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BBEAOEHWE

AKTyanbHoOCTb pa6oTbl. Ocoboe MecTo npu pa3paboTKe HOBbLIX CUC-
TEM YMpaBneHUs pacnpefesieHHbIMU CUCTEMAMM 3aHUMalOT Hanuune wu
COCTOSIHME KaHanoB nepefaun uHdopmauunm (KrM). K pacnpefeneHHbIm
cucTeMaM OTHOCUTCS KNAacC COXHbIX CUCTEM, OObEKTbl KOTOPbIX TEppu-
TOpMasbHO pacrpejeneHbl B NPOCTPaHCTBe.

Cpegn TeppuTOpuanbHO-pacnpefeneHHbIX CUCTEM, HaMbOMblUYIO 3Ha-
YMMOCTb B HapOAHOM XO3SMACTBe CTpaHbl, UMEKT 3N1eKTPO3HEPreTUYecKme
cuctemMbl. OHY ABNAIOTCA CaMbIM PACNpPOCTPaHEHHBLIM M TUMOBbLIM Knaccam
NojobHbIX cucteM. Ocobble XapaKTepUCTUKM 3MEKTPOIHEPTETUHECKUX CUCTEM,
C NOo3uUMK YMpaBieHns, Takue Kak, TeppuTopuanbHas pacnpefeniéHHOCTb
00bEKTOB, HenpepbIBHOCTb TEXHOMOMMYECKOro npouecca, nepefayu anek-
TPO3HEeprun, OAHOBPEMEHHOCTb OpraHv3aLuy NPOLECCOB YNpPas/ieHNs MHO-
)KECTBOM 0O6BLEKTOB M 06ecneveHne o6MeHa MHDOPMaUUM MexXay uepapxu-
YeCKUMW YPOBHAMMW MNPeAbABAAIOT XeCTKue TpeboBaHWA K KaHanam nepe-
faun nHhopmauun. [eidcTBUTENBHO, YBA3KA PELUEHUA TEXHONOTUYECKUX U
OMnepaTuBHLIX 3a4a4y, pacrpefesieHHbIX M0 VEepapXnyeckKUM YPOBHAM, BO
MHOrom onpegensetcs Hannumem KIA n mx coctosiHmem. Heobxogumoe
TexHu4yeckoe coctoaHune Kl gocTuraeTcs COBEpPLLUEHCTBOBaHWEM CUCTEM
KOHTPOJIA KaHasoB.

B HacTosLee Bpems B pAAe 3NEKTPOIHEPTeTUYECKMX CUCTEM CTpaHbl
BHeApeHbl aBTOMAaTU3MPOBaHHble cucTeMbl KOHTpons (ACK) kaHanos ne-
pegayun uHhopmaumu.

OfHaKo Anst HUX B HEOCTATOYHOW Mepe peLLeHbl BOMPOCH! MOAEINPOBaHUA
CUCTEM KOHTPONSA, OTCYTCTBYHOT METOfbl CMHTE3a OMTUMAsbHOW CTPYKTYpbI
YCTPOICTB KOHTPONSi U METOAO/OrMYECKMe OCHOBbI CO3AaHUS W BHEAPEHS
ACK. Tlo3aToMy B HacTosllLee BpeMs Hapsgy C COBEpLUEHCTBOBAHWEM CUCTEM
ynpaBneHus pacrnpeaeneHHbIMU CMCTEMaMK, 0CO60e BHUMaHWe AO/MKHO ObITh
yfeneHo npobnemMe co3faHUA MeTOLOB, MOZENe 1 YCTPOWCTB KOHTPONS KaHa-
NOB Mepefaun MHpopmauumn. PellieHne 3Toi MPo6aembl C UCMONMb30BaHNEM COB-
PeMEHHbIX MaTeMaTUYeCKnX MeTOLOB U JOCTUXKEHWI BbIMUCAUTENIbHOW TEXHUKU
MO3BOMSET 3HAUMTENIbHO MOBLICUTL ANPEKTUBHOCTL (PYHKLMOHMPOBAHMA pac-
MpeaesneHHbIX CUCTEM.



B cBA3M C 3TUM pa3paboTKW HOBbIX CUCTEM KOHTPO/S, HOBbIX YCT-
POCTB M MeTOAOB CMHTE3a ONTWMasbHOW CTPYKTYpbl ACK 1 1x ucchne-
[OBaHUs ABNAIOTCSA aKTyasnbHbIMMU.

CrnocCobbl MEPEAAYUN NH®OPMALINA

MHdopmMaLmna ¢ KOHTPONUpyeMblX OOBLEKTOB, My/NbTOB, MHEMOCXEM,
WMTOB, KNaBmaTypbl 1 T.M. noctynaet B 3BM ¢ nomoLLblo TefieMexaHnKu,
TenetOHHOM TOHaNbHOW M BbICOKOYACTOTHON CBSI3W, Paguo U paguopenei-
HOW cBA3W, TeneTaiina u ap.

Cnocobbl nepegayv B 3BM MOXHO KnaccupuuMpoBaTb MO MNPU3HaKy
(hm3myeckoro KaHasa nepegaqm (NPoBOAHbLIM, GECNPOBOA-HbIM), TEXHUYECKO-
MY peLLeHunIo nepejayn nHpopmaummn 1 gopMe NpeacTaBieHns UHHOPMAaLIMK.

MpoBoaHOM cnocob nepegaun nHhopmaumm B IBM ocyuiecTBnsieTcs
no kabefbHbIM W BO3A4YLUHbIM NpoBogam, no JI3M, Tpocam u T.n. Mo npo-
BOLHOMY CMocoby paboTaloT TefeMexaHuyeckue, TeneOHHbIe W Tener-
pathHble BUAbI CBA3MN.

BecnpoBogHbIii cnocob nepefayv nHGopMauum B 3BM ocyliecTBnseTcs
paguocpeacteamMu  (paguo,  paguopeneiiHas  ceasb). Mo paguo u
pagvopeneiiHoli CBA3N NpoBOAMTCS nepegava NHopMaLun:
TefemexaHu4yeckas, Tene-)oHHaa u TenerpagHas.

TenemexaHW4eckunii cnocob nepegayn MHGopmauuy No NPoBojaM UK
paguocssasn B 3BM aBnfeTCA caMbiM PacnpoCTpPaHEHHbIM Ha MpaKTUKE.
370 06BACHAETCA 6M30CTHH0 MHPOPMALMOHHO —A3BbIKOBbIX CpeacTB TM u
3BM, a Takxe OLHOTUMHOCTbIO pelleHUs OTAEeNbHbIX Y3708 U 610KOB B
HUX 1 T.4. Mpy TenemexaHW4ecKoM cnocobe nepegayvn MHGopmaLmm cBs3b
3BM ¢ 00BbEKTOM KOHTPONS W yMpaBfeHWus ocyLlecTBAseTcs NGO Henoc-
peAcTBeHHO yepe3s TM, nnbo ¢ nomowbto TM 1 TeneoOHHOro KaHana TO-
HanbHOM unn BY cBaA3n. CnepyeT 3amMeTUTb, UTO Tene(OHHbIA KaHan 6e3
TM wunn 6e3 annapaTypbl nepegaun gaHHblx (AM[) gna opraHusauuu
KaHana nepejayu mHgopmaumm B 3BM He ncnonb3yeTca n3-3a A3bIKOBOTO
6apbepa, HO B Ja/bHeliLlleM ero MOXHO 6yAeT MCMonb3oBaTb TOMbKO Kak
CpeacTBO nepefayn HeobpabOTaHHOW WH(oOpMauuu Mnpyu HaauyMm y3noB
CONpPsHKeHns.

HeTenemexaHnuyeckuii cnoco6 nepegaun uHdopmauum B IBM ocy-
LLeCcTBNAGTCA C MYyNbTOB, MHEMOLLMTOB, MHEMOCXEM, C annaparypbl aBTo-
MaTUKN U 3N1EKTPOHUKU, PACMONIOKEHHbIX B 6am3n ¢ 3BM u T.n. WHpop-
MaLus, nocTynatowas € MnepevncieHHblX YCTPOMCTB, HOCUT (DOHOBBIN
Xapakrep.



®OPMbI MPEACTABNEHNA NHPOPMAL NN

VHhopMauua B KaHanax rnepegayu rno popme MOXeT ObITb aHaN0roBoM
N ANCKPETHOIA.

AHanorosas ¢opma npeAcTaBfeHns MHHOPMaLUKY BCTpeyaeTcs B YCT-
poiicTBe TenemsmepeHus. lMockonbky, O9BM onepupyeT MH(opmauueid B
uMhpoBOM Bude, TO aHanoroeas opma WH(opmauun TWU nepesogmTca B
LMGpoBy0 € aHanoro-umpposoro npeobpasosatens (ALM), koTopas B
uncposom Buae noctynaet B 3BM. [uckpeTHas (opma npencraBieHus
UH(OpMaLMN UCMONb3YeTCA B YCTPOMCTBAX TenecurHanmsaumm u Teneyn-
paBneHuns. uckpeTHaa nHdopmaums ¢ ycTpoinicte TM noctynaet B 9BM.

OYHKUNOHANBHBLIE MPU3SHAK NH®OPMALVI

Mo (yHKUMOHANLHOMY MPU3HaKYy MOXHO BbILEIUTL  MH(OpMaLmMu
TenensMepeHns, TenecurHanmsauum, TeneynpasneHus, YMCMOBOW, CUMBOSb-
HOIA, ONepaTMBHOW, accouMaTUBHOW U T.4. MpUMeHUTENbHO K 3agadam ACY
M3C Hac 60nblue MHTepecyoT nHgopmaunm T, TC n TY.

MPNHUWIMbI KOHTPONA NH®OPMALNIN

Mof KOHTPONeM MH(OopMaLMU MOHKUMAETCS OLEHKa ee Ha [0CTOBep-
HOCTb. Mpu nepefgaye Ha 60MbLUME PACCTOSHUS WHAOPMALMA UCKaXKaeTcs
3a CYeT HepaBHOMEPHOCTU 3HEPreTMUECKUX NOTepb B CMEKTPe W Haloxe-
HUAX MOMEX. VICTOUHMKOM WCKXEHWUs MH(OpMaLUWK SIBNSETCS KaHan me-
pegaun. MPUHLMMWANBHO OLEHUTb Ha AOCTOBEPHOCTb MH(OpMaLMio, noc-
Tynawouyto B 3BM, nM60 MOXHO MaTeMaTUYeckKuM MyTeM, 60 MyTem
MCCNeA0BaHUS XapaKTepUCTMK KaHana nepegauun.

MPUHUMI MaTeMaTUYeCKOro KOHTPOMsS WMHGOpMauuM Ha AOCTO-Bep-
HOCTb C MOMOLLbO CNNAiHOBOrO METOAA U Ap. 3aKN0YaeTCs B CPaBHUTE b-
HOIi OLIeHKe HOPMATMBHbIX XapaKTEPUCTUK CUFHAMA C peasibHO MoyUYeHHbIMM.

MPUHLMM TEXHWUUYECKOTO KOHTPOMS MH(OPMaLMKM Ha [OCTOBEPHOCTb
3aK/0YaeTcs B WCCMeAOBaHUM W CPaBHWUTENbHOW OLEHKE HOPMaNbHOro
KaHafia nepefayun ¢ paboumm, peanbHO AeCTBYIOWMUM. KOHTPOMb XapaKTe-
PUCTVMK KaHana W OLEHKa pe3y/nbTaTOB PacXOXAeHMs MpousBOAUTCS Ans
TaKMX MapameTPoB KakK OCTaTOYHOe 3aTyxaHuWe KaHana, aMmauTyAHouYac-
TOTHas M (Da3oBasi XapaKTepUCTMKa. HWXKe paccMaTpuBaloTCs CyLIecT-
BYIOLLME METOZbl KOHTPONS KaHanoB nepefayn U paspabaTbiBaeTCs HOBbI
METOJ, KOHTPONS, CYLLHOCTU KOTOPbIX MPUBOANTCS HUXE.
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1. AHAJIN3 COCTOAHUA MPOBJ/IEMbl KOHTPOJ1A KAHA-
NOB NEPEOAYN NHO®OPMALIW PACTIPEAENNIEHHBIX CUCTEM

1.1. O6uwasn xapakTepucTMka o6béMa 1 cocTaBa MHMopmaumn Las
ynpasfieHUs pacnpegeneHHbIMU cMcTeMamu

AneKTpumKaLna ABASETCA OrpoOMHON NpeobpasytoLLeil CMIoin 1 NpoY-
HOV MaTepuanbHOW 6a30ii, 6e3 KOTOPOi HEBO3MOXEH MepPeXOofd B YWCMO
pa3BUTbIX CTPaH Mupa.

[ns oTpacnn 3neKTpPo3HEPreTUKM CcrneuudpuyHa LWMPoKas KOHLEHTpa-
Lus NPOM3BOACTBO U LEHTpanM30BaHHOE ynpaBneHune BbIpaboTKOM M pac-
npeaeneHviemM ocoboi MpoLyKUUW - 3NEKTPO3HEPTUN.

TexHONOrnyecknii NPOLLECC B 3IEKTPOIHEPTeTUYECKMX CUCTEMax opra-
HM3yeTcs OJHOBPEMEHHOW paboToil MHOXecTBa O0OBLEKTOB, pacnpefe-
NEHHBbIX Ha TeppUTOPUM PErMOHOB, 06/1aCTe PalloHOB M HaXOAALMXCA ApYT
OT fipyra Ha pacCTOSHUN AECATKM U COTHU KWUJIOMETPOB.

Mpouecc BbIpaboTKW, pacnpefeneHns U NoTpedneHns 3NeKTPO3HEPTUn
HepaspbIBHbl OT BpeMeHW. O6BLEKT 3HEProcucTembl BbIMOMHAET PYHKLUM
BbIpabOTKK, Mepefayn pacnpefeneHus W TpaHChopMauun 3NeKTPo3aHep-
rmn, (YHKUUIO BbIpabOTKM 3M1EKTPOIHEPTMM BbINONAHAKT rMAPO W Ten-
nocTaHuuy. PYHKUMMW Nepeaayn BbIMOAHAKOT MHUK 3neKTponepegayn (J1301)
HanpsbkeHunem oT 0,4 fo 500 kB. ®DyHKUMIO NOHMXeHWs (NOBbILIEHNSA)
HanpsXeHWs BbIMOMHAIOT TpaHC(hOPMATOPHble MOACTaHLUMW, pas3fnyato-
WMecs N0 MOLLHOCTM W HanpshkKeHWto, W TpaHCPOPMaTOpHble MYHKTbI.
dyHKLMI0 pacnpefeneHns BoIMOMHAIOT pacnpefenunTeNibHble YCTPOACTBA.

ONeKTpo3HepreTrKa, N0 CPaBHEHUIO C APYrMU OTPacnsMn HapoAHOro
X034WCTBa, UMEIT psAj Creuuduuecknx 0CoO6eHHOCTel, Cpean KOTOopbIX
Hanbosee BXXHbIMU MOXHO CUMTATb!

- HEeBO3MOXHOCTb XpaHeHWs TrOTOBOW MpoAyKuun (CyLLecTBytoLLue
aKKyMynaTopbl 31eKTPO3HEPrun BBUAY HUUYTOXHON e€MKOCTM MO CpaBHe-
HAK C MOLLHOCTbIO 3HEProcMCTEM MOXHO He MpUHUMaTb B pacyeT),
BCMEACTBME Yero BO3HUKAET HeobXoAMMOCTb obecneyeHus eaUHOBPeEMEH-
HOe™ npou3BOACTBA M NOTPE6IEHNS 3NEKTPOIHEPTUU;

- Ha/inume XOpoLIO Pa3BUMTON KOMMYHWKaLuu Ans 6bICTpol TpaHcnop-
TUPOBKMN NPOAYKUMK (3HEPrumn) K NoTpeduTensm;

- CnydvaiHblii xapakTep noOTpebneHWs 3NEKTPOIHEPruu Mnosb3oBa-
Tensmu,



- 3aMeTHOe BMSHWE nOoTpebuTeneil Ha (YHKUMOHWPOBAHWE 3Hep-
rocucTeM;

- CWNbHO BbIpaXeHHas (MHOrga MofHasa) 3aBMCMMOCTb (PYHKLMOHUPO-
BaHWUS BaXHbIX B HApOLHOXO3ANCTBEHHOM OTHOLUEHWM NOTpebuTenei ot
CHabXeHUs 3NeKTPO3Heprueil.

YKa3aHHble (PakTopbl ONPeAensoT UCKNIYNTEIbHOE 3HaYEHNEe YETKOro
KOHTPONS W YNpaB/ieHUs B 3HeprocucteMax, KOTOpoe MOXeT OblTb 0bec-
MeYeHO NPU HaNMUYUKM BbICOKOKAYECTBEHHOW W HALEXHOW cucTeMbl mepe-
Jaun vHpopmMaLuum.

MHpopmaums o paboTe 06bEKTOB 3HEProcUCTEMbl MepefaeTcs Mo Ka-
HanaM nepejayn MHQOpMaLuMn B [AUCMNETYEPCKME MYHKTbl YMpaB/eHus.
COBOKYMNHOCTb OGBEKTOB 3HEpPreTUYeCKMX CUCTEM [OSIKHA paccmaTpu-
BaTbCH Kak efjMHOe MaTepuasbHOe Lefoe, NpuUyeM LEefoCTHOCTb 06YCN0B-
NeHa BHYTPEHHUMU CBA3AMM 3TUX 00BLEKTOB. [103TOMY HEBO3MOXEH W30-
JIMPOBaHHbIV BbIGOP NPOU3BOAUTENLHOCTU 1 KOHTPOMPYEMbIX NapamMeTpoB
OTAeNIbHbIX 06BHEKTOB U CBA3W BHE UX NPEAN0araemMoro UCnonb3oBaHUs B
cucTeme.

PeXxuMbl (PYHKLMOHMPOBAHUA OOBLEKTOB 3aBUCAT OT pexxuma paboTbl
noTpebuTeneit, KIMMaTUUYECKUX Y MECTHBIX YC/TOBWIA PAaCMONOXEHUS 06bEK-
TOB (NaHALWagT, ropHas MeCTHOCTb, 3aCONEHHbIE U 3ara3oBaHHble parioHblI,
pafoHbl C CUNbHLIMU BETPaMu, ronosnes, paioHbl ¢ Npeo6nafgaHneM BbICO-
KUX U HU3KUX Temneparyp W T.4.), LMPEKTUBHbIX TpeboBaHUIA K 3Hep-
rocuctemam. Bce 3TO OKasblBaeT Ha OpraHM3aumio CUCTeMbl nNepefayu
WH(OpMaLMK, 3aBUCALLEN OT pexunma paboTbl KOHTPOANPYEMbIX 0OBEKTOB.

[na ynpaBneHus 3neKTPO3IHepreTMUYeCKUMM CUCTEMAaMMK OpraHusyeTcs
pa3BeTBNeHHas cucTeMa cbopa U npefBapuTeNbHONW 06pabOTKM JaHHbIX U
COCTOAHMS 060pyAoBaHNA 0OBLEKTOB 3HEprocucTeM, 06 OCHOBHbIX Mapa-
MeTpax NPOTeKaloLMX B HAX NpoLeccax.

Ha BbiCLUel CTYMeHU mepapxum ynpaBneHns 31eKTPO3HEP-reTUYecKoi
CUCTEMOI HaxogaTca cnyx6bl 1 oThensl MuHucTepcTBa uam naeka. Ans
ynNpaBfeHWs CpefHell CTYMeHbl MepapXuu 3HEProcUCTEM OpraHu3yeTcs
npeanpusTue anekTpuueckux ceteit (MI3C) co cnyxbamu n otaenamu. B
coctaB M3C BXOAAT TeppuTOPMaNbHO pacrnpefeneHHble paioHbl 3NeKTpu-
yeckmx ceteit (POC), 30HbI AeCTBMSA KOTOPbLIX OrpaHM4MBalOTCs NJo-
Wafbl0 afMUHUCTPATUBHbIX PaioHOB. HWXHWIA ypoBeHb ynpaBneHus coc-
TaBAET y4yacTKu anekTpuueckux ceteid (YIC), rmapo u Tensnosble 3/eK-
Tpuyeckne ctaHuum (FPAC n M3C), KONIMYeCTBO KOTOPbIX B cocTaBe POC
3aBUT OT NJIOTHOCTU paccpefoTOYeHHbIX 06BEKTOB 3/IEKTPUYECKUX CETel B
[AaHHOM paiioHe cucTema YMNpaBneHUs 3NeKTPOIHEPreTUUECKUMU CUCTe-
MaMu COLEPXMUT ABe rpynrbl; onepaTUBHO-AUCNETUYEPCKYIO, OTHOCALLYHOCA



K 06beKTaM 3HEeprocucTem, U OpraHu3alMOHHO-3KOHOMMYECKYHD, OTHOC-
ALLYOCA K yrpaBnstoLLein Yactu. Mpouecc ynpasneHns Ha BEpXHEM YPOBHE
OpraHun3yeTCs LeHTPabHbIM AUCNETYEPCKMM MYHKTOM 3Heprocuctemsl (LAY
33C), Ha ypoBHe M3IC- 06beANHEHHbIM AUCMEeTYepCKUM MyHKTOM (OAr
M3C), Ha ypoBHe PAC-paiioHHbIM agucneTyepckum nyHktom (PAM P3C).
OAMn N3C onepatueHo nogunHaeTcs 1WY 33C, a PAI P3C onepaTnsBHO
noguuHsetrca OANM M3C. OpraHM3auMOHHO-3KOHOMMUYECKOe Yyrpas/ieHne
ocyllecTBnsieT cnyx6bl M otgensl 33C u M3C. PeweHne 3agaun
KOMM/IEKCHO aBTOMaTu3aumMu 3neKTpoaHepre-tuyeckux cuctem (33C)
VMEIOLLMX CMIOXKHYH MepapXUYeckyto CTPYKTYpY ynpaBneHuss HeBO3MOXHO
6e3 opraHu3auun HagexXHOoW CcCuUCTeMbl nepefayn UHAOPMALUM  MEXAY
06bEKTaMM 3HEPrOCUCTEM W ee MepapXMYecKUMU YPOBHSAMU YrpaBfieHUs,
6e3 rnybokoro obcnefoBaHna MOTOKOB MHGOpMauuMM, CpeacTs npuema u
nepejayn mx c yaneHHbIX 06bEKTOB B LEHTPb! YrpaBieHus.

B aHepreTnyecknx cucTemax NpPOLECChl KOHTPONS nepejavn UHGop-
MaLMu MMEKT psj OCOBEHHOCTEN, a MMEHHO: 3afepXXKa WM UCKaKeHue
KOMaH[; olmnbKa onepaTopoB ¥ NePCOHana, OCyLLeCTBAAOWMNX KOHTPOAb U
nepegayy MHGoOpMaLmMM € paccpefoTOYEHHbIX 00BLEKTOB; CNOXHAA OpraHu-
3alMs KOHTPONS paccpefoTOYMEHHbIX 0OBLEKTOB; 60/bLIOA 06bEM W cOCTaB
KOHTPONMpYyeMoli 1 nepefaBaeMoil MHopmaLuun. MepevncneHHsle, OCHOB-
Hble OCOOEHHOCTW 3HEProcUCTeMbl B MNPOLECCE KOHTPONS W nepegayu
MH(opMaL MK MPOSBAAIOTCA He M30/IMPOBaHHO, a B Hepa3pblBHOM eAMHCTBe
Apyr € Lpyrom, NpOHW3bIBAKOT OAHA APYTYH0 W NPebaBAsOT K CUCTEME
cbopa, nepefaynm M KOHTPONA KaHaNOB CBA3W Chefytowime TpeboBaHUA:
MOBbILIEHNE CKOPOCTM 06paboTku, nepefaynm U npuema WHGopMauuu o
COCTOSIHUM paccpefoTOYeHHbIX O6BEKTOB; HeobX0oAMMas [OCTOBEPHOCTb
MH(OPMaLMK, NONy4yaeMoii C PaccpefoTOYEHHbIX OOBEKTOB; MOMHOTA,
CPaBHMMOCTb, HafeXHOCTb MH(OPMALMOHHbIX CO06LWeHWA. [na noaHoro
npeLCcTaBNeHNs COBPEMEHHOr0 COCTOSIHWUS NpPo6/eMbl KOHTPONA nepegayn
MH(OPMaLMKN B 31eKTPO3IHEPreTUYECKMX CUCTEMAX, PacCMOTPUM COCTaB U
06beM OnepaTUBHO-TEXHONOMMYECKOW M NPOU3BOACTBEHHO-X03ACTBEHHOM
MH(OpMaL MK, LUPKYIUPYIOLWeAd MeXay WepapXUuYecKruMu YPOBHAMK Y-
pasneHuns 33C.

VHgopmaums, LUpKynmMpylowas Mexay uepapxuuyeckumu ypoBHAMMU
33C. npesblwaer 15 wMnApg 3HakoB B rod. Bclo uHdopmauunio no ee
(hYHKUMOHaNbHOMY  Ha3HauYeHUI0 MOXHO pasfefnTb Ha TpU Knacca, WH-
(hopmaums N8 OnepaTUBHO-AWCNETYEPCKOro ynpaBieHus; WHpopmaLms
AN opraHn3alMOHHO-3KOHOMUYECKONO YNpaBfeHns; UHpopmaums ans pe-
LUEHNS TEXHUYECKMX U HAYYHO-UCCNef0BaTeIbCKUX 3aau.



bonee nNogpobHO pacCMOTPUM XapakKTepuCTUKM MHDopMauuu ans
onepaTVMBHO-AMNCNETYEPCKOro ynpaeneHusi. OnepaTWBHO-AMCMNETYEPCKas
NHopMaLma XapakTepusyeTcs 60/bLUIOA 4acTOTON obpalieHus, 4to on-
pegensieT BbiCOKME TPebOBaHMS K CKOPOCTU ee MepepaboTKuW, nepefaqv v
npvema. 3HaumTe/lbHas 4YacTb OMepa-TUBHO-AWNCMETYEPCKON MHGopMaLum
thopmupyeTcs 1 MepefaeTcs B aBTOMATUYECKOM pEXWMME; TOYHOCTb ee
onpejensetcs, rnaBHbIM 06pa3oM, TOYHOCTM MEPBUYHBLIX [ATUYUKOB,
N3MepUTeNbHbLIX NPU-60pOB M CPEACTB Nepefayu M NpueMa MHGOPMaLUK.
B 3aBMcUMMOCTM OT (YHKUWIA, AN KOTOPbIX OHa WCNO/b3yeTcsi, one-
paTMBHO-AMCMETYEPCKas MH(OpMaLMs MOXET ObiTh pasfe/sieHa Ha rpynmbl
(cm. puc. 1.1).

MHpopmaumnsa 06 aneKTpuyeckux napamerpax pexumma 93C. [Mo-
TOK WMH(OPMaLUMKN TaKkKe KaK aKTVWBHble U peakTWBHble MOLLHOCTU 3Hep-
ro6/10KOB M 3MEKTPOCTaHUMIA; NEPeTOKN aKTUBHOW W peakTUBHOM MOLL-
HOCTell; HanpsOHKEHWUIA Ha LUMHAX OCHOBHbIX MOACTaHUWIA; TOKW B JIMHUAX
anekTponepefayn U T.4., U3MepAOTCA W3MepUTENbHbIMU npubopamu K
nepegaroTcs oT 06beKTOoB Ha O1Y aBTOMaTMUECKM.

WHdopmaums 0 KOH(Urypauun OCHOBHOI 3/M1EKTPUYECKOW CXeMbl U
MONIOXXEHNsI OCHOBHOIO 060pyAoBaHMA. [laHHbIi MOTOK MH(oOpMauMn Xxa-
pakTepu3yeT COCTOSIHME OCHOBHOrO M BCMOMOraTesibHOro 060pyAoBaHUsA
3MeKTPOCTaHUMIA, NOACTAHLMIA U T.0. W SBASETCA SUCKPETHOW, (uKcmpyeT
[Ba TMONOXEHNA "BK/OYEHO", "OTKNHOYEHO". 3HauuTeNlbHas ee 4acTb,
0CO06EHHO MHMOpPMaLMsA O KOH(UTypaLnu OCHOBHOIM 3NEKTPUYECKON CeT,
thopmMupyeTCs 1 nepefaeTcs B aBTOMATUYECKOM PEXMME.

MHopmaLma 0 xapaKTepuCTMKax 3HepreTUYeckoro 060pyno-BaHuS.
VIHCTPYKTMBHO-CMIPaBOYHbIe [aHHble. JTOT MNOTOK MHGOpMauMum MmeeT
MHCTPYKTUBHO-CNPaBOYHbI/ XapakTep. 3T0 MHAOpMaLMs, 0 XapaKTepucTu-
Kax 060pyAoBaHWS 3MEKTPOCTaHUMA, NOACTaHUMA WM NWHWIA 3neKTpone-
pefayun; AONYCTUMbIE Harpy3Ku NIMHWA U LpYroro 31eKTpoobopyLoBaHUS;
JONYCTVMble YPOBHU HAaMNpsHXKEHWS Ha Y3/10BbIX MOACTAHUMAX, CXEMb
HOPMa/IbHOTO U aBapuiiHOTr0 PEXMMOB, WHCTPYKLMKM MO [eiCTBUIO Ome-
paTMBHOrO MepcoHana B HOPMa/lbHOM W aBapuiHOM pexumax u gp. 3Tta
NHopMauns ¢op-mMupyeTcs He OnepaTtMBHO, OAHAKO ObpalieHue K Hei
4acTo MMeET OMepaTUBHLIA U HeperynsapHbIi XapakTep.

WHdopmaums 06 onepaTUBHbIX TEXHUKO-3KOHOMMYECKMX MOKa3aTensx.
B 3TOM nNOTOKe OTpaXKatoTCs TEXHMKO-3KOHOMMUYECKMe MoKasaTenu, B
KOTOpble BXOAAT BblpaboTKa 3MEKTPO3HEPTUN 3HepProbnoKamu, 3neKTpo-
CTaHUMAMU W 3HEProcucTemoli B LESOM; MepeTOKW 37eKTPO3Hepruu mno
MEXCUCTEMHbIM CBA3AM; MNOTEPU 3NMEKTPOIHEPTMU MO  MEXCUCTEMHbLIM
CBAI3AIM; MOTEPW 3MEKTPOIHEPIUM B OCHOBHbIX JIMHUAX 3MieKTponepesayn;

c
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pacxof, 3MeKTPOIHEPTMU Ha COBCTBEHHbIE HYX /bl 31EKTPOCTAHLMIA; pacxon
TOM/IMBA Ha BbIPAGOTKY 3MEKTPMYECKOW W TEeMj0BOW 3Hepruid, yaenbHble
pacxofbl TOMIMBA Ha OTMYCK 3MeKTPMYECKOW U TENMOBOI 3Hepruid; oTnyck
Tenna v gp. OfHa 4YacTb 3TOW MH(OpMaLUMK, KoTopas UMEeT PerynsipHblii
Xa-pakTep, (opMupyeTcs npuéopamu, Apyras pacyeTHbIM nyTem. Kak npa-
BMO, DAaKTUUYECKME TEXHUKO-3KOHOMMUYECKIE MOKa3aTeNn CPaBHUBAIOTCA C
MAaHOBbIMU MoKasaTensmu Ans  onpefeneHns apheKTUBHOCTU paboTbl
3HEProcucTeMmbl.

NHopMauus 0 TepMOAUHAMUYECKUX W TUAPOAMHAMUYECKUX Mapa-
MeTpax HepreTMyeckoro 060pyaoBaHMs. B 3TOT MOTOK BXOAAT AaHHble 06
OCHOBHbIX MapaMeTpax KOTnoarperatoB 1 Typ6oreHepaTopoB: pacxofe,
OaBMeHUM W TemrnepaType MepBUYHOrO Napa, NpomneperpeBa ¥ nuTa-
TeNbHOI BOfbl; TEMMepaType XapakTepHbIX TOUEK ra30BO3AYLLIHOMO TpaKTa
W MeTanna KoTioarperata: BUGpaUMy 1 TemMnepaType NoAWWUNHUKOB MOLL-
HbIX Typ6oarperaToB v gp. VIH(hopMaLms HOCUT HeperynspHbIi XapakTep.

NHhopMaLys, KOCBEHHbIM 06pa3oM BUSIOLLAS HA PEXUM 3HEpProcumc-
TeMbl. B 3TOT MOTOK BXOAAT METEOPOSIOFMYECKME YCNO0BUS B Pas/INUHbIX
paiioHax 3HeprocUcTeMbl; MPOFHO3 MOrofdbl; 3anackl TOM/JMBA BCEX BMOOB
Ha 9MeKTPOCTaHLMAX; PEMOHTHOe COCTOSIHME OCHOBHOFO W BCMOMOTa-
TeNbHOr0 060pYAOBaHWS 3NEKTPOCTaHUMKU, nogcTaHuum u gp. O6bEM
LUMPKYNMPYIOLLEA MeXay WepapxXMyeckKUMU YPOBHSMU WHGOpMaLUM Ha
npumMepe OAHOM M3 3HeprocMcTeM MpuBeAEH B NpunoxeHun | (Taon. 1).

Pac. 1.1. XapakTepucTuka WHMHOPMaLMOHHbIX MOTOKOB 3HEpProcuc-
TeMmbl, NpeAHa3HayYeHHbIX 413 06paboTku Ha IBM
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ABTOMaTM3aUMA ynpaB/eHNs 3HeprocmcTemMamu

B cthepe ynpaBneHns 31eKTPO3HEPreTUUECKNMM cMcTeMamMu, 06nagaro-
WMMKN PSAOM Cneunduyecknx 0CO6EHHOCTU, LieHTPaslbHOe MEeCTO 3aHUMaeT
onepaTuMBHOe AucneTyepckoe ynpasneHve. OCHOBHOM 3afaveil aucneT-
4epCKOro ynpa./eHns ABNSETCS OnepaTVBHOE PYKOBOACTBO COMNacoBaHHON
paboTbl 3HEPTOOOBLEKTOB A/ HALEXKHOT0 U 3KOHOMUYHOTO (PYHKLMOHMPO-
BaHUsl 3HEProCMCTEMbI MM 3HEProobbLefuMHEHUs B LenoM M 6ecnepeboii-
HOrO 3NeKTPOCHabXeHnsa noTpebuTteneil. OnepaTUBHbIA NepcoHaNn ycTaHaB-
NVBAET M HENpepbIBHO KOHTPOSMPYET PeXuMbl paboTbl 3HEPrOCUCTEMbI B
COOTBETCTBMM C CWUTyalUWein, He [OMycKas BO3MOXHbIX HapyLlleHWA B
paboTe cuCTeMbl UAKM GLICTPO NIMKBUAMPYA HapyLUEHWUs, €Clu MocnejHue
BCE XK€ BO3HMKAIOT.

K cpeacTBam [LMCMETYEPCKOr0 yMNpaB/ieHUst OTHOCATCA TenegoHHas
CBA3b W TefeMexaHuKa (BKAKOYaloWwas TeneynpasjieHWe, TenecurHanunsa-
LUMIO 1 TefleM3MepeHne) OpraHU3oBaHHOE MO KaHanaM. BaxHoe 3HaueHue
MMEIOT YCTPOMCTBA NMPOTUBOABAPUIAHON CUCTEMHO-PEXUMHOWA aBTOMATUKW,
ncnonb3yolime Takke BY kaHana no nMHMAM 3neKTponepefaun criyxar
ONA noKanusauuuv Unu NMKBMAALMU Pas/iMYHbIX HapylleHwid u noagep-
XaHus, 3afjaHHble PeXWMbl paboTbl 3HEProCcUMCTEMbI, OCBOOOXAas AuC-
meTyepa OT HEKOTOPOA 4YacTW (YHKUUW KOHTPOAS W PEerynmpoBaHus.
OfHako BCe 3TU YCTPOIWCTBa YMNpaBneHWs He MOryT obecneuntb OM-
TUMaNbHOro0 M AMHAMUYECKOro YNpaBieHUs KPYynHbIMW 3HEProcucTeMamu.

Hay4HO-TeXHNYECKMIA MPOLECC XapaKTepn3yeTcs UHTEHCMBHbIMK Teo-
PeTUYeCKUMU UCCNefoBaHNAMU U MPaKTUYECKUMU LOCTUXEHUSMMN B obnac-
T YNpaBneHWs M WMH(POPMALMOHHBIX MpOLeccoB. PocT mpousBoauTesb-
HOCTW TpyZAa, 3((eKTUBHOCTb WCMOMb30BAHUSA, U3rOTOBAEHUS NPOAYKLMN
1 NPUPOAHBIX PECypCcoB OMpejenseTcs B MEPBYI0 Ovepefb, YPOBHEM aBTO-
MaTusaLumn TEXHUYECKUX CPeACcTB M CeTell ynpaBneHus BO BCeX Chepax u
Ha BCEX YPOBHSX NPOM3BOACTBA M NOTPEOIEHNS.

Mo3ToMy, ecTecTBEHHO, 3KOHOMMYECKas NMOANTUKA AOMKHA UCXOAUTb
3 06BLEKTMBHON HEOO6XOAMMOCTM CamMOro LUMPOKOrO U UHTEHCUBHOTO
BHeApeHUs aBTOMaTM3aLuy B MpOLECChl YMpaBAeHWS U MIaHWPOBaHMA Ha
6ase UCMO/b30BaHNA 3KOHOMMKO-MaTeMaTUYeCKUX MeTOLOB M CPefcTB
3M1EKTPOHHO-BbIYNCANTENILHON TEXHUKMN.

OCHOBHBIM Ha3Ha4YeHWeM aBTOMATM3MPOBaHHbLIX CUCTEM YMpaB/ieHUs
(ACY) sBnsetcsi obecrieyeHme cbopa, nepefaynm u mx 06paboTKM Heob-
X0AMMOM UHopMaummn 06 06bekTe (CMCTEME) M BHelLHel cpefe W Bblpa-
60TKM yNpaBASOLWMM MPeANUCaHHbIi B COOTBETCTBUM C Ha3HAYeHUEM
o6bekTa. COBEpLUEHHO 04YeBMAHO, 4TO 6e3 cpeAcTB obecneyvmBatoLL X
CBOEBPEMEHHYIO, OCTATOYHO MOJIHYIO M TOUHYHO Nepejady UHMopMaLum o
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COCTOSIHUM 06bEKTA M BHELIHEN cpedbl K YCTPOWCTBY 06paboTKM UHGOp-
Mauumn, HEBO3MOXHO OCYLLeCTBUTb 3(PMEKTUBHLIA KOHTPOMb, aHanu3 u
ynpaBneHne. EciM Ha KOMMAKTHbIX f0Ka/bHbIX 06bLEKTAX C HE O4YeHb
CNOXHbIMU BHYTPEHHUMMW CBA3AMU MpW BHeApeHun ACY MOXHO OrpaHu-
YNTbCA [OCTaBKON MHpopmauun K OBM 6e3 npuMeHeHWs creumnanbHbIX
KaHas0B CBA3W, TO OOBLEKTOB C TEppuUTOPMAanbHO pacnpegesimTeNibHbIMM
o6bekTaMu (NofpasfeneHusaMmn) aBToMaTU3aLUM ynpaBaeHUss HEBO3MOXHO
6e3 opraHu3auuMM CneunansbHOW CUCTEMBbI Mepefaydn UHhopMauun, BKIHO-
yalwmumn B cebs annapaTypbl U KaHanbl nepejayv LM(POBOA WMHGOP-
Mauuyu B CPaBHWUTENbHO CXaTble CPOKM (PYHKLMOHMPOBAHWM aBTOMAaTU-
31pOoBaHHbIX cucTem ynpasnieHusi (ACY), 06CnyXuBatoWmMX 3IHeprocuc-
TeMbl C TepPUTOPUANbHO PacCPefOTOUYEHHbIMU 06BEKTAMM BO3MOXHO TOJb-
KO npy obecnevyeHMy BbICOKOrO KOHTPONS MHGOpMaLMU nepejayun mexay
noTpe6uTensaMu. OCHOBHbIE HAMpaBieHUsa fabHENLLero pa3BuTs TEXHUKN
nepefaynm WHGOPMaLMM 3aKNo4aeTcs, B CO34aHWM CUCTEMbl KOHTPONS
nepegayn MHGopMauum B LUGPOBOIA (opMe MexXay KOMMbTepamu WU
MCTOYHUKaMU 1 NoTpebuTensmu uHdopmaumu. Mpyu 3TOM KaHanbl nepe-
faun  JOMKHbI 0becrneymBaTb HEOOXOAMMYHO TOYHYHO U [OCTOBEPHYIO
nepefavy MHpopmaumu. 3HepreTrka NPUHALNEXMUT K OAHOW U3 Hambonee
MOArOTOBNEHHON OTpacnu AN aBTOMaTv3auuu ynpaeneHus Ha 6ase npu-
MEHEHNS1 MaTeMaTU4YeCKUX MeTOOB U BbIYUCIUTENIbHON TEXHUKW. 3ITO
06BbACHAETCA HEeMpepbIBHbIM XapakTepoM MpPOU3BOACTBEHHOrO MpoLecca U
BbICOKMM YPOBHEM aBTOMATM3aLWMW 1 LEHTPanM3auMy OCHOBHbIX NPOU3-
BOACTB M M3 3KOHOMUYECKMX COOOpaXKeHWI Lenecoobpas3Ho uccnefoBaTh
4N nepefaun  UMQPOBOA MHGOPMaLMK B MNEPBYI0 Oyepefb, CYyLLECT-
BYHLLME KaHa/bl CBSA3N.

Bbi6op cucTeMbl nepefayy MHMOPMaLMK M CNOCOG0B KOHTPONS nepe-
faun vHGopMaLMKM 3aBUMCMT OT KayeCTBa KaHana (LUMPWMHbLI MOMOC 4acToT,
XapakTepa M 4acToTbl OLUMOOK, HALEXHOCTU, CYLLECTBYIOLLEN Harpy3ku u
T.A.) 1 TpeboBaHWi1 06beKTa, 06CNYXMBAEMOW cucTeMoin. ONTUMU3ALUM
Bbl6Opa napameTpoB CUCTEMbI Mepefayn MHGOPMaLMU AO/MKEH OCYLLECTB-
NATLCS C YYETOM 3KOHOMUYECKMX (HaKTOPOB, OMpPeAensieMblM B KOHEYHOM
cyeTe CTOMMOCTb 3aTpaT Ha mepegayy WHGhOpMauWu, NoTepu OT OLIMGOK,
3afepXXKa W MonesHblil adekT (CTOMMOCTb NPMOBPETEHMIN) OT nepefaum
NH(opMaLmn.

Oco6blii MHTepec C 3TOM TOUKW 3peHUs MpeLcTaBAseT 3HAYMTeSbHbIN
MHTepec nepefayn LM(POBOK MHADOPMALMKU MO 3N1eKTPOIHEPTETUUECKUNM
ceTsAIM. ITO 0OBLACHAETCA TEM, UTO:

- CTeneHb Pa3BeTB/IEHHOCTW 3/1EKTPOIHEPreTUYECKNX CeTeil He yCTy-
naroLLMX pa3BeTBAEHHOCTU MH(POPMAaLMOHHBIX;
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- KaHanbl nepejayv MHGOPMaLWUW, OPraHW30BaHHbIX MO JINMHUK
anekTponepegayn, SBASETCA eCTECTBEHHbIMW W Haubonee nNOAXOAALLMMU
L9 aBTOMaTM3aLumn cucTem ynpasfieHUs aHeprocucTeMamu;

- HaKOMEHHbIA OMbIT B OTHOLUEHUWU 3KCMyaTaLuuu UMEIOLNXCA CUc-
Tem TenethOHHON CBA3N U TenemexaHWKW MO3BOJMIAET CUMTaTb 3TWU KaHanbl
Hanbonee MNOArOTOB/IEHHblE ANA OpraHu3auuu Ans CUCTeMbl Nepefayum
LM(POBOI MHhOopMaLUN.

HeobxoanmocTb aBTOMaTU3aLNN KOHTPONA U yripaBieHne

OCHOBHOWA 3afjayeid rNaBHOr0 3BeHa yMnpaBfieHWs B 3HEProcucTeme -
OUCNeTUYepcKoin cnybbl 3ak/ovaeTcs B OpraHM3auum paboT TexHOMoru-
YeCKMX 0O6BLEKTOB C Lefiblo BbINOHEHWS NAAHOBbIX 3afaHWil N0 BbIpaboTKM
3NEKTPO3Heprun. Aucnetuepckas cnyxba KOHTPONMPYET U YUUTLIBAET BCe
BUAbl PEMOHTOB 060pYyfOBaHWsA, OpraHu3yeT paboTbl MO NOKanU3auun u
NVKBUZALMWN aBapUiHbIX CUTyauwil, cneguT 3a NOALEepPXaHWeM YCTaHOB-
NEeHHbIX PeXXMMOB paboTbl 060pYA0BaHUA M YCTAHOBKM.

AHanM3 TEeXHONOrMN BbIPabOTKM 3NMEKTPOIHEPTUM Ha JeicTByloLme
3Heproo6bEKThI, CTPeMAeHWEe K MOBbILEHUN UX 3((HEKTUBHOCTU, TEHAEH-
UMM K MOBbILLIEHNIO 6e30MacHOCTM M Ge3aBapUnHOCTM TpebyeT obpalleHune
K COBpPEMEHHbIM W MNepcrneKTUBHbLIM CpeAcTBaM METOAO0B YMpaBfeHus,
KOHTPONSA ¥ [UarHOCTUKMN BCel CNOXHON CUCTEMbl S3HEPrOA06bIUM C y4eTOM
cneumpmnknM Takoro popga 006beKTOB. [103TOMY eCTECTBEHHbIM peLleHUEM
ABNAETCA peann3auuy aBTOMATUYECKMX W aBTOMATU3MPOBAHHBLIX CUCTEM
ynpaBieHus 415 YNOMAHYTbIX Leneil.

CucTembl ynpasneHns € UCMNO/b30BaHUEM COBPEMEHHbIX BbIYUC/INTENb-
HbIX CPeACTB AaeT MPUHLMNUANbHYK OCHOBY ANA pelleHWn KOMMAEeKCHOW
aBTOMaTM3aLuUmM 3HeprocucTem.

OcHOBHOI Uenbto co3fgaHns ACY npeanpusiTus sBAseTCA COBEp-
LLEHCTBOBAaHME MPOM3BOACTBEHHbIX, OPraHU3aLMOHHbIX U 3KOHO-MUYECKNX
OCHOB YnpaB/feHUs npeanpuaTUeM, MNyTeM BbIpabOTKM ONTUMASbHbIX
pelleHnin B MIaHUPOBAHWM U YNpaB/ieHNW MPOU3BOACTBEHHLIMW KOMMEK-
camy 1 TeXHONOrMYeCKUMU npoLeccamu.

