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Hacrosimee pyxoBoactBo 1o skcmtyaraiuu (PD) pacmnpocTtpansercs Ha MoIU(pHUKaLMUA
moayneit cepun DCS-2000 B3pbhIBO3AIIMIICHHBIX, MpEACTaBIeHHbIE B Tabmuie 1 (manee
MOJlyJIM), W NPEJHA3HAYCHO MAJI O3HAKOMIJICHHS JIMIL, SKCIUIyaTUPYIOIIMX MOAYJIH, C HX
YCTPONCTBOM, MPUHIMIIOM pabOThl, OCHOBHBIMU IpPaBUJIAMHU SKCIUTyaTalluH, 0OCITyKMBaHU,
XpaHEeHUs U TPAHCIIOPTUPOBAHHUS.

JIOKyMEHT COJEpKHUT TEeXHUUECKUE XapaKTePUCTUKU MOAYJEH, a Takxke HH(POpMaIHUIO,
HEOOXOJMMYIO TMOJb30BATENI0 Ui MPaBWIBHOIO MOAKIIOUEHHMS MOJIyJed B cocTaBe
pacrpeielIeHHbIX CUCTEM yIpPaBJICHUS.

Jlns Gojiee MOJHOrO MpeJCTaBleHUs 0 padoTe Monyis B PO mpuBeneHsl CTpyKTypHBIE
CXE€Mbl MOAYJIEH M MX ONHUCAHHE, CXEMbl MOJKIIOUYEHHUS HATYMKOB, LIOKOJEBKU PAa3beMOB U
CXEMBbl PacIoJIOXKEHUs 3JEeMEHTOB Ha IulaTaX MOAYJEH, a Takke oOuas cxema obecreueHus
B3pBIBO3AIINUIIEHHOCTH CUCTEMBI.

JUist mosryyeHust TOMOIHUTENIbHOW HHpOpMaIMK cM. Takxke: “VIHTerpupoBaHHas cucTema
pa3paboTku npukiagHoro mnporpammuHoro ob6ecrnedenuss CONT-Designer for Windows.
PykxoBozactBo mporpammucta”, “IlakeT mpUKIQAHBIX MPOrpaMM TECTUPOBAHUS KOHTPOJIEPOB
OK-2000, DCS-2000 n DCS-2001. PykoBOACTBO MO TECTUPOBAHUIO, HANAIKE M PEMOHTY
MoAyJIen™.

K pabore ¢ MonynsMu JOIMycCKaroTCs JIMIA, W3Y4YUBIIME HACTOALIMHA JOKYMEHT U

COOTBCTCTBCHHO aTTCCTOBAHHBIC.
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1 OIIMCAHME U PABOTA

1.1 Haznauyenue mopay.Jieit

[TonmHOE HaMMEHOBaHKME MOIYJICH:
Monayab BBOAa aHATOroBbIX curHajioB AI-10 AJIT'B.426431.047;
Moayab BBoaa aHaa0roBbix curuajion Al-11 AJII'B.426431.026;
Monayab BBOAA aHAJIOroBbIX curHajiioB Al-12 AJIT'B.426431.027;
Mopnyab koHTpOJs conporuBjenns Al-13 AJII'B.426431.033;
Monayab BBOAa aHAJIOrOBbIX curHajioB AI-19 AJIT'B.426431.029;
Moayasb conpsikenns ¢ Tenzoparunkamu CTF-11 AJII'B.426431.032;
Monayab BBoAa qucKpeTHBIX curHaiaoB DI-11 AJII'B.426434.009;
Moayas BBoAa-BbIBOAA AUCKPeTHbIX curHaaoB DIO-11 AJIT'B.426438.005.

Monynu npenHa3Ha4YeHbl JJIs  MCIOJIB30BAHMS B COCTAaBE PACHPENEICHHBIX CHCTEM
yOpaBiIeHUs M 00eCNeunBalOT BOCHPUATHE U OOpabOTKYy M3MEPHUTEIbHON HH(pOpMAaIHH,
IIPEJICTABJICHHON CHUTHAJaMH CHJIbl IIOCTOSIHHOTO TOKa, HamnpshKeHUs (B TOM UHCJIE CHUTHAJIaMU
TEpPMOMAp pa3IMYHBIX THIIOB), TEPMOINPEOOpa3oBaTeIeil CONMPOTUBIEHHUS Pa3IUYHBIX I'PajyHpOBOK,
TEH30/JaTYNKOB MOCTOBOI'O THIIA, BOCHpHUATHE U 0OpabOTKY IMCKPETHBIX CUTHAJIOB, BBIPAOOTKY
YIPABJISIIOIIUX BO3JCHCTBUI B BU/I€ BBIXOIHBIX TUCKPETHBIX CUTHAJIOB, MH(POPMALIMOHHBIH 0OMEH 10
cetu RS-485 (mporokon MODBUS RTU), unaukanuio pexuMoB pabOThl U COCTOSIHUS JUCKPETHBIX
BXOJIOB M BBIXOJIOB, OOMEHa JaHHBIMHU 10 ceTh RS-485. Moaynu mmeroT nBa MHGOPMAITMOHHBIX
KaHasa, MpeJHa3HaueHHbIX Ui oOMeHa no cetd RS-485 (Hekoropsle MoaM(pUKALUU UMEIOT OJUH
MH(POPMALMOHHBIA KaHal, cM. Tabmuiy 1).

Monayne Al-10 umeer yerbipe nuddepeHIUANBHBIX KaHajda Uil TOJKIIOYEHHUS TepMorap
tuna TXK (L) nmn TXA (K). Moaynpe Takke uMeeT OAWH KaHAI JJIsl TMOJAKIIOUYEHUS TEPMOMETPOB
conpotusiienus tuna TCM-50, TCII-50 wim TCM-100, TCII-100 o 4yeTelpexnpoBOJHON cxeme AJis
IPOTPaMMHOM KOMIICHCAIIMM HANpsDKEHUS Ha XOJNOJHOM crae. Moaynbs npeoOpa3yeT CHrHalbl,
MIOJTyYSHHBIE C JATYUKOB, B 12-pa3psaHblil nu(POBOM KO, TOCTYIIHBIN /Ul CYUTHIBAHUS IO ceTH RS-
485. Kaxaplii U3 MOTCHIIMAIBHBIX KaHAJIOB MOMIYJS MOXXET OBITh MEPEHACTPOCH MPEINPUATHEM-
M3rOTOBUTEJIEM HAa APYrOM AMANa30H BXOJHOIO CHTHaIa, YTO MO3BOJIAET MCIOJIB30BaTh MOIYJb C
pa3IMYHBIMM BUJAMHM TEpMONap B IIMPOKOM JAMAINa30HE U3MEPSAEMBIX TeMmrepaTyp. B cranmapTHoii
3aBOJICKOM HacTpoWKe nuamna3oH MOTEHIMAJIbHBIX aHAJIOTOBBIX CUTHajoB coctasisger 0...20 MB, a
mkana repmometpa conpotusieHus - 40...90 Om unu §80...180 Om.

Monayne Al-11 umeer uetsipe AudQepeHInaIbHbIX KaHana A HOJKIIOUEHHUs] K HEMY IO
TPEXIIPOBOAHOMN cxeMe TepmMoMeTpoB conpotusieHus tuna TCM-50, TCII-50 nmu TCM-100, TCII-
100. Moxaynps mpeoOpa3yeT CHTHaibl, TOJTYYCHHBIE C JaTYMKOB, B 12-pa3psaHblii nudpoBOil Ko,
JIOCTYITHBIN JJIsl CYUTHIBAHUS 110 ceTh RS-485.

Monayne Al-12 umeer uetsipe auddepeHnnanbHbIX KaHada Ui MOAKIIOYEHHUS AaTYMKOB C
BBIXOJHBIM CHUTHAJIOM CHJIBI MTOCTOSITHHOTO TOKa WMJIM HampspkeHus. Moaynbs mpeoOpa3yeT CUTHAIbI,
MIOJTy4YE€HHBIE C JATUYUKOB, B 12-pa3psaHblil LndpoBON KO, JOCTYIHBIN U1 CYUTHIBAHUA 1O ceTu RS-
485. B wactu momudukanuii MOAyJs MPETyCMOTPEHA BO3MOXKHOCTH NMHUTAHHS JATYMKOB TOKA OT
BCTPOEHHBIX UICTOYHHUKOB MUTaHUs (cM. Tabnuity 1).

Monyns Al-13 umeeT deTblpe KaHaja JAJs NOJIKIIOUYEHUS K HEMY IO JBYXIIPOBOJHOW CXEMeE
nokapHbeIXx u3Bemarenedt wiamenu tuna WMI1212, UI1330 unu UI1332. B moayne mpeaycMoTpeHo
MUATAaHUE TIOKApPHBIX HW3BeHaTesnie HanpspkeHuemM 24B  oT  BcTpoeHHOro mpeoOpazoBaTes
HaMpsDKEHUsT C BO3MOYKHOCTBIO MX IMPOrPaMMHOIO OTKJIIOUeHHs. Mojayib mpeoOpa3yeT CUrHalbl,
MOJIyYCHHBIE C JATYUKOB, B 12-pa3psaHblil Hu(pOBOM KO, JTOCTYMHBIN /Uil CYUTHIBAHUS 1O ceTH RS-
485.

Monyne Al-19 umeer detbipe auddepeHnaIbHbIX KaHalda IS MOIKIIOYCHUs] K HEMY I10
YETBIPEXIIPOBOJAHON cXxeMe TepmoMeTpoB conpoTtusieHus tuna TCM-50, TCII-50 waun TCM-100,
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TCII-100. Moaynp mpeoOpa3yeT CUTHANIBI, MOJYYEHHBIE C JATYUKOB, B 12-paspsmHbiii 1iudpoBoit
KO/JI, JOCTYIIHBIN JIJIs1 CYMTHIBAHMS MO ceT RS-485.

Mopgyne CTF-11 umeer oauH KaHain Uil TOJAKIIOYEHHS MO IIECTHUIPOBOAHOM CXeme
TEH30/IaTYUKOB MOCTOBOT'O THUIIA, HAlPUMEP TEH30PE3UCTOPHBIX NATYMKOB CWibl THHa T2. Monyib
npeoOpa3yeT CHUTHabI, MOJyYeHHBbIE C garuuka, B 10-, 12- wnam 16-paspsaHsiii nudpoBor Ko,
JOCTYIHBIN 7151 cuuThiBaHus 1o cetu RS-485. IIpu 10-pa3psiaHoM Koae Ha BbIXOJE 00ecreurBaeTCs
MUHUMAJIbHOE BpeMsi MpeoOpa3oBaHus, TpU 16-pa3psaHOM KOJAe — MaKCHMaibHas TOYHOCTh
npeoOpa3oBaHus.

Mopayns DI-11 umeeT BocemMb KaHaOB JI MOAKIIOUYEHUS TATYUKOB JTHCKPETHBIX CUTHAJIOB
TUNA “‘CyXOW KOHTAKT ¢ UeNblo JaibHeHmeld oOpaOOTKHM CHUTHAJIIOB MHKPOIPOLIECCOPHBIMHU
cpencrtBaMu. Moaynb mpeoOpa3yeT CUTHAIIbI, TIOMyYEeHHBIE C JaTYUKOB, B 8-pas3psaHblii nudpoBoi
KO/, IOCTYIHBIN JIJIsl CYMTHIBaHMS 10 ceTu RS-485.

Mopayns DIO-11 uMmeer detblpe KaHaia Juisl TOAKIIOUYEHUS JaTYUKOB JUCKPETHBIX CUTHAJIOB
TUNA “‘CyXOW KOHTAKT ¢ UeNblo JaibHeWmeld oO0paOOTKHM CHUTHAJIOB MHKPOIPOLIECCOPHBIMU
CpPEeICTBaMU U YEThIpE JUCKPETHBIX KaHana BeIBoja ¢ BbixogoM tuna MOSFET output. Moayins
npeoOpa3yeT CUTHAIIBI, MOJYyYECHHBIE C JAaTYUKOB, B 4-pa3psaHblii 1TU(GPOBOM KO, HOCTYIHBIN s
CUMTHIBaHMSA 1O ceTh RS-485, a Takke ynpaisieT cOCTOsIHUEM BbIx0o10B 1o komane “BEJ[YIIIET'O”
ycTpoiicTBa o cetu RS-485.

B tabnumne 1 npencraBnenst Moaudukarmu moaynei cepun DCS-2000 B3pBIBO3ANIUIIICHHBIX,
Ha KOTOpbIE pacpocTpaHseTcs HacTosiee PO.

Taomuma 1
Jmanazon  |Ymcno kaHAIOB
BXOIHOT'O RS-485
O06o3HaueHne udp CUTHaa (HEe3aBUCHMEILE, [Tpumeyanns
KOM-
MYTHPYEMEIE)
AJII'B.426431.047-00.01 AlI-10-00.01 0—20 mB, 2H -
40 -90 Om
AJII'B.426431.047-01.01 AlI-10-01.01 0—20 mB, 21 -
80 — 180 Om
AJIT'B.426431.026-00.01* Al-11-00.01* 40 — 90 Om 1 -
AJII'B.426431.026-01.01* Al-11-01.01* 40 — 90 Om 1 yYBEJIMUYEHHAS T BXOJHOTO (PriibTpa
AJIT'B.426431.026-02.01* Al-11-02.01* 80— 180 Om 1 -
AJII'B.426431.026-03.01* AI-11-03.01* 80 — 180 Om 1 yYBEJIMUYCHHAS! T BXOJHOTO (PriibTpa
AJIT'B.426431.026-04.01 Al-11-04.01 40 — 90 Om 2K -
AJII'B.426431.026-05.01 Al-11-05.01 40 — 90 Om 2K YBEIUYCHHAS T BXOHOTO (QMIBTpa
AJIT'B.426431.026-06.01 Al-11-06.01 80— 180 Om 2K -
AJII'B.426431.026-07.01 Al-11-07.01 80 — 180 Owm 2K YBEIWYCHHASI T BXOTHOTO (hIIbTpa
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Tabmuma 1 (mpogomkenue)

Yrnciio kaHaIoB

Jmana3on RS-485
Obo3HaueHnE HIudp BXOOHOTO  |(He3aBHCUMEIE, ITpumeyanns
CUTHaNa KOM-
MYTHPYEMEIE)
Hucio BCTpO- IIpenensr
€HHBIX UCTOY- | JOIMycKaeMoil
HUKOB IIUTaHUA OCHOBHOHU
JaTYUKOB MIPUBENEHHON
MOTPEIIHOCTH, %o

AJII'B.426431.027-00.01* | AI-12-00.01* 4-20MA 1 - 0,3
AJII'B.426431.027-01.01* | AI-12-01.01* 4-20mMA 1 1 0,3
AJII'B.426431.027-02.01* | AI-12-02.01* 4-20mMA 1 2 0,3
AJII'B.426431.027-03.01* | AI-12-03.01* 4-20MA 1 3 0,3
AJII'B.426431.027-04.01* | AI-12-04.01* 4-20MA 1 4 0,3
AJII'B.426431.027-05.01* | AI-12-05.01* 0-5mA 1 - 0,3
AJII'B.426431.027-06.01* | AI-12-06.01* 0-5mA 1 1 0,3
AJII'B.426431.027-07.01* | AI-12-07.01* 0-5mA 1 2 0,3
AJII'B.426431.027-08.01* | AI-12-08.01* 0-5mA 1 3 0,3
AJII'B.426431.027-09.01* | AI-12-09.01* 0-5mA 1 4 0,3
AJII'B.426431.027-10.01 Al-12-10.01 0-20mA 2H - 0,2
AJII'B.426431.027-11.01 Al-12-11.01 0-20mA 2H 1 0,2
AJII'B.426431.027-12.01 Al-12-12.01 0-20mMA 2H 2 0,2
AJII'B.426431.027-13.01 Al-12-13.01 0-20MA 21 3 0,2
AJII'B.426431.027-14.01 Al-12-14.01 0-20MA 20 4 0,2
AJII'B.426431.027-15.01 Al-12-15.01 0-5mMA 21 - 0,2
AJII'B.426431.027-16.01 Al-12-16.01 0-5mMA 21 1 0,2
AJII'B.426431.027-17.01 Al-12-17.01 0-5mMA 2H 2 0,2
AJII'B.426431.027-18.01 Al-12-18.01 0-5mMA 21 3 0,2
AJII'B.426431.027-19.01 Al-12-19.01 0-5mMA 21 4 0,2
AJII'B.426431.027-20.01* | AI-12-20.01* 4 -20MA 2K - 0,3
AJII'B.426431.027-21.01* | AI-12-21.01* 4 -20 MA 2K 1 0,3
AJII'B.426431.027-22.01* | AI-12-22.01* 4-20 MA 2K 2 0,3
AJII'B.426431.027-23.01* | AI-12-23.01* 4-20 MA 2K 3 0,3
AJII'B.426431.027-24.01* | AI-12-24.01* 4 -20 MA 2K 4 0,3
AJII'B.426431.027-25.01* | AI-12-25.01* 0-5mMA 2K - 0,3
AJII'B.426431.027-26.01* | AI-12-26.01* 0-5mMA 2K 1 0,3
AJII'B.426431.027-27.01* | AI-12-27.01* 0-5mMA 2K 2 0,3
AJII'B.426431.027-28.01* | AI-12-28.01* 0-5mMA 2K 3 0,3
AJII'B.426431.027-29.01* | AI-12-29.01* 0-5mMA 2K 4 0,3
AJII'B.426431.027-30.01 Al-12-30.01 0-10B 2H - 0,2
AJII'B.426431.033-00.01* | AI-13-00.01%* 0-20mMA 2k

AJII'B.426431.033-02.01 Al-13-02.01 0-20MA 2H

AJII'B.426431.029-00.01 AlI-19-00.01 40 -90 Om 2H

AJII'B.426431.029-01.01 Al-19-01.01 80 — 180 Om 2H

AJII'B.426431.032-01 CTF-11-01 0—-20 MB 2K
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Tabmmma 1 (mpogomkenue)

Jmanazon  |Ymcno kaHAIOB
BXOIHOT'O RS-485
O6o3HaveHHE udp CUTHaJIa (HE3aBHCHMEIE, [Tpumeyanns
KOM-
MYTHPYEMEIE)

AJII'B.426434.009-00.01* | DI-11-00.01 - 1 -
AJII'B.426434.009-01.01 DI-11-01.01 - 2H -
AJII'B.426438.005-00.01* DIO-11-00.01 - 1 -
AJII'B.426438.005-01.01 DIO-11-01.01 - 2H -

* - MoauduKalMu MOJIyJIeH, CHITBIE C IMPOU3BOJCTBA. Jlajmee CHAThIE C TPOU3BOICTBA
MoauUKaIMK HE paCCMAaTPUBAIOTCSI.

Moaynu SBISIIOTCS B3PbIBO3ALIUIEHHBIMU C MapKuUpoBKoil B3pbiBo3amuThl [Exib]IIC X B
cootBercTBUU ¢ 'OCT P 51330.10-99 (MOK 60079-11-99), I'OCT 30852.10-2002 (MOK 60079-
11:1999), ycraHaBnuBarOTCsS BHE B3PHIBOOMACHBIX 30H M UCKPOOE30MACHBIMU IEMSIMU MOTYT OBITh
CBSI3aHBI C JaTYMKAMHU, PACTIOJIOKEHHBIMUA BO B3PBIBOOIIACHBIX 30HaX KjaccoB B-la u B-Ir (B 30Hax
knacca “1” u “2” mo F'OCT P 51330.9-99, I'OCT 30852.9-2002; cm. paznen 2). Y moayneit DIO-11
MCKPOOE30MaCHBIMHU SIBJISIIOTCS TOJIBKO TUCKPETHBIE BXO/IBI.

Monynu  SBASIOTCS  BOCCTAHAaBIMBAEMBIMM U PEMOHTHONPUTOJHBIMU  U3JCIUAMH,
MIPEAHA3HAYEHHBIMU U1l  KPYIVIOCYTOYHOM HENPEPBIBHOW HSKCIUIyaTallMM C  BO3MOYKHOCTBIO
MHOT'OKPAaTHOT'O BKJIFOUEHUS U BBIKIIFOUEHHUS JIEKTPONUTAHUS B TEUEHUE CYTOK.

Paboune ycnoBus sKCIUTyaTaluu:

- TeMmmeparypa OKpyxkaromero Bo3ayxa ot Mmunyc 25° C go mmoc 60° C (6e3 KoHaeHCann

BJIATH);
- OTHOCHTENbHAs BIAXXHOCTb BOo3AyXxa 10 85% npu temneparype mmoc 25° C;
- atMmocdepnoe nasienue ot 84 1o 107 xlla.

1.2 TexHn4YecKkne XapaKTepUCTHKHU
OO0mre TeXHUYECKHE XapaKTePUCTUKHI MOJTYJICH MPUBEICHBI B Ta0IHIIE 2.
Tabmuma 2

HaumeHnoBaHue napamertpa 3HayeHune napamerpa

KommaecTBo nHpOPMAIHOHHBIX KAHAIIOB' 1 wim 2
WnTepodeiic RS-485
[IpoTtokon MODBUS RTU

2400; 9600; 38400,

CkopocTb niepeaauu II&HHBIXz, oon 115200; 230400; 460800;

921600
HanpsokeHue nuTaHns Moayis, B 25+2%
lNanpBannueckas pa3Bsi3Ka MEXy BHEIIHUM CTaOMIM3UPOBAHHBIM 500
VCTOYHUKOM NUTaHMs U CUCTEMHBIMU LIEMISIMU MOAyJIsl, B, He MeHee
["abapuTHbIE pa3Mepbl MOAYJISl, MM 114x102x25
Macca Moy, Kr, He OoJiee 0,1
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1. Cm. Tabmumy 1.

2. BpiOupaercst ycTaHOBKOW mepeMbluek Ha Iuiate moayus; ans moaynei Al-10, Al-11 u CTF-11
ckopoctu Boitie 115200 601 HETOCTYIHBI.

3. DnexTponuTaHue MOJIYyJIeH JIOJKHO OCYIIECTBIATHCS OT CTaOMWJIM3HMPOBAHHOTO HMCTOYHHMKA C
HanpsH>KEHUEM TrajlbBAHUYECKOM 30K OT ceTh He MeHee 2500B.

OcHOBHBIE TEXHHUECKHE XapakTepucTuku moayist Al-10 npuBenens! B Tadnuiie 3.

Tabnuma 3

HaumeHoBaHue napamMerpa 3HavyeHUe mMapaMeTpa
Konan4ecTBO NOTEHIMAIBHBIX KaHAJIOB 4
JInarasoH H3MepsieMoro HarpsokeHus, MB' 0...20
KonuuecTBo KaHanoB AJid MOJAKIIOUYEHUS TEPMOMETPOB 1
CONPOTHUBIICHUS
JlnanasoH n3mepsieMoro conpoTuBiaeHus, OMm 40-90 (80 - 180)
BxoHO€e conmpoTuBIE€HNE NOTEHIIMAIbHBIX KaHAIOB, KOM 400
BxomHoe compoTuBiieHre KaHaa s MOAKIIOYEHUS TEPMOMETPOB 400
conpoTuBieHus, KOM
BennunHa Toka BCTpPOEHHOTO UCTOYHUKA, MA 4(2)
Bpewms npeobpa3oBanus MKc, He Oosee 10
Bpewmst kommyTanuu KaHaga, MKC, He 6oJiee 50
[TocTostHHAs BpeMEHH anmapaTHOTro GHIbTPa, MC 22
ocTostHHast YUIBTPAIHHE TPOrPAMMHOTO (HIIETPA” 36; 40; 48; 64
Bpewmst nosiHoro 0OHOBJIEHHS] MacCHBa BXOJIOB, Mc’ 360
PaspsinHocTh ananoro-mudpoBoro npeodpa3oBaHus, OUT 12
OcHOBHas NMOTPEITHOCTh MpeodpazoBanus, %, He OoJiee 0,2
JlononHHUTENbHAS TEMIIEPATypHAs OTPEIHOCTh, %/ °C 0,01
Tok, moTpebisieMbIii MOyJIEM OT UCTOYHUKA MUTaHMsI, MA, He OoJiee 100

1. MmeeTcst BO3MOKHOCTh IEPEHACTPOMKN HA APYrOW IHAIIa30H.

2. 3amnuchIBaeTCsA B BUJE YCTaBKH B SHEPTOHE3aBUCUMYIO MaMsITh MOIYJISA, TI0 yMo4aHuto — 48 (cwm.
n. 1.3.3.1).

3. Ilpu MUHUMAJIbHOM MOCTOSTHHOM (PMIIbTpauu mporpaMMHoro ¢puibtpa (em. m. 1.3.3.1).

OcHOBHBIE TEXHHUUECKUE XapaKkTepucTuku Moayist Al-11 npuBenens! B Tabnuiie 4.

Tabnuma 4

HaumeHoBaHue mapamMerpa 3HaueHHMe mMapamMeTpa
KonnuecTBo xaHajaoB BBOJA 4
JlnanasoH n3mepsieMoro conpoTuiaeHus, Om 40-90 (80 - 180)
Bpewmst kommyTanuy KaHajga MKC, He 6oJiee 1000
Bpewms npeobpa3oBaHus MKc, He Ooee 180
Pa3psaHoCTh aHamoro-1u¢poBoro npeoOpa3oBaHusi, OUT 12
OcHOBHasl MOTPENIHOCTH MpeoOpa3zoBanus, %, He 6osee 0,3
JlononHuTenbHas TEMIIEpaTypHasi MOrperHocTh, %/ °C 0,01
BennunHa Toka BCTpPOEHHOTO UCTOYHUKA, MA 4(2)
Toxk, moTpedsieMbIii MOTyJIEM OT UCTOYHHMKA MUTaHUs, MA, He OoJee 80
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OCHOBHBIE TEXHHUECKHE XapaKTepucTuku moayist Al-12 npuBeneHs! B Tabnuiie 5.

Tabnuma 5

HaumeHnoBaHue nmapamerpa 3HaueHMe mapameTpa
KoanuecTBo kaHanoB BBOIA 4
BxonHoe conpoTuBieHne kaHaaoB, OM 50
Harmpshxkenne nutanus W3MEpUTENbHBIX KaHaioB, B 24,5+ 2%
BHyTpeHHEee CONpOTUBIIEHNE BCTPOEHHOIO UCTOYHUKA MUTAaHMs], OM 440
Jlnama3zoH BXOJIHBIX TOKOBBIX curHanos', MA 0...5;0...20; 4...20
JIMama30H U3MePsIeMOro HaMpsDKeH s, B 0...10
BpeMms komMyTanmu kaHana, MKC, He 6ojee 50
Bpewmst npeobpazoBanusi, MKC, He OoJiee 10
MHHHMAIEHOE BPEMsI [OJTHOTO OOHOBJICHHS MACCHBA BXOIOB, MC 120 nan 360
Pa3psaHoCTh aHaoro-1u¢poBoro npeodpa3oBaHusi, OUT 12
[TocTosiHHAs BpeMEHHU anmnapaTtHoro GuibTpa, Mc 40
ITocTostHHAs UABTpAIIUU TPOTPAMMHOTO @Hanpa3 12; 16; 24; 36; 40; 48; 64
OCHOBHASI IOTPEITHOCTH Ipeodpa3zoBaHus, Y%, He Gomee 0,3 uiu 0,2
JlonoHHUTEIbHAS TEMIIEPATyPHAsl TOTPEIIHOCTD, %0/°C 0,01
Tok, moTpebisieMbIii MOyJIEM OT UCTOYHUKA MUTaHMsI, MA, He OoJiee 215

1. Cwm. Tabmumy 1.
2. Tlpu MUHMMAJIBHOU MTOCTOSTHHOW (PruIbTpaniuu mporpamMmMmuoro ¢uibrpa (cm. m. 1.3.3.3).
3. 3anuceIBaeTcs B BU/I€ YCTAaBKU B SHEPrOHE3aBUCUMYIO NMaMsATh Moays (cm. 1. 1.3.3.3).

OcCHOBHBIE TEXHHUECKHE XapakTepucTuku moayist Al-13 npuBenens! B Tadnuiie 6.

