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3aKIIro4YeHue 100

CIIMCOK UCITIOJIb3YEMOM JIUTEPATYPHI



BBenenne

DIEKTPO3HEPreTUKA ABIISIETCS 0A30BOM OTPACIIBbI0 POCCHICKON 3KOHOMHUKH,
HOJIHOCTBIO 00ECIIEUNBAIOLIEH IEKTPUUYECKON U TEIIOBOW YHEPIHel BHYTPEHHUE
MOTPEOHOCTH HAPOJHOTO XO3SIMCTBA M HACENEHHUs. YCTOMYMBOE pa3BUTHE U
HaE)KHOE (PYHKIIMOHUPOBAHUE OTPACIId BO MHOTOM ONPEJEISIIOT S3HEPTETUYECKYTO
0€30MacHOCTh CTPaHbl U SBISIOTCA BaXHBIMU (AaKTOpaMU €€ YCHEIIHOTO
HKOHOMHYECKOTO Pa3BUTHS.

B Hacrosimee Bpems A o0ecliedeHHsl YCTOWYMBOIO pa3BUTHUS U
HaJEXKHOrO0 (YHKIMOHUPOBAHUS OTPACiId 3JIEKTPOIHEPTreTUKH, MPEXKIE BCETO,
HEO0OXOAMMBbI HOBBIE 3HEProdddexTuBHble pemeHus. OAHUM U3 TaKUX pelIeHUN
SBJIIETCSI ABTOMATU3alldsl CUCTEMBI KOHTPOJISI M y4€Ta 3JIEKTPUYECKOM DHEPIUH,
KOTOPOE€ TO3BOJISIET CYIIECTBEHHO MOBBICUTh 3(()EKTUBHOCTh HCIOJIb30BaHUS
YHEProOpeECYpPCOB.

OpnHako peai3anus CyIIECTBYIOIMX aBTOMAaTHYECKUX CUCTEM KOHTPOJIS U
yuéta snektposHepruu (ACKYD) cBsizaHa co 3HAYUTEIbHBIMU SKOHOMUYECKUMHU
3aTpaTaMM, B CBS3M C YE€M B YCJIOBUSAX 3KOHOMHYECKOIO KpHU3HUCa OCOOEHHO
aKTyaJIbHOW CTAHOBUTCS MpoOJieMa MOBBILIEHUS ()(PEKTUBHOCTH HMCIOIB30BAHUS
AIIEKTPUYECKOW SHEPruM Ha OCHOBE NPHUHLMIIA MUHUMHU3ALUUU 3aTpaT IpU
BHenpennn ACKYD.

C uenbio pelieHHs AAaHHOW MpoOJieMbl ObLIO pa3pabOTaHO YCTPOMCTBO
coopa, o0pabotkm u mnepegaun uHPopMamumu U Ha ero ocHoBe ACKVYD.
[Ipennaraemasi cucremMa HMEET  CYIIECTBEHHbIE  MPEUMYIIECTBA  IMEpe.
IbTEPHATUBHBIMUA PEIICHUSIMH, OCHOBHBIM U3 KOTOPBIX SBJISIETCS 3HAYUTEIHHO
MEHBIIINE SJKOHOMUYECKHE 3aTPaThl, HEOOXOAUMBIE JIsl peain3alii CUCTEMBI.

B nporecce pa3paboTku JaHHOTO MpOEKTa ObLTa paccMOTpeHa ImpodiieMa
3G (HEKTUBHOTO HCTOIB30BAHMS AJIEKTPUUECKOW 3HEepruu, paspadorana ACKYD,
00OCHOBaHa HJKOHOMHYECKas 1eJeco00pa3HOCTh BHEIPEHUS IpesiaraeMoi
CUCTEMBl U ONpENEJICHbl OCHOBHBIE 3Tallbl AajibHeWed padoTel. Pe3ynbTaThl

pa60TBI OTPAKCHBI B COOTBCTCTBYIOIIUX I'JIaBax IIPOCKTA.



1 XapakTepucTuka 00beKTa H3MEPeHUs
1.1 Cucrembl 3JIeKTPOCHAOKEHUS
1.1.1 OcHOBHBIE 3JIEMEHTbI CHCTEM JIEKTPOCHAOKEHUsI

OCHOBHBIM HCTOYHHKOM QJICKTPOSHCPTHUHN ABJIAIOTCA O6T>€I[HH€HHBI€ B

OHCPIOCUCTCMBI 3JICKTPOCTAHIIUU.

DHEpPreTUYecKoil CUCTeMOW Ha3bIBAIOT YCTAHOBKHU MO MNpeoOpa3oBaHUIO,
MIPOU3BOJICTBY, MOTPEOJICHUIO U PACIIPEACIICHUIO TEIJIOTHl U YHEPTUHU, KOTOPHIC B
CBOIO OY€pe/lb, CBSI3aHbl MEXKJy COOOW TEIUIOBBIMH, a TaK e, ICKTPUUECKUMU
CETSAMH C OOIKUM PEKUMOM YTPABJICHUS, & SJIEKTPUUECKON CUCTEMOM Ha3bIBAIOT
ANEKTPUUECKYI0 YacTh HSHEPrOCUCTEMBbI (T€HEpaTophbl, MpeoOpa3oBaTelIbHbIE U
pacrpeieIuTeNbHbIE YCTPOUCTBA, TUHUM AiekTponepenad (JIDII) u nmorpedurensb

AIIEKTPOIHEPTUH ).

Tak kak HanpsbkeHue reHeparopoB TOL[ cocrtaBnser 6-20xkB, Onu3ko

PacCIIOJIOKCHHBIC HOTpe6I/ITeJ'II/I IMMTAOTCA Ha JaHHOM HAIIPsAKCHHUU.

B cnywae, eciaum anexkTpocHaOxeHUsi MOTpeOUTeNied HaXOoJATCs Ha
3HAQUUTEIBHOM PACCTOSHUM, JUIsi CBSI3M C DHEPrOCUCTEMOM MPUMEHSIETCS
HalMpspKeHWE BBINIE TeHepaTopHoro. Jjis 3TOro Ha CTaHIMSAX YCTaHABIMBAIOT
TpaHchOpMaTOphl, KOTOpPHIE TOBBIMIAIOT TeHepaTopHOe Hampsbkenue no 110-
220kB. Jlns mpeoOpa3oBaHus HAMPSOKEHUS U CBS3U OTACIIBHBIX YaCTCH CUCTEMBI, a
TaKk >K€ MUTAHUS MOIIHBIX MOTpeOuTeNeld TpeAHa3HauYeHbl TpaHC(HOPMATOPHBIC

paifoHHBIC MMOJACTAHIIMK U Y3JI0BbIC pacnpeaeauTeabubie [1].

DIIEKTPOSHEPrus mepeaaeTcss U pacnpenensercs ¢ nomompbio JIOIT u
IEKTPUUECKUX CETEH pa3MuYHBIX HanpsikeHud. Hanpspkenue mTuHuM BRIOUPAIOT B
3aBUCUMOCTH OT MOIIHOCTH, MEPEAABAEMOM 0 HUM, U UX MPOTIHKEHHOCTH, MPHU

MMOTCPHU MOITHOCTHU U CTOUMOCTD COOp}I)KeHI/II\/JI JOJIDKHBI OBITHh MUHUMAJIbHEL.



1.1.2 DaexkTpocHaldkKeHHe KUIbIX 31aHUI

B EBpomne nambosnee mmupoko pacrnpoctpaHeHa cucrema TN-S. Panee B
Poccun ucnonb3oBanacek cucteMa TN-C, B KOTOPOIl OTKPBIThIE MPOBOASIINE YACTH
AIIEKTPOYCTAHOBKHU (KOPIycCa, KOXYXH DJIEKTPOOOOPYIOBAHMS) COCTUHEHBI C
3a3€MJICHHOW HEUTpaJbl0 HMCTOYHHMKA COBMENICHHBIM HYJEBBIM 3alIUTHBIM U
pabounm mnpoBogHukoM (PEN) - '"sanynensl". JlaHHas cucTemMa SBISJIAChH
OTHOCUTEJIBHO HEJOPOTOM M TMPOCTOM, HO He olecrneunBaia HEOOXOIUMbIN

YPOBEHB IEKTPOOE30MACHOCTH.

B xunbix 3AaHUAX MCTAJUIMYCCKUC KOpPIIyCa 3H€KTpOO60py,I[OBaHI/I$I
AOJDKHBI MPHCOCAUHATLCA K 3allMTHBIM IIPOBOJHHMKAM, a CCTHU IITCIICCIBbHBIX
PO3CTOK AOJIKHBI BBIITIOJIIHATHCA TPCXIIPOBOJIHBIMU. 910 O3Ha4YacT, 4YTO B KHUJIBIX

3IaHUSX perjaameHTupoBaHo npumeHnenue cucteM TN-C-S u TN-S.

Hauboinee nepcnekTuBHON cucTeMoM aiig Hamiei ctpasbl siisietcs: T N-C-
S, KOoTOpas MO3BOJISIET O00ECIEUUTh BBICOKUM YPOBEHBH JJIEKTPOOE30MacHOCTH B

ANEKTPOYCTAHOBKAX 0€3 X KOPEHHON PEKOHCTPYKLIUH.

B cucremax 3azemisenus TN-C-S uw  TN-S a1ekTpo0e30macHOCTh
noTpeduTenss obOecrneurBaeTcsi HE COOCTBEHHO CHCTEMaMH, a BO3MOXXHOCTBIO
NpPUMEHEHUsT B HHUX YCTpPOWCTB 3ammuTHoro otkmodeHus (Y30) - camoro

COBPEMEHHOT0 1 3((heKTUBHOTO JICKTPO3AIIUTHOTO CPEJICTBA.

Yarmie Bcero, 3JeKTPOCHAOXKEHUE KUJIBIX 3JaHUM OCYIIECTBIISIETCS 4Yepe3
BBOJIHO-PACIIPEICIUTEIBHOE YCTPOMCTBO WJIM TJIABHBIM PACIIPEACIUTEIbHBIA AT
(BPY) wmm (I'PIL). ITpu sToM mnuTaHWEe MOTPEOUTENEH OCYIIECTBISCTCS OT
Hanpspkenus 220/380 B ¢ rimyxo3azemieHHon HewTpanbio (cuctema TN-S). T'PI]
COCTOUT M3 aBTOMATOB 3alllUThl W YCTPOMCTBA YIpPaBJICHUsI, MO3BOJISIOIIETO

pa3zie’IbHO OTKIIIOYATh MOTPEOUTENEH IIEKTPOTUTAHUS.

Momnocts ['PII] BbiOUMpaeTcst ¢ pacueToM Ha oOecrieueHrne BO3MOXKHOCTH

JOINIOJIHUTCIBHOTO ITOAKIHOYCHUA HaPY)KHOﬁ CBETOBOU PEKIIaMbl, BHCIIHCTO
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ocselleHns 30auni, u T. 1. B I'PLL pacnipenenserca HanpskeHHUe dJIEKTPOIUTaHUS
[0 TPYNIOBBIM NOTPeOUTENSIM (OCBEIICHHUE JIECTHUYHBIX IIOMAA0K, JTU(TOBOE
0o0Opyl0BaHUE, NMUTAHUE IOJBAJIOB, YEPJAKOB, MOKAPHAsT CUTHAJIM3ALNHU, JKUJIbIC

IOMEIIeHUs U mpouee) [2].

DneKTpOCHA0KEHNE KBAPTUP M KUJIBIX MOMELIEHUM OCYIIECTBISETCS IO
crosikaM, depe3 Y30. COOTBETCTBEHHO K IMUTAIOIIMM CTOSKaM MOJKIFOYAOTCS
ATaKHBIE pacHpeleNuTeNIbHbIe IMTKU, KOTOpble O0pa3yloT TPYNIOBYIO CETb

QJICKTPOIIMTAHUA 110 KBAPTHUPAM.

B cocraB  3TaXHBIX  BIEKTPOUIMTKOB, KAaK  MPABWIO,  BXOMSAT
AJEKTPOCUETYMKH, ABTOMATHUYECKME BbIKIOUarenu U Y30. ABTOMaTHYECKHE
BBIKJIFOYATEIM CTPYNIIUPOBAHBI MO KXKION IENU 3JICKTPONHUTaHus (OCBEIICHHUE,
PO3ETKH, DJICKTPOIINTA, CTUpAJbHAg MallMHAa W T. 1.). i paBHOMEpHOM
HAarpy3Kd Ha pPaCOpelCUTEIbHYI0 CETh LENW TMWTAHUA Pa3HbIX KBapTUP

IMOAKIIOYAar0TCs K Pa3HbIM q)aSHBIM IMPOBOJHHUKAM.



2 AHAJIU3 METO/I0B U CPEJICTB U3MepPeHHsI PAcXo/1a YJIeKTPOIHEPTUn
2.1 MeToabl U CpeACTBA H3MEPEHNsI PACX0/1a JIEKTPOIHEPTIHH

Tak kak H3MepeHUE DJEKTPOIHEPIMU CBOJUTCA K  HU3MEPEHHUIO
MTHOBEHHOT'O 3HAU€HHUsI MOTPEOISIEMON MOIIIHOCTU U €r0 MHTETPUPOBAHHUIO, TO B
JTAHHOM pa3jielie ObUT MPOU3BEECH 0030p METOI0B U3MEPEHHS MOIITHOCTH.

2.2 W3MepeHHe MOIIHOCTH TIOCTOSTHHOIO W TE€PeMEeHHOIro
0HO(PA3HOI0 TOKA

JUiss u3MepeHuss MOUIHOCTH B LEMAX HEU3MEHHOro W OJHO(}A30BOro
MEPEMEHHOT0 TOKa MCIOJB3YIOT MPUOOPHI, UMEHyeMble BaTTMETpamu, s
KOTOPBIX  YHOTPEOJSAIOT  DJIEKTPOAMHAMUYECKME U (PEeppOAHMHAMUYECKUE
U3MEPUTETLHBIE MEXaHU3MBI.

DNEeKTPOAMHAMUYECKUE BAaTTMETPHI BBIMYCKAIOT B BHUJAE MEPEHOCHBIX
yCTpOUCTB Ooubiux kiaaccoB ToyHOCTH (0,1 — 0,5) U ynmoTpeOnsitoT 1l YeTKUX
WU3MEPEHUI MOIHOCTH HEU3MEHHOr0 M MEPEeMEHHOT0 TOKA Ha MPOMBINIJICHHOW U
3aBbIieHHON YacTtoTe (o 5000 I'm). deppoavHamMuYecKre BaTTMETPHI Yallle
BCTPEYAIOTCS B BHJE IIUTOBBIX YCTPOWCTB OTHOCHUTEIBHO HHU3KOTO Kiacca
touHoctH (1,5 — 2,5). Hcnone3yloT Takue BaTTMETPBI MPEUMYLIECTBEHHO
Ha MEPEMEHHOM TOKE MPOMBIIUIEHHON 4acTOThl. Ha HEM3MEHHOM TOKE OHM UMEIOT
3HAYUTENIbHYIO OrPEIHOCTh, O0YCIOBIEHHYIO THCTEPE3UCOM CEPICUHUKOB.

JUist  w3MepeHussT MONIHOCTA Ha OOJIBIIMX  YacTOTaX HCIHOJB3YIOT
TEPMODJIEKTPUUYECKUE MU DIIEKTPUUYECKUE BATTMETPbI, MPEACTABIAIONINE U3 ce0s
MAarHUTOAJIEKTPUYECKHUI VU3MEPUTEIbHBIN MEXaHU3M, CHAOXKCHHBIN
npeoOpa3oBareieM akTUBHOW MOITHOCTH B HEM3MEHHBIH TOK [3].

2.3 BbiOop MeTOoga M3MepeHHsl Pacxola 3JIEKTPOIHEPIMH B KHJIOM

A0MeE

Tak, Kak  HW3MEpEHUs  JJIEKTPOSHEPTHMM  BBIIOIHAKT  METOAOM
VHTETPUPOBAHUS IO BPEMEHM JJIEKTPUUECKOM MOILIHOCTH KOHTPOJIUPYEMOM CETH

IIpru MOMOIIMM HMHAYKIMMOHHOI'O HJIM J3JICKTPOHHOI'O CUYCTUHMKA JJICKTPOSHCPIUM H
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NEPUOANYICCKOTI0 CHUTBIBAHWA HCIIPCPBLIBHO HApPAaCTAOIINUX MoKa3aHui CUycT4HMKa, -

HE00XO0JMMO PacCMOTPETh 00a BHa CUSTIUKOB JJICKTpOdHEepruH [4].
2.3.1 UHQYyKIIMOHHBIH CYeTYHK

N3mepuTenbHpIi  MEXaHHW3M  HMHIYKIIMOHHOTO OJIHO(A3HOTO  cueTyrKa
ANEKTPUYECKOM DHEPTUM COCTOMT M3 JIBYX JJEKTPOMArHUTOB, KOTOPBIE
pACHOJIOKEHBI MO/ MPSIMBIM YTJIOM JAPYT K APYry, B MarHUTHOM I10JI€ KOTOPBIX
pacrojlaraeTcss  JITKAM  aJIOMAHUEBBIA  JUCK.  YCTPOMCTBO  CUETYMKA

ANEKTPUYECKON SHEPTUHU MTOKA3aHO HA PUCYHKE 3.

2 3 4

Pucynox 3 - Cxema ycTpoiicTBa MHAYKIIMOHHOTO CUETYMKA DIEKTPUIECKOMN
sHeprum: 1 - oOMOTKa TOKa, 2 - 0OMOTKa HaNpsKEHHUs, 3 - YCPBIYHBIN MEXaHU3M,
4 - CUeTHBIA MEXaHU3M, 5 — JIETKHi AFOMHHHMEBBIM JUCK, 6 - MarHuT s

IMOATOPpMAXMBaHUA AUCKA.

JUisi BKJIFOUEHMSI CYETYMKA B IIE€Mb €r0 TOKOBYIO OOMOTKY COEIMHSIOT C
AIIEKTPONPUEMHUKAMU TTOCJIEIOBATEIFHO, @ OOMOTKY HaIpsHKEHUS - TTapajuieIbHO.
[Tpu npoxoxkaeHnu Mo 0OMOTKaM MHIYKIMOHHOTO CYETYHKA MEPEMEHHOIO TOKa B
CepJeYHUKaX OOMOTOK BO3HUKAIOT NEPEMEHHbIE MAarHWTHBIE MOTOKU, KOTOPBIE,

IIPOHU3bIBAsA AJIFOMMHMEBBIN JUCK, MTHAYOHUPYIOT B HEM BUXPEBLIC TOKU.
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BSaHMOﬂeﬁCTBHe BUXPCBBIX TOKOB C MardiMTHBIMHU IIOTOKaMHu
QJICKTPOMArHuTOB CO344CT YCHUIIUC, IIO/ HeﬁCTBHCM KOTOpPOro AWCK BpamacTCs.
HOCJ’IeI[HI/If/'I CBA3aH CO CHCTHBIM MCXAaHHU3MOM, YUYUTBIBAOIIUM YaCTOTY BpPAallCHUA

JIUCKA, T.C. pacXo]1 JICKTPUUCCKOM 3Hepruu [5].
2.3.2 DNeKTPOHHbIE CHETYHKHU YJIEKTPOIHEPTUHU

DONEeKTpOHHBIA  CUETYMK  MpPEACTaBIsieT  co0oil  mpeoOpazoBaTelb
aHAJIOrOBOTO CHUTHAja B YAaCTOTY CJIEAOBAHUS UMITYJbCOB, MOJCYET KOTOPBIX JAET

KOJIMYECTBO MOTPEOIIEMOIN SHEPTUH.

['1TaBHBIM MPEMMYIIECTBOM JJIEKTPOHHBIX CUETYHMKOB 110 CPAaBHEHHUIO C
VHIYKIIMOHHBIMM, SIBJIIETCS OTCYTCTBHE BpallAIOIIMXCs AIeMeHTOB. Kpome Toro,
OHHU 00ecTeunBaroT 0oJiee NIMPOKUN MHTEPBAJl BXOIHBIX HAINPSHKEHUMN, TO3BOJISIIOT
JIETKO  OpPraHM30BaTh MHOTOTapH(pHBIE CHCTEMBbI y4€Ta, HUMEIOT PEXKUM
PETPOCHEKTUBBl - T.€. TO3BOJSIOT MOCMOTPETh KOJMYECTBO MOTPEOIEHHOM
DHEPIUM 3a OIpPENECIEHHBIA IEPUOA - KaK I[PABUIIO, IIOMECSYHO, HU3MEPSIOT
NOTPEOISIEMYI0 MOIIHOCTb, JIETKO BIMCBIBAIOTCS B KOH(MUIypalHiO CUCTEM

ACKYD u 06manaroT emné MHOTUMHU JIOTIOJIHUTEIIbHBIMU CEPBUCHBIMU (PYHKITUSIMU

[6].

Pa3noobOpasue aTux QPyHKIMA 3aKIIF09aeTCss B TPOTPAMMHOM OOECIICUCHUH
MHUKPOKOHTPOJIIEpA, KOTOPBINA SBIISECTCS HEMPEMEHHBIM aTPHOYTOM COBPEMEHHOTO

AIIEKTPOHHOTO CYETUUKA DJIEKTPOIHEPTHUU.

KOHCTpYKTHBHO 3JIEKTPOCUETUMK COCTOMT W3 KOpIyca C KIEMMHOU
KOJIOAKOM, H3MEpUTEIbHOro TpaHchopMaTopa TOKAa M TEYATHOW IUIAThl, Ha

KOTOpOﬁ YCTAaHOBJICHBI BCC DJICKTPOHHBIC KOMIIOHCHTEI.

OCHOBHBIMM KOMIIOHEHTAMH COBPEMEHHOTO BJEKTPOHHOIO CUETYHMKA
ABJSIIOTCS:  TpaHchopmatop Toka, gucruie JKKM, wuctouyHuk nuTaHus

AIIEKTPOHHOM  CXEMbl, = MHUKPOKOHTPOJUIEP, 4Yachl  pEaJbHOTO  BPEMEHH,
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TEJIEMETPUYECKUN BBIXOJ, CYIEPBU30p, OpraHbl YIIPABICHHs, ONTUYECKUU TOPT

(OMIIMOHAIBHO).

XKW mnpeacraBnser co0oifl  MHOTOPa3psIHbIM  OyKBEHHO-IIU(PPOBOIA
WHAUKATOP W TMpEeIHa3HAaueH Al MHAUKAIMA PEKUMOB PaOOTHI, HHPOPMAIH O

NOTPEOICHHON AIEKTPOIHEPTHH, OTOOPAKEHUH IAaThl U TEKYIIETO BPEMEHHU.

HNcrouHuK mnHUTAHUS CIOYXKUT [JI8 TOJYyYEHUs HaAMpsHKEHUS TMHUTaHMS
MUKPOKOHTpPOJUIEpA U APYTUX DJIEMEHTOB AJIEKTPOHHOM cxeMbl. HemocpeacTtBeHHo
C MCTOYHHMKOM CBsi3aH cyrnepBusop. CynepBuzop (popMUpYyeT CUTHaII cOpoca IJis
MUKPOKOHTPOJIJIEpa TP BKIIOYEHUU M OTKIIOUCHUM MUTAHUS, a TaKKE CIEIUT 32

WU3MEHEHUSMHU BXOJHOTO HampsbKeHus [ 7].

Yacel peambHOr0 BPEMEHU MPEJHA3HAYEHBl [JI OTCYETAa TEKYLIErO
BPEMEHHU U JaThl. B HEKOTOPHIX ANEKTPOCUETUNKAX JaHHBIE (DYHKIIUU BO3JIAratoTCs
Ha MUKPOKOHTPOJUIEP, OJHAKO ISl YMEHBIICHUS €ro 3arpy3kH, Kak MpaBUIIo,
UCIIOJB3YIOT OTAEIbHYI0 MUKpocxeMy, Hampumep, DS1307N. Hcnonb3oBaHue
OT/ICJIbBHOM MUKPOCXEMbI TTO3BOJIIET BHICBOOOAUTH MOIIHOCTH MHUKPOKOHTpPOJLIEpa

H HAIIPpaBUTb UX HaA BBIIIOJHCHHC 0oJiee OTBETCTBEHHBIX 3aga4.

Tenemerpuyeckuil BBIXOA CIYXKUAT I NOAKIOUeHHs K cucreme ACKYD
WIM HEMOCPEICTBEHHO K KOMIbIOTEPY (Kak MpaBWiio, yepe3 MpeoOpa3oBaTeib
untepgeiica RS485/RS232). Ontuueckuid mopT, KOTOPBI €CTh HE BO BCEX
AIIEKTPOCUETUYMKAX, TMO3BOJIAET CHUMAaTh HMHGOPMAIMI0 HENOCPEACTBEHHO C
AIEKTPOCYETUMKA U B HEKOTOPBIX CIy4assX CIYKHUT JJISI UX IPOTPaMMHUPOBAHUSA

(mapamerpu3anun) [8].

Cepauem >3J€KTPOHHOTO 3JIEKTPOCUETUHMKA SIBISETCS MHUKPOKOHTPOJLIEP.
DTO MOXKET ObITh Kak MUKpocxema kommnanuu Microchip (PIC-koHTposiep), Tak u

npousBoauteneit ATMEL unu NEC.

B 3JeKTpOHHOM CYETUMKE BBIMOJHEHUE MPAKTUYECKH BCEX (PYHKIIHIA

BO3JIOXKEHO Ha MHKpOKOHTpoiiep. OH sBmseTcs mpeoOpazoBatenem ALl
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(mpeoOpa3yeT BXOAHOW cHWTHaln C TpaHcdopMmaropa Toka B LU(POBON BHUJ,
MIPOU3BOJMUT €T0 MaTEeMaTHYECKyI0 00paOOTKy M BBITAET pe3ysbTaT Ha NU(poBOit
nucruieid.) MUKpPOKOHTpOJUIEp TakkKe MPUHUMAEeT KOMaHABl OT OpraHoB

yIIpaBJICHUS U YIIPaBIsieT HHTeppeiicHbIMU Bbixonamu [9].

I[J'ISI pCHICHUA HallIeH 3ada4, MbI 6yzxeM HCIIOJIB30BATh JJICKTPOHHBLIC

AIIEKTPOCUYETIHKH.
2.4 TpeOoBaHUS K PAaCUeTHBIM CUETYHUKAM JIEKTPHUYECKOH IHEPrumn

Jlnig yyeTa 3JeKTPUUECKON 3HEPTrUu UCHOIb3YIOTCS NPUOOPHl yueTa, TUIIBI
KOTOPBIX YTBEPKIEHBbI (heaepaibHbIM OPraHOM HCHOJHUTENBHOW BJIACTH IIO
TEXHUYECKOMY PEryJIHpPOBAHUIO U METPOJOTMU U BHECEHBI B TOCYAApCTBEHHBIN

peectp cpencts u3mepenwii [10].

