MunucrepcrBo Tpancnopra Poccuiickoin @enepaunu
Camapckas rocy1apCTBEHHasl aKaeMus Ty Tel COOOIIEeHUsI

H.E. ®enopos

COBPEMEHHBIE CUCTEMbI
ABTOBJTOKHNPOBKHA
C TOHAJIBHBIMU PEJLCOBBIMHU HEIISMHU

YyebHOE ocobue I CTyACHTOB CISIIHAIBHOCTH
"ABTOMAaTHKa, TEJIEMEXAHUKA U CBSI3b HA KEJIE3HOJOPOKHOM TpaHcHopTte"

PexomMeH10BaHO y4eOHO-METOIMYECKUM 00bEAMHEHUEM
B KauecTBe y4eOHOro 1mocoOus Jjisi By30B KeJIE3HOIOPOKHOTO TPaHCTIOPTa

Camapa 2004



YK 656.256.3:656.259.12
®33

PeueH3eHTh!:
3am. pykoBoauTens [lenapTaMeHTa aBTOMaTUKM
n tenemexanukn OAO "P>XX["
Kasues . /].

3aB. kadeapon «ABTOMATMKa N TenemMmexaHuka
Ha XxenesHogopoxHom TpaHcnopTe» PIOTYTIC,
npodpeccop openuk A.B.

[oKTop TexH. Hayk, npodeccop Kadeapbl «KABTOMaTUKa U TefieMexaHuka
Ha XenesHoaopoXXHoM TpaHcnopTe» MUNT
becmewmbsiHos [1.®.

®depnopos H.E.
®33 CoBpemeHHble CUCTEMbI aBTODNOKMPOBKM C TOHaANbHBLIMWU PEfbCOBbI-
Mu uensamu: YyebHoe nocobue. — Camapa: Caml"AlC, 2004. - 132c.

ISBN 5-901267-63-X

B y4yebHOM nocobunm paccMoTpeHbl OCOOEHHOCTU U MPUMHUMMbLI MO-
CTPOEHUSI COBPEMEHHbLIX CUCTEM aBTOMAaTMYECKOW GrOKMPOBKW, MOKa3aHbl
norvka n nytm ux passutus. Ocoboe BHMUMaHWE yaeneHo annapatype u
CXemMaM penbCoBbIX Lienen TOHanbHOW 4acToTbl, a TakkKe cucteMam aBTo-
6GnoknpoBkM Ha Mx ocHose. [NpuBeaeHO GonbLUOE KONMYECTBO MPUHLMUMNN-
anbHbIX CXEM U3y4yaeMblX YCTPOWCTB B COOTBETCTBUM C AEUCTBYIOLUMUN TU-
MOBbIMA MPOEKTHbIMU PELUEHUAMU C Y4EeTOM MOCNEeayrLWnNX yKasaHUn
MCC.

Mocobue npegHasHavyeHO Anda cTygeHToB cneuuwanbHoctn 210700 B
KayecTBe y4ebHOro matepuana, a Takke AN UCNONb30BaHWSA MPU Kypco-
BOM ¥ AWUNIIOMHOM NMPOEKTUPOBaHUM.

YyebHoe nocobue MoxeT ObiTb MoMnesHbiM paboTHMKaM XO03sNCTBa
CUpb.

Y[OK 656.256.3:656.259.12
ISBN 5-901267-63-X © Camapckasi rocyaapcTBeHHas

akagemus nyten coobuieHms, 2004
© depopos H.E., 2004



OIMMABJIEHUE

Crp.
MEPEYEHb COKPALWEHNA : : : : : 5
BBEOEHVE . : : : : : : : : 6
1. OCOBEHHOCTU N 3TAINbl PA3BUTUA NMEPEMOHHbLIX
CUCTEM ABTOMATUKIN . : : : : : : : 8
1.1. OCOBEHHOCTUN NEPErOHHLIX CUCTEM XENE3HOL0POXKHOM
aBTOMaTUKM N TeNeMexXaHNKn : : : : : : : 8
1.2. [lnanektuka n nytn passmutna cUCTem aBTOBITOKMPOBKU : 11
1.3. AHanm3 KogoBOW aBTOOMNOKNPOBKM . : : : : 16
1.4. HoBble cuCTEMbI aBTOMaTUYECKON BITOKMPOBKM . : : 20
2.PENNIbCOBbLIE LIEMNN TOHAIbHOW YACTOTbI . : : 37
2.1. OTanbl pa3BUTUS TOHAmNbHbIX PENbCOBLIX LEnen. : : 37
2.2. MNpuHUUnbl nocTpoeHnsa n agpgekTnsHocTb TPLL. : : 39
2.3. OcobeHHocTM pacyeTta TPL . : : : : 42
2.4. Cxembl n annapartypa TPL, . : : : : : 44
2.4.1.0606u1eHHas cxema TOHanNbHOM PenbLCoOBOM Lenn . . 44
2.4.2. Annapartypa TPL3 : : : : : : 47
2.4.3.0cobeHHOCTM 1 annapaTypa penbCoBbIX Llenewn TPLI,4 : 57
2.4.4.CxeMbl YCTPOUCTB COrnacoBaHus v 3aluTbl . ) ) 60
3.PASHOBNOHOCTWN CUCTEM ABTOBJIOKUPOBKW C
TOHAJbHbIMA PEJIbCOBbLIMU LIEMAMU . : : : : 64
4. MPUHUMMBI NMOCTPOEHUA N TEXHUYECKAA
PEAITM3ALUNA CUCTEMbI ABT . : : : : : 74
4.1. CTpyKTypHasa cxema 1 JOCTOUHCTBA CUCTEMBI ABT : : 74
4.2. lNyTeBou nnaH neperoHa : : : : : : 77
4.3. Cxembl penbcoBbIX Lenen n kognposaHus AJ1C . . . 82
4.4. JInHenHasa uenb YBA3KN NPOXOLHbIX CBETOGOPOB : : 86
4.5. CxeMbl yrnpaBneHnsa orHsiMm cBeToqopos . : : : 88
4.6. YBa3ka aBTOONOKMPOBKM CO CTAHLMOHHBLIMW YCTPONCTBAMM . 90
4.6.1.CxeMbl yBA3KM MO NyTU Nnpuema . : : : : 90
4.6.2.CxeMbl YBA3KM MO MyTN OTNpaBIieHns . : : : 92
4.7. YBA3Ka Cc nepeesgHbiMu yCTpOUCTBAMU . : : : 93

4.8. Cxema UCKITIoYeHMs paspeLuatowero curHana Ha ceetogope
npu noTepe LWyHTa : : : : : : : : : 97



5.ABTOBJIOKNPOBKA C TOHAJIbHbIMW PEITbCOBbIMU
LEMAMN N LEHTPAJITMSOBAHHBLIM PASMELLEHWEM AMNMAPATYPbl 101

5.1. OcobeHHOCTUN 1 CTPYKTYypHasa cxema cuctemol ABTL] . : 101
5.2. PaamelueHne obopynoBaHus u kabenbHasa ceTb : : 104
5.3. Penbcosble uenun cuctemol ABTL, . . . . . 108
5.4. CxeMbl ynpaBrneHus OrHAMU CBETO(OPOB . : : : 113
5.5. CxeMbl KOOMPOBaHUNSA PENbCOBLIX Llenen . . . . 115
5.6. 3amMblkaHune 1 pasgenka neperoHHbIX YCTPOUCTB : : 121
5.7. Ha3HayeHne n cxemMbl IMHENHbIX Lenen . . . . 124

S3AKITIOYEHVE . : : : : : 129

BUBNNOrPA®UYECKMIN CMINCOK : : : : 130



NEPEYEHb COKPALLEHUA

Ab — aBTOMaTU4eckasi 6510KMpoBKa.

AB-E - knacc cuctem aBTomMatudeckom GOKMPOBKM €OMHOro psiga Ha
COBPEMEHHOM 3neMeHTHon base.

ABT — aBTOGMIOKMPOBKA C TOHANBbHLIMU PESTLCOBLIMU LIENSIMMU.

ABTL|, — aBTOGNOKMPOBKA C TOHANbHLIMU PESIbCOBLIMU LENAMU U LIEH-
TpanuM3oBaHHbLIM pa3meLleHneM annapartypbl.

AJ1C — aBTOMaTn4eckasi MTIOKOMOTUBHAs CUrHanuaauus.

AJICM — mHorosHadHasi (4aCcToTHasl) aBTOMaTU4eckasi NTIOKOMOTUBHAasA
CUrHanmsaumsi.

AJICO — cuctema aBTOMaTU4YECKOM JIOKOMOTUBHOWM CUrHanNu3auumn, Kak
OCHOBHOE CpPeACTBO perynimpoBaHus ABMXKXEHNA Noe30B.

BEPL] — 6eccTbikoBasi penbcoBas Lenb.

BY — 6nok-yyacTok.

AT — ppoccenb-TpaHcdopmaTop.

3Y — 3alMTHbIN Y4aCTOK.

NC — nsonupyouime CTbIKK.

KAB — kogoBasa aBToMmaTmyeckas BnoknMpoBka YMCrioBoro Koga.

KPJ1 — KOHTpOsb penscoBon JIMHUN.

KOb — kogoBasi aBToMmaTudeckasa 6r10KMpoBKa YMCIIOBOro Koga Ha anek-
TPOHHbIX 3fIEMEHTaXx.

[MAB — nonyasToMaTnyeckaa 6noknMpoBkKa.

MCB — yyacTOK C NOHWXEHHbIM conpoTUBeHMeM nsonduumn (bannacrta)
penbCOBOW NIMHUMN.

PJ1 — penbcoBast NMHUA.

PL| — penbcoBas uene.

CXAT — cucTeMmbl Xene3HogopOoXXKHOM aBTOMATUKN U TENTEMEXAHUKMN.

CY — curHanbHas ycTaHOBKa aBTOMaTUYeCKON DITOKMPOBKM.

TPL, — penbcoBas uenb TOHaNbHOW 4YacTOTbl (TOHaNbHas penbcoBas
uerb).

YCAB - yHuuumpoBaHHass camonpoBepsiemMasi cuctema aBTomMaTude-
CKOW BI1OKNPOBKM.

YC3 — ycTponcTBa corfiacoBaHma 1 3aluThl.

LIAB — aBTOGMnOKMpOBKa C LEeHTpanM3oBaHHbLIM pasMelleHneM annapa-

TYpbl.
YADB — yacToTHasa aBTobONOKMPOBKA.



BBEAEHUE

Cuctembl aBTOMaTU4ECKON OMOKMPOBKU M3Y4alOTCA B paMKax OUCUUNIUHbI
"ABTOMaTUKa U TerieMexaHuka Ha neperoHax" u OTHOCATCA K Kraccy CUCTEM Xernes-
HOOOpPOXHOW aBTOMaTUKM N TenemexaHukn (CXKAT). Cuctembl CXKAT npegHasHave-
Hbl NS perynMpoBaHus OBWKEHUS NOE3O0B C LefNblo pelleHns Taknmx BaXKHbIX 3agad
kak obecnedeHne 6e30NacHOCTU ABUMXEHUS NOEe340B U NoBblweHne 3dEKTUBHOCTH
nepeBO30YHOro npouecca. BHegpeHue ykasaHHbIX CUCTEM Ha >Kene3HOLOPOXHOM
TpaHCMNOpTE CYLLECTBEHHO MOBbILLAET YypPoBEHb 6€30MacHOCTU OBWXKEHMUS, MOBbILAET
MNPOMYCKHY CMNOCOBHOCTb Y4aCTKOB U y4aCTKOBYH) CKOPOCTb, YTO MPUBOAUT K CHUXKE-
HUO cebeCcToMMOCTN NepeBO30K. Kpome TOoro, BHeApEeHWe 3TUX CUCTEM YMEHbLIaeT
LWTAT 3KCnyaTaunoHHbIX paboTHMKOB, NOBbLIWAET KynbTypy TpyAa, MCKMNoYaeT psag
XenesHo4opOXHbIX Npodeccun ¢ Hambonee TsHXXeNbIMU 1 ONacHbIMU YCITIOBUSIMU TPY-
aa.

Mpobnema obecneyeHns Ge3onacHOCTU ABWXEHUA MOe3oB BO3HWKNA OOHO-
BPEMEHHO C MOSIBIEHNEM XeSle3HOOOPOXHOro TpaHcnopTa. NepBble MexaHu4eckme u
aneKkTpoMexaHnyeckme yctponctBa He obecneumBanu JOCTAaTOYHOro ypoBHS 6e30-
MACHOCTU OBWXEHUS U HaeXHOCTU (PYHKLUMOHUPOBAHWS, COEpXMBann npouecc yee-
NNYEHUST CKOPOCTEN M MHTEHCUBHOCTU ABUMXEHWUS. TOnbKo nocnegyrollee passutue
9NIEKTPOTEXHUKM U SNEKTPOHMKM MO3BOSUIIO PELLNTL 3TY 3aady LOCTAaTOYHO ahdek-
TUBHO.

Cuctembl CXKAT Ha pOCCUNCKOM XKenes3HOOOPOXHOM TPaHCMopTE C Y4ETOM
BbICOKOM WHTEHCMBHOCTWU [ABWXEHWUS MNoe3foB MOofyyYunv camoe LUMPOKOe pacrpo-
CTpaHeHue. B cBA3n co cneuyndmrKon CUCTEM XKeNe3HOLOPOXHON aBTOMAaTUKN O0sSroe
BpeMs NMPUMEHSANUCb YCTPOUCTBA, peanun3oBaHHble Ha KOHTaKTHbIX 3M1EeKTPOMarHuT-
HbIX pene C MUCNoNb30BaHWEM PenbCOoBbIX Liene NOCTOSTHHOrO U NepeMeHHOro Toka
NPOMBILUSIEHHON YacToThl. [1loCcTpoeHne CxeM Ha 3ANeKTPOMarHUTHbIX pene Obino Bbl-
3BaHO CMNOXHOCTbLIO peanusauumn aneKTPoHHbIX aHanoros pesie 1-ro knacca HagexHo-
CTW, HE NMEILLNX OMAaCHbIX OTKA30B.

[MocneoHve pecATUNETUs XapakTepusylTCs WHTEHCUMBHOW paspaboTkon u
BHegpeHnem yctponcts CXAT, peann3oBaHHbIX C UCMOMNb30BaHNEM COBPEMEHHbIX
AOCTMKEHUN MUKPOINEKTPOHUKN, MUKPOMPOLIECCOPHOM TEXHUKW, TEOpUU nepenayv u
0bpaboTkn curHanos, TEOPUN PeNbCOBLIX Lenen. bonblion Bknag B pa3paboTky Ta-
KMX CUCTEM BHECNU Y4YeHble U MNPOEKTUPOBLUMKN Hay4HbIX MHCTUTYTOB BHUWXKT,
BHUNAC, TTCC un otpacnesblx y4ebHbix BY30B. Tak, B 4acTHocTH, 6Gbinn paspabo-
TaHbl U BHEAPEHbI B 3KCMNNyaTaumto 3MeKTPOHHbIE CUCTEMbI aBTOBTOKMPOBKM, KOMMb-
loTEpHaA LEeHTpanu3aums CTPenokK WU CUrHanoB, MUKPOMPOLLECCOPHbIE CUCTEMbI O-
POYHOM aBTOMATUKU U OUCMETYEPCKON LieHTpanmn3auumn, CUCTemMbl C penbCOBLIMU Lie-
MNSIMU TOHabHbIX YacTOT.

CtpemutenbHoe pasButue n cnoxHoctb cnucteMm CXKAT, nx OTBETCTBEHHOCTb
3a 6e3onacHOCTb ABWXXEHUA Moe3doB M HeobXxooMMOCTb noaaepXaHus NOCTOSAHHOM



paboTocnocobHOCTM cuctem TpPebyloT HENnpepbIBHOIO MOBbLILLEHUS KayecTBa MOAro-
TOBKW CrneumannctoB Ansa ob6Ccny>XMBaHUs 3TUX YCTPOUCTB.

CtyaoeHT B npouecce 0byyYeHWs OOSMKEH He MPOCTO U3YYUTb CXEMbl OENCT-
BYIOLLNX YCTPOWCTB, HO N YCBOUTb JIOTMUKY UX NMOCTPOEHUS C y4ETOM Cheungukn cuc-
TEM, OTBETCTBEHHbIX 3a 0e30MacHOCTb [ABWXEHUS MNoe3foB, MOHATb NepcrnekTuBbI
pa3sutus yctponcts CXKAT. Npu aToM HeobxogmMmbl 4OCTATOYHO rMyboKue 3HaHuS B
obnacTn TeopeTU4eCcKnx OCHOB aBTOMATUKMN U TeneMexaHuKn, Teopumn nepenadm cur-
HanoB, 3MNEKTPOHMKM U MUKPOMPOLLECCOPHOM TeXHUKN. Kpome Toro, cneuwanucT on-
XeH BbITb rOTOB K CaMOCTOATESNTbHOMY OBMafeHUI0 HOBOW TEXHUKOW.

Byaywas npodeccnoHaneHas 4eAaTenbHOCTb CTYAEHTOB crneunansHocTn "AB-
TOMaTUKa U TenemexaHvka Ha >Kenes3HOAOPOXHOM TpaHchnopTe" TpebyeT OT HUX He
TOMBbKO 3HAHUW NPUHLMMNOB NOCTPOEHUS KCNNyaTUpyeMblX YCTPOMUCTB, HO N MOHUMa-
HUA (PU3MKM NPOLIECCOB, NPOTEKAKLWNX B 3MEKTPUYECKMX LieNsaX U 9NEKTPOHHbIX CXe-
Max, Ha3Ha4YeHUs U ponn OTAeNbHbIX Y3rOB M 3fIEMEHTOB. TONLKO B TakOM criyyae
rapaHTUpyeTcsl rpamMoTHOe TexHuyeckoe obcnyXmBaHMEe YCTPOWCTB, onepaTuBHOE
obHapyXXeHue 1 ycTpaHeHue HeucnpaBHOCTeN 6e3 3agepXXek Nnoes3aos.

CnoXHOCTb U3YyY4EeHUs1 COBPEMEHHbLIX CUCTEM >XENe3HOOOPOXKHOW aBTOMAaTUKM
B HEMarnow cteneHn obycnosneHa OTCyTCTBMEM Y4EBOHON U TEXHUYECKOW NUTepaTypbl
Mo 9TUM BOMpoOcCam.

B gaHHOM yyeBGHOM nocobum paccmaTpuBaloTCs COBPEMEHHbIE CUCTEMbI aB-
TOBNOKNPOBKM C TOHANbHBLIMU PEribCOBLIMU LIENSIMU U NPOBOAUTCA aHanuns paboTbl
APUHLUUNNATIBbHBIX CXEM.

B nepsom pasgene yyebHoro nocobusi paccMoTpeHbl 0COBEHHOCTU NeperoH-
HbIX YCTPOWCTB, AManeKThka 1 NepcrnekTuBbl X pasBuUTUS, AaH aHanu3 TpagauunoHHON
aBTOBITOKMPOBKN YUCITOBOrO KoAa, PaCcCMOTPEHbI MPUHLNMBI MOCTPOEHUA HOBbLIX CUC-
TeM. OTOT MaTepuan LOSMKeH CnocobCcTBOBaThL fNy4dllemMy NOHUMAaHMUIO JIOTUKK U NyTEN
pasBuUTUS cUCTEM aBTOBMOKMPOBKM, a TakkKe MpedHasHavyeH ONs pa3BUTUA TBOpYe-
CKOrO MbILUNEHNS CTYAEHTOB.

B crnepyowmnx pasgenax paccmaTpuBaroTCs MPUHLUKUNLI MOCTPOEHUS U OOCTO-
MHCTBaA TOHanbHbIX penbcoBbix uenen, cuctemol ABT n cuctembl ABTL,. Onucanune
YCTPOMCTB COMNPOBOXOAKTCA NPUHUUNNANBHBIMW CXEMaMu B COOTBETCTBUMM C TUMO-
BbIMU NPOEKTHLIMW peLLUeHnamMu 1 nocneayrowmmm ykasadnamm 'TCC v LW MMNC no
NX N3MEHEHWNIO.

[Mpu M3yvyeHun npegnaraeMoro matepuana HeobxoauMo MOfb30BaTbLCA NPUH-
UunuanbHbIMKU CXeMamu, Npocnexusas Nno HUM 3rEeKTpUdeckue Lenu U CBsA3n ane-
MEHTOB, onucbiBaeMble B TekcTe. [1pu aTom cnegyet obpalaTb BHUMaHME He TOMbKO
Ha paboTy CXeM, HO N Ha poSb KaXgoro TEXHUYECKOro peLleHns n ocobeHHOCTUN ero
peanusaumm ¢ TOYKN 3peHUst JOCTUXKEHUS NONoXUTENbHOro addekTa - obecneyeHus
6e3onacHOCTN OBWXEHUSI MOe30B, MOBbILEHUS HALEXHOCTU U paclUMpPEHnsa (PyHK-
LMOHaITbHbIX BO3MOXHOCTEN CUCTEMBI.



1. OCOBEHHOCTU U 3TAIlblI PASBUTUA
NMEPEMOHHbIX CUCTEM ABTOMATUKH

1.1. OCOGEHHOCTN neperoHHbIX CUCTEM Xene3HOAOPOXHOW aBTO-
MaTUKN U TerleMeXaHUKu

K neperoHHbIM cucTeMaM Xere3HOLOPOXHON aBTOMAaTUKM N Tenemexa-
Hukn (CXAT) oTHocaTt nonyasTtomaTtuyeckyto ([MAB) n aBTomatmndeckyto (Ab)
BNOKMPOBKY, aBTOMaTUYECKY0 NOKOMOTMBHYIO curHanusauuto (AJ1C), aBToma-
TUYeCcKue orpaxkgaroLlime yCTponucTBa Ha nepeesgax, CUCTeMbl ANCNETYEPCKOro
KOHTpONA. 3T CUCTEMbI MOBbILLAT 3EKTUBHOCTb NEPEBO30YHOIO npouecca
n 6e30nacHOCTb ABMXEHUS NOe3a0B.

[ns NOHMMaHUA NOMMKN NOCTPOEHNA COBPEMEHHbBIX CUCTEM XeNe3HO40-
POXXHOW aBTOMaTUKM M MNEPCNeKTUB UX pPasBUTUS PaACCMOTPUM OCOBEHHOCTU
cuctem CXKAT. Ocoboe BHMMaHWE yaenvm neperoHHbIM cCUCTeEMamM.

OcHOBHbIM TpeboBaHUEM K MEPErOHHbIM CUCTEMAM, KaK U K NobbiM apy-
rmm yctponcteam CXKAT, oTBeTCTBEHHbIM 3a 6e30MacHOCTb ABWXEHUS MOes-
A0B, siBNsgeTcs TpeboBaHue 6e30nacHOCTU UX (DYHKLUMOHUPOBAHUSA:

HUKakne OTKasbl CUCTEMbI, €e Y3I0B UM OT-
AenbHbIX 3NIEMEHTOB HE OOSMKHbl NMPUBOAUTL K
dopmupoBaHuto bonee paspeLllaroLmx KoMmaHa,.

MoaTtomy 6onblwmHcTBO ycTponctB CXKAT peann3oBaHO C MCNOSfb30Ba-
HMWEM 3MEKTPOMarHUTHbIX pene 1-ro knacca HageXXHOCTU. OTU pene UMeKT oa-
HOCTOPOHHME OTKa3bl, T. €. MOCTPOEHbI TaknM obpasom, 4To nbblie Hencnpas-
HOCTW NPUBOAAT K JTOXKHOMY 3aMbIKaHUIO ThbINOBbIX (Pa3MblKaloLmMx) KOHTaKTOB.
JTo)kHOe 3aMblkaHMe PPOHTOBbLIX (3aMblKalOLWMX) KOHTAKTOB UCKMKYEHO C OocC-
TaTOYHO BbICOKOW CTEMEHBLIO BEPOSATHOCTM.

B oTaenbHbIX cnyvaax ans obecnedeHus Tpedbyemoro 6bICTpoaencTBuS
(Hanpumep, B gelumcpaTopax YMCNOBOro Koga) Unu Ans noBbllWEeHUs Hagex-
HOCTU NPUMEHSIOTCA pPenie HM3Wero kKrnacca unun 6eCKOHTAKTHble 3fIEMEHTHI.
[Mpn 3TOM MCNPaBHOCTb 3NIEMEHTOB [OJSMPKHA KOHTPONMPOBATLCA CXEMHbIM MYy-
TeM. B HeKoTOpbIX HOBbIX CUCTEMaxX aBTOGMOKMPOBKM C LENbH MOBbILLEHUS
B6e3onacHOCTM OYHKUMOHUPOBAHUA CXeM MpUMeEHSAeTca aybnupoBaHue perne
KOMOUHMPOBAHHOIO TUMa, a B pside CryyvyaeB U HenTpanbHbIX pene 1-ro knacca
HagexHocTu. B cuctemax n yctponcrteax, He oTBevarowmx 3a 6e3onacHoCTb
ABWXEHNS, HET HEOBXOOMMOCTU UCMONb3oBaTb pene 1-ro knacca HageXHoOCTH
N CXEMHbIN KOHTPOSb UCNPaBHOCTU 3f1IEMEHTOB.

Heobxoonmo oTMeTuTb, YTO 3agadva _obecneyeHuns 6e30nNacHOCTU OBWU-
XeHna Noes3nos, ABMSAWAsCsS rmaBHOW 3agadven NoBbILEHUS KavyecTBa nepe-
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BO30OK Ha >XeNe3HOOOpPOXXHOM TpaHcrnopTe Poccun, Bcerga BblABUranacb Ha
NepBbIn NNaH. ATO BbI3BAHO Kak coumanbHbIMU acnektamu (CoOXpaHeHUe XN3Hu
N 300POBbSI MACCAXMPOB), TaK U SKOHOMUYECKMMU (COXPAHHOCTb rPy30B U NOA-
BMXKHOIO COCTaBa), a Takke 3agadvammn obecnevyeHnst KOHKYPEHTOCMOCOOHOCTN U
9KOMOMMYHOCTU Xenes3HO4OPOXHOro TpaHcrnopTa. Tak, B 1986 rogy Ha xenes-
HbiX goporax CLUA 6bino gonyweHo 2760 kpyweHuin, a Ha cetn gopor CCCP
npu 6onee BbICOKON UHTEHCUBHOCTU ABWMXEHUS noe3nosB — Bcero 70. [JaHHble O
4YerioBEYECKMX XKepTBax Ha >XenesHbiX goporax Hambonee pasBUTLIX CTpaH B
KoHUe 20-ro Beka B cpegHeM 3a rog npuesegeHol B Tabn. 1.1.

Tabnuya 1.1
YenoBeyeckne XXepTBbl Ha Xene3HbiX Aoporax B cpeaHeM 3a roq

CHI | CWA | Benuko- | ®paHuusa | OPI | AnoHus
OputaHusa
Yucno normbwunx, ven. 47 89 13 37 43 7
Ynucno normbumx:
Ha 1 MIH. NaccaXxnpos 0,011 | 0,287 0,018 0,048 | 0,04 | 0,001
Ha 1 mnpa. naccaxupo-km | 0,12 | 4,66 0,43 0,62 0,97 | 0,036

NokasaTenb

YpoBeHb ©e30nacHOCTU Xene3HogopoxHoro TpaHcnopTta CHIT B cpas-
HEeHUM C ApYrMMn BUgamm TpaHcnopTa MOXET OblTb OXapakTepu3oBaH JaHHbIMU
Tabn. 1.2.

Tabnuuya 1.2
[laHHble O XepTBax OT KPYLLUEHUN, KaTacTpod 1 aBapun Ha TpaHcnopTe

Bua TpaHcnopTa Yuncno normbLumx B cpeaHem 3a rog,
ABTOMOOUNbHbLIN 45000 yen.
Bos3gyLwHbin 197 yen.
>KenesHogopOXHbIN 47 yen.

N3 Ttabn. 1.2 BMOHO, YTO COBPEMEHHbIN XENe3HOAOPOXKHbIN TpaHCnopT
Poccumn aBnsetca cambiM 6e3onacHbIM cpean pasfnuyHbiX BUOOB TpaHcnopTa, a
cpeaun KenesHoOOpPOXHOro TpaHcnopTa 3apybeXxHblX CTpaH ycTynaeT TONbKO
AnoHnn. Hemanas 3acnyra B 9TOM NPUHAONEXUT LUMPOKOMY BHEOPEHUIO CUC-
Tem CXAT. HecmoTpsi Ha 3TO, 3agada parbHeuLwero MoBbIWEHUS YPOBHS
B6e3onacHOCT OBMKEHNA MOEe3[0B CYMTAETCH OAHOW M3 BaXKHEWLUUX, a UMELo-
Luneca cnyvam onacHbix oTkasoB yctponcts CXKAT TpebytoT nx ganbHenwero
COBEpPLLUEHCTBOBAHUS.



NoBbiwarTca TpeboBaHna U K HagexHocTu ycTtpouctB CXKAT. OrT-
Ka3 TakoOW CUCTEMbI, BbI3BaBLUMW HeOMNpaBLaHHYK OCTAHOBKY WM CHUXEHUE
CKOPOCTU noesga, NpMBOAUT K 3afep)KKaM He TONbKO 3TOro noesfa, Ho U cre-
Aywmnx 3a HUM. Npu gnuTenbHbIX 3agep)KKkax BO3HUKAeT cOOM B ABMKEHUU
noesgoB oboux HarnpaeBneHWn Ha LEeNoM ydacTke U axe Ha COCeaHMX ydacT-
kax. CneacrtesMemM 9TOro SAABMSAOTCA NPAMblE 9KOHOMMUYECKME MOTEPWU, BbI3BaH-
Hble NPOCTOEM MOe340B N HapyLeHMEM CPOKOB AOCTaBKU rpy30B, a Takke Mo-
Tepu OT HeOONOJYMEHHOro A0X04a, CHWKEHNE OOBEPUdA MacCaXXMpoB U rpy3o-
oTrnpaBUTENEN K XXENe3HO4OPOXHOMY TPaHCMOoPTY.

Adpyrum HeraTuBHbIM NocneacTenemM otkasoB ycTponctB CXKAT asnsget-
CSl CHWKEHWEe YpPOBHS 6e30NacHOCTU ABMKEHNA NOE340B NP BbIKMYEHHbIX N3-
32 HeucnpaBHOCTU WNM HaXOOALWMUXCA B 3aLUTHOM COCTOSIHAM YCTPOMUCTB
CXAT. B Takux cnyyasx npoBepka ycnosum 6esonacHocTn n oopmMmpoBaHue
YyNpaBnsowWmx KOMaHL CUCTEMOW PErynMpoBaHUA HE OCYLLECTBISAETCA WUnu
OCYLLECTBNAETCH YaCTUYHO M BO3MaraeTcs Ha YenoBeka (MaluHUCTa npu npo-
e3fe B MHCTPYKTUBHOM nopsigke cBeTodopa C 3anpeLiarolum nokasaHuem,
AEXYPHOro no CTaHuuu Npu opraHnsaumMm HemapLupyTU3NMPOBaHHbIX MOE34HbIX
NN MaHEBPOBLIX NEPEABMKEHUN HA CTaHuuu 1 T. A.). UI3BeCTHO, YTO AOMUHNK-
pylowen MpUYNHOM MPOUCLLECTBUIN, CBA3aAHHbIX C BE30MacHOCTbI OBUXEHUS
noesnos, ABMSTCA ownbdkm nogen. MNMpudem 6onbliaa YacTb KpyLleHui, aBa-
pun n Bpaka M3-3a OLMOOK YerioBeka LOMyCcKaeTCa UMEHHO B YCIOBUAX Hapy-
LeHna HopManbHon paboTel ycTponcts CXKAT.

HepocTtatoyHag HagexXHoOCTb 6OMbLUMHCTBA CUCTEM MpuBeria K Heobxo-
ANMOCTN NPUMEHEHNSA MNMAHOBO—MPOMUIAKTUYECKOro MeToga OobCnyXMBaHUS
yctponcts CXKAT, 4To NoBbILWAET pacxoibl Ha 3KCnyaTaumio 3TUX CUCTEM.

[MepeuncneHHble Bblle HeraTMBHblE (hakTopbl B HAanMOOMbLLUEN CTENEHU
NPOSABIAITCA B MEPEroHHbIX CUCTEMax C TPaAULMOHHBLIMW CTPYKTYpamMu, 4YTO
BbI3BaHO CreaywmnMmmn 0CO6EeHHOCTAMMU 3TUX YCTPOUCTB.

e PacnpegeneHHOCTb YCTPOUCTB B MPOCTPAHCTBE U YyOaneHHOCTb OT
MECT aucrnokauum obcnyxuBatowero nepcoHana. 9To NPMBOAUT K GOMbLUMM
3aTpaTaM BpPEMEHM Ha MOUCK U YyCTpaHeHue nospexaeHun. o cetn popor
CTpaHbl cpegHee BpeMsi BoccTaHoBNeHMs Ab nocne oTkasa coctaBnseT 2,7 va-
ca. [1pn aToM 3HaumMTenbHas YacTb BPEMEHU TPATUTCHA INEKTPOMEXAHUKOM Ha
nepemeLlleHne K HEMCNpPaBHOMY OOBEKTY.

e HeBO3MOXHOCTb OpraHusauum 06xogHbIX NyTen ond noesgoB Npu He-
MCMPaBHOCTN NEPErOHHbIX YCTPONCTB aBTOMATUKKU, YTO NPMBOAUT K Bonee 3Ha-
ynTesnbHbiM cbOsIM B ABMXEHUN NOE340B MO CPaBHEHUIO CO COOSIMM HA CTaHUM-
AX.
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e PasmelleHne annapaTypbl NEPEroHHbIX YCTPOUCTB B penemnHbIX LKa-
dax. lpu aTtom annapaTypa noaBepraeTcsa OTpuLaTeNlbHOMY BO34ENCTBUIO
TemnepaTtypbl OKpyXxatlLlen cpeqbl (-50...+60°C), BnaxHoctn (0o 98%), nbinn,
Bn6pauum (ot 5 go 160 'y npn yckopeHun 0,6 g), 4TO CHUXKAET HAAEXHOCTb U
A0NroBe4YHOCTb YCTPOUCTB.

e HeobxogumocTb nepegadn nHpopmaumm mexay oTaenbHbIMU 06 bek-
Tamu, YTO NMPUBOOMUT K YCIOXKHEHUIO CUCTEM, CHUXXEHUIO UX HAOEXHOCTU U yBe-
nnynBaeT BEPOATHOCTb CH0EB B YCNOBUAX BNUSHUA NOMEX.

Otcroga BbITeKaeT HeobXoOMMOCTb AarbHenLWero
COBEPLUEHCTBOBAHUS  MEPErOHHbIX  YCTPOWCTB
CXAT B nnaHe nosbllweHNa nx 6e3o0nacHOCTU U
HaOEXHOCTU, CHUXKEHUS 3aTpaT Ha obcnyXmBaHue.

B crnegytowmx nyHKTax gaHHOro pasgena paccmaTpuBaeTcs Jiormka pas-

BUTUS CUCTEM aBTOBIOKMPOBKM OT NEPBbLIX YCTPOMUCTB 40 COBPEMEHHDIX.

1.2. lnanekTtuka n nyTv pa3BuTnusa cCuctem aBTOGHOKMPOBKM

Cuctembl aBTOMaTUYECKOW OMNOKMPOBKM MNpowwnu 6onee 4em BEKOBOM
NyTb pPasBUTUS OT MNPOCTENLLMX MEXaHUYECKUX YCTPOMUCTB [0 COBPEMEHHbIX
CUCTEM Ha OCHOBE MWKPOMPOLIECCOPHOM TEXHUKU. TexHudeckas peanusaums
cuctem Ab Ha kaxgom aTane 3aBucena oT MHOrmx ¢oaktopoB. K OCHOBHbIM
grakTopamMm cnegyeTt OTHECTU MHTEHCUBHOCTb M CKOPOCTb OBMXEHUs NOe3doB,
TpeboBaHMA NO HageXxXHoCTN n BesonacHocTn cuctem Ab, Hanuume n ypoBeHb
ANEKTPUYECKMX MOMEX, HAAEXHOCTb ANEeKTPOCHabXeHUs, ypoBEHb Pa3BUTUA U
AOCTWXKEHNA HayKN U TEXHUKW, ONbIT U Tpaauuun, npuobpeTeHHble Npu paspa-
BOTKe 1 IKCnyaTaunmn OeNCTBYOLNX YCTPOUCTB.

B nepBbix_cuctemax Ab (¢ 1859 roga) Obin peann3oBaH MPUHLNN pery-
NNPOBaHMA OBWKEHUSI MOE340B MO BPEMEHHOMY WHTepBany. lNpu 3TOM cur-
HanbHOE YCTPOMCTBO aBTOMAaTUYECKN NepeBOAUSIOCh B 3aKpbIToe (3anpeLlato-
LLee) nosioXkeHMe npu npocnegoBaHuMn ero noe3gom. OnbIT CO3gaHUA Takux
YCTPONCTB BbINT HAKoNSeH B npolecce pas3paboTky u akcnnyaraumm nosyaBTo-
MaTU4YECKMUX CUCTEM MyTeBOM ONOKMPOBKU. B kayecTBe yCTPOUCTB hukcauum
npocnefoBaHus noesfa MPUMEHANU pasfiyHble KOHCTPYKUMU MeXaHUYeCKnX
NyTeBbIX neganen, KoTopble NpU MOMOLLM CUCTEMbI TAM U pbl4aroB 3akpbiBanu
CUrHarnbHOe YCTPOMCTBO. [1o3)e Hayann NpPUMEHSATb 3NIeKTPUYECKME OaTUYUKMW.
Hanpumep, gatyMk B BUOE MArHUTOSNEKTPUYECKOM MalUWHbI, YCTaHaBnMBae-
MOW Y penbCcoB U NPUBOAVMMON B JENCTBUE NOe30M.

PerynupoBaHne BpeMEHHbIM WHTEpPBAnNoM ObII0 NPUHATO Kak Oonee
NpOCTOe MO anropuTMy, TakK Kak onbiTa paspaboTknm YyCTPOUCTB ANA aBTOMaTU-
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4YecKOro KoHTposist ocsoboxaeHust brnok-ydactka (bBY) He cywecTtBoBano. CyTb
crnocoba 3akno4aeTcs B TOM, YTO MO UCTEYEHUU onpeaesieHHOro uHTepsana
BPEMEHU Mocre 3akpbITUA CUrHana, AoCTaTOYHOro Arnsi ocBOoDOOXOeHUs Mnoes-
AoM Bnepegunexawiero BY, npoucxoomno camonpomsBoSsibHOE aBTOMaTuye-
CKOe OTKpbITME 3Toro curHana. [Npy 3TOM NPUMEHANUCH, B YACTHOCTU, Takue
MHTEPECHbIE TEXHUYECKNE PELLEHUS, KaK PTYTHbIM TOPMO3, UCTMOSMb3YOLWNN BA3-
KMe CBOWCTBa PTYTW MPU OMyCKaHWW MOPLUHA noh AeWCTBMEM Beca; Yacbl C
6onbwnM unepbnaTom, KOTopble NEPEBOAUIIUCE B UCXOOHOE MOSOXEHME NPU
npocrnegoBaHuMM rnoesja W rokasblBanv MaLWHUCTY criegyroulero noesaa,
CKOJIbKO BpEMEHW MpoLUio ¢ MOMeEHTa NpocnefoBaHus BnepeannayLLero noes-
Aa. B kadecTBe nyTeBbIX CUrHarNbHbIX YCTPOMUCTB NPUMEHANN cemadopsbl, NOBO-
POTHbIE OUCKN, YTOMUHABLUMECS BbiLle Yachl.

OueBugHo, 4TO Takme cucteMbl Ab He mornn obecnednTb Ge30MacHOCTb
ABWKEHUS NPU OCTaHOBKE Kakoro-nmbo noesfa Ha neperoHe, Tak Kak COCTOs-
HWe curHana He 3aBucerio OT PaKTUYEeCKOro CoCTosHUS orpaxgaemMbix BY. [No-
aTOMYy BCKope 6buia paspaboTtaHa cuctema AB C perynvpoBaHveM No nNpo-
CTPaHCTBEHHOMY WHTepBasy, T. €. CUCTEMA C KOHTPOJIEM COCTOSHUSA Orpax-
gaemoro y4vactka nytn. B aton Ab, B fonosiHeHWe K npenblaylimm YCTPOWUCT-
BaMm, MHGOpMaLMs O MpocregoBaHUM NoesgoM MyTeBOro curHana nepegasa-
nacb npu MNOMOLLKM 3NEeKTPUYECKOro curHana K npegblgyliemMy cemadopy wu
obecne4vnBana ero aBTomaTudeckoe OTKpbiTMe. dukcaums npocregoBaHus no-
e3fa n ynpaeneHne cemadgopamMn OCYLLECTBNAMNCL NPU MOMOLLM 3reKTpude-
ckon aHeprun. MNogobHble cUCTEMbl OTHOCATCA K TakK HasblBaeMbIM TOYEYHbLIM
cuctemam Ab, Tak Kak rnoesg BO34eWUCTBYET Ha MyTeBble YCTPONUCTBA TOSbKO B
onpefeneHHbIX ToYkax nyTn. HegoctaTkm Takmx CUCTEM — He KOHTpOnmpyeTcd
ocBoboxaeHne 6riok-yyacTka noes3gomM B MOSIHOM COCTaBe, HET KOHTPONs ue-
NOCTHOCTN perbCoB.

Ycnexu anekTpoTexHuku nossonunu Buneamy PobuH30HY n3obpecTtu B
1867 rony anekTpuyeckyro penscosyto Lenb (PL), a B 1869 rogy — aBToOnoku-
POBKY Ha ee ocHoBe. JTO Oblfia 9KOHOMMYHAasA Mo noTpebrieHno aneKkTpoaHep-
M1 HOpManbHO pPa3oMKHyTasi pefibcoBas Uerfb C NMUTaHUEM OT raribBaHu-
YeCKUX 3NieMeHTOB. JKcnnyatauma aBTOBMOKMPOBKM Ha ydacTke dunagens-
J1s—3pu Nokasana HegoCTaTKM HOpMarbHO Pa3OMKHYTbIX PENbCOBBLIX Lenemn C
TOYKMN 3peHns 6e3onacHOCTU OBMXEHUA — OTCYTCTBME KOHTPONSA UCNPaBHOCTU
penbCoBOW NMHUM M annapaTypbl, YTO MOISIO MPUBECTU K OTKPbITOMY COCTOS-
HUIO cUrHana nNpu akTnyeckn 3aHaTom bY.

B 1872 rogy PobuH30H pa3spaboTan NULEHHY0 yKa3aHHbIX HeOCTaTKOB
HopManbHO 3aMKHyTYyk PL ¢ npegensHon anuHon 1,2 km.
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BHeapeHne 3nekTpuyYeckon Tarm noTpedoBasio M3MEHEHUS CXEM pPefb-
COBbIX_Uenen. [Ins npornycka TAroBoro Toka OA4HY PenbCOBYH HUTb OCTaBWUN
6e3 usonupyrowmx cTblkoB. [lonyyeHHas ogHopernbcoBasi (MO COBPEMEHHOM
TepMuHonormm — ogHoHMTou4Has) PLL obnagana psgoMm HegocTaTKkoB — Manas
npeaensHas anuHa (300—400 m), kparHe HM3Kasa 3alULLEHHOCTb OT NOMeX Mo-
CTOSIHHOIO TArOBOrO0 TOKA C BO3MOXHOCTbIO JIOXKHOrO BO30YyXOeHUSA MyTeBOro
pene npu 3aHatoMm BY unu nsnome penbca. [onbITKM YyCTpaHEeHUsT YKa3aHHbIX
HeJOoCTaTKOB ONI0 He AaBanu NOSIOKUTENbHbIX pe3yrbTaTos.

Tonbko B 1902 roay 6bina n3obpeteHa penbcoBas Lienb NepeMeHHOoro
TOKa, 3aliMlieHHasa OT NoMex TAroBoro Toka. [1osiBneHno n cnonb3oBaHMIO
aTOoro m3obpeteHns crnocobCcTBoBano Havyano anekTpudukaumm B koHue XIX
BeKka, yCnexm B OCBOEHUN TEXHWUKM MEpPEMEHHOro TOKa U nepegayve nelleBou
9NEKTPO3HEPIUM OT LIEHTPanu3oBaHHbIX 3IeKTpocTaHuun. B npeanoxeHHom
ABYXpenbcoBon (OBYXHUTOYHOW) PL| NOCTOAHHLIN TArOBLIM TOK Mponyckasncsa B
06xo4 M30NMPYHOLLNX CTBIKOB NO APOCCESIbHbIM KaTyLlKaM, aHanormyHbiM nosy-
0OMOTKaM OCHOBHbIX OBOMOTOK COBPEMEHHbIX Apoccenb-TpaHcdopmaTopos. PL|
NepeMeHHOro Toka okasanucb bonee geleBbiMM B 3KCrnnyatauuu, cTanum Bbl-
TecHATb PLI NOCTOAHHOro TOKa Aaxe Ha ydacTkax C aBTOHOMHOW TAromM n sBu-
NINCb MOLLHBIM CTUMYOM BHELPEHNSA aBTOOTOKMPOBKN.

OpHako yepes 20-30 neT BHOBb Havanu WKMpoKo npumeHaTbcsa PL no-
CTOsIHHOro Toka. O6bsAcHAeTCA 9TO criegylowumMmmn akTtopamn — HegocTaTou-
HOe pacnpoCTpaHeHNe UCTOYHUKOB MEepPEMEHHOro ToKa W HMU3Kasi HaOEeXHOCTb
aneKkTpocHabxeHns, n3obpeTeHne BbINPSIMUTENEN N CO34aHMNE aKKyMYISTOPOB,
npUemMneMbIX Mo CTOMMOCTU N HaOEXHOCTU. YKasaHHble LOCTUXKEHUSI 3NeKTPO-
TeXHUKM nosponunu co3gaTtb PLL n AB NOCTOAHHOrO Toka C NUTaHMEM 4epes
BbIMPAMUTESb OT CETU NEPEMEHHOIO TOKA N PE3EPBHBbIM MUTAHMEM OT aKKyMy-
nATopHbIX OaTtapen. C pa3BuTUEM CETEN 3NIEKTPOCHABXEHUA U MOBbILLEHNEM
NX HAOEXHOCTU aBTOBNOKMPOBKA MOCTOAHHOIO TOKa B Hallen CTpaHe B HOBOM
CTpOUTENLCTBE NnepecTana NPUMEHATLCS U3-3a CIOXHOCTUM 0OCnyXnBaHUS ak-
KyMYnATOpHbIX ©aTtapen u BANAHUSA 3NEKTpoXxnmMmyeckoro adpdpekrta Ha paboty
PLl noCTOSAHHOro TOKa C UMMNYSNbCHBIM NMUTAHUEM.

B popesontounoHHon Poccum go 70-x rogoB 19 Beka nosib3oBanucb
cucTeMaMu perynimpoBaHusi C BpeMEHHbIM MHTepBarioMm, 3aTemM nosnyasTomMaTu-
yeckon 6nokupoBkon ¢ TenerpadHbIM U TenedoHHbIM crnocobamu CHOLUEHUI
mMexay 6rok-noctamu. [lepBas aBTOGMOKMPOBKA C peribCoBbIMU LIENAMU Ha
OMNbITHOM y4acTke AnnHoun 3 KM 6bina noctpoeHa B 1915 roay.

B nocnepesontounoHHon Poccum B 1931 rogy ¢ uenbto Bbibopa Hanbo-
nee nepcnektueHom cuctembl Ab 6binn 3akynnedol B CLUA, N'epmaHnn n no-
CTpO€EHbI cuctemMbl Ab YeTbipex TUMNOB:
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1. C penbCcoBbiMU LENSMU NEPEMEHHOIO Toka Yactoton 50 'y Co CTbIKO-
BbIMW OpOCCEeNnAMU U NIMHENHBLIMU LIENSAMU NEPEMEHHOro Toka (4ns ydacTka C
9NEKTPUYECKOM TArom NOCTOSAHHOro Toka). Becero B Ab ncnonb3oBanock Tpu pe-
ne — nyteBoe, NMHenHoe (dpa3ovyBCTBUTESNbHbIE penie MOTOPHOro Tuna) U or-
HeBoe. [lpyMeHeHne ¢ba3o4yBCTBUTESNbHbLIX pere obecneynBano HageXHyH
3alLNUTY OT BINSAHMA TAroBoro tToka. OgHako Halla NPOMbILLNIEHHOCTb TOro Bpe-
MeHW Bblfa He B COCTOSIHMM OCBOUTb BbIMYCK CTOSb CIOXHbIX pene.

2.C penbcoBbIMU N NIMHENHBIMU LEeNAMN MOCTOAHHOIO ToKa Ha nepBuY-
HbIX 3NeMeHTax nuTaHusa. B aTonm cucteme umcnonb3oBanucb 6oriee npocTble
pene n aBTOHOMHbIE UCTOYHUKM NUTAHUSA, YTO AeNnano ux npuenekaTesibHbIMu
npu paboTe B MECTHOCTSIX, HE MMEILLNX LIEHTPANbHOIO 351eKTPOCHabXeHus.
OgHako nNpuMMEHeHMEe ranbBaHUYECKMX ONIEMEHTOB B KadecTBe WCTOYHMKOB
9NEKTPONUTaHMS CYLLEeCTBEHHO MOBbILWANo ctoMmocTb Ab.

3. C penbcoBbIMM LENSAMU NEPEMEHHOIO TOKa C (Ppa3ovyBCTBUTESTbHbIMM
ABYX3NIEMEHTHBIMU CEKTOPHBLIMWU perie U MUMTaHNEM OT BbICOKOBOSIbTHOW JIMHUN.
OTa cuctema Takke He Obifa NpMHATA K LUMPOKOMY NPUMEHEHMIO, KaK U nepBas.

4.C penbCoBbIMU LEMSMU MOCTOAHHOrO TOKa NpU NUTaHUK 4epes Bbl-
NPSAMUTESNIN OT LEHTPann3oBaHHbIX NCTOYHUKOB NEPEMEHHOro Toka C pe3epBoM
OT aKKyMYNATOPHbIX BaTapen (CMellaHHas cuctemMa NUTaHus).

B cBs3K ¢ TeM, YTO Ha ceTu J4OpOor B OCHOBHOM MCMOSfb3oBanach
aBTOHOMHas TAra nNoesgoB U C Y4EeTOM pasBeEPHYBLUMXCA paboT
Nno anekTpudguKaunum HapogHOro X03AnUcTBa CTpaHbl, 3Ta CUCTe-
Ma bblria NpuHATa B Ka4eCTBE OCHOBHOMN.

B 1932 rogy oovH n3 camblxX HanpshkeHHbIX y4acTKoB 6bin1 obopyaosBaH
Takon cuctemon Ab Ha oTeYeCTBEHHbIX npubopax. STOT MOMEHT MOXHO CYu-
TaTb Ha4Yarom HOBOW NCTOPUKN Pa3BUTUS oTedecTBEHHbIX cnuctem Ab. 3a 10 net
NPOTSXKEHHOCTb XeNne3HOAOPOXHbIX NiMHUK, obopynosaHHbIX Ab, gocturna 8,5
ThIC. KM.

B nocnepytowem HegocTaTkuy, npucyime Ab nocTosiHHOro Toka, a Takke
NepcneKkTUBbI LUMPOKOrO BHEOPEHUSA 3NIEKTpUYECKon Tarm notpebosanu paspa-
OOTKN Bonee coBepLUEeHHbIX cucTeM. Hanbornee nepcnekTMBHOM okasarnacb Yu-
cnoBas kogosas aBTobnokupoBka (KAB), paspabotaHHas B 1945 rogy B Llen-
TpasibHOM Hay4HO-UCCIe4oBaTeNIbCKOM WUHCTUTYTE KeNne3HOAOPOXHOro TpaHc-
nopta. C 1952 roga ee ctanu NpUMEHATb Kak OCHOBHYO CUCTEMY.

HeobxogMmMo OTMETUTb, YTO pasBUTME N COBEPLUEHCTBOBAHME CUCTEM
AB, kak n Bcex gpyrux yctponcte CXKAT, npoucxoanT HenpepbiBHO. MOXHO
BblAeNUTb crneayroLline HanpasieHNa Takoro pasBuTus.

1. MogepHusauma akcniyaTMpyeMblX CUCTEM C LENbio MNOBLIWEHUS UX
HageXHOCTU 1 6e3onacHOCTU PYHKUNMOHMPOBaAHUA. [1pyM 9TOM NPOBOAUTCA Kak
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MOAEepPHU3aLMs OTAENbHbLIX 3NEMEHTOB NyTeM YNy4dleHNa NX KOHCTPYKUUK, Xa-
pakTEPUCTUK U COBEPLUEHCTBOBAHUSA TEXHOMOIMMU MU3roToBSIEHNA, TaK N COBEp-
LUEeHCTBOBAHNE CXEMHbIX pelleHui. B nepsylo oyepedb MoAepHU3auuMn noa-
BEpralTcs HauMeHee HafeXHble 3fIeMEHTbl U CXEMbl, BbISIBIIEHHbIE B Mpouec-
ce akcnnyartauun. Tak, Hanpumep, gewmdpaTtop UMMyNbLCHOM paboTbl NyTEBOro
pene Ab NOCTOAHHOroO ToKa ABaxAbl NpeTepnesas CyLeCTBEHHbIE N3MEHEHUS.
KpyrnHbiMK Waramu B HanpasfieHUN COBEPLUEHCTBOBaHUS cuctemM bbinu paspa-
6oTka M BHeApeHue LuTencesibHbIX pene, 6eCKOHTaKTHOro KoMMyTaTopa TOKa
AN1S KOOOBbIX PENbLCOBbLIX Leneun, ABYXHUTEBbLIX flaMn, BBe4eHNe OBYXMOMCHO-
ro pasmblkaHus Lenen paspeluarlmnx orHen csetodopa, nocregosartesibHoe
BKIMOYEHNEe KOHTAKTOB nosToputenen perie XX n XK1 B OTBETCTBEHHbIX Lensax
cuctembl KAB 1 MHOrMe gpyrne TexHM4Yeckne peLleHuns.

2. YnydweHne xapakTepuCTUK CyLLeCTBYIOLLMX CUCTEeM. Tak, Hanpumep,
NPUMEHeHUe NMMyIibCHOro nNuTaHnsa B PLL NnOCTOAHHOro Toka no3Bosivno cylle-
CTBEHHO yBeNuUYuUTbL ee npeaenbHyo anuHy, seegeHne pene X1 B kogoson Ab
NOBbICUITO BbICTPOAENCTBME CUCTEMBI U T. 4.

