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IIporoxon Ethernet/IP (Industrial Ethernet Protocol) pa3paboran Ha ocHoBe CIP (Common
Interface Protocol) — npoTokoaa., 1o KOTOPOMY OCVYIIIECTBIAETCS 00hEIMHEHNE OTACTBHBIX
KOMIIOHEHTOB B €IMHBIN Monynb. [Ipotokon EtherNet/IP obecnieunBaeT nepenayy
KPUTHYHBIX KO BPEMEHHU JIOCTABKH JIAHHBIX MEXJTY YIIPABISIONINM YCTPOUCTBOM U
YCTPOMCTBAMU BBOJIa-BBIBOJIA, a TAK)Ke 00OMeH B ceTu Internet. HeKpuTHYHBIC KO BpeMEeHU

NaHHbIe nepecbutanTces yepes crek TCP, a mocTaBka KpUTUYHBIX KO BPEMEHHM JIAHHBIX
ocyiiecTagercs uepes crek UDP.

[Ipotokon Profinet 1O npenna3Haven s obmeHa ¢ nepudepuiiHBIMUA YCTPOHCTBAMH H
CO3J1aHKs MOIYJIbHBIX PACHPEACIEHHBIX CUCTEM BBOJIa-BbIBO/IA, B KOTOPBIX MOJIb30BATENb
caM 3aJ1aéT crnoco0 W mapameTphl KacKaJaupoBaHus 0J10KOB. HekpuTHYHBIE KO BpeMEHHU
NaHHBIE NiepenatoTcs no nporokony TCP/IP, a kputuuHble — 1o npoTokony IRT ans
obecrieueHns 0OMeHa B P&KUME PeaTbHOTO0 BpeMeHu. JIJIsT ONTUMHU3AINH CBS3H BCEM
[akeTam npucBanBaroTcs npruoputeTsl cornacHo IEEE 802.1p. JlaHHble, iepechliacMbIe B

peaJbHOM MacIradbe BpeEMEHH, JIODKHBI UMETH BeICIINE npuoputeT. [Iporokoi Profinet 10
HUCOOJIL3YETCS B OCHOBHOM B CHUCTEMAaX YOPABICHUS MEPEMEIICHUEM C TPUMEHEHUEM
cuenmanbHbIX KoMmyTaTopoB Ethernet/Profinet Irt.

IIporokon Modbus-TCP npencraBaseT coboit peanuzaiuio cetd Modbus Ha ocHoOBe
Ethernet-TCP/IP. Cetu Modbus Wcnionb3yrOTCs JUIsl CBA3W TPOMBIIIICHHBIX 3JIEKTPOHHBIX
ycTpoiicTs. [Ipu nepeckuike naHubix kaap Modbus BcraBasetcs B kaap Ethernet. [TpoBepka
KOHTPOJILHON CYMMBI IIPY HOJAYYEHUN nakeTa He npousBoantcsa. Modbus-TCP

XapaKTepPU3yeTCs MOBBINIEHHOW CKOPOCTRIO Mepe/iayn JaHHBIX, MMEET OoJiee MUPOKOe
aJpecHOe IPOCTPAHCTBO U BO3MOXKHOCTL 0OMeHa uepes Internet.

Ethernet Powerlink (EPL) siBnsetcs pacimpenuem Ethernet IEEE802.3 u oGecnieunBaet
BO3MOXKHOCTb TIepeIayuy JaHHBIX B MacTa0e peaJbHOr0 BpeMEHU B MUKPOCEKYHITHOM
nuana3one. EPL rapantupyer nepenaqy KpUTHYHBIX 10 BPEMEHU JIAHHBIX U 00ECTIeYnBaeT
CUHXPOHHU3AIHMIO BCEX CETEBBIX Y3JIOB B CYOMUKPOCEKYHIHOM nuana3one. [lepenaya MeHee
KPUTHYHBIX 110 BPEMEHU JIAHHBIX IPOUCXOINT B PE3EPBHOM aCHHXPOHHOM KaHane. Jlis
[epeiayy KPUTUIHBIX 10 BPEMEHU JIAHHBIX WCIIOJIB3YETCS JIOMOJHUTEILHBIN CTEK
Powerlink. OGMmeH ocymiecTBaseTes ¢ momonibio TexHonorun SCNM (Slot Communication
Network Management), KoTopasi Jutsl Ka)/JI0W CTAHIIMUA B CETH OMPEICIIET PUOPUTET U
BPEMEHHOW WHTEPBAJ JIIs epeaadr JaHHbIX. B KakIblii BpeEMEHHOW WHTEPBAT TOIBKO
OJIHA CTAHIIMS UMEET TOTHBIN JOCTYIT K CETH, YTO MO3BOJISIET N30aBUTHCSA OT KOJUIM3HHA U
00ecneunTh JeTePMUHUPOBAHHOCTD B paboTe. B 1omonHeHne K S TUM MHIWBUIYaIbHBIM
HMHTEpBajJaM BPEMEHH JUIsl H30XPOHHOM nepenaun aHnHbix SCNM obecnieunBaeT obmine
MHTEpPBAJIbl BpDEMEHU JIIsl ACHHXPOHHOW Mepeiayn IaHHBIX.

Crannapt SERCOS-III npencraasieT coboit agantamnuio nporokona SERCOS non ceth




Ethernet. SERCOS (SErial Real-Time COmmunication System) — mudpoBoif
IIOCJIe/IOBATEIbHBIN MHTEP(]EHC ¢ pa3ieneHneM o BpEMEHH, IPEIHa3HAYCHHBIN JUIS
HCIIOJb30BAaHKS B CUCTEMAX KOHTPOJIS ABUKEHUA. B OTIMYMe 0T paCCMOTPEHHBIX
unrepdericoB ¢ Tononoruei, nouesas muHa SERCOS saBisieTcst pa3BeTBAEHHON THHEHHON
CEThI0, 00ECIeYnBas He TOIbKO KOHTPOIb YCTPONUCTB HIYKHETO YPOBHS (IaTYMKOB,
CTapTEPOB U MHBEPTOPOB), HO M CBA3b C YCTPONCTBAMHU BBOJIa-BbIBOd. HEKPUTHUHBIE KO
BPEMEHH JIaHHbIC, KaK U B MPEIbIIYIINX ClIyYasx, mepenarTces no npotokony TCP/IP. lns
[epeaadyy KPUTUYHBIX KO BpeMeHH JIaHHbIX B ipoTokosie SERCOS-III ncnonb3yeTcs ToT
&Ke MexaHu3M obecrneyeHns paboThl B MaciiTade peanbHOro BpeMeHu, uto u B SERCOS.
Tonosorus SERCOS-IIT nmeeT ABe pa3HOBUIHOCTH: JIBOMHOE KOJBIIO U IIMHA. B mepBom
cIayJae CeTh XapaKTEePU3YETCs MOBBIMIEHHON HAMEKHOCTBIO M CTORKOCTRIO K OOPBIBY

JWHUH, 3 BO BTOPOM — MHUHHUMAJILHOW JUTMHOW KaOeJs.

IIporoxon EtherCAT (Ethernet for Control Automation Technology) npenHazHayeH s
KOHTPOJIS TEXHOJOTHYeCKoro npottecca. Muunmarop oomena — macrep mmHbl EtherCAT.
OH MOCBIIAET MO CETH OIMH MAKeT, KOTOPBIKA M00YepeTHO 00XOIUT Bee yeTpoiicTpa. [Ipu
ATOM Ka)/blii A00HEHT MPOYHTHIBAECT €T0 M BHOCHT CBOM JIAHHBIE TEXHOJIOTHIECKOTO
nportiecca. Takum 06pa3zom, 3a cYET MUPKYIUPOBAHKS TOIHKO OHOTO OOIIETo MmaKeTa
3HAYUTEILHO CHIYKAETCS HATPY3KaA CETH U 3aJI€PyKKA, BHOCUMAS KAXKIBIM Y3JI0M, ITIOCKOJILKY
B cIy4yae 0OMeHa WHAMBUAYAIbHBIMU aKeTaMU a00HEHT 3aTpavyrBaeT OOJbIIIE BpEMEHU Ha
npuéM, IpoBepKyY, 00padboTKy u oTnpaBky AaHHBIX. CeTh EtherCAT mMoxeT umMeTs 1100y
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Nekuuna 1

1. TexHn4yeckmne cpeacrTBa ynpaBneHUA B dHepreTuke
3Heprocucremamm

1.1. Oco6eHHOCTU COBPEMEHHbIX 3HEPreTU4eCKMX CUCTEM

Pa3zBuTtHe COBpEeMEHHONW MNPOMBILIUIEHHOCTH M arpapHoOro KOMILIEKCa
TpeOyIOT MOIIIHOTO 3HEPTETUYECKOT0 MOTEHIMaIa, KOTOPBIA MOXKET OBITh MOJIy4YEH
IIPY CO3JAHUU U UCIIOJIb30BAHUU SHEPIETUUECKUX CUCTEM.

Dnekmpo-Ouepeemuieckas cucmema npeocmasisiem codol CO80KYNHOCHb
NEKMPUUECKUX —CMAHYUU, IeKMPUYEecKUx U Meniosvlx cemeu U Y3708
nompeonenus, 00bLEOUHEHHbIX  NPOYecCCoOM  NpPoOU3B00Cmea, nepeoavu U
pacnpeoenenuss  JNeKMpoIHepeUuu U MEeNnI0IHepeul U  CBA3AHHbIX  0OWUM
ONepamuBHvIM U XO3AUCMBEHHIM YNPAGIeHUEM.

B cTpanax CHI" umeercs 95 palilOHHBIX SHEPrETUYECKUX CUCTEM, Ka)xaas U3
KOTOPBIX 0OecrneunBaeT EHTPAIU30BaHHOE IEKTPOCHAOKEHUE MOoTpeduTenel Ha
TEPPUTOPUH, OXBATBIBAEMOM NOAYMHEHHBIMU €U JJIEKTPUYECKUMU CETSAMM.
DHeprocucreMa OO0CIYyXUBAaeT OOBIYHO TEPPUTOPUIO OJIHOM 0O0JacTH, Kpas,
aBTOHOMHOM pecnyOJuKH Ui Jaxke oTaenbHoro rocyaapersa CHI'.

C aIMUHUCTPATUBHO-XO3SIMCTBEHHOW  TOYKM  3pE€HUS  paliOHHas
HHEProcucTeMa  MpEACTaBIseT Cco0OM  MPOM3BOACTBEHHOE  OOBEAMHEHME
HECKOJIbKMX Pa3HOPOJHBIX DSHEPreTUYECKUX MPEANPUATHN: 3BIEKTPOCTAHLINM,
MPEANPUATANA IO IKCIUTyaTaIllUU SJIECKTPUICCKUX CETEH, PEMOHTHBIX 0a3, 3aBOJIOB
AHEPreTUYECKOro Mpodus.

OTIMYUTETBPHON OCOOEHHOCTBIO PA3BUTHS COBPEMEHHBIX 3SHEPrOCHUCTEM
ABIIIETCSl WX JanbHeillee oOveauHenue B Eaunyro sueprocucremy CHI, B
COCTaBe KOTOPOM yKe B Hacrosiiee BpeMs padoraroT 79 u3z 95 sHeprocucreM.
OnepaTUBHO-IUCIIETYEPCKOE  YIpaBIEHHE  COBMECTHOM  paboToi  3THUX
HHEPrOCUCTEM OCYULIECTBISIETCS B paMKkax 9 oobenunenHbix aueprocuctem (0O3C).

Hanuune EnunHol sHepreTuueckod cUCTeMbl OOECHEeUMBACT Psii BAKHBIX
[IPEUMYILIECTB:

«  IpU OOBEIMHEHUU HHEPrOCHUCTEM CHUXKAeTcs TpedyeMas MOIIHOCTh
3JIEKTPOCTAHLMM 3@ CYET MCIIOJIb30BaHUSl PAa3HOBPEMEHHOCTH HACTYIUICHUS
MAaKCHMAaJIbHBIX HArpy30K B OTJEIBHBIX 3JHEPTOCUCTEMAX;

. CYyTOYHBIN rpauk AIEKTPUYECKOU Harpysku 3aMETHO
BBIPABHUBAETCS;

+  B3aUMOIIOMOLIb DHEPrOCHUCTEM B ABAPUMHBIX CHUTYALMSAX IMO3BOJISAET
YMEHBIUIUTH OOIIUE pa3MeEPbl ONEPATUBHBIX PE3EPBOB MOILIHOCTH;

«  obneryarorcs  yCJIOBHMSL  MPOBEIEHUS  PEMOHTOB,  CO3JAIOTCS
NPEANOCHUIKM JUISi B3aMMHOW KOMIIEHCAIIMM HEMPEABUICHHBIX OTKJIOHEHUM
noTpeOIsIeMO MOLITHOCTH HEPTOPaiOHOB.

B EBC CHI' cHmxenue o0111ei MOIIHOCTH 3JEKTPOCTAHIIMKM 110 CPAaBHEHHIO
C HeoOXOAMMOW TpU HW3O0JUPOBAHHONW pabOTE OTACIBHBIX HHEPrOCUCTEM
cocTaBysieT yxe ooisee 12 muH. KBT.



[Tpumenenune EDC 1mo3BoisieT YBEIUYNUTh €IUHUYHYIO MOIIHOCTb CTaHIIUH,
3a CYET YCTAaHOBKM arperaTtoB HAaWOOIBIIEH MOITHOCTH, KOTOPYI) MOXKET
W3TOTOBUTH  JJIEKTPOTEXHUYECKAsT  MNPOMBIINUIEHHOCTb, W YKPYIIHEHHS
ANEKTPOCTAHLIAMN. VYBennueHue MOITHOCTH ANEKTPOCTAHLIUN JaeT
JOTIOJTHUTENIbHYIO IKOHOMMIO 32 CUET MCIOJb30BaHUs 00ILEN CTPOUTENIbHON 0asbl,
OIHMX M Tex € KomMmyHukauud. B EDC nocTurHyra BbICOKas CTENEHb
KOHIIEHTPAIIMM MOIIHOCTEN Ha 3JEKTPOCTAaHUUIX. B HacTosee BpeMsi MOITHOCTh
6osiee 70 3EKTPOCTAHLIMKM JTIOCTUIIIA U NpeBbicuiia 1 MitH. KBT, u3 HUX 28 UMEIOT
MOIIIHOCTh, paBHYK 2 MiH. KBT u Bbimie. Ha TEMmIoOBBIX 3JIE€KTPOCTAHIUAX
AKCILTYaTUPYIOTCS HSHEProOJIOKH €AMHUYHOW MOIIHOCTBIO | MiH. KBT KaxabIi.
Camoil kpynHoi aToMHON cranuueid B EBpomne saBisiercsa 3amopoxckas ADC,
YCTaHOBJIEHHOW MOILIHOCTBIO 6 MJIH. KBT.

1.2. O6wWwMe NPUHUMNLI yNpaBIieHUs B 3N1IeKTPO3IHepreTuke

[{enb onepaTUBHOIO YIPABJICHUS B JIEKTPOIHEPTETUKE:

pa3paboTKa U BEJECHUE PEKUMOB DHEPrOCUCTEM B TIOPSAJIKE, YCTAHOBIEHHOM
Ilpagunamu o0nmoeozo pviHKa 2I1eKmpuveckou IHepzuu, oOEcTeurBaroIiee
HaZie)kHOe U OecriepeOoiiHOE CHAOXKEHHEe TOTpeOuTeNield d3JIeKTpOIHEepruei
TpeOyeMoro KauecTBa IMpPU MaKCUMAJIbHOW JKOHOMHYHOCTH M  CO3JIaHUE
BO3MOKHOCTH 0€30MacHOT0 00CITYyKUBAaHUS SHEPTO000PYT0BAHUS.

Onepamugno-oucnemuepckoe ynpaegjieHue 6 3INeKmpoOIHEPeemuKe -
KOMIUIEKC Me€p IO UEHTPAJIM30BAHHOMY YIIPABICHUIO TEXHOJIOTUYECKUMU
pekuMamMu  pabOThl OOBEKTOB AJICKTPOIHEPTCTUKH U  DHEPTONMPHUHUMAIOITUX
YCTPOMCTB MOTPEOUTENEH HIEKTPOIHEPTUM, €CIH 3T OOBEKThl M YCTPONCTBA
BJIMSAIOT Ha DJJIEKTPOAHEPreTuyeckudi pexum padorel OOC U BKIIOYEHBI
COOTBETCTBYIOIIUM CYOBEKTOM OIEPATUBHO-AUCIETYEPCKOTO YIPABICHUS B
NepevyeHb 0ObEKTOB, MOJIEKAIIUX TAKOMY YIIPaBICHUIO.

OOBEKTHI PJIEKTPOIHEPTETUKH -

UMYIIECTBEHHBIE OOBEKThI, HEMOCPEICTBEHHO HCIIOJIb3yeMbI€ B IpoIlecce
OPOU3BOJICTBA, NEPEAAYH  JJIEKTPOIHEPTUH, ONEPATUBHO-  JAUCHETYEPCKOM

yIpaBJICHUH

DIIEKTPOIHEPTETUKE M COBITA JJIEKTPOIHEPTHUU, B TOM YHCIEC OOBEKTHI
3JIEKTPOCETEBOTO XO3SMCTBA.

[ToTpeOuTenu 37eKTPOIHEPTUU C YIIPABIISIEMON HATPy3KO - Kamezopus

NOTpPeOUTENIe  BIEKTPOAIHEPIHH, KOTOPhIE  BIHUSIIOT HA  KayeCTBO
AIEKTPOIHEPTUH, HAJIE)KHOCTh padoThl EDC Poccuu u 0Ka3bIBalOT B CBSI3U C ATUM
Ha BO3ME3JHOI JOTOBOPHOM OCHOBE yCiIyru mno oOecrneueHuto BbiBojga EDC
Poccun u3 aBapuiiHBIX cUTyaluuil. ITU NOTPeOUTENM MOTYT OKa3blBaThb U HHBIC
COTJIaCOBaHHbIE C HUMHU YCIIYTH MO YCIOBHIO JOTOBOPA.

Jlucnemuepckoe 6edenue - OpraHu3alusl yIPaBICHUS TEXHOJIOTMYECKUMU
peKUMaMU U IKCIUTYTAIIMOHHBIM COCTOSIHUEM OOBEKTOB 3JIEKTPOIHEPIETHKU HIIU
HHEPTrONPUHUMAIONIUX YCTAHOBOK MOTPEOUTENEH SIIEKTPOIHEPTUU C YIPABIIEMON
HAarpy3KoM, INpPH KOTOPOM TEXHOJOTMYECKUE PEXKUMBI WM HKCIUTYTAalMOHHOE



COCTOSIHUE U3MEHSIOTCS TOJIBKO II0 COIJIACOBAHUIO C COOTBETCTBYIOLIUM
JUCIIETYEPCKUM LICHTPOM.

Hucnemuepckoe ynpaenenue - opra"usanus yIIpaBJICHUS
TEXHOJIOTHYECKHUMHU PEKUMAMH M IKCIUTYTALIMOHHBIM COCTOSIHUEM OOBEKTOB
ANIEKTPOSHEPIeTUKN WM  SHEPrONPUHUMAIOIIMX YCTAHOBOK  MOTpeOUTENen
JJIEKTPOSHEPTUM C YHPABIAEMON HArpy3Kol, HpU KOTOPOM TEXHOJIOTMYECKUE

PEKUMBI
WA

DKCIUIYTAaLlMOHHOE COCTOSIHUE W3MEHAIOTCSA TOJIBKO 10 ONepaTHBHON
AUCIETYEPCKON KOMaHJe [HCIETYEpa COOTBETCTBYIOLIEIO JAUCIETYEPCKOIO
LEHTpA.

ucnemuepckuit yenmp - CTPYKTYpHOE IOAPA3LECICHUE OpPraHU3alUU -
cyOBbeKTa OINepaTHUBHO-AMCIETYEPCKOTO  YIPABIEHUS, OCYIIECTBISIONICE B
npefenax 3aKkpelsICHHOW 3a HHMM OIIEPAallMOHHOW 30HBI YIPaBJIEHUE PEXUMOM
DHEPIrOCUCTEMBI.

Onepayuonnasa 30nHa - TEPPUTOpPUA, B TPAHULAX KOTOPOU PACIIOIOKEHBI
OOBEKTHI JIEKTPOIHEPTETUKH U HHEPrONPUHUMAIOLINE YCTAHOBKU MOTpeOUTeNen
AIEKTPUYECKON HSHEPIruM, YIPABICHHE B3aUMOCBSI3aHHBIMH TEXHOJIOTHMYECKUMU
pexkuMaMu pabOThl KOTOPBIX OCYLIECTBISET COOTBETCTBYIOIIMN JHUCIIETYEPCKUN

LEHTP. 1

Jlucnemuep - pabOTHUK JAUCHETYEPCKOTO IIEHTPA, OCYIICCTBIISIONINI
yIIpaBJICHUE B3aMMOCBSI3aHHBIMU TEXHOJIOTMYESCKUMHU peXKUMaMH 5|
AKCILTyaTallMOHHBIM COCTOSTHHEM 00BEKTOB AIIEKTPOIHEPTETUKU u

SHEPrONPUHUMAIOIIMX  YCTAHOBOK  IIOTPEOMTENEN  3JIEKTPO3HEPruu B
OIEPAaLlMOHHON 30HE 3TOr0 AUCIETYEPCKOIO LIEHTPA.

Cxema 3JIEKTPUUYECKUX COEIMHECHUH 00beKTa (0OBEKTOB)
AIEKTPOIHEPTETUKM -

XapaKTEpPUCTHKA  TEXHOJOTMYECKOT0  pexuma  paboTel  00bEKTa
ANEKTPOIHEPTETUKU  (DJIEKTPOIHEPreTUUECKOT0  PEKMMa  HSHEPrOCUCTEMBI),
OTpENENAIONIas COCTOSHUE COEAUHEHUs 00opyaoBaHUs 0OBbekTa (0OBEKTOB)
AIEKTPOIHEPTETUKHU MEXKTY COOOH.

Hopmansnutii pexicum nepzocucmemupl - PEKUM DHEPrOCUCTEMBI, IMPHU
KOTOpPOM BC€ MOTPEeOUTENN CHAOXKAIOTCS DIIEKTPOIHEPTUEH B COOTBETCTBUU C
JIOTOBOpAaMH M JIMCIIETYEPCKUMHU TpapuKaMH, a 3HAYCHHUS] TEXHUYECKHUX
NapaMeTpoB peXHMa SHEPrOCHUCTEMbI M OOOPYJIOBaHHS HAXOIATCA B Ipenaesax
JUIMTEIBHO JIOMYCTUMBIX 3HAYEHUW, HWMEIOTCSI HOPMATUBHBIE ONEpPAaTUBHbIC
pe3epBbI MOIIHOCTH U TOILJIMBA HA JIEKTPOCTAHLIHSIX.

Aeapuiinblit  pexcum IHepzocucmemvl - PEKUM IHEPrOCHCTEMBI C
napameTpaMH, BBIXOSAIIMMU 3a Ipeiesbl TpPeOOBaHUN TEXHUYECKUX PErNIaMEHTOB,
BO3HMKHOBEHHWE M JUIMTEIbHOE CYILIECTBOBAHHUE KOTOPOTO MPEACTABISIIOT
HEJIOMYCTUMYIO YIpO3y >KU3HH JIIOACH, MOBPEXKICHUS 0O0OPYNOBaHUS M BEAYT K
OTPaHUYCHUIO TOJAaYU JJIEKTPUUYECKOW W TEIUIOBOM HSHEPruuM B 3HAUYUTEIHLHOM
o0BeMme.



Ilocheasapuiinoiii - pesxcum Inepzocucmempl - PEXKUM, B KOTOPOM
DHEPrOCHCTEMA HAXOAMUTCSA II0CIHE JIOKAJIM3alUU aBapuu JO YCTAHOBJICHUSA
HOPMAaJIbHOTO WM  BBIHY)KACHHOTO pexuma. llocneaBapuiiHbld — pexuM
XapaKTepU3yeTcsl CHWKEHHBIMM TpeOOBaHUSAMHM K I[apaMerpam pexuma, I0
CPaBHEHUIO C TpeOOBaHUAMH K HOPMAaJbHOMY pexuMy. [IpoloKUTENBbHOCTD
HOPMaJIM3allMMl  MOCJIEABAaPUMHOIO  peXuMa orpaHndeHa 20 MUHYyTaMmu.
[IpeBbllIeHrE yKa3aHHOTO BPEMEHHU O3HAYaeT Nepexoi K padoTe B BbIHYKICHHOM
pexuMe.

Buinyscoenntii peycum Inepeocucmemsl - peKUM SHEPrOCUCTEMBI, MPHU
KOTOPOM 3arpy3ka HEKOTOPBIX CEYEHHUH BbIIIE MAaKCUMaJlIbHO AOIYCTHUMOM, HO HE
NPEBBIIAET ABAPUMHO JIOMYCTUMOW. BBIHYXIEHHBIM pPEXKUM MOXKET OBbITh
paspelleH Ha BBICUIEM YPOBHE JUCIIETYEPCKOrO YIPABICHU IS I10CI€aBapUMHBIX
PEXKMMOB Ha BpeMs NPOXOKICHHUs MAKCMMyMa WIM MHUHMMyMa Harpy3kKu, HO HE
6onee 40 wmuHyT (momosHUTENbHO K 20 MHMHyTaM, pa3pelICHHBIM JUIs
HOPMAJIM3AlMM TIOCJIEABAPUMHOIO pEeXUMa), WIM Ha BpEMs, HEOOXOAMMOE s
BBOJIa OTPAaHUYEHUN W/WIUM MOOWJIM3AILMU PE3EPBa, & TAKXKE MPU HEBO3MOKHOCTHU
BBINIOJIHEHUSI TPEOOBAHUI K HOPMAJIbHBIM PEKUMAaM 3HEPTOCUCTEMBI.



TexHOTOTHYECKU PEXUM pabOTHI -

NpOILIECC, MNPOTEKAIIMA B  TEXHUYECKUX  YCTPOMCTBAX  OOBEKTa
AJIEKTPOIHEPTETUKU WITU SHEPrONMPUHUMAIOIIEH YCTAHOBKHU

MOTPEOUTEIISI IIEKTPOIHEPTUHU, U COCTOSIHUE ITOTO O0OBEKTa WIM YCTAaHOBKHU
(BKJIFOYAsi mapaMeTphbl HACTPOUKU CUCTEMHOM U TPOTUBOABAPUMHON aBTOMATUKH ).

Yupas/ieHHe TEXHOJOTMYeCKUMH PeXKUMAMM DSHEPrOCUCTEMBI MOXKET
OCYILECTBIISTHCA OJHUM CYOBEKTOM OIEepaTUBHO-IUCTIETYEPCKOTO YMPaBJICHUS
WIM HECKOJBKUMH CyObEKTaMH OINEPATHUBHO-AUCIETYEPCKOTO  YIPABJICHUS,
HaXOSIIUMUCS B COMOJYUHEHUM, TO €CTh SIBIISIIOIIUMUCS GbIULECHOAUUMU |
HuMcecmoawumu 110 OTHOIIEHHUIO IPYT K

ApYTY.

DIIEKTPOIHEPreTUUECKU I

peXUM

YHEPrOCUCTEMBI -

€IMHBIA  MpPOLECC MPOM3BOACTBA, IMpeoOpa3oBaHUs, IMEperayd U
NOTPEONEHUS AIIEKTPUUECKONW SHEPIUU B SHEPrOCUCTEME U COCTOSIHME OOBEKTOB
ANEKTPOSHEPTeTUKH W DHEPrONPUHUMAIONIMX  YCTAHOBOK  MOTpeOuTeNen
ANEKTPOIHEPTUM  (BKJIIOYAsE CXEMBbI JJIEKTPUYECKUX COCAUHEHUM OOBEKTOB
AIEKTPOIHEPTETUKH ).

CyObeKThI ONepaTUBHO- TUCIIETYEPCKOTO YIPABICHUS:

®
(CO)

Cuctemusbiit onepatop Enunolt snepretudeckoi cucremsl Poccun

NHble cyOBEKTHI ONEpaTUBHO- IUCTIETYEPCKOTO YIIPABICHHUS

CyObeKThl ONepaTUBHO- TUCIIETYEPCKOrO YIPABICHU:

* Cucremublil onepatop Enunoit suepreruueckoit cucremsl Poccun (CO) -

CIECLIMAIM3UPOBAHHAS  OpraHu3anus, OCYIUECTBIAOIIAS  €AUHOJIMYHOE
yIpaBJieHue TEXHOJIOTUYECKUMU pexuMamMu paboThI 00BEKTOB
AIIEKTPOIHEPTETUKU U YIIOJIHOMOUYEHHAs HA BbIAA4y OIEPATUBHBIX AUCIETYEPCKUX
KOMaHJ M paclopsDKeHUH, 00s3aTeNIbHBIX s BCEX CYOBEKTOB OIEpaTUBHO-
JUCIIETYEPCKOTO YIPaBICHUS, CYOBEKTOB 3JIEKTPOIHEPTreTUKUM U NOTpeOuTenen
ANEKTPOIHEPTHHM C YIIPABISIEMON HArPy3KOU.

Huovle cyovekmor onepamueHo- OUCNEMUYEPCKO20 YNPAGICHUA -
opraHu3alud M (hU3UYECKUE JIMLA, YIOJIHOMOYECHHbIE HA BbIJayy ONEPATUBHBIX
IUCHETYEPCKUX KOMaHJ U pPACHOpsIKEHUN, O00S3aTeNbHbIX i1 CyOBEKTOB
OMEePAaTUBHO-AUCIIETYEPCKOIO YIPABICHUS HUKECTOSIIET0 YpPOBHSA, CYOBEKTOB
AJIEKTPOIHEPTETUKHU U MOTpeOUuTenel ¢ ynpasiasieMoil Harpy3Koi B Mpejesiax 30H
JUCIIETYEPCKON OTBETCTBEHHOCTH COOTBETCTBYIOLIUX CYOBEKTOB OIEPAaTUBHO-
JUCIETYEPCKOrO  YNPABICHUS, JAEITEIBHOCTh KOTOPBIX OCYIIECTBIISIETCS HA
OCHOBaHUM J10roBOpoB ¢ CO M MHBIMHU CYyOBEKTaMH ONEPATUBHO-IUCIETYEPCKOTO
YOpaBJIECHUS W TOJYMHEHA ONEPAaTHBHBIM JHCIETYEPCKUM KOMaHJaM H
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paCIOpSDKEHUSIM ~ CyOBEKTOB  OIEPATHBHO-AMCIIETYEPCKOTO  YIPABJICHHS
BBIIIECTOSIIENO ypOBHSL.'

22

OrnepaTUBHBIN NEPCOHAI:

OnepaTtuBHBIM ~ TepcoHan  3HeprooOwbekta  (dmekrpocraniuu,  [1C,

AHEPTrONPUHUMAIOIIEH YCTAHOBKU OTPEOUTEINEH).

OrnepaTrBHBIN NEPCOHAN LIEHTPOB YIIPABIICHUS CETIMU CETEBBIX OpraHU3aLUN.

B kauectBe o00mero Ha3BaHWS JUIl, OCYIIECTBISIONIMX OIEPATUBHO-
JTUCTIETYCPCKOE  YIpaBJICHUE B  ONEPAIMOHHBIX 30HAaX Pa3HOrO0  YpPOBHS
UCITIOJIB3YETCS - Onepamop.

B kaxmoli omepanioHHOW 30HE omepamopamu  SBISIOTCSA  JIHIIA,
OCYIICCTBIISIONINE MPSMOE WU ONOCPEI0OBAaHHOE (Yepe3 O TYMHEHHBIN TIePCOHaI)
yIPaBJICHHE pexxuMamMu pabOThI U

OKCILTyaTallMOHHBIM ~ COCTOSIHUEM OOBEKTOB  JJIEKTPOIHEPIreTUKH — WIIH
SHEPTrONMPUHUMAIOIINX YCTAHOBOK MOTPEeOUTENCH SJIEKTPOIHEPTHH.

Jexcypuvtii padbomuux o00veKkma 31eKMpPOIHEPZEMUKU  (INEKMPUUECKOLU
CManyuu, NOOCMAHYUU, IHEP2ONPUHUMAIOUell YCMAHOBKU nompebumerel) -
pabOTHUK CyOBEKTa DJIEKTPOIHEPTETUKH, YIIOJIHOMOYCHHBIA Ha BBIJAYY W
BBITIOJIHCHWE KOMAHJ 10 YIPABJICHHUIO JJICKTPOIHEPTCTUUECKUM PEKUMOM
COOTBETCTBYIOIIETO OOBEKTA JIEKTPOIHEPTETUKH, a TAKKE Ha HEMOCPEICTBEHHOE
VIIPaBJICHUE YHEPTOYCTAaHOBKAMH.

Omnepatopsl CyOBEKTOB ONEPATUBHO- TUCIIETYSPCKOTO YIIPABICHHUS

¢ nucnietyepsl OAO CO-LIAY EDC Bcex ypoBHEN,

JUCTIETYEPHI IPYTUX CYOBEKTOB ONMEPATUBHO- TUCTIETYEPCKOTO YIIPaBICHHUS.
Ornepatopbl AIEKTPUIECKUX CETEH

OIEPATUBHO-TEXHOJIOTHYECKUI TIEPCOHAJ CETEBBIX KOMIIAHUH.
Ornepatopbl AJIEKTPUIECKUX CTAHITUN
HaYyaJIbHUK CMEHBI (JIC)KYPHBINA WHXKEHEP) CTAHIINH,

¢ Ha4daJIbHUK CMCHBI 3JICKTPOILICXA.

OrnepaTopbl CUCTEM IEKTPOCHAOXKEHUS TOTpeOUTENeH

JICKYPHBIA UHKEHEP dJIeKTpoliexa (CIy»KObl WK OTJieNia TJIABHOTO SHEPreTUKA)
NpEANPUATHUA,

° .
JEKYPHBIA 2JIEKTPOMOHTED.

11



OnepaTUBHO-IUCIIETYEPCKOE  YIPABICHUE JIOJDKHO IPOU3BOJUTHCA IO
o0mMM TMpaBWIaM W CTaHAapTaMm, 4YTO oOOecrme4yMBaeT OJHO3HAYHOCTh U
COIJIaCOBAaHHOCTH JIEMCTBUI NMEPCOHAIA MHOKECTBA CyOBEKTOB YIIPaBJICHUS.

VYnpasnenue TEXHOJOTUYECKHUMH pexXxruMamu SHEPrOCUCTEMBI
OCYILIECTBIISIETCS B OPSAKE, YCTAHOBJICHHOM.

¢ IIpaBritaMu ONTOBOTO PHIHKA IEKTPUUECKON SJHEPTUH;
¢ [IpaBriiamu ONEPATUBHO-AUCIIETYEPCKOTO yIpaBJICHUs B
JIIEKTPOIHEPTETHUKE.

1.3. BHelwHue nHpopmMaLUMOHHbIe CBSA3M CUCTEM ynpaBrieHUsA

YCTpOMCTBO  YNpaBIEHUS TAKTUPYETCS OT BHEWIHETO TIEHEparopa,
BbIPA0ATHIBAIOILIETO MOCIEA0BATENbHOCT UMITYIbCcOB @1 u @2. OHO cBsi3aHO C
ocTaibHOM 4YacThio MII BHyTpeHHUMME ynpaBisitomiuMu  curHagamMu YC u
curHasiaMu npusHakoB Pi. C BHemHel cpefoid YV cBsA3aHO IIMHOW yIpaBJieHUS,
conepkatei 10 nuuuii (4 curuana noctynarot u3BHe U 6 curHayioB BoigaeT MII).

CocraB MIMHBI YIIPABICHUS.

1. Hauanbnast ycrtanoBka (cOpoc). Ilpu momaue «1» wa stor Bxoa IIC
copacbiBaeTcss B (0 W HauyumHAeTCs BBINOJIHEHUE MPOrpaMMbl CHaydaja.
2. Cunxponumzanus. CurHan «1» Ha 3TOM BBIXOZAE BbIpaOaThIBAETCS B Haudale
Kaxgoro 1ukia padorel MII (mepen kaxnabiM oOpameHueM MII k gro6omy
BHEILIHEMY AIIEMEHTY).
3. Urenue. Curnan «1» ykassiBaet, uto MII roroB npunsars undopmaruto mo L]
U3BHE. DTOT CUTHAJ OOBIYHO MOJKIIOYAETCSI KO BXOJY «uTeHue» 3Y U yCTpOHCTB
BBO/JIA.

4. /3n. Curnan «0» yxaspiBaer, uro MII BpicTaBUI Ha WIUHY JaHHBIX
uHpopMaluio, moexantyto 3anucu B O3Y unu Bbgaue Ha yCTPOHCTBA BBIBOJA.
5. T'oroB. Curnan «1» Ha 3TOM BXoze yka3biBaeT MII Ha OKOHUaHHE [TUKIIA YTEHUS
niu 3anvcu. OH BbIpa0daThIBAETCS] BHELIHUMU YCTPOMCTBAMM IO OKOHYAHUU LIUKJIA
ux pabotel. Eciu curHan «l» He mocrynui, To MII BXoguT B cocrosiHue
oxunaHus, B teueHne koroporo MII yaepxusaer anpec Ha LA, ynpasisronmii
CUTHAJ «YTEHHE» WM <«3alUCh» M COXPaHSET OTKPBITBIMU IIENU Nepenayvu
unpopmaruu yepe3 bJl. CocTosHre 0KHIaHUS COXPAHSAETCS 10 MOCTYTUICHUS «1»
- «roToBY». B cityuae, koryia Bce BHEIIHUE 3JIEMEHTHI paboTatoT co ckopocThio MII
wii  Ooubllield, Ha BXOJ  «TOTOB» TIOCTOSHHO  TOJAKIIOHaeTcs  «I».
6. Oxunanue. Curnan «1» Ha 3TOM BbIXOZAE YyKasbiBaeT, yTo MII B coctosiHuM
OXKHMJIaHUSl. DTOT CHUTHAJ TIOMOraeT YCTAaHOBHTh HEUCIHpPaBHBIM OJOK, u3-3a
KOTOPOTO MII OCTaHOBUJICS.
7. 3.1Ip. - Bxoxa 3ampoca Ha npepbiBanue {raasa 7.2.7}. Curnan «1» moctynaer
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U3BHE npu HEO0OXOTUMOCTH pepBaTh paboty MII.
8. P.Ilp. - pa3peuienue npepoiBanus. Curnan «1» Ha ’TOM BbIXOJ/I€ YKa3bIBAET, YTO
npepbiBaHus pa3penieHsl. Pazpenienue u 3anpenieHue npepblBaHUs MPOU3BOIUTCS
CHeUAIbHBIMU KOMaH/IaMH.
9. 3axsar. Ilpu nocrymenun curnana «1» MII ocranasiuBaet padory, BA u B/l
nepeBoAsTcs B Tpetbe coctosinue. [Ipu atom MII orkmrouaerca ot A u LI,
10. IlonrBepxkaenue 3axBara. CurHan «l» ykasesiBaer, yto MII Haxoautcsa B
COCTOSIHUY 3aXBaTa.

1.4. YcTponctBa 06paboTkm M oTobpaxeHus wuHhopmauum

CUCTEMbI OBPABOTKH U OTOBPAKEHHUA HHDOPMALINUN -
COBOKYITHOCTb ~ TEXHHYECKHX CpEJACTB, OOECIEUUBAIOLIUX MPEICTABICHUE
uHbopMaluu (Hamp., 0 X0A€ Y4eOHbIX, TEXHOJIOTHUYECKHUX IMPOILIECCOB, ABMKEHUU
TPAHCIIOPTHBIX CPEJCTB, pe3ysibTarax oOpaboTku maHHbX Ha OBM) B dopme,
yA0OHOM AJIsl 3pUTENILHOTO BOCTIPUSATHS YE€JIOBEKOM.

Baxnyto ponp B peanmzanuu Impoiiecca 0O0pabOTKM W OTOOpaKeHUs
MH(OpMALMK HUrpalOT CHUCTEMBI OTOOpaXEHUS HH(POPMALMH KOJIJIEKTUBHOIO
MOJIb30BaHUsA. JTa POJb COCTOMT B 0OECIEYEHUH KOJIJIEKTUBHOTO PEIICHUS 3ajad,
XapaKTepHbIX JUIsi 00JIACTM MPUMEHEHMs] 3TUX CHUCTEM. PaccMOTpUM HECKOJIbKO
pEelIeHU, NpPUMEHSEeMbIX BHYTPHM TIOMEIIEHHH (CUTyallMOHHBIE IIEHTPHI,
KOH(EpEeHLI-3aJIbl, KOMHAThl COBELIAaHUH, y4eOHbIE KJIACCHI, AUCIIETYEPCKHUE U T.I1.)

IIPOEKIIHMOHHAA CUCTEMA

Ha cerogusmnuii 1eHb NPOEKIIMOHHOE 00OPYOBaHHUE HE SIBJISIETCSA YEM-TO
YAUBUTEIbHBIM M HEMOHSATHBIM JJsi OOJBIIMHCTBA JIIOJIEH, TaKk WM HHAue
CTAJIKMBAIOIIMXCS C BOIIpOCaMU OoToOpaxkeHus BuaeonHpopmaruu. Kiaccuueckas
cXeMa IMPOEKUMOHHOM CHCTEMBI COCTOMT M3 MPOEKTOpa W 3KpaHa MNpPSIMOU
npoekuud. JlocTynmHocTh U 3((HEKTUBHOCTh ATHX YCTPOWCTB BECbMa BBIPOCIH,
3HAYUTEIBHO MOBBICUB CIIPOC HA HUX.

Hapsimy ¢ cucteMoil mpsiMoil MPOEKIMU CYHIECTBYET cUCTeMa oOpaTHOM
NpoeKkuu. ['7aBHOE OTIMYME 3aKII0YaeTcsi B MECTOIOJIOKEHUU MPOEKTOopa
OTHOCHUTEJIBHO 3KpaHa. B mepBoM ciyudae mpoekTop pa3MeniaeTcs nepes] SJKpPaHoM,
BO BTOPOM — IMPOEKTOpP pacrojaraercsi 3a SKPaHOM, B TEXHOJIOTMYECKOM
IOMEUICHUM, €CIM JIMIEBOM CTOPOHOM CuUMTaTh IOBEPXHOCTb 3KpaHa,
oOpaméHHy0 K 3puTensM. [IpeumMyIlecTBo Takoro IOJIOKEHUS MPOEKTopa
OTHOCHUTEJIPHO 3KpaHa - MEHbIas YyBCTBUTEJIBHOCTb K YCIIOBUSIM BHELIHETO
OCBEILEHUS B CHJIy M30JSIMU CBETOBOIO IOTOKA, MCXOMAAIIEI0 M3 OOBEKTHBA
IIPOEKTOpA.

[TpoeKIMOHHBIE CHUCTEMBI HMMEIOT HEBBICOKYID CTOMMOCTH U MPOCTHI B
JKCIUTyaTallii, OJIHAKO CYLIECTBEHHBId HEJOCTATOK TAaKUX CHUCTEM  —
(uKCUpOBaHHOE TpaHUUECKOe pa3pelieHre MPOEKTOpa U Majblii CPOK CIIykObl
namnel (mo 5000 wacoB). [lnst yBenuueHus OOILIEro pa3peuieHus: TPUMEHSIOT
HECKOJIbKO MPOEKTOPOB HA OJIMH 3KPaH, MPUYEM KaK[bli MPOEKTOp OTOOpakaer
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TOJIBKO CBOIO 4acTh oOmieil kapTUHKHU. [IpoekunoHHBIE cHCTEMBI B OCHOBHOM
OPUMEHSIOTCSL B Cllydyae, KOrjJa HET HEO0OXOIUMOCTH KpYyTJIOCYTOYHOU
OKCIUTyaTallil TEXHUYECKUX CpeACTB (y4yeOHble Kiacchl, KOH(EpEeHII-3aJbl,
KOMHATBI COBEIIAHUM U T.I1.).

HUHTEPAKTHBHAA J/[OCKA

NutepaktuBHas nocka (M) - 370 ycTpoHCTBO, MO3BOJISIIOIIEE JIEKTOPY WU
JOKJIaYUKy OOBEIUHUTH JABa PAa3IMUYHBIX MHCTPYMEHTA: 3KpaH JIsl OTOOpaKeHus
uH(pOpMaINKU, TPOEKTOP U OOBIYHYI0 MapKEepHYIO JOCKy. MHTepakTHBHas JOCKa
MOXET HCIOJb30BaThCS KaK CaMOCTOSITEIbHO B KAauyecTBE JKpaHa IS
oToOpakeHus U o0paboTku MH(MOpPMAIUKU, TaK U B KAYECTBE JIOMOJHEHUS K yKe
YCTaHOBJICHHOM IIPOEKIIMOHHON CUCTEME.

J71st paboThI C MHTEPAKTUBHOM JOCKOM HE TpeOyeTcs CrielnalbHbIX HABBIKOB
win 3Hanui. [lepen Hawanom paGotel MJ] mopkmrouaeTcss K KOMIIBIOTEPY U
npoektopy. Ha Hee, kak Ha 3KpaH, MpoeUUpYETCs H300pakeHHe OT JIHO0ro
MCTOYHHKA (KOMITBIOTEPHOI'O WJIM BUJEO CUTHAJA), C KOTOpbIM BhI TEnepb Moxere
padboTaTh MpPSMO HA MOBEPXHOCTH JOCKH. MaHHUITyISIUUU KOMIIBIOTEPHOW MBIIIH
OCYUIECTBIISIOTCS KACAHUEM MOBEPXHOCTH, TEM CaMbIM JIOKJIATYUK UMEET MOJIHBIN
JOCTYI K YIPABICHUIO KOMITBIOTEPOM.

3anuch Ha MHTEPAKTHUBHOM JIOCKE BEIETCS CIELUUAIbHBIM 3JIEKTPOHHBIM
NEpPOM WJIU Jake najbleM. JloKiIa uuK, B3sB B pyKU CIIEHUATbHbIN MapKep, MOKET
paboTaTh ¢ HM300paKEHHWEM Ha OJKpaHe: BBIAENATh, MOJYEPKUBATH, OOBOJIUTH
BaXHbIE YYACTKHA, PHUCOBATh CXEMbl WIM KOPPEKTUPOBAaTh UX, BHOCHUTH
ucripaBiieHUs] B TeKCT. CEHCOpHBbIE YCTPOMCTBA "ylnaBIMBAIOT" MPUKOCHOBEHUS, U
TPaHCIMPYIOT B COOTBETCTBYIOIIME JJIEKTPOHHBIE CUTHAJIBI, OTPaXKaroIINe
ABWOKEHHE nuirynieit pyku. Jlocka cHabkeHa JJOTKOM C TpeMsi MapKepaMH pa3HOTo
LBETA U JIACTHUKOM. /IOKJIaauuK MOKET 3apaHee 3aJaTh 1[BETa MapKEpPOB, KOTOPbIE
OH OyJeT HMCIOJIb30BaTh BO BpeMs BBICTyIUIEHUs - Torna MJ{ aBTomMaruuecku
pearupyer, 4To U3 JIOTKA B3AT, HAIPUMEDP, 3€JICHbIA MapKep WIN JACTHK.

OO0siacTh MPUMEHEHUsI NHTEPAKTUBHBIX JIOCOK U MaHeslel BecbMa OOUIMpHA.
B cdepe oOpazoBaHusi OHM AarOT BO3MOXHOCTH MPENOJIaBaTeNil0 paboTaTh ¢
ANEKTPOHHOM KapTOW, CXEMOW, PHUCYHKOM, KapTHHOW. CylIecTByeT Takxke
BO3MOXHOCTh ~COXPaHSATh HAHECEHHblE U300paxkeHus B Buje Gaina wu
OOMEHMBAThCS UMHU IO KaHAJlaM CBSI3U, 3TO BAXKHO JJIi BOGHHBIX OpTraHM3aIui,
CUTYallMOHHBIX U KPU3UCHBIX LIEHTPOB.

BH/IEOCTEHA

Buneocrena npencraBisieT coOoil eIUHBIN MOJHUAKPAH, COCTABICHHBIM W3
OJIMHAKOBBIX MPOCKIHOHHBIX WJIH CHEIUATIU3UPOBAHHBIX IUIa3MEHHBIX MOAYJEH
TakKUM 00pa3oM, 4YTO pe3yJbTHPYIOIIEE pa3pelieHue SBIAECTCA CyMMOM
pa3pellieHnil yCTaHOBIIEHHBIX MoayJed. C TOUKM 3peHus I[OJIb30BaTeleH,
MOJMAKPAaH TpeACTaBiIsieT coOoi eAauHOe pabouee 1Moje, HUHPOPMAIMOHHAS
€MKOCTh KOTOPOTO MOXKET OBITh CKOJIb YTOJTHO OOJIBIION.
Kak mpaBuio, BHAEOCTEHA BMECTE CO CIELHMAIM3UPOBAHHBIM KOHTPOJJIEPOM U
BCIIOMOTaTeNIbHBIM 000PYI0BAaHUEM MPEACTABISIET COO0N MHOTO(YHKIIMOHATIBHYIO
cuctemy otoOpaxeHusi uHpopmaruu. Takas cuctema crocoOHa OTOOpa)kaTh
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OOJIBIIIOE KOJIMYECTBO PA3HOPOJIHBIX M HE3aBHUCUMBIX MOTOKOB HH(pOPMAIMHA B
BUJIe pabOYMX OKOH, CBOOOJHO pacrojlaraéMbIX W MAacCIITAaOMPYEeMbIX Ha BCEM
MTOJINIKPAHE.

IVIASMEHHBIE U JKU/IKOKPUCTAJUTHYECKHE ITAHEJTH

B 3aBucumocTH OT pa3mepa maHeIn MOTYT MPUMEHSTHCS KaK OCHOBHOE (Kak
MpaBWJIO pa3Mep [UaroHaju MaHeau B 3ToM ciyyae Ooniee 50 n10iiMoB) u
BCIIOMOTATeIbHOE  CPEACTBO  OToOpakeHus:  HUHpopmaruu  (Hampumep,
nyOnvpoBaHue M300pa)KeHUsl B KOH(pEpEHII-3aJ1axX I yAAICHHBIX OT OCHOBHOT'O
dKpaHa 3puTelnei). [ aBHOe MPEeuMyIIecCTBO MO CPaBHEHUIO C MPOEKIIMOHHBIMU
CHUCTEMaMH — BBICOKHUM TTOKa3aTesb Mo HapaOoTke Ha oTka3 (6osee 30 000 yacos),
YTO TIO3BOJISIET TPUMEHSATh OJTH CPEACTBA JUIS KPYIJIOCYTOYHOM paboThl
(mucrieTuepckre, CHUTYallMOHHBIC IICHTPHI, KOMaHIHbIE NTYHKTHI W TIp.). Jms
MJIA3MEHHBIX MMaHeNIel CYIIEeCTBYIOT TAK)Ke MPOCBETHBIC MHTEPAKTUBHBIC HACAKH,
peanm3yrorue GyHKIINA WHTEPAKTUBHON JTOCKHU.

1.5. ABTOMaTU3MpoBaHHasA cMctemMa yrnpaBrieHUS B 3fIeKTPOIHepreTuke

ABTOMarM3amusi — 3TO HayKa O MPUHLMIIAX, METOJaXx MW CpeACTBax
MOCTPOCHUSI CUCTEM M YCTPOMCTB, MO3BOJSIONMIMX YMOPABISATH TEMU WU UHBIMU
YCTPOMCTBAMM M KX  COBOKYIHOCTSIMH  0€3  ydacThsd  4eJIOBEeKa.
ABTOMaTH3alMsA ~ IHAPOKO  HCHOJB3YyETCs B dnekTpodHepretuke. llox
aBTOMaTHh3aluel ayekTpol’Heprerudeckux cucrem (O9C) MOHUMAKOT HX
OCHAILIEHUE OTJEIbHBIMU YCTPOWCTBAMU M CHUCTEMaMM JUIsl  yIIpaBJICHUS
IPOU3BOJICTBOM, NIE€pPEAAUYel W pacCIpeleICHUEM OJIEKTPUUYECKOW DHHEPTHH B
HOPMAJIbHBIX W aBapUIHBIX peKMMax Oe3 yuyacTusi yesnoBeka. Ponb aBTOMAaTHKW,
YPOBHS €€ COBEPILEHCTBA, UCKIIIOUUTEILHO BaKHA JIJIST 0OeCredeHus] HaJIe)KHOCTH
99C.

BBuay MMPOKOro MCHOJIb30BaHUS 3IEKTPUUYECKON 3HEPruu a0COJIOTHO BO BCEX
chepax IKU3HEIEATEIBHOCTH 4YEJNOBEKA BBIXOJ U3 CTPOS DHEPrOCUCTEMBI,
HOpMaibHast paboTa KOTOPOM BO MHOTOM OMNPEACNAETCS HAIC)KHOCTHIO
aBTOMATUKH, NPHUBEAET K HEraTHUBHBIM, a 3a4acTyl0 M Kara- CTPO(UYECKHM
MOCJIEJICTBUSIM.

Tak, Hanpumep, M3-3a HapylIEHUH B pabOTE YCTPOMCTB CUCTEMHON aBTOMATHUKHU
kpynHenmeit B CILIA sueprocuctembl CANUSE («Kanaga — CIIA BoctouHas») 9
HOs10pst 1965 roma mpou3olien «pas3Bai» SHEPrOCUCTEMBI. DTy aBapvi0 Ha3BaIU
«karactpodoii Beka» — 3a 11 munyT Ha TeppuTopur 200 ThICSY KBaJapaTHBIX
KIJIOMETPOB, IJIe PAacloJOKEHbl TaKhe THraHTCKHe ropoja, kak Hero-Hopk,
bocton, MoHpeans u Jpyrue, IMOJHOCTBIO OTKIKOUYMIOCH 3JIEKTPUYECTBO.
OCTaHOBWIIMCH 3JEKTPONOE3/1a, THICSYM JIOJAEH 3acTpsuld B IOE€3[aX METPO B
TYHHEJISIX MEXAY CTaHIMSIMU, CaMOJEThl HE MOIVIM COBEpIIUTH IMOCAJIKy Ha
«TpOTMABIINX» B TEMHOTE aj’poapomMax, MHOTHE OCTaIMCh B Judrax,
OCTAQHOBUBIIMXCS MEXAY ATaKaMU JOMOB. YOBITKH, BbI3BaHHBIE KaTacTpoQoOH,
COCTaBUJIM KOJIOCCAIBHYIO CyMMy — Okoio 100 MWUIMOHOB momiapoB. A
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NPUYMHON aBapuu CTaj0 HENpaBWIbHOE cpadaThIBAHME OJHOTO M3 3JIEMEHTOB
CUCTEMHOW aBTOMATHKH — PEJIE.

BaxneiiminMm nokaszareneM coBepiieHcTBa OOC  sgBISETCS KayeCTBO
ANEKTPOSHEPTUH, TMOJ KOTOPBIM HPEXKJE BCEro IMOHUMAETCA CTAOMIBHOCTH
BEJIMYMHBI HAINpPSOKEHUST U €ro 4acToTbl. OTKIOHEHHE 3THX MapaMeTpoB OT
HOMHUHAJIbHBIX 3HAYEHUN MPUBOAUT K YXYIUIEHUIO pabOThl MOTpeduTenen
ANEKTpOdHEeprun. Tak, HampuMmep, CKauKd HaNpsKeHHUs CBEPX JIOMYCTHUMBIX
NpesiesioB U J1aKe KpaTKOBPEMEHHBIN mnepepbiB nojaun sexkrposneprun (0,01 c)
IOPUBOIAT K COOI0 B paboTe AJIEKTPOHHOIO 000PYAOBaHUA. 3aauul MOAEpKAHUS
TpeOyeMoll CTaOUIBbHOCTH BEIUYMHBI HANPSKEHHUs] U €0 4acTOThl pPealu3yoTCs
COOTBETCTBYIOIIMMH aBTOMATHYECKUMH CUCTEMaMHU.

JIJis TOBBIIIEHUSI HAAECKHOCTH AJIEKTPOCHAOKEHHSI LIMPOKOE MPUMEHEHHE
HaxoJAT AaBTOHOMHBIE MCTOYHUKHM 3JEKTPOSHEPIMHM B BHJE JAU3EIbHBIX
ANEKTPOCTAHLUM, Tra30TypOMHHBIX YCTAaHOBOK, YCTaHOBOK TapaHTHPOBAHHOIO
ANEKTPONUTAHUS C HCIOJIb30BAHUEM PA3JIMYHBIX [EPBUYHBIX HCTOYHUKOB
sHeprun. WX HopmaibHOEe (YHKIMOHHPOBAHUE TAKXKE HEBO3MOXHO 0O€3
aBTOMATUYECKUX CUCTEM YIPABIICHHUS.
JUis  KOHTpOJii M yOpPaBJIEHHS pPEKUMaMU HCTOYHUKOB DIIEKTPOIHEPTHUH,
oOecrieyeHusi  OecriepeOOMHOTO  CHaOXKeHUsT  MOTpeOuTeneil, pPyKOBOACTBA
JUKBUJALIMEN aBapuil B HHEPrOCUCTEME CO3JIAIOTCS CIY>KObl JAMCHETYEPCKOTO
yIOpaBICHUs JHEpProcucTteMoid. B Hacrosiiee Bpems CIOXHOCTh — 3ajad
orepaTUBHOIO yrpasieHus OosnbmumMu 99C NPUBOAUT K TOMY, UTO JUCIIETUEP HE
B COCTOSIHUM IIPOKOHTPOJIMPOBATH BCE Y3JIOBBIE TOYKH AJIEKTPUYECKOW CETH M HE
CHOCOOEH JIOCTaTOYHO OBICTPO MPOU3BECTH ONEpaluu [0 €€ YHPaBICHUIO.
[TosToMy Ha aBTOMAaTHKy BO3JararoTcs omnepanuu no ynpasiaeHutro 299C ¢
TpeOyeMOoll TOYHOCTHIO, HAJEKHOCTHIO U OBICTPOAEHUCTBHUEM, COU3MEPUMBIM C
JUIUTEIILHOCTBIO JIEKTPOMArHUTHBIX U 3JIEKTPUYECKUX MPOLECCOB, MPOTEKAOIINX
B CUCTEME.
Hrak, rimaBHOe Ha3HaueHue aBromartm3amuu OOC cocTouT B o0ecneUyeHUH
TpeOyeMOoro KayecTBa 3JIEKTPOAIHEPIUU U TOBBIIIEHUU HAJIEKHOCTH CHAOXKEHUS
noTpeduTeneit anexkrposneprueil. OTMETUM TaKKe, YTO aBTOMAaTU3alUs TPUBOJAUT
K OoJbIIel MpocTOTEe M yAOOCTBY SKCIUTyaTallMd U TOBBIIIAET 3KOHOMUYHOCTb
pexuMoB padoTel IIC.

ABTomaTunueckoe peryiaupoBanue B 99C UCIONb3YeTCs B OCHOBHOM IS
PEryJIMpOBAHMS HANPSKEHUSI U PEAKTUBHOM MOLIHOCTH, YaCTOTHI M aKTUBHOM
MOIIHOCTU. OCHOBHBIMM 33Jja4aMH aBTOMAaTHYECKOTO PETyJINPOBAHUS SABISIOTCS:

. o0ecrieueHre KadyecTBa M 3aJaHHBIX YPOBHEHM HampsyKEHUS B y3Jax
O9C u TeM caMmbIM PAIMOHAIBHOTO paCHpEIEiICHUs MOTOKOB PEaKTHUBHOMN
MOIIIHOCTH IIPH MepeJade 3JEKTPOIHEPTUU OT UCTOYHUKOB K IMOTPEOUTETSAM;

. oOecrieyeHue ycroduuBocTH U paboTel DOC B HOPMaJbHBIX U
ABAPUMHBIX PEKUMAX.

[IpousBoAcTBO,  pacmpefesneHne W MOTPeOJeHUE  BIEKTPOIHEPIHU
MPOUCXOASIT B OCHOBHOM Ha IEPEMEHHOM ToKe. Yacrtora reHepupyeMoro
HanpspkeHus: f KEeCTKO CBsi3aHa C YIJIOBOM CKOPOCTBIO BpAILEHUS CUHXPOHHOTO
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reHepaTopa. Iloatomy nmis oOecrmedeHus CTaOMIBHOCTH 4YacTOThl f arperartsi,
MPUBOSINNE BO BpalleHUE TEHEPATOpPhl, CHAOXKAIOTCS aBTOMATHYECKUMU
peryJisiTopaMu 4acToThl BpaieHus. OHU, KpoMe 3aJ1auu CTaOUIM3aluy 4acToThI
OJIHOBPEMEHHO pEHIaloT 3a/]adyy ONTUMAJIbHOTO paclpe/eseHuss aKTUBHOU
MOITHOCTH MEXJy HapajUieJbHO DPaOOTaINIMMU Te€HEpaTOpaMu, MUHUMU3HUPYS
3aTpaThl HAa MPOU3BOJICTBO DJICKTPOIHEPTHUHU.
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Nekuun 2

2. OcHOBbI TeOpuM Nnepeagayn UHgopmaumn

2.1. O0LWwMe NonoXeHnAa U NMOHATUSA.

Hcnonb3yembie MeTobl pazaenenus kaHanoB (PK) MoxHo kiaccuduumnpoBath Ha
TUHEHHBIC U HEUHEHHBIC (KOMOMHAIIMOHHEBIE).

B GonbpimHCTBE ciydaeB pa3iefieHUus KaHaJIOB KaKJI0MY UCTOYHUKY COOOIIEHUS
BBIJICJISICTCS CIICHIMAIbHBIN CUTHAJ, Ha3bIBAEMbIN KaHAIBHBIM. [ [poMoayinpoBaHHbIE
COOOIIEHUSMH KaHAJIBHBIC CUTHAJIBI OOBEUHSIIOTCS, B PE3YJIbTATE YETrO

oOpasyetcs rpynnoBoi curHai. Ecnu oneparus o0beAMHEHUS TUHEWHA, TO
MOJYYUBILIUNCS CUTHAJI HA3bIBAIOT JIMHEWHBIM TPYIIIOBBIM CUTHAJIOM.

Jliis yHuuKau MHOTOKaHAIbHBIX CUCTEM CBSI3H 32 OCHOBHOM WJIM CTaHIApTHBIN
KaHaJI MPUHUMAIOT KaHall TOHAIbHOM YacToThl (kaHain TY), obecrieurBaromii
nepeaady coodimeHui ¢ 3¢pdekTuBHO mepeaaBaemoit mosocoit gactot 300...3400 I'm,
COOTBETCTBYIOIIEH OCHOBHOMY CIIEKTPY TEIE(POHHOTO CUTHAIA.

MHoroKaHaJIbHBIE CHCTEMBI 00pa3yrOTCs MyTeM 00beAUHEHNS KaHaloB TY B rpymisl,
00BIYHO KpaTHBIC 12 KaHaaM. B cBOO ouepesnb, 9acTo UCIOIL3YIOT "BTOPUIHOE
yiotHeHue" kaHanoB TY tenerpadHbIMU KaHATAMU U KaHAJIAMH TIEpEIaun TaHHbBIX.

Ha Puc. 2.1 npuBeaeHa cTpyKTypHas cxema HanboJiee pacrpoCTPaHEHHBIX CHCTEM
MHOTOKAaHAJILHOU CBSI3U.
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Puc. 2.1. CTtpykTypHas cxema CUCTEM MHOTOKaHAJIBHOW CBSI3H

Peanmuzarus coobmeHunit Kax10ro ucTouHuKa a,(t), ax(t),...,an(t) ¢ momorpo
MHIMBUYaJTbHBIX MEPEAATIYNKOB (MOAYIATOPOB) M, M,, ..., My nipeoOpazytoTcs B
COOTBETCTBYIOIINE KaHATbHbBIE CUTHAIBI S(t), Sa(t),...,Sn(t). COBOKYIMHOCThH KaHAJIBHBIX
CUTHAJIOB Ha BBIXOJ/I€ CYMMHUPYIOIIETO YCTPOUCTBA 2 00pa3yeT IrpymnmnoBOi CUTHAI
s(t). Hakoner, B rpynmoBom nepenaturke M curnai s(t) mpeoOpasyercsi B TMHSHHBIN
curHain sy(t), KOTOpsIi U moctymnaet B JuHuto cBs3u JIC. Jonmyctum, 9To TuHUSA
MPOIYCKaeT CUTHAJI MTPAKTUYECKU 0€3 NCKAKEHUU U HE BHOCHUT 1IyMOB. Torna Ha
HNPUEMHOM KOHIIE JIMHUU CBSI3U JIMHEWHBINM CUTHAT Sjy(t) C TOMOIIBIO TPYIIIOBOTO
npueMHuka I[1 moxeT ObITh BHOBB IIpeoOpa3oBaH B rpyNIOBON cUTHAIT S(t).
KananbHbiMu WM UHAUBUYaNIbHBIMU TipueMHuKaMu [1;, I1,, ..., [y u3 rpynmoBoro
curHana s(t) BBIIEISIOTCS COOTBETCTBYIOIINE KaHAIBHBIE CUTHAIIBI S1(t), S2(t), ...,Sn(t)
U 3aTe€M MpeoOpa3yroTcs B MpeHA3HAYCHHBIC MMOTyYaTeisiM coO0IIeHus a;(t), ax(t), ...,
aN(t).
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KananbHbIe IEpeIaTYNKN BMECTE C CYMMUPYIOIIUM YCTPOUCTBOM

oOpa3yloT annaparypy oobenunenus. ['pynnosoii nepeaatuuk M, nunus csazu JIC u
rpynnoBoi npueMHuk I1 cocTaBisOTIPYNIIOBOM KaHal CBA3M (TPakT Neperayn),
KOTOPBIN BMECTE C anmapaTrypoil 00beAMHEHUS M HHAUBUAYATbHBIMUA IPUEMHUKAMHU
COCTAaBJIIET CUCTEMY MHOTOKAHAIbHOW CBSI3U.

WuauBuyabHble IPUEMHUKH CHCTEMbI MHOTOKAaHAIBHOH cBsi3u [k Hapsay C
BBHITIOJIHEHHWEM OOBIYHOM OTepaliny npeoOpa3oBaHus CUTHAIOB Sk(t) B
COOTBETCTBYIOIIHE COOOIICHUS ak(t) TOHKHBI 00ECIIEYUTh BBIJICICHNE CUTHATIOB Sk(t)
U3 TPynmoBoro curxana s(t). MHade roBopsi, B COCTaBe TEXHHUECKUX YCTPOHCTB Ha
MepeIaroIIei CTOpOHEe MHOTOKaHATLHOW CHCTEMBI JOHKHA OBIThH

IpeayCMOTpeHa anmnaparypa 00beIMHEHNs, @ Ha IPUEMHOI CTOpPOHE - anmnaparypa
paszeneHus.

B o6mmem cinyyae rpynmnoBoii CUTHAI MOXET (POPMUPOBATHCS HE TOIBKO MPOCTEHIIINM
CYMMMPOBAHHUEM KaHAJIbHBIX CUTHAJIOB, HO TAK)KE U ONPENECIEHHON JOTUYECKOU
00paboOTKOM, B pe3yJibTaTe KOTOPOM Kax bl AJIEMEHT IPYIIIOBOTO CUTHAJIA HECET
MH(POPMAIIIIO O COOOIIEHUSX HCTOYHUKOB. DTO TaK Ha3bIBAEMbIE CHCTEMBI

C KOM6I/IHa!!I/IOHHI>IM pa3aCJICHUCM.

UToOBI pa3aensioniue yCTpoicTBa ObUTH B COCTOSIHUY pa3indaTh CUTHAIBI OTACIBHBIX
KaHaJIOB, JIOJKHBI CYIIECTBOBATH OINPEICIICHHBIE TPU3HAKU, TPUCYIIUE TOJIBKO
JaHHOMY curHairy. Takumu npu3HaKaMu B 00IIEM CIydae MOTYT ObITh apaMeTPhI
MEePEeHOCYNKA, HAIPUMEP aMILTUTY/1a, YacTOTa WK (a3a B CiIydyae HEMPEPHIBHOM
MOAYJISILIMA TApMOHUYECKOT0 IEPEHOCUHKA. [Ipy AUCKPETHBIX BUAAX MOLYIIALUN
pa3IUYaONINM IPU3HAKOM MOKET CIIYX UTh U (opMa curHasioB. COOTBETCTBEHHO
Pa3IUYAIOTCS U CIIOCOOBI Pa3/IeICHNs] CUTHAJIOB: YaCTOTHBIN, BpEMEHHOM, (pa3oBbIii

Ap.

2.2. dneKTpnyeckun NHMpOPMaLUOHHbIA CUrHan.

HayaJia B COOTBETCTBHUH C MepeaBaeMbIMU COOOIICHUSMH IEPBUYHBIC
(MHAMBUIyaTbHBIC) CUTHAJIBI, HIMEIOIINE dHEepreTudeckue cuekTphl Gi(w), Gy(w), ...,
Gn(W) MOIYTUPYIOT MOJHECYIIUE YACTOThI Wk KaXKI0TO KaHaia. DTy ONEpalnio
BBINOJIHSIOT MOAYJATOPBI M, M, ..., My KaHanpHbIX nepenatunkoB. [lonmyyeHnsie Ha
BBIXOJI€ YaCTOTHBIX GUIBTPOB Dy, D5, ..., Oy CHEKTPHI gx(W) KaHATBHBIX CUTHAJIOB
3aHUMAIOT COOTBETCTBEHHO IMOJIOCHI YacTOT AWy, AW, ..., AWy, KOTOPBIE B 00IIIEM
ClIy4ae MOTYT OTJIMYAThCS 0 IIUPHUHE OT CIIEKTPOB coodmieHud Q;, Q,, ..., Q. Ilpu
HIMPOKOIIOJIOCHBIX BUJAX MOJYJISALKHU, Hanpumep, UM mmpuna

criektpa Aw k= 2(3 +1) Qk, T.e. B 06mem ciryuae Aw= Q k. Jns ynpomienus oyaem
cuMTaTh, 4TO Hcmoyb3yercss AM-OBII (kak 3To npunsaro B ananorossix CII ¢ YPK),
T.e. A =Q u Aw=NQ.
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[Tpocnennm OCHOBHBIE TAIbl 00Pa30BaHUS CHUTHAJIOB, a TAK)KE H3MECHEHHE ITHX
curHajioB B mpoiiecce nepeaauu (Puc. 6.13).

G(®) gn(m) Aoy
L;‘I, T +
e £ ® oy (m+§2 0]
2 GQ((!CI) gg((ﬂ) 30)2 ;
— -—
il
d -
y £ ® (63
a G1((ﬂ) T g1((ﬂ)
£ 0]
T g(w)
-
N Ko ()
-
M @y e+l ®
()
D g2
.
e (/I .
M ot ®
G(w)
-
0

Puc. 6.13. [IpeobpazoBanne CIEKTPOB B CHCTEME C YaCTOTHBIM Pa3/ICICHHEM KaHAJIOB
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bynem monarats, 9TO CIIEKTPHI MHAWBUAYAJTBHBIX CUTHAIIOB KOHEYHBI. TOT/1a MOKHO
moA00paTh MOAHECYIIME YaCTOTHI Wk TaK, 9TO MOJIOCH AWy, ..., AWEk monapHo He
nepekpsbiBatoTcs. [Ipu s3Tom ycnosuu curnansi sg(t) (k=1,...,N)
B3aMMHOOPTOTOHAJILHBI.

3aTeM creKTpbl gi(W), g2(W),..., gn(W) CYMMUPYIOTCA (2 ) M UX COBOKYMHOCTH Z(W)
MOCTYIAET Ha TpynnoBoi MoayisTop (M). 3nech criekTp g(W) ¢ MOMONIbIO KOJIeOaHUs
HECYIIeH YaCTOThI WyIIEPEHOCUTCS B 00J1aCTh YaCcTOT, OTBEICHHYIO JJIs Mepeaadn
JTAHHOMW TPYIIBI KAHAJIOB, T.€. TPYIIIOBOM CUTHAM S(t) mpeoOpasyeTrcs B TMHEHHBIN
curHan sy(t). [Ipu 5ToM MOKET UCITOJIB30BATHLCS JTFOOO0M BHJT MOYJISIUH.

Ha npueMHOM KOHIIE JIMHENHBIA CUTHA IOCTYINIAET HAa TPYIIIOBOM AEMOIYJISTOP
(mpuemnuk IT), koTOpHIN peoOpazyeT CreKTp JUHEHHOro CUTHaA B CIIEKTP
rpynmnoBoro curHaia g' (w). CrekTp rpynmnoBOro CUrHajia 3aTeM ¢ TIOMOIIBIO
4aCTOTHBIX QUIBTPOB D, D,,...,DOn BHOBH pa3aeisieTcs Ha OTAEIbHBIC MOJI0CH AWk,
COOTBETCTBYIOIIIHME OTAEIbHBIM KaHaaMm. HakoHel, kaHanbHbIE 1eMOLYISATOPHI [
peoOpa3yroT CIEKTPbl CUTHAJIOB gk(W) B cIEKTpbI coobmennit G' x(w),
IIPEAHA3HAYCHHBIE I10y4aTeIIsIM.

4 3 MNPUBCACHHDBIX ITOSICHEHUH JIETKO IMOHSTH CMBIC]I YaCTOTHOT'O CIIOC00a pas3aciICHUs
KaHaJIOB. HOCKOHBKy BCsIKas p€ajibHasA JIMHUA CBA3U 06J1a/:[aeT OI“pﬁHH‘-IGHHOfI
MoJI0CcoM MpOoIyCKaHus, TO IIpH MHOTOKaHaJbHOM nepeaaduc KaxxaoMy OTACIbHOMY
KaHally OTBOAUTCA OIIPECACIICHHAA 4aCTbh O6H.I€I>i IMOJIOCHI ITPOITYCKaHuMs.

Ha npuemHo# cTOpoHE OJTHOBPEMEHHO JEHCTBYIOT CUTHAJIBI BCEX KaHAJIOB,
pa3nuyaronirecs rnoyio)keHNeM MX YaCTOTHBIX CIIEKTPOB Ha IIKaJie 4acToT. YToObl 6e3
B3aMMHBIX [TOMEX Pa3/eIUTh TAKUE CUTHAJIbI, IPUEMHBIE YCTPOUCTBA JOJKHBI
coJiepKaTh yacToTHbIE GUiIbTpbl. Kaxasiii u3 ¢punbtpoB Ok J0KEH NpONyCTUTDH 0€3
ocnabaeHust TUIIb Te 4acToThl WLAWK, KOTOpbIe MPUHAIJIEKAT CUTHATY JaHHOTO
KaHasa; 4aCTOThI CUTHAJIOB BCEX APYruX KaHajaoB WL Awx GUIBTp JOHKEH MOIaBUTh.

Ha npakTuke 370 HEBBIITOIHUMO. Pe3yIbTaToOM SIBIISIFOTCS B3aUMHBIE [IOMEXU MEXKTY
kaHasmaMu. OHU BO3HUKAIOT KaK 3a CUET HEIOJIHOI'O COCPEIOTOUEHUS IHEPTUN
curxana k-ro kaHasna B npejenax 3aJaHHON MoJI0ckl 4acToT AWk, Tak U 3a CYeT
HEUJICATbHOCTH PEATTbHBIX MOJIOCOBBIX (PUIBTPOB. B peanbHBIX yCIOBUSAX MPUXOIUTCA
YUYUTHIBATh TAK)KE€ B3AMMHBIE TTIOMEXH HEJIMHEHHOTO MPOUCXOKIEHHUS, HAIPUMED 3a
CYET HEJIMHEMHOCTH XapaKTEPUCTUK IPYIIIOBOTO KaHAIIA.

2.3. KaHan TtenedoHHOM cBA3MN.

Cranpaprabiii kanaa TY. Kanan tonansHo# yacToTsl (TY) siBiisieTcs eauHuuen
M3MEpPEHHUs EMKOCTH CUCTEM Tepeiauu U UCTIONIb3YEeTCs I Nepeaadn TeaepOHHBIX
CUTHAJIOB, a TAK)K€ CUTHAJIOB JIAHHBIX, ()aKCUMIUIBHON U TenerpadHoi cBsa3u. Takoi
KaHaJI BKJIIOYAET B CEOs IBYXIMPOBOHOE OKOHYAHUE U YETHIPEXIIPOBOIHBIN

22



TpakT. Jugpcucmema (JIC) ciyRuT 11si mepexoja ¢ YeThIPEXIIPOBOIHOTO TPaKTa K
JBYXIIPOBOJHOMY OKOHYaHUIO. Y INIMHUTEIM B IBYXIIPOBOJHOM OKOHYaHUHU UMEIOT
3aryxaHue 3,5 1b ¥ Ha3bIBAIOTCA MpaH3umHubiMu. XapakTepucTUKU KaHaa TU
HOpMUpPYIOTCs pekoMeHmanmusaMu MCO-T cepun M. B Hammieit ctpane TpeboBaHus
MCDO-T yrounsitor "HopMbl Ha 35IeKTpUUECKUE TapaMeTphl KaHamoB TY
MarucTpajibHON U BHYTPU30HOBBIX IIEPBUYHBIX CETEW'', BBEICHHBIE B ICHCTBUE
npukazoM Munucrepersa cBsa3u Ne 43 ot 15.04.96. PaccMOTpuM OCHOBHBIE
XapakTepucTuku kanana TY.

Hopmuposannvie (HomunanbHvle) usmepumenvusie ypoeHY B CTAHAAPTHBIX TOUKAX
kaHana TY cocraBmustot (Puc. 6.21): Ha Bxone kanana 0 n1bm, Ha BbIX0OJi€ TPAH3UTHOTO
yAIMHUTENS MUHYC 3,5 1bM, Ha BX0/1e YETHIPEXMPOBOIHOTO TpakTa MUHyC 13 nbwm,
Ha BBIXOJI€ YETHIPEXIIPOBOHOTO TpakTa 4,3 nbm, Ha BX0/ie TPAH3UTHOTO Y IJTMHUTEIIS
MuHyc 3,5 1bMm 1 Ha BbIXOoie KaHana MuHycC 7 1b.

13 ﬂE KaHan TY +§'3 Ab
—_—l
nbB 1] =)

0 ab -7 ab
O ,EI,B —o— p /—e— ,[I,E‘u S
-3.5ab -3.5 ab
nb b
KaHan TY

+43a6] +— |-13ab6

Ab - yanuHuTenb

Puc. 6.21. HomMmuHainbHbie U3MEPUTEIbHBIE YPOBHU KaHaja

Bxoonoe Zgx 1 6vixoonoe Zgnix conpomusnenus kanana TY paBasl 600 Om.
OTKIIOHEHHE BXOJHOTO U BHIXOTHOTO COTMPOTHBIICHU OT HOMHHAJILHOTO

Zy—Zp
LOTE T o+
7 H F
y OIICHUBAETCS KOADPHUITMEHTOM OTPAKEHUS WJIU 3aTyXaHUEM
T
aore = 10lg=—=E£
- H +7 =]
HECOTJIACOBAHHOCTH (OTpa)KE€HUs)

, T7ie Zp - peanbHOE 3HAUYCHUE
conpoTuBIeHHS. 3HaueHue “CO7F He HoKHO npeBbimaTh 10%.
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Ocmamounoe samyxarue Kanaid. DTO eCTh BCIIMYHHA, paBHaA pa3HOCTH CyMMBI

o o = +

3aTyXaHHii 1 CyMMbl yCHJICHHH B KaHase: “OCT 2.8 ZS. OcraTo4yHOE 3aTyXaHue
kanana TY cocraBnser 7 n1b. MakcuMmanbHOE OTKIIOHEHUE BO BPEMEHHM HA OJHOM
TPaH3UTHOM YYaCTKE HE JOJLKHO MpeBbIIaTh 2,2 b ¢ BepossTHOCTHIO 0,95.

Dppexmueno nepedasaemasn nonoca yacmom kanana TY - mosjoca, Ha KpalHUX
yactoTtax kotopoi (0,3 u 3,4 xI'1) octatouHoe 3aryxanue Ha 8,7 nb npeBbIlIaeT
octatouHoe 3aryxaHue Ha yactote 800 ['u. YacToTHas XapakTepuCTUKa OTKIOHEHUS
kanana TY ot Homunana 7 b AomKHa ocTaBaThes B npezenax madnaona (Puc. 6.22)
IIPY MaKCUMaJIbHOM UYHKCJIE TPAH3UTOB, T.€. PU 12 nepenpueMHbIX ydacTKax.

Aaoct, ab
7 SLLLLLL

8,7 §

Iy

Iy

7/
4.3 LLLLls .,
2.2 LSS LLLLLLLLEL S

' | : f T
053 0,4 0,6 0,8 2,4 3,0 3,4 ) L‘

-2,2

Puc. 6.22. [11abnoH OTKJIOHEHHS] OCTATOYHOIO 3aTyXaHHs aHaJIOroBoro kanana TY

Dazouacmomuvle UCKAICeHUs HE SBIAIOTCS CTOJb CYIIECTBEHHBIM MPHU Mepeaaye
peun. Ho Tak kak kaHasbl THY UCTIONB3YIOTCA TaKXKe I EPEIaduu JAaHHBIX U
(bakcUMIIBHOMN CBA3M, O0JbIIKe ()a3049aCTOTHBIE UCKAKEHUS HEJOITYCTUMBI.
[TosToMy HOpMUPYETCSI OTKIIOHEHUE 2pynnogoco epemeru nepeoayqu (I'BII) ot ero
3HaueHuu Ha yactore 1900 'y Ha omHOM TpaH3uTHOM yuactke jJurHou 2500 km (Puc.
6.23).
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Puc. 6.23. lonyctumbie otkionenus ['BII kanana TU

Koagppuyuenm nenunetinvix uckascenuti kanana TH Ha OJHOM TPAH3UTHOM y4dacTKe
He J0JDKeH npeBbimath 1,5% (1% no TpeTbeil rapMOHUKE) TP HOMHUHAJIBHOM YPOBHE
nepenayu Toka yactotor 800 I'u. AMIIIMTYIHASL XapaKTEPUCTHKA PU ITOM
HOPMUPYETCSI CIEAYIOLUIMM 00pa3oM: OCTaTOYHOE 3aTyXaHUe KaHalla Ha OJJHOM
TPAH3UTHOM Y4YacCTKe JOJDKHO OCTABaThCA MOCTOSIHHBIM ¢ TOYHOCTBIO 0,3 1b npu
VW3MEHEHUU YPOBHS U3MEPUTEIBLHOTO cUrHaia ot Munyc 17,5 nb no mmoc 3,5 nb B
TOYKE C HYJIEBBIM U3MEPUTEIHHBIM YPOBHEM Ha JIt000i yactote npeaenax 0,3... 3,4
k['n. [Ipu moBbIIIEHUN YPOBHS U3MEPUTENIBHOrO curHana 1o 8,7 u 20 nb ocrarounoe
3aTyXaHUe JI0JKHO YMEHBIIUTLCS HE MeHee 4eM Ha 1,75 u 7,8 n1b coOTBETCTBEHHO.

Ilomexu B xananmax TY. Ha Beixoze kanana TYU kpome nH(GOPMAITMOHHOTO CUTHAIA
MPUCYTCTBYIOT IOMEXH, KOTOPBIE OMPEAEISAIOTCS HA IPUEMHOM KOHIIE B TOUKE C
OTHOCUTENBbHBIM ypoBHEM MUHYC 7 1b. Cpenusisa BennunHa ncopoMeTpuiecKoro
(B3BEILIEHHOT'0) HANPSKEHUA [TOMEX B KaHaJIe B TEUEHHUE JIF0OOr0 yaca Ha OJJHOM
nepenpueMHoM ydactke niauHoi 2500 kM He AomkHa npeBbimarth 1,1 MB nicod
(10000 nBT nnicod B TOUKE OTHOCUTEIHLHOTO HYJIEBOTO YPOBHS).

CranpaptHble KaHanbl TU, opraHM30BaHHbIE C TOMOUIBIO YUPDPOBLIX U
onmuyecKkux CUCTEM IepelauH, BISIOTCS Oosiee BbICOKOKayecTBeHHbIMU. [loaTomy
psa XapakTepucTHK HU(POBBIX KaHaNoB TH UMEIOT cienyroue oOTangusl.

Hopmpbl Ha aMIIUTyAHO-4aCTOTHBIE UCKaxeHus 3aganbl MCO-T B Buae madiaoHa
(Puc. 6.24). Eciii cpaBHUTH JOMYCTUMbIE€ OTKJIIOHEHUSI OCTaTOYHBIX 3aTyXaHHM

1 dpoBbIX U aHaNOroBbIX kaHaioB TY (cM. Puc. 6.22), MO)XHO OTMETUTbh, YTO HOPMBI
Uit TUPPOBBIX KaHAIOB OoJiee skecTkue. To e MOKHO CKa3aTh U 0 Pa304acTOTHBIX
nckaxxenusix (Puc. 6.25).
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Puc. 6.24. [11abi0H OTKJIOHEHUH OCTATOYHOIO 3aTyXaHus 1udpoBoro kanaga TY
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Puc. 6.25. lllabnon Ha nomyctumyto HepaBHOMepHOCTH ['BIT mudposoro kanamna TY

Jlis undpoBbix kaHasioB TY BBOIUTCS AOMOIHUTENbHAS XapaKTEPUCTUKA, KOTOpast
OLICHUBAET UUYMbl KEAHMOBAHUs. DTA XapAKTEPUCTHKA 3aa€TCS B BUJIE
3aBucuMmoctu omuoutenus: cueHan-uiym(OCIL) ot ypoBHs curnana (Puc. 6.26).
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Puc. 6.26. 3aBUCHUMOCTH OTHOIIEHUS] CUTHAJI/IITYM KBAaHTOBAHUS OT YPOBHSI CUTHaja

[IurpokononocHbie KaHaiabl. COBPEMEHHbBIE CUCTEMBI MTEPEIaYu MO3BOJISIOT KPOME
CTaHAapTHBIX KaHaoB TY opranu3oBaTh KaHaJbl ¢ 00Jie€ BHICOKOM MPOIMYCKHOM
CIOCOOHOCTHIO. Y BEJIMUYEHUE MPOITYCKHON CLIOCOOHOCTU JOCTUTAETCS PACILIUPEHUEM
OIIITY, npruyem MUPOKOTIONOCHBIE KaHAIBI 00pa3yIOTCs O0BEAMHEHHEM HECKOJIBKUX
kaHanoB TY.

B Hacrosiiee BpeMs aHaJIOTOBBIE CHCTEMBI TIepeiau pelycMaTpUBaIOT
o0pa3oBaHue CIEAYIONUIUX TUPOKOMOIOCHBIX KaHAJIOB:

« MPEArpymnIoBOro KaHajua ¢ mojioco yactot 12..24 kI’ B3aMeH Tpex KaHaJIOB
TY;

- nepsuyHoro ka"ana 60..108 kI’ B3amen 12 xananos TY;

- BTOpU4HOTO KaHana 312..552 kI’ B3amen 60 kananoB TY;

- TpernyHoro kaxana 812..2044 kI'u B3amen 300 kananos TY.

Kpome nepeuncineHHbix KaHajIoB B CUCTEMaxX Nepenadyu GOpMUPYIOTCS KaHAIIbI
BEILIAHMS U TEJIEBUAEHUSA (CO 3BYKOBBIM BEILIAHUEM ).

2.4. IncKkpeTHble KaHanbl CBSA3W.

OCHOBHOW T€HJICHLIMEN Pa3BUTHS TEIEKOMMYHUKAMK BO BCEM MUPE

ABIIAETCS Yupposuzayus CETEN CBA3U, MPEAyCMaTPUBAIOLLIAsl TOCTPOSCHUE CETH Ha
6a3e nudpoBBIX METOI0OB NEpeIaul U KOMMYTAIMH. DTO OOBSICHIETCS CIEAYIOIUMU
CYILIECTBEHHBIMHU IPEUMYIIECTBAMU TU(DPOBBIX METOIOB MIEpPEAAUN NIEPe
AHAJIOTOBBIMH.
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Bricokas momexoycTouuBocTh. [IpencraBnenue napopmanuu B indpoBoit popme
MO3BOJISIET OCYIIECTBIIATh PEreHepalnio (BOCCTAHOBICHUE) ATUX CUMBOJIOB MPHU
nepenaye ux o JMHUU CBSI3U, YTO PE3KO CHUXKAET BIIMSHUE TOMEX U UCKaKEHUM Ha
KauecTBO Nepenadyu HHPOPMaIIUH.

Cnabast 3aBUCUMOCTh KauecTBa Nnepeaavuu OT JJIIMHBI JIMHUW CBA3HU. B npeacizax
KaXXI0Tr0 PErCHCPAIMOHHOTO YHACTKA HCKAXKCHUA IICPCIaBACMbIX CUTHAJIOB

OKa3bIBAIOTCSI HUYTOXXHBIMU. J[JTHHA pereHepaIimoOHHOT0 y4acTka 1 000py10BaHKe
perenepaTopa IMpHu rnepeadye CUrHajioB Ha OOJIBIINE PACCTOSTHUSL OCTAIOTCS
MPaKTUYECKU TAKUMH K€, KaK U B cllydae Mepeadn Ha Mable paccTosiHud. Tak, mpu
yBeIUYCeHUH JTMHBI TUHUH B 100 pa3 1y1si COXpaHeHHUs] HEM3MEHHBIM KadecTBa
nepenayy HHPOPMAIMH TOCTATOYHO YMEHBIIUTH JJIMHY PEereHepalluOHHOTO Y4acTKa
JIUIIb HA HECKOJIBKO MPOLIEHTOB.

CrabunpHocTh napaMerpoB kaHanoB [{CII. CTaOuinbHOCTh U HAEHTUYHOCTD
napaMeTpoB KaHAJIOB (OCTATOYHOTO 3aTyXaHHUs, YACTOTHON M aMIUTHTYIHON
XapaKTePUCTHUK U JIP.) ONPEIEISAIOTCS B OCHOBHOM YCTPOMCTBAMH 00pabOTKU
CUTHAJIOB B aHAJIOTOBOM (popme. [TockonbKy Takue yCTpoiicTBa COCTABIISIOT
He3HauuTeNbHYI0 YacTb 00opyaoBanus LICII, ctabunbHOCTh mapaMeTpoB KaHAJIOB B
TaKMX CUCTEMax 3HAYUTENLHO BBIIIE, YEM B aHAJIOTOBBIX. DTOMY TaKXe CIIOCOOCTBYET
orcytcTBue B LICII BiaustHUS 3arpy3Ku CUCTEMBI Ha TapaMeTPhl OTJAEIbHBIX KaHAJIOB.

O} PeKTUBHOCTD UCTIOJIL30BAHUS TPOMYCKHON CIOCOOHOCTH KAHAJIOB Ui Mepeaaydn
IMCKPETHBIX CUTHAIOB. [Ipy BBOIE MUCKPETHBIX CUTHAJIOB HEMOCPEICTBEHHO B
rpynmnoBoii TpakT LICII ckopocTh X mepeaadn MOKeT MPUOIMKATHCSA K CKOPOCTH
nepeiayy TPyMIoBoro curHana. Ecim, Hampumep, pu 3ToM OYIyT UCTIONH30BATHCS
BPEMCHHBIC ITO3UIINHN, COOTBETCTBYIONIHNE TOJILKO OJHOMY KaHairy TU, To CKOPOCTh
nepeaadu Oyaer om3ka Kk 64 KOUT/c, B TO BpeMs Kak B aHAIOTOBBIX CHCTEMaX OHA
0ObIYHO He mpeBbimaeT 33,6 kout/c.

BosmoxkHocTh moctpoenus mndpoBoit cetu csazu. [{udpossie cuctemsl nepenayu B
COUYETaHUU C HUPPOBBIMU CUCTEMAMU KOMMYTAIUH SBJISIOTCS OCHOBOM LIM(PPOBOI
CETH CBSI3U, B KOTOPOH Iepeaayda, TPAaH3UT U KOMMYTallHsl CUTHAJIOB OCYILECTBIISIOTCS
B 1iupoBoit popme. [Ipu 3TOM mapaMeTpsl KaHAJIOB MPAKTUYECKU HE 3aBUCST OT
CTPYKTYPBI CE€TH, UTO 00ECTIEUnBAET BO3MOXKHOCTh TTOCTPOCHUS THOKOM
Pa3BETBIICHHOM CETH, 00J1ajatolell BHICOKUMU HaI€KHOCTHBIMU U KaU€CTBEHHBIMU
IIOKa3aTEIsIMH.

Brlicokre TeXHMKO-3KOHOMUYECKHE Nokasarenu. [lepenaya u koMmmyTalys CUTHAJIOB
B LU(DpOoBOIl popMe MO3BOISIIOT PEATM30BbIBATh 000OPYI0BAHUE HA €IUHBIX
anmapaTHbeIX mIaTdhopMax. ITO MO3BOJIAET PE3KO CHUKATH TPYAOEMKOCTh
W3TOTOBJICHUS 000PYI0OBaHUs, 3HAYUTEIHHO CHUXKATh €T0 CTOUMOCTD, TIOTPEOIIAEMYIO
sHEpruto u rabaputel. Kpome Toro, cynecTBeHHO yIpoLaeTcs SKCIUTyaTalus CUCTeM
Y TIOBBIIIAETCS UX HAJIEKHOCTb.

Tpe6osanus k LICII onpenenens B pexkomenaauusx MCI-T cepuu G.
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2.5.MepexogHble Nnpouecchl Npyu Nnepegaye AUCKPETHbIX CUrHANOB.

Henu JIC nocTOAHHO HAXOAATCS MO BO3JIEHCTBUEM CTOPOHHUX 3JIEKTPOMArHUTHBIX
MOJIEHN PA3TMYHOTO MPOUCXOXKACHUS. Pa3nuyaroT AB€ OCHOBHBIE TPYIITBI HCTOYHUKOB
CTOPOHHUX ITOJIEH:

«  BHYmMpeHHUe - COCeNHHNE PU3NUECKHUE U UCKYCCTBCHHBIC LIETIH TAHHOW JINHUH
CBSI3U;
«  GHewHUe - PHEPreTUYECKN U KOHCTPYKTUBHO HE CBSI3aHHBIE C JIMHUEH CBSI3U.

