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YCTPOHCTBO BBOJA B ACYTII MH®OPMAIIUH OT
CEJBCHHHOTO JATUHKA YIJOBOIO INOJOXEHUA

Pa3zpaborano ycrposicrso IICC—~MK mig npecbpaszoBaEnud B LubpoByHO pop—
my u nepenayy B ACY TII mrgopmanms 00 yIyjIoBOM IIOJIOXEHHMYM MEeXaHM3Ma,
comepKaledcs B aHANTOIOBEIX CHIHaNax aTyuKa DOJIOKEeHAT CeJIbCHHEOrO THIIA.
YeorpodcTBo IpHMEeHEeHO B CHCTEME HEIIPEPHIBHOIO KOHTPOJIS M AHAIHOCTHKY CO —
CTOALHNS PeryiupyeMsIX HO4 HAIDY3KOH Hpeobpa3oBaTesIbHsIX TpaHCcoOpMaTo —
pOB BrrboprCKOM HOLCTAHIIN PlIeKTponepenain Poccons— PrHIIHINA.

Beenenne

B NpOMBILWICHHBIX CHCTEMaX YIIPaBICHUSA CTAapOro MOKONEHUS IS OTOOpaKeHMUS
oneparopy nH@opmMauund 00 YIriIOBOM MOJOXECHUN MEXaHU3MOB HCIIOIb30BANNCH CEIIb-
CHMHHBIE NAaTYMKU K yKazaTeau (cucteMa 'TubOKoro Bana"). IIpuMepoM MOXET CIYXUTh
CENbCUHHBIN yKa3aTellb MMOJOXEHUS MEePEeKIII0YaTeNisi OTBETBACHUA PeryavpyeMbIX 10/
Harpyskoi cuioBeix TpaHchopmaropor (PITH).

TIpu monepauzauuu ACY TII Beiboprckoit npeobpasoBaTeibHOM MOACTAHIIMM, T
PIIH axTHBHO UCIHOJb3YIOTCS B IPOLIECCE PETrYINPOBAHUS HepeaaBaeMoil MOLUIHOCTH,
BO3HMKJIA 3a7aya BBoAa MHpopmauuu o monoxkenunu PIIH B JIOKaIbHYI BBIYHMCIM-
TenbHyo ceth ACY. JIng e€ peuwreHus pa3paboTaHO CHEeldalbHOe MUKPOIIPOLECcCop-
Hoe ycrpoirictso IICC-MK, ocywectrisiomee npeodbpa3oBaHue UHPOPMALUU, CO-
AepKaleucss B COOTHOLIEHUM BBIXOOHBIX HAIPSKCHUN CeNbCHHHOTO HaTYuKa, B Mud-
poBO¥ KOXA VyIvIa IOBOPOTA MPHUBOJA M B COOTBETCTBYIOINYMA €MY HOMEP ITONOXEHUI
PITH. Ilpeo6pazorarens BeINOMHEH s pabOTH B JIOKAJIBHOM CeTH Ha OCHOBE uMHTepdeiica
RS485 m monpepxuBaeT cTaHmapT NpoTokoia obmeHa undopMmauueir DIAGNET-N,
NPpUHATEIN JUISL pacIpelNeIeHHBIX CUCTeM HENPEepPhIBHOTO KOHTPOAS M KUArHOCTUKU
obopynosanug B pazpaborkax BOU. YcrpolicTBo He TpebyeT OTHEIBHOI0O HCTOYHMKA
MUTaHus, 0TOMpas HeOOXOIUMYIO IJisi CBOEHM paboThl MOIHOCTh OT LEIHM BO30yXne-
HUSI KOHTPOJMUPYSMOIO CEJIbCHHA.