3. MogepHusaums ¢ uenbto NnoBbleHns yaobcTBa U CHUXEHNA pacxonoB
Ha obcnyxmnBaHne ycTponcTB. K Takum MeponpusiTUsiM crieqyet OTHECTU Yyxe
YNOMSIHYTOEe BHEepeHUe LTerNcerbHbIX pene, BBeAeHNe U3MepUTerbHbIX NaHe-
nen B penevHblX WkKagax kogoson Ab, coBeplUeHCTBOBAHNE KOHCTPYKLMN pe-
NenHbIX WKadgoB 1 cnocoboB pasmelleHus B HUX NpMbopoBs, opraHM3aunio anc-
TaHUWMOHHOIO KOHTPOJIS UCNPaBHOCTU OCHOBHbIX 3riemMeHToB Ab.

4. MogepHu3aumsa CUCTEM C LeSibio pacluMpeHns PyHKLMOHANbHbIX BO3-
MOXHocTen. CylleCcTBEHHbIM U3MEHEHUAM NOABEPriNCb OOHOCTOPOHHUE CUC-
Tembl AB B CBSI3V C HEODXOOMMOCTLIO OpraHu3auMn BPEMEHHOIO ABYXCTOPOH-
Hero ABWXKEHUs noes3foB Mo OAHOMY M3 NyTen ABYXMYTHOro neperoHa. [po-
nsowna n mogepHusauma cuctem Ab ons perynmposaHus noes3goB pasHbIX Ka-
TEropun Ha MpUropoaHbIX yv4acTkax C MHTEHCUBHbIM ABvXeHueM (Ab ¢ 4eTbl-
pex3Ha4yHou curHanmsauuen).

5.PaspaboTka cuctem AB c HOBbIMW MpUHUMNAMU NOCTPOEHUS UNKU C
CyLLEeCTBEHHbIMU OTIINYUTESbHBIMU MPU3HAKaMU N9 KOMMSIEKCHOro peLleHnsd
BblLlenepeyYncnenHbiX 3agad. CylwecTBeHHbIMU OTANYUTENBHBIMU MPU3HAKaMU
MOryT ObITb TUMblI PESLCOBBLIX Lienen, anemeHTHaa 6asa, cnocob nepenayun vH-
dopmMauum Mexay CUrHanbHbIMU YCTaHOBKaMW, HOBble TEXHUYECKME pPeLLEHWS,
JoYHKUMOHASbHbIE BO3MOXHOCTU CUCTEMbI. Yalle Bcero TOnM4YkoM Anga paspa-
BOTKM TakMX CUCTEM SIBMAIOTCA BO3pocLune NoTpebHOCTU NepeBO30YHOro Mpo-
Lecca, CyLeCTBEHHbIE U3MEHEHNSA YCITOBUA NPUMEHEHNSA CUCTEM, LOCTUMXKEHUS
TEXHUKM U TEXHOSOMMU Unn CTpeMrieHne paspaboTynMkoB €O34aTb CUCTEMY,
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NPEeBOCXOSLLYI0 W3BECTHble CUCTEMbl MO MHOrMM rnapameTpam (CTOMMOCTb,
HaOeXXHOCTb, 6e3onacHOCTb, yaobCcTBO OOCNYXMBAHUA U T. 4.).

[MoTpebHOCTN NepeBO30YHOro npoLecca MOryT 3akniyaTbcs B Heobxo-
ANMOCTU JanbHenLwero noBbIWEHNA MPOMYCKHOM CrOCOBHOCTKU, onepaTUBHON
opraHvMsaumm OABYXCTOPOHHEro ABWXEHWA Noe3foB Mo KaxaoMy nyTn ABYXMyT-
HOro neperoHa, perysimpoBaHUs OBWXEHUS BbICOKOCKOPOCTHbLIX MOe3foB, CO3-
AaHUSA CUCTEM, CTOMMOCTb KOTOPbIX COOTBETCTBYET MHTEHCUBHOCTU ABWXEHUSN
noesgoB Ha gaHHOM ydactke. log ycnosmamn npumeHeHna Ab noHumatotcsa
Takme grakTopbl, Kak, Hanpumep, NMOHMWXKEHHoe conpoTusreHve b6annacra, Ha-
nu4yne rpyHToB UK pernbeda MeCcTHOCTHU, 3aTPYLAHAOLWMX YCTAHOBKY HaMnoJSIbHO-
ro obopygoBaHus, KnuMmaTuyeckas n coumnarnbHas ob6CcTaHOBKa B OTAENbHbIX pe-
rMoHax.

B HacTosllee Bpems nogaeBnsioLwee pacnpocTpaHeHue Ha ceTu Jopor
Poccun nonyuyuna kogosas AB. [Moatomy, npexage yem paccmaTpuBaTtb NPUH-
LUUMNbl NOCTPOEHUA U OOCTOMHCTBA HOBbIX CUMCTEM aBTOONOKMPOBKM, pacCMOT-
pUM HefocTaTkn kogoson Ab, KOTOpble YCTPaHAKTCH B MEPCNeKTUBHbIX CUCTE-
Max.

1.3. AHannM3 KoaoBOM aBTOOGNOKUPOBKU

3HaHMe OOCTOMHCTB M HeOOCTaTKOB NOOro TEXHMYECKOro YCTponcTBa
Heob6XxoauMo, BO-NepBbIX, ANA rPaMOTHOro Bbibopa 0611acTu NpUMeHeHUst 3Toro
YCTPONCTBA, BO-BTOpPbIX, ANA opraHmnsaumm 3gpeKTUBHONO TEXHUYECKOro o6-
CNY>XMBAHUS YCTPOWCTBA, B-TPETbUX, ONA onpeaeneHusa nyTen yCTpaHeHUs
9TUX HeOOoCTaTKOB U pa3paboTkM HOBbIX YCTPOUCTB, NIULLEHHbIX 3TUX HeJocTaT-
KOB.

HepocTtaTkm akcniyaTMpyeMbiX YCTPOWUCTB, BbISBIIEHHbIE B HacTosiLee
BpeMs, MOryT 6bITb 06YCnoBEHbl HU3KMM YPOBHEM Pa3BUTUSA HAYKU U TEXHUKU
B Nepuoj co3faHna 9TUX YCTPOUCTB U OTCYTCTBMEM OrbiTa UX pas3paboTku u
aKcnnyaTtauuun. HegoctaTtkm MoryT ObiTb Bbl3BaHbl Takke HECOOTBETCTBMEM UIA
HenosnHbIM COOTBETCTBMEM (PYHKLMOHAmNbHBLIX BO3MOXHOCTEN WU XapaKTepu-
CTUK YCTPOMCTBA HOBLIM TpeboBaHMSAM, BO3HUKLIMM Mocre pa3paboTkn 1 BHe-
ApeHva yctpouctBa. Tak, kogoBasi aBTOOSIOKMPOBKa BMOSIHE yaoBneTBopsna
TpeboBaHMAM NEPEBO3OYHOro npouecca Ha MOMEHT pa3paboTkm M OarnbHIoK
nepcnekTnay, a B TEXHUYECKOM OTHOLUEHUN Oblna 4OCTaTOYHO COBEpPLLUEHHOM
Anst Toro BpeMmeHn. CoBpeMEHHOE COCTOSIHME HAaYKU U TEXHUKN Y COBPEMEHHbIE
TpeboBaHusa k cuctemam Ab BbisiBUNK psg HegocTaTtkoB KAB kak B OTHOLLEHUM
OTAENbHbIX TEXHUYECKNX PELUEHNI, TaK U B OTHOLLUEHMN MPUHLIMMNOB NOCTPOEHUS
cuctembl B UernioMm. [epeuncneHHble ganee Hepgoctatku KAB He uckntoyaroT
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BO3MOXHOCTM 3Kcnnyatauun yxxe BHELPEHHbIX CUCTEM B COBPEMEHHbIX YCrOo-
BUSAX N B NepCneKkTuee, HO NO3BONAT YYECTb UX Npu pa3paboTke HOBLIX, bonee
nepcnekTnBHbIX cuctem. [ns ynobctea aHanusa Bce HegocTaTtku KAB pa3bu-
Tbl Ha YeTbIpe rpynnbl.

1. Hedocmamku rno gpyHKUUOHaIIbHbIM 803MOXXHOCMSIM.

e OrpaHunyeHHbI 00beM MHpopMaLmm 06 YCNOBUAX OBUMKEHUS.

MpuHATbIM B KAB KOHTPOMb COCTOAHMSA OBYX Bnepeaunexawmx Onok-
Yy4acTKOB HeAocTaToyeH AN BbICOKOCKOPOCTHOIO ABWKEHUA U3-3a PE3KO yBe-
nnYmnBLLUENCA ASNTMHBbI TOPMO3HOro NyTn noesgoB. OTCYTCTBYET Takke MHGopma-
uns o anvHe BY (Gornble Unn MeHblle ONUHbl TOPMO3HOro NMyTu noesga), uTo
CTaHOBUTCHA OCOBEHHO CYLLECTBEHHLIM B COBPEMEHHbLIX YCITOBUSAX MPU CpaBHU-
TeNbHO KOPOTKNX BY 1 BbICOKMX CKOPOCTAX M Becax noe3fnoB. HeT nHdopmaumm
06 orpaHnYeHnsIX CKOPOCTM NO COCTOSIHUIO BEPXHErO CTPOEHUS MYyTU U UCKYCCT-
BEHHbIX COOPYXEHUMN.

e HeBO3MOXHOCTb MPUMEHEHUS Ha ydHacTKax C HU3KUM CONPOTUBIIEHNEM
N30NALUNN PENTbCOBON NTMHUN.

B kayecTtBe HOpMaTMBHOM BENUYMHBI MUHUMASTLHOIO YAEerbHOro conpo-
TMBNEeHUs nsondauum penbcosoun nuHun (PJ1) npuHata senndnHa 1 Om-km. Op-
Hako 6onbluMe 06beMbl NEPEBO3OK XKENE3HOW pyabl, MUHEPArbHbIX YA0OPEHUN
n conen n Bospocwada B 60-80-x rogax MHTEHCUBHOCTb U CKOPOCTb AOBUMXEHUS
Noe3noB NMPUBENM K 3HAYUTENBbHOMY 3arpsisHeHuto bannacta. [pu aTom conpo-
TUBMEHNE LWINan U3-3a KOHUEHTPaUUM B HUX SNEKTPONUTa CHU3UIIOCL B €eLle
Gonbluen cTeneHun, Yem conpoTmerneHne camoro 6annacra. [na nogaepxaHus
HOPMaTMBHOIO 3HaYeHUs yOesribHOro conpoTueneHuns mnsonsaummn PJ1 Tpebytotcs
Bbonblune pacxodbl Ha O4YUCTKY BannacTta v 3aMmeHy wnan. B HacToslwee Bpems
8% nyTen nMerT NOHMXEHHoEe conpoTuBneHne bannacta. CyLecTByOT yyacT-
KW, rae 9To CONpPOTMBIIEHNE COCTaBMSET AecATble U coTble gonu OM-KM. TexHu-
yeckn penbcoBble Lenn KAB npn ymeHbLeHUN UX AfNHBLI MOTYT paboTaTb U npu
MNOHMXEHHOM cornpoTuereHun 6annacta. Ho npn atom npungetcsa obopynosaTtb
BonbLLIOE YMCIIO pa3pesHbIX YCTAHOBOK, YTO ABMSETCA 3KOHOMMUYECKU Heuene-
coobpasHbIM.

e [InuTenbHas M croxHaa npouenypa nepexoga Ha [OBYXCTOPOHHeEEe
ABWXEHWe Ha OBYXMYTHbIX y4acTKax.

B coBpemeHHon KAB npegycmoTpeHa BO3MOXHOCTb BPEMEHHOW OpraHu-
3auUnn OBYXCTOPOHHETO OBWXEHUSA MO OQHOMY U3 NyTEeW ABYXMNYTHOrO neperoHa.
OpHako, Bo-NepBbIX, Ans aTtoro TpebyoTcs 6onblume nogrotoBuUTesbHble pabo-
Tbl, BO-BTOPbIX, Takas Mepa paccMmaTpuBaeTcs Kak ocobas (Mpw 3akpbiTum apy-
roro nyTn) n BpeMeHHas n3-3a HegoCTaTOYHON HaOEeXHOCTU CXeMbl CMEHbI Ha-

npasiieHnd, OTCYyTCTBUA aBTOMaTU4YECKOro ynpaslieHUd nepee3gom rnpu gsu-
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XEeHUU noesga rno HenpasuNbHOMY NYyTU U N3-3a HEOHBXOOMMOCTU OTKINOYEHNSA B
OTAENbHbIX CryYyasix YCTPOUCTB OUCNETYEPCKOro KOHTPOMA U CXEMbl ABOWHOIO
CHWXEHNA HanpshkeHns Ha namnax ceBetodopoB. CoBpeMeHHble NOTPEeOHOCTH
NepeBO30YHOro npolecca NpMBOAAT K HEOOXOANMOCTU OpraHusauum OBYXCTO-
POHHEro ABMKEHNA NOe3a0B MO KaX4oMy NyTn ABYXNYTHOro neperoHa 6e3 npo-
BeJeHNA npeaBapuTenbHon HacTponkn Ab.

e Huskoe bbicTpoaencTame.

Ecnu roBopute 06 ynpasneHun cseToopaMmm B COBPEMEHHBLIX CUCTe-
max KAB, To nx 6eicTpoaencTeme siBNseTcA BMNOMHE yAoBNeTBOPUTENbHbIM. HO
€CI1 Y4ecCTb, YTO 4S8 nepeaadn nHopmaumm mexay csetoopamu 1 ans ne-
pegayn nHpopmMaumMm Ha IOKOMOTUB MCMNOoSb3yeTcs obwmin curHan, To CTaHeT
SICHO, YTO NPUMEHSIEMbIN YNCNOBOW KoA siBngeTca becrnepcnekTuBHbiM. CBs3a-
HO 9TO C TeM, YTO YBENUYEHME YNCNa NepegaBaemMbiX cOObLEHNN NpMBEOET K
HeZOMyCTUMOMY YOSIMHEHUIO KOAOBOMW MOCHISIKU U YBENIMYEHUIO BPEMEHU ee
pacwmndpoBKu.

2. Hedocmamku KAB o nokaszamersnsim HalexxHocmu.

e HepocraTtouHasa HageXHOCTb CUCTEMbI, YTO OOBACHAETCA cneayroLum-
MW dbakTopamum:

a)Hanuyne 3NeMeHTOB C HU3KOW HaOeXHOCTbK (M30NupyloLlimMe CTbIKNU,
ANEKTPONUTNYECKME KOHOEHCATOPbI BOMbLLION EMKOCTU U Ap.);

6)paboTa 6OMbLIOro YMcra KOHTaKTHbIX 3NIEKTPOMAarHUTHbLIX pene B Au-
HaMW4YECKOM pexmnme rnpu KoOMMyTauuu Lenen ¢ MHOAYKTUBHOW Harpyskon (Mm-
nyfnbCHOE MNyTEBOE pene, Bce pene gewundpaTtopa) u 60nbLWon KOMMYTUpye-
MOW MOLLHOCTbIO (TpaHCMUTTEPHOE pene). YKasaHHble pere coBepLuarT Mo-
pagka 4 MIH. NepekniyYeHnin B Mecs;

B)paboTa yCTPOMCTB B TSHKENbIX YycnoBusix (BMbpaumd, nNbifib, Brax-
HOCTb, TeMMepartypa).

¢ [1naHoBO-NpOMNaAKTUYECKNMIN METOL TEXHNUYECKOro 00CyXMBaHUS.

Takon meToq obCcnyXmMBaHUA NPUHAT B CBA3U C HEAOCTATOYHOM HadeX-
HOCTbIO yCcTponcTB Ab 1 nx Gonbwnm BNusHMEM Ha 6e3onacHOCTbL U Becnepe-
BoMHOCTb OBWXEeHusi noe3noB. [podunaktnyeckoe obGCnyXMBaHWE C LESNbIO
npeaynpexneHna oTkasoB NPoOBOAUTCSA B COOTBETCTBUMN C VHCTpyKUMEN No Tex-
HU4yeckomMy obcnyxusaHuto yctponcts CLIB ¢ nepnognyHOCTbIO U B CPOKM, yC-
TaHOBJMIEHHbIE TPadUKOM TEXHONOrMYeckoro npouecca obenyxmsaHuna. [pu
9TOM MPOBOANTCS HAPYXXHbI OCMOTP U YNCTKa NPMBOPOB HA MeCTax YCTaHOBKM,
OCMOTpP 9NIEMEHTOB U U3MEPEHNE NapaMeTpoB perbCoBbLIX Lenen n gewmdpa-
TOopa, nposepka anroputma paboTbl CXeMbl, a Takke psa ApYyrnx nNpoBepokK U
namepeHun. bonbluaa 4YacTb BpeEMEHU pacxoayeTcs Ha NpoBEpPKY peribCoBbIX

Lenen n gewmndparopa, KoTopble paboTatoT B Tskenbix ycnopusix. Kpome Toro,
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MHOIo0 BPEMEHU N CPEeACTB pacxoayeTca Ha Nepuoanveckyto sameHy npmbopos
C rnocrnegywowen mMx nNpPOBEPKON, PEMOHTOM U PEryriMpoBKOM B PEMOHTHO-
TEXHOJNOrMYecknx yvyactkax. Bce atm meponpusatna onpasgaHbl C TOYKU 3PEHUS
obecneyeHna becnepebonHocTn pabotel KAB n 6e3onacHocTn ABMXEHUSA Mo-
€3[0B, HO yKa3blBalOT Ha HEOOXOAMMOCTb JanbHeunLlero CoBepLleHCTBOBaHNSA
cuctem Ab B nnaHe NoBbILLEHUS HALEXHOCTH.

e bonbliasa onUMTenbHOCTb BOCCTAHOBIIEHUSI YCTPONCTB NOCne OTKa30B.

[Mpouecc BoccTaHoBrieHnsa yctporucTs Ab nocne otkasa COCTOUT U3 crie-
AYOLNX 3TarnoB:

a)lNonyyeHne nHpopmaumm o6 otkase. IHpopmaumo 0 YyacTn OTKasoB
9NEKTPOMEXaHMK MNOofy4yaeT C MOMOLLbD CUCTEMblI AUCTAHLUMOHHOIO KOHTPOMS
MCMNPaBHOCTN HEKOTOPbIX ycTponcTs Ab. B BoNbLINMHCTBE Xe cryyYyaeB MHAGOP-
Mauus o HenpaeunbHou pabote Ab noctynaeTt oT mawmnHUCTOB noes3nos. Ove-
BWOHO, YTO Takad MHopMauma SBNseTca 3ano3gasnion U He No3BonseT CyauTb
O MPUYMHE NN XapaKkTepe oTKasa.

6)NepemelLeHne anekTpomMexaHuka K MecTy rnospexgeHus. Kak yxe oT-
MeYyanocb, 3TOT 3Tan 3aHMMaeT MHOrMo BPEMEHU M3-3a BOMbLLION YOaneHHOCTU
0OBbEKTOB.

B) lNounck npuymnHbl oTkasa. B kogoBon Ab oTHOCUTENBHO BOSbLIOE YMCIIO
anemMeHToB paboTaeT B AMHAMUYECKOM peXnme, YTo CYLLEeCTBEHHO 3aTpyaHseT
nokanusaumio oTkasa. OTa 3ajada YCIOXHAETCA TakuMu dpakTopamu, Kak Ha-
nmymne CXeMHOW 3almTbl OT KOPOTKOrO 3aMblKaHUS U3ONUPYIOWKUX CTbIKOB, 3a-
BUCMMOCTb pe3yrbTaTa paclumMppoBKM KOOAOBOro CUrHana oT ero BPEMEHHbIX
XapaKkTepUCTUK, XapakTePUCTUK perie-CHETUYNKOB Aelundpartopa n hakTuyeckon
€MKOCTU 3NIEKTPOSIUTUYECKMX KOHAeHcaTopoB. OTpuuatenbHbiM 0akToOpoM SiB-
naeTcqa Takke 6onblias pasobLeHHOCTb B NpocTpaHcTee (4o 2,6 kM) nepenart-
YmKa M NPUEeMHMUKa KOOOBbIX CUrHanoB, HEOHBXOOMMOCTb NpoBeAeHust paboT Ha
OTKPbITOM BO34yxe npu nobon noroge u B 30He NOBbLILWEHHOW OMNACHOCTU B YC-
NOBUAX OBWXEHUS NOEe30B.

r) YctpaHeHne oTtkasa. OnbIT aKkcnnyaTtaumm yctponcts Ab nokasbliBaer,
YTO Ha YCTpaHEHWe OTKasa 3aTpadnmBaeTCa MeHbLUEe BPEMEHU, YEM Ha NepemMe-
LLeHNe K 06BEeKTY M Ha fiokanusauuto HemcnpasHocT. O4HaKo 3To cnpaBennv-
BO NWLLb B TOM Crlyyae, ecnun He TpebyeTcs 3aMeHa kakoro-nmbo npmnbopa, T. K.
9NEeKTPOMEXaHUK He B COCTOSIHMM 3abnaroBpeMeHHO [OCTaBUTb K OOBbEeKTy
NOJSTHbIA KOMMMEKT 3anacHblX Npubopos.

3. Hedocmamku ¢ moyku 3peHusi besornacHocmu O8UXeHUS 110e3008.

e He npegycMoTpeH KOHTPOSb NOTEPU LLYHTA.

[Mpn cUNbHO 3arpsi3HEHHbIX penbcax UM NPU OCTaHOBKE KOPOTKOM MOa-
BWKHOW eOuMHNLbI (OOMHOYHBIA NTOKOMOTMB, Ape3nHa, rpynna OTopBaBLUMXCS OT
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noesga BaroHOB) Ha Necke nocne NPUMeHeHUss TOPMOXEHUS C NOLNeCOYnBaHM-
€M BO3MOXXHa NoTeps LWYyHTa, YTO NPUBOAUT K NIOXKHOM cBoboaHocTu BY. Bepo-
ATHOCTb 3TOro Marna, HO TakMe cutyauum Bbinn 3auKcMpoBaHbl HEOAHOKPATHO
N, B page cnyvyaes, UMENN TSXKerble NOCneacTBuA.

e Bbicokas BeposiTHOCTb aBapum MNpu npoe3ge ceeTodopa ¢ 3anpe-
LLIAKOLLMM MOKa3aHueM.

AKTyanbHOCTb 3TON NpobremMbl HAa COBPEMEHHOM 3Tane BO3pocsia B CBS-
31 C TeM, YTO Ha OCHOBHBbIX HarnpaeneHusx ceetoopbl Ab paccTtaBneHbl NCxo-
A N3 6-TM MUHYTHOIO MEXMNOEe34HOro MHTepBana, YTo NpPMBESIO K CyLLECTBEH-
HOMY YMEHbLUEHUIO ONNH Bnok-yyacTkoB. OOHOBPEMEHHO C 3TUM BHeLpeHue
MOLLIHbIX JTOKOMOTUBOB MPUBENO K YBENUYEHMIO OfNH Noe3noB. B pesynbTaTe
noesza 3aHUMaeT MpakTU4eckn Becb BOK-y4acToK U faxe cpabaTbiBaHME aBTO-
cTona Npu Npoesae crenywmm noe3aom 3anpellarulero ceetodopa He npe-
AOTBPAaTUT TSXKenNbIX NOCNeaCcTBUMN.

e B HekoTOpbIX Cryyasax NPUMEHSIOTCH perne He NepBoro Kracca Hagex-
HOCTWN Be3 KOHTPOMA UX NCMPaBHOCTW.

Hanpumep, B cxeme Bbi6opa KOAOBbIX KOMOBMHALUUK NpU OBMKEHUN MNO-
e3fa no HenpasUibHOMY MYTU UCMONb3YTCS KOHTaKTbl NONAPU30BAHHOIO SKO-
ps pene WUI. MNpn ero HencnpaBHOCTU MOXET ObITb chopmupoBaH bonee pas-
pewatrowmn kogosbi curHan AJ1C, KoTopbi B JaHHOM Criydae aBnseTcsa eguH-
CTBEHHbIM CPEeACTBOM PErynMpoBaHus.

4. HeOocmamku 1o sKOHOMUYECKUM r1oKa3amersisim.

e bonblume 3aTpaTbl Ha 06CcnyXuBaHue.

[MpuHATBIN B HacTosiLLee BpPeMsi NNaHOBO-NPodunakTniecknin meton oo-
cnyxusaHusa yctponcts CXKAT TpebyeT MO CpaBHEHUIO C PEMOHTHO-
BOCCTAHOBUTESIbHLIM MeTOAO0M 6Bonblumx 3atpaT Tpyaa. CrnoXHOCTM noucka u
yCTpaHeHusi oTka3oB B cucteMe KAB Takke npuBOOAT K YBESIMYEHUIO pacxoaoB
Ha TeXHMYecKoe obcnyxmnsaHue.

e bonblion pacxon AparoueHHbIX MeTansmoB U OOPOrmx 3feKTpoTEXHN-
YeCKnx maTepuarnos.

[ns U3rotToBneHNa KOHTaKTOB OAHOro pene Tpebyetca Ao 6,6 rpamm ce-
pebpa. 3 anekTpoTeEXHNYECKMX MaTepuanoB MHOro NoTpebnseTcs BbICOKOKA-
YeCTBEHHOW 3NEKTPOTEXHNYECKOMN CTarnu.

1.4. HoBble cucTeMbl aBTOMaTU4YeCKOMN ONTOKUPOBKU

Kak yke oTmMe4arnocb, paboTbl MO COBEPLUEHCTBOBAHMIO N CO34aHUIO HO-
BbIx ycTponcte CXKAT BegyTca NocTosiHHO. Npu 3TOM He Bce pas3paboTku [o-

XOOAT OO0 cTagun OrbITHON aKCnnyaTtaunn, BHegpeHnda nnmn LWnpoKkoro npumMeHe-
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Husa. OgHako fgaxe He BHeApeHHble pa3paboTKu UrpatoT NOMOXUTENBHYIO POrb.
B npouecce co3gaHusa Takux cuctem, Mx nabopaTtopHbIX M aKCMAyaTauMOHHbIX
NCNbITaHUA HaKannMBaeTCHa ONbIT pa3paboTynKOB, OTAeNbHble Hanbonee nep-
CMEKTUBHbIE MAEN N TEXHUYECKME peLleHUs1 MUCMONb3YKTCA B MOCAeayoLwmnx
pa3paboTkax, OTKMOHSTCA OWMOOYHbIE N BecnepcnekTUBHbIE peLLeHUS.

[MoaToMy B J@aHHOM pasfernie paccMaTpuBaloTCs He TONbKo cuctemsbl Ab,
LUMPOKO BHEAPEHHbIE NO CETM JOPOr CTpaHbl, HO U Apyrve pa3paboTku, 3acrny-
XunBaroLne BHUMaHuS.

YacToTHas aBTOONIOKUPOBKA.

YacTtotHaa Ab (MAB) 6bina paspaboTtaHa B KoHUe 60-X rogoB B CBA3U C
NnaHMPOBaHHOW opraHu3aumMen BbICOKOCKOPOCTHOIO ABMXEHUS Ha ydacTtke Mo-
ckBa—JleHuHrpag (o 200 km/4) n Yepes 10 neT BHegpeHa Ha 3TOM y4vacTke.

PaccmoTpmM OCOBEHHOCTU 3TOM CUCTEMbI MO OCHOBHbLIM OTNNYUTENb-
HbIM NPU3HaKaM.

B UAB ucnonb3oBaHbl PENbCOBLIE LIENMM NEPEMEHHOIO TOKA C Henpe-
PbIBHbIM MNUTaHUEM W reTepoauHHbIM NpueMHUKoM. [lepegava mH@opmauum
MeXay cBeTodopamMm OCYLLECTBNSETCS MO PefibCOBOWN JIMHUU C UCMNOSIb30BaHN-
€M YacToTHOro koaa. lNpumeHsaTca YeTblpexaHavHble cBeTodopbl. B akcnnya-
TUPYEMOW CUCTEME KOHTPOSIMPYETCS COCTOSIHUE 4YeTbipex Brepeaunexawimx
BY; npegycMoTpeHa BO3MOXHOCTb YBENMYEHUS 3TOro Yncna go noboro, npak-
TM4eckn Heobxoammoro konundectea. B kadyectBe anemeHTHOM ©asbl NPUMEHSI-
eTca 6eckoHTaKTHas annapaTtypa (nepegatowme n npuemMHole yctponcrtea PL,
kKogoobpasyluime yCTPOUCTBA) U 3N1IEKTPOMAarHUTHbIE pene.

Ona nutanma PLL v yBA3KM nokasaHun cBeTO(OpOB nNpenyCcMoTpeHOo 6
AnanasoHoB 4YacToT co cpegHumm yactotamm f,=125, f3=175, f,=225, =275,
f6=325 n =375 'y. KogoBble curHanbl obpasyTcs B Buge KombuHauum gsyx
4acToT U3 yKasaHHOro gmuanasoHa. OTo no3sondeT copmMmpoBaTb Npu HEOb-
xogumocTn 15 KoMbrHaumn ¢ KogoBbIM paccTtosHnem d=2, yto obecneymBaeT
AOCTaTOYHO BbICOKYIO NMOMEXOYCTONYMBOCTb M JOCTOBEPHOCTb POPMUPOBAHUSA
N nepegadn coobLeHn.

Tpebyemoe KonM4ecTBO KOAOBbIX KOMOBMHALUUM 3aBUCUT OT KOHKPETHbIX
YyCNoBUW NPUMEHEHUSI cuCcTeMbl. Tak, Hanpumep, npu ckopoctn go 200 km/y onsa
nogaensawLero 60MblWMHCTBA CYLLECTBYHOWMX TIMHUMA HEOBXOOMMO KOHTPOSIM-
poBaTb COCTOSIHME 4-X Bnepegunexawmx bY, 1. e. nepegasatb Ha NTOKOMOTUB 5
coobueHnn. C y4eToM AONonHUTENBbHbBIX coobeHnn 06 ycnosusix npuema no-
e3fa Ha ctaHuuio B cucteMme YAB ncnonesoBaHo 5 yacTtort (fs...fs).

[na uckn4YeHnsa noXHoro cpabaTbiBaHUs MNPUEMHUKA OT CUrHanoB
cmexHon PLL npy npoboe m3onupyroLwmx CTbIKOB UKW OT CUrHAroB peribCoBbIX
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uenen napannenbHOro nyTyM UCNOSb3yeTCcd YacToTHas 3alumta C rerepoimH-
HbIM NpUeMHUKOM. C 9TOM LEenNbIo B KaXXg0oM Auana3oHe YacToT NpeayCMOTPeEHO
4 yacToTHbIX curHana. Hanpumep, ans guanasona f,: f,1=118,8 'y, ,,=121,9
u; f23=126,6 Iy, f4=129,7 y. Kaxxgbln 13 3TUX CUrHaNoB HeceT OAMHAKOBOE
coobLieHne C TOYKN 3peHns nepenaym nHdopmaumn. B penbcoBbiX Lensx oa-
HOro NyTW YepeaylTcs OBe 4acToTbl, oTnnyalowmeca Ha 7,8 'u. [1se gpyrue
4acTOTbl MPUMEHSAIOT N9 PENbCOBLIX Lienen napannenbHOro Nyt ABYXMyTHOro
yyacrTka.

Ha curHanbHbIX yCTaHOBKax AN KaXdoro YaCTOTHOro guanasoHa rnpe-
AYCMOTpPEH CBOW reTepOANHHLIM NPUEeMHUK. Ha oguH BXo4 NpuUeMHUKOB nofa-
eTcsa curHarn, npuHAaTein n3 PJ1 orpaxgaemoro BY, Ha gpyron - curHan oT reHe-
paTopa, NMTalLWero penbcoByko Lenb npeabiaywiero bY. MNMpnemHuk cpabotaet
TONbKO B TOM Crlyyae, ecrnivm pas3HOCTb 4acToT 3TUX curHanos paBHa 7,8 'U. Ec-
NN YacTOTbl COBNaAatloT, TO HaMpPs>XKeHNe Ha BbiIXoade NPUeEMHMKA PaBHO HYIHO.

Kogosble curHanel YAB ncnonb3yloTcs Takke gng paboTbl MHOro3Hau-
Hon AJIC (AJICM). JlokomoTuBHble cBeTodopbl AJICM curHannaupyroT ycros-
HbIM LIBETOM OrHSl U OOMOSHUTENbHbIMM 3HaKaMun B Buae 6ykB (Y - yMEHbLUEH-
Has, C - cpegHaa ckopocTb) unun undp (200, 160, 120, 80). OTK curHanbl yka-
3bIBAOT JOMYCTUMYHO CKOPOCTb NpOCiegoBaHNa BnepeancTosLlero ceetogopa.

K HegocTtaTtkam cuctembl YAB cnegyeT OTHECTU CROXHOCTb perynmpoB-
KN penbCoBbIX Lenen gng NATM 4acToT CUrHaNbHOro TOKa; rpOMO34KOCTb 000-
py4oBaHWA, YTO OCOBEHHO CyLLEeCTBEHHO A5 NOKOMOTUBHBIX YCTponcTe AJICM,;
HeoOX0ANMMOCTb AOCTAaTOYHO BbICOKOM CTabWUITIbHOCTM 4YacTOTbl HaNpPsKEHUsS B
CUCTEME IANEKTPOCHABXKEHUS.

YHudmuupoBaHHaa camonpoBepsiemasi cuctema Ab.

YHungpuumposaHHasa cuctema astobrnoknposkn (YCAB) 6bina paspabo-
TaHa B Ha4ane 80-x rogos 20 Beka. NlepBasa cuctema BHegpeHa B 1982 roay Ha
KOxxHO-Ypanbckon >xkenesHon popore. [Npu co3gaHumM cucTembl pas3paboTyunkm
npecnegoBanu cregyowme Lenu:

1. MNoBbileHne HaJeXXHOCTU CUCTEMBI.

2. Co3gaHne cuctembl, He Tpebytouwen npodunakTmyeckux paboT n no-
3BONAOLWEN MEPENTU Ha aBapUMHO-BOCCTAHOBUTESNbHLIM MeTon obcnyxunsa-
HUSA.

3. CyLwlecTBeHHOE NOBbLILIEHME YPOBHS 0e30MacHOCTU OBWXEHUA Moes-
0B.

4. PaclwmpeHne pyHKUNOHaNbHbIX BO3MOXHOCTEN CUCTEMBI.

PaccMOTpyM HOBble TexXHUYeckue pas3paboTku, MPUHATbIE B CUCTEME
YCADB gns pelleHusa aTux 3agau.
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PenbcoBble Llenn MMEKT criegyrolme oCoObeHHOCTN.

1. NpnmeHeHa dasovyBscTBuTENbHAA PLL ¢ HenpepbiBHBIM NUTaHUEM ne-
PEMEHHbLIM TOKOM YacToTon 25 U, YTO CyLEeCTBEHHO NOBbIWAET HALEXHOCTb U
ycTtonymBocTb paboTbl PL| npn noHmxkeHHom (go 0,5 Om-kM) conpoTuBrieHun
nsonauum PJ1. MNpegycmoTpeHa BO3MOXHOCTb paboThl Ha ydacTKax C yaenbHbIM
conpotmBneHnem msondauum o 0,1 Om-kMm. KoHTporib npobos n3onupyowmnx
CTbIKOB - (pasosbin. NpegensHas anvHa PL yBenuyeHa no 2000 m 3a cyeT Ha-
CTPOWKU B pe30HaHC, MUCMOSb30BaHUA pexuma nNpsMoro nogbema cekropa ny-
TEBOro perne u TepMOperynupoBKM B Lienu mectHon obmoTku pene ACLU-13A.

2.MuTaHne nNyTeBOM N MECTHON OBMOTOK ABYX NYTEBLIX pesfie CMEXHbIX
PL] ocywectBnaetca oT obLien nutaroLen yCTaHOBKN, YTO NO3BONLAET pearnu-
30BaTb MPOCTY CXEMY KOHTPOMA has 1 UCKNKYUTb BEPOATHOCTb MX OMacHOro
NCKaXXeHUs1 MPU HEUCNPAaBHOCTSIX.

3. pegycMoTpeH KOHTPOSIb NOLMUTKA MyTEBOro pene oT NOCTOPOHHErO
MCTOYHMKA. [0na atoro pmkcaumnsa ocBoboXaeHUsa peribCoOBON Lenu OCyLLEeCTB-
ngaetca cnegyowmnm obpasom. Nocne Bo3byXaeHUa nyTeBOro pesie npousBo-
ANTCA YMeHbLUEeHME HanpsbkeHus nutaHus PLL 0o pacyeTHoro 3HaveHus. Ecnn
B TeueHue 1,2 C CeKTop NyTEBOro pesfie He OnyCcTUTCH, TO (PUKCUPYyeTCa Heuc-
NpPaBHOCTb, NUTAHNE PENbCOBON Lenn OTKIOYaeTCH, BKNOYEHNE pa3peLuatoLLe-
ro curHana UcknryaeTcs.

Cxema _KoHTposisg notepu LwyHTa. MNpnHUmn paboTbl cXxeMbl OCHOBaH Ha
KOHTpOMe nocnenoBaTesibHOCTU 3aHATUA PENbCOBbLIX Lernen npu npocnenosa-
HUM noesga. Cxema UCKNOYaET MOsiBieHME paspeLlatolero curHana Ha cee-
Tochope npu oceoboxaeHun orpaxgaemoro bY, ecnn npeasaputenbHO He Obl-
no 3aukcnpoBaHO BCTYMNSIEHNE NOABMXKHOW eanHULbl Ha creayowun BY n Ha
BRepeancTosdLlemMm csetodope He BKIYEH 3anpelarowmn curHan. B cxeme
npeaycMOTpeHa 3aLumnTa OT JIOXKHOIO HaroXeHUs LWyHTa, YTO UCKNYaeT cboun B
pabote cxem YCAD v noBbilaeT LOCTOBEPHOCTb Mepedayvn U3BELLEHUS Ha
CTaHUMIO U rnepeesa.

Cxema_TeCToBOM MPOBEPKN KOHTPONUPYET LOCTOBEPHOCTb paspeLuato-
Lero nokasaHusi npoxogHoro cesetodoopa. [Npn npubnuxkeHnn noesga 3a 2
Brok-y4acTka cxema npou3BOOUT CHMXKEHME HaMpPshKeHUs MUTaHUS KOHTPOSn-
pyemon PL| 0o pacyeTHoro sHayeHunda. Ecnu cekTop nyTeBoro pene onycTtutcs,
TO NUTaHWE PeNbLCOBOW LENM BOCCTaHaBNMBAETCH, pa3peLuatowmni curHan cee-
Tohopa coxpaHsieTcs. B npOoTMBHOM crnyyae curHaneHOe perne, BblaepXaB 3a-
MeasfieHne, oTnyckaeT CBOM SKOPb M BKMOYAET Ha cBeTodope, orpaxaaroLlem
AaHHbIn BY, 3anpeLuarownm curHan.

KoHTpOSib NpaBUibHOCTU (PYHKLIMOHMPOBAHUS CUCTEMbI NPOBOAUTCA Ha
CUrHarbHbIX YCTaHOBKax npun ocBoboxgeHnn noesgom orpaxgaemoro bY. [ng
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atoro cxema YCAB yctpoeHa Takum o6bpasom, 4YTO MNpu BKIIHOYEHUU paspe-
LIaoLero curHana npoucxoanT N3MEHeHUe COCTOAHUSA KaXXOoro M3 KOHTPOSIv-
pyemsbix perne. [1pn HapyLleHun npegycMoTpeHHoro anroputma paboTtel npnbo-
POB BKIIOYEHME pas3peluarollero curHana WCKYaeTca. ITUM COrnacylTcs
NPOTUBOMNOSNOXHbIEe TpeboBaHMA No obecrneyeHno HaJEeXHOCTU cucTembl (cTa-
TMyeckasl paboTa anekTpoMarHUTHbIX perne) n 6e3onacHocTn ee YHKLNOHUPO-
BaHUA (OMHamMmn4yeckasi paboTta af1eMeHTOoB).

Kpome ykasaHHOro Bbllle, HagexHocTb cuctemol YCADB noBbileHa 3a
CYEeT MCMNONb30BaHUA HOBOro nokorieHuns pene tuna P3J1, ucknwoveHna anek-
TPOSIUTUYECKUX KOHOEHCATOPOB U BbIMPAMUTENbHLIX 3JIEMEHTOB, OTKa3a OT pe-
BepcupoBaHus PL| npu cmeHe HanpasneHna OBWXEHUs, npuMmeHeHUs 6eCKOH-
TaKTHbIX KOMMYTaToOpoB TOKa B uensax koamposaHua AJIC. [na koHTpons uc-
NpaBHOCTM annapaTypbl W foKanusauMm HeucrnpaBHOCTEN NpeayCMOTpeHa WH-
AnKaLna COCTOSTHUA OCHOBHbIX 311IEMEHTOB.

CBs3b Mexay CUrHanbHbIMM YCTaHOBKaMW OCYLLECTBMSETCSA MO JIMHEN-
HbIM uensam. o HUM peanusyeTcsa yBA3Ka nokasaHuMM CBETOdOpPOB, nepenaya
CUrHanNbLHOro Toka K nutalwmm KoHuam PJ1, nepenada usBeweHus o npubnum-
XeHun noesna ans cxembl TectoBon npoBepkn. Cxembl YCAB obecneumBatoT
ABYXCTOPOHHEE perynMpoBaHue NnoesfoB Mo Kaxaomy nyTn OBYXMNYTHOro nepe-
roHa.

MukpoanekTpoHHbIe U MUKponpoLuecCOopHbie cuctembl AB.

B HacToswee Bpems B TexHuke CLIB Bce Bonbluee BHMMaHWe yaenser-

cs pa3paboTke N NPUMEHEHUIO CUCTEM C UCMOJIb30BAHUEM MUKPOSSEKTPOHHbIX
anemMmeHToB. OcobeHHO 6ornbline npeumMyllecTBa AaeT MUKponpoLeccopHas
TEeXHWKa C NporpamMmMunpyemom JIOrmKom.
Peanusauma ycTpoucTB Ha OCHOBE MWKPOMNPOLLECCOPOB MO3BO-
naeT CyLWeCTBEHHO MNOBLICUTbL HAOEXHOCTb U ObiCTpogencTemne
CUCTEM aBTOMaTUKKU, paclnpUTb UX (PYHKUNOHAaNbHbIE BO3MOX-
HOCTW, BbINOJSTHATE anropuTm J1lobon NpakTnyeckn Heobxoanmown
CNOXHOCTW, co3gaBaTb YHMBepcarnbHble 6510KKM 1 nerko agantu-
poBaTb UX K KOHKPETHbIM YCrOBUAM MPUMEHEHUS U U3MEHSTb
anropuTtM UMM UCXOOHble AaHHble NPV U3MEeHEeHUN napameTpoB
obbekTa ynpaBneHus.

LLinpokne BO3MOXHOCTU NporpaMmmupyemMon NOrmku no3BOnAT peluaTtb
3aadn CaMonpoBEPKU U pPeKOHUrypaumm cobCTBEHHOW CTPYKTYpbl NpU OTKa-
3ax, OCyLWeCTBNATb OMarHOCTUKY OBOBLEKTOB yrnpasneHud, a Takke OonbLuoe
YUMCIIO CEPBUCHLIX PYHKLINN.
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MwukponpoueccopHble CXXAT obecneunBaloT B3aMmMoaencTBME U MNPO-
CTOe corflacoBaHuMe C yCTpoucTBaMn aBTOMATU3MPOBAHHbLIX CUCTEM Yynpasre-
HUS BEPXHErO YPOBHA M YCTPOMCTBaMU JIOKaNbHOW aBTOMaTUKX, NPOU3BOOAT
perucTpaumio U AOKyMeHTUpoBaHMe MHOPMaLIMN O HEUCTPABHOCTSAX, HellTaT-
HbIX OENCTBUAX IKCMNyaTauMOHHbIX pabOTHUKOB U OPYrMX CYLEeCTBEHHbIX CO-
ObITHSX.

3acnyxusaroT BHAMaHNA gBa HanpaBneHus paspaboTkm 6eCKOHTaKTHbIX
CUCTEM — 3NIeKTPOHHbIe cuctembl Ab Tvna KOb 1 anekTpoHHble cucTeMbl ean-
HOro psiga Ha HOBOW 3arneMeHTHou Oase. Hwxke paccMOTpeHbl MpUHUMMBLI MO-
CTPOEHUHA HEKOTOPbLIX MUKPOSSEKTPOHHbLIX N MUKPOMPOLIECCOPHbLIX CUCTEM 3TUX
Knaccos.

Cuctembl AB Tuna K3Bb.

Cuctembl Tuna K3b Havann paspabatbiBatbcs ¢ cepeauHbl 90-x roqos
20 Beka. OHM peanuayloT anropuTm Yyncnoson kogosoun Ab.

BaxHOCTb pa3paboTkn 1 NpuMeHeHUs NogO6HbIX CUCTEM Ha COBPEMEH-
HOM 3Tane obbsAcHAeTca cnegyowmnmmn coobpaxeHusamn. Kogosaa Ab nmeet
npeobnagatoLiee pacnpocTpaHeHne Ha CETU XKemnesHbIX 4opor cTpaHbl. Hanbo-
nee WHTEHCUBHOE BHEOpPEHNE 3TUX cuctem npoucxogusno B 1965-1985 rogax. B
HacTosLlee BpeMs M3-3a MOCeayoWwero CHKEHNUS KanuTanbHbIX BIOXEHUN B
xo3ancteo CLIb 6onblion o6bem yctporcte Ab BelpaboTan ceown pecypc, du-
3M4YecKkn 1 moparnbHoO yctapesn. CneacTteme 3Toro - pocT 3aTpaT Ha cogepKaHue
n obcnyxmBaHme yCTpomcTB, CHMKEHME YPOBHA 6e3onacHOCTU ABMXeHUA. Tak,
ctapeHue yctponcts Ab B 2001 rogy coctasuso 17,6% (MpoueHT YyCTPOMCTB CO
CpokoM cnyx0bl 6onee 25 net), a B 2005 rogy moxeT goctndb 31%. 3ameHa
YCTPONCTB Ha HOBblE NEePCNeKTUBHbIE CUCTEMbI TpebyeT BonbLUNX KannTanbHbIX
BNOXEHUN, NPUBOAUT K NepepbiBamM OBMKEHUS NOE340B NpU CTPOUTENLCTBE U
MyCKO-HanagouyHblx paboTax u ABNSAETCA 9KOHOMWYECKM LenecoobpasHou
TONbKO Ha yyacTKaxX C BbICOKOW MHTEHCMBHOCTbLIO ABUXeHUs. YcTponctea KOb
NO3BOSAIOT NPOM3BECTU ODHOBMEHNE 3KcnryaTupyembix cuctem Ab nytem pe-
KOHCTPYKLUMN C YACTUYHOM UMW MOSHOW 3aMeHon NpubopoB Ha INEKTPOHHLIE
aHanorn 6e3 NsMeHeHns MoHTaxa.

B HacToswee BpeMa paspaboTaHbl 2 pasHOBUOHOCTM TaKMX CUCTEM.

KopoBas aBTOGNOKMpPOBKA Ha 3NEKTPOHHOMU 3fieMeHTHON base
K9b-1.

KOb-1 npegHasHavyeHa ans pekoHCTPyKuMn kogoson Ab nyTem 3ameHbl
B penenHblX LWKadgax CUrHasnbHbIX YCTAHOBOK 3S1IEKTPOMEXaHUYECKUX YCT-
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poOnCTB, paboTaroLwmx B UMMYSIbCHOM peXUMe, Ha 3NEKTPOHHbIE C COXPaHEHNEM
cyLiecTByowWmMxX Kogosbix PL, 6e3 nsmeHeHns pacCTaHOBKM CUIHANoOB 1 Apyroro
obopynoBaHus. Npn aToMm MOXeT ObiTb NpoBedeHa PEKOHCTPYKUUA Kak Bcew
aBTOOMOKNPOBKM, Tak U 3aMeHa annapatypbl OAHOW UMM HECKOSbKUX CUrHaslb-
HbIX YCTaHOBOK.

B coctaBe KOb-1 ncnonbsytotca cnegyowme npudopbl 3aMeHb!:

e reHepatop koaoBbix curHanoB NK-K9b, 3ameHsoWwmnmM kogoBbIN Ny-
TEBOW TPAHCMUTTEP, TPAHCMUTTEPHOE pene U BECKOHTAKTHbI KOMMYyTaTop TO-
Ka;

e npuemHuk-gewncppatop MNA-KIB, KoTOPLIN 3aMeEHSAET MMNYNbLCHOE
nytTeBoe pene n 6noku gewmndpartopa kogosoun Ab.

(eHepaTop kogoBbix curHanoB K-KO6 peannsoBaH Ha OCHOBE OAHO-
KpuctanbHon Mukpo3BM. KogoBble curHanbl, oopmMupyemMble reHepaTopoM,
NoJaloTCA B PeribCOBYHO NUMHUIO Yepe3 BECKOHTaKTHble KOMMYTaTopbl, BXOAS-
wne B coctaB K-K3b. lNMpn atom obecrneymBaeTcsa KOMMyTauma Toka Jo 5 A
npu HanpsbkeHnn go 330 B.

B oTnuyne oT KOOOBOro nyTeBOro TpaHCMUTTEpa reHepaTtop AOMNOSHU-
TenbHO bopmupyeT Kogosble curHanbl K (nocnegoBaTenbHOCTb UMMYSIbCOB C
nHtepsanammn 0,12 c). OTO NO3BONAET OpraHn3oBaTb 3alUUTHbIE Y4acTKu 3a
XBOCTOM Moe3a npu ero ABMXeHUM No HenpaBUNbHOMY NYTW.

dopmmpoBaHue bornee paspeluarollernn KogoBOM KOMOMHaLMN UCKIOYa-
€TCHA CXeMOW KOHTPOSISt KOAOBbIX MMNYNbCOB. [puHUMN paboThl 3TOM CXeMbl OC-
HOBaH Ha MCNOMb30BaHUU MHAMUYECKON NaMATKN, OCYLLECTBNSAKOLLEN KOHTPOITb
ANIMTENbHOCTU ApobreHnsa KogoBbIX MMMNYbCOB.

[MpuemMHuk-geLlimpaTop NpUHUMaET CuUrHasnbl U3 pPenbCcoBOW Lienu, pac-
LWUMPpPOBBIBAET UX U B COOTBETCTBMM C 3TUM YynpaBnseT CUrHasnbHbIMU pene.
Mpn gewmndpauum curHana y4ymTbiBalOTCA €ro BPpEMEHHbIE napameTpbl U ASu-
TEeNbHOCTb KOAOBOW MOCLIIKW. OTO MO3BONAET peanu3oBaTb NPOCTY0 N HaOexX-
HYIO 3aLlUnTy OT NPOBOA MU3ONUPYHOLLMX CTbIKOB NyTEM YepeoBaHUs TUMOB re-
HepaTopoB U gewmndpatopos. [ns obecnedeHns JOCTOBEPHOCTU pe3ynbTaToB
pacLungpoBKU B NpUeMHuKke-gelumpaTtope npeaycMoTpeHa cxema CpaBHEHUS.
JTa cxema CpaBHMBaeT WHBEPTUPOBAHHLIN CUrHan C Bbixoda AewmndpaTtopa
nocne pacwmndpoBKN N NPUHATBIN CUTHaN C BbIXxo4a BXOAHOro yCTpPOUCTBa.

BesonacHOCTb (DYHKUMOHMPOBAHUS 3NEKTPOHHbLIX YCTPOMUCTB obecneyu-
BaeTcHd npumeHeHneM 6e30nacHbIX CXeM FIOrMYecKkoro yMHoOXeHna u besonac-
HbIX cXeM namsaTu. MNpUHLMN NOCTPOEHUS 3TUX CXEM OCHOBaAH Ha MUMMYNbCHOM
npeacTaBneHnn curHana, 4to obecnevmBaeT KOHTPOSMb UCMPaBHOCTU 3rIEMEH-
TOB Mo akTy UX UMNynbCHOW paboTbl. [ns pasBs3kM BXOOHbLIX U BbIXOLHbIX
Lenen NpUMeHSATCa onTonapsbl.
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[Mpn YyacTn4yHOU peKkoHCTPYKUMM KogoBon AB 3ameHsieMble arekTpome-
xaHuyeckune yctpouctea KAB mnsbimatoTcd, Ha mecto BC-[A ycraHaBnuBaeTca
6nok MA-K3b, a Ha mecTo KIMTL - 6nok NK-KOb. K poseTkam gpyrnx nsbatbixX
NpUOOPOB NOAKMYAETCA XKryT C COOTBETCTBYOLLMMUN 3arfywKaMmm 1 nepemMbly-
kamu. Bpems nepekrtoveHns curHanbHoOn yctaHoBku ¢ kogoson Ab Ha KOb - He
6onee 10 MuH.

Bo3moxeH Takke BapumaHT NONMHOWM 3aMeHbl wkadga komosBon Ab Ha
wkadg KSb-1 ¢ HOBbIM MOHTaXOM.

KoooBas aBTOGNOKMpOBKaA Ha 3NIEKTPOHHOM 3rieMeHTHOU 6ase
K9b-2.

ABTobnokupoBka Tuna KOb-2 aBnseTtcs ganbHenwWuM pasBUTUEM CUC-
Tembl KOb-1, peanusoBaHa Ha OCHOBE MMKPOMPOLIECCOPHOMN TEXHUKU U 3ame-
LLlIaeT BCIO PeSIeNHO-KOHTaKTHYIO annapaTypy kogosoun Ab.

Ob6opynosaHne KOb-2 pasmewaetca B MmanorabaputHbIX Lkadax cur-
HanbHom Touku LLUCT u BkAoYaeT B ceds:

e ONOK 9NEKTPOHHbIX YCTPOUCTB CUrHanbHom Toukn BYCT;

e NpuBOPLI NEPErOHHLIX PESbCOBLIX Lienen (TpaHcdopmaTopsbl, Apocce-
nu op.);

e Npubopbl 3aWmMTbl OT rPO30BOro pa3psiga UM KOMMYTaUMOHHbIX Nepe-
HaMps>KeHUM.

Brnokn BYCT n moHTax wkadgos LWLCT asnsoTcs yHMBepcanbHbIMU, YTO
yoobHO Kak npu Npomn3BOLCTBE annapaTypbl, Tak U Npu ee akcnnyarauun. Ha-
ctponka BYCT B curHanbHbIX YCTaHOBKAX pasHbIX TUMOB OCYLLECTBISAETCS Npu
NOMOLLM NEPEMbIYEK.

B 6noke BYCT npeayCcMOTPEH KOHTPOSIb UCMPaBHOCTU HUTEN BCEX CBe-
TOOPHbLIX Namr, HanM4Yna OCHOBHOMO U PE3EPBHOIO NMUTaAHUA CUrHanNbHOM TOY-
K1, namepeHune ypoBHs curHana B PLL. OTa nHgopmaums, a Takke nHpopmaums
O COCTOSHUKU orpaxgaemoro BY, ycTaHOBMEHHOM HanpasfeHuu OBWKEHUA U
Bnae Kogosbix curHanos B PLL oTobpaxkaeTca B penenHom wkady n nepenaet-
CSl Ha CTaHLMIO B YCTPOMCTBA ANCNETYEPCKOro U TEXHONOMMYECKOro KOHTPOIIS.