BHegpeHne ACY, HECOMHEHHO, NMO3BOMUT MOBbLICUTb 3PPEKTUBHOCTbL
ynpaBieHUs MNPOM3BOACTBOM, Y/YYLIEHUS €ero TeXHUKO-3KOHOMUYECKUX
nokasaTteneid, CHW3WTb 3aTpaTbl BPEMEHU WHXXEHEPHO-TEXHOMOMMYECKNX
paboTHMKOB Ha c6op 1 06paboTKy MH(OPMaLMKN Ha OCHOBE:

- UCMO0/b30BaHMS ONTUMa/IbHbIX METOA0B YNpaBAeHUa NpeanpusaTmuem;

- pauMoHaNbHOro MCNONb30BaHWUA MaTepuanbHbIX U TPYAOBbIX pecyp-
COB 3a CYeT OMTUMM3aLMM NMaHOB MPOM3BOACTBA, TpyLAa WU MaTepuanbHO-
TEXHUYECKOr0 CHabXeHus;
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- MOBbILLIEHNE ONEPATUBHOCTU YNPaB/eHUs 3a CYeT CBOEBPEMEH-HOW U
KayecTBEHHO 06paboTKM WMHMOpPMaLMK, ee aHanM3a W BbIpabOTKM Mpa-
BU/bHbIX PELUEHU METOAaMM U CPefCcTBaMU BbIYMCAUTENbHON TEXHUKW;

- YNyYLLIEHUs yyeTa M aHanm3a NpoM3BOACTBEHHbIX NoKasaTene;

- ONTUMM3ALMA PEXMMOB PaboTbl 060PYA0BAHUA U TEXHONIOMMYECKUX
npoL,eccos;

- COBEPLUEHCTBOBaHWE YrpaB/ieHNs.

BHefpeHWe cuUCTeMbl aBTOMAaTMYeCKOro KOHTPONA W  yhpaBfieHus
CYLLLECTBEHHO COKPATWUT YMC/IEHHOCTb NepcoHana, 06CNYXMBAKOLWEro Tex-
HOMOrMYeCcKme NpPoLecchl.

OfZHUM K13 NepcrneKTUBHbIX HanpasfeHWn B ciepe CUCTEM aBTOMa-
TU3MPOBAHHOI0 M aBTOMATUYECKOro YNnpaBfeHUs TEXHONOTUMYECKMMMN MPo-
LleccaMn 3HeprocucTem sIBNSETCA LUMPOKOe WCNONb30BaHWe CPefCTB Bbl-
UNCUTENBHON TEXHUKMU.

Peanunsaums Komnnekca 3afay njaHMPoOBaHWUs W YNpasBreHus No 3/ek-
TPOHHO-BbIYNC/INTENbHBIM KOMIMJIEKCAM MO3BOMUT MEXaHW3MPOBaTb BBefe-
HVe ydyeTa, aBTOMaTW3MpOBaTb MNaHOBble pacyeTbl U ynpaBieHWe Mpous-
BOJCTBOM W COOTBETCTBEHHO WM3MEHWTb CYLLECTBYIOLME (DYHKUWUM ynpas-
NEeHWs OpraHu3auMoHHON CTPYKTYPOI ynpaBneHns 3Heprocuctem. BHegn-
peHue aBTOMAaTU3aLMM KOHTPONA W YNpaB/ieHUs MNpuBefeT K HeKOTOpOMY
YBEIMYEHUIO UYUCNEHHOCTU PabOTHWUKOB AWCMETYEPCKUX CNYXO, OAHAKO,
3TO OKYMNWUTCHA W NOBLICUT 3PPEKTUBHOCTL BbIPAOOTKM 3N1EKTPO3Hepruu, 3a
CYET YMeHbLUeHUs MOTepb OT HENpaBW/IbHbIX W HECBOEBPEMEHHbIX peak-
LMN Ha BO3MOXHbIe CUTYyaLuW.

Huxe paccMOTPUM OCHOBHble (DaKTOPbl, Bbl3blBalOLne MNPUMeHEHNE
CUCTEM KOHTPONS W YMpaBfeHUs C MOMOLLbK CPeACTB BbIUMCANTENbHON
TEXHUKMN Ha 3HEepProcuUCTeMbl:

1. Tpon3BOACTBEHHO-TEXHUYECKNE

Cneymngmka BblpabOTKM 3N1EKTPO3HEpPrun TpebyeT LWMPOKOro npume-
HEHNSI Pa3/INMYHbIX CPEACTB TeNeU3MEpPEHUsl, BbIYUCIUTENLHON TEXHUKU W
TeneMexaHWKW A1 KOHTPONS 3a NPOW3BOACTBEHHOW CUTyauuelt, aHannsa u
BbIPabOTKM pelleHnii 1 peannsalum 3TUX PeLUeHWn B YNpaBfeHUU BO3-
LeicTens. [N cBA3M MeXAy OTAENbHbIMU KOMMOHEHTaMU CUCTEMbl KOHT-
pons u ynpasfeHUs Heob6XoAMMbl CpeAcTBa mnepefayu WHGopMauum wu
KOHTpONA ynpasneHus UHhopmaumun. MNMpumeHeHVe BbICOKONPON3BOAUTE b-
HbIX CPeACcTB, MallMH M MEXaHU3MOB, PaboTaloLmMX B Pas/IUUHbIX PEXUMAaX,
NpeabsB-NA0T NOBbIWEHHbIE TpeboBaHNA K 6e30TKa3HON paboTe, TaK Kak
He3HauuTe/lbHble NPOCTOM MNPUBOAAT K 6OMbLUMM MOTEPAM B 3HEprocuc-
Teme. M03TOMy aBTOMaTM3aLMA KOHTPOA OCHOBHbIX MapaMeTpoB 060pyao-
BaHMA A4/18 NPefoTBPaLLeHNs aBapUiiHbIX PEXMMOB MMEET BbICOKOE 3Haue-
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HWe aBTOMaTu4eckas peructpauus v aHanM3 Bcex (hakKTOpPOB U MPOLLECCOB
MO3BONNT CBOEBPEMEHHO BbISCHATL W NpefOTBPaLLaTh HeXenaTesbHble
cUTyaumm.

2. OpraHusaunoHHble GaKTopbl

CoBpeMeHHble 3HEProCUCTEMBI, KaK CUCTEMbI XapaKTepu3yHTCs CMIOXHON
M MHOroo6pasHoli B3aMMOCBS3bI0 TEXHOMOTMYECKUX MPOLECCOB M pacrnpe-
[leNeHHbIX KOMMOHEHTOB. XapaKTepHON YepToi CyLeCTBYHLMX TEXHOMOMU-
YECKMX MPOLECCOB 3HEPrOCUCTEM SIBMISIETCS AeLeHTpann3aumn (aBTOHOMHOE
yrpaBfieHWe), MpU KOTOPOM CPeACTBa YMpPaB/eHUs M KOHTPOAS HaxomsaTcs
HEMOCPeACTBEHHO Yy YMNpaBiseMbiX 06LEKTOB. ITO MPEnsTCTBYET KOMIMIEKC-
HOMY pELLUEHMI0O BOMPOCOB 3((EKTVBHOIO YNpaBneHWsi MPOM3BOLCTBEHHbIM
MpOLLECCOM B LIE/IOM.

3. Y4YeTHO-3KOHOMUYeCKME (PaKTOPbI

Beuay BO3pacTaHMsi MOTOKOB OTYETHO-CTATUCTUYECKOW U onepa-
TUBHOW MH(OpPMaLMn 1 (GOPMUPOBAHNMA MX AOKYMEHTOB Pas3/IMUYHON (op-
Mbl, B YaCTHOCTM:

a) y4yeT, 6) BbipaboTKa 3/1EKTPOIHEPTM, B) yUeT KOHEUHON Npubbinu, r)
HauucneHne 3apaboTHOM Mnathl, A4) cOCTaBneHWe OTYETHOCTM MO APYruM
MPOM3BOACTBEHHO-3KOHOMUYECKMM MOKa3aTensM.

4. ®dakTop 6e30MacHOCTM YCN0BUIA N 6e30NacHOCTUN (YHKLMOHNPO-
BaHUS 060py0BaHUSA

HenpepbiBHble U WUHTEHCUBHbIE BbIPAOOTKN 31eKTPO3IHepruu TpebytoT
06ecrneyeHns BbICOKMX TpebOBaHWMIA MO KOHTPO/O 3a CO3faHMEM 6e30-
MacHbIX W HOPMa/bHbIX YCNOBWIA Tpyha. B cBA3WM € 3TUM BO3HMKAeT Heo6-
XOAMMOCTb CO3[aHWS CMCTeMbl aBTOMaTu3aumu cbopa W nepejayn cee-
LeHWiA 06 ycnoBusX TpyAa, aBTOMATMUECKOW CUCTEMbI peructpauun u
06paboTKM AaHHbIX, Bblpab0oTKa NpefycMaTpUBAKOLLMX W YNPaBASHOLLMX
KOMaHJ.

T.e., ona obecneyeHWs aBTOMATUYECKOr0 YMpaB/feHUs TeXHOoru-
YeckuMM MpoLeccamu U MpoM3BOACTBOM B LENOM, HEOBXOLMMO WUMETb
CpeAcTBa Ans MOMyYeHUW, nepefayn, nepepaboTky 1 Bblfaun MHGopmauum
0 X04e NPOW3BOACTBEHHbLIX MPOLLECCOB, O 3Ha4YeHMSAX MapaMeTpoB, Xa-
pakTepu3yloLWmnX YCNoBUA MNPOU3BOACTBEHHbLIX MNpoLeccoB (BblpaboTKu,
KONMYeCTBO Ntoael 1 ap.).

ABTOMAaTM3aLUMs KOHTPOAS W YNpaBneHWs [aeT LUMPOKYH BO3MOX-
HOCTb COCpPeAoTOYMTb B OAHOM MecTe MH(OPMALWK O COCTOSIHAM MpPous-
BOACTBEHHbIX MPOLECCOB 3HEPTOCUMCTEM U OMEPaTMBHO YCTPaHATb Heno-
NnafKu B Cnyvae BO3HUKHOBEHUS UX.
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BbI60p KpuTepMst ONTUMMU3ALMM CPEACTB KOHTPOSSA 1 yNpaB/eHns

OnTyMM3aLMa napaMeTpoB CPeACTB KOHTPONA W YMpaBneHWs 3Hep-
rocucteM [o0/MKHA 6a3MpoBaThCA HAa OOBLEKTMBHOM KPUTEPUU OLEHKM
3(h(heKTMBHOCTHN.

B 60NbLUMHCTBE WCCNEA0BaHWM, MOCBSALLEHHLIX ONTUMM3aLMK napa-
METPOB TEXHUYECKUX CPeACTB CUCTEM KOHTPO/A U yNpaB/eHuUs, BONPOCHI
ONTMMU3ALMKN OTAENbHbLIX MapamMeTpOB paccMaTpuBalTCA B OTPbIBE 3KO-
HOMUYECKNX (DaKTOpoB. B COBpPEMEHHbIX YC/OBMSIX, NPU Mepexofe Ha
PbIHOYHbIE OTHOLLEHWS, 3KOHOMUYECKUE (haKTOpbl MMEKT OnpefensioLme
3HaueHMs.

Ha Haw B3rnsg, eciM pacCMOTPEHHble CUCTEMbI KOHTpONs W yn-
paBneHus A4Nns NOCTPOEHMA MOAenn Kakoro-nvbo o6bekTa M npouecca yn-
paBneHus, 06bLEKTUBHLIM KpUTEPMEM OLEHKU 3dekTuBHOCTU (D) Nto6ol
KOHTPO/IbHO-YMPaBASIOLLMUX CUCTEM MOTYT CAYXWUTb pasHULaA:

9 =C3-C3,

roe Ca m C3 - 3KOHOMMS 3aTpaT Ha JOCTUIKEHWE Lenn npu UCnosb-
30BaHUM CMCTEM KOHTPONSA W YNpaBfeHWs W 3aTpaTbl Ha UX CO3JaHue U
ynpaB/eHue.

3ajaun oNnTMMMU3aLMM JaHHOW CUCTEMBI 3aK/H0YaeTCca B MaKCUMMU3aLmm
3(h(heKTUBHOCTU:

3 =[Ca- C4] - max.

CnepoBaTefibHO,  ONTUMM3ALUS  TEXHUYECKUX  CPEACTB  CUCTEM
KOHTPONS ¥ YNpaBneHWsi B LUMPOKOM CMbicie (BKIOUaKOLWed cpencTea
n3MepeHnsi, npeobpasoBaHue, nepefaun U nepepaboTKM WMHGpopMauun u
BblAauu yn-paBnstoLLeil Bo3aeicTBMe) CBOAUTCA K OMpedesieHNI0 3HauYeH Wi
napa-MeTpoB BCEX KOMMOHEHTOB CUCTEMbI, MPU KOTOPOM JOCTUraeTcsl Mak-
cumanbHas 3 (eKTMBHOCTb. NS 3agaynm OnTUMU3aLMKU, TakuMm 06pasom,
HeobX0AMMO 3HATb 3aBUCUMOCTb:

Ca = Y{K, K2...KJ
C3 = +{K, K,.K.},

rae Ad,., K,, - napameTpbl KOMMNOHEHTOB CUCTEMbI.

MpuBeAeHHbIA KPUTEpUit ONTUMMU3ALMA MOXHO WCMO/b30BaTh Ha BCEX
aTanax BblpaboTKM 3MEKTPOIHEPT UM,
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MocKoMbKy OCHOBHbIMW 3afayaMu  (YHKLMOHUPOBAHUA KOMIIeKca
TEXHUYECKUX CPEACTB SBAAOTCS CO0p, nepefayva, 06paboTka, 0TO6paxeHMe
M Bblgaya WH(popMauumn, T.e. pasnuyHble (asbl nNpeobpasoBaHus, TO ANS
KaXK[,0l MOACUCTEMbI 3TOFO KOMMJIEKCa XenaTesbHO ChopMupoBaTh 06Luii
KpUTEpWiA OLLEHKM KauyecTBa (DYHKLMOHNPOBaHMWS BCEW CUCTEMBI.

naBHbIM npyu nocTpoeHun ACY sBAseTCA HEKOTOpas Lenb, pea-
Nn3auus  KOTOPO B npouecce CO34aHWsA W 3KCMAyaTauunm  CUCTEMb
Mo3BOMSAET MOMYYUTb OMpPeSeNeHHbI SKOHOMWUYECKMA 3ddekT. Kputepuii
OLEHKU 3(DHEKTUBHOCTM MH(OPMALMOHHO-YNPABASIOWNX CUCTEM HE MOXeT
OrpegensaTcs B OTPbIBE OT KOHEYHOrO Ha3HauyeHWsi [fob6aBnsieMold, npe-
[laBaemMoil 1 nepepabaTtbiBaeMoii MH(opmaumu. MoapasymeBaemas MHKBOP-
MalWsi, Kak W HerpepbiBHbIA aTpubyT MOCTPOEHWS MOAENM Kakoro-nn6o
06bekTa M mpolecca And ynpaBieHns UMeKT OnpejeneHHY CTOMMOCTb 1
LIEHHOCTb.

CToMMOCTb MHopMaLuy onpefenseTcs 3afadamMu 3Hepruu, maTepua-
NIOB, TPyAa W ApYyrux atpubyToB, CBA3aHHbLIX C AOObIBAHWEM WHGOPMaLMK.
Bce 3Ty 3aTpaTbl MOXHO CBECTM K 3aTpaTaM 4e/i0BEYECKOro Tpyga v CBecTu
K CTOMMOCTHbIM OLIEHKaM.

LleHHOCTb onpepenseTcs 3KOHOMWeW MaTepuanoB, 3HEPreTUYECKUX U
TPYZOBbLIX 3aTpaT MpW MCMOMb30BAHUM MHAOPMALUN 1S LOCTUXKEHWUMN OM-
pefeneHHbIX Lenei.

O606LeHHbIM KpUTepueM Bbi6opa ONTUMAaNbHOIO BapuaHTa MoCTpoe-
HUA  MH(OPMALMOHHO-YNPaBASIOWeA CUCTEMbI  SIBASIETCA  MUHUMU3ALNS
CYMMbI 3aTpaT Ha Ao6biBaHMe MHGOpPMauuM 1 NoTepb OT HECOBEPLUEHCTBA
3TOW cuCTeMbl. ITOT KpUTEpUil fBAseTCA O0606LEHHBIM UM MOXET onpe-
LenaTcs  4Nns BCEro nepvoja CyLLeCTBOBAHWA CUCTeMbl (€€ XKU3HW WU
NPUBOAMTCA K ONpeAeneHHOMY OCTAaTOUYHO NPOAO/KUTENbHOMY MNepuoay
(Hanpumep, K 1roay).

Pa3paboTke MeTOAOMOrMU  CUCTEMHON  onTuMM3auuu  MHDopMa-
LVIOHHO-BbIYNCAINTENBHOW CUCTEMbI KPUTEPUIO, YUMUTHIBAOLLEMY TEXHOMOTU-
yeckue, anropuTMUYECKME U 3IKOHOMMWYECKME XapaKTepUCTWKM e KOMMo-
HEHTOB.

WHdopmauuoHHasa cuctema, ucnosnb3yemas B 3HeprocucTeMax, npeg-
HasHayeHa [11 NOMyyeHMs, nepegayn U nepepaboTky (BKIKOYas aHanua)
MH(OPMaLMIO O COCTOSIHUM 3HEPrOO6BLEKTOB C LENbH0 AanbHenlero uc-
MOMb30BaHWS MOMYYEHHbIX Pe3ynbTaToB A1 BbIPabOTKU BO3AEACTBUA Ha
ynpaBnsieMblii 06BLEKT B COOTBETCTBME C HEKOTOPLIM arOPUTMOM.

Kaxablii 3neMeHT B (DYHKLMOHa/IbHOW CXeMe WMH(OpMaLMOHHO-yNpaBs-
nAoWed CUCTEMbl XapaKTepu3yeTcsi CBOMMU MapamMeTpamy - KayeCTBeH-
HbIMW MOKa3aTensaMu. ECnm KauyecTBeHHble MapameTpbl (HaLeXHOCTb, TOY-
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HOCTb, ObICTPOAECTBME) KOHTPOUPYIOLLME CPeacTBa (CpescTBa MOny4veHus
MH(opMaLmKn), a TakKxe MapaMeTpbl CPeACTB Mepefjays M aHaan3a WH-
thopmauum M3BeCTHbl, TO Npo6AeMbl ONTUMK3ALUM KOHTPO/SbHO-YMpPaB-
naoued MHHOPMALMOHHON CUCTEMbl B 3HEProCUCTEME MOXEeT ObiTb
ChopMyNMpOBaHbI CreayloLMM 06pa3oM: TpebyeTcs OrpaHWYMTb Hauyu-
LUKe 3HaYeHUs KavyeCTBEHHbIX MapaMeTpoB (CKOPOCTb Mepejayun, momMexoyc-
TOMYMBOI NOMOChI, HAAEXHOCTb) C YYETOM CTOMMOCTM 06ecneyeHUs ux
3HAYEHNS U BAUSHWA HA 3KOHOMMWYECKYH 3(P(EKTUBHOCTb (PYHKLMOHM-
poBaHWA yNpaBnseMoro o6bekTa-noTpedbuTens nHpopmaymm. 3agada onTu-
MM3aUMM  CBOAWUTCA K MWHUMYMY CTPYKTYpbl M NapamMeTpoB WHGOp-
MaLMOHHO CUCTEMbI NMPU KOTOPOIA CBOMCTBO 3TOM CUCTEMbI OMTUMasIbHbI.
Mpn aTom o6ecneuynBaeTcs NyYLWWUA BapuaHT AWUCMOKALUKM U MOMYYeHUs
TEXHWYECKUX MOoKasaTeneil CpPefCcTB KOHTPONA W YMpaBfeHUs C Y4eToM
CTOMMOCTHbIX MoKa3aTeneidl. OTMETUM, YTO COBEpLUEHCTBOBaHWE MH(OpMa-
LIMOHHO-YNPaBAAOLLMX CUCTEM TPebyeT onpefeneHHbIX 3aTpat CUL,

O6LMe NPUHLMNbLI NOCTPOEHMSA N HEKOTOPbIe 0COBEHHOCTU KaHa-
NOB nepefayvy 3HeProcucTem

Mpy BCeX YMOMSIHYTbIX Bbile JOCTOMHCTB JISM uMmelT pag cne-
UMUYECKUX CBOICTB, KOTOpPble 3aTPYLHAOT MX WCMOMb30BaHMe ANs Me-
pefayu vHgopmauuu.

MofknoYeHVe annapaTypbl BbICOKOYACTOTHOFO YMNIOTHEHUA K MPOBO-
[laM BbICOKOTO HanpsbkeHWsi, OpraHn3aLns KaHana nepejayv OCyLLecTBAss-
eTcs Mpy NOMOLUM CrneuuasbHOM anmnapaTtypbl MpW COeAMHeHMs U obpa-
60TKM, KOTOpass COCTOMT M3 KOHAeHcaTopa CBS3W, (MALTPOB MpuUcoe-
OUHEHWS M BbICOKOYACTOTHBIX 3arpaguteneil. ®unbTp NpUCOoefUHEHWS
BMECTe C KOHAEeHCaToOpoM CBfi3M 06pa3yeT MOA0COBOW (PUALTP, Yepe3 Ko-
TOpbI/A BbICOKOYACTOTHbIE CWUrHaMbl 6e30MacHOCTM A8 nepcoHana nepe-
[al0TCA B JIMHWIO BbICOKOTO HaMpshKeHUs U 06paTHO. BbICOKOYACTOTHbII
3arpagutenb, NpeAcTaBnsoWMiA cO60 B MpoCTelilleM clyyae napanienb-
HbI KonebaTenbHbIA KOHTYp, 06/1afaeT O4eHb BbICOKUM COMPOTUB/IEHWUEM
4N TOKOB PE30HAaHCHOM 4acTOTbl UM BecbMa He3HauuTeNbHbIM COMpo-
TUBMEHWEM [ANS TOKOB JAPYrMX 4acToT. 3arpaguWtenb HacTpauBaeTcs B
pe3oHaHce € YacTOoTaMM KaHa/iaoB Mepefiayn v MpensTCTByeT yTeuke BbICO-
KOYaCTOTHbIX TOKOB Pa3/IMUHbIX NOACTAHLUA.

KaHanbl nepegaun uHGOpMauuM B 3HeprocuctemMax MpUMeHsieTcs B
OCHOBHOM Ha BO3AYLUHbIX MMHUAX 35-500 KB. BbICOKWIA YPOBEHb MHERHbIX
MOMEX W CpaBHWUTENbHbIE HU3KME MepPexofHble 3aTyXaHWs Ha BbICOKOW
yacToTe MeXAY PasHbIMU JMHUAMU, NOAKMHOYEHHBIMU K OOLMM LIMHaM,
3HAUMTE/IbHO 3aTPYAHAOT pelleHMe 3afady Mo BbIGOPY W pacnpefeneHHbIX
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4acTOT ¥ OpraHv3aLuy pasBeTB/IEHHbIX MHOFOKaHa/lbHbIX CETeld mepefayu
NH(OopMaL N,

YpoBeHb NoMeX KaHanos nepegaun uHhopmauum no JISM gocturaetr —
2-:- 1 Hen, YTO 3HAYMTeNbHO BbIle, 4YeM B CTaHAapTax TeneOoHHbIX
kaHanoB (—10 Hen B KabenbHbIX AMHMAX U - 8 Hen B BO3AYyLHbIX). 3TO
06BACHAETCS CYLLECTBOBAHWEM BbICOKOTO HaMps->KEHUA B NIMHUW, KOTOPOe
CONPOBOXAaeTCA KOPOHWPOBaHMEM MNPOBOAOB, SBAAIOWMMCS, B CBOI
ouyepefb, ICTOYHMKOM MOMEXA B LLUMPOKOM CMEKTPe YacToT.

BbICOKO ypoBeHb MOMeX B KaHanax nepefayv WHgopmauun J13r1
Bbl3blBaeT HeO6XOAMMOCTb MPUBAEYEHUS BbIXOLHOW MOLLHOCTWM nNepega-
Tumka go 10-200 BatT (TOrga Kak gns 06blYHON NIMHWUIA CBA3M MOLLHOCTb
COCTaBNSAET JONN BaTTa).

HeobxoAnMo OTMETUTHL elle OAMH (PaKkTop 4N KaHana nepegayun J1301.
MockonbKy MX (OM3NKO-TEXHUYECKME MapaMeTpbl CYLLEeCTBEHHO OTINYAKOT-
CA OT aHa/OrMYHbIX MapaMeTpoB OObIYHbIX JIMHWUM CBA3W, & CaMW KaHasbl
npegHasHayeHbl Cyrybo Ans cnyebHbIX Leneid, To 4N NpU opraHv3aumu
[OMYCKalOTCA OTCTYMN/IEHUS OT MEXAYHApOAHbIX HOPM, NpefbsaBAseMbIX K
cTaHgapTaM (KOMMepYeckum) TeflehOHHbIX KaHa/ioB, B CTOPOHY CHWKEHWS
TpeboBaHWUA K KaHany cBA3W. Tak, Ans AUCNETYEPCKON M TEXHOIOMMYECKOWA
cBs3u no J13IM npuHATa nonoca aPgeKTMBHO nepefaBaeMbix YactoT 0,3-2,4
KLY, a 4ns ocTanbHbIX KaHanos 0,3-1,8 kI'u. XoTs aTa nosioca 3Ha4YUTENbHO
YK€ Mofiocbl CTaHAapTHbIX TeneoHHbIX kaHanos (0,3-3,4 KI'W) u, ecTecT-
BEHHO apTUKYNsALMS CHUXAETCA , OAHAKO CUMTaeTCs, YTO AN CAYyXe6HbIX
pa3roBOpOB C OrpaHWYeHHbIM C/0BapeM W HeobA3aTeNbHOCTLIO Mepesayn
Tembpa M MHTOHaUMK rosoca, pa3bopunBoCTb 6yaeT AocTaTouHOW. Heob-
XOAMMOCTb B 60/iee Y3KOI N0M0ce YacTo Bbl3blBAETCA COOOPaKEHUS CHUXE-
HUSl YPOBHSA MOMEX BblAENeHUs YacTu TOHa/IbHOW YacTOThbl /1 OpraHu3aLmn
KaHas10B TeNeMexXaHuKu.

PaccmoTpeHHble 0CO6EHHOCTU BbICOKOYACTOTHbLIX KaHanos J13IM cub-
HO OT/INYAOTCA OT CTaHAAPTHbLIX TeNeOHHbIX KaHanos, MOTyT onpeaeneH-
HbIM 06pa3oM CKa3blBaTbCA Ha MPOLECce nepefayvn faHHbIX W, 6e3YCNOBHO,
[LO/MKHA YyUnTbIBaTLCS Npu co3gaHuu Crm.

OCHOBHbIMW UCTOYHMKaMM OLIMGOK B KaHanax nepegayv MHpopmalmu
ABNAOTCA pasNMyHble NOMEXU, KOTOPble UMEIOT Ty Xe (U3NYECKYI NpUpo-
[y, YTO U MOME3HbIA CUrHaM, B3aMMOfENCTBYA C NOCAEAHWUM, WUCKaXasa U
paspyLuas ero.

B oTnMume 0T NPOBOAHBIX TMHWIA CBA3W, YPOBEHb NOMEX 06bIYHO Man 1
roe, ecniv rMoMexu OnpefeneHbl He CTOMbKO /IMHENHbIM TPaKTOM, CKOJbKO
YPOBHEM LUYMOB annapaTtypbl W BAUAHUEM BHELUHWUX WCTOYHWKOB. JIMHWUMK
3NeKTponepeayn camu SABAAIOTCA WCTOYHUKOM WHTEHCMBHBLIX MOMEX,
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00YCNOB/EHHbIX HaNMuMeM Ha MPOBOAAX BbICOKOrO 3/1eKTPUYECKOro Han-
PSYKEHMS| NPOMbILIIEHHOW YacTOTbl. YPOBEHb /IMHENHLIX Nomex B J13M
00bIYHO CYLLECTBEHHO BbILIE YPOBHA COOCTBEHHbLIX LUYMOB annapaTypbl B
KaHanax nepefayum CUrHanoB LM(POBOM UHDopmaumun. TpuynHamu
BO3HUKHOBEHNS NMOMEX B 3HEProCeTAX AB/AOTCA:

- KOPOHUPOBaHWe NIMHENHbIX MPOBOAOB;

- YaCTUYHble pa3psadbl Ha MOBEPXHOCTM U30NATOPOB M KOPOHMPOBaHME
3/1EMEHTOB anmnaparyp;

- KOMMYTaLWOHHbIe NepeKknoYeHns B 9IEKTPUYECKON Lenw;

- paboTa cocefjHNX BbICOKOYACTOTHbIX KaHA/I0B C PagnocTaHLUAMN;

- YT KOPOTKMX 3aMbIKaHWIA;

- aTMOC(hepHble pa3psaabl;

- CW/I0BOE 3HEepreTMyeckoe 060pYAOBaHWE, WCTOUHUKN U3NYYeHUs
3HEPrumn CROXHbIX CUCTEM KabefbHbIX XO03AACTB M pa3HO06pasHbIX MWCTOY-
HWKOB, CO3JAN0LLMXCA B LensxX rnepejayn CUrHanoB, pasnvyune rno BennmynHe
M HanpaBneHWIo, M3MEHSIOWMUXCA CAy4yallHO WM MEepUoAMYEcKM, a Takxke
MMMYHHOrO Xapakrepa.

OCHOBHbIMW 13 NepevnCieHHbIX (akToOpoB ABAAKTCA 11 2, - OHW Npu-
CYTCTBYHOT HENPEPbIBHO U OKAa3blBAlOT 3HAUYUTE/IbHOE BAUAHWE Ha paboTy
KaHana. [lomexu, BbI3BaHHbIE B/IUAHWMEM COCEAHMX BbICOKOYACTOTHbIX
KaHanoB WM pagnocTaHuuMiA MOryT ObiTb CBefeHbl K LOMYCTUMOMY MWU-
HMMYMY, COOTBETCTBYIOLLMM -BbIGOPOM 4acTOT KaHanoB W MpUMEHeHWe
unbTPoB. MoMexn 0T KOMMYTaLUOHHbIX MepeKYeHnii, KOpOTKMe 3ambl-
KaHus, aTMoc(epHbIX pa3psgoB (MOMHWIA) KpPaTKOBPEMEHHbIX (ANUTENb-
HOCTb MEPEK/IOYEHNA U KOPOTKMX 3aMblKaHUA W3MepseTcs LecATbiMU
[LONAMU CeKyHAbI), @ caMu 3TV COBbITUA MPOUCXOLAAT OTHOCUTENIbHO PeAKo.
Ho ecnn ¢ BAMAHMEM 3TOr0 MOMEX Ha KaHasbl nepefayn CBA3NM MOXXHO He
CYMTaTHCA, TO BAMAHME 3TUX MOMEX Ha KaHasbl Mepefayvt AaHHbIX MOXET
0TKa3aTb BeCbMa CYLLECTBEHHbIM, He MPefyCMOTPeHHbIX CrneuunanbHbIX Mep
3aWunThl (Hanpumep, 610KMPOBKa CUCTEMbI Nepefavn AaHHbIX C CUrHanu-
3auuy NpyY KOMMYTAUMOHHbBIX Onepauusx).

B TexHuke B.4. cBA3M no J1OI MPUHATO CYLLECTBYHOLIME TMOMEXU
noApasfenatb Ha [Be rpynnbl - pacnpefeneHHble (PAYKTyauWOHHbIE) U
KOMMYTaUNOHHbIE (MMNYNbCHbIE).

Momexu, NpuumMHamMmn KOTOPbIX ABASETCA KOPOHMPOBaHMWE M pas3psaabl no
MOBEPXHOCTU W30/1ATOPa, OTHOCATCA K pacnpefeneHHbiM. Bo BpemeHu
nomexu pacnpefesneHbl HepaBHOMePHO. O6bIYHO UMEHOTCS IBHO BbIPaXKeH-
Hble BCMIECKM aMniuTyf TMOMEeX, KOTOpble COOTBETCTBYHOT 4acToTe
MPOMBILL/IEHHOTO TOKa; WHTEHCMBHOCTb MOMEX 3aBMCUT OT HarpsKeHus
MPOMBILLIEHHON YacTOThl.
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Mpu nepegade faHHbiXx no JI3M nynbcaums WMHTEHCUBHOCTW (yK-
TYaLMOHHbIX MOMeX C Mepuofamu, COOTBETCTBYHOLMUMW MNPO-MbILLIEHHOW
4yacToTe, He BCerfja WMelT MeCTO. YCTaHOB/IEHO, 4TO amnanTyq
(DNYKTYaLMOHHbIX noMex B JIOI [oCTaToO4HO XOPOLWIO OMWCbIBAKTCA
HOPMa/lbHbIMW 3aKOHaMu pacrpefeneHus.

KoMMyTaunoHHbIe MOMEXW BO3HWUKAKOT OT BOJIH MepeHanpsXeHus npu
KOMMYTALMOHHbIX OMnepauusx, KOPOTKME 3aMblKaHWs W yaapax MOJSIHUW.
HanpsbkeHve 3TUX MOMex MPOMOPLUOHAbHO LIMPWHE MOJIOCkI Mponyc-
KaHWs KaHana u eMKOCTU KOHAeHcaTopa CBA3W. XOTa amnimTyja KoMMyTa-
LUMOHHBIX MOMEX CPaBHUTENbHO BbICOKA, OHA C YMEHbLUEHMEM MNOOChI
NPONyCcKaHMs 3aMeTHO CHWXaeTcA. Bofblioe YACNo ANUTENbHbIX UMMY/b-
COB KOMMYTaUWOHHbIX MOMEX W3MepSETCH MUKPOCEKYHAAMW, MepexofHble
npouecchbl UMET NPOLO/MKUTENBHOCTb AECATKN MUKPOCEKYHL.

Mpn onepauusx ¥ KOPOTKUX 3aMblKaHWA AUTENIbHOCTb MOMEX COC-
TaBnset 2-30 Mcek. pu OTK/KOYEHUAX BbICOKOTO HarpsKeHUs B NHUK
McYe3atoT BCM/ECKN MOMeX, 0LHAKO, YPOBEHb MOMEX B CPEAHEM CHUXaeTcs
Ha 1 Hen. OCHOBHbIMW MCTOYHUKaAMWU nomex B JISM 6e3 HanpsxeHus
ABNAOTCA MOLYNMPOBaHHble KONebaHWA CUrHaNoB pajuoBellaHns U
Tenerpaguun.

VICTOUHMKaMM noMexX B KaHanax Mepefjaynm CUrHanoB LudpoBoi
MHOPMALMN 3HEProcuMcTeMax SBAAIOTCA CU/OBbIE 3HepreTuyeckne obopy-
[OBaHMS, UCTOYHUKN W3NYUYEHUS 3IHEPTUU CMOXKHBIX CUCTEM KabenbHOro
X035icTBa W Apyrve, pasHoobpa3Hble WCTOYHMKM, CO34alolime B Lensx
nepefayn CUrHanoOB, Pas/INUHblE MO BEMIMYMHE W HAMpaB/leHUI0, U3MeHS-
lOLLMECs CAy4yaiiHO WM NEPUOLMYECKHU, a TAKKE MMMYbCHOTO XapakTepa.

Mepegava no KaHanam, B YaCTHOCTW, MO IMHWM 3/1eKTponepesay LOMX-
HO OTBeYaTb CnefytoWwum TpeboBaHUAM: MPWU OrPaHUYEHUU NO CTOMMOCTH
obecneunTb nepegavyy mMakCcMMasbHO BO3MOXHOI0 06bEMa MH(OpMaLun 3a
onpeAenéHHbI NMPOMEXYTOK BPeMEHM C 3afJaHHON JO0CTOBEPHOCTbLIO.

HecmoTpsa Ha 60nblioe pa3Hoobpasve WCTOYHMKOB MOMEX, MyTU U
MexaHW3Mbl MPOHUKHOBEHWE WX B KaHaslbl CBSI3W BMOJIHE OMNpefesieHbl.
YCTaHOBNEHO, 4TO MOMEeXuW MOryT nonafgaTb B KaHa/l 4epe3 rajbBaHu-
YECKYH W 3M1eKTPOCTATUYECKYHO CBA3b; 3/1eKTPOMArHUTHY WHAYKUMIO, a
TakXke uepes m3nydveHue. [anbBaHM4Yeckas CBSi3b BO3HMKaET MpW Haamuuu
YTEUKN MEXAY UCTOYHMKAMU NOMEX U YYBCTBUTENLHOM K Hell curHana.

JneKTpocTaTMyeckas CBfA3b XapaKTepusyeTcs SABMEHUEM MNepesayu
3Heprun oT OAHOro MPOBOAHMKA K APYromy yepe3 EMKOCTb Mexay 3TvMM
NPOBOAHUKAMW, KOTOpas 3aBUCUT OT PacCTOAHUSA MeXAy HWMMU K OT UX
reoOMeTPUYECKMX pPasMepoB. DNEKTPOMArHUTHas UHAYKLMS XapakTepusyeT-
ca BenmumHoin 3MC, HaBefeHHOM B UeNW NOf AeACTBMEM BHELUHEro
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MepemMeHHOro MarHWTHOro nons. V3nyyeHHas 3Heprusi momagaeT B Lenu,
KaK 3HEeprusi BbICOKOUACTOTHbIX KONebaHUiA, NPUHUMAaEMbIX aHTEHHOM.

OueHKa BAUAHWSA NOMeX NO3BO/SieT 060CHOBAHHO BbIGUpaTb CPeAcTBa
3aliWTbl OT MOMEX Ha CTaguu NPOEKTMPOBAHWUSA KaHana nepefaqu MHGop-
MaLmu.

OfHaKo, MOMHAasA M TOYHas OLleHKa MOMeX NpoBepka 3PEeKTUBHOCTU
BbIOpaHHbIX CPEACTB 3aWUTbl OT HUX MOTYT GblTb MOAYYEHbl NPU UCMOb-
30BaHNM METOA0B 3KCNEPUMEHTAaNbHLIX WCCNeA0BaHU C NPUMEHEHUEM
BbIUMCINTENbHbIX CUCTEM.

VckaXkeHWst MMMybCOB MOME3HOr0 CUFHAaNa, KOTopble SIBASKOTCA Npu-
UMHOW MOSBNEHUS OWMGOK B KaHanax nepefayu LaHHbIX BO3HUKAlOT OT
HEPaBHOMEPHOCTM aMMAUTYAHO-YaCTOTHbIX W HenWHeMHOCTM (asouac-
TOTHbIX XapaKTepPUCTWK KaHana, TaK W OT BO3AelCTBMA NomeX. VcKaxeHus
MMMYNbCOB MOAPA3AENstoT Ha WCKAKEHUS [AWTENbHOCTU  UMMYNbCOB
(nckaxkeHMe KpaeB) M ApobneHun. WcKakeHue KpaeB B CBOK 0uvepefb
nofpasgensieTcs Ha clyyaliHble, XapaKTepucTMUecKne v TuMbl Npeobnaja-
HWA. VICKaXXeHWe KpaeB BbI3bIBAETCA NMOMEeXamu, MaaBHbIMU U CKayKoobpas-
HbIMW W3MEHEHWUSMUN YPOBHSA, KPaTKOBPEMEHHbLIMW pa3pbiBaMW KaHana,
COBUIOM YacTOTbl, CKA4YKOOOPa3HbIMW W3MEHEHMAMMU (asbl, HU3KOA He-
CyLLeli 4acTOTOW.

XapaKTepuCcTUYECKNE MCKaXKEHWSI BO3HWKAIOT U B OTCYTCTBME MOMEXM
1 Ha3bIBAKOTCS YACTOTHLIMU U1, OCOBGEHHO, (ha30BbIMI HEPABHOMEPHOCTAMMU.

Mpy 60MbLINX CKOPOCTAX Mepefayu, BAUSHMWE (ha30BbIX WCKAXKEHWI
CTaHOBUTCS OYEHb 3HAYMTE/bHBIM. [OCKOMbKY XapaKTepucTUYeckue Mcka-
XKEHNS TPYHO MOAAAKTCS JOCTAaTOYHO TOYHOMY pacyeTy, TO UX BO3AeMCT-
BME Ha JOCTOBEPHOCTb Mepefayn MH(OpMaLMM YUUTLIBAETCA MNpU 3KCnepu-
MEHTaNIbHbIX WCCMefOBAaHUAX MOSBNEHUN OWNGOK. MprMeHeHUe (GuabLTPOB
C noBblWaWUMK azamu 1 ¢asoBoil KOppeKLMeid No3BoNSeT 3HAUYMTEbHO
CHU3UTb XapaKTePUCTUYECKNE NCKAXKEHMS.

VICKaXXeHWsi UMMNY/NbCOB OT CKa4yKOB YPOBHAI MPUHUMAEMOro curHana
KpaTKOBPEMEHHbIX MpepbiBaHWA KaHana, CABUIM paboumx 4acTtoT u
CKauykoB (hasbl MepeaaBaemMoro CUrHana MOXHO CUMTaTb NPOMOPLMOHAb-
HbIMW 3HAYEHUSAMU NepPevnCeHHbIX (PaKTOpPOB.

CnepyeT cunTaTh, YTO BAWSHWE APOGNEHUM Ha MOSABMEHWE OLWIMOOK B
KaHanax 3HeprocucteM OynyT He3HauuTeNbHbIMW, T.K. Apo6neHuns B
OCHOBHOM, Ha3blBalOTCA MMMYbCHLIMU NMOMEXaM/W KOMMYTaLUOHHOTO TUna
M KPaTKOBPEMEHHbIMU MpepbiBaHUAMK KaHana. ocnefgHwe MOryT BO3HU-
KaTb MpY MEPEK/OYEHMAX B annapaType, Nneperpyskax rpynnoBbIX YCUANK-
Tenein 1 NNOXMUX 3NeKTPUUECKMX KOHTaKTaX B Lienu KaHana.
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CABWr 4acToT MepefjaBaeMoOro CUrHana MOXEeT BbI3biBaTb Mpeob-
nafjaHns B MPUEMHMUKE C YaCTOTHON MOAYNALMEN.

M3BeCTHble MeTOAbl M CpPeACTBa 3alyMTbl OT BHELUHUX MOMeX, Mpu-
MeHsieMble B TEXHWKE 3/M1IEKTPOCBA3N He BMOMHE MpueMeMbl 415 nepegayn
CUTHa0B B 3HEPreTUYeCKMX cucTemMax. ITO 006YyCnoBMeHO PSAOM (aKTo-
poB: TpebGOBaHMWAMU K KaHanaM nepejayy CUrHasaoB, 0CO6GEHHOCTAMMW BO3-
HWKHOBEHWS1 MOMEX, pas3IMuMeM B CUrHanax U cneuudgukoii paboTbl cuc-
TeMbl. [103TOMy Ba@XHOE 3HAYeHWE WMEET OLEHKA BEeUYMHbI BHELIHWX
noMex, UX CXOXAeHWs, NyTeli NPOHUKHOBEHWUS W 3aBUCUMOCTU OT CTPYK-
TYpbl U KOHCTPYKLMW KaHa/IOB Mepefayn CUrHasOB.

Mpy M3BECTHbIX cNOCO6aX MPOHUKHOBEHME MOMEX OLleHKa WX Be-INUMH
npegcTaBnseT 60nbWYyK TPYAHOCTb, MOTOMY UTO MpW pacyeTe feicTBus
nomMex Heob6X04MMO Y4YMTbIBaTb MHOXECTBO Pa3MyHbIX (HaKTOpPOB, BUAS-
IOWNX BEIMYMHY MOMEX; PEXUMbl paboTbl MCTOYHWKOB BAUSIHWIA, reoMeT-
pyvyeckne pasmepbl, B3auMOpac-NoOXKeHWEe BAUAKOLWEA uenn W Lenwu
nepefayn cUrHana, CTpyKTypy v napaMeTpbl KaHanoB CBA3W U Ap.

3TN 06CcTOATENLCTBA MPUBOAAT K HEOO6XOLMMOCTW MNpPUBEAEHUS 3KC-
NeprMeHTaNbHbIX WCCNeA0BaHNI B CUCTEMAX YNPaBIEHWUs 3/1EKTPOCETAMMU,
NO3BOASAIOLWMNX NOAYyUUTb 60Mee peanbHble faHHblE O XapakTepe U UHTEH-
CUBHOCTU MOMEX B IMHNAX CBSA3M.

BnusHue BHELWHWX MOMEX Ha Lenu KabenbHbIX NWHWUIA CBA3KM 06Ha-
PY>XUBaeTCA WCCNef0BaHWAMU B peasibHbIX YCN0BUAX paboTbl KabenbHO
uenm.

3KcnepMMeHTaNbHOe MCCNeA0BaHME KaHanoB Mepefayn CUrHaaoB B CuUC-
TemMax ynpas/fieHUs TEXHOMOrMYeCKUMM rMpoLeccamy Mo3BOMSET OnpefensTb
aMNAUTYfbl W YaCTOTHblE XapaKTePUCTUKN BHELLHWX MOMEX M OCYLLEeCTBAATb
60nee adeKkTUBHbIE Mepbl 60pPbObLI C HUMMW.

Mpon3Boas perucTpauuio pe3ynbTaToB M3MEPEHUA U JaNbHERLLY0 WX
06paboTKy, MOXHO MOAYyYUTb XapaKTepUCTUKM MOMEX, BLISIBUT WX MC-
TOUYHWKM U NX NPOHUKHOBEHUS B KaHasbl CBA3M.

ShheKTUBHOCTL 3KCMEPUMEHTANIbHBIX METOA0B WCCNEA0BaHUN CyLIecT-
BEHHO MOBLILIAETCA MPU aBTOMATKM3aLUKM MPOLECCOB MNOMYYeHUs W 06pa-
60TKM WMHGOPMALMM C MPUMEHEHVWEM KOMMbIOTEPHbIX CUCTEM C anre6-
panyecKoit CUCTEMOI NCYMCNEHMS.

B HeKOTOpbIX MPOCTbIX CAy4asX OLEHKA BAUSHUA BHELLUHWX MOMEX
MOXET 6bITb MOAyYeHa aHaIMTUYECKN. ITO NMO3BONSET 060CHOBAHHO BbIOU-
paTb CpeAcTBa 3aliMTbl OT MOMEX Ha CTaguu MPOEKTUPOBAHWS KaHaloB
nepejayn CUrHasoB.

Bonee nonHas U TOYHasA OLlEHKA XapaKTepUCTUK BHELLUHWX MOMEX U
npoBepka 3PMEKTNBHOCTN 3aNpPOEKTUPOBAHHbLIX CPEACTB 3aliWTbl OT HUX
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MOTYT 6bITb MOJTyYeHbl NPU UCMOMb30BaAHUWM MeTOLOB 3KCMePUMEHTA/IbHOr0
nccnefoBaHUA ¢ NPYMEHEHNEM COBPEMEHHbBIX KOMMbIOTEPHbLIX CUCTEM.
3KOHOMUYeCKUe haKTopbl

OpraHu3aums 1 aKcnayatauus KaHaioB nepegaydn uHhopmauum o
3Heprocucteme JS13M He noTpebyeT 60/bLLINX MaTepuasbHbIX 3aTpaTt, T.K.
pa3BuTas CeTb KaHa/0B CBA3WN MMEETCA WM MOXET ObiTb OpraHu3oBaHa npu
HebonMblIMX 3aTpaTax. JKOHOMWUYHOCTb COPY-XEHWIA U 3KCMayaTauum
KaHanoB nepegaun uHdopmauum no BUK JIST aBnseTcsa CyLWecTBeHHON mx
0COBEHHOCTbIO.

