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NCTOYHUK ITUTAHUSA KOPPEKTUPYIOLIUX DJIEMEHTOB
YCKOPUTEJBHOMN TEXHUKH HA BA3E IITU®POBOI'O
CUTHAJIBHOI'O NPOLLECCOPA

B mocrenHee qecsaTUiIeTHE B MUPE AIEKTPOHUKH HaOroaeTcst OypHoe pa3BUTHE B 001acT LpoBOii 00pabOTKH cUr-
HaJI0B. MHOXECTBO 3apyOeXHbBIX (PUPM BBITYCKAIOT CIIELHATN3UPOBAHHbIE CUTHAJIBHbIE TIPOLECCOPBI, IPeJHA3HAYCHHBIC
Ju1st 00pabOTKHU aHATIOTOBBIX CUTHAJIOB. JlaHHAs MPOYKIIMS CTalla BIOJIHE JOCTYITHON Ha poccuiickoM peiHKe. Mcronb3yeT-
Csl B OCHOBHOM JUISl TIPOMBIIIICHHBIX Pa3pab0TOK, He TPEOYIOINX MPELU3HOHHOCTH (IIPUBO/IA HIIEKTPOIBUTaTeNei U T. 1.).
OJHAKO BO3MO)KHOCTH COBPEMEHHBIX CHIHAJIBHBIX MPOLIECCOPOB MO3BOJISIOT NPUMEHATh MX B YCKOPHTEIBHONH TEXHUKE,
JUISL CO3/IaHMs CIIELMAIN3UPOBAHHbBIX HCTOYHUKOB ITUTAHUS ¢ LU(POBBIM PETryJIMPOBAHUEM B PEKHME «PEATbHOTO BpeMe-

um» (http://pdeis.at.tut.by/rt_ru.htm).

Knrouesvie cnosa: NCTOUHUK TOKa; CTaOMIIN3ALHA TOKA; MOCTOBOW HHBEPTOP; YCHIIUTEIb MOIIHOCTH; IU(POBOE YIIPaB-
JICHHE; UMITYJILCHBIH HCTOYHHUK; CUTHAJIBHBIN IpoLeccop; HHU(POBOE PeryIMpoBaHUe; HCTOYHUK SJIEKTPONUTAHUS; IINPOT-
HO-UMITynbcHas Mopyssiuus (LLIMM); nponopuuonansHo-uHTerpaitbHo-aud pepenuuansuoe (I1M) perynuposanue.

BBeaenue

BUncturyre saepuoit pusukuum. I. U. byx-
kepa (MSD) Ha POTIKCHHIM MHOTHX JIET Be-
IyTca pa3pabOTKH MCTOYHWKOB TMHUTAHUSA Mar-
HUTHBIX DJIEMEHTOB YCKOPUTENBHON TEXHUKH.
Jns nuranus c1abOTOYHBIX MAarHMUTOB paspa-
OoraHbl ycunuTean MomHocTH (YM), obecrre-
YHBAKOINE MAKCUMAJIbHBII BBIXOJHOU TOK OT 3
1o 25 A. CoBpeMeHHBIN YCKOPHUTEIBHBIN KOMII-
JIEKC HACYUTHIBAET OKOJIO COTHH TAKUX HCTOYHH-
KOB TUTaHUA. VIcIIomp3yeMble B HACTOSAIIEE Bpe-
MsI YCHITUTENIM MOIIHOCTH BBITIOJTHEHBI B BHJIE
MMITYJIBCHBIX TpeoOpa3zoBareiell MoCTOSHHOTO
HaTPSDKCHUA: PETYINPOBAHNE BBIXOAHOTO TOKa
MIPOU3BOIUTCS MHUPOTHO-UMITYIECHONW MOIYIISI-
nueii (ILIMM) BBIXOmHOTO HANPSHKEHHSI MOCTO-
Boro mHBepTopa [1]. HeoOXomumyro TOYHOCTH
npeoOpa3oBaHus oOecreunBacT METas obpar-
HOW CBSI3W, BBHIIOJIHEHHAs HAa aHAJIOTOBBIX dJIe-
MeHTaX. AHaIOTroBO€ ymIpaBieHHe obOecredn-
BaeT HEMPEPHIBHOCTH PETYIMPOBAHHUS TOKA B
Harpy3ke, 4TO TO3BOJIAET TOITYYHTH BBICOKYIO
TOYHOCTh MPE0Opa3oBaHMs B CTATHYECKOM pe-
JKuMe paboThl. CBS3b YCHITUTEIICH MOIITHOCTH C