Texaudeckue mapamMeTpbl 1 METPOJIOTHUCCKIE XapaKTEPUCTUKH CYETINKOB
AIEKTPUUECKOM DHEPruu  JOJDKHBI  COOTBETCTBOBaTh TpeOoBanusam ['OCT
31818.11-2012 Yacts 11 «Cuetunku annektpuueckoii sneprun», ['OCT 31819.22-
2012 Yacte 22 «CTaTU4eCKHME CUETYMKHA aKTUBHOW SHEPTUHM KJIACCOB TOYHOCTH
0,2S 1 0,5S», 'OCT 31819.21-2012 Yacte 21 «CraTndeckue CYCTUMKH aKTHBHOM

SHEPTUHU KJIACCOB TOUHOCTH | U 2».

Kaxxiplii yCTaHOBJIEHHBIM PACYETHBIM CUETUYUK JOJDKEH UMETh HAa BUHTAX,
KPCIAIMX KOXKYX CUeTUYHKa, IIIOMOBI ¢ KIIEMMOM TOCIIOBEPUTENIS, a Ha 3a)KMMHOMN

KPBIIIIKE - IJIOMOY CETEBOM OpraHU3alluu.

Ha BHOBb ycTaHaBIMBaeMbIX Tpex(a3HbIX CUYETUYHMKAX JOJKHBI OBITH
MIOMOBI TOCYJAPCTBEHHOM MOBEPKHU C JaBHOCThbIO He Oojiee 12 mecsues, a Ha

0JIHO(a3HBIX CYETUYMKAX - C IABHOCTHIO HE OoJiee 2 JIeT.

OCHOBHBIM TEXHHYECKHM MapaMeTPOM 3JIEKTPOCUETUMKA SIBISETCS «KJIACC
TOYHOCTH», KOTOPBIM YKa3bIBA€T HA YPOBEHb MOTPEIIHOCTA U3MEPEHUI mpudopa.

Kmaccel  TOuHOCTH HpI/I60p0B yducerta OnpeacidroTesa B  COOTBECTCTBUHU C

13



TCXHUYCCKUMU PCrilaMCHTAaMU W HWHBIMHA 00s13aTeNbLHBIMU Tpe6OBaHI/I$IMI/I,

YCTaHOBJICHHBIMU JJIS1 KJIaCCU(PHUKAIIUN CPEACTB U3MEPEHUH.

Tabmuua 1 - JlomycTumble KJacChl TOYHOCTH PACUYETHBIX CYETUHMKOB
AKTUBHOMU AJIEKTPOIHEPTUH JIJISl pa3IMUHBIX O0OBEKTOB yueTa U MoTpeOuTenei

Karteropus YpoBeHsb
. INoaxarouenne | Kiiacc TouHocTu
norpeduresiei HANPSIZKEHU S
I'paxxmane- He nmeer
Paki HOBOE 2.0 u BEBIIIIE
NOTPEOUTENH 3HAYCHHUS
MHOTOKBapTUPHEIE
pTHP 0,4 xB u HIKe HOBOE€ 1.0 u BBIIIIE
J0Ma
[ToTpeburenu c
MaKCUMaJILHOU
35 kB u ke HOBOE 1.0 u BeIIIE
MOIITHOCTRIO MEHEE
670 kBt
[ToTpeburenu c
MaKCUMaJILHOU
110 xB u BbIIIE HOBOE 0.5S u BoIIIIE
MOIIIHOCTHIO MEHEE
670 xBT
[ToTpebuTenu ¢ 0.5S u BhImIIE C
MaKCUMaJILHOU BO3MOKHOCTBIO
MOIIIHOCTBIO HE M3MEpEHUS
meHnee 670 kBt 104YaCOBOTO
o0beMa
nmorpedIeHus
He umeer P o
HOBOE AIEKTPUUYECKOU
3HAYEHUS
SHEPIruu U
o0ecIeunBaroIe
XpaHEeHue
JTAHHBIX 34
nociexaue 120
HEHN U OoJiee
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3 ABTOMaTI/BI/IpOBaHHl:Ie CUCTEMBI IHNOKBApPTHPHOI'O yuera

noTpedIeHHus TeKTPOIHEPT UM
3.1 ACKY?D B Poccun

B Poccun cymectByetr okosio 10 pazpadotok cucteM ACKYD ObITOBBIX
notpeduteneil. Hanbonee u3BECTHbIE W3 HUX NPOU3BOAATCS Ha MOCKOBCKOM

3aBojie 3AO «CBsi3b HHXXKUHUPUHT M.

3A0 «CBsa3p unxuHupuHr M» ¢ 2005 roga 3aHumaetcst pa3pabOTKON U
npousBogacTBoM ACKYD niis 0a30BbIX CTaHIMH COTOBBIX ONEPATOPOB, OOBEKTOB
KOMMYHAJIbHOTO W MYHHULHIIAJIBHOTO XO34WCTBa, a TaKXe MPOMBIIIJIEHHBIX
00bekTOB. Pa3zpaboTaHHblE KOMIIAHMEH YCTPOMCTBA IMO3BOJISIOT OCYIIECTBISATH
cOop M mepenady JaHHBIX C MPUOOPOB ydeTa, a C MOMOIIbIO MPOrPaMMHOTO
obecrnieueHUsT MOXHO (OPMHUPOBATH HEOOXOIUMBIE OTYETHI JJIsi COBITOBBIX
komnanui. Cerogusi 3A0 «CBsi3b MHXUHUPUHT M) mpeayaraetr KOMIUIEKCHbBIE
pellIeHusl 10 Y4ETy SHEpPropecypcoB sl 00BEKTOB JKUIMIIHO-KOMMYHAJIBHOIO U
MYHUIMNIATBHOTO X034icTBa Ha 0a3e pa3padOTaHHBIX YCTPOUCTB. ITO B TOM YUCIIE

u pemenns ACKYD MHOrokBapTUpHBIX TOMOB Ha 0asze kaHaioB GSM u Ethernet

[11].
[Ipennaraemasi cucteMa CTPOUTCS U3 IByX NOJYPOBHEM:

- uHpopmarmonHo-u3mepurenbubiii - komruieke  (MUK) cocrout w3
CYETUYMKOB JJICKTPUYECKOM DHEPrMU U CUETYMKOB TEIUIOBOW 3HEPIUU, a TAKKE
KaHajooOpa3yromet anmapatrypel. WMWK npegHasHadyeH ajisi  BBIIOJHEHUS
VM3MEPEHUM JJIEKTPUYECKOW U TEIUIOBOM 3HEPIHH, PAcXola ropsuerd W XOJIOJIHOU

BOJIbI C TIOCJIEYIONIEH UX nepeaadeld Ha BepxHuil ypoBeHb cucteMbl (MBK);

- uHbOpMaMOHHO-BhIunCcIUTeNbHBIN  KoMIieke (MBK) cocrout wu3
KaHaj000pa3ylolei annapaTypsl, cepBepa coopa u o0paboTku TaHHBIX 1 APM-0B
(aBTOMaTU3MPOBAaHHBIX pabounx MecT omeparopoB). MBK mnpegnasznauen s

BBITIOJIHEHHSI PETIaMEHTHOTo ompoca npubopoB yuera ypous MUK, xontpomns

15



JIOCTOBEPHOCTH  TMOJY4YeHHOM UWHGOpMAIMU, MPOMEXKYTOYHOIO  XpaHEHUS,
00pabOTKM M MPOCMOTpa AaHHbIX. Ha naHHOM ypoBHE cucTema 0OecreyruBacT
(YHKIUIO CONPSKEHUSI C OMIUIMHIOBBIMU CUCTEMaMHU. TpeOoBaHMsI K CONPSKEHUIO
C OMJUIMHTOBBIMHM CHCTEMAMH COBITOBBIX OPTraHU3ALMKI OMPENEISIOTCS OTAEIbHBIM

JIOKYMEHTOM B COOTBETCTBHH C TPEOOBAHUSMH YCTAHOBIICHHBIX CHCTEM.
JlanHast cuctema 00ecreurnBaeT:
- KOMMEPUYECKHI ydeT OoTpeOIsieMOi SIEKTPUIECKON SHEPTUH;
- y4eT noTpedIsieMoi TEIIOBOM YHEPTUH;
- YUYET pacxojia ropsiuer U XOJ0JHOM BOIbI;
- (hopmMupoBaHUE OTYETHBIX JOKYMEHTOB;
- Xpa"HeHue ydeTHoi nunopmanuu Ha cepBepe ACKYIP.

3.2 Cucrema TELEGESTORE

B Hacrosimee BpeMsi KpynHeWllas HalUMOHAJIbHAs SHEProcHadkarouas
komrianust Enel ycnenmno 3aBepiaet B Utanuu paboThl IO CO3AaHUI0 YHUKATBHON
aBToMatu3upoBaHHoOu cucteMbl Telegestore (Tenemxkecrope) st OBITOBBIX
noTpeduTeNneil, KoTtopass MO3BOJUT €Hd HE TOJbKO JUCTAHIMOHHO CYHUTHIBATH
MOKA3aHUSI  BJEKTPOCYETYMKOB, HO W I[EHTPAJIU30BAHHO  YHOPABIATH

AIIEKTPONOTPEOICHUEM U PACTIPEICIIUTEIIEHON CETHIO.

B anpene 2004 roma pgeneramusi pOCCHMCKHUX CHEHHAIMCTOB IMOCETHIIA
HTanuio ¢ 1enpio O3HAKOMIJICHHMSI Ha MECTe ¢ XOoAoM peanuzauuu Gupmoii Enel
npoekTa Telegestore: mrab-kBapTupy Gupmbel Enel B Pume u onbITHBINA MOTUTOH
bupmbl Cesi (Ue3u) B Munane. [loauron Cesi Obu1 BoiOpan komnanuei Enel mis
MIPOBENICHUSI TIOJIEBBIX MCTBITAHUN 371eMeHTOB Telegestore ¢ 1enbo0 Bocco3maHus
TUMHWYHBIX YCJIOBUH B OTHOUIEHWH IOMEX, CYIIECTBYIOIIMX B JJIEKTPUUYECKHUX

cersx. IloneBpie HMCHBITAHUS Ha JaHHOM TonuroHe Havyaiauch B 2000 romy u
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BCAYTCA A0 HACTOAIICTO BPCMCHH IJIsA OTpa6OTKI/I CHUCTCM CBiA3HM N HCIIBITAHUA

HOBBIX MO/JI€JIei KOMITOHEHTOB CUCTEMbI (CYUETYUKOB U KOHIIEHTPATOPOB).

C magama 90-x romoB Enel mpoBoamna HCHBITAaHUS  CHCTEM
JUCTAHIIMOHHOTO YIPABJICHUS CUETYMKAMH. TaK KaK CHCTEMbl AMCTAHIIMOHHOTO
yIpaBJIECHUSI CYETYMKAMH ObUIM U SIBIISIIOTCS BBITOJAHBIMU C TOYKH 3pEHHS
3¢ (GEeKTUBHOCTH 3aTpaT AJii DHEPrOEMKUX MPOMBINUICHHBIX MOTpeOuTesnei, B
npolecce HUCHBITAaHUN BBIICHSIIOCH, SIBISIOTCS JIM OHM S()(EKTUBHBIMU IS

MacCOBOTO NOTPEOUTENS.

Ucnbrtanuss Ha 6aze 70000 cuctem (40000 B Pume) mnoarBepauiu
TEXHUUYECKYIO YKHU3HECIIOCOOHOCTh TEXHOJIOTUU JUCTAHIIMOHHOTO YIpPaBJICHUS
CYETYMKAMH C HCIOJIb30BAaHUEM KaHAJIOB CBSI3M IO HU3KOBOJBTHOM CETH B

JIMara3oHe 4YacToT, ompenesieHHoM eBponeiickum crangaprom CENELEC EN

50065 (PLC-cBs3b).

B xonme 1998 roma Enel, mpousBons aHanu3 cBOMX OOMIMX 3arpaT Ha
MEpOnpuUATHS B 00JIacTU ydeTa U u3ydas aHanoruynbiii onbit CIIA, mpumma k
BBIBOJY O 11€JIECOO0Pa3HOCTH JTUCTAHIIMOHHOTO YIIPaBJICHUs CPECTBAMH yueTa Ha

MacCOBOM PBIHKE.

Kommanust ENEL, MmoHOMONMHCT B 00J1aCTH 9HEPTOCOBITOBON NIEATETLHOCTH
B WTanum, ycnemHo oCylecTBWIA MIaH MacCoBOM 3aMeHbl 30 MIIH. yCTapeBIIMX
WHIYKITMOHHBIX CUETYMKOB Ha CIEIUATIbHBIC JICKTPOHHBIC CUETUYNKH, 0OHEIUHUB
ux 1no cuioBoil cetu (PLC-TexHoyorus) B €AMHYIO CHUCTEMY AMCTaHIIMOHHOIO
ynpasinenusi aboHeHTckod cetbto (TELEGESTORE™), naer nauOonee spkuii
npuMep KOMIUIEKCHOTO  pelieHust MpoOjieM: Kak OpraHu3aluk — ydera
AIIEKTPOIHEPTUHM Yy OBITOBBIX MOTpeOuTeneld B EBpome, Tak W YNpaBJICHUS HX

snexTpornorpebienuem [12].

[Ipu sTOoM 3Ta cuctema oyeHb F3P(HEKTUBHA B SKOHOMUYECKOM OTHOLIEHUH,

tak kak ENEL, ucxoas u3 CyIIECTBYIOIIMX PACUECHOK 3a SJIECKTPOIHEPTUIO H
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MPUMEHSIEMBIX HOPM, CMOIJIa TapaHTUPOBATh €€ OKYMaeMOCTh B TEUECHHE S5 JIET.
DTO NOATBEPKIAETCA U OMBITOM AKCIUTyaTal[id YaCTU 3TOM CHUCTEMBI MO MEpPE €€
co3faHus U Hadaja padbotsl. [IpakTuuecku 3a 5 et cozmanust ¢ 2001 mo 2006 rr.

OHa ce0s yKe OKyInJa.
Omnwucanue paboThl CUCTEMBI:

1. WurterpupoBanHbiii cuetynk (M) OCYIIECTBISIET YYET, YIpaBJicHUE

KOHTAaKTOM M IICpcaady I10 CHJIOBOM CETHU JAaHHBIX 1O KOHIICHTpATOpA.

2. TenexoMMyHUKAllUOHHAsi CUCTEMa YCTaHaBJIMBAET CBs3b IO OOLIEH
TeJIeKOMMyHUKaMOHHON cetn (GSM nuamna3oH, KOMMYTHPYEMBbI TeaedOHHBINA
KaHajl, COYTHUK U Jp.) C KOHIUEHTpatopoMm Hu3koro HampsokeHus (YCIIN),
KOTOPBI  YCTaHOBJIEH B  KaXJOW IIOACTAHLIMM CPEOHEro  HaIpsDKEHUS

(1 xoHIIEHTpaTOp — Ha KaXKAbIH TpaHchopMaTop).

3. YcTpolicTBo cbopa u mepeaaun JaHHBIX CIIOCOOHO YIPABISTH CBS3bIO B
0o00MX HamNpaBJCHUSAX: B HAIMpPaBJICHUM CYETYMKOB (CBSI3b IO CHUJIOBOM CETH,
MOJIYAYTIIIEKCHBIN PeXuM, CKOpocTh 2400 OuT/ceK) U B HaMpaBIICHUU LIEHTPATHHON

JIMCTAHIIMOHHOW CUCTEMBI yueTa (110 CeTU OOIIETO MOJIb30BaHus).
Ocnogubie xapakrepuctuku TELEGTORETM:

*  JlucTaHIIMOHHOE  yMpaBlieHWE  TMOTPEOJICHUEM  DJIEKTPOIHEPTHUH,

MHOTOTapU(GHOCTb.

e JlucTaHIIMOHHOE W3MEHEHUE TNapaMeTpOB KOHTpaKTa (3asiBICHHAs

MOTPEOHOCTH B DJIEKTPOIHEPTHUN).

* JIUCTaHLIMOHHOE OTKJIOYEHHE, B Cllydyae HEOOXOAMMOCTH, IpephIBaTENs
LMY, THTETPUPOBAHHOTO B KOPIYC CUETYHMKA (HampUMep, B CIlydae pacTOpPKEHUs

KOHTpPAaKTa).

° KOHTpOJIB KaueCTBa YCJIyr, MIpCAoCTaBISICMbBIX KaXAOMY OTACIIBHOMY

aOOHEHTY (YUCJI0 U MPOJOJIKUTEIbHOCTD PEPHIBAHUI).
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* BeisiBenue u NpCAOTBPAIICHUC MOIICHHNYCCTBA.

 [lepenaua aOOHEHTY NAaHHBIX B PEKUME PEAJTHLHOTO BPEMEHH B IENSIX

MOAACP>KKHU aIrOPUTMOB

* ['ubkocth rpaduka, JUCTAHIIMOHHOE CHATHE IOKAa3aHWUM, OTCYTCTBHE

OWJUTMHTA, HE3aBUCUMOCTh OT HEOOXOIUMOCTHU JAOCTYTA K CUETUHKY.

APXHTERTYPA CHCTEMBI

UenTpansias cucrema Lichtpansras cHeTeMa
VIIPARICHHR ABHHBIMH Y4CTa chopa 1auHmX Yuera
- TenexOMMYHHKAUHOHHAS CeTh -
- e
Cis TCen AMM

(S K8
Tepkafiva 1o CrAoBOH CeTH

M M

M

INEKTPOHHLIE CHETYHRH

CH - cpeanec HanpskcHie HH - nu3koc nanpaxenue
CIS — nenTpasbias cuerema
AMM — aBTOMITHYECKAR CHCTEMA YIPABICHHA CUCTHHRKAMM

PucyHnok 4 - ApXutekrypa CUCTEMBI
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OCHOBHBIE YHCIIEHHBIE XapaKTEPUCTUKHA CUCTEMBI:

* KonuuectBo aDOHEHTOB CETH HU3KOTO HATIPSIKEHUSI — 27 MIIH.;
* YCTaHOBJIEHO U3MEPUTENBHBIX Ipyrnn — 30 MIIH.;

* Konmearparopsr — 330000;

* Cpok okyrnaemoctu— 3-4 roja.
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4 IIpoexTupoBanue ACKY?J

OcHoBHOe Ha3HaueHue cucrteMbl ACKYD - B pa3yMHBIX HHTEpBaiax
BpEMEHHU cOOpaTh B IICHTPAX YIPABJICHUS BCE JaHHBIC O TIOTOKAX 3JIEKTPOIHEPTUHU
Ha BCEX YPOBHSIX HANPsHDKCHUS W 00padoTaTh MOJYYCHHBIC [aHHBIE TaKUM
o0pa3oM, 4TOObI 00ECIEUUTh COCTaBIIEHHE OTYETOB 3a MOTPEOJICHHYIO WIH
OTHYILIEHHYIO 3JEKTPOIHEPTUI0 (MOIIHOCTh), MPOAHATU3UPOBATh U TMOCTPOUTH
MPOTHO3bI MO MOTPeOJIeHUIO0 (TeHepaluu), BBINOJHUTHL aHaJIU3 CTOMMOCTHBIX
NoKa3aTelied M, HaKOHEl, - CaMO€ Ba)XXHOE€ - TMPOU3BECTH pacy€Thl 3a

SIIEKTpUYECKyIo sHepruto [13].

Ha nanHbiii MOMEHT OCHOBHBIM HOPMAaTHUBHBIM JIOKYMEHTOM, B KOTOPOM
periiaMeHTUpYyIOTCs OCHOBHBIE TpeboBanus k cozmanuio AUNC KYD (ACKYD)
PO3HUYHOIO pbIHKA, siBisgeTca [locranoBnenue npaButenbctBa PO Ne 530 ot 31
aBrycra 2006 r. «O0 yTBepxIeHMU MpaBuUil (YHKIHOHUPOBAHUS POZHUUYHBIX
PBIHKOB DJICKTPUUECKOW SHEPIHMM B TEPEXOJHBIA TEpHoJ pePopMUPOBAHUS

DHEPIETUKI.
st opranuzanuu cuctembl ACKY 3 HeoOxoaumo:

e B TOYKAaxX y4y€Ta SHEPIHMM YCTAHOBHUTH BBICOKOTOYHBIE CpEICTBA y4yéTa -
BJIEKTPOHHBIE CUETUNKM;

o UHU(POBBIE CHUTHANBI TMepeAaTb B TaK Ha3bIBAEMbIE «CYMMAaTOPbI»,
CHA0KEHHBIE ITAMSITBIO;

e CO3lIaTh CHUCTEMY CBS3M (Kak MpPaBHIIO, TOCIEIHEE BpeMs IS 3TOrO
ucnoias3ytloT GSM - cBs3b), 0OECHeunBaIOIIYI0 JalbHEHIYIO Tepeaavy
uH(pOpMaIuu B MECTHBIC (Ha TIPEANPUATAN) U HA BEPXHHUE YPOBHH,

e OpraHuM3oBaTb M  OCHACTUTh  LEHTPbl  00pabOTKM  HMHpOpMaLUU

COBPCMCHHBIMH KOMIIBIOTCPpAaMHU U IIPOIrPaMMHBIM oOecreYyeHUEM.
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CrpykrypHas cxema opranuzauuu ACKYD nokaszana Ha pucyHke 5. B Hell

MOXXHO BBIACINTD HCCKOJIBKO OTACIBbHBIX OCHOBHBIX ypOBHefI.

VHauBHIyas Yerpolictsa Kanan C
epBe
HBIE TPUOOPBI cbopa u nepeayn PBED
nepenayun ACKY3
yuera JIaHHBIX
JIAaHHBIX

Pucynok 5 - Ctpykrypnas cxema ACKYD

4.1 YpoBeHb nepBblii - ypoBeHb cOopa nHGopManun

DneMeHTaMHd JTOTO YPOBHS SBISIOTCS SJEKTPOCUECTUYUKH W Pa3TUIHBIC
YCTPOMCTBA, U3MEPAIOIINE IMapaMeTpbl CUCTEMbl. B KadecTBe TakuxX YCTpOWCTB
MOTYT IPUMEHSATHCS PA3INYHBIC TATYNKNA KaK UMEIOIINE BBIXO JIJIS TTOTKITFOUCHUS
untepdeiica RS-485, Tak u jgaTyMKM, TOAKIIOYEHHBIE K CHCTEME uepes

CIICOUAaJIbHBIC aHaJIOFO-I_II/I(i)IZ)OBBIG Hp606pa3OBaTCJII/I.

B cucremax ACKYD i coelMHEHMS [aT4YMKOB C KOHTpOJIepaMu
npumeHsitor  uHTepdeiric RS-485. BxomHoe compoTuBIEHHE MPUEMHHKA
MH(OPMAIIMOHHOIO CUTHAJIa MO JMHUKM UHTepdeiica RS-485 o0buHO cocTaBisier
12 kOm. Tak Kak MOIIHOCTH MEepeaaTUYMKa OrpaHUYEHA, 3TO CO3AAET OrPAHUYECHUE
M Ha KOJUYECTBO MPUEMHHUKOB, TNOJAKIIOYEHHBbIX K JuHUUA. CorjgacHo
cnenudukanuu  uHTepdeiica RS-485 ¢ yyeTom cornmacyromux pe3ucTopoB

MPUEMHHK MOXET BECTH 110 32 TaTYUKOB.

4.2 YpoBeHb BTOPO¥i - CBA3YIOIIMI YPOBEHD

Ha »ToM ypoBHE HaxXomsTCS pa3IUYHbIE KOHTPOJEPHI HEOOXOAMMBIC IS
TPaHCIOPTUPOBKU cHUTHana. B cnyudae eciu TpeOyercs coeauHeHue Oosee 32
JATYMKOB, TOTJ]a B CXEME Ha 3TOM YPOBHE IOSBISIETCS YCTPOWCTBA, Ha3bIBacMble

KOHLIEHTPATOPHI.
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4.3 Tpetuii ypoBeHb - ypPOBeHb cO0pa, aHAJIM3Aa U XPAHEHUSI TaHHBIX

DJIEMEHTOM 3TOr0 YpOBHS SIBIISIETCS KOMIBIOTEP, KOHTPOJIEP WM CEPBED.
OCHOBHBIM TpeOOBaHHEM K OOOPYJOBAaHMIO 3TOTO YPOBHS SBIIETCS HAJIUYUE
CHEUATN3UPOBAHHOTO MPOTrPAMMHOIO OOECHEUEHHs ISl HACTPOWKH 3JIEMEHTOB

CHCTCMBEI.

B Hacrosiiee BpeMsi MPaKTUYECKH BCE AJIEKTPOHHBIE BJEKTPOCUETUUKU
o0opynoBanbsl uHTEepdeiicoMm s BkioueHuss B cucreMy ACKYD. Jlaxe Te,
KOTOpbIE HE UMEIOT 3TOW (hYHKIIMHU, MOTYT OCHAILAThCSl ONTHYECKUM MOPTOM JIJIst
JIOKAJIbHOTO  CHSITUS TMOKa3aHUM HEMOCPEJCTBEHHO Ha MECTE€ YCTaHOBKHU
AIEKTPOCUYETUHMKA IMYyTEM CUUTHIBAHUSA MHGOPMAIIMK B TIEPCOHATBHBIN KOMIBIOTE.
[TosTOMYy, CErojHsi JJICKTPOCUETUUK  SBJISIETCA  CJIOXKHBIM  DJIEKTPOHHBIM

YCTPOMCTBOM.

OI[HaKO HC CTOUT AyMaTb, YTO TOJIbKO 3JICKTPOHHBLIC CUYETYUKHA MOKHO
HCIIOJIB30BaTh AJII AMCTAHIIMOHHOI'O CHATHA MOKa3aHUM (a HMCHHO 0JOTa ILCJb

sBysieTCs OCHOBHOM B cucteMax ACKYD).

Cuerynku, B MapKUPOBKE KOTOPBIX ecTh OykBa «/|», Hanpumep, CP3V-
N670[d, uMeT  TeJeMEeTpUYEeCKUd  BBIXOJ  (MMIYJbCHBIM  J1aTYMK),
o0ecnieunBaOIIUK nepesady Mo JBYXIPOBOAHOM JIMHUU CBA3M HH(OpMALMU O
MpPOXOJAIIEH Yepe3 CUYETYMK aKTUBHOW (pEaKkTUBHOI) HSHEPIMU B CHUCTEMY

JMCTAHIIMIOHHOTO cOopa u 00pabOTKH TaHHBIX.

JIB ycTpolicTBE HMHAYKLIMOHHOTO CYETYMKA €CTh TAaKOW DJJIEMEHT, Kak
aNOMUHUEBBIA JUCK. CKOpOCTh €ro BpauleHus NOpsMO MPOINOPIHUOHANIbHA
MOTpeOIsIEMO Harpy3Kol MOITHOCTA. BOT CKOpPOCThH BpallleHUs AMCKA, TOYHEE
KOJIMYECTBO OOOPOTOB U SIBJIIETCS YUCIEHHON XapaKTepUCTUKON, KOTOPYIO MOKHO
npeoOpazoBaTh B UMIYJILCHI U NIEPEIaTh B JIMHUIO CBSI3U. [10ATOMY Ha CUETUMKH CO
BCTPOCHHBIMH JTaTYUKAMH HAHOCST TAKOW IMAPAMETP, KAK KOJIUYECTBO MMITYJILCOB

Ha 1 kB1*4.
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B  kadecTBe  HCTOYHHMKA  HMMIYJbCOB  CIYXXUT  HM3MEPUTEIbHBIN
TpaHcopMaTop, MArHUTHBIA TOTOK KOTOPOTO MEPHOJUYECKH TepeceKaeT
METaJUIMYECKUI CEKTOP, HACAXKEHHBIM HA OCh JUCKA. VIMITyJIbCBI, ITOJTYyYEHHBIE OT
HEro, NOJAaTCs Ha CXeMY COOCTBEHHO CaMOro JaT4MKa, a 3aT€M B JIMHHUIO CBA3H.