Tabnuua 6
HaumeHnoBaHue nmapamerpa 3HaueHne mapamerpa

KoanuecTBo kaHanoB BBOIA 4
BxonHoe conpoTuBieHne kaHaaoB, OM 850
HanpspxeHne BCTpOCHHOT0 HCTOYHHUKA MTUTAHUS HAa XOJIOCTOM X0y, o
B 245+2%
Jlnama3oH BXOJHBIX CUTHAJIOB, MA 0...20
B03M0OXKHOCTh IPOrpaMMHOI0 BKIFOUEHUS (BBIKITIOUEHHS) TUTAaHUS

uMeercst
KaHaJIOB
Tok, noTpediisieMblii MOJyJIEM OT UCTOYHUKA NUTaHMsI, MA, He 0oJiee 160
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OCHOBHBIE TEXHHUECKHE XapaKTepucTuku moayist Al-19 npusenens! B Tadnuie 7.

Tabmuia 7

HanmenoBanue napamerpa

3HauyeHue napamerpa

KoanyecTBo KaHaI0B BBOIA

4

I[I/IaHaBOH HN3MCPACMOr'0 COMMPOTHUBIICHUS, OM

40-90 (80 - 180)

Bpewmst kommyTanuu KaHajga MKC, He 6oJiee 100
Bpewms npeobpa3oBanus MKc, He Ooiee 100
Pa3psaHOCTh aHamoro-1u¢poBoro npeoOpa3oBaHusi, OUT 12

OcHOBHasl MOTPENIHOCTH NpeoOpa3zoBanus, %, He 6osee 0,2
JlononHuTenbHAas TEMIIEpaTypHasi MOrperHocTh, %/ °C 0,01
BennunHa Toka BCTpOEHHOIO HCTOYHUKA, MA 5

Toxk, moTpebsieMbIii MOTyJIEM OT UCTOYHHMKA MTUTAHUs, MA, He 6oJeq 100

OcHoBHbIe TexHHUeckHue xapakrepuctuku moayist CTF-11 npuBenens B Tabnuiie 8.

Tabauua 8

HaumeHoBaHue napamerpa

3HavyeHUe mapaMeTpa

KonnyecTBO MOAKIIOYaEMBIX TEH30JaTUUKOB 1
Jlnana3oH n3mepseMoro HanpskeHusi, MB 0-20
HomuHnanpHOE HanpsiKEHUE MUTaHUS JaTYUKOB, B 10
Bpewms npeobpa3oBanus Mc, He Ooliee

10-pa3psiaHbIil KoJ 8
12-pa3psaHblil KOJ 25
16-pa3psigHbIi KOJ 350
[TocTosiHHAs BpeMEHH anmnapaTtHoro GuibTpa, Mc 47
OcHOBHasl MOIPEHIHOCTH NpeoOpa3zoBaHus, %, He Oosee 0,1
JlomotHATEIBHAS TEMITEpATypHAs! OTPEITHOCTD, %o/ °C 0,005
Tok, noTpebiseMblii MOYJIEM OT HCTOYHMKA MUTaHUs, MA, He OoJiee 150

OcHOBHBIE TEXHHUECKHE XapakTepucTuku moayiast DI-11 npuBenens! B Tabnuiie 9.

Tabauua 9

HaumenoBanue mapamerpa

3HauyeHHe MapamMeTpa

KonnyecTBo KaHaI0B BBOJA TUCKPETHBIX CUTHAJIOB 8
Harnpspxkenne nutanus 1aT4YukoB, B 24+5%
HomuHanpHBIN BXOJHOU TOK, MA 6...8
ConpoTuBieHHE JaTUNKA, COOTBETCTBYIOIIEE COCTOSHUIO 1000
“BKJIIOYEHO”, OM, He OoJiee

ConpoTuBieHHE JaTUNKA, COOTBETCTBYIOIIEE COCTOSHUIO 10
“BBIKJIIOYEHO”, xOM, He MeHEee

[TocTostHHAs: BpeMEHH anmnapaTHOro GuiIbTpa, Mc 22
ITocTosiHHAs PUIBTPALIMK IPOIPAMMHOI0 (1)I/IJ'IBTpa1 10...125
Toxk, moTpebsieMbIii MOTyJIEM OT UCTOYHHMKA MUTaHUs, MA, He 6oJee 150

1. 3amuceiBaeTcs B BUAE YCTaBKH B SHEPrOHE3aBUCUMYIO NIaMATh MOIYJIs, 110 yMoa4aHuto — 10 (cM.

m 1.3.3.7).
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OcHoBHBIE TeXHHUYECKHE XapakTepucTuku moayist DIO-11 npuBenens: B Tabmuie 10.

Ta6muma 10

HanmeHnoBaHnue mapamerpa 3HaveHHe mapamMeTpa
KonndecTBo KaHaI0B BBOJIa TUCKPETHBIX CUTHAJIOB 4
Harnpspxkenne nutanus 1aT4ukos, B 24,5 £ 5%
HomuHanbsHbBIN BXOJHOHN TOK, MA 6...8
CornpoTHBiIeHHE TaTYNKa, COOTBETCTBYIOIIEE COCTOSIHUIO 1000
“BKJIIOYEHO”, OM, He OoJiee
CornpoTHBieHHE 1aTYMKA, COOTBETCTBYIOIIEE COCTOSIHUIO 10
“BBIKJIIOYEHO”, kOM, HE McHEe
[TocTosiHHAs BpeMEHHU anmnapaTtHoro GuibTpa, Mc 22
TocTostHHAsE QUIBTPALIH TPOrPAMMHOTO (GHIHTPa’ 10...125
KonnuecTBo KaHaI0B BBIBO/IA TMCKPETHBIX CUTHAJIOB 4
MakcuManbpHbIl TOK HArpy3KHU BbIX0/a, MA 100
MakcuMasabHbIN TOK HATPY3KH TPYNIIbI BBIXOZIOB", MA 250
MakcumanbHOE HANPs)KEHNWE Ha 3aKPBITOM KIItOU€ BbIxoJa, B 50
Toxk yteuku Beixoga B coctosinud “BBIKJTIOYEHO”, MKA, He 5
Ooiee
Cornportuienue Beixoaa B coctosinuu “BKJIFOYEHO”, OMm, He
6oiee’ 35
Tok cpabaTbIBaHUS 3aIUTHI BBIXO,Z[OB4, MA, He Oolee 300
Toxk, moTpebsieMbIii MOTyJIEM OT UCTOYHHMKA MUTaHUs, MA, He 6oJee 130

1. 3amuceIBaeTcsa B BUJE YCTaBKH B SHEPTOHE3aBUCUMYIO MaMsTh MOIYJISA, TI0 ymMomdanuto — 10 (cm.
m. 1.3.3.8).

2. CymMapHblif TOK Harpy3kd 4epe3 BCE BBIXOAHBIE KaHAJBI MPU BKIIOUEHHOMW CXEME 3alllUTh
BbIX0/10B (cm. mm. 1.3.2.8 m 3.2.1).

3. Ilpu BKIFOYEHHOM cxeMe 3amuThl BHIXOJ0B (cMm. mm. 1.3.2.8 m 3.2.1). B 3aBucuMocTH OT THma
YCTaHOBJIEHHBIX BBIXOAHBIX ONTPOHOB MOXKET COCTaBIATH OT 6 OM 10 35 Om. Ilpu oTkiIroueHHOMN
CXEeMe 3allUThI BBIXOJ0B 3HAUCHUE YMEHbIIaeTcs Ha S OM.

4. Tlpu BKITIOUEHHOM cXeMe 3alIUThl BBIXOJOB (cM. mm. 1.3.2.8 u 3.2.1).

1.3 YerpoiicTBo n padora

1.3.1 Koncmpyxkuyusa mooyneii

Bremnwuit Bug monyneit nokasax B [Ipunoxennn A.

KOHCTpYKTHBHO MOJyJb BBINOJHEH B BHUJE MHOTOCJIOMHOW TMEYaTHOM IUIaThl C
pacmoyoKeHHbIMU Ha Hel snemeHTamu (cM. [Ipunoxenue J), yCTaHOBIEHHON B IMJIaCTMACCOBBIMA
kopmyc. Kopnyc umeer kperuienust 1 ycranoBku Ha DIN—peiiky tuma DIN3 (TS35/F6) nmu DIN1
(TS32/F6). O6 0cOOEHHOCTSIX KOHCTPYKIIHH, CBS3aHHBIX ¢ 00CCIICUCHUEM B3PBIBO3AMIUIIICHHOCTH, -
CM. pazzen 2.

B kauecTBe pa3zbeMOB HCHOJIB3YIOTCS KiIeMMHble coequHurenu tuna MSTBA (MSTB)
¢upmer PHOENICS CONTACT (B moayne Al-19 coequnutens X2 tuna MC). CucteMHbIi pazbeM
X1 mpenHa3HaueH IS MOAKIIOUEHUS K MOAYJII0 CHCTEMHOIO MCTOYHUKA NMUTaHus U ceTh RS-485, a
TaKke UCKpo3amuTHOTOo 3a3emiieHus. Coequautens X2 (X2 u X3 y moayns DIO-11) npennasnaueH
IUTST TOAKIIOYEHHUS K MOJIYyNI0 OObeKTHhIX kabeneil. CoenuHeHWE MOAyled C AaTYUKaMd U
MCIIOJTHUTENIbHBIMU MEXaHU3MaMu Noka3aHo B [Ipunoxenun I'.
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Ha mepennem Topiie Kopiryca pacrojoKeHbl Tpu (WU oguHHAANATh i Moxyiei DI-11 u
DIO-11) cBeronuonos (cm. IIpunoxenne [1). Ceeroauon “RXD” unauuupyer npueMm uHbOpManuu
u3 cetu RS-485. Ceroanon “TXD” unnuiupyet nepenady uaopmammu u3 Moayist B ceTb RS-485.
ITpepriBuctoe cBeyenue ceroanona “RUN” cBuperenbCTBYeT O TOM, YTO MOJYJb HAaXOAUTCS BO
BKJIFOUEHHOM, paboyeM COCTOSIHUH, a B MPOIECCOPHOM YCTPOMCTBE MOJAYJS BBINOJHSETCS pabouas
nporpamma. Ha monyne DI-11 cBerommonsr IN1...IN§ curHaim3upyroT O HaJMYuMM CUTHAJIA Ha
COOTBETCTBYIOIIEM AuckpeTHOM Bxone. Ha moxyne DIO-11 ceerognonsr IN1...IN4 curnanusupyror
0 HAJIMYUM CHUTHAjJa HAa COOTBETCTBYIOIIEM JUCKPETHOM Bxojne, a cBeroguonbl OUTI...OUT4
CUTHAJIM3UPYIOT O BKIOYEHUN COOTBETCTBYIOLIETO JUCKPETHOTO BBIXOA.

[Ipumeuanue. BHemnuii Bua Moaysei U miaaT MOAYJIEH MOXKET OTJIMYAThCS OT MOKa3aHHOrO B
[Tpunoxxennn A wu Ilpunoxkenun J| COOTBETCTBEHHO, €CIM OTH pa3IMYUs HE BIHAIOT Ha
AKCIUTyaTalui0 MOIYJICH.

1.3.2 Ilpunyun pabomuoi

Monynu npenHazHaueHsl A7 pabOThI B COCTaBE paclpe/ieeHHbIX CUCTEM yrpaBieHus. Bee
YCTPOWCTBA CUCTEMBI OOBEAMHEHBl JIOKAJIBHOW HWH(POPMALMOHHOM CeThbio, paboTaromel 1o
npotokoiry MODBUS (untepdeiic RS-485, ckopocts nepenaun ganabix g0 230400 6ox), ¥ UMEIOT
CBOM JIOTMYECKHMU aznpec. Moayinp NpUHAMICKUT K YCTPOMCTBAM HUKHEro ypoBHS. B cocrase cetn
oH pabotaet B kadectBe “TIOAUMHEHHOI'O” ycrpoiictBa, ucnonuss komauasl “BEJIYIIET'O”
ycTpoiicTBa (Hampumep, npoueccopHoro monayis win CPU-17). Moaynu umeroT 1Ba He3aBUCHMBIX
WIA KOMMYTHPYEMbIX HH()OPMALMOHHBIX KaHaja JUIl HOJKIIOUEHUsS JIOKAJbHOW ceTh (HO CM.
tabnuiry 1). CkopocTb 0OOMEHa U JIOTHYECKUN aJIpec YCTPOUCTBA 3aal0TCs IEPEMBbIUKaMH Ha IJIaTax
MoxyJen (cm. 1. 3.2.1).

I{okosieBkH pa3zbeMOB monyJied npuseneHbl B [Ipwinoxenuun B. [lpumep noakmroueHus k
MOJYJISIM JTaTYMKOB (MCIIOJHUTENBHBIX MeXaHU3MOB) npuseneH B [lpmnoxenun I'. Pacnonoxenue
IIEPEMBIYEK, CBETOAMO/IOB U 3aLIUTHBIX PE3UCTOPOB Ha IJIaTax MojyJsen nokaszano B [Ipunoxenun /1.

1.3.2.1 Mooyns 8600a ananozogvix cuenanos AI-10

MopyJib COCTOUT U3 IBYX OCHOBHBIX YCTPONCTB:

e YCTPOWCTBA aHAJIOTOBOTO, YA,

e YCTpOMCTBA ynpasieHus, Y Y.

YA npeanazHaueHo i UIBTpalMK BXOAHBIX TMOTEHIHMAJIBHBIX CHUTHAIOB C TepMoOMap H
TEPMOMETpAa CONPOTUBIEHUS W HX YCWIEHHUS, OIPaHUYEHUs TOKA BO BXOJHBIX LEMIX [0
UCKpoOe30macHbIX 3HA4YCHHWHA (CM. pasmen 2), a Takke il (QOPMHUPOBAHHS TOKa OOTEKaHWs
TEpMOMETpa CONpOTUBIEHUSA. YVY o0ecnedynBaeT mpeoOpa3oBaHHE AaHAJOrOBOrO CHUTHaja,
dbopmupyemoro YA, B 12-pa3psanbiit nudpoBoii Ko, mepeaady 3TOro Koja B MPOLECCOPHYIO YacTh
Moyl o mpotokoiy SPI, paboTy Moayms B JOKadbHOM CETH, MHAWKALMUIO COCTOSIHUS MOAYJIA, a
TaK)K€ HEKOTOPbIE CIIyKEOHbIE (PYHKIIUH.

CtpykTypHasi cxemMa MOAyJs, MokazaHHas B [lpunmoxenun b, comepxutT cruemyronme
(GYHKIIMOHATIBHBIE Y3TIbI:

e cxemy ¢uibTpanuu u 3amuThl, CDO3;

® HCTOYHMK cTabmibpHOrO Toka, UCT;

® H3MEPUTENbHBIN YyCUIUTENL KaHana TepmokomneHcaunu, MYKT;
nu3MepuTenbHble yeunurenu, UY1...1V4;

BXOJHOU KOMMYyTarop, BK;

u3onMpyromume npeodpasoparenu Hanpsoxenus, UI11.. . WUI13;
BTOPUYHBIN UCTOYHHUK ONMOPHBIX Hanpspkenuit, BUOH;
aHanoroBo-uudpoBoii mpeodpaszosarens, AL
LEHTPAJIBHOE MPOLECCOpHOE ycTporcTBo, LIITY;

cxema rajgbBannmdeckoi n3onsauuu, CI'U;
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e (opmuposarenu unrepdeiica RS-485, ®U1...OU2;

® yCTpOMCTBO MHAMKAIMHU, Y U.

YA cogepxur CO3, UCT, UYKT, NV1...11V4, BK, UI11, BUOH.

VYV copepxut AUIL LITY, CTU, ®U1, ®U2, UT12, UTI3, YVN.

[Mpunnun pa®oTbl MOAyNSs COCTOUT B cienyromeM. [loTeHIuambHBIE BXOIBI MOIYJIS
npenHazHayeHsl Ui nojakiatoueHus tepmonap tuna TXK wim TXA (L win K no mexayHapogHoi
knaccudukanun), craHgaptHeid auanazoH 0...20 MA. BxomgHble cWrHanmbel ¢ TepMomap, MPOXOAsS
yepez CD3, nocTynaroT Ha BXOAbl JU(epeHINaIbHbIX U3MepUTenbHbIX yeunurened UY1...1M1V4,
BBINOJIHEHHBIX Ha 0aze mukpocxeM AD620 ¢upmer ANALOG DEVICES, rae mpuBoasarcs x
muana3ony 0...+5B. [locrosHHas BpeMeHr GMIBTPOB, BXoaamux B coctaB CD3, cocTarisier 22 Mc.
Hanee curnansl nonagatoT Ha Bxoasl CHO... CH3 Bxonnoro kommytatopa BK, ynpasnsemoro LITY
npu nomomu curHanoB ADRO...ADR2. Kpome Toro, Ha Bxoasl BK 3aBeneHbl Takke penepHbie
curHanel MAX, MID u MIN (CH7...CHS) u curhan c¢ KkaHajga KOMIIEHCAllMM TEMIIEpaTyphbl
xonoaHoro crnas (CH4).

KaHan KoMIleHcanuu TeMIlepaTypsl XOJIOAHOTO CHas IpEeIHa3HAYeH Ui IOAKIIOYEHUS
TepMoMerpa conporuBieHus tuna TCM-50, TCII-50 wmm TCM-100, TCII-100 1o
qyeThIpexnpoBoaHol cxeme (muamna3zod 40...90 wim 80...180 Owm). Tok oOrexanus dopmupyercs
UCTOYHUKOM cTabmipHOro Toka WCT, MOTeHIMANbHBIA CUTHAI C TEPMOMETPA COMPOTHUBIICHUS
nonanaer Ha BxoAbl +IN m —IN monynsa. [anee curnan, npoias depes CP3 momagaeT Ha BXOL
T pepeHaIbHOr0  U3MEPHUTEIbHOIO  yCHIUTENs  KaHana  TepMmokomneHncaiun — UYKT,
noctpoeHHoro Ha 6aze mukpocxemsl AD620 ¢dupmer ANALOG DEVICES, u nocne npuBeieHus K
muamazony 0...+5B momaercs na Bxon CH4 BK. luddepennmansapie n3MEepUTEIbHBIC YCHITHTEIN
Ny1...MY4 u UYKT umeror oTaenpHble LENH HACTPOUKU HYJIA U YCUJICHHS, YTO TMO3BOJISIET MPHU
HE0O0XOIMMOCTH B HIMPOKMX Ipe/ienax U3MEHATh pabounii 1uana3oH JJs KaKA0ro U3MEpPUTEIbHOIO
KaHala B OTAEIbHOCTH. HacTpoiika MOZyJsi WM ero mnepecTpoiika Ha HECTaHIAapTHHIN pabounit
JMana3oH OCYIECTBISIETCS] UCKIIIOUUTENIBHO NPEAIPUITHEM-U3TOTOBUTENIEM.

C sBeixoma BK curman momaercs Ha Bxox 12-paspsaHoro  aHaNOro-niu@poBoro
npeoOpasosarens (ALIl) ¢ mocinenoBaTeabHBIM BBIXOAOM, BBIMOJIHEHHOIO Ha 0a3e MHUKpPOCXEMbI
AD7893 ¢upmer ANALOG DEVICES. IlpeoGpa3oBanue Haunnaercst no curHany START LITY,
nocje npeoOpa3oBaHMs JaHHBIE 00 M3MEPEHUSX B MOCIENOBATEIBHOM KoOJe MO mpoTokody SPI
nepenatorcs B LIITY, rae nmpoucxonut ux nanpHenmas oopadorka (cm. m. 1.3.3.1).

OcHOBOI LeHTpanbHOro MpoueccopHoro ycrpoiictea (LIIIY) sBusercs OJHOKpUCTAIbHBIHN
MHUKpOKOHTposuiep Atmegal62 ¢upmbr Atmel corp. Ero ocHoBHbIE XapaKTEpUCTHKH IPHUBEICHBI
HUXKeE:

e TakTOBas yacrora - 7,3728 MI'Li;

e mamsaTh nporpamm (In-System Self-programmable Flash) — 16 Koaiir;

e O3V — 1 Ko6aiir.

MUKPOKOHTPOJIIEP TAKKE COAEPKUT MHOXKECTBO BCTPOCHHBIX NEpH(PEPUIHBIX YCTPOUCTB,
cpelu KOTOPBIX:
sHepronezaBucumas namsatb (EEPROM) — 512 Gaii;

BCTPOCHHAs TO/IepkKa mpoTokoia SPI;

JBa HezaBUCHUMBIX ycTrpoiictBa USART;

4eThIpe 8-pa3psAHbIX MapaJljIesIbHBIX [TOPTa BBOAA-BbIBOIA;
4eThIpe TaMepa.

Hapsny ¢ mukpokonTpoisuiepoM B coctaB LIIY BXOOuT yCTpOHMCTBO OXpaHHOIO Taimepa
Watchdog, BemomnenHoe Ha 06aze MMC ADM705. Ecim B Tedenue 1,6 ¢ He NPOUCXOAMUT
MIPOrpaMMHOM TOIJIEP)KKH OXPAHHOTO TaiiMepa, MPOUCXOIUT anmnapaTHeiid copoc LITY.

[Tocie momydeHus: JaHHBIX 00 M3MEPEHMSX MPOM3BOAUTCS MX IMpOorpamMMHas (QUIbTparIus;
OoT(hUIBTPOBAHHBIC 3HAYCHMS 3aMHUCHIBAIOTCS B ompezencHHble peructpsl O3Y, nocTymHble ams
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yrenuss “BEJAYIIUM” yctporictBom mo cetu RS-485. YcraBku (moctostHHBIE (UIBTpaIiuu) s
Ka)KIOr0 KaHalla XpaHsATCs B SHEproHe3aBucuMoil mamsartu (cm. m. 1.3.3.1).

Ecnu no cetn RS-485 mpuxonut 3anpoc Ha ureHue pabounx peructpos ot “BEJIYHIET'O”
YCTpOKCTBa, TO OH, Mpoxoas uepe3 hopmupoBaTens uHTepdeiica RS-485 (DPU), nomagaer Ha BXOA
ycrpoiictBa USART mukpokonTposuiepa. [lo atomy dakry dopMupyeTcs mpepbIlBaHUE, POUCKXOTUT
MOJTOTOBKA U Tepejadya OTBETA.

®opmuposarenun unHtepderica RS-485 mocrpoenst Ha 6aze MMC MAX3088, mmerommx
YIIyYII€HHbIE XapaKTEPUCTHUKU MO CKOPOCTH M HArpy304HOH CIIOCOOHOCTH, M IMpEAHAa3HAUYEHbI IS
yIpaBjeHus: 0OMEHOM JaHHbIMHU 10 ceTh RS-485. Ilepexmouenne mMomayns Ha mepenady JaHHBIX
ocymectBigercs no curHanam RTS1 u RTS2 IITY.

Bce nenu Moaysist ralbBaHUYECKH U30JIMPOBAHBI OT KaHaJoB uHTepgeiica RS-485 u BHemHMX
neneil nuTtaHus. lanbBaHMUYecKas pa3Bsi3ka 00ECIEeYMBAETCSI CXEMOH TallbBAHWYECKOM H30JIALUN
(CI') n m3omupyromumu npeodpaszoparensmu Hanpspkerws WUI12.. . UI13. CI'U noctpoeHa Ha OCHOBE
BbICOKOCKOPOCTHBIX onTpoHoB HCPL-0630 ¢upmer HP. MUI12 u UII3 noctpoenst Ha 6aze DC/DC
koHBepTepoB (pupmbl TRACO u ¢dopmupytor Hampspkenus +5V u +5VA, HeoOXxonumblie ams
NUTAHUST CHCTEMHOW ¥ uHTep(heHCHONH uacTeid MOIyJs COOTBETCTBEHHO. HampsikeHue
TaJIbBAHUYECKON Pa3Bs3KKM MEXIy BHEITHUMHU (ceTb RS-485 u muTaHuWe) U CUCTEMHBIMHU LETISIMU
MoAyJis coctaisieT He meHee 500 B.

UII1 noctpoen Ha 6a3ze DC/DC xouBeprepa TRACO u npennasHaueH i pOpMHUPOBAHUS
HarnpsbkeHus: + 12 B, HeoOxoaumoro aiis pabotel aHanmoroBoi yactu moxayiiss. BUOH moctpoen Ha
6aze IMC ADS586 u ¢opmupyer onopHble HampsbkeHHs, HeoOxomumble g pabotsl AT,
Ny1..M1Y4 u UYKT. Kpome toro, BUOH ¢opmupyer penepusie curnansi MAX, MID u MIN,
KOTOpPBIE COOTBETCTBYIOT TpuMepHO 95%, 50% u 5% nuamazoHa. DTU CUTHAJIBI aHAIU3UPYIOTCS
LITY 1 HeoOX0oauMBI 7151 KOHTPOJIsE pab0TOCIIOCOOHOCTH aHAIIOTOBOM YaCTH MOJTYJIS.

YCTpoiicTBO MHAMKAIMKM HEOO0XOAUMO Uil OTOOpPaKEHUS TEKYLIEro COCTOSHUS MOJYJIS.
WNuaukaTopamMu CityXaT TpU CBETOAMO/A, BBIBEICHHBIE HAa NEpeHIO0 MaHenb (cM. [lpunoxenus A u
). Ceeroguoast “RXD” u “TXD” nHAMLMPYIOT MPUEM U Nepenady uHpopmanuu mno cetu RS-485.
Ceeroguon “TXD” 3aropaetcsi, koraa curHan RTS1 unu RTS2 nepexntouaer apaitBep RS-485 nHa
nepenady. Cseroguon “RXD” 3aropaercs, koraa npaiiep RS-485 BkiroueH Ha npueM, a B JIMHUU
NPUCYTCTBYIOT JaHHBIE OT aKTUBHOTO MepenaTdyrnka. MHaukanyus oOMeHa TaHHBIMU OCYIIECTBIISIETCS
HE3aBUCHMO OT TOTO, 10 KaKOMy M3 MH(OPMAIMOHHBIX KAaHAJIOB NMPOUCXOAUT oOMeH. CBeTonmos
“RUN” BkIIOYaeTCsl CHEUAIbHBIM BBIXOJAOM MHMKPOKOHTPOJUIEPA; €ro MPEPHIBUCTOE CBEUCHHUE
TOBOPUT O HOPMaJIbHOM BBINIOJIHEHUH paboueit nporpamMmel LIITY (cm. takxe m. 1.3.3).

[lepembruka J1 cimy>XHUT 11 3aBOJCKOM HAaCTPOMKM MOAYJS M B MpOIECCE 3KCIUIyaTalluM €€
M0JIO’KEHNE U3MEHSATD 3aIPEIIaeTCs.

CormacoBaHue  Harpy3oK  JIOKQIbHOW  MH(POPMAIIMOHHOHW  CE€TH,  OOYCIIOBJICHHBIX
MPOTSKEHHOCTHIO CETH M KOJMYECTBOM MOJKIIOYCHHBIX K HE MOAYJEH, BBHITOTHIETCS C MOMOIIBIO
nepembraek J8...J10 mist mepBoro mHbopmanmonHoro kanana u J11...J13 mns Broporo. YcraHoBka
nepembraku J8 (J11) moakmoyaer mmny “A” uatepdeiica RS-485 uepes pesuctop 3,3 kOM K BBIXOAY
+5VA m3onupytomiero npeodpasosarens UII3. Ycranoska nepembruku J9 (J12) mogkitouaer muHy
“B” wunrepgeiica RS-485 wuepe3 pesucrop 3,3 xkOm k Bbixogy SHIELD wusonupyromero
npeoOpaszosarens UII3. Ycranoska nepembruku J10 (J13) moaxmouaer pesucrtop 100 Om mexmy
mmHamMu “A” u “B” unTepdeiica RS-485. Ecim Moaysb sBIsSieTCS OKOHEYHBIM yCTPOWCTBOM B CETH
RS-485, ykazanHbie IepeMBIYKH JTOJDKHBI OBITh YCTAaHOBJICHBI, B TPOTUBHOM CITy4ae — CHATHI.

