim8.hdma[TIM_DMA_ID_UPDATE]->XferErrorCallback = nullptr;

I/ Enable the DMA stream
if (HAL_DMA_Start(htim8.hdma[TIM_DMA_ID_UPDATE],
(uint32_t)(void*)&GPIOD->IDR,
(uint32_t)&ExtAdcBuffer,
EXT_ADC_BUFFER_SIZE) == HAL_OK) {
/I dma interrupts and set
// DMA2s1
__ HAL_UNLOCK(htim8.hdma[TIM_DMA_ID_UPDATE]));
DMA2_Stream1->CR |= DMA_SxCR_TEIE | DMA_SxCR_TCIE;

Il Enable the TIM Update DMA request
_ HAL_TIM_ENABLE_DMA(&htim8, TIM_DMA_UPDATE);
__HAL_TIM_ENABLE(&htim8);
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/] BapuaHT 2
/I HAL_TIM_Base_Start(htim);
/I HAL_TIM_OC_Start(htim, TIM_CHANNEL_1);
Il [l TIM2->DIER |= (1 << 8); /I set UDE bit (update dma request enable)
Il htim->Instance->DIER |= (1 << 8);
}
}

void AnalogExtAdcWaitBlocking() {
while (htim8.hdma[TIM_DMA_ID_UPDATE]->State != HAL_DMA_STATE_READY) {
FirmwareWaitForInterrupt();
}
}

static uint32_t extAdcFreq;
static double extAdcAmp;
static double extAdcDc;

char AnalogExtComputeValues() {
return computeAdcResults(extAdcFreq, extAdcAmp, extAdcDc);

}

uint32_t AnalogExtGetFreq() {
return extAdcFregq;

}

double AnalogExtGetAmplitude() {
return extAdcAmp;

}

double AnalogExtGetDc() {
return extAdcDc;

}

void AnalogUSet(uint16_t mv) {
float tmp = my;
tmp *= 0.2693097197043648f;
tmp += 4.068897224933655f;
11'y=0.2693097197043648x+4.066897224933655
int dac_val = (int)tmp;
if (dac_val < 0) {
dac_val =0;
} else if (dac_val > 4095) {
dac_val = 4095;

}
HAL_DAC_SetValue(&hdac, DAC_CHANNEL_2, DAC_ALIGN_12B_R, dac_val);

void DMA2_Stream4_IRQHandler() {

bool transferComplete = DMA2->HISR & DMA_HISR_TCIF4;

DMA2->HIFCR = DMA_HIFCR_CHTIF4 | DMA_HIFCR_CTCIF4 | DMA_HIFCR_CTEIF4 | DMA_HIFCR_CFEIF4 |
DMA_HIFCR_CDMEIF4;

if (transferComplete) {
Il nepemecTuth copepxumoe dmaAdcValues B "nouToBbI ALMK"
if (lhaveNewValues) {
memcpy((void *) measureAdcValues, (const void*)dmaAdcValues, sizeof(dmaAdcValues));
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haveNewValues = true;

}

I/ npoTONKHYTL AaHHble B Bydhep, ecnu BknoveHa bydepusaums
if (adcBufferEnable) {
memcpy((void *) adcBuffer[adcBufferindex++], (const void*)dmaAdcValues, sizeof(dmaAdcValues));
if (adcBufferindex >= adcBufferSize) {
adcBufferindex = 0;
adcBufferlsFull = true;
}
}

I/ v 3anucatb TeMnepaTypHbIi AaT4nK
if (tsBufferindex >= TS_BUFFER_SIZE) {
tsBufferindex = 0;

}
tsBuffer[tsBufferindex++] = dmaAdcValues[ADC1_CH_TS];

}
}

void DMA2_Stream0_IRQHandler() {
HAL_DMA_IRQHandler(&hdma_adc3);