[Iuranue AaT4YUK I10JIy4acT 110 ATOM XK€ JIMHUU.

NMiynbCHBIA JTaTYUK - IpeoOpa3oBaTeilb MMEET B CBOEH KOHCTPYKIIUHU
(OTOCBETOIMO/IHYIO TOJIOBKY - T.e. mapy ¢oTtoguon - cBeroauon. Jlatumk
YCTAHABJIMBACTCS BHYTPU CUETYMKA TaK, YTO TOJOBKA HAINpPABIEHA B CTOPOHY
nucka. M3mydEHHBIA CBETONMOIOM CUTHAJI OTPAXaeTcs OT IUCKAa U MPUHUMACTCS
¢oroauonoM. bnaronaps 3aTeMHEHHOMY CEKTOpY JHMCKA, CUTHAJ HOCUT

IIPEPBIBUCTHIN XapaKTED.

ONeKTpoHHAas CXeéMa Ha JIOTMYECKUX DJJIEMEHTAX OTCIEKHUBAET OTH
IpepbIBaHus, MPeOoOpPa3OBBIBAET M BBIIAECT B JIMHHUIO CBSI3U IOCJEI0BATEIHHO
uMnyabcoB. CKBaXHOCTh (4acToTa CJEIOBaHMUS) OTHUX HMIIYJIbCOB MPSMO
MPONOPIIMOHANIEHA CKOPOCTH BpAIEHUs IUCKA, U, CIEI0BATEIbHO, MOTpeOIsieMoi

MOIIIHOCTHU U €€ MOXKHO BU3YAJIbHO OLHCHHUTDL 110 MHANKATOPHOMY CBCTOAUOOY.

Ha apyroil cropoHe nMHUM CBSA3U NMPUEMHOE YCTPOWCTBO NMPUHUMAET 3TH
UMITYJIbCBI, IIOJACYUTBHIBAET MX KOJUYECTBO 34 OIPEACIEHHBIM IPOMEKYTOK
BPEMEHH M BbBIJACT IMOJYYEHHBI pe3yJbTaT Ha YCTPOMCTBO OTOOpa)KeHUS
uHpopmaruu. Takum 00pa3oM, MNPOUCXOAUT JTUCTAHUMOHHOE CUUTHIBAHUE
IIOKA3aHUM DJIEKTPOCUYETUYMKA. VIMEHHO Tak CTPOMIMCH TIEPBBIE CUCTEMBI

yAaIEHHOTO cOopa UHGOpPMAITUH.

OnHako BO3HUMKAET 3aKOHOMEPHBIM BOIMPOC - BBIIIE MBI paccMaTpPUBAIIU

untepdericel RS 485 u RS 232, a 31eck umeeM nociie1oBaTeIbHOCTh UMITYJIbCOB.

[Tomywaercsi, BCE paBHO HHAYKUHOHHBIE CUETUMKH Mbl HE YBSXKEM B
pacCMOTpEHHBIE BBINIE COBpeMEHHbIE cXxeMbl nocTpoennss ACKY2? B npunuune,

cienaTh 3TO MOXHO. [IpeoOpa3zoBaTh UMITYJIBCHYIO MTOCIENOBATENLHOCTD B TOT XK€
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RS 232 wunrtepdeiic Oonplioro Tpyaa HE COCTaBIsET, JAaHHBIM anmantep Oyner
MIPEACTABIATh COOOM OTHOCHUTEIHHO MPOCTYIO JIEKTPOHHYIO cxemy. Ho ocoboro
CMbICJa B 3TOM HET. MHIYyKIMOHHBIE 3JEKTPOCYETUMKU IOCTEIIEHHO YXOIST B
IPOLLIOE, & TaM II€ M YCTaHABIIMBAIOTCS, UCIIOJIB3YIOTCS TOJIBKO KaK JIOKAJIbHbBIE

pUOOpHI yuéra.

Hcnonp3oBanne GSM-kanamna. /JlanHas cucTeMa MOXKET MCIIOJIB30BaTh IS
uH(OpPMAIMOHHOTO OOMeHa Takue KaHaibl cBs3u, kak GSM (GPRS), nunuun
Teae(OHHOM CETH W CIYTHUKOBBbIE KaHaibl goctyna. IIpumenenue GSM-kanana
(GPRS-kaHana) S5KOHOMHYECKH BBITOIHO, SBIISCTCS HAJACKHBIM M PallMOHAIBLHBIM
pemieHueM Uil noctpoeHus pacnpeneneHHsix AMMC TYD. Cucrema Moxker
[EHTPAJU30BaHO  CHUMAaTh W 00pabaTbiBaTh  TOKa3aHUS  CUETYUKOB,
pacIoONOKEHHBIX, HAMPUMEpP, B Pa3HbIX LE€Xax MOPEANpPUITUS, 3HAUYUTEIHHO
yAaleHHbIX JApyr oT aApyra. Kak 1nokazana TmpakTMKa —oOpraHu3aluu
pacrpesieJIeHHbIX cUcTeM ydera wucrnoiab3oBaHue GSM-kananoB (GPRS) cs3u
MO3BOJISIET B JIECATKH Pa3 COKPATUTh CTOMMOCTh OpPTaHHU3aIMK HH(HOPMAIIHOHHOTO
oOMeHa C O0O0OpYJOBaHMEM M COKOHOMHUThL Ha OOCIY)XMBAaHHHM CETE€Hl CBS3U
(OCYIIECTBIISIIOT ONEepaTOpbl COTOBOM CBsi3M). [Ipu HETOCTYMHOCTH COTOBOM CBSI3U
AUNC TVYD 3aneiicTByeT CHOYTHHKOBbIE KaHaiubl jgocTyna  (PyHKIus

pe3epBupoBanus) [14].
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5 CTpyKTypHas cxema

CucremMa wuMeeT [BYXypOBHEBYI CTpykTypy. Ha mnepBoM ypoBHe
HaXOoJATCA COOCTBEHHO »3JEKTPUYECKUE CUYETYHKH, YCTAHOBIIEHHBIE B KaXJIOM
IIUTKE U 3TAXKHBIA PETUCTPATOP. DTAKHBIM PETHUCTPATOP CUUTHIBAET UMITYJIbCHI OT
CUETUYMKA OJJEKTPOIHEPTHMM M COXpaHseT €€ BO  BHYTPEHHEH  MaMsATH
MHKPOKOHTpoOJIIEpa. TakKe B COCTAaB 3TAKHOI'O PETMCTPATOPA BXOMST DJIEMEHTHI
yIpaBJICHUs TUTaHUEM, MHANKAIMU U uHTepderica csa3u. UHaukarop oTrobpaxaer
nojavy nurtaHusa Ha perucrpartop. Ha Bropom ypoBre Haxoxsatrcsa 11K Ha koTopbI,
no kKa"ainy cBs3u RS-485, mepenmarorcss HaKOIUJICHHBIE JaHHBIE C STaXHBIX
pErucTpaTopoOB.

KoMmoHeHThI pa3pabaTbiBa€MOM CUCTEMBI yU€Ta Pacxoja 3JEKTPO3IHEPrUuu
B JKUJIOM JOME:

e [lepBuuHble TPUOOPHI y4YeTa — CYETYUK AJICKTPOIHEPTUU
Onepromepa CE101-R5. Cyetunk uMeeT HUMMYJIbCHBIA BBIXOA. IJTO
onHO(a3HbIN ekTpocueTunk cepun «CE», KOTOpHBI ycTaHaBIUBAETCS
Ha din-peiiky. OcCyIIECTBISIET HW3MEpPEHUE AaKTUBHOM JHEPrUuM B
oJIHO(a3HBIX ABYXITPOBOJHBIX LEMAX NMEPEMEHHOro Toka. B kauecTse
JlaTYMKa TOKA UCIOJIb3YETCS LIYHT.

e DTaXHBIN peructparop. Peructpatop mcnosib3yercs s HAKOIJICHUS
YUCJIEHHONW MH(OpPMalMKM ¢ TIEPBUYHBIX CUETUUKOB C MPUBSIZKON €€ K
ACTPOHOMHUYECKOMY BPEMEHH, JUIsl Mepeaddl JIaHHbIX B IH(PPOBOM
dbopmare B WH(POPMAIIMOHHYIO CE€Th C HCIOJIL30BAaHUEM CTaHIapTa
RS485. CrpykTypHas cxema 3Ta)XXHOTO pErucTpaTopa MokKazaHa Ha

pUCYHKE 6.
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PucyHok 6 - CTpyKTypHas cxema 3Ta)KHOTO PETHUCTPATOpa

DJIEKTPOCUETUHUKH, PACIOJ0XKEHHBIE B PACHPEICIUTENbHBIX I[IATKAX
OTPENIENAIOT PAcCXoJl JJIEKTPOIHEPIHMH, Ha OCHOBE KOTOpOro (opMupyercs
3HAYCHUE BBIXOAHOW BEIMYMHBI. BBIXOTHON BEIMYMHONW BHIOPAHHBIX CUYCTUYHKOB
ABJISIFOTCS MMIYJIBChI, KOTOpPBIC NOAAIOTCS HAa MHUKPOKOHTposuiep. OCHOBHOM
GyHKIHEH, BBITOIHAEMONW MHUKPOKOHTPOJUIEPOM, SIBISETCS cOOp M XpaHCHHE
JIAHHBIX MOJYYEHHBIX C JAaTYUMKOB, U MOCIEAYIOLIECH MEepEeIadyeu 1Mo KaHaiay CBSI3H
RS-485 na IIK.

JUiss  BO3MOXKHOCTH ~ OTOOpakeHHsS  MH(OpPMAIMM  HCTOIB3YIOTCS
MPETyCMOTPEHHBIE MEXAHUYECKUE JUCIUIEM HEMOCPEACTBEHHO HAa CYETYHKAaX.
DHeproHezaBucuMasl MaMsITh HCIOJB3YETCS ISl XPaHEHUsS apXuBa, a TaKKe

WHAMBHUIYAIbHBIX TPAAUPOBOYHBIX KOA(P(UIIMEHTOB AATYUKOB pacxoja, APYTUx
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KOHCTAHT, OMNpPEACISIONIUX TEKyI[Me HACTPOMKU YCTPOMCTBA, COXpAaHEHUs
KOTOPBIX JIODKHO OBITh O0OECIEUeHO MPH OTKIIOYCHHH, KaK OCHOBHOTO OJIOKa
MUTaHUsA, TaK U aKKyMYJISTOpHOU Oarapeu. 3aMKCHUPOBAHHBIN KOJ MO KaXIAOMY
KaHAJTy MUKPOIIpOIeccopa 1o 3ampocy depes uarepdeiic RS-485 nmepenaercs mis
nocienytomieil oopadborku Ha I1IK, rae yxe omneparop ¢ MoMOIIbIO CHEUATBLHOTO
MPOrpaMMHOT0 OOECIICUEeHHs aHATM3UPYET MONIy4YeHHYI0 uHpopManuio. JlaHHas
CUCTEMa TO3BOJUT aBTOMATU3UPOBATh U YNPOCTUTh CUCTEMY KOHTPOJS pacxoja

SJICKTPOOHCPIUHU.
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6 Bb100p d1eMeHTHO 0a3bl

6.1 CyeTYMK 3J1eKTPOIHEPTUH

T Troet P az3z0-2008 |
AL COLT P 523202008 g

R

Pucynok 7 - CueTyuk 371eKTpOIHEPTUH OHO(A3HbIN
Ouepromepa CE101-R5

TY 4228-054-22136119-2005

Opnnodazneiii anekrpocueTdnk cepun «CEy.
VYcranaBnuBaercs Ha din-peniky.
Ocy1iecTBieT U3MEPEHNE AKTUBHOW SHEPTUH B OAHO(A3HBIX IBYXIIPOBOIHBIX

HEMsIX MEPEeMEHHOro TOKa. B kauecTBe gaTurka TOKa UCIOIB3YETCS IITYHT.
HopwmatuBHo-1paBoBOE o0OecrieueHue:
o CootserctByer 'OCT P 52320-2005.

o CootBerctByer 'OCT P 52322-2005.

o CeptuduiupoBan u BHECEH B | 0Cy1apCTBEHHBIN peecTp CPEIICTB

usMepeHui PO.
XapaKTEepUCTUKHU HAJEHKHOCTH!

o Cpennss HapaboTka Ha otka3z — 220 000 wacos.
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o MexnoBepouHblil UHTEpBaI — 16 JI€ET.
o Cpennuii cpok ciryx0b1 — 30 JeT.

o TapaHTHiiHBIN CPOK (CPOK XPaHEHHUS U CPOK IKCILTYyATALMK CYMMAapHO) — S

JIET C AAThI BBIITYCKA.
Oco0eHHOCTH AIIEKTPOCUYETUHKA
o Manoe coOCTBEHHOE HEPronoTpedIeHuE.
o Hanuuue cTanmapTHOrO M ONTHYECKOIO TEIEMETPUUECKOTO BBIXOAA.
« (CBeroBOI HHIUKATOP PAOOTHI.
o [loBblllIEHHAd 3alIUTA OT XUILCHUU.
o Hanuuue nryHTa B kKauecTBe U3MEPUTEIIA TOKA.

o Hanuuue B QJICKTPOCUCTUNKAX MCXAHNYCCKOI'O WJIH 3JICKTPOHHOI'O

cymmaropa.

e YCTOMYHBOCTH K KIIMMAaTH4YCCKHUM, MCXaHNYCCKHUM H 3JICKTPOMAariHuTHBIM

BO3IECHCTBUSIM.
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Tabnuua 2 - TexHu4ecKue XapaKTepUCTUKH

[lokazarenu Bennuunsl
Krnacc Tounoctu 1

Yucmno tapudon 1

YacToTa u3MEpUTEIBHOU ceTH, [T 50+2,5
HomunanpHOE HanpsbkeHue, B 230

ba3oBbIii (MakCHMaIbHBIN) TOK, A

5 (60); 10 (100)

CrapTOoBBIi TOK, MA

10; 20

[TorpebiisseMast MOIHOCTH MapalIe)IbHOM e, He 6oyree, | 9 (0,8)
B*A (Bt)
[TonHas nmoTpebiisieMas MOIIHOCTD MOCE0BATEIbHON 0,1

ey, He 6onee, B¥A

HepenaToqﬂoe YUCJIO UMITYJIBCHOI'O TCIICMCTPHUICCKOTO

BBIXOJ1a, UMII./KBT*u

1600; 2000; 3200;

JlnanazoH pabo4ux TeMIiepaTyp: ¢ MEXaHUYECKUM

OTCUETHBIM yCTpoicTBOM, °C

oT munyc 40 1o

iroc 70

Jlnana3oH pabo4ux TeMIepaTyp: C dJEKTPOHHBIM

OTCUETHBIM yCTpoicTBOM, °C

ot munyc 30 1o

iroc 70

["aGapuTHbIC pa3zmepsl, HE Oosiee, MM

110 x 89 x 72,5

["abaputHbIC pa3mMepsl YIIaKOBKH, HE O0Jiee, MM

116,5x93x 76

Crenenb 3amuTthl 110 'OCT 14254-96

IP51

PaspaboTka perucrparopa Ijsl JaHHOTO cCYeT4YMKa OOYCIIOBJIEHA TEM, YTO
TaKWE CUCTYMKH YK€ YCTAaHOBJICHBI B OOJIBIIMHCTBE JOMOB. DTO ITO3BOJISICT
IIPOBECTH MOJCPHHU3ALNIO CUCTEMBI C MCHBINMMHU 3aTparaMu. CUETYHK HMEET

UMITYJIbCHBIA TEJIEMETPUYECKUN BBIXOJ, KOTOPBIM HEOOXOIUM JJisi peIIeHUs

Halle 3aJaui.
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6.2 Pa3zpaboTka NpMHIUNKAIBHON CXeMbl perucTpaTopa

Jjist TOro 4TO OBl CHPOEKTUPOBATH PETUCTPATOP HEOOXOAUMO pa3paboTaTh
NPUHLIUNHAIBHYI0 CXeMy, IMyTEéM BbBIOOpAa MOAXOMSIIMX TMOJ HAIM 3aJa4u
aneMeHToB. HeoOxomammo peanmn3oBaTh CBS3b OJAHOBPEMEHHO deThIpEX CD ¢
pErucTpaTopoM, TMOCJHEAYIOIIMM XpaHeHueM ¢ oOpaboOTKOW JaHHBIX B
MHKPOKOHTPOJIIEPE, a TAK K€ MOCICAYIOUIEH Nepelayeii JaHHbIX YK€ IO JIMHUU
cBsa3u uHTepdeiica RS-485 na IIK, depe3 mpeoOpaszoBatens uHTepdericoB RS-
485/RS-232.  DneMeHThl TNPUHIUIUAILHOW CXEMbl BBIOMPAIOTCS HCXOMAS U3
TpeOOBAHHMI TEXHUYECKOTO 3aJlaHus, MPEAbIBISIEMBIX K CHCTEME y4€Ta pacxoja
AIIEKTPOIHEPTUH, A TaK KE U3 SIKOHOMUYECKUX U MPAKTHUECKUX COOOpaKEHUH.

JlaHHOE€  M3MEpUTENIbHOE  YCTPOMCTBO  (perucrpaTop)  SIBIAETCS
WHTEJUICKTYalIbHBIM  (MUKPOIIPOIIECCOPHBIM) KOMIIOHEHTOM CHUCTEMBI cOopa
JaHHBIX W ynpaBieHus. Owno  oOecmeuuBaer  cObop wuHGOpMaIINH,
npeobpazoBanue untepdeiica u Apyrue GyHKUNN, HEOOXOIUMBbIE JIs1 TOCTPOCHUS
7h(EeKTUBHON CHUCTEMBI  y4deTa pacxoja »dJIEKTPOIHEPTHUU. YCTPOWCTBO HE
COAECPKUT MEXAHUUYECKHX MepeKntoyareneil. Bce HacTpolKu BBINOIHAIOTCA
MIPOTrPaMMHO. Hactpoeunsie mnapamerpsl 3amomuHaroTcs B OIII3Y wn
COXPaHSIOTCA MPU BBIKIOYEHUH MUTAHUSI.

6.2.1 Bbi6op MUKpOCXeMbI MOJIy4YaTeJIs CHTHAJIOB

OcHoBHOE TpeOOBaHME, MPEIBABIAEMOE K JAHHOW MHKPOCXEME, 5TO
o0ecreyuTh NpPHEM MMIYJIbCHBIX cUrHaIoB u nepegayy ux Ha UART
MUKPOKOHTPOJUIEPA Cpa3y ¢ HECKOJIBKUX CUETUYMKOB.

Hamemy TtpeboBanuto coorBercTByeT Mukpocxema MAX213. Bueurnuit
BUJI TIpeJicTaBlieH Ha pucyHke 8, [{okonéBka u ¢yHkimonaibHas cxema MAX213
noKa3aHbl Ha pucyHke 9. BeiOpaHHas MUKpocXxemMa UMEET YeThIpe KaHaa mpuéma-

nepeIavm.
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Pucynok 8 - Mukpocxema MAX213
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Pucynox 9 - [lokonéska u pynkimonanbuas cxema MAX213

Tabnuua 3 - OcHoBHbie TapameTpbl MAX213

CxopocTs (makc.),Mbox 0.12
Tx,mT 4
Rx,mr 5
Buemnue KoHieHcaTopsbl: Cap. 0.1
Value,mx®
Buemnune xonaencaropsl: Cap., it 4
Rx SHDN,mt 2
ESD 3ammra,xB 15
Vce,B or4.5105.5
lcc,MA 15
Ta,°C ot -40 no 85
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6.2.2 BbI00p MUKPOKOHTPOJLJIEpa

['maBHBIM KpuUTEpueM NpHU BHIOOPE MUKPOKOHTPOJUIEpAa B JAHHOU paboTe
ObUIO HajdMuMe B HEM KaKk MHUHHUMYM 4-X YHUBEpCAJIbHBIX IMOPTOB BBOJA U
JOCTAaTOYHO OO0NBIIOr0 00BbEMA BHYTPEHHEH NaMATH. 3aJaHHBIM YCJIOBHUSAM
oTBeYaeT MHUKpokoHTpouiep ATxmegal6A4-AU, ¢dyHkimoHadpHas cxema
KOTOpPOTO TpHBEJIeHa Ha pHUCyHKe [.2. MukpokoHTposuiepsl ¢upmbl Atmel
SBJISIIOTCSL HAanOoJIee JOCTYIHBIMU U UMEIOT JOCTAaTOYHO HU3KYIO LIEHY.
OTnuuuTenbHble 0OCOOCHHOCTH:
e 8/16-6utHOe BhIcOKOTIpOn3BoauTenpHOE RISC IITY AVR
e 138 uHCTpYKIUI
e AmnnapaTHOE YMHOKAIOIIEE YCTPOUCTBO
e 32 8-OUTHBIX perucTpa, HanpsIMyro noakiIroYeHHbie kK ALU
e (CTek B ONEPATUBHOM NAMSITH
e VYKazaresb CT€Ka JOCTYIEH B MPOCTPAHCTBE MaMSITH BBOJa-BBIBOJA
o [Ipsmas anpecanusa 1o 16 Moaiit namsitu nporpamm u 16 MOaiiT mamsitu
JTAHHBIX
e [lonnas nognepxka 16/24-0utHoro aocryna K 16/24-0uTHbIM peructpam
BBOJIa-BBIBO/IA
o DddektuBHas mnojuepxkka 8-, 16- u 32-OMTHBIX apuPMETUUYECKUX
MHCTPYKUHUN
e 3amuTa OT M3MEHEHHSI HACTPOCK KPUTUYECKUX (DYHKIIUNA CUCTEMBI
e DHEProHe3aBUCHUMBbIC TTAMSATH MTPOTPAMM U TAHHBIX

e TemmeparypHbiii nuana3on -40°C...+85°C [15]
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Pucynok 10 - ®ynkunoHanbHas cxema MUKpokoHTpoiuiepa ATxmegal6A4-AU

6.2.3 Bb10OOp TAaKTOBOI0 reHepaTopa

B MukpornpouneccopHo TEXHUKE OJWH TAaKTOBBIM MUMITYJIbC, KaK ITPaBUIIO,
COOTBETCTBYET OJHOW aTomapHOil omnepauuu. OOpaboTka OAHOM HHCTPYKLHH
MOJKET MPOU3BOAUTHCS 38 OJAMH UM HECKOJIBKO TAKTOB PabOThl MUKPOIIPOLIECCOPa,
B 3aBUCUMOCTH OT apXUTEKTypbl M THIIA WHCTPYKIMH. YacToTa  TaKTOBBIX
MMITYJIbCOB OMNPENENAET CKOPOCTh BBIUMCICHUN. (CXeMa BKIFOUYEHHUS TAKTOBOI'O

reHepaTopa npuBejieHa Ha pucyHke 11.
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PI/ICYHOK 11 - Cxema IMOAKIYCHHA TAKTOBOI'O I'CHCPATOPA

K noxkam XTAIL1 u XTAIL2 MukpokoHTposiepa MHOAKIIOYAETCS
KBapIIeBBI pe3oHaTOp. B mpoekTupyeMoMm ycTpoucTBe OyAeT UCIOJIb30BATHCS
kBapy, — Ha 16 MI'u. Jlna Oosiee cTaOMIBHOIO 3amycka BBIBOJABI KBapIIEBOIO
pe3oHaTopa COCAMHEHBI ¢ OOImMM MpoBoJOM uepe3 KoHaeHcatopel Cl1 u C13
eMKocThI0 30 nd.

6.2.4 Brioop npeodpa3oBaTesisi ypoBHei RS-485

B pazpabarbiBaemoii cucTemMe CBsI3b 3TaXKHOTO peructparopa ¢ GSM
MOJIEMOM OCYIIECTBIIsAIeTCS uepe3 uatepdeiic RS-485.

Nurepdetic RS-485 obecnieunBaer 0OMEH JaHHBIMH MEXIY YCTPOUCTBAMHU
10 OJJHOW ABYXIIPOBOJHOW JIMHWUU CBSI3U B NOJYIYIUIEKCHOM pexume. [llupoko
IIPUMEHSIETCS B POU3BOACTBE Npu npoektupoBanuun ACY TIIL.

RS-485 obGecneunBaeT mepenayy AaHHBIX CO CKOpocThio 0 10 Mowut/c.
MakcuMainbHas JajdbHOCTh 3aBUCUT OT CKOpOCTU: mpu ckopoctu 100 xOut/c —
1200 M, a pu ckopoctu 10 MOuT/c MakcumainbHast JyuHa JuHu — 120 M.

RS-485 — wMHOroroueyHsli MOJYQYMJIEKCHBIM MOCIEA0BATEIbHBIN
uHTepdeiic mnepenaun naHHbIX. [lepemada ocyiecTBisieTcs € MOMOUIBIO
mudpepeHInanbHbIX CUTHAJOB IO OJHOW TMape MpOBOJHUKOB. PazHuiia
HaIPSHKEHUH MEXy MPOBOAHUKAMU Pa3HOW TOJApHOCTH o3HaudaeT 0, pa3Huiia

O,Z[I/IHaKOBOﬁ IMOJIAPHOCTH — JIOTHYCCKaAA 1.
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JUis mpuema W nepenaud JaHHBIX B craHgapre RS-485 wame Bcero
UCIIONIB3YETCs €IMHCTBEHHAs BUTas mapa mpoBoAoB. OIHAKO, CleAysl CTaHAapTHON
JIOTHKE, €AUHHIIA XapaKTepu3yeTcs HarpsbkeHueM ot 2,5 1o 5 B, a Hons — ot 0 10
0,8 B, a mpu nepenaye 1mo MCMOIB3yEeMOMY KaHAIy HYJIb U €IUHHIIA KOJUPYIOTCS
OJMHAKOBBIMH TI0 BenuuuHe (0T 5 10 12B), HO pa3HBIMH MO 3HAKy CHUTHAJaMH.
[TosTomy npu nepenaue mo RS-485 cranmapTHbie JTOTUYECKHUE CUTHAIBI JOJKHBI
OBITh TPe0Opa30BaHbI B CUTHAJBI IpYTroro ypoBHs[17].

JUist 3TOH 1eTN MCTIONIb3YeM CXeMy MpeoOpa3oBaHMs IOTHYECKUX CUTHAJIOB
CTaHJIAPTHOTO YPOBHS B CUTHAJBI YPOBHS 10 cTaHaapty RS-485 MAX485 dupmsl

MAXIM. Hokonéska MAX485 npusenena Ha pucynke 12.