1.3.2.2 Mooynv 6600a ananocogvix cuenanos Al-11

Monyib COCTOUT U3 IBYX OCHOBHBIX YCTPOMCTB:

e YCTpOMCTBA aHAJIOIOBOTIO, YA;

e yCTPOMWCTBA yIpaBieHus, YV.
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YA npeagnazHaueHo Uil (QUIBTpAallMKM  BXOAHBIX CHUTHAJOB OT TEPMOMETPOB U
npeoOpa3oBaHus TUX CUTHANOB B HampsbkeHue oT 0 mo 4 B. YA Taxke orpaHuyuMBaeT TOK BO
BXOJHBIX LETSIX MOIYJIS 10 HCKPOOE30MacHbIX 3HaYeHUH (CM. pazaen 2).

VYV obecneunBaer mnpeoOpazoBaHUE CHUTHAIOB, QopmupyeMbix YA, B 12-Tu pa3psaHblii
udpoBoit koA 1 paboTy MOAYJISI B IOKATBHOM CETH.

CrpykTrypHast cxema Moayjs, Mnoka3zaHHas B llpunoxenun b, coaepxkut ciuenyroume
(GYHKIIMOHATILHBIC Y3TIBI:

® CXEMy 3allliThl BXOJOB aHAJIOrOBOro KommyTaTopa, C3;

e BXOJHOU KoMMyTatop, BK;

e pcroyHuku Toka, UT1, UT2;

BXOZHOH nuddepeHnanbHblii H3MepUTENbHBIN yeunuTens, MY
BTOpPUYHBIE UCTOYHUKH niuTanus, UI11.. 1I13;

BTOPUYHBIN UCTOYHUK ONOpPHOro HanpskeHus, BUOH;
Mukponpoueccop, LITY;

onTomnapsl, OII;

dbopmuposarens narepdericoB RS-485, OIU.

VA copepxur C3, BK, UT1, UT2, 1Y, UII1, BUOH.

VYV copepxut LI1Y, OI1, ®U, UI12, UTI3.

[Tpunnun padotel Mmoayst coctout B cneayromiem. UT1 u UT2 hopmupyroT Toku, KOTOphIE, B
3aBUCHUMOCTH OT COCTOSIHUA TiepeMbluek J2, J3, paBHbl 2 unu 4 MA. Eciii iepeMbIYKH YCTaHOBJICHBI,
TO TOKM PaBHBI 4 MA, YTO COOTBETCTBYET MEPEXOAY Ha LKAy u3MepeHuil conpotusienus 40...90
Owm. s U3MEpEHUs COIPOTUBIICHUS TEPMOMETPOB B Jyana3oHe
40...90 Om wucnonp3yroTcss Moau(UKAIMK MOIYJS B COOTBETCTBHU ¢ TaOmuied 1. Yka3aHHBIN
JUana30H U3MEHEHHs COMPOTUBIICHNUS COOTBETCTBYIOT IIKaJle TEMIIepaTyp:

e 1151 TCM-50 ot munyc 45 °C o mmoc 185 °C;

e s TCII-50 ot munyc 50 °C o mroc 210 °C.

Ecnu mepeMbIukH OTCYTCTBYIOT, TO TOKH PaBHBI 2 MA, YTO COOTBETCTBYET MEPEXOIy Ha
mkany usmepenuil conporusieHus 80...180 OM. [Ing u3aMepeHusl CONPOTUBIEHUSI TEPMOMETPOB B
muana3one 80...180 Om ucmonb3yroTcs MOIUPUKAUA MOJIYJISI B COOTBETCTBUU ¢ TaOymued 1. B
ATOM ciy4dae ucnonb3yroTcs natdyuku tuna TCM-100 u TCII-100 B yka3aHHOM BBIIIE€ JUANa30HE
TEeMIIEpaTyp.

BxonHoit curnan depes cxemy 3amuThel C3 noctynaer Ha BxogHod komMmyTatop BK. [lanee
ATOT CHUTHaJ ToJaeTcsi Ha BXxoX Au(p(depeHInaNIbHOTO W3MEpHUTEeNbHOro ycwnutens WY,
BBITIOJIHEHHOTO Ha npubope tuna AD620 ¢upmer ANALOG DEVICES.

[Ipy wucmonb30BaHUHM MOJIYJNS B YCIOBHSIX BBICOKOTO YPOBHS TIOMEX, HABOJSIIMXCS Ha
BXOJIHBbIE II€MH, C TOMOLIbI0 yCTaHOBKM mnepembiukn J1 k Bxomam WY mnogkmrouaercs
JIOTIOJTHUTEIbHBIA KOHJIEHCATOP, MMO3BOJISIIOIIMN YBEJIMYUTHh BpeMsl (PMIIbTPAIIMM BXOJIHBIX CUTHAJIOB.
Jns u3MepeHus conpoTuBiieHHs TepMoMeTpoB B nuanazone 40...90 Om um 80...180 Om c
MaKCUMaJbHBIM BpeMeHeM (UIbTPAllMU UCTIOIB3YIOTCS MOAU(DUKAIIMK MOIYJS B COOTBETCTBUHU C
Tabnurei 1.

C BBIXO/a M3MEPHUTENBHOTO YCWIHTENS CHUTHAJ TOCTYMAeT Ha BXOJl aHAJIOTO-IU(PPOBOTO
npeoOpazosarens B coctaBe LIITY. ALl nmeer Bocemp He3aBHCHMBIX Bx0/0B. Onun Bxoa, ADCO,
coenuHeH ¢ BY, a nBa apyrux Bxoma, ADCI1, ADC2, 3aaeiicTBOBaHbI OJ TECTOBBIE CHUTHAIIBI,
BbIpabaTeiBaeMble ONOpHBIM HcTouHuKOM BHOH. IIporpammHBIi OMpoc 3THX BXOJOB IO3BOJISET
IIPOBEPUTH paOOTOCTIOCOOHOCTH MOAYJIS B LIEJIOM.

VYrpaBnenue BBIOOPKOW BXOJHOTO KaHaia Tmpom3BoAsaT curHaabl AQO, Al, kotopsie
(dbopMUPYIOTCS Ha BBIXO/I€ MapaljIeIbHOTO MOPTa MUKPOMpOIeccopa.
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OcHOBOH TIeHTpabHOTO TIporieccopHoro yctporctBa (LIITY) sBaseTcs OgHOKPUCTAIBHBIN
MuKpokoHTposuiep ATmega8535 ¢upmbl Atmel corp. Ero ocHOBHBIE XapaKTEpUCTHKH MPHUBEICHBI
HUXKeE:

e TakTOBas yacrora - 7,3728 MI'n;

e mamatk nporpamMMm (In-System Self-programmable Flash) — 8 Koaiir;

e O3V —-512 Oaiit.

MUKPOKOHTPOJIIEP TAKXKE COAEPKUT MHOXKECTBO BCTPOCHHBIX NEpU(PEPUIHBIX YCTPOUCTB,
Cpelu KOTOPBIX:

e sHepronezaBucumas namsate (EEPROM) — 512 Gaiir;
8-xaHanpHBIN 10-pa3psaaHbIil aHanoro-uudpoBoil mpeodbpazoBareb;

MOCJIE0BATENbHBIN MOPT;
4eThIpe 8-pa3psAHbIX MapaJlIesIbHBIX IOPTa BBOAA-BBIBOA;
TpU TaiiMepa.

Hapsany ¢ mukpoxontposuiepom B cocraB LIIIY BXOOUT yCcTpOMCTBO OXpaHHOrO TaWMepa
Watchdog, Bemonnennoe na 6aze UMC ADM705. Ecnu B Teuenue 1,6 ¢ HE MPOUCXOIUT
IIPOrpaMMHOM MOAIEP>KKU OXPaHHOTO TaliMepa, MPOUCXOIUT annapaTHbiid copoc LIITY.

[Tocne momydeHuss JaHHBIX 00 M3MEPEHMSX MPOM3BOAUTCS MX MpOrpamMMHas (QUIbTparIus;
OT(UIBTPOBAHHBIE 3HAYCHMs 3aMHUCHIBAIOTCS B omnpezeneHHble peructpsl O3Y, nocTymnHble Ais
yrenust “BEAYIIUM” yctpoiictBom no cetu RS-485 (cm. m. 1.3.3.2). VYcraBku (HOCTOSIHHBIE
¢bunbTpanum) JUIsl KaKJI0ro KaHajla XpaHATCS B SHEPrOHE3aBUCUMOM MaMSsITH.

Ecimm o cetn RS-485 mpuxoaut 3ampoc Ha ureHne padounx peructpos oT “BEJIYIIET'O”
yCTpOWCTBa, TO OH, MPOX0Js 4yepe3 opmupoBatenb uHTepdeiica RS-485 (PU), nomagaer Ha BXOX
ycrpoiictBa USART mukpokontposiepa. [lo atomy daxty Gpopmupyercst npepbiBaHHE, IPOUCXOIUT
MOJrOTOBKA U Tepejjauya OTBETA.

Bropuunble uctounuku nuranus WMII1, UII2, WII3 ranpBaHWYECKU H3OJIUPYIOT MHUTAHUE
MOJyJIsl OT CUCTeMHOro ucrounuka nuranus. UI11, npeobGpasys BXxoaHOE HANpsKEHUE B HANIPSDKEHUE
+12 B, obecrieunBaeT MUTaHUE aHAIOTOBOW wacTt Moayisi. 12, mpeoOpa3ysi BXOIHOE HANPSOKEHUE
B HampspkeHue +5 B, oGecrieunBaet nuranue mudpoBsix Mukpocxem YVY. UII3, npeobpasys BxogHOE
HamnpsbkeHne B HampsbkeHue +5B, oOecneuuBaer mnuTaHue OydepHbIX npeoOpa3oBaTeneit
untepdeiica RS-485. ®U, BomonHenHslit Ha 6a3e Mukpocxemel AD485 (MAX3085), ¢ momoripo
OIT u UIT3 ranbBaHUYECKH U30TUPOBAH OT APYTHUX YCTPOUCTB MOJTYIIS.

CormacoBaHve  Harpy3oK  JIOKQIbHOW  WH(POPMAIIMOHHOHW  CE€TH,  OOYCIIOBJICHHBIX
IIPOTSKEHHOCTBIO CETH M KOJUYECTBOM MOJKIIOYEHHBIX K HEM MOAYJEH, BBIOIHAETCS C TOMOIIBIO
nepembryek J11...J16.J11...J13 ucnons3yroTcs 11 nepBoro nH(popmarmonHoro kanana u J14...J16
Jutst BTOporo. YcraHoBka nepembiuku J11 (J14) noaximouaer muny “A” nnrepdeiica RS-485 yepes
pesuctop 3,3 kOMm k Beixoay +5VA usonupyromero npeodpaszosarens UI13. YcranoBka nmepeMbIuku
J12 (J15) noaximouaet munHy “B” untepdeiica RS-485 uepes pesuctop 3,3 kOm k Beixoxy SHIELD
u3onupytomiero npeodpazosarenst MII3. YcranoBka nepembruku J13 (J16) monkimrodaer pe3ucrop
100 Om mexny mmHamMu “A” u “B” maTepdetica RS-485. Ecnmu Momynp sBISeTCS OKOHEYHBIM
yCTpOUCTBOM B ceTH RS-485, ykazaHHBIC MEPEMBIUYKU JOKHBI OBITh YCTAHOBJIEHBI, B MPOTHBHOM
ClIy4ae — CHSTBHI.
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1.3.2.3 Mooy 6600a ananocogvix cuernanos Al-12

Monynb cOCTOUT U3 ABYX OCHOBHBIX YCTPONCTB:

® YCTpPOMCTBA aHAJIOTOBOTO, YA;

e yCTPOMCTBA yIpaBieHus, YV.

YA npennHazHadeHo Uil QUIBTPAIIMM BXOJHBIX TOKOBBIX CHUTHAJIOB, NMPEOOpPA30BaHMS ITHX
CUTHAJIOB B MOTEHIMAJIbHbIE U UX ycuieHusd. Kpome 3Toro, HekoTopsle MOAU(DUKAIIMIN MOIYJIS (CM.
Tabn. 1) oGecrneynBarOT NMUTAHUE TOKOBBIX JATYMKOB OT BCTPOEHHBIX B MOJYJIb IIpeoOpa3oBaTeseit
HanpspkeHueM 24 B. VA Takxke orpaHMYUBaeT TOK BO BXOJHBIX IEMSAX MOIYJIS 0 HCKPOOE30MacHbIX
3Ha4YeHu# (cM. pazzen 2). YV obecreunBaer npeoOpa3oBaHUe aHAIOTOBOTO CUTHANA, (POPMHUPYEMOTO
VA, B 12-paspsansni nudpoBoil Ko, mepeaady 3TOro Koja B MPOIECCOPHYIO YacTh MOJIYJS IO
npotokony SPI, paGoTy mMomynsi B JOKaJIbHOW CETH, WHIWKAIIMIO COCTOSHUS MOIYJS, a TaKkKe
HEKOTOpPBIE CITyKEOHbIE (PYHKITHH.

CrpykTypHas cxema MonyJs, Noka3aHHass B [lpunoxenun b, coxmepxur ciepyroume
(YHKIMOHATIBHBIE y3JIbI:

e cxeMmy (UIBTPAIIUU BXOAHBIX CUTHAJIOB U 3aIIUTHI BXOJ0B aHAIOTOBOTO
kKommyTaropa, CP3;

BXOJHON KoMmyTaTop, BK;

BXOIHOH nuddepeHnanbHblii H3MepUTENbHBIN ycuuTenb, MY
pasBs3pIBaOIIKE MpeodpazoBarenu Hanpspkenus, [TH1.. . 1TH4;
u3onupylomume npeodpasosarenu Hanpspkenus, UIT1.. . UT13;
BTOPUYHBIN UCTOYHUK onopHoro Hanpsixenusi, BUOH;
aHaJoroBo-uupoBoii nmpeodbpazosarens, AL,

LEHTPAJIbHOE MpoLiecCCOpHOE ycTporcTBo, LIITY;

cxema rajgbBaHudcckoit m3omnsaunu, CI'U;

dbopmuposarenu uatepdeiica RS-485, ®U1...ON2;
YCTPOMCTBO MHAMKALMH, Y U.

VA conepxur CO3, BK, N1V, I1H1...I1H4, 1111, BUOH.

VYV conepxut AUIL, HITY, CT'U, ©U1, ©U2, UTI12, UT13, VU.

[Tpunnmn paGoTbl MOAYJS COCTOUT B ClenyromieM. BxomgHoii curnan, mpoxoxas depes CD3,
noctynaeTr Ha Bxoabl kommyTtaropa BK, ynpasisemoro HIIY nmpu nomomu curnanos AAO u AAIL.
Hanee curnan c¢ BeiOpanHoro kanana BK momaercs Ha BXoa quddepeHnnaIb-HOro n3MepUTeNbHOTO
yeunmutenst MY, BeimonaHeHHOTo Ha 0aze mpubopa AD620 dupmer ANALOG DEVICES. B Y
OCYUIECTBIIICTCS yCHIIGHWE BXOJHOTO CHUTHANa JUIs MPUBEACHHSI €r0 K 3HAYCHHIO0, HEOOXOIUMOMY
1t npeoOpaszosanus B AL (0...+ 5 B).

C BbIXO/1a U3MEPUTEIBHOTO YCHJINTENSI CUTHAJ MOAAETCA Ha BXOJ 12-pa3psAaHOro aHamoro-
nudpoBoro mpeodpazoBarens (ALIIl) ¢ mocnegoBaTeNbHBIM BBIXOJOM, BBITIOJIHEHHOTO Ha 0ase
npubopa AD7893 dupmser ANALOG DEVICES. Ilpeo6pa3oBanue HaunHaetcs o curiainy START
LITY, nocne npeobpazoBaHus JaHHBIE 00 U3MEPEHUAX B TOCJIE0BATEILHOM KOJe 10 nmpoTokoiy SPI
nepenatorcs B LIITY, rae npoucxonut ux nanpHenmas oopadorka (cm. m. 1.3.3.3).

OcHOBOH TIeHTpabHOTO TIporieccopHoro yctpoictBa (LIIIY) sBaseTcs OgHOKPUCTAIBHBIN
MUKpOKOHTpoJuiep Atmegal62 pupmer Atmel corp. Ero ocHoBHBIE XapaKTepUCTUKU MIPUBEACHBI B 1I.
1.3.2.1. Hapsangy c¢ muxpokoHTposuiepoM B coctaB LIIY BXoauT yCTpoHCTBO OXpaHHOro Taiimepa
Watchdog, BemonnenHoe Ha 06aze MMC ADM705. Ecim B Tedenue 1,6 ¢ He NPOUCXOAMT
MIPOrpaMMHOM TOIJIEP>)KKH OXPAHHOTO TaitMepa, MPOUCXOIUT anmnapaTHsiid copoc LIITY.

[Tocne momydeHusi AaHHBIX OO0 WM3MEPEHUSX MPOU3BOAUTCS MX MporpamMmHas (QUIbTpaLus;
OoT(UIBTPOBAHHBIC 3HAYCHHS 3aMHUCHIBAIOTCS B ompezencHHble peructpsl O3Y, nocTymHble ais
yreaus “BEJYILKWM” ycrpoiictBoM 1o cet RS-485. YcrtaBku (IMOCTOSIHHBIC (WIBTPAIIUN) IS
Ka)XJIOTO KaHaJla XpaHITCS B YHEProHe3aBUCUMOM mamsaTu (cm. m. 1.3.3.3).
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Ecimm o cetn RS-485 mpuxoaut 3ampoc Ha ureHne padounx peructpos ot “BEJIYIIET'O”
yCTpOWCTBa, TO OH, MPOX0oJs dyepe3 opmupoBatens uHTepdeiica RS-485 (PU), nomagaer Ha BXOX
ycrpoiictBa USART mukpokonrposiepa. [1o atomy daxty Gpopmupyercst npepbslBaHHE, IPOUCXOIAUT
MOJrOTOBKA U Tepejjauya OTBETA.

®dopmupoBarenu uHTepdeiica RS-485 moctpoenst Ha 6aze UMC MAX3088, umerommx
yJIy4IlIeHHbIE XapaKTEePUCTUKH MO CKOPOCTU M HArpy304HOH CHOCOOHOCTH, W MpeAHAa3HAYEHbI JIs
ynpaBieHuss oOMeHOM JaHHbIMH 1o ceth RS-485. IlepekmiodeHne Momyisi Ha mepenady JaHHBIX
ocymectBisgercs nmo curHanam RTS1 u RTS2 LITY.

Bce nienu Mmoaysis rabBaHMYECKH U30JIMPOBAaHbBI OT KaHaIOB nHTepdeiica RS-485 u BHemHMX
nenei nurtaHud. ['ampbBaHMueckas pa3Bs3ka 00ECHEUMBACTCS CXEMOM TajJbBaHMUYECKOW H30JISALUU
(CI'N) u uzonupyrommmu npeodpaszosarensmu Hanpspkenus UII1...WI13. CI'M nocTpoeHa Ha OCHOBE
BBICOKOCKOPOCTHBIX onTpoHoB HCPL-0630 ¢upmer HP. MI12 u UII3 noctpoenst Ha 6aze DC/DC
koHBepTepoB ¢upmMbl TRACO u dopmupyror HampsikeHuss +5V u +5VA, HeoOxomumple Is
MUTaHUs CHCTEeMHOM U  uHTepdelcHOM uacTeil MoOAyns COOTBETCTBEHHO. HampspkeHue
raJIbBAaHUYECKOM pa3BsI3KM MEXAy BHEIIHUMHU (ceTb RS-485 M muTaHue) U CUCTEMHBIMHU LIECTISIMU
Moayst coctaBisieT He MmeHee 500 B.

Pa3Bs3eiBatoniue mpeoOpazoatenu Hanpspkenus [TH1...JTH4 oGecneumBaroT He3aBHCHMOE
IIUTaHWE JAaTYUKOB, NOJKIIOUEHHBIX K Pa3HbIM KaHanaM. K MOIy/r0 MOXHO MOJKIIIOYaTh AKTUBHBIE
natauku (A1) u maccuBabie (I1/1). AJl comepkat cOOCTBEHHBIN UCTOUHUK MATAHUS U ITOAKITFOYAIOTCS
k Bxogam Moyt +IN u —IN. [T/l He uMeroT cOOCTBEHHOTO UCTOYHHUKA MTUTAHUS U 3aIMUTHIBAIOTCS OT
BcTpoeHHBIX B MoyJib [TH1...TTH4, kotopsie popmupyrot HanpsikeHue 24 B. B aTom ciydyae natumk
HOJKJIIOYaeTCsl K BBIXOJY MpeoOpaszoBatens HampspkeHus +E u x Bxoxy +IN. O6mwmii nposon ITH
coeauHeH co BxoaoMm —IN. Heo6xonnmo moMHHTB, 4TO BXOA +E 10MKeH COOTBETCTBOBATH KaHAILY
noaktoueHust. Ecnu BeiOpan kanan 1, To [1/] mogkmrouaercs mexxay Bxogom +IN1 u Beixonom +EI
(cwm. Tlpunoxenwne I).

UII1 noctpoen Ha 6aze DC/DC konBeprepa TRACO u npeanasHayeH aias GopMUPOBaHUS
HanpspbkeHus + 12 B, HeoOxoaumoro st paboTsl aHanoroBoil yactu moayis. BUOH mnoctpoen Ha
6aze UMC AD680 u ¢popmupyeT onopHoe Hanpspkenue +2,5 B, Heooxoaumoe st paboter AL u
ny.

YCTpoiicTBO MHAMKAIMKA HEOOXOAUMO Ui OTOOpPaKEHUS TEKYILIEro COCTOSHHS MOJYJIS.
WNuaukaTopaMu CiiyXaT TpU CBETOAMO/A, BbIBEICHHBIE Ha NepeHIO0 naHemnb (cM. [lpunoxenus A u
). Ceeroauoasl “RXD” u “TXD” uHIuUupyIoT IpreM u nepeaady uHbopmarmu no cetu RS-485.
Ceronuon “TXD” 3aropaercs, korna curHan RTS1 unu RTS2 nepekiouaer npaiiep RS-485 na
nepenady. Cseroguon “RXD” 3aropaercs, koraa apaiiBep RS-485 BkitoueH Ha npueM, a B JIMHUU
IIPUCYTCTBYIOT JaHHBIE OT aKTUBHOIO NepenaTurka. Muaukamnus oOMeHa TaHHBIMH OCYLIECTBIIAETCS
HE3aBUCHMO OT TOrO, 10 KaKkOMy M3 MH(QOPMALMOHHBIX KaHAJIOB MPOUCXOAUT oOMeH. CBeTonuon
“RUN” BkiIrO4aeTcs CHELUAIbHBIM BBIXOJOM MHMKPOKOHTPOJUIEPA; €r0 MPEPBIBUCTOE CBEYECHUE
TOBOPHUT O HOPMAJILHOM BBITIOJTHEHUH paboueit mporpammel LIITY (cm. takxe m. 1.3.3).

ITepempbruka J1 cityKuT At 3aBOJACKOM HACTPOMKHM MOIYJS M B MPOLECCE IKCILUTyaTalluu €€
IIOJIO’KEHUE U3MEHSATD 3aIIPEIacTCs.

CornacoBaHue  Harpy3oK  JIOKQJIbHOW  MH()OPMALMOHHOM  CeTH,  OOYCJIOBJIEHHBIX
IIPOTSKEHHOCTBIO CETH M KOJMYECTBOM IOJKIIOYEHHBIX K HEM MOAYJEH, BBIIOIHAETCS C TOMOILIBIO
nepembraex J16...J18 s neporo nHpopmanronHoro kanana u J19...J21 mns Broporo. YcraHoBka
nepembruku J16 (J19) moaxmroyaer muuy “A” unHTepdeiica RS-485 uepes pesucrop 3,3 kOm k
BeIxoy +5VA wu3ommpyromero mnpeobpasoBarens WII3. VYcranoBka mnepemsruku J17 (J20)
nogkiarodaer muHy “B” unTepdeiica RS-485 wepes pesuctop 3,3 kOm k Beixomy SHIELD
n3onupytomero npeodpaszosatens MII3. YcranoBka nepembruku J18 (J21) mogkmrodaer pesucrop
100 Om mexny muHamu “A” u “B” unrepdeiica RS-485. Ecnu mMomynb sBIsSeTCS OKOHEYHBIM
ycTpoiicTBoM B ceTu RS-485, yka3aHHble NepeMbIYKH JTOJKHBI OBITh YCTAHOBIJIEHBI, B MPOTUBHOM
CIIy4ae — CHSTBHI.
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1.3.2.4 Mooyns koumpons conpomugnenus AIl-13

MopyJib COCTOUT U3 IBYX OCHOBHBIX YCTPOMNCTB:

e YCTPOWCTBA aHAJIOTOBOTO, YA,

e YCTpOMCTBA ynpasieHus, Y V.

YA mpenHazHaueHoO sl (GUIBTPAIMM BXOAHBIX TOKOBBIX CUTHAJIOB, NMPEOOPA30OBAHMS ITUX
CUTHAJIOB B MOTEHIMAIbHBIE U UX yCWJIEHUS. YA TakkKe OrpaHMYMBAECT TOK BO BXOJHBIX IEMSAX
MOAYJI A0 MCKpOOE30macHbIX 3HAUCHUUM (CM. pazaen 2) u oOecredrBaeT yIpaBiCHUE MUTAHHEM
BXOJIHBIX KaHAJOB Mo curHaiam YY. YV obecnedynBaeT mpeoOpa3oBaHHWE aHAJIOTOBOTO CHTHAJA,
dbopmupyemoro YA, B 12-pa3psanbiit nudpoBoii Ko, mepeaady 3TOro Koja B MPOLIECCOPHYIO YacTh
MoayJist o mpotokoiy SPI, paboTy Moaymns B JOKadbHOM CETH, MHAWKALMUIO COCTOSIHUS MOAYJIA, a
TaK)K€ HEKOTOPbIE CIIyKEOHbIE (PYHKIIUH.

CrtpykTypHass cxemMa MOAyJs, MokazaHHas B [lpunmoxenun b, comepxut cruemyronme
(GYHKIIMOHATIBHBIE Y3TIbI:

e cxeMmy (MIBTPALUU BXOJHBIX CUTHAJIOB U 3AIIUTHI BXOJ0B aHAJIOTOBOTO
KommyTaropa, CD3;

BXOJIHOM KoMMyTaTop, BK;

BXOJHOM ycuiutens, BY;

cxemy kommyTanuu nutanus, CKII;

M30JUpYIoNIKe mpeodpazoatenu Hanpspkenus, UIT1.. . UT13;
aHaJoroBo-uupoBoii nmpeodbpazosarens, AL
LEHTPAJIbHOE MpoliecCCOpHOE ycTporcTBo, LIITY;

cxema rajgbBaHudceckoit m3omnsannu, CI'U;

dbopmuposarenu uatepdeiica RS-485, ®U1...OU2;
YCTPOMCTBO UHAMKALMH, Y H.

VA conepxur CD3, BK, BY, CKII, UIII.

VYV copepxut ALIL LITY, CT'U, ®U1, P2, UI12, UI13, YU.

[Tpunumn paGoTbl MOAYJS COCTOUT B ClenyromieM. BxomgHoii curnan, mpoxoxas depes CD3,
noctynaeTr Ha Bxoabl kommyTtaropa BK, ynpasiasemoro HIIY nmpu nomomu curnanos AAO u AAIL.
Hanee curHan c BwiOpanHoro kaHama BK momaercs Ha BxomHoi ycwnmurens BY. B BY
OCYUIECTBIIIETCS yCHJIEHWE BXOJHOTO CHUTHANa JUIsl MPUBEACHMS €ro K 3HAUYEHHIO0, HEOOXOIUMOMY
1utst mpeoopazosanust B ALIIT (0...+ 5 B).