BHelHne CTOYHUKH IIOMEX B CBOIO oucpeab 10 CBOCMY IIPOUCXOKACHUIO ACIIATCA
Ha:

« ecmecmeeHHble - TPO30BbIE Pa3ps/ibl, COJIHEYHAs paJuanus v mp.;

+  CO30aHHble YeN08eKOM - BBICOKOBOJITHBIE JINHUU MIEPENAYUHN, PAITUOCTAHIINH,
JTUHUY JIEKTPUPHUIIMPOBAHHBIX KEIE3HBIX JOPOT, MIEKTPUUECKHUE CETU
MPOMBIIUICHHBIX IPEANPUITHI U OTIEIbHBIE YHEPTOEMKHE YCTPOMCTBA.

CropoHHUE AIEKTPOMArHUTHBIE MOJII HHAYLUUPYIOT B LEMSAX JIMHUI CBA3U TOMEXH,
KOTOpBIE HE TOJBKO CHIXKAIOT KAUeCTBO Mepeaadn, HO MHOT/Ia BO30YK1at0T O0JbIlne
HaIpsKEHHSI M TOKU, TPUBOISAIIME K PAa3pyLICHUIO JIMHUM CBA3U U aIlllapaTypsl.
VYka3zaHHbIEC BO3JECHCTBHS HA3bIBAIOT DIEKTPOMATrHUTHBIMU BIUSAHUSAMU WIIN

IIPOCTO BIMSHWUAMU HA LENH JIMHUN CBS3H.

JlanHas pobiieMa sBiIsIeTCs 00IIei JIsl BCEX CUCTEM U yCTPOMCTB
TEJIEKOMMYHHKAIMI 1 Ha3bIBaeTCs MPOOIeMO 3JIEKTPOMAarHUTHON COBMECTUMOCTH.
CyIHOCTB €€ COCTOUT B TOM, YTO B IIPOLIECCE MPOEKTUPOBAHMSI, CTPOUTEIBCTBA U
AKCIUTyaTallMy TE€IEKOMMYHHUKAI[MOHHBIX YCTPOUCTB U CUCTEM HEOOXOAUMO
YUUTBIBATH JIBA IPOTHUBOPEUUBBIX TPEOOBAHHUS:

+  HEo0X0JIMMO 00ECIEYUTh TOCTATOYHYIO JJII HOPMaJIbHON paOOThI
TEJIEKOMMYHHKAIIMOHHBIX CHCTEM 3aIlIUTY OT BO3/ICHCTBHS HA HUX CTOPOHHUX
AIIEKTPOMATrHUTHBIX TTOJICH;

«  HEOOXOJWMO OTPaHUYHThH JOIMYCTHMBIMH 3HAYCHUSIMHU YPOBHH
BIUSHHUS SJICKTPOMArHATHBIX TIOJIEH MMPOCKTUPYEMBIX YCTPOUCTB U CHCTEM Ha
ApyTUE YCTPOUCTBA.

[Ipu KOIMYECTBEHHOM OLIEHKE YPOBHS B3aUMHBIX BIMSHUI OOBIYHO pacCMaTpPUBAIOT
NBE LIECTIH: 8nuUsouyto (CO3IA0NTYI0 AIEKTPOMArHUTHOE TI0JIE) U HOOBEPIHCEHHYIO
eausHUIo (B KOTOpoil mHAynHpyrotcs nomexu) (Puc. 5.6).
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P10 Brnuawowasn uenb PaL
L
~ugll P /
Llenb, noapep:keHHas \_
P20 BIUSHMIO PaL

Puc. 5.6. BzaumHOe BIUgHUE LIETIEN

Brudsxcnum konyom MTMHAKA HA3BIBAIOT TOT, K KOTOPOMY MOJKJIIOYEH

TeHEePaTop, OAIbHUM KOHYOM - TOT, K KOTOPOMY MOJKJII0YEHA HArpy3Ka LETH.
CoOTBETCTBEHHO pacCMaTPUBAIOTCS MOIITHOCTH CUTHAJIOB B IeTsIX: Py - Ha OmmkHEM
KOHIIE BIUSIONIEN LienH, P, - Ha JalbHEM KOHIIE BIMSIONUIEH 1ienu, Py - Ha OImKHEM
KOHIIE LIETIH, TOJABEPKEHHOUN BIUAHUIO, Py - HA JaJibHEM KOHIIE LIEMHU, MTOJIBEP>KEHHON
BJIUSTHUIO.

KonnuecTBeHHO 3alMIIEHHOCTh OT MEPEXOIHBIX MIOMEX HM3-32 B3aUMHBIX
9JICKTPOMATrHUTHBIX BIUSHUI OIIECHUBACTCS PAIOM IOKa3aTelie, B TOM
YUCIIC Nepexo0OHbIM 3amyxanuem Ha oaudxchem konye aunuu (near end cross talk -

P
g =10lg F]—”
NEXT) 201 nepexoonvim samyxanuem na danvrnem xonye aunuu (far end
.'D
4 =10lg Pi
cross talk - FEXT) 2Ll

2.6. NMepepaya aHanNoroBbIX CUTHANOB MO AUCKPETHOMY KaHany CBA3M.

[IpeobpazoBanue ouckpemuozo COOOIEHUS B CUTHAI OOBIYHO OCYIIIECTBIISICTCS B
BHUJIC IBYX OIEpallvii - KOAUPOBAHUS U MOy M. KomupoBanue npeacTaBiseT
co0oii mpeoOpa3oBaHue COOOIICHHS B MOCIEA0BATEIBHOCTh KOJIOBBIX CHMBOJIOB.

[Ipocrelmmm npuMepoM AUCKPETHOIO COOOLIEHUS ABIsAETCS TEKCT. JIF0OOH TeKCT
COCTOMT U3 KOHEYHOT'O YKCIa 3JIEMEHTOB: OYKB, Iu(p, 3HAKOB MpenuHanus. Mx

COBOKYITHOCTb Ha3bIBa€TCHaJ'I§haBI/ITOM HCTOYHHUKA COO6Q€HI/I$I. Tak kak 4mciio

9JICMCHTOB B aJ'I(I)aBI/ITe KOHCYHO, TO UX MOXXHO ITPOHYMCPOBATH U TCM CaMbIM CBCCTHU
nepeaavy COO6HICHI/I}I K nmepcaadyc 1mocjacaoBaTCIbHOCTH YHUCCII.
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Tax, nns nepenaun 6ykB pycckoro andasura (ux 32) He0OXOAUMO MEpPeIaTh YUCTA OT
1 o 32. lnst nepenayuu ar000ro0 4ncia, 3alicaHHOTO B IeCATUYHON (popme,
TpedyeTcs nepeaada oHou u3 aecatu uudp ot 0 710 9 Aist Kaxa0ro AECITUIHOTO
paspsiga. To ecThb nms mepenayu OyKB pyccKOro andaBuTa Hy>)KHO UMETh
TEXHUYECKYI0 BO3MOKHOCTD MEepeIaur U IpreMa JIeCATH Pa3INIHbIX CUTHAJIOB,
COOTBETCTBYIOIIMNX Pa3IMYHBIM ITU(ppam.

Ha mpakTuke npu KoAMPOBAHUU JUCKPETHBIX COOOIICHHA IIUPOKO
IIPUMEHSAETCSA ABOUYHAA CUCTEMA CUUCIICHUS.

[Ipu xoAMpPOBAHUYU TIPOUCXOIUT MPOLIECC TPEOOPA30BAHUS HIEMEHTOB COOOIIECHUS B
COOTBETCTBYIOLIME UM YHcIia (Kodosbie cumeonvl). KaxxnoMy 35ieMeHTy cooO1eHus
MIPUCBAaUBAETCA ONpe/IeJIeHHAasi COBOKYITHOCTh KOJAOBBIX CUMBOJIOB, KOTOpas
Ha3bIBaeTCA KOJI0OBOM KomOuHanme. COBOKYIMHOCTh KOAOBBIX KOMOMHAIIHH,
0003HAYAIONIUX JUCKPETHBIE COOOIIEHHUS, 00pa3yeT KOJI.

[IpaBuio KOaUPOBAHMS MOXKET OBITH BBIPAXKEHO KOJIOBOM TaOIuUIEH, B KOTOPO
MPUBOASITCS ali(haBUT KOJUPYEMBIX COOOIIEHNUN U COOTBETCTBYIOIINE UM KOJIOBBIC
KOMOUMHaIMu. MHOKEeCTBO BO3MOKHBIX KOJOBBIX CUMBOJIOB Ha3bIBA€TCSl KOJIOBBIM
andaBUTOM, a UX KOJIMYECTBO M - OCHOBAHHWEM KOJIa.

B o0miem ciydae npu 0OCHOBaHMM KOJa m MpaBuia KOAUPOBAHUS N 2JIEMEHTOB
COOOIIEHUS CBOMSTCS K MpaBiiaM 3armucu N pa3IMuHbIX YUCEJ B M-UYHON CUCTEME
curciieHus. Yucmo pas3psaaoB n, 00pa3yronmx KoJI0BYyI0 KOMOWHAIIUIO,

Ha3bIBAETCS 3HAYHOCTBIO KOJIa, MJIM JJIMHOM KOTOBOW KOMOWHAIIMKU. B 3aBUCUMOCTH
OT CHCTEMBbI CUMCIICHHSI, HICTIOJIb3yEMOU TIPH KOAUPOBAHUH, PA3TUIAIOT JBOUYHBIC U
Mm-1YHbIe (HEJBOUYHbBIE) KObI.

Kozpl, y KOTOpBIX Bce KOMOMHAIIMU UMEIOT OJIMHAKOBYIO JJIUHY,

Ha3bIBAIOT PABHOMEPHBIMHU. [1J1s1 pABHOMEPHOTO KOJ1a YMCJIO BO3MOYKHBIX
KoMOMHauui paBHo m". [IprMepomM Takoro Koja sBJseTCs MATU3HAYHBIN K00 Booo,
COJIep KAl MATh IBOMYHBIX 3JIEMEHTOB (M=2, n=35). YKCII0 BO3MOKHBIX KOJOBBIX
KOMOMHAIMI paBHO 2°=32, 4TO JOCTATOYHO I KOAUPOBAHUS BeeX OYKB al(aBuTa.
[IpumeHeHue paBHOMEPHBIX KOJIOB HE TpEOYeT Mepeaaun pa3aeIuTeIbHbIX CHMBOJIOB
MEX1y KOAOBBIMA KOMOUHALIUSMH.

HepaBHomepHbIe KOABI XapaKTePHbI TEM, YTO Y HUX KOJJOBbIE€ KOMOWHALIUN
OTIUYAIOTCS APYT OT APYyTra HE TOIBKO B3aUMHBIM PACIIOJIOKEHHUEM CHMBOJIOB, HO U
UX KOJIMYECTBOM. DTO MPUBOJUT K TOMY, YTO Pa3IUIHbIC KOMOWHAIIUU UMEIOT
Pa3TUYHYIO UTUTEbHOCT. TUIMMYHBIM IPUMEPOM HEPAaBHOMEPHBIX KOJIOB
aBisgeTcs ko0 Mop3e, B KOTOpoM cUMBOJIBI O ¥ 1 UCTMIONIB3YIOTCS TOJBKO B IBYX
coueTtaHusix - kak oguHouHbIe (1 1 0) nnm kak Tpoinsie (111 u 000). Curnan,
COOTBETCTBYIOIINI OJTHOM €IMHHMIIC, HA3bIBACTCS TOYKOU, TPEM SIMHHIIAM - THUPE.
CumBon 0 ucronb3yeTcs Kak 3HaK, OTIEISIONUN TOUKY OT TUPE, TOYKY OT TOUKH U
tupe oT Thupe. CoBokynHocTh 000 HCmoab3yeTcs Kak pa3faeauTebHbIN 3HAK MEXKIY
KOJIOBBIMU KOMOWHAIUSIMHU.
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[To moMexoyCcTOMYMBOCTH KOJIBI ICIST HAa MPOCTHIE (MPUMHUTHUBHBIC) U
KoppekTupytomue. Koapbl, y KOTOpbIX BCE BO3MOXKHbBIE KOJOBbIE KOMOMHAIIUU
MCIIOJIb3YIOTCS AJIs Nepeaadn nHGOpMalMK, Ha3bIBAIOTCS IPOCTHIMU, UM Kogamu 0e3
M30BITOYHOCTH. B MPOCTHIX paBHOMEPHBIX KOJaX MpEeBpaIIeHHe OJHOTO CUMBOJIA
KoMOuHaIuu B Apyroi, Hanpumep 1 B O wiu 0 B 1, MPUBOAUT K MOSBICHUIO HOBOU
KOMOMHAIIMH, T. €. K OIITHOKE.

6.1.2.2. Koppekmupyoujue Kodul

KoppekTupytonire Kol CTPOSTCS TaK, 4TO JIJIs TIepeladil COOOIIEHUS UCTIONb3YIOTCS
HE BCE KOJIOBbIE KOMOMHAIIMK M", a TUIIh HEKOTOpas 9acTh UX (TaKk

Ha3bIBaEMblE paspeuieHnble KoAoBble KoMOuHanuu). Tem cambIM co3aaercs
BO3MOKHOCTbh OOHAPYKEHUS U UCTIPABIICHUS OIIMOKHU MPU HEMPaBUILHOM
BOCITPOM3BEACHUU HEKOTOPOI'O YKCIIa CUMBOJIOB. KOppeKkTupyromue cBoiucTBa KOA0B
JOCTUTAIOTCS BBEJIEHUEM B KOJIOBbIE KOMOMHAIIMY TOTOTHUTEIbHBIX (M30BITOYHBIX)
CHUMBOJIOB.

JlekoupoBaHre COCTOUT B BOCCTAHOBIICHUH COOOIIEHUS 110 TPUHUMAEMbIM KOJIOBBIM
CHUMBOJIaM. Y CTPOMCTBA, OCYIIECTBISIONINE KOIUPOBAHUE U JEKOAUPOBAHUE,
Ha3bIBAIOT COOTBETCTBEHHOKOAEPOM M ekosiepoM. Kak mpasuiio, koaep u aekoep
BBITIOJIHSIIOTCSI PU3UYECKU B OJTHOM YCTPOMCTBE, HA3bIBAEMBIM KOJIEKOM.

PaccmoTpuM OCHOBHBIE PUHLIMIIBI IOCTPOCHUS KOPPEKMUPYIOUJUX
K0008 WIIH NOMEXOYCMOUYUBO20 KOOUPOBAHUSL.

HanomuuM, 4to paccTosHueM X9MMUHTa MEKIY JBYMS KOJOBBIMH N-
MOCIIEZIOBATEILHOCTSAMH, bint b;, koTopoe Oyaem manee o6o3nayath d(i; j), ABASETCS
YHCIIO0 Pa3psioB, B KOTOPBIX CUMBOJIBI 3TUX MOCIIEIOBATEIHHOCTEH HE COBIAIAIOT.

['oBOpSAT, 4TO B KaHaJIE MPOU30IILIA OMIMOKA KPATHOCTH (, €CJIU B KOJIOBOM
KOMOUWHAITUU ( CUMBOJIOB TIPUHSTHI OMIMOOYHO. JIerko BUAECTH, YTO KPATHOCTh
OLIMOKU €CTh HE YTO MHOE, KaK PACCTOSIHNE XOMMUHIAa MEX]y TepelaHHOM U
MPUHATON KOJIOBBIMU KOMOMHALIUSIMU, UK, HHAY€, BEC BEKTOPA OLIUOKH.

PaccmatpuBas Bce pasperieHHble KOJOBble KOMOMHAIIMU U OTIPEACIIssl KOJIOBbIE
PACCTOSIHUSI MEXK]Ty KaXJA0W Mapoid, MO>KHO HalTH HauMeHbIlnee u3 Hux d = min d(i;
j), Tie MUHUMYM OepeTcs 10 BCeM MapaM pa3pelieHHbIX KOMOMHALINH.

OT0 MUHUMAJILHOE KOJIOBOE PACCTOSHUE SIBJIETCS BAXKHBIM ITapaMeTPOM KOJ1a.
OueBuAHO, YTO AJI MPoCTOro koaa d=1.

OO6HapyKuBaro1as cnocoOHOCTh KOAa XapaKTepu3yeTcs Cleytoliel TeopeMOou.
Ecmu xox umeet d>1 u ucronb3yeTcst IeKOAUPOBAHKE 110 METOAY OOHAPYKCHUS
o1IMOOK, TO BCE OMMOKHU KPaTHOCTHIO q<d oOHapy»kuBaroTcs. UTo ke Kacaercs
OLIMOOK KPaTHOCTHIO = d, TO OJIHM M3 HUX OOHAPY’KUBAIOTCS, a IPYTUE HET.

Hcnpapnsronias cmocoOHOCTh KOa TP 3TOM MPABHIIE IEKOIUPOBAHKS OMPEICIIACTCS
cienyromnieit reopemoit. Eciu ko umeer d>2 u ucnonb3yercs 1eKOAUPOBAHUE C
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WCIIPABIICHUEM OIMOOK 110 HANMEHBIIIEMY PAaCCTOSTHHUIO, TO BCE OMIMOKH KPAaTHOCTHIO
q<d/2 ucnpasmistorcs. YTo xe KacaeTcst ONMOOK OO0JIbIIIEeH KPaTHOCTH, TO OJHU U3
HUX UCIIPABIISIOTCS, a APYTUe HET.

3ajada KOJAUPOBAHUS COCTOUT B BBIOOpE KOJ1a, 00J1a1al01IeT0 MaKCUMaIbHO
nocTmxkuMbIM d. Bripouem, Takasi GopMyIMpoBKa 3a/1a4uu HETOJHA. Y BeJIMYMBast
JUTMHY KOJa N ¥ COXPAHss YUCIIO KOJTOBBIX KOMOMHAIMK M, MOYKHO MOJTYYUThH CKOJIb
yrojiHo Oombioe 3HadeHne d. Ho Takoe "pemrenne" 3agaum He MpeICTaBIsSICT
MHTEpEeca, TaK KaK ¢ yBEJIMUYEHUEM N YMEHBIIAETCSl BOZMOXKHAsi CKOPOCTh NEpeiaun
uH(pOpMAaIK OT UCTOYHHUKA.

Ecnu nnuna xoza n 3agaHa, TO MOKHO MOJY4YUTh Jr000€ 3HaueHue d, He
MpeBBIIIAOIIEe N, yMEHbIIas uncio komOunauuii M. [Toatomy 3agady noucka
HaWJIy4IIero Kojaa (B cMbIciie MakcuManbHOro d) cneayer GopMyaupoBaTh Tak: Mpu
3aJaHHBIX M ¥ n HAWTH KOJ JUITHMHBI N, coep kartuii M KoMOWHAIuH 1 UMCIOIITUI
HauOombiIee Bo3MoxkHoe d. B ob1iem Bujie 3Ta 3ajja4a B TEOPUU KOJAUPOBAHUS HE
penieHa, XoTs Il MHOTMX 3HaYeHUW n U1 M ee pelieHus MoIyYeHbl.

Ha nepBblii B3r1s11 MTOMEXOYCTOMYHUBOE KOJIUPOBAHUE PEATIU3YETCA BEChbMa MPocTo. B
MaMsITh KOJUPYIOIIETO YCTPOUCTBA (KOAepa) 3aIMChIBAIOTCS pa3pelieHHbIE KOJOBbIE
KOMOHWHAITMU BEIOPAHHOTO KOJA U MPaBUJIO, TTO KOTOPOMY C KaXKIbIM 13 M
COOOIIEHNI UCTOYHHKA COTIOCTABIISACTCS OJHA U3 TaKUX KOMOMHanuid. /lanHoe
MIPAaBUJIO U3BECTHO U JIEKOAEPY.

[ToryuuB OT HCTOYHUKA ONIPEAETIECHHOE COOOIIEHUE, KOJEpP OTHICKUBAET
COOTBETCTBYIOIIYIO €My KOMOMHAIIMIO U MOChUIAET €€ B KaHajl. B cBoto ouepenp,
JeKO/iep, IPUHSIB KOMOMHAIINIO, HICKaKEHHYIO TIOMEXaMHU, CPaBHUBAET €€ cO BceMu M
KOMOMHAIMSIMU CIIUCKA U OTBICKMBAET TY U3 HUX, KOTOpasi OJIMKE OCTAJIBHBIX K
MIPUHSTOM.

OnHako Aa)ke Mpy yMEPEHHBIX 3HAUEHUSIX N TaKOH croco0 BechbMa CIIOKHBII.
[Toxaxxem 310 Ha nmpumepe. IlycTs BbiOpana quHa Koa0Boi komOuHamu n=100, a
CKOpPOCTb KOJia MpuMeM paBHOi 0.5 (4ncio HHPOPMAIIMOHHBIX U POBEPOYHBIX
CHMBOJIOB paBHO). Toraa 4ncio pa3peleHHbx KoMOuHalmi kojaa oyaer 2°°=10".
CooTBeTcTBEHHO pasmep Tadauisl Oyzer 100% 10°=10"" 6ur= 10'® Gaiit = 10000
ToOaiir.

Takum 00pazoM, IpUMEHEHHE T0CTATOYHO 3(PPEKTUBHBIX (2 3HAUUT, U TOCTATOUYHO
JUIMHHBIX ) KOJIOB MPU TaOJIUYHOM METOJI€ KOAUPOBAHUSA U JEKOAUPOBAHUS
TEXHUYECKU HEBO3MOXKHO.

[TosTOMYy OCHOBHOE HaNpaBJICHUE TEOPUH ITOMEXOYCTONUYUBOTO KOJUPOBAHUS
3aKJTII0YACTCS B TOMCKAX TaKUX KJIACCOB KOJOB, ISl KOTOPHIX KOJAHUPOBAHUE U
JIEKOIUPOBAHNE OCYIIECTBIIAIOTCS HE TIepeOOpOM TaOJIHIIBL, a C TTOMOIIBIO HEKOTOPBIX
PETYISPHBIX MPABUII, ONPEACICHHBIX aIreOpandeckoil CTPYKTYpOi KOJOBBIX
KOMOMHAIIUH.
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Nekuuna 3

3. KayecTtBO nepegaum uHdopmaumMm no ANCKPETHbLIM
KaHanam CBA3M.

3.1. UckaxxeHnsas ABOMYHbLIX CUIHaroB.

JUji opranu3anyy 1o oJHOM JIMHUHU Nepeaadn OOJIbIIOro Yyncia KaHaJIoOB B
aHaJIOTOBBIX CHCTEeMax nepenadyu ucnosb3ytor Meto YPK u AM nns popmupoBanus
OTJEJIbHBIX KaHaJIbHbIX CUTHANIOB. Kak oTMeuanoch Bblllle , HanboJiee CI0KHBIM
0JIOKOM aMIUIMTYAHBIX MOJAYJIATOPOB U IEMOYJIATOPOB SIBJISIETCS I10JIOCOBOM
¢uneTp. B psne ciaydaeB (IpH BHICOKUX 3HAYEHUSAX HECYIIEH 4acTOThI) IIMPHUHA
HI0JIOCHI pac(MIBTPOBKYU OKA3bIBAETCS HACTOJIBKO MAJIOM, YTO BBIIIOJHEHHE
BBICOKOZIOOPOTHBIX (PUIIBTPOB OKa3bIBaeTCs 3aTPYIHEHO, @ MHOTIa HEBO3MOXHO. B
ATHUX CIIydasx M0 IKOHOMUYECKHM COOOPAKEHUSIM, B TOM YHUCIIE C IIEJIBIO
YMEHBILIEHUS KOJINYECTBA TUIIOB UCIIOJIb3YEMBIX (PMIIBTPOB, 00BEANHEHNE KaHAIBHBIX
CUTHAJIOB B I'PYNIIOBOM OCYLIECTBIISIETCA METOJOM MHOCOKPAMHO20 NPeoOpa3o8anus.
uacmomeol.

[Ipu MHOTOKpaTHOM TIpeoOpazoBanuu (Puc. 6.27) curHan npoxoaut
NOCJIEI0BATENBbHO Uepe3 HECKOJIbKO npeolpa3zoBareneil yactotsl (ITH) ¢ paznuunbiMu
HECYUIMMH YacTOoTaMU. AOCOJIIOTHAS IIMPHHA MOJIOCH PAC()UIBTPOBKH Ha BBIXOJIE
kaxxgoro nocaexayromero [1Y Oonbliiie, 4em Ha BBIXOJI€ TPEABLAYLIETO, YTO TO3BOJISIET
YBEJIMYMBATh 3HAUEHHE HECYLIUX YACTOT 0€3 YMEHBIIEHUS! OTHOCUTENbHON ITUPUHBI
MOJIOCHI pac(UIBTPOBKH.

MY, My, MYy
O— Mo Mo Mo o

| |

L o 2

OH1 ®H2 ®OHN

WH1 < OH2<...< OHN

Puc. 2.2. MHorokpaTtHoe nmpeoOpa3zoBaHUE YaCTOTHI

Opnaxo, ob1iee yucio npeodpazoBaTese U, Cie10BaTeIbHO, 0011ee YHCIIO
Pa3HOTUIHBIX (UIBTPOB OKa3bIBaeTCs OUeHb O0bIINM. B N-kaHanbHOM cucteme
qiciio GUIBTPOB U UX TUIIOB paBHO Nn, TZIe N - YUCJIO CTYIIEHEH MpeoOpa3oBaHusl.
Yucno GpuibTpoB U UX TUIIOB MOKHO YMEHBIIINUTD, €CIIH TOTMOJHUTH MHOTOKPATHOE
npeoOpa3zoBaHuE epynnogvim, P KOTOPOM MPeoOpa30BaHUIO MTOBEPTaeTCs
rpynmnoBoit curnan. C 3toi 1enbio N kaHanoB pa3OuBaercs Ha m rpynmn no K
KaHaoB, T.e. Km=N. B kaxn0i1 rpyIine curHan KaxJa0ro KaHaja MoJBepracTcs
MHIMBUyaJTbHOMY MPeoOpa3oBaHMIO C MOMOUIbIO HECYIIMX
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9acTOT W ui, W m2,..., W nx (Puc. 6.2). Bo Bcex rpymnmax npeodpa3zoBaHue OJHOTHITHO,
MO3TOMY Ha BBIXOJI€ KaXKJIOUM IpyIIbl 00pa3yeTcst OJUH U TOT K€ CIIEKTP YacToT.
[TomyueHHBIE TPYIIIOBBIE CIIEKTPHI TIOJIBEPTAIOTCS 3aTEM TPYIIIIOBOMY
peoOpa3oBaHUIO ¢ HECYIIUMH W rpi, W rpa,..., W rpm, TAK YTO MOCIIE 0OBETUHEHUS
peoOpa3oBaHHBIX TPYIIIOBBIX CUTHAJIOB 00pa3yeTcs CeKTp yacToT N kaHaioB. B
paccMaTpuBaeMOM ciIydae o01iee 9uciio GUaIbTpoB paBHO N+mnrp, a YUCIIO THIIOB
GbuIbTPOB cokpaiiaercs 10 K+mnrp, T€ nrp - YUCIO TPYMIOBHIX CTYNEHEH
npeoOpa3zoBaHusl.
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Puc. 2.3 I'pynnoBoe npeoOpa3zoBaHre 4aCTOThI

Taxum 06pa3oM, mpuMEeHEHHE MHOTOKPATHOTO ¥ TPYIIIOBOTO PeoOpa3oBaHus
NO3BOJISIET YHU(DULIUPOBATh GUIBTPOBOE OOOPYAOBAHUE CUCTEMBI, T.€. YMEHBIIINUTD
€ro Pa3HOTHUITHOCTh. Takas yHU(UKAIMS MOBBIIIACT TEXHOJIOTUYHOCTH U3TOTOBJICHUS
y37I0B anmaparypsl U, B KOHEYHOM CUETE, YACIIEBIISIET €€.
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Kpowme Toro, mpumeHeHre TPyNIoBOro nNpeoOpa3oBaHus U CTaHAAPTU3AIMH METOJIOB
(dbopMHpOBaHUs IPyII KaHAJIOB MO3BOJIAET YHUPULIMPOBATH YaCTh 000PY10BaHUS
paznuusbix cucteM. [lo atoi npuunne MCO-T ObuiM cTaHIAPTU3UPOBAHBI
CJIEYIOIE OCHOBHBIE TPYIIIbI KAaHAJIOB.

llepsuunas epynna (11I') - 12 xananos TY, cnektp 60...108 k['u. O6pa3zyercs
OJTHOKPATHBIM MPEe0Opa30BaHUEM C TTIOMOIIBIO HECYITUX YacToT 64, 68, 72, .., 108 xI'11
WJIHM IBYKPaTHBIM MpeoOpa30oBaHUEM C MIOMOIIBIO 00pa3oBaHus 4 TpexKaHaJIbHBIX
rpynn Ha Hecyuux 12, 16, 20 k' 1 uxX nocnienyroniero npeodpa3oBaHus Ha HECYLIUX
84, 96, 108, 120 xI'.

Bmopuunas epynna (BI') - 60 xananos TY, cniektp 312...552 xI'u. O0pazyercs u3 5
[II" ¢ nomombto Hecymux 420, 468, 516, 564, 612 kI'1. Bo3amokHOCTh mapajuieibHON
paboThI PHIIBTPOB 00SCIIEUYNBACTCS UX MOJKITIOUYCHUEM Yepe3 Pa3BA3BIBAIOIINNA OJIOK
napayenbHol paboTel nepBuyHbIX rpynn (ITPTID).

Tpemuunas epynna (TT') - 300 kananoB TY, cnektp 812...2044 xI'u. O6pasyercs u3 5
BT ¢ nomomipio Hecymux (1364+(n-1)*248) xI'u, rae n - Homep BI' B ciektpe TT.

Yemesepuunas epynna (UI') - 900 kananor TY, ciektp 8516..12388 k['11. O6pazyercs
u3 3 TT'. Moxer Takxe ¢popmupoBathes u3 15 BT

CoBOKYITHOCTH MPEe0OPa30BATENHLHOTO 000PYIOBAHUS BCEX TPYIIT HOCUT

Ha3BaHUeE KaHanooOpa3symole annapaTypsl. Ee Ha3HaueHue 3aKkintodaercs B
npeoOpazoBaHNK UHIUBUAYATbHBIX CUTHAJIOB B TPYIIIOBOM CUTHA OAHOMN U3
CTaHJAPTHBIX Tpymnil. Mcnonap3oBaHue KaHAT000pa3yIollel anmnaparypsl Mo3BOJISIET
CTPOUTH OKOHEUHYIO alllapaTypy CUCTEM IMepeaadn pa3IunyHOd eMKOCTH Ha OCHOBE
CTaHJAPTHOTO MpeoOpa3oBaTeIbHOr0 000PYAOBAaHUS U, CIEI0BATEIBHO, CO3/1aBaTh
YHU(PULIUPOBAHHOE TEXHUUYECKOE 000PYI0BaHHUE.

3.2. locTtoBepHOCTbL nepenaym uHchpopmauun.
BBon Tenenndopmanuy OCyIiecTBISIETCS B OyOauUpO6aHHble UEHMPATbHbLE

npuemno-nepedarwuwiue cmanuyuu (LHIITIC).

Muxpormpoueccopubsie LIIIIC obecneunBator oOMeH TenenHdopmarmein c
ycTpoicTBaMu Tesemexanuku u apyrumu LIITIC,

yrpasiieHue oucnemuepckum wiumom (/I111),

oOMeH uHpopmanueit ¢ ogHoil u3 nByx IIK-opuoxc (B), npeaHazHauyeHHBIX
st 00paboTku TenenHpopmanuu B pexkume «ON LINE) w BBIOJIHEHUS APYTHUX
UKJIMYECKUX 3a]1a4,

s hopMupoBaHus Ha ¢haiti-cepeepax (FS) 06a3pl JTaHHBIX PEATBHOTO

BpEMEHHU.

Monayne HIITIC-B MoXeT BBITTOTHATHCS B ABYX MOJIU(PUKAIUIX:

ITepBeiit - ¢ ucnonws3oBanueM asmonomusvix LIIIIC (PIIT-80, KOTMMNA,
ITY, teaekomiuiekcoB 'PAHUT, KOMITAC, MIITK wunu apyrux ycTpoHCTB),
K KaHaJIbHBIM aJIaliTepaM KOTOPbBIX MOAKIIOUYAIOTCS KaHAIbl TEIEMEXaHUKU,
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a LIIITIC, B cBotO ouepenb, MOJAKIIOYAOTCS MO MOCAEI0BATEILHBIM ITOPTaM K
[1K, oO6pabaTeiBatonuM TeaernHGOPMAIIHIO.

Bropoii BapuaHT - ¢ KaHanbHbIMU adanmepamu, YCTaHABINBAECMBIMU
HernocpencTtseHHo B 11K

Bcee IIK, Bxomsmme B coctaB OWMVYK, o0beauHSIOTCS JIOKAIBHOM CETHIO
Ethernet (LAN) 1 noapa3aensroTcs Ha JBE TPYIIIbI:

cucmemHyio, BKIIOYAIOUIYIO CEpBEpbl pa3IMYHOrO Ha3zHayeHus (0ObIYHO
pa3mMelaeMble B 3aine OBM);

2PYRny «nO1b308aAmMENbCKYI0), CONEPKAUIYIO A8MOMAMU3UPOSAHHbIE padoyue
mecma (APM) nucrieTuepoB, HUHKEHEPOB-TEXHOJIOTOB U JP.

MuHuManbHO HEOOXOIUMBIN COCTaB CUCHIEMHOU 2PYNRblL TOJDKEH BKIIIOYAThH
(puc. 49.7): yxe ynomunasmuecs [IK-Opumxu (B) u nBa eé3aumodyonupyrougux
¢haiin-cepsepa (FS) niisi XxpaHeHUs: OCHOBHOTO 00beMa MporpaMm U 6azvl 0aGHHbIX
(B1D).

Kpome B wm FS B cocraB »3TOW rpynmbl JOJKHBI  BKJIIOYATHCA
KOMMYHUKAQUUOHHbIE cepeepbol (KK), o0ecrnieunBaroIIne oOMeH
MIPOU3BOACTBEHHO-TEXHOJIOTMUecKoi uHpopmanuenn ¢ OMYK apyrux ypoBHeil
YIIPaBJICHUS IO KOMMYTUPYEMBIM TeleOHHBIM U TeJerpaHbIM KaHaiaM CBSI3U.

Kpome Ttoro, B cucmemmuyio zpynny nOTKHBI OBITb BKIIIOYEHBI CETEBBHIE
MPUHTEPHI, MOJKII0YaEMbIe HEMOCPEJACTBEHHO K JIMHUM CBSI3U WIH 4epe3 MpUHMI-
cepaep.

B 1mpomecce pa3BuUTHA KOJIMYECTBO CEPBEPOB JOJIKHO YBEIWYUBATHCS.
[lenecoobpa3no co3aarh Heckoiabko nap FS nis pacnpenenenust 6a3 JaHHBIX 110
(GyHKIIMOHATLHOMY Ha3HAYCHHIO: OnePaAmueéHo-0ucnemuepcKas,

nPoOU3600CMEEHHO-CIMAMUCIMUYECKAs, KOMMepUecKas UHGopmayua v T.11.
Jlis oOMmeHa HeperiiaMeHTHPOBAHHBIMU JIaHHBIMA MOJET OBITh yCTaHOBJIICH
nouToBbIi cepBep (Em) B pamkax 31€KTpOHHOU MOUTHI «IJeKTpay. B cucteMHyo
IPYIIy MOTYT OBITh BKJIOYEHBI CEPBEPHl PETUCTPALMM  JUCIETUYEPCKHUX
IIEPErOBOPOB, HaIrpuMmep X0+, 3aMEHSIONINE yCTapeBIIne
AIEKTPOMEXaHUUYECKUE AUCIETYEPCKUE MarHUTO(POHBI, CEPBEP PEUYEBOM MOYTHI
(Vm) pans oOMmeHa peyeBBIMH COOOIIEHUSIMHU; CEPBEPHI JJI  BBIOJIHEHUS
IIUKJIMYECKUX PACUETOB, ApXUBHBIN CEPBED.

PazBute M MoaepHU3aLMS JOKAIBHBIX BBIYMCIUTENBHBIX cererl ACIHY
JOJIKHBI TPOBOJAUTHCS C YUYETOM CIIEAYIOIINX KPUTEPHUEB:

BBICOKAsi HAJIEKHOCTh PabOThl C COXPAaHEHHEM pPabOTOCIOCOOHOCTH TpHU
OTKa3ax B KaKOM-JIMOO YaCTH JIOKAJIILHOM CETH;

o0OecrieyeHue MaKCUMaJIbHO BO3MOXKHOW CKOPOCTH paOOThl B CETH s
MIPUBUIIETUPOBAHHBIX MOJIL30BATEIICH;

oOecrieueHNEe TMPUEMIIEMON CKOPOCTH pPabOThI B CETH JUIsl OCTabHBIX
M0JIb30BaTeIICH;

BO3MOXXHOCTh HCIIOJIb30BaHHUSI B CETH HOBBIX MPHUJIOKEHUHN, TpeOyOmux
BBICOKOU MPOU3BOAUTEIIHLHOCTH CETEBOTO Tpaduka;

MaKCHUMaJIbHO BO3MOKHAasl HaOJII0/1aéMOCTh CETH; BO3MOXXHOCTh JaJIbHEHIIIETO

pOCTa U Pa3BUTHS; IPUEMJIEMbIC pa3Mephl KAlTUTAIOBIOXEHUN U BO3MOXHOCTh
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ITOCTEIICHHOT'0 BHEIPEHHUS MPUOOpETaeMOro 000py10BaHus 0€3 JTUTEIbHBIX
IIEPEPHIBOB B pabOTE CETH.

JInst  yAOBIETBOPEHUSI OSTUM  KPUTEPUAM  MIPEMAJIOKEHBI  CIEAYIOLIUE
TEXHUYECKUE PELICHMUS:

MOCTPOEHUE LEHTPAIBHON BHICOKOCKOPOCTHOM MarucTpaiu oOMeHa JaHHBIMU
MEXIy CepBepaMu;

MOBBIILICHUE MPOU3BOAUTEIBHOCTH CEPBEPOB HA MArUCTPaIIH;

MOJAKJIIOYEHHE MOJIb30BaTENeH K MAarUCTpalId C UCIOIb30BAHUEM TEXHOJOTUU
KOMMYTAIl1H,

BHEJIPEHHUE CUCTEMBI PE3€PBHOIO0 KOITMPOBAHHUS JAHHBIX B CETH;

BHEJIPEHUE CPEJICTB KOHTPOJIA IOCTYNA K JIOKAJIbHOW CETH U3BHE;

BHEJIDEHHE CHUCTEMbl AHTUBUPYCHOM 3alIUThl KOPIOPATUBHOW CETH C
[EHTPAIM30BAaHHBIM YIIpaBJICHUEM €€ padOTOl;

BHEJIPEHUE B JIOKAJILHOW CETH CITy>KObI €JMHOTO BPEMEHH.

[entpanbuble Maructpaiu. lleHTpanbHble MarucTpald Mepenayu JaHHBIX
JIOJKHBI YJIOBJIETBOPATh TPEM IJIaBHBIM Kputepusm. [lepBbiii — BO3MOXHOCTb
MOAKIIOYEHHS OOJIBIIOT0 KOJIMYECTBA HU3KOCKOPOCTHBIX KIMEHTOB K HEOOJIbLIOMY
KOJIMYECTBY MOIIHBIX, BBICOKOCKOPOCTHBIX Ce€pBepoB. BTopoii — mnpuemiemas
CKOPOCTh OTKJIMKA Ha 3ampocChl KJIMEHTOB. M TpeTHil — BBICOKAsT HANECKHOCTH
¢byHkuuonupoBanusi. MpaeanbHas MarucTpasib JIOJDKHA 00JaaTh  pa3BUTOM
cucreMoi ymnpasieHus. [lon ympaBieHHeM cieayeT NOHUMAaTh, YTO MarucTpalib
MO3KET OBITh MOCTPOEHA C YUYETOM BCEX MECTHBIX OCOOEHHOCTEH, a HaJIeKHOCTh €€
J0JKHA OBITh TAaKOBA, YTO JIAXKE€ €CIM HEKOTOPBhIE €€ YacTH BBIUIYT W3 CTPOA,
CEPBEPBI OCTAHYTCS JOCTYITHBIMHU.

B Hacrodmmii MOMEHT MMEETCS HECKOJIBKO CETEBBIX TEXHOJOTHH,
MOAXOASIIIUX JyTst ucnosib3oBanust Ha Maructpanu (Fast Ethernet, Gigabit Ethernet,
FDDI, ATM). Bompoc BbIOOpa TEXHOJOIMH [UIsi MCIOJIb30BAHMS JOJKEH
pemarbcsi ¢ y4eTOM CTOMMOCTH OOOpYAOBAaHMS M OOy4YeHHUs OOCITY>KHBAIOLIErO
MEpCOHAJIa, MPOCTOThl YCTAHOBKM W HACTPOWKH, HAJAECKHOCTU SKCIUIyaTaluu U
YCTOMYMBOCTHU K COOSIM U OTKa3aM.

CepBepbl NOBBIIIEHHON MPOU3BOAUTENBLHOCTH U HaJexkHOCTH. [Ipyu Hamuuum
B CEeTH LHEHTPATbHON MarucTpai, oOecrieunBaroIen BBICOKYIO
NPOU3BOJUTEILHOCTh W HAJIEKHOCTb, HEOOXOJUMO TPEIbSIBUTH TaKUE Ke
TpeOOBaHMS U K cepBepaM, MOAKIIOYaeMbIM K 3ToM maructpainu. daktuyeckum
CTaHJAPTOM SIBJISIFOTCS CIEAYIOUIME CTPYKTypa U MapameTpbl cepBepa JOKaJIbHON
CEeTH:

nBa-uetbipe mporeccopa (Intel Pentium Pro unu Intel Pentium I1);

HAJIMYUE Y KaXJ0ro mpolieccopa COOCTBEHHOM KAII-NaMSITH BTOPOTO YPOBHS
(BCTpOEHHOM WM BHEIIHEW) pazmMepom 256 wim 512 KoaiT;

JOCTaTOUHbIA 00bEeM omnepaTuBHOM mamsaTH (He Menee 128 MoaiiT) ¢
BO3MOYKHOCTBIO PaCIIUPEHUS;

JOCTAaTOYHBIA 00bEM TMCKOBOW MAaMSATH C BO3MOKHOCTBIO PaCIIMPEHUS;

muHa BBoja-BeiBoga PCI;

nuckoBas nojcuctema SCSI (pa3inuHbIX YpOBHEH);
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RAID-kouTpomiep (ypoBau 0, 1, 5) ¢ K3II-MamMsATbIO JOCTATOYHOTO pa3Mepa
(8 mm 16 M06aiiT) ¢ BOBMOXHOCTHIO 3aMEHBI JJUCKOB BO BpeMs pabOTHI;

pE3epBHBIE UCTOYHUKHU MUTAHUS U BEHTUISITOPBI; BO3MOXHOCTD PACIIMPEHHUS.
[ToaxnroueHue noab30BaTesield K MaruCTpaiy ¢ UCIOIb30BaHUEM TEXHOJIOTHH
KoMMyTauuu. [TosiBeHue HOBBIX MOJKIIIOUEHHUI C BBICOKUMH TPEOOBAHUSMU T10
OBICTPOJICHCTBHIO, a TAK)KE MOCTOSHHBIN POCT YKCIia MOJIb30BATENIeH yXyIIAIOT
MPOIYCKHYIO cIOCOOHOCTh pazaensemoil cetu Ethernet na 10 MOut/c. Oqun u3
CIIOCOOOB pPEIIEHUs 3TOM MPOOJIEMBbI COCTOUT B pealih3allid KOMMYTHPYEMOI
texHosoruu cetu Ethernet, 6aronapst KOTOpo KaXKIbli MOJIb30BATEIh MOXKET
MOJIYYUTh BBIJIEJICHHOE coeuHenue Ha 10 MouT/c (myTeM noAKIIOYeHUs] CTaHITUU
K OT/IEIbHOMY MOPTY KOMMYTATOpa JIOKaJbHOM ceTn). Takoi moaxo/ sBiseTcs
HanbosIee SKOHOMUYHBIM CITOCOOOM YBEIIMYCHHS ITPOIYCKHON CIIOCOOHOCTH CETH
0e3 1oporocTosieil 3aMeHbl aJalnTepoB, MPOBOJKU, CETEBOI0 MIPOIPaMMHOTO
oOecniedenus u npuioxxeHuit. Pacxonpl Ha komMmyTHpyemyto ceTh Ethernet B
HACTOsIIIIeE BpeMsI MPUOIKAOTCS K OOBIYHBIM 3aTpaTaM Ha COBMECTHO
ucnosb3yemsle noptsl Ethernet.

Ecnu kaxnplii y3en (CTaHUMs) TNOJKIIOYEH K CBOEMY COOCTBEHHOMY
KOMMYTUPYEMOMY MOPTY, TO KOH(MJIUKTBI B CETH MNPAKTUYECKH HCKIIIOUEHBI:
TOJIBKO MPUXOIAIUN Tpapuk OyneT KOHKYpUPOBATh C HUCXOIAIIUM TpadUKOM.
Ecnu sxe B ceT MHOTrO IMOJIb30BaTENeH MBITAETCA MOJYYUTh JAOCTYI K OJTHOMY U
TOMY € CepBEpY, TO TMOBBIIIECHUIO MPOU3BOAUTEILHOCTH OyAEeT CIOCOOCTBOBATH
NOJKIIIOYEHHE JIaHHOTO KOMMYTaTopa K BBICOKOCKOPOCTHOM II€HTpabHOMN
MarucTpaiu, O0bEAUHSIIONIEH CEPBEPHI.

Ecin Bo3Hukia mpobiieMa TMOBBIIEHUS OOIIEH MPOU3BOJIUTEIBHOCTH
JIOKAJIbHOM CEeTH OpraHu3allii, TO BO3MOXHBIM BapHUAHTOM PEIICHUS MOKET OBbITh
yCTaHOBKAa KOMMyTaTOpoB ceTu Ethernet ¢ acummerpuunoit kommyTtanuei 10/100
Mo6wurt/c, KOTOpbIE MPEACTABIAIOT HECKOJIBKO BBIJICTICHHBIX KaHaioB Ha 10 Mout/c
K KOHLIEHTpaTOpaM BHYTPH OpraHu3anuu. TakuMm o0pa3oM, CErMeHTHpYs
KOHLIEHTPATOpbl (M CErMEHTHI JOKAJIbHOW CETH), MOXHO IOBBICUTH MPOITYCKHYIO
CHOCOOHOCTh JIOKAJILHOM ceTH 0e3 m3MeHeHHs ee tonoioruu. llomkimroueHue
KOMMYTaTOPOB K (aili-cepBepaM BbINOJHAETCA ¢ oMoIlbio opta Ha 100 Mowut/c.

Ecniu  BO3HMKIA  HEOOXOJIMMOCTh  TOBBIIICHUS  MPOU3BOAUTEIHHOCTU
OTJIEJIBHBIX pabOYMX MECT, TO MOKHO MOJIEPHU3UPOBATH CETh (C U3MEHEHUEM €€
TOIOJIOTHH) TIOCPEJICTBOM YCTaHOBKM KoMmyTtatopoB 10/100 Mout/c ms
IPEIOCTaBICHUS KaXXJI0MYy TaKoMy paboueMy MECTy BbIJCJICHHOTO Karaja Ha 10
Mo6wut/c. ITlpuuemM mnpu yCTaHOBKE Ha KaKOM-JIHMOO pabodyeM MeCcTe CETEBOTO
amantepa Ha 100 MOuUT/c M COOTBETCTBYIOMIEH KaOEThbHON IMPOBOJKE MOKHO
MPEIOCTABUThH JIAHHOMY TOJIB30BATEIIO BBIJEICHHBIN KaHat Ha 100 Mowut/c.

Pe3epBHOE KONMpOBaHUE JaHHBIX B CE€TU. Periennem npodieMsl noTepu
JAHHBIX B CETHU M3-3a BO3MOXXHBIX COOEB B pabOTE ANEKTPONUTAHUS, KAOETbHOMN
CUCTEMBI, CETEBOI0 000PY/I0BaHUS, KOMIIBIOTEPOB WJIA OIIMOOK MOJIb30BATENEH
ABJISIETCS pE3€PBHOE KOMMUPOBaHUE AaHHBIX. B HacTos1iee BpeMs Hanboee
MOMYJIIPHBI TaKKE MporpaMMHbie poyKThl, kKak ARCServe ¢pupm «Cheyenne u
Storage Manager» u «Seagate».
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3.3. UcnpaBnsarwasn CNOCOOHOCTbL nPpUeMHNKOB AOAUCKPEeTHbIX CUrHanosB.

MHorokaHanbHbIe CUCTEMBI TIEpeauu C YACTOTHBIM U BPEMEHHBIM pa3/ieieHueM
KaHAJIOB - 3TO CJIOKHBINA KOMIUJIEKC TEXHUUECKUX CPEICTB, BKIIOYAIOIINI B CeOsI
OKOHEYHYIO alnaparypy, yCTaHaBIMBAaEMYIO Ha okoneyHblx TyHKTax (OIl),
IPOMEXYTOUYHYIO anmnaparypy, pasmemaemyto B oocaycusaemvix (OVYII)

win Heoocayxcusaemvix (HYI1) ycunumenvnvix nynkmax, a Taxkxe nuauii cesizu (Puc.
6.17).

R e I ey N oy N e O o o i o Rl

HYTT (HFT) HYTT (HF)

Puc. 3.3. CTpykTypHas cxema IoCTpOEHUsI CUCTEM Iepeadn

B oTnumne oT aHamoroBeIX CUCTEM BO BPEMEHHBIX (IIM(PPOBHIX) CUCTEMAX HA
00CITY>KNBAaeMbIX M HEOOCITY)KMBAEMBIX MMyHKTaX YCTaHABIMBACTCS arapaTypa Jjis
BOCCTaHOBJICHUS (pecenepayuy) UMITYJIbCHBIX CUTHAJIOB JIMHEHHOTro TpakTa. OTcrona
00CITy>KMBaeMble U HEOOCTYKUBAEMbI€ ITYHKThI B 3TUX CUCTEMAaX MPHUHSITO

Ha3bIBaTh pecenepayuonuvimu (OPIIL, HPII).

[TosicHuM 71 Yero Hy>KHbI YCUITUTENIbHBIE U PeTeHEPAIIMOHHbIE MYHKTHI. J{alIbHOCTh
nepeiadyu CUTHAJIOB MO (PU3MYECKUM IETsIM (CpeiaM) ONpeAeIIeTCs MPExk/Ie

BCEro 3amyxaruem(0CIabJIeHHEeM) CUTHAIA U3-3a TOTO, YTO B LIETIH TEPSAETCS YacTh
SHEPTUU NeperaBaeMoro curHana. KoHKpeTHbIe 25IeKTpudYecKre mapamMmeTphl [enH 1
YyBCTBUTEJIBHOCTH MIPUEMHOTO YCTPOUCTBA OMPENETSIOT JOMYCTUMYIO JalbHOCTh
cBs3u. Hanpumep, mpu nepegade peyu MOIIHOCTh CUTHAJIa HAa BBIXOJE MUKpO(dOHa
tenedonHoro anmnapara Prep = 1 MBT, @ 4yBCTBUTENBHOCTD TeNle()OHA PUEMHOTO
anmapara Prp = 0,001 MBt. Takum 06pa3om, MakCUMaJIbHO JOIYCTUMOE 3aTyXaHHe
IIETH HE JIOJHKHO OBITh OOJBIIE ama=101g(Prep/Prp=101g(1/0.001)=30 ab. 3nas
3aTYXQHHUE Amax U KWIOMETPUUECKUIN KOIP(PUIIMEHT 3aTyXaHus O, MOXKHO OIPEAETUTh
JTATBHOCTH NEepeaaun 1=a,,/d .

B cucremax nepegaun nmpuMeHsIETCS CIOCO0 KOMITCHCAITMHN 3aTyXaHUs CUTHAJIOB
MTOBBITIICHUEM MOIITHOCTH CHUTHaIa B HECKOJBKUX PAaBHOMEPHO PACIIOIOKEHHBIX
TOYKaX TpakTa. YacTh KaHaJa CBS3H MEXK]Iy COCETHUMHU IIPOMEKYTOUHBIMH
YCUJINTEIISIMU HA3BIBACTCS YCUIUMENbHBIM YuacmKkom. VI3MeHeHrne ypoBHeW CUTHalIa
BJIOJIb MAaruCTPaJIA OIUCHIBACTCS Ouazpammoil ypoesHeii, mpuBeeHHON Ha Puc. 6.18.
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A Yeunumensnsie nynkmel
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Ypobens

LAUHG MG2UCITIGAY

Puc. 3.4 luarpamma ypoBHel. Prep, Prp - ypOBHM cUTHAJIa HA Tiepeiaue U pueMe,
Priom - ypoBeHb HOMeXHU

Amnmnapatypa OVII u HYII city>)XuT He TOJIBKO 17151 YCUJIEHUSI aHAJI0TOBOI'O CUTHAajla,
HO U JJIs1 KOPPEKUUU (BBIPABHUBAHMS) aMIUIUTYIHO-YACTOTHBIX M (Pa304aCTOTHBIX
XapaKTepUCTUK JIMHEHOro TpakTa. Anmaparypa HPII u OPII npennasnayena qist
BOCCTaHOBJICHHSI AMILIUTYIbl, JNIMTEJIIBHOCTU M BPEMEHHOTO MHTEPBAJIa MEXIY
UMITYJIbCAMU CUTHAJIA HU(PPOBBIX CUCTEM.

Paccrosinue mexny HYII (HPII) mensieTcst B IIMpOKUX Ipenenax Jis pa3InyHbIX
CUCTEM MEPEaul U MOKET COCTABIATh OT €AUHULL A0 JECATKOB (MHOTAA COTHH)
xkuitometpoB. Kak npasunio HYII (HPII) npencrasisier coO0i METaIITMYECKYIO
Kamepy, UMEIOIYI0 MTOA3EMHYI0 U HA3eMHYIO 4acTu. B kamepe pazMemaroTcs
BBOJIHO-KOMMYTAITMOHHOE M YCUIIUTEIbHOE (PEereHepallMOHHOE) 000pyT0BaHHE.
Anmaparypa OIl u OVII (OPII) pa3meriaeTcst B 31aHUSX, IJI€ TOCTOSTHHO HAXOIUTCS
TEXHUYECKUI NIEPCOHAN JIJIsl €€ OOCITyKUBaHUS.

3.4. NoBbIWeHne AOCTOBEpPHOCTUN NnyTeéEM NPUMEeHEeHUA KOPPEeKTUpPyrLwmnx
KOO OB.

B TexHuKe CBSI3U MPHUHSATO MUCIIOJIB30BAHUE TIPEICTABIICHUSI CUTHAJIOB

BO BpeMeHHo# (cM. Puc. 3.1) u yactotHo# obnacTsax. Mcmonb3yercst ctanmapTHOE
3Ha4YE€HHUE 9acTOTHI f, enuHMIA u3MepeHus [ 1, 1 Tak Ha3pIBaeMas Kpy2o8dast
yacmoma W =2T{, enunuiia uamepenus Pan/c.

["apmoHMYecKkuii curHa BUIa Fif) = Up coslapl + & MPEACTABISACTCS B YaCTOTHOU
00J1aCTH €IMHCTBEHHBIM 3HAYEHHEM Ha OCH 4acToT. JIt000# nepruoinueckuil CUurHasi ¢
nepuoaoM Ty MOkeT ObITh IpeacTaBieH psaoM Dypbe (rapMOHUYECKUM PSJIOM).
YacrotHas cocrasisromas fo=1/T, Ha3pIBaeTCs OCHOBHOM rapMOHUKOH. YacTOTHEIC
coctaBysttomue Buaa Nfy, N=2,3.. Ha3bIBafOTBBICIITUMH TAPMOHUKAMH.
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Yewm Oostbllie CUTHAIT OTJIMYAETCS] OT TAPMOHUYECKOTO, TEM OO0JIBIIIE YACTOTHBIX
COCTABJISIFOIIMX B €r0 CIIEKTPAJIILHOM IIPEJICTABICHUHU U TEM MEHBIIIE PACCTOSTHUE
(pa3HOC 4acTOT) MEXly HUMHU, T.€. IIMPE CHEKTP Takoro curuana. CiayyaiiHele
MPOIIECCHI, KOTOPBIMU SIBJISIFOTCS MPAKTUYECKH BCE IEPBUYHBIE CUTHAJBI, UMEIOT
HEMPEePHIBHBIN 0€CKOHEUHBIN cieKTp. OHAKO OOBIYHO OCHOBHASI MOIITHOCTh
CIIy4allHOTI'O CHTHaJIa COCPEAOTOUYEHA B ONIPEACIICHHOM MMOJI0Cce YacToT. JlanHoe
CBOMCTBO pE€ajbHbIX CUTHAJIOB MTO3BOJIAET UCIOJIb30BATh JJISl UX MEPEIadn KaHaJbI C
OrpaHUYEHHOMN MOJIOCOU MPOITYCKAHMSL.

Hapsigy ¢ BpeMeHHBIM M YaCTOTHBIM IIPE/ICTABICHUSMHU YaCTO UCIIOJIb3YETCs
MpeJCTaBICHUE CUTHAJIA B BUJIE 8pawjarowecocs sekmopa (Puc. 6.1). B nanHom
MPEICTABIICHUN CUTHAII MOXKET OBITh pa3yiokeH (MIPEACTABIICH B BUIE CYMMBI
BekTOpOB) Ha cuH(paznyto (Re) u kBagparypuyto (Im) cocrapnstomue. Jlnnna
BEKTOPA COOTBETCTBYET aMIUIUTY/I€ TAPMOHUYECKOTO CUTHAJIA, YTOJl OTHOCUTEIIBHO
cuH(pa3HON COCTABIISIIONICH - HavanbHOU (paze. Torma Ha JaHHOU Tak

Ha3bIBAEMOUN amniumyoHo-ghaz080tl niocKkocmu CUTHAI MOXKET OBbITh TIPEICTABIICH B
BHJI€ TOYKH, COOTBETCTBYIOIIEH KOHILY BEKTOpa. Takoe MpeICTaBICHUE YacTO
WCIIOJIb3YETCS I ONMCAaHUS BUJOB MOAYJIALIMM B COBPEMEHHBIX MOJIEMaX.

Im

Re

Qo

Puc. 3.5 Ilpencraiienne curHaia B BUJI€ BPalaoIIErocsi BEKTOpa

Obwuti npuryun MOJYJISIIAU COCTOUT B U3MEHEHUH OJHOTO WJIM HECKOJIBKHIX
nmapaMeTpoB Hecyuje2o konebanus (neperocuuxa) f(a,b,...,t) B COOTBETCTBUU C
nepeaaBacMbIM cooOIeHrueM. Tak, HanmpuMep, €Clii B Ka4eCTBE MEPEHOCYHKA
BBIOpAaHO TapMOHHYECKOE KoJiebaHue 7t} = Up costap! + 49 | 10 moskno o0Opa3oBath
TPH BHUJIa MOYJISIITUU: amnaumyouyio (AM), uacmomnyro (UM) ugaszosyro (OM).

Ecan MCPCHOCUYHUKOM ABJIACTCA IICPHUOAUICCKAs ITOCIICA0OBATCIIbHOCTD

Fit) =g 2 falt -7 - fg)
HMMITYJIbCOB - = , TO TIpY 33JIJaHHOH (popMe UMITYIIbCOB fo(t)
MO>XHO 00pa30BaTh YETHIPE OCHOBHBIX BHUJIa UMITYJIbCHOU MOAYJISIIUU: AMIIUMYOHO-
umnynvcuyro (AUM), wuupomno-umnyascuyro (LIUM), epemsa-umnynvcuyro (PUM)
u uacmomuo-umnynvcuyro (UAM). Ilpumenenne paguouMITyI5COB MTO3BOJISIET
MOJTyYUTH IIe JIBa BUAA MOYJISAIIUU: 110 9aCTOTE | MO (ha3e BBICOKOYACTOTHOTO
3armoJTHEHUS.
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Ecan MOI[y.TH/Ipy}OI]_[I/Iﬁ CUTrHaJ ABJIACTCA AUCKPCTHLIM, TO TaKkoM TUII MOOYJIAONHA
Ha3BbIBAIOT MaHunle;zL;ueﬁ.

Monynsius npuMeHsieTcsl sl TpeoOpa3oBaHus IEPBUYHBIX CUTHAJIOB 3JIEKTPOCBSI3H
BO BTOpUYHBIE U 00paTHO (cM. noapaszaen 3.4). Ilpu sTom ocyiecTBisercs nepeaayda
CUTHAJIOB I10 JIMHUHU WUJIM KaHAJLy CBSI3H C IPOITYCKAEMOM I0JI0COM 4acToT C
HEHYJICBBIMU HM>KHEW U BEPXHEW IPAHULIAMU - TaK HA3bIBAEMBIN KAHA C
aghghexmusno nepedasaemoti nonocou yacmom (IIIITY).

CrexTp nepBUYHOTO CUTHAJA (BEPXHSS W HUKHSSI 9aCTOTHI) OOBIYHO HE COBMAIACT C
MOJI0COM TIpomyckanus kaHaja (Puc. 6.2), mo3ToMy CIIEKTp CUTHAJIa HYKHO
MEPEHECTH B MOJIOCY MPOITyCKaHUS KaHaa.

Qp QR OXH OXE ®

Puc. 3.6 CriekTp UCXOIHOTO CUTHAJIA U TI0JIOCa MTPOIYCKAaHUS KaHajla CBSI3U/p>

Haunbomnee npocTo onuchIBaeTCs MAaTEMAaTUUYECKH (M peann3yeTcsl MPaKTHUYECKH )
amMIuMTyaHas Moayssius. Paccmorpum AM Ha npumMepe, KOraa poiib Hecyuien

HIpaeT BBICOKOUACTOTHOE rapMoHIecKkoe Konebanne H () = Uy coSlant)
MOJLYTMPYIOIMI CHTHAI TaKKe SABISETCS FAPMOHMYECKUM KOJIeOaHHEM, HO TOJIBKO

nusKkoit actors © ) =& Ens(e) (Puc. 6.3).

Sap(ly=Ug 1+ m SiHcosiayl).
Sapit)=Ug 1+ micosifaf))cos{ayt) =
= Uy cos{ayl) + mUyUcosifat) cosl agl)

Sapit) = Uy coslangf) + 05 mUgUcosilay — Q)+
+ 05 mUyUcosiiay +52)f)

m < 1 - koagdunment moaynsamuu. B pesynsrate AM 00pa3yroTcs Tak
Ha3bIBAEMbIE KOMOUHAYUOHHBLE YACTOTHI UIH 60K08ble noocyl (B ciiydyae, eciu

MO,Z[YJII/IpyIOH_II/Iﬁ CHUT'HaJ OTJIM4YacTCA OT FapMOHI/I‘IeCKOFO) - 6EPXHAA N HUJICHAAL.
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Puc. 3.7. BpemeHHOE 1 4aCTOTHOE MPEACTABICHUE CUTHAJIOB Ipu AM

PaznoBunHocteio AM siBnisietcst 6anancras mooyrayus (AM ¢ nogaBieHHON
Hecyueil). Hecyias yactora He mepeHOCUT MHPOPMALIMOHHBIN CUTHAJ, HO Ha Hee
MPUXOJIUTCS 3HAYUTEIbHA 107151 MOIIHOCTH curHasia AM. IloatoMy B psife ciiyyaes
HECYIIYIo MoAaBIS0T. CUTHAN OaTaHCHON MOAYIISIITUN (POPMUPYETCS

MEPEMHOKEHUEM HeCyIIen Sy 1) = Uy coslagt) y MOIyJIUPYIOIIETrO

enrnana S() = Ucos(Qt)

S-S = 05U, - U (cos{{ ay, - §2)E) + cos{{a, + )

B cBoto ouepenpb, pasHOBUAHOCTRI0O AM 0e3 HecyIIeH SABIIeTCS 00HONON0CHAS
mooynayus (OM) wim amnaumyOoHas MooyiAYus ¢ 00HOU 60kosot noaocou (AM-
OBII). Takoit BUI MOAYJISAIMKI MOKET OBITh TTOJTYYEH C TIOMOIIBIO IUHEUHO20
mooynamopa (Puc. 6.4).
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Puc. 3.8. JIuneiHbIil MOLYISTOD
Henocratkamu AM U, B 4aCTHOCTH, TUHEHHOTO MOJYJIATOPA SBJISIFOTCA:

- B o0meMm ciryyae, HEOOXOUMOCTD MOJaBICHUS HECYLIEH;
- B AM-curnaie undopmarus 1yonupyercst u3-3a JByX O0KOBBIX IMOJIOC;
CJ0XHOCTB BBITIOJIHEHUS TIOJIOCOBOTO (PUIIBTPA.

VKka3zaHHbIE HEZJOCTATKH, B OCHOBHOM, YCTPAHSIOTCS MPH

UCIIONIb30BaHUM azopasnocmuotl cxeMsbl (Puc. 6.5). B cxeme ¢azopaznocTHoro
MOJIYJIATOpa MPOUCXOAUT MOJIaBJICHUE OJHOM U3 OOKOBBIX MOJIOC, @ MOIIIHOCTb
Apyroil 00KoBOM MoJIOCk! yaBauBaeTcs. HeqoctaTkom TaHHON CXEMBI SIBIISIETCS
CJIOHOCTD BbINONHEHUS PazoBpatarens (OB) ans Bcel mMoockl 4acToT
MOJTyTUPYIOLIETO CUTHAIA.

-
S FH ASH ¥
®B
| OB |

Puc. 3.9 ®a3opa3HOCTHBIN OaNaHCHBIN MOIYJISATOP

Paccmotpum nporniece demodyrayuu. Yacto nporiece 1eMo Ty Isiuu
Ha3BIBAIOT 0eMeKmupo8anHuem.

Bce metoap! mpuema (IeMOAYJISAIUN ), IS peaTu3alui KOTOPBIX HEOOX0MMO TOYHOE
anpHOPHOE 3HAHWE HaYaIbHBIX (a3 MPUXOIAIINX CUTHAJIOB,

Ha3bIBACTCA KocepenmHbiM. B Tex cilydasix, Korja CBeJIeHUs O HauaJbHBIX (hazax
0’KHMTAEMBIX CUTHAJIOB M3BJICKAIOTCS U3 CAaMOTO IPUHUMAEMOT0 CUTHAJIA, PUEM
Ha3BIBAIOT K8a3uxozepeHmuvim. ECu CBeIeHNs 0 HaYalIbHBIX (ha3ax MPUXOISIINX
CUTHAJIOB OTCYTCTBYIOT WJIM MX [0 HEKOTOPHIM COOOPaKEHUSIM HE HCIOJIb3YIOT, TO
MIPUEM Ha3bIBAIOT HekocepeHnmuuiM (Puc. 6.6).
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Puc. 3.10. HekorepeHTHbIN U KBa3UKOTEPEHTHBIN MPUEM

OnopHbBIN CUTHAM MPU KOTEPEHTHOM IMpHEMe JOJDKEH UMETh T e HadallbHbIe (pa3bl,
YTO ¥ MPUXOMASIINE CUTHABI, T.€. IOJKEH OBITh KOT€PEHTHBIM C MPUXOISIIIUMU
CUTHaJIaMy. JT0 TpeOoBaHHE OOBIYHO 3aTPYAHSIET PeATU3aLUI0 AEMOAYIATOpa U
TpeOyeT BBEICHUS JOTIOIHUTENBHBIX YCTPOUCTB (HAIPUMED, TPUEMHUK
cunxpocurnaina [ICC na Puc. 6.6), o0ecrieunBaroiyx peryjaupoBKy (a3 OIOpPHBIX
CUTHAJIOB.

[Tomex0oyCTOMYMBOCTh pa3HbIX BUJOB MOJYJIALMU pazanyHa. [Ipyu mpounx paBHbIX
YCJIOBUSX TOMeX0oycTounBOCT, UM Oosbine, uem AM, a nomexoyctoitunBocth @M
6ombire, yem UM. OHAKO CIIOKHOCTh peali3alliy MPUEMHBIX YCTPOUCTB JaHHBIX
BHJIOB MOJTYJISIIITUM UMEET TAKOE 7K€ COOTHOIIICHUE.

YactoTHyto U (pa30ByI0 MOAYIISIUIO PACCMOTPUM Ha TIPUMEPE MOAYJIISIIUU
TrapMOHUYECKOTO CUTHANA (HECYIIEH) TUCKPETHBIM (IBOMYHBIM) CUTHAJIIOM, T.€.
cllydan YaCTOTHOU M ()a30BOMMAaHUITYJISALUH.

[Ipu vacmommoii manunynsayuy 4acTOTa HECYILETO KOJeOaHUs MEHSETCS JUCKPETHO B
3aBUCHMOCTH OT 3HAYECHMS MOAYJIMPYIOLIEro curuaina. Ha rmpaktuke HaxoauT
IpUMEHEHHE He ToJbKO BonuHass UM, Ho Tak xe 4-x (Puc. 6.7) u 8-ypoBueBas UM.
[Ipn ncnons3oBannu MHOrOypoBHeBoM UM HcX0HAs ABOMYHAS
MOCJIEIOBATEILHOCTh Pa30MBaeTCs Ha COOTBETCTRYIOIIEE YUCIIO OUT (AUOUT, TprOUT
U T.J.) JJIs ONPEJEICHHs OJJHOM U3 BO3MOXKHBIX YaCTOT HECYLIEH, mepeaaBaeMoil B
JTaHHBIM MOMEHT.

3.5. Unknuyeckune cuctembl nepegadum nHcpopmaumm m cuctemMmol ¢ oopar-
HOW CBA3bHO.

K GonbpIIMHCTBY cUCTEM CBSI3U MPENbABIsieTcs TpeOOBaHHE 00eCTIeUeHHS
OJTHOBPEMEHHOW M He3aBUCUMOM Tepejaul CUTHAJIOB B IBYX HAIpPaBICHUIX -
TpeOoBaHue 08ycmoponHel cesA3u. J{st opraHu3aluy IByCTOPOHHEH CBSI3U
MCIOJIb3YIOTCS JIBa KaHaja OJHOHAIPABIEHHOIO JeHCTBHS,

00pa3yIoumx 08yHanpasieHusli YemuvlpexnpoeooHuli kanan (Puc. 6.19).
[Ipoxonsiiue yepe3 0 JHOHANPABICHHBIN KaHaI CUTHAJIbI yCUIIUBAIOTCS (Sas U Sp.a).

48



SA-B

>

| 444 |
. 1 Py | 4-npoBoAHbIA | Py 1 .
| : KaHan : i
+ 1 1 | ——
] g i '\
: 494 l B-A i i
CT.Ai | i ;GT. 5
—_.- docT -.=

Puc. 3.11. Kanan n1BycTOpOHHEr0O IeWCTBUS

Jleynanpaenennuiii 08yxnpo8ooHsiti KaHaa 00pa3yeTcsl U3 YETIPEXIIPOBOIHOTO IPH
MOMOIIIH pa3zesazvisarouux ycmpoticms (PY). 3axumsl 1-1 PY Ha3pIBatoT ITMHEHHBIMHU.
[IpoxoxaeHne CUTHAJIOB OT JIMHEUHBIX 3AKUMOB PY cTaHimu A K TUHEHHBIM
3axuMam PY cranumu b, a Takke B IPOTUBOIIOJI0KHOM HANIPABJICHUM ITOKa3aHbI HA
Puc. 6.19 ¢ noMonipro CriIONIHOM U IITPUXOBOM JTMHUM.

3aTyXxaHue CUTHAJIOB MEXKy JTUHEUHBIMU 3aKUMaMU CTaHIUA A u b
HAa3bIBACTCSl OCTATOYHBIM 3aTYXaHHEM JIBYXIIPOBOJIHOTO KaHAIA Aoct = &1-2 = SA-BB-A) T
a4.1. XKenaTenbHO, YTOOBI a;.; U 84.,0bIJIM MUHUMAJILHBI.

OcHOBHast TPYAHOCTb IPU OPTaHU3AIMU NEPEX0/1a OT YEThIPEX- K IBYXIPOBOJHOMY
KaHaly ¢ nomoiubto PY cocrout B nosiBnenuu nemau oopamuoti césasu (OC). Curnai,
NOTIa/1ast B IBYXIIPOBOIHBIN KaHAIl, HAYMHAST UPKYIHpoBatTh o nerie OC, uro
MPUBOJUT K UCKaKEHUSM (POPMBI CUTHAJIOB U B MIPEJIENe - K CAMOBO30YKICHUIO
KaHasa.

3aTyxaHue, KOTOpoe MpeTepreBaeT CUTHAJ, TPOXO/ OT 3aKUMOB 4-4 K 3akuMam 2-2
PV, Ha3biBaeTcs mepeXOAHBIM arkp.

3atyxanue no netie OC, paBHOE CyMMeE BCEX 3aTyXaHUU U YCUJICHUH, aoc = anpp T
anep2 - Sas - Sp.4 HOCUT CIIEIHAIbHOE Ha3BaHME - 3amac yeTonynuBocTH. Eciu agc <€0,
TO KaHAJI HEYCTOWYUB U CaMOBO30YK1aeTCS.

B kauectBe PY B COBpEMEHHBIX CHCTEMAaX Iepeaayr MIUPOKO

ucnosb3yercs nuddepenunanbias cuctema (JC), BbIOIHEHHAs Ha OCHOBE

CUMMETPHYHOTO TpaHcopMaTopa co cpeaneit Toukoi (Puc. 6.20)
(momyoomortku | 1€u | I€unenTnansn). B cocras JIC BXoguT conpoTuBIICHHE Zs3,
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HasbIBaeMoe OanaHcHbIM. OHO MPUOIMKEHHO OTpakaeT CBOMCTBA BXOIHOTO
CONMPOTHUBJICHUS] ADOHEHTCKOM JINHUU.
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Puc. 3.12 Cxema tpanchopmaropnoii JIC

K JAC npenpsBistorcs TpeOOBaHUS MUHUMAIIBHOTO 3aTyXaHHUs B pabo4mx
HaIpaBJICHUIX U MAaKCUMAJIBHOTO MEPEX0HOTO 3aTyxaHus. JlanHbie TpeOoBaHUs
BBITIOJIHSAIOTCS TIPU COOJIIOJIEHUHU Tak Ha3biBaeMoro yciosus 6ananca J[C. YcnoBuem
Oananca JIC B HanpaBienuu 4-4 — 2-2 gBII€TCS PaBEHCTBO BXOJIHOTO
CONPOTHUBJICHHS] ADOHEHTCKOM JIMHUU U OAIaHCHOTO CONPOTUBICHUS Zpx=Z3.
YcnoBuem 6ananca JIC B Hanpasnenuu 1-1 — 3-3 gBasieTcss paBEHCTBO BXOIHOTO
COIIPOTHUBJICHUS TIEPBO MOTyOOMOTKH TuddepeHrnaibHoro Tpanchopmaropa 1
BXOJIHOTO COTIPOTUBJICHUS HAIPABJICHUS MIPHUEMa YETHIPEXIIPOBOIHOTO KaHaja
Zpx1p=La.

B ciygae coamancupoBanHoit JIC MOIITHOCTh BXOIHBIX CUTHAJIOB, ITOJIBOJUMBIX K
3akumaM 1-1 u 3axumam 4-4, nepegaercs Ha COOTBETCTBYIOIIUE BBIXOIHBIE 3aKHMBbI
2-2 u 1-1 He MOJHOCTHIO, A JIUIIIb YACTUYHO, U BXOJIHBIE CUTHAJIBI UCIBITHIBAIOT TaK
Ha3bIBaeMble pabouue 3atyxanus JIC as; = a;», = 10lg2 = 3a1b. B peanbnbix JIC 3a
CUeT HeHn1ealbHOCTH TpaHchopMmaTopa paboune 3aTyXaHusi HECKOJIbKO OOJbIIIE.

[Tepexonnoe 3atyxanue peanbHol [{C Takxke sBIA€TCS KOHEUHON BeauunHoil. OHO
3aBUCHUT, B OCHOBHOM, OT TOUHOCTH PABEHCTBA BXOJAHOTO COMPOTUBIICHHS
a0OHEHTCKOW JTMHUH U 0aTaHCHOTO COMPOTUBIIEHUS. TOYHO BBIMOTHUTH 3TO
PAaBEHCTBO Ha NPAKTHUKE HE MPEACTABIAETCS BO3MOKHBIM, IOCKOJIBKY K OJJHOM U TOM
xe JIC MoryTt noakitouaThcsi aDOHEHTCKHE JJMHUU C CYHIECTBEHHO Pa3UYalOIIUMUCS
XapaKTepUCTUKaMu. B To e Bpems XapaKTepUCTUKH 0aTaHCHOIO CONPOTUBIICHUS
SBJITFOTCS] IOCTOSIHHOM BeMMunHOM. banancHoe conpoTtuBieHue (0aiaHCHBIA KOHTYP)
OOBIYHO BBITIONHSAETCS B BUJIE MOCJIEIOBATEIHHO BKIIOYEHHBIX PE3UCTOPa
conporusieHrneM 600 OM u koHaeHcaTopa eMKOCTEI0 1 MK®. IToaTOMYy BennunHa
nepexoaHoro 3atyxanus peasibHbIX JIC 00b1uHO He npeBbiaet 20..40 ab.
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Nekuuna 4

4. CncremMbl TenieMexaHUKN No SIMHUAM ArNeKTponepenayun.

4.1. O6wue cBegeHUs1 O KaHanax TeneMexaHuKU no JIMHUAM 3MeKTpo-
nepeaaun.

CeThb CBA3M - COBOKYITHOCTh TEXHUYECKHUX CPEACTB, 00€CTICUMBAIONINX MTepeaady u
pactipenenenue cooOuieHui. [[pUuHIMIBI MOCTPOEHUS CETEeH CBSI3HM 3aBUCST OT BUA
nepeaBaeMbIX U PacIpeIeNIIeMbIX COOOIICHHI.

B nHacTosiiiee BpemMsi IPUMEHSIIOT CIIEAYIONTNE TPUHIIUATIBI TOCTPOCHUS (TOTIOIOTHH )
ceTeu:

«  "kaoxcowiii ¢ kaxcovim" (Puc. 4.1). Cetb Hajie)kHA, OTIAUYACTCS
OTEPaTUBHOCTHIO U BEICOKUM KaueCTBOM Tiepenadn coodmennii. Ha mpakTuke
MIPUMEHSICTCS TIPH HEOOJIBIIIOM YHCiIe aODOHECHTOB;

A

Cll ch

cn Il

A cn A

A - abOHeHTCKoe YCTPONCTBO
Cll - coeaMHUTENBHAA NUHWU A

Puc. 4.1. Tonomorust cetr "KaXXKIbIi ¢ KaXKIbIM"

«  paouanvuwiti ("36e30a") (Puc. 4.2). cnionb3yeTcs Ipu OrpaHuYeHHOM YHUCIIe
a0OHEHTCKHUX MYHKTOB, PACIIOJIOKEHHBIX Ha HEOOJBIIION TEPPUTOPHUH;
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All

A

A - aboHeHTCKOe YCTPOWUCTBO
All - aboHeHTCKaa NMHMA
C - cTaHyus

Puc. 4.2. Tononorus cetu "3Be3ma"

paouanvuo-y3noeotu (Puc. 4.3). Takyto CTpyKTYpy UMEIOT
TOPOJICKHE meie¢horHble CETH, €CITU eMKOCTh ceTH He npesbiaet §0...90
TBICSTY a0OHEHTOB;

A A
() A
A Q A A ()
® @
A cn A
Lt 3 2 A
@ “ A A -
A
O
9 A ch o A
OA
® a
A
A
2N .
C3
A A
A
O

Puc. 4.3. PagnanbHo-y3510Bast TOMOJIOTHS CETH

paouanvbHo-y3n080t ¢ y3nosvimu pationamu (Puc. 4.4). Ucnions3yercs npu
HOCTPOCHUH meneh)OHHbIX CETeH KPYITHBIX TOPOIOB.
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¥YBC - yzen xogawmx coobLeHunii
YWUC - yzen ucxopawnx coobyeHunii

Puc. 4.4. Tononorus paguanbHO-y3JI0BOM CETH C Y3JIOBBIMU paiilOHaAMU

Tenecpagpuvie ceTH CTPOATCS TIO PAIUATHHO-Y3IIOBOMY HPUHITUITY C YYETOM
aIMUHHCTPATUBHO-TEPPUTOPUAIILHOTO JeTeHUs CTpaHbl. OKOHEUYHBIMU ITyHKTaMH
TeserpadHON CeTH SIBIISTIOTCS MO0 OT/IEICHUS CBSI3U, 100 TenerpadHbie aOOHEHTHI,
oOnanaromue tenerpadHoi annaparypoid. CeTb UMeeT TP YPOBHSI Y3JIOBBIX ITyHKTOB:
paifoHHbIe, 00acTHBIE U TIaBHbIe. CeTh nepedauu OaHHbIX IMEET CXOXKYIO
cTpykTypy. CeTh (haxcumunvbroli CBI3U CTPOUTCS Ha Oa3e TeaedOHHOI ceTu.

4.2. BbICOKO4YaCTOTHbIE€ KaHaslbl TeJieMeXaHUKMN.

Jnist oOecniedeHus nepesadyy HHANBHUIyalbHBIX COOOIEHUI HEOOX0IMMO CBSI3aTh
(coenuHUTh) OKOHEYHBIE arnmapaThl a0OHEHTOB. DJIEKTpUYeCcKas Lemnb (KaHa),
COCTOSIIAsl U3 HECKOJIBKMX YYacTKOB M 00ecreunBarolas nepejady CUrHaJIoB MEXTy
a0OHEHTaMH, Ha3bIBAECTCS COCIMHUTEIbHBIM TPAKTOM.

[Tpouiecc moucka u COeIMHEHUS JICKTPUUECKHUX 1IETIEN HAa3bIBAETCSI KOMMYTAIIMEN
kaHanoB. CeTh, o0ecreunBaroas KOMMYTAIMIO KaHAJIOB, HA3bIBAETCS CEThIO C
kommyTanueit kananoB (CKK). V3noseie ctanuuu cetu CKK Ha3bIBatoTCs CTaHUUAMMU

KOMMYTAIlUU.

[Ipu mepenaye TOKyMEHTAIBHBIX COOOIIEHUN KPOME OPTaHU3AIIUU CBS3H C
KOMMYTaIMEeH KaHAJIOB BO3MOHO OCYIIIECTBIIATH MOATAIMHYIO TIEpeaady COOOIESHUS
OT y3J1a K y3i1y. Takoi crmoco0 nepeaaun moaydnsl Ha3BaHUEe KOMMYTAIIUN
coobuieHnid. COOTBETCTBEHHO CE€Th, 00ECIIEYMBAOIIAsi KOMMYTAIIMIO COOOIICHU,

Ha3bIBACTCS CEThIO ¢ kKoMMyTarmel coobmenuii (CKC).
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Paznosuanocteio cetu CKC sBnsiercst cetb ¢ kommyTanmei nakeroB (CKII). B atom
cilyyae MoJy4Ye€HHOE OT Mepeaaroliero aboHeHTa coo0ieHne pa3ouBaercs Ha OJIOKH
(maxeTsl) puxkcupoBaHHOM AyKHBL. [TakeTrl nepeaaroTcs no cetu (HeoOsA3aTeNIbHO 1O
OJTHOMY U TOMY K€ MapuIpyTy) U 0ObEIUHSIOTCS B COOOIICHHE Tepe] BhlIadueit
MpUHUMAIONIEMY a00OHEHTY.

V3noseie ctaniuu cereit CKC u CKII Ha3pIBatOTCS IEHTPaMU KOMMYTAIIUK
coobmennii (LIKC) n makeros (IIKIT) cooTBeTCTBEHHO.

4.3. HnU3ko4yacTtoTHbIe KaHarbl TenemMexaHuKu.

Bonokonno-ontuueckue aunuu cBsizu (BOJIC) umerot psij CylecTBEHHbIX
NPEUMYIIECTB 10 CPABHEHUIO C JIMHUSAMU CBSI3M HA OCHOBE METAJUIMYECKUX KaOese.
K HuM oTHOCSTCS: 60MbIIast MPOMYCKHAs CIOCOOHOCTh, MAJIO€ 3aTyXaHHUE, MaJlble
Macca U rabapuThl, BEICOKask TOMEXO03alTUIIIEHHOCTh, HAIe)KHAsI TEXHUKA
0€30MacHOCTH, MPAKTUYECKH OTCYTCTBYIOIINE B3aMMHBIE BIMSHUS, MaJlasi CTOUMOCTD
U3-32 OTCYTCTBUS B KOHCTPYKIIUU IIBETHBIX METAJLIOB.

B BOJIC npuMeHSIOT 3IeKTpOMarHuTHBIC BOJTHBI ONITHYECKOTO JTHAaIa30Ha.
HamomHuM, 9T0 BUAUMOE ONTHYECKOE M3ITYUCHHUE JIOKUT B AUAia30HE IJIUH BOJIH
380...760 um. IIpakTuueckoe npumeHenue B BOJIC

MOJTYYHIT UHDPAKPACHBITI TAATIA30H, T.€. U3IyYeHHE C ITTMHOW BOJIHBI 6osiee 760 HM.

[IpuHIMDO pacpoCcTpaHEeHUs ONTUYECKOTO M3ITYYEHHUS BOJIb ONTHYECKOTO
BosiokHa (OB) ocHOBaH Ha OTpakeHUH OT TPAHUIIBI CPEJl C PA3HBIMU MOKA3aTEIIMU

npenomienus (Puc. 4.5). Ontuueckoe BOJIOKHO M3rOTaBIMBAETCS U3 KBApLIEBOTO
CTEKJIa B BUJIE LIMJIMHIPOB C COBMEIIEHHBIMU OCSIMH U PA3IUYHBIMU
kod(ppunmentamu npeaomieHus. BHyTpeHHMI TUIUHAD

HasbIBaeTcs cepoyesurou OB, a BHEHMIA coit - obonouxoi OB.

Hbyxcnodnoe Bonowno

ke Lok ndeniinks

L VLTI ETIIEY FISSEIIS

flepedamyun fpuemMuur

Puc. 4.5. IlpuHuun pacnpocTpaHEeHUs! ONTUYECKOTO U3JIy4YEeHHUS

Yeon nonnozco GHYmMpeHHe2co ompastceHus, IIpu KOTOPOM IIagaronice Ha I'paHuIly ABYX
Cpea NU3JIYUCHHUC ITOJTHOCTBIO OTPAXKACTCA oe3 IMPOHUKHOBCHHA BO BHCIIHIOO CpEayY,

onpezensieTcst cooTHomennem kP = ArCCOSIM2 /M) rre 1, - nokasarens

npenomienus cepaeunrka OB, n, - mokazatens npeiaomiieHus: oo6onouku OB, npuyem
n; > n,. M3nydeHne D0KHO BBOIUTCS B BOJIOKHO TIOJ YTIIOM K OCH MEHBIIHM 0 p.
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B 3aBucuMocTu ot Buja mpoduis mokaszaresns MpeIOMIICHHS CepIIIEBUHbI
pasnuyaroT cmynenuamole u epaduenmusie OB. Y crynenuarsix OB nokazarens
npesoMIIeHus cepaneBruHbl moctosiHeH (Puc. 5.8, a). YV rpaguentHeix OB mokazarenb
MPEJIOMIICHHS CEPALICBUHBI TJIaBHO MEHSAETCS BJOJIb pailyca OT MAaKCUMaIbHOTO
3HAYCHMS HA OCH JI0 3HAUYCHUS MTOKa3aTess mpenomiieHns odonouku (Puc. 5.8, 0).

n n i

[ [ [ — i n1

no n2

- -
Df2 D d, MKM Df2 D d, MKM
a) 6)

Puc. 4.6. Ilpoduib mokazaresns npeaoMiIeHUs! CTYyIEHYaToro (a) U rpagueHTHOrOo (0)
OB

B OB moeT 0JHOBPEMEHHO CYLIECTBOBATh HECKOJIBKO TUIIOB BOJH (Mon). B
3aBUCUMOCTH OT MOJIOBBIX XapakTepuctuk OB co ctyneH4arsiM mpoduiem
NPETOMJICHUS IEATCS Ha ABA BUIAIMHO2OMOO08ble U 0OHOMOO08bIE.

KonudecTBo MO/ 3aBUCUT OT 3HAYEHUSI HOPMUPOBAHHON YaCTOTHI A
rine D - muamerp cepanesunbl OB, A - paboyast ymHa BoTHBL. OTHOMOIOBBIH PEKUM
peamuzyercs npu V < 2.405. 3apaHee onpeneIeHHBIMA U CPAaBHUTEIBHO MaJIbIMH
BEJIMYMHAMM SIBJISIIOTCS paboyasi AJIMHA BOJIHBI UM pa3HOCTD MOKa3aTesen
npeaoMiaeHus O ,=n;-n,. Q0140 OB m3rorasiuBaroT ¢ Benuunnoi 6 ,=0.003...0.05.
[ToaTOMy 1MaMeTp cepLeBUHBI OTHOMO/IOBBIX BOJIOKOH TAKXKE SIBIISIETCSI MAJION
BEJIMYMHOMN U cocTaBisieT S...15 (o0braHO 9 mmm 10) MKMm.

JIJ11 MHOTOMOJIOBBIX BOJIOKOH JMAMETP CEPALIEBUHBI COCTABISIET OKOJIO 50 (0OBIYHO
50 wu 62,5) mxMm. J{luametp o6onouku y Bcex TunoB OB 125 mkm. [{uametp
3a1uTHOTO NOKpbITUS - 500 MkM. Hapyxubiit quametp kadens ¢ uncnom OB ot 2..32
C YYETOM BCEX 3aLIUTHBIX 000JI0YEK U 3JIEMEHTOB OOBIYHO COCTaBISET 5..17 MM.

Ha Puc. 4.7 npuBeneH npumep KOHCTPYKIUU ONTHYECKOTO KabeJs.
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Puc. 4.7. Koncrpykuus ontuueckoro kadens: 1 - OB, 2 - nonusTuiieHoBas tpyOka, 3 -
CUJIOBOM 3JIEMEHT, 4 U 5 - COOTBETCTBEHHO BHYTPEHHS U BHEIIHSS MOJIUITUICHOBBIE
000J10YKH

3aryxanue OB HEOHOPOIHO AJisl Pa3HBIX JJIMH BOJH. 3aBUCUMOCTh Kod(duiinenrta
3aryxanus OB oT paboueit AnvHbI BosHBI puBeneHa Ha Puc. 5.10. lannas
3aBUCUMOCTb UMEET TP MUHUMYMa, Ha3bIBAEMbIE OKHAMU NPO3PAUHOCHIU.
Hcropuuecku nepBbIM ObLIIO OCBOEHO MEPBOE OKHO MPO3PAavyHOCTH HA paboyeil AuHe
BOJIHBI 0.85 MKM.

e, AB/KM

0.5 _mmmmmmimmmmmmmmmmmmmmmmémmmmmmmmmmmI

0.85 13 155 7 v

Puc. 4.8. CnekrpanpHas xapakrepuctuka kodddummenrta 3atyxanus OB

[TepBbie MOTYNPOBOIHUKOBBIC U3ITyUaTe M (J1a3ephl U CBETOIUOIBI) U
doTonpueMHUKH ObLTN pa3paboTaHbl UMEHHO IS JAHHOW JITTMHBI BOJTHBI.
Koa¢punmenr 3atyxanusi B nepBOM OKHE 3HAUUTENICH U COCTABIIACT €AUHUIIBI 1b/KM.
[To3zaHee ObUIM CO3/1aHbI U3TyYaTeNd U (POTOMPUEMHUKH, CIIOCOOHBIE Pa0OTaTh HA
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Oonpimx auHax BosH (1,3 u 1,55 Mxm). CoBpeMeHHBIE CUCTEMBI CBSI3U OOBITHO
HCIIOJIb3YIOT BTOPOE WJIM TPEThE OKHO C MaJIbIMU KO3 (DULIMEHTaMU 3aTyXaHusl.
CoBpeMeHHasi TeXHOJIOTUs M03BoJIsIeT NoayunuTh OB ¢ koaduimenTom 3aTyxanus
MOPSAJIKA COTHIX AoJiel a1b/KM.
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Nekuuna 5
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5. AnemMeHTbI U y3Nbl YCTPOMNCTB TerieMexaHUKU, nepegadm
AaHHbIX U 3NIeKTPOHHbIX YCTPOUCTB aBTOMAaTUKU

5.1. InoaHbIe N TPAH3UCTOPHbIE 3JIEMEHTbI U Y31bl
Jduonno-tpanzucropusie UMC (DTL)

Puc. 5.1. lnoano - tpansucropusie JI9 DTL:

a - C YCHIUTEIEM Ha OJJHOM TPAH3UCTOPE;

0 - ¢ yCHJIMTEIEM HA COCTABHOM TPAH3HCTOPE;

B - hyHKIMOHAILHOE 0003HayeHue ynementa M-HE

bazoBbie ¢yHKIIMOHANBHBIE 3JIEMEHTHI (puc. 4) TUOMHO-TPAH3UCTOPHBIX
NUMC peanuzyroT tunoByto jgorudeckyo gynkuuio U-HE (s monoxxurenbHOU
noruku). [lpu 3ToM (QyHkM0 W BBIMONHSIOT AUOAHBIE TPYMIbI, a (YyHKIHUIO
YCHIIUTENS-UHBEPTOPA-TPAH3UCTOPHBIE CXEMBI.