V3BECTHO, 4YTO OCHOBHAA [0/ KanuTalbHbIX W 3KCMIyaTalNOHHbIX
pacxofoB NpU COOPYXXEHUM BO3AYLUHbIX U KabenbHbIX NMHWUIA CBA3W Onpe-
[enseTca 3aTpaTaMu Ha NnHelHble coopyxeHus. Ans nuHuiA no N3N ux
3arpaTbl OTCYTCTBYIOT, MOCKO/IbKY CTPOMTE/NILCTBO M 3KCMayatauyMoHHOe
06CnyXnBaHWe NIMHWIA 3MeKTponepeAayn MPOUCXOAWNAN HEe3aBUCUMMO OT
HanuuMa wWaM OTCYTCTBMS MO KaHanaMm nepefayn uHgopmauun. Pelua-
IOWMMUN 3KOHOMMUYECKMMM (haKTOpamMu Npu opraHu3auum KaHanoBs repe-
fJaun uHopmaumm no JISM aBnAlOTCA 3aTpaTthl annapatypbl Mpucoe-
LAVHEHUS 1 06paboTKM.

OUueHKM No KanuTanbHbIM BKIKOYEHUAM MpY OpraHn3auun pasimnyHbIX
BMAOB CBA3W B 3aBUCMMOCTW TMPOTSXKEHHOCTW KaHanoB Mepejayn, Mnoka-
3bIBAOT, YTO NPV MPOTSXKEHHOCTM KaHa/noB OT CTa A0 HECKO/bKMX COTEH
KMIOMETPOB COOPYXXeHMe KaHanoB nepegayn no JI3M obxoagntca B 3-8
NO6bIX APYrUX BULOB CBA3N.

TONbKO MpW He3HAUYNTENbHON MPOTSHKEHHOCTU KaHana (meHee 30-40
KM) COOpYXeHue ApYrux BUAO0B CBA3WN MOrYT 0Ka3aTbCA 3KOHOMWYHEE, YeM
opraHusauma KaHanos nepegayu no J13M. o akcniyatayMoHHbIM pacxo-
Jam KaHana nepegayn no SIS uMeloT npeumyLliecTsa nepes Apyrumu
BUAAMU CBA3N.

OfHako Bce COOOpaXKeHWs MO 3KOHOMWUYHOCTM He pacnpocTpaHseTcs
Ha KaHa/bl Mo pacnpefennTenbHbIM CETAM, T.K. MPU OpraHu3aumm KaHanos
nepefaynm no HWUM CTOMMOCTb PE3KO BO3pacTaeT W3-3a HeobX0AMMOCTHU
06paboTKM 60MBLIOr0 YMcaa OTBETBAEHUIA. B aTOM cnyyae 6onee AeLueBbiM
MOTYT 0Ka3aTbCs NMHUKM nepefadn no J1IST Ha Tex e onopax.

1.2. AHanM3 CyWeCcTBYIOWMX CUCTEM TMepefaun MHGopMaLun
MeXay MepapxmyecKuMu YPOBHAMU pacnpeaenéHHbIX CMcTem

B pesynbTate, 06CNeA0BaHUS psfa NPeanpuATUiA SN1eKTPUUYECKUX CeTel
3HEProcmcTeM GbINM U3yyeHbl MOTOKM WH(OPMaLUWK W CpeacTsa Mnpuema,
nepefiaun Ux B LEHTPbI YMpaBieHUs*. AHanus pesynbTaToB 06CnefoBaHNs
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Mokasan, YTO OCHOBHbIMW CPEACTBAMMW CBA3W B 3/IEKTPUYECKMX CeTAX
ABMAOTCA Te/leMexaHWKa Ha BbICO-KOYACTOTHbLIX KaHanax Mo JIMHUAM
anekTponepegad (J19M), paguocBA3b U pailoOHHble aBTOMAaTU4YecKue
TenegoHHble cTaHumm (ATC). Ha puc. 1.2. nprBeAeHa Cxema CeTeli CBS3M
TawkeHTckoro MAC ¢ noactaHumsmu (MCT) n F3C, rge PACobl n MCT
0603HayeHbl: 1- AHrpeHcKas. 2- AKKypraHckas, 3 -Anmanbikckas, 4 - NCT
An-manblk, 5 - berosatckas, 6 -bykuHckas. 7 - KOkopuumpumkckas, 8 -
lasankeHTcKass, 9 - ToliTiobuHcKaa. 10 - Kwubpalickas, Il -Uupunkckas,
12 - TCT Kyihnwok, 13-MCT CesepHas, 14-MNCT, 15-MCT HxHas,
16 - NCT Yupunkckan, 17- NCT LiemeHTHas.

Ha nuHMAX CBA3M YyKa3aH CYTOYHbIA 06bEM WMHKMOpMauun B 6GaliTax,
uMpkynupytowmii mexgy P3C n MN3C, a Takxe Mexay KpynHbimu MCT u
M3C. Ha puc. 1.3 npusefeHa cxema cBA3n ans Kubpaiickmuin PAC. AHanus
ceaAsn B M3C un ero nofpasfeneHusaxX nokasan, 4To B KayecTse Tene-
MeXaHW4YeCKON CBS3U WCNOMb3YITCA Of4HOKaHa/lbHble NIMHENHO-KOHTaKT-
Hble ycTpoiictea TC - TY: BPT - 53, ¥Tb - 3, BPT -48, MKT - |, B
kayectse BY kaHanos cBA3n no 4,311 ucnonb3ytoTtcs annaparypa ACK - 1,
BYA -1, BYA - 04, n TC - 2, B KauecTBe TeNethOHHOI CBA3M UCMO/b3YOTCS
(hn3ryeckme napbl aBTOMATM3MPOBaHHbIX TeNe(OHHbIX CBA3EA paiioHa muau
ropofa, pagMocBa3b OpraHuU3yeTcA Ha paguoctaHuuax “lMpaHut", "Mapc".
"Kaktyc", "®M - 10, "®M - 300 . Hanpumep, CobipgapbmHckoe M3C
Y36eKCKOI 3HeprocuMcTeMbl pacnonaraeT pa3BeTBNEHHON CETbH Teneme-
XaHUKM, OCYLLECTBNAIOLWLEA KOHTPONb COCTOSHWS KaHanoB CBA3WU M 060py-
[OBaHNS MOAYMHEHHON 3HEProCUCTEMbl, 00bEAMHAIOLLEN [BE KpPYMHbIE
anektpoctaHumu: Papxagckasa N'9C, CeipfapbuHckaa MP3C u 70 nog-
CTaHUMWA. F4po TenemexaHMYecKol CeTu COCTaBAAT annapaTypbl TM -
800A, TM - 800 B, AMNT - 100 u TM - 512, a Takxe annapartypa BY cBssu
APC - 64 u paguocTtaHumm ®M - 10 1 ®M - 300. MNonHaa cetb TM ¢
yKa3aHWeM TeXHMYECKMX BO3MOXHOCTei no nepegade - npuémy TC, T n
TY ¥ MX UCNONb30BaHWIO MoKasaHa B MpWIoKeHUM 2 (Tabn. 2). Mpu
nepegave TeneMexaHW4eckol MHGopMauMn Ha 60MblUME PAaCCTOSAHMS Ha-
6ntofaeTca ABMEHNE pacTeKaHNA UMMYbCOB, YTO BbI3blBAET UX UCKAXEHUE.
Mpun HeobxoammocTn nepegaun TC, T n TY Ha 60/1blUne pacCTOAHUSA UX
"caxaloT" Ha BY KaHanbl. OTeuyecTBEHHOM W 3apyOeXKHOl MNpPOMbILL-
NEHHOCTbIO BbIMYCKAKTCA HECKO/IbKO TMNoB BY annapaTyp, cnoco6HbIX Mo
CBOMM KaHanam nponyckatb TenemHhopmauuo. K HuM otHocsTes TN - 12
TKE, BY-1, ACK -3, APC - 64 n gp. O BO3MOXHOCTAX MCrnonb3oBaHus BY
CBA3N 41 opraHusaunm TM CceTu MOXHO CyfuTb N0 NpUaoXxeHumn 3 (Tabn.
3), B KOTOpOi1 yKa3aH nepeyeHb BY annapatyp, o6ecneunBaronx cessb no
N3N Mexay 0CHOBHbIMK nogcTaHumamm MaC.
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Puc. 1.2. Cxema cBA3M 1 06bEM CYTOYHOW MHGOpMaLMM B GainTax ans
Tawn3aC.

Ha puc. 1.4 nokasaHa opraHusaumoHHad CcTpyktypa TM, coB-
MewleHHas ¢ BY ceasbto. BU annapatypa APC - 64, cogepxalias Mofem
BbIMONHAOLLEro PyHKUUM TM.

OpraHusauna TM ceT No paguokaHanaMm MMEET OMnpefesieHHble rnpe-
MMyLLEeCTBa WM HefocTaTKu. HefocTaTKOB Moka 60/blue» YeM npenmyLe-
CTBa, 4TO chepxwusaet poct TM no PC. Ha puc. 15 nokasaHa KycToBsas
pagnocetb B MOMHOM Buae. 10 HEKOTOPbLIM Harpas/ieHWAM OCYLLeCT-
Bngetca TM cBdA3b. M3 npusefeHHoOro puc. 1.5 BuAHoO, 4uto gona TM ceaAsu
B nofiHoli cetn PC oyeHb Mana. KaHanbl nepefayn faHHbIX OpraHW30BaHbl
C ncnonb3oBaHmeM annapatypel TAT-65, TrdM, AMNT, K - 60, TKE 12, B -
12, B - 3-3, ACK - 3, I, BYA - 3, |, Z -12. Annapatypa Tuna AMT, TrdoM
ncnonb3yloTca AnA 06pa3oBaHMA KaHana nepefayv [aHHbIX B BepxHei
4acTu crekTpa TeneOoHHOro KaHana.
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Puc. 1.3. Cxema cBsisu gna Knbpaiickoin POC

B  Y36ekaHepro fAaHHble KaHaibl KOMMYTWUPYKOTCS NpU MNOMOLLK
cTaHuuum ATK.

bo/blwylo ponb B TeXHW4YecKoM pelleHun 3agady ACY wurpaet Tene-
MexaHuka (TM). B ee 0653aHHOCTb BXOAWUT nepefaya OCHOBHbIX Mapa-
METPOB KOHTPO/IMPYEMbIX 3HeproobbLekToB B 3BM B Buge TC, TU nTY. B
npunoxenun 4 (tabn. 4) nokasaHbl HeobXogumble nNapaMeTpbl 3Hep-
roobopypnoBaHuiA, yCTPOCTB M 06BbEKTOB ANA nepedayn B OBM.

ConocTaBuUTeNbHbIA aHanM3 No NpuaoXkeHnn 2 u 4 (Tabn. 2 n 4) BO3-
MOXHOCTeli TM nepeyHs 3afay, BO3/I0XKEHHbIX Ha HUX, MOKa3blBaeT, 4To:
C/TMLLKOM MaJio UCMO/b30BaHbl BO3MOXHOCTM Kaxgol TM.

MpuunHoil TOMy sBNseTca cnaboe OCHaWEeHUe 3Heproo6bEK-TOB
nepBMYHbLIMK faTumkamu (NpeobpasoBaTensaMm).

1.3. OnpefieneHne OCHOBHbIX TPeGoBaHWA K cucTemam Mepesadu
MHGOpPMaLMN U aHann3 MeTOAOB KOHTPO/S MapamMeTpoB KaHasoB
nepegayun UHpopmaLlmm

KaHan nepegaun mHpopmaumm (KIA) B ycnoeuax (yHKLMO-HUPOBa-
Hus ACY TIM n ACYT1 sHeprocucTem [o/ikeH obecrneymBaTb MOMHOTY,
[lOCTOBEPHOCTb, CBOEBPEMEHHOCTb, CPaBHUMOCTb, HaAEXHOCTb WHGOp-
MaLMOHHbIX COOOLLEHUIA MpW aBTOMAaTW3aUUWM KOHTPOMS U yMNpaBfeHus
noTpebneHneM M CO6bLITOM 3Hepruun. Ee CTpyKTypa [OMKHa BbI6GUpaThbCs C
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YYeTOM CNOXMBLLECA B 3HeprocucTeMax oOpraHusauuu mnpoiecca Auc-
netyepckoro ynpasneHuss I3C u ynpasneHns notpebieHneM K CObITOM
3HEpruu; XxapakTepa Harpysku; C Y4eTOM TeppuTOpManbHO paccpeno-
TOYEHHOCTU; MOTPebasSeMOli MOLLHOCTU, PErynpoBOYHON CNOCOBGHOCTY;
HEeo6XOAMMOCTM  KOHTPONS 3HepronoTpebneHns OTAe/bHbIX  MPOMbILL-
NEeHHbIX PalioHOB, aAMWHUCTPATUBHbLIX €AWHML, NPEANPUATUIA 1 paiioHOB
3NEKTPUYECKUX CeTei; Haimums M BO3MOXHOCTM OpraHu3auuyM KaHanoB
CBS3M, MCMO/b30BaHUS CPEACTB Te/leMexaHuKK; Tpebyemoi nepuoLMyHoOCTM
n obbema MHopMaumMm 06 3NeKTpPo-noTpebneHnn, nepeaasaeMoli nepmo-
OWYHOCTM 1M JONYCTMMOrO 3anas3fblBaHWs KOMaHf Te/eynpaBieHus
Harpy3sKoi.

Puc. 1.4. OpraHusaluoHHas ceTb TenemexaHuku un ceasu C/, N3C.

Heobxoaumasi MepuoguyHOCTb M 06bEMbI MHA(OPMaLMK, Noanexaiiune
nepefaynm C Kaxgoro obbekTa, CnefytoLine: CO BCEX 3ANEKTPOCTaHUMA ¢
mexcuctemHbiMm BJl 110 KB » Bbiwe Ha gucnetyepckue NyHKTbl (A1)
3HeprocucTeMbl LO/MKHbI NepefaBaTbCi C LMKNaMy OGHOBMEHUA B Hec-
KO/IbKO CEKYHA TeKyLluue 3Ha4YeHNs aKTUBHOM N PeaKTUBHOW MOLLHOCTAX M
Kaable 15 MUHYT 3HaYeHWs HapacTaloLlero UTora akTUBHON M peakTUBHOM
3NeKTPUYECKO 3HEPruM, a TaKXKe 3HAYEHUS aKTUBHOW 3HEPrvM 3a CYTKU U
3a pac-4YeTHbI Mepuof; OT KPYMHbIX NOTpebuTenei, HaxoAAaWMXcs Ha one-
paTMBHOM €XecyTOYHOM KoHTpone Ha AN M3C (sHeprocucteMbl, npea-
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NpuUATMS 3HepProHaasopa) AO/MKHbI NepefaBaThCa 3HaYeHWs HapacTaloLero
nTora CyMMapHOro mnoTpebneHnss akTMBHOM W peaKTUBHOM 3Hepruu ¢
NepuoANYHOCTBIO KaXKable 15 MUHYT, a TakxXe 3HaYeHUs akTUBHOW aHeprum
3a CYTKM W 33 pacyeTHbI nepuoj; OT MPOMbILAEHHbIX U MPUPaBHEHHbIX K
HAUM noTpebuTenein MowHocTelo 150 kBA ¥ Bblle, a Takxke OT
CeMbCKOXO03AMCTBEHHbIX MOTpebuTeneid MowHocTbio 750 KBA 1 Bbille Ha
AN P3C (M3C, oTgeneHms aHeproHagsopa) OAUH pa3 B CYTKM [O/HKHA
nepefasaTtbCs  MH(OPMaUWs, cofepxawas 3HayeHuUs  MoTpebneHus
3MEKTPUYECKON 3HepruyM 3a CYTKM M 3a pacyeTHbli nepuog, a Takxe
3HaYeHMs MaKCMManbHOW Harpyskum 3a 30 MWH B nepuof HamboMbLIMX
Harpy3oK 3HeprocucTembl.

Puc. 1.5. KyctoBas paamoceTb ChipaapbUHCKOI 31eKTPOCeTH.

KaHan nepegaun wuHpopmauumn ans O33C [JOMKEH UMeTb pacnpepe-
NEHHYI0 MepapXUYecKyto CTPYKTYpPY B OCHOBHOM COBMajaloLLyto CO CTPYK-
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TypoWi cucTembl cbopa 1 nepefaym UHGOPMaLMKU 418 aBTOMATU3MPOBaHHbIX
cuctem gucnetyepckoro ynpasneHus (ACLY 3Heprocuctembl: O6bBEKT
(NpoMbIWEHHOE MpeanpuaThe, nuTaroLwas NoAcTaHUWSA, 3N1eKTPOCTaHLmMs)
- P3C - M3C - ynpaBnawowWwmili BoluMCAUTENbHBIA LeHTp (YBL,) aHepro-
CUCTEMBI.

B cooTtBeTCcTBMM C Tpeb6OBaHMSAMU K OpraHu3auum cucteMbl cbopa u
nepegaun uHhopmaumn ana ACY 33C u ¢ yyeTOM O0COBEHHOCTeld pas-
BUTMS N POPMUPOBAHMS 3HEPrOCUCTEMbI, 3aK/H0YaloLMXCA MNpexje BCero
BO MHOXeCTBe O6BLEKTOB YNpaB/ieHUs, MPOCTPAHCTBEHHO YAAaNeHHbIX ApYr
OT fApyra, npegfaraerca [/ 3HeprocucTembl CTPyKTypHas cxema KIA
(puc. 1.6), rae o603HaueHbl: | - LAY Y36eKaHepro, 2 - ONOPHbIA MYHKT
cbopa nHgpopmaumun, 3-MN3C, 4 -T3C, 5-TP3C, 6 -T3L, 7 - ropceTs.

Lna c6opa v nepefadn MHGopMaLuu 06 3N1eKTPOIHEPruu U MOLLHOCTYU
B peajibHOM BpEMEeHW», a TakXe nepefayu TenecurHanvMsaumm u Teneyn-
paBneHus crnefyeT WUCNoOMb30BaTb CUCTEMY Mepefayn Te/emMexaHU4ecKoii
NH(opmaLmn.

[na cbopa n nepegaun onepaTUBHOM WU CTaTUYeckoi MHDopmauun o6
3N1EKTPO3HEPTUM Y MOLLHOCTM WCMOMb3YeTcsA CUCTEMA nepejayn orepa-
TUBHOW MH(OpMaL MK C NOMOLLLIO annapatypbl nepesayn AaHHbIX.

Mcxopa n3 atoro, TexHuyeckme cpeactesa Kl BknoyakoT: cpefcTsa
cbopa u nepegaun TM mHgpopmaumm (YCTpoicTBa U KaHanbl TM); cpeacTea
cbopa W nepefaun anaBMTHO-LM(POBOA  MHOpMaUMK; CcpeacTBa
MEXMaLUMHHOro 06mMeHa nHhopMaLun.

\J
n
0 -
o —0 —O EP

Puc. 1.6. CTpyKTypHas cxema KaHafoB nepegadu WHpopMaLuu.
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OnepaTMBHbIA eXeCYTOUYHbIi aBTOMaTU3MPOBaHHbIA KOHTPO/b 3a CO6-
NIOAEHNEM JIMMUTOB 371eKTponoTpebieHns MNpPoM3BOAUTCA MNPU UCMONb-
30BaHMM CUCTEMbI Nepefjayu onepaTUBHON MH(OPMAaL MU C NOMOLLLIO anna-
paTypbl Mepefjaun AaHHbIX, TenetainoB Tuna T-63 ¥ abOHEHTCKMX
TEPMUHAJIOB.

B HacTosllee Bpems B Y36eKCKOW 3HeprocucTeme fns OpraHu3auuu
cBssu LILM Y36ekaHepro ¢ o6bekTamy HenocpefCTBEHHOMO MOAYMHEHUS
(4N N3CoB.) ncnonb3yoTca B 0CHOBHOM BY KaHanbl no nposogam BJ1 110
+ 500 KB; BO3AyLUHble IMHUW CBA3W; KabenbHble NUHUW CBA3W; apeHpo-
BaHHbIe Y NpeAnNpuUATUIA Y36eKTeneKoM TeneOoHHbIe KaHasbl.

PagvopeneiiHas cBA3b MOKa He MOAYyYMN LOMKHOIO PasBUTuS.

KabenbHble NMHWMKM CBA3M UCMO/Mb3YKOTCH B OCHOBHOM Kak Coefu-
HUTeNIbHbIE [AN1F BblJayM KaHanoB CBA3W Ha cooTseTcTBytolWme AN, [le-
pefava MHgpopMauum 06 31eKTPONoTpebaeHUn OcyLecTBAseTCA No nps-
MbIM KaHanam CBfi3W C MCMONb30BaHMEM (DU3NYECKUX Map WX 4Yepes ro-
pofckyto ATC 1 MeXAYropofHIoto TeneoHHyo cTaHuuo (MTC).

M3mepeHns napameTpoB MNPOU3BOAAT A1 OLEHKM WX COCTOAHWSA B
npouecce akcnayatauun. B KMV wn3mepardTca M HOPMUPYKOTCA Che-
Jylolne napameTpbl: nosioca 3MMEKTUBHO MepefaBaeMblX 4acToT; am-
NIuTygHas W 4YacTOTHAaf XapakTepucTMKa; 3HayeHWe CpefHero Ksaf-
paTtMYHOro OTK/IOHEHWS OCTATOYHOIO 3aTyXaHWs; BXOLHbIe CONPOTUBIIEHNS;
3alUMLLEHHOCTL OT BHATHOrO MepexofHOro pasrosopa; CpefHee 3HayeHue
NCOOMETPUYECKOTO HAMPSXKEHWNA LLIYMa; 4acTOThbl NepefaBaemMoro curHana
1 (hasbl NepefaBaemMoro curHana.

Monoca 3(h(eKTUBHO nepefaBaeMblX 4YacTOT ONpefensieTcs OfHO-
BPEMEHHO C W3MEpPEeHWEeM YacTOTHOWN XapaKTepUCTWMKM OCTaTOYHOro 3aTy-
XaHUs KaHana, KOTOpble Ha KpaiHMX 4acTtoTaX He [LO/MKHblI MpeBblllaTh
6onee yem Ha 8,7 gb 3HaueHusa 3aTyxaHusi Ha yYactoTe 800 IuU. Pa3HOCTb
OCTaTOYHbIX 3aTyXaHW B COCEJHWX MO YAcTOTe TOYKaX W3MEpeHUs He
[O/MKHa npesblwaTte 1,74 ab. YacToTHas XapakTepucTMKa OTKIOHEHWUN
OCTaTOYHOro 3atyxaHusi kaHana TY oT HomuHana (-17 gb) p[osmkHa
0CTaBaTbCA B rpefenax LwabnoHa.

[ns obecneyeHnss yKa3aHHOW HOPMbI 4aCTOTHas XapaKTepuc-TUKa

OTK/IOHEHWIA OCTaTOYHOro 3aTyxaHus Aa kaHana TY He pfomkHa
BbIXOAMTb 3a npegensl (cM. Tabn. 11).
Tabnnua 1.1.
JonycTumble OTKNOHEHMS! OCTaTOYHOr0 3aTyXaHus
Ky O3-004 04-06 0,6-2/4 2,4-3,0 3,0-3,4

0 14 0,72 0,6 0,72 1,4

-31 .



Bxog ¥ BbIX0L KaHana Ao/mKHbl O6bITb CUMMETPUYHBIMW, HOMU- Ha/IbHOE
3HayeHMe BXOAHOr0 W BbIXOAHOr0 COMPOTMBAEHM 600 OMm, KoahuumeHT
OTPaXXeHMs He LO/MKEH MpeBocXoAuTb 5 %. HoMuHanbHas BennyuHa u3-
MepUTENIbHOr0 YPOBHA Ha YeTbIPEXMPOBOAHOM BXOjAe KaHana Pex = -13 gb,
Ha Bbixoge PEIX- +4,3 ab; yacTtoTa usmeputensHoro curiana 800 My. Ho-
MWHaNbHOE OCTAaTOYHOE 3aTyxaHWe KaHania a2 JO/MKHO ObiTb He 6onee -17
OB, T.e. KaHan BHOCUT ycuneHue, paBHoe 17 ab.

BennunHa cpefHEKBaApaTUYECKOro OTK/IOHEHWS BO BPEMEHM Oc-
TaTOYHOro 3aTyxaHus OT ero CpefHero 3HayeHus Ha uactote 800 Iy He
LomkHa npeBblwaTe 1,0 AB; pasHOCTb Mexay cpefHell U HOMUHaNbHOA
BE/IMYMHAMM ar Lo/MKHa 6bITb He 6oniee 0.5 ab. MakcnmanbHoe OTKNOHEHUe
BO BPEMEHW OCTATOYHOr0 3aTyXaHWs OT HOMWHA/IbHOIO 3HaYeHWUs Ha Of4HOM
TPaH3UTHOM Y4acTKe AO/MKHO COCTaBNATb He 6onee 2,2 Ab ¢ BEPOATHOCTbLIO
0,95.

3almLeHHOCTb OT BHATHOrO Mepexo4HOro pasrosopa Mexay KaHana-
My TU, n3mepeHHas Takxe Ha yactoTe 800 Iy, fo/MKHa 6bITb HE MeHee 60
A ans 100 % KOMOGMHaLMWM WM3MEPEHWIn B3aMMHbIX BAUAHWA. CpefHee
3HayeHMe NcoOMETPUUECKOrO HanpsXeHUs Lyma B kaHane TY B TeueHue
no6oro vaca, W3MEPEHHOr0 B TOYKE C OMTUMaibHbIM YPOBHEM - 7 Ab
ncoomMeTpumn He LOMHKHO npesbiwatb 0,55 mMB (2640 nBT).

M3mepeHue YacToTbl NepefaBaeMoro curHana B KaHane TY He LOMKHO
npesblwarts 1,0 My OTKNOHeHWEe TFPYNMNOBOro BpeMeHW 3anasfblBaHus tj
HOPMUPYETCA MO OTHOLUEHMIO K ero 3Ha4yeHuto Ha vactote 1900 Iy (Tabn.
1.2).

Tabnnua 1.2,
JonycTumble OTKNOHEHUS TPYNMNOBOro BPpeMeHU 3anasfbliBaHus

Ky O0,T0,6 0,8 1,01,4 1,6 2,2 2,4 2,8 3,0 3,2 3,3

Mc 2,415 110,6 0,4 0,2 0,12 0,15 0450,75 1,35 1,9

MocKoNbKY KaHa/lbl MCMONMb3YTCA [ANd nepefayu AUCKPETHOM WH-
(hopMauuM CUrHANOB OHW JO/MKHbI YAOBNETBOPATL W AOMOJHUTENBbHbLIM
TpeboBaHMAM. YPOBEeHb CpPEAHEro HeB3BELUEHHOro LWyma B TeYeHue Jio-
60ro yaca paboTbl Ha OA4HOM MNepenpueMoM y4acTKe KaHana, U3MepeHHOro
nNprbopoM C KBaApaTUUYHOW XapaKTepPUCTUKOW LEeTEKTUPOBAHWS 1 NOMOCON
yactoT 300-3400 'y, nmetowmx Bpema mHTerpauumn 200 Mc, JO/MKeH 6biTb
He 6onee - 46 Ab B TOYKE HYNEBOr0 OTHOCUTE/ILHOMO YPOBHS.

Mpun KpaTKOBPeMEHHbIX NepepbiBax KaHana (4o 300 Mc) Jons BpemeHwm,
B TEYEHME KOTOPOro YpOBEHb CUrHana cHuxaetca 17,4 nb, OTHOCUTENbHO
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HOMMWHaNbHOrO, AO/MKHa 6bITb 60onee 1,5x10"5 : 2500, ( / - pAvHa KaHana,
KM).

KoHTponb KaHana nepefayv MHpopMaumuy rno CyLecTBy ecTb npoLecc
M3MepeHns MapaMeTpoB, XapakTepu3yLwnx kaHan. CyllecTBYOT NpAMOii 1
KOCBEHHbI MeToAbl KOHTpons. [pu npsMOM MeTOAe KOHTPONs KaHana
N3MepSAOTCA NepBuyHble napametpol R, G, L, C, rge R - akTUBHOE comnpo-
TUBNEHWe NuHuKn, G - NPOBOAUMOCTb, L - MHAYKTUBHOCTL U C- eMKOCTb
NVHWIA. 10 OTKMOHEHWIO M3MEPEHHbIX BEIMYMH OT HOPMATMBHBLIX CYAAT O
KayeCTBEHHOM COCTOSHUM /NMHWW. Ha npakTuke [O18 XapakTepucTUKK
KaHana vaule obpallaloTcs K BTOPUYHbIM NapameTpam, CBA3aHHbIMU C nep-
BUYHbIMUW NO (HOPMY/iam:

7 = Rb,,+jo>Lkm 1
AGkn+ jMCkn, ’

Y= + No *« X"b, + jo>Chm), (D
2131 ~2a8 VZ~q7,

a=y-jp,

roe Rkm Gkm Lkm Ckm - KkunomeTpuyeckme napameTpbl IMHWW NO
COMPOTUBNEHMWIO, MPOBOAUMOCTW, WHAYKTMBHOCTM W eMKocTu, Y -

KO3(h(MUMeHT pacnpocTpaHeHus, O- — Ko3(MUMeHT 3aTyxaHusa, ft -
KO3pprUmMeHT hasbl, ZC- BONHOBOE COMPOTUBAEHNE TMHUN.

YnpaBneHus He Bcerja MoOryT 6biTb MCYepnblBaOLWMMKU NpU U3Me-
PEHUSAX CMOXHbIX, Pa3BETBMEHHbIX N HEOLHOPOAHLIX Leneid. Ecnn B kaHane
nepegayn MOMKUMO JIMHWIA CBA3WM eCTb annapaTtypa (CPeAcTBa YMnIOTHEHMS
KaHanoB wu fgp.), To ynpasneHua (l.I) ctaHoBATCA 6eCcCUNbHBLIMK  ANs
XapaKTepucTukKn KaHana. B 3Tom cnyuyae obpalatoTcsi K KOCBEHHOMY Me-
TOAY KOHTPO/Ss, CMbIC/T KOTOPOrO 3aK/04YaeTcs B TOM, YTO U3MEPEHUs Xa-
PaKTepUCTUK KaHana 3aMeHSI0T U3MEPEHUSAMMN XapaKTepUCTUK CUrHana, T.e.
MO MCKAXEHMWIO 3aTyXaHWs CuUrHana CyfsT O KayeCTBEHHOM COCTOSIHUM
KaHana nepefayn. Ha meTofe KOCBEHHOro KOHTpons paboTaeT BCS anna-
paTypa M3MepeHusl KaHasoB CBSi3M U TefleMexaHuku. Mo3ToMy Bce MeTofbl
KOHTPONS KaHanoB nepejayn, KOTOpble ByAYyT YMOMSAHYTbI HIDKE ABAAKOTCS
noAMeToAaMun KOCBEHHOro meTtoga [100].

KoHTponb KaHana nepegayu no saTyxaHuto. ®dusmyeckuii KaHan nepe-
Aaun, obnafarowuii CoNpoTUBEHUEM U MPU HAMUUM KACKaAO0B YCUIEHNS,
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XapaKTepu3yeTcsl Be/IMUMHONM 3aTyXaHUst curHana (ycuneHwus)). Ecnm Ha
BXOfle KaHafla MPWIOXKEH CUIHan MOLLHOCTbIO Si, a Ha BbIXode €ro -
MOLLIHOCTbIO S2, TO COGCTBEHHOE 3aTyXaHWe ac KaHana onpefensieTcs Mo

thopmyne:

a = 11lg nam
2 S2
a :ilni = Ing’ ------ ! In A . In 71—1—1I’n—z’g’,
2 S2 u2 2 1zr h 2 Zd

rge Ui, 1y, Zci~ BXoAHble BeNMUMHbI KaHania, U2 h , Z22- BbIXOAHblE
BE/IMUYMHbI KaHaa.

KOHTpO/Ib COBCTBEHHOrO 3aTyxaHWsi MO MeTOAY XOJI0CTOro xofa wu
KOpPOTKOr0 3aMbiKaHus. Ecnv BxogHOe COMpOTUBIIEHWE KaHasia B PeXuMe
XO/I0CTOr0 XO0Aa COOTBETCTBYET Z, WM KOPOTKOrO 3aMblKaHus - Z» TO
COBCTBEHHOE 3aTyXaHve KaHana onpeaensieTcs Kak:

1 2V z X
cos y/ = —arcth —L-------- cosw’
2 20+ Z

roe Zft Z% - mopynu conpoTWBAEHWA Z« u  ZI, , LW, - apryMeHT
conpoTtuBneHuin ZQ 7= : (iff = o - <Y HepoctaTok AaHHOro MeTofa
3aK/oYaeTcad B y30CTW Auana3oHa u3MepeHusi (KOHTPOAs), B KOTO-POM
MOrpeLIHOCTb N3MEPEHUS MUHUMASIbHA.

KOHTponb ce6CTBEHHOr0 3aTyXxaHWsi M0 MeTOAy CpaBHEeHUs
KoHTponb 3aTyxaHus KaHana rnepejayu no MeTOAy CpaBHeHUsi Haubosnee
4acTo BCTpeyaeTcs Ha MpPaKTUKe, T.K. B 3TOM C/y4yae He TpebyeTcs npo-
BOAMTb HMKakux pacyeToB. CyLHOCTb MeTOAa 3aK/lH04aeTcsi B CPaBHEHUU
HEW3BECTHOr0 3aTyXaHWsi KOHTPO/MMPYEMOrO KaHana Mpu TOXEeCTBEHHOM
paBeHCTBE C MEpPEMEHHbIM, HabOpOM, 3aTyXaHUEeM YeTbIPEXMOMCHMKA
(marasuH 3aTyxaHuid).

AMMNINTYLHO-4aCTOTHbIA METOA KOHTPO/S KaHana nepegaqvM Amnnu-
TYAHO-YaCTOTHbIA METO[ KOHTPOAs Hambonee MNOMHO OTBevaeT TpeboBa-
HMAIM Ka4yeCTBEHHOr0 KOHTPONA KaHana nepefaun. [aHHblii MeTod nos-
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BONAET YCTAHOBUTb 3aBUCUMMOCTb BbIXOAHOI0 YPOBHA CUrHas1ia OT YacToTbl,
T.€:

u2=o(/),,1= const ,

rge @- yHkums, / - 4vacToTa, a Takke MO03BOJIAET OLUEHUTb amm-
JITY[HO-YaCTOTHYIO XapaKTepUCTUKY Ha JIMHENHOCTb, FY6MHY YaCTOTHbIX
M amNNTYAHbIX NPOBA/IOB U T.4.

®a30Bblil MeTOL KOHTPONA KaHana nepegadn. KOHTposb KaHama
nepefayn Mo (hasoBbIM XapaKTepPUCTMKaM CUrHaa UrpaeT BadkHYH po/b B
NPOBOAHOW CBSA3N M B OCOGEHHOCTM MpwW Mepefadve AUCKPETHOW MHDOp-
MaLmm.

V13 Teopun CBSA3M U3BECTHO, YTO KOMIJ/IEKCHAs BeNMUMHA 3aTyXaHus c
KaHana nepefaqm CoCTOMT U3 MOCTOSIHHOMO (Ko3athumumeHTa) 3aTyxaHus ac
N NOCTOAAHHOrO (Ko3ahdhmumeHTa) hasbl be, T.e. qc=ac+ bc. Ecnm:

U, =(Y,em , U2=£/2e"T ,
1,=/,em i, =he”™
TO
K=(Px-9i"Wx-¥i. (1.2)

BbipaxeHne (1.2) cnpaBefMBO A1 CMMMETPUYHOIO YeTbIPEXMo-
NOCHMKA. [nsi HECMMMETPUYHOIO YeTbIPEXMO/IIOCHNKA COBCTBEHHAs MocC-
TOsIHHasA (hasbl ONpeaensieTcsa no opmyre:

K Px-(P2 ﬁb ; ¥ ¥ vu-vie
=< - - .= -
x-( 2 T T 2

rge - n ([®-- yribl XapaKTePUCTUYECKMX CONPOTUBEHNI Zff nZX m
[na ¢a3oBoO xapaKTepuUCTUKU MPSMOYrO/ibHbIX CUrHaI0B BBEAEHO
BbIpadKeHue:

X = . 00%
2. 10

roe 5°- - CTeneHb WCKAXXEHUS MPSIMOYroflbHOr0 CUrHana, tnmex u t,,,,

onepexxeHve 1 3anasgbiBaHve nepeaHero (MM 3agHero) (PoHTOB UMMY/bCa
OTHOCUTE/NILHO K NepeaHeMy (3aHeMy) (poHTam CTapTCTOMHONO CUrHasa.
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ACYMMETPUIO KOZOBOFO CUrHasia OmnpeaensitoT ¢ MOMOLLBH0 (hopMy/bl:

K +

rae tc - 4UTENbHOCTb CUrHana, t,, - AUTENbHOCTb WMHTepBana, A -
rMoKasarte/lb aCMMMETPUN.

CrieKTpa/ibHbI METOf KOHTPO/ISA KaHana nepegayn. Mpuw aHanmse v 0bpa-
60TKe CUIHaN0B UCMOMb3YyeTCA CrEKTPa/IbHbIA MeTo[, 3aK/lvalowumiica B
pas3noXkeHUM HenpepbIBHOM (YHKUMM Ha 0Tpe3Ke B psg Pypbe. [le/10 B TOM,
4YTO €cnv MpY WCCNEA0BaHUM CUTHana MnoslydeH psif (WnnM cnekTpasibHas
(hyHKUNS) Dypbe, OTANYAIOLLNIACA OT HOPMa/ibHOIO (KOHTPO/ILHOMO0) psja,
TO CTereHW HeCOOTBETCTBUSI PSIOB CYASAT O CTEMEHU PacXOXAEHUs Mccre-
[yemoro curHana ¢ HopmMasibHO-Heo6X0AUMbIM.

M3 maTeMaTMKM W3BECTHO, YTO BCSIKYH) HEMPEPbIBHYD W WHTEr-
pYPOBaHHY0 (YHKUMIO Ha OTpe3ke [a, B] MOXHO NpeacTaBuUTb PSAOM
dypbe, Ko3HULMEHTBI KOTOPOro OnpeaenstoTcs no opmyse:

B

/[1(m*) <PAX) dx

C» = , 1.3)
MUK

a

rae f(x) - QyHKuMa curHana, <p,f¥) cucteMa yHKUMIA, MO KOTOPOA
pasnoxkeHa yHKUmAT(X).

MoacTtaBnssa (1.3) K TPUroHOMETPUYECKOW CUCTEME (DYHKLMIA, MOMYyUnM
MPVBbIYHbIE BbIPKEHVIS:

Ir | T
C,=—J/(0cosnQ, tdt-i—J/(0sinnQ, tdt=an+ib,,,
"0 *0

rae  Q - uJactota nepsBoli rapmoHumkm curHana f(t), n=0,1,2,...
KoathdmupeHT C,, MOXKHO NpPeAcTaBUTb B 60/1ee YA06HOW hopme, a UMEHHO:



y/n = arctg —S-.

BennunHa C,, SIBASiETCA  aMMIMTYAHO-YACTOTHOW  XapaKTepuCTUKON
curHanaf(t), a y/,, - (pa3o4acToTHOM XapaKTepUCTUKOIA.

B cnyuae, Korga curHanf(t) siBNsieTcst HenepmMogMYecKom yHKLUMENR, To
CreKTpasbHas PYHKLUSA ero BbIpadkaeTcst hopMy ioi:

F(Q)= ff(t)e‘a'dt,
— O

Ecnn n3BecTHa cnekTpasibHas (hyHKUMS HEKOTOPOro CUrHasa, To Mo

Hell MOXXKHO orpeaennTb OpMy CUTHana, T.e.

J0)=~ ]1>(fA)e'a d(G)

—

CrekTpasibHast  (hyHkuuss  F(Q) B obwem ciyydae  sIBAsieTcA
KOMIM/IEKCHOIA:

F(Q)= A(Q)~ iB(Q) = S(Q) e-"<"<M),
NI(£2) = °j/(0 cos £t dt ,
B(Q)= J/ (sin £t dt,

S(Q) =y/A2(N)+ B2(Q) ,

a

Vi (£D) = arctg © (2)

A(M)
BennunHa S(£2) ecTb amnaMTygHo-dacToTHasdA, a y(f2) - daso-
YaCTOTHas XapaKTepucTVKa CrJIOLUHOrO CMeKTpa HemneproAMyecKoro Cur-

Hanaf(t).
PacnpegeneHune aHepruv B CrieKTpe Henepuoanyeckoro curHana onpe-
fensieTca no opmyne:
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W =17/20dt= Y5 (ft)] d(OL).

3T0 COOTHOLLIEHME YCTaHAB/MBAET CBSA3b MEX/Y 3Heprueli curHana npu
conpoTtusneHnn | OM 1 MOZy/ieM €ro CreKTpasibHOM NIOTHOCTY.

Ha npakTuke M3MepeHVe XapaKTepuCTUK KaHa/loB nepejavn MHGop-
Maumn Npov3BOAUTCA BO BCEX Yy3nax CBA3W, B OCHOBHOM, BPY4YHyk. OHO
OCYLLECTB/ISIETCSA CNeayomnM o6pa3om. Ha Bxog npsimoii BETBU WUCMbI-
TYeMOro KaHasia MNOAK/II0YaeTCA FeHepaTop W3MepUTeNIbHbIX CUTHaI0B U
nofaeTcsa UCMbITaTe/bHbIN CUIHaN ¢ ypoBHeM -1,5 Hn yacToToin 800 IMu.

Ha Bbixoge npsiMoii BETBU (fasibHUIA KOHeL) MOAK/YaeTca m3bmpa-
TeNbHbIA U3MEepUTESlb YPOBHS, MO MOKa3aHWK KOTOPOro orpegensieTcs
COCTOSIHME MPSAMOMA BeTBM (38 HOPMasibHOE 3HayeHWe MPUHATL YPOBEHb
curHana +0,5 Hm).

AHanornyHas onepauusi MpoBOAMTCA C 06paTHOM BETBbIO KaHana,
TONbKO TFeHepaTop WCMbITATe/IbHbIX CUIHAI0B MOAK/IOYAETCA KO BXOAY
0bpaTHOIi BETBU, a M36MpaTenbHbIA U3MEPUTESTb YPOBHS - K € BbIX04y, HO
MeToAbl aBTOMATUYECKOr0 KOHTPONSA KaHasia nepejadv MHGopMaLmn npo-
HWKaOT N B cUCTeMy CBS3W. B 3Tolh 06nacTu BeayTcst paboThl Kak B Hallel
CTpaHe, Tak 1 3a pybexxom. MOXHO NpuBecTV psafg paboT, NoaTBepXia-
FOLLMX CKa3aHHOe, Hanpumep, naTeHT BennkobputaHum [52], nateHT CLLIA
[53], mateHT ®PI" [54], naTeHT AnoHwun [55] aBTOpPCKME CBUAETENLCTBA
Poccum [57].

Vivetoipecs naTeHTHble MPOTOTUMbLI MO CNocoby AelCTBUS MOXHO
pa3gennTb Ha CUCTEMbl KOHTPONSA W CUCTEMbl U3MepeHUs. [MoCKONbKy
KOHEYHOW LieNblo paboTbl CUCTEMBI SIBAAKOTCA MHGOPMALIMS O HeMCMPaBHbIX
KaHanax, a YCTpaHeHVWe HeWCMpPaBHOCTEN SIBMSIETCA Le/IOM TeXHUYECKUX
Cny>6, TO Ham cnefyeT paccmMaTpuBaTb MMEHHO M3MePUTESIbHbIE CUCTEMBI.
MoaToMy ManonoaxoAAaLmMMM B 3TOM CMbICNe sBnsetcs [54], aBTopckue
ceugeTenscTea [60, 61]. Byayulee ycTpoincTBO AO/MKHO ObITb OCHOBAHO Ha
CNeayoLWmMX TEXHNUYECKMX MPUHUMMAX: He3aHATble KaHaslbl MPoBepsoTCs
UMKMYECKU C nomoLlbio OBM; 3aHATble KaHa/bl aBTOMaTU4ecKu Cuu-
TalTCA KaHasiaMy C YPOBHEM OCTATOUHOI0 3aTyXaHWs B rpejenax HopMbl v
o6xogaTcs npu onpoce. Mo3ToMy B JaHHOM Crlydae HelienecoobpasHbl 41
JasbHelLLIero pacCMOTPeHUst YCTPOCTBA, KOTOpbIE MEKT aBTOPCKUE CBU-
petenbcTsa [50].

B xoge pelleHUss AaHHOW 3afavy Mbl AO/DKHbI MPefycMOTPeTb Ha-
nnydllee codeTaHue NMPUHLMNEG pasae/lbHOro M3MepeHrs KaHasia B NpsiMomM
1 06paTHOM HarnpaB/eEHMN C BO3MOXHOCTbIO COBMECTHOW paboTbl ¢ IBM, ¢
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3TOl TOYKW 3PEHUST AOCTATOUHO noaxoasawmummn aenswotea [58,59]. OgHako
NnepBoe W3 HUX YCNOXHSAET 33agadvy (PYHKLMOHaNIbHO, a BTOPOE - C Tex-
HWYEeCKOl CTOPOHbLI. MN306peTeHuns [49, 51] cBOBOAHbI OT 3TUX HEAOCTaTKOB
N 0N HaWwWX Lenei SABMSIOTCA Haubonee 61mskumun. W3 npuBegeHHOro
CMMCKa Hay4YHO-TEXHUYECKOW nuTepaTypbl 6/M3KUe pelleHWe NS paspa-
60TKM Tpebyemoro ycTpoicTBa M3NOXKeHO B pabote A.C.OBCAHHMKOBA
[51]. AaHHasi Tam cxema MpeAHasHadeHa AN1s MNPUHATUSE PeLLeHuiA Mo
pesynbTaTam WM3MEPEHUs, MO3ITOMY BO3MOXHA CTbIKOBKA CXeM MOA06HOro
Tvna c 3BM.

VMcxogs r3 TpebGoBaHWiIA, KOTOpble BbIABUTAOTCA TEXHUYECKUM Mep-
COHaOM, 06CMYXMBAIOLLMM CBA3b, KOTOPble 3aK/I0YalOTCA B CRefyoLmnx
NPUHLUMNAX CUCTEMa KOHTPOMA He [Oo/HKHa MewaTb W B/UATb Ha Hop-
Ma/ibHyl0 paboTy CBSI3W, YCTPOWCTBA HEMPOMbILLIEHHOrO MPOM3BOACTBA
JOMKHbI 6bITb MaKCMMasIbHO MPOCTbl U HafeXHbl, BCE PAcCMOTPEHHbIe
CXembl A.C., MATeHTOB W MPOTOTWMOB MPELCTaB/IATCA LOCTATOYHO C/IOXK-
HbIMW B W3rOTOB/IEHUM W 3KCryaTaumy, MNO3TOMYy He MOryT ObITb
HernocpeaCcTBEHHO MCMO/b30BaHbl. TeXHMYECKOe peLUeHmre MoCTPOeHUS yCT-
poiicTBa ANsi KOHTPONS KaHa/loB CBSA3M MO OCTATOYHOMY 3aTyXaHWH WU3/10-
»XeHo B A.c. [28].

M3MepeHne OCHOBHbIX XapakTepuCTUK KaHasioB repefayn MH-thop-
MauMmy B HaCTOsILLiee BPEMS MPOM3BOAWUTCSH Yallle BCEro Bpy4Hyt. Beugy
OFPOMHOI0 WX KO/IMYECTBA B SHEPrOCMCTEMAX 3aTPAYMBAETCA 3HAUUTEIb-
HOe BpeMs Ha UX KOHTPOsb. KoHTponb Kl no BceM OCHOBHbLIM Xapak-
TEPUCTUKAM Kak Mpaswsio, NpousBoOANTCA OAVH pa3 B 4Ba Mecaua.