C BBIXO/1a U3MEPUTEIBHOTO YCWINTENS CUTHAJ MOAAETCA Ha BXOJ 12-pa3psaHOro aHamoro-
mudpoBoro mnpeobpaszoBarens (ALIl) ¢ mocnemoBaTenbHBIM BBIXOAOM, BBITIOJHEHHOTO Ha 0Oasze
npudopa AD7893 ¢upmer ANALOG DEVICES. Ilpeo6pa3oBanue HaunHaeTcsi o curHany START
LITY, mocne mpeoOpa3zoBaHus AaHHBIE 00 U3MEPEHHIX B MOCIEI0BATEILHOM KOJie Mo mpoTokoiry SPI
nepenatorcs B LIITY, rae mpoucxonut ux ganpHeinas oopadorka (cm. m. 1.3.3.4).

OcHoBO# T1IeHTpaibHOTO TporieccopHoro yctporctBa (LIIIY) siBasieTcss OgHOKPUCTAIBHBIN
MUKpOKOHTpoJiep Atmegal62 dbupmbr Atmel corp. Ero ocHOBHBIE XapaKTEepUCTHKHU MPUBEICHHI B 1.
1.3.2.1. Hapsangy c¢ muxpokoHTposuiepoM B coctaB LIIY BXoauT yCTpOHCTBO OXpaHHOro Taiimepa
Watchdog, BemonnenHoe Ha 6aze MUMC ADM705. Ecium B Tedenue 1,6 ¢ HE TPOUCXOAMT
IIPOrpaMMHOM MOAIEPKKU OXPaHHOTO TaliMepa, MPOUCXOIUT annapaTHbiid copoc LIITY.

[Tocne momydeHusi AaHHBIX OO0 WM3MEpPEHUSX MPOU3BOAUTCS MX MporpammHas (QUIbTpaLus;
OTQUIBTPOBAHHBIC 3HAYEHUS 3aMKCHIBAIOTCA B ompeneieHHble peructpbl O3Y, nocTymHbie AMs
gyrenus “BEJAYILMM” ycrpoiictBom mo cetu RS-485. YcrtaBku (MOCTOSIHHBIE (UIBTPAIIUN) IS
Ka)KJ0ro KaHajla XpaHsITCs B SHEProHe3aBUCUMOM nmaMaTtu (cwm. 1. 1.3.3.4).

Cxema xommyTtanuu nutanus (CKII) oTkimrouaeT mnuTaHue KakI0To KaHana (MATaHUE
JATYUKOB TOKA), KOTJla COOTBETCTBYIOIIMM curHan ynpasierus ON1...ON4, npuxonsmmii ¢ LITY,
cTaHOBUTCA HeakTUBHbIM. YmpasieHue CKII ocymecTBiseTcs mpu MOMOIIM YETHIPEX MIIaALINX
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O6utoB onHOTO M3 perucTpoB O3Y, MOCTYMHBIX MOJIB30BATENIO IS 3amucH 1o cetu RS-485 (cm. 1.
1.3.3.4). Ilo ymon4aHHIO MUTaHUE BO BCEX KaHAIAX BKIIOYECHO.

Ecnu no cetn RS-485 mpuxonut 3anpoc Ha ureHue pabouux peructpos ot “BEJIYHIETO”
YCTPOKCTBa, TO OH, Mpoxoas depe3 hopmupoBaTens uHTepdeiica RS-485 (DPU), nomagaer Ha BXOA
ycrpoiictBa USART mukpokonTposuiepa. [lo atomy dakry dopMupyeTcs mpepbIlBaHNE, POUCKXOTUT
MOJTOTOBKA U Tepejadya OTBETA.

®opmupoBarenu unHTepderica RS-485 mocrpoenst Ha 6aze MMC MAX3088, umerommx
YIIyYII€HHbIE XapaKTEPUCTHUKU MO CKOPOCTH M HArpy304HOH CIIOCOOHOCTH, M IMpEAHAa3HAUYEHbI IS
yIpaBjeHus: 0OMEHOM JaHHbIMHU 10 ceTh RS-485. Ilepexmouenne mMomayns Ha mepenady JaHHBIX
ocymectBigercs no curHanam RTS1 u RTS2 IITY.

Bce nenu Moaysist ralbBaHUYECKH U30JIMPOBAHBI OT KaHaJoB uHTepgeiica RS-485 u BHemHMX
uerne nutaHus. [anpBaHWYeckas pa3Bsi3ka 00ECTIEUMBACTCS CXEMOW TajlbBaHUYECKOW H3OJISIITUU
(CI'M) n m3omupytromumu npeodpaszoparensmu Hanpspkerws WUIT1.. . UI13. CI'U noctpoeHa Ha 0CHOBE
BbICOKOCKOPOCTHBIX onTpoHOoB HCPL-0630 ¢upmer HP. MUI12 u UII3 noctpoenst Ha 6aze DC/DC
kouBepTepoB pupmbl TRACO u popmupytoT HanpspkeHus +5V u +5VS, HeoOXouMBbIe TSl TUTAHUS
cucTeMHO U nHTepdericHor yacTeit momyns cooTBeTcTBeHHO. MIT1 Takke moctpoen Ha 6aze DC/DC
kouBeprepa TRACO wu mnpennHasHaueH mis ¢GopMupoBaHus Hampsbkenuit + 12 B u + 24 B,
HEOOXOMUMBIX UIsl paboThl aHANOTOBOM YacTW MOJYJS M MUTAHHS BXOJIHBIX KaHAIOB (JaTYMKOB
Toka). HampsbkeHue rajabBaHMUYECKOW pa3Bs3KW MEXIy BHEMIHUMH (ceThb RS-485 u mnurtanue) u
CUCTEMHBIMH LIEMSIMU MOJYJIsl cocTaisieT He MeHee 500 B.

YCTpOoHCTBO HMHIMKALUKA HEOOXOIWMO MJisi OTOOpa)KE€HUS TEKYIIEro COCTOSHUS MOMIYJIS.
WuaukaTopamMu ciiy»aT TpU CBETOAMO/a, BBIBEICHHBIE Ha TiepeHIO0 maHnenb (cM. [Ipunoxenus A u
). Ceeroguoasl “RXD” u “TXD” unAMIMPYIOT NpHEM U niepenady nHpopmanuu mo cetd RS-485.
Ceeronuon “TXD” 3aropaercs, korna curian RTS1 unu RTS2 nepeximouaer apaiiep RS-485 na
nepenauy. Ceeronuon “RXD” 3aropaercs, korna apaiiBep RS-485 BkitoueH Ha mpuem, a B JIUHUHU
MPUCYTCTBYIOT JaHHBIE OT aKTHBHOTO NepenaTurka. Muaukamus oOMeHa TaHHBIMH OCYIIECTBIISETCS
HE3aBUCHMO OT TOTO, 10 KaKOMy M3 MH(OPMALMOHHBIX KaHAJIOB NMPOUCXOAUT oOMeH. CBeTonnon
“RUN” BKJIIOYaeTCS CHEIHAIBHBIM BBIXOJAOM MHKPOKOHTPOJUIEPA; €r0 MPEPHIBUCTOE CBEYCHHUE
TOBOPHUT O HOPMAJIHFHOM BBITTOJTHEHUU pabodeit mporpammbel LIITY (cMm. Takke m. 1.3.3).

CornacoBaHne  Harpy3oK  JIOKaJIbHOM  HH(QOPMAIIMOHHOM  ceTH,  OOYyCIIOBJIEHHBIX
IIPOTSKEHHOCTBIO CETH M KOJMYECTBOM MOJKIIOYEHHBIX K HEW MOAYJEH, BBIIOIHAETCS C ITOMOILIBIO
nepembrdex J10...J12 s nmeporo nHpopmanronHoro kanana u J13...J15 mis Broporo. YcraHoBka
nepembruku J10 (J13) moaxmrowaer mumuy “A” uaHTepdeiica RS-485 uepes pesucrop 3,3 kOm k
BeIxoy +5VS wm3omupyromero mpeobpazosarens WII3. VYcranoBka mnepembruku J11 (J14)
nogkiarodaer muHy “B” unTepdeiica RS-485 wepes pesuctop 3,3 kOm k Beixomy SHIELD
n3onupytomero npeodpaszosatens MII3. YcranoBka nepembruku J12 (J15) mogkmrodaer pesucrop
100 Om mexnay muHamu “A” u “B” unrepdeiica RS-485. Ecnu mMomynb sBIseTCS OKOHEYHBIM
ycTpoiictBoM B ceTu RS-485, ykazaHHbIEe MEPEMBIYKH JOJKHBI OBITh YCTAaHOBIIEHBI, B IPOTHBHOM
CJIy4ae — CHSTHI.

1.3.2.5 Mooy 6600a ananoeoswix cucrnanog AI-19

Moy COCTOUT U3 IBYX OCHOBHBIX YCTPOMCTB:

e YCTPOWCTBa aHAJIOrOBOIO, YA;

e YCTpPONMCTBA ynpasieHus, Y Y.

VA npeanasHaueHo i GUIBTPALIMK BXOJHBIX CUTHAJIOB OT TEPMOMETPOB CONPOTUBIICHUS U
npeoOpa3oBaHus 3TUX CUTHAIOB B HamnpspkeHue ot 0 1o 5 B.

VYV obecneunBaer mpeoOpa3oBaHue CUTHAIOB, (popmupyembix YA, B 12-TH pa3psaHbiil
UpPOBOH KO 1 pabOTy MOIYJIS B IOKAJTLHOM CETH.

CtpykTypHass cxemMa MOAyJs, MokazaHHas B [lpunmoxenun b, comepxutT cruemyronme
(bYHKIMOHAIIbHBIE Y3IIBIL:
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CXEMY 3allUThl BXOJOB aHAJOroBOro kommyTraropa, C3;
BXOJHOU KOMMYyTarop, BK;

HCcTOYHUKYU ToKa, UT1 — 1UT4;

BXOIHOH nuddepeHnanbHbIii H3MEPUTENbHBIN yeumuTenb, MY
BTOpPUYHbIE UCTOUYHUKHU ntuTanus, UII1.. . UI13;

BTOPUYHBIN UCTOYHUK ONOpPHOro HanpsikeHus, BUOH;
aHanoroBo-uudpoBoii mpeodpaszosarens, AL
Mukponpoueccop, LITY;

onTomnapsl, OII;

¢dopmupoBarens uarepdeiico RS-485, OU.

YA conepxur C3, BK, UT1, UT2, 1V, UIIl, BUOH, ALII.

VYV copepxut LI1Y, OI1, ®U, UI12, UII3.

[puniun paboTsl MOIyJIst cocToUT B cienyromeM. Mcrounnku Toka UT1 — UT4 popmupytor
TOKM HOMMHAJIbHOW BeNUYMHBI 5 MA. JIJ1 U3MepeHus: CONpPOTUBIIEHUSI TEPMOMETPOB CONPOTUBIICHUS
B auamnazoHe 40...90 Om ycunenue MY yBenmumBaercs B 2 pas3a MO CpPaBHEHHUIO C JHANa30HOM
80...180 Om c¢ mnomompro mnepemblukd J1. YkazaHHBIM AMana3oH HM3MEPEHUS CONPOTHBIICHHUSA
COOTBETCTBYET LIKaJe TEMIIEpATyp:

e 1 TCM-50 ot munyc 45° C o mutoc 185° C;

e s TCII-50 ot munyc 50° C no muttoc 210° C.

Eciu nepemMbluka OTCYTCTBYET, TO LIKaja M3MEpeHUs compoTuBieHus cocrasiseT 80...180
OMm. B stom ciyuae ucnonb3dyrorca aatuvnku tuna TCM-100 u TCII-100 B yka3aHHOM BbIIIE
nuanazoHe temmepatryp. CooTBeTcTBUE MOAMGDUKALUN MOAYNS M BXOJHOW IIKajbl NMPHUBEIEHO B
tabnure 1.

Bxonnoit curnan uepes cxemy 3amuthl C3 moctynaer Ha BxoaHou kommyrtarop BK. Jlanee
TOT CHUTHaJ IMOJAeTcsl Ha BXOJX JAu(p(EepeHLUalIbHOr0 HW3MepUTeNnbHOro ycuinurens WY,
BbINosIHeHHOro Ha npubope tuna AD620 pupmer ANALOG DEVICES. C BbIxosa n3MepHUTEIbHOTO
YCHIIUTENS CUTHAJI ITOCTYTAET Ha BXOJ aHayoro-uudposoro npeodbpazosarens (ALIT) tuna AD7893,
CBSI3aHHOT'O C MHKPOITPOIIECCOPOM 10 TIOCTIeI0OBATEIbHOMY nepudepuitnoMmy uaTepdeiicy SPI.

VYmpaBinenue BBIOOPKOW BXOJHOTO KaHayia Tmpom3BoAsaT curHambl AOQO, Al, kotopsie
bopMHpYIOTCS Ha BBIXOAE MApaJIEIBHOIO IOPTa MHUKPOKOHTPOJUIEPA, BXOJMIIETO B COCTaB
LEHTPaJILHOTO MpolneccopHoro ycrporcrea (LITY).

Ocuooii LITY sBnsieTcs 0THOKPUCTATIBHBI MUKpPOKOHTpoiutep Atmegal62 dupmer Atmel
corp. Ero ocHOBHbBIE XapaKTepUCTUKH TpuBeneHsl B 1. 1.3.2.1. Hapsagy ¢ MUKpOKOHTPOJIJIEPOM B
cocraB LIIIY Bxoaut yctpoiictBo oxpanHoro Ttaiimepa Watchdog, BeimomHenHoe Ha 0Oaze MMC
ADM?705. Ecnu B TeueHue 1,6 ¢ HE MPOUCXOIUT MPOTPAMMHOM MOIAEPKKH OXPAaHHOTO TanMmepa,
MIPOUCXOIUT amnmnaparHbiii copoc LITY.

[Tocne momydeHuss JaHHBIX 00 M3MEPEHMSX MPOM3BOAUTCS MX MpOrpamMMHas (QUIbTparus;
O0T(UIBTPOBAHHBIE 3HAYCHMs 3aMHUCHIBAIOTCS B omnpezeneHHble peructpsl O3Y, nocTymnHble Ams
gyrenus “BEJAYILMM” ycrpoiictBoM mo cetd RS-485. YcrtaBku (MOCTOSIHHBIE (UIBTPAIIUN) IS
Ka)KJ0ro KaHajla XpaHsITCs B SHEProHe3aBUCUMO nmaMatu (cm. 1. 1.3.3.5).

Ecimm o cetn RS-485 mpuxoaut 3ampoc Ha ureHne padounx peructpoB oT “BEJIYIIET'O”
yCTpPONCTBA, TO KOJIOBbIE KOMOMHAIIMHU 3a1Ipoca, MpeACTaBlIeHHbIe CUrHanaMu uHTepdeiica RS-485, ¢
nomotipio popmupoBateneir uatepdeiicoB RS-485 (O®U) npeodpasyrorcs B curHanbl ypoBHs TTJI,
KOTOpBIE, B CBOIO OUepe/lb, MocTynaioT Ha BxoA yctporctBa USART mukpokontposuiepa. [1o stomy
dbaxty popmupyeTcs npepblBaHUEe, IPOUCXOJUT MOArOTOBKA U Mepeiada OTBETa.

®U noctpoensl Ha 0aze MMC MAX3088, uMeOUMX yJIydylIeHHbIE XapPaKTEPUCTUKH I10
CKOPOCTH U HArpy304HOi criocobHocTH, U ¢ moMotbio OIT u W13 ransBaHUYeCKH U30IUPOBAHBI OT
JIpyrux ycTpoHcTB Moayis. llepekmtoueHne Monyns Ha mepefady JaHHBIX OCYIIECTBISETCS IO
curaaizam RTS1 u RTS2 LIITV.
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Bropuunble uctounuku nuranus WMII1, UII2, WII3 ranpBaHWYECKU H3OJIUPYIOT MHUTAHUE
MOJYJISI OT BHEIIHEro ucroynnka nuranus. MII1, mpeoOpa3ys BXOAHOE HAMpsKEHHE B HANPSHKEHUE
+12 B, obecrieynBacT MUTaHUE aHAIOTOBOM yacT Moayisi. UII12, mpeoOpa3ysi BXOHOE HANPSHKEHUE
B HamnpspkeHue +5 B, oGecrieunBaet nuranne mudpoBsix Mukpocxem YVY. UII3, npeobpasys BxogHOE
HarnpsDKeHUe B HalpsbkeHue +5 B, obecneunBaeT nutanue npeoOpa3oBateneit unTepdeiica RS-485.

CornacoBanue  Harpy3oK  JIOKQJIbHOW  MH()OPMALMOHHOW  CEeTH,  OOYCIIOBJIEHHBIX
IPOTSKEHHOCTHIO CETH M KOJMYECTBOM MOJKIIOYEHHBIX K HEW MOAYJEH, BBIIOIHAETCS C TOMOIIBIO
nepembruek J11...J16. YcranoBka mepembruku J13 (J16) moaxmrovaer pesuctop 100 Om mexmy
muHamMu “A” u “B” wunrepdeiica RS-485. VYcranoBka mnepembruku J12 (J15) mnoxkmogaer
TepMuHanbHbI pe3uctop 3,3 kOm coeaunenHslit ¢ mumuHod SHIELD k nunum B. VYcranoska
nepembruku J11 (J14) nmoaxnrodaer TEpMHHAIBHBIM pE3UCTOp, MOJKIIOYEHHBIH K muHE +5VS
(mutanue ®U) k muaNm A.

1.3.2.6 Mooynv conpsoicenus ¢ menzooamuuxamu CTF-11

Monynb cOCTOUT U3 ABYX OCHOBHBIX YCTPONCTB:

® YCTpPOMCTBA aHAJIOTOBOTO, YA;

e yCTPOWCTBA yIpaBieHus, YV.

YA mpennazHaueHo sl GUIBTPAMA BXOJHBIX CUTHAJIOB C TEH30JaTUMKa, MPeoOpa3oBaHUs
ATUX CUTHAJIIOB B MEAHJIp C YAaCTOTOW CIIEIOBAHUS MMITYJIbCOB mpumepHo oT 50 mo 200 k['u u ans
dbopMupoBaHUS CTAOMIBHOTO HAIMPSHKEHUS MUTAHUS TEH30JaT4rKa. Y A TaKKe OrpaHUYMBAET TOK BO
BXOJIHBIX IIETISIX MOJYJISI 10 UCKPOOE30MacHbIX 3HAYCHHH (CM. pasnen 2).

VYV obecneunBaeT mpeoOpa3zoBaHUE aHAIOTOBOro curHana, gopmupyemoro YA, B 10-, 12-
uinn 16-pazpsaasiii udpoBoit koA, paboTy MOAyJsS B JIOKAIBHOW CETH, MHAMKALUIO COCTOSHUS
MOYJISA, a TAK)KE HEKOTOPBIE CITY)KeOHBIE (PYHKITUU.

CrpykrypHass cxema Moayjs, noka3zaHHas B llpunoxenun b, coaepxkut cienyroume
(GYHKIIMOHATILHBIC Y3TIBI:

e cxemy 3amuThl Bxozaa, C3;

HWCTOYHUK IUTaHus aatunka, MI1/;

BXOJHOU MU pepeHInanbHbIi U3MEPUTEIbHBIN YCHIuTenb, UV ;
BTOpHUYHbIC UCTOUYHUKHU ntuTanus, UII1.. . UI13;

BTOPUYHBIN UCTOYHUK onopHoro Hanpsixenus, BUOH;
npeoOpaszoBarenb HanpsHKeHne — yactora, [THY;

KBapleBblil reneparop, KI';

Mukponpoueccop, LITY;

onrtonapsl, OIT;

dbopmupoBarens uaTepdeiica RS-485, b1 u BU2.

YA conepxut C3, U1, UI11, 1Y, BUOH, ITHY.

VYV conepxut LIV, KT, OI1, BU1, BU2, U112, UII3.

[Tpunnun paboThl MOIYIISA COCTOUT B cleayromeM. MIcTOUHUK muTaHus AaT4uka GopMupyer
crabunpHoe HampspbkeHue 10B Ha BeixOomax “+E” m “—E” Momyns, KOTOpOE HCIONB3yeTCs st
NUTaHUsI TEH30JlaTYMKa MOCTOBOro THMa. BenuduHa 3TOro HampsKeHUs KOHTPOJIHMPYETCS uepe3
W3MEPUTENbHBIE BXO/Ibl MICTOYHUKA MUTAaHUS AaT4uKa “+S” u “-S”.

Bxonno#t curnan uepe3 cxemy 3amuThl C3 moctymaeT Ha BXxoA Au(QepeHInanbHOro
u3MepurenbHoro ycunurens WY, BemonHeHHoro Ha mpubope tuma AD620 ¢upmber ANALOG
DEVICES.

C BbIXOZa HM3MEPUTEIHHOIO YCHIJIMTEISl CHUTHAN IIOCTYMaeT Ha BXOJA IpeoOpasoBarens
HanpsDKeHWe — 4acToTa, BBIMOJHEHHOTo Ha Mukpocxeme AD652 ¢upmer ANALOG DEVICES.
[TpeoOpaszoBarenb HapsHKEHHUE - YaCcTOTa MpeoOpa3yeT curHai ¢ Beixoaa MY B mocinenoBaTeaIbHOCTD
MMITYJIbCOB, YaCTOTA CJIEJA0BaHUs KOTOPHIX MPONOPLHOHAIBbHA BEIMYMHE CUTHAJA ¢ TEH30JaTuuKa U
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nexut B npenenax S50 ... 200 k['m. Dra mocinenoBatenbHOCTh momaetcss Ha Bxoa PBI1 LIIY mus
00paboTku pe3ynbTaToB u3mepeHuit. [locne o6paboTku nHPopMaIus 06 U3MEPEHUSIX 3aTHCHIBACTCS
B onpeneneHnble peructpsl O3V, noctynusle 11 urenus “BEJIYIIUM” yctpoiictBoM 1o cetu RS-
485. Anroputm usmepenuii ¢ Touku 3penus [10 onucan B 1. 1.3.3.6.

Onopuble  Hampspkenus, Qopmupyembie BHWOH  HeoOxomumbl 11 TPaBUIIBHOTO
¢bynkunonuposanus MY u UI/I.

OcHOBOU 1EeHTpalIbHOTO mpoueccopHoro ycrpoiictea (LIITY) sBasercs oaHOKpHUCTAIbHBIN
mMukpokoHTposuiep ATmega8535 ¢upmbr Atmel corp. Ero ocHOBHBIE XapaKTepUCTUKH TPUBEICHBI B
n. 1.3.2.2. Hapsimy ¢ MUKpOKOHTposuiepoM B coctaB LIIY BXOAMT yCTpOMCTBO OXpaHHOTO TanMepa
Watchdog, BeimonnenHoe Ha 6aze UMC ADM705. Eciu B TedyeHue 1,6 ¢ He MPOUCXOIUT
IPOTPaAMMHOM MOJIEPKKH OXPAHHOTO TaiiMepa, MPOUCXOAUT anmnapaTtHsiii copoc LIITY.

Bropuunsie ncrounuku nutanus WIT1, UI12, UI13, BermonHeHHBIe Ha 6a3e Mukpocxem DC-
DC xonBepropoB TMH2412D u TMA2405S ¢dupmer TRACO, ranpbBaHUYECKH W30JUPYIOT MMUTAHKE
MOJYJISI OT CUCTeMHOTO HcTouHuka nutanus. U1, mpeobpasys BXxoaHOE HAMpsHKEHNUE B HANIPSKEHUE
+12 B, obOecrieynBacT MUTaHUE aHAIOTOBOW wact Moayisi. UII12, mpeobpa3yst BXOJHOE HANPSOKEHUE
B HampspbkeHue +5 B, oGecrieunBaet nuranue mudpoBsix Mukpocxem YVY. UII3, npeobpasys BxogHoe
HampsDKeHWe B HampsbkeHue +5B, oOecmeunBaer mnuTanwe OydepHbIXx mpeoOpa3oBaTeneit
untepdeiica RS-485.

Ecimm no cetn RS-485 mpuxoaut 3anpoc Ha ureHue padounx peructpoB oT “BEJYIIEI'O”
YCTpOMCTBA, TO OH, TIpoxoas uepe3 010k uHTepdeiica RS-485 (BM), monamgaer Ha BXoa yCcTpoucTBa
USART mukpokontposiepa. [lo stomy daxty Gpopmupyercs npepsiBaHHEe, IPOUCXOIUT MOATOTOBKA
U Tepesada OTBETA.

Monynb UMeeT 1Ba KOMMYTHUpYEMbIX KaHaina RS-485, oavH M3 KOTOpBIX HCHOJB3YyETCS B
Ka4yeCTBE OCHOBHOTO, a IPYyTrOi — B KAYECTBE pe3epBHOrO. YmpasieHue nepegatunkamu b1 u b2
U KOMMYyTalusi MH(POPMALMOHHBIX KaHaJoB ocyuiecTBiserca mno curHary PC7 HITY. Mexanusm
KOMMYTAIIMM CBSA3HBIX KaHaoB onucad B 1. 1.3.3.5. CkopocTb 0OMeHa AaHHBIMU BBIOMpPAETCS MPHU
MIOMOIIN NEPEMbIUEK, YCTaHABIMBAEMBIX Ha J[BE MEPBBIX Mapbl BbIBOJIOB pazbema XP1 (cm. m. 3.2.1).
BU1 u b2 ¢ nomompbto OIT u UII3 ranbBaHMYECKH U30JIMPOBAHBI OT IPYTUX YCTPOUCTB MOIYJIS.

CornacoBaHre Harpy3ok JIOKaJIbHOM WH(MOPMALMOHHOW CETH, OOYCIOBICHHBIX €€
IPOTSKEHHOCTHIO ¥ KOJMYECTBOM IOJKIIOYEHHBIX MOAYJIEH, BBIIOIHAETCS ¢ IOMOIIbIO IEPEMBIUEK
J7...J12. YcranoBka nepembruku J7 win J10 nmogkimtouaer mmHy “A” (MIEpBOro MM BTOPOTO KaHaa
cooTBeTCTBEeHHO) MHTepdeiica RS-485 yepes pesucrop 3,3 kOM k Beixony +5VI ucrounmka nuranus
WNII3. YcranoBka nepembruku J8 mnu J11 moaxmiouaer mmHy “B” (mepBoro mim BTOpOro KaHaia
cooTBeTcTBEeHHO) mHTepdeiica RS-485 wepes pesucrop 3,3 kOm k Beixomy SHIELD wucrounuka
nutanusa WUI13. YcranoBka nepembruku J9 wim J12 moaxmtouaet pesuctop 100 OM Mexay mmuHAMU
“A” m “B” (mepBoro wim BTOPOr0 KaHajla COOTBETCTBEHHO) mMHTepderica RS-485. Ecnmu monmyns
SBIIIETCS OKOHEYHBIM YyCTpocTBOM B ceTn RS-485, yka3zaHHbIe NEPEMBIYKH JIOJDKHBI OBIThH
YCTaHOBJIEHBI, B IPOTUBHOM CJIy4ae — CHSTHI.

1.3.2.7 Mooyns 8600a ouckpemmuuwix cuernanog DI-11

Moysib COCTOUT U3 BYX OCHOBHBIX YCTPOMCTB:

e YCTpoOICTBa IIpHEMa JUCKPETHBIX curHaios, YIIJIC;

e YCTpPONMCTBA ynpasieHHUs, Y Y.

VIIJIC npenna3zHadyeHO AJIS MUTAaHUS JTUCKPETHBIX JaTYUKOB, 0OECIICUEHHUs TaJbBaHHUYECKOM
pasBsA3KM BXOJHBIX CHUTHAJOB OT CHUCTEMHBIX Iened, QWIbTpallud BXOJHBIX CHUTHAJIOB U
npeoOpa3oBanus 3Tux curtaioB B TTL-ypoBens mis nanpueitmei oopadotku B YVY. YIIIC takke
OTrpaHUYMBAET TOK BO BXOJHBIX LEMSAX MOAYJS /10 UCKpOOE30MacHbIX 3HaueHuil (cM. pazzaen 2). YY
obecrnieunBaeT 00paboTKy curHanoB, ¢opmupyembix YIIIC, ux mpeoOpa3zoBaHue B 8-pas3psIHbII
dpoBoi Ko (MHGOPMAIS O COCTOSHUM JUCKPETHBIX BXOZOB OTOOpa)kaeTcs B BOCBMHU MJIaJILIMX
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outax 16-paspsaHOrO perucrpa), paboTy MOAYJS B JIOKAJbHOW CETH, WHIUKAIUIO COCTOSHUS
MOJTyJIsl, @ TAKXKE HEKOTOPBIE CITyKeOHbIE (PYHKIINU.