}

void DMA2_Stream1_IRQHandler() {

uint32_t is_transfer = DMA2->LISR & DMA_LISR_TCIF1;

bool transferError = DMA2->LISR & DMA_LISR_TEIFO;

DMA2->LIFCR = DMA_LIFCR_CHTIF1 | DMA_LIFCR_CTCIF1 | DMA_LIFCR_CTEIF1 | DMA_LIFCR_CFEIF1 |
DMA_LIFCR_CDMEIF1;

/I HAL_DMA_IRQHandler(&hdma_tim8_up);

if (is_transfer || transferError) {
Il transfer complete
htim8.State = HAL_TIM_STATE_READY;
htim8.hdma[TIM_DMA_ID_UPDATE]->State = HAL_DMA_STATE_READY;
Il HAL_UART _Transmit_DMA(&huart1, adcBuffer, 0x8000);
Il computingHandler();
}
}

#include <cstring>
#include "computing.h"

uint8_t ExtAdcBuffer[EXT_ADC_BUFFER_SIZE];

bool computeAdcResults(uint32_t &freq, double &amplitude, double &dc) {
Il KpaeBble 3HaueHus He obpabaTbiBaem
#define edge1 32

/I YacToTa AUM
const double Fd = (168.0f/ 9.0f) * 1e6f; // YacToTta auckpeTusauum B repuax

/I uint8_t ExtAdcBuffer[EXT_ADC_BUFFER_SIZE];

/I TipuMeHeM MeauaHHbIN UnbTP
Il MedianFilter3();

/I TiprMeHUM UNbTP CKOMb3SILLETO CPEHEEr0
I MovAvgFilter5();
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/I OueHka pasmaxa. MocTpoum ructorpammy
/I 3Haem, uto paspagHocTb AL 8 6uT - 256 3HaueHui

/I OBHynsiem BCcrnomoraTenbHbIi MaccuB
int gg[256];
memset(gg, 0, sizeof(gq));

I/ ®opmupyem ructorpammy
for (uint16_t i = edge1; i < EXT_ADC_BUFFER_SIZE - edge1; i++)
gg[ExtAdcBuffer[i]]++;

/I OueHnBaeM nNukK rMCTorpammbl

intxm=0;
uint8_t km1 =0;
uint8_t km2 = 0;
for (uint16_ti=0; i< 120; i++) {
if (xm < gg[i]) {
xm = gg[i;
km1 =i
1
!

xm = 0;
for (uint16_t i = 134; i <= OxFF; i++) {
if (xm < gg[i]) {
xm = ggfi];
km2 =1
}
}

/1 Onpepensiem OLEHKY HanpsKeHNUs B MUNIMBONbTaX, MPUMEHUTENBHO K padmaxy ALIM
amplitude = (double) (km2 - km1) / 256.0;
amplitude *= 2.6048450117218023; // NOTE: marnyeckuit KOPULEHT ANs CXeMbI

/I pac4eT NOCTOSIHHOM COCTaBMSAOLLEN

dc = ((((double) km1 + (double) km2) / 2.0f) / 256.0f * 1000.0f) + 2000.0f;
IHy=2+x

I OueHnBaem yacToTy

/I Cuntaem, 4to 1281 ypoBEHb HAXOAUTCS POBHO NOCEPEaNHE

const uint16_t z = 8; // 3awWnTHLIN MHTEpPBAN
uint32_t xk1 = 0;

uint32_t xk2 = 0;

uint32_t xsum = 0;

uint32_t xnum = 0;

uint32_t i = edge1;

Il viwem nepexopbl yepes 128

while ((i < EXT_ADC_BUFFER_SIZE - edge1) && (ExtAdcBuffer[i] > 128))
i++;

i=itz

while ((i < EXT_ADC_BUFFER_SIZE - edge1) && (ExtAdcBuffer[i] < 128))
i++;

xk1 =1

while ((i < EXT_ADC_BUFFER_SIZE - edge1) && (ExtAdcBuffer[i] > 128))
i++;

i=itz

while ((i < EXT_ADC_BUFFER_SIZE - edge1) && (ExtAdcBuffer[i] < 128))
i++;

xk2 =1i;

i=i+i
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xsum = xk2 - xk1;
xnum = 1;