Kpome ToOro, B coctaB K3Ob-2 BXoAAT CTaHUMOHHbIE YCTPOMCTBA, pa3Me-
LLlaeMble Ha CTaTUBE:

e ONIEKTPOHHbIN BNOK CTaHLMOHHbLIX yCTponcTB bCY;

e npubopbl neperoHHbIX PLL, npuMbIKaloWmxX K CTaHUMW;

e YCTPOMCTBA 3aLUUTLI.

Bnokn BCY TOXe aABNAOTCS yHMBepcanbHbIMKM 1 obecnevnBatoT YBSA3KY
KOb ¢ penenHbiMn 1 MUKPOMPOLECCOPHBIMU CUCTEMAMN 3MEKTPUYECKON LEH-

Tpann3auunn. na opraHm3aumm aBTOMaTU3INPOBAHHbLIX pa6oql/|x MEeCT B CUCTEe-
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Max gucnetyepckoro KoHTpons 6nok bCY cTeikyeTca ¢ KOMMbIOTEPOM MO CTaH-
AapTHoMmy uHtepdency RS-232.

Cxembl npubopoB K3b-1 n K3b-2 yaosnetBopsaoT TpeboBaHUAM K YCT-
poncTBaM, OTBETCTBEHHbIM 3a 6€30MacHOCTb ABMXKEHMUSA. TeXHUYECKUn pecypc
obopynoBaHusa - He MeHee 25 ner.

B Hopmax TexHonorn4eckoro npoekTMpoBaHUs YCTPONUCTB aBTOMATUKU U
TenemMexaHukn Ha denepanbHOM Kene3HoAopPOXHOM TpaHcnopte (HTTI
CUB/MIC-99), B lNporpamme yCKOPEHHOro TEXHUYECKOro U TEXHONOrM4YecKoro
nepeBoopyxeHus xosanctea CLIB Ha nepuog 2002-2005 rr., a Takke B YKasa-
Huax 'TCC ot 20.03.01 cuctembl KOb npusHaHbl NporpeccMBHbIMU U PEKOMEH-
A0BaHbl K BHEAPEHUIO NPU YaCTUYHOW PEKOHCTPYKUMN kogoBon AB Ha nUHMSX
2-1 1 3-1 KaTeropun.

Cucrtembl aBTOGMIOKMPOBKM €AMHOIo psiAa Ha HOBOW 3NEeMEeHTHOW
Oase.

Cuctemamn CUB "EguHOro psiga cuctem M yCTpoucTB Ans ynpasBieHus
ABMXeHneM noesnoB" HasblBalOT CUCTEMbI XKENe3HOLOPOXHOM aBTOMATUKN HO-
BOr0 _NOKOMEHUS Ha 3NEKTPOHHOW U MUKPOMPOLLECCOPHOW TEXHUKE C MCMNOJIb30-
BaHMEM COBPEMEHHbLIX METOAOB KOAMPOBaAHWUSA, MOAYNAUMN N 06paboTkn OaH-
HbIX. XapakTepHOW 4epToM ITUX CUCTEM HABNSETCA YHUUKALUA CXEMHbIX W
KOHCTPYKTMBHbIX pelleHUn, TO €CTb WCMOoNb3oBaHME OBLWMX MPUHLMMAOB MO-
CTPOEHMUSI YCTPONCTB pasfiMyHoOro HasHayeHmnda. CuctemMbl eANMHOro psaa paspa-
G6aTtbiBatoTca rpynnon ydyeHolx MUAT nog pykoBoacTBOM akagemMuka JluceHkoBa
B.M. B npouecce pa3paboTku U coBepLUEHCTBOBAHMUSA CUCTEM aBTOBOKMPOBKM
Obln co3gaHbl CUCTEMbI MUKPOMPOLECCOPHOM YNCNOBOM KOLOBOW aBTOBMOKK-
poBkn AB-YKE, MnkpoanekTpoHHble cuctemol Ab-E1 n AB-E2, yHngmumposaH-
Has cuctema AB-YE. Kaxpasa nocnegyrowas mogndukauma 3TUX CUCTEM UC-
nosnib3yeT Hambornee a(PeKTUBHbLIE TEXHUYECKNE peLlueHna npeablayLwmnx ycT-
PONCTB U siBNAeTcA 6onee COBEPLUEHHOW 3a CYET WUCKOYEHUs HeLOCTaTKOB,
BCKPbITbIX B MPOLECCe UCMNbITaHUM U JKCNSTyaTaunm 3TUX YCTPOUCTB, a Takke 3a
CYET HaKOMMeHMs onbiTa pa3paboTKM MUKPOINEKTPOHHbLIX N MUKPOMNpPOLECCop-
Hbix cuctem CLB. lMoatomy ganee paccmaTpuBatoTCA OCOOEHHOCTU KaXaou
mMoandumkauum cuctem Ab egmHoro psiga Nno cpaBHEHMIO C NpeablayWwumMmn pas-
paboTkamu.

MukponpoueccopHasa YncnoBas kogoBasi aBTobnokmposka Ab-UKE.
Mpunbopbl kaxkgon curHansHon yctaHoBkn AB-UKE BkntoyatoT B cebs:
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e MUKpOMpoLeccopHbin nyteson npuemMHuk MIMM-YKE;

e curHanbHble pene X, XK3, 3;

e YCTPOMCTBA COrfiacoBaHus 1 3awwnTbl annapaTypsl PLI.

[MyteBon npuemuHuk MIMM-YKE coctont na gByx kaHanos o6paboTkn WH-
dopmaunmn n nHtepdencHoro moayns. Oba kaHana HaxogaTca B paboyvem co-
CTOSIHMMK, HO Onsa paboTbl AB MCNoNb3yTCA BbIXOAbl TOMBKO OOHOro (Beaylue-
ro) kKaHana.

Kaxabln KaHan nyTeBoro npueMHuKa CO4EPXUT ABa y3na LeHTpasribHOro
npoLeccopa N cxemy KOHTPOnSA, KOTopas HenpepbiBHO CpaBHMBAET COCTOSHUS
KOHTPOJIbHbIX TOYEK 3TUX MPOLLECCOPOB.

LleHTpanbHble npoueccopbl NMPOU3BOLAT AEMOAYNAUMIO U OeKOOMpPO-
BaHME NPUHATLIX CUrHaNoB YMCIIOBOro Koda, a Takke hopmmpoBaHme KO4OBbIX
CUrHanoB gnd nepegadn K npeablayllen curHanbHoW yctaHoBke. [lpouenypbl
KOHTpona ocBoboxaeHus PLL n gemogynsaumm curHana nocTpoeHbl Taknum 06-
pasoM, 4YTO JIOXXHOe cpabaTbiBaHMe OT UMMYFbCHOM MOMEXU UKW NpU KpaTKo-
BPEMEHHOMW NOTEpPE LUYHTa UcknioyeHo. Kpome Toro, B nporpamMmMHoM obecre-
YEeHMM MUKPOMPOLECCOPOB MPeayCMOTPEH adanTUBHbLIN anropntM obpaboTku
CUrHamnoB, KOTopbl obecnevnBaeT aBTOMATUYECKYIO PErynmnmpoBKy nopora 06-
Hapy>XeHNA Noe3HOoro WyHTa 1 KoadduumneHTa Bo3BpaTta NpueMHuKa npu ms-
MEHEHUM conpoTueneHns 6annacra. B oCHOBY Takoro anropmMtma nosioXeH me-
TOA4 MoucKa pasnajku criydanmHoro npouecca (nonoxuterneHaa unm oTpuua-
TenbHas pasnagka BO3HMKAET Npu oCBOBOXOEHUN UNU 3aHATUN PENBLCOBOWN NK-
HUW NOABWXHOWN eANHULIEN).

UHTepdencHbIN Moaynb BbINOMHAET cneaytowme yHKLMN:

e repeknyeHne BbIXo4oB KaHanoB obpaboTkn nHdopmaumm npu Heuc-
NpaBHOCTW BeAyLLlero KaHana;

e KOHTPOSIb NepefaBaeMbiX KOAOBbIX KOMOUHaLMWI;

® KOHTPOJb LIEeSTIOCTHOCTU HUTEN nnamn ceeTodopa;

e COMps>XeHne C yCTPOMCTBaMMN ANCMETYEPCKOro KOHTPOnA.

Kpome TOro, B coctaB MHTEPEENCHOrO MOAYNA BXOANT 6€@CKOHTaKTHbLIN
KOMMYyTaTOp TOKa 4518 MOAYyNsauum 1 nepegadn KogOBbIX CUrHasNoB U ycunure-
NN MOLLIHOCTU ANA BKITIOYEHUS CUTHAmNbHbIX pene.

Mpn paccornacoBaHun paboTbl LEeHTparbHbIX MNPOLLECCOPOB BeayLlero
KaHana cxema KOHTPOSis BO34eNCTBYEeT Ha UHTeP(encHbIn MoLyrb, KOTOPbIN
nepeknYvaeT KaHarnbl U 3a4eNCTBYET BbIXOAbl BTOPOro KaHana.

Cxembl AB-YKE cobpaHbl Ha TUNOBbLIX 3rfIeMeHTax 3aMeHbl, YTO B Coye-
TaHUN C MHOMKAUMEN HeuncnpaBHbIX y3noB obecrneymBaeT ObICTPOE BOCCTAHOB-
neHve Ab npu oTkasax.
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Cuctema AB-YKE obnapaeT cnegyrowmmm QOCTOMHCTBAMU MO _CpaBHe-
HUIO C TpaauumnmoHHon Ab Yncnoeoro koaa:

e Oornee BbiCOKasgs HAAEXHOCTb U AONTOBEYHOCTb;

e paclUMpeHHble (PyHKUMOHaNbHblE BO3MOXHOCTH;

e MNOBbILWEHHAA MNOMEXO3aLULLEHHOCTb PeribCoBbIX Lenen n ycTondm-
BOCTb MX paboTbl B YCOBUAX BO3LENCTBUS OECTADUNU3NPYIOLLNX (PaKTOPOB;

e CHWXEHNE IHEPro- N MaTtepmanoemkoctTm obopyaoBaHus;

e YMEHbLUEHNE 3aTpaT Ha CoaepKaHne YyCTPOMNCTB.

B otnuume ot KAB cuctema AB-UKE obecrneuvBaeT yeTbipex3HavHyto
CUrHanmM3aumio 3a cyeT paclumndpoBKM BCEX TPEX NPeayCMOTPEHHbIX KOAOBbIX
CUrHanoBs.

Cuctema ABb-YKE nossonsieT npom3BoanTb MogepHusaumio kogoson Ab
NyTeEM MO3TanHOM 3aMeHbl penenHbIX wKkagoB 1 6bina pekomeHgoBaHa [po-
rPaMMON YCKOPEHHOIO TEXHUYECKOr0 U TEeXHONOrMYeckoro nepeBOOpYKEeHUs
xo3anctea CLUB ona obopynoBaHus xenesHogopOXHbIX NUHUA 2-1 1 3-1 KaTe-
roOpun.

MukpoanekTpoHHas cuctema aBTo6nokuposku Ab-E1.

Cuctema ABb-E1 xapakTepusyeTtcs crnegyowmmMmm oCo6eHHOCTAMMU:

e Kcnosibdyemble penbcosBble uenu — PLL nepemeHHOro Toka Cc Henpe-
PbIBHbIM MUTAHNEM U MUKPONPOLECCOPHbIM MNYyTEBBLIM NPUEMHUKOM,;

e yBsi3Ka MoKa3aHW CBETOJOPOB OCYLLECTBAAETCHA MO PenbLCOBON Nn-

HUW;

e yeTblpexaHayHasi curHanmaaumsi NPoOXoaHbIX CBETOGOPOB.

YacTtota nutaHmna PLl 6bina BoibpaHa paBHon 174,38 'y ucxoasa wms yc-
NOBUN NOMEXO03aLMLLEHHOCTN, YMEHbLUEHNA OJMHbI KOOOBbLIX KOMOWHaUMA ©
obecneyeHna npuemnemoro 3atyxaHus curHana B PJ1 ans nonyyeHuna gocrta-
TOYHO BonbLuon AnuHbl PLL.

KoHTponb coctosiHnst PJ1 ocyllecTBNSeT MUKPONPOLECCOPHbLIN NYTEBOW
npuemMHuk. NMpn gukcaumm ocsoboxaeHna unu 3aHatua PLL nppemMHuk Bbinos-
HAET Te Xe npouenypsl, 4To 1 npmemMHnk AbB-UKE. 310 nossonuno obecneyntb
yctonumsyto paboty PLL anuHon go 2500 M npu nameHeHun yaensHOro conpo-
TnBneHust 6annacrta B gnanasoHe 0,45...50 Om-km. lNpuemMHUK peanu3oBaH B
BUOE OBYXKOMMSIEKTHOW CTPYKTYPbl C MPOBEPKON MAEHTUYHOCTU paboTbl KOM-
NMEKTOB.

AMNNuTyga curHana Ha Bxoge npuemMHuka csobogHon PLL coctasngaer
npumepHo 3 B. Ha BbIxoge npnemMHuka BKMNIOYEHO NyTEBOE pere HenTparbHOro
Tuna.
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[ns yBA3KM nokasaHun NpoxogHblX CBETO(OPOB UCMONb3yeTcs ABOUY-
HbIl BOCbMUpa3psaHbIA MoauduuMpoBaHHbIM koA Bayapa C KoOoBbIM
pacctositHMeMm d=4, 4yTo No3BONSET MUcnonb3oBaTtb 16 coobuweHnn n obecneyn-
BaeT BbICOKYH 3aLUULLEHHOCTb OT UCKaXXEeHUN.

dopmMMpoBaHME CUrHaNOB OCYLLECTBMAETCA C NpPUMMEHEHNEM ABYKpaT-
HoM cha3opa3HOCTHOM MoaynAunKM. [pn 3TOM B KaXXQoM CcOOBLLEHNN OpraHun-
3yeTca ABa NapannenbHblX da3oBbiX NofkaHana - MHPOPMaLUMOHHbIN (4na ne-
pegadun rnosiesHom nMHdopmMmaummn) U cuHxponodkaHan (ans nepegadun curHana
LMKMIOBOW CUMHXPOHM3aUMM MU nNpu3Haka gaHHoro BY). [Insa kaxgoro nyTn OBYX-
MNYTHOrO y4yacTka npegyCcMoTPeHO Mo 2 CUHXPOrpynnbl, KOTOpPble YepeayTcs B
cMmexHbIX PLL. 3Tnm obecneunBaeTca 3awmta oT Npobosi N30npyoLmnX CTbIKOB
n oT BNnaHua PLl napannensHoro nyTwu.

demoaynsumnio 1 _OekoampoBaHWe CUrHamnoB MPOu3BOAUT Npuemonepe-
OaTyvK, KOTopbln nogkrntodaeTtcs K PJ1 yepe3 (ppOHTOBOM KOHTAKT MNyTEBOro pe-
ne tonbko npu cesobogHom PLL. MMpu 3aHaTon PLI OH OTKNIOYEH U HaxoauTCs B
pexnme HernpepbIBHOrO CaMOTECTUPOBAaHUA, YTO UCKITOYaEeT HaKoMmeHne oTKa-
30B. [lpnemonepegaTymnk paclun@poBbLIBAET TONMLKO Te€ COODLLEHUS, CUHXPO-
rpynna KOTOpbIX COOTBETCTBYeT AaHHOMY BY. Ha Bbixoge gekogepa BKMHOYEHDI
TP CUrHasnbHLIX pere, KoTopble obecnevymBaloT YeTblpex3HayHyl CUrHanuaa-
LU0 NPOXOOHbIX CBETOJOPOB (KPaCHbIW, XeNnTbIW, XenTblh U 3eneHbln, 3ene-
HbIR).

dopmumpoBaHMe KOLOBbLIX CUrHANOB AN nepedayn K npeablayllemMy cee-
TOohopy 1 nX MOOYNAUNA TaKKe NPOM3BOAATCA NpuemonepeaTymkoMm.

[MpnemonepepaTymnk peanu3oBaH B Buae TPOUPOBaAHHOW MaxopuTap-
HOM CTPYKTYpbI. [1pn paccornacoBaHum B paboTe Tpex KOMMSEKTOB peLleHne
O NPaBUNbHOCTN paboTbl YCTPONUCTBA B LIESIOM NPUHUMAETCS METOAOM rOfoco-
BaHWSA Mo 60MbLUMHCTBY OAMHAKOBO paboTatoLmnx KOMMIEKTOB.

AB-E1 obecneumBaeTt paboTy MUKpoanekTpoHHon cuctemsl AJIC-EH no-
BbILLEHHOW 3HAYHOCTM M MOMEXO03aLUNLLEHHOCTU U CONPSAraeTcs ¢ HanosbHbIMU
ycTpouncTBamu cuctemsl AJICH.

MukpoanekTpoHHas cuctema aBTobnokuposku Ab-E2.

B cucteme AB-E2 npumeHs0TCA TOHanNbHbIE pefibcoBble uenu 6e3 nso-
NNPYIOLLINX CTBIKOB (OOCTOMHCTBA Takux PLL nanoxeHsl B n. 2.2). Noatomy ¢ ue-
Nblo0 3aLlNTbI OT BIUAHUS CMEXHbIX PEenbCOBbIX LieNen 1 OT PenbCoBbIX Lienen
napannenbHoro Nyt Ans opMMPOBaAHMM CUrHANBbHOrO TOKa MPULLIOCH WUC-
nosnib3oBatb 4 Hecywwme yacTtoTbl (1953 n 2441 'y gna ogHoro nyTtu; 2170 u
2790 'y gna gpyroro nyTu.) YKasaHHble 4acTOTbl YepeayloTcs B PenbCOBbIX
Lenax cMexXHblx bnok-ydactkoB. O6bl4HO B npegeriax Grok-yyacTka opraHusy-
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I0TCA OBE PenbCcoBble Lienu, nonaydarwlme nuraHue OT OOHOro obLiero nepe-
Jartyvka, noakniyaemoro kK cepeavHe BY. OTOoT nepepaTynk ncnonb3yeTcs
Takke AONS YBA3KM NOKa3aHW HanosibHbIX CBETOGOPOB M ANA nepefaynm WuH-
dopmMaumn Ha NOKOMOTUB MNPU HaxXOXOEHUM noesfa Ha nepsoun nonosuHe BY.
[Mpn BCTYNNEeHMM NOKOMOTUBA 3a TOYKY MOLKMOYEHUs LaHHOro nepegartyuka
HaunHaeTca nepepada curdana AJIC ¢ koHua BY. lyteBble npuemMHuKN noa-
KNKYaTCs K peNbCOBOW NIMHUKM MO KOHUAM Brok-yyacTka.

MeToabl KOHTPOSSA COCTOAHUSA PEeribCOBOM NMHUK, a TaKxke MeToabl Pop-
MUPOBaHUS U 06paboTKM CUrHaNoOB aHanormyHbl MeTogam, NPUHSATBIM B CUCTE-
mMe AB-E1. OTnuyune 3aknoyaeTcs B TEXHUYECKOW peanusaumm y3nos:

1.B cucteme Ab-E2 nyteBon npuemMHUK 1 npuemornepenaTymk KOHCTPYK-
TMBHO peanu3oBaHbl B BMAE OOWEN MOHOOMOYHOU KOHCTPYKUUU — MUKPO-
npoueccopHoM rnpuemonepenatymke MIIIM. MuKponpoueccopHbIM _npuemone-
pegaTymk O4HOW CUrHanbHOW YCTaHOBKW:

e KOHTPONUPYET COCTOSIHUA PEefbCOBbIX Lienen, OTHOCSALWMXCS K CMeX-
HbIM 6SIOK-y4acTKkam U NPUMbIKaOLLNX K JaHHOW CUTHaNbHOW TOYKE;

e B COOTBETCTBUM C MNOE3QHON CUTyaunen N npuHagnexXHocTblo Onok-
yyacTka KoampyeT MHgopmMaumio, opMUpyeT INeKTPUYECKU CUrHan mn nepe-
[aeT ero B penbCOBYI JIMHUIO Yepes3 CBOW BbIXO[, NOAKMIYEHHbBIN B cepeanHe
BY; aTOT curHan ncnonb3yeTcs Kak Ans KOHTPOMS COCTOSIHUA OBYX PENbCOBbIX
uenen gaHHoro Onok-yyactka, Tak U Onsa nepegadm vHgopmaumm K npeablay-
e CUrHaNbHOW TOYKE;

e bopMMpYyET N Yepe3 CBOU COOTBETCTBYIOLLME BbIXOAbl NOOAET CUrHa-
nbl AJIC B cepeayvHy 1 B KOHEL, penbCoBOW NUHMK; BKItoveHne curHanos AJ1C
3aBMCUT OT MeCTa HaxoXAeHnsa noesaa;

e yNpaBnsieT CUrHaNbHbIMWU PENeE;

e obecneuMBaeT KOHTPOSib ropeHus famn ceetodopa U LEeNoCTHOCTU
UX HUTEWN;

e nepefaeTt rno NPOBOAHOM NIMHUM CBA3U K BrepeauCcTOsLLEN CUrHaslb-
HOW TOYKe MHGOPMAaLMIO O BCTYMEHUM rofioBbl Noe3aa Ha orpaxgaembin 6510K-
yyacTok (KomaHaa Ha BkritodeHne curHana AJlC).

2.Cxema MII peanusoBaHa Ha yCcTpoOMCTBax C nporpammmpyemMon
Nnornkon. [Ins MCKNIYEeHUs OrnacHbIX OTKas3oB MNpuMeHeHa aybrnvpoBaHHadA
CTPYKTYpa C KOHTPOSIEM CUHXPOHHOCTM paboTbl NapannenbHbiX KaHanoB obpa-
60TkM AaHHbIX. [Mpn paccornacoBaHun nx paboTbl NPOM3BOAUTCA ANArHOCTUKA
Ka)Koro KaHana v OTKIio4YeHne HeENCnpaBHOro.

3. Npuemonepenatynk popmupyet He Tonbko curHanel AJIC-EH, kak B
cucteme Ab-E1, HO n curnanesl AJICH. Npuyem nponsBoanTca KOHTPOSb Bpe-

MEHHbIX NapamMeTpoB nepenasaemoro curHana AJICH. MNpu nckaxeHun OBYX
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cnegylowmx nogpsa KogoBblX KOMOMHAUMIA X Nepedadva npekpallaeTca U Bbl-
Xo[ nepegartyuka 3anuvpaeTcs.

B cocTaB npuemonepenarymka BXOOAT Creaylolmne OCHOBHbIE YCTPOW-
cTBa:

e [1Ba UNPPOBLIX punbTpa BXOAHbIX CUrHamnoB (N0 OOHOMY Ha Kaxaow
BXO[, OT penibCOBOM JIMHUN) ONSA BblAeNEeHNs nofe3HbiX CUrHanos ¢ 3a4aHHbIMU
HecyL MMM YacToTamMu Ha poHe NOMEX;

e 1BA aHanoro-unMgpoBbLIX MNpeobpasoBatena Ans npeobpasoBaHus
aHanoroBbIX CUrHanoB B UM poBYyK hopMy C Lenbio ganbHenwen odbpaboTkm
MMKPOMNPOLIECCOPHBLIM NPUEMHMKOM;

e MOLEM AN MOAYNAUMW U OeMOLYNSAUUM CUTHANoB; AeMoaynsauunsa u
AanbHenwee gekogMpoBaHMe curHana npomsBoauTcs AyonupoBaHHOW CTPYK-
Typou, ecnn 6bina 3adukcupoBaHa CBOOOOHOCTb M UCMPaBHOE COCTOSIHUE
penbCoBOM Lienn orpaxxgaemMoro 6nok-y4yacTka;

e KOLEK AN KOOMPOBAHUA U OEKOOMPOBAHUS KOLOBbIX KOMOMHaAUUNK; B
pesynbTate OeKOAUPOBaHUA KOLOBbIX KOMOBMHaUUK (C y4eTOM MpuHaLNexXHo-
CTN COOOLLEeHNA faHHOMY ONoK-y4acTKy) NpoOuU3BOANTCA ynpasBlieHNe curHasnb-
HbIMW perie; KpOMe TOro, ocyLecTBnseTcss oOpMMpoBaHMe KOAOBbIX KOMOWHa-
UMM ONa NnTaHus penbCcoBbIX Lenen npeabigywero bY u gna nepegaym Kk npe-
Ablaywen curHanbHon yctaHoBke. CoOpMUMPOBaAHHbLIE KOA4OBblE KOMOBUHALUK
HecyT B cebe MHpopmaumo 0 cocTosHUN Bnepeaunexawmx bY n ceegenus o
NPUHaAeXHOCTU curHana gaHHomy BY (cuHxporpynna). Nocne mogynaumm u
YCUNEHUs cuUrHan nogaeTcs B penbCOBYO NIMHUIO.

Kpome ykasaHHbIX YCTPOWUCTB B nNpuMemonepenaTymk BXOOAT CXEMbl KOH-
Tpona paboTbl AyGNMPOBAHHOW CTPYKTYPbl, CXeMa OMarHOCTUKKU, Kogep U Mo-
nynatop curHanos AJIC-EH, dbopmunpoBaTtens n 6eCKOHTaKTHbIE KOMMYTaTopbI
curHanoB AJICH, nHTepdencbl BXOOHLIX U BbIXOAHLIX Uenen u psag opyrux
dYHKUMOHANbHbIX Y30B.

HacTtponka npnemonepenaTynka Ha KOHKPETHbIE NapamMeTpbl BXOLHbIX U
BbIXOAHbIX CUrHanoB (HecywiMe 4acToTbl U paboyme CUHXPOrpynnbl) OCyLeCcTB-
NAeTCcHa HaCcTPOeYHbIMKN NepemblykaMn Yepes nHTepdenc sxogda U.

BbixogHas MOLWHOCTb nepefaTynka paboymx CurHanoB cocTaBnsieT
60BA. lMopor cpabaTtbiBaHMS NPU KOHTPOSIE COCTOSIHMS PEeribCOBOW FIMHUKN pa-
BeH 0,55B.

[ns cxemMbl MUKPONPOLLECCOPHOro NMyTEBOro NPUEMHMKa NpeaycMOTPEHO
TecTUpoBaHUe MUKpornpoueccopa U Mmukpocxem O3V, T3Y un AU, Mpwu
TeCTUPOBaHUM MUKponpoLieccopa Npou3BoaUTCA NOBUTHaA yCTaHOBKa paspsi-
A0B pernctpoB obLLero HasHa4deHust cHavana B «1», a 3atem B «0». Kpome aTo-
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ro BbINOSIHAETCA YCTaHOBKa U cOpoC dhraXKKoB perncrtpa COCTOSAHUS N KOHTPOSIS
NPaBUNbHOCTU NUCNOJTHEHNS YCIOBHbIX NEPEX0O0B.

Tect O3Y Bkn4vaeT NOOUTHYK YCTaHOBKY paspsgoB syeek O3Y, uc-
Nonb3yeMbIX NPorpaMmon, cHadana B «1», a 3atem B «0» C KOHTponem npa-
BUSTbHOCTU BbINOSIHEHMS OnepaLunn.

TecT N3Y 3aknto4yaeTcs B nogcyeTe KOHTponbHOM cymMmsbl M3Y. [1nga aTo-
ro CoOAEepPXMMOe siYeeKk NaMsaTn, 3aHMMaeMblX NPorpamMmon, CyMmMupyeTcs, a 3a-
TEM CpaBHMBAETCS C KOHTPOSIbHbIM 3HaYEHUEM.

Tect AL 3akntovaeTcs B nocrieqoBaTenibHOM NPOBEPKE NPaBUNbHOCTH
paboTbl Mukpocxem AL ons Tpex aTanoHHbIX 3HAYEeHUW BXOLHOMO Hanpsike-
Husa: +5, 0 n —5B.

Ecnu 6bina obHapyxeHa owmnbka Npu TeCTUPOBaAHUWN, OCYLLECTBISETCS
nepeBoA annapaTHbIX cpeacTB B 6e3onacHoe COCTOsHME.

MukponpoueccopHas yHucpuumpoBaHHaas cucteMa aBTOONOKUPOB-
ku Ab-YE.

Cuctema AB-YE sBnsietcs B HacTosiliee BpeMsa Hambonee coBepLueH-
HOW CMUCTEMOW eduHOro psga cuctem aBTOOMOKMPOBKU. Ee rmaBHOM OTNMYM-
TeNnbHOM OCOBEHHOCTbID sBNSeTCA YHUdMKaUMs annapatypbl. YHUdukaumm
NoaABEPrHyTbl METOAbl TEXHUYECKOW peanusaumm oTaenbHbIX Moayneun, yHK-
LUMOHasbHbIE Y3Mbl, 3NeMeHTHasa 6a3a M KOHCTPYKUMS. DTO NO3BONUMIO COKpa-
TUTb HOMEHKNAaTypy U34enun, NPUMeHUTb MHAYCTpuanbHble MeToabl 06CnyXu-
BaHMA U peMOHTa ycTponcTB. Kpome Toro, B cucteme Ab-YE ucknoyeHbl anek-
TPOMarHUTHbLIE pene u apyrne anekTpoMexaHndeckme npubopbl, NPUMEHSETCS
BCTPOEHHas noacucTteMa AMCTaHUMOHHOIO KOHTPONA U ANAarHOCTUKM annapaTty-
pbl, NpeaycMoTpeHa BO3MOXHOCTb AUCTaHUMOHHOIO WM3MEHEHUS HaCTpPOEK U
TEXHUYECKMX NapaMeTpPOB CUTHaNbLHOW TOYKU. [lyTeM nameHeHna nporpamMmmMHo-
ro obecneveHna cuctema AB-YE moxeT ObITb HacTpoeHa Ha peanusauuto
OYHKLUNN U BbINOHEHNE TEXHONOIMYECcKoro anroputMma nbom cuctemol Ab ¢
AeLeHTpann3oBaHHbIM pa3MeLLLeHMEM annapaTypbl.

Cnocobbl onpegeneHns COCTOSAHUA PEnbCOBOM JIMHUK, 3alUUTbl OT Mo-
MEX TAroBOro TOKa W MOBbLIWEHUS YCTOMYMBOCTM paboThbl PL| npu cywiecTBeH-
HbIX M3MEHEHNAX conpoTueneHna nsonaummn PJ1, a Takke metoabl dopmMmmnpoBa-
HUA 1 06paboTKM CUrHaANoOB aHanorMyHbl cnocobam, NPUMHATBIM B cucteme Ab-
E2.

CxeMHble pelleHust n nporpamMmHoe obecrneyeHne cuctemol AbB-E2 yco-
BEPLUEHCTBOBaHbI MO CPaBHEHUIO C CUCTEMaMK NpeablayLumx Mogmdukaumm Ha
OCHOBE OrbITa UX paspaboTkn n akcnnyataunn. OCHOBHbIE Y3Mbl NpMemMonepe-
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AaTtyuka npu ncnonb3oBaHun PLL 6e3 nsonupyowmx CTbIKOB BbIMOSTHSAOT Crie-
ayoLne OyHKUMN:

e LINAOPOBON CUTHAMbHbLIM NpoLLeccop hunbTpyeT N gemonynmpyeT Cur-
Hanbl kKoHTponsa penbcoBon nNuHun (KPJT) n nponssoant nx obpaboTky; Ha oc-
HOBaHWUW CPaBHEHUSI HaMPsSPKEHUs1 Ha BXOAEe C MOPOroBbIM HanpsiKeHMeM u
cpaBHeHUS OPMbI NPUHATOrO CUrHana ¢ nepegaHHbIM NPUHUMAET pPeELLUEeHnE O
cocTodHumn "coen penbcoBon uenn"; mogynupyeT curHansl KPJ1 n AJIC-EH;
dopmupyeT curHanel AJICH; KOHTponnpyeT COOTBETCTBME BbIXOOHbIX Hanps-
XEeHU 3agaHHbIM 3HavYeHusMm; Tectupyet ALIT;

e MUKPOKOHTPOMSIEP MOAYNS YNpaBfeHUss nofyvyaeT OT CUrHanbHOro
npoueccopa MHoOPMaUMIO O BEMMYUHAX HaNpsHKEHUN B PESbCOBLIX LENsX U
NPUHATOM KOOOBOM COOOLLEHUU; NPUHUMAET peLleHNEe O COCTOSHUM CMEXHOM
penbCOBON LIENM Ha OCHOBAHUM aHanu3a BENUYUHbI HanpsbkeHus, onpegene-
HUS pa3pPEeLLlEeHHOCTN NPUHATON KOAOBOW KOMOMHALMW U COOTBETCTBUS MPUHS-
TOW CUHXPOrpynnbl 3aaHHOW; ynpasnseT OrHAMW csBeTodopa, KOHTponupyeT
LENOCTHOCTb HUTEW namMn C BblpabOTKOM COOTBETCTBYHOLUMX YMPaBASOLLNX
BO34ENCTBUI MPU UX HEUCMPABHOCTU; POpMUPYET KOAOBblE KOMOWHALMKN CUT-
HanoB KPJ1, AIIC-EH n AJICH; Bknio4aeT kogmpoBaHue; obecneymBaeT nepe-
CTPOWNKY CUrHasIbHOM TOYKM NPU CMEHe HarnpaBneHnsa OBUMXKEeHUs Noes3noB;

e MOCTOSHHOE N onepaTMBHOE 3anoMUHaKLIME YCTPOWUCTBA XPaHAT CO-
OTBETCTBEHHO NporpamMmbl 00paboTkM JaHHbBIX U MPOMEXYTOYHbIE pe3yrbTaThl.

Kpome TOro, B coctaB npuemonepeaatymka BXoaaT UHTEPdENChI, LUNH-
HbIN (bopMmnpoBaTeEnb, YCUITUTENU, CXeMa KOHTPOMSA, MOAEM U psn OApYrnx ys-
nos..

[MoMmMmo npuemonepenaTymka NPOXOAHOM CUrHaNbHOW TOYKK, paspabo-
TaHbl ABe moandumkaumn onsa yeaskn Ab-YE co cxemamm BxogHoro ceetodopa
N yCTPOUCTBaAMWN CTAHLMOHHOW LeHTpanusaumn. [pu 3ToM neperoHHble N cTaH-
LUMOHHbIA rnpuemoriepefaTymkm COBMECTHO C MNepcoOHaribHbIM KOMMbOTEPOM
00beauHEHbI B CeTb. JTO NMO3BOMUIIO UCMONb30BaTh OAHY Mapy NpoBOLOB A4
opraHusaumm paboTbl aBTODNOKMPOBKM U PELLEHUS OOMNOSTHUTENbHbLIX 3aday no
ynpaBrieHUIO N KOHTpOMt. Tak, ¢ neperoHa Ha ctaHuuto B cucteme Ab-YE ne-
pegaetcsa uMHgopmauus o noes3gHOM MOJSIOKEHUU, MOoKasaHUAX CBEeTOdOopoB,
BENIMYNHE HaMPSXKEHUS B PEnbCOBbIX LENsAX, HEUCNpPaBHOCTAX annapaTtypbl
CUrHarnbHbIX ToYeK. OTa MHopMauna oTobpaxkaeTcss Ha MOHUTOPE KOMIMbIOTE-
pa. C nomoLlblo 3TOro KOMMbIOTEPA Ha CUrHamNbHbLIX TOYKaxX rneperoHa MoryT
ObITb 3agaHbl 3HadeHusa HanpsbkeHun curHanos KPJ1, AIICH u AJIC-EH; kopo-
Bble curHanbel AJIC-EH B 3aBMCUMMOCTM OT Hannuna BpPEMEHHbLIX OrpaHUYeHUn
CKOPOCTU; NnepefaHbl KOMaHObl CMeHbl HanpaBieHUs OBUMXEHNA NOe30B.
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CBA3b KOMMOHEHTOB CETU OCYLLECTBNSAETCA Yepe3 nocnegoBaTerbHble
NopTbl C NCMNOSIb30BaHMEM MoAEMOB. Kaxablh KOMMNOHEHT CETU UMEET CBOM aa-
pec. lNpnyem Kaxablh KaHan npuemonepeaTtynka BbICTynaeT Kak caMoCTOs-
TenbHbIN KOMMNOHEHT ceTn. CKkopocTb nepenaymn coobuieHnn pasHa 4800 6uT/c.
[na npepotBpalleHns owmnbokK, Bbi3BaHHbIX OTKasaMy annapaTHbIX CPeacTB
NN UCKAXXEHUSMWN COOBLLEHNI, NPUHAT psg Mep No oOHapYXeHU Takmx OLUun-
BOK NporpaMMHbIM MyTEM.

KOHCTPYKTMBHO npuemornepesaTymk peann3oBaH B Buae MOLYNbHOW
CTPYKTYpbI, YTO CywleCcTBeHHO obrieryaeT npouecc ero obcnyxmnBaHusi, BoccTa-
HoBIeHNs paboTOCNOCOBHOCTN CUCTEMBI U PEMOHTa MOAYNEN.

KOHTpOHbeIe BOnpocCbl N 3aaaHuUA

1. B yem 3aknto4aeTcss ocHOBHOe TpeboBaHue K yctponcteam CXKAT?

2. Kaknmun cnocobammn obecneumnmBaeTtca 6e30nacHOCTb (PYyHKLMOHNPOBAHUS
CUCTEM XeNe3Ho4OPOXHON aBTOMaTUKN?

3. Kaknmu caktopamm onpeaensietcd TpeboBaHWe MOBbLILLEHUS HAOEXHOCTU
yctponctB CXKAT?

4. MNMoyemy HagexHocTb ycTponcts CXKAT BnnsaeT Ha ypoBeHb 6e3onacHoCTH
ABWXEeHUsa noesnos?

5. MNMepeuncnute ocoO6EHHOCTM NEPETrOHHbLIX CUCTEM aBTOMATUKN.

6. OT yero 3aBMCUT TEXHNYECKas peanuaaums N QyHKLMOHaNbHbIE BO3MOXHO-
ctn cuctem Ab Ha Kaxgom aTtane passutms?

7. Pasbeputecb, nodemy TeXHUYECKMe cpencTBa HaxoOaTcs B npolecce no-
CTOSAHHOIO COBEPLUEHCTBOBAHUA.

8. BcnomHute HepoctaTkm kogoBon Ab. lNMovemy cuctema ¢ Takmm GONbLUMM
YUCMOM HeLOCTaTKOB ANUTErNbHOE BpeMS HaXxoauTCs B SKcnnyaTtaumm?

9.lMo4yemy B HacTosllee BpeMs MPUMEHSETCA LOOPOroCTOALWMN MNIIaHOBO-
npochmnakTnyecknn meton obenyxmsaHus yctponcts CLB? Kakon metoa siBnsdeTtcs
anbTepHaTUBHbIM eMy?

10. MNepeuncnure npemmyLecTBa MUKPOMPOLLECCOPHBIX CUCTEM aBTOMAaTUKM.

11. C kaKkon uenb B HEKOTOPbIX MUKPO3NEKTPOHHbIX cuctemax Ab 6bin 3ano-
XXEH anroputMm aBTOBNOKMPOBKM YMCOBOro koga? lNepeymcnuTe aTm CUCTEMBI.

12. B 4yem 3akno4vaeTcs CyTb aganTUMBHOIO MyTeBOro npuemMHuka? Kaknmu
AOCTOMHCTBaMu obnagatrT Takne NnpueMHUKN?

13. BcnomHuTe cnocob kogupoBaHus nHdpopmauum B cuctemax Ab eguHoro
paga.

14. [Ana 4ero B cuctemax Ab eanHoro psga NPUMEHSIOTCA CUHXPOrpynnbl?
Kak opraHnsoBaHo nx gpopmmpoBaHve n nepegada?

15. [lanite KkpaTKoe O06bsICHEHNE NMPUHLMNA TECTUPOBAHNSA MUKPOINEKTPOHHbIX
ycTtpouncTs cuctemol Ab-YE.
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2. PENNbCOBbIE LEN TOHAJIbHOWU YACTOTbI
2.1. dTtanbl pa3BUTUA TOHalbHbIX PeNbCOBLIX Lieneun

PenbcoBbiMM LensMM TOHANbHOW 4acTOTbl, UKW TOHaslb-
HbIMW penbcoBbiMU Lensmu (TPLL), HasbiBatoT Knacc pernb-
COBbIX Liernen, 4YactoTa CUrHanbHOro Toka Kotopbix (o1 125
4 oo 5 klMy) HaxoguTCA B AnanasoHe TOHalbHbIX YacToT.
Apyron otnuuntenbHon ocobeHHocTblo TPL, gaBnseTcs
npuMeHeHne BeCKOHTaKTHOM annapartypbl.

Paspabotunkamm atnx PL, n cuctem Ab Ha nx ocHOBe B Hallen CTpaHe
asndeTca rpynna yydyeHblix BHUWMXTa nog pykosoagctsom B.C. [Omutpmnesa wu
B.A. MnHuHa. HasBaHue TOHarbHbIX penbCcoBbIX Lenen noasunock B 90-m rogy,
XOTS penbCcoBble Lenn ¢ ToOHanbHbIMW YacToTaMn U 6ecKoHTakTHOM annapary-
pon ObinNu paspaboTaHbl U HaYann NPUMEHSTbLCA ropasgo paHblle. Tak, B CUC-
Teme YAB OHM HasbiBanucb YacToTHbiMK PLI, B cuctemax aBTOGMOKMPOBKM C
LeHTpanM3oBaHHbIM pasmelleHnem annapatypbl (LAB) — 6eccTblkoBbiMU
penbcosbiMu Lenamu (BPLL), a penbcosble Lenu, onTUMU3MPOBaHHbIE ONA HU3-
Koro conpotueneHus 6annacrta, HasbiBanu bPL-HCB. BeegeHne HoBown Tep-
MMHOSIOMMN CBSA3aHO C paspaboTkon uenoro psga cuctem Ab, MCNoMb3yroLWnNX
TPL, kak ¢ nsonupyrowmmm cteikamm (UC), Tak n 6e3 Hux, n Heob6xoaUMOCTbIO
ob6beamHeHuns aTux PL, B oguH obwmin knacc.

Heobxognmo otmeTuTb, YTo TPL, n nx annapatypa passuBanncb BeCb-
Ma OMHaAMWU4YHO U NpeTepnenu npu 3ToM BonblUne N3MEHEHUS Kak NO NPUHLMNY
NOCTPOEHUS U TEXHUYECKOW peanusauuu, Tak N B OTHOLUEHUM ONTUMM3aLMnN NX
XapaKTEPUCTUK.

Ha nepsom atane (B cucteme YAB) ato Gbinn PL, ¢ nsonupyowmmm
CTblKaMW U OTHOCUTESTIbHO HU3KMMK YacToTamu (125 — 375 ). 3TO0 no3BonAno
MCMNONb30BaTb W3BECTHble MEeTOAbl CUHTEe3a M pacyeTa pPefibCoBbIX LeEenemn.
Knaccudeckoe noctpoeHue PL| (nuTaHne Ha BbIXOgHOM KoHUe BY, a npuemHas
annapaTtypa — Ha BXOOHOM) U UCMOfb30BaHMe OOLLero curHana asisi KOHTpongd
cocTosiHna BY 1 nepegayn nHdgopmaunmn npueenn K Heob6xoaNMoCTN NpUMeHe-
HUA reTepOANHHOIO NPUEMHUKA, CYLLECTBEHHOMY YCIOXHEHUIO CXeMbl U yBe-
nnyeHuto obbema annapaTypsbl.

B nanbHenwem B TPL, cbyHKUMN nepenayn vHopmaumm mexny cBeTo-
dopamMm 1 Ha NOKOMOTMB BbINIM UCKMNOYEHbl. Kpome Toro, cyuecTBeHHO uame-
Hunacb cTpyktypa TPL — B cucteme LIAB BnepBble Obinn NnpuMeHeHbl penbeo-
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Bble Lienn 6e3 n30aMpYyLLUNX CTHIKOB C NMMTaHMEM ABYX CMexHbIX PLL OT ogHoro
reHepatopa. Takada cTpyktypa TPL, npuBena K CyweCTBEHHOMY YMPOLLEHUIO
CXeMbl, YMeHbLUEeHN0 o6beMa annapaTypbl 1 YMcra Xun CoeaANHUTENbHOro Ka-
6ensa. OgHako OTCYTCTBME W3ONMUPYHOLLMX CTbIKOB MnoTpeboBano paspaboTku
HOBbIX METOLOB AN ONTUMM3aLMMN NapamMeTpoB M AN pacyeTa 30Hbl JOMNOSTHU-
TEeNbHOro LWYHTUPOBAHUA HeorpaHuyeHHblx PL, (penbcoBbIX Lenen, y KOTopbIX
conpotueneHue PJ1 He orpaHnymMBaeTcs B 30HE YCTAHOBKU M30SIMPYHOLLUNX UIn
9IIEKTPUYECKMX CTbIKOB).

3awmnTta oT B3auMmHoro BnvsaHua PLL ocyuiectBngeTcs vepenoBaHUEM
4acToT reHepaTopoB M MNPUMEHEHMEM Ha MPUEMHOM KOHLUEe 6e3onacHbIX
GUNbTPOB ANs pasgenieHnsa 3TuxX YacToT. [N noBblWeHUs 3alMLLEHHOCTN OT
rapMOHUK TSAroBOro Toka u 3awmnTbl OT BNnaHUA PLL napannenbHoro nytn npum-
MEHAEeTCH aMnInTyaHas MogynsaumMa CUrHanbHOro Toka ¢ pa3HoW 4YacTOTON MO-
aynaumn.

Annapatypa Takux PL| nepBoHa4anbHO npoekTupoBarnacb 4SS cryyas
ee pasMeLlleHns B oTanimBaeMblX CTAHUMOHHbLIX MOMELLEHNAX C TEMMNeEpaTypoun
OKpyXatoLeun cpefbl oT +5 oo +40°C NPy aBTOHOMHOM TSAre n Tdre nocTosiHHOIo
ToKka (annapatypa nepBoro nokoneHus). 3atemMm aTa annapartypa 6bina yco-
BEPLUEHCTBOBaHa AN NPUMEHEHNA B HeoTansMBaeMblX NOMELLEHUSIX U B pe-
nenHbIX WKadgax npu TemnepaType oT —45 go +65°C (annapaTtypa BTOpoOro
NOKONeHus, B3aMmo3aMeHsemMaa ¢ npegbigywen n npumeHdaemas ¢ 1986 ro-

aa).

OnbIT pa3paboTkn n akcnnyataumm ykasaHHbelx TPL, a Takke Heobxoau-
MOCTb MX UCMNOSIb30BaHUSA Ha y4vacTKaxX C 3NeKTPUYECKOW TArom nepemMeHHoro
TOKa N Ha y4yacTkax C MOHWXKEHHbIM conpoTmBneHnem 6annacrta npueenn K
AanbHenweMy coBeplUeHCcTBOBaHWIO annapatypbl TPLl. B annapatype
TpeTbero NOKOJsIeHUs1, NPUMEHAEMON Npu NoObIX BUAAX TAMM U Ha yyYacTKax C
HOpMaribHbIM M MOHWXEHHbIM conpoTMBneHnem 6annacta, 6bIIM HEeCKOSbKO
M3MEHEHbl 4acTOTbl, ONTUMU3MPOBAHbLI NapamMeTpbl annapaTypbl, NOBbILEHa
NoMexo3alUNLEHHOCTb MPUEMHBIX YCTPOMCTB, CYLLECTBEHHO COKpaLLEHO KOnu-
4eCTBO NPUMeHsieMon annapaTypbl U ee rabaputel. B cucteme ABT 3Tu penb-
COBble Lenu nony4nnu HammeHosaHue TPL3 (penbcoBble Lenn TpeTbero Tu-
na).

PaspaboTka cuctembl ABT 6e3 nsonupyrowmx ctblkoB notpebosana pe-
LeHMa Bonpoca 4veTkon hukcaumm rpanuy BY. [na atoro 6bina co3gaHa To-
HanbHasa penbcoBas uenb YetBeptoro tuna TPL4 ¢ manon BenNnMYMHON 30HLI
AOMNONHUTENBHOMO LWYHTUPOBAHUS.

B HacToswee Bpems TPL, 6narogapsa psay aKcnnyaTauuoHHbIX, TEXHU-
YEeCKMX N IKOHOMUYECKUX MPEeUMYLLECTB HaxoOAaT Bce bonee wmMpokoe npume-
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HEeHMe Ha XenesHblX Joporax M NUHUAX MeTpononuteHoB Poccun. B HOBOM
CTPOUTENBLCTBE MNPUMEHAIT cuctembl Ab 1 anekTpuyeckon uUeHTpanusaumm
TONbKO C TOHaNbHLIMWN penbcoBbIMK Lensamn. Mcnonb3osaHmne TPLL nossonuno
BHegpuTb AB C LeHTpanM3oBaHHbLIM pa3MeLLleHMeM annapartypbl, 06opygoBaTtb
aBTOBGTOKMPOBKOW Yy4aCTKM C MOHMXEHHbLIM conpoTuBneHnem 6annacrta. [lep-
CMEKTUBHBbIMWN HanpasfieHUsIMU Takke ABMATCA: obopyaoBaHMe TOHanbHbIMU
penbCoBbIMU LIENAMM YY4aCTKOB MPUBAMXKEHNA K nepeesgam, NpUMEHEHUEe nx
AnNsl KOHTPOns ocBoboXxaeHus nepeesna 6e3 ycTaHOBKM U3ONUPYIOLWMX CThIKOB,
ANsa KOHTponsa coctosiHmA neperoHa npu MNAB, ncnons3osanne TPL, ans opra-
HM3auMn 3alUNTHBIX YHaCTKOB B TpaauUMOHHbIX cuctemax Ab.

2.2. MpuvHUUNBLI nocTpoeHusa n acpdekTuBHocTL TPL|

Kak yxe oTme4yanocb, OCHOBHOW OTNUYUTENbHOM OCOBeHHocTbio TPL|
ABNSAETCA NUTaHne OBYX CMeXHbIX PLL oT ogHoro obuiero NCToYHMKa curHanb-
HOro Toka (reHepaTtopa) U BO3MOXXHOCTb paboTbl 6e3 M30NMPYHOLLNX CTbIKOB.
Takoe noctpoeHne TPLl cokpalwiaeT yicno annapatypsbl, kabena ans coegmHe-
HUS annapaTypbl C PENbLCOBOWN NIMHMEN, UCNOMb3YEeMbIX YaCcTOT CUTHANBbHOMO TO-
Ka 1 NO3BOMSET NPOCTO peann3oBaTb pesibCoBble Lenn 6e3 N3onmpyowmx cTbl-
KOB.

Ha puc. 2.1 nokasaHa CTpyKTypa, MOSACHSALWAa NPUHLMN NOCTPOEHUS

TPU.
ﬁi —
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| ) | |
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Puc. 2.1. MNMpuHumn noctpoenus TPL

CurHanbHbIn TOK YacTtoTonM F1 unn F2 oT reHepaTtopoB I nogaetcsa B
penbCoOBYIO JIMHWUIO, MO KOTOPOW pacnpocTpaHseTcss B 06e CTOPOHbI OT TOYKM
noakntoveHusi. OT reHepaTtopa 1 nnTaeTca penbcoBas uenb 1, OT reHepaTopa
[ 2/3 — penbcoBble uenn 2 u 3 u 1. 4. NMyteBble npuemHukn MM1 v MNM2, 13

n MMN4 nogknioyaroTca K odLwen Touke penenHbix KoHuoB PL. NpnemMHukmn o06-
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nagarwT_CBOWCTBAMW YaCTOTHOW CenekuuM U NOpOroBbiMW _CBOMCTBaMU, T. €.
pearvpyloT Ha curHan onpeneneHHom 4actotel M amnnutygbl. [lyTeBble pene
Ha BbIXO4ax NPUEMHUKOB HOpManbHO BO3OyxaeHbl. [1pn HaxoXXaeHUn noaBuX-
HOW edunHuUbl (UMK n3nome pesnbca), Hanpumep, Ha 4[1 nytesBoe pene [1P4
obectoumBaeTca. Bo3byxaeHne aToro pene OT CUrHasrbHOro ToKa penbCoBOM
uenu 31 UCKNOYEHO M3-3a BOMbLUOro 3aTyxaHusi YacTtoTbl F2 B npuemHuke
[Mr14(F1). NcknovaeTca n BO3SMOXHOCTb BO3DY>XAEHUS 9TOro perie CUrHanbHbIM
TOKoM YacToTbl F1 oT reHepaTtopa 1 penbcoBon uenu 111 n3-3a ectecTBEHHOro
3aTyxaHusl B penbCoBOW NIMHUM Ha npoTsbkeHun Tpex PL, (1, 2 u 3). PacyeTbl
nokasanu, 4To YpoBEHb NMOMEXN OT 3TOro curHana éyget npumepHo B 100 pa3s
HWXe YPOBHS MOSIE3HOro cuUrHasna, nocTynarowero Ha odbMoTKy pene oT reHepa-
Topa cobcTBeHHon PL.

B otoenbHbIx cnyyasx (npyu manoun gnude PL, 211 n 311 n BbicOkoM ypoB-
He curHana B 1[1) npegycmatpuBaeTca NpUMEHEHNE N YepedoBaHNe Tpex Yac-
TOT. B CBA3M C OTCYTCTBMEM U3ONUPYHOLLUX CTHIKOB LUYHTOBOW pexum TPL Ha-
CTyrnaeT He TOSMbKO NPU HaXOXOEHUU NOABWXKHOW eAUHMULbI Ha y4vacTke nyTu
MeXay reHepaTopoM U NMPMEMHUKOM, HO N NPU HaXoXOeHUN B HEKOTOPOW 30HE
3a npegenamun noaknioYeHns 3aTmx NpnboposB. Ty 30HY Ha3biBalOT 30HOWU A0-
NOJIHUTESILHOrO LWYHTUPOBaHUA. Tak, Hanpumep, Npu NPUBIMXKEHUN NOA-
BWKHOW edNHULIbI HAa paccTosHue Ly, OT TOoYkM nogknioyeHna reHepatopa [4/5
(cm. puc. 2.1) nyteBoe pene NP5 obectoumBaeTcs. BennunHa atoro paccros-
HUSA 3aBUCUT OT HecyLlen YacToTbl U yYAEeSNbHOro conpoTueneHus Gannacra n B
npeaensHomM cnydvae coctasnsaeT 10-15% oOT 4NUHBLI penbLCOBON LENN.

PaccmoTpeHHasa annapaTypa pasmMellaeTca B CTaHUMOHHOM MOMELLEHUM
UM B penenHbiX Wwkadgax B 3aBMCUMOCTM OT Tuna Ab n coeaunHsaeTcsa ¢ pernb-
COBOW IIMHMEN NPy NOMOLLM CUrHanbHoro kabensa. Ha none (HenocpenCcTBEHHO
y NyT1) pasMeLLalnTcs YCTPOUCTBA corrnacoBaHua v sawmTbl YC3.

B peanbHbIXx cxemax ansi NOBbILWEHNS MOMEX03aLUNLLEHHOCTU OT TAroBO-
ro Toka M TokoB PLl napannenbHoro nytu npegycmoTpeHa Mogynsumsa Cur-
HanbHOro Toka Yyacrtoramm 8 n 12 Iu.