CrpykTypHas cxema MonyJssd, Moka3aHHass B [lpunoxenun b, coxmepxur ciepyromme
(YHKIIMOHATIBHBIE Y3JIbI:

® YCTPOWCTBO COINPSKEHUS CO BXOAHBIMU cUrHanamy, Y C;
cxeMnl ranbBannueckor uzoirsun, CI'M1 u CI'U2;

Oydepnsiii hopmupoBarens, bd;

n3onupytomue npeodpasosarenu Hanpsoxenus, UI11.. . NUI13;
LEHTPAJIbHOE MIPOLIECCOPHOE YCTpOorCTBO, LIITY;
dbopmuposarenu untepdeiica RS-485, ®U1...OU2;
YCTPOMCTBO MHAMKALMH, Y U.

YIIC conepxur YC, CI'U1, b®, UIII.

VYV copepxut LUITY, CTU2, ®U1, ©U2, UI12, UI13, V.

[TpuHun paboTel MoOAyJd COCTOMT B cienyrwomem. [Ipu cpabareiBaHMM JaTyvka Ha
coOoTBeTCTBYyIOIEM Bxojae YC MosBIAETCS AaKTUBHBIA YpPOBEHb, KOTOphIM, momagas Ha CI'U1
OTKpPBIBAET ONTPOH HYXHOro KaHana. JluckperHelii cur"an c Bbixoga CI'M1 nomanmaer Ha
COOTBETCTBYIOIIMI BX0J OydepHoro dopmupoBarens bd, rme ocymiecTBiseTcs (QWIbTparus u
npuBeaeHue curHana Kk TTL-ypoHto. Beixogaslt b® coegunensl co Bxomaamu LITY, roe mpoucxoaut
CUMTBIBAHWE M JajbHeHInas nporpamMmHas oOpaOOTKa COCTOSIHUS AMCKPETHBIX BXOAOB (CM. II.
1.3.3.7).

OcHoBO# T1IeHTpaibHOTO TporieccopHoro yctporctBa (LIIY) siBasieTcss OgHOKPUCTAIBHBIN
MUKpOKOHTpoJiep Atmegal62 dhupmbr Atmel corp. Ero ocHOBHBIE XapaKTEepUCTUKHU MPUBEICHBI B TI.
1.3.2.1. Hapsagy c¢ muxpokoHTposuiepoM B coctaB LIIY BXomuT yCTpOHCTBO OXpaHHOro Taiimepa
Watchdog, BemonnenHoe Ha 6aze MUMC ADM705. Ecim B TedeHue 1,6 ¢ HE TPOUCXOAMT
IIPOrpaMMHOI MOAIEP>KKU OXPaHHOTO TaliMepa, MPOUCXOIUT annapaTHbiii copoc LIITY.

[Tocme mosly4eHHMs JaHHBIX O COCTOSSHUM BXOJOB IPOM3BOAMTCA HMX IIPOrpaMMHas
¢bwibTpanus; oTGUIBTPOBAHHBIE 3HAYEHMSI 3aIMCHIBAIOTCS B omnpeneneHHblid peructp O3Y (B Buue
BOCBMHU MIAAMIUX OUTOB), moctymnueiid s urenus “BEJIYIIMM” ycrpoiictBom mo cetu RS-485.
VYcraBku (mocTosiHHBIE (UIBTPALIMM) JUIS KQXKIOTO KaHala XPaHATCS B YHEPrOHE3aBUCUMOM MaMsTH
(cm. m. 1.3.3.7).

Ecnu no cetn RS-485 npuxonut 3anpoc Ha ureHue pabouux peructpos ot “BEJIYHIET'O”
YCTpOICTBa, TO OH, Mpoxoas uepe3 hopmupoBaTens unrepdeiica RS-485 (OU), nomagaer Ha BXOA
ycrpoiictBa USART mukpokontposuiepa. [1o atomy dakty Gpopmupyercs: npepblBaHHE, IIPOUCKXOIUT
MOArOTOBKA U Iepefjadya OTBETA.

®opmupoBarenu uHtepderica RS-485 mocrpoenst Ha 06aze MMC MAX3088, umeromux
YIIy4IIeHHbIE XapaKTEPUCTUKH MO CKOPOCTU M HArpy304HOH CIOCOOHOCTH, W MpEAHA3HAYEHBI IS
ynpaBiieHus: 0OMeHOM JaHHbIMU 1o ceTu RS-485. IlepexmtoueHne Monylis Ha nepeaady JaHHBIX
ocymiectBigercs mo curHaizaMm RTS1 u RTS2 IITY.

Bce nenu Moaysist ralbBaHU4YECKH U30JIMPOBaHbl OT KaHaoB uHTepgeiica RS-485 u BHemHMX
Lenen nuraHud. ['ambpBaHWYecKas pa3Bs3Ka CUCTEMHBIX LIENIEH MOIYJS OT LENeH, BBIBEACHHBIX HA
pazpeM X1, oOecreunBaercsi cxemMod TaipBaHmdyeckod w3omsmuu CIM2 u  wm3ommpyronmMu
npeoOpazoBarensmu Hanpspkenus WI12...UI13. CT'M2 mocTpoeHa Ha OCHOBE BBICOKOCKOPOCTHBIX
ontpoHoB HCPL-0630 ¢upmer HP. UI12 n UII3 noctpoens Ha 6a3e DC/DC xoHBepTepoB hrupmbl
TRACO wu ¢opmupytor Hampspkerus +5V u +5VA, HeoOXOoaumble Ui MHUTAHUS CUCTEMHOU U
UHTEPPEHCHON YacTeil MOIyJisi COOTBETCTBEHHO. HampspkeHue raqbBaHUYECKOW DPas3BSI3KU MEXKIY
BHemHUMH (ceTh RS-485 u nutanue) u cucTeMHBIMU LIETIIMU MOJTYJIsl cocTaBisieT He meHee 500 B.

["anbpBaHMYeCKas pa3Bsi3Ka CUCTEMHBIX LieNeil MOy OT OOBEKTHBIX Liernell obecrnednBaeTcs
cxeMoii ranpBanndeckoil m3omsimmuu CI'M1 u u3onupytomum npeobOpasoBareneM Hanpsbkenus WIT1.
OcnoBoit CI'N2 sBisrorest ontponsr TLP-280 ¢dupmer TOSHIBA, UII1 moctpoen Ha 6a3e DC/DC
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koHBepTepa TRACO u nmpenHasHaueH s GopMHUpoBaHus HanpsbkeHus + 12 B, Heo6xoaumoro ams
MUTaHWS TUCKPETHBIX TaTYUKOB.

B Moamyne mpemycMoTpeHa BO3MOXKHOCTH IOAKJIIOYCHHUS BXOJOB KaK IO CXeMe “‘OOmIwii
IUTIOC”, TaK W MO cxeMe ~o0mmid MuHyc”. [ M3MEeHEHHs MOJIAPHOCTH MUTAHUS BXOJOB CITYKHUT
rpynna mxammepoB J1 1...J2 2. Ecnu mepeMblukd Ha pKaMiiepax yCTaHOBJICHBI MapajielbHO
pazpeMaM MOJyJisl, CXeéMa TMOJKIIOYCHHsS] BXOJOB - “0o0HuUil IUIIOC”, €Clu MEePHeHAUKYISPHO -
”o0mmit Munayc”. MHpOpMaImus o cxeme mojakioueHus: BxooB moctymaet B LIITY (curnansr STO n
ST1) u MmoxeT ObITh cCunTaHa mojs3oBareneM (cM. 1. 1.3.3.7).

YcTpolcTBO compsikeHHs] ¢O BXOJIHBIMH curHamamMu YC HeoOXoIuMO Ui OpraHHU3aliy
MUTaHUS TUCKPETHBIX BXOA0B U OTPAHUUYEHUS BXOJHOIO TOKA.

Bbydepnsiit popmuposatens bd Beimonnen Ha 6a3ze RC-punbrpoB u tpurrepos llImurra; on
MpeAHa3HaueH JJIs 3alIUThI OT JIOXKHBIX cpadaThIBAaHUHN U TPUBEACHUS TUCKpEeTHOTO curHana Kk TTL-
ypoBHIo. [TocTosiHHas BpemeHu GUiIbTpoB — 22 Mc.

YcrpoiicTBo nHIUKAMK Y HE0OX0IUMO [T OTOOpaXKEHUS TEKYIIETO COCTOSHHS MOIYJIS U
€ro BXoJ0B. MIHIMKaTopaMu ciay’kaT OJMHHAAATh CBETOANO/I0B, BHIBEICHHbIC HA IEPEIHIOO ITAHETh
(cm. Tlpunoxkenmst A u ). Ceerogmonst “RXD” u “TXD” wHAMOHPYIOT TIpUEM MW TMepenady
uHpopmanmu no cetu RS-485. Cerommon “TXD” 3aropaercsi, korga curHan RTSI1 wmm RTS2
nepexmoyaet apaiisep RS-485 na nepenauy. Ceeronnon “RXD” 3aropaetcs, koraa npaiisep RS-485
BKJIIOUEH Ha IpPHEM, a B JIMHUM NPHUCYTCTBYIOT JaHHbIE OT aKTUBHOrO mepenarduka. MHaukanus
oOMeHa TaHHBIMH OCYIIECTBIISIETCS HE3aBUCHMO OT TOTO, [0 KAaKOMY M3 MH(QOPMAIIMOHHBIX KaHAJIOB
npoucxoaut ooMeH. Cetoauon “RUN” BkItoyaeTcsi CHeMalbHBIM BBIXOJOM MUKPOKOHTPOIIIEPA;
€ro MPEepHIBICTOE CBEUCHHE FOBOPUT O HOPMAJILHOM BBINONHEHHH padouel mporpammsl LIITY (cm.
tarke 1. 1.3.3). CBeroguonst “IN1”...“IN8” unaunupyroT cpabaTsiBaHle AaTYUKa, TOJAKIIOYEHHOTO
K COOTBETCTBYIOIIEMY BXOy MOZIYJIS.

CornacoBaHue  Harpy3oK  JIOKaJIbHOM  HHQOPMAIIMOHHOM  ceTH,  OOYyCIIOBJIEHHBIX
IIPOTSKEHHOCTBIO CETH M KOJMYECTBOM IOJKIIOYEHHBIX K HEW MOAYJEH, BBIIOIHAETCS C TOMOIIBIO
nepembrdex J9...J11 mst mepBoro nHpopmannonHoro kanana u J12...J14 mist Broporo. YcTaHoBKa
nepembruku J9 (J12) moakmrovaeT mmHy “A” narepdeiica RS-485 uepes pesuctop 3,3 kOM K BBIXOTY
+5VA wucrounuka nuranus UII3. YcranoBka nepempruku J10 (J13) moxakmiowaer mmuy “B”
unrepdeiica RS-485 uepes pesuctop 3,3 kOm k Bbixonmy SHIELD wuctounuka nuranus WII3.
VYcranoBka nepembruku J11 (J14) nmoaxmiouaer pesuctop 100 Om mexny mmuHamu “A” u “B”
unrepderica RS-485. Ecnu Moaysb sSBIISIETCSI OKOHEUHBIM yCTpOHCTBOM B cetu RS-485, ykazanHbie
MIEPEMBIYKH JIOJDKHBI OBITh YCTAHOBJICHBI, B IPOTHBHOM CIIy4ae — CHSTHI.

1.3.2.8 Mooy 6600a-6vi600a ouckpemuulx cuernanos DIO-11

Mopyib COCTOUT U3 TPEX OCHOBHBIX YCTPOWCTB:

e YCTpoOWCTBa IIpHeMa JUCKPETHBIX curnainos, YII/IC;

e YCTpOMCTBA BBIBOJA JUCKPETHBIX curHanos, ¥YBJIC;

e YCTpPOMCTBa ynpaBjieHus, Y.

VIIJIC npenna3zHadeHO AJIS MUTaHUS TUCKPETHBIX JaTYUKOB, OOECIICUEHHUs TajJbBaHHUYECKOM
pa3BS3KM BXOJHBIX CHUTHAJIOB OT CHCTEMHBIX Liened, (QUIbTpalud BXOJHBIX CHTHAJOB H
npeoOpa3oBanus 3Tux curtaioB B TTL-ypoBens mist nanbueitmei oopadotku B YVY. YIIIC takke
OTpaHUYMBAET TOK BO BXOJHBIX LENSAX MOAYJIS OO0 MCKpoOe30macHbIX 3Hau€HUH (CM. paszznen 2).
VYBJIC npenHazHadyeHO MJid YNPAaBJICHUS IUCKPETHBIMU BBIXOJAMH MOIYJA MO KOMaHaaMm YV,
oOecrevyeHusl ralbBaHUUYECKON Pa3BA3KU BBIXOJHBIX CUTHAJIOB OT CUCTEMHBIX IIeTIe U OTKIIOUYECHUE
BBIXOJIOB NPU HMX Ieperpyske mo Toky. YV oOecneunmBaeT oOpabOTKYy CHUTHAJIOB, (OPMHPYEMBIX
YIIAC, ux npeobpazoBanue B 4-pa3psaabiid mudpoBoii ko1 (MHGOPMALIUS O COCTOSHUU JUCKPETHBIX
BXOJIOB OTOOpakaeTcsi B YEThIpeX MiIaamux Outax 16-paspsgHoro peructpa), hopmupoBaHHE
curHanoB it ynpasnenuss YBJIC, ympaBieHue ycTpOWCTBOM 3alllUTHOTO OTKJIIOYEHHS BBIXOJOB
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(Y30B), paboTy Momysisi B JIOKJIBHOW CETH, MHIUKAIIMIO COCTOSHUS MOJYJIS, a TaKXKE HEKOTOPHIC
CITyeOHbIE (PYHKITHH.

CrpykTypHas cxema MoIyJssd, Moka3aHHas B [lpunoxenun b, coxmepxur ciepyromme
(YHKIIMOHATIBHBIE Y3JIbI:

® YCTPOWCTBO COINPSKEHUS CO BXOAHBIMU cUrHanamy, Y C;
cxeMnl ranbBannueckor uzoirsun, CI'M1 u CI'U2;
oydepusie hopmuposarenu, b1 u bO2;

YCTPOUCTBO (hOPMUPOBAHHS BBIXOIHBIX CUTHAJIOB, Y DBC;
YCTPOMCTBO 3aIIUTHOTO OTKIIFOUEHHUS BbIX0/10B, Y30B;
n3onupyomue npeodpasosarenu Hanpsoxenus, UI11.. . NUI13;
LEHTPAJILHOE MIPOLIECCOPHOE YCTpOorCcTBO, LIITY;
dbopmuposarenu untepdeiica RS-485, ®U1...OU2;
YCTPOMCTBO MHAMKALMH, Y U.

YIIC conepxkur YC, CI'U1, b1, UITI.

YBJIC conepxut YOBC, Y30B, bO2.

VYV copepxur LIIY, CTU2, ®U1, PU2, UI12, UII3, VU.

[TpuHiun paboThl MOAYNS COCTOMT B cienyromeMm. [Ipu cpabareiBaHMM JaTyMka Ha
cooTBeTCTByIoIIEM Bxoje YC mosBIsSeTCS AaKTUBHBIM YpOBEHb, KOTOpHIM, momagas Ha CI'U1
OTKpPBIBA€T ONTPOH HYXHOro KaHana. JluckperHeli curHan c Bbixoga CI'M1 mnomanaer Ha
COOTBeTCTBYIOIMI Bxoa OydepHoro dopmupoBatenss b®1, rae ocymectBisercss GuiabTpamus U
npusegeHue curiana K TTL-ypoBHio. Beixoast b®1 coenunenst co Bxogamu LY, roe npoucxoaut
CUMTBIBAHWE M JajbHeHInas nporpamMmHas oOpaOOTKa COCTOSIHHS AMCKPETHBIX BXOAOB (CM. II.
1.3.3.8).

Ecin B YV npuxoaur KOMaHJa Ha BKJIIOYEHHE QUCKPETHOTO BBIXOJA, HA COOTBETCTBYIOILEM
Bxozie 0ydepHoro ¢popmuponarenst b2 nosBisercs akTUBHBIN ypOBEHb, U, IPH OTCYTCTBUU CUTHAJIA
3anpemieHns BbIxoAoB “RY” oT ycTpoiicTBa 3allUTHOrO OTKIIOYEHHA BbIXoAoB Y30B, bd2
BKJIIOUAET COOTBETCTBYIOLIMI KaHal yCTpoHcTBa (popMupoBaHus BbIXoAHbIX curHanoB Y®BC. Ilpu
MIPEBBINICHHH CyMMapHOTO TOKa BBIXOAOB BenuwduHbl mpumepHo 270 mMA, YOBC dopmupyer
curHansl “CO” u “COM1”, kotopsle nomnagaioT Ha Y30B. Y30B B cBow ouepeabr ¢gopmupyer
cUrHai 3amnpeieHus BoixogoB “RY” na Bxoge b®2 u npusHak neperpysku BbixonoB “ST2” Ha Bxone
LEHTpaJbHOro mnpoueccopHoro ycrpoiicrsa LIIY. Anroputm padorst Y30B omnucan B m. 1.3.3.8.
Y30B MoOkeT OBbITh OTKIIOYEHO YCTAaHOBKOW MepeMbluKd J13, mpu 5TOM mNpuU3HAK TEperpy3Ku
BBIX0JI0B (hopMupoBaThCs He OyIeT, a BeIxoJa Oy IyT Bce BpeMs pa30I0KUPOBaHbI.

OcHoBoO# 1EeHTpanbHOrO mpoueccopHoro yctporcta (LIIY) sBasercs ogHOKpPUCTAIbHBIN
MUKpOKOHTpoJuiep Atmegal62 ¢upmer Atmel corp. Ero ocHoBHBIE XapaKTEepUCTUKU NIPUBEACHBI B II.
1.3.2.1. Hapsany ¢ MuxpokoHTposuiepoM B coctaB LI{ITY BXoAWT yCTpOMCTBO OXpaHHOrO TanWMepa
Watchdog, Beimosnnennoe Ha 6aze MMC ADM705. Eciu B Teuenue 1,6 ¢ He NPOUCXOAUT
POTPaMMHOM MOIEPKKH OXPAaHHOTO TaiiMepa, MPOUCXOAUT anmnapaTtHsiii copoc LIITY.

[locne mnomy4yeHus: MAAHHBIX O COCTOSHUM BXOJOB IPOM3BOJUTCS MX IPOTrpaMMHAs
bunpTparys; oTGUILTPOBAaHHBIC 3HAUYCHUSI 3aMKCHIBAIOTCSA B ompeaeseHHbiin peructp O3V (B Buje
YyeThlpex MIaAMmuX OuToB), nocTynHbii it utenus “BEAYIIUM” yctpoiictBom mo cetu RS-485.
VYcTaBku (MOCTOSIHHBIE (DMIIBTPALIMKM) JUIS KaXI0TO KaHaja XpaHATCS B YHEPrOHE3aBHCUMOW MaMsTH
(cm. m. 1.3.3.8).

Ecimm o cetn RS-485 mpuxomut 3ampoc Ha ureHne padounx peructpoB oT “BEJIYIIET'O”
yCTpOWCTBa, TO OH, MPOX0Js 4yepe3 opmupoBatens uHTepdeiica RS-485 (OU), nomagaer Ha BXOA
ycrpoiictBa USART mukpokontposiepa. [1o atomy daxkty Gpopmupyercst npepbsiBaHHE, IPOUCXOIUT
MOJrOTOBKA U Tepejjauya OTBETA.

®dopmupoBarenu uHTepdeiica RS-485 moctpoenst Ha 6aze UMC MAX3088, umerommx
yJIy4llIeHHbIE XapaKTEepUCTUKH MO CKOPOCTU M HArpy304HOH CHOCOOHOCTH, W MpeAHa3HAYEHbI JIs
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yIpaBjeHus: 0OMEHOM JaHHBIMU 10 ceTh RS-485. Ilepexmtouenne mMomyns Ha mepenady JaHHBIX
ocymectBigercs no curHanam RTS1 u RTS2 IITY.

Bce nenu Moaysist ralbBaHUYECKH U30JIMPOBAHBI OT KaHaoB uHTepgeiica RS-485 u BHemHIX
ueneil nurtaHus. ['anpBaHMYecKas pa3BsA3Ka CUCTEMHBIX LEMEW MOIYJs OT LENeld, BHIBEACHHBIX HA
pazbem X1, oOecneumBaeTcss cxeMoil TambBaHW4eckod wuzomsiuu CI'M2 w  u3onupyrommmu
npeoOpaszoparensmu Hanpspkenust MI12.. . MI13. CI'M2 noctpoeHa Ha OCHOBE BBICOKOCKOPOCTHBIX
ontpoHoB HCPL-0630 ¢upmer HP. UI12 u UII3 moctpoens Ha 6a3e DC/DC xonBepTepoB hupmbl
TRACO wu dopmupytor Hampspkerus +5V u +5VA, HeoOXOAuMBIC JUIS THTAaHUS CUCTEMHOW W
nHTephECHON YacTel MOYJIsI COOTBETCTBEHHO. HampspkeHune raibBaHUYECKOW Pa3BA3KH MEKITY
BHEITHUMH (ceTh RS-485 u nmuTaHune) u CUCTEMHBIMU IETISIMU MOZYJIsl cocTaBisieT He MeHee 500 B.

lanpBaHMuecKas pa3Bs3Ka CUCTEMHBIX IIeTIel MOAYJSl OT OOBEKTHBIX IleTel 00ecreunBaeTcs
cxemoll ranpBaHnueckor uzossuuu CI'M1 u n3omupyroumm npeodpasosarenem Hampspkenus I
(11 TUCKPETHBIX BXOJIOB), @ TAKXKE YCTPOUCTBOM (hOPMHUPOBAHMSI BHIXOHBIX CUTHAIOB YDBC (mis
JuckpeTHbIX BbIxosoB). OcHoBoit CI'M1 ssnstorcss ontponsl TLP-280 ¢upmser TOSHIBA, UII1
noctpoer Ha 6aze DC/DC konBeprepa TRACO u npennazHaueH a1t GOpMUPOBaHUS HANPSDKEHUS T
12 B, HE0OX0IUMOTO TSI MUTAHUS TUCKPETHBIX JATYUKOB.

YOBC noctpoeHo Ha 0asze TBepaoTenbHbIX pene ¢ BbixogoM Ttuna MOSFET output,
JIOMTYCKAIOIIUX JTIOO0YI0 TOJISPHOCTh MOJAKIIOUEHUsT Harpy3ku. KpoMe yka3zaHHBIX BHIIIE (YHKITHIA
YO®OBC taxxe gopmupyet curnansl “OUTO0s...OUT3s” mns ycrpoiictBa mHaukamuun YU a taxxe
curHaiel “CO” u “COMI1”, ropopsiye O NPEBBIMIEHUN JOMYCTUMOTO 3HAYEHHS CYMMbI TOKOB B
BBIXOJHBIX KaHanax. CieayeT OTMETUTh, YTO MAKCHUMAJbHbBII CyMMapHbId BBIXOJHOM TOK MOy
MEHBIIIE CYMMbI MAKCHMAJIbHBIX BBIXOIHBIX TOKOB JUIsl OAMHOYHOTO KaHamna (cM. Tabmuiry 10).

B Moayne mpemycMoTpeHa BO3MOXKHOCTH IOAKJIIOYCHUS BXOJOB KaK IO CXeMe “‘OOmIwii
IUTIOC”, TaK W MO cxeMe ~o0mmii MuHyc”. [ M3MEHEHHUs TMOJIIPHOCTH MUTAHUS BXOJOB CITYKHUT
rpynmna mxkamnepo J1 1...J2 2. Eciaum mepeMblukd Ha JpKamIepax yCTaHOBJIEHBI MapajlielbHO
pazpeMaM MOJyJIs, CXeéMa TMOJKIIOYCHHs] BXOJOB - “0o0HUil IUIIOC”, €Clu MEePHeHAUKYISPHO -
700t Munayc”. MHpOpMamus o cxeme moakiroueHus: BxooB moctymaet B LIITY (curaansr STO n
ST1) u MmoxxeT ObITh cCunTaHa Mmojbk3oBareneM (cM. 1. 1.3.3.8).

YcTpolcTBO compsikeHHs ¢O BXOIHBIMH curHamamMu YC HeoOXoIuMO Ui OpraHHU3aliu
MUTaHUS JUCKPETHBIX BXOJOB M OIPAHUYEHHUS BXOJHOTO TOKA.

Bydepnsiii popmuposatens bP1 Beimonnen Ha 6a3ze RC-¢unbTpoB u tpurrepos Llmurra; o
MpeAHa3HaueH IS 3aIUTHI OT JIOXKHBIX cpadaThIBAaHUHN U TPUBEACHUS TUCKPETHOTO curHana Kk TTL-
ypoBHIo. [ToctosinHas BpemeHu GuiabTpoB — 22 Mc.

Bygepnsiii popmupoBatens b®2 nmoctpoen Ha 6aze normueckux snementoB MJIM-HE; on
BKJIIOUAET COOTBETCTBYIOIIMKH KkaHan Y®BC B ciydae mOsBIEHHS Ha €ro BXOJAE CHUTHala
OUTO...OUT3 ¢ LITY u oTcyTCTBUM CUTHAJA 3anpelieHus BbIxoqoB “RY™.

YcerpoiictBo nHaukanuu YW HeoO6XoauMo Ui 0TOOpakeHUs TEKYIIEro COCTOSHUS MOJYJIS,
€ro BXOJOB M BbIXOJOB. MHAuKatopamu ciykaT OAMHHAAIATh CBETOAMOJIOB, BBIBEJICHHBIX Ha
nepenHioo nanens (cM. [punoxenus A u [1). Ceronuonsl “RXD” n “TXD” unAMLMPYIOT IpUEM U
nepenaady uapopmanuu no cetu RS-485. Ceeroamon “TXD” 3aropaercs, korga curHan RTS1 wmm
RTS2 nepekmouaer npaiiBep RS-485 na nepenauy. Ceeronnon “RXD” 3aropaercs, koraa npaiBep
RS-485 BkitoueH Ha mpueM, a B JIMHUM TMPUCYTCTBYIOT JaHHbIE OT AKTHUBHOTO IMEpeaaTyuKa.
Wuaukanuss oOMeHa JaHHBIMU OCYLIECTBIIIETCS HE3aBUCMMO OT TOro, [0 KakoMmy U3
nH()OpPMAIIMOHHBIX KaHaIoB mpoucxoaut odomeH. Cerommon “RUN” BxirodaeTcs crenyaibHBIM
BBIXOJIOM MHMKPOKOHTPOJUIEpA; €ro MPEPHIBUCTOE CBEYEHUE TOBOPUT O HOPMAJIBLHOM BBIIOJTHEHUHU
paboueit mporpammer IITY (cm. Takxke n. 1.3.3). Cserommonsr IN1...IN4 wuHIUUIUpPYIOT
cpalOaTplBaHME JaT4MKa, MOJKIIOUEHHOTO K COOTBETCTBYIOLIEMY BXOAy Moayis. CBETOAMObI
OUT1...OUT4 uaanupyIoT BKIIOYEHUE COOTBETCTBYIOIIETO BHIXO1a MOYJIS.