W3BecTHBI 1BE Hauboee pacnpocTpaHeHHble pasHoBuaHocTd DTL-MMC:

1. NMC ¢ 0oIHOTPaH3UCTOPHBIM YCHIIUTEIIEM Ha BBIXO/IE;
2. UMC c ycunurerseM Ha COCTaBHOM TpaH3UCTOpe (YyCHIIUTEINb
JlapauHrTOHA).

bazoBeie anementel M-HE nns aByx ykaszannesix rtpynn DTL-UMC

MIpUBEJEHBI Ha pUC. 4, 2, 0 COOTBETCTBEHHO.
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[IpuMeHeHue ycuiauTeNnsi Ha COCTAaBHOM TPAH3UCTOPE IMO3BOJISET CHU3UTH
TpeboBaHus K KOIDPUIIMEHTY YCUICHHUS MHTErPajbHBIX TPAH3UCTOPOB, a TAKKE
pacIIMpUTh TeMIlepaTypHbIi Auana3zoH padotst DTL-MUMC.

Momudumupoanabie DTL-UMC co ¢cBOOOIHBIM KOJIEKTOPOM ITO3BOJISIOT
MPOCTBIM CIIOCOOOM pean30BaTh JABYXCTYNEHYATYIO JIOTHMYeCcKyl (yHkiuwo -
NJIN-HE 3a cyeT 00bequHEeHNs KOJUIEKTOPOB BBIXOJIHBIX TPAH3UCTOPOB.

OOmuM CBOWCTBOM OIUCAHHBIX MHUKPOCXEM SIBJISIETCS HCIIOJIb30BAaHUE
HEJIMHEWHOrO0 peXuMa paboThl AKTUBHBIX AJIEMEHTOB. YCHJIUTEIU JIOTHYECKUX
CXEM XapaKTEepU3ylTCSd HAACKHBIM 3alUpaHUEM TPAH3UCTOPOB B OJHOM
JIOTUYECKOM COCTOSIHUU U HACBILIEHUEM TPAH3UCTOPOB B IPYTOM.

Pexxum HachIlieHUsT HE TO3BOJISIET MOJHOCTHIO MCIOJIb30BATh BBICOKHE
YaCTOTHBIE CBOMCTBA TPAH3UCTOPOB B MUKPOCXEME, TaK KaK OCHOBHAas 3aJ€piKKa
ompenensaeTcss  JUIMTENBHBIM  paccachlBaHMEM  3apsiia Opu  BKIIOYEHUU
HACBIIIEHHOTO TPAaH3UCTOPA.

B cBs13u ¢ pazpaboTkoi HOBBIX MOKOJeHWH DBM BcTam BOmpoc 0 Co3TaHuu
NUMC c OwicTponeiictBueM 6osee 50 MI'n. DtuM TpeGOBaHUSIM YAOBIETBOPSIOT
NUMC c smurrepubiMu cBsizsimu (ECL-MMC), umeroiine BbICOKME AUHAMHUYECKUE

napameTpsl.

61



5.2. UncdpoBbie nornyeckne 3remMeHTbl.
Ha puc. 2 mokazanbl anexkTpuueckas u ¢yHKIuoHanbHas cxembl JID MC

tuna RTL, peanusyromero ¢pyukiuto MJIM-HE. Onepanus NI ocymectsisiercs

Ha PEe3UCTUBHOM COOpPKE, a TPAH3UCTOP UCIIOJIHAET POJIb YCHUIHTEII-UHBEPTOPA.

+u,

X; S —]1 I v

X; , Xi—

. Y=XFXX.
a) 6)

Puc. 2. Dnement aByxcrynenuaroi 1oruku(DTL -2)

a) cxema anementa M-MJIN-HE;6) pynknmonanbHoe 0603HaUeHUE

HeoOxomumo otmeruts, uto JID Moxker paboTath B ABYX JIOTMUECKUX
pexxumax. [Ipy BHICOKOM ypOBHE CUTHaja, MPUHATOM 3a JIOTHYECKyto eauHuiy (1),
OCYULIECTBJISIETCS TaK Ha3blBaeMas MOJOKUTEIbHAsA JIOTUKAa pPabOThl 3JIEMEHTA.
Ecnu 3a normyeckyro | npuHATh HU3KUN YPOBEHB, TO UMEET MECTO OTPULIATEIbHAS
noruka. B atom ciyuae JID peanusyet onepanuto MI-HE. Takoe npeobpazoBanue
JOTUKU PabOTHl 3JIEMEHTOB B 3aBUCUMOCTH OT MPUHITON MOJSPHOCTU CUTHAIA
JOTUYECKOM | XapakTepHO U JIJIsl BCEX JIPYTUX TUIIOB MOTEHIIMATbHBIX MUKPOCXEM.

Tpanzucropusie UMC ¢ HEnmocpeACTBEHHOW, PE3UCTUBHOW U PE3UCTUBHO-
emkoctHOM cBsizpio (DCTL, TRL, RCTL)

Tpanszucropusie UMC ¢ HENOCpEeACTBEHHON CBA3BIO SIBIAIOTCS OJHUM W3
OCHOBHBIX  CXEMOTEXHMYECKMX  HampaBieHud. Haubonee  mmpoko  3ta
cxemotexHuka npumensercs B MMC nHa ocHoBe MJIII-ctpyktyp. Bo3moxHa
Takke peanuszauus TpaH3UCTOpHbIX MMC c HenmocpenCcTBEHHBIMU CBA3SMH Ha

OCHOBE OMTIONISPHBIX TpaH3UCTOpoB (Puc. 3).
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a) 6)
v K
X2
Y=X1+ X2
i P X3 X4

8) 2) 9)

Puc. 2.3. Cxembl N13: a)TRL; 6)DCTL; B)RCTL,
nNpacwupwtens UK, a)dpyHKyroHanbHoe obo3HayeHWe.

Puc 3. Cxemni JID: a)TRL; 6)DCTL; B)RCTL; r) pacuupurens UJIU; )

byHKIIMOHaIBbHOE 0003HAYECHHE

BxuroueHrne KOMIEHCHPYIOIINUX PE3UCTOPOB B 0a30BbIe LIEMIH TPAH3UCTOPOB
JID (puc.
3, a) MO3BOJIMJIO 3HAYUTENIBHO CHU3HUTH paboure TOKU U MOTPeOIsieMyro

momHocTh B TRL-UMC. Ha ocnoBe anementoB TRL Obutn pa3zpaboranbl cepuu

P < 100M

p

mukpoMotasix UMC ¢ eenmunb  QAHAKO BKIOUYEHUE KOMIIEHCUPYIOIIUX
PE3UCTOPOB CYIIECTBEHHO CHHU3WJIO MpeNeIbHOEe OBICTPOICHCTBHE MUKPOCXEM 0
1 MI'L], HO B TO€ BpeMsl 00ECIIEUMIIO BBICOKOE 3HAUEHKE MapaMeTpoB n U m (n>4
u m>8). Jlns mnoBwimieHus ObicTponeilicTBusi smeMeHToB TRL mapannensHO
0a30BOMY PE3UCTOPY OBLIM BKIIFOYEHBI (POPCHPYIOIINE KOHACHCATOPHI (pHUC. 3, B).
Mukpocxembl Takoro TUINA TOJYyYHMJIM Ha3BaHWe TpaH3ucTOopHbIx HMMC ¢
pesuctuBHoO-KoHIeHcaTOpHbIMU cBsi3siMu (RCTL). TlpenensHoe ObicTpoaeiicTBHE

AJIEMEHTOB TAaKOI'0 THUIA IMOBBICKIOCH 10 5 MI'l npu COXpaHEHUM 3HAYEHUU

napameTpoB N ¥ m.
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Hecmotps Ha oueBuansie npeumyniectBa RCTL-UMC He nomyuunu
pacupOCTpAHEHUsI H3-3a CJIOKHOCTH MX M3TOTOBJICHUSA, TaK KaK CO3/[aHUE
UJIEHTUYHBIX U CTAaOWIBHBIX €MKOCTEH METOJIaMH HWHTETPaIbHON TEXHOJIOTUU
SIBIIIETCSL  CJIOKHOM  3amaueii. KoHumeHcaTophl, BBINIOJHEHHBIE HAa OCHOBE
KOPOTKO3aMKHYTBIX pP-N TEPEX0JIOB, 3aHUMAIOT OOJIBIIYIO IUIOMIAIb W HMEIOT
3HAUYUTENIBHBIN Pa3zOpoC XapaKTEPUCTUK, YTO CHIIKACT CTEIEHb HHTErpalvu U

pOIeHT BbiXxoja roHbpIXx UMC B Ipou3BOJICTBE.
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5.3. MukpocxemMHble 35IeMeHThbI.
B 6azoBom ECL-anemente WJIM, WJIM-HE o0e normdueckue omepanuu

(UJIM, HE) BBHIMOMHSAIOTCS SMHUTTEPHO-CBSI3AHHBIMU TPAH3UCTOPAMH, YEM U
0OyCJIOBJIEHO Ha3BaHWE TUMA JIOTMKUA. DJIEMEHT MMEET JIBa BbIXOJAA, HA OJHOM M3
KOTOpBIX (ukcupyercs pesynbrar omepanuu WJIM, a Ha apyrom — omneparnuu
NJIN-HE. O6o3nauarot Takoi snement UJIN, MJIN-HE.

OCOOEHHOCTBIO MHMKPOCXEM TPAH3UCTOPHOW JIOTUKH C 3MUTTEPHBIMU
cesimu (ECL) siBnsieTcss HEHACBIIEHHBIM PEXHM pPabOThl TPAH3UCTOPOB, UTO
oOecrieunBaer UX BbIcOKoe ObicTponeicTBue. Bentunbnas ECL-UMC
BBITIOJTHAETCS Ha JABYX MepeKiItoyaTessax Toka (puc. 5). OauH U3 HUX, HOPMAJIBHO
OTKPBITBINM, peaqn30BaH Ha TPAH3UCTOpE, HA 0a3zy KOTOPOTO MOJIaHO OTIHPAIOIIEE
Hanpspkenne Uy. Yposenb Uy HH>KE MUHUMAJIBHOTO YPOBHS Jiornueckou 1. Bropoi
MepeKyroyaTelb TOKa COCTOUT W3 m (IO 4YHCHY JIOTHYECKHUX BXOJIOB)
TPaH3UCTOPOB, MMEIOIIUX OOIIME KOJIJIEKTOPbl M SMUTTEPHI, YTO OOECIEeYUBaET
peanuzauuo Qynkuun WIJIA. Tlpu ornupanuu mgr000ro TpaH3UCTOpPa BTOPOIO
NEepeKIoYaTeNlsi TOKa, MOBBIIIAETCS YPOBEHb HANPSKEHHSI Ha 00IEM SMUTTEPHOM
pesuctope Ry u oOecrieunBaercs 3amvpaHue MEPBOrO MEPEKIoYaTeNsl TOKA, YTO
MPUBOJNT K (POPMUPOBAHUIO HA BBIX0/I€ Y BBICOKOTO ypOBHS (Joruyeckas 1), B TO
BpeMsl Kak Ha BbIXoge Y (OpMUpYETCs HM3Kuii ypoBeHb (Jormdeckuii 0).
CrneoBaTenbHo, 10 BeIXoAy Y peanusyercs Gpynxuus UJIM-HE, a mo Bxoxy Y —

noruueckas gpynxuus UIIN.

P u o
X1— 1 Y=X1+X2
Xo— Y=Xi+X,

=<|
(@)}

K,
Kz

Puc. 5. Jlornueckuit anemeHT ¢ sMutTepHbIMU CBsi3siMu (ECL):
a — cxema UJIN, NJIN-HE;
0 — ¢dyHKuMOHATBEHOE 0003HAYeHHE; B — paciupurens Gyukiun M



BrimonHeHne BBIXOAHBIX KACKAJOB JIOTHYECKOW CXEMBI Ha AMUTTEPHBIX
noBTOpUTeNsX (BoixomHoe compoTuBieHue 30...50 Om) obecrneunBaeT OOJBIIYIO
Harpy304Hyl CIOCOOHOCTh ©0a3zoBoro anemeHta (n>10). Kpome Toro, mnpu
HaJIMYUHA SMUATTEPHBIX MTOBTOPUTEJICH CMENIACTCsl BBIXOJHOW YPOBEHb | 3JIeMeHTa
Ha BEJIMYMHY IMaJ€HUS HANpSOKEHUsS Ha IepexoJie KPEeMHHUEBOTO TpPaH3UCTOpa
(Us,=0,7...0,8 B), co3maBast yclOBHsS JJIS HEHACBIIIEHHOTO peXuMa pPadoThI

TPAH3UCTOPOB MOCJIEAYIOLIEH JIOTUYECKON ITPYIIIBI.

Xt S
o X_I7 ) v-5o

X2 y=XTX2
Ro ey eosspions]

a) 6)
Puc. 2.6. MNMornyeckuit anemeHtT ECL ¢ MOLWHBIM BbIXOJ0M:

a) cxema anemeHTa UNK, MNK-HE;
0) dyHkYMoHanbHoe obo3HaveHne,

Puc. 6. Jlornueckuii 3memMeHT ECL ¢ MOIIIHBIM BBIXOJOM:

a) cxema anementa MJIN, NJIN-HE;

TpaH3uCTOPbl  BBIXOJIHBIX JIMUTTEPHBIX IOBTOPUTENEH padoOTalOT B
HEHACBIIIEHHOM pEXMME, TaK KaK HalpsHKEHUE Ha KOJUIEKTOPE BCErja BbIIIE
HarpspDKeHUsT Ha 0a3e M Mepexojbl KOJJIEKTOp-0a3a HUKOI/IA HE OKa3bIBalOTCA
CMEUICHHBIMM B IpsMOM HanpasieHuH. [lepenan HanpsyKeHHA JIOTMYECKHX
ypoBaert 1 u 0, kak mnpaBwio, HaxoauTcs B mnpegenax 0,7...0,8 B, a
nomexoyctoiunBocts cocrabiser 0,15...0,2 B. 3a cuer HM3KOro BBIXOJIHOTO
CONPOTHUBJIEHUS! YPOBEHb ITOMEX B JIMHUAX CBSI3U MEXKIY 3JEMEHTAaMU HEBBICOK, a
MOCTOSIHHASI TOKOBAsi Harpy3Ka 3JIEMEHTa HE BbI3bIBAET BCIUIECKOB HANPSDKEHUS B
uemnsix nuranud. Hanmnume nByx mapadassbix sorudeckux BbixogoB B ECL-MIMC

oOecrieynBaeT OOJBIITYI0 THOKOCTD MPU MPOESKTUPOBAHUU LU(PPOBBIX YCTPONUCTB.
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VYBenuuenune — kodddunuenta  oodbenuHeHus 1o Bxogam  MJIA
OCYIIECTBIISIETCA 3a cueT noakiaoueHus K 6azoBoii ECL-MIMC noruueckoro
pacmmputensi. OgHako Ha MpPAKTUKE CTpPEMATCS U30ekaTb MPUMEHEHUS
JOTHUYECKUX PACIHIMPUTENICH, MOJKIIOUEHUE KOTOPBIX CYIIECTBEHHO CHUXKAET
osictpoaeiicteie MMC wu3-3a 3HAUYUTENBHBIX TMAPa3UTHBIX EMKOCTEH, YTO

orpannuuBaeT napamerp m B ECL BUC.
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5.4. Jlornyeckune KOHTponsnepbl

CxeMbl MHTErpajbHON uHKeKUuoHHOU noruku (MHNJT), mnu WUJI-cxemsl,
SIBJISIIOTCSI PA3BUTHEM CXEM C HETIOCPEJICTBEHHBIMU CBSI3AMHU (pucC. §).

Tunosoit M’JI-BeHTHJIb CONEPKUT TPAH3MCTOPHYIO CTPYKTypy h-p-n,
BKJIIOUEHHYIO TI0 CXE€ME€ C OOIIMM AMHUTTEPOM U BBITOJIHSIONIYIO POJIb BBIXOHOTO
WHBEPTUPYIOIIETO YCHJIHUTEINS, OOECHEYMBAIONIETO Pa3Bs3Ky BBIXOAOB s
UCKIIFOYEHUS UX B3aMMHOTO BIIMSIHUS, a TAK)KE JOMOJHSAIOUIYI0 TPAaH3UCTOPHYIO
CTPYKTYpY p-n-p, BKJIIOYEHHYIO IO cXeMme ¢ o0mied 06a30il u choyxairyro s
WHXEKIIMHA TOKa B 6a3y BbIXOHOTO ycunuTens. CoOTBETCTBEHHO TpaH3ucTop VT

HA3bIBAIOT MHXKEKTOpoM, a VT, — uHBEpTOpoM (puc. 8, a). DTH TPaH3UCTOPHI B

MHOT'OCTYTIEHYAaTOM JIOTHYECKON CXEME COBMEIIAIOTCSI B 00bEME MOTyTPOBOIHUKA,
npuueM 0a3a TPaH3UCTOpa P-N-p €CTh AIMUTTEP TPAH3UCTOPA N-P-N, & KOJJIEKTOPHI
TPAaH3UCTOPOB p-n-p €CTh 0a30Bble 00JIACTM TPAH3UCTOPOB N-p-n. ITO
oOecrieurBaeT BBICOKYI) IUIOTHOCTh YIAKOBKH 3JIEMEHTOB HWHKEKIIMOHHBIX
MHKPOCXEM Ha KPUCTAILIE.

TunoBble MHOTOBXOH0Bble M?JI BenTwnu c jorukoit UJIM-HE u U-HE
npuBefeHsl Ha puc. 8, B-e. Dynkmus WJIM opranusyercs oObeauHEHHUEM
KOJUICKTOPOB BBIXOJIHBIX HWHBEPTUPYIOIIMX TpPaH3UCTOpPOB, a GyHkius M —
MOoJayeld WHBEPCHBIX YIPABIAIOIINX CHTHAJIOB HA BXOJAE M MOJKIOUYCHUEM

AOIMOJIHUTCIIbHOI'O MHBCPTHUPYOIICTO YCHIIMTCIIA HA BBIXO/IC JIOTUYECKOM CXEMBI.
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Puc. 8. Jloruueckue 371eMEHThl MHKEKIMOHHOM jtoruku (M2J1):

a,0 - cxema uHBepTopa u €€ PyHKIMOHANbHOE 0003HaueHue; B,r- cxema NJIN-
HE u e€ ¢pynkimonanpHoe 0003HaUCHUE;
n,e - cxema M-HE u eé dynkmuonansHoe o003HaueHUE

PaboTa MHXEKITMOHHOW MUKPOCXEMBI MOKET OBITh PACCMOTPEHA Ha OCHOBE
noruueckoro BeHTtwi st UJIM-HE (puc. 8, B, r). Ilpu ypoBHsx noruuyeckoro O Ha
BxoJax X;, X, TOK MHXEKTOpa 4Yepe3 MHOTOKOJIJIEKTOPHBIN TpaH3uctop VT; He
CMOJKET MOCTYyNuUTh B 0a3bl TpaH3uctopoB VT, VT, u 0HU OCTaHyTCs 3anepThIMHU,
YTO MpuBeAET K (opMupoBaHU0 Ha Bbixojae BeHTWsA (Y; U Y,) ypoBHs 1. [lpu
MOCTYIJIEHUW Jorudeckoil 1 Ha mo00il M3 BXOJOB (3TO COOTBETCTBYET PEKUMY
3anupaHus TPAH3UCTOPa MPEAUIECTBYIOMIETO KaCKala) MHAKEKTUPYEMbI TOK Yepes
COOTBETCTBYIOIIMI KOJUIEKTOp TpaH3ucTopa VT; moctynmutr B 0a3y TpaH3UCTOpa
cxembl MJIM-HE (nmpu X,=1 Tok moctymut B 6a3y Tpan3uctopa VT,) u oTkpoer
€ro, 4Tto mpuBeaeT K QopmupoBaHuto jorudeckoro 0 Ha BeIxogax Y ;=Y,=0.
(JIoruky pabotel cxembl U-HE (puc. 8, 1, e€) mpeamnosaraercsi paccMOTPETh

C&MOCTOHTCJ’ILHO).
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beicTponeiicTBue MEPEKITIOUCHUS MH>XXEKIIMOHHBIX MHKPOCXEM
ONpPENEACTCS TOKOM MHXKEKTOpPA, YBEIWYEHUE KOTOPOTO JI0 OIPEACIEHHOIO
3HAQYEHUS MO3BOJISIET YMEHBIIUTD 3aJIeP KKy cpadarbiBanusi BeHTW 1. OIHaKO, MpU
3HAYMTEILHOM YBEIIMYEHUW TOKAa WHXXEKTOpa W3-32 HAKOIUICHHUS OOJBIIHNX
M30BITOYHBIX 3apsiIOB B aKTUBHBIX 00JIAcTAX, 3a7epKKa cpabaThIBaHUS PE3KO
BO3PacCTaeT.

[loBbilieHHEe ~ OBICTPOJAEHCTBUS  pealu3yeTcs  NpU  YMEHbBIICHHUH
F€OMETPUYECKUX  pa3MEpPOB  TPAH3UCTOPOB, YBEIMYECHUH  KOIPDUIIMEHTOB
ycusleHus, a Takke npu cosganuu MPJI-MMC ¢ HeOONbIIMMHU JIOTHYECKUMM
nepenagaMu ypoBHEUW curHanoB. Jlornmueckuid mepemnaj MOXHO CHHU3UTH B 2...3
pasa 3a cuer npuMeHeHus 1uoa0B [1I0TKHM, BKIIFOUEHHBIX MMOCJIEA0BATEIBHO MEKTY
BBIXOJIOM OJHOI'O JIOTMYECKOTO KacKajia U BXOJAOM APYroro. BapuaHT BKIIOUEHUSA

muonoB [lloTku npuBeieH Ha MpuMepe uHBepTOopa (puc. 9).

X
Y Y,
X, JJ | &
1 1
X; Yz
y1:yzzmz
a) 6)

Puc. 9. Cxema GbicTpoaeiicTByroero snementa M2 ¢ nuogamu lotku
(dynxuus U-HE) (a) u ero dyHkimonaisHoe o6o3HaueHue (0)
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Baxxnoit mpobnemoii npoektupoBanus bUC Ha MHXEKIIMOHHBIX 3JIEMEHTax
< < 2

SBIIsieTC obOecrieueHne HeoOXoauMon momexoycroiuuBoctu. TumoBbie WM-JI-
BEHTWJIM UMEIOT HU3KYIO MTOMEXOYCTOMUYMBOCTh K 3alHUPAIONIUM IMOMEXaM (MeHee
0,1 B), u4ro mnpeaomnpenenuao UWX HCHOJb30BAHHE MPEUMYIIECTBEHHO BO
BHyTpeHHHMX Yy3i1ax BHC. ][4 mOBBILIEHUS MMOMEXOYCTOMYHMBOCTH BO BXOIHBIX
kackagax bBHWC mnOpuMEHSIOT BEHTWIM C  HECKOJbKMMHM  BKIIOYEHHBIMHU
nmocieaoBaTenbHo  0a3oBbIMH  Auogamu  IlloTku  (MOMEXOyCTOWYHMBOCTh K

3amuparoluM MoMeXaM yBeInuuBaercs B 2...3 paza).

5.5. UHTennekTyanbHoOe 3/fIeKTPOHHOE YCTPOMUCTBO.

HNHuTtennekryanbHble 3JeKTpOHHbIE ycTpoiictBa OHMUII-3 npenHazHaueHbl
JUIsi IPUMEHEHUSI B aBTOMATHU3UPOBAHHBIX CHUCTEMaX MOHUTOPUHIA MEPEXOIHBIX
pexumoB  (CMIIP), aBTOMAaTH3MpPOBaHHBIX CHUCTEMax  TEXHOJOTHYECKOIO
yOpaBJEHUs DJIEKTpUUYecKuX cereil u anekrpoctanuuid, ACY TII u AUNC
MOJICTAHIIMK, A TaKXke IS pealu3allid PEKUMHOM H TPOTUBOABAPUIHOMU
ABTOMATUKHU SHEPTrOCUCTEM.

HNHuTtennektyanbHble 3eKTpoHHBIE ycTpoiicTBa DHUII-3 nonoaHUTENbHO K
M3MEPEHUSAM OCHOBHBIX NTapaMEeTPOB AJEKTPUUECKON ceTH, BrinoiHsiembiM DHUTI-
2, obecneuyMBarOT MOAJNEPKKY TEXHOJOTMU BEKTOPHBIX H3MEPEHHH, T.€.
BBITOJIHSIOT U3MEPEHUS KOMIUIEKCHBIX AMIUIUTY/l TOKOB Y HAIPSIKEHU OCHOBHOM
TapPMOHHUKH.

Anroputmel 00paboTku curHanos B DHUII-3 pazpaboTaHbl B COOTBETCTBUH
co ctangaptom C37.118.1 u:

- OTCTPOEHBI OT TIOMEX B BHJIE€ CBOOOJHBIX COCTABJISIFOLIUX
ANEKTPOMArHUTHBIX NEPEXOIHBIX MPOLECCOB U BBICIINX TAPMOHUK;

- o0ecreynBalOT TPeOyeMyl0 TOYHOCTh M3MEPEHUS] BEKTOPOB TOKa M
HAIPsDKCHUST TP U3MEHEHWHM YacTOThI, a TaKKe IMPU HM3MEHEHUU OTUOAIOIIUX
TOKOB M HANPSKEHUH OCHOBHOM T'apMOHUKHU B YCIIOBHUSX 3JIEKTPOMEXAHUYECKUX
IIEPEXOIHBIX IPOLIECCOB B DHEPIOCUCTEME, ITPU U3MEHEHUN HATrPy3KH, BCIECACTBUE
pabotel APB 1 MHBIX yCTPOWCTB aBTOMATUKHU YHEPTOCUCTEM.

VYerpoiictea  OHUII-3 B MakcMManbHOM — CTENEHW  YAOBIIETBOPSIOT
TpeOoBaHUsIM,  TpeAbsBiIsieMbiM kK MDY  HOBoro  mokojeHus — AJis
MHTEJJIEKTYJIbHBIX (AaKTUBHO-aIAlITUBHBIX) DJIEKTPUUECKUX CETEH.

Ha ©0aze OHWII-3 co3pgatorcs CUCTEMBI MOHUTOPUHIA IEPEXOJHBIX
PEXKUMOB, CHUCTEMBl TEJIEMEXAHUKH M TEXHUYECKOIO y4YeTa JJIEKTPOIHEPIHH,
ABTOMATHKA SHEPrOCUCTEM.

OHUII-3 MoxeT ObITh yCTAaHOBJIEH B pelieiHbIXx oTcekax KPVY, Ha manemsax
wii B 1mkadax OITY. Wuartemnekryansubie ycrpoiictea OHUII-3  moryt
AKCILTYaTUPOBATHCS HA HEOOCITY)KUBAEMbIX M HEOTAIUTMBAEMBIX 00ObEKTaX.
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OHUII-3 noanepkuBaer ciemyromue mpoTokonasl ooMmena: MOK 60870-5-
104-2004, C37.118.

OHUII-3 sBnsercst 0a30il [uisi JalbHEWIIEr0 pa3BUTUS IIEJIOH  CepHH
MHTEJUIEKTYJIbHBIX JIEKTPOHHBIX YCTPOMCTB € Pa3iIMYHbIMU (PYHKIHMOHAIbHBIMU
Y KOMMYHUKAIIMIOHHBIMU BO3MOYKHOCTSIMHU.

[IpencraBnennsiii B karagore DHUII-3 BbeimonHseT (QyHKIMH BEKTOPHBIX
U3MEPEHU (KOMIUIEKCHBIE BEJIWYMHBI) HANpsSHKEHUH MU TOKOB IO OCHOBHOM
rapmonukn  (PMU  —  phasor  measurement  unit),  perucTpupyer
AIIEKTPOMEXAHUYECKUE IEPEXOJHBIE PEKMbl IHEPrOCUCTEMBI, O0OECIEUNBAET
HOJHBIA HAOOp M3MEpPsSEeMbIX IapaMeTpoB Tpex(a3zHOW 3IEKTPUUYECKON ceTH,
OCYIIECTBISIET BBOJ 5 JUCKPETHBIX CUTHAJIOB U Iepenady Bcell mHpopManuu 1o
cetu Ethernet.

Onunonaneno OHMUII-3 moxer umerh BcTpoeHHbI GPS-npueMHuk, a
Takke uBeTHOM ceHcopHbld TFT skpan.
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Nekuunna 6

YcTponcTBa aBTOMaTUKU B CUCTEMAX 3IEKTPO3IHEPreTUKHU

6.1. OowWwume noHATUA

. ABTomaTuka ynpasBjieHusi HopMaJbHbiMH pexumamu CIC. Ona
o0ecIieynBaerT:

- aBTOMAaTHYECKOE MOJAICpKaHNE HA 3aJaHHOM YPOBHE HANPSKEHUS, YACTOTHI
Y PEAKTUBHOW MOIITHOCTH HA IIMHAX JIEKTPUUECCKUX CTAHIIUM;

- aBTOMATHYECKOTO pEryJupoBaHus Kod(duimeHta TpaHchopmauu
TpaHCcOPMATOPOB C YCTPOUCTBAMHU PETYINPOBAHUS MO/ HATPY3KOH;

- aBTOMATHYECKOI'O PpEryJMpPOBaHUS PEAKTUBHONW MOIIHOCTU CTATUYECKUX
KOH/JICHCATOPOB;

- aBTOMAaTUYECKOr0 PEryJHpOBaHUsS BO30YKJIEHUS CHUHXPOHHBIX MAallUH —
CUHXPOHHBIX KOMIIEHCATOPOB U CUHXPOHHBIX JBUTATEIIECH;

- aBTOMAaTUYECKOE PETYJMPOBAHUE HACTPOMKH KOMIICHCAIIMU JYTOTACSIINX
PEaKTOPOB B JICKTPUUECKUX CETAX HampsbkeHuem 6-10-35 kB;

OTH yCTpoOiiCTBA aBTOMATHKKM OOECIEYMBAIOT Ha 3aJ]aHHOM YPOBHE
HanpsDKEHHWE W 4YacTOTy B  HOPMAJIbHOM  peXuMe paboThl  CHCTEMBI
ANEKTPOCHa0KeHUs, ycTpoiictBo APB cTpemuTcs moajep:kath HampshkeHUE B
aBAPUMHBIX CUTYaAlUSIX.

2. IlporuBoaBapuiinas aBtomaTtuka (ITA). OnHa pgomkHa o0OECIICUYHTH
YCTOMYMBOCTh (PYHKITMOHUPOBAHUSI CUCTEMBI JJICKTPOCHAOKCHUS B aBAPUIHBIX U
[OCIeaBapuiHbIX pexnmax. IIA  nmomkHa mnpexae BCero JUMKBUIAMPOBATH
ITOBPEXAEHNE. DTO BBINOJIHAIOT:

- ycTpoiicTBa peneinoi 3amutsl (YP3);

- YCTPOMCTBA aBTOMATHYECKOT0 MOBTOpHOTrO BKiItoueHus (Y AIIB).

[Ipu ycnemnom AIIB cucrema sneKTpocHaOKEHHS BOCCTAHABIMBAECTCS, a
IpU HEYCHEUIHOM 3alllMTa OTKJIKYAeT MOBPEKICHHBIA 3JeMEHT. B sTOM ciyuae
MOXKET HapYIIUThCA JJIEKTPOCHAOXKEHUE ToTpeduTeNneid U mnoTpedyeTcs HxX
NOJAKJIIOUYEHHE K PE3EPBHOMY HUCTOYHUKY MUTaHUA. [l 3TOM LEnu CIIyXKuT
YCTPONCTBO aBTOMATHYECKOTO BKIIOUueHUs peseppa (Y ABP).

ABapuiiHbIi peXUM H €ro JUKBUJALUS MOTYT  COINPOBOXKAATHCSA
BO3HUKHOBEHHEM Je(HIIMNTa MOIIHOCTU M, KaK CJIEICTBUE 3TOT0, MOHMKEHHEM
4acTOThI U HaNpsKeHUs. /{1151 ©X BOCCTaHOBJIEHUS UCIOJIB3YIOT:

- YCTpPOMCTBO aBTOMATW4YeCKOM wyacToTHOM pasrpy3ku (YAUP) - s
BOCCTAHOBJICHUS YaCTOTBHI;

- ycTpoiicTBa TokoBo# pasrpy3ku (YPT).

Ha3naueHnuem mnpoTHBOaBapUiHOW aBTOMATHUKH, (YHKIUOHUPYIOIIEH Mpu
MHTEHCUBHBIX BO3MYIIAIOIIMX BO3ICHCTBUSAX, YTPOKAIOIIMX PAa3BUTHEM aBapUil-
HONl cutyanuu B COC, SBIAETCS YCTpPAaHEHHE BO3MYLIAOIIETO BO3JCHCTBUS,
peloTBpallleHre Pa3BUTHUS OOIIECUCTEMHON aBapuu U BOCCTAHOBIIEHHE HOPMaJlb-
HOTO pexxuMma padoTsl [48.30, 48.31].
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DddextuBaocth IIA ompenensercs OBICTPOJCHCTBHEM M JIO3UPOBAHUEM
MIPOTUBOABAPUMHBIX YIIPABISIONINX BO3JCHCTBUN, BBIPAOATHIBAEMBIX HA OCHOBE
oOmupHON HHPOPMAIIMK O MPEANIECTBYIONIEM BO3MYIIAIOIIEMY BO3ACHCTBUIO
(MCXOJTHOM) peKHUME U ToTydaeMon o mepexoiHbix mpoieccax B COC B peanbHOM
BPEMEHH, YTO SIBJIAETCA €€ INIaBHOW 0CcOoOEHHOCThIO. IlocieaHee BBIMOIHAETCS C
TIOMOIIBI0 YCTPOUCTB TEIEMEXAHUKHU.

3. YcrpoiictBa TesieMexaHMkd. OHU TMpeIHA3HAYEHBI TMPEXKIE BCEro IS
yIpaBJeHUs HOPMAJIbHBIMH PEKHUMaMU CUCTEMBI AJIEKTPOCHAOKEHUS U SIBIISFOTCS
COCTaBHOM YaCThIO aBTOMATU3UPOBAHHBIX cUcTeM yrpasiieHus (ACY).

Hns  dyukuuonupoBanuss ACY HeoOXOIMM HENpPEephIBHBIM IMOTOK HH-
dbopmar 0 pekuMax MPOU3BOJCTBEHHOIO IMpoIlecca, OCOOCHHO O 3HAYCHUSX
HaIpsHKEHUs, TOKa, MOIIHOCTH, YaCTOThl U COCTOSHUM 000pynoBaHus. CHCTEMbI
ANEKTPOCHAOKEHUSI KPYIHBIX MPOMBIIUICHHBIX TMPEANPUSATHNH, TOPOJIOB U
OCOOCHHO MPENNPHUATHI arpornpOMBIIIJICHHOTO KOMILJIEKCA U KEJIE3HOJOPOKHOTO
TpaHCIOPTa pacCpeOTOYEHbl HAa 3HAYUTEIBHBIX TeppuTopusax. IllosTomy
HEO0OXOAMMBbI ABTOMATHYECKHE MH()OPMALMOHHBIE YCTPOUCTBA, 00ECIIEUYMBAIOIINE
coop u nepenauy uH(GOpPMAIMU OT KOHTPOJUPYEMBIX IYHKTOB (IIOJCTAHLIMI) Ha
JUCTIETYEPCKUIT MYyHKT CETEBOro mpennpustusi, rae Haxoxsatcas ACY wu
JUCIIETYEPCKUI TIEPCOHAL.

Hcnonb3oBaHWE MHKPOINPOIIECCOPHON TEXHUKU TO3BOJIIET 3HAYUTENIBHO
paclipuTh (QYHKIMM W BO3MOXHOCTH PaCCPEIOTOYEHHBIX IO CHCTEME DJIEK-
TPOCHAOXKEHUsI aBTOMATHYECKUX YCTPOMCTB, OCYUIECTBISIONIMX YIPaBICHUE
IPOLIECCOM TPOM3BOJCTBA, TMEpPEeAaud M TOTPEOJICHHUS] DIICKTPOIHEPTUU Kak B
HOPMAaJIbHBIX, TAK U B aBapPUITHBIX U MMOCICABAPUIHBIX PEKUMAX.

6.2. Cucrema perynupoBaHusa 4acTtoTbl U aKTUBHOW MOLLHOCTH

ABTOMAaTHYECKasi 4acCTOTHAs Pa3rpy3Ka PacCUUTHIBAETCS W BBIMOJHSAETCS IO
MHOTOCTYIIEHYaTOMY MPUHIIUITY - B HECKOJIBKO OYEepeaeH, OTIUYAOIIUXCS APYT OT
JIpyra pa3Iu4YHbIMM YyCTaBKAMHM [0 YacTOT€ W BPEMEHHU cpadaThiBaHUS. ITO
HeoOXonuMO g 0oJiee TOYHOTO  BBISIBIICGHHWS COOTBETCTBUSI  HArpys3KH,
oTkioyaemor  yctporictBoM  AYP,  nedunmry — akTMUBHOW ~ MOIIHOCTH,
oOpa3oBaBIlIeMYyCs IIPU aBAPUU.

AUYP 3akntoyaercs B TOM, YTO NP 3HAYUTEIHHOM CHH>KEHUU YaCTOTHI B CETU
OTKJIIOYAETCSl 4acTh JJIEKTPUUECKUX HArpy30K, MPUYEM OCYIIECTBISETCS 3TO
JTUCKPETHO, ouepensiMu. YcrporctBa AYP B 3aBUCMMOCTH OT CBOETO HA3HAYECHUSA
MOJPA3ACIISIIOTCS HAa TPU OCHOBHBIE KATETOPUH:

- AYP1 - ObicTpoeCTBYIOIIASI KATErOpUs pa3rpy3Ku, MpeaHa3HAYCHHAs IS
MpeoTBpaIIeHuUs ITyOOKOTO CHUXKEHUSI YaCTOTHI;

- AYP2 - xareropusi pasrpy3ku, NpeaHa3HadeHHas IS MOJbeMa YacCTOTHI
nociue neucteust ycrpouctB AYPI, a takke mis npenorBpaunieHus ''3aBucaHus'
YacCTOThI HA HEAOIYCTUMOM YPOBHE;

- JIOTIOJIHUTEIIbHAS pa3rpy3Ka - IpeAHa3HAueHa JJIsl YCKOPEHUsSl pa3rpy3Kd U
yBEJIMYECHHUS ee oO0bema mnpu 3HauuTenbHbIX (45 % wu Oonee) neduiurax
MOIIHOCTU. JloJ’KHA JIeiCTBOBAaTh CEJIIEKTUBHO, T.€. TOJBKO MPU MOSBICHUU
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MECTHBIX JE(PUIMTOB MOIIHOCTH (aBapuUilHOE OTJEJIeHWe palloHa WM Yy37a
Harpy3Ku OT IVIABHOTO UCTOYHUKA MUTAHUS H T.I1.).

[Ipu AYP1 oTkmroueHue Harpy3Ku IPOU3BOAMUTCS HECKOJBKUMHU OYEpPEIsIMH,
HayuHasi C yCTaBKHU fiaup; M 3aKaHuMBasi Npu ycTaBke fyaupi. Bepxuuii mpepen
YCTaBKU fiaupi OOBIYHO MPUHUMAIOT paBHbIM 48,5 T'u, a HWkHUI npeaen fyaupr -
46,5 I'u. B aTom nuamnazona o4epenn OTKIIOYAOTCS PaBHOMEPHO ¢ MUHUMAJIbHBIM
uatepBasioM no vactore Af = 0,1 I'm. YcraBka mo BpeMeHH AJisl BCeX YCTPOMCTB
AYP1 npunumaerca oauHakoBou M pasHa 0,1...0,3 c. Ilpucoenunennas k AUP1
MOIIHOCTb PAaCHpeAeIeTCsl PaBHOMEPHO MEXAY OTIEIbHBIMU odepensmu. Tak,
npu Hanuuuu 20 ouepenet u oTkiarouyaemor momHocth 30 %P, Ha Kaxmayro
ouepenp mpuaercs no 1,5 %P, (P, - HomMuHanbHas (pacueTHas) MOIIHOCTh
HYHEPTrOCUCTEMBI).

[Ipu AUP2 Harpy3ka oTkiIro4aeTcs Takxke ouepemasiMu. OHM UMEIOT OOIIyIO
YCTaBKy II0 4aCTOTE, PABHYIO BEPXHEMY Ipeaeny ycTaBoK yctpouctB 1YP1 wnm
HeckoJibKo Oonbiie (10 0,5 '), Ho He Bhimie 48,8 I'n. MuHUMaNbHbIE UHTEPBAJIbI
BBIJICP’KKH BPEMEHH MEXIY CMEXKHBIMU OYEPEIIMH MPUHUMAIOTCS paBHbIMU At =
3 ¢. MuHnManbHas HayanbHas yCTaBKa 1o BpeMeHHu ycrporcts AYUP1 cocrasnser
5..10 ¢, a makcumanbHass - 60 c. Ilpy HaIMYMKM CYIIECTBEHHOW pE3EPBHOM
MomHoctd Ha ['DC M BO3MOXKHOCTH €€ MOOWIM3allMK YKa3aHHas KOHEYHas
yCTaBKa IO BpEeMEHU MOXkeT ObITh mnoBbimieHa 10 70. .90 c. Ortkirouaemas
MOIIHOCTBb MEXAY OTAEIbHbIMU ouepeasmu AUYP2 pacnipenensercss paBHOMEPHO.

Cnegyer OTMETUTB, YTO JOIYCKAETCS HECEJIEKTHMBHOE NEHCTBHE CMEKHBIX
ouepeneii AUP1, a taxxke otaenbHbIX ouepeneir AYUYP2, wnamnpumep, mnpu
MEJICHHOM CHIKEHHHM YacTOThl B JHEPrOCHUCTEME 10 3HaueHus, OJIM3KOro K
ycraBke AUP2.

MoIHOCTE Harpy3ku, NPUCOEIUHEHHYIO0 K ycTporictBam AYP1, Haxomar mo
bopmye

Paupi > AP, + 0,05 -P,, - AP,
rae AP, - MakcuManbHbIM Ae@UUUT MOIIHOCTH; P., - MOIIHOCTH Harpy3ku B
HCXOJTHOM pEeXUME /10 BO3HUKHOBEHMS neduimura MouiHoctu; AP, - BennumHa
YUYUTBHIBAEMOW YaCTH rapaHTUPOBAHHOIO pe3epBa MouHocTy Ha ['OC.
MoniHoCTh Harpy3kHu, oTKJIrouaeMol ycrporictBamu AYP2, npuHumaercs
Paup2 > 0,4 -Paypi, HO He MeHee 0,1 AP,,.

[Tpouiecc u3meHeHust yacToThl f Mpu MOSBIEHUU B dHEpProcucreMe AePUIMTa
MOIIHOCTH NIOKa3aH Ha puc.4.l, u3 KOTOpPOro BUIHO, YTO INPU YMEHBUICHUHU
4acTOThl B MOMEHT BpeMeHM t; BcTymaeT B neiictBue AYP1 u mpemorBpaiaer
ri1yO0OKOe CHUKEHHE YacTOThl, a B MOMEHT BPEMEHHU t, HauMHaeT AEWCTBOBATh
AYP2 u obecnieunBaeT BOCCTAHOBJIEHUE YacTOThI (KpuBas 2). [Ipyn BO3HUKHOBEHUH
3HAYUTENLHOTO Je(UIUTa aKTUBHOW MOIIHOCTH B 3HEPTOCHUCTEME U OTCYTCTBHUU
ycrpoiictB AYP MoOkeT HacTynuTh SBJICHME '"JaBHHBI 4acTOTHI', T.€. 4aCTOTA
OyJZIeT CHMXKAThCsl, CTPEMACH K HYJItO (KpuBas 1).
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Puc. 6.1. FI3MeHeHue 4acToTa 3HEPrOCUCTEMBI PU BO3HUKHOBEHUH
3HAYUTEIHHOTO JAePUIIUTA AKTUBHOW MOIIHOCTHU: | - MPU OTCYTCTBUU YCTPONCTB
AUYP;

2 - npu Han4uu ycrpoucts AYUP

bonee rapdexTuBHOE rcnonb3zoBanue cucreMbl AUP MoxeT ObITh JOCTUTHYTO
coBMelieHnem aencteus ycrpocts AUP1 u AUP2, korna oxHa u Ta e Harpyska
noakioyaercss U k ouepenn AYUP1, u k ouepenu AYP2. Takoe coBMmelieHue
o0ecrieurBaeT HEOOXOAUMYIO IOCIIEI0BATENbHOCTh OTKIIIOUEHUS! IMOTpeOuTenei
(uMeercs B BUy UX OTBETCTBEHHOCTb IPH PA3JIMYHBIX 110 XapaKTepy aBapusx) U
IO3BOJISIET YMEHBIINTh CYMMAapHYI MOIIHOCTb HAarpy3k, IOAKIIOYAEMON K
ycrpoiictBam AYP. CoBmenieHHas 4YacTOTHAas pasrpy3ka HaXOJUT IIHUPOKOE
IIPUMEHEHUE HA NPOMBIIUIEHHBIX MPEAIPUITHIX.

Ha puc. 6.2 wusoOpaxena cxema coBmemennon AYP. Ilyck AUYPI
npoucxonut ot pene yactorel PUl, a AYP2 - or pene wacrora PU2 u pene Bpe-
Menu PB. ITpu nonm:xeHun yactotsl cpabateiBaeT pene PU2 u pene PB Haunnaer
OTCUMTBIBaTh BBIAEPKKY BpeMeHH. Ecimu ycrtaBka pene PUI mmxke, ywem PU2, to
MIpH JAJIbHEWIIIEM CHUYKEHUU 4acTOThl cpadatsiBaeT PU1, a 3aTeM nmpomexxyTo4HOe
pene PII1. B 3aBucumocTtu ot TOro, kakas kareropuss AUP cpaborana nepsoii,
yepe3 ykazarenbHoe pesie PY1 wnu PY2 Oyaer nogano HanpsbkeHUE Ha BBIXOJIHOE
pene PII2, 3amMbIkarolee Lenu OTKIIOUYEHUS MOTpeOuTenell. YKa3aTelbHbIE pele
o0ecrieunBalOT cuUrHaiausauuioo Buga cpaborasmero AYP. Cxembl ynpaBieHUs
ornenbHbIME ouepersiMu AUP1 u AUP2 npencraBisioT coOoil YacTHBIC Clydau

CXEMBbl, U300pakeHHOM Ha pro.4.2.
6-10 ®B

PaI

PU2 Sl .
: Pz }Ha OTR/MOUEHHE

PHC. 6.2. .CXeMa coBMelieHHOU AYP
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YacrorHoe AIIB

BaxxHbiM yciioBueM oOecriedueHrss HOpMAJIbHOTO TEXHOJIOTMYECKOr0 IIpoiiecca
MPOU3BOJICTBA OCTAETCS CKOpPEHIee BOCCTAHOBJIEHUE IUTAHUS HCTpEOUTENEH,
OTKJIIOUEHHBIX ycTporcTtBamu AYP. D10 mocrturaercs npuMeHEHNEM YaCTOTHOTO
ATIIB (HAIIB). UAIIB npuMeHsItOT, B IEPBYIO OYEPE/lb, B CICIYIOMIUX CIydasiX:

a) 711 OTBETCTBEHHBIX NOTpEeOUTEIICH;

0) Ui aBTOMATH3allMK TIpollecca BKJIIOYECHHS Ha TMOJCTAaHIUAX 0e3
00CITy>KHUBAIOIIETO NIEPCOHANA;

B) Ul WCHOpPABICHUS JIOKHBIX JAeucTBuil ycTpoiictB AUP mpu kpaTkoBpe-
MEHHBIX CHIKEHUAX 4acTOThI B citydyae K3 unu npu pabore ABP u AIIB.

YAIIB BBINOJTHSETCA HECKOJIBKUMH OYEPEASIMH, IOPSAIOK IMOJIKIIOUCHUS
Harpy30K OOpaTeH TMOpSJKY MOAKIIOYeHUs X K ycTtporctBam AUP. Harpysky
Mexy ouepensimu YAIIB 1o BO3MOKHOCTH paclpeaesioT paBHOMEPHO. Y CTaBKa
M0 YaCcTOTE BBITIOIHSECTCS OO0 €IUHOM, TNOO0 AENAl0T PSJl YCTAaBOK B JAHANa3OHE
49,2...50 Tu. B mnocnenHem cnydae Oojee BBICOKMM YCTaBKaM JIOJDKHBI
COOTBETCTBOBATH OOJIBIIINE BBIIEPKKU BPEMEHU.

MurHumanpHasg HavanbHasg ycraBka yctpouctB UAIIB mo BpemeHn paBHa
10...20 ¢, a MUHHMMaNbHBI HMHTEpPBal BpPEMEHM CMEXHbIX ouepenerd YAIIB B
OpeAeiax SHEProCUCTEMbl WIM OTACIBHOIO y3Jla NPUHUMAKOT paBHUH 5 C.
Otmetum, uto YAIIB BBINONHSAETCS OAHOKPATHBIM.

6.3. lMpoTnBoaBapmmMnaa aBToMaTuKa

[IpotuBoaBapuiinass aBromatuka (IIAA) — KOMIUIEKC aBTOMATHYECKUX
YCTPOMCTB, NpPEJAHA3HAUCHHBIX JJISI OrPAHUYECHUS PA3BUTUS U MPEKpallCHUS
aBapUMHBIX PEKUMOB B SJHEPTrOCUCTEME.

Oo6nacteio mpumeHeHuss [TAA ABISIOTCS OOBEKTHI TEHEPUPYIOIIUX U
AJIEKTPOCETEBBIX  MPEANPUSATANA ¢  LeJbl0  oOecrnedyeHus:  CTaOWUIIbHOCTU
DHEPrOCHCTEMBI,  MPEAOTBPALICHUS  BO3MOXXHOCTH  pa3BUTHA  aBapuil U
MUHHMU3AIUU UX TIOCJIEICTBUN.

CocTosiHME SHEPTrOCHUCTEMBI XapaKTEPU3YETCs PAIOM TakuxX (HaKTOPOB U
rmapamMeTpoB, KakK JJIEKTpUYECKas CXeMa, COCTaB OOOpyJOBaHUS, IEPETOKU
MOIIHOCTHU MO 3JIEKTpoIepesadyaM U MEKCUCTEMHBIM CBSI3IM , 3HAYEHUS TOKOB,
YPOBHM HampspKeHUs, 4actora u T.a1. YcrpoiictBa I[[AA  HenmpepbIBHO
KOHTPOJUPYIOT 3TH TMApPaMETPhI, BBISBIAIOT M (PUKCHPYIOT MOMEHTHI OIMACHOTO
OTKJIOHEHUS WJIM BHE3AMHOI0 HAPYUIEHUS] HOPMAJILHOTO PEXUMA, OMPEACIISIIOT UX
TSDKECTh U BbIPaOATHIBAIOT COOTBETCTBYIOIIME BO3JACHCTBUS Ha OOBEKTHI
yrpasienus. [Ipu 3Tom, yem Oombine (HaKTOPOB M MapaMETPOB KOHTPOIUPYET
ITAA, Tem Gimke K ONTUMANIbLHBIM OyAyT €€ BO3JEeHCTBUS.

Jns  pemieHuss 3amad  MOJAJIEP)KAHHUS  YCTOMYMBOCTH  DHEPrOCUCTEM
NpUMEHSIOTCS  coBpeMeHHble  cucteMbl [TAA, mocTpoeHHble Ha  0aze
MUKPOIIPOLIECCOPHONW TEXHUKH M COBPEMEHHBIX MH(GOPMAIIMOHHBIX TEXHOJOTHUH,
YTO TO3BOJIIET MCIOJIb30BaTh BECh MOTEHIMAT OBICTPOJEHCTBUS, TOYHBIX
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pacueToB MecTa noppexaeHus. OcHoBHas 3agada cucteM [IAA — peann3oBbIBATH
MIPOTUBOABAPUIHBIEC AITOPUTMBI B KOHKPETHBIX CIOKUBLINXCS CUTYaLIHSIX.

Komnanusa «TeneCsizb» sBAsieTca auiepoM BeAymux Poccuiickux
MNPEINPUITANA, TPOU3BOJIAIIMX MHUKPONPOLIECCOPHBIE YCTPOMCTBA 3AIIUTHI U
ABTOMATUKU ISl TPEANPUITAA OTECUECTBCHHOM JJIEKTPOSHEPTreTHUKH, a4 TAaKKe
napTHEpOM MHpOBOro aekTporexHudyeckoro ruranta SIEMENS. Ha 6aze stux
YCTPOMCTB M MOJAYyJEH CHEIUaTIUCThl KOMIIAaHUU MPOEKTUPYIOT U COOUparoT
KOMIUICKTHBIE TIKa(bl anmapatyphl JJisI BHEPEHUS Ha 00BEKTaX.

NmMest onmbIT ydacTus B KOMIUIEKCHOM PEKOHCTPYKLUHMH M CTPOUTEIHCTBE
00beKTOB  TeHeparuu  (HOBble d3HeproOsoku TOIl) wu  pacnpeneneHus
ANEKTpOdHEPTUH (TIoAcTaHIMK), komnanus «TeneCBs3by 001agaeT MOTEHIIMAIOM
JUTSL BBITIOJTHEHUS pa0OT IMOJTHOTO IHUKIAa B 00J1aCTSX:

. ITA — npotuBOaBapuiiHasi aBTOMAaTHKA;

. P3A — peneiiHas 3anydra 1 aBTOMaTHKa CTAHIIMOHHOTO U
MOACTAaHIIMOHHOTO 000PY/IOBaHMUS;

. HKY — HM3KOBOJIBTHBIE KOMIUIEKTHBIE YCTPOMCTBA.

Boinonnsiercs Ha 6a3e cOOpHBIX MIKa(OB MPOTUBOABAPUINHON aBTOMATUKH.
[Ipennaratorcs cucTeMbl, NpeIHA3HAUYCHHBIE AJI1 IPUMEHEHHUS B KAUECTBE:

. JIoxkaJIbHOM ITPOTUBOABAPUMHON aBTOMATUKU I'€HEPATOPOB
TUJIPOCTAHLIMH, TETIJIOBBIX CTAHIINN;

. ABTOMAaTHKH 3alUTHI JIUHUHI 3JEKTpONEpeaay;

. CucreM ympaBieHHUs aBApUITHBIMU peXUMaMU 0ObEKTOB r'eHepaIuu
AJIEKTPOIHEPTUH.

Kommieke nportuBoaBapuiiHoii aBTomMaTuku (IIA) BbimonHseTcs B BUAE
AyOnupyromUX  CUCTeM, JJIsI  KOTOPBIX  HPEIyCMOTPEHBI  KOMIUIEKTHI
MUKPOIIPOLIECCOPHBIX TEPMHUHAJIOB, WHIVBUY AJIbHBIE U3MEPUTEIIbHBIE
TpaHcHOpMaTOPHI, pa3AeTUTENbHbIE SN MO IOCTOSTHHOMY OIEPaTUBHOMY TOKY U
pa3enuTeNbHbIE IENU BO3EHCTBUS BO BHEILIHUE CXEMBI.

6.4. ABTOMaTuyeckme cuctembl, peanusyrowme pyHkumm MA

YCTpOUCTBO TEIEMEXAHUKU COAEPKUT JUCIIETYEPCKUN IOJYKOMILUIEKT,
YCTaHaBIIMBAEMBbI Ha I, U KOHTPOJIUPYEMBIE 10Ty KOMIUIEKTHI,
yctanaBiauBaeMblie Ha KII. [TomykoMrekTsl cBsa3aHbl MeK Ty coboit JIC.

OtnenbHblE y37bl YCTPOMCTB TEIEMEXAHUKU BBIMIOJHSIOTCS HA Pa3HbIX
aneMeHTax. [[o mocienHero BpeEMEHU MIKMPOKOE PaCHpPOCTPAHEHHUE B YCTPOMCTBAX
TEIEMEXaHUKU HMEIIU PEIEHHO-KOHTAKTHBIE M IMOJYIPOBOJHUKOBBIE 3JIEMEHTHI.
Bonbiioe  KOMMYECTBO TakUX  YCTPOMCTB, TEJIEMEXaHMKUA HAaXOAUTCA B
AKCIUTyaTallMu B CUCTEMAax JIEKTpocHaOxeHus. OiHaKo HanboJiee MePCIeKTUBHON
AJIEMEHTHOM 0a30i JUIsl CO3/IaHUs CUCTEM TEJIEMEXaHUKHU SIBIISIOTCS MHTETpalibHbIC
MHUKPOCXEMBI.

CoBpeMEHHON TEHJEHLMEN B MOCTPOEHUU CUCTEM TEIEMEXAHUKU SIBISETCA
co3ganue arperatHoi cuctemsl cpeactB tenemexanuku (ACCT). Cuctema ACCT
IpeJICTaBIsAeT cO00 HAOOp THMOBBIX (DYHKIIMOHAIBHBIX y3JI0B U OJOKOB, a TaKXKe
MIOCTPOCHHBIX M3 HUX KOMIUIEKCOB TEJIEMEXaHUYECKUX YCTpoucTB. Cucrema
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ACCT BXOOuUT B TOCYJIapCTBEHHYIO CHCTEMY MPOMBIIIIEHHBIX NPUOOPOB H
cpeactB aBromatuszanuu (I'CII), uro mnpenmonaraeT cBOOOAHOE COMPSIKEHUE
ycrpoiictB ACCT c ycTpoiicTBaMu Apyrux arperaTHbix cuctem, sxosamux B ['CII,
B YAaCTHOCTH arperaTHoil cuctemsl nepepadotku nudopmanuu (ACIIN), koHTposs
u perynupoBanus (ACKP) u ap.

[TpOMBILITIEHHOCTHIO BBIMTYCKAETCS KOMIUJIEKC YCTPOUCTB TEIEMEXAHUKHU THUIIA
TM-320, npegHa3HauYeHHBIM I TEJIEMEXAHU3AlMM  MPOMBIIUICHHBIX
npeAnpusITaid, OOBEKTOB KOMMYHAJIBHOTO XO3MMCTBA M HSHEProcHaAOXEHUs
ropoaoB. Kommekc TM-320 oGecnieunBaeT oomeHn mHbopmanueit mexay Il u
KII npu Hanumuuu BbiAeaeHHBIX ABYXIpoBOoAHbIX JIC. Hucno JIC, orxoasdmux ot
JII, MOXeT U3MEHATHCA OT OJHOM /O TPUIALATH ABYX, npudem Kk kaxaon JIC
MOET MOJICOSAUHITRHCS OT 0/iHOTO 70 Tpex KII, oOpasyromnumx nociaeaoBarenbHy o
uenouky. Paccrossnue mexay Il u KII orpanunuuBaercs mnapamerpamu JIC,
CONPOTUBJICHUE KOTOPOU HE NOKHO MpeBbIIaTh 3 KOM, a ee eMKOCTb - 0,6 MKD.

Ha xaxnoom wn3 nmoaximroyeHHBIX K omuHoi JIC KII kxommiexkc TM-320
oOecrieunBaer TenecurHanuzanmuio 56 o0bektoB. Ilo omgnoit JIC Ha Bce
noakmoyeHHsle K Hell KII moxer ObiTh nepenano 48 komang TY (TP), npuuem
Kaxaas komanga TY MoxeT ObITh UCIIOIb30BaHa JiJisl BbI30Ba ABYX HaTyukoB THU-
rapaMeTpoB WK Teae(OHHOr0 pa3roBopa.

Hns  TU wucnonb3yroTcss NEpBUYHBIE MpeoOpazoBaTev  (JaTYUKH) C
BBIXOJIHBIM CHUTHAJIOM B BHJIE ITOCTOSIHHOTO TOKA WM HampsbkeHus. [lorpemHocTts
TU 6e3 yuera TOYHOCTHM TMEPBUYHOTO TMpeoOpazoBareiiss U U3MEPUTETHLHOTO
npubopa cocrasisier 1 %.

Best unpopmanust mexxay 11 u KIT nepenaercsa cnopaanuecku. Komanast TY
MHULIMUPYIOTCA JucnetdepoM, coobmenuss TC - H3MEHEHUEM MOJ0XKEHUs
KoHTpoJiupyemoro oowekra, a TU - m3menennem TH-mapamerpa Ha 3aJaHHYIO
BennunHy. C kaxnporo KII Moxer ObITh mepenaH OAMH aBapUMHBIN CUTHAI
He3aBucuMo oT Haimmuusgs Ha KII HanpsbkeHus, 4YTO [JAaeT BO3MOXKHOCTH
CUTHAJIN3UPOBATh NCUE€3HOBEHNE HamnpshbkeHus Ha KL

Jucneruepckuil MOMyKOMIUIEKT KoMiuiekca TM-320 oGnagaeT onepaTUBHOM
namsaTbio, B KoTopoi xpanutcs mnoctynawoomas ¢ KII wundopmamus. TC
BOCIIPOM3BOIMUTCA Ha umeromencs Ha JIII MHEMOHMYECKOM CXEME CHUCTEMBI
ANEKTPOCHAOKEHUSI, 4YTO  O0OECIEeYMBAET BO3MOXHOCTb  WHIUBUYAIbHOU
CUTHAJIM3AIIMM  TIOJIOKEHMsI ~ BCEX  KOHTPOJIUpPYEeMBbIX  oOBbekToB. TU
BOCIIPOM3BOJIUTCS C TIOMOIIBIO U3MEPHUTENBHBIX MPUOOPOB. UUCIO 0THOBPEMEHHO
Bocpou3BoAUMBIX TH-mmapameTpoB HE IMPEBBILIAECT AECATH.

Kommnexke TM-320 obecrieunBaeT aBTOMaTHYECKUN KOHTPOJIb UCIPABHOCTHU
armaparypsl u JIC. HeucnipaBaast JIC moxeT ObITh OTKIIFOUECHA 0€3 HApPYIICHUS
paboTOCTIOCOOHOCTH OCTATBHOM YAaCTH KOMILIEKCA.

JlanbHENIINM pa3BUTHUEM YCTPOWCTB TEIEMEXAHUKH, MPEAHA3HAYCHHBIX IS
WCIIOJB30BaHUsl B CUCTEMaXxX 3JIEKTPOCHAOXKEHUS, SIBJISIETCSI KOMIUIEKC YCTPOICTB
tenemexanuku TM-310. XapakTepHoii 0COOEHHOCTBIO 3TOI0 KOMILJIEKCA SIBIISETCS
HAJIMYUE YCTPOMCTBA COMPSIKEHUS C arperaTHbIMH CPEICTBAMM BBIUUCIUTEILHOU
texHuku (ACBT-M), 4tro mO3BOJISIET BBOJAUTH JaHHbIE, Toiiydaembie ¢ KII,
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HETOCPEACTBEHHO B maMaTh IBM u TeM caMbIM aKTHBHO HMCIOJb30BaTh DOBM B
mpoiecce  ympaBlieHHss (B TOM  4YUCI€ W ONEPAaTUBHOIO)  CUCTEMOM
anekTpocHaOxkeHus. Ilepemqaua OBM  dynkmmii o0paboTku ToCTymaromen
TeraeuH(popMali IMO3BOJSET CYUIECTBEHHO MOBBICUTh 3()PEKTUBHOCTH pabOTHI
aucrieTyepa.

Hasnauyenue ACY cucTreMoii 3J1eKTPOCHAOKEHUA

Eciu o00bekT ympaBieHUs NPOCT U YNpaBisieMble MPOLECCHl HMEIOT
aHAIMTUYECKOE OMMCAHKE, YIIPABICHUE MOXKET MPOBOJIUTHCS aBTOMATUYECKH, T. €.
6e3 yyacTus yesnoBeka. [Ipu Hamu4uum CiI0KHBIX OOBEKTOB YNPABIEHUS, HAIPUMEDP
CUCTEMBI 3JIEKTPOCHAOXKEHMsI TOPOAAa WM MPOMBIIUIEHHOTO MPEANPUSATHS, I
KOTOPBIX AaHAJUTUYECKOE OIMCAHUE YNPABIAEMBIX IPOLECCOB OTCYTCTBYET,
ABTOMATUYECKOE YINPAaBJIEHWE OKa3bIBA€TCS HEBO3MOXKHBIM. Pemaromas posib B
YOPaBIECHUH CIIOKHBIM OOBEKTOM OCTAeTCA 3a YEJIOBEKOM. YTIPaBIEHUE OOBEKTOM,
HaIllpuMep CUCTEMOM 3JIEKTPOCHAOKEHNUS, BCEr/la SBISETCS 1EJICHANPABICHHbBIM, U
CJIEI0BAaTEIbHO, HEOOXOJMMO MpPEeABUACTh (MPOrHO3UPOBATH) IOCIEACTBUS
YOPABJISIIOUMX BO3ACHCTBUI Ha OOBEKT YMpaBIECHUA B TEKyIIEH KOHKPETHOU
CUTyallud. ITO OKa3bIBa€TCSI BO3MOXKHBIM TOJBKO MpH 00pabOTKE OOJIBIIOTO
KoJMyecTBa MH(pOpPMAaIMK, 4acThb KOTOpOH (omepaTtuBHas MHGOpMaIUs) OJKHA
oOpabartbIiBaThCs B TEMIIE Mpoliecca (B peasibHOM BpemeHH). [1o Mepe yBennueHus
MOIIIHOCTH CHCTEMbI DJIEKTPOCHAOKEHUS, YCJIOKHEHUS €€ KOH(MUTypaluu u
PEXXKUMOB  pabOThl MOTPEOUTENEH 3JIEKTPOIHEPTHMH  YIPABICHUE CUCTEMOMU
ANEKTPOCHAOKEeHUs 0e3 ucrnosb3oBanus IBM oxkasbiBaeTcs MaiodhHEKTUBHBIM.

[IoaToMy B moOCHeIHHE TOABl IIMPOKOE PACHPOCTPAHEHUE MOJYYHUIIN
YeJIOBEKO-MAILIMHHBIE CUCTEMBI YIIPABJIEHUS, WIM aBTOMAaTU3UPOBAHHBIE CHCTEMBI
ynpasinenus (ACY). B 3aBucumoctu ot pemaembix ACY 3agad ynpaBieHus
co3znarorcst pasnuusble BuAbl ACY. Ecnmu ACY npenHazHadeHa sl pEIICHUS
3a/lay TUIAaHUPOBAHMSI MPOU3BOJICTBA, YIpaBICHUS (DUHAHCOBOW JEATEIbHOCTHIO
NpEeANpUATHs, Yy4yeTa U OpraHu3aluud o00opoTa MaTepualgbHbIX PECypCOB,
palMOHAIIBHONM MEPCHEKTUBHOW 3arpy3kud OOOpyJOBaHUS W JPYyrux 3ajad, He
TpeOyromux o6padoTku MHGOPMAIIMK B TEMIIE TEXHOJOTMYECKOro mpoiecca (B
peanpHOM BpeMeHH), To Takags ACY HocuT HaszBanue ACY mnpennpusTueMm -
ACVYIL. Cucrema ACY, Ha3zHaueHHMEM KOTOpPOW SBJISIETCS OOecreueHue
Ka4eCTBEHHOI'0 IPOTEKAHUSI TEXHOJOTMYECKUX IMPOLECCOB, YTO HEBO3MOXKHO 0e€3
o0paboTkn wHGOpPMAIlMM B TEMIIE OTUX IIporeccoB, HaspiBaeTcsa ACY
TexHosnornyeckumu nponeccamu, wim ACY TII.

OnexTpocHaOXKeHUE TropoAa WIM MPOMBIILICHHOTO MPEINPHUSITHS MOXHO
paccMaTpuBaTh KaK COBOKYIHOCTb Pa3JIMYHBIX TEXHOJIOTMYECKUX MPOILECCOB,
yIpaBJI€HHE KOTOPBIMU OOBEIMHEHO OJHOM LEenblo - OecrnepedoiiHoe cHaOKeHHe
ropojia WIM HNPOMBIIUICHHOIO  NPEANPUATHS  AJIEKTPUYECKOW  dHEpruei
OIPEJIETICHHOT0 KavyecTBa MpU MUHUMYyME 3aTpaT Ha ee pacnpezenenue. [loatomy
ocHoBHOU 3amaueit ACY nsnekrpocHabxkenueM (ACYD) sBasercs BbIOOp U
peanuszanus TAaKOW TMOCIEIOBATENbHOCTA Olepalui, KOTOpas COCTaBIISIET
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HAWJIYUIIUi BapHaHT YMPABICHUS KOHKPETHOW CHUCTEMOM SJIEKTPOCHAOKEHHUS B
KOHKPETHBIX ycioBusix ee paborel. Kpome Toro, na ACYD Bozmaraercs, Kak
MpaBUjIO, W pEIIeHHWEe 3a1ad, CBSI3aHHBIX CO COOpOM M O00pabOTKOW MpOuU3-
BOJCTBEHHO-CTATUCTUYECKOW HMH(POPMaLMH, HEOOXOOUMOM i1 COCTaBIEHUS
HHEPreTUYECKUX 0anaHCoOB, pacyeTa TEXHUKO-OKOHOMUYECKUX MOKa3aTeae U T. II.
[68, 69]. Takum oOpazom, mig ACYD xapaktepHo kak pemenue 3anady ACY TII,
Tak u pemenne HekoTopbix 3amad  ACVYIL. Takas ACY HaswiBaeTcs
OpraHU3allMOHHO-TEXHOJIOTMYECKOM cucteMoi. Ha mpOMBIIIIIEHHOM NpepusiTuU
ACYD aBasiercs coctaBHOM YacThio (moacuctemoit) ACY npeanpustuem.

B ACYD Bce BBIYMCIUTEIBHBIE W JIOTHYECKUE OIEpPALNH BBIIOJIHIIOTCS
OBM. 3a uenoBekOM COXpaHSIETCS TOJIBKO TBOpUECKas paboTa, YTO MO3BOJISET
CYLIECTBEHHO IOBBICUTh MPOU3BOAUTEIBHOCT, TpyAa U  3PPEKTUBHOCTD
YIPaBJICHHS CUCTEMOM 3IIeKTpocHaAOXKeHus. beicTpas nepepadotka IBM Gombimx
00beMOB HMH(pOpPMAIMU TMO3BOJIAET CMOJEIUPOBATh PEAKLUI0 YNpaBiIsieMOn
cCUCTEeMbl Ha ympasisoniee Bo3zaeicTBue. YenoBek B ACYD monydaer Takum
00pa3oM BO3MOXHOCTb AHAJIM3UPOBATH PE3YJIbTAThl YIPABIISIOLIMX BO3ACHCTBUI
10 UX peaju3alliM, TaK KaKk MMEET B CBOEM pACHOPSKEHUU HH(POPMALMOHHYIO
HKOHOMHUKO-MATEMaTUYECKYIO0 MOJEIb YIPABISIEMON CUCTEMBI.

6.5. UsmepuTtenbHbie ycTpouctea A

Baxwneiimeir 4acteto [IA  sBISIIOTCS  M3MEPUTENBHBIE  YCTPOICTBA,
MpeaHa3HAYCHHBIC NI (PUKCAlMi W3MEHEHUs BAXKHEUIINX IMapaMeTPOB peKrUMa
DHEPTrOCUCTEMBI: pa3HOCTH (a3 W W3MEHEHHS BEKTOPOB HANPSDKCHHH B JBYX
YacTSAX HHEPrOCUCTEMBI; YacCTOThl M CKOPOCTH €€ HW3MEHEHHS, MOIIHOCTH B
Pa3IMUHBIX PEKUMaX PadOThl SHEPrOCUCTEMBI; TOBBIIICHUSI HANPSHKEHUS U T. 1.
[IprMepoM Takux yCTPOUCTB SBIISIIOTCS ycTporcTBa tumoB 111132601, /132602,
IT12701, MII12702, II12703 w 1112704, BbIoOdHEHHBIE B HIKadHOM
UCIIOJIHEHUHU.

VYerpoiicteo  IIJI22601 npennazHaueHo i (QUKcAUU  CIIEAYIOIINX
napaMeTpOB U PEKUMOB:

a) CTATUCTUYECKON Meperpy3Ku JIMHUM 3IEKTponepeaadyu Mo 3Ha4YE€HUIO
yIila MEX1y HalpsKEHUSIMUA Ha €€ KOHIAX;

0) IUHAMUYECKOW TEeperpy3kd IO 3HAYeHUsSM Yy3Jla M CKOPOCTH
CKOJIbYKEHUSI BEKTOPOB HANPSHKEHUS;

B)  HMHTEHCUBHOCTHU MEPEXOJHBIX MPOIECCOB.

Qdukcaruss pa3HOCTH (a3 HANPSHKEHUW MEXKIY HANpsSKEHUEM B TOUKE
YCTAaHOBKM YCTPOMCTBA 1 HANpSDKEHUSIMM B JIByX 3aJlaHHBIX  TOYKax
DHEPrOCUCTEMBI  OCYIIECTBISIETCS C  IOMOILIBKO  CHUCTEM  TEIEMEXAHUKH,
obecnieunBaromux Ttenenepenady Gazpl. 122601 moxer paboraTh cuUCTEM
TeJeMEeXaHUKU, UCoNb3ys Aiid 188 ananuza a3, npeaycMOTpeHHBIX B HEM, y3JIbl
MOJEJIIMPOBAHUS BEKTOPOB HampspkeHUdA. [Ipy Hanuumm cUCTEMBI TEIEeMEXaHUKU
KOHTPOJb 32 YacTOTOW OCYIIECTBISIETCS MO JaHHBIM Teneu3MepeHus: ¢asbl
HaIPSDKEHHS B KOHTPOJIbHBIX TOYKAX SHEPTrOCUCTEMBI.
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VYerpoiicteo  IJ[232602 wucnonb3yercss B aBTOMATUYECKOW CHUCTEME
OTPAaHWYECHHUs IOBBILICHUS YAaCTOTHI IPU KOHTPOJIE 3a I'€HEepaTopaMy CTAHLMU.
OrpaHnyeHue BBINOJHAETCA 110 BEJIMYMHE U CKOPOCTM HM3MEHEHHMSI YacTOTHI,
KOTOpasi MpOMOPLHOHATIbHA W30BITKY MOIIHOCTH TI€HEPATOpPOB, MOSBISIOIIEMYCS
IIPY OTKJIKOYEHHWH CTAHIMU OT JIMHUM JJIEKTPONEPENAYN WIIM MOBPEKIACHUU ITUX
avHUN. VI3MepUTenbHbIM OpraH yCTPOMCTBA pearupyeT Ha MNOBBILICHUE YaCTOTHI
BBILIE 3aJaHHOTO MpeJeia U Ha CyMMapHOE BO3JICUCTBUE TEKYIIETO 3HAYEHUS
YaCTOThI U HICXOJHON MOIITHOCTH CTaHLIUH.

Verpoiicteo  III12701 npegHasHayeHO i1 W3MEPEHUS  MOIIHOCTHU
UCXOJHOTO PEXKHUMa B CHUMMETPUYHOM pEeXKUME pPabObl IHEPrOCUCTEMBI.
YCTpOUCTBO pacCUMTaHO HA KOHTPOJb CYMMApHOW MOLIHOCTH, NIEPEIABAEMOU 110
YETBIPEM JIMHUAM DJIEKTPOIIepelayd ITyHKTa YCTAHOBKM YCTPOMCTBA M JBYX
yAaJICHHBIX 00BEKTOB, cBsi3aHHbBIX ¢ LIIT'12701 nByMs cuctemamu Telen3MepeHusl.
[Tepenaua naDopMaIuu B KaXI0W TEICU3MEPUTEIHHON CUCTEME OCYIIECTBIISETCS
10 IByM KaHajaM CBsI3U (OCHOBHOMY U PE€3€pPBHOMY) BOCBMHUPA3psAIHbIM KOJAOM. B
HIT'12701 mpexycMoTpeHa 3ammra OT INPUEMa IO CUCTEMAaM TENEU3MEPEHUS
JIO’)KHOM MH(pOpMaIUK. 3aluTa OCYIIECTBIISIETCS IyTEM CPAaBHEHHSI MH(POpPMALIHIA,
MOJIyYEHHBIX IO OCHOBHOMY M PE3€pBHOMY KaHajlaM CBSI3U U OJIOKMPOBKH Y3Jia
npuemMa B TeX ciydasx, Korjaa 3Tu MH(GOpMAaIMi He COBIAIAIOT.

Jns  aucraHunoHHoro ympasieHus ycrtpoucrBo [II12701 cBszano c¢
NyHKTOM YIPaBJIEHUS CHCTEMOM TEJICYIPABICHHS; KOMAHIbl TEJIECYNPABICHUS
nepeaaroTcsl CUrHalaMy BOCBMHU3APAIHOTO KOAa.

VYerpoiicteo 1T12702 npexycmorpeHo aisi GUKCAMU MEPErpy3Ku JIMHHMA
JJIEKTpoNepeayu 110 AaKTMBHOM MOIIHOCTU IIPU IOMOIIM W3MEPEHMsS TEKyILEeH
Tpex(}azHoil MOITHOCTH KOHTPOIUPYEMBIX JTUHUH.

VYrpaBiieHUE yCTPOWCTBOM IPEILyCMAaTPUBACTCSA IO KAaHAIY TEJIEMEXaHWKH
(pe3epBHOMY U OCHOBHOMY).

Yerporicteo 12703 paccuntano Ha (PUKCALMIO BHE3ATHOTO YMEHbILICHHUS
AKTUBHOM MOIIHOCTH KOHTPOJIMPYEMBIX JHUHUKM B pesyiabrare K3, oHO
OCYILECTBIISIET KOHTPOJIb JO YETBIPEX JIMHUM DIIEKTPOIepeadn. Y IpaBJCHUE
peXuMOM  paboThbl (YCTAHOBKAaMHU) YCTPOMCTBAa MPOMU3BOAUTCS MO KaHaIy
TEJICyIPaBJICHHUS C IIYHKTA YIIPABJICHUS.

YerpoiictBo 112704 paccuntano Ha (pUKCAIMIO TTOBBIIIIEHUS HAMPSHKCHUS
HO pe3yJibTaTaM KOHTPOJISI PEaKTUBHON MOIIIHOCTH B JINHUU AJIEKTPONEPEAAYUH.

Paccmotpenue ycrpoiictB ITA moka3blBaeT, 4YTO B HACTOSIIEE BpeEMs
BAKHBIM 3JIEMEHTOM [IA SBISIOTCS CUCTEMBI TEJIEU3MEPEHUS U TEJIECYNPABICHUS.
K 3TiiM cucteMam HOJKHBI IPEABABIATHCS

NOBBIIICHHbIE TPeOOBAaHUS B YAaCTH KAdyeCTBEHHOM paOOTBl M BBICOKOM
HagexxHocTd. Cucrembl TM, ucnonsdyemble B IIA, B 00s3aTenbHOM MOpSIKE
JOJKHBI COAEP’KaTh OCHOBHOM M pe3epBHBIA KaHabl Nepeaad nHpopmanuu. Itu
KaHAJIbI JIOJKHBI ObITh HE3aBUCUMBIMH, T. €. HE UMETh OOLIUX 3JIEMEHTOB (JIMHUI
CBSI3M, alMapaTypbl CBA3H, TPACCHI).
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Nekuwna 7

7. AnnapaTtypa TenenamepeHus

7.1. OCHOBHbIe NPUHLUNbI U3MEPEHUSA

Teneunsmepenne — o00JacTh TeIEeMEXaHUKHU, OXBaThIBalollas TEO-
pUI0 U TEXHUYECKHE CpeIcTBa AJii H3MEPEHUS HAa pPACCTOSAHUU 3Ha-
YEHUU KOHTPOJIHUPYEMBIX MapaMETPOB.

Teneusmepenue (THU) mnpecneayer menbr Hauboysiee TOYHO H C
MUHUMaJbHBIMU 3aTpaTaMu 00€CHEYUTh BO3MOXKHOCTb U3MEPEHUS MpPHU
3HAYUTEJNbHBIX PACCTOSHUIX OT MecTa 3aMmepa 0 MecTa OTcYeTa
U3MEPSIEMOUN BEJIUYUHBI.

B ¢yHK1IMOHAaNBEHOM CMBICIIE O paAHONEPENAOIINM YCTPOMCTBOM IIOHUMAETCS
KOMIUIEKC 000pY0BaHuUs, IPeJHA3HAYECHHBIN Is1 POPMHUPOBAHUS U U3TYUYCHHUS
pPazrovYacTOTHOTO cUrHana (paguocuruana). B kauecTBe pyHKIIMOHAIBHBIX y3JI0B B
COCTaB paguolepeIaTyiKa BXOASAT reHepaTop Hecylel u moaystop. Kak npasuio,
reHepaTop Hecyllel U MOAYJISTOP CTPOATCS IO MHOTOKackagHou cxeme. Kpome Toro,
B COCTaB paJMoIepeSatoIuX yCTPOHCTB (0COOEHHO MOIIHBIX) BXOJUT MHOTO JJPyroro
000pyZI0BaHUs: UCTOYHUKH ITUTAHUS, CPEICTBA OXJIAKICHUS, aBTOMATUYECKOTO U
JUCTaHLMOHHOTO YIIPaBJIEHUS, CUTHAIN3ALIUHY, 3alIUTHI U OJIOKUPOBKH U IIp.

OcHosHvle nokazameny paguonepeatonuX yCTPOUCTB YCIOBHO MOTYT ObITh
pa3zesieHbl Ha TPU TPYNIIIbL: IHEPTETUUECKUE, TOKA3aTENN JIIEKTPOMArHUTHOM
COBMECTHUMOCTH U KaYECTBEHHBIE.

Baxxnenmmmu 3HepreTH4eCKUMU MOKa3aTessiMU PaIuONEPEIAONIETO YCTPOMCTBA
SBJIIFOTCS HOMHHAJIbHAS MOIITHOCTD Y MTPOMBIIIICHHBIN KO3(PGUIIUEHT MOJIE3HOTO
nercteys. 1lon HOMMHAIBHOW MOIIHOCTRIO PAIMOIIEPENAIOIIET0 yCTpoicTBa P
MOHMMAIOT CpeIHEe 3a MEPHO]] PATUOIACTOTHOTO KOJIeOaHUs 3HAUCHNE DHEPTHUH,
MOABOAMMOM K aHTeHHE. [IpoMpInieHHbIN KodhdurmmenT moneznoro aevicteus KIT/]
MPECTaBIISICT COOOM OTHOIIIEHNE HOMUHAIBHOW MOITHOCTH P k o0mieit Popyy,
NOTPeOIsIEMON OT CETH MEPEMEHHOTO TOKa paJuoNepe oM yCTPOICTBOM

P C100%
Fosig

#:

OCHOBHBIMH TOKA3ATEJISIMHU JIEKTPOMArHUTHOW COBMECTUMOCTH SIBJISIIOTCS TMATNIa30H
paboyux 4acToT, HECTAOMIBHOCTh YaCTOTHI KOJIEOaHUI 1 BHEMIOJIOCHBIE

u3nydyeHus. JluanazoHoM paboumx YacTOT HA3bIBAIOT MOJIOCY YACTOT, B KOTOPOH
paaronepeaaroIiee yCTpoucTBO o0ecrednBaeT paboTy B COOTBETCTBUH C
TpeboBaHUAMH cTaHAapTa. [1o1 HeCTAOUIBLHOCTRIO YaCTOTRIPAAUOTIEPEIaTUNKA
MMOHUMAIOT OTKJIOHEHUE YaCTOTHI KOJIEOAHWI Ha €T0 BBIXOJIC 3a OMpeIeICHHbIN
IPOMEKYTOK BPEMEHH OTHOCHTEJILHO YCTaHOBJICHHOM YacTOThl. Manas
HECTaOMIBLHOCTD (BBICOKAsI CTAOMIIBHOCTH) YaCTOTHI TTO3BOJISIET OCIA0UTh MTOMEXH
paguonpuemMy. BHEIIOJOCHBIMYM HA3BIBAIOT TAKUE U3ITyYCHUS, KOTOPBIC PACITOIO0KCHBI
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BHE TOJIOCKI, OTBEJCHHOM /IS TIepeIauy MOJIe3HbIX coo0IeHnil. BHenomocHbie
W3JIyYEHUS ABJISIIOTCS MCTOYHUKOM JOTOJHUTEIBHBIX IIOMEX paguonpueMy. B cioydae
MTOAABJIEHUS] BHENOJIOCHBIX U3JyYEHUI KaueCTBO MEpElayy CUrHaIa HE YXYAIIAETCS.

[To Ha3HaueHHIO pagroIepealolie YCTPOICTBA ENATCS Ha CBSI3HBIE,
panvoBeIaTeIbHbIe U TeleBU3nOHHbIe. [1o muana3zony paboyux 4acToT
paznuonepeaarolye yCTpoucTBa Noapa3iessiloTCsl B COOTBETCTBUU C Kiaccudukanmen
BUJIOB PaJIMOBOJIH. B 3aBUCHMOCTH OT HOMHUHAJIBHOW MOIIIHOCTH PaIuOTIepeIaoIne
ycTpoicTBa aenarcs Ha Majgomolrasie (1o 100 Br), cpeauneit momuocTu (ot 100 10 10
000 BT), momnsie ( ot 10 o 500 kBT) u cBepxmoinsie (cBbie S00 kBT).

Creunduka 3KCITyaTaluy MO3BOJISET BbIICIUTh CTAMOHAPHBIE U MOABUKHbBIE
paauonepeaaonre ycTpoicTa (aBTOMOOUIIbHBIE, CAMOJIETHBIE, HOCUMBIE U T.[1.).

7.2. Knaccudmkaumsa cuctem TenemsamMmepeHus

B 3aBucumocTt OT TUMa MHPOPMAIMOHHOTO CUTHAJIA, UCIOIL3YEeMOTO s
Nepeauyn 3HAYCHU KOHTPOJIMPYEMOIo mapamerpa, cucrembl TU moapaszaenstoT
Ha aHasoroBbie cucteMbl TU u nuckperHsie cuctemsl TH.

AmnanoroBeie cuctemMbl THW B 3aBUCHUMOCTH OT PAaCCTOSHUS MEXKIY
ucrouHukoM nmH(popmaruu JIM u monydarenem uHbopmanuu [I1 pazpensior Ha
CHUCTEMBI OJMIKHETO M CHCTEMBI JainbHero acivcrBus. Ecou cs3p [ m T'1H,
KOTOPBIM  SIBJISICTCSI  M3MEPUTENIBHBIM  MPUOOP  JIHUCIETYEPCKOTO  ITyHKTA,
OCYIIIECTBIISICTCS HEMOCPEJACTBEHHO uepe3 (DH3WUYECKYI0 JIMHHIO CBS3H, TO TaKas
CHCTeMa SBISCTCS CHCTEMOM OIWKHEro achcTBHs. JladbHOCTH HEHCTBUS ITOM
CUCTEMBI HE NpeBbIaeT 1—2 KMm.

Ecomn B cxeme cucrembl TH mpenycMOTpeHBI ClIEIMAlbHBIE YCTPOMCTBA
nepeayu U mpueMa CHUrHajioB, 0OEClEeUUBAIONINEe MPEOoOpa3oBaHUE MEPBUUYHOIO
CUTHAJIa B TOHAJbHBIM CUTHAJI, KOTOPBIM 3aT€M MEPENACTCS MO KaHaly CBS3H, TO
Takue cuctembl TV Ha3bIBAIOTCA CUCTEMAMHU HAJBHErO JICUCTBUA. XaAPAKTEPHOU
OCOOCHHOCTBIO QHAJIOTOBBIX CHCTEM SBISICTCS MCIIOJB30BAaHME aHAJIOrOBOI'O
CHUTHaJIa U B KAYECTBE MEPBUYHOIO, U B KAYECTBE JIMHEMHOT'O CUTHAJIOB.
[TepBu4HBIN CUTHAT JATYMKOB HHGOPMAIIUU MPEICTABIISIET COOON CUTHAT
ITOCTOSTHHOTO TOKA, aMILIUTY1a HAIIPSHKEHUS. WIIM TOKA KOTOPOTO OJITHO3HAYHO
CBSI3aHA CO 3HAYCHUEM ITapaMeTpa U3MEPSeMOro mpolecca.

P U3MEHECHUH TMEPBUYHOIO CUTHAJIA B MpPEJEeiiaX YCTAHOBJICHHOTO Iara
JMCKPETHOCTH MH(OPMAIIMOHHBIA IMapaMeTp JIMHCHHOTO CHTHAJIa COXPAHSIET CBOC
3HAYEHHE M HM3MEHECHHUE €ro MPOUCXOJIUT TOJIBKO B MOMEHT, KOTIJa MEHSETCA
YPOBE€Hb JUCKPETU3AlMA TEPBUYHOIO CUTHajla. BrnomHe o4YeBHUIHO, 4YTO B
OUCKpPETHBIX cuctemax TH, wWcnonb3yembix Uil MEPEeJayd  aHaJOTOBBIX
IIEPBUYHBIX  CUTHAJOB, B  IepenaronieM  ycrpoiictee T momxen
MpeaycMaTpUBaThCsl MpeoOpa3oBaTesib aHAJIOTOBOIO CHUTHajda B JAUCKPETHBIN
curHai. Eciu Ha mmpueMHOM IyHKTE B KauecTBe [IM ucmosib3yeTcs aHaioroBbIi
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U3MEPUTETBHBIN PUOOp, B cxeme nmpueMHoro ycrpoiictBa TU momkeH ObITh y3en
npeoOpa3oBaHus TUCKPETHOTO CUTHAJIA B IEPBUYHBIN aHAJIOTOBBIN CUTHAIL.
MakcumaibHasi MOTPEITHOCTh TPE0OPa30BaHUs aHAJIOTOBOTO j CUTHAJIA TT0
YPOBHIO (IOTPEIIHOCTh TUCKPETHOCTH) onpeaeseTcs [ moJI0BUHOM BETUYHHBI
KBaHTa (11ara IUCKPETHOCTH ).

7.3. KogoumMmnyrnbCHble CUCTEMbI TenensmMmepeHus

B Hacrosmiee BpeMss B JHEProcucreMax IIOBCEMECTHO HCHOJIb3YIOTCSA
TUCKpeTHbIe cucteMbl T ganbHero aercTBus. AHaAIOroBbie cucteMbl T nmeroT
OTpaHWYCHHOE TpuMEeHeHHe. Hawmbonbiiee  pacnpocTpaHeHHE — TOTYYHIIN
muckpetasle THU komommmysbcHOro tumna. B komoumMmiynbscHbIX cucteMax THU
KaXJIOMY  YpPOBHIO  MEPBUYHOTO  CUTHajda  (M3MEpSeMOro  IMmapameTpa)
MPUCBAUBACTCSl CBOW OIPENICIICHHBIA HOMEp, W 3aJadyedl Iepe/laud pe3ysibTaTOB
M3MEpPEHUSI KOHTPOJHUPYEMOTO TapaMeTpa SBISIETCA IMepeaadya Ha MNPUEMHOE
ycrporictBo T HOMepa ypOBHsI, KOTOPOMY COOTBETCTBYET KOHTPOJIMPYEMBIN
napaMmeTp B JIaHHBIM MOMEHT BpeMmeHHu. [lepemaua HomMepa OOBIYHO BeIETCS
JBOMYHBIM WJIM JIBOMYHO-AECATUYHBIM KOJIOM, 3JIEMEHTOM KOTOPOIrO SBISETCS
JBOWYHBIN JTUCKPETHBIN cUrHal. JlJig mepenayu HMCIOJIb3YIOTCS pPacCMOTPEHHbIE
BBIIIE JUCKPETHBIE KaHAJIbI TEIEMEXAHUKH.

[IpuMEHUTENBHO K KOJOUMIYJIBCHBIM CHUCTEMAaM JUCKPETHOE H3MEHEHUE
UH(OPMAITMOHHOTO TapaMeTpa JUHEHHOTo curHaia f., mokasaHHoe Ha puc. 7.2,8,
CIeMyeT paccMaTpWBaTh KaK JUCKPETHOEC HM3MEHEHHE KOJOBOW KOMOWHAITUU
JBOWYHBIX CUTHAJIOB, ONPEAEISIONIEA HOMEP U3MEPEHHOTO YPOBHS.

B cucremax TU ¢ aHaNOroBbIM NEPBUYHBIM CUTHAJIOM B MEPEHAIOIIEM
ycrpoiictBe TU ucnonb3yercs ananoro-nudpoBoi npeodpazosarens. [IpuemnHoe
yctporictBo TU moxker paboraTh Kak ¢ HU(POBBIM ModydyaTeneM HHGOpMaIUH,
TaK M C aHAJOTOBBIM M3MEpPUTENbHBIM MpubopoM. B mocnemnem ciydae s
npeoOpa3oBaHus KOJOBBIX CHUTHAJIOB B aHAJOTOBBIM HCIOJB3YIOTCS YCTPOMCTBA
HAII (mudpo-aHanorobiit mpeodpa3oBaTehb).

3nech M JAOHKHO OBITh KPaTHO 4YeThIpeM. J[OCTOMHCTBA KOJOMMITYJIbCHBIX
cucreM TU: BO3MOXKHOCTh TIOJYyYE€HHUsI BBICOKOM TouyHOcTH TU; BbICOKadA
MMOMEXO3aIUIIEHHOCTh,  OOYCJIOBIIEHHAas  BO3MOXXHOCTBIO  HCIIOJIb30BaHUS
IMOMEXO3aLIUIIEHHBIX KOJIOB;

oTcyTcTBUE norpemtHoctd TU 1ipu peTpaHcisiuuu no cxeMe KoJ — KOJ.

PaccmoTpuM  OCHOBHBIE METOABI MPEOOpPA3OBaHMS, HAIICANIAC IIMUPOKOE
MMPUMEHECHUE B KOJOUMITYJIbCHBIX ycTpouicTBax TH.

CyeTHO-UMNYJbCHBIA MeTOA. CyIIHOCTh 3TOT0 METOJIa COCTOUT B TOM, UTO
u3MepseMas BeJIMYMHA MpeoOpazyercs B COOTBETCTBYIONIEE YUCIO UMITYJIbCOB,
KOTOPOE€ MOJICYATHIBAETCS] JBOUYHBIM CHETUYUKOM.