Owuana3oH Hecywmnx yacTtoT curHanbHoro Ttoka (400...800 y) npuHaT
ncxoaa m3 ycnosusi obecneyeHnsa onTUMarbHbIX 3KCANyaTauMOHHbIX XapakTe-
puctnk TPL|. KOHKpeTHble 4acToTbl B 3TOM AnanasoHe Obinu BblbpaHbl B Mpo-
MEXYTKax Mexay rapMOHMKaMKN TSroOBOro TOKa M TokKa MPOMbILLIIEHHOM YaCcTOoThl.
[[apMOHUYeCKMe COCTaBSKOLLME MOCTOAHHONO TArOBOrO TOKa MMEKT YacToThbl
300, 600, 900, ... lu. MNpuyem, Yyem BbiLLe HYACTOTa, TEM HUXE YPOBEHb rapmo-
Hukn. MNoatomy B TPLL ¢ annapaTtypoun nepsoro nokoneHus ana cuctem LIAB
61 BblbpaHbl YacToTbl f5=425 'y n fg=475 I'y. Mpn paspaboTke annapaTypbl
BTOPOro nokoneHna Obinn gobaeneHbl vactoTebl f14=575 Iu, f4,=725 Ty n
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f15=775 'u. DTO NO3BONUIIO NPUMEHATL B cuctemax Ab Tpu 4YacToTbl, UCNOMb-
3oBatb TPLl Ha cTaHuMsX B cUCTEME 3MEKTPUYECKON LeHTpanmsaumm n Ha nu-
HUAX METPONOSINTEHOB B CUCTEME aBTOMATUYECKOro PerynmpoBaHnsa CKOPOCTU.

B annapaTtype TpeTbero rnokosieHusi Ans rnoBbllWEHNA NMOMeXO3aLmLLEH-
HocTn TPLl Ha y4yacTkax C aneKTpoTSaron nepeMeHHoro Toka 6b1im NPpUHATLI He-
cywme yactotbl 420, 480, 580, 720 n 780 4, 4TO NO3BONSET UCNOMNb30BaTb ATH
TPU npu nobom Buae tarn. B geueHTpann3oBaHHbIX cuctemax Ab B nogas-
naowem 6onbwmHcTBE cnyyaeB Ans TPL3 goctaTtoyHo mcnonb3oBaThb ABe
4YacToTbl. Tak, B COOTBETCTBMM C HOPMaMK NPOEKTUPOBAHUS PENbLCOBbLIE LENn C
OAMHAKOBbLIMW YacTOTaMu MOryT NOBTOPATbLCA npu pacctodaHum 2000 m oT nu-
TaloLero KoHLa O4HOW penbCoBOM LEenu 40 NPMEMHOro KoHua apyron. To ecTb,
cymmapHas anuda PL, 111, 2117 n 311 (cm. puc. 2.1) gormkHa 6biTb He MeHee 2000
M. Mpn anunHe ennawwen TPLI3 meHee 750 M 3TO paccTosiHue OOSKHO ObITb
He meHee 1750 m.

B TPL4 ncnonbaytotca yactoTel 4545, 5000, 5555 Iu.

MakcumanbHas AfMHa TOHanNbHbIX PenbcoBbIX Leneun Ln=1000 m (ans
TPL4 — 300 m). MNpn aToM BbINOSTHEHNE BCeX pexumoB paboTel TPLL obecne-
ynBaetTcsa Npu r, min=0,7 OM-kM. C yMeHbLlEHNEM MWHUMAIBHOIO YAEeSIbHOro
CONPOTUBIIEHUS U3ONSALNM PENbCOBON NUHUK NpeaenbHas anuHa TPL cHuxka-
etcsa. Tak, npu ry min=0,1 OM-KM L12x=250 M, npu ry min=0,04 OM-KM Ly0=150 M.
TPL, moxeT ncnosib3oBatbCa U C N30nMpyoWmnMn ctelikamu. [pn atom ee npe-
aenbHas gnvHa yeenuymsaetca 4o 1300 m.

K TOHanbHbIM pPEeNibCoBbLIM LEeNAM OTHOCATCA TaKXe penbCcoBble Lenu,
ncrnonbadyemble B cucteme Ab-YE (ananason yactot 1900 - 2800 My). cnonb-
30BaHMe aJanTuMBHOINO MyTeBoro npuemHuka (cm. n. 1.4) no3sBonusio cyulect-
BEHHO YBENUYNTb ASNIMHY 3TUX PESIbCOBbLIX Lienen no CPaBHEHUIO C PaCCMOTPEH-
HbIMM Bbllle. HeobxoamMmo oTMeTuTb Takke, 4To PLl cuctembl AB-YE aBnstoTcs
kogosbiMK. [lanee paccmatpusatotca TPL, paspabotkn BHUNXKTa.

OcHoBHble gocTtomHcTBa TPLL cBsi3aHbl C BO3MOXHOCTbIO UX paboTbl 6e3
N30NNPYOLWKMX CTbIKOB. Npun aTOM:

1. ckntovaeTcs cambli HeHadexHbln anemeHT CXKAT — msonupytowme
CTbIKA (Ha OO0 N30NUPYIOLWKNX CTbIKOB npuxoautca 27% Bcex OTKa3oB YCT-
poncts CXAT).

2.0Tnagaetr HeobXoOMMOCTb YCTaHOBKM [OPOroCTOALMX Lpoccerb-
TpaHcopMaTopoB ANS Nponycka TAroBoro Toka B 06xo nU3onupytowmx CTbl-
KOB. [1py 9TOM yMeHbLUaeTCs YMCrO OTKa30B MO NpUYnHE obpbiBa U XULLEHUN
nepeMblvYeK U CHUXKAKOTCA 3aTpaTthl Ha 00CnyXXnBaHue.

3. Yny4ywaroTtcsa ycrnoBus npoTekaHns obpaTHOro TAroBoro Toka no pesb-
COBbIM HUTSAM.
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4. CoxpaHsaeTca NPOYHOCTb NYTU C ONMMHHOMEPHbBIMU PEnbCOBbIMU MnJie-
TAMMN.

B BbIbpaHHOM AnanasoHe HecyLMX YacToT YPOBEHb rAPMOHUYECKUX CO-
CTaBMSAOLWNX TATOBOro TOKa MeHbLUE, YeM Npu Bonee HU3KUX YacToTax, YTo Mno-
3BONUIIO:

1. MoBbICNTb NOMexo3awmieHHocTb PLL.

2.1oBbICUTb YYBCTBUTESTBHOCTb NPUEMHUKOB U, Kak CneaCcTBUe, CHU3UTb
MOLLHOCTb, noTpebnsiemyto TPLL.

3. Kpome TOro, npumeHeHue Gosfiee BbLICOKMX 4acTOT MO3BOSISET ferdye
peanun3oBaTb OOOPOTHblE (PUNLTPbI MEHbLUNX rabapuTOB M MOBbLICUTL 3aLLu-
LLIEHHOCTb NPUEMHMKOB OT BIIUSIHUA COCEAHUX YacToT.

Bo3MOXHOCTb yaaneHus annapaTtypbl OT PenbCOBbIX JIMHUM Ha OOCTa-
TOYHO Oonbloe paccTosiHne obecnevnmBaeT IKOHOMMYECKYHO Lieriecoobpas-
HOCTb NpuMeHeHus TPL B cnegytowmnx crnyyasx:

1. [Ans KOHTponsa cBo6OOHOCTM NeperoHa N UCNPaBHOCTU PefbCoOB B CUC-
Teme [NAB, 4TO noBbilaeT 6e30NacHOCTb ABMXKEHUA U JaeT BO3MOXHOCTb BHe-
APEHNA CUCTEM ONCNETYEPCKOM LeHTpanusauuu.

2. [lna opraHMsaumnmn 3almTHBIX Y4acTKOB TpebyeMon AfnHbI B KO4OBOM
n nMmnynscHo-nposogHon AB. lpn 3TOM ycTaHoBKa OOMOSTHUTENbHLIX penen-
HbIX LKadOB M JNMHENHbIX BbICOKOBOSIbTHLIX TpaHC(opMaTopoB B npeenax
BGrok-y4acTka He TpebyeTcs.

3. B kayectBe PLl HanoxeHusa ans nonydeHus Tpebyemon anvHbl y4yacT-
KOB NpmnbnmxkeHnsa K nepeesny. 3TO NO3BONSET COKpATUTb 4O MUHUMYMaA MNpex-
AEeBPEMEHHOCTb 3aKpbITUA nepeesaa.

4. Ha yyacTkax C MOHWXEHHbIM conpoTmueneHnem bannacra.

Kpome Toro, kK gocrtomHctBam TPLl cnegyeT OTHECTM OTCYTCTBME KOH-
TaKTHbIX pene, paboTalrwmux B UMNYSIbCHOM pPeXuMe, YTO CYLLECTBEHHO MOBbI-
LaeT HadeXHOCTb U OONroBEYHOCTb annapaTtypbl. M3BeCTHO, YTO cpeaun npu-
bopoB CXKAT Hauborbllee YnCcno OTKa3oB NMPUXOAUTCA Ha AelumdpaTtopbl Ko-
A0BOW aBTOBMNOKNMPOBKK, TPAHCMUTTEPHbLIE PEfie N UMMYFbCHLIE MYTEBLIE PESE.

Hepgoctatkamu TPLl siBnswoTcsa mManasa npegenbHas OnvHa M Hanuyume
30Hbl JOMOSTHUTENBHOIO LWYHTUPOBAHUS.

2.3. OcobeHHOCTU pacyeTa TPL

OcobeHHocTU pacyeTta TPL onpegenatoTca cnegyrowmmm haktopamu.
1. OTCyTCTBME M3ONUPYHOLLMX CTbIKOB, YTO TpebyeT yyeTta BXOOHbIX CO-
NPOTUBIIEHUIA CMEXHbBIX PENbCOBbLIX Lenen. AT COnpOTUBNEHNSA OKa3biBalTCS
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NOLKMHOYEHHBIMW MO KOHLAM PeSfibCOBOW NIMHUM NapansiefnibHo CONpPOTUBNEHNAM
annapaTypbl 1 OKa3bIBalOT CYLLECTBEHHOE BIMSIHNE Ha pexnmMbl paboTbl TPLL.

2. cnonb3oBaHne kabena OTHOCUTESTbHO BONbLUIOW ANWHBI AS1s1 NOAKIH0-
yeHus annapaTypbl TPL, K penbcoBon nuHMK, 4Yto TpedbyeT ydyeTa conpoTuBIie-
HUS M €MKOCTU XU Kabens u Ux corfiacoBaHMs C CONPOTMBIIEHMEM annapaTy-
pbl, @ TakkKe pacyeTa npegenbHoO AoNyCTUMOW AfnHbI kabens.

3. Hannune 30HbI OMNONMHUTENBHOIO WYHTUPOBAHUA, YTO NPUBOAUT K He-
0bxoQMMOCTWN UccnenoBaHUs U pacyeTa ee ANUHbI B 3aBUCUMOCTU OT AfNHBI
TPLl, yacToTbl CUrHanbLHOro Toka U U3MEHEHUS conpoTmBneHns bannacra.

4.Pasnunune anvH cmexHblx TPLL, nutaembix OT OOHOro reHepartopa.
[Mpn 3TOM AOMKHO BbITb 06ecneyYeHo BbINOSTHEHNE BCEX PEXMMOB paboThl Kax-
aon n3 atux TPL, npn obuwem HanpsXXeHUn nNuTaHus.

5. BnnaHue curHana ot reHepartopa ogHon TPLl Ha npuemMHuk apyrom
TPL, ¢ Ton xe yactoTon. [N UCKNIOYEHUSA TaKOro BrMsiHUSE HEOBxo4Mmo onpe-
AennTb MMHUManNbHO gonyctumyo anvHy TPL npu ncnonb3oBaHuM OBYX Yac-
TOT.

6. MpumeHeHne TPLl Ha y4acTkax C MOHWXEHHbIM COMpPOTUBIIEHNEM
6annacta. Npu pabote TPL| 6e3 nsonupyroLmx CTbikOB B 3TUX YCNOBUSX CyLLIEe-
CTBEHHO BO3pacTaeT BnsHME 0OXOAHbIX NyTEN AN CUrHANbHOro Toka (Mexay-
NyTHbIE NEePEMbIYKN, 3a3eMIeHNs ONop KOHTAKTHOW CeTU, OTCOCHI TArOBOro TOKa
nT.4.). B CBA3KM C 9TMM CXemMa 3aMeLLeHnst PenbCoOBON JIMHUN OOSMKHA NPUHMU-
MaTbCA HECUMMETPUYHOW. [INA Takoro criydas U3BeCTHbIM MeTOZ, OCHOBAHHbIN
Ha 3amMelleHun anemeHToB PL| akBMBanNeHTHbIMU YETbIPEXMOMNKCHUKAMK, cTa-
HOBUTCA HENPUMEHUMbIM MN3-3a CIOXHOCTU N FPOMO3LKOCTU MOSyYaeMbliX Bbl-
pPaXXeHUMN.

7. BO3MOXXHOCTb BOCMNPUATUS JTIOKOMOTUBHBLIMU KaTyllKamMu BTOPOro no-
e3fa koposoro curHana AJIC, npeaHasHavyeHHOro A8 BrnepeaumayLero noes-
aa.

NccnepoBaHne M CMHTE3 TOHalbHbIX PENbCOBBLIX Lienen, npoBeaeHHble
cneuymanuctamn BHUMXXTa ¢ yyeToM nepedncrieHHbIXx dpakTopos, MO3BONUAN
BblbpaTb HecyLMe 4YacToTbl U ONTUMU3MPOBATL NapamMeTpbl annapatypbl TPL3
n TPLU4, paspaboTtatb pekomeHgauum rno Bolbopy AnuH atux PLL B pasnnyHbIxX
YCNoBUAX SKCMNSTyaTaunmn, COCTaBUTb PEryriMvpoBoYHble Tabnumubl.

43



2.4. Cxembl 1 annapartypa TPL|,
2.4.1. O606LWEeHHan cxeMma TOHaNbLHOWU penbLCoOBOM Uenu

Kak ykasbiBanocb Bbille, B NpoLEecce pa3BUTUS U COBEPLUEHCTBOBAHUS
TPLl, a Takke onga pasHbix cnyvyaeB npuMeHeHus 6bino co3gaHo 4 Tuna anna-
paTypbl TPL. Mmes obwimne npmMHUUNbLI NOCTPOEHUsS U paboTbl, OHM pasnuyaroT-
cs 06nacTbio NPUMEHEHUS, TEXHMYECKON peanu3aunen annapaTypbl U ee xa-
pakTeEPUCTUKAMMU.

Ha puc. 2.2. npeacrtaeneHa o6o6uieHHas CcTpykTypHas cxema TPL.

[yC33/5]

C3 5/7

[v

K nepegaiwowimm yctporicteam AJ1C

Puc. 2.2. O6obLleHHasn cTpykTypHaa cxema TPL,

[Mepepatowass annapartypa NepBoro M BTOPOro MOKOSIEHU copepXana
reHepatop [ aMNNUTY4HO-MOAYNMPOBAHHbBIX CUrHasnoB, ycunutene Y, nyTeBou
TpaHccopmatop MT gnga HacTporkn HanpsxxeHus nutadna TPL, B 3aBucMmocTn
OT €€ ASIMHbl U BENNYUHLI MUHUMASbHOrO yAenbHOro conpoTuBreHus banna-
cTa, punbTp nuTarowero kKoHua ®. B nocnegywouwem B penbcoBblx Lenax TPL3
n TPU4 6noku I, Y, ® u MNT Obinn obbeanHeHbl B 0aMH ONOK reHepartopa, a
¢pnnbTpbI CTann BbIMOSTHATL HOBbIE DYHKLINN.

Ha npuemHOM KOHLUEe nocnegoBaTenbHO BKKOYEHbI ABa NPUEeMHUKa —
npuemMHuK MNp1 penbcoBon Lenn 5, HaCTPOEHHbIN Ha YacToTy reHepartopa [, n
npuemMHuK Np2 penbcoBon uenu 7 gpyron Yyactotbl. Ha Bbixogax NMpUeMHUKOB
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BKITOUEHbI nyTeBble pene Sl n 711, dukcupyroime CoCToOAHUSA COOTBETCTBYIO-
LLIMX PESbCOBbLIX LIENewn.

[[eHepaTopbl U PUNLTPLI HACTPaMBAKTCA Ha KOHKPETHYH 4YacToTy npu
NOMOLLM BHELLUHUX NepeMbldek. ITO NO3BONAET YMEHbLUTb HOMEHKNATYpPY an-
napaTypbl, YTO BbIFOAHO KaK C TOYKN 3pEHUS MPON3BOACTBA (YMEHbLUaeTcHa pas-
HOTUMHOCTb U3AeNni), Tak U C TOYKU 3peHus aKkcnnyataumum (YMeHbLLIaeTCs KO-
NM4YecTBO 3anacHbIX BI0KOB 1 MNOBbILWAETCA UX YHUBEPCASIbHOCTbL). [TpneMHmnKn
BbIMyCKalOTCA MHOMBMAOYANbHO ANS KaXOoW KOMOWHaAUMM Hecyllen u mogynu-
pYOLLEN YaCTOT.

Peaucrtopbl R, urpatot ponb 6annactHbix conpoTuBneHnn n obecneyu-
BaloT Tpebyemble BXOOHbIE CONPOTUBEHMUS MO KOHLAM PeSfibCOBOWN JIMHUN. OTO
perynupyembln pesmctop conpoTtusneHmem 400 Om; ero BenmyunHy BolbupatoT B
3aBMCUMOCTW OT AJSIMHbI COeAVHUTESTbHOro Kabens.

Cxema TPL npegycmatpuBaeT BO3MOXHOCTb nepenaym curHanos AJIC
YMCNOBOrO M 4YacTOTHOro KoAoB. BkntoyeHMe KOOOBbIX CUrHArNIOB B PESIbCOBYHO
NIMHUIO NPOM3BOAMTCS MO CYLLECTBYIOLLMM Xunam Kabens nepegaroLwero u npu-
emHoro koHuoB TPL|. KoHaeHcaTopbl C aABNAOTCA aneMeHTamun unbTpa ne-
peaatomx yctpouncts AJlC.

YctponucTtBa cornacoBaHus U 3awmuTtbl YC3 pasmeLLarTca B NyTeEBbIX
SLWLMKaxX N peLluatoT cregyllime 3agadun: cornacoBaHne ConpoTUBEHUSA coeam-
HUTENbHOro kabena v annapaTtypbl C CONPOTUBMEHNEM PESNLCOBOW NIUHUKU, 3a-
wunta annapatypbl TPL, oT rpo3oBoro paspsiga (npy aBTOHOMHOW TSre noesaos)
U OT KOMMYTAUMOHHbBIX MepeHanpsXXeHUn B KOHTAKTHOW CceTu, 3awumta oT
acuMMeTpUn obpaTHOro TAroBoro Toka (Npwu anektpuyeckon tare). K ycTtponct-
BaM 3alMTbl MOXHO OTHECTU W Apoccenb-TpaHchopmMaTopbl, YyCTaHaBnMBae-
Mbl€ NPU ANEKTPUYECKON TAre NS BblpaBHMBaAHUA 0OpaTHLIX TArOBbLIX TOKOB B
pPenbCoBbIX HUTAX (OS5 YCTPaHEHNA aCUMMETPUN).

KoHkpeTHble cxembl TPL, ans pasHbiX criydaeB npMmeHeHus ByayT pac-
CMOTpPEHbI fjlanee B COOTBETCTBYHOLLMX pasgenax.

B Tabn. 2.1. npuBeaeHbl TUMbl U OCHOBHblE OCOBEHHOCTM annapaTtypbl
TPL| pa3HbIx NOKoseHNN.

K paHHbIM, npvBegeHHbIM B Tabnuue, HeobxooMmo gaTb cregywouwme
AOMOJSTHEHUST N NOSACHEHUS.

1.B cuctemax LUABc u ABTc Ha HadanbHOM 3Tane, 4o pas3paboTku
TPL3, ncnonesosanack annapatypa TPL| BToporo nokoseHus.

2.Y4acToTbl MOgyNAUMK ONsS BCeX TUMNOB annapaTtypbl —8 n 12 I'u.
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PasHoBugHocTu annapatypsl TPL|

Tabnuya 2.1

MapameTpb! MepBoe BTtopoe Tpetun Tvn (TPL3) UeTBEpThIN
NMOKONeHne| MoKoneHue Tmn (TPL4)
HekoTopble +5...+40°C | -45...+65°C -45...+65°C -45...+65°C
XapaKTepucTUKu Bsaumosame- | YHucumumpoBaHa ong YMeHbLUeHa
n ocobeHHoCTH HAema C noboro conpoTuBEHNsT | 30Ha
annapatypow OannacTa n BMaa Taru, JONONHNTENb-
1-ro YMeHbLUEHbI rabapuTbl 1 | HOFO
MOKONEeHUs KONM4YeCcTBO annapartypsbl, | LWWYHTUPOBAHUSA
NnoBbILLEHa NOMeX03aLLun-
LLIEHHOCTb
O6bnactb LIAB LAB-M, LIABc, ABTc, ABT, ABTL, | ABT
npuMeHeHnsa APC wmeTpo-
NONNTEHOB
Hecywne 425,475 | 425,475,575, | 420, 480, 580, 720, 780 4545, 5000,
yacToThbl, 'y 725,775 5555
HanpsikeHune ~17,5B ~17,5B ~17,5 B; ~17,5 B;
nnTaHnsa GNoKoB ~35B ~35B
S r MM rPL m8,9,11 L4
N m11,14,15 (rn4)
G Y LANNILA (FM13/8,9.11
3 nT nTy | Nty M13/11,14,15)
e d ®rig8,9 | ¢rig,9 ®rimas,9,11 dPLI4
o ®rN11,14,15 ®rM11,14,15 (PPL4JT)
5 Mp YMKU... | MNPU... ... (nn1...) MPL4...
%) 4 Tna 10 BupoB ans | 10 Bugos ans xxenesubix | (MPLA4J1...)
= Xen. goporu | gopor u (nPU4n1...)
= 10 gna metpo | 10 ans meTpo 6 BMOoB

3. B ckobkax YKa3aHbl yCOBEPLUEHCTBOBAHHbLIE MO,D,VI(*)VIKaLI,VIVI OGnokos.

4.Yucna B o603HayeHnn tnuna cpunbtpa u 6noka M ykasbiBaloT HOMepa
HecyLMX 4acToT, Ha KOTOpble OHU MOryT ObITb HACTPOEHbI NPU MNOMOLLM BHELL-
HUX NepeMblYexk.

5. Pa3zHOBMAOHOCTN NPUEMHMKOB ONpeaesnisaioTCsa KOMOMHaUMEN HeCyLUen
N MoOynupylowen 4acToT. 3TU JaHHble YyKasblBaloTCs B 0003HayYeHun Tuna
KOHKPETHOro npMemMHuka (nepBoe Y1cro — YCroBHbIN HOMEP HeCyLLLen 4acToThl,
BTOpOM — YyacTtoTa moaynsauum). Hanpumep, MNPLU8-8 wnun MNPL8-12 (npuemHuk
penbCoBOW Lienn, HACTPOEHHbIM Ha HecyLwlyto JacTtoTy fg=425 'y n yactoty mMo-
aynaumm 8 unn 12 'y). Kpome T10ro, pasHoBMAHOCTU NPUEMHUKOB OMNpenenstoT-
cs1 0611acTbio NPUMEHEHUST ()KENE3HO4OPOXHbIE NIMHUN UM NUHAN METPONOSn-
TeHoB). [Ina NIMHUIA MEeTPONOSIMTEHOB BbINYCKAOTCA NPUEMHUKN, YYBCTBUTESb-
HOCTb KOTOpbIX B 2 pa3a Huxke. Hanpumep, MNMM11-8 (nyteBon NnpuemMHuK ans
NNHUIA METPOMOSINTEHOB, HAaCTPOEHHbLIW Ha Hecywyto YacToTy f11=580 'y n yac-
TOTy moaynsuum 8 I'y).
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6. B HacToswee BpeMs B cooTBeTCTBUM C YKazaHuem [TCC Ne 1454 ot
12 mas 2000 roga annapaTtypa nepBoro U BTOPOro NoKOSIEHNUW B OENCTBYIOLWMX
YCTPONCTBAX 3aMeHeHa Ha annapaTypy TpeTbero Tuna.

Bce 6nokn (kpome nyteBoro TpaHcgopmartopa [1T) KOHCTPYKTUBHO Bbl-
nosiHeHbl Ha nnatax pene HML, HW »n OCLU v nogkntoyaroTcs K MOHTaXy npu
NOMOLLM COOTBETCTBYHLLNX LUTENCENbHbLIX PO3ETOK.

2.4.2. Annapartypa TPL3

Annapatypa TPL TpeTbero nokoneHusa paspabartbiBanacb C Yy4eTOM
BO3MOXXHOCTM paboThbl Ha y4acTkax C yaernbHbIM conpoTusreHnem bannacrta oo
0,04 Om-km. lpn 3TOM OOHOBPEMEHHO C onTMMU3auuen xapakrepuctuk TPL|
ObINn peLleHbl BONpoChl YMeHbLLeHNA obbema 06opynoBaHNSA, NOBbILLEHUS Ha-
AEXHOCTU annapaTtypbl U TOMeX03aLLNLEHHOCTU NPUEMHbIX YCTPOUCTB.

OnbIT pa3paboTkn 1 akcnnyaTauun annapatypbel TPL, npeablgywmx no-
KONIEHUN MO3BOSIUN CO34aTb YHMBEpPCAalnbHYK annapaTtypy AS19 SKCnyaTauuu
Kak npu MOHWXEHHOM, Tak WU Npu HOopMarbHOM conpoTuBrieHUn Gannacrta Ha
yyacTkax ¢ nodbiM BUOOM TSArM noesfoB B LIEHTPanM30BaHHbIX U AeLeHTpanu-
30BaHHbIX cuctemMax. Tak, pasMmepbl nepeaaroLmnx yCTPonUCTB Oblfin YMEHbLUEHbI
NPUMepHO B [Ba pa3a, NOMEeXOyCTOMYMBOCTb MOBbILIEHA NPUMEPHO B 6 pas,
MUHUManbLHoOe conpoTuBreHne BGannacta nNpu Ton Xe AfMHE PefibCOBOWN Lienu
cHmwkeHo B 1,4-1,5 pas.

[Ons annapatypbl TPL3 661510 paspaboTaHo Tpyn dyHKUMOHaNbHLIX 6510-
Ka: nyteBon reHepartop tuna [T1, nyteBon cpunbtp T1na ®INM n nyteson npu-
eMHuk Tnna M. O6o3HayeHna mogmdumkaumm aTux BNOKoOB yKkasaHbl B CBOOHOM
Tabnuue Tunos annapatypbl TPL, (cMm. Tabn. 2.1) n B NOSACHEHMAX K HER. [eHe-
patopbl ['T1 n dunbTpel PIM cobpaHbl Ha 6a3e pene HLU, npnemHuk MM — Ha
nnate pene OCLL.

PaccmoTpym (pyHKUMK, NpUHUMNNANbHbIE CXEMbl U pasfinymMe UCMNosHe-
HUM annapaTypbl TPL3 pasHbix Mogudukaumnn.

MyTteBble reHepaTopbl M3 dopmunpyoT N ycunuearT am-
NNUTYOHO-MoaynupoBaHHble curHasnbel co 100%-n mogynaum-
en n cuHycouaganbHOM POpMON HeCyLLEeN YacTOThl.

"eHepaTopbl [T13 saBnAlOTCA B3anMo3aMeHAeMbIMU C reHepaTopamMm

['T1 npegbioywen mogndumkaumn. BrroyatoT B cebs cneayrowime yanbl: reHepa-
TOp HECYyLWMX 4acToT, reHepaTop MOAYNUPYHOLWMX YacToT, MaHUNynNaTop, npea-
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BapUTENbHbIN YCUNUTENDb, PErYNSATOP BbIXOQHOIO HanNpsiKeHUs!, BbIXOAHOW YCu-
nuTenb, BTOPUYHbIM UCTOYHUK NUTaHUS (puc. 2.3).

[eHepaTop HecyLlMX YacToT BbINOSIHEH Ha MuKkpocxeme DD1 reHepaTto-
pa HU3KOW 4YacTOTbl C KBapueBbiM pe3oHaTopom GB. Hactporka Ha ogHy u3
Tpex NpeayCMOTPEHHbIX YacTOT OCYLLECTBISETCA NPy NOMOLLM BHELLUHUX nepe-
MblYek (Tabn. 2.2).

Tabnuuya 2.2
HacTtpownkn reHepatopos [T13
[Mepemblykn
Hecywas/ -
Tun reHepartopa reHepartopa HaCTPOWMKM B | NOOKINOYEHMS
mMoaynupytoLas 3 .

ma3 yacrota. [ HecyLleun MOOynupyoLLen pe30HaHC BbIXOOHOIo

11 4yacToTbl 4acToThl Kackaga
~ | 420 182 12-23 ggzgg 81-73
o 8 62-42
o | 480 12-21 81-63
g 12 62-33

8 62-42
I_ - — -

580 12 12-22 62-33 81-82 82;2

0 8 62-42 i
:r_ 580 12 12-22 62-33 81-73 51-61
A 8 62-42
E 720 12 12-13 62-33 81-63
™

8 62-42
C . -
— | 780 12 12-11 62-33 81-82

[eHepaTop MOAYMPYIOLWNX YacTOT WU MaHUNyNAsaTop peanuv3oBaHbl Ha
mukpocxeme DD2. Ha ero Bxogbl oT reHepatopa DD1 nogatoTcsa curHanbel Tak-
ToBowm YacTtoTbl (1 MI'Y) u Hecywen yacToThl f,.

[MpenBapunTenbHbI yCUnUTenb CAYXAUT LS COrflacoBaHUA BbIXO4a MUK-
pocxembl DD2 ¢ peryniatopomM BbIXOAHOIO HaNpPshKEHUS 1 BbINOSTHEH HA TpaH3u-
ctopax VT2-VT5, paboTalowmx B KIHOHEBOM pPEXMME.

B cocTtaB perynsatopa BXoOdaT: nepeMeHHbin pesnctop R11, pesnctopsbl
R9 u R10, TpaHcdopmaTop TV n koHaeHcaTop C6 ¢ pesmnctopom R15.

Pesuctopbl R9-R11 BkntoyatoTcs nocriegoBaTenbHO € NepBUYHON 06-
MOTKOW TpaHcdopmaTtopa TV nocpenctBoM BHewHen nepemblukn 83-72. [le-
peMeHHbIn pe3nctop R11 3a cyeT naMeHeHnsa Toka nepsmyHon oomoTtkn TV no-
3BongeT perynupoBaTtb BbIXO4QHOE Hanps>keHne aMmnaMTyaHo-
Mo4ynmnpoBaHHOro curHana ot 1 go 6 B. Pyyka nepemeHHoro pesnctopa R11
BblBeeHa Ha nepegHo naHenb Koxyxa 6rioka M3 gna BO3MOXHOCTU pery-
NIMPOBKM BbIXOAHOMO HanpskeHnsa 6e3 BCKpbITUs 6r1oka.
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TpaHcdhopmaTtop TV obecneumBaeT ranbBaHUYECKYHO pas3BA3KYy Lenu
perynatopa oT uenu BbIxogHoro ycunutens. Kpome Toro, oH obecneunBaet
CHMWKEHNE BbIXOQHOIO COMPOTUBIIEHUS perynsatopa, YTO MCKI4YaeT Takou
onacHbI OTKa3, Kak BO3pacTaHue BbIXOOQHOro HanpsbkeHua reHepartopa [T13
Npu pasnnyHbIX NOBPEXOEHNSAX B LIENU perynatopa u UsMeHeHUn BXOLHOro COo-
NPOTUBIIEHUS BbIXOAHOro ycunutens. KongeHcatop C6 n cekuMoHMpoBaHHAas
BTOpUYHas obmoTka TpaHcdopmaTopa TV no3BonsoT NPON3BECTU HACTPOKKY B
pe30HaHC Ha HecyLlen YactoTe, YTO UCKNKYaeT NCKaeHne oopMbl BbIXOLHOIO
curHana. Hactponka ocyLecTBnsieTcss B COOTBETCTBMU C HACTPOWKOM reHepa-
TOpa HecyLen YacToTbl NPU NOMOLLM BHELLUHNX NepeMblvek (CM. Tabn. 2.2).

BbixogHoM ycunutenb paboTaeT B NIMHENHOM PEXUME U COCTOUT U3 OBYX
kackagoB (TpaHauctopbl VT6-VT9). Hannune 100%-Hon oTpuuaTtenbHom o0-
paTHOM CBA3U UCKNOYaAEeT N3MEHEHME BbIXOLHOMO HanpsiKeHUst Npyu M3aMeHeHUM
KO3 (PULMEHTOB yCUITEHNA TPAH3UCTOPOB. BbixogHOW curHan cHMMaeTcs C Bbl-
BOOOB 2-52.

HomuHanbHas BbixogHaa MolwHocTb yeunutensa 20 B-A. [pn Heobxoaun-
MOCTM nosly4YeHust bonee MOLHOro curHana K ebiBogam 53-83 nogkntodaroT ny-
Teson ycunuterne Y1, [pn 3TOM BbIXOOHOM ycunuternb U TpaHcgopmartop TV
OTKITOYaKOT (CHATUMEM nepemblyek 3-4, 51-61 n 83-72), obLlyo TOYKY nUTaHUA
NOLKMIOYaKOT K pe3ncTopam perynsaropa HanpsxeHus (nepemMbolykon 2-83).

BTOpWYHbLIN UCTOYHUK NMUTAHUS BblpabaTbiBaeT ABYXMNONSpHOe HecTabu-
nuanpoBaHHoe HanpsxeHne +20 B n ctabunuampoBaHHoe HanpsxeHue 9 B.

C uenblo BM3yanbHOro KOHTpomnsa paboTbl nyTeBoro reHepartopa [T13
npenycmotpeHbl ceeToamoabl VD6 n VD11, koTopble BbiBEAEHbI HA NEPenHIo
naHenb. Muranue ceetoamoga VD6 roBopuT o HopmarnbHOM paboTe 3agatoLmx
reHepaTopoB WM MpeaBapuUTernibHOro ycunutens. Pexum muraHums ceetogmona
VD6 (8 nnn 12 I'y) no3BondeT npu 4OCTaTOYHOM OrbITE BU3yarnbHO onpeaennuTb
HaCTPOWKY reHepaTopa MOLYSIMPYHOLLNX YacToT. POBHOe cBevyeHue cBeToamona
VD11 cBngeTtenbCTBYET O HAaNUYuUmM NUTAHUSA BbIXOQHOMO yCUNnTens.

Cxembl reHepaTtopos [1T13/8,9,11 n T13/11,14,15 naeHTn4YHbl. Pasnuyus
COCTOAT B napameTpax TpaHcdopmaTtopa VT.

OTtnunume paccmatpmBaemMoro nyTeBOro reHepaTtopa OT nepenaroLmnx
YCTPOUCTB BTOPOro NOKOJNEHUSA 3aKrovaeTcda B criefyrowem: B 0gHOM 6rioke
[TI3 obbeauHeHbl reHepaTop, yCUnuTeNnb M NyTEBOW TpaHcdopmaTtop, 4YTo
yMeHbLUaeT obbeM annapaTtypbl; reHepaTop BblAaeT CUHycOoMOanbHbIN BbIXO4-
HOW CurHasnm, 4To MCKrovaeT HeobXOoAMMOCTb YCTAHOBKW OOMOSIHUTENbHOro
unbTpa And opMnpoBaHUA CUHycouaansHOU oopMbl curHana; npuMeHeHsbl
bonee ctabunbHble reHepaTopbl HECYLLEN U MOAYNUPYIOLLEN 4YacToT, npeay-
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CMOTpEeHa CBeTOBas MHAUKaUMs COCTOAHWA ©Onoka nyTteBoro reHepartopa. B
6noke M1 npegbigywen moanukaunmn reHepaTop Hecywmux YactoT Obin pea-
NN30BaH Ha ornepaunoHHOM ycunurene ¢ konebatensHbiM LC-KOHTYpOM B Lienu
NONOXUTENBLHON 0BpPaTHOM CBA3WU, reHepaTop MOAYMMPYIOLMX YacToT - B BUAE
MynbTUBMBpaTOpa Ha ornepauuoHHOM ycunutene c Bpemssagarowmmm RC-
Luenoykamu B Lenu oTpuuatenbHonm obpaTHOM CBA3W, a MaHUMynAaToOp - Ha
TPaH3UCTOPHOM KITHOYe.

MyTteBble punbTpbl PINM peliatoT cneagyowme 3agadn: sawmra
BbIXOOHbIX LEenen nyTeBoro reHepatopa OT BIUSHUA TOKOB J1OKO-
MOTUBHOW CUrHanuM3aumn, TAroOBOro TOKa W MNepeHanpsiKeHun,
BO3HUuKatowmx B PJ1; obecneveHne Tpebyemoro no ycrnosusim pa-
B6OTbl pPEenbCoBLIX Lenen obpaTHOro BXOAHOrMO COMPOTUBIIEHUS
annapatypbl nuTatowero koHua PL; ranbBaHn4eckoe pasgeneHue
BbIXOOQHOW LIenu reHepaTopa oT Kabens.

PunbTp OINIM (puc. 2.4) peann3oBaH B BMAe NocregoBaTenbHOro Kone-
6atenbHoro LC-koHTypa. OH cogepxuT 8 kKoHAeHcaTopoB U TpaHcgopmaTop
TV B Ka4yecTBe NHOYKTUBHOCTW.

| 4
1 C

71

Puc. 2.4. lNpuHumnnuanobHaga cxema nytesbixX punbTpos GI1M

Bxogom dunbTpa siBnsatoTca BbiBoAdbl 11-71, HA KOTOpbIE NOAAETCA CUT-

Han oT reHepaTopa [T13. HacTtponka Ha Tpebyemyo 4acToTy OCYyLLeCTBISEeTCS
OOHOBPEMEHHbIM WU3MEHEHNEM WHOYKTMBHOCTM WM E€MKOCTU, 4YTO MO3BONSET
obecneynTb OTHOCUTESNBHO CTabunbHOE BXOAHOE CONPOTUBIEHUE UNbTpa Ha
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pasfiMyHbIX YactoTax. NHAYKTUBHOCTb KOHTYpa M3MEHSIeTCA MyTeM WUCMOmb30-
BaHUS BCEN MNKN 4acTu nepBuyHOM OBMOTKM TpaHcdopmaTopa TV, eMKoCcTb —
3a cyeT n3MmeHeHunsa Habopa koHaeHcaTopoB (Tabn. 2.3).

Tabnuya 2.3
HacTtponkn dounbtpos GINM
Hecywas Obuwan | BbiBogbl
Twvin KoHgeHcaTops! €MKOCTb, | OOMOTOK lMNepemblykn
yacTtoTa, 'y
MK®D TV

420 C5, C6, C7, C8 4,85 1-4 43-23-22-21-83

®rM 8,9,11 480 C6, C7, C8 4,38 1-3 42-23-22-21
580 C2,C3,C7,C8 4,07 1-2 41-23-22-73-81
580 C2,C3,C7,C8 4,07 1-4 43-23-22-73-81
®drNM 11,14,15 720 C4, C5, C6, C8 3,68 1-3 42-23-21-82-83
780 C3, C5, C6, C8 3,57 1-2 41-23-21-81-83

YkasaHHble gaHHble no HacTponke cunbtpoB PIIM (cm. Tabn. 2.3) aB-
NATCA pacyeTHbIMWU. [na Toro, Ytobbl yyecTb hakTUYecKne 3Ha4YeHust eMKo-
CTEN U MHOYKTUBHOCTEW KOHKPETHOro hunbTpa, a Takke BUSHUE EMKOCTU Ka-
6ens, Noaknt4YaemMoro K ero BbiIXody, HaCTPOWKy NPOU3BOLAT HaA MecTe ycTa-
HOBKW annapaTypsbl. [1pn 3TOM C NOMOLLBLIO NepeMbIYEK 40BABAAOT NN UCKITHO-
YalT Te UM MHble KOHOeHcaTopbl, 40O6UBasACHL NOMyYEHUS MakCuMymMa Hanpsi-
XEeHus1 Ha BbIxode ounNbTpa UM pPaBEHCTBA HaNPSPKEHUM Ha MHOYKTUBHOCTMU
(BbiBOObI 23-11) n emkocTH (BbiBOAbLI 23-71).

dunbtpbl OIMM8,9,11 n ®rM11,14,15 pasnuyatoTca napameTpamm
TpaHcdopmaTtopos TV.

C yyeTOM pasnunyHbIX YCNOBUM NMPUMEHEHUS B NyTeBbIX dunbtpax OriM
NpeaycMoTpeHbl 3 BbiXxoAa C pa3fiM4HbIMU BbIXOAHLIMU COMPOTUBIIEHUS -
MM.

dunbTp paccumTaH Takmm obpas3om, UYTO 3HepreTuyeckn Hambornee Bbi-
rogHbiM aBnsieTcsa BbixogHoe conpotusneHne 800 Om (BbiBOALI 12-61). OTOT
BbIXO[, MCMOMb3yeTcs B cnyyasx Hambonee 4actoro NpUMEHEHUsI — B PESibCOo-
BbIX LleNAX C HOpMarbHbIM conpoTueneHnemM bannacra.

BoiBogbl 12-62 (BbixogHoe conpotuBneHune 400 Om) ncnosnb3yoT B
TPL| npn HM3KOM conpoTmBneHnn bannacTa, a Takke npu OTCYyTCTBUN 3aLLUTHO-
ro pesmcropa B YC3, YTO xapakTepHO Ans aBTOHOMHOW TArn. [pu aTom oT ny-
TeBOro reHepartopa [T13 noTpebnsaeTcs goctaTodHO Marnas MOLWHOCTb, YTO No-
3BOSISIET MCMNOSb30BaTb B KAa4eCTBE pPe3epBHOrO UCTOYHMKA MUTAHUSA akKyMynsi-
TOpHble baTapew.

BeiBogbl 12-63 (BbixogHoe conpotuBrieHue 140 Om) mcnonb3yroTcs
NpPU HU3KOM COMPOTUBIIEHUN Bannacta U Hanuuuu anekTpuyeckon Tarn. Uc-
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nosib3yeMoe B 3TOM CIllydae BbIXOOQHOE cornpoTmsrieHne dunbtpa obecneymsa-
eT onTumMansHoe obpaTHoe BXOOHOE COMpOoTUBIEHWE nuTarowero koHua TPL|
(0,4 Om).

YKasaHHble pekoMeHaaummn SBsoTCA OBLWNMMM U B KOHKPETHbIX CIy4Yasix
MOTYT ObITb MPUHATLI ApYrne peLleHns.

OcobeHHOCTAMM paccMmaTpuBaeMblX (pUNbLTPOB B OTNYME OT POUNBLTPOB
BTOPOro MOKOSIEHUS SBMAIOTCA: YHUBEPCASIbHOCTb CXeMbl ans oboux ananaso-
HOB 4acTOT, OTHOCUTESIbHas CTabuUNbHOCTbL BXOL4HOMO U BbIXO4HOrO COMPOTUB-
NEeHUN Ha pasHbIX YacToTax, HanMume Tpex BbIXOLOB C pasHbIMU BbIXOOHbLIMU
COMPOTUBNEHUAMU O1151 PA3fIUYHbBIX CRyYaeB NMPUMEHEHUS.

MNyteBble npuemHuku T[N npegHasHadeHbl ONA
npnema n AewmngpuposaHus aMmnnnTyaHo-
MOAYNUPOBAHHbLIX CUrHAsNIOB U ynpaBrieHUs NyTeBbiM
perie B COOTBETCTBUM C YPOBHEM 3TOrO cuUrHana.

MyTeson npnemHuk Ml (puc. 2.5) cogepxut cneayowwme dpyHKLUNoHanb-
Hble Y3Mbl: BXOAHOW (unbTp, AEMOAYNATOP, aMMUTYOHbLIM OrpaHUYnUTEnb,
nepsbin BydepHbIN Kackag, NnepBblin PUNLTP YacTOTbl MOAYNAUMK, BTOpPOn By-
doepHbI  Kackag, MoporoBoe YCTPOUCTBO, BbIXOAHOW ycunuternb, BTOPOW
PUNbTP YacTOTbl MOLYNAUNK, BbIMPSAMUTENb, BTOPUYHBIA UCTOYHUK NUTAHNA.

BxogHon dounbTp BblIAENSET aMnnuUTygHO-MOAYNMPOBaHHbLIA CUTHaM C
4aCTOTOW Hecyllen, COOTBETCTBYHOLLLEN HACTpouke unbTpa, U NogaBNsaeT CuUr-
Hanbl C APYrMMU Hecywmmm Yactotamn, curHansl AJ1IC n rapMOHUKM TATOBOro
Toka. BxogHon hunbTp npeactaBnsieT cobon nosiocoBon punbTp, COGpPaHHbLIN
n3 vetblpex cBadaHHbIX LC-kOHTYpoB. [Mpuyem cBA3b Mexay KOHTypamu TV1-
C1 n TV2-C2, a Takke mexgy TV3-C3 n TV4-C4 tpaHchopmaTopHas, Bbille
KPUTUYECKON, a Mexgy 3TUMKW napaMmu npefycMoTpeHa crnabasi cBs3b vepes
TPaH3UCTOPHbIN Kackag VT1.

Bxogom cunbTpa ssnsaiTca BoiBoAbl 11-43 BHewHero pasbema 6noka

M.

MoacTtpoeyHbin pesnctop R34 npefHasHayeH AN peryrimupoBKU 4yB-
CTBUTEJIbHOCTU NMPUEMHUKA.

[Monoca nponyckaHust BXOOQHOro punbtpa — He MeHee 24 'y, 3aTtyxaHue
CUrHarna Hecylleun 4acToTbl COCeHEro kaHasna cocrtaBnseTr He meHee 38 ob Ha
yactortax fg, fo 1 He meHee 30 ab Ha yactoTtax fi4, f14, f1s.

demoaynartop BblgendeT curHas ¢ 4actoTorM Moy sauUnn 1 peannsyeTtcs
Ha TpaHaucTtope VT2.
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AMMONTYOHbLIA OrpaHUYnTENb BBEAEH B CXEMY MYyTEBOro NpMeMHuUKa ass
bonee HagexHon cenekunm yactoT moaynsuum 8 n 12 'u. OH peanu3oBaH Ha
TpaHanctope VT3, BKIOYEHHbIM MO cXxemMe ¢ obLwum amuttepom. Pesnctop R10
obecneunBaeT rnybokyto oTpuyaTenbHyto obpaTHYHO CBA3b.

[MepBbint 6ydhepHbIv Kackad (VT4) obecneynBaeT corracoBaHne BXOL4HO-
ro ConpoTMBNEHUS NepBoro ounbTpa MOAYNNPYHOLLEN YaCTOTbl C NapaMeTpamm
aMnIIUTYOHOro OrpaHnyuTens.

[MepBbiM UNLTP MOAYNMPYHOLLEN YacToTbl peanu3oBaH B Buae LC-
KoHTypa (C7, C8, TVS). [1obpoTHOCTL KOHTYpa paBHa NpMMEpPHO LecTn. Bkrto-
YyeHue (punbTpa C Takon 4OBPOTHOCTLIO Neped NoporoBbiM YCTPONCTBOM B CO-
YyeTaHUN C HanMuMem amnIUTYOHOro OrpaHNYNTEnNs CyLLEeCTBEHHO YIy4dLInsio
cenekuuio Moaynvpyrowen 4actoTbl U MOBbICUIIO 3alUMULLEHHOCTb NPUEMHMKa
OT rapMOHUK TAroBOro Toka. [1pu BO3OEeNCTBUM Ha BXOL MyTEBOro npuemMHuKa
CcuUrHana c 4actoTon MogynsiuMmM cocegHero kaHamna HanpsikeHue MOCTOSIHHOro
Toka Ha Bbixoge [l He npesbiwaeT 0,1 B.. [lJonycTUMbIA ypOBEHb rAPMOHUYe-
ckoun nomexu y npuemHukos Il B 8 pa3 6onbLie, Yem y npuemHnkos MNPL.

BTopon 6ydepHbin kackag (TpaHauctopbl VT5 u VT6, BKOYEHHbIE MO
cxeme ¢ obLWKUM KOMMeKTopoM) Takke obecneumBaeT cornacoBaHne yHKLMO-
HalbHbIX Y3/0B.

[ToporoBbI 9NeMeHT peann3oBaH B BUAE CUMMETPUYHOrO Tpurrepa
(VT7, VT8) c koadpdurumeHToMm Bo3BpaTa 6nmskmum k 1. KoadpdomumneHT Bo3BpaTa
NpUeMHMKa UCKYCCTBEHHO 3aHumkeH o 0,95 3a cyeT cnabon NonoXuTerbHOM
obpaTHOM cBA3N Mexay TpaHauctopamun VT7 n VT2 yepes peauctop R16. Mpu
HeobXxoaMMOCTU KO3hUUMEHT BO3BpaTa NpueMHUKa MOXeET OblTb YMEHbLLEH.
[ns atoro BbiBOALI 610ka 62-21 coeguHsaT Yyepe3 OPOHTOBOM KOHTaKT nyTe-
BOro pene. B aTom cnyvae npu Bo3dyXgeHHOM COCTOSIHAM NYTEBOro pesie B Le-
NN PeryriupoBKkM YyBCTBUTENbHOCTM MPUEMHMKA napanfenbHo pe3ucTopy R2
nogkntodeH pesuctop R3. MNocne obectoumBaHusa nyteBoro pene (Npu WyHTU-
poBaHun PL| noesgom) peauctop R3 oTknoyaeTcs. OTO NpUBOAUT K U3MEHe-
HUIO nopora cpabaTtbiBaHUs NMpUeMHWKa - nNpu ceBobogHon PLI 4yBcTBUTEMDL-
HOCTb MPUEMHMKA COXpaHsieTCs B 3afaHHbIX npefenax, a nocre obecrtounsa-
HWS NYTEBOro perie HECKOSbKo 3arpybngaeTcs, T. €. Ans Bo3byXaeHus pene no-
TpebyeTca b6onbllee HanpsKkeHMe Ha BXOAE NPUEeMHMKA.

BbixogHOM ycunuTenb npegHasHadyeH Ons NuTaHus nyTeBoro pene u
npeacraBnseT cobon ABYXKaCcKagHbI ABYXTAKTHbIM yCUNUTENb C ABYXNOMsp-
HbIM NuTaHueM. NMepsbin kackag (VT9 n VT10) paboTaeT B IMHENHOM pexnme,
BTopon (VT11 1 VT12) — B knio4eBOM pexume.

BTopon cdounbtp yactotbl moaynaumm (C9, C10, TV6) obecneumnBaet
ranbBaHUYECKY0 pa3BA3KYy Lenen nuTaHus yeunutenst oT Lenu perne n UCKIo-
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YaeT BO3MOXHOCTb BO3BOYXOEHUA NMyTEeBOro pesfie npu nospexneHnax, npuBo-
AAWMX K nonagaHnio B Lenb NUTaHUS YCUNUTens nepemMeHHoOro Toka npomblLu-
NEHHON YacCTOTbl U €ero BTOPOW rapMOHUKN.

Beinpamutens (VD5) obecneunBaeT nutaHue nyTeBOro pere MnocTosiH-
HbIM TOKOM.

BTOpWYHBIN UCTOYHUK NUTAHUSA NOSTydaeT nepeMeHHoe HanpsxkeHue 17,5
B (4epe3 BHewHWe BbIBOALI 6510ka 21-22). OH BkNtoyaeT B cebs ABa ogHOMONy-
nepuogHbix Bbinpamutensa (VD9, C11, R32 n VD10, C12, R33), Bbipabatbl-
BalOLMX ABYXNOMAAPHOE NOCTOAHHOE HanpsbkeHue +18 B; nctouHmnk aByxnonsip-
Horo ctabununanpoBaHHoro HanpsbkeHust +6 B (VD6, VD7, R29, R30); NCTOYHUK
cTabununsnpoBaHHoro HanpsxeHuna +12 B (VD8, R31).

HomuHanbHoOe 3HadeHue vyBcTBUTENbHOCTM GnokoB [ (BenuunHa
AEencTByoLLero 3Ha4eHus Hanps>KeHns BXOQHOrO aMmnnuTygHo-
MOAOYNUPOBAHHOIO CUrHamna ¢ HOMWHanbHbIMW YacToTaMu, NPU KOTOPbIX NyTe-
BOe persie Ha BbIXxo4e npueMHuKa nputarmBaeT cBom sikopb) coctasnseT 0,35 B.
BbixogHoe HanpsxxeHue npuemHuka NI npn cesobogHom n ncnpasHom TPL, n
HanxygLlem covyeTaHnun gectabunuanpyowmx gakTtopos - He MeHee 4,2 B; npu
3aHATON — He bonee 0,1 B.

MoLLHOCTb, noTpebnaemasi NpMeMHUKOM, He npeBbilwaeT 5 BA.

Csetognoabl VD11 n VD12 obecneunBaloT CBETOBYID MHAMKALMIO CO-
CTOSiHMS npuemMHuKa. NoodepenHoe MuraHve CBETOAMOLOB C 4YacTOTOM MOLY-
NAUMM yKasblBaeT Ha HanMyMe Ha BXode NMPUEMHMKa curHana v MCnpaBHOCTb
BCEX TPaAKTOB A0 BTOPOro (punbtpa moaynsauuu. PoBHOe cBeyeHue O[HOro
avoaa mn noracaHne gpyroro CBMAETENbCTBYIOT 0 3aHATOCTU PLL nnm o nospex-
AEHUN NPUEMHUKA.

B npuemHuke Ml npegycmoTpeHa 3awmTta OoT OLUMOOYHON YCTaHOBKMU
npuemMHuka gpyroro tmna. lNpu obuwem BHewHeM BbiBoAe 31 BbIXo4 AnNsA noa-
KITHOMEHUS NYyTEBOro pesie opraHusyeTcs Ha BbiBogax 33, 13, 83, 52 unun 51 anga
NPUEMHUKOB C HecyLlmnmmn yactotamm 420, 480, 580, 720 nnn 780 'y cooTBeT-
CTBEHHO. BbiBOoObl 23-61 cnyxaT Ans nogkroveHus (npyu HeobxoammocTu) Oo-
NOSTHUTESTIbHOrO NYTEBOrO perie C uernblo opraHM3aumMm KOHTPOSS NOXHOro 3a-
MbIKaHNA PPOHTOBbLIX KOHTAKTOB OCHOBHOIO MyTEBOrO pere.

PasHble BapmnaHTbl NyTEBbIX NPUEMHMKOB 111 Ana KOHKPETHLIX KOMOMHa-
Uun Hecywen n mogynupytowwen vactot (M8-8, MM8-12 u 1. 4.) onpenenstoT-
csa Tunamn TpaHcdopmatopos TV1-TV6, emkoctamm koHgeHcaTtopos C1-C4 un
OTCYTCTBMEM UK Hanuyuem koHaeHcaTopos C8 n C10.