CornacoBaHre  Harpy3oK  JIOKaJIbHOM  HH(QOPMAIIMOHHOM  ceTH,  OOYyCIIOBJIEHHBIX
MPOTSHKEHHOCTBIO CETH M KOJIMYECTBOM IMOAKIIOYEHHBIX K HEMl MOJyJel, BBIMOIHSAETCS C MOMOILbIO
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nepembruek J4...J6 s nmepBoro mHpopmanmoHHoro kaHana u J7...J9 mnms BTOporo. YcraHoBKa
nepembluku J4 (J7) nonkmovaer mmuy “A” unrepdeiica RS-485 uepes pesucrtop 3,3 kOM K BbIXOAY
+5VA wucrounuka nuranus MII3. VYcranoBka mnepembruku J5 (J8) mnoaxmouaer wmuHy “B”
untepdeiica RS-485 uepe3 pesuctop 3,3 kOm k Beixony SHIELD wncrounuka nuranus MII3.
VYcranoBka mnepembruku J6 (J9) momkmrowaer pesuctop 100 Om mexnay mmuaamu “A” u “B”
untepdeiica RS-485. Ecau Monynb sSBIsIeTCS OKOHEUHBIM YCTpOHCTBOM B ceTd RS-485, ykazaHHble
NEPEMBIYKH JIOJIKHBI OBITh YCTAHOBJICHBI, B IPOTHUBHOM CIIy4yae — CHSATHI.

1.3.3 Ilpoecpammnoe obecneuenue

[Iporpammuoe  obecnedueHue MOIyJiel  IpenycMaTpUBaeT TECTHPOBAHWE  MOJYJICH,
CUUTBHIBAHUE COCTOSHUS JUCKPETHBIX BXOA0B MOAYJIEH WIM aHAJIOro-uuppoBoe Mpeodpa3oBaHue
BXOJIHOTO CUTHaja, YNpaBlieHHE AMCKPETHBIMHM BBIXOJAMH M BOCCTAHOBJIEHHE COCTOSIHUS BBIXO/I0B
nocje cpabaTbIBaHHs 3alIUTHI OT meperpy3ku (Moaynbs DIO-11), ¢punbTpanuio coCTOSHUS BXOI0B
WIA pe3ysibTara WM3MEPEHHs, WHAWKALNWIO COCTOSHHS MOAyJed W HH()OpMArMoHHBIH OOMEH C
BEIyIIMM yCTpoicTBOM T0 mpoTtokosry MODBUS, a Taxke KoMMyTanmuio HHGOPMAITHOHHBIX
KaHaJIOB (KpoMe MOJyJieil ¢ He3aBUCUMbBIMH WH(GOPMAIIMOHHBIMH KaHaJIaMHU, CM. Tabnuity 1).

[Ipu orcyrcTBUM OOMEHa NAaHHBIMH C MOJYJEM HHU IO OJAHOMY U3 KaHaJOB B TeueHHE 2 C
(monymu AlI-10, AI-11 u CTF-11) umu 5 ¢ (momymu Al-12, Al-13, AI-19, DI-11 u DIO-11)
IPOMCXOIUT MPOrpaMMHBIN IepecOpoc MoyJs. DTO cielyeT UMETh B BHJY IIPHU OLEHKE peXHUMa
pa®OThl MOAYJS MO CBETOAMOAHBIM HHAMKATOpaM; Ha MepHoA MepecOpoca M WHHUIMAIU3ALMU
uHaukatop “RUN” He ropur miam roput noctossHHO. CeTeBOM aapec MOyl CUUTBIBAETCS
OTIEPAIIMOHHON CHCTEMOM TOCTOSIHHO; CKOPOCTh OOMEHA CUMTBHIBAETCS TOJIBKO TPU WHHUIIMATHA3ANUN
Monyss. OmuOKM, BBISBIECHHBIE ONEPALIMOHHOM CHCTEMOM TIpU TECTUPOBAHMM  MOAYJI,
3aIlMCBIBAIOTCS] B COOTBETCTBYIOIIUN PErMCTp MaccHBa COCTOSIHUM (cM. Tabmuuel 11 - 18).

CMm. Ttaxke: “Opranumzanus namatu moxyiedl DCS u ux B3auMozeicTBHE C BEPXHUM
ypoBHeM. Texuuueckoe onucanue” AJII'B.420609.006 TO.

1.3.3.1 Mooyns 8600a ananozogvix cuenanos AI-10
Crpykrypa peructpoB O3Y wmonyns (Bepcust I10: ail005), mocTymHBIX IOJIB30BaTEIIO,
npuBeseHa B Tabmune 11.

Tabmmma 11
MaccuB Bx0oJ10B (pacnosnoxeH B SRAM)
00 OrdunprpoBanHoe 3HaueHue kanana () (12 paspsios)
01 OtdunbrpoBanHoe 3HaueHue kanana 1 (12 pa3psaoB)
02 OtdunpTpoBaHHOe 3HaYeHHe KaHasa 2 (12 pa3psaoB)
03 OtdunbrpoBanHoe 3HaueHue kaHana 3 (12 pa3psaoB)
04 OTdunpTpoBaHHOE 3HaAYCHHUE KaHAJIa IPOrPAMMHOM KOMIIEHCAIIMH TeMIIepaTypbl
x0J10/1HOTO crnas (12 pa3psaoB)
Maccus BX0J10B (pacrnonoxxeH B SRAM)
05 3HaueHue penepHoro kasaiga MIN
06 3HaueHue penepHoro kasaiza MID
07 3HaueHue penepHoro kanaga MAX
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Ta6mmma 11 (mpomomkeHue)

MaccuB coctosinuii (pacnosnoxed B SRAM)
08 Nunukarop nporpecca
09 HE UCIOJIb3YETCS
10 HE UCIOJIb3YETCS
11 Wupukarop ommbok (2: ommoOka Flash, 3: ommbka SRAM, 4: onm6ka EEPROM)
12 HE UCIOJIb3YETCS
13 CereBoil ajipec, CYHUTaHHBIN C JHKaMIIEPOB
14 Tun moxyns
15 [IporpamMMHast Bepcust

Kaxnapie 10 mc LITY npoBoauT onpoc aHajIOroBbIX BXOJOB MOAYJS M PENEPHBIX KaHAJIOB.
st 5TOro BXOAHOM KOMMYTATOp NEPEKIIIOYAETCS HA HYKHBIA KaHal, Mpou3BoauTcsa 3anyck AL u
3aTeM cuuThiBaHWe WHpopManuu 00 m3mepeHusx mo nmporokony SPI (2 Oaiita). s dbumsTparum
BXOJIHOTO CHI'Hala npoBoauTcs 32 + 2" usMepeHuii kaxaoro kanana, rae n = 2...4. ITocne na6opa
KOJIMYECTBA U3MEPEHUH, TIOCTATOYHOTO JUISl YCPEIHEHUs, U3 MOJYyYSeHHOTO0 MacCHuBa OTOpachIBaeTCs
16 MUHUMAITBHBIX ¥ 16 MaKCUMaJIbHBIX 3HAYEHUMN, TT0 OCTABIIMMCS 3HAYEHUSM BBIYUCIISICTCS CPEIHEE
apupMeTHIecKoe. Y CTPOMCTBO MOJYJISI TIO3BOJISET THOKO MOIU(DHUIIMPOBATH AITOPUTM (PUITHTPALIHH
BXOJIHBIX CHUTHAJIOB MOJ creuuduueckue 3aJadyu MyTeM J0paOOTKH CUCTEMHOTO MPOTPAMMHOIO
o0ecrieuyeHHst MOTYJIS.

INocrosinHas ¢unbrpanun (Ty) npencrasiseT coOoi YKCIIO 3HAYEHUI B MACCUBE M3MEPEHMUH,
OHA JI0JDKHA YAOBIIETBOPATH yKazaHHOH Bbime (opmyne. Ilo ymomuanuto Tg = 48. 3nauenue Ty
cuntbiBaeTcsi u3 EEPROM wu MoxeT OBITHh H3MEHEHO MJid KaXJAOro KaHajla TMpu TMOMOIIU
cnenuanbHOl koMmanasl 3anvcu B EEPROM; nns 3anmcu ucnonb3yercst deTbipe 16-pa3psiiHbIX
peructpa, HaunHas ¢ aapeca 30h.

Kanan mnporpaMMHON KOMIEHCAllUM TeMIEepaTyphl XOJOJHOTO cCras MpeAHa3HA4yeH s
M3MEpEHUs] TeMIIepaTypbl XOJOAHBIX CIIAeB TepMOIMap, ONEpalroOHHas CUCTEMa MOAYJS HE BBOAMT
MOMPABKy HAa TEPMOKOMIICHCAIIMIO B WU3MEPEHHS, T. €. B PabOuMX PEerucTpax MOIYJsS HAXOIATCS
HEIMOCPEICTBEHHO U3MEPEHHBIC 3HAUCHHSI CUTHAJIOB C TEPMOIIAP U TEPMOMETPA COMIPOTUBIICHHUS.

1.3.3.2 Mooy 6600a ananocogvix cucrnanos Al-11
Crpykrypa peructpoB O3Y wmonyns (Bepcust I1O: aill27), mocTymHBIX MOJIB30BaTEIIoO,
npuBesieHa B Tabmaune 12.

Tabmuma 12
MaccuB Bx0oJ10B (pacnosnoxeH B SRAM)
00 OrdunprpoBanHoe 3HaueHue kanana () (12 paspsios)
01 OtdunbprpoBanHoe 3HaueHue kanana 1 (12 pa3psaoB)
02 OtdunpTpoBaHHOe 3HaYeHHe KaHaua 2 (12 pa3psaoB)
03 OtdunbrpoBanHoe 3HaueHue kaHana 3 (12 pa3psaoB)
04 3HaueHue penepHoro kaana MAX
05 3HaueHue perepHoro kanama MIN
06 HE UCIOJIb3YETCS
07 HE HCIOJIb3yeTCs
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Tabmuma 12 (nmpomomkeHue)

MaccuB coctosinuii (pacnosnoxed B SRAM)
08 Nunukarop nporpecca
09 HE UCIOJIb3YETCS
10 HE UCIOJIb3YETCS
11 Wupukarop ommbok (2: ommoOka Flash, 3: ommbka SRAM, 4: onm6ka EEPROM)
12 HE UCIOJIb3YETCS
13 CereBoil ajipec, CYHUTaHHBIN C JHKaMIIEPOB
14 Tun moxyns
15 [IporpamMMHast Bepcust

B snepronezaBucumoii namsatu Moy (EEPROM) xpassTces ciaenyronme yCTaBKU:

Tp — 3aaepkKa MEXIy HU3MEPEHUSIMH; ONpPEIEISIET MEePHOJ] BPEMEHH MEXAYy KOMMYyTaluen
kaHatoB MOIyJsl (Tyoyn (M) = Tp) ¥ mepros BpeMEeHH MEXAy ONPOCaMH TPYIIbI KaHAJIOB, TO €CTh
4eThIPEX BXOJHBIX KaHAJIOB U JBYX penepHbix KaHanoB (T, (Mc) = Tp x 10). Moxer npuHuUMaTh
3HaueHus ot 1 1o 255, no ymonuanuto Tp= 1.

Ty - mocTostHHas QUIBTPaKMK; TPEACTABISAET COOON YNCIIO 3HAYEHUI B MAaCCHUBE M3MEPEHHH
Ka)XJI0OT0 KaHaja, MO>KET IPMHUMATh 3Ha4eHUA OT 4 10 32, no ymonvanuto Ty = 16. 3nauennsa Tp u
Tgo.3 cuntbiBatorcs 13 EEPROM u MoryT ObITh M3MEHEHBI NPH MOMOIIX CHENHMAIBHON KOMAaH[bI
3amucy B EEPROM; nns 3amucu Tgo 3 ucnonb3yercs deTbipe 16-paspsaHbIX perucTpa, HauuHas
anpeca 30h, ms 3amucu Tp ucnons3yercs 16-paspsaasiidi peructp ¢ aapecom 38h. IITY mpoBoaut
OIPOC aHAJIOTOBBIX BXOJOB MOXYJIA M PENEPHBIX KaHaIOB ¢ nepuoaoMm T, Jlius sTOro BXoaHOM
KOMMYTATOp MEPEKI0YACTCA Ha HY)KHBIM KaHal, Ipou3BoauTcs 3anyck BHyTpeHHero ALIT LIV n
3anuch HH(GopMmanuu 06 U3MepeHusIx B Maccus uzMepenuit. ITocine nabopa Ty 3HaUeHUI IPOUCXOAUT
oTOpachlBaHWE MAaKCUMaJIbHOIO M MHMHHUMAJIBHOTO W3 HHUX, @ [0 OCTaBUIMMCS 3HAuY€HUSIM
BbIUMCIsieTCsl  cpenHee  apudmermueckoe. [lomyueHHoe 3HaueHHME TPEACTaBIAET  COOOMU
OTQUIBTPOBAHHOE 3HAUYCHHME KaHalla U JOCTYMHO JJIA YTCHHs] B paOOuuX perucrpax MOAyJs (CM.
Tabmn. 12).

Crnenyer NOMHUTB, 4yTO MpH OonbmKX 3HadeHUsIX Tp npu nHunuanuzanuu LITY (Hanpumep,
BKJIFOUCHHUE TTUTAHUs MOYJisi) nHAuKaTop “RUN” MOXET HE TOpPeTh WJIM TOPETh MOCTOSHHO, TAKKE
3HAYUTENbHOE BpeMs TpU HHULUATH3AIUHN (10 HECKOJIBKHX JECSATKOB CEKyHJ, OCOOEHHO Npu
OonpIIuX 3HaUeHUAX Tg) YXOIOUT HA 3alOJHEHHE MaccuBa M3MEPEHUM, IPH 3TOM MOXYJb HE OyaeT
oTtBevaTh Ha 3amnpocsl “BEJIYIIETO”.

C TOuUKM 3peHHs MPOrpaMMHOTO OOecCHedeHHs KOMMYyTalus HH()OPMAIMOHHBIX KaHAJIOB
moayst (s moaudukaruii ¢ Al-11-04.01 mo Al-11-07.01) mpoucxoauT crneayomumM o0opa3om:

® [IpU BKJIFOUYEHUU MUTAHUS 0>KUJIAIOTCS 3alIPOCHI 110 IEpBOMY KaHaily (OCHOBHOMY, A1, Bl);

® [IpU OTCYTCTBUM CBSI3U IO IMEPBOMY KaHally B TE€UEHHE 2 C OXKHMIAIOTCS 3alpoChl IO
BTOpOMY KaHally (pe3epBHOMY, A2, B2);

® [IpU OTCYTCTBHM CBSI3W IO BTOPOMY KaHaJly B TE€YEHUE 2 C OXKHMJAIOTCS 3alpoChl IO
MEepBOMY KaHaly;

® [IpU OTCYTCTBUM CBSI3U II0 MEPBOMY KaHAJy B TEUEHHE 2 C OXKMIAIOTCA 3alpochl IO
BTOPOMY KaHAIIy;

® [IpU OTCYTCTBHHM CBSI3U 110 BTOPOMY KaHaJy B TeUeHHE 2 ¢ Mpoucxoaut nepecopoc LIITY.
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1.3.3.3 Mooy 6600a ananocogvix cuenanos Al-12
Crpykrypa peructpoB O3V wmonyna (Bepcus I1O: ail2805), mocTymHBIX MOJIb30BaTEINIO,
npuBe/ieHa B Tadmwie 13.

Tabnuua 13
MaccuB Bx0oJ0B (pacmnosnoxxeH B SRAM)
00 OtdunpTpoBanHoe 3HaueHue kaHasa 0 (12 pa3psaoB)
01 OtrdunprpoBanHoe 3HaueHUe Kanana 1 (12 paspsnos)
02 OtdunpTpoBanHoe 3HaYeHHe KaHaua 2 (12 pa3psaoB)
03 OrdunprpoBanHoe 3HaYeHUE KaHana 3 (12 pa3psioB)
04 HE UCIIOJIb3YETCS
05 HE HUCMOJIb3YEeTCS
06 HE HCIOJIb3YyeTCs
07 HE HUCMOJIb3YEeTCS
MaccuB coctosinuii (pacnosnoxed B SRAM)
08 Nunukarop nporpecca
09 HE HCIOJIb3YyeTCs
10 CyeTuynk BHEIIHUX cOPOCOB (110 OXpaHHOMY TaiiMepy)
11 Wupukarop ommbok (2: ommoOka Flash, 3: ommbka SRAM, 4: onmm6ka EEPROM)
12 CyeTuynk cOPOCOB MO0 MUTAHUIO
13 CereBoil ajipec, CYHUTaHHBIN C HKaMIIEPOB
14 Tun moxyns
15 IIporpammMHas Bepcust

Kaxnpie 10 mc LITY mpoBoauT ompoc aHAJIOTOBBIX BXOMOB MoOAyJsl. st 3TOro BXoIHOM
KOMMYTATop MEpEeKIoYaeTcsl Ha HyKHbIM KaHaj, npousBoautcs 3amyck ALl u 3atrem cuuThiBaHue
nHpopmaruu 06 u3mepeHusx no nporokoay SPI (2 Gaiita).

B Bepcusx 11O moayns mo ail297 mis GuisTpanuu BXOJHOIO CUTHana nposoauTes 32 + 2"
U3MEpEeHui Kaxaoro kanana, rae n = 2...5. [locne Habopa xonuuecTBa U3MEPEHUi, TOCTaTOYHOTO
JUISl YCPETHEeHUsI, U3 TIOJYYEHHOTO0 MacCuBa OTOpachiBaeTcs 16 MUHMMANIBHBIX U 16 MaKCHMaIbHBIX
3HA4YEeHUI, 110 OCTABUIMMCS 3HAUEHUSM BBIYHCIISIETCS cpefHee apupMeTHIECKOe.

[Noctostnuas ¢unsrpanuu (Tgy) npeacrasiseT coO0il YnCiIo 3HAUCHUN B MacCUBE MU3MEPEHUI,
OHa JIOJDKHA YAOBJIETBOPATH yKazaHHOU BbIe (popmyie. s Bepeuii [1O o ail297 nmo ymonuanuto
Ty = 48. 3nauenue Ty cunteiBaeTcs u3 EEPROM u MosxeT OBbITh H3MEHEHO UL Ka)KJ0r0 KaHana Ipu
noMoIM cnenuaibHoi koMmaHnbl 3anucu B EEPROM; mns 3amucu ucnosib3dyercss 4deTsipe 16-
pa3psAHBIX perucTpa, HauuHas ¢ aapeca 30h.

B Bepcusix [10 Haumuas ¢ ail297 mast GuiubTpanuu BXOJHOTO CHrHANA mpoBoxurcst 8 + 2"
M3MEPEHUM KaXJ0ro KaHama, riae n = 2...5, U3 TMOJYYEeHHOTO MaccuBa OTOpaceiBaeTcs 4
MUHHUMAJIBHBIX U 4 MaKCUMAaJbHBIX 3HAYEHUS, IO OCTABIIMMCS 3HAYECHUSM BBIYUCIISETCS CpeaHee
apumeTHueckoe. 3Ha4eHUE NOCTOSHHOM (punbTpanuu no ymonuanuto Ty = 40.
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1.3.3.4 Mooynv konmponsa conpomusnenus AIl-13
Crpyktypa peructpoB O3V wmonyna (Bepcus I1O: ail3505), mocTymHbBIX MHOJIB30BaTEINIO,
npuBe/ieHa B Taonwuie 14.

Taobnuua 14
MaccuB Bx0oJ0B (pacmnosnoxxeH B SRAM)
00 OtdunpTpoBanHoe 3HaueHue kaHasa 0 (12 pa3psaoB)
01 OtrdunprpoBanHoe 3HaueHUe Kanana 1 (12 paspsnos)
02 OtdunpTpoBanHoe 3HaYeHHe KaHaua 2 (12 pa3psaoB)
03 OrdunprpoBanHoe 3HaYeHUE KaHana 3 (12 pa3psioB)
04 HE UCIIOJIb3YETCS
05 HE HUCMOJIb3YEeTCS
06 HE HCIOJIb3YyeTCs
07 HE HUCMOJIb3YEeTCS
MaccuB coctosinuii (pacnosnoxed B SRAM)
08 Nunukarop nporpecca
09 HE HCIOJIb3YyeTCs
10 HE UCIOJIb3YETCS
11 Wupukarop ommbok (2: ommoOka Flash, 3: ommbka SRAM, 4: onmm6ka EEPROM)
12 HE UCIOJIb3YETCS
13 CereBoil ajipec, CYHUTaHHBIN C HKaMIIEPOB
14 Tun moxyns
15 IIporpammMHas Bepcust
MaccuB BbIx0J10B (pacnosioskeH B SRAM)
16 BKJI/BBIKJ KaHab! 0,1,2,3: 6utsl 3,2,1,0 coorBeTcTBEeHHO (1 — BKII , 0 - BBIKII)
17...23 | He ucnons3yorcs

Kaxnapie 10 mc LITY npoBoauT ompoc aHAIOTOBBIX BXOJIOB MOAYJsS. JIJisi 3TOro BXOMHOM
KOMMYTAaTOp MEPEKIIYAeTCsl HAa HY X HBIM KaHai, npousBoautcs 3amyck AL[Il u 3aTtem cuuThiBaHue
uHpopManuu 00 u3MepeHusx no nporokoiay SPI (2 Gaiira). [ns GuIbTpaluy BXOJHOTO CHTHala
nposogutcst 4 + 2" m3MepeHmil Kaxaoro kamama, rae n = 2...5. Tlocme Habopa KoaudecTBa
U3MEpPEHUl, JIOCTaTOYHOIO Uil YCPEIHEHUs, M3 IOJy4YeHHOT0 MacchBa OTOpachiBaeTcs 2
MUHHUMAQJIBHBIX U 2 MaKCUMAaJbHBIX 3HAUEHUS, MO OCTABIIMMCS 3HAUCHHUSM BBIYUCIISIETCS CpeaHee
apu(pMeTHYECKOE.

INocrosinHas ¢unptpanun (Ty) npencraiseT coOoi YKCIO 3HAYEHUH B MACCUBE M3MEPEHMUH,
OHa JOJKHA YIOBIIETBOPATH yKa3aHHOM Beime (opmyne. [lo ymomuanuto Ty = 8. 3nadenue Ty
cuntbiBaeTcsi u3 EEPROM wu MoxeT OBITh H3MEHEHO MJid KaXJAO0ro KaHala TMpu TMOMOIIU
cnenuanbHol koManzasl 3anvcu B EEPROM; nns 3ammcn ucnonb3yercst deTbipe 16-pa3psiiHbIX
peructpa, HaunHas ¢ aapeca 30h.

[Ipu momomu yeTkipex mutaamux OuToB 16 peructpa O3Y MOXKHO YNpaBisTh MUTAHUEM
Ka)KJOT0 M3 BXOJHBIX KaHaIoB Moays (cM. Tadnuiy 14). [To ymondaHuio muTaHrue BO BCeX KaHalax
BKJIFOYEHO.
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1.3.3.5 Mooy 6600a ananocosulx cucnanog Al-19
Crpyktypa peructpoB O3V wmonynsa (Bepcus I1O: ail3505), mocTynmHbBIX MHOJIB30BaTEINIO,
npuBe/ieHa B Tadmwie 15.

Tabmauua 15
MaccuB Bxo0B (pacnonoxeH B SRAM)
00 OtdunpTpoBanHoe 3HaueHue kaHasa 0 (12 pa3psaoB)
01 OtrdunprpoBanHoe 3HaueHUe Kanana 1 (12 paspsnos)
02 OtdunpTpoBanHoe 3HaYeHHe KaHaua 2 (12 pa3psaoB)
03 OrdunprpoBanHoe 3HaYeHUE KaHana 3 (12 pa3psioB)
04 HE UCIIOJIb3YETCS
05 HE HUCMOJIb3YEeTCS
06 HE HCIOJIb3YyeTCs
07 HE HUCMOJIb3YEeTCS
08 WNupukartop nporpecca
09 HE HUCMOJIb3yEeTCS
10 HE UCIIOJIb3YETCS
11 Nunukarop omm6ok (2: ommbka Flash, 3: ommbka SRAM, 4: ommub6ka EEPROM)
MaccuB coctosinuii (pacnosnoxed B SRAM)
12 HE HUCMOJIb3yEeTCS
13 CereBoil ajipec, CYHUTaHHBIN C HKaMIIEPOB
14 Tun moxyns
15 IIporpammMHas Bepcust

Kaxnpie 10 mc LITY mpoBoauT ompoc aHAJIOTOBBIX BXOMOB MoOAyJsl. st 3TOro BXoIHOM
KOMMYTATop MEpEeKIoYaeTcsl Ha HyKHbIM KaHaj, npousBoautcs 3amyck ALl u 3atrem cuuThiBaHue
uHpopmarnuu 06 m3mMepeHusx mo npotokony SPI (2 Gaiita). Jns dumpTparuu BXOIHOTO CHUTHaIA
npoBoguTcss 8 + 2" u3MepeHumii Kaxmoro kawana, rae n = 2...5. Ilocie Habopa KoJMuecTBa
U3MEPEHUH, JOOCTAaTOYHOTO JUIsl YCPEOHEHHUs, M3 TIOJIy4eHHOIo MaccuBa oTOpachiBaeTcst 4
MUHUMAJIbHBIX U 4 MaKCUMaJIbHbIX 3HAU€HUS, IO OCTAaBIIMMCS 3HAUECHUSM BBIUUCIIAETCS CpEIHEe
apupMeTHIECKOE.

[Noctostnuas ¢unsrpanuu (Tgy) npeacrasiseT coO0il YnCiIo 3HAUCHUN B MacCUBE MU3MEPEHUI,
OHA JIOJDKHA YAOBJIETBOPATH yKazaHHOH Bbime (opmyne. Ilo ymomuanuto Tg = 16. 3nauenue Ty
cunuthiBacTcsi u3 EEPROM u Moxer OBITh H3MEHEHO I KaXJOro KaHajia TpPU TMOMOIIH
crnenuaibHoM KoMaHabl 3anucu B EEPROM; nns 3ammcu Wcnosb3yercs: 4yeTbipe 16-pa3psaHbIx
peructpa, HaunHas ¢ aapeca 30h.
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1.3.3.6 Mooynw conpsoicenus ¢ menzooamuuxamu CTF-11
Crpyktypa peructpoB O3Y wmonayns (Bepcust I10: ctfl125c), nmocTynHbIX HOJIB30BaTENIO,
npuBe/ieHa B Tadmwmie 16.

Tabnuua 16
Maccus coctosinuii (pacnosnoxked B SRAM)

00 Wuaukarop nporpecca
01 [Ipr3HaK nepenoJHEeHUs CYETYUKA UMITYJIbCOB
02 HE UCIIOJIb3YETCS
03 Nunukarop omm6ok (2: ommbka Flash, 3: omm6ka SRAM, 4: ommubka EEPROM)
04 HE UCIIOJIb3YETCS
05 CeTeBoM aJipec, CYHUTAHHBIN C PKaMIIEPOB
06 Tun moxyans
07 IIporpammHas Bepcust

MaccuB BxoJ10B (pacnosnoxeH B SRAM)
08 CYeTurK UMIYJILCOB
09 He ucnoJib3yercs (Bcerna 0)
10 Bec tapsl (mocie 3a1anus TApUPOBKH)

MaccuB yctaBok (pacrosioxxedH B SRAM)
11 Paspenienne TapupoBKH WIH 3aMHCH YCTaBKU
12 VYcraBka BpeMenu n3mepenus (B 10ms nHTepBagax)
13 IIpu3Hak 3a1aHus TAPUPOBKHU

C TOYKHM 3peHus MPOrpaMMHOrO OOecTeYeHUs] MOl aJITOPUTM HU3MEPEHHsS CUTHalIa C
TEH30/laTYUKa MOCTOBOTO THNa coctouT B ciaeayrmem. Ha Bxox PB1 HIIY (cm. m. 1.3.2.6)
MOCTYNAET IOCJIE0BATEIbHOCTh UMITYJIbCOB CO CKBA)KHOCTBIO 2, YacTOTa CJIEAOBAaHUS UMIIYJbCOB
MPONOPIIMOHATIbHA U3MEPEHHOMY HAINPSHKEHUIO Ha BhIXOAax “+M” m ”-M” TeH3omaTyuka, CM. II.
1.3.2.6. Bxon PBI1 mpencraBiser co6oit Bxon 16-pa3psagHOro cUeTYMKa, €ro 3HaYCHHE CUUTHIBACTCS
OC uepe3 nepuoa, paBubelii Ty, * 10 (Mc), u oroOpaxkaerca B 08 pabouem peructpe O3Y; mocie
CUMTBHIBAHUS 3HAUEHUE CUETUMKA OO0HYyJsieTcs. 3aech T, — yCTaBKa BpeMEHH U3MEPEHUs, CM. TaOJIHIly
16.