IIpumiun npeoGpa3oBaHus CHTHANIOE CEJLCHHHOTO JATYNKA

CenbCUHHBIT HaTYUK TIpEACTABIACT coboi 3aTOPMOXKCHHYIO IJNEKTPHYCCKYID Ma-
IMUHY ¢ Tpexda3Hoil oOMOTKOM Ha poTope U OAHO(PA3HOI OOMOTKOH BO30OVKIEHUI



P1 Ha cratope (puc. 1). AMIUIMTYAB HaIpsDKeHU
POTCPHBIX OOMOTOK AaT4yMKa MPU CHHYCOUJANb-
HOM TOKE BO3OYXIOCHUSI OIPEAENSIOTCS B 3aBHU-
CHUMOCTU OT ymjia ¢ IoBopota ocu obmotrku Pl

pOTOpa OTHOCHUTENBHO OCHU OOMOTKHU BO30YXIE-

P2 HUSL COOTHOLICHUSMU:
N U, = E, cos ¢, (1)
Up2 = E, cos(p + 2n/3), (2)
Puc. 1. Cxema cenbCHHHOTO U,=E, cos(p — 2n/3) . (3)
JaTYMKA YTJIOBOTO HGI0XEHUS -

PaCKprBElH KGCHHYCBI CYMMBI U PAa3HOCTU VIJIOB, IMOJIYYUM:

U,=-0,5E, [coso + 3singl, (2a)
U,=-0,5E, [coso — 3sing]. (3a)

C yueroMm (2a), (3a) HaiineM aMIUIUTYOB ABYX PA3HOCTHBIX HAIPSKEHMI:

U =U,~ U,=E,[l5c0s¢ + 0,53 sin¢], (4)

U,= U, — U, =E, J3sine . (5)

IToncraBsus B (4) B coorBeTcTBHU ¢ (5) U, BMecTO Emﬁ sin @, MOJIYy4YUM:
2U, — Uy = 3E,cos . (6)

B pesynsrare nenesus (5) Ha (6) HaiineM COOTHOWIEHME IUIS OIPENCIICHMS YITIa
OOBOPOTa POTOpA:

o = arctg [J3/ (U,/U, — )] . (7)

Bripaxenue (7) mo3BonsieT oNpenesiuTh IIaBHOE 3HAYeHHE yria ¢. McTuHHOe 3Ha-
YEHME yIjla ONpEeAcNIeTCd ¢ YYETOM ITOJISIPHOCTUA KaXIOro U3 HAMPSXKEHUHA B MOMEHT
ux Guxcauuu. s Toro yTo6sl HANPSKEHU GUKCUPOBATMCEH BOIU3U UX MaKCUMyMa,
MOXHO OCYHISCTBIATh M3MEPEHUA B MOMEHT, OIPeNeNIIEMEIM TepexonoM 4Yepe3 HyJb
B IIOJIOXUTEJIBHOM HaIpaBJICHUU TOKA BO3OYXIEeHWS B CTATOPHON OOMOTKE. 3ame-
THM, MTO B MPaBYI0 4acTs BRIpaxeHUs (7) BXoauT TOIbKO orHowenue U /U,. Bro
II03BOJISIET UMETh OTHOCUTENBHO HEBBICOKYIO TOUHOCTh peaJM3alliy MacIiITabHOro Ko-
sbdunrenta uamepeHui. BaxHo nuIlb 06€CHEYNUTh TOYHYIO KaTUOGPOBKY CMEIICHUS
HYJISI U3MEPUTEJBHOTO OpraHa.

ITo 3HaYeHMIO yIJIa IIOBOPOTA HETPYIHO C YYETOM XapaKTePUCTUK KOHKPETHOIO
MEXaHM3Ma OIPEHeIuTh TEKYIIUU HOoMep nonoxenus PITH.

OyHKIMOHANBHAS cXeMa Npeobpa3oBaTels IpUBeIeHa Ha puc.2.

OCHOBHBIM 2IEMEHTOM YCTPOMCTBA CIYXWUT OXHOKPUCTANbHBI MUKPOKOHTDOJUIED
AT89S8252 ¢upmel Atmel, sSBISIOIIUIACT pacIIMpeHHEM IONYISPHOrO CeMeicTBa
MCS51. Ero ornunums or 6azoBoit KoHburypauuu Intel 8051 — mamuuue 10 K6aiT
[NEPENPOrpaMMUPYEMON HEIMOCPENCTBEHHO B COCTaBe Ie4aTHON Iuratel Flash-mamsaru
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Puc. 2. Qvwrr o e dAUEaNbH4% TReMANPCOUTRBOEA (I M -