B meTpononuteHe npumeHsetca npuemHuk tuna MMM, cxema koToporo
naeHTndHa cxeme M, HO YyBCTBUTENBHOCTL YCTaHaBnNuBaeTcs pasHon 0,7 B u

MCMNONb3YTCA apYyrue BbiBOAbl TpaHcdopmaTtopa TV2.
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B 2001 rogy HauyaT BbINyck nyTeBbiX npueMHukosB Tuna M1, y koTopbIX
yCOBEPLUEHCTBOBaHA CXemMa BTOPUYHOIO UCTOYHMKA NUTAHUS.

2.4.3. OcobGeHHOCTU M annapaTtypa penbcoBbix ueneu TPLI4

PenbcoBas uenb TPL4 n annapatypa ana Hee 6binu
pa3paboTaHbl C Lenblo bonee To4YHOW douKcauumn rpa-
HUY BY B cnuctemax Ab 6e3 n30nmpyoLmnx CTbIKOB.

Mpn peweHun aton 3agaun TPL4 ontumusmpoBanacb No YCrOBUAM
obecrneyeHns MUHMMANbHOW 30HbI OOMOSTHATESbHONO LWYHTUPOBaHUA U obec-
nevyeHus pabotocnocobHocTn PLL npu HM3KOM conpoTuBneHun Gannacta Ans
3agaHHom anuHbl TPU4 (250 m). B pesynbTaTe B KayecTBe cpefHen 4acToTbl
CUrHanbHOro Toka 6bina BbibpaHa 4yacTtoTa 5 kl'y, obpaTHble BXOAHbLIE COMpPO-
TMBneHust no koHuam PL| npuHaTtel 0,4 Om. 3oHa SOMNOSTHUTESNBHOIO WYHTUPO-
BaHua TPL4 namensietcs ot 3 go 22 M B 3aBMCMMOCTM OT anuHbl PL, 1 conpo-
TMBneHus bannacra.

Annapatypa penbcoBbix uenen TPLI4 paspaboTaHa C y4eTOM BO3MOX-
HOCTU COBMELLEHUS (MocrenoBaTesibHOro BKIOYEHUS) npuemHuka TPL4 w
npuemHuka TPL3, a Takke npuemHukaTPLI4 c nepepatowen annapaTtypou
TPL3. B nocnegHem cny4vae BxogHas uenb npuemHuka MNPL4J1 nogkntoyaetca
K kabento nocnegoBaTefnibHO € BbIXo4oM urnbTpa OIr1M.

CospemeHHaga annapatypa TPL4 cogepxut 6nokn (cm. tabn. 2.1): ny-
TeBown reHepatop [T14, nyteson punbtp PPL4JT n nyteBon npuemnHuk MNPL4TI.

MNMyteBon reHepaTop M4 (puc. 2.6) BbINONHEH NO CXemMe, aHaNorM4YHoOn
cxeme reHepatopa [T13 (cm. puc. 2.3). OTnnMumsa 3akmnoYvalnTca B CrieayroLLeM.
Mcnonb3ytotca gpyrve ynpasnsowme Bxogbl Mukpocxemsl DD1, 4To namenser
Koab(pnuMeHT OeneHnss 4acToTbl KBapLEBOro pe3oHaTopa n obecnedmBaeT
dopmMMpoBaHME Hecywmx YacToT, Tpebyembix ana TPL4.

B cxemy BbixogHoro ycunutens (VT6-VT9) onga cmeweHua paboymx To-

yek BBefeHbl uenn R16, VD8 n R17, VD9, yto npueeno K yny4dweHnio oopmsbl
BbIXOAHOro curHana. Kpome 1oro, namMeHeHbl napameTpbl HEKOTOPbLIX Pe3ncTo-
pOB, KOHAEHCATOPOB N UHAYKTUBHOCTEN.
[MepemblykM, yCTaHaBnMBaeMble ANS HACTPOWKU reHepaTopoB Ha Tpebyemyto
HeCyLlyl0 U MOAENUPYIOLLYI0 YacTOTbl, ANA HACTPOWKU (hunbTpa perynaropa
HaNpPsXKeHUs1 B Pe30HaHC C BbIOpaHHOW HecyLlen 4acToTor, a Takke ANns noa-
KNIOYEHNS BbIXOAHOIO Kackaga ykasaHbl B Tabn. 2.4.
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Tabnuuya 2.4
HacTtpownkn reHepatopa [T14

- [MepemMblykn
YacToTa Hecywen/ -
.| reHepaTtopa reHepaTopa HAaCTPOMKM B | NOAKMOYEHUS
MOLYNMPYHOLLLEN v -
HecyLen MOLYNMPYHOLLLEN pPe30HaHC BbIXOHOIO
yactoThbl, 'y
YyacToThl YyacToThl Kackapga
2-42
4545 8 12-21 6 81-63
12 62-33
8 62-42 83-72
5000 12-22 81-82 11-13
12 62-33
5555 8 12-23 62-42 oo
12 62-33

Cxema nyTteBoro reHepatopa npegbigywen mogudpukaumm (IFPU4) cy-
LLECTBEHHO OTNM4aeTcda OoT paccMaTpmBaemMmon. Tak, B [PLI4 neneHne 4acTtoThl
kBapuesoro pesoHatopa (100 kl'y) onsa nonyyeHnsa Hecyllen 4acToTbl OCyLUe-
CTBNAMOCH TpUrrepamn; reHepaTop Moaynmpyrowen 4YacToTbl Obln peannu3oBaH
B Buae MyrnbTMBMbpaTopa Ha 6ase onepaumMoHHOro ycunutensd; yHKUumM mMo-
aynsatopa BbinonHan J-K tpurrep.

MoaperynupoBka YactoTbl B reHepaTopax T13 u [T14 He TpebyeTcs, T. K.
3agalowmin kBapueBblx pesoHaTtop GB obnagaet gocTtaTovyHO BLICOKOW CTa-
OUNBHOCTLIO.

MNMyteBon hunbtp PPLI4J] B kayecTBe BXxOA4a MCNOSb3yeT BHELUHNE Bbl-
BoAbl 1 1 3, BbIXO4HOW CUIrHaN CHAMAaETCs € BbiBOAOB 4 1 23 (puc. 2.7).

Mpn HacTponke Ha 4actoty 5,5 Kl'L ncnonb3yeTca OAWH KOHOeHcaTop
C1,Ha 5 kl'y — C1 n C2 (nepemblyka 23-43), Ha 4,5 kI'y — C1 n C3 (nepemMblyka
23-63).

N

2 R2 4
< c1 Jc2 |c3
I |
!(3 3 2 & & &

Puc. 2.7. Cxema nyteBoro cpunbtpa ®PLI4TI
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BbixogHoe conpoTtmBneHne unbTpa ¢ y4eTOM BHYTPEHHENO COMPOTUB-
neHus reHepatopa coctaBnsieT 120-160 Om. lNpu Harpy3ke 510 Om n Hanps-
XeHun Ha Bxoge unbTpa 6 B HanpskeHne amMnnuTygHO-MOAYNMPOBAHHOMO
CUrHana Ha Bbixoge ounbTpa — He meHee 35 B.

MyTteBble npuemHukun NMPL4J1 peannsoBaHbl Mo cxemaMm, NOEHTUYHbLIM
cxeme [MI1 (cMm. puc. 2.5). OTNNUMs 3aKkniYarTCca B HE3HAYUTESTbHbIX N3MEHEe-
HUAX CXeM KOHTYPOB BXOAHOro (huribTpa U napamMeTpoB HEKOTOPbLIX 3SIEMEHTOB.

YyscTtButenoHoctb [MPL4J1 coctasngeT 0,11-0,13 B. pn aTtom Hanps-
XeHue Ha Bbixode npuemHuka He meHee 4,6 B. KoadduumeHT Bo3BpaTa He
meHee 0,8.

3aTyxaHue BXo4HOro omnbTpa Ha YacToTax CoceHUX KaHanoB — He Me-
Hee 38 gb. lNpu nogade Ha BXo4 NPUEMHMKA CUrHana HOMWHaNbHOM HecyLlen
4acTOTbl, HO C YaCTOTOM MOLYNSALMM COCEAHEro KaHamna, HanpsXXeHne Ha BbIXO-
ae npuemMHuka He 6onee 0,1 B.

BapuaHTbl ncnonHeHnn nyteBbix npuemHukoB [MPLU4JT (MPLI4J1-4/8,
MPL411-4/12 v 1.4.) pasnuyaloTcss UCMNofb30BaHMEM pasHblX OOMOTOK TpaHc-
dopmatopoB TV1-TV4 u Hanuynmem unm otcyTcTBnemMm koHgeHcatopoB C8 un
C10.

2.4.4. CxeMbl YyCTPOUCTB cOornacoBaHus U 3aliUThbl

Cxema yCcTpoMncTBa corfnacoBaHus U 3aliuTbl 3aBUCUT OT
pewaemMbix 3agad (cMm. n. 2.4.1) n ycnosum npuMeHeHns.
YcnoBusi npuMeHeHUs onpeaensitoTca HannuMem Unu
OTCYTCTBMEM U POOOM TArOBOro TOKa, HaNn4Mem unm oT-
CYyTCTBMEM Apoccenb-TpaHcopmaTopa B MecTe noa-
KNtoYeHnsa annapaTypbl K penbCoOBON NIMHUN.

PaccmoTpym npuvHUMNnarnbHble CXeMbl YCTPOWCTB COrfnacoBaHus U 3a-
LWNTBI ANA pasnuyHbIX criydyaes npuMmeHeHuns (puc.2.8).

[Mpn aHanu3e cxem YCTPOWCTB COrnacoBaHWa M 3awmtbl HEOBXoaMMO
y4YecTb, YTO Ha y4acTkax, 0bopyaOBaHHbIX TOHAlbHBLIMU PErbCOBLIMU LIENSAMMU,
Npu  3IeKTPUYEeCKOM  TAre  noes3goB  yCTaHaBMMBAKTCA  Apoccerb-
TpaHccopmaTopsbl (AT). OHN HeobxoaMMbI OIS BbIpaBHMBAHUA TArOBOro TOKa,
NOAOKITIOYEHUS OTCacblBalOLWMX (pnaepoB TAroBbIX MOACTAHUMA N ONF nporycka
obpaTHOro TAroBoro Toka B 06X04 WU30SMPYIOLMX CTbIKOB, YCTAHOBMNEHHbIX Ha
rpaHuuax Onok-y4acTKoB uUnM Ha rpaHuue ctaHuuu. Ecnn OT pacnonoxeH B
MecTe nogknoveHus annapatypbl TPL, To 9TO No3BonseT B OTAENbHbIX Cry4va-
AX ynpocTuTb cxemy YC3 1 ucnonb3oBatb AONONHUTENLHYIO 06MoTKy AT and
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NOLKMIOYeHUs annapaTypbl K penbcoson nuHun. B nepsom cnyyae OT obecne-
YMBaET 3aLUUTY OT TAroBOro Toka, BO BTOPOM — BbIMOJSTHAET POsSib COrfiacyroLlero
TpaHcopmaTopa.

a) 6) B) -
. i
R3 ABM HTL&’ =\ OT
- ABM m m ABM
NN\
Rs
P ; ; ; nT AT
P
Dot T mar oot e) AT 0
] &3]
nT | ARRT

Puc. 2.8. CxeMbl yCTPOMNCTB CornacoBaHns 1 3allinTbl

B 6onblumHcTBE ycnoBuin npumeHeHus YC3 BknovaeT B cebsa cneayto-
LLINE INIEMEHTHI:

1. Cornacywowmnn_tpaHcdopmaTtop MNT tuna MNMNOBC-2A ¢ koadpdpuumen-
ToM TpaHcdopmauum n=38 (puc. 2.8, a, 6, B, X). TpaHchopmaTtop INT obecne-
YmBaeT corfiacoBaHMe COMPOTUBNEHUN PENbCOBOM NIMHUN U COEANHUTESIbHOIO
kabens.

Ecnu npu Tare noctosHHoro toka annapatypa TPL|, nogknioyaetcs de-
pe3 OononHUTenbHy obmoTky AT, TO cornacyowun TpaHcgopmaTop He ycTa-
HaBnmBaloT (puc. 2.8, r, €), T. K. Apoccenb-TpaHcgopmaTop ¢ KOIPPULNEHTOM
TpaHcdopmaumm Nn=40 BbINOMHAET PYHKLMN COrfiacoBaHus.

[Mpn anekTpoTsare nepemMeHHoro Toka anga 6onee HageXxHon 3awmuTbl 06-
CNy>XUBatoLLLEro nepcoHarna v npudopos OT TAroBoro Toka ncrnonbayot AT (n=3)
COBMECTHO C cornacyowum TpaHcgopmartopom [MNT (puc. 2.8, o).

2. 3awmnTHbIn pesunctop R,. PeancTtopbl obecneyunBaloT 3awwmty annapa-
TYpbl OT TArOBOro ToKa Npu ero acummeTpun. Kpome Toro, oHn obecnevmsarot
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Tpebyemble obpaTHble BXOOHbIE COMPOTUBIIEHUS MO KOHLUAM PENIbCOBOWN NUHUN;
C 3TOW LEenbi CyMMapHOEe COrMpoTMBNEHNE 3TUX PE3UCTOPOB N COEONHUTESb-
HbIX MPOBOAOB BO BTOpPUYHOM 0BMOTKE TpaHcopmaTtopa NT gomkHo coctas-
natb 0,3-0,4 Om.

Mpu Hanuuum OT B MecTe NOAKNKYEHUS annapaTtypbl 3alUTHBIN pesu-
CTOp MNpu ycrnoBun obecneyeHnss TpebyemMbix CONPOTUBMAEHUIN MO KOHUAM pPerb-
COBOW Lienu MOXeT He ycTaHaBnueaTtbca (puc. 2.8, 6, 1, e). [1pn HM3KoM conpo-
TnBneHuu nsonsuum PJ1, a Takke npu Tare nepeMeHHOro Toka ykasaHHOe YCrio-
BME He BbIMOSHAETCS, NO3TOMY pe3ncTopbl R, ycTaHoBNEHbI (puc. 2.8, B, 4).

3. ABTOMaTUYECKNN BbIKNKOYaTENb MHOrokpatHoro aencrsus ABM Tuna
ABM2-15 nnn ABM1-5, koTopbi obecnevnBaeT 3aumTy annapaTtypbl u obcny-
XMBaloLLero nepcoHasrna ot aCMMMETPUM TAroBoro Toka, npesbillarowen gonyc-
TUMble 3Ha4YeHud. NMpuHUMN 3aWnTbl 3akmovaeTcs B crnegytowem. Npu Bospac-
TaHMM TOKa aCMMMETPUN Bbllle OOMNYCTMMOro npegena cepaedHuk TpaHcdop-
martopa [T BxoauT B HackIWeHNe, CONPOTUBIIEHNE ero 0OMOTKMN nNepeMeHHOoMY
TOKY YMEHbLUAETCH, YTO NPUBOAMUT K YBENUYEHUIO TOKA U HageXHOMY cpabaTbl-
BaHuio ABM.

[Mpun oTcyTcTBUM cornacytowero TpaHcgopmatopa ABM He ycTtaHaBnu-
BaeTcq (puc. 2.8, 1, e).

[Mpy aBTOHOMHOM TAre nNOesfoB 3alUUTHbIE PE3UCTOPbl M aBTOMaTUye-
CKMe BblKNoyaTenu He Tpedyrotcs (puc. 2.8, X).

4.PaspagHuk P (tmna PBHLW wnn PKH) wvnu BblpaBHMBaTensL (Tuna
BOLIH-220), koTopbinn 06ecnevnBaeT 3awmTy annapaTtypbl OT rpO30BOro paspsi-
Aa (npy aBTOHOMHOW TAre) unm OT KOMMYTAUMOHHLIX NepeHanpsikeHUn B KOH-
TaKTHOW ceTu (Npu aneKTpuyeckom Tare).

YkasaHHble npubopbl pasMeLlarTca B NyTEBOM SILLMKE, KOTOPLIN yCTa-
HaBfMBaEeTCHA HENOCPEeACTBEHHO Y XeNne3HO4OPOXHOro nytTm B MecTe MOAKIO-
YyeHust annapatypsbl TPL, kK penbcoBon nuHuwn. MNpu otcyTcTBUn B cxeme YC3 co-
rrnacyowmux TpaHcopmaTopoB NyTEBON ALLMK HE NpuUMeHseTcs. B aTom cryyae
paspsaHUKM yCTaHaBNMBaKOTCA B MecTe pasmelleHus annapatypbl TPL (pe-
NEenHbIN WKad aBTOGMOKMPOBKN UM CTAHLMOHHOE MOMELLEHNE).

Takum obpasom, cxembl YC3, npeactaBrieHHble Ha puc. 2.8, npuMeHs-
IOTCA B CrnefyroLwmx criydasax:

a)npu Tare NOCTOSIHHOrO UNW NepPeMeHHOro Toka u npu otcytcTeun AT B
MecTe nogkroveHuns annapatypbsl TPL,;

0)npn TAre NOCTOAHHOIO UM NEPEeMEHHOro Toka, Hannumm OT B mecTte
nogkntoyeHns annapatypbel TPLL n cobniogeHun tpebyembix BENUYMH COMpo-
TUBNEeHun no koHuam PIJI;
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B)NpW TAre NOCTOSAHHOIO UMM NepeMeHHOoro Toka, Hanudnn AT B mMecTe
nogkntoyeHus annapatypbl TPL 1 HeobxogmMmocTn NpUMEHEHUs A0NOSTHUTENb-
HbIX Pe3ncTopoB AN obecnevyeHns TpebyemblX BENUYMH COMPOTUBIIEHUNA MO
koHUam PJ1 (Hanpumep, Ha yyacTkax ¢ HU3KMM conpoTusneHmem nsonsumm PJ1);

) Npy Tre NOCTOAHHOrO TOKa, AeLeHTpariM3oBaHHOM pasMeLleHun ari-
napaTypbl Ab 1 ncrnonb3oBaHnn gonosiHuTensHon obmoTtkm OT ons nogknioye-
HUA annapaTtypbl TPL, (pa3psgHuk pasmMellaeTca B penieMHoM wkaqoy);

A)Npy Tsre nepeMeHHoOro Toka M MUCnosib30BaHUU OMOSHUTESNbHOW 00-
MoTku AT ang nogknioyeHna annapartypsl TPL;

e)npu Tare NOCTOSIHHOIO TOKa, LieHTpanvM3oBaHHOM pa3MeLLeHun anna-
paTypbl Ab 1 ncnonesosaHnn gononHuTenbHon obmoTkn AT Ans nogknoyeHus
annapatypbl TPL, (pa3spsgHuk pasmeliaeTcs B CTAHUMOHHOM MOMELLEHUN Ha
MecCTe yCcTaHOBKW annapaTtypbl Ab);

X)py aBTOHOMHOW TSre.

KOHTpOﬂbeIe BOMNpPOCbLI U 3aaaHus

1. Mepeuncnute ocobeHHOCTM NOCTPOEHUSA ToHanbHbIX PL| no cpaBHe-
HWIO C TPAAULMOHHBLIMWU PENbCOBLIMU LIENAMMN.

2.Kakum obpasom B TOHarbHbIX PENbCOBbLIX LEensx 6e3 nU3onupyrowmx
CTbIKOB WCKNIOYaAEeTCs B3auUMHOE BNUSHME CMEXHbIX PenbcoBbiX uenen? A
BNUSIHNE PENbCOBLIX LEenen napansenbHoro nytmu?

3. Y10 Takoe 30Ha AONOMHUTENBHOMO LYHTUPOBAHNA?

4. HasHayeHue penbcoBbix uenen tuna TPL4.

5. Kakne yacTtoTbl curHanbHOro Toka mcnonb3osanucb B TPL2, ncnonb-
sytotca B TPL3, TPLI4?

6. [MepeuncnnTe 4OCTOUHCTBA TOHANbHbLIX PENLCOBLIX LIENeWn.

7.410 MOXHO ckasaTtb 0 rabaputax annapatypbl TPL?

8. Kak ocyliectBnsieTca HacTponka reHepaTtopoB TPL| Ha Tpebyemyio
4acToTy HecyLen n Mmogynupytoen?

9. Mo4vemy punbTpbl TMNA GIM TpebytoT HaCTPONKKN Ha Tpebyemyto Yac-
TOTY Ha MeCTe YCTaHOBKWN?

10.HanguTte B TeKCTe AaHHble MO OCHOBHbIM TEXHUYECKUM XapaKkTepwu-
CTukam nyteBoro npuemMHuka tuna M. CpaBHUTE NX C XapaKTepucTukamun npu-
eMHuka Tina MNPL4J1.

11. Kakne 3agaym peluatoT yCTpOMCTBa cornacoBaHus v 3awmutbl B TPLL?

12.HasoBute ocHoBHble Npnbopbl YC3 1 nx HasHayeHue.
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3. PASHOBUOHOCTU CUCTEM ABTOBJIOKUPOBKW
C TOHAJIbHbIMU PEJIbCOBbLIMU LEMNAMU

Bonblwne BO3MOXHOCTU, KOTOpbIMK obriagatoT TPLL, nx goctonHcTea um
YHUBEPCAanbHOCTb NPUBENN K CO34aHUI0 paga cUcTeM aBTOOTOKMPOBKU Ha OC-
HOBE 3TUX PerbCoBbIX Lienen. PaccMoTpM OCHOBHbIE MPU3HAKW, MO KOTOPbLIM
pasfiMyaroTcsa 3TN CUCTEMBDI.

1. Cnocob pasmelleHnsa annapartypbl.

Pa3nuyaloT cuctembl geueHTpanM3oBaHHbIe U C LeHTPanNu3oBaHHbIM
pa3meweHMeM annapartypbl. LleHTpanM3oBaHHOe pa3melleHue annapaTypbl
NPUBOOUT K YBENUYEHUIO pacxoda kabensa M CHWXaeT XMBYYEeCTb CUCTEMbl B
Lenom, ogHako, obnagaeT psaaom CyLeCcTBEHHbIX NPEUMYLLECTB:

— obecneunBaeT paboty obopyaooBaHus B O6naronpusTHbLIX YCHOBUAX
OTannMBaemMoro MOMELLEHNS, YTO MOBbIWAET HaOeXHOCTb M OOfroBeYHOCTb
npudopos.;

— WUCKIKOYaeT HeobxoaMMOoCTb Mnepefayn MHgopmMaunm mexagy CBeTo-
dopamu, Ha nepeesabl U Ha CTAHLUUIO, YTO YMNPOLLAET CXEMHbIE 3aBUCMMOCTU
AB, oMcneT4epcKoro KOHTPOMSA U CXeMbl CMEHbI HanpaBfieHUs; B KOHEYHOM UTO-
re NnoBbILLAETCA HAOEXHOCTb CUCTEMbBI B LIENOM,;

— obrneryaeTt TexHu4eckoe obcnyxmBaHMe YCTPONCTB U CHUXaeET 3aTpa-
Tbl HA obCcnyXMBaHMe, 3HAYMTENbHO COKpallaeT Bpemsi noucka n ycTpaHeHus
HencnpaBHOCTEW;

— obneryaeT Tpya obcnyxuBatoLwero nepcoHana, CywecTBEHHO YMEHb-
LwaeT Bpemsi paboTbl HA OTKPbITOM BO34YyXE U B 30HE MOBbLILLEHHON ONAaCHOCTU B
HenocpeacTBEHHOM B6NM30CTU ABMXKYLLMXCS NOE3A0B;

— CHWXXaeT CTOMMOCTb CUCTEMbI 3a CYET UCKITIOYEeHUsI pacxodoB Ha 06o-
pyaoBaHWE CUrHarnbHbIX TOYEK penenHbIMU WwKkadammn, NMMHENHbIMU TpaHcdOop-
MaTOpaMu BbICOKOBOJSbTHbIX NIUHUIM U KabenbHbIMU SiILLMKaMK, a Takke 3a cyeT
YMNPOLLIEHNSA CXEM.

2. Hann4ymne npoxogHbiX cBETOdOPOB.

B cuctemax Ab 6e3 npoxoaHbiX CBETO(OPOB CHMKAKOTCA 3aTpaTthl HA UX
YCTaHOBKY U 0OCny>XMBaHWE, UCKITIOHAIOTCA Takne HeHadeXHble 3NieMEHThI, Kak
namnbl HakanueaHua. Cuctembl 63 NnpoxogHbix cBeToopoB LenecoobpasHo
NPUMEHATL NPU LEeHTPanM3oBaHHOM pasMeLlleHnn annapaTypsbl, T. K. MPU 9TOM
TpebyeTca MeHbLUM pacxod kabensa. OgHako, ¢ TOYKM 3peHuss Be3onacHoCTU
ABMXEHNA N ncmxonornn paboTbl MaLMHUCTOB, MPUMEHEHNE MPOXOAHbIX CBe-
TodopoB siBnsieTcs 6onee npegnodyTuTenbHbIM. Kpome Toro, npu oTCyTCTBUK
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HaMnosSIbHbIX CBETOGOPOB OCHOBHbLIM CPEACTBOM pPErynMpoOBaHUA CTaHOBUTCS
cuctema AJIC. ToaToMy K ee HageXHOCTU NpeabsBnATCA BbiCOKMEe TpeboBa-
HUS.

3. Hannyne n3onmpyroLumx CTbiKoB Ha rpaHuuax bY.

TPL, moryT pabotatb 6e3 NC, 4To aBNAeTcs NONOXUTENbHbIM KayecT-
BOM (cM. n. 2.2). OgHako Hanuyue 30Hbl AOMNOSHUTENBHOMO LUYHTUPOBAHUS
NpPUBOOUT K TOMY, YTO NOABWXHAA eauHuua, npubnmkarwasca K rpaHuue bY,
wyHTnpyeT TPL Bnepegunexaiwero bBY; Ha cBeTodope, K KOTOpoMy Npubnu-
XaeTcsa noesa, NOXHO BKNOYaeTcsa 3anpellarowmmn curHan. lNostomy Ha rpaHu-
vax bY npuxogutcsa pasmeruatb KopoTkme TPLL noBbILLEHHON YacTOTbl C Mariou
BESIMYMHOWN 30HbI JOMONMHUTENBHOIMO LWYHTUPOBAHUA N CMeLlaTb MPOXOOHbIe
cBeTOOOpPbl OTHOCUTENBHO TOYKM NoakntoyYeHust npubopos PLL. NMpu aTom konu-
4YeCTBO pesibCOBLIX Lenen u, criegosaTesibHo, 06opyaoBaHUS yBeNMYMBaETCS.
YctaHoBka VC Ha rpaHuuax BY nossongdeT uckmountb KopoTkue PL, n ysenu-
unTb anvHy TPL go 1300 m (npu Hanuumnn NC Ha oBomx KoHLax).

4. NpncnocobneHHOoCTb K paboTe Ha yvacTkax C MOHWMXEHHbIM Conpo-
TneneHnem 6annacta ([MCBH).

MpuHumnbl noctpoeHna Ab ¢ TPLL B OCHOBHOM He 3aBUCAT OT COMpPOTUB-
neHus 6annacrta. OgHako y4yaCTKM C HU3KUM cOonpoTuBrieHMeM bannacrta Tpe-
OytoT yMeHbLeHnsa anvHbl PLL n npnBogsaT K HEKOTOPbIM OCOBEHHOCTSM TEXHMU-
yeckoun peanusauun Ab n Boibopa napameTpos TPLL.

5. o anemeHTHOM Hase.

Mo aTomy npusHaky cuctembl Ab ¢ TPL| MmoxHO pasgennTb Ha cUCTEeMb
C pefienHO-KOHTaKTHbIMW YCTPOMCTBAMMU N MUKPOISEKTPOHHbIE CUCTEMbI. B Ha-
cToslee BpeMsi nogaenswouiee 0ONbLWINHCTBO pa3paboTaHHbIX U BHEAPSEMbIX
B 9KCnsiyaTauuio CUCTEM OTHOCUTCA K nepBon rpynne yctponcts. OgHako 60-
nee NepcnekTUBHbIMU ABASIOTCA MUKPOINEKTPOHHbIE CUCTEMbI, KOTOpbLIE Ceu-
Yac Haxoa4ATcsa B cTaaumn AopaboTKM U NPOXOAAT ONbITHYHO SKCnyaTauuio. Tak,
B [eLeHTpann3oBaHHON MUKPOasiekTpoHHou cucteme AB-E1 npumenstoTca
afanTuUBHbIE PENbCOBbIE Lenu ¢ 4Yactoton Hecywen 174,38 'y, ¢ nsonupyto-
LMW CTbIKaMW, yCTaHaBNMBAKOTCA NMPOXOAHbIE CBETOMOPLI. YBA3KA NOKasaHUM
CBETO(POPOB OCYLLECTBNAETCA NO PenbLCOBOW JIMHUM C UCMONb30BaHWEM [BO-
nyHoro koaa. B cucteme AB-E2 nsonupytowime CTbikM UCKITHOYEHbI, NCNOSb3yeT-
CcA 4 4acToTbl, JIOrM4yeckme 3aBUCMMOCTU peanuayrTca npu NOMOLLUN MUKPO-
9JIEKTPOHHOM N MUKponpoueccopHon TexHuku. B cucteme AB-YE nonHocTbio
NCKMNIOYEHbl KOHTAKTHbIE 3NIEKTPOMarHUTHbIE NPUbOopbI, BCE Nornyeckne 3aBu-
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CMMOCTU peanuayloTcst Ha NPorpaMMHOM ypoBHe. TexHunyeckoe obcnyxmBaHue
9TUX cuctem TpebyeT cneumarnbHbIX 3HAHUA MUKPOINEKTPOHHOMN TEXHUKU U Me-
TOAOB NPOrpaMMUPOBAaHUS, YTO CYLLLECTBEHHO 3aTpyAHSET LUMPOKOE BHEAPEHUNE
No4O6GHbIX YCTPOMCTB.

OcHoBHble OTNUYUTENbHbIE NPpU3HaKM cnuctem Ab ¢ TOHamNbHLIMU pPesb-
COBbIMU LeNAMKU cBefeHbl B Tabsn. 3.1. Cuctembl aBTOONOKMPOBKM pacrnofioxe-
Hbl B Tabnuvue B nocrnegoBaTesibHOCTU UX pa3paboTKu.

Tabnuuya 3.1
O1nnuntenbHble ocobeHHocTn cuctem Ab ¢ TPL,
LIAB-M ABTc

LAB (ANICO) [(AB-1CE) LIABc ABT ABTL
McnonHeHune UEHTP. | UEHTP. |[OeuUEeHTp. | UEHTP. | AEeUeHTp. LEHTP.
lMpoxoaHble cBeTOMOPLI HeT HeT eCTb eCTb eCTb eCTb
MC Ha rpaHuyax bY HeT HeT eCTb ecTb HeT HeT
Mcnonb3oBaHue Ha ) ) + ) ) )
yyacTtkax ¢ NCb

1-e no- 2-e no- TPUS3,

Tvn TPL| KONeHue [KomneHue TPU3 | TPL3 TPU4 TPU3
Mcnonb3yemble 425, 425, 420, 420, 420, 480, 420, 480,
Hecywme YacTtoTbl TPL, 475 475, 480, 480, |(580); 4545, 580, 720,
My (575) (580) (580) | 5000, 5555 [780

MprmeyaHus K Tabnuue:

1. B Ha3BaHUAX CUCTEM YyKasaHbl 0603Ha4YeHNs, YCTAaHOBIEHHbIE pa3pa-
B6oTynkamm, n o0BO3HaAYEHUs, NPUHATbIE B MPOEKTHON AOKyMeHTauun (B CKob-
Kax).

2.1Mo ykazaHuto 'TCC ot 12.05.00 annapatypa TPL, 1-ro n 2-ro nokosne-
HUM B CBSI3M C MOpasibHbIM U (PU3MYECKMM M3HOCOM 3aMEHSIETCS BO BCEX YCT-
poucTBax Ha annapartypy TPL3.

3. Hecywme yactotbl 580 1 575 'l, ykazaHHble B CKOBKaxX, MPUMEHSIOTCS
B OTAENbHbIX UCKIMIOYNTENBHBIX CIlydasX.

4. B Tabnuue He ykasaHbl cuctembl Ab ¢ TOHaNMbHLIMU PENbCOBLIMU Lie-
NAMMU, NOrMYECcKne 3aBMCUMOCTIN B KOTOPbIX pPeasim3yroTCs MUKPOINEKTPOHHbBIMU
N MUKPOMPOLECCOPHbIMU ariemeHTamu. Obuwme nNpuHUUNGLI MOCTPOEHUS TaKnX
cucTem npveegeHsl B n. 1.4,

30ecb n ganee nogpobHo paccmatpuBatoTca cuctemel Ab ¢ TPL, pea-
NMN30BaHHbIE HA PEeNEenHO-KOHTAKTHbIX AflIEMEHTaXx.
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Cucrtembl LIAB, LIABG-M (AJICO) nepBoHa4anbHO CTPOUIUCbL B COOT-
BETCTBUM C UHAUBMAYaAlbHbIMU NPOEKTaMn, a 3aTemM rno TUNoBbIM MaTepunanam
Anga npoektnpoBaHus "ABToMaTMyecKasd NOKOMOTUBHAA CUrHanmsaumnsa Kak ca-
MOCTOATENbHOE cpeacTBO curHanmsauum u ceasm (AJICO)". Cuctema LUAB-M
aHanornyHa cucteme LIAB, HO mncnonb3yeT 6oriee COBEpPLUEHHY annapaTtypy
TPL] BTOporo nokoneHusi. OTNNYNTENBHON YepTon 3TUX CUCTEM SIBASIETCS pas-
MeLleHne obopynoBaHUA Ha CTaHUMAX, OTCYTCTBUE MPOXOAHLIX CBETO(OPOB U
N30NUPYHIOLLMX CTLIKOB B PeSfibCOBbIX LIEMNsIX Ha NeperoHe.

B cxeme cTaHUMOHHbLIX ycTponcte cuctem LIAB MOXHO BbiaenuTb crne-
AyoLme ocHOBHbIe y3nbl (puc. 3.1):

TPLU - annapatypa ToHanbHbIX PL;

CoPC AJC - cxema bopmmpoBaHms kogosbix curHanos AJIC;

CBC AJIC - cxembl Bbibopa KO4OBbIX CUrHarnoB;

MAJC - nepepatumkun AJC;

JINTY wn NMpY - nuHenHble nepefaTtynku U NPUEMHUKN Lenen yBA3KU Me-
XOy CTaHuMaMK;

CH - cxema cmeHbl HanpaBneHus.

CT.A O—|I , ) . . S , 1 . cr _7_
EE £ EE wa HE b EE s

h 4

CoC — >
ANC

TPL

F 3

Sl==F=p
=1 "' 'S
=

v

YcTpowncTBa
LAB cT. B

a
3
I_‘<
) 4

Puc. 3.1. CtpykTypHas cxema cuctemol LUAB

Annapatypa TPL, dukcmpyeT cocTosiHus 6roK-y4acTKOB N COeauHAeTCH
c PJ1 kabenem. Kaxgas penbcoBas Lenb obpasyeTr oanH 610k-y4actok. Heno-
CpeACTBEHHO y MyTWN B NYTEBLIX SILLMKaX pasmMeLLaroTcs npubopbl cornacoBaHms
n 3awmntol (cm. n. 2.4.4). Tam Xe ycTaHaBnuBaeTcs 3HaK "lpaHuua 610K-
yyacTtka" ¢ ykasaHuem Homepa BY. Mo ycnosuam pabotbl TPLl pacctosiHue
MeXxay NyHKTaMmun pasmeLleHust annapaTypbl NPU 3MeKTPUYECKON TAre He O0STK-
HO npeBbiwaTtb 20 KM, Npy aBTOHOMHOW TAre - 30 K.
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B kauyecTBe OCHOBHOro cpefcrsa perynuposaHua B cuctemax LIAB 6bina
NpuHATa MHoro3HavHas yactotHas AJIC (AJICM), B koTopoi coobLieHunst 0 co-
CTOAHMN BRepegunexawmx bY dopmMmupyroTca codeTaHnem [LBYX 4acToT U3
npenycMoTpeHHbIxX NaTu. Cxema dpopmupoBanusa curHanos AJIC (CPC AJIC)
COCTOMUT 13 5-n reHeparopos 4vacrtor f,...fs_ M oOHOro pesepsHOro reHeparopa,
KOTOpbIN MOXeT OblTb aBTOMaTUYECKM HACTPOEH Ha OfHY M3 3TUX YacToT. Ha-
nuyMe Ha LIMHAX YKasaHHbIX 4acTOT MNPOBEPSIETCS KOHTPOSibHbIMU perne. [Mpu
HEeNCcrnpaBHOCTU KaKoro-nmbo reHepaTopa KOHTPOSIbHOE perie HacTpauBaeT pe-
3epBHbIN FreHepaTop Ha COOTBETCTBYHIOLLYIO 4YacTOTy U MOAKIOYAET ero BMeCTO
OTKasaBLUEro.

Kpome TOro, cgpopmupytotca curHansl dmcnoson AJIC. Yncnosas AJIC
npegycMoTpeHa Ans perynmpoBaHnsa OBMXKEHUS Noe3[oB, FTIOKOMOTMBBLI KOTO-
pbiX He obopynoBaHbl YactoTHON AJICM, a Takke B KadecTBe pe3epBHOW CUC-
Tembl. PopmMmpoBaTENEM CUTHaNOB SABMAETCA KOLOBbLIA MyTEBOW TPAHCMUTTEP
KMTLW-515.

CodC AJIC saBnsieTcsa rpynnoBou, T. €. obuwen ans scex bY, nogkntoyer-
HbIX K J@aHHOM CTaHUUMW.

Cxembl Bbibopa curHanoB AJIC (CBC AJIC) npegycMoTpeHbl And Ka-
XOOW CUrHanNbHOM TOYKU M BKNOYaKT B ceds no 3 curHanbHbiX pene (2K, K3,
3). CurHanbHble pene ynpasnalTCA KOHTaKTaMu NyTeBbIX perie n BblbupatoT
ABe TpebyemMble 4acTOTbl YHACTOTHONO Koda M YMCroBOW KOOOBLIWM curHan. [Mpu
9TOM C Lenbto NoBbleHns 6e30nacHOCTM ABMXKEHUS 3a XBOCTOM noesga npe-
AYCMOTPEH 3aLlMTHbIN y4acTok (3Y), KoTopbli He kogupyeTcs (Tabn. 3.2). B ka-
yecTtBe 3Y ucnonb3yeTcs 610K-y4aCcTOK.

Tabnuua 3.2
"paduk curHanuaaunm 1 NnokasaHMs NOKOMOTMBHBIX cBeTodopoB (J1C)

Yuncno cBoboaHbIX 6110K-y4aCcTKOB 4 3 2 1 3y [
CurHan | YacTtoTHbIn fo, f4 fz, f4 f4, fs5 fs, fs -
ANC Yncnoson 3 K K KK -
MokasaHme Yucnosas AJ1IC _ 3 K K KK K
ne YacTtoTHasa | ['py3oBown noesq 3 K80 | 2K50 KK K
AJICM Maccax. noesn, 3 K120 | 2K80 KK K

[MokasaHnss NOKOMOTMBHBIX cBeTocopoB B Tabn. 3.2 npuBeneHbl Ans
MaKCMMarbHbIX YCTAaHOBIEHHbIX CKOPOCTEW OBWXEHWUA rpy3oBbix noesgos 90
Km/4, naccaxunpckmx - 140 km/d. [pn ckopocTax cootBeTcTBEHHO 80 1 120 Km/Y
UndpoBas MHAMKAUUSA HECKONbKO u3MeHeHa. [pyrne 4acToTHble curHanbl
(kpoMe ykasaHHbIX B Tabn. 3.2) npuMeHsTCa ANns nepefaym Ha NOKOMOTUB
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AOMNOSTHUTENBHOW MHPOPMaLMKN O NMOKa3aHUAX BXOOHbLIX U BbIXOAHbLIX CBETOJO-
POB.

KomMnnekT curHarnbHbIX pene ssnsgetca obwum ana oboux HanpasneHun
ABmxeHuns. NoaToMy Ans CUrHanbHbIX pene opraHnM3oBaHO ABe Lenu yrnpasrie-
HUSA - Mo 1-0M 1 No 2-oM 0OMOTKaM. BTN LLenn KOMMYTUPYIOTCS KOHTakTamu pe-
ne HarnpasneHus.

Mepepnatuukn AJIC (MAJIC) npegycmoTpeHbl N0 OAHOMY KOMMSIEKTY Ha
ase PL, T. K. ogHOBpeMeHHOe KoaMpoBaHUE OBYX CMEXHbIX PEeNbCOBbIX Lenen
He TpebyeTca 13-3a HanMumsa 3awmTHbIX yyacTkoB. Kogosble curHanel oT MNMAJIC
BKNtoyaroTca B PLI B MOMEHT BCTynneHus Ha Hee noesga. lNepenaya kogoBbIxX
CUrHanoOB OCYLLECTBISETCS MO NUTAKLLNM N penenHbIM xunam kabensa TPL.

Kaxgbin MNMAJIC coctouT n3a Tpex husmyecknx KaHamoB - No OQHOMY Ka-
Hany Ons Kaxgow M3 ABYX BblOpaHHbIX YacTOT M OOMH KaHan Afd curHana 4u-
cnosoro koga. HopmanbHO oHUM oTKMo4veHbl OT PJ1 1 oT cxembl CBC-AJIC. Kax-
AbI KaHan coaepXuT TpaHcdopmaTop ANs perynupoBaHUa HanpsXKXeHUs 1 Bbl-
xogHon comnbTp ons pasesasku uenen AJIC n TPU. ®dunbTpbl YaCTOTHBIX KaHa-
NOB HacTpauBalOTCA Ha nepegaBaeMyto YacTOTy KOHTaKTaMW CUrHasibHbIX pe-
ne. GunbTp KaHana 4YMCNoBOro Koga HacTpoeH Ha 4vactoty 50 'y (npu aBTO-
HOMHOW TSre n Tare NOCTOAHHOro Toka) unn 75 'y, (Npn anekTpoTare nepemeH-
HOro TOKa).

Kpome Toro, 4yacTtoTHble KaHanbl cofepXaT YyCUITUTEeNn U KOHTPOSbHbIE
pene. MNpn HencrnpaBHOCTU OOHOrO U3 KaHanoB KOHTPOSbHOE pene obecTtouun-
BaeTCsa N OTKMOYaeT BTOPOM KaHarmn. OTUM UCKNIYaeTCcs BO3MOXHOCTb 0bpaso-
BaHWSA NIOXXHOro cuUrHana.

MogkntodeHue MAJIC kK ogHon 13 AByXx nap »un kabens n k cxeme CBC
AJ1C npoun3BoanTCA KOHTaKTaMyn KOOOBOBKIHOMAKOLWMX pene, ynpaBnaeMbix ny-
TEeBbIMU perne.

JInHenHble Lenun yBA3KKU opraHusytoTca ans Bblbopa curHanos AJIC ¢
Y4EeTOM COCTOSIHUA PEenbCOoBbIX Lenen, KOHTPOSIMPYEMbIX Ha APYron CTaHUMW.
Mo KaXXgon SIMHEMHOW Lieny C UCMoNb30BaHMEM MOMSAPHOro NpusHaka curHana
nepepaetca nHdopmauma o coctosaHun asyx PL. INpn atom B 3aBUCMMOCTU OT
NPUHATOIO TEXHUYECKOrO peLLEHNA MOryT UCNOSIb30BaTbCA OBYXCTOPOHHUE In-
HUM (NO O4HOW nape nepegaeTcd MHPOPMALNA B TOM UM MHOM HanpaBrieHUu
B 3aBMCUMOCTM OT YCTaHOBJIEHHOrO HanpaBSfieHUs OBWXKEHUS) UM OAHOCTO-
POHHME.

[ns nepecTporikn cxem Npy CMeHe HamnpaBrieHUA ABUMXEHUS UCMOoIb-
3yeTcsa OBYXMNpoBOAHAs cxema. YcTonymBas paboTta Takon cxembl obecrneynsa-
eTcq TeM, YTo pesepcupoBaHue TPL, He nponsBoauTcs.
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Mpn o6opynoBaHun neperoHos cuctemon LIAB curHanmsaums BeIXOOHbIX
CcBETO(POPOB M3MEHEHA N 3aBUCUT HE TONbKO OT Yyuncna csobodHbix BY, HO n oT
Xapakrtepa MmapupyTta (OBWXKeHue No CTPeriovHbIM nepeBodaM C OTKITOHEHUEM
unn 6e3 OTKNOHEHWS C y4eTOM Tuna CTPenoyHoro nepesoga). Kpome Toro,
npeaycMOTpeH curHan ceBobogHOCTM BCEro rneperoHa, KOTopbin paspeLllaeT OT-
npasneHne noesfy Kak ¢ AeNCTBYHOLLMMK, TaK U C HEUCNpaBHbIMU YCTPOMUCTBA-
mun AJIC.

B cucremax UAB u3-3a Hanuumsa 3awuTHbIX y4acTKOB M MPUHATOM MO-

cnegoBaTenbHOCTM KoampoBaHus BY pasrpaHuyeHve noesfoB Npou3BOAUTCA
nNaTblo BY, 4TO CHMXKaET NPOMNYyCKHY CNOCOBGHOCTL NeperoHa.
B cBsa3n ¢ tem, 4to cuctema AJIC aBnsieTca eguHCT-
BEHHbIM CpeCTBOM PEryfimpoBaHusi, ee oTkasbl MOryT
npuBecTn K BGomnblUMM 3afep)XKaM MnoesfoB Ha ABYX-
NyTHbIX y4acTtkax. [Moatomy cuctemsl LIAB npumeHs-
IOTCA B OCHOBHOM Ha OAHOMYTHbIX Yy4acTKkax C He-
BonbLWNMMK pasmepamun OBMKEHNS.

HeobxogmMmMo OTMETUTb, YTO, XOTS TUNOBbLIM NMPOeKkToM B cuctemax LUAB
npeaycmoTpeHo aea Buga AJIC, Ha npaktuke, B 60MbLUMHCTBE CryyaeB, WUC-
Nosib3yeTcH TONbKO YMCrioBas.

Cuctembl ABTc xapakTepusyoTca Hanuyinem npoxogHbiXx CcBeToopoB
n NC Ha rpaHuuax BY, obopyaoBaHnem kaxgoro bBY Heckonbkumu TPLL, pas-
MeLLeHMEeM annapaTtypbl B pefienHbIX LWKagax Ha CUrHarnbHbIX TOYKaX, YBA3KOM
nokasaHum cBeTodOopoB MO JIMHENHLIM LIENAM.

Cuctema ABTc paspabaTtbiBanacb Ans y4acTKOB C MOHMKEHHbBIM COMNpo-
TuBneHnemM Gannacta ([1CB). OTO y4acTkM C COSIOHYaAKOBbIMM MOYBaAMU UMU
y4acTKM C MacCoBbIMU NepeEBO3KaMU MUHEpPanbHbIX yoobpeHun, conen, pyabl u
T. O. NepBoHayanbHo B cucteme AbTc npumeHsanack annapatypa TPL| BToporo
MOKOMEHUs1 C UCNONb30BaHNEM HecyLLmnX YacToT 425 n 475 Ny, HeobxogmmocTtb
ontumusauum napametpoB TPL, onsa yyactkoB ¢ NCB npuBena kK co3gaHuio u
npumMeHeHuto annapartypbl TPL3.

[ns BbINOMHEHUS PEXNMMOB paboTbl PefibCoBbLIX LEenen npm HU3KOM CO-
npoTuBneHun dannacra HeobxoaMMO yMeHbLlaTb UX OSIMHY N OpraHn30BbIBaTb
Ha Kaxgom BY Heckonbko PLl. B TpaguuuoHHbix cnctemax Ab B npegenax bY
npuwnock 6bl 060pyaoBaTh HECKONBKO TPAHCIISILUMOHHBLIX (pa3pesHbliX) TOYEK C
ycTaHoBkon VIC, oONONMHUTENBHLIX penenHbIX WKadgoB ¢ annapaTypon, BbIHOC-
HbIX CUMOBbLIX OMNOP BbICOKOBOSIbTHbLIX JIMHUI C JFIMHEMHBbIMW TpaHcdopMaTopa-
MW, YTO MOBLILAET CTOMMOCTb CTpPOUTENLCTBA U obcnyxunsaHus Ab, cHuxkaeT
ee HagexHocTb, yxyguwaeT ycnosus pabotbl AJIC. Kpome ToOro, ycraHoBka
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bonbLoro yncna NC mncknoyeHa Ha yvacTkax C penbCoBbIMU NeTamMu. Yka-
3aHHble HegocTaTKu OblnNu UCKNoYeHbl B cncteme ABTc 3a cyeT mucnonb3oBa-
Hus TPL, 6e3 C.

Paspabotunkammn TPL, u cuctem Ab Ha nx ocHoBe 6bino npeanoxeHo 2
BapuaHta ABTc - onsa yyactkos ¢ [1CBb 1 ansg y4actkoB ¢ HOpMasnbHbIM COMpPO-
TMBneHmem 0Gannacta. B TunoBbIX MNPOEKTHbLIX peLlleHusix, paspaboTaHHbIX
TCC B 1986 r., nepBblin BapnaHT cnctemMmbol HaseaH Ab-INCB.

B cucteme AB-INCB B npegenax kaxxgoro bBY moxeT ObITb OpraHn3oBa-
HOo go 10 TPLl, obecne4vmnBatomnx yctomumsyto paboty npu yaenbHOM cOrnpo-
TneneHun 6annacta go 0,1 Om-kMm. MnHumanbHas anuHa PL, - 225 m, peko-
MeHOyeTCs MPUMeHsATb pernbcoBble uenu gnuHon 250-300 m. B penenHom
WKadyy y ceeTodopa pasmMelLaeTca annapaTtypa penbCcoBbIX Lenen A, KOHTPO-
nupyowmx nonosuHy bBY nepen csetodopom, M penbcoBbiX Lenen b 3a cee-
Todpopom. HenocpencrteseHHO B MecTe noakmtodeHnsa annapaTypsbl K PJ1 pasve-
LLAaTCA YCTPOUCTBA COrnacoBaHUs U 3aWMTbl, KOTOPblIE COEQMHAITCS C anna-
paTtypoun TPL kabenewm. Npun anuHe kabensa 6onee 1300 m nuTatowme n penen-
Hble XXWJbl OAHOM YaCcTOThl pa3MeLLatoTCs B pa3HbIX kabensix.

B Tunosbix npoekTHbIx pewweHnax Ab-INCHB npegycmatpusanock, 4To OT
ogHoro reHepatopa PL ¢ ycunutenem MNy1 moxeTt nonyyatb nutaHne Ao 4-x
TPL, ncnonb3yowux oaMHakoBble 4acToTbl. [lpy npuMeHeHun annapaTypsbl
TPU3 kaxgas PL nonyyaeT nutaHuve OT MHOMBMOYanbHOro reHepartopa Tuna
1.

YBA3ka nokasaHun cBetodopoB n Bblbop koaoBbix curHanoB AJIC ocy-
LecTBNAeTCcsa No ABYM NuHenHbIM uenam. o yenu J1-OJ1 ¢ ncnonb3oBaHuem
NOMISIPHOIO NPU3HaKa curHana nepegaeTcsa MHGopMauma O NokasaHUM CBETO-
dopa. Mo uenn C-OC - nHpopmauuns 0 COCTOSHUN PENbCOBLIX Lenen A un nc-
NpPaBHOCTU flaMmnbl KPACHOMO OrHS.

KoaovpoBaHue penbcoBbix Lienen A ocyuiecTBnsieTcs obuwmum TpaHCMUT-
TepHbIM pene AT, penbcoBbiX Lenen b - TpaHCMUTTEPHBIM pene BT. OTu pene
NOLKIMIOYEHbl K pasHbIM rpynnam koHTaktoB ofHoro KIMT v nogatoT KogoBble
CUrHarnbl B peribCoBble Lenu no Mepe ux 3aHatna noes3gom. Kogosbiv curHan
AJIC B penbcoBbix Lenax A 3aBUCUT OT MnokasaHua cBeTodopa LaHHOM CUr-
HanbHOM TOYKN, B PenbCoBbLIX Lensax b - oT nokasaHus BnepeancTOosILLErO CBe-
Todpopa 1 CoCTOsAHUS orpaxgaemoro bY.

Mpn KogmpoBaHUM penbcoBbIX Uenen b ucnonb3yetcsa nHpopmauums,
nepepasaemas o uenam J1-OJ1 n C-OC. B gpyron mogndukaumm cuctemol Ab-
NMCB uenb C-OC otcytctByeT, uenb JI-OJ1 ncnonb3yeTca TOMNbKO ANs YBA3KM
nokasaHun ceetodopoB, a kogosble curHanbol AJIC ons penbcoBbix uenen b
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nepegarTcsa OT BNepeanpacnosioXeHHON curHanbHon yctaHoBkn (CY) no uenu
T-OT.

Ha gByxnyTHbIX ydyacTkax cuctema Ab-IICB obecnevnBaeT OBYXCTOPOH-
Hee ABWXEHME MO KaxaoMy MyTU NeperoxHa.

B cucteme AB-INCE B kauyecTBe pe3epBa Ha nepuo noBbILLIEHUSI CONPO-
TMBNeHus bannacta npegycmoTpeHa kogoaga PLL. Nepexon Ha paboTy ¢ kogo-
Bou PL| ocyuwiectBnaetcsa AUCTaHUMOHHO. [py 3TOM fiMHENHbIe Lenu CoxpaHs-
I0TCS, @ KogoBad penbcoBas Lenb BbINOSHAET OYHKUNM KOHTPONS COCTOSHUA
BY v nepepaym nHopmaunm Ha NOKOMOTMB. [IBYXCTOPOHHEE OBMKEHNE B 3TOM
cny4vae He NpeaycMoOTPEHO.

B BapuaHTe cuctembol ABTc Ana yyacTKoB € HOpMasibHbIM COMpPoO-
TuBneHmem G6annacta kaxabim BY copgepxut gee TPLL (A v B) anuHon po
1000 m. MNutaHne obeux TPL| opraHunsyetcs B cepeamHe BY oT Bnepegucros-
wen CY. Ecnu agnuHa BY He npesbiwaeT 1300 m, To ncnonb3yetcsa ogHa PLL.

YBA3ka nokasaHunm cBeTodopoB opraHusyetca no uenu J1-OJ1 ¢ pene
KOMBMHUPOBAHHOIO TMMNa B KA4YeCTBE NPUEMHUKA.

Mopaya kogosbix curHanos AJIC B penbCcoBble NMHUM OCYLLECTBISIETCS
oT Bnepeaucrtoswen CY no mepe mx 3aHATUS noesgoM. MHpopmaums o BCTyn-
neHuun noesga Ha PLL b nepepaetca nytem wwyHTUpoBaHUA nNuHenHon uenwu Jl-
OJ1 Ha BxogHOM koHUe BY, y4To ukcmpyeTcs KOOOBOBKMOYAKOLWMM perne Ha
Bnepeancrtosien CY.