B nocnegHvie rofbl MHOIO BHUMaHWA YAeNnsieTcs pelleHnio npobsiemMbl
CO3aH1A aBTOMATU3NPOBaHHOM crucTeMbl KOHTponst KM (ACK). Co3gaHbl
nepBble aBTOMAaTU3MPOBaHHble cucTeMbl KoHTponsa KM B O4Y Ypana,
JlntoBaHepro, MocaHepro, NMeTporpagsHepro v Apyrux aHeprocucremax. B
CBSA3W C 3TVMM CO34AK0TCA O06BEKTMBHbIE YC/IOBUSA, UYTOObI MEPUOANYHOCTb
KOHTPO/I KaHa/10B nepefayy MHGopMaLmMn COKPaTUTb U NPOBOAUTL OAWH
pa3 B CyTKW. pyM 3TOM Pe3KO YBENMUMBAETCA 00bEM LMPKYINPYHOLLER
WHopMaLUK, YTO BbI3bIBAET HEO6XOAMMOCTb MPOBEAEHNS LUMPOKOA W
BCECTOPOHHEW aBTOMaTM3aumn YrnpaBfeHWs 3HeproodbekTamMu B 3HEPro-
CUCTEMAX, C LIeNIbIO YBE/IMYEHUS] HALEXHOCTM, MOBbILIEHUSI ObICTPOAENCT-
B/ 1 (DyHKUMOHA/IbHON YCTOMYMBOCTM WX PaboTbl, BbIMOMHEHWUS WCCe-
[oBaHWiA No 06paboTKe, XpaHEHWNIO 1 Nepefayn 60MbLIOr0 MaccrBa AaHHbIX
¢ 60/1bLLION CTENeHbI AOCTOBEPHOCTU 3TUX MACcCBOB MHGOPMaLN.

CyLLecTByIOLLME METOABLI U annapartypa He MOryT YAOB/IETBOPSATL BO3-
pacTalolmmM TpeboBaHUAM K yrnpaB/ieHUI0 3HeprocucteMamu. Heobxoanm
nepexof Ha 60/ee BbICOKWI KayeCTBEHHbI YypoBeHb pPaboTbl KaHasioB

- 39.



nepefaun MHHOPMaUMU C WCMONMb30BAaHWEM COBPEMEHHOW CrelnanbHol
KOHTPONIbHO-U3MEpPUTE/IbHOW  annapaTypbl UM CPEACTB  BbIUMCIUTENLHOV
TEXHUKU.

1.4. OnpefeneHne U aHanM3 napameTpoB KaHasoB nepegayu
NMHopMaymm

OCHOBHbIM OKasaTeneM HopManbHOW paboTbl KIMW aBnsetca He-
MCKaXXeHHOe BOCNPOW3BEAEHNE CUTHANA Ha MPUEMHON CTaHuuu. [ns Toro,
4yTo6bl KIMW 06ecneynBan HEMCKaXXEHHYHO nepefady CUrHanoB, OH SO/KEH
YAOB/IETBOPATL ONpefesieHHble HOPMbl. Ype3sMepHOoe OTK/IOHEHWE OT 3TuX
HOPM CHW>KaeT KayeCTBEHHblE MoKasaTenu rnepefayun, a B HEKOTOPbIX Cly-
yasx, fenaet ee HeBO3MOXHOW. Onpegenum TpebOBaHWUA, KOTOpblE [OMIXK-
Hbl y,0B1eTBopATh KM 1 KONMYECTBEHHbIE 3HAYEHUA LOMYCTUMbIX OTK/O-
HEHWI OT HUX.

Heo6Xx04MMOCTb TOYHOTO BOCMPOWM3BEAEHUA CUFHaNa Ha NPUEMHONA
CTaHLUumM TpebyeT npexje Bcero obecrneyeHns nepegaym yepes KaHasa BCEro
CMEKTPa 4acToT, COCTaBAAOWMX AaHHbIA cUrHan. J1i060e cyxeHue LImpu-
Hbl 3TOr0 CMEKTPa HeM36eXHO BbI3blBAET UCKaXKEHWEe CUrHana.

CneKTp YaCTOTHbIX COCTABAANLNX CUTHANA LOMIXKEH ObITb NOMYYeH Ha
NPUEMHON CTaHLMM C COXPAaHEHMEM WX aMMIMTYAHbIX COOTHOLUEHUA. 3TO
TpebyeT 06ecHeyeHMs OAMHAKOBOr0O 3aTyxaHWs A8 BCEX 4acToT nepefa-

BaeMoro ro kKaHany cnektpa A (O.

Heo6x04uMOCTb TOYHOrO BOCMPOU3BEAEHWUA CWUrHana HaknagbiBaeT
onpefeneHHble TpPe60BaHMA Ha aMMIMTYLHYI XapakTepucTuKy KaHana
nepefayu, Noj KOTOPOA MOHMMAETCS 3aBUCUMOCTb HaMpsHKEHWs, TOKa Um
YPOBHA PKW Ha BbIXOAE KaHaia OT 3TWX >Ke Be/MyuH Ha Bxofge ero. Ans
HEUCKaXeHHOr0 BOCMPOM3BEAEHUS CUTHaNa Ha MPUEMHOW CTaHUMM Heob-
X0AMMO, 4TOGbl aMnAMTyAHas XapakTepucTuka KaHana Oblna npsamo-
NHeHa Mpy BCEX BEIMUMHAX HAMNPsHKeHWI, TOKOB WM YPOBHeW, KOTOpble
MOryT 6bITb Ha BXOJe W BbIXOAe KaHana npu nepegadve curHana. KpmeusHa
amnNTYAHOW XapakTepucTUKM 06ycnaBnvMBaeT MOSBAEHME Ha BbIXOAe
KaHana rapMOHWYECKMX W KOMOWHAUMOHHBLIX COCTaBAsOLLMX, OTCYTCT-
BYIOWMX Ha ero Bxoge. [lepegaya [O/MKHA MPOXOAUTH MPWU  MOHOM
OTCYTCTBUM MOMEX: MOSABNEHNE MOMEX B KaHane MOXeT 3HauyuTeslbHO WC-
KasuTb curHan. Takum 06pa3om, K KaHany nepejaynm MHgpopmauum npesb-
ABNAETCA pa3fuuyHble TpeboBaHWs, 06ecneynTb CTPOroe BbINOSHEHUE
KOTOPbIX MPaKTUYECKN HEBO3MOXHO.

KayecTBeHHble nokasatenu, KOTOpPbIM A0/KHbI yA0BAeTBopaTh KM, n
[OMYCTUMble OTK/OHEHUS OT HWX, HOpMKpoBaHbl. CobntofeHne ycTa-
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HOB/IEHHbIX HOPM fBAfeTCA 06f3aTefibHbIM 418 BCeX NpeanpusaTuid,
3KCMAyaTMpPYOLWUX YCTPONCTBA KaHaN0B nepefadn MHHopMaLmm.

HopmupoBaHbl crnefytowine KavyecTBeHHble nokasatenu KrW: wunpuHa
nonocbl 3MEKTUBHO MepefaBaeMblX YacTOT; OCTaTOYHOe 3aTyXaHWe Ka-
Hana M 3aBUCMMOCTb €ro OT 4acTOTbl; BeUYMHbI MCOPOMETPUYUECKOrO
Hanps>KeHWs LUYMOB; MEPexOfHOe 3aTyXaHue Mexay LUEensamu; BefUUUHbI
HeNMHENHbIX UCKXKEHW, NOSBAAIOLLMXCA NpU Nepejadye CUrHaNoB.

LLnpuHa nonocbl 3apdeKTUBHO MepeAaBaeMblX 4acToT. [lonoca ag-
(DEKTUBHO nepefaBaeMbiX YacTOT OrpaHWYMBaeTCA 4acToTamu, Mexay
KOTOPbIMU 3aTyXaHWe pa3/IMYyHbIX COCTAB/AILWMUX MepeaaBaemMoro Crekrpa
He npeBblwaeT 6onee yem Ha | Hen (8.69 ab) 3aTyxaHus npu yactoTe 800
ry.

[ns coBpeMeHHbIX MHOrokaHanbHbiX BY cuctem (3 n 12 - KaHa-NbHble
cucTembl, paboTalolive No CUMMETPUYUHBLIM W KOaKCUaibHbIM Kabensm)
nonoca 3a(eKTUBHO MepefaBaeMbiX YacTOT HOpMMpoBaHa npegenamu 300
- 3400 Iy,

PekomeHgaumn MKKTT TpebyloT, 4T06bI Mo n06OMy KaHaly, opra-
HU30BaHHOMY Ha BO3AYLUHbIX, KabefbHbIX WM PafUOpPENeiHbIX NHUSX,
obecneumBanacb nepefgaya nosockl YactoT ot 300 go 3400 I'w.

OcTaTo4yHOe 3aTyxaHue M ero 4acToTHas 3aBUCKMMOCTb. OCTaTOYHBLIM
3aTyxaHnem KIW HasbiBaeTCA pasHOCTb MEXAy CyMMON BCEX 3aTyXaHWid,
[eNCTBYIOLWMNX B KaHane, M CyMMON BCEX YCWNEHWIi, BBEAEHHbIX B HEro,
WM pasHOCTb YPOBHEl Ha BXOfe U BbIXOAE, T.€.

qg,=5>-Xs=il,-u, ,

rae an- OCTaTOYHOe 3aTyxaHWe, a - 3aTyxaHue KaHana, S - ycu-neHue
kaHana, Uex- ypoBeHb Ha BXofe kaHana, UrhxypoBeHb Ha BbIXofe KaHana.

BennunHa NCOOMETPUYECKOrO  HampshkeHWs  LWYMOB.  KaHasbl
nepefjayn opraHM30BaHHbIe Ha BO3AYLUIHbIX MHUAX, MOABEPraldTCs CaMbIM
pasHo06pasumn» BAWUSHWAM, OKa3blBalOLLMM WCKaXKalolne BO3LENCTBUA Ha
BeyLlylOCA N0 HWUM nepefjady. dTWU BAUSHUS NPOSAB-NAOTCA B KaHane
NPenMyLLecTBeHHO B BuUAe LWYMOB. OCOOGEHHO CU/IbHOE BAUSHWE OKa3sbl-
BAlOT pas/iMyHble aTMOCHEPHbIE U MHAYCTPUANbHbIE MOMEXW, & TaKXkKe Mo-
Mexu OT paboTawowux paguocTaHuuii u T.4. (MwHa). Lymbl oT Henu-
HelHbIX nepexogos ((7LU) nosBAflOTCA BCeACTBUE HENMHERHOCTM OT-
[eNbHbIX 3MEMEHTOB annapatypbl (YCUAWTENbHbIX faMn, MarHWTHbIX
CepPLEYHMKOB  KaTylleK WHAYKTMBHOCTUM UM T.4.). BenuuuHa 3Tux
HenMHelHOCTe, a cnefoBaTensHo, U UUMR yuuTbiBaeTcs MNpyM NPOEK-
TUPOBaHWM annaparypsbl.
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BennumHa Uua cknagbiBaeTcs M3  LWYMOB, CO3[aBaeMblX COMpPO-
TUB/IEHUAMM, Namnamu, UCTOYHUKaMK MUTAHWA WU T.M., OHA OMpejenseTcs
npy NPOEKTMPOBAHUM U UCMbITAHMAX anmapaTyp U ABASETCS OLHON W3 ee
XapaKTepuCTUK, yKasblBaeMblX 00bIYHO B 3aBOACKMX nacrnoprtax. BenunuuHa
LUYMOB MOMELLEHNI HO OnpejenseTcs YCNOBUAMM, B KOTOPbIX
HaxogmTcAa aboHeHT. JTW YCNOBMSA TakXe [O/MKHbl YUUTbIBATLCA MNpU
npoeKTuposaHuKn annapatypbl Krin.

HanpsbkeHne wyma Uwp. BO3HUKAET B pe3y/ibTaTe BAUSHWUIA CO CTOPOHbI
cocefjHMX TenedOHHbIX Leneid. TN BANSHUSA MOTYT NPOSIBAATLCA B BUAE:

- BHATHOIO MepexofHOro pasroBopa, Korga pasroBOPHbIE TOKU C
BAVAIOWEN LeMu MepexodsaT Ha LUenb, MOABEPXEHHYIO BAUAHUMIO, 6e3
CABUra Wnv MHBEPCUM YacToT;

- HEBHATHOIO NepexofHOro pasroBopa, Korga MeLuarolme pasroBOpPHbIe
TOKW MEpPexofsaT Ha Uenb, MOABEPXEHHYIK BJ/IMAHWIO CO CABUIOM WU
MHBEpCKeit YacToT;

- HecBfi3HOro 6opmMoTaHus, T.e. LWyma, OO6YC/M0BAEHHON0 MHOrOK-
paTHbIMW NepexoAHbIMY Pa3roBopamMu.

HanpsxeHve 3TUX WYMOB MOXHO YMEHbLUTb MNyTeM TLATE/IbHOrO
CMMMeTpUpPOBaHNA NPOBOAOB MO COMPOTUBIEHUIO U U30NALUWU, TOYHOrO
BbINO/NHEHMS CUCTEMbI CKpELMBaHMI M T.M., a TakXe MpaBUNLHONM pac-
CTaHOBKM MPOMEXYTOUHbIX YCUNUTENEN.

OG6LLee HanpshkeHWe LWyMa B KaHane C OCTAaTOYHOW TOYHOCTbIO onpe-
[LennTb, cunTasn, YTo BCe YKasaHHble HanpsXXeHns LYMOB CKnaAblBaroTca Mo
KBaApaTU4YHOMY 3aKOHY:

ny

3alNLLEeHHOCTb KaHanoB U BeIMYMHA MEPEXOAHOr0 3aTyXaHUs MeXay
uensamu. B3avMHble BAVSHWA MeXAy KaHanamu OnpeaenstoTca  Benw-
YMHOI:

a, = —In ——Hen
2 Pwm

rae Pcv PM- MOLLHOCTbL MOMAE3HOM0 M MeLlatoLero CMrHanos B ,Cl.aHHOVI
TO4YKe KaHana, noABep>XeHHOro B/INAHUIO.
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MoA 3alWLEHHOCTBI0 MOHMMaeTcs pasHocTb Pc — Py ypoBHe
MOMe3HOro W MeLlaloUlero CUMrHanoB B AaHHOW TOYKE MOABEPXKEHHOro
BNIVSIHMIO KaHasla NpY HOPMasbHbLIX YCMIOBUSAX Nepefjayn B 060MX KaHaslax:

3 =Pe-P m-

MepexoaHblii BHATHbIA Pa3roBOP OKa3biBAaeT 3HAYWUTENbHO 60/MblUME
MeLlarollee feCTBME, YEM LUYM pPaBHOW C HWM WHTEHCUBHOCTU. Kpome
TOrO, MPY BHATHLIX NEPEXOAHbIX Pa3roBopax HapyLllaeTcs OTHOCUTE/bHas
CeKpeTHOCTb Nepefayn. B cBA3M € 3TUM B MOJOGHbLIX Cy4YasxX K 3aliu-
LLEHHOCTN MPeLbABNAOT 0COBEHHO XKECTKMe TpeboBaHUA.

BHATHbIE MepexofHble pa3roBOpbl MOryT CYLLEeCTBOBaTb IMO60 Mexay
KaHasaMn TOHaNbHOM 4acTOTbl pa3NUuHbIX Ueneid, nnb6o mexay BY ka-
HalaMuM B TOM CNydYae, €C/iM Hecyliue 4acToTbl CUCTEM paboTarLmx Ha
napanfesibHbIX Lensax UMerT OAUHAKOBbIE U BIM3KME 3HAYEHNS.

MKKT pekomeHAyeT cnefyrolMe HOPMbl B3aMMHOIN 3allULLEHHOCTM
MeXay KaHanamu:

- He Hwxe 6,7 Hen (58,2 gb) - mexgy no6bim BY © kaHanom
TOHa/IbHOW YacTOTbl OAHOW W TOW XKe Lenu, a TakKe Mexay obbiMu
KaHanamu BY, opraHn3oBaHHbIMU Ha Pa3UYHbIX 4acToTax;

- He Hwke 54 Hen (46,9 nb) —wmexay OLHOMMEHHbIMW KaHanamm
BUY gByx napanneb/iHbIX Lenei.

[JocToBepHoCcTb MHpopMauun. KaHanbl nepefaun MH(opmaumm npe-
ACTaBNSAOT C060OM nepefaynm AUCKPETHOM W HEMPepbIBHOW WH(opMaLmn.
Tak, OfMH W TOT >Xe& TPaKT MOXeT WCMO0Mb30BaTbCA [N MNepefaynm Kak
curHanoB TeneynpasneHus (TY) w TenecurHanusauum (TC), Tak u Tene-
(hOHHO cBA3n. OfHaKO OLEHKY KauecTBa CUCTEMbl ClnefyeT NpOM3BOAWTb
nokasatensiMu, XapakTepusylowWwmnMy KayecTBO CUCTeMbl Nepefadn LaHHbIX,
TaK Kak K nocnefHVM MpefbaBnaoTcs 60see BbICOKME TpeboBaHWSA, YeM K
cUCTeMaM Mepefjayn aHanoroBbIX MHGOPMALMK, Hanpumep, U TenegoHHOM
cBA3N. JTO 06BACHSAETCA TeM, 4YTO TenehoHHOe coobLeHne obnagaet
BbICOKOV BHYTPEHHel U30bITOYHOCTbLIO, KOTOpas cocTaBnseT fo 60-70 % u
MO3BOJIET 3HAYUTE/IbHO CHU3UTb TPeboBaHMSA, MpefbABNEHHblE K JOCTO-
BEpHOCTW nepefjayn, T.K. Moayvarefs MH(oOpMauum 60MbLUY  YacTb
MCKaXEHMIA BOCCTaHaB/MMBaeT “Mo cMbicny”. WHgopmauus e, coaep-
XKallanca B KOLOBbIX KOMOUHALMAX U nepefaBaeMas U3 NyHKTa ynpasieHus
(4r) B KoHTponupyemble nyHKTb (KM) u HaobopoT, He ob6nagaeT
M36bITOYHOCTLIO. [103TOMY fAaXKe CpaBHUTENbHO pe3kue OLWMOKU MoryT
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NPUBECTN K HeXenaTeNbHbIM COCTOSHUAM YNpaBAseMblX OOGBEKTOB WM
NCKaXKEHUSAM.

13n10)KeHHOe MO03BONSET OLEHMBATb KauyecTBO MepeAayun 4UCK-peTHON
nHpopmaunn B KIMKW AOCTOBEPHOCTLIO, ONPeAENnsieMOil YNC/IEHHO BepOAT-
HOCTbIO OLUNOKMU:

I_IOUJ

oL
n

ool

roe now - obwmin 06beM nepefaHHONW MHGoOpMauun; nau owmnbo4YHO
MPUHATON MHOpMALMN.

AHannz KIWA ceBngetenCcTByeT 0 TOM, YTO 6O0/bLIMHCTBO TpaK-TOB
nepefayn curHanos TY u TC o06pa3oBaHO W3 TenethOHHbIX KaHanoB TO-
HasibHOl yacToThl (TY) n ueneit BosgywHoin (BJIC) n kabenbHoit (KJIC)
NNHWIA. B 3TUX YCNOBMAX KayecTBO NepefaBaeMoii MHGopmauuun cnefyet
onpefensiTb 4OCTOBEPHOCTLIO, KOTOPYIO 06ecneunBatoT TenetoHHbIA KaHa
M Lenun cBs3Kn, 06pasyloLine KaHan nepegaudu.

OCHOBHOIA MapameTpamMn KaHanoB, OMpefensitoLLIMX 4OCTOBEPHOCTL Mepe-
[aBaeMoil MH(opMaLmn, SBAAIOTCA: KO3(ULMEHT nepefaynM KaHana, Kpat-
KOBPEMEHHbIE 3aHWXEHWUS YPOBHS CUrHana, NMoMexnm U BepOATHOCTb OLUMGOK.
PaccmoTpuM 3T napameTpbl 60/1ee Nogpo6Ho.

KoaghpumumeHT nepefadunm KaHana. W3 cnekTpasbHOro aHaamsa
4aCTOTHO-MOAY/IMPOBAHHOIO CUrHana M3BeCTHO, YTO OH COAEPXKMUT Heor-
paHW4YeHHOe MHOXeCTBO cocTaBnaowmx. CrnefoBaTeNnbHO, YCI0BUAMMU
HENCKAXXEHHOI nepefayn CUrHaOB ABNAIOTCS:

- GeckoHeyYHas nosoca NpPonycKkaHua KaHana;

- NOCTOSHCTBO aMNUTYAHO-4aCTOTHON XapakTepnctukn (AUX)

X = Ae a<Q) = const ;

BX

- NIMHENHOCTb (ha30-4acTOTHON XapakTepucTmkn (PUX)

e(Q) = 1t}Q o

rae O - KpyroBas 4aCctoTa, - BPeEMA 3aepPXXKW.
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B pelicTBUTENbHOCTM TeneOHHLIA KaHan WMEeT OrpaHUYeHHYH
nonocy nponyckaHua A F ,a AYX 1 ®YX He yL0BNETBOPAKOT YKa3aHHbIM
ycnosuam. CnefoBaTtefibHO, B peabHbIX KaHanax HectabuabHOCTb KO3(-
(hmumeHTa nepegayn

k(C2) = A(Q) + jb(E2),

MOXET ObITb NPUUNHOI UCKaXKEHUIA CUTHASOB.

OfiHaKO COBpPEMEHHble CUCTEMbl BbICOKOYACTOTHOW nepefayn 060-
pYLOBaHbl aMNAMTYAHO-YaCTOTHBIMKU KOPPEKTOpaMu, KoTopble ob6ecne-
YMBalOT AOCTaTO4HOE MOCTOAHCTBO A(Q), (0C06eHHO B Moa0Ce 4acToT,
MCNoNb3yeMbIX 4151 Nepefayn AUCKPETHOW MHGOopMaL MU CO CKOPOCTbIO A0
1200 Bog) M MaKCUMMa/lbHOW HepaBHOMEPHOCTU [pPYMMNOBOr0 BPEMEHU
3anasfblBaHus

(1b10) 25K . ,CO-COm
=AM = 'o-Anax-——---—-—- C082n:(-------- *-
ail CO,-CO.. C0.-CO..

N MaKCMMasbHOM HEepPaBHOMEPHOCTWN TpPynnoBOro BPEMEHW 3anas3fbl-
BaHUA

rae tn- makcumasbHOe Bpems 3afepXKu, CeK; <X - MakCu-masibHas
tasa pag; OH M GOB - HWKHAS W BEPXHAA rPaHWuYHble YacTOoThl
MCNONb3YEMOro CrnekTpa KaHana, pag/cek; AF - wWMpuHa KaHana wmm
[ManasoH 4acToT, UCNOMb3YeMbI ANs nepegayn gaHHbix, Iy,

CreneHb BAWAHUA TPYMNMOBOr0 BPEMEHM 3anas3fblBaHWs Ha KayecTsBo
nepegayn Tem 06O0fblUE, YeM Bbllle CKOPOCTb W 6OMbLUE [aNbHOCTb Me-
pefauu.

KpaTKoBpeMeHHble 3aHWKeHUA YypoBHA curHana. B KIA po-
BO/IbHO 4acTO HabnAalTCca KpaTKOBPEMEHHblE CKauyKoobpasHble U3MeHe-
HVS YPOBHA CUTHANA, KOTOPbIe LEeNATCA OT HECKOMIbKUX MUNNNCEKYHA A0 30
mc. Ocobylo 0MnacHOCTb AN AWCKPETHbIX CUTHaNOB MpefcTaBnser
KpaTKOBPeMeHHOe 3aHWXeHWe YPOBHSA, T.K. 3aHWKEHWe YPOBHA cUrHana Ha
175 o6 ”n HWXKe NO CpPaBHEHUID C HOMWHAaNbHLIM CUMTAETCA KpPaTKOoB-
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pemMeHHbIM MepepbIBOM CBA3U. Y Ka3aHHad 0NacHOCTb TEM Bbille, Yem BblLle

CKOpOCTb Nepefauu.
OCHOBHbIMW MPUYMHAMM KPATKOBPEMEHHbIX 3aHVKEHUI YPOBHS CHUT-

Hana ABNATCA: HeyeTKas paboTa CUCTEMbl aBTOMATUYECKOW perynmpoBKu
YPOBHSI; Ha/MuMe MNAOXMX KOHTAaKTOB B 3/1€KTPOMArHUTHbIX KOMMYyTa-
LMOHHBIX 37IEMEHTaX; W3MEHEeHWe 371eKTPUYECKOro COMpPOTMBAEHNUA B Masi-
HbIX COEAMHEHUAX; KPaTKOBPEMEHHbIe Meperpysku rpynnoBbiX 371EMEHTOB
BY cuctem nepefaun; nepeknoyeHUe Hecyulleld 4acToTbl C OCHOBHOIO
reHepaTopa Ha pe3epBHblii 1 HAa060pOT; MEepPeK/oYeHne AUCTAHLMOHHOIO
NUTaHNS; OWNOKN 06CNYXMBAIOLWEro MepcoHana npu TeKyLweM 06CayXu-
BaHUW, HACTPOWKE W [LUArHOCTUYECKUX W3MEpPeHUsX JWHWIA W KaHanos,
CTaHLUMOHHOM annapatypbl 1 ap.

Momexun. Hapsigy C KpaTKOBPEMEHHbIMU 3aHWKEHUSMW YPOBHA CWUT-
Hala Ha Ka4yecTBO MepedaBaeMoii MH(OPMaLMKU OKa3blBalOT BO3feicTBUE
afoUTVBHbIE MOMeXW, KOTOpble JensTca Ha (QAyKTyauWOHHble, rapmo-
HUYeCcKMe M MMNy/bCHble. Hambonbllyl 0MacHOCTb MpPeAcTaBAslOT UM-
NyNbCHble MOMEXM, ANUTENbHOCTb KOTOPbIX COM3MepUMa C AUTENIbHOCTbI0
31eMEHTapHOW NOCbIKA. OHM MOTYT MOSIBAATLCA B BUAE OLWMHOYHBIX WK

MakeToB KOPOTKMX MMMYNbCoB (7« JL), amnnTyga KoTopbiX coMsmeprma
¥
C amMnUTYLON curHana.

OC06eHHOCTAMM  UMMY/bCHbIX MOMEX SBASETCA WX 6OECKOHEYHbI
cnekTp (0<l<o0), ofMHaKOBble aMNIMUTyAbl C OAMHAKOBbLIMW HayasbHbIMU
(hazaMu BCEX COCTaBAIOLLUX.

VICTOUHMKAMW MMNYNbCHBIX TMOMEX ABAAOTCA TPO30Bble paspasbl,
pe3kune MU3MeHEHWS TOKOB B JIMHUAX 3NeKTponepefayn (He cTalMOHapHble
npouecchl), NI0X1e KOHTaKTbl B LEeNAxX AUCTaHLMOHHOIO MUTaHWS.

PesynbTaTbl MccnefoBaHns CYLLECTBYHOLMUX CUCTEM MOKa3biBaKOT, YTO
[Jons OWM6G0K, BbI3BAHHLIX WMMMY/bCHLIMU MNOMEXaMU W KPaTKOBPeMeH-
HbIMU 3aHUXEHUSAMUW YPOBHS curHana, coctaenset 70-80 % .

Kpome paccMOTpeHHbIX MokasaTeneli kadectsa KIWA, B obecrieyeHumn
Tpebyemoli yCTOMNYMBOCTM TeNetOHHbIX KaHa/I0B MMEKT BaXKHOe 3HaueHue
YPOBHS CUIHaN0B B TOYKax Lenei cBA3W, MOAKIYaeMbIX K BbIXOfam W
BXOfaM KaHa/ioB nepejayn cuctem. YucneHHble 3HaYeHWst 3TUX YPOBHEN
06YCNOBNEHbI XapaKTEPUCTMKOM KaHanoB Nepejayn v CXeMoi opraHu3auum
CBSI3W, TPeOOBaHMS K KOTOPbIM U3/1aratoTCs HUXKe.

Hopmbl paboyero 3atyxaHus 1 Ko3h@ULMEHTOB OTPaXKeHUs B Le-
naAxX TefeMexaHWKKW. Pabouyee 3aTyxaHue Leneil TeneMexaHUKu SABNSeTCs
OCHOBHbIM KpUTEpUeM, OMpeaenstowymM YCroBUA MPOXOXKLEHUA CUTHAIOB
TY n TC. JonycTumMmble ero 3HauyeHUs ONpefenstoTcs CTPYKTYpPOW ceTw,
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CBOCTBaMM annapatypbl TeNeMeXaHWKU W HOPMUPOBAHHBLIMU YPOBHAMM
KaHanoB TOHaNlbHOM 4acToTbl. M3BecTHO, 4yTo annapatypa TM-130 Xxa-
pakTepusyeTcs MaKCUMasbHbIM YpoBHeM nepegaun +0,5 b u MUHMK-
Ma/ibHbIM YpPOBHeM npuema - 43 ab. IMpu opraHunsaumm cedsm TM no npoc-
TOM CeTW [PEBOBUAHON CTPYKTYpbl AOMYCTUMOe paboyee 3aTyxaHue Co-
cTaBnseT ap=48 ab.

3HaueHMe e HOPMUPOBAHHbLIX YPOBHER CUrHAN0B KaHanoB TOHa/IbHOM
YacTOTbl 3aBUCUT OT CXEMbl BKIHOYEHUSA KaHasoB. Tak, YpOBeHb fepegayn
Ha BbIXOf4Ee KaHana B Cfyyae 4BYXMNPOBOAHON CXeMbl CBA3W cocTaBnset - 7
4B, a npu YeTbIpexnNPOBOAHON Cxeme OH paBeH +4,3 ab. Mpy opraHu3ayun
cBa3 TM Mo MpocTOil KOMBUHWPOBAHHOW CETW M UCMOJIb30BaHUN ABYX-
MPOBOAHOM CxeMbl kaHana TY pomycTuMoe pabouee 3aTyxaHue AN CUr-
HanoB TY cocTaBnsieT 26 4B, a B C/lydae YeTbIPEXNPOBOAHON CXeMbl OHO
paBHo 47,3 ab.

Mpn opraHM3auuy CBA3M MO CXeMe KOMOWHUPOBAHHOW CETU He Bcerpa
ypaeTca cobniogaTtb HOPMUPOBaHHbIE YPOBHM cuUrHanoB TC Ha BXoje
KaHana, BK/IOYEHHOr0 MO ABYXMPOBOAHON cxeme. B 3Tom cnyyae peko-
MEHAYeTCs BK/IOYEHME KaHana no YeTbIpexmnpoBOAHON CXeEMe C MOMOLLbIO
nepexogHoro yctpoicTea Tuna My-4.

CeTb cB3M TM coCTOUT, KakK NpaBuio, 13 60MLLIOIO Ynucna KackagHo
(LuenoyeyHo) unM cmellaHHo (MapanfiesbHO-NOCNe0BaTENbHO) BK/IOYEH-
HbIX 3/1EMEHTOB YeTbIPeXMOMIOCHUKOB. [N obecnevyeHns MUHUMabHbIX
noTepb 3Hepruy nepefasBaemblX CUTHaI0B BXOAHbIE W BbIXOAHbIE COMPO-
TUBMEHNS 3/1EMEHTOB [O/MKHbI 6biTb MO BO3MOXHOCTW COrNacoBaHbl. 37O
03HayaeT, YTo MOAY/b W Yrosl BXOAHOrO COMPOTWB/IEHUS MOC/EAYIOLLErO
3NeMeHTa TpakKTa [LO/MKHbI 6biTb paBHbI MOAY/MO W Yray BbIXOAHOrO COr-
POTUB/EHNSA MOC/IEAYIOLLErO.

OTKNOHEHNS peanbHbIX BXOAHbLIX (Z&X) W BbIXOAHbIX MOMHbIX COM-
poTvBneHnin ( Z , OT HOMWHANLHOFO 3HauvyeHus (2,) XapaKTepusytoTcs
KO3 (PULIMEHTOM OTPaXKEHNs

P= e 100 %.

Mogaynb KoapuLmeHTa OTPaKEHUA 3aBUCUT OT 4acTOTbl, MO3TOMY
HOPMVPYETCA ero MakCMmasbHO [OMyCTUMOoe 3HayeHwe. CornacHo peko-
MeHgaumam MKKTT ero 3HayeHue Ans ABYXMNPOBOAHbLIX OKOHYaHWIA
KaHanoB TY, a cnefoBatenbHO, U Ana TpaktoB TM He JO/MKHO NpesbiWaTth
5 % (0,05). CnepoBatenbHO, Npu pa3paboTKe CXeMbl CBA3M crepyet
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npeaycMaTpuBaTh YCTaHOBKY COrflacylLWMX YCTPOMCTB (Ha BXode Wau
BbIXOfe KaHana TU), obecneunBatoLMx HOPMATUBHOE 3Ha4YeHWe KO3IPGu-
LMeHTa OTpaXKeHMs BAO/b BCErO TpakTa nepejaum.

ABTOMaTM3aLMA NPOLIECCOB YMPaBeHWS! 3HEProo6bEKTaMU B 3HEpPro-
CUCTEMAX, KaK YXKe YKa3blBa/loCh BbILLE, OCHOBAHHAs Ha MPUMEHEHWe Bblumc-
NUTENbHOW TEXHWKW, CBA3aHa C LMPKynsuueli M 00pabOoTKOA C BbICOKOIA
CTEMneHbI0 HAafEeXHOCTU U JOCTOBEPHOCTM KPYMHbIX MAcCUBOB WMH(OpMaLUW.
Vcrnonb3oBaHue CreumaibHbIX BbICOKOMPOU3BOANUTEbHBIX W BbICOKOHAAEX-
HbIX CWUCTEM Nepefayn AaHHbIX B 3HEProcuMcTeMax Moka He MOoMyynio -
POKOr0 pacnpocTpaHeHUs.

MpoAo/mKaloT WMPOKO MCNOMb30BaTbCA TPaAULIMOHHbIE TeNeOHHbIE U
TenerpagHble CBSI3UM U CTapas cucTemMa TeneMexaHuku. B aTux ycnoBusx
Bce 60nee OTBETCTBEHHOE 3HayeHuWe NpuobpeTaeT KayecTBeHHas paboTa
CnyX6 no 3akcnjyatauum W Hajsopy 3a CpeAcTBaMu AWMCMETYEpPCKO-Tex-
HO/IOrMYECKOro yrnpaBaeHUs KaHanaMu rnepefadun MHpopmaluu.

PesynbTaTbl aHanM3a OMepaTUBHO-MPOM3BOACTBEHHON [eATENbHOCTH
3HEProcUCTEM MOKa3bIBAlOT, YTO PaAMKanbHbIM CPEACTBOM MOBbILIEHNS 3th-
(heKTUBHOCTM (hYHKLMOHNPOBAHMS 3HEProCUCTEMbI SIBMSIETCA pa3paboTka u
BHEAPEHNE aBTOMATM3MPOBAHHOW CUCTEMbI KOHTPONS OCHOBHbIX 3BEHLEB
KMW, npusBaHHas pauuoHanM3MpoBaTb M aBTOMATM3MpPOBaTb MpOBefeHMe
paboT No KOHT-posito cocTosiHuA KW ¢ npuBneyeHneM Kak crnewmasnbHOM
KOHTPOJIbHO-U3MepPUTENbHOW annapaTypbl, TaK U CPeACTB BbIYUCIUTESb-
HOW TEXHUKMN.

Ha 0CHOBbI BbILLIEU3/TOXKEHHOIO aHan3a NpobaeMbl KOHTPO/S KaHaoB
nepegayn UHGOpMaLUMKM pacrnpefeneHHbIX 3HEProCUCTEM BO3HWKaeT Heob-
XOAMMOCTb Pa3paboTKy CrefyoLnX HayYHO-NPaKTUYeCKMX 3afay:

- pa3paboTka MeTOAOB KOHTPONA KaHa/0B nNepejayn WHGHopmaLum
paccpefoToUeHHbIX 0ObEKTOB pacnpefesieHHbIX cucTem, 6asmpyroLmxca Ha
MPYMEHEHUN COBPEMEHHbIX TEXHUYECKUX CPeACTB YMNpaBfieHWst U MUK-
pOMpOLIECCOPHOMN TEXHUKM;

- pa3paboTka MeTOAa OLEHKU [OCTOBEPHOCTM WH(opmauuu, nepepa-
Baemoli yepes KI;

- paspaboTka MeToAa pacyeTa pasBeTB/EHHbIX W HEOLHOPOLHbIX
[OJIMHHBIX IMHUIA, UMEIOLLUX Pa3/IYHbIe HarpysKu;

- paspaboTka MeTOAOB 1 MaTeMaTUYeCKMX MOJeneid, NOo3BONsALO-
WMX  CMHTE3MPOBaTb  (DOPMa/M30BaHHBIA  MyTEM TEXHUYECKME YCTPOICT-
Ba KIW;

- pa3paboTka Hay4HbIX MPUHLWMOB 1 Ha UX OCHOBE CO3faHue aBTo-
MaTU3MPOBaHHOM CUCTEMbI KOHTPOMS KaHanoB nepejayn MH(opmauum.
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B HacTofliee Bpema pelleHWe NepeyvymcrieHHbIX 3aj4ay Kak B OTe-
YeCTBEHHOW, TaK 1 3apybexHoi nuTepaType HefOCTaTOYHO OCBeLieHbl. B
n3BecTHbIX paboTax [4, 5, 16, 17, 43, 55-58] paccmaTpuBatoTCA acnekTbl
peweHns OTAeNbHbIX 3afgay. Tak B [32] paccmMOTpeHbl MPUHLWMbLI YCT-
poiicTBa v [feicTBMA NpuM6OpOB, a TakXKe BOMPOCHI OpraHu3auum >xenes-
HOAOPOXHOW cBA3W. B [61] nmpuBefeHbl chneuuManbHbie CUCTEMbl CBA3M,
CO34aHHble AN TakKMX MPOCTPAHCTBEHHO-MPOTSXXEHHbIX COOPYXEHUN, Kak
MarucTpanbHble HeTenpoBOAbl, XXeNe3Hble W WOCCeHbIE JOPOry, a TaKkxe
XapaKTepUCTUKN W onucaHue 3apy6exxHbiX cCMCTeM CBA3W. Bompockbl aBTo-
maTuM3aLuu KaHanoB nepefaynm MHGOpMaLuuMm B HEKOTOPOW CTemeHu pac-
cMoTpeHbl B [18, 19]. Takxe peweHuUAM 3aflady KOHTPONSA KaHanoB CBA3N
nocesLeHbl paboTbl [37,43,44,49].

AHanns 3Tux paboT nokasan, 4To npobnema LENOCTHOrO CUCTEMHOTO
aHanm3a U CUHTe3a KaHanoB nepejayn WHKMOOPMAaUMM Ha OCHOBE WX
mMaTemMaTnyeckoi Mogenu ¢ MPUMeEHeHMeM COBPEMEHHOW MUKpOMpoLeccop-
HOM TeXHWKWM HeAOoCTaTOYHA pelleHa KaK B OTEYeCTBEHHOW, Tak W 3apy-
6eXHOI nuTepaType.

B HacTosweli paboTe Ha OCHOBE MHOTO/ETHWUX WCCNef0BaHuii pacnpe-
[eNleHHbIX 3HEPreTUYeCcKX CUCTeM, NOCTaBfIEHHbIE Bbllle 3aJayn peLleHbl
C npuMeHeHuem Teopun obuieli u 6ynesoi anrebpbl, anrebpanyecknx
CUCTEM W MOAenei, MaTeMaTU4yeCKOro aHannsa, 10rTMKW MpeanKaToB nep-
BOrO MnopsfKa, onepatopoB M 0606WeEHHbIX PYHKUWA, KOHEYHbIX aBTO-
MaToB.

MonyyeHHble TeopeTUYeCKWe pesynbTaTbl ABUNCH OCHOBOW ANA CO3-
[aHWA BbIUYNCNINTENbHBIX KOMMIEKCOB CUCTEM KOHTPO/A KaHanoB nepefayu
NH(popMaLmy Ha anrebpanyeckoil OCHOBE C CUMBObLHON 06paboTKOA WH-

hopmanmm.
BblBOAbI

Ha ocHoBe o6cnefoBaHus psfa NPeAnpuATWA 371EKTPUUECKUX CeTeil
onpegeneHbl 06bEM U coCcTaB MHGOpMaLuu, LUPKYINPYIOLWLEA Mexay ue-
PapXMyeCKUMK YPOBHAMW 3HEProCUCTEM, MO3BOMAOWNE B AabHelilem
NpaBubHO BbIGUPATh CTPYKTYpPY CUCTEM KOHTPONs mnepefaun WMHgopma-
umm.

MoKasaHbl, YTO B HEKOTOPbIX MPOCTBIX CAy4asX OLEHKa BAUSHUS
MoMex MOXeT BGbITb MONyYeHa aHaMTUYeCcKU. ITO M03BO/SET 060CHOBAHHO
BbIOMpaTh CPEACTB 3alMTbl OT MOMEX Ha CTagun NPOEKTUPOBAHUS CUCTEM
KOHTpONs nepefaueid MHGopMaumeii. bonee NoaHas M TOUYHAsA OLEHKa Xa-
paKTepUCTUK MOMEX UM NpoBepka 3P(EKTUBHOCTU BbIGPAHHLIX CPEACTB
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3alNTbl OT HEro MOryT 6bITb NOAYYEHbl MCMNOMb30BaHNEM MeTOAOB 3KCMe-
pPYMEeHTaNbHbIX UCCNef0BaHWNA KaHanoB C MPUMEHEHWEM BblYNCAUTENbHbIX
KOMMNJIEKCOB.

Moka3aHo, YTO OCHOBHbIMW TPebOBaHMAMM K KaHanaMm nepefayn aHep-
rocucTem SBNAIOTCA 06ecneyeHe COOTBETCTBMA peasibHbIX XapaKTepucTuk
KaHana HoOpMaTWBHbLIM MO OCTATOYHOMY 3aTyXaHWt0 W TPynnoBOMYy BpemMe-
HW 3anasfgblBaHns, Mo AONYCTUMOMY COOTHOLIEHWIO CUTHaN-WyMm W Cur-
Han-nomexa, v ap.

CyliecTByloLWMe CACTEMbI Mepefayn WMHGOPMaLMU 3HEProcucTeMm Mo
TEXHWYECKMM XapakTepucTMKaM He OTBevaeT peanbHbIM TpeboBaHMAM Ha-
[LEXHOCTM U OMepaTUBHOCTW, YTO BbI3biBAET HEOOXOLMMOCTb TNYy6OKMX
nccnefoBaHWii KaHanoB nepejayn, NOCTPOEHUS WX Ha COBPEMEHHbIX Tex-
HOMOTMYEeCKMX CPeAcTBax M MUKPOMPOLLECCOPHON TEXHUKMN.

Moka3aHo, 4TO BbIGOP METOAOB KOHTPOASA KaHanoB Mepefavyn aHep-
rocUcTemM BO MHOTFOM 3aBUCUT OT CTPYKTYpbl NepeAaBaeMbiX COOBLLEHNIA.

Moka3aHo, YTO 3/IEKTPO3HEPreTMKa MMeeT psaj crneyupuyeckux 0co-
6eHHOCTell, OMpeAensflWwmnX UCKIIYNTENbHYIO HEeob6XOAMMOCTb YeTKOro
KOHTPONA ¥ ynpaBneHns B 3HEpProcucteMax, KoTopble MOryT ob6ecneynTbes
Npy HanMuMn BbICOKOKAYECTBEHHOW W HafeXHOW cucTeMe nepefayv
NH(opMaLunm.

O6ocHOBaHa HEOOXOAMMOCTb MPUMEHEHMS aBTOMaTUyYeckux 1 aBToMa-
TM3NPOBaHHbIX CUCTEM YyMNpaBfieHWA B 3HEProcucTemMax C LUenblo MNOBbI-
WweHns nx aeKTUBHOCTM, 6e30MacHOCTM 1 6e3aBapuiiHOCTH.

OnpegeneHbl OCHOBHble KOMMOHEHTbl 06bEKTOB aBTOMAaTM3aLumu 3Hep-
rocucTem.

PaccMOTpeHbl MPUHLUMBI NOCTPOEHUS W OCOBEHHOCTW KaHanoB nepe-
[a4yn 3HeprocucTem.

MpoaHanM3MpoBaHbl 3KOHOMUYECKME (haKTOpbl, ONpefenswlue opra-
HM3aLMIO W 3KCMNyaTaluio KaHanoB nepejayn 3HeprocucTem.
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2. PA3PABOTKA METOAOB U MOJE/NIEN KOHTPONSA
KAHAOB NMEPEOAYN NHPOPMAL W MNMPU OMEPATUBHOM
YMNPABNEHNWN PACMNPEAE/IEHHBIMW CNCTEMAMMU

B 3Toli rnaBe paccmaTtpuBatoTcs pa3paboTKM ONTUMAaNbHbIX MaTeMa-
TUYECKUX MOfeneli OMepaTUBHOIO KOHTPO/S KaHa/oB Mepefayu WH-
(hopmaLn, MO3BONAOLLME NPOBOAUTL (POPMANM30BaHHbIN CUHTE3 YCTPOMCTB
KOHTPONIS C MaKCUMaNbHbIM WCMOMb30BAaHUEM CTaHZapTHOro 060pyfAoBa-
HUSl, BXOASL WX B COCTAB KOHTPONMPYEMbIX OGBEKTOB, a TakXe paccmart-
puBalOTCA BOMPOCHI PaspaboTKW MeToAa [OCTOBepM3auuu WHGpopMaLum
rnepefaBaeMoil yepe3 KaHasbl Mepegayu.

2.1. Pa3paboTka MaTeMaTW4YecKuMX Mofefieil M MeTOf0B KOHTPOSA
KaHanoB nepegayun nHhopmalmm

KoHTpoNb KaHanos nepefayn WHpoOpmauuuM AennTca Ha fBa Buja:
OnepaTuBHbLIA WM MOMAHbIA. OnepaTuBHbLIA KOHTPOAb Hambonee BaXKeH A1A
[AMCNEeTYEPCKOro TEeXHOMOTMYECKOro YMpaBneHWs aBapuilHbiMKW 06beKTamu
3HeprocucTemMbl. OCHOBHO XapakTepuCTUKOA MpuW OMepaTMBHOM KOHT-
pone ABNAETCA CyMMapHOe OCTAaTOYHOE 3aTyxXaHue KaHana.