A1
[

]

B

[rs] -
)

.J..ll

-
o3|
(=]

LT

DIP/SO

Pucynok 12 - Buennuii BUj pacnoioskeHrne Hoxkek Mukpocxembl MAX485
MAX485 — 3TO OTKa30yCTOMYUBBIN, BBICOKOCKOPOCTHOM,
NOJIYAYTJIEKCHBIA TMPUEMONEPEIaTYUK C NPOU3BOAUTENBHOCTBIO 20 Mbps, c

BBICOKOM YCTOMYMBOCTBIO U HaNPSKEHUEM ITUTaHus S B.
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Tabnuma 4 - OcnoBubie napameTpsl MAX485

Ckopoctb (Makc.),Mboa|2.5
HNurepdeiic RS-485

TX,mT 1

RX 1

Rx/Tx Enable Ja
YcTpoiicTB HA IMHE 32

Vce,B ot 4.75 no 5.25
lcc,MA 0.9

Ta,°C ot -40 10 85

6.2.5 Bbi6op MuKpocxeMbl Npeodpa3oBaTeisi HANPSKEHUs

JIJist opranu3anuy MUTaHusS MUKPOKOHTPOJUIEpAa U MUKPOCXEM-IpaiBEepOB
OyZeM HCIOIb30BaTh UMITYJIBCHBIN OJTOK MuTaHus Ha 0a3e Mukpocxembr TNY264.
[Hoxonéska TNY264 mpusenena Ha pucynke 13. [IpunnunuansHas cxema 0J0ka
NUTaHusl TMoKa3zaHa Ha pucynke 14. IlpeumyrecTBa JaHHONW  MHUKPOCXEMBI
3aKJIIOYAeTCsl B TPEJCIBbHO MPOCTOM YIpaBICHWH. Tak, IS TOTO YTOOBI
CTaOMJIM3UPOBATh HAIPSKEHUE, HE HYXKEH IHUPOTHO-UMITYJIHCHBIA MOMIYJISITOP.
[Tonnepkanue BBIXOAHOTO HAIMPSHKCHHUS TPOUCXOAWT B PEXHUME BKI/BBIKI, IO

BbiBOAY EN/UV.

P - Tun kopnyca (DIP-8B)
G - TMn kopnyca (SMD-8B)

BP IS
S| 2| [ 7]s
EH

EN/UV[ 4 | [ 51D

Pucynok 13 - Buemnuii Buj pacnosioskeHue Hoxkek Mukpocxemsl TNY 264

38



OcHoBHbIe mapameTpbl MUKpocxeMbl TNY264:
e 700 BosbTOBBIE MOSFET Tpan3ucrop;
e ['eneparop ¢ puxcupoBanHoit yactorort 13211y (124: 142 k['m);
e (Cxema 3ammThl oT K3 B Harpyske;
e (xema 3allMThl OT 3aHMKEHHOTO BXOJHOTO HANPSKEHHUS;
e (xeMma 3allMThI OT MTOBBIIIEHHOIO BXOAHOTO HAIIPSYKEHUS;
e (xema 3a1MThl OT 00OpbIBA LIENU OOPATHOM CBSI3U;
e (xema 3aIMThI OT [epErpeBa KpucTajljia MUKPOCXEMBI;
e (xema 3amycka OT BBICOKOT'O BXOJHOI'O HaIlPSIKEHUS;
e (xema aBTOpECTapTa;

e (Cxema cHmxenusa BU-nomex (Jitter).

~220V

Pucynok 14 - IlpunnunuanbHas cXxemMa HMIYJbCHOTO OJIOKa TUTaHUS Ha

mukpocxeme TNY 264
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6.2.6 BpiOOp aBTOMaTH4YeCKOro MepeK/JIHYaTe]asi Ha pe3epBHOE

IATAaHHUuE

[To TpeGoBaHUSAM TEXHHUYECKOTO 3aJaHUS TaK XK€ TPEOyeTCs OpraHu30BaTh
OecniepeOoifHOe MHUTAaHUE BCEro ycTpoilicTBa. Jljisi MaHHBIX Iieled opraHu3yeTcs
CUCTEMa aBTOMATHUYECKOTO MEPEKIIOYeHHUs] Ha pe3epBHOe (OaTapeiiHOe) MUTaHHE
npu OTKIIIOYeHUU nutaHus cety 220B. Mcnonb3yem moaxoasinyro Juisl 3TUX 3a7a4
mukpocxemy ICL7673. llokonéBka W (QyHKIMOHAJIbHAS CXeMa MHUKPOCXEMBI

ICL7673 moka3ana Ha pucyHke 15. TumoBas cxema BKIIIOUYCHHS TPHUBEICHA Ha

pucyHke 16.
ICL7&73 {SOIC, PDIP) v
TOP VIEW o o W,
OP VIEW " W= -
Vo E 2 3 Vi
vs 2] (7] NC Vi ot
Sgan E :B Faan ;i F2
Gow [3] [5] nc IEI—ﬂ Span
I

ICL7673 (CAN)

TOP VIEW i}
r

ﬁ_q Pran
GHD o

Pucynox 15 - I{okonéBka u ¢pynkuuonagbHas cxema |ICL7673

OcHoBHbIe mapameTpbl MuUKpocxembl |CL7673:
Bxonnoe nanpsikenue (VP or VS) mutanust ............ GND - 0.3V to +18V

Beixognwie Hanpsokenus PBAR u SBAR ... . ... GND - 0.3V to +18V

[ InkOBEIN TOK

BxoagVP (atVP=5V)(Note 1) ....................... 38mMA
BxonVS (atVS=3V) ... 30mA
PBAROIrSBAR ... ... 150mA



DA2

8 vp| L7673 | o 1

R7
VD5

1

+GB1

GND Tsv
L

Pucynok 16 - TumoBas cxema BkiroueHust Mukpocxemsl ICL7673

Ha noxky Vp moma€rcs HampspkeHHE NMUTaHUS OT Ojoka murtaHus. Ha
HOXKY VC moJaércsi HampspKeHHE OT PE3EpPBHOTO MCTOYHHMKA NMUTAHUS (JIMTHMA-
MOHHON Oartapen). B ciaydae OTKIIOYEHMS NHUTaHUA OT OJoKa MNHTaHUS,
mukpocxema |CL7673 aBToMaTHUeCKH MEPEKITI0YAeTCs Ha PE3EPBHBIA MCTOYHHUK
nutanusa. Hoxka VO — Beixoa OecniepeboitHoro nutanus 5 BoasT. Hoxkka GND
coenuHsgercs ¢ oomuM npoojom. IIpu nomomm pesucropa R7 u auoga VDS, Bo
BpeMsi paboThl OT OJOKa MUTaHUS, MPOUCXOJIUT TMOJ3apsiKa Pe3epPBHOIO
MCTOYHUKA MUTAHUS (JINTUH-UOHHOW OaTapen).

6.2.7 BbI0Op akKyMYyJIITOPa Pe3epPBHOI0 MUTAHUS

Jnst  opranmszanuu  OecriepeOOWHOTO  MUTaHUA — pa3padaThIBAEMOTO
yCTpOHCTBA, HEOOXOIMMO BBHIOpAaTh MCTOYHHUK PE3CPBHOTO THUTAHUS IS
coxpaHeHus: pabOTOCIIOCOOHOCTH YCTPOMCTBA, B Cydae OTKIIOUCHUS MUTAHUS OT

cetu 220B.

OcCHOBHBIMU TpeOOBaHMSIMM K HCTOYHHKY OecriepeOOiHOro mNUTaHUs
CIIeAYIOLIHE:

- BBIXOJIHOE HarpsbkeHue 5B

- eMKocTh He MeHee 9000MAuU, s moanepkaHus paboThl yCTPOHCTBA HE

MeHee 72 4acos.
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JUiss fgaHHBIX LEJed IJIAHUPYETCS MCIOJIb30BaTh 4 aKKyMYJISTOPHBIX

Oarapen pazmepa AA u emkocTeio 3000 MAY Kaxnas, HalpsOKEHUE Ha BBIXOJE

1.2B.

o

Pucynok 17 - AkkymynaropHas 6aTtapes

6.3 Bb10op ycTpoiicTBa /1J1s1 OpraHu3anuu 0ecrpoBOIHOM CBS3H

Pucynox 18 - GSM mogem TELEOFIS RX108-L2

Monem RX108-L2 — mpomemmuiernsii GSM MozeM B 3proOHOMHYHOM
MJJACTUKOBOM KOpPITyCE. Y HUBEPCAIIBHOE PEILICHHE JIs Mepe/laur JaHHBIX 10 CETSIM

GSM. INoakroueHue uyepes rmocienoBareabHbii naTepdeiic RS-485.
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MoaeM mnpumeHsieTcss g Tepeayd JaHHbIX OT MpUOOpPOB yueTa,

KOHTPOJIJIEPOB, YCTPOMUCTB cOOpa W mepenadynd AaHHBIX. SIBIsSeTCS HEOThEMIIEMOU

YaCThIO CUCTEM JIUCIICTUEpU3aluU pUOopoB yuera [18].

BcerpoeHHble BO3MOXKHOCTH IO TPOTpaMMHUpPOBaHUI0 Ha s3bike Python

IMO3BOJIAIOT UCIIOJIB30BATH MOACM B KAUCCTBC IIPOIrpaMMHUPYEMOI'0 KOHTPOJJICpa CO

BCTpoeHHBIM uHTepdeiicom csizu GSM/GPRS.

Ta6numa 5 - Xapakrepuctuku mojaema RX108-L.2

OYyHKINOHAJbHbIE XAPAKTEPUCTUKHU

HOIII[Cp)KI/IBaCMBIG CTaHIapThl CBA3HU

CSD, GPRS, SMS, USSD

KomnuectBo SIM kapt

1

Tun moxymnst GSM Telit GL868-DUAL
OyHKIMs 0€3yCIOBHON NIepe3arpy3Ku Ectp
Berpoennsiit TCP/IP cTek Ectb
[Moanepsxka Python Ectpb

Bxoa tuna « ALIl» (HacTpanBaemblil Kak «CyXOou 1

KOHTAKT»)

Ilepenauya naHHbIX

CkopocTtb npuema fanHbix mo GSM unTtepdeiicy 85.6 kOut/c
(Download)

CkopocTts niepenaun nanubix mo GSM unrepdeticy | 42.8 x6ut/c
(Upload)

Cepsucsl SMS MT, MO, CB
®dopmar SMS PDU, TEXT

IHapamerps1 GSM kanaja

Jlnarma3zoHsl 4aCTOT

GSM: 900/1800MI'

Momnocts nepenatunka (EGSM 900)

2BT

MormrnocTs nepegatuuka (DCS 1800)

1Bt

IIpoBoaubie nHTEpPdeich
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Tumn ocHoBHOTO MHTEpdetica RS-485

CkopocTh mepeayn naHHbIX mo RS-485 1200-115200 6ut/cex
JanbHOCTh cBsi3u 10 ceTu RS-485 10 1000Mm (ipu ckopocTH
96006uT/Cex.)

Hanwame BcTtpoenHnoro TepmuHatopa ceti RS-485 | na (mogximrouaemsrii, 120 Om)

DJIeKTpU4YeCKHe mapaMeTpbl

MakcuManbHbBIN MOTPEOISIEMBIN TOK 400MA (1ipu HanPsHKEHUN

nutanus 12B)

Hanpsxkenne nuTanns NOCTOSTHHOE 6..28B
KonnuecTBO BBIXOIOB JJIs1 IUTAHUS BHEIIIHUX 1
YCTPOMCTB

BrIixoa 1t nuTaHus BHEIIHUX YCTPOMCTB 7-30 B

KoHCTpyKTHBHBIC 0CO0CHHOCTH

Tun pazséma uarepdeiica RS-485 Pa3ppIBHON KIIEMHUK
Marepuan kopryca ABS mnactux

Kitacc 3amuTel kopmyca IP30

["abapuTHBIE pa3Mepsl 95x97x36 mm

Bec 120r

IHapameTrpsl IKCIIyaTALIUH

Jlnanazon pabo4ux TemriepaTyp -40...+65°C
OTHOCUTENBHAS BIAXKHOCTD 90% (pu 20°C)
ATtMochepHoe 1aBiieHne 83..106 MMm. pT. CT.

ITapameTpnl HAXEKHOCTH

HapaGoTka Ha oTka3 30 000 yacoB

Cpok 3KcIuTyaTanuu 5 net

JlaHHBI MOJeM, TpeaHa3HaueH i MNojakiItoueHus K cetu RS-485 wu

nepenau  MHGOpPMALMIO HAa  YJAJICHHBIM  cepBep,  HaXOASAIIUHCA B
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pecypcocHabkaromeid opraHu3zanud. [IpuOop TOJHOCTBIO MOAXOMUT  TIO

XapaKTePUCTHKaAM M 00JIaJjacT CPaBHUTEILHO HEOOIbIION 1ieHo [19].
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/7 Aaroputm padoThl IPOrpaMMbl MUKPOKOHTPOJLJIEPa

Hauano

BxiiroueHue nuranus

Konduryparus konTposuiepa,
CUHXPOHM3aLIHsI BpEMEHHU

A\V4

CynTeIBaHUE NOCIETHEN
3arucu u3 EEPROM

7\

ITpuem

Nmnynsca

VYBeauueHne cueTaynuka
Ha €IMHUILY

3amnmuce mokKa3saHuu B

EEPROM

OtnpaBka JaHHBIX
Ha OCHOBHOM CE€pBEp
gepe3 GSM moaem
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7.1 Onucanmne padoThl NPOrpaMMbl KOHTPOJLJIEPa

[Ipu BKIIOYEHUU YCTPOMCTBA, KOHTPOJUIEp KOH(PUTYypUpYyeTCS B
COOTBETCTBHUM C KOJUYECTBOM CUYETYMKOB M YACTOTOM OTIPABKU JaHHBIX,
MPOUCXOJIUT CUHXPOHU3AIUS BPEMEHU C CEPBEPOM U 3alyCK COOCTBEHHBIX YACOB
peaIbHOr0 BPEMEHH, PEaIM30BaHHBIX MPOrPAMMHO HA MUKPOKOHTpOJUIEpe. 3aTeM
CUMTBHIBAIOTCS TOCJIEAHUE COXPAHCHHBIC JaHHBIE U3 BHYTPEHHEH MaMsITH
KOHTpOJUIEpa, U HAYMHAETCA OTCUET UMITYJIbCOB OT CUETUYHKOB, PACIIONIOMKEHHBIX

Ha 3TaxXe.

B 3aBUCHMMOCTM OT MNOpenyCTaHOBOK, IOKa3aHWs MOTYT IMepeaaBaThCs
HEIOCPEJICTBEHHO IOCJIE UX U3MEHEHUS, B ONIPEIETIEHHOE BpeMs, JIMOO O 3a1pocy
OCHOBHOTO cepBepa. IIpum OTCyTCTBUM CBS3M C OCHOBHBIM CEPBEPOM, JAHHBIC
HaKaIlJIMBAIOTCA BO BHYTPEHHEW MamsATH W TEpefaroTcs cpa3y Moclie

BOCCTAaHOBJICHUS CBA3H.

dopMaTt XpaHEHUs JTaHHBIX BO BHYTPEHHEH MMAMSATH KOHTPOJUIEPA:

Cuetuuk | Hucno Mecsig T'on Yacel Munytsl | [lokazanue
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8 PacyeT morpemHocTu

TOYHOCTP H3MEpPEHUSI SBJISETCS OCHOBHOW XapaKTEPUCTUKOW KaydecTBa
U3MEPEHUN, & TOYHOCTh CPEACTB U3MEPEHUN, XapaKTepru3yemas X MOrPEIIHOCThIO
ABJISIETC ~ OCHOBHOM  XapaKTEPUCTUKOW  CTENEHUM COBEPIICHCTBA  CPEACTB

WU3MEPEHUN.

[TorpemHoCTh pa3pabaTbIBAEMON CUCTEMBI YUETA PACX01A IIEKTPOIHEPIUH
B KWIOM JOM€, OyIeT ONpeneNsATbCsl OCHOBHBIMH MOIPEIIHOCTSIMU YCTPOMCTB,

BXOIAIIHUX B CUCTEMY:

_ [ 2 2 2
7/—\/7/g TV TV
F,Z[e, 7,11 —OCHOBHAJ IIOTPEHIHOCTh CYHETUYHUKA JJICKTPOOHEPIUH,

}/MR —OCHOBHAaA IIOI'pCIIHOCTE MUKPOKOHTPOJLIICPA,

¥, — OCHOBHas MOTPEIIHOCTh KOHBEpPTEpPA RS-232/UART,
UART/RS485, RS485/RS232.

B kadecTBe CUETUMKOB 3JIEKTPOIHEPTUU ObUIH BBIOPAHBI CUETUMKU

Ouepromepa CE101-R5.

OcHoBHas IOrp€IMHOCTL JAaHHBIX CYHCTYMKOB B PA3JIMYHBIX PCKHMAX HC

npeBbImaeT +1%.

B cBoo ouepenp MNOrpemIHOCT, MHUKPOKOHTPOJUJIEpPA 3aBUCHT OT €ro
paspsaaHocTH. Tak Kak Mbl HCHOJIB3yeM  8-pa3psiaHbIi  MUKPOKOHTPOJLIED

ATxmegal6A4-AU nonxyyum:

1
y = :100% = 0,39 ~ 0,4%
R |

rJic a=2 — OCHOBaHHE, M=8 — pa3psTHOCTb.

PaCCMOTpI/IM IOrp€mHOCTH, BHOCHUMBLIC B CHCTEMY OT KOHBCPTCPOB.

YcrpoiictBo cOopa M mepeiayd JaHHBIX OCYIIECTBISIET cOOp, HaKOIUICHHE,
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nepenavyy Ha BEpXHUH ypoBeHb HH(OpMAIMKM O PACXOle 3IEKTPOIHEPTHH 10
rdpoBbiM uHTepGeiicam. KoHBepTephl MepenaroT JaHHbIC MEKIAY CUYCTIYMKAMU
anektposHeprun 1 MK, a Tak xe mexay MK u GSM mozieMoMm, MCIIONB3YIONIMM
¢usnueckuit ypoBenb RS485. Tak kak JOaHHBIE YCTPOWCTBa HE COBEPIIAIOT
HUKaKUX OINEpanui Haj nepeaBacMoil WHpopMalme, a MpoCTo OCYIIECTBIISIOT
¢ XpaHEHHUE U Tepeiady Ha BEPXHUIM YPOBEHbB, TO BIMSIHHUE JAaHHBIX YCTPOWCTB Ha
MOTPEITHOCTh cucTeMbl HacToibko Maio (0,002-0,003%), 49to WM MOXKHO

npeHeopeyb.

Paccuntaem IOrpeHIHOCTH OJTHOTO KaHaja.

7y =+1+0,4> =1,077%

U3 IIOJIYUYCHHBIX PACUYCTOB BHAHO, YTO IIOI'PCHIHOCTL KaXXIOI'O0 KaHalla

HN3MCPCHUA 3aBUCUT B OCHOBHOM OT ITOI'PCHIHOCTH BBI6paHHBIX JAaTYUKOB.

K I[OHOJ'IHHTCJ'H)HOI;'I IMOTPCIIHOCTH OTHOCHUTCA TCMIICpATYpPHAA, BbI3BAHHAA

OTKJIOHEHUEM TEMIIEPATYPBI OKPYKAKOLIEN CPEABI OT HOPMAIBHOM.

Paccunraem JOTIOJTHUTEIIBHYO TEMIIEPATYPHYIO MOTPEUIHOCTD
MHKPOKOHTPOJIJIEPA,  BBI3BAHHYIO  KBapUeBbIM  pe3oHaropoMm.  CoriacHo

TEXHUYECKOM  JOKYMEHTAllMd TEeMIEpaTypHbld  KOY(PPUIMEHT  KBapIIEBOTO

pesonaropa k =50-10 . Ilpu n3MEHEHMH OKpyXarouieil temmeparypsl Ha 1°C

—6
4acTOTa KBaplEBOrO0 pe3oHaTopa U3MEHHThC Ha 10 . Ilpu u3MeHeHUH

TEMIEpATyphbl Ha At yacTOoTa KBaplEBOI'0 pe30HATOpPA U3MEHUTCS HA BEIUYUHY:
AF =k -F At
t tx HOM

rae F - HOMHUHaJIbHOE 3HAYEHHE YacCTOThl PE30HATOpa MPU HOPMAIbHOU
HOM

TeMIepaType okpyxaromeit cpeast (F =8 MI'm).
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Takum O6p330M, qacToTa pe30oHaTopa HAXOAUTCA B IPCALCiiax:

F=F +AF =(8+04-10 )M

OTHOCHUTEILHOE 3HAYCHHE ,Z[OHOHHHTCHLHOﬁ IMOTPCHIHOCTHU PABHO!

AF
0= = £ .100% = 0,005%

HOM
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9 Pacuer HAZEKHOCTH

HanexxHOCTH - OQHO M3 BaXHEUIIIMX CBOMCTB H3ACIHMM, B TOM YHCIE
AJEKTPOHHBIX  HM3MEPUTEIBHBIX  YCTPOMCTB,  KOTOPOE  ONPEHCISIET  MX
AKCIUTyaTallMOHHYI0  TTPUTOJHOCT. ITokasaTrenun HaJCKHOCTH  SABJISIOTCSA
OCHOBHBIMM TEXHUYECKMMHM MapaMeTpamMu U3ACIUS HapsAly C TOYHOCTBIO,
MaccorafapuTHBIMH XapaKTEPUCTUKaAMU n T.0. TexHumdyeckoe 3aJaHUe Ha
pa3paboTky Jr000ro HM3MEPUTEIBHOTO0  YCTPOMCTBA JIOJDKHO — 00s3aTEBHO

coJiepKaTh pasziell ¢ TPeOOBAaHUSMH 10 HA/IEKHOCTH.

Cornacao I'OCT 27.002-89 monx HaACKHOCTHIO MOHMMACTCS CBONCTBO
00BbEKTa COXpPaHATh BO BPEMEHH B YCTAHOBJICHHBIX IIpejerax 3HAYCHUH BCexX
MapaMeTpoB, XapaKTEPU3YIOIMINX CIIOCOOHOCTh BBINOJIHATH TpeOyembie (PYHKIIUU B
3QIaHHBIX PEXKHUMAX W YCJIOBHUAX IMPHUMEHEHHUS, TEXHUUYECKOTO OOCITYyKHBaHUS,

XpaHEHUS U TPAHCTIOPTUPOBAHMUSI.

OTMeTuM, YTO MPU3HAKHU, IO KOTOPBIM OLEHUBAETCS HAJIEKHOCTH JIFOOOTO
TEXHUYECKOTO YCTPOMCTBA, HA3BIBAIOTCS KPUTEPUAMH. K OCHOBHBIM KpPUTEPHUSAM

HaJCKHOCTH OTHOCATCA:

o be3oTkazHOCTH — 3TO CBOMCTBO OOBEKTAa HEMPEPHIBHO COXPAHATH
paboTOCOCOOHOCT, B TEYEHHE HEKOTOPOr0 BPEMEHM WM HEKOTOPOU
HapabOTKH.

o JlONTOBEYHOCTH - 3TO CBOMCTBO 00BEKTA COXPaHATh pabOTOCIMOCOOHOCTH 10
HACTYIUICHHSI TPEACTbHOTO COCTOSIHHSI TIpU YCTAaHOBIIEHHOW CHCTEME
TEXHUYECKOTO 00CITYy)KMBaHHsI U PEMOHTOB.

o PeMoOHTONPHUTrOMHOCTH - 3TO CBOMCTBO OO0OBEKTa, 3aKIIOYAIOIIeecs B
NPUCTIOCOOICHNHA K  TMPEAYNPESKICHHIO ¥ OOHApYKEHHUIO  TMPUYHUH
BO3HUKHOBEHUS MX MOCIEACTBUIA MyTeM MPOBEACHUS MPOPHIAKTUYECKUX U

KaIlluTaJIbHBIX PEMOHTOB U TCXHUYCCKOI'O O6CJIy}KI/IBaHI/ISI.
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« CoxpaHsieMOCTb — 3TO CBOMCTBO OOBEKTa COXPAHATh B 3aJaHHBIX Mpeeax
3HAYECHUS MMAPaAMETPOB, XaPaKTEPU3YIOILIUE CIIOCOOHOCTh 0OBEKTA
BBITOJIHATE TpeOyeMble PYHKIIUU B TEUCHUE HCITIOJIb30BAHUS, TTOCTIE

XpaHEeHUs1 U TPAHCIIOPTUPOBKH.

Baxno OTMCTHUTDH, YTO IIOHATHC HAACKHOCTHU I JH000r0 TEXHHUYECKOI'O

yCTpPOICTBA CBSI3aHO C OTKA3aMH.

OTtka3 — 93T0 COOBITHE, KOTOpPOE 3aKIIYacTcs B  HapyLICHUU

paboTOCTIOCOOHOTO COCTOSTHUS 00BEKTA.

PaboTocnocoOHOCT - COCTOSIHME U3CNNS WKW YCTPONCTBA, TP KOTOPOM
OHO CIIOCOOHO BBITIONHSATH 33JIaHHbIE (PYHKIIUU C TTapaMeTpaMu, YCTaHOBICHHBIMU

Tpe6OBaHI/IHMI/I TEXHUYECKOM JOKYMCHTAIIUM.

B HaCTOAMICC BPCM: CYIICCTBYIOT PA3JIMYHBIC BAPHUAHTHI KJIaCCI/I(bI/IKa]_II/II/I

0TKa30B. OTKa3bl JJIs1 paJIMOICKTPOHHBIX YCTPOHCTB MOKHO KJIIaCCU(PUITUPOBATD:

1. mo xapakTepy BO3HMKHOBEHHS OTKa3a: BHE3AMHBIC U MOCTECIICHHBIE;

2. IO BpPEMEHU CYIIECTBOBAHMS OTKa3a: TIOCTOSHHBIA, BPEMEHHOM U
nepeMekaronumics (BpeMEHHbIE OTKa3bl, KOTOPBIE CIEAYIOT OJIUH 3a
Apyrum);

3. TO XapakTepy MPOSIBJICHUs OTKa3a: SIBHBIN U HESBHBIM;

4. 1O 3aBUCUMOCTH OTKa30B MEXKIy COOOM: 3aBUCUMBIN 1 HE3aBUCUMBIA,

5. mo MIPUYMHE BO3HHUKHOBECHMUS OTKa3a: KOHCTPYKTHUBHBIN,

MPOU3BOACTBEHHBIMN, IKCILUTYaTAllMOHHBIA U JETPaIal[MOHHBIMN.

Ba)XxHO OTMETHTH, YTO HAAECKHOCTH SIBJISIETCSA KOMILIEKCHBIM CBOMCTBOM
J000T0 TEXHUYECKOro ycTpoiicTBa. Ha mpakTuke ¢ KOJUYECTBEHHOW CTOPOHBI

HaJCKHOCTb OICHUBACTCA PAAOM KPUTCPUCB, KOTOPBLIC IIOJIYUYWJIM HA3BAHUC
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rokKazaTtesiei HaaCKHOCTH. OcHOBHBIE CAMHUYHBIC M KOMINICKCHBIC ITOKAa3aTCIN

NpUBEAEHBI B Ta0IMIE 6.