[Ipu cpaBHEHUHM METOJOB KOJAUPOBAHMS CIIEAYET UCXOJUTh W3 CIECAYIOUIUX
UX CBOMCTB: crioco0a BbIIauu KOJa U BO3MOXKHOCTH JIEKOIUPOBAHUS, peaiu3yeMoi
TOYHOCTHU U OBICTPOICHCTBHUSI.

[Ipu c4eTHO-UMITYJILCHOM METOJIE KOJI BBIJAETCS MO CIOCOO0Y CUMTHIBAHMS.
[IpeumymectBoM 3TOr0 crocoba sBiseTcss Oojbinas cB0oOOJa  BbIOOpa
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JEKOAUPYIOLIEro YCTPOMCTBA, HENOCTATKOM — He00X0JMMOCTh MEPEPHIBOB MEXKIY
LMKJIaMH KOJUPOBAHUS Il MOCBUIKM KoAa. CUETHO-UMITYJIbCHBIA METOJI HENb3s
Ha3BaTh YUCTO LU(QPOBBIM: METOJOM, TaK KaK 3/1€Cb KBAHTYETCA TOJBKO
M3MEHECHHE WHTEpBaja BpeMeHHU. M3MmepeHue ke HalpsyKeHHs OCYILECTBIISIETCS
KOCBEHHO 4epe3 MHTEPBAJl BPEMEHHU, U CXEMa, 00eCIeunBaroIas Ipeodpa3oBaHus
HaIpsHKEHUS! B €r0 BPEMEHHOW SKBUBAJIEHT, paO0OTAaeT Ha aHAJIOTOBBIX MPHUHIIUIAX,
YTO, €CTECTBEHHO, BEJIET K YBEJIMYECHHUIO MOTPEIIHOCTUA. JTOT METOJ MpPABUIIbHEE
OTHOCHUTH K aHAJIOTO-IIU(POBOMY.

KOMIIEHCalMOHHBII METOJ M METOJ IOCIEAO0BATEIBHOIO  yIBOCHHUS
MO3BOJISIIOT HCHOJIb30BaTh COBMEUICHHBIM CIOCOO BBIJAYM KOAA, IPU ITOM
UMEETCSl CTPOTO OIPEACIICHHBIN MOPSIA0K KOJOBBIX MUMITYJIbCOB — IO yABOCHHIO
«BECOBY.

Bce MeTroapl KOIMpPOBAaHMS IIO3BOJISIOT IIPOU3BOJIUTH IIOCIIENOBATEIBHYIO
MOCBUIKY KOJIa, a MapajuleibHasl MOChUIKA MOXET OBbITh IPOU3BEAEHA TOJIBKO MPHU
HaJIMYUU B YCTPOMCTBE CIIEIIUATIBLHOM ITaMSITH.

To4HOCTH METOIA KOAMPOBAHUSA MOXKHO XAPAKTEPU30BATh PEATM3YEMBIM YUCIIOM
Pa3JINYHBIX JUCKPETHBIX YPOBHEM, KOTOPOE B KaXJAOM METOJE OTPAHUYUBAETCS
ONpeeIeHHbIMUA (PaKTOPAMH.

7.4. UsmeputenbHble npeobpasoBaTenu

W3mepurensHble peoOpa3oBaTelin NpeaHa3HaueHbl 7151 TpeoOpa3oBaHus
MU3MEPSIEMOro mapaMeTpa KOHTPOIUPYEMOTO Tpoiiecca B YHU(DHUITMPOBAHHBIN
MEPBUYHBINA cUTHAN (0OBIYHO TOKOBBIN) € npeaenamMu usmenennu ot 0 1o 5 MA, ot
—5 no +5 MA. TlepBsiit TN U3MepuTeNbHbIX peodpazonateneit (UIT) Ha3piBaeTcs
HEPEBEPCUBHBIM U MIPEAHA3HAYACTCS ISl IPeoOpa3oBaHus U3MEPSEMbIX BEJIUYNH,
HE MEHAIOIINX HATPaBIICHUS.

B cucremax teneusmepenus onmxHero aeictBus Boixon MIT nmogkimrogaercs
K JTUHUM, B cucteMax TU manpHero aectBusa curHan ¢ Beixojga MI'1 momaercs Ha
BXO/I epearomiero ycrporcrsa TH.

B psine ciyuaeB B Bbixouyto 1ienb U1 MoryT ObITh BKIIOYEHBI CyMMUPYIOIIHE
npeoOpa3zoBaTeNM YCTPOMCTBA MPOTUBOABAPUITHON aBTOMATHUKH, Pa3BUBAIOIINECS
YCWIHNTENHU U Apyrue 35eMeHThl. O0Iiee cyMMapHOe COMPOTUBIICHUE HATPY3KH Ha
BBIXOJHBIX 3akuMax WIT He nomxHo nipeBsimath 2,5 kKOM. K UIT npeabsasistoTcs
BBICOKHE TPeOOBaHUS HAJIEKHOCTH M IOCTOBEpHOCTH. [lorpenHocTs mpe-
oOpazoBanust coBpemeHHbIX UIT nexut B mpenenax 0,25—1%. [punnun
nevicteus UIT nenecoobpazno pacCMOTPEThH HA ITPUMEPE MPOCTEHIIIETO
npeoOpazoBatens Toka BIIT-4 u tocTaTouHO Cl10KHOTO peodpazoBaress
aKTUBHOM (peakTuBHOI) MomHocTH Thna E728. Bxoanas nens npeodpa3zoBartes
MIpECTaBIsAEeT COO0OM MEPBUUHYIO OOMOTKY BCIIOMOTATEILHOTO TpaHchopMaTopa
toka TT. Bropuunas nuddepenunansuas oomorka TT coBMecTHO ¢ truogamMu
VDI, VD2 v punbTpoM.

7.5. CyMmmMmunpoBaHme 3Ha4eHUM namMepsemMbiX BeNIMYUH
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[Ipu TenemsmMepeHHH YaCTO HEOOXOIAUMO UMETh CyMMY KaKuX- JIMOO
BEIIMYMH, HAMPUMEP CYMMY AaKTUBHOW MOIIHOCTH HECKOJBKHX DJIEKTPUUYECKHUX
CTaHIIMH WM CYMMapHYI0 MOIHOCTh BCE€X T'E€HEPAaTOPOB CTAaHIMA W T. [I.
CyMMHUpOBaHUE MOXKET MPOU3BOJUTHCS Ha TMepeaaromieid OO Ha TPUEMHOU
CTOpPOHE, MPU 3TOM CYMMUPYIOTCS 1€ TOKa3aHUsI MOIIIHOCTEH, a BCIIOMOTraTeIbHbIE
BEJTUYMHBI.

MeToibl CYMMHUPOBAHUS PA3IMYAIOTCS B 3aBUCUMOCTH OT THITa TIEPBUYHOTO
JaTYMKa W OT BHUJIa TlapaMeTpa, B KOTOPBIA MpeoOpazyeTcss U3MEPEHHE: MOXKET
ObITh CYMMHPOBAHHUE BpAIIAIONIMXCSI MOMEHTOB, YIJIOBBIX MEPEMEIICHHM, TOKOB,
HaANPsDKEHUH, Ynciia UMITYJIbCOB U T. 1. Hanbomnbilee pacrpocTpaneHre moayyuniin
METOJIbl CYMMHPOBAaHUS TOKOB W HampspkeHuil. CyMMHpYIOTCS, Kak TpaBHIIO,
MOCTOSIHHBIC TUIM BBINPSMIICGHHBIE TOKA W TIEPEMEHHBIC HampspKeHus, Meton
CJIOKEHUSI TOKOB SIBIIIETCSI OCHOBHBIM ISl CyMMHUPOBAHUS 3HAYCHUN M3MEPSIEMBIX
BEJIMYMH HA MPUEMHON CTOPOHE B TEX CIIy4asX, KOT/Ia M3MEpPSIEMBbIC MapaMeTphl
npeoOpa3yroTcs B TOK. ITOT METOJT HAaMOOoJIee MPOCT U MOKET OBbITh IPUMEHEH JJIS
MPaKTUYECKA HEOTPAHUUEHHOTO YHCIIa ClIaraeéMbIX. MeTO T CIIOKEHHUS TOCTOSTHHBIX
HaIpPsHKEHUH B OCHOBHOM MPUMEHSETCS JITS CyMMHPOBaHUS .3HAYCHUH
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Nekuuna 8

8. Cuctema nepepaym gaHHbIX

8.1. OcHOBHbIe TpeboBaHUsA K cMCTeMaM CBA3U

HNudopmanms - cBeieHHs 0 KaKUX-TM00 IpoLeccax, COObITUAX, (aKTax WIn
npenmerax. M3eectHo, uro 80..90% uHbopMaIiy 4eIoBeK MoJIydaeT Yepe3 OpraHbl
3penus U 10..20% - uepes opransl ciyxa. Ipyrue opransl 4yBCTB J1alOT B CyMMe
1..2% undopmaruu. GU3HOIOTHUECKHNE BO3MOKHOCTH YeJIOBEKa HE TIO3BOJISIOT
o0ecreuuTs nepegady 0oJpux 00beMOB HHPOPMAIIUK HA 3HAYUTEIIbHbBIE
paccTosTHUSL.

Caa3b - TeXHUUYECKas 0a3a, obecrneunBaronias nepeaady u npueM uHpopManuuu
MEXIY yAaJeHHBIMH JPYT OT APYTa JIIOJAbMH W yCTPONUCTBAMU. AHATOTHS MEXKITY
CBsI3bI0 U MH(pOpPMAIIMEH Takas ke, KaK y TPAaHCIIOpTa U TIEPEBO3UMOTO Tpy3a.
CpenacTBa CBsI3U HE HY>XHbI, €CJIM HET HH(OPMAIINH, KaK HE HY>KHbI TPAHCIIOPTHbBIE
CpeJICTBa MIPU OTCYTCTBUU TPY3a.

CooOuienue - popma BelpaxkeHus (pecraBieHus) nHGopMaluu, ynooHas asis
nepeavn Ha paccTosiHue. Paznmuator onmuyeckue (Tenerpamma, mucbMo,
doTorpadus) u 38yxo6wvie (peub, My3bIKa) COOOIIEHUS. JoKyMeHmalbHble COOOIEHUS
HAHOCATCS ¥ XPAaHATCS Ha OMpPEJIeTICHHBIX HOCUTEISIX, Yallle BCero Ha Oymare.
CooO1ienusi, mpeIHa3HaueHHbIE A1 00paboTku Ha DBM, mpunsTO

Ha3bIBATb OAHHBIMU.

Hnghopmayuonnoiii napamemp coodwenus - napameTp, B U3SAMEHEHUH KOTOPOTO
"3aymoxena" uadopmanus. [ 36yx06six coodmeHnit HHOOPMAITMOHHBIM
napaMeTpoM SIBJISIETCS MTHOBEHHOE 3HaY€HHE 3BYKOBOI'O JaBJICHUS,

TUTSL HeNnOOBUIICHBIX N300pKEHUH - KOIPPUITUEHT OTPAKECHUS, IS HOOBUINCHDIX -
SPKOCTh CBEUEHUS yUaCTKOB DKpaHa.

[To xapaktepy n3MeHeHus: UHPOPMAIIMOHHBIX TApaMETPOB
pa3IUYaloT HEOPEPBIBHBIC U TUCKPETHBIE COOOIICHUSI.

Curnan - puznueckuil mpouecc, 0ToOpaxaroluii nepegaBaeMoe CooOIIeHHE.
OTtoOpakeHue cooO1eHus: 00ecTeunBaeTCa U3MEHEHUEM KaKOU-T11M00 (hr3HuecKoit
BEJIMUYMHBI, XapaKTepU3yIollel npouecc. ITa BEIMYUHA ABISAETCS UHPOPMAYUOHHBIM
napamempom cueHala.

Curnainbl, Kak 1 COOOILIEHUS, MOTYT OBbITh HenpepblGHbIMU U OUCKDEMHBIMU.
HubopMaimoHHbIi mapamMeTp HEMpPEepbIBHOTO CUTHAJIA C TEYEHHEM BPEMEHH MOXKET
NpUHUMATh JII00ObIe MTHOBEHHBIEC 3HAYCHHSI B ONPEIEIICHHBIX Tpe/eliax.
HermnpepbIBHBIN CUTHAT 4acTO HA3bIBAIOT AHAN0208bIM. JINCKPETHBIA CUTHAIT
XapaKTepu3yeTcs KOHEUYHBIM YHCIIOM 3HAaU€HUM HHPOPMAITMOHHOTO MapaMeTpa.
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Yacrto 3TOT nmapaMmeTp NpUHUMAET BCEro JiBa 3HaueHus. Ha Puc. 8.1 moka3zansl BUIbI
AHAJIOrOBOTO M IMCKPETHOTO CUTHAJIOB.
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Puc. 8.1. Buasl curnaios: a - aHaJloroBoro, 0 - AUCKPETHOTO

B manpreimem OymeM paccMaTpuBaTh IPUHITUIIEI U CPEACTBA CBSI3U, OCHOBAHHBIC Ha
WCIIOJIb30BaHUU AJIEKTPUUECKON SHEPTUH B KQUECTBE MEPEHOCYMKOB COOOIIICHHI,

T.€. JNeKMPUUECKUX CUSHAI06. BBIOOP AJIEKTPUUECKUX CUTHAJIOB JIJIsl IepeHoca
COOOIIICHMIA Ha PACCTOSTHUE O0YCIIOBIICH UX 8bICOKOU CKOPOCMbIO

pacnpocmpanenust (0koa0 300 km/Mmc).

8.2. KoMMyHMKaLnOHHas Tononorus

[Ton koMMyTaIMe MOHUMAETCs 3aMbIKaHUE, pa3MbIKaHUE U TIEPEKIIIOUEHUE
aNeKTpuUeckux 1eneil. Kommyranus ocymiecTBisieTcsi HA KOMMYTallMOHHBIX y3/1ax.
Ha ceTsix anekTpocBsi3u MOCPEICTBOM KOMMYTAIlUU AOOHEHTCKHE
YCTPOWCTBA COSAMHSIOTCA MEXIY coOO0M /i nepeaadn (mprema) nuapopmauu.
AOGOHEHTCKHUE YCTPOMCTBA B HEKOTOPBIX CIIydasiX Ha3bIBalOT OKOHEUHBIMU
ycTpoiicTBamMu cet. KoMMyTalusi OCylIecTBISIETCSI HA KOMMYTallMOHHBIX
yaaax (KV), aBnsrommxcsi COCTAaBHBIMH YaCTSIMU CETH IJIEKTPOCBS3H.

AbGoneHTtckue ycrpoiictBa cetu coeaunstorces ¢ KY abonenrckumu aunusamu (AJl).
KV, naxopasiuecss Ha TEppUTOPUHU OJTHOTO TOpoJia (HACEIIEHHOTO MyHKTA),
COEIMHSIOTCS cCoeNMHUTENbHBIMU JUHUAMHU (CJI). Ecin KOMMYTallMOHHBIE Y3JIbI
HAaxOJSTCS B Pa3HBIX TOPOAAX, TO JIMHUM CBSA3U, COEAUHSIOIINE X,

Ha3bIBAIOTCS MEXAYTOPOIHBIMU WU BHYTPU30HOBBIMH.

KoMMyTanmoHHblil y3€i1, B KOTOPBINA BKIIOYAIOTCSl A0OHEHTCKUE JIMHUM,
Ha3bIBACTC KOMMYTAaIMOHHON CTAHIIMEW WIIK MPOCTO CTAHIMEN. B HEKOTOpBIX
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ciydasix aboHeHTCKUe TuHuK BKItoyatoTes B moactanimu (I1C). Jluro,
MoJIb3ytoleecs: aDOHEHTCKUM YCTPONCTBOM /IS [Iepeiaun U npuema uHpopmanuu,
Ha3bIBaeTca aboHeHToM. /g nepeaaun nHGOpMAaIMKU OT OJJHOIO A0OHEHTCKOTO
YCTPOMCTBA CETH K APYroMy TpeOyeTcsl yCTaHOBUTH COCTMHEHUE MEXKIY STUMU
YCTPONCTBAMHU Y€Pe3 COOTBETCTBYIOIIUE Y3JIbI U JIMHUU CBSI3U. J{J1s1 OCYIIIECTBICHUS
COEJIMHEHHUS Ha KOMMYTAI[MOHHBIX Y3JIaX YCTaHABIIMBAETCS KOMMYTallMOHHAS
anmaparypa.

COBOKYITHOCTB JIMHEHHBIX U CTAHLIUOHHBIX CPEICTB, IIPEJIHA3HAYCHHBIX IS
COEJIMHEHHSI OKOHEUHBIX A0OHEHTCKUX YCTPONCTB, HA3bIBAETCS COCANHUTEIbHBIM
TpakToM. YUCII0 KOMMYTAIIMOHHBIX Y3JI0B MKy COEIUHAEMbIMA A00HEHTCKUMU
YCTPOMCTBAMHU 3aBUCHUT OT CTPYKTYPBI CETH U HAIIPABJICHUS COCIMHEHUS.

JI71st ocyliecTBICHHS TPEOYEeMOTro COSTMHEHUS KOMMYTAIlHOHHBINA y3el U
a0OHEHTCKOE YCTPOUCTBO OOMECHHMBAIOTCS YIPABISIOMNMH CUTHATAMM.

Ha KV coennHeHne MOXET yCTaHABIIMBATHCS HA BpeMs, HE0OX0AUMOoe I Nepeaadn
OJTHOTO COOOIIEeHNUs (HapuMep, OJTHOTO TeIe(POHHOrO pa3roBopa), Miin Ha
JUIUTETTLHOE BPEMsl, IPEBBIIIAIOIIEE BpeMs Mepeaadn 0OJHOI0 COOOIICHUS.
KommyTanus nepBoro Buaa Ha3bIBa€TCs ONEPATUBHOM, @ BTOPOIO - KPOCCOBOM
(10JTOBPEMEHHOM).

8.3. MeToabl cBsI3Mn

YcnoBHas kinaccuduKaIys COBpEeMEHHBIX BUIOB 3JICKTPOCBS3H MoKazana Ha Puc. 3.6.
Bce BUIBI 2JIEKTPOCBSI3U 110 THITY TIepeaBacMbIX COOOIIICHUI MOTYT OBITh Pa3/IeCHbBI
Ha MpeIHa3HaYCHHbBIC IS TIepeau 36YKOGbIX COOOIICHHM, onmuyeckux COOOIIEeHUN
B BHJIC N00BUIICHBIX N300PAKECHUH, onmuueckux COOOIESHNUN B

BUJIE HENOOBUNCHbIX N300paKeHH 1 coolteHnit mexxay 9BM. B 3aBucumocTu ot
HA3HAYCHUS COOOIICHUHN BUIBI JIEKTPOCBSI3H MOTYT OBITh pa3jielieHbl Ha
npeaHa3HAYCHHBIE JUTsI IepeIadn

COOOIICHUI UHOUBUOYAIBHO20 T MACCOB020 XAPAKTEPA.
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[Tepemaua [Tepeaua OIITHUECKHUX lepeaua onrrrueckux  Ilepejada 3BYKOBEIX

COOOIIIEHH COOBIICHHI B BHIE coo0IIEeHHi B BHIE COOOIIEHHI
H Mexy HETIO ABMKHBIX H300pakeH i 10 JIBHAHBIX
2BM H300paKeHuit
Ilepenava JoKyMeHTAITBHBIX [Tepenaya cooGimeHHit MACCOBOTO HAZHAMEHUS
CcOOOIIEHHH
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Ilepenaya coodmeHn i HHMBUY ATBHOTO HA3SHAYCHUS

Puc. 8.2. CoBpeMeHHbIE BUIbI AJIEKTPOCBS3U

[TpuBenennas Ha Puc. 8.2 knaccudukanys 10CcTaTOYHO YCIOBHA, TOCKOJIBKY B
MoCJIeTHEE BpeMsl HAMETHIIaCh TeHEHITUS 00 TUHEHUS BUIOB DJIEKTPOCBSIZH

B €OUHYI0 UHMESPAIbHYI0 cucmemMy Ha OCHOBE IU(POBBIX METO/IOB NEpeIauu U
KOMMYTAIUH JJIs Iepeiadr BCEX BUAOB COOOIIECHUM.

8.4. NpuHUMNbI ynpaBreHUa AOCTYNOM K cpefe nepeaayv AaHHbIX

®dusnyecKkue MPUHIUIBIL, B COOTBETCTBUM C KOTOPHIMU (PYHKIIMOHHUPYET
o0opy/I0BaHUE, HE CIMIIKOM CiO0XHBI. [lo MeTomy moiiydeHus: JOCTyna K cpele
nepefaym, MX MOXKHO pa3leluTh Ha JBa Kjacca - JI€TEPMHHUPOBAHHBIE U
HEJIETEPMUHUPOBAHHBIE.

[Ipn  pgeTepMUHHpPOBAHHBIX METOAAX JOCTyNAa Iepejarmas  cpena
pacupenensercs MeXAy Y3JIaMH C IIOMOINBK  CIELUAJIBHOIO MEXaHU3Ma
YIIPABJICHUsI, TaPAaHTUPYIOLIEro Iepenady JAHHBIX y3Jla B T€YEHHE HEKOTOPOIO
MHTEPBAJIA BPEMEHH.

Haubonee pacnpocrpaneHHbIMH (HO JaJIeKO HE  E€JUHCTBEHHBIMHU)
JETePMUHUPOBAHHBIMU METOJIaMU JIOCTyTa SBJISIFOTCS METOJl ONpoca U METOJ
nepeaauun npasa. Metos ompoca Majao MPUMEHHUM B JIOKAJTbHBIX CETAX, HO IIHPOKO
UCIIOJIB3YeTCS B TPOMBINIICHHOCTH JUISI  YNPABICHUS TEXHOJIOTHYECKUMU
MPOIECCaMH.
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Meron nepenayu mpaBa, Ha000pOT, YI00CH IJisl TMepeayn JAHHBIX MEXKITY
KoMmbtoTepamu. [IpuHIUI pabOThI COCTOMT B TEpenaye Mo CETH C KOJBIEBON
JIOTUYECKOM TOMOJIOTUEN CITY>KEOHOT0 COOOIIEHUS - MapKepa.

[TonyueHne ycTpoHCTBOM MapKepa MpPEeJOCTaBIsAET €My MPAaBO Ha JOCTYI K
paznensieMmomMy pecypcy. Beibop y paboueil cTaHIIMKM B 3TOM Cily4ae OrpaHHYEH
JUIIb ABYMS BapuaHTamu. B m000M ciydae OHa JOJDKHA OTIPaBUTh MapKep
CIeaymolemMy 10 ouyepean ycTpoucTtBy. Ilpuuem cnpemate 3TO mociie AOCTaBKH
JaHHBIX anpecary (IpU UX HAJIWYWH), WK cpa3y (IpU OTCYTCTBUU MH(OpMaIuy,
HyX7aroleiicss B nepegade). Ha Bpemsi mpoXoxIeHUs TaHHBIX MapKep B CETH
OTCYTCTBYET, OCTaJIbHbIE CTAHIIUM HE UMEIOT BO3MOKHOCTHU NEPENAYN U KOJUIU3UU
HEBO3MOXKHBI B mpuHLHUIe. s 00pabOTKH BO3MOXHBIX OLIMOOK, B pe3yJbTare
KOTOPBIX MapKep MOXKET ObITh YTEPSH, CYIIECTBYET MEXaHU3M €T0 PEreHEPALINH.

HenerepmunupoBaHHbIe - cllydailHble MeTOIbI TocTyma. [IpemxycmarpuBator
KOHKYPEHIIMIO BCEX Y3JIOB CETH 3a MpaBo nepenauyr. Bo3aMoXHBI 0JHOBPEMEHHbIE
MOMBITKY MEePEIadl CO CTOPOHBI HECKOJIBKUX Y3JIOB, B pE3yJIbTaTe Yer0 BO3HUKAIOT
KOJUTU3HH.

Haunbonee pacnpocTpaHeHHbIM MeTOJ0M Takoro Ttuna ssisiercs CSMA/CD
(carrier-sense multiple access/collision detection) - MHOXXECTBEHHBIH OCTYI C
KOHTpOJieM Hecyuleil / oOHapyxkeHueMm kosu3uil. Ilepen HavaioM mnepeaadu
JaHHBIX YCTPOUCTBO "MIpOoCaymuBaeT" ceTb, 4TOObI yOENUTHCSI, YTO HUKTO OOJIbIIIE
ee He ucnoiybdyer. Ecnu cpena nepenayn B JaHHBIM MOMEHT KEM-TO UCTIOIb3YETCH,
ajianTep 3a/iepKUBAET Nepeiavy, eciiu )K€ HEeT, TO HAaUWHAEeT MepeaaBaTh.

B Tom cnyuae, xorma nBa amanTepa, OOHApYXKHMB CBOOOJTHYIO JIMHUIO,
HAaYMHAIOT Teperadyy OJHOBPEMEHHO, MNPOUCXOAUT Koum3ua. llpu ee
oOHapyxeHuH 00e mepesadyu MPephIBAOTCS, U YCTPOUWCTBA MOBTOPSAIOT NEpeaavy
COYCTsl HEKOTOpOE€ CcllydailHOe BpeMsl (€CTECTBEHHO, MpPEeABApUTEIBLHO ONSTh
"mpocnymaB" KaHal Ha MNpeaMeT 3aHATOCcTH). g mosydeHuss HHGPOpMALUU
YCTPOMCTBO JOJKHO NMPUHUMATh BCE MAKEThl B CETHU, YTOOBI ONPEEIUTh, HE OHO
JIM SIBJISIETCS AJJPECATOM.
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Nekuuna 9

9. KoOMMyHMKaLMOHHbIE NPOTOKOSMbI NepeaaYu AaHHbIX B
3MNeKTPO3HepreTuke

9.1. lNMpoTokon pacnpepeneHHon cetn (DNP V3.0)

Kommynukarmmonnsiii  mporokon DNP3 (1 Distributed Network Protocol -
Pacnpenenennniii  CeteBoii  [IpoTtokon)  pa3paboran st paclIUpeHUs
BO3MOXHOCTEUW B3aUMOJCUCTBUSI MEXIY YCTPOWCTBAMHU U CUCTEMAaMHU YIIPABIICHUS
B DHEPreTUYEeCKOM, He(TerasoBoi oTpacisix, B CHUCTEMaX BOJOCHAOXKEHUS H
cuctemMax 0€30MacHOCTU. DTO THOKUHN, OTKPHITHI U MHOTOYPOBHEBBIN MPOTOKOI,
KOTOpBIN oOecrieunBaeT 0oJjiee BBICOKYIO IEIOCTHOCTh MEPENaBaeMbIX JAHHBIX,
4eM OOBIYHBIE KOMMYHHUKAIIUOHHBIE IIPOTOKOJIBI.
DNP3 moxHO nmpuMmeHsATh Ha pa3HbIX ypoBHiIX SCADA-cucrem, Kak JUisl CBS3U
IIJIK ¢ [I9BM, Tak u u1s CBSA3M MEXAY YCTPOWCTBAMU OJHOTO YPOBHS B PEXUME
«TOYKA-TOYKAY.

IHopnepxkoit m pazsutueM mnpotokona DNP3 3anumaercs rpynma DNP3 User

Group (www.dnp.org).

Hocmouncmea u eozmoxrcrnocmu DNP3

Kontponnepsr SCADAPack ycnemHo ucnoyib3yroTcsi B pa3HbIX MPUIOKEHUSIX BO
MHOTHX OTpAciAX MpOMbINUIEHHOCTU. [IpuMenenne y1o0HOro Jj1sl UCIIOJIb30BaHUS
DNP3 unrepdeiica no3Bossier ObIcTpo BcTpauBaTh KoHTposuiepsl SCADAPack B
pa3HOOOpa3HbIE CHUCTEMBbl KOHTPOJII M YIOPABIEHUSA. ODTOMY CIHOCOOCTBYIOT
BO3MOXHOCTH IIPOTOKOJIA, KOTOPBIE BKIIIOUYAIOT:

« OtnpaBKy HMHUIMATUBHBIX COOOIIEHUH TIPU U3MEHEHUM 3HAYEHUU
napameTpoB

- Ilepenauy nndopmanuu ¢ yuerom IIpropureron

. IlIupokoBemareabHy0 PACCHIIKY COOOIIEHHM

- BenowMeble ycTpoiicTBa MOTyT MOCHUIATh COOOIIEHUS HECKOJIBKUM Benymm
yCTPOUCTBaM

-  ®opMupoBaHHUE COOBITUN C METKOW BpEeMEHHU

« Xpanenue nanubix — 710 10.000 co6wituii B kouTposuiepe SCADAPack100 u
6omee 30.000 cobwiTuii B koHTpOsuiepe SCADAPack32

« Pacmmpennyro agpecanuto [TJIK — 1o 65.535 TIJIK

- Bo3MoxHOCTH UCTIOTB30BATh MPU NEpeade coOOIIeHHs OOBIIOr0o pa3mMepa

- Ynanennoe koudurypuposanne [TJIK

« Ipodunu mactpoiiku DNP3 nmocrapmnstorcs ¢ 000pyaoBaHueM
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Konghuzypanyusn

B nporpammusie cpensl pazpadotku TelePACE, ISaGRAF Bctpoen mpoctoit u
MOHATHBIN AUanor KoHGUrypupoBaHus nporokoia DNP3. YposHu npunoxenuit u
JaHHBIX, MEPUOJbI OMpPOCa, PEKUMbl HMHUTALMH M OTOOPAKEHHS aJPECHOTO
IPOCTPAHCTBA, MapLIPyTHU3alMsl COOOIIEHUH, a TakXke HacTpoilka 00paboTKH

KaXJIOM TOYKM BBOJIa/BBIBOJJa - BCE HACTPAWBAETCS C IIOMOIIBIO HTOTO
uHTEpdeiica.

bonsmmnacTBO ipriiokeHuit DNP3 moryT ObITh CKOH(GUTYpHUPOBAHBI TIPU TTOMOIITU
3TOrO JIAAJIOra, VCKJIIOYast HE0OXOIMMOCTh B JOTIOJIHUTEIIBHOM
MPOrPaMMUPOBAHUMU.

[Tpunoxenus TelePACE, [SaGRAF, RealFLO u Firmware Loader monnepxuBarot
DNP-coennnenus c KOHTPOJUJIEPAMMU.

Ucnons3yst DNP-coenunenue, moxxHo 3arpy3uth ¢pupmenHoe 110 kontpoiepa u
MPUKIIAJIHBIE TPOTPAMMBI, a TaKXKe€ MPOCMOTPETh HX BBIMOJHEHHE B PEKUME
OTJAJKU.

Hononnumenvuvie pynkyuu DNP3

[Ipy HEOOXOAMMOCTH MOXXHO MCIOJIb30BaTh IOJIb30BATEIBCKUE JIOTUYECKUE
¢bynkuun DNP3. Otu pyHkinuu noszsossitor npuiioxkenusm [TJIK mHunmupoBaTh
paznuuynble DNP-coObITHS, BKIIIOYasi OMPOCHl KJIACCOB JAHHBIX, CHHXPOHU3AIUIO
BpeMEHH, U  (POopMHUpOBaHME  HMHUIMATUBHBIX  OTBETHBIX  COOOIICHUM.
Jlpyroit KOMIUIEKT JOMOJHUTENbHBIX GyHKIMH mo3BoiseT [1IJIK momyuuTs goctyn
K auarHoctudeckoi uHpopmanuu DNP, takoit kak: coctosinue coeauHenuss DNP,
YHUCJIO COOBITUM MO THUITYy M KJIAcCy JaHHBIX, CTATUCTHKAa OOMEHa IO MOopTaM u
CTaHIUSM.

Peosrcum Beoomuiit - Slave

Bce TIJIK SCADAPack u BbhIUMCINTENb pacxoja ra3oB IMOIACPKHBAIOT PEXKUM
DNP3-Bengombiii (DNP3-slave).
B pexume DNP3-slave, xontpomnep mnepemaer DNP-mactepy mo 3ampocam
cratnaeckue nannbie (Class 0) u mannaple mo coOwsitusim (Class 1, 2, 3). PLC
MOXXET TMOCBHUIaTh WHUIIMATUBHBIC COOOIICHUS M MapIIpyTU3UPOBATH COOOIIECHUS
npyrux DNP-yctporcts.

Huuyuamuenvie cooouienusn

Baxnoii ocob0ennocteto DNP3  sBisiercs Bo3MoxkHocTh PLC reHepupoBath
ornpaBKy HezampomieHHbIX (unsolicited) cooOmenuit Bemymemy IJIK /TIK mo
COOCTBEHHOW MHUITMATHBE. PazOnenne qaHHBIX MO YPOBHIO MPUOPHUTETA MO3BOJISET
HA3HAYWTh IPaBUIIA NIEPEAAYN COOOIIECHUI I KaKa0ro kinacca o0bekToB (1, 2, 3
KJIaCCHhI).

[IpaBuna nepenayn cOOOIIEHMI IS KJIACCOB OOBEKTOB BKIIOYAIOT B CEOSI:
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- Pazpemenune/3anper nepenayn MHUIMATUBHBIX COOOIIIEHUN

- Hacrtpoiiky nHTEpBaNia MEXAY CEAaHCAMU MEPEaAvYU JAHHBIX

- Hacrpoiiky cuerunka makcuManbHOTO KonmdectBa coowituii B [JIK, mocne
HAKOIUICHHUS! KOTOPBIX HAYUHAETCS Nepeaaya JaHHBIX

Knaccot 0o0vexkmoe

Knaccudukanus 00beKTOB JaHHBIX Ja€T BO3MOXHOCTh OCYIIECTBIISTH YIIPaBICHHUE
COJCPKUMBIM ~ TIEpeaBacMbIX COOOIICHUH U  OTHPABIATH COOOIICHHUS B
COOTBETCTBHMM C NMPUOPUTETAMH JITAHHBIX, ONPEIEICHHBIMH MoJb30BareneM. Kiace
JaHHBIX TPUCBAaMBAMBAETCS HE3aBHCHMMO OT YPOBHS NPHOPUTETA JIaHHBIX.
Kiaccbl 00beKTOB MOTYT OBITh, K NIPUMEPY, CKOH(PUTYPUPOBAHBI CO CIEIYIOLIEH
CTPYKTYpPOU IPUOPUTETOB:

« Class 1 — BeICIINI TPUOPUTET
« Class 2 — cpeqnuii IpUOPUTET
« Class 3 — HU3KHI1 TPUOPHUTET

Class 0 siBisieTcst ykazaHMeM MacTepy ISl orpoca BceX oObeKTOB JaHHbIX DNP.
Ot10 MTHOBEHHBIC TEKyIIHe 3HAYCHUS rapaMeTpoB.
Mactep ompammBaeT oObekThl AaHHBIX Class 0 He yacTo M Npu Tepe3anycke
koHTposuiepoB DNP (Benymux u Benombix).

Ethernet u Ilocheooseamenvnoe coeounenue

DNP3 1noaHOCTBIO TOJJEPKUBACTCS HA BCEX KOMMYHMKAIMOHHBIX RS232 wu
RS485 mnoprax xoutpomnepa SCADAPack wu Ethernet TCP/IP moptax
koHTposuiepoB SCADAPack 32, SCADAPack2, SCADAPack ES u SCADAPack
ER.

9.2. NMpoTokon nepeaaym aaHHbIX Modbus

B nporokone Modbus yctpoiicTBa (mporieccopsl) OCYIIECTBISIONINE OOMEH
Mexay coOoil nensTcss Ha Beymue M Begomble (Master u Slave), uro He
MO3BOJISIET BEJIOMBIM YCTPOUCTBAM IepeaBaTh JaHHBIC IO MEPE MX IMOSBJICHUS U
TpeOyeT MHTEHCUBHOIO OIIPOCA BEIOMBIX YCTPONCTB BETYIIIHM.

PaznoBunnoctsimu  Modbus  sBisitorcss  mpotokosibl - Modbus  Plus -
MHOT'OMAaCTEPHBIM MPOTOKOJI ¢ KOJbIIeBOW mepenadeit Mmapkepa u Modbus TCP,
paccuMTaHHBIA Ha wucnosib3oBaHue B ceTsax FEthernet m Mutepuer. Cam xe
nporokon Modbus umeer nBa pexuma nepenauu: RTU (Remote Terminal Unit —
«yJaneHHoe TepMuHaibHoe yctpoiictBo») U ASCII. CtanmapTt npeaycmaTpuBacT,
gyto pexuM RTU B mpotokone Modbus nomkeH mpHUCyTCTBOBAaTh 00S3aTeNbHO, a
pexxum ASCII sBseTCS ONMIIMOHHBIM.

B nannoii cratee Oynem ommcwiBaTh npotokosn Modbus RTU, kak nHambonee
IITUPOKO TMTPUMEHSIEMBIN B TTPOMBITIUICHHBIX MUKPOIIPOIIECCOPHBIX UCTIOTHCHUSX.
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Cramgapr Modbus RTU mpemycmarpuBaeT mnpumMeHeHHE (PU3UIECKOTO
untepdeiica RS-485, RS-422 unm RS-232. Haumbonee pacrnpocTpaHEHHBIM s
OpraHM3alMK MPOMBIIIJICHHONW CETH sIBIseTCs 2-mpoBogHONU uHTepdeiic RS-485,
T.K. T[O3BOJIIET HauOojee yAAJICHHYI Mepenadyy 0e3  HCIOIb30BaHUS
noBropurened. [Ins coegMHEHUH TOYKA-TOUYKA HAa KOPOTKH PAacCTOSAHMS (Kak
npaBuiio, He Oosiee 1-2 MeTpoB) MOXET OBbITh HCMOJb30BaH uHTEepdeiic RS-232
nnu RS-422.

Opranusanus ceTu

[Iporokon Modbus mno3BosisieT co37aTh MPOMBIIUICHHYIO CE€Th W3 OJHOTO
BEIyIIero ycTpoictBa u j0 247 BemoMbix (MOaysied BBOAa-BbiBoAa). OOMeH
JAHHBIMU BCET/1a HHULMUPYETCS BEAYLIUM YCTPOIMCTBOM, a BEJIOMbIE HE HAUMHAIOT
nepesady JaHHbIX, I0Ka HE MOJIydaT 3alpoc OT Bexyliero. Begomsle ycTpoicTBa
HE MOTYT OOMEHHMBATHLCS JAHHBIMH JAPYT ¢ Apyrom. B ir000if MOMEHT BpeMEHH B
cet Modbus MOXeT MPOUCXOUTH TOJIBKO OJHA Omepalus oOMeHa.

Anpeca ¢ 1 o 247 sBnsatorca aapecamu Modbus BeJOMBIX YCTPONCTB B CETH,
anpeca c¢ 248 mo 255 3ape3epBUPOBaHbI, HE JJOJLKHO OBITh JIBa OJIMHAKOBBIX ajpeca
B OJHOM ceTdh. Bexymiee ycTpOMCTBO HE JOJDKHO HMMETh aapeca. Benpyiiee
YCTPOMCTBO MOXET MOCHLIATh 3alpoChl KaK OJHOMY YCTPOMCTBY, TaK M BCEM
yCTpolcTBaM  ojgHOBpeMeHHO  ("mupokoBemareiabHbli  pexum"). s
IIMPOKOBENIATEIBHOTO pekuMa Hcnosb3dyercs aapec "0", mpu 3TOM NOCBUIKA
NPUHUMAETCS] BCEMU BEJIOMBIMHU YCTPOMCTBAMHU.

Onucanne nocsLIkM (Kaapa) nporokoja Modbus

B mpotokone Modbus RTU cooOmienne BOCIpUHUMAETCS KaK HOBOE IOCIIE
nay3bl (TUIIWHBI) B IIWHE JUTUTEIBHOCTHIO HE MeHee 3,5 cumBosioB (14 Our),
BEITMYMHA TIay3bl B CEKYH/IaX 3aBHCHUT OT CKOPOCTH TMEepPEAayu.

OO6mas cTpykTypa mochbUIkHM (Kaapa) 3ampoca mno mpotokoiny Modbus mmeer
CICIYIOLINMI BUJL;

Anpec Benomoro yctporictBa|Ne ¢pynkiuu|lanasie| Kontponbpaas cymma

r7e

Anlpec BEOOMOIO YCTPOMCTBA — aJpec MOJAYUHEHHOIO YCTPOWMCTBA, K
KOTOpOMY aJIpeCcOBaH 3ampoc. Bejgomple yCTpoWCTBa OTBEYAIOT TOJIBKO Ha
3ampockl, TOCTyNuBIIME B HX aapec. OTBeT Takke HAuMHAeTCa C ajapeca
OTBEYAIOIIET0 BEJOMOI0 YCTPOUCTBA;

Ne ¢ynkmu — sto crnenyromee ogHoOalWTHOE mose Kajapa. OHO TOBOPUT
BEJIOMOMY YCTPOMCTBY, KaKu€ JIaHHbIE WM BBIMOJHEHUE KAKOTO JCUCTBUS
TpeOyeT OT Hero BeayIee YCTPOUCTBO;

JlanHbie — TONIe COAEPKHUT WHOOPMAIUIO, HEOOXOIUMYI0 BEIOMOMY
YCTPOWCTBY [JIsi BBIMOJHEHUS 3aJaHHOW MacTepoM (DYHKIIMM WU COICPKUT
JaHHBIC, TIEpeIaBacMble BEIOMBIM yCTPOHCTBOM B OTBET Ha 3alpoC BEAYIIETO.
JliinHa 1 popmat nosst 3aBUCUT OT HOMEpPA PYHKIUY;

KoHTponbHass cymma — KOHTpPOJBbHAs CyMMa IS TIPOBEPKH OTCYTCTBHS
omuOOoK B KaJipe.
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MaxkcumanbHBIN pa3Mep MOCBUIKU JJIA MOCienoBaTeabHbix ceteit RS232/RS485
— 256 OGaiir.

Crpykrypa nanubix B nporokoja Modbus RTU

B nporokosie Modbus RTU nannsie nepeaaroTcst OaiiTaMu MIIaAIIUM pa3psiaMu
BIIEpE]l ¢ 100aBJIEHUEM KOHTPOJIbHBIX OUTOB (CTApTOBBIN, CTOMOBBIA OWUTHI U OUT
YETHOCTH).

[To ymomuyanuto B RTU pexume OuUT 4yeTHOCTU (MapUTETa) YCTAHABIMBAIOT
paBHBIM |, ecliu KOJIMYECTBO JBOMYHBIX E€AMHUI] B OaiiTe HeYeTHOe, U paBHbIM 0,
€cliM OHO 4YeTHoe. Takoil mapuTeT Ha3bIBAIOT YETHBIM (even parity), a METOJ
KOHTPOJISI Ha3bIBAIOT KOHTPOJIEM YETHOCTH. [IpH 4eTHOM KOJMYECTBE JABOMYHBIX
eauHuIl B OaiiTe OMT ImapuTeTa MOXKET ObITh paBeH 1. B 3TOM cityuae roBopsT, 4To

mapuTeT sABisieTcss HedeTHBIM (0odd parity).
CrapTOoBBI 1 2131415161718 but yetHocTH | CTONOBBIN
iour |(Mimammvii paspsn) (mapurera) our

KOHTpOJIb 4E€THOCTM MOXET OTCYTCTBOBaTb, B 3TOM Cllyda€ BMECTO OwWTa
NapuTeTa T0JKEH UCII0Ib30BaThCS BTOPOU CTOMOBBIN OHUT.

Crpykrypa coobmenuss nporokosaa Modbus RTU

Coobmenuss Modbus RTU mnepenaroTcss B BUJIE KaapoB, ISl KaXKIOTO M3
KOTOPBIX M3BECTHO Hadajo W KoHel. [Ipu3HakoMm Hadajga Kajapa SIBISCTCS Tay3a
(TUILIMHA) TPOAOKUTENIBHOCTRI0O HE MeHee 3,5 MIeCTHAALATePUYHBIX CHMBOJIOB
(14 our). Kagp momken nepenaBatbes HenpepbiBHO. Eciu mpu mepemade kaapa
oOHapy’KMBaeTCsl Tay3a MPOJOJDKUTEIBHOCThIO Oojiee 1,5 miecTHaanaTepuyHbIX
cumBoia (6 OWT), TO CUMTAETCS, YTO KAApP COACPKUT ONIMOKY U JOJIKEH OBITh
OTKJIOHEH TPUHUMAIONIUM MOJyJIeM. OTH BEJIWYUHBI Tay3 JOJDKHBI CTPOTO
cobmoaaTeCsa TpU cKopocTsax Hmke 19200 Omrt/c, 0gHAKO OONBIIMX CKOPOCTSIX
PEKOMEH/IyeTCsl UCTIOIb30BaTh (PUKCHUpOBaHHBIC 3HaueHusA mays3, 1,75 mc u 750
MKC COOTBETCTBEHHO.

KoHnTpoJub omudoxk

B pexume RTU nmeercs 1Ba ypoBHsI KOHTPOJISI OLIMOOK B COOOIICHUH:

- KOHTPOJIb YETHOCTH JIJIsl K&XKJ0ro O6aifTa (OMIIMOHAIIBHO);

- KOHTPOJIb KaJpa B IEJIOM C MOMOIIbIO METOJA MO/ICUE€Ta KOHTPOIbHON CYMMBI
(CRC) metona.

CRC meTon ucnonb3yercs HE3aBUCUMO OT MPOBEpPKH yeTHOCTU. 3HaueHue CRC
YCTaHABIIMBACTCSl B BEAYIIEM YCTpOMCTBe mnepen nepenadert. [lpu mpueme
COOOIICHNS BBIYMCIACTCS KOHTPOJIBbHAsT CymMMa Bcero cooOmienus (0e3 yuera
MIPUHATON KOHTPOJIBHOM CYMMBI) M CPABHHUBAETCS C €r0 3HAYEHUEM, YKa3aHHBIM B
nosie CRC kanpa. Ecnu 06a 3HaueHus COBMAAAIOT, CYMTACTCS, YTO COOOIIEHUE HE
COJICP’KUT OIIMOKHU.

CrapTtoBble, cTONOBbIE OUTBI W OUT yeTHOocTH B BbluucieHun CRC He
Y4aCTBYIOT.
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9.3. NpoTokon nepeaaum aaHHbIXx Modbus Plus

Modbus Plus npencraBnser co0oii cereBoil MPOTOKOJ OOMEHa JaHHBIMH,
pa3zpaboranHbiii kommanuein Modicon (HeiHE BxomuT B coctaB Schneider

Electric). CtpykTypa coobmiennii Modbus Plus ngenTnaHa
cRTU cnenudukaiuei, OJHAKO ABJISCTCS Oonee HAJIC)KHOMN 151
OBICTPOACHCTBYIOIICH.

Modbus Plus umeer ogunakoBsiii ¢ RTU, ASCII u TCP cnenudukanusmu
MPUKIIATHOW YpPOBEHb ceTeBOM Mojenu OSI, 4To MO3BONSET HCNOJIB30BaTh HX
COBMECTHO MpHU 00pabOTKe JaHHBIX MMOJIB30BATENS.

Modbus Plus ncnonas3yer MeTo 1 nepeiadn JaHHbBIX JTH00 popMarta «Todka-
TOYKa», MO0 MYJIHTUMACTEPHBINA C mepefadeil mapkepa. Takum oOpa3om, CETH,
MOCTPOEHHBIE HAa ATOM IMPOTOKOJE OOMEHA, SIBJISIIOTCS OJHOPAHTOBBIMH, JII000E
YCTPOMUCTBO MOXKET OBITh KaK BEIAYIIMM, TaK U BEIOMBIM, a TaK € UHUIIMHUPOBATH
0OMEH JTaHHBIMHU.

®dusnyeckuii ypoBeHb poTtokona Modbus Plus Mmoxxetr ObITh TIpencTaBiieH
100 RS-485 unrepdeiicoMm, THO0 OIITOBOIOKHOM.

TPHETIATHOT MODEUS Application Ptotocal
IEC 61158-5-15, IEC 61158-6-15 |
MODBUS an TCF
T
TPAHCTIOPTHRIT | TCP
CeTeB oIl | IP
. CRCLE check LRC check | HDLC Ethernet 1l afo LLC IEEE 202 2
KaHATLHB I Vrparmerme goctymon Master/Slave || mapreprs o MAC IEEE 8023 CSMA/CD
(r3irTecKImi [ Rs-422, RS-435, R3-232, CL RS-435, IEEE 202 3
OITTOE QIORHD
MODBUS RTU  MODBUSASCII  MODBUS + MODBUS TCP/AP

MODBUS B koHTekcTe OSI-MOIemI

NmMenHo paznuune (U3UIECKOr0 YPOBHS M METOJA MEpeaadd JTaHHBIX, HE
no3Bossier komMmytupoBaTtb Modbus Plus ¢ npyrumu BepcusiMu mpOTOKOIIA.
OnHako, UMEHHO A3TO OTJWYHME W BJIUAECT Ha TIOBBIINICHHWE CKOPOCTHU Iepe/iadu
JIAHHBIX U HaJEKHOCTH CUCTEMBI OOMEHA.

Pa3zmep cetn nmocrpoennoir Ha Modbus Plus moxer nocrurars 32 wim 64
YCTPOMCTB 0€3 WIM C HCIHOJIb30BAHHUEM PEMUTEPOB COOTBETCTBEHHO. CKOpPOCTH
nepeaayu JaHHbIX gocturaetr 2 Mout/c. IIpoTspkeHHOCTh MuHUM cBsa3u 10 500 M
6e3 penutepoB/2000 M ¢ penutepamu/ Oosiee 2000 M ¢ UCMOIB30BAHUEM
ONTOBOJIOKHA KaK (DU3NYECKOTO YPOBHSI.

Cpenu nononuutenbHbx GyHKiuii Modbus Plus crout BeinenuTs Haaudue
oOmeit 6a3bl TpaH3aKIMK, BOBMOKHOCTH CKAaHUPOBAHHUS CETH, YTECHHUE M 3aIHCh
OT/ACJBHBIX PETUCTPOB, & TAK K€ BO3MOKHOCTh MAPIIPYyTU3ALINH 70 6 CeTEH.
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9.4. NpoTtokon nepeaaym aaHHbix LonTalk

IIporokon LonTalk sBisiercss BakHeilleil cOCTaBHOM 4acThio (Hapsay ¢
(duzmyeckoil peanuzaluen CrenHaM3UpPOBAHHOTO MUKpormpoiieccopa Neuron
Chip) cereBoii TexHonoruu LonWorks, ocHOBHasl 3aj1ladya KOTOPOH — OObEAMHEHHE
B OJIHY CE€Th CaMblX pa3JIMYHBIX CHUCTEM W YCTPOWCTB aBTOMATUKH, 0€3
UCIIOJIb30BAHUS UHTEIUIEKTYaJIbHBIX YCTPOIMCTB M CETEBBIX KOHBEPTEPOB. He crout
nonaratb, 4rto LonTalk u LonWorks — 310 omHo U TO xe. B To Bpems
kak LonTalk sBnsiercss cereBpIM MPOTOKOJIOM oOOMeHa maHHbIMU, LonWorks
BKJIFOYAE€T B €€0s MHOXXECTBO OOOpYJOBaHMS M MPOrPpaMMHOr0O oOecreyeHus,
UHTEp(PENCOB, CPEJCTB YIPABICHUS U TIP.

Ilpomoxon LonTalk noctpoeH W wuCHoONB3yeT Bce 7 YPOBHEW ceTeBOM
monenu OSI. CobcTBeHHO, CXeMHasi 4acTh W CIENHATM3UPOBAHHAS MPOIIKBKA
peanu3oBaHbl Ha 0aze kpemHueBoro yuna Neuron Chip, npeacrasistoiero cooou
BBHIIIICHA3BAHHBIN CIIEIUATU3UPOBAHHBIN MUKpomporieccop. [TomuMo coOCTBEHHO
peanu3anuu MpoTokoja oOMeHa JaHHbIMHU, Neuron Chip BBITONHSIET (YyHKUUU
U(Ppo-aHATIOTOBBIX M AHAJIOTOBO-IIUGPOBBIX MPEOOpPa30BAHUM W BBHIIOJIHEHUS
BHYTPEHHUX IIporpaMM ycTpoicTBa, Ha KoTopoe Neuron Chip ycranosneH. Yurbl
pa3pabaThIBaIOTCA JKCKIIIO3MBHO KoMmaHusMu Motorola u Mitsubishi, umeror
VHUKaJIbHBIN B Mupe 12-3naunbiii uaentudukarop Neuron ID mns oOHapyxeHus
HOBBIX CETEBBIX YCTPOMNCTB.

IIporokoa LonTalk noxnepxuBaet psia QyHKIUMN, Cped KOTOPbIX:

* [loaTBepkieHNE TPaH3aAKIIUU

» OnpesiesieHUe OTIPABUTENST COOOIICHUS

* [IpuopureTHas nepegaya JaHHBIX

* [louck u oOHaApy)eHUE TyOIUKATOB cooOIIeHu mpoTokoiaa LonTalk

* [IpenorBpamienre KOHPIUKTOB Mepeadn

* Tpu Buaa aapecaniu: KOHKpETHAs, MHOTOMTYHKTOBAs U IIMPOKOBEIIATEIbHAS
* [Touck u oOHapyx)eHue ommnboK

Ilpomoxon LonTalk moxeT ObITh peaJin30BaH Ha 0a3ze Kaless BUTOM Maphl,
CWJIOBOTO Kabens, paauovyacToT, HHQPPAKpPACHBIX Jyye, OMNTOBOJOKHA W
KOAKCHAJIBHOTO KaOeJs.

Kanan cBsizu npomokona LonTalk moxer conepxkatb B cebe mo 32 385
YCTPOMCTB, W TMPU OBTOM COCTOATh M3 HECKOJbKUX KaHAJIOB CBS3H, YTO
ONTHUMU3UPYET 3arpy3Ky CETH, OCPEIACTBOM OTPAaHUYEHHUSI TOTOKA.

CkopocTtb kanana npotokosia LonTalk moxer ObITh 3anporpamMMupoBaHa Ha
Pa3TUYHYI0 BEJIUYHMHY, OAHAKO (PU3MYECKUE OTPAHWYCHUS JIeKAT B MHTEpBAJE OT
0,6 xOut/c no 1,25 mouTt/c.
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Crpykrypa cemu LonWorks onpenensercss KaHaJIOM M CETMEHTOM CETH.
['maBHBIM B ME€papXuu agpecaluuy BBICTyIIaeT JOMEH ceTH. OH MOYKET BKJIKOYATh B
cebst 1o 255 moncereit. [loaceTs MoxeT HecTH B cebe g0 127 y3noB. Kak Obu1o
3ameueHo Bblme, B cerax LonWorks, nmpu mnoanepxkke mnpotokosnia LonTalk
BO3MOXHO Hajnuue A0 32 385 yCTpOWCTB WU Y3JI0B.
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9.5. lpoTokon nepeanayn paHHbIX Ethernet
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[Tporokon Ethernet/IP (Industrial Ethernet Protocol) pazpaboran Ha ocHOBe
CIP (Common Interface Protocol) — mpoTokoia, Mo KOTOPOMY OCYIIECTBIISIETCS
00BbeIMHEHUE OTJCIbHBIX KOMIIOHEHTOB B eMHBIN MotyJib. [IpoTokon EtherNet/IP
oOecrieynBaeT nepenadyy KPUTHYHBIX KO BPEMEHU JOCTAaBKM JIAHHBIX MEXIY
YOPABJISIIOLIMM YCTPOMCTBOM M YCTpPOWCTBaMHU BBOJA-BbIBOJIA, a Takke OOMEH B
cetH Internet. HekputuuHble K0 BpeMeHH AaHHbIE nepechuiatoTes yepes ctek TCP,
a JI0CTaBKa KPUTHUYHBIX KO BPEMEHM JAHHBIX OcyllecTBisercs uyepe3 crek UDP.
[Iporokon Profinet 10 npennasnaden s oOmeHa ¢ nepudepuitHbIMU
YCTPOMCTBAMH U CO3JaHUSI MOAYJIBHBIX PACHpPENEIEHHBIX CUCTEM BBOJA-BBIBOJIA, B
KOTOPBIX TMOJB30BaTENb CaM 3aJaéT crnocod W mapaMmeTpbl KacKaIupOBAHMS
6510xk0B. HekputruHbie KO BpeMEeHH JaHHbIe nepeaatorcs no npotokony TCP/IP, a
KpuTuuHbie — 10 npoTokony IRT s obecrnieuenrs oOMeHa B PeKUME pPeaTbHOTO
BpeMeHHU. JlJI1 ONTUMHU3AIUU CBA3M BCEM IaKeTaM IPHCBAUBAIOTCS MPHOPUTETHI
cornacHo [EEE 802.1p. /lanHbIe, epechliacMbie B peaIbHOM MaciiTabe BpeMeHH,
JOJDKHBI MMeTh Bblcliuid mpuoputeT. IIporokon Profinet 10 wucnmons3zyercs B
OCHOBHOM B CHCTEMax yIpaBJI€HUS NEPEMEIICHUEM C IPUMEHEHUEM CIEUaTbHBIX
KOMMYTaTOpPOB Ethernet/Profinet Irt.
[Ipotoxon Modbus-TCP mnpeacraBnsier coboii peanmzanuio cetu Modbus Ha
ocHoBe  Ethernet-TCP/IP. Cetu Modbus wucnons3yrorcs I CBA3M
IPOMBIIUIEHHBIX 3JIEKTPOHHBIX ycTporcTB. [Ipu nepecwuike nanubix kajap Modbus
BcTaBisiercs B kaap Ethernet. IIpoBepka KOHTpOJBbHON CyMMBI NP TMOJYYECHUH
naketa He npousBoautcs. Modbus-TCP  xapakrepusyeTcss IOBBIIIEHHON
CKOpPOCTbIO IIE€peJjaul JaHHBIX, UMEET 00Jiee MIUPOKOEe aJPECHOE MPOCTPAHCTBO U
BO3MO>KHOCTb oOMeHa yepes Internet.
Ethernet Powerlink (EPL) sBasercs pacmmpenuem FEthernet IEEE802.3 wu
o0ecrneurnBaeT BO3MOKHOCTh TIepejaur JaHHBIX B MacliTabe peajlbHOro BpEMEHH B
MHKPOCEKyHIHOM auana3oHe. EPL rapantupyer nepenady KpHUTHYHBIX IO
BPEMEHU JaHHBIX M OOECIEeYMBAET CUHXPOHU3AIMI0 BCEX CETEBBIX Y3JO0B B
cyOMHKpPOCEKYHJIHOM Jauana3zoHe. Ilepegaua MeHee KPUTHYHBIX IO BpPEMEHHU
JaHHBIX TIPOMCXOJUT B PE3EPBHOM ACHUHXPOHHOM KaHaie. [l mnepenauu
KPUTUYHBIX 110 BPEMEHU JAHHBIX UCIOIb3YETCS JOMOTHUTENbHBINA cTek Powerlink.
O6mMmen ocymectBisgercss ¢ nmoMoniplo TexHosoruu SCNM (Slot Communication
Network Management), koTopast s KaXIOM CTaHIMM B CETH OIpeAeIseT
IPUOPUTET U BPEMEHHOM MHTEPBA JJIsl Iepeadyul JaHHbIX. B KaKIblii BpeMEHHOMN
UHTEPBAJI TOJIBKO OJIHA CTAaHUMS MMEET IOJIHBIA JOCTYyIl K CETH, YTO IO3BOJISET
M30aBUTHCS OT KOJUIM3UW U OOECHEeYuTh JETEPMUHHUPOBAHHOCTH B pabote. B
JOTIOJTHEHUE K 3TUM WHIMBHIYaJIbHBIM WHTEPBAJIaM BPEMEHM JUISI MU30XPOHHOMU
nepenaun  gaHHbIX SCNM  obecrneunBaeT o0mKMe HHTEpPBajibl BPEMEHH IS
ACUHXPOHHOM nepeaadn JaHHBIX.
Cranpapt SERCOS-III npeacrasnsier coboit agantanuto nporokona SERCOS nop
cetb Ethernet. SERCOS (SErial Real-Time COmmunication System) —
uu(ppoBOil  MOCNEeNOBAaTENbHBIM HMHTEpPENC C pa3felieHHeM [0 BpPEMEHH,
MpeJHA3HAYEHHBIA IS UCIIOJIb30BAaHUS B CHCTEMax KOHTPOJs JABWKeHUs. B
OTIIMYME OT PACCMOTPEHHBIX MHTEP(DENCOB C TOMOJOTMEH, IoJieBas LIMHA
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SERCOS sBnsercs pa3BeTBIEHHOW JIMHEHWHOW CEThIO, oOecreunBas HE TOJBKO
KOHTPOJIb YCTPOUCTB HUKHETO YPOBHS (JaTYMKOB, CTAPTEPOB U HUHBEPTOPOB), HO U
CBSI3b C YCTPOICTBaMU BBOJ1a-BbIBOJIa. HEKpUTHUYHBIE KO BpEMEHU JaHHBIE, KaK U B
NpeAbIAyIUX Cchaydasx, nepepatorcss no mnpotokony TCP/IP. [Ins nepenauu
KPUTHYHBIX KO BpeMeHHU AaHHbIX B npoTokosne SERCOS-III ucnonb3yercsa ToT xke
MexaHu3M o0ecreyeHus: paboTbl B MacmiTade peajbHOro BpPEMEHH, YTO U B
SERCOS.

Tononoruss SERCOS-III umeert 1Be€ pa3HOBUIHOCTH: JBOMHOE KOJBIIO U IIMHA. B
NIEPBOM CJIy4ae CETh XapaKTEPU3YyETCs MOBBIIEHHON HAAEKHOCTBIO U CTOMKOCTBIO
K OOpBhIBY JHHMM, a BO BTOPOM — MHUHHUMAJIbHOW JJIMHOM  KaOes.
[Iporokon EtherCAT (Ethernet for Control Automation Technology)
MpeaHa3HaueH JUIsi KOHTPOJS TEXHOJIOTMYECKOro Impoiecca. HHummatop
oomena — mactep muHbl EtherCAT. OH mockutaeT mo ceTu OJuH MaKeT, KOTOPHIi
MOOYEepeTHO 00XOMUT BCe yCTporcTBa. [Ipu 3TOM Kaxplii aDOHEHT MPOYUTHIBACT
€r0 ¥ BHOCUT CBOM JJAHHBIC TEXHOJIOTHYECKOTO TIporiecca. Takum oOpa3om, 3a CueT
HUPKYJUPOBAHUSI TOJBKO OJHOrO OOIIEro TMaKeTa 3HAYUTEIbHO CHIKAETCS
Harpy3ka CeTH U 3aJIep’KKa, BHOCHMMAs KaXJbIM Y3JIOM, MOCKOJBKY B Cilyuae
oOMeHa MHJIUMBHUIYyaJbHBIMU MMaKeTaMH aOOHEHT 3aTpadyrBaeT OOJIbIE BPEMEHU Ha
npuéM, MpoBepKy, 00padboTKy u oTnpaBKy JaHHbIX. CeTb EtherCAT moxeT umerhb
M00yI0 TOMOJIOTHIO, OJHAKO MPHUHIIUI PaboThl y HEE BCerja KOJbIIEBOM 3a CUéT
IOYTUIEKCHOTO OOMEHa.

9.6. NMpoTokon nepeaayn aaHHbIX TCP/IP

Kak yxe ynomuHamoch panee, NetWare oOecrneuuBaer MNOIACPKKY
cragaaptHoro mpotokona TCP/IP. On wmHcTammupyercs Ha cepBepe B Buiue NLM.
Hensro pazpadotku TCP/IP 6110 co3manne HaOOpa MPOTOKOIOB, 00ECTICUMBAOIINX
B3aUMOJIEHCTBHUE paznnuyHbIX XocT-cuctem. B 1983 1. TCP/IP cran oduimansHbIM
nporokosioM cetu Internet MunuctepcrBa o6oponst CIIA. Dta oObeiMHEHHAs CETh
Obuta pazpaboTaHa, 4TOOBI CBA3aTh YYacCTBYIOIIKME B TOCYIAapPCTBEHHBIX M HAy4YHO-
UCCIIEIOBATENbCKUX MpoeKTax komnbtotepsl o BceM CIIIA u B EBpore.

Paboune cranuuu c TCP/IP (rme paboraer mpomykt LAN WorkPlace) moryr
B3aMMOJICCTBOBATh HEMOCPEACTBEHHO € pPabOYMMHU CTaHIUSAMU Sun, MallMHAMH
VAX, Macintosh, muau-9BM u Oonpmmmu DBM, cBI3aHHBIMH C HUMHU CETEBBIM
kabemem. NetWare-cepBep, rme paboraet TCP/IP, moxer mpu HE0OXOIUMOCTH
MapIIpyTU3UPOBATh ST TAKETHl (B 3aBUCHUMOCTH OT PACIOJOXECHHS CHCTEM C
TCP/IP).

TCP/IP coctouT u3 mpoTtokoiyia TpancroptHoro ypoBHs TCP u ceteBoro mportokona
IP. IP comepxwut ueneBoil ampec maketoB u uHTepdeiicel ¢ ypoBHem TCP. TCP,
ananornuno SPX, obecrneunBaeT rapaHTUpOBaHHYIO CBsA3b. Bepxuuii yposeusr TCP/IP
COCTOUT M3 CJEAYIOIIUX MPOTOKOJOB (MMEIOUIMX BaKHOE 3HAaYeHUe Mid pabouyux
CTaHIUN, UMeronuX A0cTyn K cuctemam TCP/IP):
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« CereBoli ¢aiinoBoit cucteme NFS - COBMECTHO HCHOIB3yEeMONl W
pactipeneneHHoit  QaitioBoit cucrembl Unix. IlepBoHauanbHO oOHa Oblia
paspaborana ¢pupmoit Sun Microsystems.

« IIporoxoma SNMP (Simple Network Management Protocol). D10 ceteBoii
YIPaBJISIOMINI MPOTOKOJI, BKIIFOYAIONTUNA MH()OPMAIIUIO O CETH U TEePE IOt
€€ aJIMUHHUCTPATOpaM.

- IIporoxon mnepenauun @aitnoB FTP (File Transfer Protocol) mno3Bosser
nepeqaBaTh JaHHbIE MEXIy paboueil cranuuedl u xocrt-cucremoil Unix wiu
Novell NetWare NFS.

« IIporoxon SMTP (Simple Mail Transfer Protocol) - 3To mpoctoii mpoTokon
JUTS DJICKTPOHHOTO OOMEHa COOOIICHUSMH.

- Telnet obecneunBaet smyssiuto TepmuHaioB vil00 u vt330 pupmsr DEC.

B mupe cereit gomunupyrot nporokossl TCP/IP u IPX. O6a 3Tu npoTokosia uMEroT
cBou mpeumyiectBa, Ho TCP/IP mydie moaxoauT Iisl OpraHU3ali MEXCETEBOTO
B3aumojeiictBus. Ilpm wucnonb3oBanuu [PX CHHXpOHM3WpPOBAaHHBIE TAOIHUIIBI
MapIIpyTH3aIMU JOJDKHBI TOJICPKUBATHCA ¢ moMolibio mpoTtokosia RIP (Routing
Information Protocol). Bce TaGnuipl AOMKHBI MEepeaaBaThCs MO CETH, YTO MOXKET
3HAYUTEIBHO YMEHBIINUTh MPOU3BOJUTENBHOCTD IJI00AJbHBIX CETEW, MCIOIb3YIOLUIUX
tenedoHHbIe JIMHUM UK ceTH nepenayn naHHbix. TCP/IP He o0s3aTenbHO JTOKHBI
MMETh 3TH CPEACTBA MAPLIPYTU3ALUU, U B 3TOM MPEUMYIIECTBO JTAHHBIX TPOTOKOJIOB.
He3aBucumbiMu ~ paspaboTuumkamMu  OBUTM  CO3/IaHBl  CIICIIMATU3UPOBAHHBIC
MapuIpyTH3aTOPbl C TPOJABUHYTHIMU CpPEJICTBAMH, OTBEYAIOIIME MOTPEOHOCTIM
TCP/IP.

TCP/IP necnoxHo peanuzoBaTh B cetu NetWare. [[ns 3arpy3Ku ONHMCAHHBIX HIXKE
MOZYJIEW MOKHO uctonb3oBath nporpammy INSTALL NetWare:

- TCPIP.NLM ob6ecneunBaer cpeactsa npotokona TCP/IP.

-« SNMP.NLM ob6ecneunBaer noanepxkky ¢ynkuuii SNMP. Ecou on He
3arpyeH, To TCPIP.NLM aBTOMaTHYECKH 3arpy»,aeT €ro.

- TCPCON.NLM npencraBiseT co60i KOHCOMBHBIN MOAYJIb, 00€CTICUNBAIOIIIHIA
LHEHTPAJIM30BaHHOE yTpaBlieHue cratuctukoil mporokona TCP/IP. On moxer
MCIIOJIb30BAThCS JIJIs1 OOHOBIICHUS TaOIUI MapUIpyTU3aTopa, ynpexaeaus [P u
IPOCMOTpPA CTAaTHUCTUKU IO CHUCTEME, MojjaepxuBaromieil 0a3y nanueix SNMP
Management Information Base (MIB).

«  Moayns SNMPLOG.NLM mno3BosnisieT cpeAcTBYy peructpamuu coobitrii SNMP
nepexBaTbiBaTh HHPOpMaIuio o coosT SNMP.

9.7. NMpoTokon nepeaaym aaHHbIXx PROFIBUS

OTKpPBITOCTh ¥ HE3aBUCUMOCTb OT IMPOU3BOJIUTEINS TAPAHTUPYET CTAHJAAPT
EN 50170, Bc€ ocTaibHOE peaIn30BaHO B COOTBETCTBUH CO
ctangapTom DIN 19245 (a UMEHHO: TeXHUKA MEPeIadn JaHHBIX, METObI IOCTYTIA,
IIPOTOKOJIBI TIepeaur, CEPBUCHBIE HHTEP(DEICHI JIJIs1 YPOBHS MPUIIOKECHUH,
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crenuQuKanus IpoTOKOJIOB, KOJUPOBAaHUE, KOMMYHUKALMOHHASI MOAEIBU T. 1.). C
oMotk Profibus, ycTpoiicTBa pa3HbIX IPOU3BOAUTEIEH MOTYT pabOTaTh APYT C
apyroM 0e3 Kakux-1m0o cuernuanbHbIx HHTepdeiico. CemericTBo Profibus
COCTOMUT U3 TPEX COBMECTUMBIX JPYT ¢ ApyroM Bepcuid: Profibus PA, Profibus
DP u Profibus FMS.

bnarogaps Tectam Ha COBMECTUMOCTb, TPOBOJIMMBIX MCTIBITATEIbHBIMU
naboparopusimu, asTopusrpoBanHbiIMEH PROFIBUS International u
ceptudukanuu ycrpoiicts PNO, monbs3oBaTesib MOXKET ObITh a0COIIOTHO YBEPEH
B TOM, YTO Ka4€CTBO U (DYHKIIMOHAJIb HOCTh OOECIIEYEHBI JJaXKe B YCTAHOBKAX C
000pyIOBaHUEM PA3HBIX NU3TOTOBUTEIICH.

Bapuantet PROFIBUS

PROFIBUS FMS (Fieldbus Message Specification) — yHuBepcajlbHOE
pelieHre 11 KOMMYHHUKAIIMOHHBIX 33/1a4 HA MOJIEBOM YPOBHE U
YPOBHE SYEEK MPOMBINUIEHHOW HEPAPXUU KOMMYHHKAIIUH.
PROFIBUS PA (Process Automation) — BapuaHT IIUHBI U1 IPUMEHEHUI B
00J1aCTH aBTOMAaTU3alUN TEXHOJOTMYECKHUX MTPOLIECCOB.
PROFIBUS PA ucnonb3yeT B3pbIBOOE30IIACHYIO0 TEXHOJIOTHIO TIEpeiauu
JNaHHBIX, onpenenénnyo B IEC 61158-2.
PROFIBUS DP (Distributed 1/0s) — 3TOT oNTUMHU3UPOBAHHBIN 110 CKOPOCTHU
BapUaHT, pa3pabOTaHHbBIN CIIEUUATBHO /111 KOMMYHUKAIIMN CUCTEM
aBTOMATHU3alIUU C JEIEHTPAIN30BAaHHBIMU CTAHLIMSIMU TIEPUPEPUITHBIX
ycrpoiictB u npuBogamu. PROFIBUS DP otnnyator cineayromue napameTpsl:

. OYEHb KOPOTKOE BPEMS pEaKIUU

. BBICOKAs IOMEX0YCTONYHNBOCTD

PROFIBUS DP 3amMeHsieT JOpOTOCTOSAIIY0 TEXHUKY NapajuieIbHON
nepeayn CUrHaIoB YpoBHs 24 B v TeXHUKY niepefadu pe3yibTaTa
uzmepenus 0/4 — 20 MA.

PROFIBUS u SIMOTION

SIMOTION wucnons3yer muay PROFIBUS u nporokon PROFIBUS DP.

Jluzatin

Y4acTHUKY ITUHBI

PROFIBUS DP paznuuaer 2 pa3nuyHbIX KJlacca BEAYIINX YCTPOUCTB
(Master) u ouH KJ1acc BEOMBIX yCTpOUcCTB (Slave):

Benymee ycrpoiictBo DP, knacc 1:
Benymiee ycTpoiicTBo knacca 1 siBIseTcsl HeHTpaIbHbIM KOMIIOHEHTOM B
PROFIBUS DP. LlenTpanbHas cTaHIIUs BEAYIIETO yCTPOMCTBA
oOMeHuBaeTcsi HHGoOpMaIeil ¢ pacnpeaenéHHbIMU cTaHusAMHU (Beombie DP) ¢
(UMKCHUPOBAHHBIM ITUKIIOM COOOIICHHI.

Benymiee ycrpoiictBo DP, kiace 2:
VYerpoiicTBa nanHoro tuna (ycTpoicTBa IporpaMMHUpPOBAHUS,
KOH(UTYpHUPOBAHUS U YIIPABJICHUS) UCTIONB3YIOTCS BO BpEMs BBOJIA B
AKCIUTyaTaIuio, KoHdurypupoBanus DP-cuctemsl, 11 TUarHOCTUKH |
yIpaBlieHus Ipy HoOpMaiIbHOU padote. Benymiee ycrpoiictea DP
KJIacca 2 MOXKHO UCIIOJIb30BaTh, HAIIPUMEDP, JJISl YTEHHS BXO/I0B, BBIXOOB, JJIS
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JTUArHOCTUPOBAHUS U KOH(UTYPUPOBAHUS JaHHBIX BEJOMBIX YCTPOICTB.
Benomoe ycrpoiictso DP:

Benomoe ycrpoiictBo DP - 310 ycTpoiicTBO BBO1a/BBIBOIA, KOTOPOE MOTYYaET

BBIBOJMMBIE JJAaHHBIE WM 3aJlaHus OT Beayuero ycrpovictsa DP u noceutaet emy

B Ka4eCTBE OTBETa MH(POPMAIHIO O BX0/1aX, H3MEPEHHBIC U TEKYIIME 3HAUYCHUS.

Benomoe ycrporictBo DP HuKOr1a He MOChUIAET JAHHBIE CAMOCTOATENBHO, &

TOJIBKO TIO 3alpocy OT BeAayuiero ycrporcrsa DP.

OOBEM BXOJHBIX U BBIXOJAHBIX JAHHBIX 3aBUCUT OT YCTPONCTBA, MOKET OBbITh

MaKCUMaJIbHO 244 GaliT Ha OJTHO BEJIOMOE YCTPOUCTBO U MEPeaaéTCs HAMPSAMYIO.

Dynryuu

®ynkuuu PROFIBUS DP

Habop ¢yHK1Mi1 MOKET OTIIMYATHCA JUISl BEAYLIUX U BEIOMBIX YCTPOUCTB
DP. Habop ¢yunkumii pazaenserca na DP-V0, DP-V1 u DPV2.

DP-VO:
OYyHKIMY BEIYIIETO YCTPOUCTBA COCTOAT U3 PpyHKumit «KoHdurypupoBaHue,
«Ha3nauenue napametrpoB», «UTe€HNE TMarHOCTUYECKUX JTAHHBIX», a TAKKE
(GyHKUIMA HUKIMYECKOTO YTEHHE BXOIHBIX/TEKYIINX 3HAUCHUH U 3aUCh
BBIXO/IHBIX/3a/IaHHBIX 3HAYCHUH.

DP-V1:
Oynkimonanbhabie pacmupenus DP (DP-V1) no3BossioT BBIMOTHATE TaKKe
alMKINYecKue QyHKIUU YTEHUS U 3alIUCH MapajlieIbHO BBIMOIHEHHIO
UKINYECKOro 0OMeHa. DTOT TUI BEAOMBIX YCTPOUCTB JJOJHKEH CHA0XKAaThCs
paCIIMPEHHBIMU JaHHBIMH [TAPAMETPUPOBAHUS BO BPEMS IIyCKa, a TAKKE BO
BpeMs pabOThl. DTH AlIMKINYECKU NIEpeIaBacMble JaHHbIE MapaMEeTPUPOBAHUS
MU3MEHAIOTCS PEAKO 110 CPABHEHMIO C HUKIMYECKH NEPEIaBAEMbIMU 3aJaHUSIMH,
VMCTUHHBIMU 3HAYEHUSIMU U PE3yJIbTaTaMHU U3MEPEHUS, U IiepeslatoTes ¢ 0oliee
HU3KHM IPUOPUTETOM MAPAIJIENBHO K BBICOKOCKOPOCTHOM IEepeiaue JaHHBIX.
Takum 00pa3oM MOXKHO MepeaaBaTh MOAPOOHbIC JaHHBIE TUArHOCTUPOBAHUS.

DP-V2:
OyHKIMOHANIbHBIC paciupenus Beaymux ycrpoctB DP (DP-V2) oxBarsiBaeT
IJIaBHBIM 00pa30M TaKTOBYIO CHHXPOHHU3ALUIO U IPSIMON OOMEH J1TaHHBIMU
MEXy BEIOMBIMH ycTporicTBamu DP.
TakToBass CHHXPOHM3ALMS PEAIU3YETCS IPUMEHEHNEM IIOCTOSHHOTO CUTHAIA
CUHXPOHU3ALMK HA IUHE. DTOT UUKINYECKUI, S3KBUIUCTAHTHBIN TaKT
ITOCBUIAETCS BEIYLIUM YCTPOMCTBOM BCEM YYAaCTHUKAM IIMHBI B KAYECTBE
ri00abHOM Tenerpammel ynpasienus: DP. Benyniue u BegoMblie ycTpoiicTBa
MOT'YT CHHXPOHHU3UPOBATh CBOU MPUJIOKEHUS 110 ITOMY CUTHaILy. J{pokanue
CUTHAJIa CHHXPOHHU3AIMK OT LMKJIAa K IUKITY He Oojee |1 MKc.
[Ipsimoit 0OMEeH JaHHBIMHU MEX]1y BEJOMBIMU YCTPOMCTBAMU pEaTU3yeTCsl Ha
ocHoBe mojenu «M3narens/I[lognucunxy. «M3narensy» npeaocTaBisieT CBOU
BXO/IHbIE/UCTUHHBIE TAHHBIE U PE3yJIbTaThl U3MEPEHUHN APYTUM BEIOMBIM
ycTpoucTBaM, «lloanucunkam», 11 YTEHUS.
OTO OCYLIECTBIISIETCS IOCBUIKOM IIMPOKOBEIATENBHON TEJIETPAMMBI B KAUECTBE
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OTBETa BEAYILIEMY YCTPOUCTBY, T.€. 0OMEHA MPOUCXOAUT LUKIUYECKH.
Yerpoiictea SIMOTION u PROFIBUS DP
Yerpoiictea SIMOTION MoryT HCTIOJIB30BAThCS M KaK BEYIIME U KaK
Beaomelie DP ycTpoiicTBa, OHM OAAEPKUBAIOT BCE KOMMYHUKAI[MOH
ueie pynkiuu (DP-V0O, DP-V1 u DP-V2).
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Nekumna 10
10. Cuctembl SCADA

10.1. Knaccucpukauma cucrtem

SCADA (aG0p. oT anria. Supervisory Control And Data
Acquisition, /lucrieryepckoe ympaBieHHe W cOOp JaHHBIX) — MPOrPaMMHBIN
MakKeT, MpeIHa3HAYCHHBIN 111 pa3paboTKu Win olOecredeHus: paboThl B pealbHOM
BpEMEHU CHCTeM cOopa, 0O0paboTKu, OTOOpaXeHHS U  apXUBUPOBAHUS
uHpopmaruu 00 o00bekTe MoHuUTOpWHTa Wi ynpasieHus. SCADA wmoxer
aBisATbCs 4acThio ACY TII, ACKYD, cucrtembl 3KOJIOTHMYECKOI0O MOHHUTOPHHTA,
HAy4YHOrO0 OJKCIEpPUMEHTa, aBToMaru3aiuu 31aHuss U T. 1. SCADA-cucremsl
UCIIOJB3YIOTCS BO BCEX OTpaciisiX XO3sMCTBa, rie Tpedyercs oOecrneunBaTh
OMEPaTOPCKUN KOHTPOJb 32 TEXHOJOTUYECKUMH TIpolleccaMd B peaJbHOM
BpeMeHH. J[aHHOEe porpaMMHOE O0EeCleueHHE YCTaHABIMBACTCS Ha KOMIIBIOTEPHI
U, JUIA CBSI3M C OOBEKTOM, HCIOJIB3yeT apaiiBepbl BBoja-BbiBosia uiu OPC/DDE
cepBepbl. [IporpaMMHBIi  KOJ MOXKET OBbITh KaKk HamucaH Ha  SA3bIKE
nporpaMmupoBanusi (Hanpumep Ha C++), Tak W CreHEpUPOBaH B Cpele
IPOEKTUPOBAHMSI.

Nuorna SCADA-cucTeMbl KOMIUIEKTYIOTCS J0NOJHUTENbHBIM [IO s
MPOrpaMMUPOBAHUsI MPOMBINUIEHHBIX KOHTpoiuiepoB. Takue SCADA-cucremsl
HA3bIBAIOTCSI MHTETPUPOBAHHBIMY M K HUM J100aBiIsttoT TepMuH SoftLogic.

Tepmun SCADA wumeer aBoskoe ToikoBaHue. Haubonee mmpoxo
pacnpoctpaneHo nouumManne SCADA  kak npuioxkeHusa[2], TO ecThb
MPOrPaMMHOTO  KOMIUIEKCA, OOECIEYMBAIOUIEIO  BBIMOJHEHUE  YKa3aHHBIX
GyHKIIUH, a TakKe HWHCTPYMEHTAIBHBIX CPEACTB JUIsl Ppa3pabOTKH HTOTO
nporpamMmHoro  obecneuenus. Opnako, yacto 1nox SCADA-cucremoit
Mo/Apa3yMEBAIOT IpOorpaMMHO-anmapatHeii komiuiekc. [logobHoe moHuMaHue
tepmuHa SCADA Gosiee XapakTepHO JJIs pasjiesia TeJIeMeTpus.

3nauenue tepmuHa SCADA mpetepneno M3MEHEHHs] BMECTE C Pa3BUTHUEM
TEXHOJIOTUH aBTOMATHU3allUM W YIPABICHUS TEXHOJOTMUYECKMMH IpolieccaMu. B
80-¢ roapl mog SCADA-cuctemMaMu 4Yalie MOHHMAaJIW MPOrpaMMHO-aInapaTHbIE
KOMILJIEKCHI cOopa JmaHHbIX peanbHOro BpemMeHu. C 90-x romoB tepmun SCADA
OOJIBITIE UCTIONB3YETCS 1T 0003HAYECHHS TOJIBKO MPOTPAMMHOM YacTH YEI0BEKO-
MamHHOoro unTepdeiica ACY TII.

10.2. MpPUHUMNbI NOCTPOEHNUA CUCTEM ONMXKHEro AencTBuUA

HwxHuii ypoBeHb - ypoBeHb 00BEKTa (KOHTPOJUICPHBIH) - BKIIOYACT
pa3IMuHble JaTYUKM g cOopa wuHOpMAMU O XOA€ TEXHOJOTHYECKOTO
MpoILEeCcca, JIEKTPONPHUBOALI W HCIIOJHUTEIbHBIE MEXAHU3MBbI Ui peaavu3aluu
PEryJIUPYIOIINX W  YIPABIAIOMMX  BO3JACUCTBUU. J[aTYMKKM  MOCTaBIISIOT
WH(OPMAITUIO JTOKATBHBIM MPOTPAMMHUPYEMBIM JIoTHdecKuM KoHTposuiepam (PLC -
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Programming Logical Controoller), koTopble MOTyT BBINOJIHATH CIEAYIOIINE
GbyHKINH:

coop m oOpaboTka wHpOpMAUM O TaApaMeTpax TEXHOJIOTUIECKOTO
npolecca;

yOpaBlIeHUE  BJICKTPONPHUBOJAMH WM JAPYTMMH  WCHOJHUTEIbHBIMU
MEXaHU3MaMH,

peleHre 3aa4 aBTOMaTHYECKOTO JIOTHYECKOTO YIIPABJICHHUS U JIP.

Tax xax wHQOpMAIMI B KOHTPOJJIEpAX MPEABAPUTEIHHO 00pabaThIBaeTCs U
YaCTHUYHO MCIMOJB3YETCd Ha MECTe, CYIIECTBEHHO CHIIKAIOTCS TpeOOBaHUS K
IPOITYCKHON CITIOCOOHOCTH KaHAJIOB CBSI3H.

B kauectBe nokaneHbix PLC B cucTeMax KOHTpPOJSL U YIPaBICHUS
Pa3TUYHBIMU TEXHOJIOTMUECKMMU TIPOIIECCAMU B HACTOSIIEE BPEMSI IPUMEHSIOTCS
KOHTPOJUUIEPHl KaK OTEYECTBEHHBIX IMPOM3BOJIUTENEH, Tak U 3apyOexHbiXx. Ha
PBIHKE TIPEJICTABIICHBI MHOTHE JECSITKH W JaKe€ COTHH THUIIOB KOHTPOJIJIEPOB,
CHOCOOHBIX 00pabaThiBaTh OT HECKOJBKHUX MEPEMEHHBIX /0 HECKOJIbKUX COT
MEPEMEHHBIX.

K ammapatHo-mporpaMMHBIM  CPEACTBAM  KOHTPOJJIEPHOTO  YPOBHS
YOpaBIEHUS TPEIBIBISIFOTCS JKECTKHE TPeOOBaHUS MO HAEKHOCTH, BPEMEHHU
pPEaKIMu Ha HCIOJHHUTEIbHBIC YCTPOWCTBA, JAaTUYMKU U T.A. lIporpammupyemsbie
JIOTUYECKHE KOHTPOJIEPHI TOJKHBI TapaHTUPOBAHHO OTKJIMKATHCS HA BHEIIHHE
COOBITHS, TMOCTyHaroUMe OT OOBEKTa, 3a BpEeMs, OINpPEACIICHHOE IJisi KaXKJIoro
COOBITHSI.

JUIss KpUTUYHBIX C OTOM TOYKM 3pEHUS OOBEKTOB PEKOMEH]IYETCS
MCITIOJIb30BaTh KOHTPOJUIEPHI C ONEPAIMOHHBIMH CHCTEMaMH PEAIbHOTO BPEMEHU
(OCPB). Kontpomnepsr mon ynpasienneM OCPB GyHKIMOHUPYIOT B peXHMe
’KECTKOTO PEaIbHOTO BPEMEHHU.

Pa3paboTka, oTiagka ¥ UCHOJHEHHE MPO-TpaMM yIpPaBICHUS JOKAIbHBIMU
KOHTPOJUIEPAMH  OCYIIECTBISIETCS. € MOMOINBIO  CHEIHATN3HPOBAHHOTO
MPOrpaMMHOTO OOecTieueHus], MUPOKO MPEICTABICHHOTO Ha PhIHKE.

K oatomy xmaccy wuHcTpyMeHTanbHOro I[IO OTHOCSTCS TakeThl THUMA
[SaGRAF (CJ International France), InConrol (Wonderware, USA), Paradym 31
(Intellution, USA), umeroniyie oTKpbITYIO apXUTEKTYDPY.

Nudopmanusi ¢ JOKaIbHBIX KOHTPOJJIEPOB MOKET HAIMpPABIATHCS B CETh
JUCIETYEPCKOr0 TMYHKTAa HEMOCPEACTBEHHO, a TakKe uYepe3 KOHTPOJUIEPHI
BEpXHEro YypoBHs (cMm. puc.). B 3aBucMMOCTH OT TIOCTaBIICHHOW 3aJlauyM
KOHTPOJUJIEPBl BEPXHETO YPOBHS (KOHIEHTPATOPBI, HHTEIJICKTyalbHbBIC WU
KOMMYHUKAIIIOHHBIE ~ KOHTPOJUIEPHI)  pEAM3yIOT  pa3iuyHble  (yHKIIUU.
HekoTopsie u3 HUX MepeuncIeHbl HUXKE:

cOOp JaHHBIX C JTOKAJIBHBIX KOHTPOJUIEPOB;

00paboTKa TaHHBIX, BKJIOYasi MaCIITAOMPOBAHUE;

MoJIZIepKaHUE €TUHOTO BPEMEHHU B CHCTEME;

CUHXPOHU3AIHS paOOTHI MOICUCTEM;

OpraHM3aIMs APXUBOB M0 BRIOPAHHBIM IMapaMeTpaM;
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oOMeH wuH(OpManuel MEXKIy JOKaJbHBIMH KOHTPOJUIEpAMU W BEPXHUM
YPOBHEM;

paboTa B aBTOHOMHOM pPE&XKHME IPU HAPYIICHHUSX CBS3H C BEPXHUM
YPOBHEM;

pe3epBUPOBAHKE KaHAJIOB NIepeadyu JaHHBIX U JIp.

Bepxnuii ypoBenb - gucnerdepckuil myHkT ([II) - Bkirouaer, mpexnie
BCET0O, OJHY WM HECKOJbKO CTaHIMM yIpaBieHUs, MPEACTaBISAIONIMX COOOM
aBTOMAaTH3UpOBaHHOE pabouee Mecto (APM) nucnerdepa/omepartopa. 3/1ech ke
MOKET OBITh pa3MEIleH cepBep 0a3bl JaHHBIX, paboune MecTa (KOMITBIOTEPHI) IS
CIIEIMAJIUCTOB U T. JI. YacTo B KauecTBe paboumMX CTaHIMi ucnoib3ytorcs [I9BM
TUIA IBM PC pa3IUYHBIX KOH(UTYpaIUd.

CraHuuu ynpaBieHUs MPeHA3HAYEHBI 111 OTOOPaXKEHUS X0/1a TEXHOJIOTHIECKOTO
MpoIecca U OMEPATUBHOIO YNPaBJICHUS. DT 3a7auu U npusBanbl pemath SCADA
- cucreMbl. SCADA - 3T0 chnenuaau3upoBaHHOE MPOrpaMMHOE OOecIeueHUeE,
OPUEHTUPOBAHHOE Ha o0ecreueHre nurepdeiica Mex1y TUCIEeTYepOM U CUCTEMOM
YIIPaBJICHHUSI, 4 TAKKE KOMMYHUKAIUIO C BHEIITHUM MHPOM.

Cnexktp (GyHKIMOHAJIBHBIX BO3MOXKHOCTEW OINpENENIeH CaMOM pOJIbIO
SCADA B cucteMax ynpaBJi€HUs U pPeaJnu30BaH NPAKTHUYECKU BO BCEX MAKETAX:

aBTOMAaTH3WPOBaHHAs pa3paboTKa, Jaroiias BO3MOXKHOCTH coszaaHus [10
CUCTEMBI aBTOMATHU3aI[MU 0€3 PealbHOTO MPOrpaMMHUPOBAHUS;

CPEJIICTBA UCTIOTHEHUS TPUKIIAAHBIX TIPOTPAMM;

cOop nepBUYHON MH(OPMAIIUU OT YCTPOUCTB HUIKHETO YPOBHS;

00paboTKa nmepBUYHON UHGOPMAITIH;

perucTpanus alapMoB U HCTOPUUYECKUX TAHHBIX;

XpaHeHne WHGOPMAIIMM C BO3MOXHOCTBIO €€ TMOCT-00paboTku (Kak
MpaBujIo, peanm3yercss 4depe3 uHTepdelichl K Hamboyiee MOMyJSIpHBIM 0Oa3am
JAHHBIX);

BU3yaIu3aius nHGoOpMaIu B BUJI€ MHEMOCXEM, T'paUKOB U T.I1.;

BO3MOXXHOCTh Pa0OThl MPUKIATHON CHUCTEMBbI ¢ HabopaMu MapameTpoB,
paccMmatpuBaeMbIxX Kak "eauHoe menoe" ("recipe" mwiam "ycraHoBku").

PaccmatpuBas 00O0OIIEHHYIO CTPYKTYpY CHCTEM YIIPaBJICHHS, CIEIyeT
BBeCTH U emie oaHo noHgtue - Micro-SCADA. Micro-SCADA - 3T0 cuCTEMBI,
peanu3ytonue crangaptaoie (0azoBbie) Gynkiuu, npucymue SCADA - cuctemam
BEPXHErO YPOBHS, HO OPUEHTHPOBAHHBIE HA PEIICHHE 3a7ady aBTOMAaTU3alMU B
OTIpEICTICHHON OTpaciy (y3KOCHEeIUaIN3upoBaHHbIe). B TPOTHUBOIONIOKHOCTh UM
SCADA - cucteMbl BEpXHETO YPOBHS SIBJIIOTCS YHUBEPCAIbHBIMHU.