3HadyeHue yCTaBKU BpeMeHU u3MepeHus xpanurcs B EEPROM LIV (mo ymomuanuto Ty, =
10), mist IBMEHEHHUs 3TOH YCTaBKH HEOOXOIMMO 3amucath ee HoBoe 3HaueHue B 12 peructp O3V, a
3aTreM 3anMcath B 11 peructp komaHay 3amucu yctaBku BpeMeHu usMmepenus 162Eh. Ilocie storo
HoBas ycTtaBka nponumercs B EEPROM.

Ecnu 3agath ciaumikoM Oonblloe 3HAYEHHE YCTaBKM BPEMEHHU H3MEPEHHs, OCOOCHHO IMpHU
OONIBIINX 3HAYEHHUSAX BXOJHOTO CHUTHAJA, BOSHUKHET MepernonHeHue 16-paspsaHoro cuerynka. [Ipu
sToM Muaamui 6ut Ol peructpa cTaHeT paBHbIM eAMHHULE. Eciy nepenogHeHHs] cueTyhKa He
BO3HHUKAET, 3TOT OUT paBeH HYIIIO.

Jlaxxe mpu HYJIEBOM CHUTHAl€ C TEH30JaTyuka 3HaueHue 16-pa3psaHoro cueTdynka Oyaer
HeHyseBbIM. TakuM 00pa3oM, HEOOXOIUMO Tocie mporpeBa Moy (cM. m. 3.2.1) mepen Havaiom
M3MEpPEHUIl MPOBECTU TAapUPOBKY MoayJisd. IIpu 3ToM MokeT ObITh yuTe€Ha Kak OMOJIHHUTEIbHAs
no0aBka IMpH HYJIEBOM CUTHaje C TEH30JaTyuKa, TaK M BEC Tapbl B3BEIIMBaeMOW mpoayKuuu. Jlis
TapUPOBKU HEOOXOAMMO B 13 peructp Momyms 3amucarh MpU3HAK 3a/laHusl TapupoBku lh, a 3aTem B
11 peructp 3anmcats KOMaHay paspemenus TapupoBku 4D2h. [Tocie 3Toro Ha Bcex MocieayIomux
[IUKJIaX W3MEepeHus (1moka He OyAeT MpoW3BeleHa CIEAYIoNas TApUPOBKA) OT TEKYIIETO 3HAYCHHS
16-pa3psigHOTO cueTyrKa Oy/IeT aBTOMAaTHYECKH OTHUMATHCS IMapaMeTp “BeC Taphl’, 0TOOpakaeMbli
B 10 peructpe u paBHbII 3HAYEHUIO CUETYMKA MIPHU 3aMMMCH KOMaHbl pa3pelieHusl TApUPOBKH.

[Ipn mHMIManu3anuyu MOIyJs napaMeTp “Bec Tapbl” MPUHUMAETCS PaBHBIM HYJIIO, YCTaBKa
BPEMEHH U3MEPEHHUS COXPAHSIET CBOE 3HAUCHHUE.
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C TOYKM 3peHHs NPOTrPaAMMHOrO OOECIEUEHMs AJTOPUTM KOMMYTAaLUU HWH(POPMAaMOHHBIX
KaHaJIOB MOAYJIS CJeTy oIt

® [IpU BKJIFOUYEHUU MUTAHUS 0>KUJAIOTCS 3allPOCHI 110 IEpBOMY KaHaily (OCHOBHOMY, A1, B1);

® [IpU OTCYTCTBHHM CBSI3U IO IEPBOMY KaHally B Te4eHuUe 2 ¢ npoucxoaut nepecopoc LITY;

® T[I0CJIe YEThIpeX MepecOPOCOB 3alpochl OKUAAIOTCS IO BTOpoMy (pe3epBHOMY, A2, B2)
KaHaly;

® [IpU OTCYTCTBHHM CBSI3U 110 BTOPOMY KaHaJIy B TeUeHHE 2 ¢ mpoucxoaut nepecopoc LIITY;

® [I0CJIE YETBIPEX MEepecOPOCOB 3aMPOChl OKUAAIOTCS IO IIEPBOMY KaHAITy.

® [IpU NPOMNAJAHUU CBS3U, KOTAa MOYJIb pabOTaeT 10 BTOPOMY KaHaiy, epexo/1 Ha TepBbIi
KaHaJI OCYILECTBIIETCS 10CIIE IIEPBOro nepecopoca.

1.3.3.7 Mooynws 6600a ouckpemmuwix cuenanog DI-11
Crpykrypa peructpoB O3Y wmoayns (Bepcust I1O: di706), AOCTYNMHBIX MOJIB30BATEINIO,
npuBeseHa B Tabmune 17.
Tabnuua 17

MaccuB Bx0oJ10B (pacnosnoxeH B SRAM)
00 OtdunpTpoBaHHOE 3HAYEHUE BX0JIOB (8 OUT)
01 [TonmoxxurenpHBIN GpoHT (8 OuT, 3a70epikKa 2,5 ¢)
02 OTtpunarenbHblil ppoHT (8 OuT, 3agepxka 2,5 ¢)
MaccuB coctosinuii (pacnosnoxked B SRAM)
03 Wuaukatop nporpecca
04 [Tpu3Hak noaxIrOYeHus BX0I0B (2 6uta)
05 CyeTynK BHEUTHUX cOpPOCOB (110 OXpaHHOMY Taiimepy)
06 Nunukatop ommbok (2: ommbka Flash, 3: ommbka SRAM, 4: ommbka EEPROM)
07 CyeTynk cOPOCOB MO MUTAHUIO
08 CeTeBOM aJipec, CYUTAHHBIN C JIKAMIIEPOB
09 Tun monyas
10 IIporpamMHas Bepcusi

Kaxnapie 10 mc LIIY mpoBOAMT Oompoc IUCKPETHBIX BXOJOB MOJYJIS, CUMUTBHIBAs MOPT, K
KOTOPOMY TOJKIIIOUEHBI BBIXOMBI OydepHoro (opmupoBatens (cm. m. 1.3.2.7). JInga ¢unbTpanun
JUCKPETHBIX CUTHAJIOB MpoBoAUTCS N H3MepeHulM Kaxnaoro kanana, rae N = 10...124. Ilocne
3allOJIHEHHS  MAacCHBa TNPOM3BOAMTCA €0  YCPEAHEHME; IONY4YEHHBIH  pe3ysbTaT  €CTh
OTQUIBTPOBAHHOE 3HAYEHUE JUCKPETHOTO BXO/A.

3nauenne N cuntbiBaercs 3 EEPROM u mMoxeT ObITh M3MEHEHO NIl KaKIOTO KaHalla Mpu
MOMOIIM crenuanbHoi koMaHnbel 3anucu B EEPROM; nns 3anucu ucnonb3yercs BoceMb 16-
pa3psAHBIX PEeTUCTpOB, HaumHas ¢ aapeca 30h; mo ymomuanuto N =10. IIpu 3amucu 8 EEPROM
3HaueHust N<10 nporpamma OyAeT NpUHUMATh 3HAUE€HUE 10 YMOIYAHHUIO.

B 01 u 02 peructpax O3Y otoOpaxkaroTcs TaKk Ha3bIBaEMbIe PACTSKKH (PPOHTOB.
CooTBeTCTBYIONIMI OUT B PETUCTpe paBeH 1, eciu 3aperucTPUPOBAHO U3MEHEHHE COCTOSIHHMS Ha
CUMUTBIBAEMOM IOPTY. BUT pacTsikku ycTaHaBinuBaeTcs Ha Bpems T, = 2,5 c.

B 04 peructpe O3V otobpaxaercs npU3HaK MOJKIIOYEHUS MUTAaHUS BXOAOB. Ecinu HyneBoi
OWT B peructpe paBeH |, BXOIBI MOAKIIOUEHBI MO cxeme “o0mmit munyc”. Ecnum mepBwiii OuT B
peructpe paBeH 1, BXOABI MOJAKIIOUEHBI 10 cxeMe “o0muit uiroc”. Eciau o6a 6urta paBHbI 1, muTtanue
BXOJIOB HE MTOJIKJIIOUEHO.

1.3.3.8 Mooynw 6600a-evieoda ouckpemnuix cuenanos DIO-11
Crpykrypa peructpoB O3Y moayns (Bepcus I1O: dio707), mocTymHbIX MHOJIB30BATENIO,
npuBesieHa B Tabnuue 18.
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Tabnuma 18
MaccuB BxoJ0B (pacnosnoxeH B SRAM)

00 OtrdunpTpoBaHHOE 3HAYEHUE BX0JI0B (4 OuTa)

01 [TonoxurensHbIN HpOHT (4 Outa, 3anepikKa 2,5 ¢)

02 OTtpunarenbHbliil GpoHT (4 Outa, 3aaepxka 2,5 ¢)

Maccus coctosinuii (pacnosnoxked B SRAM)

03 Kornus cocTostHust BEIX0I0B (4 6uTa)

04 Craryc monyas (0,1 u 7 Gutel — ureHue, 6 OUT — 3aMKCh)

05 CyeTuynK BHEIIHUX cOPOCOB (110 OXpaHHOMY TalMepy)

06 Nunukarop omm6ok (2: ommobka Flash, 3: ommbka SRAM, 4: ommubka EEPROM)

07 Cyetuynk cOPOCOB MO MUTAHUIO

08 CeTeBoM aJipec, CYHUTAHHBIN C PKaMIIEPOB

09 Tun moxyns

10 IIporpamMmHas Bepcust

MaccuB BbIX0J10B (pacnosoxer B SRAM)

11 | CocrositHue BBIX0JI0B (4 Outa).
[Mpumeuanne. [Ipu 3ammcu B perucTp OCTAIbHBIE OUTHI JJOJKHBI OBITH HYJIEBBIMH, B IIPOTUBHOM
CIydae 3alucy HE MPOU30MIEeT
12...18 | He ucnons3yrorcs

Kaxnpie 10 mc LITY nmpoBoauT ompoc JUCKPETHBIX BXOAOB MOJYJIS, CUUTHIBas MOPT, K
KOTOPOMY IOJIKIIFOUEHBI BBIXOIBI OydepHoro dhopmupoarens b1 (cm. m.1.3.2.8). Jlns dunbTpanuu
JIUCKPETHBIX CUTHAJIOB MpoBOAMTCS N m3MepeHuil kKaxpaoro kanana, rae N = 10...124. Tlocne
3allONIHEHUST ~MacCUBa TMPOM3BOAMTCA €r0  YCPEAHEHHE; TMONY4YeHHBIH  pe3ylnbTaT  ecTh
O0T(hUIBTPOBAHHOE 3HAYECHUE TUCKPETHOTO BXO/IA.

3nauenue N cuuthiBaercs u3 EEPROM u MoxeT ObITh H3MEHEHO IS KaXKI0T0 KaHaja IMpu
noMouy cnemnuaibHoi kKomauael 3anmucu B EEPROM; nis 3anmucu ucnosib3yercst 4detbipe 16-
paspsaIHBIX PEruCcTpoB, HauuHas ¢ aapeca 30h; mo ymomuanuto N =10. Ilpu 3anucu 8 EEPROM
3HavyeHus1 N<10 nporpamma OyieT NpUHUMATh 3HAYCHHUE IO YMOTYaHHIO.

B 01 u 02 perucrpax O3Y oroOpaxkaioTcs Tak Ha3blBa€Mble pACTSDKKH (POHTOB.
CooTBeTCTBYIOMMKA OUT B pErucTpe paBeH 1, eciu 3aperucTpUpPOBAHO M3MEHEHHE COCTOSIHHS Ha
CUUTBIBAEMOM HOPTY. BUT pacTskku ycTaHaBiuBaeTcst Ha Bpemst Tp = 2,5 c.

B 04 peructpe O3V orobpaxaercsi craTyc MOAYJIs. B 3TOM peructpe 3HayamiuMu sSBISIOTCS
HYJIeBOHM, NepBbId U ceabmol Outhl. HyneBoit m mepBblid OuMTHI OTOOpa)karOT TaK Ha3bIBAEMBbIN
MpU3HAK MOJKIIOUEHUs NUTaHus BXoAoB. Ecnu HyneBoit OMT B perucrpe paBeH 1, BXOAbI
MOJKIIOUEHBI MO cxeMe “o0mmii mMuHyc”. Ecnam mepBbiif OMT B perucrpe paBeH 1, BXOMbI
MOJIKJIFOUEHBI TI0 cxeMe “‘o0muii mmtoc”. Ecnu o6a 6uta paBHbI 1, mUTaHWe BXOAOB HE TOIKIIOYCHO.
Cenpmoi OUT B3BOJUTCS, €CITU CpabOTaIO YCTPOMCTBO 3alIMTHOTO OTKIIFOUEHUS BBIX010B Y30B (cMm.
n.1.3.2.8).

COpoc 3amuThl MPOUCXOAUT Ha KakaoM mporpammuoM mukie LITY (mpu Hanuuum npusHaka
“ST2” cpabarpiBanus 3amuThl, cM. 1. 1.3.2.8). IlockonbKy Bpemsl ammapaTHOro OTKIIOUEHHS
BbIX0/I0B cocTtaBisieT npumepHo 100 mxc, a mukn mporpammbl LITY — nopsaka 60 mc, pexum
paboThl BBIXOAHBIX ONTPOHOB IMPHU MPEBBIINICHUU AOMYCTUMOIO TOKa HArpy3KdM HE MPUBEIET K MX
BBIXO/Y U3 CTpOSI.

Hns Bepcuit 110 no dio706 aBTOMaTHueckoro cOpoca 3amThl He mpoucxoaut. I[lpu
BO3HUKHOBEHUHU MEPErpy3KH BBIXOJA OTKIIIOYAIOTCS, IS BOCCTAHOBJEHHUS HUX COCTOSHHUA (eciu
MpUYMHA TIEPETPY3KH yCTpaHeHa) HeoOXoauMo B miectoi OuT 04 perucrpa 3amucarh AUHUILY (CM.
Tabnuity 18).
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14 Cpe)ICTBa HU3MEPECHUS, THCTPYMCHT U NPUHAAJC/KHOCTH

Monymu Al-10, AI-11, Al-12, AI-19 u CTF-11, ucnons3yembie B KAUYECTBE U3MEPUTEIBHBIX
KaHaJOB M TpUMEHseMble B cdepax paclpocTpaHEHHs TOCYJApPCTBEHHOTO METPOJIOTHYECKOro
KOHTPOJISI M HaJ30pa, MOAJIEKAT IEPBUYHOM IOBEPKE 10 BBOJA B AKCIUIyaTallMI0 U MEPUOJUYECKON
MIOBEPKE B MPoOILIecCe IKCIUTyaTaluu. B ocTalbHBIX CilydasX yKa3aHHbIE MOJYJIM KaauOpyeTcs.

[lepuonnueckass TmoBepka (KaTMOpOBKA) TMPOU3BOJIUTCA B CPOKH, YCTaHOBJICHHBIC
NPEINPUATHEM-TIOTPEOUTENIEM B 3aBUCHMOCTH OT YCJIOBUH M OCOOEHHOCTEW JIKCIUTyaTallld, HO HE
pexke ogHOro paza B 2 rona. lloBepka (kalmOpoBKa) MOIYJIS BBITIONHSIETCS B COOTBETCTBHH C
MHCTpYKUUAMHU “M3MepuTenbHble KaHaIbl MOJYJiel BBOAa aHaioroBbix curHanoB Al-10. Metonuka
noeepkn” AJII'B.426431.047 W11, “U3meputenbHble KaHaIbl MOAYJICH BBOJA aHAJIOTOBBIX CUTHAJIOB
Al-11. Meronuka nosepku” AJII'B.426431.026 U1, “U3mepurenbHble KaHaidbl MOAYJEH BBOJA
aHasioroBelx curHainoB Al-12. Meroguka nosepku” AJII'B.426431.027 U1, “UsmepurenbHble
KaHaJbl MOAYJIeH BBO/a aHauoroBbix curiaios Al-19. Meroauka nosepku” AJII'B.426431.029 11 u
"N3mepuTtenbHble KaHabl MoayJield conpsikeHust ¢ TeHzomarunkamu CTF-11. Meronuka noBepku"
AJII'B.426431.032 1.

Ha momynu Al-13, DI-11 u DIO-11 TpeGoBaHus HACTOSIIETO IYHKTA HE PACIIPOCTPAHSIOTCS.

1.5 MapkupoBka
MapkupoBka Monysiell J0JkHA OBITh HAaHECEHa HEMOCPEICTBEHHO Ha H3JeNIMe WIM Ha
NPUKPEIUIAEMBbIN K U3AETIHI0 HAKIIaJHOM JIEMEHT U COZEpKAaTh!
e  HauMEHOBaHHUE U (WIM) UPP U3IEIHS;
®  TOBAapHBII 3HAK UM HAUMEHOBAHHUE MPEINPUATHI-U3TOTOBUTEIS;
e 3HAaK YTBEp)KJEHHUS THUIIAa CPEIACTB u3MepeHuit (st moayneit Al-10, Al-11, Al-12, AI-19
u CTF-11;
MapKUPOBKY B3pbIBO3AIINTHI;
JIOITy CTUMBIE TIapaMeTpbl BHEIIHUX UCKPOOE30IacHbIX LETEH;
npeaynpeauTenbHyo Haanuch “Vckpobe3omnacHsie 1enu’”;
HalUMEHOBaHME WJIM 3HAK [EHTpa MO0 CepTU(UKALUU  B3PBIBO3AILUIIEHHOTO
3JIEKTPO00OpYyI0OBaHUS U HOMEP cepTH(UKaTa.
®  3aBOJCKOU HOMEP M I'OJl BBITYCKa.
[Ipumedanue. 3HAaK yTBEpXKIEHUS TUIA [JONYCKAeTCd HAHOCUTh Ha TUTYJbHbBIE JIMCTBHI
HKCIUTyaTallMOHHON JOKYMEHTAUN TUIOTPa(CKUM CIIOCOOOM.

1.6 Tapa n ynakoBka

TpancnopTHass Tapa, B KOTOPOM MOCTaBJISIOTCS MOMIYJIM, MPEACTaBIs€T COOOM MOIIATHIN
Hepa30OpHBIN, TUIOTHBIM SIIUK C TOPUEBBIMA CTEHKaMH, COOpaHHBIMH Ha 4YeThIpeX IutaHkax. Ha
AIIUK HAHOCATCS OCHOBHBIE, NOMOJHUTENbHBIE U Tpeaynpeautenbubie 3Haku no 'OCT 14192-77.
BHyTpeHnHue creHku simuka ooutsl (BeicTiaanbl) Oymaroir BY-b mo TOCT 515-77. [lepen ynakoBkoi
B TPAHCIOPTHYIO Tapy MOMAYJIH TIOMEIIAIOTCS B YKIAJOUHBIA SIIUK. YKIAQJOUHBIA SIIUK
npeacTaBisieT coboit Gytisap u3 rodppupoBanHoro kaprona T-30, TOCT P 52901-2007. B ogroM
TPAHCIIOPTHOM sIIUKE pa3mertaercs 20 yKiIaJ0YHbIX SLIIUKOB.

[Ipu HEoOX0AMMOCTH HOBOM TPAHCIIOPTHUPOBKHU YNAKOBKY MOIYJEH cienyeT MpOU3BOIUTH B
HOPMAJIbHBIX KJIMMATHYECKUX YCIIOBUSX B CIACAYIOIICH MOCIEA0BATEIIbHOCTHU:

1. Kaxaplii MOy b 3amanmBaeTCsl B MOJMATHICHOBBIN MAKEeT W YKJIAJbIBAETCS B OTICIbHYIO
KOpPOOKY BMECTE C COMPOBOIUTENBHOMN TOKYMEHTAIHCH.
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2. KopoOku ¢ momymsiMu B KoiudecTBe 20 INT. YIMAKOBBIBAIOTCS B YKJIQJOYHBIA SIIHK.
VYKnag04HbIN AWK MOMEIIaeTcs B TapHblil. [IpoMexxyTku 3an0THSII0TCS TOQPUPOBAHHBIM KAPTOHOM
T-30, TOCT P 52901-2007;

3. TpaHCHOPTHBIN SIUK MapKUPYETCSI:

- MaHUMYJSIMOHHBIMU 3HakaMmu: "boutcsa ceipoctu”, "Bepx. He kxanToBats", "OCTOpOKHO,
Xpynkoe";

- OCHOBHBIMH HAJNUCSAMU - TOJIHOE WM YCIOBHOE HAMMEHOBAaHUE TIPy30IO0IyyaTes,
MYHKTa Ha3HAYEHHsS C yKa3aHUEM, IIPH HEOOXOIMMOCTH, ITYHKTA IePETPY3KH;

- JOIOJIHUTEIBHBIMU  HAANKMCAMU -  TIOJJHOE MM YCIOBHOC  HAaMMEHOBAHUE
IPy300TIPABUTENS U HAMMEHOBAHUE ITyHKTA OTIIPABIICHMUS;
- WHQOPMALMOHHBIMM HAIMUCSIMH - MAacchl OpyTTO M HETTO TpPYy30BOIO MecTa B

KAJIOrpaMMax, rabapuTHbBIE pa3Mephl TPY30BOTO MECTa B CAHTHMETPAaxX W 00BEM I'Py30BOTO MECTa B
KyOHWYEeCKHX MeTpax.

TpaHcropTHast MApKUPOBKA HAHOCUTCS Ha (paHEpHBIC MIIM MeTajulndeckue Apiabiku. [lopsmok
pacIoyioKeHUs] MApKUPOBKH Ha OJIHOM M3 60KOBBIX cTeHOK cooTBeTcTBYeT I'OCT 14192-77 Ha Tapy.
MapkupoBKY HaHOCAT KpacKoil mo TpadapeTy WM OT PYKH OBICTPO BBICHIXAIOIIEH, BOIOCTOMKOMH,
CBETOCTOMKOM, COJIECTOMKOM KpacKOHW, MPOYHOM Ha CTUpPaHHUE U pa3MmbiBaHHE. OCHOBHBIE HAANUCH
HaHOcATCA BBICOTOM 30MM. JlomonHHUTEnbHBIE U MH()OPMAIIMOHHBIE HAMWUCH HAHOCATCS BBICOTON
10MM.

[Tocne ykmagku MofyJiel B TapHBIN SIIMK, MOCICAHUN OOTSITMBACTCS MO TOPIAM CTaJIbHOU
nenpHoM JieHTor ceuenueMm 0,4 x 20 MM um tuioMOupyercs. [ImoMOBI ayis mpenoTBpaIieHus] OT
MOBPEKACHUS MIPH TPAHCIIOPTUPOBAHUM PACIIONATAIOTCSA B TIIYXUX OTBEPCTHSX OOKOBBIX CTEHOK U
3aIUIIAI0TCS CKOOAMHU.

B Teuenue rapaHTUIHOTO CpOKa MOTPEOUTEND JOKEH COXPAHATh YIIAKOBKY (YIaKOBOUHBIN U
TPAHCIIOPTHBI SIKUKH), B KOTOPOU MPUOBLTH MOJTYJIH.

2 OBECIHEYEHME B3PbIBO3AHIUIIEHHOCTHA

B3pbIBO3anumeHHOCTh MOy el 00ecreunBaeTCsl BUOM B3PBIBO3AIIUTHI “HCKpOOe30macHas
ANIEKTpUYECKass 1ernb 17 ypoBHSA “ib” W BBINOJHEHHEM HX KOHCTPYKIIMM B COOTBETCTBHH C
tpeboBanusimu ['OCT P 51330.10-99 (MOK 60079-11-98), TOCT 30852.10-2002 (MDK 60079-
11:1999).

O61as cxema odecrieueHus B3pbIBO3ALUIIIEHHOCTH CUCTEMBI ITokazaHa B [Ipunoxxenuu E.

B3pbIBO3aMIEHHOCTE MOYJIEH TOCTUTAETCs 3a CUET OTPAaHUYEHUS TOKA U HANIPSDKCHUS B UX
ANIEKTPUYECKUX LEMAX [0 HMCKpOOE30macHbIX 3HAYeHHWH, a TaKXkKe 3a CUET COOTBETCTBYIOILEIO
BBITIOJTHEHUS] KOHCTPYKIIMM MOAYJIEH.

OrpannyeHne TOKa KOPOTKOTO 3aMBIKaHUSI B HCKPOOE30MacCHBIX LEMsIX MOJIyJIei
o0ecrieunBaeTcsd HAJIMYMEM B HHUX 3alUTHBIX PE3UCTOPOB. ODTH PE3UCTOPHI KOHCTPYKTHBHO
BBIICJICHBl B OTIEIBHYIO 30HY M JUIS MCKJIIOUYEHUS HUX IOBPEKICHUS 3aJMUTHl CIIELHATIbHBIM
komnayHaom tuna BUKCHMHT. PacnonoxeHue 3allMTHBIX PE3UCTOPOB Ha IUIaTaX MOJIyJIed
nokasaHno B [Ipunoxenun /.

OrpanuueHue HaNpsKEHUs: 00eCIIeYBAETCs CXEMOTEXHUKON M KOHCTPYKIMEN U30JUPYIOIINX
npeoOpaszoareneil HanpspkeHus: pupMbl TRACO (HanpsbkeHue rambBaHuueckoi passsizku 500 B,
cMm. mm. 1.3.2.1 -1.3.2.8).

DJEeKTpUYECKUE IIeTH, TATbBAHUYECKH CBSI3aHHBIE C MCKPOOE30MAaCHBIMHU LIETISIMH MOJIYJICH,
OTAEJIEHBI OT HUX MEYaTHBIM SKPAHOM IIMPUHON HE MeHee 1,5 MM. DKpaH AJIEKTPUUECKUA COCTUHEH
NyOnupOBaHHBIMU NPOBOJHUKAMU ¢ KoHTakTaMu 1 u 10 pazsema X1 u, nanee, BHEIIHUM MOHTaKOM,
C TJIaBHBIM 3a3eMJISIOIINM (KOPIYCHBIM) OOJITOM CTOMKH, B KOTOPOH YCTaHOBJIEHBI MOJTYJIH.
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[IpucoenyHeHHe W OTCOEAMHEHHE DPA3BEMOB MOAYJICH IOJDKHO IPOU3BOIUTBECS IIPU
OTKJIFOUEHHOM IUTaHuH. [lepen nprucoeMHEHNEM JTMHUM CBSA3H C B3PBIBO3AILUIICHHBIMU JATYUKAMU
MOJTYJIU JTOJIKHBI OBITh HaJIKHO 3a3€MJICHBI.

[lo oOKoOHYaHMHM MOHTaXHBIX pabOT CcleAyeT NPOBEPUTh BEIUYHUHY CONPOTUBICHUS
MCKPO3AILUTHOTIO 3a3€MJICHH, KOTOpas HE NOJDKHA IpeBbiaTh 1 OM.