YIPaBISIONIAM KOMITBIOTEPOM Ha YCKOPHUTEh-
HOM KOMIUIEKCE OCYIIECTBIAETCS MPU MTOMOIIN
BHemHUX O10K0B LIAIT m ALIIT [2].

OpHAaKo CyIIeCTBYET MHOXKECTBO 3ajad, TIe
HEOOXOAMMO OO0ECTIEYHTh CIIOKHYIO THHAMH-
Ky perymmpoBaHus, TpPeOYyIOIIyo peann3anuu
CHETMATBFHBIX aJTOPUTMOB YIIPaBICHUS, KOTO-
pBIe aHAJIOTOBOE PETYIMPOBAHWE PEATN30BATh
He To3BoIsteT. J{s peann3anuu MOAOOHBIX a-
TOPUTMOB B Ka4eCTBE DETYIHPYIOIIETO 3BEHA
MOXKHO HCITOJIb30BaTh IMU(DPOBON CHTHATLHBIHA
npomeccop (LICIT).

ITpumenenune LICII B ienm oOpaTHOH CBI3U
YCHIIUTEIIST MOIITHOCTH TIO3BOJISIET:

® OCYIIECTBUTH CBS3b C YIIPABISIONINM IIep-
COHAJIBHBIM KOMIThIOTEpOM TrocpenctBoM CAN
(Controller Area Network) nim Ethernet uaTep-
(heticoB, 0e3 TPHUBICUCHUS ITOTOTHUTEIHHBIX
BHEIIHHUX OJIOKOB;

® peajn30BaTh YHHBEPCAIHHOCTH B BEIOO-
pe anropuTMa peryaupOBaHHs TOKa Hamboiee
OTNITUMAJIBHBIM CTIOCOOOM JIJIsT KOHKPETHOH (hr-
3WYeCcKol 3amaun, Tak kak Hanwaue LICIT mo3-
BOJIICT TIPOTPaMMHBIM CIIOCOOOM BHOCHUTH W3-
MEHEHUS B aJlTOPUTM YIIPaBICHIS,
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® BBINTOJIHUTh aBTOMAaTHYECKOE TECTHPOBA-
HUE Harpy3KH 17151 0OOHapyKeHUsI HEHCIIPaBHOC-
TeH, a TakKe JJIS BBIYUCICHUS TUHAMUYECKIX
KOHCTaHT PETYIMPOBAHUS ISl MIMPOKOTO AHa-
Ma30Ha HArpy30K.

B nannHOl paboTe ONMHUCHIBACTCS HCTOYHUK
MTUTaHWS, TIIE B PEXKUME «PEaTbHOTO BPEMEHID»
LICII perynupyeT BBIXOITHOH TOK.

OnucaHue HCTOYHUKA MATAHUSA
Ha 06a3ze I[CII

Ha OGompmmmx ycKOpPHUTENbHBIX YCTaHOBKaxX
CYIIECTBYET MHOKECTBO Pa3HOBHIHOCTEW Cla-
OOTOYHBIX MarHUTHBIX JJIEMEHTOB C WHIYKTHB-
HOCTAMH OOMOTOK OT COTEH MHKPOTEHpPH O
SIMHUI] TeHpH. boboi pazdpoc mapamMeTpoB
HArpy30K 3aCTaBIsieT BBOAUTH KOPPEKITHIO JIH-
HAMHUYECKHX MapaMeTPOB B MCTOYHHKAX THTa-
ausa. Hammuwme IICII mo3BossieT MpoOW3BOINUTH
MPOIECC KOppeKnuu mporpammHo. s sToro
npu BkirodeHun ucrounuka B LICII 3amycka-
eTCsl TIOJIPOTrpaMMa BBIYHCICHIS TTapaMeTPOB
Harpy3ku. llpomeccop OTKphIBaeT OaHy Ama-
TOHAJTh TPAH3UCTOPHOTO MOCTA, W C TIOMOIIHIO
AIIIT u3mepsieT uaMeHeHre Toka Harpy3ku. [a-
nee 1o opmMe IMepexoaHOTO TpoIiecca Mporiec-
COp BBIYHCIISIET XapaKTepHOE BpeMs Harpy3Ku
W JTMHAMHYECKHE KOHCTAHTHI PETYIHPOBAaHUSI.
ABroMaTrmueckas amanTaius Onoka Toji KOH-
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Puc. 1. CrpykrypHast cxema ycuurerst Ha 6aze L[CIT