Tabauua 6 - [lokazareau Hage)KHOCTHA

CsBoiicTBa Iloka3arenno

bezoTka3HoCTh -BEpOSITHOCTh O€30TKa3HOM PabOTHI
-MHTCHCUBHOCTH OTKAa30B

-CpeHsisl HapaboTKa JI0 OTKa3a
-IapaMeTp MOTOKa OTKA30B

-CpCaHAA Hapa60TI<a Ha OTKa3

PeMOHTOHpI/IFOI[HOCTB -BEPOATHOCTb BOCCTAHOBJICHUA
-MHTCHCUBHOCTBb BOCCTAaHOBJICHHUA

-CpCaAHCC BPpCMA BOCCTAHOBJICHUA

be3oTka3HOCTh U | -K03(p(pULIMEHT TOTOBHOCTH
PEMOHTOIPUTOTHOCTh
-K03(p(HULIUEHT TPOCTOs

-KOA(PUITMEHT TEXHUUECKOTO UCIIOIb30BaHUs

-K03(PUITMEHT OnepaTUBHON TOTOBHOCTH

JlonroBeyHoCTh -Ha3HAYEHHBIN peCypc

-CpEeTHUN pecypc MEXIy KamuTaIbHBIMU (CPETHUMHU)
PEMOHTaMHU

-CPEIHHUI CPOK CITYKOBI

CoxpaHseMoCTh -CpeIHUI CPOK COXPAHIEMOCTH

HeoOxonumo OTMETUTH, YTO Ha HAACKHOCTh JIFOOOTO TEXHUYECKOIO
YCTPOMCTBA BIMAIOT pa3indHble (HaKTOPhl, BO3HUKAIONIME HA JTamax ero

IMPOCKTUPOBAHUA, IIPONU3BOJACTBA 1 SKCILTyaTallluH. COOTBETCTBEHHO pas3InyaroT:

1. Pacu€tHyto HaJ€KHOCTH;
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2. [Ipon3BOACTBEHHYIO HAJIEKHOCTB;
3. DKCIUTyaTallMOHHYIO HAJEKHOCTb.

CHeI[yeT 3aMCTUTh, YTO B HWJACAJIBHOM CJIy4daC 3HAYCHH:A pacquHoﬁ,

HpOHSBO,HCTBCHHOI\/’I )41 BKCHJIyaTaHI/IOHHOI?I H&I[G)KHOCTCﬁ JOJDKHBI COBIIaAAaTh.

Pacuér HaJaCKHOCTHU HpOGKTpreMOﬁ TEXHUYECKOM CHUCTEMBI 3aKJIH0YaCTCs
B OIIPpCACIICHUU rokKazarejiein HaACKHOCTH CHCTCMBI I10 N3BCCTHBIM
XApaKTCPUCTUKAM HAJACKHOCTH COCTABJEIOINIUX J3JICMCHTOB KOHCTPYKIOHMH U

KOMITIOHCHTOB CUCTCMBI C YUCTOM YCJIOBI/Iﬁ 9KCILIyaTaluu.

OCHOBHBIM ~ TMOKa3areyieM Oe30TKa3HOCTH HU3JCNUSA - BEPOSITHOCTD
Oe3otkasHoii paboTel P(1). BepostHocTh Oe30TKazHoi pabotel P(t) - 37O
Oe3pa3MepHasi BEJIMYMHA, KOTOpas 3aBUCHT OT BPEMEHH HapabOTKHM T W

M3MeHstomascs B npeaenax ot 0 go 1.

JUIsi Hepe3epBUPOBAHHBIX CUCTEM HAa OCHOBHOM BPEMEHHOM Y4YaCTKeE
paboThl, KOraa NpupadoTKa M3AENus 3aBepllieHa U MPOU3BOACTBEHHbIE NE(EKTHI,
€CJIM TaKWe€ BBISIBUINCH, YCTPAHEHBI, @ U3HOC €IlI€ HE HACTYNWI, TO BEPOSTHOCTb
0€30TKa3HOM pabOThl YMEHBILIAETCS CO BPEMEHEM IO IKCIIOHEHIIMATBLHOMY 3aKOHY

oT 3HaueHus 1. A cpenHee BpeMs HapaOOTKH /10 OTKa3a €CTh BeIMYMHA oOpaTHasl.

NHTEHCUBHOCTh OTKa3a DJJIEMEHTOB M KOMIIOHEHTOB IPOCKTUPYEMOU
cucTeMbl (YCTPOMCTBA) C Y4YETOM YCJIOBUH 3KCIUTyaTallMd YCTPOMCTBA MOKHO
ONPENEIUTh MEPEMHOXKHUB BCE MOMPABOYHBIE KOADPUIMEHTHI M HOMHUHAIBHYIO

HMHTCHCHUBHOCTDH OTKAa3a.
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3HaueHUS] HOMUHAIBPHOW HHTCHCHBHOCTH OTKA30B KOMIIOHEHTOB OEpyTCs U3
YCIOBUM HA JAaHHBIM KOMIIOHEHT WA W3 CIPABOYHUKOB, COJCPKAIIUX TAKHE
cBeneHusl. B Tabnuie 7 mpuBeneHbl 3HAYEHUS] HOMMHAJIBHOW HHTEHCHUBHOCTH

OTKAa30B JIJIsI HCKOTOPBIX THUIIOB 3JICMCHTOB.

Ta6Jmua 7 - 3HauyeHUsS HOMHHAJIbHOM MHTCHCUBHOCTH OTKAa30B

HanMenoBaHue 3eMeHTa kcp*10'6, 1/4gac

KonneHcaTopbl kepaMHUeCKHe 0,15

Pe3nucTopbl Nperu3noHHbIC 0,0125
KoHaeHcaTopbl kepaMuiecKkue 0,2
HuTerpanbHble MEKPOCXEMBI 0,01

KBaprieBrlii pezoHaTop 0,026
Hpoccenb 0,34
Brixirouareis 3,9
II;maBkast BcTaBka 7,2

B Tabmume 8 mnpuBeneHbl 3HAYECHHWS  OTACIBHBIX  TONMPABOYHBIX

kodpunmenToB K; u K, yuuThiBaromumx BIUsIHUE MEXaHUUECKUX BO3JICUCTBUH.
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Tabnuna 8 - [TonpaBoynble KOAPPUIIMEHTHI BIUSHUS MEXaHHUYECKUX BO3ACHCTBUIA

CyMmmapHoe
Bubparus EI’aIlap I;I;I; 3
VY cI10BUS 3KCILUTyaTalluy amnapaTypsl Py BO3JACUCTBHC
k, K
2 kz
JlaGopaTopHbie 1,0 1,0 1,0
CranmonapHbie (IT0JIEBBIC) 1,04 1,03 1,07
KopaGenpHbie 1,3 1,05 1,37
ABTOGYproHHbIE 1,35 1,08 1,46
JKene3HonopoxHbie 1,4 1,1 1,54
CamoseTHBIE 1,46 1,13 1,65

B tabnume 9 mpuBeneHsl 3HadeHus mompaBoyHoro kodddummenta Ks,

YUYUTBIBAIOIICTO BIIMSAHHUC BJIAXKHOCTH.

Tabnuma 9 - [TorpaBounbIit KOG UIIMEHT Ha BO3/ICHCTBUE BIAKHOCTH

BaxxaocTth, %

Temneparypa, °C

[TonpaBounslii ko3pduiuent K,

60...70 20...40 1,0
90...98 20...25 2,0
90...98 30...40 2,5

B tabmune 10 mpuBeaeHBI 3HaUYeHUS IMOIpPaBOYHOTO KodddunmenTta Ky,

YUYUTBIBAIOIICTO BIIMAHUC aTMOC(l)epHOFO JaBJICHUA.
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Tabnuna 10 - KoapdunueHT BnusHus atMochepHOro JaBiaeHUS

[TompaBouHBIN [TompaBouHBIN

Hasnenue, klla K09 PHUIHCHT Hasnenue, klla KO3 puIHeHT
K, K,
0,1...1,3 1,45 32,0...42,0 1,2
1,3...2,4 1,40 42,0...50,0 1,16
24..44 1,36 50,0...65,0 1,14
4,4...12,0 1,35 65,0...80,0 1,1
12,0...24,0 1,3 80,0...100,0 1,0

24,0...32,0 1,25
Kosddummentst  snexkrpuyeckoit  Harpy3ku Ky KOMIIOHEHTOB

ONPENENAIOTCA OTHOUIEHWEM 3HA4Y€HHs] KOHTPOJIHMPYEMOIro mapamerpa (TOKa,
HaMpsDKEHUST WM MOIIHOCTH) paccMaTpUBAaeMOro KOMIIOHEHTa K MaKCHUMAaJIbHO
BO3MOXXHOMY (JOMyCTUMOMY) MO TEXHUYECKUM YCJIOBUSAM 3HAYECHHIO HTOTO

napamerpa. OTMETHM, 4YTO B KaueCTBE KOHTPOJIUPYEMOIo TNapaMerpa s

KOHKPETHOTO KOMIIOHEHTa YCTPOMCTBAa BbIOMpaeTrcs TOT, OT KOTOPOTO B

HauOOIbIIEH CTCIICHHU 3aBHCHUT HaOACKHOCTDb JaHHOTI'O KOMIIOHCHTA.

KouTtponupyemble mnapamerpel u  (OpMYJIbl  BBIYHCIECHUS KOA(DPUIIMEHTOB

Harpy3KH JiJIsi OCHOBHBIX BHJIOB 3JICMEHTOB NPUBEACHBI B Ta0mIe 11.
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Tabnuma 11 - KoagdumeHTs! Harpy3ku KOMIOHEHTOB

KommoHeHTsI KonTtponupyemsbie KoaddumumenT varpysku
I1apaMeTphl Ky
Mukpocxemsl BxoaHOM TOK MUKpPOCXEM,
BKJIFOYEHHBIX Ha BBIXO/JIE, n
IBXi Z I .
MakcuManbHbIN i—1 o
BBIXOJTHOU TOK |y max -
Yucno HarpyKeHHbIX | 6 bIX MaX
BXOJOB N.
Tpan3ucTopsl MommHoCTh paccenBaemas P /p
Ha KOJIICKTOpE, Py e
[1omynpOBOIHUKOBBIE OOpatHoe HanpsHKEHKE U./U
TTAOIBI U, o7 =0 zon
KonnencaTopsl Hanpsikenue Ha U/U
oOkmankax U son
Tpanchopmaropsl Tok Harpysku |y ]
DIEKTpUYECKUE Toxk Iy m
COEIMHUTEIN K€ eaon
Pe3uctopsl PaccenBaemas MOIHOCTB /P
P Jom

JIns Bcex 3JIEMEHTOB NPUHLMUIIMAIBHOM CXEMbI YCTPOMCTBA PaCCUUTAEM
Kod(phULIMEHThl Harpy3ku. Pe3ynbTarhl 1O ONPENESICHUI0 YPOBHS Harpy3Ku

NIpUBEICHBI B TabuIe 12.
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Tabnuna 12 - Pacuer k03¢ (uIMEeHTOB Harpy3KH

OTtHo1IEHKE Kosbdurmen
DIeMEHT Obo3nauere TapaMeTpoB T Harpy3KH,
3JIeMEHTa
Ku
C1 0,3
C2-C4 0,7
C5 0,3
Konnencatopsl
C6-C10 Ki=Up/U ou 0,8
C11-C13 0,14
Cl14-Cl16 0,8
C17 0,14
R1 0,6
R2,R3 0,4
Pe3ucropsl K =Pp/Pyon
R4,R5 0,8
R6,R7 0,8
Jlpoccenn L1,L2 I/lu 0,8
Hoxynposonsnt | \/nyy  \/ps Up/Usiom 0,5
KOBBIC JIHO/TBI
DA1-DA4,
Mukpocxemsl - 1
DD1, DD2
[TastHbBIE i ) 1
CO€IMHEHHSI
Pazbem X1 - 1
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PaccMotpum anroputm omnpeaeneHus nomnpaBoyHoro koddduimenta. [pu
onpeneneHuu kodddumuenTa a;, He0OX0AUMO COOIOAATH CIEIYIONIEee OTHOIICHNE

TeMIlepaTyp:
< ty<tep

rae {. — remmepaTrypa OKpyKarowe cpensl, t,, — Temmeparypa Kopiyca

YCTPOMCTBA, t, — TEMIIepaTypa BO31yXa BHYTPH yCTPONCTBA.

3HaueHus K03 GUIUEHTOB OMpeesisieM 1o rpadukam Ha pucynkax 19, 20,

21.

Heckonbko BHI0B Irpa)ikOB IPUBEAECHBI HUXKE.

Pucynok 20 - 3aBucuMocTh &; (T,K,) mnsa KOHJICHCAaTOPOB
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a8

Pucynok 21 - 3aBucumocts «;(T,K,) nns pesucropos

Pe3ynbTaThl pacuera HaJeXKHOCTH YCTpPOMCTBA IMPEACTABICHBI B TaOIULE

13.
CrnenoBarenibHO, cpeiHee BpeMsi 0€30TKa3HON pabOTHhI:
1
T., =—=109890 (yac).
AC
[Tonyuaem BepoSITHOCTH 0€30TKa3HOUM paboThl ycTporicTBa B TeueHue 1000
4acoB:

t 1000

P.(t)=e " = ¢ 19%% - 0,09

[IpousBeneHHbIE pacueThl MOKA3bIBAIOT, YTO Pa3padOTaHHOE YCTPONUCTBO

YHOBHGTBOpHeTyCHOBHHNITCXHquCKOFOSaﬂaHHHIK)Tpe6OBaHHHMJ§HOK&%HBHHM

HAJIEKHOCTHU.
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Tabnuua 13 - MTHTEeHCMBHOCTH OTKA30B KOMIIOHEHTOB MIPOEKTUPYEMOTO YCTPOICTBA

HatencuBHOoCcTh | VIHTEHCMBHOCTH
Komnuect OTKAa30B OTKa30B B
Ne rp. HanMeHoBaHe CxeMHOe SHGEZHTO te 3JICMEHTOB paboueM pexHUMe | JIHTeHCHBHOCTB
DnemeH et 0003HaUYeHNE on . 107 1/4 . é kH a,(T,k,) IPYIIIIBI C Ao Ky K, K, - OTKA30B IPYIIIbI
TOB 3JIEMEHTOB YHETOM BHEIHUX | o (T k ) 3JIEMEHTOB
rpymre o 4 LK,
N yCIIOBUH
ﬂ’()i 'k1 'kz 'k3 "k4
C1,C5 2 0,2 25 0,3 0,08 0,2 0,016 0,032
C2- C4 3 0,2 25 0,7 0,4 0,2 0,08 0,24
1 Konpnencaropsl C6-C10
C14-C16 8 0,2 25 0,8 0,5 0,2 0,1 0,8
Cl11-C13, C17 4 0,2 25 | 0,14 0,06 0,2 0,012 0,048
R1 1 0,43 25 0,6 0,57 0,43 0,2451 0,2451
Pesucropsl
2 R2, R3 2 0,43 25 0,4 0,45 0,43 0,1935 0,387
IIOCTOSIHHBIE
R4-R7 4 0,43 25 0,8 0,68 0,43 0,2924 1,17
3 NHayKTHBHOCTD L1-L2 2 0,34 25 0,8 0,4 0,34 0,136 0,272
DD1,DD2,
4 Mukpocxembl DAL DA4 6 0,01 25 1 - 0,01 0,01 0,06
5 Jnomsl VD1-VD5 5 0,005 25 0,5 - 0,0025 0,0025 0,0125
6 IlastHBIe coeTMHEHUS - 136 0,04 25 1 - 0,04 0,04 5,44
7 PaszpeMm X1 8 0,05 25 1 - 0,05 0,05 0,4
UTOT'O 9,1*10°
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10 KoHCTPYKTOPCKO-TEXHOJIOTMYeCKAsl YaCTh

10.1 Pa3paboTka KOHCTPYKIUH

Pa3zpaboTanHoe yCTpOHCTBO CIYXKUT [UIg y4u€Ta pacxoja ropsiaeil BoIbl B
XKWIOM Jome. JlaHHOe YCTpPOMCTBO OTBEYAET KOHCTPYKTHUBHO-TEXHOJOTHYECKHUM,
OKCIUTyaTallMOHHBIM,  HAAEKHOCTHBIM U JKOHOMHUYECKHMM  TpeOOBaHHSIM,
ONTUMAJIbHOE COYETaHHWE KOTOPBIX O0ecleYnBaeT BaXHEWIINE XapaKTePUCTUKU
yCTpOMCTBa: HAAEKHOCTb, JOCTOBEPHOCTb TIOKa3aHUM, JOMYCTHMbIE YCIOBUS

9KCILIyaTalluu.

DONeKTpoHHBIA OJOK mnpubopa BHIIOJIHEH B CTaHAAPTHOM  KOpITyCE.
KoncTpykuust npubopa BINOIHEHA B EPEHOCHOM BapuaHTte. C 1eNblo MOBBIIIECHUS
PEMOHTOIPUTOJHOCTH BCE 3JIEMEHTHI, pa3MEIIEHHbIE Ha TMEYaTHbIX IUIaTax,

PAacIo0KeHbI MAPKUPOBKOM HAPYXKy M UMEIOT OYKBEHHOE 0003HauYCHHE Ha TUIaTe.
Ha nmuneBoii nanenu pacnoiioxeH BeikirouaTesb « BKJD»;

Ha GokoBoit maHenu - pazbeMbl 11 noakmrodeHus 11K u nis nmoakimrodeHus
JaTYUKOB. TEXHOJOTMYHOCTh KOHCTPYKIIMW W3AECIUN BBIPAXKAETCS IOKA3aTEISIMU,
XapAKTEPU3YIOIUMH  TEXHOJOTHYECKYK)  pAllMOHAJIBHOCTh  KOHCTPYKTHBHBIX
pELICHUA W TPUTOAHOCTH K HCIOJB30BAHMIO B COCTaBE JPYTUX M3JICIUMN.
TexHOJIOrHYHOCTh KOHCTPYKITUN HENIB3s pacCMaTpPUBaTh M30JUPOBAHO 0€3 B3aUMHOM
CBSI3M M yYeTa YCJIOBUW BBIMOJHEHUS 3arOTOBUTEJBHBIX ITPOIIECCOB, ITPOLIECCOB

00paboTKH, COOPKU U KOHTPOJIS.
Yeprex o011ero BuI1a MPEACTABICH B MPUJIOKEHNH b.

10.2 Pa3patdorka neuatHoi miaatsi (I111)
10.2.1 O0mme Texunueckue TpedoBanus k II1
Nzrorosnenne Il AOMKHO MPOU3BBOAMTHCS COTJIACHO BCEM TPEOOBAHUSIM

yeptexka u Texandeckux ycnopuid. K I npenssaBisroTcs ciemyronme TpeOOBaHUS:

IToBepxHocts IIII HE nmomMKHA WMMETH My3BIpEW, B3AYyTHH, IOCTOPOHHHUX

BKJIIOYEHHUM, TPEIIMH W pPACCIOCHUM MAaTepuaja OCHOBAHMWs, CHIKAKOLIUX
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AIEKTPUYECKOE CONPOTHUBIIEHUE W MPOYHOCTh M3oasaunu. Marepuan ocHoBanus [111
JOJDKEH OBITh TaKUM, YTOOBI TP 00pabOTKe (CBEpIIeHUE, MTAMITOBKA, PACITHIIOBKA),
HE 00pa30BBIBAINMCH TPELIMHBI, OTCIOEHUS M JIpYyrHe HeOJIaronpUsITHBIC SIBICHUS,
BIIMAIOLIME HA DKCIUTyaTallMOHHBIE CBOMCTBA, a TAKKE HA DJIEKTPUYECKHUE TTapaMeTPhI

IjIar.

[IlupyHa nN€YaTHBIX NOPOBOJHUKOB U  PACCTOSIHUE  MEXIY HUMHU
YCTaHaBIMBAIOTCA TPeOOBaHUSMU dyepTexa. [leyaTHble IPOBOIHUKH JOKHBI OBITH C
POBHBIMM KpasiMu. LIBET MeIHOro MPOBOJIHUKA MOXKET OBITH OT CBETIIO-PO30BOIO 10
TEMHO-PO30BOro. JlJI1 MOBBIIEHUS KAa4eCTBA M HANEXKHOCTU IMPOBOJHUKOB YacCTO
OPUMEHSIOTCSI TaJbBAaHUYECKUE IOKPBITHS, KOTOpble O00ECIeYrBaOT —3alUTy
IIPOBOJHUKOB OT KOPPO3WH, YBEINYMUBAIOT COITPOTUBJIEHNE MEXaHUYECKOMY H3HOCY,
IIO3BOJISIFOT TOBBICUTH TPEJENBHO JONYCTHMBIE TOKM B cxeMe. Ha mnedarHbIX

IMPOBOJHHKAX HCAOIIYCTHUMbI MCXaHNYCCKHUC ITOBPCIKIACHU .

Tonmunua IIIT Takxke orpanuyeHa. B COOTBETCTBHUHU € MEXIYHAPOIHBIMHU
TpeOoBaHUSIMU HOMHUHaIbHbIMU ToJmuHamMu [IIT sBastoTcs cnenyromme: 0.2; 0.5;
0.8; 1.6; 2.4; 3.2; 6.4 mM. BennunHa [0mycKa Ha TOJIIMHY IUIATBI OMPEAEISACTCS
yepTeKOM. [IpOYHOCTH CHEIJICHUS II€YaTHBIX ITPOBOJAHUKOB ¢ ocHoBaHueM IIII1
ONpENEIAET Ka4eCTBO U HAAEXHOCTh neyaTtHou cxemsl 1111, mpenHazHaueHHbIE MIIA
YCTAHOBKH PaJIMO3JIEMEHTOB C TMOKMMH BBIBOJAAMHU (PE3UCTOPHI, KOHACHCATOPHI M
T.I.), JOJDKHBI BBIIEPXKUBATH HE MEHee S5 OJMHOYHBIX mepemnaek, a [III,
npeHa3HAYCHHBIC JJI1 YCTAHOBKM MHOTOBBIBOJHBIX DJEMEHTOB (MHKPOCXEMBI U
T.IL.), - HE MEHee 3 mepenack. Y CTOMYMBOCTh NP MEXaHUYECKHUX BO3IACHCTBUSX U

npouHocTh [1I1 obecnieunBaeTcst KOHCTPYKIMEH y3i1a uiin OJI0Ka.

10.2.2 PacuyeT KOHCTPYKTHUBHBIX M JIEKTPUYECKHX NAPAMETPOB
NMEeYATHOM MJIATHI

OCHOBHOI 1IeBI0  Mpollecca KOHCTPYUPOBAHHUS  SIBIIAETCS  CO3JIaHHE
KOMMYTAITMOHHOTO YCTPOWCTBA I OOBEIWHEHUS TPYMNIBI PATUOIIEMEHTOB B

GyHKUMOHATIBHBIM  y3enm c  oOecreueHHeM TpeOyemblX  MEXaHWYECKUX U
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DNEKTPUYECKUX  IMApaMeTpOB B 3aJaHHOM  JMAIa30HE  HKCIUTyaTAallMOHHBIX
XapaKTepUCTHK MPU MUHUMAJIBHBIX 3aTparax. [|jis 3Toro Heo6XoauMo: BHIOpATh THII
NIEYaTHOM IJIaThl, ONPEAEIIUTh KIacC TOYHOCTH, YCTAHOBUTH IabapUTHBIE pa3Mepbl U
KOH(UTYpaIHio, BEIOpaTh MaTepuanl OCHOBAHUSA JUIA MEYATHON IIAThI, Pa3MECTUTH
HABECHBIC AJIEMEHTHI, ONPEIACIUTh Pa3MeEPbl AJIEMEHTOB PUCYHKA, Pa3MECTUTh UX HA
IUIAT€ W OCYIIECTBUTHh TPACCHUPOBKY, OOECHEUUTh aBTOMATHU3ALMIO IIPOIECCOB
U3TOTOBJICHUSI U KOHTPOJIS IJIaThl U mpoiiecca cOopa, U3rOTOBUTh KOHCTPYKTOPCKYIO
JOKYMEHTaluio. Pa3Mepsl IuU1aThl BBIOMPAIOTCST HAa OCHOBAHUM HEKOTOPBIX
KOHCTpYKTUBHBIX pacyeToB. Cormacno ['OCT 10317-79 «llnaTel mnedarHsble.

OcHOBHBIE pa3Mepbl» pa3Mepbl Kaxaoi cTtopoHsbl 111 1omKkHbI OBITH KPaTHBIMU:
2.5 npu gnune 10 100 mMm;
5.0 - 350 mMm;

10.0 - 6onee 350 mm.

MakcumanbHblid pa3Mep 1000 U3 CTOPOH JOJKEH ObITh HEe Oojee 470 MM.
Jlomycku Ha JIMHEWHbBIE pa3Mephl IUIAThl TOJKHBI COOTBETCTBOBATH YCTAHOBJIEHHBIM
cragmapramu ['OCT 25346-82 u T'OCT 25347-82. Crammapr I'OCT 23751-86
yctaHaBiauBaeT S5 kiaccoB TouHoctd [1I1. Mcxong u3 atoro nonoxeHus: BeiOupaem 3-
W Kmacc TouyHOCTH il u3rotoBieHus Hamed muatel ([II1 ¢ MukpocOGopkamu u
MHUKpPOCXEMaMH, HMMEIOIIMMH IITHIPEBbIE W IUIAHAPHBIE BBIBOABI NPHU CpPEAHEN U

BBICOKOM HaChIeHHOCTU MoBepXHOCTHU I1IT HaBeCHBIMU AJIEMEHTaAMH ).

HpI/I KOMIIOHOBKE JJICMCHTOB Ha IINIOCKUX IICYATHBLIX IJIaTaX OICPHUPYIOT
IIOHATUCM YCTaHOBO‘{HOﬁ miomaan SJIEMCHTA, KOTOPYIO  IJIA OOJILIIMHCTBA

AJIIEMEHTOB BBIYUCIISIOT MO (pOpMYyJIE:
Syer = 125+ B+ L,

rae B - mmpuna snemenTa; L - qiauHa snemeHTa.
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[Ipu ompeneneHUM TOJHOW TJIOMIAAM IUIATHI BBOAST KOX(P(UIUMEHT ee
yBEJIWYEHUS, paBHbIN 2-3. B pe3ynbrare moaHas miom@anb oyaer B 2-3 pa3a Ooubliie

CYMMBI YCTAHOBJICHHBIX Ha HEH DJIEMEHTOB.