3nak X B MapKupoBKe B3pbiBozauTel Moayien [Exib]IIC X o3navaer, 4To npH 3KcIIyaTaluu
MoJyJieil He0OOXOIMMO COOMIOAATh CIEAYIONINE CIICIHAIbHbBIC YCIOBUS:

- K NPHUCOEIUHUTEIBHBIM YCTPOWCTBAM MOJYJISI C MapKHPOBKOH «HCKpOOE30macHbIe
L eI JIOITy CKaeTCs MOAKJIIOUEHUE TOJIBKO B3PBIBO3AIIHAIIEHHOTO
3JIEKTPOOOOPYIOBAHUS C BUIOM B3pBIBO3AIIUTHI «UCKPOOE30MacHast 3JEKTpUIecKast
Lenb» ypoBHs He Hmke "ib", uMeromero cepTuuKaT COOTBETCTBUS U pa3pelliecHHe
Ha npuMeHeHne PeaepanbHON CIIyKObI [0 IKOJIOTMUECKOMY, TEXHOJIOTMUECKOMY U
aTOMHOMY HaJ30py BO B3pBIBOOIACHBIX 30HAaX, IJl€ BO3MOXKHO 00Opa3oBaHHE
ra3oBbIx cMecel kareropuu I1C, a Takke NPOCTHIX IEKTPOTEXHUYECKUX YCTPOUCTB,
COBMECTHMBIX ¢ HCKPOOE30MacHOM 3JeKTpruiecKoil 1enbio B coorBercTBu ¢ [OCT
P 51330.10-99 (M9OK 60079-11-98), 'OCT 30852.10-2002 (MOK 60079-11:1999);

- DIEKTPUYECKHE apaMeTpsl UCKpOOE30I1aCHOTO 3JIEKTPOOOOPYI0BAHNH,
MOJKJIIOYAEMOI0 K COEJUHUTEIBHBIM YCTPOMCTBAM MOIYJII C MapKUPOBKOU
«MCKpOOe30MacHble LEMu», BKIIOYAas MapaMeTpbl COCAMHUTENBHBIX Kalened u
IIPOBOJIOB, HE JOJDKHBI NPEBBINIATh 3HAYEHWH, yKa3aHHbIX B paszgene 3.1
HacTosmero PO.

3 HCHOJIb30OBAHMUE I1O HASHAYEHUIO

3.1 IKCIIyaTallMOHHBbIE OTPAHUYEHUSI

[Tpu skcmmyatanmu MoIysied HEoOXOJUMO CJelIOBaTh BCEM PEKOMEHIAIMSIM B IOJHOM
COOTBETCTBUU C pazaenamu Hacrosmiero PD. Kpome Toro, HeoOXOAMMO BBITIONHSATH MECTHBIE
WHCTPYKIIMHU, NEUCTBYIOINE B JAHHOW OTPACIU MPOMBIILICHHOCTH, a TaK)Ke JAPYrue HOPMATHBHBIC
JIOKYMEHTBI, OTIPEACIISIONINE MPaBHIa SKCIUTyaTalluy B3PBIBO3AIIUIIEHHOTO AIEKTPOOOOPY A0BAHMUS.

[IpenenbpHbIE MapaMeTpbl BHEIIHUX HCKPOOE30MACHBIX SJEKTPHUUECKHUX LIeTeld MOoAyJeill He
JIOJIKHBI MPEBBILIATH CIEAYIOMNUX 3HAUYCHUMN:

¢ MaKCHMAaJIbHBIM BBIXOJHOU TOK, o — 60 MA;

® MaKCHMMaJbHOE BhIXOAHOE Hampsbkenue, Uo — 25,5 B;

e MaKCHMaJIbHas BHEIIHSSA eMKOCTh, Co — 0,1 Mx®D;

e MaKCUMaJlbHas BHEIIHSS UHIYKTUBHOCTB, Lo — 5 MI H.

3.2 IloaroroBka MOAYJs K HCIOJIb30BAHUIO

[locne momydeHus, JIATEIBHOTO XPaHEHUsS WIA TPAHCIOPTUPOBAHMS MOIYJA B
TPAHCHOPTHOM Tape HEOoOXOAMMO IMPOU3BECTH BHELIHMH OCMOTP TPAaHCIOPTHOIO M YKJIAJAO0YHBIX
AIUKOB U MIPOBEPUTH LIEJIOCTHOCTD YIIAKOBKH.

[Ipu oOHapyXeHHU HapymIEHHs LEJIOCTHOCTH TPAHCHOPTHON WM YKIQJ0YHOM Tapbl
HE00XO0UMO COOOLIUTHh O HApYILIEHUH MPEANPUATUIO - U3TOTOBUTENIO. JlanbHelas sKCIuTyaTanus
MOZYJIsl BO3MOYKHA TOJIBKO € PAa3peIleHUs NPEAIPUATHS - H3TOTOBUTEIIA.

Ecin 1enocTHOCTh Tapbl HE HapylleHa, MOAYJb CIEAYET U3BJ€Yb U3 YNAKOBKH, IIPOBECTU
BHEIIHUNA OCMOTP Ha OTCYTCTBHE MEXAHUYECKUX ITOBPEKICHUN U IIPOBEPUTH €r0 KOMIUIEKTHOCTb.

B ciyyae XpaHeHHs WM TPaHCHOPTHUPOBAHUS MOAYJS IIPU TEMIEPAType HUWXKE HYyJIA
IpagycoB, BBIIEP/KATh €T0 B HOPMAJIBHBIX YCIOBUSAX B T€UEHHUE 12 4acoB.
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3.2.1 Ilopaook ycmanoeku

[lepen HayaOM MOHTa)ka MOJYJb CIEAYET OCMOTPETh U IPOBEPUTH LIEJIOCTHOCTh 3JIEMEHTOB
UTAaThI, EYaTHBIX MPOBOJIHUKOB U OTCYTCTBHE MOBpPEXACHUI pa3beMoB. [Ipu pabote ¢ MogynsiMu He
JIOITyCKAIOTCA yAapbl, MEXaHUYECKHUE MOBPEXKICHHS, MPUIOKEHUE OOJBIINX YCHIIMH TPU CTHIKOBKE
pa3beMoB. TOKOOTpaHNYUBAOIIKE PE3UCTOPHI, a TAKKE MECTO 1O HUMHU Ha HUKHEN CTOPOHE IUIATHI,
JOJIKHBI OBITh 3aJIMTHI 3AIIUTHBIM KOMIAYHJOM, PACCTOSIHUE MEXIy JII00O0H TOUKON (B TOM 4HCIe
BBIBOJIOM) JIOOOTO pe3ucTopa M KpaeM oOJacTH 3alMBKH JOJKHO COCTaBIsiTh HE MeHee 1 MM.
ToKOOrpaHNYMBAIOIINE PE3UCTOPBI HE JOJKHBI UMETh IOBPEXKICHUN, KOMIAYH]l HE JOJKEH UMETh
TPEIMH M CKOJIOB. PacrosnokeHHWe 3alllMTHBIX PE3UCTOPOB Ha IulaTax MOAYJIEH ITOKa3aHO B
[Mpunoxenun JI. Jlomyckaercs 3ajiuBKa KOMITAyHIOM OOJBINCH 30HBI Ha IUIaTe, YeM yKa3aHO B
[Tpunoxenun /1.

[Ipu nepBoOHa4YAILHON YCTAHOBKE MOJYJIEH CIEAYET BBIIIOJIHUTH CIECAYIOIUE JCHCTBUSA:

- B COOTBETCTBHM C TaOiuieh 19 yCTaHOBUTH JOTHYECKUNM CUCTEMHBIN aapec Moayis (CM.
npumedanus 1...3 k Tabnune 19);

Tabmuna 19
Mopnyan IToJsi0:xeHne NepeMbIyex Mopnyan IToJi0:xeHne MepeMbIYeK
AI-10 J2 J3 J4 JS Jo | J7 AI-10 | J2 J3 J4 JS J6 J7
Al-11 JS J6 J7 J8 J9 [J10 Al-11 JS J6 J7 J8 J9 | J10
Al-12 J6 J7 J8 J9 | J10 |J11| Appec | Al-12 J6 J7 J8 J9 | J10 | J11 | Anpec
Al-13 J1 J2 J3 J4 J5 | J6 | Bceru | AI-13 J1 J2 J3 J4 JS J6 | B cern
Al-19 J2 J3 J4 JS Jo | J7 Al-19 | J2 J3 J4 JS J6 J7
CTF-11] J1 J2 J3 J4 JS | J6 CTF-11] J1 J2 J3 J4 JS J6
DI-11 J3 J4 JS J6 J7 | J8 DI-11 J3 J4 JS J6 | J7 J8
DIO-11 | J3-0 | J3-1 | J3-2 | J3-3 | J3-4 |J3-5 DIO-11 | J3-0 | J3-1 | J3-2 | J3-3 | J3-4 | J3-5
0* # 32
# 1 # # 33
# 2 # # 34
# # 3 # # # 35
# 4 # # 36
# # 5 # # # 37
# # 6 # # # 38
# # # 7 # # # # 39
# 8 # # 40
# # 9 # # # 41
# # 10 # # # 42
# # # 11 # # # # 43
# # 12 # # # 44
# # # 13 # # # # 45
# # # 14 # # # # 46
# # # # 15 # # # # # 47
# 16 # # 48
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Tabnuna 19 (npogomxeHue)

Moayab IHos10:keHuEe nepeMblYeK Mopyab ITos10:xeHue EepeMbIYeK
Al-10 J2 J3 J4 JS J6 | J7 Al-10 J2 J3 J4 J5 J6 J7
Al-11 JS J6 J7 J8 J9 [J10 Al-11 JS J6 J7 J8 J9 | J10
Al-12 J6 J7 J8 J9 | J10 |J11| Apmpec | AI-12 J6 J7 J8 J9 | J10 | J11 | Anpec
Al-13 J1 J2 J3 J4 J5 | J6| Bcerm | AI-13 J1 J2 J3 J4 JS J6 | B cern
Al-19 J2 J3 J4 JS J6 | J7 Al-19 J2 J3 J4 J5 J6 J7
CTF-11] J1 J2 J3 J4 JS | J6 CTF-11] J1 J2 J3 J4 JS J6
DI-11 J3 J4 JS J6 J7 | J8 DI-11 J3 J4 JS J6 J7 J8
DIO-11 | J3-0 | J3-1 | J3-2 | J3-3 | J3-4 |J3-5 DIO-11 | J3-0 | J3-1 | J3-2 | J3-3 | J3-4 | J3-5
# # 17 # # # 49
# # 18 # # # 50
# # # 19 # # # # 51
# # 20 # # # 52
# # # 21 # # # # 53
# # # 22 # # # # 54
# # # # 23 # # # # # 55
# # 24 # # # 56
# # # 25 # # # # 57
# # # 26 # # # # 58
# # # # 27 # # # # # 59
# # # 28 # # # # 60
# # # # 29 # # # # # 61
# # # # 30 # # # # # 62
# # # # # 31 # # # # # # 63
IIpumeuanusi.
1. “#” o3Hayaer, 4YTO MEPEMbIUKA YCTAHOBJICHA.
2. Ilpu opranmzanuu cetu RS-485 agpec “0” He ucnonb3yercs.
3. JIns yCTaHOBKM NEpEMBIYEK HEOOXOIUMO CHSTHh KPBIIIKY MOMYJs, BBIMOJHUTH YCTaHOBKY

MIEPEMBIYEK U 3aKPBITh MOYJIb KPBIIIKON.

- B COOTBeTCTBUM ¢ Tabmumeil 20 yCTaHOBHTH CKOPOCTh OOMEHA JaHHBIMH B CETH (CM.
npumedanus 1 - 3 k tabnure 20);

Tabmuia 20

Moayas/3ape3epBupo- Cxopocthb/Y CTaHOBJICHBI IEPEeMbIYKHU
BaHHbIE NEePeMbIYKH 2400 9600 38400 115200 | 230400 | 460800 | 921600
Al-10 (J14, J15, J16) - J14 J15 J14,J15 X X X
AlI-11 (XP1 1-2, XP1 1-2,
XP1 3-4) XP1 3-4 XP1 3-4 | XP11-2 - X X X

122,123,
Al-12 (J22, J23, J24) 14 J23,124 | J22,])24 J24 J22,J23 J23 J22
Al-13 (J7,J8, J9) - J7 J8 J7,J8 J9 19,717 J9,J8
Al-19 (J8, J9, J10) - J8 J9 J8,J9 J10 J10,J8 | J10,J9
CTF-11 (XP1 1-2, XP1 | XP1 1-2,
3-4) XP1 3-4 XP1 3-4 | XP1 1-2 - X X X
DI-11 (J15, J16, J17) - J15 J16 J15,716 J17 J17,J15 | J17,J16
DIO-11 (J10, J11, J12) - J10 J11 J10, J11 J12 J12,J10 | J12,J11
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[Tpumeuanus.
1. "-" o3HauaeT, 4YTO BCE 3ape3epBUPOBAHHBIC MEPEMBIUYKH JJOJKHBI OBITH CHATHI.
2. "x" o3HayvaeT, 4TO CKOPOCTh HEOCTYIIHA.

3. JIns yCTaHOBKM TEpEeMbIY€K HEOOXOAMMO CHATh KPBIIIKY MOJYJS, BBINOJHUTH YCTAaHOBKY
MIEPEMBIYEK U 3aKPBITh MOJYJIb KPBIIIKON.

[ToxoneBka pazprema XP1 npuseneHa Huxe.

XP1 A%
I I
9 o o 0o o o 1
o o 0o o o
10 2

- B COOTBETCTBHUH € Tabuuuel 21 npoBepUTh MOJI0KEHNE IEPEMBIUEK, TPEAHA3HAYEHHBIX JJIs
COTJIACOBaHUS Harpy3ok cet. Ecim mo cooTBercTByOmeMy kKaHaiy (cMm. 1. 1.3.2) Moxynb SBIsIeTCS
OKOHEYHBIM Yy3JIOM CE€TH, COOTBETCTBYIOIINE MEPEMBIUKH JOJKHBI ObITh YCTAHOBJICHBI, B MPOTUBHOM
CJlIy4ac — CHATEHI,

Tabmuna 21
Moayas Kanaa RS-485/Corunacyommue nepeMbrakn
nepBblil (KOHTAKTHI 4, 5, 6 X1) BTOPO# (KOHTAKTHI 7, 8, 9 X1)

Al-10 J8,J9,J10 J11,7J12,J13

Al-11 J11,J12,J13 J14,J15,J16

Al-12 J16,J17,J18 J19, J20, J21

Al-13 J10,J11, J12 J13,J14,J15

Al-19 J11,J12,J13 J14,J15,J16

CTF-11 J7,18,J)9 J10,J11,J12

DI-11 J9,J10,J11 J12,J13, J14

DIO-11 J4,]5,J6 J7,J8,J)9
[Ipumeuanus.
1. "-" o3Hauaer, 4YTO BCE 3ape3EPBUPOBAHHBIC IEPEMBIYKHU JOJKHBI OBITH CHSTHI.

2. JIns yCTaHOBKM I€peMbIYEK HEOOXOJUMO CHATh KPBIIMIKY MOJIYJs, BBIMOJHUTH YCTaHOBKY
MIEPEMBIUEK U 3aKPBITh MOYJIb KPBIIIKOMN.

- gna moxyned DI-11 m DIO-11 ycranoButrs mnepembriuku J1 1...J2 2 B mnosoxeHue,
COOTBETCTBYIOIIEe TpeOyemMoil MONSIPHOCTH NHUTaHHUS BXOJOB. Eciu mepeMblukH yCTaHOBIEHBI
napajyielIbHO  pa3beMaM  MOJYJs, CXeMa MOJKIIYEHUS BXOJOB - ‘00wl TuIoc”, eciu
MEePHEHANKYISPHO - o0t Munyc” (em. mm. 1.3.2.7 u 1.3.2.8);

- nana monyias u DIO-11 npoBepuths nosnoxxenue nepeMbriuku J13; eciin nepempiuka oaeTa —
3al[UTa BBIXOJOB OT MEPErpy3KH Mo TOKY OTKIIOUEHA, €CIIU CHATA — BKJIIO4YeHa (cM. 1. 1.3.2.8);

- ycraHoBuTh Moaysb Ha DIN—peiiky tuma DIN3 (TS35/F6) wiu DIN1 (TS32/F6);

- TOJKIIOYUTh K MOJYJIO CUTHAJbHbIE IPOBOJA W IPOBOAA MUTAaHUS B COOTBETCTBUU C
IIOKOJIEBKON Pa3beMOB MOJIYJISL.
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BHUMAHUE! [looknouenue crnedyem GulNOJHAMb C  OCOOEHHOU  AKKYPAMHOCHMDBIO.
Heobxo0umo evloepocams cmpozoe coomeemcemaue mexHcoy nopsaoKo8bLMU HOMePAMU KOHMAKMO8 U
HasHaueHuem  cueHanos. Ilpucoedunenue u  omcoeOuHeHue pazvemMos MoOYIs — OOJHCHO
npou3800UMbCs  Npu  OMKIOYeHHoM numanuu. Ileped npucoeOunenuem JAUHUL  C8A3U  C
63PblBO3AUULYEHHBIMU OAMYUKAMU MOOYIb QOIHCEH DbIMb HAOEHCHO 3A3eMIIEH.

- monymu Al-10, Al-11, Al-12, AI-19 u CTF-11 nepen HadamoMm u3MepeHUN HEOOXOIUMO
BBIIEPKAaTh BO BKJIIOYCHHOM COCTOSTHUM B TEUCHHE 4Yaca;

- ans moxyist CTF-11 npu HeoOX0qMMOCTH 3aaTh yCTaBKY BPEMEHHU U3MEPEHHS U TIPOBECTU
TapupoBKYy MoayJid (cM. 1. 1.3.3.6).

3.2.2 llepeuunaa nosepka

Ecnmn wmonymu  AI-10, Al-11, AI-12, AI-19 u CTF-11 npumenstorcs B cdepax
pacnpoCTpaHEHUs] T'OCYAAPCTBEHHOTO METPOJIOTMYECKOTO KOHTPOJII M HAJA30pa, OHU IOJUIEKAT
MIEPBUYHOI MOBEPKE /10 BBO/IA B AKCILITYaTaIHUIO.

3.3 Hcnoan3oBanue MOayJIst

[Tpexxne yem HayaTh paboOTy ¢ MOAYJIEM, HEOOXOIUMO O3HAKOMHUTHCS C IKCILTyaTallHOHHOM
JIOKYMEHTallUEeH U KOHCTPYKLIUEH MOy JISL.

Monynb yCTaHaBIUBAETCS BHE B3PBIBOOIIACHBIX 30H IS COBMECTHOHN PabOTHI ¢ TaTYHKAMH,
YIOBJIETBOPSIOIIMMH YCJIOBHUSIM, TIPHBEACHHBIM B pasnene 2. IlpucoennHeHrne W OTCOSAMHEHUE
pa3zbeMOB MOAYJIS IOJDKHO MPOU3BOAUTHCS MPU OTKIIOUEHHOM nutaHuu. [lepen mpucoeanHeHreM
JUHUHA CBS3M C JaTYMKAMU MOAYJb JTOJKEH OBITh HaJeKHO 3a3eMyeH (BeBOAbI “GND” pazpema
X1). O6mas cxema obecrieueHus B3phIBO3AIIMIIIEHHOCTH Noka3aHa B [Ipunoxenun E.

Jnst mpaBUIbHOM pabOThI MOAYJISE HEOOXOIUMO TaKkKe 00€CIeUnTh HAJECKHOE 3a3eMJICHUE
HMCTOYHHUKA, OT KOTOPOTO 3alHMTaH MOAYJb, OIJIETOK KaOened CBA3M U OOBEKTHBIX Kabeneil. He
JIOTIycKaeTcs Hanuuue “nerenp” B cxeMe 3azemuienus. K monymnsam Al-10, Al-11, Al-12, AI-19 u
CTF-11 natyuku TOJDKHBI TIOJKIIIOYATHCS Y€pe3 SKPAHUPOBAHHYIO BUTYIO Tapy.

JluHUY CBSI3M JTOJDKHBI MOJKITIOYATHCS K MOAYJIIO Yepe3 SKPAaHHPOBAHHYIO BHUTYIO Tapy.
BonHoBoe conmpoTtuBieHue kadems cBs3u JOHKHO cocTaBisaTh 100 Om.

4 TEXHUYECKOE OBCJIYKUBAHHUE

Paboraromuii MOy b TEXHUYECKOTO 00CITy)KUBAaHUS HE TpeOyeT.

5 TEKYIIAA PEMOHT

Monynb sBIS€TCS BOCCTaHABJIMBAEMBIM U PEMOHTHO-IPUTOJHBIM H3AenueM. B mepuon
OKCIUTyaTalluy B CIydasx, He TPeOyIOMHUX 3aBOJICKOTO PEMOHTA (WJIM BBI30BA OpUTAJIBI IPEATPUSTHS-
U3rOTOBUTEINSA) MOTPEOUTEINIO0 pa3pelaeTcs CBOMMHM CHJIAMH HPOM3BOJIUTH 3aMEHY BBIIIECIIINX M3
CTpoOsl MOLyJIeH ¢ ucnonb3oBanuem 3UII.

CBeneHuss O HEHCIPABHOCTAX 3aHOCATCA B pasznen “Yder HEHCNpPaBHOCTEW IIpu
AKCIUTyaTalluu’ TAcIopTa.
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6 IIPABUJIA XPAHEHUS

XpaHeHHe MOAYJS MOXET OBbITh KpPAaTKOBPEMEHHBIM (TapaHTUHHBIM) U JJIUTEIbHBIM B
OTaIUIMBAEMOM XPaHUJIUIIIE.

[MapanTuitHblil CpOK XpaHEHUS MOJYJII C MOMEHTA U3TOTOBJIEHUS: 2 TOAA.

CpOK JJIMTENBHOTO XpaHEHHUsI MOAYJIA B OTaruiiBaeMoM xpanwiuiie: 10 mer.

[Tpu xpaHeHUU MOy CIeAYeT BBIACPKUBATH CIECAYIOIINE TapaMeTPhl OKPYKAIOIIEH Cpebl:

- B OTAIUTMBAaEMOM XPaHWIHIIE TEMIIepaTypa BO3AyXa JI0JDKHA OBITh B mpeenax oT mitoc 5 °C

no twoc 40°C, orHOocuTenbHas BiaxHOCTh 10 80% mnpu Temmeparype tmioc 25°C 6e3

KOHJICHCAllUHU BJIaru;

- cofiepaHNe KOPPO3UMHBIX areHTOB B aTMoc(epe XpaHUIUIIAa He JOHKHO MPEBbIIIATh:

e cepHuCTOro rasa 20 Mr/M’ B CyTKH;

® XJIOPHUCTBIX coleit 2 MI/M° B CYTKH.

Mopyne nepen 3akiaKod Ha JJIMTENbHOE XpaHEHUE (M0 MCTEYCHUH TapaHTHMHOrO CpoKa
XpaHEeHUs1) J0HKEH ObITh IEPEKOHCEPBUPOBAH.

KoncepBauus 10JKHa TPOBOAMTHCA B MOMEIICHUM TIPU TeMrepaTrype Bo3ayxa rioc 20°C
+5°C u oTHocuTeldbHOW BIaxXHOCTH He Oonee 70% 06e3 pe3kux KoleOaHWl TeMmepaTyphl.
[Tomemenne MOMKHO OBITH 3alIUIIEHO OT MPOHUKHOBEHHUS B HETO aTMOCQEPHBIX OCAIKOB U
KOPPO3HMOHHOAKTHUBHBIX T'a30B (XJIOP, CEPOBOIOPO]I, aMMUAK, CEPHUCTHIN Ta3 u jp.). [Ipu npoBeaeHnn
paboT 1Mo mepeKoHCepBaIuu cieayer cobmonars Tpedoanus 6e3onacHoctr mo ['OCT 9.014.

7 TPAHCIIOPTUPOBAHHE

TpancnoptHas Tapa W yHakoBKa  O0ECNEYMBAIOT  COXPAHHOCTb  MOAYJA  IpH
TPaHCHOPTUPOBAHUM BCEMHM BHJAMM  TPAHCIOPTA:  aBTOMOOWMJIBHBIM,  JKEJIE€3HOAOPOXKHBIM,
BO3JYIIHBIM (IIPH YCIOBUM Pa3MEIEHUS MOAYJS B T€PMETU3NPOBAHHOM OTCEKE) B COOTBETCTBUHU C
IIpaBWJIaMH TPAHCIOPTHUPOBAHUS IPY30B Ha COOTBETCTBYIOLIEM BHJIE TPAHCIOPTAa U MPU XPAHEHUU
€ro B TEYEHUE CPOKOB, YKa3aHHBIX B paszzee 6.

[Ipy TpaHCHOPTHPOBAHMHU YMAKOBKA MOAYJS JOJKHA OBITh 3allMIEHa OT HPSIMOTro
BO3/ICUCTBUS aTMOC(EPHBIX OCATKOB.

TpancnopTupoBaHue BCEMH BHUIAMH TPAHCIOPTa MOXKET IPOBOAMTHCS B CIEAYIOLIUX
YCIIOBHSIX:

1) TemMnepatypa OKpy»Karolero Bo3ayxa ot Mmunyc 50 go mitoc 70°C;

2) oTHOCHUTEIbHAS BIAXKHOCTh 98% mpu Temmnepatype mitoc 25°C;

3) atmocdepnoe nasienne ot 12 kIla (90 mm pr. cT.) 10 100 kI1a (750 Mm pT. cT).

IIpu norpyske M BbIrpy3Ke MOAYJIM He OpocaTb, cOONIOAATh MEPBI MPEJOCTOPOKHOCTH OT
MOBPEXJICHHS TAPHOTO SLIHKA.

[lociie morpy3ku B TPaHCIOPTHOE CPEACTBO SIUK 3aKPEIUISETCS € LEJIbI0 HCKIIOYECHMS
BO3MO>KHOCTH €T0 ITPOU3BOJILHOTO NEPEMEIIECHUS.

8 IIPABHWJIA O®OPMJIEHUSA 3AKA3A

[Ipn odpopmnenun 3aka3a Ha MOAYJIM B OJaHKE 3aKa3a HEOOXOAMMO YKas3aTh CIEIyIOLIHNE
JTaHHBbIE:

e “HammeHoBaHuEe” - yKa3bIBAa€TCS MOJHOE HAMMEHOBAHUE MOAYJISI C YUETOM MOAM(PHUKALINNT;

e “Kon-B0” - yKa3bIBA€TCS KOJIMYECTBO MOCTABIISIEMBIX U3/IETINIA TAHHOTO HAUMEHOBAHHSI.

Kpome Toro, B 611aHKe 3aKa3a MOTYT ObITh OTOBOPEHBI OCOOBIE YCIOBUS MOCTABKH MOJTYJIEH.
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Ipuioxenue A (mMpogoJIzKeHHe)
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Ipuioxenue A (mMpogoJIzKeHHe)
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IIpunoxenne A (mpogoskeHue)
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Ipuioxenue A (mMpogoJIzKeHHe)
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Ipuioxenue A (mMpogoJIzKeHHe)
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INEPEYEHb JOKYMEHTOB, HA KOTOPBIE JJAHbBI CCBIVIKA B HACTOSAILEM PD

O6o3HavyeHHe TOKyMEHTa

HaunmenoBanne nokymeHnTa

I'OCT 14192-96

MapkupoBka Irpy30B

I'OCT 515-77

bymara ynakoBouHas ~ OuTyMHpOBaHHasi W  JIerTeBasl.
TexHU4YeCKue yCIOBHs

I'OCT P 52901-2007

KapTton rodpupoBaHHBId A8  YHNAKOBKM  HPOIYKIUH.
TexHuuecKue yCcioBHs

I'OCT 9.014-78

EK 3KC. BpemeHHas npOTUBOKOPPO3HOHHAS 3alIUTA U3/1EITHI.
O0mne TpedoBaHus

I'OCT 30852.10-2002
(MBK 60079-11:1999)

OnexktpoobopynoBaHue  B3pbiBo3amuiieHHoe. Yacte  11.
Hckpobe3omnacHast 2JIeKTpHUEcKast Ierb i

TOCT 30852.9-2002
(MDK 60079-10:1995)

DnekTpoobopynoBaHKEe B3phIBO3aIuineHHoe. Yacts 10.
Krnaccudukans B3pbIBOONACHBIX 30H

TOCT P 51330.10-99
(MDK 60079-11-99)

DnexkTpoobopynoBanne  B3peiBo3amuiieHHoe. Yacte 11,
HckpobesonacHas dieKTpuiecKas 1erb i

I'OCT P 51330.9-99
(MBK 60079-14-96)

DnexTpoobopyaoBaHue B3phiBo3anuiieHHoe. YacTs 10.
Krnaccudukaniys B3pbIBOONACHBIX 30H
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