KpPeTHYI0 Harpy3Ky IO3BOJII€T H3TOTaBINBATH
WCTOYHHUKH MMUTAHUS OMHAKOBBIMH, YTO O0JIer-
YaeT MPOIECC UX IKCILTyaTallHu.

Kpome cranmonapHbIx 3a/1a4, KOTa 3a/1aHue
HACTOYHHKY MTUTAHU He MEHSETCS Ha MPOTSKe-
HUW BCETO OJKCIIEPUMEHTAa, B YCKOPUTEIHHOU
TEXHUKE CYIIECTBYIOT MIEPUOANYECKAE, TTIe IH-
HaMHUKa TOKa ITOBTOPSETCS C YaCTOTOW MOPSIKA
JIECATKOB Tepll (HampuMmep, CHHXPOTPoH). Ilpn
9TOM TOK B Harpy3ke JOIDKEH MEHSTHCS IO 3a-
JMAHHOMY 3aKOHY OT KommbioTepa. s 3Toro
IJIAHUPYETCSl Pean30BaTh B MCTOUYHUKE MHUTA-
HUS CIEUUAJBHBIM aJrOpUTM, MO3BOJIAIOIIMIMA
Tepe; HadauoM paboTHI 3arpy3UTh B OTIEPaTHB-
Hyto maMaTh L[CII Tabmuity m3MeHeHHs TOKa, a
Jlanee Mo CTapTOBOMY CHUTHANIY H3MEHSTHh TOK
Harpy3Ku 0e3 HCIIOIb30BaHMs PECypCOB YIIPaB-
JISIOMIETO KOMIIBIOTEpa.

[TockonpKy OmHMM W3 HamboIee pacipo-
cTpaHeHHbIX B SI® uCTOUHUKOB MUTAHUSA KOP-
PEKTHPYIOIINX JIEMEHTOB MAarHUTHOW CHCTEMBI
YCKOPHTENEH SBISETCS yCHIUTENh MOITHOCTH
YM-6, To B Ka4ecTBEe MEPBOTO Iara OBLIO pe-
IIeHO pa3padboTaTh ero aHAJIOT ¢ IMTU(POBBIM pe-
TYJIIMPOBAHUEM BBIXOJTHOTO TOKA.

TpeboBanwms1, MpeabIBIsIeMbie K Y M-6:

® BBIXO/THOM TOK PETYNHPYETCs B AWAINa30HE
oT—6106 A;

® TIOTPENTHOCTh MPEeoOpa3OBaHUA HE XyXKe
0,1 %;

e HarpsbKeHue Ha Harpy3ke 10 100 B.

JleticTBre pa3pabOTaHHOTO YCHIIUTEIISI MOIII-
HOCTH (prc. 1) OCHOBaHO Ha MIMPOTHO-UMITYITh-
CHOW MOYJISIIINH BBIXOHOTO HAMPSIKEHUS MOC-
TOBOTO MHBEPTOPA.