Bce osnekTpuueckume COENMHEHHMST HA IUIATE  BBINOJHEHBI  MAWKOM,
o0ecIeynBaroIIe JOCTaTOYHOE MEXAHMUECKOE KPEIJICHUE 3JIEMEHTOB M XOpollee
AJEKTPUYECKOE COCAUHEHHE BBIBOJIOB JJIEMEHTOB C MPOBOJHUKAMHU  ILIAT.
Mukpocxembl YCTaHABIMBAIOTCS HA IUIATE C YYETOM HEKOTOPBIX TPEOOBaHMIl: ydeT
AIEKTPUYECKUX CBSI3€M MEXKIY MHUKPOCXEMaMH W APYTHMHU JJIEMEHTAMH CXEMBI;
nojyyeHue TpeOyeMoW IUIOTHOCTH KOMIIOHOBKM MOHTaXka; BO3MOKHOCTH 3aMEHBI

MHUKPOCXCMEI IIPU U3T'OTOBJICHHUH U HaCTpOﬁKG YCTpOfICTBa.

Pexomennyetcsi pazpabaTbiBaTh MeYaTHBIC MJIATHI C COOTHOIIEHUEM CTOPOH
He Oosiee 3:1. PazpabGorannas miuara ¢ pasmepamu 155x130 MM ygoBieTBopsieT

['OCT 4.010.020-83, orpannumBatomiero 'OCT 10317-79.

PasBenennass mnmata, a Tak ke COOPOYHBIM YEPTEX MPEACTABICHBI B

MIPUIIOKEHNH b.

TommpHa mnNe4aTHOM TUIATBI  ONPEAENSETCd HCXOAHBIM  MAaTEepHUAIIOM,
UCIIOJB3YEeMOM  DJIEMEHTHOM 0a30d W BO3JCHUCTBYIOIIUMHU  MEXaHUYECKUMHU
Harpy3kamu. B JaHHOM yCTpOWCTBE TOJIIMHA TE€YATHOW IUIaThl ObLIa BBHIOpaHA
paBHOW 1.6 MM. Bce MOHTaXHBIE OTBEpPCTHSI paCIONaralOT B 30HE KOHTAKTHBIX
IJIOAA0K. MeTaluln3nupoOBaHHbBIE OTBEPCTHS JIOJKHBI MMETh KOHTAKTHBIE IUIOIIAIKA
C JBYX CTOpPOH IeuyaTHOW IuiaThl. KOHTaKTHBIE TIONMIAJKU JOJDKHBI OBITH KpPYIJION
dbopmbl, a npeAHa3HaYEHHbIE O]l YCTAHOBKY MEPBOT0 BBIBOJA MUKPOCXEM JOJIKHBI
UMETh KBaJipaTHYIO opmy. [namerpsl oTBepcTrii ObUTH BEIOpAHBI paBHBIMH 3,6 MM.
PaccuntaeM 1mMpuUHY TE€YaTHBIX TMPOBOJHHUKOB IUIaThl. BeiOepem mIMpUHY
npoBogHUKOB 0.9 MM. UTOOBI HarpeB MeyaTHOTO MPOBOJHUKA HE BBIXOIWI 32

npeaciibl 10IMyCTUMOT'O HGO6XOI[I/IMO BBIIIOJIHCHHNC HCPABCHCTBA!
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rI€ |ax - MAKCHUMAJIBHOE 3HAUYCHUE TOKA, A}
: 2y.
| - mommycTrMas TNIOTHOCTH TOKa, A / MM (B HaleM ciydae paBHa 25 A / Mm” );
h - TonmHa MpoBoIHUKA, MM (B HameM cirydae paBHa 0.15 mMm).

[Tposepum BrImoMHEHHE HepaBeHcTBa: 0.2 / (25 < 0.15) = 0.053. To ectb b =
0.9 Oonbme 0.005 - HEpaBEHCTBO BBIMOJIHAETCS. 3HAYUT, HArpeB IMEYATHOTO
IIPOBOJHUKA HE OyAeT Bblle A0MYyCTUMOro. C Apyroi CTOpOHBI MIUPUHA NIEYATHOTO
IPOBOJIHUKA JOJDKHA ObITh TaKOM, UTOOBI JOIYCTUMOE MaJieHUE HANPSKEHUS Ha HEM
He mpeBblaio 1-2% HOMHHANBHOTO padoyero HampsbkeHud. J{omkHO ObITh

BBIIIOJIHCHO YCJIOBHC!

b = (50 + 100) - ——mex

HOM

rae | - qmHa mevyaTHOTO MPOBOTHUKA, M;
2.
P - ynenpHas 31eKTponpoBoAHOCTE Meau, OM/M” |
Unom - HOMUHaIBHOE paboyee HanpsKeHUE.

ITpoBepum 310 HepaBeHctBo: 0.01- (75-0.2:(15-0.2) / (0.15-15)) = 0.2. To ecThb
b=0.9 Goabme 0.2 - HepaBeHCTBO BhIMoNHsAETCS. CieI0BaTENbHO, JIOMYCTUMOE
najicHue HampsDKeHHUs He OyJeT MPEeBBIIaTh JOMYyCTUMOTO, U BHIOpaHHAs MIUPUHA

MCYATHBIX ITPOBOJHUKOB YJOBJICTBOPACT HAILIUM TpC6OBaHI/I$[M.

10.2.3 TexHoJI0TUsI U3TOTOBJIEHUS MJIATHI
Pazpabortannas miata umeer pasMepbl 155x130 MM W M3roTtoBiieHa U3

crexiiorekcroimmra CO 'OCT 10316-78.

Pa3Boaka mmaTel BhIMOJHSUIACH Tpu momonu mporpammbel P-CAD. Ilmara

HN3TO0TOBJICHA XUMHWYCCKHUM KOM6I/IHI/IpOBaHHBIM MCTOJOM.
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TexHooTHs N3rOTOBICHHUS IJIATHI CIIETYIOIIAs:
1. U3roToBieHue 3aroTOBOK:
a) Hape3Ka MMJIbOTHHHBIMU HOXHHUIIAMH,
0) 3a4KCTKa 3arOTOBOK,
B) CBEpJICHHE OTBEPCTHUH.
2. IloaroroBka MoBEpXHOCTH 3arOTOBOK:
a) okyHaHue B pactBop (1%) 1maBeneBoit KUCIOTHI,
0) O4YHMCTKa OBEPXHOCTH,
B) 00€3KUPUBAHUE [TOBEPXHOCTH,
T') IPOMBIBKA U CYIIKA.
3. Hanecenue smynbcuu:
a) paBHOMEPHOE paclpeiesieHUe 3MYJIbCUH,
0) cymika B rieHTpudyre.
4. ITonryueHnue pucyHkKa CXeMbl Ha IUIATE:
a) SKCIIOHUPOBAHHOE,
0) mposiBIeHNE N300paKEHUS B BOJIE,
B) OKpallliBaHUE B METHJI-IO(UOJIETE,
') XUMUYECKOE 3a1y0JIMBaHNEe MPOMBIBKA,
1) CyIlIKa Ha BO3JyXe, pEeTyIINPOBAHNUE,

€) TepMUYECKOE 3a1yOTuBaHuUE.
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5. IlosryueHune cxeMsbl IIAThI:
a) TpaByieHUE (OJIbIH,
0) MPOMBIBKA U CYIIIKa 3aTOTOBOK,
B) CHSITHE PETYIITN U SMYJIbCHUH,
I') MPOMBIBKA,
1) YACTKA IIEKTPOKOPILYUIOM,
€) IPOMBIBKA U CYIIIKa Ha BO3/yXe,
) yoaJIeHUE HETIPOTPABICHHBIX MECT.
6. [ToaroToBKa miaTel K METAJUTU3AIUU:
a) JIJaKupOBaHUE,
7. MeTamnszanys 1iaTsl:
a) 00e3KUpPUBAHUE U CYIIIKa HAa BO3IYXE,
0) 00paboTKa TUIaThl B PaCTBOPE JBYXJIOPUCTOTO 0JIOBA,
B) IPOMBIBKA ¥ CYIITKa, XHMHUYECKOE MECTHCHHE,
') YACTKA HAKJAKOM.

10.3 O6uue nosto:keHusi npu mourtasxe I

Mexannyecknii MoHTax [III mpon3BOASAT B TakoW IOCIENOBATEIBLHOCTH,
9TOOBI TPU KPEIJICHUU JeTalied He ObUIM TMOBPEXKICHBI YCTAHOBJIICHHBIC paHEE.
[Ipenna3znadeHHbie Ajia pubOpa JeTanu JOJKHBI OBITH OOS3aTENBHO MPOBEPEHBI.
Jlydmie ycraHaBiMBaTh B MpHOOpP TE ACTAN, KOTOPbIC ObUIM MCIBITAHBI HA MaKeTe.
BrIBoIbI AeTanielt He JOJKHBI OBITH CIIMIIKOM KOPOTKHUMH, BO M30€KaHHE TTeperpeBa

IIpYU MaKe.

69



11 IlnanupoBaHNe KOMILIEKCAa padoT Ha CO3JaHHe MIPOEKTA

11.1 CocraBJiieHue nepe4Hsi padoT
Tpynoemkocts BbimoaHeHuss BKP oneHumBaercs 5JKCIEpTHBIM IIyTEM B
YEJOBEKO-IHAX M HOCHT BEPOSATHOCTHBIA XapaKTEp, T.K. 3aBUCUT OT MHOYKECTBA

TPYJIHO YYUTHIBAEMBIX (DaKTOPOB.

PEBI[CJII/IM BBIITOJIHCHHUC ,Z[I/IHJ]OMHOﬁ pa6OTI>I Ha 9Tallbl, IIPCACTABJICHHBLIC B

tabmnurie 14:
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Tab6muma 14 - [lepedens 3TamnoB, paboT U pacpeAeICHIE UCTIOTHUTEICH

OcHOBHBIE dTANBI Ne PaGoTnl Conep:xanue Jl0JIKHOCTD
padoThI HCIIOJTHUTEJIS
Pa3zpaboTka 3aanus Ha 1 CocraBnenue u | PykoBonurens,
HUP YTBEPKJICHUE | CTYJCHT-
3amanusg HUP | nunnomMHuk
IIposenenue HUP
2 N3yuenne CryneHnrt-
Br16op HampaBieHus MOCTaBJICHHON JTUTUIOMHUK
HCCIIETOBAHUS 3a/1a44 U TIOUCK
MaTepUaJioB IO
TEME
3 Bre16op moxeneii | CTyneHT-
U C1Ioco00B JTUTITIOMHUK
aHajan3a
4 Kanennapnoe PykoBonurens,
IJIJAHUPOBAHUE CTYJICHT-
pabor JTUTUIOMHUK
5 Pa3zpabotka PykoBoauTens,
Teopetnueckue u Moaenen I CTYJICHT-
AKCHEPUMEHTAIbHBIE MCCIICTOBAHMS JTUTITIOMHUK
6 [Touck merongoB | CtyneHT-
e penieHus JUTITIOMHUK
7 Peanuzanus CryneHt-
MoJieJIe IUTIIIOMHUK
8 Ananus Crynenr-
OO60011eHNE U OlLIEHKA MOJTYYeHHBIX JTUTUIOMHUK
pe3yJIbTaToB pE3YyIBTATOB,
BBIBO/IbI
9 Orenka PykoBoauTens,
3 PEKTUBHOCTH | CTYJICHT-
MOJTYYEHHBIX JTUTITIOMHUK
pPEe3yJIbTAaTOB
10 CocraBnenue CryneHt-
Odopmienue oTyeTa 1o MOSICHUTEJIBHOW | TUTUIOMHUK
HHP 3alUCKU
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11.2 OnpenesieHne TPyA0eMKOCTH padoT

Pacuer TPYAOCMKOCTH OCYIICCTBIIACTCSA OIIBITHO-CTATUCTUYCCKUM MCTOOAOM,
OCHOBAHHBIM Ha OIPCACJICHHUHU OXHUAACMOI'0 BpPEMCHHU BbIIIOJIHCHUSA pa60T B

YEJIOBEKO-THAX 10 (hopmyIe:

3-t. +2-t

min max

t =
- c Q)

rae Qo i- OKumaeMast TpyI0€MKOCTh BBITIOJIHEHHUS 1-0i paOOTHI , YCIL.-JIH. ;

tmin i - MEHMMAJIBHO BO3MOXKHAS TPYAOSMKOCTh BBIITOJHEHHS 3aJaHHOM i-0i paOOTHhI

(onmTHUMUCTHUYECKAs OLICHKA: B MIPEAMNOJIOKEHUN HanboJiee 01aronpusaTHOrO CTEUEHUS

00CTOSATENIBCTB), YEIL.-TH.;

tmax i - MaKCHMalbHO BO3MOXKHAs TPYJOEMKOCTh BBIMOJHEHHUS 3aJaHHON 1-Oif

paboThI (meccuMucTHUECKast OIICHKA! B MPETIOI0KEHUN HauOoJee

HEOJIaronpuUsITHOTO CTeYEHUsI 00CTOSATEIBCTB), YeI.-]H.
PaccunrtaeM 3Hau€HHE 0KUAAEMOU TPYJOEMKOCTH paOOTHI:

Jnst  ycTaHOBJIEHUS TPOJIOHKUTEILHOCTH PaOOTHI B pabounx JTHSIX

UCIIOJB3YeM (popMyITy:

e Tpi - MPOIOIDKUTEIBHOCTD OJTHON paboThI, pad. JH.;
tosx i - OKHIaeMasi TpyI0EeMKOCTh BBITIOJTHEHUS OJTHOM pabOoThI, Yell.-IH.

qi - YUCJICHHOCTH I/ICHOJIHI/ITGJICI\/'I, BBIITOJIHATOMKUX OJHOBPEMCHHO OAHY U TY K€

paboTy Ha JaHHOM 3Tarie, yed.
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Jnisa ynoOcTBa TOCTPOEHHUs KajeHIApHOro IulaH-rpaduka, IIUTEIbHOCTh
3TanoB B padO4yMX AHSAX MEPEBOJUTCA B KaJEHIAPHBIE JHU W PACCUUTHIBAECTCS IO

cieaymwlieit hopmyie:
Tki :Tpi *k , (3)

rae Tk - TpoI0IKUTENBHOCTD BBITIOIHEHUS OHOM pabOThI, KaJeH/I. IH.;
Tpi - MPOJOIKUTEIBHOCTh OJTHON paboThI, pad. 1H.;

K — xoaddurreHT KareHTapHOCTH, IpeIHa3HAYCH [T TepeBoIa paboyero

BpPCMCHH B KAJICHIAPHOC.

KoaddurmenT kaneHaapHOCTH pacCUUTHIBAETCS MO GopMyIie:

k_ TKZ
TKZ_TG()_TI’!()’ (4)

rae Txr — KOJIMYECTBO KaJICHIAPHBIX JHEH B TOJY;
Ty — KOJIMYECTBO BBIXOIHBIX JTHEH B TOJY;

THI[ — KOJIMYCCTBO IIPa3aAHUYIHBIX I[HGIZ B Tronay.

OnpenenuM JUIUTEIBHOCTD ATANOB B padounXx AHSIX U KO hUImeHt

KaJICHAApHOCTH:

(= e __3% 4
T -T,-T, 366-119

TOorga JJIMTCIIBHOCTD 3TAIlOB B pa60qI/IX AHAX, CJICAYCT YYCCTb, YTO PACYHCTHYIO

BCIIMYMHY IIPOJOJDKUTCIbHOCTH pa60T TK HYXHO OKPYIJIMTBH 0 LECJIbIX YHUCCIL.

PesynbraThl pacueToB npuBeaeHbI B Tabmie 15.
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Tabnuna 15 - Bpemennsie nokazatenu nposeaeHuss BKP

Ne HUcnoanurtean
pao. tmin, 9€I1- | tmax, 9€T- | Loy went- | T, Ty Kam.
ITH. ITH. ITH. pao. JTH.
ITH.
1 CryneHrt-
JTUIIJIOMHHK, 1 3 1.8 0.9 2
PYKOBOJIUTEITH
2 CryRent- 12 15 132 | 132 | 20
JTIUTUIOMHUK
3 CryneHt-
JTUTUTOMHUK 7 10 8.2 8.2 13
4 PykoBoaurens,
CTYyCHT- 3 7 4.6 2.3 4
TIUTUIOMHUK
5 PykoBoautens,
Crynent- 14 20 16.4 8.2 13
TIUIUIOMHUK
6 CryneHr-
JTATUIOMHUK 6 10 7.6 7.6 12
7 CryneHr-
JTUTUIOMHUK 12 15 13.2 13.2 20
8 Crynent- 3 6 42 | 42 7
TIUTUIOMHUK
9 PykoBoautens,
CTYACHT- 1 3 1.8 0.9 2
JTIUTUIOMHUK
10 CryneHnrt-
JTUTUIOMHUK 10 14 11.6 11.6 18
Hroro 111

11.3 IlocTpoenue rpaduka pador

Haubonee ymnoOHBIM ¥ HArisgHBIM BHJAOM KaJICHIAPHOTO TUIaHAa padboT
SBJISIETCS TIOCTPOCHHUE JIeHTouHOro rpaduka npoeaeHus HUP B dhopme auarpamm

['anTa.
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Huarpamma ['aHTa — TOPU3OHTANBHBINA JIGHTOYHBIM Trpaduk, Ha KOTOPOM
paboThl MO TEeME NPEACTABIIOTCS MPOTSKEHHBIMU BO BPEMEHU OTPE3KaMH,

XAPAKTCPUIYIOIUMHUCA JaTaMH Havdadlda 1 OKOHYAaHHWA BBIIIOJIHCHHA JaHHBIX pa60T.

['paduk cTpoutcs B pamkax Tabiuibel 15 ¢ pa30MBKOI MO MecsiaM U HeJIesIM
(7 nueii) 3a mepuwoj BpeMmeHH auruiomupoBaHus. IIpu sTom paboThl Ha rpaduke
BBIJICIISIFOTCSL  PA3JIMYHOM  IITPUXOBKOM B 3aBUCUMOCTH OT  HCHOJHUTEIIEH,

OTBETCTBEHHBIX 3a Ty WJIH UHYIO paboTy.
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Tn, Bpems BeimonHeHHsT pabOThHI
Conepxkanue padoT Ka | 10 20 30 40 50 60 70 80 90 100 110 120 130 140
. T
E
£ IH I
Q)
CocraBneHue u yTBepKICHNE
1 3ananus Ha HUP 2
N3yuyenue nocraBieHHON
2 3a1a4n 20
Bri6op moneneli 1 cioco6oB
3 aHaJIu3a 13
KanennapHoe miianupoBanue
4 pabot 4
Pazpabotka Mozaeneii s
5 HCCIICIOBaHNUS 13
ITouck MeTonoB peleHus
6 12
Peanuzanus monenen
7 20
AHan3 NOJTy4eHHBIX
8 pe3yabTaToB 7
99
Ornenka 3pPeKTHBHOCTH
MOJTYYEHHBIX PE3YJIbTATOB 2
110 Odopmierne 0T4eTHON 21
JOKYMEHTAIIHU O 8
NpoJielaHHON paboTe

N pvcosowrens [ Cryenrvmon
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11.4 bromxxeT HAy4YHO-TeXHHM4YecKoro ucciaenopanus (HTHU)

[Ipu nnanupoBanum Oropkera HTU  gommkHO OBITH  OOECIIEUEHO IIOJHOE U

JIOCTOBEPHOE OTPAKEHUE BCEX BUIAOB PACXOJIOB, CBSI3aHHBIX C €TO BHITIOJHEHUEM.
11.4.1 Pacuer matepuajbHbix 3aTpaT HTU

PacueTr MaTepHalbHBIX 3aTPAT OCYIIECTBIAETCA MO cienytomei hopmyre:

m
— * *
3/14 - (1+ kT) Zul Npacxi , (5)
i=1
'me, M — KOJMYECTBO BHAOB MAaTEPHAIBHBIX PECYPCOB, IMOTPEOIACMBIX MPH

BBIIIOJIHCHUH HAYYHOI'O UCCIICIOBAHMA

Npacxi — KOJTMYECTBO MATEPHANBHBIX DPECYpCOB 1-TO BHJA, IUIAHUPYEMBIX K

UCIIOJIb30BAaHUIO IIPU BHINIOJHEHUH HAYYHOI'O UCClIeJOBaHUsl (IIT., KT, M, M2 U T.1.);
L; — I1IeHa TOpUOOpETeHUs] E€IMWHHULIBI 1-T0 BHUJA MOTPEOJIIEMbIX
MaTepHATBHBIX pecypcoB (py6./wT., pyo./kr, py6./M, py6./mM° 1 T.1.);

Ki — x03hduImeHT, yYuTHIBAIOMIMI TPAHCIIOPTHO-3arOTOBUTEIILHBIC

pacxoibl.
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Tabnuna 16 - MatepuanbHbie 3aTpaThl

KoumnuectBo 3aTpaTsl Ha MaTe-
Hena 3a ex., pyo.
puaisi, (3v), pyo.
Haumeno- | Exnnuna
BaHHeE u3Mep. | Okc. | Oke. | Oke. | Oke. | Oke. | Oke. | Oke. | Dke. | Oke.
1 2 3 1 2 3 1 2 3
bymara JINCT 200 250 | 120 1 1 1 230 | 287,5] 138
Kaptpumx IIT. 1 2 1 1000 | 1000 | 1000 | 1150 | 2300 | 1150
M/our
HHutepuer 20 20 20 15 15 15 345 345 | 345
(maker)
Pyuxka IIT. 1 2 1 25 12 12 28,7 | 276 | 13,8
JlomonHUTENb
Ha
IIIT. 2 2 2 400 350 680 | 920 805 | 1564
g TUTepaTypa
Terpanp IIT. 1 1 2 10 10 10 115 | 115| 23
Habop nns
IIT. 1 1 1 150 180 150 |172,5| 207 [172,5
YyepueHus
HTroro 2857 | 3983 | 3406
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11.4.2 Pacuer 3aTpaT Ha cenHaJbHOEe 000py10BaHNe VIl HAYYHBIX

(3KcnepuMeHTANbHBIX) padoT

B JAaHHYIO CTATbIO BKIIOYAIOT BCC 3aTpPAThbl, CBA3AHHBLIC C HpI/IO6pCTCHHeM

CIICouaJIbHOI'O

o0opynoBaHus

(mpubopos,

KOHTpOHBHO-H3M€pHT€HBHOfI

anmnaparypbl, CTEHJIOB, YCTPOHUCTB U MEXaHU3MOB), HEOOXOAUMOTO JJI MPOBEICHUS

paboT 1Mo KOHKPETHOM TeMe.

[Ipu mokynke oOOpyAOBaHMs CIIEAYyeT y4ecTb 3aTpaThl IO €ro JIOCTaBKE U
MOHTaXXy B pazmepe 15% OT ero cToumMocTH.

Tabnuna 17 -Pacder OromkeTa 3aTpaT Ha MPUOOPETEHUE CIELIOO0OPYAOBAHUS

Ne | HaumenoBan | KoJi-Bo egeHunn Iena exeHubI O61mas crouMocTh
ue o0opynoBaHusl obopyoBaHmusi, odopynoBaHus, pyo.
o0opyoBaHM pyo.

b Okc. | Okc. | Oke. | Dke. | Dke. | Dke. | Ike. | Dke.2 | Okc.3
1 2 3 1 2 3 1

1 | Kongencarop |25 14 8 3 4 3 86.2 (64,4 |27,6
bl 5

2 | Pesuctopsr 15 20 10 6 7 5 103, | 161 57,5

5
3 | Konrpomrep 2 3 1 213 | 370 | 225 |[489, |1276, |258,7
9 5 5
4 | [TasnpHUK 1 1 1 450 [450 [450 |517, |517,5 5175
5
5 | [Ipumnoi 1 1 1 150 |150 |150 |172, (1725 |172,5
5
6 | Kopmyc 1 2 1 150 |150 |150 |172, |345 172,5
3)
7 | Kabenp 1 1 1 200 | 200 | 200 |230 |230 230
HToro 1772 | 2767 | 1436
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11.4.3 OcHoBHAs ¥ 10NOJTHUTEIbHAS 3apad0THAS IJIATA UCIOJHUTEIeH
TEeMBbI

B cocraB ocHOBHO#H  3apa0OTHOM  IUIaThl  BKJIIOYAETCS  MPEMHS,
BEITUTAYMBaeMasi eXeMecsdHo 13 Gonma 3apaboTHo 1iaTel B pasmepe 20 —30 % ot
tapuda i okiaaa. PacueT ocHOBHOM 3apabOTHOM TUIaThl CBOAUTCS B Taduie 18.

Ta6nuna 18 - Pacuetr ocHOBHOIM 3apaOOTHOM IJ1aThI

No Haumenosanue Ucnonauremn | TpynoemkocTs, | 3apaboTHas Bcero
9TaIoB M0 KaTETOPHUSM | YelL.-JH. IJ1aTa, 3apaboTHas
MPUXOJIAIIASACS | TIaTa 10
Ha OJIUH 4Yei.- | Tapudy,
IIH., TBIC. py0. | ThIC. pYO.
1 CocraBiieHue u PykoBonutens, | 2 4.4 8,8
YTBEpXKACHUE Crynent
3agaaus HUP
2 Nzyuenne CryneHt 20 0,8 16
IOCTaBJICHHOM
3a7a4M U IIOMCK
MaTepuasoB
3 Bre16op mozeneit CryneHt 13 0,8 10,4
H CII0CO00B
aHajau3a
4 Kanennapnoe PykoBoautens | 4 4,4 17,6
IIJIAHUPOBAaHUE Crynenr
pabot
5 Pazpabotka PyxoBomutens, | 13 4.4 57,2
MoJeae s CryneHt
HCCIIEIOBAHUS
6 ITonck MmeTon0OB CryneHt 12 0,8 9,6
penieHus
7 Peanusanusa CryneHt 20 0,8 16
MoJielIed
8 AHamuz CryneHt 7 0,8 5,6
MTOJTY9IEHHBIX
pE3yNbTaToB,
BBIBO/IBI
9 Orenka PykxoBomutens, | 2 44 8,8
3¢ (HEeKTHBHOCTH CryneHt
MTOJTY9IE€HHBIX
pE3yIbTaTOB
10 Cocrasienne CryneHt 18 0,8 14,4
MOSICHUTEILHOMN
3aIUCKU
Htoro 164,4
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[IpoBenem pacuer 3apabOTHOW IUIATHI OTHOCUTEIHHO TOTO BPEMEHH, B
TEUEHHE KOTOPOro paboTana pyKOBOJUTEINb U CTyJIeHT. [I[puHUMas BO BHUMAHHE, YTO
3a yac paboTel pykoBoauTeNnb moiydaer 450 pyoOneit, a cryment 100 pyoOuneit

(pabounii neHb 8 YacoB).
3311 — 3OCH + 3()011 , (6)

I'me, 3. — OCHOBHAS 3apa0oTHasi  IUIaTa;
3,01 — JOTIOJHUTEIIbHAS 3apaboTHas miata (12-20 % ot 3,.).

MakcumanbHasi OCHOBHas 3apab0THAs TuIaTa pyKOBOAUTENS (IOKTOpa HAYK)

paBHa npumepHo 35000 py0ieit, a ctynenta 7800 pyouieil.