(8 x6aliT maMgaTH IporpaMm U 2 KGadT mepemporpaMMupyeMoil "Ha xomy" HOJIIOBpe-
MEHHOI MaMATU JaHHBIX U XpaHeHUsS KOHCTAHT M HAaCTPOEYHHIX mapameTpos). Eie
OIHOUM OCOOEHHOCTHIO SBJIAETCS HAAHYHE CIICUUANbHOIO CHHXPOHHOIO IIOCIeNOBa-
tenbHoro uHrepdeiica (SPI), KoTopslil HCONB3YyETCH AN 3arpy3KHU IpOrpaMM M JaH-
HbIX BO Flash-maMars.

VCTpOMCTBO BKJIIOYAET B CBOM COCTaB y3ell IMUTAaHWS, KOTOPBIM OTOMpaeT HEOO6XOo-
IMMYIO IS IMUTAaHUS BCeM CXeMbl MOIIHOCTH U3 LENH BO3OyXaeHUs ceiabCuHa. Bxon-
Hasg 4acTh y3JIa NMTAHMUS IIpeACcTaBiseT cOOOU BBIIPSIMUTENb, HAIPYXEHHBIA Ha CTa-
OWIMTPOHHBIA OrpaHWYUTETb HAIPsDKEHUSI ¢ ypoBHEeM orpanudyeHus 5 B. llenb Bo3-
Ooyxnedus nuraercs or cetd 220 B, u e€ TOK ompenenseTcs IIaBHBIM 00pa3soM HH-
IYKTABHOCTBHIO OOMOTKH, IIOSTOMY IO OTHOIIEHHUIO K Y3y NUTAHUS OHA IIpeJCcTaBIIsa-
eT cO00M MCTOYHUK TOKa. HacTh 3TOTO TOKa, OIpeleaseMas moTpedngaeMon 3JIEMeH-
TaMU CXEMBbI MOILUIHOCTBIO, IIOCJIE BEIIIPAMICHHUS MNOHAETCSH 4Yepe3 M3OJNUPYIOLIAN
npeobpa3oBaTesb B LEeNb MUATaHUS vcTpoiicTBa. M30BITOK TOKa cOpaceiBaeTcs 4epes
CcTaOMIMTPOHHBIM orpaHnyuTenb. Ilockonpky nepenaya uHdbopMauu B CEILCUHE OIl-
pelenaseTcss He BEeNWYMHON, a TOJNBKO OTHOLUCHHSMM HalpsSXeHUH poropa, oTdOop
HaTIpsSDKeHHMs M3 Lenu Bo30yxneHus nopsnka 7 B mpakruyeckw He CKaspIBaeTcsa Ha
XapaKTepUCTUKAX U3MEPUTENbHON CUCTEMBI B IIEJIOM.

K BrIxony u3onupyiomero npeodpasoBaresas MOAKIIOYEH HOIOJHUTEILHBIN 3Ta-
JIOHHBIMA cTaOUIN3aTOP C BHIXOJAHBIM HampsokeHueM +2,5 B, Ucmoabs3yeMBI IJi CMe-
LEHKSI BXOJHBIX CUTHANIOB IIEPEMEHHOrO TOKA B 001aCTh ITOJIOXUTENBHEIX 3HaYEHUH.

ITapannenbHO BXOAY y3/la HUTAaHUS IMOINKJIOYEH y3€J CHUHXPOHU3ALMM, KOTODBIA
OTCIIEXMBAaeT MOMEHTHI IIepexoia Yepe3 HyJIb TOKa BO3OYXIEHUS U BBHIIAET KOPOTKHUMI
UMITYJIBC CUHXPOHM3AUWY Ha BXOI IpPEepBIBaHUS MHUKpOKOoHTposuiepa. Ilo sToMy nM-



IyJIbCY 3aIlyCKaeTCs INMpOoLecC M3MepPEeHUs CUTHaJoB, yeM obecrieyuBaeTcsd MX (PUK-
cainusl B OKPECTHOCTHU TIPOXOXKHAEHUS aMIIUTYIHOI0O 3HaYeHUs. [ rajbBaHUYECKOU
pa3BS3KM BXOHIA NpephiBaHUS KOHTPOJUIEpa OT eI BO30OYKICHUS HCIIOJb3YETCS OIl-
TO3JIEKTPOHHBIA (POTOTPAH3UCTOPHBIN 3JIE€MEHT.