Cuctema LIAGc B otnuune ot cuctem LLAB copepxunt NC Ha rpaHuuax
BY, npoxoaHble cseTogopbl, kaxabih BY obopyayetca asyma TPL, npeny-
cmoTpeHa Tonbko yncnosaa AJIC. Ecnum anuHa BY He npesbiwaeT 1300 M, TO
oH obopyayetca ogHoun TPL.

B kayecTBe annapaTypbl penbCoBbIX Lienen MCnosb3yeTcs annapartypa
TPLL3. MNMutaHne cmexHbix PL BkntovaeTcsa B cepeanHe BY. PenenHblie KoHLbI
cocegHux PLl pasmewiatoTcsa Ha rpaHuuax bY n pasgeneHbl M30nupyrowmmm
CTbIKamMU; MO3TOMY MOAKIIIOYEHNE KaXKAOro NyTeBOro NpuemMHuKa OCYLLIEeCTBNSA-
€TCs N0 OTAENbHOW Nape Xun kabens.

YnpasneHue cBetodopamu MNPOU3BOAUTCA CO CTaHUMW. [ns Kagoro
ceeTodopa npegycmoTpeHo 6 xun kabensa (XK, 3, OXK3, K, PK, OK). lnuHa ka-
6ens ynpasneHusi cBeToopoM He JormkHa npesbiwaTtb 10 km. Y ceeTodopoB
yCTaHaBNMBAOTCS CUrHanbHble TpaHcopMaTopsbl.

BkntoyeHne namn ceBetodopoB U BbiIbop koaoBbix curHanos AJIC ocy-
LecTBnseTca curHanbHbiMu pene X n 3. [Ins Bcex namn npeaycMOTPEH KOH-
TPOfb MUCNPaBHOCTU B ropsidieMm cocTtosiHun. Ecnn neperopena namna paspe-
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LIaloLLEero OrHsl, To Ha npeabigylemMm cBeTodope BKYaeTCa XKenTbl OroHb;
ecnu neperopenim obe HUTU namnbl KPACHOro OrHsl, TO - KpacHbli. COOTBETCT-
BEHHO n3MeHseTcs koguposaHue PLI.

YCTaHOBKOW NpefoxpaHuTens B Uenb nuTaHua namn obecneymBaeTcd

KOHTPOMb NepeMblKaHUs Xun kabens, 4To UCKMYaeT BO3MOXHOCTb JIOXKHOro
KOHTPOSIS1 UICNPABHOrO COCTOAHUSA flamn.
LIABc 6bina paspaboTaHa Ansi O4AHONYTHBIX Y4acTKOB
npun nobbIX BUOAX TArM U HOpMaribHOM COMPOTUBIEHUN
bannacta (He meHee 1 Om-km). Ha OByXnyTHbIX y4yacT-
Kax M Ha yyacTkax C HU3KMM conpoTuBrieHnem banna-
cta npumeHeHne ULABC a3koHOMWYECKN Heuenecoob-
pa3Ho n3-3a 6onbLIoro pacxoaa kabens.

Cuctembl ABT n ABTLl co3gaHbl Ha ocHOBaHWUK OnbiTa pa3paboTkn U
9KCnnyaTtauum BbllLepacCMOTPEHHbIX CUCTEM, SBNAIOTCA Hanboriee coBepLUeH-
HbIMWU N 3(PPEKTUBHLIMA N B HAcTOsILLlEe BpeMS peKoOMeHAOoBaHbl K NpuMeHe-
HUIO B HOBOM CTPOMUTENbLCTBE, a Takke NpPuU PEKOHCTPYKLMN Yy4aCTKOB C aBTO-
6nokMpoBKOM YMCNOBOro koda. [loatomMy B crnefgylowmx pasgenax npuHUMnb
NOCTPOEHUS N paboTbl ATUX CUCTEM paccMaTpuBatoTcs bonee nogpobHo.

KOHTpOHbeIe BOMpoOCbLI U 3aAaHUA

1. Kaknmmn pgoctonmHcTBamMm M HepgoctaTtkamm obnapatot cuctembl AB ¢ LeH-
Tpanu3oBaHHbIM pasmeLlleHnemM annapaTypbl?

2. Cuctembl Ab C LEHTpanM3oBaHHbIM pa3MmelleHMeM annapaTypbl 9KOHOMU-
Yyeckun LenecoobpasHo cTpouTb 6e3 npoxodHbix ceeTtodoposB (cm. LUAB n LAB-M).
Moyemy B nocnegHen paspaboTtke (cm. ABTLl) npoxoaHble cBeTOodOpPbI NPeaycMoT-
PEeHbI?

3. Kakne kogbl npumeHstoTcs B cucteme UAB (LAB-M) ana dopmupoBaHus
curHana AJ1C?

4. Pa3beputecb, Kakme rnokasaHus M B KakuUX Cryyasx OTpaXKaroTCHA Ha JOKO-
MOTUBHOM cBeTogope cuctembl AJICM (cm. Tabn. 3.2).

5. Kakne dpyHKUMKN BLINOMHAET cxema nepegatyunka curHanos AJIC n noyemy B
cxeme nNpegycMOTPEHO TpU pasgenbHbiX PU3MYecKknx kaHana?

6. NoyemMy nponyckHasi cnoCcoBOHOCTbL NepPeroHoB, 060pyAOBaHHLIX CUCTEMOWN
LUAB, cpaBHUTENbHO HMU3Kasa?

7. Noyemy B cucteme Ab-INCE npegycmoTpeHa BO3MOXHOCTb OpraHusaumm oo
10-Tn penbCcoBbIX Lenen B npegenax ogHoro bY?

8. Kaknm obpasom opraHmnsyeTcs yBA3Ka Mexay cBeTodopamu B AeLEeHTpanu-
30BaHHbIX cuctemMax Ab ¢ TOHanbHbIMK penbCcoBbIMU LenaMmn? MNovemy?

9. Kakne otnnumsa cuctembl ABTL, ot cuctembl LLABC no3sonsaoT adpdpekTUBHO
NPUMEHATbL €e Ha ABYXMYTHbIX y4acTKax?
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4. NPUHUUNBI NOCTPOEHUA U TEXHUYECKASA
PEAJIN3ALUA CUCTEMbI ABT

4.1. CTpyKTypHas cxema u JoctToMHcTBa cuctemol AbBT

B nocnegHue 10-15 neT Ha ceTu »enesHblX OOPOr CTpaHbl BHEAPANUCH
cuctembl ABT, NOCTPOEHHbIE NO NHAMBMAOYASbHLIM MPOEKTaM UK B COOTBETCT-
BUM ¢ MeToamdecknmm ykaszaumamm ['TCC 1N1-206-91 "ABTO6N0OKMPOBKA C penb-
COBbIMU _LIENSAMU TOHANbHOW YacCTOThbl 6€3 NU30NUPYIOLLMX CTHIKOB AN OBYXMYT-
HbIX y4acTkoB nNpu Bcex Bngax tarm AbT-2-91" n N1-223-93 (ABT-1-93).
B oaHHOM pasgerne npuHUMnbl NOCTpoeHnsa n paboTbl yCT-
poncte ABT paccmartpuBaloTCca Ha NpuUMepe TEXHUYECKUX
peweHun ABT-2-91 c ydyeToM nocnenyrLmx YyKasaHuu
TCC Ha nameHeHne cxem. CyTb M Ha3Ha4YeHue Takux us-
MEHEHUN B KaXXOOM KOHKPETHOM crny4vyae wuanarakoTcs B
TekcTte gaHHon paboTbl. CxeMHble peweHuss ABT ans oa-
HOMNyTHbIX y4acTkoB (ABT-1-93) aHanorn4yHol.

OCHOBHbIMM OTRU4YUTESNIbLHBIMU OCODOeHHocTAMM cuctembl ABT sB-
NATCS:

1. leueHTpann3oBaHHOe pa3MeLlleHne annapaTypbl C YCTaHOBKOW Mpo-
XO4HbIX CBETO(OPOB.

2. MNpumeHeHune TPL| 6e3 yctaHoBkM NC mexay penbCoBbIMU LIENSMU U
Ha rpaHuuax bY.

3. Acnonb3oBanue TPL4 onsa 6onee yetkon cdmkcaumm rpanunl bY.

4.Mepepava nMHpoOpMaLUM MeXOY CUrHarbHbIMKM YyCTaHOBKaMW MO Jin-
HEeMHbIM LiensMm.

5. Hannune 3almMTHBIX y4aCTKOB 3a NMPOXOAHbLIMU cBETOdOpaMMU.

6. [1ByXCTOPOHHEe OencTBve aBTOOMOKMPOBKM MO KaxgoMy MyTU OBYX-
NYyTHOro neperoxHa.

7. Hann4ymne cxembl KOHTPONA NOTEPU LLIYHTA No4 NOABUMXHOWN eaNHULEN.

K 0CcoBeHHOCTAM MOCTPOEHUS ANEKTPUYECKMX CXEeM CcrefyeT OTHECTU
OybnupoBaHMe OCHOBHbIX perie U MUCMNoSib30BaHWe NpuHUMNAG ABYXMONKOCHOIO
pasMbIKaHUA NMpu peanu3aumm CXEMHbIX 3aBUCUMOCTEN.

[na peanunsauumn cxem MpPUMEHSIOTCA B OCHOBHOM perie |V nokoneHud
(tvna P3J1). OgHako npegycMoTpeHa BO3MOXXHOCTb MOCTPOEHUA CUCTEMbl Ha
pene lll nokonenuna (tvna HMLW). [Ina aToro B MeToAMYECKUX YKasaHUsX OaHbl
BapunaHTbl 3aMeHbl. Takas BO3MOXHOCTb 3aMeHbl CTAHOBUTCS OCOBEHHO BaX-
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HoM B cBA3n ¢ Tem, yto B 2000 rogy us3-3a gedumumta MoOLLUHOCTU CaHKT-
[MeTepOyprckoro afeKTPOTEXHUYECKOro 3aBoda, BbIMyCKaloLWero pene Ttuna
P31, pagy aopor (B ToMm yucrne n KymnbbiweBckon) bbino 3anpeweHo UCnosib30-
BaTb MpW MNPOEKTUpPOBaHUK perne 3Toro Tuna. Heobxogmmo OTMETUTb, YTO B
2001 rogy KambIWnoBCKU 3NEKTPOTEXHUYECKMA 3aBO4 Hadasr BblNycK OOSb-
LLIOW HOMeHKNaTypbl pene Tuna H n 2C, B3anmosameHsaembix ¢ pene P3JT n C2.

B cooTBeTCTBUM CO CTPYKTYpHOM cxemomn (puc. 4.1) OCHOBHbIMU y3na-
mu ABT aenstoTca: penbcoBble uenn TPL, nuHenHasa uenb J1-OJ1 ¢ NMMHENHBbIM
nepegatdnkom JIIM n npuemHukom JilMp Ona yBA3KM nokasaHuM cBETOdOpPOB,
cxema ynpasrneHuss orHamu ceetogopa CYO, cxema HanosbHbIX YCTPOWCTB
cuctembl AJIC. B nuHenHyo uenb BBEAEHO TaKKe KOOOBOBKMOYalLWEee perne
KB.

A2l A1l B1M B2 A2l A1l B b2n
2 4 zou
TOG : _1:04
- = ——)
Mutanune I |_ ——= I I |_ ——
A —] T L | H—] Tu |
LI | |

rron L raed T -

3y | Bin,62n

— anl 3Y ]l B1n.62n y -y AR
A2I-IVV A 4 A2|'|" v
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] N JMp |e
n-on KB nrp & n-on KB p
CYO CcYO

Puc. 4.1. CtpykTypHasi cxema cuctembl ABT

Kpome TOro, kK ocHoBHbIM y3nam ABT crnefyet OTHECTU JIMHEWHbIE Lienu
YBSA3KM C YCTPOMCTBAMWU ONEKTPUYECKOM LIeHTpanumsaumm v nepeesgHbiMu ycT-
poNCTBaMN N CXEMY WUCKIIOYEHMS paspeLlatolero nokasaHma ceetodopa npu
noTepe wWyHTa (CXema KOHTPONs NOTEPU LUYHTA), KOTOPblE Ha CXEME He MoKa-
3aHbl.

Kaxgbin BY obopyayeTca, Kak npaBusio, 4eTblpbMSA penbCoBbIMU Lie-
namu. [1se n3 Hux (A2l n B2I1) - ato penbcoBble uenu Tnna TPU3 ¢ makcu-
ManbHon gnunHon go 1000 M. Ha rpaHuuax 6mok-y4acTKOB NPUMEHSIOT PenbCco-
Bole uenn Tuna TPU4 (A1 u B1MM) anuHon 100-300 M (pekomeHayeTcs uc-
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none3oBatb AnunHy 200 m). NpumeHeHne penbcosbix Lenen TPLI4 Bbi3BaHO He-
obxogmmocTblo 6onee YyeTkon dukcaumm rpaHul, 6nok-ydactkos. B npoTMBHOM
cnyyae OBWXYLLMACS Moe3n 3allyHTUpYeT Brhepeannexallyto penbCcoBylo Lienb
cocefHero 6nok-yyacTtka, 970 NpuMBeOEeT K BKMAOYEHUIO 3anpeLiarollero OrHs
ceBeTobopa nepen noesgom. Penbcosble uenu TPLI4 3a cueT Gornee BbICOKOM
4acToTbl U MeHbLUEN OANUHbI UMEKT Manyt 30HY AONOMHUTENBHOMO LYHTUPO-
BaHuA (o 15 m). Casuxkka ceetoopa Ha 20 M OT TOYKM NOAKINIOYEHUS reHepa-
Topa TPL4 ncknioyaeT ykaszaHHYI0 Bbilie CUTyaLmIo.

Mpn onuHe BY meHee 1400 M nnu Npu HanNUYUKU N30NNPYIOLLNX CTbIKOB
Ha rpaHuue 6rok-ydactka (y4acTok nNpubnmkeHust K cTaHuMm) MOXET npume-
HATbLCA TPU PenbCOBbLIX Lenn. Yncno penbcoBbiX Lenen Ha BY MmoxeT 6biTb n
bonbluee, YeM YeTbipe (Hanpumep, Ha 6nok-y4yacTke ¢ nepeesnom).

Ot kaxgon CY ocyulecTBnseTcsa nuraHne penbcoBblx Lenen A1 v B1T1,
a Takke penbcoBblx uenen A2l n B2 npeabiayuiero 6nok-yvactka. [pu atom
Ha cuUrHanbHOW yCTaHOBKe KOHTponupyetcs coctosdHue asyx PL| nepepn ceeto-
dopom (A2I1 n A1) n aeyx PL 3a ceetocopom (b1 n B2I1). AnnapaTypa
TPL, pasmellaeTca B pefienHbIX WKadax U COeanHSETCA C penbCoBON NIMHNEN
npu nomoLum kabens. HenocpeacTBEHHO y NyTU pa3MeLlatoTcsl NyTEBbIE SLMKM
C YCTPOMCTBaAMM COrfiacoBaHMa 1 3aLlLMTbl (HA CXeMe He NoKasaHo).

Mo uenun J1-OJ1 oT kaxxgoro ceetoopa K nNpefblayLiemMy FIMHEUHbIA ne-
peaatuuk JIMN nepegaet cnegytoLwyto nHpopmaumio (cm. puc 4.1):

e O COCTOSIHMM cBeTOodhopa 4;

e 0O COCTOSIHMM pernbcoBbIx Lenen A1l n A2l Bnok-yyacTka 6[1;

e 00 MCNPaABHOCTU HUTK N LENN NMUTAHUS NaMnbl KPACHOrO OrHA CBETO-
dopa 4 npu ero 3aKpbITOM COCTOSHUMU;

e O COCTOSHMM 3aLLUUTHOrO y4yacTka 3a cBeToopom 4.

Kpome Toro, B uenu J1-OJ1 Ha 6-n curHanbHOW yCTaHOBKE MPOBEPSETCS
cocTosiHne penbcoBbix Lenen b1 n b2l 6nok-yyacTka 6r1.

Mo nuHenHon uenu J1-OJ1 nHdopmaumsa nocTynaeT Ha FIMHEeUHbIA Npu-
emMHuK JMp, KoTopbIN paclwmngpoBbIBaeT ee 1 obecnevmBaeT BKNOYEHNE COOT-
BETCTBYHOLLEro OrHa ceetodopa 1 Belbop koaosbix curHanos AJIC ans nepepna-
4YM Ha NTOKOMOTMUB.

[MpuMeHeHVe NHenHbIX uenen Angd yBA3KW rnokasaHun cBeTtodopoB Mo-
3BOMSEeT OTKa3aTbCHA OT MPUMEHEHUSI MEHEE HaOEeXHbIX KOAOBbLIX PEerbCOBbIX
Lenen, YTo NoBbILWaeT HaLeXXHOCTb aBTOONOKMPOBKM B LIENOM.

Ona AJIC ucnonb3ylTcA cUrHanbl YucrnoBoro kopa. KoguposaHue
penbCcoBbIX Lenen bnok-yyacTtka nponssoamtcs oT Brnepeaunexawen CY. [lo-
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gava konosbix_curHanos AJIC B PJ1 ocyuiecTBnseTca no NuTarlinmM 1 penemn-
HbIM Xunam kabens penibCcoBbIX Lienen No Mepe uUx 3aHATUS Noe3ngom (Ha cxe-
Me puc. 4.1 nokasaHO MYHKTUPHbIMU NUHUSAMK). BeTynneHmne noesga Ha BY 61
KOHTponupyeTca npuemMHukom b1l 6-n curHaneHon yctaHoBku. Hopmauus
06 atom no uenu J1-OJ1 dukcnpyetcs Ha 4CY npn nomowm perne KB, koTopoe
BKMtoYaeT kogosble curHansl AJ1C.

3allUUTHbIE Y4aCTKM OpraHM30BaHbl 3a KaXablM NPOXOAHbIM CBETO(OPOM
AN UCKINIYEHNS crnyvyaeB CTOSIKHOBEHUS MOe3[0B Npu npoesge ceetogopa ¢
3anpelwaroimmMm nokasaHmem. [lpn 3TOM ecnu 3alMUTHbIA Y4acTOK 3aHAT, TO
KpacHbIN OroOHb BKITHOYAETCS M Ha orpaxjatowemM 1 Ha npeablgylemMm ceetodo-
pe. B kayecTBe 3awwmnTHOro yyactka B cucteme ABT ncnonb3yotca penbcosbie
uenu B1M n B2l1, noatomy nHdopmMauus 0 ero COCTOAHUN NOLAETCS Ha NIMHEN-
HbIn Nnepegatyuk J1IN ot 6noka TPL.

[BYXCTOpOHHEE ABWMXEHWE MOe340B MO KaxAoMy NyTW ABYXMNYTHOrO re-
peroHa nossonseT Hanboriee rMbKo perynupoBaTb NOE3AO0MNOTOK NPU HanMyYum
HepaBHOMEPHOro ABWXEHUA Noes3foB MO HanpaBfieHUsM, a Takke OCYLLEeCTB-
natb 6e3ocTaHOBOYHbLIM OBroH Noe3noB Ha neperoHe. PerynupoBaHue OBuke-
HUA NMoe3foB MO HenpaBWUNbHOMY MyTU MPU CMEHe HarnpaBneHUs OBUXEeHUS
ocywiectendgetca no curHanam AJIC 6e3 npoxogHbix ceBetodopos. Npu aTom
MeHsIeTCA HanpasneHne nepegadn nHpopmaumm B nuHenHon yenu J1-OJ1 n ne-
pecTpaMBaeTca cxema KoAMpoBaHUS. PeribcoBble Uenu He peBepCcUpyroTCs.
Ans kognposBaHusa penbcosbix Lenen A1l n A2l npu gBmxeHun noesga no He-
npaBurbHOMY NYTU nNpegycMoTpeHa cneumanbHaa napa xwun Kr-KM (Ha pwc.
4.1 obo3Ha4eHa NyHKTUpHOWN NnHuen K).

MpumeHeHne B cucteme ABT cxeMbl KOHTPOSNA MOTEpU LWYHTa Moj
NOABMXHOW €OMHULIEN NO3BOSISIET UCKIIOYNTL NOsIBNEHWE Ha cBeTodope pas-
pewlatollero curdana npu oakTnyeckn 3aHaTom 6rok-ydyactke. Pabota cxembl
OCHOBaHa Ha NpoBepKe MNpaBUIbHOCTU NpOoCiefoBaHNA noesna (KOHTPOosSib Mo-
cnegoBaTenbHOCTU 3aHATUS U OCBODOOXOEHUSI PEenbCOBbLIX Llenen npu npocne-
[0BaHWM noesfa ¢ ogHoro 6riok-y4acTka Ha apyron).

4.2. llyTeBOM NnaH neperoHa

Ha nyteBom nnaHe neperoHa (puc. 4.2) nsobpaxaroT. NeperoHHble cBe-
TOhopbl M X OpANHATLI; peNenHbIe WKabl; penbcoBbie Lenu B ABYXHUTOYHOM
N306paxeHnn C ykasaHnem ux OfvH U pasmelleHMem nyTeBbix npubopos; ny-
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TeBble SALMKN U UX OpAMHaTbl; NyTeBble OPOCCENN C YKasaHMeM UX TUNna; Ka-
BGenbHyl0 ceTb NeperoHa u KabenbHble NiaHbl CUrHasnbHbLIX TOYEK U Nepeesa-
HbIX YCTPOMCTB C YyKasaHuMeM OnunH kabernen (Ha puc. 4.2 ykasaHa OnvHa He
BCEX Kabenewn), XXMrbHOCTU 1 Yncna 3anacHbIX Ui,

Kunbl kabenen NUHENHbIX LEeNen N penbcoBbIX Lenen obo3HavaTcq B
COOTBETCTBUN C MPUHATOM CXEMHOW HOMeHKnaTypou. [na nuTtarLlmnx KOHLOB
penbCcoBbIX Lenen ykasblBalT KOMOMHaAUMM 4YacToT reHepaTtopoB (Hecylias
yacToTa/yacToTa Moaynauun).

AnnapaTypa O4HOW CUrHarbHOW YCTAHOBKWM KaXXOoro nyTu pacrnonaraet-
Csl B OTAENbHOM penenHom wkady tuna LWPY-M.

[ns ynobcTBa onucaHusa cxem npuHsTa creayrowas tepmmdonorus. My-
TeM npuema 414 KaXgon CTaHUuM HasblBaloT NyTb, MO KOTOPOMY OCYLLECTBIISI-
eTcs npuem noesaoB Mo OCHOBHOMY BXoA4HOMY curHany. Nytem oTtnpaBrieHUs
- MyTb, MPUMBbIKAOLLNIA K OONOSNHUTENTIBHOMY BXOOHOMY curHany. o kaxxgomy n3
9TUX MyTEeN MOXET OCYLLECTBNATLCH KaK NpuUeM, Tak U oTnpasfieHne rnoesnos C
ornepaTtMBHOM CMEHOW HanpasneHna ABuXeHnd. [IBUXKeHuemMm no npaBuUSibHO-
My nyTn Oyaem HasblBaTb TaKOe HanpasfieHue OBUXEHUs, MpU KOTOPOM pery-
NNPOBaAHME OCYLLECTBIISIETCA MO MOKa3aHUAM HaroJSibHbIX MPOXOAHbIX CBETO-
dopoB; ycTaHoBIIeHHOe ObpaTHOe HanpaBfieHUe OBWXEHUS MO 3TOMYy MNyTu -
ABWXeHUe Nno HenpaBUibHOMY NYTWU.

B penbcoBbIX Lensax And HEYETHOro NyTm pekoMeHOyeTca MPUMEHATb
kombuHauum vactot 420/8, 480/12, 580/8, 5000/8, 5555/8, a ona 4eTHOro -
420/12, 480/8, 580/12, 5000/12, 5555/12. [1pakTn4eckun, ecnn oTCyTCTBYET ne-
pees3q, ANnA 3alnTbl OT B3aMMHOIO BJSIUSIHUSI PESIbCOBLIX Lienen LOCTaTO4YHO
obecneunTtb YyepegoBaHue Apyx 4YactoT 420 n 480 y. [Ans ynpasneHus nepe-
e34HoN curHanusauuen y nepeesga opraHmayetcs ase TPL4 no 200 m (4,5/8
Nno He4YeTHOMY NyTu U 4,5/12 No YeTHOMY NyTK).

MNMyTeBble AWMKN, B KOTOPLIX pasMeLllaeTcs annapartypa corfacoBaHus
N 3awmTbl NPUOOPOB PEnbCOBLIX Lienern M Npou3BoAUTCA pasgernika kabens,
n3obpaxatoT Ha nfiaHe neperoHa B MecTax Ux yCTaHoBKW. [1pn aToM 3Hakom "+"
OTMEYEHO MOAKMIYEHNE XU MPUEMHOrO KOHLA PeribCoOBOW LiEeNU, 3HAKOM "" -
NUTaloLLErO.

Opoccenb-TpaHchopmaTopbl yCTaHABNINBAKOT Y NPOXOAHbLIX CBETOKO-
pOB AS151 BblpaBHMBAHNA TSArOBOro TOKa (Ha opauvHaTe TOYKWU MOAKIOYEHUN re-
HepaTtopa TPL4), y nsonupyroLmx CTLIKOB Ha rpaHuLiax co CTaHUMEN, a Takke B
MecTax noacoeanHeHust oTcacbiBaloWmnX omMaepoB TAroBbIX NOACTaHUMIA, Noa-
KNoYeHns 3aszeMneHnmn, ob6begnHeHNs1 penbCoBbIX HATEN COCEeHUX NYTEMN.
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[Ons obecneveHns pabotbl ABT 1 yBA3KM CO CTAHUMOHHBLIMU U nepeesa-
HbIMW YCTPOMCTBaMKM BAOSb MeperoHa npoknagbiBaloT ABa pasgeribHbIX Ka-
6ensa - CLIB1 ans HeyeTHoro nyt1 n CUB2 gnga yetHoro nyTtu. JInHenHble uenu
N XXWUNbl AN OpraHM3auuy nuTatowmx U penenHbIX KOHLUOB PerbCoBbIX Lieneu
npokragbiBatoTcs B ogHOM obuiem kabene. B 3aBUCMMOCTM OT Yyucrna 3Tux Le-
nen eMKOCTb Kabens B npegenax neperoHa nameHsietcs. lNpn aBTOHOMHON Tsre
N 3NEKTPOTAre NOCTOSAHHOrO TOKA PEKOMEHOYeTCs NPUMEHSTb Kabenb Mapku
CB3IY (¢ rmgpoobHbIM 3anofHEHNEM CeEpAEYHMKA, C YCUNEHHOW NONuaTune-
HOBOW M30nsunen), Npu ANekTpnudeckon Tare nepemeHHoro Toka - CB3MNMABNLLM
(B antoMuHmMeBon obornouyke, ¢ BPOHEN M3 OBYX CTallbHbIX JNIEHT, B 3aLUTHOM
LUNaHre n3 nonnaTueHa).

K 0603Ha4yeHnto NIMHENHLIX LLeNen 1 xunn kabenen penbcoBbIX Lenen go-
baBnseTcsa undpa 1 nnu 2 B COOTBETCTBMN C UX MPUHAONEXHOCTBIO K HEYeT-
HOMY MINKN YETHOMY MNYTW.

B kaxgom n3 kabenen npenyCMOTPEHbl XUMbl A1 OpraHu3aumm cre-
AYOLWNX NIMHEUHbIX LUernen u CxXeM:

H, OH - cxema cMmeHbl HanpaBneHus;

K, OK - uenb KOHTpOMSA neperoHa cxembl CMEHbl HanpaBfeHus:;

J1, Ol - NnnHenHaa uenb YBA3KW CUrHasbHbIX YCTAHOBOK (Mepefadva MH-
dopmauum K npegbiaylwiemMy ceetoopy O MOe3gHOM cuTyauun); no 3TON xe
Lenu opraHudyeTca nepegadva Ha Bnepeauncrodyto CY nHgopmaumm o BCTyn-
neHun noesga Ha bY (ans Havyana nogayun B penbcoBylo nNuHUIO curHana AJlC);

N, OUN - uenb cxembl UCKIIOYEHNS paspeLluarolero curHana Ha cBeTo-
dope npu notepe LWyHTa (Ha nNepBomMm BrIOK-y4acTke yaaneHus oT CTaHuMn no
NyTW OTNpaBneHns n Ha Bnok-y4yacTke C nepees3gom ata Lenb obo3HavaeTcs b-
OB, a Ha npeaBxoaHoM Brok-y4dacTke no nyty npuema - N1-ON1); ncnonbayet-
c4 TaKke onga nepegadv Ha NpenBXoLHYH CUrHasrbHY YCTaHOBKY U3BELLLEHUS O
NpUONMXeHUM noesna K ctTaHuum 3a aea 6nok-yyacTtka no nyty npuema;

N1, ON1 - uenb cxembl UCKIIOYEHNA paspeLllarolero curHana Ha cee-
Tohope Npu noTepe LWyHTa Ha npegsxogHom BY nyTn npmema; ncnonb3yetcs
Takke Ansa nepegadn Ha CTaHUMIO N3BELLEHUST O COCTOSIHUK 3Toro bY;

N2, ON2 - uenb nepegavn Ha CTaHUMIO MHPOPMALMM O COCTOSIHUN BTO-
poro (ganbHero) BY nytn npuema;

b, OB - uenb cxeMbl UCKITOYEHNA paspeLlatoLero curHana Ha ceetogo-
pe npu notepe WyHTa Ha nepeoM BY nyTu oTnpaBneHnsa n Ha Grok-y4yacTkax c
nepeesgom;

M, OM - uenb cxeMbl ynpaBIiEHUS MUTaHWEM >XeNnToro OrHs Ha npea-
BXOAHOM cBeTodope; nepedada Ha ctaHuuto curHanos AJIC ansa kogmpoBaHUs
pPenbCoBLIX Lienen MapLUpyTOB OTNPaBfeHnsa Ha HenpaBUITbHbIN NYThb;
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M, OUI - uenb n3BelleHMa Ha nepees3q 0 NpUbIMKeHun noesga no
npaBuUbHOMY NYTY;

HUIM, OHWUIT - uenb nsBeweHust Ha nepeesn o NpUbAMXeHUn noesaga no
HenpasuUNbHOMY MyTHU;

T, OT - uenb nepenaym kogosbix curHanos AJIC B penbcoBble Lenn ne-
pees3na;

HA, OHWL (YN, OYN) - nogaya m3BeweHNa Ha CTAHUUIO O COCTOAHUM
NepBOro M BTOPOro yyacTtka npubnmkeHnsa HenpaBuUbHOro NyTu; nepegada Ha
ctaHumio curHanos AJIC ans KoguMpoBaHUsSI peribCoBbIX Lenen mMapLipyToB OT-
npaBrieHns No NpaBUIIbHOMY NYTW.

B atux xe kabenax opraHnsoBaHbl COeAUHUTENbHbIE XWUJlbl pPeribCo-
BbIX Lleneun:

M1(M,M) - »nnbl NOAKNOYEHNA reHepaTopa Ansa NUTaHUs PesibCoBbIX Lie-
nen A2M/B2M. Ona »un, nogarwwmnx nutaHne co ctaHuuu, BMecto Oyksbl [1
yKkasbiBaeTca HasBaHue PL, koHTponupyemonm Ha cTaHuuu;, Hanpumep,
1HI(M,M). 2Kunbl, K KOTOPbIM MOAKNIOYEHbI reHepaTop U NPUEMHUK (OBbIYHO Ha
BY c¢ nepeesgom), o0603HayalTCsA MO Ha3BaHUIO MNPUEMHUMKA; Hanpumep,
2A(I1,M);

AP(IM,M) - ona nogknioyeHna NpueMHon annapaTypbl penbCoBbIX Lieneu
A1l n A2rT,

BP(IN,M) - ans nogknoyeHna NnpuemMHon annapaTypbl penbCoBbIX Lieneu
b1 n B2r7;

K(M,M) - ona nogayun kogosbix curHanoB AJIC B penbcoBble Lenn A npu
ABWXEHUN noesna no HenpasuUibHOMY MyTW.

Ona yBA3KU ¢ nepee3fgomM MOryT AOMNOSHUTESNbHO NoTpeboBaTbCs crie-
ayouue uenu:

3Y,03Y - uenb nepefaym ¢ nepeesna K npeabigyliemMy cBetoopy WUH-
dopmMaunm O COCTOSIHUM PenbCOoBbLIX Lienewn, KOHTPONIMPYEMbIX Ha nepeesae,
€CNN OHM BXOOAT B COCTaB 3aLUMTHOrO y4acTka;

Al,0AIN (BIM,OBbIT) - nepeaada Ha nepeesn OT BNepeancTosLEero cee-
Tohopa nHdopmauum o coctosHun pernbcoson uenu A1l (B1M1); npumensetcsa
B TOM Cryyae, ecrnv nepeesn pacnosoxeH y cesetodopa n ans ero paboTbl Uc-
nons3yetca TPL4 curHanbHon ycTaHOBKW.

Kpowme Toro, B kabene CLIB1 He4eTHOro nyTn opraHn3oBaHbl XXUIbl:

OCH, OCH — uenb cxemMbl ABONHOIO CHMXKEHWUSI HaMpsXKeHUs1; NCNosb-
3yeTcqa TakKe B CUCTEME AMUCMETYEPCKOro KOHTPONsS Ans nepegadn nHgopma-
LUK C NeperoHa Ha Gnmxkaniuyto CTaHUuIo;

MrC - npoBoaa Lenn NEPEroHHON CBA3WN.
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B kabene CLIB2 npegycmoTtpeHsbl xunsl ABC - npoBoga uenu aBapuimHo-
BOCCTAQHOBUTESIbHOW CBA3M.

B cootBeTCcTBMM C KabenbHbIM MaHOM CUrHaNbHOM TOYKM B KaXKabln pe-
NEeNHbIN WKag Kpome yKasaHHOro Bbllle kabens BBOAATCA oTAeNbHbIe Kabenu
cnefyrwmx HasHa4YeHUn:

1.ns nogayv nuTaHus Ha namnbl CBETOOPOB - Kabenb eMKoCTbio 4
napsbl xun (31, 32, XK1, K2, OX3, K1, K2, OK). Kabenb pasgenbiBaeTcsi B OKO-
HeYyHon MypTe y MayTbl cBeTodhopa.

2.0na nogaun nutanHuma B penbcosble uenn A1M/B1MN tuna TPU4 -
Tpex>kunbHbln kKabenb (kunbl 1M1 n 1MM gna nogkntoveHna npmbopos nNuTa-
HUA 1 ogHa Xwuna 3anacHas). Kabenb pasgenbiBaeTca Ha KNEMMHOM KOMogke
NyTEBOro SLMKA.

3. Ana nepegayn xun JCH-OOACH B peneunHbln WwKkag cnapeHHoro cee-
Tohopa - TpexKUnbHbIN Kabernb (oaHa Xuna 3anacHas).

4.0ns nogayn B penenHbln WKag ocHoBHOro anektponutaHus MNMX-OX
OT BbICOKOBOSbTHOWN NMMHUK CLLB - naTtmkunbHbIn Kabenb (gybnmpoBaHHbIe pa-
BGoumre Xunbl U 0gHa 3anacHas).

5.[na nogauyv B penenHbln WwKad pe3epBHOro anekrponutaHua PI1X-
POX OT BbICOKOBOSIbTHOM JIMHUM MNPOAOSIbHOIO 3MEKTPOCHAbXEeHNA NIMHENHbIX
noTpebutenen - aHanorMyHbIN Kabenb.

NutaHmne Ha yctponctBa AB nogaetca oT ogHoasHbIX MOABLEMHO-
OMNYCKHbIX KOMMMEKTHbIX TpaHcdopMaTopHbiX noactaHumn KTT1-MM1-A-1,25/10,
noHmwxawwmx HanpshkeHne ao 230 B. pn 3TOM Kak OCHOBHOE, Tak U pe3epB-
HOe NuUTaHuMe NoJAaeTCHa B KaXAbld penierHbli WwKad oTaenbHbIMU Kabensmu.
YcTponcTea 1 Kabenu anekTponuTaHust Ha cxeme puc. 4.2 He nokasaHbl.

4.3. CxemMbl penbcoBbIX Lenen n koguposaHua AJ1C

Cxembl penbcoBblx Lenen ogHon CY B Hambonee pacnpocTpaHeHHOM
BapuaHTe UX NpuMeHeHus npueBeneHbl Ha puc. 4.3. B 3aBUCMMOCTM OT ONUHbI
BY, Hannuua nepeesna v ero yoaneHHOCTU OT CUrHANbHOW TOYKM MOXET U3Me-
HUTbCA Konn4ecTBo annapaTtypbl TPL nnu ee nogknioyeHne. Hanpumep, napa-
MeTpbl annapaTypbl NO3BOMAKT NocnegoBaTenibHO MOAKIYaTh K O4HOW nape
XXWUIT HE TOMbKO ABa NpueMHuKa, HO 1 npmeMHuk TPL4 ¢ nepepatowen annapa-
Typon TPLI3. Ho B ntobom crydae cxembl penbCoBbIX Lenen oCTalTcsa Heus-
MEHHbIMW.

HasHaueHune, npuHUMnmManbHble CXeMbl, XapakTEPUCTUKN N OCOBEHHOCTU
npumeHenus annapatypbl TPL3 n TPU4 npusenersl B n. 2.4.2 n 2.4.3, a Ha-
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3HayeHue ocCTanbHbIX 3fIeMEHTOB - B N. 2.4.1 n 2.4.4. PaccMoTpM OCODEHHO-
ctn npumeHeHnda TPL B cucteme ABT.

[Ons nutanuna penbcosbix Lenen A1l/B1IN B penenHom wkady ycTtaHoOB-
neH reHepatop M4 c dunbTpom PPLA4I, a ans penbcosbix uenen A2/b2l1
- reHepaTtop IM3/8,9,11 ¢ dounbTpom PIrIM8,9,11. Npu npoekTnposaHnm AbT
B cxemax TPL onsa kaxgoro reHepatopa n durnbTpa yKasbiBalOT BHELLUHWE Ha-
CTPOEYHble MepeMblYkM B COOTBETCTBMU C TpebyeMon KoMOMHaLMen 4acToT, a
B PErynuMpoBOYHbIX Tabnuuax - HanpsKeHUs1 Ha BbIXO4E reHepaTtopa B 3aBUCKU-
MOCTU OT AnunHbl PLL.

[lepBOHavanbHO B KayecTBe pe3ucTopoB R, NpumeHAnucb perynupye-
Mbl€ MPOBOJIOYHbIE PE3NCTOPbI TUNa 7157, KOTopble NpU 3KcnnyaTtauum rnoka-
3ann HM3Kyt HagexHocTb. C cepeanHbl 2000 roga aTn pe3ncTopbl 3aMeHEHbI
Ha Pe3nCTopbl NOCTOSAHHbIE MPOBOSMIOYHbIE N3onNupoBaHHble Tuna C5-35B-25BT.
BenununHa conpoTtuBneHnsa pesncrtopa BbibnpaeTcs ncxoas U3 AnuHbl CoeanHm-
TenbHOoro kabena n ygenbHoOro ConpoTUBIIEHUS €ro XU Takum 0b6pasom, YTOobbI
nonyymtb B cymme 400 Om.

B kayectBe cornacyrouiero TpaHcdopmartopa ucnonb3ayerca NOBC-
2A c koa(pdpuumeHTom TpaHcdopmauum n=38.

3awuTHble pe3nctopbl R; npegycmotpeHbl Bo Bcex YC3, KpoMe mecTa
YCTaHOBKMN [OpocCcefib-TpaHcopmaTopoB. B HacTosiliee BpeMsa BMeCTO ABYX
napansienbHO BKOYaeMbIX perysimpyembiX MNPOBOSIOYHbLIX PEe3NCTOPOB PEKO-
MeHOyeTcs ucnonb3oBaTb 6onee HagexHble U OonroBedHble pesnctopbl PIH
(pe3ncTop NOCTOSIHHBIA HU3KOOMHbIN). 3TN PE3UCTOPbI BbIMyCKatOTCA Ha HOMM-
HanbHble conpoTtusneHuns ot 0,11 Om go 0,5 Owm.

MoaknioyeHue nutatowmx xun TPL4 pekomeHayeTca NpouMs3BoaNTb He K
penbcaM, a HeNnocCpeacTBEHHO K BbIBO4aM OCHOBHOM obmoTku OT. 3Tnm obec-
neymBaeTCca KOHTPOSb LENOCTU OPOCCENbHbIX NepemMbldek. B cooTBeTCTBMU C
mMeToandeckummn ykasaHuamu KMN-206-91 B cucteme ABT npumeHanuce gpoc-
cenb-TpaHcgopmaTopbl [JT-0,6 ¢ pa3oMKHYTOM JOMNOMAHUTESNIbHON OOMOTKOMN.

B HacTosLee BpemMs Ha4yaTo Npomn3BoaCcTBO bonee gelweBbiX U YyO0OHbIX
B 9KcnnyaTtauumn cyxmx gpoccenen tuna [OM1-20, OM-150 n AM-300, koTtopble
paccynTaHbl Ha NPoNycKkaHWe ypaBHMBAIOLLEro MOCTOAHHOINO TArOBOro Toka A0
20, 150 n 300 A cooTtBeTcTBEHHO. Kpome TOro, y gpoccenen npegycMoTpeHbl
BbIBOOblI CpedHEN TOYKM OOMOTKM ANsi OpraHu3auumn 3asemMrieHus MeTtannmye-
CKMX KOHCTPYKUWMW. NS y4yaCTKOB C TAroM nepemMeHHOro Toka paspaboTaHbl
aHanorndHuble gpoccenun [O-20, A-150 n O-300. Opoccenu A01-20 n O-20 nmetot
Manble rabapuTbl, NPUMEHSIOTCS TOMNbKO AN BblPpaBHMBAHUSA TATOBOrO TOKa U
yCTaHaBNMBAOTCS B MYyTEBLIX ALLMKAX.

83



¥8

9
B2 _ A2 A1 B1M B2MN
— T —- — —
15 MnA ns ns
Rs 15 R 15 15 =
T <[] * AT-0,6 <[] °
N=38 1 1 '
1
2 = =
.- N=38 |_O 4 N=38
4 ! PKH [ PKH
iy KB == [ ' [ L '
ns
1
[ 4 []R'D' 3 — []RA 5 g O G——g []R.U. 7 < MH1 Kt
—_— CK1 === CK1 = CK1 ===
MH1
/PP 6 — 104: g KM1
/ 20
2 12 )
— oMM oPLAN
| | A2M10 A2rn] JA1nn A1MO 1r | B1M0O 511 B2 B2MO
20 (NN B S 2 52 NS I
! neuant | 4 MPLANT (
23 1] |23 61 _2I3 61 23 61
| BBCA4I |
LOXL”HLOX! na B1 HIEO-I LOEL'UJ
-
H A AM2
7 < KB B2MO B1M0 A1MO A2r10 KB ] M A1MO A2110 A20 A1NO M
i1 11 L_L |
94—' 54—' H I—>5 |_>3
BIM1 B2
5 < KB B2 B1M1 A1NA, A20010 KB > 2 M B1MO B2r0O B2 51N M
a1 11 L |

Puc. 4.3. PenbcoBble Lenn n cxema KogupoBaHus



Pa3sHoBuaHocTu nyteBbix npuemHukoB IMM1 n NMPL4J11 BoiGupatotcs
B 3aBUCMMOCTM OT MPUHATON KOMBMHALUUKM 4YaCTOT NUTaAHUSA KOHKPETHbIX PL| u
yKkasblBatoTca Ha cxemax TPLL. B cooTBeTCcTBMM C 3TUM BblGuparoTca 1 ykasbl-
BalOTCA HOMepa BbIBOAOB AN MOAKIOYEHUS OCHOBHbLIX MyTeBbIX pene
A1MO, A2M0, B1MO n B2IM0. Ayonupyrowume nyteBblie pene A1l0, A2,
B1M4 v B2MNO noakno4valoTcss K NMPpUEMHMKaAM 4vepe3 OfoK BbiNpaMUTeneun
conpsbkeHua BBC4J1. O1tum obecneunBaeTca ynpaBrieHUe MNyTEBbIMU perne
yepes pasHble BbIXOOHbIE LEenu NyTEBOro NpUeMHuKa, Yto 4OSMKHO CnocobCTBO-
BaTb MNOBbLIWEHMIO ©e3onacHoCcTN paboTbl cxembl. PaHee npuMmeHsnucb nyTte-
Bole pene tuna AHLWI2-1230 ¢ napannesibHbIM BKIOYEHMEM OBOMOTOK, 4TO
obecneuvnBano HanpshkeHne cpabaTbiBaHna pene 3,5 B. B HacToslee Bpems
PEKOMEHAYHTCA K UCNob30BaHMIO HoBble pene Tuna AHLL2-310 ¢ nocnenosa-
TenbHbIM BKNOYEHMEM OOMOTOK.

CocTtosiHMe y4yacTka nyTn, obopynoBaHHOro penbcosbiMu Lensammn A1l n
A2l1, KOHTpoNUpyeTca OBLLMMM MOBTOPUTENAMN OCHOBHbLIX U AOMNONHUTENBbHbIX
nyTeBbiX pene atux PL. [ly6nnpoBaHHble nosToputenu All1 n All2 BknoYeHbl
MO CXxeme C OBYXMNOMCHbIM pa3MblkaHueM (cM. puc. 4.3). [Ans penbcoBbIX Lie-
nen b1l n B2l npumeHeHa aHanormyHaa cxema. CxeMHble 3aBUCUMOCTU B
cucteme ABT ocyLLecTBNAIOTCA 3TUMU NOBTOPUTESISIMUA.

B cucteme ABT ona nepenaym nHdpopmaumm Ha NOKOMOTUB NpeayCcMoT-
peHa uucnoBas AJIC.

KoanpoBaHue penbcoBbIX Lenen 6ok-yd4actka npomM3BoguTcs OT Briepe-
anctosiwen CY no coeanHUTENbHbIM Xunam kabens penbcoBbIX Lenen no me-
pe BCTynneHusa Ha Hux noesga (cMm. puc. 4.3). [Ina aToro npegycMoTpeHO Mo-
oyepeaHoe NoAKIIYEHNE CXEMbl KOOMPOBAHUS K XXunamM kabens napannenbHo
koHgeHcatopy CK1. MNMpuyem pensbcosble uenn b1 n B2l kognpyroTcs coBme-
CTHO NyTeMm nogaynm KogoBoro curHana no nutarowum xunam (M, M) (Toukn
1-2).

dopmMmpoBaHME KOOOBLIX CUrHafioB OCYLLUECTBMSAET KOAOBbIA MNyTEBOW
TpaHcmutTep KT Ttnna KITLW-515, a Bei6op Tpebyemoro KkogoBoro curHana -
KOHTaKTbl curHanbHblx pene X1 (XK2) n 3. TpaHcmutTepHoe pene T, paboTas B
TakT C MMNynbcamu BblGpaHHOM KO4OBOW KOMOGWHaUUK, MOAynupyeT TOK BTO-
puyHoOn 06MOTKM Kogupytlowero TpaHcgopmatopa TK tuna NMOBC-3A (cm. puc.
4.3). HanpsixkeHne Ha BTOpu4HON obMOTKe TpaHcdopmaTopa TK ycTtaHaBnuBa-
€TCs B COOTBETCTBUUN C PErYSIMPOBOYHbIMU Tabnuuamu.

BctynneHue ronoBbl noesga 3a ceetodop npeablaywen CY dukcnpyet-
cs KopgoBoBkntovawwmm pene KB no nuHenHon uenum J1-OJ1 (n. 4.4). OHo
BCTaeT Mo TOK U CBOMMW KOHTaKTaMW BKITHOHMaeT KOOOBbIN CUTHanN B ToYku 1-2.
Mo mepe BCTynneHna noesga Ha penbcosble uenn A2l n A1l obecTtounBatoT-
cs nyteBble perie aTux PL n noovyepenHo nogkmnovatoT KO4OBbIA CUTHAM B TOY-
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Kn 3-4 n 5-6. lNpn aTOoM KOOMpOBaAHME KaXXOoW npenblaylien peribCoBon Lenu
npekpawaeTcs.

Mpu OoBwxeHMM noesga nNo HenpasBUITbHOMY MYTU KOHTaKTbl pene Ha-
npaBneHus H nepecrtpamBaloT cxeMy KogupoBaHusi, 4To obecnevmBaeT Mo-
crnegoBaTefibHOE NOAKIIoYEHUE KOAOBbIX CUrHanoB B Todkn 7-8, 9-10, 5-6. Kak
y)Ke 0TMeYarnoch, 4S5 KogmpoBaHus pernbcoBbix uenen A2l u A1l B atom cny-
Yae npegycMmoTpeHbl oTaenbHble Xunbl kabens Kr1-KM1. [na nogknioyeHns
9TUX XXKN B NyTeBOM Awwmke B2MM/A2l1 yctaHaBnMBaeTcsa KOHOEHCATOP, KOTOPbIN
Npu NpaBUiIbHOM HarnpaBfiEHUN OBWXEHUSA LUYHTUPYETCS TbIIOBbIM KOHTAKTOM
MH1 B penenHom wkady npegbiaywen CY (cm. puc. 4.3).

4.4. JlIuHenHasa uenb YBA3KU NPOXOAHbIX cBeToOopoB

HasHauyeHune Kaxxgon NMHENHoOW Lenu ykasaHo B n. 4.2. B faHHOM NyHKTe
paccmatpmBaetca cxema uenu J1-OJ1, obecneumBatoiasi Norm4eckyto CBA3b
MeXay NpoxoAdHbIMKU cBeTodhopamMu 1 yrnpasBrieHne KOO4OBOBKITHOYAOLWMM perse.
[ns npumepa paccMoOTpuM Lenb MeXay CUrHasibHbIMW yCTaHOBKaMun 4 1 6 cee-
Tohopos (puc. 4.4).

[Mepenaya vHQOpMaUUM OCyWEeCTBNAETCHS C UCMOSb-
30BaHMEM MOSIIPHOrO rMpu3HaKka TOKa, KOTOpbIA BOC-
NpUHMMatoT ayonupoBaHHble NuHenHble pene J11 n J12
(kombUHMpoBaHHbIe pene Tuna KMLW-450).

CoobuweHusa cpopmupyrotca n nepepatrtca ot 4-n CY k 6-1 cnefyto-
LM obpasom:

e O coCTOsIHUM cBeToopa 4 (OTKPbIT UMK 3aKPbIT) - KOHTakTamu gyonm-
poBaHHbIX curHanbHbiX pene XK1, XK2 (nogaetca TOK NpssAMON MU obpaTHOM
NOSNIIPHOCTN);

e 0 cocTosiHun penbcoBblx uenen A1l n A2l 6nok-yyactka 61 — KOH-
TakTamu gybnupoBaHHbIx pene All1, A2 (npu 3aHsaToctn nwbon ns atux PU
uenb J1-OJ1 pa3pbiBaeTcs);

e O COCTOSIHUM 3alUUTHOro yyactka - koHTaktamu perne bl1, B2 (no-
BTOpPUTENWM NyTeBbIX pene penbcoBbix uenen b1l n B2l 3a ceeToopom 4).
[Mpn 3aHATOM 3aLLUMTHOM Yy4YacTKe NMHENHas Lenb pa3pbiBaeTcd. OTuM obecne-
YMBaETCA BKITHOYEHME KPACHOro OrHsi Ha ceetodhope 6 gaxke npu csobogHom 611
N UCKNIOYaTCA NOCnenCTBUSA Npy Npoe3ae noesaom 3anpeLlarLLero curHana;

e O HEMCNPABHOCTM NaMrbl KPACHOrO OrHS - KOHTaKTaMn OrHEBOroO pere
KO, koTopble npu neperopaHnn obemx HATEN Namnbl KpacHOro orHst obpbiBatoT
NMNHENHYIO Uenb.

86



A2 A1 B1M B2 A2 AN B1M B2
1 1 |
L] ] ]
s —@OO + —@OD
Pl ce.6 | | Puicaa
m o e
KB — ;ZOH; —_—— — n
g KO [ T S
o o am g2kl anq gn KO
1 | | I | | | | -
I | |
m o ko : A2 B2 .o0K. AM2 B2
] [ - | [ | 1 1 [ | I - == KD
MH1 I I —L
| . l ko T
B4 A1 MH1  BM2 51 1 71 A AM2  MH1 —L
T 1T 1 LI | . N 11 [
L |15 I I 1 KBI\L B A MHA
—— 15 /_ |1 L —— k
1B 1B6
2 m 220 100 ' | 100 220 16
1 [] []I I[] o
- o
Bri2__| A2 MH1  BM N2 | .20, | Am2 A1 TH1
1L m B Ny e N 3 oy ey o B | .
o | | B2 A2

L
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Kpome Toro, B nuHenHyto uenb JI-OJ1 Ha 6-n curHanbHOM YyCTaHOBKE
BBeAeHbl KOHTakTbl pene blM11 n Bl12, KoOHTPONMpYOLWNX COCTOAHNE PEeSibCOBbIX
uenen b1 n B2l 6nok-yyacTtka 4T11.

BeBegeHne B cxemy nuHeMHOW uenn KogoBoBKMtovawwero pene KB u
LUYHTMPYIOLWNX LienoYek Yepes ThifoBble KOHTaKThbl pene A... u b... no3sonuno
nepegasaTb MHGopmaumo oT 6CY Ha 4CY o BCTynneHun noesga Ha BGrok-
ydacTtok 6[1. MNpu oTcyTcTBMM noesaa Tok, npoTekatowmn no uenu J1-OJ1 yepes
AocTtaToyHO 6ornbluoe conpoTmBneHnss oomoTtok pene J11 u J12, HegocTaToveH
anga cpabatbiBaHus pene KB.

[Mpw BCTYNNEeHuUn ronosbl noesna 3a 6-n ceetodop pene b1, BIN2 wyh-
TMpytoT obmoTkmn pene J11 n J12, Tok yBenuumnsaetca n pene KB nputsarnsaer
cBou fAkopb. NMpun ocBoboXaAeHUN penbcoBbiX Lenen b Bo3byxaeHHoe cocTod-
Hue pene KB coxpaHdaeTca 3a cYeT LUYHTUPYIOLLEN LIeNnoYKM Yepes3 TbifloBble
KOHTaKTbl pene All1, AlN2.

KoHTakTbl penie KB B WYyHTUPYIOLLIEN LIenn UCKMOYaloT nepegadvy Ha Jio-
KOMOTMB, cneaylowmn no 6nok-yvactky 81, kogoBoro curHana ot 4CY npwu
NOXHOWM 3aHATOCTU U u3nome penbca Ha 6. 3Tnm obecneymBaeTcsl COOT-
BETCTBME NOKa3aHUN HanonNbHOro N JTOKOMOTUBHOIO CBETOGOPOB.