Bce KOMITIOHEHTHI CHCTEMBI YyOpaBJICHHS OOBEIUHEHBI MEXKIy Cco00M
kaHanamu cBsizu. Odecneuenue B3aumoieicTBusg SCADA - cuctem ¢ JT0KaIbHBIMU
KOHTpPOJUIEpaMH,  KOHTPOJUIEpAMH  BEPXHETO  YpPOBHS,  O(QUCHBIMHU U
MPOMBIIUICHHBIMH CETSAMHU BO3JIOKEHO Ha TaK Ha3bIBAEMOE KOMMYHHMKAIIMOHHOE
I[1O. D10 nmocTaTOYHO MIMPOKHM KJacC MPOTPaMMHOr0O oOecTledeHus, BBIOOP
KOTOpPOTO ISl KOHKPETHOW CHUCTEMBbI YIPABJICHHUS OMNPEACIIeTCS MHOTUMU
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(dbakTopaMu, B TOM YUCIIE€ U TUIIOM MIPUMEHIEMBIX KOHTPOJUIEPOB, U UCIIOJIb3YEMOil
SCADA - cucreMoi.

bonbuioit 00beM uHOpPMAaLNK, HENPEPHIBHO MOCTYMHAIOMIMNA C yCTPOMCTB
BBO/Ia/BbIBOJIa CUCTEM YIPABJICHMS, IPEIONPEIETAET HAJIUYUE B TAKMX CHUCTEMAX
0a3 mannbix (BJI). OcHoBHas 3amaya 0a3 JAHHBIX - CBOEBPEMEHHO OOECIICUUTH
MOJIb30BATENsl BCEX YPOBHEH ympapieHus Tpedyemoi nndopmanueii. Ho ecnu Ha
BepxHUX ypoBHAX ACY 3rTa 3ajmaya peuieHa ¢ NOMOIIbK TpaAuIUOHHBIX B/I, TO
sTtoro He ckaxeub 00 ypoBHe ACY TII. [lo HegaBHEro BpeMEHHM perucTpaius
MHpOpMaIMU B peajlbHOM BpeMeHHU pemanach Ha 6ase [IO mHTEmIeKTyaabHBIX
koHTpoiuiepoB © SCADA - cucrem. B mocinenHee Bpemsi MOSBUINCH HOBBIE
BO3MOKHOCTH IO OOECIEYEHHI0 BBICOKOCKOPOCTHOTO XpaHEHUs HMH(popmanuu B
B/I..

bypHoe paszButue IHTEpHET HE MOIVIO HE NpPHUBJIEYL BHHUMAaHUE
npousBoauTesiel nporpammuoro npoaykra SCADA.

10.3. NMpUHUMNBI NOCTPOEHUSA YaCTOTHbLIX CUCTEM

OO05b1uHO J1r00as cucrema SCADA nMmeert nsath 3aga4. Kaxkmas w3 3Tux 3amad

OTBEYAET 3a CBOM COOCTBEHHBIN MpoOIIECC.
+ 3amaya BBOJIa/BBIBO/IA.

Orta mnporpamma  sBIsAeTcS — MHTepheWcoM  MEXAy  KOHTPOJIBHO-

U3MEPUTEITHHON CUCTEMON U MPOU3BOJICTBEHHBIM IIEXOM.
+ 3ajaya curHasia TPEBOTH.

Ota mporpamMmMa ymOpaBise€eT BCEMHU CUTHAJIbHBIMH  YCTPONCTBaMH,
oOHapy»xuBas 1U(PPOBBIC CHUTHAJIBI TPEBOT'M W CpPaBHUBAs aHAJIOTOBBIC 3HAYCHUS
CUTHAJIOB TPEBOTHU C TIOPOTOM CpabaThIBaHUSI CUTHAIBLHBIX YCTPOUCTB.

+ 3anaya a HaJ KU3a TEHJICH I H.

3ajava aHanM3a TEHACHLHUM OTBEYaeT 3a cOOp JaHHBIX JJIA JUHAMUYECKOTO
aHaJm3a.

+ 3amaua oTyera.

Ha ocHOBe HaHHBIX 3JIEKTPOCTAHIIMUA COCTABIISIIOTCS OTYETBl. JTU OTYETHI
MOTYT OBITh TEPUOJAUYECKUMH, WHUIIMUPOBAHHBIMHU OMPEICICHHBIM COOBITHEM
WJIM COCTABJIEHHBIMU I10 3aMpocy orepaTopa.

+ 3amava oToOpaKeHus.

VYrpaBieHne BCEeMH JIaHHBIMM, C KOTOPBIMHU paboTaeT omeparop, H
BBITOJIHEHHE BCEX KOMAaH/I YIIPaBJICHHUS, TAHHBIX ONIEPaTOPOM.

O6piuHO mporpammuoe obopyaoBanne SCADA cocTOMT U3 deThIpex
[JIaBHBIX MOJTIYJICH:
cOOp JaHHBIX;
¢ YIPaBIICHHUE;

+ apxuBalus/xpaHeHue 0a3 TaHHbBIX;
+ YeJIOBEKO-MallMHHBIN uHTepdeiic (UMUN).

*
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C0op naHHBIX

COop naHHBIX BKIIOYACT MOJyuYEHHUE, aHAIU3 U 00pabOTKy BCEX JaHHBIX C
MOJIEBBIX YCTPOWCTB. JlaHHBIE B pEXKHUME PEAIBHOIO BpPEMEHU OOBIYHO
OoTOOpaXkarTCcsi TpauuecKku, B COOTBETCTBUM C 3aJlaHHOM IMOJIb30BaTEIEM
KoH(purypanueil. J[anHble CpaBHUBAIOTCS € 33JIaHHBIMU TPAHUIIAMU 3HAYCHUH, U B
Cllyyae MpPEBBIIMICHUS] 3TUX TpaHUl] IMOAAIOTCA CHUTHajbl TpeBoru. Hekoropsie
CUTHAJIbI TPEBOTM OOHAPYKMBAIOTCSI M MOMEYAIOTCS MOJIEBBIMH YCTPOMCTBaMH,
npyrue - rinaBHou cranuuein SCADA, B 3aBUCMMOCTH OT OINPECICHHON CUCTEMBI
U ee KOHpUrypauu.

To, xakumM 00pa3oM MOJEBbIE YCTPOWCTBA MOJYYalOT JOCTYH K JIaHHBIM,
3aBUCUT OT KOH(MUTYpallMh CUCTEMBI U OT KOMMYHHUKAIIMOHHOTO TpoTokona. Ot
storo 3aBucur, Oyaer ym [IO rmaBHo#t crannuum SCADA aKkTUBHO U
0€30CTaHOBOYHO KOHTPOJIUPOBATH CETh CBA3M WJIM OHO OyJeT WrpaTh TOJBKO
WHOOPMAIMOHHYIO POJIb W JICWCTBOBATh B KAdeCTBE IIEHTPA IUCTAHIIMOHHOTO
yIIpaBJICHHUSI.

Yupasienue

VYnpasnstomue koMan bl riaBHor cranuun SCADA OynyT nojmaBarbesi Ha
MOJIEBBIE YCTPOICTBA WIIM ONEPATOPOM, WIIM ABTOMATUYECKU, COTJIACHO 33/IaHHBIM
napameTpam.

ApxuBanusi/XxpaHeHue 0a3 JTaHHBIX

To, kakuM 00pa3oM XpaHITCS W APXUBUPYIOTCS UCTOPUYECKHUE JaHHBIE,
3aBUCUT OT THUNA OOOpYAOBaHHS, MPOTPAMMHOIO OO€CleyYeHus, a TaKXKe OT
3aJlaHHOM TIoJIb30BaTesieM KoHpurypamuu. J[ocTyn K apXWBHBIM JIaHHBIM HY>KEH
JUISL aHaiW3a TEHJEHIWH, OOHapyKeHusi cOOeB W Il COCTAaBJICHHUS OTYETOB.
[Tonp30BaTENIO ClEIyeT BHUMATEIBHO OTHECTUCh K PE3EPBHOMY KOIMPOBAHUIO
JTAHHBIX ¥ BHIOOPY KOHIICTIIIMHA WX XPAaHEHUS.

UenoBeko-MalIuHHBIN HHTEPQEHC

Uenoseko-MamnHubld uHTepPeiic (UMU) coctout u3 yCcTpoWCTB BBOJA U
BBIBOJIa I OOecleueHus B3auMOJICUCTBUSL Mexay omnepatropom u 110 wu
ompeAeseT CIoco0 OTOOpaKeHHMsS MaHHBIX W TOoJa4Yu KOoMaHa cucteme. Jlms
BbIBOZIa OOBIYHO MCHOJIb3yeTcd Tpaduueckuil qucruiel (A1 HaHHBIX B PEKUME
peaNbHOrO BPEMEHHM) WM MPUHTEP (IJI 3alMCAHHBIX COOBITHI WJIM OTYETOB).
VYerpoiicTBaMu BBOJIa, Kak MPAaBUIIO, SBJISIOTCS KJIaBUaTypa U Mblllib. HecMoTps Ha
UX yAO0OCTBO, CTOMT C OCTOPOXXHOCTBIO OTHOCHTBHCS K HJI€€ HCIOJIb30BaHUS
TEXHOJIOTUM CEHCOPHOTO JKpaHa B ABTOMATHUKE CETEeH SJIEKTPOCHAOXKEHUsS TI0
coobpaxeHusiM Oe3omnacHocTd. C MOMOIIBIO CEHCOPHOI'O KpaHa CIMIIKOM JIETKO
OT/IaTh HEBEPHYI0 KOMaHJIy, YTO MOET TMPHUBECTH K KaTacTpOhUUECKUM
MIOCJIEJICTBUSIM.

IIpaBunbHO ckoHCTpyupoBaHHbIA auctiet SCADA NOMKEeH UMETh YEThIpe
YPOBHSI TpapuYeCKOro OTOOPAKEHUS CUTyallMu Ha 3JEKTPOCTAHLIMHU B PEaTbHOM
BpeMmeHU. llepBbIil ypoBEeHb JOMKEH IOKa3bIBaTh OOIIMI IJIAH CTAHIUMHU, 32
KOTOpPOM uAeT HaOII0IeHne, KaKk oKa3aHo Ha puc. 8.3. OToOpaxaroTcs HEKOTOpbIe
Ba)KHBIE MMapaMeTpbl KOHTPOJIUPYEMBIX MOJACTAHIUHN AJI TOrO, YTOOBI J1aTh o0Iee
npejacTaBiieHde 00 3ieKTpocTaHlMH. ['paduyeckue AHUCIUIEH TOJHOCTHIO
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MPOTPaAaMMUPYIOTCS TIOJIb30BaTeseM. /[l HariasgHOro OTOOpaKeHHSI Pa3HBIX
3HAUCHUN HAMpsHKEHUsS, MCTIPABHOW DPAOOThI WM aBapUWHOW CHUTyallMd W TIp.
HCMOJIB3YIOTCA pa3Hble 1BeTa. [[oCTYynMBIIMI CUTHAJI TPEBOTM MU3MEHUT LIBET TOU
MOJCTAHIIMHA, C KOTOPOW OH MPHIIEN, W, B 3aBUCHMOCTH OT IMOJb30BATEIBCKUX
HaCTpPOEK, €€ M300pakeHHWe MOKET HauyaTh MUTaTh W/WIM MPO3BYYHUT 3BYKOBOM
curHai. Jlucmiied MoKeT aBTOMAaTHYECKH TMEPEKIIOUUTHCS Ha H300pakeHue
YCTPOWCTBA, MOJAIONIET0 CUTHAJI TPEBOTH, WM OCTaBUT 3TO HA YCMOTPEHHE
orneparopa.

11kV
8042kVA
Mopgcrax-
11kV uma 1
3015«BA
Mogctan- | i Mopcran- |11kB
uus 2 ums 3 5027kBA
Tpancdop- Tpancdop-
TpaHcdopmarop 1 marop 2 marop 3 @ @ Tpancdopmarop 4
2,5MBA@ @1 MBA 3MVA ~ 3MVA
Mopcrax- Mopacrak- Mopcran- Moacran- | 433V
uma 4 LA 5 uus 6 LS i 2032«BA
433B 433B | ' 433B
2260kBA 755kBA 2995kBA
lNogcrax-
ums 8
433B
3750«BA

Puc. 8.3. NMpumep akpaHa 063opa SCADA

BTtopoit ypoBeHb T0JDKEH M300pakaTh JACTANIM ONPEICISHHON MMOICTaHIINH,
KaK Toka3aHo Ha puc. 8.4. Ha ganHoM mpumepe uzoOpa)keHa TBOMHAs CHUCTEMa
COOpHBIX IIHWH, HO TIOKa3aH TOJIBKO IMOBEPXHOCTHBIM BHJI C CAMBIMH Ba)KHBIMH
AICKTPUYSCKUMH TTOKa3aTeIAMHU, BUIHBIMHU C IIEPBOro B3rIsAaa. s oroopakeHus
cTaTyca BBIKITIOYATENS (OTKPBIT/3aKPhIT) M aBAPUHHON CUTYaIlMHM HCTIOJIB3YIOTCS
pa3HbIE LBETA.

10.4. NMPUHUMNBI NOCTPOEHUSA BPEMEHHbIX CUCTEM

OCHOBHBIE MPUHIUIIBL.

1) BpemeHHOE pa3JeieHue CUTHAJIOB;

2) uMKInYeckas nepenaya, B KOTOPOU JUIsl yBETUUECHUS HAJICKHOCTH 32 OJMH LIUKII
MOJKET IepeaBaThecs He 0oJiee 0JTHOM KOMaH/IbI;

3) ABYXCTYIIEHYAThIil BBIOOp OOBEKTA;

4) curHanu3auus 1o MeToly TEMHOIO IINTA;

5) BBINIOJIHEHHE CXEMBbI HA OECKOHTAKTHBIX 3JIEMEHTAX.

CucreMsl 1J11 COCPETOTOUECHHBIX OOBEKTOB
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CrpykrypHasa cxema cuctembl TY u TC ¢ BpeMeHHbIM pazaenenreM curHaion. ['U
- TEHEepaTop UMIYyJIbCOB; A3 -aBTO3ammyck; BUD - BBIXOJIHBIE HCIIOJHUTEIbHbBIC
anemenThl; LI -  mmdparop; A -  gemmdparop; BII -  6mox  mamsru; JIb
-nHelHbIN 0710K; b3 - 6i10k 3anupanus win cxemsl pa3Bssku; BUC - Beienuresnsb
HMITYJIbCOB curHanuzanuu; bCH - BBIJICIIATEIIb CUHXPOHU3UPYIOLLETO
ummynbea; JIC - matumku curnanuzanuu; MUC - curnanusanust 00 HMCIpPaBHOCTH
CUCTEMBI; 3B - 3BOHOK; CU - CHHXpOHU3UPYIOLINI UMITYJIbC.

HNudpopmanus nepenaercs ¢ KII na [TV, pexum TC - TenecurHanuzamnuu.

OCHOBOW CUCTEMBI SABJISIIOTCS 1BA PACHPENEINTENSA, KOTOPHIE MEPEKIIOYAIOTCA OT
reHepaTtopa umnyibcoB ['TM1 u paboTalOT CUHXPOHHO, YTO OOECleuYrnBacTCs
CUHXpOHU3ALMEN (BO3MOYHA TOCBUIKA C OJHOTO PACIPENCIUTENs - BEAYLIErO)
cuHXxpoHu3upytouero curiana CH, kotopeiit otinnuaercst oT umiyiascoB TC u TVY.
Ha KII on BbiensieTcs 6J0KOM CHHXPOHU3UpYIOIIKMX uMitysibcoB BCU u nonaercs
Ha pacnpenenurenb KII. T.x. paccMarpuBaemas cxemMa SIBIISIETCS HUKIMYECKOH, TO
CH mnocTtynaeT B JMHHUIO CBSI3M B HAadalle KaXKIOrO IUKIA. 3alMyCK BEAYILETO
pacipenenuTes OCyIIecTBIsIeTCsl 0JJ0KOM aBTo3amycka A3.

KonuuectBo ummynbcoB TC 3aBUCHT OT COCTOSIHUSI KOHTPOJIUPYEMBIX OOBEKTOB U
MOJKET MEHATHCS OT IIMKJIa K HUKIY. Ecian 0ObeKT U3MEHUII CBOE€ COCTOSIHUE, T.€.
nepeKiioumwics, To AaTyuk curdHanuzauuu JIC mnoakiroyaeT BBIXOJ 3JIEMEHTa
pacnpenenuTens K JuHeitHoMy Osioky JIb. MMIynbe ¢ 3iemMeHTa pacnpenenuTens
ycwimBaercs B JIb u nmoctymnaer B nmunuio cBa3u. Ha ITY umnynec TC BoiaensieTcs
oinokom BUC (BbiaenuTesb UMITYJIBCOB CHUTHAIM3AIMU) U TIOCTYMAaeT Ha BCeE
anementl WM. Tak, ecnu moctynun curHan TC ¢ oObekra 2, TO BMECTE C
UMITYJIbCOM C paclpelnenauTesns oH oOpazyeT Ha BbIXxoe aneMeHTa W ummyrsbc,
KOTOPBIA BO30YKJAaeT BBHIXOJHOW MCIOJHUTENBHBIN demMeHT BUD, BKItovaronuii
uHaukatop 2. OgHoBpeMeHHO mnpuxoasumid curHanl TC BKIIOYAEeT 3BOHOK 3B.
Curnanuzanus Ha [TY MoxkeT ObITh BBIIIOJIHEHA TI0O METOIY CBETJIOTO WJIM TEMHOTO
LIUTA.

CucreMmsl U1 paccpeOTOYEHHBIX 00BEKTOB
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CrpykrypHas cxema cucrembl TY-TC ¢ BpeMEHHBIM pa3[eJI€HUEM CUTHAIOB IS
paccpenoToueHHbIX 00BbekTOB. PY - pacnpenenutens ympaienusi; PBKII -
pactpenenutens Beioopa KII; CII - cyeTumk mukimoB - BII - 610k mogkirodeHus
KII; ' - renepaTop UMITyJIbCOB.
Nudopmarnus nogaercs yepes kiatoun koman [1Y wa KII (curaansr TY)u o6pataO
(curnansl TC) B Teuenuu nukia padotsl ¢ Kln, ukibl MOTyT MOBTOPSATHCS TOTOM
IIPOM30MIET Nepexirouenne Ha curaan UI1.
Panee ObuIM paccMOTpeHbl OOIIKME MPUHIIUIIBI, HA OCHOBAHUU KOTOPBIX BO3MOXKHO
noctpoenue cucrem TY - TC kak 18 COCPENOTOYEHHBIX, Tak W A
paccpeioTOpeHHbIX O00BeKTOB. OAHAKO MpU TMOCTPOCHUHM PACCPEIOTOUYEHHBIX
CUCTEM, HMEIOTCS HEKOTOpble OCOOCHHOCTH, CBSI3aHHBIE C MPUCOCAUHEHUEM
anmapatypsl KII k nuHum cBsizu.
Ecnu nuHus cBsi3u pagnaibHas U COCTOUT U3 HECKOJIBKUX HE3aBUCUMBIX JIMHUH, TO
NPUHIUIHAIBHBIX TPYJHOCTEH HE BO3HHMKAeT. MoryT OBITh JIMIIb pa3HbIE
pelieHusl mpu MocTpoeHuu cucrteM. OJHO U3 HUX MOXKET OBbITh TaKUM: IYHKT
YIPABJICHHUS CUCTEMBI PACCUMTAH HA HAMOOJBINEE YHCIO KaHAJIOB, PABHOE YUCITY
o0wekToB camoro kpymHoro KII, m coctouT m3 aByX pacmpenenuTeneii, 0J0KOB
curHanu3anuu (dJaeMeHT M, BBIXOJHBIE HCHOJHUTEIbHBbIE 3JeMeHThl - BUD u
MHJIUKATOPHBIE JIAMIIbI), YUCJIO KOTOpbIX paBHO unciy KII, u oOmux KomMaHIHBIX
KIJIFOYEH.
IIpuBeneHHast cxema BBINOJHEHA MPUMEHUTENBHO K paIMaIbHON CTPYKTYPE JIUHUN
cea3u. llpucoennnenue ammaparypel KII k pacnpenenurento ynpaBieHUs
oObekTamu PY U nonyyeHue ¢ HUX CUTHAIM3AIUU OCYILECTBISETCS MOOUYEPETHO U
ABTOMATHYECKHN C TOMOIIBIO [UKINYECKOro onpoca. JlJist 3TOro UCrojb3yeTcs eIle
onuH pacnupeaenurenb Beioopa KII - PBKII u ycrpoiicTBa 6710KOB TTOAKIIOYSHHUS
BII, monkmrouaromue KII k PY. KonTtposupyemslil myHKT nojkiatodaercs Kk PY B
TEYECHUU BPEMEHH, PaBHOTO HECKOJBKHM IMKIIaM padoThl PY, uToOBI qucneTrdep
yCcHen TPHUBECTH HEOOXOAMMBIC OIepalud ¢ OOBEKTaMH M TOJYYUTh C HHX
CUTHAIM3AINI0 00 M3MEHEHUSX cOocTosHUs 00bekToB. Ilocie 3amaHHOrO umMCcna
nukia cyetyuk 1ukioB Cull cpabareiBaeT u nepekimouaer PBKII Ha cnenyrommuii
anemeHT (uyucino snemeHToB B PBKII paBHo umcny KII), BcienctBue uyero
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BKIIIOYaeTcst ouepennort 610k BI1 u moacoenunsier coorBercTBytomuii KI1 u PY.
[Mpenpinymmuii 6510k BIT ipu aTom oTkitodaercs. T.K. B TaHHBI MOMEHT BPEMEHU
MOKET OBITh BKIIIOYEH TOJIBKO OOuH 3neMmeHT pactpeaenurens PBKIIL, to 3to
obecrnieunBaeT 0YEPEeAHOCTh U eAMHCTBEeHHOCTh noAkatouenuss KII u PY (aBa KII
MIPUCOEIMHEHBI OBITh HE MOTYT). Llukinyeckuid onpoc JeHCTBYET HENPEPHIBHO /IS
MOJIYYeHHUs] CUTHAJIM3AMU C OOBEKTOB, AAXKE €CIM HE MPOU3BOAUTCA HHUKAKHX
omnepalui ynpaBiIeHUS.

10.5. CTpyKTypHbIe CXeMbl CUCTEM

TenemexaHuka- OTpaCib HAYKM W TEXHWUKM, OXBaTblBatOLLlasi TEOPUD U
TEXHNYECKNE CPeaCTBa KOHTPOASA U ynpaBieHs 06bekTaMn Ha PacCTOAHUM
C MNPUMEHEHMEM  CreumanbHbix npeobpas3oBaTenen curHana ANs
3P PEKTUBHOIO NCMNOb30BaAHNA KaHANOB CBA3MW.

TYTP uen
KCT * “Dpr
o O ]

> Akn [0e

FHTHM KM

l-nucneryep, 2- anmaparypa aucnerdepckoro nyHkra. KC- kaHan cBs3W.
AKII(AAIT)- annmapatypa KOHTPOIBHOIO(IUCTIETYEPCKOT0) MyHKTA, JI- nucneruep,
O- 00BeKT.

KYTM(koMIUTIeKC YCTPONCTB TEIEMEXaHUKH)- COBOKYITHOCTh TEXHUYECKUX
CpeICTB, BhIMONHSIOMME oOMeH uHpopmanmuu Mexnay IIY u KII yepe3 kanan
CBS3U.

TY(teneynpaBieHue)- BO3JEHCTBUE Ha OpraHbl  YNpaBICHUS WM
UCIIOJTHUTEIbHBIE YCTPOWCTBA MMEIOIINE UCKPETHBIE COCTOSIHUS IIYTEM MOJAaud
JUCKPETHBIX KOMaH/I.

TP(TeneperynupoBanue)- TY 00beKTaMu C HEMPEPHIBHBIM MHOXECTBOM
COCTOSIHUU.

THU(Tenensmepenue)- nepeAaya 3HAYCHHUN HEMPEPBIBHBIX HM3MEPAEMbIX
BesnunH ¢ KII Ha ITVY.

TC(Tenecurnanuzanus)- nepegada HHGOpMaUU O JUCKPETHBIX COCTOSIHUSX
00beKTa TUIA «Ja»(HET).

Knaccudukanus cucreM TejieMeXaHUKH.

1)10 BBIMOTHAEMBIM (PYyHKITHSIM:
- THU;
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- TU-TC,;

- TY-TU-TC.

2)10 yCIOBUSAM dKCIUTyaTaIlUu:

- CTallHOHAPHBIE;

- MOOUJIbHBIE.

3)1o pa3MenieHuIo0 0ObEKTOB YIIPABICHUS:

- cocpenotouennsie (1 KII ans rpynmnel 00bEKTOB);
- paccpenorouennsie (1 ITY u neckonbko KIT).
4)110 CTPYKTYpE KaHAJIOB CBSI3U:

- YCIIOUEYHBIE,;

- paguanbHbIE;

- KOMOMHUPOBAHHEIE.
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Nekuuna 11

11.CoBpeMeHHble cpeacTBa ynpaBrieHUusA
3NEeKTPO3HepreTM4eCKMMM napameTpamMmm

11.1. TenemexaHuyeckaa cucrema GE

CucrtemMbl aBTOMAaTHUKH ceTed »dieKkTpocHaOxeHus, mnpesiaraemeie GE,
COCpPEIOTOYEHBI BOKPYT ceMmeiicTBa yHuBepcanbHbiX pese (cepus UR). Kommanus
GE B cBOoMX me4aTHBIX MaTepHaliaX HMCHOJb3yET B OCHOBHOM TEPMHUH «pele» U
OYeHb OCTOPOXXHO ymotpedsier Tepmun «MDVY», xotsa cepuss UR Ha camom nene
noAnagaeT moj omnpeneneHue MDY B KOHTEKCTE aBTOMAaTHUKH — CceTel
ANEKTPOCHAOKEHHUS, TaK KaK OHM OOBEAUHSIOT B OJHOM YCTPOMCTBE 3allUTY,
yIpaBlieHUE, W3MEpPEHUsl, MOHUTOPUHI U o0OMeH JnaHHbiMU. [Ipennaraemas
komnanued GE cTpykTypa SsBIS€TCS TUMUYHBIM MPUMEPOM KOHDUTYpaIUu
nepBoro Tuna. Jta KoHpurypauus uzodpaxena Ha puc. 11.1.

Kak Bupno, MDY Hanpsmyioo oOMeHUBAaeTCs JaHHBIMH TI0 OOIIeH
KOMMYHUKallMOHHOM 1mmHe ¢ cucteMod SCADA. B 3aBUCMMOCTH  OT
UCIIOJIb3YEMOr0  MPOTOKOJa  TMOJICPKUBAETCI OOMEH  JaHHBIMU  MEXIy
PaBHOIIPABHBIMU y3J1aMHU.

Cepust UR ocHoBwIBaeTcsi Ha o0mied miuatdopme, KaKIblii MpeCcTaBUTETh
aToro cemeiictBa DY o06iamaeT pa3nuuHbIMU 3alIATHEIMU CBOMCTBAMU.

3alIUTHBIE CBOMCTBAa KaXKJIOrO0 YCTPOMCTBA OTJIMWYAIOT MpE/ICTaBUTENECH
kimacca UR /r ot gpyra. B Hactosiiee BpeMsi HACUMTBIBAECTCS CEMb Pa3iIMUHBIX
IIpEACTaBUTE- JI KJIacca:

L90 - nuddepennmanbHas 3aniuTa JIMHAH;

L60 - muddepennmansuo-hazonas 3anura JMHUN,

D60 - nucTaniiMoHHAas 3allMuTa;

T60 — 3amura Tpanchopmaropa;

F60 - 3amura dunepa;

C60 - 3anuTa npepbIBaTENs;

C30 - koHTpouiep (THUNMYHBIA KOHTPOJUIEp OTCEKa, HE OO0IaJarolIuii
KaKUMU- JTHOO 3alTUTHBIMHU (DYHKITASMH ).

L90. Tuddepenmanbaas TOKOBas 3alldTa ¢ pe3epBHON MaKCHUMaJIbHOH TO-
KOBOM 3amuToi. Bwicokasi cKOpocTh cpabaThiBaHUS - MEHEE OJIHOrO MEPHOJa,
oOecrieunBaemast AU depeHurnanbHOil  3aluTol, W (QYHKIUS OOHapyX eHUs
3aMBbIKaHUS, OJIJIEPKUBAEMasi MPUII0KEHUEM MOHUTOPHUHTA.

L60. 1o mpuinoxeHue 3auThl IPUMEHSIET cpaBHEHHE (Da3 TOKA JJI BbISB-
JIEHUSI 3aMbIKAHUSI U HCIOJB3YETCS JUISl JIMHUM DJIEKTPOIEepe/ladyd BBICOKOTO H
CBEpPXBBICOKOTO HampshkeHUs. B kauecTBe pe3epBHOM 3alIUThl BKJIKOYEHBI 3all[UTa
OT MaKCHUMaJIbHOIO TOKa M OT 3aMbIKaHWsS Ha 3€MJII0 C YyBCTBUTEIbHBIM
JIETEKTOPOM HapyIIEHUs HOPMAIBHOTO PEKUMa TOKA (3aMbIKaHUS).

D60. BbICOKOCKOPOCTHASI TUCTAaHIIMOHHAS 3allUTa JJIs JUHUM 3JIeKTpornepe-
a4l CPEIHET0 W BBICOKOTO HANpsKEHUs. BKiroyaeT 4eThlpe 30HBI JUCTaHIIM-
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OHHOM 3allIMTHl U PE3EPBHYIO 3aAIIUTY OT MAaKCUMAIBHOTO TOKA U OT 3aMbIKaHUS Ha
3eMJTI0, a TAK)K€ YyBCTBUTEIBHBIN JETEKTOP MAKCHMAJIBHOTO TOKA W 3AIUTy OT
MUHHUMAJILHOTO HampspkeHws. [IpemgocraBiser BIOOP 10 MATHAMIATH Pa3IAYHBIX
BPEMS-TOKOBBIX  XapaKTEPHCTHK, BKJIIOYas JBE KPHUBBIE, OIpeAeiseMbIe
MOJIb30BaTEIIEM.

FlexcurUe co3maetcs myTeM HaloKEHUsS! pa3INIHbIX (OPM KPUBBIX, KaK MOKa3aHO
Ha puc. 11.2. (Tepmun «FlexCurUe» sBnsiercst ToproBoit Mapkoit kommnanuu GE.)
Tunuunoe npumenenue FlexCurve™ ynupepcanbHbix perne (UR):

Korma kpuBble 3alMThl, MCHOJb3yE€MblEe IJII OTBETBUTENbHBIX JHHUA 2 U 3,
PA3BJIMYAIOTCA, MOXET BbIThb IIOCTPOEHA OIIPEAEJIAEMAS
ITOJIb3OBATEJIEM xpusas FlexCurve™ njist KoopauHauM 00X JTUHUH.

BPEMS

v TOK

Puc. 11.1. Ilpumep ucnonszoanus FlexCurUeTM
(Uctounuk. CD «IponyKTsl yripaBieHus 3yieKTponuTaHueM komnanuu GE»)

T60. 3amura TpaHchopmaTopa Jjiss HEOOIBIINX, CPEAHUX M OOJIBIIMX CHIIOBBIX
TpaHcopmaTopoB, BKIouYas JAUGGEepeHIHATBPHYI0 3aIllUTy C OrpaHUYCHHEM
rapMOHHK. BKITIOYeHBI MHOTHE 3JIEMEHTHI 3alIUTHl OT MAKCUMaJIbHOTO TOKA.

F60. Pene ynpamienus ¢uaepoMm mnsa 3amuthl dugepa u usmepeHuid. [lomHas
Tpexdas3Has 3aIuTa, 3aliTa 0T MAKCUMAIIbHOTO TOKA U 3aMBIKaHUs Ha 3EMIIIO, C
3aJep)KKOH BpEeMEHM M MoOMeHTanpHas. [IpemocTaBiser nATHAALATH BpPEMs-
TOKOBBIX KPUBBIX, MIEPEUYNUCIICHHBIX BbIIIE. BKIFOUEHBI YyBCTBUTEIbHAS 3allUTa OT
3aMbIKaHUS Ha 3€MJTIO U 3alllUTa OT MUHUMAIbHOTO TOKA.

C60. Pene ynpapneHus npepbIBaTeNIeM I KOHTPOJIS MpepbIBaTessi, MOHUTOPUHTA
1 3aiuThl. O10 MDY BKiIIOYaeT mosiHoe HAOIIOAEHHE 3a PEepbIBATEIEM, IPOBEPKY
CUHXPOHHOCTH U (DyHKLIMU aBTOMATUYECKOTO MOBTOPHOTO BKIIIOUEHUS. BKiItoUeHbI
MaKCHMajbHasi TOKOBas 3allUTa, 3alIUTa OT MUHUMAJIbHOIO HAMNPSKEHUS U OT
MOHMKEHHOM YacTOTHI, @ TAK)KE YyBCTBUTENbHAS 3alIUTA OT 3aMbIKaHHSI Ha 3€MJTIO.
C30. Kontpomep orceka, He 00nagaronuii GyHKIUAMA 3a1UTHI UK U3MEPEHUSI.

YnpasneHue
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Bce DY cemeiictea UR xomnanuun GE o6namaroT QyHKIUSMU JTOKaIbHOTO U
AUCTaHLIMOHHOTO yrpasieHusa. MDY mnporpamMmmupyrorcs IMmyTeM TPUMEHEHHUs
norunueckux ypaBHenui (FlexLogic, Toprosas mapka GE).

OcHoBHast KOH(pUrypalus CTpyKTypbl H300pakeHa Ha puc. 11.3.

Pene C60 obnagaet pyHKIMSAMU cOpOca HArpy3Ku, aBTOMaTUHYECKOrO MOBTOPHOTO
BKJIFOUEHUS M 3aIIUTHI OT OTKa3a BHIKIIOUATEIS.

w B m
CTs AD IE- 3 Bupty- Dusieckui —
jE: aluTa i BcnomMorarensHue
VTs fsfainisn 3= R ancHuft —WeLROR e ;hsma
m Gl
AHaNOMBbIE i DsP E% . e
Latsie (= Mexaeck i
ﬂ 52 NpepuBarens
Momynposan:
Ak OERE
UMdiponei-— —f Lindpo- ! =
BBog I RS 485 :CQOOC
BApTy-_ | O AITAPATHOE OBECTIE-IEHVE :C@ooc
ANkl O BCIPOEHHOGE POMaNSHOE
ORECTIEWHHE Enox
W POTPAMMBIPYERABE Lirley b4— 48 — 2508 nocToRHHOM
YCIPCRCTEA anexTpo- <
NHTaHIR L
TNoranskas ceti Ethernet

UR LSO UR F30 kortpone  UR T60 koHTpons
KOHTPONE 33 NtneR 32 pepom 33 1paHCQORPMATOpOM

CTs - TpancdopmaTopbl TOKa

UTs - TpancdopmaTopbl HANPSHKEHUS

A/D - ananoro-uudpoBoit mpeoOpazoBaTeib
DSP - nuudpoBoit 00paboTUNK CUTHAIOB

Puc. 11.2. OcnHoBHas koHpurypamust ctpyktypsl cepuun UR (Mcrounmk: CD
«IIpoaykTsl ynpaBiaeHus 3JeKTponuTaHueM komnanuu GE»)

N3mepenns

Bce DV BrIIOYAOT (PYyHKIMN U3MEPEHHS TOKA, HAMPSKEHUS, MOILIHOCTU U Yac-
TOTBI, BKJIFOYasi BEKTOPbI TOKA U HAIIPSKEHHUSL.

11.2. Komnnekc ycTpoucTB TenemexaHukum tuna ABB

Komnanus ABB mnpemmaraer pasmuuHble BHJIBI  000pYyJOBaHUS IS
WCIIOJIb30BAaHUS B CHUCTEMaX aBTOMAaTUKH B 3aBUCUMOCTH OT Tpedyemon
CTPYKTYpBl. YCTaHOBKM DOOpYIOBaHHUS MOTYT OBITh 3aJaHbl ISl €TO0
WCIIOJB30BaHUs WM B CUCTEMax MepBo- "0 TUMNA, WIM B CUCTEMax BTOPOrO THIIA,
onucanHbix B 10-i1 riase.

O06opynoBaHu€e MEPBOTO TUTIA

OcHOBHBIM O00OpPY/IOBAaHHUEM TIEPBOTO THUIIA, MPOU3BOAUMBIM KOMIIAHUEH
ABB, sBisiercs cepust pene REF. Pene REF 3amymbiBanuch Kak pelie 3aiiuThl
dunepa, u komnanus ABB Takxke MMeHyeT MX «TepMUHalamMHu duuepa». IOTy
ceputo coctapiisitoT 3eiie REF 541, REF 543 u REF 545. EquncTBeHHOE OTInYne
perne 3Toi cepuu APYr OT Lpyra 3aKIOYaeTcsl B KOJIMYECTBE YCTPOMCTB BBOJAA-
BBIBOJIa, KOTOpbIE pa3memarorcs 3 kaxaom pene. Pene REF saBmstorcs MDY B
MOJIHOM CMBICJIE 3TOTO CJIOBa, TaK KaKk OHHM 30JaJal0T yCOBEPIEHCTBOBAHHBIMU
BO3MOYKHOCTSIMU 3alUTHI, YTMPaBIEHUS, MOHHTOPUHTA, U3MEpPEHU U oOMeHa
nanaeiMu. Pene REF paspaboranbl misi pacnpenenu- reibHBIX CETeH CpEeIHEro
HANPSKEHHUS.
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3amura

Cepuss REF comepxuT mnepeducieHHbIE HIDKE (QYHKIIMOHAIBHBIC OJOKHU
3alIUTHl B CAYECTBE CTAHJAPTHBIX CBOWCTB MPUJIOKEHHUN 3alUThL. B 3aBHCMMOCTH
OT HEOOXOMUMBIX (PYHKIMH KOH(MUrypauus (yHKIHOHAIBHBIX OJIOKOB MOKET
OBITh U3MECHEHA, W 1JI1 K€ OHU MOTYT OBITh OTKJIIOUCHBI.

¢ HenanpaBneHHast 3aniuTa OT MaKCUMAJIBHOTO TOKa (C HU3KOW yCTaBKOU U

I-)I/IC. 11.2. Peﬂé RF 54 KdMHaHI/IH ABB

HenanpasieHHas 3ammTa OT 3aMbIKaHHUS Ha 3€MJI0 (C HU3KOM M BBICOKOM
YCTaBKOM, MOMEHTAaJIbHAS ).

Hamnpapnennas 3amura OT MaKCHMMaJbHOTO TOKa (C HU3KOW U BBICOKOU
YCTaBKOW, MOMEHTAJIbHAS).

Hamnpapnennas 3ammra OT 3aMbIKaHUSI Ha 3eMJII0 (C HM3KOW M BBICOKOIM
YCTaBKOW, MOMEHTAJIbHAS).

3amuTa oT cBura mno gase.

Tpexdasznas 3ammra oT nepeHanps>KeHus (C HU3KOM yCTaBKOW M BBICOKOM
YCTaBKOM).

3amura OT OCTAIIIETOCs NepeHanpsHKeHUs! (C HU3KOW U BBICOKOM YCTaBKOM,
MOMEHTAJIbHA).

3amura OT MUHUMAJIBLHOTO HAMPsHKEHUS (C HU3KOM YCTaBKOM M BBICOKOM ycC-
TaBKOM).

3anuyra OT MUHUMaJIbHOW MJIM MaKCUMaIbHOW YacTOThI (5 ATaroB).

3amura oT neperpena.

JleTeKkTop myckoBOro Opocka TpaHcpopmMaTopa U CTapTa JBUTATEIS.

OyHKIMS aBTOMAaTHYECKOTO MMOBTOPHOTO 3aMyCKa.

OyHKIMS TPOBEPKU CUHXPOHHOCTH.

OYHKIMY yIPaBICHUS

OyHKIMM  yOpaBlIEHUs]  BKJIIOYAIOT  JIOKAJbHOE M JUCTAHIIMOHHOE
yrpaBiieHHe J10 6  KOMMYTAIIMOHHBIMHM  OOBEKTaMHU  (BBIKJIIOUYATEIISIMH,
Pa3bEeIUHUTEISIMU WUJTU 3a3€M- JIUTEISIMU ), HHAUKAIMIO CTaTyCca KOMMYTAIIMOHHBIX
00BEKTOB 1 OJIOKUPOBKY YPOBHS
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OTCEKa WJIM CTaHUMU, 4YacTh MPUIIOKEHUS YIPABICHUS COCTABIISIET
uH(pOpMaIs U KaHajlaX TPEBOTH.

Koudurypamnus naaukanmm 00beKTOB Ha JIOKATBHOM TpadaecKoM IucIiiee
MOXEeT ObITb u3MeHeHa. llonb3oBarenb MOXKET 3aJaTh  MUMHUYECKYIO
KOH(HTrypaiuio.

N3mepenus

OYyHKIIMM ~ U3MEPEHUs]  BKIIOYAIOT M3MEpPEeHHS Tpex(da3HbIX TOKOB,
HEUTpaIbHBIX TOKOB, TpeX(ha3HOro HAINPSHKEHHS, OCTAIOIIETOCs HAMPSKEHUS,
YacTOThl, AKTUBHOM M pPEAKTUBHOM  MOIIHOCTH, OOpaTHOM  MOIIHOCTH,
ko3 puIieHTa MOUTHOCTH U TAPMOHHUK.

B npunoxxeHue u3MepeHusi BXOAUT YCTPOMCTBO 3allMCH KPATKOBPEMEHHBIX
HapyIIEHUH pekuMa. ITO YCTPOMCTBO MCHONB3YETCA ISl CISKEHHs 3a (popmamu
KPUBBIX TOKAa W HANpPsDKCHHS, a Tak)Ke 3a CTaTyCHOW MHGOpMAIMeil JTOTHUYECKUX
CUTHAJIOB U JBOMYHBIMU BXOJHBIMHU JAHHBIMU COCJAMHEHHBIX C pEJie TEPMHUHAIIOB.
Bo3moxken monumtOopuHT 10 1 6 aHamoroBbix W mU(poBBIX KaHamoB. Yactora
BbIOOpKU cocTaBiisgeT 40 oTcueToB 3a 0AUH QyHIAMEHTAIbHBIA UK.

JInuHa 3anucu 3aBUCUT OT KOJMYECTBA 3AMUCEN M UCTOJIb3YEMbIX KaHAJIOB.
Hanpumep, onHa 3anuch Ha OAHOM KaHaye MOXKET cojepxarbh 1066 nepuonos, a
ecinu craenatb 10 3ammcedt Ha 10 kaHanmax, Kaxaas 3amuch OyaeT coaepkarh 1 2
MIEPUOJIOB.

3anuch MPOU3BOJMUTCS B CIy4ae HACTYIUIEHUS OJHOTO U3 MEPEUMCICHHBIX
HUKE COOBITHIA.

BepxHuil Wi HUXKHUAKM Kpall OJHOTO WJIM HECKOJBKHUX JIBOUYHBIX CUTHAJIOB.

MakcuMalbHbI TOK, MAKCUMAIbHOE WM MUHUMAJIbHOE HAIIPSIKEHUE.

Pyunoii 3amyck yepes uarepdeiic moap3oBarTess.

[TapameTp cepuitHOM KOMMYHHKAILIUU.

Ilepronnyeckuit 3ayck.

MoHUTOPUHT

OYHKIMM MOHHUTOPUHIA BKJIOYAIOT B ce0s (QYyHKUMU CIEKEHHUS 3a
COCTOSIHUEM, TaKhe, Kak HaOJIoJCHUE 3a LENbI0 OTKIIOUECHHS, CUYET BPEMEHU
paboThl,  KOHTPOJb  DJIEKTPUYECKOIO0  M3HOCA  MpEphIBaTelis, BPEMEHHU
pacnpoCTpaHEHUs] BOJHBI IPEPHIBATENIS], 3aIUIAHUPOBAHHAA Iepeaadya JaHHBIX U
camoauarHocTuka. Jlpyrue (QyHKIUM BKIIOYAIOT KOHTPOJIb BCIOMOTaTEIbHOTO
HallpsDKEHWsT W HMHAWKALMI BHYTpPEHHEro mneperpeBa. KoMmyTtarmoHHas
anmaparypa SF6 o0iamaer cniocOOHOCTBIO CIIEKEHUS 3a JaBJICHUEM Ta3a.

OOMeH JTaHHBIMH

Ha nepenneii nmanenu o60py10BaHUS HAXOTUTCS OoNTUYECKU mopT RS-232,
C TIOMOIIIbIO KOTOPOTO BO3MOXKEeH 00MeH AaHHbIMU 10 cranaapty ASCII ¢ nokans-
HbIM [1C mm HOoyTOyKOM. OH nipeHa3HayeH I TIePBOHAYATBHOW KOHPUTYpaIun
BO BpeMs 3alycka MmpuOopa B IKCIUTyaTallMi0, HO MOXKET TaK»Ke HCIOIb30BaThCs
st mokanbHOM 3arpy3ku. [lopt RS-485 na 3agHeld maHenn C BO3MOXKHOCTBIO
MOAKIIFOUEHUSI ONTOBOJIOKOHHOTO HHTepdeiica MOXKeT ObITh HMCIOJb30BaH st
y4acTUs B CETEBOM OOMEHE JaHHBIMHU. B kauecTBe cTaHjapTa MOJJIEPKUBAIOTCS
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7IBa TPOTOKOJa, a uMeHHOo: mpoTtokon ABB SPA-bus (10 19,2 k0ut/c) u mmHa
LON (mo 1,25 Mowur/c).

11.3. Annapartypa TefieMexaHuK1 ¢ 3NeMeHTaMu ONTOBOSIOKOHHOW TeXHUKN
SEL

Cucrema aBTOMATHKHM CE€TEH 3JIeKTpocHaOxeHus kommnanuu SEL moctpoeHa Bo-
KPYT MHTEUIEKTYAJIbHBIX PEJI€ U CBA3HOIO MPOLECCOpPa U SIBISETCS TUIUYHBIM
IIPUMEPOM CTPYKTYPBI TPETHETO TUIIA, ONUCAHHOM B 10-11 riaBe.
JUis paznuyHbIX (YHKUMNA 3alIUThI MOTYT HCIIOJIb30BaThCs pasHble pere. Perne
tuna SEL-351 sBist0TCS nEpBHIMU MHOTO(YHKIMOHAJIBHBIMU peJie, UCIOJIb3ye-
MBIMM JIJISl IPUIIOKEHUM Mepefadyn U paclpeesIeHHs], U BKIIOYAIOT KOMIUIEKCHBIE
NPWIOKEHUS 3aIUThI, YIIPABICHUS, U3MEPEHUN 1 MOHUTOPUHTA, 00BbETMHEHHbBIC B
onHoM ycrpoiictee. K cBa3noMy nponeccopy tuna SEL-2020 win SEL-2030 mo-
ryT OBITH TIOACOeAMHEHBI 0 1 6 pene. CesaszHo mporieccop SEL-2030 ornuyaercs
or moaemu SEL-2020 Tem, 4TO OH C JIETKOCTBIO HACTpamBaeTCs TOJIH000M
npoTokoJ. B ciyyae BOZHMKHOBEHUS HEOOXOAMMOCTH J10OABUTh HOBBIN MPOTOKOJI
k 1nporeccopy SEL-2030 HyXHO 0OpOCTO BCTaBUTh KapTy MPOTOKOJIA B
COOTBETCTBYIOIIMUHN PAZBEM.
CBs13HOHM Mpoleccop peryjaupyer Becb OOMEH AaHHBIMHU MOJICTAHLUHU, MMPOUCXO-
TSI MEXAY HUM U pelie, a Takke OOMEH JaHHBIMU Ha BBICILIEM YPOBHE C CEThIO
SCADA.
Ha puc. 11.5 uzo0paxken npumep cUCTEMBbI, pa3MmelnieHHON kommnanuen SEL Ha
CBOEM BeO-caiiTe.
OOMeH TaHHBIMU MEXKy PaBHOIIPABHBIMH Y3JIaMH B MHOTOTOUYEYHOW TUHHOM
CETH He MojepKuBaeTcs, Tak kKak SEL ncnoiab3yeT 38e37000pa3Hy 0 TOMOJIOTHIO.
Bwmecto storo SEL npumensier texnonoruio MIRRORED BITSTM co6¢cTBenHOM
pa3paboTKu, KOTOpas MoAJepKUBaeT OOMEH JAHHBIMHU MEX/y PaBHOIPABHBIMU
y3JaMH T10 IPSIMOMY ONTOBOJIOKOHHOMY KaHainy. CHavana ObUT JOCTYIEH TOJIBKO
O0OMEH JIaHHBIMH MEXKIY ABYMsI peJie, HO BIIOCJIEICTBUU ObUT CO37aH JIOTUYECKHI
3amuTHBIN npoueccop SEL-2100, cnocoOHbIN noaaepxuBaTh A0 15 yCTpOHCTB.
B pe3ysbrare npuxoauTcs TIIATENBHO U3y4aTh TEXHUYECKHUE JaHHBIE peie, YTOObI
cesiaTh MpaBWIbHBIMN BBIOOp A onpeneneHHoro npuioxenus. Komnanus SEL
MpeajiaraeT MOJb30BATENSIM BOCIIOJIB30BAaThCA OECIIaTHOW MporpaMMoi s
BbIOOpa pelie, COOTBETCTBYIOIIMX TpedyemoMy mpuiiokeHuto. Ilonb3zoBaTento
HY’)KHO BBECTHM CBOU TpeOOBaHHUsA, M MporpamMma IMOACKAXKET, KaKue peje CTOUT
UCIIOJIb30BAaTh.
OcCHOBOI1 cHUCTEMBI aBTOMAaTHUKHU ceTel 3ieKTpocHaOxkenus: kommanuu SEL sBis-
eTcst MHOrodyHKIMOoHaIbHOoe perne SEL-351.
MHuorodyHKIIMOHAaTFHOE HampaBieHHOe MakcuMmainbHoe perne SEL-351 oGmanmaer
CJIEYIOIIUMU 3alUTHBIMU (QYyHKIUSMHU.
HampaBnennas MakcumaiibHasi TOKOBas 3anuTa (pa3zoBas U Ha 3eMITIO).
HenamnpaBnennas MakcumanbHasi TOKOBast 3amuTa (ha3oBasi ¥ Ha 36MITIO).
3amMra OT MHHMMAJIBHOIO M MAaKCHMaJIbHOTO HM3MEHEHHSI YacTOThI 3JIEKTPH-
YECKOro Toka (IIEeCTh IIaroB).
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3amuTa OT NepeHanpsHKEHUM 1 MPOBAJIOB HAMIPSKEHMUS.

IIpoBepka CHHXPOHHOCTH.

ABTOMaTHUYECKOE MOBTOPHOE BKJIIOUCHHE.

3amnuTa oT 00paTHON MOIIIHOCTH.

KoHTpob BbIX0/1a U3 CTPOSI BBIKITIOYATEIIS.

Yupasiienue

VYerpoiicTBO 3amucu MOCIEA0BAaTEIbHOCTH COOBITUN aBTOMATUYECKH IepeaeT
nmanubie Ha SEL-2030.

Jlo 1 6 quCTaHIIMOHHO YIPaBIsIEMbIX YCTPONUCTB Ha KaXK0€ perie.

N3mepenus

Tounoe n3MepeHne Bcex AICKTPUUECKUX 3HAYCHU M30aBIIsIeT OT HEOOXOIMMOCTH
B ITUTOBBIX U3MEPUTEIHHBIX TPUOOpAX.

CocraBnenue auarpamMm Harpy3kyd JUisi MakcuMyM | 5 BbIOMpaeMbIX MOJb30-
BareneM 3HadeHui, Bkmodas U, A, f, W, (JAR, Wh, UARh, PF, nukoBoe mo-
TpebJieHue.

J1o 40 nHen XpaHEeHUs JaHHBIX AUArpaMM HArpy3Ku Uil MakcumMyM 1 5 3HaueHuni,
3arpy’KaemMbIX Kaxabie 1 5 MUHYT.

OTyeThl O HapyUIEHUSIX HOPMAJIBHOTO pEXHUMa JJIS J10- U IOCTCOOBITHITHOTO
aHanu3za; Be1oop 1 5 unu 30 nepuo10B.

OtyeTsl 0 TAJAEHUM/YBEIUYCHUU/TIEPEOOSX  MOIIHOCTH, HWHHUIMUPOBAHHbBIC
COOBITHEM U MPUBSI3aHHBIE TIO BPEMEHH.

MoHuTOpHUHT

CrnexeHue 3a ypOBHEM HAIpsDKEHUs OaTapeu MoICTaHIUH.

MOHUTOPUHT UHTEIUIEKTYaIbHOTO MIPEPHIBATENS.

MonutopuHr cratyca 10 1 6 ycTpoilcTs.

CamonnarHocTuka.

OOMeH TaHHBIMH

Komnanua SEL nmpuMeHsieT MEXAYHAPOAHBIN MPOTOKOJ, IMOJYyYMBIIMNA Ha3BaHUE
«fast meter protocoly, s oOMeHa JaHHBIMU MEXIY pejie U CBSI3HBIM MPOIIECCO-
poM. D10 yepenyrouuiics ooMeH qanHbMu 1o potokosry ASCIIL.

SEL-2030 moaaep’KuBaeT MOCIEA0BATEIbHYIO CBSI3b C MPOJYKTAMH JIPYTUX IMPO-
U3BOJUTEIICH.

SEL-2030 nmoanepkuBaeT MHOTOYMCIIEHHBIE MEPEIadyy BBICIIETO YPOBHS Ha CETh
SCADA. B mHacrosiiee BpeMsi B KayeCcTBE CTaHAapTa MOIJACPKUBAIOTCS
CJIEAYIOIINE TPOTOKOJIBI:

Modbus;

DNPU3.0;

I EC-870-5-101;

UCA.

Komnanua SEL ytBepxknaer, yto mo 3ampocy SEL-2030 mMoxer moaaep:KuBaTh
MPaKTUYECKU JIFO00M IpYroil MHUPOKOUCIIOIb3YEMbII TPOTOKO.

[Tponreccop SEL-2030 MoxkeT mojaep>KUBaTh OJHOBPEMEHHBIM OOMEH JdaHHBIMU
Ha BCEX aKTUBHBIX IMOpTax (10 IIeCTHAJIaTA MOpTOB). B momosiiHeHHE K
NOJAEPKKE KOMMYHUKAIMOHHOTO mpoTtokona SEL- 2030 Takxe OCyIlIeCTBISET
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XpaHeHne W o0paboTKy MaHHBIX, aBTOKOH(uryparmuioo MY, cHHXpOHU3AIHIIO
BpeMeHU U KOHTpoibHble YypaBHeHuss SELOGIC® (nmanpumep, nepenavy
OMPEICICHHOTO COOOIIEHHUS B CIy4ae HACTYIJICHUSI KAKOTO-JIMO0 COOBITHS).

B cnyuae ucnonb3oBanus ayms peine texHonorun SEL MIRRORED BITS moxer
OBITh YCTaHOBJIEH ObICTPHIM (MeHee 10 Mc) paBHOIIPaBHBINM OOMEH JaHHBIMU.
Komnanueit SEL Obu1 co3nan 3amutHbINA Jorudeckuil npoueccop SEL-2100, xo-
TOPBIM MOXXET OTBeYaTh 3a 1 5 yJaJeHHBIX YCTPOMCTB, MCHOJIB3Yys JJIsi OOMEHa
nanabiMu TexHosioruto MIRRORED BITS. Dtot mponeccop Takxke oOnagaet
MOIIHBIM JIOKaJbHBIM HMHTEJUIEKTOM JUIsi KOOPAWHALIMM CJOKHBIX PEHICHUN
IpEpPbIBaHUS U 3aKPBITUS. TUNUYHBIM IPUMEHEHHEM SIBIIIETCS €T0 IPUMEHEHHUE B
CO37aHUM O4YeHb I(P(HEKTUBHON M HEIOPOrOM CXEMbl 3aIIUTHl COOPHBIX IIWH C
MCITIOJIb30BAaHUEM peJie, YCTAaHOBJICHHBIX IS 3aIlUThl Guaepa (s cOOpPHBIX IIUH,
UMeroumMx MeHee 1 5 npepeiBarenei).

SCAD A

Kommanust SEL He o0namaer coOCTBEHHBIM TMPOTPAMMHBIM OOECIIEYCHUEM
SCADA. BmecTo 3T0ro oHM OOBIYHO MOPYYAOT KOMIAHUAM, BblTycKaromum 110
SCADA, nin CUCTEMHBIM MHTErPAaTOpPaM, yYacCTBYIOIIMM B IPOEKTE, YCTAHOBUTH
komroHeHTel  SCADA a8 co3maHusi  CUCTEMBI  aBTOMAaTHUKU  CETEM
AIEKTPOCHAOKEHUS.

[IpennoututensHo, ytoObl [IO0 SCADA mnoanepxuBajgo OAWMH W3 MPOTOKOJIOB,
noaaepxkuBaeMblid npoueccopom SEL-2030 B xkauecTBe cTaHAapTa; €CIIM K€ 3TO
JPYToii MPOTOKOJ, B KOMMYTAllMOHHBIN MPOIECCOP MOXKET ObITH YCTAHOBJIEHA Kap-
Ta TOPOTOKOJIAa I NOAACPKKU  MPOTOKOJA, MPEANOYTUTEIBHOTO  AJIS
IIPOrPaMMHOT0 O0ECTIeUeHUs WM KOHEYHOTO MOJIb30BaTENs.

Nudopmarus oT mpou3BoUTENS

Huxe W310KeHbI IIaBHBIE MPEUMYILECTBA, yKa3aHHble komnanued SEL B oTHO-
[IEHUH COOCTBEHHBIX CUCTEM.

Cesznoit nponeccop SEL MoXeT HanpsiMyr0 OOMEHUBATbCS JaHHBIMHM ITpak-
TUYECKH CO BCEMHU MUKPOIPOIIECCOPHBIMU pesie. B 3Be3mooOpaszHoil cetu
MOJIEP)KUBAETC O0OpPYJAOBAHME PA3HBIX MPOU3BOJUTENEH, C pPa3HbIMU MPO-
TOKOJIAMH, BKJIFOYAsl IMPOTOKOJIBI MHOTOTOYEYHOM CBSI3M, TaK KaK KaxKJI0€ yCT-
POMCTBO UMEET COOCTBEHHBIN MPAMON KaHAJ CBSI3U.

3Be3nooOpasHas koHpurypauust cereid SEL  momnepkuBaeT IIUPOKUN Pl
Bo3MoxHocTe MDY. B opHoli cucteme moryt 0ok O OOK pacrmoyiaraThCsi U
NPOCThIE MEJIEHHBIE YCTPOMCTBA CBSI3H, U 00JIEE CJIOKHBIE PeJie CBA3H.
3Be3nooOpaznas cetb SEL siBnsieTcss AEMCTBUTENBHO OTKPBITONM apXUTEKTYpOU U
o0beIMHAET pa3HoOOpa3Hble MPOTOKOJBI, CKOPOCTU TMEpedauyd M CEeTEBbIE
uHTEPEHCHI.

[IpsiMble coeaMHEHHS B 3BE3J000pa3HON CETH YCTPAHSAIOT HEOOXOAMMOCTH B
JOTIOJTHUTENIBHBIX aJIPECHBIX JAHHBIX, YBEIMUYMBAs MPOIMYCKHYIO CIIOCOOHOCTD.

B 3Be37000pa3HOl CceTH YCTpaHEHHE HEUCHPABHOCTEM CpencTB Nepenayvu
ocyuiecTBisieTcss OblcTpo M mpocto. CesizHOU mpoueccop SEL mopnepxkuBaer
MIPOCTYIO MPOLIEAYPY NOATBEPKACHUS B BUAE CBETOAUOAHON NHANKALINH.
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KomMmyHHKaIIMOHHBIE MPOOJIEMbl OJAHOTO pejie HEe MOBIUSIOT Ha padoTy ceTu
TaKUM ke 00pa3oM, Kak, HampuMep, HEBO3MOXHOCTh pelie NepeaTh yIpaBiIeHHE
0OMEHOM JaHHBIMU B MHOTOTOYEUHOM CETH.

CBs13HOM mpoueccop YNpOIIaeT YCTAaHOBKY Onarojapsi aBTOMATHYECKOW KOH-
¢urypauuu. OTOT NPOLECC ABTOMATUYECKH OMNPENETSET HYXHYIO CKOpPOCTh
nepeaayn s oOMEeHa JaHHBIMHU C COCIMHEHHBIM pelie, a TaKKe yCTaHaBIMBAET
IapaMeTpbl CTAPTOBOM 3arpy3KH, TUI YCTPOMCTBA U BO3MOKHOCTH.

CBsi3HOM mpoueccop MOXKET KOHTPOJHUPOBaTh OOMEH JAHHBIMU MEXAY ABYMS
pee, 1ojay4aTh U XpaHUTh OTU JaHHBIE.

Pecypcel pesie MOTyT HCTIOJIB30BATHCS U1l ONTUMU3ALMU TUIAHOB 3aLUTHI.

B cBsi3HOUN mporeccop Jerko A00aBIsIIOTCS HOBBIE MPOTOKOJNIBI. B ciydae u3-
MEHEHHUsI TpeOOBaHMI MPOTOKOJNA HYXXHO MOJAEPHU3UPOBATH TOJIBKO OIHO
YCTPOMCTBO, a HE KaXJ0€ pele IO OTIACNbHOCTH. JTO 00jee SKOHOMHYHBIM
croco0, TMO3BOJSIONUIMI HE BMEIIMBATHCS B palbOTy pesne BO BpeMsi HU3MEHEHUS
IIPOTOKOJIA.

CnocoOHOCTh CBA3HOIO MPOLECCOpPa HCIOIb30BAaTh PA3IMYHBIE MPOTOKOJBI IS
0oOMEHa JaHHBIMH C Pa3HBIMU PeJie yJIMHSET MOJIE3HYIO CEPBUCHYIO JKHU3HB peEJIe,
TaK KaK peJie He TOJHKHO MOIAEPKUBATh HOBBIM MPOTOKOJ.

Hogele u Oyayume MDY nerko pa3memiaroTcss 1 MHTETPUPYIOTCS MOICTaHLIUEH.
Huxe n3noskeH noiHbli CIIUCOK MPEUMYIIECTB, OMyOJMKoBaHHbINA Ha caiite SEL.
[TpenmyiectBa 3Be31000pazHoi cetu (SEL)

3Be3000pa3Has CeTh IMO3BOJSET MEPEHECTH HEKOTOPble KOMMYHHUKAIIMOHHbBIE
¢bynkuun ¢ MDY nHa cereBoit koHTposiep. Pasmemenue mportokosnoB B DY
YBEJIIMUMBACT HX CTOMMOCTb M YCKOpSAET IPOLIECC HX YCTApeBaHWUSA II0 MeEpe
pa3BUTHSA TEXHOJOTHH. BMecTo 3toro mydme cpokycupoBath pecypcel MDY Ha
ONTHUMU3ALMH IUIAHOB 3aIUTHI.

CBs13HOH IpolLiecCOp, UCIOJIb3YEMbIN KaK CETEBOW KOHTPOJUIEP, MOKET BBIIIOIHAThH
(YHKIIMKM  TPWIOKEHUS]  «KIMEHT/CEpBEpP», HAKOMUTENs JaHHBIX, apXuBa
[IOJCTAHIUH, [IPOTPaMMUPYEMOU JIOTUYECKOMN 1aTQOpMBlI, 1UTIO34,
MaplIpyTH3aToOpa, YCTPOMCTBA MOJKIIOUEHHUS K BHEIIHUM CIyX0am 10 Te-
ne(OHHOM JIMHWHK, CBSI3HOTO KOMMYyTaTopa M TNEepelaTyuka CHHXPOHHU3ALUU
BPEMEHH.

Bpems ocyiiecTBiieHUsT YNPaBISAIOIIUX JIEMCTBUM MEHBIIE IPU CBSI3U TJIABHOU
crannmu ¢ MOV, yeM B IIMHHOM TOIOJIOTHH.

CBsi3HOM TIpolIeCCOp MOXKET OOMEHUBATHCS JAHHBIMU 0€3 HCIOJIb30BaHUS
IIPOTPaMM  TOJJIEPKKHU ONIPEAEIIIEMOTO IIOCTABIIMKOM IPOTOKOJIA U MOYKET
MpOCIyIuBaTh OOMEH [aHHBIMH MEXIy JABYMs yCTpoiicTBamMu B HHGpOpMa-
HHOHHO-YNPABJISIOLIEH CUCTEME.

3Be3/1000pa3HbIE CETH MOTYT IOJIy4aTh U NIepeaaBaTh JaHHBIE, UCIIONb3YS FOpa3io
O0onee MEMJIEHHbIE MpsSAMbIE COEIUHEHHS, TaK KaK B HHX OJHOBPEMEHHO
IIPOMCXOJIUT MHOYKECTBO CEAHCOB CBS3M. OTU MpPsSMbIE COCIWHEHMUS TIOpaszio
HaJIe)KHEE, IPOYHEE U JCIICBIIE.

CBsi3HOM Tmpolieccop YNPOIIAaeT BHEAPEHHWE C MOMOIIbI0 aBTOKOH(UTYpAIUH,
KOTOpasi OMMCHIBAET XapaKTEPUCTUKU U CBOMCTBA PEJIE.
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Bce mpsimbie coenwHEHUST B 3BE31000pa3HON CETH SBISIIOTCS HE3aBHCHMBIMHU U
MO3BOJISIFOT CETH TMOJJEPKUBATh IIMPOKUM PSJ BO3MOXKHOcTeM pene. IIpocteie
YCTPOMCTBA C HU3KOM CKOPOCTHIO MEpeAadyu COCYIIECTBYIOT ¢ 00Jiee CI0KHBIMU U
OBICTPBIMHU pEJIe.

3Be3nooOpa3Has cetb SEL siBnsieTcss A€MCTBUTENBHO OTKPBITOM apXUTEKTYpOHl U
o0BeAUHSET pPa3HOOOpa3Hble MPOTOKOJBI, PAa3IUYHbIE CKOPOCTH TMEpeadyd |
pa3HbIe CeTeBble HHTEP(ENCHI.

CBsi3HBIE NPOLIECCOPBI, WTPAIOLINE POJIb CETEBBIX KOHTPOJUIEPOB, YBEIWYUBAOT
[IEHHOCTh JIaHHBIX MH(POPMALIMOHHO-YIIPABJISIONIEH CUCTEMBI, TaK KaK JI€JAl0T UX
JOCTYITHBIMU MHOTOUYMCJIEHHBIM IJIaBHBIM CHCTEMaM U JPYTHUM MOJIb30BaTEISM.
Csi3HOM  TIporieccop C€O37aeT HMH(DOPMAIMOHHO-YIPABIISIIONIYI0 CUCTEMY C
ABTOHOMHOW KOOPJAMHHPOBAHHOW 3BE3/1000pa3HONl CEThI0O B TIpenenax Mo/I-
CTaHIIMU, HE 3aBUCALLYIO OT COSIMHEHUS C TJIABHOM CTAHLHUEH.

3Be3m000pa3HbIe CEeTHU JIeTAl0T BO3MOXXHBIM OIOCPEIOBAHHUE JIOKAJIBHOTO WU
JUCTAHIIMOHHOTO YIPABJIEHUS BCEN MOACTAHIUEN.

[To mepe u3MmeHeHusi TpeOOBaHUN NPOTOKOJA TMOJCTAHIIMM MOXET OBbITh MO-
JNEPHU3BUPOBAH CETEBOM KOHTPOJUIEP CBSA3HOI'O IIPOLIECCOPA, a HE KAXKIOE peJIe 1O
otaenbHOCTH. [Ipu 5TOM HE MPOUCXOAUT BMEIIATEILCTBA B pabOTy

pesne BO BpeMsi U3MEHEHHUS! MPOTOKOJIA. DKOHOMHUYECKH ropas3io 00Jee BBITOAHO
TAKXK€ MPOU3BOJIUTh U3MEHEHHS TOJIBKO B OJTHOM YCTPOMCTBE.

CeromHsi BO3pacT HMCHOJIB3YEMBIX Ha MOJCTAHIMAX peEJie IIUPOKO BapPbUPYETCH.
Mmuorue u3 stux U2V 10 cux mop NpUHOCAT MOJb3Y, HO HE 00Jalal0T CaMbIMU
NOCJIEIHUMU MPOTOKOJIaMU. [IpOoeKThl MOAEpPHU3AIMY U YKPYTHEHUS TOACTaHIIUH,
TpeOyrome 3aMeHbl Bcex aAeicTByrommx MWDV, Beayres peako. CBs3HOU
IIPOIIECCOP, KOTOPBIH MOYKET OOMEHHMBATHCS JAHHBIMU ¢ KaxasiM MDY, ucnons3ys
YHUKQJIbHYIO CKOPOCTh IMEpPEJayu U MPOTOKOJ, YUIMHSET MOJIEe3HYI0 Xu3Hb DY
Hcnonb30BaHKWE CBSI3HOTO MpoLEccopa ISl YKPYIHEHUS MOACTAHLMU IMOMOYKET
JIETKO UHTerpupoBath Oyayume NV,

Uepenyromuecss MTOTOKM JaHHBIX 3BE31000pa3HON CETH SIBISIOTCS MPOCTHIM U
MEepPeIOBBIM  CIIOCOOOM  OCYIIECTBJICHUS] OJIHOBPEMEHHBIX MHOTOYHUCICHHBIX
ceaHcoB. 1o omHOMY KaHally CBSI3M OJHOBPEMEHHO MOTYT NE€pPENABATHCS JTAaHHbBIC
Pa3IMYHOTO HA3HAYEHUSI, ApPXUBHbBIC IAHHBIE U CUTHAJIbI CHHXPOHU3AI[MHA BPEMEHH.
JUis TpsIMBIX KaHAJIOB CBSI3M 3BE3000pa3HOIl CETH BBISABICHHE M YCTPAHEHUE
HEUCIIPABHOCTEN C MOMOIIBK MPOCTON CBETOAMOMHOW HHAMKALMHN MPOUCXOIAT
ropaszio ObicTpee U 3PpdeKTHUBHEE, YeM MOMBITKH PACKOIUPOBATH MHOTOTOYEHHbIE
CETH.

SEL npu3HaeT clienyrolne HeA0CTATKA CBOEH CUCTEMBI.

Konnermmust ux 3Be31000pa3HON CETH HE OYEHb XOPOIIO TMOHSATA U CUUTACTCS
yCTapeBUIEH TEXHOJIOTHUEH.

11.4. MukponpoueccopHasa cuctema TeriemexaHMkm Ha 6ase Siemens

VYnpasnstomuit 6510k cranuun 6MB5510/5
OOMeH TaHHBIMH.
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OTO YCTPOMCTBO WrpaeT poib HHTepdeiica Mexmy HEeHTPATbHONW KOHTPOJIBHOMN
CTaHITMEH U TOJICTAHIIMEH W MCTIONB3YETCS M1 TTOJICTAHIIMA CPETHETO U OOJIBIIIOTO
pazmepa. OHO B3aUMOJIEHCTBYET C HE3aBUCHMBIMH YCTPOMCTBAMHU BBOJIa-BbIBOJA,
LEHTPaJIbHBIMU KOHTPOJUIEpPAMU U YCTPOUCTBaMH IIU(PPOBOI 3aIUTHI, & TAKKE UT-
paeT poJib KOMMYHHUKAMOHHOIO Y3JIa.

Ono nopaepxkuBaer 10 1 21 ycrtpoiicTBa BBOJa-BhIBOAA U 10 3872 3JIE€MEHTOB
TEXHOJIOTUYECKUX JaHHBIX (MHAMKALMS CTaTyca, pe3yiabTaThl W3MEpPEHU,
KOMaH/Ibl U T.J.)

[O6patuTe BHUMaHUE HaA TO, YTO Siemens HCMOIb3YyEeT MPEUMYIIECTBEHHO S3bIK
tuna [1JIK. ]

ITopnepxuBatotcst cranaaptHbie mpotokodibl: [IEC 870-5-101 u SINAUT 8FW.
Jlpyrue mpoTOKOJIbl MOTYT MOJIEPKUBATHCS TIOCIIE T00aBICHUS TOTIOTHUTEIBHBIX
MOy JIEH.

VYnpasiieHrie, MOHUTOPUHT U COOp JIaHHBIX.

Bo3MOxHBI ynpaBlieHUE U MOHUTOPUHI C IyJbTa OMepaTropa OJHOIO WU JABYX
LEHTPAJIbHBIX MTOCTOB yInpasieHus. [loanepKuBaroTCs MOCIEI0BATEIbHBIE U JIOTH-
yeckue (PyHKIMHU U OJOKUPOBKA.

Peructpanus, o6pabotrka u 3Y OOJbIION €MKOCTH JJIsi apXUBAIlMU WHIUKAIUU
cTaryca, pe3yJbTaTOB U3MEPEHUHN U 3aIUTHBIX AaHHbIX. CHHXPOHU3ALNS BPEMEHU
C IOMOIIIBIO BXOJHOTO MOJYJISI BDEMEHHOT'O CUTHAJIA.

Komnaktasiidi RTU 6MB552

Kommnaktaeiii RTU BBINONHSIET TPaKTUYECKU T€ K€ (PYHKIUMHU, YTO U YCTPOMCTBO
YIPaBJICHHS CTAHIMEH, TOIBKO B TOPA30 MEHbIIEM MaciiTade (3a UCKIIOUYEHUEM
perucTpanuu U xpaHeHus: JaHHbiX). [ToaTtomy sToT RTU noaxoaut ajis nepenayu
CUTHAJIOB MPOLIECCOB CPEAHETO YPOBHS (TO €CTh AJi1 HEOONBIINX U CPEIHUX IMOJ-
CTaHITUN).

OH MOXET B3aMMOJICHCTBOBATh C MAKCUMYM CEMbIO YCTPOMCTBaMU BBO/Ia-BbIBO-
na, HU(QpPOBBIMH peJie W/HUIM KOHTPOJJIEPAMHU OTCEKa (IO 5 yCTpOWCTB BBOJA-BBbI-
Bojia). Pa3pemiena o6paboTka 10 128 31eMEHTOB JaHHBIX Mpolecca (MHIUKAIUs
cTaTyca, pe3yibTaTbl U3BMEPEHU, KOMAH/IbI U T.11.).

[TonnepxuBaroTCs MOCIEIOBATEIbHBIC U JTOTHUECKHE (DYHKIUH, a Takke QYHKIUU
OJIOKMPOBKHU, 00paOOTKH Pe3yIbTaTOB U3MEPEHUN U CUHXPOHU3AIIUU BPEMEHH.
[Ipenocrapnserca noanepxka 10 AByx unrepdericoB SCADA ¢ nByMs craHaapt-
HbiMU TTpoTokosiamu — [EC 870-5-101 u SINAUT 8FW.

Munu-kommnaktHbeii RTU 6MB5530-0

Orot MuaN-RTU npennasHadeH /st HEOOJIBIIOTO KOMMYTAIITMOHHOTO 000py10Ba-
HUSI CPEJIHETO HAIPSKEHUSI, KaK MPABUIIO0, 3TO OJIOKU KOJIBIEBOW MaruCTpau.
baszoeiii RTU umeer 8 ycTpoiicTB BBOJAa MHAMKALMU U 8§ YCTPOMCTB BBIBOJA KO-
Maua. OH MoxeT ObITh pacmmpeH 10 32 YCTpOWCTB BBOJAa HHAMUKAIMM U &
YCTPOMCTB BBIBOJA KOMaHJ WIH 10 24 yCTPOWCTB BBOJA UHAUKALIMH, § YCTPONCTB
BBOJIA PE3YyJIbTATOB U3MEPEHUM U 8 BBIBOJOB KOMaH/I.

DTO yCTPOMCTBO MOXKET PACIIONararbCsi KaCKaloM U UMETh 1O TPEX MCIIOTHUTEIb-
HBIX YCTPOMCTB HA MaKCUMaIbHOM paccTossHuA 500 M.
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Bremonusiores QpyHKINM WHIUKALMU, cOOpa pe3yibTaToB M3MEpPEHUl, MpeaBapu-
TebHAst 00paboTKa U TeNEeKOHTpoIupyemas nepeaada. [logaepxuBaroTcs CUHXPO-
HU3aLMs BPEMEHU U J1Ba cTaHAapTHBIX mpotokona — 870-5-101 u SINAUT 8FW.
YcerpolicTtBO BBoAa-BbIBO1a 6MB520

VYcerpolicTBa BBOJa-BbIBO/Ia UCIIOJIB3YIOTCSI B COYETAHUM C YCTPOMCTBOM KOHTPOJIS
ctaHuuM uiaM komnakTHeIMH RTU. OTu ycTpolicTBa OTBEeuarOT 3a cOOp U
0o0pabOTKy JaHHBIX W  BBIBOJA  KOMaHJ, I[OMOTas  JELEHTPaInU30BaTh
B3aMMO/ICCTBHE CUTHAJIbHBIX KOHTaKTOB, YIPABJISIFOITUX CTaHIUH,
TpaHchOpMaTOPOB TOKA U HAMPSKEHHUS, MpeoOpa3oBaTesiedl ¥ MHOTOYHMCIIEHHBIX
YCTPOWCTB 3aILUTHI.

[ukibr coopa unopmainuu MOTYT ycTtaHaBiuBathess Mmexay 10 mc u 1000 mc, ¢
METKOIl BpeMeHHM u ¢ paspemienrneM 10 wmc. VYcTpoilcTBO OCYIIECTBISET
BbIuKciIeHHE 3 (HEKTUBHOTO 3HAUEHUS U CTIIAKMBAaHUE AJISl TOKA U HANPSDKEHUS.
Mogens 6MBS520 ucnonb3yercsi Ha CpeIHUX U KPYIHBIX MOJICTAHIUAX, & MOJIETU
6MB522 u -523 - Ha MOJACTaHIMIX MEHBIIETO pa3Mepa U ¢ OrpaHUYCHHON (yHK-
HUOHAIBHOCTBIO.

Komnaktasiii KoHTpOJIIEp OTceka 6MB524

KoHTposiep orceka ucnonb3dyercss Ui JEeUEeHTPaIM30BaHHOrO yrpasieHus. OH
npeajiaraeT JIOKaJlbHOE YNPAaBIEHUE C MOMOILIBIO MEHIO U TpaduuecKoro aucIuies
U JIOKaJIbHOE MHTEIJIEKTYalbHOE YIPABJICHHE KOMMYTAIIMOHHBIMU YCTPOMCTBaMHU,
BKJIFOYAsl TUArHOCTUKY YCTPOMCTB U JTUCThl MHANKALINH.

OO06paboTka pe3yabTaTOB U3MEPEHUN BKIIOYAET MOMEHTAIBHYIO 3allUCh 3HAYCHUS
C YCTaHOBJICHHBIM HHTEPBaAJIOM B 1 Mc, BbluMciieHuE 3((HEKTUBHBIX 3HAYCHUM, 13-
MEpEeHHE aKTUBHOM M pEaKTUBHOM MOIIHOCTH, (paKTOpa MOLUTHOCTH U T.1.
Bxutouensl Takxke (QYyHKIUU OJIOKHPOBKHM KOMMYTAIIMOHHOTO OOOpYIOBaHUS U
IIPOBEPKU CUHXPOHHOCTH.

SCADA

CranmaptHas rnaBHas cranuuss SCADA, HaspiBaeMass KOHTPOJIBHBIM LIEHTPOM
LSA, cocTtouT u3 ONpeneseHHOro MNPOU3BOJAUTEINEM BHUACOAUCILICS, KOTOPBIM
UCIIONIB3YeTCsl Uil OTOOpaKEHHsS M PETUCTpalliid BCEX JaHHBIX MPOIECCa;
(yHKUHMOHATBHOW KJIaBUATYPhI JJIS BBIIOJIHEHUS KOMMYTAI[MOHHBIX JAEUCTBUI U
OpUHTEpa JJs1 CO3/laHus TnedyaTHo konuu coObituid. TIK, ucmons3yembrit [is
OLICHKM KauecTBa CBSI3M, MOXET ObITh IMOACOCAUHEH K BUACOIUCIUICIO WIIU
HaIpsIMYI0, WU JUCTAaHIMOHHO, 4epe3 moaem. Jtor I[IK wucnome3yercs nms
00pabOTKM apXMBHBIX JIAHHBIX, BKJIOYasl COOBITHUS, WHIUKATOPHI 3aIlMTHI,
pe3ynbTaThl U3MEPEHUN U JJAHHBIE O 3aMbIKAHMSIX.

SICAMPCC

Cuctema SICAM PCC ocHoBaHa Ha cucteMe yrpaniienus ¢ nomonisto [1K (cokpa-
menne PCC o6o3znauaer PC Controller). [IO SCADA paGotaer Ha cTaHAapTHOM
npombinuieHHOM [IK ¢ onepanmonHoit cuctemoit Windows. Drta cucrema
n3o0pakeHa Ha puc. 11.7.
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Hnsa oomena ganabiMu ¢ JIBC unum ['BC sta cucremMa HConb3yeT MpPOTOKOJIBI
Profibus u IEC 60870-5-103 mns monesoit cBsizu u ICCP (Inter control center
protocol), Takxe uzBectHbIil kak [EC 60870-6-TASE.2.

[ToaToOMy 3Ta cHUcTeMa TEOPETHYECKHM MOXKET OOBEOUHATH JIIOObIE YCTPOMCTBA,
nojiep>kuBatoiue npotokossl Profibus unu IEC 60870-5-103.

Jlns ynpasienus: nonesbiMu yctporictBaMu [IK mnenonbe3yer nporpammy SICAM
WinCC, kotopas obnagaet GpyHKIMSIMHU AUCTAHIIMOHHOTO YIIpaBJieHUs, rpaduue-
CKOT0 OTOOpa)KeHUs JaHHBIX, apXUBallUU W aHanu3a naHHbix. Uatepdeiic ¢ JIBC/
I'BC o6ecneunBaet nporpamma SICAM NET.

Cucrema SICAM PCC oTHOCHUTCA K cCHUCTEMaM BTOpPOTO THIIA, HECMOTpPS Ha
cl1a0y10 MHTErpaluio MPUIOKEHUHN 3aluThl U yrpaBieHus. OCHOBHasI CTpaTerus
3aKJIIOYAeTCS B TOM, 4YTOOBI MPEAOCTaBUTH IOJEBBIM YCTPOWCTBAM OOIIYIO
m1aTpopMy, COCTOAILYI0 M3 JIBYX KOMMYHHUKALIMOHHBIX IPOTOKOJIOB, a JIF0O0E
COBMECTUMOE YCTPOMCTBO MOXKET OBITh MOJIKIIFOUEHO HE3ABUCUMO.

Komnanust Siemens pekoMmenayer wucnonb3oBaTh cucremy SICAM PCC Ha
HEOOJILIINX MOACTAHIUIX.

SICAMSAS

Cucrema SICAM SAS pekoMmeHayeTcs JUIsl UCTIOIb30BaHUs HA KPYIIHBIX MTOJCTaH-
nusx. CyiiectByeT BO3MOXKHOCTh pacimmpeHust cucrembl SICAM PCC u
npeBpamienus ee B SICAM SAS nyrem nobGaBineHus ympasisitoniero OJoka
CTaHLUU.

Orta cucreMa nzobpaxkena Ha puc. 11.8.
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. “SIPROTEC KoHTponnep
I[pyrHe npouecca I—I y
YCTpOMCTBA Y CTPOMCTBA,
noanepxuatomue IEC 60870-5-103

Puc. 11.8. Cucrema SICAM SAS xommnanuu Siemens

J1y1s IoJIEBOM CBSA3M MCIOB3YIOTCA MpoToKoiabl Profibus u IEC 60870-5-103, a ais
CBSI3M MEX]y YIPaBJISIONIMM OJIOKOM CTaHIIMU M KOHTPOJIbHBIM IIEHTPOM — TIPO-
tokos IEC 60870-5-101. Tlepenaya naHHBIX HHUITUUPYETCS COOBITHEM, TTOIJICPKH-
BAETCS TAK)KE€ NPHUOPUTETHOCTh KOMaH]I.

Kontponbhsiit ientp - 3710 11K, padotatonuii Ha matdpopme Windows u ucmonb-
sytomuii mporpamMmmbl SICAM WinCC, SICAM SAS, SICAM NET u SICAM plus
TOOLS.

[TonnepxxkuBaeTcs Takxke MOAYJSPHBIN MOJIXO0/ Kak 4acTh CTpaTeruu oOpa3oBaHUs
«OTKPBITOW» TIATPOPMBI 17151 TH0OOTO COBMECTUMOTO YCTPOUCTBA.

SICAM SAS sABnsieTCs TUNMMYHOW CUCTEMOW YETBEPTOrO THUIA, ONMUCAHHOU B 10-11
rJiaBe.

SICAMRTU

Cuctema SICAM RTU paspabarbiBasiach B MEPBYIO ouyepeab JJis MOACTaHIIUNA C
JeleHTpanu3oBaHHon reorpaduei. Ee cTparerus 0azupyeTrcss Ha KOHLEHTpAIUU
¢bynkuumii ynpasnenus B RTU, o6nanaromieM BhICOKON (PYHKIITMOHAIBHOCTBIO TUTIA
[UIK. (Orta dpyHkimonanbHOCTh, ocHOBaHa Ha kKoHTposuiepe SIMATIC 400 Power
PLC.)

VY naneHHbpIii KOHTPOJIBHBIN IEHTP MOXKET MCIOIB30BaTh 00JIEE MOIIHBIE KOMMYHH-
kauuoHHele BO3MOkHOCTM RTU. IlpenocraBmsercs mnoaaepkKka IMIPOTOKOJIOB
Profibus, mpomsbinennsiii Ethernet, IEC 60870-5 -101 u SINAUT 8FW, 310
3HauuT, uT0 SICAM RTU MoxeT B3aumojeiictBoBarh ¢ cuctemoin SINAUT LSA
KOMIaHuU Siemens.

J11st moJieBoit cBs3M uctonbiyercst Profibus.

Orta cuctema n3obpaxena Ha puc. 11.9.
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Cuctrema SICAM RTU cnabo noaaep>kuBaeT JIOKaTbHBIN UHTEJUIEKT. JTa CUCTEMA
SBJISIETCS YEM-TO CPEJHUM MEXK]y CUCTEMOM YETBEPTOro THMa, OonrucaHHou B 10-ii
riIaBe, ¥ 0ojiee TPaaUIIMOHHON CHCTEMOM YIIPaBICHUS MOACTAHIIACH.

IEC 60870-5-101

SINAUT 8 FW
PROFIBUS

MPOMBILLINEHHBIA ETHERNET

i

~%
~

Y376l WiHS \

Puc. 11.9. Cucrema SICAM RTU kommnanuu Siemens

11.5.7. Uadopmarnust oT mpor3BOAUTEIS

Komnanus Siemens yTBEp:KIaeT, YTO paszfiuyuus MEXKY MPOMBIIUICHHBIM YIpaB-
JIEHHEeM W YIpaBJICHHEM MOJACTaHIMEW Mcue3aroT Ojaroaaps TakKMM CTaHAapTam,
kak Windows, Ethernet u Profibus. Komnanus Siemens npensumutr Oymayliee
CIMSIHUE JBYX MHMPOB — TIPOMBIIUICHHOTO VYIOPABJICHUS U  yIPABICHUS
noJicraHien, a ux Hopas TexHojorus SICAM sBisieTcsi crmocoOOM JOCTHKEHHUS
storo. Imenno nosaromy cucremsl SICAM pa3memaroT ycTpoilcTBa ynpaBieHUs
IIPOIIECCOM M YCTPOMCTBA 3aIUTHI HA OOIIIEH IIHHE.

11.5. Cucrembl ynpaBneHusi B anekTpoaHepreTtuke ALSTOM

Kommnanuein ALSTOM nipou3BOJATCS YETHIPE CUCTEMBI JIJI1 MCTOJIb30BAHUSA
B aBTOMAaTHKE CeTel AnekTpocHadxeHus, a UMeHHO: «S10. Cucrema ympaBieHUs
IIOJICTAHIIMEH, ocHOBaHHasA Ha 3ammute», «S100. CucreMa 00ObeIUHEHHOM 3alllUThI
u yrpasienus noactanuueit», «PSCN 3020. Cucrema 00beTMHEHHON 3alTUTHI U
pacnpenenennoro mudposoro ympasieHus» u «SPACE 2000. IIporpamma
3alUThI U YIIPABJICHUA JI MEPEAAIOIINX TTOACTAHIINI.

Kommanust ALSTOM mnpearaeT MHOXKECTBO Pa3HOOOpa3HBIX ITU(POBBIX
pere, BapbUPYIOIIKUXCS OT pelie, OPUEHTUPOBAHHBIX HA 3aIIUTY, C OTPAHUYEHHBIMU
KOMMYHUKAIIMOHHBIMU CBOMCTBaMHM, JI0 3KCILTyaTallMOHHO-afgantTupyemeix MOV,
Has3bpiBaeMbIX KoMnanuen ALSTOM «ycTpolicTBaMHu 3alUTHI 1 KOHTPOJIS OTCEKay.
BrimyckaroTcsi Takke yCTpOMCTBA Uil yIpaBJCHUS OTCEKOM U MOHUTOPHHTA,
HCIIOJIb3YEMbIC B COUETAHUU C 3aIUTHBIMU peJie.

N3mepennss u 3amucy HapylIeHUH HOPMAJIBHOTO pEeXUMa, Kak IpaBUIIo,
BKJIFOUYEHBI B (DYHKIIUH 3aIIUTHBIX peJjie, a TAK)Ke KOHTPOJUIEPOB OTCEKa.
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Nekuuna 12

12. Cuncrtembl TEeneob6paboOTKM AaHHbIX

12.1. AQanTuBHbIE CUCTEMbI TeNleMeXaHUKHN

Hambosiee COBEpIICHHBIMHU SBISIOTCS TH-CHCTEMBI, KOTOPBIE CBOISAT K
MUHUMYMY Tepefady u30bITouHol mHbopmarmu. s 3Toro pexum ux padoThl
JIOJKEH — TPUCIIOCA0NMBAThCS  (aIanTUpPOBAThCSA) B TMEPBYIO  odepenb K
XapaKTePUCTUKAM TIEPEIaBaeMbIX CUTHAJIOB.

K mpocreitmmM  MeTomaM  OTHOCHTCS — BBIOOp  BHJIAa  MOMIYJISIINH,
COOTBETCTBYIOIIETO  MepeaaBaeMoMy  coobmeHuto. Ecam  coobOmenue Ha
3HAYUTENbHBIX OTpe3Kax BpPEMEHHM HE H3MEHSeTCs, TO IeIeco00pa3Ho
HCIIOJB30BaTh: a) Pa3HOCTHO-TUCKPETHYIO MOAYJIAIINIO UK 0) AA-MOIyISIHUIO.
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[Ipu AA-MOIyNSALUIO CUTHANIBI MEpEeAaroTCsl JIMIIb B MOMEHT W3MEHEHMS
COOOIIEHUs, TO3BOJSASI TEM CaMblM CHHU3UTh YacTOTy Iiepeaady, a 3HAuuT
YBEJIMUNTh MX JUINTEIBHOCTbh M COOTBETCTBEHHO YMEHBIINTH II0JIOCY 4YacToT,
HEOOXOUMYIO JUISl IepeAadu 1o KaHay CBS3H.

BmecTo TepMHHA «yMEHbIIEHHE M30BITOYHOW MH(pOpMAIUMU» MOJIb3YIOTCS
TEPMHUHOM «CYKAaTHUE TAHHBIX».

Cpean METOOB TOCTPOEHHUS CUCTEM CO CXKAaTUEM - JaHHBIX Haubosee
pa3pabOTaHHBIM SIBJIAETCS METOJ| COKpPAILEHUs YMCia NEpelaBaeMbIX KOOpPJMHAT
u3MepsiemMoro coodOuienus. HenpepsiBHass ¢(yHKIMS 3aMeHseTcs cTyneHuyaToil. B
HEKOTOPBIX HMHTEpPBajJaX BPEMEHM IIOJIYYAeTCsl W3JIUIIHE OoJsblias TOYHOCTb

[t-
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Iepe1ayuy, IPEeBhIANIAs 3aJaHHYIO0 IOIPEIIHOCTh KBAHTOBAHMS +A, 4TO Jeiaer
nepeaady 3HadeHWH (QYHKIUA B AT HHTEPBAIBI 1enecooOpaszHoi. C apyrou
CTOPOHBI, BBIODAHHBIN MIAr KBAaHTOBAHMS OKAa3bIBACTCS HEAOCTATOYHBIM TSt
MOJIYYEHHS 3aIaHHOM MOTPEIHOCTH B MOMEHTBI KpyTOro HapacTanus GpyHkuuu. B
MOMEHTBI, KOTJa IOrPEIIHOCTh AalMpPOKCUMAUUU A JOCTUraeT MaKCUMAalbHO
JOMyCTUMOTrO0 Amax, HO HE€ MpPEBBbIIIAET €ro, mnepenaroTcs opauHatel A'(t) B
MOMEHTHI t1°, 127, t3°. CucTeMsbl MOCTPOECHHBIEC MO0 TAKOMY MPUHIUITY, HA3bIBAKOTCS
CUCTEMaMHU C aJaNTHUBHOM AMCKpeTH3auuend. B HuUX uHTepBan At amantupyercs
(npucnocabnuBaeTcsi) K XapakTtepy u3MeHeHus cooOuieHus. IIpoucxonut
KBaHTOBAHHE MO BPEMEHHU (AUCKPETU3ALINS) C IEPEMEHHBIM I11arOM KBAHTOBAHMSI.
WuTepBan quckperusanuu Ati, Ipu KOTOPOM MOTPEIIHOCTD alNpPOKCUMAIIH
E(t) He mpEBBINIAET 3aJaHHOTO 3HAYEHUs &CIOM, OMpeeNsieTcs aJanTHBHBIM
BpeMEHHBIM auckperu3atopoMm (ABJl), a 3HaueHue TeKyllell MNOTrpelHOCTH
anmpoKcUMaIuu - mpeodpazoBaresnem norpenrHoct annpokcumaruu (I1ITA). O6a
3TH YCTPOMCTBA HA3bIBAIOT aHAJIM3ATOPaMu aKTUBHOCTU cUrHaiIoB (AAC).
VYrpomenHas cxema ogHoro u3 BapuantoB AAC:

Omnpegenurens
IapaMeTpoE
HaMepAeMOoi
. E'[HEHHH Koa Earou
o (umcTo) 210
OITHE > K >
l —» et L I bbb -
: 1 PN (3]
Cxena !
CpAaBHEHHA \ .
ity . * s
e —

Hyme-oprau
TOpMEpPOEATETE

CTYIeH4aToH

DVHEIHER

[Tocne omnpenenenus napameTpoB uzMepsiemoil BenuunHbl (6s0k OITMB) B
oinoke DOCD ¢dopmupyercs cryneHdatas QGyHkuus A’(t) u ee MmapameTpsl
CpaBHUBAIOTCs ¢ napamerpamu ¢pyHkuuu AM(t) B cxeme cpaBHeHust CC, Ha BbIXOZE
KOTOpOH 00pa3yercsi CUTHaJl TMOJIAeTCs Ha HYyJIb-OpTraH, Ha KOTOPBIA MOCTyHaeT
TaK)Ke 3aJlaHHas MOTPENIHOCTh anmpokcumanuu Epon. [lpu goctukeHun ypoBHS
E(t)=Enom ¢ HyNb-opraHa noctymnaer Ha ko4 K curnan, o3Havaronuili OKOHYaHUE
uHTEepBaia auckperuzauuu Ati. [lo xemaHui0o Ha BBIXOJE MOYKHO IOJYYUTh

3HauUeHUEe OpAUHAT A(t) WU CTyneH4aTon pyHkimu A’ (t).
.