MeTof, KOHTpPONA KaHanoB nepefayn WHGOpPMaLMM NO CyMMapHOMY
0CTaTOYHOMY 3aTyxaHuio. [lponyckaemblil 4epe3 KOHTPONMPYEMbI Ka-
Han CUrHan JO/KeH BepHYTbCA B TO MeCTO, OTKyfa OH Obln Mnocnad, T.e.
eCn M3MEepUTeNbHbI/ CUTHaN MocnaH C gucrnetyepckoro nyHkra (4M 3CC
Ha KOHTPOAbHbIA NYHKT) KM, 4To OH p[o/mKeH BepHyTbca ¢ KM Ha AN
JCC 6e3 BmMellaTenbCTBa onepatopa Ha ctopoHe KIl. B 3tom cnyuae
ocnabneHne nM3MepmMTeNbHOr0 CUrHana B MPAMOM U 06paTHOM Hanpas-
NEHNAX Ha3blBAETCA CYMMapHbIM 3aTyxaHuem. 3mepeHne CcyMmMapHOro
3aTyxaHue obecneynBaeTcsd aBTOMATUYECKW oOpraHusauuei wneiiha Ha
[JanbHEM KOHLUEe KOHTPOAMPYEMOro KaHana mnepefayn MHGopmauuu,
Ecnn 3aTyxaHue npAMOro TpakTa KaHana mnepejayu UHGoOpMaLuum paBHO
bh a obpatHoe - /b, TO 3aTyxaHuWe bconpegenseTcs kak cymMma ux, T.e

bc =k +b2- (2-1)
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Myctb Ha Bxoge npamoro Ttpakta KIIIT nocbinaetcd u3MepuTenb-
HO curHan U/. Torga Ha BbIXOAe ero Oyfem WMeTb OYEBUAHO, 4TO

B\~U:z Ux, (2.2)

roe b], U/, Uz - umeroT pasmepHocTb Hn, unan b (gb). CwurHan Ha
BXOAe KOHTpo/nuMpyemoro KaHana U| MOXHO npefcTaBuTb B Bufe
CYMMbI:

nhLUy+m*, (2.3)
roe Uly -ypoBeHb YNpaBisilOLLero CUrHana Ha . BXOAe NpsiMoro
TpakTa nepefaun, - YpPOBeHb W3MEPUTENLHOFO CUTHana Ha BXofe

npsaMOro TpakTa nepejayu.
CwurHanoe! £//,n £//,, He COBMeCTHbl BO BpPeMeHU, MO3TOMY

Ux —U XKt\ + UXAL2, (2.4)

roe  t2 cnegyer 3a r,. Mopens (2.4) oTpaxaeT (u3nvecKuii
MpoLecc KOHTPO/MA CYMMapHOro W3MepeHus OCTAaTOYHOro 3aTyXaHus W
npeacTaBnseT coboil anrebpanmyeckyto CTPYKTYpy HamnpaBneHWu OHa
[JO/KHA nocbliatbCd B BuAe curHana. [llocbinky ana koHtpons KM
6onble uHTepecyeT BenuumHa UN t2 1o B o6paTHOM. OHa [O/MKHA
nocbinatbCcqd B BUAe curHana U3,

Ul«=U\u+bx-K, (2.5)

rge b, -BennyuHa 3aTyxaHWs KaHana B NPAMOM HanpasneHuu, b0-
HekoTopas NMOCTOAHHAA 3aTyXaHWA YeTbIPeXMNoncHUKa. [logoBas wu3Me-
puTenbHbl curHan Um Ha BX0f 06paTHOro TpakTa, Ha BbIXO4e ero
nonyunm curHan U4, . Tenepb onpegenas
Cw - Uiy, nonyyum

h=Uau-UH, (2.6)

MTaK, BblpaxeHusa (2.4) un (2.6) onpefensawT CyTb aBTOMAaTU3UPO-
BAHHOr0 KOHTPONS KaHanoB nepefayn UHGopMauuu.
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MeTog KOHTponA ypoBHA wymoB M nomex B KIIW. PeanbHble
KaHanbl nepefayn MHopMauuy NOABEPXKEHbI BUAHWIO MOMEX OT Cny-
yaliHbIX 3MEKTPOMArHUTHbIX NOMeli U ABNAKOTCA caMW KakK Obl reHepa-
Topamu wWwymoB. Takum o6pasom, npu Utu=0 BenmuuHa bc ¢O. Mogenb
N3MEpPEHNsA YPOBHA LWYMOB W MOMEX B KaHanax nepefayv WHpopmauyuu
BbIpaXKaeTca (HOPMYONi:

(2.7)

CyTb mogenu (2.7) 3akmwoyaetcs B ToMm, uTo Uh =Uh, At ss-
NnseTca ynpaBnawWMM CUTHanoM Ana obpa3oBaHMA wWneida Ha fanbHem
KoHue KIMW, a bc- onpepenseT cyMMapHbIli YpOBEHb LIYMOB W MOMEX,
Kak npsmoro tak M obpatHoro TpaktoB KA.

MeTog pas3genbHoro KoHTpons TpakToB KIMW. Tl0AHbIA KOHTPO/b
KM cornacHo HOPMaTWBHOMY TrpauKy TeXHUYecKoro 06CnyXusaHus
CpeficTB nepefayn Hdopmauyuyu coctasnseT NPUMEPHO OAWH pa3 B [Ba
mecdua. Kak npaBuio, Ha ocyliecTBieHne MonHoro KoHTtpona KrW 3at-
paymBaeTcs OT HECKO/IbKUX 4acoB [l0 HECKOMbKUX CYTOK. Takad nepuogmy-
HOCTb U A/INTENIbHOCTb NMOJTHOTO KOHTPONA HE MOXET YA0BNeTBOPUT MNOBbI-
LeHHOe TpeboBaHNe 4MAarHOCTUPOBAHUIO COCTOAHME BCEX CPEACTB M KaHa-
NoB nepefayn uHGopmauuun. B cBA3M C 3TUM CNOXHAA IHEProcucrema
npeabaBnseT u 06CNYXMBaOLLEA CUCTEME CBA3M W YMPABNEHUIO CBOU
NOBbILWEHHbIe TPe6OBaHMA, 3aK/ovallWmecs B NogaepxaHun obcnyxmsa-
O MX CUCTEM NOBbIWEHHOW (YHKLWOHaNbHOW FOTOBHOCTHU.

HefoCTaTOK CyMMapHOro W3MepeHus 3akfyaerca B TOM, 4YTO OH
He no3BoNnseT OAHO3HAYHO OMpefenuTb 3aTyxaHue B MNPAMOM W o6paT-
HOM TpakTax KIMW pasgensHo. UTobbl 3Ty 3afauvy paspewwnTsb, «3auk-
CYpyemM >KecTKo» BenumyumHy U , T.e. noctaBum Yycnosme U2A=Const ,
Torga BennumHa Ulu gomkHo 6biTh 0643aTenbHO Bapbupyemoit (Uh,=var).
B sTom cnyuyae, Bapbupys BenuumHoi U,u B LWMPOKMX npepenax,
MOXHO Bcerja nogobpaTb MUHUManbHoe 3HauyeHue £/, MPU KOTOPOM
6yner obecneyeHo U2u-Constt0. 3Hasd u4ucnoBble 3Ha4vyeHUA n £,
MOXHO O[JHO3HAaYHO OMpejenuTb

=U 2u-U Uma (2.8)
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Wtak, nogobpas nytem BapbupoBaHus  Uju Tw  obecneynTb
HeobxoguMMylo BennumHy (A, Ha Bbixoge npsmoro Tpakta KIMW, Torga
curHan Um 6ygeT paBeH pasHOCTU:

UXi= U2u(const) - b0, (2.9)

roe bn=const, U:u=consl.
Tak, Kak npaeas 4acTb (2.9) ecTb const, T.e.

U 2, —b0 = const,
TO NneBas 4acTb
Uiu - const

Mpn dukcuposaHHoMm {2, OLHO3HAYHO MOXHO oOMnpefennTs b: —
3aTyxaHue obpaTHoro TpakTta KIMWU:

b2 =W 4u~nrn (2.10)

C y4yeTOM MNPUHATHLIX yC}'IOBI/IVI, MOXHO MONy4YnUTb NOJIHYHO MOJe/b
aBTOMaTM3nMpoBaHHOro KoHTpona KW pgna  wn3mepeHna 0OCTaTovyHOro
3aTyxaHna B NpamMom U O6paTHOM TPaKTe pasfenbHOo:

U3u=U2u-bo0 (2.11)
b2=UA,-Uiu

B npakTuke npeAcTaBnseT uHTepec BenuyuHbl Abi n [ b2 onpe-
fensemble Mo Qopmynam:

w =nun-unbnLTT

M 2=u41-n 4nn,

raoe Udu- 3HavyeHWs YpOBHA W3MEpPUTENbHOIO CUrHana Ha BbIX0fe
obpatHoro Tpakta KM B HopmanbHOM cocTosiHumM, Udu- B peanbHOM
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paboyem cocToAHUN, Abf- OTKNOHeHMe 3aTyxaHuWe [ANS MNPAMOro Tpak-
Ta, A ke —O0TKNOHeHWE 3aTyxaHuwe fANA 06paTHOro TpakTa.

MeTtos kKoHTpona KM no ydacTkam. MpoTsSKeHHbIR KaHan nepe-
fayun MHGopMaunu MoxeT ObiTb 06pa3oBaH M3 KabenbHOW M BO3AYLUHOWA
NUHWIA cBA3KM, JIST1, opraHn3oBaH pasNn4YHbIMK annapatypamy BY ganbHei
CBA3M, TeNeMexaHUKu 1 annapaTypamu nepefayuv gaHHoix (AMQ) v ap.

Ecnn KOHTPOMEM YyCTAHOBMEHO, YTO MPOTHKeHHbIV KIMW He ncnpaseH,
TO BO3HWKaeT BOMPOC, a HeNb3a NM Y3HaTb Ha KakoM Yy4yacTKe umeeTcs
HencnpaBHOCTbL? Bonpoc pewaeTcs MNOMOXMWTENbHO C NOMOLLbLI0 MOZAenel
(2.4) n (2.6).

MycTb NpoTsXeHHbI KM nMeeT n y4yacTKOB wauM nepe MyHKTOB CBSi-
3. TycTb Ha KaXAOM Mepe MNYHKTe UMeeTCA YCTPOWCTBO (MPUEMHUK),
OTKNVKAKLWNIACA Ha aPECHbI CUTHaN.

Uh=Y(U.f) rge y- ¢yHKUMA afpecHOi 4acToTbl / W YpOBHA Yyn-
pasnawouiero curHana £//,,, TO MONYYUM HOBYIO MOAESb, & UMEHHO

U'i=AUWTNAtI+uluat2. (2.12)

Takum o6pasom, 3agaB B mogenu (2.4) sennuuHy  U,v—HoBOe Pusm-
YecKOe CMbICNIOBOE 3HauyeHWe, a MMEHHO 3HaudyeHue "(yHKUMA", TO OHa,
6e3ycnoBHO, obpena 60/nblne (DYHKLUOHANbHbIE BO3-MOXHOCTM, T.e. OHa
no3BonseT nyTemM u3MeHeHusa fn cBA3bIBaTbCA C NMO6LIM Mepe MYyHKTOM
KA.

2.2. PaspaboTka MeTO40OB [ocCTOBepu3aumMm WHMoOpMauum, nepe-
paBaemblii yepes KMU

Cratuctuyeckass MOfENb CUCTEMbI NMepefaun MHGOPMAaLMM BKIKOYAET B
cebs cnefytolie OCHOBHbIE MHOXECTBA: MHOXECTBO WCTOYHWMKOB CO06-
WeHunii G, KOTOpOE COCTOMT W3 MHOXECTBa 3/IEMEHTOB, MepefaBaeMbIX
CO06LLEHNIA g , MHOXECTBO YCTPOCTB Mepefayn UnnM pacnpoctpaHeHus P

1 MHOXECTBO MpPUEMHUKOB coobLieHnii A. KayecTBo nepegaum 6yaer 3aBu-
ceTb 0T G u P. M3mMepeHue, KaK M3BECTHO, HOCUT ChyualiHblii xapaKTep.
OueHKa KayecTBa Mnepefaynm MHGOpMaLMM u33a HecTabUIbHOCTU Temne-
paTypbl, BNOXHOCTW, YPOBHSA 31€KTPOMarHUTHOIO (hOHa, HecTaLWOHapHbIX
BO3JENCTBMIA 31EKTPOMArHUTHbIX MOMei SBNAETCA CNy4valiHON BENYMHOINA.
MpakTUYecKN OLEHKa BbIpaXXaeTcsi MaTeMaTUYeCKUM OXWUAHWEM HEeKo-
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Topoi yHkumn f(g*,g), TrAe g - MWCTMHHbIE 3HAYEHUS COO6LLEeHNUA,

g *- BEKTOp OLEHKM coo6uieHus, onpeaenseTcs GopMynoii:

*=1 {, f(g\g)P(g )P(g§ ydjin (2.13)

OnpegeneHne ycnoBHOW u 6e3ycnoBHOR (anpvoOpHO) NAOTHOCTM Be-
POATHOCTW OLEHOK coobuieHuii TpebyeT 06paboTku 60MbWIOro maccmea
JaHHbIX. B cuny Heobxogumbix 60/1bLIMX 3aTpaT BpeMeHUM Ha 06paboTKy
CO06LEeHNIT BEPOATHbIE U CTATUCTUYECKME METOLbl KOHTPONA ManorofHbl B
3afjlaye ONepaTMBHOIO YNpaBieHNsa B 3HepreTuke. B cuny aToro Ans sHepre-
TUKW 60nee NPUroAHbBIMM MeTOfaMu SBASKOTCH MPAMbIE U KOCBEHHbIE
LeTepMUHNCTMYECKNE METObI.

Mpsamoii feTepMUHUCTUYECKMIA METOJ 3aknioyvaeTcs B ABYX-Tpexkpar-
HON nepepaye vHOpPMaLMK C NOCNeAyIOLL el NPOBePKOI Ha coBnageHue. B
4ypesBblUaiHbIX aBapuiiHbIX CUTyauuax B 3HEProcucTemMe 3TOT MeTOL MC-
NoNb3yeTCA Kak CaMblii HafeXHbI, AalolWwuii caMylo BbICOKYH AOCTOBep-
HOCTb MH(OpPMaLMK, Ha OCHOBE KOTOPOW 3aTeM NMPUHMMAETCA €AUHCTBEHHO
npaBuIbHOE peLLeHne No YCTPaHeHUI0 aBapuu.

KOCBEHHbIVi MeTOf KOHTPONA KaHana nepefaynm vHhopMauuu 3aknio-
4yaeTcs B KOHTPOJie KayecTBe nepefaBaeMbiX COO6LLEHMI BMECTO KOHTPONA
KaHana no napameTpam. LLInpokoe BHeApeHWe KOMMbIOTEPHOW TEXHUKW B
npoLeccbl KOHTPONA W ynpaBfieHWs TeXHOMOrM4YeckMMu MPOW3BOACTBAMM
Mo3BONSET NCNONb30BaTh BbICOKOI(MEKTUBHbIE METOAbI KOHTPONS KaHa/loB
nepegayn nHgopmauuy obecneumsaroime 60bWYH0 4OCTOBEPHOCTL CO06-
WweHniA. K HAM MOXHO OTHECTM MeTOAbl TeCTOBbIX CUTHANOB U KOMMJEK-
CHOro onpegeneHns OTHoweHus  Pc/Pw, P( - MOWHOCTbL NOME3HOro

curHana, Pl MOLLHOCTb WyMa UAn MOMEXW.

MeTog TeCTOBbIX CMTHaNOB 3akK1l04aeTCs B Mofaye Ha BXOL KOHTPO-
NUPYEMOTO KaHana LUMQpoBbIX NPAMOYr0O/bHbIX WMNY/bCOB C NOCNEAYIO-
WMM CNEeKTpabHbIM aHann30M ero Ha BbIX0fe KaHana.

MycTb TECTOBbI CUrHaN OnWcbiBaeTca B UHTepBane (-n,K) (YHKLUUeN
f(t). Mockonbky B pasnoxeHun ¢yHkuuu f(t) OTCYTCTBYIOT 4YeTHble rap-
MOHWKH,

/(0 =-a npu -k <t<0,

f(t) =a npm 0<t<k
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PaznoxuBs 3Ty hyHKLMIO B psig ®ypbe, nonyunm

NPUHEYETHOM I .

O npuyéTHOM n.

Mockonbky B pasnoxeHuun ¢yHkuum f(t) OTCYTCTBYIOT 4eTHble rap-
MOHWKM, KOTOPbIE NPY N3MEPEHUMN CNEKTPaNbHON XapakTepUCTUKN KaHana
yyacTBoBaTb He OyAyT, TO cnejyeT 4acToTy C/efjoBaHUA TECTOBbIX WUM-
nyfbCOB BblI6paTh TaK, YTOObLI 06YCN0BUTL MaKCMMa/ibHOE KOMYECTBO rap-
MOHWK B YaCTOTHOI MOs0Ce NPONyCcKaHWA KaHana nepefayn MHpopmauuu.
Takoli vactoToli Asnsetca 300 u. B cTaHAapTHOM monoce MponycKaHws
TeneoHHOro kaHana cessu 300-3300 Ny yknafblBaeTcs LWECTb FrapMOHUK
cnektpa [8] . 3TUX rapmMOHWK BMOMHE [0OCTATOYHO, YTOObI C [OCTATOYHO
BbICOKO AOCTOBEPHOCTLIO OLEHUTb KayecTBa COCTOAHUA KaHana nepegauu
nHdopmaymm. Ha puc. 2.1 nokasaHa pyHKLMA pasnaraemblii B pag ®Pypoe

F (1) = | a Ha {-71,0%
*a Ha (0,n)

Pasnaraem B pag dypbe:

.. 4a . 4a . 4a ,
f(t) = — smt+— sm3t+— sin5t.
K bn 5K

[na cTaHpapTHOro KaHana CBA3M Takoi 4vacToTol siBnsetca 900 Iu,
KOTOpOW A0/MKHA COOTBETCTBOBAaTb 3HayeHMe HanpshkeHus 128 B (
UW 1,28B - peiicTBytoLee 3HaveHme). 3Has, 4To/=900 'y cooTBeTCTBYET
TpeTbsa rapmoHuka (/=300 I'y), onpegenum 3HavyeHWe YpOBHA TeCTOBOro
CurHana no opmyrne:

bbxx 3*1.28*3.14 , J1
a- —— = =3.01.
4 4

3HayeHMA BbIYMCNEHHbIX aMMNIUTY[ HEYeTHbIX FapMOHWUK Mo dopmyne
(2.13) cBegeHbl B Tabn. 2.1. M0 OTKAOHEHUAM U3MEPEHHbIX 3HAYEHUI amn-
NUTY[ TaPMOHUK OT pacyeTHbIX (TabnYHbIX) MOXHO OMNpefiefinTb OLEHKU
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YacTOTHOI XxapakTepucTuku KoHTponupyemoro KIMW. MonHoe usMepeHue
AUXKIW c nonocoin 300-3300 Ny npoBogmTca B 31 TOUKax.

CI'IEKTpaJ'IbeIVI CoCTaB CUTrHana
i Tabnmua 2.1

YactotaB I’
. 300 900 1500 2100 2700 3300

Homep 1 23 5 7 9 1
rapMOHUKM

3HayeHue

aMnanTy-abl 3840 1280 768 548 426 349

rapmoHuKun B MB

Mpwn onepatnBHoM KoHTpone KM n3mepeHna npoBOAATCHA TO/NbKO B
OBYX Touykax. [1puM 3TOM [OCTOBEPHOCTb KauyecTBa coctosHua KIW coc-
TaBNsAeT:

8 - — *100% =6.45% =
31

MyTeM TeCcTOBOro KOHTPONS AOCTOBEPHOCTb KayecTBa cocTosHua KM
MOXHO MOBbICUTb B Tpu pasa (G- 19,35 %).

[ns ganbHeiwero NOBbIWEHNA AOCTOBEPHOCTH KayecTa cocTosaHma K
MOXHO [OCTUTHYTb MOCBINKOA B KOHTPOMMPYEMbI KaHan MocnefoBaTesb-
HOCTW TEeCTOBbIX MMMYNbLCOB C YacTtoTamu crnegosaHusa 300-800 My n nHTep-
Ba/lOM MexXAay AByMfA cocefHuUmun yactoTamu 100 Iy. Mpu 3TOM 3HayYeHus
aMNAnUTYL KOHTPONbHbLIX MMMYMbCOB WM WX FAPMOHUYECKUX COCTaB/AIOLLNX
3HaUYNTENbHO PACLUMPSAETCA, a ONepaTUBHOCTb KOHTPO/A PE3KO CHU3WUTCA. Tak
KakK C BBefieHMeMm psafa TeCTOBbIX cUrHanos ¢ yactotamu 300-800 Iy npouecc
KOHTPO/IA YCNOXHSAETCA, TO BO3HWKAET BOMPOC: He nyuylle 1M KoHTposb KM
NPOBOAMTL C MOMOLLbIO METOA KayatoLeics 4acToThl.

B TexHWKe NpOBOAHOW mnepefayu MHPoOpMauuyM MeTod Kavaroliencs
4acToTbl HE HaxOAWUT MPUMEHeHUA, TaK Kak TEXHUYECKOoe BbiNonHeHue lMe-
HepaTopa C Kavakuieiica 4yacTtoTbl B auanasoHe 300-3300 Iy BecbMa
3aTpyAHUTENbHA. [iMana3oH KavaHWA 4acToTbl MOXHO COKpaTuTb ¢ 300—
3300 Iy go 300-800 lu. MpuHLUMN KayaHWA 4YacTOTbl MOXHO 3aMEHMUTb
NMPUHUUNOM pacTArMBaHUA WAN  CYXEHUS WMMYnbCa, T.e. YaCTOTHYIO
MOAYNALMIO 3aMEHWUTb LWUPOTHOMMMNYNLCHOW. 3TO MO3BOMWUT MPOBOAMTH
M3MepeHne KakK Ha OCHOBHbIX 4YacToTax CfiefjoBaHWA, TaKk W Ha ee rap-
MOHUKaXx.
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YUTo6bl TEXHWYECKWN OCYLLECTBUTb W3MEPEHUS amnauTyf TecTOBbIX
CUTHAN0B U NX rapmoHuK, cnegyet LLIVIM nposoguTh B 3aMefleHHOM TeMne,
a KOMMYTaUMI0 CeNeKTUBHbIX (UILTPOB W3MEPUTESNIbHOrO YCUNUTENs - B
yCKOopeHHOM. LlenecoobpasHo LM npoBognTh ANCKPETHO, Kak NoKasaHo Ha
puc. 22, ¢ Tem 4To6bl 06ecnevnTb CNeKTPasibHble aHaIM3 UMMY/bCOB B TEMME
peanbHOro BpemeHW. MMogbupas TOT UM WMHON Habop TecTOBbIX CUFHA/I0B,
MOXXHO OCTaHOBWUTLCA Ha /Il060M 3HadeHUM 1 B nipedenax ot 19,35 % fo
100 %. OueHka KayecTBa Mnepefaudn COOGLLEHWNI 6YAeT MOSTHOLEHHON, eciu
YUUTbIBaTbL COOCTBEHHbIE LLYMbI KaHaia Uav BUSHUA CTaLMOHAPHBLIX NMOMEX.
MartemaTvnyeckass Mogesib KbHTPONs KaHasia 18 CTOPOHbI Nepefayn mmeet
BUA;

L, =Ly At, +Lwl~ (2.14)

rge U, - ypoBeHb curHana nepegadw, U/~ ypoBeHb curHana
ynpasfeHnss B TedeHue BpemeHn tF Ut,, - ypoBeHb W3MepUTENLHOro
CUrHana B TeyeHMe BpPeMeHU b, Bpema b cnefyert 3a BpemeHu tt. Ansa
NPrYeMHOl CTOPOHbI MaTemMaTnyeckas Mogefb KoHTponsa KM umeeT sug,

U2=U]JU+P, (2.15)

rge p - 3atyxaHue KIA, U2 - ypoBeHb MPUEMHOr0 curHana,
pasmepHoctn U,, [1n/?- BHN.

Ecnm B (2.14) npuHate Ulu=0, 1o BennumHa C/#0 B (2.15) 6ypeT
onpefenaTb ypPoBeHb LWYMOB M nomex. To ecTb npu Uh=0 U2=UW
Mepexoas oT MWK Puw, rge Puw- mowHocTh wyma B KINA.

Puc.2.1. 'padmk dyHKumn f(t).
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tl t2 3 t4
Punc.2.2.LLInpoTHO-MOAYIMPOBAHHbIE CUTHAbI.

Ha Harpyso4yHom conpotuserieHnn P,,=600 OM, MOXHO BbI4YUC/IUTb
OTHOLLEHWE

41
p K _un2 npuUludo

P 41l U™* npuUXi= 0O

BBegém noHATHE KOSqJ(pI/ILI,VIEHTa Mos1e3sHoro curHasa B NOJIHOM CuUr-
Hasie n onpegesimMm ero Kak

Mo BenMuuHam KC M 1 MOXHO CyAUTb O Ka4yecTBe COCTOSAHUA KaHata
nepegayn nHpopmaumm. OHU COCTaBAAKT WHPOPMATUBHO MOJSHYHO CUC-
Temy. Hanpumep, coobLieHne: KoIPHULNEHT NOME3HOr0 CUrHana KOHTPO-
nupyemoro KaHana coctaensieT 35 % npu goctoBepmsaumm 0,65 MHGoOp-
MaTMBHO A1 onepaTuBHO oueHKM KadecTBa KA.

2.3. PaspaboTka MeToga pacyeTta pasBeTBJIEHHbIX TPYMMMNOBbIX
Leneli B pacnpefeneHHbIX CUCTEMAX C Le/Ib0 MOCNEeAYIOLLET0 UX KOHT-
pons

CucTema, npegHasHauyeHHas An1sl nepegaun curHanos B 93C, xapak-
Tepn3yeTcsl Pa3BeTB/IEHHON CTPYKTYPOI NOCTPOEHUS:
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— napannenbHoe nogkntoyeHne Harpysok (KIM), umetowmx 60neesbl-
COKOe BXOAHOe conpoTtusneHue (6onee 10 kOM), yeM BONHOBOE COMPO-
TUBJIEHWE LiEnun CBA3MN;

— Ha/inyue pas3BeTB/IEHWI B OCHOBHOM Marucrpanu nepegayv u oTBeT-
B/IEHWIA B pa3BeTBAeHUAX, 00ycnaBnMBalOWMX HECOr1aCOBaHHOCTb OT[Ae/b-
HbIX YacTei ceTu CBA3M;

— W3MeHeHue BMAa W TUna uenu cBA3M (BOSIHOBLIX MapaMeTpoB) Ha
OTAeNbHbIX €€ yYacTKax;

—COCTaBHOW (KOMOMHUPOBaHHbI) XapakTep TpakTa.

B HacTOAlWwee BpeMA W3BECTHO [OCTAaTOYHOE KO/IMYECTBO METOAOB
pacyeTa rpynnoBbix uenen ceasn [27, 47]. OgHako 60/bLUIMHCTBO U3 HUX
npeAHasHauyeHo Ana pacyeTa Hepas3BeTB/IEHHbIX CeTel W mepefjayn aHano-
rOBbIX CUTHa/MI0B. 3TN METOAbI pacyeTa MOXHO CBECTU K HECKOJIbKUM Tpyn-
nam:

1 Onpepgenenvie paboyero 3aTyxaHuWa Lenyu Kak CYyMMbl COOGCTBEHHbIX
3aTyxaHuii (d, /,) BCex ee 3N1eMeHTOB.

=

2. OnpepgeneHue pa6oyero 3aTyxaHus LENW Kak COBOKYMHOCTW COGCT-
BEHHbIX 3aTyXaHWii 3/1eMEHTOB Lenu U AOMOMHUTE/IbHbIX 3aTyXaHWuii, BHO-
CUMbIX MapasnienbHbIM NOAKIIOYEHUEM BbICOKOOMHbIX Harpysok -[47].

n i
<P =abl + X dih + £ abnkn + <BK,

i=l i=z

roe al,,,-3aTyxaHue Ha Bxoge Luenu, 06YCNOBMEHHOE HeCcornaco-
BAHHOCTbIO MeXAY BHYTPEHHWM CONPOTUB/EHWEM MepejaTuvMka W LUenu,
«bMbl ~ 3aTyXaHWe, BHOCMMOE B LeNb napaniesibHbIM MNOAKIIOYEHNEM
MPOMEeXyTOuHbIX NYHKTOB (KI) aBbk - 3aTyxaHuWe Ha BbiXode Lenw,
006yCnoBAeHHOE HECOrnacoBaHHOCTbIO MeX/Y BOMHOBbIM CONPOTUB/IEHUEM
Lenn n BXOAHbIM COMPOTMBAEHNEM MPUEMHUKA, @ TakXXe OTBETBIEHWEM
curHana Kk gpyrum KIM B cnyvyae pa3BeTBNEHHOW CTPYKTYpbl CETW.

B cnyuae paBHOMepHOro pacnpegenenus KI1 no pfnuHe uenei
BEIMYMHY paboyero 3aTyxaHus OLEHWBaKOT Yepe3 NpMBeAeHHble 3HAYEHUS
BOJTHOBbIX NMapamMeTpoB Leneii [47], T.e.
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aP=sa«+E". +a.bix+1046,
M

rae

a'=R,(J(R+jaL) (G +jaC +— — )
K @

- 3KBMBA/IEHTHbI (NPUBEAEHHbIN) KUIOMETPUYECKUIA KO3DPU-LMEHT
3atyxanus, R,L,G,C - nepBuyHble napameTpbl nepejaun uenu, Zm _
BxogHoe conpotusnenue KM, / -L —cpegHee pacctoanme mexxgy KIM Ha

n
ANnHe uenwn /.

3. OnpegenerHvie paboyero 3aTyxaHnsi Yyepes maTpuLbl NapameTpoB Lie-
MOYEYHOr0 COEAMHEHWS N YeTbIPEXMO/IIOCHUKOB, COCTaBASAKLWIMNX TPaKT
3N1IEKTPUYECKON CBA3N.

4. Paboyee (0CTaTOYHOE) 3aTyxaHWe MOXXHO OMNpPeAenvTb, BOCMO/b-
30BaBLUVCb COOTHOLLEHVEM

a, = P0O-b [6
rae

u,

P, = 20 Ig
0,775
n.

P, = 20 Ig
0,775

Ut - otcueT no BonbTMeTpy VE\ (Ha 6nmkHeM KoHue); Uj - oTcueT no
BONbTMeTpy Vi; B; (Ha fasilbHEM KOHLLE).

YKasaHHbIi MeTOj aHanm3a pacyeTa ABNSeTCA Haubonee TPYLOEMKUM,
HO B TO )Xe Bpemsi OH o6ecneymBaeT HanboONbLUYIO JOCTOBEPHOCTb, YTO SiB-
NAeTca BeCbMa BaXKHbIM, C TOYKMN 3peHUs, nepejadn UCKPETHOW MHGopma-
unn. CnegyeT 0TMeTUTb, YTO AaHHbIV METO[ aHanu3a pacyeta 4oCTaTOYHO
rny6oko npopaboTaH NPUMeHMTENbHO K OMpegeneHnto paboyero (ocTarou-
HOro) 3aTyXaHus rpynrnoBOi Hepas3BeTB/IEHHON Lenu. YKasaHHoe 06CToNA-
TeNbCTBO 06ycnaBnnBaeT HEO6XO0AMMOCTb Pa3paboTKN crneLnanbHOW MeTo-
OVKM aHanmMs3a pacyeTa KauyecTsa nepegaynm curHanos TY - TC no uenam
CeTU APeBOBUAHON CTPYKTYPbI.

OueHKa KadecTBa nepegaym MHMOOPMaLUN CBOAUTCA K OMpeAeneHuto
YPOBHSA MOJIE3HOr0 CUrHana, rnocrynawwero K kaxgomy (r-my) K1l npu

-62-



nepegayve curHanos TY, TC, 1 HaX0XAEHUIO UCXOAALLEr0 YPOBHA nepefayn
oT Kaxgoro K, o6ecneunBatoLlero Tpebyemblii ypoBeHb Npuema CMrHanoB
TC, TUn 'Y B gucnetyepckomM nyHkTe. MNpun 3TOM OLEHKY LefecoobpasHo
Npon3BOANTbL MO OTAENbHbIM yyacTKaM (M3NYECKUX Lenen unm KaHanos
HWU3KOWM 4acToThl.

[na oueHkn KavecTBa nmepejayv Mo CeTAM [PEBOBUAHOW CTPYKTYpbI
HeobxofMMo pa3paboTaTb MaTemMaTU4ecKylo MoAenb. [lpeBoBUAHasA CTPYK-
Typa CeTu nepefayuv MHpopmaLUM xapakTepusyeTcd clefylolWnmMy napa-
MeTpamu:

- KO/IMYECTBOM PAa3BETBAEHWWA, WUCXOAAWMX U3 TOUYKM MNOLKIKOYe-
Hus O unyn Bbixoda KaHana. Homep passeTBneHus (HanpasneHus) 0603-
Hauum uepes I;

- KONMMYEeCcTBOM OTBETB/EHWI B KaXAOM pa3BeTBieHUWU. [pu 3Tom
TOUKW, U3 KOTOPbIX HauYMHAKTCA Noc/felytoline OTBETBEHUA Ha3blBAKOTCA
y3namMmy KommyTauumn. O603HauMM 4epe3 j MOPSAKOBbLIA HOMep OTBeTBe-
HUS, o6pa3yloLero pasBeTBNEHWA HayMHaa C ero Hadvana. Beegem chne-
fLylollee orpaHuyveHue: fanbHelillee pPa3BeTB/IEHWE CETM MOXET WMETb
MECTO TONIbKO OT OTBETB/IEHWUS, UMEHLero HambonblWnii MOPSLKOBLINA
HoOMep/;

- KaxJoe OTBETBMIEHWE, B CBOK ouepedb, Oygem XapakTepu3oBaTb
TOYKaMWU HeO4HOPOLHOCTMW LEnn cBA3U, 06YCNOBEHHOW U3MEHEHNEM BUAA
UAN TUNa NIUHWKW, HaNU4YMeM COrnacylwmx WAM pas3BA3biBalOWUX YCT-
poiicT, nogkntoueHHbIM K K. Mpu 3TOM KaX[0i TOYKe HEO4HOPOAHOCTM
NpVYCBOMM MNOPSAAKOBLIA HOMep K, HauyuHas Cc y3na KOMMyTauuu, a Takxe
BBEAEM [AOMOMHUTENbHbIA npu3Hak [ (TOYKM HeogHopogHocTm): TI -
nogknoyeHne KI1 B KOHUE OTBETB/ieHMA; T2 - HECOrnacoBaHHOCTb Lenw,
Bbl3BaHHAasA M3MeHEHWeM BMAa UKW Tuna NUHWIA CBA3M; T3 —BKAOUYEHME B
pa3pe3 pa3HOPOAHbIX Lienei cornacyroulero yctpoicrea; T4 - NOAKMKOHO-
yeHune KT no gnvHe oteeTsneHuns; T5- y3en KOMMyTauuu.

B npepenax fABYX COCeAHUX TOYEK HeOLHOPOAHOCTW Y4yacTOK Lenu
XapaKTepusyeTcs NPOTSHKEHHOCTbIO (AANHOIA) 2 M BTOPUYHBIMU (BOTHOBbI-
MW) napameTpamu (BO/HOBbLIM COMNPOTMBAEHUEM Zh M MOCTOAHHON pacn-
pocTpaHeHus y.

C yuyeTOM CcKa3aHHOro 06yl TOUKY WAW Y4yacTOK Lenu MOXHO
onucaTb B BUAE TPex CMMBONOB - 1j, K (B fanbHeiwem ang yaobcTea Ha-
nnucaHUs CMMBO/OB 3anATble MeXAY HUMWU onycTtum). [pu 3aTom, nepsas
uugpa CyMMapHOro cMmBosa OyaeT onpefensiTb NOPAAKOBbLIA HOMep pas-
BETB/IEHNA; BTOpas — HOMep OTBETB/IEHWS B pPacCMaTpPUMBAaEeMOM pa3BeTB-
NeHUK, a TPeTba - MOPSALKOBbLI HOMEpP TOYKM HEOZHOPOAHOCTU uenun. Ans
yfo6cTBa OTOOpPaXKeHWs CTPYKTYpbl CeTU Bnepefau Nexawum ydyacTkam
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ceTu bydemM mnpucBamBaTb TPEXCUMMBOJbHbIA WMHAEKC, COOTBETCTBYHOLLMIA
TOYKE HEOLHOPOAHOCTM Lienu.

ANropuTM aHanuMsa KayecTBa nepegadym curHanos TY m TC no
pa3BeTB/IEHHbLIM LieNAM COCTOUT U3 CMIEfYHOLLNX OCHOBHbIX 3Tanos:

1. MpuBeaeHve pasBeTBIEHHON Leny K Hepa3BeTBAEHHON ANA CUTHAN0B
TY ("cBepTbiBaHUA" Lenu).

2. MpuBeaeHne pa3BeTBAEHHON LeNW K Hepa3BeTBNEHHON NS CUTHANOB
['C, noctynawwwmnx ot Kaxgoro KIrT.

3. AHanu3 ycnosusa NpoxoxXxaeHus curHanos TY (Toka) K kaxgomy Kl
(nocnepoBaTenbHO “"pasBepTbiBaHUe" Lenu).

3. AHanus ycnosuii npoxoxgeHns curdanos TC (Toka) oT kKaxgoro Kl
n O vnn BXogy KaHana nepegayu.

5. OnpegeneHune pabounx 3aTyxaHuii, ypoBHeid nepegayn n nprema.

Peanusauunio ykasaHHOro anropuMtMa UenecoobpasHo NPOU3BOAMUTB,
yUYuTbIBasg HamnpasfieHWe pacnpocTpaHeHus curHana. bygem xapakTtepu-
30BaTb NOJ CTPOrMM WHAEKCOM 1 npu pacnpocTpaHeHUU curHana TY B
CTOPOHY KOHUa uenn n mHaekcom "O" - npu nepegadvye curHanos TC B
CTOPOHY ee Havasa.

2.4. MeToabl pacyeTa ycloBuii NMPOXOXAEHUSI Pas/IMUHbIX CUTHa-
/0B B pasBeTB/IEHHbIX Lensix

PaccmMoTpum Ha npumepe (puc. 2.3) npuBeAeHWe pa3BeTBAEHHOW Lenu K
Hepa3BeTBNeHHON AnA curHanoB TY. [na aHanusa ycnoBuii MPOXOXAEHWS
curHanos TY (TP) ot AN k kaxgomy KI1 pa3BeTBNEHHYHO CTPYKTYpy ceTu
LienecoobpasHO NPUBECTU K HEpas3BETB/IEHHON rpynne Lenu ¢ napanienbHbiM
MOAK/IOYEHNEM HArpy3oK M3 BXOLHbIX COMPOTWUBMEHUIA, XapaKTepu3yoLwmnx
KXY TOYKY HEOAHOPOLHOCTW Lenn KO3MMULMEHTOM OTpakeHusa. OTme-
YeHHOe 06CToATENLCTBO NpefonpeaenseT Heo6Xo4MMOCTb NOCNef0BaTENIbHOTO
"CBepTbIBaHMA" CETU, HaUMHaA C ee KoHua (puc. 2.4).

Kn/o
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Puc.2.3. a)-npumep CTPYKTYpHO cxembl TM, 6)-npuBeaeHHas
cxema ceTn TM and mMaTemMaTuyeckol Mogenu.

KoathnumeHT OTpaxeHusi, 06YCNOBNEHHOTO HECOrNacoBaHHOCTLHO
BXogHoro conpotusneHns KrI1-3 © BONHOBOro COMPOTUBNEHUS NNHUK
(Touka 232), onpefennm 13 BblpaxeHns

p X — 7141:!232 _7/>232

Torga, 3Had P2A2, onpegenum BXO4HOE COMNPOTUB/IEHUE Z*123,

yuyacTka Lenu Ao Touku (231) nepexoaa KabenbHOW MHUN Ha BO3AYLUHYHO.
Cornacyiollee yYCTpOWCTBO B faHHON TOYKe HEOAHOPOAHOCTM He mpe-
AaycmatpusaeTcs

hi 32 A= p | g ~2YmIm

roe Zresi, f =82 - napameTpbl yyacTka Lenu, NpoTsxXeHHOCTbo U32.

YuuTbiBas, 4To B TOUYke 231 3a cUeT COeAMHEHUS Pa3HOPOLHbLIX Lenei
BO3HUKHYT OTPaXeHHbIE BOMHbI, ONPefe/iMM KO3 (MULMUEHT OTpaXKeHNs



Haiigém BxogHOoe conpoTusieHne Z™23l oTeeTBneHUA]3

«x231 «31 1_ pl -2,3.1,,
1 -*231
AHANOrMYHO OMpPeesMM BXOAHOE COMPOTUB/IEHUE OTBETBNEHNA /2
ol anzzz - szzz
22 Lo t Ly
1n. P* 0~"yiiihn
[ 7 1" 77222 7

Abx222 = 4 b A Ao B-2y22hn

| N bx222 — Z b22\

Z'hx 22 + Z Bx
1 Il p1 p~-77112
71/ _y 1+ 2e
H.21 /21 -2Tw/2,

YuyuTtbiBag, 4To B TOUKe 211 BO3HWKAET MapasnfenbHOe COeANHeHue
BXOAHbIX CONPOTUB/IEHNIA OTBETBAEHUI (2 1 3), ONpeAe/iMM 3KBUBaNeHTHOe

conpoTuBneHne Z[Ke2u n KoahpuUNEeHT OTpaxeHuUs

71 1 . _7 %x*m — 1211
»e2l ~ 1 1 8 fg?ii -y y
+ xe 221 + >211
Thon T hnm

Torga BXOAHOE COMPOTWUB/IEHWE PAa3BETB/IEHUA i 2 Ha|7|,qu n3 Bblpa-
XeHunsa

1N lp i [P, 2401
71 7 1+ N2le
A for 211 A>211 ., _p o, -2 y21, 15
1 *211 e
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AHANOTMYHO U3/I0XKEHHOMY, BbIYNC/IUM BXOJHOE CONPOTUBAEHME Z/~AMm
pa3BeTBNAeHUs W, a 3aTeM OnpejenuM 3KBUBAJEHTHOE COMPOTMBAEHUE
(BXofHOE), KOTOpOE CKa3blBaeT CeTb NOCTYNawlemy curHany TY

Z).

1

11 y4 lﬂ'].’l.’L

Puc.2.4, a)- cxema opraHmsaumm ceTu TM. 6)- NpuBefeHHas cxema
ceTn TM gns maTemaTUYecKoW Mogenn.

[na onpegeneHns ycnosuid pacnpocTPaHEHUs CUTHanoB B pas-
BETB/IEHHOW CeTV C YY4ETOM MHOFOKPaTHbIX OTPaXKeHW He06X0ANMO TaKxKe
onpesennTb KOIPPULUEHTL OTPaXKEHUSA U BXOLHbIE CONPOTUBNEHNS yyacT-
KOB CeTW B CTOPOHY ee Hayana. Ternepb PacCMOTPUM MpPUBEAEHNe pasBeTs-
NEHHON Uuenu K HepasBeTBAEHHOW Ans curHanos TC, mocTynawowux oT
kaxgoro KI (puc. 2.4). BxofHble COMPOTMB/EHUSA Y4YacTKOB CeTu MU
KO3(PMULMEHTOB OTPa)KeHWs OT TOYeK HeoJHOPOAHOCTU B CTOPOHY ee
Hayana Haifem aHanornyHoO BblLLIEN3NOXEHHOMY. [pyu 3TOM Heo6xoguMo

BbIYUCNUTL CONPOTUBIIEHNS "CBEPHYTON" ceTn Ana kaxpgoro us K (npu
nepegaye curHanos TY, TC, TW).
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KoathpuumeHT oTpaxeHus P®0 B Hauyane CceTu onpegenutcs

9KBUBANEHTHbLIM COMPOTUBNEHNEM Z3uo 00YCNOB/IEHHLIM Mapan/efibHbIM
COeflMHEHVEM BXOLHOr0o cONpoTMBNeHUs annapatypsl AN (Mnnm KaHana
TOHaNbHOW YacToThbl) 2 V0 1 BXOLHOTO COMPOTUB/IEHNS Pa3BETBEHNA [2,
Zi,2ii B CTOPOHY €ro KoHua.

/)120 B Z)&Bl‘lo;z‘ />
Z[(e]_'I.O Z b\

roe
71 -
>ke 110 I 1
’7 ,L%,Iﬁooo + -%%—12.

Torga BXogHoe conpoTusfieHue zV/oo YuacTka uenu B Touke Il
OTHOCWUTENbHO €e Havana onpefenum n3 BblpaXKeHus.

1+ p1p-2rin'w

110 M1 pl 2 . (2n7)
17 1104

Onpegenum 3KBMBaNeHTHOE CONPOTUBAEHNE COefUHEHNA B TouKe 111
ZLm = j-——- o j— (2-18)
27,0 NIH121

N KO3DPULUEHT OTpaXKeHUs

7° 7
no _ 73A-6130 — "M31
30 _ 70 .7 . (2-19)
*«l30 + A/>131

Torpa ¢ yyetom (2.17 —2.19) BX0fAHOEe COMNPOTUBNEHUE OKa3blBaemMoe
Bceil ceTbto curHanam TC (TY, TW) nocTtynawwum B nuHuio ot KI1-6,
paBHO

-68-



Takum 06pa3om, Nepsblii 3Tan pacyeTa CeTV TenemMexaHWKu CBOANTCH K
BbIYMC/IEHNIO MaTpUL, BXOAHbIX CONPOTUBAEHWI M KO3 (HWLMNEHTOB OTpa-
XEeHWA OT KaXA0N TOYKM HEeO4HOPOLHOCTW CETW, KaK B CTOPOHY €ee KOHLa,
TakK ¥ B CTOPOHY Havana.

HakoHel,, onpefenuM YCN0BUS MNPOXOXAEHWUA CUTHaNOB Teneynpas-
neHund. BHayane onpefensoT BeIMYMHY TOKa, NMOCTYyNatwoLWero K Kaxzaomy
KT npu nepegaye curHanos TY, U TOKa, NPUXOAALLEro K Hadany uenu (Ha
OT wnn BXoA KaHana nepejayun) npu pacrnpoctpaHeHuu curHanos TC oT
Kaxgoro KI. Mpu 3ToM BOCNONb3yemMcs CXEMOWA, M306paKeHHOW Ha puc.
2.4.

MycTb UCTOYHMK CUTHana TY obecneunBaeT HEKOTOPbIV WC-XOAALLUIA
(abcontoTHbI) ypoBeHb nepefayun PMIIG 10 1gP0o00- AGCONOTHBIN YPOBEHb
TOKa fABMieTCA MPOU3BOAHLIM OT YPOBHA MOLLHOCTM, T.K. 3aBUCUT OT
COMPOTUB/IEHUA HArpy3ku Z, (B HalleM C/y4yae 3KBMBAJIEHTHOrO BXOAHOrO
COMPOTMB/IEHNA 2>#bilT Ha KOTOPOM BbIZeNIAeTCA OfHA W Ta XXe MOLHOCTb, a
TakXe OT COnmpo-TuBAeHUA RN(Z;m) Ha KOTOPOM Onpefenserca BenUYMHa
abCoNOTHOIO HY/EBOr0 YPOBHA TOKa (Hayano oTcyera)

B cooTBeTcTBUM ¢ pekomeHpaumamMu MKKTT abcontoTHbIA HyneBoi
ypOBeHb TOKa [OJDKEH OnpefenaTbCA Ha Harpyske C akTUBHbIM CO-
npoTtueneHvem Ro = 600 Owm, T.e.

Mpumem yKasaHHbI TOK fm 3a mocTynawwWwuii B ceTb 1 pacCMOTPUM
YyCNoBMA €ero pacnpocTtpaHeHusa. Torfga BenMyMHa TOKa CurHana TY,
noctynatouero ot AN K Touke HEOAHOPOAHOCTM 211 W NPUXOAALLErO MO
3KBUBA/IEHTHON Harpyske C Yy4YeTOM MHOFOKpPaTHbIX OTpaXeHui
onpeaensieTca u3 BblpaXeHus.
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Mony4eHHbI TOK pa3BeTBASETCA Ha ABa HampaBNeHUs U B BUAe cOC-
TaBNAOLLMX BOMH NPAMOro HanpasieHUs NOCTYNUT COOTBETCTBEHHO B TOY-
Kn HeofgHopogHocTu 221 un 331.