Mpn cmeHe HanpaBreHna OBWXKEHUA JNMHeWHas uenb KOMMYTUPYETCS
KoHTakTamun pene lH1 aonga nepenayn nHdgopmauun B NPOTUBOMONOXHOM Ha-
npasrieHnN.

4.5. CxemMbl ynpaBrneHust orHsiMu ceBetocopoB

B cucteme ABT npenyCcMOTpeHbl ABYXHUTEBbIE flaMnbl 4115 BCEX OrHEW
ceeTtodopa (puc. 4.5). lNpn HeMcNpaBHOCTU OCHOBHbLIX HUTEN MPOUCXOAUT aB-
TOMaTU4yecKoe MNOAKMIYEHNE NMUTAHUS K pe3epPBHBIM HUTSAM namr, a npu nepe-
ropaHmn obenx HUTEN famnbl KPACHOrO0 OFHA 3aKpbITOro cBeToopa nNpom3BoO-
anTca "nepeHoc” KpacHOro orHs Ha npeablayLwmn ceetogop.

Bbibop orHen cBeTOOpOB OCYLLUECTBMASETCA KOHTAKTaMW CUrHasribHOro
pene 3 n oybnmpoBaHHbIX cuUrHanbHbIX pene XK1 n XK2, cocTosiHUS KOTOpbIX 3a-
BUCAT OT COCTOSAHUA NUHenHbIX pene J11, J12.

B cxeme npMmMeHeHO OBYXMNOMKOCHOE pa3MblkaHWE Lienen NUTaHUs Namn
paspeluarlmx orHen. Kpome Toro, ¢ Lernblo NoBbIWEHNS 6e30nacHOCTN dOYHK-
LMOHMPOBAHMS CXEMbl OHa MOCTpPOEeHa TakMM obpa3oMm, YTO BKIIKOYEHME pa3pe-
LUAOLLMX OrHEN MPOUCXOOAUT Yepes3 nocrenoBaTesibHO BKITHOYEHHbIE PPOHTO-
Bbl€ KOHTaKTbl Ay0nupoBaHHbIX pene XK1 n XK2, a nx BbIKMo4YEHNE N BKIKOYEHWE
3anpeLuarLLero curHana nponcxoant npu obecroumsaHnm noboro U3 aTux pe-
ne.
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Puc.4.5. Cxema ynpasrieHns orHsiMun npoxogHoro ceetodopa

OrHeBble pere BbIMOMNHAT cnegyowme OyHKUUK:

e PO - KOHTPOSIb OCHOBHbIX HUTEW NaMn pa3peluarolmnx orHem B rops-
YeM COCTOSIHUN N BKINOYEHUE pe3epBHbIX HUTEN NpU HEUCNPABHOCTN OCHOBHBbIX;

e KO1 - KOHTPONb OCHOBHOW HUTU famrbl KPACHOro OrHA B XONTIOAHOM U
ropsi4em COCTOSIHUSIX U BKIIOYEHNE pe3epBHON HUTY;

e KOZ2 - KOHTpOmNb pe3epBHON HUTW flaMnbl KPACHOTO OrHS B XONO4HOM U
rops4yem COCTOSAHUSX.

Llenb KOHTpONSA HUTEN Namn KPacHOro OrHA B XONOAHOM COCTOSIHUWM Op-
raHnsoBaHa oT uctovHnka C31-MC yepes nocnegoBaTenbHO BKMOYEHHbIE Bbl-
COKOOMHYIO N HU3KOOMHYHO OOMOTKM OrHEBOrO pene.

[Mpn obecTtoumBaHun NOBOro U3 ykasaHHbIX pene UHopmMmauus o Heuc-
NpaBHOCTM NepefaeTca Ha Gnuxanwyl CTaHUMI No LensiM OUCNeTYepCcKoro
KOHTpons. Kpome Toro, npu neperopaHum obenx HUTEN Namnbl KPAaCHOMO OrHs
3aKpbITOro cBeToopa OCyLeCcTBsAeTCA npouenypa "nepeHoca" KpacHoOro orHs
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Ha npegblaywmn ceetodop. ATo peanusyeTtcsa ¢ nomoubio pene KO, koTopoe
CBOMMW KOHTaKTamMu paspbliBaeT nuHernHyto uenb J1-OJ1.

[Mpn cmeHe HanpaBneHnsa OBWXEHUs KOHTaKT pene [NMH2 oTknioyaeT nu-
TaHWe paspellarownmx orHen ceetodopa. KoHtaktel pene XK1 v NH2 B uenn
BbICOKOOMHOMN 06MOTKM pene PO ncknioyalT ero noxHoe obecrtounBaHme npu
rOPeHNN KpacHOro OrHA WM MNpu YCTAHOBMIEHHOM BCTPEYHOM HanpaBrieHUu
OBWXEHNS.

4.6. YBA3Ka aBTOGHOKMpOBKM CO CTAaHUMOHHbLIMU YCTpOVICTBaMM

[Mpn npuemMe noes3noB Ha CTaHLMIO peLlaoTCs 3aJauun:

e repefaya C neperoHa Ha CTaHUMIO U3BELLEHUST O NpUBAMKEHUN Noes-
Aa 3a aBa bY; npn aTom coctossiHust obonx BY OomKHbI KOHTPONMPOBATLCS pas-
AEenbHO;

e BbIOOP CUrHanNbLHOro NokasaHus nNpeaBxodHoro csetodopa u/unm Ko-
posoro curHana AJIC B 3aBMCUMMOCTM OT MOKasaHUs BXOAHOIO WU BXOLHOrO
AOMOSTHNTENBHOro cBeToopa; npudem Ans NpeaBxogHoro ceetogopa AoMKHO
ObITb NPEegyCMOTPEHO AOMOSHUTENBHOE CUrHarNbHOE noka3aHue - XenTbih Mu-
ratoLMM OroHb, KOTOPbLIA BKIOYAETCSA NpU MapLllpyTe npuema noesga Ha 60ko-
BOW MyTb;

e BKItoYeHne kopoBbix curHanos AJIC B penbcosble uenu bBY npmnbnu-
XKeHwus.

Mpn oTnpaBneHMu noesaga co CTaHUMUM pPeLLAOTCA 3adaqn:

e BbIOOpP NOKasaHWs BbIXOAHOrO cBeTodopa B 3aBUCUMMOCTM OT COCTOS-
HWSA OBYX Y4aCTKOB yaaneHus;

e BbLIOOp KogoBbIx curHanoe AJIC ans nogayn B CTaHUMOHHbIE PenbCo-
Bble Lenu MapLllpyToB OTMNpaBfieHNA B 3aBMCUMOCTU OT COCTOSIHMS Orok-
y4acTKOB yaaneHus.

B cucteme ABT c y4eTOM OBYXCTOPOHHENO OBMXEHUA MOe3[0B MO Kax-
AOMY NyTu neperoHa obe rpynnbl 3agad peLuatnTca Ans KaKaoro n3 aTux nyten
— NyTW Npuema 1 Nyt oTnpaBrieHns.

[MocTpoeHne cxem paccMoTpum Ha npumepe yBsskm ABT ¢ ycTponctea-
M1 Ol YETHOM rOPNOBMHOM CTaHLINN.

4.6.1. CxeMbl YBA3KM NO NyTU npuema

PaGoTy cxembl yBA3KM Mpu npremMe noes3noB o6GecrneynBaloT fIMHENHbIe

uenu 211-20/1, 21-20U, 211-2011, 212-20U12, 2M-20M (puc. 4.6).
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U3BeweHne o npubnuxxeHnn noesna nepenaeTcs:

e 0T 4CY Kk 2CY - no uenun 21-20U (Ha cxeme He nokasaHo);

e OT npeasxogHon 2CY Ha cTtaHumto - no uenam 21M2-2012 n 211-2011
O COCTOSIHMM 2-T0 N 1-r0 y4acTKOB NPUBAMKEHNA COOTBETCTBEHHO.

B nepenaye m3BeLLeHUs y4acTBYHOT NOBTOpUTENM nyTeBbiX pene bl11 un
All1, a Takke pene cxembl KOHTponda notepu wyHTa MBI u 16. NpnemHmnkamm
Ha CTaHUMK SBNAKTCA M3BeCTUTENb npubnmkeHna 242UIM un mnssectutennb
241UI1, cocTosiHME KOTOPOro 3aBUCUT OT cocTosiHMA pene 2I1bl n nyteBoro
pene penbcosoun uenun 24ITI.

YnpaBneHue OCHOBHbIMW CUrHaramum npeaBxoAHoOro cesetodopa U
Bbl6op curHanos AJIC ansa kogmpoBaHua 4bY obecnednBaeTcs ¢ UCnonb3oBa-
Huem nmHenHon uenu 2J1-20J1 aHanorndHo ynpasneHuto B ABT. Npu atom ne-
pefnaeTca vHopmMmauus o Buae mapupyta npuema (Ha rnaBHbI NyTb UIIA Ha
BokoBown), hakTU4EeCKOM OTKPbITUN BXOOQHOro cBeTodopa, MCNpaBHOCTU nammbl
KPaCHOro OrHs U COCTOSAHWM neperoHHon PLI, KOHTponupyemon Ha CTaHuuMw.
Muraowmimn pexmm ropeHmns Xentoro orHs OCTUraeTcsl BKNOYEHNEM CO CTO-
POHbI CTaHumn B nposoga 2J1-20J1 Toka obpaTHOM NOMAPHOCTU M Nogayen B
nposoga 2M-20M wmMmnynbcHoro nutaHud. lNpn atom murawowee perne M Ha
NpeaBXxo4HON CUrHanbHOW ycTaHoBke ByaeT pabotaTtb B MMMYNbCHOM pexunme
n obecneunT nepmoanyeckoe 3amMblkaHne U pasmblkaHMe Lenn NUTaHus namnbl
XKEeNTOro OrHsi.
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Puc. 4.6. Cxembl yBA3KM NO NyTU npuema

B CXEMY <
KoaupoBaHus
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KopanpoBaHue npeaBxogHoro bY ocyuiecTsnsercs co cTaHUMM U Ha-
YMHaeTCs Npu BCTYNSieHUM noesga Ha penbcoByto uenb b1l atoro BY. B pe-
3ynbTate Ha ctaHumm no uenu 2J1-20J1 B0o36yXOaeTcss KOOOBOBKIOYaKoLLee
pene 24I'KB, koTopoe BKMIOYUT TPAHCMUTTEPHOE pene.

Mpn cmeHe HanpaBneHua aBmxeHua (pene MNH1 n NMNH2 Bo36YyXaeHbI)
Ans peanu3aunmn yBs3KM Mo OTNPaBNeHn0 UCMONb3YTCS CYLWECTBYOWNE Nn-
HerHble uenu 2J1-20J1 n 2M-20M. lpu 3ToM HanpaBrneHue nepegadn MHOpP-
MauuKn 1 ee cogepxaHme N3MeHsIITCS.

Mpn oTnpaBneHuu noesga No Nyt npuMemMa fnokasaHus BbIXOAHbIX CBe-
TohopoB BbIGMPAOTCA C MOMOLLbIO CTAHLMOHHOIO NMHENHOro pene 2J1, npuHu-
mMatowero nHpopmaumto no uenum 2J1-20J1 ot 2CY. Npn 3aTOM yBA3Ka OpraHn3y-
€TCS aHanorM4yHo yBs3Ke NPOXOAHbIX CBETO(OPOB.

Koposble curHanel AJICH ans kogupoBaHusa PLL maplipyTa oTnpaBneHus
nepegatotca no uenn 2M-20M. Ha cTtaHuMm 3TOT curHam BOCAPUHMMAET
TpaHcmuTTepHoe pene 2HOT, koTopoe obecnevnBaeT nogavyy KogoBOro CUrHa-
fna B CTaHUMOHHbIE PENbCOBLIE LENMN.

4.6.2. CxeMbl YBA3KM MO NYyTU OTNpaBrieHUs

Mpn oTnpaBneHMn Noes3goB MHGOpPMaUMa ONS BblOOpa CUrHarnbHbIX
nokasaHumn BbIXOAHbIX cBeTohopoB rnepeaaetcs no nuHenHon uenu 1J1-107J1
oT nepeor CY no yganeHuio n BOCNPUHUMAETCS Ha CTaHUUW NIMHENHbIM pene
111.

Ons koaunpoBaHusa PLl mapuipyToB oTnpaBneHUsa KOO4OBble CUrHarbl
AJICH nepepatotca ¢ nepBon Mo yganeHuo curHanbHown yctaHoBku (5CY) no
uenn 1HN-10OHU (puc. 4.7). OTn curHanbl Ha CTaHUMW MPUHUMAET TPaHCMUT-
TepHoe pene 1THOT u TpaHcnupyeT nx B CTaHUMOHHbIE PLI.

Mpn cmeHe HanpaBneHusa aBwxeHus (pene MNH1 n MNMH2 curHanbHbIX
YCTaHOBOK HEYETHOro nyTn BO30YXKAEHbI) yBSA3Ka MO NpuemMy OCYLLECTBISETCH
cnegylowmm obpasom.

3BelleHne o npubnwxkeHun noesga nepegaetcs ¢ 3CY Ha 5CY paspbl-
BoM uenn THN-10HWU koHTakTamun pene A1 n AlN2, a 3atem ¢ 5CY Ha cTah-
LM - C MUCNONb30BaHMEM MOSIAPHOro npmusHaka curHana. lNpuemMHukom msBe-
leHna Ha ctaHummn sensaetcsa pene 1HUIM kombuHmpoBaHHoro tuna. MameHe-
HWe nondpHocTn curHana B uenu pene 1HUI, ocywecTBrnssieMoe KOHTaKTOM
pene HUI, cenaetenbCTBYET O 3aHATUM BTOPOro (4anbHero) ydyacTtka npmbnum-
XEeHus, a pa3MblkaHue Lenn KoHTakToM pesie All1 — o 3aHATUKM NepBoro y4vacT-
Ka npubnmkeHnsa. PasgenbHbl KOHTPOSb Y4acTKOB NPUOBNMXKEeHUss B JaHHOM
crnyyae He npegycMoTpeH n3-3a HeonpaBLaHHOMO YCINOXHEHUS CXEMBb.
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Puc. 4.7. Cxembl yBA3KM MO NyTU OTNPaBneHns

NHdopmaumsa ans Bblbopa curHana AJIC npu kogupoBaHUM BTOPOro
yyacTka npmbnmkeHna nepegaetca Ha SCY ¢ nocta 3L, no nposogam 1J1-10J1
N COOEPXUT Te Xe& COODLLUEHUS, YTO M B MapLIpyTe NpuMema no npaBuiibHOMY
nytv (n. 4.6.1). KognpoBaHue nepBoro yvdactka npubnmkeHns: ocyLlecTBnsieTcs
cO cTaHuuu. NMpun aToMm, Korga noesq BCTynaeT Ha nepBbiv y4acToK npubnuxe-
HMA NO HenpaBWUNbHOMY MNYyTW, BCTAeT MO TOK KOOOBOBKMK4YawLee perne
1UIKB cTtaHuum n BKkNoYaeT TpaHcmMuTTepHoe pene [1T.

4.7. YBA3Ka ¢ nepee3aHbIMU YCTPOUCTBaAMMU

Ha gByxnyTHbIX ydacTkax ¢ ABYXCTOPOHHUM ABWXKEHWEM MNOe30B aBToO-
MaTuyecKoe yrnpaBrieHMe nepee3fHbIMU ycTpoucTBamMm obecnevmBaeTcs
npuv nNpocnegosBaHuu noesga nwboro HanpasneHna He3aBUCMMO OT crneuunanu-
3auun nyTenm n ycTaHOBMEHHOro HanpasneHus aswxeHus. Cxema yBs3KU pea-
NM3yeTcs B COOTBETCTBUKN C TexHunyeckummn peweHmsamm 419311-CLUB. TP "Cxe-
Mbl Nepee3fHon curHanusauum ong nepeesnon, pacrnosioXeHHbIX Ha neperoHax
npw nobbix cpeacTeax curHanuaaumm n ceasm AlNC-93".

[MpyHUKMN nocTpoeHns n paboTbl cxeMbl YBA3KM AB € nepeesgHbIMU YCT-
ponuCTBaMM paCCMOTPUM Ha NpuMepe CXeMbl YeTHOro nyTu (puc. 4.8).

Onsa dpukcaumm npubnuxkeHns noesga K nepeesny u ero npocrnegoBaHns
yepes nepeesn, a Takke OS89 KOHTPONSA NpaBUbHOCTM NpocrefoBaHNA noesna
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Puc. 4.8. Cxema yBa3ku ABT ¢ nepee3gom

Ona opraHusaumm ydactkoB 2-2Y u 2-3Y no obe CTOpPOHbLI OT nepeesna

obopynoBaHbl penbcoBble Lenu 2Al n 26l Tnna TPL4, KkoTopble KOHTpONMpy-
I0TCA Ha nepeesge. B HEKOTOpPbIX Criydasx ogHa U3 3TUX PEenbCOBbIX LieNen KOH-
Tponupyetcsa Ha CY aBTobnokupoBku. Toraa nHpopmaumsa o ee CoOCTOSHUN Mne-
penaeTtcs Ha nepeesq no uenun 2ArN-20AI1 nnn 26IM-206T1.
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Yyactku 2-1Y n 2-4Y obpasyoTcs penbcoBbiMU LiensaMn aBToOBNOKMPOB-
KW B COOTBETCTBUM C pacyeTHOMN ASIMHOW y4aCTKOB MPUBIMXKEHUS B YETHOM U
He4YeTHOM HanpasrneHusax. At PLL obecneuymBaloT nogayy M3BeLLEHUS MpU
NPUBAMXKEHUN NOE3O0B KaK YCTAHOBMIEHHOrO, Tak WU HeyCTaHOBIIEHHOMO Ha-
NpaBneHns OBWXEHNS, a Takke y4acTBYHOT B paboTe CxeMbl KOHTPONS Hanpas-
NeHus 1 NpaBUbHOCTM NpoCcneaoBaHus noesaa.

NHdopmaumsa o coctosiHuMm yqacTkoB 2-1Y n 2-4Y nepegaeTtcs Ha nepe-
€3/ No NMIMHENHbIM LensaMm:

o 21NM-20UI1 ¢ npnemHunkamm 2UM1, 21MN2 (coctosiHue yyactka 2-1Y),

o 2HNM-20HUIT ¢ npuemHmnkamum 2HUIM1, 2HUIMZ2 (cocTosiHMe y4yacTka

2-4Y).

[Mpn cmeHe HanpaBneHus ABWKXEHNA HyMepaumsl y4acTKOB M3MEHSETCA.

B cxeme yBA3KM NpeayCMOTPEHO TakKe criegytollee:

1.B nuHenHyto uenb 2J1-20J1 Ha nepees3ne BBeAeHbl KOHTAKTbl pene
2ABb1, 2AB2 (oybnupoBaHHble noBTopuTenn nytesBbiX pene PL| 2AI un 2B0M).
OTMM obecneyvnBaeTcss 06ecTodeHHOE COCTOsSIHME NUHENHLIX pene J11 n J12, a
Takke BO30YyXXOEeHHOE COCTOsIHME KOoOoBOBKItoYatowero pene KB npu Haxoxae-
HUM NOABWXHOW eanHULbI Ha aTux PL.

2.Ans kogupoBaHWA penbCoBbLIX Lienen, annapaTtypa KOTOpbIX pa3sme-
LLleHa Ha nepeesge, opraHM3oBaHbl NMHenHble uenn 2T-20T ¢ nepegaven Ko-
noBbix curHanoB AJ1C oT BnepeancTosdLLlen curHanbHoOM YCTaHOBKU Ha nepees .
[Mepenava kogoBbIX curHanoB ocylectenseTca oT 2CY vunu ot 4CY B 3aBuCHU-
MOCTW OT YCTAHOBJIEHHOIO HanpaBfeHUs1 OBMKEHUS.

3. PaboTa cxembl UCKNIOYEHMS paspeLlatollero curHana Ha csetodope
npu NoTepe WyHTa opraHM3oBaHa C UCMNOSIb30BaHNEM FIMHEWHbIX NPoBOLOB 2b-
20b, B KOTOpbIE Ha nepees3ae BBeAeHbl KOHTaKTbl pene 2Ab1, 2AB2.

4.Ecnu nepeesgHble PL| BXogdaT B coCTaB 3alLMTHOrO yyacTtka, TO MH-
dopmaumsa o coctoaHum atux PLL nepegaetca Ha CY no nuHenHon uenn 23Y-
203Y (Ha cxeme puc. 4.8 oTcyTCTBYET).

5.Mpn obopynoBaHuu nepeesga astownarbaymamu B uenu 2J1-20J1 n
2T-20T BBOAAT KOHTakKTbl pene 31, 3I2. 3tnm obecneynBaeTcs nepekpbiTne
Bnvkanwmnx NPoxoaHbIX CBETOMOPOB Ha 3anpellaroee nokasaHne N BbIKMo-
YeHMe KoOMpPOBaHUS PernbCoBbLIX Lenen npu BKIIKOYEHUN 3arpaanTeribHbIX CBe-
TOJOOpOB.

CocTosiHMe y4yacTKoB NpUBnmxeHnss KOHTPONMPYIOT Ha nepeesne oy6nu-
poBaHHble pene 2-1Y1, 2-1Y2; 2-2Y1, 2-2Y2; 2-3Y1, 2-3¥Y2 n 2-4Y1, 2-4Y?2 (pwuc.
4.9).

Mpn BCTynneHun noesga noboro HanpaBneHUs Ha y4acTok Npubnuxe-
HUA HEe3aBUCMMO OT HanpaslieHUs OencTBua aBTOBMOKMPOBKKN pene 2-1Y1(2)
nnn 2-4¥1(2) obectoumsarotcs n obpbiBalOT uUenb NUTaHUA Oy6rMpOBaHHbIX
BKMtovatoLwmx pene 2B1(2), KoTopble oCyLecTBAAT 3aKpbITUe nepeesaa.
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B npouecce ganbHenwero npocrnegoBaHus rnoesga cxema CYeTYUMKOB U
6rnokupylowmx pene (Ha puc. 4.8 cxema He nokasaHa) onpegensieT Hanpasne-
HWe OBWXEeHUs noesa, NpPoBepsieT nocneoBaTeNbHOCTb 3aHATUS U OCBODOX-
AEHUS y4acTKOB C y4ETOM BPEMEHU NX 3aHATUSA N obecneynBaeT OTKpbITUE Mne-
peesfa C KOHTPOSIEM KPaTKOBPEMEHHOW NOTEPU LLUYHTA.

[Mpn OBMXEHUN noesfa HeyCTaHOBEHHOrO HanpasfieHUs1 OTKpbITUE Me-
peesfa npoucxoguT nocre ocBOBOXAEeHUS MOe340M Y4acTKOB NPUBIMKEHUS
OS5 yCTaHOBMEHHOro HanpasneHus (1Y u 2Y).

[Mpn cmeHe HanpaBneHus OBWXEHUA CxeMbl penie Y nepectpavBaloTcs
KOHTakTamu OybnvpoBaHHbIX noBTopuTenen pene HanpasneHus 2MNH1(2) w
2HH1(2).

4.8. Cxema UCKNIOYEHMUs paspeluaroLero curHana Ha ceetocgope
npu noTepe WyHTa

[MocTpoeHne n pabota cxembl UCKNIOYEHNS paspeLlaroLero curHana Ha
cBeTodope rnpu notepe LyHTa U3MNOXeHbl B JOMOSTHEHUAX K MEeTOANYECKUM
ykazaHuam N-206-91.

MpuHunn paencteua cxembl (puc. 4.10) ocHOBaH Ha aBTOMAaTUYECKOM
KOHTpOJSie MpaBUIIbHOCTU npocnenoBaHna noesga. [1py 9TOM Ha CUrHarbHOM
YyCTaHOBKEe MpOoBeEPSIeTCA NocrneoBaTeNlbHOCTb 3aHATUS U OCBOBOXAEHUS npe-
Ablayuiero n orpaxgaemoro bY u BcTtynnenus noesga Ha bY 3a Bnepegucros-
LLIMM CBETOOpPOM.

BcTtynneHune noesna Ha orpaxgaembit BY conpoBoxpgaeT-
cs 6nokupoBkon nuHenHblx pene J11 u J12. Bnokuposka
CHMMaEeTCHa TOJSIbKO MPWU BbINOSIHEHUW 3afaHHOW nocneno-
BaTenbHOCTM cpabaTbiBaHna npubopoB cxembl. Ona wuc-
KMIOYEHNA NOXHOro 65IOKMpOBaHUS JIMHEWHBIX pene npu
HarOXEeHUN U CHATUU CIy4YarmHOro LUyHTa B anroputme
KOHTPONS npeaycMoTpeHa npoBepka nocneaoBaTenbHOCTY
3aHATUA BCEX PeribCoBbIX Lenen npeabiaywero n orpax-
AaemMoro 6s10K-y4acTKOB.

Kpome TOro, UCKrio4YeHa JrnoxxHasd 6J'IOKI/IpOBKa NUHEWHBIX pene npn oT-
KITIO4EeHNN U NOBTOPHOM BKITHOMEHUU NMUTAHUA annapaTtypbl CUrHanbHoOM yCTa-
HOBKMW.
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Puc. 4.10. Cxema 1CKIOYEHUS paspeLlatoLLero cmrHana
Ha cBeTodhope Npu noTepe LWyHTa

[MocnepoBatenbHOCTL cpabaTbiBaHUs NPUOOPOB ABYX COCEAHUX CWUr-
HanbHbIX YCTAHOBOK MpW NpocrnefoBaHuM noesga nokasaHa B Tabn. 4.1. Hop-
MarnbHO Bce pene kpome bl obecTo4veHbl.

YkasaHHble npubopsbl (cM. puc. 4.10 n Tabn. 4.1) Ha kaxgon CY Bbinon-

HAKT criegyowme pyHKUnN.

MBI — nosToputens rpynnosbix nyteBbix pene b1l n B2, pacnono-
XeHHbIX Ha npeablgywen CY. MNpuHnumaeTt no uenn N-OU (B-OB) n dumkcupyet
MHopMaLMIO O BCTYNAEHUM Noe3aa Ha npeablaywmnm bY.

1A, 1B, 2b - pene cyeTunkn. PUKCUPYIOT BCTYNNIEHNE Noe3a COOTBET-
CTBEHHO Ha penbcoBble uenn A2l npeablaywero BY, b1l orpaxaaemoro bBY,
B1M cneaywouwero BY. Npn Bo3DyXOAeHUM KaXXOoro cHeTynka rnpoBepsieTcsa pa-
Bbouyee cocTosiHME Npeablaywero cHeTymka, T. €. KOHTPONMpyeTcs nocrnegoBa-
TEeNbHOCTb 3aHATUS pPenbCoBbIX Lenen. Bo3byxaeHne cyetymka 2b nponcxoant
C npoBepkon ocBoboxaeHust orpaxxgaemoro bY. Pene b1 BbinonHaeT dyHKUMK
BnokupoBkK, oTknodas pene J11 n J12 ot nuHenHon uenwu.
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Tabnuya 4.1
MocnenoBaTenbHOCTL cpabaTtbiBaHMs NpMbopos

Sran MN3ameHeHne coCTosAHMA pene
Ha 4CY Ha 2CY
1| Betynnenwe noesga Ha 611 6BY nen ¥
1A A
2| BerynneHue noesna Ha A2l 6bY 1A3 G BbILL. BpEMEHH
B1MO,B1MAa
3| Betynnenue noesna Ha 61M 4BY |164 (6nokuposka J11, 12) nenv
BMN1,6M2
4| BerynneHve noesaa Ha A2[1 4BY 1AM 1A3A
5| Bectynnenue noesga Ha 1M1 2BY > I'I(?,IS\I'ID.\I/
AM1,AM2A
6| OcBoboxgeHune A2l n A1l 4BY 2BA, 1By (cHaTne
ONOKNPOBKM)

1A3 — MeaneHHOOENCTBYIOWMIA Ha NpuTsbkeHne nosToputens pene 1A.
McknoyaeT NoxHy paboTy cxemMbl NPy OTKKYEHUM NuTaHusa npnbopos CY ¢
nocneayrowmM BKIKOYEHNEM.

BB - 6nok Bbigepxku BpemeHn tvuna BBMLL. ObecneunBaeTt 3amenne-
HUe NpuTshkeHnsa skopsa pene 1A3 Ha 2,6 ¢. B nocneaytowem 6bino pekoMeHgo-
BaHO YBENMYUTb 3amenneHune no 4,8 c.

[Mpn ycTaHOBNEHHOM HanpaBneHUN OBMXKEHUS NO HENPaBUIbHOMY MyTU
cXema KOHTPOJSIS NoTepu LyHTa OTKIYaeTcs.

KoHTporbHbIe BOMpPOChkl 1 3aAaHus

1. MNepeuncnute oCHOBHbIE OTNUYMTENBHbIE NPU3HaKM cuctemol ABT.

2.[Mo cTpykTypHOW cxeme onpegennte B3aMOLEWCTBUE MeXOY OCHOB-
HbiMU y3namu cuctembl ABT. Kakme coolbLueHns n komaHgbl nepeaaroTcs B Ka-
XXOO0M KOHKpETHOM criyvae?

3. BbiscHuTe:

® KaKume pesibCoBble Lenn NUTarTCs OT OAHOM CUTHANbHOM YCTAaHOBKY;

e COCTOSIHME KaKMUX PESIbCOBbIX Lienen KOHTPONMpyeTca Ha 3TOW Cur-
HanbHOW YCTaHOBKE;

e B penbcoBble NuHMM Kaknx PL, nogatotcsa kogosble curHansl AIIC?

4. C kakon uenbio cBeTodop CABUHYT OTHOCUTESNBHO rPaHuUL, PENbLCOBBIX
uenen?
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5. YdacHnTe (yHKUMOHANbHOE Has3HayeHWe KaXOow JIMHEMHOW uenu u
HanauTe Ha NyTEBOM MfaHe NeperoHa COOTBETCTBYHOLUME XUMbl kKabens. Npu
9TOM crefyeT y4ecTb, YTo:

e [0 HEKOTOPbLIM Xuram Kkabenst MoXeT ObiTb peanu3oBaHO HECKOSbKO
NMUHENHbIX Lenewn;

e HEKoTOpble JIMHEWHblE Lenu B pasHblX YCIOBUSX MPUMEHEHUS UMEKDT
pa3Hyto abbpesunaTypy.

6. [lpoBepbTe NPaBUMBHOCTb YKa3aHUs XWUITbHOCTU Kabensi Ha nyTeBoMm
nfaHe neperoHa Ans pasnuyHbIX Cryyaes.

7.410 nsameHutca B paboTe cxembl KoampoBaHus (CM. puc. 4.3) npwu
CMEHe HanpasneHnsa OBMKEHUSI Noe3a0B?

8. KakoBa pornb pesuctopo 100 Om n pesuctopos 220 Om B uenu Jl-
on?

9. Onpegenute No npuHUMNuanbHonm cxeme (cMm. puc. 4.4) kakum obpa-
30M JIMHENHBbIN NPUEMHUK "y3HaeT" 0 COCTOAHMM penbcoBbix uenen b1 n B2l
orpaxgaemoro 6nok-yyacrka?

10.O6bpatnte BHMMaHWE Ha pasnnyMe BO BKITHOYEHMM KOHTAKTOB perne
K1 n X2 B uensx paspelwiarolimnx 1 3anpellarowero orHen ceetodopa. ante
NOSICHEHUS.

11.Toyemy B npoBog OXX3 cxembl ynpasreHusi orHamu cBeTodopa
BBeAeHbl KOHTaKTbl pene X1 n X2, a B nposog OK He BBeEHbI?

12.BbIsiCHUTE, Kakme cOoObLEHNA U B KAKOM HanpaBfeHUn nepeaarTcs
MO NIMHENHbIM LIENAM CXEeM YBSA3KM MeperoHa co CTaHumeun B pasfnyHbIX cutya-
LMSIX.

13.Pewnte npegblayluyo 3agady Ond CXembl YBA3KUM C nepeesgHbiMu
YyCTPOMUCTBaMM.
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5. ABTOBJIOKUPOBKA C TOHAJIbHbIMU PEJIbCOBbIMU
LEMNAMU U LEHTPAJTIM3OBAHHbIM PASMELLUEHUEM AINNAPATYPbI

5.1. OcobeHHOCTN M CTPYKTYypHasa cxema cuctembl ABTL|

ABTOGNOKMPOBKA C TOHASIbHbIMW PENbCOBbIMU LENAMUM U LEeHTpannso-
BaHHbIM pa3melleHnem obopynosaHus (ABTLL) 6bina paspaboTtaHa cneuynanu-
ctamm BHUMAC MIIC cosmectHo ¢ TTCC n npoekTupyeTca B COOTBETCTBUN C
TunoBbIMM MaTepuanamu ansa npoektmpoBanus 410003-TMIM (ABTLI-2000) wn
paccmMaTpuBaeTcsa B AaHHOW paboTte ¢ y4eToM nocneayrowmnx ykasaHmm [ TCC.

OCHOBHbIMW OTNNYUTENBHLIMW OCODEHHOCTAMM CUCTEMBI
ABTL gaensawTca: wucnonb3oBaHne TPL, oTcyTtctBue
N30NNPYIOLLNX CTbIKOB, HanuMynMe MnpoxXogHblXx cBeTodo-
pPOB U pasmelleHne OCHOBHOIO obopyaoBaHUsS Ha CTaH-
LMAX, OrpaHNYnBaKOLLMX MEPEroH.

HoctouHcTtBa ABTL, onpepensatoTca goctouHcTtsamun TPLL (cm. n. 2.2) n
npenMyLlecTBaMn LieHTpanmM3oBaHHOro cnocoba pasmelleHusi obopyaoBaHus
(cm. pasg. 3).

C uenbto NoBbIWEHUA 3PP EKTUBHOCTU NEPEBO30OYHOIO npoLlecca, Ha-
AEXHOCTN ycTpoucTB M 6esonacHocTn OBmxkeHus B cucteme ABTL npepy-
CMOTpPEHO:

1. [IByXCTOPOHHEE ABMXEHME MO KaXXaoMy MyTU ABYXMNYTHOrO neperoxHa.

2. Hannuue 3almnTHbIX y4acTKoB Ans 060ux HanpasneHun OBUXKEHUS.

3. [pyMeHeHne OBYXHUTEBBIX JTaMM KPAacHOro OrHA Ha BCeX MPOXOOHbIX
cBeTodhopax, a TakkKe XenToro orHsi Ha NpeaBXoAHbIX cBeToopax.

4. KOHTPOIb MUCNPaBHOCTM XN Kabensa pernibCcoBbIX Leneun.

5. KOHTpOnb nepemMblkaHus Xun kabena nutaHna fiamn npoxoaHbIX cBe-
TO(opoB.

6. KOHTpONb nocrnegoBaTeNbHOCTU 3aHATUS  PENbCOBbIX Lenen npu
BKItoYeHUn kogoBbix curHanos AJIC.

7.bonee coBeplUeHHas cxema KOHTPONs NPaBUiIbHOCTU 3aHATUS U OC-
BOBOXOeHUNA pernbcoBbIX Lenen 6nok-ydacTka (KOHTPONb NoTepu WyHTa) ¢ 6ro-
KnpoBkown cBeTodopoB K cxem kogmnposaHma AJIC.

CtpyktypHaa cxema cuctembol ABTL npeacrasneHa Ha puc. 5.1.
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Puc. 5.1. CtpykTypHasa cxema cuctemol ABTL|

OCHOBHbIMU y311aMMU CTaHUMOHHBLIX YCTPOUCTB CUCTEMbI SIBASAIOTCS:
nocToBoe obopyaoBaHME PEenbCoBbIX LEnen, CXemMbl BKIIOYEHUSI U KOHTPOIS
namn npoxXoAHbIX CBETO(OPOB, CXeMbl KOOMPOBAHUA PenbCoBbIX Lenen nngd
nepegadn nHopmMmaumm Ha NOKOMOTUB, CXEMbl 3aMblKaHUSA U pa3MbIKaHUA Me-
PErOHHbLIX YCTPOMCTB C LENbl WUCKIYEHUS OMaCHbIX CUTyauun npu nortepe
wyHTa. Kpome TOoro, B pabote CUCTEMbI Y4acTBYIOT SIMHEWHbIE LEnu, cxema
CMeHbl HanpasfieHNd, cXxemMa YBA3KU C YCTPOMCTBaAMWU 3MNEKTPUYECKOW ueHTpa-
nmn3auuu v nepeesgHbIMM ycTponcTesamu (Ha puc. 5.1 He nokasaHsbl).

B cxemax TPL| npegyCMOTpeH KOHTPOSib MCMPABHOCTU XuUI Kabens.
[Mpyn nepemMblKaHUKM XN CXemMa KOHTPOSSA OTKMoYaeT NuTaHne peribCoBbIX Lie-
nen, Npu obpbiBe — BKITHOYAET COOTBETCTBYIOLLYIO MHOMKALMIO HA NynbTe.

MNyTeBble NPUEMHUKN KOHTPONNPYIOT COCTOSAHME PENbCOBLIX Lienen Tou
YacTu neperoHa, KOTopas OTHeceHa K JaHHOW cTaHuuu. [lyTtesble pene atux PL
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BO3ENCTBYIOT Ha CUrHasnbHble pene, KoTopble obecrneumBatloT Bblbop Tpebye-
MbIX NMOKa3aHUM NPOXOAHbIX cBeTOOpPOB M KogoBbix curHanos AJIC. Kpome To-
ro, NyTeBble perie BO3OENCTBYIOT Ha CXEMbl BKITHOYEHUS KOLOBbLIX CUrHaroB B
penbcoBble Lenn 1 Ha Bnokupylowmne pene, ynpaBnsaioT cXxemMamMm KOHTPOsst Mo-
cnepoBaTenbHOMO 3aHATUS PEnbCOBLIX Liener U cxemMamu KOHTPOSis nocnego-
BaTenbHOro ocsoboxaeHua PLI.

B cxemax ynpaBneHusi orHAMu cBeTO(OpPOB MPeayCMOTPEH KOH-
TpONb UcnpaBHOCTU XuUn Kabensa. [pu obpbiBe Xun obecneymBaeTcsa BKNHO-
YyeHue Ha Tabno nHamMKaumMm o neperopaHMn HATU nNamnbl cBeTodopa, a B psae
cnyyaeB (npy oOpblBE NPSIMON XXWUSlbl OCHOBHOW HUTW OBYXHUTEBOW NaMnbl)
oCyLLeCcTBndeTCcA NoLKNYeHne pe3epBHON HUTU. [pn nepemMbikaHum NMPAMON n
obpaTHOWM X1 NPON3BOAUTCA OTKINIOYEHNE NUTaHUs namn ceetTodopa.

[ns nepepayn Ha NOKOMOTUB MHopMaumm 06 yCroBusIX OBUXKEHUS
npeaycmoTpeH chopmupoBatensb curHanoB AJIC. Cxema BbiGopa curHanoB
AJIC BbiGupaeTt Tpebyemble KogOBble KOMOUMHALMKN B 3aBUCUMOCTU OT COCTOS-
HUS1 CUTHanbHbIX pene.

Cxema BKNHOYEHMA KOAOBbLIX CUFHaNoB NofaeT UX B perbCbl 3aHATON
PL| no komaHge cooTBeTCTBYHOLLEro NyTeBoro pene. [pu aToMm KogoBble curHa-
Nbl NO4AKTCA B PESbChbl TOMLKO NPU YCNoBUKM CODNIOAEHUS nocrenoBaTenbHo-
CTU MX 3aHATUA. [1pn HanoXXeHMM MOCTOPOHHErO LUYHTA, U3fIoMe penbca Uiu
NOXXHOW 3aHATOCTM PENbCOBOM LENMUW CXema KOHTPOSA nocriefqoBaTenibHOro
3aHATUA penbCoBbLIX Lenen 3anpewaeTt nepefadvy paspellaromx KoAoBbIX
CUrHanoB. JTUM MCKITHOYAEeTCs BO3MOXHOCTb BKITHOYEHUS HA JTOKOMOTUBHOM
cBeTodope paspellalroero nokasaHus npu npubnmxeHnn K 3akpbITOMy MNpo-
XO4HOMY CBeTOdopY.

KogoBble curHanel AJIC nogatoTcs B penbCbl MO CyWECTBYHOLWUM MNn-
TaloLWKUM 1 penerHbiM Xunam kabens penbCcoBbIX Lieneun.

CxeMbl 3aMblKaHUA U pa3MblKaHUA NEePEeroHHbIX YCTPOUCTB BKIO-
YyaloT B cebs Grnokupyrowme pene n cxeMbl KOHTpPONs nocriegoBaTesIbHOro
OCBOOOXAEHUA penibCoBbIX Ueneun. [pn BCTynneHMn noesga Ha Kakom-nnobo
6rok-y4yacTok 6rokupytollee perne BO34eNCTBYET HA CUTHanNbHbIe perne 3Toro
Brok-y4actka, YeM UCKMNIYaeTcs OTKpbITUe cBeTodopa, orpaxgawouwero gaH-
HbIn BY, 1 BbIGOP paspeluatoLlero KOAOBOro curHana ans npegblgywero 6rok-
yyacTka (3amblkaHue 6r1oKk-y4acTka).

Pa3smMbikaHne Onok-ydyacTka MpoBOAUTCS aBTOMATUYECKM C ydacTueMm
CXEMbl KOHTPONS nocriegoBaTenibHOro 0CBOBOXAEHNA PENbCOBLIX Lenen aTtoro
BY u sawmtHOro yyactka. HapywweHue ykasaHHOW nocrnenoBaTesibHOCTU MNpu
ocBoboOXaeHNN Brok-ydacTka MOXeT ObITb CrneacTBMEM MOTEPU LWyHTaA Mpu
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drakTnyeckun 3aHatom bBY mnu 3awmntHOM yvacTtke. Npu aTom pasmbikaHne Brok-
y4yacTka He NpoMCXoauT 1 paspeLuaroLLmin CUrHan He BKITHoYaeTCs.

Ana pasmbikaHna 6nok-yyacTka npu NIOXXHOW 3aHATOCTUM UK Heucrpas-
HOCTW cxembl B cucteme ABTL| npegycMoTpeHa cxema UCKYCCTBEHHOM pa3aern-
KW, KOTOPYIO B MHCTPYKTUBHOM MOpsaKe NPOBOAUT OEXYPHbIW MO CTaHUUWU OT-
npaBneHus.

Cxewmbl, ykasaHHble Ha cTpykTtype ABTL, (cm. puc. 5.1), kpome cxem TPL
n popmmposartens curHanos AJIC, cTpoaTcs Ansa Kaxagoro 6rok-yyacTtka n aB-
NATCA 0OWMMN KaK Ans YCTAaHOBIIEHHOrO MpaBUIbHOrO, Tak U HEMPaBUIbHOTO
HanpasneHun gBumxeHus. NepecTtponka cxem B 3aBUCUMOCTU OT YCTaHOBNEHHO-
ro HanpasfieHUs1 ABWXEHUSA OCYLLEeCTBNAETCH CXEMOW CMEHbI HanpasreHns.

5.2. PaameweHne obopyaoBaHusa u KabenbHasi ceTb

CtaHumoHHaga annapatypa ABTL| pasmewaeTtca Ha CTaHUUsSX, OrpaHu-
YMBalOLLNX MEeperoH, yctaHaBnueaeTcs B noctax AL nnu B TpaHcnopTabesnb-
HbIX MOOYNAX U COeOQUHSETCHA C HanofbHbIM 06opyaoBaHWEM MNPy NMOMOLLUM Ka-
6ens. eneHve neperoHa (pasgen kabens) npousBOAUTCA NO CUTHASTbHOW YC-
TaHOBKe, HaxoAsUencs B cepeanHe neperoHa. [1pu aTom pekoMmeHayeTcs cee-
Tohop n nutarowmn koHel PLI, pacnonoXeHHbIn HenocpeacTBEHHO 3a 3TUM
CBETOOPOM, MOAKIIYATb K CTaHUUK oTnpasneHus. nnHa kabensa He gomkHa
npesbiWwaTb 9 KM Ang ynpasneHns cBetodopom v 12 KM - Ans penbCcoBbIX Lie-
nen.

[Mpn HeBonbLON AnNVMHE neperoHa annapaTtypa MoXeT ObiTb pa3MeLleHa
Ha ogHOW n3 ctaHuui. MNpn 6onbluon ANMHE NeperoHa 4yacTb annapaTtypbl pas-
MeLlaeTcsa B TpaHcrnopTaberibHOM Moayne B cepenHe neperoHa.

K HanonbHoMy o6opyaoBaHuto cuctembl ABTL, oTHOCATCA NnpoxogHble
cBeTodopbl, COeauHUTENbHble Kabenu, pasBeTBUTENbHblE MY(Tbl, NyTEBblE
AWMKM ONA pa3MeLleHns YCTPOUCTB corflacoBaHma v 3awmTtel TPL, v gna ycra-
HOBKM CUTHamnbHbIX TPAaHCOPMaTOpPOB.

Ha nepeespax ¢ aBToMaTuMyecKon CBETOOPHOW CUrHanusaumewn ycrta-
HaBNUBaeTCA pefierHbln WKad ¢ annapaTypont CXemMbl BKIHOYEHUS N KOHTPOIIS
nepeesHbIX YCTPOUCTB, nepeesfHble CBeTOodOpbl, YCTPOMUCTBA 3arpaxxgeHus
nepeesga M NuUHenHble TpaHcdopmaTopbl UK TpaHcopMaTopHble NoACTaH-
UMM ONs OCHOBHOIO M pe3epBHOro nutaHus. pu Hanuyuu aBTolunarbaymoB
KpOMe 3TOro yctaHaBnmBarT BaTtapenHbln Wwkad, sarpagutensHble ceBeTodopbl
N LWUTOK ynpaBreHus.
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PasmelleHne HanonbHoro o6opyaoBaHus U KabenbHY CeTb CUCTEMBbI
ABTL] nsobpaxaloT Ha nyTeBOM nrnaHe neperoHa (puc. 5.2), Ha KOTOpPOM
AOSTKHbI BbITb TaKKe yKa3aHbl:

e OpAMHATbLl yCTaHOBKM 060pyaoBaHuS;

e OMVHbI PEnbCOBbLIX LENen, PacrnosioXeHne NUTalWnX U penenHbIX
KOHLOB, KOMOMHAUUM HECYLUMX M MOAYNMPYIOLMX YacTOT MyTeBbIX reHeparto-
POB;

e Mapka kabensa u ero HasHayeHuwe, ANUHa, XWUNbHOCTb, YNCMO 3anac-
HbIX XXWI, CXeMHOe 0603Ha4YeHne Xun.

PenbcoBble Lienn HYMepyTcsa OT CTaHUMW OO TOYKU pasfeneHus nepe-
roHa ONA HEYeTHOro MNyTW HEeYEeTHbIMU YUcnamu, Ofs YeTHOro - YyeTHbimu. B
ob03HayeHun PL| ykasbiBaeTcsl ropsioBMHa CTaHUMKN, HA KOTOPOW pasmeLleH ny-
TeBon npuemMHuk gaHHon PL (H nnu Y). [Ansg kogMpoBaHUs perbCoBbIX JIMHUN
oTAeNbHbIX XWUn kabens He TpebyeTcs, Tak Kak OHO OCyLecTBNseTcs Mo
MMEIOLLMMCS Xunam nNuTaroLwLmx n penenHsix KoHuyos TPLL.

Ong Kaxaoro nytyv neperoHa npegycmaTpuBaeTcd No ABa CUrHalIbHO-
BGIOKMPOBOYHLIX Kabenss napHowm CKpyTkn. B cxemMHOM oGo3HayeHun kabens
yKa3sblBaeTCH ero NpMHaafieXHoCTb K COOTBETCTBYIOLLEN roproBuHe cTaHummn (H
nnu Y), HazHayeHue (CLB) n npuHagnexHocTb k ogHomMy mn3 nyten (1 n 3 - ans
He4YeTHOro nNyTn, 2 n 4 - ons 4eTHoro). Kusbl NUTaloWmnX N penenHbiX KOHLOB
TPLl, a Takke npsamMmble n obpaTHble XWibl yNpaBreHnss CBeToopaMn OOSKHbI
pasmMeLLaTbCa B pasHbIx kabenax. Ecnv gnuHa kabens He npesbiWwaeT 4 KM, TO
BCE XWMbl yrpaBneHnsa cBeToddopoM OpraHM3ytoT B o4HOM Kabene.

[Mpy aBTOHOMHOW TAre N aNeKTpoTAre NOCTOSAHHOINO TOKa pekoMeHayeTcs
npumeHsTb kabenb mapkn CB3MTY, Npn anekTpuyeckon Tare NnepeMeHHOro Toka
- CB3MABRNLUn.

Tun passeTBUTENbHLIX MydT LOMKEH COOTBETCTBOBATL YMCIY pasaesibl-
BaeMbIX Xus kabens.

B kabensax CLB1 u CLUB2 npegycmaTtpmBatoT Xunbl A8 OpraHM3auum
cnegyowmx Lenen:

e H-OH - Uenb cxembl CMeHbl HanpasneHus. Kpome nepectponku ycr-
POMNCTB 3riekTpuyeckon ueHTpanmsaumm mn cxem ABTL, pacnonoXxeHHbIX Ha
cTaHumax, obecneunBaeT nepegadvyy nHopmauun od yctaHOBNEHHOM Hanpas-
NeHUN OBMXEHNA Ha nepee3aHon LWNTOK.

e K-OK - Lienb KOHTPONSA NeperoHa CXeMbl CMEHbI HanpaBneHus.

e J1-OJl1...(c pobasneHnem Homepa) - NIUHenHble Lenun. ObecneynBatoT
YBA3KY CXeM, Npubopbl KOTOPbLIX pPasMeLleHbl Ha PasHbIX CTaHUMAX, orpaxjato-
LWMX neperoH. HasHayeHne n NPUHLMNLI NOCTPOEHNSA NMHEWHLIX Lenen byayT
paccMOTpeHbI aarnee.
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o ...IN(M, M) - nutarome koHubl PLI. B 0603HayeHnn xun kabensa yka-
3bIBAlOTCA HOMEpa OBYX PerfbCOBbIX Lernen, nMraeMblX OoT O4HOro reHepaTtopa.
Hanpumep, Y6-8I1(I1, M) — napa »xun nutaHma penbcoBbix Lenen Y6 n Y81,
H2M(M, M) — napa Xun nuTaHuMs OL4HOW PEenbCoOBOW Uenwu, NpuMbIKaroLen K
cTtaHumn. OgHa xuna nutadua odbosHavaerca ..MMM vnm ... TTM.

o ...C(OX3, OK) - obpaTHble xunbl ynpaBrneHnsa orHamu ceetodopa. B
obo3HayeHnn ykasbiBaeTca Homep cBeTodopa. Hanpumep, 4C(OXK3, OK).
OaunHouHbIe Xunnbl 06o3HavatoTcd, Hanpumep, 40K3 nnu 40K.

Kpome TOro, B 04HOM M3 yKa3aHHbIX kabenen (B 3aBUCUMOCTN OT MeECT-
HbIX YCNOBWIW) NpegycMaTpMBaloTCA Xunbl ANA ynpaBrieHUs nepee3aHbIMU
yCTpOUCTBaMMU:

e [ICH-O[CH - uenb OBOMHOIO CHWXEHUS HanpsbkeHusa Ha namnax ne-
pee3aHbIX U 3arpagnTenbHbiX cBeTOOopOoB. cnonb3yeTca Takke onga nepena-
4YM Ha CTaHUMO MHdoOPMaLMK O COCTOSIHUKM nepee3aa n 06 ncnpaBHOCTU OCHOB-
HbIX Nepee3aHbIX YCTPOMCTB.

e B-OB - uenb ynpaBneHns aBToMaTU4ECKON nepees3gHon cBeToOpHON
CUrHanNu3aumnen.

e 1B-10B, 2B-20B - ay6nupoBaHHbIE Lenu ynpasieHuss aBToMaTnde-
CKOW CBETOOPHOM cUrHanm3aumen ¢ apTonarbaymamu.

e 3M-O3I - uenb Nepegaym Ha CTaHUMIO MHPOPMALMM O COCTOSIHUM 3a-
rpagmnTenbHbIX CBETOGOPOB.

B kabensax CLIB3 u CLIB4 npegycmaTpuBaloTCcs Xumbl cregyrowmx Le-
nen:

e ...P(I1, M) - uenb penemHbIX KOHLOB ABYX cMexHbiX PLI. Hanpumep,
U4-6P (I, M) - napa »un gnsa nogkroYyeHnst nyTeBbiX NPUEMHUKOB PESbCOBbIX
uenen Y4l n Yerl.

e ...C(3, XK, PX, K, PK) - npsimble Xurnbl ynpaBfeHNa OrHAMmn cBeTogo-
pa ¢ ykasaHnem nuTepbl 3TOro ceetodopa.

Onsa Bcex uenen CLB, kpome curHanbHbIX (Lenu ynpaBfieHUS OrHsAMU
ceeTtodopos), xun PL n uenen ynpaBneHna nepeesgHbiMU YCTPOMCTBaAMM,
yKasblBaeTCca NpUHagneXxHoCTb K Kabento HedeTHoro (uudopa 1) munm 4eTHOro
(undppa 2) nyTu.

B ogHomM 13 kabenen npegycmaTpmBaloTCa TakKe XWUnbl 4SS Lenu aBa-
pUMHO-BOCCTaHOBUTENBLHOW cBSA3N (ABC).

Ha npeanoxeHHoM nnaHe (cMm. puc. 5.2) nsobpaxeHbl NyTeBOW NnaH u
KabenbHasa ceTb YacTu neperoHa A-b u xunbl kabeneun 4yeTHOro NyTw.

[MnTaHne penbCcoBbIX Lienen opraHM3oBaHoO CreayoLwmm obpasom:

Y21...420r1, Y1..."419M1 n H23I1 (coBmecTHOo ¢ Y19I1) - co ctaHuumn b;
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H1M...H21M1, H2[...H26I1 1 Y221 (coBmecTHO ¢ H26[T) - co ctaHuumn A.

[MyTeBble npuemMHukn Bcex PL, ¢ o603HaveHnem Y pasmMelleHbl Ha cTaH-
umm b, c obo3HayeHnem H - Ha cTaHumm A.

CseTodbopsbl 2, 4, 5, 7 1 9 ynpasnatoTca co ctaHumn b. MNMprnuem npsimble
n obpaTtHble Xunbl cBeTodopa 2 pasmelleHbl B ogHoMm kabene CLB2, Tak kak
AnvHa kabensa He npesbiwaeT 5 kM. [na 9-ro ceetodopa aHanorm4yHo opraHu-
30BaHbl Xunbl B kabene CLIB1 (Ha cxeme He nokasaHo).

B _panbHenwem npuHuunuanbHble cxembl cuctembl ABTL] paccmaTtpu-
BalOTCA Ha npumepe cxem b6nok-yyacTtka 41 npeacraBneHHoOW 4actu neperoHa
(cm. puc. 5.2).