A A(f) — 9epes paERHEIE HHTEPEAIE EPEMEHH
Szom

h (t)—depes aganTHPOBAHHEIE
HHTEPEAIE EpEMEHN

v
P
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12.2. CTpyKTypa cUCTEMbl Teneoo6paboTkn AaHHbIX

[Tox Teneob6paboTkoi moHMMaeTcss 00paboTKa MAaHHBIX (MPUEM JAAHHBIX OT
WUCTOYHHUKA, WX TPEeoOpa3oBaHUE BBIYUCIUTEIBHBIMH CpPEJACTBAMU U BbIJaya
pe3yJbTaTOB MOTPEOUTENI0), TepeJaBacMbIX IO KaHajaM CBs3H. Pazmuuaror
CUCTEMHYIO U CETEBYIO TEIE00PabOTKY.

CuctemHasi TeneoOpaOOTKa OCHOBaHA Ha NPUHIUIIE IEHTPATIU30BaAHHOM
00paOOTKM JaHHBIX, KOTJAa YJAJICHHBIM TIOJh30BATENIAM, KakK MpaBWIIO, HE
UMEIOIINM CBOMX BBIUMCIHTEIBHBIX PECypcoB, OOECHeuMBaeTCs IOCTyIn K
pecypcaM  OJHOM  BBICOKONPOU3BOAMUTENIbHOM OBM  (MduHbpeilima) win
BBIYHUCIUTEIBLHON CUCTEMBI IO KaHaJaM CBSI3H.

CereBast TeneoOpabOTKa OCHOBaHA Ha TMPUHIUIE pacHpeneIeHHOM
00pabOTKH TaHHBIX, peaTu3yeMOil COBOKYMHOCTHI0 DBM, 00be/IMHEHHBIX B CETh U
B3aMMOJICHCTBYIOIIUX MEXAY COOOM ¢ MOMOIIBIO KaHAJIOB CBSI3U U CIIELUAIBHOTO
CETEeBOro 000PYI0BAHMUSI.

Peanuzanmsi cucremHoi TeneoOpaboTku HWH(POPMAIMK OCYIIECTBISCTCS Ha
OCHOBE UCIIOJIb30BaHus1 cucteM Tesneo0padoTku fanHbix (CTO/).

Cucrema TeneoOpaOOTKM [aHHBIX MPEACTABISIET COOOM COBOKYIHOCTh
TEXHUYECKUX W TIPOTPAMMHBIX CPEACTB, OOECIICUMBAIONINX OJHOBPEMEHHBIN W
HE3aBUCUMBIM  yJQJEHHBIM  JOCTYN  OOJBLIOTO  KOJWYECTBA  aOOHEHTOB
(monp3oBaTeneil, 00bEKTOB yMpaBieHHs) K EHTPATU30BaHHBIM WH(POPMAIIMOHHO-
BBIUMCITUTEILHBIM PECYPCaM.

CTpykTypHas cxema THIOBOW CUCTEMBI TeIeo0paObOTKH JIaHHBIX MPUBEICHA
Ha puc. 12.1.

2BM
(IT5BM. BEIUHCIHTEIBHBIH KOMIIIEKC BEIMHCIHTEIbHAA CHCTEMA)

Eg=

YeTpoHcTBO CONPAKSHHA
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Anmapatypa nepeJadl JaHHBIX
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Puc. 12.1. CtpykTypa cUCTEMBI T€ICOOPaOOTKH JaHHBIX
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Texanueckue cpeactsa CTO/I, kak mpaBuii0, BKIIIOYAIOT B CEOSI:

yHuBepcanbHyo OBM (II9BM, BBIYHCIUTENBHBIN KOMIUIEKC WIH CUCTEMY );

ycTtporictBa conpsbkeHuss (YC) OBM ¢ ammapaTypoil mepenadd JaHHBIX
(AILD);

anmaparypy Iepefayd JaHHbIX C JHHHUSIMHU CBA3M, OOpa3ylollMMHU B
coBOKyIHOCTU KaHajbl cBsizH (KC);

aboHeHTckue MyHKThI (All).

12.3. CeTn nepenayum faHHbIX.

OOmiast CTpyKTypa CHUCTEMBI Mepeaavyr JaHHBIX Nokazana Ha puc. 1. OHa
BKJIIOYAET KaHaJI MepeAaud JaHHbIX, Ha KaXXJOM KOHLE KOTOPOTrO HaXOIATCs
JTuHEWHOoe ycTpoiicTBo mnepenauu gaHHbix (JIVIII[) v okoHeyHOE YCTpONCTBO
nepenaun nanHbix (OYII). B odunmansHOM M3gaHUM peKOMEHAAIMil OBIBIIETO
MKKTT nHa anrnuiickom s3bike npuHsAThl Ha3BaHus Data Circuit terminating
Equipment (DCE) u Data Terminal Equipment (DTE). B pycckom mnepeBojie
YIOMSIHYTOTO JIOKYMEHTa MCIOJb30BaHbl TEPMHUHBI: alapaTypa OKOHYaHUS
kaHana naHHbiXx (AKJl) u oxoneunoe obGopynoBanue nanubix (OO[Jl), koTopbie
NIPEJICTABIIAIOTCS HE BIOJIHE YAAUHBIMU C TOUKH 3PEHUS TPATUIIUN PYCCKOSI3bIUHOMN
Hay4HO-TEXHUYECKON TEPMUHOJIOTHH.

Kawan nepedayu danrsix

+

o0yng = nyng nYag-oyna
Puc. |

VIMEHHO MO3TOMY aBTOp MPEIIIOYHUTAET OOJIEE MOHATHBIE Ha3BaHUs, IPUBEICHHbBIE
B TekcTe. HeoOXoIMMOCTh BBEACHUS TaKUX MOHATUN OOBSCHIETCS pacIlMpEHUEM
HOMEHKJIATypbl a00HEHTCKUX YCTPOMCTB, CYLIIECTBEHHO YCIOXKHSIOIIMX 3a/1a4d UX
COIVIACOBAHMUA C JIMHUEH CBS3HU.

Teneraiimbl W JApyrue TEpMHUHAIBI C KJIaBUATypod, CHaO>KEHHbIE
YCTpOHUCTBaMU  OTOOpakeHUsI WM HE  HMMEIOLIME  TaKOBbIX, CHCTEMBbI
JUCTAHIIMOHHOTO BBOJA 3aJaHU C YCTPOWCTBAMH CUMTBIBAHUSA, ME€YATAIOLINE
YCTPONCTBA W CKaHEpbl, aBTOMATU3UPOBAHHBIC JaOOPATOPHBIE YCTAHOBKH C
pa3nuuHbIMKU (U3UYECKUMHU JTaTYMKAMU, IEPCOHANbHbBIE WM JI00bIe apyrue OBM
C pa3HOOOpa3HbIMU NepUPEpUNHBIMU YCTPOMCTBAMH - BCE OHU OXBATBHIBAIOTCS
nousituem OVYIIJ] mpu ycnoBuH, 4TO BKJIIOYEHBI JJIsi paOOThl B CETh CBS3W.
3agaueit JIVIIJ] sBnsiercs Takke mpeoOpa3zoBanue curHainoB. Ecinu kanan
Iepeayu JaHHBIX aHAJOTOBBIM, TO JAaHHBIE OT TEPMHUHAIA ITOCTYNAIOT HA MOJEM
(Momynsitop-nemonynsitop). Ecnum ke kaHanm mnepenadyd  JTaHHBIX — SIBIISIETCS
uM(pPOBBIM, TO JABOMYHBIE JIaHHBIE MPEOoOpazyloTCs B CTaHAAPTHYIO (GopMmy
cOaTaHCUPOBAHHOTO KOJia JIs TIEpelayyl 10 JIMHUK CUTHAJIAMU, HE COJAEpKAIIUMHU
cocTaBlistoNIel mocTtosHHOro Toka. Jpyroit ¢ynkumeir JIVIIJ saBnsercs
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BbINIOTHEHHWE coBMecTHO ¢ OVIIJl mpouenyp ycTaHOBJIEHHUS, MOIAEPXKAHUA H
MPEKPAILCHUs] COCIMHEHUN MEXIy MEepelaloluM UM IPUEMHBIM KOHIIAMHU.
Kanan mepenmaum maHHBIX - 3TO JioOas mepenatomas cpera. Ilo cmocoOy ero
paboThI PA3NUYAOT CUMIUIEKCHYIO, MOIYIyIUIEKCHYIO U QYIUIEKCHYIO CBA3b (pHC.
2). Ilpu cuMIuieKCHON CBsI3M, MOKa3aHHOM Ha puc. 2, a, JaHHbIE BCera
MepeMeIIanTCsa B OJTHOM HaIpaBJIE€HUU, KaK TTOKa3aHO CIUIOMIHBIMU JIUHUSAMU. [Ipu
ATOM HE MCKJIIOYAeTCs BO3MOXKHOCTb TN€pelayd B  MPOTHUBOMOJIOKHOM
HaIlpaBJICHUH TTOATBEPKJACHUN CO CTOPOHBI MPUEMHOTO KOHIIA, KOTOPbhIE MOKa3aHbI
IITPUXOBBIMH JINHUSIMU.

[Ipu momyaymiekcHoi cBsizu (puc. 2, 0) JaHHBIC TEpeaaroTcss B 000UX
HaIIpaBJICHUSIX, HO MONEpEMEHHO. TepMHH "MONyAyIIJIEKCHAs CB3b', O3HAYAOLIUI
MONEPEMEHHOE MNPUMEHEHHE CUMILIEKCHON CBSI3M TO B OJIHOM, TO B JPYIOM
HaIpaBJICHUH, HE MMPUMEHSJICS B TEXHUKE CBSI3U JI0 €r0 BBEJICHUS CIEIUATUCTAMHU
10 BBIYMCIIUTEIBHON TEXHUKE.

IIpy AymuIeKCHOM CBA3M, KaK MOKA3aHO HA pUC. 2, B, JaHHBIE NEPENAIOTCS B
000MX HampaBJIEHUIX OJTHOBpeMeHHO. [Ipu 3TOM Kak mpu Moy IyIIEKCHOM, Tak U
Mpu  JIYIUIEKCHOW CBSI3M TaKXKe TMEpPelaroTCsl MOATBEPXKACHUS, IMOKa3aHHbIC
IITPUXOBBIMU JIMHUSIMUA. DU3UYECKH [JI1 CUMIUIEKCHOW WM TOJYIyIUICKCHOM
paboThI TOHKHA UCIOJIB30BaThCs MO0 OJIHA Mapa MPOBOJOB, IO KOTOPOM CUTHAJIBI
nepenaoTcsi B 000MX HampaBlIEHUsX, JMOO JBE Mapbl MPOBOJOB, MO KAXKION M3
KOTOpPBIX CHUTHaJbl TMepefaroTcs B OJHOM Hampasienuu. [lepBbiii croco0
OPUMEHSIETCS, KOTJa B TPAKTE HET YCUJIMTENEH, W HA3bIBACTCS ABYXIPOBOIHBIM
coenvHeHueM. Btopoil cmoco0® mnpuMeHsieTCs TpH HAIWYUU  yCHIUTENEH U
HAa3bIBACTCS YETBIPEXMPOBOAHBIM coearHeHueM. JlymiiekcHass paboTta TpebOyer
YETBIPEXIPOBOAHOIO COEUHEHUS.

a) 7 eomurnan A
\ 7\ 7/ /. ——
/ / #
lepumunan 8
7/ Tepmunan A
/ A N o
\/ "\/ 7 \ o
Tepmunarn 8
f:p»mﬁaﬁ A
\/V{y{
7
S Epmuran 8

Eciu pabora mepenaromiero ¥ MNPUEMHOTO KOHIIOB TpaKTa Mepefadyd JaHHBIX
NOJIHOCTBIO COTJIaCOBaHAa BO BpPEMEHHW, TO HAa MPUEMHOM KOHIE KaxKIbIi
NEpelaHHbIi CUMBOJI MOXXET OBITh BBIFICICH. B TPOTHBHOM Cilyyae CHMBOJIBI
BBIJICJISIFOTCSL C MOMOIIBIO CHEIUATIbHBIX Pa3JC/IUTENIbHBIX 3HAKOB: CTApTOBOIO
(mpobGena) u cromoBoro (mochbutiku). [lepBeIii cOcOO Ha3bIBAETCS CHUHXPOHHOU
repenadeii, BTOPOM - ACMHXPOHHOW. B TepmMuHamax mnepenauu AaHHBIX CO
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cKopocThio A0 1,2 kOuT/C, Kak W B TelleTallax, MPUMEHSIOT ACHHXPOHHYIO
nepempady. B TepmMuHamax ke CO CKOpPOCThIO mepenaun 2,4 KOWUT/C W BBHIIIE
MIPUMEHSIETCS CUHXPOHHAs nepeaaya.

[IInpokoe mMpUMEHEHNE CUCTEM IEpPEIadn JTaHHBIX Hadajaoch B 1960-x rr. kak mo
Teae(OHHBIM CETSIM OOLIETO MOJIb30BAHUS, TAK U MO CEUUATU3UPOBAHHBIM CETSIM.
['1aBHBIE HEOCTATKU CUCTEM TEpEeaul JAaHHbBIX MO TeIe(HOHHBIM CETSM COCTOST B
TOM, 4YTO JUIsl TakUX CHUCTEM TpeOYIOTCS MOJAEMbI, a BpPEMs YCTAHOBJICHUS
COEIMHEHMsI COCTaBJIIET MO MeHbLIEH Mepe 15 ¢, a OOBIYHO - 3HAUUTEIBHO
oonbiie. Kpome »3TOro, kadectBo Ieperayd B 3TOM CIyyae 3aBHCUT OT
XapaKTePUCTUK TeNe(POHHBIX KaHaoB. OHUM MOTYT MEHATbCA OT COCAMHEHHUS K
COEMHEHUIO U TIOJBEPraThCsi BO3JEHUCTBHUIO MOMEX, B YAaCTHOCTH, OT PadOTHI
KOMMYTAIIMOHHBIX NPUOOPOB Ha TeIC(POHHBIX CTAHIMAX 3JIEKTPOMEXAHUUYECKHX
cucreM. HekoTopoe ymyulieHne kauecTBa rnepeiadd MOXKeT ObITh JOCTUTHYTO MPHU
UCIIONIb30BAaHUU APCHIOBAHHBIX TeJNC(POHHBIX JUHUM, HO M HUX TaKKe
TpeOyIOTCSI MOJAEMBbl. 3a BBIMIPBIII K€ BO3MOXKHOIO VYIIYYIICHHS KayecTBa
nepeauyn MNPUXOAMTCS pacIulaurMBaThecsl 3a00TaMHU O COKpPAIIEHHH IPOCTOEB
nuHui. B Xo1e Takux 3a00T BO MHOTHX CTpaHax pa3padaThIBAIMCh U MPUMEHSIINCH
CXEMbl  KOJUIEKTUBHOTO  HCIOJIb30BaHMS  APECHAOBAHHBIX  JIMHUWA  IIyTEM
(dbopmHpoBaHUs TPyl aOOHEHTOB, MOJKIIOYEHHUS] TEPMUHAIIOB B Pa3HBIX TOYKAX
Tpacchl aOOHEHTCKOW JIMHMM, MYJIbTUIUIEKCUPOBAHUS, INPUMEHEHUS JPYTuX
METOJIOB.

OOHOBPEMEHHO BEJIOCH CO3/IaHHE CIIELHAIM3UPOBAaHHBIX cerel. 1Ipu atom
ObUIM UCIIBITAHBI PA3JIMYHBIE CTPYKTYPBI CXEM U Pa3INuHbIe METOAbl KOMMYTAIIUU.
Cpenu Hambojee pacHpOCTPAHEHHBIX CTPYKTYp BCTpEUalOTCA  y3JIOBbIE
(3Be31000pa3HbIe), KOJIbIEBbIC, MOJHOCBA3HbBIC, a TAK)KE CXEMbl TUMA IIHUHBL. J{Js
0osiee CIOXKHBIX CTPYKTYp, KOTOpPbIE MOTYT BKIJIIOYaTh B Kad€CTBE COCTaBHBIX
yacTell NepeyrciIeHHbIe CXEMbI, HEO0OX0IMMO IPUMEHEHHUE Y3J10B KoMMyTauuu. Ha
OCHOBAHMM aHaju3a 3(P(EKTUBHOCTH PA3IUYHBIX METOJOB IEpeJauyd JaHHBIX B
Hayasie 1970-x rr. ObUIM ompeaesneHsl 00JIacTU MPEANOYTUTEILHOTO MTPUMEHEHUS
pa3nuyHbIX cucteM nepeaadd. OHM moka3aHbl Ha rpaduke puc. 3. Kak BUgHO U3
rpaduka, BEIOOp NPEANOYTUTETHLHOTO crioco0a Nepeiayu 3aBUCUT Kak OT OOLIEro
o0bemMa mnepenaud (Harpy3ku), Tak W OT CpeIHEH JUIMHBI IepelaBaeMbIX
cooOmeHnit. Hampumep, mnpuMeHeHHEe KOMMYTUpPYeMOW TeleOoHHOM ceTu
OIpaBJaHO JIMIIb PU HEOONBIINX Harpy3kax. [Ipu ymepeHHBIX ke Harpy3kax, HO
HE OYEHb JJUHHBIX COOOLIEHUSX, MPEANOYTUTEIIbHEE CETh C MaKeTHOU
KoMMyTanuend. IMMeHHO mo3ToMy BO MHOIMX CTpaHax Mupa CO3JaHbl
CHELMATU3UPOBAHHBIE CETH TMepeAauyd JaHHBIX OOIIEero IMOJb30BaHHUS C
KOMMYyTallel TMakeToB. TeXHWYECKHWEe CpencTBa [UIsl TaKuX ceTed ObICTpo
cosepiieHcTBoBaNUCh. B 1976 1. MKKTT Obna npunsita pekomenaauus X.25. B
1980 u 1984 rr. ona noasepriiack nepepadorkam. Pekomennanus X.25 xacaercs
COEIMHEHNSI TEPMUHAIIOB Iepeayu NaHHbIX, OBM M Ipyrux monb30BaTeNIbCKUX
CUCTEM C CETSMH MEPENAYN AHHBIX U OIUCHIBAET MPOTOKOJBI B3aUMOIECHCTBUS
Pa3JINYHBIX YCTPOMCTB.
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Ha wnwkHem (¢u3nueckoM) YpOBHE YCTaHABJIMBAIOTCS CTaHAApThl Ha
MEXaHUYECKHUE DPA3bEMbl M DSJIEKTPUUYECKUE XAPAKTEPUCTHKU JIMHUM CBS3HM, Ha
nepesaBaeMble M0 HUM HU(POBBIE CUTHANbI, BKIIOYAs CUTHAIIBI 3aHIATHS JTUHUHU U
ee OCBOOOXKAECHHS. OTH CTAHAApPThl ONHCAHBI B pekomeHaamuu X.21 u 3a
HEJIOCTATKOM MeECTa 3/IeCh He paccMarpuBatotcs. Ha BTopom (kaHaabHOM) YPOBHE
onpenenstoTcs TpeOOBaHUA K CpeACTBaM IMepenayd HHPOPMALHMH IO YYacTKy
uM(pOBOro KaHalia MEXAY IBYMs COCETHUMHU y3JlaMHU B BHJE€ OJIOKOB JTAHHBIX,
HA3bIBAEMBbIX KaJPaAMH.

\ {u@pobsie apendolbarnns
AaHTb!

Kommymupyeman
cems yu@polbex
yened

HGEPGIRG

| Koy mugyemas menepon. cemo
Puc. 3 Anung coodwenua

IIpu 3TOM mpemycMaTpuBaeTCs BO3MOKHOCTh OOHAPYKEHHUS OMHUOOK B Kajape U UX
WCIIPABIICHUS TI0CJIE aBTOMATHYECKOTO TIEPEonpoca W IOBTOPHOM mepenadn
MCKOKEHHOTO Kajpa. YKa3aHHbIe (DYHKIIMU OMPENEISIOTCS MPUMEHHUTEIBHO KO
BceMy MHU(PPOBOMY IMOTOKY, TIEPEIaBa€MOMY I10 TAHHOMY y4YacTKy, W HE 3aBUCST
OT TOTO, KaKUM IIOJIb30BATEIISIM M IO KaKUM ajpecaMm IepefaloTCs OTACTbHBIC
cooO1IeHu, BXOJIAIIIIE B oommi MTOTOK.

Ha Tpetbem (ceTeBOM) YpOBHE OIPEACIAIOTCS TpeOOBaHUS K CHUCTEME TepeIadu
nH(pOpMaIMHU B BUC OJIOKOB JIaHHBIX, Ha3bIBAEMBIX MMakeTaMu. [ToMUMO TmosIe3HOM
uHpOpMAIMK, TMaKeThl HECYT VIPaBIAIONYI HHpopMamuio o0 aapecax
OTHPABUTENS M TIOJydYaTelisa, TOPSJAKOBYIO HyMeEpalluid M HEKOTOpbIe IpyTrue
cnykeOHple paHHbIe. OmnuHcaHHOE paszleieHue (QYHKIHUA IO3BOJISIET B OJIHOM
¢bu3mdeckoM LHUGPOBOM KaHaje co37aTh OOJBIIOE YHCIO JIOTHYECKHUX (TaK
HA3bIBAEMBIX BHUPTYAIbHBIX) KaHaOB. OHU OJHOBPEMEHHO pPabOTAIOT MEXKIY
Pa3HBIMU TIOJIB30BATEIISIMH, KOTOPHIE MOTYT HAXOIUTHCS B OJIHOM WJIM Pa3HBIX
MyHKTax.

Ilepen TeM Kak mepedTH K PACCMOTPEHUIO OCOOEHHOCTEW BTOPOTO U TPETHETO
ypoBHel cetn X.25, YTOYHHUM HEKOTOphbI€ MOHATHA. byaemM Ha3bBaTh OJIOKOM
JTAHHBIX TPOU3BOJIBHBIM HA0Op CHMBOJIOB, MPEAHA3HAUYCHHBIX JIsSI Mepeadu 1o
KaHaty cBs3u. B 3aBucumoctu oT coctaBa (dopmara) OJ0Ka, a TaKXke €ro
Ha3HAYEHUs B KOHKPETHBIX Ciy4asx OJIOKaM MOTyT ObITh MPUCBOCHBI Pa3HbIE
Ha3BaHus. Hanpumep, Omok manHbix, nepenaBaeMbix 1no CIIJ] oOmiexananbHOM
tenedoHHOM curHanm3anuu Ne 7, Ha3bpIBaIOT CUTHANBHOW eauHMIei. B atoi
CTaThe PacCMATPUBAIOTCS OJIOKM JAHHBIX, HA3bIBAEMbIC KaJpaMu U MaKeTaMu, a B
cienytomei Oecene, mocBsmeHHON TexHoimoruu ATM, OyayT paccMmaTpuBaThCs
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OJIOKM JaHHBIX, Ha3bIBaeMble suelikamMu. HeoOXOIMMOCTh TakoTro YTOYHEHHS
BbI3BAHA TEM, 4YTO B JHUTEpPAType 4YacTO MOXKHO BCTPETUTh TEPMHUH 'maker”
MIPUMEHUTENBHO K JTI000MY OJIOKY JAHHBIX, B TOM YHCJIE TAKOMY, KOTOPBIUA C TOUKU
3peHus pekoMmeHaanuu X.25 MmakeToMm He sBisgercs. FIMEHHO MmO3TOMy 4YMTaTelto,
KOTOPBIA BCTPETUT TEPMHUH 'MAKET", MOXKHO JUIIb MOPEKOMEHIOBAaTh B KAXKJIOM
KOHKPETHOM Cllydya€ BHHUMATEIbHO pa3OoupaThCsi C TeM, KaKOWM HMEHHO OJIOK
JAHHBIX UMEETCS B BULY.

12.4. AGOHEHTCKMNM NYHKT CeTU nepenayun AaHHbIX.

Ha aboHeHTCKOM IyHKTE CETH Mepelauyd JaHHBIX pacrojaraercs armapaTrypa
nepenaun nanubix (AII[]), yctporictBo ympaBnenus (YY), ycTpoilcTBO ,BBOJa-
BeiBoa uHpopmanuu (YBB). B coctra AIlJ[ B o0mem ciiydae BXOIUT
MpUEeMOTIepeIaTINK U yCTPOMCTBO npeodpazoanus curanoB YIIC.

B 3aBucumocTu oT .xapakrtepa nepemaaBaeMoil nHdopmaruu u HazHadeHus All B
KadyecTBe YBB ucCnons3yroT Tenerannsl, AUCIUIEM C KJIABUATYPOW, MedaTarolne
YCTPOWCTBA, YCTPOMCTBA C mep(oIeHTAMU W MarHUTHBIMH TUCKaMu # T. 1. CBs3b
VBB ¢ AIIJl ocymectBisiercst yepe3 YV, KOTopoe 00eCreUrMBaeT COIIaCOBaHUE
ckopocrer nepenaun YB u AIll, popMupoBanue npoiecca neperayu u rnpuema
JTAHHBIX, OOHAPYXKEHHUE M YCTpaHEHUE ONIMOOK Iepeayu JaHHBIX, BHITTOJTHEHUE
3a/IaHHOM MporpaMMbl 00paOOTKU JTAHHBIX.

O06beM PyHKIIMOHATIBHBIX BO3MOXKHOCTEH Y'Y onpexaensercs HazHaueHuem All u B
oOlIeM ciaydae MOXKET MEHSThCS OT MPOCTEUIIUX MPOLIECCOB MPeoOpa3oBaHUs
CUTHAJIOB JI0. CJIOXHEHIINX MpOoleAayp 0OpabOTKH MepeaBaeMbIX U MOJy4aeMbIX
naHHBIX. B mociepnem cnydae ¢yHKUMM yNpaBlieHWs Bozjararorcs Ha YV,
BBITIOJTHEHHOE Ha 0aze Mukpo-OBM.

Bcst COBOKYMHOCTH MEPEYUCICHHOTO, OOOpYJOBaHUS YacTO B TEXHUYECKOU
JUTEPATYPE MPOCTO, HA3bIBACTCSI AOOHEHTCKUM IMTYHKTOM CETH Tepeaadn JaHHBIX.
Beibop Toro wmnm wuHoro tuma All nuktyercs oObeMoM mepegaBaeMoi
nH(pOpMaIU U 0COOCHHOCTSIMU KOHKPETHBIX 3aj/1a4, Bo3naraembix Ha All qanHoro
oOwekra. IIpocreiimum All siBisercs Teneraiin, padoTaromuil mo tenerpapHomy
KOMMYTHPYEMOMY KaHaly WJIA B CETM KOMMYTHPYEMbBIX KaHAJIOB IMepeaadyu
JAHHBIX.

Jlst paGoThI TeeTaina MOTYT OBbITh MCIIOJb30BAHbBI TAKKE KaHAJIbI TeJIEMEXaHUKH
co ckopoctsamu nepeaaun 100 m 200 bog.

Teneraiin oOecreynBaeT CBsI3b MO KOMMYTHPYEMOW CETH TEpelaud JTaHHbIX He
tospko ¢ IIY, HO U ¢ Jr0OBIM a0OHEHTOM Ha'HHOM CETH, MMEIOIIUM TEJIETAMIIBI.
CBsI3b MOXKET OCYIIECTBIATHCS KAK B JAMAJIOTOBOM PEXUME (B PEXKUME MPAMBIX
MEPErOBOPOB), TAK U B CUMIUIEKCHOM PEXHUME Tiepenayun makeToB nHdopmaiuu. B
kauectBe AIIJl mns Teneraiina wcmonb3yloTcs TenerpadHble yCTPONCTBA TMpe-
obpazoBanus curHajgoB YIIC — TI' (Momem 100, Moxem 200) miam mMomeMbl
KaHaJIOB TEJIEMEXaHUKH.
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K kareropuu cnoxssix All otHocurcs «Akkopn 1200», pabotarommii 1o
KOMMYTHUPYEMBIM ,i HEKOMMYTHPYEMBIM KaHallaM Tele(OHHON CBs3U (KaHaaM
TOHAJILHOW YaCTOTHI).

B ammaparype nepemaun naHubix «Akkopa 1200 IIID» B xauecTBe ycCTpoOMCTBa
npeoOpa3oBaHusl CUTHAJIOB ,ucnoib3yercs Mogem 1200 ¢ ygactoTHOM
MonyJanuen. «Akkopa 1200» mo3BOJISIET MO CTAHAAPTHOMY KaHANy TOHAJIbHOU
YacTOThI IEpPENaBaTh IUCKPETHbIE CUTHANIBI cO CKOpocThio 600 mmm 1200 bon.
Mogem 1200 mno3BonsieT  OCYWIECTBIATH  AYIUIEKCHYIO — .ME€penady  Ipu
NOAKJIIOYEHHUH €ro K YETHIPEXIIPOBOIHOMY BXOJly KaHaja TOHAJbHOM YaCTOThI WU
CUMIUIEKCHYIO TiepeAady NpH .IMOAKIOUYEHHH K KaHaly CO CTOPOHBI JBYX-
MPOBOJIHOIO HHU3KOYACTOTHOIO OKOHuYaHusa. Moaem 1200 npenHazHadyeH s
paboThl B CHCTEMax TMepeladd JaHHBIX C OOpaTHOW CBSI3bI0, IOITOMY
MPEIyCMOTPEHO HAJMYKME JIBYX KaHAJIOB Tepenaud uHOOpMaluu— MPsSMOTO U
OoOpaTHOTO, KOTOphIE OOpPa3ylOTCsI MYTeM COOTBETCTBYIOLIEIO YacCTOTHOTO
pa3fiefieHusl TMOJIOChl PadOYMX YacTOT KaHala TOHAIbHOM yacToThl. Kanam ¢
xapakrepuctuueckumu yactotamu 390 (M 450 I'u siBisieTcsi oOpaTHBIM KaHAJIOM
CBSI3HM, TIO KOTOPOMY IEPEAAIOTCS CUTHAJBI 3ampoca CO CKOpOoCThio 75 box mpu
cpenneir vacrore nepenaun ,420 I'm u peBuanuu +30 I'n. Kanan, npennasna-
YEHHBIN I nepeaaydn co ckopocTthio 600 boa, ucnonb3yeT XxapakTepUCTUUECKUE
yactoTbl 1300 u 1700 I'n ipu cpenaneit yacrore nepenaun 1500 ' u geBuanuu
+200 Tu. Ilpm mnepemaue co ckopocthto 1200 box ucmosb3yroTcs
xapaktepuctuueckre 4actotel 1100 u 2100 'y mpu cpenHel yacToTe Iepenadu
1700 I'y n neBuarmu =400 I,

B kadectBe  ycTpoiicTBa  BBOJa-BbIBOAA  HMH(POPMAIMM  MCIOJIB3YETCA
nepbopupoBaHHas JieHTa. B myHKTe mepemayu dSTa JIEHTa 3aroTOBISIETCS Ha
tenetaiine wmm mnepdoparope. IloarotoBmenHas &k mepemade uHpoOpMaIUs
bukcupyercs Ha epdOICHTEe B BUJEC KPYTIBIX OTBEPCTHH, PACIIOJIOKEHHBIX Ha 5
—8 JIOpOXkKax JEHThl B COOTBETCTBHM C KOJOBBIM COAEP’KaHUEM MEPEIaBAEMOr0
3Haka. /{11 nepexgaun noAroToBieHHas nep@osieHTa BBOAUTCA B «Akkopa 1200y,
rie C MOMOIIbIO (POTOCYUTHIBAIOLIETO YCTPOMCTBA «IBIPOYHASH KOMOMHAIUS
npeoOpa3yeTcss B KOJOBYI0 KOMOMHAIMIO NEPBUYHBIX CUTHAiIoB. Ha mpuemHom
'KOHIIE TIpUeMHOE YCTpoucTBO «Akkopa 1200» BocnpuHUMAET KOJIOBbBIE
KOMOMHAIIMU CUTHAJIOB U (PUKCHUPYET MX Ha TaKkoH ke nepGOopupOBaHHOMN JIEHTE.
«Axkopn 1200 III» He paccunTan Ha mnpsAMyro ;CBiI3b ¢ OBM, srta cBA3b
OCYUIECTBIISIETCS Yepe3 MPOMEKYTOUHBIA HOCUTENh HHPOPMAIIMA — MEePHOICHTY.
Jliist oGecriedeHust BBICOKOW JTOCTOBEPHOCTH Tepeaaund HHGOPMAIIMH B arapaType
«Axkopa 1200 TIIT» mpemycMoOTpeHBI yCTpoicTBa 3amuThl OT omubok Y30,
MCITOJIB3YETCS UCTIPABIISIONINKA KOJI M peaTn30BaH Crocod mepenayn nHpopManuu
C «IIepecnpocomM» (KBUTUPOBAHUEM) .

[Iponiecc mepegaun uHpopmanuu ¢ noMmomblo  «Akkopn 1200 Iy
MpeayCMaTpPUBAET BBIIIOJIHEHHUE CIAEAYIOIINX ONEePaLIiA:

a)  omeparop nepenaromiero All

3aroToBIIAET NMEep(ONIEHTY C MOJHBIM MAaCCUBOM MH(MOpMAaIH,

IOJIJIC)KAIIEH TIepe1ayce;
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MEPEBOUT «AKKOPI» B PEXKUM CITy>KEOHON TenedOHHOM CBSI3U M OCYIIECTBISET
N0 aBTOMAaTHU3UPOBAHHOMW CETH TeIe(POHHON CBI3U

BBI30B HYy>XHOTO All;

MOCJIe OCYIIECTBIICHUSI COCIWHEHHUS MEPEBOJIUT yCTPOMCTBO B PEXHUM Iepeaadu
JAHHBIX 11T BBOJWT B HETO 3aTrOTOBJICHHYIO MTEP(OJICHTY;

06)  ycrporictBo «Akkopa 1200» myHKTa nepeaayn

pazOuBaeT BCIO HH(OpMaIMIO, MOJUICKAIIYIO Iepeaade, Ha OJOKH (IaKeThI)
3aJJaHHOTO 00BEMa;

CUMTHIBaeT ¢ nepdosneHTsl U 3anucbiBaeT B Omok namsatu (BII) anmapartypsl nBa
nepBbIX 0J10Ka HH(pOpPMAITUH;

12.5. BknoyeHne 3BM B ceTb nepegayv AOaHHbIX.

JIisi TOCTpOEHUsSI KOMIIBIOTEPHBIX CETeH NPUMEHSIOTCS JIMHUM CBS3H,
HCIIOJB3YIONIUE pa3InuHyI0 PU3NYECKYI0 cpeny. B kauecTBe usnyeckoii cpeibl B
KOMMYHUKAIIUSAX UCIOJB3YIOTCS: METAJIbI (B OCHOBHOM MEJlh), CBEPXIIPO3PAUYHOL
CTeKJIO (KBapll) WM IUIaCTHUK W 3up. dusmyeckas cpena mnepeaadd JIaHHBIX
MOKET TpEeACTaBlIATh co0oi Kabenb "BHUTas mapa", KoakcHalbHble KaOeb,
BOJIOKOHHO-ONITUYECKHUM KaOesb U OKpY>Karoliee MPOCTPAHCTBO.

JIuHMK CBSI3W WM JIMHUM TEPENauyd JaHHBIX - 3TO MPOMEXKYTOUHAS
anmaparypa u (Qusnyeckas cpeja, 1Mo KOTOpOH mepenaroTcss WHPOpMaIMOHHBIE
CUTHaJIbI (JaHHBIE).

B oaHOM nWHUM CBS3M MOXKHO 00pa30BaTh HECKOJBKO KaHAJIOB CBS3H
(BUpPTYyaIbHBIX WJIM JIOTUYECKUX KAaHAJIOB), HAMpUMEpP IMyTE€M YaCTOTHOTIO WIIU
BPEMEHHOTO pa3jesieHus: kaHanoB. KaHan CBsI3M - 3TO CPeACTBO OJAHOCTOPOHHEH
nepeayu JaHHbIX. Eciiu JIMHUS CBSI3M MOHOMOJIBHO MCTOJIb3YETCSl KAHAJIOM CBSI3U,
TO B 3TOM CJIy4ae JIMHUIO CBSI3U HA3bIBAIOT KAHAJIOM CBSI3H.

Kanan mnepemaun paHHBIX - 93TO CpEeACTBa JIBYXCTOPOHHETO OOMEHa
JAHHBIMU, KOTOPBIE BKJIIOYAIOT B CceOS JUHUM CBSA3UM M amnmapaTrypy Iepenadu
(npuema) panHbIX. KaHanbel mepegaud JaHHBIX CBS3BIBAIOT MEXAYy CcoOOM
MUCTOYHUKHN UHGOPMALIMK U IPUEMHUKU UHHOPMALIHH.

B 3aBucumoctu OT Quznueckod cpeabl Mepeiadd JaHHBIX JUHUU CBSA3U
MOXHO Pa3JeIUTh Ha:

- TIPOBOJIHBIE JIMHUU CBS3U 0€3 M30JIUPYIONINX U IKPAHUPYIOMIUX OIJIETOK;
- KkaOenpHBIC, TJE IS TIEPeIadil CUTHAJIOB MCTIONB3YIOTCS TAaKUE JIMHUM CBSI3HM KaK
kabenu "BuTas mapa", KOAaKCHaJIbHBIC KaOemuW WJIM ONTOBOJOKOHHBIC KabOemu;
- OecipoBOJiHbIE  (paJuMOKaHalIbl HA3€MHOM U  CIyTHUKOBOM  CBSI3H),
UCIIONB3YIONIUE MJI1 TepeJayll CUTHAJIOB AJICKTPOMArHUTHBIE BOJIHBI, KOTOPbHIC
pacrpoCTpaHsoTCs 1o YPUpy.

[IpoBOHBIE IMHUU CBSI3U

[IpoBogHbIE (BO3MYIIHBIE) JIMHUU CBSI3M MCIOJB3YIOTCS IS Tepeadu
TeraeOHHBIX U TesnerpadHbIX CUTHAIOM, a TaKXKe Ul Mepeladyd KOMIBIOTEPHBIX
JaHHBIX. DTHU JIMHUM CBSI3M TPUMEHSIOTCS B KAaueCTBE MarucCTpalibHBIX JUHUN
CBSI3U.
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[lo OpoBOAHBIM JIMHUSIM CBSA3M MOTYT OBITh OpPraHU30BaHbl AHAJIIOTOBBIE U
nmudpoBbie KaHANBl Tepeaadn AaHHBIX. CKOpPOCTh mMepenadd 1O IMPOBOIHBIM
auHuSAM "mipoctoit ctapoit TenedonHon muHun" (POST - Primitive Old Telephone
System) sBisiercss odyeHb HHM3KOW. Kpome Toro, k HemocTaTkaM 3TUX JIMHHUMA
OTHOCSITCS MOMEX03alUIIEHHOCTD u BO3MO>KHOCTb MPOCTOTO
HECAHKIIMOHUPOBAHHOTO TOAKIIOUCHHS K CETH.

KabenbHbie TUHUU CBS3U

KabGenbHble JTUHUM CBA3UM UMEIOT JOBOJIBHO CIOXKHYIO CTPYKTYpy. Kabensb
COCTOMT W3 MPOBOJHUKOB, 3aKJIKOYEHHBIX B HECKOJIBKO CJIOE€B H30JsUUH. B
KOMITBIOTEPHBIX CETSIX MCIOJIb3YIOTCS TPH THUIIA KaOeeu.

Buras napa (twisted pair) — kabenb CBSi3U, KOTOPBINA MPEACTABISET cOO0M
BUTYIO MIapy MEIHBIX IPOBOJIOB (MJIM HECKOJBKO Map MPOBOAOB), 3aKJIFOYEHHBIX B
HKPAaHUPOBAHHYIO 000J10uKy. [lappl MPOBOAOB CKPYyUHMBAIOTCA MEXKIY COOOM C
LEJIbI0  YMEHBIIEHHWS  HAaBOJAOK. Buras mapa  sBiserca  JIOCTaTOYHO
noMexoycroiunBoil. CyllleCcTBYeT JBa THUIIA 3TOr0 Kademsi: HEeIKpaHHPOBAHHAs
utas napa UTP m skpanupoBanHas Butas mapa STP.

XapakTepHbIM ISl 3TOr0 Kalens SIBIsSETCS MPOCTOTa MOHTaxka. JlaHHBIN
KaOellb SIBJSIETCS CAaMBIM JICIICBBIM M PACPOCTPAHEHHBIM BUIOM CBSI3H, KOTOPBIN
HallleJl MIMPOKOEe MPUMEHEHHE B CaMbIX PaCIpPOCTPAaHEHHBIX JIOKAIBHBIX CETIX C
apxutekrypoil Ethernet, moctpoeHHbIXx mo Tomojoruu Thna ‘““3Be3na’. Kabenb
NOJAKJIIOYAETCS K CETEBBIM YCTPOMCTBAM IIPU NOMOIIM coenuHuTens RJ45.

Kabenp ucnonp3yercs ajis nepeayu JaHHbIX Ha ckopocty 10 Mowut/c u 100
Mo6wut/c. Butas mapa oObIYHO MCIIOJIB3YETCS JUIsl CBSI3W HA PacCTOSHHME HE Ooliee
HECKOJBKHX cOT MeTpoB. K HemoctaTkam kaOens "Butas mapa" MOXKHO OTHECTH
BO3MO>KHOCTh ITPOCTOr0 HECAHKIIMOHUPOBAHHOT'O MOJKIIOYEHUS K CETH.

Koakcuanpupiii kabenb (coaxial cable) - 3T0 kabenmb ¢ IEHTPAIbHBIM
MEJIHBIM TPOBOJOM, KOTOPBIA OKPYKEH CJIOE€M H30JUPYIONIEro Marepuayia s
TOro, 4YTOOBI OTIENUTh LEHTPAJbHbIA MPOBOJAHUK OT BHENIHErO MPOBOISIIETO
9KpaHa (MEIHOW OIUVIETKM WM CJOoM aloMuHueBod ¢onbru). BaemHuit
MPOBOJIALIMHI SKpaH Kalessl HOKPBIBAETCS U3OJIALMEH.

CyiiecTByeT JBa THIa KOAKCHAJBLHOTO KaOelss: TOHKUH KOaKCHaTbHBIN
Kabenb JuaMeTpoM 5 MM U TOJICTBIN KOaKCHaIbHBIN Kabenb auametrpoM 10 mm. Y
TOJICTOTO KOAKCHAJILHOTO KaleJs 3aTyXaHue MEHbIIE, YeM Yy TOHKOro. CTOMMOCTh
KOAKCHAJIbHOTO Kabesisi BBIIIE CTOMMOCTH BUTOM Mapbl U BHIITOJIHEHHE MOHTa)Xa
CETHU CJIOKHEE, YEM BUTOM ITApOH.

Koakcuanbuplii kabesnb TPUMEHSETCS, HalpuMep, B JIOKAJIBHBIX CETSIX C
apxutektypoir Ethernet, mOCTpoeHHBIX MO TOMOJOTMM THUMA ‘‘00mmas muHa™.
KoakcnanbHpiii kabenb 00jiee MOMEXO3aIUICHHbBIN, YeM BUTas Iapa U CHUYKAeT
cooctBeHHOe wm3imydeHue. lIpomycknas cmocooHocTh — 50-100 Mo6wut/c.
Jlonyctumass ~ JJiiHa  JIMHAM ~ CBSI3U  —  HECKOJIbKO KUJIOMETPOB.
HecaHKIIMOHMPOBAaHHOE MOAKIIOYEHNE K KOAKCUATBHOMY Ka0EeIo CII0KHEE, YeM K
BUTOM Tape.

KabGenbHbie ONTOBOJIOKOHHBIE KaHAIbl CBSI3M. ONTOBOJOKOHHBIA KaOeilb
(fiber optic) — 3TO onTHYECKOE BOJOKHO Ha KPEMHHUEBOM WM IJIACTMAaCCOBOM
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OCHOBE, 3aKJIIOYEHHOE B MaTepHall ¢ HHU3KUM KOIPPHUIIMEHTOM MPEIOMICHUS
CBETa, KOTOPHII 3aKPHIT BHEITHEH 000IOUKOM.

Onrtuueckoe BOJOKHO MEPENaeT CUTHAIbl TOJBKO B OJHOM HAaIlpaBJICHUH,
MO3TOMY KalOelb COCTOMT U3 JBYX BOJOKOH. Ha mnepemaromem KoHLE
ONTOBOJIOKOHHOTO Ka0esi TpeOyeTcs mpeoOpa3oBaHUE AIEKTPUUYECKOTO CUTHAJIA B
CBETOBOIA, a Ha MPUEMHOM KOHIIE 00paTHOE MpeoOpa3oBaHueE.

OCHOBHOE MPEUMYIIECTBO ATOTO THUMa Kabels — Ype3BbIYANHO BBICOKUIA
YpOBEHb MOMEXO03AIUIIEHHOCTH u OTCYTCTBHUE U3ITyYCHUSI.
HecankuMOHMPOBAHHOE TOAKIIOUEHHE OYEHb CH0XKHO. CKOpOCTh mepenadu
naHHbeix 3['06ut/c. OCHOBHBIE HEIOCTAaTKM ONTOBOJIOKOHHOTO Kabenst — 3To
CIIOXHOCTh ~ €r0  MOHTa)ka, HeOoJbIlIas MeXaHWU4ecKas MPOYHOCTh |
YyBCTBUTEJIBHOCTh K MOHU3UPYIOIIUM HU3ITYyUYEHHUSIM.

becnipoBoiHbie (pagnoKaHalbl HA3€MHOM M CIYTHUKOBOWM CBSI3M) KaHAJIbI
nepeayu JaHHbIX

Pannokananel Ha3eMHOM (paguopenaeiiHON U COTOBO) U CITyTHUKOBOM CBSI3U
0o0pa3yloTcs ¢ MOMOLIBI0 MEpeAaTynKa U MPUEMHUKA PAJMOBOIH M OTHOCATCS K
TEXHOJIOTMH OECITPOBOJIHOM Nepeiayu JaHHbBIX.

Panuopeneiinbie KaHaJIbl nepenayu JAHHBIX
Panuopeneiinple KaHalbl CBA3M COCTOAT W3 IOCJIEA0BATEILHOCTH CTaHIUH,
ABJISIIONIMXCST  peTpaHcisTopaMu. CBs3b OCYIIECTBISIETCS B Npenenax MNpsMoi
BUJUMOCTH, JATbHOCTH MEXIY COCeTHUMHU cTaHuusMu - A0 50 kM. Ludpossie
paauopeneitasie muHuu cBsizu (LIPPC) npuMmensitorcs B kauecTBe peruOHaNIbHBIX U
MECTHBIX CHCTEM CBSI3U U MEpPeauyM JAHHBIX, a TAKKe IS CBSA3H MEXITy 0a30BbIMU
CTaHILUSIMU COTOBOU CBSI3U.

12.6. Oco6eHHOCTM KaHaNoB mnepefayy faHHbIX B 3HeprocucremMax.
[udpoBrie cucrembl Mnepeaadud KIaCCUPUUIUPYIOTCS IO  CIEIYIOIMIUM

IIPU3HAKAM:
1. Tlo MIPUHLIHATIAM pas3zeseHus KaHAJIOB pa3anyvaroT LCIT:
- c BPEMEHHBIM pas3aeneHuemM KaHaJIOB (cn c BPK);

- ¢ yactoTHeiM pazaeneHueM kaHaioB (LICIT ¢ UPK), umeromue crnenuaibHOe
obopymoBaHue, MpeodOpasyroilee MHOTOKAHAIBHBIM (TPYIIIOBOM) CHTHAI CHUCTEM
nepeaaun ¢ 9acToTHeIM pazaenenreM kananoB (CII ¢ UPK) B nudposoit curnan u
o0OpaTHo.
2. Ilo cnocobam dhopmupoBaHUs KaHATHHBIX CUTHAIIOB pa3nudaroT [[CIT:

- C aMIUTUTY AHO-UMMYJIbCHOU Monysinuent (AVIM);

- C WIUPOTHO-UMIYJIbCHOM Moaysinuen (LLINM);

- ¢ UMITYJIbCHO-KOJIOBOW MOIYJIAIIUCH W BPEMEHHBIM pa3/ieJicHuEM KaHaJIOB
(LICIT UKM-BPK);

- C HMMIYJbCHO-KOJOBOH MOJIYJISIIMEH W YaCTOTHBIM pasJeicHueM (WIu
nenenueM) kanaioB (LICIT UKM-Y);

- ¢ auddepeHuaIbHON UMITYJIbCHO-KOAOBOW MOJYJISIIIME U BPEMEHHBIM
paznenenuem kananoB (JUKM-BPK);

- Ha ocHOBe AenbTa-Moayssanuu ¢ BPK wim Y/I.
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3. Tlo cnocobam oOweamHEHUsT MUMPOBHIX MOTOKOB C IENIbI0 (OopMUPOBAHUS
IU(POBBIX KaHATOB W ITU(PPOBBIX TPAKTOB 00JIEe BHICOKOTO TOPSAKA PA3JIMYarOT:

- OCIT MUKM-BPK ¢ acuHXpOoHHBIM OObEIMHEHHEM UU(POBBIX MOTOKOB HIIU
CUCTEM IUIe3n0XpOoHHOU udpoBoit nepapxuu (I1LLNA) ;

- HCIT UKM-BPK ¢ cunxpoHHbsiM 00bequHEHNEM LU(POBBIX TOTOKOB WJIU
CUCTEM CUHXPOHHOMU uudpoBoit uepapxuu (cany;

[Tportecc oOBENMHEHUST HECKOJBKUX BXOJIHBIX IU(MPOBBIX IMOTOKOB HIKHETO
YPOBHSI (KOMIIOHEHTHBIX MTOTOKOB) B OJIMH MOTOK 00Jiee BHICOKOT'O YPOBHS ISl €r0
nepeauu Mo OJJHOMY BBIXOJHOMY MJIM arperaTHoMy KaHally (ITOTOKY) Ha3bIBaCTCS
MYJIbTHILIEKCUPOBAHUEM.

4. B 3aBUCHUMOCTHM OT Cpelbl paCOPOCTPAHECHHS] CHUTHAJIOB AJIEKTPOCBS3U
paznmuyuarot L[CII:

- MO DJICKTPUYECKUM (METALTMYECKUM) CUMMETPUYHBIM U KOAKCHAIbHBIM
KabesIm;

- 10 BOJIOKOHHO-ONITUYECKUM KaOeIIsiMm;

- 10 PAJMOPEIICHHBIM U CITyTHUKOBBIM JIMHUSM TIepeIaduu.

5. ITo mecty LICII B cTpyKkType MEpBUUHBIX ceTel B3auMoyBsi3aHHOW CETH
cs3u Poccuiickoit @enepannu paznudarot LICIT:

-JIJI1 MECTHBIX IIEPBUYHBIX CETEH;

- 1711 BHYTPU30HOBBIX IMEPBUYHBIX CETEH;

- 1711 MAarUCTPAJIbHBIX IEPBUYHBIX CETEH;

- ISl ceTeil aDOHEHTCKOTO JIOCTYIIA;

- Q7 TEXHOJOTMYECKUX CETeH CBSI3U, HalpUMeEp, MKEJIE3HOIOPOKHOIO,
BO3JYILIHOIO WJIM BOJHOTO TPAHCIOPTA, YIpaBlieHUs HePTe- U ra3onpoBOAaMU,
SHEProCUCTEMAMHU U JIp.;

- JUIS KOPHOPATUBHBIX M BEJOMCTBEHHBIX CETEH Pa3IWYHOTO Ha3HAYEHUS.
B mnactosimiee BpeMss B Hamiedl ctpaHe co3fgaércs uudpoBas IMEpBUYHAS CETh
(LITIC), mpeacraBnsitoniasi 0a30BYyI0 CETh TUIIOBBIX YHHMBEPCAJIBbHBIX HU(POBBIX
KaHaJIOB TIepe/layu U CETEBbIX TPAKTOB, WJIM TPAHCHIOPTHYIO CE€Th, 0OPA30BAHHYIO
Ha 0aze cereBbIx y310B (CVY), cereBbix cranuuii (CC) U COENUHSIONINX UX JTUHUN
nepeaavm.

Ha ocnose HIIC co3nmarorcs pasHooOpasHbie ITM(PpPOBBIC BTOPUYHBIE CETH
(IBC). CereBble y31bl U CTaHIIMH MPEACTABISIOT COO0M KOMIUIEKC 000pyA0BaHUS
L[CII pa3nuuHbIX CETEBBIX TEXHOJIOTHH, MPEAHA3HAYCHHBIA 711 (POPMHUPOBAHUS U
nepepacnpeenennsi MU@POBhIX KaHAIOB W TpakToB M monakmoueHus [[BC.

ITo yncny OLIK pa3znuuaror:

- masioka"aiabHbie LICII ¢ uncnom kananoB N < 30;
- cpeanekananbabie L{CII ¢ unciom kananoB N < 480;
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MHOTOKaHAaJIbHbIE LCII v YHCIIOM kaHajioB N>1920.
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Nekumna 13

13. MpoekTupoBaHue M aKcnnyaTaumua cUcTem
TerieMexaHukKu

13.1. TexHUKO-3KOHOMUYecKasa 3pPeKTUBHOCTb YCTPOUCTB ynpaBfieHUA B
3NeKTpPO3HepreTuke.

B Hacrosiiee BpemMs B CBSI3U C KPU3UCHBIMHU SIBIICHUSIMM B 3KOHOMMKE
TPYJAHO MPOTHO3UPOBATh YPOBHM 3HepronotrpedneHust B Poccuu. OpaHako oOiast
TEHJCHUHS K €r0 YBEJIUYEHHUIO OCTAETCSI HEU3MEHHOM, HESACHBI JIMILIb TEMIIbI POCTA
OOIIUX HSHEPreTUYECKUX Harpy30K M TOJOBOT0 IMOTPEOJICHUS, KOTOpHIE, €CIu
CYyJIUTh IO OOIIEMHUPOBOMY CTPEMIICHUIO K CIEPKUBAHHUIO DHEProsarpar, Io-
BUJIUMOMY, CTaHYT OoJiee HU3KUMH, YeM B MpexkHue roapl. Hanbonee ahpexturHO
sHeprocOepeKeHUE Ha MPEANPUITHAX TTPU KOMIIEKCHOM PEIICHUU TEXHUYECKHX,
TEXHUKO-3KOHOMHUUYECKUX U OPraHU3alMOHHBIX BOIPOCOB, OTHOCSIIMUXCS KO BCEH
SHEPrETHUKE MPEANPUSITUS - K cUCTEMaM HEPTrOCHAOKECHMUSI 151
SHEPrOMCIIOIb30BAHUA U K YIIPABJIECHUIO SHEPreTUYECKUM XO3SUCTBOM. TEXHHUKO-
SKOHOMHMYECKHME U  OpraHu3allMOHHBIE  MPOOJIEMBI  3aKJIIOYAIOTCA B
COBEPILICHCTBOBAHUH BBITIOJIHEHUSA byHKIMi YIIPABJICHUA.
OCHOBHBIE TEXHUYECKHE MPOOJEMbl MPOMBIIIJIEHHOW YHEPIeTUKU U CIIOCOOBI UX
pelLIeHus Ha MPENPUITHIX UMEIOT CIEIYIOIINE HaIpaBJICHHUS:
* 3aMeHa 00OpyJoBaHMsS (TEXHUYECKOE TIEPEBOOPYKEHUE), BUIOB DSHEPIUH,
SHEProHOCUTEINICH, 00pabaThiBaeMbIX MAaTEpHAIIOB Haubojee  BBITOJHBIMU,
UMEIOIIMMH JIYUYIIUE€ TEXHUYECKHUE, SHEPreTUYECKHUE M TEXHUKOIKOHOMUYECKUE
OKa3aTellu;

* MOJICpHM3AIMsl MPOMBIIUIEHHOTO 000PY/I0BaHUS, OCOOEHHO TEXHOJIOTHYECKUX
arrmapaToB, C MOBBIIIEHUEM IIOJE3HOI'O MCIIOJNb30BAHUS DJHEPIMM B HUX U
COKpAIllEHUEM OTEPB, IS BCETO DHEPreTUYECKHUX;
* WHTEHCHU(DHKAIUSA TPOU3BOJICTBEHHBIX IPOIECCOB C TOBBIIICHUEM 3arpy3Ku
TEXHOJIOTUYECKOTO OOOpPYJIOBAaHUSI M COOTBETCTBEHHO CHUXEHUEM YJICIbHBIX
SHEpro3aTpaT Ha €JUHUILY NMPOAYKIUH, MOTYIPOIYKTA, ChIPhs, 00padaThiBAEMOI0
Marepuaia Ha paboty 7M1 Oneparuio;
* BBEJICHHUE JIOMOJHUTEIBHBIX YCTPOUCTB --- JOOOOPYIOBAHUE TEXHOJOTMYECKUX
SHEPrOUCIIOJB3YIOIIMX YCTAHOBOK M MPOILIECCOB MPH YIYUYIIEHHOM OCHAIICHUH,
YCTAHOBKE JIOMOJIHUTEIBLHOTO, B TOM YHCJIE BCIOMOTaTelbHOr0, 000pYyAOBaHUA,
npuOOpOB M aBTOMATHUKHM JJII ONTHMM3AllMM TIPOU3BOJACTBA U COKPAIICHUS
yAEIbHBIX AHEpro3arpar;
* U3MEHEHHE PabourXx MapaMeTpPOB 00OPYAOBAHUS M SHEPTUU B LEIAX YIyUIICHHUS
TEXHUKO-DKOHOMHUUYECKUX  [IOKa3aTejleld  MPOU3BOACTBEHHBIX  ITPOLECCOB;
*  yIY4YIIEHWE  HCHOJIb30BAaHWUS  SHEPrUM  BHYTPU  TEXHOJOTHMYECKHUX
SHEPrOMCIIONB3YIOIMIMX  yYCTAHOBOK,  COKpAalI€HHE  MPSAMBIX  NOTEPh WU
COOTBETCTBEHHOE MOBEIIICHUE KIIH;
*  VIYyYUIEHHE MCIOJb30BAHUS BTOPHYHBIX SHEPreTUYECKUX  PECYPCOB;
* MOBBIIIEHUE HAJEKHOCTU 3HEProcHA0KEHUsS U pabOThl YHEProoOOpPyAOBAHMS B
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LEeIAX NPEeAOTBPAILCHUS aBAPUMHBIX OCTAaHOBOB M IIPOCTOEB, CBS3aHHBIX C
MaTepUAIbHBIMU " YHEPreTUYECKUMHU ITOTEPSIMH.
OTH  HampaBJIEHHS OTHOCATCS K  KOHKPETHBIM  JJIEMEHTAM  SHEPIEeTUKHU
INPOMBIIUIEHHOIO  TOPEANpUsATAs B CUCTEMAax  HDHEProCHaOXKEeHHs U
DHEPIrOUCIOJB30BAHUS, TIE B IHEPIETHUECKOE XO3SAMCTBO MPEANPUATHS BXOJIUAT
BCE HHEProCcHa0KEHHE M YACTUYHO SHEPrOMCIOJIb30BAHUE --- IHEPTrONPUEMHUKU
TEXHOJIOTUYECKNX YCTaHOBOK, OOCIy)KMBaeMble 3HepreTukamu. Bcs o6nactb
MPOBEJICHUS] HHEProcOEeperarolux MepONpUsITHi, KiIacCu(UIMPOBAHHAA TIO
HAIpPaBJICHUSAM U AJIEMEHTaM 3aBOJICKOM PHEpPreTHKH, Moka3aHa B Tabn. 11.4, rue
KaXJasi KJIETKa CO 3HAaKOM «T» O3HayaeT TPYyIIy MEpPONpPUSATUNA, HalpuMep
«MopnepHusanus  3aBOACKMX  MCTOYHUKOB  dHeprum» wm  «lloBbiienue
HAJEe)KHOCTU DHEPrONPUEMHUKOB» MW T.aI. Ecam coderaHue HamnpabiIeHUS U
JJIEeMEHTa HE HMeeT cMbicia (Hampumep, «JlomoJHUTeNbHbIE YCTpONCTBA

O6pa6aTBIBaeMOFO MaTepHaHa))), B KJICTKC CTOUT 3HAK «--».
Tadnuvua 11.4
CeroBHbIe RANPABIERNA THEPTOCHePEKenn na NPOMEILTEHNOM TPennpuaTie
(10 WIEMERTAM JARONCKOT IHEPreTHEN)

H N oyHienne 0
- = | e . -
HIEMENTE SHEPTETH= Heirren= | Honomim- HCMOAL3BATHA
[ MI.LIL'F!I- M- ~ BTO-

KM npossiiacinore | Sasems CHif- TEARIBIE HICPriH
HHEALHA pe=

- Hi= ATy
TP ANPHATHA KALHA yerpoierea | B arperarc .
c i

BHY TP BHE

FABOACKHE HETOU-
HMKH 3HEPIHH

Jagonckne npeod- + + + +
PA0EATETH JHEP-
THH

FasoIcKHe IHEPTE-
THUCCKHE KOMMY-
HHKALMH (CETH)

[lepaHyHad JHeprus + + +

IHEPrOTPHEMHHK + + + + +
TEX HOTOrHHEC KO
VCTAHOBKH

[Mepenaua 3HCprum + + + + + +
HT JHEPTOTPHEM-
HHKA B ANmapaT

TexHMIOrH9eck i
anmapar

OopabaTiEacmeii + +
MATEHAN

Tabnuma-maTpuna npencTaBisieT co0oil Tpadaper, ¢ MOMOIIBI0 KOTOPOro
MOXXET OBITh HaMEUeH JOCTATOYHO TIOJHBIM TMepedYeHb SHEProcOEpeTarommx
MEPOTIPUATHH, HWCXOAS H3 TEXHHUYECKOTO COCTOSHHUS ©  CETOMHSIITHHUX
XapaKTEPUCTUK DKOHOMHUYHOCTH, IO Ka)JAOW CIUHUIIC SHEProoOOpyI0BaHUs, B
KKIOM JJIEMEHTE MPOMBIIICHHOW YHEPreTHKU HAa JAHHOM TMPEIANPUATHU (CM.
tabn. 11.4). TexHUKO-9KOHOMHYECKHE PACUEThl, KOTOPHIE MOTYT MPOBOJUTHCS TIO
METOJMYECKUM TIOJIOKEHUSIM, TIO3BOJIAT OMNPEICIUTh SKOHOMHUUYECKHH d(]PdekT
Kaxgoro Meponpusatus. [lo Benwunne 3toro s3dpdekra, a Takke MO Pa3TUUHBIM
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HKOHOMUKO-TEXHOJIOTHYECKAM TI0Ka3aTelsiM (HaTW4usi CPEeACTB, 00OPYIOBaHUA,
BO3MOXKHOCTH OCTQHOBKHM TPOM3BOJCTBA U Jp.) CIEAyeT paHXHpPOBaTh
HAMEUEHHBIC MEPOMPHUATUS IO OYEPETHOCTH W CPOKaM WX BBIOJTHCHHS, T.€.
COCTaBUTH MEePCTIEKTUBHBIN TIaH HEPTrOCOEepEKEHUS.
Haubonee r¢dextrBHa 3aMeHa cTaporo 00OPyAO0BaHUS Ha HOBOE, MPOTPECCUBHOE
¥ DKOHOMHUYHOE, T.€. TEXHHMUYECKOE TEepPEBOOPYKEHHUE, 3aTparruBaroliee OCHOBHOE
MIPOU3BOCTBO M DHEPIETHKY MPEANPHUATHS U TPEOYIOIIEe CONUTHBIX NHBECTHUIINN.
Jlpyrue HarpaBieHUs SHEProcOSpPeKCHHS XOTS B OOJBIIMHCTBE CIy4acB MCHEE
2¢GheKTUBHB, HO W MCEHEE KalUTaTOeMKHE W MOTYT OBITh pPEaTu30BaHBI
COOCTBEHHBIMHU CHUJIAMH.

DKOHOMHUYECKAsI CYIIHOCTh TEXHUYECKOTO MEPEBOOPYKEHUS - KOMITICHCAITUS
(GU3MYEeCKOr0 M MOpAJbHOTO H3HOCA O00OpYyIOBaHUA. 3amMeHa W3HOIIEHHOTO
o0opynoBanusi He TpeOyeT 0O0OCHOBaHUS, MOCKOJIBKY OHO CHWKACT HAJIEKHOCTh
paboThl, TpeOyeT MOBBIIMICHHBIX 3aTpaT Ha PEMOHTHOE OOCITYKWBAaHUE M HWMEET
HU3KHE AKCILTyaTaIl[MOHHBIE XapaKTEPUCTHKH.
OrneHka MOpPaIbHOTO M3HOCA 3HAYUTENBHO CIIOKHEE, U 3aMEeHa 000PYJOBaHUS TI0
ATOMY TOKa3aTel0 TPeOyeT HSKOHOMHUYECKOr0 OOOCHOBaHMS. 3aMeHE MOTYT
MOJIJICXKATh TaKKe:

* BHIBI DHEPTUU TPHU BBIOOpe Hambosee PAMOHAIBLHOTO YHEPTOHOCUTEIIS
JUTSI TIPOU3BOJICTBEHHBIX MPOIIECCOB;

* croco0 Tepemayd SHEPruM W3 DHEProNpPUEMHHUKA B TEXHOJIOTHYSCKHN
anmapat (HampuMmep, 3aMeHa PeIyKTopa, PEryIHpYIOIIer0 YHuciIo 0O0OpOTOB, Ha
COBPEMEHHBIN 3JIEKTPOIPUBO]);

* BUJ W KaueCTBO Marepuaja B IENAX CHUKEHHUS DHEPro3arpaTr Ha €ero
00paboTKy (HampuMep, IMOBBIIICHHE KOHIICHTPAIIMH PACTBOPOB, NPOOJICHHE HIIU
arJIoMEpUPOBAHUE MATEPUAJIOB, MPUMEHEHHE TUIACTMACC BMECTO METAJIOB U JIp.).
MonepHu3amus 3HEPTreTUYECKOTO U TEXHOJIOTHYECKOTO OOOPYIOBAHUS TaKKe
KOMITICHCHPYET MOpaJIbHBI H3HOC, €€ A(PEKTUBHOCTH HWHOTHA BBIIIE, YEM
MIEPEBOOPYKEHHMsI, Ojarojapsi CYIMIECTBEHHO MEHBIIMM KalmUTAIBHBIM 3aTparam,
OCOOEHHO €CIM OHa OCYIIECTBIAETCS CBOMMHU CHJIAMH. D(PQPEKTUBHOCTH €€
MPOBEJICHUSI MOYKHO OIIEHWUTh, HMCIOJB3Ysl TaKOW KpUTEPUH, KaK CyMMapHbBIC
JIMCKOHTUPOBAHHBIC 3aTPaThl, py0/TO1:

3> JI=min.

Pacyersr mpoBomATcs s BapuaHTOB  paboThl Ha  0a3oBOM W

MOJIEPHU3HPOBAHHOM 000PY/I0BAHUU:
T,

. P
3%.(* = Z{hﬁ f l ]IL["I + ”:‘:_ncg ' W+ E}'_r:
i=|
Tl\
3y, = Z(hmll,uj W K O+E)YY

=1
rne b0 t u bm t --- ynenbHBIE pacxojbl PHEPropecypcoB (B YCIOBHOM
TOIUIMBE) Ha 0a30BOM M MOJICPHU3UPOBAHHOM 000OpYIOBaHUU, T y.T/ef. mp.; [t ---
roJIoBasi MPOU3BOIUTENBHOCTD, €. ip/To; LIT --- lena anepropecypcea, pyo/t y.T.;
0.9KC
Nt ' u m.akec Ut ' --- 3KCIUTyaTaliMoOHHBIE PacXo/ibl (KpOMe SHEPreTUUECKUX 3aTpar)
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npu paboTe Ha 0a30BOM M MOJEPHH3UPOBAHHOM OOOpyAoBaHWH, pyo/rom; E ---
HOpMAaTHUB JAUCKOHTUpPOBaHUA; KM t --- kanuTagbHbIEC 3aTpaThl HA MOACPHUBALIUIO,
py6.; Tp --- Bpems pacuetHoro mnepuoaa, Jjer. HHTeHcupukanums
MIPOU3BOACTBEHHBIX  NIPOLECCOB  JODKHA  BBIPAXATbCA B YBEJIMYEHUHU
MIPOU3BOAUTEIILHOCTH YCTAHOBOK 0€3 CyIIECTBEHHBIX U3MEHEHHI KOHCTPYKIUU 32
CYeT TUO0 YCKOPEHUS TEXHOJIOTHYECKUX U IPYTUX IMPOU3BOICTBEHHBIX MPOLIECCOB,
aub0 MX Jy4lled opraHu3anu, JUOO HCIONb30BaHUA IPOrPECCUBHBIX
matepuasioB. Kak mnpaBuiio, HHTEHCHU(UKAIMS MPOUECCOB JODKHA BECTH K
HOBBIIIEHHOMY, YCKOPEHHOMY (U3MYECKOMY H3HOCY OOOpyAOBaHHUS, YTO
OIpaBJaHO, €CIU YPABHUBAIOTCS CPOKM (PU3NYECKOTO M MOPAJIBHOTO M3HOCA, HO
MOKET TMPHUBECTH K OBICTPOMY BBIXOAY OOOpYJIOBaHUS U3 CTpOs, €CIH
UHTCHCU(HUKALMS HE  COMNPOBOXKAACTCA  YCWICHHOM  MNpPOPMIAKTHUKON U
NOBBIUICHHBIM  PEMOHTHBIM  oOcimykuBaHueM. Ilpu  uHTeHcupukauuu
IIPOU3BOACTBEHHBIX IIPOLIECCOB CHUKAET
csi ce0eCTOMMOCTh BBIMTyCKaeMOW MNPOAYKIMHM 33 CYET yMEHbBIIECHHUS YCJIOBHO-
MOCTOSIHHBIX PacXxo0/10B. DPPEKTUBHOCTh HHTEHCU(PUKALIMN MOKET OBbITh OLIEHEHA
0  KPUTEPUIO  YUCTOrO  JUCKOHTUPOBAHHOIO  JI0XOJAa,  ONpPENEsieMOro
COOTBETCTBEHHO JUIsi 0a30BOr0 M HWHTEHCU(DHUIIMPOBAHHOIO PEXHMOB pPabOTHI
obopynoBanus: YJIJ[ = max;
T
U, =zp{.r3-” =505, = H, + My HI+E) ™"

1=

T
P
LIMH :Z{Pur I||I-I|||' [If +Hu\|f Kn.’)“_Eup)-f:

i=l

rie PO t u Pu t --- moTok maTexxel COOTBETCTBEHHO MpU 0a30BOM H
MHTEHCU(DUIIMPOBAHOM peXUMax paboThl 00OpyaoBaHus, pyo/rox; O suM S---
ce0eCTOMMOCTh TMPOIYKIIMU B 0a30BOM WM HWHTCHCHU(DHIIMPOBAHHOM pEXKHUMAax
paboTel o0opyoBanus, pyo/en. np.; I16 t u [1u t --- rogoBas MPOU3BOIUTEILHOCTD
70 U mocne uHTeHcudukanuu, en. np/roa; Ht --- manor Ha npuosuis; HMam t ---
aMOpTU3AIlMOHHBIE OTuMcleHus, pyO/roa. Ilpu pacderax amMoOpTU3AIMOHHBIX
OTYUCIIEHUH HEOOXOAMMO YYECTb W3MEHEHHE HOPMbl aMOpPTHU3ALMU MOCIe
MHTCHCU(UKAIIUH, PyO/TOI:

HMamt=HaK6+HwuKn,

rne Ha u Hu --- HopMBI aMmopTH3anmu B 6a30BOM U HHTEHCU(PUIIUPOBAHHOM
pexuMax padbotel o0opynoBanusi; KO --- GanaHcoBas CTOMMOCTh 00OpYJOBaHUS,
pyO.; Ku --- xanuTanbHble 3aTpaThl Ha MHTEHCU(pUKALMIO pexuma, py0. Ecnm
BBIJICTIUTh DHEPTETUYECKYIO COCTABISIIONIYI0O B CEOECTOMMOCTH TPOMBIIIIICHHON
MPOIYKIIMH, TO 3Ta GopMyJia IPUMET BUJ

T

LI";"';'H._J = ZU-:'H _hﬁ“f}.’[l!‘.l - 'Slm:u'l.l.':”ﬁf - Hr + ”;mr)“ + EcpJ 5
=1
T

LL'-L'-IH = Z { Pu T hn nn .'I l'l' - Smlur.ll nn

i=l
rae b u bu --- yeapHbBIE pacxobl SHEPTropecypcoB (B YCIOBHOM TOILIHBE)
B 0a30BOM W MHTEHCH(HUIIMPOBAHHOM PEXHMax paboThI, T y.T/€ll. mp.; mocT.0 S u
MOCT.M S --- YCIOBHO-TIOCTOSIHHAs COCTaBJSIOLIAs ce0ecTOMMOCTH  0e3

—H, + W, K, O +E )7,
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HHEPreTUYECKON YacTh B 0A30BOM M MHTCHCH(UIIMPOBAHHOM pEXUMaxX padOTHI,
pyO/en.ip. BBenenwe  JOMOTHUTENBHBIX  YCTPOWCTB  JJIS  TOBBIMICHUS
MIPOU3BOAUTEIHLHOCTH WIIN YIYUIIEHUS PEKUMOB CBS3aHO C COBEPIIICHCTBOBAHUEM
MPOU3BOJACTBEHHBIX TMPOIECCOB TMPH TaKUX BapHaHTaX €ro peanu3aluu:
. YCTaHOBKA  JIOMOJHUTEIBHOTO 00opy1OBaHUS (OCHOBHOTO WA
BCIIOMOTATENbHOTO) I YTOPSIOYEHUsT  MPOU3BOACTBEHHOTO  TpoIlecca,
«pacIivBKa Y3KHX MECT», COJICPXKaBIIMX POCT OOIIYI0 MPOU3BOAUTEIHHOCTH
y4JacTKa, nexa, TPEINPUSATHS;
* YCTaHOBKA JIOTIOJHUTEIHLHOTO YHEPTETHUECKOTO 000PYIOBAHUS U YCTPOUCTB IS
yIydIIeHUs] SHEProoOecTieueHrs: oTpeOuTeneii, B TOM 4YHCIEe IS TOBBIIICHUS
KayecTBa  (HAJEKHOCTH)  DHEPrOCHAOXKEHUs  ---  MECTHas, JIOKaJbHas
PEKOHCTPYKIIHS IHEPrOXO03sIICTRA;
* YCTAaHOBKA  yCTPOWCTB, YMPAaBIAIOIIMX MPOIECCAMH  OCHOBHOTO W
HHEPTreTUYECKOTO TPOM3BOJCTBA, B TOM YHCIIC TpH BBIPaOOTKe, mepemade u
MOTPEOICHIUN YHEPTOPECYPCOB, ONTUMHU3UPYIOIMIHUX X U COKPAIIAIONINX MOTEPH U

3aTpaThl SHEPTUH, --- ABTOMATU3aLMs IPOLIECCOB, YJIy4llleHne TPHOOPHOro y4dera,
BBEJICHHE YCTPONCTB MECTHOTO WJIM LEHTPAIM30BAHHOTO KOHTPOJSI U
pEryIMpOBaHUs u T.I1.

B mepBoM u BTOpOM BapuaHTax »JSHEProdKOHOMHUYECKAS OIEHKAa MOXKET
POU3BOJIUTHCS TaK )K€, KaK MPU MOJIEPHU3AIIUN 000pYI0BaHUSI, B TPETHEM CITyuae
--- Kak Uil HWHTEHCU(HKAlMKW TPOU3BOJCTBEHHBIX IMpoleccoB. HM3meHeHue
napamMeTpoB OOOPYJOBAHMS W DHEPTrUU JIOJDKHO MPUBECTU K WHTEHCU(DUKAIUU
POU3BOJICTBA, U YKOHOMHUYECKAsI OLIEHKA MPOBOJIUTCS MO TEM KE MOKa3aTEISM.
JIJIs  OCHOBHOTO TEXHOJIOTHYECKOTO OOOpY/IOBaHHS 3TO BO3MOXKHO KakK IO
MHTEHCUBHOCTU (yBEJIIMYEHHUE 3arpy3KH, 3alOJHEHHUE alnapaToB, IOBBIIICHUE
CKOPOCTH TPOLIECCOB), TaK M IO HKCTEHCUBHOCTH --- JJis MNEPUOAUYECKUX
MpoIIecCcoB (YBETUYCHUE BPEMEHH paOOThI, CHIDKCHHE TIPOCTOEB, B TOM YHCIIE MO/
3arpy3Koil W BBITPY3KOM, COKpalleHHUE XOJOCThIX XOJO0B U T.Mm.). M3MmeHeHue
MapaMeTpoOB B SHEPrETUKE MPEANPUSATUS CBSI3aHO JIMOO C YBEIMUYCHHEM 3arpy3Ku
SHEProo0OpyI0BaHUS, HAIPUMEP ABUTATENIEH, JIUOO C TMOBBIIICHUEM MapaMeTPOB
SHEPrUM, B YAaCTHOCTH JIaBHO IMpeJjaraeMblii IEpeBOJi BHYTPU3aBOJCKOIO
AJIEKTpOCHAOXKEHUsT Ha Hamnpsbkenne 660 B, 1ubo ¢ u3MeHeHueM CcxeM
npeoOpa3oBaHusi SHEPIUM --- TUPUCTOPHBIE MPeoOpa3OBaTENM YacTOThI TOKa
B3aMeH MoTop-reHepaTtopoB [10]. B psane caydaeB [ NOpOW3BOACTBEHHBIX
IPOLIECCOB BBITOJHO W3MEHSTh BUJ SHEPrUU, TOrAA OLEHKA MOYKET MPOBOAUTHCS
KaKk TpU MOJEpHHM3alMu OOOpyJOBaHUsA, Tak W TpH BbBIOOpe Hauboiee
pallMOHANIbHBIX 3HeproHocutesned. I[loBbllIEeHME TOJIE3HOTO HKCIOJIb30BaHUA
SHEPIruu B TEXHOJIOTUYECKUX
YCTAHOBKAxX JIOCTUTAETCd U TMpPU TEXHUYECKOM IME€PEBOOPYKEHUU, U MpH
MOJIEpHU3AIIMU, W TpU UHTEeHcHuUKanuu mnponeccoB. OIHAKO BO3MOXKHO
yIy4YllIEHUE€ BHYTPUArPETaTHOrO HCIOJIL30BaHUSA DJHEPrUM Ha JIEUCTBYIOIIEM
o0Opy/IOBaHUM  TIPU  OCYILECTBICHUU  CPABHUTEIHHO  MPOCTBIX  MeEP.
[IpuMepoM MOXET CHyXUTh HOpMaJU3allds »JHepro3arpar Mo pe3yjbTaTaM
HSHEPrO’KOHOMHYECKOTO aHallu3a C COKpPAUIEHUEM OJKCIUIyaTallMOHHBIX U
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PEeXKUMHBIX MOTEPh W cooTBercTByromuM mnosbimienrem KIIJI u KIINW. 3Oto
JOCTUTAETCsl MOYTH HCKIIOYUTEIBHO OPraHU3alMOHHBIMH MEpamu, MPHU KECTKOM
COOJIIOICHUN TEXHOJOTUYECKONW M SHEPTeTHUECKON TUCIUIUIMHBI U PEAKO TpedyeT
KaUTAJIBbHBIX 3aTpar. Takue 3aTparbl MOTYT NOHaJOOMTBCA HA ClEAyIOLIEn
CTYNEHH 3HEPro3KOHOMHYECKOTO0 COBEPIICHCTBOBAHMS --- MPU palMOHAIM3ALUN
HHEProMCIOJIb30BaHUS. DKOHOMUYECKUN 3PPEKT MOAOOHBIX MEPOIPUATUN MOKET
ObITh TMOJCYUTAH KaK Pa3HOCTh CYMMAapHBIX JTUCKOHTHPOBAHHBIX 3aTpar Mo
dbopmyie, pyo/ro;
T,

P
= Zl(u'a(hm _‘rjnn 1 |.' _‘inpcrr - KH ' i+ Ecp}_r I
=1

rae Lp --- uena (tapud) snepruu, pyo/t y.1., pyo/(xBt-u), py6/I'kan; bao u
bro --- yaenpHBIE PACXOJbl DSHEPTHUM JO W TIOCIEe HOpMalu3anuu (Wid
palMoHanM3aluy) HSHEProOUCNONb30BaHus, T Yy.T., KBTu, ['kan Ha enunwuiry
npoayknuu; [t --- o0bem mpomsBoacTBa, en. mp/rom; AWper t --- BO3MOXKHBIE
JIOTIOJIHUTENIbHBIE TOJOBBIE U3JCPKKU IO ONTUMAIBHOMY PEryJIMpPOBAHUIO
nporecca, pyo/ron; K t --- BO3MOXHBIE €IMHOBPEMEHHbBIC (KaUTAIbHBIC)
3aTpatbl Ha Mepompusitue, py0. Ecam B pesynbTare panroHAIM3AlUU
SHEProOUCIOJIb30BaHUSI O0BEM MPOM3BOJACTBA MPOAYKIIMU YBEIWYUBaeTCs (€CTh
BO3MOXKHOCTh €€ COBITa), TO JIJIsl pacuyeTa SKOHOMUYECKOTro ddekTa He MOIXOIUT
KpUTEpU CyMMapHbIX JUCKOHTUPOBAHHBIX 3aTpaT. B 3TOM citydae pacder 10omKeH
IPOBOJIUTHCS C MUCIOJIB30BAHUEM KPUTEPHUS YUCTOrO NUCKOHTUPOBAHHOIO TOXO[A.
Mepbl 0 panmoHaIU3aIUU SHEPTOUCITIOIB30BAHUS B TEXHOJIOTUU PA3HOOOPA3HbI U
BO3MOXHBI Ha J000M 000pynoBaHuHU, B Jr000M mporecce. OnHako HE0OX0IUMO
YUYUTBHIBATh TEXHOJOTMYECKHE TpeOOBaHUS B COYETAHUU C HHEPreTHUYECKUMH,
MOATOMY TaKHU€ MEPOIPHUATHS pa3padaThIBAIOTCS M OCYIIECTBISIOTCS B TECHOM
COTPYJHHYECTBE TEXHOJOTOB U DHEPreTUKOB TIPH 00S3aTEThHON TEXHUKO-
SKOHOMHMYECKON  OLIEHKE TEXHOJOTMYECKUX, DHEPreTUYECKUX U  JPYTrHuX
nocieAcTBui. [IpuMeHeHne BTOPUYHBIX YHEPTETHUYECKUX PECYpPCOB MPAKTUUYECKU
HE M3MEHSET OOIMI pacxoj| SHEpPruu B arperate-ucrouHuke BOP, a sxoHomus
DHEPrMU  JIOCTUTAaeTCsI B 3aMENIaeMbIX  DHEPreTUYECKUX  yCTaHOBKaX.
[ToaTomMy skoHOMUYeckuil 3hdexT ucnonbzoBanus BIP paccuuThiBaeTcs Kak
Pa3HOCTh CYMMApHBIX JTUCKOHTUPOBAHHBIX 3aTpar --- npu npumeHeHn BOP u B
3aMEeNIaeMOM HHEPrOreHEpPUPYIOLIEH YCTaHOBKE. BTOpHYHBIE HSHEPropecypcChl
MOTYT HCIOJIB30BaThCsl MO YETHIPEM HAIPABICHUSIM: TOIJIMBHOMY, TEIIOBOMY,
MEXaHUYEeCKOMY (CHJIOBOMY) M KOMOWHHMpPOBAHHOMY (ISl HWCIIONB30BAaHUS Ha
ytuin3anroHHbix TOI] --- YTOLI). HezaBucumo oT 3TuX HampaieHui (puc. 11.2)
sKOHOMUYECKUH ekt yTmm3anuu BOP paccunTsiBaeTcst HCX0as1 U3 SKOHOMUU
ToruiBa 3a cuet BOP, py6/rox:
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Ba/ihl BTOPHSHLIX JNEPrETHYECKHY PECYPCOR

| Topwoune BAP | Tennoate BEP Hf—'.lP_mﬁrc:n'lum‘n
| AERICHWA
—
— —_—
T, T ————
= E Tonmmmioe Tennosoe MexarHgeckHe
ZEa,
$E5
= d
= E KoMmbiunuposatoe
Pae. 1.2, Hanpapaenna aenoasiesanna B3P

Tp
. - - . -
dpap = thu'rBH'-)l' = (Mpap = Mo ) = (Kgsp — Ky N0+ |:|:|1 .

1=l
rie BBOP --- skonomus tomnuBa 3a cuetr BOP, 1 y.1/rox; Lt --- neHa

3aMeniaeMoro ToIiMBa, pyo/T y.1.; Uzam, UBOP --- skcmtyatainoHHbIE U3JEPKKU
MIPH SKCIUTyaTallMy 3aMeIaeMO 3HEPrOyCTaHOBKH 0€3 CTOMMOCTH PacXodyeMOro
ToruMBa U nipu yruiausauuu BOP, py6/ron; KBOP, K3am - kanuTanbHble 3aTpaThl
(ocHOBHBIE (POHJIBI) 3aMEIIaeMOr0 HSHEPrOMCTOYHHMKA M YCTAaHOBKU (MpHU
HEHAJEXKHOU paboTe yTwin3aTopa HEOOXOAMMO MPEAyCMAaTpUBATh pPE3EpPBHBIE,
TyOIUPYIONIE MOITHOCTH).

[ToBbllIEHKE HaJIe)KHOCTHU HHEProCHAOKEeHUS u paboThI
HHEProoOOPYIOBaHMS JIOJDKHO MPEAOTBPATUTh 3KOHOMHYECKHMH ymiepd ot
aBapUIHBIX OCTAHOBOB IIPOM3BOJICTBA, OCOOEHHO HEIpPEPHIBHOTO (B XHMHUH,
He(DTEXUMUN, METALTYPTUU | TIP.), COMPOBOXKIAIOIMIUXCS TAKKE 3HAYUTEIHHBIMU
SHEPreTUYECKUMU MOTEPSIMU u3-3a:
* OPOJAYKUMH, moueameid B Opak, Ha U3rOTOBJIEHHE KOTOPOM yKe 3arpayeHa
SHEPrus;

* mopud OOOpYJIOBaHHSA, HA PEMOHT KOTOPOTO JOJKHBI OBITH 3aTpayeHbI
MaTepHallbl, TPy u SHEPIus;
* TMpSAMBIX TIOTEPb DHEPrOHOCUTENECH, HampuMmep, MpU aBapUWHOM CIIUBE
KOHJICHCATa,

* JHEpro3arpar Ha MyCcK 00OpyJOBaHUS MOCIE aBAPUHHOTO MPOCTOS, MpUYEM TIPH
ATUX IMyCcKaX KaKoe-TO, MHOT/AA JOBOJBHO MPOJOJKUTEIBLHOE BpeMs, UeT paboTa
Ha XO0JIOCTOM XOIy H JIp.

DOxoHOMUYeCKHi d(PPEKT OT MOBBIMIEHUS HAJEKHOCTH SHEPTOCHAOKEHUS U
AHEProo0OpyI0OBaHUsI DH OMNPEACNSIeTCS COMOCTABICHUEM JIOMOJHUTEIbHBIX
KAaUTAIOBJIOKEHUM, TpeOyeMbIX Juisl 3Toro KH, TONOJHUTENBHBIX PacXo/l0B MpU
JKCIUTyaTallii yCTPOMCTB, MOBBIIAIONIMX HAJICKHOCTh WH, € BEIUYUHON
MPEeI0TBPAIAeMOr0  CPEJHEro  3KOHOMHMYECKOro ymiepda OT IepephIBOB
sHepronutanus YO0, py06/roj, yMHOXXEHHOTO Ha IapaMeTp MOTOKa OTKa30B B
CUCTEME IHEProCcHAOKEHUS M:

OH = Y0o - (EaKa+Un).

DHeprocOeperaroiasi MoJIMTUKA MOXET U JOJDKHA CTaTh dKOHOMUYECKHUM
pBIYaroM JijIsl TIOBBIIIEHUS KOHKYPEHTOCTIOCOOHOCTH MPEANPUITHS Ha PhIHKE, T1Ie
C ee IMOMOUIbI0 MOXHO TMOJYYUTh JONOJHUTENbHYI Mpuobulb. Hanbonee
b HexTUBHO 3Ta MOJINTHKA MPOBOJIUTCS npu OpraHu3anuu
BHYTPUIPOU3BOJICTBEHHOIO KOMMEPUYECKOI0 pacueTra U CUCTEMbI SKOHOMUYECKHUX
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MPETEH3UN SHEPTOCTYKObI B OTHOIICHUSIX C 3aBOJCKUMH TOTPEOUTENSIMU YHEPTUN
Y SHEPIreTUYECKUX YCIYT.

13.2. OCO6EHHOCTHN NMPOEKTUPOBAHMUA CUCTEM YNpaBlieHUs B
3NeKTpo3HepreTuke.

[IpoexkTnpoBaHUE NHUCHETYEPCKUX ITYHKTOB M CPEICTB IHUCIETYEPCKOTO M
texHonornueckoro ympasienuss (CATY) (B ToM wuyucine U anmapaTHBIX
TEJIEMEXaHUKM) BBINOJHAECTCA Ha OCHOBE YTBEPKIEHHBIX CXEM pa3BUTHUSA
ANEKTPUYECKUX CETEN SHEPrOCUCTEM M OpraHU3aluy dKCIUTyaTaliy SHEPrOCUCTEM
na OyKaime 5 JeT ¢ nepcrneKTuBoi pa3Butus Ha 10 jer.

JlucrieTuepckue MYHKTHI MOJAPA3JEIAOTCA Ha: JUCHETYEPCKHUE ITYHKTHI
00beIMHEHHBIX aucneTdyepckux ynpapiaenuii— 11 OJ1Y;

LIEHTPAJIbHbBIE JUCIIETUYEPCKUE MTyHKThl BHEKATETOPUMHBIX YHEPTOCUCTEM —
LUATT;

LUEHTPaJbHbIE TUCIETYEPCKUE MYHKTHI SHEProcucTeM 1-i U 2-il kaTeropui
—UAIT-1 m T-2;

LUEHTpaJIbHbIE IUCIETYEPCKUE MYHKTHI SHEprocucteM 3-i u 4-il kateropuit
—IAI-3 u OIT-4;

JUCIIETYEPCKUE ITyHKTHI IpeanpusaTuid anekrpuueckux cerer — JII I1DC;

JTUCIIETYEPCKUE TyHKTHI PaiOHOB AnekTpuyeckux cereit — 11 POC;

aucreTyepckue nyHKTHl TemnoBbix certen — [II TC. Vzner CATY
MOJIpa3ACIISIIOTCS Ha LeHTpaibHble U MecTHBIE y3ibl— LY CUATY u MY CATY. K
nepoit rpynmne otHocarcs  y3ibl  CHATY  0oO0beIWHEHHBIX JUCTETYEPCKUX
yIpaBJIEHUN U paliOHHBIX YHEPTETUUECKUX yIpaBieHUu. BTopas rpynna BKiIroyaer
y3ael  CUATY npennpusatuil 3A€KTpOCETEN, DJIIEKTPUUYECKUX CTaHUWM, TOA-
CTaHIMM, PAUOHOB JIEKTPUUYECKUX U TEIIOBBIX CETEM.

[IpoextupoBanue Il OJ[Y BeimonHsaercs tonabko no 3ananuto LY EDC
CCCP, npoektupoBanue IIJIIT sHeprocucteM OCyIIECTBIAETCS B COOTBETCTBUU C
YTBEPKIACHHON CXEMOM Pa3BUTHA CPEACTB AUCHETYEPCKOIO U TEXHOJIOTMYECKOTO
yrpasnenust ganHoro OJ[Y. B mpoekTtax momikHa MpeaycMaTpUBaThCS YCTaHOBKA
000pyI0BaHUsl, CEPUITHO M3rOTOBIIIEMOrO HA MPEAIPUSITHSIX.