Pacuer I[OHOJIHPITGJIBHOﬁ 3apa60THoﬁ IJ1aThl BEACTCA 110 CJIGIIYIOHIGI;’I

dbopmyie:

3 =K, *3 (7)

oon oon OCH 3

I'ne, Kyon — K03 PHUIMEHT JOMOHUTEIBHON 3apab0THOM TUIAThI (HA CTaJUU

NPOCKTUPOBaHUs IpuHUMaeTcs paBHbiM 0,12 — 0,15).

Takum oOpaszom, 3apaboTHas maTa pykoBoauTess pasHa 40000 pyouieit,

crynerTa — 8800 pyoOuiei.
11.4.4 OTunceHus BO BHeOIOMKeTHBIE POH/BI (CTPAXOBbIE OTUMCJIEHHS)

Benuunna otunciiennii BO BHEOIOKETHBIC (POHIBI ONIPEACIISAETCS UCXOS U3

cienyromniet hopMyIbl:

36H€6 — Ngueo * (30CH + 30011) : (8)

I'ne, Kggeg — KOD(POUIMEHT OTYMCICHUH Ha YIUIATy BO BHEOHODKETHBIC

dbouapl (MeHCHOHHBIA (OHM, (POHA 0053aTEIHPHOTO MEAUIIMHCKOTO CTPAaXOBaHUS U

np.).
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Ha 2014 r. B cootBercTBUU ¢ DenepabHOro 3akoHa ot 24.07.2009 Ne212-03
YCTAaHOBJIEH pa3Mep CTPaxoBbIX B3HOCOB paBHbIM 30%. Ha ocHoBanuu myHkra |
cT.58 3akoHa Ne212-®3 nnst yupexaeHUN OCYIIECTBISIONIMX 00pa30oBaTEIbHYIO U

HAy4YHYIO JesATeabHOCTh B 2014 romy BoauTCs MOHMKEHHas ctaBka — 27,1%.

Ta6nuna 19 - Otuncnenus: BO BHEOIOKETHBIE (POHIBI

JlomostHUTEILHASE
OcHoBHas 3apadoTHast 3apaGoTHast
miara, pyo.
HUcnonnuresib miara, pyo.
PykoBoutensb npoekta 35000 4212
CTyIeHT- IUTTIOMHHK
7800 936
Koaddurment
OTYHUCIICHU
0,271
BO BHEOIOIKETHBIC
(doHbI
Hror
0 13 000
11.4.5 HaksnaaHble pacxo/bl
BennunHa HakJIaHBIX pacXxod0B OoNpeesnseTcs no Gopmyie:
— v\ *
3HaK/l - (Zcmameu) KHp) ) (9)

I'ne, Kyp — K03 QUIMEnT, yUUTHIBAIOMIMI HAKJIAIHBIE PACXOJIBI.
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Benuunny xo3dduimenta HakiIaIHBIX PAacXOI0B MOXKHO B3SITh B pa3Mepe

16%. Takum 00pa3oM, HakIaJHbIE PACXOJbl MPU IMEPBOM 3KCHEPHUMEHTE pPABHBI:

3yarn = 204219%0,16=32675 pyo.

11.4.6 ®opMupoBaHue 0101KeTa 3aTPAT HAYYHO-HCCJIe0BATEIbCKOI0

NPOEKTA

Ta6nuna 20 - Pacuer Grokera 3arpatr HTU

HanmenoBanue cratbn | Cymma, pyo.
Okc. 1 | Oke. 2 Jkc. 3

1. MarepuanbHbie

sarpater HTH 2857 3983 3406

2. 3aTpaThl Ha
CICIUATBHOE
00opyI0BaHUE ISt
HAYYHBIX
(9KCTIEpUMEHTATBHBIX )
pabor

1772 2767 1436

3. 3aTpatrbl IO OCHOBHOM
3apabOTHOM IIJIaTe 164400 164400 164400

HUCIIOJHUTEIIEU TEMBI

4. 3atpatsl IO
JTOIIOJIHUTEILHOM 22190 22190 22190
3apaboTHOM myare

5. OtyuciieHus BO

13000 13000 13000
BHEOIO/KEeTHBIE (POHIBI
6. Haknanuele pacxonabl 32675 33014 32709
7. brompker 3atpar HTU 236894 239354 237141

11.5 Onpenenenne pecypcHoii (pecypcocoeperaroieii), puHaHCOBOI,

COLMAJIBHON U IKOHOMHUYECKOU I(PPeKTUBHOCTH HUCCIACA0OBAHUS.

Onpenencane  3¢pGEKTUBHOCTH  MPOUCXOJWT HA  OCHOBE  pacydeTa
WHTETPAILHOTO  TMoKa3aTens JA(OQPEKTUBHOCTH HAYYHOTO HccheaoBaHus. Ero
HaXOXKJICHUE CBS3aHO C OMNPEIACICHUEM JIBYX CpPETHEB3BEIICHHBIX BEJIUYHH:

dbuHaHCOBOM 2P HEKTUBHOCTH U pecypcorhHEKTUBHOCTH.

WuTerpanbHblil PUHAHCOBBIN MOKa3aTelb pa3pabOTKU ONpEeNaeTcs Kak:
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I ucni pi

Quup @rrax ! (20)

ucn.i
I'e ' gunp - nHTErpaNbHBIN (PUHAHCOBBIH ITOKa3aTelb Pa3padOTKy;

d)pi - CTOUMOCTSG I-TO BapHaHTa UCIIOJIHCHUI,

D, . - MaKCUMaJIbHast CTOMMOCTD HUCIIOJTHCHUS HAydHO- MCCIIEA0BATEIbCKOTO
MpOoeKTa (B T.4. aHAJIOTH).

et _ 236894 .
Pr 936894

2 _ 236894 _ 0
230894

s _ 236894 0
hor 237141

WNHTerpanbHblil moka3aTeiab pecypcoddPeKTUBHOCTH BapUAHTOB HMCIIOTHEHUS

00BEKTa UCCIEOBAHUS MOKHO OTIPEIEIIUTD CIEAYIOINUM 00pa3oMm:

Ipi = Zai *bi, (11)

rae: | pi — HHTETPAIIbHBII MOKa3aTeNb pecypco3dGeKTUBHOCTH A I-r0 BapHaHTa

UCITOJIHEHUSI pa3pabOTKU;

1 o -

ad — BecoBo# Kod(hPUIMEHT I-r0 BapraHTa UCTIOTHEHUS pa3paboTKu; a
a .

b?, b’ — GanpHas orenka i-ro BapuaHTa HCIIONHEHNUS Pa3pabOTKH,

YCTaHaBJIMBAETCS SKCIIEPTHBIM MMYTEM IO BEIOPAHHOM IIKajle OLCHUBAHUS;
N — YKCJI0 MapaMeTPOB CPABHEHHS.

Tabnuua 21 - CpaBHUTENbHAS OLIEHKA XapaKTEPUCTUK BAPUAHTOB UCTIOJHEHUS

IIPOEKTA.
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BecoBoii ko- Okc.1 Okc.2 Okc.3
OOBEKT UcCiIeI0BaHN
G duIHeHT
Kpurepun napamerpa
1. Hagexxnocts 0,2 5 5 4
2.YHHUBEPCAIBHOCTh 0,2 4 4 5
3. YpoBeHb MaTeprUaIOeMKOCTH. 0,15 4 4 5
4. DYyHKIIMOHATILHAS MOIITHOCTh 0,20 5 5 4
(npegocTaBisieMble BO3MOXKHOCTH )
5.PemoHTONIPUTOHOCTH 0,1 5 5 5
6. DHeprocoepekeHHE 0,15 4 4 5
HUTOI'O 1 3.15 4.65 3,8

Ip-skc1=5-02+4-02+4-015+5-02+5-0,1+4-0,15 =4,5;

Ip—31<02=50,2+40,2+40,15+50,2+50,1+40,15:4,5,

Ip-oxc3=4-0,2+5-02+5-015+5-02+5-0,1+5-0,1 =4,55.

WNurerpanbHbiii nokazarenb 3 (HEKTUBHOCTH BAPUAHTOB UCTIOTHEHUS

pa3paboTk ( I ucni. ) OTIPENICIISIETCS HA OCHOBAHUY MHTEIPAJIbHOIO MOKa3aTeIs

pecypcordHEKTUBHOCTH U MHTETPATILHOTO (PMHAHCOBOTO TIOKA3aTes Mo popMyIie:
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p—ucni

ucni. = ucn_i ! 12
o) (12)
I3KC]. - 4’5 - 4’5
1
4.5
|31<c2 — N AoA T
0,989
|, 1= —4’55 =455
0,999

CpaBHeHHE UWHTErpaJibHOTO mMokKa3zaTedst A(PGEeKTUBHOCTH  BapHUAHTOB
WCITOJTHCHHSI Pa3paO0TKH IMO3BOJIUT OIPEACIUTh CPaBHUTEIHHYIO 3(PGHEKTHBHOCTH
npoekta (cM.Tab61.5.2) u BbIOpaTh HauOoyiee II€JIeCOOO0pa3HbIi BapuaHT U3

npeioxkeHHbIX. CpaBHUTEIbHAS 3()PEKTUBHOCTD ITpoeKTa (Dep):

acp — I ucn.l (13)

ucn.max
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Tabnuna 22 - CpaBuutenbHas 3¢ (HEKTUBHOCT pa3padOTKU

Ne
IToxa3artenn Ike.1 IKc.2 Ike.3
n/n
WuTerpanbHblii ((MHAHCOBBIN MTOKa3aTeb pa3pa-
1 00TKH 1 0.997 0,994
WuTerpanbHblil moka3aTens pecypcodddexTun-
2 HOCTH pa3paboTKH 45 45 455
WuTerpanbHblil mokaszarenb 3QGEeKTUBHOCTH
3 4.5 4,55 4.55
CpaBHuTtenbHas 3¢ (HEeKTUBHOCTh BapHAHTOB UC-
4 MOJTHEHUS 0,98 1 1

CpaBHUB 3HA4YE€HUS WHTETPAJIbHBIX IMOKa3atesned A()PEKTUBHOCTH MOXKHO
cAenaTh BBIBOJ, YTO pealM3alldsi TEXHOJOTUH B TPETHEM JKCIIEPUMEHTE SIBISETCS
oosiee A(hPEeKTUBHBIM BapUaHTOM PEIICHUS 3aJa4M, MOCTABJICHHOW B IaHHOU padoTe

¢ mo3uIuu GUHAHCOBOM U pecypcHON 3 (PEKTUBHOCTH.
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12 CouuajibHAs1 OTBETCTBEHHOCTH

Beenenue

B manHOM pazmene paGoThl pacCMOTPEHBI BOMPOCHI MPOM3BOJCTBEHHON M
DKOJIOTMYECKON OE€30IacCHOCTH CBSI3aHHBIE C OpraHu3anuer padoyero mecra
oneparopa [[9BM B cOOTBETCTBUM C HOpPMaMu MPOU3BOACTBEHHON CaHUTapUH,

TEXHHUKH 0€30MaCHOCTH M OXPaHbl OKPYKAIOIICH Cpebl.

12.1 TexHorenHasi 6e30MaCHOCTH
12.1.1 Anaau3 BpeAHbIX (paKTOPOB NMPOU3BOICTBEHHOM Cpeabl

12.1.1.1 HebnaronpusiTHbIE YCJI0BUSI MUKPOKJIUMATA

[TapameTpsl MHUKpPOKIMMATa SBJISIOTCS ONTHUMAIbHBIMUA, €CIM OHU MpHU
JUINTEJIbHOM W CHUCTEMAaTHYECKOM BO3CHCTBMM Ha 4YeJlOBEKa OO0ECIEeUnBaIoOT
COXpaHEHUE HOPMAJIbHOIO (PYHKIIMOHUPOBAHMS U TEIJIOBOTO COCTOSIHUSI OpraHU3Ma,
CO3/1al0T YCJIOBHSI TEIUIOr0 KOM(OPTa U SABISAIOTCA MPEANOCHUIKONW BBICOKOTO YPOBHS
PaboTOCIIOCOOHOCTH.

YenoBeyeCKMM  OpPraHM3MOM  MHUKPOKJIMMAT  BOCHPHHHMMAETCS  Kak
MHOrogakTopHasi (pyHKIHs, BCE €r0 KOMIIOHEHTbI HaXOATCSl BO B3aUMOCBSI3H JIPYT C
apyroMm. OrmnpeneneHHOMY COYETaHHWIO TEMIEPATypbl, BIAXHOCTH, CKOPOCTH
JNBWKEHUS BO3JlyXa B TIOMEIIEHHH NPUCYIIM COOTBETCTBYIOIIME OLIYIICHHUS
yenoBeKa: KOM(OpTHbIE WM HeKoM@opTHble. Tak, HampuMep TEIUIbI BO3AYyX C
HU3KOM BJIYKHOCTBIO (CTOJIb YAaCTO MPUCYIINA COBPEMEHHBIM KBapTHpaM U oducam)
JCHCTBYET BBICYIIMBAIOIIE HA CIM3UCTBIE OOOJOYKM TJla3, pTa, BEPXHUX
JBIXaTEIbHBIX NYTeM W MOXET NPHUBECTH K OOpPa30BaHUIO TPEUIUMH CIMU3UCTBIX
000JIOYEK M KPOBOTEUEHUIO MEJIKMX COCyl0oB. M HAao0OpOT: MPOJOJLKUTEIBHOE U
yactoe npeObIBaHME JIOACH B YCIOBHMSX MOBBIIICHHONW BJIAXKHOCTH OTSTOLIAET
T€YEeHUE MHOTHUX 3a0oieBaHui. OCOOEHHO UYyBCTBUTENbHBI K BBICOKOW BIIAXKHOCTH
OOJBHBIC TUTIEPTOHNYECKOUM 00IE3HBIO M aTepoCcKiIepo3oM. [Ipu BEICOKOI BIaXKHOCTH
CO3/1al0TCs OaronpusiTHbIE YCIOBUS AJI POCTa IUIECEHU, O0IE3HETBOPHBIX OaKTepuit

B BO3YyXC.
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PabGorta omnepatopa [I9BM orHocuTcs k kateropuu padot la, k kKoTopoi
OTHOCATCS pabOThl C MHTEHCUBHOCTHIO 3Heprosarpar mo 120 kkam/g (mo 139 Br),
MPOU3BOAMMBIC CHIS ¥ COMNPOBOXKTAMOIIMECS HE3HAUYUTEIBHBIM  (DH3UIECKUM
HarnpspbkeHrueM. ONTHMallbHbIE IMMApaMETPbl MHUKPOKIMMATA [JIsi 3TOM KaTeropuu

paboT mpuBeACHBI B Ta0bIMIE 23.

Tabnumna 23. OnTUMaabHbIE TapaMeTpbl MUKpOKIMMaTa B momenieHun [20].

HaunmenoBanne napameTpoB u

€IMHUILIBI U3MEPEHUS B xononHoe Bpems B temoe Bpems
Temnepartypa, °C 20...22 22...25
OTtHocuTenbHas BIAXKHOCTD, % 30...60 30...60

CKOpOCTB ABUKCHUS BO31yXa,

M/C He 6o0mnee 0.2 He 6omee 0.5

K mepompusatusiMm 1m0  O3J0pPOBJICHUIO  BO3AYyLIHOM  Cpeapl B
MPOU3BOJICTBEHHOM IOMENIEHUH OTHOCSTCA: B TEIJIOE BpeMsl roja s yIaJICHHS
M30BITOYHOTO TEIIa M BJIard UCMOJB3YETCsl KOHAUIIMOHEDP, B XOJOJIHOE BpeMs rojia
BBOJIMTCS] CUCTEMA LIEHTPAIBHOTO OTOILICHHSI.

B namem nomenienun temrepatypa: 3umoi t=20...22 °C; nerom —t=22...25
°C. Bnaxnocts 55%, ckopocTh ABMXKeHUS Bo3ayxa - 0.2 M/c. DTH JaHHBbIE

COOTBETCTBYIOT HOpMaM.
12.1.1.2 HenocTaToK OCBELICHUSA
OnHUM 13 BaXKHEUIINX 3JIEMEHTOB YCIIOBUM Tpy/a SIBISIETCS] OCBELICHUE.
[IpaBuIbHO BBIMIOJIHEHHASI CUCTEMa OCBEILCHUSI UTPAET CYIIECTBEHHYIO POJIb

B CHHMKCHHUHU TIPOU3BOJCTBCHHOI'O TpaBMaTU3Md, YMCHbIIAA JITOTCHIHUAJIIbHYIO

OIMaCHOCTb MHOTI'MX IIPOM3BOJACTBCHHBIX (I)&KTOpOB, CO34acT HOPMAJIbHLIC YCIOBHA
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paboThI, MOBHITIIAET OOIIYI0 PAaOOTOCITOCOOHOCTD.

[To nanueim HUU Tpyna, yBennuenue ocsemeHHocTd ot 100 mo 1000 nx mpu
HaIpPsHKEHHOUW 3pUTENBbHOM paboTe CIIOCOOCTBYET MOBBIIIEHUIO TPOU3BOIUTEIIBHOCTH
Ha 10—20%, ymenwinenuto Opaka Ha 20, CHIDKCHHIO KOJIMYECTBA HECUACTHBIX
ciyqaeB Ha 30 %. HemocrarouHoe oOCBeIIEHHE MOXET IIPUBECTH K
npodecCHoHaNbHEIM  3a00JI€BaHUSAM, HAMPUMEp, TaKHM, KaK MPOrpPeCCUpPYIOMas

OJIM30PYKOCT.

OcseneHHOCTH padboyero mecta oneparopa [I9BM npu koMOMHHUPOBaHHOM
ocBelieHnH JoibkHa coctaBisath 300 sk [21]. Jlns oOecrieyeHHs: HOPMATHUBHBIX
3HAUEHU B YTPEHHEE MW BEYEepHEE BpEMs BBOJIUTCA OOIIEe HMCKYCCTBEHHOE
OcBelleHNE. B moMeImeHnsX ciaenayeT NIpOBOJUTh YUCTKY CTEKOJI OKOHHBIX ITIPOEMOB U
CBETUJIPHUKOB HE peXe JBYX pa3 B I0OJ U INPOBOAUTH CBOECBPEMEHHYIO 3aMEHY

MIEPETOPEBIINX JIaMII.
12.1.1.3 D1eKTPOMArHUTHOE U3JIyUYEeHHUE

Kaxmoe  ycrpoiictso, KOTOpO€  MPOM3BOAUT WM  TOTPeOssieT
DJIEKTPOIHEPTUIO,  CO3[AeT  DICKTPOMAarHUTHOE  U3Ty4YECHHE. Bo3zneiictBue
AJIEKTPOMArHUTHBIX TOJICH Ha YeJIOBEKA 3aBUCUT OT HAIPSIKEHUS DJICKTPHUUECKOTO U
MarHUTHOTO TIOJIeH, MOTOKA SHEPTUU, YaCTOThl KoJieOaHu#, pazMepa 00JydyaeMoro
tena. Hapymienne B opraHm3Me dYesjoBeKa MPU BO3ACHCTBUHU DJECKTPOMATHUTHBIX
MOJICH He3HAUYUTENLHBIX HAMPSKEHUN HOCSIT O0OpPAaTUMBIX XapakKTep.

M CTOYHMKOM DJIEKTPOMAarHUTHBIX H3JIYYCHUH B HAIIeM Ccliydae SIBJISCTCS
mucIier koMrbioTepa. CIIEKTp M3TydeHHs] KOMITBIOTEPHOTO MOHHTOpA BKJIIOYAET B
ceOsl PEeHTTEeHOBCKYIO, YIbTPAPHUOJICTOBYI0O W HWH(]paKpacHyl0 00J1acTh, a Takke
IIUPOKWIA JHAIMa30H D3JICKTPOMAarHUTHBIX BOJH JAPYTMX 4YacToT. Maibie J03bI
oO0JydyeHHus MOTYT TPHUBECTH K PAKOBBIM 3a00JICBaHUSIM, HAPYIICHUSM HEPBHOM,
SHAOKPUHHOW U CEPJEYHO-COCYJIUCTHIX CHCTEM, KOTOPBIC SIBISIOTCS OOpPaTUMBIMH,

€CIM TpPeKpaTUuTh Bo3neucTBUs. OOpaTUMOCTh (PYHKIMOHAIBHBIX CIBUTOB HE
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ABJIACTCA 6GCHpeﬂeHBHOﬁ H  OonpeacisicTcds HWHTCHCUBHOCTBIO, OJIUTCIBHOCTBIO

H3JIyYCHUA U MTHAWNBUYAJIbHBIMHU 0COOEHHOCTSIMH opraHu3ima.

HopMbl HampsyK€HHOCTH 3JIEKTPOMATHUTHOTO NOJII Ha pacctossHun S50 cm

BOKpyr B/IT 1o anexkTpuyeckoi coCTaBIsIIONIEH MPUBEACHBI B Tabuile 24.

Tabnuna 24 - HopMbl HallpsHKEHHOCTH 3JICKTPOMArHUTHOTO MOJIsl Ha paccTossHuu S0
cM BokpyT B/IT 1o anekrpudeckoid cocrapisttomei [22].

JomycTumbie
HaumeHoBaHue nmapaMeTpoB
3HAYEHUS
Hanpsi>keHHOCTB AJIEKTPOMAarHUTHOTO TIOJIst Ha paccTostHUuU 50 ¢M. BOKPYT
B/IT 1o a:eKTpruecKoii COCTaBISAIONIEH qOKHA OBITh HEe Ooee:
B quanaszone yactot S ['m — 2 k' 25 B/m
B nuamna3zoHe yactoT 2 — 400 k['g 2.5 B/m
[110THOCTH MAarHUTHOTO TOTOKA JI0JKHA OBITH HE OoJiee:
B nuamna3zoHe yactoT S [y — 2 kl'1t 250 gTn
B nuamna3zoHe yactoT 2 — 400 k[ 25 uTn
IToBEpXHOCTHBIN MIEKTPOCTATUYECKUN ITOTEHIIAA HE IOJKEH IIPEBBIIATh 500 B

[Ipu 3amuTe OT BHENIHETO OOJYYCHHS, BO3HHKAIOMIETO MpH paboTe ¢
JUCIITICEM, TIPOBOJISITCS CIICTYIOITUE MEPOTIPUSATHS:

e Il 0OecTieueHHsI ONTUMAIBHOM PabOTOCTIOCOOHOCTH M COXPAHEHUU 3/I0POBbSI
HA  TPOTSHKEHUU  paboueit CMEHBI  JIOJDKHBI yCTaHaBJIMBATHCSA
perIaMeHTHPOBAaHHBIC TEpPEepPhIBBI  — TP 8-9acoBoM pabodeMm  JHE
MPOJIOJDKUTEIILHOCTHIO 15 MUHYT uepe3 KaIblil yac paboThl;

® JIUCIUICH yCTaHABJIMBAETCS TaKUM OOpa3oM, 4ToObl OT dKpaHa JO Oleparopa
on110 He MeHee 60-70 cM;

Becy mepconan o0si3aH 3HATH W CTPOrO COOJIIOMATH TMpaBWIA TEXHUKU
oe3onacHoctu. O0ydeHUe MepcoHaia TeXHUKE 0€30MacHOCTH M MPOW3BOICTBEHHOM
CaHUTApPHH COCTOWUT M3 BBOJAHOTO WHCTPYKTakKa M MHCTPYKTaka Ha pabodyeM MecTe

OTBCTCTBCHHBIM JIMIIOM.
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12.1.2 Onacuble pakTOpbI
12.1.2.1 Bo3MOKHOCTb NOPAKEHUSI IJTEKTPUYECKUM TOKOM

BJIGKTPI/I‘IGCKHG YCTAHOBKH IIPCACTABIIAOT OIIACHOCTH MAJIA YCIOBCKaA ,
KOTOpasa yCJIOKHACTCA TCM, YTO YYyBCTBA YCJIOBCKA HC MOI'YT HaKC Ha HEOO0JIBIIOM

PaCCTOAHUU O6Hapy}KI/ITB HAJIMYIUC JJICKTPUICCKOI'O HAIIPAKCHUA HAa O60py,Z[OBaHI/II/I.

B 3aBucHMMOCTH OT yClIOBHI B TIOMEIICHHWH, OMACHOCTh MOPAKCHUS YeTIOBEKa
AIIEKTPUYECKIM TOKOM MOXKET YBEJIMIMBACTCS WM yMeHbIaeTcs. He ciemyer padoraTh
C DJIEKTPUYECKUMH allliapaTaMyd U MEPCOHATbHBIMU BBIUMCIUTEILHBIMUA MAIIMHAMU B
YCIIOBHSIX TIOBBIINICHHON BIIQYKHOCTH (OTHOCHTEbHAS BIAKHOCTH BO3MyXa IPEBBIIIACT
75 %), BbicOKOU TemrmiepaTypsl (6onee 35°C), npu HAIMYKMK TOKOMPOBOISAIIEH MBLIH
WIA €CJIM B MOMEIIEHUU HCIOIb3yeTCs TOKOMPOBOASINNE TMOBEPXHOCTH MoJioB. He
ClieyeT TPHUKAcaTbCsl OJHOBPEMEHHO K WMEIOMIMM COEAMHEHHE C 3eMIIEH

MCTAJULIMYCCKUM JJICMCHTAM U MCTAJNIMYCCKOMY KOPITYyCY 3JI€I(TpOO60py,IIOBaHI/IH.

Takum o00pa3om, paboTa MOMKET IPOBOJUTHCS TOJBKO B IOMEIICHUAX Oe3
TIOBBIIIICHHOW OIMACHOCTH, ¥ BO3MOYKHOCTh MOPAKEHUSI TOKOM MOXKET OBITh TOJBKO TPH
MIPUKOCHOBEHUH HETIOCPEJICTBEHHO € AieMeHTaMu. [lomernieHnst, B KOTOPhIX HaXOSATCs
DIIEKTPOYCTAHOBKH, KJIACCU(MUIMPYIOTCA KaK TIOMEIICHHUS O3 TMOBBIIICHHON
OTACHOCTH, T. €. BO3JIyX B KOMHATE CYXOM, IOJI HE TOKOIPOBOAIINNA, OTCYTCTBYET

TOKOITPOBOIAIIAS U B3PHIBOOIIACHAS MBLTb. [ 23]

[TomereHust, B KOTOPBIX MPOBOAMIUCH PAOOTHI, OTHOCATCS K MOMEILEHUSIM 0e3

MOBBILICHHOM OITACHOCTH MOPAKCHH:A IJICKTPUICCKHUM TOKOM.

B nmanHoMm mnomemeHuu npuOopbl, moTpedastomue Hamnpsixkenue 220B
MIEPEMEHHOT0 TOKa ¢ 4acToTror 50 I'm. DT0 HanpsyKEeHUE OMacHoO s KU3HU, MOITOMY

00s13aTeNTbHBI CIEAYIOIINE MEPBI TIPEIOCTOPOKHOCTH:

- mepe] HadyajloM palbOThl HYXKHO YOEAMTBCS, YTO BBIKIIOUATEIU M PO3ETKa

3aKPCIVICHBI 1 HC UMCIOT OrOJIEHHBIX TOKOBCAYIINX qaCTeﬁ;

92



- 1Ipu OOHAPYKEHHH HEUCIIPAaBHOCTU OOOPYIOBaHHS U MPUOOPOB HEOOXOIUMO HE
nenasi HUKAKUX CaMOCTOSATENbHBIX HCIPABICHUI COOOIIMTh OTBETCTBEHHOMY 32

000pyI0BaHHUE;
- 3alperaeTcs 3arpoMoK/1aTh paboyee MEeCTO JUIIHUMH MPEAMETAMHU.