ITCC-MK ob6ecneyuBaer 00pabOTKy CUTHAJIOB TPEX CEIbCUHHBIX HATYUKOB — II0
ONHOMY Ha KaXnpl¥l 6ak TpexdaszHoll Tpexbakosoi TpaHcHOPMATOPHOU TPYIIEl. 1pH
IMapel JTAHEWUHBIX DPOTOPHBIX HANPSXKEHUU (IO OMHOU Mape ¢ KaXIOoro CejbCUHa) C
HoOMUHAaABHON amrututynoir 70 B moparorca Ha OJIOK HenuTeNel HalpsKeHUs, KOTO-
PBII MOHMXAET uX M0 ypoBHZ =2 B u cMelaeT B IOJOXUTEIbHYIO o0nacTh Ha 2,5 B
IUIsI COIJIACOBAHMS NMara30Ha CUTHAJOB C HUCHOJNB3YEMBIMHU 3JIEMEHTAMHU CXEMBI C
OIHUM YPOBHEM IuTaHug +5 B.

C nenurteneil CUrHaibl HOCTYIAIOT HA BXOJbl BOCBMUKAHAJILHOIO MYJIBTUILIEKCOpA,
KOTOPBIA IO ampecy, IOCTYIAKIIEMY OT MUKPOKOHTposuiepa 4epe3 mopT PO, BrIOuU-
paet aasg o6paboTku TpeOyeMblii CUTHAM U 4epe3 COINIACYIOUIMI MOBTOPUTENb HaMps-
XKeHMs IOoJaeT ero Ha BXOJ aHajore-uudpoBoro npeobpasosareisi. B ycTpoicTBe NIpH-
MeHeH 12-paszpsanbeiii ALl ¢ mocnemoBatensHbIM noctyniom AD7810 dupmer Analog
Devices, ynpaBieHue KOTOPBIM M YTEHHE IAaHHBIX MHUKPOKOHTPOJUIED NMPOTPAMMHO
OCYIIECTBASET HEeIOCPEACTBEHHO II0 TPEM JIMHHSIM rnopra P2.

KpoMe mecTu BXOOHBIX CUTHAJIOB OT CEJIbCHHHBIX JaTYMKOB Ha BXOXBl MYJAbTH-
IUIEKCOpa IIOCTYNAIOT 3TaJOHHOE HaIpssKeHue cMeleHus 2,5 B, ucnons3yeMoe s
IIEPUOAMYECCKON aBTOMATUYECKON KanuOpOBKU HYJS, M IIOTEHIIMAN O0MIeil TOUKU CXe-
Mpul. Ilocnemnuit mpu Hanuyuu CMENICHUS BXoda Ha 2,5 B gBusgeTCs 3TaJIOHHBIM CHUT-
HaJIOM, ITO3BOJSIIOLIMM IIPOrPAMMHO KOHTpoauposaTth ucrnpaBHocts ALl u MmynpTu-
IUIEKCOopa.

IIpu mocTymieHuy UMITyJIbCa CUHXPOHM3ALMKU MUKpokoHTpoiuiep yepe3 ALIIl cuum-
THIBAET 3HAYECHUS BCEX WIECTU BXOMHBIX HAIpPsKeHUH. JIUTeNbHOCTE OJJHOIO U3MeEpe-
HES £, cocTapisieT okono 50 mxc, unu 0,81 1. Tpaj., MOXHBIA UK U3MEPEHUN £ —
MeHee 5 9. rpan. Takue MuKIIel HOBTOPSIOTCS ¢ uHTepBajaoMm 20 Mmc. [nsa mosbieHus
JOCTOBEPHOCTH HU3MEPEHMH IONYy4YEeHHBIE 3HAYEHUS HANPSKEHUU YCPEXHSAIOTCSA I10
HEeCKOJIbKUM LMKIaM. [Janee no cooTHomeHUIo (7) KOHTPOIJIEP BHIYUCISET YIroj Io-
BOpOTa IJIs TPeX HAaTYMKOB M TO 3alIpOCy CepBepa JOKaJbHOU CeTH TeperaeT emy
TOJIYYeHHBIE NAHHBIE.