I/ Haxogum MHOro neproaos
while (i < EXT_ADC_BUFFER_SIZE - edge1) {
while ((i < EXT_ADC_BUFFER_SIZE - edge1) && (ExtAdcBuffer[i] > 128))
i++:
i=itz
while ((i < EXT_ADC_BUFFER_SIZE - edge1) && (ExtAdcBuffer[i] < 128))
i+t
if (i < EXT_ADC_BUFFER_SIZE - edge1) {
xsum = xsum + (i - xk2);
Xnum++;
xk2 =1i;
b
izi+z
!
/1 OueHka YacToThl B repuax
freq = (uint32_t) (Fd / (double) xsum * (double) xnum);

I/ TlocmoTpum, ecnn ecTb nepenonHerne AL B ogHY unu B ApYHIy0 CTOPOHY, TO
// BbIAANM OLIMBKY
if (km1 == 0) | (km2 == 255))
return (false);
else
return (true);



PEIIEH3US
HA BBIITY CKHY 0 KBAJTUOGUKALIMOHHYIO PABOTY

Crypaent Ocranos ByaguciaB PyciaHOBUY ['pynma 41K3-m
MHCTUTYT IpUOOPOCTPOEHHS]; aBTOMATU3ALMU U MHPOPMALIMOHHBIX TeXHOJIOT UM

Kadepa 2/1eKTDOHUKY, DAIUOTEXHUKN 1 CUCTEM CBA3Y

HaripaBieHue TOAroTOBKY (crerpanbHOCTh) 11.04.03 KOHCTpYMPOBAHWE W TEXHOJOTUSA
97IEKTPOHHBIX CPEJCTB

HarpaB/ieHHOCTD (mpoduib) MOJTOTOBKHU. WHbopmaloHHbIe TeXHOJIOTUU
[IDOEKTUPOBAHUSI DAIMOIEKTPOHHLIX CPE/ICTB U U3/eNUI MUKDOIIEKTDOHUKU
I[IpucBavBaeMasi KBaIM(UKALMsT: MarucTp

Tema BKP: YCTpoilCTBO Orpe/ie/ieH s IlapaMeTpPOB TIepuojJuUeCKUX CUrHajioB B yC/IOBUAX
1IoMex

Perjensexr

CuziopoB Anexceit MUXalI0BUY,

Be/IyIui KoHCTpykTop, OO0 "HIIII "ACTPOH 3JIEKTPOHUKA"

OLIEHKA BBINYCKHOV KBAJIU®UKAVNOHHON PABOTEI

OLleHKA
5 4 3 2 *

1. AKTya/IbHOCTb TEMaTHKU paboThl %
2. CrerieHb MOJIHOTHI 0630pa COCTOSHUA BOIIPOCAa U KOPPEKTHOCTh +
MOCTAHOBKH 3a/lau
3.-YpoBeHb W KOPPEeKTHOCTb MCIO/L30BaHUA B paboTe MeTo/10B &
Kee/leJOBaHWM, MaTeMaTHUeCKOro MO/Ie/TMPOBAHMHS], pacueTOB
4., CTereHb KOMIIEKCHOCTH paboThl, TpMMeHeHre B Hell 3HaHuH
o611eripode CCHOHA/IBHBIX M crielda/lbHbIX JUCLIWIIIMH M
5. SICHOCTb, UeTKOCTb, MOC/Ie0BaTe/IbHOCTh U 060CHOBaHHOCTD
U3/10)KeHUs ¥
6. [IpyMeHeHHe COBpeMeHHOI'0 MaTeMaTUueCKoro 1 rnporpaMmHoro +
obecrieueHusi, KOMITLIOTEPHBIX TeXHOJIOIMH B pabore
7. KauectBo opopmieHuns (001uil ypoBeHb rPaMOTHOCTH, CTHIIb
M3710KeHHs], KaueCTBO M/IIFOCTPaLiii, COOTBETCTBHe TpebOoBaHUAM +
CTaH/|apTOB)
8. O6beM 1 KauecTBO BbINOIHEHHs IrpadryecKoro MaTepuaa, ero
COOTBETCTBHE TEKCTY *
9. O60CHOBAaHHOCTb U JI0Ka3aTe/IbHOCTb BbIBO/IOB PaboThl +
10. OpUrMHaALHOCTL M HOBM3HA I10JIy YeHHbIX pe3y/IbTaTOB, HayYHO- +
MCC/le/l0BaTeIbCKUX MM TTPOM3BO/ICTBEHHO-TEXHOIOIMUECKHUX pellieHHH