3amanwe OT KommbioTepa (/) TOCPEICTBOM
MOCTIeIOBATeIFHOTO MHTep(eiica CBA3MU TOCTY-
rmaeT Ha mU(POBOI CHTHAIBHEIN TIporieccop (2),
a IICII ympaBisseT MOCTOBBIM HHBEpPTOpOM (3).
YewnmuTens MOITHOCTH (BBIZICIICH Ha prc. 1 MyHK-
TUPHOM JTMHHEH) OXBadeH TeTiIel oOpaTHOi CBsI-
37 TI0 TOKY W HanpshKeHH0. CTaTHyecKuid meTie-
BOM KOO PHUIMEHT YCHUIICHHUS 10 TOKY COCTABJISICT
10°. JInst momaBIIeHHSI CETEBBIX ITyNIbCAIHid Oy-
(hepHOTO MCTOYHMKA THTAHWUS BBOTUTCS JOTION-
HUTEJbHAs 00paTHAs CBA3b 110 HANPSDKEHUIO.

MocTtoBoii uaBepTOp (pHC. 2) BHITOJHEH Ha
COBpPEMEHHBIX TOJIEBBIX TPAH3UCTOPAX C WHIY-
IMpOoBaHHBIM KaHaioM. [IpeoOpaszoBanme, Kak 1
B YM-6, npoucxoaut Ha yactote 40 kI'11. Kom-
MyTanus TPaAaH3UCTOPOB MOCTOBOTO WHBEPTOpA
OCYIIECTBIISIETCS IByMsI JIpaiiBepamHu IOITyMOC-
ta (/). Tox B Harpy3ke m3MepseTcs: IByMsI Oec-
KOHTaKTHBIMH TaTIMKaMH Toka (2).
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W3mepenHoe 3HadeHHWE TOAaeTCs Ha CXe-
My 3amuTh (4) 1 Ha AL mporteccopa (5). Tak
kak ALIIT BeInoHEH HA OJTHOM KpHUCTaJlIe C Si-
POM TIporieccopa, B I3MEPEHHSIX TIPUCYTCTBYIOT
urymoBbele BU-rapmMonuku. OT 3TUX rapMOHHUK
MOYKHO H30aBHTHCSI, IPUMEHNUB (PHIIBTP HU3KUX
4acToT. B JanHOM city4ae ucmonp30BaH mudpo-
BOH (DMIIBTP SKCIIOHEHITHAIBHOTO CKOJB3SIIIETO
cpenmHero, KOTopbiit sBiseTcss BUX-punsrpom
MIEPBOTO TTOPSIKA.

Hcxons w3 3a1aHHOTO W M3MEPEHHOTO 3Ha-
YeHUH TOKa, apU(PMETHKO-TIOTHIECKOE yCTPOii-
cTBO (6) TIpolleccopa BBIYUCISICT OIMHMOKY, H,
WCTIOJNB3Ysl aJNTOPUTM MPONOPIHOHATBHO-HH-
TErpajbHOTO PEryIUpOBaHUs, (HOPMUPYET CHUT-
HaJBl yIpaBieHus napaiBepamu. CBs3p ycH-
JUTENSI C TIEPCOHAIBHBIM KOMIBIOTEpoM (&)
OCYIIECTBIISIETCS] TTIOCPEICTBOM BCTPOCHHOTO B
LICII Momymnst mociaenoBaTeIbHOTO HHTepdetica
cBs3U (7).

B ycunmrene peanm3oBaHa ammapaTHas
mporpaMMHasi 3amuTa. ArmmaparHas —3allin-
Ta BBHITIOJIHEHA CIICAYIOMMM 00pa3oM. CHUTHAI
C JAaTYMKOB TOKA TOCTYIaeT Ha KOMIIAPaTOpHl,
Y, €CJIM 3HaUueHHe TOKa B HATPy3Ke CTAHOBUTCS
MEeHbIIle —6 A WIM MpeBbIlIaeT 3HaYeHue 6 A,
cXeMa 3allMThI BEICTABIISIET CUTHAII 3aIpeTa pa-
OOTHI IpaiiBepoB. AHAJIOTHYHBIM 00pa3oM yCT-
pO€Ha TIporpaMMHast 3alluTa C TEM OTINYHEM,
YTO CpaBHEHHE TNPOM3BOAUTCS Ha TMPOTPaM-
MHOM ypOBHE.