CBsI3p C KOHTPOJIJIEPOM BEPXHETO YPOBHSI OCYIIECTBISIETCS MO HU30JUPOBAHHOMY
ceTeBOMY HHTepdericy cranmapra RS485. Jnsg storo x BeiBogaM TxD, RxD u DE
MUKPOKOHTpOJIJIeEpa NMonKioyeHa MukpocxemMa MAX1480 ¢upmel Maxim, BKII0OYAIO-
mas B ceds onrousonupoBaHHbeid npasep TTL-RS485 u u3onupyomuit npeobpaso-
BaTedb HANPsOKeHWs JJIg NUTaHUA ero BBIXONHOH yactu. IIpOTOKOJI CBI3U peanu3yer-
Cd UCKIIOYUTENBHO IIPOrpaMMHEBEIMU CpelcTBaMu. B 6a30Boil MoguduUKaMU peanud3o-
BaH paspaboraHHblli B BOU s cucreM IUArHOCTUKU OOGOpYHOBaHUS IIPOTOKOJI
DIAGNET-N, paccyuTaHHBIU Ha paboTy C OOMHUM BEAYLIMM YCTPOMCTBOM B CETH.

B cBobonuoe Bpemss mukpokoutpomiep [ICC-MK ocymecTBiIsIeT IepuogudecKyIo
kanubposky Hyasa ALl u npoBepKy ero UCIpaBHOCTH IO 3TAJTOHHOMY CUTHANY.

Ouenka norpemiHocTe NpeodpazoBaHms

PeanbpHple 3HaYCHUS HANPSKEHUM POTOpaA OTIMYAKOTCI OT PAaCYETHBIX, OIpPEIeIs-
eMBIX cooTHOweHusAMU (4) u (5), Ha HeKoTopble Manble GyHKUUU f(¢,E, ) BCICI-
CTBUE HECUHYCOUMANBHOTO paclipelelIeHUsS MarHUTHOIO MOJIS B 3a30pe CeJIbCUHA-IAT-
yruKa. BT QYHKUWM MOXHO IIPEACTAaBUTH UX FAPMOHUYECKUM pasioxeHreM. Torma c
YY4ETOM TOTPELTHOCTEN u3MepeHus AU, MOXeM IpelcTaBUTh U3MEPEHHbIe 3HAYeHU
B BUIE!



Upy= Uy + AU, + E, 26usinle +yy), (8)

U, = Uy + AU, B Ezay sin(ip + ;). (9)
PesynbTUpyromas HOrpellHOCT pacyera yIjia MOBOPOTa POTOPA AQ COCTABHT:

Ag = (do/0U)[AU,, + E _;20:: sin(ip +yy;) 1 + (dp/0U)[AU,, +

+E, _%ag,,. sin(ip +y3;) ] + A, (10)

rne A, — IOTPCIIHOCTh BHIYMCICHUM.

C momouusio BriGOpa Hamiexame GopMbl TPEACTABIEHUS YHCE B MUKPOKOHTPOJI-
JIiepe ¥ COOTBETCTBYIOLUMX IIPOLIEAYD PacyeTa IMOTPELIHOCTS BEIYMCIEHHI MOXHO CHeNaTh
CKOJIb YTONHO MajiOd, IIO3TOMY B JAIBHEHIINX OLIEHKAX €€ MOXHO He YYUTHIBATh.

[opcrasnss B (10) yacTHbie mpousBoxHbie d¢/0U,;, HailneHHsie nudbepeHIUpO-
BanueM BuipaxeHus (7) ¢ yyeroM (4) u (5), ¥ 3aMeHUB aGCONMIOTHBIE IMOIPELIHOCTH
uzMepeHus AU MakCUMAaJIbHOM OLEHKOH 8§, MX OTHOCHTENBHBIX 3HaYenuit U = AU/E,,
MOXHO MONYYUTh OLEHKY MOrPEIUHOCTH B BUME:

Ap < 0,828, + f(9), (11)
rne o) = Elzai sin(ie + ;) (12)