I 7>I\‘<e>211 =Pt
— 221
Iz]zl - I)Kele £ _ pO p XY vyl
A Jx221 1 HN0-* 221
oo f! -Z)K7«211 L2313 }_P2311
B =t e T 1 p° pl ., -2Yah2
Ahx 231 1 230 2:>le

Torpga Toku, noctynawowmne Ha KrM-2 (touka 222) un KrM-3 (touka 232),
COOTBETCTBEHHO, MOTYT 6blTb HaAEHbI U3 BbIPaXEHWIA:

* - T & r222 1222 _ 11_ rP232 1
2%9 —_—Zég— . o p / -2 Tr2»b2
231 232
[ TR 7 1 & 1 - op™
232 A * 1_ poO n
231 232

AHanornyHo MoryT 6bITb OnpefeneHbl TOKM curHana Y, nocrtynao-
wmne K octanbHbim KIT cetn TM. OpfHako B c/ny4vae OTCYTCTBMA COr-
nacylLmx YCTPOMNCTB B TOYKAaX HEOLHOPOAHOCTU Leneii W pasBA3bl-
BalOLWMX YCTPONCTB B Yy3/lax KOMMYyTauuum BO3HWKalOT BOJIHbI MHOFO-
KpPaTHOro OTpaXeHWsa OT COCeAHUX TOYeK HeoLHOPOAHOCTW, KOTOpble B
onpege-neHHbIX ycnosuax (6onbwasa cTeneHb HECOrNacoBaHHOCTU W Manoe
3aTy-XaHWe y4yacTKOB CeTW) MOTryT BbI3BaTb HEKOTOPble MOrPELIHOCTMW.
HwXe NoKaXKeM, KaK MOXHO YYeCTb YKa3aHHble BTOPUYHbIE OTPaXKeHUA Ha
npumepe CXeMbl M306PaXKEHHOW Ha puc. 2.4.
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Ecnu B Havane uenu (Touka OOO) OTCYTCTBYeT pa3Ba3biBatoLiee (nepe-
XO0A4HOE) YCTPONCTBO, TO B pasBeTBAeHUM i2 ByAyT 4aCTUYHO MOCTynaTb
OTPa>KeHHbIE BO/THbI TOKA W3 Pa3BeTB/IEHUSA:

L PaccmMoTpuM nocnie0BaTe/IbHOCTb UX ONpefeNieHuns.

Tok, noctynatowuin ot AN (kaHana nepegaynm MHGOPMALUN) K TOUKe
HeogHopogHocTw Ill, ByfeT yacTUYHO OTpaxaTbCAa K Havany uenu. Ero
BE/NMYMHA B TOUKe ///onpefennTcs U3 BbIpaXeHUs.

| @ :L_ZLeooo to-7\\b 1 P\u
akm11l ° ‘e ~2T\WMK\

1
Zhan 1~ Pofvn e

MprMMeM NOMyYeHHbI TOK 3a WCXOAHbIA (BTOPMYHOE OTpPaXKeHUEe) U
OMpEesenuM ero BEJIMUMHY B Hauyane Lenu

(0]
1° = | e -Twiy 1-p "o
1 >ke 1>kellle

Kak y>ke 0TMeuanocb, HeKoTopasi 4acTb 3TOF0 TOKa B BUJE UCXOASALLETO
TOKa BTOPMYHOTO OTpaXKeHUs nepeiifieT B pa3BeTB/IeHMeE i2.

T jo z 1)KeC(I)
1210 — 1 %10
ZLn-le
KOTOpPbIA NOCTYNUT B TOUKy 211
1- P
1 pe p1o-2v20h
1 210 211

Kpome TOro, B 3Ty e TOYKY NOCTYNUT CyMMAapHbIAi TOK BTOPMYHOIO
OTpaXKeHusa U3 Touek 222 n 232
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A 1200221 220

Il PU = 1221 1_ PO P7 £"“2Xxad
1 o' 220 221 e

XA "7l 230
1- po P/ e 2MA%
1 230 N 231 e

J]@.’ll _ %MQ Y222 "2 PZ}Z

1- PBXP iy 2 o2

o]
o, — /222 1222 1 p221 .
| §,~2YRR™2
F— P R
I | AP Prrrery P232 O -~ 7231 )
J 231 — 1231e 1- PO Pt £ V12 12

1 12b\1231¢c

Takum 06pa3om, 3a UCXOAHbIN TOK curHana TY B Touke 211 fo/mKeH
ObITb NPUHAT CYMMAapHbIA TOK MEPBUYHOIO0 UM BTOPUYHOFO MHOFOKPaTHOro
OTpaXKeHns OT BCeX COCefHUX TOYEK HEeOLHOPOAHOCTH B CeTM TM

MpuBeAeHHble pacyeTbl NMOKa3blBAKT, YTO MHOXUTENb, 3aK/OYEHHbI B
(UrypHbiX ckKobKax, npeacTaBnsfeT co60/ yOblBalOLIMIA FeOMeTpUYecKuin
PS4, BbICLIME YNeHbl KOTOPOro (BblpaXeHWe B KBAAPaTHbIX CKOOKax)
npeAcTaBNsAlOT co60 BecbMa Manble BeiMYMHbI. Bonee TOro, B peanbHbIX
Lenax CBA3W MmapaMeTpbl Mnepefayn KonebnoTcs B [OCTATOYHO LUMPOKUX
npegenax (4o 10-15 %).
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A an» OOO _ -2y,,/,1 _  fm JL r a0 )
ey N P 1oidp - 27MI A
~L3, P°220 (1 - N1,)
[ZL 22 0-PE£OP "NMe-2r*"11y
=277, PLO-Pw) +
O- PTPR2/M2N1:21 )2
, Zjm2, c-2rra/u, Pe™ (1- A'3,)
2723, (1-n30n 3.M2I51/0 )2
*,-27MK 1 ns2 1- n* ) _ n

(- PmPL e~2r2224 Yy

OTcloga MOXHO 3aK/i04nTb, YTO MPU pacyeTax ceTeli TesleMeXaHUKK C
[OCTAaTOYHON TOYHOCTLIO MOXHO OFpaHMYUTLCA LWL YYeTOM BTOPMYHOIO
MHOrFOKPaTHOro OTPaXeHWsl, BO3HMKAOLLEro B MOMYTHOM Hanpas/eHnu
pacnpocTpaHeHUss CuUrHana oT OGrvkaliweld TOYKM HeO4HOPOAHOW CceTwu.
Torga 3HayeHMs pe3ynbTUMPYIOLLEro Toka curHana TY, nocTynawooLlero
C00TBeTCTBEHHO K KI1-2 1 KI1-3, onpegennm u3 BblpaXKeHWIA:

blo o = 4 ° Ao

(1-p 20p/2,r-2>"-"")2T

’ -2:xA 0 - 0 1
1TT Pe> 123 1+e

OnpegeneHvie ycnoBusi NpoxoxgeHns TenecurHanos (TC) cBoanTcs K
HaxoX[eHWNI0 YpoBHA nepedaun (P*,, * ) ucxogsawero Toka W3 Kaxgoro
KT, obecneunBatoLero Tpebyemblii ypoBeHb npuvema Ha Bxoge AI. Moc-
NefoBaTe/IbHOCTb pacyeTa PacCMOTPUM TakXke Ha NMpUMepe CTPYKTYPHOM
CXEMbI CETU, N306paXKEHHOM Ha puc. 2.4.
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MycTb TpebyeTcs onpefennTb UCXOAALLMIA YPOBEHb Mepejadn curHana
TC ot KI-3, KoTOpblAi B 006WeM cflyyae [O/DKEH COOTBETCTBOBATb
paBeHCTBY

pe wm = P°  4-]/7°
'K O inin >/t

rge P 000nin - MuMMManbHO AOMYCTUMbIA YPOBEHb MpuemMa CUrHana
IC, nb;

a ( - pabouee (ocTaToO4HOE) 3aTyxaHue B Lienu cBA3M, Ab

o~ AP

p AN

*[-,0*% =10 'g

rae Poijk ~ makcumanbHasi MOLLHOCTb, KOTOPYIO MOXET 0TAaTb

UCTOYHMK curHana; pA00- MolHOCTb, Bbife/nisieMasi Ha Harpyske (anna-

patype 4 nnu Bxoge KMw)

o — V7 .
Paik ~ 92 ([Knj.j,kf K *

P&m _(bimosz

Torpa pa60L|ee 3aTyxaHne MOXHO ONpenennTb U3 BblPaXKEHUA

/ .
201d "M% L1019 gB.
z,

Tak Kak g1 1060 KOHKPETHOM Lenu BeMyuHa SAB/ISIETCS Moc-
TOSIHHOW. TO COOTHOLWeHWe |/,,, m/<0001 6yaeT COXpPaHATLCA MOCTOSHHbBIM.
JTO0 MO3BONSET 33aBaTbCA NPOM3BOSIbHLIM 3HauveHneM Toka IK,,jk n uepes

Hero onpezeniMTb BeNMUUHY Toka /",
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Tok, BxogsAwmii B uenb oT nw6oro KI1, 3aBUCMT OT ee BXOLHOMO
conpoTuBneHns (2?6™1) B Touke nogkntodeHna K1, Mo atomy BenuuuHy
BXOSLLEro TOKa HaifieM 13 BbIpaXXeHWs1, aHanormyHo (2.20)

j*10-3
C¥ =47 « ~*%0

V7 nijk

rae
,0 | jgo
=201g IiL.+,0ig|_"y-I
3Has, UCXoaaLWmiA TOK curHana. TC B Touke 232, paccMOTpUM
YC/I0BUS €ro pacnpocTpaHeHus. BennymHa Toka , OMPefenmnTCa Kak
o

re  _ 7° r~r2m _1 P231
231 232 ,-ZyDi'in 7

1_ pO pi
1 231 *232 K
a B Touky 230 (211)-

T _ Jo -7\ }-P

J 230 - 12"e 1 po P 1 -2ra.,b> ®

1 230 231

B Touke 211 Bxoaswmii ToK J130 pa3BeTB/ISAETCA Ha fBa Hanpas/ieHNUs.
[onsa Toka, HanpaBfieHHas B CTOPOHY Hayana Lenu, MOXeT ObiTb HaligeHa
13 COOTHOLLEHMNS BXOAHbIX COMPOTUB/IEHUI yYaCcTKOB CeTU

[o]
, 7 e 230
-'rhn ~ 7230 70 .

Kkar210
Tor,qa TOK ﬂ' |O onpeaennm 13 BblpaXKeEHUA:

- P
° a-2/2n'n
K

0 _ M jkn23(Le~7vIzu
210 230 70 K p° p

1
20 1 r2\\rr

OpHaKo MosyYeHHbI TOK pasBeTBnseTcs K Bxody Al u B CTOPOHY
pa3BeTBNeHUa // cOrnacHo MX BXOAHbLIM COMPOTMBAeHUAM. OTKyAa [A0/1t0
nonesHoro curHana TC, noctynawouwero K annapatype AN (kaHana
nepegayu), HalileM 13 BblpaXXeHWs
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B nonyyeHHOM BbIpaXeHUN MOXXHO Y4eCcTb BTOPMYHOE MHOrOKpaTHoe
OTpaXeHne oT COCEAHNX TOYEK HEOAHOPOAHOCTHM LENN.

BbIBO/bl

Ha ocHOBe NpoBefileHHOro aHanmsa feincTBYLWNX METOAUK N NHCTPYK-
LMU NO KOHTPO/IO KaHa/oB repefaynm MHMoOpMaLmu cocTas/eHbl MaTema-
TUYeCKMe MOfenn Mo CyMMapHOMY, pasfe/ibHOMYy W M0 Y4aCTKOBOMY
N3MEPEHMIO OCTATOYHOrO 3aTyXaHWus, a TakXXe MOJAeNnN Mo U3MEPEHUIO LLy-
MOB 1 MOMeX.

MpegnoXxeHne maTemMaTUyecKue MOJAeNVM MO3BONAIOT MNPOBOAUTL (hop-
MasIn30BaHHbIN CUHTE3 YCTPOCTB KOHTPONAS KaHa/I0B C MaKCMMaslbHbIM
NCMNONb30BaHWEM CPeACcTB CTaHAapTHOro 060pyAoBaHUS BXOAALLMX B
COCTaB KOHTPOJIMPYEMbIX 0OBEKTOB.

Vicnonb3oBaHne MeTofa CMEKTPasSIbHOTO0 aHaimsa UMUMPOBbLIX N KOM-
MblOTEPHON TEXHWKM MO3BOIWIO paspaboTaTb MeTof [A0CTOBepuUsaumu
NHhopMaLMN KaHasloB nepefadn fJaHHbIX.

PaspaboTaHa mMeTofMKa NPUBEAEHNS Pa3BeTB/IEHHbIX Y HEOLHOPOAHbIX
rpynnoBbiX Leneli K 3KBWBAJEHTHOW Hepas3BeTB/EHHOW, M03BO/SAOLLASA
3HaYNTENbHO YNPOCTUTL PacyeTbl PasBeTB/IEHHbIX Lienein no KoahduumeH-
Ty nepejayn U 3KBUBAJIEHTHOIO COMPOTUBIIEHUA, ABAlOLEroca 0606-
WEHHOM Harpyskoi 4ns KOHTPOMbHO-M3MepUTeNbHOro yctpoiictea ACK
KM B pacnpefenieHHbIX CUCTEMAaX C Liefiblo MOC/IeAYIOLEero nx KOHTPOoNs.



3. CUMHTE3 CUCTEM KOHTPOJIA KAHAJIOB MEPEJAYU
NMH®OPMALNKN B PACTIPEAENTEHHBIX CUCTEMAX

HacToswaa rnasa nocesleHa Borpocam (hopmMasivM30BaHHOI0 CUHTe3a
nepefatoLLero M MPUEMHOro YCTPOCTBA, CYMMapHOro W pasgenbHoro
M3MEPeHMS OCTATOYHOro 3aTyxaHus. B npefbigyliein rnase 6blay usno-
XXeHbl OCHOBHbIe MOMEHTbI pa3paboToK MeTOAOB OMNepPaTMBHOIO M MOSTHOrO
KOHTPO/IA, KOTOPblE BbIPasuinCb B KOHEYHOM cyeTe B BWUAe MaremaTu-
YeCKUX Mogenein- B KayecTBe OCHOBbI A/ (hOPMasIN30BaHHOIO CUHTe3a
YCTPOWCTB KaHana nepefayn uHdopmaumm 6blin B3SATbl MaTeMaTuyeckue
Mogenun, nonydeHHble Bo rnaee Il. CuHTe3 ycTpolictB KM Ha ocHoBe
MoZenein Nno3BonseT Bbl6paTb ONTUMAbHYIO CTPYKTYPY YCTPOICTB W Bbl-
NOIHUTL (DYHKLMOHANbHbIV UX aHanu3.

3.1 CwuHTe3 nepejaTuMkKa CYMMAapHOro WM3MepeHUs 0ocTaTOYHOrO
3aTyxaHus

Hwke pelsaeTca 3afgaya CMHTe3a YCTPOWCTBA KOHTPONS KaHana
nepefayn, COCTOALLEr0 M3 Nepefatolleli U NpreMHoi YacTu. MepejatoLas
YyacTb MpefHasHayeHa AN UX (DOPMMPOBAHMS YNPaBASALLEro U U3Mepu-
TeNbHOrO CUrHana 1 nepefayn Ux B KaHan nepegayn MHGopMaLuu.

MpueMHas 4YacTb CAYXWUT ANA nNpueMa YMpaBAsiowero curHana u
3amMblKaHWs BbIXoja NpuemMa Ha BXof nepejayu.

V3MepuTeNbHbIA CUMHAS, BO3BPALLEHHbIV C AaflbHEr0 KOHUa Ha 6/1mX-
HWA C MOMOLLbIO LWnelida, noctynaeT B 3BM gnsa 06paboTku € Lenbio
(hOPMMPOBaHNSA XapaKTepUCTUKM MO OCTATOYHOMY 3aTyXaHWK KaHana
nepegavv uHhopmMaLuu.

PaccMoTpuM 3agadvy CMHTE3a yCTPOoCTBa N3MEpeHNs

CymMMapHOe  M3MepeHMe O0CTaTOYHOe 3aTyxaHue  Oonpejensiercs
thopmynoii:

axex+ az2e2 = bs , 3.1

rae €[, n S - eaMHMuHbIe BeKTOpbI, ala: - 3aTyxaHue NpPAMOro

06paTHOro KaHanoB, b - cymmapHoe 3aTyxaHue. d®opmyna (3.1) onvcbiBaeT
MpoLecc N3MepeHNs 0CTATOUHOTO 3aTyXaHusl.

MycTb y/ v al ABNsATCS BXOLHOW W BBIXOAHOW BeNMUYMHAMU (DYHKLMO-
Ha/IbHOTO y3/na Mepefarolleil yacTu ycTpoiicTBa U3MepeHusi. Torga Ans
nepegartyvika GyfeT cnpaBes/IMBO
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a, = K,yX, 3.2)

rae Kj - onepatop npeo6pasoBaHusi. Monaras
Y=yYX+ a, (3-3)

rae Y\ - BefMuMHa, XapKTepusylollasi BXOLHOW YpOBeHb Y-
paBASIOWEro CUrHana, Be/MuMHA, XapaTepusyiollas BXOAHOW YpOBeHb

n3MepuTesibHOro curHana. Mogcrasnas (3.3) B (3.2) nonyymm
ax= K,(y[ + ¥YN)-

Ir
Tak Kak N0 TeXHWYECKUM COOGpPaXeHWsAM cuUrHana y X M Yy X

[OJIKHBI BbITh Pa3HeCeHbl BO BPeMeHHU, To (3.3) NpeaCcTaBUTCS BblpaXKeHVEM

yryryxwvy, iyl (3.4)
Mogctasum (3.4.) B (3.2.) nony4mm
a=K(yXn v, nVv,). (3.5)

3 [113] n3BeCTHO, 4TO

xar=x»>'0g*"=xa>. (3.6)

C yyetom (3.6.) BblpaxkeHue (3.5.) MOXHO NPUBECTU K BULY

/4 /

ax=kxny\nyx vk, nv, ny'. @7

Mo copmyne (3.7.) noctpoum nepegatumk (puc. 3.1.).

HepocTtatok mogenu (3.7.) To, 4TO OHa Heynpasnsemas. BBefléM B Heé
BE/IMUMHY, COOTBETCTBYHOLY CUrHany ynpaeneHus. lMycTb 3Toi Benu-
YUHOW bypeT
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t = txAt2vVv A t2.

rae ?/_ Bpemsi AeiCTBUS yNpaBAslOLWEro CUTHANA, t2- BpPeMsl AeicTBUS
M3MepUTENbHOrO cUrHana, tl u b SBNSKOTCA HECOBMECTHBIMU BO BPEMEHHOM
npocTpaHcTBe. Torga

t =~V t2

MycTb (3.7.) CBA3AHO C BE/IMYNHOM t COOTHOLLIEHUEM

0n=1™ Nyjnyj At, vky nyxny{ n/, (3.8)

Torpga (3.8.) MOXHO 3aMEHUTb 3KBMBASIEHTHBLIM BblpaXKeHVEM

AVIAN, VA A yxa t2, 89

rae, ki n K2B 06l eM cryyae He paBHbl.

BbIXOAHOW YypOBEHb CUrHana C BbIxoja MepefatoLlero ycTpoiicTea al
ABNSAETCA BXOAHbIM YPOBHEM CUTHaMa 418 KaHaoB nepejayn nHhopmaumm,
T.e. at=UL

WTak, B 3afauy nepegatymka BXogsT:

- Bbljauy ynpaBnawLLero curHana ¢ yposHem U/,

— Bblfa4n U3MepPUTENbLHOrO curHana ¢ yposHem U/u

CurHanbl U,va Ui,, B3aMounCcK/oYatoLLmecs BO BPEMEHM.

DYHKUMA NepegaTynka BbipaxkaeTcst popMynoii:

Ux=xk]n£/,/, nCld, v K2a U\yt2a UUt2= n
=£,({/,,. n{7|,)nC, v k2(Uiy a Ulu)n t2,

roe Ui - BbIXogHas BenvMyuHa nepegatyvka. V3 cpaBHeHUs ¢opmyn
(3.9.) 1 (3.10.) BMAHO, YTO OHU 3KBUBAJIEHTHbI. [MOCKONbLKY CXeMa MOXeT
UMeTb MHOXECTBO peanu3aunii ¢ HesHauMTeNlbHbIMU PasIUYUAMK, TO OHa
ABNSETCA M30MOPGHOI. Ha npakTuke UCMOMb3yeTcs, Kak Nnpasuio, romo-
MOP(HbIE CXeMbl.

MpefcTaBM MaTemMaTnyeckme BenuvuuHbl B (3.9.) 4epes dusnyeckme
WIN onepaTopHble CXeMbl, /IOTMYECKMe Onepalumn Yepes SIOFMYECKMe one-
partopsbl.
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CocTaBuM Tabnmuy COOTBETCTBUIA MaTeMaTUUeCKMX BEMUNH, NOTUYECKUX
orepauuii n onepaTopHbIx cxem (puc. 3.1,3.2. Tabn. 3.1.).

C nomouwibto opmynbl (3.10.) »n Tabnuubl 3.1 NOCTPOUM  (PYHK-
LMOHaNbHYI CXeMy nepejartymka (puc. 3.2.).

OnepaTopHble CXeMbl 3/1EMEHTOB

Tabnmuya 3.1
No MartemaTtnyeckasi unm
OnepaTopHasa cxema
n/n noruyeckas ornepaumu
Kly'
1 bl=/(E,U,$) r
Kry\
2 AN =12AA.C>) K
= vy t-txwt2 f
3
4 n _ & —
1
5 \V/ -

Ha puc. 3.3 npuBegeHbl romomopgHas Cxema reHeparopa TaKTOBbIX
nmnynscoB (FTU) n nornyeckmnx snemeHtoB W, N/ paboTatowmx Ha
aHanoroBbIX CUrHanNax.

eHepaTop TakToBbIX MMNynbcoB T cocTonT M3 3ajatoLLero reHe-
patopa (3, nocTpoeHHoro Ha K555/1A3; penutens yactotbl (AY) Ha
munkpocxeme K555MES\ thopmuposaTtenst poHToB (PP) Ha MUKpocxeme
K555T/11 v ogHoBubpatopoB OBl n OB2 Ha mukpocxemax K 555AI1 102.
BpeMeHHble gnarpammbl y3108 ' T nokasaHbl Ha puc. 3.4.
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Puc. 3.1. ®yHKuMOHanbHas cxema MepefaTyMka, MOCTPOEHHOro Mo
BblpaxkxeHuto (3.7.)-"

AHanusnpysa rpaguku HanpskeHnn OB1 n OB2 M0OXHO 0TMETUTL, YTO
OHW He COBMECTHbl BO BPEMEHHOM MpOCTpPaHcTBe. CurHanbl C BbIXOLOB
OB1 n OB2 mogenupytoT BeNnUuHbl tt n b

Puc. 3.2. ®dyHKumoHanbHasi cxema nepefaTumnka.
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K585 T/1 KSSS Af1 K555 A f)

Puc. 3.3. MpuHuunuanbHaa cxema 61oka FTU.

Puc. 3.4. BpemeHHble gnarpammMbl paboTbl y3108 T,
XapaKTepHON 0CO6eHHOCTbIO CXEMbI JIOTMYECKOro aneMeHTa W aenss-

eTCA TO, UTO OHA J0/IKHA pPaboTaTb Ha aHaJIOrOBOM MpuHLUMMe. Takoii cxe-
MOVi SIBMISIETCS CXEMA YCUIUTENS C 3anvpatoLLMm cMeleHrem (puc. 3.5.).
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Puc. 3.5. MpuHuMnuanbHas cxema aHa/I0roBoro afneMeHTa U,

HanpshkeHue 3anupaHns Ha BX0j4 TpaH3ucTopa nogaetcs yepes R\ ko-
TOpoe MofenupyeT BennunHy tj n b 13 (3.8.) nam (3.9.). CurHan c Bbixoga
Il (r2), mogenupyrownii BenuunHy K,Uiy (K2Uh), noctynaeT uepe3 C Ha
6a3y TpaHsucTopa. Mpu CHATMM 3anypatoLLero HanpPsHXKeHUa 1 NpU Hannuum
curHana U~c=k/Uiy(k;Utl) Ha Bbixoge anemeHTa W nosBuTca curHan d=
kjuijt/d-fkyUiJdi) [11].

Nornyeckuin anemeHT WJ1IA nocTpoeH Ha aHanoroBoil OCHOBE MO
NpUHUMNY aHasoroBoro cymmaropa (puc.3.6.). Ha Bxoge ero noctynawoT
curHanbl d= KiUtyh nd= kiUiJi. Tak kak curHansl dvidue coBMecTHbI BO
BPEMEHN W YCWUAINTENN CTPOro SIMHeNHbl, To Ha Bbixoge WJT cornacHo
BPEeMeHHOI Auarpammbl puc. 3.4. MOABATCA CUTHabl, MOCMeAoBaTe/bHbIe
BO BPEMEHM.

Ib*

Puc. 3.6. MpuHuMnranbHas cxema aHanoroBoro afiemeHTa V.
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MonHaa QyHKUWOHaNbHasA CcxXemMa MepefjaTynk M ero BpeMeHHble
AnarpamMmbl paboTbl NpUBeAeHbl COOTBETCTBEHHO Ha puc. 3.7. u puc. 3.8.

Puc. J.7. MonHas (hyHKUMOHaNNbHAs cXeMa nepejaTyuuka.

MepegaTunk paboTaeT cneayloLlmm o6pasomM. YnpaBnsoWwmii n name-
pUTENbHbIA CUrHaIbl NOCTynak C BbIXOAOB reHepatopoB 1 n M2 Ha
BTOpble BxoAbl anemeHToB V1 n M2 (Ha nepBble BXoAbl MOCNeLHUX MOC-
TYynawT HanpsHKeHUsi, KOTOpble OTKPbIBAIOT MX). Yepe3 OTKPbITbIA 31eMeHT
N1 npoxoaunT ynpaBnsoowWwmii curHan. JnMTenbHOCTb MHTEPBA/IOB BPEMEHN
n (hOpPMUPYIOTCS COOTBETCTBEHHO ofHoBM6O6paTopamu OBl n OB2. Yac-
TOTHble UMMNY/bCbI C BbIXOA0B 3/1eMeHTOB V1 n M2 nocTynatoT Ha afeMeHT
NN BbINOAHAKOLWMIA PoNb aHa/I0roBOro cymmMartopa UMELW M BbIXOLHOe
conpotusneHue J1=600 Om, nocTynatT Ha BXO4 KOHTPOMPYEMOro KaHaia
nepegayn UHGopmMaumn.

YunTbiBas HepPaBHOMEPHOCTb YacTOTHON XapaKTepPUCTUKM  KaHana
nepegayn MHGMOPMaLUN, BbIXOAHbIE YPOBHU YNPaB/soLEero M3MepuTesb-
HOro CMrHana 0603Ha4YMM COOTBETCTBEHHO Yepes:

:q)n)l <3'r|)
uu =i2(u<.). (ag

rae /1 u 2- onepatopbl npeobpasoBaHusi.

Mockonbky /I v R aBns0TCA BeNMYMHaMMK, 3aBUCALLUMU TOMbKO OT
xapaktepuctukn KM n HesaBucAWMMU OT YCTpOACTBa M3MepeHus, TO
cnegyeT BBecTu (yHKUmMM C 1 d oT aprymeHToB U n U2a:
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Puc. 3.8. BpeMeHHble narpaMmmbl paGoThl NepegaTumKa.

3.2 CWHTE3 NPUEMHMKA CYMMApPHOr0 M3MEPEHWUS OCTATOUYHOMO 3aTy-

XaHuA

C = <p/in 2y) (313)

d = <p2iu 2u) (31)
roe ( v ¢ - ¢yHKUMOHaNbHbIE MpeobpasoBaTeny; BenmumHa C
MOJeNIMPYET TMOCTOAHHOIO HanpsbkeHwe; tA,, - eCTb BeMYMHa Ynpas-
JIAOLWEro CUrHana Ha fasibHemM KOHLa KaHana cBA3W; onepatop < Bbipa-
»KaeT MaTeMaTUYeCKy0 MOJesb NMPUeMHNKA YNpaBsoLwWwero curHania.
MpegbaBnsas cTporve Tpe6oaHuA K mogenun C (y3na ynpasneHus ) no
nomMexo3saLmLeHHoOCTU, Mofenb (3.13.) cnefyeT 3aMeHUTb BbIpaXKeHNEM

c=qi{U2y,Us)=U2y AUs. (3.15.)

rge U,- CMekTp TOHa/bHbIX YacToT.
Vcxopsa v3 pyHKUMOHMpoBaHWs 6/10Ka, Lwelihoobpas3oBaHns UMEET:

d=CAUXA (3.16.)
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M3 aHanmza (3.16.) BuaHo, uto d U Ul nMetoT 0gMHAKOBYIO pas-
MepHOCTb. ®PYHKUMA d MMeeT pasmMepHOCTb HanpsbkeHue. YUTobbl BbINos-
HUTb flaHHOe TpeboBaHWe, BBeAeM BCMOMOraTe/lbHY (DYHKUMIO << BbIMON-
HAoLWemy npeobpasoBaHue

(3.17)

rage e- BbiXxogHasa Be/MMYUHa, ’\-onepaTop (*)yHKLI,I/II/I. y'-II/ITbIBaﬂ, yTo
n 2b1= " 2*sin m2t (3.18)

rae ah=2trf- kpyroBas yacToTa M3MepWUTENLHOrO CUrHaMa, onepaTop
(or6yneT meTb BuA:

(3.19.)

Mpeactasus (3.16.), (3.18.) 1 (3.19) B(3.17.), nonyymm

e (8.20)

r

Mokaxkem, 4To BblpaxkeHne (£/,,, n C)dt u3 (3.20.) nHTErpMUpyemo.
0

B (3.16.) BennumHa C ecTb flornyeckas rnepemMeHHasi co 3HayeHusmu |
unn Q £A, - mMaTemaTuyeckoe BbipaxeHue (3.18.). Ha ocHoBaHUM TeopeMbl
0 onepaumu n Ha ¢ u3 [33] n npu C=1, nonyumm d=U2+ 3T0 paBeHCTBO
no3BonseT ynpocTnThb (3.20) 1 HaNTW peLleHre NHTerpana.

Beegfem BennuuHy UJu xapakKTepusyloLlyl BXOLHOW CcWUrHan B 00-
paTHOM Hanpas/fieHNW W OMNpeaensieMblil Kak

roe Uum UK, nmetoT pasmepHocTb H.
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B TeEXHMYECKOM WUCMOJSIHEHNN
Uiu={U2u-b0)Ae (3.21.)

O6o6was (3.15.), (3.20.) n (3.21.), MOXHO cfenatb BbIBOA, YTO hop-
mMyna (3.15.) ABnseTca mMofesnblo y3na ynpasneHus, a gopmynbl (3.20.) n
(3.21.) - mogensto 6noka LwnelioobpasoBaHms,

CTpyKTypHble cxembl o (3.15.), (3.20.) u (3.21.), nokasaHbl Ha
puc. 3.9: *
a) TEXHUYECKUI 0nepaTop BbIpaXKeHUsI

C={urynum,)nnzy=(4,Vvtr>4 =u, Nu,,;

6) TeEXHUYeCKUi OnepaTop BbIpaXKeHUs

B=JJ )(E/,. Ac)d ;

B) TeXHUYeECKWli onepaTop BbIpaKeHUs

ns,=(mn2,-b0)ne.

Buipaxenns C=(UZraUxaU/ v C=UZrals roxaecrsensl. B
3TOM HETPYAHO Y6eANTHLCS:
C={n2, nE/)n<72,=p 2ymn,¥Ynu,, =

=P 2,nf/l,,)v (U nU2.)=£/. nCJ2,

Mpy U3MepeHNM 0CTaTOUHOro 3aTyxaHusi curHansl C/,v u U hnocty-

nalT BO BpPeMeHW mnocnegoBaTenibHo, Noatomy C u d HECOBMECTHbI.
OgHako B (3.14) B HessBHOM BWAe nNpuUCyTCTBYeT BenuMumMHa C:

(d = t/2( AC ). Ans Toro, 4tobbl NonyunTb d, HEOGXOAUMO TeXHUYeC-

Kuii onepatop C BbINONHWUTL B BUfe aBToMata Mypa [87; 94].
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HecmoTps Ha To, YTO TexHUYecKunii onepatop C BbIMNOMNHEH Ha aBToMaTe
Mypa, nocnegHWin He pelwlaeT MOMHOCTbIO NPO6AeMbl N0 MOAYYEHUIO
cTabunbHol BennumHbl d. Jly4ywnii pesynbTaT faeT onepaTtopHas cxema
puc. 3.10. M3 nprBeAeHHO CXeMbl BWAHO, YTO BennumHa C 3ameHsieTcs
BE/INYMHON €. VIHbIMK cnioBamu, 41 MOMeHTa BpeMeHu t, cnpaBesiinBo

etJj=Um AC
4N MOMEeHTa BPEMEHU b CrpaBesnBo
et2 = etx+ ATy,
rae y - KoahdumumeHT pasmepHocTW. Ha npakTuke onpegensieT
6biCTpoAeiicTBME Y3/10B JOPMUPOBAHMSA BenuumHbl €. Cxema Ha puc. 3.10.
0To6pakaeT /IOrMKy (HOPMUPOBAHUSI BENMUUHBI €. DHepreTnyeckas xapak-
TepUCTMKA CXeMbl OCTasnocb 6€3 BHUMaHWS. BbINOMHUM 3TOT HeAoCTaToK
nyTem BBeAEHWS 3HEPreTUYECKNX XapaKTepUCTUK.
DHepreTnyeckas xapakTepuctuka ans d onpegensieTcsi Benu4umHoi Kj,
a gns e - BenuuunHoit ke Myctb f(Kj)= Kd «d n ffk@= ke *e- nuHeliHble
dyHkuun. Ucxopa us nuHeiiHoctn f(k mnf(kl). BennumnHbl ke n N pomxHsbl
ObITb paBHbI TOFfa CNPaBeA/IMBO ClefyHoLLee:

f(f(d\kd)

kdf(d) (3.22)

f(f(e\K)

Kf(e) (8.23)

Puc. 3.9. CTpyKTypHble CXeMbl OMepaTopoB, (POPMUPYHOLLUX BENNYMHY
C(a), BenuuunHy e(6) 1 BeNNUMHY 1 2AB).
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kef(e)= k, I™ Y{U2msina2()n ¢ n(kded) =

ke \-~~(kdU 2msin co n (¢ n d))dt = (324
10

J(tf 2msin 1 (C A af))<i

Puc. 5.7ft Cxema onepartopa, GOpMUPYIOLLETO BESTUUNHY €.

MaTtemaTuyeckune npeobpasoBaHus B (3.22.) - (3.24.)6bI1n NpoBefeHbI
Ha OCHOBaHWK CBOMCTBa 0606 eHHbIX (yHKLMI [14], 3aKkntovatoLerocs B

M= IMI=U/M,

rae J1- uncno, f(x)- 0606LeHHas hyHKUUS.

BblpaxkeHue (3.24.) ABNAETCA MO b0 NPUEMHUKA.

OAVH 13 BapuvaHTOB MOCTPOEHMA TeXHWYECKOW CXembl MO MaTema-
Tn4eckoli mogenu (3.10.) n (3.24.) nokasaHbl Ha puc.3.11 npMHuUNuanbHas
cxema nepefaroLLeit yacTu, a Ha puc. 3.12. npyHUUNManbHas cxema nprem-
HOM 4acTU KOHTPO/SIbHO-U3MEPUTENIbHOIO YCTPOMCTBA. DTN CXeMbl HaLu
NPVMeHEeHE B KOHTPOJIbHO-U3MEPUTENbHbLIX YCTPONCTBAX., YCTAHOB/EHHbIX
Ha KaHanax BY ceasm annapatyp K-60, TN -12TKE, B-3-3, 5-12 u gp. B
Y36eKaHepro.
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Punc.3.11. MpuHumnuanbHas cxema nepegatymka CNO3.

3.3. CMHTe3 yCTpoiicTBa pas/e/lbHOro N3MepeHns
0CTaTOYHOro0 3aTyxaHuns

OcHoBHasl 3afja4ya aBTOMATU3MPOBAHHON CUCTEMbI KOHTPO/S - Onpefe-
NeHVie OCTATOUHOTO 3aTyXaHWs B KaHasiax Nepefayy WHgopmauuu B nps-
MOM W 06paTHOM HarnpaBfieHUsIX pasgenbHo. [Mpyu Mcnonb3oBaHUK (op-
Myl (3.1) pa3fenuTb OfHO3HAYHO MOKa3aHUsi CYMMapHOro OCTaTOYHOrO
3aTyxaHua Ans MpsSMOro U 06paTHOr0 KaHa/loB Hefb3s, Tak Kak (3.1) He
paspeLunmo.

MpeacTaBMM  YNOMSIHYTYHO MOZeflb B WMHOM BWZe, YAOGHOM Ans
aHanusa:

K=(l -b,)K2 (3.25.)
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roe bc - wu3BecTHas BeMUMHA CyMMapHoro 3aTyxaHus; U/ - Hop-
MMPOBaHWA Be/IMYMHA CUTHaMa Ha BXOfe NPSIMOro TpakTa, b,,~ Hopmupo-
BaHHOe 3aTyXaHus, K, U K2 - Hen3BecTHble MacliTabHble KO3I(ULMEHTbI
COOTBETCTBEHHO ANA MPSIMOr0 M 06paTHOro TPakToB nepegauyn. Ans npoc-
TOTbl aHanu3a opmyny (3.25) npueesemM ero K Buay:

N6, = (B A - BIKr- bu> (3.26.)

roe AbC - BennunHa OTK/IOHEHUS CyMMapHOro 3atyXxaHua OT HOPMbI.

OueBUAHO, UTO YeM MeHblue |[6C, TeM GnUKe XapaKTepucTMKa cyMmmap-

HOFO OCTATOYHOIO 3aTyXaHUsi K HOpPME.
YunTbiBasi OTKJ/IOHEHWSI XapaKTepUCTUK Mo MPsiMOMY U 06paTHOMY
TPaKTY, MOXHO MOJe/b U3MepeHUsl NPeaCcTaBUTb B 06LL,EM BUZE:

AbC= Abx+ Ab2, (3.27)

rae Abj v /b - OTK/IOHEHUS| XapaKTepPUCTUKM OT HOPMbl COOTBETCT-
BEHHO [/ MPSIMOro M 06paTHOro TPakKToB nmepefaun. MocKonbKy n3Mepe-
HUS1 Ha Ja/IbHUM KOHLIE CBSI3W He MPOBOAUTCS, W cregoBaTtenbHo, Abt n /b
SIB/ISIETCH HEWU3BECTHLIMU BEIMYMHAMUK, TO MO W3BECTHOIW BefmumHe Jkc ,
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HeNb3s CYAUTb 0 pasfefibHbiX 3HaHWAX BennumH Ab, n [b2 . BbipaxkeHus
(3.26) 1 (3.27) OTHOCUTE/IBHO BE/INYUH

U =(w -K) u Ab2= (kWU, - bi)k2- bn

0[JHO3HaYHO He paspeLLnMbl.

Mogenb, He NpyBOAALAA K eAMHCTBEHHOMY O4HO3HAYHOMY PELLEHUIO,
He 03HayaeT TOro, 4YTO He MPUBOAUT K YacTHbIM pelleHuaM. HaobopoT,
npumeHsas Mofenb (3.25) K KOHKPeTHbIM 06beKTam, MOXXHO BbISBUTb
LONONHUTENbHbIE YCNOBUSA, MO3BOMSAIOLWME NPENTN 0T Mofenn obLuero Buga
K MOZeNn YacTHOro BMAa.

MycTb 3agaHa obwas mogenb (3.25). TpebyeTca u3 obuwiein mogenu
BbIAE/IMTb TaKyl0 YacTHYI MOfefb, KOoTopas 0AHO3Ha4yHO NO3BONSET ornpe-
[eNnTb OCTaTOYHbIM 3aTyxaHWe NPsMOro 1 06paTHOro TPaKToB.

B mogenu (3.25) BenuumnHa KXSIBNSETCH HEN3BECTHOW BeNMYMHHON, U,
HOPMWpPOBaHHON BenNn4YMHoi. Ecnn npuHATbL 6; =K/ Ut=const npu oTkase
06513aTe/IbHOr0 YC/I0BUSA HOPMUPOBAHHOE™  BEINMUUHBI TO nonyyaemas
YC/OBHasA MOJe/lb MOXeT OAHO3HAYHO OMMcaTb MPOLECC KOHTPONSA KaHana
Kak MpsiMoro, Tak M 06paTHOro TpakToB nepegayn. OYeBMAHO, YTO XOTH
BeNMUMHA K/ - HEM3BECTHA, BCErAa MOXHO BbINOHWTL ycnoBue: bt=kiU,=const.

MpuHsaB b/=bi,,=+0,5 - HopMuMpoBaHHas Be/MUYMHA OCTATOYHOrO 3aTy-
XaHVS Ha BbIXOAe MPSAMOro KaHania, BeN4MHa BXOAHOr0 CUrHana fOo/KHa
onpefennTbCs Kak

Tak Kak, BxogHasi BennuuHa U\ Bcerga MoXeT 6biTb M3MeHeHa (peyb
UAET TOMbKO 06 M3MepeHUsix Ha GNVXKHEM KOHLe TpakKTa nepegayu), To no
oTknoHeHuto Ui 0T J1,, MOXHO CyAUTb 0 HOPMe - He HOpMe 0CTaTO4YHOro
3aTyXaHusl MPSIMOro TPaKTa repefayu.

YuuntblBas, 4YTO BbIXogHadA BenuyunHa b/=b/mn TO0 U2 = Dbln ~b,, -

BE/IMYMHA BXOLHOIO CUTHasa Ha BXof 06paTHOro TpaKTa fepefayvn Takxe
SIBNISIETCA CTPOro HOpMUpOBaHHoOW. OTcloga

n2=bh-14,=-K35- 2=m1l5H,

A2y
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Mo OTK/IOHEHVIO W3MEPEHHOW BeUYMHBI b; 0T /b, MOXHO CyAUTb O
HOpPME - He HOpPMe OCTAaTOYHOTO 3aTyxaHUsi 06PaTHOro TpaKTa rnepejaqu.

Takum 06pa3oM, 0TKasaBLUUCL OT YC/I0BUSI HOPMUPOBaHWS BE/MUMHBI
b2, Ho Hopmupys BenuuuHy b:,, oflWas Mogefb MpoLecca KOHTPOSS
CYMMapHOro 3aTyxaHUsi MepexoguT B YacTHYH, MO03BOMISIOLLYH O0fHO3-
HAauYHO OXapaKTepn3oBaTb MPSIMOA W 06paTHbIA TpPakTbl Mepefayn Mo OT-
AeNbHOCTU. YacTHas mMofenb UMeeT BUf:

'blH = kxU X
(3.28)
b2 = krunu 2n

YuuTbiBasi, uTo ui=Ui,, sincot n BBoas moaynsaunto gpyHkumneirf.(t). rage

fc(to)=0 npn O<tO<ti,
f(ti)=IU, npu O<ti<t:,
f.(tJ=2Ur npu ti<t:<lj,

fc(U=nUc npu tni<t, <!+,
Uf—ypoBeHb CTyneHbKK, NoyUnmM

'K~rkfciOUA~Msinat (3.29)
b, = k2Ux=k2U2msmoi.

Ha ocHoBe (3.29) MOCTPOEHO YCTPOWMCTBO PasfeNlbHOro W3MepeHus
0CTaTOYHOro 3aTyXxaHus AN NpAMoro U 06paTHOro TpakTa KHa/oB nepeja-
U NHopMaunu.

TexHudeckasd peanusaums yHKuum mogenu (3.29) ocyllecTBnsetcs
cnefylow MM 06pa3om: Ha BX0f MPSAMOro TpakTa nepejadn nofaércs HeKo-
Topoe HauyanbHoe 3HadeHue Ud) . Ecniv Ha Bbixofe 06paTHOro TpakTa He
nosiBUTCA curHas b:, TO Ha BX0J NpPSIMOro TpakTa crejyeT nogatb TOT
curHan Uwm, rge

/ =0, ..., I7, KOTOpbIiA 06ecnevynT NosiBNeHWe curHana /b [12].

Takum obpasom, nogbupas L, ot Ui0 go L ,,, MOXHO Bcerga fobutb-
Cs NosiBNeHWe curHana b; Ha jasibHeM KOHLUe, a OT Hero copmMupoBaTthb
CUrHan

b, - /5, rae b,=2 Hn, KoTopbIn 06ycnoBUTL curHan b: . OTKIOHeEHWE
Uri oT HopmupoBaHHoro curHana U/,,-1.5 Hn 6ygeT curHanmsuposatb 0
TOM, UTO 3aTyXaHWsl NPSIMOro TpakTa Haxo4UTCA He B HOPMe, a OTKJ/IOHeHue
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BeNMUMHbI h20T HOPMbI 6y,qu CUrHa/IN3npoBaTb O TOM, YTO 3aTyXaHue 006-

paTHOro TpaKTa HaxoAUTCSA He B HOPME.

MycTb HeKOTOpbI/i KaHa/l nepejavn MHGOpMaUMM XapaKTepusyeTtcs
BenuumnHoi U,n= -1,5 Hn, b,,, =+0,5 Hn, U;, = -1,5 Hn, b2= +0,5 HnN.
Torga KO3(PUUMEHT YCUEHUEe KaHa/oB B MNPSAMOM U obpaTHOM
HanpaB/ieHUsAX OnpefenseTcs no gopmynam:

Kak npasuio, KoahuLMeHT yCUNeHns NpsAMoro n o6paTHOro TpakToB
HOpPMUPOBaHbIl. OTKMOHEHNE NX BEIMYUHBI OT HOPMbI YKa3bIBaeT He TO, YTO
3aTyxaHWe TPaKTOB KaHa/la HaxoAUTCA He B HopMme. Hanpwumep, eciv K,
OT/INYaeTCA OT HOPMMPOBAHHOIO 3HAyeHWs, 3TO O03HA4aeT, 4YTO NPSMON
TPaKT nepesayn He B HOPMe. TO >Ke CaMOe OTHOCUTCH M K BeNTMUMNHE K2

Ha puc. 3.13 nokasaHa CTPYKTypHasi CxemMa YCTpOcTBa pasfeibHoro
N3MepPEHUS OCTaTOYHOrO 3aTyXaHus.