ToyHOCTH YCTAaHOBKH TOKA B HArpy3Ke OIpe-
JIEJISIeTCS TOYHOCTHIO N3MEPEHNS CUTHAJIA C J1aT-
YuKa TOKa. TOK B Harpy3Kke W BeIMYMHA HaIPs-
JKEeHHSI Ha BBIXOJIE JaTYHKa (a CIIel0BaTebHO, U
Ha Bxome ALIIT) cBs3aHBI CIIEAYIOMMM COOTHO-
[IICHWEM, TaHHBIM B JIOKYMEHTAIIUU Ha JaTYHK:

I, +7,5
U s = HT =U pc. (1)

YucnoBoe 3HadyeHue, 3amucbiBaemoe AT
B PETHUCTP pe3yibTaTa, OMPEnesseTCs] COOTHO-
eHUEM

Res — % 2)

N3 (1) u (2) mory4rM COOTHOIIICHHE

Res
Iy =—25_ 7.5,
H="573

CBSI3BIBAIONIEE BEIMYMHY TOKAa B Harpyske
u 3HadeHue Res, koropoe AIIIl 3anuckiBaeT B
pETUCTp pe3ysbTara Ipyu U3MEPEHNUH TOKa.
Hanee 3nauenue Res wucnonb3yercs s
3a7laHusl BEIWYWHBI BBIXOJHOTO TOKa. Tax
KaK WCIIOIB3yeMBI Tpoleccop obnanaer 1e-
JIOYHCICHHOW apu(PpMeTHKOH, TO MHHUMAIb-
HOW BEJIMYMHON HM3MECHEHMS 3aJaHusl SIBJIS-
ercs enuauNa. [lomydum cooTHOmeHUe, W3
KOTOpPOTO BHJIHO, YTO MPH MU3MEHEHUHU 3aj]a-
HUSI HA €UHUIY TOK M3MEHUTCS Ha BEJIHYH-

AR 1
Al =250~ A =3,663 MA.
273 273
HY 3,66 MA:

OT0 MUHUMAaJIbHOE TPHUPAIICHUE TOKa, KOTO-
poe MOXKHO 3a]1aBaTh B JAHHOW CHCTEME pery-
JTUPOBAHUS.
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Puc. 2. bnok-cxema ycunutens Ha 6aze LICIT
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Puc. 3. Pactipenenenue Toka B Harpy3Ke

Brioop LICIT

Jlns obecrieueHusT BEICOKOH TOYHOCTH TIPH
JMUCKPETHOM PETYIMPOBAHUU HA OAWH TIEpPH-
oa MM nomKHO NPUXOJIUTHCS TOCTATOYHOE
KOJIM4ecTBO oTcueToB. [Ipu yBennyeHun unc-
Jla OTCYETOB Ha KaXIBI MEePUOI AUCKPETHOE
peryiaupoBaHue OyIeT CTPEMHTHCS K HETpe-
PBIBHOMY.

[IpomsBeaem oreHKY HEOOXOMUMOM JaCTOThI
paboTHI TIpoITeccopa sl 00ecCTIeYeHUST TOYHOC-
tn perymupoBanus 0,1 %. Jlnana3zon BeIXOmHO-
ro Toka ycmmures 12 A (ot —6 mo 6 A). ITycts
Ha oxguH niepuo LM npuxomutcs N Touek (N
OTCUETOB), a  — BpeMs oxHoro orcuera L[CII.

Torna npu m3amenenuu MM ot HyneBoro
3HAYEHMS J10 TIOJIHOW IUPUHBI Nf TOK B Harpy3-
Ke JIOJDKEH U3MEHUThCs oT —6 110 6 A. [lpu eau-
HuuHoM uaMeneHuu [IIUM mnpuparnienue Toka
HE JOJDKHO NPEBBICUTH 6 MA, 4TO COCTaBIIs-
et 0,1 % OT MOJOBUHEI JUAIla30Ha W3MCHEHHUS
Toka. OTcioma ompeaenuM, 4To N COCTaBIs-
et mopsaka 2 000. 3Has, uyTo mpeodpazoBaHUe
npoucxonut Ha 4dactore 40 k1, omnpenenum,
9TO 17 OOecledyeHns >KeJaeMoil TOYHOCTH
mpeoOpa3oBaHUs MPOIIECCOP MOIDKEH padoTaTh
Ha yactoTax He MeHee 80 MI L.