5.3. PenbcoBble uenu cuctemobl ABTL

B npenenax BY B 3aBMCUMMOCTW OT ero AnuvHbel opraHusyetca 2...4 TPL.
Mpyn AnvHHBIX BY unn npmn Hanuyuu nepeesga MoXeT OblTb YCTaHOBMNEHO 0O-
nee 4-x TPLU.

B cBasu ¢ 1em, 4to B cucteme ABTL ncknoyeHsl penbcoBbie Lenu Tuna
TPL4, npegycMoTpeHo ucnonb3oBaHne NATU Hecywmx vyactoT (420, 480, 580,
720 n 780 y). Mogynupytowme JyactoTbl, Kak n B ABT, -8 n 12 'u.

No Ha3HauyeHuto B cucteme ABTL, pasnuyaioT cnegyroline penbcoBbie
Lenmu:

PL1 - kopoTkme PL|, kKOTOpble opraHM3ytoTca 3a cBeTodpopoM anga bonee
yeTKoM (pukcauum rpaHuubl BY. [na HMX pekomeHgytoTca yactoTel 780, 720
nnn 580 'y. Mpu gnmnHe PL go 200...350 m 30Ha QOMNOSHUTENLHOIO WYHTUPO-
BaHUsA He npesbiwaeT 40 M. [ToaToMy TOYKa NOAKNKYEHUA annapaTypbl BbIHO-
cutca 3a ceetodpop Ha 40 m nNo HanpasneHuto asmxeHus. PLL1 moxeT npumbl-
KaTb K rpaHuue bY kak nutatowmm, Tak N pefienHbIM KOHLLOM.

PL2 - penbcoBas uenb, nmetrwaa obuwun reHepartop ¢ PL1. MNMpeapens-
Haa gonyctumasa gnuvHa aton PL] BbibupaeTtca ucxoass n3 ycnosusi padoThbl
npuemHuka PLI1 6e3 neperpysku.

PLL3 - penbcoBble Lilenu, He umerLimne obulero reHeparopa ¢ PLI1. Onn-
Hbl 9TuUX PL| BbIBupatoTca ncxoaa M3 ycrioBusa npumeHeHnsa Ha bY mMuHumanb-
Horo 4ncna PLl, Ho He 6onee npeaenbHO 4ONYCTUMOMN ASUHbI.

MpegensHo gonyctumble anuHbl L1, L2, L3 ykasaHHbIX peribCoBbIX Le-
nen npueegeHbl B Tabn. 5.1 B 3aBUCUMOCTUN OT MX Ha3HaAYEHUS, HECyLlen Yac-
TOTbl W ONWUHbI COeANHUTENBHOrO Kabens Lyqe.
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[MpepenbHble ANNHBLI PENBCOBLIX Lienemn

Tabnuya 5.1

420; 580;720;
L}::/?, 580 Ny 720y 780y 480 Ty | 780 Ty
L1, m L2, m L1, m L2, m L1, m L2, m L3, m L3, m
o 6,0 300 550 350 600 350 600 1000 800
6,0-9,0 300 500 350 500 350 500 800 600
9,0-12 - - 200 400 200 400 700 500
Ecrim B npegenax kakon-nmbo PLI pacnonoxeH gpoccenb-

TpaHcdopMaTop, NpeaHasHayYeHHbIN O51s1 BblpaBHMBAHUS TArOBOro TOKA, BKIHO-
YeHUs1 MEeXOYNYTHbIX NepeMblyek, oTcacbiBalOWmMX dMOepoB UM yCcTponcTea
3a3eMrieHun, TO ee npejernbHaa AfiMHa yMeHbluaeTcd B 1,5 pasa no cpasHe-
HUIO C AaHHbIMKM, yKasaHHbiMM B Tabn. 5.1. B npegenax PLU1 Takue OT, kak
nNpaBuno, He yctaHaBnuBatoTcA. MoaknyeHne K cpegHen To4ke OCHOBHOM 06-
MOTKM [T MexaynyTHbIX NepeMblveK, oTcachbiBalOWmMX pnaepoB 1 3a3emMneHnn
AOIMKHO OCYLLECTBNATLCA He yvaule, 4em 4vepes 5...6 KM. OTUM UCKNYaeTcs
BNUSAHME 0DXOAHbIX LIenen Ha OCHOBHbIE pexnmbl paboTbl PL.

YacToThbl reHepaTopoB TPLL yepeaytoTcsa 1 4OMKHbI BbIOMpaTbCs Ucxoas
n3 cnegyowmnx TpebosaHumn (cm. puc. 5.2):

o Mexay asymsa TPLl ¢ ognHakoBbIMW 3HAYEHUAMM HECYLLEeN YacToThl f,
AOIMKHO ObITb HE MEHee OBYX Map PeribCoBbIX Lenen ¢ YactoTamu, OTNIUYHLIMA
oT yactoThl f, (Hanpumep, 420, 580, 480, 420,... ['L);

e 551 OQHOro NyTU PEKOMEHAYIOTCA crneayrowme KoMobruHauum HecyLmx
n mogynupyowmx vyactot - 580/8, 480/12, 780/8, 420/12, 720/8 'u; ans gpyro-
ro - 580/12, 480/8, 780/12, 420/8, 720/12 I'u.

MpuHUMNManbHbIe cxeMbl penbcoBbIX Leneun 4bY (puc. 5.3) anano-
MYHbl penbcoBbiM LenamMm cuctembl ABT. OTnnumne 3aknioyaeTcs B TOM, YTO B
paccmatpmBaembix PL, (kak n B apyrux cxemax ABTL|) aybnupoBaHnue pene He
NpeaycMOTpeHo. I3aMeHeHa Takke cxema YCTPOUCTB CornacoBaHus 1 3alinTbl B
MecTax yctaHoBku OT. B aTux cnydaax nogknioyveHne annapatypsl TPL k PJI
ocyLlecTBndeTCs Yyepes3 A0oNoNHUTENbHYK 06MOTKY [T, KOTOPbIA KpOME OCHOB-
HOW (OYHKUUM BbIMOMNHAET pofb cornacywuwero tpaHcdopmatopa. lNpn aTom
3aLUMTHBIN PE3NCTOP N aBTOMATUYECKUIN BbIKITOYaTESb HE yCTaHaBNMBAaKTCS, a
BblpaBHMBaTENb yCTaHaBNMBaeTcs Ha nocty Ol B cBA3M C oTcyTCTBMEM nyTe-
BOro SILLMKA.
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YcTaHOBKa BHELWHUX NepeMblYeK OJ19 HAaCTPOUKN reHepaTopoB U PUnbT-
poB Ha Tpebyemble Hecywme n Mogynvpylolmne 4acToTbl OCYLLECTBISETCS B
COOTBETCTBUM C Tabnuuamm HacTpoek (cMm. Tabn. 2.2 n tabn. 2.3). Beibop BbI-
BoOoB npuemMHukoB NI gna noaknioyeHus NyTEBbLIX pere OCyLleCcTBRseTCs B
COOTBETCTBUN C PA3HOBUAHOCTLIO MPUEMHUMKA, onpenernsieMon ero HaCTPOMKOW
(cm. n. 2.4.2).

BeixogHoe conpoTtusrieHne dpunsTpoB PIM BbibupaeTcs B 3aBUCUMOCTU
OT ONWHbLI COeAUHUTENBHOro Kabens: npu annHe kabena 6onee 5 KM UCNoOnb-
3ytoTca BbiBOoAbl 12-61; npu AnvHe meHee 5 KM — BbiBOoAbl 12-62 nnun 12-63 B
COOTBETCTBUK C perynmpoBoyvHon Tabnuuen TPLL.

ConpoTuBneHne 3awmTHOro pesnctopa R3 BelbnpaeTcsa Takmm obpasom,
4TOObl B CyMME C COMPOTUBAEHNEM COEOUMHUTESBbHbLIX NPOBOAOB Nony4ntb 0,2-
0,3 Om.

[ns ocywecTBNEHNS CXEMHbIX 3aBUCUMOCTEN UCMONb3YOTCS NOBTOPMU-
Tenu nyteBbix pene: ...[11, ....[12 — oBa NOBTOPUTENS NYTEBOro pere Kaxaown
PL (Hanpumep, Y8IM1 n Y8M12); U8-1411 — rpynnoson nostoputenbs Bcex PL
ogHoro BY, 241l — rpynnoBor NOBTOpPUTENb BCEX MYTEBLIX perie BTOPOro nyTu,
NPUMbIKaIOLWEro K YETHOW roprioBUHE CTaHuun (Ha cxeme He nokasaHo); 43Y —
NOBTOPUTESNb NYTEBbLIX perie peribCoBbIX Lenen, obpasyowmnx 3alnTHbIN yya-
CTOK 3a cBeTohopom 4 B NpaBunbHOM HanpasneHun; 43YH - nosTtoputens ny-
TEBbIX pene penbcoBbIX Lenen, obpasyolmx 3alnTHBIN Yy4acTOK 3a cBeTodo-
poM 4 B HEMpPABUITbHOM HarnpaBneHUN.

[Mpn nepemblikaHun xun kabenss TPLL HenocpencTBeHHO mexay cobown
nnn 4yepes o060MoYKy, a Takke Npu NMOHMKEHUN COMNPOTUBIIEHUS N30NSALUU UK
obpbiBe kabensi MOXeT BO3HMKHYTb onacHasa cutyauus unm cbor B OABMKEHUN
noesgoB. lloatomy B cuctema ABTLL npyMeHAeTCs CXeMHbIM KOHTPONb MUC-
npaBHOCTK Kabens.

K Toukam KK kaxgowm >kunbl Kabens penbCoBbIX LEenen noakno4vaeTcs
cxema KoHTpons. OHa CTpouTcs ONs Kaxgoro nyTm U COCTOUT U3 OBYX WOEH-
TUYHbIX Llenen KOHTPOSIS ANS NUTalLWmMX U ANs perenHbiX xXun (puc. 5.4).

MuTaHne cxembl NOCTOSAHHBLIM HanpsxeHnem 200 B ocylwiecTteBndeTcsa oT
BbinpsimuTenen tTmna bB3, Ha koTopble pa3genbHO nogaeTcsa nepeMeHHoe Ha-
npskeHne 220 B oT umsonupytowmnx TpaHchopmatopos Tuna CT-5MI1. Llenb
KOHTPONA NPOXOAUT 4Yepe3 pe3ncTopbl, 0OMOTKM KOHTpoNbHbIX pene 24M1KIJl
(24PKIJT) n nHamBmayanbHbIX KOHTPOMBbHbLIX pene, N0 KaXaoun Xxune kabens u
obmMoTkam TpaHcchopmaTopoB cxeMbl YC3. HanpsikeHne Ha oOMOTKax Kax-
poro pene 3,7...4,3 B, uto Ha 40% Gonblue HanpsXXeHUst OTNyCKaHUs AKOpS.
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Puc. 5.4. Cxema KoHTpons Xun kabensa penbCcoBbIX Lenemn

B cnyyae nepemMbliKkaHUA Xun kabens, NOHWXEHUS CONPOTUBIIEHNSA U30-
AAUUN MeXay HAMK UNU CoobLLEHNS C 3eMIIEN OAHO UMM HECKOMNbKO UHOMBUAY-
anbHbIX KOHTPOSbHbLIX pene WYHTUPYTCa n obectounsatotcs. MNpu aTtom obec-
TounBaeTca obwun nosToputens atux pene 24KJ1 (Ha cxeme He nokasaHo) u
OTKNKYaeT nutaHue reHepatopoB Bcex TPLl. Kpome Toro, Ha tatno LACII
BKMNIOYAETCS KpacHasi Murarollas naMmnoyvka HemcrnpaBHOCTU kabensi.

B cnyyae pasMblkaHUS1 KOHTPONMPYEMOWN LIENW, Hanpumep, npu obpbiBe
XUnbl NN U3BATUM (XMLLLEHMM) OLOHOIO M3 MyTEBbIX TpaHCHopMaTopoB, BCe
KOHTpONbHble perne obectounBatoTca. Ha tabno BknioyaeTca 6enasa namnoyka
B_Murawoulem pexume; nutaHne TPLL coxpaHsieTcd, Tak Kak 9TOT OTKa3 He SB-
nsieTcst onacHbIM.
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[Mocne ycTpaHeHus NoBpexgeHUa Mpu 3alyHTUPOBaHHbLIX pe3ncTopax
R2, R3, R5 n R6 Ha obMoTKax KOHTPOSbHbIX pefie nosiydaeTcs HanpsbkeHue
8,7...11,0 B, yTo gocTtaTovHO OANs UX HagexHoro cpabartbiBaHma. ConpoTuene-
H1a pesnctopoB R1 1 R4 BbiOMpaloTcs B 3aBUCUMOCTU OT YUCHa KOHTpOnupye-
MbIX Luenen (tTabn. 5.1).

Tabnuya 5.1
Bbibop conpoTtusneHuin pesunctopos R1 n R4

Yncno KoHTponupyemsbix Lenen | 2 3 4 5 6 7 8 9 10
ConpotmeneHne R1nR4,kxOm | 20 | 20 | 18 | 16 | 16 | 15 | 13 | 12 | 11

5.4. Cxembl ynpaBrieHUsi orHamMu ceetodopoB

MutaHne namn_ceetodopa 4 OCyLIeCTBAAETCA OT CTaHLUMOHHbIX YCT-
ponCTB Yepes nsonupyrowmn TpaHcgopmatop 4CT tuna MNMPT-MI1-2 (puc. 5.5).
HanpsikeHne BTOpUYHOM OOMOTKM yCTaHaBnmMBaeTCA B 3aBMCUMOCTWU OT yaa-
neHHocTu ceeTtodopa. [Ang peryfiMmpoBKM HaNpsXkeHnsa Ha namnax B TpaHcdop-
MaTOPHOM SiLMKe y cBeTodhopa yCTaHaBNMBaAKOT CUrHasbHblE TpaHcopMaTopbl
Tvna CT-4M.

Buibop Tpebyemoro orHs cBetodopa OCyLLeCTBMSETCH KOHTaKTaMn CUr-
HanbHbIX pene 4XX n 43. Pene 4XX B0o36yXaeHoO npu cBOOOOHOCTU orpaxnae-
moro BY (Y8-Y14[1l1), 3awmnTHOro yyactka 3a ceetodpopom 2 (23Y) n pasoMk-
HYTOM cocTosiHun orpaxgaemoro bY (4b1). CoctosiHne curHanoHoro pene 43
3aBUCUT OT cOCTOSAHUSA pene 4K n 2)X.

[‘opeHune paspeluatromx orHem 1 OCHOBHOM HUTU KPACHOIO OrHSA KOHTPO-
nupyet orHesoe pere 40. [NeperopaHve namn puUKCUpyeTcss CXeMOon NOBTOPU-
Tens orHeBoro pene 402, KOTOpoe BKMOYaAET Ha Tabrno Murarowmin pexnum ro-
PEHUS KOHTPONBbHOW NaMroYvkn gaHHoro ceetodoopa. MHdopmauma o nepero-
paHUM HUTKU, TO eCcTb obecTouyeHHoe cocTosiHne pene 402, coxpaHseTcs Ao
YCTPaHEeHUs1 HENCMPABHOCTU M BHELLHEro BO34eNCTBUS Ha cxeMmy. [locrne 3ame-
Hbl Namnbl BO36yxaeHue pene 402 npounsBoauTcs ycTaHoOBKOW B rHe3go 41MH
nepeMblvKn, KOTopada 3aTeM U3BrieKaeTcs.

[Mpn neperopaHUM OCHOBHOW HUTW KPACHOrO OrHA MUTaHWe nofaeTcs Ha
pe3epBHY HUTb Yepes TbiNnoBon KOHTaKT 401 ¢ npoBepkon 06eCTOHYEHHOro COo-
CTOAHUA curHanbHbIX pene 2K n 2XK1.
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Puc. 5.5. Cxema ynpaBneHusi OrHsiMum NpoxogHoro ceetodopa

B cxeme ynpasneHust orHsmmn ceetodopa npu BKNOYeHUn Gonee pas-
peLlatoLLero orHa npegycMoTpeHa NpoBepka MCNpaBHOCTU orHeBoro pene 40.
[ns atoro BBeaeHbl pene 4)XXK1 n 431. Npu Bo3byxaeHnn pene 4X pene 4XX1
ocTaeTcsl 06eCTo4YeHHbIM. JTO NPUBOAUT K pa3pbiBy Lenu orHesoro pene 40,
KOTOpOe OTMnyCcKaeT CBOM AKOpb N obecneumnBaeT Bo36yxaeHne pene 4X1. lMo-
cne 3TOro opraHM3yeTcsl Luenb NnTaHus namnbl XXenTtoro orHa un pene 40 Bknto-
yaetcsa. Pene 402 B TeyeHMe 3TOro BpeMeHM ocTaeTcs B BO3OyXOeHHOM CO-
CTOSIHMM 3a CYeT ToKa pas3psna KoHaeHcatopa. Ecnn pene 40 He oTnyCcTuT
CBOW SIKOPb, YTO CBMAETENLCTBYET O HEMCMNPABHOCTW, TO BKIOYEHUE XKENTOro
OrHs1 He npowunsongeT. AHanorndHo paboTtaet cxema pene 431 npu BKNOYEHUU
3€MeHOoro orHs.

Mpyn KOPOTKOM 3aMblKaHUM MeXAY NPSAMbIMU U 0BpaTHLIMU XUNamu Ka-
6ens BO3HMKAET onacHas cuTyauusi, B KOTOpPOM Npu noracwem ceetodope or-
HeBoe pene 40 ocTaeTca BO3GYXOEHHbIM, T. €. HE KOHTPONUPYET ropeHue
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namnbl. Kpome Toro, MoXeT NPOM30ONTM HaKoMSeHne OTKa30B, NPUBOAALIMX K
BKNOYeHMto Bbonee paspellarowlero curHana. [ns UCKniYeHnsa Takon cutyauum
npeaycMOTPeHO perie KOHTponsa 3amblkaHus 4K3 tuna AOLL2-1 (Tok nputske-
Hua skopsa 0,265 A). HopmanbHo pene 4K3 obectodeHo. py nepembikaHum
XWUn Tok yBenuumBaeTcs, pene 4K3 nputarnBaeT cBOM SIKOpb M BO30YyXaaeT pe-
ne 4K3K, koTopoe OTKM4YaeT nutaHuve npsimMblx Xun kabens. B pesynbtaTte
aToro pene 40 obectounBaeTca U pUKCUpYyeT HencnpaBHoOCTb. Ecnu gnuHa ka-
6ens He npesblWaeT 3 KM, TO BMecTo pene K3 yctaHaBnvMBaeTca npeaoxpaHu-
Tenb 0,3 A.

Ha npeaBxogHom cBeTodope NpMMEHSAETCA ABYXHUTEBAA namMmna XenTo-
ro OrHA M NPegycMOTPeEH MUrarLLMn pexmm ee ropeHus. PesepBHasi HUTb
BKIKOYaeTCsa Npu neperopaHnm OCHOBHON.

MwuraHue xenton namnbl, Hanpumep, ceeTodopa 2 obecnevnBaeTcs
KOHTakTOM muratowero pene 2M. Pene 2M paboTaeT B UMMYfbCHOM pexume
OT MMKPOJNEKTPOHHOro AaTtyuka mmnynecos Tvna AWM1 npu Bo36yXgeHHOM
curHaneHoMm perne 2XK, dpakTMyeckoM ropeHun Ha BXO4HOM cBeTodpope OBYX
XenTbIX OrHEN U NCMPaBHOCTM OCHOBHOW HUTW faMmbl XenToro orHs. Ecnu oc-
HOBHasi HUTb HEUCMpaBHa, TO pe3epBHAA HUTb BKIOYAETCH B PEXMME Hernpe-
PbIBHOIO rOPEHMUS.

[MpeoycMOTPEH KOHTPOMb CXeMbl MuraHus. [pn ee HeucnpaBHOCTU MO-
racLuee cocTosiHMe cseTodopa UCKNKYaEeTCs, a XeNThbl OroHb paboTaeT B pe-
XUME HENnpepbIBHONO ropeHus.

[Mpn ycTaHOBNEHHOM HenpaBWITbHOM HarnpaBfiEHUN OBWXKEHUS NMUTaHue
namn cBeTodopoB OTKIOHAETCA KOHTaKTaMn NOBTOPUTESNS perie HarnpaBlieHUs
24T, BBeAEeHHbIMM B NepPBUYHYIO 0OMOTKY nuTatoLwlero TpaHcgopmatopa CT.

5.5. CxeMbl KOAMPOBaHUSA peribCOBbIX Lieneun

KoanpoBaHue penbcoBbIX Lienen NpoBoANTCA ANA nNepefayn Ha NoKoMo-
TmB curHanoB AJIC 1 oCcyLWeCcTBNSAETCS N3 KaXQ0M TOYKM NOAKMIYEeHUs annapa-
Typbl TPL, ¢ MOMeHTa BCTynneHusa noesga Ha gadHyto PL. [1pu BknoveHnn ko-
OOBbIX CUrHanoB NpoBepseTcs pasoMKHYTOE COCTOSHME Brnepeaunexaiiero bY
n cobngeHne nocnegosarensHoctu 3aHatuna PL. Bee PL, ogHoro BY koaupy-
toTca ot obwero KT (3a ncknoyeHmem rpaHmnyHblx PL| B HenpaBuUnbHOM Ha-
npasfieHNN OBWKEHNSA).

Cxembl kogupoBaHusa PL curHanamn AJIC BknovarT B cebs: dhopmu-
poBaTenM KOAOBbIX MOCHIMOK, CXeMbl BblbOopa KOL4OBbLIX CUrHanoB, CXeMbl rpymn-
NOBbIX KOZOBOBKMNIOYAOLWNX pene ans npaBuibHOMO U HENPaBUbHOIO Hanpas-
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NEeHUn OBWXEeHUs, MHOnBUAyanbHble KOOOBOBKIIKOYaKOLMe perie, CXeMbl nogadu
KOo4oOBbIX curHanos B PLI.

[Ansa dopMUpoBaHUa KOOOBbLIX NOCLINOK Ha KaXKayr rOpfloBUHY CTaHUMU
npegycmotpeHo no aea KMT (KMTLW-515 n KMNTLW-715). CxeMbl KoagupoBaHus
HEeYeTHOro nNyTu neperoHa UCnonb3yT nepsble KoHTakTbl KMT, yeTHoro nytn —
BTOpble KOHTaKTbl. B cMeXHbIX BY npumeHsaoT kogosble curHansl pasHbix KT
(puc. 5.6).

PaccmoTpum cxemMbl KogMpoBaHus Ha npumepe cxem 4bY. Bbibop koao-
BbIX CUrHaNoB, TO €CTb MNOAKII0YEeHMEe TpaHCMUTTEpHOro pene 2/4T K coOTBET-
cTByrowMM KoHTakTam KIT ocyuiecTBngeTcsd KOHTakTaMuM CUrHanbHbIX pere
2XX n 23 (cm. puc. 5.6).

MookntoyeHne TpaHcMunTTepHOro pene K KIMNT ocyuiectBnseTcs npun cBo-
B6OAHOCTK 3aLUMTHOrO yvacTtka (ppoHTOBOM KOHTAKT 23Y) U Hanu4nn noesaa Ha
AaHHOM BY (TeinoBon koHTakT Y8-141111). [na paspelatowmx KogoBbIX CUrHa-
NOB MPOBEPHAETCA TaKkKe BKMHOYEHHOE COCTOSIHME TIpynrnoBOro KOOOBOBKIHO-
vatowero pene 4U8-14KB.

B cxeme pene 2/4T, B oTnndmne ot cxem gpyrux bY, Bblbop kogosoro
cuMrHana 3aBuCcuUT M OT psga apyrnx ycroBuin, onpeaensieMbix 0CO6eHHOCTAMM
cuUrHanusaumm
npeaBxogHoro ceetodopa. Tak, npn obectovyeHHOM perne 43 TpaHCMUTTEPHOE
pene 2/4T nogkntoyaeTcs K wnHe 7-432 (kogosbin curHan "3") npu ycrnosun —
Ha BXOOHOM cBeTOohope (hakTUYeCKM BKNIOYEHbI ABa XeNnTbIX OrHA ((hpOHTOBOM
kKoHTakT UBPY), cxema KOHTpona muraHusi namnbl NpeasBxogHoro ceetodopa
ncnpasHa (ppoHTOBON KOHTAKT 2KM), OCHOBHasi HUTb JlaMmbl XENTOro OrHs
npeasxoaHoro ceetodopa mcnpaBHa (dppoHToBOM KoHTakT 203). Mpu opyrux
ycrnoBusix BolbupaeTtcs kogosbin curHan "xX".

[Mpn ycTaHOBMIEHHOM HarnpaBneHun OBMKEHUA NO HENPaBUILHOMY MyTU
KOoOoBble KOMBUHALMM BbIOMPAKOTCA KOHTAKTaMU CUrHarnbHbIX pene HenpaBusb-
Horo HanpasneHus 4>KH n 43H, a nogkntoyeHne 3/41 k KMT ocywecTtBnsaT
KOHTaKTbl rpyrnnoBOro KOOOBOBKMOYAKOLWLEro perne HenpasuibHOro Harnpasne-
Hna Y8-14KBH npu ycnosumn csobogHocTn 3Y B HenpaBuiibHOM HamnpaBneHum
(bpoHTOBOM KOHTAKT 43YH).

CxeMbl rpynnoBbIX KOAOBOBKIHOYaKOLWMUX pene (CM. puc. 5.6) cTposaT-
ca onga Kaxgoro BY oTaenbHO ANns KaXaoro HanpasrneHus aBukeHus. Llenb
BO36yxaeHus pene Y8-14KB unn Y8-14KBH 3amblkaeTcs (PpOHTOBBLIMU KOH-
Taktamu pene Y16MN3 nnun Y6IM3. 3TMm npoBepsieTca cobniogeHmne nocnegosa-
TENbLHOCTU 3aHATUA pPenbCoBbIX Lienen npeabiayuiero bY. Kpome toro, B Lenu
BO30OYXXJeHUs NpoBepAeTCs pa3oMKHYTOEe COCTosiHue koaumpyemoro BY (cpoH-
TOBOM KOHTaKT 461 nnun 261).
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Puc. 5.6. Cxema copmumpoBaHua n soibopa curHanos AJ1IC
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YOepxxaHve KOOOBOBKMOYAKLWNX pene nog TOKOM B npouecce ABuXe-
HMS noesga no bY ocyuwecTBnseTrcsa npu NoMoWmM A0MOMHUTENBbHbBIX Lenen, B
KOTOpbIX npoBepdaeTcsa dhakTuyeckoe 3aHATue kaxaown PLL (TbioBble KOHTaKTbI
nyTeBbIX pene ...[N) n cobniogeHne nocnegoBaTenbHOCTU UX 3aHATUSA (PPOH-
TOBble KOHTaKkTbl pene ...[N3). MNpu BCTynneHnn noesga Ha 3alUTHbLIM Yy4aCTOK
rpynnoBoe KoL4OBOBKIIOYatoLLee perie obectoumBaeTcs.

3ameaneHne Ha OTnycKkaHue SKOpPsS rpyrnoBOro KOOOBOBKIOYAOLEro
pene npenoTBpallaeT CpbiB KOOMPOBAHUSA MPU KPaTKOBPEMEHHOMW MOTEpPE LUYH-
Ta.

MHanBmayanbHble KOAOBOBKIOYaloOLWMe pere yCTaHaBnnBarTCsa Ass
KaXXJon TOYKM nopadun kogosbix curHanosB B PJ1. Ha puc. 5.7 nokasaHa 4acTtb
obLwen cxembl, obecnevmnBatroias nogadvy curHanos AJIC B penbcoBble Lenu
4BY.

Kaxgoe pene umeeT no gBe Lenu NurtaHusa — Ons yCTaHOBMEHHOro npa-
BUITbHOIO N HEMPABWUITbHOIrO HanpaBneHUn OBMXKEHUS, KOTOPbLIE KOMMYTUPYHOTCS
KoHTakTamun pene 24l n 2HO (nosToputenun pene HanpasneHus). Llenb BkIto-
YeHUs1 KaXxgoro MHANMBMAYanbHOro KO4OBOBKIIOYAKOLWLErO pene 3amMblkaeTcsl Tbl-
NOBbIM KOHTAKTOM MNyTEBbIX pefe penbCoBbIX Lenen nepes TOYKOM nogayun Ko-
AOBOroO curHana u pasmblikaeTcsi Npyu BCTYMNMEeHUM noesga Ha cnegywouwyto PLL
Tak, Hanpumep, nNpu npaBubHOM HanpaesneHun aswxkeHus pene Y10-12KB
BO3byxxgaeTca no uenn dYepes KoHTakT pene 240N npu BCTynneHun noesga Ha
Y12l yepes TbinoBon KOHTaKT pene Y121 n obectounBaeTcs npn pasmblka-
HUM ppoHTOBOro KoHTakta pene Y10l1. Mpn ycTtaHOBNEHHOM HenpaBUIbHOM
HanpasfeHun OBWXKEHUs] 3TO pene BKr4vaeTca Yepes3 KOHTakT penie 2HO npwu
BCTynneHun noesga Ha Y10MM1.

B cootBeTcTBUM ¢ YkazaHusamu [TCC ot 23.09.02 c uenblo obecneye-
HUS1 YCTONMYMBOCTN paboThbl CXEMbl KOHTPONSA XWUN kabena penbCoBbiX LENen B
LUenb BO30YXXOEHUA KaKOoro MHAMBMAYANbHOMO KOAOBOBKIOYAOLWEro perne
BBeAEH TbINIOBOM KOHTAKT KOOOBOBKMIOYAKOLWEro pene npeablaylen TOYKM
BKINtoYeHus. Npun aTom BKItodeHne kaxaoro pene KB nponcxoant Tonbko nocne
obecToumBaHusa npeabigywero perne KB.

CxemMbl nogayn KoAoBbIX CUFHANOB B PeSibCbl OPraHM3yoTCca ON4 Ka-
xgoro BY (cm. puc. 5.7). HanpshkeHne Ha BTOpMYHOM OBMOTKE KOAOBOIO
TpaHcopmaTtopa KT tnna MOBC-3MIT (Npn anekTpnudeckon Tsare nepemMeHHoOro
Toka [NT-25MTl1-2) ycTtaHaBnuBaeTca B COOTBETCTBMU C Hopmanamu PL. MNuta-
HWe Ha KOoOOBbIN TpaHcopMaTop nogaeTcs npu BCTYNMeHUn noesfa Ha Koau-
pyembin BY.
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Puc. 5.7. Cxema nopaum curHanos AJIC B penbcoBble Lienu

HasHauyeHne n npuHumn paboTtbl TpaHCMUTTEpPHOro pene T, agpoccens [
N UCcKporacsLlen uenn aHanornyHbl pabote B kogoson PLI.
CurHanbl AJIC nogalTca B penbCbl N0 CYUIECTBYHOLUMM MUTAOLWMM U

penenHbIM Xunam kabens 1 BKIIoYalrTCs KOHTakTaMmun nHanBmayasibHbIX KOOO-

BOBKJTHOYAIOLLNX pene.
Kak yxe oTMeuvanocb, KOAMPOBaHME OCYLLECTBMSIETCA TOJIbKO MPU CO-
6noaeHnn nocrnegoBaTenbHOCTM 3aHaTUA PLl. OTum mckniodaetca nepenada
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Ha NTOKOMOTUB Donee paspeLuaroLlero KoAoBOro curHana U3 Brepegurnexaliero
BY npu noxHon 3aHatoctn PL, nnu npun nsnome pensca.

CxeMmMbl KOHTpONA nocriegoBaTenbHoro 3aHaTua PL cTpoaTca Ha Ka-
xobin BY (puc. 5.8).
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Puc. 5.8. Cxema KOHTpoONnS nocneaoBaTernbHOro 3aHATUSA PernbCoBbIX Lienew

Ons kaxgon PL, npeoycMOTpeHo oTaenbHoe perie nocrieoBaTesibHOro
3aHaTma 3. Kpome TOro, ycraHoBneHbol HavyanbHble pene Y14MM3H n Y8IM3H,
KOTopble (PUKCUPYIOT BCTyNneHue noesga Ha 4bBY COOTBETCTBEHHO Npu ycTa-
HOBMEHHOM NPaBUIIbHOM N HEMNPaBUITbHOM HanNpPaBfEHUSX OBMKEHUS.
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HopmarnbHo Bce perie cxeMbl HaxoasaTcs 6e3 Toka. YnpasneHue Kaxabim
pene M3 (kpome Y14MM3 n Y18l3) ocyuwectBnsaeTcs no ABYM pasgeribHbIM
cxemaM 4yepes KoHTakTbl 241 nnn 2HO B 3aBMCUMOCTM OT YCTAHOBSIEHHOMO Ha-
npaeneHus. B aTux cxemax ynpaBneHus NpeaycMoTpeHa Lenb BKAKYEHUS pe-
ne 3 (4epes TbINOBOW KOHTAKT NyTEBOro perie coorsetcraytowwen PL, n dppoH-
TOBOW KOHTakKT pene 3 npeablaylien no xoay ABMKEHUSA noe3na peribCoBOWM
Lenu) 1 Lenb camobnokMpoBKM (Yepes TbIToBble KOHTaKTbl pene N3 npenblay-
wen n nocnegywowen PLL). B cootBeTCTBUN C 3TUM BO3BYXXOEHUE, HAanNpUMep,
pene Y10lN3 ocywiecTenaeTca npu BCTynneHnn ronosbl noesga Ha Y10[1, ecnu
pene Y123 Haxogmnocb BO BKMNIOYEHHOM COCTOSIHMU. Mocne BKNYeHus perne
Y10lN3 cBOMMKM KOHTaKkTamMu paspbiBaeT uenb camobnokmpoBkn HY12l13, koTo-
poe obecTtoumBaeTcs n nepekntodaet pene Y10M3 ¢ uenn Bo3OyxaeHMUsa Ha
uenb camobnokmpoBku. Kpome Toro, pene Y103 noarotaBnueBaeT uLenNb BO3-
byxaoeHus cnegytowero pene Y8I1. MNpu BCTynneHUn ronosbl Noesga Ha cre-
aywouwyto PLL cxema paboTtaeT aHanorn4yHo.

Taknum obpasom, ecnm npousongeT 3aHaTue kakon-nmbo PL| 6e3
nocnegoBaTenbHOro 3aHATUSA npeabiaywmnx, 1o pene N3 aton PLU
n Bcex nocnegyowmx PLL gaHHoro 6nok-y4actka He BKYUTCA.

5.6. 3aMblKaHMe 1 pa3gernika NneperoHHbIX YCTPOUCTB

3amMblkaHne MNeperoHHbIX YCTPOMCTB 3aknioyaeTcs B 6roKupo-
BaHUM Lenen ynpasrieHns npoxoaHbIMn cBeTtoopaMmn U CXem
KOOMPOBAHUS PEenbCOBbIX LiEenen npyv HaxoXaeHun noesga Ha
orpaxgaemom bBY. OTum ucknovaeTcs nosiBneHme paspeluato-
LLero nokasaHusi Ha cBeTodpope, orpakgarowem AaHHbin BY,
BKITIOMEHME paspellalroLlnX KOOOBbIX CUrHanoB B pPerbCoBble
uenu nepeq aTuM cBeTodopoM U KOOMPOBAHUE PENbCOBLIX Lie-
newn orpaxgaemoro bBY npu notepe LyHTa.

[MpakTnyeckn aTo peannMs3oBaHO NyTeM BBEeAEHUS (DPOHTOBbLIX KOHTAKTOB
Grokupytomx pene b B cxembl curHanbHblx pene XK (cM. puc. 5.5) n B cxemy
rpynnoBbIX KOAOBOBKIIOHYAOLWMX pene (CM. puc. 5.6).

3amblKaHue Npon3BoaMTCA pasdesibHoO No Brok-yvyacTkam nog 4encTBu-
eM npoxopgsdiiero noesga. Pe3ynbtaToM 3aMblkaHUsS SABNSIETCA BbIKNHOYeHUe
6nokupyrowiero pene b 3aHatoro BY. PaambikaHue BY n Bo3byxaeHune pene
b npoBoauTcAa ¢ NPOBEPKON BbINOSTHEHUS MOCNEN0BATENTIbHOCTU 3aHATUS U OC-
BOBOXAEHNSA perbCoBbIX Lenen gaHHoro bY 1 3almMTHOro y4yactka npu yCrnoBum
3aMblkaHusa cnegytouwero bY. Ecnu atn ycnosus 6yayT HapyuleHbl, 70 pene b
OCTaHeTcs B 06eCTOYEHHOM COCTOSHUN.
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Cxembl 6rokupyrowmx pene b npegycmotpeHbl Ha kaxabin BY n co-
CTOAT U3 OBYX Lenen ynpaBneHns — Ansa yCTaHOBMEHHONO NPaBUSTbHOIO U He-
NpPaBuIIbHOrO HanpaBnNeHNN ABUXEHUS.

HopmanbHo pene 4b 6nok-y4acTtka 41 BkntoveHo (puc. 5.9). Npu BCTYN-
neHun noesga Ha npeablaywmnn 6nok-yvyactok 61 6rnokupytowee pene 6b atoro
BY obectoumMBaeTcs U pas3mblkaeT CBOM KOHTaAKTbl B Uenu nutaHus pene 4b.
HactynaeTt npepaBaputenbHoe 3ambikaHue 4BY. [locne BcTtynneHna noesga
Ha 4BY koHTakTbl pene Y8-14[1l1 paspbiBatoT Uenb nuTaHusa 4b 1 OHO BbIKIIO-
YyaeTtcsd. HacTtynaet pexxnum oKkoH4YaTenbHOro 3amMmblkaHus bY.
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Puc. 5.9. Cxema GnokupytoLlero pene

BosbyxaeHue pene 46 n pasmbikaHmne BY npounsonget yepes ThifTIOBOU
KOHTaKT perne 2b (npoBepka 3aMblkaHus 2bY) n pOHTOBOW KOHTaAKT KOHEYHOIO
pene nocnegoBaTenbHOro ocBoboxaeHnsa penbcosbix Lenen Y4MMOK (koHTporb
NpaBUNbHOCTM 0CBOBOXAEHUS penbcoBbIX Lenen BY n 3Y).

Pene Y4IMOK BxoguT B COCTaB CXeMbl KOHTPONSA nocriegoBatesibHO-
CTU OCBOOOXAEHUA peribCOBbIX Lenen, KOTopble CTPOATCS Ha Kaxabi BY. B
cxeme (puc. 5.10) npeagycmotpeHbl pene MO ana kaxaon PLL gaHHoro BY, a
Takke pononHutenoHoe pene Yo6MNOd (HM16M0O0) wn koHeyHoe Y4TOK
(418MOK) ana PLL 3aUIMTHOrO y4yactka npu yCTaHOBIIEHHOM MNpaBUSTIbHOM (He-
npaBubHOM) HanpasreHnn asmxeHna. HopmarneHO Bce perie 06eCToYeHbl.

[Mpn ycCTaHOBMEHHOM MpPaBUIIbHOM HanpasfeHun OBWXKeHUa paboTa
CXeMbl HadMHaeTcs npu BCTynneHuu noesga Ha Y14l1. lNNpu 9TOM TbiNOBLIM
KOHTakToM 4B B cxeMy nogaetcs nutaHue, Ho Y1470 octaeTtca obecToyeH-
HbIM, Tak kak PLl Y141 3aHaTta. Nocne ocBoboxaeHus aton PL, pene Y1410
BKIIOYNTCA C NpoBepkon 3aHaTus cnegytowen PLL Y12 n BctaHeT Ha Gnoku-
POBKY Yepe3 COBCTBEHHbIN KOHTAKT U ThIIOBOW KOHTAKT pene Y12[10.
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Mocne ocsoboxaeHuns PLL Y12l Taknm xe obpasom BKIovaeTcs pene
Y120, koTopoe paspbiBaeT uenb 6nokuposkn Y14M0. JanbHenwee npoasu-
XeHue noesga npuMBoauT K noodyepedHoMy cpabartbiBaHutio perne 1O gaHHoro
BY n 3Y. MNpu Bo3byxaeHnn koHeyHoro pene Y4IMOK npu ycnoBumn 3aMKHYTOro
coctosiHna cnepywouwero bY (pene 2b obectoyeHO) nNpouMcxoguT BKAKOYEHME
pene 4b (cm. puc. 5.9), T. e. pasamblkaHue 4BY.

Takum obpasom, OoTKpbITUE cBeTodopa 4 BO3MOXHO TOSMbKO Mocne BO3-
O6yxaeHus pene 4MNOK n 4b, T. €. nocne gakTn4yeckoro ocBoboXxaeHnsa noes-
AoM Bcero 6rok-ydacTtka 41 n 3awmTHoro yyactka 23Y.

5.7. Ha3zHayeHUue n cxembl IMHEeNHbIX Lenen

Ha3HavyeHne nuHenHbix uenen H-OH, K-OK, ACH-OOCH, B-OB un 3I-
OSI" ykasaHo B n. 5.2. B gaHHOM naparpade paccMmaTpuBatoTcs JIMHENHbIE Lie-
nn J1-OJ1, obecneumnBatowmne yBasky cxem cuctemol ABTL, pacnonoxeHHbIX Ha
pasHbIX CTaHuusx. o aTmMm uensm nepegaeTcss MHGpopMauna O COCTOSHUM
pasnnYHbIX O6BEKTOB N YCTPOMCTB, MMEKLAACA Ha OOHOW CTaHUMM U HEOOXo-
anmas ans paboTbl Cxem, pasmeLleHHbIX Ha Apyron ctaHuum (puc. 5.11).

Mpn ycTaHOBNEHHOM MpPaBUIIbHOM HanpaBfiEHNUN OBMXKEHUSA MO YETHOMY
Nyt nuHenHole uenn 24J1-240J1 obecneymBaloT nepefgady co ctaHuum b Ha
cTaHuuio A cneayrowen nHpopmauuu:

2411-240J11 — 0 cocTosiHMM curHanbHbiX pene 6K n 63. Vx coctosHus
3aBUCAT OT COCTOSIHMUS PESIbCOBbLIX LEnen, KOHTPONMpyemMblx Ha cTaHuuu b.
Kpome TOro, atu pene y4yacTtsyoT B paboTe psiga cxem Ha cTtaHuuu b 1 noato-
MY pacrnonoXeHbl Tam Xe. A ynpasreHue orHsammn csetocopa 6 1 Bblbop cur-
HanoB AJ1IC ans kognpoBaHnsa penbCcoBbIX Lienen 6nok-ydactka 8bY ocyuwects-
NAKTCA CO cTaHumm A.

2412-240J12 — o cocTtosaHum pene 63Y. lNokaszaHua ceeTodopa 8 u BuA
kogoBoro curHana AJlC ana penbcoBbix Uenen 10BY BbiGupatoTcs Ha cTaHUum
A 1 3aBUCAT OT COCTOSAHUSA PeribCOBbIX Lienen 3aWuTHOro yyactka 63Y, KoTo-
pble KOHTPONMPYIOTCA Ha cTaHumm b. Kpome Toro, no atum xe xunam kabens
nepegaeTca uHpopmMmaumss O _coctosHun pene 66 ans pasmblkaHust 6GrOK-
ydyacTtka 8bY cxemamu ctaHumm A ¢ NpoBEPKOWN 3aMblkaHns B6rok-ydactka 6bY,
OCYLLECTBMNAEMOro cxemoun Ha ctaHuum b.

2413-240J13 — o _coctoaHum pene Y2212 n Y20MMOK ans paboTbl Ha
cTaHuMm A cxeMbl KOHTPOMs nocnegoBaTenbHOr0 OCBOOOXAEHUSI PEeribCOBbIX
uenen 6nok-y4yactka 8bY 1 3awmnTHOro yyactka 63Y.
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Puc. 5.11. CxeMbl NMHENHbIX Lenen
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MpopormkeHne puc. 5.11

24N17-240J17 — o _cocTosaHuun pene 24MB6, ssnawowerocs oowmm noBTo-
putenem 6nokmpytowmnx pene 2b n 4b. 3ta nHdopmaumna ncnonb3yeTcsa Ans
BKMIOYEHNSA Ha CTaHUMM OTMpaBfieHns (CTaHuus A) MHOMKAUMW O Hanuyuu Ha
neperoHe 3aMkHyTbIX BY.

24J18-240IJ18 — o _cocTtogHun pene Y220 Ans KOHTponsa nocnegosa-
TeNbHOCTN OCBOOOXAEHUSI PENbCOBLIX Lieneun 3almMTHOro yyacTtka 63Y B cxeme
KOHTpONA nocrnegoBaTeibHOro ocBObOXAEHNSA PENbCOBLIX Lienen brok-y4Yactka
8l n 3awmTHOroO yyacTka 63Y.

[Mpu aToM co ctaHuum A Ha cTaHUuuMO b nepepaeTca nHcpopmauums:

24]14-240J14 — o coctogaHuun pene H26MO, 106 n 83Y ans ynpasneHus
pene Y22MOLO n Y20MNOK cxembl KOHTpoONSa nocregoBaTenibHOro ocsBoboXxae-
HUA 3alWnTHOro yyactka 63Y. VIHopmauusa o coctoaHumn pene H20MOK nepe-
naetca obpaTHO Ha ctaHuuto A no nuHenHown uenun 24J13-240J13 gnsa aBToma-
TUYECKOro pasMblkaHNsA rpaHUYHOro bnok-yyactka 8bY.

24J15-240J15 — o _coctosgHun pene 24PW. OTa nHgopmaumnsa ncnonb3y-
€TCs ANl UICKYCCTBEHHOIO pa3MblKaHUsl YETHOro MyTu, NPUMbIKAIOLWEro K CTaH-
uum npuema (ctaHuus b), no komaHae co cTaHuMM oTnpaeBneHna (ctaHuusa A).
[Mo aTOM Xe uenu nepepaetcsa nHGopmaumna o coctoaHun pene 86 ansa npea-
BapuUTENbHOro 3amblkaHus 6riok-ydyactka 6BbY cxemon 3amblkaHus, KOTopas
pacnonoXxeHa Ha ctaHuun b.

24J16-240J16 — o _cocTtogHun pene H26MM3 onga BKIIHOYEHUSA PpynnoBoOro
KogoBoBKtovatowero pene Y16-22KB 6nok-ydactka 6BY ¢ npoBepkon nocne-
A0BaTeNbHOCTUN 3aHATUA pPernbCoBbLIX Lenen npeablaylero 6nok-yyacrtka 8bY.

[Mpn cmeHe HanpaBneHus aBwxeHna noesgos perie 24O un 2HI (oT-

npaBrieHne B HeTHOM HanpaBJlieHUN N nNpmem HeYeTHbIX I'IOG3JJ,OB) Ha cTaHuum A
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n pene 24 n 2HO (Npnem 4YeTHbLIX NOe3aoB U OTrpaBfieHNe B HEYETHOM Ha-
NpaBfeHnn) Ha cTaHuum b N3MEHAIT CBOE COCTOSIHME U CBOMMW KOHTaKTamu
N3MEHSIIOT HanpaBneHne nepegadn NHopMauumn B IMHENHbIX LIENsIX.

KoHTporbHbIe BOMpPOChHI 1 3aAaHus

1. lepeuncnute oTNNUUTENbHbIE 0COBEHHOCTU cnctembl ABTL.

2. Kakvne mepornpuatna npegycmotpeHsl B cucteme ABTLL ona nosbi-
LeHNa YpoBHA 6e30MacHOCTU OBWXKEHUS Nnoe3fnoB U 9PPEKTUBHOCTU MNepeBo-
304HOro npouecca?

3. BblACHUTE Ha3Ha4eHne 1 cocTaB OCHOBHbLIX CXEMHBIX Y3I10B CUCTEMBI
ABTU. O6bpaTtute BHUMaHuE, K KakuM OBbekTaM OTHOCUTCHA Kaxaasd M3 9TUX
cxeM (penbcoBas Lenb, 6r10K-y4acToK, 3aWMUTHBIN Yy4acToK U T. 4.).

4. TlpocneguTte No CTPYKTYPHOU CXeMe CBA3U MeXady OCHOBHbIMU y3ria-
Mu. Kakne cooOLieHnsa unv KomaHabl nepearoTcs no 3TUM CBA3AM U B Kakue
MOMEHTbI BpeEMEHN?

5. Kakue ycTponcTBa He ykasaHbl Ha CTPYKTYpPHOW cxeme?

6. Hamgute Ha nyTeBOM nriaHe neperoHa coeanHuTernbHble Kabenu Ka-
xgoro nytn (obpaTtute BHMMaHMeE, B Kakne KabenbHble MydTbl OHU 3aBOLSATCS),
MecCTa NOAKITYEHUA nepegaroLen N NpuemMHoOn annapartypbl PeSfibCoOBbIX Lieneu
(obpaTnTe BHMMaHME Ha YepeoBaHME HecyLen n MoLynMpyoLLen 4acTorT).

7. BbldCcHUTE HasHayeHue kKaxaon napbl Xun kabenen YCLIB2 wu
UCL|B4. MNpocneanTte no nnaHy neperoHa, K KakMm obbekTam 3TU XKUnbl Npo-
NOXEHbI.

8. lNo4vemy k cBeTodbOpy 2 NponoxXeHo 7 xun kabens, a k ceetodopy 4
— TONbKO 6 un?

9. lNo4vemy B cucteme ABT npoxogHon ceeTodop CMeLLeH OTHOCUTESTb-
HO TOYKM NOLKIMOYEHUS reHepaTopa K penbCcoBon NuHuMKM Ha 20 M, a B cucteme
ABTL — Ha 40 m?

10.Mpocnegute no cxemam (cMm. puc. 5.4 1 5.3) NyTb KOHTPOSBLHOIO TO-
Ka. LUyHTUpYOTCA NN KOHTPONMpPyeMble Xulbl kabens conpoTUBEHNEM BXOA-
HbIX 1 BbIXOAHbIX Lenen annapatypbl TPLL?

11. OTNnyaeT nn cxema KOHTPONSA MCNPaBHOCTU XK Kabens penbcoBbIX
uenen HenmcnpaBHOCTb TUNA "NepembikaHue Xun" ot HemcnpaBHOCTU TNa "0b6-
pbIB Xunbl"? OTBET 060CHOBATD.

12.Tlovyemy B cucteme ABTLL He npeoycMoTpeHbl ABYXHUTEBbLIE flaMnbl
1151 BCEX OrHen cBeTtogopoB?
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13.TloyeMy nepembikaHMe NpsMon 1 obpaTHOM Xun kabena ynpasreHus
orHamun ceetogopa B cucteme ABTL, siBnseTtca onacHeiM? Kak obHapyxusaeT-
CSl 3TOT OTKa3?

14. B Kakme MOMEHTbI U KakuM 0Opa3oM OCYLLECTBNSAETCA KOHTPOMb UC-
NPaBHOCTN OrHEBOro pene?

15.Kakne ycnoBusi 1 Kakmumm cxemamm rnpoBeEPSIOTCA NPU BKAKOYEHUU B
penbCcoByo NMHMIO curHanos AJ1C?

16.Hangnute Ha nyTeBOM nriaHe MeperoHa Xunbl Kabens, no KoTopbIM
nogatoTca kogosble curHanel AJIC npu kogupoBaHuu, Hanpumep, 6rok-y4YacTka
6bY.

17.B Kako MOMEHT U KaK NMpoUcXoamT 3amblkaHue 6rok-ydactka? Haw-
AnTe Ha cxeme KOHTakT pene 4b, obecneuvnBatomin 610KMpPOBKY cBeTodopa 4.

18.Kakne ycnoeusi nNpoBepsaloTCA NpuM aBTOMATMYECKOM pas3MblKaHUN
6rok-y4yactka?
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3AKIIOYEHUE

OcobeHHOCTN NEepPEroHHbIX CUCTEM aBTOMATUKW, MOKa3aHHbIE B OAHHOW
paboTe, 1 pe3ynbTaTbl aHanMsa KogoBow aBTODOKMPOBKM NPUBOAAT K HEOHXO-
ANMOCTN JanbHEenLWero COBEPLUEHCTBOBAHUS CUCTEM aBTOOMOKMPOBKM KakK B
nnaHe paclmpeHns nx (PyHKUMOHarNbHbIX BO3MOXHOCTEW, Tak U B MraHe Mo-
BblLLEHNS ©e30nacHOCTN UX (PYHKUMOHMPOBAHUS, HAOEXHOCTN, OONTOBEYHOCTU
N COBEpPLLUEHCTBOBAHUA NpoLiecca TEXHMYECKOro obcnyxmBaHus. MoparnbHbIn U
TEXHUYECKUN M3HOC Bonbloro obbema obopyaoBaHus, Haxo4sLWEeroca B aKc-
nnyaTaumm B HacTosillee BpeMs, Takke TpebyeT HezaMeanUTeNbHON MOAEepPHU-
3aummu.

CoBpemeHHbIn aTan pas3sutusa yctponcts CXAT xapaktepusyeTca Ha-
YanoMm LUMPOKOro MPUMEHEHUST ANTIEKTPOHHOM N MUKPOMNPOLIECCOPHON TEXHUKM BO
BHOBb paspabaTtbiBaeMblX cCUCTEMax aBTOOOKMPOBKK, MCMNOSb30BaHMEM CO-
BPEMEHHbIX MeTo4oB 06paboTkn M nepegavn curHanoB. Psg Takux cucTem
BHepSAETCs B 3KCnnyaTaumio Ha CeTU XenesHbix gopor Poccuu.

CyLiecTBEHHblIE OOCTOMHCTBA, KOTOpPbIMM OOnagatoT TOHalnbHble perb-
COBble Lienun, NpMBENN K CO3[4aHMI0 LIESIOro Kracca HOBbIX CUCTEM aBTOOMOKK-
POBKW, MPUHLUMbLI MOCTPOEHNSI U CXEMbI OCHOBHbLIX Y3110B KOTOPbIX paccMoTpe-
Hbl B J@aHHOM y4yeBHOM nocobum.

HeobxoanMmMo OTMETUTb, YTO OTAESNbHbLIE TEXHUYECKNE PELLUEHNS YKa3aH-
HbIX CUCTEM, KaK U B NMObbIX ApYyrux HOBbIX paspaboTkax, HeJOCTaTOYHO CO-
BEPLUEHHbI, MO3TOMY B TUMOBbIE MaTepuanbl N0 NPOEKTUPOBAHUID U B CXEMDI
AENCTBYIOLNX YCTPOUCTB NMOCTOAHHO BHOCATCA M3MeHeHusi. OCHoBaHMEM Ons
TakKNX U3MEHEHUN SBNAIOTCA HEQOCTaTKX, BCKPbITbIE B NpOLIECCe aKcnyaTaumm
NN obHapyXeHHble B pe3ynbTaTe aHanuaa LEeNCTBYIOLMX CXEM LUMPOKUM KpY-
rom crneumnanncTos.

Opyrmm HegocTaTkoM cuctem ¢ TPLL aBnseTcs oTHocuTenbHO 6onbLuomn
pacxo kabenda. Ha pelweHne aton NpobnemMbl B HAaCTosILLEE BpeMA Hanpasne-
Hbl ycunus paspaboTynkoB CUCTEM aBTOBOKNMPOBKMW.
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