Puc. 3.13. CTpykTypHas cxema yCTPOMCTBa pasfe/ibHOro M3MepeHus
0CTaTOYHOrO 3aTyxaHusl.
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Cxema ycTpoiicTBa pa3fenbHOro M3MepeHWs 0CTaTOYHOro 3aTyxaHus
Ha nepejaroleli CTOPOHE COCTOMT M3 reHeparopa TaKTOBbIX MMMY/bCOB
['TW, reHepatopa wu3mepuTenbHoro curHana [WC, reHepatopa ynpas-
nawowunx curHanos MYC, amnautygHoro mogynatopa AM. reHepartopa
CTyneH4yaTo MeHsAwwWwerocs HanpsxxeHns CMH. cymmatopa C, 6510Ka
ynpaBneHus BY u aByx ykasateneil ypoBHS YY1, YY2 n Ha NpPUEMHOWA
CTOPOHE u3 y3na npucoeauHeHusa YTl noporosoro anemeHta M3 wu y3na
wnelioobpasosaH ns (kommy-Tatop) YIIL

Cxema paboTaeT crefylowmm obpasom, no npsamom)' curHany I'TU,
3anyckaetcd F'YC c Bbixoga KOTOpPOro ynpasnstollas vactota nofaérca
Yyepes CyMMaTop Ha BXO[, KOHTPOAMPYEMOro KaHana. Ha Bbixoge KaHana
ynpaenswowWwas 4actotTa MNpPUHMMAETCA Y3/10M NPUCOESUHEHUS, KOTOPbIi
NoAKI0YaeT NOPOroBbIA 3IEMEHT K BbIXOAY KaHana. C MHBEPCHOrO BbIX0Aa
TN curHan 3anyckaet c reHepatopa F'MC u TCMH c BbIX040B KOTOPbIX
CUrHanbl noctynatT Ha Bxogbl AM. C Bbixoga AM amMnanTygHO-MOAYN-
pOBaHHbI CUrHaN Yepe3 CyMMaTop NOCTYMaeT Ha BXO4 KOHTPO/MPYEMOro
KaHaTa ¥ Yyepe3 KaHa/l CBA3WM NOCTYNaeT Ha BXOJ MOPOroBoro anemeHta. Ha
onpegenéHHON CTyneHn aMnAnTYLHO-MOAY/IMPOBAHHOIO CMrHana moporo-
BbIli anemeHT I3 cpaboTaeT u 3acTaBUT cpaboTaTb y3en wneiidoobpa-
30BaHWA. KOTOPbIA MPUHAT W3MEPUTENbHbIA CUrHaN TOW CTyneHw, OT
KoTopoi cpaboTan M3, HanpaBuT Ha BXOof4 06paTHOro TpakTa KaHana. Ha
BbIX0f4e 06paTHOro Tpakta cpaboTaeT BY BbIXOAHOW CWUIHan KOTOPbIN
octaHoBUT TCMH. [Mo nokasaHWAM ycunuteneid ypoBHs YY1 un YY2
onpefieniseTca YpOBEHb MNOJAHHOTrO W3MEPUTENbHOrO CUTHana Ha BXOf
KOHTPO/IMPYEMOTO KaHasna CBA3W W YypPOBeHb MPUHATOrO CUrHana Ha BbiXofe
obpaTHOro Tpakta. Bce BpeMeHHbIe COOTHOLWEHMSA paboTbl U3MEPUTENbHBIX
Y3N0B pasfenbHOro M3MepeHWs OCTAaTOYHOrO 3aTyxaHuWs nepejarolleidi u
NpPUEeMHON CTOPOHbI NOKasaHbl Ha puc. 3.14.

Mo mogenu (3.28) cocTaBneHbl CXeMbl YCTpolicTBa nepegaun (pwc.
3.15) n npuema (puc. 3.16) usMepuTenbHOro ycrtpoiictea. Obuwas CTpyk-
TypHas cxema puc. 3.15 v puc. 3.16 3awmuweHa aBTOPCKMM CBUAETENLCTBOM
Ne1628209, B Ne6, 15.02.91.
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nmnwun

Puc. 3.14. BpeMeHHble COOTHOLIEHUS PaboTbl M3MEPUTENbHbLIX Y3/10B
pa3fensHOro U3MepeHus 0CTaToOMHOro 3aTyxaHus.
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Puc. 3.15. MpuHuMnuansbHas cxema Lnposoro nepegatymka PLO3.

aa! Lid

Puc. 3.16. MpuHuMnuanbHas cxema Lupo-aHaNoroBoro npueMHUKa
PNO3.
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MpoponxeHune puc. 3.16.

CnepyeT vMeTb BBMUAY, 4TO ecnm ki=k?=0 wu kt=k:=<& TO mMopenb
(3.28) ocTaeTca He afieKBaTHOM NPOLIECCY M3MEPEHUS, HO ee TEXHMYeCKas
peanusauusa annapatHbIMU CPeACTBaMMW CTaHOBUTCS HEBbINOSHUMOA.

BbIBOAbI

C NpUMeHeHVeM TeOpWM NOTMYECKO anredpbl 1 06LLelt anrebpbl nony-
YeHbl MOJeNn 4na NPMEMHOI 1 NepeaatoLleil YacTeil KOHTPObHO-N3MepPU-
TeMbHOr0 YCTPOICTBA, KOTOpble NMO3BONAOT (DOPMUPOBATL MpoLecC Bhibopa
cTpykTypbl ACK KIA.

BbINonHeH GoOpMann3oBaHHbIA CUHTE3 YCTPOMCTBA aBTOMATU3UPOBAH-
HOro pa3fefibHOro M3MepeHns 0CTaTOYHOr0 3aTyxaHus, KOTOPbI/ M03BOUA
MPeAioXNTb ONTUMa/IbHYH CTPYKTYpY YCTPOMCTBA, OTAMYAIOLWMXCA OT
CYLLECTBYIOLMX YCTPOWCTB MOBbILEHHbIM ObICTPOAENCTBMEM U HageX-
HOCTbIO, TOUHOCTbK U 3KOHOMUYHOCTHLHO M3MepeHUs napameTpos KMW.

CUWHTe31poBaHHOE YCTPOWCTBA Pa3feflbHOr0 U3MepeHUs OCTaTOYHOro
3aTyxaHus MOXeT 6bITb MCMONb30BaHO B ACY pacnpejeneHHbIMU CUCTEMa-
Mu. HOBM3HA yCTPOICTBA 3alyuLLeHa aBTOPCKUM CBUAETE/TbCTBOM.
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4. ABTOMATU3NPOBAHHAA CUCTEMA KOHTPONA MNEPE-
JAYN NHOOPMAL W, SHEPITOCUCTEM

4.1. AHan1M3 paboTbl cyLlecTBYOLLEN cTPYKTYpbl ACK KA

B0 MHOrMX U3BECTHbIX 3HEpreTuyeckux (JlntoBaHepro, MocaHepro, CaHKT-
MeTepbypraHepro u ap.) cucteMax PYHKUMOHMPYIOT aBTOMAaTU3UMPOBAHHas
cucteMa KoHTponsa KIMW. Ho oHM npoekTupoBasnCch Ha OCHOBE MpakTuyec-
KX MOAX0AaX NHXXEHEPOB U KOHCTPYKTOPOB 6€3 npuBneveHunst TeopeTunyec-
KNX MeTOAO0B MNOCTPOEeHMA. Hike pgenaetcs MOMbITKA YCTPaHWUTb 3TOT
HefoCTaToOK MyTeM C03faHusi (hopMann3oBaHHOIO CMHTe3a CTPyKTyp ACK
Ha OCHOBe MOfenn 1 Bbibopa paunoHanbHON CTPYKTYPbI.

CoBpeMeHHble METOAbl KOHTPO/S KaHanoB Mepegadyn MHQopmaymm,
OCYLLLECTB/IAEMbIE BPY4YHYO, IM60 C MOMOLLIO TenemexaHuWKn obnagaroT
CYLL,EeCTBEHHbIMW HeAOCTaTKaMW: PyYHOI METOf KOHTPOAS CONpsiXeH 60/b-
WNMKW  3aTpaTaMyi  BPEMEHW Ha W3MepeHus XapaKTepUCTUK KaHaloB
WMH(popMauum 1 60nblWIMMK Tpyfo3aTpaTtaMun; TeneMexaHW4eCcKUin MeToq,
KOHTPONA COMPSXXeH C 6OMbINMKU MaTepuanbHbIMK 3aTpaTamn Ha nNpuob-
peTeHune cpeacTB TeNleMexaHnKN 1 ero 06¢nyXnBaHus.

B paboTe npegnaraeTcsi KOHTPO/Mb KaHanoB nepegayn MHhopMalmm
NPOBOAUTb NO MPUHLMMNY «KaHalbl KOHTPONIMPYIOT caMu cebs» B OTimune
OT ObITYIOLWErO NPUHLMNA «KaHabl KOHTPONIMPYHOTCS TeNleMEXaHUKON».

Peann3yeTcs npeanoXKeHHbI NPMHLMN HAa OPMasM30BaHHOW OCHOBE,
Mo3BONAIOLLEN MaKCUMManbHO WCMOMb30BaTh CPeACTBA aBTOMATU3MPOBaH-
HOro KOHTPONA KaHasoB nepegayn MHMOpMaLMm 3HeprocucTem.

[MpOMBbILLIEHHOCTL B HACTOSLLEE BPeMS BbIMYCKAET LUMPOKYH HOMEHK-
natypy Mukpo-3BM, KOTOpble MO CBOMM TEXHWYECKUM XapaKTepuUCTUKam
MOrnn 6bl 6bITb MPUMEHEHbI B aBTOMATM3MPOBaHHbLIX CUCTEMAx KOHTPONS
KaHan0B nepefaym UHHOpMaLMn 3HEPrOCUCTEM.

OpHako feTanbHoe n3yyeHune npodeMbl UCMONb30BaHNUA MUKPO- OBM
B aBTOMaTU3NPOBAHHbLIX CUCTEMAaX KOHTPONS AMUCMETUYEPCKOro ynpas/feHus
NMOKas3bIBaeT, YTO BbIMyCKaeMble MPOMbILLIEHHOCTbLIO TUMOBbIE YHUBEPCASIb-
Hble BbIYUCAUTENIbHbIE KOMMEKCbI HE MOFYT MOSIHOCTbIO 06ecneynTb
pelleHne MocTaBAeHHbIX 3afa4y KOHTPONS ceTell nepefaynt MH(oOpMaLum
3HeprocucTem. B cBsis3n ¢ aTum TpebyeTca pa3paboTKa YyHMBEPCa/bHbIX
BbIUMCNNTENbHBLIX KOMIM/EKCOB Creuuann3MpoBaHHO paccyuMTaHHOro Ang
ncrnonb3oBaHus B ACK gucneTyepckoro ynpasfieHunsi. B gaHHOI guccepTta-
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LIMOHHOM paboTe B OCHOBY pa3paboTKu YHMBEPCAbHbIX BbIYUCANTENbHbIX
KOMM/IEKCOB B3AThbl [Ba KpuUTepus: obecrevyeHne (YHKLMOHANLHON non-
HOTbl pelleHus 3agad, npegycmoTtpeHHbix ACK gucnertyepckoro ynpas-
NeHWs; LOCTMXEHWE MaKC/MasbHO BO3MOXHOW HaLeXHOCTU (YHKLMO-
HupoBaHua ACK B npoLecce ee akcnayartayuu.

Mof6op MCXOAHbIX AaHHbIX ¥ aHanu3 ux nonHoTbl. Coctas YBKC
3aBMCUT OT CefyoLmnx nokasarteneid: KOAMYeCTBa pellaemMblX 3afjay KOHT-
ponis, BKMO4YeHHbIX B ACK; KO/NMYeCTBEHHOro cocTaBa 3afay KOHTPOSA
(o4HOTWMHbIE MAW Pa3HbIX TWUNOB); KOMMYECTBEHHOrO W Ka4yeCTBEHHOrO
cocTasa annapatypsl KM, nognexatlero sknoveHnio B ACK; konmyecTsa
1 BUAa NapaMeTpoB (BXOLHbIX KOHTPONbHbLIX CUTHAN0B), HEO6XOAUMbIX A/15
pelleHns oTAeNbHbIX 3afja4y; Ko/MMyecTsa M Bua Ynpasnswowmx (BbiXog-
HbIX) CUFHaN0B, HEOH6XOAUMBIX aBTOMATU3MPOBAHHOIO BefEeHUS U3MepeHuit
KOHTPO/IMPYEMOr0 NnapamMmeTpoB.

KonuuectBo wuH(opmMaummn, nognexallein BBoAy U nepepaboTke B
YBKC, 3aBMUCUT Takxe OT TPpebyeMoi 4acToTbl Onpoca AaT4nMKOB KOHTPOSS,
obecneumnBaroLLmii LOCTUXKEHNE OCHOBHOI Lenn yHKuMoHupoBaHus ACK-
pelleHns BONPOCa O NMPUrOAHOCTU K JanbHeillein sKcnayaTaumm KOHTPO-
Nnpyemoii annapaTtypbl Ha ONpeaeneHHbI MOMEHT BPEMEHW.

MepeuncneHHble mMokasaTenM B 6O/bLIMHCTBE CBOEM OKa3blBaKOTCA
B3aMMOCBA3aHHbIMW.

EcTecTBEHHO, HauyMHaTb MOAGOP WMCXOAHBLIX AaHHbIX C OMpegeneHuns
KONWYECTBEHHOI0 M KayeCTBeHHOro coctasa annapatypbl KM, nognexa-
wero BkOYeHNto B ACK ¢ yyeToM nepcrnekTMBbl UX pocTa Ha [LecATu-
NeTHWI nepuog,.

O6bIYHO NONYYeHUe 3TUX JaHHbIX He NpeAcTaBNAeT COO0M KaKMX-nmbo
TpyAHOCTeld. KauecTBEHHBIA M KOMMYECTBEHHbIA COCTaB 3aBUCMT OT TOro
06bEMa [aHHbIX, KOTOpble HEOOXOAMMO MMETL A1l AOCTUXKEHUSI OCHOBHOWA
uenn ¢yHkumoHmpoBaHns ACK - onepaTMBHOe pelleHWe Bonpoca O
NPUrOAHOCTM K AaNbHenLwen aKcnayaTaumMm KOHTPOAMPYEMON annapaTtypsbl
KM no nprHATON rpagaummn paboyero cOCTOSHUA (aBapuu, MOBPEXAEHWE,
HOPMa/ibHOe COCTOSIHWE) U Heo6XOAMMOCTb MPUHATUA Mep MO ee BOCCTa-
HOBJIEHWIO.

B kayecTBe npriMepa MOXHO NPUBECTU 06BEM [aHHbLIX, KOTOPblE COr-
NacHO CTPYKTypbl MOCTPOEHMSi aBTOMAaTU3MPOBAHHOW CUCTEMbl onepa-
TUBHO-TEXHUYECKOTO OBCNY>XMBaHUA MarucTpasbHO/ MEpPBUYHON CeTW HOp-
MUPYIOTCA B JIMHEHbIX W FPYNMOBLIX TpakTax CUCTEM Mepefayn C 4ac-
TOTHbIM pasfeneHneM KaHanos. B Hero BK/OYeHbl cregylolime mnapa-
METpbl: OCTATOYHOE 3aTyxaHWe, HelUHENHOCTW, YPOBEHb WMMMY/bCHbLIX W
Ce/IEKTMBHbLIX TMOMEX, KPaTKOBPEMEHHbIE W3MEHEHUS W CKaykn YPOBHS,
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aMNINTYLHasA XapakTepucThKa, 3alUULLEHHOCTb OT BHATHbIX MepexoiHblX
pas3roBOpOB, 3alLMLLEHHOCTb OT MapasMTHOW MOAyNALUKM MOMexamu OoT
WCTOYHUKOB MUTaHWA, 0TKasbl (MepepbiBbl ANMTeNbHOCTLIO 60s1ee 300 Mc),
CKaykun 1 fpoxaHue ¢asbl.

He BCe nepeuncnieHHble napamMeTpbl OANHAKOBO PaBHOLEHHbLI MO BaX-
HOCTW NS OnpefeneHns 3KCnayartauMOHHOr0 COCTOSHUS MarmcTpanbHoOi
MepPBUYHON CeTU, He BCE OHW NEerko LOCTYMHbl 418 M3MepeHus. [oaTomy,
LenecoobpasHo pewwunTb BOMNPOC 06 OrpaHWYeHUM yucna neprofnyYecku
KOHTPONIMPpYEMbIX MapaMeTpoB MaruCTpanbHON MepPBUYHON CeTU ANs Lenel
aBTOMATU3MPOBAHHOM CUCTEMbI ONEPaTUBHO-TEXHUYECKOTO 06CMYXKMBAHMS.

B 3TOM cMbICne MHTepeceH Apyroi npumep. KayectBo kaHanoB T
KOHTponupyeTcs noTtpebutenem. Tak, BO BTOPUYHON TeneOHHOW ceTn ne-
pPYOLMYECKN KOHTPONIMPYIOTCA MYyTEM YCTaHOBJIEHUSA MO HUM MPOBEPOYHbIX
COEJUHEHM N NPOBeAEHUA WU3MEpeHWH, MOMYYEHHbIX pe3ynbTaToB OcCTa-
TOYHOTO 3aTyXaHWs, YaCTOTHOM XapaKTepUCTUKK, YPOBHSA LLYMa.

B O4Y Ypana Obin pa3paboTaH U BHeApeH KOMMIEKC YCTPOMCTB
aBTOMAaTUYECKOW cucTeMbl nNpoBepkn KaHano (ACIIK), KoTopblli co-
[JEPXUT Ha npuemHoint ctopoHe ACIK-MY, cocToAawmini 3 610Ka KoM-
MyTauuu, naHenu ynpasneHus, 610Ka ynpasieHus, 610Ka perucrpauuu,
M3MEpMUTENLHOrO 6/10Ka, M ABYXYACTOTHOIO reHepaTopa, a Ha MpUEMHOIA
cTopoHe ACTK-KIT coctouT u3 ABYX4aCTOTHOrO reHepaTopa, 6/0Ka
ynpasneHus, KaHabHOro NMpPUeMHUKa 1 yanuHutens (puc. 7.1).

Mo komaHge "nMyck" B M3MepuTeNbHOM 6710Ke 3anycKaeTcsi [BYX-
YaCTOTHbIV reHepaTop, BbipabaTbIBAOLLMIA YNPABASIOLLME YaCTOThI 3aMmycKa
1 oTbos

(/ =1350Iy, /, =1800lwu,), KOTOpble MNepeAaroTCa B KaHa/l CBSA3M.
LnnTenbHOCTb ABYXYACTOTHbIX YNPaBAAKOLWMX CUTHANOB 3amnycka U 0T60s
coctaengeT 200-250 mMc. Ha panbHem KOHLe KaHana 3Tu ynpasnswoujme
CUTHa/1bl BOCMPUHMMAIOTCS KaHa/lbHbIM NPUEMHUKOM NeputepuitHoro ycT-
poiictea ACIMK-KI1, Haxogawmmcs B pexume AexypHoro npuema. MNpu
MOCTYMJ/IEHNN HAa BXO[, KaHa/NbHOro MpUEMHMKa [BYXYaCTOTHOrO0 CurHana
3anycka opMmmupyeTcsi KOMaHAa, Mo KOTopoii 610K ynpaBneHus OTKAOYaeT
MpoBepsieMbliA KaHan 0T CTaHLMOHHbIX YCTPOWCTB U MOAK/HOYAET BbIXOA
TpakTa npveMa KO BXO4Yy TpakKTa Mnepefayy 3TOr0 Xe KaHaBa u4epes
cornacywowmin yanuHutens. OLHOBPEMEHHO 3anyCKaeTcs ABYXYACTOTHbIN
reHepatop u B kaHan cssA3n ot ACIINe-KIT B ctopoHy ACIK-MY nepepa-
€TCA [ABYXYaCTOTHbIA curHan rotoBHoctu (/,'=1000ru, /,' =13500", )

AnuTenbHOCTbIo 200-250 MC, CUTHANM3MPYHOLWMIA 0 TOTOBHOCTM YCTPOWCTBA
ACTINe-KIT K npoBepke KaHana.
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Mpu nofyyYeHUU LEHTPanbHbIM YCTPOMCTBOM CUMHana roTOBHOCTW OT
ACMK-KIT B u3MepuTensHom 670Ke Y 3anycKaeTcsi W3MepUTeNbHbIN
reHeparop, 4acTota KOTOPOro M3meHsetcs B AuanasoHe 300 —3400 Iy,
CurHan oT W3MEepWUTENbHOro reHepaTopa MojaeTcs B KaHan CBA3M M MO
CO3[aHHOMY LNeidy MOCTynaeT CHOBa B M3MepuTenbHbli 610k ACTK-
MY, rae ypoBeHb MPUHUMAEMOrO CUrHana CpaBHMBAETCHA C 3afaHHbIMWU Y
CTaBKamu. BennyuHbl y CTaBOK MO MWHWMYMY MPUHMMAeMOro CurHana
MOryT perynupoBatbcs. ocne OKOHYaHUS U3MEPEHWidi B KaHan CBA3W U3
nsmeputenbHoro 6noka ACIMK-MY nepegaetcs [ABYXYacTOTHbIA CUTHaN
07605, N0 KOTOPOMY 6/10K yrpaBfeHnsa gaHHoro kaHana B ACIMK-KIM nog-
K/H0YaeT KaHan CBA3W K CTaHLMOHHbIM YCTPOCTBaM.

CraH- Al
LMOH-
Hble
YCTpO»
cTBa

MaHen:
ynpas-

3BM

Yacos!:

W3me-
pure®
Kblii
6nok

Anna- AByx
patype YyactoT
fanb- HbIU
Heit reHepa
cBA3N Top
Anna- CraH-
Bnok paryp! LMOH-
peruc- Aans- ynpas- Hble
Tpaum» Hell neHms ycTpoii-
cBA3N cTBa
Kanan)
HblA
npvem
HUK
ACXIK-KIjl

Puc. 4.1. CTpyKTypHasi cxema aBTOMaTU3MPOBaHHO CMCTEMbI NMPOBep-

KW KaHasoB.
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Mpu ncnpaBHOM KaHane 13 U3MepuUTeNbHOro 6/10Ka B 610K ynpasnieHus
ACTIIK-MY nocne OKOHYaHWS M3MEPEHWUI BblaaeTcs KOMaHAa “KOHel, W3-
MepeHuiA"”, no KOTOpoil 6nokam ynpasfieHWUs POPMUPYETCS CUTHANM Mepek-
NIOYEHNS Ha ChnefylolWnidi KaHan v ero npoBepka, a NpPOBepeHHbI KaHan
MOAK/HOYAETCS K CTAHLMOHHBLIM YCTPOACTBaM.

Mpwn BbIXO4E VM3MEpPUTENILHOTO CUTHana 3a Mnpefesbl YCTaBOK U3Mepu-
TeNlbHbIM G/0KOM BWAAETCA CUrHan “HemcnpaBHOCTL". 10 3TOMY CurHany
610KOM ynpaBneHus popMuUpyeTca KoMaHaa, noctynaet 8 3BM.

Mpn oTCyTCTBUWU W3 W3MepPUTENIbHOTO 6/10Ka CUTHAN0B «HEUcrpas-
HOCTb» U «KOHeL, U3MEPEHUiA», YTO FOBOPUT 06 OTCYTCTBUM MU GOMbLUOM
YBEIMYEHUUN OCTATOYHOTO 3aTyXaHus KaHana, 670kom ynpasneHus ACIK-
MY BbipabaTbiBAOTCA CUrHAN O HEUCMPABHOCTU JAHHOIMO KaHana v KOMaH-
[ia NePeK/Il0YeHNA Ha CnefyoLWnii KaHa.

AHanusnpys yctpoiictBo ACIK, MOXHO caenatb Ccrefytoume Bbl-
BO[pbl:

- ACIIK nocTtpoeHa Mo npuHUmMny "KaHasbl CBA3W KOHTPOSIMPYHOTCA
cucTeMamu TefieMexaHuku'™,

- OKOHYaHWA KaHanoB CBA3W 3aBefeHbl Ha TefieMexaHuKy, a yepe3 Heé
3aTeM NOAKMOYAKOTCA K abOHEeHTaM, YTO Pe3KO CHWXKAaeT HafeXHOCTb CUc-
TeM CBA3W M3-3a 3aBMCMMOCTW MOCNELHUX OT NepBbIX;

- HapyweHune npuHuuna "ACK He BMelVBaeTCqd B HOPMaibHYHO
paboTy KaHanoB cBa3n", npusegeTt K guckpeautaymm ACIIK.

4.2. Pa3paboTka meToga (POPMasIM30BaHHOIO CMHTE3a CTPYKTYpbI
ACK K

CuHTe3 aBTOMAaTU3MPOBAHHOIW CUCTEMbl KOHTPO/SA KaHanoB nepegauu
nuopmaumm (ACK KI) MOXHO npoBecTM Ha (opmMann30BaHHON no-
FMKO-MaTemMaTU4yecKol O0CHoBe. 3TO MO3BOMWT OCYLLECTBUTb MOCTPOEHMA
pasnuuHbix TMNoB ACK KIA. B obuwem Buge ctpyktypa ACK KIA
COCTOUT M3 06beKTa yNpaBneHuUs 1 ynpasnstoLLero opraHa.

PaccmoTpum 3afavy copmanusosaHHoro cuHTesa ACK KM, Onda
aToro OyAeM cuuTaTb 3afaHHON HeKoTopyt CTpykTypy ACK KU,
cocTosLeil M3 06bekTa ynpaBneHNs W ynpaenstollero opraHa. Ha Bxoge
06beKTa AeiiCTBYeT BEKTOP MepeMeHHbIX X , @ Ha BbIXOLE WMeeM BEKTOp

nepemeHHbIX . Torga 3afjava CUHTe3a pellaeTcs B CliefytoLieM Mopsake
(puc. 4.2).

Ecnu onepatop y4acTByeT B TEXHOIOTUYECKOM MpoLiecce, TO yvacTue B
ynpaBfneHW MOXET 6biTb OTOBPaXXEHO Kak Moka3aHo Ha puc. 4.3. Ecnu
oneparop pasfMyHbIM 06pa3oM MOXeT BO3[eACTBOBaTb Ha TEXHOMOrM4ec-
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KWIA mpouecc, TO ero BO3AeNCTBMS MOTYT OblTb 0TO6paXKaTbCA PasNNyHON
cxeMoii (puc. 4.3).

CAY

oy
Puc. 4.2. Cxema CAY.

Puc. 4.3. Cxema CAY c onepaTtopom.

BekTOop curHanoB X , BO3[4EACTBYHOLWMX Ha BX04e 0ObeKTa yn-
pasneHus (OY), npeTeprneBaeT U3MEHEHNS WU Npeobpa3oBaHus, B pesysib-

TaTe Yero Mo/yuymuTCcsi BEKTOP Bbixofa Y . B KakKAOM TEXHONOrMYecKOM
npouecce K uccnefoBaHuio OY Heo6XOAMMO MOAXOAMT WHAUBUAYALHO.
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Mpu atom cpeactea ACY ocTaloTcs OfMHaKoBbIMW. OTClOAa BWAHO, YTO
AN pasfMuHbIX X [OMKEH COOTBETCTBOBAaTb Pa3fNYHbIA  Habop
(hYHKLMOHa/bHbIX OMepaTopoB, MpeobpasyloWmMx X1 B X rae * —

BEKTOP OGBEKTHOTO CWrHana, * - BeKTOp HOPMUPOBAHHOIO CurHana. B
camoM 06LLeM cnydae npeobpasoBaHWe * B * MOXET 6bITb NPeACTaBNEHO

thyHkuymein [9].

n \ s o<\ ). @1)

roe fk , fk-\ =mf \ —yHKUUN NpeobpasoBaHus.
3agaveil cMHTE3a ABNAETCS ONTUManbHbIA BbIGOP (YHKLUWIA Npeobpaso-
BaHuiA f k ... f, obecneumBaromnx HopmanbHoe PyHKLMOHNpoBaHNe ACK

KT 1 ee BbICOKYIO Haf€XHOCTb U pPesyibTaTUBHOCTb NPY MUHUMYME MOor-
PELLHOCTH.

BblpaxxeHne (4.1) 6bl10 cOCTaBfeHO ANnd BekTopa XM, HO OHO
crnpasefMBO Y A4NS BeKTopa y .

PaccmoTpum (4.1) npumeHnTensHo K CAY, nokasaHHO Ha puc. 4.3.
MycTb HauyanbHbIA BEKTOP CWUrHaMoOB, BXoaawwuii B OY XxapakTepu-
3yeTcs BEIMUMHOW X , @ HOPMUPOBAHHbIWA BEKTOP —Be/MUMHON 3. Torga

TpebyeTcs nogobpaTh MaTeMaTuyeckue onepatopbl M u K 13 cnegytouleid op-
myJie:

X, = W K (x2Y), 4.2)

a 3aTemM noabupatb UX TEXHWYECKME aHanorn. B 3agavax cOBPeMEHHbIX

cuctem ynpasneHust KM Bcerga MOXHO HaliT KOHKPeTHble 3HayeHus

onepatopos fk.. fx wm AnK.

Ontumuszauma ACK KIW 3aknoyaeTcs B HaxOXAeHWM Takoro Habo-
pa 4 ... /| , KoTopbIin 06ecneunBaeT HopManbHoe yHKLMOHUpoBaHMe ACK
KM c BbICOKOM HAAEXHOCTbID MpU MUHMMYMe Mpeobpa3oBaHuii U
NPoCTOTe  TEXHWYeCKON peanusaumy ux. MUHMMYM LIaroB npeobpaso-
BaHuii T K« f\- kak npaBuno, nmposogut K o0GecneueHuio BbICOKOIA

HaZleXXHOCTW, MOBbIWEHUIO AOCTOBEPHOCTU, YMPOLLEHUID TEXHUYECKON
peanusauun n obenyxmnsanma ACK KM, Mpu aTom, 4eM MeHbLUEe 4MCo
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npeobpasoBaHnii, TEM MeHbLUe WHTerpanbHas owwnbka npeobpa3oBaHUi,
obycnoeneHHas Bcemu npeobpasoBatensMu. B Tabnuue 4.1. npuBefeHbl
OCHOBHblE MaTeMaTUyecKue onepauum nU UX TeEXHUYECKME OnepaTopbl Bbl-
MycKaeMblX OTEYECTBEHHOW W 3apy6eXHON MPOMBILINEHHOCTLI0. Yuncno
npeo6bpa3oBaHWii, OCYLLECTBASIEMbIX Mpeobpa3oBaTensimMu, NPUBEAEHHLIMU
B Tabnuue 4.1. LOCTaTOYHbI A4/19 NPaKTUKW.

CucTtema KOHTpons o 06LEeM BuAe COCTOMT U3 3TaroB: 0T60pa 4acTu
N3MepsAemMoro CUrHana, ero NepPBUYHOro NpeobpasoBaHna v 3aTeM fepegada
ero Ha paccTosiHMe B M3MepuUTeNbHOE YCTPOMCTBO WM B MOACUCTEMY
npeo6pa3oBaHus puc. 4.2.

Mpubopom 0T6HOpPa MOLLHOCTM SBASETCH AaTUMK, (PYHKUWUS KOTOPOro
OMWCbLIBAETCA TEM >Ke 3aKOHOM, 4TO W3 M3Mepsemas BenuyuHa. Ha atom
OCHOBaHMK AaT4yuK NOA0GHOro TMMNa OnNucbIBaeTCs POPMYIIOIA:

fg(x) = M(x), 4.3)
rae /,(3c) - BbIXOAHas BenUYMHA AaTUUKa, M - Ko3(hpUUneHT

mMacliTabupoBaHns (M « 1), X - BEKTOp U3MepsieMoil BeSMUMHBI.

Ons  n3MepeHWs MapaMeTpoOB arpeccUBHbIX Cpef  WCMOMb3yHTCs
JAaTUMKN  HEMmpsMOro feicTBus. [aTuMKuM HEenpsMoro AeicTBMSi MOXKHO
BbIPa3nThb B BUZE:

f&vV) =M (v)
v=/0),

rae V- BEKTOP M3MepSieMOi BENMUMHbI HearpeccuMBHON cpefbl, /(X) -

(4.4)

(hyHKUMs 3aBUCUMOCTM V OT X .

OCHOBHbIE MaTeMaTUYeCKNe 1 NoruyeckKune onepaunn n nx oneparopsbl.

Ne Onepaums, hyHKUNSA AHanMTNYeCKoe, TexHuuyeckuidi one-
Ne fiornyeckoe patop

BbIpaXKeHne
1 2 4

AHanoroBble npeo6pa3oBaTenm
1. MaclwTabupoBaHue

X, = KX,,
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10.

11.

12.

13.

147

15.

CnoxeHue

[OnipdepeHunpoaHmne

MNHTerpuposaHue

JorapudmuposaHue

MoTeHUMpoBaHMe

Mpeo6pasoBaHue
var B const

MpeobpasoBaHue
const B var

MpeobpasoBaHue
®ypbe

O6paTHOE
npeobpasoBaHne
dypbe

Z - npeobpasoBaHne

O6paTHOE
npeo6pasosBaHue
MpeobpasoBaHne Jlan-
naca

O6paTHOE
npeo6pasoBaHue
Nannaca
AHanoroeo-uugposoe
npeo6pasoBaHyie

«01 + X ~ xn @
Xe
X = Xn
Xn= Jxwx o
X°—
X, = log,, xB
%
X. = ,/—£ xadt Xo
X,, = XsmoX
XN - XOsintiJf
Xa- const
X,, = PF(xu)
=PF(xB “
= PI(-0)
X,

X, = PL(xJ o
X,, —PL{xn)

X0
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16. Lindpo-aHanorosoe * =p2 ~<X) %

npeobpasoBaHue
Lingpposble npeobpasosatenu
An3bloHKUMA xOLV x@ = Xn
KOHBIOHKUNA
*01 N1 *02 ~ Xn
MHBepcua
= Xo HE
CpaBHeHue XK Xn
CnoxeHve
*01 W'*02 ~*n
BbluntaHme
M1
« — %
YMHOXeHune *0L 0z =,
*01 ¥*02 —*
[eneHne

[atunkn ¢ mogensto (4.4) MCMoNb3yrOTCA He TOJIbKO B M3Me-PEHMsX
BE/IMYMH arpecCUBHbIX CPef, HO W B M3MEPEHMAX TakuX MNpOLEeccoB, rae
npeobpa3oBaHMst OfHUX BEIMYMH B [Apyrve falT 6ONbLIOA 3I(PhEKT.
MpuMepoM MOTYT CAYXWUTb MNpeobpa3oBaHUsi MeXaHWYeCKMX BeNUYUH B
3NeKTpMYecKne n obpaTHo.

OueHb 60/bLUYIO TPYMMY COCTaBASAKT AaTUMKU LUCKPETHOTO AeiCTBNS,
onucbIBaeMble hopMynamu:

1npn x 0, (4.5)

/,(*):

roe f (xX) - BbIXofHas BefiMunHa npeobpasosatens.

0 npu x =0,

B HeKoTopbIX Cyyasx crpaBeanvBo

wti)=fnNe))= | lupe=a @6)

[0 npux =0,

Korja BXOAHbIM CUFHanoM npeobpa3oBaTtens ABASETCA CUTHa faTumMKa
mogenu (4.3) nnn (4.4).
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BoipaxkeHne (4.6) ABnseTCs AWCKPETHON MOAENbl0 OAHOKaHanbHOW
MOACWUCTEMBbI KOHTPONA B 06OLUEM BWAE, COCTOsLLE/ M3 MOAenM fatymka
oTbopa 4acT¥ M3MEpPSEeMOro CurHana M Mofenn nepBUYHOro npeobpaso-
BaTend. B uyaCTHbIX Mofgensx MOAenb faTyMka WA NepBUYHOIO Mpeob-
pasoBaTensi MOXET OTCYTCTBOBaTb, T.e. Mogesb (4.6) MOXeT NPUHATb
topmbl (4.3) nnmn (4.4) nnn (4.5).

O606LeHHY0 MOZe/b aHanoroBoro AeiCTBUA OAHOKaHaMbHOW cucTe-
Mbl KOHTPONA MOXHO MpeSCcTaBuTb B BUJE:

(4.7)

raoe/w(*) - BbIXxogHas BenuuMHa npeobpasoBaTenisl, BbIXOAHAA Beu-

UMHA JaTyMKa aHas0roBoro CUrHana KOCBEHHOro AecTBus.

MoacucTeMa MCNONHEHUS COCTOWUT M3 nMpeobpasosaTeneil U UCMONHU-
TeNbHbIX MeXaHu3mMoB. Ecnu npoBecTv aHanu3 U3 PyHKLMOHUPOBAHWUS, TO
BbISICHUTCA Cfefytollee: 1) UCXOAHAs M3MepsiemMas BefMuMHa B CUCTEME
MOLKOHTPONS W ynpaBnsiemas (perynupyemasl) BeMYMHA B CUCTEME WC-
MOMHEHNS AN OJHOT0 UM TOro (PU3NYECKOro 06bekTa (PU3MUECKM TOX-
[ECTBEHHbI Mexay Cc060M; 2) BbiIXOAHasA BENMYMHA MEPBUYHOrO NpPeo6-
pasoBaTensi B MOACWCTEME KOHTPOMA W BXOfHas BefMYMHA nNpeobpa-
30BaTens B MOACUCTEME UCMOMHEHNS ABSETCS B3aVMOOOPATHLIMU.

OTctofja MOXHO CAenaTb BbIBO, UTO BXOfLHas M3MepsieMasi BEeMUYMHA
faTurKa 1 BbIXO4HasA ynpaBisemas BennynHa UCMOHUTENIbHOTO MeXaHu3-
Ma [/1 OAHOrO U TOr0 >Xe (PM3MUECKOro 0O6bEeKTa ABMATCA TOXAECTBEH-
HbIMM, @ UX MOZENN B3aMO0BpaTHbIMK, T.€.

(4.8)

TO Yy Ha ocHoBaHuu (7.8) 1 (7.3) onpefenntcsa Kak

Y - Kk (x),
roe X - BEKTOP BXOAHOW BENMUMHBI AaTUMKa, Yy - BEKTOP Bbl-XOAHO

BE/IMYMHLI  UCMOMIHUTEIbHOT0 MEexaHusMa, K - KO3(h(ULMEHT MacLl-
TabupoBaHua (K ~ /M » 1).
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CDyHKLI,I/IVI NCNOTHNTENBbHOIO MexaHn3Ma [AUCKPETHOTo AGMCTBMH
BblpaXkaeTca (hopMynoii:
V=T ) =Xmm Yy =1]| n A

y =/7~"(y') =0 npu y' = (Qj
rape 'y —BEKTOP BE/IMYUHbLI UCNOJIHUTENIbHOIO0 MexXaHu3Mma, Mn-~1 -

obpaTHoe npeobpaszoBaHue yHKumMn f n(x) B (7.5).

3aKOHbl PYHKLMOHMPOBaHUA NpeobpasoBaTenieil B CUCTEME KOHTPONS 1
nogcucteme MCNOMHEHMS He 06s3aTeNibHO LO/MKHBI ObITb
B3aMMOO6paTHbIMKW, XOTA  B3aMMOOOPATHOCTb  MO3BOMSET  YNPOCTUTH
npoLeaypy CUHTe3a MOACUCTEM.

Ecnwn B (4.9) yuyecTb, 4TO

y'o- 1, (y)> (4.10)

roe y' - BEKTOp BXOAHOW BenuuuHbl npeobpasoBaTens, / n- QyHKUMA
npeobpasosatens, To noactasnss (4.9) 8 (4.10) nonyumm

Y= n="(n(y").

Ha3zoBeM 3Ty (YHKLMIO MaTeMaTU4eckoli MOJenbit0 OAHOKaHaNbHON
[BYXCTYNeH4YaTon NoACUCTEMbI UCMONHEHUS.

MoacnucTemMa KOHTPONS WM WUCMOJSIHEHUS, KaK OCHOBHble opraHbl ACK
KM nogkntoyatoTcs K ynpaensawowein 3BM uyepes moaynm ycTpoiicTsa
cBA3KN € 06beKTOM (Y CO). CBA3b OCYLLECTBAAETCSA COMNacHo puc. 4.4.

Mokaxem Ha npuMepe, Kak MOXHO BOCMO/b30BaTbCA MPUBEAEHHBIM
annapaTtom (hopmMann3oBaHHOro cuHTesa cTpykTyp ACK KIW.

MycTb HEKOTOPYIO U3MepPSEMYIO aHaNoroBYH BeNMUMHY X,, TpebyeTcs
NpouHTErpupoBath (OTPUNLTPOBATL OT BPEMEHHbLIX MOMEX), NpoMacluTa-
6vpoBaTb M NpeobpasoBaTh B ABONYHbIA KOA.

[na atoro npeactaBum Bce (hM3Muyeckue npoueccbl npeobpasoBaHuUs
CUrHana B BUZE:

y=P.2 K \]Xodx ), (4.11)

roey - CHoXHas yHKUMS, COCTOAWLAs M3 omepauuii MHTErpupoBaHus
MepBUYHOrO CUFHaNa X, MaclUTabUpPOBaHWUS UHTErPUPOBAHHOW (DYHKLUM W
npeo6pasoBaHMs MnocnedHeil B [BOMYHOE BbIpaXKeHWe. 3aMeHsis Kaxayto
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MepeyncneHHy0 Onepauuio 4epe3 TEXHUYECKME OMepaTopbl, MNOMyYUM
(DYHKUMOHaNbHYO cxemy hyHKLMny (cMm. puc. 4.5.).

Puc. 4.5. ®yHKUMOHaNbHaa Ccxema npeobpas3oBaHUs  cUrHana
N3MEpPEHNs B BONYHOE BbIPaXKEHMe.

BnonHe o4yeBnAHO, 4TO (hyHKUMOHANbHas cxema ACY Tl MOXeT 6bITb
MPOCUHTE3MPOBaHA aHAOTUYHO.

MpeanoxeHHbIi MeTof cuHTe3a ACY NO3BOMSET B 3HAYMTE/IbHOW
cTeneHn 06nerynTb TPy NPOEKTUPOBLLWKOB, T.K. MO3BOMISET MM OMepu-
poBaTb He MHOXeCTBOM rpaduyeckmx cxem ACK KIMW, a ux maTema-
TUYECKUMU BbIPAKEHNAMUN USIN MOLENAMMU.

1 MH t
‘UM
....... TT <t
AR

3%@1 LL/HA
n £
[ ]

i r

A 8

10 10
o, ez

M i Aiciinrn €80 KOMTPONH (4\/|'i

Puc. 7.4. CtpykTypHasa cxema ACY.
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4.3. Pa3pa6oTka anroputma paboTbl U ONTUMANbLHON CTPYKTYpPbI
ACK KN

AnroputMa fAuanora WM anroputM paboTbl aBTOMATWU3MPOBAHHON
CUCTEMbI KOHTPONS BbIMOMHSETCS COFMacHO CXeme, MPUBEAEHHON Ha puc.
7.6.

Ha Nnorvko-maTeMaTuyeckoM si3blke anropuTM MOXHO TNpPeACTaBUTb
MoC/ef0BaTe/IbHOCTbIO BbIMOMHEHWM ONepauuii Moay/nsMu BbiBOAA AWCK-
PETHLIX CUFHA/0B W BBOAA aHA/IOrOBbLIX CMTHAMOB, MPOLLECCOPOM Ludpo-
GYKBEHHbIM MNeyaTaroWyMmM YCTPOIUCTBOM U APYrUMM ycTpoiicTBamn ACK
K.

Mycte P(M1(n, X)) ecTb npegukart coctosHua mogyns M1 (MBL), ¢
CUrHasioM X  Ha paspsagom Bbixoge n, R (M2(n,x,\)), NpefAnKaT paBeHCTBa

x=1 Ha paspsagHoM Bxoge n mogyns M2 (MBBA), R (M2(n, x[4) -
npeaukaT HepaBeHCTBa X 1 Ha pas3psgHOM Bxoge N mogyns M2,
- npegukat cocTosHma x mogyna M3 (npuHTep), Q(y,) -

npeavKaT UCMOMHEHUS MUKPOKOMaHAabl yt nporpaMmbl ACK, P(I'] (x)) wu

P{Ir2{x)) - npegukatbl COCTOSHWM YNPaBNAKLNX N W3MEPUTENbHbIX
reHepaTopoB COOTBETCTBEHHO ( X=1 —BO30YXJEHHOE COCTOSIHWE TeHepa-

Topa). Torga anroputm pabotel ACK KIW npeactaBuTcs crnefyrowmnm
obpasom:

1V 8y, (P(AN1(I H-8,x) )AQ

O)->P{M\, (@ 8),*+1 ))=>X:=x+1

2.YABMNM2n, )N Q (>s)~ Q(Y,))

VAy, (r{M2(Ljci)A Q(Y,)->6(¥4))

3.V 3N (p(M3(x)A Q

(>3) —=P(M3(Hopma))) X I= KaHan B HOpMme

4. V\BVAUN M{x))A Q(y4)-4 P(N(1))=>x:=1
Vx3y4(P{r2(x))A Q{y,)->P(r2(1)))=>x:=1

5. VBYy5(P(M2(2,x))1Q )->P(M2(2,03)))=>x- 0,3

6.V v3y6(P (M 3(x))J1T Q{yb) [>(M3,0.3))=>x:=0,3

-112-



7.V ,3yn(R (Cu(n,256 ))N Q(yg).
V,,3yi(R(C4(n,256))AQ(y7)  QiyJ).

8.V \Bv8(P(M3(x))/1 (v8) —P{M{KoHeL,))) => X := KOHeLl.

Puc. 4.6. Anroputm pabotbl ACK KaHaloB B pexume  M3MEPEHUs
0CTaTOYHOrO0 3aTyXaHus.
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AHanM3upys onepauun anropuTMa, MOXHO CAeNaTb BblBOf, YTO KaX-
Jast U3 HUX BblpaxaeT A AB —> C. 3fiecb Kaxzas onepauyus MUHUMasbHa
U fanbHelilel MUHUMU3aLUN He MOANEXNT.

MpenmyLLecTBO (OPManM30BaHHOW 3anucK anropuTMa Mo CPaBHEHUO
C rpadMyeckoit COCTOMT B BO3MOXHOCTW MPOCNeAnTb NOC/ef0BaTelbHOCTb
paboTbl KaXAOro 6/0Ka, y3na aBTOMATM3VMPOBAHHOW CUCTEMbl KOHTPOAS
KaHa/ioB nepegausn MHHOPMaLUn BO BPEMEHN.

MycTb Npouecc aBTOMaTU3MPOBAHHOIO KOHTPONS KaHasoB Nepegaun
MHDOPMaLMU Ha S3blKe (YHKLMOHMPOBaHUS GNOKOB U Y3N0B TpakTa
rnepefiaq OnUChbIBAeTCS BbIPaXKEHUEM:

VAy.CPCMIO+e.xXWAecyOJAVAY.NA-O + N jcWA
AO0(Y )NVcl,3Y,(P(KUY x)AQL,.

Torga MuHUManbHas ¢opma (4.12) 6yaeT npefcTaBnsTb coboii B
TEXHWYECKOM MNMiaHe, MUHUMaNbHY0 OMNTUMasbHYH CTpYKTypy ACK.

MpoBegeM MUHMMM3AUMIO  BblpaXeHust (4.12) Ha  OCHOBaHWU
TOX/ECTBEHHOCTU KBAaHTOPOB Y MepBbIX ABYX NpeAvKaTtoB. B pesynbrate
MUHUMU3ALUU NONYYUM:

AXAYI(P(M 1(1-b8,x))AK (@ N;x))AQ (y,)N
N\InBY {P{MePKUY ,x)AQtt

YuutbiBasi, uto P (MepefaTumk, X ) NOMHOCTbIO OMNPeAensieTcs Bblpa-
KeHUeMm:

a = (Ub.AUX)AL]V(UIVA U Ju)At2,

TO 3aBMCMMOCTbL paboTbl Mepegartymka oT kommyTtatopa KM onpe-
[lenseTca OTHOLWEeHWEM

a = (iU,yAUUI)At,V(U,yA UU)At2)A y,, (4.14)

raoe Y, - BbIXOAHOI CUTHai KOMMYTATOpa, M- HOMEP BbiX04a KOMMY-
TaTopa.
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BennuunHa®,, =/(/H) cBs3aHa PYHKUMOHANbHON 3aBUCUMOCTbIO BENK-
YMHOW LW , XapaKTepu3ytoLLeli BbIXOAHOW KOA MOAYNS BblBOAA ANCKPETHBIX
curHanos CM-1800. Moactasnsas y,,=f{m) B (4.14), nonyunm:

a={UbAU7u)AV (U\y\U Xuyht2)Af{m) (4.15.)