Jlns yeunmutenst BBIOpaH 16-pa3psaHbIi cur-
HaasHBIA Tporieccop TMS320F2810. On obma-
JTAeT MOIIHBIM SAPOM, MaKCUMaJIbHAs 4acToTa
paboTel KoTOporo cocrapisier 150 MI'. Dto
MO3BOJISIET TIOINYYHUTh ITUCKPETHOCTH yIIpaBIe-
HUSI TOKOM 3HAUUTEIbHO MEHbIIE 6 MA.

[Iponieccop umeeT BCTpOeHHBIN 12-pa3psi-
veid 16-kananpHBI AIIL. Takoe KoandecTBO
KaHAJOB ITO3BOJISIET CIIEAWTH 32 M3MEHEHHEM
MHOXXECTBA MTapaMeTPOB, HAIPUMEP: TOK B Ha-

rpy3ke (2 kaHaja: OJMH UCTIONB3YETCs B IIETH
00paTHOM CBSI3U, a BTOPOH — B KaU4eCTBE HE3aBH-
CHUMOTO M3MEPHUTENS ISl CHUCTEMBI KOHTPOJIs);
HampspkeHue Ha Harpyske (1 xamair); Temriepa-
Typa B 61oke (1 xkaHar) u np. 3HaHUE OOJBITOTO
KOJTMYECTBA BEJIMYMH TO3BOJSET PEan30BaTh
HanOoyee ONTHMANbHBI aNrOpUTM  YIIpaB-
JIeHUsl JJI1 KOHKPETHOM 3ajmadd. Makcumanb-
Has yactora guckperusanuu AIIIl cocrasmser
37,5 MI'n.

B mporeccop BCTpoeH KOHTpoOJUIEp IMOcCIie-
nmoBarensHOTO MHTEpdetica cBsa3u CAN. Ilpen-
TIoJIaraeTcsl UCIOIb30BaTh 3TOT HHTEpderc as
CBSI3U C TIEPCOHATIBHBIM KOMITbIoTEepoM. [1pn He-
00XOAMMOCTH BO3MOYKHO HCTIONB30BAaHUE ITEO-
00oro JIpyroro mMoCIeAOBaTEIHLHOTO HHTEpdEi-
ca CBs3M.

Pe3yJ'leaTl)I HCNBITAHUSA

IlepBEIit ONBITHBIN 00pasen yCHIUTENS Ha
6aze LICII BeimomHeH B KoHCTpykTHBe BUIII-
HA1 40. Ycunurens oxBadeH MeTiei oOpaTHOM
CBSI3b 110 TOKY Y€pe3 BCTPOEHHBIN CUTHAJIbHBIN
mporteccop. Hammcana nporpaMma st 1aHHO-
IO YCWINTEINSA, peann3yromiasi MponopIoHaTb-
HO-WHTETPAIBHOE PEryIupOBaHHE.

TectupoBanue TPOBOAIOCH Ha aKTHB-
HOW Harpyske. s u3MmepeHus: JOJroBpeMeH-
HOM CTaOMIBHOCTH TOK B Harpy3Ke H3Mepsii-
Csl B TEUEHHE 4Yaca C IMOMOIIbI0 HE3aBUCHMOTO
BHEIITHETO M3MEPHUTEIHLHOTO OJIOKa (TIPOM3BOJI-
ctBo MSID) CANADC-40 [2] ¢ mOrpentHoCThIO
mpeoOpazoBanus He xyxe 0,01 %. Ha ocHoBe
JAHHBIX M3MEpPEHUi OBUIO TIOCTPOCHO pacIpe-
neneHue (puc. 3) W BBIYUCICHO CpeaHEKBaIpa-
TUYHOE OTKJIOHEHHE TOKA OT 33JJaHHOMN BETUIH-
HBI 1,75 MA, uto cocraBisier meHee 0,1 % ot
YCTaHOBJIEHHOTO 3HAUYEHUSI.
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