=2

* He orieHrBaeTcs (TPYAHO OLIEHUTB)



Jocrouncrea BKP: BoinyckHas kBanuduKalMoHHas paboTa  IIOCBAIIEHA

pa3paboTKe YHUBEPCA/JILHOIQ YCTPOMCTBA OIIpe/IeIeHUs [lapaMeTpPOB CUIHAIOB B YCIOBUSIX

MH/IYCTPUA/IbHBIX TIOMEX, OTIMYAILIerocsl COBMECTHOW anmnapaTHod U [IPOrPAMMHOUN

hunpTpallMe CurHaga C IMOCJIeAVIONIMM HAKOIUIEHWEM CTATUCTHUKKA JUIS HaXOXAEeHUS

[1apaMeTpOB CUrHasa. PacueTHO-MIOgCHUTEbHAd 3alKiCKa BBINOJAHEHd Ha JOCTATOUYHOM

VDOBHE, H3/JI0)KeHHWE MaTepuva/id TpAMOTHO W TI0CAeN0BATEeNbHO, COAEDXUT BCE

HEe00X0 UMbl pa3/ieJibl 41 COOTBETCTBYET OCHOBHBIM TpeOOBAHUIM ECK/I.

TlemoncTpalMonHas yactb BKP coziepkKUT BCIHO HEOOXOJMMYIO JUis 3alllUThl WTOTOBOU

KBa/JIU(MUKAIIMOHHOK paboThl MH(MOPMALIKI0 B YCTAHOBJ/IEHHOM 00BbEME U_COOTBETCTBYET

0CHOBHbBIM TpeboBanusm ECKI/I.

Otmeuennbie HegocTaTku BKP: HejocratouHoe u3yuyeHue 3apy0e)KHOTO OIbITa

pelieHrsa OCBelIeHHbIX B pabore 1po6JieM. Majioe KOJIMUeCTBO MCTOYHUKOB.

Jak/iroueHue: YKa3zaHHbIE  3aMeUaHWsd He  CHIDKAIOT  BBICOKOIO  YDOBHSA

1Ipe/ICTaB/IeHHOM Ha PeleH3UI0 BBIITY CKHOM KBa/IMPUKAI[MOHHON paboThl, OHA MTOTHOCTHIO

cootBeTcTByeT TpeboBanusM PI'OC BO 10 yKa3aHHOMY HAIIpaBJIEHUK), a CTYJEHT

Octanos B. P. 3aciy)KyBaeT OLIEHKM «XOpOIIO» ¥ TPHCBOEHUS eMy KBaIU(MUKALIIA

Marucrp 110 HarpasaeHuo 11.04.03 «KOHCTpYMPOBAHME M TEXHOJIOTUSA JIeKTPOHHBIX

CpeacCTB».

PerjeH3eHT

Be[ylLIuii KoHCTpyKTOp, OO0 "HIIII V% Cuzopos A. M.

"ACTPOH SJIEKTPOHUKA" « » 2026 r.
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