Mpeobpasyem topmynbl (4.13) n (4.15) B Buge (4.1.), onpegenstoem
CTPOryH nocnefoBaTeNnbHOCTL NpeobpasoBaHuii BennumH  Utu,  Ulu um
B BE/IMUUHY Q.

(4.16.)

Peanusys (4.16) B Buge cxembl, nony4um puc. 4.7.

1
/- /5 t fw
KM
m*a > PK N > nTp.

Puc. 4.7. CTpyKTypHaa cxema nepegatowein yactn ACK.

Tak Kak KaXfbll 60K CXembl puc.4.7, BbIMOMHAET OAHY (YHK-
LMOHaNbHYIO Ornepauuto, a Bce BMECTe OHW He MOBTOPSET APYr Apyra, T.e.
CXeMma fiBNseTcs MUHUMaIbHOW. Ecnn cxema MUHUManbHa v ya0BneTBopseT
YCNOBMIO (YHKLMOHANLHOM MOMHOTLI, @ Takke He 06/1afaeT CBONCTBOM
NPOTUBOPEYMBOCTH, TO OHA ABAETCA ONTUMA/bHOM.

Ona cuHTe3a npuemHoi yactu ACK cOCTaBMM COOTBETCTBYHLLYHO
MOfieflb, KOTOPYI0, B CBOK ouepefb, 6yaeM opMupoBaTb Ha OCHOBE MO-
fenn (3.24). Mogens (3.24) B Buge (4.1.) npuHMMaeT BUg
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g =/3(1 W «2)» (417)
raoe f i- nepBnyHoe npeobpasoBaHue curHana ( f \ — pes3oHaHCHOe
YCWUEHME CUTHana M3MepuTenbHOW 4acToTel); f 2 BTOpUYHOe npeobpa-
30BaHMe (BbinpamneHune), f 3—TpeTuyHoe npeobpasoBaHme (ycuneHue
MOCTOSAHHOTO HanpsXXeHus).
Beegem (yHkumio f 4 (PYHKUMIO KOMMYTatopa KOHTPOMPYeMbIX
KaHasnoB):

9" = A(9)-
Torpa

8 = w )= w w M b 2T -
Ecnu nonaratb, 4TO CMrHan g' [O/MXeH nocTynuTe B 3BM npeasapu-

TeNbHO TMpoOWAs Yepe3 MOAy/b BBOJA aHANOrOBbIX CUTHANOB, TO ¢ B
npeo6pasoBaHHOM BUAe NPUHUMaET BUg h , T.e.

h- 5 (S') wn
b=l W W ~2)wWw - (4.18)
MofcTaenas BMECTO =1 5 BCe KOHKpeTHble onepauuu,

nonyynm:

N
h=/aun (T» (X't/y f KU 2+ sin a 2tdt))- (4.19)

Mo (4.18) coctaBum cxemy npuemHoi vactn ACK KM (puc. 4.8).
Vicnonb3ys CBOWCTBO 0606LEHHbLIX (YHKUMIA, npeacTaBum (4.18) B ofHOM
3 BUOB:

Puc. 4.8. CTpyKTypHasi cxema npuemHoii yact ACK.

h=1, (13(/12(/ (1 4(«2))))) (4.20)

iz
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h =/nun (X"'jj f KdUz2n Sin Wbfkom )dtm (421)

no (4.21) coctaBuMm cxemy npuemHoin yactn ACK (puc. 4.9).

Puc. 4.9. ONnTuMa/ibHas CTPYKTypHast cxeMa npuemHoii yactn ACK.

Ona ontumansHoro ACK KM nepeyeHb pellaeMbiX 3agady cdop-
MY/IMPOBaH C y4eToM crneuudurkaLmum pabotbl ceteit KM sHeprocuctem u
0COOEHHOCTEN CTPYKTYpbl nogpasgeneHuini cnyx6 CATY U BKIOYaET:
KOHTPO/lb OKOHEYHbIX YCTPOlCTB BY panbHeli MHOrOKaHa/bHOM CBSi3M
nepudepuiiHbix ycTpoicTe 1 LIYCa; pa3genbHblil KOHTPOAb YPOBHS OCTa-
TOYHOIO 3aTyXaHWs B MPAMbIX WU 06paTHbIX BETBAX KaHanoB TY pganbHeld
CBA3W; KOHTPO/Ib YPOBHSA LUYMa B KaHanax;

- TY panbHeld CBSI3W; KOHTPO/b paboyero COCTOSIHWA aBTOMATW-
3npoBaHHbIX KIMA.

B coctaB ACK KM gomkHbl BONTU pag neputepuiiHbiX yCTPORCTB
obecneunBaloLLMX CTbIKOBKY W YNpaB/ieHWe €O CTOPOHbI MUKPO-3BM npo-
LIECCOPOM peLLeHns Nepevnc/ieHHbIX 3a4ay. MoMHOCTbIO 3a4a4a ONTUManbHOro
Bbl6Opa HE06XOAUMBIX TWUMOB MNepudepuiiHbIX YCTPONCTB 13. MMEOLLENcs
HOMeHK/IaTypa M WX TpebyemMoro Ko/M4yecTBa MOXET ObITb peLleHa TO/bKO
nocne paspaboTKM U BapuaHTHON OLIEHKW CXeM YCTPOWCTB CTHIKOBKM 1
ynpaB/eHus.

B 3Tux ycnoBusax 3agaya Bbi6opa cocTaBa MepudepuiiHbIX YCTPOWCTB
CTaHOBUTCSH HEKOPPEKTHOM U AN ee pelleHUs MOXHO WCMOMb30BaTb OfUH
13 3BPUCTUYECKNX METOJO0B.

3fecb OKasanuch LienecoobpasHbiM MPUMEHUTL CTPATErnio ABVXKEHUS
OT 06LIero K 4aCTHOMY B COYETaHUM C 3BPUCTMYECKOW METOAMKON moLla-
roBoro npubamxeHus K uenn. OHa 3akKnO4aeTcs B MO3TarHOM OUEeHKe
BO3MOXHOCTW MCNONb30BAHUA TEX WM WMHbIX TUMOB CTaHAAPTHbLIX MOAY el
M3 HOMEHKNATYpbl BbIMYCKaeMOW MPOMbILLIEHHOCTbIO.

Ha nepBom 3Tane B pe3y/nbTaTe NPOCMOTPa BCell MMEHOLLEics HOMEHK-
natypsl Mofyneil BBOA-BbIBOJA BbISBNAETCSA MOTEHLUMANbHAS BO3MOXHOCTb
MCNOMb30BaHNA TEX WM UHLIX TUMOB MOAYNeN B pa3pabaTbiBaeMbIX CXeMax
CTbIKOBKM W YMNpPaB/eHUA MPOLECCOM M3MEPEHWUS MapaMeTPOB KOHTPOU-
pyemMoii annapaTypbl.
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Takumn MOLYNAMW OKas3aMcCb: MOAYNb BBOAA AUCKPETHBLIX CUTHaNO0B
MBB/ - 16; moaynb BBOAA AUCKPETHbIX curHanos MBB/, -8 (c ¢mkcaumei
3HaYeHWA BXOAHbLIX CWUrHAMOB), MOAYNb BbIBOAA AWUCKPETHLIX CUrHAN0B
MBZA, (ans KOHTpPons paboyero COCTOSHMA OKOHEYHbIX YCTPOWCTB),
MOZY/lb BBOLA aHanorosbix curHanos MBBA, Moaynb BbIBOAa aHaNoroBbIixX
curHanos MBA, mogynb BbiBoAa AUCKPeTHbIX curHanos MB/, mogynb
KoMnapaTopoB ypoBHA MKY, (ans pas3fenbHOro W3MEpeHWUs YPOBHSA
0CTaTOYHOr0 3aTyxaHus B NPAMbIX M 06paTHbIX BETBAX KaHanoB), MOAY/b
KOMMapaTOpOoB YPOBHS, MOAY/b BbIBOAA AUCKPETHbIX curHanos MBJ, (gHs
N3MepeHns YPOBHA LUYMa), MOAY/b BbiBOAA aHanoroBbix curHanos MBA;
MOAynb €BA3N ¢ Mogemom MCM; mofens BBOAA LWCKPETHbLIX CUrHanoB
MBB/, (gna npoBepkn paboyero COCTOAHWA aBTOMATM3MPOBAHHbLIX Ka-
Ha/10B).

Cnefylownin war - onpegeneHne MUHUMANbHOrO HeoBX04MMON Ho-
MeHKNaTypbl MOAYNeN A8 KaX4oro B1aa KOHTPONS.

Ha ocHOBaHWM aHann3a BXOAHbLIX XapakKTEPUCTUMK M MacnopTHBIX fAaH-
HbIX 6blNM 0TOGPaHbI cneaytoue TUNbl MOAYNel: AN KOHTPONS OKOHeu-
HbIX YycTpolicTe - MBB/-16, MB/[l; ana pasfensHOro M3MepeHus YpoBHS
0CTaToyHoro 3atyxaHus - MBBA, MB/,; 4na nM3mepeHus ypoBHA LWyMa -
MKY, MBZ; ona npoBepku paboyero COCTOSHWS aBTOMAaTU3MPOBAHHbIX
kaHanos - MCM, MBBA, MBJ.

Tenepb onpefenMMm HeobXoLMMble KONUYECTBO MOAyNel Mo Kaxiomy
BMAy KOHTpons. [N 3TOro BOCMOJIb3yeMCH CNeAyHWMMN UCXOLHLIMU
[LaHHBIMU: KO/IMYECTBEHHbLIM M KaYeCTBEHHbIM COCTaBOM annapaTtypbl CBS-
31, NOANeXalemM KOHTPOMIO; XapakTepucTMkaMmu MoAynel BBOAA-BblBOAA,
KOTOpble LO/MKHbI ObITb MUCNONb30BaHbl NPU paspaboTKe CXeM CTbIKOBKU U
ynpasneHns.

[na Kaxporo u3 npefyCMOTPEHHbIX BUAOB KOHTPOAA Heobxoaunma
pa3paboTka OfHOW YHMBEPCa/bHON CXeMbl CTbIKOBKW W YMpaBieHus npu-
rogHON AN MOAKNIOYEHUS K NHOO6OMY U3 3KCNyaTMpyemblX B CETAX CBA3M
TUMNOB annapatypbl BY fanbHeli MHOTOKaHanbHOW CBA3N.

HeobxoaMMo TakXe Y4YuTblBaTb MPUHATBLIA CNOCO6 onpoca AaTyMKoB
pabouero coctosiHna co ctopoHbl ACK KIA. 3gecb BO3MOXHO B 06Liem
C/llyyae NMpUMeHeHWe Tpex CXeM MOAK/YEHNS COrnacyroLmx 1 ynpasnas-
OLLMX YCTPOWCTB K MOAYnsaM MWKpo-OBM: napannenbHoe, napannenbHo-
rnocnefoBaTe/lbHOE, NOC/ef0BaTeNbHOE.

Mpu napannensHom cnocobe NOAKMYeHUs BCe KaHasbl NpoBepstoTCs
O[IHOBPEMEHHO. Bpems mpoBepku BCeX KaHa/oB MO OCTATOYHOMY 3aTyxa-
HUA W 4aCTOTHbIM XapakTepucTUKaM MWHUMasbHO W OnpeaenseTcs no

thopmyne:
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t=t'+nt,
rae - BpeMs KOHTPONSA BCeX KaHanoB nepefayn UHpopmauumm, t'—
Bpems, 3aTpaunBaemoe MUKpo-OBM CM-1800. t" —Bpems KOHTPO/S OAHOro
KM no ocTaTo4HOMY 3aTyXaHWH C MOMOLLbH0 M3Me-PUTENBHOrO YCTPOICTBA,
M- 06LLEe YACNIO KOHTPOIMPYEMbIX KAHA/IOB.

O[flHaKO OAHOBPEMEHHbI KOHTPO/b KaHaioB B BY annapatype cuibHO
neperpy>aet ee, BO3HUKaeT 60/bLUNE NepexoiHble U B3aUMHbIE 3aTyXaHus.
Mpy 3TOM TOYHOCTb W3MEPEHUS XapaKTEPUCTUK Pe3KO CHUXaeTcd, a
nepejaroLias 4acTb U3MEPUTENILHOMO YCTPOCTBA CUNBHO YCMIOXKHAETCA.

Mpwn napannensbHo-nocnefoBaTe/lbHOM CNocobe NOAKMHOYEHNS KaHasbl pas-
NnyHbIX BY annapatyp MOXHO KOHTPO/IMPOBATL OAHOBPEMEHHO. HepocTaTok
cnocoba - CNOXHOCTb OpraHM3auum ynpasneHus.

Cnegyowmii cnoco6 MOAKNHYEHUA COMNACYOLWMUX U YNPaBAASIOLLNX
YCTPOMCTB K MOAYNAM MUKPO-OBM 3ak/toyaeTca B NOCNeA0BaTENbHOM
KOHTPONe KaHanoB nepefayv UHGopmaumu. B TexHWYeCKoi peanvsauuu
[aHHbI cnocob Hambonee npocToi. TpebykoTcAd B MUHUMAbHbIX KOMU-
yecTBax. Bpemsi koHTponsa KIMW onpegensieTca no gopmyne:

t=(t'+f)-n.

3HaueHue BennumHbl 1 ana  n = 300 okono 50 MWH., YTO MpUEeMIemMo
[Ns 0MepaTopoB - CBA3UCTOB.

M3n10)XeHHble Bbille CO0OpaXKeHWs, MO3BONAIOT BblOPaTb TUMbl MOAY-
Neli BBOZABLIBOAA U CAeNaTb MepBYH0 MPUBAMIKEHHYHO OLEHKY MX Heob6Xxo-
AMMOro KonmyecTea ans paspabatbiBaemoro ACK Krin.

B Tabnuue 4.2 He OTpaXKeHbl NOTPEOHOCTb B MOAYNAX AN YNpaBneHus
KOMMYTaLUMOHHbIMK ycTpoiicTBamu. OHa OyAeT yuTeHa Mnpu pacnpegeneHum
MoZy/neil No OTAeNbHLIM KOMM/IEKCaM, U3 KOTOPbIX MPeAnonaraeTcs COCTaBUTh
ACK KIW. Ons atoro Heobxo4Mmo pacCMOTpeTb BOMPOC O CTpyKType ACK
KM 1 ero KOMMOHOBKE Ha OCHOBE WUMEHLLUMXCS 6a30BbIX WUAW TWUMOBbIX
MUKPO-OBM € y4yeTOM JAaHHbIX Tabnuubl 4.2 U pekomeHfauuweli 3aBofa
nsrotosutensa. Cxema n coctas YBK ACK KIW npueegeHa Ha puc. 7.10.
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Tabnuua 4.2.

Bug koHTpONs Kon-Bo Bug [Tomp. Twn mo-  ToTpebun.
KOHTP. curHana K0n-BO ayns Kon
00bEKT BBO/Ja-Bbl- curHan mogaynei

BOfa

KoHTponb 128 anckp (BB) 128 MB/ 8

OKOHYEHHbIX

YCTPOWACTB

PasgenbHblii 256 aHanor (BB) 3* MBBA 0.5*

KOHT. OCT. 3aTy-

XaHuA Anckp.(8) 8* MB[, 1*

KoHTponb 256 aHanor (BB) 256 MKY 0.5*

Lwyma

amckp.(B) MB/A 0,5*

KoHTponb 150 cney. (BB) 4* MCM 1>

aBTo- aHan. (B)

MaTu3npoBaH-

HLIX MBBA 0.5*

KMnu aHan. (B) 4* MBA 1*

(pabouero

COCTOAHMSA) AVCKp.(B) g* MB[, 1*

MpumeyaHusa: *)-B pacuyeTe Ha KOHTPO/b OAHOIO KaHana, BB - BBOJ-
Hble CUTHasbl, B - BbIXOAHbIE CUTHAbI.

Mwukpo-OBM CM-1803.09 gonyckaeT NoAKIKOYeHne Yepe3 6/10KM paclum-
peHus BP cTporo orpaHMyYeHHOro KofM4yecTsa MoAy el BBOAa-BbIBOAA.

Tenepb HEO6XOAMMO peLIMTb BOMPOC O pasMelleHUU mopyneid. [ns
3TOr0 UMeeT CMbIC/ elle pa3 o6paTUTLCA K KPUTEpPUsM, MOSIOXKEHHBIM B
OCHOBY cTpaterun paspabotkm ACK KIWA ¢ ux yyeTom npoBecTu COOT-
BETCTBYIOLUIA aHAIM3 U HAMETUTb NOPAJ0K pasMeLLeHns Moaynei.

3gecb yfao6HO BOCMO/b30BATLCA MPUHLMNOM KOMOGWHATOPWKK, W3M10-
YKEHHOM B 3BPUCTMYECKUM MeToze JlenbHuua.

MpUMeHNTENbHO K paccMaTpyMBaemMoOMy C/lyyald OH 3aKno4aeTca B
HaxoX[eHWUW, aHanuse 1 BbI6ope 13 OrpaHNYeHHOro Yucnia NPUrofHbIX Ba-
pVYiaHTOB MCKOMOI0O TEXHWYECKOro PEeLUEHUs B HawuyylleMm BUAe Yy[O0B/EeT-
BOPAIOLLEM YCMNOBMIO MOMYYEHUS MaKCUManbHOM - AONYCTUMOW Hagex-
HOCTM (hyHKUMOHUpoBaHusi ACK KM ¢ yyeTOM BO3MOXHOCTW npuMe-
HeHWA pe3epBUPOBAHMUA annapaTHbIX U NPorpaMMHbIX cpefcTs. NocnefHee
06CTOATENILCTBO MOXET 6bITb NPUHATO ONPeAenstoWwmnmM Npyu OLEHKe Npu-
€M/1eEMOCTM TOTO W/IN MHOTO BapuaHTa.
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BeefeM ycnosus, KOTOPbIM HEO6XOAUMO CnefoBaTb MpPU OLEHKE Ba-
pWaHTOB: N5 BCEX BapuaHTOB TEXHWYeCKas peann3aums pesepBuMpoBaHus
OCYLLECTBNSETCA C MOMOLLBI0 CTAHAAPTHbIX YCTPOWCTB (MOAynei) cBA3M
cBA3bIBaOWMX aBa YBK 1 no3sonsiowmx, B ciyyae He06xXo4MMOCTH, BECTU
KOHTPO/Ib 06BEKTOB NOAK/IOYEHHbIX K OAHOMY M3 HMX, C MOMOLLbLIO Mpo-
ueccopa n O3Y pgpyroro YBK; ons Bcex paccMatpuBaemblX CllyyaeB
COXpaHAeTca MOCTOSHHOE KOMMYeCTBO M COCTaB MOAYy/el BBOAA-BbIBOAA,
TpebyeMblii 4na o6ecneyveHns KOHTPONS 3annaHNpPOBaHHbIX 0OBbEKTOB.

Kak yXe yKa3blBanoCb Bbllle, HaAeXHOCTb PYHKLMOHMpoBaHUA ACK
KMW, B OCHOBHOM, onpefenseTca ABYMS MoKasaTensaMu: annapaTypHoil
HaIeXKHOCTbIO 3/1EMEHTOB MCMO/Mb3YEMOro KOMM/IEKCa TEXHUYECKUX CPeACTB;
HaJeXXHOCTbI0 NPOrpaMMHOro obecneyveHus.

Mpy Npounx paBHbIX YCNOBUAX MOXHO CYWTATb, UTO HALEXHOCTb
(hyHKumoHMpoBaHua ACK KIW 6ygeT Tem Bbile, YeM MeHbLUee KOIM4YecT-
BO fAiueek namaTn 6yaeT 3ajeiicTBOBaHO 418 06paboTKM OAHOro 06bekTa
KOHTpONS.

O6bACHSETCA 3TO TEM, YTO Mpy 06LLEM OrpaHNMYeHHOM 06beMe NamsTK
ofHOro ¥YBK mMuHMMUM3auusa yaenbHOro KonmyecTBa fAveek, Heo6Xo4MMbIX
Ans 06paboTkyM 0gHOro 06beKTa KOHTPO/ISA, NO3BOMNT BbI4ENNTb COOTBETCT-
BEHHO 60/bllee 4YMCO fYeeK B KauvyecTBe pe3epBHbIX. locnefHee faet
BO3MOXHOCTb MOBbICUTb 06LLY HAAEXHOCTb (YHKLMOHMpPOBaHNA ACK.

Mo3TOMy OCHOBHbIMW paboyuMMK MoKasaTensMu NpuemnemMocTy cpas-
HMBaeMbIX BapuaHTOB CTPYKTYpbl YBKC MOXHO CUMTaTb: OTHOCUTENbHOE
YUCNO AYeeK NamsATh, NPUXOAALLMECHS HAa OAWH KOHTPOAUPYEMbI 00bEKT
(6e3 yueTa pesepBHbIX fYeeK); YMC/I0 OOBLEKTOB, KOTOPbIE MOryT ObiTb
OCTaB/IeHbl NOJ KOHTPO/MEM B Cflyyae BbIXofa W3 CTPOS WM BbiBOJA Ha
npogunakTnky ogHoro n3 YBK, Bxogsawero 8 YBKC
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Puc. 4.10. CtpykTypHas cxema YBKC.

BapuaHT |. Kaxgbli 13 YBK KOMNNekTyetcs Habopom moaynei
BBOJa-BblBOAA, pPACCUMTAHHbLIM Ha TMPOBEAEeHWe TMOJIHOT0  KOMIMJeKca
KoHTpona 0,25 % oT obLiero uncna o6bekToB, Bxogawmnx B ACK (0,25A,
roe A- obliee 4ynmcno 06bEKTOB KOHTPONs). CyMMapHblii 06BbEM nNamsTw,
3aHMMaemblii NporpaMMamu, peann3yroWwuMU anropuTMbl BCEX BUOB
KOHTpPONA, Mano 3aBUCUT OT 4ucfla KOHTPONMpyeMbiX 06bekTOB. O603-
HauMM YKCNO AYeeK 3aHATbIX YKasaHHbIM 06bemMoM uyepe3 M. Yncno ayeek,
OTBEAEHHbIX AN XPaHEHUs afpecoB» MPSMO MPOMOPLUOHANIBHO YnCay
KOHTponupyembix 06bekToB A. Mo BapuaHTy | B Kaxkgom YBK pgomkHo
6bITb BblAeneHo I aueek And XpaHeHUs nporpamm KoHTpons v 0,25 A ansa
XpaHeHus agpecoB. OTclofa He06Xo4uMbIA 06bem namsaTu Ans YBKC no

BapuaHty N ] =4M+A.
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Ycnosusa pesepenMpoBaHna no BapuaHTy |. Bce 06beKTbI, nognexatine
KOHTPO/O pa3buBatoTcs Ha ABe rpynnbl KaTeropuin Nel n Ne2. Kateropus
Nel MOXeT BK/IO4YaTbh A0 50% OT 06WEro KOAMYecTBa KOHTPOMPYEMbIX
06beKTOB. PacnpefeneHne 0O6BLEKTOB KaXAON KaTeropuum no OTAeNbHbIM
YBK npuHATO paBHOMepHbIM (06Liee yncno ob6bektoB —25%, Kateropus
Nel- 12,5%).

BapunaHT 2. Kaxablii YBK paccumTbiBaeTCs Ha BbIMONHEHWE TONbKO
OfLHOrO BWAA KOHTPOAA, HO OH paccyMTaH Ha OXBaT BCEX OOBLEKTOB,
BK/IOUYEHHbIX B ACK. B 3tom cnyvyae YBKC 6ygeT npefcrtasnatb rpynny
pasHopoAHbix YBK. O6wWwuiAi HeobxoAuMblii 06beM fyeek NamMaTn Mo
YBKC, npegHasHauyeHHbIX [ BCEro KOMIMJEKCAa pelleHnsa  3agad

noslyyaeTcs MUHUMaNbHbIM 1 cocTasnaeT ~ /7, - M + A-

BapuaHT 3. YBKC coctouT 13 ABYX OAHOTUMHBLIX Tpynn. B kaxayto
rpynny BkntodeHbl ABa YBK (rpynna Nel - YBK Nel, 2, rpynna Ne2 - YBK
Ne3, 4). YBK, Bxofduine B OTAE/NbHYK Tpynny KOMNaHykTcs Habopom
Mofynei pacCUMTaHHbIMU Ha peLleHne NOMHOr0 KOMMJ/EKca 3ajad, npegyc-
MOTpPeHHbIX nporpammoit ACK, ana 50% o6uero yncna KOHTPOMpPYEMbIX
06beKkTOB. HeobxoauMmblii 06WMIA 006beM suyeek nNamaTn YBKC ans
BapuaHta3d £ Mr=2M+A =

KoMmnieKkcHOe cpaBHeHWE PacCMOTPEHHbLIX BapuaHTOB MOKa3blBaeT, Mo
YAENbHOMY pacxofy f4yeek naMmaT, JONYCTUMOMY O6bEMY pe3epBMpOBa-
HMA 00BEKTOB KATEropum Nel M TEXHWYECKMM BO3MOXHOCTSM nepexopja Ha
NX pe3epBMpoBaHue, BapnaHT Ne3 ABnseTCA NpesnoyTUTENbHbIM.

HecmoTpa Ha 10, yto CM-1800, Kak ynpasnfwowas 3BM, npefHas-
HayeHa HENOCPeACTBEHHO ANS KOHTPONSA U ynpaB/ieHne TEXHON0rMYeCKMm
06beKTaMu, TeM He MeHee B OO/IbLUMHCTBE C/ly4yaeB OHA He MOXET Harl-
PSMYIO CTbIKOBATbCA C HUMWU. UTOObI TEXHUYeCKas U PYHKUMOHaNbHAsA CTbl-
KOBKa CTafna [AeWCTBUTENbHOW, HEOO6XOAWMBbI [N 3TOr0 CreuuanbHble
TEXHWYECKMe CPeACcTBa WM YCTPOMCTBa COMpshKeHus. [ns aBTOMaTwW-
3MPOBaHHON CUCTEMbI KOHTPONS KaHanoB nepejayn MHhopmauum (CM. puc.
4.11) TaKUMU TEXHUYECKUMU CPefCcTBaMy CTail KOHTPO/IbHO-U3MEPUTESb-
HOoe yCTpoicTBO Ha uactote 800 [, cofepxalliee MepejaloLlyio K
NpUeMHble YacTW, KOMMYTATOp, Y3en CorfnacosaHus v 610K MHAUKauun
3aHATOCTU KaHasoB.

Mepegarowas vyacTb KOHTPO/IbHO-U3MePUTENbHOTO ycTpoiicTBa B ACK
KM BbipabatbiBaeT curHansl Ulr v 11,1 € Uenbio NOCbUTKM UX B TPaKT
nepegayn. CornacoBaHue Bbixoga NepefaTyMka CO BXOLOM KOHTpOAupye-
MOrO KaHasia NMpou3BOAUTCS MO COMPOTUBAEHUAM, T.e. Rih¥rep=Rex L1,=600
Owm.
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MepeknoyeHne BbIXOJa MepefaTtynka C OAHOrO KaHana Ha [Lpyroe
OCYLLLECTBASIETCA C MNOMOLLbIO peneiiHOro KoMMmyTaTopa W MOAYNsMU
BblBOJA AMCKPETHbIX curHanos (MB/). KommyTtaTop cocTouT v3 Aelind-
patopa W peneiHbIX 31eMEHTOB, 06ecrneyMBaloWmnX ranbBaHUYECKYH
pa3easky KM mexay coboi.

Y3en cornacoBaHusa npegHasHayeH Ans npeobpa3oBaHUs U3MepPUTENb-
HOoro curHana #£,,, vactoTel 800 'L B MOCTOSHHbIA CWrHaN, KOTOPBINA
yaobeH pgns  “socnpuatua"  MUKpPo-OBM, T.e. OH npefHasHayeH pAns
cornacosaHus Kr ¢ mukpo 3BM-1800. BxoaHble conpoTtueneHne YCOI
cocTaBnseT He MeHee 20 KOM, HENMHEWHOCTb Npeobpa3oBaHuUs - He 6Gonee
5%.

Puc. 4.11. CtpykTtypHaa cxema ACK KIW.

MoMMMO MepeyncneHHbIX Y3M10B U ycTpolicte B ACK BBefeH 610K
MHOMKAUMWM 3aHATOCTU KaHanoB (puc. 4.12). OH npegHasHayeH pAans
(hOpPMMPOBAHNA CUrHaNa, PerucTpUpyroLLero 3aHATOCTW KaHana aboHeH-
Tamu.

JnHamunyeckoe conpsxkeHue, Aauanor, mMmkpo 3BM-1800 c KIKA
06ecrneynBaeTcs C MOMOLLbIO 6a30BOM Pe3NAEHTHON CUCTEMbl peanbHOro
BPEMEHMW.
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Puc. 4.12. TpuHUMNWanbHas cxema 6710Ka MHAMKALMW 3aHATOCTU
KaHana.

4.4, OnpepgeneHne 3KOHOMUYECKOM 3h(PeKTUBHOCTN aBTOMaTU3M-
POBaHHOW CUCTEMbI KOHTPO/IA

Ha ocHOBaHUM BbIGPAHHOTO KPWUTEPWUS OMTUMMW3ALWUW CPEACTB KOHT-
pons ¥ ynpaBfeHWs KaHa/loB nepefaynm MHAOPMaLuW, YUYUTbIBAKOLLErO
TEXHNYECKME W 3KOHOMUYECKME XapaKTepUCTUKU WH(OPMALMOHHON cuc-
TeMbl 3HEProCMCTEMbI MOXHO BbIBECTU 06LLYI0 ONTUMU3ALMOHHYO hopMy-
ny. CnegyeT OTMeTWUTb, YTO B (DOPMYNY [O/DKHbI BXOAUTb: CTOMMOCTb
TEXHUYECKMX CPEACTB, YUMUTbIBAKOLLAS KOMMYECTBEHHbIE M KA4eCTBEHHbIe
nokasatens MHOPMAaLMOHHOIO KaHana, a TakXe CTOMMOCTb yulepba OT He
MAeanbHOCTW CPeACTB KOHTPO/S 1 yNpaBfeHus.

O603Haunm uepe3 EO - nonesHblii 3heKT 3a Bce BpPems (YHK-
LUMOHMPOBaHMS (MM MPUBEAEHHbIA K OMpefeneHHOMY  WHTepBana,
HanpuMmep, K OLHOMY rofa), Monayvaemblii MoTpebuTenem npu MCMOb3o-
BaHUM WMH(OPMALMOHHO-KOHTPOMPYIOLLEA CUCTEMBI C MAEeaNbHbIMU Ka-
YECTBEHHbIMW MOKa3aTeNsiMu, CTPYKTYpOW W anroputMamu (C HyneBoi
CTOMMOCTbH), GECKOHEUHOW CKOpOCTbH Mepefayn v nepepaboTku MHGOp-
MaLun 1 NOSHbIM OTCYTCTBMEM OLUUGKM B HEM).

E({Sj}) - nonesHblii 3agdekT 0T (YHKLUNOHNPOBAHUA peasibHOM
MH(OPMALMOHHON KOHTPONMPYIOLLE CUCTEMbI C OMpefeNeHHbIMU 3Hauve-
HMSIMM MHOXECTBa KaueCTBEHHbIX nokasateneit S; (i..l ...n).

OTclofa CnefyeT, YTO YeM MeHblle PasHOCTb 3TUX NapameTpoB, Tem
6MMKE K COBEPLUEHCTBY WCMOMb30BaHHAs KOHTPO/LHO MH(OPMaLUOHHasl
cuctema. Mo3aTOMy OYEBMAHO, YTO MPK IKCMyaTaLyUu Heob6XOAMMO CTpe-
MUTBCA K MMHAMUW3ALMU BbIpaXKeHus,
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min [EO—E({Sj>), (i=l....n).

Lns onpegeneHns nonesHocT 3agpekta OT  PYHKLMOHMPOBAHUS
peanbHOl WHHOPMaLMOHHO-KOHTPONIMPYIOLLEA CUCTEMbl BBEAEM Clefy-
toe 0603HaUYEHNS:

C({Si}) - 3arpatbl Ha co3gaHuWe W 3KCNAyaTauul TeXHWYEeCKUX
CpefCTB B 9HEProcucTeMe;

c({5/}) - cToMMOCTb NOTEPb OT HEUAELANbHOCTUN (BBMAY HaIMumMsa Owmn6-

KW) CPefCcTB KOHTPONS W YNpaBneHWs; OWNGKM B KaHanax nepefayn Bo3-
HUKAlOT W3-3a HeuaeanbHOCTY MepefaTyunka U NPUEMHUKA, Hanuuus agau-
TUBHBIX N MYNbTUMNKALMOHHBIX MOMEX.

B 3TOM cnyyae peanbHbll MOMe3HbIA 3PMeKT, nonyyaeMblii 0T UHDOP-
MaLMOHHOKOHTPONMPYEMOI CUCTEMbl MpeLCTaBAAeTCA CMefytoLuM CooT-
HOLLUEHVEM :

pal})="4cXk )+c($})]

Takum 06pasom, Gopmyna ONTUMU3ALUM NPUBOANUTCA K CreaytoLemy
BbIPaXKEHUIO:

min[c({5.}) + ¢ ({5.})]

C NOMOLLbI0 Pa3NMUYHbIX peanu3auunm BapvaHTOB KOHTPONbHO-YNpaB-
NsoLeil cMcTeMbl, U3MEHEHUS! KaYeCTBEHHbIX MOKasaTeneli MOXHO CBECTM
3HaueHMe 3TOro BbIPAKEHUS K MUHUMYMY.

Onpegenerne C({SJ), T.e. 06LLell CTOMMOCTM TEXHUYECKUX CPEACTB He
npeacTaBnsieT TPYAHOCTU. ITO 3aBUCUT OT Bblb6Opa BapUaHTOB BbIUMC/IU-
TeNIbHOTO KOMM/IEKCa KOHTPO/SA KaHaioB nepefaus MHAopMauumu 3Hepro-
CUCTEMbI T.€. OT CPEACTB KOHTPOAS, nepefayn MHhopmaluum v ynpasneHus.

0a0BOM 3KOHOMWYECKUIA 3h(eKT paccuuTbiBaeTCA NyTeM COMOCTaB-
NEeHUs NPUBEAEHHBIX 3aTpaT No 6a30BOM 1 HOBOW TEXHUKE.

9=(3,-32 A (4.22)
roe 3 - rofoBOi 3KOHOMUYECKUIA apdekT B y.e., 3j , 32 —Npu-Befe-

HHble 3aTpaTbl Ha eAMHMLY BbIMYCKAaeMO NMpoayKuum By.e., A - T0f0BOVi
06beM BbiNycka NpoayKLuu B ef,
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B HaweMm cnydyae pacuyeT CTPOWACA He Ha eAuMHULY MPOAYKUMM, a Ha
rof0Boi 06bem, 1 hopmyna (4.22) NpUHUMAET BUA;

3=3,-32 (4.23)

rae 3j u 32—npuBeAeHHbIe 3aTpaThl Ha rOL0BOIN 06bLEM, B Y.€.

MpuBedeHHbIe 3aTpaTbl MpU MPOM3BOACTBE MPOrpaMMHOr0 MpPoAyKTa
Mo HOBOI TEXHMKE BbIYMCAATCA No hopmyne [63]:

3, = Ci +E, K,
32=C2+E,K2, (4.24)

rae C - yenbHble TekyLme 3aTparbl Ha NMPOW3BOLACTBO NPOAYKTa, Y. €.
K - kanuTanbHblli yaenbHble BAOXEHUS, y.e. EH - HOpMaTUBHbINA KO3du-
LUMEeHT 3(PEeKTUBHOCTU KanuUTaNbHbIX BOXEHWA paBHblid 0,15. YuuTbiBas,
4TO KanuTa/lbHble 3aTpaThbl A0 BBeAeHUs HOBOM TexHuku (ACK) paBHbI 0,
a nocne BeefeHns cocTaBaT 67200 y.e. (CTOMMOCTb OAHOr0 KOHTPOJIbHO-
N3MepUTENbHOTO  yCcTpoiicTBa 6Gepem 200 y.e. ana 256 KaHanoB
256x200=51200 y.e., ctoumoctb CM -1800 coctaBnsetr 16000 y.e., TO
K2 = 51200 + 16000 - 67200 y.e. To cnegyer K1 =0, K2 = 67200.

Tekylme yaenbHble 3aTpaThbl CKaAblBatOTCA U3 3apaboTHONW nnathl,
aBTOMAaTU3MPOBAHHbIX OTYMCNEHWIA, 3aTpaT Ha TEKYWWA PEMOHT U T.A.
lockonbky

c=a+B8

rge a - 3aTpaThl Ha 3apniaTy, B - BCE OCTasibHble YAenbHble TeKylue
3aTpaTbl (Ha amopTM3aLWio, TEKYLMI PEMOHT CPeACTB CBS3U W Mp.), TO
3HaueHus BennumH C fo BBofa ACK B skcnyaTaluMio 1 nocse BBoga 6yaet
onpeaensTbcs No hopmynam :

Ci = ai+Bi.
C2 = a2+8,
B =const.

Onpegenum [/ n a2 B cpefHem BpeMsi npoBepky ogHoro KA pyyHbim
MeTO40M COCTaBNsieT t = 15 muH. Bpemsa KoHTpona ansa 256 kaHasioB
coctasnsier f- 15x256=3840 MuH.: 60 = 64 yaca.

Konuyectso 0nepaTtopoB, HaHATLIX KOHTPOJIEM KaHa/lOB Ha OLHOM
y3ne KT, onpefenseTcs Kak
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N =64 :8 =8 uen., rae ' NPOLOMKNUTENBHOCTb paboyero BpeMeHM
onepatopa. Ha panbHem KoHue KIA TpebyeTcA Takoe >Xe KOMWYecTBO
onepatopoB, T0 N =2N= 2x8 = 16 yen. Ha cogep>xxaHuna 16 onepatopos B
mecal, 160x16=2460 y.e. /mec. 3aTpaTbl Ha cogepxaHue 16 onepaTopos
cocTaBAT 3a rof 2460x12=29520 y.e. / rog. Boiuucnsem C ,,

C, = 29520 + B.

Mocne Beoga ACK B aKkcnyaTaumilo pacxofbl Ha COAep>KaHue OfHOro
oneparopa obcnyxusatowero ACK, coctasdT 3a rog;

C2=160x12 +B = 1920 + B.
0Z0BO 9KOHOMUYECKMIA 3(EKT COCTABUT:

3=C, + E,K, - (C2+ E,, K2 = 29520 +B -1920 - B - 0.15x67200 =
17520 y.e. / rog .

0A0BOM 3KOHOMUWYECKWIA 3(h(heKT MpM 0AHOPA30BONM MpPOBEpKa KaHaloB
coctaBuT 17520 y.e. / rog. Mpu Tpex pa3oBoii MPOBEPKe COCTABUT:

9= 17520 x 3=52.560 y.é. /rog.

OTcloga BMAHO, 4TO 4YeM yvale ucnonb3yetcds ACK, Tem addek-
TUBHOCTb ee BO3pacTaeT. QMeKT AOCTUraeTcs 3a CYET TOro, YTO OH OCBO-
60X aeT OT pyYHOro KOHTpons 16 onepaTtopoB, 06CAYXMBaKOLWUX U3Mepe-
HMA napameTpoB 256 KIM B TeyeHue 8 yacoB. Ha BTOpoOi rog akcnnya-
Taumm ACK ahekT ee noBbilaeTcs, T.K. 3aTpaTbl Ha NpuobpeTeHue yn-
paBNAIOLLErO BbIYMCIMTENLHOrO KOMM/eKca Ha 6ase MUKpo uav M3IBM u
Ha M3roTOB/IEHNE KOHTPO/IbHO-U3MEPUTENBHOMO YCTPOICTBa He TpebytoTces.
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Bbl BOJbl

MpeanoxeH Nogxof NOCTPOEHUS aBTOMaTU3MPOBAHHOW CUCTEMbl KOH-
Tpons, Npu KOTOPOM KaHan nepefayv MHGoOpMauum KOHTPOAUPYETCH He
TeNemMexaHMKoM, a KOHTPONIPYIOT camm cebs.

Pa3paboTaHHbIA (hOpMann30BaHHbIA MeTO MNO3BOSET PeLunTb 3agaqvy
cuHTesa ACK KIW B Buge Tabnuy, COOTBETCTBUSI MaTEMATUYECKMX Onepauuii
CTaHAAaPTHbIM OMepaTopHbIM CXeMaM, YTO 3HAYUTEeNbHO 06/eryaer peLueHue
3aflay cuMHTe3a ycTpoiicte ACK KW,

PaspaboTtaH anroputm pa6otbl ACK KW Ha si3bike mMaTeMaThyecKoit
NOTVKKW, MNO03BOMAKLWMIA (OpPManM30BaHHO MpoaHanM3MpoBaTb paboTy u
BblGpaTb oNTUMasnbHyt cTpyKTypy ACK KIW.

Paspa6otaHa u BHegpeHa ACK KIW, B pacnpefeneHHOW 3Hep-
rocmucTeMe Y36eKncTaHa y4eTOM BO3MOXHOCTU MOCNeLYOLWEero BKIOYeH s
B COCTaB MHOFOYPOBHEBON (MHTerpanbHoii) ACY 3HeprocucTembl B Ka4ecT-
BE HWKHErO YPOBHSA NOCNeAHEN.

3SAKNTIOYEHUE

Ha ocHoBe 0606LleHNA M3BECTHbIX PaboT M UX pasBUTUS peLuaeTcs
ofiHa U3 HeobxoauMbIX Npobnem KoHTpons KW pacnpegeneHHbIX CUCTEM
nyTém pas3pabOTKM KOMMEKCa HOBbIX METOAOB, Mofeneil M cuHTe3a
YCTPOWCTB Ha 6ase anrebpanyeckoro noaxoga ¢ CUMBO/IbHON 06pabOTKOM
NHDopMaLun.

PelueHve 3TO Npo6nieMbl NO3BO/ISIET MOBLICUTL OMEPaTUBHOCTb W3-
(DEKTUBHOCTb YNPaB/ieHNs 3BEHbAMU pacnpefeNéHHbIX CUCTEM C YUYETOM UX
TEXHUKO-3KOHOMUYECKMX NOKasaTenei, YTo HeobXxo4MMO Npu MOCTPOEHUN
1 pacnpegeneHun texHudeckmx cpeacts ACK Kriw.

OCHOBHbIe pe3ynbTaTbl paboThbl 3aK/10HAIOTCS B CEAYIOLLEM:

AHann3 3HepreTMYeCcKNx KaHanoB nepefadn WHGOpMaLMn 3Hepro-
CUCTEM MO3BOMUA BbIAENUTb PAA NPO6MEM WX PasBUTUA U KOHTPONA ero
paboThl.

Ha ocHoBe 06cnefoBaHust psiga NPeanpusTUil 3HEPreTUYeCcKUX ceTei
onpefeneHbl 06bLEM U cocTaB MHMOPMALMK, LUPKYNUPYIOLLE Mexay ue-
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papXvyeckMMn YpPOBHAMMW 3HEProCUCTEM, MO3BOJIAKOLWME MPABUIBLHO Bbl-
6upaTb CTPYKTYpYy cuctem KoHTpons KIn.

lMokasaHo, 4TO OCHOBHbIMW TpebOBaHMSAMU K KaHanam nepegayu
pacnpefeneHHbIX CUCTEM SBNAIOTCA 0becrneyeHne COOTBETCTBUA peasibHbIX
XapakTepuUCTUK KaHana HOPMATUBHbLIM MO OCTATOYHOMY 3aTYXaHWIO 1 rpyn-
MOBOMY BPeMeHM 3anasfblBaHus, Mo 4OMNYCTUMOMY COOTHOLUEHUIO C/LUYM K
c/nomexa un gp.

Ha ocHOBe MpvBefeHHOro aHann3a CyLecTBYOLWNX MeTOAUK U UHC-
Tpykuum no koHtponto KIW paspaboTaHbl MaTeMaTuU4yecKue Moenu no
CYMMapHOMY, pa3fie/lbHOMY M N0 Yy4aCTKOBOMY WM3MEPEHWIO OCTATOYHOro
3aTyxaHus, a Takxe MOAeny M3MepeHus LWYMOB M NMOMEX, Mo3BonstoLwmne
OCYLLECTBUTb POPManN30BaHHbIA CUHTE3 YCTPOWCTB KOHTPONS KaHaNoB C
MaKCUManbHbIM MCNO/b30BaHWEM CPeACTB CTaHAapTHOro o60pyAoBaHus,
BXOALEro B COCTaB KOHTPO/IMPYEMOr0 OCHOBHbIX Xapaktepnctuk Kru.

PaspaboTaHa MeTOAMKa JOCTOBepU3aLUN UH(DOPMALUN.

PaspaboTaHbl anrebpavyeckme MoAenu MpUeMHON U nepefatoLleid vac-
TU KOHTPO/IbHO-N3MEPUTENbHbIX YCTPOMCTB, NO3BOAAKOWaA Bbl6paTh ONTK-
ManbHYH cTpykTypy ACK KIA.

OcyLiecTieH GoOpMaIM30BaHHbIA CUHTE3 anrebpanyeckoro ycTpoicTaa
pasfensHOro M3MepeHUs 0CTaTOYHOIO 3aTyXaHus, KOTOPbIA OT/MYaeTcs OT
CYLLECTBYIOLNX YCTPOMNCTB ObICTPOAEWCTBUEM, HALEXKHOCTbIO, TOUHOCTLIO
N3MepeHus.

Moka3aHo, 4TO anrebpamyeckoe YCTPOMCTBO pa3fefibHOro M3MepeHuu
OCTaTOYHOr0 3aTyxaHus MOXET 6biTb UCNonb3oBaH B ACY 3HEpProcucTem.
HoBu3Ha anrebpanyeckoro YycTpoicTBa 3allulieHa aBTOPCKUM CBUAe-
TENbLCTBOM.

PaspaboTtaH anroputm pa6otbl ACK KIW Ha fA3blke maTemMaTMyecKoi
NOTUCTWKK, NO3BOAAKOWMIA (DOPManM30BaHHO aHanM3MpoBaTb pPaboTy K
Bbl6paTb cTPYKTYpy ACK KIA.

Paspa6oTaHa u BHegpeHa ACK KIW B pacnpegenéHHoi 3sHepro-
cucteme Y3bekucraHa ¢ y4ETOM BO3MOXHOCTU MOCNEAYIOLLEro BKAHOYEHNS
B COCTaB MHOFOYpPOBHEBOro (UHTerpasibHoro) ACY B KayeCTBe HWKHEro
YPOBHSA.

PaspaboTaHa ONTMMMU3aLMOHHas (OpMyna KOHTPOAS W ynpaBneHus
KaHasia nepegayu pacnpegesneHHbIX CUCTeM.

OnpefeneHa 3KOHOMMYecKas aPHeKTUBHOCTb OT BHefpeHus ACK
Krn.
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