[IpoexkTpoOBaHUE NMCHETYEPCKUX ITYHKTOB M CPEICTB JHUCIETYEPCKOIO U
TEXHOJIOTUYECKOTO YIIPABICHUS JOJDKHO BBIMOJHATBCA B COOTBETCTBUM C
YTBEPKIECHHBIM  JUPEKTUBHBIM  MarepuasioM «HOpMBI  TEXHOJIOTMYECKOTO
NPOEKTUPOBAHUS JucIieTYepckux MyHKTOB U y310B CITY sHeprocucrem» c
Y4ETOM MEPENOBBIX JOCTH)KEHUN OTEYECTBEHHON TEXHUKHU.

[Tpu npoexTupoBaHUM 0CO00E BHUMAHHUE JOJKHO YAENAThCS MPaBUILHOCTH
NIPOEKTHBIX PEIICHUH 10 00hEMaM TEIEeMEXaHUKH U KaHAJIOB CBSA3H, BRIOOPY TUIIOB
0o0Opy/lOBaHUs,  PE3EPBUPOBAHUIO  DIIEKTPOIUTAHUS, DKCIUTyaTallMOHHOM
IIPUTOHOCTA TIOMEUICHUs, OCHAIIEHHOCTH CIELUAIbHBIMU H3MEPUTEIbHBIMU
pudopaMu M T. 1.

YceTponcTBa TENEMEXaHMKM M aBTOMATMYECKOTO PEryJIMpOBaHMUS HaA
neHtpaneHblx  y3nax  CHATY  nmomxHBl  pacnosiaratbcsi B anmapaTHBIX
tenemexanuku. Ha ysmax CATY npennpuatvii uw  palioOHOB  yCTPOMCTBA
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TEJIEMEXaHUKU PACIOJIaraloTcsl B JIMHEHWHO-AIIAPATHBIX 3aJ]aX WA B OTAEJbHBIX
MOMEILIECHUSIX. AMNMnapaTHasi TEJIEeMEXaHUKU JOJDKHA pacloyiaratbCsi PsiioM €
JUCIIETYEPCKUM 3aI0M. JlOMMyCKaeTcs pacmoJIOKEHUE IHUCIETYEPCKOTO 3aja Hu
aInIapaTHOM TEJIEMEXaHUKHU APYT MO IPYyTOM HAa CMEXKHBIX ITaXKax.

OcCBELIEHHOCTh  AMCHETYEPCKUX NyHKTOB H  y31moB CIUATY  nmomxna
COOTBETCTBOBATH:

200 1K — 14 IUCTETYEPCKOTO MIUTA KTEMHOTO;

100 1k —71s TUCIETYEPCKOTO IIUTA «CBETIIOTOY;

300 1K — 1151 IMCIETYEPCKOTO MyJIbTa;

100 1k — 17151 MPOCTPAHCTBA 32 IIUTOM;

150 nx — ny1s1 anmapaTHOW TEeJIEMEXaHUKH;

150—200 51k — 15 TMHEHHO-aNnapaTHOTO 3aj1a, FeHepaTOPHO 1

AKKyMYJIATOPHOM.

[Ipon3BOICTBEHHBIE MOMEIIECHUS JUCIETUYEPCKOro nyHkTa u y3noB CATY
JOJDKHBI OBITH OOECHedYeHbl aBaPUUHBIM OCBEUIEHUEM IPU -OCBELIEHHOCTH HE
MeHee 50% yka3aHHBIX BbIIIE HOPM. JlOmyCTHMMBIE M3MEHEHUS TEMIIEPATyphl B
JUCIIETYEPCKOM 3aJjie, allllapaTHOM TEJIEMEXaHWKU U B JINHEMHO-aNNapaTHOM 3aJie
JNOJDKHBI JiekaTh B mpenenax oT 18 mo 25°C mpu OTHOCUTENBHOM BIIAXKHOCTH
65+15%. B akKymyJATOpPHBIX TIIOMEUICHUSAX JOIyCKAeTCsS TeMIleparypa B
npenenax ot 14 go 35 °C npu oTHOCUTENBHON BlIaxXHOCTH He Oosiee 80%.

B anmapaTHOI TelleMEXaHUKH YCTaHABJIMBAETCS CIIEIYIOLIAsl amnmaparypa:
BBOJIHO-PACHpPEACIIUTENIbHBIE  [MAHEIM  [HUTAHUS, T[aHEIu  TEJIEU3MEpPEHUS;
anmaparypa ycrpoiictBa TY — TC, anmaparypa KOMOWHUPOBAHHBIX U
KOMIUIEKCHBIX YCTPOUCTB TEJIEMEXaHUKH, amnmaparypa YCTPOMCTB
aBTOMAaTUYECKOTO0 PETyJMpPOBAaHUS YAaCTOThl M MOIIHOCTH, IIKadbl pele-
ITIOBTOPUTENEN CUTHAJIBHBIX PEJIe Ul AUCIIETYEPCKOrO IINTA.

Ocoboe BHHMMaHHWE TpPHU MPOCKTHUPOBAHHM TEIEMEXaHUKU HEO0OXOIUMO
o0OpaTUTh Ha pELIEHHWE BOMNPOCAa ABAPUWHO-PE3EPBHOrO MUTAHUS O0OPYIOBaHUS,
TaK KaK OT 3TOr0 3aBUCUT HAJEKHOCTb CUCTEM JAUCIETYEPCKOTO YIIPABIICHMUS.

B npoektHbix pemenusx perpancisiiuu T u TC HeoOXoauMo y4uTHIBATh
cieayrnme TpeOoBaHus:

CXEMBbI JIOJKHBI ObITh MPOCTHIMU U OOecrneunBaTh TpeOyeMyro HaJeKHOCTb
U JIOCTOBEpPHOCTh TMepenaud uHdOpMaluu; Mnepegaya BCIIOMOTaTelbHON
MHGOpPMAIIMM HA BBINIECTOALIMN JAUCIETUYEPCKUA MYHKT (O TOBPEKICHUSX B
HU30BBIX ycTpocTBax TM U CBSI3U U T. J1.) IOJDKHA OBITH CBEJICHA O MUHUMYMA,

JOJDKHBI  OBITH MPHUHATHL MEpbl MO MCKIIOYEHHIO Tepefauyd HEBEepHOU
uHdopmaruu ycrpoiictsa TM.

[Iepenadya W3BECTUTEIBHOM CEPUM B CUCTEMAaxX CIIOPAJIUYECKOTO JIEUCTBUS
WIHM pa3pellieHue Ha CYUTHIBAHUE HOBOM MH(OpPMAIIMHM B CUCTEMAaX HUKINYECKOTO
JNEUCTBUS JIOJDKHBI TPOM3BOJAUTHCS TOJBKO IOCIE NPOBEPKU JTOCTOBEPHOCTH
nH(pOopManuu B HU30BbIX ycTpoiicTBax TM.

[Tpu npoeKTHpOBaHUM KaHAJIOB CBA3M st TM HE0OX0IMMO yYUTHIBATb, YTO
Uit MHOTOKaHabHBIX cucteM THU — TC ¢ Gonpmnm 00beMOM TMepeaaBaeMoi
undopmammu (7—10 TU u 50 TC u OGosiee) AOMKHBI MpeTycCMaTPUBATHCS JBA
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KaHaJla CBSI3W (OCHOBHOM M PE3EPBHBIN) C ABTOMATHYECKUM MEPEKIIOYEHUEM
YCTPOMCTB C OJTHOTO KaHajla Ha APYrod IpU OTKa3€e OJHOIO M3 KaHAJIOB. DTO K€
JOJDKHO OBITh YUYTEHO M IpPH TEJIEMEXaHU3allMd OTBETCTBEHHBIX OOBEKTOB, MpHU
BBoJie MHpopMauun B OBM u B psae apyrux ciydaeB. [Ipu mpoexTrpoBaHuu
cucteM BY cBa3u no B JI, kortopble OyayT HCIOJIB30BaHbI AJisi OpraHu3aluu
KAHAJIOB CBSI3U AJIA TEJIIEMEXaHWKH, HEOOXO0AUMO O0paThuTh 0cO00€ BHHMMAaHHUE Ha
pacyeT MOMEXO3AIIMIIEHHOCTH 3THX KaHAIoB. llomMexo3amuIieHHOCTh KaHana
OTIpEENSIeTCs 3aMacoM IO MEePEeKPbIBAEMOMY 3aTyXaHHUI0, KOTOPbIN JA0KEH ObITh
He meHee 10 nb.

ITpu  BbIOOpE  YCTpPOMCTB  TENEMEXaHUKM  HEOOXOAUMO  OTHaBaTh
OPEIIOYTEHHE  COBPEMEHHBIM  OECKOHTaKTHBIM  YCTpOHCTBaM  OJIOYHOM
KOHCTPYKIIMM C JUCKPETHBIMM CUTHAJIAMHM M  BBICOKOM  HCIIPABIIAIOLIEH
CIIOCOOHOCTBIO.

JlokHOE BHHUMAaHHME TPU NMPOEKTUPOBAHUU HEOOXOAMMO YJIENATH BOMPOCY
obecneuenuss ciayx0 CHTY cnenuanbHBIMH HU3MEPUTENBHBIMH U KOHTPOJIBHO-
UCIIBITaTEeIbHBIMU TPUOOpaMHU.
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Nekuuna 14

14. MukponpoueccopHble CUCTEMbl aBTOMaTUKN B
3NeKTPOoCHabxeHUU

14.1. ABTOMaTnyecKkoe NOBTOPHOE BKIOYEHMeE.

1.  MukponpolecCOpHbIi  MOAYJIb  aBTOMATUYECKOTO  IMOBTOPHOTO
BkitoueHuss AIIB-M (B nmanbpHeiimiem  "MmMomyie'), mpenHasHaueH s
MCIIOJIb30BaHUsl B cocTtaBe Onoka ympaBnenus ctanimu [I'C5805. Cuyxut mns
3alaHds ~ BPEMEHHOW  TporpaMMbl  paOOThl  CTaHIUU  YIPABICHUS:
- (popmupyeT curHasm BKIIOYEHHUS TOCTE MOSBICHUS MHUTAIOIIETO HANPSDKEHUS U
nocJie cpadaTbIBAHMS 3aLUThI OT HEJAOTPY3KH C PETYJIUPYEMON BBIIEPIKKOM

BPEMEHU;

- TOJACYET MOTOYACOB. - BKIIOUYECHHE M OTKIIOYEHHUE anmnapara, yIpabisSOIIero
BJIEKTPOJBUTATEIIEM 11O 33aBAEMOU BPEMEHHOU MPOTPAMME;

2. BpemenHas mnporpamma OIpEIENseTcsl HAaCTPOMKOW mapameTpoB
ynpaBiieHus. Moaynb HacTpaWBaeTcsi Ha padOTy B OJIHOM U3 TPEX PEKUMOB:
OJIMHOYHBIN, NEPUOJNYECKUN, MEPUOAUYECKHI C aBTOMATUYECKUM ITyCKOM IMpHU
BKJIIFOYEHUU  THUTaHUS. OIMHOYHBIM ~ pEXUM  TO3BOJIAET  BKIIOYUTH
KOMMYTAllMOHHBIN amnmapaT Ha 3aJlaHHOe BpeMsl paOoTbl, MOCIIE Yero MOCieIHUuN
OTKJIIOYAeTCsl A0 CIENyIOLIEro pydHoOro mycka. lIlepumomuyeckuit pexum Jaer
BO3MOXXHOCTh IMKJIMYECKH dYepenoBarth (a3pl paboThl W may3sl. B pexume
«IEPUOJMYECKUII C aBTOMAaTHYECKUM IIyCKOM IpU BKJIIOUYEHUHU UTAHUSI»
IIPOM3BOJIUTCS ABTOMATHYECKMHA IYCK C PETYJIUPYEMOM 3aJE€pKKOU IpH
BKJIFOUEHUH MUTAHUS U JajbHelas paboTa B IEPUOIUNYECKOM PEXKHUME.

3. Ilpu mpomagaHuv W NOCIEAYIOIMIEM BOCCTAHOBJIEHWU NUTAHUS MOJIYJIb
MOXXET NpOJOJKATh IMpepBaHHYr (a3zy paboTel win mnay3sl. Ilpu 3TOM
IPOU3BOJNUTCS ABTOMATUUYECKUH ITyCK C PETYJINPYEMOU 3aAEPIKKOM.

4. Mopyib 10O3BOJISIET BECTU YUET CYMMApHOTO BPEMEHHU pabOThl ABUTATEII,
T.€. IPOU3BOJUT MOACYET MOTOYACOB. 3JHAYEHHE MOTOYACOB MOXKHO MOCMOTPETH
Ha MHJAMKATOPE, BEIOPAB COOTBETCTBYIOIIUIN TapaMeTp.

TexHHUecKre XapaKTepUCTUKH:

1. Hampsxenue nutanus moayis +15 B +/- 10%.

2. [loTpebnsseMas MOIIHOCTH JTOJKHA ObITH He Oojiee 3 BA.

3. Bpems nay3sl 3aj1aeTcsi B MHTEpBajie OT 1| MuHyTHI 10 99 yacoB 59 MuHyT ¢
maroM 1 MuHyTa.

4. Bpems paboThI 3a7a€Tcsl B MUHTEpBaje OT 1 MUHYTHI 10 99 yacoB 59 MUHYT ¢
marom 1 MuHyTAa.

5. Bpemst aBTOMaTH4eCcKOro Imycka 3a/1aeTcsi B MHTepBajie oT 5 cekyH 10 30
MUHYT 59 cexyH/ ¢ maroM 1 cekyHaa (3HaueHue oT 1 10 5 cexkyHq
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IIPUPABHUBAETCA K 5 CEKyHJaM, T.€. MUHUMAJIbHOE 3HAYEHUE — 5 CEKyHN).
6. [IpenenpHOE 3HAaYeHUE yncaa MOT4acoB 99999 vacos 54 MUHYTHI.

7. IlorpemiHocTh OTPaOOTKH BpEMEH pabOThI U May3bl IOJKHA ObITH HE Ooliee 1
MUHYTHI.

8. ITorpenrHOCTh OTPAOOTKM BPEMEHH aBTOMATHYECKOTO ITyCKa JOJIKHA OBITh HE
oosee 5%.

9. Pabouas remneparypa ot munyc 60 go miroc 60 0C.
10. BnaxxHoctb He 6oiiee 80%.

11. TabaputHbie pazmepsl Moyt 160 x 100 x 20 mMm.
12. Macca monys, He 6oiiee 0,3 Kr.

O6paboTKa 3aIuT:
- 3amura oT neperpysKu;
- 3amura ot Hegorpysa (3CIN);
- Peakius Ha cpabateiBanue siueiiku [IM3B.

14.2. ABTOMaTM4YeCKU BBOA, pe3epBa.

ABTOMaTHYECKUN BBOJ pe3epBa (ABTOMAaTUYECKOE BKIIOUEHUE pE3EpBa,
aBp) - cnocobd oOecreyeHusi pe3epBHBIM BJIEKTPOCHAOKEHUEM HArpys3ok,
MOAKIIOYEHHBIX K CHUCTEME DJIEKTPOCHAOXKEHMs, HMMEIOIIe He MeHee MABYyX
NUTAIOLMX BBOJOB W HANpaBJICHHbIA Ha TOBBIIIEHUE HAJIEKHOCTH CHUCTEMBbI
AJIEKTPOCHAOKEHMS. 3aKJIFOUAETCsl B aBTOMATUYECKOM IMOJIKJIFOUEHUH K Harpy3kam
PE3EPBHBIX HCTOYHUKOB ITUTAHUS B CIIy4ae IOTEPH OCHOBHOTO.

OO6mue TpeboBaHMs K aBp

aBp JIOJDKHO cpabaThIiBaTh 332 MUHHMMAJIbHO BO3MOXHOE IOCIIE OTKIIOUYEHHUS
pabovero UCTOUHUKA SHEPTUU BPEMS .

aBp JOJKHO cpabaThIBaTh BCET/A, B CIIydae MCUE3HOBEHHs HANPSKEHHs Ha
HIMHaX MNOTpeOuTeNeil, HEe3aBUCMMO OT NpUYMHBL. B ciaydae paboThl CXEMbI
nyroBoil 3amutel ABP  Moxer ObITh OJIOKHPOBAaHO, YTOOBI YMEHBIIUTH
MOBPEXJICHUS OT KOPOTKOrO 3aMblkaHMs. B HEKOTOphIX ciydasx TpeOyercs
3anepxkka nepeximodenus ABP. K npumepy, npu 3amycke MOIIHBIX IBUTAaTENEN Ha
cTopoHe notpedutens, cxema ABP nomkHa urHopupoBaTh IPOCaIKy HAMPSKEHUSI.

aBp JOJDKHO cpabaThiBaTh OJIHOKPATHO. JTO TpeOoBaHHE OOYCIOBIEHO
HEJOIYCTUMOCTBI0O MHOTIOKPAaTHOIO BKJIKOYEHHMS PE3EPBHBIX HCTOYHHKOB B
CUCTEMY C HE YCTPAHEHHBIM KOPOTKUM 3aMBIKAHUEM.

Peanuzanmio cxeMm aBp OCYIIECTBISIOT € IOMOIIBIO pEJle Pas3InyHOro
Ha3HaueHus, UGpoBbIX OJ0KOB 3ammT (KoHTposuiep ABP), mepekimtouareneit -
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U3JIENNNA, BKIIOYAIONMX B Cce0d MEXaHHMYECKyl0 KOMMYTAIIMOHHYI YacTh,
MUKPOIIPOIIECCOPHBIA OJIOK  yMpaBiCHUS, a TaKXKe TMaHedb WHIWKAIUU U
yIIpaBJICHHUSI.

[Ipumenenue

Bce notpebutenu 3n€KTpUYECKON SHEPrUM JENsATCA Ha Tpu Kateropuu: I
KaTeropusi - K MOTPEOUTENAM HTOW TpPyHnbl OTHOCATCA TE, HapyIICHUE
ANEKTPOCHAOKEHUSI KOTOPBIX MOXKET IMOBJEYb 3a COOOMl OMACHOCTh AJs KU3HU
JOJIeH, 3HAYUTEIbHBIM MaTepuanbHbId yiiepd, yrposy uisi 0e30MacHOCTH
roCyJlapCTBa, HAPYUIEHUE CJOXKHBIX TEXHOJOTMYECKUX IMpoueccoB u mp. Il
KAaTeropus - K 3TOH TPYyIIE€ OTHOCAT BJIEKTPONPUEMHHMKHU, MEPEPHIB B MUTAHUU
KOTOPBIX MOXKET MPUBECTH K MAacCOBOMY HEIOOTIYCKY MPOAYKLHUHU, MPOCTOIO
pabouux, MEXaHU3MOB, NpPOMBIIIUIEHHOTO TpaHcnopta. III kareropus - Bce
OCTaJbHbIE TOTPEOUTEH FIEKTPOIHEPTHHU.

Takum oOpa3om, Kpome HEYZOOCTB B MOBCEIHEBHON >XM3HH YEJIOBEKa,
JUTUTENBHBIN MEPEephIB B DJIEKTPONMUTAHUUA MOXKET MPUBECTU K Yrpo3e XKU3HU U
0€30MacHOCTH JIIOJIEH, MaTepUaIbHOMY yIIEepOy W APYIMM, HE MEHEE CEpbE3HBIM
nocyencTBUsIM. becrnepeOoiiHOE NHTaHWE MOXHO peagnu30BaTh, OCYIIECTBUB
ANEKTPONUTAHUE KAXKIOTO NOTPEOUTENS OT ABYX UCTOYHUKOB OJJHOBPEMEHHO (/151
norpebuteneit I kareropuu Tak U JA€NarOT), OJHAKO MOAOOHAsI cXeMa UMEET Psl
HEJOCTATKOB:

Tokn KOpPOTKOTO 3aMbIKaHUs IMPU TAKOM CXEME ropa3fo BbIIIE, YEM IpU
pa3feabHOM MUTAHUU OTPEOUTEIEH.

B nurarommx tpanchopMaropax BbIIIE TOTEPHU IIEKTPOIHEPTUU

Peneitnas 3ammra ciuoxHee, 4eM IpHu pa3ieIbHOM ITUTaHUH.

HeoOxomumocTh ydeTra MEpPEeTOKOB MOIIHOCTH BBI3BIBAET TPYAHOCTH,
CBSI3aHHBIE C BHIPAOOTKON OMPEIEIIEHHOTO peXrUMa pabOoThl CUCTEMBI.

B HEKOTOpBIX cilydasx HE IOJIy4YaeTcsl Pealu30BaTh CXEMY M3-3a TOTO, YTO
HET BO3MOXXHOCTH OCYLIECTBUTH NMapajIeIbHYI0 padOTy UCTOYHUKOB MMUTAHUS W3-
3a paHee YCTaHOBJICHHOU pesieHOM 3alIUThl 1 000PYI0BAHMUS.

B cBi3Mm ¢ 9STUM BO3HMKaeT HEOOXOAMUMOCTb B  pa3elibHOM
ANEKTPOCHAOKEHUU U OBICTPOM BOCCTAHOBJIEHUU DJIEKTPONUTAHUS OTPEOUTEINEH.
Pemrenue »Ton 3amaun u BeitoaHseT ABP. ABP MoxeT mOAgKIIOYUTh OTIAEIbHBIN
UCTOYHUK 3JIEKTPOIHEPTUH (TeHepaTop, aKKyMyJIsITOpHAast 0aTapero) WK BKIOYUTh
BBIKJIIOYATENb, PAa3JCiSAIOIMINI  CEeThb, NPU OSTOM MEPEPHIB MNUTAHUS MOMKET
coctaiisaTh Bcero 0.3 - 0.8 cexyH.

IIpu MpOEKTUPOBAHUM CXEMBI aBp, AOIYCKAIOIIEH BKIFOUEHHE CEKIIMOHHOTO
BBIKITIOUATENS,, BaXXHO YYMUTHIBATh TPOMYCKHYIO CIOCOOHOCTH MHUTAIOIIETO
TpaHchopMaTopa W MOIIHOCTh MCTOYHMKA SHEPTHH, MUTAIOMIUX MapauIeIbHYIO
cucreMy. B mpOTHBHOM cCilydae MOXET ITOJIYYHUTHCS TaK, YTO MEPEKIIOYECHUE Ha
IIATAHUE OT MAPAJLICITBHONM CHUCTEMBI BBIBEIET U3 CTPOSI U €€, TaK KaK MCTOYHHK
MUTAaHUS HE CMOXKET CHPAaBUTHCS C CyMMapHOW Harpy3koil obenx cuctem. B
cllydyae €CIM HEBO3MOXHO TMOJ00paTh TaKOW WCTOYHUK MUTAHUS, OOBIYHO
MIPEAYCMATPUBAIOT TAKYIO JIOTHUKY 3alIUThI, KOTOPask OTKJIFOYUT HAUMEHEE BaXKHBIX
noTpeduTeNnei Toka 00enX CUCTEM.
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ABP pazpenstor Ha:

ABP opnocTOpoHHEro aeuctBus. B Takux cxeMax NOpPUCYTCTBYET OJHA
pabouasi CeKIusl MUTAOIICH CETH, M OJHA pe3epBHAs. B ciydae moTepw muTaHUsS
paboueit cexunn ABP moaKII0YUT pe3epBHYIO CEKLHUIO.

ABP nByxcroponHero naeiictBus. B sToit cxeme nobasi W3 ABYX JIMHUH
MOXET OBITh Kak paboyel, Tak U pe3epBHOM.

ABP c BoccTanoBiaenueM. Eciy Ha OTKIIFOYEHHOM BBOJI€ BHOBB ITOSIBISCTCS
HalpspDKEHUE, TO C BBIACPKKOM BpPEMEHM OH BKJIIOYAETCS, a CEKIIMOHHBIN
BBIKJIIOYATENIb OTKJIIoUaeTcs. Eciu KpaTkoBpeMeHHas nmapajuielibHas paboTra JByX
VMCTOYHUKOB HE JIOMYCTUMA, TO CHa4asaa OTKIFOYAETCA CEKIIMOHHBIN BBIKIIFOYATEIb,
a 3aTeM BKJIFOYaeTCsl BBOIHOM. Cxema BEpHYJIach B UCXOAHOE COCTOSIHUE.

ABP 06e3 BoccTaHOBJICHUS.

[TpuHIMI 1EeCTBUA

B kauecTBe M3MEpPHUTEIBHOTO OpraHa JJjisg aBp B BBICOKOBOJBTHBIX CETIX
CIy>XaT pejieé MUHHMAJIBbHOTO HANpPsOKEHUS, MNOAKIIOYEHHBIE K 3allHUIIAEMbIM
ydacTkam 4epe3 TpaHchopMaTtopsl HanpsikeHus. B ciaydae CHUKEHUS HapsKEHUS
Ha 3alIMIIAEMOM YYaCTKE SJIEKTPUUYECKOM CETH pesie AAET CUTHAI B CXEMY aBp.
OpnHako, yCIOBHE OTCYTCTBUS HAINPSHKEHUS] HE SIBISIETCA JOCTATOYHBIM JJISI TOTO,
4yTOOBI ycTpoicTBO ABPaBpuiniaeMoM yyacTke HET HEYCTPaHEHHOTO KOPOTKOTO
3aMbIKaHus. Tak Kak MOHMKEHUE HAMPSDKEHUS MOXKET OBITh CBSI3aHO C KOPOTKUM
3aMbIKAHUEM, BKJIIOYEHUE JIOMOJHUTEIbHBIX MCTOYHUKOB IMHUTAHUSA B ATy LEMb
Helenecoo0pa3Ho M HEAOIMYCTUMO.

BBoaHOM BBIKITIOYATENb BKIIOYEH. ITO YCIOBHE ITPOBEPSIETCS, YTOOBI aBp HE
cpaboTajio, Korjaa HampsoKeHHE MCYE3I0 M3-3a TOr0, YTO BBOJHOM BBIKIIOUYATEIH
OBLII OTKIIIOYEH HAMEPEHHO.

Ha cocegnem ywactke, OT KOTOpPOro MPEANOJIAraeTCs IMOJy4YaTh MMUTAHUE
nocyie JeWCTBUSL aBp, HampsbDKeHUE NpucyTcTByeT. Ecnum o0e muTaromue JTUHUU
HaXOJATCS HE MOJT HAPSKEHUEM, TO MEPEKIIOUYCHUE HE UMEET CMBICTIA.

[Tociie mpoBEpPKH BBIMIOJHEHUSI BCEX ITUX YCIOBUM JIOTUYECKAs YacTh aBP
Ma€T CUTHaAJI Ha OTKIIOYEHHE BBOJHOIO BBIKIIOUATENII OOECTOUYEHHOH YacTH
AJIEKTPUUYECKOM CEeTM W Ha BKIIOYEHUE MEXIMHEHHOTo (WM CEKIIMOHHOIO)
BBIKJItOYATEIs. [I[pu4éM, MEXKITMHEUHBIN BBIKIIFOYATENb BKIIFOYAETCA TOJIBKO MOCTE
TOr0o, Kak BBOJHOMN BBIKJIIOYATEIb OTKIJIFOUMIICS.

B HUM3KOBOJBTHBIX CETSAX OJHOBPEMEHHO B Kaye€CTBE HM3MEPUTEIBLHOTO M
IIyCKOBOI'O OpraHa MOTYT CJyXHUTb MarHUTHBIE IycKaTeau wiu Moayir ABP-3.
JInbo mpemHazHaueHHbIN 11 ynpasieHus cxemamu ABP mukpomnporieccopHbiii
koHTposuiep ABP.

14.3. ABTOMaTnyecKasa 4yactoTHaa pasrpys3ka.

Hasnauenue ycrpoiictBa Cupuyc-2-AYP:

YCTpolCTBO aBTOMATHYECKOW YacTOTHOM pasrpy3ku «Cupuyc-2-AYP»
OpEAHA3HAYEHO [IJI HCIIOJb30BaHUSA HA DJEKTPOCTAHIMUAX U MOACTAaHUHUAX
HHEPrOCUCTEM C IMEJIbI0 JUKBUAAIMH JACPUIUTA AKTUBHON MOIIHOCTU ITyTEM
ABTOMATHUYECKOTO OTKJIIOYEHHS MOTpeOuTeNnel mpu CHKEHHH 4acTtoTsl (AYP) c
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MOCJIEAYIOIMM ~ ABTOMATHYECKUM  IIOBTOPHBIM  BKJIFOUEHHEM  OTKIHOYEHHBIX
noTpeduTeneit mpu BocctaHoBiaeHNHN 9acToThl (HATIB).

VYCTpolcTBO NpenHa3HAYeHO JUIsl YCTAaHOBKHM Ha NaHENsIX W B miKadax B
pENEUHBIX 3aJaX W IMyJbTaX YIPABICHUSA JJIEKTPOCTAHIMK U nojacraHuuii 3—110
(500) kB, a Ttakxke B sueiikax KPY um KCO 6-10 kB mnoxacrannumii u
pactipenenuTenbHbiX myHKTOB (PIT).

Ocobennoctu ycrpoiictBa Cupuyc-2-AYP:

ABTOMATHYECKOE OTKIIFOUEHHUE ONPEACIIEHHBIX I0J YAaCTOTHYIO pa3rpy3Ky
NPUCOEANHEHNN;
aBTOMATHYECKOE IMOBTOPHOE BKJIOUYECHHE OTKIIOUYECHHBIX MPHUCOECIUHEHUN IpU
NOBBIIIEHUN YaCTOTHI;

OJIHOBPEMEHHBIN KOHTPOJIb ABYX CEKLHUN;

OTepaTUBHBIA BBOJ OJOKUPOBOK B mio0Obie ouepenn AYUYP u YAIIB;
CUTHaJIM3alMsl TPy TPONAJAAHUM HAOPSDKEHUST C  JI00Oro M3  KaHaJoB;
OJOKUPOBKA paboTHI BHEIIHUMU peNeHbIMU CUTHAJIAMU.
OKCIUTyaTallMOHHBIE BO3MOKHOCTH ycTporcTsa Cupuyc-2-AYP:

3aJlaHi€ BHYTPEHHEW KOH(PUIypauuu U pexuMa padoTbl yCTPOMCTBA;
BBOJI U XPAaHEHHE YCTABOK;

KOHTPOJIb U MHIUKALIMIO 3HAUEHUSI HANPSKEHUN U 4aCTOThI, MOJBOAUMBIX K
YCTPOMCTBY;
nepefady TEKyIIMX MapamMeTpoOB, BBOJ W WU3MEHEHHE YCTaBOK MO JIMHUM CBA3U;
HENPEPBIBHBIIN ONMEPAaTUBHBIN KOHTPOJb PA00TOCIIOCOOHOCTH (CaMOAMArHOCTUKY) B
TEYEHUE BCEr0 BPEMEHH PaOOTHI;

BoimosiHeHne Qynkmuiit AYP u YAIIB Ha ocHOBe coBmajeHusi M3MepeHUi
OJTHOBPEMEHHO M0 JBYM BXOJHBIM H3MEPUTEIBHBIM KaHalaM — OCHOBHOIO M
KOHTPOJIBHOTO;

OJIOKUPOBKY BBIXOJIOB MPH HEUCIPABHOCTH yCTPOMCTBA JJISI HCKIIIOUEHUS JIOKHBIX
cpabaThIBaHUI;

ITOJIyYE€HHUE JUCKPETHBIX CUTHAJIOB, BBIIAYY NPEIYyNPEAUTENBHON CUTHAIU3ALUY;
raJIbBAaHUYECKYIO0 pa3BA3KY BCEX BXOJIOB M BBIXOAOB, BKIIIOYAs IWTAaHHUE, IS
oOecrieyeHus: BHICOKOM MOMEX03alUIIeHHOCTH;

BBICOKOE COIIPOTUBJIEHWE M MPOYHOCTh H30JSALIMM BXOJOB M BBIXOJIOB
OTHOCUTEJIBHO KOpIlyca W MeXay coOOd Mg TMOBBIIICHUS YCTOWYUBOCTH
YCTPOMCTBA K IMEPEHANPSIKEHUSM, BO3HUKAKOIIMM BO BTOPUYHBIX LEMSX
NOJICTaHIUU.

Oynkuuu ycrporictsa Cupuyc-2-AYP:

aBTOMATUYECKass 4YacTOTHAs pas3rpy3ka a0 4 rpynmn NOpucOeAUHEHUM;
ABTOMATHYECKOE oOpatHoe IIOBTOPHOE BKJIFOUECHHE OTKJIFOYEHHBIX
MPUCOEINHEHN;

BO3MOYKHOCTb OJloKMpoBaHusi cTyneHeil kareropuu AYP-I mo ckopoctu
MaJIEHUs1 YaCTOThl U HANPSKEHUS,

BO3MOXKHOCTh OJIoOkMpoBaHus cryneHed AYP oT opraHa HampaBieHHUs
MOUIHOCTH;
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BO3MOXXHOCTh yCKopeHusi cryneHner kareropun AYP-II mo ckopoctu
MaJICHUS YaCTOTHI;

obecrieyeHne HEOOXOIUMBIX OJIOKHPOBOK, 3alpellaloliuX cpadaTblBaHUe
AYP.

JIonOJIHUTENIbHBIE CEpBUCHBIE YCTpOMCTBA Cupnyc-2-AYP:
BCTPOEHHBIE YaChI-KAJICH1aph;
U3MEpPEHNE  TEKYIIMX  3HA4YeHUH HaIpsKEHUM U 4YacTOTBHI;

7Ba (TpU, B 3aBUCUMOCTH OT BHUJIa UCIIOJHEHMS) HE3aBUCUMBIX UHTepdeiica TuHUN
CBSI3U.

YCTpoiicTBO NPOU3BOIUT U3MEPEHUE NApPaMETPOB BXOJHBIX aHAJIOTOBBIX
CUTHAJIOB:

JUHEHHOTO HAMNpsDKEHUS OCHOBHOTO KaHajla (OCHOBHOM CEKIIMHM IINH);
JUHEWHOTO HANPSKEHUS KOHTPOJBHOrO KaHalla (KOHTPOJIbHON CEKIHMH IIIHH);
4acTOThl OCHOBHOIO KaHaja (JIMHEHMHOTO HAaNpsSKEHUSI OCHOBHOW CEKIUU IIIHH);
YacCTOThl KOHTPOJILHOTO KaHalla (JIMHEHMHOTO HampshKEHUsS KOHTPOJIBHOM CEeKIUU
IITHH);

TOKa BBOJA ([UIsI OpraHU3allMi OpraHa HAMpaBJICHUS MOIIHOCTH COBMECTHO C
HaIpsH>KEHUEM OCHOBHOM CEKITUN).

[Ipy wu3MepeHusIXx HampsHDKEHUs OCyHIecTBIseTcs udpoBas (uIbTpamus
BXOJIHBIX CUTHAJIOB U MX 00pabOTKa OTHOCHUTEIHHO MPOMBINLICHHOW 4acToThl S0
[

[IpuMeHeHuEe B yCTPOKWCTBE MOAYJIBHONM MUKPOIPOLECCOPHON apXUTEKTYPbI
Hapsily C COBPEMEHHBIMH  TEXHOJIOTMSIMM  IOBEPXHOCTHOI'O  MOHTa)a
00eCIeunBalOT BBICOKYIO HAJIEKHOCTH, OOJBIIYI0 BHIYMCIUTEILHYIO MOITHOCTh U
OBICTPOJICHCTBHE, a TaKXK€ BBICOKYI0 TOYHOCTh H3MEPEHUS DIIEKTPUUECKHUX
BEJIMYMH M BPEMEHHBIX MHTEPBAJIOB, YTO JAET BO3MOXXHOCTh IOBBICUTH
9yBCTBUTEIHHOCTD U PACIIHPUTH (DYHKIIMN TEPMUHATIA.

Peann3oBaHHble B YCTPOICTBE alrOPUTMbI, 4 TAKXKE CXEMbl MOAKIIOUCHUS
yCTpoicTBa pa3paboTaHbl MO TPEOOBAHUSIM K OTEUECTBEHHBIM cuctemaM P3A B
COTPYJHUYECTBE C MPEACTABUTEIISIMU DHEPTOCUCTEM U TMPOEKTHBIX HUHCTUTYTOB,
YTO 00ECHeYrBaeT COBMECTUMOCTDh C anmnaparypoil, BHIMOJIHEHHON Ha pa3Iu4yHOU
AJIeMEHTHOW ©a3e, a Takke oO0JeryaeT BHEAPEHHE MPOCKTUPOBIIUKAM U
AKCIUTYaTallMOHHOMY MEPCOHAITY.

[lutanue ycTpolcTBa - B 3aBUCUMOCTH OT HCIIOJHEHUS SJIEKTPHYECKOE
NUTaHUE YCTPOMCTBA OCYHIECTBIIAETCS OT UCTOYHHKA TOCTOSIHHOTO, IEPEMEHHOTO,
B TOM YHCJIE — HCTOYHHKa OecrnepeOoifHOro muranus (dactotoit ot 45 I'm 1o 55
') unu BBIIPSAMIIGHHOTO TOKa HampsbkeHuem ot 178 B mo 242 B, wim ot
HMCTOYHUKA MOCTOSIHHOTO TOKa HanpsbkeHueM ot 88 B 1o 132 B.

BxoaHble aHaI0rOBbIE CUTHAIBI

[ToTpebnsiemas moiHocTh, BA, He Gonee 15

Yucno BXOA0B IO HAIIPSIKEHHUIO 2

HomunanbHoe BxosiHOE niepeMeHHoe HanpsikeHue Unom, BA, He 6osee 100

Pabounit quanazon Hanpsixenuid, B 20 ... 150

Pabounii nmanason gacror, I'1 40 ... 60
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MomHocTs mOoTpeOnsiemass mo mensM Hanpsbkerus npu Unom, BA, He
6oxee 0,5

BepxHue  rpaHuIbl  JMANAa30HOB  HM3MEPEHUS  BXOJHBIX  BEJIMYUH
ITepemennoe Hanpspokenue, B 150,0

Ilepemennsiit Tok, A 200,0

Junana3on uzmepenus yactorsl, ['11 40 ... 60

Hwxusis rpaHvna HanmpspDKeHUs NMPU M3MEPEHUH YacTOThl, NPHU KOTOPOM
POUCXOIUT OJIOKMPOBKA u3mepenus, B 20

OcHoBHasi a0CONIOTHAsE MOTPEIIHOCTh HU3MEPEHHs B padodeM JuamnazoHe
4acTOT MPHU HAMps- )KeHUU BxoaHoro curnana 100 + 1,0 B:

-I10 YacToTe, 111

+0,01
OcHOBHasi OTHOCHUTENIbHAs MPHUBEACHHAs MOTPEIIHOCTh W3MEpEHUs B pabouem
Jyana3oHe mpu 4acToTe BXoaHoro curHana 50 + 0,5 I';

- 110 HATIPSKEHUIO U TOKY, %o

+3,0
JlononHUTENbHAST MOTPEUIHOCTh HM3MEPEHHS] MPU HU3MEHEHUU TEeMIEepaTypbl
OKpy»Karolmed cpenpl B paboueM  nuamazoHe Ha  kaxasie 10 °C:
— IO HATNPSHKEHUIO U TOKY, %o

— 110 yacTtote, ['11

+0,2, +£0,01.

JlonoJiHUTENIbHASL TOTPEIIHOCTh HM3MEPEHHsS] HAIpSKEHUsT M TOKa IIpU
M3MEHEHHH YacTOThl BXOJHOTO CHUTHaJIa B pabodeM auamna3zoHe Ha Kaxaeii 1 I,
%: +0,5

JloToMHUTENBbHAST MOTPENIHOCTh HW3MEPEHHsI YacTOThl IPU HM3MEHEHUU
HaIpsHKEHUST BXOJHOTO CUTHANIA B pabodeM auanazone Ha kaxzasie 10 B Hmxke 50
B, I'n: £0,01

Koa(dduument Bo3BpaTa OpraHoB CpaBHEHUS IO HANPSHKEHUIO (7S
paspemienus padotsl AUP u HAIIB): 0,95

BxoaHble NUCKpETHbIE CUTHAIBI (11 Pa3HBIX WCIOJIHEHWH MO 3HAYEHHUIO
HaIpsHKeHUs ):

-4HCJI0 BXOIOB

8
Ncnonnenue no HanpsbkeHuto =220 B:

- HaIpsKEHHE cpabaTbIBaHUs
1) mpu nUTaHUM MOCTOSTHHBIM TOKOM, B

2) npu NUTaHUU IEPEMEHHBIM TOKOM, B

- HaIpsKEHHE HecpaOaThIBaHUA:
1) mpu nUTaHUM NOCTOSTHHBIM TOKOM, B
2) pu [IATaHUU IIEPEMEHHBIM TOKOM, B

Ncnonnenne no Hanpspkenuto =110 B:
— HampsbKeHue cpabaTeiBaHus, B
— HanpsbKeHUe HecpabaTeiBaHus, B:
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— JJIUTCIBHOCTh BXOAHOI'O CMI'HaJjia, MC, HC MCHECC

160 — 242
115-242
0-130
0-385
80— 132
0—-64

40

BrIXoaHBIE TUCKPETHBIE CUTHAIIBI

Yucno BeIxogHbIX peie 20

MakcuMalibHOE ~ KOMMYTHPYEMOE  HAIpSKEHHWE  IMOCTOSTHHOTO WM
MepeMEHHOro Toka, B 264

Tox 3aMbIkaHMsI/pa3MbIKaHUS Ha TOCTOSHHOM Hampspbkenuun 250 B mpu
aKTUBHO-UHJIYKTHUBHOM Harpy3ke ¢ mnocTossHHOM BpemeHu L/R = 50 wmc, He
oonee 5/ 0,15

Macco-rabapuTHble XapaKTEPUCTHKU

["aGapuTHbIC pa3mepsl, MM 190 X 305 X 185
Macca, xr, HE Oonee 7

14.4. ABTOMaTU4YeCKasa TOKOBaA pasrpys3ka.

Tepmunan «Cupuyc-AAPT» npenHazHaueH Ajisi o0eCH€YeHUs: 3allUThl OT
neperpy3ku  TpaHchopmMaTopoB TYTEM AaBTOMATHYECKOTO OTKIIOUCHHS psa
MOTpeOUTENel Harpy3Kd B 3aBUCUMOCTH OT TOKa C YYETOM TEIUIOBOM MOJeNH
TpaHcdopmaropa.

TepmuHan oOCIy>KUBaeT J0 JBYX TpaHCPOpMATOPOB OJHOBPEMEHHO,
obecrieurBas Kak pa3rpy3Ky HE3aBUCHUMO pabOTaronIuX TpaHchHOpPMaTOpOB, TaK U
OJIHOTO, paboTaroiiero Ha o0e cekiuu MmuH nocie ABP wnum nmpu peMOHTHBIX
paboTax Mpu BBIBOJIE OJTHOTO UX HUX U3 PAOOTHI.

TepmuHan npegHazHayeH JUisl OTKIIOYEHHS A0 8 moTpeduTeneit (rpyrim)
Harpy3ku, pa3OUTHIX Ha JBE TPYMIbl — MAaKCUMAaJIbHO MO 4 MOTpeOuTeNs Ha
KOKIOM CEeKIMW IIUH TOJCTAaHIMU — JUIi  yMEHBIICHUS TOKa 4epes
TpanchopMaTop ¥ CHIDKEHHUS €ro [0 JIOMyCTUMOTO 3HA4YeHHs TMpPU  €ro
neperpy3kax. OOBIYHO PEKUM MEPErPY3KH BOSHUKAET MIPH OTKIIFOUSHUH OJTHOTO U3
IByX  TpaHC(OPMATOPOB W  TNHUTAHUU  YABOCHHOW  HArpy3Kd  OJIHUM
Tpanchopmaropom. [lpm TakoM pexmme, HE3aBUCUMO OT TOTO, KaKOM
Tpancdopmarop

ocTaHeTcss B paboTe, mHOTpeOUTENM OyIyT OTKIIOYAThCsl B TOPSIKE,
3aJJTaHHOM YCTaBKaMU OYE€PEIHOCTH, MAaKCUMajdbHO 10 8 duaepos (rpymmn).
OuepeHOCTh MOXKET OBITh MPOW3BOJIBHASA, C JIFOOBIM MOPSIKOM OTKIIOYCHUS,
HECMOTpPsI Ha TPUHAJJICKHOCTh (PuaepoB kKakou-nmubo cexuuu. IIpu pasznenbHOM
paboTe MUH CeKIMl OyIyT OTKIIIOUaThCS TOJIBKO CBOM MOTpeOuTenu, He Oonee 4
¢bunepoB (rpymnm) Ha Kaxaylo u3 cekuuid. [Ipu 3ToM NOPSAIOK OTKIIOYEHHS
COOTBETCTBYET TMOPSAKY BBIXOAHBIX pene. Kpurepuem, 1o KOTOpOMYy
ompenensieTcs, padoTaeT OJWH WM JBa TpaHchopmaTopa, SBISETCS HAIUYUE
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3aMKHYTOIO CEKIIMOHHOI'O BBIKJIIOYATENSA, OINPEAEISIEMOrO IO MOJOKEHHUIO €ro
PIIB.

TepMunan monkitoyaeTcst K AByM TpaHchopmaropam Toka (a3sl A o0oux
CWJIOBBIX TpaHC(OpPMATOPOB TUIIOBOM JByXTpaHc(opMaTopHOM nojactaHuuu. [Ipu
9TOM  TOSIBJISIETCS.  BO3MOKHOCTh ~ KOHTPOJIMPOBaTh  KaXIbld W3  JBYX
TpaHc(hOpMaTOPOB KaK OTHAEIbHO, TAK U MpPH pabOTe OJHOIO U3 HUX HAa HArpy3Ky
IBYX CeKUUUA. MOTyT U3MEPAThCS TOKH KaK BBICIIMX CTOPOH HANPSKEHHUS, TaK U
HU3IIUX (JUIs1 ABYXOOMOTOYHBIX TpaHC(hOopMaTOpoB).

TepmuHan mMMeeT 1Ba AUCKPETHBIX BXOJAA U IOAKIIOYEHUS CUTHAJIOB
paszpeleHust paboThl OT BHEIIHUX KII0UEH (HaKIal0K)

WIN OT BCIIOMOTATeIbHBIX penie (Hampumep, tuna PT-41), BKIIOYEHHBIX B
Ipyryio ¢asy Toka.

TepMuHa MMeeT JBa CHELHUAIBHBIX OpraHa TOK-BPEMS, OMNMCBIBAKOIINX
TEIUIOBYIO MOJIEb KaX10r0 TpaHchopmaropa. [Ipu 3ToM uMUTHpPYETCs] OCThIBAHHE
TpaHcopmaTopa TpU MPOMAJAHUU WIH CHIDKEHHHM TOKa. XapaKTepUCTUKa
cpalbaThIBaHUsI UMEET CTYNEHYAThId BU U MOKET ObITh N3MEHEHA 10 YCMOTPEHHUIO
M0JIb30BATEIIS C MOMOILBIO yCTaBOK UHIUBUY AJIbHO JUISt
KaXJI0T0 TpaHcpopMaropa. XapakTepUCTUKA UMEET CTYNEHYAThIil BUA U 33]1aeTCs
MATHIO MapaMU TOK-BPEMSI.

TepmuHan  WMeeT JBa  pEeXKHUMA  pasrpy3kd, KOTOpPbIE  MOTYT
IPOrpaMMUPOBATLCS MHAMBUYyAIbHO JUIsl KaKaoro TpaHchopmaropa. B pexume
«AAPT» pasrpyska TpancdopmaTopa OyaeT IpoAOKAaThCS 10 TE€X MOp, OKa TOK
HE CHU3UTCS HIKE ycraBku IOTITYCKAHHMAL. B pexume
«Ileperpyska» pasrpyska TpaHcdopmaTopa OyAeT MPoJoJKAThCS 10 TE€X MOp, MOKa
TOK HE CHM3UTCS HM)KE YCTaBKU CpabaThIBaHUS COOTBETCTBYIOLIEH cTyrneHu. [lpu
J1000M pexxnMe paboThl pas3rpy3Ka MPeKpaTUTCs MpHU MPOIAJaHUH Pa3peIIaioIiero
CUTHAJIA.

Ecnu 3HadeHue TOKa HE OMYCTUTCA HMKE mopora (B 3aBUCUMOCTH OT
peXuma) WM HE NpONajgeT pa3pellialoluii CHUrHaj, IPOUCXOIUT BbIICPKKA
BpeMeHu At, 3a1aBaemasi yctaBkoi B npeaenax 1—100 ¢, mocne yero cpadarbiBaeT
BTOPOE pelie OTKIIIOYEHHUs cleayroniero ¢uaepa, v T.1., ToKa He cpabOTaloT IO
nopsaaky Bce 4 (mpu OJHOBpeMEHHOW paboTe IBYX TpaHCGOPMATOPOB) WM
8 BBIXOJIHBIX pene (Impu paboTe OAHOro TpaHchopMaTopa, ykKe B IMPOU3BOJIHLHOM
nporpamMmmupyemMom nopsizike). Eciu ske Tok cnazer

paHbllle, 4yeM OTKiIrodarcs Bce noasefeHHbie nogq AAPT ¢unepsl, To yacTh
U3 HUX OCTaHeTrca B pabote. [nmUTeabHOCTh BCEX OTKIHOYAIOIMIMX CHUTHAJOB,
BBIJIABAEMBIX BBIXOJAHBIMH pE€Jie, OTPAaHUYEHA U 33JaeTCsl yCTaBKoW B npezenax 0,2
—10,0 cexyna. OGpaTHOE NepektoueHne (BKIIOYCHUE OTKITIOYUBIITNXCS 0T AAPT
¢buaepoB) NPOU3BOAUTCS BPYUHYIO.

HoMmuHanpHbII BTOPUYHBIA TOK MEPBUYHBIX TPaHCPOPMATOPOB TOKA, K
KOTOPBIM MOJKIOYAETCA TEpMUHAT — 5 A.

Hanpsbxenne nuranus — 220 B mocTosSHHOTO MM nepeMeHHoro toka. [Ipu
3aKa3e BO3MOKHA IIOCTaBKa TEPMHHAJIOB C HaNpsDKEHHMEM MNHUTaHHUS (M BXOJIOB
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cOpoca u paspemierus padotel) 110 B mocrosHHOrO TOKa. BXOMHBIE ONTPOHHBIE
LEMH PACCUUTAHBI HA MUTAHUE TOJIBKO MOCTOSTHHBIM TOKOM.

Pabounii nuanazon temmneparyp — oT —20°C go +55°C.

['abaputHbie  pa3smepnl  TepmuHana —  305x190x215 wmm. Bun
MIPUCOEIMHEHUS — 3a/IHEE.

Kak un Bce tepmmHansl, BblmyckaeMble 3A0 «PAIMYC ABromaTukay,
tepmuHan «Cupuyc-AAPT» uMeer nBa He3aBUCUMBIX UHTep(eiica JTUHUU CBS3U
RS232C u RS485, nns kaxa0ro u3 KOTOPHIX MOXKET OBbITh 3a/1aHa CBOSI CKOPOCTh U
nporokosn oomena. [Tons3zoBarens moxeT BoiOpaTh npoTokos CTAPT st paboTsl
C mporpaMMHbIM obecrieueHneM «CTapTy», MOCTaBIsIEMbIM (UPMOI, WK MPOTOKOI
MODBUS pis unterpauuu tepmuHaia B ACYTIL Ilo auHuM CBSI3U BO3MOKHO
W3MEHEHUE YCTaBOK CpalaThIBaHUS, MOHUTOPUHI, CUMTHIBAHHE apXHUBa
cpabaThIBaHUH.

COpoc «BBITIABIINX» OJMHKEPOB (CBETOAMOAOB) MPOUCXOIUT IO KHOTIKE
«COpoc» WIM [UCTaHUMOHHO. EciiM TOKOBBIM OpraH He OTIYCTWJI (MMEEeTCs
Hajquyue IMycka paboThl), TO HaXaTUE HA KHOIMKY cOpoc HE COpOCUT 3THU
CBETO/IMO/IbI, TaK e, Kak U pene «CpabareiBanue AAPT N»y.

[IpenycMoTpeHbl pa3fieibHble YCTaBKU ISl BBOJA 3HAYEHU HOMHUHAJBHBIX
TOKOB MpUMeHsieMbIX TpaHchopmaTopoB Toka (TT)

y o0oux TpaHc(hHOpMATOpPOB, a TaKXKe 3aJaHusi HOMMHAIBHBIX TOKOB
TpaHchopmaTopa, Tak Kak OHU MOTYT HE COBIaAaTh C HOMUHAIbHBIMU TOKamu TT.

[lepenusss maHenp  TEpMUHANA  3aKpbIBA€TCS  MPO3PAYHONM  JIETKO
OTKUJIBIBAIOIICHUCS KPBIIKOM C 3ameinkod. BBog W HW3MEHEHUE YCTABOK U
MPOCMOTP AaBapUHHBIX COOBITMM M TEKYIIMX MapaMeTpoOB MPOU3BOIUTCS C
MIOMOIIBIO KIaBUATYPhI U3 4-X KHOMOK.

Ha 3anmHeli maHenu yCTaHOBIIGH TyMOJIep JJISI OTKIIOUEHHUS TepMUHAIa OT
MUATAONIEH CETU U KJIEMMHUKHU JIJIS MOJKIIFOYEHUSI K BXOJHBIM M BBIXOJIHBIM LIETSIM
MO/ICTAHLIMH.

TepMmuHal OCHalIEeH BCTPOEHHBIMM YacaMHU C ABTOHOMHBIM IHUTAaHUEM,
MO3TOMY KaXJIOMYy CpaOaThIBAaHUIO CTaBUTCS B COOTBETCTBUE BpEMs U JaTa
OTKJIFOYEHHS Kaxkaoro u3 ¢uuepo (rpynn ¢uaepos). OT 3TOro ke aBTOHOMHOTO
NUTaHUSl MMUTAETCS MaMITh aBApUi, B KOTOPOM XPAHSTCS MOCJEIHUE HECKOJIBKO
cpabaThIBaHUH.

YcraBku XpaHATCS B CHENUAJIbHOM HSHEPrOHE3aBUCUMOW MaMSTH U
COXpaHSIOTCS B TEYEHHE BCEr0 CpOKa CIyXObl HE3aBHCHMO OT HaWYHs
ONEPATUBHOIO MUTAHUS.

TepMuHanm ocHalleH BCTPOEHHBIM KUIKOKPUCTAIULIMYECKUM HWHJIUKATOPOM C
MOJICBETKOM C BO3MOXKHOCTBIO OTOOpa)K€HUsS ABYX CTPOK MO 16 CHUMBOJIOB B
Kak10i. OpraHn3oBaH NPOCTOM WHTYUTHUBHO MOHSTHBIA JHAOT HA PYyCCKOM
A3bIKE, HE TPEOYIOIIMI 3arJIs1IbIBAHUS B ONTUCAHUE.
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14.5. ABTOMaTU4ecKoe perynmpoBaHme HarnpshKeHUs1 B 3JIEKTPUYECKUX
ceTsAX NepeMeHHOro Toka.

JIist peryaupoBaHus HANPSKEHUS B AJIEKTPUUECKUX CETAX MCHOJIB3YIOT Psif
YCTPOMCTB, U3 KOTOPBIX BBIICIUM CJEAYIOIINE;

1. BonsTono6aBouHbIe TpaHCPOPMATOPHI.

2. Perynupyemsbie aBTOTpaHCHOPMATOPHI.

3. CunoBeie TpaHchopMaTOpsl C  HU3MEHSAEMbIM KO3 UIIMEHTOM
TpaHchOpMaIIHH.

4. CraTnuecKue KOHJIEHCATOPHI.

5. CUHXpOHHBIE IEKTPOJABUIaTENN U KOMIIEHCATOPHI.

JI1st peryiupoBaHus HAlIpsDKEHUS B CETSAX IIEPEMEHHOIO TOKa, B YACTHOCTH,
Ha MPOMBIIIJIEHHBIX MNPEINPUATUAX HauOOJIEe YacTO MCHOJIb3YIOTCS CHUIIOBBIE
TpaHc(hOpMaTOphl C U3MEHSIEMBIM IO/ Harpy3koul kKo3p¢uuueHToM TpaHchopma-
1M, KOTOpbIE YCTAHABIMBAIOTCA HA TJIABHBIX MOHHU3UTENBHBIX MOJACTAHLIMSIX
(I'TIT) npennpusituii. I3mMenenne kosdduimenta TpanchopmManuu Npou3BOIUTCA
Opy MOMOIIM TEPeKIYaronero yctpoicrsa. OHO paclojioKeHO BHYTpH Oaka
TpaHchopmaropa, IpuUUeM amnmapar, KOMMYTHPYIOIIUNA HArpy3Ky IMpHU IMEpPeKIIto-
YEHUU OTBETBJICHUH, 3aKIIFOUYEH B OT/EIbHBIN OaK Tak, 4TO €ro Macjo He MOMaiaeT
B Oak TpaHchopmaTtopa. B cymecTBytonux TpaHchopmaropax MepeKIoueHue
OTBETBJICHHI OCYIIECTBISICTCA C IOMOUIBIO HWHIYKTHUBHBIX WM aKTUBHBIX
3JIEMEHTOB. BTOPON TUI MEPEKIIOYAOIINX YCTPOMUCTB CEMYac MOMyYusl MUPOKOE
pacnpoctpaHenue. [IpenmyiiecTBa €ro No CpaBHEHUIO C MEPBBIM THUIIOM: BBICOKOE
ObIcTposelicTBUE W HeOoJbIIMe TadapuThl NEPEKIIOYAIONIer0 YCTPONCTBa,
HEJIOCTATOK - YBEJIMYEHHbIE MOTEPU AKTHUBHOM MOIMHOCTH MNPU KOMMYTaLHUIX
OTBETBJICHUI TpaHchopMaTopa.

Ha puc. 6.3 mpencraBieHa cxema mepekiatoudaromiero ycrpoicrsa PITH.
OCHOBHBIMM ~ KOHCTPYKTHUBHBIMU  3JIEMEHTAMU €ro SBIAIOTCS M30UpaTenu
nosioxxeHust U u konrakropsl K. Kontakrop K nmeer o aBe napsl r1aBHbIX, BCIIO-
MOTATeIbHBIX M  JYIOTacUTENbHBIX KOHTAKTOB (B  psle  KOHCTPYKUUU
BCIIOMOTATEIbHBIE  KOHTAKTBl ~ OTCYTCTBYIOT). B 1JaHHOM  MOJOXEHUU
NIEPEKIIIOYAIOIIET0 YCTPOMCTBA TOK MPOTEKAET IO JIEBOM YacTu cxembl. llpu
IIEPEKIIIOYEHNN Ha CIIEAYIOUIEE MOJO0KEHHUE, HAIPUMEDP, B CTOPOHY YMEHBIIEHUS
Yyclia BUTKOB OOMOTKH TpaHc(hopmaTopa cHadama pasmbikatoTcs riaBHbie Kl,
3aTeM BcrnoMmorateiabHble K2 koHTakThl. Jlasee 3aMbIKarOTCS KOHTakThl K4,
Pa3MBIKAIOTCSL IyroracuTelbHble KOHTAaKThl K3 M mociie1oBaTenbHO 3aMBIKAKOTCS
koHTakThl K5 n K6. Teneps TOk OyaeT mpoTekarh Mo MpaBoil 4acTu cxembl. B
00€eCTOYEHHOM cocTOosiHUM u30uparens M1 mnepenBuraer cBoil NOJBHKHBIN
KOHTAaKT M3 TIOJIOKEHUS 3 B TOJOXKEHHE 5. AHAJIOTMYHO MPOU3BOJUTCS
MEPEKIIOYEHUE HA OTBETBIICHUS 6 U ApyTHe.

Crnegyer OTMETUTh, YTO OTBETBJIEHHUS TpaHC(hOpMATOpa BBIMOIHSIOTCA Y
OOMOTKHM BBICHIETO HAMPSKEHUS U CO CTOPOHBI HEUTPAJIbHOM TOUKHU. DTO CEIIaHO
JUISL TOTO, YTOOBI MEPEKII0YAIOIIee YCTPOMCTBO KOMMYTHUPOBAJIO MEHBIINE TOKU
IIPY MEHBIINUX HAINPSKECHUSIX.
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Puc. 14.1. Cxema ycrpolicTBa Puc. 14.2. C(Cxema BKIIOYEHUS
MIEPEKIIFOYCHUS OTBETBJIEHUN aBTOMaTHuyeckoro ycrpoiictea APT-1H

TpaHnchopmaropa
10/l Harpy3Kou

Cxema BkiItoueHHsi aBTomatuueckoro perynstopa APT-1H nokazana Ha
puc. 14.2. KoHCTpyKTUBHO aBTOMATHYECKUN PETYJISATOP COACPIKUT JBa OJ0Ka: KO-
MaHIHBIM Onok (Ook aBTOMarmueckoro perynupoBanus) Kb u TokoByio
npucTtaBky (matuvk Toka) TII. Bxon Onoka aBTOMaTW4YeCKOro PpEryJHpOBaHUS
MOJKJII0OYEH K TpaHchopmaTopy HanpsbkeHus TH, a BXOJbl TOKOBOM MPUCTABKH - K
tpanchopmaropam Toka TT1 u TT2. Beixoa aBTOMaTHYECKOTO PETYINIATOpa Yepes
omok  ympaBiaenus BYII  mepexmrouaromuM  yCTpOMCTBOM — CBsi3aH €
nepexiovatronuM  yctpoiictBom  PITH  Ttpancdopmaropa T, HampsikeHue
BTOPUYHON OOMOTKH KOTOPOT'O HYKHO MOAAEPKUBATH HA 33JITaHHOM ypPOBHE.

Tpanchopmarop ¢ yerpoiictBamu PIIH mocraBmsiercs 3aBojamMu €
aBToMaTudyeckuM  peryinsropom  HampsbkeHuss  (APHT). CoBmectHO ¢C
tpanchopmaropom APHT oOpaszyeT aBTOMaTHYECKYIO CHUCTEMY pETyJIUpPOBAHUS
ko3 dunmenTa TpaHchopMarmm. OCHOBHBIMH XapaKTepUCTUKAMU
aBTOMATHUYECKON CUCTEMBI PETYJIMPOBAHUS SBIISIFOTCS:

- cTyneHb peryinupoBanus UCT - HapsDKEHUE MEXAY ABYMSI OTBETBICHUSMHU
OOMOTKH, BBIP@)KEHHOE B MPOLEHTaX OT €€ HOMHHAJIBHOIO HANPSIKEHUS; B
3aBUCUMOCTH OT Tumna tpancpopmaropa Uct = 1,25...2,5%;

- 30Ha HEYyBCTBUTENbHOCTH AUHY - HEKOTOpBIM [AMANa3oH H3MEHEHUS
HaIpsHKEHUH, TP KOTOPOM HE CpaldaThIBA€T aBTOMATUYECKHM PEryJssiTOp; 30HY
HEYYBCTBUTEJIIBHOCTH BBIPAXAIOT B MPOIEHTaX OTHOCUTEIBHO HOMHUHAIBLHOTO
HANpsDKCHUS; U1 MCKJIIOYEHHUS M3JIMIIHUX CpalaThIBAaHUM peryisTopa 30Ha
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HEYYBCTBUTEIHHOCTH JIOJIKHA OBITH OOJBINE CTyNeHU peryiaupoBanus, T. €. AUHY
> Ucr;

- TOYHOCTb PEryJUpPOBAHMS - MOKA3aTENlb, XapaKTEPU3yEMBbIi U3MEHEHUEM
HaIpPSHKEHUS, PABHBIM MTOJIOBUHE 30HBI HEUYBCTBUTEIBHOCTH;

- BBIJEp’KKA BPEMEHM - MapaMeTp, UCKIIOYAIOUIUN JIEWCTBHE PEryssTopa
MIPU KPAaTKOBPEMEHHBIX OTKJIOHEHUSX HAIPSIKECHHUS;

- yCTaBKa pEeryystopa - HamnpsKeHHe, KOTOPO€ IOJDKEH MOAJIEPKUBATh
perymisTop.

[Ipouiecc perynaupoBanus WUIIOCTpUpyeTcss Tpaduxamu (puc. 6.5,a).
Jlunueit 3 o003HauYeHa yCTaBKa PETYNATOpa, a JUHHUAMU 5 U 1 - TpaHUIlbl 30HBI
HEYYBCTBUTEIbHOCTH AUHY, ONpeAensionme 3HAYCHUs HaNpsDKEHUs, MpU
KOTOPBIX PEryysaTop npuxoaut B aeiictBue. Kak cienyer us rpagukos, TpeOyemoe
3HAUCHWE HAMPSOKeHUs (JIMHUS 3) MOJIEPKUBACTCA C TOUHOCTHIO, paBHOM +AUHY/
2. B obmiem citygae peryistop uMeeT Ko3(QGUIUEeHT BO3BpaTa, OTINYAIONTUNCS OT
enuHuibl. Ha puc. 6.5,a HanpsbkeHHsT BO3Bpara H300pakeHbl MITPUXOBBIMU
JTAHUSMHU 4 1 2.
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Puc. 14.3. ABTomMaTuyeckoe peryimpoBaHue KoduiiueHra
Tpanchopmanuu TpaHchopmaTopa

[lepexiroueHue OTBETBICHHUM ITPOUCXOIUT, €CJIM BpPEMsl OTKIIOHEHMs Ha-
NPSDKEHUsST 32 NPEACNbl 30HBl HEYYBCTBHUTEIBHOCTH IPEBBIMIAET BBIICPKKY
BpeMEHHU peryJiatopa tl m Bpemsi JEHCTBHA NPHUBOJHOIO MEXaHHM3Ma t2 BMecTe
B3ATHIX. [Ipn 3TOM rpaduk HanmpsDKEHUs M3 TOYKH M CKaYKOOOpa3HO MEePeXOoIuT B

TOYKY N, T. €. HAIPSDKEHUE YBEIWYMBAECTCS Ha CTyneHb peryauposanus Uct. [lpu
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BTOPOM CpadaThIBAHUH PETYJIATOPA MEPEKITIOUCHHS HE TIPOUCXOIUT, TaK KaK BpeMs
OTKJIOHCHUSI HAIPSYKCHUS

t3 <tl +t2.

O4eBHUIHO, YTO YBEJIMYEHHUE 30HBI, ONPEAEISIEMON PA3HOCTHIO HAINPS)KEHUN
cpabarbiBaHus (iuHud 5 u 1) u Bo3Bpara (iuHuu 4 u 2) peryndaropa, T. €.
CHIKeHHE Kod(dduimeHTa BO3BpaTa, MNPUBOAUT K CHIDKEHHUIO TOYHOCTHU
ABTOMATHUYECKOI0 PETYJIUPOBAHUS HANIPSIKCHUS.

Hecmotps Ha pazHooOpaszue BHITIOTHEHUS, PErYJISTOPhl HANPSKEHUSI MOTYT
OBITH TMpEJCTaBICHbI €IWHONW (YHKIIMOHATIBLHONH CXEMOM, cojepkaliel Tpu
(dbyHKIIMOHAIBHBIE YacTu (Ha puc. 6.5,0 usmepurensuyto MY, norudeckyro JIY u
ucrnonHutensHyto Mcl).

XapakTepHbIM JJIEMEHTOM M3MEPUTEIIBHOM YaCTU SBISIETCS  DJIEMEHT
BCTpeUHOro peryiaupoBanus OBP, obecrieunBaromuii CTaTUYECKYHO XapaKTepH-
CTUKY peryisitopa. OTO HEOOXOAUMO [JIsi MOJJEPKAHUS HANPSHKEHUS y MO-
Tpebutenss Un Ha 3aJlaHHOM YpOBHE HE3aBUCUMO OT Toka Harpy3ku [H. Ha-
npspkenue y norpedurens Un = U - 1 - Za , mosToMy ¢ yBeaudeHueMm IH - Zn
HEOOXOJIMMO yBEIMYMBATh U HaMpspKeHue Ha muHax Ul MOACTaHIIUM TakK, YTOObI
HanpspkeHrne Ul 0CTaBajoCch TMOCTOSHHBIM. [I03TOMy 3JIEMEHT BCTPEYHOIO
pEryJIUupOBaHMs, MPEACTABISIOMUNA COO0M YCTPOMCTBO YCTAaHOBKU CTaTU3MA,
BBITIOJIHEH 110 CXEME TOKOBOW KOMIIEHCAIIMHU, C TTOMOIIBI0 KOTOPOM UMUTHUPYETCS
najgenue HanpsbkeHuss I - Zn = [H2 - Zt.x. Cxema TOKOBOH KOMIICHCAIIUU
noJKiIo4aercss K Tpancpopmaropam Toka TA Tak, 4TO yBelauueHue Toka [H
PEryJATOP BOCIPUHUMAET KaK MOHWKEHUE HAIPSXKEHUs Ha IIMHAX U JIEMCTBYET B
CTOPOHY €TI0 MOBBILICHHUS.

N3meputenbubiii opran HanpsbkeHuss MOH conepKuT 3neMeHT cpaBHEHUS
HanpspkeHust OC u ycunurenu Al u A2 ¢ peneilHON XapakTepUCTUKON. DJIeMEHT
cpaBHeHHUsI cpaBHuBaeT HanpspkeHne UBx = Um2 - [H2 - ZT.x ¢ 3amaHHBIM
HanpsDKEHHEM. B 3aBUCHUMOCTH OT 3HaKa OTKJIOHEHHS HANPSKEHUS WU3MEHSIETCA
€ro BBIXOJHOUW CUTHAJ:

- ecnu HampspbkeHre Un CTaHOBUTCSL MEHbINIE HIDKHEW TrpaHULbl (JIUHUS 5)
30HBI HewyBcTBUTENbHOCTH AUHY, TO BbIXOAHOM curHan OC  Oyner
OTPULATEIIbHBIM;

- ecnu HampspkeHue Uml MpeBBINIAET BEPXHIOW TpaHully (JuHUS 1) 30HBI
HeuyBCcTBUTENbHOCTU AUHY, TO BbIX0/IHOM cuTrHaN DC OyIeT NOJ0KUTENbHBIM;

- ecnu HampspkeHne Ul HaXOOWTCst BHYTPU 30HBI HEUYBCTBUTEIBHOCTH
AUHu, To BbIxoiHOM curHai DC paBeH HYJIIO.

COOTBETCTBEHHO B MIEPBOM CIIy4a€ MEHSET CBOW BBIXOJHOW CHUTHAJ TOJBKO
nepBbld ycwiutenb Al, BO BTOpOM cCilydae - TOIbKO A2, a B TpPETbEM Cilyuae
BBIXOJIHBIC CUTHAJBI yeuuTened Al u A2 octatorcs 6e3 U3MEHEHUH.

Jlornueckast 4aCThb COAEPKUT JIEMEHT BBIIEPKKHA BpeMEHU DB U 3JIEMEHTHI
NJIN, W. Beigepxkka BpeMEHM HEOOXoAuMa IS HWCKIIOYEHUS JICUCTBUS
perynsitopa TpU KPaTKOBPEMEHHBIX M3MEHEHUSAX HAMNPSKEHUS. YCTaBKYy IO
BPEMEHHU BBIOMPAIOT TaKOM, YTOOBI OOECIEYUTh KAueCTBEHHOE PETyJIMPOBaHUE
HaIpsHKEHUsI TPU MUHUMAaJIbHO BO3MOYKHOM KOJIMYECTBE MEPEKIIOUYCHUN B CYTKH.

170



B 3aBucumocTtu ot rpaduka M3MEHEHUs HAIpsDKEHHs Ha MOJCTAHIMM yCTaBKa IO
BpeMEHM MpuHUMaeTcsa B mnpeaenax tl = 1.5 mumH. Dnementsr WJIM, U
BBIIIOJIHAIOT COOTBETCTBYIOIIME JIOTHYECKHE ONEepalny, 00ECIIEUNBAIOIINE CTPOIO
ONpENEIICHHOE HANPABJIEHUE ITepeKoyenus ycrpoucraa PITH.

HcnonuurensHas dacte conepxkut peie KL1 u KL2, npu cpabarbiBanuu
KOTOPBIX CO3JAI0TCs BO3JEUCTBHS Ha IIPUBOJ IEepeKiItoyarens orsersiaeHuil PITH.
Perynarop AeiicTByeT Tak, 4TO MpU MOHWKEHUU HaNpsHKEHUs! cpabaThiBaeT pese
KL1, a npu noBeiieHnn HanpskeHus - pene KL2.

M3mepuTenpHbI Opral aBTOMaTUYECKOI0 PEryJIsiTopa MOXKET pearupoBaTh
KaK Ha aMIUIMTYJIHOE, TaK U Ha CpeJHee 3HaueHHe ceTh. PaHee BBIIMyCKaBIIMECS
perymaropel  Tuna BAVYPIIH pearupoBanu Ha aMIUIMTyJAHOE 3HA4YCHHE
[IEPEMEHHOr0 HanpspkeHusd. Hanuuyue BBICIIMX FapMOHHUK B KPUBOM HANPSLKEHUS
(HampuMep OT THUPUCTOPHBIX IMpeoOpa3oBareseil) NPUBOAUT K IMOTPEHIHOCTH
perynupoBanust 3...5 %. IlosTomMy BBIIyCKaeMble B HACTOSLIEE BpEMs aB-
toMatnueckue peryisaropsl tuna APT-1H wm3mepstor cpennee 3mauenume Ucp.
Takoe pemeHue o0ecneYMBaeT XOPOILIYKD OTCTPOMKY OT BIMSHHUS BBICIIHX
rapMOHMK B KpPHMBOM HAaNpPsKEHUS W 3HAYWTEIBHO IIOBBIIAET TOYHOCTH
MOAICP/KAHUS €TI0 YPOBHS.

HauGosnee coBepiIeHHBIM M3 HM3BECTHBIX PEryJSTOPOB, BBHINOJHEHHBIX HA
OCHOBE MOJIYIIPOBOJIHUKOBBIX 3JIEMEHTOB, siBiigeTcs perynsitop APT-1H [119] On
o0ecrieurBaeT aBTOMAaTUYECKOE PEryJIMpOBAaHUE HANPSDKEHUS HA MOJACTaHLMSX,
KaK C HENPEpPhIBHO, TaK U C PE3KO U3MEHAIOLICHCA Harpy3kol M HMeeT
BO3MOKHOCTb BBEJICHMS BHEIIIHETO U3MEHEHHUs YCTABKU 110 HAPSKEHUIO.

14.6. ABTOMaTn4eckoe perynmposaHue MOLHOCTU KOHAEHCAaTOPHbLIX

Gatapewn.

DKOHOMUYHOCTh PabOTBhl CHUCTEM DJIEKTPOCHAOKEHHUS TMPOMBIIIIEHHBIX
MPEINPUITAA BO MHOTOM 3aBUCUT OT PEAKTUBHOM MOIIHOCTH, NEPEIABAEMOUN OT
HMCTOYHUKA DJIEKTPOIHEPIruh K TMpPUEMHHUKY. JIJIsi KOMIEHCAlMu pEeakTUBHOU
MOIIHOCTH U YJYYIICHUS KauyecTBa OAJICKTPOIHEPTUM HAa MPOMBIIUICHHBIX
NPEANPUATHIX YCTAHABIMBAIOT KOHJIEHCATOPHbIE OaTaped BBICOKOIO M HHU3KOTO
HanpspKeHusi. MOITHOCTh  KOHJICHCATOPHBIX —OaTapei, yCTaHaBJIMBAa€MbIX Ha
MPOMBIIUICHHBIX MPEANPUATHSIX, TOJDKHA ObITh BhIOpaHa TaKMM 00pa3oM, 4TOOBI
obecrieunTh ~MUHUMYM  TOJOBBIX  MPHUBEACHHBIX 3aTpaT Ha  CHUCTEMY
AIIEKTPOCHAOKEHUS MPEATPUSITHS.

KoMmneHcanust peakTMBHONM MOIIHOCTH OCYIIECTBISETCS CIEAYIOIIUMU
crocobamu:

- LIEHTPAIN30BaHHbIM, Korjaa KOHJICHCATOPHBIE Oarapeu
ycTaHaBiauBalOT Ha muHax 6-10 wimu 0,38 kB Tpancdopmaropa. Ilpu Takoi
KOMIIEHCAllU BHYTPHU3aBOACKHE CETHU OCTAIOTCA 3arpy’KeHHbIMU PEAKTUBHOMN
MOIIHOCTBIO;

- IpyNIOBBIM, KOTJla KOHJEHCAaTOpHBbIE OaTaped YCTaHABIMBAIOT Ha
IIMHAX WIM paclnpenenuTenpHblx myHKTax nexoB 0,38 kB. Ilpm Takow
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KOMIICHCAllUM HEPa3rpy’KEHHbBIMU OT PEAKTUBHON MOIIHOCTH OCTarOTCS TOJBKO
pacnpeneauTeNbHbIE CETU OTAEIBHBIX IPUEMHUKOB 3JIEKTPO3HEPTUH;

- WHIUBUyaJIbHBIM, KOI'/la KOHJEHCATOPHbIE OaTaper yCTaHABIMBAIOT
HEIOCPEJICTBEHHO Y KaX10r0 nMpueMHHKa. [Ipu Takoil komrneHcanuu pasrpyska 1o
PEaKTUBHOW MOIIHOCTU SABJISIETCS Hawityunied. HemoctaTkoMm maHHOrO crocoba
KOMITIEHCAIIMH SIBJIIETCA HEMOJIHOE MCIOJIb30BAHNE KOHJEHCATOPHBIX OaTapei, Tak
KaK [P OTKJIFOUEHUHU MTPUEMHHUKA OTKIIFOYAETCA U €ro KOHJIEHCAaTOpHast Oatapest.

WupuBuayanbHass KOMIIGHCALIMS MOXKET OBbITb pPEKOMEHJOBAaHA IS
noTpeOuTeNe, SBIAIOMIMXCA TMOCTOSHHBIMU  TMOTPEOUTENSIMU  PEAKTUBHOMN
MOIIHOCTH: JBUTATENW, MHAYKIIMOHHbIE TIeUH U T. 1. Bompoc o BeiOOpe crioco0oB
KOMIIEHCAIlUU PEIIAETCS HA OCHOBAHMM TEXHUKO-3KOHOMHUYECKHX pacueToB. Yaiie
BCETO HA MPOMBIIUIEHHBIX NPEANPUATUAX [PUMEHSIOT TPYIIOBYI, PEXE
WHIUBUYyAIbHYI0O KOMIIEHCAIMio. Tak Kak TrpaduKu Harpy3Kd OTIEIbHBIX
notpeduTesneil, 1MeXoB M BCEro MNPENNpHUITHS HE OCTAIOTCA IOCTOSIHHBIMU B
TEYEHUE CYTOK, H3MEHSAETCAs M MOoTpediseMas peakTUBHAs MOIIHOCTh Kak
OTJIEIBHBIX MOTPEOUTENEH, TaK U BCEr0O NpeanpusaTus. B cBsA3u ¢ 3TUM U3MEHSIETCS
U MOTPEOHOCTh B PEAKTUBHON MOIIHOCTH, BbIpaOaThIBA€MOM KOHJIEHCATOPHBIMU
OaTapesiMUu.

CnepoBarenbHOo, paboTa BCEX  KOHACHCATOPHBIX  YCTAaHOBOK  MpHU
YMEHBIIEHUM  HArpy3Kd  MPOMBILUIEHHOTO  NPEANpUATHS  SBISETCA  He-
HPKOHOMHUYHOM, TaK KaK MPUBOJAMT K yBelW4yeHUio morepb. Kpome Toro, padora
KOHJICHCATOPOB B HOYHOE BpeMs Ha MPEANPUSATHSAX, paOOTAIOIMIMX B JIBE CMEHBI,
NOBBIIIAET HAMNPSHKEHUE B CETH, YTO MOYKET IMPUBECTH K COKPAILICHUIO CPOKa
ClIy>)kObl KOHJEHCAaTOpPOB U JpYyroro siekTpooOopyaoBanus. Ilostomy s
o0ecrieyeHus: HKOHOMUYECKOM pabOThl KOHJEHCATOPHBIX OaTapeil M BCETro
IIPOMBILUIEHHOTO MPEANPUATHSI OTKAa3bIBAIOTCS OT YCTAHOBKU HEPETYJIHPYEMBIX
KOHJICHCATOPHBIX Oarapeli W TNPUMEHSIIOT YCTPOWCTBA, OOCCIICUMBAIOINE
ABTOMATUYECKOE  PEryJMpOBAaHWE  MOIIHOCTH  KOHJEHCAaTOPHBIX  Oarapei.
PerynupoBaHue MOXET ObITh OJHOCTYIIEHYAThIM U MHOTOCTYIIEHYATBIM.

[Ipy OOHOCTYNEHYATOM PETYJIUPOBAHUM MOIIHOCTU KOHJEHCATOPHBIX
YCTAaHOBOK NPH  YMEHBIIEHWHW HArpy3Kd [MPOUCXOAUT  aBTOMATHYECKOE
OTKJIIOYEHHE BCEM KOHJIEHCAaTOPHOW yCTaHOBKU. IIpu MHOroctymneHdyarom
PEryJIMPOBAHUM  MOIIHOCTH  KOHJEHCATOPHOM  YCTAHOBKM  IPOMUCXOJMT
aBTOMATHUYECKOE BKIIIOUEHHE WM OTKJIIOYEHHE OTAENbHBIX OaTtaped Wiu CEeKIuH,
KaXKJ1asi U3 KOTOPBIX CHA0>KEeHa CBOMM BBIKIIIOUATEIIEM.

ABTOMaTnyeckoe pEeryJaupoBaHue HAIPSHDKCHUS BBITTOJTHSIETCS
OJIHOCTYIIEHYAThIM, KOIJla AaBTOMAaTHYECKH BKIIOYAETCS (OTKIIOYAETCA) BCS
KOHJICHCATOpHAass YCTAHOBKA, WJIM MHOIOCTYIEHYAThIM, KOrJa BKJIKOYAKOTCA
(OTKITIOYAIOTCS) OTHEIbHBIC OaTapen WM eAMHUYHBIE KOHACHCATOpbl. OHO MOXKET
OCYUIECTBJIATHCSA B (DYHKIMM HANPSIKEHUSA, TOKAa HArpy3Ku, 3HAUEHHs] WA 3HAKa
PEaKTUBHOW MOLIHOCTH, BPEMEHHU CYTOK (IIPOrpPaMMHOE YIPABICHHE C MOMOUIBIO
KOHTaKTHBIX 3JIEKTPUYECKHUX YacCOB).

OpHOoCcTyneH4YaToe peryJMpoBaHUE HANPSIKEHUS B CBS3M C BKIIOYEHUEM
(OTKJIIOUEHHEM) BCEH YCTAHOBKM MMEET OOJIbLIME 30HbI HEUYBCTBUTEIBHOCTH U
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JOIyCKAaeT 3HAYUTENIbHBIE OTKIOHEHUs HAIpsDHKEHMs, 4YTO B pPALE CIydacs
HexenarenpbHo. [Ipy  ogHOCTYymEeH4YaTOM  aBTOMATHYECKOM  PETYJIMPOBAHHUU
HanpsbkeHus Ha muHax 0,38 kB MoKeT npuMeEHAThCS cXeMa, IIPUBEICHHAs Ha PUC.
7.1,a, 0, Ha KOTOpPOI MOKa3aHbl 3JIEMEHTHI 3alIUThl KOHJEHCATOPHON YCTAHOBKH
(nmpenoxpanutenu F1, F2 u aBromatnueckuii BeikiatouaTenab QF).

&) 038xB 6) 4 b

l I SB1 I
QF T
}‘u,h §‘ SB2 [kr; KM? KM
K .“‘m‘__igmﬁ_/
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’ - KT
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. KTl
Fl F2 KV.

KV2 KT.
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Puc. 14.4. Cxema 0AHOCTYIIEHYATOrO YIPABJICHUSI KOHIEHCATOPHOU OaTapeun
B (DYHKIIMU HANPSKCHUS

PerynupoBanue ocymiecTBiasieTcs B QYHKIUUA HANPsHKEHUs, MMOATOMY CXeMa
COJICP)KUT MakcuMmaiabHOoe pene Hampsokenuss KV1 u  MuHUMalbHOE pelie
Hanpspkenust KV2. Pene KV1 cpabaTeiBaeT Npu MOBBIICHUM HANpsKEHUS Ha
muHax 0,38 kB, a pene KV2 - npu ero cHmwkenuu. UToObl aBTOMaTHKa He
JIeCTBOBaa TMPU KPATKOBPEMEHHBIX KOJICOAHUSAX HAMPSHKEHUS, YTMPaBISIONINE
BO3JEUCTBUS Ha KOHTAaKTOp KM, moakmrodarommi KOHAEHCATOPHYIO YCTAHOBKY K
muHaM, nojarotcs koHtakramu pesne Bpemenu KT1 u KT2 uepes t = 15 ¢ nocie
cpabaThIBaHUs COOTBETCTBYIOIIETO pelie HAMpsDKEHUs. B aKcrutyaTtanuu UMeroTCs
U JIpyrue CXeMbl YMpPaBICHHUS KOHIACHCATOPHON yCTAaHOBKOW B (QYyHKIIUU
HanpspokeHusi. OJIHaKO HEKOTOphle M3 HUX (CM., Hampumep, [215]) umeroT psa
CYIIECTBEHHBIX HEIOCTATKOB, OTMEUYEHHBIX B [216].

Ha puc. 7.2 noka3ana cxema 3alllMThl 1 OJHOCTYIIEHYATOTO0 PETYJIUPOBAHUS
HalpsoKeHUsT B (PYHKIMM BPEMEHHM KOHIAEHCATOPHOM YCTAaHOBKH BBICOKOTO
HanpspkeHusi. Konrtaktel anektpudeckux yacoB PT, 3ambikasice Ha At = 15 c,
BKJIFOUarOT ojaHO M3 AByX pene Bpemenu KT1 wmu KT2 (B 3aBucumoctu OT
MOJIOXKEeHMS BhIKIIOUaTeass Q M ero BcrioMoratelbHbIX KOHTAkTOB Q.3-Q.4). [Ipu
OTKJIFOYEHHOM BbIKIIIOUaresnie padotaet pene KT1 u mocie BbiAepKKH BpeMeHH tl
= 0...10 ¢ xontaktom KTI1 Bo3zaeiicTByeT Ha 3neKTpoMarHuT BkItoueHHs YAC
Boikimtoyatenss Q. Ilocne BKIIIOWEHUS BBIKIIOYATENS WM MEPEKIIOYEHUs €ro
BCIIOMOTATENIbHBIX KOHTAKTOB HauWHaeT paborats pene BpemeHu KT2, umeromee
BBIJIEPKKY BpeMeHH t2 = tl. CymMma BbIIEpKEK BpPEMEHU IBYX peJie BblOpaHa
00JbIIE BpEMEHU 3aMKHYTOTO COCTOSIHUSI KOHTAakTOB PT, moaToMy pene BpemeHu
KT2 He ycneBaer pJopaboTarh M KOHJEHCATOPHAs YCTAaHOBKA OCTAaEeTCs
MOJKJIIOYEHHON K IIMHAM J0 MOMEHTa OYEpPEIHOI0 3aMbIKaHWUs KOHTAakTOB PT,
MPUBOJIAIIETO K €€ OTKIoueHuto. KoHJeHcaTopHas yCTaHOBKa HMMEET OOIIyIo
3aIUTY OT KOPOTKHUX 3aMbIKaHUH U TIEpErpy3Ku. 3aliuTa BbIIOJIHEHA TOCPEICTBOM
koMOuHupoBaHHbIX pene KAT1 u KAT2 tuna PT-80. [l 3auuThl OT MOBBIICHUS

173



HanpspkeHus: ucnoib3oBanbl pene KV um KT3. ITlpu cpabarbiBanuu 3amur
npomexytounoe peine KL camoynepxuBaercs (koHtaktom KL.3) u paspsiBaer
1nenb BKIOYeHUs  Bbikiodatens (kontaktom KL.1).  CamoypaepxkuBaHue
CHHUMAETCSI KHOMIOYHBIM BBIKJIIOUarenem SB.

(l) 5)
6 xB abc abe

KT3 TF/KHJD_]

+_KL4_/ Ha curuan
—nr

—~—

Puc. 14.5. Cxema OJIHOCTYNEHYATOTO YOPABJICHUS KOHACHCATOPHOM
YCTaHOBKOM
B (QYHKIIUM BpeMEHU

HmeroTcst Takke CXembl yIpaBiieHUS B (PYHKIIMH aOCOJIOTHOTO 3HAUYEHUS
WJIM 3HAKa PEAKTHUBHOW MOIIHOCTU. B mpennoxkeHa cxema, B KOTOPOM B Ka4e€CTBE
U3MEPUTEIBHOIO OpraHa MCHOJIB3YIOTCSI CUETYMKM PEAKTUBHOM OHEPTUHU.
Pa3paboTaHo Take yCTpOWCTBO, B KOTOPOM M3MEPUTENBHBIN OpraH BBIIIOJIHEH Ha
OCHOBE d71eMeHTa XoJuia.

MHorocrtynenuaroe pEryJINpOBaHUE MIO3BOJISIET OCYILECTBIISITh
aBTOMATHYECKUU PEryJsITOp KOHAeHCATOpHBIX ycTaHOBOK APKOH. OHn coctout u3
U3MEpUTEIbHON 4YacT (KOMaHAHOro OJIOKa) M JIOTMYECKOW YacTh C
UCIIOJIHUTEIIbHBIMU DJIEMEHTaMHM B BHUJAEC TaK Ha3bIBa€MbIX IpPUCTAaBOK. M3-
MEPUTENIbHASL 4acTh AHAJOTMYHA W3MEPUTEJIBHOW YaCTH BBIIIE PACCMOTPEHHOTO
peryidaropa HampsbkeHuss i TpaHcdopmaropoB. B paccmarpuBaemMom
YCTPOMCTBE PEryJIATOP BBIABIAET TOJIBKO HANPABICHUE BO3ACHCTBUS: BKIIOUCHUE
WM OTKIIFOYCHUE OYepEeIHOM CeKIMU KOHAeHcaTopHOi Oartapeun. Ilommexaras
BKJIIOYEHHIO WJIM OTKJIIOYEHHIO CEKLHUs ONPENENAeTCS JIOTUYECKUM aJIrOPUTMOM
npucTaBoK. O4YepeTHOCTh AEHCTBUS NMPUCTABOK MOXKET OBITH JBOSAKON. B mepBom
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cllydyae MpeArNoiaraloTcs paBHbIE MOIIHOCTU KOHJEHCATOPHBIX Oarapeil, Torna
IIPUCTABKH U COOTBETCTBYIOIINE UM CEKIIMU BKJIIOYAIOTCS 1M0o4epeHO. Bo BTopom
CJly4ae MOUIHOCTH CEKLMI OepyTcs HEpaBHBIMM ISl YBEJIMUEHUS YHCIIA CTyIIEHEN
peryiaupoBanus. Hampumep, Tpu CeKIMM € COOTHOWIEHHMEM MouiHocTen 1:2:4
MTO3BOJIIKOT MOJYYHUTh CEMb CTYIIEHEM PETYJIMPOBAaHUsS C MOIIHOCTSIMH, OTHO-
camumucs, kak 1 : 2: (1 +2):4:(1+4): 2+4): (1+2+4).

KoMrieHcanusi peakTUBHONM MOIIHOCTH B CHUCTEME 3JIEKTPOCHAOXKEHUS JaeT
CIIEAYIOLIUE TPEUMYLIECTBA:

1. YMmeHb1IatoTCs NOTEPU AKTUBHOM MOLIHOCTH B CUCTEME 3JIEKTPOCHAOXKe-
HUs. B 001ieM ciyyae BenTu4MHA UX COCTABIISET

AP = APa + APp,
P2
APa = —2R .
rac U - IIOTCPpHU AKTUBHOHW MOIIHOCTHU B 3JICMCHTC CHCTCMBLI C

AP = Q-0 R
conpoTuBieHreM R oT akTuBHOM Harpysku P, ° ’ - IOTEPU aKTUBHOU
MOIIIHOCTH B JJIEMEHTE CHCTEMBI 3JIEKTPOCHAOKEHUsS C COmpoTuBIeHHWEM R ot
peaktuBHON MomHOCTH (Q — QK); Q m QK - COOTBETCTBEHHO MOTpedisseMas u
KOMITCHCUPYIOIIAs pPeaKTUBHAsA MOIIHOCTH; U - HAIIPS)KEHUE CETH.

2. YMEHBIIAIOTCS IOTEPU HAIPSOHKEHUs B JJEKTpuueckon cetu. Ilorepm
HaMpsHKEHUS

AU = AUa + AUp,

bu,-
rae U - motepst HaNpsKEHKST HAa DIIEMEHTE DIIEKTPUYECKOM CETH OT
vy - 000X
aKTUBHOM Harpy3ku P; ! U - TIOTEPS] HANPSHKEHUS Ha DJIEMEHTE
ANIEKTPUYECKOM ceTu OT peaktuBHOM MomHOcTH (Q — Qk); R m X -

COOTBETCTBEHHO  AaKTMBHOE W  HWHAYKTUBHOE  CONPOTHUBJIECHUS  DJIEMEHTA
BJICKTPUYECKOM CETH.

3. VYBenuuuBaeTcs MpPOIMYCKHas CIIOCOOHOCTb 3JIEMEHTOB CHCTEMBI
aNeKTpocHaOkeHusi. U3 mnpuBeneHHbIX (QopMysn cleayer, 4YTO HaWIydITuM
SBJISIETCS PEKUM TOJIHOW KOMIICHCAIIMU PEAKTUBHOM MOIIHOCTH, T.€. Korga Qk =
Q. Ilpm »>TOM mOTEPHM AKTUBHOW MOIIHOCTH W HANPsSOKEHHS B CHCTEME
ANEKTPOCHA0KEHUSI MUHUMAJIbHBI, a MPOMYCKHAsi CIOCOOHOCTh MaKCUMAJIbHA.