€CTh METOAMYECKAs ITOrpEelIHOCTh, CBSI3aHHAS C HECHHYCOMIAJNBLHOCTBIO II0NS B BO3-
NYLIHOM 3a30pe cenbcuHa. [Ing €€ OueHKM Ha puc. 3 moKazaHa 3Ta QYHKIU,
SKCIEPUMEHTAIBHO MOJYYeHHAas I CEJIbCUHHOIO mardyuka nonoxenuss PITH npeo6-
pasoBaTeNbHBIX TPaHCHOPMATOPOB BRIGOPrcKO MOJCTAHIIUN.
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Puc. 3. Meroaudeckas MOrPeLIHOCTD OMPENEIEHMs VIJIa [TOBOPOTa



V3 pucyHKa BHAHO, YTO NAaHHAsA COCTaBJsIOLLas MOrPEILHOCTH JIEXUT B IIpenesax
TONYyTOpa TpaiycosB, NpHYyeM OCHOBHOM BKNad B Heé naer 2-s rapMoHMKa (Makcu-
MAaJTbHBIC aMIUIMTYbI TapMOHHK GoJiee BRICOKMX MOPIAKOB He mpessimrawoT 0,5 rpan.).

HOns paryuxor nonoxedus PITH ¢ MUHUManbHbBIM 11aroM U3MEHEHUS yIJia IIOBO-
porta MexaHu3Ma 8 rpaxn. (npu 45 ornaiikax) Takas IOTPELIHOCTb BIIOJHE JOMYCTHMA.
Tem He MeHee JUIS VAVYIIEHUS METPONOTMYECKUX XapaKTePUCTUK IpeobpasoBaTens
B apyrux mpumenenuax B [NCC-MK npenycmorpeHa KoMmueHcalinss OCHOBHOH CO-
CTABASIOIIEH 3TOU MOIPEelIHOCTU € MOMOLIBIO IPOTPAaMMHOM KOPPEKIUH Pe3ynbTaTa
pacyeTa yria.

Eille OAHO# COCTARNSIOIENH METOAUYECKON MOTPEUIHOCTH SBIIETCA OmMbKa, CBsI-
3aHHaA C HEOJHOBPEMEHHOCTDIO M3MEPEHUN ABYX HaIpsSDKeHUM ogHoro ceinbcuHa. E€
MAKCUMANRHOE 3HaueHWe WMeeT MECTO JUISI IOCHENHENR U3 TpeX Iap M3MEpseMBbIX Ha-
NpsDKERMHA ¥ cocraBnger (cosf, — cos{f — 7)), YTO NPY YKa3aHHBIX BBIUE 3HAYECHUAX
MUHTEPBAJIOB JaeT BEIMYMHY OTHOCUTeNbHON ommbku 0,11%, 4To BIIOIHE IPUEMIIEMO.

Iipy MCcronb30BaHUN B JEJMTENSIX BXOJHBIX HANPSXKEHUI TOYHEBIX PE3UCTOPOB Kilacca
0,25% wu nmeenagnarupaspsaaoro AIIT ¢ paspemaromieit criocobuocteio 0,025% ot
TIOJIHOTO [OMalia30Ha M3MEHEHUs] BXOMHBIX CHUTHanoB s mpuHsitoro B cxeme [ICC
TPEXKPaTHOTO 3araca IO AWara3oHy ciydaiiHasg COCTABIAIOIIAsl OIIMOKY OIpeleeHUs
yI1a nmosopora poropa B coorsercteuu ¢ (11) coctaBur 0,0061 pan, wiu 0,35 rpan.

Taxum obpaszom, monHas morpemiHocTs [HCC-MK cocrasisgeT Benuuniy MOpsaKa
0,5 rpan.

KoHCTpyKTHBHOE MCIIOJIHeHNe YCTPoiCcTRA

Ipeobpasosarens [ICC-MK BrirosniseH B BUAE IeYaTHOH IUaTel pasMepoM 112x120 Mm,
3aKpeNJIEHHOW B CTAaHIapTHOM mracTMaccoBoidl pamke (pupmpl Wago) pasmMepoM
4,5x5 mroM misi yectaHOBKU Ha 35-mm DIN-peiiky.