12.1.2.2 Bo3HMKHOBEHHE MOKapa
Bomnpoc moxapHoii 6€30macHOCTH paccMaTpuBaeTcs B pasaeiie Neb.

12.2 PernonajibHas1 0€30MACHOCTH

BCH@I[CTBI/IG Pa3sBUTHA  HAYUYHO-TCXHHYCCKOI'O  IIPpOrpecca, IMOCTOSAHHO
YBCINYHUBACTCA BO3MOKHOCTDb BO3,Z[CI>'ICTBPIH Ha OKPYZKAromyro cpcay, CO3aar0TCiA
NpCANOCbUIKKM OJIsI BO3HUKHOBCHHA OSKOJOIMYCCKHUX KPHU3HUCOB. B 10 Xe BpeEMs
[porpecCc pacmupsaCcT BO3MOXKHOCTH  YCTPAHCHHA  CO3daBaCMbIX  YCJIOBCKOM

YXYALIEHUNA OPUPOJTHOU CPEBL.

3ammTa OKpY’Karolle cpellbl — 3TO KOMIUIEKCHas mpobiaeMa, Tpedyromas
yCWIMM Bcero 4denoBedecTBa. HambOomnee akTuBHOU (DOpMOI 3aIUTHI OKpYKaroIien
Cpeabl OT BPEAHOTO BO3JEHCTBUS BBIOPOCOB MPOMBINIJICHHBIX NPEANPUATUN
SBJIICTCA TIONHBIM TIEpexoa K O€30TXOJHBIM W MAaJIOOTXOJHBIM TEXHOJOTHSIM H
NPOM3BOJACTBAM. DTO MNOTpeOyeT peleHUus LeJIoro KOMIUIEKCa CIOXKHBIX
TEXHOJIOTUYECKUX, KOHCTPYKTOPCKUX M OPraHM3alMOHHBIX 33J1a4, OCHOBAaHHBIX Ha

HCII0JIb30BAaHUN HOBEHILIMX HAaYYHO-TCXHUYCCKHUX I[OCTH)KCHHﬁ.

OmHa M3 caMBIX CEpPhE3HBIX MPOOJIeM - IMOTpeOiieHne anekTpodHepruu. C
yBEJIMYECHUEM KOJIMYECTBa KOMITBIOTEPHBIX CUCTEM, BHEJIPSEMBIX B
MPOU3BOJCTBEHHYIO  cepy, yBEIMUUTCI UM 00BEM  MOTpeOJsseMOr  UMHU
AJIEKTPOIHEPTUH, YTO BJICUET 3a COOOW YBETMUYCHHE MOIIHOCTEH 3JIEKTPOCTAHIUN U
ux KojuuectBa. M To u apyroe He oOxonutTcss 0e3 HapylIeHUs 3KOJIOTMYECKOH
oOctaHoBku. PocT »3HepromoTpeOaeHUST MTPUBOAUT K TAKUM OKOJOTHYECKUM

HapyLICHUSIM, KaK:

® U3MEHEHHE KJIMMaTa — HAKOIUIEHUE YTJIEKUCIIOTo ra3a B arMocdepe 3eMiu
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(mapHUKOBBIN Y3PPEKT);

® 3arps3HEHUE BO3AYIIHOTO OacceiiHa IPYrMMHU BpPEAHBIMH U SIOBUTHIMU
BEILIECTBAMU;

e 3arpsi3HEHUE BOJIHOrO OacceiiHa 3eMiy;

® OMAacHOCTb aBapuili B SACPHBIX peakTopax, mpobdiema 00e3BpPEKMBAHUS H
YTHIIU3AIUH SIEPHBIX OTXOJI0B;

e uU3MEHEeHHe Ja”amadTa 3emiu.

W3 3TOr0 MOXHO clenaTh BBIBOJ, YTO HEOOXOJMMO CTPEMUTHCA K CHUIKEHUIO
OHEpPronoTpediIeHus, TO €CTh pa3paldaThlBaTh W BHEAPSITH CUCTEMBI C MajbIM
sHepronorpedaeHrueM. B coBpeMeHHBIX KOMIBIOTEPAX, TOBCEMECTHO HCIOJIb3YIOTCS
PEKUMBI C TIOHIKEHHBIM TOTPEOICHUEM 3JICKTPOIHEPTHU TPHU JITTUTEIILHOM MPOCTOE.
CrouT Takke OTMETHTD, YTO JJIsl CHUKCHHUS Bpeia, HAHOCUMOTO OKPY’KaloIIei cpese
IpU TPOU3BOACTBE IEKTPOIHEPIUU, HEOOXOIUMO HCKATh NPUHLUUIHNAIBHO HOBBIE

BHUJBI IIPOU3BOACTBA 3JICKTPOSHCPIIH.

[Ipu paszpaboTke JHOOBIX aBTOMATU3UPOBAHHBIX CHUCTEM  BO3HUKAET
HEO0OXOUMOCTh YTHJIM3UPOBATh MTPOU3BOJCTBEHHBIC OTXO/IbI, B KAYECTBE KOTOPHIX B
JAHHOM CJIydae BBICTYNAIOT OyMaKHbIE€ OTXOAbl (MaKylaTrypa) M HEUCIpPaBHBIC
JIETAJIA TIEPCOHANIBHBIX KOMITBIOTEPOB. byMakHbIE OTXOAbI JOJKHBI NIEPEAABATHCA B
COOTBETCTBYIOIIIME OpraHu3alliyd s JajJbHEHIIe mnepepadoTKu BO BTOPUYHBIC
Oymaxkupie uznenusi. HencnpaBHbIle KOMIUIEKTYIONINE MEPCOHAIBHBIX KOMITHIOTEPOB
JIOJDKHBI TIepeIaBaThCsl JTUOO TOCYAapCTBEHHBIM OPTraHU3AIUsM, OCYIIECTBISIONINM
BBIBO3 U YHUYTOXKEHHWE OBITOBBIX M TMPOM3BOACTBEHHBIX OTXOJIOB, JIHOO
OpraHu3aIusIM, 3aHUMAIOIIUMCS MIepepabOoTKON 0TX0/I0B. BTOpoit BapuaHT sBIsETCS
OoJiee MPEeANOYTUTENIbHBIM, TaK KakK MepepadoTka OTXOO0B SBJISICTCS MEPCIIEKTUBHBIM

HAIIPpaBJICHHUCM  pPAa3BUTHA TCXHOJIOTMM W IIO3BOJIACT 06ep cratb IIPHUPOAHBIC

pecypceni[24].

12.3 Oprann3zaunoHHble MepONIPUATHA o0ecniedeHns1 0e30MACHOCTH
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QHGKTpI/I‘-IeCKI/Ie YCTAHOBKH IPCACTABJIAIOT OIACHOCTH [JId YCJIIOBCKaA
KOTOpasa yCJIOKHACTCA TCM, YTO YYyBCTBA YCJIOBCKA HC MOI'YT HaKC Ha HEOO0JIBIIOM

PaCcCTOAHUU O6Hapy}KI/ITB HaJIMYIUC JJICKTPUICCKOI'O HAIIPAKCHUA HAa O60py,Z[OBaHI/II/I.

B 3aBucumocTH OT yClOBHI B MOMENIEHUH, OMACHOCTH MOPAKEHUS YEJIOBEKA
AIIEKTPUYECKUM TOKOM MOXKET YBEJIMUMBAETCS WM yMeHblnaercs. He ciemyer padorath
C DJIEKTPUYECKUMU anmnaparaMd W NEPCOHATbHBIMUA BBIYACIUTEIbHBIMA MAlllMHAMUA B
YCIJIOBUSIX TIOBBIIIEHHOW BJIAYKHOCTH (OTHOCUTENIbHAS BIAXXHOCTh BO3/IyXa IMPEBBIIIACT
75 %), BbicOKOM TemmepaTypsl (Oosiee 35°C), Mpu HATUYUKM TOKOMPOBOAIICH MBLIH
WM €CJIM B MOMENICHUH HUCHOJL3YETCS TOKOMPOBOSIINE MOBEPXHOCTH MOJIOB. He
CleAyeT TpUKacaTbCsi OJHOBPEMEHHO K WMEIOIIUM COEJUHEHUE C 3eMIIEH

MCTAJUVIMYCCKUM JJICMCHTAM U MCTAJNIMYCCKOMY KOPITYyCY 3JI€I(TpOO60py,IIOBaHI/IH.

Takum o00pa3om, paboTa MOMKET MPOBOJUTHCS TOJIBKO B MOMEMIEHUSX 0e3
HOBBILLIEHHOW OMACHOCTH, U BO3MOXKHOCTb MOPAYKEHHUSI TOKOM MOXKET OBITh TOJBKO MPH
IPUKOCHOBEHUH HEMOCPEICTBEHHO C 3ieMeHTaMu. [loMerienns, B KOTOPbIX HaXOASTCA
DIIEKTPOYCTAHOBKH, KIACCUPUIIUPYIOTCS KakK TMoOMemeHuss 0e3 MOBBIIIEHHON
OMAaCHOCTHU, T. €. BO3JyX B KOMHAT€ CyXOH, IOJI HE TOKOMPOBOJSALINI, OTCYTCTBYET

TOKOITPOBOJIAIIAS U B3PHIBOOIIACHAS ML, [ 25]

[TomerieHust, B KOTOPBIX MPOBOAMIUCH PaOOTHI, OTHOCSTCS K TIOMEIICHUsIM 0e3

MOBBILLIEHHOM OITACHOCTH MOPAKCHH:A IJICKTPUICCKHUM TOKOM.

B nanHoMm mnomemeHuu npuOopbl, moTpednastomue Hamnpsikenue 220B
nepeMeHHoro Toka ¢ yactoro 50 I'm. OTo HanpsbkeHue OmacHoO JUIsl )KU3HU, 103TOMY

00s13aTEIILHBI CJIICAYIOIINE MCPBI IIPECAOCTOPOKHOCTHU:!

- mepe] HadyalioM paboThl HYXHO YOEAUTHCS, YTO BBIKIIOUATENM U PO3ETKA

3aKPCIVICHBI 1 HC UMCIOT OrOJIEHHBIX TOKOBCAYIINX qaCTeﬁ;

- IpU OOHAPYKEHUHU HEHUCIIPABHOCTH O0OPYAOBaHUS U MPUOOPOB HEOOXOAUMO HE
Jenass HUKAKUX CaMOCTOSTEIBHBIX HCHPABICHUN COOOIIUTH OTBETCTBEHHOMY 3a

000pyI0BaHUE;

- 3aMpCIIacTCs 3arpoMOXK/1aTb pa60qee MCCTO JIMITHHUMU IPECIMCTAMU.
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12.4 OcoGeHHOCTH 3aKOHOAATEIbHOI0 PEeryJHPOBAHUSA MPOEKTHBIX

pelieHu i

BaxxneluM coraibHbIM IPABOM POCCUMCKUX TPpaK/laH SBISETCS MPABO Ha
3JI0pOBBIE U O€30MacHbIE YCIOBHS TpyAa. Bce mpaBoBbie BONPOCHI IO OXpaHe TPy/a B
HaIieil ctpane pematorcs Ha ocHoBe Koncturynuit Poccuu u cyObekToB eaepanuu,

KOI[CKCOB 3dKOHOB O TpPYIC, VYkazoB Hpe?;I/IIIGHTa 1 IIOCTaHOBJICHUM HpaBHTCHBCTBa

P®.

B Koncturynnu Poccum ckazano, yto rpaxnaHe Poccun umeroT npaBo Ha
OXpPaHy 30pOBbs. DTO IPaBO 0OECIIEUUBAETCS PA3BUTUEM M COBEPIICHCTBOBAHUEM
TEXHUKH O€30MaCHOCTH M MPOU3BOACTBEHHON CaHUTApUH, IMPOBEICHUEM IIHPOKHUX

NPOPHIAKTHYECKUX MEPONPUATHIL; MEPAMHU 11O O3OPOBJIEHUIO OKPYKAIOIIEH CPEbI.

OtMeueHO, 4TO 00513aHHOCTHIO U JIEJIOM YE€CTH KaXKJ0ro CIIOCOOHOTO K TPyay
rpaxkaanuHa Poccum siBnseTcss 1oOpOCOBECTHBIM TpyA B HU30paHHOM MM 00yacTH

OOIIECTBEHHO TOJIE3HON JESATEILHOCTH, COOIIOIEHNUE TPYOBOM TUCIIUTLITUHBI.

3akoHoAaTeIbHBIE  aKThl IO  BOMpOcaM  Tpylda  pa3padaThiBalOTCs
l'ocynapcrBennor Jlymoii Poccurm ©  TpUHUMAKOTCS  BBICHIMMHA — OpraHaMu

rocyaapcCrBa 1mmocJjie cCorjiaCoBaHus ux C HpO(i)COIO?)aMI/I.

['maBHBIM HampaBlieHHEM TOCYJAPCTBEHHON MOJMTUKH B 00JIACTU OXPaHbI
TpyJda SABJISETCS OOeCleueHue TMPUOPUTETAa COXPAHEHUS IJKU3HHU U 370POBbS
pabOTHUKOB. DTO JOCTUTAeTCA MYyTeM TMPUHATHS W peanu3aiuu  (peaepaibHbIX
3aKOHOB M MHBIX HOPMATUBHBIX MPABOBBIX akTOB Poccuiickon denepanuu, 3aKOHOB U
WHBIX HOPMATUBHBIX MPABOBBIX aKTOB CyOBheKTOB Poccuiickoit denepainniu 00 oxpaHe
TpyJaa, a Takke ¢eaepanbHbIX IEJIEBBIX, OTPACIEBBIX IEJEBbIX U TEPPUTOPHUATIBHBIX

IICJIEBBIX IPOTrPaMM YIYUIICHHUS YCIOBUI U 0XpaHbl Tpyaa[26].

['ocynapcTBeHHOE ynpaBIIEHUE OXPaHOU TpyAa NPEayCMaTPUBAET:
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o rOCyJapCTBEHHBIA HAA30p W KOHTPOJIb HaJ COOJIOJEHUEM TpeOoBaHUM

OXpaHbl TPYJa;

o COJEHCTBUE OOLIECTBEHHOMY KOHTPOJIIO HaJ COOIIOACHUEM IIPaB U 3aKOHHBIX

WHTEPECOB pAaOOTHUKOB B 00JIACTH OXPaHBI TPY/A;

L pacCiICaA0OBaHUC MW YYCT HCCYACTHBIX CJIIY4aCB H HpO(i)GCCI/IOHaJIBHLIX

3a001eBaHMi Ha IMPpOU3BOACTBC,

o 3alUTy 3aKOHHBIX MHTEPECOB PaOOTHHUKOB, MOCTPAJABIIMX OT HECUACTHBIX
Clly4aeB Ha MPOU3BOJACTBE U NPO(ECCHOHATBHBIX 3a00JE€BAHMI, & TAK)KE YJICHOB MX
ceMell Ha OCHOBE 0053aTE€NBbHOTO COIMATIBHOTO CTpPaxOBaHWA  PAOOTHUKOB OT

HECYACTHBIX CIIy4aeB Ha MPOU3BOJICTBE U MPOPECCUOHANBHBIX 3a00JIEBAHMIA;

o YCTaHOBJICHHE KOMIIEHCAIMN 3a TSOKEIYyI0 padoTy M paboTy ¢ BPEAHBIMU U
(uM) OMAaCHBIMM  YCJIOBMSIMM  TpPyJAd, HEYCTPAaHUMBIMM TPU COBPEMEHHOM

TEXHUYCCKOM YPOBHC ITPOU3BOJACTBA U OPpraHr3alu Tpyaa,

o KOOpDAWHALIUIO  JICSITEIBHOCTH B  OOJIAaCTU  OXpaHbl TPYJa, OXpPaHbI
OKPY’KAIOIIEH MPUPOIHON Cpelbl U JIPYTrUX BUJIOB SKOHOMHUYECKOW M COLUAIBHOU

ACATCIBHOCTH,

o pacmpocTpaHeHUue TEePeOBOr0 OTEYECTBEHHOTO M 3apy0eKHOTO OIbITa

paboThI MO YJIYYIICHUIO YCJIOBUN U OXpaHbl TPYa;
o ydacTue Tocy1apcTBa B (PMHAHCHPOBAHUM MEPOIIPUATHIA [0 OXpaHe TPYyaa;

o OpraHU3alMI0 TOCYJAPCTBEHHOM CTAaTUCTHUYECKOW OTUETHOCTH 00 YCIIOBUSX
Tpyla, a Takke O TMPOU3BOACTBEHHOM TpaBMaTu3Mme, MpodeccuoHaIbHON

3a001€Ba€MOCTH M 00 UX MaTCPpUAJIBbHBIX ITIOCICACTBUAX,

o obOecrieueHre (PYHKIIMOHUPOBAHUS €AUMHOW HWHGOPMAIIMOHHON  CHCTEMBI

OXpaHbl TPY/a;

o MEXAYHApOJIHOE COTPYAHUYECTBO B 00JIACTU OXPaHbl TPYIa;
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J YCTaHOBJIEHUE nopsaka — obecrieueHuss  paOOTHUKOB CpeACTBaMU
UHAMBUIYAJIbHOM M KOJUIGKTMBHOM 3alllUTHl, a TakKXX€ CAHUTAPHO-OBITOBBIMU
MOMENICHHUSIMU U YCTPOUCTBaMHU, JI€4€OHO-NPO(PUIAKTUYECKUMH CPEICTBAMH 3a CUET
cpencTB paboromareneil. Peanmmzanus rocylapCTBEHHOM IIOJUTHKM B o0dacTu
OXpaHbl TpyAa OOECHEeUMBAaETCs  COTJACOBAHHBIMU  JCHCTBUSIMM  OpPIaHOB
rocynapcreeHHon Bnactu Poccuiickon @Penepanuu, OpPraHoB T'OCYIAPCTBEHHOM
BJacTu cyobekToB Poccuiickoit ®denepanyii 1 OpraHOB MECTHOI'O CaMOYIIPaBJICHMS,
paGoTtonaTenei, oObenuHEHW paboTojmaTened, a TakkKe MNPOPECCHOHATBHBIX
COI030B, WX  OOBEAMHEHWH W  HMHBIX  YINOJHOMOYEHHBIX  pPaOOTHUKOB

MMPCACTAaBUTCIIbHBIX OPIraHOB II0 BOIIPOCAaM OXpaHbI Tpya.

12.5 Be3zonacunocth B UC

12.5.1 IloxkapHasi 6€30MaCHOCTH

[ToxxapHast 0€30MaCHOCTh — COCTOSIHME OOBEKTa, P KOTOPOM HCKIIIOUAETCA
BO3MOXXHOCTh TI0Kapa, a B CIlyda€ €ro BO3HUKHOBEHHUS MPEIOTBPAIIACTCS
BO3JICHICTBHE Ha JIIOJIEH OMACHBIX (PAKTOPOB MOKapa M oOecleurnBaeTCsl 3alluTa
MaTepUaJbHbIX LEHHOCTEH. [10 cTerneHu mokapHOM ONMACHOCTH HAlle IMTOMEIICHUE

otHocHTcs K knaccy 11 - TTA.

[ToxxapHast 0Ge30MacHOCTh OOECIEYMBAETCS CHUCTEMOM MPEIOTBpAIICHUS
nokapa M CHUCTEMOM TOKapHOHM 3amuThl. Bo Bcex Cly)keOHBIX TMOMEIICHHSX
o0s3aTeNbHO  JOJDKEH ObiTh  «IlmaH  sBakyaluu  Jrofeil 1Opu  HoXKapey,
PErIaMEHTUPYIOIINM  JEUCTBUS IEPCOHANA B CJIyda€ BO3HUKHOBEHUs O4ara

BO3TOPaHUs ¥ YKA3bIBAIOIINN MECTa PACIOI0XKCHUS OXKAPHOU TeXHUKHU[27].

XapaktepHasi 0COOCHHOCTh pabodero mecta oneparopa [I19BM — HebombIme
mwiomaayn momenieHuid. Kak  #W3BecTHO TMOXKap MOXKET BO3HUKHYTH  TIpH
B3aMMOJICUCTBUM TOPIOYMX BEIIECTB, OKUCJICHUS M WMCTOYHUKOB 3aKWMTaHUs. B
MOMEIICHHAX, TJ¢ MPOM3BOAUTCS HAYYHOE HCCIICOBAHUE, MPUCYTCTBYIOT BCE TPHU

OCHOBHBIC (baKTopa, HCO6XOI[I/IMBI€ AJIs1 BOSBHMKHOBCHM I10XKapa.
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I'oprourMy KOMITIOHEHTaMH B TaKHUX IOMEIIECHUAX SBIISIOTCS: CTPOUTEIbHBIE
MaTepUaJIbl ICTETUYECKOM OTAEJIKM IIOMEIIECHUM, NEPErOpoOAKH, IBEPH, IOJIBL,

nepdokapThl U ep(OJICHTHI, U30JIALIUS Kabeaeh u ap.

HpOTI/IBOHO)KapHaSI 3almuyra — 39TO KOMINUICKC OpPraHHU3alMOHHBIX H
TCXHUYCCKHUX MGpOHpHHTHﬁ, HAIIPAaBJICHHBIX Ha oOecnieueHne 0e30IMacHOCTH HIO,Z[eﬁ,
Ha MpCAOTBPAIICHUC II0’Kapad, OIpaHUYCHHUC CT0o pPACIIPOCTPAHCHMHA, a TaAKIKC Ha

CO31aHHC YCJIOBI/Iﬁ OJIA YCIICHIHOTO TYHICHU ITOKapa.

Hcrounvkamu 3axkuranus B nomemieHusix B [IOBM  moryt ObITh
AJIEKTPOHHBIE CXEMBI OT MEPCOHAIBHBIX KOMIIBIOTEPOB, IPUOOPHI, IPUMEHSIEMbIE IS
TEXHUYECKOTO OOCITY)KMBaHUA, YCTPOMCTBA 3JIEKTPONMUTAHMS, KOHIULIUOHUPOBAHUS
BO3[yXa, IJI€ B pe3yJibTaTe pa3IUYHbIX HapylIeHUH o0O0pa3zyloTcs IMeperpersie
AJIEMEHTBI, AIEKTPUUECKUE UCKPBI U AYT'H, CIOCOOHBIE BBI3BATh 3aTOPAHUS TOPIOYMX

MaTepraoB.
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3ak/IroueHue

B X0I¢C BBITTIOJIHCHU L JUITIIOMHOTI'O ITPOCKTAa OnL1a pa3pa60TaHa

WH(OPMAITMOHHO-U3MEPUTEIIbHAS CUCTEMa MTOKBAPTUPHOTO yUeTa AJICKTPOIHEPTUH.

B pabote onucana o6mias XxapakTepucTuka MpoOJeMbl yyeTa dJIEeKTPOIHEPruu
U TIyTH €€ peImeHus, pa3padoTKa W3MEPUTEIBHOTO KaHalla CYeTYHKA
AIIEKTPOIHEPTUH, pa3paboTKa perucrparopa s 4 KaHAJIOB U3MEPEHUSs, MOJIHOCTHIO
YIOBIIETBOPSIONIETO TPEOOBAHUSAM TEXHHUYECKOro 3afaHusi. Takxke mpou3BerecHa
pa3paboTKa SJIEKTPUYECKOM MPUHUUMHAIBHON CXEMbl 3TaXXHOTO Moayis. bblia
pa3paboTaHa CTPYKTypHasi CXeMa CHCTeMbl M OJOK-CXeMa BHYTPEHHEH MpOorpaMMbl
peructpatopa. Paccuntana cebecToMMOCTh U li€Ha NpuOOpa, a TaKKE BBISBICHBI
OMacHble U BpeIHbIE (AKTOphI, BO3JCHCTBYIONIME Ha 4YeJIOBEKa B IIpoliecce
pa3pabOTKu aBTOMATHU3MPOBAHHON CHUCTEMBl HU3MEPEHHUS DIEKTPOIHEpruu. bbut
COCTaBJIEH MPOTHO3 COUHUAIBHO-DPKOHOMHUYECKUX IOCIEACTBUA M SKOHOMUYECKOU

BBIT'OJBI B ITPOOCCCC SKCILIyaTalluU HaHHOﬁ CHCTCMBEI.

[IpeumyiiecTBa MOpPEeasIOKEHHONW  CUCTEMBI  yueTa  AJICKTPOIHEPTUH -
aBTOMATHUYECKUN MOKBAPTUPHBIN y4eT MOTPeOJECHHOW SHEpPTruu, 3aHeceHue B 0azy
JAHHBIX WH(pOpMaMK 1O KaXIOW KBapTUpe, (POpMHpOBAHHE apXxuBa JIaHHBIX.
Cucrema paboTaeT B KpPYIVIOCYTOYHOM pEXHME, B JIOOBIX YCIOBUSAX, 0€3

HEO0OXOIMMOCTH TPYA0EMKOT'0 O0CTYKHBaHHMS.

OTnuuuTensHOM  OCOOCHHOCTHIO  TPEMJIOKCHHOW  aBTOMATH3UPOBAHHOM
CUCTEMBI ydera pacxona 3JIEKTPOIHEPTUU ABJISICTCS MIPUMEHEHUE
MHKPOIJIEKTPOHHBIX ~ KOMIIOHEHTOB, BBICOKasl OTKA30yCTOMYHMBOCTH CHUCTEMBbI,
BO3MOXKHOCTh O€CTIPOBOJHOW TIepenadd JaHHBIX Ha CEPBEP PECypCOCHAOKAOIICH

OpraHu3alluu.

Takum 0Opa3zom, 11enb JaHHOU pa3paOdOTKHU OblIa TOCTUTHYTA.
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Conclusion

In the information-measuring system every apartment metering of electricity

was developed during implementation of diploma project.

The paper describes the general characteristics of electricity metering problems
and ways to solve it, the development of the measuring channel power meter, the
registrar for the development of 4 measurement channels, fully satisfying the
requirements specification. Storey development module electric concept also made. A
system block diagram and a block diagram of an internal logger program was
developed. Calculated the cost price and the unit price, as well as identified the
dangerous and harmful factors affecting human in the process of developing an
automated electricity measuring system. The forecast was made up of socio-

economic impact and economic benefits in the operation of the system.

Advantages offered by the power management system - an automatic door-
metering of energy entering in the database of information for each apartment, the
formation of the data archive. The system works around the clock, in all conditions,

without the need for time-consuming maintenance.

A distinctive feature of the proposed system of automated accounting of power
consumption is the use of microelectronic components, high availability system, the
possibility of wireless transmission of data to the server power company

organization.

Thus, the purpose of this development was reached.
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