ObecniedynTh pexuM IMOJHONM KOMIIEHCALMS B MPOLIECCE IKCIUTyaTalluud CHC-
TEMBbI 3JIEKTPOCHAOKEHHS B OOLIEM Cllydae MOKHO TOJBKO C IMOMOIIbIO aBTOMa-
TUYECKUX YCTpOMCTB. [lo3TOMY aBTOMATH4YECKOE pEryJIMPOBAHUE PEAKTUBHOM
MOIIIHOCTH M, B YaCTHOCTH, MOIIHOCTH KOHACHCATOPHBIX OaTapeil sBIsieTCs
BaXXHBIM CpPEICTBOM YJIYULIEHHS TEXHUYECKHMX M DKOHOMHUYECKUX IOKa3areen
CUCTEMBI DJIEKTPOCHAOKEHHUS.

Jlist perynupoBaHusi MOITHOCTH KOHJICHCATOPHBIX OaTapel HCIOIb3YIOTCS
CJIeAYIOIIUE BETUYUHBI (TIPUHIUIIbI):

1. Hammpsxenue cetw.

2. Tox Harpy3kKH.

3. PeakTuBHas MOIIHOCTS.
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4. BpeMms cyTok (rpaduk Harpy3KH 110 PEaKTHBHON MOIITHOCTH).
5. Yron Mexay HanpsHKeHUEM CETH U TOKOM Harpy3KHu.

6. KoMOuHaIus oTACIbHBIX BEIUYMH.

PaccMoTpuM COOTBETCTBYIOIINE CXEMBI YIIPABIICHHUS.

14.7. ABTOMaTH4YECKOE perynupoBaHue Bo30yXaeHUe CUHXPOHHbIX
ABUraTenem U CAHXPOHHbIX KOMMEHCATOPOB.

Ha  npoMbllIEHHBIX — OPEANPUSATUAX  NPUMEHSIOTCS  CUHXPOHHBIE
AJIEKTPOJIBUTATENId MOIIHOCTBIO OT coTeH A0 20 Tteic. kBT. OcHalieHue 3Tux
MamuH ycrpoiictBamu APB obecrneunBaeTr MOBBIIIEHHE YCTOWYMBOCTH PaOOTHI
KaK caMHMX 3JIEKTPOJIBUraTelieid, TaK W y3JI0B Harpy3ku B uenom. s co3gaHus
3armaca YCTOMYMBOCTH KaKOro-IMOO y37a Harpy3Kd, HEOOXOJUMOTro IJis
HOPMaJIbHON pabOThl CUCTEMbI 3JIEKTpOCHAOeHUsT B aBapuilHbiX (npu K3) u B
ApYrux pexumax, Bo30yKJIeHue aBurarenei cienyer (opcupoBarb. OgHAKO
JUINTENILHO PEXHUM (OPCUPOBKH HENMpPHEMIIEM H3-32 OONBIIMX MOTEPh AKTUBHOU
MOIITHOCTH B IEMSIX BO30YXXJIEHMsS, OOMOTKaxX JBHUTaTelisi U HEIOMYyCTUMOr0 HX
neperpesa. [locraBiieHHyt0 3aauyy HaWydiuM oOpa3oM M peuaroT yCTpoicTBa
APB.

[Ipu moctpoeHnn ycTpolcTB APB CHHXpPOHHBIX JJIEKTPOJBUTATEIEH HC-
MOJIB3YIOTCSI OCHOBHBIE 3aKOHBI PETYJIMPOBAHUS:

1. [TocTostHCTBO HampsKeHus ceTu (AaHHoTo y3na Harpy3ku) Uc = const.

2. [TocTostHCTBO KO3(huUIMEeHTa peaKTUBHON MOIIHOCTH JIBHTATENs tg (oI =
const.

3. TlocTOSITHCTBO OTIaBaeMOM JIBUTaTelieM PEakKTUBHOM MoIIHOCTH Qn =
const.

4. MunumyM KoyJieOaHUN HampsDKEHUs ceTh (OpU  MyJIbCUPYIOLIEH
Harpyske).

5. MuHHMYyM 1IOT€pb AKTUBHOW MOIIIHOCTHU B CETH.

6. MUHUMYM TIOTEPh AKTUBHON MOIITHOCTH B JIBUTATEJIE.

PerynupoBanue mno 3akoHny Uc = const mnpuMeHsieTcs TOrga, Koraa
CyMMapHasi MOIIHOCTh CHUHXPOHHBIX JBurareieil cocrtasisier Oonee 30..40 %
MOIIHOCTH TMOJCTAaHLIMM, T.€. KOrJa [BUIaTeM MOTYT ONPEAENATh YPOBEHb
HaIpsKEHUS! JAHHOTO y3J1a Harpy3Ku

PerynupoBanue no 3akoHy tg @a = const MOXET NPHUMEHATHCS B Clydae
MEJJICHHO MEHSsIoMencs Harpy3ku asurarens. [lockonbky oTHOmeHne tg oa = Q /
P 101KHO OBITH MOCTOSTHHBIM, TO IIPH OBICTPO MEHSIOIICHCS aKTUBHOW MOIIHOCTH
pEaKTUBHAsI MOIIHOCTh JOJKHA HU3MEHSTHCS OBICTPO, YTO MOXKET MPUBECTU K
3HAUYUTENILHBIM KOJICOaHUAM HANPSKEHHUS B MTUTAIOIICH CETH.

PerynupoBanue mo 3akoHy Qu = const 1enecoo0pa3HO MPUMEHSTh HpPU
OBICTPO MEHSIOLIENCS HArpy3Ke, YTO MO3BOJIMT CHU3UTh KOJIeOaHUsI HAMPSKEHUS B
ceTd. MuHUMYM KoJieOaHUM HANpsDKEHUST B CETH MOXET ObITh O0O€CledeH Mpu
MOCTOSIHCTBE PEAKTUBHOW HArpy3KH Ha MUTAIOIIMKA TpaHchopmaTop.

MuHUMYM 0OTEpPh AaKTUBHOW MOIIHOCTM B CHUHXPOHHOM JIBUTaTelie
JIOCTUTAETCS TIPH MOJACPIKAHUU €ro KO PUImeHTa MOIHOCTH COS (O] paBHBIM 1.
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PerynupoBanue no ycinoBui0 MUHMMyMa MOTEPh AKTUBHOW MOIIHOCTH B CE-
TH CBSI3aHO C ONTUMAJBHBIM pPACIpEICICHUEM PEAKTUBHOW MOIIHOCTH, TI'EHE-
pUpPyEeMO OTJENbHBIMU €€ UCTOYHUKAMU, SIBJSIETCS B OOIIEM cllydae JOCTaTOYHO
CIIOXHOM 3amayedl M MOXeT OBbITh peaJu30BaHO Ha OCHOBE NPUMEHEHUS
MHKPOIIPOLIECCOPOB M MUHH-DBM.

JI1st CMHHXpOHHBIX JIeKTpoaBUraTeneit cpeaneit momuoctu (10...400 kB1), a
B HEKOTOPBIX ClIy4asiX U 00JIbIIEH UCTIOJIb3YIOTCS yIpoIleHHbIe cxeMbl APB.

Yerpoiicteo APB ¢ Ttpanchopmaropom  toka TT,  cuiioBbIM
tpanchopmaropom T u gapoccensimu J[ moctpoeHo mo crocoOy ¢a3oBoro
komnayHaupoBanus (puc. 8.1). Ilpu pabore nBurartenss Ha XOJIOCTOM XOJy TOK
BO30YkieHus onpenensiercsa Tpanchopmaropom T u apoccensimu . [Ipu Harpyske
JABUTATENs] TOK BO30YK/ICHUS YBEIMUMBAETCS 33 CUET YBEJIUUYECHUS TOKA Harpy3KH,
T.€. MOIIHOCTh Ha BO30YXIEHHE MOTPeOJseTcs] W U3 LEMU CTaTopa JIBUTaTEls.
Henocrarok mannoro ycrpoiictBa APB 3akmtodaercs B Tom, 4TO TpaHCHOpMaTOPHI
TOKA BHOCAT JOIOJHHUTEIBHBIE COIPOTUBICHHUS B LENb CTAaTOPa CHHXPOHHOU
MAIllMHBl U YXYALIAIOT €€ YCTOMYMBOCTh IIPU YBEJIIMYECHUM HATPY3KH BCIEACTBUE
ITOHVDKEHHUSI HAIIPSKEHUSI Ha BBIBOAAX JIBUTATEIIS.

P

i

Puc. 14.6. Cxema APB CHHXpOHHOro pBurarenss ¢ CHJIOBBIM
TpaHcopmaTopom,
TpaHchopMaTopamMu TOKa U IPOCCENIIMHU

OrMeueHHOro Hepoctatka He uMmeeT cxema APB ¢ cunoBeim
tpanchopmaropom T u gpoccens - Tpanchopmaropamu AT (puc. 8.2,a). Ora
CXeMa TMpoCTa, HO NPOTEKAIOIMIME B HEW DIEKTPOMArHUTHBIE TPOLECCHI
OTHOCUTEJIBHO CJIOXHBI. [Ipy OTCYTCTBUM Harpy3kud BO30YXKIEHUE JIBUTaTENs
omnpenensercs TpanchopmatopoM T m apoccenb - Tpancpopmaropamu T, ko-
TOPBIC BBHIMOJIHSIOT B JIAHHOM CJIy4Yae poJib JIPOCCENEi, OrpaHUYMBasi TOK B LEMH
BO30yKJeHus. Toku, MpoTeKarole MO0 BTOPUYHBIM IEMAM APOCCENb -
tpancopmaropoB, odOycnosnuBatorcss OJC El, E2 u E3 Ha ux nepBu4HOM
cropore. Otu OJIC TreomMeTpuyecku CyMMHUPYIOTCSI C COOTBETCTBYIOUIUMU
HanpspDKEHUsIMHA ceTH, BeneacTBue uero HanpsbkeHus U'A, U'B, U'C Ha BbIBomax
aBuratenis nombimaioTes Ha 3..5 % UnH, yBenuuuBas €ro 3amac yCTOMYMBOCTHU
(puc. 6.2,6). Ilpu Harpy3ke aBurateisi 4epe3 jpocceinb - Tpanchopmartopsl JT
mpoTeKarT Toku, KoTopbie oOycnoBmuBatotT J/(C E'l, E'2, E'3 Ha ux BTOpHYHOMI
ctopoe. OJIC  reoMeTpu4ecKkh CYMMHUPYIOTCSI €  COOTBETCTBYHOUIUMU
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HanpsokeHussMu Tparcopmatopa T. TlomydeHHBIC HANPSHKEHHS ONPEACTISIOT TOK
BO30OY)XJIeHHsI JBUTaTeNns. TakuMm oOpazoM, peanusyercs croco0 ¢a3oBoro
KOMTIAyHTHPOBAHUSI.

' A B C

+

-f3

Puc., I4. Be
weHUR Ha Bt

B
_'Ea

, 0)
Puc. 14.7. Cxema APB cUHXpOHHOTO
, nBuratens (a) W BEKTOpHas Juarpamma
-] HaMpsHKEHUI Ha BhIBOJIAX aBurares (0)

a)

PexxuM paboOThl CHHXPOHHOTO KOMIIEHCATOpa OMPENEseTCs 3HAUEHUEM €ro
TOKa BO30YyXJeHus. [lpy HOMHUHAJIHPHOM TOKE CHHXPOHHBIA KOMIIEHCATOP
FEHEpUPYET PEAKTUBHYIO MOIIHOCTh (QC.K.H, a MNOpu TOKE, PaBHOM HYIJIIO,
noTpedIIsieT PeakTUBHYIO MOIIHOCTh, paBHyl 0,5-Qc.k.H. B cBsizu ¢ 3TUM ero
MO>KHO UCIIOJIB30BaTh ISl PETYJIMPOBaHUs HanpspkeHuss U2 Ha MHMHAX, K KOTOPBIM
INOJKJIFOYEH CHUHXPOHHBIM KOMIIEHCATOp. B 3aBUCMMOCTH OT I€eHEpUPYEMOM UM
MOIIHOCTH HAINPSHKEHUE MOYXHO KaK MOBBIIIATh, TAK U CHUXKATh. JTO CIEAYET U3
BBIPAKECHUS MOTEPU HAMNPSIKECHUS B JMHHUM, KOTOPOE MPU HAIMYUU CUHXPOHHOIO
KOMIIEHCATOpa MPUMET BU]T
_fP*R,+(Q-QX) L

AU,
U2

14.8. ABTOMaTn4yeckas KOMMeHcauus €MKOCTHbIX TOKOB
oaHoda3HOro 3amMblKaHUs1 Ha 3eMJT10.

DneKTpUUecKrue CceTH HampspbkeHueMm 6...35 kB moryt pabotaTh ¢ M30IMpO-
BAaHHOW WJIM KOMIIEHCHUpOBaHHOW HeWTpanbto. CoryacHo mpaBuiaM [5] u [6]
PEKOMEHIYeTCSl YCTAaHOBKA YCTPOMCTB KOMIIEHCALIMM €MKOCTHBIX TOKOB B ATHX
AIEKTPUUYECKUX CETSAX, €CIIM EMKOCTHBIC TOKH OJHO(A3HOTO 3aMbIKaHHUS Ha 3EMIIIO

MPEBBINIAIOT YKa3aHHbIE B Ta0J. 14.1 BEIUYUHBI.
Tabmuma 14.1

Hanpsokenue cetu, kB 6 10 15...20 35
EMKocTHBIN TOK 0HO(a3HOTO
3aMBIKaHUs Ha 3€MJTIO 30 20 15 10
AJICKTPUYECKOMCEeTH, A
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KoMrieHcanysi eMKOCTHBIX TOKOB PEKOMEH]IyETCSl TAK)KE IIPU  BEJIMYMHE MOC-
nennux 6onee 10 A B ceTsx, UMEIONIMX BO3AYIIHBIE JTUHUHM Ha K€JI€300€TOHHBIX
OIopax.

CeTp ¢ KOMIIEHCHUPOBAaHHON HEUTpajpl0 00JIaJaeT PsIOM CYIIECTBEHHBIX
IIPEUMYILLECTB [0 CPABHEHUIO C CETHIO C M30JIMPOBAHHOW HEUTPAIIBIO.

1. YMeHbIIaeTcss OCHOBHasi rapMOHHMKa TOKa OJHO(MA3HOrO 3aMbIKaHUS Ha
semitto  mpumepHo B 15..30 pa3, Omarogapss 4YeMy CHHUXAETCS OMNACHOCTh
pa3pylieHust 3JIeKTPOOOOPYAOBaHUS B MECTE 3aMbIKAHUS Ha 3€MJIIO.

2. IloHnxkaroTcst ypoBHU MaKCUMAaJIbHBIX TIEPEHANPSIKEHUN, Ha (a3ax ceTH 1o
OTHOILICHHIO K 3€MJIE U YMEHBIIIAETCS] BEPOSTHOCTD UX MOSIBJICHHUS.

3. VYMeHbllaeTcs BIMSHUE KOMIIGHCHUPOBAaHHOM CceTM Ha  OJM3KO
pacroIOXKEHHbIE JIMHUU CBS3U MPU OJHO(A3HBIX 3aMBIKAHUSAX Ha 3€MJII0 B CETU
BCJICJICTBUE YMEHBIIEHHUS BETMYUHBI OCHOBHOW FAPMOHUKH TOKA 3aMbIKaHHUS.

4. VYaydmaiooTcs  yCIOBHSL  3JEKTPOOE30MacHOCTH  UIsl  I[epCcOoHaia,
0OCITy’KMBAIOIIETO TEPEABIKHBIE BBICOKOBOJIBTHBIE 3JIEKTPOYCTAaHOBKH, H3-3a
CHM)KEHUS HAIIPSHKEHUI MPUKOCHOBEHMS U 111ara IpH OJHO(Aa3HbIX 3aMbIKaHUAX Ha
3€MJIIO B CETH.

[IpumeHeHne ycTpoCTB KOMIIEHCAUA €MKOCTHBIX TOKOB 00€CIIeYMBAET, KaK
MpaBUII0, 3KOHOMUYECKHI 3 (DEKT, paBHBIN ThICSIYaM U JECATKAM ThICSY pyOIiei B
roji (mo cocrosiuuio Ha 1985 r.). Jlns NpOMBILIUIEHHBIX MPEANPUATHIA Pa3IMYHBIX
orpacieil 3ToT 3(@PeKT MOKeT ObITh pa3IuYHbIM. YCTaHOBKA YCTPOMCTB
KOMIIEHCAllUd SKOHOMHMYECKH BBITOJHA M B CETAX C EMKOCTHBIMM TOKaMu
0JIHO(a3HOTO 3aMbIKaHUS HA 3€MJII0, MEHBUIMMH BEJIMYMH, YKa3aHHbBIX B TaOJIHUIIE,
HO OosbiuMu 5 A.

B nacrosimee BpeMst B anektpuueckux cetsax Poccuiickont denepaunn u 3a
pyOeXOM MOJyUHIIM MIMPOKOE paclpocTpaHeHHe OAHO(Da3HbIE KOMICHCUPYIOIINE
anmaparbl - Jyroracsiiiué peakTopbl (KaTyIUKH), MOAKIIOYaeMble K HEUTpamu
MUTAOIIEr0 WM TMOHWXKAIOLEro TpaHcpopMaropa. B kauecTBe mocienHero B
CEeTSAX MPOMBILUIEHHBIX NPEANPUATUNH OOBIYHO MCHOJB3YyeTCA TpaHCHOpMATOp CO
CXEMOU coeIMHEHUs OOMOTOK 3BE€3/1a C HyJIeM - TPEYroiabHUK Y/Yo.

Ha puc. 14.7. uzobpakeHa cxema 3aMelIeHUs] KOMIIEHCUPOBAHHOM ceTH, Ha
KOTOpoil o00o3HaueHo: T - cumoBod TpaHchopmaTop, K HEUTpaid KOTOPOTO
noakaoueH nayroracsmui .peaktop; U;, U, m Us; - da3Hble HanpsokeHUs
tpanchopmaropa T; U, - Hanpspkenne cmemienus Heiitpanu; Cy, C, u C; - eMKocTH
(da3 ceTu OTHOCHUTEIBHO 3€MJIM; Ii, I» U I3 - AKTUBHbBIE CONPOTHUBIICHUS YTEUEK
M30JSIIMK (pa3 ceT Mo OTHOLIEHHIO K 3eMJie; L, - MHAYKTUBHOCTh Ayroracsiiero
peaktopa; R, - akTMBHOE CONpPOTHBIIEHHE JyrOracsiiero peakropa,
00yCIIOBJIIEHHOE MOTEPSIMH aKTUBHOW MOIIIHOCTH B HEM.
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Puc. 14.7. Tpexdaznas cxema 3amenieHuss Puc. 14.8. 3aBUCUMOCTh HaNpsHKEHUs
KOMIICHCUPOBAaHHOM CETH B HOPMaJbHOM cMelieHus HeWrpaiu U, OT creneHu
pexxume padoThl PacCTPOMKHA KOMITEHCALINH V

YtoObl OTBETUTh HAa BOMPOCHI, Kakas HACTPOWKA KOMIICHCAIIUU SBJISETCS
HAaWTy4llle U HeoOXOAMMO U NPUMEHEHHE aBTOMATHYECKHX YCTPOMCTB IS
PEryJIMPOBAaHUS Jyroracsiqux peakTOpPOB, PAaCCMOTPUM OCHOBHBIE PEKHMBI pa-

OOTBI CETH ¢ KOMIIEHCHPOBAHHON HEHUTPAJIBIO.
HopmanbHblii pexxuM padoThl KOMIIEHCUPOBAHHOM CeTH. YUHUTHIBAs, YTO

B CETU C HOPMAJIbHBIM YPOBHEM M30/IALIMU COIPOTUBIICHUS I, I» U I3 HA MOPALOK
BBIIIIE COOTBETCTBYIOIMX €EMKOCTHBIX COPOTUBIIEHUI OTHOCHTENBHO 3emiu C,, C,
u Cs, a TakKe U1 yIPOILIECHHS BBIBOJOB U COOTHOILIEHHUM MOJIOKUM

n=1rn=r =I.
[TapameTpsl HyJIEBOM MOCIEI0BAaTEILHOCTH TpaHchopmaTopa T yuteM npu
ONPEAEICHUU YKBUBAJICHTHBIX BeM4UH L, u R,.
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Nekuuna 15

15. ABTOMaTn3npoBaHHbIE CUCTEMbI KOHTPONA U
ynpaBreHus.

15.1. ACKY3 B NpOMbILLNEHHOCTH.

Bricokas CcTOMMOCTH SHEPropecypcoB O0OYCIOBWIA B TOCIEIHUE TOJIbI
KapJMHAIbHOE M3MEHEHHWE OTHOUIEHWS K OpraHu3alli »HEpProydyera B
MPOMBIIIEHHOCTH M JIPYTHX 3HEPrOEMKHX OTpacisX (TPaHCHOPT U KUJIUIIHO-
KOMMYHaJIbHOE XO03siCcTBO). [loTpeOuTenn HadyWHAIOT OCO3HABaTh, YTO B HX
MHTEpecax HeOOXOJIMMO PAaCCUUTHIBATHCS C MOCTABIIMKOM SHEPropecypcoB HE IO
KaKUM-TO YCJIOBHBIM HOpPMam, JOTOBOPHBIM BEJIWYMHAM WM YCTapeBIIUM U
HETOYHBIM MpuUOOpaM, a Ha OCHOBE COBPEMEHHOT'O U BBICOKOTOYHOTO MPUOOPHOTO
ydeta. [IpombliiyieHHbIE TIPEANPUSATUS MBITAIOTCA KaK-TO PEOPraHU30BaTh CBOU
SHEproydeTr '"BUepalrHero MIHA", clelaB €ro aJeKBaTHBIM TpPeOOBaHUSIM JHS
cerojusmHero. 1o qaBneHreM pbIHKa SHEPropecypcoB MOTPEOUTETN TPUXOJIAT K
NOHUMAHHMKD TOW IPOCTOM HWCTHHBL, YTO TEPBBIM IIArOM B 3KOHOMUU
HSHEPropecypcoB M CHIKEHUM (PUHAHCOBBIX TMOTEPh SBISETCS TOYHBINA YUer.
CoBpeMeHHass UMBWIM30BAaHHAs TOPIOBJISI SHEPropecypcaMM OCHOBAaHA Ha
MCIIOJIb30BAaHUU aBTOMATU3UPOBAHHOTO MPUOOPHOTO SHEProyyera, CBOJAIIETO K
MUHUMYMY y4acTH€ YeJIOBEeKa Ha dTare u3MepeHus, coopa u 00paboTKu JaHHBIX U
00eCcreUnBalOIIeTO  JIOCTOBEPHBINH,  TOYHBIM, ONCPATHUBHBIA HW  THOKWH,
aJanTUPYyEeMbIil K pa3IMYHbIM Tapu(PHBIM CUCTEMaM Y4YeT, Kak CO CTOPOHBI
MOCTAaBIIUKA SHEPrOPECYPCOB, TAK U CO CTOPOHBI moTpeduTens. C 3Toi 1enblo, Kak
MOCTaBIIMKKA, TaK M  MOTPEOUTENM  CO3/Ial0T HAa  CBOMX  OOBEKTax
aBTOMATU3UPOBAHHBIC CHUCTEMbl KOHTPOJSI M  y4yeTa DJHEPropecypcoB -
ACKYD.Ilpn Hamnuum coBpeMeHHOM ACKYD npoMbllIIIEHHOE MpEeAnpUsiTUe
MOJIHOCThIO KOHTPOJIUPYET BECh CBOM IMPOIECC JHEPronoTpeOeHUsT U HUMEET
BO3MOXHOCTh [0 COIVIACOBAHUIO C TIOCTABIIMKAMU HHEPrOpecypcoB T'HOKO
NEPEXOAUTh K Pa3HBIM TapU(PHBIM CUCTEMaM, MUHUMU3HUPYS CBOU DHEPro3aTpaThl.
CeronHAIIHUN JIeHb TPOMBINUIICHHBIX MPEANPUATHA B OOJACTH HHEproyuera
cBs3aH ¢ BHeapeHuem coBpeMeHHbix ACKVYD. Ha psage npeanpusaruit ACKYD
(GYyHKIMOHUPYIOT YK€ HE OJWH TOJ, Ha JIPYTUX MPEANPUATHSIX HAUMHACTCS WX
BHEJIPEHHE, @ PyKOBOJUTEIU TPEThUX TOJBKO Pa3MbIIUISIOT, HAJ0 JIK UM 3TO. X0
pa3BUTHUS MHPOBOM HHEPreTUKM U MPOMBIILUICHHOCTH [OKAa3bIBAE€T, 4YTO
aJIbTEPHATUBBI NIPUHIIUITY "BCE HAJ0 YUYWUTHIBATh W 3a BCE HAAO IUIATUTH' HET. U
€CIIM CETOJHSI KOMY-TO €Ile YyJaeTcsi OECKOHTPOJBHO MOJIb30BATHCS YYXUMU
JHEPro pecypcaMM, TO 3aBTpa JTO CTAHET NONPOCTY HEBO3MOXKHO, H
npeuMyIiecTBa OyJayT y TOro, y KOro BC€ MpPOILECChl dHEpronorpedneHus OyayT
y>K€ TOJI MOJTHBIM KOHTPOJIEM.

[MHoustne ACKVYD.
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Pemenne mnpoOnem »sHeproyuera Ha MPEANPUATHH TPEOYeT CO3IaHUS
aBTOMATU3WPOBAHHBIX CHCTEM KOHTpPOJsA M ydeTa sHepropecypcoB (ACKYD), B
CTPYKTYpPE KOTOPBIX B 00IIIEM CITydae MOKHO BBIJICIIUTH YETHIPE YPOBHS:

f‘\L LI,I:.I-.TFIL'I_ {HFI:I W g
I\i}r ofipallommn NEHHEX

200 YpobHa

(’\ Uestpu clopa 4 =T =T TP
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YpoagHs

Y DOBEHE m
@ |=. 00000
npRSOpoR 90008 CEe00 90080
NEpPBbIA  YpOBEHb - TMEpBUYHBIE u3MepuTenbHbie npubopsl (I[MIUII) c

TEJIEMETPUUECKUMHU WIH HU(PPOBBIMU BBIXOJIAMH, OCYILECTBIISIOIINE HEPEPHIBHO
WIM € MHUHUMAQIbHBIM HMHTEPBAJIOM YCPEJAHEHHS HW3MEPEHHE IapaMeTpoB
sHeproyuyera mnorpebuteneit  (MOTpeOJieHHE  AJIEKTPOIHEPTUM,  MOIIHOCT,
JaBJI€HUE, TeMIepaTypy, KOJIMYECTBO SHEPrOHOCHUTENS, KOJUYECTBO TEIUIOTHI C
SHEPrOHOCUTEIIEM) 110 TOUYKaM yueTa (dunaep, Tpyoa u T.11.);

BTOpPOH YpOBEHb - ycTpoiicTBa cOopa u moarotoBku gaHHbix (YCIIMH),
CHELMATM3UPOBAHHBIE HM3MEPUTEIbHbIE CUCTEMbl WJIM MHOTO(PYHKIIMOHAIbHbIE
nporpaMMUpyeMble  IpeoOpa3oBaTeld  CO  BCTPOCHHBIM  MPOTrpaMMHBIM
o0ecrieueHneM SHEProydera, OCYLIECTBIISIIOIIME B 3aJaHHOM LIMKIE WHTEpBaja
YCpEIHEHHs] KPYTJIOCYTOYHBIH COOpP M3MEPUTENbHBIX JAHHBIX C TEPPUTOPUATIHLHO
pacupenenenusix [IUII, nHakomnenue, oOpaboOTKy W mepeaady ITHX NaHHBIX Ha
BEpPXHHUE YPOBHH,

TpeTuil ypoBeHb - nepcoHalbHbli KommbioTep (IIK) mnm cepep uenTpa
coopa W 00pabOTKM JaHHBIX CO CHEUUAJIU3UPOBAHHBIM  MPOrPAMMHBIM
ob0ecrieuenueM ACKYD, ocymectBistomuid coop unopmanuu ¢ YCII (unum
rpynnsl YCII), utoroByto o6paboTKy 3TOM MH(OpMAIMU KaK MO TOYKaM yuera,
TaKk W 10 HUX TpyNmnaMm - MO TMOApa3JeJCHUsIM M OObEeKTaM MpeANpUsTHS,
JOKYMEHTHUPOBAHHUE U OTOOpaKeHHE JaHHBIX yuyeTa B BUJE, YAOOHOM JUIsl aHAIU3a
U TPUHATHS pelieHuid (ynpaBieHUs) OINEpaTUBHBIM IEPCOHAIOM  CIIY>KOBbI
IJIABHOTO DHEPIeTUKA U PYKOBOACTBOM IPEIIPUATHUS;

YETBEPTHI yPOBEHb - CepBep IIEHTpa cOopa U 0OpabOTKM JaHHBIX CO
CHeIUaTN3UPOBAaHHBIM MporpaMMHbBIM obectieuennem ACKY 3, ocymecTistomuii
coop mnpopmanuu ¢ I1K w/unam rpynmsl cepBepoB LEHTPOB cbopa U 00pabOTKH
JaHHBIX TPETHErO YPOBHS, TONOJHUTEIBHOE arperupoBaHUE U CTPYKTYPHPOBAaHUE
uH(popManuu no rpymnmnaM oOBEKTOB ydeTa, JOKYMEHTUPOBAHHE U OTOOpa’KeHUeE
JaHHBIX ydeTa B BHJE, yA00OHOM JJIsl aHAIM3a U NPHUHITHS PELICHUN MEePCOHATIOM
CIyXObl ~ TJIABHOTO  DJHEPreTMKa W  PYKOBOJCTBOM  TEPPUTOPUATBHO
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pacupeneNeHHbIX CPEIHUX U KPYIHBIX NPEINPUATHN WIH YHEPrOCUCTEM, BEICHHUE
JOTOBOPOB Ha TIOCTAaBKY 3HEPropecypcoB H (OPMUPOBAHHE IJIATEKHBIX
JOKYMEHTOB JUISL PACYETOB 33 JHEPTOPECYPCHI;

Bce ypoBau ACKVYD cBsizanbl Mexay coOol kKaHaliamu CBsi3U. st cBsi3u
yposaeit [TWUIT u YCII] nnu ueHTpoB cOopa JaHHBIX, KaK MPaBUIIO, HCIOIb3YETCS
MpsAMOE COEIMHEHUE M0 CTaHAapTHRIM UHTepdeiicam (tTuna RS-485, UPIIC u 1.11.).
YCIIJ ¢ uentpamu cbopa JaHHBIX 3-TO YPOBHSI, HEHTPHI cOOpa NaHHBIX 3-10 U 4-
ro ypoBHEH MOryT OBITh COEJAMHEHBI IO BbIJICJICHHBIMU, KOMMYTHUPYEMbIMU
KaHaJlaM CBSI3U WIH 110 JIOKAJIBHON CETH.

Kommepueckue u texunueckne ACKYD.

[Io naznauenuto ACKVYD mnpennpustus mnoapa3iensioT Ha CUCTEMBbI
KOMMEPUYECKOTIO M TEXHUYECKOIO yyera. KoMMEpUeCKUM WM PACUYETHBIM Y4E€TOM
HA3bIBAIOT YYeT MOCTAaBKH/MOTPEOICHHS] SHEPTUH MPENNPUITHEM AJIs JIEHEKHOTO
pacueta 3a Hee (COOTBETCTBEHHO MPHUOOPHI JJIsI KOMMEPUYECKOTO y4eTa Ha3bIBAIOT
KOMMEpPYECKUMH, WA PACYETHBIMH). TEXHUYECKHM, WIM KOHTPOJBHBIM y4ETOM
Ha3bIBAIOT YYET ISl KOHTPOJISI MpoIecca MOCTaBKU/MIOTPEOIEHUSI SHEPIrUU BHYTPU
NpEeANpUATAS 1O €ro MOApa3leieHUussM U  00beKTaM (COOTBETCTBEHHO
UCIIOJIb3YIOTCS NpUOOpbl TeXHUYecKoro yuera). C pa3BUTHEM PBIHOYHBIX
OTHOIIICHUH, PECTPYKTypHU3aLUCH TPEANPUATUHNA, XO3SIMUCTBEHHBIM 000COOICHUEM
OTHEJIbHBIX MOJPA3JCICHUN NPEANPUATAR U  TOSBICHUEM KOMMEPUYECKH
CaMOCTOATENBHBIX, HO CBSI3aHHBIX OOIIEH CXeMOM IHEprocHabKeHUs TPOU3BOJICTB
- cy0a00OHEHTOB (PYHKIIMU TEXHUYECKOTO M PACUYETHOI'O ydeTa COBMEIIAIOTCS B
pamkax oxaHoil cucrembl. CootBerctBeHHO, ACKYD kommepueckoro u
TEXHUYECKOTO y4eTa MOTYT ObITh PEaIM30BaHbl KaK pa3/ieIbHbIE CUCTEMBI HIIA KaK
eauHas cucremMa.
JlBa BuAa yd4eTra, KOMMEPYECKHH M TEXHHUYECKHH, HMEIOT CBOIO CIEUU(]UKY.
Kommepuecknii  ydeT  KOHCEPBATUBEH, HMMEET  YCTOSBIIYIOCA  CXEMY
HHEProCHA0XKEHMSI, 11 HETO XapaKTepHO HAJIMYME HEOOBIIOr0 KOJIMYECTBA TOUEK
y4eTa, 1Mo KOTOpPbIM TpeOyeTcsi yCTaHOBKa MPUOOPOB MOBBIIIEHHON TOYHOCTH, a
caMu CpeZCTBa y4yeTa HuKHero u cpeanero ypoBHss ACKYD nomkHbl BIOMpATHCS
U3 TOCYAapCTBEHHOI'O PEECTpa U3MEPUTENBHBIX CcpelncTB. Kpome TOro, cuctreMsl
KOMMEPYECKOT0 yueTa B 0053aTeIbHOM TOpSAJIKE IUIOMOUPYIOTCS, UTO
OTpaHUYMBAET BO3MOXXHOCTM BHECEHHMSI B HHUX KaKUX-JTUOO ONEpPaTUBHBIX
M3MEHEHHI CO CTOPOHBI MEePCOHANIa MPEANPUATHS. TeXHUYECKUI ydeT, Ha000poT,
JUHAMMYEH M IIOCTOSHHO pa3BUBAETCSA, OTpakas MEHSIoLuecs TpeOOBaHUsA
MPOM3BOJCTBA; JJISi HEro XapakTepHO OOJIbIIOE KOJMYECTBO TOYEK YyyeTa ¢
pa3HBIMM  3aJadaMM  KOHTPOJII  DHEPropecypcoB, II0  KOTOPBIM  MOXHO
YCTaHAaBIMBATh B IEJIAX SKOHOMHUHU CPEACTB NPHOOPHI MOHM)KEHHOW TOYHOCTH.
TexHnuecKknil KOHTPOJIb JIOMYCKAeT MCIOJIb30BaHUE MPUOOPOB, HE 3aHECEHHBIX B
rOCpeeCTp M3MEPUTENBHBIX CpPEICTB, OJHAKO, IPA 3TOM MOTYT BO3HHMKHYTH
npoOJeMbl C BBIICHEHHMEM MpPUYMH HeOallaHca [aHHBIX [0 NOTPEOICHHIO
DHEPropecypcoB OT CUCTEM KOMMEPUYECKOTO M TEXHUYECKOro yyera. OTCyTCTBUE
UIOMOMPOBaHUST TPUOOPOB IHEProcOBITOBONM OpraHu3alMen IMO3BOJSET CIyKOe
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[JIABHOTO JHEpPreTUKa MPEANpUsATUS ONEPATUBHO BHOCHUTh W3MEHEHHS B CXEMY
TEXHUYECKOT0 KOHTPOJISL SHEPTOPECYPCOB, B YCTABKU MEPBUUYHBIX U3MEPUTEIBHBIX
MpUOOPOB B COOTBETCTBHUH C TEKYIIUMH U3MEHEHUSIMU B CXEME DHEPTOCHAOKEHUS
NpeAnpUsTAS U CHelU(UKON pelIaeMbIX MPOU3BOJCTBEHHBIX 3ajay. Y4HUThIBas
ATy CreUUuPUKYy KOMMEPUYECKOTO U TEXHUUYECKOTO y4eTa MOXHO ONTUMHU3UPOBATH
crouMmocTh co3nanuga ACKYD u ee skcruryaTanum.

15.2. ACKY3 B XKKX.

Kunmnimno kommyHanbHOe Xxo3siictBo (OKKX ) ceifwac mnepexuBaer
KapJauHaIbHBIE pedOpMBI Ha OCHOBE HHU(PPOBBIX TexHOJOTHHA. MMeHHO OoHU —
ABtomatuzupoBanHble Cucrembl Kommepueckoro VYuéra OHepropecypcps
( ACKYD ) mno3BojsitoT coOupaTh OOBEKTHUBHBIC JaHHBIE IO Pacxony
DHEPTOPECYPCOB, CBOJIUTH OAlaHC W BBISIBJIATH NMOTEPH, aHATM3UPOBATh JAHHBIC U
BBISIBIIATH  TIEPBOOYEPETHBIC YYaCTKHM PEMOHTA. OTO OJMHAKOBO BBITOJIHO
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ACKYD B KKX pemaer 3agauu:

- aBTOMAaTU3UPOBAHHBIN COOpP OOBEKTUBHONW MH(POPMALIMHU O TEKYILIEM
SHPronoTpeOICHNH;

- dbopmupoBanue, oOpaboTKa , XpaHEHHWE W BbIJauya HEOOXOIUMOMH
YacTH apXuBa MOTPeOIEHUSI IHEPTOPECYPCOB;

- CBOEBpPEMEHHAsl CUTHAIM3alMsd O BO3HUKHOBEHUM HEIITAaTHBIX
CUTYallNM;

- OIlepaTUBHAS TUATHOCTHKA COCTOSIHUSI ONEPATUBHOTO 000PY/I0BAHUS.

Kak mpaBuno npumensercs TpEXypoBHEBasi cucrema cOopa u 00paboOTKu
uHbopMaIuu.

IlepBelli ypoBeHb — OOIIEIOMOBOM yYET SHEpropecypcpB. 31ecCh
OCYULIECTBIISIETCS TOJIOMOBOMl CcOOp JIaHHBIX CO CYETYHMKOB 3JIEKTPO3HEPIUH,
pacxojga BOABI, Ta3a, TElJla yCTAHOBJIEHHBIX B MOJBAJAaX >XWIbIX JT0oMOB. [lo
untepgeiicy RS-485 naHHble nocTynmaroT B paJMOMOJEM, a Jajblie [0
BBIJICJICHHOMY KaHainy Ha yactore 433 MIn - Ha pailloHHBIA YPOBEHb.
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[lepenaBaemasi HOMEHKJIATypa JaHHBIX JIOJDKHA COOTBETCTBOBATH TPEOOBAHUSIM
I'OCTa myis pacu€ra moTpebIEHHOTO 00bEMA KaXIOTO SHEPTOHOCUTEISL.

Paiionnblii ypoBeHb — MecTO cOopa M 00pabOTKH HH(pOpMAIUH, O
OTJIEJIbHOMY YYaCTKy TEPPUTOPUH. TEXHUUYECKOE pEelIEHUE OPraHU30BaHO HA Oaze
MaJiorabapuTHOTO MPOIECCOPHOTO MOYJIst WK Y crpoiictBa Coopa u [loaroroBku
Hauubix ( YCIIJ ), mporpammHoe obOecriedeHue KOTOPBIX BBIMOJHSIET OMPOC
MPUOOPOB «JIOMOBOTO YPOBHS» C 3aJaHHbIM HWHTEPBAJIOM. 3/1€Ch BBITOJIHIETCS
NEePBUYHBIA pacXoj] pecypca ¢ MUHUMAaJIbHBIM HHTEPBAJIOM PaBHBIM HHTEPBATY
ornpoca naaHHbIX. [loimyueHHas wuHQOpMalus OTHpPaBISETCS HA TUCIETYEPCKUUN
MYHKT 10 paguomoaemy win kaHaimy GPRS.

JlucnieT4yepckuil YpOBEHb — 3TO IEPCOHAIBHBIA KOMIIBIOTED WIIM CEpPBEP
0a3bl TaHHBIX ¢ pabOYUM MeCTOM K KoTopomy noakiaouéH GPRS mogem.

371eCh PEIAOTCS CIEAYIOIINE 3a1a4Yu:

- OTOOpa)KEHHE PEAbHBIX OMEPATHBHBIX JAHHBIX PACcXo0/a KaKIIOTO
HHEPrOHOCHUTES, KaXATo JoMa 00CTyKUBaeMOT0 paiioHa;

- (dhopmupoBaHue OTYETOB 00 IHEProNOTPeOICHUH;

- JIMarHOCTUKA COCTOSIHUS 000PY/10BaHUS;

- dbopmupoBaHue dHEprodoaianca Mo KaxjaoMy oobekTy ( oMy ), Mpu
HECTBIKOBKaX OOJIbIlIe JOMYCTUMOTO Tpejaesia — uHbopMalus s BBIOJTHEHUS
PEMOHTHBIX padoT.

ITpumenenue ACKYD B JKKX, ma€tr BO3MOXHOCTh ONTUMAJIBHO
cOalaHcUpOBaTh  CHUCTEMY  JIOMOBOTO  TMOTPEOJIGHHS  DHEPropecypcos,
CBOEBPEMEHHO BBISIBIISTH ClIa0ble MECTa HEJIOMyCKas aBapuid

15.3. UamepuTtenbHbin kKaHan ACKYJ. UamepuTtenbHble npeobpa3oBartenu

ACKY?O.

OcHoBHble 3a1aun ACKYO:

- [lonyuyenue komIuieKCHON HHGOPMALIMHU IO YUETY 3JIEKTPOIHEPTHH.

- OnepaTuBHBIN KOHTPOJb PabOThl SHEPreTHIECKUX OOBEKTOB (ITOBBILICHUE
HAJCKHOCTH PabOThl YHEPTETUUECKUX OOBEKTOB).

- Onpezenenre OaIaHCOB ANEKTPOIHEPTHH IO MPEINPUATHIO (TOUHBIM ydeT
MOTEPh AIEKTPOIHEPTUN).

- MexxMammHHbIE 0OMeH HH(opManueld (MOBBIILIEHUE ONEPATUBHOCTH U
JOCTOBEPHOCTH PACUYETOB 32 AJIEKTPOIHEPTHUIO).

- [lomyyenune TouHOW wuHGOPMAMK O TMOTPEOJICHHONM U TepedaHHON
AJIEKTPO3HEPTUM U MOIIHOCTU JUISl TPOBENEHUs (UHAHCOBBIX pacyeToB Ha
OIITOBOM PBIHKE 3JIEKTPOIHEPTUH.

[Tpu npoeKTUpOBaHUU U3MEPUTENHHON CUCTEMBI, 0053aTEIbHBIMU SBIISIIUCH
Takue Bo3MokHocTH ACKYD kak:

- U3smepenune, o00paboTka, HakoIUIEHHE, XpaHEHHE U OTOOpakeHHue
AIIEKTPOCUETYMKAMH Ha MECTaX WX YCTaHOBKH HH(POpPMAIMH O NOTPEOICHHOMN
(OTIyIIEHHOW) aKTUBHOW U PEAKTUBHOW SHEPTUH U MOIIHOCTH.

185



- O0bpenunenne Ha Y CIIJl maHHBIX, TOJYYEHHBIX CO CYCTYHKOB, B €IUHBIC
TPYIIIOBBIE H3MEPEHUST KOHKPETHBIX 00BEKTOB.

-COop maHHBIX 1O TOYKaM YydyeTa OTIycKa cyOaOOHEHTaM, He
noAkioueHHbIM K YCIIJ] mepeHOCHBIM MHXKEHEPHBIM IMYJIHTOM Ha cepBep 0asbl
nanHbiXx b/ ACKVYD.

- CuutpiBanue wundpopmanuu u3 YCIIJ napawienbsHO 1O HECKOIBKUM
HE3aBUCHUMbIM HAIPABJICHUSIM.

- Hakomnnenue, xpaneHue U oToOpakeHue MHGOpMaIIUK, MOCTYNAOMIEH OT
YCII] u cobupaeMoii TepEeHOCHBIM HWHXEHEPHBIM MyJbTOM, Ha cepBepe b/l u
npenocTaBieHue NHGOPMAIIMKU Ha BEPXHUE YPOBHHU.

- KondurypupoBanue cuCTEMBbI.

Crpykrypa cuctembl ACKY D, coop nannabx 1 00paboTka nuanpopmanuu

Cucrema ACKY?D BkitodaeT B ce0s1 HECKOJIBKO YPOBHEH:

-  VYpoBeHb TOYKHM YyueTa, BKIIOYAIOUIUA CUETUYUKH, BTOPUYHBIC
M3MEPUTEIbHBIE IIENHU, OJIOKU JOMOJHUTEIBHOTO MUTAHUS CUETUYHKOB.

- YpoBeHb 00BEKTa, BKIIOUANOIMMNA LU(POBBIE KaHAIbI cOOpa AAHHBIX CO
cyeTunkoB,  JokanbHble  YCIIJI,  npeoOpazoBatenu  uHTEppelcoB U
KOMMYHUKAI[MOHHYIO anmnaparypy.

- YpoBenb 1eHTpa cOopa u 00paboTku uHGOpPMALUM, BKIIOYAIOIIUI
rnaBHoe YCIII, yctpoiictBo cuHxpoHuzauuu BpemeHu, cepBep bl ACKYD,
pabouue MecTa NoJIb30BaTelei, CETh.

- Yposens cpeabl nepenaun qanubix CIT ACKYD.

- YpoBeHb niepeaur JaHHBIX Ha BEPXHUE YPOBHHU.

YpoBeHs Touek yuera. Ha Bcex TOUkax KOMMEPUYECKOIO YYETa YCTAHOBJICHBI
u3Mepurenu - Mukpomnponeccopubie cuetunku AJIBOA Ilmoc knacca 0,5 S,
KOTOpPbIE HU3MEPAIOT AaKTUBHYI0, PEAKTHBHYIO JJIEKTPOSHEPTHIO U MOIIHOCTD,
HAKaIlJIUBAalOT, OTOOpa)KalOT M XpaHAT 3Ty HHGopmanuio. Kaxxaplii cueTdyuk
cHaOxxaercs 1uiatod 1udpoBoro uHTepderica RS-425 nnsg noaxmroyeHus K
KOMMYHUKAIIMOHHOM amnmnapaType U epeiayu JaHHBIX Ha BBIIIECTOSAUIUE YPOBHU U
CHA0XKEH IPYIaMHU 1Mo 2 UMITYJIbCHBIX BBIXOJA IS MOAKIIOUYEHUS K CUCTEMAM.

YpoBenb o00BekTOB. Ha 00BekTax (MOJCTAHIMAX) YCTaHABIHWBAIOTCS
mkader HKY u mxad YCIIJ ( RTU-325). YCII npou3BoAsT cOOp AaHHBIX OT
CUYETUYMKOB, (OPMHUPYIOT TPYMIOBBIE HU3MEPEHUs, 00ECIECUNBAIOT KOMMEPUYECKUI
y4eT MOTpeOJIeHHUs 3JIEKTPUUYECKOW 3HEPTUHM M MOIIHOCTU 3a (PUKCHUPOBAHHBIC
WHTEPBAJIbl BPEMEHU M B YCIOBUAX MHOTOTapU(PHOCTH, OTOOpakaroT JaHHBIC HA
JUCIUICH U TepeatoT UX 1Mo KaHallaM CBSI3U.

YpoBennr 1eHTpa cOopa u 00padoTku wuHpopManuu. ['maBHoe YCIIJ,
ceppep b/l W  KOMMyHMKanMOHHas  ammaparypa  pacIojararorcs B
aAMUHUCTPATUBHOM  3JIaHMM. YUHUTBIBAs  PACHOJIOKEHUE  CUETYMKOB U
KOMMYHHKAIIMOHHBIE BO3MOXXHOCTH, B CHCTEME HCNoJb3yloT aBa YCIIJ -
nokanbHoe W rinaBHoe. I'maBHoe YCIIJ] cuuThIBaeT AaHHBIE C JOKAJIBLHOTO U C
KOMMYHUKAIIMOHHBIX IMIKa(pOB, K KOTOPHIM MOAKIIOYEHBI CYeTUYnkH, pa3 B 30
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munyT. CepBep ¢ [10 Anwda Ilentp AC SE CYB/IOracle ocymectBiser coop
JAaHHBIX ~KOMMEPYECKOTO ydera, BeaeHue ©Oa3pl manHbix  ACKYD wu
JIOJITOBPEMEHHOE XpaHeHne Tpedyemoi mHpopmarmu. Ha pabounx mMecTax Takxke
ycranoBiieHa nporpamma Anbda Llentp AC  SE, koTopas mo3BosisieT 0ToOpakath
JTAaHHBIE 00 AJIEKTPOIHEPTUU U MOIIHOCTH, UHPOPMAIUIO O TEKYILIEM COCTOSHUU
CUCTEMBI, TOKyMEHTUPOBATH IMapaMeTphl yuera, ooecneunBars goctyn k ACKYD.

COop maHHBIX 1O  OTHYCKY  DJIGKTpPO3HEpPrum cyOaOOHEHTaM ¢
HEaBTOMATU3UPOBAHHBIM yYE€TOM IPOU3BOAUTCA MPU IOMOIIM I[EPEHOCHOTO
MH)KEHEPHOTI'O ITyJIbTa Yepe3 ONTONOPT CUETUHKA.

VYpoBeHb cpeapl nepenaud JaHHbIX. [lJig  oOecrnieueHuss HaJEXKHOIO U
HE3aBUCUMOTO OOMeHa JaHHBIMH Mexay oObektamu AHXK um mporpammHo-
TexHuueckuMu komruiekcamu cucrembl ACKYD npu npoekTupoBaHUU CpEb
nepenaun aanHeix CIIJI ACKYD OAO "AHXK" wucnosb3oBaiu TEXHOJIOTHIO
BupTyasnibHOM cetu ( virtual local area network - VLAN) Ha 0a30BBIX CETEBBIX
ycrpoiictBax  (kommyTtaTtopax) CISCO kopnopatuBHoit  cetu AHXK u
kommyTaTopax CIIJI ACKVYD. Jlng opraHuzanuu KaHaJbHOH HHQPACTPYKTYpPhI
ucrnonb3oBanu  TexHosoruto Gigabit Ethernet (Ha OCHOBHBIX ~ MarucTpaibHBIX
COCJIMHEHUSIX TPAHCHOPTHOM cpejpl) U OEeCpOBOJHYIO CETh MepeAaud JaHHBIX
( SkyMAN) nmis moakIrOYeHUs YIAJICHHBIX M OTIEIBHO CTOSIIUMX OOBEKTOB
ACKYD.

YuutsiBasi 0COOCHHOCTM Tpennpusitus, npu BbiOope coctaBa CII/,
HCITOJIB30BAJIH CIIeTyoLue BO3MOKHOCTH JAHHBIX
texHonoruii.Gigabit Ethernet oO6ecrieunBaer ckopocth mepemaun mAaHHbIx 1 1'6/c
[0 pa3JIMYHBIM CpelaM [epe/layd, BKJIOYas ONTOBOJIOKOHHBIN Kabenb u
pamuokanain. Paaumomapumipytuzatop auamazoHa 2,4 ITn, wMoxer OBITH
WCIIOJB30BaH B KA4YECTBE JIFOOOTO 3jieMeHTa OeCpOBOJHON ceTh: aDOHEHTCKOIo
ycrpoiictBa (Moaens 2000), maructpaneoOpasyroniero ycrpoiictsa (Mmoaens 3000).
@OYHKIMU MapIIpyTU3aTOpa MO3BOJSIOT TAKXKE MPOU3BOJAUTH MOHUTOPHHI BCETO
noToka MHGOPMAIMU U OLIEHKY JI0O0oro uHTep(eiica, HaKariIuMBaTh JAaHHBIE O
OPOXOJAIIMX TOTOKAaX JUIsl TMOCJEAYIOUIEro aHaiu3a W/Wid Tapudukanuu,
co3faBaTh  KopnopaTuBHYIO  ceTb. VLAN QyHKUMOHUPYIOT  Kak  TPYIIIbI
noJib30BaTeNield,  BBIMOJHAOMKME  oOmme  QyHKIuu, 0e3  orpaHUYeHHs
MECTOHAXO0XJICHUEM U C BO3MOXHOCTBIO HCHOJIb30BAHUS PA3IUYHBIX CETEBBIX
yCTpOMCTB. Bce TEXHOIOrMM HMMEIOT MOJHOLEHHBIE MEXAHU3Mbl 3alIUTHl OT
HECaHKIIMOHUPOBAHHOIO JocTyna. bazoBas ctaHius Ha 0a3e 1exa CBA3M COCTOUT
u3 paauno MapmpyTtuzaropa cepuu 3000, koTOphIi oOecmednBaeT AOCTYyH K
KOpHopaTuBHOM ceTu Bcex 00bekToB ACKY D, moakirogaemMpIX ¢ UCIOIb30BaHUEM
TEXHOJIOTUH OecrnpoBOAHOIO J0cTyna. CEeKTOpHbIE AHTEHHBI YCTAHOBJIEHBI Ha
BBIIIIKE Il€Xa CBsI3U. BHemHuil OJIOK paiuo MapuipyTU3atopa U YCHIUTEIS
MOMEIICHbl Ha OJHOW W3 aHTeHH. BHyTpeHHu# ONOK HaxoauTcs B mKady
KopnopatuBHoM cetu U ero Ethernet-mopt mnoakimodaercs K KOMMYTATopy.
HamnpaBneHHble aHTEHHBI pacMHojararoTcsi Ha OOBEKTaX KOMMEPUECKOrO Yy4era.

187



Ucnonb3yst kommyTtatopbl cepur CISCO, Ha 0a3e KOTOpPBIX CO3MIaHO SIAPO
kopriopatuBHoi cetn AHXK, m cetp OecnpoBomHOTO AocTyna Jjisi OOBEKTOB
ACKYD, coznaercs VLAN ACKVYD, Kk KOTOpOl NOAKIIOYAIOT €€ CEepBep H
pabouunie CTaHIUU.

15.4.YcTtponctBa c6opa u nepenaum aaHHbix (YCIMO). UHTepcencoi.

| Haznauenue

VCII[] npeaHa3HaueHbl [JIi TPUMEHEHUSI B  COCTaBE  HU3MEPUTEIbHBIX
ABTOMATH3UPOBAHHBIX CHCTEM KOHTPOJS U  y4ye€Ta DSHEPropecypcoB Hu
OCYIIECTBIISIOT cOOp, HAKOIUIEHUE, TIepeIady Ha BEPXHHUN YPOBEHb HH(POPMAITUH O
MOTPEOJICHUN DHEPTrOPEeCypCcoB, a TAaKKE CHUHXPOHHU3ANHMIO pPaboThl TpuOOpPOB
yuera. YCIIJ] MOXET HUCIONB30BaThCS B CHCTEMAX AUCIETYEPCKOrO KOHTPOJIS 3a

paboroi TEJIEMEXaHUKN " BBIITOJTHATH byHKIIMN
aBTOMATUYECKOT 0/ TUCTAaHIIUOHHOTO yIPABJICHUS UCIIOJIHUTEIbHBIMU
MEXaHU3MaMH.
2 TexHUYEeCKHUE U METPOJIOTUYECKHE XapaKTEPUCTUKHU

HanMeHOBaHNE XapaKTEPUCTUKU BHaueHue

[Mpenensl fonyCKaeMor OCHOBHOM aOCOJIFOTHOU MOTPENIHOCTH  H5
YACOB. C (32 CVTKH)

KonnuecTBO KaHAIOB:

- RS-485 P

- RS-232 D

- Ethernet 1*

- CAN 1*

- CAN (Mepkypuii) D *

- Bctpoennsi GPRS Monem 1*

- J[ckpeTHOr0 (aHaJI0r0BOr0) BBOIA ] *

- JInckpeTHEIN (nenelineiii) Berxon (400 B, 100 MA) *

[ DHEDTOHE3aBUCHUMBIE YaChl DEAJTLHOI0 BDEMEHN

Haxkonurens nHGopMalmn MicroSD (mo 2-x I'6)
Munykanys 3 cBeToMMONIA
DJIEKTPOIIMTAHUE

Onekrponutanue Y CIIJL ocyiiecTBIsIeTCs] OT BHEIIHETO

- HATTNSKEHWE TTIOCTOSTHHOTO TOKa. B 0..24

- moTnelbageM TOK He Ooliee. MA 00
YCJIOBUA ODKCINUTYATALIMN

YV cnoBus SKCIUTyaTalliu:

- pabouast remmeparypa, °C 0T 5 10 +55
- OTHOCUTEIThHAS RIIAXHOCTE TInK 35 °C. %. He Ooree 05

- atMocdepHoe nasiieHue, klla 84-107

- HADAKEHHOCTR neneMeHHOoro (50 ') marautHOro momns. A/Mm [To 400
CTeneHn 3alUTEL KODIOIvCa P20

CPOK CJIYXKBBI, ' ABAPUTHBIE PASMEPBI, MACCA

CpenHnii CpoK CIaVKOBL, JIET 20

Cpenusas HapaOOTKa HA OTKA3. U 75000
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[CabaputHble pazMepsl (CxI1IxB), MM, He OoJiee 58x156x86

Macca, kr, He Ooiee 0.7

I10 3aKa3y

VYBenuueHne KoJIM4ecTBa KaHAJIOB JOCTUIaeTCsl UCIIOIb30BAaHUEM BHEIIIHUX
npeodpazoBatreneit RS232/RS485, USB/RS485, USB/RS232, nosropurenei
RS485/RS485, nuro3oB Ethernet u 1.1,

YcrpolictBo u padota

YCIIJ npeacrasisier co6oit mpruOop, BBINOJHEHHBIN B TUIACTUKOBOM KOPITyCE,
npeaHa3zHaueHHOM i KperuieHus Ha DIN-peiiky. [ aGapuTHbIN yepTex
npeAcTaBieH B npuiiokenuu b. BHyTpu kopmyca pacnoiiaraercst poLeccopHast
iata ¥ rwiata GPRS mopema.

CHapy»u KopIlyca pacIoyOoKEeHbl pa3beMbl JIJIS1 TOAKIOUYECHHS BHEIIHUX LIETEH U
GSM /GPRS aHTeHHBI.

VY CII]] cHaOXeH CBETOIMOHBIM UHUKATOPOM, CIY>KAIlUM JJIsl HHAUKALINU
pabotel BctpoenHoro GPRS moxema.

Ha nnare YCII/] pacnionaratoTcsi mepeMbIuKH («IXKaMIIEPhI»), C TOMOIIbIO
KOTOPBIX MOYHO MOJKIIOUUTH (OTKIIOYUTH) PE3UCTOPHI - TepMUHATOPBI 120 OM B
nensx RS485 u CAN (Mepkypuid).

XP8 RS485 Nel 1-2, 3-4 pa3oMKHYTHI -TepMHUHAaTOpa HET 1-2, 3-4
3aMKHYTBI - TEPMHHATOP €CTh

XP9 RS485 Nel 1-2, 3-4 pa3oMKHYTHI -TepMHUHaTOpa HET 1-2, 3-4
3aMKHYTBI - TEPMHHATOP €CTh

XP2 CAN (Mepxkypuit) Nel [1-2, 3-4 pa3oMKHYTHI -TepMHUHaTOpa HET 1-2, 3-4
BAMKHYTBI - TEPMUHATOP €CTh

XP3 CAN (Mepkypuii) Nel [1-2, 3-4 pa3oMKHYTHI -TepMHHaTOpa HET 1-2, 3-4
BAMKHYTHI - TEPMUHATOP €CTh

Hacrpoiika, ynpaBinenue, KoHTpoub 3a padotoit Y CIIJ] BO3MOXKHBI TOIBKO C
WCIIOJB30BAaHUEM  IIEPCOHAJIBHOIO  KOMIIBIOTEpA,  MOJAKIKOYAEMOIo  4epe3
untep(eiic Ethernet mu6o yepes GPRS coennnenue.

YCIIJ] peanuzyet cieayromue GyHKIUU:

IpUEM H3MEPUTENIBHOW HH(POPMALMM OT CYETUYHMKOB SHEPrOpPECYpPCOB IO
IM(POBBIM KaHaJIaM CBSI3H;

aBTOMATHYECKOE HAKOIUICHHE, XpaHeHWe M Mepenadyy HH(opmanuu Ha
BEPXHHUU YPOBEHB;

aBTOMaTUYeCcKasl BhIpabOTKAa CUCTEMHOI'O BPEMEHH;

aBTOMAaTUYECKass KOPPEKIHUIO/CHHXPOHU3AIMIO BpPEMEHH C BpPEMEHEM
BEPXHETO YPOBHS;

aBTOMATHYECKOE/IMCTAaHIIMOHHOE yIIpaBJEHUE UCIIOJTHUTEIbHBIMU
MEXaHU3MaAMH.

Bce nannbie 1 mapameTpsl XpaHATCsl B SHeprone3aBucumMon namsitu Y CILI.
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Konctpykiuss YCIIJ] mo3BonsieT pa3meniath €ro B 3JIEKTPOTEXHUUYECKUX
MOHTaXKHBIX IIKa(ax, a TAK)KEe YCTAaHABIMBATh €r0 BHE 3alIUTHBIX KOHCTPYKTHUBOB.

VYkazanue mep 0€301acHOCTH

[lo crenmeHu 3amuThl OT TMOpaXeHUs IJEKTpudeckum TokoMm Y CII/
otHocsTcs K knacey Il mo 'OCT 12.2.007.0.

[loaroToBKa K MCHOJIb30BAHUIO, MOAKIOYEHUE BHEIIHUX YCTPOICTB,
HaCTPOWKa
Pazmemenue
ITpu BBIOOpE MecTa [Ji YCTAHOBKHU CJIENYET PyKOBOJCTBOBATHCS CIAEAYIOLIUMU
KpuTepUusMU: He cienyeT ycranasiusath Y CII/] B MecTax, rae BO3MOXKHO
IPUCYTCTBHE MbUIM WIN arpECCUBHBIX I'a30B, pacroiaraTb BOJNU3U MOIIHbIX
VMCTOYHHUKOB 3JIEKTPOMAarHUTHBIX U TEIUIOBBIX M3JIyYEHUHN WIH B MECTaX,
MOJIBEPKEHHBIX TPSICKE, BUOpAIIUHU WM BO3ACHCTBUIO BOJIBL.
IToaroroBka k padore
KaGenu nnTepdeiicoB B COOTBETCTBUU C MPOESKTOM MOJAKIIIOYAIOTCS K pa3bemMam,
pPacnoJioKEHHbIM Ha BEPXHEHN M HIXKHEW CTOPOHAx KopIryca mpudopa B TO BpeMs,
KOTI'/Ia MPUOOP BBIKIIIOYEH.
[Tpu ucnonwzoBanuu uHTepdeiicoB RS485 u CAN (Mepkypuii) He0OX01UMO
CKOH(UTYpUPOBATH NEPEMBIUKH, MOAKITIOYAIOLINE/OTKIIOYAIOIINE PE3UCTOPHI -
TEPMUHATOPHI (CM 11.3).
Ha BepxHeill cTOpOHE KOpITyca paclooKeH pa3beM Sma - IMOAKII0UYECHUE aHTCHHBI
GSM/GPRS monema u RJ45 - unrepdeiic Ethernet.

15.5. Ctpyktypa ACKYJ, annapaTtHoe u nporpammMmHoe obecneyeHue.
TexHUKo-akoHOMU4YecKkn aHanm3 BHegpeHus ACKYD.

Coznanne ACYD Hapsiiy C ONpeAesieHUeM U BBHIOOPOM (PYHKIIMOHAIBHBIX
3aJa4 BKJIIOYAET MOCTPOCHHE YEThIpEX MOJICHCTEM, 00eCIeUnBaIOINX ee padoTy.
OTO0 MNOACUCTEMBbl HH(GOPMALMOHHOTO, TEXHUYECKOT0, MPOrpaMMHOTO U
opraHuzanoHHoro odecrneuenust ACYD.

NudpopmanmonHass moJacuMCTeMa  OMpEIeNseT COCTaB  HE0OXOIUMOil
uH(popmanuu, nocrynarwomeid B 9BM u Kk nucneryepy B TpeOyemble CPOKH U B
yAOOHOW  JJis  BOCOPHATHS W JaJdbHEHMIEro  HWCHONb30BaHUs  (hopme.
HNudopmanimoHHasi moJCUCTEMa BKIIOYAET MACCHUBHI MH(POpPMAIUU, METOIBI HMX
coopa, obpabotku u xpanenus. B ACYD conepxarcs u mnepepabaTbiBatOTCs
pa3nuuHbie BUABI MHPOpMAIK (HOPMATHBHO-CIIPABOYHBIC JaHHBIC, TEKYIIUE U
apXVBHBIE CBEJICHUS O HOPMAIbHBIX U aBapUUHBIX pPEKUMax pPaOOThl CHUCTEMBbI
AIEKTPOCHAOKEHUSI M T. 1I.), YTO OOYCJIOBIMBAET pa3zHOOOpa3ue HCIOJIb3yEMBIX
METOJI0B cOOpa, XpaHEeHUs U repepadboTku uH(poOpMaIuu.

[Toncucrema TEXHMUYECKOTO OOecreueHusl MPEeACTaBlseT COOOW KOMILUIEKC
TEXHUYECKUX CPEJACTB, PEATU3YIONIMM Mpoleccel cOopa, mnepenayu, oOpabOTKH,
oToOpakeHus U XxpaHeHus uHpopmaruu. [logcucremMa TeXHUYECKOTO 0OeCTIeUeHUS
BKJIIOUAEeT B ce€0sl YHUBEPCAJIbHBIE M YNPABJISIONINE IU(PPOBbIC BHIUNCIUTEIbHBIC
Maimunbl (YBM), Britouas ux nepudepuiiHble YCTpONCTBa, YCTpOUCTBA cOopa U
nepenaun uWHpOpManMM, B TOM YHCIE€ W PACCMOTPEHHBIC BBIIIE CHUCTEMBI
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TEJIEMEXaHUKH, a TaKKe yCTpOWCTBa OoTOOpakeHHuss MHGoOpMaluu nucnerdepy. B
KauecTBe MocieqHuX B Hacrtosilee Bpemss B ACYD ucnonb3yloTcsi JUCIUICH, Ha
AKpaHe KOTOPHIX B YJOOHOM ISl BOCTIPUSITHS YETIOBEKOM (popMe MpPEeCTaBISIECTCA
uHpopmanus, xpanumas B namatu Y BM. HeoOxoauMbIM yCIOBHEM MOCTPOEHUS
MOJICUCTEMBl TEXHUYECKOI'0 OOECHEUYEHUs SIBISETCS BO3MOXKHOCTH COIPSKEHUS
BCEX BUJIOB TEXHUUYECKHUX YCTPOMCTB, BXOJSIIUX B ATY MOJACUCTEMY.

[logcucrema  mporpaMMHOTO  OOecHedeHHs  MPEACTaBIsieT  coOoM
COBOKYMHOCTb QJITOPUTMOB W MpPOrpaMmM, OOECIEUUBAIOIIMX aBTOMATHYECKYIO
nepepaboTky mHpopmauuu. [Iporpammuoe obecnieuenne ACYD nonpasaensercs
Ha ofmee M cHequaJbHOE. 3ajaued mporpaMM OOIIEro MaTeMaTHYeCKOTo
o0ecrieyeHusl SBJISIETCSl OpraHM3alUsl BBIYMCIUTENBHBIX IpoueccoB B OBM,
nepBuyHas o00paboTrka mocTynawome B OBM  wuHdopmamuu u  KOHTPOIb
npaBwiIbHOTO  QyHKIMOHUpoBanuss  ACYD. Ilporpammbl  crienuagbHOTO
MaTEeMaTHYeCKOro OOecCHedeHus MpHU3BaHbl pellaTh KOHKPETHBIE — 3aJauu
YOpaBIE€HUS CHCTEMOHM dJEKTpocHaOXeHuss U ee KoHTposs. PaspaboTka
IIPOTrPaMMHOr0 O0EeCIIeUeHHs SIBISIETCSl Hanbosiee TPy I0EMKOM 4acTbio padOThI MO
cozganuto ACYD. Ot kayecTBa M COAEp>KaHUA MPOTrPAMMHOr0 OOECIeUYeHHs B
00JBIION CcTENEeHU 3aBUCUT 3P (HEKTUBHOCTH GyHKIHOHUpOBaHUs ACYD.

[loacucrema opraHM3allMOHHOTO O0ECTEUEHUs BKIIIOUYAET B CE0sl KOMIUIEKT
UHCTPYKIIMI M TpEeANHCaHWil  ONepaTUBHOMY  IEPCOHANY  CHCTEMBbI
AJIEKTPOCHAOKEHMSI 110 JKCIUTyaTallud KaK OTJENbHBIX COCTABHBIX YacTeW, TaK U
ACYD B uenoMm. B noacucreMy opraHM3allMOHHOTO OOECIIEUEHHS] BXOIAT TAKXKE
ONHCAaHUsl PACCMOTPEHHBIX BBILIE IIOJICUCTEM, OIHUCAHUS PEKUMOB pPAOOTHI
TEXHUYECKUX YCTPOMCTB, BXOJAIIMX B KOMIUIEKC TeXHUYECKHX cpeacts ACYD, u
apyrasi JOKYMEHTaLHs.

OynkrmuoHanbHo ACY cucteMoil siekTpocHaOx)eHus Tak xe, kak 1 ACY
JIPYTUMH YNPABIIEMbIMA OOBEKTaMU, SIBISETCS MEPAPXUUYECKOM CUCTEMOM, T. €.
COCTOMT M3 OTAEIBHBIX IIOJCUCTEM, BBINOJIHSIOIIMX pa3IndHble (QYHKIUU U
HaxXOJIAIMXCS Ha pPa3HbIX CTYNEHsIX  uepapxuu. DyHKIMOHANbHAS CTPYKTypa
ACYD npoMBIIUIEHHOTO NPEANPUITHS UMEET ISATh YPOBHEN UEPAPXUH, T. €. IAThH
(yHKIMOHAIBHBIX MOACHCTEM. JIBa HIDKHUX YpOBHA HEpapXWUH: MOJCUCTEMA
3aIlUT U PYYHOTO YNPAaBJIEHUS U MOJACUCTEMA JIOKAJTbHOM aBTOMATHUKHU - SIBJISIFOTCS
6a30BbIMU YpoBHAMHU ACYD.

[Toacucrembl 0a30BBIX ypOBHEW (PYHKIMOHAIBHOU CTPYKTyphl ACYD
MPU3BaHbI peIIaTh CACAYIONIME 3a1a4u [68]:

1. Peneiinas 3amura U TEXHOJIOTHYECKAs! 3al[UTa OCHOBHOTO 000pYIOBaHUS
OOBEKTOB CHCTEMbI JJIEKTPOCHAOXKEHHs, T. €. aBTOMAaTHUYeCKOoe oOecredeHue
6e3omacHoi paboThl 000PYIOBAHHUS.

2. PaznuuHoro poja OJIOKMPOBKH, a TakKe JIOKAJIbHOE aBTOMATHUYECKOE
YIPABJIEHUE OTACIbHBIMU 3JIEMEHTaMH OOBEKTOB CHUCTEMBI 3JEKTPOCHAOKEHUS
(AIIB, ABP, AYP u mip.).

3. ABTOMAaTHMYECKOE PETYJHUPOBAHHUE IAPAMETPOB OTHAEIBHBIX SJEMEHTOB
CUCTEMBI 3JeKTpocHaOxenus. Ilpu sToM wucnonb3yroTcs ycrpoiictBa APB
cunxponHsix MaminH, APKT, APKOH u np.
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4. N3mepeHne pa3auyHbIX AJIEKTPUUYECKUX MapaMeTpoB (TOK, HAMPSKEHUE,
aKTUBHAs MOIHOCTH M JIp.) KaK s obecreueHrss paboThl MECTHBIX (JTOKATbHBIX)
YCTPOMCTB aBTOMATUKH, TaK U 715 Iepenadu B apyrue nojacucreMol ACYD.

Tperuii ypoBenp wuepapxum ACYD mnpexacraBisieT co0oil moacucrema
LHEHTPAIU30BAHHOIO  YNPABJICHHUS M KOHTPOJsA, WM  MH(DOpPMAMOHHO-
YIOpaBIISIIOLIAs OJICUCTEMA, KOTOPAsl pelIaeT 3aJauu:

1. TloCTOSHHOrO aBTOMAaTUYECKOIO KOHTPOJS 3a COCTOSHUEM CHCTEMBbI
AIIEKTPOCHAOKEHUS (pexxum paboThI o0opyioBaHus, MOJIOXKECHHE
KOMMYTAI[MOHHOM armapaTypsl U Ip.).

2. Qukcanuy 1 aHaIu3a HEUCIIPABHOCTEM.

3. OnepaTUBHBIX NEPEKITIOUECHUM.

4. O0pabOTKM TMEPBUYHON TEXHOJIOTHYECKOW WMH)OpMaIuu, ee XpaHEHUs,
OTOOpaKEeHHUS UCIIeTYEpy, iepenayu B Apyrue nojacuctembl ACYD.

5. [lepemaun Ha 0OBEKTHI PACHOPATUTEIHHON HHPOPMAIINH, TTOCTYTIAFOIICH
U3 BEPXHUX YPOBHEHN HEpaApXUH.

6. PacueToB omepaTUBHBIX TEXHUKO-3KOHOMHUYECKUX Tokazareneit (TIII) u
AKCIUTyaTallMOHHBIX  IIOKa3aTelied TEXHOJOTMYECKOro Impoluecca U paboThl
000opy0BaHUs.

7. JIlMarHOCTMKYM M TPOTHO3UPOBAHUSA TEXHOJOIMYECKOIO Ipolecca WU
COCTOSIHUSI OCHOBHOTO 000PY/I0OBaHUSI SHEPTOCUCTEMBI.

[Toncucrema MIaHUPOBAHUS M Y4ETa, WIM YYETHO-pACUETHAs MOJCUCTEMA,
Npe/ICTaBsAeT coO0l 4YeTBepThid ypoBeHb Hepapxun ACYD. B kpyr pemraembix
9TOMN MOACUCTEMOM 3a4a4 BXOJIUT:

1. CocraBnenue OalaHCOB aKTHUBHOM ¥ PEAKTUBHOM MOIIHOCTH IO
OTJEJIBHBIM LIEXaM U 10 NPEIIPUATHIO B LIEJIOM.

2. AHanM3 Ka4yecTBa AJIEKTPOIHEPTHUH.

3. Omnpenenenue coBMeleHHONM 30-MHUHYTHOM HArpy3kd NOpEINpUsATUS B
4achl IMKA HATPY3KH PAaOHHON YHEPTOCUCTEMBI.

4. ABTOMAaTHM3UPOBAHHBIN  KOMMEPYECKMH M  TEXHUYECKHW  y4ET
ANEKTPOIHEPTUH, MOTPEOIIEMON NPENNPUATHEM B LEJIOM M €ro OTACIbHBIMU
MO/Ipa3/ICTICHUSMHU.

5. Pacuer ynenbHOro pacxoia 3JIEKTPOIHEPIrUU Ha €AUHUILY BBITYCKaeMOM
NPOIYKIUU (151 BCEX BUIOB BBIITYCKAEMOM MPOAYKIIUH).

6. O6paboTka U mepenaya HEOOXOAUMON HHPOpPMALIMKA HA JPYTUE YPOBHU
uepapxun ACYD u B ACY npennpusitus.

Briciium ypoBHeMm uepapxun ACYD sBisieTcss MOACUCTEMA ONTHUMU3ALUU
paboThl CUCTEMBI 3IEKTPOCHAOKEHUS MPEANIPUATHS, KOTOpask periaeT B OCHOBHOM
CJIEIyIOIIME 3a/1a4U:

1. OGecnieueHue CHUXKEHUS TMOTEPh SHEPTUU B TpaHCPopMaTOpax, a TAakKe B
KaOEIbHBIX U BO3YIIHBIX JIMHHSIX.

2. Ompenenenue W peanm3anyss ONTUMAIBHBIX I1APAMETPOB KadecTBa
AIIEKTPOIHEPTUH B MUTAIOMIMX U PACHPEIETUTENbHBIX CETSIX.

3. OntumanbHOE pacipeaeeHUe PEAKTUBHON MOIIHOCTH B 3JIEKTPUYECKOU
CeTH MPEANpPUITHS KaK C TOYKH 3peHHs oOecreyeHuss HeOoOXOJIMMOIo KayecTBa
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ANEKTPOIHEPTUHM, TaK W C TOYKM 3PEHUS MUHUMHU3AIUU TOTEePh AaKTUBHOMU
MOIITHOCTH B AJICKTPUYECKOU CETH.

4. PacyeT m aBTOMAaTHYEeCKasl peain3aris ONTUMAJIbHBIX PEKUMOB PadOTHI
HMCTOYHUKOB PEaKTUBHON MOIITHOCTH.

5. OmpeneneHne ONTUMAIBHBIX YCIOBUH THTAaHUS TIPEINPHUATHS OT
pPaliOHHOW PHEPTOCUCTEMBI M UX PeasTh3aIlusl.

6. Ilpn Hammumm COOCTBEHHBIX HCTOYHHKOB OJIJICKTPHUECKOTO TTHTAHUS
(manpumep, TOIl npennpusATvs) ompeaeiecHUE W peaau3anus YCIOBUH HX
HanOosee 3 (HEKTUBHOTO UCIIOIb30BAHUS.

3amaun, pemaeMble HAa BBICIIEM M Ha JIPYTUX YpoBHAX uepapxuu ACYD,
OTIPEIEISIIOTCS BO3MOXKHOCTSIMU UCIIOJIb3YEMbIX TEXHUYECKUX CPENICTB, BKIIOYAs
OBM, a taxxe ypoBHeM MaTemaTudeckoro obdecrneuenus ACYD.

CpenctBa BEIUUCIUTEIBHON TEXHUKU, UCTIONB3yeMbie B ACYD

Heob6xonumbiM  ycinoBueM  peanmzauun  ACYD  saBasiercs  ObicTpas
aBTOMarhueckas oO0paboTka OOJbIINX 00BEMOB MH(OpPMAIUHU, UTO, €CTECTBEHHO,
HEBO3MOXKHO 0€3 HCHOJb30BAHMS COBPEMEHHBIX CPEJCTB BBIYUCIUTEIBHON
TexHuku. Tak kak ACYD sBusgercs opraHu3zalmoHHO-TexHoJorndeckon ACY,
pemaromend 3agaun kak ACVYII, tak u ACYTII, ACYD peanusyercsi Ha OCHOBE
UCIIOJIb30BaHUS arperaTHON CUCTEMBbI CPeICTB BhluucauTeabHOU TexHuku (ACBT-
M), KoTopas TO3BOJSIET OPraHU30BaTh YIPABJISIOMUNA  BBIUMCIUTEIbHBIN
komiuieke (YBK), B koropom DBM oka3biBaeTcsi HEOCPEACTBEHHO CBA3AHHOM C
MCTOYHUKAMU HUH(POpPMAIMK U C HCTHOJHUTEIBHBIMH IIETSIMU  YIIPABISIEMBIX
00BEKTOB CUCTEMBI AJICKTPOCHAOKECHHUSI.

Cucrema ACBT-M coaepXUT MHOTO pa3IMYHbIX arperaTHbIX MOJYJIEH,
KOTOpbIE 110 Ha3HaueHHIo B YBK MoryT ObITh 1Opa3ieneHbl B OCHOBHOM Ha MSTh
IpynIl: Mpoleccop, yCTPOMCTBa BBoAa U BeIBoJa nH(popmanuu (YBB), ycrpoiicTBa
cBsi3u ¢ oObektoM (YCO), ycrpoiictBa BHyTpucuctemHou cBsizu (YBCC),
YCTpOHCTBA 0TOOpakeHUs! U KOppeKTUpOoBKHU HHPopmanuu (Y OKIN).

Ha3nauenuem mpoueccopa siBisieTcs: nepepaboTka HHPOpMALMK, XpaHEHUE
ornepaTUBHOM MHGpOpPMAIMU, OpraHU3alus BBOAA U BbIBoja uHdpopmaiuu B YBK.
B pamkax ACBT-M npOMBIIUIEHHOCTHIO BBIMYCKAIOTCS B HACTOSIIEE BpeMs
npoiueccopsl M-6000, M-7000, M-4030. HaumeHbliieit mpou3BOAUTEIbHOCTHIO U3
HuX obnamaet npormeccop M-6000, MO3TOMY OH MCHOJIB3YETCS, KaK MPaBUIIO, HA
nepBoM dtamne cosnanug ACYD uinu Ha HU3KHX CTymneHsX uepapxuu. HanbGoib-
ITyI0 TPOU3BOIUTEILHOCT, HMeeT mporeccop M-4030, KOTOpbIi MOXET OBITh
WCITOJIb30BAaH HA BBICHINX CTyMeHsIX uepapxuu. OTIWYUTENHHOM OCOOEHHOCTHIO
ATOr0 MPOLECCOpPa SBISAETCS BO3MOKHOCTh €r0 HEMOCPEACTBEHHOI'O COIPSIKEHUS C
pPa3IMYHBIMA ~ BHEIIHMMHU YCTPOMCTBaMM e€IuHOM cepun OBM  Tperbero
MOKOJICHHUS, YTO MO3BOJISIET CO37aBaTh MOIIIHEIC MHOroMamnHHabeie Y BK.

VYerpoiictBa BBoja M BbIBoja uH(popManuu YBB mnpennaszHaueHwsl s
CUMTBHIBAaHUS HHGOpPMAIUM C BHENIHUX HocuTenel (mepdokapThl, KiIaBHATypa,
MarHuTHbIE JIEHTHI M T. 1.), €€ MpeoOpa3oBaHUs W Mepefadyd B IPOLECCop,
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XPaHEHHsI Ha BHEIIHUX HOCUTENSIX U BO BHEIIHMX 3allOMUHAIOIIUX YCTPOMCTBAX
uH(opmaruu, moiaydeHHoOM oT mporeccopa. Dynkmumeit YBB sBnsercs Takxke
reHepalnsi CUTHAJIOB BPEMEHHU.

Hasnauennem yctpoiictB BHyTpucucteMHOM cBsisu YBCC saBnserca B
OCHOBHOM MpeoOpa3oBaHUE CUTHAJIOB NpU OOMEHEe HH(pOpMaLUEe MEXIy
Pa3TUYHBIMH BBIYUCIUTEIbHBIMUA CUCTEMaMH B MHOTOMAIIMHHBIX Y BK.

VYcerpolictBa  oToOpakeHUsT W KOppeKTHUpoBkH uHPopMauuu YOKU
NpelHa3Ha4YeHbl I BU3YaJIbHOTO TMPEJCTABIEHUS JUCIIETYEPY HMHTEpEeCcyrouen
€ro MHpopManuy, a TaKKe U1 BOCOPUITHS U NEepeladl B IPOLECCOP BHOCHMBIX
JUCIIETYEPOM YTOUHEHMH M JIOMOJHUTENbHOM HHpOpManuu. OTH YCTpOHCTBa
peain3yroTcs, Kak paBuiio, Ha 6a3e UCIOIb30BaHUS JAUCILIEEB.

Bce ycerpoiictBa YBK, BemomHennoro Ha 6a3ze ACBT-M, wumerot
yHUGUIIMPOBAHHOE compspkeHne (Tak HasbiBaemblii uHTEpdeiic 2K). [Ipu Takom
COIPSKEHUH COOJIOACTCSl BBIIIOJIHEHHE COBOKYIHOCTU YCJIOBUHM ((PU3UUECKHUX,
KOHCTPYKTUBHBIX, JOTMYECKHX), YTO W MO3BOJSET M3 OTIEIbHBIX arperaTHbIX
MoxayJsier mocrpouth YBK, cocraBnsrommii Hapsiay € yCTPOMCTBAMM PEJIEMHOU
3aILMTHI, JOKAJIBbHOM aBTOMATUKH U TEJIEMEXAHUKH TEXHUUECKYIO0 OCHOBY ACYD.

Ha »snektposHepruto  JIeHCTByeT JBYXCTaBOYHBIM Tapud W  JBa
OJIHOCTAaBOYHBIX 3a TMOTPeOsieMbli O0BEM BJIEKTPOIHEPIrUU — OOBIYHBIA U
muddepeHurpoBaHHBIM M0 BpeMeHHbIM 30HaMm [4]. OueHuTb abCONIOTHBIE U
OTHOCHUTEJIbHBIE PacUeTHbIE SKOHOMHUYECKHE F((EKTH OT UCIOJIb30BaHUS OJHOTO
u3 tapudoB (Hampumep, nuddepeHIpOBaHHOTO), NIPUHSIB JIPYyrond 3a 0a30BbIH,
MO>KHO TOJIBKO, ITPOBE/S CPABHUTEIIbHBIN MAaPKETUHIOBBIM AHAJIN3 UX PACLEHOK 110
METOJIMKE, MpeAJI0KeHHOH B [1, 2].

OpHako, y4uThIBasi, YTO B «IPOMUIAX» CYTOUHBIX Harpy3ok DIl oObIyHO
OTCYTCTBYET 3aJJaHU€ BEPXHUX M HIDKHHUX IPEIEIIOB BapbHPOBAaHUS YaCOBBIMHU
MOIIHOCTSIMH, MPOBECTU JETAbHBIM aHalu3 B TMOJHOM OObEeMEe MO YKa3zaHHOU
METOJMKE HEBO3MOXXHO. [l03TOMY oOrpaHu4yuM €€ pacyeToM SKOHOMHUYECKOIO
s dexra, nomydyaemoro D11 TOABKO 3a cueT mepeHoca Harpy3o0K U3 «I0porux» (c
HauOoOJbIIMMHU pacueHkamu gudrapuda) B «IeUIeBble» 30HBI CYTOK (C
HAaMMEHBIIMMHU  paclieHKamu), 0e3  BO3MOXHOH  ONTHUMH3aluK  IUJIaHa
anekTponoTpednaenus. B pesynbrare DIl momyyuT MakcUManibHO BO3MOXKHBIN
3Q(deKT OT CHMXKEHMsI 3aTpaT Ha DBJIEKTPOIHEPTUIO, KOTOPBIM BbIpaXkaercs
BEJIMYMHON 3IEKTPONOTPEOICHUS:

I3 = 373940 - HaA» ™ 4 o= ) ™ © + 05— o™ ()

3nech — 00beMbl 3JIeKTpodHEeprun  (kB1xu),
IJIAaHUPYEMBIE «IIEPEHECTU» COOTBETCTBEHHO U3 MUKOBBIX 30H CYTOK B HOUHYIO, U3

2om W F 3
3 =c¢c"W +c¢° P
IMUKOBLBIX B AHCBHBIC 1 N3 JHCBHBIX B HO‘IHYI'O; mazx
— 3arparel OIl Ha omnaTy »dJEKTPO’HEPTHH TIO0 JBYXCTaBOYHOMY Tapudy

dud _ HprH Tar Tyl
(py6.); 3 =C W + € W + € W i
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rie W - NOTpeOIIsIEeMbIi CyTOUHBIN 00BEM AIIEKTPOIHEPTUU, KBTXy;

— CYTOYHbIE 00bEMBI 3IEKTPOIHEPIHH, MoTpedssembie D11
B HOYHYIO, THEBHYIO U MUKOBYIO 30HBI CYTOK, KBTX.

— 3asgBieHHas Oll MOIIHOCTP HArpy3Kd, Yy4acTBYOIIas B
MAaKCUMYM€ Harpy3Ku SHEProCUCTEMBI, KBT;

, — pacueHkud 3a 1oTpedssieMblidi  00BEM  3JIEKTPOIHEPIHU
(py0./xBTx4) u 3asBIE€HHYI0 MOIIHOCTH, YYaCTBYIOIIYI0 B MaKCUMyM€ Harpy3Ku
ASHEProcUcTeMBI, py0./KBT;

— pacleHKH 3a MNOTpedsieMblii 00BEM 3JIEKTPOIHEPTHH B
HOYHYIO, IHEBHYIO U MMMKOBYIO 30HBI CYyTOK, pyO./KBTXu.
B ucxomnom BeipaskeHnu (1) MOKHO BBIIEIHUTDH JIBE COCTABIISAIONINE 3aTpat

P
3a noTpedIsieMyto DIl AIEKTPOIHEPTHIO: «TapudHy0» 3 u

nap
KMICPECHOCUMYIO» '[[3 , OIIPCACIIICMBIC TCXHOJIOTUYCCKU OOITYCTUMBIM O6’BCMOM

nepeHocumon 11 cyTouHON HAarpy3Kku
A3 = a3 + A3
(2

Bennunna «tapu¢HO»  COCTaBIAIONIEH  ONpeAeNseTcss HUMEIoIIecs
JUCIPOIIOPLMEN Tapu(HBIX paCLEHOK

W nlom_ dug
AT )

a <<H€p€HOCHMOﬁ>> — OI'PaHUYUBACTCA TOJIBKO 00BbEMOM HepeHOCHMOﬁ
QJICKTPOHAI'PY3KHU U3 ITMKOBBIX 30H B HOYHYIO 30HY

nep g I H P—H
W =fe” —cT )Ty
OObeMaMu 3JIEKTPOIHEPTUH, MEPEHOCUMBIMM U3 JAPYTUX 30H, MOXHO
npeHeOpeyb, BBUIY UX OTHOCUTEIHHO MajiOl BEIWYUHBI 1O CpaBHEHUIO C (4), a
TaK)K€ MPOCTOTHI U HATJISITHOCTH U3JI0KEHUS aJITOPUTMa paciyeTa. DJKOHOMHUECKUA
apdext ot mepexoma OIl ¢ aByxcraBouHoro Ha audrapud memecoodpasHo
onpeneniaT no Qopmyinam (2—4), BBens ko3pduuueHt k, xapakrepusyomui

W?ﬂ

MIPOLICHT HAarpy3KH, IEPEHOCUMON B HOUHYIO 30HY CYTOK U3 MMKOBOU 30HBI

AWPH =kW?",

)

[IpunsiB st ynoOcTBa pacyeToB MMEPUOJUYHOCTH ChEeMa JAHHBIX C
ANEKTPOCUYETUHMKA, paBHOM | 4, a BEIMYMHY NEPEHOCMMOW MOIIHOCTH
AIEKTPOYCTAHOBOK MPOMOPIUOHATHLHOM BpeMeHU UX paboThl, Toraa B (5) oObeM
AIEKTPOIIOTPEOICHUS MOXKHO 3aIMCcaTh MPOMOPIHMOHAIBEHBIM COOTBETCTBYIONIUM
BEJIMYMHAM MOIIHOCTH

nep _ Ir
AP*" =k P . (6)
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3amaBasi B CyTOYHOM TUIaHE 00BEM DIIEKTPONIOTPEOICHMSI, TTaHupyeMbiid D11
ey
K TIEPEHOCY U3 «JI0POTHX» (MMHKOBBIX) 30H CYTOK B <«JICIICBbIC» (HOUHBIC) P , B

kBT nian B % cymMmapHON MOIIHOCTH HAarpy3kKd B IMKOBOE BpeMs p 10 OJTHOM
U3 TOYeK yyeTa (Tadn. 1), MOXKHO MONXY4YUTh TAOJULBI UM MOCTPOUTH PUCYHKH-
HOMOTpaMMbl Ha KaXXIyI0 TOUYKY pacyeTHOro yuera ayekTposHepruu. [lo Hum
MO>XHO ONEPATUBHO aHAJIM3UPOBATH 3HAYEHUSI CYTOUHBIX M MPOTHO3UPYEMBIX (Ha
3a/laBaeMblii BPEMEHHOM WHTEpBas) 3aTpaT W ONpPEAesiTh KOHOMHIO 3aTpar 3a
norpedysieMblii  00beM  3NeKTpodHepruu 1o  AuddepeHurpoBaHHOMY U
JByXCTaBOYHOMY (0a30BOMY) Tapudam.

[IpuBenennass metonuka ampoOupoBaHa mnpu pacuete 120 psga Ol
pasnuYHBIX TapuHBIX KaTeropuid, B dacTHOCTH, Ha mnpeanpustuu MXKK
«Kpacnogapckuii». Pe3ynbraTsl pacuera sl OJHOM U3 TOYeK yueTa (sueiika No 5)
M CBOJHBIM pacueT aisg 12 pacueTHbIX (KOMMEpPUYECKHX) TOYEK yyeTa JaHHOIO
MPEANPUATHAS TIPUBEIEHBI B Tabnuiax 2, 3 u moka3aHel Ha pucyHkax 1, 2. OHa
nerko peanusyercss Ha OBM miist skcnpecc-OleHKH 3KOHOMHUYecKoro 3¢ dexra
nepexona Ha audrapud mobdoro D11 u MoxkeT OBITh BKIIOUEHA B COCTAB TUIIOBBIX
3amad kak B ACKYD3-0II, tak u B ACKYDO-PPO, nannpumep, B APM mapkeronoros
ANEKTPOCOBITOBBIX opranuzanuii u POK.

[lomy4yeHHbI pe3ynbTaT MOATBEPHKIAET BBIBOJ O CYLIECTBYIOUIEM SIBHOM
«TEePEeKOCce» COOTHOIICHHS] KPAaeBbIX TapU(HBIX PACLUEHOK Ha BJIEKTPOIHEPIHIO,
IpU KOTOPOM J0Jis «TapudHOro» cHuxkeHus 3arpat Ha npumepe MXKXK mo onnoi
TOYKE WU CBOJHAs IO BCEM TOYKAM JJIEKTPOYYETa COCTABIIAIOT COOTBETCTBEHHO
598 u 6,41 %, a gons «mepeHOCHMMOro» (B TIpeAesiax TEeXHOJIOTHYECKH
BO3MOXHOTO 20 % o0bema 3JIeKTPOIHEPIHH) J00aBUT K HEl Jnib ToiabKo 1,83 %

(7,81-5,98) 1 0,19 % (6,60-6,41).
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